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«DHaRKa cBepxBhlcoKBX AaBneHHR - 0'1'110-

CBTeJIbHO HOBaH 06JIap:rb HaYKH. UepBoHa

'lallbHO, KorAa AHana30H AOCTHm)!IMhlX B JIa60-

paTopHH AaBlleBHR IShlll ne601lbIilllM, C03Aa1l0Ch 

yoemAeHHe, 'iTO D 8'IOM 00llaCT~ cym;eCTBYIOT 

cpaBHHTenbHO npOCThle COOTHomeHHH MemAY 

OO'heMOM Bem;eCTBa, AaBJIeliHeM H T~MI!epaTY
pOB. OARaKo no lfepe pa3BBTlUl HCClleAOBamro: 

B 8TOB, Tenepb Y}Ke HMeIOm;eH caMOCTOH'l'e~h
Hoe 3Ha"IeHHe, HaYKe OKa3aJIOCb, <JTO 'IRCnO 

HOBhlX, HeomHAaHHhlX HBJI~HHR paCTeT no Me

pe YBeJIH"IeHHH AaBJIeI1HH, AOC'l'HraeMhlX np" 

RCCJIeAOBaHHH. . 

IIpH CBepXBhlCOIUlX AaBJIeHlHIX B nepB,YIO 
O"Iepe)lb 6hlJIH npOBeAeBhl HCCllCAODaBBH cmH

MaeMOCTH 1 Bem;eC',l'B B Tpex pa~lJIH'iHhlX ero 

COCTOHBHHX - TBepAOM;, mH~OM H raao06-

pa3HOM. 

BhlCOKHe AaBneBUH Tal{ me, Kal{ H H1'I3lrne 

TeMnepaTyphl, AaIOT B03MOmHOC',l'b, B3Y"IeHBH 

Bem;eCTBa B KOIlAeHCHpOBaHHOM COCTOHHBH, 

T. e. B COCTOHHHH C BhlCOI{OH DJIOTBOCTbIO. 

HaH601lee CHllbHO CmHMaeMhlH MeTanll - Iie-

3HR yme npH 12 boo am AocmraeT n1l0T

HOCTH ~e3HH, oxnamAeHHoro AO aocomoTHoro 

HYJIH. ,1J;ocTHmeHHe me :3Toro AaBJIeHHH B co

BpeMeHHoR «pH3H"IeCKOH JIa60paTopHl'I - )leJIO 

BeChMa ne'IpYAHoe. IIonyqeHHe TaKOR BhlCOI{OH 

1 DKI'I}l:aeMOCTb , cnoco6HOCTb BemecTBa R3MeHllTb 
CBOR 06'beM no;o; ;o;eRCTBl!IeM BHelIIBero ;o;aBReHRII, HaK 
nBBeCTHO, llBRlleTCII O;o;HHM HB OCHOBBLTX iJlI!I8J!I<]eCKHX 
CBORCTB BemeCTBa . 
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UJIOTHOCTH DYTeM BceCTOpOBnel'O "maTHH 

npHBOART K BeChMa 3aMeTHOMY YMCHbme

BHIO paCCTOHHHH MemAY aTOMaMH BTOrO Me-
'fallJIa. • 

O"IeRBAHO, 'iTO no Mepe YMeHbmCHlfH pac

CTOHHHH MemAY aTOMaMH Bem;eCTBa, HaxOAR

m;erOCH nO)l BhlCOKHM AaBJIenHeM, Bce 66nhmyIO 

ponh Ha'IHHaIOT HrpaTb CHJIhl B3aHMHOrO 0'1'

TaJIKHBaIDIH, H 9'1'0 npHBOAHT I{ yMeHbmeImIO 

C}KHMaeMOCTH no Mepe nOBLIllIeIDrH }l;aBlleHHH. 

Tal{HM oopa30M, MomHO nOllaraTb, 'iTO nocne 

AOCTHmeHHH HeKOToporo AaBneHHH Ha'iBeTCfl 

yme cmaTHe caMHX MOJIeHYJI HJIH aTOMOB, CQ

CTaBnHIOm;HX Bem;eCTBO. 

M3 H3MepeHHR H3BeCTHoro aMepHKaBCKoro 

«pH3HHa II. B. BpBAmMeHa CJIeAyeT, 'ITO H3Me

HeHHe OO'heMa pa3JIH"IIIhlX OpraHH'IeCKHX }[ 

HeOpraHR"IeCHHX coeAHHeHHH B HHTepBaJIe ;JI:aB

JIeHHR 0'1' 25 000 AO 50 000 am MaJIO 3aBHCHT 

0'1' CTPYHTYPhl MOJIeHYJI H Aame XRMH"IeCHO;H 

npHpOJl.hl aTOMOB, oopa3YIOID;Hx 8'l'H MOlleHYJIhl. 

0'1'0 03Ha'laeT, "ITO no Mepe nOBbUDeHlHI .a;aBJIe

EHH nepBOHa'IaJIbHO BbI6HpaIOTCH Bce CB060A

HhIe paccTOHHBH MemAY MOJIeI{YJIaMH, a saTeM 

yme Bce CBooOAIlbIe paCCTOHITHII MemAY aTOMaMH 

BnYTpH HamAOB MOlleHYJIhl. 

C APyroB C'fOPOHhl, H3BeCTHO, 'iTO aTOMBhle 

OO'heMhl 8JIeMeHTOB B TaOJIH~e ,1J;. l!f. MeRAe,. 

JIeeBa nepHOAl'I'IeCHH aaDHCHT 0'1' nopRAKODoro 

HOMepa 8JIeMeHTa; Tal{, D 1915 1'. PU'IapAC 

nOHa3aJI, 'iTO cmBMaeMOCTh 8JIeMeDTOB D TBep.., 

AOM COCTOHHHH DpH AaDJIeHl'IH B 1 am 

d 



JI', 'ci>: BEPE~AI'HH ' 

\ 
. .1" ..... 

1,0 
, . 

