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lisyuenne SHEPIeTHUSCKOr'0 CHERTPA BACKTPOHDB B METAIIAX M HOMY-
NMPOBOZRNKAX ABAAETCH OZHOM W3 OCHOBHHX 3ajav Puwawky TBEpAOro Tema, ‘
HecuenoBanMe HOBEASHMA TBEPAOrO Tejda B MaUrHWTHOM MOJie XBAKETCH 8-
GeRTMBHEN MOTOZOM WBYUCHNS SHEPreTHYCCKUX SOH.

Xopouo W3BEETHO, YT INPM HAAWYME BHENHErO0 MAUHHTHOPD NOAS

/H +® nepnenzmEyisipHof MATHWTHOMY NON® NAOCKOGTH ABMIGHHE DIERTPOHA
(Zppru) sBiseTcs GUENTHNM ¥ AOSTOMY BHEPIEA KBaHTyeTes (KBaHTOBAHNE
Jlannay). Cnexrp Smepruy umee? Bui (B CHyuae WSCTPONMHOrO KBAZPATHY~
HOI'0 3@KOHA AuCHepCH:u)

2%
E =K (net)+ %1
rme CO,= f;;/g,— - LMKJOTPOHHAN YacToTa,

7™ - shbexrusnam macca,

=(Q 42.. - xsaurosoe wnecno JNanzay,
K = BommoBoffk BexTop DaekTpoHa (AMDEE),

0% - HanpaBiAeHUe BHEUNHEr0 MArHHTHOTO NOJH,

€ -~ sapsz SNEKTPOHA,
C - exopocTs ¢BeTa,

Burarozaps ZANCKPeTHOCTH SHEDPreTHYECKOr0 CNEKTPa MOTIOLEHHE
BNSKTPOMATHNTHON! BONHH GyZeT B ONMpEZENEHHHX CIAyYadX MMETHh PeSOHAH-
cHuil XapakTep (UMKAOTPOHHME De30OHAHC, MAPHNTO-ONTHYSCKOE MOTAOCNCHHE,
KOMGMHUDOBAHHHT DEBOHAHC W T.7.).

noTHECTS cocTORHMMA Jo(e) NP ONpEeACNeHHHX BHAYSHMAX MAT-
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HBTIHORO. TIOKR A, oTpewnten K GeoomewHocTH™, B WaoTHOCTH, B Ciy~

..........

eomt = RO (N+T), 20 PE~w0,

JToT JaKT ABAAeTCH NPUUMHON OCHMARNMN HEROTODHX (H3MUECKUX
BEANYWH,

Huenres zse rpynmy Aeieunil: peaosancENe ¥ OCUMANUKOHENE.
Wisyuenne aTux sABieHU{l ZaeT BOBMORHOCTH ONpPEeAENHTH S80HHYD CTPYKTYDPY
n dHEpreTHYccKuRl CnexTp cg, (K) BIEKTPORE B TBEPANX TENAX.

Hnme MM paccMOTDMM HEKOTODHE WE 97X ssicHuld, B YacTHOCTH,

U3 PE30HAHCHWX ABJCHMWA MH paceMOTpuM HMRAOTPOHHNA W KOMOMHUDOBAaHHNH
PEB0HAHCH ¥ MarseTO-ONTWYECKOe moriouneHue, M8 OCHUMARHMOHHNX ABIEHUI
MH PaccMOTpHM OCHMARIMD BPEMEHN DeNaKcauyy AAEePHOr0 cnmHa, 06yCHoB-
JCHHYD KOHPAKTHHM B3aMmozeficTBueM ¢ 3IEKTPOHAME NPOBOAMMOCTH .

*Pasyueeres, ecum yuecTs yumpenMe MMHUM, IIOTHOCTS COCTORHME
CTAaHOBUTCH KOHEYHOH. :
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CISCCHYCCRO! TEOpUl, B MOCTOAHHOM MArBHUTHOM HOXE
- BNSKTPOR ABRKETCH [0 - CUAPAABHOR OpOUTe ¢ 0CHW, HanpasaerEOR BRONS
nons, JINOBAA GROPOCTH BPAUGHES PaBHA CO, = 4-5—;{2/ (m™ -apdertun~
Haf uacca HOCHMTENR TOHA),
Pesonancnoe mOriouesme paMOYacTOTHOIO SIECKTPHYECHOrO WO,
TIGPNSHANKYIAPHOTO CTLHYCOKOMY MATHWTHONY WOMO, WPOMCXOXNT MpPH COB~
nazeHuy YaeTOTH IIEPOMEHHOr0 MoaN CU ¢ numenoTponHofl wacroroil

o

......

Anst MONYYEHMS OTUETAMBOI'0 PEBOHAHEA ZOJXHO BHTIONHETHCH yeno-
B cU.7 >4 (T - Bpemws esoGommoro npeSera snexrpona). Hpyrs-
MR ClOBaM¥M, CPEeZAHEA Iauna CBOGOAHOrO mpodera AOMEHA GHTH AOGCTATOYHO
BeJWKa, YTOOH B CPE/HeM, MEEAY ABYMH NOCIEZOBATENBHNMY CTONRHOBEHHS-
ME HOCHTeNb TOKA (BASKTDPOH, AMDKA) MOT OH COBEpHNTH XOTH O OAMH
000POT BOKPYT MO,

lIposezen xBanTOBO@ paccmoTpenme. B NJOCKOCTH, NepneHAnKyanpHofl
CTaTHYESCKOMY IOJD H y ABHEGHHG BleKTPOHA (IMDHH) ABINETCH NEPUOLN~
HecHMM M, CEAOBATENBHO, BHEPIUS TAKOTO ABMEGHMS MONXHA OHTH KBAH-
TOBaHHOMH. CrexTp cTaHoOBHTCH KBaSUANCKDETHHM .

