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HNPEIUCJ/IOBUNE

Ilpensiaraemast unTaTeqI0 KHAra HAIMCAHA KAK Y4eOHHE, COOTHOT-
CTRYIOIIMI KypCy «JIeKTPOHHAKA» Ha PapnoOPU3MIECKOM OTHECHIII
YHHBepCcHTeTa, M COJep;KHT U3JIOMKCHMe JEKI[UI, UATaeMHX B TEUCHIIC
pafa Jiet e€ aBTOPOM, € JOIOJHEHIAMHE, COOTBETCTBYIOMIAMH COBpPC-
MEHHOMY COCTOAHHIO d/eKTPOHMKA. B coormeTcTBHM ¢ mporpammoii
Kypca KHUIa COAEPHUT H3JIOKeHHe (QU3MUYCCKHX OCHOB PAJHOTCXHII-
YeCKOH 2JIeRTPOHMKHM M KACAeTCH BONPOCA TCXHOJOTHH H3TOTOBICIIS
OJIeKTPOHHBIX H MOHHBIX TPUHOOPOB JIHHIB HOCTONLRY, MOCKOIBRY HT0
HCOOXOMMO [ MOHMMAHNA HPOHCXONAMMAX B HAX (HIMUCCKAX SABIIC-
umii. Iloppobmoro yrasarena ;KypuaabHOI auTepaTyps KHETA 1C
coftepskutT. Unraresieil, ;KeTa0IUX 03HAKOMHITECS ¢ TOI AHTEPATYPOil
IO OT/e/bHBEIM BOTPOCaM, OTCLIIaeM K YKAa3aTeII0 JINTCPaTVPH B MOTO-
rpadguu apTopa «JIeKTPHYECKAE SABICHHA L Ta3aX U Bakyvyes, llocrex-
usgar, M.—.I., 1950, a rawmke w ceblakaM ma AnNTEPATYPY B Kiii-
rax: JI. JI&6 «OcHOBHBIC TpPOHECCH  HICKTPHUCCKNN  paspsion
B rasax», [loctexmagar, M.—JI., 1950 w B. JI. Ipamopciuii
«)idaexrpuueckuil TOk B rasax», 1. I, M.—J1., 1952. Kunra Mpenrola-
raeT 3HAROMCTBO YHTATEAA € CTATHCTUYCCKOH (UBHKOH I KBaHTOBOII
MeXaHHROH. OiHako 3a HeOCTATKOM MecTa H ¢O00PAsHO € UHCIOM
UacoB, OTBO;IUMBIX 110 y4eDHOMY HJIaHY HA COOTBCTCTBYIOIIAA Ry,
B HEE HC BRJIOYCITO TTOIPOTHOC HIJOKEHIC KBATITOBOMeX AHIYeCKAX TCO-
pHil TeX ABRCHMII, ¢ KOTOPLIMH HMEET [eJo DJICKTpOHHKA. IIpm mo:i-
Gope M37I0/RCHHOTO B yueOHUIe MaTepHaiIa YUTEHH MO/KeIANIIA B YKa3a-
HHS, BHCKAa3aHHEE IIpeJACTaBUTCIAMA Kadelap paguoQuA3EIecKoro
OTMlelleHRA, Ha KOTOPOM JaHHBIH KYpC ABAACTCA OZHOI M3 BBOJHBIX
JMCIAITIAH. ABTOD HOJTBBYETCA CIydYaeM BEIPasHTh CBOIO GJArojap-
HOCTh BCCM JIMHAM, YYacTBOBABUIAM B JIHCKYCCHI IPH BHpaGoThe
ujlana HacTodinero yuebmmwa, B tom umeie npod. I'. B. Cmompany,
AaBUIGMY DAl LCHHLIX COBETOB B OT3MBE O PYKOIMCH HTOH KHHL,
YUTCHHBEIX aBTOPOM IPH ¢iauc PYROMHCH B lieyaTh, a Tarske K. JI. Cra-
POKQJIOMCKOIT 3a ORa3aHHYI0 el IOMOINb aBTOpy TpH ofopMIeHHI
RHHFTL B TPOEMOTPe KOPPEKTY].

1. Kanyoe
On3ndcckuit GaxympTer
MocroBeworo opaeusa Jlemmna
TOCYIAPCTREHHOTO YIHBCPCHTETA
20 eralps 1952 ¢,



FTJTABA I
BBEJIEHUE

§ 1. Hpegmer u cosrep;ranne dICKTPOHIIKI. TIpenmeTonm HacTOAmC-

o Kypca ABIgercs H3yuenne GU3nIecKux ABIeHMiT, 00y CI0BIMBATOMIX
coboit meficTHe I MApaMeTphl GOJIBIION0 YHCIa MpUGOPOB, LpAMEHAC-
MHX B pasImUHKX obmacTaXx pammorexmnkn. Hexoropeie us oTux
ABJeHNI UMEIT TAK/Ke CYIIeCTBeHHOe 3HAYeHNe LPH pacupocTpaHc-
HOM pajmoBONH B 3eMuoil arMocdepe. B ocmoBe Beex a1mx SIBICHIIL
JesraT OICKTPOHHBIE IPONECCH B BAKyyMe, B rasax U B TBEDJBIX TeaX,
a TaiKe Ha HX TPAHNINAX M HA HOBEPXHOCTH pasjiella IBYX COUPHKA-
caromuxea TépaHx Test. Tor cuenmanbubli pasaesr GusnkH, KOTOPHII
waywaeT HTH HPOIeCCH, MOCHT Haspamie «iekmponukar. B rexunme
MOR 9IeKTPOHUKOIl Hepemio MOHMMAIOT PAasiled, KACAWINMICA BHel-
jiero omHcauua npubopoB, TEXHOIOTHH HX H3TOTOBICHHA U TEX cXel,
B KOTOPHIX 3JICKTPOHHBC H MOHHblE UPHOOPHL MPAMEHSIOTCH. D1oT
pasfe’T CCTECTBEHHO IABBIBATh IMELHWUECKOL JAEKMPOHUKOL. a0~
JKEHHC OTO He BXOAUT B 3aJady HACTOAUIET0 Kyped, 38 HCKI0UYeIeM
1eBOMBIIOT0 YHCIa BONPOCOB, HMMEIOIMAX HENOCPEeACTBEHHOe OTHOHIC-
Hie K (U3UKe BJIEKTPOHHLIX W HONHHX IpaGopos.

TlpivencHre HIEKTPONHEIX M HOHUBIX HPHOOPOB B Pajpio, B aBTO-
MaTHLe M TeJleMeXaHmKe U B gpyrHX 00JacTAX HOBOIl TEeXHHKM OCHO-
BAHO HA CICNUQUICCKAX OCOOCHHOCTAX HMX BOJIBTAMICPHBIX Xapai-
TepmeTHR. B To BpeMs Kak IpH UPOXORACHHI HICKTPHYECKOTO TOKA
Yepes MeTaiibl M Uepe3 dIeKTPOTMTHYCCKHe pPAacTBOPHL (32 WCKIIO-
YeHmEeM upesBhYailHO GOMBINNX HaOpAsmenni W ITIOTHOCTeH TOKa)
uMeeT wecto 3axkoH Oma W BoJbTaMIepHAA XapAKTepUCTHHA IMeeT
BUJ NpaMoli AWHAY, NpOXOMANIeH Yepes HAYaI0 KOOPAMHAT, XaparTe-
PECTHRY WOHHHX W 5JeKTPOHHHX IPHGOPOB HMEIT CIOMKHEIL XOf,
CBABAHHBIL ¢ OCOGEHHOCTAME IpPOXO03RAEHHA TOKA Uepes3 BHICOKMIL Ba-
Kyym!), ucpes Taam u depes LOBEPXHOCTH pasjelia ABYX TBEPIHIX Tel.
Mepenoc aileKTpA¥ECKAX 3apANOB Yepe3 Kawoe-Iubo Tem0, a TAKKE
qepes BHICOKHI BAKyyM OCYIIECTBIISETCS LyTéM LepeBIGKeHUs 1epes

1) Bakyymom NPHHATO HA3HBATE IPOCTPAHCTBO, HAIIOJHEHHOE paspexén-
HEIM Ta30M. Beicokuil ¢axyym XapaKkTepH3yercd TeM, 4TO CPelHAA JIrHa csobon-
HOro IyTH 9ACTHI raza (OT OJHOrO coyjJapeHHEA 10 caenyomero) Gonbme Had-
MEHBIIX A@HEHHEX DPasMCpOB JAHHOIO cocyna HTH o0néMa.
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HAX 3apMmKeHHbLIX wacTHN. B ciywac meraminos, moaynpomopumkon
W BLICOKOTO BAKYyMa—3TO 3JIEKTPOLL, B CIyd4ae pacTBOPOB, TBEPHBIX
HMIIEKTPHKOB M YACTHYHO HONYNPOBOIHMKOB—3JICKTPOIUTHIECKHC
VIOHHI, B CJ1y9ae ra30B—CBOOOIHbIE DIICKTPOHH, MOJIOKHTEIbHEE H OTPH-
naTeabHkKle HOHL ra3os. B mo6om ciryuae sakon Oma mosker 6RTH crpa-
BEIJIHB TOJIBKO, €C.1M KOHIEHTPALUS B3apSKEHHEIX YACTHI HE 3aDH-
CUT HH OT Pa3HOCTH HOTEHLMAJION, MPHJIOKEHHOH K TaHHOMY Teqly, HA
OT IJIOTHOCTH BJIEKTPHYECKOr0 TOKa. Kcau 1mpu 5TOM CKOpOCTh mepe-
ABIREHMSA 3apA/KEHHHX YaCTHN OPAMO IPOMOPIHOHAJBHA HANpPA-
JKEHHOCTH TOJIA, T. C. €CJIH BCJEICTBHC MHOTOWHCIEHHEX CTOJKHORE-
ML 9THX aCTHI[ C YACTHIIAMU OKPYsKalolleli UX Cpejisl WX JBHIKCHHC
COBEPHIATCA KaK ABHIKCHNE IO 1eHCTBHEM MOCTOSHHOIl CHIIBL B cpefie
¢ TPEHNCM, TO IJIOTHOCTDH 3JIEKTPUYECKOTO TOKA B HAOPABJCHHH JICK-
TPAYCCROTO  LOisT paBHa:

i=en(K,+K,)E=en(K,+K)< (1,1)

Smecs e—szapaT Kam0il 4acTHIR, Upe;moIaraeMnlil 0JHHAKOBLIM JIJIS
BCEX BADAMCHHBIX YACTAN, N—UX KOHUeHTpanua, K —muomuarenn
B BHIDA/REHUH JUTA CKOPOCTH IOJOKATETIHHO 3APAKCHHKX YaCTHIL:
v,=K E; K,—r10 ke p1a OTPHIATENILHO 3apSIKEHHBIX vacThr, J—
HATPAREHHOCTE 101, U—HanpskeHne, NpPHIOKeNToe Kk Teily, d—
PACCTOAHAC MOy dAeKTposamir. A, 1 K, HOCHT HauMcHOBaHIIe
N006UsCHOCIRU TAHHOTO po;ta dactii. HLnoTnocTs Toxa i Moxer GbiTh
lipomopunonaeia Hanpsurennio U roapko, ccam wn n, nn K, n K,
ne sapiear or U. Orcrymiennsa or aaxoma OMa CBEETETBCTBYIOT O
IICTIOCTOAHCTBE KOHHCHTPAT(HH 32pAMKCHHBIX 9aCTHI M HX MOXBVIK-
nocta. B caywae Toxka wepes rpamuny ABYx TBEPIHIX Tei paronH Onma
HADYMIACTCA BCJICICTBMC HAKOILICHUA BHJICKTPHICCKNX 3apAXOB B He-
UOCPENICTBEHHOU OiM30CTH OT ATOI TPAWHNH T BOHHKAIONErO 376k
BCJICICTBIE BTOTO MECTHOTO &7IeKTPHYCCKOTO ITOJIA.

Ecaun wa 1a silextpoma, MOMCHISHHKIX B Tasze, HAJOMATH HEKOTO-
Py HeGONBIIYI0 Pa3HOCTh HOTCHINAI0B, TO uepe3 ras IPOXOMNHT
JWOe O4OHB CJa0RId TOK, 3aBHCAMEN OT BHENMXX BO3MEHCTRIN HA
'as H Ha JJeKTpoisl. Taxwmm mpoljeccaml, BINAOIEMA HA TPOXO-
‘KileHIe BICKTPHYECKOTO TOKA Uepe3 Tas, ABIAKTCA IHPOHM3KBAONIHE
a3 PEHTTEHOBCKHC, PAIMOAKTHBUGIC INTH KOCMITYECKHE JIyd9d Hiill,
{allpuMep, HarpeBaHAe KaTOdR, BLI3HBAMIEE YCUIEHHYI0 SMHCCLIO
WIEKTPOHOR € TOBEpXHOCTA NOCJIC,(Hero, miin 06yqenne KaToa yapTpa-
duonerosoit pagmanmeit. Bee Tamme mpomecc, BO3TeICTBYIONIME
la Ta3 m3BHEe M coolINAIONIe eMy dIeKTPONpPOBOJHOCT, HA3HBAIOT
sHewHuMU uoxusamopayu. YeM nyunie ras samuiném OT DBHOOIHAX
BOBJIEHCTBHI, TeM MEHBUIE er0 BICKTPOHpPOBOTHOCTH. Bmosme 0TTo-
POSKEHHSIH OT BHEINHEero MHpA ra3s IpH HA3KAX TeMIleparypax SABHICH
OB TAKEM K€ M30JIATOPOM, Kak M BHCORMI Baryym. 110 Mepe yBelu-
IGHNA HPUTOKEHNON pasHOCTI HOTEHIAATIOB TOK, BRI3BAHHGLIL Hoi-
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CTBHGM BHEMHETo HOHH3aTOpa, Cmepsa BospacTaeT IO 3axkoHy Owma,
3aTeM MEePeXOiut B HACHUNEeHHe, HOTOM OMATH HATIHACT IMOCTCIEHHO
pospactath. Haxonen, IpI onpe;esnéHHoll pasHOCTH MOTEHNHATIOB BCE
sIBJIeHMe BHe3AMHO IpHobperaer copepiueHHO Hobble kadectda. Hpw
MaJIOM COTpOTIHBJICHHH BHEINHEH Nerr TOK MCHOBEHHO BO3pacraer jo
oyenb 6obIIIX 3Havenmii. ['as HaumHAET APKO CBETHTHCA. JIICKTPOMN
1'a30BOT0 MpoMe;KYTKa Hakassotcsi. Hpn paspsane B cBoGOHOE aTMO-
«(pepe TOABIAIOTCA 3BYKOBHIE dddertor. ITOT Mepexor K HauecTBEHHO
HOBHIM fIBJICHUSIM HOCHT HAa3BaHAC 3a)CU2AHUSL 20306020 paspada Mnu
npo6os 2a308020 NPOMENCYMEQ. HeobxomqmMas Jiisg 3aKUraHusi pas-
HOoeTh TMOTEHIIMAJIOB HAJHIBAETCHA HANPANCEHUEM 3AWCULAHUSL  IITH
nanpamcenuen npobos. Ilpexpamenue peiicTBHA BHEIIHOrO HOHM3A-
TOpa Temeph yiKe He Bh3bBaeT IPEKPAIleHns paspsa. Paspsan cran
camocmoameavhuia. Ilpomecernt, Onarogapda KOTOPHM B rase ImOABIIA-
JOTCSl 3apSHKEHHbe YacTHIB M Tas CTAHOBATCA IIPOBOISAIIUM, HOCHT
naspamne uonusayuu easa. OGpaTHBIE IIPOTECCH HeNTpaTH3aANAH
JIBYX 3apSKEHHBIX YACTHI[ TPOTHBOIOIOKHOIO 3HAKA IIPH HX BCTpe-
e Ha3HBAIOTCA MPONECCAMA PEKOMOUHAYUY.

Mexny wonnsammeid rasa o BIIEKTPOTMTHIECKOM HECCOI Ha e
PACTBOPOB HMMeeTcA CYIECTBCHHOE pasimdme. IIeKTPOIIATAYECKAA
JUICCOMUAITITA TPOUCXO T BCIECTBIE B3ANMOEHCTBHEA YaCcTHIT PACTBO-
purens m pactBopiHEoro vemectna. Homomnrempusie n oTpunaTeNb-
1ible TOMEI B DJICKTPOJNTE COCTOAT B KAMKIOM JIRHHOM ¢JIyuae H3 CO-
BEPIIENHO OHPEJeICHHEX KOMINIEKCOB aTOMOB (B TOM uUmCJIe WHOIJA
1 OT/IeNLHBIX aTOMOB). ITH KOMIDIEKCH BO BCEX CIy4aAX ABIAIOTCH
COCTABHLIMM 9ACTAMN MOJCKYJ PAcTBOPEHHOTO BCINECTBA, PACiiaBIIMX-
¢A Tpu dIAeKTposHTHYecKol juccommanmu. IloHmenrpaiua MOHOB
I} DJIEKTPOJIUTE B3aBHCHT OT KOHIEHTPANHH BCETO pPAcTBOpA B IEJIOM
11 OT TeMIepaTyphl 1 He 3aBACHT HA OT CHJLI TOKA, HA OT HANP AKEHNAA,
NPWIOKEHHOIO MEKILy OJIeKTPOIaMHM, ONMYIMEHHRIMH B 3JEKTpOIINT.
VORI HOHOB KAUKIOTO 3HAKA BCJICHCTBHE BHEICHHA UX HA BICKTPO-
nax m mx pexomOmumamnmm B o0BEME pacTBOpa IOCTOAHHO BOCHOJ-
1ISIOTCST TIPOIIECCOM  IMCCOMMAI M.

CoBeceM IIHOC WMEET MecTo B rasax. B rasax sapsKCHHEIC YacTHIH
1ie IpencTaBiAlnT cofoll 00A3aTeLHO COCTABHEIC YAaCTH MOJICKYJI AaH-
noro rasa. B razax serpedarorea cBOOOTHBIE BIIEKTPOHE! U CAMBIe PasHo-
0OpasHLle HOHK: HOJOKUTEILHO H OTPANATE/IBHO 3aP AKeHHbIC OTHCb-
HLlE aTOMBl, WEJble 3apAKEHHBIE MOJICKYJH, & TaKyKe 3apsKeHHEE
KOMILJIEKCH ATOMOB, KOTOPHIE HE CYILIECTBYIOT B CBOOOMHOM COCTOSAHAH
1 npyrax caydasx. Monpr B razax ofpa3ylTCA HE TOIBKO IO Hef-
¢TBHEM BHEIIHAX MOHW3ATOPOB, HO H BCJEACTBNE NEJIOTO pAia aToMap-
HKHX DJIEMEHTAPHHX IpomeccoB B o0BéMe rasa W Ha HOBEPXHOCTH
9IIeKTPOJ0B, MPOLECCOB, CBABAHHBIX ¢ MPOXOKIEHHEM Pas3pARHOTrO
Tora gwepe3 ras. Ilpm camocroaTembHOM paspAne POk ITHX HpPOLEC-
COB 3HAUATENIHHO 0OJIbIIe, YeM pOJh BHENIHEro WOHm3aTopa, H AIA
HOiepyKaHHA Pas3psja MOCJeHIA CTAHOBUTCA HBIAIHAM. Houmnen-
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Tpalua AOHOB M CBOOOMHBIX BJICKTPONOB B Ta3€ 3aBHCHT OT CHJIBI TOKA
H HaNpAKEHHOCTH IOAA B pa’pdAne. 910 0OCTOATEONLCTBO ABJIACTCSI
NPAYMHOA CJIOFKHOTO BHJA BOJIbTAMICPHHIX XapAaKTePHCTHK pasJim-
HEIX THUIIOB Ta30BOT0 paspdAja.

Ilpomeccs MOHH3ANUMA YacTHI Ta3a B paspafge MOKHO PasieiuTi
HA Npoyeccyl UWOHU3AYUU 6 00EMe 2a3a W HA NPOYecch WOHUIAYUU Ha
nogepxrocmu 9aexmpodos. Ilpmunnoii nocaequux mMponeccon ABIAOTCH
pasIHYHBle BHILI TAK HA3BIBACMON J4eKMPOMHONL IMuUCCUU: BHIXO]L
CBOOOJAHBIX DJIEKTPOHOB H3 MeTAJLIOB M MOJIynposoanuros. Ilponeceit
SJIICKTPOHHOW OMHUCCHH ABIANTCA CJUMHCTBEHHBIME MPIUHHAMI, CO5-
NAOUMIMA TPOBOIIIMOCTD BBECOKOI'O Baxkyyma.

Hpome momusamnm, Qi ABICHAI ra3oBOro paspsana HMEOT OYCHD
00nbII0e 3HAYCHHC TAKIKE N TPOLECCH 6030yxcOenus aTOMOB U MOJIC-
Kysi. Besguil Tas MpH IPOXOMKISHUM uepes HETO TOKA MpeAcTaBiaeT
co00il cMeCh HE TOIBKO JIEKTPOHOB, HEHTPAJbHBIX W OfiHO- H MHOTO-
KpPaTHO HOHH30BAaHHLIX aTOMOB H MOJIEKYJ, HO eIié M aTOMOB M MoJe-
KyJI, HaXOTAMEXCA HA PasiIAYHEIX CTYNMEHAX Bos0ymKIeHns, a Takike
BO30Y;KNEHHRX HOHOB. Bce 9TH wacTHnB B3amMONEHCTBYIOT MEHKIY
€000l M HAXOMATCA B MOCTOAHHOM DHEPIETHYCCKOM OOMEHEe, OIpec-
JAAONEM TEYeHHC paspAfHBIX nponeccoB. K Bo30y:muemmio aToMoo
H MOJCKYN BefyT IIPOIECCH, AHAJOTHYHBE TEM, KOTOPHIC IPHBOAAT
K wonmszannu. [ Toro 9ToOWl OBIANCTh ABIHISAMI IPOXOKICHIts
SIICKTPHICCKOTO TOLA Yepe3 BLICOKRYU BAKYYM M Tashl if ObITh B COCTOS-
HAH OpupaTh BOJbTAMICPHOU XapaKTePHCTHKE NAHHOIO HIEKTpOBa-
KyymHOTO Hpufopa Xox, HeoOXONOMBIH A NPAKTHYCCKHY 1elGil,
HANO M3YYATH BCe DIIeMeHTAPHHIC MPONCCCH MOHM3ANNN, BO3OYIKICLIIH
H PeKOMOIHAINH 1T YCTAHOBUTD CBASH MEKIY STHMH IIPOIECCAMII 1T Mal-
pOCKONImUeCKUMN HmapaMeTpamu paspana. HeoGxonnmo Tarske Muyumii,
XapaxTep IBWKCHUA 3apPAKCHHBIX YaCTHI[ B BRICOKOM BAKyyMe U B I'a-
38X MpPH OTCYTCTBHH 3JIeKTPHYECKHX M MArHHTHHIX MOJcH 1 0600eHHO
npu nx Hanwanu. [asree, HeOGXOIMMO IOMHITH, YTO HICKTPHUCCKOC
NoJIe B BBICOKOM BaKyyMC H B razax o0ycJIOBINBRETCH HE TOJBKO TeO-
METpUYCCKOH (OpMOIl 5JIEKTPOMOB U HATO/RCHHOU MEKIY HUMM pas-
HOCTHIO TTOTEHNMAJI0B, HO W 3apsAdaMH DIeKTpOHOB W HOHOB, NMEpeIBHU-
TAIUXCA B IIPOCTPAHCTBE MeRAy anertpomamd. Ilosromy yuemme
0 Rmpocmparcmeennsly 3apadar CcOCTABIACT HEOOXOMMMEIH pasgen
DJIEKTPOHHKH,

Yto kacacred 3aKOHOB IPOXOKIEHHAS DIICKTPIYECKOTO TOKA Uepes
TPaHUIY MeK/ly ABYMA TECHO CONPHKACAOIMAMACH TBEDPILIME Teja-
MM, K4K 5TO HMCET MECTO B TBEP/ILIX BBIIPAMUATENAX, TO [iIA WX HOHM-
MaHUA I nedecoo0pasHoro ACIOIb30BAHNA HAMO OLITh 3HAKOMBIM G 916K~
TPOHHOIT TeOpHel MeTa/NIOR U MOJIYIPOBOXHAKOB. B oTHOmeH iy Toce;: -
HUX MBI Oy 1eM II0JI530BAThCH TAK HA3BIBACMOI 30HAAbHOU Meopueit IHep-
reTHYECKHUX Y POBHCI 5JIEKTPOHOB B IIIGKTPHEKAX H MOy POBOIHAKAX .

Hpu pemennu zagaum 0 IBWKCHAH DJIEKTPOHOB B Taze B MEPBOM
NpubIIGKCHAN  1OJIb3YIOTCHA 3aKOHAMA KJACCHUCCKON DIICKTDO;IAHA-
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MmuKH, Mexannkoit HploToHa n KIaccmueckoll crarumeruxoil. Opmaxo,
1©aK FOKA3KIBAET ONBIT, 9TH BAKOHH JaJdeKo He BCeTAa UPUITOKIMEI
x saexTpomam. HapasHe cO cBOMCTBaMH YACTHI(H DJICKTPOHDI oba-
;{al0T BOJIHOBEIMH cBOIICTBaMA. AHAJIOTAYHO TOMY Kak JydYH cBeTa,
SHEPrHSA KOTOPHX COCPEIOTOYEHA B CBETOBHIX KBaHTax—(OTOHAX,
PACIPOCTPAHAIOTCS TO BOJHOBHIM 3AKOHAM, TPAGKTOPHH dJIEKTDOHOB—
(OIERTPOHHBIE JIyI)—TAIGKe MOAUMHAIOTCA BOTHOBBIM 3aKOHAM.
Jlamaa BOMHBL A OMpenesAeTcs MPH HTOM IO BAKOHY Jie Bpoiinsa:
A=
m

-, (1,2)

e m I p—Macca H CKOpOCTh dJIeKTpoHa, /i—mocroannas Ilmanka.
Xopomo H3BeCTHO SBICHHe NUPPPAKIHN HIEKTPOHHBIX MYyYKOB TPH
1IIX OTpAsKeHH: OT MOHOKpHcTamia. B amexTponmke BOTHOBHE CBOH-
«TBa DIEKTPOHOB MPHBOMAT K 3ABUCHMOCTH JUJIHHBI CBOGOIHOrO IPO-
fera OT CKOpOCTH OJNEKTPoHA, K AnPPparmmm oICKTPOHHBIX Tyuel
Il SIEKTPOHHOONTHYECKHX NPHGOPAX H K TAK HA3HBaeMoil X0JoHOH
HMUCCHH DJIEKTPOHOB. [lBolicTBeHHAsA HPHPOAA ITEKTPOHA HpefcTa-
BiasgeT co0oi OJHO M3 THAJNEKTHYECKAX MPOTHBOPEYMA B COBPEMEHHBIX
JM3MYECKAX TEOPHAX. JTH NPOTHBOPEUHA CIYKAT ABIKYIIEH CHIION
IS KasibHelinero pasBATHA (U3NKM U CO3JaHUA B HauleM CO3HAHHN
TAKOTO TIPEJCTABICHHA O BHEITHEM MUpe, B KOTOPOM 3TH MPOTHBOpe-
una GypyT cHATH. COBOKYIHOCTE IBIRYIMHUXCS HIEKTPOHOB MpecTa-
pIgeT coboil He MPOCTO MYUOK JBIUKYIINXCHA 33PSLKEHHHIX JAaCTHI[ ©
MAaccoil m 7 3apAioM e i He IPOCTO KAKUe-TO BOIHLI ¢ IHHOM BOIHHL A,
a mpegcrapiasier coGoil HOBoe ABJEHMC «EAWHOE B MPOTHBOIOIOMKHO-
craxy. Iloatomy, a TaryKe B CBA3H C TeM, 9TO COBpeMeHHAsH TeOpHA
ATOMA BEIETA AJMEKO 3a HpPeessl KilaccHyecKoll Guamid, Myl He MO-
JKeM IICXOJHTh M3 BAKOHOB KIACCHYECKOl (HU3NKA NpH JIeTalbHOM
KOJIMYECTBEHHOM TIOJXOQe K DIeMCHTapHBIM IMPOIeccaM, paccMaTpH-
BACMBIM B AJeKTPOHHKe. B 9aCTHOCTH, HPH PACCMOTPEHUH FIBJICHUM
HIEKTPOHHOII OMMCCHII HAM UPIIETCA  MOAB30BAThCA  3aKOHAMHE
KBAHTOBOH CTATHCTOKM, & KOJINYeCTBEHHBLIM YUYET pa3sIHYHOTO poAa
B3AUNOTeHCT B MesKy DICKTPOIaMH H 9aCTANAMH BO3MOKEH TOJTBKO
IIVTEM OPAMCHEHMS MeTO0B KBaHTOBOW MCXAHIKH.

OnHako 3TH METOXBI, OCHOBAHHBIE HA MOJCUETE BEPOATHOCTH HAXO-
HICHUA DICKTPOHA B KAKOU-IM00 TOYKE MPOCTPAHCTBE MIM B RaKOM-
|60 DHEPTETHYECKOM COCTOSAHHH, WL BepOATHOCTH HAaKOTO-IHGO
BIIEMEHTaPHOTO HIEKTPOHHOTO mpolecca, B OONLIIMHCTBE CIyvaes He
OPUBOMAT K OOMUM AHAJINTHYCCKIM COOTHOmeHmAM. Pesyabrarsl
HOJTy9aoTes B BUIe KPUBHIX JITTA OT/ENbHBIX YACTHHX ciayuaes. B o6-
ieM W IeJIOM COOTBETCTBYIONHE COOTHOUICHHS YCTAHOBJICHLI DKCIE-
pumenranpro. [TosTomy, Kak npaBo, 3TH PACYETH, U3JIOKEHHE KOTO-
PHIX 3aHATO0 OBl MHOTO MecTa, HpHBeeHH Hamu He OymyT!).

1) ¢ KOJMIECTBEHHON KBANTOBOMEXAHMUECKOH TPAKTOBKOW 3JICMEHTADHHX
fIPOTecCOB TA30BOTO PaspsAia MOKHO OBHAKOMHTHCA 1O Kumre B. JI. I'panos-
CKOTO «J7ICKTpUUeCKme TOKE B rasax», T. I, Iocrexmanar, M.—JL., 1952,
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§ 2. KpaTknii ncropuuecknii 0630p. U3 sinextpnueckux ssmenni,
¢ KOTOPHIMM HaM IPHXOJMTCH BCTPEYaThCs B DIIEKTPOHIKE, BIepBHC
obuto nabmogeno B komme XVII pexa mosBsienme siaeKTpmueckix
MCKD IPA NPAKOCHOBEHMHM PYKOM K KYCOUKAaM SIHTAps, 3apsaKeHHb M
TpeHHeM.

B nepsrix rogax XVIII pexa HaGmogaiin cheueHie paspeceHuo;
BO3AyXa BHYTPH CTEKJSHHOTO NIApa, DJIeKTPU3yeMOro CHapy#H Tpe-
uueM. IlonogoM K aToMy mCCEIOBAHMIO TOCITYKI OKIT, IPOBEASHH b ii
8 1675 rony IlurxapoM, B KOTOPOM OH OTKpHLI CBeUEHIE PTYTHBIX HAPOL
B GapoMeTpe OPH BCTPAXHBAHIA B HOCJIEHEM ¢T0I6a pTyTir. B 1746 ro-
AY OblIM MOCTPOEHH mepBHe JeiineHckne Ganku. Vsydemme zapsuin
9THX 0aHOK M Da3pSIKU HX LPU HOMOIIH IEKTPHYECKOIT HCKDH Ipli-
BOJIO K caMOMy HAa3BaHUIO! (QJeKmpuueckuil paspads.

OTKphiTHe ABICHMII DIEKTPHUECKAX PA3PANOB Uepe3 BOZLYX U Co-
[OCTaBJIeHHe NX ¢ TPO3OBEIMIL AABIEHUAME B 3eMHOI aTMocdepe mpune-
JIL K MBICTIH 00 aJerTpiieckoit npupone moauuu. IIpuopurer B aronm
BOoOpoce OPHHAJIERUT OCHOBONOJIOFKHHKY Bcell pyccroil dusniar
Muxanny Bacaavesmuy Jlomomocosy. Hues 06 a:extprveckol npii-
pojile HC TOJNIBKO MOJIHHMH, HO M CEBEPHOTO CHSAHHs ObLIa BHIBHHYT:
uM B oae «Beuepnee pasmbiuntenie o Goskbem npeamuiiny (1743 1)
panpme 3apyOe;ruBX y4éHbX, B ToM ancie n Opankauna.

B 1752 roay ®paHriImH U HOYTH ONHOBPEMEHHO ¢ HEM JIOMOHOCOL
II0Ka3aJH Ha OMBITe, YTO IPOM H MOJHUS NPEACTaBAAIT 00Ol Mol
Hble JICKTPHYCCKHC Pa3pAAbl B Bo3gyxe. JIOMOHOCOB ycramoBmI, 910
JJIEKTPHYECKHEE 3apAIHl UMEIOTCA B BO3NYX€ M NIPH OTCYTCTBHH BRIAU-
MOJi TPO3LI: B 3TOM CJIy4ae M3 ero «rPOMOBOM MallMHED MHOTIA MOMKLO
Ob110 n3BAEKaTh HCKPH. I'poMoBan Mamuna npecTasaaia coboit yera-
HOBJGHHYIO B jKUJIOM DOMeIIeHHH JefileHcKY0 GaHKY, ojiHa M3 OOKJIa-
MOK KOTOpOH Oblla COEUMHEHa IPOBOJAOM ¢ METAJINYECKOH Ipe6dti-
KOW WM OCTPHEM, DPACHOJOMEHHHM Ha BBICOKOM IIOCTaBJICHHOM BO
Asope mecte '), JloMoHOCOB co3as M OOLIYI0 TEOPHIO I'POBOBHIX SABIC
UM, OpPeACTaBAAMYo0 cO60H mpoo6pas COBPEMEHHON TEOpHH TpoO-
a1, JloMOHOCOB HeclenoBal TaKMKe CBeUEHHE Pa3PEKEHHOTO BO3IyXa
10J{ JICHCTBUEM DJICKTPHYeCKOH Mamuuel ¢ Tpenmem. B 1785 romy
Ryaon Bo Bpems onkTOB, HpEBeNUINX K ycTaHOBIeHNIO 3akona Kymona,
OOHAPYRUJI YTEUKY OJeKTPHMYECKHX 3apsAIOB 4epes BO3AyX (THXuit
paspsn).

B 1802 rony upodeccop ¢usuxu IlerepGyprekoil Meguro-xmpy pri-
secioil awagemun Bacummit Baagumuposmu Ilerpos, smociemcTsin
acamemur llerepOyprekoir AxageMum Hayk, BHOEDBHe OoOHapYRHII
M ONHCAJ ABJIEHYE DJICKTPHYECKON JYTH B BO3IY X€ MEIKIY By M5 YI0Jlb-
HEIME 9JIEKTPOJaMH.

"} B 1753 roy so spema onmttos Gl yGur y cefa goma Mmoanmeif, yaapun-
ey B lnecT Maliueel, apyr JlomonocoBa npodeccop PuxmaH, Tarke HpOH3BO-
JNBIIMH  HCCJIEJOBAHOA NPH TOMOMH ¢TPOMOBOH MAIIHHEL.
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IleTpoBy NPHHANIEKAT TAKKE ONHMCAHHE PASHOOODA3HLIX BHAOB
CBeUeHHs pAa3pPEKEHHOTO BO3JIyXa NPH NPOXOMKICHAH dYepes Hero
BIIEKTPHYECKOTO TOKA, T. €. O CyIIecTBY ONHCAHAC Paspsia B BO3AYyXe
upy pasiennsix or atMocdepHoro no 6 su pryTHOTO CTOAGA.

(Mapagner0 NPEHAVIEKUT HACCIENOBAHNe DasHHIEL NMOTEHIHAJIORN,
IpH KOTOPOH BOBHHKAET UCKPOBOH pa3pAn. On o6HApPY:;KHI, 4TO HPO-
CKAKHBAHWE IEPBOH HMCKPHl MeKAy SJIEKTPOJAAMH IIPOMCXONHT OpH
Gomnee BHCOKOM pasHuIle MOTEHIHAIOB, YeM IPOCKAKUBAHUE IIOCTIeHyI0-
IMEX HCKP, B 9TO IIOCTIe KAMKIOH HCKPH COCTOsIHAE rasa, obierdaolnec
TPOXOMIeHIe HOBOH HCKDHI, COXPAHAETCH B TeYeHHe HCCKOJBKAX Mit-
nyT. On o6HADYIKHJI TAK:KE BIUAHAE HOIAPHOCTH DHICKTPOAOB pai-
PHQHOTO HPOMEKYTKA HA HAUpIKEHHe HCKPOBOIO HPODOA B TOM €Iy~
4ae, eciim o6a BIEKTPOJA HEOIMHAKOBLI II0 pasMepaM M TeOMCTpH-
uecKOH KOH(QHTYpaIuH.

B cepepune XIX cromerua mospniochk GeHOMEHOTOTHIECKOE OHI-
capme TJeninero H HEKOTOPHX IPYTHX BIIOB PasPAAa B pa3pesKeHHbIN
razax, B gactmoctH oxoso 1850 roma Obi1 oOHapyseH CIHOMCTHIN
paspsy.

Hauasmeecs ugydeHne CHCKTPOB M3JIYYCHHS H HOITIOUEHHS pas-
JIMYHEIX TeJl HpPHBEJO K CO3JAHHIO reficiepoBBIX TPYOUK (HaszBaHHLIX
oo nMeHu crexqaodysa leiiciepa). Beiio yeraHoBacHO, uTo npu mpo-
YMX paBHHX YCJOBHAX CBCYeHHMe HTHX TDPYOOK TeM sipye, 4eM OHN
ysse, M OblIIO IPE;VIoKeHe HX BHTAIMBAHAE B KANWLIADLL T HOMe-
meHus mepef medbio crexrpockona. B3 1857 roxy IHmokkep ycrano-
BMJI, YTO CHEKTP reiclepoBoil TPyOKH O/ HO3HAYHO XapaKTepHusyer
NPHPOLY 3aJUII04E€HHOT0 B Heil rasa, W OTKPLUL NEpBbIe TPH JIMHMIL
TaK La3biBaemoil GajbMEPOBCKOH CHEKTPAadbHOI cepHH BOXOPORA.
[Iokkepy coBMecTHO ¢ ero ydenukom 'urtopdom npuHamiesRar nep-
Bele HabaofeHua Haj KaTojHHMI Jydamu. lanbmelimiee mccaemona-
Hge moclieHEX Onulo mpom3segeHo lipykcon.

CyiiecTBeHHHI CBUT B MOHMMAaHMH fBIeHWIl 1'230BOTO paspsia
O Boizsan paboramm JDk. Jax. Tomcoma, oTKphiBuero Cyumecrso-
saHMe deKTponoB U monoB. Ms mkoast k. k. Tomcona (Kaseu-
AnnmcKas aabopaTopua) BHIIEN NeHH pAL (U3MKOB—HCCIEI0BATC-
Jeil DJIeKTPHYCCKHX PaspsMOB B rasax H 2JeMeNTapubLiX IpONeccorn,
MMCIOLIIX MecTo B THX paspsagax. Jlocrarouno maspats umena Tayn-
cenja, Pésepdopra, Puuappcona Actoma.

M3 pycernx amextpuxos X1X peka Haj Hcc.Ie10BaHIEM 3JEKTPU-
UecKOH NYIH H ef NpakTHYeCKHMM IDIJIOMKEHHAMM JUIA OCBELUeHHH
pecbMa ycnemuo padotanu [lasen Huxomaesmu flomouxon (1847—
1894) u Bragumnp Huronaesny Unxosen (1845—1898), a max upn-
JOKeHHsIMA TOH jKe jgyrH AJd CBapKH, CHAlKWM W IIABKI Merail-
s08—Huxonait Taspumosuy Caassmos u  Huxomait Huronaesnu
Lenappoc.

UccitemopanueM [yrw sanuManuch rarke duMmarpuil  Azex-
caunpopnd Jlaunnos u Baaxnvep ®éxopopmu Mutrenny. B 1905 roay
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MutkeBrd ycTaHOBWII HPHPOAY ITPONECCOB HA KATOJC YTOBOTO
paspsaAna.

HecamocTosaTedpbHEIM paspafoM B Bo3nyXe sanmumaliica B 1888—
1891 romax Amnexcamnp [Ipuropsresma Crometos BO Bpema ero
RITACCATOCKOT0  HCCHENOBAHUA  aKMUHO-IACEMpUiEcko20 dfferma
(poroadderra). EMy npmuamiesknar oTrpoiTHE Ofexma Cmoaemosay,
a TaKKe YCTaHOBJeHHe IePBOTo 3aroHa (oroaddexra m psama Ipy-
T'UX OCHOBHBIX 9epT 9Toro aBicuusa. CTomeToB sCHO co3HaBaI OTpOM-
HYI0 POJIb, KOTOPYIO JOIMKHO OBITO CHIPaTh B PasBATAM (M3NKH Hccie-
JOBaHHE BIICKTPHYCCKAX SIBJICHAH B raszax. 3a jpa gHA N0 CBCeil cmep-
t OpH nociiecxueM cpmaarmn ¢ II. H. JleGemenniM, taskko GompHOH,
esre cnocoGuElit roBopuTh, CTOETOB HABEA PAsTOBOP «HA CBOW JIOOH-
MyIo TeMy o rasoBeix paspagax». IIpouiascs mascerna ¢ JleGegennim,
OH 4yTh cabmHo pobaBui: «CoBeTy B3aHATHCA OTMMH BOHNPOCAMA—
OHII OYeHB MHTEPeCHH H 0YeHb Ba;kus». Mpamy Mpanosmuy Boprmaumy
HPHHAVIOSKAT HHTEPECHOE McCJefoBaHHMEe OYTH THXOTO SICKTpAYC-
CKOTO paspAga B BO3jyXe OpH IIOMONH HAGIIOAeHN A M0JI0KeHUil OueHb
MaJeHbKAX MATHHTHEIX CTPEJOK IPH OTCYTCTBHH M IPH HAJHYHA Pas-
pAnga depes BO3IYX.

Brnapumap Homcramrumosmu JleGenmuckuii mayvanm B mepmoj
1900—1909 royos cosmecto ¢ B. @. MaTKeBIYeM ABICHNA JJIeKTPH-
UCCKOH WCKPH, B YaCTHOCTH (3ajKUTAHAEY M (TYINEHHE» HMCKPH
VABTPAQAOIETOBRM CBETOM 1 PATHOAKTHBHHMYE HaTyucnnamit. Hekpo-
BBIM  paspajom sammMaicsad rawke amurpmi  AnonsmHapuesmu
Poskanmcxmii. Ou  meemeonas 1OBeJeHHE DIGKTPHYECKOIT UCKDH B
ROTe0aTeLHOM KOHTYype, IIPH MOMON(M KOTOPOTO B Havaje pajBUTHSA
PAOTe XHAKA 0Ty YaJIIT BRCOKOYACTOTHHE DIICKTPHYSCKIE KOIeOaHAA.

Teopum raszomoro paspsaxa, OCHOBAHHBIE HA WOPe;ICTARICHAN
00 WOHH3ANMH Ta3za, BeXyT CBOE HAYAI0 OT KilaccHueckKunx pabor
Jx. [k, Tomcona 1t ot pador ero yuenura Tayncenna. Ilpm mocrpoe-
Hi cBOoed Teopuu TayHceHpy HeXOIHIT M3 9KCUCPHMEHTAILHBIX paboT
A. T Crozerosa.

Teopma Tayuceunga 6wma cymecrsenno pomoascsa B 1931—
1932 ropax PorosckuM mnyTéM yuéra HCKasKeHNA DICKTPUUECIKOIO
HOJA B Paspafe IPOCTPAICTBCHHHIMHU 3apsajaMH. 970 Jaio BOZMOH-
HOCTH PACHPOCTPAHNOTH TEOPHI0 TAaKKe W HA CAMOCTOATEJILHENE
racomuid paspax. Uto xacaercs shaeMeHTAPHHIX 3JICKTDOHHBIX H HOH-
HBIX OPOUECCOB, HMTPAMUX OGONBIIYI0 DPOIb B COBPEMEHHOH BJCH-
TPOHHKE, TO YCIIEIIHOC HX HCCACIHOBanmCe o OGBLACHEHMe CTaj0 BO3-
MOJKHBIM TOJILKO IOcJde OTKDHTHA sicKTpora B 1897 roxy m cosjanus
Teopun atoma bopa B 1913 roxy. U3 apienmit Ha moBepxiocTl Karoaa
TePMO3TEeRTPOHHAA aMuccna 6rima obHapy:kenma B Havasne S0-X ro-
JOB IPOILIOTO CTOJETUST INICOIOM, HO He Onija MM HU MCTOIKOBAHA,
B upumerena. Tonpko coycTda monropa mecarka mer s@dexT IAACOHA
0BT NPAMEHEH JUIA cO3;@HAA WePBOIO HIEKTPOBAKYYMHOro npubopa:
ABYXJJEKTPOIHON «KATOMHOMW JaMibl»y, BHIPAMJIIAIOINCH ICDPEeMCHHEM
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TO® M BCKOpe NPUMEHEHNOH JJIA JeTeKTHPOBAHMA BLICOKOYACTOTHBIX
noaefanrid DO HalBAHIEM (8YIomar.

[lepBy10 KOINYIECTBEHHYIO TCOPHIO TEPMOITCKTPOHHOM OMUCCHE 1Al
Puwappcon. Bpemenne B «RaTOAHYIO JaMIIy» TPeThero sieKTpoja—
CCTKM MPHUBENO K HOABJIenHo ycuaurenasroll mamnsi. C oToro npemenyu
JladbHelice PasBUTHe PAXHOTeXHUKH CTAJTO YCIJIOHHO CTUMYJIHUPOBATh
HaydHoe IHcclejoBaHile B 00JacTH 3JEKTPOHHKHM, H 3Ta MOJOHAsd
oTpaciab QU3NKN Havata OYPHO pasBHBAThLCH, OXBaTHBasg Beé Gonbiiee
i Gospimee 9ucsI0 woBeix aAnmenuit. [loaBunncs renepaTopHEE JIaMIH,
DJICKTPOHHOIYYEBHe TPYOKM, HPHOOPH TeJeBHNeHHHA, NPHOOPH IJIA
remepanun yJAbTPAakOpOTKUX BOJMH W MHOroe apyroe. B mycroTmbix
npufiopax eTaqHl HCHOIB30BATH KPOME TEPMODIEKTPOHHOH SMHCCHU
raKske QOTOITEKTPOHHYI0 SMHCCHIO M TAaK HA3KBACMYI0 BIOPHYHYIO
saextponnylo avuccmio. Hapany ¢ myerornsivz npubopamm, ocHo-
BAHNBIME HA NPOXO;KACHHE 3ICKTPHYECKOTO TOKA 4epe3 BBICOKHM
BAKYYyM, IOABIVINCL IA3oHAIOIHEHHEIE NpUOOPH, HCTIOTIBIYIONIHS TOT
HJIM MHON BUJ DJICKTPHYECKIX PA3pAOB B razax (raszoTpousl, THpa-
TpOHBY, PTYTHE@ BBHIIPAMHTCTIHM U T. J.). 9TO OpULE]0 K HOBEIM 3aja-
vaM, CTOAIINM Iepej| HCCIEROnAHMEM IaszoBoro paspata. Hecmemo-
BAHKEA WOHM3AIUN Tasa IPUBE/ K OTHKPHITHIO M IPY X 3JICMEeHTaPHEIX
uponeccos B o0nfme rasa. Bombmyo poas curpain paborsl PpaHKa
i Tepna 1mag morennumasaMm Bo30Y:IIGHAS I HOHU3ANHH rasa, Oiy-
GmuroBadnne B 1913—1914 rogjax w TecHo cnAsasiime  yueHue

©) ¢ rasopoM paspage ¢ Teopuell arowa Bopa, omyGmmkosaumoi
QB Te e rOmHL.

Jpyroii Metom mojxoma K ABICHHAM TA30BOI0 paspsAjia, OTIAH-
wammaiics ot npepcrasdenuit Tayvicensa, Gwma yraszau B 1923 romy
JleHrMIOpOM, YCTAHOBHBIRHM LPeICTABICHUC O TA30PaspANHOH «Iyas-
ME» M YRAZaBINUM HYTH 9KCUEPHMCHTAILHOTO H TEOPCTHYECKOTO Hece-
JNOBAHUA IOCJHeHeH,

B noseiimee Bpema JIE6 u ero npiofia nonuiu 1o {pyroMy Hampa-
pireuio. CosmaHHasg 5TOH IMKOJOH TeOpHA HCKPOBOTO Hpobos H Ku-
CTEBOIO  paspsjid YYUTHIBAET B WHCJE OCHOBHMWX 3JIeMeHTaPHBIX
TPONeccoB (POTOMOHU3ANMIO B 00BLEMe raza M HapaAdy ¢ HpejcTaBile-
HEEM 00 sdekmponHwr adsunar TayHCeHZa BBORHNT HpPEAcTaBIeHNe
o cmpustepar. ItaM nyTéM B 3HAVHTEAbHON cTeleHi YHaloch pac-
uppoBaTh ABICHIH MCKPOBOTO paspaaa i moasnm. HolmyecTBenHyo
TEOPIIO mepatuieckoti uonuzayuu gaix nayrickui Gusnx Cara (1923 r.).
B 1935 ro;y ¢opmyna repmumuecroii wonnsanmi Cara 6oia nemoib-
30BaHA (1A CO3MAHUA KOMHYECTBOHHON TCOPHM LIHYpPA [iyroBOrO
paspsAga, Hamefiei# cuol #puMeHeHHe IIpu pa3pabuoTKe HOBHIX
MCTOYHHKOB CBeTa, a Tak/ke DBOUPOCOB, CBA3AHHEIX € JYroBoH
¢BapPKOH.

Taxum o0pasoM, HaumHas ¢ HepBOro pecATuaeTHs XX BeKa ycue-
XH HaY4YHOr0 HCCIeA0BANUA BO BreX 00IacTAX HIIEKT POHAKH HEYKIOHHO
‘coagasaau Bcé Godec 1 Gomee GoraThle BO3MOSKHOCTH I Pa3BUTHA

9 MX T
H. A. Kamuos ) 27 PLUENSRE RANELY A7 9
Knmuy oo

' hL- Tt 17 P
PledadyeCs g éiﬂp,nuu‘»-p‘{' :
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KAK TeXHHEKA PATHO, TAK M IPYIAX 001acTell HOBOH TeXHMKH. B 1o xe
BpeMs TIpAH[MO3HbE YCIEXH DAJMOTeXHHRM CO3NABATM BCC HOBLIe
H HOBHE BO3MOIKHOCTH YJIYHYIIEHHS U PasBUTHA TeXHUKH HAaY4HOIO
SKCHePMMEHTa, MO3BOIHBLING PACHPOCTPAHUTE HAYYHOe HCCICAOBAHME
Ha Hopbie 00mupHHe oOgacTu. Mul uMeeM 3mecs OMH M3 nanboJsee
pasuTeHHHX NPUMEPOB HEOOXOIIMOCTH TeCHOMH CBsA3H TEOPHMH U IPAK-
THKHA U YCIEMHOr0 Pa3BUTHA KAK TEXHMKH, TaK M HAYKH. Ioaromy
He yIUBUTENBHO, YTO Cosetcrnil Coio3, Ile 9Ta CBA3H OCYIIECTBIAETCA
CO3HATENBHO, 10 MyApHM YyKasanuaM HoMMyHHCTHYECKOH NapTHH,
samuMaeT B HacTosllee BpeMs mepBoe MecTo B ofmacTu papmo.
Brcrpoe pasBuTHe HAa HAMed pOWHEe HOCIe Beankoit Oxrsatpbekoi
peBOJIIONMH PAjMo H BCeX ADYTHX BHIOB CBA3M BMECTe C pasBUTUEM
06CTyKUBAIONMX X BUIOR IIPOMBIIJIEHHOCTH IOCTABIIIO HEPEN COBeT-
ckEME Qu3nKaME psA GoMbmMUX 33139 B 0GMacTH BIEKTPOHHRH.

Ilo yxasaumio Bragmunpa WUasnua Jlesnna » Huxuem-Hosropope
(unme rop. Topexmil) Gumia cosmana «Huskeropoackas paauonabo-
paropust». PaborHnku pTO#l 1aGOPATOPUH OUeHL MHOrO CaesIalu A
pasBETHA PafMoTe XHIUECKOH HICKTPOHHKA B gameii cTpase. B wact-
nocrn, mpodeccop M. A. Bomu-Bpyeemu Bumepspie cospal 3aeck
reHepaTOpHHE BJIEKTPOHHHC JAMOE MOIMHOCTHIO A0 JECHTKOB KH-
JIOBATT.

