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bazyrounce Ha aHajorii 3 JarpaHkeBUM IIJXOJOM J0 KJIaCHYHOI MEXaHiKM CUCTEMH 3
JOBUILHUM  YHCJIOM CTENEHIB BUIBHOCTi, TOOYIOBaHMH pEIATUBICTCHKM 1HBapiaHTHHUH
JIarpamKeBUH MiAXiJ A0 CIiHOpHOro mois y mpexacraBinenHi @onai — Borxolizena. 3HaiineHo
JMHAMI4YHI 3MiHHI CIIIHOPHOTO IIOJISl Y LIbOMY IPEICTaBJICHHI. 3aKOHU 30€pEXKECHHS BHUPAKCHO Y
TEpMiHaX KBAHTOBOMEXaHIYHUX IMITYJICHO-CHIHOBHX aMIUTITY/l YACTHMHKU W aHTUYACTUHKH, UMM
po3kpuTto Oe3nocepenHii (Hi3MUHMHA 3MIiCT BeNWYHH, o 30epiratorecs. [lopsa 3 Bimomumu 10
3aKOHaMH 30epeXKeHHs U1 CIIIHOPHOTO MOJs, mo € Hachigkamu [lyaHkape-cuMetpii Teopii,
oJiepkaHo 12 Ba)IIMBUX JONATKOBHX BEIHYHH, 10 30epiraroThes. J10qaTKOBI JUHAMIYHI 3MiHHI €
Hacimigkamu Toro (Qakry, mo y mpencrtaBieHHi @omnmi - BorxoiizeHa okpemo 30epirarotbes i

opOiTaipHa, i CIIiIHOBa YaCTHHH 4-MOMEHTY KUIBKOCTI pyXy CHIHOPHOTO TIOJIS.

1. Beryn

Cratrs € OesmocepenHiM TPOJIOB-
kKeHHsiM  poOit [1, 2]. BuKOpUCTOBYIOTHCS
MO3HAaYCHHsI Ta J0MOBIIeHOCTI [1, 2]. 3 MeTor0
CKOpOYEHHS BUKJIAI0K Ha (opmynu 3 [1, 2]
JAOThCS Oe3mocepe IHi TOCHIIaHHS.

B naniii poGoTi moOynoBaHO Ilarpas-
)KEBMM  MIOXIX Ta  3HAMOEHO  3aKOHU
30epexXeHHs AJIsl CIIIHOPHOTO IMOJIsi Ha OCHOBI
piBasiHHsT Donai — Borxoiizena (CkopodeHO
®B) [3], a ne piBasgHHa [ipaka, ske
BUKOPHUCTOBYETHCS Y BIIOMUX MOHOTpadisix
[4, 5] Ta OGaraThoxX IHIIMX OIJIAAAX TEOPIii
CHIHOPDHOTO  TONII YM  PENSITUBICTCHKOL
KBaHTOBOI MexaHiku. IlpencraBnenuid Tyt
PENATUBICTCHKM 1HBapiaHTHUHM JarpaHXeBUH
MIJIX1 10 CITHOPHOTO TOJIS Y TIPE/ICTaBIICHH1
@B Mae CyTTeBY aHAJOTiI0 3 JarpaHKeBUM
MIXO0I0M 0 KIaCHYHOI MEXaHIKH CUCTEMH 3
MOBUIBHAM YHCJIOM CTENEHIB BiabHOCTI. Ha
OCHOBI BBEJICHOTO B PO3TJISI JIarpaHXiaHy Ta
teopemu Herep onepxano 10 ocHOBHUX
(macmigkiB P—cumerpii piBasaHs ®PB) Ta 12
JOJaTKOBUX  3aKOHIB  30€pekeHHS s
cniHopHoro mosist.  JlomaTkoBi  TMHAMIYHI
3MIHHI € HaciiikaMu TOro (akTy mo y
npencrasieHHi @omnai - BorxoiizeHa okpeMo
30epiratoTbcs 1 opOiTasbHa, 1 CHIHOBA
YaCTUHU 4-MOMEHTY KUTBKOCTI PyXY.
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2. CniiHopHe moJie y KAaHOHIYHOMY
npeacrasjieHui ®B

VTOUYHMMO T@epur 3a BCE MPOCTIp
craniB noist N (TOOTO MHOXHWHY, Y SKIi
JOUTBHO IIYKaTH PO3B’s3KH piBHAHHA (3) 13
[2]). TlpuitaaTe y akcioMaTHYHOMY MiAXO/i

!
npunymenss € S™  (nuB., Hanpukiman,
4
[6]), 3 sixoro BurmBae, mo ¢S (me

S = (SM(L,3)) ®C*)’ € MHOX)MHA 4-KOM-
IOHEHTHUX KOMIUJIEKCHO3HAUHUX  y3arali-
Henux Qynkuiit HIBapua van M(L,3)), Moxe
OyTH KOHKPETH30BaHE BHACIIIJJOK HACTYITHOTO
TBepAKeHHS. 3 piBHAHHA OB (sK 1 3 piBHIHHS
Hipaka (10)) BumnuBae, 0O KOXHA 3
KOMIIOHEHT TOJsi N 3a70BOJIbHSIE PIBHSIHHS
Kneiina — I'opnona — @oka

(0+m*)4(t, %) =0; pe g4

1

=0"0,=0°,-A, A=0". W

A BiKe 3BiJICH MOKHA JJOBECTH, 110 Tojie M(X)
(six 1 mose AX)) hakTHYHO € 3BUYANHO0, a HE
y3arajibHEHOI (YHKIIIEI0 4acoBOi 3MIiHHOI {.
Tomy dacoBy 3minnHy t y piBHsiHHI OB (3) i3
[2] moxxna BBaxatu mapamerpom (y HaHii,
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JOBIIBHO (DiKCOBaHiil iHepIiaibHIN cUcTeMi
Bimmiky (ICB)), BigHOCHO sikoro mone N
0omaii nBiui AudepeHiiioBaHe.

Hauni, six Bugno 3 (3), (4) i3 [2], mone
MX) OesmocepenHb0 3B’si3aHE 3 KBAaHTO-
BOMEXaHIYHOIO XBHJIBOBOK (YHKII€W >(X)
enexTpoHa ta (AX) IMO3MTPOHA, a caMe,

S
O ]
@)

p(X)=¢" () +47(x), ¢ ()=

0
¢ (0)=| .|» &meH,.
7

no3asik mpoctip H, craHiB mo3uTpoHa (SK 1
eJIEKTPOHA) 1HBApiaHTHUH BiTHOCHO omepariii
C xommekcHoro cnpsbkenns, CH, =H,, To
IPOCTOPOM CTaHiB noisg N € mpsiMa cyma
H,=H, ®H,={¢} (060

IPOCTIp CTaHIB EJIEKTPOHHO-TIO3UTPOHHOTO

rip0epTiB

S -ny0sieta, IO BHU3HAYAETHCS MIpPOIO d3x
Jlebera), mpudomMy IOIUIBHUM € 3aTydeHHS
OCHAIIIEHOTO TUTLOEPTOBOTO MPOCTOPY

’
St = H, c Sl
IIO3BOJISIE

3)

KM 3a]y4yaTd  y3arajbHEeHi

po3B’s3ku e S’ o piBastaHs @B (3) i3 [2], a

obmacte S (ax mimemy y H, Ta S”')
JOLUUIBHO B3SITH 3a 00JIaCTh BH3HA4Y€HHA (1
3HAYEHb) aANTeOPH CIOCTEPEIKYBAHUX OIS V.