100000 ktlcA1~' 
< caMhlX BhlCORHX p;aBJIeHHH. OTcIOp;a MOlliH'O 

,t ' Cp;eJIa'Ih BhlBOP;, qTO p;allie npH p;aBJIeHlilH 

si N" q 

1.0 
, 

30000 kl/CAf 1 

FJ~b rl 
Bt 

I " 

PUC, '1. 3'aBRcHM'oCT'[, ciIniMaeMocTR 3JIeMeHTOB OT aTOM
Horo HOMeJYa )~JIll )J;al!JIeHlIi i ' J;~/c#2 (BH!tSY) , ' 30000 
I, ",K,~/C.A~~ (/1 , cepl!qu,He). ~OO 000 l>e!CM2. (eeepxy) . 
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n(W~9.AH'H~G.R~ !'dCHJICTyR: C ;~aMCHCHHCM nOpJIA

R:M,O.r~ . J:~OM,Cpa , ?,!I;e¥~HTa. . . 
" ' i?a. , irOyjIC)];HCC ' ,iJ;cC,JITHJICTHe AHaIfaaoH AaB-

ii:~H1~ii" np'll.:. JROTiphl~ 6¥JI~ H3MepeHa clliHMae-: 

¥~yTh, 9hlJI aH~~~T,.eJlhHO pacmffpcH, H Tencph 

~1:0l¥1iL? ~?'yqaT,h. ~e~eCTlla~OqTH AO 100 000 am. 
~N~, , ~,i : ':8!IeMCHTf\ rrOJIyqenhl A3:HHhle 0 ClliU": 

MaCM~yTH , .A,O ,30000-50000 am, a P;JIJI 34 
3:r:~MeRT6B -;::- p;o, 100 000 am. 
", .,A.BTOp ,8TOH .·C:raThH H A. "11. ;rIuxTep pac

~,~~,TaJIH ' c)1nIMa!'l~ocTh PJIp;a ,8JIeMeRTOB AJIJI 

30 000 am H 100 000' am. 1'1 ~OCTamlJIH rpaqlHl<H 

3.,a,B~9Ji1,MP?TH. C}f{HMaeMOCTH ' OT aTOMRoro RO

~~pa .• fIa -pHc.' 1 ,8TH peaYJIbTaThl conOCTaBJIeHbl 

p :r:pa.~HRbM; nOJIyqeHHhlM PHqapp;COM P;JIJI 

C»,(H.M,ael.t:'OCT1f npH 1 . .'am, ROTOPhlH 6hlJI AOnOJI

Ii~H, ,!I . HyIH> a BJIeH no HOBcHmHM HaMepeHHJIM. 

~~ cO,rroCraB;rreHHJI ~:n,!:p;Ho, .qTO 06m;HH xapaJ{

Tep rr'epHOAHqROCTH COXpaHJIeTCJI BnJIOTh p;o 
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B 100 000 am ClliHMaeMOCTh onpep;emIeTCJI no

Bep;CHRCM BHemHHX 8JIeRTpOHoB aTOMa. 06-

pam;aeT Ha ce6JI BHHMaHHe TO, 'ITO nOJIOca 

aUaqeIIHH CllililMaeMOCTff CHJILRO cymaeTcH nplil 

ncpexop;e R }J.aBJIeHlilIO B 30 000 am lil em;e 60-

JIeB ClilJIhH O npH rrepexo}J.e R }J.aBJIeHlilIO 

B 100 000 am. 
Tal{, nRlil 1 am CllililMaeMO('.Th ~ealilJI B 310 

paa 60JIhme CllililMaeMOCTH aJIMaaa. Op;RaRO 

Yllie nplil p;aBJIeHlIH B 30 000 am 8Ta paaHlII:J;a 

CHJIhHO CrJIalliHBaeTCJI; 1'1 ClliHMaeMor,Th ~eaHH 
ORaabIBaCTGJI TOJIhRO B 36 paa 60JIhme GlliH

MaeMOGTH aJIMaaa. IIpH p;aBJIeHHR B 100 000 am 
(pHG. 2) HaH60JIee ClliHMaeMhlM ORaabIBae'fCH 

6apRR, HO ero CllililMaeMOCTh Bce llie OCTaeTCJI 

B 8TlilX YCJIOBlilJIX B 9 paa 6'OJIhmeH, qeM ClliH

l',raeMOCTL aJIMaaa. 3TO nORaahlBaeT, qTO POJIb 

BHcmHHX 8JIeRTpOHOB B CllililMaeMOCTH YMeHh

maeTCJI C POCTOM p;aBJIeHlilJI. IIpH em;c 60JIee 

BhlCORlilX )J.aBJICHHJIX GlliHMaeMOGTh, OqcmIAHO, 

6YACT nplil6JIlillliaThCJI R MOHOTOHHOH <pYHR~Hlil. 
0'1' aTOMHoro HOMepa, RaR 8TO '1JIe);l;yeT lila pac

'leTOB llcuceHa. 

, faM6om BhlcRaaair npCp;nOJIOlli8Hlile, 'ITO 

B Bem;eCTBC, HaXOp;JIm;eMCJI nOA B~tO~lilM p;aB

JIem;ICM, lilc,qeaaeT. nop;paap;eJIeHlile 8JICRTPOH

HOR CTpyRTyphI Ha~ 060nOqRlil H, B . qaCTHOCTH, 

~nlpaIOTCJI paaJIH"llilJI MelliJ1;y ' B a JI e iI l' -
H hl M H lil p; P Y r lil M lil ' 8 JI e K T P . O H a-

M H aToMoB: , IIpol'lcxo;IJ;HT <lT0 ' nOTOMY, 'ITO 

al'OMhl ClliffMaIOTCJI D .6'l'HOClilTemmO Re60JIbIIIOM 

06'bElMB. IIplil B03paCTaHHlil AaBJIeHlilJI BO 'Baa-

HMop;eHCTBHe BRJIIOqaeTCJI Dce 6 C)JIhlnCe ' QlilCJIO 

BHyTperrHlilX 8JICRTPOHOB aTOMOB, n08TOMY 

C POCTOM p;aBJIeHlilJI . nciBep;eHlile pa3JIlilqHhlX 

8JICMeHTOB . qaHoB~TCH' Bce 6oJI!'le CXOAHhlM. 

