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JIEKITNS 7

OO6mue cBoiicTBa OoJHOMEPHOro ABMKeHusd. OCOnJIISIIMOHHAS
Teopema. /IBu>keHne B IIePUOJUIYECKOM IOJIE

7.1. Obwiue cBoiicTBa OJJHOMEPHOIO JABUXKEHUS

Ha mnpeapiaymieit jgeknuu ObLIO ITOKa3aHO,
4TO B 3aBUCUMOCTHU OT HOTeHIMaJIoB Vi 1 Vo
BHe 3aBucnmoctn ot (hopmel norernuasa V(x)
(cM. puc. 7.1) CyIIECTBYIOT TPU OOJIACTH, PEIIE-  smmmmmm———
nug ypaBuenus [llpenuHrepa B KOTOPBIX Pa3-  —

JIMYIHDBI:

(I) : E >V, 2 Vi
(1) : Vo> FE > Vi Y
(1) - E <V < Vi

Puc. 7.1.

i mepBoii 00/1aCTH pelleHne UMeIo OC-

MIIAPYIONIUI XapakTep Mpy 3HAYEHUAX T, CTPEMAIINXCS KaK K +00, Tak 1 K —oo. st
9101 0bJ1aCcTH OBLIN TOJIYYeHbI 3HAYEHUA KOI(DPUIIMEHTOB IIPOXOXKICHNUsT I OTPaXKEHUs OT
Oapbepa 1 MOKa3aHO, YTO UX CYMMa PaBHA €JIMHUIIE.

Brr1o Takke mmoka3aHO, 9TO BHE 3aBUCHMOCTH OT (DOPMBI IIOTEHITUAIA W HAIIPABICHUS
pacIpoCcTpaHeHnsl YaCTHUIbI (CIpaBa HAJEBO WJIM CJIeBa HAIPABO) 3HadeHUs KOd(hdUIm-
€HTOB OTpayKeHUsl U IPOXOXKJIEHUsI He MeHsIoTcsa. V3 cymecTBoBaHust KO3(pOUIUEHTOB
[IPOXOXKJICHIUS U IPEJIOMIEHNS BHE 3aBUCHUMOCTH OT (pOPMBI IIOTEHIINAIA U, B YACTHOCTH,
dopmbr «ropbay LM, ciaemyer cymecTBOBaHUE JABYX HEKJIACCUIECKNX 9(P(DEKTOB:

— IoxbapbepHoro (TYyHHEIBHOIO) MPOXOXKICHUS;

— HanbapbepHoro orparkenus.

B obnactu II upnu

r — +00

pemrerune ypasuenus [lIpeannrepa nmeer 3aTyxarommii Bu

2m(Vo — B
U = Ae™ + Be ™, w? = (—) (7.1)
B2
[TockobKy Ha OECKOHETHOCTH BEPOSTHOCTH HANTH JacTHUILy JTOJ’KHA PABHATHCS HYJTIO,
To pemtenre (7.1) Gyaer umerhb (PUMUECKHUN CMBIC TOJBKO B TOM CJIydae, KOrja

A=0,

TO €CTh He CYIIECTBYET IKCIOHEHITNAIbHO PACTYIIEro MIPU & — +00 MHOXKUTEJS.
IIpn x — —o0 pemeHne MMeeT OCIUJIIUPYIONINI XapaKTep:

2m(E =)
h2

U — &1lezk1x +a12€71k1:p7 k2 —

Ecim nupun xr — “+00 ocTaeTcd TOJBKO pemenune, IpoIopuruoHaJIbHOE 67%3:, TO IIJIOTHOCTD
IIOTOKa BEPOATHOCTHU

3 =0, T — 400,
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ITOCKOJILKY Ha, ITPOILION OBLIO TTOKA3aHO, YTO JIJId HEHYJIEBOH IJIOTHOCTHU TIOTOKA BEPOSITHO-
CTU B pelieHuun (7.1) JOJIZKHA CYLIECTBOBATH 3KCIIOHEHTA, [10Ka3aTe/Ib KOTOPOU ABJIdeTCd
MHUAMON BEJIUYMHON, 3aBUCAIIEH OT T.
CrenoBaTesibHO, Ha JIEBOM KOHIIE OCH & IJIOTHOCTH IIOTOKA BEPOSITHOCTH TaK:Ke paBHA
HYJIIO
7 =0, T — —00.

DTO 03HAYAET, UTO
|0611’2 = |Oé12|2;

IIOCKOJIBKY IIJIOTHOCTBH ITOTOKa BEPOATHOCTHU OIIpede/IdeTCd CICAYIOIUM COOTHOIICHUEM:

itk

J (|0411|2 - |CV12|2)-

Bsesiem cirerytomnue 0003HaUEHNUS:
11 = C@ié, 19 = Ce_ié.
B sTom citydae perienue 1npu r — —00 MOXKHO IIPEJICTABUTD CJIEIYIOMIM 00Pa30M:
U ~ coskz + 0.

Crenosarensio, obnacts (II) orBeuaer ToMy, 9TO BOJIHA, MAJAIONIAA HA OTEHIIUAb-
HbIil Gapbep B Touky A (cM. puc. 7.1), HEMHOrO IPOHUKAET 3a 6apbep (10 TOYKU OCTAHOB-
ku A’) ¥ 3aT€M HOJIHOCTHIO OTPAYKAETCS.

OT.HI/I‘{I/Ie OT KJIaCCUYECKO MeXaHMKU 3aKJ/II04YaeTcd B TOM, 9TO B KJIaCCUYEeCKOU MeXa-
HUKE TOYKa A — TOYKa OCTaHOBKH YaCTHUIbLI, B KOTOpOﬁ HallpaBJIeHUE JIBU2KCHUA JaCTUIbI
MeHsIeT 3HaK Ha ITPOTUBOIOJIOXKHBIN. B KBaHTOBOI MexaHHKe, KaK ObLIO CKa3aHO paHee,
JaCTUIa MOKeT ObITh HafijeHa BHYTpHU MOTEHIMAILHOIO Oapbepa.

Tak Kax B JAHHOM CJIydae CyIIeCTBYeT TOJILKO OJMH THIl JBUKCHUS, TO CIEKTD HEBbI-
POXKJICHHBI 110 SHepruy. Pellenue CymecTByeT M ¢IMHCTBEHHOEe, OJHAKO CIIEKTP Hellpe-
PBIBHBIA.

Cayuaii (II) mamomuHaeT siBj€HHE MOJTHOIO BHYTPEHHEIO OTDAYKEHUSI B ONTUKE: €C-
JII CBeT IaJaeT Ha I'PAHMILy Pa3esa JABYX Cpell I IOoKa3aTeslb IPEJOMJICHHUS CPEIbl, U3
KOTOpOI HaJaeT CBeT, OOJIbIIe, IPOUCXOIUT IOTHOE BHYT-
pPEeHHee OTpasKeHue.

ITpumep 7.1. HecmoTpst Ha 3TO, CBET YACTHIHO ITPOXOIUT
B apyryio cpeay. [.C. Jlanacbepr mokasas 9T0O ¢ MOMOIIHIO
CJIEJLYIOIIErO ONBITa (CM. puc. 7.2).

[Iycts B cocyme (1) HajmTa KUJIAKOCTH, KOTOpasi MO-
JKeT CBETUTBHC IO/, BO3jeiicTBueM u3rydenusd. Jlyun cBera ~
(2), nomasiast Ha TIOBEPXHOCTH COCY/IA, MCIBITHIBAIOT TOJI- ~
HOe BHyTpeHHee OTpaKeHue, OJIHAKO MOBEPXHOCTHBIHN CIIO0i Cé -—
KUJIKOCTH (3) JIIOMUHECTIUPYET [OJ1 BO3/IeHCTBUEM STHX JIy-
qeil.

