4 OCHOBBI KBAaHTOBOM MeTpaQU3NKH.
(Bo30ykaeHHbIe COCTOTHHSA sAep chepUuIEeCKHX BAKYYMHBIX 00pa30BaHMi)

4.1 KpaTkasi aHHOTAUMs YeTBEPTOI IJ1aBbl

C nos3unuit AnreOpbl CTUTHATYp U CBETOT€OMETPUHU BaKyyMa, M3JI0KEHHBIX B HPEIbIIyLIUX
IJIaBax, B 3TOM IJIaBE MOJIYYEHBI CIEAYIOIINE PE3yIbTATHI:

- paccMOTpEHbI BO30YK/IEHHBIE COCTOSIHUS Jep CPEpUUECKU CUMMETPUYHBIX BAKYYMHBIX 00-
pa30BaHMI;

- 3aJI0’)K€Hbl NMPUHLHUIIBI MOCTPOCHUS CTATUCTUYECKOW (KBAHTOBOM) MeTpadu3MKU B pamKax
MIporpaMMBbI TIOJTHOM TeoMeTpu3annu Gpuzndeckux Bo33zpeHuit Knudbdopaa - DitHmreitna - Yusiepa.

- TIPEUI0KEHBI METPUKO-CTaTUCTUUECKHE MOJIEJIbHBIE MPECTABIIEHUS O BTOPOM U TPETHEM I10-

KOJICHUSX <JICTITOHOBY («MIOOHAX», T-«(JICTITOHAX») U C, S, 1, b - KKBapKOBY.

Hanomuum, yto B pamkax Asredpsl curHaTyp (AJICUTHBI) Ha3BaHUS AJIEMEHTAPHBIX YaCTHI] 3a-
KJIFOYAIOTCSl B KAaBBIUKM €JIOYKH, HAIPUMEDP, <«DIEKTPOH», «MIOOH» M T.[I., TaK KaK METPHUKO-
JUHAMHYECKUE MOJENN AJICUTHBI JaHHBIX JIOKAJIbHBIX BaKyyMHbIX 00pa30BaHUN 3HAYUTEIBHO OTIIH-

YaroTcsl OT BO33pEHUIl HAa HUX KBAHTOBOM (u3uku, B ToM uucie CTaHIapTHOM MOJENH U TEOpUH

CTpYH.
4.2 CocTosiHuS SAPBINIKA BHYTPH s1Ipa BAKYYMHOI'0 00pa3oBaHus

Bnauane uccnenyem nmoBeneHue SAPHINIKA, HAXOISIIETOCS BHYTPH sipa cHEepUIecCKOTO BaKy-

YMHOTO 00pa3oBaHus1, HAPUMED, BHYTPH «AJIeKTpoHa» (puc. 2.6.3, 3.2 unu 4.2.1).
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Hanmomuum, 9To B pamkax AnreOpbl CUTHATYp MHOTOCIIONHAS METPUKO-THMHAMHYECKAsT MOJICITh
CBOOOJTHOTO <«OJIEKTPOHA» (WM € - «KBapKay) 3a/aeTcs CICAYIOEd COBOKYITHOCTBIO METPHUK {CMOm-
pume (2.6.22) 6 enage 2}, ABIAIOIIUXCS YaCThIO YIPOUIEHHBIX PEIIEHUH TPEThEro BaKyyMHOI'O ypaB-

HeHus DuHmTenHa (2.6.21):

«IJIEKTPOH» (4.2.1)
«Buinyknoe» mnozocnovinoe éakyymmnoe oopazosanue ¢ cueHamypotl
(+——-), puc. 4.2.1
cocmosee us:

Breuinsas o6010uka «31eKmpona»
6 unmepsarne [ry, rgf,
ONnuUCHIBAEMAsL COBOKYNHOCMbIO YEeMbIPEX MEMPUK:

2 2
ds 2[1_’"_6+’"_2)C2dt2_LQ—rQ(deLsinQGd(oQ)a
r n [ 7, r )
- +—
2
ron
2 2
dS;+——_)2 — 1+ri_r_2]czdl‘2 _Lz—rz(dgz +Sin2 qu)z)’
ro (1+rf’ -
2
ro
2 2
d :
dsi™? = _”_6_’”_2 c2dt — ! . —rz(d92+sm29dg02),
ron (_rﬁ_rj
2
ron
2 2
s = 1+&+r_2 c2dt2_Lz—rz(dezjtsinzOdqoz)-
ro r, r
[+t
( r rfj

Aopo «anexkmpona»
6 unmepsare [rs, v/,
onucvi8aemoe COBOKYNHOCMbIO Yemulpex MempuxK:

ds)2 = " r’ 2 7.2 dr’ 2 2 ) 2
s =ll-—F+—|cdt’ ———~ -7 (d@ +sin“Odep ),
roor (1 _hy %
ror
2 2
dsi _[1+ n _r_z 2dt? dr . —rz(dez +sin29dq02),
s (1+r7 r—z
roor
2 2
ds§+___)2 [1 7 r_zjc2dt2_ dr : —rz(d92+sin29dq02),
roor o
oo
2 2
dsi? = (1 0 +r_2jc2dt2 - dr - —zfz(de2 +sin29dq02)-
ron (1 3 FJ
2
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Hlenvm «Inekmpona»
6 unmepsane [0, cf

ds$" 7 =c*dt’ —dr’ - rz(d92 +sin” 0 d¢2)-

rae 7~ 3,410 cm — pagnyc chepuyeckoii Beenennoit,
re~1,7-10"" cm — pamnyc sapa «3JIEKTPOHAY;
ri~5,810* cm — paguyc «IpOTOKBApPKay.
OOBEeMHBIN METPUKO-TUHAMUYECKUM 00pa3 sjipa «dJIEKTPOHa» (T.€. 3aMKHYTOE€ CPepuuecKoe
BaKyyMHO€ 00pa30BaHKE) U €ro OKpyKeHHE (BHEITHSA BaKyyMHasi 000J109Ka) TOKa3aHbl Ha puc. 4.2.1.
Hanusrii o6pa3 copmupoBan B riase 2 (u panee B [20, 22]) Ha OCHOBAaHWHU aHAM3a COBOKYITHOCTH

MeTpuk (4.2.1).

Puc. 4.2.1. O6beMHBII 00pa3 CBOOOIHOTO «IJICKTPOHAY, TAE COrJIacHO uepapxuu (2.6.20):

— 0PO «INEKMPOHA» — 3aMKHYTOe chepuueckoe BAKyyMHOE 00pa3oBaHue ¢ paguycoM rg~1,7-10" cm;

— @HewHsIsl 000J0YKA «INEKMPOHA» — CPEPUIECKH CUMMETPUYHAs BaKyyMHasl MPOTSHKEHHOCTH (e opmMupo-
BaHHAs B PAJAHAIBHOM HAIPABICHHUHU), PACTIPOCTPAHSIONIASACS OT TIOBEPXHOCTH sIApa «3JIEKTPOHA» 0 Tpa-
HULBI cepruecKu-3aMKHYTOH BeenenHoii ¢ paguycom 7y ~ 3,4:10% em;

— A0PbIUKO — SIPO TIPOTOKBAPKA (MU3EPHBII aHANIOT APa «AIEKTPOHA») C PAIHycoM r; ~ 5,8:107* cm, KoTo-
pOe HAXOMUTCS BHYTPH sIIpa «IJICKTPOHAY;

— paxusi — MHOTOCTIOMHAsI TPAHHIIA MKy BHEIITHEH 000I0UKOM U SAPOM «IJIEKTPOHAY;

— weabm (UCXOMHAS TOIOKKA) — 3TO CBOCOOpa3Has MaMsITh 00 UCXOJHOM HE HCKPHUBJICHHOM COCTOSIHUH Ba-
KYYMHOH NPOTSDKEHHOCTH 110 ee 4-1edopManin
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JlommycTuM, 4TO BHYTPEHHEE SIIPBIIIKO (T.€. SAPO MPOTOKBapKa, pa3MepaMu KOTOpPOTO B JlaH-
HOM Cllydya€ MOXXHO IpeHeOpeyb) MOCTOSHHO XaOTUYECKU OJIy’KJaeT B OKPECTHOCTSIX LIEHTpa sjipa
«QJIEKTPOHA», COBMEIIIEHHOI0 C HayaJloM cucTteMbl koopauHat X Y Z (puc. 4.2.1). [Ipuunnoil Takoro
Xa0THUYECKOTO JIBUKEHUS BHYTPEHHETO sAphIlIKa (cmompume puc. 3.1 u 3.2) MOTYT NOCITY>KUTh IPUH-
LUIIMATbHO HEYCTPAHUMBbIE BaKyyMHbIE BO3MYIIEHHs, KOTOPHIM IOCTOSIHHO TOJIBEPKEHO Keaeo0pas-
HOE SIJIPO <«OJIEKTPOHA.

Takoe xaoTudeckoe IBHUKEHUE SAPBINIKA HUKOTJa HE MpeKpallaeTcs, MOCKOJIbKY €ro mojHas
MeXaHU4ecKas FHeprus £, B CpeIHEM BCETa OCTAETCsl IOCTOSTHHOM (CMOTpHUTE I1aBy 3)

<E,>=<T, (xy,zt)> + <U, (x,y,z,t)> = const, (4.2.2)
rae <7T,(x,y,z,t) > — cpenHss KHHETHUYECKasi SHEPIUs ApbIIIKaA, 00YCIOBIEHHAs! CKOPOCTBIO €€
JIBUKEHUS,
<U,(x,y,z,t) > — cpenHsAs NOTEHLUAIbHAs SHEPrHsl SAPBIIIKA, CBA3aHHAS C YIPYTUMHU

CBOMCTBaMM OKPYXKAIOLIETO €€ HANPSHKEHHOTO BaKyyMa, CTPEMSLIIMMUCS BEPHYTh €T0 B LIEHT sijipa
«QIEKTPOHA.

Ha ocHoBaHMM paccMOTpEHUS! TAKOTO XaOTUYECKOTO MOBEIECHUS SIPBILIKA B I1aBe 3 ObLIO BbI-
BeJieHO 00001ménHoe ypaBHeHue Llpenunrepa (3.102)

oY) _ NMpar O (7,0)
ot 2 or?

