CTAHOBKe TPOHM3BOJCTBA W K IMHDPOKOMY BHEJPEHAI HX
B OPAKTHKY.

Nua ¢uswdeckoll TEOPUW HONYHPOBONHUKHM WMEIOT MC-
KII0YATEThHOE 3HAUEHME. 37eCh OTKPBIBAETCH BO3ZMOKHOCTD
U3Y9ATH, DIEKTPAYeCKHe W ONTAYeCKHe CBOMCTBA TBEPHOTO
Tena, KBAHTOBBIC COCTOAHMS DIEKTPOHOB, WX CBi3b C aTo-
mamu pemiectBa. VM, meflCTBATeNbHO, COBPEMEHHBIE ONTHKA H
DIIEKTPOHMKA TBEPHOro TeJa CTPOATCH HA N3YYEHAH IIONY-
HpoBOoARUKOB. Pactyumii TexHmYeckuil omeit oboramaer Teo-
pHIO, a TEOPHA B CBOI 0depeflb OTKPHBAET HOBEIE MyTH YIyd-
fiieHnA W NpHUMeHeHms HonynposoguankoB. IIpimmepamu aroro
MOTYT CAYRATH (OTOINEMEHTH U BRIIPAMUATENN, TeXHUIECKAH
ONBIT M3TOTOBJIEHHA KOTOPHIX OTKPHLT ABJIEEWE 3alOPHOTO
CJIOA W pa3NWune 3HAKA BHIIPAMIenus. A KBAHTOBAA TeOpPH:,
00LscHUB CBABL 3HAKA ¢ MEXAHM3MOM BBIIPSAMICHUA, YKa-
3aJa OYyTh PANUOHAXLHOTO YCOBEPINEHCTBOBAHUA ¢oTodIe~
MeHTA W BEIIPAMATEJIA,

B ofnacty monynpoBOHAKOB HATMSANHO MPOABIAETCA B3a-
nMHag o0YCIOBIEHHOCTh Teopuy W mpaktuku. IlomympoBoj-
HUKZA OpefCTaBIAKT MO3TOMY GmaromapHoe mone s w3yde-
HUOA TeXHWIEeCKoN (mamku, jus maofperarelscTBa W JJIA aB-
TOMATU3AMWE NPOA3BOJCTBEHHEIX mporeccoB. Ilepen comer-
croil ¢msmkoii, mepen rabopaTopuAME, KOTOpPHIE 3aHATH MC-
CIeMlOBAHEEM HONYIPOBOTHMUKOB, CTOMT 3ajiaua OBITH WMHUMAA-
TOpaMm IpoTpecca B 5T0H obracTy,

MMOJIVITPOBOJJHNKN B ®U3UKE
N TEXHUKE *

Ho HemasHero BpemeHH MB3WKA W3y4ana, a TCXHUKA IPH-
Mernsana AA60 DOTHOCTHIO IPOBOMAIIAE METANIH, JAGC COBCEM
He MPOROJANIAE SIEKTPATECKHN TOK U3OMATOPEL. B cmere
COBpeMEHHBEIX IpefcTaBleHNt 06 sjaeKTpUIecKux CBOHCTBAX
TBEPJIOTO TeJa MeTa/IBl W MBOJATOPHI NpefCcTaBIA0TCH KaK
Kpaflaue caydam. B MeTalnax or KaKJIoro aroMa yiKe OTIe-
JeH SIeKTPOH, a BCe BMeCTe OHM MEPEHOCAT BIEKTPHYECKHi
TOK, BRIpABEHBAIOT TeMIEPaTypy BRyTpH MeTamna. Ilpm cuib-

* Cratha onyOnpmKoBama B iKypHase: CoBeTcKas maywa, 1940, Ne 11,
¢. 90—104 m mpegcTaBuseT cofOi CTEHOrPAMMY JIOKTTaza, TIPOYHTAH-
moro A. ®. Nopde ma obmem cobpammm Akamemmp mayx CCCP
29 oxTabpa 1940 r. B feEb ero 60-meTma (cM. Tamske: DBecTHHK
AH CCCP, 1940, Ne 10, c. 12—27).
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HOM HarpeBe WIM OpW OCBENI[eHHH YIbTPA(HONETOBHIM CBETOM
AJIEKTPOHBL BHIPEIBAIOTCSA W3 MeTajla Hapy:y. Bee s1m cBoii-
¢TBA MeTaJula IIHPOKO HCHOJL30BAHEL COBpEMEHHOM TeXHU-
Koit. Mepubie, amlOMUHHEBbIe U jKeJe3HBIe NPOBOJA, TEIMIo-
nmepejada uepes MeTaIHMUECKHe CTEHKIH KOTJIOB, PajiHOJIaMObL
¢ HAKQJIEHHBIM KaToXOM, (DOTODJICMEHTH 3BYKOBOIO KHHO
MABHO y;Ke BOILIM B 00WXOI TeXHUKII.

JlaBHO y:Ke NPUMEHSIOTCS B TEXHWKE W M3OJATOPHI, B KO-
TOPHIX NOYTH OTCYTCTBYIOT cBODOJHBIE SIEKTPOHBI, CIOCODHBIE
OepPEeHOCHTL IEKTPHUECKIi ToK. [l M30i1TOpPOB yHeIbHOE
COMPOTHBIEHNE IIEKTPUIECKOMY TOKY BHIPA}KAETCHA NecaTH- U
OATHANIATH3HAYHEIME YUCIAMY, a JUIT MeTajlIOB OHO BbIpa-
JRAGTCHA JIMIIL CTOTHICAYHBIMU JoaAMEu oMa. Memxmy stumu
OBYMS KpafHOCTAMM MBI HAXONHM B NpPHPOIEe TIPOMANIOe
MEOroobpasue IpoMesKyTOUHBIX HOJIYIPOBONAIINX Marepua-
a0 (rpadur, cejeH, pAX OKHUCIOB, CEPHUCTHIX COeIUHEHHIl
HT oN.).

o HefaBHEro BpeMeHHN ¥M3 NOJIYOPOBOJHUKOB NPHMEHS-
JUCH TOJBKO DIAEKTPOIUTHI, KOTOPBIE BCTPCUAIOTCH B AKKYMY-
AATOPAX UM DIEKTPOXUMUYCCKUX NPOU3BOJCTBAX, TEHEph ke
OOXYOPOBOIHUKM HAXONATCH B MEHIPE BHUMAHNA DICKTPOdH-
3uKoB. Mccienopamuss 9THX MATepPHAIOB PACHIHPAIOT HAIIK
Ho3HAHWA 00 DIEKTpUUECTBE, & PE3YIHTATH UX MHTEHCHBHO
BHeApAIOTCA BO Bee obimactu diexrporexmuiu. Ilossmmmes
TBepAble BHINPAMUTENH IEPEMEHIIOT0 TOKA, TBepable ¢oTo-
SIIEMEHTH!, OKCHIHAA W30AANNs, CTa0HIN3aTOpPH HANpsKe-
HUSI, 0peJOXPAHUTEIN BHICOKOBOJNBTHEIX ceTefl 0T mepemanps-
MeHnd. ABTOMAaTHKA H TejleynpasieHUe NPOU3BONCTBeHHBIME
OpomeccaMn IMIUPOKO NOJB3YIOTCH TodynpoBogmuramu., -
CJIe[IOBAHMIO NOJYIPOBOAHAKOR I NX NPUMeHEHUIO NOCBSIIIeHA
sHauATenbHag 4acth pabor JleEmHrpajcKoro (YU3NKo-TeXHU-
yeckoro npcturyra Axamemun Hayk CCCP.

Y1066 MONHOCTLIO ONEHHUTL 3HAUEGHNE BOZHAKIIMX B 5TOI
obmacty npobieM, cleTyeT HANOMHUTb SBONIONUIO HAIIIX
npepcrasiaennmit 06 paerrpudectee. B XVIII v, mamm csepe-
HUSA 00 SIAEKTPUIECTBe YePHANNCH U3 ABIEHUH, BOZHHKAIONHX
OpU DIEKTPH3AUAU TeN TPEeHHeM., JIeKTPpHUYecTBO W MarHe-
THSM TPECTABIAINCE (IIEKTPUIECKONl ¥ MATHHTHON MHIKO-
cTAMH». A TaK Kak SIEKTPHYECTBO NPOABIAIOCH IHOO BO
B3AMMHOM OTTAIKUBAHHY, JIu060 BO B3aUMHOM NpPUTAMKEHNH,
TO NPULIIIOCH JONYCTHTH CYIIECTBOBAHNE ABYX NPOTHBOHO-
JOKBBIX «DIEKTPUIECKHX JKEMKOCTEH» M TOUHO TaK ke IBYX
NPOTHUBONONOKHBIX «MATBEMTHEIX ;KugKocTei». Hapany ¢ st
CVIeCTBOBANA W THUIOTe3a OfIHON «AJeKTpHUYeCKON MHIIKO-
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CTH», & MPOTHBOIIONOMKHLIE ee JedcTBuf O0BACHAINCL B OJl-
HOM CJdydae M30HTKOM BTOH JRUIKOCTH HPOTHB KAKOM-TO
HODMBI, B [pYyIoM ciyuae, Haobopor, HEIOCTATKOM C¢
B TeJe,

I'mapEoIMH MaTepuasaMu, HA KOTOPHIX NPOBOJMINCH MC-
CIIeJ[OBAHMA ABICHNUA HIEKTPUSALIM TeJ TpeumeM, ObIIH MeX
KOMIKY, aMaJblraMHUpOBaHHAA Ko)Ka 1 Oy3nHOBHE IIAPHKH.
Texuuueckue OpUMEHEHHWS HIEKTPUYECTBA OIPAHNYUBAIMCEH
TEKTPOMAIUNHAME ¥ TAIbBAHMUECKIMU 3JIeMEHTAMH.

Carenyromuil 9Tan 91eKTpodU3UKN CBA3AH € OTKPBITUAMU
dperega W AMnepa, YCTaHOBUBINHX TECHYIO CBA3L MeKIy
5IEKTPHUYCCKAM TOKOM M MmarmeTHsmoM. Beaepx 3a stum Da-
pajmeil OTKPBLI DIEKTPOMArHUTHYI0 HIJYKNuo. Memny
npesamu Amnepa u Dapajes cymecrBopana GIMBKAA CBAIL:
ofa m3yJamu B3aWMOJEHCTBHE JIEKTPUYECKUX TOKOB M Mar-
HUTHBIX fABJIEHWH, HO HX mpejcraBieHns ObLim Kpailue pas-
AUYEBI, €CHN He CKasarh JUAMEeTPAJILII0 HPOTHBOMOJOKHEL.
B rto Bpems Kak Amnep cospgaBam npejcTaBIeHWE O HEIO-
cpelicTBeHHOM JeficTBuM TOKOB JpPyT Ha Apyra, Mapageit pac-
CMaTpUBAJ NPEeHMYIIeCTBEHHO IPOMEKYTOUYEYIO CpPely M TO
CHIIOBOE TI0JIe, CYLIeCTBOBABIICE B OToH DPOMEIRYTOUHOI
cpeme, Uepe3 KOTOpoe TOIBKO M HPOABIANNCEH [eHCTBIsI
TOKOB.

Magxcseqn, cuutesupoBas Teopun Amnepa u Dapanes,
chenan JaupbHEWIIHIl 1uar B cTopolny o0600IIeHHs, BRIOTUB
B CBOI0 3JIeKTPOMArHUTIYI0 TEOPUI0 M CBETOBHIE SBICHUS,
B ro Bpems kak snexrpumuecrkue teopum XVIII B. Bce BHE-
Magne o0pamany HA HUCTOUHUK DIEKTPUISCKHX SBJIEHMI, HA
9JIEKTPHYECKUil 3apAjl, BO3HHKAIOWINI HA NPOBOJHUKE B pe-
3yiIpTare tpeBus nByx Ten, Teopus Dapames—Maxcsesna
paccMaTpumBaia TOJAbKO Te M3MEHCHNS, KOTOpPHE BBIZEIBAIOT
B OKpY’RAIOIICH cpefe 3apAmsl 1 Toku. B caMom Havale Ha-
HIero CTOIETHS 3TH OPOTHBONOJIOIKHBIE TOYKH 3PEHHA OBLIN
cuHTEe3upoBaubl B dJIeKTpomHON Teopum JlopeHma, ycramo-
BHUBIIEH, YTO ¥ 3[ech peYb HAET O PABHEIX CTOPOHAX OJHOTO
U TOIO Ke PealbHOTO ABJIEHUS.