Puc. 7.2.
Baryxanue moj 6apbepom, anagorundroe ciaydao (II) (cm. puc. 7.3), Bo3MOXKHO 1 B
cayuae (I), korga
E >V, 2V
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B stom ciydae, ojinako, 6apbep mMeer Ko-
Heunyio Juuny. CienoBaTe/bHO, BOJTHA MOYKET
npoiiTu ckBo3b Oapbep (KpuBast AB Ha pucyH-
Ke 7.3) U MpOJIOJIZKUTH PACIPOCTPAHEHUE, HO
y2K€ C MEHbIIeH aMIIJINTYI0M.

Pacemorpnm obmacts (I11), B koropoit

E <V <V
B stom cityuae npu

xr — +00

Puc. 7.3.

BbIOepeM, Kak u B ciaydae (II), Tosibko 0JIHO pellieHre ¢ eJIMHIIHON aMIIuTy10ii, 00Jaia-

fo1ree (PU3MIECKUM CMbBICJIOM:

\Ill — 67%21, %g =
B sTOM ciiydae Ha Apyrom KOHIE OCH X IIPU

T — —O0

pemerne Wy OyzeT UMETh CJIELYIONIUI BUI:

Uy — ag(B)e ™ + apa(E)e™?,

O‘{eBI/I,ZLHO, 4To 1Ipu T — —OCO pelleHue

06126%11

2m(V; — E)
2
2o 2 = B) (7.2)

3aTyXaeT, B TO BpeMs Kak IepBoe cjaraeMoe B BbipazkeHuu (7.2) jjist BOJIHOBOIN (DyHKIMN

PacCTeT 3KCIIOHEHIIAaJIbHO.

nga mpousBoJibHOM sHeprun F, HECMOTpd Ha HAJIMIUE SKCIOHEHITUATBLHO I1a/IaIoNe-
IO PEeIIeHus, 9TO PelleHne HelpueMJIeMo ¢ (pU3MIECKON TOYKHM 3peHus. TakuM odpa3oM,

dusnueckn mpreMIeMOro pereHns I TPOn3-
BOJILHOIl SHEPIUU HE CYIIECTBYET.

Ojinako perienre, HAIPUMep, JJIs Iapa, Ha-
XOJIATIEr0Cd B MOTEHITUAIBLHON gMe, CYIIeCTBY-
€T B KJIACCHYECKOil Mexamuke (cM. puc. 7.4).
[Ipuememoe pereHre MOKET OBITH TOJIYYEHO
B TOM cJIy4ae, Korja KodpuimeHT

Oéll(E)

B BbIpazkeHnu (7.2) IpH OLPEIEeJICHHON Hep-
run F obpaTuTcsa B HOJIb.

E/\ V(:l?)

Puc. 7.4.

B srom ciydae pemenue ypasuenus Illpenunrepa Oynaer npuemsaemMo ¢ (GU3NIECKOI
TOYKHU 3PEHUS JJIs JTUCKPETHBIX 3HAUYEHUIT SHEPTrUn

E:El,EQ,...

, B
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TeopeTnyueckn, BO3MOXKHO CYIIECTBOBAHUE PENICHUs, HE COJIEPXKAIIEro HU OJIHOTO 3HA-
YeHUs SHEPIUU.

[Ipu nuCKpeTHBIX 3HAYEHUSX SHEPIUU, COOTBETCTBYIONIUX (PU3NUECKU MTPUEMIIEMOMY
pelenuio, perenue OyIeT SKCIIOHEHITNAIBHO 3aTyXaTh BHYTPb IIOTEHITNAIA KaK ITPU 3Ha-
YeHusxX r — +00, TaK U Ipu T — —O0Q.

PaccmoTpuM HarIsHYI0 MOJIE/Ib BCEX TPEX CIIYIAEB:

— Tpermnit ciy4aii. [IycTs cTpyHa 3aKkpernieHa ¢ IByX KOHIIOB: B 9TOM CIIydae KOJe-

OaHus BO3MOXKHBI, €CJIU B JJIMHY CTPYHBI YKJIAJIbIBAETCH II€JI0€ YUCJIO JJTUH BOJIH,
TO €CTb IPU JUCKPETHBIX 3HAYEHUAX JIJINH BOJIH.

Taxum oOpa3oM, B 3TOI aHAJOTUM OTCYTCTBHE SKCIOHEHITUAIBLHO PACTYIIErO Pere-
HUd Ha 000MX KOHIAX O3HAYACT 3aKPEILICHUE ITUX KOHITOB.

[[Tpeguurep OBLT MPOTUBHUKOM W€l JTUCKPETHOCTH, CYIIECTBOBAHUS PA3INIHBIX
CKaYKOB B KBaHTOBOIl MexaHuke. B cBoeit Omorpacdun oH mucasi, 9To He 3HAJ, YTO
OTPaHUYEHHOCTH HA OECKOHEYHOCTH SIBJISIETCS KPAEBBIM YCJIOBUEM, KOTOPOE SIBJISIET-
cd PABUJIOM OTOOpAa OIPEIeICHHBIX JITHH BOJIH.

— Bropoii cay4aii 9ror ciaydail aHAJIOrHYeH CTpyHE, 3aKPEIIEHHON JIUIIb ¢ OXHOIMA

CTOPOHBI (HAIIPHMED, — CAJ0BOMY ILIAHTY ). Eciu mycTuTh 10 Takoii cTpyHe BOJIHY,
TO OHA& OTPA3UTCA C TOI 2Ke aMILJIUTYIOMN.

— IlepsBbrii ciry4dait DToT ciydail COOTBETCTBYET CTPYHE, Y KOTOPOil 006a KOHIA CBO-

60/Hbl. B 3TOM Ccitydae BOJIHY MOXKHO ITYCTUTDH KaK B OJIHY, TaK U B JIPYTYIO CTOPOHY.

Taxum oOpa3oM, JIMCKPEeTHbIE 3HAYEHUA SHEPIUU MTOJTyYaroTcsd OJ1arojiaps TpeboBaHuIO,
YTOOBI ITPHU

T — —0Q, r — +00

HE CYIIECTBOBAJIO 9KCIIOHEHIINAJIbBHO PaCTYIIIUX peI_HeHI/IIL/'I.

7.2. OciJJISIIMOHHAs TeopeMa

PacemorpuMm rpadudeckoe mpeacraBieHne, U3 KOTOPOIO MOYKHO IOHSATH, HOYEMYy B
JIOCTATOYHO TJIyOOKO¥ MOTEHIUAILHOM siMe BCerja HaiiJIeTcs pelleHne MPU HEKOTOPbIX
JINCKPETHBIX 3HAYEHUAX IHEPIun. PacCMOTPUM CHMMETPHYIHYIO TIOTEHITHABHYTO MY (CM.
puc. 7.5). B ypasuenuu HIpenunrepa

2m(E — V(x))

v+ = =0 (7.3)

dbyukmus U’ obpaimaercss B HOJIb B JIBYX Caydasx: Korja GpyHKiusg ¥ paBHA HYJIO U B
TOYKAX OCTAHOBKH:

v =0,

V=0 <<=

W3 kypca MaTeMaTmIecKoro aHaJM3a N3BECTHO, YTO €CJIM BTOPas MPOM3BOIHAS HEKO-
Topoii dyrkun W nosioxkuTesbHa, T0 Ha rpaduke 3asucuMocT W (x) dyHKIMs BBITYKIIA
BHU3, & €CJI OTpuliaTeabua, To pynkius ¥ BBITYK/a BBEPX.

[Iycts crauasa

E<V.

B stom ciyuae, cormacuo (7.3), Bropasi npousBoaHas W Beromy Gosbiie vy

v >0, x € (—00,+00).
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FE
AN
V ~ 1 >
,x L] ,x
Puc. 7.5. Puc. 7.6.

CaenoBaTeibHO, BOJIHOBasg (DyHKIMS OyIeT BCIO/LY BBINYyKJa BHHU3. B 3ToM cirydae
HaJIMYIre SKCIIOHEHIIMAIbHOrO Iajienns GpyHKImu ¥ Ha JIeBOM KOHIE OCH T OyJIeT O3Ha-
9aTh, 9TO IPU T — +00 3Ta PYHKIMs OyIeT UMEeTh DECKOHEYHO OOJIbIoe 3HAUYEHUE (CM.
puc. 7.6).

