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Bomnpoc o cpaBHeHNY 06eCKOHEYHBIX MHO)KeCTB.

I/IHTYI/ITI/IBHO MOHSATHO, YTO MHOXXECTBO YETHBIX UYHCe/J «MEHbIIe» MHOXXeCTBa LeabIX 4Yucel,
IMOCKOJIBKY Liejible COCTOAT U3 YETHBIX M HEUETHBIX. I/IHTYI/ITI/IBHO IIOHATHO, YTO MHO>XeCTBO
HEOTPHULIATE/IbHBIX LIeJIbIX YKCe/T «MEHBIIE» MHOKE€CTBA IMOJIOXKUTEJIbHBIX IeJ/IbIX UKCeJl, ITOCKO/IBKY
BK/TIFOUaeT Ha 1 uncio Oosblile.

KaHTopoBCKuli MeTo/] cpaBHEHUST e CKOHEUHBIX MHOXeCTB (Kap/yHasbl) He MOAXOAUT, [IOTOMY UTO
OH OCHOBaH Ha TOMapHOM COOTBETCTBUU 3/iIeMeHTOB. KapuHa/IbHOCTh BCeX BbIlleNepeuncieHHbIX
MHOyKeCTB OyzeT paBHa 1o KaHTopy.

[TosTOMy mpepjiaraeTcst Jpyroil MeTof, CpaBHEHHSI MHOXKECTB. DTOT MeTof, paboTaeT TO/MbKO Ha
MHOKeCTBax C HOPMOM (IIpeJIIOYTUTe/IbHO, B MeTPUUYeCKHUX IpocTpaHCTBax). OH OCHOBaH Ha
paclllvpeHUH JelCTBUTENbHBIX YKCeI C MOMOLbI0 «PACLIMPEeHHbIX urcen». PaclumpeHHble yncia
COCTOST W3 YWCTO PACIIMPEHHOM YacTW M CTaHAAPTHOM yacTu (KOTopasi SIB/ISIeTCS OOBIUHBIM
BelleCTBeHHbIM YUC/IOM). TYT aHa/lorus C KOMILJIEKCHBIMY YHUC/IaMHU.

Ecnu Mbl 0603HaUMM Mepy MHOXeCTBa Lie/IbIX uMcea Kak 27, TO Mepa U8THBIX UMCes, KaK U
HeuéTHBIX OyleT 7, a BOT pa3je/iuTb Lie/ible UMC/ia Ha TMPaByI0 W JIEBYIO UYacTH TIOTIOJIaM He
TIOJTYYUTCS1, TIOTOMY UTO rocepeanHe Haxogutcs 0. ITosTomy, ofHa uacTb OyzeT Gosiblile Apyrou Ha
1. Takum o6pa3om, Mbl 0603HAUMM Mepy LIe/bIX MONOXKUTEeIbHBIX Uhcen Kak W_ = T — 1 / 2, a
Mepy Lje/IbIX HeOTPHUIiaTe/bHEIX uncen Kak W4+ = 7 + 1 / 2, Tak uTo W_ + W4 = 27.

3aberass Biepén s CKaXKy, UTO MbI TIOCTYJIUPYyeM, UTO 7- YKWCTO PpacIiiupeHHOe uucio. Torga
BBIXOJUT, UTO CTaH/apTHas 4yacTh W_ paBHa -1/2, a cTaHapTHas 4yacTh W paBHa 1/2.

MO)KHO Ompefe/IuTh HEKOTOphIe OMepaldd Haj MHOXXeCTBaMH, KOTOpbIe He W3MEHSIIOT HUX Mepy,
HarpuMep, IepeMellieHrHe KOHEYHOro KOJMYeCTBa 37eMEeHTOB II0 uKuCaoBoi ocu. Ho 6onee
nozipo6HO 06 3TOM Zasee.

CB#3b C pacxofsliUMHCA PSJaMH.

