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1. B KBaHTOBoil: TeopHH nonSI paccMaTpHB8JOTCSI JlBa poJla npeo6pa3oBaHHit 

OT OJlHOI'O npe)lCTaBneHHSI K JlPYI'OMy: 1) 38MeHbl nepeMeHHbiX nonSI, 2) YHH

TapHbie npeo6pa30B8HHSI. TipHBOJlSITCSI COOOpa>KeHHSI 0 TOM, 'ITO noneBbie TeO

pHH, CBSI38HHbie T8KHMH npeo6pa30B8HHSIMH, TO>K)leCTBeHHbl no tPH3H'IeCKOMY 

COJlep>K8HHIO ( "SKBHBaneHTHbl") I } I. TipH STOM cymeCTBeHHYIO ponb HI'p810T 

aCHMITTOTH'IeCKHe ycnoBHSI. 

Mbr xoTenH 6br no)lqepKHYTh, 'ITO STH ycnoBHSI ae HMeJOT npSIMoro 

OTHOWeHHSI K Jl~ny. 3KBHBaneHTHOCTb OTHOCHTenbHO YK838HHhlX npeo6pa-

30B8HHit - cne)lCTBHe OCHOBHbiX npHHUHITOB KB8HTOBOil: MeXaHHKH. nettCTBH-

·~enbHo, npeJlnono>KHM, 'ITO Mbi pacnonaraeM onepaTopaMH, cooTBeTCTBYIO

mHMH BCeM tPH3H'IeCKHM ( H3MepHMbiM Ha OITbiTe) BenH'IHH8M, - Ha6nJO)lae

MbiMHo EcnH B aa6nJO)laeMbiX npOH3BeCTH n106yJO ( aaanHTH'IeCKH JlOCTaTO'IHO 

"XOpOWYIO") 38MeHy nepeMeHHblX nonSI, TO, ITOHS!THO, COOTHOWeHHSI ( B '18CT

HOCTH, KOMMyTaUHOHHbie) Me>KJlY Ha6nJO)laeMbiMH, HX cneKTpbi 0 a OTCIO)l8 

H tPH3H'IeCKHe cneJlCTBHSI ( "MaTpH'IHbie sneMeHTbi") ae H3MeHSITCSI. To >Ke 

OTHOCHTCS! H K yHHT8pHbiM npeo6pa30B8HHS!M Ha6nJO)laeMbiX, ITOCKOnhKY TaKoe 

npeo6pa3oBaHHe "ocTaBnSieT HHBapHaHTHbiM n106oe anre6paHqecKoe cooTHO-

" 121 ( weHHe Me>K)ly nHHeii:HbiMH onepaTopaMH, BeKTOp8MH H COBeKTOpaMH TaK 

H83biBaeMaSI, yHHT8pH8SI SKBHBaneHTHOCTh) • 
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Haoraa oo sKBHBaneHTHOCTH aayx ~eupnfi cyas:~T TonbKO no ToMy, 'ITo 

HX raMHJibTOHH8Hbi CBS'!38Hbi YHHTapHbiM npeoop830B8HHeM ( CM., HanpH-
131 

Mep, ) • Qqemraao, 'ITO 3TOT TaK, ecnn npnaunnnanbHO cyrnecTayeT nHWb 

OtlHH eaHHCTBeHHbifi Haoop HaomoaaeMbiX1 OTBe'IBIOillHX BCeM TpeOOB8HHSI:M. 

EcnH Obi B paMKax aaaHofi Teopnn yaanocb nocTpOHTb He oanH, a HeCKOJlh

KO npHeMneMbiX HaoopoB, TO B OOOHX npeacTaBneHHs:!X Mbi HMeJIH Obi no 

CTOJibKo ~e aapnaHToB Teopnn (aeoaaoaaaqaas:~ HHTepnpeTauns:~). OaHaKo 

ooa npeacTaBneans:~ no-npe~HeMy Ob!JlH Obi yHHTapHo sKBHBaneHTHbi: Ka~

aoMy BapnaHTy B OllHOM npeacTSBJieHHH Hawencg Obi COOTBeTCTBYIOillHfi 

(yHHTapHO CB5138HHhlfi C HHM) BO BTOpOM. 