CretoBaTeIbHO, 9TO perreHne He Oy1eT nMeTh (PU3NIECKOro CMBIC/IA.

[Tycrb Tenepb SHEPrus YACTUIBI B CHMMETPUIHON HOTEHIUAILHOM sive (cM. puc. 7.7) F

TaKOBa, 9TO
[ =E>V

B stom citydae, ecti morpeboBaTh SKCIOHEHITUAIBHOE 3aTyXaHUe IIPH
T — —0Q,

TO, MPOIiJisi depe3 TOUKY OCTAHOBKU A, B KOTOpO#l BTOpasi MPOU3BOJHAS OOpAIaeTcs B
HOJIb, BTOpas npou3BogHas GyHKimu VU M0KHA U3MEHUTH 3HAK.

< L E; & ™
¥\ 2] E; TIc Ty  Tp Tp T
To Ty Ip Ip >$
2
Puc. 7.7. Puc. 7.8.

CrieioBaTe/IbHO, MEXK/Iy TOYKAMU OCTaHOBKM A u B ¢ KOOpJAMHATAMEU T4 U Tg (CM.
puc. 7.8) dyukmnust ¥ OyneT BBIMYKa BBEPX.

B Touke ocranoBku B ¢ Koop/uHATO Tp BTOpas MPOU3BOJHAT CHOBA OOPATHUTCS B
HOJIb, IIO3TOMY IIpU BCEX T TaKUX, UTO

x € (xp,+00),

BostHOBas byHKInsg ¥ CHOBA CTaHET BBIITYKJIA BHU3, HA IPABOM KOHIIE OCH I YCTPEMJISACH
K 400 (kpuBas (1) ma pucynke 7.8). CiesoBaTesibHO, TAKOE PEIIEHUE TAKYKE HE MMEET
dusnueckoro cmbicia.

[Iycts Tenepb
E; > EY.
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B srom ciayvae kKpuBasi (2), Ipoiijisi BTOPYIO TOYKY OCTAHOBKU [ ¢ KOODIMHATON Zp,
MOZKET IIepecedbcsd ¢ OChbIo T. Ecm 310 npounsoiiger, To Bropasd IpOU3BOAHALA DA TAKOM
Iepexo/ie CHoBa UISMEHUT 3HaK. XapaKTep BBIIIYKJIOCTH USMEHUTCA Ha HpOTI/IBOHOJIO}KHI)HL/.I7
TO €CTb Ha MHTEpBaJle

(xDa +OO)

dyukiua ¥ GygeT Bce BpeMs BBITYKJIa BBEPX, TO €CTh OYJET NMaJaTh Ipu & — +00.
Taxkum obpazom, Kpusast (1) Ha pucyHke 7.8 IPOIMOPIHOHAILHA

Ae™*, A >0,
a KpuBag (2) npornopuuoHajbHa (QyHKIUN
Be**, B <0.

9T0 03HAYAET, YTO MEKy 3HAYeHUsIMU SHeprun L] m Ej Haiijgercs HEKOTOpoe 3Hade-
HEe, mpu KoTopoM dyHKug V(x) obparutcst B HOJb (IIepeceverT 0Ch T U, TAKUM 00Pa30M,
U3MEHHUT XapaKTep BBIMYKJIOCTH Ha IPOTUBOIOJJIOXKHBII) TOIBKO MpH

T — +00.

B sTom citydae moJtydennoe perienue OyJieT UMeTh (DPU3UIECKUA CMBICII.
[Tycrb Tenephb B 10CTATOYHO NIyOOKOM MOTEHIMAIBHOl siMe (eM. puc. 7.9) nmpu sHepruu

E =E; > E}

dbyuxmmsa V(z) morma 66l KoeOATHCS B MOTEHINAIBHON sMe, OOPATHUBIINCH B HOJb B
HEKOTOPOI TOUKe X, Haxondieiica MexK Ly ToukaMi A n B ¢ KOOpIUHATAMEI T4 U Tp.
B aTom ciydae na unrTepsase

(:BAv ZB;)

HKIIA \I’ 2 ) BBIIIVKJIa BBEPX, a Ha MHTEPBaJIE
by y X, p

(LU;, xB)

s1a GyHKIW OyIeT BITYKJIa BHI3, MOCKOJIbKY Ipu mepexoie depe3 W(x) = 0 xapakTep
BBIIIYKJIOCTU MEHSETCS.

FE
N
V(z)
C D E;
v\ Bl Es
Lo Ty IpTp >x
Puc. 7.9. Puc. 7.10.

B rouke xp xapakrep BBITYKJIOCTH (DYHKIIUHN TaK¥Ke JOJZKEH U3MEHUTHCS (OHA CTAaHeT
BBIITYKJIa BBEPX) U [IPH
r — 400, U(z) = —o0,
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TO €CTh Takasd (PYHKIUS HE UMEET (PU3MIECKOr0 CMbIC/IA.
Omnucanuyro 3aBUCUMOCTDb Bbipazkaer Kpusas (3) Ha pucyske 7.10.
[Iycth Temepb SHEPrusi Y4aCTHUIBI B JIOCTATOYHO TUIyOOKO# MOTEHIUATLHOM siMe (CM.
puc. 7.9) TakoBa, 4TO
E =FE] > Ej.

B srom ciydae BosmoxkHO, uT0 KpmBag (4) (cum. puc. 7.10) mocsie cMeHbI XapakTepa
BBIIYKJIOCTU B TOYKe [) ¢ KOOpJMHATON xp mepecedeT och x B Touke r**. B 3r0ii TOU-
Ke XapakTep BbltyksocTu dbyHKinn W(xr) cHOBa M3MEHUTCS HA [MPOTHUBOIOJIOKHBIH. DTO
MPUBEJIET K TOMY, YTO IIPH BCEX X TaKUX, 9TO

x € (2", 400)

dyukius ¥ OyjeT BbITYyK/a BHUA3, 9TO IPUBEJIET K €€ IKCIOHEHIINATLHOMY POCTY ee 3Ha-
qyeHud Ipu r — +00.

CuietoBaresibHO, MeKIy dHeprusaMmu L5 n Ej cylnecTByeT 3HaUYeHUe SHEPI'HH, IIPU KO-
TOPOM BT, BOJIHOBOI (byHKIINK Oy/IeT TaKOB, UYTO OHA IepeceveT OCh T MpU

T — 400,

TO ecTb OyJieT 3aTyxaTh. Takoil Bu/1 BOJTHOBO# (DYHKIINK TaKKe IMeeT (PU3UIECKUN CMBICT.

W3 s1ux paccyzxieHuit MOYKHO CJe/IaTh BBIBO/I, UTO MEPBBI YPOBEHDb OT «JIHA» ITOTEH-
[UAJTBHON MBI OTBEYAET BOJIHOBOM (DYHKITUHU, HE OOPAIAIONIEics B HOJIb HU MPU KAKUX
SHaYCHUAX T.

Crenytomuit ypoBeHb OyJ/ieT OTBeYaTh TOMY, UTO CYIIECTBYET POBHO OJIHA TOYKA, IJIe
BOJTHOBast (DyHKIMs 0OpaIaeTcst B HOJIb (POBHO OJIMH HOJIb BOJIHOBO# (dbyHKIwN ). Ecn siva
JIOCTATOYHO TUIyDOKAas, TO MOXKET CYIIEeCTBOBATH CJIEIYIONMNN YPOBEHb, KOTOPOMY OyIeT
COOTBETCTBOBATH BOJTHOBasi (DYHKITUS C JBYMsI HYJISIMU.