+UFDY(F.1) , (4.2.3)

rre
w(7,t)=y(x,y,z,t)— BoHOBas (HYyHKIHUS, KBaIPAaTypHBIH MOIYJIb KOTOPOU SBISETCS (PYHKIHEH TIOT-
HOCTH BEPOSITHOCTH PACIOJIOKEHUs OTyKJarolieil BHyTpeHHEe! "yacTHIbl;

U(r,t)= <Up(x,y,z,t)> — cpeaHss NOTEHIMAIbHAs SHEPTUsI BHYTPEHHEH "dacTHIIbI”;

2
2Gpar Na

h
Moar = = P KOA(pGUIIMEHT UHEpLUH BHYTpeHHel yactuubl (3.103), (4.2.4)
par ,r P

fi=1,055- 10* J-s — mocrosHHas IInanka;

m, —Macca BHYTPEHHE! YaCTHLIBI;

1 2 2 2
Gpar,r = g\/apar,x + Gpar,y + Gpar ,Z (425)

— YCpEOHEHHOE CPeTHEKBAAPATUYHOE OTKIOHCHHE XaOTHUECKH JIBIIKYIIECHCS BHYTpEHHEH '"9acTUIlhl”

(«TOUKM») OT YCIOBHOTO «1eHTpa» (puc. 4.2.1 u 4.2.2);

|
Tpar,r - E(Tpar,x + Tpar,y +Tpar,z)

— YCpPEOHEHHBIN paguyc KOppeIsuu (TOYHEE aBTOKOPPEISAIMU) PacCMaTPUBAEMOTO CIY4alHOTO

nporecca.
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Puc. 4.2.2. 3menenne MMPOCKIMHN XaOTHICCKHU 6J1y>1<z[a}0mero SIIPBIIIKA Ha OCh Z BO BPEMEHH 7, T1e

Oparz» Tpar - — CPEAHEKBAIPATHYHOE OTKJIOHEHHE U PaJJUyC aBTOKOPPEIALINH JAHHOTO CIIy4aifHOTO
nporecca

Kpowme Toro, B pamkax AnreOpbl CUTHaTYp BMECTO MacCOBBIX BenuuuH E,, T,, U, (T.e. BKIIIO-
YaroIIMX Pa3MEPHOCTh KUJIOTPaMM) BBOAATCSA 0€3MacCOBbIE OHSTHUS:

&p = —& — TMOJHAs MEXaHUYECKasl IHEPeMUYHOCMb SIAPBIIIKA; (4.2.6)
mP
tp = —& — KMHETHYECKAs YHepeemuyHOCMyb ANIPHIIIKA; (4.2.7)
mP
up = —% — NOTEHIMATIbHAS YHEP2eMUUHOCMb STPHIIIKA (4.2.8)
mP
B sTom cnyuae Bripaxkenue (4.2.2) npuHUMAaeT BUJ
<gy>=<t, (xy,z,t)> + <u, (x,y,zt)> = const (4.2.9)
a ypaBuenue [Ipenunrepa (4.2.3), c yuetom (4.2.8), ctaHOBUTCSI 6€3MaCCOBBIM
Oy(F,t) M Oy (7t . .
UGl W(z )1« u, (7,1) >y (7,1).
ot 2 or

(4.2.10)

CornacHo ucxonnomy yciosuto (4.2.9), paccmaTpuBaeTcsl CTAIlMOHAPHBIN CIy4ail Omy»KIaHus

AAPBIIIKA B OKPECTHOCTH LHCHTPA AApa «3JICKTPOHA», KOraa BCC YCPEAHCHHBIC XapaKTCPUCTHKU JaHHO-

ro Clly4ailHOTo Ipoliecca, BKJIIOYasl 0, U T,, HE 3aBUCAT OT BpeMeHH ). [loaTromy BoiHOBas QyHKUUA
AAPBIIIKA MOXKET OLITH IpeaAcCTaBJICHA B BUAC

q Et q m et q et
w(F,t) =y (x,y,z)exp —i; =y (F)exps—i php =y (F)exps—i—2—¢, (4.2.11)

npar

pu 3ToM Oe3maccoBoe ypaBHeHue [lpeaunrepa (4.2.10) ymporraercs

2 2 —
_ Moar O W (7 - -
gy (r) =—%%+ <u,(F)>y(7), (4.2.12)

re <u,(r)> — yCpeIHEHHAs TIOTEHIMATbHAs JHEPTETHYHOCTD S/PBIIIKA, HE3ABUCSILAS OT BPEMEHH.

VYpasuenue Buna (4.2.12) xopoio U3BECTHO B KBAaHTOBOW MexaHuke. st ymoOcTBa mpuBeaem
€ro perieHus1, CChiasich Ha MoHorpadwuu [13, 37].
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4.3 SInppImKo BHYTPU MOTEHUHAIBLHOMN AMBI
B pamkax paccMmarpruBaemMoil MOJEIN SAPBIIIKO C painycoM 77~ 5,8" 10 em 3aMKHYTO BHYTpHU
SIpa «AIEKTPOHaY ¢ pagmycoM rg ~1,7-107" em (puc. 4.2.1). TIosTOMY yepeaHEHHas MOTEHIHAIbHAS

OHEPICTUYHOCTD AAPBIINIKA MOXET OLITH MpeacTaBJICHA B BUAC ((HOTCHIII/IZL]'IBHOﬁ SAMBI»:

0, mpu0 <r < 2r,
o, mpur >0u r > 21y .

<up@)>={ 43.1)

Uccnenoanue ypaBuenus Buna (4.2.12) ¢ yaerom (4.3.1) npuBOIUT K CIEAYIOMIEMY AUCKPET-

HOMY PsiTy COOCTBEHHBIX 3HAUYECHUN MTOJTHOM MEXaHUYECKOHN IHEPTreTUIHOCTH siaphimKa [13]

T 43.1 432
epn—gzn,(pnc...e) (4.3.2)
Ts
rae n=1,2,3, ... —riaBHoe KBAaHTOBOE YHCJIO.
CobcTBeHHbIE (DYHKIIMM JJIS COOTBETCTBYIOIIMX YPOBHEH A £
pn
sHepreTuuHocTH (4.3.2), T. e. peumeHus ypaBHeHus (4.2.12) c
o o 257}
YCPEIHEHHOM MOTEHIMAIBHOW 3HEpreTUYHOCThIo (4.3.1), umeror 8= e
1‘67
By [13]
nwr
v, (r)=_|—sin (4.3.3)
6 27,
167y,
% Epa™ 87
I'paduku dyuxuuit (4.3.3) u rpaduku KBaapaToB UX MO- ¢
nynen npeacTtaBieHsl Ha puc. 4.3.1 a,0.
¢ (z) . wi(z) e = 97,
; /it S S _ ) _Ey P 8?‘62
|
! 2
dz°n;
£ T Ty
n=F N £, 8
\/ L— 2 2
z = G
= £, - 2
A 4 gy
' >
=7 £, -
Vi A . =z T —— 17 1)z S 0 27
a 2) 6)

Puc. 4.3.1. a) BonHOBBIE (DYyHKIMU AJIs1 pa3IMYHBIX BO30YKJCHHBIX COCTOSHUHN SIIPBIIIKA B SIIPE «3JIEKTPOHAR, rae [ = 2r;
0) Kagpar Momysnst BOTHOBOM (yHKIUH, T.€. ITIOTHOCTH PACIIPEAENICHUs] BEPOATHOCTH MECTAa HAXOXKICHUS AAPBIIIKA BHYT-
PH sipa «3JIEKTPOHAY, IS PAa3IMYHBIX €r0 BO30OYXKIEHHBIX COCTOSHUM; B) YPOBHHU IOJIHOM MEXaHU4YECKOH 3HEPreTUYHO-
CTH SIIPBIIIKA B TOTEHI[MAIBHON sIME

W3 gynkumii, mokazanubeix Ha puc. 4.3.1 6, cienyer, uro npu n = 1 Haubosee BEpPOATHOE MECTO
HaXOXIACHUSA AAPbIIIKA COBIIAAACT C HCHTPOM AIpa «AJICKTPOHA». TOF}la KakK B BO36Y)K)ICHHOM COCTOA-

HHUH, HAIIpUMCED, IIPU 1N = 2, AAPBIIIKO B OCHOBHOM HAaXOJUTHLCA Ha OIPEACIICHHOM PACCTOAHNHA OT LCH-

Tpa daapa «3JICKTPOHa».
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4.4 SInpHIIKO B OKPYKEHUH YIPYTrO-HANIPSIZKEHHOT0 BAKyyMa

PaccmoTtpuMm BTOpO# Citydail, KOT/a NP yIAJCHUM SAMIPBIINIKA OT LIEHTpa sapa «JIEKTPOHA» B
OKpPY’KaIOILIEM €r0 BaKyyMe BO3HUKAIOT YIPYTrue "HaTsKeHHs'", KOTOPbIE CTPEMSITCSI BEpHYTDH €r0 B HC-
XOJIHBbIN 1IeHTp (puc. 4.2.1).

Tonamue "namsoicenue” yuacmka eaxyyma, 8 pazeusaemou 30ecb 6e3maccosol mempagusuxe,
coOmeemcmeyom HNOHAMUIO «HANPANXCEHUEe» JIOKAIbHO20 YUACMKA CHJIOWHOU cpedbl 6 Nocm-
HbIOMOHOBCKOU huzuxe. Ho pasmepnocmos mempusuposannoi eenuuunsl "nHamsoicenue” ne exnrouaem
OUHUYY UBMEPEHUS MACCHL — KUTLOZPAMM.

[lycTh ynpyrue HaTsKEHUS BaKyyma 0, B CPEJHEM YBEJIMYUBAIOTCSA IPONOPLIUOHAIIBLHO yiale-
HUIO SAPBIIIKA OT IEHTPA AIpa «IIEKTPOHA

<o, (") >=k,r, (4.4.1)
rae k,— 6e3maccoBbiil KOAGOUIIMEHT yIPYroro HATSKEHUS BaKyyMa.