Ecmm snemMeHTbl MHOXKeCTBa HaXO[ATCS B TOUKAaX, COOTBETCTBYIOLMX HATypa/ibHbIM YMCJ/IaM, MbI
MOXKEM COBEepILIEHHO eCcTeCTBeHHbIM 00pa3oM 3aZiaTb COOTBETCTBHE MEXIY MepOM TaKoro
MHOYKeCTBa U CyMMOM psifia, MO/l 3HAKOM CYMMbI KOTOPOTO HaXoAUTCsl (PYHKIMS U/eHCTBA JAaHHOTO
MHO)KecTBa (1 ecnu HaTypajibHOe YMC/IO BXOAWUT B JaHHOe MHOXecTBO M 0 ecmu HeT). Takum
o0Opa3oM, MbI MOXXEM COIOCTAaBUTh PsiJ; (BO3MOXXHO, PaCXOZSIIUNCS) JIFOOOMY TIOZAMHOMECTBY
HaTypaJbHBIX unces. B uacTHoCTH,
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Kak oxa3anoch (M 3TO MOTPSICAIOLMI pe3y/abTaT), CTaHJapTHas 4acTb Mepbl TaKUX MHOKECTB
paBHa 0000leHHON CyMMe [JaHHOTO pacxofsilerocsi psifia. B uacTHOCTH, Bblllernepeunc/ieHHble
P/l UIMEIOT CYMMBI 110 MeToZy PaMaHy)kaHa 3eTa-peryaspusauuu -1/2 u 1/2 cooTBeTCTBEHHO.

MbI MOXXEM paCIIMPUThL Hallle OTpe/ie/ieHre, pacCMaTpuBasi He TIPOCTO MHOXKeCTBA, a MHOXKeCTBa
B3BellIeHHbIX ToueK. CTaH/apTHas 4YacTb Mepbl TaKOr0 MHOXKECTBA TakKXe OyleT BbIpa)KaThCs
cymmoii psiza. Takum o0pa3oM, pacKpbUIOCh ajredpanyeckoe 3HauYeHHe 0000IEHHBIX CyMM
PaCXoJAIIMXCSI PAJOB.

OpHot u3 Gopmyn i CyMMUPOBAHUSI PaCXOJSIUXCS PSiioB 10 PamaHyxaHy siBsieTcsi hopmyra
daynxabepa:
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[To cytu, ¢popmyna Paynxabepa siBisieTcss psjgoM Teiyiopa JJisi CTaHAAPTHOM YacTH WHTerpasa
byHKUHN f(:l:) Mkl nosydaeM ciiefiytoiiee COOTHOIIIeHe:

st f'(w- +2) = Af(2)

B vacTHOCTH, MBI MO/IyUMM CTaHJAPTHYIO YacTb CTereHel CTaHJapTHBIX 371eMEeHTOB, BbIpaXkKaeMyo
yucaamu bepHysnu:

n
stw' =B,
n __ *
stwl = B,
rae B;; - BTOpBIe uKcia Bepuymm (y kotopbix B f =1 / 2).
3JTO0 MoTpsACdroIlee COOTHOLLIEHHWEe, OHO OTKPbLIBAET HHFGGPBI/I‘IQCK}]}O POJiIb yHnces BepHy'fI]II/I. Ounu

SIBJISTFOTCSI CTaH/IaPTHOM YaCThIO CTeTeHel 3TUX [IBYX 0COOBIX 371leMeHTOB!

OT0 0CO0OeHHO BA)KHO, TMOTOMY UTO O4Y€Hb MHOTHE€ DsAAbl HMCIIOJb3YIOT 4YUC/Ia BepHYII]'II/I, TaKHUM
06pa30M, CYMMEBI 3TUX PAAOB MOXHO BbIDA3UTH KdK CTaHAAPTHBIE YaCTH. Nmes ABa psaja:
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MBI MOXXEM T10/TYUYUTh COOTHOLIEHHE!:

z 2
st cos(zw_) = stcos(zwy ) = 5 cot <§> 2 <



W3 onpepenieHys uvces bepHy/y Takxe Ciefyer:

st e*Yt+ =

e —1

IlaHHOe COOTHOIIIEHWe TI03BOJISIET HaM HaWTU CTaHJApTHYI YacTb JIFOOOW (YHKLMH OT
HeCTaHZapTHOrO YHC/Ia.