llepexoas MexZy Da3INYHHME COCTONHUSAMH [ e K;; /( 2 MOIyT npomc-
XOAuTH, ©CJM Ha CHCEEMY 3JEKTPOHOB Oyzer ZeflersoBaTs BHemee SJIeRTPO~
MarduTHOE MOJe. ITH MEPEXO/H ABAANTCS SJIEKTPO~ZUNONBHEME, MM COOT-
BOTOTBYDT Npasuaa or6opa - AN =0 %1 ; AK:=0 240

Teopns HUKAOTPOHHOIO DESOHAHCHOrO MOTIONEHHS CBOGONHNME DIEK-
Tpoiamm SaemenTapHa u BocxoauT x Jpyze u Hopemrny. 1P, (uEiOTpOH-
Hull pesonanc) ¢BOGOZRHX SJICKTPOHOB B MAIHWTHOM MONE 3EMIM HAGAOAAI-
Cil MpU PAcNpPOCTPaHCRNH DPazMOBONH B MoHOBHepe. lzes BosmommocTH ILP. |
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B PReDANK Pedax GMia npejpioimena JHAopduanom W HrHraoM |

B nacrosuee npeus Bnunepnneﬁ!u noe H.P. ABAAOTCH ozual us

Bapuu!noezs.naanﬁna npn H.P. npunennnanaxsna :nanpasy nmaun
TPHYSCKOT'0 AMMOJBHOrO wOieHTA, [pW CNUHOBOM PE3IOHAHCE BEPOHTHOCTD
nepexozia NpONOpHHOHANBHA KBAAPATY MATHUTHOIO AMNOUBHOPO MOMEHTA.

MlocKoNBRYy MaKCHMYM SIEKTPUYECKOr0 NMOAS B PesOHATOpE TOI0 Xe
NOPAAKA BOHMYMHEH, UPC ¥ MAKCHMYM MAIHATHOIC NOJAd, TO OTHOUCHNE Be~
POSTHOCTEH NEPeXOAOS MIA HWKAOTPOHHOTO M CHUHOBOTO DOSOHAHCOS (MpH
Tolf ®e WMpWHE NMHWN, WACTOTE M KOHHSHTPAUNN aoolaenel)-ég-ﬁs>;{ .
C apyrofi croponm, mapuna mmuuym U.P. ropaszo Goabme HUPUHE CINHOBO~
ro pesonanca. HosTomy 570 OTHOWERMe (OTHOULEHME MUKCHMYMOB NOPIONE-
HUf) HECKONBKO YMEHHUAGTCH,

linpura JmuME OnNpeZeAfeTCHA BPEMEHEM peJakcauus 7 o KOTDpoOe
ONUCHBAET CTOJAKHOBEHMA HocuTeseff Toxa ¢ KONEOAHWAMHM KpHCTa/INYEC-
KOl peueTm, aToMaMu NPEMECH M ADyrEMH AedexTamM, JCJNOBUA ANS HAC-
npnenust 0.P. . T ,z/ TPeCynT NMPOBEZGHNA OKCIEDUMSeHTA NPH HUSKUX
TEeMnepaTypax, Korja KOHIEGHTPAuus OCHOBHHX HOCHTeledl B mONyNpoOBOA-
HURaX mana, [oaToMy B SKCNEpHUMEHTAX YacTO HCKYCCTBEHHO CO3AANT
A0CaBPoOyYHEEe HOCHTENM,., flBIeHME MACHWTHOI'O PE30OHAHCA NIa3MH £37 Hagjaa=
IuBaeT Bepxuuil mpezes na woHueHTpauum Hocureneff Toxa, mpW KOTODHX
BO3MOXHO Halawzenme L,P, |

Yeaosus znf sadaozenus [,P, B NOAYNPOBOZHUKAX Iopasio dnaro--i
npuATHee, YeM B MeTAJNAX, TAK KAk ANA Hao;openus P, meoGxommMo
TaKie, YTOOH IIyCHWHA NPOHUKHOBEHWUSA SJAEKTPOMATHUTHOTO NOJAA OHJIA HE
MeHBIIe ZAMamMeTpa OpOMTH OOpameHMs SAEKTPOHA B PE30OHAHCHOM molne,
90 ycuoBME NS METANNOB TPYZAHO 3unoanluo.£47

SHepreTUYeckuil CNeKTp DASKTPOHA OHBAET YACTO OYEHD CJIORHHM,

Eciy SKCTpeMyMH BOHH ZOCTHIANTCH B TOUKE 30HH BpuiuioaHa, KOTOpas
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saeMmx 7ommn (manpmuep n- Ge ® n- S¢ 'Y,

lpu npocrax saxonax mecrepemn & = & (K*) 1.P, mieer ueero
T0MEKO TOPAA, KOPZA TAZADUAT SASKTPOMATHNTHAR BONHA MMEST 0OCTEB~.
IFONYY B IAOCROCTH, nNepueHEWKyNaApHOR marawruomy nmoaw, Korza amenep=
Chifl OTHJACHAGTCH 07 cQepwuHoGTH, U.P, NPONCXOZNT ¥ B Te€X CAydasx,
KOrZia SJAeKTPOMArHWTHAf BOMHA NONAPUSOBANA BAONS MATHWTHOIO TOAS,

3T0 OWeHB NErKC NOHATH, GCAM NMPUHRTH BO BHEMAHANE TO, YTO B STHX
CAYYAsX CKODOOTH M WumyMhe HocwreneRl ne napamtensuy V= gg é

Kok OHJIO OTMEYCHO paHBUE, ADK NPOCTOM 3aKOHE AUCHEDCHH yDOBM
Hn Jlanzay SRBUANCTAHTHH, NOdTOMy cnex®p noraomesus I[,P. mpoet. Mpn
CHORHHX 33KOHAX ANCNEDCHN CHEKTD CTAHOBATCH HESKBMAMCTAHTHHM, NO3-
rouy et ACO.TU>>>4 (ACD, - pasnocTh MERAY COCEAHMME YaCTOTAMN
T0 CMCKTD NOrJOWEHUA MMEET CTDPYKTYDY

Knaccuvyeckas u xsaHTOBaf Teopms [.P, B MONyNpOBOAHMKEAX OHIM
DasBUTE B padorax[éj s .