Kax B Jlemmnrpanme, Tak 1 B MockBe yike B IepBHe TOJB COBeT-
ciolt BAAacTH ofpasopaiich sAveikH QuaMKOB, ycmyicHHO paboTar-
mEX B 061acTH paguoGu3NKU H BexTpoHnKu. B HacToAlllee Bpems oTH
AgeilkM pa3pocauch B 60JbpUINe JTabopaToOpUM M MHCTUTYTEL. OxBaTnrs
nce mposenénune 8 CCCP paGotnt B aToM KpaTkoM 0630pe HET HHKA-
KOH BO3MOMKHOCTH. YKameM TOIbKO, 9TO IEpEYUCIeHHLe BHIME Teo-
PHH rasoBoro paspfAna HOMYYINIH B PyKaX COBETCRUX PUBNKOB HATE-
meiimee paseurtue (paGors B. H. Kaspgessna no poseicHuio Teopin
Jlenrmiopa M0 TpAKTHYECKUX PacyéToB, paGoTH . A. Poskaincroro
10 TeopHH 3OHIOB. HCCAENOBAHME BJIMSHHA MArHATHOIO MHOJA HA
paspal H CO3JaHMe TEOPHH KODOHHOTO paspsaa paboranramu Mo-
CKOBCKOTO TIOCYZapCTBEHHOTO YHUBE[LCRTETA, MCCIENOBAHUE HCKPO-
BOro paspAapa paloTHHRaMH Qusnueckoro HHCTHTYTA AxajgeMHd
sayk CCCP m t. n.). OueHb MuHoroe cpelano H B obmacTu s7eMeH-
rapuEX HpomeccoB (paborn mo Qorosdderty u BTOPUYHOH DMUCCHH:
II. H. Jyruperoro, II. H. Jlykupckoro u C. C. IIpunexaena,
II. B. Tumodeera, H. . Moprymuca, H. C. XieGuuKopa u MuOTHA
JPYTHX).

[parTadeckuM pe3yTbTaTOM BTHX paboT ABWIUCH nzobpeTeHue
B paspaGoTka Kak LeIOro psAla HOBHX HPHGOPOB (mampmmep, d7IeK-
TPOHHKE YMHOKUTEH, BIEPBhIe CO3MaHHEIe HHKeHePOM JI. A. Hyb6en-
KEM; MOIIHEle PTYTHLIE BRIIPAMUTENN, CROHCTPYUPOBAHHEE B.II. Be-
JIGTAHMHAIM, MArHeTPOHBI C PE3OHAHCHBIMHM HOJOCTAMH B TeJe aHona,
BuepBHe IOCTpoenHHe B wHccrenosanHne H. @. AnerceeBRM o
J. T. ManapoBsiM), Tak I HOBHX HEHHKX TeXHOJOTHICCKHX npHEéMOB
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(m30GpeTCHEE BICKTPOMCKPOBOrO cmocofa peskH B oGpaboTKE MeTal-
qtos B. P. g H. M. Jlazapeuxo, mMomuoe pasBHTHe TeOpwd H Opak-
rEKE Qyropoil capkm mronoi akamemura B. H. Huxwrana m muoroe

jpyroe).
Juteparypa k ra. I

{. «Oyepxr no mcropun ¢usaxm 8 Pocemm» mox pepaxnmeii A. K. Tumupsaesa,
Toc. yu.-mem. map., M., 1949,

2 Marenen M. A., Pycckue a;1eRTpoTexHNKR BTOpOil monosuuK XIX Bewa,
I'ocsnepromsnar, M.—-JI., 1949,

3 0yk 28}; EoB C. 10., Coserckaa snexrpomuxa 3a 30 aer, YOH 33, 549
(1948). .

4, Kannos H. A, Onanka dAeKTpHYeCKUX paspAfOB B rasax 3a TPUANATE
ner 8 CCCP, YOH 35, 329 (1948).
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FeibABA T
TEPMOSJIERTPOLLIAST 11 XOJOIHAAH dMUCCIIHT

§ 3. TepmooaerTponnasa sMuecHs. el B 0TRAYAHHOH 10 BLICOKO-
1o BaikyyMa TpPyOue OIMH BIEKTPO]T CICIA2H B BHAE METAJILTICCKOM
AATH, HaKaJAHBACMON IPOXONAIMHM Ucpe: el TOROM, M €CJIH Ha JIpY-
To¥, XOJOJHHNL, 3JeRTPOT HATOMKNATL MOTCHIIAJN, [MOJOMHATEALHbI
10 OTHOINCHHIO K HePBOMY HAEKTPOIY, 70 10 BIeUIHel 1ens, coe HHAI-
men oba orenrtpopa, moTeudr srcuTpruccerini tox. Hean ke packa-
NEHAYI0 HATH CAeJaTh &HOAOM, & KATOJOM—XOJOFHEIA 2JCHTIPOH, TO
NpUOOp, MOMEIMEHHbLIL BO BHEITHCIT IOHN, TOKA HC O0HAPYIKHT.

IT0 ABIeHHe JICHKUT B OCHOBC IeliCTBIS IYCTOTHLIX BHIIDAMHTC-
JAI-—KeHOMPONHog 1 HOCUT HABAHME INC)MOIERMPOHIIOL dstuccuu ).
Cwita TORA TEPMOBJICKTPOHHON DMHCCHN TeM GOJIbINe, YoM BHILIC TeMIe-
patypa Karoga. TepyModTeRTPOHHAA DMHCCIA CBOMCTBCHLA HC TOJALKO
veTasiaM, Ho U mwoniynposormiras. B 1889 rogy k. [l Tomcon
OKA3AJ, UTO MDY TCHMOICKTPOHHOMN HMUCCUY HACKTPAYRCIIE 3apsInl
HepeHocATes Yepes BARYYM HaCTHHAMIL ¢ TalkiM ¢ OTHOINeHICM 3a-
pAga K Macce, Kak U B CAy4Yac RATGIHBIX JFydeil, T. ¢. ajleKTpOHAMH.
Coraraciio BOBHHKIICH BCROPE TI0C/1C HTOTO 30 RTPOHHOI TCOPH I MeTa-
JA01 OTHYUTENBHbIE CBOHCTBA METAIMUCCKHX TCJ OO0BACHAIOTCA Ha-
JAYHEeM B HAX OTOPBAHHHEIX OT aTOMORB 3JIeKTPOHOB, MCPeBATAIIIAXC
0 BceMy O0BEMY MeTaldsIa O cpeqHeil CROPOCTHI0 XAOTAYECKOTO [BH-
JKeHHSA, COOTBeTCTBYOIECH Teseparype metaiira. llomosknreasssic
-HOHbL, 00))a20BABUIHECA IPH OTPLIBE OT aTOMA BAJICHTIONO 2JICKTPOHA,
o0pasyior KPUCTALTHYECKYI0 peldéTiy Mertadna. Wx teumosoe aBuH-
FROHHME CBOIUTCA K KOIeDaHIAM OROI0 HOMOECHIA PABHOBCCHS B yi-
Jax Peurérxm.

Horpa smexrpou mojsieracT 1 Ipamifie MeKILY MeTajloM H Bakyy-
MOM, pasHogelcTByIUIasg BeeX CILT, AelicTBYHOUMX Ha 3ieiTpoH, Ha-
npaBlieHa BHYTpPDL MeTaLia 1 MellacT 3JIeKTPOHY HPOo/RaTh CBOll
iryTh B BakyyM. OamaKo, ecIi CKOPOCTh JABWKEHUA 2JACKTPOHA J0CTa~
TOWNO BOJIAKA, OH GyAeT B COCTOAHHNI IIPeOIONeTh 3ajiepHiiBaoITy 1

1) lHeppoHAYainLlno TCPMOIICKTPOHUY 0  SMUCCHIO  UHA3BIBAAA  wPhpermon
0ucorar; HO3KE, B TOT NEPHO;T BPEMCNH, KOIJIa Bee 3apsyKeHHble YACTHUBL B Tase
HANKIBAMI MOHAMH He3aBfACHMO OT 3HAKA HX 3aPAIA, - - UNEPMOUOHHOT dMUCCUeTN .
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ero cUay M BRUIGTeTH M3 MeTaLla. YeM puiIe Temueparypa MeTanaa,
oM FaRIne YEeo HAEKTPOHOB, CHOCOGHLIX TPOHUKHYTE Wepex rpa-
HIUNY MeTajia B BaRYyyM, TeM O00JIbIle TePMOIIERTPOHHASA DMMC-
cif. ITCT JpPONect AaHAJOTHYEH IPONecCy NCUApeRHd KHUIKOCTH:
TONBKO Te MOIERY bl IePexXOiAT M3 RUAKOH ¢asu B razcobpasHylo,
KoTophie 00JajaoT KocTatounc Ooapnnmmm cxopoctamu. Ilmormocts
HACHIIEHIIOTO Iapa YCTAHABJINBAETCA Ta-

Kag, UTC YICIO0 MOJACKY, BHIICTAIOMMX M3 @
SRIERKOCTI, PABHO 4MCcIy BG3BPAIAoIIIX- A
ca obparmc B sxuixocth. Ilpm  Tepmo-
HIIEKTPOHHGH BMMCCHM ITPOHCXCIUT TAKOOC
JKC HIBJIGNIOC: eCJH BTIeKTPOHH He Yiaa-
JA0TeA OT TOBEPXHOCTH MeTajljla djlek-
TPHUECKUM HOTEM, «31eKMmpoHHb 2as3y,
obpasyeMBlil BRXCAALEMNA ¢ TOBEPXHO-
CTH MCTajIa CBCOOIHBIMA DIAEKTPOHAMH,
HACHIEH: BCJEACTBAe OeCIGPAXCYHOIC
TeIIOBOTO BIREHHA CTGJBKGC Ke dilek-
TpONoOB Bo3Bpamaerca B meran 3a 1 cex.,
CHOJMIBKG MX  BBRXOIAT H3  Meralula.
Rmmizocth npn gemapeHni OXJIaMKAaeTC .
Taxoe 3¢ CXNAKICHNE TPCACXCANT A B CIy-  Puc. 1. DileKTpHIecKan cXeMma
vae pacKajgaGHHOH, HMHTTHPYIOIfeH »jex- ONHTa NPU W3MEPEHUM pa-

TPOHBl HITH NpH YA&TeHMH JIeRTPOHOB oort PXOAR 1O SFAMALE
Wi Huri., g,—npubop aad
BHEIIHIM - TIGJLEM. H3MEepCHIsT IMUICCHMOHHOYO TO-
Codepén anerrpaueckryio cxeMmy (pue. 1) na: g,—/11a 1maMepents TOKa
TaK, YTCOH MPH MOMOMIM KI0Ya L MOKHO — Vakada; 1'-—[ds H3MCPEHHH
OpIc mawlanelBaTh Ha aHog A jByX- HAOPARCINIA  HAKAAA.
QTEKTPOHGCH 9JIeKTPOHHOMH JIaMIIbl HATIPH-
iKeHMe, TOCTATOUHOC LI yIalieHdsA BCeX BIIETeBLIMX U3 HAKaJI6l-
woit HpTH K DnexTpoHoB (TOR HacHIlenua)., Mbl ysmanM, 410 OpIH
RAKIOM 3aMBKAHUI KII0Ua L APKOCTh CBCUCHI HARAIEHHOUM HUTL,
a CcJeOBATCIILHG, U TCMOEPATYPA HHTH Gy,1yT 33METHO YMEHBIIATHCH,
NpH Pa3MLIKAHAN K044, HAacOOpoT, TeMmeparypa it ApROCTh yBeAN-
uuBawTes. Hpll 0TCyTCTBHE BHOMIHETO IO, KOIJA KII0Y PA3CMEHYT,
WHCIIO DJCKTPOHOB, BO3BPAUTAIIEXCA B METANLT 13 BAKYYMa, PaBRO
YHCILy DJICKTPGHOB, BHIXOIALMX 13 Meranya B BawyyM. Iocie sambi-
KAaHUA RII09a BCE BLIXOIANME U3 MeTajja 3JCKTPOHB  yRANAITCA
aneKTpHuecknyM moseM. Octaéred NUMIB OJHOCTOPOHHII IHOTOK BIIEK-
TPOHOB H3 MeTa/la B panyyM. I morepe HUTBIO TCIIA Yepes TEIJio-
HPOBOAHOCTh €€ KOHIOB M Yepe3 JIyUcHCHyCKaHHe NPpUOABIACTCH
HOTeps HHEPTHU, YHOCWMGH U3 Meraina OnCTPHMI 9JAeRTPOHAMH I
YACTHYHO 3aTPAauMBacMOl HA UX OTPHEB OF MeTajJa. JTC I HPHBOJIHUT
K YMEHBIUCHHIO TeMIIepATypbl HHTH OPH 3aMBIRAHOI 1II0YA.
HoamgeeTse aneprum, saTpauydnBaeMCH Ha OTDPHIB 4acTHIl rasza oT
FRUKOI  (asel DPH  HCHApEHNM, XapaRTepU3yercs KOJIHYecTBEHHO
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cEpumol menaomoii ucnapenus, orHecémmoli k 1 2 ucmapubmeHcs
KHIKOCTH, AHAJOTHYHO 3TOMY 3Heprus, 3aTpaudBaeMasd HA OTPHB
3JIEKTPOHA OT MeTaJlIa, XapaKTepH3yeTcs Tak HA3LBaeMOH pabomoi
88r00a 94eKmpPoOH08, OTHECEHHON K OfiHOMY asIeKTpOoRYy. Paboty Brixopa
0603HavaoT OYKBOH ¢ M IPAKTIYECKU BLIPAKAIOT B 3JIEKTPOH-BOIIb-
rax. IIpu mopcranoske 3HadeHHil ¢ B TeopermyeckHe QOPMYJH He-
00XOFHMO MO3TOMY YMHOMKHTH UHCJIO, BHpaskamoliee ¢ B HNICKTPOH-
BOJIbTAX, HA IEPEBOXHEIH MHOKUTEID

e 4TA070 L a o i
56 = ~500 = 19010 (3.0

1A TOro, 9ro0bl BHIPAsUTh ¢ B Jprax.

B panbmeiimem wmamosenun Bo Bcex Qopmydiax, rie He Oymer cpe-
JlaHO CHeNMabHOH OroBOpKH, MH OymgeM IOHHAMAaTh HOX § PaboTy
BEIXOfA, BBHIPAJKEHHYIO B 9prax. .

Tak kax souleraInuii W3 METajia 7CKTPOH IPeofoseBaeT JeHcT-
BHE YHep;KUBAOIIHX ero CHJ, TO 5TO PABHOCHIILHO TOMY, YTO 3JIeKTpH-
9eCKHIl MOTeHUA BHYTPH MeTaJljia BhIle, YeM BHE ero, Wi, Apyruamu
C/IOBaMHM, YTO HA TPAHMUIIE METalJ-—BaKyyM HMeercs MOTeHIHaJTbHEIH
Gapbep, samepsxuBaromit siexTpons. lIpm rpagmueckom msobpaske-
HUM OOTEeHHHAJbHOro Gaphbepa Ha rpaHHuIe MeTajlla HaImpaBJIeHHe IO
OCH OpPAMHAT CHH3Y BBEpPX COOTBETCTBYeT YObIBAHHIO MOTEHIHAJA.

§ 4. 3aBucuMOCTD TORA TEpMOIAEKTPOHHOH dMICCHA OT TemOe-

paTypsl KaToja. 3aKOH 3aBHCHMOCTH INIOTHOCTH TOKA TePMO3JIEKTPOH-
HOH SMHCCHH OT TeMmIepa-

TYpH MeTajula GBUI yCTaHO-

BIICH HA OCHOBAHUH 3JIeK-
TPOHHOH TEOpHH MeTaJLIOB.
IIposenémM ocys X mep-
HeHAURYIAPHO K HOBEPXHO-

-1 . x crm meramna. Brjenum Ba
) rpa’Hune MeTall-—OKpYyIKa-
0IMasg cpefa IJJeMeHT mo-
BepxHocTd As (puc. 2) n mo-
Puc. 2. CTpOHM Ha 3TOH miomagke,

Kak Ha OCHOBaHHUH, NWIHH-

ApUYecKoe TesIo ¢ 00pasyoIuMH, TapaulebHEME BHOPAHHOR HaMn
CKOPOCTH 3JIEKTPOHOB ¢ M paBsHBRIMM ¢Af, rxe Al—HEKOTOpHIl Ma-
AKH MPOMEsKYTOK BpeMeHM, H ¢ BHCOTOll, paBHO# u Af, rge u—
caaraoas ckopocta ¢ mo ocu X. Herpymmno Bumers, uro Ha Buimeien-
HYi0 HaMH INIOWAXKY Ac 3a BpeMaA A/ IOUAJYT TOIALKO Te¢ 3JIEKTPOHH,
obnmafalomue BHOpDaHHLIMI HAMH BeJIMYHHON M HampapieHmeM CKOPO-
CTH, KOTOpHE B HavaJle IIPOMEKYTKA BpeMeHH A{ HaXONATCA BHYTPH
HOCTPOEHHOro HaM¥ OWIHOHApa. JI:060H npyro# snesTpoH 1160 He T0H-
AET [0 PaHUIE METAJNI—OKPYIKAMMasn cpexa, Au00 MOCTHTHET 3TOil
IPaHUOB B TOUKe, Je;kalmed BHe 3llemenra As. Ecnm dn,—o6uee

ual

C'd{
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4@e10 BICKTPOHOB B eNuHMIe 00hEMa ¢ KOMIOHEHTAMI cropocTeit u, v
u w, T0 B 0DbEMe DMIIHAPA HX u At Asdn,. Crenosarenbwo, 37eK-
TPOHOB ¢ KOMIOHEHTAMH cKopocredl u, v, W Ha WJIOIWMANKY Ag 3a Bpe-
M1 Al gomanaer uldsdn,Af, 3a epuHMNY BPeMEHH udn, As, a 4ncnO
ANERTPOHOB ¢ J@HHAMI KOMUIOHEHTaMI cKopocTeif, Momajalomux Ha
1 ex® mameil rPaHUYHON IOBEPXHOCTH 33 TO ’Ke BDPCMA, PaBHO

AN, =udn,. (4

Uro6 HaliTH ofmiee YICIO 5ACKTPOHOB, BHIXOAAMMX B eAMHOIY
ppemen U3 1 ¢4 IOBEpXHOCTH MeTajlla, HAjo 3HATH pacupeeie-
Hie OJCKTPOHOB HPOBOJMMOCTH BHYTPH METajjla 0O CHOPOCTAM A
moperapith B (3,1) Bupaskenne dny uepes ¥, v M W— KOMUIOHEHTH
cropocreil mo ocsim X, Y u Z, a 3aTeM MPONHTErpUPOBATH 9TO BEI-
pamenye AJA BeeX BIIEKTPOHOB, MOUIETAIOMIX K MOBEPXHOCTH Me-
pajia M CIHOCOGHBIX OTOPBATHCA OT METajula. SAaKOHE paclipejeleHus
OTEKTPOHOB B METajvie MO SHEPTMAM M [O CHOPOCTAM COTJIACHO REAH-
topoii craructnke Depmu-Jippara HMeIOT B

. 4 (2=m)*2 g'dg
dn(g T paglle B_le(SIkT+1 ’ (4’2)
2m? 1
dnum == -}Fmdu do dw. (4,3)

‘ g=""(u2 40+ %) — KHHETHYECKadA OJHepPrus BJIEeKTPOHA
3aech = (v +w p poxa,

m — Macca DJIICKTpOHa, h — mocrosimHaa Ilnamka, B — xoucraHTa, 3a-
prcAmAs OT KOHINEHTPAIME BJIEKTPOHOB 7 m OT Temuepatypi I’ u
ompepesieMas COOTHONICHAEM

&= 3 o 1
— _ 4(2nm)’ g §'2d% 4
"= ég;odné— h3wtl2 3 B—xecé’/hT+1 : ( ’4)
PaccmoTpuM Ba OpejeiLbHBIX cayvas. Hpn
B1l1»1 (4,5)

MOJKHO TipeHefpeuh efHHHNeil OO CPABHEHMIO C HepPBHIM WICHOM 3HA-
MeHaTeld B HOAWHTerPaTbHOM BEIPajKeHHW B DpaBoil 4acTH paBeH-
ctBa (4,3). J10 OpUBOOHT K
® &
4 (2m)°/2 —C s g
— RT gl :
n=pB-""00 ge €' dg. (4,6)
0

lluterpupoBanme 3TOTO BHpasKeHMA HPHBOAMT K

3
B="" (2xmkT) Zn. (4,7)
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Ioacranoska sroro swauesnsa B (4,2) M (4,3) NMHBOANT K MaKcBe1-
JIOBCKOMY 34KOHY PaCHpele/eHUA 0 CKOPOCTAM:

. m 3, 92 2
7 m N\32 o-(uFfuirud) ,
dn,.,=n \zir ) ¢ 2 dude dw. (4,%)

JTOT TpeACIHbHLIL Cyuail 1eck poscdeniio2o zaza COOTBETCTBYET 3Til-
GCHUAM  KOHUCHTPAING DIeKTPORHOIO T&3a, NHMCIOHGIM  MCCTO BIC
MeTajllia B BaKyyMe WU B Taie, HO 0C UPUMCHHM K SICKTPOHAM
TPOBOAIMOCTY BHYTDH MCTa/Ia.

Opu mauwix smavennsx B! murerpnpopanne vmpamenns (4.3
IPABOJMT, KaK IOKasa:l SoMMepdesbl, K CXOLAMeMyest psay:

8 ., =2 R
n = (2miT In B)'2 {14—?(1“3) 2 } (4.,9)

B npepensroM cayuac Bt ¢ 1, orGpacrimas Bee usCHBI paja, KpoXMe
[IepPBOro, HaXoImM:

B = e“";’RT, (471 0)
rae gepes W, ofosmavena nesmuuna
h? / 3n\%s
W= ()" (4,10

UToOR BHACHITE (I3NYECKNIT CMBICT HTOH BETHUMHLI, BCTABEM 3Ii-

dennme B us papemctsa (4,10) B sarou pacmpepencmmsa (4,2). Ifo-
Ay4nMm:

4y 3/, Ya2g .

dng === (2m)": 6246 (4,12)

© T 3 LGV ORT 37

Hpu adcomormom uy:e tesmepatypet it & < W, mepseiii uicH sna-
MeHarted BnpasseHuAa (4,12) mpespamacted B Hyab, npin € > W, -
B OeckoHeyHocth. (Tciona BaKmodacM, Uro IpH  aficoIOTHOM HyIC
HU OJHH B5J]€KTPOH He MOMKeT MMETh Z2HAYCHIC OHepruum GoTbldec,
yeMm W, a KpuBasd pacipefieieHUs IO DHCPTIAM NpPEACTABISICT cofoii

l ~ By -
napaGoiy crement —-, obpmmatoniyocsa npu &€ =W, kax mo ape;i-

CTaBICHO CIVIOWHON KpHUBOH Ha puc. 3.

Taruy obpasom, W, mpescrasaser cofoii naudoabluee iaycHie
OHEPIHH, ROTOPOIl MOKCT 004faTh HJICKTPOU Npi abCoOTHOM HY.iv.
B o ke mnpema orunm smavemmem arepriut npi abcomoThHoM Hy.Ie
ofmajaer 1 HaUGOIBUICE UICA0 HICRTPOHOR.

Ipuw T > 0 peswstit o0PLIB KPUBGIT PaCHpPCIC/ICIIA  eraasKlIBacTes
I OHa HPUOAMKACTCA K OCH aGCUHCC aCHMITOTHYCCRIN, KAK 910 10-
KasaHO MYHKTHpHOII KpuBOIl pmc. 3.

UtoObl omeHnTH, WP KARHX TeMOCpPATYypax i KOHUCHTPAIHIN
KpHBasg pacopejiefieHNA IPHOMKACTCA K MaKCBEUIOBCKROI, Oy/eM
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WCXOANTH 113 veaonma (4,3) 1 coraacno (4,7) mONORIAL
B = I3 o kT\—._—. < 1 413
——T((.»JI? ) n < . (d, .J}
ToncranoBra B HePABCHETBO (4,13) wucaeinibiX 3RAUCHHIL PuIueCKAX
KOHSTAHT NPUBOINT K YCAOBIIN:

T 3,5 10100, (4,14)

Ecin mpuiarth, 9T0 B MeETajjle ROUICHTPAIILA  OJICKTPOHOB HPOBO-
IAMOCTH TTMCET TOPHIOK BESULMMHBL, OISO K NOPARY  BCIIMTYHHD
KOHICHTPALNIT aTOMOB, I TIO- s/g

gomnares nr=10%, T0 ycCio-
pue (4,14) mpespatures B

|
|
7535 10K, (4,15) !

AN

Takum ob6pasody, B TBépABX U
SRUJKUX  MeTalliax DIIeKTPOH-
HBI Tra3 Bo Beex ¢aIydasx sB-
simeresi  BeiposEennniM.  Tlon-
cYéTri TOKA3BIBAIOT, UTO HPI
ROMHATHOI TeMIeparype 4licIo [
DIeHTPOHOB, 2HEeprus KOTOPHIX A R R R S DR B SR NI
gonwpise weMm W, , upespmuaiino
va10. B 10 JKC BpemA KonleH- .
TPAINA  ANEKTPOHOB BHE  Me- Pue. 5. hpusas pacupegereHns 37ICKTPO-

) ., HOB MPOBOIMIOCTI MCTALIA 1O SHEPTHAM
TANNE
rasina npH TEPMOSIERTROMHOL ¢ . oryacno sarony pacnpeeacuns Gepuu.

OMICCHH TaKoBa, YTO OPIT T€M-  Cpiomnas wpunag—upin 7'=0° K, nysk-
HepaTypax, HpH KOTOPRX IIMeeT prag—ipi T==1500° K.
MECTO HTA DMHICCHSA, ATCRTPOIH-
HH ras B BaKyyMe ICKTIDOHHHEX NPUGOpOB SABIACTCA HEBHIPOIKIEH-
HBIM, II 37€CHh I1MeeT MECTO MAaKCBCTIORCKOC paclpejesIeHIe dTIeKTpO-
HOB 110 SHEPIHAM. JKCIICPIMEHTANBbHOEe OmpeTesienlie paclpeicieHins
1o DHEPrHAM HO MCTONY 3ajlepinBaroiiero morcuunata (oM. § 16
11, 1) mogrsepiiacT atoT BRBOJ.

Pacupeseneniie no cropoctaM npit HojeTamosre anadewns B ns
(4,10) B (4,3) natr:

2m3 du dv dw
dng,., =5 R T
[ ! ‘rl

(4,16)

Toxcranosra storo prpakenns dn,,., B (4;1) 1 1epexo1 & HITC-
rpay AalT A7 9MiCCIIOHHOIrO TOKa [ ¢ CAUHULL! NIOBCPXHOCTIT MeTaslna:

+oo +co --0o
. . m \3 . d ~
l—:—("\’1=6<~> 2&(]0&6&0 g u‘rﬁ—”——“ (4,17)
h R e\ VO RT + 1 ’

—co ™ Yt

3,‘1@&'5 Uygg — MUHHIMAIbHOC 3HaUYCHNEe ROMIOHCHTLE CLOPOCTH U no
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ocu X, KOTOPHIM JOJIKEH OOAAAaTh 9IEKTPOH AJA TOrO, YTOOHK BRIATII
13 MeTania,

Bemudnsy musy, [ 2 obosHaunm wepes W, 1 GynacM Ha3HBATEH G-
comoli nomenyratbio20 Gapvepd HA TpPaHUUE METAIA WIH ROHOL
pabomoii ewrxoda.

Tar xak 5——(u2—}—b +w@?), TO nadee uMeeM:
, +00 400 p
i=2e% \ udu% \ @ dw . (4,18)
R [ (U2 $v24w2)—; ]/kT

UMk —® _°° e
BseaéM HOBLIe lIepeMCHHBIE p H ¢ TaK, 4TOOMI
v=pcosd; w=psiny; 2| w?=rp?
1 3aMeHUM BJIEMCHT ILIOCKOCTI dv dw B NeKapTOBBIX KOOPAMHATAX de-
pes TaKoil JKe dJIeMeHT B ITOMIAPHEIX KoopauHarax o dy dp. Byaem umers:

400 Loo

S g dvdw —
[T—g(u“‘- +p2)—¥VL]/ltT+ .

—00 —m®
-5 2n <)
=§ pdp de):‘lkaS__dy__ (4 19)
1 . 1
6 —\u-*n’)—w ]/&T 5 8B+y+1
Mu mopowmssenu HHTbI‘pHpOBaHIIe OO Y, BBeJH HOBYI MIEPEeMEHHYIO
/——')'71%-, OTKYy1a ')dJ:—dy, H ITOJOMKIIIN:
wW—-Ww;
p=_T:, (4,20)
2
rie W=mzi.
JamMeHa mepeMCHHHIX 2z =eY*# npuBopdT K dz = ev+B dy:
0 0 B
e L '
—_— = n —1In =In(14e8). (4,21
S EHU+1 (Z+1)z z+1 86+1 ( + ) ( ’ )

C

HopcranoBka Bupasmenna (4,21) B (4,19), a sateM mopcramoBKa
HAIICHHOTO B3HadYeHIsl Beero ppoituoro mHterpaza (4,19) B (4,18)
HaIoT:

2 oo
i =4nhTe T S uln (1 +e8) du =

UMps

wW—W;

=422nekT§°1n<1—}—e TR >dW. (4,22)
Wa

Mu samennny spech HHKHEHE npenen uHTerpasa uepes W,.
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Borpaskenue (4,22) MOMHO mepemmcarh B BHjE

oo

i=e S N (W) dw . (4,23)

Wo
3aecs IV (W) mpencrasiser cofoil UHCJIO 9JIEKTPOHOB, JUIA KOTOPHIX
sequuuna W sessut B npegenax or W opo W+ dW u kortopme no-
XONAT 1O eJIHHHILI HOBEPXHOCTH MeTajia B exumuny Bpemenn. Taxk

wak B Opexenax wuHTerpuposamna W > W, u, ciegosatensHoO,
wW-w,

¢ T ¢ 1 mpm BeeX mIMeoNnX MeeTo Ha ombiTe sHavennax T, W, u
W., 1o, pemas 3apady O TEPMOIEKTPOHHON BSMHCCHH, MOMKHO pas-
JIOMUTH JIOTapudM mOj MUTerpaioM B BHpaxeHul (4,22) B pag u
OrpaHHYHTLCA OJHNM HCPBHIM WIEHOM BTOr0 paja. JTO HaéT:

T o_w=w, W,—W;
=22k (o M aw < R, T (4,24
Wq
Beegém oGosHauenns:
A=t (4,25)
H
e=W,—-W, (4,26)

i DANNIIEM 3aKOH TEPMOdIeKTPOHHON SMHCCHH B ero OGBIYHOM BHIE:
-2

i=AT?% *+T, (4,27)

B oroii dopmyiie ¢ mocuT HazBaume afexmusioii pabomu evixoda.
Cormacuo (4,26) sddexTusHaa pabora BEIXoa ¢ IpepCTABAACT COOOI
Pa3HOCTh MEMKIY BHICOTOH IIOTEeH- v
nuasibHOro Gapbepa W, u makcu-
MAJIBHON dHEprueil 2JEeKTPOHOB B
Merajule 1pH abCOMIOTHOM HYy- b /

ae W,, Kar 5TO MOKasaHO HA
puc. 4. Ha »srom pucynre ock
alcruee mepHeHIUKYJISIPHA K I0- ﬂ—T— Ay W
BEPXHOCTN MeTAJJIA, IO OCH OPHI- W,
HAT OTJIOMEHH 3HAYEHHS HOTEH- )
HHaya B pasuniHKX Toukax. [Ips- 7 7
maa 0,0 coorserctByer motem- U ’

nuajly BHYTPH MeTayia; 0psA- Puc. 4. IoreHnmaneHblii Gapsep Ha
mag AA, — yposaio Qepmu, T. e. FPaHANe MeTal—BaKyyM.
MAKCHMAJIBHOM BO3MOMKHOI sHEp-

UM BJIEKTpOHA B MeTaje IIpH

abcomornom myne W,; npamas BB, —notennmaily BHE MeTajja
OpU HAIpAKEHHOCTH BHeEMIHEro mojisa, pasHoll mymio. Otpesox 0,5,
COOTBETCTBYET BBICOTE IOoTeHmmaabHoro 6apmepa W,; orpesox 0,4, —
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perraitee W5 orpesor A B —osddertunroii padore smxosa o, Ilo-
CJIEHIO HEPCIKO HA3BIBAIOT HPOCTO pabomoii ¢uiroda. Tawoe corpa-
HMIERHOC HA3BAHIC BHOJIC COTBCTCTBYOT CYTH A, Tal Kak % pPaBHO
TOMY KOJIYECTBY BHCPIIL, KOTOPYI0 NODKCH HOJYYHTH HICKTPOM
3a cuST 3amaca TCILTOBOIY aueprHu Mertasda crepX TOI HanGonrnmeit
DHEPTIH, KOTOPOIl 3TeKTpoHn 007187 aloT upH alcooTHOM HYJIC,

Bricora noreumnnadnHoTo fapbepa ITa TpaHuIe METAIA MOKeT OHThH
OHpe/le/IeHa ORCICPHMEHTAIBHO, HE3AaBHCHMO OT TePMOITERTPOHHOI
sumnceny. Hampasacume nBIDRCHI OTPRKEHULY HVYKOB 9JEKTPO-
HOB mpu AHPPPARUIH 57IeKTPOHOR HA HOBEPXHOCTIL MOHORPHCTAIIA
KaKOT0-Tu00 MOTa/1a 3aBHCHT OT JIFTHILL BOJTHH & AJICKTPOHHMIX BOJIH,
ompenesaemoil fopmyitoii pe Bpoima (1,2). Illpnm manbix cxopocta
3JIeKTPOHOB, NAJTAlONINX Ha HOBEPXHOCTh MeTasula, HampaBJIeHusi,
HA KOTOpBble HPUXOAATCH MAKCHMYMEl OTPAKCHHBIX IHYYKOB DJICK-
TPOIIOB, ompeeltéuube cordacuo coornomennio (1,2), He copnamawt
¢ HaGmonBupsiMy. IJTO HPOMCXOTHNT HOTOMY, 4YTO HpH IRQpariuu
3JICKTPOHOB OTPAKEHNE BJIeKTPOHHEIX BOSII HPOICXOJUT HE OT OJHOL'O
BHENIHETO PAAA Y3JO0B HPOCTPAHCTBEHHOH pEMIETKH MeTalia, a M ot
BUYTPCHHHX ¢jI06B 3ToH peméTrH. UT0o6b HOIYYHTH coTsiacne Teo-
puu ¢ omnitoM, B (1,2) BMecTO v HaJ0 HOJCTABUIL CROPOCTH OJ1EKTPU-
HOB HC BHE, a BIIYTPU MeTalJa, T. €. CKOPOCTDH HOCJe HPOHNIKHOBEHH I
gepe3 HoTeHIMAIbLHMIL Gapbep Ha mOBepXHOCTH Meradana. Ompe;enss
A u3 onwstoB 1o INAQGPpPAaRIMIL HIEKTPOHOB, MOKHO MHaIITH DasHARY
B CKOPOCTH &JIeKIPOHA BHe N BHYTPH MeTasiIa, a CICHOBATCABNY,
W BHICOTY HoTeHImanpuoro Oapmepa. IIposeitanas rakmm o0Gpason
nposepka Qopuyy.sl (4,26) OpHBOANT K XOPOUEMY COBIAJIEHITI0 Teo-
PHH ¢ OWBITOM.

DJIEKTPOHIIAST TEOPHUST METAJIIOB HA TOH CTAMI e pasBuTHA, KO-
TOpOil MBI 30Ch BOCHOJB30BAJMHCH, HE YYHTHIBAET IEePHOIMIECKOI0
HIEKTPHYECKOTO TOJA, CO3TAHHOIO BHYTPH MCTalIa UOHAMI CTO KpH-
CTAINYECKOI POMETKY, W MOJYAIUBO NPUHOMAET UOTCUNRAL BRYTpH
MeTadIa HOCTOAHHLIM. Taroe mpnOMUKCHIE ORA3BIBAeICHA I0CTATOY-
HBIM 7T pPeleRMA 3384 O TePMONICKTPOHHOIL 3MUCCIIT I TIC TPH-
BOJIHT K pe3yabTaTaM, NPOTHBOPEUAIHM OHBTY, 38 HCKINYCHACM
TOrO, UTO Ha ONbITe KOHCTAlTa .l OKAa3LBAeTCH  pasiINyHOIL JuUTd
PaBHBIX METa 0B, BoHpell cootmomeHnunno (4,23), 1o xotopomy .l
AOTLKHO Obiito Ol IIMETH OJ{HO I TO JKE YVHIBCPCATbHOEC 3HAYCHUC
120 amnep - ca™? - epad™ pag Beex MeTaAIon. JT0 NPOTHROpeule ycTpa-
HACTCH MPIU BEIBOIC paBeHcrna (4,27) MeTogaMyl BOJHOBOH MeXalHEN
OyTéM peulennd 3aJaY¥ O NMPOXO/KIAECHIM HJICKTPOHHLIX BOJIH 4Yepes
rpaminy Mera . 1—bBaKyyM. PesynbraTsl pelmenis npusoar K opMy:ie
W,—;

Py e (4,25)

n? ’

T. ¢. & Toii ke dopmyae (4,27), HO TOJBKO ¢ HCCKOILKO 1HLIM 3HA-
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vwepmeM HWomcTauToi A4, 8 HMEHHO!
— Armek? 50
A=1D - (/i,.é.‘))

D mpepcrasasier ¢o0oll Rpo3panHocmy MM HPOIYCKHYIO ¢1IocoGHOCTD
LOTEHIHANLHOTO Oapbepa JUIA OJEKTPOHHBIX BOMH, pabuylo 1—r,
e r—KoaQPunHeHT oTpaKeHMs BOMH fe Bpodid oT mOTEeHIMATbHOTO
bapbepa.

B 10 Bpems xax uu W,, mu W,, BE ¢ He 3aBmCAT OT opmbl I0-
reRIHajbHOrO Gapbepa, T. €. OT pacOpejelleHHs MOTCHIHala B IIO-

rpaHEUHOM cjloe MeTaisa, D sasucHT 0T OPMEI MOTCHNHAIBHOIO
Gapbepa, @ TaKe OT CKOPOCTH MONJIETAIONMIUX K (apbepy 2/IeKTPOHOB.
B dopmyie (4,28) D apiseTca HeROTOPHIM YCPCHEHHBIM DU WHTETrPH-
poBaHHH 3HauyeHHeM mpospaunocti Gapbepa. Hpome Toro, D pomsno
3aBHCeTh OT MPHPOXLL METa/ula Il OT CTPOEHIA €r0 KPHCTaJIHueCKOH
pemérrn. @opmyma (4,27) Hocmt HasbaHme QopMmyasl Puuapicoma-
JlémMoHa M ObiJla BBIBEIEHA MMH M3 3aKOHOB TepMOJMHAMNKI ¢ yué-
TOM HEKOTODHIX BKCHEPHMCHTALHLIX JRHHbLIX ).

§ 5. OxcmepuMeBTaJbROE oIpenpencnne padoTel BHIXOAA ¢ 1l
xomeranTol A2%). 1) Meron «umpsamoii Pumuapaxcosnan
HpomorapryupoBas BLIPA/KCHUC BAKOHA TCHMOIIERTPONHON bMIic-

.. i 1
cnu (4,27), momyyaem NMHEHEYI 3aBMCHMOCTL 10 o o1 . Omnpene-

AOB i mpH ABYX pasanuumX sHavennsx T, apopoanM ma rpadike
COOTBETCTBYIOMYIO IPAMYIO:

LI ORI BN
lnTz__lnA T

OmpepnenAsa TaHIeHC yilla NaRIOHA sroli mpamoil, maxoanM ¢. Touka
mepeceueHnA ApAMOIl ¢ 0CBI0 OPAWHAT faéT mau A.

2) Meron koMmencannu oxaampennsg uurn Bep-
HBMCH K OJIeKTpHUueckoli cxeme, IM300pakénHOIl Ha puc. 1. YpennunM
HOCAe 3aMHKaHHA KTouya [ TOK HAKAJAA HUTH HACTOIBHO, MTOOH
HATH BOOBb NPHUHAJNA TV RS TEMIEPATYPY, KOTOPYIO OHA HMeia IIPU

1y JlepBonauanbho D’wuapicoHoM NyTEM MOACTAHOBKA B BHpamenne (4.1)
MAKCEEJUIOBCKOTO 3AKOHA PACHDPCACHIeHAA IACKTPOAOL WO CRopovTaM (4.8) Gbaa
BHRIBeJeHa Apyrad gopMyTa, a MMeHHO:

T
. 1.,  RT 0
i=Crlize KT (4,30)

Jroit dopmynol KOroe BpeMs NOIB30OBAIHCH Ha HPAKTIKC, TAK Kax IPH €00.-
BeTCcTBY0OIIEM nofbope roncraut C M ¢ 0Ma XOPOWIO COOTBETCTBOLAZA ONEITHEIM
dauHEiM. B Hacrofmee Bpema Hrta PopMyaa MomKeT OBITH NPIIIOMCHA K BBHIXOAY
BJIEKTPOHOB B BAKYYM M3 30HBI IPOBOJMMOCTH HOIYNPOROARANON (CM. HIEe,
§ 57 rn. VIII), Tar Kak KOHOEHTPANHA 3JCKTPOHOB NPOBOIUMOCTH B HOIYNPO-
ROJHMKAX COOTBETCTBYeT YyciaoBuio (4,13).

) Ygcrenusic 3HAUeHas paboTH BEIXOAA ¢ JUIfl MCTAITOR (1 APYIHX XMMH-
90CKEX 9eMeHTOB cM. B Tabanue I, npnBepénuoil B Ipumomennax.
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Pa30MKHYTOM KJI0Ue, T. e. HPH OTCYTCTBHA TOKA YJICKTPOHOB ¢ Ka-
tTota Ha amon. O paBseHcTne TeMIepaTyp HATH B 0GOHX cayyasx
GynmeM cyauteb mo ed CONPDOTHBJICHHUIO, 4 O HOCIEIHEM—IO OTHOMIEHWIO

U
HaupsReHNA HaKaJla K TOKRY Hawala R=2" Ilorepm Temia HUTHIO
3 ,H P

KaK BCTIeNICTBHE TeNJIONPOBOAHOCTH eé KOHIOB, TAK H BCJIE/CTBHE
m3ayuennsa Gymyr B o6onx ciydasx ogHA m Te xe.

[Toncamraem motepro rewnopoit omeprum mutm mpm 3aMKHYTOM
KJIoye, AMENIYI0 MecTO BCJICNCTBHE HalHYAA HMHCCHOHHOTO TOKA.
Moo moraszath, 4T0 B HalIPaBIEHHOM HOTOKe HIEKTPOHOB, SMHTTH-
PyeMbiX MeTaslioM, CpefHAA KHHOeTHYeCKas SHEPTHA ORHOTO dIeK-
Tpona pasma 2KT. OGosmaunM uepes 7 TemmepaTypy HARaJISHHOI
HUOTH, 4qepe3 [,—TeMmepaTypy OPOBOLA, HO KOTOPOMY OIeKTpOHL
BO3BPAINAIOTCA B HUTh, 4epPe3 ¢—paboTy BHIXONA SMEKTPOHA B 9IIEK-
Tpor-BoaLTaX. IIpn sMHCCHE OHOIO B/IeKTPORA HATE TepseT SHEPTHIO
9¢ +(I'—T,) 2k opros. Ecan svuecnonmsiit Tox pasen /, 1o 3a 1 cexk.
norepsa W smeprum murm pasHa

W =L [oe 4 20(T—Ty)]. (5,2)

HAns Toro wrobu Bocmommmte o1y yORIB T ODHBECTH HHUTH K HpPe-
Hell TeMmepatype, KOTODYIO OHA HMeJNa HPH OTCYTCTBHM OMHCCHOH-
HOTrO TOKA, T. €. IPH Pa3oMKHYTOM Kioue L, Hamo yuelmauTe TOK
Haxana HATH Ha Beamunny Aly. Ilycrb R—comporupnenme Hurw.
IIpu orcyrcrum smuccnm Tok BLmenAn B HETH B 1 cex. B Bmge Tem-
ma sueprmo [;R. Ilocne ysemmuenmmsi toka mawana ma Aly Bhie-
agerca sueprus (/y+4-Aly)?R. PasHocTh Memyy oTHMH IByMs Bein-
YHHAMHI JIOJKHA HPEJCTaBIATh cO0Ol Kak pa3 MOACYATAHHYIO BEIIIE
sueprao W. Mu Mokem mammcarthb:

W =R [(Ia+ALa) — I3]. (5,3)
(9,3) 7 (5,2) naror:

L lge+ 2k (T — Tg)) = 2RI, M1, -+ R (AT). (5,4)

3uan R, I, AL, T, Ty m I, moxno n3 paBencrsa (5,4) BHIHCIHTL
pabory Bhixona ¢.
PH 9THX oOOLITaX Temmeparypy I’ onpepessiorT HHpPOMETPOM.

Omncanmnm metopom [peuccon u [IikepMep mosmyumam mis pa-
fotw BeIXOma m3 BombPpama spavenme 4,52--0,05 s4.-6. B 1O e
Bpems J[8MMaH HOMyYns U3 HEMOCpPeCcTBeHHAIX H3MEepeHHIl dMHCCHOH-
HOTO TOKa WM HONb3ysick (opMylol (4,27) nas TOH jKe BeJHYHmHH,
sHauenne 4,485 sa.-6., uro mpepcrasiser coboit xopomee coBHaeHHe
PesysbTaToOB [BYX COBEPHICHHO DAa3/IMYHEIX METOJ0B HM3MepeHHA.
Ecam sxe mpumennts K Tem ke dKCHeDHMEHTANBHAIM TAHHBIM dop-
myay (4,30), To ¢ momyuaercs paBHHM 4,78 a4.-s. Pacxommenme
MEIY 9TOH mocienHeH BeamumHOR M wmeiaoM 4,52 MHOTO Goibme
omuOoK Habmonenns.
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3) TperrmM MeTO oM onpegeleHns s¢pdexTHBHOR paGoTh
BRIXOJa W3 MeTasuioB ¢=W —W, caymur ompegeieHHe [Opora
doroadderra (cm. § 16 rm. 11I). Sror merog maér aua ¢ 3HaveHwms,
COBIIAIAIOMIEE ¢ TEMH, K KOTODHM IIPHBORAT IIPEMEHEHHe (QOopMYJIn
Pryapncona-JlémmMoHa, AWML IPM yCAOBAHM OIMHAKOBOM YHCTOTH IIO-
BEPXHOCTM MeTajula IIpDH ONLITAX € TePMOBIEKTPOHHOH dMECCHEH
a ¢ forosdderTom.

4) HeTBEpPTH M MeTOXO0 MONpENeICHHA  ABIALTCA H3MEPE-
HAe KOHTAKTHOM PA3HOCTH IOTCHIMAJOB MEKIY MAaHHEM MeTajlIoM
U MeTaJwioM, pafora BLIXopga koroporo mapecTHa. IlycTe B 3akpmTOM
upocTpaHCcTBe, OTPAaHMYCHHOM HEIDOHHIAeMOH 000JI09KOH, HAXOAATCA
IBa pa3jIMYHEIX MeTajuimyecknx Ttejta B, m B,, coIpuMKacaoluXxcs
MeRTy cOG0H M HMeomux OgHy B Ty e
remreparypy T (pumc. 5). Ilyers ana meran-
na B, pa6ora BLIXOxa 3JGKTPOHA MEHBIIE,
veM miia Meranna B,. B rakoM cayuae wom-
NeHTpanuA 3JIeKTPOHOB N, OKOJO Tena B, Oy-
feT 6OJIbINe, YeM KOHIEHTDALMA HX n, Ginms
nosepxmocta Tella B,. Beuegcrtesme sToro
nagnérca auddysna smerrporon or By k B,
¥ [Epexoj H3JIMIIHUX 3JJIEKTPOHOB BHYTPH
tea B,, moxa moremnwain rteda B, mo or- Prc. 5. K
nomenmo K B, me cpemaerca TaruM, 9TO Hgg{enfm Me)’;{";;?ﬁ)o’}lggg::
mone Gyder IPeNATCTROBATH AAJbHEHIEMY  goj pasHOCTHIO IOTCHIHA-
mepeHocy 2JeKTpOHOB OT B; K B,. BuigeauM sos m pasmoctsio Mesmay
Mesxny Testamu By m B, muanmap ¢ momepey- paGoTaMu BEIXOAA JBYX
HEIM CeYeHHeM S H pPacCMOTPHM CHJIBL, METAILI0B.
ImelicTBylonme Ha BJIeKTpOHHBIH Ta3, HaXo-

AAumiica B TOHKOM ciyioe C  TOJIIHHOIO dl, BHpE3aHHOM B 3TOM
NWIMEApe YepHeHIHKYIApHO K ero ocu. Ha cioid € peitcrBysor:
1) pasHOCTS XaBJICHMI 5JIEKTPOHHOTO Ta3a Ha BePXHIOW M HIGKHIOW rpa-
HHNH CJIOA; 5TAa CHJIA paBHA CPAVMEHTY NABJIEHHHd, YMHOKEHHOMY
Ha dl ¥ Ha mIomanh ceycHUA NMAMHApa S, H 2) cymMMa Bcex CHi,
NeHCTBYIOMAX HA SJIEKTPOHE!, HAXOAAMMUecH B CJ0e. O6séM  cion
paBeH Sdl, amcno snextponoB B Hém panmo nSdl. Cmia, peiicrByio-

o av
masg HA KaIHA  OJIEKTPOH, DaBHA € . Ilpr ycramopmEmemcH
paBHOBECHH

dp av ,,
Sm—dl——»enSE dl=0.

Tar xaxk p=nkT, 10 orciona HaXOTEM:

e dV 1 dn
datl=gad
1A
e dle=@.

kT dl n
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fIponnrerpdpoBas 310 BLIPQKCHIIE  BIOJB  OCH  HAWWCTO  ITHIHAPA
ot By a0 B,, naxomus:
e(Vy .,Ivl):l n, (5,5)

AT "

13 HauIeM MBICIIEHHOM OILITC Mbi HMEEM [ej0 (O CTallHOHAPHBIM
PaBIOBOCHBIM COCTOSALILCM, LI ROTOPOM 72, H R, OCTAITCH TIOCTOSH-
g, B ostoM caywac wieaa oaerTpomos N .V, BHIXOgMRNX
¢ CUHWITH TIOBEPXNOCTIN Lsigoro w3 tea By n By B 1 cox., paBun
queilad HACKTPOHOB LV, 1t V], JNODANAIONLIX BCICACTBLE X TEIO-
BOr0 HBIJKCHIA 24 TO JRC DREMH HA TY JRC CAILLLY TIOBePXHOCTH
uapre. Ha ocHORAHIN COOTHOWEHHS KIHIETHYCCKOIL TEOPHUII ras3on
- i - N, 1, -

N o= 2 o 1veeM = :Ti' Caeponateihbilo, IIOTHOCTH DMICCHOHHOIO
1 1
TORA f; 1 {, HPONOPLUORATILEN 1y 0 n,. Hooromy uomHo saumears:

na i

"y iy

Tawum oGpaszoM, mpuumvas Bo siumanne (5,5) 1 oBosHauas pas-
HOCTL ToTeRImanon V,— ¥V, Bmpaskennyio B BojAbTax, uepes U,
IMEEAL:
(’U;, l fq e
T = i 3,6
SOUKT 0 (9,9)
1o gopmyae Puuapacona-/lémmona, pripamas padoTy BHIXOA B K-
TPOH-BOJbTAX, HAXOUIM:
(’,‘2
—wTTI P,
= 112 BUOKT Ini,=In.t+21 (S £
s 1% , ,=Ina4+2Inl SO AT *
ez, (2,7)
R P vt . . . e
i = AT%e 30URT ] i = InA42In7 —- ,?'

Batarran Bropoil morapngM N3 mepsoro, uMeeM:

'2 - ¢ =
In T]" =00 kT (QPJ _ ‘?2)’ (')98)
n pamee cornacno (9,6) momyraem:
. Vg 7y e =
Up=Vy=Vy=¢ - 2 (5,9)
L’;‘, ecTh HC 4TO Uuoe, hakr X()pOlHO NIBCCTHAH KOHTAKTHAHA I?afl"

nouin noTeunatdons Mmeransos By w B, Tarua odpaszoM, paanocii
Menwedy paboinoli curo0d 2.4exMPOitoe 13 OBYT HEMALIOE DEGIA FOH-
Marmuell. paanocimu ROMENYRAI08 JNIL MEINAIL08 ).

