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1. Ha6.mobaeMble u (JopMaAU3M t/JoH HeiiMaHa 

Ka:K H3BeCTHO, clloa Heii::waa/I/ snepswe ,Aannocne,Aosa· 
Ten&HYIO MaTeMaTH'IeCKyJO cllopMynHpOBKY KBaHTOBOii: Mexa
HBKH C HCUOHio30BaHHeM NeTO,AOB BpOCTpaHCTBa rHn&6epTa 
H . B :nol cllopNynHpos:Ke KlllK.AOMY cocTO.KHHIO JCBaHTOBoi 
CHCTeMW OTBe'laeT nyq B H , a Kal:K,AOI Ha6nJO,Aae:woi BenH· 
'IBHe cucTeNw oTseqaeT ca:woconp.a)J(eHHWi /s o~eM cny'lae 
aeorpaHH'IeHHwl/ onepaTop S • 06w'IHO o6nacT& onpe,Aene
HH.a D(S)onepaTopa .asn.aeTc.a nuaeiHWM no.AMHO)J(eCTBOM H, 
BCIO.AY nnoTHWM B H . ,Un.a ,Aan&aelmero o6cy)J(.AeHH.K cy
mecTBeHHWM .RBH.KeTC.K pa3HH'IHe Me)J(,Ay CHMMeTpB'IeCKHMH 
/lpMHTOBWMB/ B ca:woconp.a)J(eHHWMH onepaTopaMB x/. One
paTop S Ha3WBaeTC.K CBMNeTpB'IeCJCHN,eCnH ,An.K nJ06WX .ABYX 
se:KTopos £ , g, npHHa,Ane)J(aJUBX o6nacTH onpe,Aeneaa.a D(S), 
£, g ~ D ( S), BWBOHHJieTC.K paBeHCTBO /1/ ,AHJI C:KanJipHWX 
npoB3Be,Aeaaii:: 

(Sf, g)= (f, Sg). /1/ 

EcnH ,AOBOHHBTeH&HO K /1/ BWUOHH.KeTCJI B COOTHOWeHBe 

D ( S *) c D ( S ) , /2/ 

T.e. o6nacT& onpe,AeneHBJI D(S*), conpJI)J(eHHoro K S one
pa TOpa S *, CO,Aep)J(HTCJI B D ( S) , TO S Ha3WBae TCJI caMO • 
conp.a)J(eHHWM onepaTopoM. Ta:K :Ka:K .AHJI cBMMeTpB'Iec:Koro 
onepaTopa S scer,Aa HNeeTc.a BKnJO'IeHBe D( S) c D ( S *) 

xf,Un.JI Qeneii: cllH3BKB BHOr,Aa TaKOe pa3HH'IHe ,AenaeTCJI 
He,AOCTaTO'IHO 'leTJCO. 
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TO B3 /1/ B /2/ cne,nyeT, 'ITO caMoconps)l(eHBOCTL S :ncss

saneHTHa cosna,neHBJO S B S* , S == S* sa sx o6~eii o6nacTB 

onpe,nenesss, D (S) = D(S*). 
B c)opMynspoBKe c)os HeiiMaHa, KaK B3BeCTHO, cy

~eCTBeHHO BCnonL3yeTCJI caMOCOnpJI)I(eHHOCTL onepaTOpOB, 

OTBe'laJO~x sa6nJO,naeMLIM, sanpBMep, nps onpe,neneHBB 

BepOJITHOCTeii B3MepeHBJI Ha6nro,naeMLIX B ,naHHLIX C OCTOJI• 

HBJIX, npB BLI'IBCneHBB cpe,nHBX 3Ha'leHBB B T .,n. C noMO~IO 

cneKTpanLHLIX ceMeiicTB onepaTopoB. 