VY BignoBigHOCTI 3 Bupazamu (3), (4) i3
[2] Ta (2), (3), Bka3aHa anreOpa OymyeThes sIK
npsiMa cyma airedp CIOCTepeXKyBaHUX JUIS
noist >(X) XBWIBOBOT (YHKINT Ta Ui TOJIS
0 (x) — (yHKIi, KOMIUIEKCHO CIIPSKEHOI /10
XxBWIbOBOT (yHKIii (X) mo3uTpoHa. [ 1s
anredpa  (y X—peani3aui'1' npoctopy H,)
BU3HAYAEThCS (Y J1aHiM, TOBUILHO (PiKCOBaHIM
ICB) TppOMa HOPOKYIOUUMH OIEPATOPAMH,

a caMe OrepaTopoM KOOpPJIHHATH X momns N
(onmepaTopoM MHOXEHHS (YHKIT ¢(t, Y) Ha
nezanexHi 3MinHi X =(X')eR*cM(1,3), ne
R® — cmextp omepatopa X ), KaHOHIYHO

CIPSDKEHUM  JTO X OTIEPaTOPOM  IMITyJIbCA
| - .
p=(p =—I8|) noast N (31 cmnekTpoM

R} ={k =(k'), k' €(~o0,50)}) Ta omeparo-
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poM criiHa S i3 (18) B [1] moms N, sikuit
BH3HAYa€ BIAMOBigHE 4-MipHE MaTpUYHE
300pakerHss rpynu  SU; (yHiIBepcaibHOL
HaKpUBaIOUOl TPYIU MMOBOPOTIB Yy peaTbHOMY
npoctopi R® = M(1,3)).

3ayBaskenHsi 1. OOuuciICHHS MOMEH-
Ty KUIBKOCTI pyxy y npezacraBienHi @B Ha
ocuoBi  V-meperBopennss (1) i3 [2],
CTapTYIOUM 3 MOMEHTY KUIBKOCTI Pyxy y
npezcrasienni [aym — [dipaka (IT[), nae

V(XxP+5)V=Xxp+5, 4

TOOTO TIOBHUM MOMEHT KUIBKOCTI PYyXy HE
MiHs€TbCs. Tpu meperBopenHi DB. Onnax
opOiTaTpbHUN Ta CIIHOBUHU JOJAHKH ITOBHOTO
MOMEHTY MIHSIOTBCS TpH V—TIepeTBOPEHHI
(1) i3 [2], xoua ixHs cyma pisma XX P+S .
Haronocumo, mo opOiTadbHUM Ta CIIHOBUM
MomeHTamu y ®B-npeacraBnenHi He € obpa-

O—— .
su VXX PV 1a VSV ! opOiTanbHOrO

MOMEHTY XX P ra cnima S (18) i3 [1].
Haragaemo, mo nmmm momentamu y DB-
NPEJACTABIICHHI € BIIMOBIIHI  ONEpaTopH-
¢byukii omeparopiB X, p 1 S (18), ski
MOPOJIKYIOTh aredpy CHOCTEPEeKYBAaHUX Y
O®OB-mipeacTaBieHHl, a caMme, OmepaTopu
XXP 1a § (18) i3 [1] (ue w™moxHa
3pO3yMiTH 1 Ha OCHOBI pe3ynbraty (4)).
(18) iz [1]

. . F 0
KOMYTYIOTb 3 raMUJIbTOHIAHOM H™ = Vv @

Omneparopu 7(><F) Ta S

[Hf.xxp]=0, [Hf5]=0, (5)

omke, y ®B-npencraBneHHi  Okpemo
30epiratoTbcst (€ iHTerpajamMu  pyxy) i
opOiTambHUM, 1 CIIHOBUA MOMEHTH KIJTBKOCTI

PYyXYy.
OnnuMm 3 GyHIaAMEHTATHPHUX 00’ €KTIB

€ oneparop 4acoBoi eBoutonii craHiB Ny H,,

T06TO raminbronian monst ®B, H F= 7/060 , 1
came BiH ¢irypye y piBasHHi (3) i3 [2].

OrmepaTopoM MBUAKOCTI 1yist TIosist N €
BIJIMOBI/IHA MPsIMa Cyma

vzizé[Hﬁz]:yO . ©

R |



Uzhhorod University Scientific Herald. Series Physics. Issue 25. — 2009

3 BIATIOBITHOIO i1 (DI3UYHOIO iHTEPIIPETAIIIEIO.
OmnepaTopu eHeprii-iMITynbCy P. Ta 4-mMo-
MEHTY J., SK BUAMOBIAHI MNpsMi CyMH
KBaHTOBOMEXaHIYHUX OIEPaTOPiB ISl TOJIB
>(X) Ta 0 (X), MAIOTh BHIIISL EPMITOBHX Y H,

oreparopiB
po:700):HF: p =00, Jj,=m,+s,,
. ip, (§><ﬁ)kj (7)
=X + 0 Xa+—+—-].
Jok 0Pk TV ( K 2w mtm
Bonn, sk omepatopu Ha S*c H,,

0e3yMOBHO 3aJI0BOJIBHAIOTE P—Tabmumo (5),
(6) i3 [1], a TakOX KOMYTYIOTB 3 OIEPATOPOM
(10, —7/060) piBustas  (3) i3 [2],
3310 Th rpymy PEISATUBICTCHKOT
inBapianTHOCTI nonst ®B (sx ynitapHe B H,

TOMY

P—300paskeHHss, 1O BU3HAYAETHCS (HOpPMY-
goro (7) i3 [1]). MiiicHo, y TepMiHax,
HAINPHUKIIAJ], CTAIIOHAPHOTO MOBHOTO HA0OpY
(P, s,=s") mons N, saranbHuil po3B’A30K
piasaast @B (3) i3 [2] 3amucyerscst y
BUTIISAL

#(X) =Vl//(X)
[d% (a" (K)Dye™ +b™ (K)Dre™ ), (8)

(2 )3/2
r=12.
besnocepennimu 00UYMCIIEHHSIMU JIETKO
MEePEKOHATHUCH, 10 MHOXKHUHA { N} PO3B’SI3KiB
(8) imBapiaHTHa  BIIHOCHO  3TaJaHOTO
yHiTapHOTO P—300paxkeHHs B H, .

Sk iy Teopemi 1 3 [2] musa
PENATUBICTCHKOL KBaHTOBOI MEXaHIKH
elekTpoHa y mpexactaBieHHi OB, ©Habip
epMITOBUX y mpocropi H, onepatopis
orb o

=(p,,m,,), onepxanuii 3 Habopy

a=(p,.J,) (7)mpu S =0, T06TO HAGIp

=i8|, my, =X P, =X, Py

9)
My =1p, +7O(_X|a’+%

Po :7/00)1 P,

AKMM MICTUTH JIMIIEe OpOiTaJbHI MOMEHTH
KUIBKOCTI  pyXy, TakoX  3aJ0BOJIbHSIE
KOMYyTalliiiHUM cmiBBigHOIEeHHIM (5), (6) 13
[1] P-—anrebpu, komyTye 3 oImepaTopom
piBusHast OB (3) i3 [2] BU3HAYAE 3a
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dopmymnoro  (7) i3 [1] ymitappe B H,

3o6paxenns U(a,w;p,,m,) rpymu P, sxe

TEX € TPYIOI iHBapiaHTHOCTI piBHsAHHI OB
JUIE  CIIHOPHOTO TONSl 'y KAHOHIYHOMY
MPECTaBIICHHI.

