B CBOeM HEe3aKOHYeHHOM BH/E — MOMeT IPUHEeCTH HeKOTOpYIO
MOJIL3Y TeM, KTO MHTEPEeCYEeTCH CBOMCTBAMH TBED/BIX Tel.

fl mawan uccaenosanme wKpucramiros B 1903 r., BEavame
Bmecte ¢ B. Penrrenmom, a 3arem ¢ M. B. Rupnmuesoit. O6a
o cromuamucey B 1923 . C 1ex mop Moeir corpyrHHIER
B felde HceaeqopampmAs ynpyrux csoficrs Ostma M. A. Jlesur-
cKadA, a B uayvenuu dnekrpuvecknx caoitcts — K. J[. Cunens-
HAKOB. PAN CYIIECTBEHHEIX JJIGKTPUYECKAX WCCIeHOBAHMH
Getn Beimomuen  II. WM. Jlywmpermm, A. @. Baaprepow,
A. K. Baasrepom. U. B. Kypuarosmm, II. II. Hobexo,
O. A. Pomamexmm, A H. Apcennesoit, H. C. Vecaroi,
B. M. Tox6eprom, E B. Ilexuonurepom. C. A. Mlvxkapessim,
0. H. Tpanesunwrosoii, C. M. Beugcposnuem, B, H. Kouapars-
eseIM 1 A. U. Pafmaosmuem. VcenenosanweM ynpvrux ¢soitcTs
sapumanwch 11 C. 9peadecr, M. B. KRaaccen, B. fI. [Tunec,
U. B. O6pemnios u JI. B. Hly6uuxos. Pan reopermuecknx
Borrpocos Opin ueciaenosan H. M. Mpennenem, T'. A, Tpunbep-
rom 7 B. P. Bypcnanom.

Coofmiaemsie 37€Ch PE3YNLTATHI ~— PE3YABTAT COTPY/IHA-
JecTBA HAC BCEX, U BPAJ JW BO3MOYKHO YKA3aTh TOUHO Ipa-
HATHE TPYJAa KA/KIOTO B OTHEJLHOCTH. JTOT MATEpHAT Yie
JacTHYHO OBIT ONMYyGANKOBAH. B KOHIE OTAEALHBIX IVIAaB JaH
COHCOK KAK HAMNX ONYOIAKOBAHHMLX paloT 1O 5TOMY BOI-
pocy, TAK M TPYNOB, YIOMAHYTHIX B HACTOAINNX JEKI[HAX M
CBABAHHBIX € PACCMATPIBAECMBIMEA BOIPOCAMH,

TBEPJIOE TEJIO
RAR 9JERTPNYECKAAl CUCTEMA *

ITpencraBienne 0 BHYTpeHHEM CTPOEHHN OKPY/KAIONIAX
HAC Tell HCHBITANO Pe3Kde M3MEHEHWA, YiKe IepBele HAONIO-
NeHUs HAJ CIHOCOGHOCTHIO Tell CORPAINATHCA NPH CHKATHH H

* CraThg HANACAHA HA OCHOBE pevd, OPOM3HECeHHOH Ha TOPIKECTBEH-
HOM ronmumoM cobpammm Axamemmm uayk CCCP 2 denpams 1931 r.
7 omybamkoBana B KH°© OTtder O JeATeNBHOCTH AxajeMu;m HayK
CCCP 3a 1930 r. JT, 1931, c. 1—15.

Jammas cTarba B mambonpnieit cTeWeHU, YeM ApyTHE, BRIOYOH-
uble B COODHUEK, HYK/TaeTcs B KOPPeKTHPYIOIMMAX OPAMEYAMEIX
Onumaxo meTOIHOCTH, 00yCIOBIPHHFIE yPOBHEM MMEBIIHXCS KO Bpe-
MeHm ee mamwmcapms spamuil (me OBLT OTKPHIT HefiTpom B WOITOMY
He OBUI0 HeHTPOH-TIPOTOHHON MONENHE CTPOSHAS Ajpa m T. &), JeTKO
MOTYT OHITH YCTaHOBIEHE! YHTATeNeM. 1103T0My Owuto pememo me
OTATOIATE CTATHIO COOTBETCTBYIOMFME HOCTPOYHEIMM TpHEMeda-
HEAMY.
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paCHIMPATECA IpH HATDEBAHNH 3ACTABWIN TOO3PeBATh, TTO
npH Beell BHMAMMON CIVIONIHOCTH M B3QMMHON IIeIpOHHIAe-
MOCTH TeJa LOCTPOEHSI M3 MeNpYalIInX 1eJednMBIX TacTuIl —
aTOMOB, cOMIKennme mam yAaleHne KOTOPBIX APYT OT Apyra
¥ BBI3BIBAET BUANMOE W3MEHCHHE pasMepoB teda. Kcrecr-
BEHHO, 4TO ATOMHAA KAPTMHA TOJYYHMia PA3BUTHE TIpeiRTe
pecero B MpPUMEHeNnu K rasaM, KOTOpble 0COGEHNOo JIerKO H
CHILHO MeHAWT cBoil o0beM. Humernweckas rteopua rasos
B TOUHOH KoamvyecTBenHoit dopme OBLIA yKe PA3BUTA
8 XVIII B. Bepuynmun u Jlomorocoseim. C rex mop rasm
BCEITla CAYIKILUIA 00JIACTLI0 HAMOOMEe YCIEeNTHOr0 MPAMeHeHu
aToMHBIX TnpeAcraBaedwii, Ha razax 3TH npejcrasjienus
oopMuamch B TCOPUIO, KOTOpAasd TMOCTENENH0 CTPeMHIACh
OXBATHUTHL U MRUJKOE U TBEPgOe COCTOAHMS,

Hao0opor, npeqcrasnerue 0 CIUIONIHOM 3aMOJLEHHA ITPO-
CTPAHCTBA JIyuile Bcero NPUMEHUMO ¥ mamboiee IIOTHOMY
TBEPAOMY cocTosHNI0. W JeiflcTBHTENBHO, Ha TIPOTHAMKEHWN
peero XIX B. Bce Teopmu, crpemMmBmizecas OOBLACHHTHL CBOU-
¢TBA TBEPABIX Tell, HCXOAWIN 13 KAapTHHGLI criommuocrn, Ta-
KOBEI TEOPDHA YIPYTOCTH, TEOPHA ONTHMYECKAX W JICKTPHIe-
cxux ABnenuil. Jlag obmiHOCTH, 8HAA, YTO TBEPHOE TEI0 MO-
ReT HepeXofiuTh B Ta3 W HOIYyJaThCA KOHfeHcAIyWel rasa,
OHN HE OTPHLAJN HPHCYTCTBUA aTOMOB H B TBEPAHRIX Telax,
OJHAKO TaM OHH OCTAIMCh OecIOesHON TrHUImoTes0l eme
150 ner mocie cosmamua KAHeTHYeCcKol Teopmm Tasos. [[io-
fya-PefiMon, Gamsopywmit ¢umnocod-marypammer XIX B,
00BABAN pellleHHe BOIPOCA O CIVIOIIHOCTH WX ATOMHOCTH
HaBCcerfa HEAOCTYIHBIM YeJI0BEUEeCKOMY YMY. JHepreTudecKas
mrona OcTBanpfa CYATANA BO3MOKHBIM YCTDAHATH CAMEI
Bonpoc 06 aToMe, HONB3YACH OFHAMA (OPMANLHEIME 3AKOHO-
MepHOCTAMH. Hemonmvanme 3HAYeHUA ATOMHOBIX IpecTaBie-
HOf, [oBefllee 710 CAMOYOHMICTBA TeHWAILHOTO TBOPIA
aTOMHOIl cTaTHcTHYecKoi Quamrn BossuMana, B 3mauuTeldn-
HOY cremednm 0GA3aHO TOMY, 4TO CBOMCTBA ra3oB MepecTaln
IPUBICKATh HHTepeC YIeHBIX, YBICUEHHBIX HOBLIMH IIEepPCIeK-
THBAMIT TEPMOIHHAMAKA W 3IEKTPOTUHAMIKIY.