~_j 

2. 0 MameMamu-.ecKoM onucaHuu ooHo9 
KeaHmoeoMexaHU'lecKoil cucmeMbl'x 

PaccMoTpBM KBaHTOBOMexaHB'IeCKYJO qacTBUY, .ABB)I(y

~yJOcJI B TpexMepHOB noTeHD;BanLHOB JIMe C 6eCKOHe'IHO 

BLICOKBMB CTeHKaMB. llyCTL noTeHD;BanLHaJI JIMa BMeeT 

npocTpaHCTBeHHYJO c)opMy, pa3nB'IaJO~YJOCJI OT napannenens

ne.na /c nosepxHOCTJIMB, napannenLHLIMB Koop,nssaTHLIM 

nnOCKOCTJIM/, HanpBMep, c)opMy 3nnHnCOB.Qa • llyCTL /'IBC· 

noswe/ 3Ha'leHBJI 3HeprBB E (p , m{ ) qacTBULI CBJI3aHLI cp 

3Ha 'leHBJIMB Tpex npoeKu;Bii Pi , i = l , 2, 3 e e BMny n&ca p 
BLipa)l(eHBeM: 

E = (p, mt 
3 
I J. /2m'!' , 

i = 1 1 1 
/3/ 

r.ne m* I= m* I= m * 1 2 3 
TpeM sanpasneHHJIM 

/"3c)c)eKTBBHLie MaCCLI" 'laCTBD;LI no 

KOOp,ABHaTHOB CBCTeMLI/ • nono)I(B· 

TenLHLie KOHCTaHTLI. 

3TOB KBaHTOBOMeXaHH'IeCKOB CHCTeMe OTBe'laeT, HanpH· 

Mep, 3neKTpOH HnH ,npyraJI "KBa3H'IaCTHD;a", ,QBH)I(Y~JICJI 
B aHH30TpOnHOM nepHO,QH'IeCKOM none KpHCTannH'IeCKOB pe

WeTKH C "3aKOHOM ,QHCnepCHH" BH,Qa /3/, CM. Hanp: /2/, 
rn .. XIII. 

YKa3aHHLIB BH.A /3/ c)yHKD;HOHanLHOB 3aBHCHMOCTH ,nnJI 

3HeprBH /"npH6nH)I(eHHe 3c)c)eKTBBHOB MaCCLI"/ B03MO)I(eH 

npa se6on&wax 3Ha'leHBJIX BMnyn&ca p 121 . llocne sse,neHBJI 

x/Pa-CCMOTpeHBe, 6nB3KOe ,naHHOMy, .nenanocL TaK)I(e as
TOpOM COBMeCTHO C p .,Il;eH'IeBLIM H ,Il;.llyWKapOBLIM. 
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3c)c)eKTBBHLIX Mace mt .QBH)I(eHBe 3neKTposa B nepao.ns

qecKoM none, KaK B3BeCTHO, 6y,neT BO MHOrOM CXO,nHO 

C )J;BH)I(eHBeM KBa3B'IaCTBD;LI C 3Hepraeii /3/ B KBa,npaTOM 

KBa3HBMnynLCa /4/: 
-+2 2 2 2 
P = P 1 + P2 + P3 /4/ 

B noTesu;aan&soii JIMe M B BaKyy:Me. /CTporo rosops, 

3aKOH .nscnepca~ /a.na /3/ &MeeT MeCTO .nns 6ecKoHe'IBoro 

KpBcTanna, eM. 
2 

, §126, §128/. O,nsaKo .nns ,nocTaTO'IHO 

6onLWHX, HO KOHe'IHLIX KpBCTannB'IeCKBX o6pa3D;OB BnBJIHBe 

KOHe'IHLIX pa3MepOB Ha BB.A 3aBBCBMOCTB /3/ CTaHOBBTCJI 

BC'Ie 3a10~e ManwM. B .nan&HeiiweM acnonL30BaHBe 3aBaca

MOCTB /3/ BMeCTO TO'IHOB 3aBBCBMOCTB He CKa3LJBaeTCJI 

Ha xapaKTepe BLIBO,QOB, T.K. 3aBBCBMOCTL /3/ ,nanee nOCTy· 

napyeTcs, T .e. paccMaTpasaeTCJI HeKoTopas H)J;eans3aD;HJI. 

