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PyKonHCb nocTynHna a H3.1laTenbCKHH OT,Ilon 
4 HIOnH 1978 ro.11a. 

JlEKI.1IDI I 

BBe,neHHe 

B coBpeMeHHol HaYRe Bee 6anee mapoxoe 

,nfiT CT8TliCTHli6CRHe MeTO,JOi, OCHOBBHHiie Ha II 

TH. 

0co6eHHO OCHOBaTanDHO B03pocna ~ S 

OT:Kpll'l'HJI lt88HTOBOI MeXSHJID B KB6epaeTHXI! 

rd, aRCBOMaTHliecRHI IIO.DXO.IJ; K Teopo Bepo.!l 

B STY OM8CT1> OTBJieK Oi Hac OT OCHOBHOl'O 1IJ 

CT8TliCTHliecKOI BHTepnpeT~ KBBHTOBOI Mel 

KB8H'l'OBHX 11:3Mepel!ld. 

MH 6y,neM noHBMaT:& BepoRTHOCT:& KaK Mep 

BOSMOJIHOCTJI TOI'O HJD1 BHOI'O C06HTU. 3Ta Me 

llae .nOJmHB. 6HT:& yxasaaa. 

B npocTelmHx cnyliaRX BeponTHOCT:& co6ij 

K8K OTHOmeBHe 'IIHCK8 B03MOJIHOCTel l"n , 6JJ 

THD A,x o6~egy lill:axy BOSMOZHocTel ~ 
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\" 

cb nocTynHna e HanaTenhCKHA oTnen 
4 HIOnst 1978 rona. 

BBe;reHHe 

B coBpeMeHHol HBYite Bee 60Jiee umpoKOe u:p:B:MeHeHB:e Haxo

]J.fiT CTaTHCTHl!:eCKHe MeTO,Jtll, OCHOBSHHHe Ha IIOHJITHH BepoJI'l'HOC

TH. 

0co6eHHO OCHOBaTe!DHO BOSpocna ponD STBX 118TO~OB IIOCKe 

O'l'lt;>JI'l'HJI ltBaHTOBOI MeX8HBD B KH68PH8THD. CymecTBYe'l' CTpo

rd, aKCBOif8TBl!:eCKHI IIO,li,XO~ 1t T80pmi[ BepOJrTHOCTel. 3KCKYPC 

B S ey o6JiaCT:& OTB1I8lt cH HaC OT OCHOBHOI'O u:pe,I114eTa Jie~ -

CTal'BCTBl!:eCKOI HHTepu:peT~ KBaHTOBOI Me:xamtKH H T80pJIH 

JtBa 'ITOBHX HSMepemd. 

MY 6y~e11 IIOHJIMa.Tb BepOJrTHOCT:& Ka1t Mepy IIOT8lmit8JI:&HOI 

BOSI*>DOCTH TOI'O HJIH HHOl'O C06HTHSI. 3Ta Mapa B Rall,ll;OM cny

l!:ae ~OXEHB 6HT:& yxasaHa. 

B npocTelmax cnyqaax BepORTHOCT:& co6HTHR A ou:pe~enHmT, 

1taK OTHomeHKe l!:Hcna BOSr.l>llHOCTel rn , 6JiaroiipKII'l'HHX co6a:-

'l'Dl A,K 061118JIY l!:Hcny BOSMO&HOCTel V\. : '?-:: ~ 
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HecMOTp& Ha mapoKOe pa3BHTHe cTaTHCTH~ecKKX MeTo.noB B 

COBpeMeHHOI HayKe, ~aCTO coxpaHJieTCJI HOCTarr:&rK.II no ,u;erep

MHHHCT1Pl6CKOMY, CTporo rrpH~OMY ormcaHK!l JIBI!eDiL I1pl! 

aTOM o6Hqao OIT,YCKaeTC.II H3 BH,IIY o~eH:& BBEHaJI .JJ;~Tan:& ,u;eTep-

MHHHCTH~eCROrO OIIHCaHH.II , ROTOpaJI ,u;~aeT ero Ha CaMO~ 

,u;eJie yCJioBHHM. 

CyTL .ne~a 3aKHD'IaeTCR B TOM, 'ITO npH ,u;eTep-

MHHHCTH~ecKOM OIIHCaHHH ~eHllft H6.JJ;OCTQTO~O 3~8Tl> 3HaqeHKII 

,D;HHaMH"leCKKX rrepeMeHHHX B l!Qll~:&HHI MOM8HT BpeMeHX t, :: Q 

B HeKoTopoi rrpocTpaHCTBeHHol o6JJ:acTH AB ( eM. p11c. I), HO 

A 
K' 

'\ 
\ 

\ 
\ 

\ 
\ 

s' 

------~--~--~--------~'~M~---------x 
A K 8 \ 

PHC. I. 3,Jt€Cb 1:.- BpeMSI, "X. - O,D;HOMepHOe npOCTpaHCTBO, 

AB - od~aCTb, ,D;HR KOTOpoR 3~aHH Ha'laHbHH€ yCHOBHSI, 

YxaaaHH rpaexropHH Kopadu K "< 1 
H cnyqaRaoro 

uereopa MM1 
• 

4 

Heo6xo~o a~aTb eme x rpaHE~e ycnoBRR Ha 

odnaCTR A ft 1
, '8 "0 1 ~ t) 0 , T.e. ~ dy, 

MaD. HHHMil CJIOBBMH ,CJie,I~YeT BHCRa38Tl> I'HIIOTe3' 

Ha ~ o6JJ:acTII Pr B . TaKOro po,u;a rmroTe: 

0'1' ,D;eTepMBHIICTH~eCKOft MeXaHXKII B o6JJ:aCTl> CTQTJ 

Mep, TPBeRTOPKII KOCMH~eCXOI'O KOpa6Jm MOZE!T 6H~ 

no ero HQ~WU.HH\1 .u;aHHW4, HO B03MOlltHOe B38HMO.JJ;I 

pa6Jm C MeT80pJITOM MO.ZBT 6HTI> O~eHeHO TOJII>KO I 

TBcTllxr/I/. B OTJIH1Die oT KJiacCJI~ecxoa @!sxKII l 

KBIUl'l'OBHX SIBJieHHI CTQTIICTII~eCKOe OmiCaHXe .IIBIII 

C.II COBepmeHHO H8H36eZHYM X ~eEHT B CaMOI ee 01 

ltiiBCCllll8CKOI MeXaHXKII CYJII6CTByeT e~qe KJiaCCH~el 

qecltWI uexaoxa. B KBaHTOBol o6JJ:acTH Ttuate cyr 

'!'o:aas: uexrumxa, onepJIPYDlla.II c BMHoBOI !IJyH~1 

TO Bali CTQTIICTJI'IIeCKaJI MeXaHXKa, orrepHPYJllla.II CO 
A 

onepaTopou ~ , IIHa~e Ha3HBaeuw MaTpJmel 1 

no QH~Orllll C ~OTHOCTI>D B8poJITHOCTII B KJIQCCH1 

TJI'II8CKOI MeXaHIIKe. O,D;HaKO COOTHomeHXJI Me~ ME 

CTQTIICT11ll8CKOI MeXaHXKOI B KJIQCCH~6CKOI II ~ 

'1'11 COBepllleHHO paMII"lHH:l: KJIQCCJI'IIeCKaJI MeXQHXKQ 

OCHOBDI C'l'QTIICTJI'IIeCKOI UeX~, CBR3l> s,u;ec:& 

mm. KB8JI'ro:aas: IIBxaBI:Ka Cella no ce6e JIBJmeTCII 

'1'80Jm81. 

BaaelmyJI poJID B Dall'l'OBOI ll€XMHKe Hrpal 

•auepelld. Teopa •suepeHBI He r.a:>aeT 6HT:& noc1 

Dall'l'OBOI C'l'Q'l'JI'I8CKOI lf8X8HJID: CBR3l> s,u;ec:& ~ 

39 COO'l'HOIII8Bli.II IIO.IICHIUITC.II CXeJ«>I: 
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mapoxoe pa3BHTH8 CTQTBCTH'I8CKHX M8TO~OB B 

1, ~aCTO COxpaHlleTCH HOCTa.JThl'IDI no ~eTep

:TpOI'O npH~OM;y OIIBCaHHKJ HMeHBit. IlpJ! 

~eTCH H3 BHlJY O'leH:& BaEHBH ~~Tan:& ~eTep-

IHCaHWI , ROTOpaH ~MaeT ero Ha CaMOM 

3aKJIV'IaeTCR B TOM, 'ITO npH ~erep-

HCaHBH HaneHHil He~OCTaTO'IHO 3a.D;QT:& 3Ha~eHWI 

1eMeHHHX B Ha'lan:&HHI MOMeHT BpeMeHJI i: -::. Q 

:TpaHCTBeHHolt o6JiacTB AB 

K' 

' ' \ 
\ 

\ 

B' 

cM. p:a:c. I), Ho 

--~---L------~L\~M~--------X 
K B ', 

ape»JI, ~ - o~uo»epuoe npocrpaucrao. 

1 
~JIR KOTOpo~ 3~aHH Ha'laJibHH8 ycJIOBHH. 

KTopHH KOpaOJUJ K \< 1 
H cnyqaRaoro 

~I • 

4 

He06XO,IIl!MO 3a.D;QT:& e111e ll rpaHPJtnrue yCJIOBHR Ha rp~ax 

oOnacn A ft1, 'B ~ 1 ,n;;m t > 0 , T.e. ,n;;m 6y.IJ.Y!!1ero Bpe

MeHJI. J.liiHMH CJIOBaMB ,CJielJYeT miCKa3aT:& rmiOTesy 0 6y.IJ.Y!!1eM 

Ha rpaH~ o6Jracu A B . Taxoro po~a rmroTesu yBO.wrT 

OT ~eTepMHHHCTB~8CROit MeXaHJIRB B o6JiaCT:& CTQ'l'liCTl!Rll. HarrpH

Mep, TIJ!leRTOpWI ROCMH~eCKOl'O ROpa6Jm MO~T 6HTI> BU<mCJieHa 

no ero EJQ~SJII.HHM .nammM, HO B03MOlltHOe B3B.HMO~eftCTBH8 RO

pa6nn C Me'l'eOpJ!TOM MO&eT 6HT:& o~eHeHO TQn:&RO MeTO~aMH CTa

'l'BCTliBl!I/I/. B OTJIR1Die 0'1' K71QCCB~8CROit @!3BRB B o6JraCTB 

~OB~ ~eHHI CTQTBCTB~ecxoe OnHCa&e HBneHBft ORQ3HBaeT

CH COBepmeHHO HeB36e3HHM B ~eEHT B CaMOit ee OCHOBe. ilOMKMO 

xnacc~ecxol MaXaHBKB CYIII8CTByeT e111e Maccu~ecRBH cTaTRCTH

'IecRSH IEXaHJIRQ. B RBaHTOBOit o6JiacTB TSJae CYI!IeCTBYeT RBaH

TOBall M ~XaHJIRa, onepBPYDJ18SI C B~OBOit \lJYHICUHeit \f , Iii RBaH

'l'OBaSI C I'QTJICT~8CRBH MeXaHJIRQ, onepJIPYllii8SI CO CTaTBC'l'~eCKBM 
A 

onepa'l'O pOM ~ , JIHQ~e HaSHBaeMWl Ma.T~e:lt MOTHOCTB 

no 8HQX)r.IH C MOTHOC'l':&D B8poHTHOCTH B K7ISCCB~eCROit CTQTHC

T~eCKO I MeXaHJIKe. 0~ COOTHOWeHWI Me.ll,lJ,y MeXaiDIROi! H 

cTancT a~ecxol MeXaHBxol B xnacCB'Iecxol :1!1 KBaHToBOI o6Jrac

TB CO Be ;mleHHO pa3JIBtnru: RnQCCH~eCRBH MeXaHJIRQ HBJUieTCH 

OCBOBDI CTQTBC'l'B'IeCKOI M8X8HJIKH, CBR3:& 3~ec:& O~OCTOpoH

mD!. bmTOB&II IIBxaDRa caua no ce6e HBJV~eTCH cTa'l'BCT~ecxol 

1'80~81. 

Ba:meiD\YJI poJib B JalaHTOBOI M8XMHK8 Hrpaer TeOpHJI 

•auepemd. TeoPJIII •suepeHHI He MOaeT 6HT:& nocTpoem 6es 

D8.B'l'OBol cTa'l'JI~ecxol uexamnm: cBRs:& s~ec:& BBammaJI. 

3ft coo~~BOJDeBKil nOJicBJimCH cxeuol: 
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]{JJaccH' :CC.Ka.fl MCXailliKa 

Ormcam:e TpaeKTOPIDIMH c 
H.7IH <j'JYl:IUJ;RCH )J.8HCTBID! j-J 

Kl.laCCI'I'lCCKall CTaTHCTH
qecKall MexrumKa 

Orrncarme ILJIOTHOC'l'l>JO 0 ( p ) 
BCPOH'l'JIOCTH :> I 'f. 
B '2. f -MepHOM UpOCTpa.HCTBC 

ljm3 ·~ ( P~'l-) 

K:Ba.HTOBM MexrumKa 

Orrncrume BOJIHOBOH qJyHKI:o~Ieft 

1¥ 

]{Ba.HTOBall CTaTHCTH'ICCKall 
MexrumKa 

OIIHcaHEe cTa~cTH'!ecKHM 
orrepaTOPOM 'j' , B f -Mep
HOM rtpOCTpaHC'l'BC KOHqMry-
pa.IJ;Ydft 'at (1-) HJIH l!MIIYJlbC-
HOM npocmp8PCTBe ~(f'1 
l'l .ru>. 

3.ne c:h p , '\,. - coiqJaiiiCHirne o6osHa'!eHl'!H .IWI HMITYJibcoB p.., , 
Pa 
f 

.. , p 'f H COIIpruKeH!fl:IX KOOp,IUlliaT '11 , 'h • • • q, f • 
- lliCJIO CTeiTeHeH CB060~ H3yqaeMOH CHCTeMH. 

D ,naTibHe~ JieKUHRX H3JIOXeHHe KBaHTOBOH MeXrumKH 6y.neT 

UOCTp03HO Ha paCillKPCHHOM ITOHl'!MaimH KBaHTOBOH MeXaHHKH, B 

KOTOpO 3 KaK HCOT'heMJieMall rJiaBa BXO)J.HT TeOpiDI KBaiiTOBHX 11!3-

MepeHll~ H BMCCT6 C TCM CTaTHCTH'ICCitM KBaHTOBM MCXaimKa. 

TaKoMY H3JIO~eHHID KBaHTOBoil MexrumKI1! 6y.neT npeAwecrno-

!laTh He60JibJJJOH SKCKYJ)C D KJiaCCH'IeCicyJO Mexrumey H RJiaCcHqec-

KYJO C'laTl'!CTH'!CCKYJO MCXaHHgy, HOCHmHH XapaKTep HaiiOMHHaHHH. 

~__!L 

~ qecKHil: ruwaM6JI» I'H66ca 

t .aiiOMHIDI! OCHOBFWe UOJIOllteHl'!H RJiaCCH'ICCKOit MeXaHHKH 

CHCTC~H MaTepl'!aJibfillX TO'IeK. ~eHHe TaKOit CHCTeMH MOXeT 

6HTb <·IIHCaiiO C TIOMOIIU>IO KaHOHl'l'ICCKI1!X ypaBHeHJd!: rBMWibTOHa, 

6 



OII8PlfPYIIllliX Coj06llleHHHMI! KOOp~aTSMH Q,~ ( ~~ "'q,2 '> • • , 9,f) 
:a: conpsm;eHHHMI! HM m.myJILCaMH p:: (f,hp2., ... 

1 
ff)· S.necL 'f

-'IHCJIO CTeneHel CB060)(Y paCCMaTplriBaeMOI CHCTeMii. 

YcnOBHH KaHOHH~8CKOI COnpsa6HHOCTK BGpazamTCS C 

IIOMOIIILil CK060R TiyaccoHa. CR06KH IJyaccoHa ~ )(Byx ,I(l[H3Mll-

11eCro!X BeJIJr1ml A r q., , f) H B ( ~ l ? ) onpe.nemmrcs TaR: 

t A 
1 
'?>]-::. !_ ( ll ~ ~ _ ~ of.> ) • 

~=1 ~~s ~~5 <~h ~fs (!) 

B TepMHaax aTHX cR06oR yCJioBHe KaHOHH1!ecRoft co~eHHocTH 

( '\;) H ( f\ rJiaCJtT : 

L'tt!"nq,'L}::o ·)[~s.,?"'l::o ·~ [fs.,q,tc."]=S~,t· 
(2) 

XapaRTep paccMaTpHBaeMOI ~WAH'ieCROft CHCTeMH onpe,I(eJiffetcs 

lfJYHRinteft raMHJThTOHa \-\ ( '\1 1 '?1 t). 
B qacTHOM CJIY11ae ueaaBMCJUlOCTM or apeweuM 

8CTh f!O.IIHM ::mcp:rrur CHCT8MU C 
CocTomme Cl'ICTeMU onpe,lleJIReTCS TO'l:KOH ( Qy I p) B <!Ja-

30BOM, 2 t -MepHOM IIpoCTpaHCTBe ~ ( <t,..) p J; 1- MepHrJe 

IIpOCTpaHCTBO (-t ( q_, l Ha3HBa8TC8 npocTpaHCTBOM KOHclJHryp~if, 
a 1- MepHoe npocTpaHCTBO R ( ~ )- m.myJILCHHM npoc TpaH

CTBOM. 3a,naqa MeXamtKH 3a.RJIIliClaeTC8 B H8X0lt)(8Hm!! Tpae~TOpJm 

CHCT8MH ~"' ( *) , 'h ( +) 'I • • • <t f ( t) B npoCTpaHCT Be 

ROH<JI!:ryp~ft 1't ( ~ l IIO Ha'iaJil>HOM;y COCTOJIHDJ CHCTeMH 

npH -\:;:: 0 , 3a,n8HHONY T011ROI B !JlaaOBOM npocTpaHCTBe : 

( o o\_ o o o • o o o \,? 1-:: cv.,l q,, ) ... ,q_,t, ~", ~2., ... ) r+. 
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BBH,Dy CBHHl, CYDteCTBYJlllel Mell.ey ~~ ( t l H ~ $ ( t) , BMeCTe 

C TeM onpe ,neJUieTCJl TpaeRTOpM H B IIpOCTpaHCTBe tfJa3 lt (PI~), 
R B IIpOCTI,aHCTBe RMIIYJII>COB it ( ?) 

IIepet.teHHI:le q,S L t \ , ~ ~ ( t \ onpe,neJUimCJI Ha cRcTeMil 

ItaHOHH'ieCilDC ypaBHeHRfrt ra.MIIJII>TOHa, ROTOplie rJiaCJlT: 

d q_,~~ ... ( \-\ ") C!;s. 1 
ct-i; 

d'(s_ l.H,~sl-(3) cit-
3TH YJlaBHE'Hrul R CR06KH (2) OCTaJJTCJl HHBB.pRaHTIWMH fiPH nepe

Xo,ne R HOBW& ItaHOHH'ieCKHM nepeMeHHHM Q~ ... Q.f , <p., 
r + t liCJIR :HMeeT MeCTO YCJJOB:He: , 

~~" \~ d Q~ - \s d'\ts )~ O.W, (4) 

r.ne d~· -rrommit ,ll;llqxpepe~aJI. TaROe npeo6paaoBaHRe 

Ha3HBB.9TCH ItaHOHR'I9CIGIM. ,If,B:J~meHHe, onpe,lleJJHeMOe ypaBHeBHIIMH 

(3),MDKeT paCCMaTPBBaTl>CJl KaX IIOCJie,nOBaTeJII>HOCT:b deCKOHeq

HO M8JIHX : caHOHH'I9CIGtX npeo6paaOBaHRit. JleitCTBIITeJ!l>HO, 113 

HHX CJI9.ny'l lT , 'ITO 

Q..,-:::. '\r~ -t- a\-\ A-t 
~ (!~~ ' 

~ oH t\ tt(5) 
J ~ :: ~~ - ~<vs 

r.ne Q.~ H <? s CYTI> aHat~emm rrepeuemmx ~So H ps 
B MOMeHT t +At. CaMO C06oit O'leBJWIO, 'ITO G_ f. 11 <? $ y,noB

JieTBOPf.!m' ypaBHemmM (3); HeTpy.n;HO npoBepHT:b, 'ITO OHH 

y,noWieTBO)flJ11' Truate KaHOHH'ieCICIDI COOTHOJDemmM ( 2) II YCJIOBDl 

\4) /2/. 

B OT.IIJI1llle 0'1' OllHCaHHOI BHIIIe IIOC'l'a.HOBJGI npo6JieMH, xapaR

TepHOI ,lUll MaCCH'IeCROI MeXa.HHlGI, B MaCCH'IeCROI CTaTHCTH-

8 



'18CKOI M8Xa.HK.Ke COCTorum:e CHCT8Mii aa,naeTCfl He RB.KOit-JDl<iO 

onpe,ne.n:eHHOI TO'lKOI ( ~ 1 f) B npocTpa.HCTBe /pa3 ~ ( q, 1 I~), 
a BepOR:THOCTbl!l d.W HJDl ee IJJIOTHOCT:&I!l ~ 

( ()) 

yKaSNBaDmel BepORTHOCT:& TOrO, 'ITO pacCMaTpHBaeMUa CRCTe!a 

B MOMBHT BpeMeHH ~ HM8BT KOOp,nRHaTN B HHTepBane 

q,~" '\..~ -i" d'tt~ .) ~s. "I?~+ d~c:. 
g: 1,2, ... ,f . 

ITo CMNC1ly BepOHTHO CTIII ljlyHKI.tHJI 9 ( Cj,. , p) 
HOPJAIIIPOBB.Ha Ha 1: 

{") 

{il) . 

3TOT HHTerpan He ,nOHXeH 3aBHCeTL OT BpeMeHH,TaK KaK Bep<~T

HOCTL HaiTh paccMaTpHBaeyYIO CHCT8MY r,ne-Jrn60 B at ( 'l_, 1 ~) 
,nOJilltHa 6HTL ITOCTOR:HHOI. 3a 60Jiee ,neTanLHHM H3JIOlK8HH8M 3~'HX 

BOnpDCOB CJie.nyeT o6paTHTLCfl K KYPCaM CTaTHCTH'leCKOR tPH:IliKH 

( /3/) CM., HanpliMBp, • 

Bepo.a;'l'HOCTHOe OIDICaHHe npe,nnOJiaraeT Hami"UUe HeKOTO• · 

poro CTaTJICTH"l8CKOro KOJJJI8KTHBa, .HJO! HHa"le ,aHC8M6Jul:, KOTO

psl ,nQiaeH 6H'!'~ oupe,na.eH ~aaqecKI K 'l'8M C8MMM A011tHO liHr• 

YKa3aHO,K KaKOMy K011118KTHBY COdHTIII~ OTHOCHTCR reoperHqecKaH 

BepOHTHOCrb. 

B paCCMa.TpHBaeMOI lDUlB CTaTHCTH'i8CKOit TeOpmt T8Kil4 a.H

c&M64eM Ha.ae'!'CH a.H~ fl66ca131xl 
X)TepMHHH "CTa'J.'JIC'l'K'lecKJdt KO.llJI8K'l'HB", "C'l'B'l'JICTK'leCKIII a.H•l&II:!.IJ.~ 

"C'l'B'l'JIC'l'JI'l8CKall COBOKYJJBOC'l'l>" paBH03Ha'DI!l. IIH 6y,neM 'IIUII8 

ITOJil>30Jl&'l'l>Cfl '1'8pt0HOM "aHc811111l>", CBII3BHHHM C JIDI8H8M :'liCSCSca 

(cy/31). 
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CY'J':C er~> Tru<ona: rrpe;nnOJiaraeTCH, 'ITO H3Y'J:aeMaR Mexrum-qec

u II 
K8l! Cl'JC~ '8M3 fJ ( 3TC M0ll(8T ClJJTb aTOM, MOJ18JcyJia, lqlHC-

TanJ!, raa K T. n .) HaxO.JU'!TCH B orrpe.n;eJreHHO~ MaKpOCKomrqec
u _ ft 1 n 

ROil 00C"a.HOBK8 01111 , ROTOpM onpe.n;eJif!CTCfi MaKpOCKOI1!148CKll-

l.H1 llilJl U!.CT]Xl.MJI (TeMTiepaTypoll, CKnO! K HallpaBneHKeM BH8WHHX 

llOJICi1 R T. ll, ) , 06paTHOG BJIMID!e 
10 1.1 

11 

h n ~ " J. 
Ma.JIIIM. !arrpOTHB , OOCT?.J!OBRa aliA 

II II 

Ha .JU C'TI'!TaeTcn 

BllOJIHG, B CTaTH'l8CKOM 

OMhiCJie, OllpG,I\8Jif!8•T COCTO.rnme CKCTCMhl " y II • 1lpe;r(TIOJiai'aeTCfi, 

'l'l'o TaK l.fl CHTYal(KR nonTopRe'l'CH N pas ( W _, C'Q). Ha pHc. 