Torna ycpenHeHHas MOTEHIMAIbHAS YHEPTETUYHOCTH SAPHIIIKA MOXKET OBITh MPUOIKEHHO

MMpeaAcTaBJICHA B BUAC

<u, () >= [kyrdr= %kurz. (4.4.2)

[loacrasnsis (4.4.2) B ypaBHeHue (4.2.12), noinyduuM U3BECTHOE ypaBHEHUE "KBAaHTOBOIO Tap-

MOHHUYECKOTO OCIUIIISITOpa"

2 2 = 2
_ Moo OW(r) k¥ -
ew(r)=— + r). 4.43
W () o2 w(r) (4.4.3)
N
UccnenoBanue MaHHOTO ypaBHEHHUS IPUBO- € /
n=2

TUT K CIEAYIOIIEMY JUCKPETHOMY DSy COOCTBEH- 5pT1
HbIX 3HAUYECHUH TOJHOW MEXaHWYECKOW SHEepreThd- . k,

HOCTH sigpbimka [ 13]: n=1 \/7

1 1 =
£ =1l k—(n+§j, (puc. 4.4.1)  (4.4.4) < /

rne n=1,2,3, ... — II1aBHOE KBAHTOBOE YHCJIO. Puc. 4J4°1' OKBUIUCTAHTHBIE YPOBHU MOJIHON MEXaHU-
4ecKOH DHEpPreTHMYHOCTH &,, KBaHTOBOI'O TapMOHHYE-
KaxoMy AMCKpETHOMY 3HAYEHHWIO IMOJIHOM  CKOrO OCHMILISATOpPA
MexaHuyeckoil sHepreruyHoctu (4.4.4) cootsert-

cTByeT coOcTtBeHHast GyHkius [13]:
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2
r

1
v, (r) = ﬁeXp{ 5 }Hn(r) ; (4.4.5)

rje
H)=—r"D e (4.4.6)
\/ 2niNr or
— noyitHOM YeOrbImeBa - OpMuTa #-ro mopsijika, riae Ao paBHO
n
A, = |2 4.4.7
o= (44.7)

u
Brimumem Heckonbko cOOCTBEHHBIX (PYHKIUN (4.4.5), OMHUCHIBAIONINX PA3TUYHOE YCPEIHEH-
HOE TIOBEACHUE XaOTHUUYECKU OJIY)KIAIOMICTO SAPHIINIKA, OTKIOHEHHE KOTOPOTO OT IEHTpa sIpa «JIeK-

TpoHa» (puc. 4.2.1) NpUBOIUT K YIPYT'HMM HATSDKEHUSM OKpYsKarolero ero Bakyyma [ 13, 37]

2

1 r
v, (r)= —exp{— —} , npu n=0; (4.4.8)
' AT 27

1
v (r)=——=expy——— , npu n=1; 4.4.9
Padz | 223 % (1:49)

W, (7) —;exp{—i}(ﬁ— npu n (4.4.10)
S s 20 2 B

Bun yukumii v, (4.4.9) — (4.4.10) n xBagpara ux Moxyns |w,|* npeacrasien na puc. 4.4.2.

&+
'
i
[}
i
1

NS

o z

.
)

@ 2
i “

a z

Fn =
2
@
2 /\ . z §
I ¥
L it
-z,\ Y /ro z [ E
2
s | s ¢
| 1
|
\/—1-, N T, z g z
2)

2)

Puc. 4.4.2. a) BOMHOBBIC (DYHKIIUM /I Pa3IMYHBIX YCPEIHEHHBIX COCTOSHHUE OJYXKIAIONIETrO SAPBIIIKA B
OKPY)KEHUH YIPYTO-HATSDKEHHOT'O BaKyyMma; 0) IUIOTHOCTH PACHPENCICHUS BEPOATHOCTH MECTa HaXOMKICHHS
SIIPBIIITKA B OKPECTHOCTH LIEHTPA spa «IJIEKTPOHA» B paccMaTpuBaeMoM ciiydae [13]

N3 paBenctBa (4.4.4) ciemyer, 4ToO B JaHHOM CiIy4ae JaK€ B HEBO3OYKICHHOM COCTOSHUU

(1. e. npu n= 0) MoJHasg MEXaHUUYECKasl PHEPIeTUUHOCTb SIPBILIKA HE paBHA HYJIIO
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_npar 1
"=k

u

€ ) (4.4.11)

IIPU ATOM SIAPBIIIKO HEMPEPHIBHO ONYXKIAeT BO3JE IEHTpa SApa «AJIEKTPOHA» TaK, UYTO IJIOTHOCTH
pacnpenenenus BeposTHocTH (IIPB) oGHapykuTh ero B 3T0i 00J1aCTH ONMUCHIBACTCS TayCCOBOM (DYHK-

nuen

2

2 1 r o
r)|’=———=expi——¢ (puc.4.4.2 6, Bepxuuii rpaduk). (4.4.12)
[Wo(r)] e P

0
OTkyna cineayer, 4YTo CpeAHEKBAAPATUYHOE OTKIOHEHUE Xa0TUUYECKH OJIYXKIAIOIIEero spbIIIKa

OT IIEHTPA fAZIpa «AJIEKTPOHa» ¢ yueToM (4.4.7) paBHO

S S Y L7 (4.4.13)

pr \/5 0 2k" N
ComnocraBnsas (4.4.13) ¢ (4.2.4) oOHapyxuBaeMm, 4To 0e3MacCOBBIM KOADOUIIMEHT yIPyroro

HaTSKEHHsS] BaKyyma k, 0OpaTHO MpPOIMOPLHUOHAIEH YCPEIHEHHOMY KO3((PUIMEHTY aBTOKOPPEISALNU

HCCIIElyeMOTO CIlydaifHOro mpouecca 7, , :

k, = : (4.4.14)
T

par.,r
9TO COOTBETCTBYET COOCTBEHHOW YacTOTE KOJICOAHWH TaHHOTO «KBAaHTOBOTO FAPMOHUYECKOTO OCIIHII-
nsropay k, = fo .

4.5 YrJioBble KBAHTOBbIE XaPAKTEPUCTUKH OJIYKIAI0LIETro siAPbILIKA
Bo Bpems XaoTHUeCKOro ABMKEHHUS AJpBIINIKA B OKPECTHOCTHU IIEHTPA SApa «QJIEKTPOHA», OHO
IIOCTOSIHHO MEHSIET HamlpaBliieHue cBoero asmxenus (puc. 4.2.1 u 4.2.2). [lostomy B paMkax Kiaccu-

YECKOW MEXaHWKH SAPBIIIKO B KXKIBIH MOMEHT BPEMEHH 00J1aJ1aeT HEKUM MOMEHTOM UMITYJIhCa
L=7%xp, (4.5.1)
TJI€ ¥ — PACCTOSIHUE OT LIEHTPA SApa «IIIEKTPOHA» A0 SIAPBIIIKA (pa3MepaMH sIIPBINIKa TIpeHedperaem);
P = M,V — MTHOBEHHOE 3HAYCHHE MMITY/IbCa SAPHINIKA.
[IpenacraBum BekTopHOE ypaBHEHHE (4.5.1) B KOMIIOHEHTHOM BU/IE
L.=yp.-zp,, L,=zp.—xp., L. =xp,~yp,. (4.5.2)
KBagpat Moysisi MOMEHTA UMITYJTbCA SIIPBINTKA B KIIACCHYECKONW MEXaHHUKE paBEH
=L+ +L. (4.5.3)
Hcnone3yst M3BECTHYIO KBAHTOBO-MEXaHHYECKYIO MPOIIEAYPY, 3alHIIEeM OTEePaTOPhl ISl KOM-

MMOHEHTOB MOMEHTA UMITyJIbca sapbimKa (4.5.2) [37]
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l

L. =E£y3—zﬁ} L l[zai—xﬁj, L. =E£x3—y3} (4.5.4)

bonf 0 0) b0 ) b0 ,0) s

m, - myi\" oz Q) m, mi\ & 0) m, mil d ~ Ox
B pesynbrate ¢ yuerom (4.2.4) umeeM
i yﬁ_zﬁ , ?yzh[zﬁ_xﬁj, 7. = Mpar xi_yi _ (4.5.6)
i oz oy i ox 0Oz i oy = Ox

A A

A L
rne /., [, , /. — KOMIIOHEHTHI OTIEPaTOPa MOMEHTA CKOPOCTH SIIPBINIKA, T.K. [ =—— =7rXV.
m
P

- -

B cepuueckoii cucteme koopanHat 6e3maccoBblie onepatopsl (4.5.6) UMEIOT BUJ

~oon ) 0 0
[, =—= ——ctg0 — |,

i [smgoag ctg cosgoaq)J
Ao 0 .0
1, = Lo  _igBsing-2 |, 45.7
r== [cosgoag ctg s1ngoag0j ( )
;M O

i 0@

Omneparop kBajapaTa MOJYJIsl MOMEHTa CKOPOCTH, COOTBETCTBYIOLIUI BbIpaxkeHuto (4.5.3), paBeH

| =lL+1,+1.=-nV,,, (4.5.8)
vz b 9fgg ], 1 Ch 459
e 99 " 5in6 06 860) sin?0 dp> (4.5.9)
O6061mennoe ypasuenue Lllpeaunrepa (4.2.12) MmoxHO npenctaBuTh B Bujae [37]
Vi (R4S le, - < 7) sl () =0, (4.5.10)
My
rae oneparop Jlamaca Vs chepruvIecKuX KOOpANHATAX UMEET BU/T
10(,0) Vi
vie ||+ 22
- ar(r ar) Rt (4.5.11)

2
a omeparop V, , 3anaercs BeIpaxenueM (4.5.9).

[Toncrasnss (4.5.11) B 6e3amaccoBoe ypaBaenue llIpenunrepa (4.5.10) u, monaras
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w(r,0,p) = R(r)Y(6,9), (4.5.12)
HOJ'Iy‘II/IM ypaBHeHI/IC
j+%r2[8p—<up(i7) >]:—%V§,¢Y. (4.5.13)
n

P

1 0( ,0R
_2_ ’/' —
R or or

Tak kak neBas u npasas yacTu (4.5.13) 3aBUCAT OT pa3IMYHbBIX HE3aBUCUMBIX IEPEMEHHBIX, TO
10 OTAENBHOCTH OHH JIOJDKHBI OBITH PABHBIMU OJTHOM U TOM %€ MOCTOSIHHOM A.