PaccuoTpEM KpaTRO Ll.P, ANA CHOXHMX 80H, B YAaCTHOCTH Auf o-Ge
| /3— S£ -

B Hacrosmee Bpeuf W3BECTHO, UTO MOTONOK BaNeHTHOH S0HH B
EpucTa/max THna aiMasa JeXNT B IeHTpe S0HM Bpummodua (EF 0). npu-
Yem B 9Toll Touke cocTosHMEe (Ge8 yverTa CnMHA) TPEXKPATHO BHDORHBHQ.

Teopusi meroza sPexTusHOf MacCcH ANA BHPOMAEGHHHMX SOH GHAA paj
BHTa B padote[ﬁ .

JpasHenue odderTwBHON MBCCH HMEET BMZ:

= D)K. K, br()=ELr)  (621)
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~ . Vpasheuhe 5 warmutoN moie fotuiniisd ‘o' mn(ﬂf)
sameHol K{‘”K &4,

B p- Ge - Oy B orcyrcrsiu Gums-opouTansHOTO BSamMO-
aeflcTang, npw k=0 , HMEDTCH TPEXKPATHO BHPORAGHHHE NPOCTDAHCTBEH:
swe Oynxmum mma /. ¥ (B o6osmavenwsx pacorw 4 ) mpeocpasymmu-
6cfl 107 AeleTEACH SIEMEATOB TOUGWRON IpYNIM TeTpasupa Kak X , Y,
Zz -, Cnna~-opOuTankioe BaamuoieficTBNe YacTHUHO CHUMAET BHDPORZCHWE
B TOYKE K= O § nonyuaercs Bepximil, yeTwpexmpaTHO BHpoxZesund,
YyPOBEESD /Oé/,?, B Humuvil, ZBaxAN BMpOXZEeHHHN yDPOBOHB ,o,/z (pwe, I),
llonHas GTENcHS BHPOMACHMS NepBoHAvanbHON 30HM pasnsuacs 3XJ=6
(usommrens < GBgBaH co onpHOM). Beawumna CNHH~OPOUTANBHOTO DAt~
wennesms s, B p-Genopaaxa O, 3 eV, asp-Si - 005V,

ouepens Kax Qymxuus o7 F EMEeT nlmm

AL T=3,
E )= Ak /B CKEKS KK %) ]
(ARA)

A

%cornacno &/ BEPHUHH BaJeHTHOH soml OyHxuuyM npeoGpasynTes mno ;
NPeACTABAGHUD /;7 4 T.€s KAK XY XZYZ , OAHAKO, OKOHUATENBHOE
Bupaxernme Ans &(X) B 00eMX CIyyamx OAMHAKOBO.

®lpumensia XMuNYECKYD TEPUMHOIOMUD, BHDPORJGHHNE BONHOBHE
@yHEUMM y Kpafi BOHN WMENT Tpascopuanmonnwe csofiersa  -opOmT,
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Pucy 1.

n

/4 ’ A ’ ( - nocrosuume Roodduunenty sddexrnBHOd Macem;,r - co-

OTBETCTBYET TARCJHM M JIETKMM /HDKaM, COOTBETCTBEHHO,

TeopeTHUecKoe DACCMOTPEHNE NOBEAEHHT INDEM B BanexTHORl S0HE
repMaHus B0 BHOWHEM MATHNTHOM NOJE NpoBezeHo JarTTmim«:pou ol
BBHZAY 4eTHPEXKDATHOTO BHDOXACHUA B TOUKe et y PAMBABTOHHAH AHD~
KM mpejcTasifieT codoll 4/*4 warpmuy. NosToumy MoxHO BBeCTH DiderTus-
mil mowenr J= 35 .

Jins mOCTPOGHMS OCWEro BUAA TAMIBTOHWAHA MeTOZOM S)bexruBHO
MBCCH HYKHO @OCTABUTH 3 OMEPATOPOB X ¥ ] BHDORXGHUS, KBaZpa-
THYHHE 110 K W WHBADUAHTHHE OTHOCHTOISHO onepammit rpynny TeTpasi-
pa /d . Juvem, uTO CTeneHu T BHme TpeThell CBOAATCA K MEHBUMM CTe-

NeHAM M y4YTeM TaKEe, 4UTO B MArHATHOM moje:
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b I £ (6.2 2)
rae /b= £ [ag+ ga)

BarTunzmep BannCHBAST rAMNIBTOHMAH ANDKE CAGAYDEMM 00pasoM:
2 < 2
D= Kl %) & - kT Bk kA K 1557+
S pt B TH f—gz-’/(’] (. 24)

rfe ai 7 %, o % - KO9QPuuueHTH ddPerTunnofl MaccH}
K = £+ g I /] = BEKTOp-NOTEHUWAN NOCTOAHHOIO MATHHTHOT'O
noxs) .