2 H300p lllteHO TaRO€ ITOBTopelllie. li3M8pl!OTCH )J.IDHlMH'i8CKK8 nepe-

'\ " tl 1 I 
M8Hl!ll8 1 'l;,? J CHCTGM.'l ~ • B nepBOM CJIY'l:ae llOJIY\ICHO ( ~ "\ f ) , 
BO BTOpJM-{ Oy11 

1 f) , B \'\- t'- - ( '\,(YI\ y1""') K ~· • .n.. Ilpe.I(IIOJia

raeTCJ-1, 'iTO B 3TOit cepm11 H83aHHCKMUX K3M8perm~ B03lillRaeT 
" (\. I \l 

nnoJIHe )rrpe~eJJemioe npo;uncronrumoe o6cTruiOBKOit ..J V\ pac-

rrpe.n.exeffHe peayJI:CTaTOB H3MepeHRa, KOTOpoe H Tip8.I\CKa3UBaeTCR 

BepO.f!'l'H OCTLK! 

d~JA COv\~,'t\~ ?M (q,,?,-t) dq,_d'?. (9) 

3Ha<IoK .A.\ yKaaRBaer napaMeTpll o6cTa.HOBim .Ju . ilpocTeillimM, 

_1Q H KI at!He BaJmliM CJIY'laeM OOCTa.HOBKK oJ\..( flBill!CT CH ClOJihWOJ.I 

...,.. . " 
TepMOC~ aT TCMIIepaTypH I , C KOTOpllM CHCT8Ma JA OOMeHK-

BaeTC.f! anepi'Reii. )l. I'H66c rrpe;nnOJiolGJJI, 'ITO B 3TOM CJIY'lae 

TIJIOTHOCTL BepO.f!THOCTH .f!BJif!eTCH ~~eA TOJILRO TianHOit 3HeprHH 

E ~ \J ( ?' 'V l Cl'!CTeMhl " }t ~ H, Hcxo.wr 1!3 paccMoTpeHM 

3 h " ,, u " ,, 
COCTa:Bt On Cl'!CTeM!l \'1 ~ ~" -+ ~ 'o , .n.oKaaaJI, 'ITO TIJIOTHOCTL 

~ .n;oJIJKHa l'!MeTL BHJJ.'/2 • 4/ 
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(IOl 

3,necL \( - nocTOJIHHaJI Bo.1J:Lll)I8Ha. ~F,saBHCJm1aJI m T, 
ou:pe,ne.ueTCII D Yc.IOl!IU BO~DII (8t. Kalt __ ,noJtaSHBa,'l'CII 

B cTaTHCTH'IIecKOA TepMO.nHHaMHJte, F ecTL coo6o,nHaJI ~nep!'KII 

CHCT9Mii, <boJ>MYJia (!0) Ha3HBaeTCII RaHOHII'IIeCKHM pacnpe,nllleHHeM. 

0HO OimCHBaeT aHCaM6JI:& CHCTeM, HaxO.wmli!XCJl B TepMO,I(HH UlllltJec

ROM paBHOBeCHH C TepMOCTaTOM • 

,Il. fi66c 6WI nepBHM Y'lfE!HHM, lCOTO}.:IIII He C'l'p6MHJl :lll 

"BHBeCTH" CTaTHCTJil<Y HS ,llerepMHHHpOBa.HHOlt J.I8XaHMKH. Of npe,li-

UOqftT8JI HSY'IfaT:& CJI9,1(CTBHH HS npooTHX CTaTHCTH'IIeCRHX ITJe,n

UOJIO&eHJd. Ka.HOHH'II9CKOe pacnpe,neJieHHe Jle&HT B OCHOBe rePMO

,I(HH8MH'IIeCROI CTaTHCTHRH. 06paTHMCJl Tenepl> R OUHCaHHD .~e

HRR B ::JTOM ancaM6Jie. Y,L.06HO npe,nCTa:BHT:b cede BMCCTO IllOT

l!OCTH ~ ( 'V 
1
? 1 t ') poi! H83alillCHMIDC TOqeK, ITJIOTHOC r:b 

ROTOpiDC nponOpL\liOHaJI:&Ha cr ( CV 1 ~ 1 
t) , HCHO, liTO lJHCJI l 

aTHX ToqeK ,noJIJKHo coxprumT:&CJl. IIoaTOMY, B 2 f -Mepu JM 

llpOCTpaHCTBe tfla.S 1{ ( 'V 1 p 1 ITJIOTHOCT:b ~ ( q_,, f 1 t) ,1( lJilKHa 

UO,zrDIHIIT:&CJl 06H'IIHOyY 1 HO MHOI'OMepHOyY ypaBHeHIIJl Henpe )HB

HOCTH: 

C ,npyrol CTOpoHH,aTO BHPaKeHHe eCT:& He qro HHOe, KaK lOnHaH 

npoH3BO,I(H8SI ILIIOTHOC'l'H no BpeMeHH B,I(OJil> 'l'paeRTOpHH. IhJI:&

sySICl> ypa»HeHHSIMH ( 3) , Mil MO&eM Harm: caT:& BMecTo (II) 
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~: = ~ -+ ~ \-\ ) ~ 1 : 0 . 
d ;. o-\: < r2> 

3Ta ~PMr~a BHPBXaeT ocHoBHol 3aKOH ~HHR nnoTHOCTH 

~ ( q,, f 1't \. 0Hano3BOJDieT onpe.neJmTL ~ (q_,, ?1't ),JJ.1Ul t -;;.o , 
eCJilli nnorHOCTL ?f41 ~. 0) .n;aHa ,JJ.1Ul t = 0 . H3 sToro ypaB

HeHWI M3.IJY9T nOCTOmiCTBO YMOBlUl HOpMHpoBKH (8), ,UeiCTB'H

TMLHO, CKo6Ka L +t 1 ~] :HMee'l' CBOICTBO ,nzBepreHllJll'[ BeKTopa 

x HC'!e3aeT npx itHTerpHpoBruum no o6'.beMY B lZ C 'ft, f) no Teope

Me raycca. G.ne,nOBaTMLHO, 

d 

<rt 
~ ~ d ~ d.\- = o. (13) 

TipxBe.ne• TenepL BamHeftmHe ~PMYnH ,JJ.1Ul aHC~ rH66ca, ~K

•• II•'' CMpOBaHHUrO Maiq>OCKOnH'leCKOi 06C'l'aHOBKOi Jl.t , 

!!OpMHPOB~a MO'l'HOCT'H BepOJITHOC'l'H ~~ ( '\, 1 ~) HM86T BH,J\: 

\ ~ l"\ ( '\/, y'\ d '\. d, ~ ~ i . (!4) 

epe,n;Hee 3Ha'reHHe JID6ol ,D;HHaMH'!ecKol BeJIH'!HHH L ( 'tt l f) 
II \1 

C'HCT9MH ~ 

l. = ( L)-:. ~ ~ M ( '\,, ?) L (\-, ~) d q_, d?. (!5) 

Cpe,n;Hee KBa,IijlaTR'!HOe O'l'KJIOHeHHe nepeueHHol L. ( 1\J 1 y) 

~ :: ~ ~ \\1\ ('\tl ~~ \ L( ~. ~~-L 12 dq,.d?tr6) 
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BepollTHOOTl> .lt&HHOI'O SH8'16Hilll ~ BeJIII'DIHhl L. ( '\t 1 ~) 
~~ 

dW(L\-: ~ ~M (~,?l ~ ( L(q.I)?)-L\dq,dp. 

J3eposiTHOCTb To« HJm ~mofl: KOHqJH!'y]lamm CHCT8W 

paHCTBe ~ ( q,' pruma: 

dW"Cq,\~ f ~~cq,,p)d?. 

BepoHTHOCTh ~aHHoro HMITY~I>ca 

(17 
II II y B rrpocT-

(19 

3aMeTHM, 'ITO '!acTo w dy~eM orrycKaTb RH,Ucitc f\;1 y 

lLilOTHOCT.H , HO H8JIBHO OH Ecer~ dy~eT npHCYTCTBo-

BaTh. 

X)3~ecb & ('X. l o603Ha'laeT 1113B6CTHYJl CIIIH!'yJIJipHYD <IJyBKIJIDJ 

.llHpaKa. 

13 



j 

J 

! 

.1IEKI1Wi Ill 

l{JracCH'if CKBJ! CTaTECTl'J'iCCKM MeXaHlUI'.B D npoCTpai!CTBe ~ ( 'l, q.') 

rJir6oRPie CBII3li MelK,Ily IfJlaCCl'I'ieCKOi CTaTl'ICTH'i8CKOI MeXa

HRKOt H KBaHTOBO~ M8XaHHKO~ OC06eHHO RCHO 06HapyxRBaDTCR, ecnm 

o6paTl'ITc,CJr K IIpe,I(CTa:BJI8Hl'IKJ RJiaCCH'iBCKOii CTaTJtiCTH'i8CKOI M8XaHl'IKI1 

Il C)~B 0 CHI! Olt IIpOCTpaHCTBe KOHqJHrypauRi! ~ ( ~ 1 ~ 
1

)BM8CTO 06WlliO-· 

ro pacc1 ~oTpeHH.'I ee B rrpocTpaHcTBe (pas 1{ ( q,, ~ ") /I' 5/. TaKoe 

paCCMOT JeHl'Ie MOmiO ocymeCTBl'ITb, eCJm BM8CTO TO'Utii { ~) IIpoCT

pllHCTBa q,as BBeCTE BTOpYJO TO"'R:y B IIpOCTpal!CTB6 KOHqJHrypaiJ;lrl1 

( q,') n Jcpe;n,cTBOM cne,nyKJllero rrpeo6pasoBaHKR ~be JIKJ6oi1 ,nmia

MH"lecKO ~ nepeMeHHolil \... ( q,, p) : . k' / 

'\. f.., tt* 
Ltq,.,~)-=JLC~ 1 ~) e ds. 

(I) 

3;n,eci: ~ '=: ~,1 - q., ii ~ ~ - HCKOTOpM IIpOJI3BOJ!bHM IIOCTMHHBJ! 

pasMepHOCT~ ;n,eiCTBHR. llo;n,o6HHM &e o6pasoM 

~(qllrl-= S ~ ( q;.E.) 
'?1 e --=fi-· d s . 

(2) 

06paTm e qxJPMYJm rJiaCR'I : 

-~ '?l,f~:r. 

l\cv,c;) = L\'1;)~)::: ) LC'!nYl e ~-ob"' d?' 

\ -\~~~~* 
~(Gr,'~'r= ~(a.;,~)= J ~<ot_.,~1s _ d?. 

2;rilt* 

(3) 

(4) 

3TO npe)ICTaBJI8HJII6 c6JIDaeT MaCC:Z'leCicyll CTaTECTJI'leCicyll MeXaHHicy 
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c KBBHTOBOI MeXaHHKol. 3aMe~aTanbHHM o6paaoM ~aMHqec~e nepe

MeHHHe xnaccHqecKOI CTaTHCTHqecKOI M8XaHHRH B HOBOM ITp3,D;CTaBne-

HHH OR8.3HBal7l'ca: o6o61JleHHHMII: !fJYH~. B qacTHOCTH, HM ~eM 

B 8TOM npe~CTaBneHIB: 

MH ~ onepaTopoB 

(5) 

H 9, ITOJIHOCTb!l COBllana.IOT C IHp~eHH.H

H ct B RB8HTOBOI M8X8HHK€(B KOOp-

n~maTH:1M npe.n;cTaBneHHH). B paccMaTPHBaeMoM rrpe,ncTaBnentH .l.uma

MIP<ecirne nepeMeHHHe CT8.Tl'ICTH'l8CKOH MCXa!ll'Ilill nepeMHOJKa¥1I'C.JI1 KaK 

KOMTIOHeHTH ypu•: 

C(~,t.1~ AB(~,~)-= ~ A(~,\.(')~('tt,~-t.)du. 
(7) 

Ilo::JTor.ty npoHaBe.n;eHHe A~ -::. B A . B qacTHOCTH, JierK<, npoBepRTb, 

~0 

(8} 

B OTJIRtme OT KBaHTOBOft M8XaHHKi!, r.n;e STO BliJ>allteHHe He Pa.BHO HY

JIKJ, 3aMeTHM Tenepb BWEHebe lfloPMYJIH B HOBOM rrpe,D;CTaBJ:emm. 

IlO!JMiiPOBRa ITJIOTHOCTH f? , KaR CJienyeT H3 (2}, TenepJ, rJiaCHT: 
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j ?Ccv,~)d~d~~ \~c'V,~)~<:0d.q_,"'~' 
(9) 

HJIH 

~ ~\'\,q_,\d~-;:". 

<MpM;VJia (IT. 7)*ksr cpe.n;Hero aHa'leHRf[ Be.JIKlmHH L ( '\!,?) 
IIOCJie !!O,UCTaHOBKI'I Ty,na BHPallt8HHI (I) 1! (2) IIpl!o6peTaeT Bl!,U: 

L. ~ ~; ~( '\-
1 
~) L~ C \.~) dq,d~, 

wm 

l~ \~c~.'\!')L*C~,q))d~t'~'\-'. (IO) 

nanee, BepoRTHOCTb ROH~ryp~ (ll.l8) 6y.UCT paBHa: 

~(<1,):: q(~ll~\ -:: ~(q_,,q_,), 
. S,-=o (II) 

H, HaROHEU, HM88T MeCTO COOTHOWeHHe 

(}-?:,-~A) ~o. 
~.\ (!2) 

llo,npo6HO< .TH He06XO,Il;HMHX B!lKJia,llOR, IIPIIIBO~IJIKX K 3Tl!M ifloPMYclaM , 

*3,neCh H B ,UaHhH8Ulli8M nepBaH ~H~pa 0003HaqaeT HOMep ReK~HH, 
BTOpaa - HOMep ~OpMyRH. 
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(9) 

sHaqeHltfl BeJilPmHlil L ( '\,t 
1 
~) 

lXeHHI (I) H (2) npH06peTaeT BH~: 

( ~~~> d.\d~' 

( IO) 

~~ (IT.I8) 6y~cT paBHa: 

0 (II) 

)THOmeHHe 

~ 0. 
(!2) 

16 

~aHlil B ~onanHeHKH I. B saKniD'!eHHe sToro pas~e~a rrpHBe~eM ypaB-

HeHltli ~BHJeHHH ~ ~OTHOCTH ~ B KOOp~HaTHOM rrpe~CT~e-

HIDI B npc CTpaHCTBe "R ( (\., '\J' ~ 
,Il./r.R: f O~'!eHHH 3Toro ypaBHeHHH H600XO).U{MO Bblpa3HTh BCO 

Be~H<mHbl 1 ypaBHeHHH (II. I2) qepe3 HX KoMTroueHTbl <l?yphe corJiac

no !!peocip;~.~JOlliU!I1!0 (I) 11 (2) H BOCI!OJ!h30BU1'hCH 3a!\OI!OM ,YMHOliWHHH 

( 7). Mbi 01 pa!llFU!M<'J1 !IIJOCTblM CJ!Y'HlOM O!U!OH CT8lt01!11 CBOOOJUI Ov 

(I3) 

3~ec:& ? - HMTIYJII:.c qacTHUH .m-er~ Macca, V (1ft)- ec noreH!\IlllJth

HaH suepi'JIH. Ypamwrrne Jl,I!R ~(~ 1 ~ 1 t), Karc :no J!CI'fW l!OJ!Y'l:l1'fb 

Hs (II.I2), Teneph rJiacHT: 

(r 1) 

:::-.( l3unOJIHH.R: :\ Ka38HHOe rrpeoopasonaHIIO, B pesyJI:&Ta-re BllKJINLOK, nrm

~~ Be~eHHliiX 1: ~orroJIHeHKH I, IID~'IHM BMecTo ( IO) ypanHeHHo .JWI 

()- ~('\-,~,t1 
c., 
-...... o~C~,:;) 

H11n np:a:Bo,WITC.R: .n:sa npocTHX CJIY'I8.1l, Kor~a ypaBHeHHe ( I6) pe-

waeTC.R: He< :JIOlKHO. 

A. C: J06o.zuwe ,n;miJKeHHe. V ~ (()V\ ~ -t . lioJiolKHM 

17 
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r;ne ?' (d.') ~ J - TlpOH3BOJibHM 1JYHKUHR, KOTOpyro CJJC.IQ 8T 

BH6pan no l!3'laJIJJHHM ;t\aJHf!lM. !lo;ncTaJWBKa B (I G) npm 'O;t\HT R 

;t\HCITepCHOIIHOMY ypaBHemm: 

. 1\ -l(.. 
\, w (d., ~} -\· ..:..__ cl. ~ = 0 

'(\'\ ( I7) 

j·:cnH l10JlCT!lllV!TL(l7)B(lG)H nepci1TY. C llOMOU\1!0 npeoCipa30DillH!Sl <.Pypb6 

OT ~( ~}:;i l R ~(~, t>1 {) , TO ITOJiy'laCTCJJ:, 'ITO ~( (V\ ?\ t): 
';; 1 ( r l '\- - ? t J w.) ' r;ne tPYHKUHR -t . vI 9!) 

OIIHCUBaCT Hil'laJibHO€ pacnpe)LBJICHHe ilpH t= 0 

lleTpy,n:Ho npoBepHTb, 'iTo 3TO pemelille y,noBJieTBopJie, ypaB

HeHHJO (14) ITpH ~V {~q:O. 
' -<~ 2 e 

B. OclJ!Pl!liiTop. V:. 2: I'Vl W c. '\, • B 3TOM CJJyqae C.Jie.n;yeT 

BBeCT:li nepeMCHHYJO r= ~ ~/A2·• r.ne A2
-=- h4 

/m!,Jo. Ilpeo6pa~yR ypaB

H8Hl1e ( I5) C ITOMO!l1:010 3TOJ.i HO;t\CTaHOBKH lf.}Iff CHCJ.UiaJibHOI 0 CJIY'iaH 

rapMOHl1'18CKO:i1 381lHCHMOCTJ! ~ O'l' -t 
~\~,tl-= ~<~I e:,~Jt 

rranyqHM ypaBHeHHe 

dZ, r ~ d ~ 
- +--
d~l ~ C\~ 

( ~ + ~ ~ \ ~ -::. 0 , (IB) 
'Vo i: J 

KOTopoe HMeeT pemeHHex): 

\- ti F ( ~ + "' . A • t 2.,) O(t; 1 ~ € ., - - > '!. l - z: • 
\ "\ ~ "" t.,)Q 

(19) 

*)CM, BaTCOH r.H. TeopHSJ CiecconeBHX ~YHKUH~, q. I, KH, M., 1949, 
crp. IIO-II9. 
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JIEK!Mq IY 

lffiaJITOBWI M8XaHRKa JW.IC OclOclll!BHl1C KJI£ 

M6X8HHKH 

06MRTOM npHMeHeHl'Ul KBaHTOBO! II 

aHCaM6JI:&, IlO,UOclHO aHCaMclJIIO I'H66ca, } 

HeorpaJIH'ieHHHM TIOBTOpeHHeM CKTyauH!, 

MrutpOCKOIIH'IBCKO:It OclCTaHOBRH "J.4 " , I 

MHKPOCKOim'iBCKO:It CHCT6MU 
11 }f 11 

, PRe, 

BaT:& 3TO T!OJIOJB:8Hl18 ;n:eJI. IlycTI:. CKCTe~ 

Ha6opoM nepeMeHHUX L: (L'\l L2·•· L~; 

0~ 
~ 
~ 

~ 
PHc.2. AHcawOnh rsooca.M - MaKpoc 

~ - csctewa, norpy•essaa 

CHTya~HR BOCllpOH3BOAHTCR M 
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JIEKU!i8: IY 

l{BaJ!TOBM Mexamuta RUI< 0606ll!8HlW KJiaCClil'lCCKOii CTaT:l'!CTR'fCCl<O:It 

M8Xa.HRKH 

06~eRTOM np:l'!MeHeHRR KBBHTOBOI MeXBHKKH HRnaeTCff ~IBHTOBH:It 

aHca.M6Jr:&. IIo,no6Ho aHCa.M6JIIO Ill66ca, KBBHTOBHii aHCB.M6JI& o6pa.soBaH 

HeorpaHl!'I8HHHM JIOBTOpeimeM CKTya.JlHI, COCTOJtlltKX H3 Ottpe; (e.JieHHOii 

MaRpOCROIIH'IeCROA 06CTaHOBKH "JA ", IIOrppteHHOft B STY Q(lCTaJIOBKY 

MH!q)OCKOIIR'IeCKO:It CHCTeMH 
11 jf" , PRe. 2 MOllteT OMT:& 'H.JIJIJJCTpHpO-

" " BaT:& 9TO IIO.JIOllteHHe ,ne.JI. IlyCT:& CHCTeMa ¥ xapar:TepH:!yeTCH 

Ha6opoM nepeMeHHHX L: ( L '\ l L2. .•. L ~) , 1- - 'IHC.JIO cTeiiel!eii coo-

PHC.2. AHcawOnh rHOOca.M - waxpocxonHqecKaa oOcTaHOBKa; 

~ - cHcTewa, norpysessaa B aTy oOcTaHosxy. Yxa3aHHaa 

CHTya~Ha BocnpoH3BO.ItHTca wHoro pa3: IV~ ()0 
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L' L" 6o,nH. Ilyc~ L B nepBOM !r13Mepemm L-:.. , BO BropoM l'"-
('ol) 

B Yl-M \:- l III r • .n;. 11pe.n.nonaraercR, 'iTO B :JTHX YCJIOBIDIX 

peayJI:OTaTli III3MeT)eHIIIH l.. JIIMeiOT onpe.n;eJieHHoe BOCllpOH3BO.lUIM08 

pacnpe).leJie :me dW (L) (,rr,m1 HenpepHBHoi nepeMeHHoil: d W(L) :.~(L\d4. 
0.n;HaKO :JT(> pacnpe.n;eJieHJIIe OCHOBaHO Ha COBCeM HOBHX 3aKOH8X .UBH

llteHIDI, xapaKTepHHX ,WIR: RBaHTOBllX .flBJIOHJIIlti. 