DTO yTBep:K/JieHNe HOCUT Ha3BaHNE OCHUJIJISIIMOHHON Teopembl. B jasbHeiimem,
[IpU M3YYEeHUU yPOBHEH ocrnm/uisiTopa Oy/er MOoKa3aHo, ITO pacipejesieHne YPOBHE Co-
OTBETCTBYET OCIUJLISIIMOHHON TeopeMe: y epBOro YPOBHs HyJIEl He OKAXKEeTCsd, a y N-0ro
ux OyjeT poBHo n — 1.

IIpumep 7.2. PaccMoTpuM KOPOTKOJIEHCTBYIOIILYIO 9
HOTEHINAJIBHYIO My (cM. puc. 7.11). /\

IIycThb cymiecTByeT ypoBeHb 3HepruM, MaJjo oTid- /. e’ N\ /
qajomuiicss or Hyas (GygeM cduTaTh, 9To Ha 6ecko-
HEYHOCTH TIOTEHIMA PABEH HYJIIO)

4
S 4

V(—o0) = V(+00) =0,

a
a € — BHeprud CBA3U B 9TOU gAMe.
[TockoIbKY 3TOT YPOBEHB OTBEYAELT 3aTyXaHUIO U
K +00, 1 K —00, TO BOJIHOBas (DyHKIIUA Oy/IeT UMETh Puc. 711
CJIEAYIOUINI BUAI:
AT
U~Cer (7.4)

Beipazenue (7.4) mosydeno npu nojcrasoBke B (7.3)

E=e<0, V(z)=0
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U TIOCJIE/TYIONIEM PEIIeHIH TTOJTy InBIIerocs g depeHnnagbsHoro ypaBHeHHsT BTOPOTo 110~
psLIIKA.

Haitiem paccrosiime, Ha KOTOPOM IpOnCXOAuT 3bdeKkTrBHOE 3aryxanue. Bygem ctn-
TaTh, 9T0 3P HEKTUBHOE 3aTyXaHUe IPOUCXOIUT, KOI/Ia 3HaUYeHNe (DYHKIHN YMEHbIIACTCS
B € pa3 (TO eCTb Ha PACCTOSHMSAX, IIPU KOTOPBLIX IIOKA3aTEIb SKCIOHEHTLI B BbIparKe-
mnn (7.4) OKa3bIBACTCA MOPS/IKA €INHAIID):

h
V/2mle|

BameTnM, 9TO T — PACCTOsIHME, HA KOTOpOe BOJIHOBas (DyHKIs Oy/eT paciupocTpa-
HATHCS 11071, TIOTEHIMAIBHBIM GapbepoM V().
[IycTs pasmep sambl paBen a. Ecin € Masio oTiimyaercs: OT HyJisd, TO

Tog ~

To > a.

B kiraccuveckoit mexanuke, ecyin Obl 9aCcTHIA OKA3aJlaCh CIIpaBa OT IOTEHIINAILHOM
ssMbl (cM. puc. 7.11), rje moreHnuan paBeH Hy/0 (TO eCTh HA YaCTUIYy HE JEeHCTBYIOT
HUKAKWE CHJIbI), HOIYTO He MOIJIO Obl BEPHYTH €€ B MOTEHIUAJILHYIO SIMbI: 9aCTHUIA TIPO-
JIOJIZKIIA OBl PACIPOCTPAHATLCA B MOJIOKUTEIHLHOM HAIIPABJICHUH OCH .

O/Hako, B KBAHTOBOW MEXaHUKe, OKa3bIBAETCS, CYNIECTBYEeT CBI3aHHOE COCTOSTHUE,
IIpUYEM ero pa3Mepbl 3HAYUTEIHHO OOJIbIe pa3MePOB MOTEHITUATHHON AMBI.

[IycTs cymecTByeT apyras 9acTHIA ¢ SHEPTHUei

E=¢>0,

HO MaJIO OTJIMYAIONIeiics OT HyJId.

B srom ciryuae ee kosebaresnbHoe nBukenue (Kpusas (2) Ha pucynke 7.11) Oymer
OJIM3KO K JBUXKEHUIO IIEPBOM YaCTHUIILI B MOTEHIUAILHON sIMe.

Takum obpasom, YacTuIia, MOAX0/IsIast K IOTeHIINAIbHON gMe, B KOTOPOi HMeeT CJ1abo
CBA3AHHBIN yPOBEHD «IIOYYBCTBYET» AMY 3HAUNTEILHO PAHBIIeE, YeM JIOH/IeT 10 ee TPaHNIL,

PaccMoTpuM mpakTHUecKoe IpuMeHenue 3Toro 3¢ dekTta. B a1epHoM peakTope Ha IIpH-
poxHoM ypare 232U nemmrea ypan 22U, macca Kotoporo coctasiisgeT seero 0,07% ot obeit
MaCCEl ypaHa.

IT0, OHAKO, He ABJISCTCS TIOMEXOil /7T CO3aHNs PeaKTopa Ha IPUPOIHOM ypaHe, Mo-
CKOJIbKY ¥ ypana 23°U cyIecTByIoT ypoBHH, OIM3KOPACIIOIOKEHHBIe K HYJICBOIH SHEPIIHL.

B pesynbTaTe ceueHme 3axBaTa OKa3bIBACTCS 3HAUUTEIBHO OOJIBIIE, YeM TI'eOMETPH-
YeCKUue pa3Mepbl d/ipa, 9TO BbISbIBa€T BO3MO2KHOCTDL 3axBaTa HeﬁTpOHOB aTOMaMU ypa-
Ha 25U co snaunTebHO GOJIBbIIEl BEpPOATHOCTLIO, YeM aToMaMu ypana 238U, YV 238U raxxke
CYIIECTBYIOT YPOBHHU, XOTb U OTCTOSIIIINE OT HYJIEBON SHEPTUU JaJjibIlle, 9eM YPOBHU ypa-
Ha 23°U, 1o Bce ke GIM3KO JIeKalie K YPOBHIO HYJIeBOIl SHEPTHH.

HaJimane Taknx ypoBHEl BPeJHO JUId A1ePHOIl peaKIui, MO3TOMY UX BIINSHEE IIPHXO-
JIATCA YCTPAHATH.

DTOT IpUMe]P MOKA3bIBAET cpaly JiBa HEKJIACCUIeCKnX 3 dekrTa:

1) Yacrura B MoTEHNUAILHOI SiMe, B KOTOPOIi CYIIECTBYET YPOBEHb SHEPIUH, OJIN3KUil
K Hy.HeBOﬁ QHEPIrun, MO2KET OTXOIUTH JaJIEKO OT O6HaCTI/I ,ILeI’ICTBI/IH CHUJI 1 IIPHA 9TOM
OCTaBAThCSI B CBA3AHHOM COCTOSTHHM.

2) Paccesinue Ha Takoil 9acTuIle MOXKET UMETh OYeHb 6oJIbIoe 3 HEKTUBHOE CeUeHIE.
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Bropoit acpdekT MoxkeT mMeTh 0YeHb sdApKue mposiBiaeHus. Harpumep, y aToma rajio-
quHus 3pPEKTUBHOE ceveHne 3axBaTa Me/JIEHHBIX HEWTPOHOB B MUJLIMOH pa3 OoJIbIe
reOMeTPUYECKUX PA3MEPOB JIipa.

ITpumep 7.3. Paccmorpum mojpobHee ypoB-
mn 23U, 0 KOTOPLIX T'OBOPMJIOCHL B IpUMe-
pe 7.2. Paccmorpum ciienyionuii  oTeHmpall
(em. pue. 7.12).

DTOT IOTEHIMAJ, Ka3aJ0Ch Obl, OTBEYaeT /b

BTOPOMY CJIyYalO JIBUKEHU: €CIU YaCTUIla pac-
[IpocTpaHsieTcd u3 00JIACTU IOJIOYKUTE/ILHBIX 1 9i X \_/ \_/
m -_x‘,

E

v

A

3HAYEHUI KOOPJAUHATHI X, TO, BHE 3aBUCUMOCTHU AAAAF?
OT ee SHEPruu, OHa OTPA3UTC U OYJIET Pacipo-
CTpaHATbC cjieBa HampaBo. C KJIaCCUIECKOi S
TOYKHM 3peHns, B HeOoabIoil sme OB BO3MOXK- 0 % B v
HBI CBSI3aHHBIE COCTOSTHHS. Puc. 7.12.