Ha teopun (Mapages—MaxcBela DOCTpocHA BCA COBpe-
MEHHAS STeKTPOTCXHNKA CHIBHBEIX TOKOB: HANIM IeHepATOpH,
DIEKTPOMOTOPHI, TpaBc(OpMaTOpBl, a TAKMKe II paclpocipa-
HeHne pafuoBONH. JIeKTPOHHAS TEODPUA MOJOKIIA HAYANI0
H3yYeHNIO fABJIEHMI paspafa B rasax, WCOYCKAHUA DIEKTpO-
HOB 1OJ MeHCTBHEM cBeTa WM BBICOKHX TeMmneparyp. He-
ClIeIOBAHNA B 9Toil 06JacTH ABJIeHNH WMelIM 3HAYeHHUE Mpe-
KJle BCETO JIJIsI PA3BUTAA TEXHUKH CIAORIX TOKOB,
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HoBas smoxa — smoxa KBAHTOBHIX IpeficTaBieHMI — Ha-
gqajgacs ¢ ony6mukosamus B 1913 r. 3mameEmTO# paboTs
Hunbsca Bopa o crpoermm aroma. O6061mue MEOTOYNCICHHEIE
yKasaums, HAKONUBUIMECH B CAMBIX pasHoo0pasHHIX 00macTaAx
(pUBNKHE, OH YCTAHOBUI, YTO B aTOMe DIEKTpHUYECKUH 3apsan
MOsKeT ofJamarh TOJIBLKO PANOM BIOJIHE ONpelelleHHBIX 3HA-
Yelllih HDEepram U HaXOQHUTRCA TOJILKO BO BOOJIHE ONpejeleH-
HLIX COCTOSHUAX. JJIEKTPOHBI IEPEXOiAT 113 OfHOTO BO3MOK-
HOTO COCTOAHMA B Jpyroe, NUCKpeTHOe, Pe3Ko OTJIWIHOE, HO
TOJKE BO3MOMKHOE, MMHYA BC€ IPOMEKYTOYHbIE COCTOAHHUSA,
KOTOpHE JUIT HUX HeJOCTYNHH, «3ampelleHbl» SaKOHaMU
KBAHTOBOH (QMBHKH.

JTo cTpaHHOEe Ha OEPBBIM B3TIA) yTBep:KieHHAe MOKOUTCH
Ha OTpOMHOM ¥ MHorooOpasmoM onwmiTHOM MaTrepuane. llo-
mayyit, ganfosiee HATIATHO KBAHTOBHIE CBOUCTBA BIEKTPOH-
HOH 00OMOYKH aTOMa CKA3BIBAIOTCA B CIEKTpAX, NCOYCKAEMBIX
rasaMu. JTU CHEKTPH COCTOSIT M3 THICAY OTENbHHIX JIWHHIM.
Ho spemenn mossienus pabors! Bopa cylmecTBoBaJI0 OKOJIO
60 ToicAY WaMepeHHit CHEKTPOB pasinYHBIX Ta30B. Bce oHm
OBUTM DMOUPUYECKHN CBA3AHBI apH(PMeTHIeCKNMH 3aKOHOMEp-
HOCTAMHE, CMBICAA KOTOPHIX HUKTO He MOr HOHATH. 1eopus
Bopa obbachuia usmuecKuit cMHICI CHERTPOB B npyrue ¢u-
ANYecKUe ABJIEHHSA, MEXAHIBM KOTOPHIX OB OT HAC CKPHIT.
He roapko onTuka, HO M MAarHUTHEHE SBIEHNA, MeXAHNYECKUe
CBOACTBA TeJ, XUMHYECKNe CBA3H, IepUO/HYeCKas CHCTeMAa
2JIEMEHTOB, TOYHHII CMBICK KOTOpoH mo pabor Bopa pmamewo
ele ne OBLI ACEH, — BCE HTO HA NPOTREHHN HECKOJILKUX
JeT MONyumiIo ofbsacaeHue.

B nacrosmee BpeMsa (u3uka Iepeunia or N3yYeHAA BHEII-
NUX 33KOHOMEPHOCTEH K PACKPHITHIO BHYTPEHHETO MEXaHN3Ma
stgsrenmit. Ha 9Ty 1108y10, KBaHTOBYI0O (H3MKY M OIHpaeTcs
lalie NONMMAHRHE SIeKTPHUECKUX ABICHWH M Hallle OpeficTaB-
Temvie © monynopoBopEuKax. W3ydyeHue moIynpoOBOIEMKOB,
B €BoO ouepedb oforamast OTH IIpeJicTaBIeHUs, IpeBpa-
NACT KBAHTOBYIO CXeMY B pPEAILHYI0 TCOPHIO DIEKTpodu-
SITKIT,

CymecTs0 HOBHIX, KBAHTOBHIX NPECTABACHUN MOXKHO HO-
Kas3aTh Ha HEKOTOpHIXx npumepax. Ha pmec. 1 (cseea) mame-
cerl ps YeprovYeK. JTH UepTOUYKH H300pasKaT SHEpruio, KO-
TOpOi MOxeT 00JaJarTh DIEKTPOH B aToMe. JHepruA OTCUH-
TBIBAETCH B BePTHKAJILEOM HAOPABIEHNM OT HIDKHEIO Kpas
yepresa. ToIBKO yKa3aHHBIE 3HAUYEHUA HHEPIUU BO3MOKHBI
I DIEKTPOHA B H30JMPOBAHHOM artoMe. CrnpalinBaercs: 410
sie 6y[eT OPOUCXOANTH B TOM CJydde, €CIH MBI IMeeM He
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U30MAPOBAHHLI ATOM, a TeJ0, COBOKYMHOCTL aTOMOB! JTOT
BOIOPOC AMEET BEChMAa CYIIECTBEHHOE 3HAUCHME.

Ilo mepe cOnmskenHus OT/ENBHEIX ATOMOB, 06pasyIOIHX
B KOHI[e KOHIIOB TBEPHOE TeJ0, Medly HUMM HAUYMHAET WIPO-
ABNATHCA BiamMojieiicteme, COBpeMeENAA WKBAHTOBAA TEOPHS
YTBep;KgaeT, YT0 e€CI Mbl HMeeM Kakoe-To wucio N ofmnHa-
KOBBIX B3aHMOIECTBYION[IIX ATOMOB, TO TOT YPOBEHH DHEP-
IHIl, KOTOpHIl OBUI paHBlmE y BCceX HX OJIMHAKOBEIM, HAYH-
HAeT DACHIEMIATLCA Ha TaKoe ke 4mesao N GIu3KuX [pyr

K J[pPYyry, HO BCe-TaKU pas3amd-

HEIX YpOBEEIl.

Yucxo aToM0B B J1060M I0-
CTAaTOYHO 3aMeTHOM obbeMe
TBePAOTO Tejla Ype3BHIUAiIHO
BeInko (B KyOWd9eckoM caH-
sul TEMETpe OHO BHIPAMKAETCS TBAM-

MATUABYX3HAYABIM  THCIOM).
2 /

}2 CregoBaTenbHO, I  KaRpHId
n

i

fitiitd

ypoBelb DHEPIHM pacuienf-

!

Amom Rpucmann  Puc. 1.

eTCHA HA TaKoe jKe PPOMAIHOE IHCIO OT/EJIbHBIX, OIH3KUX IPYT
K Apyry ypoBEeil, IlosToMy 5Tu ypOBHH MOKHO CUMNTATh
Kak Gbl HEKOTODPO#l CILIOUIHOM IOJOCOH W mo3a0BITh 06 HX
nuckpersocru. Ha puc. 1 (cnmpasa) cxemarmueckm m3obpa-
JKeHO, UTO HKOJIKHO NPOU3OHTH ¢ YyPOBHAMY DHEPIUH 3IEKIPO-
HOB B aTOMAax, KOTHA NOCIeIBNe KOHAeHCHDPYIOTCA B TBepoe
Tedxo. BMecTo cumcreMBl OTHETLHBIX YpOBHEH, CBOHCTBEHHBIX
aToMaM, B TBePAOM Teje HMEIOTCS IeNble MOJOCH ypPOBHEIL
Hwxuasa monoca ypoBHeil mpousoinna oT Oflof CHUECTBEH-
HOH sHeprHy B arome. BepXxHAA MPOUCXOQUT OT TpPeX OTHENb-
BEIX yposHeill atomos. Memuy HUMH uMeeTcs «3aImpemnicH-
HEIH» WHTEPBAJ, B KOTOPOM DJIEKTPOHH He MOTYT MaXOJUThCSL.
Brime m HuiKe €ro rycro pacmolo;KeHa CHCTEMA BOBMOKHBIX
ypoBHeH.

Rak senyr cebsa zapsamgs B Taxom TBeppoM Tene? KaxroBmr
SJIeKTpUYecKHe cBoificTBa 3roro rexna? HBamToBasg MexaHuxa
BHOCHT 3/lech IeNblii psAJ, HOBHX, HENPUBBIYHEIX IJIA HAC
OpefCcTaBIeBN, KaKKoe N3 KOTOPHIX, OHAKO, TOYHO IIOf-
TBEPIKIIEHO ONBITOM, M IPHTOM BechMa obmwmpnbiM. [lomamyit,
Ba)KHelIIee W3 STUX UPEJICTABICHUH BaAKIIOYAETCHA B CASHYIO-
meM: B TBepHOM Telle, KAK U B OTJEILHOM aToMe, KarKABIA
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i3 vpoBHell MoskeT OHITL samolimed TOALEO ONHHM BIIEKTPO-
HOM. 9T0o TaK HasmBaeMbiii npuanun llaynm, koropei Bep-
BBl NO3BOMWI O0BACHUTL MHOTHE CTOPOHHI HePHOTUYCCKOM
CHCTEMEI 3JIEMEHTOB.

st saexrposa upuanun Ilayiou BeiTekacr 3 onpefeseH-
poil QopMmyiupoBkn ksautopoii Teopud. C raroil iKe crpo-
rOCTBIO OH JIoJUKeR OBITL NPHMEHeH U K TBePIOMY Temy.
Bech MHUOPO yPOBISii, 1o Ha KA KHOM 13 TIHX MOMKeT HaXo-
JUHITBCSL TONBRO OftH ditekrpoit. Kciir vtor ypoBeEs 3andar, To
APYroit DIeKTpoH TaM HAXOAUTLCS me Mosker. Horha pedb
uger o6 OTAeMbHOM aToMe, ¢ TAKMM YTBEDIKIEHHeM MOKHO
CBBHIKHYTBLCA, XOTA 1 HeJeIKo NOHATH ero. Ho korga peub
uaeT o 0OJBIIOM Telde, TO €ro MOPUXOMUTCS paccMaTpPHBAThL
KaK omuy cucreMy. B aroMm cuayuae eme Tpyjuee cebe mpej-
CTaBUTh, KaK M3-3a TOTO, UTo IJe-TO JIAHHBI YPOBEHDL 3aHAT
3JIeKTPOHOM, [pyrofi SIeKTpoum He MokeT ero 3amarh. Cu-
cTema ypoBHeill cmoificTgeniia BceMy TeJqy B LeJoM, I MBI He
MOMiEM yse PACCMATPUBATHL OTTCJNBHBIH DIERTPON  caM I10
cebe. [Tosemenize ero 3aBHCHT He TOALKO OT ICTO ¢aMOTO, 11O
7 OT COBOKYIHOCTH BCEX OCTAIALHBIX 9JeKTPOHOB. MBI [OJKHEBI
paccMaTpuBaTh BeCh KOMIEKTHB JeRTPOHOB KaK  OIHO
neloe,

JTOT NPUHHUN BOEPBEE NMpPHBET K NOHUMAHUIO TOTO, HO-
YeMy OJHH Tella —— METAIIBl — IPeKPACHO NPOBOIAT DIEKTPH-
9eCTBO, [PYTHE — MU30IATOPHI — COBCEM 1€ TIPOBOJIAT, & TPEThI
OPOBOAAT JHINL YACTHYNO, TOYEMY L Ha3BIBAIOTCS TOJYIpo-
pogaukamu, Uem oODacugercs CTONL  pPE3KOE pasIdume
B DJIeKTpHMYecKux cBoficTBax srmx Tpex THmoB Texa? Oraswl-
BaeTcs, MPUUYNHEA JIEKUT B DPA3IUUYHOM pacHpellesleHUH YDPOB-
Heif DIIepPruy, MOCTYNHHIX NI JIeKTpona. B onnux pellecTnax
(pue. 2, a) MB mOIyYaeM CHCTEMY YPOBHEH, HeIPepLIBHO
OPUMBIKAIOINX OfWIl K HpyroMy, Oes mpoMesyrka. Taxos,
Hanpumep, MeTayil, ABIAIONMUIACA TPOBOMHUKOM DIEKTPHYE-
CKoro ToKa. B KamgoM aToMe HMEOTCA HJICKTPOHLI, I THCI0
X B Teje upesBmiuaiino Beanko (8 1 M rena nx copep-
mures o 10 28).

