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OHIWI XAPAKTEPHCTllKA PAEOT!l 

ARTymHocTL TeMH. KBaHToBM xpoMo,mmru.mKa (IOOO ,nocTIIrJia 3aMeT.;. 
Hl:lX ycnexoB B OIIHCamm llt8CTKPIX npoueccoB, T.e. npoueccoB c 60Jil>IllHMR 
nepe,n;aqaMJill HMIIYJILca. Ha MaJil:lX paCCTOmmsDC ajq>eKTlIBHM .ICOHCTaHT~ 
RB~pK-rJIB)()HHOI'O B3aHMO,l.l;e!CTBM CTpeMHTCJI K HYJIJO, ~o IIO3BOJIHeT 3,n;ec1, 
noCJie,n;oBaTeJIDHo n,PHMeHJITL xopomo pa3pa60TaHHHit annapaT Teop:im B03MY
meIDIR. 

0.n;Ha.lCO IIPH B!l'mCJiemm TaKHX qzy~aMeHTaJIJ,Hl:lX xapaKTel)HCTlIK ~
poHOB, KaK MaCC. MarHHTHllX MOMeHTOB, cpe,D;He~TH'llll:,IX 3apsr,ItOBllX 
pa,D;l'fYCOB,KX.n CTa7IKHB88TCJI co 3HS~T8JIJ,HHM1I TPY.n;HOCTRMli. ,UeJio B TOM, 
qTo 3TlI xapaKTeplICTHKH' a.ztp()HOB qiopMIIp,YJOTCJI B OCHOBHOM Ha 60JildlllIX 
paCCTO~, r.ne 113-38 pocTa KOHCTaHTli B38lIMO,l.l;ettcTBR/I annapaT Teo
p:im BOSMYll!eHlii nepecTaeT pa6OTSTJ, lI Tpe6yeTCJI yqeT HeIIe,PTyp6aTlIBHl:lX 
ajxI,eKTOB, CBIISaHHllX CO CJIOlltHOtt CTPYKTYPQI BaK,YYMa KX,U. 

O.n;HlIM lIS ~HOM8HOJIOrlI'l8CKlIX IIO,ItXO,l.l;OB, B KOTOpoM Y~TliB88TCJI 
IIOBe.n;eHIIe KBap.lCOB Ha.60JIJ,llllIX pacoTOJDlRIIX, smJIJieTCJI COCT8BHM KBap
KOBrut MO,l.l;eJib. B 8TOM HanpaBJieH:im IIJIO,l.l;OTBOpHl,IM OKaSaJICJI IIO,ItlCO.It, pa3BH
Tlii II.H. Eol'OJIJJ60BliM B MO,l.1;8JIH RBa3lIH838BHClIMllX RB8p.lCOB • .ll,y6HeH-
CKM Mo,n;eJIL smR1Iac:& npoo6pa3oM pwTIIBlICTCKott Mo.n;eJIH RBap.KOBllX Me.m
.lCOB, ope,Itll qiopMJJIHpoBoK KOTopoa BaPIIaHT M [ T smJIJieTCJI HaII60Jiee 
npo,n;BlIHYTliM B IIPR1IOllteHMX K OIIHCaHlDO CBO!CTB'S,l.l;poHOB. 

OoHOBHoe npe,n;nOJIOllteHHe rpyrnra MI T 3aKJIJJ'laJioc1, B rIIIIOTe3e 
o nOJIHoM pa3pymemm BaKJYMHHX WKTYaUHtt B npocTpaHCTBe, 3aH/ITOM 
RBapKOBl,IM!! IIOJIHMH. Ill)HBJieKaTeJIJ,HOCTJ, MO,l.l;eJIH o6yCJiaBJIHBaJI8CJ,,B qacT
HOCTR,TeM o6CTOSIT8JIJ,CTBOM, qTo CYll!8CTBOBa7Ia H~e:,ima o6ocHOBaHRII ee 
napaMeTpoB Henocpe,n;CTB8HHO 113 KX,U. O.n;HaKo Bee IIOID,ITKH O,l.l;eJISTJ, 8TO 
OKOH'IR1llICJ, Hey,n;a"ll:lo. BOJiee Toro, paSBlITlie MeTo~a IIPaBR1l cyMM KX.n 
IIl)HBeJIO K IIOSIBJieHIDJ ip0:3HqecKO8 KapTlIHH ~HOB1 1IpoTlIBOIIOJIOlltHO! TO!, 
.ICOTOpaH OlltlI,l.l;aJI8CJ, B M J T -MO,l.l;eJilI. A lIM8HHO, 6WIO IIOKa3aHO, 'ITO 
BaK,YYM JmYTPlI MemKa npakTIIqecKH He pa3pymaeTCJI lI B ~RHO! cneKTpo
CKOIIlm ,l.l;OMHHHPYJOT ajq>eRTU B381IMO,l.l;e8CTBRR: KBapKOB C H€iliePTYp6STlIBHH
MPI BSK,YYMHliMH IIOJIHMH. 