BplilAlliMeH lil noap;Hee ainop 's'roH 'CTaTblil 

BMeCTe C E. B. 3y60BOH 06HapYJRlilJm ' B pJIp;e 

CJIyqaeB lilaMe~eHlil,e BaJIeHTHOCTlil . 8JIeMelITOB 

B pa3JIHqHhlX xlilMH~eCl{lilX coep;HHeHlilHx nop; 
p;aBJICHlileM p;o 50 000 am. I', . , ; 

• BoaBpam;aHch R pa.QcMoTP~HlilIO ' pHc. 1; 
He06xop;HMO 06paTHTh BHlilMaHlile em;e Ha O,ll;Hy 

oc06eHHocTh - H3MeHenH.e nopHp;Ra pacnoJIo-:

llieHI1.H 8JIeMeH'rOB Ha RplilBhlX clliHMaeMocTH 

npH 100000 am. IIplil 1 lil 39 000. am ' Ha.II-

60JIhmCH cllililMaeMcic;1.'~IO ,Q6JIa):J;aJOT m;eJIOQHhle 

MeTaJIJIbl. Op;HaRo nplI ·100 000 am HX CllililMae

MpCTh CTaHOBlilTCJI MeHbIDe, 'leM y m;eJIO'lJRCP 

aeM~JIhHhlX MeTa;r:lJioB, . ClliHMaeMO.CTlil ROTOPhlX, 

Ral{ BHP;HO Ha plilC. 1·, Teneph nepeMein;aIOTcH 

1\ BcpxymKaJ.\{ nlilR9B. TaRoe llie JIBJICHHe Ha-



<I>HSHKA CBEPXBhlCOKJilX )l;ABJIEHHH 

6J1J0)l;aeTCll )l;JlH ,RaIDIH H 

KaJlhn;HH, Py6H)l;HH If CTPOH

D;HfI II oc06eHHo CHJlbHO BhI

pameHo )l;JllJ neam! H 6apHII. 

I1HhIMH cnOBaMH, MaKCllMY

MhI CmHMaeMOCTll CMeru;aIOT

CII Bnpano na e)l;HHHn;y B 

aTOMHOM HOMepe. ECTeCT

BeHHO npe)l;nOJIOmHTh, 'lTO 

aTH HSMeneHHH B nOpH)l;Re 

pacnOJlOmeHHH 9JIeMeHTOB 

CDHaD.HhI He C YMeHbmeHHeM 

06'.beMa rrpH nOBhImeRHH AaB

neHHa, a C KIH<!?H.-TO nepe

CTPOHROH, npOHCXO)l;HlII;eir D 

3J1eK~l'pOHHOll 060JlQ'lKe aTO

Ma. PeHTreHOCTpYHTYPHhlMll 

UCCJle)l;OBaHll~MH l~aYCCOHa 
H THRr-JiH-TaHra no peHT

reHorpaMMe n;epHlJ, CHfITon 

EMH nO)l; AaBJleHHeM OHOJlO 

14 000 am, 6hIJlo yCTa

nOBJleHO, 'lTO T.Hn pemeTlUI 

n;epnH He HSMeH~eTClJ, XOTfI 

rrO)l; aTHM )l;aBJleHHeM IT Ha-

6J1IO)l;aeTCfI CHa'lOH B 06'.b

OMe Ha 7,7% . TaIrnM 06-

paaoM npHXO)l;HTCfI CAeJIaTb 

BhIBO)l;, 'ITO 9TOT nepeXO)l; 

Ha llaMeReHlIe sneHTpOBBhIX 

ypOBHeH B RpllCTaJlJle• 

Bpll)l;)I{MeH nO)l;p06HO lICCJI&

)l;OBan i 9J1eRTpOnpOBO)l;HOCTh 

pfI,IJ;a MeTaJJJlOR no,IJ; )l;aBJle

BHeM. O)l;HaRO yCTaHoBlITb 

HCH.bIX aaRonOMepHOCTeH eMY 

He YAanOCb, TaR RaH Ha6mo

AaJlOCb 1I BOapaCl'aHlle 9J1eH

TponpOBOlllJOCTlIlI ee YMeHh

IlJeHlIe C )l;aBJleHHeM. 

Y TeJlJlypa 6hIJlO 06Hapy

meBO HCHJlIO'llITenhHO ClIJJh

Boe llaMeHeHHe 9neRTponpo

BO)l;HOCTlI C AaBneHlIeM. Ha

nplIMep, nplI )l;aRJIeHI'IH B 

B 30 000 am ,meHTponpo

BO)l;HOCTb TOJIJIypa Boapac

Tan a nO'lTlI B 600 paa no 

cpaBHeBlIIO C 9J!eHTponpo": 

BO)l;ROCThIO 9Toro me 06pa3': 

n;a rrplI aTMoc<pepHo~f )l;aB": 

CBBaaH C HaMeHeHllRMH 

9J1eHTpOHHOH CTPYHTYPhI 

aTOMa n;epHR. 

Puc. 2. "YCT8HoBKa AJlH HByqem'lfl 
cmHM8eMoCTH npH AaBJIeHHRX AO 

1eo 000 am 

JleHRlI H ClIJIbHO aD.BHCena· 

OT oplIeHTan;R.H RplICTaJIJIa 

OTHOClITeJlLHO olIeRTpH'le

CHoro nOJlH. B pllA>RMeH B.bI

CHaaaJI npe)l;IIOJIOmeHlIe, 'lTO 

1'aHO e lICHJJIO'lHTenbB 0 CHJIb

Hoe BoapaCTalll'le SJIeRTpo-:

npOBO)l;HOCTlI nplI nOB.bIme"" 

HHll )l;aBJIeHlIH; rrO-BH~MO

MY, CBfIaaHO C npll6JIlIme-

PaC'leThI lliTepHreHMepa, BhITIOJIHelJHI.le EM 

no npe)l;JlOmeRHIO <I>epMH, nOHal'la.rm, 'lTO rrp.!'! 