1906 r. — rox emepru BoabiMana — GslI HAYATIOM TOOETST
€ro mpeit, nobensl, ellle HefABHO KA3aBIIEHCS OKOHYATETLHOMN.
B camom fene, Teopma GpoymOBa MOTERYIAPHOTO TEILIOBOTO
ABUKEHNA, CO3RAHHAA ODHHNITeHiHOM, B ombITax Ileppena me-
HOCPeCTBeHHO CBHAETENHCTBOBANA O TEINIOBOM JABH/KeHHN
ATOMOB U OTipefiesANa UX pasMepH. Buincom Harasamao obHA-
PYRHA OyTH OTAeJBIIOT0 aTOMa TIeJls, Tpomyckag ambda-
TYIT paimoaKTHBHEBIX Tel Wepe3’ MepeCHIMIEHHRIT BOAAROM
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nap, a Pamsaii morasan, uto, co0paB 3TH axbda-Tydd, MB
mojyuaeMm mamecrtHsli ras rexuit. HaMmepaumur-Onmec mepesen
readii B RUMKoe cocrosnme, a HeesoM — B TBepHoe. JTOT
TBepPbIil TeJuii cocToUT U3 TeX YacTHYeK, KAKAY0 A3 KOTo-
PHIX MBIl B OT/[EALHOCTH MOTJH 00HADY:RUTH B OnbITe DBHib-
COHA WJIM 3Ke BUeTH BCIBIIIKN JKpaHa OT yiapa KayKIon
OTeNbION YACTUI(HI.

IToGeyia atomupIX MpejicTaBieHnuil Tepenia jJaske 3a Ipe-
Jenbl MATePHH, 1Jis KOTOPOM aTH TpecTaBleHus OBLIM CO3-
1amel. HeantoBas teopus Ilnanka 1 aromsl cBera JitHmireiina
IMePeHeCaN AaTOMHBie TIpejIcTABIeHUA B BOJHOBYI0 TEOPHIO
cBeTa, B cBoii€tBa adupa u smepruu. He ocramocy obmactn
¢usuku, Te OB He OHLIO ATOMOB WM KBAHUTOB. Hiacciueckoe
uspevente reopin cromnrmoct: «IIpupona He sHaeT CKAYKOB»
3aMeHeHO ero anthrTesoii: «Bce B mpupoge mpepsIBHOY.

B pe3koM mpormBOpeYHMH ¢ DTHM IepeBOPOTOM B Ipef-
CTaBJeHUAX OCTABANUCHL HPE)KHME JOTAYecKAe W MaTeMarTH-
yeCKHe MEeTOTBI, IeJHKOM IPUCIIOcO0IeHAble K Hjee CIUIONI-
HOCTH. JT0 HECOOTBETCTBHE HAJOIT0 3aJepyRasio pasBuUTHe
KBAHTOBBIX LpPefiCcTaBJICHMIA.

Ho ecam aromur moOepmam, to ata mobega CTOMIA MM HX
IMIaBHOTO NPH3HAKA — HejgbuocTd, uelermmocru. 1lobems,
aToM pacchimasica pa 0oliee MeJdKHe CAWIANLI: IIOMO;KATENb-
HOE AJKPO W OTPUIATEJSbHSBIC IEKTPOIBL. ATOM — 5TO Iiedas
CHCTeMa, MUKPOKOCMOC, B KOTOPOM TECATKH 3JIeKTPOHOB Bpa-
HIA0TCA BOKPYT MEHTPATLHOrO fIpd, NOI00HO TOMY KAk Iuia-
geTsl Bpamatorcsg Bokpyr Coxnua. Ilpumennps © asuixenudio
JJICKTPOHOB B 4TOMEe KBAHTOBBIe BAKOHHBI, Bop co3panm moaens
aroMa, Kotopas B Tedemme 10 xer caymumza myreBOFHOU
HUTBIO AJA Beeit Pusnry. Berope 1 xoMmaktmoe sapo —
BTO COJNHIIE aTOMAa — PACCHUTANOCH HA CBOIl JIEMEHTHI. IT0JIO-
JKATENbHBIE TPOTOHLI W TE JKe OTPHUIATeNbHBIE 3JICKTPOHEL
Bee pasmoofpaane res sKAUBOH MpPApPONEL U emle Gospinee pas-
HooOpasue 00'beKTOB JHAGOPATOPUN U TEXHUKH CBENOCH K 2TUM
ABYM OCHOBHLIM 3JEMEHTAM, K JBYM 3JIEKTDUUECKAM 3apd-
naM. Taxum 00pasom, MPEPOsia OKABANACH HACKBO3L DIACKTPH-
dunmposannoii. B npupoje Her HUYETO, KPOME JTERTPATCCTBA
OpoTOHOB W 3idexTpoHoB. Bee ABIeHUA NPHPORBI — HPOABIE-
HHe CBOHCTB 9THX HACKTPUYECKUX 3apAT0RB.

Yro ke taxoe mporom u 3nerTpoE? ITofoGHO TOMY KAk
paHsIIe OpefcTaBiaan cebe aTroM B BHUE YIIPYroro CIUIOHI-
HOTO IDAPUKA PA3MePOM B CTOMHIIHOHHYIO TOJI0 CAHTAMETPA,
TaK TEIeph HIEKTPOH CUMTAIOT HIADIKOM, eiHe B ;[eCATL THI-
cAd pa3 MeWbLWHM, 4 HPOTOH — Jaske B eCAThH MHIINOHOR
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pA3 MelIBIINM, HeM Hpesuntl atom. Ira kaprmna 6ruia kpail-
UM IpeneloM ATOMHHIX Hfeil. ATOMHAA KapTHHA TPECTaB-
JACT CaMoe IIOTHOC Telo KAk COBOKYNHOCTH YacTHIl, OTTe-
AeHHsIX Apyr or japyra mycroroit. Kcam Gvl Mpl 3axorenn
mpe;IcTaBUTh aToM bopa, To mamo 6n1io Obl BOOGpA3HTH IIy-
CTOTY, B KOTOpOil JBIJRYTCA OBITHMHKH, OTJAJCHHBIE Pyl OT
Apyra Ha PACCTOAHHA, B NECATRU THICAY Pa3 IPeBHIIIAOLINE
mx co0cTBeHHLIE pasMepsl., JTO KAPTUHA, K KOTOPOM MBI Ipu-
BLIKJM B 3BeaHOM Mupe, TBepgoe Teso e Gonbine 3am0THEHO
BEI[eCTBOM, ueM Mup — 3Be3naMu, Ecam maofpasurs aTom
B Macmrale 00dbIIOro 3ajia, TO BCE COJlepsRanme ero Ipef-
CTAHET B BHJe HECKOIHKUX IBUTMHOK pPasMepoM B JECATYIO
MOJII0 MUINMMETPa; BCEe OCTANXbHOE — mycrora, HexoTopsie
ABTOPHl IBITATHCH JIANINTH STH UBUIAHKA JAjKe MX CKPOMHEIX
pasMepos, BBOJA HOHATHE O TOYETHOM 3IEKTPOHE KAK IeHTpe
culi, He HMeIeM HpoTssRends. Kcin BCHoMHATL, 4T0 H
3IEKTPOMATHUTHOE HU3Jydeune, PAcHpOCTPAHAIONICECH B Tede,
OuI0 pa3bUro HA OTHENbHO JIOKAJM30BANHBEIE Heboxsuiume
KBAHTBL, TO MBl [OHCTHHE IPUXOJHM K KAPTIHE TBEPAOro
TeJAa KAK IYCTHIHH, B KOTOPON OMyiKIAioT ONMHOKHE 3apPA/(HI
u kBaHTsl, B mepBoM DpubamKeHHn TeN0 — 3TO IYyCTOTA; IIpH
OmmkaiiimeM pPACCMOTPEHHAH TaM MOJKHO 3aMETHTh H CaMy
MATePUi0 — IEKTPAYECKAE 3APAILL.