IIoaTOM.Y aKTyaJILHOCTJ, nepeCMOTpa OCHOBHl:lX IIOCTYJISTOB MO,l.l;eJilI He 
Bli3liB88T COMHeHHi. Ill)H BTOM, .ICOH8"ll:lO, HeO6XO,ItlIMa BOeCTOpoHHSm IIpoBep
Ka HOBO! Bepcm,: MO,neJIII lI B nepByll oqepe,l.l;I, Bli'IlICJieHIIe Bee paMKaX· 

MS.CC lI CT8TlI'l8CKlIX CBO!CTB HlI31IlHX ~HHllX COCToromtt. C ,n;pyro8 CTO
poHli, napaMeTPU HOBO! MO,l.l;eJilI O1Ip8,l.1;8JIHIOTCSI HHT8HCHBHOCTLD KBaP.ICOBllX 
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H rJilOOHHl:lX Ba.K.YYMHWC IIOJiei!, qTo II08BOJIJieT no.nyqaTh H8 8RCIIepmreHTa 
HeTpHBHaJlhJIYI{l Hllq>apwrn;mo O CTpyRType OCHOBHoro COCTOJIIUI/I TeOpHH • STa 
Hllq>Opwlnrut M:ollteT B ;n;aJihHeiimeM HCIIOJih80BaThCS! II!)lI IIOCTpoemm peamrn
TlltffiOi! MO,IteJIH BaK,Yyr&i rum. 

lieJih pa6oTll. I.leJihIO pa6oTll HBJ.UleTCS! IIOCTpoeHHe COCTamioi! RBapRo
BOi! MO,:n;eJIH C yqeTOM CTPYRTYPll BaK.YYMa rum H ~CJieHHe Bee PaMKaX 
MaCC H CTaTH'l:eCKllX xapaRTepHCTHR a;n;poHOB. 

Ilaytrna/i HOBil8H8 H npaRTll't{eCRa.lI U8HHOCTh pac50TJ{ 

Ilpe,WIOllteH8 RB8pROB8.li MO.n;eJih, B ROTopoi! ;n;OMHHHPYJOOO'IO pOJih HrpaeT' 
B88HMO,:n;ei!CTBHe RBapROB -qepea HeIIePTyp68THBHlli! Ba.K.YYM rum. IloRa8aH0 1 

't{TO IIOTeHIJ;l!aJI ROHqiai!HMeHT8 onpe;n;eJISieTCS! B8aHMo;n;ei!CTBHeM RBapROB C 
,WlmIHOBOJIHOBOil: 't{SCThlO BaK,Y,YMHllX qiJIYRTyaima. B TO lite BpeMll:. pacmewre
HHe MaCC Mel!(,ey yHHTapHl,!Wl s t.{(3)- M,yJihTmIJieTaMJ4 B08HHRaeT B oc
HOBHOM aa C't{eT B8aHMo;n;ei!CTBM RB8pROB C ROpoTROBOJIHOBliMH HHCTaHTOH