[Ipu gocraTounoil rIyOMHE AMBI TaKHUe CO-

CTOsIHMsI JICHCTBUTEILHO BOSMOXKHBI (KpuBasi a Ha pucyHke 7.12) . B cramumonapHom co-
CTOSTHUY BOJIHOBas (DyHKIMs Ha yaacTke (1) 3aTyxaer skcrmonenmaabio. Ha yaacrke (2),
rje

xr > Io,

TaK?Ke BO3MOXKHO IKCIOHEHIMAIbHOE 3aTyXaHne (KOria PACTYIIast SKCIIOHEHTa OTCY TCTBY-
er).

B sroMm ciydae mocjie TpOXoXKIeHNs TOTEHIUAIBLHOIO 6apbepa BOJIHA OyJIeT pacipo-
CTPAHATHCS CJIeBa HANPaBO C HEKOTOPOil MaseHbKOil aMrumTymoit. B obbraHoMm (HecTa-
[MOHAPHOM COCTOSIHUH ), COOTBETCTBYIOIEM KDHBOi b Ha pucyHke 7.12 Ha ydacTtke (2)
HabJIIO/TAeTCs SKCIIOHEHIINAbHBIN POCT, B pe3y/bTaTe 4Yero aMILIATY/a BBIXOJAIIEH u3
HEKJIACCUYIECKO 00JIacTU BOJIHBI TOpa3i0 00JIbIle, YeM Y KPUBOIl a.

Taxum obpazoM, OOJIBITUHCTBO YPOBHEH Oy/IyT COOTBETCTBOBATL TOMY, YTO BOJIHA C
HEKOTOPOU aMILIUTY/ION, TPUXOJIAIas ClipaBa HAJIEeBO, 3aTyXaeT Ha IIEPBOM IOTEHITUA b
HOM Oapbepe U, OTparkasiChb OT BTOPOI'0, paclpOCTPaHIeTCsd B OOPATHOM HAITPABJICHUN.

O 1HaKO CyIIEeCTBYIOT JIMCKPETHBIE YPOBHU, B KOTOPBIX aMILIUTY/Ia BHYTPHU ITOTEHIU-
AJILHON MBI 3HAYUTEILHO OOJIbINE, YeM aMILIUTY/a CHAPY KU 3TOi siMbl. Takue cocTosiHust
Ha3bIBAIOTCS KBA3UCTAI[MOHAPHBIMU COCTOSTHUAMU. Fc/in yacTuiia HaXoIUTCA B TAKOM
COCTOSIHUM, TO JIJIsI BBIXOJIA M3 HEIO MOYKET MOTPEeOOBATHCH JITUTE/IHHOE BPEMS.

DTO sBJIEHNE, HAIPUMED, SBJISETCT MPUINHON (-Paciajia; -JacTUIa MOYKeT BBINTH
U3 TMOTEHIINAIbHON SIMBI, HO JIJIS 9TOTO €if Hy>KHO IIPEOJI0JIETh Daphep.

Eciu u3 obiacTu OJIOXKUTETBHBIX & TPUXOJIUT YaCTUIA C SHEPTHell, OJIN3KOI K SHEP-
'Y KBa3UCTAIMOHAPHOI'O COCTOSTHUS, TO aMILIUTY I8 BHYTPHU IMbl, OY€BUIHO, OKA3bIBAETCS
ropas/io 0oJIbIle, YeM aMILIUTY/IA [TaJAat0Ieil BOTHBI.

C aapavm 238U mabogaercs NMEHHO TaKasd CHTYAII: TP CPABHUTEILHO HEOOILINOLH
SHEPIUN

E ~10-20 98

CyIIeCTBYeT HECKOJILKO PE30HAHCHBIX COCTOSHUI, PACIIOIOKEHHBIX OJIU3KO APYT K JAPYTY.

B arom ciaydae HeitTpon, obpasyromuiics mpu geaeHun 220U W UMEIOMIHUiT SHepruio
nopsika 1 MsB, mpoxojisi 4epes3 BelecTBo, 3aMeIsieTCs, JIOCTUTas SHEPTUU MopsiKa F
U 3axBaThIBaeTCa aapamu 220U 6e3 MoC/ e yIONero JIe/IeHHs.
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DtoT 3hderT Mermasr Obl OCYIECTBICHUIO MEMHON peakiuu. UToObl 3TOr0 He PONC-
XOJIUJIO, OBLIO MPHIYMAHO CJIeIyotiee. TerIoBbLIeAIONIMI 3JIeMEHThI (TB3JIbI), 0003Ha~
gennble unjekcom (1) na pucynke 7.13, comepskar «tabaerkn» u3 cvecu 222U un 238U,

R ————————SSY
e ———————

N

=1

AT

Puc. 7.13.

Mexk 1y TBas1aMu pacrnosiaraior rpadut. HefiTtpon, BbuieTast u3 0JfHOro U3 TBIJIOB, MOTIa-
Jiast B rpaduT U CTAJIKUBASCH ¢ HUM, TUMDOYHAUDYET. DTO TPUBOAUT K TOMY, 9TO SJTEKTPOH
3aMe/IJIeTCs, IPOX0JId «OMACHYI0» 00/IaCTh, COOTBETCTBYIOINLYIO SHEPTIHUN

E ~10-20 9s.

[Tommastast B cireayromumii TBYJI, HEHTPOH, TaKUM o0Opas3oMm, m30eraeT 3axBara sijIpa-
mu 238U. CraenoBaTesnbHO, TpadUT B peaKTopax Ha TEIJIOBBIX HEHTPOHAX HEOOXOINM I
3aMeJlJIeHNs] HeTPOHOB JI0 SHEPIWH HUKe [MOpora 3axBaTa Ha KBA3UCTATUIECKUX YPOB-
uax 238U. Buarogaps cyliecTBOBaHHIO cjabo CBA3aHHBIX ypopHeil 23U, mpoucxouT 3a-
XBaT HEHTPOHOB aTOMaMK MMEHHO 9TOr0 M30TOIa ypaHa.

Taxast cucremMa ecTecTBEHHBIM 00pa3oM aBToperyaupyercs. IIpeamoao:xmm, 910 peak-
[T B HEKOTOPBIA MOMEHT BpEMEHHN HAUMHAET IPOUCXOINTE ¢ OOJIBINENl MHTEHCHBHOCTDIO.

B sTom cirydae crarmonapHbie YpOBHI SHEPIHH, UCIBITHIBAA JIOIIJIEPOBCKOE CMEIIEeHNE,
PACIIIUPSAIOTCS, ¥ BEPOITHOCTD 3aXBaTa Ha HUX yBEJIMIHBACTCS.

TaxuM 06pa30oM, IIPH YCKOPEHHM peakluy, 6jarogaps yposusM 28U yBesndnBact-
cst 9¢bHEKTUBHOCTH 3aXBaTa, U CKOPOCTh PEAKINN 3aMejIsdeTcs: Hab/I0aeTcst odpaTHast
3aBUCHUMOCTH CKOPOCTH PEeaKIni OT TeMIIepaTyphl.

B peakTopax ¢ oborareHHbIM ypaHOM 3TOT 3hdeKT He Beera yuanTbiBau. [Ipuannoit
9TOro, B 9aCTHOCTH, cTajia KaracTpoda Ha Hepnobbuibekoit ADC.

Ee o/1Ho BakHOE HalpaB/ieHne — CO3JIaHNe PeaKTOPOB Ha OBICTPHIX HefiTpoHnax. Pe-
AKTOPBI Ha OBICTPBIX HEHTPOHAX — TOMOTEHHBIE PEAKTOPDI, B KOTOPLIX MaccoBad o 232U
Besmka (oboramenne U Besmko).