IMeKTPOHBI 3aHUMAIOT P «JO3BOIEHUBIX» ypoBued. DBo-
lee HUBKHUM YPOBHAM COOTBETCTBYET MEHBIIAT HHEPTHA.
CrpeMilenile BCAKON CHCTEMBI NEPEHTH B COCTOAHINE ¢ MEHb-
et sEeprueil BnogHe ecTecTBeBHO (TaK jKe, KAK KaMeHb
magaer BHu3, a ne BBepx). Iloatomy auexrpomsr mpesxpe
BCEro 3aHUMAIOT YPOBHU, COOTBETCTBYIOUHC MEHBIINM 9YHEp-
rusaM. Haxomel, moclenoBarejbHO, BILUIOTH 71O KAKOU-TO rpa-
HAIB, BCEe YPOBHI ORasHMBALICH 3anaTeiMi, B meranne
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K orMM YDOBHMSM HCUOCPEJ{CTBCIING HMPUMbIKAE! €11e  Leray
cUCcTeMa ypoBHeH, cBoGOIHEIX 0T 37eKTpoHOB. Ilox meficrrmeM
MEKTPHIECKOTO MO DIEKTPOHE JIOMKHELL JIBUTATLCSA B OIpe-
HedeHHYI0 CTOPOHY, C€O31aBasg Ienslil DOTOK, KOTOPHIA MEI
BocnpupuMaeM nrax saexrpmieckunit tox. IIpm mpoxommemmu
TOKA JHEPTUd 3IeKTPOHA yBeJuyuBaeTcs. A Tak Kaxk m3Me-
HARICH I DRePrug H HAUDABNHHe NBIGKEHUA "IEKTPOHA,
HOCTeIHIL JOTRen HepeitTn na HORHL, O0Jee REICORWIT ) po-
Benb. ITockonpky dToT ypoBeun ¢BoGO/IeH, HUTTO He MeIIaeT
TAaKOMY Nepexony.

a I3 6

—

2 » = nee—=n

Pue. 2.

a — MeTany; 6 — 10Ny NPOBONHTIK, € — H30JATOP.

CoBepuIeHHO [pyroe [emno, ccaf HMeeTcf 3anperenHas
30Ha ypoBHeli (pHc. 2, 6) W ecam Bce HIKHNE 30HBL yiKe
3a00JHeHE! DileKTpoHamu., [JlomycTuM, 49T0 B HIKHEX 30HAX
uMmeeTca N yposue#l u N DICKTDPOHOB, T. ¢. BCE YPOBHU OyAyT
sanATL. MIMeoTes, npaspa, emie ¢BoBojuIble YPOBIIH B Bepx-
UUX 30HAX, HO WX JHEPIus yie 3NAUHTENbHO 60Jbllle, MO
KpaltHeil Mepe ma Beaumunumy 3alpeuicHHEOTO MPOMeE;KYTHA.
OICKTPOHBI, HAXOJAIINECH B TAKOM Te¢ B TAKOM jKe 9HCIe,
KAaK B MCTAILIC, COBEPINCTII0 HeCCHiin Bl H3MOTIIT L KAK-THEY/LD
CBOC COCTOANNC, H()() BCC JIOCTYHTTLIC JUTsE 1IN YPOBHH 3alisi1bl,
EguncTBEHHOE, UTO MOKET HPOHU30UTH ¢ HJIEKTPOHAME — 00-
MeH MeCTaMlu, HO 5TO NUKAK He CKajkerTcA na obumeM cocros-
HUH, IOTOMY 4TO MBI BCE PABHO OTHENBHBIX 9JICKTPOHOB HE
pasiniaeM, a MMeeM Hello, TAK CKa3aTh, ¢ UX KOJIIEKTHUBOM.

Moxuo pasamuarh gBa CIydYas: KOITIA 3alpel(eHHAs 30HA
CPAaBHUTENBLHO y3Ka M KOTJA OHA OYEHh BejJWKA, Pasmmume
MeKIy HUMI 3aKII0YaeTcs B CIGIYIONEM. JICKTPONBL, KAk
ObUI0 yRAa3aHO, 3aHUMAIOT TIPCIKIE BCEro HamGoiee MH3KIeE
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O 9HEPIUU YPOBHH, B3aUONHAA BClo HIEHOWL 30HY. Ho
eciad 6Bl OHU OTKYHA-HEOVHL DOMVUWIN JOCTATOUHYIO SHEp-
U0 A TOro, 4YrobH NepecKoYnTh HA 00JNee BHICOKMC
YPOBHH, IO YCIOBHS WX JBHREHUSI W3MEHIIHCEH OBI.

B o6LiunbIx yelOBHAX BeAKoe Tedo obsajaer TOM HMiH
nuoil TemioBoil pHeprueli, Tem 0Oolce BBHICOKOH, YCM BHILIE
reMueparypa. Eciam MOABATCH 3aMeTHOE YHMCIO JJIEKTPOHOR,
NOAYUYHBIINX DHEPIMIO, [OCTATOYHYIO [JIA Nepexofa B Bepx-
HIOI0 30HY CBOOOJHBIX YpOBHe#, TO B DTOIl 30HEe, T/le ypoBHEH
ropasfo Goapnie, YeM HIEKTPOHOB, OHU MOTYT ¢BODOJHO mepe-
AOJIUTH € OJHOIO YPOBHA wa IPYroi, JIPOBOIN JJICKTpHUecKUil
tok. Taxor Mexaumsv muosnynposojiuuka (puc. 2, 6). llpm
UUSKIOX TeMIepaTypax Tarkod 1[0JyIPOBOJHEK IIOUTH He OpPO-
Bo/UT 1ok, C IOBHIMIEHWEM jKC TEMIIEPATYDPHl €r0 DPOBOIH-
MocTh OBIcTpo pacter. Ecam sanpenieduslii mpoMesRyTOK Ha-
CTOJIBKO INHPOK, 4YTO HPpH IOCTYNEBIX 0aM TeMOEeparypax
3TEKTPOHB HE MOJYYAIOT SHEPruIo, 1eo0XofuMyIo I mepe-
X0[a B BEPXHIOK 30HY, TEJIO OCTAETUH H30IATOPOM.

TaxoBo Baie npejcraBienye 0 NPOBOJHUKE, NOJIYNPOBOJ-
HUKe W HU3oigrope. Pazimume Mey HUME YHCTO KOJIUUe-
CTBEHIIOC, HO OHO NPHBOAUT K KAYeCTBOHUBIM H3MEHEHHAM.
Ha pmc. 2, a npejicTaBiena Mojienh IPOBOJHMKA (MeTasnIa),
Hna puc. 2, 8 — m30MATOPA, & HA pHUC. 2, 6 — TOJIYIPOBOIHUKA,
MPOBOXUMOCTL B KOTOPOM TeM JIyullle, UeM BBIIIC TeMIepa-
1ypa, T. ¢. YeM CIIIbHee TeIIOBOe IBUKeHMe.

Hame cospeMeBEHOe npepcraBienne 00 dIEKTPOIe B TBEP-
IOM TeJe BO MHOIMX OTHOIIGHHAX OTINYAETCI OT TOrO, UTO
MBI gyManmu o HeM paubitie. Pambuie Mer nmpefictraBiasiim cebe
DIeKTPOHB! MAJEHLKUMII 3aPAKCHHBIMHU IMAPUKAMH, XaOTH-
YeCKH [BIIKYMINMHUCA B OPOBOJHUKe, HOKOGHO MOJIEKyiaM,
Kag »T0 TPAKTOBAJIA KHHETHYECKAA TeOPUs Ta3oB. JTOH ama-
Jdoruefl dIAERTPONTIaA TeOpHA METANIOB W NOJb30BAJAChL [
o0nAcueRna MIeKTpHIeckux cBolicrs nposoxEmioB. Ceiiuac
MH y;Ke He MOKeM TOBOPHTH 00 OTHeJbHBIX HJIEeKTPOHAX
TIaBHHM 00pasoM IOTOMY, UTO 3aKOHBI HX NBIKEHUS OIpe-
JeNATCS BOAHOBON MexaBuKoi, MbI gomBb paccMaTpuBaTh
ABUeHNE Tie OTHENRHBIX DJIEeKTPOHOB, a WX COBOKYOHOCTH,
rag pacnpocrpadennc Boxn. Copepmenno GeceMEBICIENHO
COpaliuBaTh, B Kakoil 710uke maxojmics Boana. Bomama me
MoseT OBITh JOKAIH30BAHA B TOUKe, OHA PA3MBITA.

B coorBercTBUN ¢ Tpe;KHell JJIeKTPOHHOH Teopued npep-
crapasin  cebe, 4TO IIEKTPOHBI, CTAIKUBAACL € aTOMaMU
Tella, OTTATKHMBAIOTCA OT HHX, KaK MAJEHBKHH INapHK OT
foxnputor0, JMeTAr Mo JipylOMy HaMpaBlewnio n +. . Tenepn
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fymer npaBmibliee CKasarh, YTO JBIKEHAE DIEKTPOHOB
DoNbllle HAIOMEHAET PACHpOCTpaHEHWe BOJIH B cpefe, 9eM
IBIJKEHNEe OTHeJbHHX NIAPUKOB. BONHEL, COOTBETCTBYIOIIHE
BIEKTPOHAM, PACCEMBAIOTCA TAK Ke, KAK CBET PaCcCeMBAETCA
BOKPYT BCTpeUaeMEIX WM MeJKHX 00bexToB. BoamoBasg mexa-
AUKAa o0HAPYKUIA, UTO DIEKTPOH — YACTHIA 3HAYATEILHO
fonee cAOKHAsT, YeM MOKHO OBLIO TIpEAIOIATATL BHAYAJE.
OKasalloch, YTO OH He TOJBKO WMeeT JJeKTPHYEeCKHUil 3aps,
Ho, Tpepcrasissa coboil HeKOTOpHIT MAaTHUTHEK, oGaagaeT elre
[I3BCCTHBIM KOJMYECTBOM BPANIATEALHOTO [BIKEHNA. 3AKOHEI
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Puc. 3. g

ero JBH;KEHUs, €CTeCTBEHHO, He MOryT OBITH ONWCAHBI HPO-
CTHIM NEpEeHeCeHHEM ONBITA [BUMKCHNA MAKPOCKONUIeCKUX
IIapuKOB Ha 3Ty cuUCTeMy.