HHMI! IIOJIJiMH • 
PeayJihTaTll pac-qeTa cneRTpa MaCC H CT8TH't{eCIWX CBOil:CTB HH8lllHX 

a;n;porumx COCTOJI!illi! corJiacyIOTCS! C 8RCIIepHMeHT8JihHHMll ;n;aHHw.m. IlpH 8TOM 
napaMeTPll MO;n;eJIII .He IIpoTHBOpe-qaT 8Ha't{eHRIIM, H8BJie't{eHHllM H8 IlpaBM cyMM 
rum. OTMe't{eHa cyiqeCTBeHHa/i poJih B88HMO;n;e:ltCTBM 1 HH;n;Yll;l!pyeMoro mICTaH
TOHaMll,B H80TOIIH't{ecKIDC pa8HOCTSIX Mace. CMellllmamm YHHT8PHJ:DC MYJihTH
IIJieTOB H MYJihTHRBapROBWC a;n;poHax. ITpe,WIO.llteH HOBllK,MeTO;n; BW!HCJieHM 
8HeprHH BaK.YYMHllX 4l7IYRTY8IJ;l!:lt B orpaHH't{eHHHX npocTpaHCTBax. 

Ha 881IUI7'Y BllHOCS!TCS! CJie:rrymme IIOJJOllteHIDt: 

I. HCXO;n;ll H8 JiarpaHlltHaHa rum IIOCTpoeHa RBapROBaSI Mo,n;eJih, y't{H
TllBlml\M B8aHMO;n;ei1cTBHe RBSPROB C Ba,Kj'yMHUMII: nomn.m. 

2. B PaMRSX MO;n;eJIH BWIHCJieHll MaCCll a;n;poHoB, COCTOJDllllX H8 JierKIDC 
KBaPROB,H IIOJIY't{eHll OU8HRH Mace LC.- 1 ol - • S - KBaPROB. 

3. ITORa8aHa ;n;oMHHHPYRlllaJi pOJih B8SHMO;n;ei1cTBHSI, HH;n;Yll;l!poBaHHOro 
HllCTaHTOH&m:,B CMelllHBaHHH YHHTapHl:lX MYJihTHIIJieTOB H ;n;aeTCS! B08MOlltH08 
pemeHHe 1.{(fl- npo6JieMH. · 

4. PaCC't{HTaHll cpe,ItHeRBa.rtpaTRlilille aapsmOBlle pa,ItllyCll, MaI'HllTHlle 
MOMeHTH H aRCHaJlhHO-BeRTOpHlle ROHCTaHTll B8aHMo;n;eil:CTBHSI qacTHU dapn
OHHoro ORTeTa. 

5. ITpe;n;CRa8aHO CYllleCTBOBaHHe W8C'l'HRBapROBOro COCTOJmltl{ 1-1- ,n;Iil'H

nepoHa npH Macce MH .= 2,I I'sB,cTad:wrhHoro oTHOCHTeJihHO CMhHHX pac
na;n;oB. 
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6. BH't{HCJI8HO H8MeHeHHe :meprHH BaK,YYMHIDC qinyRTyall;l!:lil: IIo.,Ie:lil: IIPH 

pa8Jllltrn!DC RO~paUHSIX RBapROBoro MelIIRa. 

Arrpo6amm padoTll. OCHOBHlle peayJihTaTll pa6oTll HeO,ItHORpaTHO ;n;oKJia
,JJ;llBaJmCh Ha ceMHHapax H\i?B3 AH KaaCCP, B JiadopaTOPHH TeopeTHqecRoil 
qlll8HRH Od'be;n;1meHHoro HHCTHTYTa SI;n;epHllX HCCJie;n;oBaHHi!, a TaRJKe odcy21t
,JJ;8JIHCh Ha ceccHH OH\i? AH CCCP (I984), Ha Bceco10aHoM ceMHHape-coBema
HHH "rum - BaK,YYM H CTPYRTypa a;n;poHoB" (TamReHT, I985 r.), Ha Mellt
;n;yHapo,ItHoil: ROHqiepeHIJ;l!H "K:aap.Kll: - 86" (T6:wmcn, 1986 r.) H Iia YIII Me21t
;n;yHapo,ItHOM ceMHHape no npo6JieMaM qlll8HRHBllCORll:X 8Heprntt (]Jy6Ha, 

I986 r.) 

IIy6Jll?IRaUlm. Ilo MaTepHaJiaM ;n;nccepTamm orrydJIHROBaHO 9 pa6oT. 