B makux peakTopax ypaH pacTBOPEH B HEKOTOPOW KMUJIKOCTU. PeakTop Ha OBICTPBHIX
HelTpoHax 00/1aJ1aeT HECKOJIbKUME YHUKAJIHLHBIME CBOMICTBAMU OJITHOBpeMeHHO. B HeM Mo-
JKET OJIHOBPEMEHHO OCYIIECTBIATHCS:

— Briaenenne saepruu;

— HapaboTka HOBOTO TOpIOYero;

— Bpikuranme oTxososB.
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7.3. ,Z[‘BI/I)KGHI/IE JacTulbl B II€epuoANIeCKOM ITIOTEeHIInaJIe

PaccmorpuM eme onun ciiydail pelenust BOJIHOBOrO ypasuenus. [Ipu paccmorpennu
METAJIOB B Kypce o01meit (hUsHKH (3JeKTPUIECTBO) PACCMATPHBATIACH MOJIEIb CBOOOIHBIX
9JIEKTPOHOB B METAJITIE.

Kazkercst cTpalHBIM, 9TO CYIIECTBYET BO3MOXKHOCTD C HEKOTOPOH TOYHOCTDHIO OIHCATD
JIBIZKEHUE 9JIEKTPOHOB B MeTaJsljle KaK CBOOOJHBIX YACTHI[, XOTS METAJLI HMeeT KPUCTAJl-
JIMYIECKYIO PEIIETKY.

IIycts norennumasn V(x) TakoB, 9T0

V(r+a)=V(x), —00 < T < 400,
a
TO €CTh CYIIECTBYET OECKOHEUHDIN ITePUOINICCKUI ; ; |
norenrual (cM. puc. 7.14). | | LS
Bynem cunrarh, 9TO B TOYKax A, Az’+1 An N
Aiy Airy - An, Puc. 7.14.

HAXOJSITCS $JIpa, & JUIMHY KPHUCTAaJLIa MPUMEM DaBHON GECKOHEYHOCTH (TO €CTh 3HAYU-
TeJIbHO OOJIBINEIl YeM MepHo/| PEMIeTKN ).
[Ipu mHekoTOpOit sHeprun E CyIIeCTBYIOT JIBa PEIIeHUs

p1(z), pa(z). (7.5)
BostnoBoe ypaBHeHHE UMeeT CJIEIYIONIUI BT
HU = EV, (7.6)

e H coiep:KuT nepuojimdecKuii moTeHIual.
[ToneiicTByem Ha 00€ YacTU BOJITHOBOI'O ypaBHEHUs OllepaTopoM casura 1), jneiicrue
KOTOPOT'O 3aK/II0YAETC B CJIETYOIIEM:

Tuf(x) = f(z + a).

B sTom cityuae neiictBue oneparopa 1, na H He n3MeHUT raMuIbTOHUAH H , TOCKOJIbKY
norennuan nepuouueckuii. CiegosaresbHo, ypasaenue (7.6) mpumer cJie Lyl BuL;:

HU(z +a) = EV(z + a).

Do osHauaer, uro ecau V(xr) — pemenne ypasuenus (7.6), To V(r 4+ a) — Takxe
perienne ypasaenus (7.6).

Permenwuii 10/1KHO CyIIIeCTBOBATEH BCETO JiBa, TOITOMY HekoTopast hyHKIus p1(x + a),
KOTOpas SIBJISIETCS PEIleHNeM, JIOJIKHA ObITh JINHEHOW KoMOuHaImeil Ga3uCHBIX perre-
Huit (7.5) ¢ HeKOTOPbIMU KO3 duIneHTamu:

o1(T + a) = a1 (x) + apps(x). (7.7)

Dyuriws po(r + a) TakKke gBiagercsa pemterneM. Cire0BaTE/IBHO, OHA JOJKHA ObITH
cyneprosuieii 6a3uCHbIX pereHnit

Vo + a) = a1 (x) + aapa(x). (7.8)
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Beipazkenust (7.7), (7.8) MOXKHO 3ammcaTh B MATPUIHOM BHUJIE CJIELYIOIIUM 06pa3oM:

o1z +a)\  (oann a2\ [(¢i(x)

oa(x + a) Q91 Qg @a2(x)
IL.HH COKpaHleHI/IH BbIKJIaI[‘OK YC.HOBI/IMCH B ﬂaﬂbHeﬁHleM CLH/ITaTb, qTO €ecJin beHK—
mn @1(x) u o) 3amucanbl 6e3 apryMeHTOB, TO apryMeHTOM STHX (DYHKIHUIl siBJIsieTcst

repeMeHHad .
[TocTpoum Takoe perieHue, 9TOOBI

p(z +a) = Ap(x), (7.9)

TO €CTh YTOOBI PE3Y/ILTATOM AEHCTBHS OIIEPATOPa CABUIa Ha (DYHKIMIO ObLIa Ta ¥Ke caMast
DYHKIMSA, HO ¢ HEKOTOPLIM MHOXKUTEIEM .
Bynem uckarb ¢(x) B ciemyomemM Br/e:

p(z) = Crp1(z) + Copa(w).

B stom ciryaae Beipazkenue (7.9), corsacuo (7.7), (7.8), upumer c/ieyoniuii BuI;:

o(r +a) = Crpi1(z + a) + Copa(r + a) =
= C (o111 + a1292) + Co(aarp1 + anepa) = A(Crer + Capa).

[Honyumnoces ypasuenue st nmoctosdHubix C7 u Co, KOTOpOE paciaiaeTcst Ha CHCTEMY
JNByX ypaBHenwuii. [IpupaBauBag 3HaUeHUs IPU Y1 MOJYIUM CJIEJIyIONIee YPaBHEHUE:

(a11 = A)C1 + anCz = 0, (7.10)
a IpUpaBHUBagA 3HAYCHUA IIPU (9 HOJYIUM BTOPOE yYpaBHEHUE:
a1201 —+ (&22 — /\)Cg =0. (711)

Ypasuenusi (7.10), (7.11) BMecTe COCTABJISIOT CHCTEMY, U3 KOTOPOil BO3MOXKHO OIpPe-
nenutsb 3uadenus C u Cs.
TpuBnaibnoe pernienue

OYEBHU/IHO, CYIIECTBYET BCEIA.

W3 kypca nunHeitHOl airedpbl N3BECTHO, YTO HETPUBUAILHOE PEIIEHIe CUCTEMbI JINHET-
HBIX OfiHOpPOAHBbIX ypaHenuii (7.10), (7.11) Gymer cymecTBoBaTh TOJIBKO B TOM CJIydae,
€CcJIN IETePMUHAHT CUCTEMbl paBeH HYJIIO, TO €CTh:

a1 — A Q21

2
N A — Man + ag) + ajjaes — agage =
(5P)] Qoy —

Q11 Qg1

= )\2 — )\(0511 + CYQQ) + =0 (712)

Q12 Qg

B kypce nuddepennuaabbx ypaBHEHHI ObLIO JOKA3aHO (M HA MPOLIOH JEKITHH ObLT
yKas3aH CII0CO0 JI0KA3aTeIbCTBA, aHAJIOTUIHBIN BBIBO/LY JIjIsI IJIOTHOCTH IIOTOKA BEPOSITHO-
CTH), YTO OUPEIETNTEb BPOHCKOr0 — MOCTOSTHHAST BEJMIUHA, TOITOMY

() ei(z)
() pa(x)

¢y (r+a) pi(z+a)
@y(r +a) wa(r+a)
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C apyroit croponsl, cornacHo (7.7), (7.8), onpeaenurens BpoHCKOro MOKeT GbITh BbI-
ParkeH CJICIYIONIM 00Pa3oM:

¢i(z+a) ei(z+a) i agr| |pi(x) ()

- )

oh(x+a) oz +a) ary | |oh(x) o

8

N3 s1ux JIByX BbIpayKeHHUil, OYEBUIHO, CJIEIYET, ITO

11 091 -1
Q12 (22

Taxkum o6pasom, coriacto (7.12), morydarorieecst KBaJApaTHOE YPABHEHHE OTHOCHTEb-
HO A\ IIPUMeET CJIeTYIOIIUiI BUI:

N — Magg + agp) +1=0. (7.13)
Ecnn
Al > 1,

TO, CJIBUTAsA BCe JIaJIbIlle U JaJIbIe BIPABO OyJieM IOJIy4YaTh Bce 0oJiee PACTYIILYIO BOJIHO-

BYIO (DYHKIIHIO.
N naobopor, ecun
Al <1,

TO, CJIBUTasl BCE JIAJIbINE U JIAJIbIIE BJIEBO, ONATH MOJIYIUM PACTYILYIO C KAXKJIBIM MIArOM
BOJIHOBYIO (DYHKIIMIO, HEHOPMUPYEMYIO JIa’Ke C TOMOIIBIO BEKTOPOB COCTOSTHUSI .