)l;aBJleBHlI OHOJlO 50 000 am MomeT npOlfCXO

,IJ;l'ITh COBMem;eHlIe paaJIll'lllhIX 9J1eHTpOHHhIX 

ypoDHeH 1I BCJle)l;CTRE"e 91'0rO MomeT rrpOJiI30HTH 

rrepeXO)l; 9JJeHTpOHa C napY>KHOH Op6UThI Ha 

BHYTpeHHIOIO, ReaanOJIHeHHYIO Op6:HTY. 

MOiI\HO rrpe)l;nOJlOmlITb, CJle)l;OBaTeJl.bHO, 'lTO 

B npe)l;eJle nplI )l;aDJleHIIHX nOpH)l;Ka )l;eCfITKOB 

11 COTeH MHJlJllIOHOB !'J.TMoc<i>ep 6Y)l;eT npOECXO

)l;lITb nepeXO,IJ; K TaR HaahIBaeMOMY «paail:aBJlefl

HOMY aTOMY». ,I1;pyrlIMlI CJlOBaMlI, "rrplI TaHlIX 

HCHJlIO'lHTeJlbHO BhICOR.HX )l;aBJleHHHX RplI

CTaJlJl 6Y)l;eT rraXOAlIThCfI R COCTOfIHlIH, HorAa 

fl)l;pa aTOMOB, 06paaYIOm;llX STOT RpnCTanJl, 

6YAYT 'RaH 6hI norpymeHhI B 9J1eHTpOBHYIO 

nJlaaMY BCne)l;CTBIfe (<HOJlJleI{TlIBHaan;Hll» 9Jl eR

TPOHOB, BhI3BaHHOH BhICOI{QH nJlOTHOC1'1>I0 Be

H(eC1Ba. 

3J1eKTpOnpORO)l;HOCTb, CBlJaanHaH C cym;ecT

BOBaHHeM CB060ABhIX 9J1eHTpOHOB, MomeT 

)l;aTb n;eHH.bIe CBeAeHHR 0 BJlHfIBHIl AaBJleHHfI 
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HlIeM CBOHCTB TeJJJlypa - TlIII.H'llWrO nony

npOBO)l;RHRa - R CBOHCTBaM MeTanJla no Mepe 

pOCTa AaBJleHI!lH. 

Bap)l;llH B CBOHX paC'JeTax nORaaaJl, 'lT~ 
C YMeHJ:.meB.HeM paCCTORHHH l4e>R)l;Y aTOMaMlI 

TeJJJlypa )l;OnmHO 06JIert{aThCH BOaHHRHOBeHHe 

CB0(0)l;H.bIX :meI{TpOHOB B RpHCTaJIJJe H up» 
)l;aBJIeHHlI HeCROJlbRO BhIme 30 000 am llOJ1meH 

ocyru;ecTBJIHTbCfI nepexo)l; B MeT8JJml"IecK)'IO 

!flaay. TaR KaH y TeJlnypa na6JlIOJIaeTCH nOJIH:' 

MOP<pBoe npeBparu;eHHe npll )l;aDJleBIlJ!l 45 000 
am, Ot{eBl'J)l;HO, qTO B STOH HOBOH MO)l;H

<pHHan;Hll TeJJnyp 1I npH06peTaeT CBOHCTB8 

MeTanJIa. , 

HO)l;aBBO II. T. I\03.bIpeB H ,n;. H. HaCJIep;OB, 

nC-CJIeAYfI aaBHClIMOCTb :meHTpOlJPO.B.OwrJ.IOC"T~ 
aMop!flHoro ceneHa nplI AaBJleHllfIX )l;cJ 30 bOo 
am npH pa3JlH'lH.blX TeMnepaTypax, HamJrn 

aHaJIOrllQHOe HBJIeRlle H Y CeJ1eHa. 

B nOCJIe}l;Hee BpeMR B.bICRaaaHO npeAno-, 

]lOmenHe, 'lTO BO}l;OpO)l;, a TaHme aMlt{OHJ!l.H 

npH BB3HBX TeMnepaTypax H ot{eHb BhICORl'JX 
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Puc. 3. 

BKCMYTe 

<pKD;HeEIT XOJIJIa 

fI.aBJI~HI!IJIX p;OJImHLI nepeRTH B MeTamll'IQeCIWe 

COCTOHHHe. TaK; Hanp~Mep, BepHaJI JI Mac

ceR TeOpeTHqeCKH !I0~a3amJ B03MomHOCTb 06-

pa30Ba,HJiU~ l'4eTa~IJIIIq~CKOrO aMMOHHH nop; p;aB

~eHH~M y~e BaqHnaH OT 80000 alll: H Bhlme 

riPH~H3KHX TeMnep~Typax. 
. EcmJ 1l0MeCTHTb nJIaCTHHKY MeTaJIJIa HJIH 

nOJIynpoBop;HHKa B nOCl'OlIHHOe MarHHTHoe nOJIe 

H nponyCTltTb qepC3. Hee TOI~ , TO, KaI< H3BceT

HO, B HeE; B03H~KBe'l' nepneBp;lmYJIHpBO 1< Ha

rrpaBJHlHHIO ;OKa H MarRHTHOI'O nOJIfJ BeKOTO

pall pa3HOCTb nOTeRTI;HaJIOR. iho HnJIeHHe 

(Tal< 'Ha3hlBaeM;bIR S<p<peKT XOJIJIa) HMBeT HC

Knro'IHTeJIbHO BamHoe 3HaqeHHe p;mI BbIHC

HeHHH' MexaHH3Ma :meKTponpoBoP;lfOCTII, TCp< 

KaR, H3MepHH B03HHKaIOII(YIO pa3HOCTb no

TEiHTI;HarrOB, MomBo, 3HaH BeJIH'IliIHY llanpH

meHHOCTH MarHHTHoro nOJIlI H BeJllttIHHY CliIJlJ>l 

TOHa, onpep,eJIHTb TaR Ha3hlBaeMYro nocTolIH-; 

HYro XOJIJIa 1 . RaH nOl{33hlBaeT TeopliIH, liI3 

nOCTOHHHOR XOJIJIa H KOS!J>!J>HTI;HeHTa ~JI8Inpo
npOBop;HOCTH MomHO onpeAeJIHTb ROHTI;eHTpaTI;HlO 

CBo'60AHIit;X SJIeKTpOHOB H BeJIHqHHY CB060A

Horo rrp06era 9JIeI<TpOHa B pemeTHe KPH

CTamfa. 