B xopotroM 00630pe HeT BO3MOKHOCTH 00liee KOHKpPETHO
H JIETJIbHO OnNNCAaTh HAIOW IIPeXCTaBJIeHUs O JIBHIKEHUIN
BIIEKTPOHOB W DIEKTPOHHBIX BOJH B TBepfoM teie. OTMeTEM
JUIIb, YTO 9TH OpeaCcTaBIeHUA IPHBENM HAC K HNOHUMAHWIO
OpPUPOMBI TEX CIJ, KOTOPBIMU CBSI3QHBL WAaCTHIB MeTaiia.
Mp! nonyuumnam He TONBKO OOBACHEHWE CBOMCTB YUCTO DIEK-
TPHYECKOTO XapaKTepa, 1o 1 TeOpHio XHUMIHCCKIIX, mMeXxatii-
YOCKUX If TCIMIOBRIX siBiennil B MeTaaX., Baaumogeiicrnie
MeKJy aToMaMy B MeTallle CcOBEPIIeHHO He MOX0Ke HA
B3amMojeiicTBue X B Molekyle, COBOKYIHOCTE 3JIEKTPOHOB,
BeCch KOJIJIEKTUB HX CBA3BIBACTCA COBOKYIHOCTBIO aTOMOB, U
XuUMUUecKMe COeJUHEHHS Cpeid MeTAIMIecKUX CILIABOB
OmpefeNAlTesl He OTHONIEHWeM XUMHYEeCKUX BaJeHTHOCTeIT,
KaKk B rasax Wi $30JATOPAX, & YCIOBAAMU MWHAMAILHOI
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JIEPINH KOMICKTHBA DIEKTPOHOB. |L0DTOMY 1 OKA3HIBAETCH,
HADPHEMED, YTO MEeTANLIBl MOTYT o0pa3oBEIBATH OMpeeleHHEE,
pe3KO BHIPAMKEHHEIE COENNHEHUS TOIHA, KOrJga OTHOLIeHHe
uMciIa  JNeKTPOHOB K 9ueday atomoB paemo 21:13 wim
57 :21 —umcna, KoTopele B OOBIYHOE XUMHYECKOH Teopuu
BAJeHTHOCTH HIIKAKOTO CMBICHAa He HMEIT, 110 COBEPUIEHHO
TOUYHO HOATBEPRUATCH usydedues crnasos, Jlobasum, wro
yLUPYrHe IOCTOAHIBIC, HPOUNOCTH MeTauia M Jpyrue ero
CBOHCTBA TaK:Ke OLPENENAIOTCH B OCHOBHOM IIOBefieHHEM
QIERTPOHHOIO KOIJIEKTUBA, a He OTJENBHBIX DJIEKTPOTIOB,
CBA3AHHBIX C OTIEILHBIMII aTOMAMIL.

Hosste upegcrasmenus o6 piexTpuuecTBe B TBePOM Tele,
0XapaKTepU30BAHHEIE HAMU B caMblx OOMWX Ueprax, cymle-
CTBEHHO OTIMYHLI He TOIBLKO OT OpeNcTaBIeHWH o0 dIeKTPH-
4ecKoil JKHIKOCTH, HO W OT BIeKTPOHHBIX Teopuil HadYama Ha-
[IETO BEKA, KOTOpHlE PACCMATPHUBAJN 9HIEKTPON KAK 3apAxn,
ANIeHENIH cTPYKTYpHl. Hax jxe NpoABIAIOTCA BTH CBOMCTBA
DJIEKTPUYECTBA B MEHCTBITENIHHHX SABJIeHUAX?

IlonynpoBogauK, B COOTBETCTBHE ¢ BBIIIECKA3AHHBIM,
npeficTABIAET TAKYI0 CHCTEMY, B KOTOPOH HOCTymHBIe A
DIIEKTPOHA YPOBHW JHEDPIUH DPAa3JeNAIoTcsi Ha JIBC IPYMNIUEL
(pmc. 3). Ogua rpynma BTHX yPOBHEH CIUIOWIL 3aMOIHEHA
JJMEKTPOHAME, W M0TOMY 3](€Ch HHKAKHX H3MeHeHUH npou-
3oiitn me Mosker. HpoMe Toro, ma ompemeleHHOM paCCTOAHUU
uMeeTcq ele jpyras cmereMa cBobOIHEIX yposueil. Ecanm me-
GONbIIAA YACTh DIAEKTPOHOB KAKUMU-HUOYIh BHEIIHUMM CH-
jlaMy{, HampuMep TEMJOBHIM [BUKEHWUEM WU CBETOM, OYyHeT
BEIOpOIIeHa M3 HIDKHEH B30HH B BEPXHIOW, TO NIpomsolijger
IIEKOTOPOE N3MeHeHNe 06IIero coCTosHuA. [{BHKEeHHE DIeKTPO-
HOB, HAXOIAMMXCA B BepXHe#l 30HE, CJIEIyeT IIPHMEPHO
TeM jKe 3aKOHAM, DO KOTOPHIM ITPOMCXOIHT JBIJKEHHE CBO-
bomabix aekrpmueckux 3apanon. [lof meificTBueM smextpmde-
CKOTO MONS TAKOH DIEKTPOH [BUIKETCH OT OTPUUATEIBIIOTO
MoTioca 1 MOJOKUTeIbHOMY (puc. 3,a).

A dro bymer ¢ 0JEKTPOHAMY, OCTABLHIAMNCH B HIRIEN
soHe? Ecam m3 mee yILIO KAKOE-TO UWCIO HIEKTPOHOB, TOIAA
yiKe 3Ta 30HA 3AMOJHEHA IIe CILIONIH; B IIeil ocTaeTcd HEeKo-
TOpOe KOAMIECTBO CBODOJIHEIX MECT, «OyCTHIX» ypoBmeil. Te-
Ueph I OCTABIINXCA TAM 3IEKTPOHOB IOJHOIC 3alpera W3-
MeHAThL CBOE J(BIJKEHHE HeT, NOABIAETCH KAKasg-To BO3MOML-
HocTh Mx mnepeMemenEusa. Ilpepcramisiss ceGe, uTo rie-To
B IDPOCTPAHCTBE JIEKTPOH YIIEN W €r0 MeCTO 0CTAJIOCh CBO-
GOofHBIM, MK TOBOPHM: BMECTO YLIEJIIEro 3JIeKTpOHA obpa-
30BaNaCh «JBIPKA», «IYCTOH ypoBemb», JTa «/IBIPKA» MOKeT
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ObiTh 3ATTOMTHCIA OJHIM 13 OJIKAMIIIY COCeUIN HICKTPO-
HOB, HAaxXOfUBIIHXCA clipasa, cjIeBa, CBepxy wium cHE3Y.*
«JlbipKa» Oymer samosiHEHA, HO TOIKA OCBOGOIHUTCA TO MecTo,
KOTOpOe TOJNBKO 4TO BAaHWMAJ DJICKTpON, T. €. NOABUICA HO-
BaA (IBIPKA», CKAsKEM, cleBa. JTO MecTo CHOBA OyHeT 3amod-
HEHO JIEKTPOHOM, HAXOMAIIMCH CJIeBa, I T. [

Keru MBl npocnmesnMm  sa lepeMelienneM  ¢ROGOHOTO
MecTa, TO 3aMETUM, UTO OLO JBUIKETCSI HABCTPEUy LXOJSIL{IM
B JAEHY© 30HY aJexrpoHaM. CiemoBaTelbHO, €CIN HIEKTPOI
ABIGKETCSI B JAHHOM II0JIC CIpaBa MajeBo, TO CBOGOHOC
MEeCTO, 3AaDOJHAEMOE DHICKTPOIAMI, NepeMeIaeTcss WM Ha-
BeTpedy, T. e. ciesa Hanpaso (pume. 3,6). CsoGopmoe MecTo
OyneT IDBUIATHCA B [AHHOM JIEKTPHUCCKOM IIOJe TAK, KaK
IBUraJIcA OBl TososRUTeNbubil 3apsag. Ha camoM pexe MbI He
IyMaeM, 910 MBHUTAIOTCS LOJOMKUTENbHEE 3aPAABI; IBUIAIOTCSA
DJEKTPONEl, I XBHIAIOTCH BCEITIA B OJlHY H Ty 3Ke CTOPOHY
(puc. 3). Ho B msxmell 30He [ABUIKETiE COOTBETCTBYeT Nepe-
MEIIEHENIO IONOKUTeNBHOTO 3apAKa (MBI YacTO I'OBOPAM «IO-
JI0KUTeALHOH MeipKu»). B Bepxmeil ke 30He mporecc BIOJAHE
COOTBETCTBYET NBIKEHUIO CBODOIMHOTO OTPHUIATENLHO 3aps-
JMEHHOTO DIIEKTPOINA, OTO pasiudue sABIAETCS OCHOBHBIM, M
Ha HeM HMeNHO HOCTPOeHO paspellleBHe MIOIMX IPAKTHIe-
CKIX 33144 B 00JACTH ITOIYIPOBOTHIKOB,

Paspenenne «geipok» ¥ DIAEKTPOHOB BBYYNT HECKOALKO
CX0JACTHUECKH; O BOT 1A pUC. 3,8 m300payied npocTeduImit
OpleM, NO3BOIAWINNUA pearbHo OONADYKUTH 3TO pasamyue.
Honoskum, y mac mMeeTcss monynposogamMK. Harpeem ojium
KoHexy, ero. Torga dIeKTpOHEI HAYHYT JBUTATLCA OLICTpee, H
B BEpPXHIOW, CBOOOMHYIO 30HY ux nmepeiiger Goapine. Ctpemsich
pacmpegeanThesa Gojlee PaBHOMEPHO, YaCTh IAEKTPONOB YHIICT
K XOJIOXHOMY KoHIy HoxynpoBogHuka. Ha ropsauem Komnrme
ero ocragercAd U3OBITOYHEI MOJOMUTENBHH 3apsAf, a XO-
JORHEBIN KOHeN, Kyfa mepeiiTyr DIeKTPOHHI, 3apAgUICHd OTpPH-
marenpbuo, Harperoe MecTo B3apAMIOCh MOJOKHTEILHO —
3HAUYUT, OTPHIATEILHEIC SIEKTPOHH CBOGOMHO nepeMeianTes.
Ecmm sxe Tok mepeHocurcs «asIpKamuy (pHe. 3,2), TO upH
HArpeBaHUH MNOgBATCA Ooaniroe wucio nycreix mect. OHu
TOM(e HAUMNYT YXOUUThH, T. €. 3aMeIaThcs dileKrpomamu. Ha-
TPeTLIii KOHEN OKAayKCTCA TOITOMY B3apSKeHHLIM — OTPHIA-

* Eemm CynlecTByeT JJIleRTpH4YecKOoe IIoJe, KOTOPOC TOHHUT BCe OJJEKT-

POHEL B HANPABJIEHAH OT OTPHIATENBHOTO IOMIOCA K IOTOKHTENL-
HOMy, TO @CTECTBEHHO, YTO «JALPKAay damie Bcero OyheT 3alojiHeHa
TEM BICKTPOHOM, KOTODPHIH HPUXOAMT K Heil NOR AclicTBmeM HOJIA
cieBa,
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TeMH0, K HeMy Opufier ropasio 0oJplie OTPHIATEIBHBIX
BJIeK\RpOHOB, yem ux ObLio BHAuUaJle, 4 XOJONHHI KOHeH 3a-
pAguIea monoskutenpno. Urak, ecam gBmKeTCS OTPHIATENb-
HBIl 9JEKTPOH, HArperhiil KOHeIl IONTYIPOBO/HNKA 3apAKa-
eTcsT  TONOMRUTEIBHO, A  OXJaKIeHIBI — OTPHIlaTeqbHO.
Fenm sxe gBusercs «IBIPKA», TO HATPETHI KOHEI 3apa:Ka-
eTCA OTPUIATEIbHO, A OXJIAMeHHBIN ~— DOX0IKUTeIbHO. BoT
DAEMEHTApHBIIT OMHT, ¢pPa3y MO3BOJUBIINII CKAa3aTh, ¢ KAKHAM
113 JIBYX BO3MO;KHBIX MeXanl3MOB TOKA MBI IIMceM [elIo.

B aroil cBsa3n HeOe3LIHTEPECHO BCIIOMHUTH NPEJiCTABICHNA
06 adeKTpUYECKNX mumKocTax. Hax 6BIIO CKA3aHO BEHIE, HA
3ape PA3BUTHA yIenusa ol DICKTPUUYECTBE CYHIECTBOBAJIH [Be
IENOTE3BI: Of{HA YTBEP:KHAIA IIaJuvTue JIBYX HDpPOTHBONMOJIOK-
OHX REJIKOCTCH, APyras cBoIHUIa BCe K HEAOCTATRY HIW U3-
OBITRY ofmoit wuaroctu. JloGomuiTno, 4To Ta Ke caMmas
uaes, 1Mo B udMenenmoii gopMe mWMeeT MecTo W B cOBpeMell-
HOi KBaHTOBOII Teopwu. I3 cymIHOCTH TOBOpA, TO, YTO HA3BI-
BAIOT «JIBIPKAMHY», €CTH He 9TO UHOE, KaK HEeIOCTATOK 3IJeKT-
POHOB IO CPABHEHUIO ¢ UNCIOM YpPOBHEH.