Taxum obpazoM, 9ToOBI U30€KATh POCTA BOJHOBOU (DYHKITUU B N€OMETPUIECKON TPO-
rpeccur KakK B CTOPOHY YBEJIUYEHHS KOODJIMHATBHI T, TAK U B CTOPOHY €€ YMEHBIICHUsI,
HEOOXOIMMO, ITOOBI

A =1.
DTO 03HAYAET, YTO BeJIMIMHA A MOMKET OBbITH IPEJICTABICHA B CJIELYIONIEM BUJIE:
)\1 =",

Ecau Bropoe perenne

TO, corjiacHo Teopeme Buera,
_ o, —ioe _
Ay =% =1 =,

rje ¢ — KoahduImenT npu cBoOOIHOM wieHe B ypaBHenun (7.13).
IIo »Toii ke Teopeme Buera,

/\1 + )\2 =2cosa = Oéll(E> + (]122(E)7

a Tak Kak
—1 < cosa<l,
TO JIOJIZKHO BBITIOJIHATHCS CJICIYIONIEE TPABHUIIO:

Oéu(E) + OZQQ(E)
2

-1< =cosa <1 (7.14)
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9TO HepaBEHCTBO O3HAYAET, UTO dHeprusi F Oymaer Jie- o
JKaTh BHYTPU HEKOTOPOI obJsiacTi, TO ecThb OyjeT cylie-
CTBOBATH HEKOTOpAas MOJIOCA Pa3PEIIeHHBIX SHEPruil (CM.
puc. 7.15), E;

Ef < E < E3,

npuieM BO3MO2KHO CyHI€CTBOBaHNE€ HECKOJIbBKUX TaKHUX 00- Pnc. 7.15.

macreit (em. puc. 7.16).
Eciun pasperuts sHepaBeHcTso (7.14) (To ecthb pemurh ypasaenue [Ipeuarepa u Haii-
i KodpdurmenTsl a1 (E) 1 age(F)), TO MOXKHO BBIPA3UTh HEPIUIO Y€PE3 COS (v

E = f(cosa), (7.15)

TO €CTh YeTHas (PYHKIUS BEJTUIUHBI (V.
Oyukiws @(x), cABUHYTasi HA N IEPUOJIOB PEIIETKY, TIPUMET CJIeLy O BII:

p(z +na) = () "p(x) = “"p(z) = 'a"p(x), neL (7.16)
O6o3HauMM
(6%
a

B stom ciryuae yenosuio (7.16) yiaosierBopsier cieiyromas byHKIU:
o(x) = e""U(z), (7.17)
rie U(x) — nepuopndeckasi (GyHKIUS, TO €CTh
Ux +a) =U(x).

Oynknus U(x) MOXKET 3aBUCETH OT BEJIMIUHBI ¢ 1 HOP-

Mepa nmoJocel § (em. puc. 7.16): "7/
Ulw) = Uyy(x). g

DHeprus B 9TOM CJydae, COTJIaCHO (7515)’ oyer sB- =2 T
JIIThCS HEKOTOPOI 4eTHOi (byHKIMel oT ¢°:

E = fi(¢%). I N

Oynknus p(z), onpeensemas BeipazkenuneM (7.17) —
MOJLyJIUpOBaHHAsT Teprojdeckast (pyHKIusA (mepuomde-
CKagl BOJIHA), a SHEePrusl — deTHas (DYHKIMs, 3aBUCAIIAsA OT ¢°.

Cire10BaTe/ILHO, PA3JI0XKUB 110 2, HOJIyYUM CJICIOYIIee COOTHOIIEHHeE:

AE

Puc. 7.16.

E ~ f0+rq27

rae r — HEeKOTOPbI KO3 dUImenT.

Bocrionb3oBaBmmch mpaBuaoM pa3MePHOCTU Jjid KoM dUImenTa r, mMoayIuM CJIeTy-
FOIIYIO 3aITUCh JIjIsI dHeprun F:
h? q2
2m*’
B KOTOPOI BTOPOIl 4jieH, (DaKTUIECKH, IIPEJICTABIAET COOON KUHETHIECKYIO SHEPTUIO CBO-
0O/THOTO JEKTPOHA C BOJIHOBBIM BEKTOPOM (.

E~ fo+
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Takum oOpa3oM, B HMEPUOTUIECKOM ITOTEHITHAJE BO3- AE
MOZKHBI TIOJIOCHI Pa3pelleHHbIx dHepruit. Buj szaBucumo-
cru E(q) npeacrasien Ha pucyske 7.17. 2
[TockosibKy BeJIMYIMHA O E
1 2
s 7 <
—rT<as<ntT = ——<Lq¢< — E
a a
~
" " " 7S T °q
B mavanbnoil paspermennoil mosoce, B KOTOpoil sHep-  —4 o
rusd MeHgeTca oT L] 1o B 3aBHCHMOCTB OT ¢ MOYKET OBITh
npejicrasiena kpusoii (1). B ciemyromeit mosoce, Kak mpa- Puc. 7.17.

BIJIO, 9Ta 3aBUCUMOCTD IIPEJICTABJIEHA y2Ke KpUBOil (2), TO
ecTb KO3 duImeHT
2
D)
2m*

MOZKET ObITh KaK MMOJIOYKUTETbHBIM, TaK U OTPUIATETHHBIM.

B neiicrBuresibHOCTH, €C/IN pACCMATPUBATH KOHETHBIH EPUOJANIECKUN TOTEHINAI (pe-
[IETKY KOHEYHOMN JIJIMHBI), MOYKHO YBUJIETh, YTO I10JIOCA, B KOTOPOI COjlep:KaTcsi yPOBHH,
“MeeT KOHEYHOE YUCJIIO I10J1y POBHEIA.

VIV
\/
\/

N s

N T

N

\/
~
|/
2 VoY%

LA
N4

Puc. 7.18. Puc. 7.19.

N

Pacemorpum BHadasIe pererky, cocTosAmtyo u3 aByx o-gyukuuii (em. puc. 7.18). Cy-
[MIECTBYIOT JIBa pelerust: pemierue (1), cCMMMETPUYIHOE OTHOCUTENHLHO HEKOTOPOIl ocu v,
006J1aJIaeT MEHbINeH SHEPrueil M0 CPABHEHUIO ¢ perreHueM (2), CUMMETPUYHBIM OTHOCH-
TesibHO TOUKHu (.

Hamomuum, 9T0 B yTBEpK/IeHNE OCIULIAIIMOHHON TE€OPEMBI COCTOUT B TOM, UTO II€p-
BBIil 110 SHEPIUHM yPOBEHb COOTBETCTBYET BOJIHOBOI (DYyHKIIMU, HE MMEIOIIEN HYyJIeil, BTO-
poit — BOJIHOBO# (PYHKIINN, UMEIOIIeil OINH HOJIb, 1 T.11. i geTbipex d-byHKImil cytie-
CTBYIOT, COOTBETCTBEHHO, Y€ThIPE BO3MOXKHBIX pereHus (cM. puc. 7.19).