Halll6c~ee BaxaoA 'l:OPTOH KBaHToBoro aHCaM6JI.fl .flBJI.flOTC.fl TOT 

~' 'iTO Cpe.n;Hee KB~aTJII'iHOO OTKJIOHeHJIIe KOOp.lU!HaTH 4 9V's 
He He3aBH<:IrlMO ~ cpe.n;Hero RB~aT:H'iHOro OTKJIOHeH.m COnp.fllltOHHOro 

eit JIIMllYJIMa A?: . OHIII CBfi3aHii 3HaMeHJIITll:\f COOTHOIDeHJIIOM 

"Heonpe.n;e~[eHHOCTei" B. reA3eH6epra1
6/: 

-·- ~.2. 2 2 lf"'' 
A?~ A<h, ~ 4 • 

(I) 

3TO >)OOTHOWOHIIIe MOEOT paCCMaTpliiBaT:bC.fl KaK MaTeMaTH'iOCKOO 

BHPaEeHIIIe npli!HUJIITia .n;onOJIHIIITeJILHOCTH H. Eopa. CorJiacHo aTOMY 

llpHHUJIITIY , l;HHaMH'ieCKHe nepeMeHH!le, xapaKTeplii3YJlltHe MHKPQCHCTeMU, 

pacna)(amt:R Ha .n.na B3amtHO .n.onoJIHRJJ!l(HX )(pyr )(pyra KJiacca: KJiacc 

npOCTpaRC~:BOHHO-BpOMOHHWC nepeMOHHh!X (Q )H KJiaCC HMTIYJ!bCH0-3H8p

reT:H'ieCIGH nepeMeHHHX ( f) , OTHOC.fllllHXC.fl K IIICKJIIO'ia.DitHM .n;pyr 

.n;pyra, He )OBMeCTIIIMUM III3MepeHIII.flM. Hs (I) CJie.n;yeT, 'ITO HIII.KaKIIIM 

BH6opoM p~3YJI:E.TaTOB H3MepeHIIIA HeJI:03.fl llOJIY'iHT:b KBaHTOBua aH

CaMOJ!b1 B ROTOpOM OTCYTCTBOBana GH CTaTIIICTH'iOCRa.fl .n;HCnepCH.fl 

no BCeM ,U!HaMH'iOCKliiM nepeMOHHHM 1 HHUMH 

KOTopoM BJe .lU!HaMJIIqecKJIIe nepeMeHHHe~ 
t 

aHa'l:eHHe L-:. L 

CJIOBaMH, aHCSM6Jn, , B 

IIIMeJIH 6H onpe.n;eJieHHoe 

Beer ~~;a Ha.A.llyTC.fl nepeMeHHHe, .rr.mi KOTopux cpe.n;Hee RBa.n;paTIII'i-Hoe OTKJIO :~eHHe 4 L Z * 0 . 
il03T)MY B RBaHTOBOI o6JiaCTH CTaTJIICTIIIKa HeyCTpaHHMa B 

llpli!lml~Ille • 
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KBaHTOBJID M8XBHHKY MH 6y~eM pacCMaTPHBaTh KaK o6o6meHHe 

KJiaCCH'I8CKOft CTaTHCTHI.f8CKOi l.!eXaHMKH, .na.HHOH B KOOp,nHHaTI!OM 

rrpe,ncTaBJicHHH, n C.JIDOC!!HOM npocrpancrne KOH<lJHrypar~a ~ ( ~~ ~'). 
CyTb HCOOXO,ll,HMOI'O OOoOmeHIDI 3aK.JliO'IaeTCJI B 3aMCHe KOM!1J'

TaTHBHOlt an:reopu (Ill. I2) ,n;mmMHqecKHX rrepeMe!IHllX H HX ipyHK!UfH 

ua HBKOMMJ'TaTHBirylO Mre6py, B IWTopofi, noo6,I!C' ronoJ&I, A'?>'~ 'B A 
JTa rrporpaMr.!a peaJIH3Yf!TCJI TIYTCM :JW,!CHU I~IWCCll1WGIUiX IWMII,JliCHT 

~be A Cq,}:. J: AC ~~ ~~) , H3oOpaJKaKlJIIDC KJiaccwwcKHe J~HUMii'IecKHe 
r-o ') ,..A 'J rrepeMBHHilC B I1POJTP~~TB8 11\. ( ~ 1 ~ , Ha 3JI8M8HTU MUTIJHL( ( ~I 1- , 

3aKoH YMHOJKemm C -: A ~ KOTOpllX rJiacHT : 

,.. ,. " , 
B oomeM CJIYqae Terrepb ~ ~ -i: ~A , TaK 'ITO B03HHKaeT !lOBaR 

H8KOM!.1J'TaTUBHaR aJII'BOpa. 

Hcxo,r~HI:lMH .l\llHUMii'WCKHMll nepeMeHHI:lMH, xapaKT<)!JI'!:JyhJI!I'I'.t t ,(rau

TonylO C:PICTBI'zy, FIBJI5IIOTCJI Ka.HOHH'i8CIG18 HMnJJibChl ?!'. ( S:: 1 1 2.. t l , 
" H3odpaxae~rue renepb orreparopaMR '( ':! , H conpFIJKeHHhle !M 

Koop.n;KHaTu ~s ( S ~ \'2 ... 1) , H3odpaliHWMue orrepaTopaMR (\, s 
~yr:a:e .n;KHBMHqecKHe nepeMeHHHe, aHanor:a: KJiacc:a:qecKHX 

"" 'a ( "'\ ~ l , H300pall8.10TCJI onepaTOpaMH ~ t KOTOpU8 IIBJIHITC.II 
f\ ,.. 

<iJYHKlUHIYH OT oneparopOB ~ ? q. : 
"' ;\ " ~-:: { (p,~l. 

OnepaTopu, npe~cTasna~e neacTBHTeJibHble ~3ll'i8CKH8 

BeJI~u.~oJIXHH OhiTh 3pMKTOBHMH, T.e. 

"' "+ i-=: !., ,. 
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A "' 

3TO YCJI )BH8 B paCK:pHTOM BH.ne rJiaCHT: d ( ~, q,' ) : !. ¥ ( tt-', tt-) 
( * - 3HaR KOMTIJICKCHOrO COrrpRXeHRH). YCJIOBHe KaHQHHqecKOI 

"" o"\ COllp!Ut8 flHOCTH BeJIH~, H306paEaeMHX onepaTopa.Mii f , 1, , 
nocTyJIHpyeTCH B WOPMe 

L~s 1 ~11 \=0·J.~sl~'tl,._{)\ LYs )\'tl-= ~S"t., 
r.ne t.A ,~l CCT:b KBaHTOBM CK06Ka IJyacCOHa: 

(5) 

1\" • 1\1\ AI'\) 
L P\ "01 ~ ~ \A~ -~A . 

1 'tt (6) 

Y CJIOBl'I.fl ( 5) .IJ:OJilltHli paccMaTpRBaT:&M KB.K yMo:mm "KBa.HTOBaHl'I.fl" 

COOTB8'I CTBYRl!lHX l'JiaccRqecKl'!X BeJIH~H, Bll8pBble YCTaHOBJieHHble 

B. rel3eH6epro~>. 
" A. 

Or epaTopb! ~ H 9,. , Y.IJ:OBJI8TBOp!IRJilH8 KB.HOHH'I8CKRM 

y CJIOBIDi M ( 5) , RM6IOT BH,Il ( B npe,nCTa.BJI8HRR B npocTpaHCTB6 1Zr~,~)): 
A ? ((VI ~I) :: ~ t d ~ ( q,- q,') 

--~--· d\ 
(7) 

1\ 

·q., (\J,q))~ ,· <b ( "'-'\-') 
(71) 

R OTJIH'ca!OTCH OT COOTB8TCTBYRJilHX KJiaCCH'I8CKRX 06061118HHHX <flYHK

I.{HI• ~ V'l' R q, tt' ( II.5,6) TOJil>KO 3aKOHOM YMH~Hltli (2) 

BM6CTO (lli.l2) H 38MeHOii npoR3BOJI])HOI ITOCTOSIHHOI il Ha ITOC-

X)HCTO]JHII 3TOI'O OT!tpbiTHII OCB6UleHa B :zypHaJie"YcneXR ~~~eCKRX 
Haytt 1 B CBll3l! C IlllTR,neCR:TKJieT:HeM KBaHTOBOI MeXaHl!Kl'l , 
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TOl!HHYil liJiaHM n, )l,OKa3aTeJibCTBO TOro, 'ITO (7) l'l (71 ) 
y;nollJieTBOp!IRJT YCJIOmmM ( 5) ' ;na.HO B ;nonOJIHemm n. 

B COOTBeTCTBKH C pasBHBaeMoii nporpaMMoii IIOCTpoeHHH K~

TOBOii MeXBJmKH npe,li;IIOJiaraeTCSI, "'TO KBaHTOBHii aHCaM6J.!D, CO }TOH

" II !IIllA 113 MKiqlOCHCTeMH p , onpe;neJIHeMHi!: MaKJlOCKOnR"'eCKOii 

''A ,n 
06CTaHOBKOli JV. , OnRCHBaeTCSI CTaTHCTH"':eCKRM onepaTopoM, WB 

"MaTpmteit ILIIOTHOCTH": 

" 9M ~ 
( 3) 

Mli 6y;neM JIOJIL30BaTLCSI nepBHM TepMHHOM li 06H~O B· COiq>8meHlOii 

" qiopMe: cTaTonepaTop ~ I'll\ • 3TOT onepaTop 6wr BBe;neH lfx:>H H ~it-

MaHot/81. OH RMeeT _ B npocTpaHCTBe ~ ( q, 1 'l,
1 

) MaTPR'!Hlle ~JieMeH-
TH ? M { '\. 1 ~· ) 11 RrpaeT B KBaHTOBoit MeXBJmKe TY :ae pOJIL , :rrn 

l'! lflyp:be -KOMnOHeHTa ILIIOTHOCTl'l BepoHTHOCTl'l ~M (~ 1~) = ~M (~1 '\, 1 ) 
B KJiaCCH"'eCKOi!: CTaTl'!CTH"'eCKO:It qmsneX). OnepaTOp ~ HO ;>MH-

pye'l'CSI ua I : 

') 0) 

r,14e 3Hill't S p OSHa"':aeT CYMJIY ,ItllaroHMl>HllX aJieMeHTOB Oll' 3pa-

TOpa ( CJie;n MaTpl'llll:l). CBHSL C H~aeMHMH BeJIH"'mmaMH yeT UiaB

JD!BaeTCSI onpe,I4eJieHl'!eM cpe.In!ero sHa"':eHl'!H L BeJIH"'HHH L .... 
l'!So6pa:aaeMo:lt onepaTopoM jl ,B aHcauane.onMCHBaeMOM craTH~TM'Iec

i\ 
KRM onepaTopoM ~ • 3To onpe,I4eJieJDie rJtaCl'!T : 

i)____ "M'' 
B IIOCJie.DYIJ!leM MH OJIYCKaeM 3Ha"'OK , HO ero HeHBHO,! 

npHCYTCTBHe He ;D;OJDtHO 3a6HBa'1':&CSI. 
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l. 

/\ 

L-= 5~(~~). 
( ID) 

B ,noiiOJIHE,HRK III nOKa3auo, qro aTK ifJoPMY.ml (9) II ( IO) OTJIK'laJOTCH 

OT COOTBOTCTBY!OOIHX i'fJoPMYJI KJ.IaCCK'l8CKOif CTaTIICTH'IOCKOH MeXaHHKH 

(lli,9) H •lli.IO) TOJibKO K3M8HeHR8M aaKoHa YMHOEelntR. 
" Al 

OrrepaTOpi:l ';}.., H i. C'DITaJOTC!I 3KBHBaJI8HT!WMH, T. e. 

rrpe.n;cTaBd.llKlllHMH O,IJ;IfY Iri TY xe !fl!riszqecicylO BeJIK'DIHY L , eCJIK oHR 

CBfi3aHH ,:ijlyr c .n;pyroM YlfilTapHHM rrpeo6paaoBaHRE:M 

~~., 

~t ::: 
/1. s -J... <£-~ 

' (II) 

~ -~ 
r,ne tJ - YlfilTapHaJI MaTp~a, a S - o6paTHaJI eif MaTp~a, KOTOpLie 

onpe,neHHOTCH COOTHOill8HHHMH 

s ~~-"-:: s -~ ~ -=- '\ ~-"'=- s~ 
(I2) 

S* -" T. e. KOlHt1I9KCHO-COIIpiUteHHaJI MaTplriW! paBHa o6paTHOit S 
YHiriTapHce rrpeo6pa30BaHRe 06Jia,naeT BaEHeilmHM CBOitCTBOM: OHO 

COxpaHHeT KaHOHH'l8CKH9 COOTHOW9HHR (5) TaR, 'ITO HOBI:le rrepeMeH-

I'!J c·"~-1 1'1 ~ "'~-1 
Hl:le q, : ) ~-;, H ? : ;;;;> ? ~ IIO.l4'1HH.lll0TC.ll TaKEe COOTHOWeHHRM 

(5) ( cL .nonoHHeHHe IY). IloaTOMY YlfilTapHoe rrpeo6paaoBaHRe MOE

Ho TaKE€ Ha31:lBaTb KaHOH!ri'l9CKHM. 9TO rrpeo6paaoBaEHe OCTaBJlaeT 

TaKJte HEl'I3M9HHllM YCJIOmie HOPMI!POBIGI (9) H <lX>PMYJIY WIJ1 Bl:l'mCJie-

t! "'I t:' ,.. - - -L' 
HHR cpeJ ;aero ( IO ) , T. e • Jf ~ = :;)~ ~ H L - . 3TH yueiJE- ; 

,IJ;eHKR tn~eKaDT H3 H3B8CTHOI B03MOZHOCTK nepecTasnHTb ~~ec-

IGI MHOlltltTeJIK, CTOJmll!8 IIO,IJ; SHaKOM S? ( ,IJ;OKa3aTeJIDOTBO OMOTPH 

B ,IJ;OIIOHH9Hir!lrl IY). 
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PaccMoTpRM Terrep:D 6ecKoHe'llio MaJioe YHHTapHoe rrpeJ6pa3oBa-

IDie ,nHHBMH'I:ecKHx rrepeMeHHHX. TaKo.e rrpeo6pa3oBaHHe MolKe~ • 6HT:D 

3aiil'!CaHO B BH,Ii8 . 
1 

A 

c4 ::: e ~ A dc:J.. ~ ( ~ ... i.. A"' df:l. + \ ;l 1. ... J, 
(I3) 

A A A 

r,n;e A - HeKoTopuit apMHTOB oriepaTop A+:. A , ol - 1 lapaMeTp 

rrpeo6pasoBaHRH. ITo,n;cTaRnKH (I3) B WoPMY~Y (II) ,rro~yqnM 

£' : 
A A A 

~ + [A, !f.] dol. 
""t J. ~I4) i- _I ' 
---- Q~. 

OrrepaTop c1 o( Me;nyeT paccMaTPHBaT:D KB.K orrepaTop d ci. 

rr~.n;cTaBJlllDIIHA rrpo:a:sBo.IJ;HyiO orrepaTopa no o(. • EMII orrepa1 op 
" -4, .f!jHO 3aBHCHT OT o{ , TO Me;nyeT J'I:8CT:b 'l:aCTHYJO rrpc H3BO,IJ;-

HYJO ?J-1./aJ. j TaKHM o6pa30M, MOlltHO HaiiHCaT:b: · 

-: (I5) 

3TO BaEHOe COOTHOWeHHe II03B0~8T ITpH,IiaT:b CMHM IIOHRTH~ IIJOH3-

BO,IJ;HOI onepaTopa no napaMeTpy. 

B xnaccH'I:ecKol MeXaiDIKe .IJ;BHEeHHe MomHO paccMaTPHBa.Tl KB.K 

IIOMe,IJ;OBa.TM:bHOCT:b 6eCKOH8~0 MaHHX K8HOHH'l8CKHX rrpeo6p~oBBHHI 

OT '\.(-t), p(~) K 't,(t+Ai), pC-f:+A.i). TaKoe rroHlDIB.Hl'e 

,IJ;BDeHiiJJI rrepeHOCHTCll H B KBaH'l'OB~ M8XaHI1IIcy'. ECJIH B 6eCKC He~o 

MBJIOM YHJ.iTapHOM npeo6pasoBaHHH rro,n; l'lapaMeTpoM c:J.. Pa3YME T:b 

BpeMII, TO <P.oPMYJia ( I5) orrpe,n;~eT npoHSBO.IJ;HYJO onepaTopa r o 

BpeMeHH. OrrepaTop A B "'aTOM crre!UIM:DHOM MJ<(ae Ha3HBae1 Cll 

orrepaTopoM rB.llMJJUOHa, "Je -= ':fe (.. f···i ., ~). 
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~ . 

0H flBnH~TCR XapaKTepHHM ~ K~oa KBaHTOBoa CRCTeMH. B ~aCT

HOM cny~ae, KOr~a 3TOT orrepaTop He SaBRCHT OT BpeMeHH ~ 
OH COBITl,I\aeT C onepaTOpOM ITOJIHOH 3Heprna CI!CT8MH. CorJiaCHO (15) 

6y~eM H~8Tb ~ onepaTopa IlpOH3BO~OH ITO BpeMeHR 

"' 
d. 'i 
d-t 

-:. 
" ~~ 

4-t. 

<'I A 

-\-l\-\,'!1. 
(I6) 

" 
EM:I! \4 ecTb orrepaTop ITOJIHOH 3Heprn:l!, TO :113 (I6) IlOJIY~aeTCR: 

A 

dH /' A 

L\-\,\-\1=o, 
(I?) 

~ 

d-\: -= 

~To BHpaMaeT, Ha fl3HKe orrepaTopoB, saKoH coxpaHeHRR sHeprHR. 

"" ~ ITpRMeHR~ (I6) K CTaTHCTH~eCKOMY orrepaTopy 

" " d ~ '4 9 - _____, 
d:i: - 'dt 

, ITOJIJ"IHM 

~LH,~1 
(I8) 

Tic aHaJIOrHH C 3aKOHOM ~BHX8HHH ~ KJiaCCH~eCKOH ITJIOTHOCTH 

~ (IT. I2) Ha ocHoBaHHH (IS) rrocTyJIHpyeTCR saKOH ~eHHH ... 
~ cTeTHCTH~ecKoro orrepaTopa ~ 

" 
d_f = 0' JUDI 
~l"\: 

" a~ 

oi: 
~lH,q)~o. 

Hs sTOI o ypaBHeHHR cne.nyeT coxpaHeHHe HopMHpoBKH OIIepaTopa 

~ ( 9)x): 

(I9) 

X)CJie,IQ eT 3aM8THT:&, ~TO rrpH o6p81J18HHH C orrepaTOpHHMH !floPMYJiaMH 

Heo6' O.n;HMO C06JIIO~~l> OCTOpolltHOCT:&: B HeKOTOpHX MJ'IMX TaKHe 
BHprut:eHHH,KaK s~ A ' MOryT pacxo.JniT:&CR, TOr~ Il0Jl83HO rrpH-
6era~ b I~ OrpaHH~eHHHM, a IIOTOM nepeXO.Jn'!Tl> R HJ'XHOMY rrpe~eJIY. 
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0CHOBHOe ypaBHBime (19) ,norrycKaeT lfx>pMBJ.Il>HOe peWeime ( ,Il',1lJl 

CJIY'iasi ~ H -:: o ) 
ot 

~lt)-=- e 
-'I. 

(21) 

r.ne ? ( 0 "\ - cTaTonepaTop np:w t.: 0 , a ~ t t-) - sTOT lKE 

onepaTop np:w t "> 0 . O,IJ;Haxo paciqJHT:We Jiaxoim'll:IOii onepaTOJ Hoi 

3an:wc:w (21) pe.n;Ko 6HBaeT Jierqe peweHHH ypaBHeHHH (19), xo1opue 

06H'll:IO OK8.3HBaeTCJI ,nM!Jxl>epeH~aJI:bHHM ypaBHeimeM B 'l:aCTHHX I:pO:W3-

BO,nHHX. Bo MHOrHX BalKHHX 3a,IJ;a'l:ax onepaTop raMliJII>TOHa 

MOlKeT 6HTI> pasJiol!teH Ha CYMMYi 

npe,nCTB.BJllleT SHeprmo paCCMaTp:WBaBMOii KBaHTOBOi!: CIIC-

TBMH, COCTOHmeft 113 .IJ;Byx :wJill 60Jiee 'l:aCTel, 6e3 B3a:wMO.IJ;BitCTlmR 

HX MBllfJJY C060IO, a w -SHepr:wiO HX B3a:wMO,neiCTBIDI 0 flo MOltBT 

TB.KlKB npe.ncTaBJlfiTD sHepr:wro c:wcTeMH caMol no ce6e ("cBo6o.nnoa" 

C:WCTeMH), a Vii- SHBprliiO ee B3a:wMO.IJ;eiiCTBM C BHBWHliM ITOJIBM B 

STHX CJiyqaHX oxasHBaeTCJI ~eJieco6pasHHM nepeATH K npe.ncTaare-

ImiO, Ha3HBaeMOMY ITPBllCTaBJIBimeM B3a:wMOllBICTBIDI.0HO onpe,llB;iRBTCSI C 

(23) 
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I 

A a. 
H B OTJIH me OT (21) Bl:l'il!CJI8HJil8 .ffBHOro BH,na ~~ l1 -;J... He 

rrpel\CTa:ameT Tpy;(a. "' 

:Jll8 )I'Iffi B3a!1MO.IJ;8iiCTBH.ff "" , KOH8'1HO, upnoOpa:JyCTC.ff 

TaK lK8 1 K, lK H .JIJ09_oi:i "~pyroti orrepa~op 1.. : 
1\ 

1 
L 'r'o-b A _ \, ~. t 

W :. e 1\ We ~ · 
(24) 

A .1\ I 1\ I 
OrrepaTop • ~ 1 

, W , '/... 6y.nyT Tenep:& .ffBHO 3UBHceTb or 

" "' "" BP8M8HJil .~aJite H B TOM CJIJ'iae, eCJIH ~ , W , 1.. !IC3illll1-
A A A/ A/ 

CiiMJ:I OT 3pe!J!ef!H. Bl:IPaJKrui ~ l! W 'l:epe3 ~ H W 11: 

IIO.IJ;CTaBJLUI 3TH Bl:lpaJKeHH.ff B (19), IIOJIY'il!M HOB08 ypa:BHeHHe ,JJ,JUI 
AI 

~; 
I\ I 

~ ~ [ w' l ~']-:o. 
~t 

(25) 

Bl:lro,na 3 roro ypaBH8HH.ff B cpa:BH8lli:!H C ( 19) 3aRJIJO'l:a8TC.ff B TOM, 

1'\ 1 A '( ) 
'ITO orrep lTOp ~ lipU CJiaOOM B3a!1MO.IJ;8iiCTIDm W t M8,u,JI8HHO, 

"' I 1\' 
CIIOROtiHO 3aBHCHT OT BpeMelli:! ( npl1 W ~ 0 d ~ f?Jt.c.Q) . l103TOMY 

OHO IIQ18lHO lipH p8ill8HHH ypaBH8HH.ff (19) M8TO.IJ;OM T80pHl1 B03MYillC-

HHii. 

JIEK11,11:I Y 

TeopM RJrepeHTHoro aHCaMOJI.ff 

Ll 3 COM J!CltiJ,l111: MH paCCMOTpHM Cl18!J.l1aJibHl:IH, 110 O'IeHb BaJK!il:IH 

KJiaCC KB lHTOB!DC aHCaMOJIBH, KOTOpl:IH xapaKTepH3Y8TC.ff T8M, 'iTO 

cTaTHCTHiecK:Hii orrepaTop rro,n'!HH.ffeTC.ff yCJioBRJO 

~2 = 9. 
Ta:KoA aH·)aMOJib Ha3liBaJOT "KorepeHTHiiM",wm "'!HCTHM"x) 

(I) 

XJTepMHH "KorepeHTHl:lli" aHca.M6JI:& 61iJI BBe,neH K.B. llii:KOJI:&cKHLi(l 

repMllH "'illcTl:IH" aHcaMdJJb-c}JOH HenMaHm/8( TepMHHonorHa K.B.Ifu

KOJibCKoro, Ha MOH B3rJI.ff,n, TO'illee OTOOpaJKaeT CYTb ,neJia. 
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PaCCMOTpemw TaKoro a.HCaM6Jili TI03BOJIHT Har-t BBeCTH B 'I eo

PHIO BaJKHefunee TIOHJIT!fe BOJIHOBOH ifJYHKI.iji!f U ITOKa3aT:& 3KBHBaJl eHT

HOCTb OITHCa!flfH KOrepeHTHOl'O a.HCaM6Jili C ITOMOm:&IO CTaTOTiepa'lopa 
..... 
f'? H C TIOMOII1:&10 BOJIHOBOH !IJYHKUHH 1..\' . PaccMOTpl'lM CpE .n:Hee 

KBa,n;paTl'!'IHOe OTKJIOHeHHe K~OH-JIH60 .n;HHar.tlftieCKOit TiepeMeHHCH, 

Hso6pa&aeMoH orrepaTopoM ~ • 06osHatil'IM cpe~Hee ero suateH:~re 
A . OrrepaTop oTKJioHeHIDI oT cpe.n:Hero 6y~eT 

""2 , a orrepaTop KBa,n;paTH'IHOI'O OTKJIOHeHIDI ~. ';;( • 

Ero cpe.n:Hee sHatieHHe Ha ocHOBa.HHH o6111eii: !PoPMY~H ~ cpe~

Hero ( \V, '\0) 6y~eT HMeT:& BH,l\ 

12) 

B tiacTHOM ~ae KorepeHTHoro a.HCaM6.7Ili (1) MLI MOlK6M 31LM6-

" "2. HHTb B (2) ~ Ha rr ; TOr~a TIO~Jtil'IM: 
- " At.: -:: S?\~2. 6~e.) .. 

3) 

ITo~:nsyRc:& B03MOlKHOCT:&ID UHKnHqecKoH rrepecTa.HOBKH MHo;mTe~eH 
~ t\ z cJ2. " " ... s 

na,n sHaKOM ";:')?. , sPMeHHM 0 4 o.. Ha A ';J. · <j> · ~ • A <J... 06os-
" U -"\ '\ i\ ~ A _. "'-+ 

Ha'laa Terrep:& C : A d. ~ , HMeeM C ~ ~ 6 'i B c~ 
/1. ... "'+ " "' 

apMHTOBOCTK ~ H A~ C. : ~ 6 ?I. . IToaToMY (3) M'>lKHO 

rreperiBcaT:& B ~e 

A\3 -: 5?\C c+) 

PaCCMOTPKM Terrep:& TaROit CTI6UH8JI:&HHit ~ail:, KOr.I(a 

-; 0. 