IIccJIeAOBaHHH 9<pg1eKTa XOJIJIa B BHCMYTe, 

rrpOp;eJIaHHhle !lBTOPOM STOR CTaTbII n JIliIxTe

POM npH AaBJIeHHliI AD 10 000 am npn KOMHaT

HOR TeMnepaType, nOKa3amr, 'ITO nOCTOHUHaH 

XOJIJIa C nOBhlmeHHeM AaBJIeHIIH YMeHbmaeTClI 

(pHC , 3), Tal< KaR nOCTOlIHHalI X0J'!JIa 06paTHo 

1. 
1 ITOC'l'OJIHHaJI XOJma R = nec JIBJIJIeTCII . Herro-

cpeAcTBeHHoH MepoH ,{IICJIa IIMelOm;IIXCII ~IOCKTeJIeH 
'fORa, rAe n - ru'rCJIO HOCIITeJIeH TOKa , e - 3apIIA' 3JIeK
t:p<?Ha, c - CIWPOCTb, CBeTa : 
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nponopU;HOH'1:\JIbHa ROHu:eSTpaTI;nH CB060AHhlX 

SJIeI<TpOHOB, ~O'IeBHp,HO, 'I10 C nOBhlmeH¥leM AaB

JIeRIIH HOHu:eHTpaTI;IIH CB060P;HbIX 9JIeKTpOHOB 

paCTeT, H MomHO CAeJIaTb ' BhlBOA, 'iTO qHCJIO 

(<KOJIJIeHTHBI13HpOBaHHbIX» 9JIeKTpOHOB C p;aB

JIeHHeM YBeml.qHBaeTClI. · 

. II pH 'YBeJIHqeHHH p;aBJIeHHH ~o 30,000 am, 
npH ROTOPOM BHCMYT nepeXO!\HT B ' HOBYIO 

KpHCTaJlJIH'IecKYIO MOAH<PHKaIl,HIO, aHOuMaJIbHO 

60JIbmalI BeJIHqHUa SJIeI<TpOp,BIImYII(eH CHJIbI 

B 9!J><peKTe XOJIJIa, a TaKme Ha6mop;aBmaHcH 

rrpH MCHbmHX p;aBJIeHHlIX 3aBliICHMoeTb 9JIeK

l'pOnpOBop;HOCTH OT , BeJIHqHHhl BHemHero Mar

HHTHoro nOJIH IICqe3JIH. CJIeAOBa'feJIhHO, BHC

MYT B HOB,OR' MOP;H<pHKaTI;lillI no,o; ' AaRJIeHHe~ 
Bhlme 25 000 . am Bep;eT ce6H KaK HOpMaJIhHhlH 

M8TaJIJI. RaK nOKaBaJI paHee \ Bpu·p;mMCB, a 

n03AHf'e B. n. By'fY30B H M. f; fORHK6epr, 

9TO OTHOCIITCfl TaKme K xapaRTepY · II3MeueHIIH 

TeMnepaTYPhl. : nJIaBJIeHHH BHCMYTa C Aa BJIC

RHeM, KOTOpJ?j:R nepeCl'aeT 6hlTb aHOMaJIbBhlM. 

II3 H3;rrqm~nHoro ,BIIP;HO, 'ITO IICCJIeAOBaHHH 

KpHCTaJIJIII'9'eCRHX CTPYKTYP, 'BOBHIIHaro~liIx npH 

nOJIHMop<PHhl~ npeBparu;eRHlIX, II II3MeReHHe 

paCCTOHHHR ¥emp;y 'aTOMaMH B ' KpHCTaJ1JIa: 

npII BhlCOKIIX p;aBJIeHHfrX MorYT B 3HaqH'l'CJlbHOH 

CTeueHH npOfJ;CHHTb RamH npeACTaBJIeRHH 0 

Beru;eCTBB, mixop;Hru;eMcH B IWHp;eHc::apOBaHHOM 

COCTOHHHH. CJIe,o;YH ~JTOR Hp;ee, , ,II;il\eR06c 

Cl<OHCTpYHpOBaJI . 

KaMepy P;JI'H peB'l'

reHOCTpYI<TypHhlX 
rrCClle~OBaHHH KPH

C'f,allJlHqeCKHX , Be.,. 

II(eCTB . nop; p,aBJIe

HHeM. ,Il;aBJIeHHe B 

STOR KaMepe nepe

~aBaJIOCb Ha nCCJle

AyeMoe BeII(eCTBO 

npH) nOMoru;1iI cma-· 

Toro remm (pHe. 4), 
KOTOPhlR cpaBHH

TeJlJ>HO MaJIO norJlO.,. 

m;aeT, peHTreHoBhl 

JIY'IH, IIpH nOMOII(n 

STOR , KaMephl OH 

ycnemHp onpep;eJlHJI ' 

CTpyKTYPhl HOBhlX 

KpIICTaJl JlH'IeCKHX 

<pOpM, B03H~K~ro-
ru;HX npH ITOJIII-

MOpqlHhlX npeBpa.

ru;eHHlIX nop; p;aB

JIeHHeM. TaK, Ha-

I, 

Puc . 4. RaM\3pa ,l:(lReK06ca 
J.(JIII peHTreHoBcKIIX ~HKM' 