Od'beM padoTll. }lRCCf!pTaIJ;l!SI COCTOHT H8 BBe;n;eIDUI:, 'l'pex rJiaB H 
aaRJIIOqeIDUI:. OHa co;n;epimT 90 CTpaHHU MaWHHOIIHCHOro TeRCTa, 6 PHCYH
ROB. EHdJIHorpaqlllqecRHtl CIIHCOR BMIOqaeT I55 CCWIOR. 

KPATKOE COJlEPlKAffi1E EABOT!l 

RO BBeneHHH CO,rtepimTCS! o6aop JIHTepaTypu, IIOCBJillleHHoil: pemeTO't{HllM 
Bll't{HCJielWM, npaBMaM cyMM KX,1t H cocTaBHllM RBaPROBllM MO,:n;eJISIM. OdcylK
,n;aIOTCSI npo6JieMH, CYlll8CTB~e B 8THX Tpex no;n;xo.n;ax R a.n;poHHOi! crreR
TpoCRomm. CiI>oPMYJIHpoBaHa U8JlI, padOTll H H8JI0llt8HO ee RpaTRoe,co;n;eplKS

HHe. 
B nepBol1 rJiaBe ;n;aeTCS! iI>oPMYJIHpoBRa HOBOl1 MO,Il;8JIH. Hcxo;n;ll H3 

rrpe,n;rrOJiollteHHSI, qTo HenepTypdaTHBHlli! · BaeyyM He paapymaeTca: uaeTl~~ 
rrOJISIMH RBapRoB BHYTPH MemRa cTpowrca: raMWihTOHHaH Mo;n;eJIH. OH orrpe
.n;eMeTca: B8aHMO;n;eil:CTBHeM Mel{Jzy RBapRaMll, ROTopoe IDl,lzyll;l!pyeTCS! O,ItHO
rJIIOOHllliMPI•06MeHaMR, ,WIHHHOBOJIHOBHMR BaR,YYMHHMa rro.rui:MRH mICTaHTOHaMR. 

B § I H8JlaraeTCS! TeopM BOBM,ymeHHil: KXJJ: B MemRe. IIocTpoeHO paa
JIOlltelille orrepaTOpoB RBaPROBllX H rJDOOHHl:lX rrOJieil: no O,n;HO't{8CTH1nillM BOJI
HOBHM qjyHRIJ;l!SIM H Hai!;n;eHO BblpallteHHe ,WI.II rJIJOOHHOro rrponaraTopa. 

B § 2 H8 JiarpaHDaHa rum rro.nyqeH raMWihTOHHaH B8b.l!MO;n;eil:cTBHSI 
RBapROB C WIIDJHOBOJIHOBOil: qacTblO BaRyYMHUX qiJIYKTyaIJ;l!il; STo ,Il;OCTHraeT
CSI paadneHHeM RBapROBllX H rJIIOOHHllX IIOJieil: Ha B8JieHTHYI0 (RBaHTOBYIO) 
9 H A~ H BaR,YYMHYIO (KJiaCCH't{eCK,YIO) Q H s;.. 't{8CTH. ra-

MHJihTOHHaH HMeeT BH;n;: . 

· H = 1' ( q ;r,, a + Q lr'o9) + z C 2f to 60 Q -

_;:caao 1) - f (& J;.. >ittq 13; + 9 ~ ).aa s; > -
- f 9 ~ }..a.9 B;_ , 
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r.ne W - O,ItH0'18CTlfl!HaR: 3HepI'WI, A - MaTPH~ UBeTHOii rpymru 
S l{C 3) • IIocTpoeHa Teoprui: BOSMYilleHHii c STHM raMP!JIDTOHHaHOM , 

B § 3 KOpoTKOBOJIHOBaa: tiaCTl, Ba.KYYMHIDC qurymyall,Htt amipoKcm.mpyeT
ca HHCTaHTOHHHM pemeHHeM. B paMKaX MO.IteJm HHCTaHTOHHoi JE.H.IU«>CTH no
JiytieH . 3(1$lKTHBHl:tll JiarpaHJ!tHaH BSrurMO,IteicTBIDI Melii,lly Jier.KHM0: £l - , 

d - , s -KBaprunm: . •, u.,«,$ . 
"-I { ~ ( - - 3 - Att 
c(.irist= °Z f--. ~•'.j q~Rqi, . .'q,iR CJjl +.3:z_('f.:R q.:i..* 

c.~ . ] 
- a. 3- a. - t:t. +(R~L) 