[4) 
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~ ... 

, or;1a H3 ( 3 I) cJJc,nycT 

$p(c C. +J - o, 
(5) 

llHllMll 1 :JJODillviJ!J ,TUKOH UHCa.MOJih, B JtOTOpoM JU'!H3MWIOCKM rrepeMCHHM 

L m1eeT .mn!Th O.I\HO orrpe,IJ,eJICHHOC 3Ha'iemiC L-= ). . :1To 

B03HOJKJ 10 .JUUllh D TOM CJJY'i3C, KOr,IJ,a 

"" "" c-::. c +:::: 0 
(6) 

A A+ 
cr:J. ;\0110JIHCJ!lle Y).~Me~ n BV..IlY onpCJ\eJieJUie onepaTopoB C , C 

onepaTo pa A~-: 1._- f. , nOJiy'iaeM l'!3 (G) .nna ypaBHeHIDI: Il 

" (\ 

~ ~-;: A~ l'l 
/1 "' 
t:? 'i ~ "~ ") 

(7) 

ri.Jm B J JUC!tp!lTOM BH,ll,C: r J\ 1\ A I 

j 'i ( ~ 1 ~If \ <? ( ~I I I '\11 J d q,;l -:: A ~ (_ '\-, ~: ' 
(8) 

J ,.. " • If ll I I /\ I ~ ~cv.q_; )i. (\,~ \d\'-== 'A\>(~.~). (8I) 

"' ::JTH ypaBHCHIDI )l,.IDI MaTpH'lli!lX SJICMeHTOB CTaTOIIepaTopa ~ MOryT 

O!lTJ, c:le,IJ,eH!l K yprumeHHJO JI,.IDI "noJinonofi" 4Jynronm '\V ( q,) 
• I A 

H ypaBJICHHJO JI,.1IJI 4Jynronm ~}, ( '\/) , KOM!IJieKCHO-COIIJlfllKeHHO~ 

1\h_(~) . 
::1 'R yprumeHIDI rJiaCIIT : 

j ~ ( "' '\.'' ) 1f). ( 'V') d ~· :A. \f).(~) 
(9) 
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1\ 

~ ~: c'V''1 'i fq,'', cv'ld~'·-:; A~: (q_,'). (9
1

) 

II '\ *' 
B c.wry SPMHTOBOCTH'i)'i(\

11

1 i):'i(~:f},raK qroypa:sHeime 1 9!) 

rrorrpocTy KOMnneKcHo-corrpffXeHHo K (9). IToaTOMY ~ocTaTo~ao pac

CMaTPHBaT:& TO~bKO (9). KopOTKO OHO 3arrHCHBaeTCR B B~e 
II 

If~"'~ A't\J,_, ( IO) 

" a RCKOM!ili MaTpR~HHii 3~8M8HT orrepaTopa ~ . , rrpRH8,1J,7IelKlllllld1: 

saa~eHRIO L-::.. A , rr~~aeT ~ 

(II) 

~oKasarenbCTBO sroA ~opMynu rrpHBe~eHo .B ~orronHeHRH (Y). 
CTaTonepaTop (II), y~oMeTBOp.fiKlllRii ypaBHeHIDIM ( 7) Mil 6y~HM 

"'' 
aasHBaT:& co6cTBeHHHM cTaTonepaTopoM oriepaTopa ·~ • lls TeopKR 

"" ~'1+) ~eiimlx ypaBHSHR! C CaMOCOITpffXSHHllMH OIIE;lpaTOpaMH ( l.;j_ ~ ,( 

J43B8CTHO, 'ITO ypaBHeime (10) HM88T KOppeKTHHe (pecyJIR:pHHH) 

peweHRH T~:&Ko ~ orrpe~e~eHHHX saatJeHHi rrapaMeTpa A~ ~· 
"''2. . . . A 5 3TH saatJeHRH aasHBaiOT co6cTBeHHHMJ4 saatJe-

~ 
HRHMH orrepaTopa q... , a COOTB8TCTBYJ<Illi48 qzyH~ ~ ). ( lJt) -
ero co6cTBeHHHMJ4 qzyHKD;IiltMH. Bo MHo:rn:x M~a& crreKTJl co6-

CTBeHHHX 3HatJeHHii ).. MOlKeT 6HTb Jii HerrpepHBHHM ~ KYCO'ffiO-

HerrpepHBHHM. 

Co6cTBeHHHe qJyH1anm tp} CV) , rrpHHa.rr;relEa!llRe pa3Jill'tJHllM A , 
OPTOI'OH8JI:&HH. 
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l, .. c 

0HH MOryT 61i1TI> HOPMIIPOBa.Hiil B npocTpa.HCTBe 1Z ( ~ l Ha 1. 

IIoCJieo;oBaTeJI:&ltocT:& Wl!KUd ~ \. (11,), ~>. (q_. ") ••. '&'" (q,) 
""\ 2 "S 

••• o6pa3yeT opTOHOpMHpOBaHHYD CHCT9MY ~~A B ~KUHOHan:&HOM 

rrpocTpa.HClTBe I'wi:&6epTa ~ • YCJioBHe HOPMKPOBKH H OPTO-

roHaHI>HOClTH r~aCHT: 

i If~ C<y) <\-; ( ty) d'\- " & A~ ( 12) 

.ItJt11 .n;HCRpeTHoro <:neKTpa ) , 

' ljf-

} 1f >- c cv 1 1f )\' ( cv) d ~ =- s ( A .. ~~ ) < r2r > 

,ll',1III HerrpepliiBHoro cneKTpa A . 06a ypaBHemm MOJKHo sanHcan 

B mr,ne CHMBOJil'[ll9CKOro CRBJ11IPHOro rrpOH3B9,11;9HBil 

J 7L ~ ') ':.. 0 . 
'\'-f). \ ~ J.~ (I3) 

Co6CTJreF Hlile ~~ l,\.}. ( ") 0Ma,JJ;8JJT Ta.Rlle CBOICTBOM TIOJIHOTiil 

~ '\.¥>. ( \ ') \4J>.Jt.. Cq,') d:X = g (~-'f.}), cn1
) 

KOTOpoe MOZHO 3anHCaT:& KPaTKO B BH,JJ;e CHMB~~eCKOro pa3~0X9HRR 

e,n;ruml.Ui no onepaTopaM npoeKT:r.tpOBamm: 

\ d ~). ~ i, 
(DII) 
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d ,._ \ 4 I 

r;n;e ~ >.-=- ~ >.. ( ty I~;>. ( ~) d A .TI.JIH HerrpepimHoro cneKTpa 

wm: d? >..:. 1\- >. ('-'\ 1.\-: ( \.') S (>.- A~\0.~ .n;JII! .n;HcKpetHoro (>.-:. 
::A 'I\ Az) ••. >.~ ' ... ) . Mli He oy.ueM OOJiee rro;n;poOHO OCTaHB.JI

mrnaTbC.fi Ha TeOpllli ypaBHeHIDI ( I0 ), ITOCKOJibK,Y OHa xoporuo orrnua

Ha B Tpa,n;m.J;HOID!b!X KJPCax IIO KBaHTOBOH M8XIllmKe • 

BaJKHo, qTo .IICXO,IT.II R3 TeopRH cTaTRCTHqecKoro orre~aTopa 

Mil rrp:mwm K ITOH.fiT.II!O COOCTBemrnx <lJYHI\UiiR orrepaTOpoB "~.._ , < >6-

pa3YRJillfX B ITpOCTpaHCTBe Wb06pTa OpTOHOpMHpOBaHHbl6 rroc.re;n;o-

BaTeJibHOCTH <lJYHKI.Uifi 'l\- X ( ~). 3TO IT03BOJI.fieT HaM OTipe;n;eJIHTb JIJO( iyro 

BOJIHOBYJO ~JJ lf ( '{; l - BeKTOp B TipOCTpaHCTBe I'rur:o6ep• ~a 

~ ( \j.) TIOcpe;D;CTBOM CII6KTpaJibHOI'O pa3JIOllteHH.fi ITO OpTOH< >p

MRpoBaHHHM <lJYHKUWIM \f .>, ( 0y) : 

't¥Cty): ~ 1\J>. Cty) dC >-, 
(I4. 

r;n;e d (}.- aMIIJIHTy,n:a BOJIHl:l ~A ( 1,.) . 3arrncb ::lTOI'O Pfl.3JIOllteHID'I B 

mme ( I4) rrpHro,n:Ha KaK .TI.JIH HerrpepHBHoro cneKTpa, 'l'aK H .TI.JIH 

;D;RC!<peTHOI'O. B nepBOM ~ae d. C A ~ C (). l o\. )\ ; BO BTOpoM d. :}, -::. 
':. L c o.') f.(>.-~~') d). H HHTerpaJI ( 14) nepeXO;D;RT B CYMM, r 

\<\ 
no ;D;RCiqieTHbiM sHaqeHH.fiM ). -:. !.~, C(A)-= C ().~)= <""'. Paarollte-

Jme (I4) npe;n;CTaBJI.fieT COOOIO IIpe;D;CTaBJieHHe JII06oit BOJIHOBOH <P;mK

rzym B BR;n;e KOI'ep6HTHOit cynepii03HllBJ.! qacTHHX BOJIHOBbiX <lJYHKD;itlt ~-· 
~ A 

CTaTOIIepaTOp ~ KOI'epeHTHoro aHCaMOJii! MOlleT OHT:b IIOCTp>eH ' 

He TOJibKO Ha O~HOBe COOCTBeiD!blX q;jH~ \l1A ( 11,1) KaKOI'O-JIH·· 

00 orrepaTopa "!. ( CM. (II)),Ho H Ha OCHOBe JIJOOOit RX KOre-

peHTHOi cyneprros~ ( I4) : 

( 15) 



h, 

llo,IJ;cTaBJI.rui cro.n.a 'fC\-J H3 (!4), MH ~·'ITO B03HHKaiOT 

HHT9:rxlJ3p9HUHOHf!!ie '!JleHll THIIa l.?.>.fCij) ~ )o.l ( '\t'}. 3TO 06CTOJITeJTh

CTBO H IIO~O OCHOBaHHeM ~ Ha3BaHHR paccMaTPRBaeMHX aH

CaM6Jre d KOrepeHTHHMH. 

HeTpy.D.HO IIOKaaaT:o, ~TO 06mKM CTBTOnepaTOp (!54 TaK xe, 
""2 "' KaK H ~o~ee ~acTHHH (II),o6a y.n.o~eTBOPffiDT y~oBHIO <? ~ ~ • 

Y~oBHe (I) rroaBanaeT Ha3BaT:o cTaTorrepaTop KorepeHTHoro 

aHCaMd~ orrepaTOPOM rrpoeKTRpoBaHHR. PaccMoTpKM ~oH BeKTop B 

IIpOCTJ;aHCTBe I'wi:o6epTa 2C ~) J.! IIO.D.e!CTBYSM Ha Hero onepaTOpoM 

~ ( [5)1 IIOJIY'Wf ( CM • .D.OIIOJIHeHHe (Y)); 

~ ~ (~'\= 1\1 Ccyj c( ~ ~ (\!(' 
(I6) 

r.n.e < ~ , 1.f> ecT:o orrpe.n.eJiemme BHIIle CKBJI.IIPHOe rrpozaBe.n.eHHe. 

Ha BelTopa q (q_.) orrepaTop ~ (I5) :wpeaaeT JtYCOK,rra-

pa.nJiei :bH'"U i.¥ ( \.) ' H .IJ,1IHHa ciJyHR:I:(HOHaJI:OHOro OTP93Ka paBHa 

<(~ 1 1"'') . 3TO J.! 9CT:O IlpOSKT:KpOBaHHe ~ Ha ~ , llo-

~ar.a.H B ( !6) ~( <\t ~~ -u. t ~ l , IIOJ!Y"'HM 

1\ 

~ ~ ('\) -:: ~ ( \) (!7) 

(TaR l:BK (~, '\¥) '::. 1. ). Ha sToro BH.D.Ho, ~To nE6oft 

rrpoeiOJ;I!OHHJ.di OIIepaTOp HMeeT O,IIH0-9,li,HHCTB9HH09 C06CTBSHH08 

3Ha'leJm:e A , pamroe +I. 

" 'i 
'JrlleTHK 91119 O.IJ.HY BaJKHYIO ifJoPMYJIY: JII06ol apMHTOB onepaTop 

MOlKHo 3B.IIliCaTD B mme pas~olltemtfl no orrepaTopBM rrpoex-

THPOB< UDfl{: 
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" 
(IH) 

r~e ~ - co6cTBeHHHe sHa'lemm orrepaTopa ·"~.. , a cTaTonu-
~ A 

paTop ~ ecTl> co6cTBeHHHR cTaTonepaTop orrepaTopa ~ • ( lnepa-

TOP d ~ >- 6wr onpe~e.neH. PaHHee cooTHomeime ( I8) rrpoBe]lf!eT-

ca IIO~CTaHOBKOI (IS) B (IO). 

B 3aKIIB)tleime 3TOro paa~eJia IIOKallteM, 'ITO pa3BHTHe BOJil!OBOit 

~PYJuanm 4- ( ~ ') OT BpeMeHH rro~'lll:HR:eTca ypaBHeHHRJ Illpe,ll;lfi!l'lpa. 

)J.7r.ll 3TOA UeJIH rrpHMeHHM ypaBHeime ,nBKJKeHHII ,IJ.1ISI CTaTOililpa-
A 

Topa ~ ( IY. 9) K crreUHaJil>HOMY CJIY'IaiO KorepeHTHoro aHCaJ of6JIJI, 

" \ .I{ ') KOr~a 3JieMeHTH ~ HMeRJT B~ "Wf~l l\J (tt- • B paCKPH-

TOM ~e ypaBHeHHe ( IY. 9) rJiaCHT : 

o~rcv.~') ~ ~ ( \ ~(~,~·) ~c~',q;)-
'H ~) 

1\ 

- ~ ( '\!, q/') ~ ( ~\ '\)) "\ dq,'' = 0,(19) 

r~e H ( ~~ ~·) osHa'laeT MaTpH'll!Iflt aJieMeHT orrepaTopa faMWI ,ToHa. 
,.. I 

IlO~CTaBHM B 3TO ypaBHeHHe ~ ((\., q_;) B B~e (I5) Ill pas~eJilU 

pesyJIDTaT Ha l¥Cq_,)1,f4 (~); co6epeM ~aJiee nopo3Hl> 'IJieHH, 3aBJI!

cmJIII!e OT q. H q.' . B pesyJI:&TaTe IIOJIYtmM: 

35 



~ 
b 

8TO paBE HCTBO B03MOlKHO TOJI:&KO B TOM CJIY'Iae, eCJIH KaJK,IJ;Oe 
I 

H3 BJlPaJI8HH:Il:, 3aBHCJDIIHX O,!J;HO OT '\, , .D;Pyroe OT q. l IIOC-

TOIUIHH ~ 9TR IIOCTOllHHHe p8.BH!i .D;PYr JI,pyry C o6paTHHM 3HaROM. 

ECJIH oc osHatmT:& aTy rrocTO.FIHHYJO 'lepes .t;" E 
0 

, TO TOT WIR 

RHO:Il: EHCop rrocTMHHO:Il: E0 6y~eT,KaR HeTpy.n;Ho rrpoBepHT:&, 

03Ha'laTI BH6op OTC'leTa IIOTe~an:&HO:Il: aHeprR:H. IToaTOMY 6e3 or

paHH'leHU MOJKHO IIOJIOlltHT:& £ 0 -::: 0 . Tor~ R3 ( I9) IIOJIY'laeM 

ypaBHeme 

. ~ ·~~ (~) 
"'I~ . 

-ot 
-::. ) ~ < ~ , Q,." 1 I..Y ( cv" 1 d '\" 

(21) 

H BTOpoE ypaBHeHHe, KOMnH8KCHO-COrrp.FIX8HHOe K npHB8~8HHOWy, 

YpEBHeH:He (20) eCT:& ypaBHeH:He illpe~repa B KOOp~aTHOM 

rrpe~c1.'aEJiemm. 

Ta~HM o6pa30M, ,IJ;OKa3aHO, 'ITO OIIHCB.HI/lJI KOrepeHTHOro aHCaM6-

JI.FI CTaTCIIepaTopOM H BOJIHOBO:Il: ~~e:ll: 3KBI/lBan8HTHU O,IJ;HO .D;PY

rDMY. 

B ~TOil: CBII3H 3aM8THM, 'lTO BOJIHOBYJJ ~KlntlO HeJI:&3.FI C'l:HTaT:& 

BeJIH'll!HC:Il:, KOTOPYlJ MOXHO rrpBnHCaT:& MRKPO'laCTRUe CaMO:Il: IIO ce-

6e. IlRKE.IGIM CIIOC060M OHa He MOX8T 6HT:& H3MepeHa nyTeM 

:ii3Mepem .fi Ha O.nHO:Il: lJaCTm:t;e. BOJIHOBa.FI ~Kmlfl l.f r IV~ TaK J:e • 
I' 

KaR :11 01 aTorrepaTop ~ , xapaKTepM3yeT rrpmm,nJieJtHocT:& MRK-

po'lacTm.u K orrpe~eJieHHOMY KBB.HTOBOMY aHCaM6JIJJ, CYT:& ROTOporo 

6ll.1Ia omcaHa B IY -:1!: ;re~. IlyTeM K3MepeHd B TaKOM aHcaM6-

;re, B CJ.J'lae KOrepeHTHOro aHCaM6JI.FI, BOJIHOBa.FI ~Kmlfl 1..j, (~) 
B rrp~UIQE rre MOllteT 6HT:& Hal,neHa :113 :ii3MepeHHI, KOHe'lHO , C 

TO'lHOC'l'llO ~0 IIOCTOllHHOro HOpMIIlpOBaHHOrO MHOD'l'eJI.FI. 
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JlEKl.IWI YI 

BepoHTHOCTH H KB88PBTK~e OTKnOHeHKa 

06paTHMCII cHaqaJia K ymiTapHI:lM rrpeo6pasoBa.HllliM orrepaTo·loB 
A ~ . 

~ H la_ • B rrpocTpaHCTBe I'wt.&6ePTa rrutoe rrpeodpa30BaHIH 

MOEHO paccMaTpKBaT.b KaK IIOBOpOT -rrepexo~ OT O~Oi OPTOHOp

MKPQBaHHOi CHCT6MH B6KTOpOB ~). ( q_,) K ~yroi <f t" ( 'i,) 
ilOKSXeM Terrep.&, 'ITO 3TH ~~ MOr,yT BHCTynBT.b K B ~lyroi 

PQHH; B ponH MBTPK'IHHX a~eMeHTOB YHKTBpHoro rrpeo6pasoBa~ 

$ . Orrpe~MHM a~eMeHTil aToro rrpeo6pasoBBHWI nocpe~cTBCM 

COOTHOW6HKII 

([) 

a a~eMeHTI:l o6paTHOI'O rrpeo6paso:aamm ~- \- qepes cooTHomemr.rX> 

IIepeYHO.DII Terrep.& YaTp~ ( ~ l , cor~acHo saKO~f 

YMJIO&eHKII M8Tpmt 6y~eM HMeTL: 

~ $ c A,~'') dq..'' s- 1 
< q,."" >.' 1 dq," = 

= \ ~}. c~'') 1.\';(~1 d~' ~ scx-">~'1. 

X)3aMeTHM, 'ITO B lfx>puy~ax (2) H (II) CTJlO'IIGI H KMOHKK 

MB'l'pHit HYM6PYDTCII B pasma: rrpocTpaHCTBaX Qt ( ).. ) H 

4{ c~ I 
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,;,.,, 

YCHOBHe llQnHOTH CRCTeMH opTOHOpMKpOBaHHHX ~KUHi (IY.I3) 

nosooJIReT ,n;oRasaT:r, Ta.IOKe H paBeHCTBO S -1\ S-= 1 . HMeHHo K3 

Hero CJJe.nyeT, 'ITO 

5 ~-·t C<>y,J.") ~(A",. ~1 ') d)..''~ ~ Cq_,-'t!). 
(2I) 

,Uanee, corJiacHo (I) H (II) S-" : S *. IloaTOfvW npeo6paso:erume 

c MaTp~'IHHMR aJieMeHTaMH (I) H (II) ecTI> YHKTapHoe. 3To npeo6pa-

30BBHHE ll03BonHeT HaM nepeXO,ll;KTI> H3 O,D;HOI'O npe,D;CTaBJieHBH 

onepaTcpoB B ~yroe. B 'laCTHOCTK, npeo6pasoBBHKe c aJieMeHTa-

MR (I) H (II) ll03BonH9T nepexo.D;KTI> R3 KOOBllHHaTHOI'O npe,n;CTaB

JieHBH 1 npocTpaHCTBe nepeMeHHHX 't- - 1{ (ct-) B llpoCTpaHCTBO 

nepeMeJ- HHX A - ~ (/..) , ROTopoe ecT:r, npocTpa.HCTBO co6cTBeHHHX 
" 

3Ha'lem.i! HeKoToporo onepaTopa 7.. , npe.ncTB.BJI.1!.1001ero .nKHaMH-

'lecRYID nepeMeHHYID ~ 

E< :JIH onepaTop 'i 3a,D;aH B llpOCTpaHCTBe ~ ( q,) 
"" 

CBOKMR MaTpK'lHHMK SJieMeHTaMH {C~ 1~1 ) , To YHKTapHoe npeo6pa-

30BaHlW (I) npHBe,n;eT ero K .D;KarOHaJII>HOMY BK.I1Y, ,lleilCTBHTeJII>HO, 

" ' aJieMeH~·u npeo6pasoBaHHoro onepaTopa 'i paBHH aJieMeHTaM 
~ -~ "' ~ '!..· S . B pac:KpHTOM Bl!,I(e aJieMeHTH onepaTopa ~ 

B " L" - npe.n;CTaBJiemm: ( B npocTpaHCTBe "f< ( A. l ) 
RMeiDT JIK,ll; ( * A 1 1 I 

~~ c >-).')-: J ~>- cq,) d~ 'i c~,q,'r~'>.' cq_, )d.~d.9;= 

-: ).
1 \1\.-: <cv\~>-' (q_!)dq,d~ = )..' ~(">-- ).,'). 

B CHY'lan .D;Kc:KpeTHoro cneKTpa ')\-::. 
" I 

9JI9MeH'~H ';J_ BMellT BK,D; 

,., ~ 

~, ( Yl, m \ -:. A 'Y\""' W~'t\ , 
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r.ne Y\ - HOMep co6cTBeHHoro aHa'leHHH A . IlpH BliBo.ne 

( 3) H ( 3I) 6WIO HCTIOJIL30BaHO TO 06CTO~TeJILCTBO, 'ITO (.\. )\ 

ecTL co6CTBeHHB.fl qJyHKUK!l onepaTopa \i , T. e. ypaBHeHHe 

(Y.IO). 

llpeoOpaayeu Tenepb nyTeu 3Toro xe yHHTapHoro npeoOpas>BaHHH 

CTaT-onepaTop q , 3a,J{a.HHhlll nepBOHa'la.JibHO B npocT paHCTBe' 1(.1 ~) 
f\.1 \1 \I 

qopr.ty;roit (Y. I5). 3JieMeHT!i onepaTopa q B L - npe,ncTaB-

JieHHH cor;racHo onpeAeneHHD YHHTapHoro npeo6paaoBaHHH (I), 
(II) 6y.nyT paBHH: 

~'(l-,~')-: ~ 1f:C\.) 1VCC{..)1.\-*(q,')~).' C~)Qq,d~. 
(4) 

IIo.ncTa.BJIJISi cR>.na "4( \-) B Bll,JJ;e cynepnoam:zym (I4), no;ryqHM 

~'f>,,A')-:. CCA) c*C>..') 

B c.nyqae HenpepHBHoro cneKTpa A H 

(0 

Q I ( V\ 'W\ \ '": c ('I'\\ c" ( "M l 
"\ (EI) 

B c.nyqae ,IIHCiq)8THOro CTie.KTpa A · 8TH lfK>PMYJIH ,naJO'I 
A h II 

aJieMeHTii cTaTonepaTopa ~ B l - npe.ncTaBJieHHH. 