B yacTHOCTH, MBI MOXXEM TeTleph 3arucarh GOpMYy /sl CTaHZAPTHOM YaCTH JTFOOBIX CTaHAAPTHBIX

cTereHell 0COOBIX 371eMEHTOB, 3Ta (QopMysna BbIpakaeTcs uepe3 3eTa-(QyHKUuiO ['ypBwlia,
pacKphbiBasi eé anrebpanuecKyro posib:

st(t+y)* = —aC(1 —x,1/2 +y)

M, B YaCTHOCTH,

stw? = —x¢(1 — ,0)

stw = —2((1 —-2,1) = —2((1 — )
st(w_ 4+ 2)" = B,(2)

rae By, (2) - muorounens: Beprymm.

Msbl BUAWUM, UTO 3eTa-(PyHKLMS IO CYTH SIB/IS€TCS CTaHAAPTHOM 4YaCTbIO SKCIIOHEHLMalbHOU
(yHKLMH.

Cummerpum.

MBI MOXeM HaGJ’IIO,E[aTL COOTHOLIEHUA MeXAy CTdHAAPTHBIMKU 4YdCTAMHA CTeTieHer 0COo0bIX
5/1IeMEeHTOB:

stw? =stwl,z>1
1—
st =stwl (2777 —1)

Takum o0pa3oM, cTaHJapTHble YacTH CTereHeM W_ U W, MPeBOCXOJAIMMX 1, COBMaAaKwT. JTO
OTpakaeT TTy00KYI0 CUMMETPHIO MEXK/Y 3TUMH JBYMSI 0COOBIMU 3/IEMEHTaMHU.

MbI MOXeM MOJYYHUTb BbIpAXK€HUSA OJIA CTAHAAPTHBIX yacrei 3JIEMEHTAPHBIX Cl)YHKL[I/Iﬁ OT 0COOBIX
5J/IEMEHTOB:

6 sin( +a) a t(a) . a
in(aw_ = — —|sinx — <
st sin(aw x 5 cot (35 )sinz — 5 cosx



Tpaduk gns St sin(w_ + z):

Fa
1

MBI BiguM, B uacTHocTH, uto St sSinwy = 1/2; stsinw_ = —1/2, stsinT =0

a a a
st cos(aw_ + x) = 5 Csc (5) cos (5 — a:)
paduk s St cos(w— + x):

C apyroy CTOpOHBI,
stln(w_ + 2) = ¥(2)
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["(2)
rne w(z) - F(Z)
2z =0, Taxum obpasom ln(w_) He uMeeT cMmbiczia. A Bor St log(w+) = =7, toe Y -
TI0CTOsIHHas Diiepa-MacKepoHH.

- auramma-(QyHKIusi. Mbl BUAUM, UTO JaHHasi (PYHKLIYS UMeeT TOJIH0C B TOUKe

AHanoruuHbIM o6pa30M MBI BUIUM, YTO Ha W_ HeJb3d U [e/UTh. bonee TOrOo, BCeé OTpUllaTe/IbHbIE
CTerieHu 5TOro sjeMeHTa He MMeKT CMBbIC/A. OAHaKO, BITIO/IHE BO3MOXKHO [O€/IMTh Ha w_|_ bonee
TOro, 6]'[&1"0,[[&1];)9[ (bYHKLII/IOHaJ'II)HOMy YPaBHEHHIO PI/IMaHa, IIO3UTHBHBIE 1 HeraTHBHbIE CTeIIeHU CU_|_
MpOABJIAIOT CUMMETDHUIO:

_wil?'_-i-l 2T 1
sin(7mx/2)(z)(z + 1)

st w_i__:’: = st

[MoTpsicarorjeil 0COOEHHOCTBIO JIAaHHOTO COOTHOILIEHHS, pacKphbIBarolleil anreOpanyecKkyro poJib
(hyHKLMOHANBHOTO ypaBHeHHs PuMaHa siB/isieTcsi TO, uto Oyfyud TpuMeHeHHBIM K psiny Teitnopa
TIOUIeHHO, OHO TIpeBpalljaeT SKCIIOHeHIMalbHble (QYHKLWU B JOrapupmMuyeckre W HAoOOpOT.
TakuMm o00pa3oMm, Mbl MOXeM 3alMcaThb COOTHOIIEHHSI MeXAY TPUTOHOMETPUUeCKUMH WU
ruriepOoIMueCKUMU QYHKIUSIMUA U MX 00paTHBIMU B 3aKPBITOH (opMe:

st (1 — cosh (2zw4)) = st T artanh [ —— ) = st Z arcoth (W—+> =1 —xcoth(x)
T Wy m T
z Wi — 5= z z
st Dy In Q:TZ = st cos(zw_) = st cos(zwy ) = 5 cot (5)

OcTaéTcsi HesiCHbIM, MOTYT JIM aHAJIOTMYHbIe COOTHOIIEHHUSI ObITh TO/yueHbl 6e3 MCIoJ/Ib30BaHUs
GYHKIMU  B3ATHSI CTAHJAPTHOM YacTH, W TakuM 00pa3oM, CBs3aThb JIOTaPUPMUUECKYI0 W
JKCIIOHeHI[Ma/bHYyI0 (QYHKIMM B TOM JKe Jyxe, KakK ¢opMysna Oiifiepa CBsi3bIBaeT
TPUTOHOMETpHUYeCcKHre (GYHKIIUU C TUIepOo/Inde CKUMHU.

BbipakeHHne MPOM3BOAHOI 0e3 onepanuu npejea.
Bo3Bpamasisick k ¢popmyrne daynxabepa u obpaiiasi BHUMaHHe Ha TO, UTO BCe LieJible TIO3UTUBHBIE

cTeneHd W_ U W, KpoMe cTereHW 1 UMerOT paBHYIO CTaH/apTHYIO YacThb, Mbl MOXKEM BbI/I€/TUTh
k03¢ duLeHT npu crereHu 1. ITOT KOIQPULIMEHT sIB/sIeTCs TPOM3BOJHOM:

fi(z) =st(f(wy +2) — flw- +2)) =st Af(w- + )

CyIeCTBYIOT  ApyTHe AHATOTHHHEIe (POPMY/TE:

fl(z) = st(f(ws +2) — f(-wi + )

fi(z) =st(f(~w- +z) = f(w- +2))

JlaHHBIe COOTHONIGHI MOSBOTSIOT BHPA3NTH MDOWSBOAHYIO AHATMTHYECKOH (YHKIMH Ges

WCTIONIb30BaHUS TIOHATUSI Tipefiefia. JTO B KAaKOW-TO CTereHW aHajloruuHo Qopmysne s
TIPOM3BOJHON B HeCTaH/IaPTHOM aHasu3e PoOMHCOHa.



Ecm dynkups f () veuétnas, To st f(wy) = —st f(w_) = %f’(O)

[Ipyruie COOTHOILIEHMSI, BbITeKaroIue u3 hopmyrbl Paynxabepa:
o0 w_
sth(k:) = —st f(x)dx
k=0 0
W

stz f(k) = —st f(x)dx
k=1

0

B nocnefHyx ABYX COOTHOLIEHMSX WHTerpasbl [JO/DKHbI NMOHMMATbCSl KaK Pa3sHOCTb 3HaueHUM
nepBO00OPAa3HBIX B3STHIX B MPeZiesiax MHTerPUPOBaHMSI.

Hopwma.

Ilo aHanmoruM C KOMIIJIEKCHBIMM UMC/JIaMH Mbl MOXX€M BBECTH IIOHATHE HOPMbI paCIIMpPeHHOT0
yuciaa:

|w|| = exp(st Inw)

B 3TOM c/lyyae pacKphIBaeTCs MHTepecHasi poJib IIOCTOSHHOM Jitiepa-MaCcKepoHHu:
—

lwyll =e

Pacxopsiuecss HHTerpaibl.