... qjR A qJ·,._ - ~ qu~~" A q.:i.. qjR 6"','(v A q l 1..) , 
r.ne 

i = '-fX
2 ff~ z. m-11: = m- + tn.'11 m11 = - 2
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~c - xapaKTepHHi! pasMep HHCTaHToHa B BaeyyMe KX.Il, <o/QQ{o)- imap
KOBw!: KOH,IteHcaT, tnt - TOKOBaa: Macca KBapKa COPTa i. • 

Bo BTOOOtt-rJiaBe BWmCJIRIOTCS! MaCCli H CTaTHtiecue xapaKT!3pHCTHKH 
a.ztpoHOB' COCTORIItl'IX HS Jier.KHX u. - ' d-.. - ' g - .KBapKOB • 

B § 4 paccMOTpeHli paSJIH'IHlie BKJia,Itli B3aHMO,IteiiCTBd B MaCCli a.n
poHoB. B npe,Il,7laraeMoii MO.zteJIH·Macca a,npoHa onpe,ne.na:eTcH BlipallteHHeM: · 
M2= E'- < P2.> , r.ne E - sHep:rim a,npoHa, Bwm:CJleHHaa: B np116Jlmtemm 
CTaTHtieCKOro MemKa' <. p 1. > -nOllpaBKa Ha ,ItBmteHHe neHTpa Mace. 
3Hepl'WI a,npoHa eCTl, cyMMa O,ItHO'laCTH'll:UlX 3Hepl'HH .KBapKOB BHYTPH MemKa, 
llOT8Hll,HWia 0,ItHOrJIIOOHHOI'O o6MeHa, nonpaBKH Ha BSaRMO.zteiiCTBHe KBapKOB 
C ,Il,7lHHHOBOJIHOBOii '18CT1,!0 BaK,YYMHIDC qlJiyKTyall,Hi li B3aHMO,neitcTBIDI, HH
.JtYll,HpyeMoro HHCTa!lTOHaMH. B Ka'leCTBe HYJieBOro npH6Jimtemm: Bli6HpaIOTCS! 
BOJilIOBl,18 \PYHKll.HH I h> H o,ItHo'l:acTlfl!Hlie sHeprmr W- MO.IteJIH 
II.H. EoI'OJI!06oBa. IloKasaHo, 'ITO .lllUtHPY.IOOlaR: nonpaBKa Ha BsanMo,neilcTBHe 
KBaPKOB C ,Il,7lHHHOBOJIHOBOii 'laCTl,10 BaK,YYMHIDC nOJiett nponopll,HOHWiliHa KBaP-
KOBOMY KOH,IteHcaTY. ~ /\10 6esMaccoBliX KBaPKOB ~>Ha HMeeT BR.It: 

Eo =-/v. Tt<'.'OIQQIO)R' 
ua.c O Z'-1 (WR ~1) 

H onpe,neJISieT 3Hep:rmo, Heo6XO.ztHMY!O ,Il,7lH JIOKaJIH38ll,HH KBaPKOB B MemKe 
pa,zoryca R. • BsaHMo,neitcTBHe t1epes HHCTaHTOHli: 

E~n~-1: = - < h. I ";[_~nsi \ h.) 

OTJll'IHO OT HYJIH B KaHWiax, r.ne ,ItBa .KBapKa MOryT H8XO,ItHT1,CS! B COCTOH
Hm:t C llOJllWM HYJI8BllM cmmoM,H ,naeT OCHOBHOii BKJia,It B pac~ellJieHHe MaCC 
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Me1SJJ;J nceB,ItOCKaJIHPHliMH H B8KTOpHliMH MeSOHSMH, OKTeTOM H ,neeynJieTOM 
6apnoHOB. 06111Hii BKJia,It Bcex THilOB BSrurMO,neiiCTBHii xopomo BOcnpoHSBO,Itl!T 
Ha6JDo,naeM!:lii cneKTp Mace JierKHX a,npoHoB. 