,Il;nJI .nan&seiiwero o6cy)l(,neHBJI cy~eCTBeHHO paccMa

TpBBaTL c)BHBTHOe ,QBH)I(eHBe KBa3B'IaCTBD;LI. ll03TOMY BBO· 

.ABTCJI ycnOBBe 6eCKOHe'IHO rny60KOB noTeHD;HanLHOB JIMLI, 

a 3Ha'IHT~ BOnHOBaJI c)yHKD;BJI 1/J aHHynapyeTCJI Ha noBepXHOCTB 

I 3nnancoH)J;a M • ,Il;pyrBMB cnoBaMB, paccMaTpasaeTCJI 

,QOCTaTO'IHO 6onLWOB,HO KOHe'IHLIB KYCOK KpBCTanna B TaKoe 

.ABB)I(eHBe 'laCTBD;LI, npH KOTOpOM OHa He .QOCTBraeT ero 

nosepxsocTB I . /Ecna B Ka'leCTBe KBa3B'IaCTBD;LI pac

CMOTpeTL, HanpBMep, MarHOH B MarHBTHOM KpBCTanne, 

TO O'leBB.QHO, 'ITO TaKaJI 'laCTBD;a cy~eCTByeT TOnLKO 

BHYTPB KpacTanna/. 

Cornacso KBaHTOBOMexasaqecKoMy c)opManB3MY 

c)os HeiiMasa, ran&6epToBo npocTpaHCTBO cocTOJIHBii 1-1 
CBCTeMLI MO)I(HO OTO)I(,QeCTBHTL C L 2(M) COBOKYfiHOCTLIO BCeX 

BHTe rpapyeMLIX C KBa,npa TOM c)yHKD;BB 1/J ( x), onpe,neneHHLIX 

saM, x ~; M • ,Il;anee onpe.nenBM onepaTopw, OTBe'laJO~Be 
3HeprBB B KBa,npaTy HMnynLCa 'laCTBD;LI. flo B3BeCTHOB 

TeopeMe c)os HeiiMasa npoeKD;BB sa ocH Koop,nasaT onepa

Topa BMnyn&ca B KBaHTOBoii MexasaKe onpe.nemiJOTCJI no 

C~eCTBY O.QH03Ha'IBO, C TO'IHOCTLIO ,no YHBTapsoii 3KBBBa· 

neHTHOCTB, KaK onepaTOpLI ,nac)c)epeHD;BpOBaHBJI no COOT· 

-+ 
BeTCTBYJO~BM nepeMeHHLIM p = -i h ( aj axl ,a ;a~ ,a/axj. llpB 

nOMO~B 3TBX BLipa)l(eHBB, BCnonL3YJI npBHD;Hn COOTBeTCTBBJI 
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C KnaCCH'IeCKOii: MeXaHHKOii, 06bl'IHO CTpO.IITCJI AHclxllepeH· 
uHanbHble BblpalKeHHJI An.ll APYrHx onepaTopos KBaHTOBoii 
CHCTeMbl, HanpHMep, 3HeprHH H KBaApaTy HMnynbca 'laC· 
THJ.lbl OTBe'laiOT COOTBeTCTBeHHO BblpalKeHHJI /c TO'IHOCTbiO 
AO KOHCTaHTbl/: 

3 2 2 
E "'I. l/2m* a !ax. 

i = 1 i 1 

... 2 ~ a2; a 2 
p "' "" xi 
r--1 i= 1 

/5/ 

/6/ 

/Bwpa>KeHHe /5/ MOlKHO nony'IHTb TaK>Ke H3 ypaBHeHHJI 
WpeAHHrepa, OTBe'laJOlJ.lero ABHlKeHHIO KBa3H'IaCTHillal AnJI 
Manwx P /eM. o6cy>KAeHHe ciJopMy.nbl /128.1.5/ B /'1./ /. 

PaCCMOTpHM COBOKynHOCTb C""(M) ciJyHKJ.lHB 1/J , 6eCKO· 
He'IHO AHcllcllepeHUHpyeMblX B M H pasHwx Hynro Ha rpaHHUe 
I. o6nacTH M • llonb3YJICb 3THM, a TaK>Ke HHTerpHpoBaHHeM 
no 'laCTJIM, MO)I(HO noKa3aTb, KaK 3TQ o6lai'IHO AenaeTCJI B 
KBaHTosoB: MexaHHKe, 'ITO onepaTopw E H p 2 , onpeAeneH· 
Hble Ha COBOKynHOCTH C"" ( M) BblpalKeHHJIMH /5/ H /6/, 
JIBnJIIOTCJI CHMMeTpH'IecKHMH /3pMHTOBblMH/, T ,.e. YAOBne
TBOp.lleTcJI paseHCTBO /1/. JlerKo BHAeTb, 'ITO E B p 2 He 
JIBnJIJOTCJI caMoconpJI>KeHH.blMB onepaTopaMB, TaK KaK 
o6nacTB onpeAeneHBlf D ( E:) B D ( p 2 *) conpJilKe!iHiaiX 
K HB!:f onepaTopoB E* B i' * WBpe, 'leM <J'O(M) .B D(E*) 
B D ( p2 *) BXOAJIT, HanpBMep, B ABalKAbl AHcllcllepeHUBPYe • 
Mble B o6o6lJ.leHHOM CMblcne Ha M ciJyHKUBH, aHHynBpYJOlJ.lHe· 
CJI Ha l'. B KBaApaTB'IHO BHTerpBpyeMiale BMeCTe C npOB3· 
BOAHiaiMB AO BTOporo nopJIAKa BKniO'IBTenbHO. 