1) Mu upaHmvaiia, 4ro peapumHa -1 B dopayite Pagapacona- 8o
ofHA | Ta ke 1 oboux Metamion. Ecqig My noctasmy b gopamynax (5,7) nid
HOPBOTO MeTaTa A,;, a LI Broporo «Ap, 10 BMecTo (5.8) MOAYTHM:

1112:4“&:—‘1’34711@3 (5,10
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Onanm w3 ynoGHBIX METOROB ONpegeseHHs KOHTAKTHOIN pasHoCcTH
TOTEeHNMAJIOR IBYX MET2ITIOB ABJICTCA ONPCIeJeHHe CABIIa BOJBI-
AMIICDHOH XaparTCPUCTHKHA IBYX9JIEKTPONHOM BIIEKTPOHHON JIaMIel
HDW 3aMeHe aHO[a, CACIAHHOIO W3 OMHOIO METANJa, aHOJIOM, CHCJIaH-
HBIM H3 APYTOTO MCTaJlJla M HAMEIOUIAM B TOYHOCTH Te e pa3mMmepsl
M TO JKC PaCIHOJIOJKeHHe OTHOCHTeN»HO karoma. Cmema amomoR mpo-
M3BORUTCA IMYTEM UX HepeMelleHds B JIaMIe IIPH IOMON CTCIAATELHO
HperycMOTPEHHOTO NP €€ M3TOTOBJeHHNM HpHcnocobmenms. Merox
OCHOBaH HA TOM, YTO JEHCTBHTENBHAA PA3HOCTh IOTCHIIAJIOB MCHKIY
aHOJOM M HUTbIO DABHA PAa3HOCTH MOTEHIIMAJIOB MEFKIY HHMH, OTCUHTH-
BaeMO# IIO BOJIBTMETPY M OTKJIAFbIBAGMOH IIO OCH abcijce rpaduxa
BOJILTAMIEPHOI XapaKTePUCTHRM, TJIOC TTOIOKHTebHAS T OTpHIA-
TeJABHAA KOHTARTHAA PASHINA HOTEBIHATOB ME;KAY MaTepHajioM HUTH
i MaTepuaiiom anona. Heobxommmo rarske samernts, uro Ha noJxyvae-
MBIE I3 OTILTA 3HAYeHWS A U ¢ CHABHO BINZET HEOTHOPONHOE COCTOS-
uie HOBEPXHOCTH KaTONA (MECTHHIE 3aTPSA3HEHNA W INISHKT MHOCTO-
POHHHX BCIIECTB, HPUBONAILINC K TAK HA3BIBACMON («RAMHUCMOCU»
RaToma, T. €. K HCOQMMAKOBOMY BHAYEHHIO paloThl ERXO;ma B paa-
JHYHEIX TOYKAX).

§ 6. 3aBucnmocts paGoTer BHIXOJAa OT BHemmero mouam. Ecau
lIa HGKOTOPOM PACCTOAHUH X OT MJIOCKOH MOBEPXHOCTH KAaKOTO-NIG0
UpOBOJIHUEA MLl HMeeM JJICKTPHYecKH 3apax ¢, TO 3TOT 3apam
MHIYRUDYET Ha 9TOH MOBEPXHOCTH 3apAI NPOTHBOIONOMKHOTO 3HAKA.
Manyuuposanusil 3apa; mpuTATHBaeT sapan ¢ TaK jKe, RaK 3apal
IPOTHBONOJIORHOTO 3HAKA— ¢, COCPEIOTONCHILIT B TOYKE 3ePKAIBHOTO
OTOOpaIKCHIA 32PANA ¢ B ITIOCKOH MOBEPXHOCTH MeTasa. Pacemarpm-
Bad IIponece BHIXOJa 2JIEKTPOHA W3 MeTallIa, MOJKHO pasfHTh Bech
I[yTh BJCKTPOHA Ha /iRe YACTH: B NEPBOH TacTH, IO T=1,, BIEKTPOH
HaXOOHTCA MON HelcTBHeM OMmnaimimx K HeMy HOHOE, 3JIERTPOHOE
1 ATOMOB MeTasjia, BO BTOPOM wacTH MHyTh, IPH Z>,, pesyilb-
THPYIOMYIO BeeX JIeHCTEYIOUIAX HA DIIEKTPOH CHI MOJKHO OTOKIeCTBATE
¢ cuaol sepranviozo omobpancenus. Ipu orcyTeTBUE BHemMHETo 10IA
Y3 MeTAIIa BHJICTAIOT TOJHKO Te 3JIeKTPOHK, KOTOPHIE HPH HWpPHOImsKe-
HIN X K DOBEPXHOCTH MeTajia 00Jla7aT KHHeTHIeCKOoi sHepTHeH,

4 BMecTO (5,9) momyumm:
KT A,
Uszz—V1=<pl~——q:2—}—300—e—lnA“ ’ (5,11)

1

171X [OC/Ie HOJCTAHOBKY BMCCTO k& M € MX THCICHHHX 3HAYCHMH Haiindu:

Un=Va—V,=¢)—g2+0,862.10 T In %32 . (5,12)
1

A

Ecau ormomennme ;1—2 Menpme 10, KaK3TC AMECT MeCTO 1A GOJAbMIAHCTRA
1

AUDOMIO 00C3TAKEHHKIX UUCTHX META1I0B, TO HPH KOMHATHOI TeMIepaType

DOUpaBOuHEIN wieH B BHpakenun (5,12) GymeT menbme, wem 6-10-2 aa.-6, T. e.

OYACT Jemarh B OpegelaX TOYHOCTH ONBITHHIX JAHHBIX.

3 H. A. Ranunos
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paBmOii mim Goabmed, geM pabora BHIXOMNA ¢. B cayuae, ecaim Ha
BIICKTPOH JeficTByeT emé BHEIHee JICKTPMIECKOe T0Jle, yCKOPAOImee
er0 ABIKEHHOE W HPOTUBOXEHCTBYIOmee YACPKABAIOIAM €r0 CHIIaM,
TO 3amac KMHETHIECKOH dHEPTHH, KOTOPOH HOIKeH 00J18/1aTh 3IIeKTPOH,
4T06H BHPBATHCA M3 METaJa, a CJCHOBATCABHO, W paboTa BHIXOHa

MeHBIIE, 96M B CIIy4ae OTCYTCTBMA BHENIHETO IOIIA.
e2
3masn BeNMYNHY CHIIBI 3CPKAJBHOTO OTOODAKENHA =, KOTOpanA
JeHcTByeT HAa SJICKTPOH HA PACCTOSHHE & OT IOBEPXHOCTH MeTala,

nocTponM KpuBy1o ABC pacupejelleHAs 3IeKTPHYECKOr0 HOTeHNHATa,

4
0

iz e Zn 4

Puc. 6. Mamenmenne noteHnumadbHOTO Oapbepa Merasa
nox ACcHCTBAEM BHENTHeTO mOJIA.

cooTpercTByIomero artoil cmie (pme. 6). Hpmpan ABC upepcraBiaeT
co60ii rrmepbomy u acaMuToTHYeCKH upnGamkaetes k ocH X. Hanecom
Ha TOT ke uepré wpmByn DEF pacupepeseHHs HOTeHIAAla BHEMI-
mero moiA. JIfA HaXOMIEHHA peaylbTHpyomel chils, meffcTBylomeit
Ha BJICKTPOH B KAKOH TOYKe €r0 myTH, HAf0 CJOKATH OpJAHATH
xpuBux ABC u DEF m nocTponTh, TAaKAM 00pa3oM, pesyJIbTApYIOMIee
pacupejeieame mOTeHNEANa. TaHICHC yIvIa HAKJIOHA KacaTeIbHOH
B ka0l ToUKe cymMapHO kprBoi MQ G, ymMHOKeHHH HA BeJIHIAHY
37IeMEHTAPHOTO 3aPANA, OUPENSIHT cOGOH NeHCTBYIOMYI0 Ha SIICKTPOH
cmiy. Kpmpaa pacupenenenma noteanmana MQG Oyner mMeTs MAHE-
myM B Touke . Bo Bcex TOUKax HANEBO OT MAHAMYMa pe3yJbTHDPY-
jomas CHIa 3aMenseT ABmkeHme diexTpona. Bo Bcex Touxax Ha-
paBo OT () Pe3ylIBTHPYIOMAA CAJA YCKOPACT NBHKCHHE BIICKTPOHA.
Ilpw maipuAM BHEIIHErO HOJIA HOBEPXHOCTH METAJia OKOHYATEIBHO
IOKHEHYT BCe 3IEKTPOHH, OTJIeTalomue Ha PacCTOAHMe I,,, COOTBETCTBY-
omee Touke (. DIEKTPOHH, He JOCTHTIIAe 3TOH TOYKH, BEPHYTCHA
ofpatHo B MeTall.

Mu He 3HaeM XOJa paccMaTPHBAEMON NOTEHNMATBHOH KPHBOH
Ha MePBOM Y4YaCTKC IyTH &JIeKTpoHA OT r=( 1m0 HEKOTOPOro r=z,,
HO BTO HeCymeCTBeHHO. JlOCTATOYHO 3HATH, YTO B KaKOH@-TO Touke O
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970r0 yuacrka obiacTh NeliCTBHA BHEIUHETO IOJIH, He HPOHUKAIIIEre
PIYTPDL MCTaIQ, KOHMACTCA, I MPOIOIKCIHA KPUDLIX CBA m GQAM
B 5TOH TouKe cxouaTcs. PadoTa, coBepmaemMasn 51eKTPOHOM IIPH BHIJIETe
3 MeTajjla Ha OTpe3Ke ero myTHm g0 Touxku O, OfHA U Ta Ke Kak
B ciyyae OTCYTCTBHA, TaKk M HPH HAJMYMM BHemHero moiA. Paora,.
cOBepIIaeMas 5JEeKTPOHOM HA ImyTH OT ToYxkd O 70 TOTO pacCTOAHUSA,
Ha KOTOPOM €ro MOKHO CYHTarh CBOGONHEIM, B ClydYae HaJHIHS?
BHemiHero IOJIA MEHbINe, 9eM B cjlygae OTCYTCTBHA TOCJeHero, Ha
senuuuny eV,,, T/le e—3apAX dJeKTPOHA, a V, —MHHHMAJbHOE 3HAa-
YcHHe cyMMAapHOTO MOTeHHHMala V, Tak Kak B IePBOM cllydae 9JIeKTPOR:
OpOXOgUT PAa3HOCTh IOTeHNWAJOB, DaBHYI0 opjpuHaTe Togkum O, &
BO BTOPOM—PAa3HOCTh IOTEHIMAJIOB, MEHLIIYI0 Ha BelumwuHy V,,

Tarknym 06pasoM, OPUXOIUM K 3aKJIOYeHHIO, UTO HAJNHYHE BHeINHer:
monA yMmeHbmaer pafoTy BHIXOJa Ha BeJIHMYHHY

Ao =eV,,. (6,13

O6o3nagnM IOTEHIMAd, COOTBETCTBYIOMUIl L ieIIHeMY IOJI0, 4CpCn:
V,. Ha nosepxrocTm karoxa V,=0. B cnywae paBHOMepHOro mouns
(I10cKHe mapalliiellbHEe KATOX M aHOM) MBE MOKeM HaIHcaTh:

av,
Vi=z-3>

av .
WAL, BBOASA BMECTO —— alCOJIOTHYIO BeJMYUHY HANpDAKEHHOCTH BHEIE-

wero moiasa E,
V,=zE. (6,23

Bce namu pacuérol OTHOCATCA K TOYKaM, JIeKAallMM Ha OYeHb MaJiblx
paccrosruax ot warofa. llostomy Tem e cameM BEIpAJKeHUeM Mbi
MO7KeM MONb30BAaTLCA B IEPBOM npubiKeHM M B 00meM caydae
HepaBHOMEPHOTO HOJIA, eClu TOJbKO HAOPMKEHHOCTH MOJIA y KAaTON&
MEHAETCA He CIUIMKOM OHCTPO.

o € w
CI{JIaJlLIBaH 9JICKTpUYeCKIN NOTeHIuaJll iz’ COOTBETCTBYIOIIMUHK CUJIE:

3eprambHOro orobpaskenms, ¢ V,, HaxoguM JAJA CcyMMapHOTO HOTeH:-
nuaiga V:

V=cE+_. (6,3

Pemasn sagasy maxompenmsa wmunmvyma V wxax QyHRoum or &,
HaXOIUM:

V,=E"¢l, (6,4
u nance Ha_ocHoBamuu (6,1):
A =e*lz B2, (6,5p

3=
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B ciyuae oTcyTCTBHA BHEMIHCrO IOJIA HMHCCHOHHEIL TOK ¢ KaTofia
cormacuo Qopmyie (4,27) pasen:

o
iy=AT% *»T,

Ilpn manmunmm ;K¢ BHEMIHCrO IOJIA OH OydeT paBeH:

=—Ap
i=AT?e *T | (6,6)
OTrcoma
An 32 g2
i=iehl =je T . (6,7)

3amenasa pnsuvecKie KOHCTAHTH HX YNCJIEHHHMI 3HATCHHASMHA W BHpA-
swag I B 6/ca, HAXOTHM:

£.39 =
imiet VE (6,8)

Dopmyna (6,8) okazanack 0UCHP XOPOWIO YIOBASTBOPAIIIEH OMIBIT-
HBIM TAHHHIM B INUPOKOM mHTepBate Temueparyp. Ilompasky, coor-
geTcTBYIoryo opmyse (6,8), HeoOXOZEMO YYHTHBATE LIPH TOYHEIX
oIpegesleHIAX pabOTH BHIXOfZA .

§ 7. Xonoguas smucceusn. Cormacuo ¢opmyane (4,27) smucCHOH-
"t TOK { mpu MaToMm 7' ovenb mal. C apyroif CTOPOHH, BHeIIHCC
rojie, yMensmasg paloTy BHIXOa, YBEIHUYHBAeT SMHCCHOHHHIH TOR.
CrnpamuBaeTcs, HeNXb3s JI HACTONBKO yBCIHYITH BHEITHEE IIOJIe,
9T055! AMUCCHOHHEI TOR ZOCTHT 3aMEeTHOH BCIMYMHEI NP TeMIEpaType
MeTaJLa mopsaIKa KoMHATHOI. OmNsIT MOKA3EIBaeT, YTO MOJOOHOe ABJIE-
Hie feiicTBuTebHO nMeeT MecTO. Eciin B BakyyMe moMecTHTh Ha OYeHD
OH3KOM PACCTOAHNHA OFHH OT APYTOro ABa MeTA/HYeCKHX SJIeKTPOja
I [OCTEeNeHHO YBeNIMYHUBATL HANOKEHHYI0 MOKIY HOMHI Pa3HOCTh
GOTEHIINANOB, TO BaKYyM, KaK OK BEICOK OH HE ORI, npobmBaercd.
Oxnnaro gopmyna (6,8) k aToMy cilydaio He DpHJIOKAMA, U IPY KOMHAT-
HOH TeMmepaType JJeKTPOHHAA oMhccHA HabaogaeTcdA OpH HampsA-
séunocTAX noist, B 100 pas MeHBINNX, 4eM BHITEeKaeT M3 9TOH (OpMyJIH.
JTO aABMeHHe HA3LIBAIT Loao0rof asuccued. Ouo HC HAXOZMT 00B-
ACHEHHA, ecJIM paccMaTpHBaTh Jio6oe ABJIeHIe STeKTPOHHOM SMUACCHH
TOTBKO KAaK BHXOX 3JIeKTPOHOB M3 MeTadna Gaaromaps IepecKaxku-
BaHmo Haubosiee OGHICTPEIX H3 HHX Yepe3 MOTeHNMAJBHEIA Oapkep Ha
rpanune Merassia. Takoe paceMoTpenme OCHOBAHO HA MpeAcTABIE-
g 00 9JeKTpOHe Kak o dacTmme, ofajajomed BIIeKTPHYECKIM
3apAAOM U MACCOI H ABHTAKIIEHCA B 9JIEKTPHYECKOM II0JIe IO 3aKOHAM
KJIACCHYeCKON HNEeKTPOXNHAMUKE I MCXAaHHKM.

Meskzy TeMm oleKTpOH, KaK H JI000H 00GBEKT peajIbHOTO MHIpa,
ABJIAETCA HEHCYepmaeMbIM A HAINETO IO3HAHNA, KaK HOTYEPKABaeT
8 cBoeil Geccmeprnoi wumMre «MaTepuamnaM H OMIMPHOKDPATHIA3M»
B. N. Jlenun. Kaxk yske yrassBaloch B ri1ape | 1aHEON KHATH, BCAKAN



§ 7] XOJOXHAA DMHCCHUA 37

OOTOK JICKTPOHOB, PaBHO KaK M BCAKHI CBETOBOHM HOTOK, 00Jamaer
OFHOBPEMEHHO U CBOHcTBAMU GeCliOp#H{OUHOTO HePejloBaHHA UaCTHI
A CBOMCTBAME PETYJIAPHHIX BOJH U IOJTOMY B CBoell riy0okoi cym-
HOCTH HC MOKET OBITh HU TeM, YTO MBI B CBOMX HpPeICTABICHHAX O HPH-
pofe cumTaeM MOTOKOM YacTHI, HE TeM, WTO MEI HpejlcTaBisieM ceGe
KaK BOJHEI, pacupocTpadiollmecs B cpeje, a AOMKeHd OHITH, KaK
cpaBelInBO yKaskBaeT C. W1. Bagnnor!), KaKuM-To JHATIeKTHYECKAM
o6pasoBaHHeM <e[IMHHIM B HPOTHBOHMONOKHOCTAX». Todbko Bemen-
CTBHE HEIIONHOTH OTPAKREHMA BHEIIHeH NPHDOJH B HAINeM CO3HAHUIL
Ha Ka/KIOM JAHHOM JTale HO3HAHWA, CBA3AHHOH C HeHcuepmae-
MOCTBI0 OGHEKTOB H ABJIEHUNA OKPY’KAIOIIEr0 HAC MEPA, COBpPEMEHHBIC
¢usuKE BEIHYKICHH HOTL30BATBCH B OTHONIEHHH OJHOTO H TOTO RC
ABICHHA JBYMA HOHATHAMH, OPOTHBOPEYANTUMH APYT ADPYTY H BHITE-
KAOMUME OFHO W3 HpeACTABIeHHA O JBIJKEHUH OTAENbHBIX HaCTHIL
(omexTpoHE, (OTOHH), a APYTOe M3 HPENCTABIEHHA O PAaCHPOCTPa-
HeHuH BOMH (BoiaE MaTepuu je Bpoiing, ceetoBsie Bonusr). B yuennu
0 cBeTe OTO HPHBOAUT K AHAJEKTHYCCKOMY HPOTHBODEUHIO MEHK-
Ny BOJHOBHIMH ¥ KODHYyCKYJSDHBIMH CBOHCTBAMH CBeTa—MHTEP-
depennms u mudPparuna csera, ¢ OXHOH CTOPOHEH, M 3aKOHH (OTO-
sdderra, ¢ IpYrol, a B 3ITEKTPOHHKe—K NUATIEKRTHIECKOMY IPOTHBODE-
qUI0 MEKAY BONHOBHIMH H KOPIYCKYJIADHHIMH CBOICTBAMH 3JIEKTPO-
HA, B YACTHOCTH K HPOTHBOPEUHIO Medjly OOBfCHeHHWeM MeXaHU3Ma
TEPMODITERTPOHHON SMHCCHN KAK IepecKaKuBanug Haubonee ORCTPHIX
9IEKTPOHOB wepe3 MOTEHUMANBHHIT Gapbep, W OOIEHDHHATHM B HA-
cTosimee BpeMs OOBACHEHNEM XOJOJHOI 3MHCCHU KAK HPOXOKICHIIS
5IeKTPOHOB IGO0 CKOPOCTH CK603b MOTEHNHANbHHIN Gaphep Ha Ipa-
HAme MeTajlla (TaKk HasHBacMuil mynHesvuvill aggexm). CormacHo
IpEfCTABIeHAAM BOIHOBOH MeXallMKH 3JIEKTPOHHAA BOJIHA He BCETHA
IpeTepueBaeT LOJNHOE OTpaskeHMe OT MOTeHNHAJIbHOTo Gaphepa, a da-
CTHYHO HPOXOAUT CKBO3L ITOT Gaphep B CONPUKACAIOINYIOCH ¢ MeTal-
nom cpeny. IlomcunmrsiBag MeroiaMM BOJIHOBOI MeXaHWKH |§-O*,
MOZKHO HAIITH BEPOATHOCTH TOTO, 4TO BJEKTPOH OUyTHICH BHE MeTasia,
WM, APYTHMHA CJIOBAMH, MOJKHO HOJCYMTAThH UYHCJIO BHIIEKTPOHOB JaH-
HOH 5HEpPTHH, NPOXOAAIMUX B eMHAIY BPeMeHH CK603b NOTEHIHAb-
Holll Gappep. Rosdduument npos3pauyHocTH NDOBEPXHOCTH METALIA
RIS BIeKTpoHHHX BOIH [ Ten Golsmie, geM YyiKe aTOT Gapbep.

Ilpu Gaprepe, cxeMaTUUeCKI HPEACTaBISHHOM Ha pHC. 7 KPUBOH ¢
(manpssméuBOCT, BHemaero nois F passa #yno), D pasao Hyme
[ BCeX DIIeKTpoHOB, y wotopeix W< W, Ecmm E >0, 10 D =0
npu mo6om W. B cayuae Gapwepa, H30GpaskéHHOTO KpUBOil 6, Koad-
¢rnuent mpospaunocTu I Menvime, uem B ciydae 6oliee y3KoTo 6appe-
pa, m3obpaskéHHoro wpusoi 6. DBapsep Tem yswe, uem OwicTpec
M3MEHASTCA HOTEHIMAJ ¢ YBEJAMUCHHCM PacCTOAHUSA OT METajyna, T. €.

1y Coopruk  «@miocodcrme npobireMsl coppeMeRHON ¢usmnrwy, crp. 14.
Usp. AH CCCP, M., 1952.
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<eM 0oJlbIie HANDREHHOCTH BHENIHeTo moAs £ y mMoBepXHOCTH Me-
tasa. [losToMy amMmiETy R mpomenmeir yepes MOTeHNAATbH I Gaphep
AJIEKTPOHHOM BOJIHH 3aBHCHT OT HANDSHKEHHOCTH BHCIIHETO IOJA.
BepoATHOCT NPOXOMUIEHHA DIEKTPOHOB CKBO3b MOTCHI{HAIbHEIR
daprep, a ClegoBaTeNbHO, M IJIOTHOCTh TOKA XOJIOIHOH OMECCHE 3a-
BHCAT OT HANPAKEHHOCTH BHEMHEro moJid. PacubTH, OCHOBaHHEE Ha
v pemennu ypasuenns Ilpépmurepa mus
g JAHHOTO CiIy4as, HPHBOIAT K COOTHO-

g mMmeHnn
c2
- 2, E 3
Wy ] i=cE% F, (7,1)
, r rge -’
W, ‘ e W
Ci=57 —1
| 27 7 ST .2)
Pnc. 7. HNorenmuansuntii Gaps- c =—-8jl/2m 3
ep Ha TpamHIe MeTajiT—BaKy- 273 ¢
YM: a—IpH OTCYTCTBUN BHEIHE-
TO noJA, 6—npu ¢;1a60M BHem-
feM  HOJe, 6—TPH CHIBHOM Hax Bummo uz (7,1) n (7,2), oK
BHEIIHeM nole, XOJIOMHOH OMHCCHH TeM 60nbme, qeM

MmeHblie odpexTuBHasA paboTa BHXO-
Aa p. Hpn MambIx ¢ HanpssxéHHOCTH BHEIUHEIO WO, OpH KOTOpOW
XOJIONHAA OMHCCHA CTAHOBHTCA 3aMeTHOH, MOHHKAETCS HA HECKOJb-
KO MOPAIKOB BEJIHYHHEL.

Tar rax manmume HemaGeMHRIX HEPOBHOCTEI HOBEDXHOCTH KATOAa
CHJIBHO yBeJIHMYUBAET HAODMKEHHOCTh IOMA B  OTHEIbHHX TOYKAX
9TOH HOBEPXHOCTH, TO XOPOMICE COBIAIEHHE TEOPHM ¢ OIBITOM Hoyyaer-
sl TOJIBKO, €CJIM yUecTh 1Ba KoapPmmuenta: «xosdumment mouas» B,
PABHLI OTHOLIEHAIO ACHCTBUTENBHON HanpsmKEHHOCTH WOJS R BH-
AHUCTIeHHOM B HPE/IIOJIOMKEHHH, 9TO HOBEPXHOCTb MACATBHO IIIATKAas,
4 KOIPPHOHMCHT g, YIUTHBAOMMA OTHOMEHHE JEHCTBATEILHO HMET-
THDYIOIIell 9acTH HOBEPXHOCTH KaTONa KO BCeH ero HOBEPXHOCTH.
€ BBejieHMeM JTHX 10IPaBOK dopmyana (7,1) npunamaer Bug:

L2
i=gc,(BE)2e ‘BE (7,3)

Haa Toro ywactka temmeparyp kaToma, Ha KOTOpPOM TEPMODIIeKTP OH-
Hag m XOJIOfHAA SMHUCCHM OJHOrO MOPANKA BENMYHHE, mOJB3YIOTCA
IMONPAICCKOH (POpPMYIIOH
b
i=a(l+cE)?e T+eE (7,4)

e a, b u c—mocroaHHH®., XapaKTePHHE [JIA Ka)KIOTO MeTajiia.
Xomonanasg smucens UrpaeT B HEKOTODHX ABIEHHAX a30BOrO paspana
AHATATEBHYIO POJIb, a TaKKe HPHBOTHT K JIEKTPHYECKOMY HPOGOI0
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BRICOKOTO Baryywma. Ilpu XOJIOTHOM SMHUCCHHA He NOIUKHO HabIogaThe
XAapaKTepPHOTO A TePMOXICKTPOHHOH BSMICCHH HOHVIKeHNA TeMIIe-
paTypH KaTofa, Tax KAk B HPOTHBONOIOKHOCTH IOCIeHeU IIPA XO-
JIONHOM BMHACCHH KATON HOKHJAKT 3JIeKTPOHBI JMOGHX CKOPOCTeH,
a He TOJNBKO Bamboiee GricTprie. OWBITH MOXTBEDAMIH 3TO IPeInOIIo-
HeHHe.

§ 8. OMucens U3 METAJA HPH HAJNMYMN HA ero NOBEPXHOCTH MO-
HOMOJIEKYJAPHOTO €JIOf NOCTOPOHHErO BemieCTBA. IIn€énounrie xKa-
rogpr. Ilpm maroToBienmm BoNbPPaMOBHX HUTCH B BOJIL(ppaM IpHMe-
[IWBAOTCA PAa3JIMIHEe (OPHCATKAY 1A NIPHAAHAS] BOJB(PpamMoBor
HATH ONIpPEIeNEHHHX MeXaHWYeCKHX CBOMCTB (ymeHnmenne Xpyd-
KoCTH, MpoBACaeMocTH I T. Im.). OMHOM M3 TAKUX HPHUCANOK ABIACTCH
oxmeh TopuA. lIpm paGoTe ¢ HATAME H3 TAKOTO TMOPUPOBAHH020 60Ab~
gpana (orono 0,5%ThO) 6r10 3amedeno, 9To NpA onpeneséHHOR TeM-
mepaTypHO# 0GpafoTKe BOIbYpamMOBEHE HHTH npmoGpeTaloT OYeHD
GONBIIYI0 SMHUCCHOHHYI0 CIOCOGHOCTb. OTO fABJIeHHWe OHUIO HA3BaHO
axmuenposaniies TopHPORAHHLX HuTeli. Ilomydsennne Taxmm oGpaszoM
sPdexTHBHEE KaTOQH OBIIA Ha3BaHBI TNOPUDOSAHHLLMU ramooamiL.
Pesnm axTmBmposadnsa ciexyommii. Huts moxsepraercA B BaxyyMe
cunproMy mepexany go 3000°K B regemme 30 cex. 3aTem HHTH HOR-
nep:xuBaetca mpu Temmeparype 2000—2100° K. Hpm 9TOH Temuepa-
Type €8 DMMCCHS HOCTEHeHHO YBeJNMYHBACTCA CO BpeMeHeM H JOCTH-
raer 3HaveHmil, TPEBOCXOAANIEX IPH OJHON H TOH ;Ke TeMmepaType
B MIJLIHONH Pa3 OMICCHIO HICTOH BoIbdpamosoil HATH Ge3 TOpHA.
Buicoxasi oMUCCHOHHAfA CIOCOOHOCTh COXpaHAeTCHA y HAOTH HpPH TeMrne-
parypax mmke 2000° K. Ecnm xe HUTH IeperpeTh BhIIIe 2100° K,
TO 6 aKTHBHOCTH OHICTPO MPOIALaeT H MO;KET OHThH BOCCTAHOBIIEHA
JFINb IOBTOPEHHEM INIpolecca AKTHBEPOBAHWA.

[pn temmepatype mopsamka 3000° K owmch TOpmA, HaXojAmascst
BHYTpE HHTH, BoccTamaBimpaerca. Obpasynmmica MeTaJNIMIeCKII
TOpHM TPOHMKAeT HM3HYTPH HHTH Ha MHOBEPXHOCThL W TOKPHIBAET eé
TomkaM cioeM. llpm temmeparypax semme 2100°K rommgecTBo TO-
pHsi, HCHAPAINIETrocsA ¢ MOBEPXHOCTH Bolbfpama, GoIIbIIe, YeM KO-
4ecTso TopHA, npoHHKaoomero wanyTpd. IlosTomy mpw naHHHX TeM-
flepaTypaX HEKAKAX CJlefoB TOPHA HA TMOBEPXHOCTH Bodbhppama He
ocraérea. Ilpm temmepatypax mmxe 2000°K He mpOHCXOIHT 3ameT-
HOTO IPOHHKHOBEHMSi TODHA Ha IOBePXHOCTh HWHTH. B mHTepnaie
remmepatyp 2000—2100° K memny KOIHmYCCTBOM TOpw#d, HPOHH-
Kaomero Ha NOBEPXHOCTh, ¥ KOJIMYeCTBOM HCHAPAIINEroci TOpHA
YCTAHABIMBAGTCH pABHOBECHe; IOBEPXHOCTh BOJILOPAMOBOH HHATH
HOKDHTA MOHOMOJIEKYJIAIPHHIM CJI0eM MeTaJlImiecKoro ropmdA. Bro-
poro ciIosi aTOMOB TOPHs Ha IEePBOM cjloe He HapamuBaeTcs, IOTOMY
qTO CHJN CHEIJIeHAs aTOMOB TOPHA MEKIy cobolt Topasno cuabee,
qeM CHITH CIEMIIGHMS MesKAy BOTHOPAMOM M TOPHeM, W BTOpOH cioi
aTOMOB TOpWA HOCTOAHHO McHmapsercs. Memny BepXHHM CIioeM aTO-
MoB BONb(ipaMa H CJI0eM aTOMOB TOPHA 00pasyeTcd JIBOWHOH 3JIEKTPH-
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9eCKHUH CJI0H, cozmaronmmit YCROpsmomee dJICKTPOHLL MOJie, KOTOPOe
9pe3BLYaliiio 0GJICryaeT BRIXOX SJIEKTPOHOB U3 BoabPpaMa. Iro mpo-
HCXOQAT BCJIENCTBHC TOIO, 9TO TOpWi Gojee 3JICKTPONOJIOKATEIeH,
9eM BOJbYpaM, H DJIEKTPOHB TOPHA CIBATAIOTCH B CTOPOHY BOJEL(pa-
MOBOH HOKJIAJKH,

PaGora Brixoma ropmpoBammoro Boms$pama pasEa 2,63 94.-¢,
T. €. HUJKe PabOTHl BHXOJA IEKTPOHA He TOTBKO N3 BoJbipama, HO
113 CIVIOMIHOTO METAIHYecKoro ropus (3,38 a4.-6). Ecanm B TpyOre,
B [KOTOPOIl 3aK/TI0YCHA TOPUPOBAHHAR HUTH, MOABIAETCH raa, XoTa G
B O9CHP HE3HAYUTE/ILHBIX KOJMYECTBAX, TO HPH HAJOMKEHHH MOJI0-
JRUTENIPHOTO MOTCHNMATA HA AHOX Ta3 HMOHA3YETCH, MOJIOMRHTENH-
HBIE HOHbl TPHOGPETAloT yCKOpeHHe N0 HAIPABICHHI0 K HITH m, yrxa-
PACh 0 Heé, cOmBAIT ¢ €8 MOBEPXHOCTH aTOMBI ropua. Huare tepaer
c¢Boio  artuBHOCTh. llosToMy BO BCex mpmbopax, s KOTOPHIX
IpHMCHAIOTCA TOPHPOBAHHEIE HATH, TpeOyercs HOTuepiKaHHe BHCO-
Koil cremenn sakyyma (1077 wma pr. cr.). Jasa moxmepmammsa Takoro
BAKyyMa B rOTOBOM Ipmbope B KouGy mpmfopa Ipm ero cbopKe BHO-
CATCH XHMITYECKHC BemecTBa, YCHACHHO IOMVIOHIAIINHE OCTATOTHLE
Taskl, BRIIC/IAIONHECA U3 METAJVIMYCCKAX W CTeKIAHHKIX wacTell mpH-
Gopa Bo Bpems ero paGorhi. Takme BemectBa Ha3LIBAIOT 2a3onozao-
mumeaasu (rerrepavn). THONYHEMA WX DPEXCTABHTENAME TBITIOTCS
MeTaJulmdecKkuil 6apiii m HeKOTOpHEe ero cmyaBl. Topnposaunme
BOTBQPAMOBHIC KATOHl HAXOAAT MpUMCHEHHC B YCHIATCIBHEX JIaM-
maxX Majgod MOIMHOCTH.

B rom cnyuae, rorma mosepxmocts BOJB(paMOBOH HATH HemoJ-
HOCTBIO HOKPHITA CJI0EM TOPHs, SMHCCHOHHEII TOK 3aBHCHT OT TOTO,
KaKadA 1015 MOBEPXHOCTH BoAb(paMa HOKpHTA TOpHEM.

Bomee crofikumir, wem NpOCTEIC TOPUPOBAHHEIE KATONH, SBIISIOTCS
TOpPMPOBAHHLIE KATOXM, MOMBEPTHYTHE IIPOIPEBY B KAKOM-JIHGO raso-
obpa3HoM yrienomopone, Tax Ha3nBaeMble rapbuduposannvie ramodo.
Brnaronaps taroii o6paGorke karton oxasmiBaetes TOKPHITRIM CJIOCM
xapbnna podndpama. Hap6mp myqme yaep:kuBaeT Ha cBoed mo-
BEPXHOCTH  MOHOMOJIKYJIAPHYI0O IUIEHKY TOpHA, 9eM  YHCTHIi
BOJL{pam.

Kpome rartonos uz ropuposannoro BOIBE()paMa, B HACTORIEE BPEM;I
HAXOAAT MPHMCHEHME TAK/KC KATONRl M3 TOPHPOBAHHOTO MOJIHOIeHa.

Obmapy:xeno neiicteue Ha TCPMODJIEKTPOHHYIO DMHCCHIO H JIpY-
THX MOHOMOJICKYIAPHHX ¢108B. Tax, ecnu BBecTH B KatouHylo JaMIy
TapEl METaJUIa nesnus, TO SMUCCHA BOABYPAMOBOH HUTH wpesBRuaiino
yCWIuBaeTcsa. IHePTAs, KOTOPYI0 HYKHO 3aTPATHTE, 9TOGH OTOpPBATL
OT aTOMa Ne3Us BAJICHTHBIH 5JIeKTPOH, MEHbIUE, WeM paoTa BBHIXOTA
IEKTPOHA 13 BoahPpama. Horxa mefirpannHnii atoMm mesms B cBOEM
ABIGKCHAN GIM3KO MOXXOMAT K MOBEPXHOCTH HAKAIGHHOI BOJEPpaMo-
BOIl HATH, TO BoJABYPAM OTHAMAET BAJICHTHEIE SJICKTPOHB Y aTOMOL
nesusa. Obpasylonuecs, Takum 0GpazoM, HOHN me3ms YREPIKABAIOTC 51
Ha DOBCPXHOCTH HUTH SJIOKTpO(’TaTH‘IeCKI/IMII cujgaMa u 06pa3y10T Ha
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BONLYPAMOBOIl HHUTH IOJORHTETHHO 3apSKeHHHN MOHOMOJIEKYJIAp-
HEI CJI0d.

Ilopo6Hoe ke ABICHUE HMEET MECTO HA MOBePXHOCTH BOJL(pama,
compHuracaomeiica ¢ IapaMa HATpUA, X0TA paboTa MOHA3AUMK ATOMA
marpas (5,2 34.-6) Goublue, 1eM paboTa BHXOJla BIIEKTPOHA O3 HOBEPX-
HOCTH BosIbpama. BepoATHOCTL mepexona 3IeKTpOHA U3 aTOMA HATPHA
B MeTaJUIMUECKAH BOILJpaM, onpefeiseMas MeTOZaMUI BOJTHOBOH MeXa-
HHARE, He PaBHA HYJ0, O IEPCCKOK 3JIeKTPOHA H3 aTOMa HATpPWUA B Me-
rajnmaeckail BoThLYpaM OKA3HIBAETCA BO3MOJKHEIM 33 CUET TEINIOBOM
pHEpPrEm pacKaJIéHHOH HHTH.

Jpyrofi THI KaTOJOB ¢ MaJoii pafoToil BEIXONA LPENCTABIAIT
coboit bapuessie kamodu. B sTuX RaTONaX cepimeBHHA KAaTOJa (HAKEID,
yKelre30, cJerka OKHUCIIeHHaf Memgb H T. II.) HOKDPHTa TOHKAM CJIOEM
Merajligyeckoro HapHns.

HaubGonee ymorpebuTeInHEHE ¢HOcO6 HaHeceHUA TOHKHX CIIOESB
fapna B KagecTBe DOKPHITHA KATOA MM B KaYecTRe Ta30HO0TIIOTHTEN A—
9TO HEemOCpe[CTBeHHasg BOSFOHKA MeTayLImueckoro Gapus. s mpe-
MOXpaHeHHs OT OKMCJIEHHs HA BO3[yXe MeraJuIHueckmil Gapuil Xpa-
HATCA B MeTHHX Tpy6ourax. lycoduek Tarkol Tpy6ouKe BHOCHTCH B Ba-
KYYMHYI0O anmapaTypy H OporpeBaeTcsl TOKaMH BBHICOROH 9YacTOTHI,
npmaém mapsl Gapma puddymnampyior B mpmbop. Har moxasmipaer
omnT, GapueBnie KaTOAH ofiamaloT HauOoNbImed SMHUCCHOHHOA CIO-
cOGHOCTBIO, KOTJa KOJHYIECTBO OCAKASHHOTO HA KaToje 6apus cooT-
BeTCTBYeT MOHOMOJICKYJIApHOMY c¢ioio. OXHAKO 0OHYHO HOJIBL3YIOTCH
fosee TOJICTHIMH CJIOSIMM, TaK KaK MOHOMOJIEKYJIADHHI cJoit 6a-
pHEA Upd YKasaHHMX BhIle cmoco0aX HameceHHma Gapua me ynaéres
HOJy9dTh aBTOMATHYECKM, KAaK 9TO HMeeT MecTO B ¢jydae TODHUA Ha
Boabpame.

K toii ke obiracTd siBsleHuil OTHOCHATCA BIWAHNE Ia30B Ha TEPMO-
aneKTpouHyio omuccmo. llpmeyrerBme B TpyOre aproHa ® mapos
PTYTH He BIMACT Ha dMUCCHIO Boldb{pamoBoro rartofa. IlpmcyTernme
420Ta HECKOJBKO NOHIKACT OHMHCCUIO (9TO CTAHOBHTCA 3aMETHLIM
npu fgapienns asora 10°% wu pr. er.). llpmeyrtersme wuenopona
TOHMKAET dMHUCCUK Bodb(paMoboil muTn emé 6oxbnie; addexr cTa-
HOBMTCA 3aMeTHBIM yie mpu gasiemum 1075 wma pr. cr. O6nacme-
HAe—o6pasoBanye Ha MOBEPXHOCTH BOILYPaMOBOHl HUTH MOHOMOJIEKY -
JAAPHOTO ¢y1os azoTa mim wuciopona. llose, Bosnukaomee na rpapamne
MeTaJula BeJeNCTBHEe TPHCYTCTBHS MOHOMOJEKYJSPHOIO CJICA IOCTO-
POHHETO BJIEKTPOOTPHUIATEILHOIO BCHIGCTBa, yBelmunBaer paboTy
BEIXOJIa.

Ot Takoro JeHcTBUA MOHOMOJIEKYJIADPHHX CJIOEB HAj0 OTIHYATH
ciydail, KOIJla TI'a3 MpPOHHKAEeT B TOIIy MeTaJlla—pPacTBOPACTC
B melf, Kak 9T0 HMeeT, HampuMep, MecTO B IJIATHHE, HaXOAMEHdCH
B atmocdepe Bomopoma. B sroMm ciIydyae aMmccHA MeTalla 3aBHCHAT
OT KojiuwuyecTBa pacTBOpémHHOro rasa. Omucammsie B aToM maparpade:
KaTOIEl HOCAT obHiee Ha3BaHHC (NAEHOUHbIE KAMOObly.
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§ 9. Oxenjinpie karojp1. OcoOHil THII KaTONOB, 00IaMAOMMHAX OOb-
molt oMmccmedl NpH CPABHHTETIbHO HU3KHX TEMIEDATYDPAaX, HpecTaB-
aaw01 coboit oxcudnsie kamodu.

CocTaB (HOKPHTHA» OKCHIHKMX KATOIOB OOBIYHO TAKOH: OKOJIIO
00% (Monerynapuux) oxucH Oapus u owxono 50% oxmcm cTposmms.
Merannuyeckas DOAKIAAKA, HA KOTOPYI HAHOCHUTCS CJIOH OKCHAA,
HOCHT HA3BAHHE CePHeYHAKA MM nodioxku (KepH).

IlgnounoseMensaEe METAITH HAHOCATCA HA HUKENb WM HA 6ro
cunass ') B Bune kapGornaros BaCO,, SrCO,, a unorzga Tarske m CaCO,,
CMEIIAHHHX CO «C8A3K0l» ((OHHEpOM»), T. €. CBA3YOUAM OpraHmudve-
CKHEM BeIIeCTBOM, HaIpHMep ¢ aMmiameraToM. HpmcTalmiamkm xapGo-
HATOB IPeABAPHUTEIbHO Pa3MeTbUAOTCA B MApOBOH MedbHHIE. 3aTeM
M3TOTOBJIAETCS CYCHEeH3UsA KapOoHATOB B cBAsywmedl ruaroctn. Ha-
HeCceHHme JTOTO TYCTOTO COCTABA HA HONIOMKKY KATONA MOMKET IIPO-
H3BONNTHCA HOCKONBRUME crocobamm. Momxmuo mpocTo oOMarmBaTh
KAaTOH B PacTBOD U HABATh CTeKATH ¢ TOBEPXHOCTH KATONa H3OHTOY-
HOMY KOJIMUYecTBY cMecH. B 0cOGHIX cy4asx MOKHO HAHOCHTH CIIOH
rucrouxoii. Ilpm maroroBmemum karomoB, mpeIcTABIAIIMUX COGOH
MOeTAJVIHYECKYIO HOTh, HOKPHTYIO OKCHJOM, JOBOJIBHO IIAPOKOE pac-
HpOCTpaHeHIe B TeYeHHe HEKOTOPOTO BPEMEHH HmMeN CH0COG HpOTATH-
BAaHUA HHUTH 4epe3 CYCIEH3HUIO.

I9TH c110COOK ABIMOTCA HanGoIee IPOCTLIMIL, HO B HACTOALIEE BpeMa
smasio mpumensgoTea. Hambosice pacopocTpamés cmocof OIpHCKEBA-
HUA H3 nyaseepusatopa. IlocTenenno scé Gombiiee TpUMEHeHHE TOTY-
qaeT cmocud, HCHOoNB3ywINui sapdenue rarafopesa. OH ocHOBAaH HA
TOM, YTO CYCHCH3HfA, B KOTODPOH HApPALY € OPTAHOYECKHAMH KUIKO-
CTAMHE COZEP;KATCA HeGONBIIOe KOJTHYECTBO HIEKTPONMUTA, MOMKETIIPO-
oycKaTh dieKTpuaeckuil Tor. Ilpw mpoxomaennu Tora uepes cycmen-
3HMI0 B3BeIIeHHLIE B JKUAKOCTH 38pHA KapOOHATOB 3apPAKANTCA TMOIIO-
AKUTEILHO W YHOCATCSA TOKOM HA KATOX HamomoOme anewrtrponmsza. s
HOJIYYCHUsT XOPOLIMX KATONOB HeOOXOZMM OIpeIes8HHHI pasMep
3épeH W ONTHMAJBHASA INIOTHOCTh TOKA. TOJIMUHA HAHOCHMOTO OKCH(-
HOTO CJIOA PCrynupyeIcd NOPONC/IKHUTENBHOCTHIO BPCGMEHH KaTa-
dopesa.

Bribop mexny stmME aByMsa cumocobamm obycaosinnBsaeTcs Tpebo-
BALUMAMA K KaTOLy: ONPBICKHBAaHWe NAST Gojiee PHIXIHIA cI0H ¢ GOIB-
ureil ynelbHoli amuccueii, Karafopes—Gosee POBHYI0 HOBEPXHOCTh
OpH JIy4mIeM YOopaplIeHOn TOJNIIHOM €104,

IIpespamenne c¢10A KAapOOHATOB B OKCHIHHIN CJIOH IpPOM3BOIATCH
OyTéM HpOKAJKH cios mpu Temmepatype owxono 900°C B Bakyyme
Oopu HempepuBHCH oTrauxe. IIpm aToMm mpomcXomur pasmnoskeHHe Kap-
‘GoraToB mo gopmye

2BaC0O,—2Ba0 + 2CO - O,.

1) B HEKOTOpPHIX ra30CBETHHIX JaMIax CJI0H OKCHIA HAHOCHTCA TAKKe Ha
HO[UIOKKY H3 BoabpaMa mim MoubieHa.
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CO. wacTHYHO BHIEAAETCA B BaKyyM M OTKAa9MBAeTCH, & YaCTUYHO
Ipu jajbHefmeM Hporpese BoccTamasimpaeT Ba us oruch mo $op-
myre BaO +CO-— Ba +CO,.

B pesynbrate B KpUCTAJLIMKAX OKACH Gapus nosBAsOTCA U36H-
Toggre atomi ceobogmoro Ba. IosBiemme »TMX aToMoB HpUBOIHAT,
KaK YBULHMM HIDKE, K GKMUEUPOEKe OKCUIHOTO KATOHAA, T. €. K HpHIa-
HUIO0 eMy HeoGXOIUMHX dMUCCHOHHKX cBolcTs. Oprammyeckas cBA3KA
{Ipl OPOKAJKEe pasiiaraercs. Bupensomuiica us Heé yriepon HpH-
HAMAaeT y4acTHe B BOCCTAHOBJIGHAHW OKHMCH 0apmsa W B QKTHBHPOBKE
watoga. Tak ke meHCTBYIOT HEKOTOPHIe META/INYeCKHe NDPUMECH,
BBOIAMEE B HAKeJeBylo moiokry. Ilpum mpoxosknmemunm Toka wepes
¢7I0i OKCHIA 9acTUYHO HPOMCXOTAT SJIEKTPOJIHA3 IOCIEIHEro, COmPO-
BOAIACMEIA BHIJEJIEHNeM MeTauimdeckoro O6apHda Ha TpaHANe MeRTY
HOJJ0KKON H cJIoeM OKCHJa U BHIEJEHHCM KUCJIOPOJA HA BHEIIHEH
oBepXHOCTH oKcHIHOro clios. Hakonnaomuiica Ha rpanwile IOKI0KKY
cBoGoguntit Gapmit (pPPyHIEPyeT Ha BHEINHIOD IIOBEPXHOCTH OKCH/I-
HOTO cios ¥ ofpasyeT smech WISHRY MeTaJimgecKoro Gapus. 9droi
WISHKe PpaHbIle TPUHICHBAJN OCHOBHOe 3HAadeHHe IpW OOBACHEHHH
OONLOION SMHCCHOHHON cHOCOOHOCTH OKCHIHOTO KAaTOda, paccMaTpH-
Bag JTOT KaTox KAK QHAJIOTHYHHIE TOPHpOBaHHOMY HJIH GapumeBoMy,
T. e. Kar naéuoynsi. IosToMy aKTHBAPOBKY OKCHEHOTO KaToja Hpo-
HBBOMWIH, OTOHpAasg BMHUCCUOHHBIE TOK OT KaToma.

B macrosimce ke BpeMst YCTAHOBJICHO, YTO JHINh OYEHb HE3HAUM-
TeABHAA JOJIA O0mEero ToKA dYepe3 OKCHIHBIH KaTog ABIAAETCH HOH-
HEIM TOKOM,

AKTHBHPOBKY OKCHIHBIX KAaTO[0B B HACTofInee BpeMs HPOH3BO-
MAT HOYTH HCKIIOYATEJIPHO INPOTPEBOM INPH TeMIepaType OKOJIO
800°C1). Yemyiixn 6apueBoi IIEHKHE HA HOBEPXHOCTH KATOJA HTPAIOT
{IpA BMHCCHHA BJIEKTPOHOB JIHIIE BTOPOCTEHEHHYIO POIb.

Ocpoboskpaminmica 13 OKCHIHOTO KaTOJa KHCIOPOJ BHIIEIAETCH
Ha OOBEPXHOCTH OKCHIHOTO CiIof. Bo BpeMs aKkTHBUPOBKHE KHCIOPOX
11 IpyTHe ras3hl yoajaioTcd HenpepsiBHOI oTKauxkod. Bo Bpems paboTe
KaToaa B roToBOH paspaAmHOR TpyOKe HIU B TOTOBOM DJIIEKTPOBAKYYM-
HOM Opubope BHIETIANIMAICA KHACIOPOX OTYACTH OKHCIAET IIEHKY
OapHsa, BHOBh mpeBpamasd eé B OKCHJ.

CpoiicTBa aKTHBHPOBAHHOTO KaTOma WLCYE3A0T IIPH meperpese
RAToJla, IPH OTPABJEHUH €r0 KHCIOPONOM HJIH JPYTAMH AKTHBHEIMH
razaMm, a TalKe OpH yCHIeHHOH OoMO0apaumpoBKe KaToflla HOJOKH-
TeJBHEMM moHaMHA. MawxcmMadbHo ponycTuMmas duepras Gombap-
nupyomux ratod uonos—uoopagka 20—30 aa.-6. [lesartuBmpoBan-
HBUA OTpaBIIeHHEM HJIH IeperpeBoM KaToJ MOikeT GHTh BHOBb aKTHBH-
pOBaH, eCJHN B HEM He HcuepHaH 3amac GapHs.

1) B HeKOTOPHIX THIIAX ra30CBETHHIX JIaMIl, B KOTODHX HCKTIOYeHA BO3MOMK-
HOCTh NMPOTPeBa KATOMA HEHOCPENCTBEHHO TOKOM, TAaK KaK B HAX He HPeRycMO-
TPeHa Oens HaKajla, NIPOTpeB N AKTABHPOBKA KATOA HPOM3BOLATCA IyTEM IPO-
flyCKaHAA Yepes JIaMIy Pa3psARHOrO TOKA (TaK HaSHBAEMAA mpenuposka JIAMIIK),
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Bo Bpema paGore Karonma 6apmit wacTHYHO HCHapAETCA ¢ KAaTOHNA
A 0CeNlaeT HA CTeHKAX TPYOKE Ui Ha 9IexTponax. JuurensHocTts mms-
HE OKCHIHOTO KATOMa 3aBHCUT OT Pe;RHEMA €r0 HCIIONb30BAHUA U HpH
6aronpHATHHX YCAOBHAX JOCTUTAET HECKOJILKUX THICAY 49acop.
@MakrTopaMu, OTpaHMYHBAIOUIMME BpeMs KA3HE OKCHJIHOIO KarTona,
ABJIAIOTCS: MeXaHHYeCKOe pa3pylIeHHe KaToja, HIeKTpHYecKUd mpo-
60f OKCHIHOTO CI0fA (TaK Ha3blBaeMOe HCKPeHHe»), CIJIaBJICHHe OK-
CHJTHOTO CJIOA ¢ MaTepHaJiOM IOJJIOKKH UPH meperpese KAToga, OCH-
HaHue OKCHJHOTO CJIOS BCJIEACTBHE ero pacTpeCKUBAHEUA ¥, HAKOHel,
HCTOIeHMe 3amaca 0apusA B KaToje (0COOEHHO 3HAYHTENLHOE B CIydUae
KaTOIOB C O9YeHb TOHKHM OKCHIHBIM CJI0OeM).

PentrenocTpyKTypHbIe HCCAeNOBaHUSA KATOMOB U3 OKHCeH Gapmsd
U CTPOHIUA HOKA3ajld, 4TO B HpOIecCe aKTHBHPOBKH CMECh KPHCTAl-
JAWYECKUX KPYIHHOK OTJeJbHEIX OKHCJIOB IpPeBpAmlaeTcs B TBEPIIT
CINIAB C ONHOOODPA3HHM KPHCTAUIMYeCKHM CTpOeHumeM (paBHOMEpHOE
pacupeiesieHIIe HOHOB 6apHsa U CTPOHIMA, ONpeNeIéHHOe PaCCTOARUC
MENy ysJlaMH PeméTKH, H3MeHdomeecAd C H3MEHeHHeM IPOLEeHT-
HOTO cOCTaBa TBEPIOTO CIJIaBa).

IMHCCHOHHAA CHOCOOHOCTH KATONA 3aBUCUT OT IPOIEHTHOFO CO-
depaanuA 0apua H HMeeT MAKCHMYM IPH CONEPKAHHE OKHCH Oapust
B OKCHIHOM CJI0e 0K0JI0 00% MOJeKyIApHEIX.