2. ileHTp8JlbHOft rrpooneMofi SIBJISieTCS'! nOCTpoeHHe BCeX OTBe'IBIOillHX . 
ljlnanKe aaonroaaeMbiX B aaHJtofi Teopnn. HaOIJIOJlaeMbie JlOJI~Hbi yaoaneTBo-

pSITb orrpeaeneHHbiM KOMMyTaUHOHHbiM ( anreopaH'IeCKHM) COOTHOWeHHSIM 

n apyrHM cneayromnM na aKcnepnMeHTa nnn npeanonaraeMbiM TpeooBaHH

RM. B CJiy'Iae HeO)lH03H8'1HOCTH TOJibKO rronOJIHeHne CnHCKa TpeOOB8HHfi 

( B KOHe'IHOM C'I~Te, H3 3KCITepnMeHTa) CITOCOOHO BbineJIHTb eaHHCTBeHHbifi 

aa6op. 

flO-BHJlHMOMy 0 BCe H80JIIOJl8eMbie ( H COXp8HSIIOI!lHeCS'! H HeCOXp8HSIIO

IllHeCSI) MOryT Ob!Tb nony'leHbl H3 narpaH~H8H8 ( OTHOCHTeJibHO HecoxpaHS'!I0-
141 

!UIJXCSI CM. ) H Ha HHX pacnpocTp8HSieTCSI KOB8pH8HTHOCTb OTHOCHTeJibHO 

Ill 
38MeHbl rrepeMeHHbiX ITOJIS'!, npncyma51 0 K8K ITOK838HO B , narpaH~eBb!M 

ypaBHeHHSIM H TeHaopy 8HeprHH-HMnyJibCa. 

HepenSITHBHCTCKag KBaHToaag MexaHHKa ljlopMynnpyeTcSI B TepMHHax 

.... r.) - 1• xl 
KOOpJlHHaT X-i. \..1;. H HMITYJibCOB f';_ \..t) K8~JlOfi '18CTHUbit KOTOpbie no 

onpeaeneanro npeanonaraiOTCSI ljlnanqecKHMH, HaomoaaeMbiMH. 3aecb npoo-

xl 
Dng onpeaeneHHOCTH HMeeTCSI B BHJly rafiaeaoeproBcKoe npeacTaB

neane. 
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~ -. xl 
neMa nnwb B nocTpoeann na 'X..;._(t) 11 Pi. (t) npyrnx HaoJ1roaaeMbiX 

( B OCOOeHHOCTH, raMHJibTOHH8Ha H K OMMyTHpyrolllHX C HHM IlOJIHbiX HB

XXI 
oopOB ) 1 B HBXO~eHHH HX CITeKTpOB H COOCTBeHHbiX BeK'I'OpOB. 

0TJIH'IHe pemtTHBHCTCKOfi KB8HTOBOH T80pHH IIOJISI B CJl8llYIOUleM. 

Bo-nepBbiX, noneBbie "'Roopr.UIHBThi" H "nMnvnbCbi", aooome roaopg, He 

SIBJISIIOTCSI HaonroaaeMbiMH, a ponb, no HeKoTopoii cTerreHH auanorH'IHYIO 

KOOpllHH8T8M H HMnynbCaM KB8HTOBOH MeXaHHKH 1 B TeopHH ITOJI.II ITfli3B8Hbl 

xxxl 
nrpaTb orrepaTOpbi '-lHCJI8 'IBCTl!U C clalli1Hiib!M 3HB'IeHHeM K00p/UIH8Tbl 