3ayBakumo, mo omeparop (1) i3 [2]
neperBopeHHss PB  mnepeBoauTh 3arajbHUM
po3B’s3ok (11) i3 [1] piBusuus [lipaka came
no Burisiny (8). Y Bupasi (8) BukopucraHi
nosnaueHus (11) i3 [1], a Takok 101aTKOBI 10
HUX MTO3HAYEHHS, a caMe

d 0 1 0
Dr_ ="' y D:— = y d1 = ) =11 (10)

0 d, 0 1
ne DI — e BnacHi BekTOpH omeparopa crina
§ (18) i3 [1] cnminopaoro @ -nyoinera

(4aCTUHKU-aHTUYACTUHKM), 1HAKIE Kaxy4H,
opTu 4-BUMIpHOTO JIeKapToBOro 6azucy B H,,

38’s3ami 3 opramu V' (K) (15) i3 [1] Tax

(v7(K)=V'D;, v (K) =V, Dy)

_ 11
—(D; =V,v, (K), D} =V v (K)). -
Tyr
V. - 77-IZ+a”)+m
© La(@+m)’
(12)
V{:VE —7-k+@d+m

J2a(@+m)

Sx BuaHO 3 (8), KJTacHUHE CITIHOPHE TOJIe ¢

y unpencraBieHHi ®B e cynepno3uiis
PENATUBICTCHKUX KBaHTOBOMEXaHIYHUX
IMITyJIbCHO-CIIIHOBUX ~ XBWJIb Jie¢  bpoilng

yacTuHkd  (enexktpona) (11) i3 [2] Ta
BIIMOBIIHUX KOMIUIEKCHO CIIPSDKEHUX [0

e. (t,X) (11) i3 [2] xBuab aHTHYACTHHKH
(mo3uTpoHa), a 3aJIeXkKH1 Bif IZ, I xoedimieHTn

po3KIIany ar(lz) Ta b*r(IZ) € BIIMOBITHI

IMITyJIbCHO-CITIHOBl ~ aMIUTITyu  (XBUJIbOBI
¢byHkuii  yacTUHKM  (AaHTUYACTHHKH) Y
" 1 3 .
k, EG -MIpE/ICTaBIICHH] ).

Haranmaemo, mo neperBopenns ®B (1)
i3 [2], 3amae 3B’S30K MK KaHOHIYHHUM
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npencrasieHHsM ®B g cniHOpHOTO MO
Ta MOro cTaHIapTHUM npeacTaBieHHsM [1/], B
SIKOMY TIOJTOBE PIBHSHHS Mae J00pe BiIOMUM
Burisg (10) i3 [1]. 3B’sa3aHuMu Mik CO0010
BUSIBIITFOTHCSI HE JIMIIE PO3B’SI3KH PIBHSIHB (3)
i3 [2] Ta (10) i3 [1] (muB. dopmymnu (1) i3 [2]),
ane i Oyap-sKi BignoBigHi omepatopu A" Ta
AP y npeactaBieHHsx ®B ta [1/1:

AT =VAV' AP =VAV, 13)

ne omeparop V (1) 3 [2] sx niHifiHMHA
oreparop y H, € YVHITapHUM:
W'=v'Vv=1 v'=V'

30KkpemMa BKa)XeMO 3B'SI30K anreOpu
CIIOCTEPEIKYBAHUX CIIHOpPHOTO Toyis Ny

KaHOHIYHOMY  mpenctaBieHHi @B 3
aJICeKBaTHO BU3HAYCHOIO anredporo
CIIOCTEpEXYyBaHMX miI nonss Py

npeacrapienni 1], V' [1] mu Bigmivamu
JeTabHO, 110 Y JIOKAJIbHOMY INPEICTaBICHHI
I/ ¢izuuHo He3aAOBUIBHUMH € O3HAYCHHS
omepatopa X  (omepaTopa  MHOMKEHHS
CIIHOPHOTO MoJisi AX) Ha He3aleKHI 3MIHHI
x=(x)eR®’=M(3)) omeparopa
KOOPJMHATH [OTO TMOJII Ta O3HAYCHHS
oreparopa S (18) i3 [1] six omeparopa criHa
noist AX). Y 3B’A3Ky 3 MM BH3HAYUMO 32
dbopMmyIoro (13) oriepaTopu
AD :()—(D’ D»D, §D) _

npexacraienni [1J1 mons A(X) BiXmOBigHHUX

SAK

o0pasu y

onepatopis (X, P, S), ski € mopomKyrOUnMH
anre0pu CIoCTePeKyBAaHUX CIIIHOPHOTO TOJIS
MX) y #oro KaHOHIYHOMY TIPEICTABIICHHI:

—

K0 =V IRV = X +ihc L

20
| sxp ipz-p) | ™
o(w+mc?)  20°(w+mc?) |
=D 1= =
p-=V7pV=p=-1aV, (@5
sP=V'sV =35
. 2¢2p(5 - p) - 2¢%5p% +ic(Px7)(@+mc?) (16)

20(w+mc?)

Omneparopu (14) — (16) cmig Ha3uBaTH
«ICTHHHHMHK»  ONEpaTopaMH  KOOPJIWHATH,

178

iMITyIIbCa Ta CHiHa criHOpHOTO mois AX), mo
3a0BoIbHsIE piBHAHHIO Jipaka (10) i3 [1]. dx
. SD ~D
BuaHO 3 (14) i (16) omeparopu X Ta S~ €
ICTOTHO HEJIOKaJIlbHUMH, XO4Ya IX CIIEKTp,
0E3yMOBHO, CITIBMaae 3 CIIEKTPOM

omeparopis X Ta S. Takum 4YMHOM, BCs
A

Horo mons P(X) (3 00sacTi0 BH3HAYCHHS i

anrebpa CIIOCTEPEIKYBAHUX CITIHOP-

Si
3Ha4YeHb ) BUSIBIIAETHCSI 00pazoM anreopu
A

BH3HAUCHA BHIIE SK MpsiMa cyMma airedp
CIIOCTEPEIKYBAHUX YACTUHKO-aHTUYACTHHKO-
BOTO AyOJsieta i sika MOPOJIKYETHCS TPhOMaA

criocTepexxyBanux 1oyt MX), ska

epmitosumu y H, omeparopamu (X, P, S)
JUISL TAHOTO JyOJieTa.

VY noBHIA a”Haiorii 3 BHUKIAIEHAM
suie reneparopu (19) i3 [1] P-anre6pu
inBapianTHocTi piBHsHHs Jipaka (10) i3 [1] €
obpasamu  reneparopiB  (7)  P—anrebpu
inBapiantHocTi piBHsHHS DB (3) i3 [2] (i
3B’s3aHi 3 HuUMHU 3a ¢opmynamu (13)). A
nokanbHi reHeparopu (8) i3 [1] 3 nopeHoBUM
crminom (18) i3 [1] P—anreOpu iHBapiaHTHOCTI
pisusaas Jlipaka (10) i3 [1] € oGpasamu
BIJIIOBITHOT P—anredpu IHBapiaHTHOCTI
piBasiaHs @B (3) i3 [2], sixa Mae HacTymHUI
SIBHUU BUTIIS:

p,u:ia;u jmn:men_anm+smn’
jOk = Xo Pk = X Po + Sox
i ) (17)
— P+
20 (@+m) [P, P (7 P+ )

+(7o P =7 Po)o(=7 - P+ +m)].

VY MHOXUHI po3B’sa3KiB piBHsAHHSA [lipaka (10)
i3 [1] mBi peamizarmii, a came, (8) i3 [1] 3
nopenioBuM crinom (18) i3 [1] Ta (19) i3 [1],
P—anreOpu iHBapiaHTHOCTI piBHsHHs Jlipaka
CMIBMAJal0Th, TOMY 3aKOHH 30€peXeHHs, fKi
BI/IMOBITAfOTH IIUM JIBOM peai3ailisiM, TaKoxX
chiBnagaroTh. CHUCOK BiAMOBIAHUX 3aKOHIB
30epexXeHHs 0JIepKaHo, Hanpukia, y [4].

B moBHii anamorii 3 THM, IO
B1IMIYEHO BHUIIE JUIS JIOKAIbHUX T'€HEpaTopiB

@) i3 [1] (3 s, (18) i3 [1D i (19) i3 [1], y
MHOXHHI po3B’si3kiB piBHsHHSI OB (3) i3 [2]
i peamizamii  (7) 1 (17) P—anrebpu
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iHBapianTHOCTI piBHsAHHS (3) 13 [2] Takox
crmiBnagaoTh. OTke Habopam rereparopis (7)
i (17) sBignoBimaroTh OJWHAKOBI HabOpHU
BeIMYMH, M0 30epirarorbecs. .BpaxoByroun
neit ¢akr, Hagami OyaeMo mpalOBaTH 3
epMiTOBUMHU TeHepartopamu (7), SKi MaroTh
OPOCTIMNI SBHUM BHUIVIAL 1 TMOPOIKYIOTh
yHiTapHe B H, 300paskenns rpynu P.