B § 5 HaibleHli HSOTOIIH'lecue pasHOCTH l&3CC a,npoHOB. OHR onpe,neJISI!OT
ca cyMMo:i!: 

AM =AM + A MK + 6 Mc;. + t:. MlT4C + A M lh~i EM · • 

IIepBlie TPH lll!eHa: SJieKTpoMaI'lllITHoe BSaHMo,neiicTBl'Ie KBapKOB A M £ 111 , 
paSHOCTl, .KHHeTH'leCJatX 3Heprni1 KBapKOB A Mk: , BOSHHKa.lOOlaR: sa C'leT 
oTJIHtIHH Maccu u. -.KBapKa mu. oT Maccu d - KBapRa me{ , H 
HSMeHeHHe noTeHll,HWia o,ItHorJIIOOHHoro o6MeHa .11 MG- - :ali'IHCJiimTca _aHa
JIOrH'IHO MIT -MO.zteJIH. Ilpn aToM HCITOJiliSYJOTCH napaMeTpu,onpe,neJieHHHe 
B § 4: Macca.cTpaHHoro KBapKa ·m,= 220 MsB n nocTMHHasi: KBapK-rJIRJ
oHHoro BSal'IMO,nettcTBIDI of.~= 0, 7.QTMetiaeTca·, '!TO y'leT BSaHMO,neiiCTBM 
KBapKOB 'l:epea Ba.KYYM ; 

A Mtra.c = o.o3 5 ~ me: N.: .(o IQ Q ID) R, 
c.=c.t,c:f 

Eh. AM. =-~ m_. i.ris-E: 
VIS-l ?-- '- m,lf 

L'=a,c:l MIT 
npHBO,ItHT K SHatIHTellHOMY YJiy'lmeHHIO pesyJI1,TaTOB -MO,IteJIH no . 
3JI8KTpoMal'HHTHliM paSHOCTHM MaCC a.ztpoHOB. 

B § 6 paCCMOTpeHli BOilpoCli CMenm:BaHH/1 nceB,ItOCKaJIHpHliX H'BeKTOP
HliX MeSOHOB. YcTaHaBJIHBaeTCS! CBH31, Mel!r,ey HapymeHHeM npaBWia· 01(Y60 -
Ueettra - HE:syu H BSaHMo,neitcTBHeM 'l:epes Hl:ICTaHTOHli. Haii,neHli He,Itl!aro
HaJiliHlie MaTPH'l:Hlie SJieMeHTli OT t.: ft St Mex,zy COCTOIIHWIMH 3t0 

' h. 
~· H Bli'IHCJleHli yrJili CMemHBaHIDI. IloKasaHo, 'ITO aHOMaJiliHO 60JI:E,-

maa: Macca ~· -MeSOHa BOSHHKaeT sa C'leT OTTaJIKHBaHl'IH Mex,zy .KBapKaMH, 
HH.ItYll.HpyeMoro HHcTaHTOHaMH. 

B § 7 IlOJiy'l8Hli O,ItHO'laCTK'lli!le·BKJia,I(li B CTaTH'l:ecKHe xapaKTepHCTl'I
KH a.ztpoHOB. ~ 3TOI'O pacCMOTpeHli MaTPH'llrne SJieMeHTli OT onepaTOpoB: 

a) cpe,ItHe.KBa,ItpaTHtIHoro_sap1I.ItoBOro pa.zmyca 

<·r--1 >ch. = ~ ei S ot"t q;C?) r-'91. cr'L 
~ . 