B oxciaueix kaTtogax paloTa BHIX0Ja O4YeHb CHJIBHO 3aBHCHT OT
HANPSUKEHHOCTH IPIVIO;KEHHOTO K HUM BHENIHEro Nojsg: ¢opmyda
(6,8) k HnmM menpumennma. Ilpu Xopomeil akTHBEPOBKe 5TO ABIEHHC
CTAHOBHTCH HACTOIBKO 3aMeTHLIM, 9TO IIpefcTaBleHle 0 TOKe HACHIC-
HHA mepecTaérT OHTH HPHMIOKEMGLIM. llosTomy ompenesnenme paGoTil
BHIXONIAa ¢ B CJIydYae OKCHANKX KATOAOB CTAHOBHTCA ycaosmeiM. Opmo
73 oOBACHeHUH OTCYTCTBHSA TOKA HACHINEHNA 3aK;I09aeTcsi B TOM,
4TO HA OYeHb IIepoX0BaTOll IOBEPXHOCTH OKCHAHOTO KATONA MHOI'L
0cTpuEn u 6yTOPKOB, TPUBOMANNX K HAINYLIIO CUIBHHX NOJIeil, BR3bl-
BAIOIKIX MeCTaM| O4CIIh 3aMeTHOe HOHIKCHIe MOTeHIHAIBHOr0 0aphe-
pa, a B HEKOTODHX CIy4asX H XOJOTHYIO SMHCCHIO.

3a mociaenHHe roibl 0OJBINOe 3HAYEHHNE B TeXHEKe NpHOGpeiia
paboTa 27eKTpoBaKyyMHBIX IpuOOpPOB B UMIY:IbCHOM pemume. Horna
SMHCCHA KAaTOJa HPOHCXOAMT NPH HAJHYHU CHIBHOTO IIOJIA B [IJIHT-
¢ JIAMb KPaTROBPEMEHHKIMI BCIBINKAMA IOPAAKA 1 MEKpOCERyHIbI,
upu nepepriBax nopagka 0,001 cer., WIOTHOCTE DMHCCHOHHOTO TOKA,
KOTOPYIO CIOCOGHE! aBaTh OKCHIHEIE KAaTOMbl, BO MHOTO pa3 6oJiblie,
9eM B CTallHOHAPHOM pe:kuMe. OTa IJIOTHOCTh TOKA OTPAHMYEeHA JTHILL
IPOCTPAHCTBEHHEIM 3apA/IOM BIVIOTE JIO HAIDKEHHOCTH 1101 HAa KATO-
Iie, IPH KOTOPO# IPOMCXONAT ABTEHIe PaspYLUIEHNd KaTofa, COIMPOBO-
naemoe mcxpenmeMm. OUBITHI, NpoBegéHHLle ¢ 60iee ATUTETBHBEIMI
AMIOYAbCAME, MOKA3EBAIOT, UTO 110 NPOLIECTHEUH HECKOIbKIX MEKpPOCe-
KyH]l OMHOCCHOHHAZ CIOCOOHOCTH KaTolda HA4YMHAET NOCTEHeHHO
majgare, T. e. IPONCXOMUT «YTOMIeHHe» KAToga, CHIBKAIee B KOHOY-
HOM KTOTe 9MUCCHIO [0 31a4eHH s I0CeHell IPH MOCTOSHHOM PEeyKAMC.
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PesyanpTaTel m3MEpeHHmE  3aBHCHMOCTH  3JICKTPONPOBOJHOCTH
OKCHIHOTO CJIOA OT TEMOepPaTypPH IOKa3ajH, 4T0 B aKTHBOPOBAHHOM
COCTOSHAM BHIEKTPOAUTHUECKAA BJIEKTPOMPOBOJXHOCTE ITOTO  ClIOA
cocTaBiger IHmb Malyl 0N €ro MOJHOHW BJIeKTPOIpOBOIHOCTH,
AMefoIel IeKTPOHHEI XapaxkTep. AKTHBHPOBAHHBLA OKCHAHBIA ciof
KaToma ABIAETCA TOAYHNPOBOIHUKOM.

§ 10. OGpaAcHEenHe TEPMOIIEKTPOHHOI dMUCCHII OKCHNLIX KaTO-
OB HA OCHORE 30HAIBHOIi TEOPHN NOJYNPOBOJHMKOB. DJICKTDOHHAA
Teopmss MeTalIoB Sommepdennra, XOpowo OObACHAOMAA KOIMIe-
CTBEHHO TEPMOZJIGKTPOHHYIO SMHCCII0O U3 METaljoB, He yUNTLIBAET
gajmgud KPHUCTAJIMYEeCKOH peImETRH MeTajiia, a TalKe HaanIus
MHBIX BJICKTPOHOB, KpOMEe DJIeKTPOHOB HPOBOIMMOCTH.

CoppeMenias SICKTPOHHASA TeOPWA MeTanoB H HOJYNPOBOIHA-
KOB WCXONET U3 TOTO, 4TO IIPL COENHHEHUH OT/eJLHBIX aTOMOB B KpH-
CTAIINYCCKYI0 PElETKY dHepreTHIecKHe YPOBHI 3JeKTPOHOB  CMe-
maloTcd MO [elicTBHEM 5JIEKTPHYCCKUX TOJeH COCeIHUX aTOMOB
Tak, 9TO BO3MOKHEIC YPOBHI SHEPFUH BCCH COBOKRYMHOCTH DIIEKTPO-
HOB B aToMaX, COCTARJIAIONIAX KpIHCTA/UIMIECKYI0 pPenérky TBEp-
-0ro Tesa, MpeBpamanTcA M3 IHCKPETHLIX JTajlek0 OTCTOANMX ApyT
OT JIpPyTa ATOMHEIX SHEPTCTIYCCKHX YpPOBHel B IeJLe «diepzemurie-
cEue RoJ0cH»y € TYCTO PACTONIOMEHHHLIMH B HHX BO3MOKHBEIMY, T. €.
VIOBIETBOPAIOMIMA KBAHTOBHM 3aKoHaM, yposmaMiu. B wmerammax
SHepreTHUecKHe HOJOCH MCPEKpHBAIT APYT IpyTa, H I0dTOMY, He-
CMOTpS Ha JUCKPeTHOCTH OTJEJIBHBIX ypOBHCH, pacmpeie/eHne Mo
9HePTHAM MO;KeT OMTH HpPecTaBICHO 3aKOHOM pPacTpeleIeHITs Depan
¢ TOYHOCTHIO, NOCTATOUHOI MJIA pCHICHHSA MHOTHX BONPOCOB, B TOM
Ypese U A MOCTPOSHHA TEOPHH TePMODICKTPOHHOM IMUCCHIT METa-
710B. B cnyuae gE9ICKTPHKOB U HOJIYNPOBOAHMKOB BO3MOKHBEIC IO
KBAHTOBLIM 3aKoHaM MHOJOCHI SHEPruu He HEPEKPLIBHIOTCH, a orge-
JdeHBl APYT OT ApYyra «3alpelléHHLIMUY 30HAMH, KaKk 9TO cXemaTmde-
CKY MOKa3aHo HA pUC. 8 AJIA JUAIERTPHAKOB I Ha puc. 9 A4 moTympo-
popumron. Tak e Kak I B MeTa/UIaX, OPU HH3KUX TeMIeparypax 3a-
HATH Bee HIZKHIE dHepreTiueckne ypoBHU. Brime moHOCTRI0 3aHATHIX
SHEePTETHIECKNX TOJIOC JIC;KAT IPYTHC HE3aMOTHEHHbIe, HO BO3MOKILIC
HoJocH dHepreTHuecKMX yposmeit. Ilepexop 9ileKTpOHOB HA ypOBHH
53THX HOJOC MOKCT HMCTh MCCTO 3 CIET SHEPTHH TENJIOBOTO JBUIKCHUA
ATOMOB KpPHCTAJINIECKOM PEMIETKN MIH 33 €Y6T HOTJIOMEHHA JJIEK-
TPOHAMH CBETOBHX KBAHTOB, MPOHUKAIINX BHYTph Kpucramia. Tak
KaK B HIKHOX HOJI0CAaX BCe YPOBHH 3aHATH, TO HJICKTPOHEl, JHEPTe-
THYECKOE COCTOAHME KOTOPHIX COOTBETCTBYET STHM HOJOCAM, He MOTYT
HepeXouTh B pyroe sHepreTHIecKoe COCTOSHUE, JleKalee B Ipee-
7maX TOH Ke HOJIOCH, a HOJTOMY HE MOTYT CBOOOTHO HepelBHrarLCs
B IPOCTPAHCTBE HOJ jICCTBUEM BHENIHETO TEKTPHYCCKOTO HOJA. ik
OCYIMeCcTRIEHUS BIEKTPOHPOBOJHOCTH IEKTPOHHOTO XapaKTepa neob-
XOMMO HaJWUdMe SJACKTPOHOB B BepXHel, He3amoJHEHHOH IoJOCe
SHeprerwMdecKUX YPOBHeH, HA3HBaeMOH n040c0% nposgodumocmir.
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Paznnume mesmy mMoIeKTPHKAMEH B HOJYyHPOBOMHHKAMA B3aKJIIO-
9aeTcs B TOM, YTO y HCPBHX BEPAKEHHOE B BJIEKTPOH-BONBTAX pac-
CTOSTHHE MEKAY HOJIOCOH HPOBOJMMOCTH H JIekaliell HUke 8 IelHnKoM
BaIOSTHEHHOH MOI0COR MHOTO Gosbime, uem y BrOophX. IlosTomy mo-
ABJIHHe 3JeKTPOHA B MOJOCE MPOBOJANMOCTH B CIydae AM3IEKTPHKOB
OOYTH He HMeeT MecTa 3a CYET SHEPIHH TeIOBOTO IBHKEHHA YaCTHI|
pmsniextpura. Hamporus, y momymposoannkoB Takoit mepexop BIOJI-
He BOBMOMKEH M HPHBOANUT K XapaKTCPHOH JJIA HOAYHPOBORHAKOB 3a-
BUCHMOCTH HJIEKTPOIIPOBOMHOCTH OT TeMmepaTyPH.
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Puc. 8. JHepretmueckme ypossm Pme. 9. DHeprermueckme ypoBHNM
OH3IeKTPUKA. DONTYyIPOBOTHAKA.

YTBep:xaenne, 4TO Hepexosn 9JIEKTPOHOB B HOJIOCY HPOBOREMOCTH )
HEBO3MOKEH [JIA JUBICKTPHKOB M BO3MOKEH [JIA NMOJNYIPOBOTHEKOB
H YTO B MeTa/uIaX HA KaKIBL aToM HpHXoAmTca B OOMMX YepTax
IO OJTHOMY SJIEKTPOHY HPOBOIMMOCTH, HpefcTaBiAeT cofoii mepefpa-
3HPOBKY TOFO HOJIO;KEHHA, YTO B HIAEATBHEIX AMIJIEKTPUKAX Jake Ba-
JIEHTHEIE SJIGKTPOHE KPEHKO CBA3AHBI ¢ ATOMAMM HJIM HOHAMH, cOCTa-
BIAOIMAME KPHCTAJUIHYGCKYI) DeI¢TKY; B HOJYyHPOBOTHAKAX 3Ta
CBA3b MHOIO cjla0ee, a B MeTa/IaX BO BCeX y3llaX KPHCTAIIHUeCKOH
peméTKE HAaXOgATCA ATOMH, OT KOTOPHX OTOPBAHO MHO OTHOMY Ba-
JeHTHOMY 9JIGKTPOHY, H O5TH 3JeKTPOHE MOILYT HOEepeIBHraThcA IO
BceMy 00B8My Merassia. Pacmonosxenme moioc SHEepPreTHYecKNX YPOB-
Hell U paccTOAHHE MY HAMH MOMKHO PacCUUTaTh, MCXOMS M3 sHep-
THA CBABH 3JICKTPOHOB B COCTABAAKNIIAX KPHACTAVIIMYCCKYI pPeINéTHY
aTomax. .

1) He cnegyer cMemmBaTh NepeXofl SIEKTPOHOB m3 OTHOH SHepreTHIECKOH
IOTIOCH B APYIYI0 ¢ pX NepeMelieHMeM B NPOCTPAHCTBE, TAK KAaK IEPEXOX u3
OfHO# HOTOCH B Ipyryio 0603Hadaer JAIb H3MeHeHHe SHCPTHE SNICKTPOHA HE3a-
BACHMO OT €TO_lepeMenjeEAs B IPOCTPAHCTRe.
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CymmecTBeHHHIH 71l ABJIEHHHE B MOJYHPOBOMHAKAX $arT COCTOHT
B TOM, UTO HapyMien¥e MPABHIBHOIO CTPOCHHSA RPHCTAJIIAYeCKONl pe-
METKA W3MeHAET DACIOJIO;KEHAe SHEPIreTHUCCKMX YpOBHEH, BOIMO-
HBIx nas smextporoB. Oco0eHHO CymecTBeHNYI0 PO HrpaioT Iapy-
MeRAA CTPOEHMA KPHCTANIAYECKOH PEMETKA TPH HAJMINH B Hel IO~
CTOPOHHHX, WA H30HTOYHEX, ATOMOB. IlpucyrcTBmE TaKAX aTOMOB
B OT7eAbHEX TOYKAX BHYTDPH KPHCTAJJIa IPUBOJUT K IOABJIEHNIO HA
pHEPreTHIeCKOH [HATPAMMe HOBHX JO3BOJIEHHEIX MECTAHBLT (woraan-
HBT) yposHel, PACIONOMEHHEX HA SHePIeTHIeCKOH AHATpaMMe MEi-
Ay BepxHeil 3amONHEHHOH HOMOCON W MOJOCOM IPOBOAMMOCTH, KAk
510 moxazaHo Ha pme. 10. Kpucranmumueckoe Teso, ABJIA0INeeCA B Td-
CTOM BHe JUOTEKTPHEOM € BHICOKNMI H30JIAINEOHHEIMA CBOHCTBAMH,
CTAHOBUTCH HOIYHTPOBOTHHKOM
IPH HaJUYAE B HEM IpIMeced

(«ompEMecHOI mOJIyIpOBOJI- /// //7/ 7 /%
HEK»). JTO HMeeT MecTo H B AL l/zp

Okeud Bakyym

cllyyae YACTHYHOTO BOCCTAHOB- FOEIMCTT
JNenma OapdWfa B KpHCTalIax ]
A 6 P o p, 7 jﬂ | Mecmusii ypobesie
oxmen Oapns. Ilpn axraBupoB- 7 ol
Ke OKCHIHOTO KaToja YyBelH-

wHBaeTcA YHCIO BIEKTPOHOB B Z7Z777777
OJI0Ce TPOBOMMOCTH, a Gie- %//mxmm// /
JOBATENFHO, W BJIEKTPOIPO- 77 /
BOJLHOCTh OKCHIHOIO KaTofla.

B mMmymhCHOM peskmMe Cy-

MeCTBEHHEIM OKAa3BIBaeTCA Ma- Puc. 10. DHepreTHUecKHe YPOBHH HDH-

TepHANl HOJVIOKKH. STO 00B- g:gggg;ﬂggﬂyﬁpOlztz)n;égga.eQl——anepmg,

_ Mafg A JEHUg 3JIEKTPO-
SICHAIT 00pasOBaHMEM INIOXO-  yon ¢ ypops NpEMecH [0 IOTOCH:
OPOBOJIAMEr0 3aNOPHO20 CJA0%  npOBONEMOCTH, Qy—C YPOBHA 33LOJIHEH-

Ha rpaHmie TOJJI0MKKa—OKCH]. HOH NOJIOCH O NOJIOCH HPOBOXAMOCTI.
3amopusiit cyof 00A3aH cBOUM

IIPOMCXO;EeHNeM XHMAYeCKOMY B3aEMOJENCTBHI0 MEMIy MaTepHa-
JI0M LOJUIOKKE I ORECHI0 Gapns (BoccraHOBIEeHHe Oapus n obpasopanne
OKHCIIOB METAJIJI0B, BXOJAMEX B COCTAB IOJIOKKE B KaYeCTBE MpPH-
Mecel K HEKEIO).

Ha mouse mpepcrapneHmil 30HaJTbHOH TEOPHH HOJYNPOBOIHAKOB
GELIO CJIeaH0 HECKOMBKO NONKTOR MOCTPOUTH TeOPHIO TePMOdIEKTPOH-
HOH SMOCCHEM M3 OKCHIHOTO KATONa. OTH HONKTKHA yYATHBAIT JHEP-
THI0 IIepexoja SIICKTPOHOR ¢ 3aLOJHEHHOH MOJOCH (WIH ¢ MeCTHOTO
yPOBHA) B HOJIOCY IPOBOJMMOCTH ¥ W paboTy BHXOa W3 OKCHja B Ba-
KYYM HJIH Ta3 ¢ 0JA 5JCKTPOHOB, SHEPreTHUeCKOe COCTOAHNE KOTOPHX
COOTBETCTBYET IOJIOCe MIPOBOIAMOCTH. 3aBACHMOCTH SMHCCHOHHOTO
TOKa OT TeMImepaTYpPH, monyuenHasd TakmM obpasom (fopmyma Tary-
HOBa), EMeeT BHX: .

_etw2
i=AT"te BT | (10,1)
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@opmyar xpyrmx aBTOpoB oTImdaiores oT (10,1) mumn BHIpasKeHIEeM
71 nocToauuol A m moxaszaresem npm I'. Bee atu $opmyast n neska-
Ule B MX OCHOBE LPEJCTABICHHA HEJOCTATOUHEI, OJHAKO, IS TOIO,
9TOOH IIOTHOCTEI0 00BACHATD HOBENEHHE OKCHTHEX KATOIOB, 0COGEHHO
B IMOYJALCHOM peKHMe.

B nactosmee BpeMs CymecTByeT HECKOMLKO KAaueCTBEHHEIX 00Bbsc-
HeHWH OTHCABHHX 0COGEHHOCTEH HMMIYIbcHON sMucenn. KeTh MOMBTKY
OOBACHUTL GONBNIYI0 MIOTHOCTH SMHCCHONHOTO TOKA € OKCHIHOTO
KaToJga HeIOCPE[CTBeHHO HOoce HAJO0KCHHA AHOJHOIO HAIDKeHNS
TeM, 9TO NPI Havd/le MMIYJIhCA N3 ORUCH (apHd BLIXOAT B GOTBLUIOM
KOJIMYeCTBE HICKTPOHB, HMEIOIIecs B II0s10ce mpopojguvoctu. Ilpm
9TOM KOHIICHTPANAA HIICKTPOHOB IPOBOIMOCTH ObiCTPO YMCHBINACTCH,
TaK KaKk OHA He YCIIeBACT HONOJNHATHCH 3a CUET HIACKTPOHOB, IEPE-
XOJSIIX B HOJIOCY HMPOBOAIMOCTH ¢ MECTIHIX Yy posHeil. J10 npmBoamT
K CHIKENH0 IJIOTIOCTH 3MHUCCHOHHOIO TOKA, NMOKA HE YCTAIOBHTCA
TaKOC PaBHOBECIe MKy 9HCJIOM JICKTPOHOB, MOKHIAIONHIX HOI0CY
HPOBOAMMOCTII, I YICII0M HIACKTPOHO B, IEPOXOAANTIX B HCS ¢ HILKCIIeKA -
MAX ypoBIIeii, KOTOpoe yunTeBaeTes Gopmyaanu trina Gopumy:in (10,1).

Hpyrne aBTOps! yKa3HBAIOT HA CIOKHOC CTPOCHHE OKCHIHOTO CII05],
NPOHA3AHHOr0 MHOTOYHCJICHHBIME TOHKUME KaHalZamiu. Takoe cTpoe-
HHC NPHBONUT K TOMY, YTO HCTHHHAA IJOMAAb MOBEPXHOCTH OKCHIA
MHOTO (0:1b1Ie KaskyIinelfcs MOBePXHOCTH KaTo/1a, H IOATOMY TIOTHOCTE
TOKAa, OHpe,"[O.TIHQMaH OTHOMeHHOM CHIJILI TORA R BH,’[IIMOﬁ' ILTOMA T
MOBEPXHOCTH KATO/a, ABIACTCH CHJIBHO 3aBHIMIEHHOH, a BospacTaHmC
CHJILI TOKA UPH YBCJUYCHAN NAIPSAMKCHUA B AMOVIALCE 00BACHAETCH
pacceAHeM IUIOTHOTO MPOCTPANCTBEHHOTO 3apAaa, 3alOJIHAIONIEro
KaHAIR OKCILTHOTO CJOA.

Boasmoe smavenne mpmpaéres TaksKe TOHKOMY BPEMEHHOMY 3aIib-
pawmeMy ¢loo, o00pazyomeMycsi HA TpaHUNe TONI0KKA—OKCH
OpH OPOXOJKACHAUA CWIBHHX TOKOB IMIydsca. Ofpazopaue »ToOro
IFIOXOOPOBOIANETO ¢JI0A CHIMKACT CW/IY TOKA B [ajbHCHITHe MOMEH-
TRl IPOXOsKAeHUA HMOynbea. llpm pamumpix mMImynscax m nmpm mepe-
XoJe 1 PeKAMY HOCTOAHHOTO HAIPAKREHAA 3HAYATEIbHYIO POIb HTPaeT
OTPaBIICHAC OKCHIHOTO KaTOJa KHCIOPOAOM H HPYTHMH AKTHBHHIMH
razaMi, BRIICTAIONIAMACH U3 aHOAA. JTO BLigedeHue TeM OOJbINC, 1eM
fompme cuma ToKa, a CACLOBATEABHO, I HATPEBAHUC AHONA M JPYTHX
uacrell TpyOru. B mactodmiee BpeMa IPHHATO CUATATH, YTO B XOPOIIO
AWTHBAPOBAHHEIX OKCHIHGLIX KAaTOAaX CHJIA TOKA OTPAHMYMBAETCA LPH
HIMIOYJTBCHOM DeKMMe OPOCTPAHCTBEHHEMA 3aPANAMH, 4 HE NOCTMKe-
HmeM Hacsumlennsg. OTCTYIIEeHHMA 3aBHCHMOCTH CHMIILI TOKA OT HANpPH-
HMEHAA OT ¢3AKOHA 3/2», ONpeNemsIINero xox BOJIBTAMIEPHOH Xapak-
TOPHCTUKYA [P OTPAaHUYCHHN TOKA IPOCTPAHCTBEHHBLIM 3aPsANOM
(M. § 39 run. VI), o0bacHAETCH yBeAMYMBAIOMHMCS BMCCTE C CHIION
TOKa OTpaBIeHHEM KaToja.

Onnako enmuoi CTPOItHON TEOPHAN, KOMMYCCTBCHHO 0XBaTHBAIOIeH
Bee OTH ABJIeHHs H yOenHTeJbHO HPOBEPCHHOH OIKITOM, €ME Her.
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3a mocrnemmme rofll B JIMTepaType OMMCAHEI ONBLITHL ¢ KATOMaMH
W3 ORHCH TOPHA M €O CACHCHHBLMUL (CUHMEPUPOSANIUMUE) KAmo-
JaMu, M3TOTOBICHHRIMI IYTEM CIVIABJIEHMA HMKEJIEBOTO IOPOIMIKA
¢ OKCHIAMH.

§ 11. Tuni KATOAOB, IPIMEHACMBIX B DIEKTPOBAKYYMHBIX NPnOO-
pax. Hau6onpmree pacnpocTpanenne HMe0T OKCHHEE KAaTO AR . MeKiTio-
unTesibHOe NPHMCHEHWe OHM MMEIT B MMHYJIbcHOM pesrmme. Ilo xom-
CTPYKIHAY PA3IMYAT OKCUIHBIE KATOIBL C NPAMELY U ¢ KOCBEHNBLY Ha-
karom (nodoepesnue). B katogax mpAMOro mawama TOK IpOXOIUT
HCIOCPCICTBEHHO Yepe3 Telo0 Karoja (IPOBOJIOKA, IPOBOIOMHASN
clupanb MK JIeHTa, HOKPHTHeE CcJI0eM OKcia). B uojporpesummix
KaTofaX OKCH HAHOCHTCA Ha HHUKEJEBRIH LWIHIID, BHYTPH KO-
TOPOro BCTABJEHA HAKAJHBACMAA TOKOM BOAL(paMOBas LeTIA Wl
cumpanb. Ilogorpepunii karo mMeer TO mpeMMYBIEcTBO, WTO o
HUJLICTCA HKBUIOTCHINATIBHBLIM, T. €. BCe TOYKH CTO IIOBCPXHOCTII
HaXOMATCA UPH OJHOM U TOM ;KC IOTCHIMAJNE II pasnIma HOTeH-
HHAJIOB MEIY KaToA0M H JI00BNM APYTHEM BIEKTPO(0M Ipufopa iveet
BIIOJIHE ONIpejiesiéHHOe 3HAYCHME 13 3aBUCHMOCTH OT MOTCHIHAIA HTOTO
371EKTPOIA. ITO OGCTOATETBCTBO Y BEINYUBACT KPYTH3LY BOThTaMIIe]-
noit xaparTepucrTurn upméopa. lmmmEap kKaToza Ha BeeM  cBOGM
IPOTAREHNN (KPOMe OfNOfi TOYRM) M30MMPOBAN OT ICIH monorpeBa
croem amynia (Al,O,). Haa ysedamwennsa mwiromams, sMurrmpyomeii
OIeRTPOHBL, IMJIHHAD KATOAA UHOrJTa CHAOMKaeTcd OOKOBHIMM, TAIGKe
UOKPLITHIMI OKCIIOM, KPHJIBAMU (Hamoxobme pajlaTopon NApOBOro
oromrennsa). B rasopaspamubix mprdopax (rasorpoust, TUPATPOHH )
OKCHANBIe IIOMOTPEBIILIC KATOJH OKPYIKAIOTCH 2allUTHRIMII dRPAHAM
¢ PHIOM OTBEpCTHIl. ITH MILTHHIPH HAXOMATC A IPH TOM ke HOTCHIHA-
<IC, YTO M KATOM, M CAYKAT AJA YMCHLIUIEHIIA WMOTCPH TeILIa KaTOHOM
IyTEM HM3JIYyYCHNA, a TaKKe VI 3aUIHTH OXCHHOLO CJIOA OT Gombap-
JHPOBKY IOJIOKUTENIHHAIME HOHAMIL,

B nycrotusx npuGopax samutunie skpaHst ne MoryT OBITH TIpuMe-
HEHBl, Tak RaK OHU HPEeNATCTBOBAIA (LI HPOXOMICHII HMUTTHDPYEMBIX
HaTOROM DIEKTPOHOB Ha aHOT WM Ha cerry. D mpmGopax ¢ rasosmm
HANOMUCHAEM  JJEKTPHYECKHIl paspsl cBOoGOJHO IPOXOAHT wepe:
OTBCPCTILA 3allIUTION0 9KPAHA KATOa, JHITL HOMHOI'O VBOIAYITBAOIET0
BHYTPeHHCE colipoTupdcnue upubopa.

B nomeifimitx razocneTHX HCTOWHMKAX CcBeTa OKCHTHBIC KaTOoxb!
HPUMCHAIOTCH (CAMOKQAAMYUECTS, T. €. PA3OIPEBACMEIC HE CIICIHAJb-
UbIM TOKOM HaKasla, a TeILIOM, BBLICJAAIIINMCH B paspsie.

B mommmix remepatopnrix mammax NPUMEHAITCA BOJbHPaMOBLIC
RATOAbI, HpeNCcTaBismiomue OGO TOJICTHE BOTBHPAMOBHIE CTEPIKHH
ya compani. 178 KoMmeHcanu® cHALHHIX MarHHTHHX LOJTeil, cosxa-
BAEMEIX TOKOM HAKala, Npej0AeHN METALTHYSCKHe KAaTOOH B BUje
10100 MUTHHAPA ¢ COOCHLIM €My NMUTHHPHYECKHIM CTeDKHEM BHYTpH.
Tox mmér mo UWIMHADPY 4 BO3BpAaNlaeTCA IO CTpe;kHI0. BMecTo BONL-
Ppawa B Taxnx karonax, mo JTHTePATYPHEIM JaHHBIM, IPAMEHANCA TAKKE

4 A. Lanmos
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MeTajn HuoOmii. B mmrepaType BeTpedaTCA YKRasaHMA HA KaTOAM
M3 Merajuia peHud.

B HeKOTOPHIX THIAX raz0TPOHOB HPAMEHAKNTCS KATOABL 113 TOPUPO-
paHHOro MoJmOICHA.

§ 12, IMuCCNA NOAOKNTENDIBIX HOHOB. Hapsiy ¢ TepMUaJIEKTpOH-
HOH pMuccuell HablIojaeTcs Tarike H HCIYCKaHNe MeTalyIoM mOJo-
JKATEJILHAIX MOHOB 32 CUOT HX TemwTosoro apmxenust. Tax, mpu Temme-
paTypax Boas@pama, GIUM3KHX K TeMIePaType IVIaBICHIIA, IMECT MeCTO
BHIXOJ H3 TBEPIOH $asnl B oRpy:xalollylo cpeiy He TOALKRO HelTpadih-
HBIX ATOMOB, HO I IIOJIO}KHTENILHO 3apPsIHCHHLIX HOHOB. Hypowme 1010,
SMUCCHS IOJIOKATEILHERX HOHOB HA0AI0JACTCH Yike TP TeMIepaType
KpacHOro KaJleHHsl B MeTa1aX, Cofepirallux pacTBOPEHHEIH raa.
JT1o ABNenue HAGMIOTACTCH ¥ TPOBOJIOK, HAXOIHBIINXCA B CONPHKOCHO-
peHEE ¢ rasamm mpu Temmeparype oxomo 200°C npm masienum mo-
pagka H50—100 ama.

1{010RUTCALHEEe HOHB OMATTHPYIOTCA TakKe HCKOTOPBIMIT COTTAMME
OpH CpaBHUTEILHO HM3KIIX TeMllepaTypax. [lpn Hanmua@m IPHMECH
ORMCIIOB HEKOTOPHX BeMecTn HMHCCHS TAKOIO POAA CTAHOBHTCH 0CO-
GeHmo MHTeHCHBHOI. TaruM CIOCOOOM MOMKHO HOMYwHTH MOHEL Na,
K+, Rbt, Cst, Mg#, Ca*, Srt n Ba*. CiennaIbao N3rOTOBJIEHHLIE (AliO-
et KyseManay mpHMeHmioTes TP I3YYeHIH MOBCIeHMsT TOIOKATE -
JIBIX HOHOB IHETOTHLIX MCTAJIOB HPH Pas3miraHLIX 00BEMHEIX H IOBCpX-
OCTHLIX HJAeMeHTaplblX Iporeccax ).

§ 13. JIpoGonoii sdexT n gpyrue HCTOUHUKHE MYMOB B DIEKTPON-
upix 1 MOHmBIX mpudopax. [lposoroii sdidert, mmerouyril MecTo mpn
TEPMODIEKTPOHHOM IMUCCHM ¢ Katoia, NMPUBOAMT K Becop ATOUHLIM
(OTOJIHATEAPHEM KOJCOaHIAM TOKA B AHOJHOM NEeIN JaMIIbl I B KOHe™-
HOM HTOT'® K HOSABJICHIIO GeCIOPITOYHOIO HIyMa B TeJIeOoHe HITH TPOMRO-
roroputese. Taxim 06pazom, ApoGoBoil bderT sABIIETCH OTHOM W3
OpHYITH, KOTOpPHE OTPAHMYHBAIOT BOBMOKHOCTDL IIPHMETICHI {031~
[IOTO WHCIA YCHINTeABHHX KACKANOB I KJIAAYT HIKHUA Mpefest M-
TENCHBHOCTH YJAaBINBAEMHIX CHAITIAJIOB IUIH HCCJCHYCMBIX IIPH HOMO-
NIH YCWJIATCISI BechMa CJalhx roncHanii,

IpoGoBoii sdPerT mmeeT MECTO HE TOIBLKO IPH TePMOIIEKTPOHHOR
AMICCHHM, HO I IPH BeeX MPYTHX BHEAX DICKTPOHION DMMCCHH: TIPH
PoToadPerrte, WPH BTOPHULOIL HMUCCHHE I TPU X0N0qHOI BMHECCHY.

[Mpuurnoil ApoGoBoro ofderra ABIACTCA HE MPOCTO AHCKPETHOCTD
BNCKTPHYECKHX 3apsi0B. Kcam O Bee 9CKTPOHBL  BRLIETAJIL b
KATOJA PARHOMCDHO Wepe3 O;IHHAKOBBIe IPOMEKYTRH BpEMeHI O/

1) Hcnoie30BaHI® mepsoucnnol osuccut HC FABJGICTCSA  €1MHCTBEHHLIM
ACTOTHHEKOM MOJNYUCHIH HOJUAHTeThHLIX HOHOB. B psafe cleHHaIbibX npubo-
poB mpmMensercst OGPABOBAHHG TOHOKMTICHLHLIX HOHOB B 1asoBOM Ppaspiic
M CO3JaHAEe WX LYUKOB HpPH UOMONH HAJIOKCHHA CHCIHANBHO o700 pasHLIX
PITEKTPUIECKAX M MATHHTHWX MOJTed, T METO1sl NOTydeHUST MOMMUBIX HOHHKIX
Ny9KOB HMEIT Golbmioe 3HaYCHue NJA TEXHHKA «ycropureneir. B panmonpm-
fopax OHH NpPEMEHEHHsA HOKA He HMMCIOT,
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48 JIPYTHM, TO 3Ta IPEPHIBHCTOCTH Ohla Obl COBEpPHIEHHO He3aMeTHA
i13-3a BECbMa MaJIOre ULepHONa MyJbCanmii TOKa—IePHONA, CONZMEpPH-
MOro ¢ IePMOROM CBETOBOM BOJHH B BHAMMON 9aCTH CHEKTpA. Brrxon
oabIIOro YHCHa BIEKTPOHOB M3 KATOa KAaK NPW TePMODIEKTPOHHORN,
TAK W OpY BCCX IPYIWX BUJAX 5EKTPOHHONR dMumccmm coBepmaercs
MO 3aKOHAM CJYYaHHLIX ABJICHWH, OPWIEM BEIXOI OJHOTO BJIEKTpOHA
He 3aBUCHT OT BEIXojia xpyroro. Ilosromy wmcno saextpomos, mown-
NaruIX HOBCPXHOCTh MeTajlila 38 MANHH IPOMEKYTOK BpPeMOHH A-,
He TOCTOAHHO, & IOIBEP;KEHO (IIOKTYammaM.

B cratuctuueckoll (mamke mOKa3HIBAETCSH, 4TO eCAH KaKAg-JIuGO
BEJIMYMHA, HAIPHMCP KOJMYECTBO M. JIEKTPOHOB, MOKHIAOIIAX Ka-
TOJ Ba KaKOH-IMGO MPOMEKYTOK BpeMeHw A, nofBepKeHa (PIIOKTya-
wiAM 11 ME 0G03HAYMM €8 OTKJIOHEHH® OT CPeIHero apu(MeTHIeCKOTO
SHAYCHIA 9epes 1, Tak 4T0 Ry=n,—neAt, Ie Ny—9UCIO0 HIEKTPO-
A0B, BHIIETAIONMMX H3 KaToma 3a | cex., W mogcumTaeM 2a GOJIBILOIN
(0 cpaBHEHMIO ¢ At) TPOMEKYTOK BpeMeHH CpeHmil KBaIDAT BTHX
OTHJIOHEHMIl nf, TO 3TOT KBajpaT GyfeT YHCIEHHO paBeH cpenEeMy
AHAYCHUIO TON BOJNTMHE, OTKIOHEHHHA OT KOTOPOil WCCIAeXyIOTCsA, T. 6.

ni=nyarc (13,1)

Cpennee 3anauenne CUIM ToKa, KOTOpafd COOTBETCTBYET BEIXOLY 1,
9/IBKTPOHOB B 1 CeK. M KOTOpY! HOKA3HBAIT BRIKNYSHHEKE B IIemb
nputGopni, [, wmcaenno pasno ne. CunaTora B TeweHme paccMaTpn-
RAEGMOTO MPOMEFKYTHA BpeMeH!t At panHa Lﬁ:%’;, a OTKJIOHOHWE CHJILI

. n,e
TOKA OT CPOJNCIO 3HAYCHNA Jr==y—. YMHOMKHD HPaByl H JeBYIO
3

sactu (13,1) Ha KBajpaT BEMUNHEL HIEMEHTADHOTO 3apama € pas-
nestEB na (At)?, mpanpém:

Je= 1oz (13,2)

Dopmyna (13,2) nokasuisaer, 4T0 ueM MembIIe BrGpaHHHE Hamm upo-
MEKYTKH BpeMeHH At, Tem GonibIie cpenuuil kpampaT HaGnomaeMLIX
¢arorTyanmit sMnccnonnoro Toxa. Kpome toro, sror cpenHuA KBagpat
OKasLlBaeTcsi CTOAINMM B MNpPOCTOH 3aBHCHMOCTH OT BeIMYHHE Bile-
MeHTapHOTo 3apsaua e. Cormacno Teopeme @ypre Kpupyw, n3obpaskato-
IIyI0 3aBHCHMOCTS CHIIE 9MHCCHOHHOTO TOKA OT BPEMEHH, MOKHO pac-
CMaTPUBATL KAK PeBYNbTAT CJIOKEHHA OTACIbHHX CHHYCOMIATBHEIX
wonebanmit. Ecam npomycTaTs sMmmccwmoBHEN TOK gyepes KrolebGaresinb-
HEIA KOHTYP, TO 3TOT KOHTYp Oy/ieT pesoHHpOBATH Ha Te cyIaramlnue
Kojle0amms TOKA, MEDPHON KOTOPHX paBeH co6cTBeHHOMY Tepuony
ronebanmit kouTypa. Hewro mogo6moe mpomexomur m b yeunuTee.
Ramumnii ycuauTens geiicTByeT 70 HEKOTOPOI cTemeHm n36mpaTeasHo
¢ 66mpmmM KosdPmmenToM yemnenwa k giia ONHWX AJMH BOJH M ¢
MeHbmEM N ApyruX. Kpusas sasmenmocts & o wactoTH ycunmBae-

4¥
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MEIX KROJeOaHmii HOCHT Ha3zBaHUE Y4acMOMNOU Tapakmepucinmuru ycu-
aumeas. Bag sacToTHON xapaKTepPHCTURH YCH/INTE/ISA 3aBHCHT OT €ro
nacTpoitkd. BraBammbie NpoOOBHM aPerToM KosebaHusA TOKA YCH-
/ABAIT IPA TOMONH YCIHJIMTENA ¢ OCTPOIl u3bmpaTelbHOH HACTpOH-
woit. Ilo aMIINTyne KOeGAHI Ha BGHIXOJE YCHINTENA CyAAT 06 am-
WInTyAe KOJAe0aHmii KOMIOHEHTH NAHHON YACTOTRI B HMCCJEyeMOM
apobonoM opdexte m TakmM 06paszoM HpoBepAOT QOpMYTY (13,2),
OTOMKICCTBAAA At ¢ mepHOjoM KOJebaHmil.

Hoxo6Horo poma H3MEpEHHA IO3BOJAIT ONPENIe/IATh BCIMYAHY
57IeMEHTApHOI'O 3apsga ¢ W3 H3MCPeHHI PAsIAIHEX KOMIOHEHT npoto-
Boro aPexTa, COOTBETCTBYION[IX pa3HBIM wHacToTaM. Pesynprarh
OTIX MaMepeHHil coBmamaT mo ueTBEpTON 3HAYAIEl NUPpPH C BelH-
quooi, MONyueHHOH /A e MminKeHoM, a HMEHHO, 1,591.1071® gy-
mona. Taxmm oBpasom, Teopus apoGooro apexta OHpaBILIBASTCS
B OLPeSe/IEHHEIX YCJIOBHAX ¢ UPO3BHYAHHO GOIBIIOH CTeNeHBIO TOH-
HOCTH,

Teopus, 0 KOTOPOH TOMBKO ¥TO HLIA pedb, OCHOBAHA HA NPEMIO-
JTOKeHMM, 4TO BBIXOJ KasKIO0I0 9;IeKTPOHA M3 KATOa M ero MmepesBi-
JREHNe K AHOIY ITON JeHCTBIeM IeKTPHYECKOro IOJIA COBePMIeHHO HC
3aBHCAT OT OMHOBPEMEHHOTO BBIXOA H3 KaToONa IPYIHX DIGKTPOHOR.
Ho Mesy 9/eKTpoHaMM JeHCTBYIOT KYyJIOHOBCKIE CHJIBI OTTATKHBA-
pust. TIodToMy BBIX0[T KasKIOT0 3IEKTPOHA MEIaeT BRIXOY M HepeaBi-
JKEHMIO [ AHOMY CJIEYIOLIUX 32 HIIM 9JIeKTPOHOB. TOIbKO MPH MAJIhIX
WIOTHOCTAX HMUCCHOHIOIO TOKA JOMYCTHIMO HPEAMOJIOEHAEe O IIOTHON
CIIy9aiiHOCTH PACIPEICACHNA OMICCHN OTICIBHAIX DJIEKTPOHOB Kax
110 MOBEPXIOCTH KATO,1a, TR H BO BPEMEHH, IT IIMeeT MECTO TOYHOe BOC-
NpONBBEMeHNe B AHOIHOM ToRe (UIORTYAnmil oMHCCHM HA KaToAC.
Hasuuue npocTpaHCTBEHHOIO 3apfAfa yMEeHbAeT npobosoii adipert.
Teopua nodassenus WM OJenpeccuu dpobosozo dPfexma yIATHIBACT
TAKKe TO OOCTOSTEIBCTBO, UTO I PEMKIME, COOTBETCTBYIOMEM HaRJOH-
Hoil YacTH BOJIBTAMIEPNOil XapaKTePUCTHKI AHOHOTO TOKa MPH HAJIH-
4 NOPOCTPAHCTBEHHOIO 3apPAId, BBI3HIBAGMBIC npoGoBuM 9fdieRToM
$IIOKTYANNI AHONHOIO HANPSLRCIULT A0IAB! ORA3HEBATD HA HIEKTPOH-
e TOK yMembmaomee 1po0onoii sdert pirdgnue.

B cayuae gorosdderrta ymouuo npenedpeds IPOCTPAHCTBEHHEIM 3a-
PAIOM BCJICICTBHE ero MalOCTH. IMooromy upi gotosdderte apodoBoH
ofdert Haliomaercs B UHCTOM BIfle M ONpPaBIBIBACTCA Tpedyemasn
gopmyoii (13,2) mpAMaA MPOIOPIUIIOHAIBHOCT CPEAHEro KBajpaTa
J& W CHJIbE 9MHCCHOHIOTO TOKA.

Jlpyroro popa aABjeHie, HAKIa1LBAIMEECH B HEKOTOPLIX C/ydad-
ax ma apobonoit addert,—ITo0 TAK HasHBaeMulit agfgfexm MepYAHUL,
HabmonaeMslit mpy N3yYeHIY (MORTYANHI HANPSHEHUA B OO 918K~
TPOHHOII JaMmel Ha HUBKAX uactoTaX. Ilpm mepnawnm raTona Bemm-
uMHa HAOMOMBHHKX (IIOKTYALl e COOTBETCTBYCT BRIMHCICHHLIM IO
$opmyae (13,2) sHaueHuAM I H3MCHAETCA NPH MBMCICHUM HACTOTH,
4TO HO JOJKHO AMCTH MecTa Ha HRIKAX 4acToTax UpH ApoGoBom af-
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$erte. Hpome ToOro, OpPH yBeIMYeHHH CHJIBL HMHCCHOHHOTO TOKa [,
pmoxTyamyu (cpenunil KBaapar J7) pacTyI He IpOLOPUHOHAABLHO /g,
KaK 5710 ciejyeT u3 cooTHomenusa (13,2), a muoro Guictpee. LIpu Bosrs-
PpamMoBoM KaToge QUIOKTYaunE COOTBETCTBYIOT TEOPHA JHINL LPH
yacrotax pume 1000 tepu, a mpmu 10 repmax TPeBHINAIOT BHYHUCIEH-
poe spazennsa B 50 pas. Ocofenno Goibiy0 BedwInHY 5TOT APPerT
MeeT IPH HMUCCHA W3 OKCHIHEIX KaTOJ0B. TaK Kark UpH 9TOM SMHMC-
CHOHHHII TOK ¢ KaToja HW3MeHJeTCs CPaBHUTCALHO Me[JIeHHO U Ha
fosbmue BeJIHYWEE, TO YXO yJaBiHBaeT B Teledone ysxe He o6muil
mopox, a XapakTeproe Golee pelioe moTpecknBanne. B 1o ke BpeMs
Ha NOBEPXHOCTH OKCHAA BCUKIXHBAT OTAelbine Nckopkm. Orciona
HasBanue wggpexm mepyanusy. Npnuunoi sToro sdderra asnagworca
yite He dJIeKTPOHHHIC, a aTOMAapHHIC LPOILECCH, a MMeHHo, Gecuops-
JHOYHBEe HM3MCHCHHA YHCIA IOCTOPOHHEX aTOMOB Ha IOBEPXHOCTH Ka-
TOfa, HAHpHWMep aTOMOB 0apua B MOREPXHOCTHHIX CIJIOAX OKCHHOTO
KaTo7a.

Emé oxmn mo6ounmni sdpdert, TpABOAAMMEA K aHOMAIBLHO GOIBINIIM
KoNeGaHIAM aHOTHOTO TOKAa M HaKJIagebaloluiica Ha  Jpoboboil
sdpext u Ha sPdexT MepuaHHaA, LpencTaBAAeT coboll jeicTBHE CIY-
yaliHO HOABIAOIMAXCA OKOJO KAaTofa IOJOKHTENLHEX HOHOB, 001-
3aHHMX CBOMM HPOMCXOJKACHICM HOHH3AIMA OCTATOYHOTO Ia3a, BBIIC-
agiomerocst mpu pabore JlaMOBl H3 CTEHOK M 2JIEKTPOJOB 1NNIM W3 pac-
KaJIeIHOro KaTtofa. HasKmelii mOJIOKUTEBLHBI IIOH, JeHCTBYA CBOMM
10JIeM Ha 5IIEKTPOHH, YCHeBaeT M3BJIcdb GOJbINOe MX 4HCI0 A3 00-
TaCTH IpOCTpaHCTBeHHOro 3apaja. Taxmm o6pasoM, Kajkjoe LHOABIC-
HHe HOJOMHTEeNLHOI0 MOHA NPHBOAAT K KPaTKOBDCMEHHOMY yBemii-
YEHHIO CUIHK aHOJHOIO TOKA.

I po6oBoil spdexT He ABIAETCA CIUHCTBEHUEIM BIJIOM HJIEKTPOH-
HMX (UIIOKTyamui, NPHBOAAMIMX K IOABJIEHMIO IIYMOB Ha BBRIXO/C
VCHIINTeNA W OrPaHHYABAMIIAX BO3MOKHOCTH OYeHb OOJBINOro yci-
JIeHmMd, W JajleK0 He Beeryia IpefcTaBiseT co00H IVTaBHYIO HPHUUHY
arux nrymoB. DIOKTYanun IeKTPMYecoro TOKa HMEIT MecTO B JIIo-
poam mpopognuke. Hak moraswiBaer Teopusa, CpelHsas dHEPIHA BTHX

i i 1
{TORTYyanumil, HOCAIIX HAa3BaHIe MeENL06020 dfierina, pasHa 3 kTHY)

1e3aBICAMO OT pasMepoB H (CPME IPOBORHAKA. B mpOTHBOLONO-
10¢Th Apo6oBoMy dferTy TCITOBOH PdeKT Br3Ban B3aUMOfEHCTRACM

1) JTol BeJduYuHEe MOKLO NPHPABHATE JHEPTHIO TOKA, BO3HHKAIOIETO B NpO-
ROMEUKE CAMOLPOM3BOIBHO HON JeHcTBmeM TenyioBoro afdexra Oes BHemcil
2

2 C 2
3.4.C., T. €. MOJKHO NOIOKITH %L = —;— kT nau g

AYKIHEA TPOBOJHEKA, C—8MKOCTb Mesxay ero kommamu, I 1 U—osdderTnBEmC TOK
u manpsskeEme. 9T0 NPUBOAMT NPl KOMHATHOL Temmeparype, upa L = 0,1 renpu
11 C=5000 ¢ex K adpderTnpHoil crite Toka okoxo 2-10710 a i sdderTunaoMy Banpd-
aenuto 8,4-1077 6. CymecTBOBaHEE TAKHX TOKOB yCTAHOBJICIO SKCIEPUMEHTAIBHO.
OHp UPHBOAAT K NOCTOSHUBIM KOXeSAHOAM HYJA TAIbBAHOMETPOB BHCHIeHd Tyb-
CTBHTEJIBHOCTH.

:—% kT, rae L—camonlt-
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SAPAIKEHHLIX YACTHN KAK MeKAy coGoil, Tak M ¢ JaCTHIAME HPOBOJ-
Haka. TemmoBoit sffext TeM Goabme, ueM GONlbIe MIIOTHOCTL TO-
ka. Bmecre ¢ TeM, weM MeHbIIe compoTHBaeHHme IIPOBOJHMKA HA BXOIE
YCHAATEIdA, TeM MeHbIue TemaoBoil afdent. ITEH ABa 06CTOSTENL-
CTBa NPHBOJAT K TOMY, 9YTO OpPH HCCIeZOBAHHHM (UIOKTYalHH ToKa
ApoGOBOl K TENJIOBOH BPHeKTEH MOMKHO OTJIEANTL OFUH OT APYIOTO.
[Ipu mocraTouno GombmIOH MIOTHOCTH SMACCHOHHOrO TOKA TeMIOBON
9QPeKT uMeeT MeCTO TaKKe M CPeH JJIeKTPOHOB, ABHTAIIIAXCH O1
Karola K aHOAY B 3JleKTPOHHOM JaMIe, H HUPHUBOMUT K IIyMy Ha BHIXOJe
YCUNUTE/IsA fame B TOM ciydae, KOIRa TemsIoBol adeKrT BO BXOIHOM
3BeHe YCHJIHMTeNs CBeREH K MUHEMYMY, a jipo0oBoif addert ycrpanéu
nempeccueit,

Jureparypa &k ra. II

Pesiman A J., Tepmouonnas ammccus, [ocrexusgar, M.—J., 1940.
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3. Tepman I'. u Baremne r C., Oxcumaetii warox, TocrexHazar,
M.—JL., 1949,

4 ltonaguu C, B., ®nagueckne sBICHAA B OKCHIHOM Karoue, 'ocrexusnar,
M.—J1., 1949.



TJABA III
@®OTOAJEKTPOHIIAA 1 BTOPUYHAA 3MHACCHA

§ 14. Tpu supa doroodderra. Domodackmpureckui s permonm
B LIEPOKOM CMEICIE CJIOBA HA3BIBAKT BO3HAKHOBEHME MM MIMENCHHS
2JIeKTPMUECKOTO TOKA B T(NH IO 1eiCTBHeM CBeT, IATA0Iero Ha OM
3 HJIeMEHTOB STOH menu. B mactosmee BpeMsl pasiudaioT TpH pofa
PorosnexTprueckoro ddderta.

1) Bremmumii gorospdent—gfomossekmponnas muuccus ¢ NOBEpX-
HOGTH TeJ, IMOMEINSHHHIX B BaKkyyMe N/ rase.

2) @omonposodusmocmy EpUCMAAL0§—NOABIEHAC LIOJ nelicTBEEM
¢BeTa HOGABOUHBIX DIGKTPOHOB HPOBOMMMOCTH BHYTpH LOJYIPOBOA-
HIKa, 9TO BeST K YMeHBUICHAIo CONpPOTHBIIeHHs 06IyJaeMOoro CBeToM
Teda.

3) GomosPPerm 3anupaiouse2o ¢404—BO3SHNKHOBEHME IO nelicTBIEM
¢BeTa, NAJAIONICTO HA TPAHUIY MeTAJI—IONYNPOBOJHAK, JJIERTPO-
ABIIKYIeH CHJIH, BLISHBaiIell IOfABIenHe HIHM M3MCHEHHE TOKa
B 1[emi.

B sroit riaBe Mbl 0CTaHOBHMCA Ha BHeuiHeM (orosdgexte, Kaw
na OIHOM H3 BHIOB BJIEKTPOHHOH SMMCCHH. Buemunii  poroaddert
12 [OBEPXHOCTH MeTajsia OBUI BuepBbIe obmapymen B 1887 romy l'ep-
1leM NpI M3yUeHHH YCI0BHil BOSHUKHOBEHIA HCKPOBOTO paspsaia B pe-
30HATOPAX, IPA MOMONIM KOTOPHIX OH MGGJIE0Baj paclpoCcTpaneHue
OTKPBHITEIX UM DHJICKTPOMATHITHHX BOJIH.