Ha BimMiHy BiJl KBaHTOBOMEXaHIYHHX
PIBHSAHB 17151 S -MYyJbTHUIUIETIB, piBHAHHI OB
(3) i3 [2] iHBapiaHTHE BiIHOCHO MEPETBOPEHb
3 mnoBHOI rpynu IlyaHkape, 30Kpema,
BiJIHOCHO 1HBepcCiii 4acoBoi 3MiHHOI. OfHAK B
IIbOMY TIOJIbOBOMY (hOopMalti3Mi, HE3BaKAIOUH

Ha Te, mo ¢ €H,, 00’exr @ ue mae 3MICTY

“XxBUIbOBOI  (hyHKIII’, TOOTO KBaHTOBO-
MeXaHiyHOro cTtany ayonera. lle HaouHO

BUIHO Xo04a 0 i3 TOrO, IO CepeHe 3HAUYCHHS
oneparopa P, =y’@ (obpasa reneparopa
YacOBUX TPAHCIIALIM) HaBITh Y HOPMOBAHOMY
Ha OJTUHUITIO CTaHI Ma€e BUTJIS

po=7'0—> Py = [d*x4' ()7 0g(x)
:deka( br(IZ)r),

TOOTO, B3arajil KaxKy4yd, Ha KJIACHYHOMY PiBHI1
€ 3HaKoHeBM3HaueHUM. Tomy @B-mone ¢,

o (IZ)‘Z ~ (18)

HaBITh Oy/ly4d HOPMOBAaHMM Ha OJMHUIIO (Y
npoctopi  H,), BTpauae  craHmapTHHI
KBAaHTOBOMEXaHIYHUN 3MICT: BOHO € KJIaCH4-
HUM CIlIHOpHUM ntosieM y ®B-npencraBnenHi,
Xo4a 1 BHpaxkaeTbes 3a popmynamu (2), (8)
yepe3 KBaHTOBOMEXaHIUHI XBUJIbOB1 (PYHKIIIT
YaCTUHKM Ta aHTU4YacTUHKU. lle o3Hauae,

30KpeMa, 1o none ¢ , Gyaydd KIaCHIHEM

€JIIEKTPOHHO-TIO3UTPOHHUM TIOJIEM, BiApi3HS-
€TBCS B KIACHYHOTO EJIEKTPO-MarHITHOTO

moms  (E,H) ab6o doromHoro  moms
E=E—iH. Ha sinminy Bix noxis (E,H)
(abo E=E-iH ) more @ He e

0e3nocepeIHbO CHOCTEPEKYBAHUM TIOJIEM Ha
KJIaCHYHOMY  piBHI.  3BHYaliHO,  MICI
nporenypy KBaHTyBaHHS (a came, ¢epMi-
KBAaHTYBaHHs), KBaHTOBaHe mone @@ ¢

CIIOCTEPEKYBAaHUM Y CTaHAAPTHOMY  JUIS
Teopii KBAHTOBAHHUX IOJIIB CEHCI.

179

OnHak, Ha BiAMiHY Bix = (26) i3 [1]

ta y' (27) i3 [1], koxkHUI 3 HOmaHKIB @

OJIS ¢

XBWJIBOBOIO  (YHKII€I0O YaCTUHKU (AQHTH-

0e3rocepelHbO  3B’SI3aHUN 3

YacTMHKH), a came, ¢ (X) i (¢+(X))* €

KBaHTOBOMeXaHiyHMMH cTaHamu (y H,)

YACTUHKHA 1, BIANOBIJHO, AHTHYACTHHKH.

ToMy i mpu HasiBHOCTI B3aeMogii moms @ 3
IHIIUMKA ~ TOJIsAMH  (HampuKiIag, 3

A=(A")), cknamoBumu ¢ (X) Ta <¢+ (X))*, i

BIJIIIOB1IHUM YUHOM Mo (piKOBaHUMH
CIIOCTEPEIKYBAaHUMHU JUII [MX CKJIAJIOBHX,
MOXKHa KOPHCTYBAaTHUCh OE€3MOCEPEeaHbO SIK
KBaHTOBOMEXAHIYHUMH CTaHAMH Ta CIOCTeE-
pexxyBaHuMHU (I TYT HEe BUHHKAae Hedi3udHe
TIOHSTTSI HETATUBHOI €HEPrii aHTHYACTHHKH).

BaxnuBo migkpeciuTH, Mo, AK 1 B
PEISITUBICTCHKIN KBaHTOBII MeXaHi
€JIEKTPOHA a00 S -MYJIbTUIUICTY, Y PO3TJISHY-
TOMY BHUIIIE KaHOHIYHOMY TpezcTaBieHHi OB
JUI  CIIIHOPHOTO TMOoJisA  (KJIACUYHOTO  TTOJISt
€JIEKTPOH-TIO3UTPOHHOTO ay0nery) ¢isumuna
iHTepIpeTamis  KOOPAWHATH,  IIBHJKOCTI,
CmiHy (Ta IHIIMX BEIWYHH) € MPO30pOoI0 i
0e3rnocepeIHbOI0 (30KpeMa, KOOpAMHATA TYT
X eR®*cM(13)).
[Ipu poMy, 30KpemMa, HEMae HisIKOi MOTpedHn
(sx poro Bumarae piBHsHHS [ipaka (10) i3
[1]) 3anyuaTu Hedi3uuHI MOHATTS “Bia €MHOI
eHeprii” Juis aHTHYacTUHKU. [lepemiueni B
poGoti [1] HemomiKK MarOTh Miclie JUIIE Y
3BMYaiiHOMy (ICTOpUYHO TepIIoMY) Mpes-
CTaBJIEHHI JIJI1 CIIHOPHOTO TIOJISI, TOOTO Yy
npenactasiaenti [11).

Takum umHoM, piBHsAHHI ®PB (3) 13
[2], Ha Bimminy Bix piBHsHHs [ipaka (10) i3
[1], mae Ge3mocepenHIO KBAaHTOBOMEXaHIYHY
IHTEepIpeTalio.

3ayBaxennsi 2. Matoun 3B's130k (28)
i3 [1] Ta (13) mix npexacrasienusmu [1]1 Ta
@B 1 KOpeKTHY TEOpil0 CIIHOPHOIO MO y
npencrasienHi  ®B, HeBaxko, 3poOUBIIN
obepuene meperBopenHss OB, Takox 3HaWTH
KOPEKTHI 3 TOYKH 30py KBAHTOBOI MEXaHIKU
BUpa3d ISl ONEpaTopiB  KOOPAWHATH,
IIBUAKOCTi, OpOITaThbHOTO Ta CIIHOBOTO
MOMEHTIB 0€3MOoCepelHb0 y Mpe/ICTaBIeHHI
[T, Le 3pobneHo, 4acTKOBO, y 3ayBakeHHi 1

IIOJIEM

€ TPOCTO JEKapTOBOIO,
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ta Bupazax (14), (16)). Buacmigok cyrTeBoi
3MiHU BupasiB mis crmiHa (16) 1 koopauHaTh
(14) naBiTh ans raminbToHiana H (21) i3 [1]
MaeMo:

[H,§DJ:O, [H,)‘(Dxrﬂ:o, (19)

a BHpa3 JJIs oneparopa IBUAKOCTI TEHep Mae
YITKHH (HI3MIHMIA 3MiCT

”=%[H,¥D]=7 (20)

B ninomy came y takuii cnoci6 BU3Ha-

B, 5°(14) - (16)

3 00JIaCTIO BU3HAYEHHSA 1 3HAYEHb §’4, a

o P
e

. . gD
YeHi crocrepexxyBani X

TaKOX MOpOJKyBaHa HHUMM ayredpa A83,4,

MalOTh  aAeKBaTHWA  (I3MYHHA  3MiCT
OIepaToOpiB CHOCTEPEKYBAHUX JJIsI CIIIHOP-

Horo oyt ¥/ (X) y woro [1/[-npecraBicHHi.