fipB MaTeMaTB'IeCKOM OnHCaHHB KBaHTOBOMeXaHB'IeCKBX 
BenB'IBH BHTepec npeACTaBnJIIOT ycnOBHJI, npH KOTOpblX 
ABciJciJepeHUBanbHble Bblpa>KeHHJI, OTBe'laJOlJ.lHe 3THM BenB'IB· 
HaM, JIBnJIJOTCJI cylJ.leCTBeHHO caMoconpJI)I(eHHiaiMH onepa
TopaMB'/ • /lloApo6Hoe o6cy>KAeHBe :noro nyHKTa eM. B' 3/ 

x/OnepaTop A Ha3blBaeTCJI CYlJ.leCTBeHHO caMoconpJilKeH· 
HblM, ecnB e..ro 3aMwKaHHe A caMoconpJI)I(eHHiaiB onepaTop. 
/3aMblKaHBe A onpeAenJieTCJI KaK 3aMblKaHBe yHolKecTsa nap r f, A f I An.ll f ~ D (A) /. TaK KaK o6nacTL D (A) Onl!,eAene
HBJI i\ wupe D (A), IT .e. DG\)) D(A), rosopJIT, 'ITO A ecTb 
pacwspeHBe A ( eM 3/). 
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,i:, 

rn. IX § 3.5/. TorAa 3THM ciJB3H'IecKBM senH'IHHaM oTse
'laJOT eAHHCTBeHHble caMoconpJilKeHHble onepaTopbl, JIBnJIJO· 
lJ.lHeCJI paCWBpeHBJIMB COOTBeTCTBYIOlJ.lHX AHcllcllepeHilBanbHblX 

swpalKeHBB I eM! 
31 , TaM lKe/. 3Ta eABHCTBeHHaJI B03MO>K· 

HOCTb conocTaBBTb caMoconpJilKeHHblB onepaTop ciJH3H'Iec
KOB BenH'IBHe OCB060lKAaeT HaC OT Heo6XOAHMOCTH Blai6H· 
paTb C nOMOlJ.lbiO AOnonHBTenbHblX C006palKeHBii OAHO H3 MHO· 
rBx caMoconpJilKeHHblX pacwupeHBB onepaTopos, cnoco6Hwx 
npeACTaBHTb BenH'IHHY B KBaHTOBOMeXaHB'IeCKOM ciJopManH3 • 
Me clloH HeB:MaHa /cM./41, rn. VI , §4.1, u/5/ /. 

B AaHHOM cnyqae ycnosHe aHHynuposaHHJI sonHosoB: 
ciJyHKJ.lHH Ha l'. o6ecne'IHBaeT CYlJ.leCTBeHHYIO CaMOCOnpJI• 