B 1888—1890 rojmax mpodeccop MoOCKOBCKOTO yHMBEPCHTETa
Adercamtp Ipuropsepira Cromeros mponén o0nIIIpHOEe HCCJIe/I0BaHNe
$OTODICKTPOHHON HMHUCCIIH 1 IOJIEPHUBAEMOTO CI0 HECAMOCTOATE/Ib-
HOTO paspsja B Bosnyxe. COBOKYNHOCTH JTHX [BYX SIBJICHUH OH Ha-
3BAdl aRIMuHO-daeKmpuieckus dPgermory. OT MPOBENEHHEIX 0 HOTO
MCCJICIOBAHMAIT PAPAIKM 3aPHMRENHOT0 OTPHUHATENbHBIM BIEKTpIYe-
¢KUM 3apAA0OM NPOBOIHAKA IOJ AEHCTBHCM CBETa OH HEpemesl i HecJe-
JOBAHHI0 CO3TaBaeMoro sHemHIM GoTodPPERTOM BIeKTPUIECKOTO TOKA
B 3aMKHYTOIl TeIH IO cXcMe, TOKACCTBEHHOH €O ¢xeMoli, B KOTOpOl
Temeps ImpUMeHseTCA BHemmmil Qorosdext. CrosteroB mepewrén OT
BHICOKNX HANPSIKEHHI, KOTOPHMHA NEPBOHAYAIBHO IOAB30BAIUCH
upn mecaenoBaHUAX Qorosfderta, K HUIKAM, DOPAJKA OT 206 1o
HEeCKOIbKUX COT BOJILT, N IOKA3aJ, 4TO CUIAbHOE dJeKTpHHYecKoe [O.1e
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aect mi mpu uéym. CroIeToB 3aMeuml H3LyIenne NCKpPH H3AyYenaeM
AyTOBOTO GoHAPHA, YCTAHOBHI OCHOBHONH 3aKOH PoTovddenta, oGna-
PYMIUT ABJIeHHe yTOMJCHHA MCTAJIIMYECKOr0 KAaToxa, HaXOsierocs
B CONPUKOCHOBCHHN ¢ BO3AYXOM, YCTAHOBINI Haamume dotoadderta
¢ LOBEPXHOCTIH, IIOKPHITOI aHINIMHOBOI Kpackoil. CTolerop osrcne-
PUMCHTAIRHO OHpOBepT wmHemme, Oyaro ¢orosddexr obsmzam cBOINM
IIPOHCXO/R/ICHEEM TOJILKO CJI0AM I'a3a, afcopGHpoBaHHEIM Ha HOBEpPA-
HOCTII MeTallila, 0fHAPY KT Ge3HMHePIIIONHOCTD BUCHIHIETO Poroapder-
T8, NOCTPOWJI «BOBIYIIHKIL BJICMCHT»—OPUOOP ¢ ABYMS METALINYOCK i~
MU DIIERTPOIAMII B BO3YXe, AAIOMMI bJIeRTpHYCeRMIl TOK P ochelne-
HHU KaTofa 6e3 BKJIIOUCHHSA B Ielb KAKOI-IIG0 HOCTOpPOHHEH 3. A. .,
JYCTAHOBUI TECHYIO CBA3L MEKIY (GOTod(Jexror I MOTTOmeHACM
cseta B Meraire. CToeToB MHaywall aRTMIO-DACKTpIYECKHit sfdert
Rak OpH aTMOCQEPHOM JaBJICHUN, TaK M HPH HOHIGKCHHOM. CIermir-
aJbHO TNOCTPOCHHAA UM ANHapaTypa JaBajda BO3MOKHOCTDH HOHIYKATD
napiacune raza ao 0,002 au pr. cr. Croneron YCTaHOBIII, 49TO IBDH H3-
MEHCIHN [aBAeHHA ra3a cuia oToTora B rase HPOXORUT UCpe3 Ma-
KCHMyM. ITO HBICHAC IIOIYYIIO HasBamie afferma  Crmosemosa.

B caexyomne roamt 66110 3HAYHTEIBIO PACLIEPCHO YHCIO ACCIEL0-
BaHHLIX (oToraTonos. Brulo mowaszamo, wro mocuremsr 3IIERTPH-
UECRAX 3aPA0B 1pU GoTodddente ABIAIOTC S ICKTPONBI, i GBLTO yCTa-
HOBJICHO, YTO MaKCUMATBHASA KHHCTHYECKAS OUCPIHA BHLIICTAIONNX
13 RaTolla 3ICKRTPOHOB HE BaBUCHT OT HHTCHCHBHOCTH UAJAIONCTO 1a
Karox maiydenus. B nanpmeifmum mur 6yjem HasniBaTh BeSKOC HMHI-
TApyIoliee (OTOINEKTPOHB Te10,—0Ge3pasinyto, GyLer Jif HTO Whc-
TR MeTalll MAN HeT,—KaTolOM, CaMoe sBIICHHe oToarterTpOHH i
omiccun Mu GyieM COKpamEHHo HaskiBaTh YoTosdderTom.

§ 15. 3akonsr PorosaerTponnoii BMucenn. CuerTpanbnas xapak-
Tepuctnra ¢ororarona. Doroadderr xapantepmayercs ciIeay -
IIHMII OCHOBHBIMHI 3aKOHAMMU:

1) Baron Cmosemosa: ROMINCCTBO DMAUTTIPYEMFIX B CHOMHIINY Bpe-
MEHHU 3JIeRTPOHOB MJIM CHJIA HACHICHHOTO (BOTONCKTPHUCCKOTO TOLa
HUpONMOPHUONaAbHAl HPH UPOYNIX PABHHX VCJAOBHAX HHTCHCHBHOCTIL
IaJaomMere Ha TNOBEPXHOCTh KATOJa H TOINION[AeMOr0 HM CBCTA.
Papnuie yemoBua sject mafo mommvats, kar ochememme OBePXHOCTII
RaTojla MOHOXDOMATHYECKHM CBETOM OIHOIL ¥ TOM jie AJIHHLI BOJIN
ILTH CBETOM OJHOIO W TOro0 K¢ CICKTPAILLOLIO COCTaBa.

2) Bakon Hiirumeiina: MarcuMaIbHAH CROPOCTD Vpqye DIICKT)HO-
HOB, HNOKHJAIOMHX IOBEPXHOCTH KaTona npH oTosdferte © cayvac
METAJLTHYECKOI'0 KAaToja, ONpeAesIsieTcs COoOTHOIIeHHeM

2
Joy =g Tohaxe, (15,1)
TAe /v —BenmumHA KBaHTa SHEPTMH MOHOXPOMATHICCKOTO H3IVUC-
HUs, Tajaloliero ga MoBepXHOCTh Meraslla, ¢—addertuBHan pabora
BLIXOTa BJIEKTpOHA H3 McTajlia, Bblpaskemmas B apraX. Ckopocth v



§ 19] 3AKOHBI @OTOYJIEKTPOHHOM BMIICCHII a7

HC 3aBHCUT OT HHTEHCHBHOCTH HAJAIONIEr0 Ha KaTOX M3JIyUeHnd. JToT
3GKOH HMeeT MecTo HpPII TOMHeCpartypaX, MOCTATOYHO HISKHUX [
TOro, 9TOGEL 9UCIIO HTEKTPOHOB HPOBOIHMOCTH, 00JajalINuX DHEP-
reel, mpennmaoineil MAKCAMATbHYH SHEPTHI0 JJIEKTPOHOB mpu af-
COMIIOTHOM HYyJle, OBIZIO HEBEJIMKO H HO MOIVIO 32METHO CKasblBaTHCH
na ¢orospdexte.

3akon Oiimmreiia wemoCpeICTBERNO HPHBORHT K IpelcTaBae-

mmo o mopore QOTOANMEKTPOHHOW ommcenu. Bmifepem Tanoe vy,
uTobe hvy=v. Sakon JinmTeiina TPHMeT BHJ
mu?
MAKC -
» Iy = I + —3C (15,2)

npu v=v, v=0. lpn v < v, 0IeKTPOHLI He MOTYT BHITH H3 KaTOAa
3a CUBT YBEJMUEHHS WX SHEPITI IYyTéM IOIJIONIENNA KBaHTAa CBeTa.
B zaBmcmmocTn ot Benuununl sdPerTiinuoil paboTel BhIXOoma @ M
ROKIOT0 METAN A CYHIeCTBYCT cBOsg OmpeléleHHasd 2DARUYHAL HACHO-
ma v, u ompeieilnHas epanuunas dauna goanst k. Crporo rosops,
3TO IOJOKEHMC AMOJKeT OBITh CIPaBedIHBO TOILKO NPH TEMICpaType.
paBmOil myai0 mo abcomormoii mxane. Ilpaxtmucckm, B mpeenax
UYBCTBHTENBHOUTII MPHMCHAEMBIX TpH H3ydeHun (oTodpderta mnph-
fopos, 3axkoH JilHmiTeliHa I 3aKa4YeHHe 00 ONpETIeIEHHOM MOPOre
JdorosdderTa ORa3LIBAITCA CIPABETTUBLIMA 7 GOIBLMITHCTBA IUCTH X
METAJIOB IIpH TeMmmepaTypax HOpAJKAa KOMHATHOM.

Kpusas, BolpaskaioHias 3aBACAMOCTh (OTOTOKA OT JIHHBI BOJHKL /.
IS OT WaCTOTH Najiaiero Ha KaToJ W3JIydeHHd v, HasbIBACTCsH
cnekmpaabHoll Tapakmepucmukol fauHoro karoma. uaa Toro wTobn
¢IIeKTpaslbHasd XapaKrepucTura OBlIa BIOJHE OMpeNleNéHHOH H HC
aaBUCeNa OT pacmpeiesIeHud HHTeHCHBHOCTH B CHEKTPE HCTOTHHKA
¢BeTa, OPH INOCTPOCHHMH CIICKTDPaJbHOH XapaKTepHCTHKH HE0(X0-
JEMO OTHOCHTH IJIOTHOCTH (OTOTOKA K EHHHIE DHEPTHH H3JyUYc-
HHSA, WOIVIONIACMOIrCe CIMHINREH MOBCPXHOCTH KaToga B eIMHANY
BPEMEHH.

DoToTOK, TOJYUACMDIL IIPH OCBEINEHHII KaTOa HePasilO;KeHIBIM
¢BETOM, HA3BIBAETCH UHmMe2patvHuM Pomosgdermonr TaHHOIO KaToJa
IIPH OCBeIICHMH ero JAHHLIM AcToYHUKOM ceTa. Ilpu cpapmenun unre-
rpaasioro QoroadderTa IIA PasdHHX KaTOIOB M [JIA PA3HBIX
HCTOYHUKOB CBCTA II€OOXCIMMO TPOH3BOJNTEL CPaBHCHIE IpPH OJNIa-
KOBBIX YCJIOBUSX, T. €. IPH ONHOI II TOMH e OOHICeH dHEPTHA H3JIydc-
113, IalaI0IIero Ha MoBepXHOCTh KaTofa B eguunny ppeMenu. Huorma
BMECTO TOTO YTOOH yKashBaTh CINIY IVIH IJIOTHOCTL (OTOTOK2, MPIi-
xomsnmxca Ha 1 em MouimocTH H3IYUEHHS, maJNaomero Ha Kartoj,
ITHTeHCHBHOCTH GOTOaPderTa XapaKTCPABYIOT KOJIUYECTBOM SICKTPH-
YECKOI'0 3apsfid, BHXO,[AMICTO 13 HOBEPXHOCTH Karoga OpH IOIIo-
UeHUN €0 KOMHYEeCTBA DHEPIHH pajuanul, pasaoro exnmume. Tarmm
06pa3oM, WHTEHCHBHOCTH $0T0sderTa BLIPAMKAIOT, IAOpHMEP, B Ky-
sopaXx Ha ONHY KaJIopHIo.
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Hucno s7eKTPOHOB, HOKMAA0IIX HOBEPXHOCTh KATONA, HPHXOAA-
1ecca Ha OJUH KBaHT IOIVIOIMEHHOTO B MaTepHalieé KaTola CBera, HO-
¢UT Ha3BaHUE K6anmos020 ewreda gororaroxa. s merannos ¢ gucroil
HOBePXHOCTBIO KBAHTOBE Brxon nopsaaka 1078 snexTpoHOB Ha wBaHT.

IIpm npaxTnueckoM mcuomb3oBaunu Qorooddexta B Gortoame-
MeuTax UHTErpajbHYI0 9YBCTBRTEABHOCTD MOCIENHUX B 00IACTH BHIiL-
MOTO H3NIY9eHIs KAKOro-TH00 HCTOYHHKA XAPAKTepH3ywT He YHCIIOM
MUKpOaMIep, COOTBETCTBYOUIMX efMHHIE 3HeDIHH, Najawoimeli Ha
iIOBCPXHOCTH KaToqa B 1 cek., a 9meaoM MEKpoaMnep, NPUXOMAUTHXCH
ua OJMH JIOMEH €BeTOBOT0 MOTOKA, HAfAIoNniero Ha KAaTox ¢otosie-
MeHTa (MHKpoaMuephl Ha moMen). UyBCTBUTEILHOCTH KATOHA pasimy-
Ha IpH pasjinYHbIX HCTOYHIKAX CBeTa, TAK KaK 3aBHCHT OT pacipe-
JACJICHHA SHEPTHH B CHEKTpe HCTOYHUKA.

Ecii nmpd mocTenenHoM yBeIMdeHHHA 4acTOTH cBera cuiaa GoToTora
MOHOTOHHO BO3pacTaeT BINIOTh A0 OYCHb KOPOTKMX BOIH, JIGHKAIUX
14 upejesie 0OBIYHAIX BO3MOKHOCTEH 9KCIEPUMEHTA, TO TOBOPAT O HOP-
Manboil GoToalleRTpoRHOH sMuccnu. Eemir ske cnexTpanbHas xapak-
TCPHCTHKA MMeeT MaKCHMYM (WIH ANA CIOMKHEIX KATOXOB HECKOILKO
MAaKCHMYMOB), TO »T0T caydail ¢oroadderrta nHasusawt usbupamen-
noln Goroaddertom. Bemegcreue mamont mnotHOCTH $OTOTOKA OTpaHm-
qHBamliee TOK JlelcTiie NPOCTPAHCTBEHHHX 3apsgoB HE3HAYNTENb-
HO I POTOTOR JOCTHTACT HACHITEHHA Y3Ke DU OUeHD MAJIOH BesIdiHe
HOTHHHOH DA3sHMIbLL JOTCHIIHAIOB MEMKIY KATOZOM H aHOAOM (cyMmma
HaloxeHHOl M3BHEe U KOHTAKTHOH pAasHUOH NOTEHIMAJIOR).

Ilormonienue KBaHTOB €BeTA W MOCJHCTYIOMAA SMUCCHSA HIEKTPONOB
UPOICXOIAT NpaKRTHYCCK MIHOBeHHO. OUAITH ¢ NpUMEHEHNEM AYelKH
Heppa, nmocraBiieHHEIC ¢ Iebl0 ONpENednTsL 3anasguBanne GoTOTOKA
N0 CPABIEIHIO ¢ MOMCHTOM Hadasa OCBeMIEHHA KATORA, MOKA3AIHU, YTO
OOpAMOK BE/IMYMHEL 9TOTO 3anasfAblBAaHUA NIM, JIDYTHEMH CJIOBaMIil,
HOPAROK UHCPHHONHOCTH GoToadderra B BakyyMe mennine uem 1079 cex.
WuepnmonnocTs  rasoHaOOJTHEHHEIX (OTOIIEMEHTOB, B  KOTOPLIX
s ycuneHIs (OTOTOKA IHCUOJIB3YeTCH Ta3oBhil paspan, o0bACHAETCA
BpeMeneM, HeoOXOIUMBIM 1JIf PasBHTHA Ta30BOTO paspsaa.

Ncenenopanua Qorosdderra B Bakyyme ¢ MOBEPXHOCTH XOPOIUO
00e3aKeEHBIX MCTRJIIOB MOKA3AMM, YTO HUKAKOTO YTOMJEGHUA B CIIY-
yae 4ncToll moBepXnocTH MeTalLTa upu gorosPdextec He MPOUCIOIMT.
Ecan mveer Mecto m3MeneHne POTOdICKTPHILCKO TyBCTBUTEABHOCTI
TAKOH OBEPXHOCTH, TO OHO ABIHNETCH CAEJCTBUCM H3MeLeHHA 1ajo-
BOI NACHKY, ancophupoBaHHOH HA MOBEPXHOCTIH MeTallia.

OmbiTaMu ycTaHopJICHO, YTO pacHpeneleHHe DMUTTHPYEMHX 971eR-
TPOHOB IO PA3SILLIM HANDABICHUAM DONUNHACTCH 3axony Jlambepra,
. €. TOMY 7K€ 3aKOHY, 9TO H CBETOBOe H3jydeHue afcOAIOTHO LEPOX0-
BaTOH IOBEPXMOCTH.

§ 16. Merogst onpeperenna pacupegenenus QOTO3AEKTPOHOB
10 CKOPOCTAM W MeTOALI oupejneneHusa nopora ¢orospderra. Iia
ompeneienna POoToNEKTPOROB HO CKOPOCTAM HHOIMA HPHMEHACTCH Me-
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10Jt OTKIIOHGHHA DJICKTPOHOB B MATHNTHOM IIOJIe, HO 4alile-—MEeTOoH 3a-
JIeP/KUBAIONIET0 MOTeHIHANA, HOIPOOHO paspalOTaHHBIL COLETCKUMI
yuéarsmu II. U, Jlyknpexnm u C. C. Ilpnaeskaesnim. B arom Merone
uamepaeTca POTOTOK ¢ KATOa Ha DJIEKTPOJ (KOIIEKTOP), HaXOMAIIMii-
ca mpm 6ojlee HH3KOM LIOTeHAHMAJe, YeM MOTeHIHAJ KaTofa.

B cayuae mIocKOro kaTola M MapasilielIbHOTO eMy INIOCKOTO yilan-
JUIBAOMEro BICKTPOMa, eciIH MERIY KATOIOM M BTODHIM DJIEKTPONOM
LHT7e HeT TOYKH, B KOTOPOH noreHnnasa Obwl OB HEKe, yeM DOTEHIHA
BTOPOTO BJICKTPONA, BJIEKTPOH MOKCT JIOCTHIHYThH IOCJI@IHEro it
YCIOBHH

2
T >el. (16,1)

3iech v, 0003HAYaeT HE MOJHYI0 CKOPOCTh OJEKTPOHA IPH BLUICTE,
a JIUIIH COCTABIAILIYIO CKOPOCTH, HEePUCH{NUKYIAPHYI0 K HOBEPXHOCTI
KaTolla U K HOBEPXHOCTH cobmpao-
utero amertpona. llostomy msmepe-
HAEe TORa OPH pas3iMuHbIX 3ajep-
smparoiux moreHnnainax U n aTom
cayqae abT UMb YHCIO0 3JICKTPO-
HOB, KOMIIOHCHTa CKODOCTEH KOTO-
PBIX, ICPUEHANRYASPHAA K KaToTy, 7
VioBIeTnopsaeT HepaBenctny (16,1).

Pacopeneacnue o CKOPOCTAM MO-

sKeT OHITH LIOJIY9eHO OTCIOHA JIMIHD

UYTEM CJIOKHOTO mepecuéra, eciii _
H3BECTHO pacLpeelIeHNe BhLIeTa- Pric. 11. Cxema npubopa 14 onpe-
; jefieHHA paclpeedeHdd  HOTOITIEK-
IOUTAY  DJICKTPOHOB MO PA3INYHLIM  TpoHoB 10 HEPLUAM 110 METOLY 3a-
uappasinennaM. UToOnt 00OHTH DTy  jeprupaioniero moxdA. M—yerannn-
TpyHHEOCTh, Jlywmpewmit m Ilprsre-  aecwii cilofi na BiyTpeHied mosepX-
/RACB MPeITOMRHIM AeaaTh Karog —HOCTH mapa K; g—ralbpBanoMerp.
B BIIge MaJdeHLKOI'o Hmapuia 0
(puc. 11), a cobuparomuil 5IeKTPOL—B Bijle METaJIUYeCKOrO Cilos,
HALECBHHOrO HA CTeKIAHHLI KOHIeHTpPHYecKul emy map K Bo MHOTO
pas Gonbmiero pajiyca.

Ecim 6w paanyc BHyTpeHHero uiapa Onil OCCKOHEUHO Mad, TO
coornonrennie (16,1) mpuBeo OB B 2TOM ¢Jlydae HOMOCPEICTBEEHO
K PacHpelejeHHo cROPOCTEH HMHTTHPOBAHHLIX MalblM INapoM 3JIeK-
TpouoB. Homneumsle pasmephl mapira-KaToJa I 3aMeHa IIaplKa
TAKAM ke MaJBbM KaToJoM HHOH (QopMEl BHOCAT Jnib Lebobliylo
omnubiy, o0nuno He npesnmatomyio 2%. Boasrasmmepnas xapawrre-
pUCTHKa, CHATAasS B 9TUX YCIODHAX, UMeeT BUMN, H300payKEHHWIl na
puc. 12. Toura O cooTBeTcTByeT Hayaldy OTCUETA HAJIOMKEHHOIO M3BHE
AQ(CPKABAIONIET0 NOTeHnHasda, 0Tpe3ok (OO'—HKOHTAKTHOH pasHUIEe
gorenmnana U,. Touka O’ pomwkHa CAy:mKOTh HA¥dIOM  OTCulTa
UpU ompejlesleHHH AEHCTBUTEILHOTO 3a;CPIKIBAIOUIEI0 HOTeHIhana.
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Opanmara wamgolt Touku Kpueoil pue. 12 xaér umemo amextpomOB,
YJAOBICTBOPAIOIAX HEPaBEHCTBY

2
5> et (16,2)
LpH RaHHOM 3ajepseupaiomeM noteHnuane U. Pazofeém orpesor O
HA DAX ONHMHAKOBHX Me#Ily cofoit ywactro ab=AU. Ilycrts zu-
JICPRABAIONIT  HOTCHIMAM, COOTBeTcTByommuii touxe D, pasem [
Torta pasmocTh opauHar.
| OPOXOAAIIKAX Yepes TouKH i
/ | H @, 7acT HAM UHCJO 3JCH-
! TPOHOB Anyy, 9HEPTHA KOTo-
; PBIX IpH BRIJIETE M3 KATO.[R
! IeRUT B murepBane or U
i mo e (U+AU). 9ra pas-
{ nocth paHa AU tg (2F ed)).
|
i
|
I

B npesedne ancso saerTponon
afif dny, npEXoaAIIXCA HA Wi~
2/l 0 0" Tepran pueprunm ot eU
U T a0 =0— 7 e (U --dU), uponopnmona:il.-
Jadeprubarnuui Yewgparowud HO TAHTeHCY YrJla HARJIONA
aomeiinn nomeduan KacaTeJbHOW B JaHION Tou-
Prc. 12. BoapTasmepmas xapaxrepmermra ke Kpupoil. Taxum oGpasow,
$oTOTOKA MpH BaNCPIKHBAOILIEM IIOJIE. 3 KPUBOH BOJNBTAMICPHOII
XapaKTepHCTHRH TPH 3a10]-
JKOBATOMIAX IOTEHIHAJIAX MOYKHO IOJYYHTh KPHBYIO PacHpC;ICHeri::
$oTOIeKTPOHOB HO SHEPTUAM, JUPPepPeHIUPYST KPABYIO BOIhTaAMICp-
HOH XapaKTepHCTHKH, )
Ilycts pacmpemenenme mo 9meprmaM BHIpakaeTes QyHKMuC

4

dng=f(&)d&. : (16.3)
2
Pacopezenenue mo ckopocraM v HARaéMm, nonokun & == "Z—v, OTKY,
d&=mv dv. PacupeneneHue mo cKOpoCTAM GYICT HMCTh BH(
2
dnv=n10f<—"l—217—>dv (16,4)

- my?
um, oboznauass mof ( 5 ) gepe3 £ (v):

dn,=F (v)dv. (16,7)

Ecmir nawepTars kpubnie pacopeesIeHUs OO YHEPTHAM WJIA U0 CKOPO-
CTAM B 3aBHCEMOCTH OT OTHOINCHHA AAHHOH BCJIWYHHH HHEPTHH LM
CKOpPOCTH K TOH, KOTOpOil ofmafaeT HamGoIblmee WHCIO SIEKIPOHOB
(pmc. 13), To ommiT mOKA3WBAeT, YTO KPUBHE A OJHOTO H TOTO KE
MeTallla, HO I paslHuHLX 9acTOT HAjAmINero cBeTa COBHAJAIOT.
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Paznmuno oGosHadeHHEe HA pue. 13 TOURH OTHOCATCA K pasiud-
Hud v. DHeprus, roTopoil o6mamaer HamGoBIICe YHCIO HIEKTPOHOB,
pasHa npumepro 0,4 MaKCHMAIbHOH BHEPTHN (ompesensaemMoil MO 3a-
nony OJifiHmreiina).

Metoy 3ajIep/KHBAIONIEro MOTeHNHaJa ABIACTCA TaKiKe ONHAM 113
MeTOROB ompenedleHns nopora goroaddexra. 3anep<uEBaOIIHI TOTEH-

xX

47
9,

+

Orminocuimensioe Yuca 37eKmaosos

L 1 b L [l

0 42 0% g6 48 10 12 14 16 18 40
Lhapocmy 37EKmpoHol 8 omrocumensisir eduruyar

Pac. 13. Kpusaa pacupegemeritse $oTOITCK-
TPOHOB 110 CKOPOCTSM.

1M, TPH KOTOPOM (OTOTOK CTAHOBHTCH pABHLIM HYJIIO, U, npu
so6oit gopme  BIEKTPOIOB  YAOBIETBOPAET PaBEHCTBY

muv? o
8U0=T, (1(),())
rile ¥—MaKCHMaJbHAfA CKOPOCTH DICKTPOHUD, HOKHHAIONIIX KaTol.
Pasenctra (16,6) m (15,1) nalot:

e[/‘o =hv — hVO; U'O = ‘2‘ (" o \'o)' (1()’7)

3uauwenna U, ompefel8HHLIC IS DPA3JIHUHLIX v, JOJRHE yRAa1b-
patbess Ha mpamoii. Tamreme yria makimoma mpamofi Ug= f{v) naér
-2«, a TOYKa mepecevenns €8 ¢ OCLIO afemucc JaéT YPAHIMHYI0 1acTo-
TY Vg

Ha »sToM wMerope mocTpOeHHl OMEITHL Miulinkena 10 nposepne
raxona DilHmreiina m mo ompejesennio mnocrosnuoil Haanka A
dorosnexrponnoii amuccun. Cxema mpaGopa Muwsmiena mpeacras-
ciena ma puc. 14. OGosmauenma Na, K 1 Li ornocares k xyOurax
113 COOTBeTCIBYIOMeEro meraia. Ilopoporod wrnfa MOKHO OLIIO
HOMeIATH K<l 73 HIX H00Uep&IHo TPOTHB KBapmesoro oxomka 0,
qepes KOTOpoe HA HOX Iajgajl MYY0R MOHOXPOMATHYECHOTO CBETA.




62 ®OTOJTIEKTPOHHAH 11 BTOPUYIHAS 3MUCCUH [rn. 11}

Mesay ocsemaembry kyGHKOM 1t coGmparonny a/1eKTpo oM € HaKJIa-
ABIBAJICA  3ajiepRABa0Mmit morenmian. Ecanm momecrurs opmm s
METa/VIMYeCKAX KyOAKOB HPOTHB INIACTHHKE S, cHedaHHOil u3 TOro
/K€ MaTepuaja, 49To I KOJJIEKTOD, TO Me;KIy KyOMKOM H IacTHRKOM
BOSHMRACT D/ICKTPHIECKOC HOJIe, 06yCA0BICHHOe KOHTAKTHON pasmn-
neii motenunanos. Bearoe meGoanmoe mepessmxenme KyOMKa BHIAnL-
BaeT HM3MCHeHWe 3apANO0B, HaBeJEHHKX JTHM HOMeM HA IIIACTHHKE,
OTMCHaeMOe  9JIeKTPOMETPOM. OTKIOHCHHC OJIEKTPOMETpPa CBOAMTCS
K HYJTO, CC/IHM KOHTAKTHYIO DA3HHIY IOTEHIHATOB KOMIGHCHPOLATL
NAJIO’KeNHRIM H3BHe HampsskemueM. TaxmM cmocoGom ompegemnctes
SHAUCHHC RONTAKTHON PA3UOCTH IOTCHUHATOB I TOYHOTO OLPCIC-
remita Uy, Ilpn nomomm moxnimk-
oro pesua P mokHO GLuIO Ccpe-
3aTh MOBEPXHOCTHHII CJOH Kak-
JOTO KyOMKa /I HOMjepskaHms
UNCTOTEL HOBEPXHOCTH.

Hdpyroit meron ompepesiennn
Yp——MeTO ero ompefesemusa I3
IKPHBOIf CHeKTpadpHOl XapaxTe-
PHCTHKH @O TOYKe nepeceuenns
nToft RpHBOH ¢ ocnlo  aemmee.
ITOT MeTox mHe obaanaer Gomh-
MOH TOWMOCTLIC, TaR KAK Kpu-
BaS CHEKTPATILHOH XapaKTCPHCTHRI IPUGIILKACTEST 1 OCH adenme
YPE3BHYAIHO IOIOTO.

Emg oxmu Meto; ompejiesenna Yo COCTONT B 1ofCcYETE vy U3 paneli-
cTBa hvy=¢. IIpu 2ToM HeOGX0IMO mOTH30BATECH 3HAYEHEAMI 2
MOTYHMCHHAIMIL M3 H3MEPCHHII KOHTAKTHOH pPa3HOCTH NOTCHHHAOR,
B TOX ¢ yCJIOBUAX TEMICPATYPH M COCTOAHAA MOBEPXHOCTH KATONA,
IIPH KOTOPBIX Halo OmpeReautsh v,. MeTonm oror, ocHOBammmit ma
aairoue JiHMmTelHA, TPUTOKIM TOABKO K MeTANIAM.

Pesyabratst msmepenma mopora dotooperra aMA paga wcTHix
MCTA/LIOB IIpABETeHH B MIIINMHKPOHAX B Ilpmaoskenmn 111,

IIpn Briconitx Temmeparypax rpannmna gorozdifexra mepegsrraerca
'} CTOPOHY MAJILIX ¥ACTOT CBETA Il BMECTC ¢ TeM CTAHOBHTCA PASMMLTON:
VI KQIRIOTO RBAIITA CBeTa HAMIYTCHA dMeKTPONL!, KOTOPHM HeXBATACT
VT BRIXONA H3 METaJIa OHCPINU, RAK PA3 DABHOM DHEPTHH aTore
iBanTa. Yem MeuhINe DHEPTHA KDaHTA, TeM MeHbLIe TAKIX IITERTPO-
nos. Iloatomy cnerrpannmasn XaPARTCPUCTHKA OPH BEICOKUX TeMmImepa-
TYpPax mpUGAmKaerca K OCH alCHiCC aCUMITOTHYGCK, Uem uyBcTBE-
TelbHee Mpnoop, M3MepSIOUMil CIy TOKA, TeM MeHLIIe Ta GacTOTA
CBeTa, WPl KOTOPOif DTOT mpHGOp emé o6mapy:;mmBaer $OTOTOR.

§ 17. Bansnne Tonkux naénok HOCTOPOHHUX BCHICCTB HA HOBEpX-
HOCTH METania Ha (OTOIEKTPOHHYIO BMHCEHIO. H3onpaTeanustii
poroaddert. Cocronmue mosepXHOCTH Karona, T. e. KOJMYeCTBO ancop-
OMPOBAaHHOTO Ha BTON IIOBEPXHOCTH ra3a M TOHYAlIAe MIASHKN HOCTO-

Pue. 14 Cxesma npudopa Mirtiukcia,
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POHHUX BeMIECTH H XUMHUECKMX COeNMHeHMI UIpaioT b Ciydae doto-
adderra em@ Gomee 3aMeTHYIO POIb, YeM B ciydae TePMOBIEKTPOHHOH
sMucenu, TepMO3TeKTPOHHOU sMUcCHel MOMB3YIOTCH I eé may-
JalOT NPH BHICOKMX TeMIEpaTypax KaToia, Hpd KOTOPHIX HPOHCXOTHT
viajleRHe ajgcopONpoBaHHOTO Fasa M JIErKO HCHAPAIOINXCH BeIlecTi:
M pasiioyKeHHe MHOIHX COeH-

nennit. HaoGopoT, foroadder- §f”” T

TOM IONB3YIOTCH I Walle BCEro % 0600070

cro uaywaloT TpU TeMmmepaty- Ry

pax mopsAaKa KOMHATHOMH, IPHE '\ / 2\ '

KOTODHIX OUCHB TPYAHO COXPA- i \

HETH NOBEPXHOCTH  METAIA R i s\

QICTOH. S £ \
Toukme MWIEHKH HOCTOPOH-  § 200 / \

HUX BEIecTB, TOJINIMHOI B Ofi- § ,\

HOATOMHHIHA €JI0il, 3HAUMTCILHO R \

usmensmioT ospderTuBEYI pa- [ 17 \

$OTy BHIXOfIa B Ty HJIII IPYTYIO N / £ ]

¢TOPOHY, TCpPEBHUIalOT OPOT P L e A S

poroapderta B cTOPOHY 1O 5500 5000 4500 400 GO0 SIE

POTKUX WM JINHHBIX BOJH K Lmuna o 84

uaMeHAIOT ¢y oroTora. Tax
e manmor caon acoptupo- T 15, Xox sy Kre
BAIIGIX Ha TMOBEPXHOCTIL ME- pne o éq)Q)cmla(. oo
Tajdsia TaszoB 1 rasbl, [OTAO-
méguele MetasuIoM. Bimaune
ITOLJIONIGHERX ra30n 0COOCHIIO 3aMeTHO B ciyuac iTaTasbl. Hecroabre
Goslee TOJMCTHIE CA0I MOCTOPOMUIX BEUIECTD, HATPHMED CJOH Me0y-
HOPO MeTajla HA JPYrOM MeTallie, WDUBONAT K 0ofee CIOMULIM
JABTOHUAM, HAXONAIUIIM cBOG BHpAEHHe B HAOHpaTETHHOM oro-
apdexre.

Ws6uparcabunit $orosddent COnpOBOMIALTCH Tal HaSEHBAGMDIM
geRMOpuAAbHLY, P Permos.

Ecii cpapumsaTh jielicTsue cBeta, HOMEPH3OBANHOIO OJUIH pad
rak, 9T0 HICKTPIYECKHii BORTOP JICHKHT B IJIOCKOCTH LajleHia—eay-
wait £y, a ppyrofl pan Taw, 4To DJICKTPUUCCKAI BEKTOD HepICHAH-
RYJAAPCH K TIOCKOCTH majgenna—caygait £, To mabupateabnnit
poTosderT UMCCT MCCTO TOJIBKO B cjydac E;.

CoOTBeTCTBYIOMUE CCKTPAJIBHEIC XapaKTepHCINL IS TOUKROr:
oSt KaJms Ha TJIATHHEe HpuBejieHsl Ha puc. 10.

Hanmame xoTs 6H m Heboabmlol mMepoXoBATOCTU HA IOBEPXHOCTH
KaTojia TPHBOJUT K TOMY, 4TO DIEKTDHUECKHI BEKTOD, MarpoCcKomI-
4eCKM mapalIe/IbHHIl MOBEPXHOCTH KAaTOJla, HAa CaMOM fesle B orjelh-
HBIX 5JIeMEHTaX IOBEPXHOCTH 06pasyeT ¢ MOBEPXHOCTHIO HEKOTOpbiH
yrodl, W mO3TOMY HPAKTHYCCKM K HOPMAaTbHOMY doroadderty Beerna
pAMemaHa HEKOTOpad JoiA W30upaTellbHOTO doroaddexTa.
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Od6vacrerne m3GupaTensnoro gorosddexta paioT TEOpPHYU OTO-
opderTa, mOCTPOGHHEIE HAa OCHOBE BOIHOBOM MCXAHUKL.

B cayuae Tonmknx niémor ma moBepXHOCTI METAIIOR SKCIePUMCHT
W TOOPUH e{MHOTTACHO MPUXOAT K HAJWYMI0 H30HpaTeldbHOro (oro-
sfderta. B OTHOMICHHE MOBEPXHOCTEN IMEIOYHBIX METAJLIOB BHLICHIEI
CTCICHH YHCTOTHL MOy COBPEMEHUBIMI TeopuaMHa PoToafPerTta I sKC-
HEPHMEHTOM IIMeeTCHA HeROTOpOC elld He IpoBepeHHOe pPa3HOIIACHe.
Haqiane mabupatensuoro goroaddexra B ciyuwac APYTUX HHCTHIX
METaIOn yCTAHOBICHO HOKa JIHUIb HeGONLIUINM YHCIOM H3MEDeHMIl 1
HCCKOTBKUX  METaJJIOB M3-3a HEOOXOAUMOCTH DKCHEPHMEHTHpOBAThH
B KOPOTKOBOIHOBOH 00/1aCTH yABTpaduoIeTOBOrO CcIeKTpa.

§ 18. Teopun ¢erosackrponnoii smMueenit. 343Uy 0 IIOTHOCTII
IMHCCHOHHOIO TOKA OJCKTPONOB NpH (OTOIIEKTPOHHOH HMHCCIIL
MO0 OBWI0 OBl DemNTh, MCXOAA U3 TOTO sKe ypPABHEHHA (4,23),
KOTOpOe CIY:RUT A PeNIeHII 3a a9t O TCPMOICKTPOHHON 9MUCCHH.
Ho pust a10ro momamo 6un10 611 GRITH H3BECTHO pacipejie/ieHHC HJeK-
TPOHOB IO cJIaraoLiei W KuieTneckoil sHepray B TBMKEHIH 10 0cH X,
UCPRCHIAKYJIAPHON K MOBCPXHOCTH MeTaslla, HOCIC TOrIOMeR s po-
ugKaomero B Merasaa usiayuerns. Haxomaenne storo pacupenemeniis
cocrapasger nauboibmee 3aTpy/Henite B Teopuu Goroddderra. Mosmuo
[IOJIOMTH K pPelleduio 3aJaull HECKOIBRO MHHIM uyTém. Momnmo momm-
Math 1o 1V B ypaBmemmn (4,23) cllarajontyio sHepIiN 10 WOIMIONMe-
IBNT OTICKTPOHAMU SHEPIIH KBANTOB M3TyYeHUsA, HO H3IMOHUTh HUROHI
tipefien murerpaia ¢ IV, ma W,—hv, oxparmnas, tawmm oBpasom,
' TC SJICKTPONLI, KOTOPKIM 10 HOTTIOMIEHHA H3JydYCHMs HeXBaTalo
OHCPITHHL LI HPeoJOICIH HOTCHIHANBHOrO Gapnepa BHCOTH W,
HO KOTOpBIE HPUOGPETAIOT HTY NeI0CTAIONYI0 00 DHEPIHH 3a C4ET
fBaHToOB MAyucHus. Oxuaro 06aBOuHY0 SHEpPTHIO HPHOGpETYT
11e BCe 9. IeKTPOHR, mo3ToMy gyHKumio pacupenenenns N (W) 1 (4,23)
a0 3aMeHuTHh pyroif N'(W), yumrnmanomeii 5To 00CTOATENBETRO.
Oyurnmo D (W), yunrbaouyo oTpakenne 9JEeKTPOHOB OT Io-
BEPXHOCTU pasje]a MeTajil—OKpY:Raolas Cpeja, Hax0 3aMCHHTH
HouhM  pupakenueM D'(W), rae W ramme coorsercrByer 3Hep-
Imst 1O MOryTomenas uaayvenus. Takam obpasom, exogmoe ypab-
HCUAC TPHHAMAET B

i—=e \ DW)Nya. (18.1)
WS ey

Hpn pemennn sazaam o gorosddente ¢ D'(W) momxuo » mepnom
UpUOAMHRERAR HOCTYNMTH Tak e, KaK H B clyyae elicliusA 3ajauyl
0 TePMOYJIGKTPOHHOM BMHCCHN, T. €. BHHECTH 3a 3HaK WHTerpaja
HeroTopoe ycpennénnoe smavenue D’(W). Urobu oGoiita saTpynme-
HHA, BO3HMKalomXe mpit ompepesiennu NV'(WW), ynpomaioT pemerme
Sajlauf, [eJlafg MPejmoioskeHyue, 4TO NIA yswoil 007acTm wacrer,
6:IM3KEX K vy, Bemmamma N'(IV) m3MemnseTcs odenh Malo ¢ WaMeme-
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HMEM 4YacTOTRl M uTO /A BCeH 9TO oGAacTH MOMKHO TIOMOMKHTE
N (W) dW nponopnuoransurm N (W) dW — qnciry 57CKIPOHOB B 0ji-
HOM KyOutueckoM caHTHMeTpe, LI KoTOpHx W n0 morjiomeHms cBeTa
eRAT B mpenesrax ot W oo W+ dW. B Tarom ciyuae mmeem:

D" (W)N"(W)dW =CN (W)dw . (18,2)
Hopcranoska smpamenna (18,2) B (18,1) mpmpomur K BHpaskernmo
i=Ce N (W) dw. (18,3)

Wo—hv

Tloncramosra Bmecro .V (W) BrpakeHHA, BHTEKAOMEr0 I3 3aKOHA
pacupenenenns sueprian Depmur, naér amamormuno (4,22):

%© . w—w
i=Ce S T n( e BT )dW. (18,4)
Wa—hv
Beeném moBoe nepemennoe:
y=T=Woiy. (18,5)
OTRYa
dW =kT dy.
Torma (18,4) upumer Bujx
® e L =W w,
i=Ce S f’;‘;‘i In [1+e (A ] dy. (18,6)
b
Orcroma momyuuM, 3aMmedas, uto W,—W,.=c«, u BBOZA 0G03HATCHNA:
4rmk? hv—co hv — h -~
C,=Ce rh3( Hop= Vk,[,t" :vaTV" , (18,7)
i=C,T? S In(1 4 e-v+e) dy. (18,8)
b

Warerpmposanne 51010  BHpaKeHMS, OCHOBAHHOE Ha pasio:xeHAN
B PAR
1 22 3 ot
n(1—l—x)=x——7—{—-—3—~7—}—.,. (18,9)
il HA TO/ICTAHOBKE
—y+tp=zuax=¢,
UPHBOIAT K peNieHMIO HOCTABJCHHON 3ajaud B BHAE
i=C,T2 (p), (18,10)

5 H. a, Kanmos
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rne C, —mnoctonnnad, a f(p) BEpaKaeTcs pANAMIT:

2p g3p. (,lnp. A
(W)= — S+ 5 — T+ mpu p <0, |
2 2 —~2n 3k b ¢ (18,11)
n? , ul? - " e e !
7(}1)'—_"‘,‘)‘7“7”‘ [c T %" 32 T 42 +] Hpﬁp/>0 l

Pazgemiv o6e wact Bepaxkenns (18,10) ma T2 i norapadmapyem
nx. Haxonmm:
7/7\10

In;=InC +1?(h“ (18,12}
Tric

F(z)y=1nf(x). (18,13}

CEmrMeM OpH ompe;lenéHHON Temmeparype I' pAX CHERTPATBHGLIX Xapal-
tepuctar  Qororona B 007acTH  4YacToT, OMM3KOX K v, I CPaBHIM

. . 1
KPHUBYIO 3aBUCHMOCTH DKCIEPUMEHTAIbHO HAHJACHHBIX 3H&YCHIIN ll’l?—:

hv . . .
0T ET C HOCTpOGHHOH OJd TO: IKe OGH&CTH qacror ((TGOPOTII‘{CCKOH»

KPHBOIl, IMMEIOIIed BUX
yzp(% . (18,14)

et paBenctso (18,12), KoTopoe HOMMKHO COOTBEICTBOBATH IHCIEPN-
MOHTAILHO HANMEHHBIM RHAYCHUAM [, cOPaBeINBO, TO Kaikgad TOY-
KA HKCIEPHMEHTLTHION KpPUBOIl A0/UKHA JICHiATh BhIIIEG TOYKIL TEOpe-
Tucckoit kKpupoil (18,14), coorBercrByroimein ToMy e v, Ha LIMHY
otpeska, pasmoro InC;. Iipome TOro, Kajad TOYKAa ODKCICPUMCH-
TAlBHOIl KPUBOH JOJDKHA JIEMK&THL HpaBee COOTBETCTBYIOMICH TOYKIL

. . hv
1EOPeTHIECKOIl KPHBOI HA JJIAHY OTPE3Ka —H‘Z, TAK Kak B BLIpaKe-
hy — hy
aan  (18,12) aprymentom dymKmum £ (p) sABaseTcs —-—k—T—O, TOTNA

o . o v
xak abenuccoit Teopetmueckoil wpusoil (18,14) caymur BemaunEa .
Taxam ofpazoM, ecmir pascrcrso (18,12) cupasensaBo, smo0y10 xeme-
PUMERTALHYIO KPHBYIO MOMKHO CIBMECTUTh C TeOpeTHYecKoii, mepe-

ABUHYB eé mapasieabHo caMoii cefe Ha meworopoe paccroanme lnC

kv
BHII3 M Ha paCCTOHHHO ﬁ BJeBO. Bemirumna H906XOH,HIVXOPO 1714 Co-

BMeICHUA KPHUBBIX CABIIA IO POPH3OHTAIA JAGT BO3MOMKHOCTL OHpe-
JETUTE Vy U Ay

Ha pue. 16 mpepcrapieHst pesysIbTaThl U3MepeHUI, OTHOCANIHECH
Kk oroaddernry ¢ uamcroit MOBEPXHOCTH Hajllajns OpdA TeMmieparypax
B uarepBane or 305°K po 1078° K. Hamecémmas Ba 9rOM puCYyHKe

. /
KpuBasg IpejcTaBiser 00O TEOPETHUECKYI0 KPHBYW Yy =F \jti%) .
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Bce srcmepmMenTtannHble TOYKH CMeHteHH 1A KayKjAOH JMAHHOH TeM-
epaType Ha OJHC U TO Xe DACCTOAHEE HO DOPTEKANH ¥ Ia OfHO
1 TO jKe paccTOsiHme IO TOpH30HTaNMn. Hak BuaHO, YKCIe pUMEHTATbLHEIC
TOYKHM HOCJIe HTOT0 CMEIeHMsA XOpONIO JOKATCH HAa TeOpeTHICCKYIo
KpuByl0. PasMep ropH3oHTaTbHOTO CMeIIeHNA NaéT 3HAYEHNS Y, pas-
HAN@ecs [UIA PasHHIX TeMmepaTyp Jgumb B npepenax 0,5%, wro
JeKHT B mperedaX omubor Habmomenui.

y I .
2 v
,@/"ﬁ//
T )
o d e
5,;’?*6 © - 305 °K 4,86374
7 o S-400 4,97
2 x -850 4,97
x-730 4,97
/ 0-830 4,98
g 3 +-925 4, 98
_q/s o-18 £ G
: -1 457
; X/c;'t Cpednee 4,97
i5 0 5 1 15 w0 y=v
Y=ur

Pne. 16. Kpusas ®aymepa B cayuae Pd.

B rabmume, cosvemgunoii ¢ pue. 16, mpuBeNcHE 3HaveHNs sder-
TUBHOH paboThl BHIXOja V1A majIajHsd, HalleHHbE IO CNUCAHHOMY
Boille Metony—Metony Dayaepa. 113 stux ommiton caemyer, gro ecim
It CYNICCTBYOT 3aBHCHMOCTH ¢ OT TeMICPATyPH, TO LIS majlagms
B mpenernax ot 305° K ac 1078°K ¢ mensercsa me Gosee uem ma 1%,
UTO JICZRUT B OpeleiiaX TOUHOCTH uKcHepimenrta. K Tawomy ske Bui-
BOIY OpPHBOJAT H CACHYIOWIC TeopeTnieckne coobpaskenua. Tak kak
¢=W,—V,, 10 BOo3MOiKHOe H3MeNleHHEe ® ¢ TCMIIEpATYpOil MOeT
Orre Tombko caencrsumeM mamenemns W, wam W,. Ilpm srom W,
H3MEHAeTCH NP TepMUYeCKOM PpaclIHpeHN MerTajula BCJICICTBUC
U3MEHEHNS MeK/yTOHHLIX paccTOAHME B KPHCTAIIAYeCKOH pemérKe,

om\ 8n
3aBHCHT OT 7, T. €. OT umesla ¢BOOONHEIX IeKTpoHoB B 1 ca® Merasmia.
Eecnn gncao cBobonunix 3JIeKTPOHOB, HPUXONSINeeCHd HA KajIbIl aToM
MeTaJllla, OCTAéTCA HeM3MEHHBIM, TO IPH PAaCIIHPeHHH MeTaila 7l H3Me-

HAETCH NpPONOPUOMCHANIPHO M3MeHeHWI0 ymcla aTtoMoB B 1 ¢, Ilon-
¢96T MOKa3LIBaeT, 9TC NPH yBeJIWYeHHH TeMOEpaTyphl  mauiagusa Ha

*

L~ k% /3n\2/3
a WW,, paBHOe B IepBOM I 0MCHB XOpOTIEM HpPUGIMKEHTH ,




(8 ®OTODIEKTPOHHASA 1 BTOPHUIIAA DMUCCUM [ra. 11

1000° penmmumma W, HOMKHA YMEHBIIMTBCA HpAMepHO Ha 29%),
a W,—mna 3%. 910 npuBonuT K H3McHeNmO 3PQeKTHBHOH paGoTh
seixona @ He Goiee wem ma 1%.

IIpn moctpoenm: cTporoit Teopu:m (orosdderta npeskme Bcero
UPHUXORHATCA CYATATBCA € TeM 00CTOATENLCTBOM, YTO CBOGOMHBLH DJISK-
TPOH HE MOKeT HeJIMKOM HOIVIOTHTH YHEPTHI0 CBETOBOTO KBAHTA, Tak
KaK 9TO HPHBENO Oh K HaPYMISHMIO 3aKOHA COXPaHEHWA HMIYJIbCa.
UroGbt yGenaTscss B DTOM, NPEAINONOMKAM, YTO DHEPTHEH W HMIYIIb-
¢OM 3JICKTDOHA [0 ero B3aMMOJIelcTBHA ¢ OTOHOM MOIKHO mpeHe6peun
Il 9TO WOCJe B3aHMOMEUCTBUSA CKOPOCTh JIeKTPOHA B HaNpaBIeHAM
aBmwxennsa Gorona paBHa v. Hanmmem 3akoHBI cOXpaHeHHA SHepTrHH
It COXpaHeHWA HMNYJbCa JUIA CJIydYad MOJHOTO MOINIOMEHHA (oToHa
3TEKTPOHOM:

muy?
2
my =1 (18,16)

c

= hv, (18,15)

"3 (18,15) u (18,16) nomxygaem:
v=2c. (18,17)

Ecam 6bl MEL ywin I513MCHEHIE MACCH JIEKTPOHA €O CKOPOCTEHIO, TO
ME IDOJIYYHIAN Obl

v=c. (18,18)

W ot 1 mpyroit pesynmpTaTH aGCypAHEL, TaK Kak NPOTHBOPEYAT 3AKOHY
Jdiinmreiina 1 JaHubM onbita. loaTomy HeobGxommmo TIPENIIOIOKATE,
YTO B DJIEMEHTAPHOM aKTe (POTOIIEKTPOHHON HMHCCHA MOIKHE yacT-
BoBaTh, KpoMe (JOTOHA W 3JIEKTPOHA, eI Apyrde Tesa, WM 1O Kpaii-
Heil Mepe OjlHO TeJlo, IPEHAMAWIICEe Ha ce6s 9acTh HMIyibca GOTOHA.
IJTO MOMKET WMeTh MECTO TOJBKO B TOM CJydae, ecid dIACKTPOHHI He
abcomoTHO ¢BOGOTHII, a8 CBA3AHLI CHJIOBRIM MOJIEM ¢ MOH:MH MeTalla.
Taxum obpasom, npum noctpoenunt teopua Porosderta B MeTalIax
HeJIb3A M0Ab30BaThCA NPUOIMKEHHeM, OIYCKAIIIAM, YT0 JeKTPOHb!
OPOBOJUMOCTH B MeTajule COBeDMIEHHO CBOGOTHEHL.

Bropoit Bompoc, Bosmmkaomuit npu noctpoend: Teopud $HoTosdp-
eKTa,—9T0 YYET BEDOATHOCTH NOIVIOMEHHM KBAHTA DIICKTPOHOM,
HAXOMAMMUMCA B KaKOM-JIm00 MAHHOM OHEPreTHYECKOM COCTOSIHHM.
s pemenna 3ajaunm 0 BIHAHEA [OTVOMEHMA KBAHTOB HAIyYeHHA
Ha IBEKEHHME JJICKTPOHOB B MeTalllle B COBPeMeHHHX TeopHax (oTo-
aderra cocTomHme DIEKTPOHOB OMUCHBAIOT IPH HOMONIA ypaBHEeHHMIL
BOJIHOBOH MEX3HWKH M TOACYATHIBAIOT BO3MYINEHHEe COGCTBEHHBIX
QYHKOUA IeKTPOHOB NOJIEM CBETOBOM BOJIHHL.