BonmroBas MexaHmka ¢ HOBOH CTOPOHBI LOJOULIA K, Ka-
3a/I0Ch, YsiKe PEIIEHHOMY CIIOPY MEHY CILIOITHOCTBIO M IIpe-
peiBEOCTLI0. (ORAa3a10Cch, Yro [BIJKEHHE BCAKOIO Teld, W
BIEKTPOHA B YACTIOCTH, HPECTaBiAAeT ¢000X0 BONHOBOE AB-
JdeHnue, OXBATHIBAWOIIEE Bce 0e3rpaHUYHOE IPOCTPAHCTBO.
Rasmpslii sxexrpon Kax Oel 3amosHser co00¥0 BCe IPOCTpPAH-
crBo. IlpaBna, rmaBras vacrs ero cocpemoroueHa BOIA3U €r0
neErpa u OwicTpo ocialeBaer IO BceM HANpPABIEHAAM, TaK
49T0 yiKe HA CPABHATEJIHHO HEOOJBIINX PACCTOAHMIX BIEK-
TPOH €jiBa IpPOABJIAETCA, HO BCe jKe HWIJe Hexb3sA yKasars
rpaEnIpl, IAe 6Bl 3JMeKTPOH IPeKPAINAACA HOJIHOCTHIO. JJeK-
TPOH, KOTOPBL paubille OBLI PE3KO OUYCPYEHHBIM ITAPUKOM,
Temeph pacIIBIICA, OBICTPO yOBIBaeT, HO HUTJE He KOm4aercd.
Otfienipupie 9ACKTPOHLI NMPOHUKAOT /PYr B apyra. Takmm
00pasoM, IIycTOTO IPOCTPAHCTBA, COGCTBEHHO TOBOPA, HATIE
Her, Marepusi, HcXOxA M3 MHOTIOYHMCJIEHHHIX IEHTPOB — IPO-
TOHOB U 3IEKTPOLOB, PACINIEIBAETCH, 3aM0JHAA BCe TIPOCTPAH-
CTBO, JTa KAPTHUHA MOJNYYIIA II HHOoE, 0ee COOTBETCTBYIONIEE
KBAHTOBBIM BO33peHUAM TOJKOBaume, PacruplBaerca HE ca-
MEIH 97eKTpOH, a ero nokanusanusa. OOHAPYHKHATH €T0 TOJ0-
HeHMe B HEKOTOPHIT MAaTeMATHYECKHA MOMEHT BPEMEHH MEI
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fe moxem. Hauir cBegeHns 0 HOMOMEHHI HIeKTPOHA, OCHOBAMK-
HBIEe HA ero B3alMOJeHcTBHM C APYTUMI 3JeKTpolaMil, MOCAT
crarucTAYecKmii xapakrep. Mel MoyieM CKaszark, 4TO OH “alle
Bcero OmiBaer BONM3HM IIEHTPA H Bee Dedie W pPeKe BCTpeYa-
ercA mo Mepe yRalennsa or Hero. Pacmipieuaras Kapruma
DIIEKTPOHA, OBITH MOKET, — TOJABKO KAPTHHA BEPOATHOCTH €ro
HaX0eHnA B PasHuIX ToukaX. Ho Bce saxonsl HOBO# KBaH-
TOBOM MeXaHWWKH LOCTPOEHHEI TaK, 9TO TOABKO 3TO CTATHUCTH-
YECKN CpefiHee pachpeflefieRne MBI M MOYeM OOHADYRUTE.
IToromy mm, uTo caMbifi I€KTPOH pPa3MBIT, WJAH IOTOMY, 4TO
HaIeMy HAOMIONeHUI0 JOCTYIHO TOXBKO STO CpejlHee Da3MEl-
TOe paclpefielieHde 3JIeKTPOHA B PAa3HBEIX MeCTAX IPOCTpaH-
CTaB, 9T0 Ha JAHHOH cTajfuy HAIIMX B3HAHUHA He TaK Y
Ba;KHO. Bonpmero 00 »JeKTpOHE MbHI IIOKA BCe DABHO He
3I1aeM.

Hosas cmmomnas KapTuHAa MaTepdnud He ecTh OTPHIAHIE
upeppyInelr aroMHOI, oHa ecTh ee RajdnHelinlee passurHe U
B TO jKe BpeMfA CHHTe3 ¢ Teopueii ciomHocTH. [ B HOBOI
KapTHHEe COXDPAaHAKTCA ATOMBl H MOJEKYJHbl, 3JICKTPOHL! H
IPOTOHEI, UX YHCHO U 3apAfsl. Jlame OpesHNe HX DPasMephl
He TOTepsUIM CBOETr0 CMEBICIA, HOJYYIHB CTATHCTHICCKOE TOJ-
kopanme. CoxpaHmiucy W BaKHeHIINe wepTHl HOBOH (M3MKMA:
TONHAA JIeKTpUPUKANNA BeINecTBAa, M3YYeHNE HEJOCTYIHBIX
HAllEM OpPTaHAM YYBCTB 9JIeMEHTAPHBIX IPOIECCOB KAK OC-
HOBBH HEMOCPeICTBEHHO HAGMIOJaeMEIX nx KposBiaenuit, Mu-
TE€pEeCcHO, 4TO TOIABKO B 3TOT LEePHOZ CHHTE3a HAYAIH CTpPO-
HTHCsT HOBBIE (DOPMBI MBIIIIECHHA U HPUMEHATHCA Te MATeMa-
THIeCKHe MeTO[B!, KOTOpEIe BHITEKAOT M3 UAeHM IPEepPBIBHOCTH.
WU cefigac eme HaunOoanIieidl TPYMHOCTHI0 OKA3BIBACTCS BIUTH
HOBoe BuHO B HOBHIe Mexa. Crapeie emme Tak TPHUBBIYHEI, 4TO
TOJNBKO HeMHOTrHe (PUBUKH TOBOPAT W MBICJIAT HA SIZEIKE HO-
BBIX KBAHTOBBIX IIPefICTABIEHHMI. BoaninmHCTBO HOBBIE HOHA-
TAA TBITaeTCA BBIPAKATH HPHE [OMOIME CTAPHIX LPERCTaBie-
HAY W HOpPUHYKJAEHO IOCTOSHHO IOJB30BATHCA CJAOBApEM [JIA
HepeBofia ¢ HOBOTO A3BIKA HA cTapelil. PaEpime MEI roopuan
0 BpAIMEHHE MAJeHBKAX [IapOBUHBIX 3IEKTPOHOB BOKDY1
saflpa 00 oupefieleHHBIM opOutaM, Temepp — O CTOAYUX BOI-
Hax, 0 KoieGa#WAx DPA3MBITHIX pacupefeleHHil 3IeKTPOHOB.
Hecmorpa ma BmAmMOe pasianmywe BHTHX NOHATHHE, MeERTY
HAMH CYI[ECTBYET HEKOTOPOe COOTBETCTBHe, ILO3BOIAKLIEe
13aCTO IONB30BATHCA ORHEAM fA3BIKOM BMectTo apyroro. Ho cra-
PHIM S3BIKOM MOJKHO IIOJIB30BATBCA TOABKO o TeX IIOp, MOKa
OH yTBepsKJaeT TO ;Ke, YTo ® HOBHEIA, TaM, rfle OHE B CBOHX
YTIBeDKJeHNAX Pacxofdrcd, HCTHHA OKA3bIBAGTCA HA CTODPOHS
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HOBO#i KBAHTORO# MexaHuUKH. YeM cKOpee MBI ee OCBOMM, TeM
JTyUIIe.

Mer  pacemorpenn oOrHeALbHBIE DAEMEHTEl MATEDHH —
aTOMSI, MOJNEKYIbl, NPOTOHE U 3JeKTpoHsl. Harkmmm cmmamn
OHI CBA3BIBAIOTCS B ONHO (PE3UYECKOE TeNO, B 0COOEHHOCTH
rBepfoe Teno? Moo pasjnuare TATH THIOB CHJA B3ANMO-
meACTBHA MEMOY aTOMaMH.

1. 9meKrpocrarmyeckune cuasl. Hamgelil arom
mpefcTaBisieT co00w CHCTeMY 9JIeKTPHIECKUX 3apsAfoB.
B HefiTpalbHOM COCTOAHHH YHCJIO DIECKTPOHOB DPABHO TUCTY
3apA0B Afpa, Oguu aroMsl JerKo OTHAI0T CBOU 3AEKTPOHEI,
00pa3ya MONOXUTEIbHSIC WOHBI, IPYIAe LUPUCOERUHAOT NI~
HHe DJIEeKTPOHSI, IMPEeBPAMAsACs B OTpUIATeNbHbIe Honsl. 1Ipo-
crefiintit THI B3aMMOJieficTBHA W mpeJjcTaBiger co0ow Mpu-
TAMeHIe IPOTHBOMOIOKHO 3aPAKeHHABIX MOHOB,

OfHAKO U B TOM CJIy4ae, eCJid UWCHa IOJOJKATeLHBIX U
OTPAIATENBHBIX 3aPATOB B aTOMe W MOJEKYJNe PaBibl APYT
APYTY, MBI MO{eM HUMETh 3JeKTPOCTATHYECKHE CHIEI, KOTTA
pacnoyiokenue 3apAnRos HecumMerpuyHo. Toasko artoMmsl meii-
TPAJBHBIX TA30B-— reJHA, HEOHA, aproHa ¥ JIp. 001ajaioT co-
BEPUICHHO CHMMETPUYHBIM CTPOCHWEM, He CO3TANUM SIeK-
TPHIECKOTO IIOJIA BHE ATOMA; BCe jKe APYTHE OKPY/KEHBI IMO-
JeM, MMEIINAM B OFHHWX Yy4YacTKax O{HO, B APYrax — Apyroe
nanpasienne. HampuMmep, MOKeT CIYYHTBCH, 9TO COBOKYII-
HOCTH BCEX OTPHIATENBHLIX 3apAf0B CABHHYTA HECKOIBKO
B CTOPOHY TI0 OTHOINEHHI0 K HOXOKUTedpHsiM. Torma MBI
aMeeM Kak OBl cmcreMy U3 ABYX DPasfBUHYTHIX 3apAfoB, Ha-
3pIBaeMYyl0 OuioneM, Taxkde @MUIOMM OPUTATUBAIOTCA J[IPYT
K JApyry WId OTTAJKHBAIOTCA B 3aBHCHMOCTH OT OTHOCHTENb-
HOTO pacronoskenus. CHisl B3auMonelcTBUA yOBIBAIOT ¢ yBe-
IMYeHneM PACCTOAHUA MEMAY AULONAMH emie OnlcTpee, ueM
B ciyuae ABYX 3apAfOB, — KAK YCTBCPTAA CTENEHD PACCTOA-
HHs, TOTAA KaK CHIBI MEKTY ABYMA 3APAAAMHI VOBIBAIOT KaK
KBaJipaT PacCTOSHUA

Hanee, Momuo upepcraBurs cebe cucTeMy, ¢OCTOANIYIO U3
ABYX HPOTHBOTOJIOKHBIX AHUTONEll, HECKONBKO CABHHYTHIX OT-
HOCUTEIHHO APYr APYra, — 3T0 KBAApyHmoaum. Meray HuMH
TAK/Ke BO3MOJKHO NPHUTAMKEHNe HIN OTTAIKABaHHme, yOuIBajo-
Imiee ¢ pPacCTOAHMEM KAK IIECTAs €T0 CTeIleHb.