Kpome OCHOBHBIX YPOBHEH, B COCTAaB KPHUCIAJIA MOTYT
BXOJHTH CHIc M Jipyrue, 7n00aBOUHLIC YDPOBHH 3JIEKTDOHOB.
ITEM  OOCTOATENBCTBOM MBI TaKiC OYCHDL IMHPOKO NOJIb-
3yeMcs.

JefcTBUTCILHOCTE CIIOJKHCE H3JI0JKCHHOR 37eCh CXEMEI,
HonynmpoBogHEKYT — 5T0 DOYTH Bech OKPY:KAIOMMA HAC Heop-
ragunuecknii Mup. IJosToMy MBI paccMarpmBaeM He KaKOM-TO
cnenuaNsbEe NOMOOpAHEBIA Kiacc BEIIeCTB, a Heoprapmie-
CKYI0 IDHPOJY B IEIOM I €€ DIEKTPHIECKHC CBOWCTBA. XH-
MUYecKHil coCcTaB DTHX BeIleCTB B TBEPJOM BHIe HECKOIBKO
OTIINYAETCA OT MPUBHIYHBIX NPENCTABICHUN O Ta30BLIX MOJIE-
KyJax.

PaccmorpuMm, mampumep, TBEPHYI0 COIb — XIOPHUCTHIH
HaTpuit. 3fech 9HCIO ATOMOB XJOpPA U aTOMOB HATPHUSA PABHO
IPYT APYIY TaK sKe, KAK B OTHeJbHOH MOJEKyie XJIOpHCTOTO
HaTpud, 3aKI0UYaKIel M0 OHOMY aTOMy XJIOpa W HATDHA.
Ho s10 Toanko npubmmsutenbmo tax. Ha camoM fmene 6ia-
rojlaps CyIL[eCTBOBAHMIO TENJIOBOTO IABIKEHUS BCE BPEMA TO
B OHOM, TO B JPyroM MecTe aTOMBI CDHIBAIOTCSA CO CBOMX
MeCT; YacTh MX MOKeT BBIHTH Hapy:Ry M mepeilTm B oxpy-
AUy cpefly. B pesyibrare wmcio aToMOB HATpHUA He
6ydeT paBHO WHCIY aTOMOB XJIOpPAa. B OKmCIax KHCIOPOL
ofMenuBaerTcA ¢ ORpyKawie#l cpeoil, cosmaBag B OJHAX
CAVIAAX UBOMITOK, B JIPYTHX -- HEOCTATOR KHCIOPOIA II0
CPAaBHEHMIO ¢ XUMUYECKOII popMy oL
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IlonynpoBognuky — B 9T  ABASETCA BaKHEHIIHM WX
CBOMCTBOM — OTIMYAIOTCA TeM, UYTO COCTaB MX HHKOTAA He OT-
BedaeT CTPOr0 XUMHUYECKOH cTexumoMeTpHuecKoll dopmyie.
Me:xgy teM OTCTYmIEHHS OT Iee MBIAIOTCA peHIarNiIMI.
Jocrarouno yBeAWYHTh KOJIMYECTBO KMCIOPOJA B 3aKUCH
menuw wa 1Y%, 4TOGE BIEKTPONPOBOJHOCTE €€ BO3POCIA
B MOJIJIZOH Pa3 W 9TOOH BCE €€ CBOMCTBA PE3KO M3MEHUIHCH.
TakuM o06pasom, CpaBHHTEIHHO HEGONBIUMME XUMIYECKUMHE
BO3eHCTBHAMI MBI MOSKeT BHOCHTH caMble (VHIAMEHTAIb-
HBle M3MEHEeHHUSA B CBOHCTBA MOJYHPOBONHUKOB. B uacrtHOCTH,
MB MO)ReM H3 MaTepuaia, KoTophil obmajaer »JIeKTPOHHOM
OPOBOUMOCTBIO, CJeJIaTh MATepHald, OdJajaroumuil «IsIpov-
HOI» TIPOBOTAMOCTHIO.

Ecim Mpl Tak m3MeHumM Marepual, UTO MOABATCA ATOME,
JIEFKO OT[AI0IUMe CBOW 3JeKTPOHLL, TO HONYUHUTCA DIEKTPOH-
Bbiii mpoBofiHUK. Eenwm B TO jKe BeHIeCTBO BHECTH aTOMBI,
KOTOPHI€ 3aXBATHIBAIOT 3JIEKTPOHBI, MBI IOJYUYMM «/BI POUHBIH»
npoBoftEUK. Takosa Temeph ysKe JOCTATOYHO pasBUTAS Kap-
THHA MHOT000pasusa MOJYNPOBOJHUKOB — OKCHOB, Cyldbgu-
moB, kapbugos u 1. 1. Hajgo ckasars, 410 570 mpe/craBlicHue
ABJIACTCA elle TOJABKO KAYECTBeHHOU KAPTHHON SABIeHUS, U
Hama 337a4a 3aKI0YAEeTCA B TOM, 4TOOBl HCOOIL30BATL ee
IJA  CO3aHMS KOJMUYeCTBeHHO#l Teopmm, KoTopasg NoO3BO-
auaa OBl TOYHO NPeJCKA3BIBATH M yKASBIBATL MyTH H3MeHe-
HBUA TeX WIN JPYTuX CBOfICTB NOTYyNpPOBONHUKOB.

Mpbt y:Re HaxoguMmcs Ha TAKOH CTYNenn 3Haumii, KoTopas
MO3BOJIAET YTBEP:KIATh, YTO 3T 334aYa B 3HAUUTEILHOH cTe-
IeEN maMu pasperieHa. Vlayuas manmwlii Matepmal cmerema-
THYECKW W pAa3HOCTOPOHHE, MBI MOSKeM 3apaHee KoOIHYe-
CTBEHHO BHIUHUCIUTH BEIUUYMHY €0 TEPMOIBIGKYIEH CHIILI,
T. e. TY Pa3sHOCTh NOTEHIUANOB, KOTOpAf BO3HUKAET, €CIH
C03/1aTh ONpEeIeNeHHYI0 PA3HOCTH TeMOepatyp. Kpome Toro,
B pAne clIydaeB MBI 3HAEM, KAK NPEBPATHTH TAHHOE BEN{ECTBO
B MaTepuaJ, oOJMATaAOMuyd 33JaHHHIME KeTATeILHBIMA [JIf
Hac CBOMCTBAME. JHAUNT, MBI HAYYWINCH, 0 HEKOTOPOH cTe-
OeHH, BIaJleTh CBOHCTBAMU TOIYOPOBOTHUKOB.

HHonynpoBonnuxn TexHwdecKn 0COGEHBO WUHTEPeCHBI NO-
TOMY, UTO I1a IDAHUIE UX ¢ METAJIOM, B HOTPAHHYHOM CIOE,
HaOTIONAIOTCS SABIEHNS, NECBONCTBeHHHE HE METAJLIAM, HH
U30JATOpPAM, SABIEHUA, KOTOPHE, COBCTBEHHO, W GBLIM OCHOBOK
UX NepBHIX TeXHUYecKWXx npumeHeHuit. Ha rpamume memxnpy
MeTaNIOM W NOIYOpPOBOTHHKOM MOFKHO CO37aTh, HAIIPHMED,
TAKWe YCAOBUsA, TPH KOTOPHIX TOK NPOXOAMA OH TOJBKO
B OIHOM HAaIOpaBlIeHWW ¥ IOUTH COBCeM HE NPOXOMHI OB
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B apyrom. Ha sroM npuAEnEDe MOCTPOEHH TAK Ha3bIBaeMBble
BHIOPYMETENH NepeMeHHor0 TOKA.

B camom nmavaze moeit HAYIHO# [eATEILHOCTH, NPUMEDHO
35 mer TeMy Hasaj, mepego MHOH Kaxk 3arajgka BO3BHNK BONI-
poc: uollrz\n( MOTYT CYI[ECTBOBATH HMBOJIATOPHI, CKBO3b KOTO-
pHe dNeKTpRUYecKHil TOK me npoxonut? Kciu m3onarTop 3a-
KIIOUEH MEKNy MEeTALIMIeCKUMH DJIEKTPOJaMi, B KOTOPEHIX
5JEKTPOHOB CKOILKO YTOIHO, HOUEMY 9TH DIEKTPOHBI He Npo-
XO[AT 1epe3 M30MITOP HACKBO3L? B0O3MOKHBIX OTBETOB MOTIO
OBITH ABa: Muo MOTOMY, 4TO DIEKTPOHHEI HE MOIYT nepeitn
H3 METaXLIa B [MAIEKTPHK, mubo mOTOMY, YTO OHH HE MOIYT
IBHTAThLCA BHYTPH [guadeKrpuka. Haxoe ma srux coobpane-
unit JefcTBUTENbHO?

Just Toro 4TO6L peHINTL 3TOT BOIPOC, ABTODP HACTOSMIIEH
CTaThU OBITAJNCS BHECTH 3apAAL BO BHYTPL HHUSJIEKTPUKA.
Bospe#ictByss yubpTpadmoseToBHIM CBETOM, PeHITEHOBCKUMH,
pajMeBBIMH JYydaMd ® T. . Ha pPa3INYHBE H30JUpYOIIHe
KpueTaiisl (KBapi, cepy, KAMeHHYI0 COJL, CHILBUH ® JIp.),
VIABAIOCH CO3[ABATL 3aPANBI, KOTOPHE, OKAa3bIBAETCHA, COBEP-
IIeHHO CBOOOAHO MEpPEeMeNIAIoTess B ITUX KPHUCTALNAX, ITO
MaJI0 OCHOBAHHE NPENNOJOKATh, UTO €CIU HEKOTOpOe KOJH-
4ecTBO 3apAJOB NONANaeT B 30HYy, Ifie YPOBHH CBODOHEI,
TO HHYTO He MeHIaeT WM HEPEeMEI[aThCA N3 OIHOI0 MecTa
B J[PYroe M NPOBOIUTEL TOK.

Hazanock, 4T0 rIaBHy0 TPYEAOCTE JJIA DNEKTPOHOB mpej-
cTaBiIfAeT Nepexoj u3 Meramia B udouaatop. Cam mo cebe ator
(DaKT HHUCKOIRKO He YIUBUTENEH: W3 MeTA/Ia DJIeKTPOH He
IepexofuT B BO3[AYX, He NePEXONUT U B MYCTOTY, HO XOPOUIO
N3BCCTHO, 9TO0 YABTPA(PHOTETOBHIH CBET MOMKET HEPEBOJUTH
AJeKTPOHBl M3 MeTalnma B nycrtory. Ilouemy ke oB BHe Mo-
JKeT NepeHecTH UX U B pualdeKtpur? IlepeBons sieKTpon
B IYCTOTY, MBI OTPHIBA€M €ro OT BCeX CBsA3eH B MeTaJule,
3[[eCh JKe, BHIPHIBAS JNEKTPOH N3 METAJIA, MBI BHOCHM €TI0
B HOByw Brarmeaioniyio cpengy. CiemoBaTenpHo, s mepe-
HOCA DJIeKTPOHA B UAJIEKTPHK BHEPrUH NOJKHO TpeboBarbed
3HAYNTENbHO MEHRIIE, UeM 0P BEIPEIBAHMN €T0 B NYCTOTY.
Jlis BHACHEHUA HTOr0 HAMA OBIIN NpPOBEJNenkbl UCCIeTOBAHUA,
HO OHY [[aBAMH PE3YIBTAT, MPOTUBONOIOKHBIE OKHIaeMOMY.
OxassiBaoCch, 9TO HIEKTPOH Jerde BHIPBATH B IYCTOTY, He-
JReTH BBECTH B H3QIATOP, T. €. JJIA MHepPeHOCcAa ITEKTPOHA
B DYCTOTY €MV Hajo c00o0IIaTh DHEPTHIO MENLIUYI0, YeM IIpd
BBEJGHNU B JIMSIEKTPUK.