Came TakuM YHMHOM CTaHAAPTHE PIBHSHHS
Hipaka (10) i3 [1] Moke MaTu MHOCTIIOBHY
KBaHTOBOMEXAHIYHY IHTepIpeTaIlito (3aBIsIKu
BBEJCHHIO B  pO3IIIA]  HEJOKAJIBbHHUX
orepaTopiB KOOPIWHATH, MIBUIKOCTI, CITiHA i
T.J.).

3. JlarpanskeBuii miaxia 10 Teopii
KJIACHYHOI'0 CIIIHOPHOTO MOJISA y
npeacrapjeHHi @oani — Borxoiizena

[Toxaxxemo Temep, sk ciif OynyBaTu
PENATUBICTCHKY 1HBapiaHTHUN JarpaHXeBUH
MiIXig IS CHIHOPHOTO TMOJs B HOro
KaHOHIYHOMY  mpenctaBieHHi @B, He
aresol0YH 10 SIBHO KOBapiaHTHUX IMOHATH, a
BUKOPHCTOBYIOUM JIMIIE NEBHY AaHAJOri0 3
JarpaH’keBUM  MIJXOJOM Yy  KJIacCH4HIN
MEXaHill CUCTeM 3 (HECKIHUYEHO) BEIUKHUM
YUCJIOM CTemneHiB BUTbHOCTI. Ll anamorist
CTa€ MOBHOIO, SIKIIO CTAPTYBATH 3 IMITYJIbCHOI
(TouHilIe, IMITYJIbCHO-CITIHOBOI) peanizaiii
npoctopy ctasiB nois @B, exemMeHTH sSKOro

¢;(t, R) 3B s3aHl 3 o(t,X)

nepeTBopeHHsM Dyp’e

H, > ¢(t, %) = A(t,K)

II0JIEM

d3ke ¥ g(t, X) e H,, D)
@m/j St
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MPUYOMY KBaJpaT HOPMHU Y Iz-peani3aui'1'
3agaeThes Miporo Jlebera

|8]" = [ d*kd" t. K)d(t. k)

<oo<—>¢eH2,

(22)

a pisasuaas ®B s Bextopis @ € H, wmae

BUTJISIT
0~\ s =
(i6, —7°@)B(t, k) =0,
= ~ (23)
~ 2 2 4
= k+m,keRE, 683,
(maragaemo, mo mpoctip S, ax i
OCHAIIICHUHA rinpoepTiB POCTIp,
iHBapiaHTHHI  BITHOCHO  TI€PETBOPEHHS
®yp’e). IloBHa aHajoris 3 KJIACUYHOIO

MEXaHIKOI0 3yMOBJIEHA TUM, 110 piBHAHHS OB
(23) € mudepeHmiagbHe PIBHSHHS IIEPIIOTO
HOpSiAKY ~ BimHOCHO — mapamerpa t i
KOHTHHYalbHO  HECKIHYEHOIO  CHCTEMOIO
anreOpaiyHuX pIiBHSAHb BIAHOCHO YHCIOBOT

. . . . 1, 3
JMHAMI4HO1 3MiHHOI K € RE .
Posrnsimaroun  4-KOMIOHEHTHE IIOJIE

$=9(t.k)=(d: )

KOOPIMHATY (&5 (t)) 3 KOHTUHYaJIbHHUM

SIK MOJILOBY

YHUCIIOM KOMIIOHEHT 3a 3MIHHOIO k Ta
JAUCKPCTHUM YUCIIOM KOMIIOHCHT 34 3MIHHOIO

w=14,

3amMieMo TMepBICHY  (YHKIIIO
Jlarpamxa (3a TepmiHomoriero L-migxomy,
NeTalli30BaHOIO0, Hampukiag, y [/]) sk

(GYHKIIIO BIAMOBITHUX YUCIOBUX 3MIHHUX Y
BUTIISAIL

L=L(4.¢" 4:.4"0)
5 Garir 50 -6' i )0) 0
(@B 285,

A nito, sk yHKIiOHAT W[t;é,ﬁ] Bil
ymuiii - B(t,K), 47 (t,K)

3MIHHOI  t &€ (—o0,0) BU3HAYaeEMO 32

Ta YHUCIOBOIL

hopmymnoro
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W[t;&,@*‘]ﬁjde(t,E); 3.4 S

(25)
me  L(t,k) 3maxomuThcs 3 mepBicHOro
narpamwkiany  (81) 3aMiHOIO  YHCIIOBUX

3MiHan(¢5§)Eé, ¢;T, (5’0’ Jr’o pynxuis-
d(t.K) = (4°(t,k)), ¢'(t,k)

BiAMIOBiAHO, iX IOXIOHHMH 34
0,p(t, k), 60¢T(t1k), mo Hanexars S
(y mactymHiii Qopmyni MaloThCsS Ha yBasi
came Taki 3aMiHH).

Jlerko meEpeKOHATHUCh, HIO PIBHSHHS
Eilinepa — Jlarpanxa

W _oL 8 oL
sp" 0p" otogt,,

MU Ta,

qacoM

(26)

56 04 otog,
Jutst 11ii (25) criBnagaroTh 3 piBHSAHHAM (23) Ta
COpPSHKEHHM 10 HBOTO  PIBHSHHIM  JIJIS
P (t,k).

Amnanoriyao Oynayerbest L—minxim y
Oyab-sIKif peanizarii IPOCTOPY H,,
NOB’s13aHIA 3 MOBHUM HAOOpPOM TUHAMIYHHMX
3MIHHHMX y H, sK JiaroHajbHUX ONEpaTOopiB.

3okpema, y X-peamizauii npocropy H,
BIJIMOBIAHI JTarpaHXiaH Ta Jisi MalOTh BUTJISI]

LR =516 ()0 )
(0o (LX) R) + 206 (t, D)oy ", X)],

(27)

W [t;¢,¢*]d=fjd3kL(t, K); ¢.¢"€S*,(29)

ne  dynxiis  (P)(t, X)

nceB10Au(epeHIiaTbHOTO

w=N-A+m’ ma @$eH, BuzHAUACTBCS
uepes dynxuio @(t, X) 3a popmymoro

(pe3ynbTar  naii
oreparopa

l ikx ~ ¢ e
(0g)(t, %) =" j d*kea f (t,k). (29)
He3sBaxatoun Ha MpUTaMaHHI

KaHOHIYHOMY TpezcTaBieHHi0 PB Bunine-
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HICTh dYacy t Ta BHKOPHCTaHHS SIBHO
HEKOBAapiaHTHUX MOHATH, Takux sk d’k, d3x

Ta 1H., 3alPOTIOHOBAaHMM L—Miaxin € pensaTu-
BICTCHKHM IHBapiaHTHUM Yy HACTYITHOMY 3MiCTi.
Muoxuna {@}cH, excrpemaneii nii (28)
(MHOXMHA po3B’s3KiB (8) piBHsAHHS Eitnepa —
Jlarpamxa mot P(1,X), mo cmiBmamae 3
piBastHHAM (3) i3 [2]) e P-inBapiantHa (a
came, BOHA 1IHBapiaHTHA BIJHOCHO YHITapHOTO
B H, 300paxeHHsa rpynu P mopomxyBaHOro
epmiToBuMH P-renepatopami (7)).

Teopema Herep mns  epMmiTOBUX
oreparopiB ( iHBapiaHTHOCTI piBHsAHHS (3) 13
[2] o #(t,X) (3 masemenoo B [7]
JeTali3alielo Ta yTOYHEHHSIMH ) J]a€ HACTYIIHY
bopmyiry TUTST 3aKOHY  30epeKeHHS
Q(t)=Const, 1m0 BiANOBiIAE EPMITOBOMY

omneparopy q:
d—Q=[d’xg' (t,X)ag(t,X)
= [d’kg" (1. K)GA(t.K)

(30)
(e § € ¢gypne-obpas B I:|2 orepartopa ( B
H,). 3po3ymino, mo ¢opmyna Herep (30)
cmiBnagae 3 QOpMyJOK Ui CEepeIHBOTO
H2
CIIOCTepeXXyBaHOI ( 3 anreOpu cmocrepe-

3Ha4YCHHS B (um B H,) noBuIBHOI

JKYBaHUX AS’3,4 .