MokE0 WATM W fadblile IO BTOMY IIYTH, PACCMATPUBAs
CmCTeMy JBYX CIBUHYTHIX NPOTHBOIOJOMHEIX KBajipyIoeit
WIH OKTYHONb W T. . Lime HejaBHO Ka3aoCh, 4TO MOJEKY-
JAApHbIE CHAH B TBEPIOM IIOIE MOMKHO OYIeT 1elHKOM CReCTH
K TAKOTO pOfia BIeKTPOCTATHIECKNM BiamMmofeiicreuam. Ora-
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3aJ0Ch, OfHAKO, YTO WX HEJ0CTATOYHO: LPHUXOJUTCH YIATHI-
BATH U CHJALI JUHAMHUYECKOTO TIPOMCXO/KIEHIA.

2. Uegyknsorasie c¢cuas. Ecau mer cupocuM cedd,
rnoueMy He TOJBKO pasHOMMeHHBIe MOHEI, HO M 3aBenoMo Heli-
Tpaabnble aTOMBI M MOJEKYJIBl B3aHM1I0 IPHTATHBAIOTCA, He-
CMOTPA HAa TO YTO KAM/IAA 113 PACCMOTPEHHBIX circreM (J[UIosd,
KBAIPYyHOII  HJII OI\'TyHOJIH) B 3aBIICIIMOCTII OT pacno—
J0LCHUA OAIAKOBO YACTO MOTJIA OBl MCIBITHIBATH KAK ITpH-
TS:ReHMe, TAK U OTTAJAKMBAHME, TO 3T0 MOKHO Oyner 00bsic-
HHTL TOJHKO B3aWMHBIM BJIMSIIHEM aTOMOB ApPYT HA Jpyra.
Korma mpa meifiTpadbnblx aroMa COXHIKAIOTCHA, TO DIEKTpUYe-
CKOC TIOJIE OfIIOTO aTOMAa BCeIjid CMEeNAeT 3apAfbI B JIPYroM
TaK, YTO OJIIONMEeNHbIe 3apPAJABI OTTAIKUBAIOTCA, & pPa3Ho-
uMelinble — NPAOAMKATCA, W [03TOMY BIMAHUE MPUATIE-
HEA TOCHeTHUX Npeodiajaer Haj OTTAIKABAHHEM HEPBBIX.
Ecim 051 maske arom Obui cHMMeTpHUEH, TO, IOTATas B IONEC
APYIOTO HECHMMETPHUUYHOIO ATOMAa, OH TepsieT CBOX0 CHMMET-
pHI0, IPEBPAAACH B J(MIIONb, M IIPUTOM B TAKOA THINOIDL, KO-
TOPHIA BTATHBAETCA B CO3JABIIEE €ro moje. JT0 — TO ke ca-
MOe fIBJleHde HHJ VKA, KOTOPHM MBI O0LACHAEM IIPUTSKE-
Hue JEeTKHX 1e3apAKenHblX NMPeIMeToB BCAKHUM 3JeKTpiUe -
CRUM 3apsajoM, HanpuMep OpATAMeNNe KYCOYKOB Oymarn
HAYICKTPU3OBAHIIBIM Tpeluem.

3. Eme Goapiltee 3iavenue UMEOT CHILI, BLI3BAHHLIC B3a-
HUMHOH OpHeHTAaNUueR aromoB mpu ux cOmmkenun. Ecun,
HATTpUMep, KaKIBIH U3 aToMOB 00Ja7aer JUTMOJLHBIM MOMEH-
TOM, TO TAKHE ATOMBI He TOJNLKO HPHTAIMBAIOTCA WA OTTA-
KHUBAIOTCHA, HO M B3AWMHO TIOBOPAYMBAIOTCH, IMPATOM TAK, UTO
Ha Kakgx Ovl OOJBIINX PACCTOAHMAX oud HU OBUIM pacIo-
soskensl, cOnmKRAACh W IOBOPAYMBAACH, OHW BCErTa MPHUTH-
THBAOTCA. JTO — TOT THI NPATAREHHA, KOTODPHIH JETKO Ha-
0n10/1aTh ME;K[Y HAMAaTHAUEHILIMU WTOJKaMu, 13 saBmcummo-
CTH OT TOTO, HOBEPHYTH JIA J(B€ UTOJKHA JPYT K APYTY CBOUMH
PA3HOMMEHHLIMA HJIA O/JHOMMEHHBIMH [IOJI0CAMH, OHHU OYIYT
IPATATABATLCA WM OTTANKABATHCH, HO €CHH JBYM HTOJKAM
JlaTh BO3MOJKHOCTH BPAIaTLCA, OHH BCET/IA TOBEPHYTCA TAK,
YTOOBI ITOTOM TIPUTAHYTLCA.

4. Muorue aroMbl OGJANAMOT JUHOJABHLIM MOMENTOM If
OKa3LIBAIOT MaTHUTU B e JeficrBus. OfHAKO MO CBOEC Be-
JAUYNHE MATHHTHSIE B3aMMOJIeHCTBUA MEKy ATOMAaMd OYeHb
Majsl M CynleCTBeHHOI POJIM Iie UTPAIOT.

9. 3aT0 UCRIYITEIHHOS 3HAYEHHE MOJYYAIOT M 1 HAa M -
YeCKIDe MOJeKYJIAPHBIe CHJbI, CMBICJ M 3HAUEHHE KOTOPHIL
INIIbL B camoe IOCHeHee RPeMs BRIACHEN KBANTOROI MeXa-
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HUKOIL. ﬁpn H3yYeUWd B3AMMOJICIICTBUA JBYX ATOMOB HOBAs
MeXaHHKA B OTIHYME OT CTApOil He MOMKET paccMaTpHBaTh
raxpiii atoM m ero sHepruio B orxenpmocTu. Oba omu 00-
pas3yIoT OfHY HepasfelpHYI0 CHCTeMY, B KOTODOH U KakABIid
9ACKTPOH IPUXOUTCA paccMATPUBATEL OTHOBPEMEHHO CBA3AH-
gelM ¢ 000MMH aroMaMy ¥ YYATHIBATH BO3MOKHOCTB IeEpe-
X0A DJIEKTPOHA 13 Toi yacTH, KOTOpPasA paHbHIe (BLIA OFHUM
aTOMOM, B APYTY®0. ITH DIEKTPOHBI YUACTBYIOT B BBICOKOYA-
CTOTHLIX KOJIe0AHUSX, W B3amMMOJICHCTBIE MEKAY HUMH 0CO-
0eHHO YCIJIMBAEGTCA B CJIyuae Pe30HaHcd. XapaKTepHOil dep-
tofi HOBO#I KBAHTOBOH MEeXAHUWKH ABIACTCA TAKyKe OTOJKIE-
cTBIEHNUE YacTOTel Komebanuit ¢ smeprueii auxexrpona. [lo-
9TOMY PE30HUPVIOT JICKTPOHs, obaagamnige opunaKkoBoi
sueprueil. Hakouern, rperneii ueproil, BHeceHHON HOBOH Me-
XQHUKOM, ABIAETCA YTBepsKfieHHWe, YTO B OHOH CHCTeMe He
Mosker OBITH ABYX OTUHAKOBHIX 3iexrponoB. Ilosromy ecim
B /IBYX aTOMaX HUMCIOTCH 3JicKTPOHSBI, OUIIAKOBEIE U II0 cBoeil
DHEPTUU U [0 HATPABIEHUI0 CUUHOB CBOeil MATrHUTHOH OCH.
TOo B 00mIEl cHCTeMe W3 3TUX JIBYX ATOMOB 3TH 3JEKTPOHBL
yiKe 1e MOTYT COXPAHUThL MpeXKHUX 3uauenuii XxapaKTepUayo-
XX AX TIepeMelHbIX; UX SHEPIUN WA HAMpaBIeHUS CIUHOB
HOJsKHEBI CTAThL pasusiMu, V[3-3a 3TOTO Ipu cOMUWIKEHHNW ABYX
aTOMOB O/[MII HJIH TECKOJBKO 3IEKTPOHOB IEepexojsT Ha 6o-
Jee BLICOKHE YPOBIIM 3HEPTHH, 3aTpauuBas pabory; ciefoBa-
TEILHO, MEIKAY INIMU JOJKHO CYIIeCTBOBATL OTTANKWBAHUIE,
B apyrux cayuasx, maobopor, mepexon B ogHy o0mIyio cu-
cTeMy MpH ¢OMU;{eHdd aTOMOB COTPOBOKAAETCA YMEHLIIE-
HOAEM SHEPruyd u, CTano ObITh, MPHUBOJUT K CHJIAM IPATAMKE-
oo,