Takum oOpazom, i paguanbHol GyHkuMH R(r) u chepuueckoil pynkuuu Y(6, @) umeem asa

OTAENbHBIX ypaBHEHUs [37]

1 0 ,0R 2 - A
r—zg[l” 5]4‘ n—;[ep—<up(r) >]—r—2 R:O, (4514)
2
1 i(sinea—ijt%a—{wtlY:O. (4.5.15)
sin @ 060 00 ) sin" 6 Op

Bun paguansHoil ¢pyHkuuu R(7) 1 cOOCTBEHHBIX 3HAUEHUHN MMOJHON MEXaHUYECKOM AHEepreTHy-
HOCTH SIIPBILIKA €, ONPENEIAIOTCS KOHKPETHBIM BUJIOM YCPEAHEHHOM NOTEHIMAIbHON SHEPreTUYHO-

ctn <u,(r)>. B wacTHOCTH, BbILIE ObUIM TIPENCTABIEHBI paguanbbie Gynkimu (4.3.3) u (4.4.5), Ko-
raa <u,(r)> 3a1a€TCs COOTBETCTBEHHO BbIpaxeHusmu (4.3.1) unu (4.4.2).

Pemenue ypasuenus (4.5.15) mupoko U3BECTHO B KBaHTOBOM (u3uKe, U umeeT B [37]:

Q1 +1)(l - m)!

1
>
prTEY } ™ P" (cos) , (4.5.16)

Y"(6,9) {

m/2 dl+m

d§l+m

” d /
rae P (cosO) = 2TZ' (1 -¢ 2) + (5 - 1) — npucoeauHeHnbIe GyHKIMU Jlexanapa;

[ 1 m — opOuTaIbHOE U MArHUTHOE KBAHTOBBIE YKCIa; & = cosO.
Oynkuuu (4.5.16) npUroAHsI ISl ONUMCAHUS YCPEIHEHHON OpOUTaIbHOM COCTaBIISIOIIEH JIBU-
KEHHUS XaOTUYECKH OIy)KIAIOIIEro sIPBINIKA B OKPECTHOCTH LIEHTpA siApa «JIEKTPOHA» JUIsl JII00O0H

LIEHTPAIBHO CUMMETPHYHOH YCPEIHEHHON MTOTEHIMATBHOM SHEPTETUIHOCTH <, (F) > .

B ta6:. 4.5.1 npusenens psax hyuakuuit Y;"(6, @) (4.5.16), 1 COOTBETCTBYIONIME UM IUIOTHOCTH
pacnpe/iesieHus: BEpOSITHOCTH YIJIOBOTO PacHpeesIeHNs MecTa pacoJIOKEHUs SAPBIIIKA B OKPECTHO-

CTH LeHTpa siapa «dnextponay | Y/"(0,¢)* [37].
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Tabmuma 4.5.1

e 1'(6.9) Y70 )
I1=0,m=0 |1 =[1/(4m)]" 1Y) = 1/(4n)
I=1,m=0 |Y"=[3/(4n)]""cos 0 1Y:°)f = [3/(4n)] cos” 0
I=1,m=1 |Y,'=—[3/(8m)]"*sin O ¢ Y1 =[3/(8m)] sin’0
I=1,m=—1]Y "=[3/(8n)]"*sinf e 1Y, D[*=[3/(8m)] sin°6
1=2,m=0 |15’ =[5/(4n)]"" [(3/2) cos’0— 1/2] | |1.") = [5/(41)][(3/2) cos’d — 1/2]
[=2,m=1 | Y,' =—[15/8m)]sinOcos O e’® | |Y2")[ =[15/(8m)] sin°6 cos 0
[=2,m=—1]Y,"'=[15/(87)]"*sin O cos O e 1Y, D =[15/(8m)] sin°6 cos 0
[=2,m=2 | Y,’ =[15/(321)]"%sin’0 &** Y29 =[15/(32m)] sin"0
[=2,m=-2|Y,? =[15/(32n)]"*sin’) e *'* 1Y, D) =[15/(32m)] sin’0

. 2
Busr yriioBeix pacnpenernenwuii |Y;"(6,¢)|” npu pa3indHbIX 3HAYCHHUAX OPOUTAIBHOTO / U Mar-

HUTHOTO 71 KBAaHTOBBIX YMCEJ MPUBEACHBI HA puC. 4.5.1.

Puc. 4.5.1. [1noTHOCTH BEPOSITHOCTH YIJIOBOT'O pacrpenesieH s MeCTa HaX OXKACHHS sAPBIIIKA, OIyxK-
2

JAIOIIET0 B OKPECTHOCTH sipa «dyiekTpoHay |Y;"(6, @)|” npu pasinyHbIX 3HAUEHHAX OpOUTANBHOIO [ 1

MarHUTHOTO 71 KBAHTOBBIX YHCEIl

YcpenHeHHOE TIOBEACHHE XaOTWYECKH ONyXKIaroImero sapbliika, omnuckiBaemoe [IPB
W (x,9,2)|*Fw(r,0,0)|’=| R"(r)Y"(0,9) |, IPUBOIUT K TOMY, 4TO OKPYKAKOIIAs €r0 BaKyyMHAsi IPOTSI-
KEHHOCTb B CPEJHEM HCKPUBISETCS TaKMM OOpa3oM, 4TO BHYTPH Spa «3IEKTPOHA» 00pa3yroTcs

YCTOWYMBBIE BBIITYKJIO-BOTHYThIE KOHQUrypanuu (puc. 4.5.2).
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Puc. 4.5.2. [Ipumeps! ycpeHEHHBIX BBITYKJIO-BOTHYTHIX KOH(OUTYpaluii BAKYYMHOH IPOTSDKEHHOCTH
BHYTPH S/Ipa «JIEKTPOHA», CBSI3aHHBIE C Pa3IMYHBIMU (DYHKIMSIMH TUIOTHOCTH pacrpeielieHus: Bepo-

stHocTH (QTIPB) Mecta Haxosmenus sypeimka | W(X, ,2)| *=| R'(#)Y,"(0,¢) ' npu pasnmuneix 3ua-

YCHUAX TPEX KBAHTOBLIX YUCCII 1, m U /

Takum 00pa3oMm, HE BBIXOJS 33 PaMKU KJIACCHUUECKOW JIOTMKH, METPUYECKHE M KBAaHTOBO-
MEXaHUYECKUE MPEJICTABJICHUS OKa3bIBAIOTCS TECHO B3aMMOCBS3aHHBIMHU B PaMKaX €IMHON CTaTUCTH-
4ecKoi (KBaHTOBOI) MeTpapHU3UKU.

[IpencraBienust 00 yCpeAHEHHBIX TUCKPETHBIX (KBAHTOBBIX) HAOOpaxX METPUKO-IMHAMHUECKUX
COCTOSIHUH SApBIIIKA BHYTPH SApa «3JEKTPOHA» PACPOCTPAHSIIOTCS Ha APYrue aHaJIOTHYHbIE JIOKab-
Hbl€ BaKyyMHbI€ 00pa30BaHUsl pa3IndHbIX MacITaboB. [Io3ToMy IpeioKeHHBbIH 37eCh JOrHYeCKUi 1
MaTeMaTUYECKHUH anmapaT CTaTUCTUYECKOU (KBaHTOBOW) MeTpaQU3UKU MOXKET ObITh IPUMEHEH K U3Y-
YEHHI0, HAaIIpUMeEp: JpoKaHUs sSApa OMOJIOTHYECKON KIETKH, KoeOaHus a/ipa B HEJpax IUIaHETHI, Iiie-
BEJICHUI SMOpHOHA B YpEeBE MaTEepH, NIOBEIECHUS MYXHU B OaHKE U TUTpa B KIIETKE, OMyXJaHUs raiak-
TUKHU B NIpejiesiaX MeTarajJjakTuKy U T. [I.

Jliia npumepa, BeiOepem u3 uepapxuu (2.6.20) 1060l Habop U3 ABYX BIIOKEHHBIX JPYT B Ipyra
cepuyecKux BaKyyMHBIX 00pa30BaHuUi:

A0po: — GHOIIOTHYECKAst KIIETKA C pagiycoM rs~ 4,9-107 ¢,
A0pvLIWKO. — SIAPO «AIEKTPOHA» C paganycoMm re~1,7" 10 em;
I
A0po: — SANIPO «TATAKTUKI C PATAYyCOM 13~ 4° 10" cm,
A0PLIWKO. — ATIPO «3BE3IBD UIH «IUJIAHETHD) C PaInycoM 74~ 1,4 10% em;
I
A0po: — AP0 «METarajakTUKWy C paguycom 7, ~ 1,2 107 e,
A0PLIWKO. — ATIPO «TATAKTUKW» C paAnycoM 73~ 4 10" e
JUig KaXkJI0TO M3 3TUX B3aUMHO MOJBMXKHBIX COUETAaHUH «SJIPO — SJAPBIIIKO» MOTYT OBITh MOJIY-

YeHbl JUCKPETHbIE (KBAHTOBBIE) HAOOPHI YCPEIHEHHBIX METPUKO-TUHAMHUYECKHX COCTOSIHUN aHalo-
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TMYHBIX COCTOSIHHUAM SAJAPBIIIKAa BHYTPU dApa «QJICKTPOHA». OTtnnune MCXKIY HUMHU B OCHOBHOM 6y,HeT

B BEIMUYUHE KOA(POUIMEHTAa MHEPLUMOHHOCTH sAphlKa 77, (4.2.4), 3aBHCALIEr0 OT MacmTabOB pac-

CMaTpPUBAEMBIX COOBITHIA.
B kauectBe npumepa oueHUM KOIPPUIIMEHT HHEPLUOHHOCTU CaMOTO si/ipa «3JIEKTPOHa», Xao-

TUYECKH OJTYXKIAIOIIEr0 B OKPECTHOCTH Spa «aToMa BOJOPOIay

2
p, =% (4.5.32)

T

er

TJI€ Og, Ter — CPENHEKBAAPATHUHOE OTKJIOHEHHE U PaJUyC aBTOKOPPENALMU CIydallHOTO Ipolecca,
CBSI3aHHOT'O C Xa0THUYECKUMHU OJTY)KJTaHUSIMU Spa «QJIEKTPOHA» B OKPECTHOCTH Si/Ipa «aTomay.