TakuM 4YMHOM, IS 3HAXOJKEHHS
OCHOBHHUX 3aKOHIB 30€peXeHHs Ui CIIHOp-
HOTO TOJI JIOCUTh MIiACTAaBUTH Yy (opmyny

(30) q :(po’ Py Jins jm) (7

P—cumerpii piBusuus OB (3) i3 [2].
[linkpecnumo, 10, Ha BIAMIHY BIJI

onepatopiB (19) i3 [1] y I1JI-npeacraBnenHi,

tyT y ®B-npencraBnenni reneparopiB (7)

reHepaTopu

X =(x') € xoopmunata, a § e cmin, To6TO
KOXKeH eneMeHT Habopy (7) Mae diTKui
¢bi3uyaMil 3micT. OTXKE CIH TYT KOMYTYE 3
raMiJbTOHIAaHOM 1 30epira€Tbcsi OKpemMo, caM
mo cobi. Cam mo coOi 30epiraerbes 1
opOitanbHuil MoMeHT. lle cmpaBemuBO K
JUISL TIPOCTOPOBHX, Tak 1 g OyCTOBHX
MomeHTiB. Tomy, B mopiBHsaHi 3 II/I-
npencrasieHHsM y  ®B-mpencraieHHi
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MaEMO  JOJATKOBI  3aKOHM  30epeKeHHs
M., My, S, Sy, opbitanbHuX Ta, BIANOBII-

In? In?
HO, CIIHOBUX YaCTHUH IMOBHUX ITPOCTOPOBOTO
Ta OYCTOBOT'O MOMECHTIB.

3ayBaxkenHsi 3. 3amady 3HAXOKEHHS
JIOJATKOBUX 3aKOHIB 30epexeHHs

M., My, S, S, A crniHOpHOro moss Ha

In?
OCHOBI Teopemu Herep Mo)xHa BHpIlIyBaTH
IBOMa crmoco0aMu: TO-Tiepiie, y MpeacTaB-
meani IIJI Ha  OCHOBI  HEJIOKaJIbHUX
orepaTopiB OpOITATHPHOIO MOMEHTY 1 CITiHA
(meranpHiIIe TUB. Y 3ayBaXKeHHI 2), TIO-IpyTe,
y KaHoHIUHOMY mpencTaBieHHi ®B. Jpyruii
nuigx wMae nepeBard. OrmepaTopu  MarOTh
MIPOCTIIIHMIA BUTIIS, a PO3TIIS IPOBOAUTHCS B
pamMKax  CTPOrMX  KBaHTOBOMEXaHIYHHX
MPUHIMITB KAHOHIYHOTO  IPEIACTABICHHS.
CaMe mell mUIAX TMPOMOHYETHCA Y JAaHIi
po0oTi.

3rigHo popmynu (30) necaTb OCHOBHUX
3aKOHIB 30€peKeHHs ISl CHIHOPHOTO IMOJIS

®B, saxi e wacmiakamu P-cumerpii  (7)
piBasiaHs OB (3) i3 [2], matoTh BUIISA:
R =[dx' (0 0p(x),  (31)
T .
R =[d*¢ (iag(x), (32)

= [d*x[ 4" ()% Py =%, Py +5)B(x) |, (33)
Ju =] d3x{¢*(x>[xo P
(S ~ p)' ExPhygp,

BinMiTiMo, 1m0 3aKkoHH 30epexeHHs
. (83) ta J, (34) € cymamu BenmuuuH, 10

(34)

+7,(— Xla)+

30epiraroThCsi OKpEMO, a came — OpOITaTbHUX
Ta CHIHOBHX MOMEHTIB KIUIBKOCTI pPYyXY.
TakuMm umHOM, MaemMo 1ie 12 HOZATKOBUX
3aKOHIB 30€epeKeHHS

= [d™%[ 4" (%P, =%, P)4(X) ] (35)
mn — J.d3x|:¢T (X)Smn¢(x):|i (36)
Mo = .[d x{g" ()% P

(37)
+7o (=X @+ —)¢( )13

Sy = [d*X[4' ()7’ ExXPh s (@)
w+m
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Haounwmii pisnunuii Ta MaTeMaTHIHUN
3MICT OCHOBHHMX 3aKOHIB 30€pexeHHsS —
eneprii-imnynscy P, Ta 4-momenty J,, (o

BUPAXaIOTh OJHOPIAHICTH Ta 130TPOIHICTH
npocropy-dyacy M(1,3), y sikoMy 3MIiHIOETBCS

none @(t, X)), a Takoxk NOATKOBUX 3aKOHIB
30epexxenns M, M, S,,, S,

I’ JIETKO  PO3-

¢ pyBaTH, BUPA3UBIIH iX Yepe3 IMITYJIbCHO-
ammtitymn  a'(k), b'(k),
BU3HAYAIOTh 3arajlbHUi pPO3B’S30K PIBHSIHHS
OB 3) i3 [2], TOOTO qyepes
KBAaHTOBOMEXaHIUHI aMIUNTYAd YaCTUHKH-
AHTUYACTUHKU (€JEKTpOHA Ta IMO3UTPOHA).
CnpaBeniuBa

Teopema. Y TepmiHax iMITyJIbCHO-

CHIHOBI SIK1

crinoBux ammtityn  a'(k), b'(k) 3akomu

30epexenns (31) — (34) (nacniaku P-cumerpii
PiBHSIHHS OB, TOOTO reHepaTopiB

q= ( Pos By jlnv jm) (7)) MaroTh BUTIIS]
Q—>Q=Id3kaqf , (39)

zie oneparopu ( =(po’ P jln’ j0|): 1O IIFOTh

Ha IMIYJIbCHO-CIIHOBI aMILTITYIH

po=r"@ B =%,
a=| :)N(Ikn Xkl+sln’ v (41)
. o Sxk
Joi _—%{X,a)}-i-}/O (a~)+ )I
. . 0
(X, =— 6k| » cminoBi omeparopu S, = (5)

Ti % cami, mo i y (18) i3 [1]). Oneparopu
q:(po, Brs Jins ]m) (41) (ax i omeparopu
opOiTanbHOTO HabOPy
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(42)

aki 3a ¢opmynoro (39) Takox 3amar0Th

3aKOHU  30€peKeHHs), 10  JIITh Yy
ri1b0epTOBOMY poCTOpi IMITyJIbCHO-
cminoBux amroiityn {f}, 3am0BONBHSIOTH

komyTariiiauM criBBigHomenuam ((5), (6) i3
[1]) P-anrebpu y siBHO KOBapiaHTHIi (HopMi.

JloBeIeHHsI TEOpPEeMH 3IIHCHIOETHCS
Oe3nocepeHiM  OOYHCICHHSM  BiAOBITHUX
BHpa3iB Ta KOMyTaTopis, g.e.d.