ITono0apIe KBAHTOBLIE CHIBL HIPal0T OCHOBHYIO POJNB KAaK
npn o0pas3oBaHUU MOJEKYJH, TAK U IPH BCAKOTO pOja B3AUMO-
RelficTBuAXx MeKAy HuUMA. Hapany ¢ HOMHU CYIIECTBYIOT H
OCTaJBHbIE YeTHIPE TUMA CHUI, HO U3 HUX TOMLKO CHIIBI MEHTY
HOHAMH W JHNIL HHOTYIA CHJIBI MERY MUIOJAMU TI0 CBoeil
BeJypHe TPeBLINanT KBanTosule. 1loaToMy Bce xuUMMuecKme
A MOJIeRYJAPHEIEe ABIEHHA MOKHO pas30uUTL ma jBa OOJLIIAX
Kilacca: Ha CHCTeMHl U3 TPOTHBOMONOMKHO 3aPAKEHHEIX HOHOB,
CBSI3aHbie IPEHMYIMECTBENII0 3JIEKTPOCTATUYECKAMU  CH-
JdaMd, 0 Ha CHCTEMEHI W3 HEeHTPAJLIBIX DIEMEHTOB, B KOTOPHIX
IpeoGraaoT TUHAMAYECKAE KBAHTOBBIE CHLIIBL.

PaccmorpuM cmauana wouHsle, WIN IOJApPHBIE, CHCTEME.
IMEKTPOHEI, BXOJAINAE B COCTAB ATOMA, PACIPEEIAITCHA
B 3aMKHYTHIE TIPYINbBl, OKpYKAW0IIUe Anpo. Dbimmkaiimasg
K aAnpy rpyunna 3akimouaer B cefe gBA 31eKTPoHA ¢ HAUMCHEB-
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meit smeprueit, Caeywoique 9IACKTPOHL], B CHIY 1070 Tphe
foBaHAA, YTO B aToMe He MOKeT OBITL ABYX ONNAKOBBIX
AJIEKTPOHOB, y:Ke He HAaXOmAT cefe Mecra B mepBO rpyImre
¥ 00pasoBLIBAIOT BTOPYI B3aMKHYTYX H CHMMETPUYHYIO
rpynny, sarmodanmyio & amexrpomos. Jlamee Moryr OBITh
rpyunst B 18 u 32 axexrpona.

Te »ieMentsl, YUCIO BIEKTPOHOB KOTOPHIX KAK pas 3a-
TEOJIIIsIET ATH 3AMKHYTHIe TPYUILHI, ABISIOTCA 0COGeHHO YCTOIi-
YMBBIMM, HE BCTYIAIT B XUMHUECKHe PEAKIMU U B 0OMeH
BJIEKTPOHAMH ¢ JpyTUMHU aroMaMd. JTO0 — HeilTpaJbHBE
rassl; ajeMentst Ne 2 (remmit), 10 (meom), 18 (aprom),
36 (wpumron), 54 (mcemon), 86 (smamarus).* Bcee xe
OCTAJIbHBIC ATOMBI HMEIOT CBepX 3THX BaKOHYEHHEIX T'PYLI
OfUH, /IBA WIH TPH JUIIHNX 3JIeKTPOHA MJM jKe MM He XBa-
T8eT Aia 00pPa30BAHHA BIOJIHE 3AKOHYEHHON rIPYHISI COOT-
BETCTBEHHOr0 yYHcaa aixerTponoB., IlepBole merxo TepsAioT
JUITHAE 9IAEKTPOHLI U OCTAOTCA 3APAKEHHBIMU IOJOKI-
TEJNBHO; BTOPHE NPHCOeAHAIT HEAOCTAIIAe UM IEKTPOHBI
u3BHE, B3aPAMAACH OTPUIATENHHO. TAKOBO IPOHMCXOIKTCHUE
MOJOKUTEALHLIX 1 OTPHIATEJNBHBIX 1OHOB, IIpormsorio-
J05KHO 3apAKEHHBIE HOUBI MPUTATUBAITCA APYL K Apyry u
COeUHAIOTCA TomapHo, 006pasya LONApHYI0 MOJeRyady. IIpm
JAOCTATOYHOM OXJAKAEHNH ra3, COCTOANINH U3 OT/eITBHBIX
MOJIeKYI, KOHJTCHCHPYETCA B JRUKOCTD, ITle HOHLI PasiUuyHBIX
MONeKyJd, NPUTATHBAACHE APYr K JAPYrLY, OTPHIBAIOTCA OT
npeskEnx cBaseil. OfHAKO CUIbHOE TEMIIOBOE JBH;KEHHe Me-
maeT UM PACHOJOKMTHCA OLpefieslenHBIM 00pasoM, W Takas
HOHHASL JKUJKOCTE IPE/ICTABIAET CO00I0 XAOTHUYECKYI0 cMech
HOJOMUTENbHBIX M OTPUIATEIbHEIX HOHOB, IIOCTOAHHO MeH-
IOIMAXCA MCCTaMi.

Haxomen, npy gansneiinieM OXIasKTeHNH TEINIOBOE JBH-
JKeHIe OKA3BIBAETCA yjiie He B CHJAX CPHIBATH MOHEI K3 IIO-
JO/KeHU#l ¢ HAUMeHBINel »Hepruehd. YyacTBysa B XaoTmye-
CKOM TeINIOBOM [BIIKEHHH, OHH He YTANANTCA 3aMETHO OT
3TOr0 CBOETO LOJOMi{eHHA paBHOBecHMA. Bmecro xaormuecKoi
CMeCH MBI [OIy4aeM MPABIABHO PACIONOMKEHHYI0 CHCTEMY
moHOB. B Tex ciayvasAx, Korfa HMOHLI COBEPIIEHHO CHMMET-
DUYHEI, JTerko IpefcTaBHTs cele xapakTep WX pACIHOJOMe-
and. CrpeMach COMH3UTHCA IO BIMAHUEM BJICKTPOCTATHYE-
CKMX CHJ, HOHBl OJHOro 3HAKA COOUPAIOTCA BOKPYr HOHOB
APYroro 3HAKA, B3AUMHO OKpY:Kas Apyr Apyra. Boxpyr kam-
JOr0 IOJOMUTEJNLHOr0 WOHA CIPAaBa H CcleBa, CBEpXy o

* Papon. (IIpum. cocr.).
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CHU3Y, COepely H ¢3aJl PACHOIORUICA [0 OTPHIIATEIbHOMY
nory. Ecim MB OpociefuM pacIojoKeHme MOHOB TO OHOMY
U3 BTHX HAUDABIEHHUH, TO HA OJMHAKOBEIX DACCTOAHHAX MBI
ofpapysMM Uepef0OBaHHe NPOTHBOMOJNOKHBIX MOoHOB. M3 Ta-
KHX leHodeK, PACHOJO;KeHHBIX DPAAOM [pYyr ¢ APYIOM, CO-
CTABIAIICA IIOCKOCTH, Hamofo0Me IiaxMatHOH HOCKE 3a-
[mojineHABIe HOHAMH, & M3 OTUX MJIOCKOCTEH, HACIOEHHIBIX
TpYT HajJ JPYIoM, — Ilelloe Tejo, TBepjbii xpucraiia. Takos,
HaIpuMep, KPHUCTAI KAaMEHHOH cOJH, MOCTpOeHHBIH M3 mO-
JO/KUTeNBHBIX HOHOB HAaTpHA (aToMm matpus mmeer 11 smer-
TPOHOB, T. €. /(Be 3aMKHYThie IPYNOH W OJAH JHIIHUN SJEK-
TPOH, KOTODHIH JIETKO OT/aeTCsd, OCTaBJAA IOJORUTEIbHBIII
HOH HATpWsA) U OTPHNATENbHHIX HOmHOB xmopa (N 17, Koro-
poMy He XBaTaeT OJHOTO »leKTpoma jis 06pasoBanms
TpeTbeil 3aMKHYTOH rpynmsi).