Benunyuay 2;2—2; i t; ONMUCHBADT OTKJIOHEHME IaMUIbTOHNUA-
Ha 0T cepuyecKoil cuMmeTpum, ITO OTKIOHEHMe, B CIyuae Ge Malo,
NOBTOMY, B KAUECTBE HyNeBOI'0 NPHOIAMEEHNS MORHO paccMOTPe®s ciydail

"=p5=7 $=0 -

llpu SToM raMMIBTOHWAH AHDKM NPUHEMAET BHAS
D= a9 47V ~FRD (- E)§TH} (825)

=) - MOEHO DASZEGNTS Ha ZBE OCHOBHHE UACTH! CHMMETDHUEYD YaQTH
2D° 2”° . #F
" anrnomerpnwgfwgen A MOMyUaCTCH M3 TaMUIBTO-
unana (6.2.1) 2= ﬁ/?. cmmeTpusanuell mo e, &_« -onepaTopau
(B MarsWTHOM NONE OHM HE KOMMYTHDYOL® EPYr G ADyroM).
BHEPrWS ZLDKE DacTer ¢ pocrou Ko . [0BTOMY MORHO ZyMATS,
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UTO TPU HUIKAX TOMNODATYPAX MOENO momomurs Ko=0 , HellerRMTensH0
Ouio MOKASANO, WKO NOTPENHOCTS, MonyYacwan eciw mpuisws Ke=0 ,
_MBNa NpE RENSEEX TEMIGDATyPAX. OTMETMM OAHAKO, IO COCTORMNE
¢ Ka=0  sususab® ymMDOHNe TBHa HEKACTPOHEOPO podouAHGA. - -
Op K, =( , 3aKaua O COCCTBEHAMX SHAYEHUAX W COGCTBOHHAX
Gy HEUARX ml‘ﬁﬂlelagqb pemaeTcd mqnom/-@. ¥ lonyuaeran
(puc. 2), 4Po DHEPreTHYECHWE YPOBHE ANDKN DAcNpeZejieHH N0 YeTHDEM
PpyunaM //a‘z‘Zé’S)- Zse rpymm (27 54) AABT YPOBHY NETHWX
IHPOK, ZBe Apyr#e IpyImM (¢ &, g_) ~ YPOBHN THEGIHX mpon.
Juin sHepresuveckux ypossefl nomyvac (s ezusmiaxil-%co., )

&’ r)=n- %)3,-7 * /33’“‘f[//? /)3/ 3’-*3’] 3y /z(/)—,j}
2 (626
-t F el Fegeafop nin g

Kl -gBanTOBO® YMENO, KOTOPOE AAA ypoBHe# rpymm dt g ¥ NpUHUMa~
er smawemms ()7 2 ... , a zam ypossedt rpyma & - 2=23..
Mipn /2=C wu »= 1 nepex xOpHeu GepeTes MMWS SHAK MA0C,

Boasosue (ymxmmm cocrosmuit Q= (72) u L7 (h) mucET BUA

—(ﬂ)un 0
"yf(a /‘y a.z (”) Un /- ’}k/{;/y: g{ﬂ)u“ Y (5027)
éf(n)un

OTmeTum, WTO HyMepauus sueMenTos croxcua 3 (4 2.7)eoomnareuy-‘
er smavenuaMm J,=3 -/, /5)- V2 . Oruerau Taxxe, wro Koadiu-
meney 2,7 (72) u 6,5, (") onpenensmres ypassemmmum (1.8, 19,

Cornacso (4 2.6) SHCPreTHYEeCKNe YDOBHM Ipynn @7 B @~ npen- |
cramafp? codoll cynepnosummn cocrosumht ¢ J> o, pamumu 35 W -7, §
yposum xe rpymn &7 £~  npezcrasuanT coGoll eymepmosMmuD COCTOS-
mall ¢ J; , paBumm 72 M - %, (WCKIOUeHWSM WBIFOTCH yPOBHM




e n=0

IO._

W=7 8 togindex @ K B, okophe miswmes

dmetsit coorosumsu mo 72 ) . fipw dron mosliuummenty B cynepmosm-

¥, = 152
=Y =4
X=39 ity o ki
4=0
Ky=0
1 T B35
L 10,1
834 * 4
63,
_io_g,
3.1
o b TR Y
a* £+ a- 2
Puc, 2,

Ha pume. 2 npuBezeHa xapTwHa ypoBHe#l NpHM cAeAyLIMX SHAYGHUAX
napaMeTpOs ;= /32 ; F =48 ; x¥=39 .,

llepemerHoe SAEKTPUYECKOE NONE, NEPUSHANKYIAAPHOE OCHOBHOMY
MarHuTHOMY MOND, BHBHBAET NEPEXOAH MERAY COCEeZHEME YVDOBHAME OZHOMH

T'DYNITH,
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‘a«mmmnmm mlmlnanamm smnm Q- tﬁf-
SHepreTHYccKnll WATEDPBAN DaBEH A :;’i/ o TAE /77 apdexrunnan
uacca ‘PAReION ZEDKH, B NpUOMEECHM =75 9, 0

P : »%

Ty - - Ay

Ecau ﬁ Hé cammRoM BeiMrO (Oaaroxaps demy B Haxpoil rpym-
ne 3acesneHo uxuro yponnel) B I,P, monyyamTes ZABa NUKA, OANE M8 KOTQ
PHX COOTBETCTBYyeT NErxMM, a Apyro#l TAmeamM Aupram. Mozoxmenws 9THX
AByX NMUKOB S8BMCAT OT OPMEHTALMM BHENHErO0 MArHNTHOrO NONX OTHOCH-
TEABHO KpHCTALMMUECKHX ocell, Tax xak 777, W <777 Ha camom jeue
aHwsoTponuy, OxHamo, AnA repuMaHMA 9Ta AHM30TPONHA ciada,

fipn MaiNX KBAHTOBNX YHelax DHepPreTHYECKNe YPOBHM B Kamzofi
rpynne HeSKBUAUCTAHTHH, NOSTOMY CCIH —;‘-,-/ zocraToyno pemuxo (Gxa-
rozaps yeMmy B mamzofl rpynme saceneHo mManoe KOIMYeCETBO yposueft)
AOMNKHO WMETH MECTO pacuenuesne ofemx mixos U.P. 9t¥ wsanToBHE ¢~
OBKTH OnaM OGHADYMEHH HA TAKENHX AHPKAX £97 .