N(J...,-;,t) H c 3anaJIHI>IM 3IHJ'IenneM HMrrynbcaN(i...;pJ~xxxx./, rne 

qepea oL 0003H8'1eH 38/lBHHblii ua6op 38p5IllOBbiX KBBHTOBb!X 'IHCeJI ( Tl!IT8 

38ps:!ll8 HJIH 'IHCJ18 0 OTJili'I810Ule!"'O '18CTHUbl OT 8HTH'IaCTHU) • 

xl 
floHCKaM I!Ol!Hb!X Ha6opoB H80JIKJJlaeMbiX ITOCBSIUleH OOUJHpHbiH 

UHKJI pa6oT H.A.CMopOJlHHCKOI"'O H np..151 • 

xxlc " "' BOHCTBO ITOJIHOI"'O Hauopa orrepaTOpOB, KOMMyTHPYIOillHX C raMHJlb· 

ToHHaHOM H n npyr c npyroM, He 3aanceTb oT apeMeHH He oaHa'laeT 

OTCyTCTBHSI 8BOJIIOUHH 1 KaK MO~eT ITOKa38TbC51161 • 3BOJIIOUH51 11p051BJIS'!eTCS'! 

XOTS'! Obi B TOM 1 'ITO COITpSI~eHHbie orrepaTOpbl 38BellOMO H3MeHSIIOTCSI CO 

apeMeHeM ( rro nHHeiiHoMy aaKoHyl7 I). HarrpnMep, B cao6onHOM cnyqae OllHl 

rronHhiii ua6op KOMMYTHpyromnx c H orrepaTopoB cocTaBnstJOT nMrrynbCbi 
- f•) .... .... ...., h ""con.<;,t\..t ' HO KOOPllHH8Thi H3MeHSIIOTCSI cornaCHO X.i.(t) =:(..·(d)+"\{. t 
(vt = p;_/Jfi.'"+m.\ ). ,_ t. 

xxx/ 
A TaK~e corrpst~eHHbie HM orrepaTopbi ljlaa. 

xxxxl B cao6onHoM cny'lae N qn- ~(p)a.(p). O'leanaHo, N (f) 
COXp8HHIOTC5I (He 38BHCSIT OT BpeMeHH) 110p03Hb {a He TOJlhKO HX KOMOH

H8UHH Bl!Jl8 
" 

Pr = \*- Pr N(f) , Q -~ ~*- (_N0CL<-1~~w,f)-W~T14~~TM~~~, r)1). 
0HH OOpa3yJOT ITOllHbiH H800p H80Jl10ll8eMbiX0 KOMMyTHpyiOUlHX C raMHJib

TOHH8HOM H npyr C npyroM. 
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Bo-BTOpblX1 B OTI1H'l:H8 OT KOOpllHHaT H HMrrynbCOB HepemiTHBHCTCKOft 

KBaHTo:aofi MexaH~KH o HaomoaaeMbiX N (ci..,x,t) TpyaHo roBopHTb Ha-sa 

aeSICHOCTH C penRTHBHCTCKHM orrpeaeneHH8M KOOpllHHaTM (a T8K*e H COOT

B9TCTBYJOIUefi IiiOTHOCTH :aepOS!THOCTH). a HaonJOll88Mbie N (IL, r' t) 
orrpeaeneHbl B ny'IIU8M cnyqae TOI1bKO aCHMIITOTH'l:8CKH IIpH t- -oc:> HI1H 