B coBpemenHO# (pr3nKe N3BECTHO OTHOIIICHUE

e 1,05510% e /9,110 kr = 107 MY, (4.5.33)

m

e
rae m, — macca 3nekrpona. Cornacho (4.2.4), xoapdunu-
€HT MHEPIMOHHOCTH S/Ipa <AJIEKTPOHA» MOXKET OBITh Olle-

HCH C ITIOMOIIBIO HaHHOfI BCIIMYMNHBI

202 h
=%« 7 10" M/e. (4.5.34)
T m

er e

up

Ecau IIOJIOXKUTBD, 9To CPCAHCKBAAPATUIHOC
OTKJIOHCHHUC O¢r XaOTHYCCKOI'O0 ABHIXXCHUA sdApa «BJICKTPO-

Ha» B OKPECTHOCTH LCHTpa «aroMa BOIAOPOLa» HpI/I6J'II/I-

KEHHO PaBHO o, ~107'" M (puc. 4.5.3), TO U3 BBIpOKCHUS
(4.5.34) cnenyet
t, =202/10%=2:107%10*=210"¢c. (4.5.35)

Puc. 4.5.3. IlnoTHOCTH pacnpe/eneHus Bepo-
SITHOCTU HAXOXKIEHUs LIEHTpa sApa «3JIEKTPO-
Ha» BHYTPU «aToMa BOAOpOLa». MaKCI/IMyM
JJAHHOT'O pacCIipCaCICHUs, KaK U3BCCTHO, ITIpU-
xogutrcsa Ha r~ 0,5 A= O,S'lOflOM.

Tenepp MOXHO ONpPEAETUTH CPEAHIOID CKOPOCTh
JBYDKEHUS SIIpa «3JIEKTPOHA» B paCCMAaTPUBAEMOM CITydae:

_ 10101016 — 4 <.106
<Ve> = 0er /T, =107/2:10 "= 0,5-10" m/c.

st cpaBHEHHS, OlleHUM KOA((OUIIMEHT MHEPUUOHHOCTH MYXHU 7], XaOTUYECKU JICTAIOIICH B
3aKpBITOM TPEXIUTPOBOM OaHKe. B 3TOM ciydae cpeaHeKBaJpaTUIHOE OTKIOHEHHE JICTAIOIMIECH MYXH
OT IEHTpa OaHKU Oy, U KOIDDUIIMEHT KOPPETALUU ATOTO CIYIalHOTO TPOIECCa Ty, MPUOIMKEHHO
paBHBL: Oy~ 5 cM = 0,05 M, 7~ 1,3 c. [ToaTOMY

262, 0,005

mr

Mo = =0,0038 m’/c, (4.5.36)

Tmr 1’3
a CPEIIHSsI CKOPOCTh €€ Xa0TUUECKOTO BWKECHUS <V, > = Gy /Ty = 0,05/1,3 = 0,038 Mm/c.
CoOCTBCHHBIC 3HAYCHHS TIOJTHOW MEXaHHUECKON YHEPTCTHYHOCTH MYXH, 3aKIIFOUYECHHOM B OaHKe

(T.€. B MOTEHIIUATILHOM sIME), MOTYT OBITh 3aJ]aHbI ypaBHEHUEM (4.3.2)
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2.2
g =l (4.5.37)

mn 2
&,

rae 1, = 0,12 M — paguyc 6aHkHM; a cOOCTBEHHbIE (YHKIMH U YPOBHEH IMOJIHON 3HEPreTUYHOCTH

(4.5.37) umetor Buna (4.3.3)

v ()= | Lsin| 27|, (4.5.38)
7, 2r,

Omo MmodHcHo nposepumv dKcnepumenmanvho. Eciu chumams na Kumoxkamepy xaomuyeckoe
noseoeHue Myxu 6 6anke 8 0ObIYHBIX YCI08UAX, U NPOKPYMUMb OMCHAMBIU MAMePUdan 8 YCKOPEeHHOM
pedrcume, mo Y8UOUM yCpeOHeHHOoe pacnpeoeienue Mecma NoI0NCeHUs Myxu. 3amem ciedyem npooe-
JIamsb Mo dce camoe, HO NPU Opy2ux YCl08UsX, Hanpumep, NPU NOGbLULEHHOU memnepamype u/unu 0as-
JleHuu 6030yxa 8 banke. B amom cnyuyae, coenacHo npeockazanuim AncueHul, OO0JHCHO NOJYYUMbCA
Opyzoe ycpeOHeHHoe pacnpedesienue Mecma noaoxcenus oayxcoaroweu myxu. Pazymeemcs, ucmssa-
HUe HCUBOMHBIX U HACEKOMbIX, 0aHCe 8 HAYUHBIX YETIAX, He CO2NACYemcs ¢ MOPAIbHO-HPABCMEEHHbIMU
yemosamu Aneeopol cuenamyp [17].

B Tperbem mpumepe paccMOTpUM OMOJIOTHUECKYIO KIIETKY. XaOTHYEeCKHe KOJIeOaHus ee siapa
MOTYT HMETh CIEIYIOIIHE YCPEHCHHBIE XapaKTePHCTHKI: oy ~ 3,5°107° M, 74,~1,2:107 ¢ u, cresoBa-
TebHO, 75 ~ 20,4°107 M*/c. Ho B naHHO} cuTyarmu KoieGIIOmeecs: SApo CBS3aHO ¢ LHTOILIA3MOM
KJIeTkd. [109TOMy pu OTKIOHEHUH Siipa OT MCXOJHOTO TMOJIOKEHHSI B IIUTOILIa3ME BO3HUKAIOT YIIPY-
T'He HATSHKCHUS, CTPEMSIINECs BEPHYTh €0 B HayaJlo MepeMelieHus. B cBs3M ¢ 3TUM COOCTBEHHBIC
3HAYCHUS TOJIHOM MEXaHWYECKOW JHEPreTHYHOCTH sJpa OWOJIOTHYECKON KJICTKH MOTYT OBITh IPH-
ONMMKEHHO 3aJlaHbl BbIpaxeHueM (4.4.4)

L)
Em =My 7| T 5 ) (4.5.39)
k, 2

a coOcTBeHHbIE (DYHKIIMH JUIsl TaHHBIX YPOBHEH 3HEPreTUYHOCTH ONUCHIBAIOTCS BhIpakeHUsAMH (4.4.5)

2

t//n(r):ﬁexp L0, (4.5.40)

rne A, = /Z—”, k, — 6e3maccoBbIll KOADOUIIUEHT YIPYroro
h

HaTAXKEHUS HUTOIIIa3MBbI OMOJIOTUYECKOM KIIETKH.

Taxoxe MU3BECTHO, YTO B 3aBUCUMOCTH OT MHTCHCHBHO-

CTH IOPBIBOB BETpa KOHYHMK BCTKU ACPEBA B CPCIAHCM BLIIIU-

Puc. 4.5.4. JluckpetHblii HA00p 00BEM-
CBIBAET OJIHY U3 00beMHBIX Guryp Jluccaxy (puc. 4.5.4). HbIX uryp Jluccaxy
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Wrak, craructuyeckass Merpapusuka u Ainredpa CUrHATyp YTBEP)KJIAEeT, YTO YCPEIAHEHHOE I10-
BEJICHNE MAKpPOOOBEKTOB MPUHLIUIHAIBHO HE OTJIMYAETCA OT MOBEACHUSI 0ObEKTOB MUKPOMHUpA, E€CIIH
OHM HaxOJSITCsl B aHAJIOTMYHBIX yciaoBHsX. [lo3TOMY /U onmucaHusl TUCKPETHOTO psijia YCPEIHEHHBIX
COCTOSIHUII MaKpOOOBEKTOB B psJI€ CIIy4aeB MOTYT ObITh IPUMEHUMbI METO/Ibl U MaTeMaTH4YECKUI arl-
napar KBaHTOBOU (U3HUKHU.

B craructuueckoil (kBaHTOBOM) MeTpau3UKe MATh KBAHTOBBIX YHUCENL: £, 1, [, m, S BO MHOTOM
ONPEENAI0T MacIliTad U JUCKPETHbIE BApUAHTBl YCPEJHEHHOTO MPOSBICHUS (KOHQUTypalun) KaKI0-
ro cTabMIBHOTO c(hepruuecKoro BaKkyyMHOT0 00pa3oBaHus, T.K. BCE OHU HAXOJUTCS B MOCTOSIHHOM Xa-

OTHUYECKOM JBIKeHUH (puc. 4.5.5).

BHYTpEHHeE
CyOBAIPHIIKO

aApo
«ITEKTPOHA»

HCTHHHBII»
IIEHTP
BaKYYMHOI'O
o0pa3oBaHHA

Puc. 4.5.5. Xaornyecku Onyxaromiee sgpo BaKyyMHOTO 00pa30BaHusl, BHYTPH KOTOPOTO
Xa0THYECKH OJTy)KaeT BHYTPEHHE SAPBIIIKO

4.6 «MI0OHBI», T - «JIENTOHBI» U C, S, t, b - <KKBapKW»

Kakx wu3BecTHO CTONKHOBEHHS JJIEMEHTAPHBIX YaCTHII,
JBYDKYIIUXCS C BBICOKUMH CKOPOCTSIMU, IMPUBOJISAT K POKICHUIO
rap HOBBIX YACTHI] — AHTUYACTHII.