ROB nOA AaBJIeHlIeM. 
C ~ peHTl'eHOBCKalI RaMepa ; 
M - KaTymKa MaHraHIIHOBoro 

. MaHoMeTp~ AJIH 1I3M!3peHIIII 
,lI;aBJIeHKII; B - 6epllJIJIHeBOe 
OKHO 'AJIII rrpoIiYCK3. peHTre
HOBbIX JIyqeH; P-06TlOpaTOp 



cI>H3HKA CBEPXBhICOKHX ~ABJIEHHH 

KaSaJIlI, 'ITO XJIOPHCThli py

ORARi, KpHCTaJIJIlI3)'l0IIJ;RiCH 

UpR aTMoc~epHOM AaBJIeHHII 

B pemeTKe Ky6a C ~eHTpHpo
BaHHhlMR q>aHRMB, rrOA AaB

JIeHHeM nepeXOART B C'l'PYI{

TYPY 06'heMHO~ellTpl'lpOBaHHOH 
l{y6H'IecKoi pemeTKII. IIplI 

STOM npOHCXOAIIT HeHOTophli 

BhlRrphlm B 06'heMe, ne06xo

Jl;RMhli AJIH Toro, '1T06hl ne

pexoA nOll AaBJleRHeM 01{a38JI

Cfl B03MomHhlM. BamHeimlIM 

upHMep, HOAHCThlH pyOUAUH, 

KOTOphlii KpHCTanJIHsycTCR 

npH aTMoc~epHoM ~aBJIeHHU 
TaK, 'ITO aTOMhl HOAa H PYOR

]l;UR (TO'lHee HOHhl, TaK KaH 

aT£) COeARHeHRe oopaSOBaRO HS 

ROHOB pyOI'lABR II HOAa) 06-

pasyIOT KyoR'IecKYIO pemeTKY 

{; ~eRTpRpOBaHRhlMB rpaHRMB . 

IIPII BhlCOKOM AaBJIeHlI1I npo

IICXOAHT Tall:aR nepecTpoHKa 

aTOMHOH CTPYKTYPhl, 'ITO BO 

flROBh BOSHIIKilleH pemeTKe yme 

HeT aTOMOB B ~eHTpe H:am~OH 
1IS rpaHeH, HO saTO nORBJIReT

~H OAUH aTOM B ~eRTpe Kyoa . 

3AeCh OCOOhlIT lIHTepec npeA

~TaBJIReT CJIe)J;yIoIIJ;ee: RaH 1I3-

HeCTHO 1I3 RpIICTaJIJIOI'pa~lIH, 
TlInaMlI pemeTOR C RalIOOJIee 

nJIOTHhlMII ynaKoBHaMII C'IlI

TaxOTCR: rrepBoi - pemeTRa 

TIllla Ryoa C ~eHTplIpoDalIHhI
MII rpaRRMII II BTOpoi - reK

~arOHaJIhHaR CTpyI<Typa. IIo-

3TOMY nOJIY'leRHhli HaMII ne

pexoA RYOlI'IeCRoi rpaHe~eH
TplIpOBaHHoi CTpyRTyphl B 

~TpyRTypy 06'heMHo~eH'l'plIpO-

Puc . 5. CTPYKTYPbl XJlOpRCTOro 
Py6RARfl. C.aeoa - IIpR aTMOCcpep
HOM AaBJlenrur; cnpaoa - IIpR 
AaBJlenrur BbIIII6 6000 - 7000 am. 
TIepH,bte wapulCu - ROIILI py6RARfl; 

CJIellCTBIIeM lIS AaHHhlx onhl

TOB RBRJIaCh B03MomHOCTh pe

llUITh AaBHo CTOHIIl;YJO rrepeA 

HaYKoi np06JIeMy nOJIY'leHHH 

RCKyccTBeHHoro aJIMasa HS 

yrJIepOAa, TaR HaK H3BeCTHo, 

'ITO aJIMas B rpacpHT - 9TO no

I fHMopcpHhle RpHCTaJIJIlI'IeCKRe 

MOARcpRRa~lm OABoro H Toro 

me SJIeMeH'fa - yrJIepOAa. Paa

JIlI'IlIe B HX cpR3RQeCRRX CBoi

CTBax BhlTeRaeT lIS paaJIRQHR 

pacnOJIOmeHlIfl aTOMOB yrJIe

pOAa B pemeTRax aJIMaaa 11 

rpacpHTa. MomHo npeAIToJIa· 

6e.abte - ROIILI xJlopa 

naHHoro Ry6a HBIIJICR HeCROJIhRO HeOiKlIAaR

HhIM. 

ABTOPOM SToi CTaTblI COBMeCTBO C M. B. 

BpaHl-( 6hlJIa paspa60TaHa ROHCTPyR~IIR 6e

plIJImreBOi HaMephl ).IJIR peHTreHOCTpYI{TYP

Hhlx HCCJIeAOBaHlIi BemeCTB rrOA AaBJIeHlIeM AO 

30 000 am. 81'0 CTaJIO BOSMOmHhIM nOCJIe Toro, 

Hal{ HaM y~aJIOCh RaiTH TaRYXO' cpOpMy cocyAa 

:as 6epIIJIJIRR, ROTopaH YBemr'lUDaeT conpOTRB

.JJReMOCTh RORCTpyH~lIH Ha pasphlB. BepRJI

.JJRi Bhl6paH nOTOMY, 'ITO OH MaJIO rrorJIOmaeT 

peRTreHOBhl ny'lll. IIPII nOMOmK STOR l<aMephl 

H 6hlJIO YCTaHOBJIeHO, 'ITO Bhlme TO'lI{H npe

BpaIIJ;eHlIH BIICMYTa B HOBym, nOJIIIMopCPHYIO 

MOAUCPRl{a~IIIO (nplI 26 000 am) RpIICTaJI~H'Ie
.cHaH cTpyRTypa BlIcMYTa RSMeRReTCR II, TaRRM 

06paaoM, Ha6JIIOAaIOIIJ;RicR Cl{a'lOR B 06'heMe 

He CBH3aH C SJIeHTpOHRhlMB nepeXOAaMII BHy

TplI aTOMa. B AaJIhHeimeM aBTopOM COBMeCTHO 

c C. C. Ha6aJII{IIHQi 6hlJIa onpeAeJIeHa HpIICTaJI

JIlI'IeCHaH CTpyRTypa XJIOpKCTOro py6lIAlIH 

{pIIC. 5), 1{0TOpaR OCTaJIaCh He IICCJIeAOBaHHoi 

B pa60Te ,IJ;meK06ca, Tal{ Ral{ He06xOAlIMoe 

AJIH nOJIIIMopcpHoro npeBpaIIJ;eHlIH AaBJIeRlIe 

6hlJIO eMY HeAocTynHo. 8TlI IICCJIeAOBaHIIH no-
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raTh, 'ITO B Cne~lIaJIhHhlX YCJIO· 

BUHX YAaCTCH npOIISBeCTII He06xOll;IIMYIO nc

pecTpoil{Y aTOMOB ymepoAa II TeM CaMhIM ocy

meCTBIITh npeBpam:eRlIe rpacpIITa B aJIMa3. 