+ oa anR L..\'l.-- HnH ou.:t -qacTnu 

N (r., ± 0<)) = a..+o~t.lf) CL~ut (f) 
'l\'1 'UI 

0TCJOlla Ba*H08 3Ha'I8HH8 aCHMIITOTH'l:eCKOI"O ycnOBHSI 1 T.e. llp6Jlll0110*6HHSI 

o aenaMeHHOCTii STHX orrepaTopoB rrpH aaMeHax rrepeMeHHhiX rronSI. B 9THX 

)!(e paMKaX liC'l:8pll8H BOilpOC 0 H8H3MeHHOCTH 5 -M8TpHUbl Me*tly oec

KOHe'iHbiMH :apeMeHaMH, ~ (co ,-ao) 111
• 

C TO'l:KH 3p6HHSI OIIHCaHHSI pa3BHTHSI BO BpeMeHH 1 Ha KOTOpoe rrpeTeH-

ayeT KBaHTOBaR MexaHHKa, BMKHO ohmo Obi, 

Tpe6oBaHHR, HafiTH orrepaTopbi N (Ql, )I:, t ') 
C~OpMynHpOB8B rroaxoaSIIUHe 

H N(cl,'f,t) (a TaK*e 

orrepaTOpbl 'l:HCna qaCTHU C apyrHMH KBaHTOBbiMH 'l:HCnaMH) anSI nJ06biX t. 

Herrp~eHHOe ~li3H'l:ecKoe Tpe6o:aaHne K orrepaTopaM qncna qacTHU (rron

noro) - BaKyyM1 oaHO'l:8CTH'l:Hbie COCTOSIHHSI H a:ayxqaCTH'l:Hhie ao TpeX

qaCTll'l:HbiX rroporoB aon*Hhi 6brTh co6cTBeHHhiMH ~YHKUHRMH HX n oaao-

H x/ 
BpeMeHHO II011HOI"O l"aMlll1bTOHH8Ha • TipH oonee Bb!COKHX 9H8PI"HSIX 

y nnx, :aoo6me ro:aopR, He 6yaeT oomnx coocTBeHHbiX ~YHKUHA c raMlmb-

)
xx/ xxx/ 

TOHH8HOM ( eC11ll eCTb CyiUeCTB9HH09 B3al!MOaefi:CTBH8 • 

xl 
KaK pa6oTaJOT 8TH ycno:anR, eM. :a Tipnno*ennn. 

xx/ 
TiocK011bKY1 HaiipHMep, CHCTeMa H3 llBYX 'l:aCTHU CIIOCOOna IlpeBpa-

THTbCSI B CHCTeMy H3 Tpex H 6onee '!:8CTHU (aHTH'l:8CTHU). 

xxx/ • 
/B/ 0 pacrrpeaeneHHSIX IIO '1~1CI1y qaCTHU B <jJH3HKe Bb!COKHX 9Hepi"HH 

CM. 
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PaayMeeTCSI 1 Han6onee Ba*H8R aaaaqa n TeopHH H aKcrrepHMeHTa 

llOII011HHTb H3BeCTHbie COXp8HSIJOIUHeCSI orrepaTOpbl ( JQ reaepaTOpOB rpyrr

nbi nyaHKape, orrepaTopbl aap!IJlOB) JJ.O IIOnHbiX HWOpOB coxpaHSIJOIURXCSI 

H8011JOaaeMbiX He B '18CTHOCTH1 IlOCTpOHTb IIOI1Hbie Ha60pbi Ha6niOJl86MbiX1 

KOMMyTHpyiOIUHX C 1"8MHI1bTOHH8HOM H BbiPB*aJOIUHX OCHOBHbJe 38KOHbi 

IIPHPOJJ.bl. 