— Husiee 110 suepruu, we umeroree Hyseit (kpusasi (1) wa puc. 7.19);

— Bosee BbICOKOE 110 HEPTHUH, BOJTHOBAA (DYHKITNST KOTOPOI'O UMeeT POBHO OJINH HOJIb

(xpusast (2));
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— Eme 6Gosiee BbICOKOE 110 SHEPIUH, COOTBETCTBYIOIIEE CYNIECTBOBAHWIO JIBYX HyJIeil
BOJIHOBO#T dbynkunn (kpusas (3));
— Beiciee no sueprun (kpusasi (4) uva pucynke 7.19). B arom ciryuae cyuiecTByor Tpu
HyJIsl BOJTHOBOH (DYHKITHH.
Paccrosinue Mexk 1ty ypoBHsIME (B CIydae IByX 0-DyHKIM) Olpene/gercs 3aTyXaHueMm
YPOBHSI JI0 3HAYEHHsI BTOPOIrO IIOTEHIUA/IA, TO €CTh SKCIOHEHINATBHO MAJIO.
J171s1 Iepro/inecKoro moTeHIuaIa, COCTOSIIEro U3 YeThipex d-pyHKIMI cyIecTBOBaIa
OBl 10J10Ca, B KOTOPOIii cojlepKasioch Obl YeThipe ypoBHs (cM. puc. 7.20).
Ecim cymectByer OTEHIMAI, COCTOAIINNA U3 N IIEPUOIIYECKUX 0-DYHKIHii, TO B 110-
J0ce GyJier cyrmecTBoBaTh 1 yposHeii. [Ipu ycrpemienun

n — +00

BCE N ypOBHGfI COJIBIOTCA B OJHY IIOJIOCY, YTO U OBLIIO IIOJIy9€eHO paHee JIJId OECKOHETHOI'O
HIEPpUOJNIECKOIrO IIOTEHIIUAJIa.

E,

| X

Puc. 7.20. Puc. 7.21.

B

,ZLI/ISIIGKTPI/IK OoTJIM49aeTcd OT MeTaJlJla TeM, 9YTO B JUIJICKTPHUKE JIJId JIEKTPOHOB MMeE-
eTcd He 7. COCTOdHUII B I1oJ1oCce, a B JIBa pa3a OoJIbIIIE. ﬂOHOHHHTeﬂbeIe 7N COCTOSIHUI
HOABJIAIOTCA B CBA3U C T€M, YTO CIIMH 3JIEKTPOHa

1
s=3

Ecnu B MeTasie o/iuH 13 BEpXHUX YPOBHE( B [MOJIOCE 3aII0JIHEH TOJIHLKO HAIIOJIOBUHY, TO
[IPY [IPUJIOZKEHNU BHEIITHETO TI0JIsA Ha 3TOT YPOBEHb MOI'YT HONAJIATH 9JIEKTPOHBI, CO3/aBast
opu 5ToM TOK (cM. puc. 7.21). Besmuuna ¢ mpu 5T0M MEHSIET 3HAK Ha IIPOTUBOIOJIOXKHBIIA.

Takum 06pa30oM, MOYKHO 3aKJIFOUUTh, UTO METAJLIbI HAXOJISITCSI B COCTOSTHUSIX, IJI€ YPOB-
HU B [10JIOCE 3AII0JTHEHBI HE MOJTHOCTHIO.

B ausiekTpuKax moJI0Chl 30 THEHBI MTOJTHOCTBIO, TIO3TOMY MEPEX0JT U3 OJIHOIO YPOB-
HsI B JIDYIOil HEBO3MOXKEH — Bce MecTa yixke 3auaThbl. JI.B. Kemapim obHapyKmi, 910 B
OYEHb CUJIBLHBIX TIOJIAX BO3MOXKEH MOJA0APLEPHBII Mepexo/1 9JIeKTPOHOB U3 OJIHOMN TIOJI0CHI
B sipyryio. [losb3ysachk atuM adpdekToM MOXKHO CO3/IaTh, HAIIPUMED, JTUOJIbI.

Eciin B Kpucrasiie, KpoMe HEKOTOPOI 110JI0ChI, NMeeT-
sl IPUMECDH, TO BO3MOKHO CYIIECTBOBaHUE JIHOO HUZKE OC-
HOBHOI TIOJIOCHI, JTHOO BBIIIE HEe JIONOJTHUTEIBHOI 1T0JIOCHI,
CBsI3aHHOI ¢ puMechio (cM. puc. 7.22).

U3 muxkueil mosocer (1) BO3MOXKEH TEPEXOJ B IYCTYIO
[OJIOCY, TJie HeT 3JIEKTPOHOB: TaKOIl 10JIyIPOBOIHUK HA3bI-
BaeTcs JOHOPHBIM. V3 3aI0/HEHHON TOJI0CH BO3MOXKEH
[epexo/| B IYCTYIO BEPXHIOW 10JIocy (2), Takoii mosrymnpo- Puc. 7.99.

BOJIHUK HA3bIBAETCS aKIEIITOPHBIM.

CoBpemeHHasi HayKa O TBEPJOM TeJjie OCHOBAaHA Ha CXOJHOI Mojesu. [Ipu nocrpoernn
9TON Moze/n TpedyeTcst, BO-IIEPBbIX, PACCMOTPETh TPEXMEPHBIN CIydail, a BO BTOPBIX —
YyUECTh CUMMETPUIO KPHUCTAJLIA.
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ITpumep 7.4. Kpucrayur Bogopoia — MOJEKYISIPHBII KPUCTAII. DTOT KPUCTAJLT CJIa00-
CBA3AHHDBIN, MOJIEKYJIBI yJIep:KUBAIOTC cuyiamu Ban-iep-Baasibea.

Ecmm x xpucrasay BoI0Opojia NPUIOKUTH OOJIBINOE JIaBJIEHHE, TO B HEM ITPOUCXOST
dazoBbIE TIEPEXO/IbI, B pe3yJibTaTe Yero BO3HUKAET KPUCTAJIUYECKAs PEIIeTKa JIPYTroro
TUNA ¢ OOJBIINM KOJIMYE€CTBOM COCTOSTHUIA.

B aTome Bojopojia cymecTByeT OJIMH BaJIEHTHBIN 3/1eKTpoH. Ecym co3nath Kpucrasii
aToMa BOJIOPOJIa, B KOTOPOM OyJIeT CYINEeCTBOBATH TOJBKO OJIMH BAJICHTHBIN JIEKTPOH BO
BHEIITHeHl 110J10ce, TO 3Ta [M0J10ca OYIET 3aI0/JIHEHA TOJIBKO HAIIOJIOBHHY, YTO COOTBETCTBYET
METaJLITY.

CiieoBaTeIbHO, €C/IN OKa3aTh OYEHb OOJIBINOE JaB/IEHNE Ha BOJIOPOJ, B PE3yJIbTare
JOJIZKEH TIOSIBUTHCST METAJLINIECKUIT BOJOPO/I.

CoBpeMeHHOl HayKe JI0 CUX TOp He yJaj0Ch HU OCYIIECTBUTH 9TOT 3(PMEKT, HI pac-
CYNTATh HEOOXOIUMOE JIJII €0 OCYIIECTBICHUs JaBIeHne. Y deHble 1Mo/1araioT, 9T0 MeTaJl-
JIMYECKHI BOJOPOJI JIOJIZKEH HAXOIUTHCS B METacCTaOMJIBHOM COCTOSIHUM HAIo1001e TOoro,
B KAKOM COCTOSIHUM HaXOJUTCS aJIMa3, MOJIYYeHHBIN U3 rpadura.

CymiecTBYIOT TIPEIIOIOKEHNST, ITO METAINIECKUI BOIOPO/T Oy1eT 00/1a1aTh TaKKe 1
CBEPXIIPOBOJIAIIMMU CBOMCTBaMH. TeXHUYECKOE IPUMEHEHHE 9TOr0 KPUCTAJLIa IIPUBEJIET
B TAKOM cCJIydae K IMOPa3UTe/bHBIM yCIleXaM BO MHOI'MX OOJIACTAX HAYKH U TEXHUKH.
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