Ojuaxo Takoe mpejcTaBleHme O KpHCTajie, Kak O CH-
creMe rCOMCTDPHUECKH MPaBIHJIBHO PACHONOMKEHIBIX 3apsfoB,
eCcTh TOJIBKO CXeMa, KOoTopas Moria Obl ObITh OJIMBKON K pe-
alpHOH KapTHHe JHINL UPU NOJHOM OTCYTCTBHM TeIJIOBOTO
asmrennsa, Ilpm oOwmampix TeMmepaTtypax TeIUIOBOe IBIKe-
HHUe, ecJW W He /0OCTATOYHO A TOI0, ITOGBI pa3pyUIATH
CTPYKTYDPY KpPHCTAJIA, B OT/ENbHBIX MeCTax BCE jKe yHalser
TO OjWH, TO JApPYrofl MOH K3 HOJOKeHus pasHoBecHA. Tarmm
o0pa3oM, W B TBEP/OM KpHUCTa/lle BCEI/la MMeeTcs oupejie-
JTeHHAs 9aCTh MOHOB, He 3aKPeINIeHHBIX I Xa0THUECKW Hepe-
MeIlalOLiNXCA B KpHcrajue. J[pyruMu ciaoBaMH, X B KpH-
cTajie Bo3MoOskna nuQ@ysus m obMen MecTaMU WHIABHAY-
AJILHBIX HOHOB.

Tar xak copsamniibie CO CBOEro MecTa WOHBI 00Jafa0T 3a-
pAjaMH, TO 0O/ BIMAHAEM ODJIeKTPUYECKHX CHJI OHH OyayT
NpenMyIIeCTBEHHO HepeMellaThCsi B TY CTOPOHY, Kyfa Ha-
OpaBieHa [elicTByouas Ha HOX cHIa. B diIexkrTpmaeckoM
Hojle CO3/{aeTCs ONHOCTOPOHHE HAUpPaBIAEHHBINI HOTOK 3aps-
moB, T. e. alexTpuveckuii Tor. TaxoBa mpupopa aIeKTPOOpPO-
BOZAHOCTH KPHCTAJIOB PacCMaTpPUBAEMOro HOHHOTO THIA.

Nsydas ssnenus oIeKTPONPOBOHOCTH, MHe JlelicTBH-
TeJbHO YJAJI0Ch HAWTH MHOIOYHCIEHNbie IOATBEDHIenus
oToli Kaprueel. Tax, mampmMep, B HEKOTOPHIX KpHCTAJIAX
MOMKHO OBICTPHIM OXJaKJleHHEeM CO37aTh HEYTO BpoOje 3a-
KaJkry. 3HAYATENbHOE 9UCIO0 He3aKPEeIUIeHHbIX MOHOB, HMMeB-
WKXcA B KPHCTallle UPHM BHICOKOIT TeMireparype, He ycmepaer
0CeCTh 1a COOTBETCTBYOLINX CBOGOIHBIX MeCTaX U OCTa-
erTcsi jguccouumposanHEM, HecmoTps ma oxmaskjienme, KpH-
CTaJlI COXpaHAeT NOBHILEHHYI0 JJIEKTPOonpoBojHOCTH, Eciam
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B OOMOL(b TENJIOBOMY J(BILKCILI0 UPHOABHTH JYYHCTYIO dHED-
rio (Ay9Iu pajus), TO QHUCCONHALUA, a ¢ Hel W 3JIeKTPOHpPO-
BOJ(HOCTb BPEMeHII0 MOBBINIAIOTCA, UTOOHL HOCTe HpeKpalle-
¥ pajHange NoCTeNeHno BepHyThCH B HOPMAJIBHOE CO-
CTOAHUE,

fsnenvs, wabmofaeMbie UPH HOMEIHEHUN KpUCTAJLIA
B DJEKTPHYECKOE HOJIC, KA3AJIHCh HACTOABKO CIOKHBEIMH H
HEIOXOMAMH Ta DJIeKTPONPOROAHOCTh XODPOMIAX NPOBOJHHE-
KOB — METAINIOB W KHUJKHX IEKTPOIUTOB, YTO UX W He pe-
IMAJINCE HA3BIBATEL BJIEKTPONPOBOHOCTBIO, a8 O0BeJUHIIN O]
3arOMOBKOM JiaJIeKTpudecKux aunoMmanuil. Oxasasocs, 01HAKO,
4TO HE TOJBKO KAYeCTBEIO, HO ¥ KOIMIeCTBEHHO BCIO COBO-
KYIHOCTh HAOMIONEHHBIX ABIeHHIT MOMKHO OBLIO O0GBACHUTH
UCX0/A W3 YRA3aMHOH RApTHHB YACTHWIO AWCCONUEPOBAH-
HOTO MOHHOTO KpHCTaiIa. Bee ke YCIOMKHEHUS O0DACHHIUCD
CKOIJIEHMEM MOHOB OJIHOr0 3fiaKka BHYTPU KpHCTAJIa [pH
OPONYCKAHNE CKBO3h HCTO TOKA. JTH 00DbeMuble 3apsjint
cBOHM [00aBOUHBIM T[OJEM HCKURAOT BIHAHWE BHEMIHe
DJEKTPOABHRYINEil CHIBL, M0 MOTYT OBITH 3apamee HOICIH-
TAHBl H YUTEHHL.

Bo Myormx Kpucraiirax HeUoCpefiCTBEHHBIM XMMUUECKHM
anaJH30M Y/AJI0Ch NOKAa3aTh, 1TO0 HICKTPHYECKHA TOK COMPO-
BOMJIACTCA LEPEeHOCOM BEIecTBa K JISKTPOJAM B KoJHde-
cTBaX, TOYHO oTBevatoniux sakony Dapajies: Ramgpll WON
UepenocuT onpejeledHoe Ieloe UMcIo 3apagos. Momo
G0, fasiee, MOPOCHE[ATH IIEPEMCIeHAE KAa;KIOTO H3 JBYX
IPOTHBONOJOKIBIX HOHOB, COCTABIAOIINX UHONAPHBIA KpH-
clayi, H ONPeeluTh CTEHeHb JHCCOMHANTH KaHl0r0 N3 HHX
opu pasubix temumeparypax. Taw, manpmmep, okaszaxoch, ITO
B KPHCTaJIIe KAMEHHOIl CONM HPH KOMHATHBIX TeMOEparypax
IMeeTcH BechbMa ciabas HCCOMHAUA HOHOB HATPHS, KOTO-
pas OpicTpO BO3pacTaeT ¢ NOBHIIEHMEM TeMIepaTyphl; Teli-
nora pucconmanmu coctapiger 10000 waa/r-arom. WMoms:
XJI0pa [HccolHupoBankl ropasyio ciabee, wem warpuit mpm
HOMHATHOH TeMmmeparype; TemloTa MX AUCCONHAINMH COCTAB-
aser 30 000 kan. C mospimenmeM TeMHEDATYDHI JHCCONHMAIAA
XJOpa PacTeT 3HAMHTENLHO ObICTpee, 1M NATPHA, M YiKCe OpU
670°C xmop u matpuii OfMHAKOBO AMCCOLMHPOBAIBI, a NpH
foee BBICORMX TeMOEpaTypax XJIOp WTpaeTl mpeobaafaloniyro
pOJb B BIEKTPOMPOBOHOCTH COJH.

Hon BrmAREeM odenb KOPOTRHUX YIAbTPA(DHOIETOBRIX BOJ,
PEHTTeHOBHIX HJIM DPajJMOAKTHBHBIX Jydedl yacTh MOHOB HAT-
pua molyvyaer ofpaTHO yTpaveHHHIe AJIEKTPOHbBI W HpeBpa-
Hiaercsi B ATOMBI HATpHUs, cOOHpAIOIIMECH 3aTeM BHYTDPH KpH-
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craiia B Kpynuueu. Coib IpH 2TOM OKDAIIMBAETCA B JRENI-
Tl AR Gypeiii uBeT. Ecam KpHCTANII COMH B 9TOM COCTOMA-
HOW OCBETUTH BHAWMBIM CBETOM, TO OH CHOBA CpHIBAET
¢ HAaTpHA SJEKTPOHBI, X TOT/A B TeUeHUE BCETO BPEeMEHH OC-
BCIIEHHS MBI WMEEM B KpHCTAJle MOCTOAHHO OCBOOOHIAI0-
muecsi dJIeKTPOHbI, TaK jKe KAR M HOIIBI, CIOCOOWBIC mmepe-
HOCHATH TOK. B DTHUX ycmoBuAx B KaMeHHOW COTH MOMRET
CYLIECTBOBATEL dIleKTponHas mposojumocts, Iloxobio TOMY,
rak 3akom @apajies ABJIAETCH NPAMBM OKa3aTelbCTBOM
WOHHOTO XapakIepa TORA, TAK M JIEKTPOHHBI TOR MOHseT
ObITH O0HApYHKeN TO OTKIOHEHHWIO, KOTOPOe OH HCIBITHIBAET
B MaTHATHOM 1oJe (sBlenme Xodua). JT0 ABJIeHHe JeHCTBH-
reabno yuanoch mabaopate I1. WM. Jlywupcromy. Tawas ke
3AEKTPOHHAA TPOBOAMMOCTD OTMeYena B cepe, ajiMase, IUH-
KoBoii 00MaHKe W psfe APYTAX KPUCTAIIIOB.