6) MaI'lllITHOI'O MOMeHTa 

F = i. I ) d ~ qL ( F') f\ r- q l ( r!') > . I 

B) aKCHWll,:rax BeKTopHliX KOHCTaHT CJI86liX pacna_IiOB 6apHOHOB B ➔ Bev 

gAf9v-= ~cl P tfc: C~)A +si!. qdr) I ~cl~ lfc: er-> A+ qt c""> 
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r'Ae e i, - 3apim KBapKa COpTa l. , q C: _( ~) - ero O.In!O"laCTll'l-
HaJI BOJIHoBaJI ®7HKUWI, $~ - ~ - KOMIIOHeHTa cmma, A+-=- ,\:L + i: >-2. 
H >.+=~'I + i. A~ .u;rsi: pacrr~oB 6e3 H c H3MeHeHHeM CTpaHHOCTH ( x..- ~ trF( 3) -MaTpll!Jµ B rrpocTpaHCTBe apoMaTOB). c" 

OTMe"laeTCH, "ITO MO'Aen:r:, c 20 % TO"lHOCTJ:,ID ormcu:saeT 3KCIIepm,reH
TMDIWe 'Aruurn:e IIO 3TllM ~HHHM CBO:ltCTBaM • 
. 

11 
B § 8 o6cy;amamCH mecTnKBapKOBRe cocToHHHH: H -~epoH H . 

H - ~rnrrepoH c KBaHTOBllMll "lllMaMH H ( S = -2 , j P = 0 "t:) , 
H ~( S = -,2 , J P = 1 + ) • Y"lllTRBaroTCH o.Into"lacTll'lHlle l'.I ~yX'iacTH"l-

HRe BM~ B MaCCll 3TllX COCTOHHH:lt. }l11H Haxo;ameHl'.IH 3Heprmt ~yxtrac
TH"lHIDC B3al'.IMO'A8KCTBl'.ltt KBapKOB CTpoHTCH KJiacTepHoe paMOl!t8Hlle meCTH
KBapKOBOtt BonHoBOti qjyH.Kll;lm q 6 ➔ f' © q it • IloKa3aHo, "!To H - ~
rrepoH ycTott"lliB o'l'HocnTen:r:.Ho pacrr~a Ha Z/\ . Ero cTa6M:r:,HocT:r:, 
CBH3aHa c cM:r:,HRM rrpHTHllteHHeM ( l ~ ,'.::::'.: 900 MsB) Me'/1,JJJ KBapKaMH, 

1.nCt 
sa C"leT B3al'.IMO'AeficTBH:l!: "lepe3 HHCTaHTOHR.· 

OTMe"laeTCH, "ITO ,IJ.1lH M;ynJ:,THKBaPKOBIDC ~HOB H3 ~yx COCTOHHHtt 
'6Mee CHMMeTpH"lHOe IIO UB8T-CIIHHY o6n~aeT MeH:r:.meil MaCCOK. 3TO o6yc-. 
noMeHO TeM, "ITO HerrepTyp6aTHBHOe.HHCTaHTOHHOe B38HMO'A8il:CTBl'.le 'AaeT 
lIPHTHllteHHe B CliMMeTpH"lHOM IIO 1@0T-CIIHHY COCTOHHHIDO H OTCYTCTBY0T B 
aHTHCHMMeTpH"lHOM. 

B TOeT:r:.ea rnaBe paCCMOTpeHO :wmrume rpaHHQ Ha BaeyyMHll8 II™ 
.IJ.1lH pas~"lHIDC KOHqm:ryparm:il: KBaPKOBOro MemKa. 

B § 9 rrpe.u;raraeTCH M0TO'A Bll"lllM8HHH HSMeH8HHH 3Heprmt BaKYYMHIDC 
qllrYKTYarm:a (3B~). OH 6asl'.lpyeTCH Ha H,Il;88 H.H. BoronI06oBa, KOTOpaJI 
COCTOHT B y"leTe B r~:r:.TOHHaHe T80PHH ~OlIMHHTenLHOro B38HMO'A8KCT
BHH, OTBe"lalCJllero 'AaHHllM rpaHH"lHRM yMoBHHM. Ilpn 3TOM BSBHMO'AeficTBHe 
M8.JK,ey rpaHHIJJ:IMH MOlKHO OlIHCaT:r:. MeTO'AaMH o6ll"lHOK T80PHH BOSMYm8HHK. 
IIo~3aHO, "ITO pim TeOpHH B03M;ymeHH:ii MOJKHO rrpocyMMHpoBaT:r:,, 0Ml'.I l'.13-
BeCTHa IIonHM qJyHKrm:H lpHHa II™ B rrpocTpaHCTB8 C rpaHH~. 
. B § IO pacCMOTpeHll IIpHJIOX8HHH M8TO'Aa. B KaqecTB8 ~CTpall;llll 
IIMJ"l8H lIOTeHUIM O.In!OlIHOHHoro o6MeHa Me.JK,ey 'ABYMR: HYMOHaMH B Kl'.1-