TakuM  YMHOM,  CIUCOK  3aKOHIB
30epexeHHs I CHIHOPHOrO  ITOJI,
BUPQ)XXEHUU SBHO 4epe3 KBAHTOBOMEXaHIYHI
IMITyJTBCHO-CITIHOB1 aMILTITYIU, MA€ BUTJISIA:

P = Jak[a” (k)aa (k)b (k)ab™ (k)] (43

r=1,2,

R =[d%|a” (k)ka' (k)b
M,, = [d*k[a™ (K) (%K

() ()], @)

=%k )a'(k)

L 4s)

+b’ (k)(X.kn—?nk.)b (k)]

St=5, =[d%s', s?=5, =[ds?,
Jas [

§°=5, = [d%s’

1 3 TN £ rL

Mo === [ dka” (K){%, o}a’ (K)
) e

—b" (K){X,, &} (K)],
—Idskw, (48)

@w+Mm

sog, = %[a*l(lZ)az(IZ)+a*2(E)al(E)
+b' (k)b (k) +b?(k)b™ (K)],
—[a*z(k)a (K)—a™(k)a’(k) (a9)
+b? (k)b™ (k) —b* (k)b (k)],

§2

Il
cm
||

§* =5, = 2[a" ()a'(K) - a* (R)a* (k)

+b!(K)b™ (K) —b? (K)b ™ (K)],
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a TaKoXX, 3BHYAIHO,

‘],uv = M,uv + S,uv (50)

e J 4 € 3BHYAHHO, CYMOIO JOJIaHKIB,

KOXKHUH 3 SIKHX 30€piraeThCsi OKPEMO.

3ayBakuMoO, 1m0 (H)aKTOM HaASBHOCTI
OKPEMO  B3ATUX  3aKOHIB  30epeKeHHS
OpOITATLHOTO Ta  CIIHOBOTO  MOMEHTIB
KUIBKOCT1 PyXy CITIHOPHOTO TIOJIA, I1i 3aKOHH
CYTTEBO BIJPI3HAIOTBCS Bil THUX, KOTpi
obuucineni B [4] Ta OaraTbMa IHIIUMH
aBTOpPaMH, $Ki BUKOPHUCTOBYBQJIM PIBHSHHS
Hipaka (10) i3 [1], a ne piBusaas ®B (3) i3
[2]. TIpencramneni Tyt 3akoHH 30epeKCHHS
JIETKO PO3JUIMTH Ha BUpasu il (pepMioHa Ta
anTudepmioHa.

[Iponienypa KBaHTYBaHHS TPOBOIUThH-
Cs CTaHJApPTHUM KAHOHIYHHUM CIIOCOOOM,
TOOTO dYepe3 3alpONOHOBAHUHU JIarpaHXiaH
(27), xoopmuHary TmONS Ta KAHOHIYHO
CHpSDKCHUH 10 Hel iMmysbe moiisi. Bumoru
OJIHOYACOBUX AHTUKOMYTAIIMHHUX CITiBBiIHO-
IICHb JI0 IIMX KaHOHIYHO CIPSHKCHUX BEITHUNH
3BOZSTHCSA JI0 3aMiHU B 3araIbHOMY PO3B’SI3KY

mons @

(8) mma KBAaHTOBOMEXaHIYHHUX
aMILTITY/T a'(k), b'(k) orepaTropamu
a'(k), b'(k), mo 3aIOBOJBHSIOTE AHTH-

KOMYTalliHHUM CIIBBIAHOIIEHHAM Depmi

{af(lz'), a‘”’(lz')} =5,.5(k -K"),

(b (1,67 () = 5,50 k), =

(iHIII aHTHKOMYTAaTOpPH 3 NOBUTBHHMH K, I

TOTOXKHBO  JOpIBHIOIOTH  Hynesi). L
olepaTopu BU3HAYAIOTh Oa3UCHI BEKTOPU
2" ()a"™ (c)... b ()™ (2)...| )},

(52)

a’'(k)| }=0, b'(k)| )=0

y mpocropi ®oka H P kBanToBaHOrO MO

p P,u (43)1 (44)’ J#V (50) JJIA

BIIMOBITHMX KBAHTOBOMEXAHIYHUX CEPETHIX

¢ , @ BHUpa3u

noJs micns 3aminm B Hux (a',b") —(a@',b")
(ra Tmepeo3HaueHHs I1X SK HOPMAaJIbHUX
JIOOYTKIB) MEPETBOPIOIOTHECS B P-TeHeparopu
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(sik epmitoi B H®™ omeparopu, o

3aJI0BOJIBHSIOTH SBHO KOBapiaHTHI
komyTariiHi crisBigaomreHus ((5), (6)) i3 [1])
yHiTapHOTrO P-300paxkeHHs1 y mpocropi doxa.

Ilpu npoMy omepatop emeprii P, crae
SHAKOBH3HAYSHIM
R, =[dk:[a" (K)@a" (K)
—b* (K)a(k)b™ (K)]:
= [dk[a" (k)@a" (k) 3)
+bT(K)ab"(K)], r=12,

(To6T0 y Oyab-sxkoMy ctani y mpocropi ®oka

bepMioH-aHTH(PEPMIOHHOTO TIOJNIST  CHEpPTid
KBaHTOBAHOTO CIIHOPHOTO TOJISt €
MMO3UTUBHOIO).

[linkpecaumo, 110, HE3BAXKAIOYM Ha
SIBHO HEKOBapiaHTHY MPOIETypy KaHOHIYHOTO
KBaHTYBaHHS  TOJS ¢,  oxepxaHui

¢dopmarnizM KBaHTOBAaHOTO TOJA ¢) € KOBa-

planTHUM 1  (GaKTHYHO  CIBIAgae 3
akcioMaTHYHUM (OpMYITIOBaHHSIM BaiitmMaHa

Teopii KBAHTOBAHOTO  CITIHOPHOTO  HOJIS
(cyuacHuil BUKIa TUB., Harpukian y [8]).
JIni TOBHOTM CHHMCKY OCHOBHHX

3aKOHIB 30€peXeHHs JJI CIIHOPHOTO MOJis Y
npencrasieHHi @B cnin ofepkatu 3aKOHU
30epekeHHS 3apsAIy Ta YUCIa YACTHHOK.

Crpym y  mpencrasieHni OB
3aMMIIeMo 1O  aHAIOri 31  CTpyMOM
79 (t, %) = p(t, X)v(t, X) y Teopii
CYLIJIBHOTO CEpeOBUINLA. Omneparop

HIBUAKOCTI y npeacTaBieHHI @B mae Burisa
(6). Toxi st BEKTOpa CTPyMY MaeMo

0

) ) 1

=i " 0= 78 | (s
[0 a

HNonatkoBo 10 (6) omeparop pP/w Tex €
Jiesika IMIBUJIKICTh, 8 BIMOBIAHMI il CTpyM j,'I
mae Burnsz (54) 6e3 y°.

Jlerko TEpeKOHATHUCh, IO PIBHSHHS

. a 14 _O . .
HEMEPEPBHOCTI ,uJL“ =V g BIAIOBIITHUX

mo j (54) Ta j, 4-cTpy™miB BHKOHYEThCH,

184

SKIIO BiAMOBiAHI (-KOMIOHEHTH 4-CTpyMiB
MAarOTh BUTJISI

0 gf 0 .0

i =90'9 =079 (5
®opmyna teopemu Herep (5.87) ta Teopema
5.3. mpUBOAATH O HACTYIHHUX PE3YJIbTATIB

Q =ejd3xj|°(x) =ejd3k(a*“ar +b"b"),

: . . (56)
Q= [d*iji(x) = [d°k(@"a’ -b"b"),

a micinst depMmi-KBaHTYBaHHS IS 3aKOHIB
36epexenns y H P maemo

9, :ejd3k(§“§r ~b'b"),

Q- [dk@a+675), "
T06T0 Q, — me omepartop 3apamy, Q, -
OIepaTop YKCIa YaCTHHOK.

[TeperBopenns ®B V (1) i3 [2] (abo
(13)) nae ¢'¢ — 'y, T06TO He MinsE 3aKoH
30epeKeHHS 3apsILy.