BosapmuucTBO  eCcTeCTBeHHBIX  KPUCTAJIOB  3AKJIIOYALT
B cefie IpHMeECH, OKAa3BIBAIOINNE I'POMAIHOE BINAHNE Ha BJIEK-
tTponpoBogHocTs. [lpumecn, Bo-mepBbix, ABIAIOTCSA TEHTPAMH
yCHJIEITHOR JmcconManum Kpucralliia, a, BO-BTOPHIX, He ofia-
Jaf ONpefelleHHBIM MeCTOM B KPHCTANIMIECKOl pelleTke,
OpeuMyIlecTBeno (B CPABHEIMI € WOUAMHA CAMOTO KpH-
cranna) TepeHocsT TOR. lIpmmecwm mHOTRAa B THICAYM U Jle-
CATKA THICAY pa3 yBeIWIHBAIT HOPMANBHYO NOPOBOJHMOCTH
Kpuctaia. [lodroe BpeMs onum 1IpeCTaBIANT coGOl OHO M3
TNABIBIX OCJIOMRHEHUU B H3yUeUHUM BIEKTPUUYECKAX CBOWUCTB
Rpuctaiios. Ham ypalloch, ofnako, OOKa3aTh, 4TO, OTHCTHB
RPUCTAT IYTEM MHOTOKPATHON TILATEIbHOH KpUCTAJIN3a-
U7, MOJKIO MOIYYUTH BELIECTBO CO CTPOrO OHpeaeleHHbIMH
¥ BIIOJNHE 3AKOHOMEPHBIMH CBOWCTBAMU.

[Tomumo xmMmuecKmx OpuMecell, ycioBAsSL pPOCTa KpH-
cTamIa 9acTo CO3/al0T B HEM HEOJHOPOJHOCTH, KOTOPHE OKa-
3BIBAlOT BAMAHME Ha Bce ero csolictBa. Ilpasmibuas cucrema
HOHOB, NOA00HO ONWCAHHOHW BbINIE, MOANEPRABACTICH TOJBKO
Ha wuebombiimx ydacTRax (MOpAAKA THICAYHBIX WIH [asie
MIJUIMOHHBIX foJell MulimMmerpa). Beck Rpuctana cocrour
Kak Obl W3 MEIKNX IpPaBWIbHO IOCTPOEHHBIX OCKOIKOB, He
BHOJIIIE TOUHO CIOKEHHBIX, IPEACTaBIAA cobO0il UTO-To BpOJie
wioxoit mosamku. Tpasilenme ¥ OKpacKa uacTo ofHapyKu-
BalOT MO3AMTHYI CTPYKTYpPY B KDHCTAWIaX, OO BHEIIHEMY
BHUJY COBEPIIEHHO OTHOPOHLIX. B Hoclenune rofsl MOABUICH
Hesstit OTOK crareil yiuerumKos opod. CMeRaIA, NMHTABIIUXCH
9TOH MO3aMYHOU CTPYKTYpPOil KpHCTalla OO0BACHATH 00db-
HITACTBO €T0 CBOICTB, B TaCTHOCTH €T0 3JIEKTPOIPOBOTHOCTS.
Uponepﬂﬂ yTBepi/leHusl H BBHIBO/IGI ATONH Teopunm, HAM yfja-
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J0Ch, OIHAKO, YCTAHOBHTH HOJHY OMWINO0IHOCTH MORXOGHOTrO
o0bACHEeHNA DIEKTPHIECKUX CBOHCTB KPHCTAJIIOB.

Kpucrammsr, sreMenTaMu CTPYKTYPHI KOTOPBIX ABIAIOTCH
He WOoHK, a HedATpadbHble TPYIIH, A HPH TEIIOBOM IBHIKe-
HUHE He O0THelIA10T HOHOB. DBOJBIIEId JACTHI® TOK B HUX BHI-
3RIBAETCA IOMAPILIMA IPUMECAME HIA OTHICNICHEEM 3JeK-
TpoHOB. B TO BpeMa Kak TeOpHA CTPOEHWH M SIEKTPAIECKHX
CBOMCTB MOoNAPHBIX KPUCTAIOB XOPOUIO M3ydena, AJs meil-
TPANLHBEIX WM TOMEOTOJNAPOEX KpPACTAIIOB HeT elne HU
TEOpAW, HU CHOTL-HUOYOL MMOJHOrO ONMBITHOTO MAaTepHaJa,
TO3BOJISIONIET0 MOUATH MEXAHW3M AIEKTPOIPOBONHOCTH,

TpynnupoBra aTomMoB BHYTPH KpHCTANIa MOYKET BBISHI-
BATHCA He TONLKO BHENIHAME NPUYNHAMEH — OPHMECAMHE AJIH
maMernienneM ycaoemit pocra, Cmiamt BaamMmogelicTBHmA HacTo
CBA3KIBAIOT OOBIINE TPYIOEl aTOMOB (HMHOTAA JIO MHJLTHOHAY
R ONHO TIejIoe, KOTOpPOE MOABEPTAeTCA BAWAHMIO TeIIXOBOTO
MBUKEHNA, 3TeKTPHICCKUX M MArHWTHBIX chia. flBinemnue sT1o
MBI HA3BIBAEM MOJEKYJIADHBIM MOlNeM B KPHCTAldle. Brepshie
ono OnlIo oOmapymeno HAa ABiIenny (HeppoOMArHETH3IMA JKe-
aesa, xKobanpra w mmKens. CmocoGHOCTL MAarHUTHRIX ATOMORB
ATAX TeJ YCTAHABIMBATECA MOJX MeWCTBAEM MATHUTHBIX CHI
B CPaBHUTENbHO clHafbix HONAX, HECMOTPA HA CTPeMIenue
TEMIOBOTO JRMKeHUA pasbpocarh WX MO BCEM HATMpaBICHUAM,
MOKHO ObIN0 O0BACHUTH TONBKO MOMYIIEHUHEM, UTO AaTOMBE
ATHX KPUCTANIOB 00BeNNHensl B GONbINHE KOMIUIEKCH, CIIO-
cobHbIe TTPOTHROCTOATH TEMIOBOMY ABHUMLEHTIO,

HeoOruajinas YyBCTBHTEIRHOCTh COBPEMEHHBIX Pafmo-
OPUEeMHAKOE IO3BOJAET HENOCPENCTBEHHO HabNIONaTh, HKaK
NpY HAMATHNUUBAHRUY jKeje3a OfUH 3a [PYIrAM IOBOPAIHBA-
IOTCA 9T CHORHBIE MATrHUTHBIE KOMILIEKCHI.

3necs Momeryiaspmoe mojie obmapy:RmpaeTca OGaaromapsd
TOMY, 9TO aTOMBI jKeie3a MarHATHH. Kol ske onm ABIAIOTCA
BIEKTPAIECKUMA, a He MATHUTHEIMA JUNOMAMH, TO OHNH
TMOKAK O0HADYIMHTD B DICKTPHYCCKOM IOJE ABJIENHA, ama-
JIOTAYHRIE TeM, KOTOpHIE HaONIONAITCH B JKejie3e B MATHHT-
goMm moxe. Heiicteurensmo, V. B. Kypuaror moptseprun cy-
HieCcTBOBAOYE 9TON AHAJNOTHH HA IpHMepe KPUCTAIIOB Cer-
reroBoit comnm. KHawk deppomMarmuTHBIE Tela B MUIIWOH pas
foee MATHWTHEI, YeM [APYTHE BEMMECTBA, TAK W B CETHETOBOM
conu n@aneKTpudeckad moctosmHad pocraraer 25000 mpo-
s 2--10 B gpyrux wpmctaniax. W s stom caydae obmapy-
MEeHO ABNEHNMe HACBIMEHWA ¥ Py Temlossix sddentos, co-
BePIICHHO aNANOTHYHBIX TeM, KOTOPHIC XapaKTepH3ViOT IOREe-
TleHOe Keje3a B MArHATHOM IOJe,
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IIpu meworopoit Temmeparype, ofBIUIIO nemamied HmKe
TEMOEPATYPhl TAABICHEA KpHCTAIIA, TEINIOBOE MBHMKeHHe
paspymiaer MoONeKyJIfpHoe TMOoNe, pasbuBaeT KOMILIEKCED
¥ KpHUCTAIT NUIIAeTCA CBOMX WCRIOYATENBIEIX CBOHCTE.
Y deppoMarnuTHBIX TEX 9T TEMIEPATypa HOCAT HAIBAHIE
toukn Hriopu; gua sxemesa oma pasna 780°C, nig mumrens
ora cocrasiasier 356 °C. V cermerosoil conm momo0mas TeMme-
parypa nmocruraer 24°C. 3ameuareabHO, YTO WCYE3HOBEHUE
KOMIUIEKCOB B KDHCTAJINE MAalo CHA3HIBAGTCS HA 6T0 CTPYHR-
TYpe, HO OHO CONPOBOKAAETCA MOTIOMEHIeM HHEPTHH.