CqRTaJIOCh, 'ITO 9Ta nepecTpoil{a B pacrro

JIOmCHIIH aTOMOB MomeT npolIsoiTII nplI BhlCO

RRX TeMnepaTypax II AaBJIeHIIHX, H C SToi 

~eJIhIO OhlJIR nOCTaBJIeHhl CO'I'HH OllhlTOB. He

ROTophle HS HHX rrplIBeJIII I{ nOJIytIeHIIIO MeJI

RRX, BhlCOl{oi nJIOTHOCTII II BhlCOROi TBepAo

CTII HpRCTaJIJIRI{OB. OAHal{O TIIJ;aTeJIhHhli aHa

JIHS STRX pe3YJIhTaTOB BnOCJIeACTBIIR nORaShl

BaJI, 'ITO nOJIyqeHHhle RplICTaJIJIIIRII aJIMaSaMII 

He HBJIHJIRCh. 

B 1880 r. renHei nOCTaBRJI OHOJIO 80 onhl

TOB, B Tpex Ha HHX 6hlJIH nOJIytICHhl .Memme 

RpRCTaJIJIIIKlI, KOTophle reHHei CtIIITaJI aJI

Ma3aMH. Ero OllhlThl 6hlJIlI BeChMa npHMIITuB

Hhl II SaRJIIOtIaJIlICh B TOM, 'ITO CMeCI., B KOTO

pyxo BOmJIO 90% JIerRlIX yrJIeBOAOpOAOB, 

OKOJIO 10% cppaK~1I1I KOCTHHoro MaCJIa H He-

60JIhmOrO ROJIlI'IeCTBa JIIITIIH, nOMeIIJ;aJIaCh 

B Tpy6y Ha JIaYMopoBcRoro CBapO'IHOro meneaa 

(cnoc06Horo cBaplIBaTbcH RY3Re'lHhlM cnoco-

60M) , H3rOTOBJIeHHym no nplIH~ny 0PYAllB:

Horo CTBona. 3aTeM Tpy6a n OMeIIJ;aJIaCh 



JI. <I>. B E P E IT( A r H H 

~ ne'lI" rp;e narpeBaJIaCb P;O TeMHO-KpaCHOrO 

RaJIeHHH B 'l'e'leHHe 14 'lac. reHHeH ony6m~
ROBaJI CBOH OllhlThl, a RpHCTaJIJIHRH BeIT(eC1'Ba, 

nOJIY'IeHHhle HM BO BpeMH onhlTOB, 6hlJIH no

MeIT(eHhl B BpHTaHcRHHMyaeH, rp;e xpauHmrcb 

nop; 3THRe'lROH «llcRyccTBeHHhle aJJMaahl reH

Hem).B 1943 r. BaHHHcTep H JIoHcp;eHJJ ony6JJH

ROBaJJH peayJJI,TaThl peHTreHorpaqJH'IeCRHX HC

CJTep;OBaHHH aJIMaaOB rCHHCH. l1MH 6hlJIO C p;o
cToBepHOCTbIO nORaaaHO, 'ITO 11 Ha 12 aJIMa

aOB; ' XpaHHIT(1'lXCH B MY3ec, P;CHCTBH'l'eJJI,HO 

aJIMaahl. Op;HaKo MHOrO'lHCJJeHHhlC nOnI,ITR1'l 

paaJIH'IHhlX Y'lCHhlX nOBTOp1'lTI, onhlThl r cnHeH 

He npHBCJIH R ycncxy, ;K TaHHa nOJIy.'IemfH 

3THX. aJIMaaOB OC'l'aJIaCI, BeBbIHCHCHHOH. 

IIocJIe Hcyp;a'l B OllhlTax no nOJIyqemno 

HCRyccTBeHHhlx aJIMaaOB B JIa60paTopHHx, Poc-

. CHHlI H ,Il;meccon Cp;eJJaJIH nOllhlTRY Ha OC-HOBC 

TepMop;HH aMHqeCRHX co06pameHHH BI,I'I1'lCJIHTb 

p;HarpaMMY paBHoBecHH aJIMaaa H rpa<p1'lTa B aa

B1'lCHMOCTH OT ~aBJICHlI~ H TeMnepaTyphl. Poc

ClIHlI 1I ,Il;meccon nOp;C'IHTaJIH, 'ITO npH 0° 
mRaJIhl a6.COJIIOTHoH TeMncpaTYPhl (B .rpap;y'

cax KeJII,BlIlHa) paBHoBecHoc p;aBJJeHHc . CO

CTaBJJHeT OROJIO 13 000 am, npH 300° K
OROJIO 16 000 am H nplI 470° K - OROJJO 

20 000 am. IIoap;Hee O. 11. JIeHnYBCIm:H TaRmc 

Ha OCHOBe TCpMop;HHaMH'IeCRlIx . co06pamcHnfr 

npop;cJIaJI Bhl'lHCJJeHHH, . lIa ROTOPhlX nOJIy

'IHJI RpHBhlC paBHoBccHH rpa<pI1T - aJrMaa 

B mHpoRoH 06JIaCTH TeMnepaTYP H p;aRJICHHH. 