Jlns toro 4T06BI DIEKTPOH Heperie] U3 METAANa B H30JIA-
TOP, MAN0 COOBIIUTL €My BHEPIMIO, MOCTATOUHYIO IS OTPhIBA
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or meraiuna. Hysmumo, utofer on nomax B cBofogmyio 30RY,
IOCKOMIBKY TOALKO TOLNA MBI 3aMETHM DIeKTpHIeckuf TOK.
JIeKTPOHE B MeTaiule 0GJafaloT dDHepruei, paBHOIl HHEpPrUU
CepeImHLl 3aNpel(eH ol 30HH. JHAYAT, HOJOBUHY LIAPHHB
5TOW 30HBL WMEeT TY HHEPruio, KOTOPYI0 HYKHO COOGHIUTH
DIEKTPORY, UTO6H mepeBectH ero B gudiexrpmy. Ho 210
OKA3aI0Ch HEBEPHHIM.

Boxee acawle mpejcraBieHus O Nepexofe MEKTPOHOB U3
MEeTaJIa B NOIYNPOBOMHUKI MOKHO IIOJYYATH M3 PACCMOTpe-
HUA ABIEHUIl Ha TpaHHlE MEMy IBYMA DONYHOPOBONHIIKAMHI
HId DOAYNPOBOMHUKOM ¥ METALIOM — SBIEHMH, JerRaufix
B OCHOBE T€XHUYECKNX BHIIpAMUTENEH .

BoimpaMuTesb, Kax yAaJIoch YCTAHOBUTH, COCTOHNT H3 Me-
TALINYECKON TIACTHHKM, K KOTOPOM OPHUMBIKACT TOHKHIT
M3OMUDPYIOIMINIT cloit. 3a nuM cleayeT NOIYIPOBOJHHK U
cooBa Merann. Taxas cmcrema obaajaer crnocoGHOCTHIO IpoO-
OyCcKaTh TOK B OJHOM IIANpaBieHMH H He IpPONYCKATH €ro
B OPOTHUBOIOIOKHOM. B CYmECTBYIOUMNX BHIOPAMUTEIAX U3
3aKUCH Meu MJIM CejleHa DIEeKTPOHBI CBODOMHO MIAYT M3 Me-
Talla depe3d U3OMUPYIOUWHA cI0#f B HOJYIPOBOIHUK, 10 II¢
UAYT U3 moaynposogEuKa B Meraii. O0bACHEHHe HTOMY Ka-
3alI0Ch OPOCTBIM: B METAJIe MHOTO DJIEKTPOHOB, I 110DTOMY
OHZ HMAYT OTTYHA B OOJBIIOM KOJHYECTBE, & B NOAYHPOBOL-
HHKEe WX Majo, 3HATNUT, B NPOTHBONOJOINKHOM HAITPABICHUI
OHN WOoUTH He noiigyr. OfHako 3aMaHYMBO OPOCTOC 00BACIC-
HIE 0Ka3aJoch HEeBePHBIM.

CoBmectro ¢ fI. V. @perxenem Mbr pasdpaborann cooTBET-
CTBYIOIMYIO TEOPHIO STOrO sBIeHUs*

Tax kax peasbuble XapPaKTEPUCTHKH MPOMEIKYTOUNIOrO
CJIOST TeXNHYECKOTO BBITPSIMUTENA ORUIM COBEPILEHHO HEI3BC-
CTHBL, TO /I ONBITOB M3TOTOBISIACH MOMEIL TAKOTO BBHIIIPS-
MUTeNsA: 3apaHee I3BEeCTHBHIM TOHKUI W3OIEpyOMil caoii
HagoCWICSA HA DOIYIPOBOJHHK W NOKPBIBUICH CIOEM Me-
ramna. ** IIpu sToM oKasaxoch, 4To TIpH TONIIMHE H3OIUPYIO-
HIero ¢IosI B HECKONBKO JIECATHTHICATHRIX MIDITHMETpa CUIhb-
EBII TOK HWIET TO B OJIHOM, TO B JPyTOM IIampaBienuim, B 3a-
BHCHMOCTII OT BHJA IOJYIPOBONHHKA — JTEKTPOHHOIO MWIH
«IBIPOYHOTO». B «JIHIPOUHOM» TONYOPOBOTHIIKE DJICKTPOUSL]
ANAYT M3 METa/N1a, B NIEKTPOHHOM, HA0GOpPOT, — B MeTalll.

* JIpyryio Teopwio, MOCTPOEHHYIO HA TOM ’Ke IpHHNuNe, paspaboral
ronnangcKuil dmauk Bam Iefb.

** B gamrei saGoparopum 5Tm oumeitel Opiium mocramizenst B. 11 Jyse
7 2artem XaptManom B TepManmm.
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\ralo OBITh, [0 HE B TOM, TO B MeTaaIe DICKTPOUOR
MHOTQ, @ B JHDIEKTPUKe MAJO, — BCe ONpe/IelsAeTCs MeXanus-
MoM nposoguMmoctn. IIpegcrasum cebGe cucremy (pme. 4) ma
JOA HM30IATOPA ¥ MOAYLUPOBOIHUKA. Feam Meramur
I H30JHPYYUmil CJI0il BCerga OHE I Te jke, a HOJYMPOBOJI-
pesyabrate He Gygyr copnagars, Ilpmummy
HAJl0 UCKATh He HA TPAHATE G METAILIOM,
¢ MEIY M30JIATOPOM M ITOJIYIPOBOLHIKOM,

Puc. 4.

B mauaroM HaMu HCCOeOBAHSIN ABIEHUH, IPOUCXOANINX
Ha I'PAHUIE IBYX PA3IMUHBIX IOJIYNPOBOMHUKOB, MBI Dacilo-
JORIIIA TMOCHe[HIe B ONpeJeNeHHublii psaj TaK, YTOOR Kark-
B OpempIIyiuil (Mo OTHOMICHUIO K HOCJIeYIONEMY) LpO-
NYCKAJ TOMOKUTEABHBI TOK, & mocjaefyomuil (0o OTHOIIe-
HBHI K CBOEMY NIpPeIIIecTBeHHUKY) — OTPAUATEIbHRINH TOK.
Jlua ysacHeHMA CYTH BBIBOTOB, K KOTODBIM MH IIPHILIY B pe-
3yJLTaTEe MCCIEeOBAHUI, HYKHO mpejicTaBuTh cebe, 4T0 mpo-
BOAHUK 3J€KTPOBEHII, T. e. OTPHIATeJLHbIE DJIEKTPOHEL [BH-
JKYTCA K MeTaJLy, a HaBCTpeuy UM M3 M30JATOPA JIBIKYTCA
HOJIOKUTeIbHEIe «ABIpENy. TakuM ofpasdoM, 7Ba HOTOKA —
BIEKTPOHOB H «/IBIPOK» — UIYT HABCTpPeYYy APYr [APYTY.
JIIeKTPOHEL 3ANONHAIOT «IBIPKH», W TOK mieT OGecnpensrt-
cTBeHno. Ho mpepmonoskuM, 4TO HanpaBicHie TOKA H3MEIiH-
JI0Ch: DJIEKTPOHBI YXONAT M3 MeTayja, W mHa rpasume obpa-
3yeTcst €0, B KOTOpOM cBoGOIHEIX 3apApoB EHer. Torma
DOJNYINTCS HempoBopAmuir cioit. Ecan e B molyIpoBogHUKE
«IBIDKW» TOIBU/KHEIE, TO KapTHHA MOJyYaeTcsa ofparHas.
ATy pacey:;KIeHHS TMOIHOCTHIO COTNIACYIOTCS ¢ ONBITHBIMA JaH-
HEIMU,
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ITocne paccmorpenus apmemmit na rpamune ABYxX paaﬂ/nq-
HEIX NOJYNIPOBOTHUKOB MEI HCCIEOBANN ABIeHHA, HMEIONTE
MecTO Ha TpaBuIe MeTaIa ¢ IOaympoBogumkoM. Ha pume. 5
(ciesa) moKasam MeTamT coO  C¢BOGOTHBIMU YDPOBHSIMHE,
a cnpaeq — MOTYIPOBONHUK ¢ YDPOBHAMHY, Dasnen¢HHEIMH 3a-
npemtesHoil somoil. Mesmny HuMm u306pakem ypOBeHb CBO-
Goxmoro amexTpora. BospbMeM A paccMOTpeRNs  caydai
SJIEKTPOHHOTO MONYNPOBOAHUKA, iro 3IeKTpONE OKa3HBAIOTCH
Ha Gonee BHICOKOM YpOBHe, YeM B MeTaJje, M, ecTecTBeHHO,

NS 4

IUNNNINFW =

Puc. 5.

IpY CONPUKOCHOBEHMH YXONHT B MeTalll, 3apsasKad ero OTpH-
nareasppo. B momynposommuke o0pasyercss HEHOCTATOK OTPH-
HATEeNbHBIX 3aPAN0OB, U OH 3APANNTCA ITOJOKUTENLHO.

MN1ak, 8 paccMOTpeHHOM CcJayduae 3apfafbl W3 CJIOA IOIY-
OPOBORHUKA YHANAIOTCST B MerTamn., BexexcrBue sToro obpa-
3yeTcs IMOTPAHWYHLIA, JULTEHHBIA CBOOONHEIX 3apAINOB CIOIH,
He NpPOBOAALIEII TOKA, a OHEPrusd HIEKTPOHOB CTAHOBUTCH
3HaUMTENLHO Oounpieit. [lasg Toro 4TOOR! BIEKTpOHAM IOA-
HATHCH U3 META/NIA B CBOOOFHYIO 30HY NOIYNPOBOTHUKA, UM
HY;KHO 3arpaturs O6ubimylo pabory, deM pambime. Ecam
YIECTh 3TO0 OOCTOATENBCTBO, TO OKAMKETCHd, UTO A Nepexona
DIEKTPOHOB M3 METANNA B JUIJIEKTPUK WIH TONIYNPOBOXHUK
HY)KHO B3aTpAaTUTh DOEPTUI0, BeXnMUnHA KOTOpoil He OymerT
paBHA, KaK MpI paEbIIe NpejoJarany, NOJOBWHE UIMDPHHE
sanpenieHaoil 3oubl. (OKaskBaeTcsA, KOIUYECTBEHHO BHOJHPA
BO3MOJKHO IIPEICKA3ATL, IPU KAKIMX YCIOBUAX, KAK U CKOIBKO
DIEKTPOHOB OyIeT nmepexouTh U3 MeTAJIA B HOJIYNPOBOHEK.
910 JACT HAM TOYHBle CBEJEHMS O TOM, IOUEeMY W30IATOP
He TPOBOMMT 3IEKTPUYECKOTO TOKA M UYTO HYKIIO CHeJaTh,
4T00BL OH HAUAJ €r0 HPOBOIHATE.
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?3 epBble JIIOAW IONY4YWIHM DNpefcTaBleHHe o0 2JeRTpu-
JecTBE\M3 fABIeHNA dIeKrpusanuu tpeEMeM. Ho mo macros-
IIETO BPEMEHHU 3TO ABIEHWE OCTABAIOCH HEHOHATHBIM, BbuIO
COBEpIIGHHO HEACHO, Mo9eMy UpH TpeHHM (HA CaMoM jere
peub HieT 0 IPOCTOM COLPHKOCHOBEHHWN) OJHO TEN0 3aps-
/aeTcd MOJOMKUTENLEO, [pyroe — orpumarensuo. [us ompe-
TelleHUA 3HAKA 3apAja WMENNCh OMOUpHIeCKHe LPABHIA, HO
0 BelWYMHe 3apPANA ME He HMeId HUKAKOIO NpPeHCraB-
JIeRNs,

PacemorpeHHas maMm morpaBMYEAS SJIEKTpU3ANMA Mpej-
CTaBIsgeT KOMMYSCTBEHHYI0 TEOpPHI0 IIeKTPU3ANNM TPeHUEM.
Hcxopsa u3 pacmonoskenus HEpreTHYECKAX YPOBHEH, MBI MO-
JKeM NpefcKasarTh, MepexonuT JJIeKTPOH B MeTall HWIH u3
MeTasia. Boiee TOro, Mel MOMKeM OIIPERENNTh, KAKOE KOJIMYe-
CTBO 3apAROB DepedfeT OpH 5TOM B METALI HJIW B IOJYLPO-
BogHNK. HaxoHel, BMECTO MeTaJLIOB MBI MOJKeM B3STH JIOGHIE
IBa Tella W HPOH3BECTH TOT ke pacieT ABIeHWIl Ha TpaHUIe
Menry puMu. Taxum 06pasoMm, WHTEpPECYACH ABICHHAME, KO-
TOpBIE, Kasamoch Obl, He HMMeT BHuYero obmiero ¢ JIeKTpH-
3anmeil TpeEMeM, MBI BIUIOTHYIO HOZOLLIH K IIpobieme, JaBHO
JAyHmed cBoero paspeuiienmmss. Mo;KHO HafeATheA, 94TO HA
5TOM OYTH OHA Oy[eT paspelleHa.