BoCTIOJIL3yeMCSI Tenepb 3Tl!MH qopr.tyJia.MH, 'iT061i Bli'ill:CJIHTI 

cpe,nHee oT BeJIH'ill:HH L B cocTOJUimi, ormcHBaeMoM cTaTor epa-

" " II TOpoM ~ B L - npe,ncT.8.BJleHHH. KaK 6Wio noKaaaHo paHe e, 

YHHTapHoe npeo6paaoBaHHe He MeHSieT CJie,na MaTpm.t: 

r' "' " s ( "' ~· ') ':)?(~ '£.)-:. ? q . 

8To oaHa'laeT, 'ITO B iiJopr.tyJie ,IJ,Il1l cpe,nHero aHa'!eHHH BenH'IHH:l 

L , H3Mepl'[8MOI B aHCaM6Jie, MH MO:ateM HarmcaTL llpoH3J.e-
~ ~ II I ~ I II I II 

,neHHe ~ '- B iiJoPMe DpOH3Be,neHHII ~ '- , B3JITHX Tenepb B 1.: -

npeACTaBneHHH. B pacxpuTOM BHAe cneA 3Toro npoH3BeAeHHH p;meH 
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~
i . 
i•. 

~ r ~ 
""i~ -=- S? C ~ '..J.. )~ \ ~0,/') '!,. (A

1
\A) d>-

11

dA. 
f"\ 

II It 

38Me'Ia:r, 'ITO B L - rrpe.n;cTaBJiemm MB.Tp~a ~ ~~oHanbHa 
'I. p., ~~~)-:. AS(~->."), ITOJIY'IaeM R3 {6): 

L~ \>-dq(>-.,}.) 
(7) 

rrpH yc. ;oBIDI ~ '? ~ :. 1. , T. e. rrpH yCJio:mm 

\d~(),,).'\-:: i_, (?I) 

B CJIY'I•le HerrpepHBHOI'O crreRTpad~C>-.,>..}-:.\C(>..)\2 d>., a 

B CJIY'Iae ~Ciq>eTHoro crreKTpa dq(),,li"\-=L'ICC>..)\2b(~->-n\d.)\. 

IIoaTOM; r RMeeM ,IJ,Jlli aTRX CJIY'IaeB: "' 

l ':. \ >.. \ c c >.) \ z d >.' 
(8) 

wm 

L ~ 
L. }.""\cc .... !\a ..,.. . 

(8I) 

CpB..BID!l ~ aTH Bl:l:paJKeHIDI c o611!HM orrpe.n;e.n:eiDieM cpe.n;Hero, rrpmmTHM 

B Teop:r:H BepOJITHOCT8R. 

C Je,JJ;Hee sHa'IeHRe CJIY'Irumoa BeJIH'IRHI:l: ~ , rrpmmMaD!lel 

sHa'IeH m A 'I , A 2. , • • • /..'t\ , ••• , c BepoJITHOCTbiO "?" , '? 2. 

'if~ , · .. (I ')>'t\"' 1), PaBHO 

- "" }.. '\> L -= "-- "" 'Y\ • (9) 

~ ' CpaBHR. 3M ( 8) C ( 9), Ml:l: BH,miM, lfTO BeJIHtnmy \ C ('VI\\ Ml:l: 06JI3aHH 

TpaRTo3aTb KaK BepoJITHOCTb HaOH~eiDIJI B aHCaMQHe ~ sHa'IeiDIJI 

~HaMRiecKo.l!: rrepeMeHHol L: L"" , T.e. 
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q_ )-;: \ ?C>-/') i (A
1
\).) d>-

11
dA. 

" 
· rrpe.ncTa.BJiemm MB.Tp~ma -1. ,IJ;RaJrOHaJI:LHa 

IIOJIY'{aeM H3 ( 6) : 

(7) 

1. , T • e. npH yCJiomm 

~ \ "'\ -= 1. . ( 71) 

crreRTpa d ~ ( A ,>-") -:. \ C (>.) \ 2 d ). , a 

meRTpa d~ (>.., )..\ 11c (>.'\ \2~(~->.n\d.).. • 
.... 

(8) 

c o6IIlHM onpe.ne.neHHeM cpe.n;Hero, npmmTHM 

CJiyqa.AHoit BeJIH'IHHH '-' , npHHHMai<ll{e:li 

, , , ~'\'\ , , • , , C BepOJITHOCTI>IO '\>-\ , '? 2. 

?'\'\ ~ 1'), paBHO 

(9) 

1 BH,IJ;RM, 'l'l'O -BeJIH'!HHY \ CC'VI\ \ 'Z. w o6.R:srum 
1\ 

IOCTI> Ha6.71JO,IJ;eHH.R: B aHC8M6Jre C? 

):It L:: L"" , T.e. 
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sHa'leHH.R: 

Herpy~Ho BH,IJ;eT:L, 'ITO B CJIYtJ:ae HerrpepHBHoro crreKTpa Bepo.R:T

HOCTI> 1 oro, 'ITO A " L ~ >.. + 6 )\, • 6y,n:eT paBHa 

'\>().j dA-::. \ CC~'I\~ d>.. 
(IO) 

PaccMD1 pHM Terre pi> .n;Be roma.MHtJ:ecKHe BeJIH'IHHR , L R M 
1\ 1\ 

H306p8ll:aeMHe orrepaTOpaMH ~..d., H J\.4. COOTB8TCTB8HHO. Hac 

6y,neT 11 HTepecoBaT:L CJIY'la:li, Kor.na 

" 1\ "' [ '1. l JU 1 -:. c -:t: o. 
(II) 

llycT:L uicaM6JrL 6y.neT xorepeHTHill4 H onpe,l(ennercH craroneparo-

POM 

(12) 

ECJIR B(IJIHOBa.R: tf>YH~ 1,l. ( ll.J) He JIBJJ.R:eTCR: co6cTBeHHoit tPYHK

UHeA In: TOro, HH ~yroro orrepaTopa, TO .IICHO, 'ITO B TaKOM 

aHCaM6J:e HH BeJIH'IHHa l. , HH Be.JIRtJ:RHa M He RMeiOT onpe-

.ne.neHHc>ro sHatJ:eHH.R:. IIoaToM,Y A LZ ...., 0 R ~ Mi )' 0 . YcTaHo

BHM COC>THOWeHHil M611\IIY 3THMH ~aTR'IHRMH OTKJIOHeHH.R:MR. 
A A 

B .norrOJ:HeHHR (YI) rroKasaao, 'ITO ecnH A H 8 -,l(Ba 3PMH-

TOBCKJO orrepa.Topa, a C - me KOMM,YTaTop, c ~ ( A,~1 , TO 

HMeeT ueCTO COOTHOmeHHe 

- ~· ~ .. 1- "!£I C2.\•, (I3) 
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"2 /\'2. 
r.n;e A , "?.> 

A Hi 
CYT:& cpe,r.urne 3HaTJ:eHIDI RBa,lij)aTOB orrepaTOPC•B 

) 
/'- ,. - 1\ 1\ -

X • IIoJiarM B (I3)A = '1..- L Jl[ ~-::. .M- rv' 
r.l{e L 11 M - cpe,l{Hee 3HalJ:eJme BeJIHlJ:HH 'cJ.. II jl1 COOTBeTCrBeHHO, 

ITOJIYlJ:RM 3aMelJ:aTeJibHOe COOTHOilleHHe: 

- -a La A M. 2. ""'e '3-
4 

\C ~,MJ\a. 
( I4) 

"' " B TJ:aCTHOCTK, eCJIH ';/.. -::. f ~ 1'\ " 
R J\..t ::. 9_, s, , ITOJI:&3YJIC:& YCJIO-

BHeM RBaHTOBaHIDI (IY.5), ITOJIYTJ:HM COOTHOWeHRe re~3eH6epra B 

caMo~ o6me~ wapMe: 

--
A ?i Aq.,~ 

~e. ' 
'3- 8~'1... 

4 (I5) 

CymeCTBOBaHRe COOTHOllieHR~ BH.n;a ( I4) li !IJYH.IIaMeHTaJI:&HOro 

COOTHOWeHIDI (I5), RaR ymB OTMelJ:aJIOC:& paHee , 110Ka3HBaeT, qTo 
1\ A 

H:HRaimM BH60pOM ITO,l{aHCaM6Jielt ~). ROrepeHTHOrO aHCaM~M ~ 

HeB03MO~O ITOJIY'iHT:& aHCaM6JI:&, B ROTOpOM BCe cpe,r.urne RBa.n;p~TlilJ:

HHe OTRJIOHeHIDI 6wm 6H paBHH HYJIIO. 

RaR BH.n;HO H3 (I4), eCJIH KOMMJTaTop (III) paBeH HYJIIO, TO 
- :-iAY BOSMo~o o.n;noBpeMeHHoe paBeHCTBo A L! = A M • 0 , T. e. o je 

BeJIH'iliHH , L ll: M , MO!'yT HMeT:& orrpe.n;eJieHHHe snaTJ:eHIDI , 

" H \A • Hs paBeHCTBa HYJIIO KOMMJTaTopa (II I) CJie.n;y ~T, 
I "' " 

'iTO ypaBHeHIDI ,ll;.1Ili co6cTBeHHHX !WHronnt orrepaTopoB ~ H S ...\ : 

x)IIpH yCJIOBH:H, 'iTO 3TH cpe.r.urne BeJIHTJ:HHH ROHeTJ:HH. 
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" 'tt ~ -:: A 1.\> I 

" j\j. lY -::. ¥ 'l.\> ' 

MOryT 6HT:& y,n;oBJieTBOpeHH O.n;HOi o6mei BOJIHOBI 

qTO<lH y6e~T:&CJI B 3TOM
1
CJie.n;yeT ITO.n;eiCTBOBaT: 

(I6) onepaTopoM~ , aHa ypaBHeH:He (I6I) 

H B3HTb pa3HOCTb pe3yJI:&TaTOB. 

J1EKI1IDI YII 

HeKorepeHTHHi anc8M6JI:& 

PaccMOTpRM TaRylO CiriTYB.UHIO, KOr.n;a He 
.... 

H9KOrepeHTHOM;y aHCaM6JIIO ~).. IriS B03MO~HX B 

CKOTIRTJ:ecKoA o6cTaHOBKe ~ ITpHHa,Jl;[elltHT '1< 

HaKO MH 6y,neM npe.n;rrOJiaraT:&, 'iTO HaM Jri3BeCTHI 

'' II TOro, 'ITO 'laCTJrii:~a P MOllt9T OKa::JaT:&CJI rrpiriH: 
1\ 

CTBYIDm9MY KOrepeHTHOMY aHCaM6JIIO ~ ). 

BepOJITHOCTJri ~). JIBMIOTCJI ITOCTOflHHHMK 

L: ? >.-::. 1. ) , xapaKTePJriSyxJ!IliMH , 

~ 0 KBaHTOBOM aHCaM6Jie. Ha6op CTaTOTiepaTo: 

Tel tp~ C A-=: \'2. ... t-.1) MollteT 6HT:& saMeHeH o.n;m 
1\ 
<? , xapamepiri3YJ!lllHM CaMHi 06mJrii KBaHTOBI 

1\ II/ t'DI\ 

~ ::: ~'I ·~ .h ~ >.. ' 

A I . '/r { f• 
~'A (q_,,q_;)-::.1¥>-C~)~)I ~ 
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e~e 3Ha~eHRH RB~aTOB onepaTOpOB 
"'"- 1\1\-

Jl B ( I3)A:: '1...- L H "e-=. .M - M ' 
3HUil8HHe B8JU!Ilii!H ';f. H ;t1 COOTB8TCTBeHHO, 

OOTHOUieH:I'le: 

(I4) 

1\ " 
H J\,t :. 9, s , TIOJI:03YJIC:O YCJIO-

, TIO~~M COOTHOill8HH8 reiiseH6epra B 

( I5) 

'H0ill8HHR BH,D;a ( I4) H !flyH,D;aM8HTaJI:&HOro 

~e OTM8~aJIOC:b paHee , TIORa3HBaeT, ~TO 
~ A 

l.MOJiel! ~).. ROrepeHTHOrO aHCaM6Jm <? 
:aM6Jr:O, B ROTOpOM BCe cpe,D;HHe RB~aTH~

paBHH HYJIIO. 

', eCJIH KOMM;yTaTop (III) paBeH HYJIIO, TO 

paB8HCTBO 6. L! = 4 'M I! • 0 , T, 8. o6e 

MOryT HM8T:O Onp8,D;8JI8HHH8 3Ha~eHRH t 

lHCTBa HYJIIO ROMM;yTaTopa ( ni) CJie;nyeT. 

"' " ~BeHHHX qiyHKD;d onepaTopoB ~ H J\,1. : 

cpe,D;HHe B8JIH~HH ROHe~. 

42 

" ~~ -= A"t\>' 
" 

(I6) 

j\j.~ ~¥~' 

'lTOOH r6e,IJ;HT:&Cll B 3TOM,CJie;nyeT IIO,D;eil:CTBOBaT:O Ha ypaBHeHHe "' 

(I6) or:epaTopoM ~ , a Ha ypaBHeHHe 061) - onepaTopoM i. 
H B311Tl· pa3HOCT:b pesyJibTaTOB, 

JIEKI.IWI Yli 

HeRorepeHTHHi!: aHcBM6Jr:& 

PHCCMOTPHM TaRYIO CHTYatniiO, ROr,na He OIIpe,n;eJieHO, RaROMY 

" H8ROr8)18H:rHOMY aHCaM6JIIO \>).. H3 B03MOJKHHX B 38,IlaHHOR Maiq>O-

u II Q CKOIIH~UCROH 06CTaHOBKe J\A npHHBJJ;1I8lKHT ~acTHna f't • )1;-

HaRO MH 6y.n;eM rrpe,D;IIOJiaraT:&, ~TO HaM H3B8CTHH BepoJITHOCTH 

\\ II 3 
TOrO, '[TO ~acTHna P MOllteT OKa3aT:&CJl npHHBJJ;1I8lKBll.l811 COOTBeT-

1\ 

CTBYJWI!lMY KOrepeHTHOMY aHCaM6JIIO \> .>. 

BllpoJITHOCTH ? ). JlBJIJDOTCJl TIOCTQ.flHHHMH ~G.IlaMH ( rp). -.,. 0 > 

L:tt\~1 ), xapaxTepH3YJWIHMH sa.naHHYIO HH!flo~MB-

" nzro o J:BaHTOBOM aHcaM6Jre. Ha6op cTaTonepaTopoB <? .>. H BepoJITHoc-

Teil: 'P.>. (A~ ~,2. ... t/) MollteT 6HT:& saMeHeH O.n;HHM cTaTorrepaTopoM 

f) XapaRTepH3YJWIHM CaMHi!: 06~il: KBaHTOBHR aHCaM6Jr:& : 

\ w ro"" 
(j:: L .rA ~~ 
\ s::~ ' (I) 

" . * ( ') ~).((\,,q;)-::.1¥>-(\)~>- IV • 
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TaKOH aHCaMM:b Ha3!IBaJOT HeKorepeHTH!lM HJrn: CM8ll!Ullllm('! 

0CHOBaHH8M ~ TaKOrQ Ha3BaHHR HBRRBTCH TO 06CTOHTeHEC1BO, 

'ITO BJJIHOJ!Ie !WH~H 1.¥ ~ ('lo}, O!Ip8,11;8JIIIJOOU{8 KorepeHTH!Ie Jll.llilli-

CaMMH ' CKII8,JJ,IiBaJOTC.fi B (I) CBOHMH HHT8HCI1BHOCTHMH \ • .:.).. ( q,) I z 
(npH ~: Q,..' ) H II03TOM,'{ He IDITCIJ!VOlll1PYIOT Mel!\,lr.y co6oi1. lla-

IIOMHHM, 'ITO B KorepeHTHOM aHC3M6Jie CKJia,n:HBafflCH iilmlJIJ1T,'y J(ll 

BOJIHOB!lX rpyHKJ.J;HH C Y'lBTOM HX ipa3: 

1¥ ((\, ')-;. L: ~).. ( <\-). 
X 

1\ 

lJ:acTH!1e onepaTopH npoeKJ.J;HH ~ >.. , onpe,ne.JIIIromHe IIOJIHhH cTaT-

" onepaTop ~ ~ HermrepeHTHoro ancaM6JIII (I), opToroHar bllll 

,npyr ;r;pyry : 

" "" ?:>. ~ t' = 0' )., * t" 
(2) 

l1 0IIp8,!(8JIIIIOT CTUTl1CTl1'!eCKH H83aBHCl1Mhl8 C06hiTRH, 

f!OC>TOMY CYMMa B8pO.fiTHOCT8H ? ). BXOl\l11.llHX B onpc .I\CJIC!lli8 
1\ ' 
~ ( 1\) , IIO,ntfl1HflCTCH YCJIOBl110 B8pO.fiTHOCT8H !183aBl1Cl1MhlX CO( HTl1i1: 

L '? >- -=- i . 
>. (v) 

..... 
Co6CT B8HHb!8 3HatfeHH.fl onepaTopoB ~ ). , KaK Iii BCHKOPO C nepa-

TOpa rrpoeKU;IDI, paBmJ +-I. B CHJIY aT oro cpaKTa co6cTBeHHHe 3Ha'!e

!IHR onepaTopa ~ ( 1\) paBHll BepO.fiTHOCT.fiM ?_, , 'P 2. ... , ? ,>. .•. , 

-r I'( . IIonToMJ onepaTop ~ ( '\ ') , 6y.ny'IH npme.neH K .r Haro-

HaJI:&HOMJ BH.nJ, 1Ipl106peTaeT BH,n: 

X)TepMHH "CM8ll!UHHllli" !IpHHa,rr.JI8Jitli!T WoH lleliMaHJ • 

"HeKorepeHTHhiH"- !{.B. llli:KOJI:&CKOMY. 

44 

TepuH 

1\ 

~-;. 
?" 

?2. 

Q ?tv 

0 

3aMeTm~, <rTo o6I!IaH 3aTIRCb onepaTopa (I) , 

HenpepllBHOrQ, TaR l1 ~ ,ll;HC.Kp8THOPO CII8K 

? ~ \ ? (>..} d q >. J 

!Ipll: 3TOM, KOH8'lHo.d ~ >.. He 06JI3aTMbHO 

HOll npe,I{CTB.BJIBHIUI B IlpOCTpa.HCTB8 tt (~, ~ 
npeo6pa30BaHH.fl MOlKHO nepeJ.iTH K JII060MY .up: 

"M .. 
ECJIR c~6CTBeHHHe sHa'leHHR M11 , ••• 

onepaTopa cl\A .nHC.KpeTIW, TO onepaTop 

CTBe ~ ().\, M1) np>ro6peTaeT BH.n 

0 (Y\,WI): L: '\ ~ (v\') 1 
) >. >. 

r.ne t\1 ~ ( '0 l CYTb aMIIJili:TY~ B pa3JIOJK8Hll: 

~). ('\,): L tf~(V\} ~n (~ 
V\ 

a ~ "' ( ~ \ ( Y\ ~ 1\ ,2. , ... } C06CTB8Hl 

" J\A. 
r. 

B CHJIY Taro, 'lTO BepoRTHOCTR Y 
1\ 

PHDY ~ JIRHeftHo H He 3aBHCHT OT Bp8M8HI 

~p~ 06 aHCaMdJre, TO BCe COOTHOill8HI 
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r HeKorepeHTHI:lM HJlli CMel!l<l!IHI&f~ 
~a3BaHHR finnReTCH TO OdCTOfiTeHECTBOI 

, ('lo} 1 orrpe,ne.JUIJOOtHe KorepeHTHUe rro,gaH-
~ z 

GH B (I) CBOHMH HHTeHCHBHOCTHMH\~~fqv)l 
IKY ue ID!Te.fllfJcpnpyiOT MelK,lr,y co6oi1:. Ha-

fiOM aHCaM6Jie CK.IHl,l\!lBafflCH i!MIUillTYl\LI 

9TOM HX rpa3 : 

1 onpe,neJ!firomRe rroJIHUH cTaT-

repeHTHoro auca.Md.JUI (I), opToroHanbHU 

(2) 

~CKJl He3aBJ1ClilMhle C06UTVIH. 

::>HTHOCTeR ? ). 
1 

BXO,Il;l11!1l1X B 0!1pOJ(OJ!Olllie 

::>BllRJ BepOfiTHOCTeR l!e3aBJ1ClilMhiX C06UTHi.1: 

-::. 1.. 
.... 

riepaTopoB ~ ).. 1 KaK H BCHKoro onepn-

. B ClilJIY :3Toro cpnRTa co6cTBeHHJ:W 3HatJ:e

paBHU BepofiTHOCTHM ?'I 1 'P 2. ... 1 tp>. . "I 
" p ? ( '\} , 6y JJY'fl'f. npr.me,neH K ,nJlaro-

raeT BHJ(: 

~HHa.rr,lleJKIIT ifx:>H lie itMaJIY 
HHKOJibCKOMY. 
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TepMHH 

0 

(4) 

3a.MeTHM, "<JTO o6maH aanHch onepaTopa (I) 1 rrpHro,IUIM KaK ,JJ,JI.H 

HerrpepHIHOI'0 1 TaK H ~ ,nJlCKPeTHOI'O CITeKTpa,rJiaCHT: 

(5) 

IlpH 3TO~I 1 KOHe'tJHo,d?}.. He 06fi3aTeJlbHO 3a,ll;aBaTb B KOOp,miHaT-

HOM rrpe,DCTB.BJieHlUI B !1pOCTpaHCTB6 r-L { ~' ~).Ilocpe,li.CTBOM YHHTapHOfO 

rrpeo6pa~OBa!IHfi MOKHO rrepeii:TH K Jiro60MY ~YI'OMY rrpe,nCTaBJieHHro 

"M" 
ECJ» co6cTBeHHue aua"<JeHll:fi M" I ••• M lo\ I ••• MINI 

~ ~ 

orrepaToi•a d\A .mrcKPeTHH 1 TO orrepaTop 'f B rrpocTpaH-

CTBe ~. (M, M1) rrpHo6peTaeT BH,n 

(6) 

~). t\1= L. 1f~(V\} ~\'\ (q_,) 
n 

a ~"" ( ~ \ ( Y\ o;; 1\ ,2 , ... J co6cTBeHHHe cf>YH~ orrepaTopa 

SA. B CHJrY TOI'O , 'tJTO Bepo.IITHOCTH 'Y). BXONIT B MaT-

JIHHeitHO H He aaBHCHT OT BpeMeHH 1 a TOJI:&KO OT Hamel 

HHci>opMal;IDI 06 aHCaM6Jie, TO BCe COOTHOWeHJl:fi H ypa:aHeHJl:fi, yeT a-
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.. 

HOMPHHHe paHCC )J;JJ.f! I\OrepeHTHOI'O 8.HCaM6JIB, JCTaiOTCII Bt~pHHMH 

H ,IT,JIH a.HCaM6JIR l!Cl\OI'CpCHTHOI'O, KOHC'llto, 38 HCK.JIIO'iCIDWM YC.JI0-
1\ 2. 1\ 

BHR ~ ~ ~ , xapaKTepHOI'O TOJibKO )l.J1.f! KOrepeHTHOI'O 8.l!Ca.M6JIH. 

B l!Cl<OI'GpGHTI!OM a.HCaM6JIC RMCCM! 

fi) z 1\ 

r>. ~>-· 
1\2 -; 
~ -:. L_ 

>. 
1\ 

Co6cTBeHHHe sHa'le!UUl ~2. 
'i)2. 

CYTn ~). <:, 1 
(7) 

Bll"!HC.JIHM l'errep:& cpennee ImanpaTH'!Hce oTK.JioHemre KaRo~

" -.JIH6o ne.JIH<mHIJ. L~ , Hso6paJKeHHOH •Jrre~TopoM Y/. 
EcJIH cpe,ILHee sHa'lemre L. eCTb L , TO ., 

AL'Z.-:. s?~~ t'i.- l.'l·1= L. ?>- s? <?>-c~t-L.IC!= 
). 

::: L. ?>- s~ ~>. \ ct- l.. >.lz + n: .. -t:..>.\
2 

··\ -:. 

>, - - ..,...,. 
-; L '\> >. l 4 La + CL. - L >-\- L 

).. ). 

{8) 

r,ne L>, ecTb CJlC.IUiee 3JHFJCHY!C L B ITO.I\ill!CWA6JIC " o, ' . ' 
-e. 

,.e,LA 

CCTb cpe.IT.HCC l\BBJl.fJa'l'll 'IllOC O~'K.JIOJl8JI}l8 B TOM l!\8 ITO,IJ,a.H }aM6JlC, 

nc.JIH'lYllia ( '[ -\..01.. ec'l'L .norro.JIHHTG.JibHafl C1'8TIWT:I'l'ieCKM .ruwrrepciDl, 

xapal<TC]lllaf! ,JJ,JIB JWKOI'epeHTHOJ'O 8.HCaM6JIJl:. 