B paGore AurTMHzmepe npuBeeHN TAKKe BHDAKGHNS DHEPreTHYEC- ‘
KMX ypoBHe#f ¢ TOYHOCTBD Z0 YAEHOB NMPONOPIUOHANBHHX Z;; ]; ( Brmoun-
TENBHO), B 2TOM NMPUOMMSHAM DHEPIeTHYECKUE yDOBHM SEBHCHAT OT ODHEH-
TaWMM BHENHEer'0 MarHUTHOI'0 NOJA OTHOCHTENBHO KPHCTAJIOrpaduvyecHux
oceli, Hlanee uieHs, cozepzamue Kz s MOXHO paccMOTPETh KaK
BOBMYUECHHE W BHUNCJNTS COOTBETCTBYMIME NONDPABKM B SHEPreTHUECKHE
JPOBHN, KOTODHE OKA3WBAWTCH NPONOPUUOHANHEME /5 - .
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Bonl~npacmpanewnannoe u'cuauunoe ABRRCHHT HE' 3auennanaev; e’
YacTOTHOrO nons Ha smexrpon (7ppRY) nelernyem euna IOpenua, NPUBO~
IANGA K nepexozaM MexAy OTaUMOHapHHMY cocTosiMfuu (Ge3 H3uMeHeHMS
enuEa) . B DASKTPOAWNONBHOM N pUCAMKEHAN noaéymnanaen KBaHTOBHE
nepexoaN meMzy coconmmum yposusum Nawzay (Q/7= 7) ,xoropum coor-
BeTCTBYeT oOnuHuil .wikacrponsnit pesosanc (1,P,), MarHursoe mome
SAEKTPOMArHNTHON BOoNHN BOSOYRIaeT KBAHTOBHE NEPEXOUH MEELY CUNHO-
BHME YPOBHAMM, ITWM NnepexozaM S00TBETETBYyeT napaMarnuTHHR peaoHaHe
(iP),

Ho ecam mpoCTPaHCTBEHHOS W CHHHOBOE ABWXCHNA 3alCIIANTCHA,
S/IGKTpUYECKUA BEKTOD BHCOKOYACTOTHOI'O NOMAH, HAPALY C NEPEXOZOM
6es msuenenus cnuna (lIP), BosOymzaer TaKKe NepexoiH, CONPOBORAAD~
npecs nepeopmentTauuell cumna, Jlame npy OTHOCHTENABHO ClaloM 3amen-
JeHMM TPOCTPAHCTBEHHOI'O W CIMHOBOrO ABMEeHMl, W3-3a TOI0, YTO DIEH
TPOH B3amMozelicTByeT ¢ SNEKTPUYECKNM NOJCM SHAYNTENBHO CUIbHEE, UeM
¢ MAPHUTHHM, WHTEHCUBHOCTH KBAHTOBHX NEPEXO/0B C NepHOpUeHTaumed -
cnuHa (BHSHBaeMHX 3neKTpuueckofl cocramumwmell BOMHN) MOXeT cTaThH PO~
pasgo Goaslle, YeM HHTEHCHBHOCTS napamMarsHmTHOro pesonanca (IIP).

9ror murepecHuit sdiexT npezcxasan PawGa ¥ Haseal erc KouGu-
HUPOBAHHHM PESOHAHCOM 3 .

KouOnnuposanuufl pesoHaHc BEIDYAeT B celfi: BO3GYRICHNE CHH~
HOBHX NEpPexXoZ0B SACKTPUYECKON HOMIOHEHTOH SMeKTPOMArHHTHOrO HOJf,
I OpPOMTANBHHX MEPeX0Z0B - MarnuTHOl roMmoHenTO#l, Tak KaKk smexTpOH
B3aUMOZEUCTBYET C BIEKTPUYECKO KOMIOHEHTOR 3HAUNTENBHO cHIBHEe,
yeM ¢ MarHWUTHOH, WS ZBYX NEPEUMCIEHHHX BOSMORHOCTEH# B MOAYNpoBoz-
HUKaX CyNEeCTBEHHE IWuUbP NepBas. j

OzHoOil M8 OCHOBHHX NDWYMH 3aHEHHEHNS CHNHOBOTO W MPOCTpaH- |
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wueeT 9PPEKTHBHEE MaTHRWTRMI MOMEHT; B KOTODOM GOZSPENTCH HADALY €
queTO cinWHOBOM M opOuTasbHas Ya@Th, OueHs YacTO OPOUTAILHAA YACTH
ropasao Somsie onmnosolk ( 7256, B: W Ap.). Pasywescrd, wMeiens
HO® uaushemwe 7 - QaHTOPa He NDUBOANT K SaNENNEHWD NPOCTPAHCTHEH-
HHX W CHUHOBHX ABM¥eHuil, nodromy My He OyieM ero ofeyxuaTh. Hus
HA¢ ropasfe CyNeCTBEHASe T0 OGCTORTENBCTBO, UTO WS-38 CIMA-OPONTAIE
HCI'O B3amuozeflcTBuA oTH ABMECHES SANCTAANTCH.

Huxe wm paccuorpuu KP B paumax meToza S@QexTusHOl MACCH.