JInst mpuMepa, pacCMOTPUM POKICHUE TTaphl MIOOH — aH- ¢ ¢

v
A

THMIOOH ¥ Haphl 7 -JIeNTOH — T -aHTUJIENTOH, KOTOPBIE BO3HH-
KarOT TP CTOJKHOBEHHH 3JIEKTPOHA U TIO3UTpoHa (puc. 4.6.1):
+ — + - + - + -
ee >uu, ee 7T T . (4.6.1) /ﬂ

CLII/ITaCTCSI, YTO MIOOH M T7-JICIITOH OTJIMYAKOTCA OT DJICK-

Puc. 4.6.1. CToixHOBEHHE 3JEKTPOHA U
MO3UTPOHA, PA30THAHHBIX B YCKOPHTEIE,

me= 0,511 MoB, m,=105,658 MaB, m.=1,984 1B, (4.6.2) ~""°W1¢ TIPHBOMI K POIACHHIO HApH

MIOOH — aHTUMIOOH, WJIH Hapbl TJr - JICII-
OCTaJIbHBIC MX XaPaKTEPUCTUKH (3apsifl, CIIMH, JICNITOHHOE YUCIO  TOH — 7 -aHTHICNTOH

TPOHA TOJIBKO MaCCOM:
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U T.J1.) OCTAIOTCS IPEKHUMHU.
MIOOHBI ¥ 7-JIEITOHBI MHOTUM YYEHBIM Ka3aJIUCh HACTOJIBKO «JIMIHUMI» B CTPYKTYpE Marte-
pHATIBLHOTO MHUPA, YTO OHH 33/IaBATHCH BOTIPOCOM: — «3aueM 3TH 4acTHUIlbI moHanoowmmmch [Ipupone?»
Pa3BuBaeMast 3/1eCh CTATHCTHUECKAs METPa(U3MKa MOJIATAET, UTO KMIOOHBI» H T ~«JICTITOHBI», a
TaK)K€ «AHTUMIOOH» M T -«AaHTHJIENTOH» — 53TO BOBCE HE HOBBIE YACTHIBI, a TE JKE CaMble

«OIEKTPOHBI» M «IO3UTPOHBI», HO C BO30YKJIEHHBIMU COCTOSIHUAMH WX snep. pyrumu cioBamu, B

paMKax AJICHTHBI «MIOOH» U T -«JICIITOH» SIBIISIOTCS COOTBETCTBEHHO TIEpBBIM (1 = 1) M BTOPEIM (11 =

2) BO30YX/JIEHHBIMU COCTOSTHHSIMH CBOOOJHOTO «DJIEKTPOHA», @ «aHTUMIOOH» M T -«aHTHIJICHTOH)
3TO COOTBETCTBEHHO nepBoe (n = 1) u BTOpoe (n = 2) Bo30YX/IEHHbIE COCTOSIHUSL CBOOO/IHOTO «IIO3H-
TpPOHaY.

To e Kacaercsi «KBapKOB», MPEJCTABIICHUS O KOTOPBIX OBLJIO BBEJCHO B IJIaBe 2, UTO C- H I-
«KBAapKW» — 3TO TIEPBOE M BTOPOE BO30YKIACHHBIC COCTOSHHS U-«KBapKa»; a S- U bH-«KBAPKU» — 3TO
IIEPBOE U BTOPOE BO3OYKIEHHBIE COCTOSHUS d-«KBapKay.

s nposepxu, usnoxiceHnol 30ecb cunomeswvl, npedazaemcs Y0epiuHcusams 6 MAacHUMHOU J10-
8yuiKe HeKuil 00beM IeKMPOHHOU NIA3MbL, U 00NYUAMb €20 HCeCmKUM uiydeHuem. Bozmooicno, umo
npu 2Mom 3axcamole Opye Opy2om A0pa «INEeKMPOHO8» MO2YM Nepetimu 8 8030YHCOeHHble COCMOAHUSL.
IIpu smom 6ecb 06vem 0bIYHUaeMOl INEKMPOHHOU NAAZMbL MONCEM NPUOOpecmu uHvlie Quuyeckue
ceoucmaa.

Ewe o0num noomeepaicoenuem cnpasednusocmu usnazaemvlx 30ecb 0CHO8 CMAMUCMu4eckol
(K6aHmMoB0L) Mempadu3uUKUU MOHCEM NOCLYHCUMb NOJYUEeHUe «TeNMOHO8Y U «KBAPKOB» YemBepmozo,
nAMO20 U M.0. NOKOAEHUU, MAaK KAk co2nacHo (4.3.2) u (4.4.4) ypoeueu snepeemuunocmu a0pblliKa &p,
bonvbue mpex.

[IpnunHa yBenuueHUs WHEPIIUMOHHOCTH «MIOOHOB» M T-«ICNTOHOB» [aHanora macc (4.6.2) B
0e3MacCcOBOM CTAaTUCTUYECKOM (KBAaHTOBOM) MeTpadu3uke], o BCel BUAMMOCTH, CBsI3aHA C YCIOXKHE-
HUEM YCPEJIHCHHON METPUKO-TMHAMUYCCKOW KOH(MUTypaIK BAKyYMHOU MPOTSHKEHHOCTH KaK BHYTPH,
TaK W CHAPY)XH UX BO30YKJICHHBIX SI7CP.

HumepecHo sKcnepumeHmanbHo npogepums OCMaromces i «KMIOOH» U «AHMUMIOOHY», B03HUK-
wue npu CMOJIKHOBEHUU «INEKMPOHA» C «NOZUMPOHOMY» (puc. 4.6.1), 6 "3anymannom" cocmosanuu.
s 5moeo HysHcHO yCmanosums npUEOOUm i NEpexo0 «MIOOHAY» 6 «IEKMPOH» K ABIMOMAMULECKOM)
nepexooy «aHmuMOHA» 8 «no3umpowny, unu Ilpupooa donyckaem cywecmeo8anue acumMmempuy 6

Kojquyecmee cocywecmseyroumux «KmMooHo6» U «AHMUMIOOHO6).
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4.7 BbIBOJbI 4YeTBEPTOii I1aBbI

B rnase 2 B pamkax mpezcraBiieHuil AnreOpsl curHatyp (AJICUTHBI) ObUIH MPEII0KEHbl MET-
PUKO-THHAMUYECKUE MOJICTH 16-1 THIIOB «KBapKOBY» (TOYHEE 8-U «KBAPKOB» U §-M «AHTHUKBAPKOBY),
U3 KOTOPBIX yJaloCh "CKOHCTPYUPOBATh'" BCE BUbI «IEITOHOBY, «ME30HOB» U «OapHOHOBY», U3BECT-
HBIX B pamkax CTaHIapTHOW MOJIEIIH.

B oroli rnaBe yuumThHIBaeTCs, UYTO BaKyyMHas MPOTSHKEHHOCTh MOBCEMECTHO (IYKTYHpYET.
B cBs13u ¢ 3TUM HccaenyoTcsl 3aKOHOMEPHOCTH B XaOTHUECKOM MOBEJCHUH sIIEp U SAPBIIIEK, YKa3aH-
HBIX BBIIII€ JIOKAJIBHBIX BAKYYMHBIX 00pa3oBaHuil.

Bakyymuble ¢uiyKTyanuu B IpUHLMIIE HE YCTPAHUMBI. DTO O3HAYAET, YTO BEPOSTHOCTHAS aK-
CHOMAaTHKa KBaHTOBOM (PU3UKU CTOJIb K€ MEPBUYHA, KaK U JACTEPMUHU3M auddepeHuanbHoN reo-
METpPHH, KOTOPBIM BHITEKAET U3 MPEIOJI0KEHUS O HEPEPHIBHOCTH BaKYYMHOM IIPOTSHKEHHOCTH.

PaBHOMpaBHOE COCYIECTBOBAaHME BEPOSITHOCTHBIX M JETEPMUHUCTCKUX MPUHILIUIIOB BBIHYXK/a-
eT AJICUTHY pa3BUBaTh "CTaTUCTUUYECKYIO METpapU3UKy", KOTOpas MPUBOAUT K YCPEIHEHHOMY OIuca-
HUIO TUCKPETHBIX (KBAHTOBBIX) METPUUYECKUX CTPYKTYpP. DTO CBS3aHO C TEM, YTO JUCKPETHbIE HAOOPbI
YCPEIHEHHBIX COCTOSIHUN XaOTHUECKU OMyXAaroImux sjapbiiiex (puc. 4.2.1) Hen30exKHO NpOosBISIIOTCS
U B YCPEIHEHHBIX METPUKO-AMHAMHUYECKUX (BBIIYKJIO-BOTHYTHIX) KOH(QUIYpalUsiX BaKyyMHON Mpo-
TSYKEHHOCTU KaK BHYTPHU, Tak U cHapyxku snep (puc. 4.5.2 u 4.5.4).

[lepeuncnuM OCHOBHbBIE MOJIOKEHUS «CTATUCTUYECKOM (KBAaHTOBOM) MeTpadu3uKu» AJICUTHBI,
KOTOpbIE B TOM WJIM UHOM BU/JIE TIPE/ICTABIICHBI B JAaHHOM TJIaBe:

1). B monHOCTBIO Ie€OMETPU3UPOBAHHYIO (HU3UKY B
MIPUHIIATIE HEBO3MOXKHO BBECTHU TMOHATHE "Macca" ¢ pa3mep-
HOCThIO "Kmiorpamm". [lo3ToMy NpuUXOAMTCS HCKIIIOUUTH
3TO MOHATHE U3 BCeX MeTpa-(hu3nueckux Bo33peHuil. Bmecto

TOYEYHBIX YACTHI], OOJAJAONTUX MACCOM, 3apsA/IOM, CIIMHOM

U T.A., B MeTpadu3uke AJCUTHBI paccMaTpuBarOTCs chepu-
YecKHue sjpa JIOKAIBHBIX BaKyyMHBIX 00pa3oBaHUi (pHC.
4.7.1). Tak »xe BBOAATCA T€OMETPU3HPOBAHHBIC IOHATHUSA:

"UHEepTHOCTB" siApa (aHanoe uHepmHOU MACCbl MOUEUHOU

uacmuysl), "MHTEHCUBHOCTh MCTOYHMKA PAJMATLHBIX BAKY-  Ppc. 4.7.1. SApo JOKANBHOTO BAKYYMHOTO
0o0pa3oBaHuss AJICHTHEL — 3TO aHAJor
TO'-Ie'-IHOﬁ MaTepI/IaJILHOﬁ YJacCTHUILIbl B ITIOCT-
HBIOTOHOBCKO# (hu3uKe

YMHBIX TE€YeHHH" BOKpYr sijpa (aunanoe 3apsoa moueuHou
yacmuywl), YCpEeIHEHHAs! YrIIOBasik CKOPOCTh BPALICHUS siapa
(ananoe cnuna moveunou uacmuysl), "cMeENIEHNE BaKyyMHBIX CIO€B" BOKDYT snpa (aHanoe epaguma-

YUOHHOU MACCbl MOYeyHOoU wacmuysl, cmompume 2nagy 9), "sHepretudHocTs" siapa (6ezmaccoswiii
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amanoe 3Hepeuu moyeuHou yacmuysl), "HaTsSHKEHNE" BAaKYyMHOM MPOTSDKEHHOCTH (Oe3maccosulli ana-
J102 YAPY2UX HANPANCEHUL CNIOWHOU cpeobl), "yeunue" (beamaccosulil ananoe cuibl) v T. 1.

bezmaccoeocmv mempaghusuxu Ancuenel vizvieaem HaudOAbULUE BO3PANHCEHUS CO CMOPOHDbL
VUEHbIX, GOCNUMAHHBIX HA NOCM-HbIOMOHOBCKOU HAY4YHOU Memoodonozuu. OOHako me uccredosameint,
KOmopbie yxice CMOIKHYIUCL C Hepa3peutumocmspio npobiemvl Mempusayuu ¢enomMeHno102utecKo2o
NOHAMUSL «(MACCAy», NOOOEPHCUBAIOM YCmpeMeHuss AncuzHbl.