3. B aKcHoMaTHKe '!:acTo rrpearronaraJOT, 'ITO crreKTpbl coxpaHSIJOIJlHX-

cSI orrepaTopo:a rronHbiX aapRlla Q. , 4-nMrrynbca Pt' H 4-MoMeHTa 

Mrv TaKHe *e, KaK a cao6oaHoM cnyqae (HeT cagaaHHhiX cocTORHHil:) • 

.lJ.nSI T80pHtl: 1 OTBeqaJOIJlHX 9TOMY rrpearrono*eHHJ01 MO*HO BB8CTH TaKHe 

orrepaTopbi Cl.(f 1t) H a..t(y ,t) , yaosneTBopHJOIJlHe rrepecTaHOBO'iHbiM 

COOTHOIU6HHSIM anSI OIIepaTOpOB YHH'l:TO*eHHSI H po*tleHHS11 'ITO B HX Tep-

MHH8X Q , pr li 

x/ 
B CBOOOJlHOM cnyqae • 

~r· oyayT HMeTb Ty *e cTpyKTypy, 'ITO H 

'I.{To K8C8eTCII B38HMOaetl:CTBHSI 1 TO OHO Terrepb 

xx/ 
JJ.On*HO BKnJOqaTbCSI B OIIepaTopbl 'l:HCna 'l:aCTHU 

N (¥) = o..+q; ,t) Q(p,t.) + '} f(o.., (1.+, t) 
~ 

I -+ tt.. I 
X 00bl'l:HO 8TO SIBHO BHaHO TOnbKO JlnH Q 1 p H IV\tMK ( CM., 

HSilpHMep,/4/ 1 rr.5) • AHano~'l:HO H B KBaHTOBOft MeX8HHKe..l rae, CKa*eM1 

anSI CHCT6Mbl llBYX qacTHU p -~ + f2. ' HO \-\:~~1~+ ~p;_'--t-tvlf+ 
+ \1{)~!. -~1 \) • Pa3HHU8 TOnbKO B TOM 1 'ITO B KBaHTOBO!, MeX8HiiK8 .,2;ce 

Bblpa*aeTCSI _.4epea ~H3H;3,CKHe OIIepaTOpbl HMITynbCOB r1 (~ \'1. (_t) 
KOOpllHII8T k,..l-\.) H ')l_t.(t) H KHHeTH'l:8CKHX 9HeprHft yp!-+\41~ H 

ffi+wti Ka*Jl~H/ H3 'l:aCTHU 1 a B TeOpHH rronsr - qepea He~H3H'l:eCKHe 
U..tf,t) H ~lf,t/l (XOTII «.,1-lf,t)cx..Ql',t) COCTaBnSIJOT ITOnHblft 11aoop1 

HO OH He YllOBneTBOpHIOT Tpe6oBaHHIIM 1 yKaaaHHbiM B KOHUe CTp. 6) • Tio-

HCKY '~H3H'l:eCKHx' orrepaTopoa yHH'l:To*eHHH H po*aeHHII OlliiO'l:aCTH'l:HhlX 

COCTOIIHHtl: ITOCBRIUeHbl pa60Tbi M.H.llJnpoKOBa/9/. 

xx/ 
QqeBHJlHa HeOQH03Ha'l:JIOCTb: BhlOOp 

aaeT caoooaHyJO TeopniO. 
'! =0 TO*e rrpHeMneM, HO 
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ABTOP 6nar:oaapeH M.A. MapKoBy, B.H. OrHeBeuKoMy H M.H. IllKpoKo

BY 38 o6cy*JleHHR. 

nmmo?KeHHe 

EcnH orpaaHqHTbCR Tpe6oBaHHRMH, c~opMynHpoBaHH~MH B aaqane 

CTP• 4, TO B cnyqae B38HMOaei!:CTBHR CKanRpHb!X Me30HOB CO 

/3/ 
KHMH HyKnOH8MH 1 rae 

£.~~ =- i Q,!.f)'l.- 4-tJ .. ~) + ~L. b(;(_;t~~~) 
"-

a T8K2K9 B38HMoaei!:CTBHR C rpaaHeHTHOi!: CBR3biD1 rae 

CT8THqec-

tl><)--"' b~+wi)'l' + i}.<l> - ~ ~At-f <l>'~t-) ( i. = * ~(!<), Y. 'l't~, 
nerKO nocne H3BeCTHbiX npeo6pa30B8HHi!: K CB06oaHbiM nonRM 