Hrax, temeps MHI mMeeM OCHOBLI NPOBEPEHHOI ONBITOM
KOJITYeCTBeHHON TeOpHH HOJYNPOBOJHUKOB I 3HAEM, KAKIMU
npueMaMiu MOYKHO MEHATDL UX 3JIeKTpuuecKde colicrsa, Ecre-
CTBEHHO MPUMEHNTH TAKYIO TEOPHIO K PElIeBUI0 TeXHUTeCKUX
3ajad,

IlepBEHIM TeXHUYECKUM HCIOIb30BAHUEM IOJYOPOBOJHIKOB
GpLIN BHIpAMHTenn nepemennoro roxa. B 1927 r. amepuxan-
CKMiT mHsKeHep I'poEpganp OOHAPYIKWUI, 9TO, OKUCIAT MeIb
Opm BhICOKUX Temneparypax — mopsaaka 1000°C, moskno mo-
AYyYWTH INIACTUHEL, obiapaiolde CBONCTBOM IIETKO Opony-
CKAaTh TOKW OIHOTO HANpaBIeHUs W CO3TABATH BeChbMa DOIb-
IIMe CcONpPOTHUBIEHHA [JIA TOKOB OOPAaTHOrO HanpaBieHUA,
Ecam ® raroit mnacTHHe NpMIOMHUTH PA3HOCTL NOTEHIMAJIOB
B HECKOJBKO BOJBLT TaK, UTOOB MeTAJLIMYeCKas MefbL SABIA-
JMach KATOMOM, a HAPOCUIadg Ha Hell 3aKHCh MefH AHOLOM, TO
CO3JAaeTCA TOK, B THICAYH pa3 GOMBIINI TOTO, KOTOPHIH MOJXY-
qaeTcd B TOH Ke Ienmm, Korjga Mefb CIY:KHT amomoM. B mep-
BOM cllyuae TOK Oyjer H3MepsAThCS aMOEDPAMH, BO BTOPOM —
MummaMoepaMn. Ecinm npuroToBIeHHYI0 TakuM oOpasoM
NIACTHEY BKIIOYUTH B Ienb NePeMEeHHOTO TOKA, TO MBI IPaK-
Tnyeckn OymeM HabmiogaTh TOK ofHOro Haupasaemusa. Ciepmo-
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Bareubno, nacTuna L'poHmans ABugeTcHs BBIUPSMUTENCH Le-
PEMEeHHOro ToKa. ¥

Cosmanmbie I'pompamem soimpsamurenn sepamm 8 GHIA
BO3HHKHOBENNE HOBOH KPyIHOH oTpacian NpoudBocEsa. ¥ HAC
B CCCP po mocieguero BpeMenn TpPOU3BOMUINCEL MAIOMOLIL-
HEIe BHIOPAMHUTENN H3 3aKUCH MeJIH, PACCUINTAHHHE HA TOKM
nupuMepuo B 3-—5 A (UpEMEBAIOTCH IS ABTOONOKNPOBKM
TpPaHCOOPTA), B 10 BpeMs KaK 3a TpaHuICil HMEIHChL Y3KC
aHAJOTMYHEle ycTpoiictBa Ha jecsarxn Teicau amnep. CoBme-
CTHO ¢ OJIHNM T3 3aBOj0B Jlemmmrpagcermii GU3HKO-TeXHHTe-
cxuii mactnTyT Aragemun mayk CCCP paspaboras rexiolno-
THI0 DPOMBIIIIIEHHOI'0 M3TOTOBIEHNSA BRINPSIMUTeNel Ha cOTHR
7 THCAYH aMIep I YCTAHOBHA TEXHITUYECKHe YCJIOBIA NX
SKCIVIYaTaIUH IpH HOBKHX ¥ BHCORUX TeMIleparypax.
Ilo kawecTBY 5TH BBINPAMHUTENM HC YCTYNAKT AaMepUKaH-
CHIM,

B T'epmanum wpumepso B 1933 r. nossminch ceneHOBEIE
BBIODAMUTENHN, CBOHCTBA KOTOPBIX HECKOJBKO OTINYHBI OT
CBOMCTE MEHO-3aKHCHBIX BRINpsAMUTeNedl. IX mpous3BomcTBO
MBI TOKe M3YUMIM, KaKk TOBODHTCA, OCBOWJIH, W Temepb Mo-
MeM OPOHU3BOJIUTH CEJeHOBHIC BHINPAMHTeTH He XYiKe Tep-
MaHCKHX.

Ho 1te Toabko B DTOM 3am0OYaeTesa 3ajaYa MAayuYHnolo MH-
ctaryra. OH, KOHeTHO, HOMKEH IOMOYL HCIIONB30OBATHL HA
OpaKTHKe TO HOBOE, UTO CHENAIOCH H3BECTHHIM HayRe, Huade
Mano crouwnu ORl Bee ero mamickanms, Ho om gomken mo#th
n paubime. [Toaromy ma ocHoBe TeopeTHMYeCKUX mpeCTaBie-
Bu#l 0 cBollcTBax M MexaHu3Me JefiCTBHA ITOJYNPOBO;IHHUKOB,
0 KOTOPBIX HjeT peub B 9TOM cTaThe, COTPYAHIKY Jlenuurpam-
cKoro (pmsmro-rexHmueckoro nweruryra B. B. Kypuaros u
10. A. Jlyuaes mompoboBann HOCTPOUTL PATHOHAMLHBIN BBI-
IOPAMUTEIID.

Homcerpyknus pa3paboraHmoro UMM BHIIPAMUTENT Tpe-
CTaBIAET c000H ATIOMUHHEBYIO YAIIEYKY, B KOTOPYIO 3aKIAbI-
BaeTcd Maruuil u NOIYOPOBOJHUK CePHHCTOH MeAH ¢ HEKO-
TOpHIMU jJobaBKaMu. 3arteM NAaKJIafbIBAeTCA KpBIILKA, OTjle-
JlewHAdA TOHKOHM cjofisioil maacrmirroir. JIpim npoxosgenmu
IEKTPHUECKOr0 TOKA BBHIIPAMUTENb CBApUBAETcA. Bor 1 BesA
TeXHOJOIUA €T0 U3TOTOBIEHUA. ITOT BBHIPAMUTENIb (€3 BCA-

* AmanoruuHoe CBOMCTRO TONYIPOBOANNKOB yiKe JaBHO OblIo H3-
BECTHO PAAONIOOHTENsAM, IPIMEHABIIAM KPHCTAJIIMYECKAE JeTEK-
TOPH! (KPMCTAJIIMKA CEePHUCTHIX META/NIOB) ¢ OCTPOH WMIOH B Ko-
YecTBe SIEKTPOJa; BHICOKOYACTOTHHRIE KONeGaHms, Cco37aBaeMele
PaAMOBOJIIAMI, BHITIPSMISIOTCS TAKUM JIeTEKTOPOM.
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KOro OXJakAeHHA Aaer 1ok o 30 A mpun 17 B, a mpu
I[yTbe\-‘T o 80 A.

Bruinpsamureas B. B. Kypuaiosa umeer Goxpurme gocTouH-
CTBa; IWJIOTHOCTH pafouero Toka, qomyckaemas uM, B 100 pas
foablle NIOTHOCTH BLINPAMUTENS M3 33KHCH Mefd; BMECTO
MeA¥, KoTOopas HA OOBIYHEBIE BBIMPAMUTENN PACXOMYETCT 10H-
HaM#, 3mech 3aTpaudBaeTcs COBCEM HEMHOTO aMIOMHHHA.
Bosbimoe 3Havenie HMeer TaKKe M HPOCI0TA H3TOTOBIEHUA
BEINpAMITENsT, Hie Tpebyroumero ciroikuoil Tepmuueckoit obpa-
f0TKH, CIITBHO YAOPOKAIONIEGH MPOH3BOJACTBO Me/THO-3KHCHBIX
Il CeJIEHOBHIX BHIIPAMUTeNe.

B raba. 1 comoctamnenn cBoificTBa PASAHYHELIX BHLIOPAMII-
rexeif.

TAGIWILA 1

Cu,0 Se Cu,S
Xapaxkrepucinxa BeUIpAvVMiened

CIOA, | Tenvannsg, CCCP, CIIIA,

1929 r. 1933 r. 1938 r. 1939 r.
I/S, AleM® Oe3 oxnasKjieHus 0.0 0.04 5 —

¢ oxaa leaueM | 0.15 0.14 10 55

. B 8 15 17 5
Kup, 9 75 75 70 55

Taxum 06pazoM, 10 HEKOTOPBIM 3IEKTPOTEXHIUYECKIM IO-
Ka3aTeJaM HAIIN BBINPAMATESN IPEICTABIAIOT 3HAYUTEIb-
el war snepen. Ipaspa, nx eme meap3s coemuHATHL NOCITE-
moBatexbro Ha 0oilee BBHICOKHME HAOpsKenus, HO ceffdac,
ONUpPasCh HA PAa3BHBAIOLIYIOCH TEOPHIO BONPOCA, MBI IIPO-
goaacM paborTy Haj UX yaywillenneM ¥ NOBLITIEENeM Kod (i~
nuenra nojgesnoro peitcrsus, Ilopbrmenme wny BEIOpAMETE-
aeit ¢ 75 mo 90—95 9% wuMeer oueHL Ba)KHOE 3HAYeHIUeE.
Ecmu Op1 MBI nMelIW BLINPAMATEIN ¢ TAKUM BLICOKHM KIIJ,
COOTBETCTBYIOI{HM COBPEMEHHBIM DIEKTPOTEXHHYECKAM TIPH-
fopam, TOrfa Iepexoj OT NePEeMEeHHOTO TOKA K MOCTOSHHOMY
OBLI GBI OKOHUATEIHHO pelleHHoil 3ajadeil, Mb MOTaM Ol CO-
YeTATh JAEIKYI) IIPEBPATUMOCTL NEePEeMeHHNBIX TOKOB ¢ yN0G-
CTBAaMU yIpPaBieHHH H PeryaupoBKH, KOTOpHE 00ecHeuymBaiot
TIOJH30BAHNIE NOCTOSHHEIM TOKOM.