2). BakyymHasi IpOTSKEHHOCTh YCJIOBHO paccCMaTpUBaeTCs Kak CIUIOUIHAS YIPYro-IulacTUYHas
nceBJo-cpena. PeanbHas cyOCcTaHIIMOHAIBHOCTD JaHHOM IICEBI0-CPebl HUKOUM 00pa3oM HE IPOsBIIs-
eTcs (T.e. SKCepUMEHTaIbHO He Habmonaercs). OHAKO OTHOIICHUE K BAKYYMY KaK CIUIOIIHOMN yIpy-
ro-IJIacTUYECKOM cpelie MO3BOJISIET: BO-IIEPBbIX, 00bEKTUBU3UPOBATh JaHHBIN "ipeaMeT" uccienona-
HUS; BO-BTOPBIX, IPUMEHATh K M3YyYEHHIO BAKYYMHOM HPOTSHKEHHOCTH METO[bl nuddepeHaibHoi
r€OMETPHUH U MEXaHUKH CIIOLIHBIX CPE].

3). B pamkax AnreOpbl CUTHATYp BaKyyMHasi MPOTSHXKEHHOCTh — 9TO HE OJHA CIUIOIIHAS TICEB-
J0-Cpesia, a pe3ysbTaT aJJUTHUBHOTO HAJIOXKEHHS MHOXECTBA CIUIOUIHBIX IICEBAO-CPEN, TO €cTh 4-
MEpPHBIX IPOTSKEHHOCTEN Kaxasi ¢ 0JHOM U3 ¢ 16-10 BO3MOXKHBIMU CUTHATYpaMU, UM TOMOJIOTUSIMU
(cmotpurte tinaBy 1 u 2). Hanoxxenue (T.e. Cymeprio3uiys) JaHHBIX 4-TIPOTSHKEHHOCTEH TakoBa, YTO B
CpEeHEM HE UCKPHUBJICHHBIH BaKyyM OOJIaJaeT TOJbKO HYJEBBIMHU XapakTepucTukamu. To ectb mpu
aJTUTUBHOM HAJIOXKEHUM 3TUX 16-M THUIOB HE MCKPHUBIIEHHBIX CIUIOLIHBIX MCEBIO-CPEN, OHU IOJHO-
CThIO0 KOMIIEHCUPYIOT IIPOSBIIEHUS APYT Apyra 10 MojaHoro "orcyrctBus" (T.e. 0OHYJIEHUs BCeX ycepa-
HBIX METPUKO-AMHAMUYECKUX XapaKTepucTUK). TouHO Tak ke (IyKTyalluu BaKyyMHOU HPOTSKEHHO-
CTH TaKOBBI, YTO B CPEAHEM OHHM TOXAECCTBEHHBI MmojHOMY "orcyrcTBUIO". Kaxkmas u3 16 Tumon
CIUIOIIHBIX IICEBJIO-CPE MOKET ObITh MPEJCTaBI€HAa B BUJIE CYNEPIO3UIMHU euie 7-u MOoJ-
MPOTSHKEHHOCTEN C Pa3IMYHBIMU CUTHATypaMu (TOTOJIOTHSIMH), U TAKO€ PACCIOCHUE BaKyyMHOM IIpo-
TSYKEHHOCTH Ha MOJ-TIOA-TI0J1 - MPOTSHXKEHHOCTH MOXKET MPOJ0JIKAThCS 0 OeckoHeuHOCTH. Takum 00-
pazoM, BaKyyMHas MPOTSKEHHOCTh AJICUTHBI — 3TO OECKOHEYHO-CJIOWHBINA CIUIOIIHON MOBCEMECTHO
GIYKTYHPYIOIIMI MICEeBI0-00bEKT, KOTOPBIA B CpelHEM MOJHOCThIO "oTcyrcTByeT". [losToMy B Au-
CUTHE BaKyyMHasl IPOTSLKEHHOCTH ene HasbiBaerces "[lycToroit” [19, 22].

4). Ecnu uro-nmubo nposiBasiercs: u3 [lyctoTsl (T.€. U3 BaKyyMHOU MPOTSKEHHOCTH), TO 00s13a-
TEJIbHO BO B3aMMHO NPOTHUBOIOJIOKHOM BHJIE: «4aCTHULIa» (JIOKaJIbHAsI BBIMYKIOCTh) — «QHTUYACTULA»
(JlokanbHas BOTHYTOCTB), BOJIHA — QHTUBOJIHA, JBM)KEHHE — aHTU/BIOKEHHE, ledopMalus — aHTUe-
dbopmanys, NPOTSHKEHHOCTh — aHTUIIPOTSKEHHOCTh U T.A. Ilapel cymHocTel — aHTUCyHOCTEN abco-
JIIOTHO CUMMETPUYHBI OTHOCUTENBHO IlycTOTHI, HO OHUM MOTYT OBITH CIBMHYTHI 110 (a3e W/WUiIu MoBep-
HYTBI JPYT OTHOCUTENIBHO Jpyra Ha pa3Hble Yriibl. JlaHHbIE TOBOPOTHI U (Pa30BbI€ CIBUTH BAKYYMHBIX

HpOfIBJ’ICHI/II\/’I n aHTI/IHpOﬂBHeHI/Iﬁ npeaonpeaciIsAoT CymeCTBOBAHUEC MHUPOB U JIGI\/’ICTBYIOHH/IX B HHX
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ycuiuil. Pa3BuTHe MUPOB CBSI3aHO C MOCTENEHHBIM YCIIOKHEHHEM IEpEeIUIETEHUs] HACeISIIOIINX UX
cyuiHocTel u aHtucymHocredl. Ho, kak Obl OHM HM ObLIM THepeMellaHbl U B3aUMOCBS3aHbl, IIPU TJI0-
0aJbHOM YCpPEIHEHMH Ka)Ibld MHUp TOXKJECTBEeHEH ucxojHoil Ilycrore (T.e. B cpelHEM MOIHOCTHIO
OCTYCTBYET).

5) Ecnu k BaKyyMHOM TPOTSHPKEHHOCTH OTHOCUTHCS KaK K 0ObEKTUBHOM CYITHOCTH (CIUIOLITHOM
IICEBJI0-CPEJIE), KOTOpask HaXOIUTCSI CHApYKH 110 OTHOILIEHUIO K HAOIIOAATENI0, TO BBIICHAETCS, YTO K
TaKOW MPOTSHKEHHOCTH (SABJIAIOLIEHCS aTpuOyTOM BHELIHEH pealbHOCTH) HE NPUMEHHUMO IOHSATHE
"Bpems". B aTom ciydae "Bpems" — 3TO BCEro JMIIb pe3ylbTaT apupMeTH3aUN OLIYIIEHUS JAIUTEIb-
HOCTH, KOTOPOE MPHUCYIIE TOJbKO CTOPOHHEMY HalOutonaTento. Jpyrumu cioBaMu BO BHEUIHEH 1O OT-
HOILIEHUIO K HAOJII0/IaTEeN0 PEAIbHOCTU HET HUKAKOTO MPOCTPAHCTBA M BpEMEHH (T.K. 3TO TOJIBKO Ma-
TeMaTu4ecKkre a0CTpaklUM, BblpabaTblBa€Mble CO3HAHHMEM HAOIIOAATENsl), a €CTh TOJBKO CIUIOLIHAS
nceBJ0-cpenia u ee aBrxkeHus. [loaToMmy AsicurHe npHILIOCh U3MEHUTh OTHOILLIEHUE K MHTEPIPETAuN
KOMIIOHEHT METPUYECKOro TeH30pa. B 3Toil cuTyanuu HeHyneBble KOMIIOHEHThl METPHUECKOIO TEH30-
pa gup ONPEAEISIIOT UCKPUBJIEHUE 3-MEPHOTO JOKaJIbHOIO y4acTKa BaKyyMHOW MPOTSHKEHHOCTH (MM
J000r0 3-MEpPHOTro MOJ-CJIOS BAKYYMHOW HPOTSHKEHHOCTH), a HYJIEBblE KOMIOHEHTbI METPUUYECKOTO
TEH30Pa g0, a0, Lop CBA3AHBI C YCKOPEHHBIMM INPSIMOJIMHENHBIMU U BPAIATEIbHBIMU JBH)KEHUSIMU
TOTO K€ MCKPUBIIEHHOIO JIOKAJbHOIO ydacTKa Bakyyma. MTak, B pamkax HpeaCTaBICHUNW AJICUTHBI,
BaKyyMHasl POTSHKEHHOCTH (TaK K€ KaK BCE €€ CJIOU U MOJ-TI0A-CI0U) MPECTABIIAETCS KaK CILIOIIHAS
3-MepHas ynpyro-iiacTUyeckasi ICEeBAO-Cpella, B KOTOPOM J1000€ HUCKPHUBIEHUE €€ JIOKAIbHOIO
y4acTKa Hen30€kKHO MPUBOAUT K BOSHUKHOBEHUIO YCKOPEHHOTO MPSIMOJIMHEHHOTO (JJAMUHAPHOTO) WU
BpamaTeabHOTO (TypOyICeHTHOTO) ABMKEHUS TOTO ke ydacTka. To ecth Asicurna "Bumut", 4To Ha JIO-
OOM HCKPHBIIEHHOM y4acTKe BaKyyMma (WJIM Ha y4acTKe €ro MOJ-CJI0s) BOSHUKAIOT BHYTPUBAKyyMHbIE
(nceB0-CcyOCTaHIIMOHAIBHBIE) TEUEHUS, KOTOPble Ha3BaHbl "BHYTPUBAKYYMHBIMU TOKaMu'". Bceskuit
pa3 UCKPUBJIEHUS JIIOOOT0 JIOKAIBHOIO y4acTKa 3-MEpHOM MPOTSIKEHHOCTH MPHUBOJAT K BOZHUKHOBE-
HUIO B HEW BHYTPHUBAaKyyMHBIX TOKOB, M, HA000pPOT, BO3BHHKHOBEHHUE BHYTPUBAKYYMHOTO TOKa HEH3-
0eXHO BiIeUeT 3a COOOM JIOKaJIbHOE MCKPUBIIEHUE COOTBETCTBYIOLIEIO 3-MEPHOIO CJIOS BaKyyMHOM
npoTsHKeHHOCTH. [Ipy 3TOM B3auMOCBSI3b MEX]ly HYJIEBBIMU M HEHYJIEBBIMH KOMIOHEHTAMU METpHUYe-
CKOI0 TEH30pa g; OOYCIIOBIE€HAa BAKYyMHBIMHM ypaBHEHHUAMHU OWHIITEeHHA. YeTbIpeXMEpPHOCTb JifH-
IITEHHOBCKOTO MAaTeMaTHYECKOro ammapara (tounee nuddepernuanpHoil reometpun Pumana) cBsiza-
Ha HE C UCKPHUBJICHHOCTBIO MPOCTPAHCTBEHHO - BPEMEHHOI'O KOHTUHYYMA (KOmopo2o, o MHeHuto Aiu-
CUHbL, 80 BHEUIHEU PealbHOCMU He Cywecmeyem, m.K. OH AGNAI0MCS JUldb ampubymom 102utecKo2o
annapama Habarooamerst), a ¢ OJHOBPEMEHHBIM YY€TOM MCKPUBJIECHUS JOKAJIBHOTO 3-MEpPHOTO y4acT-