[TockonbKy Mbl MOXKEM BBbIPa3WThb CyMMbl PacXOJSIIUXCS PSZIoB B (JOpMe HecTaHAAapTHBIX YKCe,
BO3HUKaeT BOMPOC, MOXKEM JIU MbI Cle/laTh TO JKe CaMoe C PAaCXOASALIMMUCS UHTerpaiaMu.

MeI ToCTy/iMpyeM, 4To 000 MHTerpasa BAo/Ab OCH, uMeroleld MaciTab 1:1 K rmoguHTerpaabHOU
(YyHKUIMM COOTBETCTBYeT B3BellleHHOM TOUKe, Ppaclo/OKeHHOW Ha pacCTOSHUM OT Haudasa
KOOD/IMHAT, COOTBETCTBYIOIIEM LIEHTPY MacC KpPHBOJIMHEWHOW Tpamelui U C BeCOM paBHbLIM
T/I0L[au 3TOM KPUBOJMHENHOM Tparieliuy, ec/id JjaHHasi KpUBOJIMHelHasl Tparelusi CHMMeTpHUYHa
OTHOCHTE/IbHO CBOEro 1ieHTpa Macc.

Takum o6pa30M, Mbl MOX>XE€M YCTAaHOBHUTH B3dMMHOE€ COOTBETCTBHME MeXAYy MHOXeCTBaMH
B3BE€LIE€HHBIX TOUEK M HEKOTOPbIMKU MHTEIr'Pa/IdMHU.

B wacTHOCTH, MBI BUIM, UTO

d.’lf = Zl = CL)_|_,
—1/2 k=0
dx = Zl =w_,
1/2 k=1

TdK KdK JdHHbI€ UHTETpa/ibl COOTBETCTBYIOT MHO>X€CTBAM TOUEK B L€/IbIX UM C/TdX.



Bbonee Toro, oueBraHO, UTO

oo

dr=w_+1/2=71
0

TyT BO3MOXXHO BO3pa’keHHWe, UTO MHTerpas cjieBa MojiyuaeT COBCeM ApYyroe 3HaueHWe TpU 3aMeHe
riepeMeHHOU. [103TOMy OueHb Ba)XKHO, UTO OCh X UMEEeT TOT >K€ MacIlTabd, UTo U MOAbIHTerpa/ibHast
¢byukuus. Janee GyneM cuMTaTh, YTO 3TO YCIOBHE BBITIOTHIETCS AJIsE OCA X

Takum 06p830M, MbI BHJUM, UTO 7 B BOIIPOCAaX, CBSI3aHHBIX C HecoOCTBeHHBIMU HWHTEerpajiaMu
HUIrpaeT TdKyH e Ba’)KHYHO pPOJib, KdKYHO wWw_mu CU_|_ HUIr'parOT B BOIIPOCdX, CBA3dHHBIX C pAJaMU.

I/ICXO,Z[H U3 COOTBETCTBUA MEXAY HWHTErpalaMM WM MHOXECTBAMHW MblI MOXEM IIPEACTABUTH
HecoOCTBeHHbIe HWHTEerpasjibl B BUe psaa0B, B YaCTHOCTH,

o0 o0

mcos(mx) dr = Z(—Q)k’ =1

k=0

N|—=

~1 &1
J o=

k=1

Kpome Toro, u3 Haillero ompezeneHus ciefyeT oOlee MPaBUIO, UYTO eC/u (YHKLUS f(x) -
nepyoinuecKasl U MHTerpasi 3a repro/ paBeH HyJIto0, TOrAa

+o00
f(x)dz =0

— O
a eC ellé v yéTHas, TO

+o0
f(x)dz =0
0

B uacTtHOCTH,

oo

cosxdr =0
0

BaxHo 06paTuTh BHUMaHHe, UTO B JaHHOM CJ/lyuae pedb WJET He O CTaHapTHOW YacTH WHTerpaa,
a 0 TOUHOM 3HAYeHUH.



Ces3b ¢ pacnpeaenenusiMu M [lenbra-pynkuuen {upaka.