CymecTBOBamHe KOMIIEKCOB W MOJERYJISAPHOTO0 TOJSA
B KPUCTAJIE JIe €CTh pesylIbTaT MATHATHEIX WAH dIEKTpHYe-
CKOX MOMEHTOB aroMoB. HOMILIEKCEI CO3JAOTCA MOJCKYIAD-
HBIME CHJAMH ¥ B MEPBYIO O4Yepefb KBAHTOBRIMEA 0OMEHHBIMEA
curaMu. Eclm sleMeHTRI 9THX KOMINIBKCOB 0oONamamoT Mar-
NUTHRIM MOMENTOM, TO MbI 3aMedaeM MCKJIIOGATEIbHEe Mar-
HUTHEIE CBOWCTBA; ccim OHE 06JafaioT DIEKTPAYCCKAMH fU-
TOJAMA, TO KOMIUICKCH IPOABIAITCA B HEOGHYHBIX AUHICK-
TPHIECKHUX CBOWcTBAX, ECIE jKe aTOMEI BIEMENTOB He HMEIOT
HE MarHMTHOTO, HH BJIEKTPHICCKOTO MOMEHTOB, TO M HTHX
cBoficTB He malmopaercd; OFHAKO [0 XOAY TeIJIOEMEOCTH
B TouRe HIOpE MOMHO 3aMeTHTL HMCUe3HoBellme KOMILIEKCOB
0 M3MEHEHH0 HHCPTUH KPHECTAIIIA.

He ocramasimBasics Ha JPYruX CBOMCTBAX KpPHCTAIIIOB,
TEIWIOBBIX W ONTHYeCKUX SABNXCHHAX, KOTOPAE TOYHO TaK »Ke
o0bACOAIOTCA M3TOMKEHAON KapTuHOfl KpHCTaaia Kak npa-
BUJIBHO HOCTPOSHHOW CHCTEMON DIeKTPHUECKEX 3apANOB, CO-
fpaHHBIX B aTOMBI II KOMILIEKCHI, PACCMOTPAM eIfe BONPOC
06 aGcomoTHol Beqwdmne MOJXeKYIApHHX cui, Orpammammcs
AOHARIME KPACTAJIAMH, The BONPOC pemaeTcs 0CODeHHO
IIPOCTO; B KadecTse MpAMepa BbIGEpeM KaMemHyio CONb.

PentreHoBcknil aHalm3 faer TOYHOE 3HAUEHMe pPacCTOf-
HAA MeRAy HOoHAMM HATPHA W xJjopa, pasnoe 2.81X10-8 cm.
3apsaq DTHX HOHOB HaM Taie TOYHO H3BECTeH: OH paBeH
477%1071° aBe. en. [isa Moma NPHUTATABAIOTCSH, ClemoOBa-
TeNbHO, C CHJIOH, paBHON NMPOMBBEACHUIO MX 3aPANOB, Aeler-
HOMY Ha KBafpar pacCTOAHNA, T.e.C CHIoi oxomo 3-10-4 gnn.
Ha 1 wmm? npmxogurea owomo 10° momos, caegmoBaTelsHO,
Cmna, mx mpHTATHBAaBOIasg, pasHa 3-1074X103=3.10° jum,
mwin 3000 I'. Jrtor mopcuer ovems HeToueH. MEI coBceMm He
VIuTHBAME BINAHHA Na JAHHB HOW BCEX APYTHX HOHOB,
KpoMe TOro, KOTOpHIl pAacHONOKeH NPAMO UPOTHB Hero. Mul
He y4id fgajee HapyUIeHHS NPABHIBHOCTH DeIleTKH, BAOCH-
MOTO TeNJOBHIM JIBHeHHeM. Ecim clenaTh sTH IOmpaBKH,
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TO ORAKETCH, YTO KAKABIA CIOW WOHOB B pelieTHe KAMeHHOM'
COMU TPHUTATHBAETCH COCEAHHEM CJI0OEM € CHIOH, TPHMEpHO:
pasnoit 200 k' ma 1 Mm% moBepxHOCTH CIOA.

Feam nama mpoBepku sTOTO IOfICYeTa MBI NOHEITaeTCA pa--
30pBaTh KYCOK COJNM, TO HafieM, 4T0 OH pPas3pPEIBAETCHA WTpH'
manpmxernn 400 T', a mwe 200 xT" wa 1 mm?2, 1, e, npm manps--
atenmn, B 500 pas Mempmem, Momuo 6puto 6B Hpemmoso-
MATH, IT0 ITO PACXOMTCHAE BEI3BAHO He OUTAGOTHOCTBIO TEOo-
pUH, a HeNpaBUIBHOCTHIO omsiTa. IIpm pasphiBe cOMHM OTPHIM:
OPOMCXONUT He MO BCEMY CeTenuio cpaly, a, HavdHad OT Ma-
NeHLKOM TpemuHH Ha MOBEPXHOCTH, MOCTENE¢HHAO PACIpoCTpa-
uaeTca vepes Bee cedenme. fIcHo, WTo B DTOM CIyTIae IS
PAa3pHBA HYKHO IPHIOMRATH CHIY, BO MHOTO Pa3 MEHBIIYIO,
TAaK KAK OHA pAaSpPHIBAET B KaK/BI#l NMAWHBIN MOMEHT He BCIO)
ONOMmAangh, 4 TOMBKO OYEHb MANCHBKUI ee YIACTOK, NIA pas-
PHBA KOTOPOTG DTOW CHWJIBI JIOCTaTOYNO. Keam 570 Tak, TO:
Moo OBITIO OKUAATH, YTO, YCTPAHWB TPEINUAHBEL Ha HOBEPX-
HOCTM, MBI 3aTPYJHHM pas3psIB. [leficTBHTeNIBHO, KOTMA MBI
MOTBITANNCh PasopBaTh o0pasel colm, NOMETNeHHEBIH B Tell-
Iy BOAY, KOTOpasg pacTBOpsAla ero IOBEPXHOCTH, He [aBast
00pazoBaThCHA TPEIIHHAM, TO OKA3aJ0Ch, YTO /IS pa3pHIBa
notpebosamnocs ne 400 T, a 160 T na 1 mM?, 1. e. upuMepno.
CTONBHKO, CROTBKO M CAETOBANO OMUAATh. [pyroit ommeir, mas-
muil TaKOH Ke pe3yabTAT, ORI TMPOM3BEHEH C TTApUKOM W3
cOMHm, OXTaM{TeHHHM B SKUJKOM BO3IVXe W 3aTeM BIE3aIIIo
BHECEHHBIM B pacliIaBleHHBI#l cBHHEN. 3Jech HA IOBEPX-
HOCTH BOOOIE e BO3HMKAET PACTSIRENU, W IODTOMY HMeo-
m@mecs TPEUMARE] HE MOTYT pAcOpOCTPAHUTHCH BOBHYTPS.
B uenrpe e mapa cosmaerca BcecTOpoNHee pPaCTAMKCHUE
mo 70 xT" ma 1 Mm%, KoTopoe, onHaKo, KPUCTA/IA HE Pa3py-
raer.

Karosr 651 nm Oblim TeXHAYECKWE IEPCIEKTHBH oBefe-
HOA Mexaummdeckoll (M DAERTPUUECKON) NPOYHOCTH # M-
DNEKTPUIeCKON TOCTOSHHON O WX TeopeTHdIeckOro mpefieda,
caMpiii haKT CTONEL BHAYHTENHHOTO pPACIIMpPEHUA Tpe;leson
HCIOAb3OBANMA MAaTepHalloB [JOCTATOTHO wHTepecer. Ilo-
CKOJBKY SKCIEPHMEHTANBHO ofHApYMCl U TBEPHO YCTAoB-
ner ¢JaKT BO3pacTaHUA MeXaHHYECKOil NIPOTHOCTH TBEPHBIX
Ted, ACHO, WTO pambpllle HWIH Ho3Ke OH OyHeT MCHOMh30BAH
TeXHUKOU, BOIeT B sku3us. Ham modr coctout B TOM, FT0GL
TO MPOHW3OMINO PaHbIIe, a He MO3IKE.