Ka TICeBJ0-CyOCTaHIIMOHAIBHOU Cpelbl M €€ K€ CKOpPOCThbIO U ycKopeHueM. OTMETUM TaKkkKe, 4To B
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pamkax AJICUTHBI BHYTPUBaKyyMHbIE TEUEHUS ONHUCBHIBAIOTCS KBaTEPHUOHAMHU, IPH 3TOM TOKHU (Teue-
HUS1) Pa3JIMYHBIX BHYTPUBAKYYMHBIX I10JI-CJIO€B CKJIabIBAOTCS MO MpasuiiaM anredpsl Kinddopaa.

6) BakyymHasi npOTSKEHHOCTh MOCTOSIHHO M IIOBCEMECTHO YPE3BBIYAWHO CIIOKHO M MHOIO-
MIaHOBO (PIIyKTyHpyeT. DTH (QUIYKTyalluu CBSA3aHBI KaK CO CIIOKHEHIIMMU TMEPEIICTCHUIMHA BHYTPU
BAKYYMHBIX CJIO€B, MOJ-CJIOEB U MOJ-...-MI0J-CJI0EB C Pa3IMUYHBIMHU TOIMOJOTUSIMH, TaK U C XaoTHUYe-
CKUMH KOJIEOAHUSIM KaKJIOTO M3 3TUX CJIOEB U MOJ-ClI0eB. MHOrOIUIaHOBBIE BaKyyMHbIE (PIIyKTyaluu
MoryT ObITh BbI3BaHBl KonoccanbasiMu JleTepmunnpoBanabiMu (T.€. [Ipenonpenenennsivu) [pomec-
cami, cBsA3aHHbIMU ¢ [ 1o0anbHbiM CranoBiaeHneM Muposnanus. Ho Ha JokanbHOM ydacTKe BaKyyM-
HOM NPOTSHKEHHOCTH cTeneHb "'3anyraHHocTu" 3Tux [IporieccoB cTonb BbICOKA, UTO AJICUTHA B JIFOOOM
cllydae BbIHY)K/IEHa OTHOCUTBCSI K HUM KaK K CIy4alHBIM IpOLECcaM, U MPUMEHSATH ISl UX UCCIIEN0-
BaHUS METOJbl TEOPUHU BEPOATHOCTEH U MaTeMaTUUECKON cTaTUCTUKU. OTHOIIEHHE K BAKyyMHO IIpo-
TSYKEHHOCTH KaK K YpE3BbIUANHHO CIO0XKHO (DIYKTYHUPYIOLIEH MHOTOCIOMHOM CIJIOIHOM MCeBIO-Cpere
BBIHYX/1a€T AJICUTHY pa3BUBaTh CTATUCTHUECKYIO (KBaHTOBYI0) MeTpadusuky. [Ipu 3ToM crabuiibHble
CYIIHOCTH U aHTUCYILIHOCTH, "CIUIETEHHbIE" U3 3TOIl MHOTOCIOMHOMN NCEBI0-CPEbl, U UX YCTONUYHUBBIE
METPUKO-TUHAMUYECKHE KOH(DUTypaly BBISBISIOTCS MOCPEICTBOM Y4eTa SKCTPEMabHOCTH (PYHK-
LIHOHAJIOB €€ JICUCTBUS U SHTPOIIUU.

7). YcioBue CyniecTBOBaHUSI YCPEIHEHHBIX CTaOUIIBHBIX BAaKyyMHBIX 00pa3oBaHU 0OYCIIOB-
neHo "Ilpunuunom skcrpemyma neiictBus” (I13/]), koTopblii OKka3bIBaeTCs TECHO CBSI3aHHBIM C
"l[lpunnunom skcrpemyma sHTponuu" (I133), 3akoHamu coxpaHEHHs HHTETpalioB YCPEAHEHHOIO
JBUKEHUS JIOKAJIBHBIX y4acTKOB BakyyMHOU npotskeHHocTd (3CU) u "Ilpunuunom oOuieil nHBa-
PUAHTHOCTU CTaTUCTUYECKOW MeTpadU3UKH OTHOCUTENBHO MPOU3BOJIBHBIX IPEOOpPa30BaHUN YEThIPEX
koopauHat " (IION). U3 3TuX NpuHIUIOB CIEAYET, YTO YCPEIHEHHBIN (3aMOPOKEHHBIN) TeoMeTpuye-
ckuil "kKapkac" cTaOMJIBHBIX JIOKAJbHBIX BAKYYMHBIX 00pa30BaHMU JOJKEH YAOBIETBOPSTH BaKyyM-
HbIM ypaBHEHHUAM OHHIITEHHA (T.e. nuddepeHalIbHbIM YPaBHEHUSIM BTOPOTO MOPsAKA, CMOTPHUTE
IJ1aBy 2); @ yCpeAHEHHOE NOBE/IEHUE SAEp 3TUX BAaKYyMHbBIX 00pa30BaHUM JIOJKHO MOAYUHATHCS pes-
TUBHUCTCKUM ypaBHEHHUsI Jupaka, KOTOpbIe IPU MajbIX CKOPOCTSIX ABUKEHHUS sIep MO OTHOIICHUIO K
CKOPOCTH CBE€Ta (T.€. CKOPOCTU PACIPOCTPAHEHUs BOJHOBBIX BO3MYLIECHHUI 110 BaKyyMHOM MpPOTSKEH-
HOCTH) yrpomaercs a0 ypaBHeHus Lllpenunrepa (cmorpute riaBy 3). B coBokymHocTu: aerepmu-
HUCTCKUE BaKyyMHbI€ ypaBHEHUS DMHIITENHHA U BEpOATHOCTHbIE ypaBHeHuUs [{upaka wiu Hlpenunre-
pa, BeITeKatonue u3 eauabx npuHiunoB [13/1, [193, 3CU u [1OU, sBastoTCSI OCHOBAHUSMH IS
0e3MaccoBOM CTaTUCTUYECKON (KBAaHTOBOM) MeTpapU3UKU, U TEM caMbIM 00€CIEUMBAIOT MOJHOTY JIO-

TUYECKOTO armapaTta Anredpsl curHaTyp (AJICUTHBI).
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BrlenepeurcieHHble MOJIOKEHUS CTaTUCTUYECKON (KBAHTOBOM) MeTpapu3WKu AJICUTHBI
MIPENIOJIAraloT KOPEHHYIO MEpPEeCTPOiKy (U3NYECKUX BO33pEHUH, KOTOpas MOXET ObITh OlpaBlaHa
TOJIBKO Pa3pelIeHreM psiia MpoodIeM COBPEMEHHON (GU3HKHU U TIPeICKa3aHueM HOBBIX 2(PEKTOB.

Pemenne ogHOM M3 Takux mpoOiIeM MPeaoKeHO B JaHHOU riaBe. B paMkax cTaTHCTHYECKOM
(xBaHTOBOM) MeTpadU3UKU AJICUTHBI BBISICHSIETCS, YTO «MIOOHBI» U «Tay-JE€NTOHBD» MOTYT OBITh WH-
TEPHPETUPOBAHBI KaK IEPBOE U BTOPOE BO3OYKJACHHBIE COCTOSHUS «AJIEKTPOHA» U «IO3UTPOHAY, a C-
U 1-«KBapKH» — 3TO COOTBETCTBEHHO MEPBOE U BTOPOE BO30OYKICHHBIE COCTOSIHUS U - «KBapKa»; a s- U
b-«KBapKu» — 3TO TIEPBOE M BTOPOE BO3OYKIACHHBIC COCTOSIHUSA d-«KBapPKay.

Takum oOpas3om, B pamkax AnreOpbl cUrHa-
JlenToHBI Ksapkn

e, i, T
Ve, Vu, Vr

u, c,t

TYp YAAETCS IPEMIOKUTh METPUKO-IHMHAMUYECKUE &
d,s,

MOJIETH BCEX «KBAPKOBY», KME30HOBY, «OAPHOHOBY» U
«0030HOBY, BXOIAIMUX B coctaB CTaHIapTHOM MO-
nemu (puc. 4.7.2), BKIOYas METPUKO - CTaTUCTHYE-
CKHME MOJIEII «MIOOHOBY», «Tay - IEHTOHOB» U S, b, ¢, poromur
! - KKBApKOBY».

He paccMoTpeHHBIMU OCTaIMCh TOJBKO BCE
boson Xnrrca

copTa «HEUTPUHO» Ve, Vi , Vr , METPUKO - JUHAMU-

4EeCKHE MOJIEJIM KOTOPBIX MPE/ICTaBJICHBI IJ1aBe 7. Puc. 4.7.2. Snementsr CrannapTHoli Moaenu
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