A A 00 

>KeHHOCTb on epa Topos E H p2 , 3aAaHHblX Ha C ( M) 
ciJopMynaMH /5/ B /6/. 3TO YTBep>KA!tHBe cneAyeT He· 
nocpeACTBeHHO B3 06lJ.lBX pe3ynbTaTOB 6 / , npllMeHeHHiaiX 
K /5/, /6/, /TeopeMa 25 rn. XIV I. qepe 3 f: N H ~ 
o6o3Ha'IBM caMoconpJI>KeHHble onepaTopw, OTBe'laJOlJ.lHe no 
ciJoH HeaMaHy 3HeprHB H KBaApaTy BMnynbca KBa3B'IaCTHJ.lbl 
B nony'laiOlJ.lBecJI 3aMb1KaHBeM onepaTofro/ E H ~ 2 cooT· 
seTCTBeHHO. H3 3TBX >Ke pe3yn~»TaToB 6 IJ.enocpeACTBeHHo 
cneAyeT TaK>Ke, 'ITO cneKTpbl onepaTopos EN H p~ JIBnJI· 
IOTCJI 'IHCTO ABCKpeTHblMH, T.e. tN H p~ HMeiOT nonHble 
CBCTeMbl C06CTBeHHiaiX ciJyHKilBB C HHTerpHpyeMblM KBaApa· 
TOM. 

A A 2 
llocne nocTpoeHBJI onepaTopos F:N B PN o6paTHMCJI 

K HCCneAOBaHHIO BX nepecTaHOBO'IHOC.TB. JICHO, 'ITO onepa· 
Topbl E B p2 , onpeAeneHHble Ha Coc.(M) , nepecTaHoBO'IHial 

B anre6paH'IeCKOM CMblCne: 

A A2 A2 .. 
E p = p E . /7/ 

TaKoe yTBeplKAeHBe He cneAyeT H3 O~X C02~palKeHBB 
An.ll Hx caMoconpJI>KeHHblX pacwHpeHBB EN B PN • 3To 
TaK He TOnbKO nOTOMy, 'ITO npOH3BeAeHHJI onepaTOpOB £: N 
H i;( , aHanorB'IHble npoB3BeAeHBJIM E B p 2 B /7 I, MO
ryT He BMeTb CMblcna H3· 3a pacwupeHBB o6nacTea onpe
AeneHBJI. EcnB npHHJITb 6onee o6lJ.lee onpeAeneHHe nepecTa· 
HOBO'IHOCTBx/, npBcnoco6neHHOe K HeorpaHB'IeHHblM CaMo· 

x/Hcnonb3oBaHHOe ciJoH Heii:MaHOM B ero ciJopMynsposKe 
K~HTOBOB MeXaHB~B. 
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I 

conpJI)I(eHHWM onepaTopaM, a BMeHHo: fN u p~ nepecTa· 
HOBO'IHW, ecnu ux cneKTpanLHwe ceMeiicTua nepecTaHouoq
HW, TO f: N B p~ MOryT He 6WTL nepeCTaHOBO'IHhiMB DO· 
npeKu 111. llo-uB,ZJ;BMOMy, nepuwii npuMep .ztBYX nepecTa· 
HOBO'IHWX CBMMeTpB'IeCKBX onepaTOpOB, He BMeiOUUIX ca· 
MoconpJI)I(eHHbiX pacwupeHuii, ,llaH HenLcoHoM/7/ . lloKa· 
)l(eM, 'ITO B ,naHHOM cnyqae BMeeTCJl aHanorB'IHaJl CBTya~BJl, 
T.e. onepaTopw EN u p~ He nepecTaHOBO'IHW. )lnJI :noro 
uocnonL3yeMcJI o6IQBM pe3ynLTaToM ));eHqeuaf8/, ,llaiOIQBM 
Heo6XOJ1BMwe u JlOCTaTO'IHWe ycnouuJI ,llnJI nepecTaHouoq· 
HOCTB caMoconpJI)I(eHHWX pacwupeHu:ii no CllpB,ZJ;puxcy x/ o,n-

---' 
Horo Knacca lnnunTB'IecKux JlB«)lcllepeH~uanLHWX onepaTopou. 
flpBMeHeHHWB K HaWeMy 'laCTHOMy cnyqaiO, 3TOT P,..e3ynLTaT 
.11aeT cne,llyiOIQee. :PacwupeHBJI. no CllpB,ZJ;puxcy EF u p~ 
onepaTopou 151 u 161 lonpe,lleneHHWX Ha no,llMHO)I(eCTBe 
C0(M), COCTOJIIQeM B3 «<JYHK~B:ii, aHHynupyiOIQBXCJl ~e TOnJ>KO 
Ha I , Ho u B HeKoTopo:ii rpaHB'IHOH nonoce, CM. 8/ I, ne· 
pecTaHOBO'IHW TOr,lla u TOnLKo Tor,na, Kor,lla I BMeeT «<JopMy 
napannenenune,na co CTeHKaMu, napannenLHWMB KOOPJlBHaT-