6. BucHOBKHM

BukmaneHo kKopoTkuil  ornisn  Ta
CHCTEMAaTH3allll0 KoJia IMUTaHb, IIOB’I3aHUX 3
npezcraBieHHsaM OB i piBHsHHA [ipaka Ta
Teopii criHopHOro mojisi. Hemonmiku piBHSIHHS
Hipaka Ta Teopii CHIHOPHOTO MOJs, K1 OyIH
BiJIMiY€HI Ta MmojoiaHi B podorax [3, 9 — 11],
IpOaHaIi30BaHO 3 TOYKU 30pY iX BIUIMBY Ha
JarpaHkeBe (OpPMYJIOBaHHS TeOpii CHIHOP-
HOTO TMOJSI Ta 3HAXOKEHHS BIJMOBITHHUX
3aKOHIB 30€peKeHHS Ha OCHOBI TEOpEMH
E. Hetep. 3akonu 306epekeHHs U1 CIIHOPHO-
ro mons — Hacimigku Ilyankape cumerpii
piBHsHHS ®PB — TyT 3HaliieHO Ha OCHOBI
JarpaHxiany, ans sikoro piBHsSHHS Einepa —
Jlarpanxa npuBoAATh 10 piBHsAHHA OB, a He
Hipaxka. [ToOynoBa narpasxeBoro miaxoay 10
Teopli CMIHOPHOTO MOJSI Ta aHalli3 3aKOHIB
30epekeHHsl € JIOTIYHMM KPOKOM Ha MLUIIXY
70 PO3pOOKM KBAHTOBOI €JIEKTPOJMHAMIKH Y
npeacrasieradi ®B. BapianT takoi kBaHTOBOT
€JIEKTPOJAMHAMIKN HEII0/IaBHO 3alpOlOHOBA-
HUM y po6oTi [11] (1uB. TakoX MOCHIAHHS y
Hil) Ha OCHOBI 8-KOMIOHEHTHOTO
dopmanizmy. Poszpobneni Hamu y [12 —14] iy
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naHii poOoTi MeToau OyAyThb BHMKOPHCTaHI
JUIsi TOOY/IOBH 1HIIMX BapiaHTIB KBaHTOBOI
eJIEKTPOAMHAMIKU Yy mpeacTaBieHHi @B Ta ix
KBAaHTOBOMEXAHIYHUX  KBa31MOTEHI[IAJIBHUX
HaOmmxkeHb. [loOymoBa HOBUX MiAXOMIB [0
Teopii  €NEeKTpPOHa €  BAKIUBOK  Ta
aKTyaJIbHOIO 3aJ]a4€l0 Cy4acHOI TeOpeTUYHOL
¢bizuku, 1uB., Hanpukiaam, [15].

Opnepxani B pobori [2] i TyT
pe3ysIbTaTH € HOBUMH 1 MarOTh HAyKOBE
3HaueHHsg. CaMe amealoBaHHSAM [0 KaHOHIY-
Horo mpenctaBieHHs @B mukn Hammx pooiT
[1,2] (pazoMm 3 mi€r0 CTAaTTE0) CYTTEBO
BIIPI3HSIOTBCS.  BIJ] YHMCIEHHUX POOIT, sKi
BUKOPUCTOBYIOTh piBHAHHS Jlipaka B #oro
JIOKaJIbHOMY TIPE/ICTABIICHHI.

B meromuunomy tutani crarti [1, 2] ta
JaHa poOOTa PO3KPHBAIOTH POJb  IPEI-

crapneHHs @®B gns  piBusHHa  ipaxa,
PO3’SICHIOIOTh TOHKI aCTMEKTH CIUJIBHUX PUC Ta
BIIMIHHOCTEHN MIDXK PENSITUBICTCHKOIO
KBaHTOBOIO  MEXaHIKOIO Ta  KBaHTOBOIO
TEOPIEI0 TOJSI, MICTSITh KOPOTKUH OTJsm 1
CHCTEMATH3aIlil0 OCHOBHHUX IIOJIOXKEHb ITHX
MoJieNiell y KaHOHIYHOMY TipesicTaBienHi OB.

Ha BigmiHy BiJg 3ampoIOHOBAaHOTO Y
poboti [16] narpaHkeBOro MmiaXoay JHO
CIIHOPHOTO ToJisi y mpencraBieHHi @B wmu
0a3yeMocsi Ha MaTEeMaTHYHO KOPEKTHIN (opmi
BU3HAYCHHS HEJIOKAIbHUX (TiceBaoaudepeH-

iaNbHUX, THITY omiepaTopa @ =+-A+m’ Ta
GyHKIIM B HBOTO)  OINEpaTopiB, SK
IHTETpaJbHUX OIEpPaToOpiB BHU3HAYCHHX HAa
nipoctopi IlIBapma S**.
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ON THE LAGRANGE APPROACH AND DYNAMICAL
VARIABLES FOR THE SPINOR FIELD IN
FOLDY - WOUTHUYSEN CANONICAL
REPRESENTATION

I.Yu. Krivsky, V.M. Simulik, R.V. Tymchyk

Institute of Electron Physics of the National Academy of Sciences of Ukraine
Department of the Theory of Elementary Interactions
88000, Uzhhorod, 21 Universitetska Str.
e-mail: sim@iep.uzhgorod.ua

The relativistic invariant Lagrange approach for the spinor field in Foldy — Wouthuysen
representation is constructed. The analogy with classical mechanics for the system with arbitrary
number degrees of freedom is used for this construction. The dynamical variables for the spinor
field in this representation are found. The conservation laws in terms of quantum mechanical
particle-antiparticle momentum-spin amplitudes are presented. In this way the direct physical
sense of the conserved quantities is demonstrated. 12 important additional conserved quantities are
obtained together with 10 well-known conservation laws for the spinor field, which are the
consequences of the Poincare symmetry of the theory. The additional dynamical variables are the
consequences of the fact that both orbital and spin parts of the total 4-angular momentum of the
spinor field are conserved independently.

O JJATPAHKEBOM NOJIXOJAE U ITMHAMMNYECKHNX
NEPEMEHHBIX JIUISI CHIHHOPHOTI'O ITOJISI B
KAHOHUYECKOM IIPEJCTABJIEHUU
®OJI/IN - BOTXOMN3EHA

N.10. Kpuscknii, B.M. Cumyauk, P.B. Tumunk

Wuctutyt snextponHoi pusuku HAH Ykpaunsl, oTAen T€OpUH 37€MEHTapHBIX B3aUMOAECHCTBUIHI
88000, Yxropon, yn. YHuBepcurerckas, 21
e-mail: sim@iep.uzhgorod.ua

OCHOBBIBasICh Ha QHAJIOTHH C JIATPAHXKEBBIM TOIXO0J0M K KIACCHYECKON MEXaHUKE CHUCTEMBI C
MPOU3BOJIHHBIM YUCIIOM CTETICHEH CBOOOIBI, IIOCTPOCH PEIIITUBUCTCKA WHBAPUAHTHBIN JTarpaHKeB
MOJIXO/ Ui CIIMHOPHOTO MoJis B npeacTasienun Ponau — Borxoizena. Halinensl aunamuueckue
MEPEMEHHbIE CIIMHOPHOTO MOJs B 3TOM IMpPEICTaBICHUH. 3aKOHBl COXPAaHEHHUS BBIPAXKEHBI B
TEpMHUHAaX KBAHTOBOMEXaHUYECKUX UMITYJIbCHO-CITUPAJIbHBIX aMIUIUTY ] YaCTHULIBI U AHTUYACTULIBL,
YeM PacKpBITO HEMOCPEACTBEHHBIN (DM3MYECKHH CMBICT COXPAaHSIONIMXCS BenwduH. Hapsay c
n3BecTHbIMU 10 3aKOHaMU COXpaHEHUs AJii COMHOPHOIO MOJIsl, KOTOPBIE SBJISIIOTCS CIECTBUSMU
ITyankape-ciMMeTpUH TEOPUH, TOMY4YeHBI 12 BaKHBIX JOMOJHUTENBHBIX COXPAHSIOMIIXCS
BenM4YMH. JlOTONHUTEIbHBIE TUHAMUYECKHE TEPEMEHHBIC SIBISIOTCS CIEACTBHSAMH TOTO (hakTa,
4yTo B npeacraBieHnn @oau - BoTxol3eHa OTAET,HO COXPAHSIOTCS U OpOUTANIbHAS, U CITMHOBAS
4acTH 4-MOMEHTA KOJIMIECTBA IBUKESHHSI CITMHOPHOTO TIOJISI.
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