Bnepsoie takmm myrtém Teopuma (orosddexra Gnima mocTpoeHa
3 1929 rony. Ilepraa mamérxa Teopumd, W3BecTHAsA INOJ Ha3BaHHEM
TcopEE Bennens, yunmTniBasia CBA3b BIEKTPOHOB IPOBOJAMOCTH C Me-
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TAJNIOM B XEJIOM, TAK KaK COCTOSHHE HIIeKTPOHOB XapPaKTepH30BAIIOCEH
CTOAYAMHE IeKTPOHHKIMH BOJIHAMHE, O0pasylOmuMuCcsa BCICHCTBUC
OTpa}eHHs OT IpaHeil HpAMOYTOILHOTO Rycka merasina. Teopua Ben-
feJIfl MPUBOAMT K CHGAYIOMMM BHPAKeHMAM JJIS IJIOTHOCTH OTOTORA
¢ Karoja:

1) Jlns 9actoT majammero cmera v > v, Iie v,—d9acToTa, Ompe-

neiddgeMas M3 COOTHOMEHHS hv,=W

L2 =TT o . .
= oy B 2{EX+ET[3EX+2E,,+2EZH—...}. (18,19)

I

3nece wepes v obosmaueno —*, a E, Ey, E,—KOMDOBEeATH 9lek-

TPAYECKOTO BEKTOPA CBETOBOM BOJHH mO ocH X, MEPHEHIUKYJIAPHOII
K IIOBePXHOCTH MeTallla, M mo ocaM Y M Z, mapauIelbHBM 5TCi
DOBePXHOCTH.

2) Jlia 9acToT, yaoBIETBOPAKIMUX COOTHOMEHUI (v, — V)< v < v,
(oBmacTe cmeKTpa, HeHOCPEICTBOHHO O PUMBEIKAIOMAs CO CTOPOHE KOPOT-
KHX BoJH K rpaHmne $oroaddernta):

5 5 7
.20 [y 2y =2
— 2y —y.)2 2 g2
L= s [v (Ve —vp) J v 2EL 4+
7 7 3

—(va-vo)i] v Z[3EL4-2E% L2E & .. } . (18,20)

Bripaskenna (18,19) u (18,20) norasnBaiT, 9T0 pa3yiHgHbIE KOM-
NOHEHTH TIEKTPHYECKOTO BEKTOPA CBETOBOHM BOJHLI EMCIOT HEOXHH:-
HOBOE 3HaueHHe HiiA QOTOdNIEeKTPOHHOH smuccuu. B mepBuil ocHOBHOI
WIeH OTHX BEIPA;KEHUN BXOZHT TOJNBKO KOMIOHeHTa F,, mepmenmi-
Rynaprasg ® nosepxmocTu merasma. Cormacmo (18,20) v o6mactir

vg— v < v < v, foToTor mMeeT MarcmMym. Tarmm o6pasom, HamoKeH-
HAafA TeOpUSA OPHBOIUT K BEKTOPHAIBLHOMY HM30MpaTeIbHOMY (OTOd()-
JerTy.

Bonpmiyio sicHOCTE B BOIpOCE O TOM, KAKHE Ke HIEKTPOHBL MOT) T
OBITH BHIPBAHEI CBETOM M3 METalja 0e3 HapyWeHHH 3aKOHA COXpaHC-
HUA EMOynbca Omaromaps HX CBASH ¢ KPHCTANIHICCKOH PEMIETROL
Meralllla, BHecAa Teopms coperckoro ¢uamka . E. Tamma. Tamm or-
HeTBPHO paccMaTPHBAeT [eilCTBHEe cBeTa HA JIEKTPOHbI, HaXOMAMHeC:T
B 09eHE TOHKOM CJIO€ y caMOH IOBEPXHOCTH METAJLIA, Tjie COCPEAOTOUEH)
[oJie, BBEI3HLIBAIOINNeCe HAJAMYyMe HOTEHLIMANLHOTO Gapbepa, M HA BIEK-
TPOHEL BO BHYTPCHHHX 00JIaCTAX METANIA, I'ie 3JIeKTPOHBI HAXOIATCH
B OCPUOTHICCKOM (B HPOCTPAHCTBE) MOJIe MOHOB OPOCTPAHCTBEHHOIL
PeméTRE. OMMCCHIO HmepBHX HOA jedcreneM csera Tamm HaswBaer
«noGepTHOCMKLLMY Pomodfemon, SMUCCHIO TOCTCTHAX——(GHYMPEH-
Humy ghomoagphexmont). lannoe TaMmom permenne 3agagn BO3MyIICHHES

1) He cmemusarb ¢ mHOrza OpyuMeHAEeMBIM 3HaYCHUEM 3TOrQe TepMuHaA Kal
CRBOHNMA (I)OTOHPOBOI[HMOCTII HpRrCTaJJIoOB.
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SVIERTPOHHOM BOJIHEI CBETOM HPHBONAT K emé 6oiee clrommoMy BHpa-
JReHmIO I cWIH (OTOTOKA ¢ eNUHUIK MOBEPXHOCTH MeTajsa, d4eM
(18,19) m (18,20). HpuBas cuexrpaipuoil xapakTepucTHKE o0sagaeT
no Tammy u36MpaTesbHEIM MAaKCHMYMOM, M HMEeT MECTO BEKTOPH-
aJbHBI ddgorT.

Ipu pemennu 3amaunm o BHyTpeHHeM ¢oroadderre Tamm mpumit-
MaeT KPUCTAIIMYCCKYH0 PeluéTKy MeTajia 3a KyOHYeCKYI pemétry
IpOCTeHIIero Thoa M A cobeTBeHHOR Pyuxunn snexrponos ¥ B mo-
JIe Taroif peméTKy Uuimer:
2w vehxhykz(!——hxx—kyy——kzz)]

Wr oy, = Ungiyh, (T, Yy 2), (18,21)
il y—mepuognYecKas QYHRIHA KOOpIHHAT, HEePHOJ KOTOPOH paBeH
IOCTOSAHHON KyOHUeCKOH PeMmETKII @, a v, OLPeIesIACTCA COOTHOIIHIIeM
lv,=W. CornacHo COBpeMEHHOH 9;IeKTPOHHOI TEOPUH MeTaJIoB,
YUHTBIBAIOIEH HepUOoJHIecKOe II0J1¢ HOHITOH pemSTKH, BO3MOKHEI
TOJIBKO TAKHE MEPEXOIbl M3 OJHOI'0 YHePreTHIECKOTO COCTOSIHANA B IPY -
roe, IpH KOTOPHIX COOIIOIAIOTCA paBeHcTBa:

’ 27 ’ 2% ’ 27 «
w=kotTm, ky=k, & “m,. ki=k +Zm, (18,22)

re m,, my, mz-:no6me NOJI0RUTCIBHEIC Ile.Ikle YHCJa ICTH Hydb,
a ]C—BGRTOI) mMoyanca 3.JIeRTpoHa, KOMHIOHEHTHI KOTOpOro paBHEBL:

2n 2r .
kxzt, ]fy‘:ﬁ, k::-f. (18,23)
31ecr A, —O0Tpe3oR, OTCeRaeMblii Ha ocH X ABYMA INIOCKOCTAMI, HPO-
BEASHHRIMA NEPOEHANKYJIAPHO K I[AOPABICHHIO pPACUPOCTPAHEHHUA
IeKTPOHHEIX BOJH B Hadajle M KOHNE KasKAOH BOJHEL, a A, H A.
MMEIT aHAJOTMYHEe 3HAYeHHA 110 OTHOMEHMI K ocam Y u Z; k,,
k,, k,—3HaveHnA KOMIOHEHT BeKTOpa k 10 IOTJIOMEHHA BIEKTPOHOM
CBETOBOTO KBaHTa, kx, kj, Kk;—mnocie moriomenus.

Hexons m3 atnx ocHopanx momoskenuit, M. E. TaMm mokasmsaer,
94TO0 B CJly4Yae NIPOCTOM KyGM4eCKol KpHCTA/IMYECKOH peméTku ¢ Ime-
PHONOM @, A KOTOPOM HYHCJIO Y3JI0B, umpuxojamuxca ma 1 cud, a

1
. TeOBATSJIbHO, U KOHHEHTpAaIlusA 3JIEKTPOHOB IIpOBOAMMOCTH n=?i.

KBAHT CBETa YAaCTOTH ¥ MOM{eT OHTH IOTJIOIEH JIHIML SJICKTPOHaMII,
VI KOTOPLIX KOMHOOHEHTEI HMIIYJIBCa Y/OBJACTBOPAT COOTHOIICHHIO

1 v
k< (1-2), (18,24)
rme i=1, 2, 3, a vy—o6biuHan rpaumunas wacrora QoTodadderTa.

Hanee U. E. TaMm, ucxons M3 COOTHOMOHH:A, HEOGXOXUMOTO IS

BEIXOOda M3 MeTalljia JICKTPOHOB, OONVIOTUBINIMX KBaHT CBETa hv:

W+h>W, uma hv,+ hv> hy, (18,25)
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i [MOJIb3YHCH OYCBHUAHDBIMU COOTHOIICHHU AMH:

2 2 2
mvx __ px h2kx 5 __81:2m . " (18.26
T = Tm = Eem M K== (18,26)

Izve =W = h e’

rile m—mMacca JJICKTpOHa, v, W K, —KOMIIOHEHTH CKOpPOCTH M WM-
HyJLea 57IeKTPOHA, HepleHUKYJIApHble K HOBePXHOCTH MeTailla, Hpa-
XOJUT 1X BHIPAsKCHHUIO

8=2m

E2 4 (1= v,) > 0. (18,27)

Ilpr naHHOE wactoTe cBeTa v BEIATH M3 METANJa MOTLYT OI1eKTPOHBI,
LOTJIOTHBIIMEe KBAHT CBeTa, MMIOYJbC H JHEPrHA KOTOPHX YJOBJE-
TBOpAMM 70 WOTVIONeHEA cooTHomenmo (18,27). Ho rar wak &; o ~
[{pOMe BTOTO cOOTHOMIEHNA cBA3aHH eME ycJIOBAeM HOTIIONICHAA KBaHTA
¢BeTa asieKTpoHOM (18,24),1m0

T
KOTOPOMY HOTJIOTHTE KBAHT = !
MOTYT TOJIBKO MeJlJleHHble §Z4 TN
OJIEKTPOHBI, TO BEIXOJ BMER- ¥ i s \
i T /
'POHOB NPH (BHYTPEHHEM» 75 /
dorospderrte Tamma orasw- Y // N
naeTcs BO3MOMKHBEIM TOJBKO, .S / A\
©¢JIM 4acToTa CBEeTa IpeBH- R 7 /, < 7
, .

HiaeT HEKOTOpPYKH HOBYIO / ><\
| pAHHYHYK 4YacTOTy BHYT- 0 . = =~

, .
pearero  goroadderrta vg. S gy we S0 2900 ZH0A
Juauenme v; [aéTea  Bhi- Lsrtes Borw

TEKAIUM ®W3  PAacyéToB Puc. 17. Teoperudeckas cIeKTPAJIbHAA Xa-
M. E. Tamma BHpaskeHmeM paxrepmcraka no Tammy. CrutomEasg KpH-
Bag—cyMMap Hul goTosdderTt, BepXHAA Iy HK-

) . : TUpHAA KPHBAS—BHEIHME $OTOIGPEKT, Husk-
=2V v =% (18,28) HAA—BHyTPCHHHE (OTOSHPERT.

Hopcuérs, nposenénHsle MO 5TOH GopMydie, IOKA3BIBAKT, YTO TOJHKO
1A IMEeJ0YHEIX MeTaJLI0B I'paHMia BHyTpeHHEro $ortosdderta 1y me-
KuT B OnmxHed yabTpaduomeroBoli o0NacTH CHEKTpa.

Onsa wmeranmos c¢ Goapmoit a@dextmBHOR paboToil BHIXOTA Ay
JeEAT B anéroil yabrpaduonerosoii obnactw. Hampmmep, amsa ce-
pebpa )y oxasmBaerca pasmoir 1880 A. Ilosromy oOHapy:xmTH
«sHyTpenHU» doroadderr Tamma, He 3ax0A AaNero B Taxk HashBae-
MY IIyMAHOBCKYI0 00JiacTh CIEKTpa, LPelCTaBIAETCA BO3MOMKHEM
JIMINB B cAy9ae MEeJOYHMX MeTalnoB. TaMM RIMIOCTpHpYET KOoJIuge-
¢TBEHHO@ COOTHOUICHWe BHEIIHero W BHYTpeHHero gorosdderra Teope-
TUYeCKUMA KpUBHIME puc. 17, MOCTpOeHHMMH IJH Kalwud.

Teopuu mosepxrOCcTHOrO oTodPPexta B MalbHeHIIeM OHIM yTOY-
HeHs npyruMu ¢usurami. Ilpu sToM GHIIM ydTeHH ONTHYECKHE sSBJE-
HHs, AMEONe MeCTO IPH HepeXofie CBETOBHX BOJNH M3 OKpYsKaloel
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Upedbl B METAJLT, NPUHATO BO BHUMaHWe HAJIWUMe IePeXONHOro caos,
i ROTOPOM ONTIYCCKHUC KOHCTAHTH HENPEPHIBHO MBMEHAIOTCA B Hpo-
CTPAHCTBE, a TarsKe 6bii1a Gomee cTporo yuTena Gopma IMOTeHNHANBHOI®
dapnepa.

@opMyTIE, K KOTOPHIM IPHXOAAT 3TH TEOPIH, 09eHb T'DOMO3IKH.
Peaynwpratil mosmywarorca B meanmoii ¢opme m me pmaror xopomero
KOJIMIECTBEHHOIO COrJIACHA ¢ HKCHEPUMEHTAJBHEMM NaHHEIMI.

§ 19. MoToadderT co crokubIx KaTOTOH. Cospemennsie Tanst ¢o-
TOIEMEHTOB ¢ POTOd1eKTPORKOI omuceneii. UyscTsuTemnaocTs doro-
OMEMEHTOB € KATONAMU M3 YHCTHIX METAJVIOB HE MOKeT YIOBJIETBODHTI,
3aIpOCOB coBpeMeHHOU Texuukd. Ilosromy yixe cpapumrensno maBmo
Havajuch HOUCKH (0jiee COBEPIIEHHEIX
B 9TOM OTHOmeHHH (ororatomos. Ilep-
Bble YCIeXH OBUIM JOCTHTHYTH MyTéM
TaK HA3HLIBAEMOU CeHCUOUAM3auy KasIme-
BRIX KAaTONOB BOXOPONOM, KHCIOPONOM If
cepoii. OnHako HHTerpajdbHas YyBCTBH-
TeJIIBHOCTh CEHCHOMIH3OBAHHLIX Kame-
BBIX KaTOROB, ROCTUTAIOINAS 4 MEQ ] AloMeH
(oIpm OcBemeHWH JaMIOH HaKaJMBaHHA
C TeMIIepATYpOHd  BOIBOPAMOBOH wuuTH
2850°K), emé mHemocTaTouHa. Pesyapra-
TOM HOHCKOB 00JIEe 4yBCTBUTEIbHBIX Ka-
TOMOB ABWJINCH TAK HABLIBACMEIE «CJA0HC-
Hoe  Kamodey: KHCIODOIHO-cepebpaH- -
IIe31MeBHE A 3aTeM CYDPbMAHO-IE3UEBEHIC.

Kuacaopodno-yesuesvie waroxsi mmerov
Puc. 18. Kom6a xmcopommo- HOARIANKY U3 cepeGpa B Bume cepeG-

E3nEBOro (OTOATEMERTA. PAHOM DJIACTHHKHN MM B BUJe CJIOA

cepelpa, ocaskaéamoro ma crerie. Kon-

da dotosmemenTta ¢ cepeGpAHON MIACTHHKON WM cepeOpAHLIM ciToeM

MORBEpraeTca OOHYHOMY O0e3raKHBAHHIO TPH LPOIPEBE b BIEKTPH-

'1eCKOH meun. 3ateM cepelpsaHas IOAKIAAKA OKMCIACTCH OyTéM HAa-
HOMHEHUA KONOH KHCIOPOIOM H SJIeKTPHYECKOr0 paspAja.

Croit oxnmem cepebpa MOJIKEH HMeTb OIpeneJICHHYI0 TONUIUHY,
ROTOpAA HA NPAaKTUKE yCTAHABIMBAETCA II0 OKPACKE, HPHHUMAEMOIl
OKHCIEHHOH moBepxHOCcThIo. Homba dorosmemenra crabixena OTPOCT-
koM O (pmec. 18), comepskammm cmech xyopucroro mesus CsCl n me-
TAIMIIECKOr0 KaNbINA, 3aKIIOYEHHYI0 B OTKDHITHIl HUKeTeBHII mH-
‘muppuk Q. Otpocrox O mpH mporpeBe KONGH HAXOIWTCH BHE LEYI.
IHocite oxmcienus cepefpa KHCa0POx OTKAYMBAETCH, 11 HA oTpoCcTOK (O
Ia KOPOTKOE BpeMs HAABHIaeTCA CONEHOM), BKIIOYSHHEII B Iehb
reHeparopa BrcOROHE wactoTh. Ilox meficteuem toxon Myko Humkene-
BRI NUIUHAPDUK HarpeBaeTcs 10 BBHICOKOIT TeMIOepaTypnl, B cMecH
CsCl 1 Ca mpoucxonuT pearknua BOCCTAHOBIEHT Me31r. Jiaa meperon-
KB BOCCTAHOBJIEGHHOr0 nesusa B Koaby ¢orosiementa xodba BMeCTe
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¢ OTPOCTKOM HAKDPHIBAETCA DIEKTPHUECKON Ieyblo, M TeMmepaTypy
nocneued mogmamaor jgo 195° C. Ilapm mesus BoccTamaBimBalo v
ORHuCh cepebpa, o6pasys CI0H OKHMCH 1e3Wsd, CONEpP:KalIeil OTneIbHEI
aATOME, a TawMke OTHeJbHEe Gojlee Kpyumsic vYacTumsl cepebpa. Ilpn
JanbHefnIell ieperogKe He3UA IOBepX CJI0d OKMCH ne3us ofpasyercs
TOHKHI CJI0H MeTaIIIMYecKOTo Hesud, ajcopOHpOBamHOro Ha ImMOBEpPX-
Hocrm orMcH ne3ms. Taxon karoy obiajgaer NpH TeMmeparype, IIpif
KOTOPOH NPOMCXORMT MEPErOHKA He3Hsi, He TOJBKO OUeHb GOJIbOION
PorosmexTpHUECKON  WyBCTBHTEIBHO-
¢THI0, HO H OOJBIIOH TepMOIJIERTPOH-
goii ammccmell. Ilpm mamsmeiimeMm oca-
KIeHnH Ie3us Ha HOBepXHOCTH KaToja
YYBCTBUTEJIEHOCTS NOCHENHCTO HavH-
Haer yMmMempmarscs. Urober me ymy-
¢TATH MOMEHT HauGosbiuell YyBCTBH-
[EILHOCTH KAaTOXa, B 1elb aHog—Ka-
1O BRJIIOYAT MCTOYHHK IOGTOAHHOI'O
IEKTPHYECKOr0 HANPAMEHIA Il CIPe-  Pro. 19, Crpoemne KHCIOPORHO-
Jounbld rassBanomMerp. I'ameBamomerp e3MeBOr0 KATOAR.
HORA3HIBAET TOK TEPMOBJIEKTPOHHOH

IMHACCHM € KaToga. B MoMenT JOCTIDKeHHS 9THM TOKOM MaKCHMyMa
meus OHCTPO CHEMaT ¢ QoTodAeMenTa, IpeKpamad STHM HepPEeroHKY
gezua. 3arteM oTpocToK () OTHAMBAIOT.

Ecnm npm oxmcnenui cepefpamodl HOZKIATKH CIIOMKHOLO0 KaTOZ:
okmCIIenne cepefpa yYepenoBaTh HECKOJBKO pPa3 € €ro BOCCTAHOBIE-
ameM B artMocdepe Bojopoga, TO CI0H OKHCH cepefpa IOJyYaeTcs
PEIXJIBIM M TIOCJIe 06pafoTHII DapaMy ne3us COAePRHT He TOJILKO aTOMEI
cepebpa, HO ¥ aTOMHl He3Hsi. JT0 OKasHBaeT GJIAroIpHATHOE BIMAHMC
HA YYBCTBHTEJIBHOCTH M Ha CIEKTPAJbHYK XapaKTepPHCTHRY KaToja.
Crpoerne CJI0KHOTO KHCJIOPOIHO-IIE3UEBOr0 KaToja m3obpaskeno cxe-
marmaeckn Ha pme. 19.

Kpome KHCIOPONHO-1E3HMEeBHIX CJOKHEIX KAaTONOB NIPHMEHAIOTCH
TalsKe u ceprno-neamenwie. OKICICHIE 3aMeHeHo B HUX o0pa3oBaHHeM
¢CPHUCTOTO COCTUHEHHS.

Coexrpansmas XapaKTepPHCTHRa KHCJIOpPOHO-IE3MEBOr0 KarToxa
HMeeT 1Ba MaKCHMyMa—OXHH B 00JacTH MajblX JUIAH BOJH A OKOJO
3500 A, npyroii B o6acTr Gospiunx ) B Havase nadparpacHoi oba-
crn cuexTpa. CpapHerme CHeKTPAJIBHEIX XaPAKTePHCTHR CIOKHHX Ka-
TOJIOB, Y KOTOPHIX NOJKIAIKON BO BCeX CilyuasX CJIy:mio cepebpo,
a MeJOUHKE MeTa LIH (BoccTanaBimBalonige B pouecce GopMupoBanns
KaToJa OKHCH cepebpa m ofpasyouiue ajcOpOMpPOBAHHBIA BHEMIHAIL
¢J10i1) BHITH Pa3TMYHBI, HOKA3AMI0, YTO MAKCHMYM CHeKTPaJIbHOIL Xapak-
TEPACTHKH B KOPOTKOBOJIHOBOH 061acTH CHeKTpa HPHXOAUTCH y BCEX
KATOZOB Ha OAHY M Ty ke JUIARY BOJIHHI, TOrJa Kak rpammua ¢goroad-
PekTa m moJOKeHHe MaKCHMyMa B JJIMHHOBOJIHOBOM ofiacrtm pas-
JWMYHH I8 PasiHYHBIX I(EJI0YHHIX MeralltoB (pume. 20).
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UyBCcTBUTENBHOCTE KHCIOPOTHO-UE3HEBEIX KATOOB, & TAKIKC MOJO-
.kenne mopora Qgorosdderrta u mMoSOKeHHE MAKCHMYMA YyBCTBIUTEINH-
HOCTH 3aBHCAT OT peruMa HX 00paboTiH, MO3BOIAIUICrO COOBIATH
CJIOI0 OKHCH We3Hsa OONBUIYIO WIH MEHBIIYH PHIXJIOCTH H CO31aTh
OOJIBIMYI0 MM MEHBIMYI0 KOHLEHTPAUNI0 H30LITOYHEIX ATOMOB IE3MI.
Taxoe ;xe BruAENe OKa3HBAeT 1 [00ABOYHOE BHECEHUE B CJIOIl aTOMOE
apyrux Metasuios. B cpasm ¢ pemumom o0Gpabotrn mosmosKeHne mopora
poroapdexra mamenserca or
12 000 mo 17 000 A.

Hautonsmas wunrerpans-
H&A YYBCTBHTEIBHOCTH MY-
CTOTHEIX KHCIOPOXHO-UE3ue-
BEIX (OTODIIEeMEHTOB pAaBHA
o0 wmra/awomen.

Haneneitmee ypenudenme
9yBCTBATENIBHOCTH AOCTATACT-
¢l IMyTéM HANONHEHHS KHC-
JICPOMHO-Te3UeBRX (HOTO37de-
Cs/ | Ry// MCHTOB HHEDTHEIM TI'a30M,
2= / ya Ve 00bMHO apromoM. B armx

i / N | PoToaTeMEHTAX WMEET MEeCTO
| : | | HecAMOCTOSTENBHENT ra3onsil
e woey O s 9007 04 pagpax, B KOTOPOM BHENIHEM
HOHH3aTOPOM SABIACTCH 00Iy-
Pac. 20. CoexTpasIbHBIC XAapaKTepHCTHRN

YeHHe Kartoma cBeroM. Jlanie-

(bOTOKaTOIIOB THIIA KHCJIOpO}IHO-[[OBHCBh[X .

¢ pa3JIMYHBIMA IIEJOYHBIMH MetaTiamm ma HU€ Tasa moubmpaercs Tak,

vecte pesma. Ilo ocm opauHar omiomema 4TOOH IpH paGouem HAOPA-

cujIa (i)OTOTOI{a B YCJOBHEIX €JHHANAX. JKeH Me;RI[y KartogoM H

aHOJIOM pa3pAx OocTaBajcH

HeCaMOCTOATEeNLHEIM U He Ipoucxogmiao mpoGos. Ilpm  momomm

raKoro 2a306020 ycw.teni yxadres IOAYYATh KHUCIAOPOJHO-Ie3HEeBEHIe
$0TOD/IeMEHTEL 9y BCTBUTCABHOCTRIO 70 400—450 mra/awmen.

B xucnopogno-mesneBsx karogax Halmomaercs ABICHHE ymoM.e-
nus. llpn o6nydeRHu KaTOxa CBETOM WYBCTBHTETBHOCTH KATOHA G TC-
YCHMEM BPeMeHU OUeHb CHIBHO VMewblnaercsa. Heworopas moss yrom-
JAeHUs HCYe34eT CKOPO MOcjc IPeRPAImeHHs OCBEmeRud KaTojia.
Haspneiimee BoccTanGBACHHE YyYBCTBHTCIRHOCTH WAET OUCHbL MEIIIEHHO .
[TonHoro BOCCTAHOBIEHHA He IPOHCXOIMT.

Hapsangy ¢ atum KuciropogHo-mesnessic JOTOTEMEHTEH OTAMYAIOTC
3HAYATEIBHBIM HEIOCTOSHCTBOM 4YBCTBHTEIBHOCTH NaKe W NpH Xpa-
HEHNH B TeMHOTe. OTO HEHOCTOAHCTBO ¢BA3AHO ¢ H3MEHEHHEM CTPOe-
HHS CJIOST ORUCH 1E3HsA, ¢ MATpanuel Mo ero MOBEPXHOCTH ATOMORB Iie-
3Uf ¥ 0cO0eNHO BeJNKO NJIA ra30HAN0IHEHHEX (OTO5IICMEHTOB, THe OHO
BEIBHBAETCA fielicTBIEM HA CI0H me3us MaJNeHmux mpuMeceil B aproge.

Cooco6  usroroeseHus cypbmano-yeauessirs (POTODICMCHTOB CJIo-

AYIOIMHH.

¢

Sy

=

Luna gomarione
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Ha cremxy komOm HAHOCHTCA CJOHW CYpPbMhl HCHAPEHAEM C BOIb-
{HpamMoBOil HETH, HarpeBaeMod TokoM. Toamuma caoH AOJKHA GBITE
TAKOBa, 4TO0H Wepes Hero emg MpocBedIBaja HUTh JaMIObl HaKaINBa-
nug. Caoii cypsmsl o6pabaThiBacTea HMapaMu Le3MdA, HePeroHACMBIMH
H3 6OKOBON aMIyJIKH, N0 AOCTIDKEHHA MakcuMyMa (GOTOTOKA HJIH JO
OIPCIeABHIOTO BETAa KATOAA, HOCTe 4ero Heuh CHUMAeTcd, Gokopas
AMIyJIKa OTHAWBAeTCA M HPOH3BOAMTCA BTOPUUHHIL IPOrpeB 1A OT-
COHKE H30BITKA Le3HA ¢ KOHTpodeM mo ¢orotory. Cnaboe owucienue
VBeJMuMBaeT UyBCTBHTEIBHOCTh KATONa B JBAa-TPH pasa, aoBogaA et
10 120 mra/awmer (IpH OCBEINEHNII CTAHJAPTHOM JaMIOi HaKajlnBa-

“jus ¢ Temmeparypoit soasdpamosoit miri 2850° K). Crumrou Gomusiroe
ORICICHMEe BEIST K IoTepe uyscrBuTeapHOCTH. OKHMCTenue Hrpaer
FAKYIO ke Podib, KaK CCHCHOMJIM3ANMA KAJIHeBBIX KATOIOB.

Uccnemopanume cocraBa CypbMAHO-IE3WEBHIX CJI08B, ofmajgan-
JHX ONTHMAMBHOM (OTOSMIICCHeH, IOKA3aj0, UTO KOJMUYECTBA Me3Hs
M CYpbMHl B HIX COOTBETCTBYIOT XHMHIECKOMY CO@IUHCHHIO ShCs, «
exotopsM u36eTROM nesus. Llopor gorosdderTta cy ppMAHO-NE3UCBEIX
$OTODIEMEHTOB JIC/KHT B BUIUMOH 006sacTd CHEKTPA OKOJO 7000 A.
MakcuMyM HX UYBCTBHTENLHOCTH JEKHUT OKOJIO TPAaHMUB BUIHMOK
i1 yasTpaduoneToBoil 061ACTH H BO MHOTO Pa3 BHINC MAKCHMYMA dyB-
¢TBHTEIBHOCTH KHCJIOPOIHO-1e3HeBEX (OTOBIeMeHTOB.

KpanToBelil BRIXO][ CYPBMAHO-IE3HEBLIX KAaTOAOB OUCHB GonapIion
n goxomut m0 25%. A KHUCJIOPOINHO-IE3HMeBHX KATO0B 3TOT BHIXOJ
2—-3%, maa ancTeix Metasmos—imopsaaka 0,1%. Benemnctsie mmoro-
YHCTIeHHBIX GecIOPATOYHHX B3ANMOIEHCTBHI C HJEKTPORAMH IIPOBO-
_UIMOCTH H HOHAMH METa/Ia B CPeHeM TOJBKO IOJ0BHHA BJICKTPOHOB,
LHOTJIOTHBINEX KBAHT CBeTa, OyACT ABUTATHCA IO HAIPaBIeHUAM, ODH-
BONMIMM WX R rpaAupe wmerasiia. [loaroMy makcuManbHBbIH OPUHIA-
NAAJBHO BO3MOKHLI KBaHTOBHIT BhXOxm Qorosddexta HaZO OLEHH-
pate B 50%. Manoe yBeauuenue WHTETPaJbHOH YYBCTBUTEJIBHOCTH
YPBMAHO-Ne3HeBHX (OTODTEMEHTOB IO CPABHEHHIO ¢ KHCIOPOIHO-
ne3ueBnIMu 00BAcHAETCA GONBINONM HHTCHCHBHOCTBIO H3JIydeHHA CTaH-
.(APTHOI JaMIBl HAKAJIUBAHHA B OIWKHEH MAQPaKpPacHOH U B Kpainen
npacHON ofjacTAX CHeKTpPa, HA KOTOPHE NPUXOXUTCA JIMHHOBOJIHO-
BHI MaKCEMYM 9YBCTBMTEJBHOCTH KHCJOPOJTHO-IE3MEBBIX KATOMOB,
B TO BpeMs KaK 9yBCTBHTEJbHOCTh CYPbMAHO-IC3MEBHX KATOJ0B B 8THX
vbmacrax cmexktpa pasaa mysuo. [Ipn momomum mogbopa cooTBeTCTBYIO-
(MEX ¢BeTOQUABTPOB CHEKTPAIbHEIL BEIXOA TYBCTBATENBHOCTH CYpPb-
MAHO-HE3HEeBBIX (POTOINEMEHTOB MOMKHO HOJOTHATH K X0y CHeKTPAJIb-
HOU TYBCTBHTEIBHOCTH HOPMATBHOTO YeJIOBEIeCKOTO rijiasa u, TaKuM
06pa3oM, NPAMEHATH CypbMAHO-TeBHEBHE (OTOINIEMEHTH AlA 00BeK-
taBHON QoToMeTpun. CypbMaAHO-mesueBHe (GOTOSIEMEHTH, YyBCTBH-
‘renbHEE K yAbTPaduoneToBOdl YaCTH CIOKTPA, MOKHO HU3TOTOBIATE,
10 mucnm H. C. Xnae6anxosa @ A. E. Menammpa, caaGxkaa koaly
CYpPpMAHO-NE3HeBOT0 (OTO/IEMEHTA CIeNHAJbHBIM CTEKJIAHHHIM IH-
JHEIDPHIECKEM OTPOCTKOM C OYeHb TOHKOH BOTHYTOH cdepmuecKom
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CTeRJISHHOH CTEHKOW, IpPONycKaomell yinTpaduoneToBoe H3TydeHye
B MOCTaTOYHO MHUPOKHUX IIPefeslaX U B TO Ke BPEMsA BRIIEP:KHUBAIOMCIT
/laBlleHme aTMOCHeps!.

YToMlleHHe CypPHMAHO-IE3UEBRIX (OTOIIEMEHTOB MHOTO MEHBILC
YTOMJIGHHA KUCJIOPORHO-Cepebpsno-nesnesux. Ilpu unTeHcHBHOM oOC-
BOMIEHUH yMEHBINEHIe SMUCCHA CYPBEMAHO-IE3WEBRIX KATONOB HMeet
MeCTO JIMINB B IPOXO/UKEHHe HEKOTOPOro HPOMEMKYTKA BDPEMEHH.
fI0CJIe KOTOPOTO YyBCIBHTEIBHOCTH OCTA8TCA HOCTOMHHOH. 9TO mpHU-
BoguT, Kak mokazas H. C. XneOHHEKOB, K BOSMOMKHOCTH H3TOTORJIATL
BecbMa CTa0HMJIBHBIe JYBCTBUTeJbHEE (OTOSIeMEHTHL.

Jlpyroe mpemMyImecTBO CypBMAHO-IE3HEBHIX (POTOSIEMEHTOB 3a-
KJII09aeTCHA B TOM, 9TO OHM GoJlee CTONKHU K TeMIePaTy PHEIM H3MEHOHHAM.
YeM KIHCJIOPOMHO-LIe3UeBLIe.

B cypemano-nesmensx $oTodIeMeHTAX CO CTI0EM CyPBMEL, HAHECHH-
HBIM HELOCPe/CTBEHHO HAa CTEKJIO KOJOH, CHJIa TOKa He IPOMOPI(HO-
HaJlbHa MHTeHCHBHOCTH OCBeNIEHUS KaTofa, a pacTér OHCTpee IOCTeN -
Heil. BonbraMmepnas xapaxrtepmeTara Takoro GoTodIeMeHTa He HMeeT
HaceimennA u mpu Hanpsprenaax B 100—200 ¢ gosonsmo kpyTo Bo3-
pacraeT. JTu ABIEHNs HAXOMAT CBoé OGBACHENHME B GOJBIIOM COLPO-
TUBJIGHIH TOHKOTO CyPBMAHO-Te3ueBoro cyof. Biarogaps atomy compo-
THBJIeHHIO IpA (POTOTOKe ¢ KaTola SJIeMEHTH IOBePXHOCTH KaToja,
pacIojlojKeHHBIe [(aj6KO OT BBOJA, NOPUHUMAIOT NOTeHNHAJ Gojee
BRICOKMI, [eM MOTeHNHaJN B Mecre BBoga. (DOTOSIEKTPOHEH B 3HA4M-
TeJIPHOM KOJIHYeCTBE, BMECTO TOro 9ToOH HOTMajaTh Ha AHON, OMHCHI-
BT KPUBOJIMHENHEe IyTH, GOoMOApIMPYIOT 5JeMeHTH KaToga ¢ 6o-
Jiee BEHICOKHM HOTCHIMAJIOM U BRIBRIBAIOT BHIXOA BCE OOJIBIIEI0 THCAA
BTOPHYHLIX 3JIEKTPOHOB IO Mepe yBeJudeHuA Cuikl (OTOTOKA. ITa
aHOMA/IMA yCTPaHAETCA NyTEM HAHECEHHA MOKIY CTOKJIOM M CYPh-
MAHO-IE3HeBbIM CJI0EM MeTaJLImdecKOd HONKIAIKE U He JO/IEHA
paccMarpuBaThcd Kak Hapymenme 3arxona Croserona.

§ 20. Teopun ¢oroadderra co caomnnx Katogos. CioHm OKHcM
1e3usA ¢ M3OBITOUHBIM CONEPIRAHNEM Ne3UHA 1 C HaJHTHEM aTOMOB Cepel-
Pa B KACJIOPOIHO-LE3HEBBIX (POTOIIEMEHTaX, PAaBHO Kak | cioil ShCs,
8 CYPBMAHO-LE3UEBLIX, SIBJAKTCA NPEMECHEMH IOJYNpPOBOMHAKAMHY.
Us6rTounble aTOMBl Le3UA BHIBHBAIOT MOSBICHHE MECTHEIX SHepreTu-
4eCKUX YDOBHeH, YBeIHMUHBAOIIHUX HJICKTPOIPOBOTHOCTE M OMEAC-
CHOHHYIO CHOCOOHOCTH KATOMOB, a TaKKe 00pasyloT HA HOBEPXHOCTH
KaToma o6erdaiomuii SMHCCHIO OHOATOMHLIH CJIOL. IlosTomy B Hacros-
1Mee BPeMs BIOJIHE eCTCCTBEHHO HCKATh OOBSICHEHHA CHelu(pHaeckix
CBOICTB CJIOKHEIX (POTOKATONOB, H B YACTHOCTH WX GOJIBIIOLN JyBCTBHU-
TeJABHOCTH, MCXOIA I3 30HAJBHOH TEOPUH NOJyNpoBONHHKOB. Hak
yiKe OpI0 MOXu8pPKHYTO B mpeREIylIel riase upm oObsCHEHHH ABJIC-
HWAU, UMEIOUIUX MCCTO B ORCHIHBIX HaTomax, B HacTodAmee BpeMﬂ eme
HEe CO3/1aH0 BHOJIHE pa3paboTaHHOI TEOPHH TEPMODIEKTPOHHON DMMC-
CHH U3 NOJAYNMpOBOXHUKOB. B emé Gonbmein mepe sTo copaBemuso
1A $OTO9IeKTPORHOI sMuccry. OHAKO HEKOTOPEe MOJOMKeHHS 37eCh
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yiKe MOTyT OHTH OmpefeNéHHO BhicKaszaHK. IIpm pafore OHCHAHEIX
KaTOOB B CTANHOHADHOM DE/KHME MH HMeeM J1eJi0 ¢ MepexOJoM 3JIeH-
TPOHOB MEPBOM 3aMOXHEHHOM HOJIOCH B IIOJIOCY IPOBOAEMOCTH € IO-
caeyiomuM LpeofoleBHeM NOTeHmHEAaipHOTO Gappepa, dTO, Kak

IOKa3KBaeT pacuér, mMpuBoAuT K sddexTmBHOM paboTe BEIXONA ¢ +~12— .

Toumo Tak ke B ciydae Porosdderrta M3 HOTYIPOBOTHMKA MEl MOMKEM
roBOpUTH O BHIXOJle M3 KAaTONa IpPH NOTJIONeHAH KBAHTOB CBETa B OfI-

HOM cjydae HENOCPeJCTBEHHO SJIEKTPOHOB HPOBOJMMOCTH <nopor
dorospPerta vo=%- , B JAPyroM — 3JIeKTPOHOB HepBOIl 3am0IHEHHOI

i) »
nojock | mopor (oroadderTa v0=7> . Ilpu wmajoh wKOHOmeHTpamHI

SHEKTPOHOB HPOBOJAMMOCTH MX BHIXOX HPH NOMJIONEHAN KBAHTOL
cBeTa MPAKTHYeCKH OcTaéTcsa HesameuenHoM. Ilostomy sddenrmBman
paora BHIXOHA, ompefelidHHad WO MeTogy mopora Qorosdderra
Dgor =¢ + ¥, nomxHA OHTH Gonbme, yeM oderTuBHAm paboTa BRIXOAQ

Pry=g +%, ompefesIéHHag II0 MeToxy HpaAMoii Prmuapmcoma myTém

M3MEepPeHHs TOKA CTANMHOHADHOH TEepPMOIIeKTPOHHOM dmmccHm. J[lei-
CTBUTEIHHO, ONBIT IOKA3HBAET, 9TO

(qu > Dy

Ho ecam ¢ oyennr mamo, a KoHmeHTpamusA 3IEKTPOHOB HOJOCH IPO-
BOIIEMOCTH CPaBHUTENHLHO BEJIHKAl), To MOKET HMMeTh MeCTO 3HadH-
TEJALHEKA BRIXOJ BJICKTPOHOB HEMOCPEICTBCHHO W3 30HEI MPOBOTHMOCTH
M CMCINeHAe IPAHHIH A, B CTOPOHY HIJMHHHIX BOJH. JTHM MOKHG
06BACHUTS HAINYHE IBYX MAKCHMYMOB CIIERTPANILHOM XapaKTePHCTHRKE
Y KHCJOPOjHO-NEe3NeBHIX KATONOB M CABII Y HHX AJMHHOBOJIHOBOIO
MakcmMyMa u mopora (oroaddeKkra B CTOPOHY [IHHHHX BOIH HPH
06paboTKe ci0sa OKUCH L@3Hs, KOTa IponCcXomuT Beé Oonbiiee m 00Ib-
illee HapyIIeHWEe KPHCTANINYCCKON PeIIETKE HyTEM yBeJIHJeHHs YHC-
J1a BKDAIUIEHHLIX B 3Ty PEIIETKY M30BITOYHEIX M HOCTOPOHHHX AaTo-
moB. HoxrBepskienmeM 3THX COOOPaKeHHMH MOTYT CIY/KHTH PAaC3EThl
Bproemnra u [JeGypa, mokazaBmue, 910 MOJIOCA HPOBOTHMOCTH JIGKHAT
6nm:e BCEro K BepliMHe NOTEHNHMAJILHOIO 0aphepa, Kak pa3 y Tex
HOAYIPOBOXHHUKOB, [ KOTOPHX AHCHePHMEHTANBHO YCTAHOBIEHA
Gopmas 9yBCTBHTENEHOCTH K PoTOsPPeKTy M rpanmanasg dacToTa
B obmactm mEdparpacsmx Boim. C 3Toll e TOYKH 3PEHHA MOMKHO
obbsacanTs, wKak mpegmonaraer H. C. Xne0umkoB, pasingsmii Xoj
YTOMIIeHHA KHCIOPOJAHO-NEe3MeBHX KATOAOB IIpH 06JydeHHHM HX KOPOT-
HOBOJHOBHM H HHPPAKDPACHEM WN3JIydeHHEM.

1) Bonbmyio poik B TOM OTHONICHHH MOMKET HIPATh HEPEXOl SIeKTPOHOB
B3 BaNONHCHHOH 30HH B 30HY NpPOBOTMMOCTH 3a CUET NOIMVIOMEHHA CBETORHIX
HBANTOB COOTBETCTBYIOIICH SHeprHd.
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Horna rommamackum Qusuxom [le6ypom 6o mpemiomeno opu-
MCHEHHE HePBLIX KHCIOPOTHO-IEe3HEBEX KATONOB, OH Jajl HHOe 0OBSC-
Henue MexanusMma ¢Qoroofderra ¢ ITHX KaATOIOB, OCHOBAHHOE H&
HPe/JCTaBICHUN O PACHONOMEHHH HA MOBEPXHOCTH CIAOS OKHCH Ie3HA
agcopGHpPOBaHHLIX aTOMOB IE3UsA B TeX TOUKAX, Ile HAJIHUO CHILHOC
SIICKTPHYCCKOE Mofle (TaK HasblBaeMele MeHTpPH afgcopbuun). CuanHbIC
IOJIA BBI3RAHMI 3[CCH KOHUTYpandeil MOBePXHOCTH U IPUBOIAT K II0-
HIPKEHUIO HOTeHIMATRHOTO Haphepa aacopOHPOBAHHLIX ATOMOB H, ClIe-
ZOBATeNIbHO, K YMEHBUICHNIO HOTEHOUAJIa WX HOHH3ANuu.

Cornacuo [eGypy, a tawse II. B. Tumodecny, passusmemy oty
reopuio pasiee, GoroadPerT co CAOKHLIX KaTomoB 00YCIAOBIMBACTCS
He BBIXOIOM H3 KaTOJa JJEKTPOHOB, HOTJIOTHBIIMX SHEPTHIO CBETOBO-
ro KBaHTa, a (oromonm3zalmmel aToMOB NE3WdA, agcopGHPOBAHHEIX Ia
CPABHUTENBHO TOJICTOM cjioe orucn Nesus. [lomoxkenne rpanuns goro-
sderta M UYBCTBHTCABHOCTL CJIOMHOTO (OTOKATOAA B3aBUCAT 01
CTPOEHMSA MOBEPXHOCTH CJI0S OKHCAA, OT YMCja HMMeIoIHXcd Ha IO-
BCPXHOCTH AKTHUBHBIX TOYEK M OT HANPMKEHHOCTH MOJCKYIAPHOLO
IOJIsL B 9THX TOYKAX. JIIEKTPOHEL, IMUTTHPyeMbie Ipu GOTOMOHM3aMHH
aacopoMpOBAHAKX ATOMOB LE3UA, BO3MEMAIOTCHA 34 CYST DICKTPOHOB,
UPUXONANUX U3 cepeOPAHON HOOKIATKH dYepPes HPOMEIKYTOUHBLI
caoil orucaa. IlodToMy HAa YYBCTBHTCIBHOCTH CJOKHOTO (OTOKA-
TOZA BJIHNACT BEJHYNHA JJICKTPONPOBOHOCTH IPOMOKYTOYHOTO CJIION.
JIeRTPOMPOBOIHOCTE CJOA B CBOKD OUYCPCAB 3aBHCHT OT COCTOSHHUSH
3TOro ¢J10sf, T. €. OT HAIMYMA B HEM MOCTOPOHHHX H H3GHITOUHEIX
aTOMOB.

o teopnu [eGypa-Tumoeesa mpomeccs yToMIeHMS H BOCCTa-
HoBJIeHNsT oObAacHaorea rtak. [Ipm dorosdderre wacts aromor mo-
BCPXHOCTHONl MJACHKI NE3Hs HpeBpamaetcsi B MOHH. IIpH mempepris-
HOM OCBEIIEHHU U CPaBHHUTETBHO IJIOX0 HPOBONAINEM OPOMEYKYTOTHOM
¢lloe HeMTPaJM3aNHA OTHX MOHOB JJCKTPOHAMH, HPOXOAANIMMI K HUM
yepe3 cJI0H OKHMCH, 3aJCP/KUBAETCH; YHCJIO ATOMOB NE3AA € MajbIM
HOHM3ANMOHNEM [OTCHONAJIOM B HOBEDXHOCTHOM CII0¢ YMCHBIOAETCA.
Boizpanuas stum aiderom gons yromimenus medeaaer mocse mpeKpa-
MEeHUsA OCBCICHIA, TAK KaK HAJIHYHBEIE B MOBEPXHOCTHOM CIIO€ MOHBI
nocreneHHo  Heiitpasusyiorca. C Apyrof cTopoHbl, 3IEKTPHYCCKOC
noJe, BO3HHKAIOI{ee B MPOMEKYTOUHOM CJI0¢ MEHIY IMOJIOH{HTEJIb-
HBIMI HOHaMH B IOBEPXHOCTHOI MIBHKe M OTPUNATENIBHO 3apsAKeHHOH
cepebpsIHoll MOTKNAAKOM, BTATHBAET YaCTh MOJOMKUTOILHLIX HOHOB
sHYTPE cioda. [lomoskurenabnsit mon, BTAHYTHI B cI0H OKMCH OE3H,
TepPAETCA CPEAN HOHOB KDHCTANIUYECKOH DeHIETKH OTHeILHOr0 KPHU-
CTA/NIMKA WAM HeilTpaluM3yeTcs, BCTpedas 3JEKTPOH B HPOMEIKYTHE
MY aByMsa Kpucrasumkamu. Orciopa mpomexommr meobpaTmmast
104d  YTOMIICHHSA.

Ucxona u3 taroro oGbAcHeHMA YTOMITeHHA KHCI0POTHO-ME3UEBERX
raronos, II. B. Tumodeeny ymanocs OOJYYUTH KHCIO0POTHO-Ke3HEeBHEC
Karoxel, OTJIMYAOMMecss O4YeHb HE3HAUUTENBHLIM YTOMICHHEM. OTO
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SBLIO TOCTHTHYTO yMeHbIICHHEM TOJIIUAH CJIOS OKHCH HEe3Hs H COOT-
ReTCTRYIONEH 06paBoTKOH 3TOrO CcjI0AA, OofJerdaromeil NDPOXOKIAeHHE
uepe3 Hero siexTporoB. OXAAKO YYBCTBHTEILHOCTH TAKOTO HEYTOM-
ASIOErocss KAaTofa OKAasajach 3HAUMTENbHO LOMMKEHHOH (OpHEHTH-
poBouro 15 Bmecto 50 wmka/slomer). DTH OUBITH TOKA3HBAOT, YTO
Tpy panbHeHAmeM pasBHTUH Teopum (GorToaPerTa CO CIOKHBIX KATO-
OB, OCHOBAHHOH Ha MeXaAH3Me (QOTO3JIEKTPOHHOM 3MHCCHM M3 LOJY-
IPOBOTHMKOB, HEOOXOTMMO YUHTHIBATH TaKKe Te ABIGHHS, KOTOpHI®
CYHTAJIACH paHee OCHOBHHIMH IPHYMHAME G0bmoit $OTO3TeKTPOHHOK
aMUCCHU.

§ 21. Bropnunas suextponnas smuccena. Bmopuunas aaexmpon-
Has IMUCCUR B MIHPOKOM CMEICHIE ¢JIOBA O0HHMaeT co00M Bce IPOMECCH
BEIXOJA 9JCKTPOHOB M3 TOBEPXHOCTH TBEPHOTO MM MHIKOro Tela
apu yrapax o0 3Ty IOBepXHOCT, KaKHX-1uGo actnn. B yskoM cMuicie
¢JI0Ba BTOPHYHOI 3IIEKTPOHHON SMMCCHEH HAa3BIBAIOT BHIXO BTOPHYHEIX
3JeKTPOHOB H3 IOBEPXHOCTH Tejla WHOJ HelicTBHeM GomGapampOBKH
ATOro Tejia »IeKTPOHAMH.

OneiT NOKa3EBaeT, UYTO €CjH HOBEPXHOCTH MeTajla B BaKyyMe
SomGapmupyeTcss 2JeKTPOHAMH, TO HaliI0JaerTc BCTPEUYHBIN MOTOR
37eKTPOHOB OT HoBepXmocTH Meramiaa. Ilpm pgocraroumo GonbuINX
CKOPOCTAX DJIGKTPOHOB, YIAPAOIMXCA O HOBEPXHOCTH Teja, THC-
JI0 3MeKTPOHOB, MOKMIAMIMX IOBEPXHOCTE B 1 CeK., CTamOBHTCH
fosplle 9HCIA 9HJIGKTPOHOB, IOUHANAIIMIHX Ha 3Ty IIOBEPXHOCTH
3a TO JKEe BpeMd.

B ajexTponnmiXx JaMOmax 970 sIBJeHHe W BR3HIBaeMOe UM TOABIe-
Hpe Iajfaiomeil XapaKTepHCTAKI, IPensATCTBYIONed HopMaTbHOd pabo-
Te JIaMIIH, HOCHT Ha3Banue Junampoxnozo fpexma. N3bpiToR MOKM-
AKX IHOBEPXHOCTE IEKTPORA JIEKTPOHOB IOKA3HIBACT, UTO B 9TOM
cilydae MMeeT MeCTO He IIPOCTO OTpaskeHHe HePBHUHEIX BIIEKTPOHOB,
a HoBHI{ »QQerT, cBABaRHLIA ¢ IPOHMKHOBeHHeM OBICTPHIX IIepBHY-
HEIX 3JIGKTPOHOB BHYTPEH Merajljia.

HAas roro wrobst Moskno Opro mabiiogaTh BMUCCHIO BTOPHYHBIX
3JIEKTPOHOB M3 KaKoro-jmbo »jeKTpoma, dIeKTpHUecKoe Ioje y LO-
BEDPXHOCTH 3TOTO 3JIEKTPOAA MOJIKHO YBOIUTE OTPAKEHHBIE H BTO-
PUYHBI® 3JeKTPOHH HA KaKOI-nGo coGuparomuii 3JICKTPOHE 3JleK-
Tpog—xoaseEmop. B ciydae KaTomHOH JIaMOBI TAKHOM JIIEKTPOROM
MOJKET CAY/KHTH ceTra Upu YCI0BHA Veerwn>> Vanopa-

MakcnMym sMiccHy BTOPMYHBIX 3JIEKTPOHOB H3 MeTAjJIOB HMeCT
MeCTO OPH CKODOCTH HePBUYHEIX 3JIEKTPOHOB B HECKOJBLKO COT BOJBT.
IIpu panbmeiilmeM  yBenmwenusm CKOPOCTH IEPBHYHBIX BICKTPO-
HOB 4HCJIO IMHTTHPYEMBIX BTOPHYHHIX 3JGKTPDOHOB BHOBbL MeE[JIEHHO
Hajaer.

Bropmumasi sMuccma xapakrepmayercs koapdmumentoM 8, mpes-
crapiaAOIUM o060 OTHOINeRWMe CYMMBI UMCIIA OTPasKEHHBIX M BMHT-
THPOBAHHBIX BJIEKTPOHOB I umciy mepsmuHsiXx. O Xofe nmamenemust &
¢ H3MeHGHHeM CKOPOCTH IIePBHYHHIX JJIGKTPOHOB [aéT IOHATHE
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rpuBasg puc. 21, rge mO ocH abemucee OTIIO;KCHA SHEPI'HA HepPBUIHHIX
AIEKTPOHOR B JJIEKTPOH-BOJNbTaX. [lms GonpumucTa Xopomo ofesra-
JKeHHBIX METAJLTOB MaKCHMAJILHOe 3HA-
uYeHde KOd(pHuHenTa & UPH mameHHm
J ' UePBHYHBIX OIEKTPOHOB HA LOBEpPX-
id HOCTh MeTa/IJJa 110 HOPMANH Je;RHT B
upenesax me;kay 1 u 1,4. Ilpn naam-
YHH aacopOHPOBAaHHOrO CJIOH ras3a 3To
ik YHCIIO IOBHILAETCH 0 3.“ Hag an-
CTHX IEIOUHLIX METAJIJIOB 8 HeBEJIMKO
(y wammua 3<1), mecmorps Ha Ma-
Iy pabory BmIXona.