A A2 HWM nnocKOCTJIM. ));nJI o6nacTe:ii onpe,neneHBJI D(EF) u D(pF) 
BMeeM xx/ lcM/8/ 1: 

... 00 ..... 2 00 

D(EF) )C (M), D(pF) )C (M), 181 

T.e. EFA u p~A JIBnJIIOTCJI caMoconpJI)I(eHHLIMB pacwupe· 
HBJIMB E u p2. B cuny e,llBHCTBeHHOCTB caMoconpJI)I(eH· 
HWX pacwupeHu:ii onepaTopou 151 u 161 nonyqaeM EF = EN , 
p~ = p~ , a TaK)I(e HeKOMMyTaTBBHOCTL onepaTopou EN 
B P!, , COOTBeTCTBYIOIQBX no «<JoH HeiiMaHy 3HeprBB B KBa,ll• 
paT~ KBa3BBMnynLca qacTu~w. B cnyqae, KOr,lla M - 3nnun· 
COB,Il. 

x/ no nouo.11y onpe,lleneHBJI 3Toro cne~uanLHoro Tuna 
caMoconpJI)I(eHHLif I pacwupeHu:ii 'IBTaTenL oTcwnaeTcJI, 
Hanp., K pa6oTe 3 • HB)I(e MLI nonL3YeMCJl TOnLKO BX 
CBOjiCTBOM 181. 

xxf ABTop o6JI3aH Jl·py 4Ju3.MaT.HayK P .));eH'Ieuy 3a yKa-
3aHue Ha COOTHOWeHBJl 181, He06XOJ1BMLie ,llnJI npoue,neHBJl 
,llOKa3aTenLCTBa. 
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3. 0 C06MeCIIUMOCIIU U U3MepeHUU 

K6QHII060MeXOHU'leCKUX eeAU'lUH 3Hepzuu 

U K6a0pa1/la K603UUMnyAI»Ca 'lQCIIUUI»I 

B KBaHTouoii NexaHBKe, HapJI,ny c «<JopNanLHO·MaTeMa· 
TB'IeCKBM onucaHBeM Ha6niO,IlaeMWX KaK KOHKpeTHWX onepa· 
TOpOB, B03M0)1(H0 B ,npyroe BX onuqaHBe npB nOYOUUI B3· 
MepBTenLHbiX YCTpOiCTB B B3MepBTenLHWX npe,llnBCaHBi, 
ucnonL3yeMwx npu ux 3KcnepuMeHTanLHOM onpe,lleneHBB. 
B n106oi 4Ju3u'lecKoi Teopuu, OTBe'laiOIQei 3KcnepaMeHTy, 
CyiQeCTBYJOT TaKBe "npaBBna COOTBeTCTBBJl" Me)l(,lly ee 
a6cTpaKTHbiMB CBMBOnaMB B BLICKa3b1BaHBJIMB B 3KCnepu· 
MeHTanLHbiMB B3MepeHBJIMB. TaK, HanpuMep, ,llBe KBaHTouo·
MexaHB'IecKue BenB'IBHbl C'IBTaiOTCJl COBMeCTBMbiMB, ecnu 
nocne,noBaTenLHOCTL npu BX B3MepeHBB He OKa3biBaeT 
BnBJIHBJl Ha nony'laiOIQBeCJI pe3ynLTaTLI 83MepeHBH IB3Me· 
peHBe Ka)I(,I{OB 83 uenB'IBB B OT,IlenLHOCTH He B3MeHJieT 
pe3ynLTaTa nocne,llyiOIQero B3MepeHBJI ,llpyroB: uenu'IBHwl. 
B KBaHTOBOMexaHB'IeCKOM 4JopManB3Me «<JoH HeiMaHa cos· 
Me CTBMLIM BenB'IBHaM OTBe'laiOT KOMMYTBPYJOIQBe on epa· 
TOpLI. COBMeCTBMbiMB B CMLICne B3MepBTenLHLIX npe,llnB· 
caHBB JlBnJIIOTCJl, HanpBMep, ,llBe TaKBe BenB'IBHLI Q1 , Q2 , 
B3MepeHBble 3Ha'leHBJl KOTOphiX 3a,llaiOTCJl JlBYMJl «)yHK~BJIMB 
OT B3MepeHHbiX 3Ha'leHBi lpaccMaTpBBaeMLIX KaK apry· 
MeHTwl Jlpyrux couMecTBMWX uenB'IBH, R1, R2, ••• , Rk 
Tor.11a npo~e,llypa couMeCTHoro B3MepeHBJI Q1 u Q2 
cocTOBT B B3MepeHBB R1, •• ,, Rk u nocne,llyroiQeM BLI'IBcne
HBB 3Ha'leHBB Q1 B Q2 lpe3ynLTaTW He _3aBBCBMhl OT 
nopJIJlKa uwqucneHu:ii ,llnJI Q1 u Q2 1. TaK, uanpuMep, 
B paCCMaTpBBaeMOM B nyHKTe 2 cnyqae, 'IT06bl B3MepBTL 
3Ha'leHBJI 3Hepruu u KBa,llpaTa KBa3BBMnynLca qacTu~w. 