CylliecTByeT UHTerpajibHOe onpefeneHue [lenbra-GyHkiuu JIupaka:
1 [T

—ixz
= — e dx
2T

0(2)

— 00

[1pu BellleCcTBeHHOM I 75 (0 3Hauenye MHTerpasa paBHO HY/IO, B COOTBETCTBUM C HAIIMM MPEKHIM
pesynbratoM. OgHako npu £ = () MbI monyuaem

50)= = [ at

™ Jo

Ecm ock T umeer maciita® 1:1 MO OTHOLIEHWIO K OCH TIOABIHTErpPaibHOM (YHKIMM, JaHHBIA
T

HWHTEerpaji SKBUBAJIEHTEH .
s

[Tockonbky [lenbTa-hyHKLMs SIBASETCS MPOU3BOAHON 111aroBoM (DYHKI[MH, Mbl MOXKEM TPUUTU K
BBIBO/Y, UTO BCE MPOU3BO/IHBIE IIArOBbIX (DYHKIIMH B TOUKE IIIara Tak»Ke MOT'YT OBbITb Tpe/iCTaB/IeHbI
B BUJe PpaCIIMpeHHbIX 4YKCesa: pa3Mep Ilara OrfpefesisieT pacliMPeHHYH YacTb, a Tpejern
TIPOM3BOZIHOM Oripeie/isieT CTaHZAAPTHYIO uacThb. B uacTHOCTH,

T

sgn’(0) = —
m

CpaBHeHHMe C APYTMMH HeapXUMe/i0BbIMHU pacCIliUPeHUsIMH.

[Io cpaBHeHMIO C [JPYTMMU HEapXUMEJOBbIMU PpAaCIIMPEHUsIMUA [1eHCTBUTE/IbHBIX UHCes
(HecTaHJAPTHBIM aHa/lu3, TUIepBeLeCTBeHHbIe UMC/a, CIOPBELeCTBeHHble UMCJIa, OpPAWHAJbI U
T.[.), [AHHOe paclIMpeHue SB/IsIeTCS HEeTPUBUA/BHBIM, TaK KaK IPOM3BOJAWUT HeTpPUBHUA/bHbIE
COOTHOIIIEHUsSI MeX[y 3/ieMeHTapHbIMU (GYHKIUSMU. Kpome TOro, HeCTaHJApTHBIM aHa/MIu3 U
TUTIepBelljeCTBeHHbIe YKMC/Ia CTPAZaloT OT MPOoOJieMbl OMpeieIMMOCTU: HeT YHUKAJIbHOTO Criocoda
3a/laTh Ha OCHOBE CBOMCTB YHUKaJ/IbHBIA OeCKOHEUHO OOJIBIIION Wi O6eCKOHEUHO MaJiblid 3/1eMeHT. B
OO/BIIMHCTBE HeapXUMeJOBbIX pacCLIMpeHUl, Aake ecju rpobsiemMa OmnpefeMMOCTH pellieHa,
CYIIIeCTBYET eIMHCTBEHHBIM 0COOBINM OeCKOHEUHBIN 3/1eMEHT, 0OBIYHO COOTBETCTBYIOIIUN CUETHOMY
opavHany. OTavuue TIpeJIOKeHHOW 3/1eChb CUCTEMbl 3aK/IHuaeTcsi B TOM, UTO MMeeTCs /iBa
OZIMHAKOBO BAa)XHBIX OCOOBIX 37IeMEHTa, COOTBETCTBYIOIUX Mepe HaTypa/bHbIX YHUCeT W Mepe
HeoTpHUL[aTeTbHbIX UKCel, MPOSIBISIOIUX CUMMEeTPUI0 MEXIY C000# (M B KOHEUHOM CUETe, MEXY
Oul).

HNanHast cucrema oObeuHSIeT BecbMa [Janékue 00/aCcTH MaTeMaTWK{, WMeloIye [eyio0 C
0eCKOHEUHOCTSIMU: CpaBHEHMe OeCKOHEUHBIX MHOXXECTB, TEOpUs PACXOASIIUXCS  PSJIOB,
pacxoAdiuecss WHTeTrpajbl, TeOpUs UKWCel, HWCUHUC/IEHWe KOHEUHBIX pa3HOCTeH, Teopus
pacrpeziesieHHi 1 00001EHHBIX GYHKIMH U Ap.