CpaBHATENBHO TABHO W3BECTHHM NPUMEHEHHEM IOIYIpPO-
BOJIHIKOB ABIAIOTCA Tai:Ke Poroanmementnr. B 1930 r. Jlamre
B I'cpmanun ofpaTun pHUMaEHe Ha TO, UTO MeIHO-3aKHCHbBIE
BERINpAMATENU 06Ia7a10T ¥ HOTOINEKRTPHUECKAMY CBOMCTBAMH,
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co3laBasg MpPU OCBEIEHNH JIEKTPOBIKYIIYIO CHIY T COOT-
percTBeHHBIH ToK. 3arem B 1931 r. Beprmamy ymanocs msro-
TOBUTH 3HAUUTENBHO Jyuinue (orodneMemini us cemeHa. Ce-
JcH JAaBHO H3BECTEH KAl BEIECTBO, PE3KO MeHIomee DIeKT-
puueckoe conporuBileHne mpu ocBeuennu. CucreMa nepefauu
usobpaskenmit mo nposogam — cucreMa Hopea — 6pima ocHo-
BaHa NMEHRO a4 HCOOJL30BAHHH JTOr0 cBoiicTBA CeJeHa.
B macrosijee BpeMsa HAINA NPAKTURA 3HAET MOYTII TOIBKO
01HK cejieHOBbie (POTOINEMEHTH, KOTOPBIE UCHOAB3VIOTCA I
(Jororpadui, B U3MEePHTEIBHOA TEXHUKE I T. [,

Yeranosus, 910 CBOMCTBA TBEPAKIX (DOTOIICMEHTOR ONpE-
JensioTeas QoTOUYBCTBATEILHOCTHI0 NOMYNPOBOTHHUKA, paGoT-
nuky JIeHIHTPaicCKOro (PU3MKO-TeXHNYECKOTO HHCTHTYTA IIO-
crapmwin cebe CIeTYIOIYI0 3amady: co3farh (OTODIeMEHTHI
n3 mMaTepmana, o0JafaIoNero ropasfo 6oxee CAIHLHRIM BHYT-
peanuM doroadpderToM, HeM BaKUCh MeIW HWIN  celleH,
a2 WMEHHO — W3 CEePHHUCTOTO TAIUA. DHUIO YCTAHOBIEHO, UTO
I 3aKHCH MEIH II CEeJIeH OGJANAIT «IBIPOYHEIM» MEXaHI3MOM
TIPOBOTUMOCTII, KOTOPBIiT MBI onmcadun poiirie. CepHHCTHIN ke
TN, KaK OKa3aJdoCh, B 3aBHCHMOCTH OT u30BITKA B HEM
cephl WIN TN MOMKET ObITH C/IeJaH KaK «IBIPOYHBIM», TaK
O 3IeKTPOHHHIM DOAYIpoBogHuKOM (Tadm. 2).

TABIJIUILA 2

Tepvanunsa, 1930 r. CCCP, 1937 r.
XapaKTepuCcTuKa BHIpAMUTENeH
Cu,0 Se T1,8
I/L, Afam.10° 100 400 10000
A, MMK 400—600 300—700 400—1300
Ko, % 0.01 0.04 1.1

B «pgpipounomM» DOXYOPOBOTHUKE CBET, BBIPHIBAS BIEKT-
pOH, coobIMaer €My 9HEprmio, MOCTATOYHYI0 IIA Iepexosa
B csoboxnoe cocrosuume. Ilpoiina wepes samopmEI caoil u
MeTaJ, SIeKTPOH 3apssKaeT ODOCIeHUN CBOHUM OTpPHUIATEIIb-
HEIM 3apAoM. B bIeKTpoBIOM ke DONYNPOBOXHUKE DIEKT-
POE, BEIPBAHHEIH cBETOM, 0CBOOOIKIAET OTHO M3 HOPMATLHBIX
KBAHTOBBIX COCTOAHHUI, KoTopoe cefidac ke 3aHUMAaET DIEKT-
poH, mpumemumit depes 3amopHBA ciaoii w3 Meramna. IIpu
3TOM MeTallll, OTAAB 3JTEKTPOH, 3aPsKAeTCs HOJIOKUTENLHO.
Jro momwii, emme Hukorga #Ze mabmogapmuiics BUE HoTOID-
terra sanmopHoro ciosa. Hayumetit corpygmuk Jlemumarpag-
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cKoro usuKo-TexHmaecKoro urcTuryra B. T. KomoMmen cos-
max (POTORNEMEHTH, MOCTPOCHHEe Ha dToM npmEnume. OHn
OTIMYAIOTCS BECLMA IEHHLBIME B IPaKTUYECKOM OTHOIIEHHH
ocoberHOCTAME. B TO BpeMA KaK «IbIpouHBle» (OTOITEMEATH
paboTanoT JWIIL B [HATIA30HE BHAMMOTO CBETA, DIEKTPOHHEIE
obnanaoT 0CoGeHHO BBICOKON UyBCTBHTENBHOCTHIO MMEHHO
K HeBHAMMEIM, HHpparpacuslM ayuam. [lojydaemwiii mpm
3TOM TOK B HECKOJBKO pa3 TPeBOCXOAHT TOK Or OTOIIEeMEeH-
TOB ¢ «meipounbiMy MexauHusmoMm {or 500 mo 10000 MA/mam).

I1u cepHo-Tammnesble gorosnements B. T. Konomien
OpuMeHIN [Ind 3Bykosoro Kumo, K XVIII cwesny BRII(6)
Ha 3aBofe «JIeHKWHam» OBlJIA CO37]aHa HOBaA ammaparypa.
Oma 6esynpeuno paboraer go cux mop B JJoMe KUio M KUHO-
Tearpax Jlemwnrpapga, Hosag ammaparypa oTiudaercs mpo-
CTOTOM: HeT HeoOXxofmMocTu B nobaBounoM (oToKackKase ycu-
JeHUA W MCTOYHWKAX BBICOKOTO HANPA/KEHUs, HO INIABHOE ee
OpeuMyNeCTBO — YHCTOTA 3BYKA., EJMHCTBEHHBIM WCTOYHI-
KOM TOKa B HOBBIX (OrODIEMEHTAX I TPOMKOTOBOPUTEIAX
CIY/KHT CBET, HPOXONAMIMEA CKBO3b KIHONeHTy. Ecam oToro
OCBENeHUS HET, 3BYR TONHOCTBIO OTCYTCTBYeT. B mIpes-
HEX jKe anrnapaTax, Ijie UMeluch BBICOKOBOJLTHHIE GaTapew,
TOK TIPOXOAMI caMbiM OeCHOPAJOIHEIM 06pasoM M JaBax Te
HEOPHATHBIE HOTPECKUBAHIA IT THAHEIHNE, KOTOPble TAK IOp-
TUIH 3BYK B KHUHO.

Jlpyrasg ofracTo mpuMeneHusl HOBBIX (POTOIIEMEHTOB —
Opubopel, obecmeduBawmme 6€300ACHOCTh FOPHEIX M IIAXT-
BHX pabor. IlosBaatomumecs B BO3jyXe HeBONbBIIE YaCTHIH
TOPIOYNX TA30B CroparoT Ha MOBEPXHOCTH HIATHHOBOI mpPOBO-
JIOYKM, HArPeTOl TOKOM, I HOBLIIIAIOT €€ TeMIepaTypy, a ¢o-
TODIIEMENT, BOCHPHHMMAS HEBUJHMble TIa3y URPPAKpACHBIC
Jyud, OTMedYaeT STOT HATPEB M JAaeT CUTHAJN 0 NPUOIMAeHUH
omacuoctd. [Ipn moMomu HOBBIX IOTODIEMEHTOB MOKHO OCY-
[MECTBATL Pa3Hoo0pasHy0 CHTHAJIBANMI0, ABTOMATH3ANKIO
MHOTMX TeXHHYECKUX HIpOIECcCOB, COPTUPOBKY 1 KOHTDOIH
u3fenuit m MHOTOE JIpyToe.

O6pamaer na cebs ocofoe BHUMaHWe BeAWYWHA WX KO,
Tsepnsie doTosnmeMenTsl ABAAITCA TpubopoMm nia mpeobpa-
30BAlINA CBETOBOM dmeprum B OieKTpUuecKywo. Tawof ¢oro-
DIeMEHT caM TeHePUpPYeT M DIEKTPONBIKYIIYIO CHIY M TOK
", TaKuEM o6pasoM, co37laeT HEKOTOPYI0 BIeKTPHYECKYIO DHEp-
ruio, Benmuuna wkopm TokassiBaer, KaKas 4acTh Hajamniero
cBeTa OpeBpamiaerTcsa B AIEKTPUUECKYIo sHepruio. B cexemno-
ReIX (poTORNEMeHTAX oTa Bemuuuma cocrasager (04 %,
a B uoBeix — okono 1 %. Komeuro, 1 Y —aT0 oueHn He-
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MHOI'0, HO BCE-TAKH CCJH BCOOMHWTL, 4TO 3JCCh HAYANO pPe-
IeHEd O/\HOIl 14 3ajad, OPefCTaBIAMIIMNX 000K Meury
JHEPTeTHKU, a4 UMEHHO: HPAMOe IPEBPAINEnue COMHEUYHOI'0
CBETA B WICKTPHYECKYI JHEDPIHIO, TO JTA BEAMYHHA BCE e
npefcrapiser W3BecTHEH nuTepec. Joctmwmenue | 9% osma--
4aer IIar BIepe;l B paspemenmu »Toit 3amauu. Jder 10 tomy
Hazajf, OBITasich UpecTaBuUTL cee 3amaull COLMANUCTHIOCKOR
TEXHIKHY, 51 YKa3HBAJ A IEePCIeKTHBY IPEBPALICHAS COTHE -
HOH BHePTHH B OJIeKTpudeckyw. Torja A HaMeuyal BOJ-
MOMHOCTDH 0O0llee 3HAYHMTENBHOTO YBEINYEHUA KOl TBEP;IbIX
(oTodIeMEHTOB; TeHeph B M3BECTHOH Mepe 3TO OCYIeCTBIA-
eTCs.

Tpetuit BU MCHONL30BAHUA TOJYHDPOBOJIHUKOB, KOTODBIiA
B OTJIMINE OT J[BYX TEPBBIX UAXOJUTCS CHIC B CTAIHU DPA3BH-
U, — DTO  TCPMODIEMEHTH — HPUOOPLI,  lIpeBpanatonie
TEIJIOBYI0 SHEPIUI0 B DIEKTPUYeCKy10. D cuny memsGe;kHBIX
OpOILECCOB TENOMPOBOHOCTH II0 TeM IIPOBOJIAM, KOTOpPEHIE
HEeCyT TOK, KOJl TePMOAIEMEHTOB ropasgo MeHbINe, 9eM y TeT-
JOBBIX MAaIlInH. TepMosaeMeHTHI M3 METAJIOB AAIOT BCETNa
menbine 1 % baexTpoomeprnu Mo OTHOLIEHHIO K 3aTpaveHnoit
TILIOTE.

Jer 10 roMy uasay Moc YIBEPHTEHHC O TOM, MTO KIJ
TEePMO3JIEMEHTA LIPH MOMOIIH TOJYIPOBOTHUKOB MOKIIO 1I0BBI-
curh ¢ 1—2 no 4 9%, serpermio peskywo upnrmky. Ceituac,
co3flaBasg B IDJIACTHHKE W3 CEPHUCTOTO CBAHIA PAa3MEPOM
B 3 CM PasHOCTH TEMITEPATYD TOPAJKA HECKONBLKO COT Fpapy-
coB, MBI nonydaem Tor 7o 50 A npm mampsmcenum 0.1 B.
HKnp mepenus, no u pa6ora eme nanexo me sasepurena. Oma,
OHAKO, HOATBEPSKIAET, 9YT0 TEPMO3TEKTPUUEeCKUe ABICHUA
B DONYOPOBOJHUKAX MOTYT CIYKATh MCTOUNHKAMH MOIIHBIX
tokoB. Jaske npu wmpm 10 % TepMO3IEMEHTHI Tie CMOTYT ere
KOHKYPHDOBAaTh ¢ MaliuHamu, mo Oixarogaps npaitmeit mpo-
CTOTE, OTCYTCTBUIO ABWKYIAXCA 9aCTell ¥ KOMIAKTIOCTH JJIA
OIpeleleHUBIX Heleil ONd MOTYT MMETh 3MaUYeHHe He TOIBKO
KaKk M3MepuTelIN TeMIIepaTypsl M JIVIHUCTOH dHepruu, Ho W
KaKk UCTOYHHKHA TOKA.

3a moclemHme TOABI HCNOJAL30BAHME IIONYTPOBOTHRKOR
B TeXHIIKe pacrter ¢ ncoboruaiinoil 6etcrporoii. OGnajiag yke
HEKOTOPBIM ONBITOM H 3HAUHMAMA B 0TOH ofnacTm »aeKTpo-
(pUBNKHE, MBI MOKeM U NOMMKHBL JOOUTLCS OT MPUMEHeHHA I0-
JYyODOBOTHAKOB B TEXHWKe WM HAYYHBIX HCCHEOBAHMAX De-
3yJBTATOB, TOPasmo GONBMINX T JYUIHHX, 4eM T¢, KOTOPEHIe
OUTICATIBI B DTOI CTATHP.
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