MO)I(HO nocTynBTL cne,llYJOIQBM o6pa3oM. H3MepJieM 3Haqe
HBJI p IT.e. p 1 ,p 2 ,p3 I u BLI'IBCnJieM no «<JopMynaM 131 
B 141 3Ha'leHBJl BCKOMLIX BenB'IBH. flpBMeHBMOCTL 131 
u 141 cne,llyeT, HanpuMep, B3 npuH~una cooTBeTCTBBJI c 
KnaccuqecKo:ii MexaHBKo:ii. OcTanocL yKa3aTL npe,nnucaHue 
,nnJI COBMeCTHOrO B3MepeHBJl p1 , p2 , p 3 • fipB 3TOM 
,nnJI peweHBJI npuH~nuanLHoro uonpoca o couMeCTBMOCTB 
B3MepJieMbiX BenB'IBH He06JI3aTenLHO yKa3LIBaTL Ha TeXHB· 
qecKue ,lleTanu B3MepuTenLHo:ii ycTaHOBKB, o6ecnequuaiOUUie 
Ty BnB BHYJO TO'IHOCTL. B3MepeHBJl. ,lJ;OCTaTO'IHO yKa3aTL 
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TaKoe B3MepBTenhHOe upe~UBCaHBe, KOTOpoe B UpBHUBUe 

OC}'IQeCTBBMO, T.e. He UpOTBBope'IBT TeOpBB. 

B npBHUBne, npe~nscaHB.I ~n.1 B3MepeHB.I KBa3BBMnynh

ca U0~06HW B3MepeHB.IM BMUynhCa KBaHTOBOMeXaHB'IeCKOB 

'laCTBUW B B&KyyMe, TOnhKO Teneph B3MepeHB.I ~enWOTC.I 

BHYTPB KpBcTanna. Tpa npoeKUBB ~· p 2 , p 3 KBaHTOBo

MexaHB'Iecxoro BMUynhC&, K&K B3BeCTHO, C'IBTWOTC.I COB· 

MeCTHO B3MepBMWMB aenB'IBH&MB. ,Zl;n.1 !JTOrO, H&UpBMep, 

MO)I(HO B3Mep.1Th cpe~Hee paccTO.IHBe, npoxo~suoe qac

TBUei 3& HeKOTOpoe BpeM.I /CM., H&UpBMep, 06Cy)I(JleHBe 

a191, rn. 5 U/, T .e. nonh30B&ThC.I cllopMynoi: 
r--1 

d xi I d t = iii I m i 'i =1,2,3, /9/ 

r~e X., i =1, 2, 3 • cpe~HBe 3H&'IeHB.I KOOp~BH&T 'I&CTB· 
1 

UW /cllopMyna 9/ 7<J/Hny /5/ 3&MeH.IT COOTBeTCTBYIOIUBe 

COOTHOWeHB.I • CM., , /17,6/ · JVI.I mi =m2 = mt 
fipB ~OCTaTO'IHO ~nBHHWX paCCTO.IHB.IX, UpOXO~BMWX 'laC· 