:!Ta .n:orro.JUIHTC.'r:&HaJI .IU1CncpcHH ycTparuma npJ1MGHGJHeM rum-

JD'l38TOpa, pa3.7!8I'a.Ja.lll?l'O HGl\OI'8pCHTHH1. a.HCaMOJib "' ~ :ta KOre-

I' 
pem·mw rro.n;ancaMOJIH ~ ;.. , RoTopuc yz.e ne pa3.7JOl!GIMhl 'fa 

6C3~CITGpCHOHHN8 ITO.I\a.HCa.M6.JIH. 

A 

~ 

06pa1'HMCSI Terrepb I\ ypaBHGHI1ll .I\BID!f.eHl'l.fl: 

(I) • .113 UOC'l'OR:HCTBa BCpORTHOCTeR ~). 

" <rro ypaBHeHl'!e .n;BueHH.II .IT.IDI Cl'al'orrepa'!•opa ~ 

.I\JifJ orre:P :lTopa 

Mill saKJITOtiaeM, 

Hell::>repeHTHOI'O 

a.HCa.M6JIR He Oy.n;eT OTJ!H'l8T:bCII OT ypa13HeHJil! .n;mme!UUl ,Illf.fl' CT8T

orrepaTopa KOrepeH'l'HOI'O aHCaM6JIR ( D". 19) • ,UeikTBHTe.Jil HO: 
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f\ 
II 

~ 
<Jt 

-:. L. ]\ ~ -=-:L 1\ 
.>. 'dt ), 

= -L 
TiosTOMY ypaBHeHl'Ie 

.... 

~'"" '01:. 
" \.H,~j-=-0 

coxpawreT oBoe sHa'!eHl'!e H .IT.IDI ca.Moro o 

JIR, R8.KHM .IIMRCTCII aHC8M6JII> HeKorepeHT 

cTporo Y'!HTiffiaeTCII Tpe60Ba.HHe d f >. / ~-\: 
pas, 'ITO B8JIH'!HHl:l '?). M8Hll!OTCII TO 

HH<l><>PMB.Uilli. Pa.sYMeeTCII, e CJm :3Ta HHfllop 

Me~eHHO, HanpHMep, TepMOCTaT, B KOTOp 

11 lA n 1 O'l8Hb M8,JI,II8HHO MeH!leT CBOJO T8 

J" II II 
rrpH STOM Hama MHKIJOCHCT8Ma ~ rrpRXO,Il 

CHe , TO B tPoPMYJI8 ( 9) BeJ!H'lHHH '? >.-:: t?) 
C'!RT8Tb 38BH~ OT Bp8M8Hl'l 1rrpeHe6pe 

0~)./'01. . 
ECJIH ze H3M8H8HH.II TeMITepaTypH e 

T8pMOCTaT HYKHO H3Y'!aTI> cpe,I\CTBaMH RBE 

~eJIHTl> HOBYJO MaKIJOCKOITH'!CCKYJO 06CTaHOl 

"IIA" UI\A'• ~'' rrorp~eHo Tenepi> B Jtl • Honan 

Ha 6HTb ~OCTaTO'!HO CTa6H.JII>Ha , KaK H l 

OTC'!eTa. 

PaccMoTpHM Tenepi>,KaK H3MeHlleTCR 

BepoSITHOCTl> 9 ( Yl 1 i:.) HaATH B MOMCHT BpE 

KaROii-JIHc50 ,ll)'IH8.Mlf'l8CKOH BeJ!H'lHHH L 

47 



cepeHTHOI'O 8.HCa.M6Jtfl, ')0T8.10TM BepHID.m 

jf!THOI'O, KOHC'lliO, 38. HORJI!O'iCHMCM YCJIO

iOI'O TOJibKO ,1l.7tf! KOI'epe!!THOI'O aHC8.M6Jtfl. 

~c IJ:MeeM: 

1\ 

~).. 

2, 
9, / 1 

OYTb I"'......, 

(7) 

peJUme ItBa,m>aTH'!Hce OTKJIOHeHPie KaKoit

"' H306paJKeHHOJ.l: •)li8~TOpOM ":!. , 
aqeHHe l. 80Th \., , TO "' 

-l.1~1= L: ?>- S? <?>- C1.-l.l~= 
).. 

~ \ i -L),) z + CL -T... >-\ 
2 

) ~ 
- - '2. .... 
~ L\ + ( l.. - L ~\ L (8) 

lla'-JGJUlC l. B norra.J!OilMOJTC G' A Lt "' '" ,.., ), 

HOC O~'JU:OI!CJ!Yte B TOM l!i.8 IIO,U,aHCa.MMC, 

,UO!IOJIHJ1T8JI:OHM 0'I'8.TJiiOTR'i80Ra.fl JJ;!iCITepOM, 

pei!TIIOI'O a.HOa.MOJiil. 

.H J]J1CTICpOIU! yOTpalll1Ma IIpllMCHCHK8M 8.1!8.-,.. 
I!Cl\OI'epeHTHHft 8.HC8.M0Jib t? Ha KOre-

I- , Ko'ropuc yx.e ne pasJIOllmMhl Ha 

!Ca.M6JIH. 

, It ypanHemm ,nBmr.emm: ,Il,IIfJ orrepa.Topa 

'B8. BepOr!THOCTeit ~). MN 38.KIID"l8.8M, 

1\ 
[ ,Il,IIfJ O'I'8.TOITepaTOpa. ~ H8KOrepeHTHOI'O 

l'i8.TbCH OT ypa.BHCHHH ,UBHXCHHR ,Il,IIfJ CT8.T-

l a.HCaM6JIH (IJ".I9). ~e~CTBHT8TthHO: 
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( 9) 

llo3TOMY ypa.BH8HH8 

... " 
~-+ \:,\-\,~J:.Q 
oi:. 

COxp8.HIWT OBOe 3H8.'l8HH8 H ,D.1IJl C8.MOI'O OOIII8I'O KBaHTOBOI'O 8.HCaM6-

M, K8.KIIM .IIBJIH8TM a.HCaM6Jib H8KOrep8HTHHH. B 3TOM BHBO,IJ;8 

CTpOI'O ;rtmTHB8.8TM Tp860B8.HH8 0 f)./ ~t :Q. ilO,I('l8pKH8M 81118 

p8.3, 'lT•l B8JII1l'lHHH '?). M8H.IIIOTM TMbKO C H3M8H8HH8M HaJII8 i!: 

HHif>opManm:. P8.3YM88TM, eCJIH 3T8. HHif>op~ M8HII8TM O'lCHb 

M8JI.[8HH l, JiaiipHMep, T8pMOCT8.T , B KOTOpH~ 38.!'pYJK8Ha CHOT8Ma 

11 ¥11 
1 O'i8Hb M8JI.[8HHO M8H.II8T CBOIO T8MII8P8.TYPY e , H 8CJIH 

II II 
rrpH 3TO ~ HaJII8. MHI\POCHOTeMa ~ rrpHXO,Il;HT B T8IIJIOB08 paBHOB8-

CH8, TO B cpopMYJI8 ( 9) BeJII1l'lHHH '? >.-:: 'Y '), l9) , e .: e t t) , MOlKHO 

C'lHT8.Tb 38.BHC.HmKMH OT Bp8M8HH 1npeHe6p8I'a.H BCe XC BeJII1l'iHHO~ 

o~>-/o·t . 
Ec1IR X8 H3M8H8HHR T8MII8paTypH 9 6HCTpH8, TO H CaM 

TepMOCT8.T HYJKHO H3ytraTb cp8,Il;CTBaMH KBa.HTOBO~ M8X8.HHKH H orrpe-
11 11 j I II 

,IJ;eJII1!Tb HOBYIO MaKPOCKOIIH'l8CKYI0 06CTaHOBKY cJVl , T8.KYIO, tiTO 

"""" •IY'' "M'n ~'' aorpyxeHo T8TI8pb B JJI • HoBa.H o6cTaHOBKa .nOJIX-
Ha 6HTl ,Il;OCT8.TO'lHO CT8.0HJibH8. , KaK H BC.IIKa.II XOpOilla.II CRCTCMa 

OTCtreTa. 

PaCCMOTPHM T8II8p:&,KaK R3M8H.II8TC.II C TetreHH8M BpeM8HH 

B8p0RTF. OCTb 9( Y) 1 t) HaitTH B MOMCHT Bp8M8HH t 3Hatr8HH8 

Ka.JCOit-JjH60 ,IIl'!HaMHtreOKOH BeJII1l'lHHH l. , paBHOe ).. , )J.1r.q 
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[, 

l 

"' onpe~aneHHOCTR 6y~eM c~TaTb, 'iTO cneKTP onepaTopa ~ 
.n;RCKP8TH!ill:: L ~ A~ ' A 2. ' ••• A \I\ '... A )\o\ • 

JJepoJITHOCTb qton,t) 1 TIO Onpe,neJieHRJ01 paaHa )r;liai'O'!allbHOMY 
,, ll 

aJieMeHTY MaTP:r.ll.Ul ~ , B3JITOH B L - npe.ucTaBJieHR:II: 

~('YI,i):. ~(VI,Y)·,t.j: ~n\? l-t\ \n~ · 
( ICJ) 

quCTO HHTepecyrocCJI He CaMOH DepoJITHOCTbJO, a CKOpOCTbiO 

ee H3M8H8HHJI CO BpeMeHeM. 0TB8T Ha :3TOT BOTipoc ,UaeTCfi Herrocpe.u

CTB8HI!O ypaBH8HR8M (9), KOTOpoe y.no6Hee .IJ,JUI HaJUeH u;eJIH 

HaTIHCaTb B npe.nCTaBJI8HRR B3aHMo.nell:CTBRJI. CorJiaCHO (JY.25) B 

:3TOM rrpe.ncTaBJieHHH ypaBHeHRe (9) TipR06peTaeT BHL 

1\ 

0? - ;- ~Wl~1,9l=o, (I[) 
4\. 

"' r~e W - aHenrRJI B3aHIAO.neii:cTBRfi, :113 aToro ypaBHeHJI.fl CJie.uyeT 

~?('"rl,i) d "' . ~ \" l -\:. : ~ <YI \ ~ (t) 1 'fl"') :: _ ~ L. <.,, W(i)\n ~> 
(I 0 ~ \'\" 

< Y\" \ ~ \ Y\) - < 'f\ \ ~ \ Y\" ) < n" \ W ( t) \ "'~ ) 
• \ 1\ A -:-~ L <Y'I\W\-l)\V\"')<'rl"\ ~\\'"\")-

"" n" J I\ ~ " I iiC' 
- (n" \ )> \'rl') ( 'n \ W t-t I \Y\

1
';> • (I2) 

OTKy.na 

d ~ ( Y'l, -t) ~ ,. 1\ 

I m ~ 'f\ \ W t ~) <? t t 1\ 'n ";· 
(I3) -------------- ~ 

ot "'n 
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l:CJIR 6WIO :113B8CTHO 1 lJTO npH C::. 0 011< 

B cocTOJIHHH L~ L ~ , TaK 'iTO np:u t: 
TO <lJoPMYJia ( I3) .!(aCT nepoRTHOCTb nepe; 

B e,IJ;RHRIJY BPCM8Hll :U3 COCTOJIHRJI vY\ 

3Ta Bepo.flTHOCTb UMCCT !1pOCTOi1: Bl 

MOJKHO orpaH:U'illTbCJI rrepBilM HellC'i83aiO!!lRI 

B03MYJI1CHHR. B 3TOM np:u6JIIDKemrn :U3 ypa 

o <n\3l~)\h") -::. <Y\\t.WL*-. 
CI-t 

1\ 

:. ~ <"')W(-t)\v-t·I)<Y't\ 
"01 

fuleJI B BH.l(Y 1 'ITO ~(()) :. ~ .. ~, l10Jiyqae• 

1\ ~ (t. " < n \ ~ L ~\ \V'I'\ '? -::. - ) < Y1 \ w (' 
t 0 

H, HaKOHeu;, rro.ncTaBJIJIJI :3TO BHp~eHHe 

o ~(-n~\::!. <'t'\ \ ~l-t. )\v\) ~ ~ ;!_ ' 
0~ - 4-\; ~2 cit 

3ta R3B8CTHaJI <lJoPMYJia Teop:U:U KBaHTOBU 

B rrepBOM TipH6JIR~8HHR BepoJITHOCTb nep 

apeMeHH R3 cocTOJIHHJI c L = L m a coc 

JlEKil.W{ YIII 

YpaBHeHHe gBH~HRR ~ cTaTorrepaTopa 

PaccMOTPKM ypaBHeHRJI .na~~eHRJI ~ 

~~ " 1\ 

.~ ~~,~1-=-0, ____,. 

. oi: 
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~TaTb, ~To crreKTP onepaTopa 

A 2. •... >-~ . . . . >.~ . 
t) , no orrpe,neJiemno, panHa JLHai'OHanbHO"'IY 

B3RTOR B ''Lu - rrpe~cT~8HHH: 

( IU) 

R He CaMOH D€pORTHOCTbiD, a CKOpOCTbiD 

eM. 0TBeT Ha aTOT Bonpoc ,naeTCR Herrocpe.n

, KOTOpoe y,nodHee ~ HameH UeJIH 

RH B3aHMOLI8HCTBHR. CorJiaCHO (IY.25) B 

ypaBHeHRe (9) rrpnodpeTaeT ~ 

(I[) 

IHMO,Liell:cTBHR, H3 3TOro ypaBHBHHR CJI8.IJY8T 

.YI \ 0 <t) \VI~::_ .i L. \_<~\W(i)\"'"> 
l 1\ "'" 

~ \ Y\
11 

) ( Y\ II \ w ( t l \ Y\ "')- ' :: 

(-l) \V'I"') <'n" \ ~ \ "'"' -
* "' '\ 11 ........ I. ( 12) 

\'V'I') ( 'n \ W t -t 1 'V\ r ~ ' 

48 

ECJIH ~~no M3B8CTHo, 

B COCT )flHHH L-::. L * 
TO <lJoPI'IYJia ( I3) .!(aCT 

.J. ~o ,, ., 
'ITO npH <--- CHC'rer,~a p Haxo,nHJiacb 

, TaR 'ITo npu i:=-0 ~(o)=S~~· 
II II 

B€pORTHOCTb nepeXO)(a CHCT8Mbl ~ 

B 8,nHH1UJ BpCM8HH H3 COCTORHHR 'IV\ B COCTORHHC 'f\ 

3ra BepoRTHOCTb HMCCT ITpOCTOM Blf,!l; B TOM CJiytiae, KOr,na 

MOJKHO )rpaHH'illTbCR rrepBb!M HellC'183aiomv£M 11pllO.ID!lK811HCM TCOpllll 

B03MYIIPHHR. B 3TOM rrpllOJIHJKeHllll ll3 ypaBHCHHR (II) oy,neM llMeT:& 

o <.~~3l~) \h'> -=- <V\ \ l W lt), ~<o)) \m'> = 
o-t 

-::. ~ <"' \ W (-\::) \ vr\) < '¥'\'\ \ '? { o) \ """"> • ( I4) 

""' fuleSI B BH,l(Y 1 '!TO ~(()) =~~~· IIOJiytiaeM OTCID,na 

. t " 
<"'\()Lt,\om)-:.~ \ <.n\W ('t'\\m'/ d"t' 05) 

I . t 0 

3Ta R3:leCTHaii <lJoPMYJia TeOpHR KBaHTOBhiX rrcpexo,noB orrpe,neJIReT 

B rrepBOM rrpHOJ!liJKeHRR BepORTHOCT:& rrepexo,na CHCTeMII B e,nHHlley 

npeMeml R3 cocTORHHR c L = Lm B cocTORHRe c \_ ~ L"' . 

JLEKUWI Ylii 

YpaBHBI!Jll€ 8BHJK8HHR ~ CTaTorrepaTopa B pa3JIR'IHJ:IX IIP88CTaB1IeHHRX 

" PILCCMOTPJIIM ypaBI:IeHHR ,IlB~lKeHHR ~ CTaTorrepaTopa ~' 
_ __, 

(I) 
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1
, .• 

~ 
f 

B paCK}lb!TOM BH.n:e B KOOp,n;MHaTHOM ITp8,llCT8.BJI8HHM B IT}OCTpaHCTBe 

~(q,,9}). 

OrpaHll'ffiMCR CJIY'-IaCM o.nuo:ii cTerreu:a cnodo.Jlbl. Coo~ neTCTBenno 

3TOMY B03bM8M orrepaTop ~YHKUHH TaMRRbTOHa (orrepaTop ITO~HOH 

3Heprnn i n BH)le 

1\ ~2. "\ '=K~ __.. + v (q_., ' 
2."M (2) 

r.ne ? - orrepaTop HMITY~bca' vn -Macca 'laCTHUH' \( ( ~ )
oneparop ITOT8HJ.n{MbHOJ1 :.meprMM. B KOOIJ,llHHaTHOM rrpe) CTaMemm 

MaTpH'iHH8 3~8M8HThl 3TOrO OITepa1'0pa HM8!0T BH,ll 

~ ( fV ~ J :: -~ 0 ~ & ( ~- '\1
1

) + v ( ~) <a ( q, _(~I l • 
' 2.\"f\ -a~2. (3) 

Ilo,n;cTallJIRR 3TO BHpaJKeHMe B (I) M rrpHMeHRR rrpan~a yMIOJKeHHR 

MaTpHl~, HCITO~b3YR ITpH 3TOM HHT8rpllp0BaHH8 ITO 'iaCTRM. ITO~Y'iHM 

1.. \ o 9 lCV,~V'):: ~2. 02. q <cv.oJ) _ ~ 4a ~c'\"~~t') ~ 
6t 2.W\ aa.l 2.~ -o~z. 

~ Z VCcv\- VC'V\\ ~ (\o,q)) ~c. (4) 

~ I >t rot " I I ) 
ECJIH BB8CTH HOBhl8 rrepeMeHHH8 ~ '::: \- '\_ H ~ '::. 2. . \ + ~ , TO 

TIOJIY'ia8TCJI 

o~( G.,~> 
o.lc 

..,. 'l. 1\ 
Q ~ • 

oG. a\ "' ~ \ V(G..+ \~ _ 
(5) 

\,\; 
'M 

- V ( G- l\) ~(G,'"') = o. 
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3To ypaBHeHMe WOPMMbHO MOlK!!O samwaTb B 

CT8IT8HRM t, 
-a~(Q,~)-~~oz§ +i.I~~ 

(s-\: ~ '21 G. 'd'f, " l <lG. 

YpaBHBHne (s 1
)rrepexo,llHT B ypaBHeHHe ~ 

~ ( '"v, ~ ') , rrpe,ncTaMeHHOi'l B rrpocTpaHc 

,llei'!CTBMT8~bHO, 8CJIH ITOT8HJ.n{M v ( Gl 
,llOCTaTO'iHO r~a,nKHe WYHKiniR, TO B ( 5I) MO 

MH rrpOH3BO,llH!1MH ay.,V /4Q¥\, Ha'ffiHM C: Y\ 

B 3TOM ~'tae ypanHeHHe (G1) oT~H'ic 
ro ypaBH8HHJI KnaCCH'i8CKOH CTaTHCTH'i8CKO~ 

B (Ill. 15) ITpOM3BO~bHOH ITOCTOJIHHO!.l: 1:\ 'M F 

1\. 
B 3TOJ1 CBR3H 3aM8THM eme OJlHO BaJKf 

" CTaTorrepaTopa ~ • Ilo,nodno TOMY KaK 1 

~ ( '\/, \>) MOlKHO I1p8JlCTaBHTb B ITpOCTp! 
1\ 

TaR H KBaHTOBJ:lli orrepaTOp ? ( 1\. 1 q,t ) 
B :pOCTpaHCTBe cpa3 oz ( 1\,- 1 ~ l . ,li.Jm 3TOi'l 

? ( q_, 
1 
q/) dy,neM HYMeponaTb He rrepeMeHJ 

? 
3Toro MOlKHO JlOCTHrHYTb, 8CJIH BHITMl 

TapH08 rrpeodpa30BaHH8,BBOJlR BM8CTO 

orrpe,ne~8HHYID rrpeo6pa30BaHH8M KO~OHKH (C 

q (~,~)-:: \ ~ <q_,,c\' \ s ( 
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)p~HaTHOM ITpe~CT~AHHH B ITpOCTpaHCTBe 

;M o~aoii crerreHH cBoOo,UH. CoorBeTCTBeHHo 

~HKUHH raMKnbTOHa (orreparop ITQnHO~ 

{2) 

YJILca, W\ -Macca qacTHUH, V ( ~ )-
~ sHeprHH. B Koop~HaTHOM ITpe.ncraBJieHHH 

ro oiTepa1•opa HMeiOT BH,n 

s ( q_,- q_,' J + v ( 1) ~ ( \ _ fi,l '\ • 
0~ 2. q; (3) 

Me B (I) H ITpHMel:l.fUJ ITpaBHJia J'MHOlKeHIDI 

3TOM HHT8rpHpOBaHH8 ITO 'laCTRM ITOJIY'IMM 

2. oa q < q_, .CV) _ ~ "Cii ~ Cq_,,cy') -+ 
:m o 01/- 2.W\ o~ Z. 

(4) 
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3TO ypaBJI8HH8 WoPMaJibHO MOJKJIO 3aiiHCaTb B BH,I\8 pa3JIOJK8HH.fl ITO 

creiTeiDIM ~ : "'V l 
'{, ~ ( Q .~)- '" 0~ § + i. f ~ ~ + r: ~ ~Q"' 'E:,'n J. 

-a-\: 'M a G. o'f, ~ l CIG. "':.' , _ 
0 5

r 
. '?(Q,~J- .< ) 

YpaBH8H:IIB (51
)ITepexo,nHT B ypaBHeHne ,JI.JI.fi KJiaccHtJ:ecKo~ ITJIOTHOCTH 

~ ( '1,- 1 ~ ) , ITpe.ncr~eHHO~ B ITpocrpaHCTBe ~ ( q, 
1 
q_,'). 

JJ:e~1 !TBHTeJibHO, 6CJIH ITOT6HllRaJI v ( Q.) H MaTpHIJ;a ~ ( Q 
1 
~ )-

,ll0CT8TO'll 0 TJI8,14KHe ifJJHKIQm, TO B ( 5l) MOJKHO IIpeHe6pe'lb BHCIIIH-

MH ITpOH3!0.llllliMH o...,V /"4QV\, HatiHHM c 'n-::. 2. • 
B 310M CJIY'!ae ypaBH8HH8 (;,I) OTJIH'laeTCH OT COOTB8TCTBYIDm8-

ro ypaBHEHHH RJiaCCH'l8CKOH CTaTHCTH'I8CKOH M8XaHHKH 3aM8HOH 

B (lli.I5) ITpOH3BOJibHOH ITOCTOHHHO~~* Ha ITOCTOHHffYID ilJiaHKa 

1\. 
B 3~ OH CM3H 3aM8THM e111e O.llHO BaJKHOe ITpe,ncTaBJieHHe ,JI.JI.fi 

" craroiTepLropa ~ • IIo.noCSHo TOMY KaK KJiaccntJ:ecKYIO ITJIOTHOCTb 

~ ( CV1 ~·\ MOJKHO rrpe,nCT~HTb B ITpOCTpaHCTBe 1{ ( q_.,, '!!'\ 
TaR H KBHHTOBJ:ill OITeparop <? ( q, 1 '1,1 

) MOJKHO ITpe,ncraBHT:b 

B ITpOCTpaHCTBe qia3 ot ( 1\,-
1 

\) J • )J.Jur 3TO~ l.l;8JIH KOJIOHKH MaTpHUH 

" ( I) I ? ~ 
1 
~ oy,neM HJMepoBaT:b He ITepeMeHHOH ~ , a ITepeMeHHoii 

3To::'O MOJKHO ,ll,OCTl'II'HYTb, 8CJll'I BHIIQnHl'ITb "IIOJl()Bl'IHHOe" YJIH-
,. . I i\ 

TapH08 IT)800pa30BaHH8~BBO,ll,il BM8CTO ~(q,,~)BeJIH'!llHy~ (~ 1 y), 
OITp8,I\eJI8l!ffYIO rrpeoCSpasoBaHHeM KOJIOHKH ( t:tt') : 

q ((\,,~')":: \ ~ <q_,,q;' \ s ( t' \ ~~ d"''' 
(6) 
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r.ne r.laTpt-n~a YJillTapHoro npeodpa3oBaHIDI S illlt:t;T 3JlCtiC!!1!1 

SCOv.~l ~ 't 

V'2:rr t 

·t!k 
e t "' 

('() 

l3 TEmm.t npe.n:c·raB.!Iemrn, Ha:JhiBiiCMOM "cr.IOlllilllllhiM'', F:J:ti!'l' 1'' H · 

OI!Cl)[l'J'OpU OTOC)pa;i\WOTCJT B ITpOCTpaHCTBO (lJa:J lit ( q_,., f) 
B03HHKWJT IIOBaf! CBT!3:b C I\JlaCC:!'i:PCJWll CTaTUCTIJlleCKOll f.l0XCJ!III<:Oif 

(cMJ1,lU,ll,12/ ). 

f,UJI~· 3W.10 1leHO, q•ro UCJICCOOOpa3HCH BMCCTO MaTpU'lli!1X ::JJICMCH-

TOB y (tt 1 ~' BBCCTH HOBHC 3Jli.JMCH','H, OTJIHqa.IWIHCCJT (G) MHOKl'!Te-

JICM e-: ~(\./'~ /'(21\"~,Hi.J OOp8!1laJC1ItHMCJ1 HHr.ne HH B 0, HH B OQ 

:ITH HOBHC 3Jl8'ACIITH Mb! 0003Ha'!HM qepe3 "R ( 9! \ ~ J 
" -.: ~q, {~ 

'R c cv, f! = ~ c~, ~~ e -=:::":::::::. 
V2'TT"ill (u) 

TaKor,zy npeoopa3oBaJmJO CJie.nyeT rro,n:wnrnT:& u Bee .upyn e 

O!Iepa·rophl. flMCCTO MaTpl:!'lllbiX 3JICMCHTOB '£(q,, q,') 0YJ(8~1 IIII<'Th 

" - \ f'i!/~ -1 
L < q_,, ~~ ~ 'ct C Ov, f) e ~ 

( ~)) 

II 

"! . ~ yq_, ti ctq" 
( " ,, ' e -----. (Ill) ) i C '\.-, '\1 I Virrt. 