T

qar ciIydae Kaykgoro OTHeJBHO B3fi-
TOro Mertajura Kpusas 8=f(U) mmeer
PANTOPGUKOB H HePOBHOCTeH (pHC. 22).
07 Yacte atux rOp6HKOB HAXOIUT CBOG

I 1 !

+aq a0q 7200  o6bacHenme B HOHH3amuu agcopba-
Uar4 popammoro ma mosmepxmocrn weramra
Pic, 21. Kpmsan sasmcmvocr 133a. llpyrme rop6mkm xapaxrtepusi
woofpunmenta BTOPHYHOH ommc- J[JIA CAMOTO MeTajula H He HCYe3ai0T
¢HH OT SHEPIUM MEPBAYHEIX 37ICK-  MIPHM CAaMOM TIHATEILHOM O6e3rasKHRa-
TPOHOB. HHH ero moBepxnoctd. CpasHeHHC
YCRODAIOUIMX mepBHUYHEIE 3JIeKTPOHH
UOTCHQHAJIOB, COOTBETCTBYIOUMX OTTeMBHEIM TODPGUKAM, ¢ OHepPrHei
BO30OYKIEHHUA CUEKTPAJIBHEIX JIHHAH MITKOIO PEHTreHOBCKOrO M3IIy-

YeHHA DOKa3RIBAET, YTO MH HMeeM
3@ech meno0 ¢ BHIOHBaHHeM Irep- U
BHYHLIMH 9JIEKTPOHAMH 3JIEKTPO- s
HOB M3 aTOMOB MeTa/Ula H TPH- 4

TOM He M3 CaMbIX BHEIIHOX, a H3
ray0sce  pacmosIO;KeHHHIX 9JICK- 67
IPOHHEIX 000JI0YeK. 3aMemenue 23

IyCTHIX MeCT B 3TAX 060/I0YKax
HIeKTPOHAMH Gosiee padéxux or
sAxpa 060lI0YeK OpPHBOZMT K W3- 720
AY9eHHI0O BHYTPH MeTayula peRT-
TFCHOBCKHX JydeH, CHOCOOHEIX B ——l et

. b & &8 12 8 20 2 28 32 5 40
6BOI0 Ouepedb MepedaTh CBOM U a8

HBAHT OHEPTHH OJEKTPOHAM Me- . o HavanbHe# yuacTor KpHBOH
TAJIJ1Ia U 3aCTAaBHTL HX 94CTHYHO 3=/ (U) B caygae amerof nosepxHocTH
BELTETaTh W3 Meraisia. OaHaKo weranma (kpHpas 2) 1 B cryuae HaNE-
3T0 ABJEHHE HrpaeT OpH BTO- YA HA OT0H NOBEPXHOCTH INIBHKA
PHUHO OMECCHE JNHIE BTOPO- agcopmpoBanHoro rasa (kpmBam 1),
CTEeIEeHHYIO poas. Bropuumasa

JJIeKTPOHHAA SMHCCHA H3 MeTajUIOB OCYUIECTBISETCH B OCHOBHOM
HyTéM BEIXOAA H3 MeTa/jla DJIeKTPOHOB nposBoguMOcTH Girarogaps

LLIANLNRE S I N
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mobaBouHOil dHeprum, HONYYCHHON mHMu HEHOCPEICTBeHHO OT Hep-
BHYHBIX 3JEHTPOHOB.

Hax morasamu omsiter A. B. Adamacpesoit u II. B. Trmodeesna,
UpH HAHeCEeHHH TOHKOTO CJIOA INCJIOYHOTO MeTalla Ha NOAKIAIKY H3
3070Ta, cepebpa MM IIATHHL § BHAYaje BO3PACTaeT. JT0 COOT-
BETCTBYET YMCHBIICHIO DaGoThl BhIXOAa 6iarojapsa MPHCYTCTBHIO HA
[OBEePXHOCTH MCTA’lJIa MOHOMOJICKRYJIAPHOTO OMeKTPOMOIOKHTENBHONO
cJI0f. 3aTeM IO MCPe yBe/MYCHUA TOMIIHLL CIOA MeJI0YHOr0 MeTaiia
¢ yMeHbIDAeTCA M OpPH TOJIIHHE TOI0 CJI0A OKOJO TECKOABKHX COT
MATJIHMEKDPOHOR CTAHOBHTCA PABHOM & /JIA YMCTOTO IICJOYHOLO Me-
Tajana m 6osiee He M3MEHACTCA. ITH ONBITH HOKA3LIBAIOT, YTO HMUCCHA
BTODHIHBIX OJI@KTPOHOB HPONCXOMAT He TOJBKO 3 CAMEX BepXHHX
¢10€B Mertanya, HO H 13
HexoTopoit raybuant. Mame-
pPeHHA o, TNPOU3BeJCHHEe
TeMH jKe aBTOpaMu, B CJy-
yae  BTOPHYHOM  HMIUICCHH o_
3JeKTPOHOB € MOBEPXHOCTH
cepebpa 11 Mmoaubaena, obpa-
OOTAHHKIX KHCIOPOHOM Il
¢epoOBOIOPOAOM, HOKAa3aJH,
UTO CJOH OKMCJA WM Cep-
HHCTOTO COeJUHEeHUA YMCHBL- /],
waet 6. B atoM caywae o
TaK/Ke HOCTCHCHHO M3Me- Pme. 23.

HAJIOCH ¢ YTOJOIeRNeM CIof
KHCJIOPOJia IJIM CePH, HOKa 9TOT CJIOH He [OCTHIaJ HEKOTODPOH ompe-
OeACHHEOR  TOJIIHHLI. .

Hoopdunuent sropugmoil sMir-cuu 3 3aBHCHAT oT TOro yriaa, mog
KOTOPHIM HNePBHYHBIE JICGKTPOHbI HONAJAIOT HA MOBEPXHOCTh MeTaula.
Hem Goirbire 3TOT Yros @, OTCUMTHIBACMELT OT HOPMAAM K HOBEPXHO-
crH, TeM Gomeure I koaddumuent 8 BOIoTh Jo yria B 70°, Ha KoTopoM
o0pHBAIOTCA MMEIONHECA B JMTePATYPe SKCHEePHMCHTANILHLIE JaHHEE.
JT0 06CTOATEIRCTBO TaKKe OOBACHIETCA TeM, YTO MePBUYHEBIC DIIGK-
TPOHE! IPOHUKAIOT B MeTaJlal JoBOJABHO riy6oKo, HOKa OHII He pacTpa-
TAT BeCh M30BITOUHNII 3amMac SHEPIHU, IO CPABHEHHIO CO CpeIHel sHep-
rEedl 5JIeKTPOHOB IPOBOJUMOCTH MCTAJJa.

Har nokasmBacr cxemarmueckmit pme. 23, 4em Gosbime yros
HajileaNsa NEePBUYHOTO 3JIGKTPOHA &, TeM OJIMIKC K HOBCPXHOCTH HAXO-
aurea Komwen A, myrn O,A,, npoferaeMoro 3IeKTPOHOM B MeTasuie
0 MOJHOH MOTepH HM30LITOUHOH SHCPTMH. OJIEKTPOHBI MeTajlia, Ko-
TOPHIM HepBHYHBIH BICKTPOH HepefaéT IPIH B3aUMOACHCTBUM ¢ HUMH
€BOIO 3HEpruio, MOJy4aioT eé mpll HOPMAJBHOM IAJICHHH HePBHUHHIX
OJIKTPOHOB B CpefHeM Ha GojblucM paccTogauu O A, oT moBepXHO-
CTH, 4eM TO e paccToarmme BA, mpm wxocom magemun. ITostomy
OpH  HOpPMalbHOM MHajfeHNM HepBHYHHX 3JCKTPOHOB BTOPUYHEIE

a:

_——t .

L=

6 H. A Raniosn
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DNEKTPOHBl B CPE/IHEM BCTPEYAINT OOTIBIIE OpPemATCTBII IIPU BHXO0[E
H3 MeTaJLla.

IMogoBHBIMIL 7K€ COOBParKeHUAMH MOKHO KauecTBEHHO OOBACHUTEH
obummit xox kpussix o=f(U) puc. 21. Uem Gosspine SHEPrUA UEPBUYHBIX
37eKTPOHOB, TeM GOJIbIIeMYy UHCJY 37IeKTPOHOB MeTAjljla IllepBHYHbBIE
aeKTpOHLl mepefaT ary omepruio. Ilostomy Bmadajie 4HCIO BTO-
PIYHLIX 3JIEKTPOHOB, BHIXOANIIX N3 METATLIIA, YBEIMINBACTCA ¢ yBeIH-
yeHHeM CKOPOCTH TepRiuHbIX. Ho ¢ yBennyenneM cKOPOCTH HePBAYHBIX
9eKTPOHOB YyBeJMunBaercs i 11y0OuUHa MX INPOHUKHOBEHHA B MeTall,
a CIlIeOBATCTIBHO, M CpCjHee PACCTOSHHME OT IOBCPXHOCTH Meraslia,
Ha KOTOPOM IPOMCXOJMT Tepefaya HHePTUll MepBUYHEIMHE SJEKTPO-
HAMII BTOPHYHEIM. OTO 3aTPYAHAET BbIXO;{ BTOPIYHLIX SIIEKTPOHOB.

B ABJieHIsIX TePMODICKTPORHOIL amuccu 1 dorosdderra, Kar Mbl
yiKe BHeAI, OYeHb OOJIBUIYI0 pOIb HIpaer apdextunuana pabora
saxoga ¢ = W,—W,. Ha ommccun BTOPHYBHX 2/1€KTPOHOB, B 4acT-
jocTH Ha asmauvenmn xodddumuenTta 3, M3Menenme paboTH BHXOJA ¢
oramBaercs ropasno crabee. Tax, manpmmep, apdextusnas pabora
BBHIXOZA TOPHPOBAHHOTO BoJibPpaMa B Hpomecce AKTHBHPOBKA IIOHM-
maeres ¢ 4,5 110 2,6 24.-6; TOR TCPMO3TEKTPOHHOI IMUCCHM yBeJIHYH-
BAaeTCA B 9TOM CIIyYae B MUITHOUBI pa3 (IpM OJXHOM U TOII e TeMIrepa-
Type), a woaduuHeHT BTOPHUHOI OMUCHU & YBeJIMYMBAETCA BCEro
ronbko Ha 20% . Pafora BeIX07a TICIOYHEIX METaJIOB HI3Kasd, MeKay
TeM KOD(@UIHCHT BTOPHUHOI AMICCUN § T3 TOIETOIO CJIO0A HieI0YHOTO
Merasia Menbime equuunsl. CpaBHATEABHRO He3HAuMTEebHAS pOJIb,
KOTOpYlo Hrpaer paGoTa BHXOJA B ABJICHHM BTOPUYHON 3IMHCCHE,
oOBACHARTCS, ¢ OHON CTOPOHH, OOJBIIOIN BeAWYHHOI 9HEPTHH TIep-
BUYHLIX 3JIEKTPOHOB MO cpaBenuio ¢ >ddextuBroii padoroi BEIXO/IA
©, @ ¢ PYToii—TeM, UTO DMHCCHA BTOPHYHEIX 9HIEKTPOHOB IPOMCXO-
JIAT e H3 TMOBePXHOCTHEIX, a u3 Gonee rayGOKNX ¢JIOEB MeTajwia, u I0-
9TOMY IIA BTOPHYHOI SMIICCHH ¢YUIECTBEHEH HC CTOJBKO HOTEHIHAL-
HBlil Gapsep HA TPAHUIE MeTa/l1a, CROMBKO Te IPEHATCTBHAS, KOTOPHIC
BTOPWYHKII BJIEKTPOH BETpEYaeT, ABHrasgch BHYTPH MeTajlja.

Ilpn omnpejesieHnn pacilpeesieHHs CKOPOcTeH Cpen BTOPHUIBIX
DJIGKTPOHOB METOJOM 3a/(eP/KHBAIONIET0 1OJIA MCTOYHNKOM HMePBHYHERIX
27IEKTPOHOB CIYKUT (DIeKTPOHHAS IYIIKa», CXeMA KOTOPOH IIpefcTas-
geHa ma puc. 24. Mullenb—3eKTPOJ, BTOPHYHAA IMHCCHA M3 KOTO-
poro usyuaercs,—IIOMCIAETCs COTTTACHO CXeMC pHC. 11 B mentpe cde-
pIYeckoro KosieKTopa. OGBIMHO TAKAM KOJICKTOPOM CHIY3UT HOKPBI-
Tadg METAJIZIOM BHYTPEHHSS OBEPXHOCTh CTEKTIAHHOTO OaijioHa. 3ajep-
sRUBaomee 107le HAKJIAJBBACTCA MEKAY MHUIICHBIO H KOJIJIEKTOPOM.

B KauecTBe IJIIIOCTPAIMA KPMBLIX, TOJyYaeMbiX /s paclpeselie-
MU ¢KOpOCTEil BTOPHYHBIX 3JEKTPOHOB, IPHBOANM KpHBbHE PHC. 25.
Kpupas [ coorBeTcTBYeT dHepTHH INEPBHYHHIX 3JIEKTPOHOB 37 aa.-s,
wpuag [[—125 aa.-6. Marcnimym, pAacIloNosKeHHLIT OKOJI0 IPaBOTo
KOHIIa KA;KIOH KpuBoid, 00a3aH CBOUM IIPOHCXOMH/IEHTEM OTpaKEHHKIM
ATEKTPOHAM, TOYTH TOJHOCTHI COXDAHHBIIMM CBOIO CKOPOCTE npH



§ 21] BTOPUYHAA DIEKTPOHHAA DMUCCHUA 83

OTpa}KeHHuu. prl‘ﬁe reGobiIe MaKCHMYMbI, pacnoJiojKeHHbie Ha
KasRIoNi leIBOﬁ HECKOJAbBKO JiéBee 31010 MaKCUMYyMa, COOTBETCTBYIOT

Yrpalbirawaug

IneHTpod //7577&//] vl ~
>
///

BLravsd awod

& @

- -

Puc. 24. Cxema «3JIcKTPOHHOM myuwikn». M3ormyruie cnaiomnme

JMHIA-—CEUeHUs SKBUNOTeHNNAILIRX MosepxHocTeil. ITyuxrap-

HBIE JTHHMH-—TPACKTOPIH 3JEKTPOHOB, BREUIIETAIOIIIX 113 KAaToa
(em. § 7, rm. VII).

OTPaKEHHBIM DJIEKTPOHAM, YaCTUYHO HOTEPHBIINM SHEPruio IIpU BO3-
Oysmmennn MATKAX penTrenoBeknx ydeii. Hlupornii Mmakcumywm, pac-
HOJOKeNHEI B Hayasle KPUBOI I COOTBETCTBYIONIMI MaNbIM CKODOCTAM,
BEI3BAll AMHUCCHCIH COGCTBCHHO BTOPHYHHX OJICKTPOHOB.

:’N’g\

OMOPUYHOIT INERMPOHOB

Omuocumensroe uucno

1 L

g 25 50 75 708 725 ana

Puc. 25. Kpuswe pacnpejesieHusas BTOPUYHHX 3JEKTPOHOB NO
SHEepPrHAM.

BTOpI/I‘IHHe BJIGHTPOH])I IMUTTIHPYIOTCA HC TOJIBKO MeTanjgaMu, HO
H 1pyruMa TesiaMm, B TOM 4qmcae crexkaoM. HabGmomaores asa pan-
JUYHBIX ciiyvasd HMOBeAeHHUs CTeRAAHHBIX CTEHOK TPYOKM HPH ra3oBOM
paspage. Horga Ha cTexsno moagaloT MEIJICHHBIE 3JEKTPOHEI, CTCRIIC
3apaiKaeTcA orpuuatesnpHo. Ilpm momagammm Ha CTEKIO GBICTPO ABM-
KYMUXcA SAEKTPOHOB € IIOBEPXHOCTH CTELIa HPOHCXONHT SMHCCHSA

6*
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BTOPHYHHIX 3JIEKTPOHOB B KoJiHdecTBe, 0OJIbLIEM, YeM THCIO HepBHY-
HBIX 3JIEKTPOHOB, M CTEKJIO 3apsikaercs IOJIOKUTEJIBHO.

IpakTHYecKH 9TO sIBJIEHIIC HPHBOJHT K Pas3pyLICIINO DazpaiHof
tpybru. Iomommrenmsusiil  3apan GoMOapupycMoro  HCPBINMHBIMU
3JICKTPOHAMH 9JIeMEHTA CTEIRKH IPHBOINT K YBCAIYCHUIO CKOPOCTH
HePBHUHKX 3JeKTPOHOB. JTO BeET B CBOIO OUepens K AajbHciimiery

YBETIMeHHIO BTOPHYHOI SMUCCHH H ¢cO37aBaeMoro e mo-

JIO;KHTOIBHOrO 3apAla Ha CTeHKe II KO BeE BO3pacTalio-
% meMy HarpeBaHIIO CTEK/INHOL CTOHKH IIOX  yTapauu
3JIeKTPOHOB. B KOHEUHOM HTOre CTEHKA pasMsrdacrcd
o OpojaBauBaeTcd artMocfepoil.

B macrosiyee BpeMsl BTOPHIHYO 9MHCCHIO HCIO1B3Y-
10T j71g obBbexHHCHIS B 0gHOM mpubope GoroadeMenTa C
yeannresnem. Cxematmaeckoe n3obpaskeHue Takoro IpH-
fopa mpegcrasieno Ha puc. 26. Iloror ¢oTosnexrporos
¢ karona K momamaer ma 1-it omummop I. YcisenHs
B 0 pa3 TOK BTOPHYHBIX OJJICKTPOHOB IONAJaeT Ha
2-it omurrop f/, zatem Ha [1[ u t. n. C mocaegrero,
n-ro, MHUTTOPA HOJydaercsl TOK, YCHJCHHHIA B 8" pas;
3TOT TOK YJaBiIuBaeTcs aHOIO0M.

B MHOrOa7IeKTPOJMHBIX JJIEKTPOHHEIX TPYOKax BTO-
pIYHAA DMICCHSI IPIBOIUT K HHATPOHIOMY 3PPerty.

§ 22. Teopun BTOPHYHOIl DAEKTPOHHOL SMIICCHH.
.DMuceisT BIOPUYHBIX JJIGKTPOHOB, Tak Ke Kak 1 $oro-
sPext, HEBO3MOKHA I CBOOOIHBIX IIEKTPOHOB, TaK
Kak I B 9TOM ciydyae He MOrJH Onl OBITH OJHOBpPEMeH-
HO cOBJIOIeHH 3aKOH COXDAHEHHsI JHEPIHH U 3aKOH
coXpaHeHHMs HMIY/bca IPH Ieperavuc dueprum Or Iep-
A  BHYHBIX DIEKTPOHOB BTOPMYHBIM.

Kpome TOro, d9roSel Morja HMETb MeECTO BTO-

Puc. 26. Cxe- PUIHAS OMHCCHsI OJEKTPOHOB,  HEOOXOTUMO, dTOOH

Ma BJICKTPOH- HMeJI0 MecTO OTPayKeHHe OT KPHCTAIIIINYCCKOH peméTxn

;*g;g Ygﬂgﬁﬁgj MeTanjla JTHOO BTOPHYHBEIX, nu00 HePBHYHHEIX JIIEKTPO-

Tpmweckoii fo- 1OB- Bes Takoro orpaskeHisi BEKTOP HMIYJIbCA BTOPUY-

KycupoBkoir. HBIX DJIEKTPOHOB He MOKeT MMeTh HalpapieHusd, 1Heob-
XOQHMMOro [/ HX BHJIETA H3 METaja.

Meppasg HONEITKA TOCTPOMTH TEOPHIO BTOPHYHON OIERTPOHUOLN
SMUCCHY M3 YMCTHIX MCTAJIOB HA OCHOBE BOJIHOBOH MeXaHHKH paccMa-
TpuBaeT BO3MYyI[eHHe cOOCTBeHHOH (YHKUHI DJIEKTPOHOB B MCTaJljIe
IIPOHHKAIOMIMMI B METa/ul IepPBHYHEIMH d7eKTpoHamm. U3 aTOH TEO-
PUH cieqyeT, YTO BTOPHYHAT DJCKTPOHHAS IMHCCHA BO3MOMKHA (T. e.
9TO B MyUKe 2JICKTPOHOB, OTJIETAOIINX OT IMHTTOPA, NOABJIIIOTCA, KPO-
Me OTPasKEHHALIX IIepPBIYHEIX JIEKTPOHOB, TAKIKe U ICeKTPOHbI, BHIIE]-
AIMe U3 MeTaja), TOIbKO HAaUHHAS ¢ HEKOTOPOIL MHHHMAJBHOH BHEp-
AN HePBUYHEIX 3JIEKTPOHOB & | wun, OJM3KOU K MaKcUMaJIbLHOH 3Hep-
AMH 3MIEKTPOHOB Merasula HpH alCcosioTHOM HYTIe.

!
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Pemenue 3agaud IPHBOANT X TOMY, 9T0 mIpH &, HOPARKA & , yug

§ UPOIOPLUOHANBHO &1/, (22,1)

a opu &, > & ywumy T-© 1 HACXONANIEH BETBU KkpuBoil pmc. 21
In é

8 NPONOPHHOHANLHO ——7& . (22,2

1

Jlpyroit BapmauT TeOPHU BTOPHYHON SJIEKTPOHHOH SMMCCUH TIPe.-
nomen cosercknM ¢uamrom A. E. Ragsnuesuuem. Mexoxmbie modto-
seEnsa Tcopmn KajplreBnya: SIeKTPOHHBIA ras B MeTalljle ABIAETCH
BHIPO?KEHHEIM Fa30M ¢ pacHpefleJIeHHeM SHepruu 1o DepMmu;, ynpyrue
¢TOJKHOBEHHSA ¢ HOHAMH peWISTKH Merailila M3MeHAIOT HanpaBieHHE
[BWKeHIIA NEePBHYEOro SJIeKTPOHA; HNPOHHKAIOMMII B MeTalll HepBHY-
HBf 57eKTPOH M CO3JAHHBE UM BTODHYHBIE ODJIEKTPOHBI TOPMO3ATCSH
GiaroapA B3aHMOMEHCTBHIO ¢ SIEKTPOHAMA mpoBoguMocTH. Bsammo-
NelicTBHe 5IeKTPOHOB ¢ HOHAMM DEUIETKM YIHTHIBA@TCH MyTEM PaceMo-
TpeHHMs YHOPYrHX coyAapeHHii smewtpona ¢ pewmdrtkoil. Hanmmresnw
YUUTHIBAeT CYyMMapHO KaK pacceanme, o0ycJOBIeHHOe HAMIYHEM pe-
METKY I e8 HepMOoUTIeCKOro 110718, TAK H paccedAnne, BHI3BAHHOE Tell-
oM Kolebammamn pewdtrn. Haxwnmesuwy ypaérea o6bACHUTH
pAX THNHYHBIX oco0ennocTell BTOPHYHON HMICCHN, B TOM WHCHE
BospacTanne Kod(QduiieHTa o IPH YBelUYeHHM YIVIa HDajeHNA lep-
BHYNHX 57eKTPOHOB (Bospactamue TeM Oojlee OmICTpoe, YeM Gouslie
CKOpOCTh TePBIYHLIX SJIEKTPOHOB) I MaJible 3HAYERIA § JUIA Ielloy-
HLIX MeTaJIoB. 13 mocilelmeM ciydae KOHIOEHTPANMUA ¢BOOOIHBIX BJIEK-
TpoHOB GoJbLIE, YeM Y APYFHX METAMJIOB; CJe0BaTeIbHEO, TOPMOJKC-
Hne, 06YCJIOBNCHHOE KYJOHOBHIM B3aMMONeiicTBHEM MeiRIY SJIeKTpo-
HaMH, Toxse GoJblIe, a COOTBETCTBYIONIMIT MOJHBIN npober Kak mepBmy-
HEIX, TAK W BTOPIYHBIX 3JEKTPOHOB MeHmbIIe.

Teopernuecckie pacuersl HapnuieBuua 1A 6 Kak QyEKOMH 07
CKOPOCTH TePBHYHEIX 3JIEKTPOHOB AAIT XOpollee COBIAfeHNME ¢ OHbL-
TOM A7A pAja UMCTHIX MeTaltoB. Hansitenuy onpoBepraeT BBIBOX
0 HeoHXO0MMOCTH MHHHMAZLHON CKOPOCTH HePBHYAHIX 3JEKTPOHOR
nas propuunoil smumeenn. Habmogaemoe wkamyineecss NHperpameRuc
BTOPIUEOIl dMmccrn OObACHAETCA YCIIICHEEIM OTPajKeHIleM HepBHY-
HLIX 3JIEKTPOHOB TPH MAaJHX CKODOCTAX.

§ 23. Bropuunag »JeKTPOHHAA DMIICCHA I3 CIOMKABIX KaTOROK.
[pu HpaKTHYCCKMX TPUMEHEHIAX BTOPUYHOH 5MMCCHM B DIEGKTPON-
HLIX YMHOMKHTENSAX 1I0Jb3YIOTCA B KauecTBe SMHTTOPOB OUICAHHBIMK
REIIIe CJIOMKEBIMH KAaTOmaMM, TaK KAK STH KaTomsl obiaxamwT 6ois-
uniM  KospduuuenTom BropmumHoil smmccuu 8. [lua wmexopommo-
MeaneBEX KATOJOB He OpefcTaBlsgeT 0coOBIX 3aTPYAHEHMI OPH Macco-
BOM I3rOTOBJICHUH DIEKTPOHHHIX YMHORUTeNeH I0IyIaTh § 0KO0 4—9.

Bropnynas »IeKTpPOHHAS OMICCHA H3 KHUCJIODOIHO-NE3MeBRIX Ka-
TOOB OTINYAETCH TOH 0COGEeHHOCTBIO, UTO BeJNYMHA BTOPHYHEOrQ TOKA.
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Il 3HAYeHHe KOoapOHIHEHTA O 3ABHCAT OT HANPAREHHOCTH BHCIIHETO
cobupaionero dIERTPORLL MOA, T. e. 3ABHCAT OT PABHHILI TOTEH-
LAQ0B MEHAY IMHTTOPOM H KOLTeRTOpoM. B ciydae umetnix meras-
JIM9eCKAX MOBEPXHOCTell Tawasd 3aBIICHMOCTh HMeeT MeCTO TOJBKO,
IOKA BHeIIHee MMO7de ¢ Y4Y6TOM KOHTAKTHOH PpA3HANIL MOTCHIIHAJIOB
TipeficTaBaAeT coboil TopMosdAmee mote. Ilpu BropmuHOi dMucchn w3
HHCTIOPOHO-Le3UEBBIX KATO/(OB BHEIIHEeE YCKOPAIONIee 57eKTPOHH MOJie,
HPOHHKAA BHYTPb HPOMEMYTOYHOTO €051 OKHCIA HA KaTOXe, KAK OBl
BRITATHBAET 113 Her0 Te JICKTPOHEI, ROTOPHIC MOJIyYILTH OT MePBAYHEIX
ATeKTPOHOB 100aBOYHOe KOJIHYECTBO OHEPTHH, HeXOCTATOYHOE I
TOr0, YTOOB! OHI MOIJIH CaMOCTOATE AbHO BHIITH H3 KATOga B OKpYIRaI0-
uryio cpery. B ciyuae 9meThIX MeTaIoB Takoe ABJeHHe HAGTIONATHCH
e MOJKeTr, TaR KaK BHeIlHee NOJ¢ BHYTDh MeTAJ/IA He HPOHHMKAET.

Hegocrator KHCIOpOAHO-IE3NEBLIX KATOIOB OPH YHOTPeOIteHun
IIX B KadecTBe DMUTTOPOB 3aK/II0YACTCA B MAJOl WX TeMIepaTypHOIi
CTOHKOCTH. JTO HC MO3BOJIACT MOAYUATh B BICKTPORHHIX YMHOMRHATENX
HonpmEUX TOROB Ha BEXOfe. TeM ke HeTOCTATKOM, XOTA B HECKOIBKO
MEHBIUCH CTeWeHI, 00/ajaloT I CypLMAHO-IE3MeBEle KaToMbl. B 10
“Re BPeMs A ¢y PbMAHO-ICRHeBHX KaTo0B KOIQQUIHCIT BTOPHYHOI
IMHCCHH § Meubllle, ueM JIA KIICI0POLHO-NealieBhX. Ilepexy Qusnka-
ME, paboTaonII B 00JACTIH OJICKTPOUIKI, CTOHT 3agada CO3JaHs
I DICKTPOHHBIX YMHOKIITCICIHL DMUTTOPOB, CTOMKHX [0 TeMMepa-
1YP B HCCROIBRO ¢oT rpagycos Ileanena.

B 1936 roxy Maabsrep ofuapyskiia upessbrgaiino OOJBIIYI0 BTOPUY-
HYIO SMHCCHIO I3 ATIOMIHIS, OKICJACHIION0 31CKTPOIATHYCCKIM My Téa
Il mOcyIe BTOrO AKTHBHPOBAHHOIO MapaMu mesus. Ilospdnument 7
1upu arom maoria Osi1 Goasure 1000, Ioce mperpamenns GomGapi-
POBRH TAKOI'O 57IEKTPOTA HePBUIHBIMII ITICKTPONAMH BTOPHYHLIM TOR
e Mperpainaercs cpaly, a yObBaeT HOCTOIIGHHO B TCYEHHE J[THTeb-
toro BpeMenil. Caaduli TOR MOMKHO OOHADYHIITE Ueped HECKOABKO
aacon. Hannoe Maabrepom mpasomoofnoe o6bAcHenme 21010 ddder-
fa  TaKoBO: O1arojapA BTOPUYHOI OMUICCTIT BHEIIHAA MOBEPXHOCTD
SMHTTOpA 3apsuiaeTed HOJA0KUTeNBHO. Tak Kak OKHCH &TIOMHHIS
ABJIAETCH OYeHB XOPOIIMM H3O0JATOPOM, TO HeliTpaJll3alHs IMOJ0MKH-
TetbOro 3apsAjia Yepe3d Caoil oxucH Wiér Mextenuo. IosTomy momo-
JRATENTBHBI  IIOTeHINA/ BHEUIHeil HOBEPXHOCTH MPIHAMACT OOIBHIOE
SHAa49eHHe, Il B TOHKOM C/10€ ORIICJIa CO34aéTed CIIBHOe dIIeRTPHUCCKOE
HoJie, TPUBOJAIee 1 XOJOHOU IMICCHIT U3 aMIOMITHHeBOH ORI
OMUTTOpA. BobIpriBaemsle W3 aTOMITHHA  O7IeKTPOHM HpPHOOPCTAIOT
1 cJ10€ GOTBIIYI0 CROPOCT H HPOCTPEIABAIOT DTOT CJ0M BMecTe ¢ MJIBH-
ROW 1e3nd, He HelITpaIU3ys 3aMeTHO TOJIOMKUTE T bHEIH 3apa IIEHRHA.
Jpdext Manbrepa nadmonanca JI. B. Beproseiv Tamme 1A HIRens,
IDKPRITOTO TOHKOI MIEHROI guoneKtpura. ITpakrtuyeckoMy mnpnme-
HCHITO 3 Perra MabTepa MellIaeT O9eHb GOMbIIasg ero HHEPIMOHHOCTE.

Ilo Bompocy 0 mMexanmaMe BTOPHYHOM SMUCCHU M3 CJAOMKHEIX KATO-
/I0B, B YACTHOCTH 0 HpHYHHAX, 06yCIOBINBAIOIMUX GOIBIMIE 3HAYCHHA



§ 23] BTOPMHYHAMA 3IEKRTPOIIIIAH OMIICCHH M3 CAOKHLIX KATO0OB 87

voaPunuenta d, BHCKA3AH DAL HeCOTNACHHIX APYr ¢ Apyrom MHe-
unii. IlepBoHauajbHO IHPEANOIAraZIOCh, YTO Gonbmad BTOPHIHAA
OMHCCHS CIIOMKHBIX KHCJOPOJHO-IE3HeBRIX KaTOJOB, TAaRK jKe Kawk H
doroaddexrr, 06yCIOBIABACTCA HHSKAM IOTEHIMATOM HOHHI3AIMUNA
agcopOupOBaHHBIX B moBepXHOCTHOH TNEHKe aTOMOB me3UA. Onuaro
napajuiesbHOe MCCAe0BaHHe doroapderta H BTOPHIHOH SMICCHM
KHCIOPOIHO-Ie3HeBHX KaTol0B IOKA3bIBaer, 410 JT0 He Taw. ITpu
YTOMIEHIH KHCAOPOHO-TE3EBLX KATOROB IYTEM JIX MHTEHCHBHOIO
OCBENIeHHA, a Takske UpPH H3MeHEHMII TOJIIHHBL IOBePXHOCTHON
MJIBHKE Me3ns IyTéM JOIOJIHHETeILHOTO IPOrpeBa BCero upnbopa Xojl
i3MeHeHMs1 KoO(PPHIMEHTa BTOPHYHON OMICCHH He COOTBCTCTBYOT
xo1y uaMesenna Qororoka. MarcuMyMb 00elX KpPUBBIX He COBIIA-
sao1. Todmo Taw jKe He COBIATAIOT I3MeHeHUH BTOPHYHOMU 3MHCCHIT U
(POTOTOKA 11 TPH H3MEHCHHT CTPYRTYPHl IPOMESRYTOTHOTO COA G0
HOTO KaTo/a.

IIpu MOCTPOCHHN TeOpUH BTOPHYHOI DJEKTPOHHON DMHCCIH M3
C0MKHEIX KATOZ0B HX HAJO paccMaTpuBaTh KAK MpHMeCHLIe MOTyHpo-
sogumku. IIpm 2TOM HAJO YUNTEIBATH, YTO BTOPHHHLIE OSAERTPOHE!
BRIJIETAIOT HE ¢ caMOil MOBEPXHOCTLL CJIOIRITOI0 KATOAR, & ¢ HeKoTOPOil
yIyGHHBL M YTO OCHOBIION NIPATMHOIL, TOpPMOBSAMel UX JIBUKeHMUe, AB-
IfleTCA B3aMOIell¢TBIe WX ¢ DIEKTPOHAMU IOJOCH IPOBOIHMOCTH.
BoapacTanie 9lci1a 9CRTPOHOB IPOBOTIMOCTIL HPUMECHBLX TIO/yIPO-
GOARMEOB CBepX HCROTOPOTO  ONTIMATLHOTO  3HAYEHITA  HOIRHO
\MeHbIIaTh Broplyilyio oMiceio. OIHa 113 IPeL TOKENHEIX KaueCTBe-
UBEX TCOPHil 00BCHART GOTBIIYI0 BIOPHUNYIO SMITCCRIO II3 RICA0POL-
HO-Te3HeBLIX 1 MO OGHEIX 1IM KATOA0B CTCHHPHUCCRIM PACTIONOKEHIEM
JIOJIOCH  TPOBOUIMOCTIL  JIOJYMPOBOAIKA, ARIAIONErOCH IPOMEHY=
TOMHEIM  CJIOEM DTIX KATOJO0B, AHATONIMAO OIHOMY I3 OOBACHEeHI
Gonpmol UX YyBCTBHTEIBHOCTH B OTHOIIEH I dorooddexra.

B upormBoBec MONBITRAM CO3ATH TCOPINO BTOPUUHOIL MICCHIL,
1CXOTA 13 TpecTas el 30HaTbHOIl TCOPIL, MO MHCHIIO II. B. Tu-
ModpeeBa, OONBIIAs BTOPITYHAS HMILCCHH 13 CIOKHLIX KATOI0B BO3-
HUKaeT BCJCICTBIie 00pa3oBalisa TOJORUTETBHOTO 3apsia Ha I0-
BEPXHOCTH COKRHOI'0 AMUTTOPA TMpH GoMOapUIPOBKe ero MepBITHEIMI
HEKTPOHAMU. DTOT 3apsaf BRI3BIBACT dPdenT, aHasoruuueiii sQQerTty
Manprepa. II. B. Tumodees moraswizaeT, 910 OTCYyTCTBIC 3aMeTHOH
MHEPIMH Yy BTOPHUIOI 3MUCCAH €O CAO0MRHBIX IMHTTOPOB B IIPOTHBO-
HOJIOsKHOCTH TOMY, 4TO MMeeT Mecto 1pi apderre Mambrepa, e IpoTH-
BOpedHT 3TOMY Ipeinosiosenmo. Mmepuia B 1aHHOM cayyae A0/GRHA
OpeeTATHCA BpPeMeHeM HeliTpalusamuy TOJIOMRHTeIBHLIX 3apAA0B,
rotopoe MoskeT Onith Mernmie 107° cex, n BCE e RQyKABLIE W30RTOTHBLI
HOJIOFKATeABHBL HOH MOMeT BHITAHYTh H3 BMHATTOPA 32 BPEMsA CBOEr0
€YIIecTBOBAHAA 00JbINOE KOIMYECTBO JJIeKTPOHOB, TAK KaK BpeMid,
HeobXoquMoe A BHIXOJa JIeKTPOHa U3 CJAOA SMHUTTOpA TOMIIHON
1077 et mpw cpejlHeW OHepIWI DITCKTPORA B 1 94.-6, UMeeT NMOPANOK
sesrwannsr 10714 cek.
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Rak mpn doroadderte, Tar 1 mpn BTOPHUYHOII 5JeKTPOHEON IMUC-
CHH MBI HIMeeM J1eJI0 HC TOJIBKO ¢ BEIXOOM 4aCTH DJICKTPOHOD U3 OMIHT-
TOpa, HO I ¢ BO3OYIKACHHCM JIIGKTPOHOB, T. e. ¢ YBedLUeHHeM HX
SHeprui MyTéM YaCTUYHOI MepeTadi MM SHePTHMH IepBIMHELX BICKTPO-
HoB. IlosTtoMy mpu ofayuennn katoma cetoM u ONHOBPEMeHOH GoM-
0apAApOBKe KATOLQ IlePBUHYHBIMI oserTponamit KaK QorosdPerr, Taw
H BTOPHYHAA SMHUCCIA HPOTEKAIOT MHAYe, 4eM NPH HAJMYUH TOJABKO
OIHOrO M3 9THX HPOLEcCOB. [l YHCTHIX MeTAITIOR 9TO sIBJIeHTe GO
onmcano emé 1925 romy. Bmio maiimeno, wro 9JIeKTPOHHBII TOK /,,
BEIXOIAMMIL ¢ KATO12 BCEICTBHC OMHOBPEMEHHOI'0 OCBEIICHNA T GOM.
GaprupoBkn, Goiabme, uem cymma Qorotora I, u Tora BTOPHYHOH
smucenn /,:
s I, >1,+1,. g (23,1)
Hononnuremsanit gororok
ILi=1I,— (I +1y) (23,2)

oKasajic PyHrnmeil TOKa BTOPHYHHIX BJIEKTPOHOB 1,. Ipn ysemuue-
Huu /[, 518 Yynruua Dpoxogut yepes mMakcHMyM. B Makcumyme ok
I 6ombime toka [, mpuMepuo B mojropacta pas. Ilpn nensmennom 7,
H OpA yBelnuenud [, myTéM yBesMYeHHA HHTEHCHBHOCTH OCBeNIeNIls
Karoja RONOMHUTENBHBLH TOK [, CTPeMHTCA K HACLHIIICHIIO, ROTOpOe
00yCIIOBINBAETCA HCNOIL30BAHICM B orospderte Beex BropmUHBIX
9-1eRTPOHOB, LepeBeIEHHLIX HA (oslee BEICORHE DHEPTeTIYCCKIIE ypoB-
HIL BO3/IeHCTBIeM NepBHYHEIX aTertponos. Jlias KHCJIOPOTHO-TIe3He-
BEIX KaTOIO0B 9TOT dhfert 6Lt mecaenosan I1. B. 1lvarosrvm, a tak-
me 1 . Bopsarom n okasanca 6osee caossmbm.

§ 24. OIeRTpOHHBIC YMHCKUTETH. IITeRTPOHHBLT  yMHOMKHTEND
IpejcTaBiser cobOll BeRTPOBaKyyMHsl mpHGOp, B KOTOpOM (hOTO-
TOR, IOJIy4aeMbill IPHU OCBellleHHIT KATOa ITOTO npubopa, ycusmBaeTca
IpH OMOMIIL BTOPUYHOIN H7ICKTPOHHOI dMIcem. DiIeKTPOHHbIe YMHO-
FRUTEIN HPUMEHAIOTCA JUIA O0HADY:;KeHIA U N3MeDeHUA O4YeHb CJIa-
OLLX CBETOBBIX CHIHAIOB, & TAaKKe I B XPYTHX CIIy4asx BaMEHSIOT CO-
6oil rPOMOBIKYIO COBOKYIHOCTB (JOTOINCMEHTA M paxnoy cHIRTeIbHO]
cxemsl. lIpmoputer cosganus drexTponHbIX YMHOMHITeNed npiHaie-
JKUT COBeTCROMY miserepy JI. A. KyGenwowmy. Ilpmunnmianbras
CXeMa dJIGKTDOHHOTO yMHOMKHTeNIsA, HpeIcTaBleHHaa na puc, 20,
UPaRTHYeCKH OCYMCCTBNACTCA B YMHOMKHTEJAX TPOX pasiHunbix
TMIOB. B amerTponnsix ymuomnreaax KyGemroro momananme maxci-
Ma/IBHOTO YHCjIa BTOPHYABIX /1CKTPOHOB, MOKMIAIONNX Kbl Ipe-
TBLTYMAUI OMHTTOP, Ha e TyI0INHil 0GecIeunBaeTCa qeHCTBHeM MATHHT-
HOTo mona—QOToyMHOMKHTENI ¢ MaTHITHOI $oxycuposroii (puc. 27).
Bo BropoMm THmIE yMHOMHITeMCI, paspaorannsix I1. B. Tumodeesr,
a B npyroii Mopuparanun—H. C. Xiebanrosrim, Ta ke meib 10CTHE-
FaeTCs OPUMEHEHIeM COOTBETCTBEHHO HOXOGPAmubIX JJeKTPHYECKHX
HoJleli—aJleRTpidecran PORYCIPOBKA. Heobxoanman wondurypanus
J/IeRTPHYECKOTO 101 00eCHeYIBAETCH HAJNMUYHEM COCIHANLHOI CeTKH,
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HAXOJsilleiiCsA HpH MOTeHNIHA e aHoia, MIH jKe COOTBETCTBYIOLIeH reo-
MeTpHdecKoil ¢opmoli aMmTTOpOR (puc. 28). Hawowen, Tpernii tum,
paspaboranmmil C. A. BeRmmmucknM, MOKHO Ha3BaTh THOOM YMHOMKHA-
Tena-wamosn (puc. 29).

Pne. 27, Cxema 1pybrn HyGenwxoro. K—doro-

rxatom, Uy, U; W T. J.—IPOMEKYTOYHBIE HJIEK-

Tpomsl, A—anox. IlyHKTHPOM CXEMATHYCCKHM NO-

KA3aWhl NYTH 96KTPOHOB, 32BOPAYMBACMBIX MAT-
HATHRIM TIOJIEM.

Ha puc. 27 mokazan B paspese HepBnil tun. BC—tpy6ka, ma
BHYTPEHHIOI0 IOBEPXHOCTH KOTOPOH HaHecCH cI0If CIOMRHOIO KaToma
¢ Goaptmy KodPdrmmentom 6. ITOT ¢A0H PasbiT Ha PAN OTHEABHEIX

NN

YT

Purc. 28. Onma 13 cXCM PACHOTOMKCHUA 2IMEK-

TPO.I0OB Y JJCKTPONIOIr0 YMHOMKUTEISA C BIICK-

Tprueckoit  Qowycnposnoii.  K—d@oToraro],

A—awoyx, U,, U,, U, U,—npoMemxyTouHnle
9TIERTPOADL.

AMHTTOPOB KOCBIMII IOJIOCKAMH HHCTOH CTeKAAHNOII MOBepXHOCTA.
Marnurroe mone, manpasieHnoe HepHeHIUKYIAAPHO K IITOCKOCTH dep-
TEKA, CO3TACTCS JIBYMA HAMarHIMCHHBIMU CTAJIBHBIMII CTCPMeNbKaMH,
HpusieraomumMu K 1pyOre SC ¢ nByx ctopor. K—cnoil goTorarona,
YIaBAEBAIOMEro cBeToBoil cmruad, A—awon. Heo6xomumoe pacupe-
HejleNde TNOTEHIMAJNa HA OMIITTOPAX ROCTUTAETCA KAaK B JTOM THIE
AIMEeKTPOHHBIX YMHOKIITE eli, TAK JI B JPYTHX IIPH IOMOMM HETUTEN
HAODAKEHHA, 1PelCTaB IAI0Nero coboil BREAIOUEHHOE NAPATIETIHHO
TpyOKe GonblIOe CONpOTHEBAeHUe R ¢ OTBeTBIAEHHAMA K Ka/KIOMY
AMHATTOPY.

Ha puc. 28 mokasam paspes opmoil M3 PpasHOBHIHOCTeH YMHO-
mnrensa Trnmodeesa ¢ anexrpHueckoill QOKYCHDOBKOM, cO ClT0KHOIM
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ronurypanueil smexrpogos. Ha puc. 29 mam paspes yMmuomuTens
Bermmuuckoro. Bropmudbie 97eKTPOHbI, HDOKHHYBIIME IeDPEJHION IIO-
BCPXHOCTH K&K[[OTO HMHTTOPA, HOMNA;[al0T HA HepPeHI0I0 HOBEPXHOCTDH
cJrej[yIolero sMUTTOpa yepes ieseobpasHele OTBePCTUSA B P IeM
sMHUTTOpE. OTOT THH BJIeKTPOHHOTO YMHORUTETA OT/HYAeTCA cBoeil
KOMITAKTHOCTHIO.

[TapaMeTpaMu BICKTPOHHOIO YMHOUTeIdA Asimorea: 1) obmuril
ros(dumuent ycrienus; 2) MaKCUMa/AbHO TOMYCTHMbIH TOK HA BHIXOJle
U 3) MEHAMAaAbHAA WHATCHCHBHOCTB CBETOBOTO ClUIHATA, KOTOPHIHA cIie
MOsKeT 6BITh 0OHAPYIKeH JanHbM yMHOKUTeIeM. Hoadduument ycmie-
HHS 3aBHCIT OT Yicjla YMATTOPOB, OT KodPdIuienTa BIOPHIHOMH dMUC-
CUM KQKIOTO H3 HAX If OT CYIICCTBeHHO BaAKHOIO 1A paboThL HOTOYMHO-
AUTEIA KaveCTBA OKYCHAPOBKH 5/@RTPONOB HJICKTPHIECKIM ITH Mal-
v HITHBIM  IIOTeM. Makcumansuo

JAOTLYCTITMEIIL TOR Ha BBIXO/{e YMHO-

, FKITCTA OT pAaHMYeH TepMUYecKkoil

A CTOIROCTRIO IOCJHEIHUX OMIITTO-

POB UpIt garpese HX GoMOapaupos-

ROIL IMOOATAIOHIIIX HA HHUX dJICK-

TPOHOL I B ¢JIydae KHCJIIOPOIHO-

L@3UCBBIX  DMUTTOPOB He IIPeBbi-
maer 1 e na 1 ora

B ooy srpudope i B uo-

£

S Ss
IS

S

S

S SST
S S S S

Puc. 29. Cxeasa 971eRTPOHHOTO  yMHU-

JROTETA THIA SRaTosu. K —@oTora-

ro1. A—amoa, Uy, U, .. U;—ipoye-
HY TOUHLIC JTCRTPOB!.

60ii ¢XeMC MOYRHO Pa3/INTIHTE CHI-
Ha’i JUIIb B TOM €71yYae, eciaH ero
aMILIITY;Ia [0 MeHbIIeil Mepe pas-

Ha  aMIFITYy;[¢ BO3HIKAOIUX B
DTOIT ¢XCMe TOMCX U HOCTOPOH-
HAX CHrHaty ToKoOB. TaruMH TORaMI B 9JeKTPOHHBIX YMHOGKITEHAX,
OOy CAOBINBAIONITMI MITHHMAABILIL YPOBOHS Y 1OBINMOTO CUTHANA, fb-
JGIOTCSL «mesmmoste moruy ymaosginres. Ocionrasa eJaraioniasg TeMHO-
BOr0 TORA—3TO TOK TCPMODITERTPOHHOI DMIICCHII CI0;KHOTO Karoia
IPH KOMHATHOII TCMICPATYype, YCHIANBACMBII BCOMII KACKAJaMU yMHO-
JKUTeJS HapaBHE ¢ TOKOM, BEI3BAHHBIM CBCTOBLIM CUFHAJI0M, Hagalo-
HEIM Ha Katog. HajlRanIM cmocoBoM TOTaBTeHHS TOKA TePMODIIEK-
TPOHHOH AMHCCIH ABIHAETCS OXJIAMKICHIIC TPYOKI 37ICKTPOHHOIO YMHO-
JRUTeS SRIIKIM a30toM. Jpyrad oA TeMIOBOTO TOKA, BBI3BAHHAM
VTeUKaMH [0 CTeRJay TPYORH, He ycllniBacrcs YMHOMKHTEICM H HO-
aromy mmcer memblice sHaucHue. C moii MO:KHO Hoporhes mogbopom
COOTBETCTBYIOMIETO CTCRJIA, OTKA30M OF HaHeCeHHS HMATTOPOB Ha
¢cTeHKHM TPYOKM M BBeleHHEeM HpeJIOXPaHUTedbHBIX KOJICH Y KaTo/la
" aHoNA.

IOpyroit mpuumHoil IOMeX, HAJarawiUIXcd Ha IOJEe3HBIH CHIHAN,
ABAAETCA BOBHIKHOBEHHC oO0paTHOi cBasnm B ymuomuresde. Tawas
¢BA3H MOKeT OBITH BE[3BAHA HAJIHMYMEM B YMHOKUTEJAC MMapoB me-
S MM JAPYIHX ras3oB, BeACTAOUIMXCA W3 OMUITTOPOB Oaarogapsa
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TOBHIIIEHUIO MX TeMOepaTypsl. AToMEl 3THX ral3oB Bo30y/KTaioTes u
HOHUBYIOTCH GRICTPRIME 9TIEKTPOHAMM, JIBHTAINAMHUCH OT O;(HOT'O IMIT-
Topa K Apyromy. Bosumkaouine mpu aToM KBaHTH CBETA M IOIOMKH-
TeJIbHBIe MOHEI, M0NA1ad Ha KaTOd, BHBHBAIOT JOTOMHITEAbHBI BRIXO],
13 Hero 3aeKTpOHOB. Mepoil 6OpHOH ¢ mOMeXaMH 3TOr0 pPOJa MOKET
caymurh OpuaHue B3MHATTOpAM KOHQHTYpaiumi, yeTpaHsiomei aro
nonaganue (cM. puc. 28). Ilpn cofmogenun Beex aTHX ycaomuii, me-
HOAB3Ys ONHCAHHBIEC B JHTEpPATYPE 3JICKTPOHHEIC YMHOKMTEIH, MOJKHO
OOHAPYKUBATh H H3MepATh (B BIiMOI 0071acTH cHeKTpa) ¢BeTOBHIC
woroku B 1074—10"1 giomemos. Ilpn a10M CcymecTBeHHOC 3HaYCHEE
JMeeT TO, WTO IIPH HOCJe0BATEJBHOM YCHIEHHH TOKA 3MHTTOPAME
3 IeKTPOHHOTO yMHOKUTeNAsA ApoboBoil adderr oraszmBaercs CHIIBHO
CTTIQKCHHBIM JI0 CPABHEHHIO ¢ IpHUMEHEHIEM YCIUIUTEAbHOI CXeMB
HA BNEKTPOHHBIX JaMIaX. JT0 CBOHCTBO 3JIEKTPOHHMX YMHOKHTENEH
UMeIOT B BHIY, KOTJa COBOPAT, YTO 3IEKTPOHHBIE YMHOEUTEIH 06:a-
10T HM3KUM ypOBHEM COOCTBEHHBIX IIYMOB.