TBUei /~n.l 60nhWBX o6p&3UOB ~eanhHOrO KpBCTanna/, 

OWB6KB UpB B3MepeHB.IX MO~HO C~en&Th ~OCT&TO'IHO Wa· 

nWMB /cu/91 /. /.Z:.pyroe B3MepBTenhHOe npe~UBCaHBe 
COCTOBT B BCUOnh30BaHBB 3&KOHOB COXpaHeHB.I BMUynhC& 

UpH ynpyrOW CTOnKHOBeHBB C npo6Hoi 'I&CTHUeii C B3BeCTHioiM 

BMnynhCOM. llpB :JTOM, B CBny KOHe'IHOCTH KpBCTanna, 

HY)I(HO na6o Y'IHTWB&Th ero OT~aqy, na6o npeHe6peraTh e10, 

C'IBTa.l ee BenB'IBHy WeHhWei • JVI.I ~OCT&TO'IHO 6onhWBX 

xpacTannB'Iecxax o6pa3uoa,- 'leM ~pyrae 3KcnepaMeH

TanhHWe OWB6KB/. 

Hy~Ho 3&MeTBTh, 'ITO npe~uacaHB.I ~n.1 B3MepeHB.I 3Hep

raa B KBa~paTa KBa3BBMnynhC& He 3&BBC.IT OT reoMeTpB· 

11ecxoi cllopMw noaepxuocTB. TaKBM o6pa30M nonyqaeTc.l, 

'ITO 3HeprB.I B KBa~paT KB&3BBMUynhC& 'laCTBUW C TO'IKB 

3peHB.I B3MepBTenhHWX npoue~yp .IBn.IJOTC.I COBMeCTBMWMB 

BenB'IBHaMB, TOr ~a KaK BM OTBe'laJOT B cnyqae CUeUBMhHO 

aw6paHHoi cllopMw I HeKOMMYTBPYJOIIlBe caMoconp.a~eHHWe 
onepaTopw. KoHe'IHO, HaCTO.IIQee paccMoTpeHae xax uenoe 

He 03Ha'l&eT HecornacoaaHHOCTB c MaTeMaTB'IeCKBM cllopMa

nB3MOM KB&HTOBOi MeXaHBKB. 06cy~~eHBe yKa3WB&eT TOnh

KO Ha TO, 'ITO OUBCaHHWi 'I&CTHWB CUOC06 COUOCT&BneHB.I 

cliB3B'IecKBM aenB'IBHaM caMoconp.a~eHHWX pacwapeHBi one

paTopoa MO~eT He COOTBeTCTBOBaTh cliB3B'IeCKOMY UOHBMa· 
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HHIO 0 COBMeCTHMOCTH 3THX BenH'IHH B TepMHHaX H3MepB· 

TenhHiaiX npe~UHCaHHB. 

0TMeTHM, 'ITO nony'leHHOe 3aKnJO'IeHHe 6a3HpyeTCJl 

Ha cilH3H'IeCKH ecTeCTBeHHOM npe~nono~eHHH 0 TOM, 'ITO 

a o6nacTH onpe~eneHHJI EN H j)J__ axo~HT MHo~ec .. Tao 

coo (M) , a Ta~e o TOM, 'ITO Ha l..""(M) pacwupeHH.I EN H 

PJ 3a~aJOTCJl ~HcilcilepeHUHanhHiaiMH BWp~eHHJIMB /5/, /6/. 
A.npHopu He HCKnJO'IeHo H ~pyroe /"Heo6w'IHoe" I onepaTop

Hoe npe.n;cTaaneHue xl aenH'IHH E H p2 
, ,n;nJI KOToporo 

yKa3aHHOe 3aKnJO'IeHHe MO~eT He HMeTh MeCTa. 

0TMeTHM Ta~e. 'ITO o6cy~.n;eHHe n.3, cTporo roaopJI, 

BlaiXO,ZJ;HT 3a paMKH Hei:MaHOBCKOB /MaTeMaTH'IeCKOB/ 

aKCHOMaTHKH KBaHTOBOB MexaHHKH, T.K. HCUOnh3yeT /He· 

cilopManH30BaHHOe Ha ee Jl31a1Ke/ ITOHJITHe 06 H3MepHTenh· 

HOM npe.n;nucaHHH. 

ABTOp o6JI3aH P .)J;eH'IeBy H )J;.llyWKapoay 3a HeKOTOpwe 

o6cy>K.n;eHHJI H 3aMe'laHHJI. 
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