/'o 

iCq_,\?)~ 

liOJI:b3YHC:b :JT\1!.111 npeoC)pa30BaHIDIMH, HCTpy;mo yOe)\HT:bCJT, qT(• 

HOB!le MaTpH'IlllW 3JicMeHT!l L ( ~ , y ') B rrpocTeiDilHx CJiyqurx 

B Toqi!QCTII COilll8,UaJOT C COOT"lCTCTBYI<lllHMH .KJiaCe>PieCKHMll BE JIH~a

Mli. !11.18HHO 7 
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?\,f :: ~ M q,Q ~t ,, f 

\-{(1\n?\= 
y2 
~ ... vc~ 

.Uo~tasaTeJI:&CTBo eM. B ,n;orroJIHeHHH Yrr. 
TaM JKe rroRa3aHO, qTo QJoPMYJia ,lJ,JI.li CI 

HH L ( 'tt 1? 1 rrpHHl'!MaeT "I\JlaccHqecKHil:" 

l -=- \ iccv, ~) L( \, ~) q\t dr 
u "t.t" BepoH?HOCT:& HaHTH cHcTeMY 

1 
. B ToqRe 

@iryp~it ~ ( Cj, l HMeeT TaKJKe .KJiaCcHqec! 

?Cf{,)~ \ ~(CAv,\')d~-
ITo.no6HHM JKe o6pasoM ,lJ,JI.li HMITYJI:&cHoro rrpo< 

~( ~~ ~ ~ ~ (~, ~'\dOy 

npR yCJioBHl'! HOPMHPOBKH 

s ~(~,~\c\~d~ - 1\ - .J... 

O,JtHB.RO R t q, 1 ~ l He HBJDieTCJT Bepoll1 

II ~II B TO 'IKe ( 9, 1 f l ~OBOro lip< 
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npeoopa3oBaHIDI S lU H:I;T 3J!Ctl8l!TL! 

t~ 
-- e ~ 
rt (7) 

!la:Jb!Ba8MOM "cl,lCWaHI!b!M", f';J:.tHT<l: U<· 

B !IpOCTpaHGTBO (.l)a3 fl ( q, 
1 
f) H 

H:.JiaCCii'!~'Cl\Oll CTaTUCTll'leCKOM U8XW!UIWii 

UCJI8C000pa3H8H BMCCTO MUTPH'il!UX JJICM8H

bl8 aJIJMCH','bl, OTJIH'!ai<Iiji'ICC.II (G) MHOJKHTe-

8lllai<lllHMC.II HHr,ne HH B 0, HH B 00 

Mbl o6o3Ha'!HM '1epe3 R ( C!_, \f) 

q,\ ~') e- ~ ~q, It\-;:=:"=== 
"2Tt"il\ (tJ) 

l!HJO CJIC.I\YCT IIO)l;~lillT:b H BCC ,Upynw 

'Il!b!X 3JI8MCHTOB 'i ( q, 1 'i, 
1 

) OYJ(OM Tt!ll!eTh 

1 e\ f'i,/1\~"===-
f V2.1r"'P. 

( ~~) 

1 ~y~'/t;. -t II 
' ( II '\ vri 
• \-," 1 e ----- · c ru) 

l/2rrt. 

.30DaHIDIMH7 HCTpy~o yOe,JJ;HTbC.II, YTO 

u L ( ~ , ~ ') B npocTefulooc CJiyqaruc 

COOT'18TCTBJKl!lHMH KJiaCCl'l'18CKI'IMH BCJIH<ml!a-

52 

,UOKa.3aT€•JibCTBO CM. B )l;Oll0JIH8Hl'!H YI1. 

Tar I lKC IIOKa3aHO, 'ITO 1JopMJJia ,JJ.Jl.II cpe~ero 

HII L ( (h f) npl'!HRMaeT "ItJiaccH'!ecKI'Iii" BH,n: 

l -=- \ ~(cv\ ~~ L( \,\>I q" c:;i?· 

(II) 

( I2) 

3Ha'18HIDI BOJIH'!H-

(I3) 
\1 II ( ) BepO.II';'HOCTb HaHTl'l CHCT8MJ ~ B TO'!Ke '(, rrpocTpai!CTBa KOH-

!lJHrypainlt! -~ ( t:j, ~ HM88T TaKJKe KJiaCCH'18CKI'IH BH,n: 

(I4) 

ITo.no6HHl! JKe oopa30M ,nJI.II HMITYJ!bCHoro rrpocTpaHCTBa 

(I5) 

npli yCJI<>BHli HOPMHPOBKI'I 

(' ~(~,~\c!\d~-::. 1.. (16) 
,) 

O~aKo R t ~1 p) He RBJIJieTC.II BepoRTHOCTbiO HaitTH c:a:cTeMY 

II ~II B TO'IK8 ( ~ 1 f l ~OBOro llpOCTpaHCTBa 'fZ( ~ 1 y l 
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lJTO Jl]'OTHBO)Je1.!11J!O OL! nprmrumy ,'l0!10Jll!!1TeJibEOCTll. oTO ... ooc·w.fl

TCJ!bCTH<l II!lX0)01T CBOe DHTJCl:WIIJ11' R T0!1, lJTO BCJI!l'ml!a "R ( ~~ \ ~) , 
1\aR ll0EHO ,T\ORI18f1Tb, BCPP,n,a Wll.m.1!rRCJ!Wl, T.e. '!TO 

"R ( q, I~) * ~ * ( ~1\ ~) • 
( I7) 

;l CI1JIY Jlll!IeMHOGTll BJm0.1J!UI • '~c.~··: n~eo6pU30BflH!1M YJlUBHCHl'IC UBI1llt8HHS! 

(I) COXJl8ll.fWTCfl H ,IJ,JUI Bf;Jill1.!Jll!ll "R ( CL-, ~) 
,. 1\ 

'd 'R r \-\" "R' -=-a --+L 1 .l · 
ot (IS) 

" 1\ 

O,IJ;Hai\0 ROHRpCTHIIM BH.l\ onepaTOpHOH CI<OOKH TlyaccoHa t \-\ 1 'R 1 
COBCpWCHl!O MeHHCTCH. \1MC!IHO, B paCI<p!1TOM BH,I\e ypaBHCHHe ( Ifl) 

renepb rJiacHT (eM. .n.onoJIHeHHe YII): 

4'R(q_,,y) + \ €' ~1/i\ \. \--\((\,,f-t~")l\('i,+~)?)-
4--\: 

- 'R ( f\, l ~-~- '1) \-\ ( '\. k ~ \ ~) \ d.~ d yt 
(I9) 

Ec.nH 3ru.leTHTb, '!To HHTerpa.JI 

~4"" 
- I)Q i. ~ 

I'V\W\- \ e -\Jt ~..,.. ~V'I\ d'E,d"l_-:(1: V~) 'M~ ~-nm 
-oo 

(20) 

HMeeT npHB8.I\8HHOe B (20) KOHe'!HOe 3Ha'!eHHe, TO MO~O pa3JIO-

ltHTb B (I9)\-t(\+~ 1 y+~) H~(vt,,'t+yt") no CTenefffiM!:, 

R yt R BHITarrHHTb RHTerpHpoBaHHD no STHM nepeMeHHHM. ror.n:a 

ITQHY'!aeTCH ( eM • .n:onon»eHHe) 
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o'R c'\"~) 
4t 

~ 
~-;;; 

~"RC~,f) 

'0\ 
d\ -'0< 

~\\ a2 'R(cv,t>> 00 
(-...,L_ --2'VY'I 0 q,2. 't\~2. 

-oV\V crv) o-n~ccv, 

~ Oy 'V\ o~V\ 

B CJJY'!ae .n:ocTaTo'!Hoii rJia.n:KocTH WYHKUHH ~ 
Mo~o rrpeueope'!D rrpaBoii qacTniO B (2I). Tip: 

HeHl'!e ( 2I) JT,Jifl ~ (£VI Y l npeBpa.IllaeTCH B y 

qecKoii IIJIOTHOCTH ~ ( q, 1 ? ) . Tipe.n:cTaBJieR 

B npocTpaHCTBe W83 ~(~ 1 f) COJIIWleT ee C K. 

ROM MeXaHHROH B TOM ~ rrpocTpaHCTBe. 

3TO n03BOJIJieT HaM C.I\8JiaT:b BHBO.I\ 0 TO 

KJiaCCH'I8CRaR H RBaHTOBaa,paOOTruoT B O.n:HHa 

Q{(q,,q,') M '«f'hf) x). 

HeKoTopoe pacwHpeHHe Hadopa ~HHaMHqeCKHX 
II II 

l!IHX Ml'!KpOCROITR'!eCKHe CHCTeMI:l p , no C 

KJiaccH'!ecKRX rrepeMeHH:I1X npoHCXO~l1T 3a cqe 

nepeMeHRI1X1TaKRX
1

KaK Me~aHl'!qecKHM CITHH qa 

ee H30TOITH'!ecKHii crrmr "C • HenpepHBHH 

HOCT:b!O YM8l!lruoTCH B KJiaCCH'I8CKRX npOCTpaHC' 

x)B03MO~O eme H rrpe.n;cTaBJieHHe B HMITYJI:bCH' 

dt(~.~· ). 
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paHLU111Y ,T(OliOJJHI1T8JibEOCTH. 3TO ,..oOCTO.FI

!l!.!p3XClll1f' B TOT1, 'ITO BCJJI!'!lma 'R (, \ ~) , 
lT,n.a J(iJlffi.lJCKCHW!, T • e. 'ITO 

(I7) 

.lJJU:•': "r·: II~800p330BaHVI.i1 ypaBH8HM8 ,llBMJI[8HidSI 

Bf;JJH'Illi!IJ 'R ( ~\ ~) 
" \,"R1-::.0. 

" " (IS) 

orrepmopHotl. CJto6KH TlyaccoHa ( \-\ , 'R 1 
MCIII!O. B pacJcp!1TOM BH.I\8 ypaBHCHHe ( m) 

oJJHeHHe Yll): 

e' ~ 11"' \ \-\(Ov,f"'~i)'RCet,+~ 1 ~)

( '\, ~ t, ' ~ l \ d.~ 0 Yl_ 
(I9) 

~erpaJJ 

<n4M 

~"' ~V'I\ d'E,dyt: (-t \. '\\) 'n\~ b'r\W\ 

(20) 

~0) KOH8~08 3Ha't!8HH8, TO MO~O pa3JIO-

~) l! ~ ( \,+l:, l , .. '1.) no CTeneH.FIM ~ 
!TerpHpOBaHHo no 3THM nepeMeHHHM. Tor~a 

rneHHe) 
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o2 'R\cv"\~} 00 "n- " 
(-\."n) \.'\\ L. ~ -- + .,, 

2""' 0 ~2. 't\~2. 

-oV\V {a.;> '0~~ Cq,,~') 

0 ~ 'r\ a~"' (2I) 

B CJJY"lae ~ocTaTo't!Hoit rJI~RocTH ciJYHromil 'R ( 'V 1 '\>) H v (Oy ") 

MO~O np~HeOpe% IIpaBOH 't!aCThiO B (2I). Tlpl! 3TOM YCJJOBHH ypan

H8HH8 ( 2 [) Jl,JI.FI ~ (IV 1 f\ npenpamaeTC.FI B ypanHeHHe .IT.JI.FI KJJaccH

qecRoit II ~O'l'HOCTl! )' ( CV 1 Y l . Tlpe~CTaBJJCHHe RBaHTOBOH M8XaHHKH 

B npOCTplliCTBe cpa3 ~fq,f) COJIIIllta8T ee C KJJaCCII.Y:8CROH CTaTHCTH"l8C

ROH Mexa ii'IKOH B TOM iKe npocTpaHCTBe. 

3TO ll03BOJJ.FI8T HaM C~8JiaTh BilBO~ 0 TOM, 'ITO 008 T80pHH, 

&naCCH'l8~Ka.FI H KBaHTOBa.FI,pa60TaiOT B O~HaROBUX !IpOCTpaHCTBax: 

Q{(Gt-.tt/) M 'l\(4lp) x). 

HeKoTopce pacwHp8HH8 Hadopa .JlHHaMH48CKMX nepeMeHHHx,xapaKrepHsyn-

'' b U{HX Ml!Rp )CKOim'lCCKHe CHCT8Mbl p , llO cpaBH8HHIO C HaOOpOM 

&naCCH'l8~KHX nepeMeHHHX llpOHCXO,llMT 3a cqer ,llHCKp8TH!1X KBaHTOB!1X .., 
nepeM8HHiX

1
TaKHX,RaR M8XaHH"l8CKHH CllHH 'laCTKUI1 0' ..., 

ee l!30TOIH'l8CKHH Clll!H ~ Herrpep!1BHI1b ~e nepeMCHHI18 nOJJ-

HOCThlO y~emaiOTC.FI B KJJaCCl!'l8CKHX npncTpaHCTBax. 

x)B03MOiK!O eme H npe~cTaBJJeHHe B HMIIYJ!hCHOM npocTpaHCTBe 
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JJEKL!}N IX 

CHMMeTpRH B CHCT8MaX TO~SCTBSHHHX ~aCTHg 

II II t..r 
CHCTeMa f't , COCTORU18.1I H3 JY TOJK,U8CTBSHHhiX ~~.CTHU, 

OClJia,uaeT CHMMeTpHRMH, HMeJUUHMH (fJyH.IJ:aM8HTaJibl!Oe 3HU4eHHe ,l\JIH tjll'I-

3MKM MMKpo4aCTM~. ~ 

OnepaTop raMMJ!bTOHa ]{ TaKOH CHCT8M!l .IJ:OJIJKeH 6hlTb C.HMM8T-

pH~llLM OTHOCHTeJibHO rrepecTaHOBOK ~aCTHI.(, 3TO CBOllCTBO rf~bTO

IrnaHa eCTb MaTeMaTH48CK08 Bllpa.JKeHHe caMOro ITO!UITHR TOJK,l\8C':'B8H

HOCTH qaCTHU: TOlK,Jl;8CTBeHHh!e ~aCTHIJ;I:l O,IJ;HHaKOBO B3aHMO.D:CHCTBYJOT 

MeJK.TIY COClOJO III CO BHeiiilmMH ITOMMH, MMeRJT O,IJ;HHaKOBlle MaCCI!, 

sapsmH III .npy!'liie npH3Ha.Im. ECJlli ~epes rr~~ oCSosHa~Tb onupa.I.zy!JO 

nepecTaHOBKH ~-A H k-R 4aCTHI.( 
1 

TO ,lJ,1Iil TOlK,II,eCTBeHHHX 4ilCTHU 

HMeeT MeCTO paBeHCTBO 

" 
1~\l. i< ~ " '1e. 

(I) 

0,1l,HaKO 3TO TPIIIBI!aJI:bHOe COOTHOWeHHe, CITpaBe,JJ.IIHBOe, KCTaTil 

CKa3aT:b, H B K.JiaCCI!4eCKOH M8XaHHKe, B KBaHTOBOH o6JiaCTH Be,ll,eT 

K OCOCleHHHM ITOCJIC,II,CTBMM. )J.JIJI BHRCHeHHR 3TI!X IIOCJI8,11,C':t:BI! 1 CJie-

:v;yeT OClpaTHT:bM K H3~8HHJO D03MOJICHhlX Cli!MMeTplillt CTaTO Iepa-

Topa ~ ,lJ,1Iil CJIY~aJI N roxmecrBeHHHX ~acTHU. HcHo, ~T) 
/' 

orrepaTop ~ MOJKeT Cll:lTb CHMM8TpR~I:lM B OTHOWeHRH rrepec raHOB-

KH 4aCTHU. lleTpHBHaJI:bHaJI CHMMeTpHR OTHOCHTW! I: rrepecTa-IOBKaM 

<r ~~ ( f\,) H ~~'If.. (~1) , nepeCTaBJIRJOOIHM ~aCTI!Uhl TOJI:bKO B 

CTpOKax MUTPHI.\I:l ~ ( ~' '\}) l'I TOJI:bKO B ee KOJIOHKax COOT BeTCTBeH-

" HO. ECJIH BCITOMHHT:b, ~TO JiroOOH CTaTOrrepaTop ~ 80Th cy~a 

CSHJIHHeii:HHX BllpaJKeHHil: THrra 1fC\.) t\t V.(\1) , r.ne <} CC[, ~ 3CT:b 

BOJIHOBM tflYH.KIJ;M, TO rrepecTaHOBKH ~aCTI!U ~ ~ \t.. (\ ') H 3',: 1<. ( q,') 
03Ha~aJOT rrepeCTaHOBKH ~aCTKU B BOJIHOBOH @YHKUHH 1¥(~) ~ 
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... 1'\ 
cooTBeTcTBeHHo B WYHKUl'Ilil '~ ('V 1 • IToaToMJ 

paTopa ITpH ITO,II,OClHI:lX rrepeCTaHOBKax ITOJIHOCTJ 

p:Heii BOJIHOBI:lX WYHKUHH ~ ( q,) . 

PaccMoTpHM BOJIHOBhle W,yHKUHH ~ TO~ 

1_\..( ~i\ 1 ... \ q., \ ... 9, V. .. , 9 w)• JlBJIRKll1lil8M COClCTJ 

paTopa nepecTaHOBKH ~. 
J 'It, 

~;,Y.l\>C~"···~~- .. 9,."- ... ~,..,j-=->-.~( 

r.ne A - coCScTBeHHoe sHa~eHHe onepaTopa 
1 

ypaBH8HHJO (2) BTOpi!~O nepeCTai!OBf\Y ?,: ~ 
? ~ ~-:::, ~ , ITpH,IJ,eM K SaKJIJO'!eHliiJO, ~TO ~ 

TeJI:bHO, B03MOlKHHe COClCTBeHHHe 3Ha~eHHR OIT8J 

PaBHhl A -= i:. " 
IToaTOMY BOJIHOBHe i!JYHKURH cRcTeMI:l TOJK,J 

na,n;amCR Ha .nBa K.Jiacca: K.Jiacc CRMMeTpH~Hlfl 

H K.Jiacc aHTHCHMMeTpH~HHX WYHKin!l 'lf q, ( '\,' 

URi KMeeM 

~ \ '1. \¥ s ( ... '\, ... '\'~ -t 1¥ s (.. q_, ... ) '> ~; 

wm Jiro6ol napu ~aCTKU i , \< • CooTBe~ 

K.JiaCCaM BOJIHOBllX !f>yHKini:lt B03HI!KaeT ,II,Ba KJII ,... 
Wt1i CI!CTeM TOlK,II,eCTBeHHI:lX ~aCTI!U: ~ c;,. H 

Ha tflYHKURRX ~ $ ( ~) HJIH ~ Q. ( '\,) • MaTpl 

CTpyKTypy CYMMI:l ~ ~ ( ClJ) ~~ ( q)) , a MaTpHUa 

Typy CYMMI:l '\¥Q (<\) ~! Ci'f IIepBaJI CHMMeTpH~~ 
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;necTB8HHHX qaCTKg 

)TO.f!lllrut H3 N TOJK,!!eCTBeHHblX qacTHU, 

118Kl!IHMK (pyri,ILa.MeHTa.Jib!IOe 3HLJ.l!ei!He ,1\JIH ljJIII-

,.. 
a']{ Tai\OH CHCT8Mhl .ILOJIJKOH C\h!Tb CHMMOT-

~CTaHOBOK l!aCTKJl, 3TO CBOHCTBO raMHJibTO-

!<08 Bh!paJKemte caMOro IIOHFITH.f! TOJK,nOCTBeH-

1Hh!8 qacT~ 0.[\KHaKOBO B3aHMO.I\8HCTByroT 

1111 IIOJIFIM:H, ~M8RJT 0,!\KHaKOBHe MaCChi, 

;r. ECJm qepes 'r;.v.. oC\osHatmTh oiiepa.r_u;riO 

R l!aCTKU 
1

To ~ TOX,I\8CTB8HHh!X l!aCTHU 

(I) 

)00THOWeHHe, CIIpaBO~BOe, KCTaTH 

J~ MOXamtKe, B KBaHTOBOH o~aCTH BO,I\eT 

11. )J.rr.FI BIDICHOHH.f! 8TKX IIOCJI8,ILCTBHH CJie-

:miO D03MOl!I:Hh!X CHMMOT pllll CTaTonepa-

TOJK.nOCTBOHHh!X qacTHU. HCHO, qTo 

b CHMMeTpH~ B OTHOW8HHH !18p8CTaHOB

I CHMM8TpRFI OTHOCHTWI 1: nepeCTaHOBKaM 

IIepecTaBnaiOIIIHM l!aCTHUh! TO~bKO B 

1 H TO~bKO B ee KO~OHKax COOTBOTCTBOH-

" ~I06o~ cTaTonepaTop ~ eCTb cyMMa 

m '4-C\,)t\t""C\t') , r,l\e <.f-Ct.~ ecTb 

J8CTaHOBKH qaCTHU ~ ~ ~ ('\, ') H ~. ~ ( q,') 
3.CTHIJ; B BOJIHOBOH WYHKUID'I 1.¥ C<t-) H 
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II- I) 
cooTBeTcTBeHHo B wYHronm '~ <cy . IIoaTOMY cHMMeTpH.f! cTaTorre-

paTopa fij:ll !10,1\0C\Hh!X IIepeCTaHOBKax IIO~HOCTbiO 0Ilp8,!\8M8TC.f! CillvllilOT

pHeH BO~HOBHX WYHKI.Ui~ 1.1> ( Q..) . 