I'aMnIBTOHUGH MOXHO NPE/CTaBUYH B OGueM suze “'*

K=o # PHIE+ 16 9K)eH  (£31)

Séﬁa- YacTh NOJNHOI'O IaMMWJAbTOHMAHA, KOTODHIA HE COJePEMT CNWHOBHX

oreparopos,

Oc uarpuus layau,

97?5)- $axTop CHEKTPOCKOMUYECKOro pacueniesms (OH B oomeM cIyyae
3aBUCHUT OT KBABUHMIYNBCA),
9}%76%5l OMHCHBAET DACXOXIGHWe 30H, 0GYCHOBAGHHOE CIUH-OPOUTAIE~
HHM BSammoicliceBmeM, 370 pacXomZeHNe B0H BCerza MMeeT MECTO B KpHe-
rannax §es UcHTPa MHBEPCUM M OTCYTCTByeT NDH HAJNYUE LEHTPa HEBep=-
cum. Orcnzia caexyer, UTO B KPUCTAINAX, KOTODHE MMENT WEHTD uiBepenn
KP ocymecrsanercs 20IsK0 Me-3a samMcmuoctd G X) - gaxzopa or A
n nosroMy KP fonkeH OHTH HauGonee MHTEHCHBHHEM B KpHWeTaiax 0es
I[eHTPa WHBEPCUNM,B OCOGGHHOCTN KOPZR CHUH~OPOHTANBHOE DACXOXIeHUE

>

30H AIBAMETCA B NEPBOM NOPAAKE IO k;-if KP Oua npezcmREsaH nepso-
o
HavanrbHO MMEHHO AJf TaKUX KpUCTAJIOB .



| 4,
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PauGa moxasas , 420 B NONYNPOBOAHMEAX CO CTDYKTypoil Tuna -

P s

KOTODOH SHCTpoMYM AOCTHrAeTEH He B WBOIMPOBAHHNX TOUKAX BPIIMGYHOB-
ciolt soini, & Ha nézmoft kpusoll (newin dxerpeiymos). B rexcaramaismol
woympuxanuy xpucramior tma /S ¢ cmmerpuett (o, raumisToREEH
MOXOT WMETH BUA ¢

H = AR BUR A LA D+ oo

Koneranza < - onpeiciNeT BeANYMHY CNUH~ODOWTANBHOIO DACKORISHMA
30H, [117

Paii6a norasai ¢ UTO NS-32 HANWUMA B PAMRIBTOHMAHE UYieHA
A (O K] miewsea nepexozu (susksaeisie suewrpuvecn: HodeM) + == — »
Hlevansuan veopusi P B NOAYNpoBOZHMEAX ¢ HeTHell SHCTPEMyMOB JaHa B
padovax 14, 7,

B pfife Apyrux mnoAyNPGBOZHEKROB HKPHCTANIMSYOUMXCH, HaNpHMED,
B peme:xe wnskosolt obuaunxw ( 7. SH u 2p.) (A) mueer nops
K (/5167

Pam6a m llexa B padorax nocrpomim Teopmi KP S0HHHX 3JISETPO
HOB B KpHCTaanax ¢ pemeTxoft muuxosofl oOuankm, OHM BHUMCIMIN ymoai
3aBHCHMOCTH De3OHaHCa ¥ NMOKAsalM, 4To Yacrory KP ssamores imueftmsnm
KouGuHanuAum vacror NP u HP »

Onepatop, cBfsanHui co cnanwpﬁnrﬁm’m pPacXOXIeHNeM 30H HMee!
BUZ 50(58?) s PHe 6{’2=/@26~/(:£/g)' é{'; i 9;21 noxyua~
oreR us X umeIMYecxoll nepecraHoBKoR MHIerCOB, BTy TEODED OHM |
npuuerwan aaw /2- 1, SE o Wi yzamocs omemmrs So M moEasaTh, ¥TO
waTeHCUBHOCTS KP 3HaumpensHo Goxbue, 4YeM MHTeHCMBHOCTH [P,

B kpucrammax ¢ nemfeyom MHBEPCUN BO BCEM K o« NPOCTPAHCTBE

Ve
S0HH ZBYXKDPaTHO BHPORZGHH (]cnna-opduwmaoe pacxoxlieHne B80H paBHO



prer I5. R
Ry (/K) = () ),mo9touy KP ' SOSHEXSST WU BCICACTBUG SEBMCUMOCTR:
g~ Dawvopa’ or K o
""" Toordy KP g’ n- G w »°Se g fioetposita’ Bofia ﬁ&i

| mnxa lepﬂﬂqeﬂmmon noxasana, 9ro mnavencusHacTs KP y NP oz
HOT'O NOpRZANA,
B nounvipoBoAHRKax C HOHTDOM MHBEDPOMY WHTOHCUBHOCTE xnuﬁlnlpqs:
BaHHMX TepexoAos maya, Ho, ®am Mu yBuzmy Hume, uMeerTes ocoOmit ciy- |
yall, xorja mETencWBHOCTH KP 0UeHD BeNMES. % J
NOCKONSKY B MOAyNPOBOAHMKAY © nexrp&géﬂ} BOBHUKAET BCUSACT~ ]
BHE 3aBHCHMOCTH 5 - (parTopa oT x y OH JonmeH ONTH Hambonee “
CHNBHHM NPW HANNINY OAWBKMX S0H, KOT'ZA OTCTYNISHNE ? 0T HOCTOfAH~
HOTO BHAUGHHA RACTynaeT 0COSEHHO PaHo /. g~ ﬁ_: « Hume uy noxames, |
TO M0ZOGHYD CHTYalMD MOKHO MCKYCCTBEHHO DeamusoBa®s B O-6€ W
/9'5;' « Ho noxa um nepeilfen = oGcymAeHMI 3T0H BOSMORHOCTH, OTMETHM,
YTO B3AMLOCAGHCTBME ONWSKMX 20H MOMET CTATH CYUECTBEHHNM ¥ B KpHC-
TaJiax 0e3 LeHTpa MHBEDPCHM.
HomycTum, YTO y HAC MMCHTCH ABE AHOMANBHO GAMSKO DACHONOKEH-
HHX B0HH, AN KOTODHX He WCUYesaWT MaTpPUUHHE DNeMeHTH WuRyIsea 25' i)
CBESHBADIME WX APYr C APYrou (75%=*é».
B npuGnmmenvn 3@dexTneHofl Macew ypaBHEHMA Aus ITUX 30H Npei~ |