PaciivpeHHbIe 4ucIa MOTYT ObITh 000011eHbI /7151 CDaBHEHHSI MHOXKeCTB C TOUKaMH aKKYMYJISLIAU U
BCIOAY-TJIOTHBIX MHO)KECTB, UeMy B [JaHHOW CTaTbe He ObUIO yJe/neHO BHUMaHHs. ECTb Takke
TUTIOTe3a O KOJIMUEeCTBe BellleCTBeHHBIX UMCe Ha OTpe3Ke, KOTOpoe Mpu 00001eHN MOXeT ObITh
BBIPA)KEHO PACIIMPEeHHBIM YMCIOM WM KaK CyMMa 0eCKOHeYHOTO psifa.



du3nuyeckye NpUI0KeHUs.

Perynsipu3anjusi pacxXofslMXCsi pPSOB W WMHTErpajoB [y u30aBjieHUss OT OeCKOHeYHOCTel
TIpUMEHsIeTCsI B KBAaHTOBOM Teopuu mosisi, (M3vKe BaKyyma (4/11 pacuéra Hy/lIeBOM SHEpruM U
s¢dexra Kasumupa), Teopuu rpaBUTaliiy, KBAHTOBOM XpoMmozMHaMmuke. B uactHocty, [Tons Jupak
BbIBe/I 3HaueHWe CpeJHel SHeprud KBapTOBOIO TapMOHMYECKOTO OCLWIIATOPa, IPUMEHUB
perysspusaLui pacxojAaierocs psaja:

hv hv

€= o5 T kT _

Ta >xe camasi BelMUMHa B C/Iy4dae MCI10/1b30BdHWA pACIIMPEHHBIX YKHCeJT BBIT/IAAe/1a OBI TaK:

hrw _

€ = hvwy + KTe *T

HepBoe dildaraemMoe 34eCb COOTBETCTBYET HYHeBOﬁ SHepruun. Takum o6pa30M, BO3HHUKAET
npeariosoKeHue, 4To CL)_|_ COOTBETCTBYET 6ECKOHeqHOMy UNC/IYy 3allOJIHEHHBIX OTPpHLaTe/IbHbIX

SHepreTudeCkKux ypOBHeﬁ B MOpe ,[[I/IpaKa, d MHWHHMdaJ/IbHAas Ha6JI}O,Z[EIEMaH SHeprruss KBAaHTOBOI'O

hv
FapMOHI/I‘JECKOFO OCL[I/I]'I]'IHTOpa numMmeer Bpra)KeHI/Ie —— HUMEHHO HOTOMy qTo CTaH'Z[apTHaH YaCTb (,U+

paBHa 1/2.

BripakeHne sHepruu Bakyyma [jisi pacuéta 3¢dekra Kasumupa Mexzay AByMsi napasiie/bHbIMU
3epKa/IbHbIMU TJIACTUHAMH TAaK)Ke MOXKET ObITh 3aICaHO C UCIO/Ib30BaHUEM PaCITUPEHHBIX UMCET:

2 4
E_hcww+

A 243

OtbpackiBaeMoe TIpH pery/sipu3aliiii 0eCKOHEeUHO OOJbIIIoe CjaraeMoe TIpU 3TOM OOBIYHO
WUHTEPIIPETUPYETCS KaK SHEPTHsi HY/IEBbIX KO/ie0aH i BaKyyMa.

YuuThIBas BhblllleCKa3aHHOE, BO3HUKAET MpeAariosIoKeHre, UTO paCllMpeHHbIe YKMCjla MOT'YT UI'DATh B
KBaHTOBOI TeOpHUHU I10J14d U CbI/IBI/IKe BdKyyMd TaKyIO >K€ pOJ/ib, KaKylO0 UI'DAIOT KOMIIJIEKCHBIE€ UHC/Ia B
KBaHTOBOI MeXaHHKe.