PMJ:,HOil MO'AenH MemKOB. !IOKa3aHo, "ITO Ha 6MJ:,IIIHX paCCTO.llHRlDC OH rrepe
XO~T B IIOT8HUIM O.In!OlIHOHHOro o6MeHa M8.JK,ey TO"l8"1HllMH HYMOHaMH C 
KOHCTaHTOil t1.N#, Y'AOM8TBOpm!Jll8il: MO~qiaUipoBaHHOMY COOT110ill8Hm> 
I'oJu.'A6eprepa - Tpefu.mHa: 

j_ _ Z fTiNW #'17i R_ 
f - ' 

Ir 9-A M7' J: (1>1r. R) 

r'Ae fa - KOHCTaHTa ~crr~a Ji. -MesoHa, 111.r.. - ero Macca, R 
- ~c MemKa. 3aT8M MeTO'A IIPHM8HH0TCH ,IJ.1lH HaxQX'AeHHH ~ MaCCHBHO
ro CKanSipHoro IT™ Ha CTPYH8 H B TpeXMepHoil: IIMOCTH. }l11H IJJIOTHOCTH 

6 

-~ 

i 

3B~ IIMH MaCCll Wt. Ha CTpyHe .u;IHHOfi e IIOnJ"l0HO Bllpa38HHe 

00 

U(e m) = - .!!!:.. ~ K1 (Zm.es) 
' ZT«. L- s 

S= 1. 

.lt1rH II™ B TpeXMepHott IIMOCTH Me'/1,JJJ' IJJIOCKo-rrapannen:r:,HHMH WiaCTHHaMH, 
H8X0.ltRlltHMHCH Ha paCCTOHHHH e , pe3yn:r:,TaT M0'AYIOO!Hfi: 

00 

U-(€\m.)= 
wtz ~ 
Bft'il fu Ki (~mes) 

s2. 

B § II IIOKa3aHa CBH3J:, Me.JK,ey TeOpHett rronsi: lipH KOH0"lHOil TeMIIepaTy
pe H rrpocTpaHCTBaX C H8TpHBHMJ:,HOK Torronornett. 3To COOTHOill8Hlle HB

M8TCH M8'ACTBH8M Toro, "ITO CII8KTPll co6CTB8HHHX TiaCTOT B o6eHX s~a
'Iax IIO'A06Hli. 0TM8'Ia8TCH, TITO ,u;rH Hax~eHHH ~ rronsi: B rrpocTpaHCTBax 
C HyneBHMH (rrepHO'All"l8CKRMK) rpaHH"lHHMH YMOBHHMH 'AOCTaTO"lHO C'AenaT:r:, 
saMeey rrepeMeHHIDCT➔ i 12.e (T➔ 1/e). r'Ae e - paccTOHHHe Me.JK,ey 
IJJiaCTHHaMH (II8PHO'A OTo:amecTliJreHHH). Hcxo.wi: HS 3Toro IIMJTI8Ha 3~ 
.IJ.1lH KBaHTOBOtt xpoMO~aMHKH B rrepBOM IIOpsmKe IIO KOHCTaHTe KBapK
rnmHHoro BSal'.IMO'Aeil:CTBHH QS B Tp8XM8pHoil lIMOCTH: 

tr(e) = 
i9Tti!. 
s=,6 e" + 

3Tl ols 
3z ei 

0QeHKa 3B~ .IJ.1lH d s' :: o, 7 IIOKaSRBaeT. TITO H3M8HeHHeM BaeyyMHIDC no
nett sa cTieT MHHHHH rpaHHQ Momo rrpeHe6pe"l:r:.. 

B saKIIIOTieHHH 'AaHo KpaTKoe o6cy:ameHHe ocHoBHRX pe3yn:r:,TaToB pa6o
Tll. 
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