JIeHnYHcRHH BhlC-KaaaJI npcp;nOJIOmeHM.e, '110 

TeMncpaTypa 2000 oK, npH ROTOPOH aJIMa3 

nepexop;HT B rpa<pHT, HBJIHeTCH MHHHMaJIbHOH 

TeMnepaTypoH, Korp;a ' em;c BoaMomCH C p;OCTa

TO'lHOH CKOPOCTbIO H .06paTHhliI· nepexop; rpa

<pHTa , B aJIMaa npH cooTBeTcTBymIT(eM p;amle

HHH B 60 .000 am. 
B .' COOTReTCTBHH C npep;nOJJOmCHHeM JT eH

rrYHcRoro He · yp;aJIOCb nOJIY'IHTb aJIMaaa, nop;

BepraH rpa<pHT npH KOMHaTHOH TCMIIcpaTYpc 

p;aBJleHHIO nopHp;Ka 400 000 am. 
B p;aJIbHeHmCM no 60JIee llPflBHJIhHOMY 

ny'l'H nOmJIH R CBOHX .1ICCJIep;OBamulx· rIOHTep, 

rcacJIJIc 1I Pe6eHTHm, KOTOPhlC nOCTaBHJIH 

onhlT TaKHM 06paaOM, 'ITO rpa<pHT; .HarpCTbIH 

np,cp;BapHTeJlbHO p;o 3000° K, CmHMaJICH Ha 

O'ICHI, KOPOTROC BpeMH CTaJIbHhlM nopmHeM 

p;o p;aBJIeHHIl B 120 000 am. Op;HaKO 3TH onhl-

Thl TaKme HC rrpHBeJIH R ycnexy, 'ITO, no MHC

JIHIO aB,TOpOB, flBHJIOCb peaYJIbTa'l'OM CJrHmKOM 

KopOTKoro BpCMeHH p;eHCTBHH p;aBJIeB1'lH. · 

)3pHp;mMcH npH nOMOm;H npOMhlmJICHHOro 

rHp;paBJIH'ICCKOrO np,ccca, cnoc06Horo paaBn

BaTI, CHJlY B ThlCH'IY TOHH, nOCTaBHJI onhlTbI C rpa

<pHTODhlM ~HJIHHP;pOM, KOTOPhlH nop;BepraJI 

TaKmc Boap;ciIcTBHIO HbICOKOH TeMrrepaTyphl. 

EMY .yp;aJIOCI, nop;p;epmHBaTl> BbICOKYIO TCMne

paTypy B 3000° K TOJIbRO OllCHI, RopOTRoe 

BpeMH, XOTH ,llaBJICHHC yp,epmHBaJIOCb CTa-

6HJJI,HO B npcp;CJJax 30 000 am. BpHp;iRMeH 

·TaRme HC Ha6JIIO,ri;aJI npCBpam;CHHH r .pa<pllTa 

B aJIMaa, ·HeCMOTpH Ha TO, '11'0 OH B CBOHX onhl

Tax HaXOp;IlJJCH B ' HymHoH 06JIaCTH ,llaBJIeHHH 

H TCMnepaTYp. 

, B 1955 r. nOHBHJJCfl pHP; C006IT(CR1'lH 0 pa-

60Te . B3HP;H, XOJIJIa, CTpoHra H BCHTpona, 

nOTpaTIIBmHx 60JIee 'IeThlpeX JIeT Ha coap;aHHe 

annapaTyphl, npH IIOMOm;H ROTOPOH MomBO 6hl

JIO p;OCTuran p;aBJIeHHH 100 000 am rrpH TeM

nepaType BHyTpH RaMephl, IIpeBhlmaIOm;eH 

2300° K B TelleHHe MBorHX 'JaCOB. TaR RaR 

B 3TOH pa60Te 6hlJIa p;ocTlIrHYTq. 60JIbmaH npo

p;OJImHTeJIbHOCTb on~Ta, yp;aJrocb nOJIy'l1'lTI, 

HCRYCCTBeHHble aJIMaahl C JrHHeHHhlMH paa-

MepaMR p;o 1 .u.u H 60Jrbme . . 

IIp1!lMcHeHHhlH MeTOp; MomHO C'I1'lTaTb Ha

p;emBhlM, TaR RaR aJlMaabI 6bIJJH CHHTeaHpo

BaHhl 60JIee 'teM B CTa CJIY'laHX. ECTb OCIJOBa

HHH CTJUTaTb, 'I'l'O B 6JIHmaHmee BpeMII 3TOT 

MeTOp; nOJIY'leHRH HCl{YCCTBeHHbIX aJIMa30B 

CTaHeT npOMbIIIIJreHHbIM MeTop;OM nOJrY'leHlIlI 

aJrMaaOB, ROTophle paHbme 3l{CnOpTJ;rpOBa

JIHCb ua AHI'JIHH. 

l1HTepecHO, 'ITO nOl{a HCl{yccTBeHHhle aJI

Maahl CTOHT npHMepHO B p;Ba paaa p;opome 

eCTeCTBCHHhlX • . Bf'JIep;CTBHe HX meJrToH ol{pa

Cl{H ORH npHMeHHIOTclI TOJIbl{O P;JIH TeXHH'Ie

Cl{HX Hap;06HOCTen. l1CRycCTBeHHhle aJIMaahl 

06Jrap;aIOT O'leHb BhlCOl{OH TBepp;OCTbIO, OHH 

~apanaIOT p;ame HaH60JIee Tllepp;hle rpaHH 

eCTeCTBeRHhlX aJIMaaOB. 

¥ cncmHoe pememre 3TOH YBJIel{aTeJIbHOH 

H 'Ipe3BbI'IaHHO TPYP;HOH B 3l{CnepHMeHTaJJb

HOM OTHomeHHH aap;a'lH CTaJrO BoaMomHhlM 

TOJIbl{O 6JIa:I: 0p;apH p;OCTHiReHHHM B <plIa.lme TBep

p;oro TeJIa H TeXHHl{e 3HcnepHMcHTa npH O'leHb 

BhlCOl{HX p;aBJIeIlHlIx. 

iti 