(, -rlX'-it .. l ( \ 
~'(><) ..... ':.) 'f{!<) i:"~- 'f(l<'l-lf(;t) "'li(.il)= 4~ L .. I il-~I I (,(.r<;j= ~.\;<' lflil)), <N<) 

H 

'!''{><) ... ~ \.!.><1.:-"(f.) ~ ;t"'"'\(1<) (G.(>;)= ~ ~' j. (!<. )<\1, ' ~' (!< )- <!>()'. ') 

~I I 
H 't' onepaTopoB nocTpOHTb B TepMHH8X COOTBeTCTBYIDWHX 1~ 

x/ 
yHHqTo?KeHHR H pO?KaeHHR no nonHOMy H86opy KOMMyTHpyiDWHX apyr 

x/ 
HanpHMep, 

':f'V.)= 0-,.)-t ~ ~~ l o..qr)ei.r" + ~qne-;.r"'1 (ro-~f1+ ri) 

8 
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'I !I 

c npyroM H c nonHbiM NIMHnbTOHHaHoM P., ... H 
THU 

onepaTopoB qHcna qac-

N'f,(f) = a.+(y)a.(v), npH~eM H = )-¥- N'f{p) -1-~ li~t\)' 
H 

N •. lV): i\y)S(f), K"',lt<U.T~bl,y)=C(p)e-(f)' N..,.~WIIUCTOL<i"',f)td-tCf)clq;), 

npHqeM H .... ~ -¥-( ~ •. lr) + w"'.(~T~~~ ,r) + N'f·~TI4 .. <1C.T~~ ,v)). 
3TO CBHaeTenbCTByeT 0 TOM1 

anR nonel!: 'J 1 HnH ,, , "t'' 

TO ~-MaTpHUa 5(t.1to) 

qTo J:lffiHbie TeopHH CB060aHbJe, nocKonbKy 

narp8H2KH8H B38HMOaei!:CTBHR paBeH Hyn~, 

( C 9THM cornacyeTcH H 

amr nonel!: '1' HnH ~ 

H t ~(t.,t.o) + i • 

paBH8 eaHHHUe IIpH niD5biX t H to. 

TOT ~8KT 1 qTO H B npeacTaBneHHH B38HMoaei!:CTDHH 

1 '\" ~(oo,-oo)c1. 7 XOTH npH KOHeqHb!X to 

Mo?KHO nH nocTpOHTb Ha6ophi Ha5nroaaeM biX 

ITO-JlpyroMy, T8K 1 qT06b! C HX TOqKH 3peHHR TeopHH He 5bin8 CB060aHoi!: 

( npH KOHeqHblX BpeMeHax)? no-BHaHMOMy, HeT), 

AHanorHqHoe npeo5p830B8HHe HCIIOnbayeTCR B 9neKTpOa¥R8MHKe 
1101 

/lml HCKnroqeHHR H3 ypaBHeHHi!: MaKCBenna npoaonbHOit COCT8BnHIDmei!: 

Owo t\""' (no m cyMMa OT 1 ao 3) 9neKTpoMarHHTHoro nonR, qTo npH-

BoaHT K KanH6poBKe HanyqeHHH. B 9neKTpoaHH8MHKe <PepMH-fyrrTbi 9TO 

?Ke npeo6pa30B8HHe 

mel!: ca too(\ WI BO 

npeBpamaeT B38HMOaefiCTBHe C npoaOnbHOfi COCT8BnHID

B38HMOaei!:CTBHe co "cKanRpHofi" cocTaBnHromefi '<lr A.r 
/10/ 

(ITO r CyMM8 OT 1 ao 4), nocneaHee, 6naroaapH cneuH~HqecKHM 

CBOitCTB8M Or"~ 1 ycTp8HHMO nH60 rrpHp8BHHB8HHeM Or ~t' HyniD, 
I I 10/ 

nH60 Hano?KeHHeM aononHHTenbHOrO ycnOBHH H8 BeKTOpb! COCTOHHHSI , 
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