eTaBIART co00lf ypasuende Jupaxa Ans GucnuHOpA / 5%) {197 H
(E-A-V(r)]H + 7 1SET Y =0

e B
/—E-fﬂ——l/(r)]% - 2%80'?%:0
- v
= V3 m
Ecim nonycTmTs, 4TO paccTOsume MEEAy B0HaMM CGOXbLE, YeM
EKNHETHUECKan DHEPI'MA SJEeKTPOHOB, TO JEI'KO NMOJyYaeTcs "pelaTuBHCT-

(€ 3.2)

craa"™ Qopuyna CnmHE-OPGUTANBHOIO B3agMoAcilcTBNfA.
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Vi~ SEEER sy
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..................

OfwuAan peAdTHBUCTCRAR JOpuyna i SHEDTHM. GNUH-OPCHTANBHOTO
B3aUMOZCTICTBUR HMeeT BUZ

2 A
Vo= j;ﬁc., G (EX] (4.34)

C'  «~ cropocTs emera,

MurencnerocTs KP, woropult nofisnseres Hs-3a yso Mana, Tax
K&k 9T07 WieH MOMEeT OGYCHOBMTH JMMB NEPEXOH, lnanu!enauo'dcaaa
cnaouwe (rnopszxa Vz/cz )y uem nepexozu NP u KP 7”A—c, <1 ).

B pearrHux cuTyauusx K@pTWHa TOPAsA0 CIOXKHE®, HO ACHO, YTO
H B KpUCTaJNax ¢ NEeHTPOM CHMMETDHN TNPH HAJMYMA OIUSKHX S0H MOXET
BOBHUKHYTH KP ¢ Goanuell MHTEHCHBHOCTHD,

BajieHTH@A 30HA ﬁe " SZ s KaK MW yKa3aIM BHuS, HMEST
SRCTPEMyM HDE Z?Z’CJ, mpuyYeM B 9T0H TOYKEe B0HE TPEXKDATHO BHPORZE-
Ha, Bcuemetse onnn—opﬁmaxsuoro BaammozeiicTBug B TOUKRE /(7; O 8oua
pacuenifeTCH,

3-3a HAIMYMS CRAMH-OPGUTANBHOrO B3aMuoZefCTBNS CTAUMOHADHHE
COCTOSIHMA HE ABIANTCH WMCTHMN CNVHOBHMM COCTOSHMAMM. SPdexTuBHHE
MarHUTHHA MOMEHT ZNDKM 3aBHCHT OT HANpaBICHUS xnasnlunynzca.zﬁ u
obuxHoBennufl [P He maGmozaeres,

Kax ussecrHo, B KpHCTammax ¢ sHcoxo#i cmmerpueit, NOABEPI'HY THX
Aedopuanun, noEmxawmedl cumueTpmi, BHDOEZEHWE MOXET GHTH CHATO, YTO
NPUBOZNT K MBMEHEHMD SHePTeTHUECKOTO CHEKTpa,

(20, 247

Mukyc w Bup passuim IEeTalbHyl TEOpHD W3MEHEeHMS dHepre-



WOR ;7

TUYECKOTO CIGRTPA W CBASAHHNX C HUM  FBJOHME npK ZejopMemME

. Ha ocsiode 06uero memoma . ., PasENTOre MKyoois NOlyva-
& | SESREELfabhes AR KSR A SARGE S e ibindth b
D= (a- B+ BT & T HE1ILNE,  (835)

e

2-9 =~ ramgnsTonwan JaTruHzamepa.,

é?é; ~ PeHSOp Aedopuamun.
a, €, - xoscranvy ZedopuaNNOREETO moTeHUANS.

fz pasoru [21] cunezyeT, 4r0 npu anmsorponHoll Aedopuaumm Bu-

-» PORZienne cHMaeTCH. DU AWBKMX TeMuepaTypax, KOTZAS DPACHEIICHHE
T Ae=>7", nonywawren zse npoeTMe som, NMoBepXHEOETH HOETOHEHOM
7 DHeprum BOIMSW SKCTpeMyMa B AebODMMDOBAHHOM KDUGTAINE FBAARTCA

sanmricoMnamy. fipn 9TOM COOTBETCTBYBUME KOMTOHEHTH TeH30pa ShHex-

THBHOW MAcCH He BaBUCAT OT BeWUUHN ZHPODMALIAY ¥ 3ABHGAT TONBEO

0T Hanpanneamwa‘u].

lugnorponnsit pesouanc B zedHopmupoBaHHOM /o- ée g P ¥ oun

HabunzecH (2527] . /287

llukyc u Bup noxasaum s uTO B zedopumpoBaHHOM Lo- G€ y

/O*gf: uoxno HaGmozaTh NP, B HezefopumpoBanHOM KpWCTAANE Pe30HAHGHAS
vacrora C4, sasmenr or /? U moaToMy BMECTO y3Ko#i pesonancuoft
JMHNR noJNyvYaeTeH WUWpOKaf nojnoca, B zedopumpoBannom wpucramie COn
SaBHCHUT TOJLKO OT HanpapneHus ZedopMauum ¥ He 3aBHCUT OT F (npm
MaJiom F ), TOSTOMy B ZAHHOM CiyYae HaGawozesnme P cranoBHTCS
BOsMOEHHM, JelicTBuTensHo, [P Ha arkuentopax Oy HaGAOACH B nedopun-
poBaHHOM - =% el .