§ 25. Bropuusas saeKTPOHHAA SMICCHA ¢ KAaToga Iof felicTBieM
IONORATENLHBIX I0HOB, BO3OYKAEWHLIX I HeliTpaabubIiX aromos. [lpu
1JICI0IEM, & TAKMKE NPH HECaMOC TOATS/IBHOM J1aBITHHOM 3JIEKTPITICC ROM
paspsige HPOMCXOMIT DMICGHS STICKTPOHOB € Karoja Mo AeiicTBUeM
VIapAwMAXea 0 KRATo7 TMOSTORUTEIBHHIX trowos. B reopmu razosoro
paspsia HoAR3YIOTCA KOPOIUIEHTOM MOBCPXHOCTHOI IOHIIZAILIL ¥,
ONPEEAACMBIM KAK OTHOLICHITE WICa BHITETAIONIIX N3 KaToja BTO-
) HYHEIX 3JICKTPOHOB K 4TICAY Y (aPAIOIIIXCS O KATO MOIOJKITeAbHBIX
nonoB (cu. manee § 60 ra. IX). Ojmawo, wrolul MO/IyulTh 3IAYCHHE
noadpuIeHTa BTOPITIHON SMICCHH 9TT@KTPOHOB TP YIapax O KaToj
ITONOKUTETBHAIX ITOHOB, NeNTb3si NPOCTO HPIPABHIBATE 9TOT KOO(-
dumrent koadruneHty Y, a nago ené yunteBath  Qorosddext
¢ Harojxa IO JeficTBIIeM KOPOTROBOJIHOBSIX M3 TyueHIil, BO3HMKAIOUINX

paspsie, W B II3BCCTHOH Mepe Taw:e [cifcTBIe MeTactabuIbHRIX
aroMoB. Iosyuenurie IpH TiccneOBaHMIT JIABIHHKX TJICIONRX pazps-
\OB 3Ha4YeHUA OTHOLICHHSA 3IEKTPOIHOIO TOKA ¢ KAaTO]1a K TORY IOJIO-
/AT ARHLIX HOHOB HA KATOJ OTHOCATCH K CyMMapHOMY Kosgdiyienty y.

7151 m3Mepenns HeTHRHOrO ROPPPIIHCHTA BTOPHIHOIT SMUCCHH BIICK-
TPOHOB MHOJ [eHCTBUCM WOIO/KUTENIBHEIX HOHOB—HAB0BEM ero 7,—
HeOOXONMMO TOABBOBATRCSA TYYRAMI TIOJOKUTEIIBHLX HOHOB, CO31aH-
HBIX B BaKyyMe IIpH JIOMOINII CHelHaJILHLIX AHOTOB, cCOmepsKau[iux
COM DSI0YHO3eMeThHEIX METALIOR.

3navenns ko>PPumUenToB | U Y, UpH SHeprun Gombapaupyio-
NUIX KATOHA HOJIOMKHATEIbHEIX HOHOB B JIGCATKI H COTHH JJCKTPOH-BOJILT
JlesKaT B Ipefenaax COTRX M jecAThX joseil epmuunei. C yBeamuenmem
KUHeTHYECKOIl DHEPrUM NMOHOB | H 7, yBeamunpaorcs. llpn saepran
IIOHOB B HECKOJBKO TBICAY 3JIEKTPOH-BOJBT | yBeauwumpaercsi a0 4.
Emg 66npimme 3paueHusi HOyyaoTCs MpH MCCACHOBAHMM BTOPHYHOM
aMUccHE TIOX jeiicrBEeM GhicTphix a-ayueil (y=20), a Tawme B Ommi-
TAX ¢ APYTHMH CBepXOBICTPHIMH IHOHAMM.
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Hexoma m3 Be/MYNNLI KANCTHYECKON SHCPIHH JJACKTPONOB, IIPO-
N3BOAAIIUX BO30YKACHIIe Ta3a B TAK HAa3bBACMOI HIepBOIl KaTOTHOIM
NJICHKE TIETOMero paspsAaa, HeoOXOANMO 3aKI0YMTD, YTO B GOJIBIIMH-
CTBE CJIy4acB SHCPIIA 3JEKTPOIOB HETOCPCACTBCHHO MPH BHLICTe H3
KaToga Hoj JCeliCTRIEeM MOJOKITCIBHEIX HOHOB OUEHB Maja W J0JIKHa
OICHHBATHCA MAJIBIMH  JOJIAMI  9ICKTPOH-BOJIBTA.

Yo Kacaercs MeXannaMa BTOPAYHOI HMACCHH IO el cTBHEM II0JIO-
AUTCNBLHEIX HOHOB, TO OH TOJDKEH CYIIECTBeHHO OT/IHYATbCA OT MeXa-
HI3MA& DTOPHYRON HJICKTPOHHON JMHCCHM HOI HeliCTBHCM 3JICKTPOHOB.
IlpornKuoBeHIA MEIJICITHBIX TOMOMUTENIBHIX HOHOB BITYTPh MeTaJia
He mpomcxoguT. Mwmemoumueca pgaHmble O pacHpeeseHNH cROpocTeit
BJICKTPOHOB, OMHTTHDYEMBIX DAasNUUHBIMA MeTasuiaMu mpu Gonbapmi-
POBKE HX MHOJOMHTOIBHEIMH HOHAMU KaJIAA, HO3BOJAIOT BHIBECTH
3aKJIOYeHNAC, 9TO BHIXOX 9YJIEKTPOHOB H3 MeTallla OGyC/IOBIMBACTCS
nepefaveil IOJIOKHTEJBHBIMH HOHAMH HX KIHETHYECKOH SHePrun
KDHCTAJINMYeCKOH peméTKe MeTaiasla ¢ HOcHemymomeil mepenadei
9TOH SHCPTHM B HEMHOTHUX HauboJIec GIArONPHATHHIX C¢AYYagX OJHOMY
13 BJIEKTPOHOB HPOBOAMMOCTH MeTallia.

Hapaxy ¢ aram o6HapykeH Taroke BHIXOT SIEKTPOHOB H3 MCTAIJII-
9eCKOTO KaTofa 3a CIET NOTeHIIMAJBHOIl DHEePrHH MEIICHHBIX IIONO-
FKUTEIIPHEIX HOHCB.

C pyeprermucekoil TOUKH 3PEHMS, I TOFO ITOOBI MEJICHUBIH No-
JIORMTEIBHLIT MOH MOT OCBOOOIITD I3 MCTALIA NCKTPOH HPOBOIIMO-
cTH, HeoOX0TuMO, YTOGEI BRCPTUA HOHH3AINK HOHa Owhula IO KpaliHeh
Mepe B IBa pasa GojblIc paGoThl BeIX0TA BICKTPOHOB M3 BEIECTRA
Karoda; HepBBI H3BJACICHHBI HOMOKHTENBHBIM [OHOM 9DJEKTPOH
HI6T Ha HeMTPaJM3alHI0 MOHA M JHIOIB BTOPOH MOKET BLIISIHTHCA
B BIic ¢BOGOTHOTO BIJICKTPOHA.

K pacemorpenmio mpollecca BTOPHWHON dMHCCHE 3a CY8T IIOTEH-
NUAJBHOIT BHCPIHHN HOJIOKUTCIBIOrO HOHA HPILIOMKIMEL MCTOIBL BOJI-
HOBOI MeXaHHKM, DO3BO/IONINE HOXCYUTATH BCPOATHOCTDL MEPeX0]a
DIICKTPOIA If3 MeTaJll1a Ha TOT IJIM JPYTOil YPOBeub SHOPrUH B aTOME,
ofpazyeMOM HpH HeHTpan2allfl OOJIOKITeNLHOro nona. Hamnbosce
BCPOATHBIM OKashBaercs IICPeXojl HA TAaKOH ypoOBeHb, HA KOTOPOM
BHEPTHs ddeKTpoHa GJH3RAa K YHePTHH, KOTOPOH OH ofaagaeT Kak
BJICKTPOH TPOBOJMMOCTH B MeTa/iIe. OTH HPCACTABICHHA HPHBOAAT
K cilegyionmell KapTHHe paccMaTpPHBACMOI0 3TICMEHTAPHOTO Mpoilecca.
IIpu ppubnmmennn DOTQKUTEALHOTO HOHA K TOBEPXHOCTH MeTaslia,
KOrjJa HMOH HAaXOIUTCA OT 2Toil HOBEPXHOCTH emf Ha HEKOTOPOM
paccToAnMM, HOPOMCXOIHT HePexoj] K HOHY HepBoro asnexrtpona. B
pesynbrarte aTOro Hepexojga HOMydaeTcsa aToOM B Bo30y:kISHHOM cOCTOS-
HUA. 3areM HyT8M HOBOTO BJISMEHTapDHOTO aKTa MPOHCXOMIT 0c¢BOGO-
HCIOHHe BTOPOTO 9JeKTPOHA HPOBOAHMOCTH M3 MCTAJLIa 3a 48T amep-
rud BO3OymacHHsA, HOT0GHO TOMY Kak B 06hEMe rasa 9TO MMeeT MECTO
OpH HEeYOPYroM coygapenHH BTOPoro poma. CopaBegJMBOCTB TaKOR
TOYKW 3PEHMA MOATBEPIKIACTCA TeM, 9r0 SMHACCHAS 3JCKTPOHOB U3

.
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MeTaliia HaOMIoMaeTed TAKKe IPH HEmOCPeACTBEHNHOM BO3ICHCTBHU
ga KATOX UMEIOUDMXCH B Taze UPH paspage MCTACTaOHTBIBIX aTOMOBR,
rak oro morasano 1. B. CouBarom u 9. M. Peilxpyaesem npH Hccme-
JqOBAHMM BAHSHUA METACTAOMIBHHEIX ATOMOB HA& BeJHMULHY KaTOTHOTO
UaJCHHA TJIEIONICrO Pa3psaia B HeoHe.

[pu B3auMOICHCTBHI HPOTETAIONMX OHMH OKOJIO Jpyroro HMOHA
{_HeliTPAIbHOTO ATOMA MKy HIMIL MOKCT OPOM30HTH He TOJNBKO
oOMeH oHeprmeil, Ho u o0men amextpoHoM. Iomomurtenpuwil IHOH
OTHIIMA®T JICKTPOH OT HellTpaIbHOTO aTOMA, mpeBpailias mocaeaHui
8 HOH, a caM Helirpamisyercd, HO COXpaHser oonmnylo CKOPOCTE
CBOGTO IBIKSHIIA. JTOT MpOLEce, HA3RBAEMLI HpONeccoM nepe-
sapsfku, TPUBOANT K HAJWYHIO B paspsage OHCTPO [BHIAIOM[HXCA
HellTPaJIBLHEIX aTOMOB.

Ecan mepesapsika OpoucXoquT BOMH3M KaToma, HeHTPaJIbIbIH
aTOM MOJKET ¢ OOJBIION CKOPOCTBIO yHapurhesa o Karog. OmeT moka-
3piBaeT, YTO IpH TAKNIX yJgapaX TAKe OPOMCXOJUT SMICCHA BIEKTPO-
#0B u3 Karoxa. [la o0HapyReHHUA 3TOro Aponecca MyY0K HOJIOMKATeb-
HLIX MOHOB OTKJIOHAIOT B CTOPOHY OT KAaToJa MAUHHUTHRIM HOJeM HJIU
yJaBAHBaloT IHONLL OTPUIATEABHO 3apmf{ennou COTROH H coBupaioT
AMITTHPYCMBIC 9IeKTPOHH CHCLUATLHBIM JOOABOYHBIM DIIGRTPOTOM.
[pu 6oM6apANPOBKEe KaTOla GHICTPHIMI Hell TPasIbHEIMI HeBo30yKeH-
HLIMH ATOMAaMM SMHCCHS JIeKTPOHOB M3 KAaTOZA HPONCXOJUT 3a CUBT
KIHETIYECKOII BHEePTHM JTHX ATOMOB.

B HexoTOpHX clydasx HOpH COMPUKOCHOBEHW. IOBCPXHOCTM Me-
TaIINYecKOr0 KaToga ¢ I'a30M OPOHCXOMT BHIEJIEHHC JJICKTPOHOB
U3 KaTOfa 3a CUST XHMUYECKUX PCAKIUil HA ero moBepxHOCTH. B dilek-
TPOBAaKYYMHEIX OpHOOpaxX JTO ABJIEGHHE MeCTa He IIMeeT.
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FrJABA IV

NOHU3ALUA U BO3BYIKIEHUE YACTHI[ TA3A IIPU
HEYINPYTUX COYTAPEHUSIX HEPBOIO U BTOPOrO POJIA

§ 26. Nowrusanns n BoaGykjenue npu HEeyNnpyrnX COyaapeHHsx
IEPBOro PoAa AIEKTPOHOB ¢ YacTHmamu rasa. CymHOCTH Ipoueccos
VIOHI3aL{II 1 BO30Y/KIEHIIA YacTHIl ra3a MOrJia OHTH IOHATA UMb
fiocile 1010, Kak BOsHIKIA Teopus atoMa Bopa. Ilpouwece BoaGysiac-
HHA aTOMa COCTOUT B MePCXOJie OHOTO M3 HApY/KIBIX BaJCHTHHIX Hilek-
TPOHOB aToMa Ha (0.lee BRICOKMI DHCPIeTHUECKHH YpOBEHD. Ilponecc
06pa3oBalisl O(HOKPATHO BaPAKEHHOTO WOJNOMHTENLHOIO HOHA- -
B OTPBIBE OT aTOMA OJ[HOrO U3 BAJCHTHEX 5eKTPOHOB. Ilpouece o6pa-
30BaHNMA  OTPUIATE/IBHOIO JIOHa—B TPHCOCAMHCHHH K aTOMy Wl
MOJICKRY.IC JUUTHEro  H/1erTpoHa. ObpatHoMy nepexoxy c¢BOGOXHOIO
QJIERTPOHA HA KAKOW-JINOO ONpe/IeNIEHARI, He3aHATHII yPOBEHB 3Hep-
PHU B aTOMe COOTBETCTBYeT I'PaHHIA TOM CCPHH CHORTPAaIbHBIX JIMHMAI,
AL KOTOPOIT BTOT YDOBEHb ABIHCTCSA HIGKHOM YPOBHCM. BHAUeHRC
UPOMBBEICHUA /v, COOTBETCTBYIONGE TIPAHHIE CEPHH CIEKTPABHBIX
THHI, Y KOTOpPOli HIKHIM yPOBHEM SBIAETCS OCHOBHOMN 3HepreT-
YeCKIIT ypOBEHDb BaTEHTHOIO 3/16KTPOHA B HOpPMAIBHOM HEBO3OYHIEH-
HOM aTOMe, paBHO JNCPIHil, KOTOPYIO HYKHO 3aTPATHTh, YTOOK HMOHII-
sosatk atoM. Ecam atom nomusyercs Beaencrrue ynapa o mero aiex-
TPOHA, TO 5TA SHEPrusA Gepércd 3a CYET KMHETHYCCKON IHEPLHH JIBII-
/KEHHA HAJTeTalonlero Ha atoM siextpona. Ilosromy mommsaums atoma
IpH COYXapeHmit ¢ SJICKTPOHOM MOKeT HPOM3ONTH JHIIbL B TOM Cy-
Hae, €CIHM KHHeTHYCCKAdA JHePrus S7IeKTPOHA JOCTATOYHO It 3TOTO
BeJIHKA. JHeprua sicktpoHa U HakomwIsercs 3a CuiT paboThl drek-
TPHYECKOT'O TIOMI51, yCKODAIOUIETO BJEKTPOIl, I BHPAsKaeTcs B 3iIei-
TPOH-BOTRTAX COINT&ACHO COOTHOLIEHHIO

D .2

= 0me, (26,1)

3uauenue U, ;octatounoe o715 HORUBAILIMM rasa, U, HOCuT Ha3Banue
uonusayuoiitozo nomenyuara. Nonnsawmonnuii norennman U, merko
HOJCUMTATE, CCMM M3 CHCKTPOCKONHYECKHX JaHHHX H3BECTHA rIpa-
HUMHAA 4YacTOTa CHEKTPANBHOH CePHH vy, COOTBETCTBYIOMIEH BO3-
BpameHuio aToMa B HOPMATIBHOE HeBO3OY:K16HHOR COCTOSIHME, Ha
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COO'THOIIEHUS
BOOhvrp 300-6,54-10-27.3. 1010 12 340

Ui= oo™ L ioeioen, &

(26,2)
rp

o
rge App—TPaHHYHAS JIHHA BOIHEL, BBIPaKeHHad B A. Ilpeacrasie-
HEe o moTeAIuaje MOHU3AMUU ra3a BOHUKIIO el /{0 IOABIICHUA Teo-
pun aToMa Bopa. Torma ske GpuIn CHesiaHbl M NEPBHE MONBITKU 3KC-
IEPHMEHTAIBHO ONMpeLe/NTs NOTeHIHAJbl MOHM3AMUM PA3JINIHbIX TIa-

Paspaduan mpydra

¢ G P
\

||l|lll"|' ||||IA|:|_'E:I

Puc. 30. Cxema onsrros ®paura n Fepua. V, w V,—BonerMerps, Bu,
B, 1 By—06arapen, R, u Ry,—peocTaThl ¢ TNOJBIKHEIM KORTAK-
ToM, II—nepexrinoqaTelb.

z08. Boiee tTmarensasie namepennsa U, 6wniu npoussegensl Opankom
n lepuem mesagonro xo omybamrosanns Bopom ero teopmi. CxeMma
U3MEPEHUH, K KOTOPOW B KOHEYHOM HTOTe IPHUINIM 3TH MCCIIeAoBa-
Teqm, Nokasana Ha puc. 30. K—mojgorpeBaeMslil TOKOM OT Gatapen by
KaTog. OJIEKTPOHBI, SMHTTHpYeMBe ¢ HEOOJBIIOro IEHTPaJBHOrO
y4yacTka Karoga m, HA KOTODOM TajieHHe HANPAKeHU#d, BHIZBAHHOC
IPOXOKIEHIIEM TOKA HaKaja, HUYTOHO MaJjlo M IOTEHIHAJl KOTOPOro
MBI IIPUMEM PaBHBIM HYJIO, YCKOPAIOTCA MOJICM, CO3/{aHHHIM HAJIOKEH-
BEM Ha cetky C, notenmuanom Uy, IMorenuuain cetku Cp mumis Ha
HeGoMBIYI0 7070 BobTa BEime, yeM Uq,. Pasnocrs mesmny Uy u Ue,




96 NOHUBAUUA ¥ BO3BY/KIEHUE YACTIIL[ TA3.A [ra. I1I

CIYKUT AJIA TOI0, YTOOL KOMUIEHCHDPOBATH IOTEPIO DIEPIHH HIICKTPO-
HaMH{ OPH ynpyrux ') CTOARHOBEHHSAX ¢ wacTHIAMH rasa. P—oJerTpos
(mractaimRa), MOTEHHIAZ KOTOPOTO OTPHIATCJICH O OTHOMICIMIO K IO-
Tennualy karoxa. llpu momoinu asmrra peocrtata 2, motenumai cer-
i € MOKIO TOCTENIEHHO MOBLILATH, Haunuas ot Hyma. Horma U,
TeJIaeTCsA  PAaBHLIM IHOHIBAMUOHHOMY MOTGHOHANY rasa, B HpOCTpaH-
¢TBe MeKAy ceThaMu C i1 C, HOABAAIOTCA HOJIOMKITOIbHbIE HOHBI, KOTO-
pbIe monagaloT B OCHOBHOM Ha 97eKTPO;1 P o JImne 9acTHYHO Ha RaTO.
Hepes mpudop A miér siaerTpHYCCKHIT TOR B HAPABICHHH, MOKa3all-
HOM Ha 4epreike ctpesroli. Ta pasmocrs moremnnasion Ug,, mpu 10-
TOPOil 9TO NMPOUCXOAHT, ZOKHA OBITH DPABHON, IO MCPBOHAYAIBHOI
tiee 3TOI'0 MeTO/Aa, MOTCHHUAJY HOW3AMUU Ta3a, HaXOAAUErocsd B
apubope.

Cpon omerrer @panxk i I'epn wawasan ¢ mapos prymie. Bonpern osxu-
XanusM, OHM HAUUI BMECTO OJHOIO OHPEACASHHOI0 TOTeHMIAJA
HOHIBANMI LeJbI P kpumuueckuxr nomenyuatos, nadnuas ¢ 4,9 6.
[ocie kamI0rO KpUTUYCCKOrO TMOTEHIMATA TOK BHOBbL YMCHBIIACA.
[Ipn camom BBICOKOM M3 OTHX MOTEHMIIAIOB, a HMEHHO 10,4 6, moka-
sanus npudopa A Oeuin mauGosnsumme. @pank u Iepr meroikopasn
TOABKO CaMHIH BLICOKMI Kpurwdeckuil motennmuan 10,4 ¢ KaK moTeH-
OMaJX HOHU3ANMM ATOMOB DTYTH, BCEe JKE OCTAJbHbIE KPHTHYECKHE
[HOTeHNHAIE—KAR HOTEINAIBl BO30YICHIIL aTOMOB PTYTH.

HeiictBuTensno, ¢ tourn spennss teopus Bopa, ecam wuietirye-
CHasg OHePTHA HAJeTaloNero aJJICKTPOHA CIHNIKOM MaJjla IS TOrO
4TOORL COBCEM YIa/INTh BAJCHTHHIE BIEKTPOH M3 aTOMA, TO OHA BCH
A€ MO;KeT ObITb [(0CTATOYHA [JIA TOrO, 9TOOH TMCPEBECTH BaJICH THLIN
SJIEKTPOTL ¢ OJ{HOT'O DHEPTeTHYecKOr'0 YPOBHH HA APYTroii, Gojce BEI-
coruii. To, 410 TOK B 4 TOABASCTCA JAUIIL IIpH OIpeTeAEHHLIX MOTeH-
nuasax Bo30y:KieHHA N 3aTeM LpPH nadbHeHIIeM yBeIMYeHHH majiaer,
goka g, He TOCTHTHET 3HAWEANS CIEIYiOINEero IMOTCHHUAma BO3GY-
MICHUA, MORAa3LBAET, UTO HAHOOdBINAsg BePOSTHOCTL TOI'O, YTO BO3-
Oyn¢tenne MPOH3OMIET, MMeeT MCCTO TIPH MOTCHIake, GIA3KOM K HO-
Telmually BO3Oy:KicHHA; 3aTeM ¢ yselmuenueM Uy BCDPOATHOCTH
BO30y:KIeHusa OmCTpo magaet. B BosGy/KIHHOM aTOMe BaseITHBLA
3JIEKTPOH OCTAlTCS HA BeDXHEM SHePreTHUCCKOM yPOBHE JHIIb HeKO-
Topoe BpeMs mopsina 1078 cex i sateMm mepexomut ma Apyroii, Gosee
HUBKHI{ Y POBCHb HJIM BO3BPAMIACTCH HEIOCPEICTBEHIIO HA HOPMAJIBHEM

) «YOpyruMu» HasmBAOTCH CTOAKHOBCHHS, NPH KOTOPHIX cyMMa KHHETH-
MECKAX JHEPTHIl B3aMMONEHCTBYIOINX YACTHI He H3MCHAETCH. B aTOM Ciyuae
Gonee mérxasa GHCTPO IBICKYIMASCA YaCTHILA—B AlUHOM clIygae 9JICKTPOLU—
tepegaér Gomee TKETON MeITCHHOR YacTHLC, aTOMY HIM MOJIEKY/Ie rasa JIiib

« - m
HeBHa‘HITOJIbHyIO JA0JLI0 CBOH KHUHETHYeCKOR sueprum, PaBHYI B cpegHCM 2-1-‘1— ,

rae m—macea Jérxoft, M-—macca TMREIOH 4acTUlH. DTO BRITEKACT H3 3aKOHAa
GOXPDAHCHUS SHePTMH M W3 3aKOHA COXPAHEHUA UMUYJIbcA IIPM YCJIOBHH, YTO
JOTCHUUA/IbHbEe (BHYTPCHHHC) BHEPIHA KaMKIOH U3 B3aMMOACHCTBYION{HX YacTHIL
OCTAIOTCH HEUBMEHHLIMH.
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YPOBeHb. JHEPTHA, 3arpadeHHasd Ha Bo36yKIeHHe aToMa, IIPH 3TOM
ofpatHOM mepexofie H3JydaeTcsi B BHIe KBaHTA CBeTa COTVIACHO

3aKoHY:
Iv—=8,— &, (26,3)

rjle y—yacToTa M3JyYaeMOro aTOMOM cBeTa, &, H & —3Heprug atoMa
Ha BepxXHEM U HIGKHGM YDOBHAX 3TOro mepexoma. Taxodl mepexoj
sAexTpoHa ¢ Gollec BHICOKOro Ha 6ojlee HU3KMI amepretruvecKHil ypo-
BeHbL ¢ TPeBpallleHneM aHepruyM BO3OYKIEHHS B DHEPTHIO CBETOBOTO
KBaHTA HABBIBAIOT CROMMAHMbM IEPEXOmoM aleKTpoHal). B omerrax
(Dpanka 1 'epna 9acte cetoBHX KBAaHTOB, H3MYYEHHHIX BO3OYKIEH-
HEIMHA aTOMami Tasa, MomajaeTr Ha ajeKrpog 2 m BeI3LIBaeT 37ech
$oTO3MeKTPOHITYI0O BMHCCHIO.  DBrimensiomuecs ¢ mosepxsoctda P
HAEKTPOHBI yeKopsamoresa mojiem ot P k C,. Uepes npuGop 4 maumnaer
MTTH TOK, BBI3BAHHHI [BIKeHHEM 37eKTPOHOB B HampaBIeHUU, HPO-
THBOIOJIO;KHOM TOMY, B KOTOPOM NBIKYTCA MOJO/KUTEIBHBIC HOHEI
npu Honmsanmun rasza. Iloaromy nampasnense ToRa wepes mputop A—
TO JKe caMoe, YTO H B OTOM TOCIeqHeM cliydvae.

Jna mopgreep:kaeHNA TOTO, YTO COYHAapeHUA JIEKTPOHOB OIpefe-
.IEHHOI CKOPOCTH C aTOMOM BHI3BIBAIOT CBeYeHNe aToMa I 9Tt0 Habio-
JA6HHEIE HMH KDHTHYeCKHe DOTeHINAJn OO0BAcHgIOTCA (OTOTOKOM,
Dpank u I'epn monpitasmick 0GHapYKATH IPelNOIaraeMoe H3IyYeHHe,
TIOMECTHB HIEJDL CHCKTporpada OKoJo TpyOKY, B KOTOPOH TPOHCXO AN
coynapeHus dieKTpoHoB ¢ atomami. Horma Ue, B clayvae ommToB coO
PTYTBIO JOCTHIVIO BCJINYHHBL NEPBOIO KPHTHYECKOrO IIOTEHIHAJNa
4,9 6, coexrporpad nelicTBITeNBHO OOHAPY:KHJ IOABICHHE JIHHAM
pTYTHOTO cHeKTpa 29536,7 A, cooTBeTcTBYIOmMEH B JaHHOM ciydae
cootHomennio hv=el,,. [lanpHeiimme ommTE [O3BOAMIAN HabMIO-
JaTh OPH yBeJMYEHNH DOTEHHUAJA, YCKOPHIONIErO HJAEKTPOHK, HOCHe-
JoBaTelbHOE MOSABJIEHTe HeJOoro psAga JHHMI CHeKTpa rasa, Hcciaemye-
MOTO B Ka;KIOM cCJy4ae.

Onncanustii cnoco6 mabI0feHEA KPATUYECKUX IIOTCHINAIOB TOKA-
AHBAET, YTO IIPOMCXONUT C ATOMOM UPH CTOJKHOBEHHM, HO HHYEr0
He TOBOPHT 00 3JeKTpOHe, HalleTeBIIEM HA ATOM.

Dpasr u lepn mpumenuau tawske W JPYyroil MeTol, COCTOAITMH
5 Habmogenni M3MeHeHHH HEepPBMYHOrO 3JIeKTPOHHOrO ToKa. CXemy
OTOTO MeToJa MOMKHO IIpemctaBuTh TeM ke pnc. 30. B arom cayuae
lalepsRUBAIONIAA HJICKTPOHHL PA3HOCTh HOTEHIMATOB MCKIY CCTKOI
(', 1 mnactuHKoIt P 6mma pasHa Bcero tomsko 0,5 6. CiregoBaTensHO,
ceqm 661 B IpHGOpe rasa coBceM He OBIJIO, TO 37EKTPOHK cTaiu O II0-
nmajgath Ha BJIEKTPOx P (urpawomuii B 3TOM ciydae DOJb aHOXA),

1) Cronwmannumu npoyeccasu NPHUHAATO HASHBATH TAKHE FABJICHMA, HAYAMIO
HOTOPHIX BRI3GIBAETCA B aTOMAX WM APYTHX JACTHILAX NPHIMHAME, e1é He H3BecT-
MIRIMM HAM HA JAHHOM dTale INO3HAHAA BHCLIHCTO MHpA, M 9YHCJIO KOTOPHIX 3a
HOPOTKMIl NPOMC/KYTOK BpeMeHH Af NpONOPHHOHATBHO UHCTY 49acTmll, ems
lie IPOPearupoBaBuUIliX B HAYAJC BTOr0 IPOMOKYTKA. KR CHOHTAHHEIM SIBJACHHSAM
UTHOCATCA, HANDHMCP, NOpolecchl pajJMOaKTHBHOIO Ppaclajga aTOMHEIX Hep.

7 H. A. I{anoos



98 MOHM3ALNA 1 BO3BYKIEHUE YACTHILE TA3A [ra. TV

HauMHas ¢ HOTeHIHaJa Ha Hepsoii cerke C,, pasxoro 0,5 6. Benencr-
BH€ OrpaHMYeHHs TOKAa HIPOCTPAHCTBEHHHIM 3apPANOM BOJIbTaMUEpHAas
xapaxrepucrura [=f(l,) umena 6w mnapmwidl xox. Ipm masmwawr
B mpuGope rasa IPU KasKIOM KPHTHYeCKOM HOTeHNHAalle HA KPHBOMH
aHOTHOrO TOKa NOaydaercA WaloM wuam3y. iybmma sroro uajioma
3aBHCHT OT OTHOIMGHHA NJMHAK C€BOOOTHOrO HMyTH 2JIeKTDOHA B Trase
Kk paccToaHU0 Meskny cetxkamu C, u C,. VaioM KpuBoi TOKa HPH KpH-
THYECKOM TOTeHIHajie NMOKaskBaeT, YT0 Te 3JeKTPOHBI, KOTOPhE Hpm
BCTpede ¢ ATOMAMH rasa BO30YMKIAIOT HX, 3aTPAuYHBAIOT Ha 3TO KHHE-
THYECKYI0 DHePIHI0 CBOEr0 JABIMKEHHA M yiKe HE B COCTOIHMM Ipe-
omolleTh 3ajeKUBAIONIYI0 PasHOCTh MOTeHnuajoB B 0,5 6 Memay
anextpofamu C, u P. Jlums mocie toro, xak Ug moBmlleHo emé
ua 0,5 6, KamIuIA M3 TUX DIEKTPOHOB BHOBH HoUajgaer Ha amox P.

ToNbKO 9TO OMUCAHHEIA BTOPON METOX ONIpeflelIeHHA KPHUTHYOCKHX
HOTeHIHAJIOB OKasalica Gollee YyBCTBHTEJIBHEIM, YeM HEpPBRIH METOf,
H MO3BOJIMJI HANTH TAKHE KPUTAYECKUe TOTEHIHANB, KOTOPHE YCKOIb-
3an| or Habmogenns mpu Merofe Bropaaroro toka. CoorseTcTByIOmMC
3TEM IOTeHIHAaJaM BJHEpreTHYeCKHe YPOBHH aTOMa OTJIHYATeA 01
OCTABHEIX TeM, UTO ¢ HAX B OOBIYHBIX YCAOBUAX OMEITA HC MOKET HPO-
HCXOANTH CIOHTAHHLEIX TepPEeX0j[0B BaJleHTHOTO 3JIeKTPOHA Ha [pyrue
HisKedlesanme yposan. Tawrue cocTOAHASA aToMa Ha3HIBAOT MEMACMaA-
Guavneimu (moryycroiiamnsimu). B wacrroctd, B mapax prytd @pank
u Tepn o0napy:smiid 9TUM MeTOJOM HajiMdue MeTacTaGHMIBHHIX YpPOB-
el ¢ smepruamu 4,7 1 5,4 aa.-6.

BrmoesiefleTBHH aTH Ke MOTeHHNANH ORJIM oOHapy:KeHH TaKiKe M
[pH TPHMeHeHHH IEPBOro «pOTOAIeKTPHIECKOro» MeToa HpH 0cobo
TIATeNIBHO IOCTABJICHHOM OIBITe W YBEJIHYeHHOM eI'0 YyBCTBHTENb-
HOCTH, KaK 9TO BUAHO u3 KpuseX pruc. 31. Hamuune aromon, B036Y-
HISHHKIX 70 MeTacTalUiBHOrO COCTOSHHAA, MOIJIO CKa3aThCs NMPHU ITOM
Ha #3Tubax KPUBOH TOBKO 0Jarofgaps HOMOJHETCILHEM BTOPHYHBIM
pomeccaM, IepeBOAANIIM MeTacTaGuMiIbHEE aTOMK B HPOCTHE BO3Gy-
ICHHBIe COCTOSHHSA.

Ecau B mpuGope, uzodpaménnoM Ha puc. 30, BMecTO ABYX €eTok
¢, 1 C, TOMeCTATH TOJIBKO OJIRY, TO IPH BTOPOM MeTOje OLpee/lcHUH
KPHTHYECKAX MOTeHIMAI0B MAKCHMYMH TOKA, COOTBETCTBYIOHIHE pas-
IHYHEIM BO30YKISHHHEM COCTOSHHSAM, HCYe3al0T, W HA KPUBOU TOKA
jIoABsAeTCA DA PABHOMEPHO pPACHOJOKEHHHX TopGoB, OTCTOSMIMX
OfMH OT ApPYroro Ha paccroguue (mo ocH abemucc), pasmoe moTeH-
nnany Bo30y:KeHHsA [ePBOTO dHepreTHuecKoro yposns. Ecim sepo-
ATHOCTH BO30Y)KeHHA HEepBOTO YPOBHA OYeHb Majla U OH JIeMHT
GJIM3KO KO BTOPOMY, KAK 9TO MIMeeT MECTO B cilydae PTYTH [Jisl MeTacra-
ouibHOTO ypoBus 4,7 94.-6, TO KpHBas OTPaskaeT HaJMINE TOJIBKO
YPOBHH, BO30Y#K1aeMOr0 GOJIBIIIM IncJIoM 37eKTponoB. CooTBeTCTBYIO-
ulas KpuBadA [JIA MapoB PTYTH mpuBedeHa Ha puc. 32. lllkamza yexops-
X TOoTennuasios U, HaHeCeHA HA 9TOM PHCYHKe ¢ Yu(TOM KOHTaKI-
1O pasHUmB MOTeHIMA/IOB MeHIy MaTepHajioM KaTojla ¥ MarepHa-
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aom cerku. Ecam mo ocu abemmec oTkiammBath HEHOCPEICTBEHHO
HaOpsKeHIle, OTCIUTHBAEMOe IO BOJALTMETPY B Ield c¢eTKH, TO pac-
CTOAHNIEe HePBOro MaKCHMyMa KPHBOHM OT HadaJjia KOOpAMHAT OTJAHYaeT-
CA OT pacCCTOAHNA MEKIY BCeMn nocJenyoonuMu MaxKcIMyMaMH Ha
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Puc. 31. Hotemmuwans Bos0ymIeHHs mapoB pTyTH, HOIY-

genHHe (MpamkoM 1o 1-My Meroxy. Meracrabuinure YDPOBER

vHA3ANACEL HA 9TOH KpPHBOH Graronaps Halmumio BTOPHYHKX

UpOMmeccoB mepexoja H3 MeTacTabHIBHEEIX COCTOSHAM B leMe-

TacTaluabusie. HaKI0H KPHBOH COOTBETCTBYCT CBOil MAcHITal
0O OCH ODJMHAT.

BOJIMYUHY KOHTAKTHOH PasHOCTH IOTeHOMAJIOB MEKIY KATOXOM M ceT-
KOH, KOTOPYI0 HeO0XOMUMO 3HATH [(I TOYHOTO ONpEeNeHHA KpPHTH-
4eCKUX ILoTeHNHanoB. Xo; KPHBOH, NpefcTaBileHHmii Ha pHC. 32,
obbscaaerca Tax: Ipu Usg,, cOOTBETCTBYIOIEM mepsomy roply Kpn-
BOil, HIIKTPOHK COBEPIIAIOT AKTH BO3GYHIEHHA TOJIBLKO B TORKOM CJI0C
Y CeTKH M TepsiOT DA ITOM IeJIMKOM KHHETHIECKYI0 SHEPIHIO CBOEro
Aemxenns. Ilpn Basoe Gomsmem Uy To 3Ke HOpoHCXORAT THE-TO
loCepenHe MexAY KAarojoM H CeTKoli. 3aTeM SICKTPOHEH BHOBb

7%
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YCKODAIOTCS 11 BTOPHYHO  TpHoGperaior CcHOCOOHOCTH BOBOYKAATH
aToMu rasza OKodo ceTKu. [lasblme OHM ABHraioTCA B 3aJeD/KUBAOIEM
noste. Ha wpusoil Toka mosyuaercs sropoit rop6. Ilpu U.,=3U,,
rge U,—noTeHIua] BO3OY/KIeHHs, IOJy4aloTcss TpH ropéa u 1. R

CyMMHpPYS pesyJbTaTsl SKCOePIMEHTANBHBIX MCCTeI0BAHMH HAJ
HoHM3andeil 1 Bo30y/KIoHAEM ra3a MOTOKOM 3JIeKTPOHOB, MBI IIPUXO-
UM K 3QKII0YeHNI0, YTO TPH COYIApPeHHN 3JeKTPOHA C aTOMOM HAJX0
pasiMvath ABa CIy4as: JI00 B aTOMe He IPOIUCXONAT HUKAKAX H3Me-
HeHHI I 3IeKTPOH 3aMETHO He H3AMEHHACT CBOe CKOPOCTII, JII00 dJIeKTPOH
OTHAGT BCIO MM 3HAUINTCILHYIO YaCTh FBOell KITHETHMCCROIl SHepPruh

250 aToMy H MOCHCHAN BO30YH-

facTesl ILTH  IIOHH3YETCH.
0 Heppiii _caydwait Tpejt-
" / crasaser coboll ynpyeoe co-
Y 2 A yoapenue (ympyroe B3amMmo-
3 /T ! ] [eiicTBUe) DNEKTPOHA C Ha-
b cTaleil rasa. Bsammogeict-
y 200 Blle, CONPOBOKIAEMOe Tiepe-
§ ! / sladell KHHETHYeCKOH dHEp-
g / / \ / IMH JBIGKeHHs 9JIeKTPOHA
- aTOMy B BHUje 9HePrHH BO3-
x 100 v Oy:KICHMA MM DHeprum
= / / MOHM3AMIH, HA3KIBACTCH He-
50 Yt ynpyeum coydaperuem dICK-
/ TpPOHa, H TPIUTOM HEYHpy-
’ TEM cOyjlapeHueM nepgozo

5 0 5 poda.
Hanpawcenue wa cemwe B Bossmaz Mozofm0 HoHW3amAH 3

Pac. 32. Kpupaa, monyucaHaa OpaHroM M BO3GyAIeHMI0 ATOMOB TIPO:
TepmeM AJIA PTYTI OPH MOMOIA 2-TO M2TOXA )
% mpuGope ¢ OJHOIl CeTKOH (KpUTHYECRIe HCXOJAT HOHUZANAA U BO3-
OOTeHMA T, KpPATHHE 4,9 6). 6ym;1eHHe MOJIeRYJI. Opnraxo
P HeyIIPYroM COynapeHHM
OMEKTPOHA C MOJIeRYIOH MOyKeT IIPOMBOUTH He TOMBKO Bo30yKjeHuc
HIIEKTPOHOB MOJIeKYJIB, HO TaK/Ke M H3MeHeHUWE BPAMATeIbHOrO H KO-
s1ebaTeIbHOr0 (BIGKeHHS BXOIAMAX B COCTAB MOJEKYJIBl ATOMHBIX
sAep WL, JPYLMMH CI0BaMIi, Bo3OyKleHHe BpamaTeJbHBIX H KoJle-
GaTeMbHLIX ypoBireii sneprun mosexysi. Ha BosOy:xiene otux ypos-
itefl TpefyeTcs 3HAYHTENbHO MeHBINee KONMYECTBO JHepruH, YeM Ha
n030ysKende SIeKTPOHHHX yposHeil. [lostomy wmcno neympyrax
coyRapenuii, KOTOPHe IIpeTeplieBal0T Me[IeHHbe SIEKTPOHH, B JBYX-
JITE MHOUOATOMHOM Iase IPH TPOYWX PABHBIX YCHOBUSX BO MHOrO
pas Gombime, wWeM IIpU JBIZKEGHHH JJIeKTPOHOB B OJHOATOMHOM rase.
{looTBeTcTBeHHO OosibmIe H TOTePs 3JeKTPOHAMH 9HePrHH BCIIe(CTBHE
STHX COYRapeHuit.
Monuzannonnsit mOTeHmAaT MoJexya asyxartomsoro rasa (H,,
Ny, O, H T. 1.) OTaAMYaeTCA OT HOHU3AMHOHHOIO NMOTEHIHMAIA ATOMOR
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Toro sxe rasa. U, J(ByXaTOMHOH MOJieKyJ sl MOKeT OBITh KaK Gornbine,
tak n Memblic U/, coctaBastomnmx eé aromos. Ilpu moHWRammu coyna-
PeHHAMH TepPBOI'0 POMa MBYXAaTOMHEIX MOJIEKYJ HApALY © o6pazoBa-
HHeM MOJIeKYJAPHHX HOHOB HPOHCXOIAT TAKKe AMCCOMMANUS MOJe-
Kya 1 0GpasoBaEne ATOMHHX HOHOB. CII0;KHEe MOJIeKYJIbl PaclafaioTesi
IpH cOyNapeHHH C dJeKTpOHaMH Ha GOjee IPOCTHie MIH HA Pasius-
Hble «pAafHKANLD.

Ipu HeyIpyrom cOylapeHHH 9JIeKTPOHA ¢ MOJIO/KHTEJILHEIM HOHOM
MoKeT IIPOM30HTH OTpHIB BTODOIO OIIeKTPOHA, T. e. OOpasoBamuc
[BYKPATHO 32 psKeHHOro HOHA. [IpH HeyIpyroM cOylapeHI JIeKTPOH
¢ IBYKDPATHO 3apS/KEHHHIM HOHOM TOJYUAETCHA TPIAIL HOHH30BAHHEIM
arom # T. n.}). O6pasoBanme TAKWX HMOHOB HOCHUT Ha3BaHHe MHOZO-
kpamuoll Uonuzayuu. JHepPTus, HeoOXoamMass MJIA OTPHIBA KamjIoro®
ClleAYIOMero 5JeKTPOHA, BO3PACTAeT, KAK 9TO HAULIO CBOE OTpakKe-
dde B TabjHMIe MOHM3AMMOHHHX TOTeHnmanoB, momem@ésnoit 5 IHpm-
nomennn V. VORM3anMOREHRI NOTeHNHAJ MHOTOKPATHOH HOHM3ANMI
paBeH cyMMe HOTEHNIMAJIOB HOHW3ANMH HEMTPAJbHOIO aTOMA, OXHO-
KpaTHO BapPS/KeHHOrO MOHA, NBYKPATHO 3apsKEMHOro I T. X.

Ipn coynapennnm aroMa ¢ Ouenb OBICTPEIM DJICKTPOHOM (c amep-
rHeil TOPSKA THCAY JIERTPOH-BOALT I GOJIBINE) HApALY ¢ OOBYHOI
HOHM3AaIHell TPOUCXOINT TAK/Ke BHIPHIBAHLE M3 CIICTEME a10Ma dJlen-
TpoHa ¢ KaKOil-nu60 M3 BHYTPEHHUX 3JIeKTPOHHLIX 06oJsiouer aToMa.
CumonTaEHEI TepeXof 9dJIcKTpona m3 Gozec OTMANGHARYX 0060710Uer
HA YpOBCHb SHEDIHI, ocsofonuBImelicH Ha puyTpenneil obosoure,
MPUBOJIUT 1 HCIYCKAHMIO ATOMOM KBAHT2 PeHTICIOBCKOTO H3JYyUCHUH.

§ 27. Bepoarnocts mnosmzannu. BepoATHOCTH BO3GY:KRICIAA.
Korfia cKopoCTh HIIEKTPOHA MEHBIIe CKOPOCTII, COOTBETCTBYIOmeil Mep-
BOMy KPHTUYeCKOMY IIOTEHOHajy, cOylapeHHe ero ¢ aTOMOM Beerya
yIpYro, 3a HCKIIOYEHIIeM TeX cjly4aeB, KOTJla MelJleHHO JBHKYNIEH-
¢l QueKTpoH, Tomas B cepy melicTBHA atoMa, obpasyeT BMecTe ¢
aToMoM oTpumarenbubiii 1mom. Lcam e CROPOCTL dAEKTpONA Gounblie
IepBOil KPUTHYECKOI CKOPOCTH, TO COYAAPCHHC €ro ¢ ATOMOM MOKeT
OBITH KAk HEYHOPYTIM, TAK I YHPYIUM: 3JIERTPOH OTJaEéT CBOIC DHEP-
'm0 aTOMY He 00f3aTesIbIo, A JIMHIb B IEKOTOPOM I IPUTOM AOBOJIBHO
11e6OIBIION UIICe CIydacs U3 BCeX coyfaapeniii. OTHOCHTCIBHOC MHC-
10 5THX OJarOUPHATHHX A BO30OY:Kuenus ciaydaen, UiIH 6epoam-
Hocmb 6036y ycdenud, OUPCNEJAIOT IKCIEPUMEHTANBHO, IOICUATAB,
¢ O{HOM CTOPOHBI, M3 JUIMHEL ¢BOOOHOrO MyTH 9JIEKTPOHA B rase 4HCIIo
CTOJIKHOBEHMIT DIeKRTPOHOB IAHHOTO IYYKa C ATOMAMH T'a3a,a ¢ J{pyroi—
110 YMEHBIIEHHIO CILTH 9JIeKTPOHHOTO TOKA—WHCIIO O;IeKTPOHOB, BHGH-
BAIOIMX M3 IyuyKa BCJEJCTBHe HOTEPH CKOPOCTH HIpPH COYNApPeHUH.
Wornaannsa Opu 9TOM He [O/MKHA TPOHCXOAMTH, MU jHe HUCJIO0 aKTUB

1) OfpasoBanme ABY- MM MHOTOKPATHO B3apAKEHHOr0 HOHA BOSMOKNO

TawKe H NpH OJHOKPATHOM B3auMOjelcrsuu GBICTPOTO BICKTPOHA C vacturei
rasa. :
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UOHH3ANAH JO/GKHO OHTH Y4TeHO WO TOKY MOJOMUTeAbHKHX HOHOB
#a COOTBeTCTBYIOMHA daextpon. pyroit mMeton ompenesienns wmcia
AKTOB BO30YKIeHHA—oONpeNesieHHe 3TOrO YHCIAA H3 HHTEHCHBHOCTH
COeKTPaNbHON JIMHWU, M3JTy4aeMoil Bo30yKaéHHEM aToMoM. Ta PyHK-
infg, KOTOpasa oHnpepeJjideT 3aBHCHMOCTH BePOATHOCTH BO36y?RIIeHI/Iﬂ
aTOMa 9JIeKTPOHOM OT JHEPrHH HaJleraiomero ieKTpoHa U, Hasw-
saercA gynkyueil 6030y wcdenus.

DyEKOuE BO3GYKIeHHs PA3IMUHBL HE TOJIBKO IJiA Pa3HHX Ta30B,
HO H IJa Pa3IuYHRE X JHEePreTHYeCKM X YPOBHEH OJHOIO H TOTO K¢
atoMa. BepoartHocts B030yixnennsa paBHa HYJIO NpH BCeX MOTeHIIHA-
JIaX HKe TAHHOIO KPHTH-

28x10” yYecroro motenmmaia., Ha-
, YMHAA OT MOTEHIHAajia BO3-
Hg OymxmeHuda, osra QyEROEA

. N OBHICTPO yBEJMYMBAETCH, JI0-

20 q < CTHTaeT MaKCHMyMa IIpH

\\ﬂ_ moTeHOHAalle, OIM3KOM K MO-

~—~ 60724 TeHIHAaJy BO3OY)KIeHHHA, wu
3aTeM BHOBb YMEHBIIAeTCA.
Hpamepom Moryr caysmums

10
\

T b123A OKCIOPHMEHTAILHEE — KPH -
» Bble pHC. 33, oTHoCAmMMECH 1«

75 150 225 300  BO3OYKOEHMIO  HEKOTOPHIX
an-8. CHeKTPANILHKX JIMHHH PTY-

ta. WHorna maGmogaerca n
Pac. 33. Hpusee Py HKRIGI uoaGuy;{memm He-  QoJlee CIIGKHELI xoq cbym(
KOTOPHX CHEeKTPAIBHEX TuHHA pryta. Ilo IuH Bo3GyKIeHMA.
OCH ODAMHAT OTIOMKEHO YHCIO KBAHTOB, AAHaHOI‘HqHO BepOﬂTHO‘
HPAXOOAINEEeCA Ha OJHO Ta30KHHETAYECKOEC
COymapeHue dJIEKTPOHA C aTOMOM PTyTH, mo CTH B036y?RII9HHH onpene-
r)cn_a C[IKCC—-OHEPFKH IEKTPOHOB B 3/IeK- JdfAeTcHa aRcﬂepﬂMeHTaHLHO
TPOH-BOTLTAX. 4 6ePOSMHOCING UOHU3AYUY.
Bepoaruocrs win gynxyus
UoKusayuu MOHOTOHHO BO3pacTaer UpH ysenHdennn U ot U, mo 100—
200 ¢ m BareM MemieHHO manaer. CpoeoGpasHmuil Xon QyHKUHH BO3-
OygeHHA M QYHKIMH WOHM3AIMH aToMa He MOMKeT GRTH BhIBesieH
I3 3aKOHOB KJIACCHYECKOW 3/IEKTPONHHAMAKA H MEeXaHWKH HJIH, apy-
UHMH CJIOBAMH, He COOTBETCTBYeT IPENICTABIEHUIO 00 HIIeKTPOHe KAK
TOIBKO O JacTuile, obiagaiomeii 3apsagoM 1 Maccoit. Mu crosa BCTpe-
‘TaeMcA 3/leCh ¢ MPHPONOIl 3/IEKTPOHA KAK AHATEKTHIeCKOTro eJHHCTBA
aCTHIR M BOJIHEL, KaK 3TO MMeJI0 MeCTO IPH PacCMOTPEHMH SIBJICHHA
XO/IONHOM djleKTPoHHOl dMuccHH. B 10 sme Bpems npuMeHeHHe KBaH-
TOBOM MeXaHHKH JadT JIMIIL BO3MOYKHOCTH CTPOHTE MO TOUYKAM Teope-
THYECKHEe KPHBHE TIA QYHKNUH Bo30Y:KIeHHA W (YHKIOMH HOHH3A-
UAH, HO He NPHBONHT K AHAIMTHYECKAM BHIPAKEHHSM.
IlpuBoguM skcmeprMenTanbHEE KpHUBHEe, HOJyu4eHHEEe MIA PyHK-
[HH  MOHH3AUMM  HEKOTOPHX razos Hommromom n Ban-Byppumcom
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{pmc. 34). Jna orpriBa BTOpOro, TPeThero M T. [. 9JIEKTPOHOB CyIle-
GTBYIOT CBOM (pyHKHMHM MHOTOKDATHOH HOHM3aHHH.

IIpu moncyére HeyUpPYIuX HOTeDh 5JIeKTPOHA IPH JIBMKEHHH depes
ra3 QyHrmmE Bo3OYKIeHHA M HOHM3ANMHM anmpoxcuMupyior Golee
AJIM MeHee IIPOCTHIMH SMIIMDHYECKHMHM BHpaKeHHAMH. ¥ xobmad am-
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Puc. 34. Xon (yBKOEE HOHM3ANME IJIA HEKO-
TOPHIX Iasos.

NpOKCHMMAnMA JJIA HAYaJBHOTO XOna (yHKIMM uoHm3ammu (puc. 34)
fipejicTaBiger coGoll COOTHOIIEHHE

fi=a(U-U). (27,1)

I3 Tex cayuamx, Korga Hajmo NOHTH 10 MaKCHUMyMa f, HJIM OepeldTH
wepes HEro, B KadecTse OPHOJIMIKEHHsS MOMKHO IIOJIB30BATHCA BHIPA-
sKeHHeM

U-U;

fi=a(U—U)e ©° . (27,2)

3iecs @ M b—osMuHpHYecKHe KOHCTAHTH.

CBoeoGpasuniM xonmoM ¢yakmum Bo30OymiueHnma oObsAcHAeTCA TOT
{daKT, 4TO CBeueHHe ra3a B pa3psAne He COOTBETCTBYET BCEBO3MOMKHEIM
€ro CHeKTPAJbHHM JIMHUAM, a BO30yKIAIOTCA JIMIIL OTHENIbHHE JIM-
aun. IIpu goctaTouno Gonpimod CKOPOCTH 3JIGKTPOHOB MOMKeT HPOH-
J0ATH MOHM3ANMSA Tasa, CONPOBOMKIaeMas OXHOBpeMeHHO BO3OyiKie-
HHeM LOJIyuHMBLIEroCs B pesyibraTe MOHH3amMu Homa. B srom ciy-
4ae CBeuEHHe I'a3a MMeeT CIEKTD, HASHBAeMHIH UCKPOGbiM cnekmpom ')

1) Tak Kak 9TOT CHEKTP OOKMHO HAGMIOKAeTCA OPH MCKPOBOM paspale.