llockombiy B MOAYNPOBOAHMKAX ¢ IEHTPOM WEBEpCHM KP BO3HUKAET

.
BCJACACEBHE 3aBACHMOCTHU (? - (parropa or K o OH HaubolNee culieH



i
TpY HAMMAMY GAMSKMX 30K, ST0 HAHOAMT — HA MWGAL, GT0 B AeBOpmMEpo-
BaRHOM /o e w /o-% s TAc pacerofiue uekzy pacuerteiiimg aunm_’ _'

A’ - ropfma TECROTSAY SO BF, MDh Whdwiix Wawhopatypak iiokie
ﬁﬂmﬂaﬁ Kg: ............................. [ L RS

Hopszor Seawuusn STOTo adfexta AOrKO MOMHO OHeHWTH, Ms coodps

-

welull DasuepHOCTH n;no, Y0 KBaApaTHyHOe N0 A - . .cmaraemoe B 9w
$axrope nopaxka EZ? s @ MATPUUHHA SACMEHT KOOPAMHATH NOPAA~
A K
Lrp e’ [
= 2 xap.
I np Ag

Sro orHouenMe ropaszo Gombue eAMANNE. B raase Il uM ZSTaABHO PAGCMOT

puu KP B zedopunpoBanHOM P Ce u P % |
fuTepecho oTueTHTh, uT0 KP MOKHO HAGANZATH HA CBASAHHHX

uenrpax, Teopus KP Ha nOKaABHHX NEHTPaxX GOJNBLOrO pazmyca Ouia pace

CMOTpEHa B paldoTax (29,30 3‘{]

BaouGepreHou OHJIO yKa3auo [527 y UYT0 Ha JOKAJBHHX LEHTpax

uazoro paguyca KP cTaHOBMTCH BO3MORHMM, DECUEDUMEHTANBHO STOT pe~ |
souanc Gui maGmonen Mozsurow u Xowou’ >, f

Kp Ha BOHHHX HOCHTENRX SKCIEPUMEHTANBHO OHI OGRADYREH B
padorax 34 55]
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m W3 OCHOBHHX ME@TOZOB mmmtm UByHeHRUs m
- GTPYRTYPH PBepAHX TeA HBIHETeR WH(parpacHoe noruOweHwe, CYmEDCTS
9F0ro ABACHUA COCTOMT B TOM, YTO NPW MOrJcueHWd nazawmeff saewTpo-
MATHATHON BOSHH ¢ Bueprusdl doroma 7O 53-11'% '(ac'} - UMPWHE. 3aNpe~ .
UeHHOR 30HM), BAGKTPOH NEPEXOAWT WS BaAGHTHON S0HH B 30HY NPOBOAN=
Mocen. fipw 9rou xaparTed BARMCHMOCTN KOPEDUEWSHTA OT SHEPrEM BOIH-
88U nopora, CHILHO SaBHCHT OT zeranefi ao_mmﬁ eTpyxTypd. Caezomarens-
HO, W3yvas MHQPaKPacHOE NOIrJOUeHMe B MOAYNPOBOAHNKAX, MOKHO MOJy=
YUTH CYNMeCTBOHHYD WHOOPMALME 00 IHEPreTHYSCKOM CNERTPE SICKTPOHOB.

Paccmorpum snemeHTapHyn Teopuw MHPAKDACHOrO MOTMONEHWS,
flyors mueeTcs ZBe NPOCTHE 30HH (80HA NMPOBOAMMOCTH M BaJeHTHAR)
(cu. pues 3). C sawonoM zmemepemu: £, — t‘zlé\i; &2 23—%‘%{ (dy1)
4 £(¥)
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nycn axc'zpeum aﬂx uoa paenozoxeﬂu B omﬂ " mﬁ He !om
a0Ew Bpmussa (xis npecyoms npwmew K.~ O, pio, 3)s
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M= ;i’z/cc‘?v{m

fE; =~ avnmTyZe nanameme snexTpoMariETHoR TOMim,
77l - wacca cBOGOZHOTO SIAEKTPOHA,
F (/r7 - MATPHYHHI SneveHT Wumynbea 1m0 GHOXOBCKUM qrymﬁm_z

B auHOM NIPOLECCE HMEST MECTO COXPAHEHNE WMIYTHGA Kc'""() *?
( Q - munymec HoToHa). Dnmo, 5 npeHeOpeRuMo Mano u, ClIenoBa~
TENBHO, WMEEM TNPUOGIMECHHO 7(/ 3 « Hoaromy, ecum SKCTDPEMYMH
B Banentholt so0He ¥ B s0HE nponoj;:_zgocm He aE%aT 3B ozmoft m Toff me
TOURE, HeoOXozmMO ydacTue fomona (em. pme. 33),

NMepexonw Oes ywactus oHona naA3WBADTCS NDHAMMME, ¢ yvyacTHeM
foHOHA -~ He NPAVHMHR,

Paccrorpun npAuMHe NEpexozH [-45,4:4]3 clyuae 80H ¢ NPOCTHME
3aKOHAMU AUCMEPBNM, MATPUYHHA SJEMEHT WMIyIbCa WMEET BUAS

/8,//?7:/2(,;,62(“_,/{ (5-43)

B6ausu nopgf-a noIJoNneHNs /? v ( E) MORHO pPasNORHTE B
pax mo cremenmy K 3 |
2R (K ,‘e” (€44)
Ecau V/A’)/ +( s TO MuEEM T.H, npauoii paspemeum nepe-

X0z, ecum xe 2, /0) + O u /QV[U-—;;?'E' ?‘-’0 s TO HueeM
npsauo#t sanpemenHul nepexoz. '
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