PaccMoTpllM BOJIHOBh!e il>YH~H ~ TOJK.neCTBeHHh!X qacTKU 

~( ~" 1 ... , 't- \ ... q, ~,~.··· 9 w)• .f!BMIOIIIHeM co6cTBeHHh!Mil IQYHKUH.f!Mil orre

paTopa nepecTaHOBIGr 10. 
J 1\.(. 

r:?;, v. t~ C ~" ... ct..:· .. 't-~t. ... q, wl-::. >.. ~ <q_," ... 't- ~- .. q,\c. ... 't.. N\ 
'(2) 

r,l\e A - co6cTBeHHoe 3Haqemre onepaTopa 'P~ \to • !IpHMellFI.ft: K 

ypaBHOHHIC (2) BTOpHt{HO nepeCTaF!OBicy' 'Pi.\( H 3aM8llrui, qTQ 

? ~ ~-:: J I , IIPH.I\OM K saMIOqeHHIO, qTo ~ 2 :. 1.. . C~e.n:oBa-
TMbHo, B03MOJKHHe C06CTB8HHh!8 3Hal!eHH.f! onepaTopa IIepeCTaHOBKH 

PaBHh! A = :t " 
!IoaTJMY BO~HOBHe WYHKU!fi'I cHcTeMH ToJK.ILeCTBeHHh!X qacTHU pac-

ITa,l\8lOTM ia .ILBa Macca: Mace CHMMeTpHqHHX il>YHKnH~ tV S ( <{,) 
H Mace aiTHCHMMeTpH~ WYHKnH:It 'tf q, (IV) ,lJ.rr.FI aTKX cfJYHK-

UH:It HMeeM 

.IWI ~I06oi IIapH qacTHIJ; 1, , \< 

?~\( '\ll, t\)-=: -'l\l.._(q,) 

(3) 

• CooTBeTCTBeHHO aTHM .1\BYM 

MaccaM B·lJIHOBh!X <PYHKnHi BoamrKae'l' .ILBa Macca cTaTonepaTopoB 

" 1\ 
.lWI CKCTOI~ TOX,I\OCTBOHHJIX qacTHU: ~ C:. H ~0. , ITOCTpOOHHh!X 

Ha cpyHKUH;IX ~!.(tt.') MH 1Vo.('\,l . MaTpHIJ;a ~'i.Cq,,q}) HMOOT 

CTPYKTYPY CJMMhl l.\o!. ( CV) )l,~ ( q_!) , a MaTpHUa ~ o. ( q,, qJ) HMeeT CTpyK

Typy CYMMJl \VQ (~ ') ~~ C\'J IIepBrut CHMMOTpHt{Ha OTHOCHTeJI:&Ho rrepec-
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Ta.HOBOR ?~~('\,) t ?~\C.(~). 13ropall a.HTJ1CJ1MM8TpJ.!l!Ha OTHJCM

T8JihHO 3TMX lii:C nepeCTa!IOBOK. 

"" B OOOJ.!X CJiyllaJIX CTaTonepaTophl ~ CJ.!MM8Tplll!Hhl OTH<tCH-

TCJlhHO nepecTa.HOBOK '!aCTJ.!I~ 'P~ k ::~\\C. cq, )1 i k ( q,') . PaccMO"PCHHhlC 

CBOllCTBa CJ.!II!MOTpllH CTaTOIIepaTopa H8 33BllCHT OT TIJlO.I(CT3BJlt ~HllH. 

il IIJlllBC.I(OHilliX BhllliC paccyJK,TLEJHIDIX IIO.I( rrepeMeHHh!Mll q, MQ;IHQ 

TIOHlliJiaTh He TOJlbKO KOOJl.I(J.!IIUTH 'lUCTlliJ;, HO I'! Jlro0hl6 )\py:rn:e llepe-

I.10!1Hhl8 ~ , I<OTOphle !IOJIHOCTh!O xapaKTCpH3YJOT COCTOHHH8 llJ.!K['O-

II ~ 
CHCTrr.Ul ~ • 

Jlpl'l H3M8118ID!ll CTUTOTTepaTopa C TC'!Ollll8M BpCMCHll CHMM ;Tpi'!J! 

CT3TOll8pclTOpa COXpa.HHeTCH. CorJiaCHO OCHOBHO!>zy ypaBH8HJ.!IO 1Bll

"' ;Kei!IDl TIJlHp3lUC111'!8 CTaTOTTepaTopa )> 33 Bp8M.fi d t paBHO 

" dq ~- l \4 '~ 1 dt. 

" 
D Cl'lJIY :::llMMCTPHH orreparopa '1{ 

CROOKa IIyaccoHa I'!M88T CLMMeTp:I'IIO l'lJlH 

C TOM ci~ HM88T CHMMCTpHIO 

HO (eM. TIO.I(poOHee .I(OTIOJIH8H:I'I8 

" d~ .. 
Ylll) • 

( 4) 

rrpn nepecraHOBKe 'l3CTHU 

" A 
~~ , MH <fs . BMeCTe 

"' d~s MJ.! COOT:E8TCTB8H-

A 
IIoaTOMY 8CJII'l B KaKOH-TO MOI-18HT Bp8M8Hl'l onepaTop S 

"" npHHa,W.IeJKaJI KJiaccy CI'!MMeTpll'IHhlX ~,. l'lJIH R KJiaccy a.r Tl'l-

CHMMeTpH'IHhlX q 0. CTaTOTiepaTOpOB, TO :JTO ero CBOHCTBO ~ HBapl'!a.HT-

HO rrpH .ILBIDKCHllH. JieneHEe oneparopoB ua .I(Ba KJiacca nocHT 

aocoJIJOTHhl~ xapaKTep. 

B corJiaCHH C OIIblTHHM!I T'll!Hb!MR a.HCaMOJIH llaCTIIU C 

UCJiblM CTIHHOM IIpHHa,WICJKa.T K KJiaccy CRMM8TpH'lllhlX a.HCarJi6Jiei [, a.HCaMO-
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Jill qaCTV.~ C TIOJIY~CJ!hlM CTIHIIOM rrpHIIB..IlJICXaT K 

HhlX aHcar.tOJier) • 

B COOTBCTCTBIII'l C :JTHM .I(CJI _:!HOM pa3JII'l'l 

KBa.HTOBHX CTaTJ'lCTJ'l'ICCKIIX a.HCar.!OJICH - .I(BC C 

TllCTI'lKY Eoae-3HHlliTeliHa ( ~s) ll cTaTI'lcTJIRY 

B CJiyllae cTaTI'!CTHRH Eo3e-3i!HlliTeH!la: 

,.. 
tpi~ C~tt) <1~ -:.+ ~-:. " ft) .) ~s ~\~I 

B CJIY'Iae cTaTRCTERH <l>epM11!-,lJ,J'!paRa 

If) (\ 1\ A f'r) 

lt'l.(q_,\q~~.-:- '?Q. ·) ~o. r~~Cr,') 

,IJ)lf! JiroOOH rrapll l!aCT!'lU: ( ~ , '1.) . 3ar.t8TI'!M, 

PHH Ha .ll3llKe onepaTopa"RCO.,,~), OTII'lCI:lBaiOO 

B <!Ja30BOM npocTpa.HCTBe ~ (<\,I~ J , BllpaJKal 

MMenno: \. ( ~ 

" 1'\ 

:?~"' ~<~V,~\-: -:t"'?..C~,y) e 

3To IIPII nepecTa.HOBKB Koop.I(J.!HaT. IIpl'l nepec· 

anaK y <lJa3ll npoTHBOTIOJ!OKHHR. IIpl'l rrepecra.H, 

He MeH.IleTC.Il. B npe.I(H.I(YmRX J!eKUHRX YAA3h!Ba 
~ 

ypaBHeHI'!e .nBIDKeHI'!J! ,IJ.1lf! crarorreparopa ~ I 

x) 3To paa.nMeHI'le rv,olKeT 6h!TD TeopeTI'!llecRH 

BOi! T80pi'!II ITOJI.Il/!Z/. 
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\C.(~). Btopa.fl a.HTl1Cl1MMeTpJ.!'IH6. OTHOCM

OBOK. 
/'-

3.TOTieparoph! ~ CJ.!MMeTpll'iHH OTHO~H-

riU~ 'f. k:: 'Y;,\1. (\I) 1 i \1.. { q)) . PaccMoTpeHHHe 

Jneparopa He saBHCHT or npe~cTaBHeHHH. 

CYJKJ\8HHHX IIO,U nepeMeHHHMH q, MOlKHO 

mmaru 11acTH~, HO 1~ JIJ06ble )\pyrne nepe

OJIHOCThJO xapaKTepH3YIOT COCTO.fiHHe MH!q10-

oneparopa C TC'1CHJ.!8M BpeMeHH CHMMCTpHH 

C.fi. CorJJaCHO OCHOBHOI>zy ypaBHeHHIO ,UBH-

nepaTopa ~ sa BpeiiUI d. t paBHO 

1\ 
( 4) 

onepaTopa '"t{ npl'! nepeCTaJIOBKe qacTH~ 
1'\ A 
~~ ' wr:~~ <?s • BMecTe LMMeTpHIO l'!JIH 

.1\ 

leTpH!O d~11 COOTBeTCTBeH-

:HeHlW Ylll) , 

LKOH-TO Mor.teHT BpeMeHH onepaTop 

"" !eTpM'1Hh!X q .. IL[H K Knaccy· aHTM-

'OTiepaTOpOB, TO STO ero CBOHCTBO HHBapHaHT

e orrepaTopoB ua ,nBa Knacca HOCHT 

IHMI! ,T''lliHbiMH aHCaMOJIH '!aCTR~ C 

lT K Knaccy CRMMeTpR'!HbiX aHCaMOJieH, a.HCaM6-
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JIM '!aCT H.{ C TIOJIY!-ieJIHM CTIJ.!UOM n pJIIII8.)J;JiellB.T K KJiaCCy aHTJ.!CJIIMMeTpJ.!'I

HbiX aJJca.MOJieWC) • 

B COOTBeTCTBHH C STHM ,UeJI. ,meM pa3JIH'Ia!OT ,UBa THTia 

KBaHTOl•biX CTaTHCTH'!eCKHX aHCaM6JieH - ,UBe CTaTHCTHKH: CTa

THCTH~ Eose-3HHIUT8HHa ( ~'i> J M CTaTHCTliKY G>ep!JM-.!l.HpaKa ( ~ ... ) • 

n CJIY'!Le CTaTMCTHKH Eose-3i!HIUTeHHa: 

''"" . 2, ry C')-+r.:> 
) 1 ~ l i. ~ (\, - "s~ 

(5) 

B CJIY'Ill8 CTaTRCTMKH Wep!IIH-.!l.HpaKa 

-:::::-

(51) 

,IJ.JLli JIJO(IOH napH qaCTlU-\ ( ~, ~) • 3aMeTHM, 'ITO CBO"CTBa CHMM8T-

pllli Hit .f£3UKe onepaTopa ~ (9,.,?) , OITHCbiBa.JOI!lero KBaHTOBbiH aHC"aM6JI:& 

B !lJaso:lOM npocTpaHCTBe Q{ ( 9_, I~ l 
J1MeHHO 

, Bblp~IOTC.FI CSoJiee CJIOlKHO • 

\. c~,-?k)t-x.:-'X'Io\1 
"\:\ 1\ A 

?~~~. ~<cv, ~\: 1: ~ ( q·" y) e 
(6) 

3TO Tip: I nepeCTaHOBKe KOOp)l;I!HaT. IlpH nepecTaHOBKe HMIIY;ilBCOB 

3HaK y !lJa3U ITpOTHBOITOJIOlKHbiH. IlpR nepeCTaHOBKe '!aCTH~ "R (,I f) 
He MeKieTC.FI. B npe~RX JieKUR.FIX yKaabiBaJIOC:&, 'ITO KBaHTOBoe 

ypaBHe me .UBHllteHH.FI ,IJ.JLli cTaTonepaTopa ~ l +) 

x) 3To paa,neJieHRe ioxeT ObiT:& TeopeTH'!ecKH -ooocaoBaHo B KB~TO
Boi! TeOpllli ITOJI.f£ l 2/. 
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tflopMBJibHO nepeXO,l(ltlT B .KJiaCClflieCKOe ITpH t ... 0 H IIpR 

~OCTaTOqHOH r~~KOCTH TIOTeH~ana H HaqanbHODO CTaTOTiepa1opa 

?(o' . 
B 3TOH CBfl3H Me.flYBT TIO.n;'!epKHyTb, 'lTO C30HC"' Ba CHMI> !8TpHH 

He MOryT HC'!e3aTb TipH ~ _, Q . CHMMeTpH'!Hldi Mil: aHTHCil:MM! 'TPH'i

Hb!H cTaTonepaTop o6blqHO 6y.n;eT co~epzaTb cymecraeHey!O oco6eH-

HocTn TIO ~ KaK napaMeTpy. 3TO CBOHCTBO RCHO BR,li,HO H!l 

tflop!;\Y~bl ( £) , KOr,na CT8TOTiepaTOp ,naH B TipoCTpaHCTBe $13 'ft (\I p) • 
IlORCHHM CYTl> ,ll;eJ!a IIPOCTblM !1pl!MepoM. llyCTJ> HM8!0TCR .LBe 

TOlK,ll;eCTBeHHHe CB000.10ib!8 '!aCTHUbl, I H 2 • HMelllllltle KOOp.n;HHa'~H ')(' 1 

H 'X1 H HMIIYJil>CH ~" H ?2. . HecHMMeTpKSoBaHHaa aoJI-

HoBaa ~Klnm: '\.\J HMeeT BK)l IIPOJI3Be,D;eHM.fi ,!U3yx BO~H: 

'0 'X '~ .. -x,.,.. \. 't. 1/'fl. 
\¥ <-:r" l -x2. )-:: e e . 

(7) 

,U'HE•.rOHaHbHHH 3~8MeHT COOTBeTCTBYIOOlero CTaTO!lepaTO:)a 

~ (':X"'"~ 7 2. ·) 7 " "~~"\·:. ~ e-x" '-:t 2.l ~ '\ -x~, 'X a\. 
(7 I) 

~ CHMM8TPR30BaHHHX COCTORHHH " t ~ l~~. -x-.;\ '~.,. ~ .,.,..,. "~2. -r~ I~ 
'\\·t~ 'l ..... -:. - e e + e . 
"\" 1\"'1 t.J (2: (8) 

. e' ~ .. "'.,'""' \. 
3,lleCb 3HaK B!iCl~paeTCH B 3aBHCHMOCTH OT CXaTHCTHJOI. 0TCll.~a 

IIOJIY'IHM: 

" ~<>,s (-:x,, 'Jt', -x, ,-x,): ~ • to~ ~tkf•"\('X,-~ ~· 
't\ cs1 > 
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IlpH 1\ ~ 0 B03HHKa!OT OCJJ,HJLJ!Jll.U!a, tJaCTOTa l\0 

HapacTaeT; TO'!Ka ""' -::.. Q 80Th CYJ!I8CTB8ll 

PaccMoTpCHHbltl s,1.1.ech npHMep perumsycT 

C8JIHHH OnHHaKOBb!X tJaCTHU, HaTipHMep rrpOTC 

CTaTHCTRKH •DepMH-Ji,HpaKa), ll:JIH TipH pacceJIHll 

\-\e ( CJiy'laii craTuc·rHrm Eose-3liHll1TeliHa) 

!IpH orrpe,I\8JI8HHOM .KJiaCCHlJ8CKOM paCCMC 

H3M8p8HH!i H8,l\OCTaTO'lHa, lJT06!1 pa3JIH'laTh C 

pancrsa ~( 4, ~) pasMepoM \ (~"~~)(-x,--x1."' 
lllHH '!JI8H B (8I) CTaHOBHTCJI HeHaO.ir!OJ(aeMUM, 

rro ce6e/II/. 

JIE.KL.Gm X . 

3HTpOIIHR H HHillopM?UKff 

B CTaTHCTH'leCKOH TepMO.n;HHaMHKe 3HTpc 

JIJieTCJI H3B8CTHO!i WoPMYJIOH fH66ca 

$ : - k L 1>:>. e-n t\ 
>.. 

"" .t. 

r~e K - IIOCTOJIHHafl bOJibUMaHa, a '?). 
B08MOJKHHX COCTOJIHH:Ii ( h J CHCT8Mll. CorJiaCHC 

t>A CJTb C06CTB8HHH8 3Ha~eHHJI CTaToiiepE 

$Opuyny (I) MOlKHO SaiiHCaTb B BH~e, HHBap~ 
A 

BH6opa npe~cTaBJieHHJI craTorrepaTopa ~ , 

s -= - 'K s~ ( ~ eY\ q ! , s~ 

X)3TJI[ tPoPMYJIH BIIepBHe .ItaHH 4>0H HeRua.H 
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Etllacc:IP!eCKOB IIpH 'ti _, 0 H IIpH 

reHqaarra H aaqanoaoro cTaTorrepaTopa 

r rro~qepKHJTb, 'iTO C30HC~Ba CH~reTpHH 

tQ , CHMMeTpH'iHhlH l1.1Hf 8HTHC:UMMeTpH<t-

6y~eT co~ep&aTb cymecTBCHHYID oco6eH

eTpy. 8TO CBOHCTBO RCHO BH~HO H3 

rrepaTop ~aH B rrpocTpaacTBe cpa.s 'R ( \ 1 P). 
poCTbiM llpJ~MepoM. llyCTJ> HM8!0TCR ~Be 

qacTH~ 1 I H 2, HMeDmHe KOOp~HUTbl 1(i 

• HecHMMeTpHsoBaHHaR BOA-

eT BH~ IIpOH3Be~eHHR ~Byx BOAH: 

(7) 
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fipH ~ ~o B03HJ1Ka!OT 0Cl1,J1JIJIRIJ;II:i, '!aCTOTa IWTOpbiX I!Corpa!IU'ICIIIIO 

HapacTae'I; TO'!Ka 1\ ~ Q eCTb CYJllCCTBCHHO OCOcJM TO'!Ka, 

PaccMoTpCHHhlli s.ueco rrpi1Mep peaJiusyoTCR B npnpo.n:e npu pac

cemrn:u OJUHaKOBh!X qacTUl(, HaiTpl!MBp HpOTOHa Ha !!pOTO'Ie (cJiyqa.i1 

CTaTHCTHFH ,iJepMH-Jf.HpaKa), HJIH Ilpl1 pacceRHHH d. -qacTHl\ ua 

\-\e ( CJiyqa}l CTaTl!C'rllKH Eose-3HHUITeilHa). 

IlpH orrpe~eJieHHOM KJiaCCll'!8CKOM paCCMOTpCHHll, KOr,na TO'!HOCTb 

H3MepeHH~ He~ocTaTO'iHa, '!To6u pasAH'iaTb odAaCTH tpasoBoro rrpocT

paacTBa "6'1,.(4,~) pasMepoM\{~,d'L)(-:t'\-'X'l.)\':=" , OCW!JIJIHPYIO

l!1l1H ~eH B (8I) CTaHOBHTCR HeHa6.irm(aeMUM, HO He HC'!CsaeT Ca.M 

ITO ce6/JI/. 

JIEK!J,WI X 

3HTPOIIHR H HHffiopMagRff 

B c~ aTRCTH'iecRoil TepMo~HaMl'!Ke 3HTponHR ~ CHCTBM!l onpe~e-
ARBTCR H<B8CTHOil WoPMYJIOH fH66ca 

(I) 

r~e \<. - rrocTORHHaH EoAbu;MaHa, a f.x cyTo BepoRTHOCTH 

B03MOlKHW COCTORHRH (>._) CHCTOMU, CorAaCHO (YII.4) BepoRTHOCTH 

"' '? >. cy~ b co6cTBOHH!le aHaqeu:r.rn cTaTorrepaTopa ~ • !loa TO MY 

~opyyny (I) MOXHO 3arrHCaTb B BH~e, HHBapRaHTHOM OTHOCHTOAbHO 

Bbl6opa TIIO.I\CTaMeHHR CTaTOI!epaTopa ~ , a HM8HH0 1 B BH,I\8 X) 

(2) 
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Go6eTBeHaoe H e~HeTBeHHoe 3Ha~eHHe 

KorepeHTHoro aaeaM6~ eerh 1?~ ~ ~ 
~ KorepeHTHoro aHcaM6~ paBHa Hy~ro: 

s :0. 

,.. 
oneparopa ~ ~~ 

IIoaTOMY aHrpomm 

)~R HeKorepeHTHOrO aHC3.MO~, KaK ~eAJeT H3 (1), 

~ '7 (). 

(3) 

( 4) 

C ;npyroi1 CTOPOHH,KOrepGHTHHH H HeKorepeHTHHH a.HCa.MdJI~ O':JI~

~aJOTCfl C KHOGpHeTH~eCKOH TO~KH apemm p3.3~HtffiHM co;nepl!Ull:HeM 

HHcpopM3.l.UH1. 

KorepeHTHHH aHCaMO~b eOJ(epllillT M3.KCHMJ'M HHcpvpMaJ.UiH (I lvmK-

II 1.11/ 
poc:~~creMe 1• 

, COBMeCTHMHH C TipHHUHTIOM ;IJ;OTIO~HHTe~bHOCTM. 

Ta.KOH aHea.ri!O~h, HeeMOTPfl HU HBJIH~e B HeM era.TMeTM'!eeKOH 

;n;MCTiepe~, fl~eTCfl M3.KeHMBJihHO yriOPfl,UO'QtlHHHM aHeaMM!!M, 

noaTOMY ero aHrpornm paBHa. HY~IO M He MOJKeT 6HTh YMeHbrneHa. 

HeKorepeHTHHil aaeaM6Jih nyreM or6opa pesy~hTa.ToB M:!Mepemrlt 

" MOlK8T OHT:b pa36HT H3. ~eTHe , KOrepeHTHHe 8HC3.M6JIH ($"), ' B 

c;_,>.-::0 . KaJK;n;OM H3 KOTOpHX 3HTpoiTHH 

Mepoil: HH!fx:>PMa.I.Um I B TeOpHH HH!fx:>PMBnHH TipHHHMleTCH 

BeJIH~a, nponopUHOHaJil>Hafl pa3HOCTM 3HTpoTIMH /l3/: 

I ,..._ 
= s (.uo H3MepeHaa),-~ (no~e H3~e- (5} 

i) peRM}. 

ilpH 3TOM 3HTPOTIHJO $ OOHtffiO H3MepHIDT B e~ax MH!fx:>PM8UHH -
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B d~Tax • ECJI~ nepeUTH K 3T~M 8~HHH~aM, 

B BM.n8 

l -:::. H ( :no ~3MepeHM ~ -H 

BeJIM~a 

H = - 2. 1' » e.v.'2. ~\ :: ~ 
), \< 

npHHHMa.eren 33. Mepy Heonpe.ue~eHHOeTH RHW 

TO~hKO ,UBe B03MOJii.IIOeTH, ro P,>. = 1/.z ~, c 

PRe. 3a. ~JOeTpHpyer H3MepeHM B He ,.. 
onp8,li.8JIS18MOM eT3.TOTiepaTopoM <? 1"\ • 3HTp 

S M 7 0 . ITo~ e H3MepeHHi!: Be~HtmHH L 
3Ha.'leHHR A'\, A2 , ... ). , ... ,Bee 

" h • p ' HM8KlJ1HG L :: >. '\ • IIOM8ll(aJOT B 

MMeiDII(He L-: X 2.,- no nropofi flll(MK H T • .u. II 

JJI'I I<aJK,I(oro fliiUma. HOMCpa. S HMe8TCfl KOre 

TllU c L ": A s. . :JHTPOIII'lfl 3'l'Of0 8HC3.11IOJI 

II~M BCGX 3TI'!X 3.HCO.MOJI8M ~: 0 
D pUCC!.lt1TpMB3.8!.10M ~yqae ~I ( ,n:o ~ 

$ (rrocJie ll3t~epenni1) =~ Ss=O. J1Irr)10p 

IIOJ!OllillTGJ!b!IOM: 1 ~ ~ I v. ~ 2.> (). 
Ha p~c. 3bl!J!JIIDeTpllpyercn rarcte ll3Me 

anca.r,!OJie. ll pe.unoJiaraercSJ, 'ITO aucawdJib 3, 

.ruma.Mll'lGeKoti rrepeMcHHoli L:: ~ , orrMeHBa 

AHC3.M6JI.& s). fl~CTC'.fl KorepeHTHUM; B 3TO 

f1lu Oy,ll,GM MHTcpeeOB3.TbCfl HeKOTopoi1,_ J(pyroiJ 

M. , OIIHeUBa.!MOlf OII8J:B.TOpOM J\A. , IIJl 
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:oe 3Ha'leHHe 

eCTb 'P.). ':: " 
I.H pruma Hy.mo: 

,.. 
orreparopa ~ ~ 

IT03TOMY 3HTpOITHR 

!ClJJ.fl ' KaK CJieJ(yeT H3 ( I) ' 

(3) 

(4) 

ITHI:lM H HeKorepeHTHI:lM aJICB.M0Jll! OT J!H-

i TO'iKH 3peHIDI p8.3JU!:'IHHM Co,nepJKaHHeM 

lb co.neP*HT MaKCJ!MYM HH~pM~H 0 MHK

~CTHMUM C rrpHH~ITOM .l\OITO~HHTe~hHOCTH. 

}MOTpJI HQ HMH'!He B HeM CT8THCTH'l:eCKO:li 

}HMMbHO YITOpJI)\OqeHHHM aHCaM6~8M, 

3Ha HY~ID H He Mozer 6HTb YMeHbrneHa. 

~~b ITYT8M OT60pa pesy~bT8TOB H3MepeH~ 

" JTlle , KorepeHTHI:le aHcaM6~ <5 >. , B 

mH ~>.=0 . 
l B reop1m HHIP<>Jl~H ITJlHHHMaeTCR 

~aJI pa3HOCTH 3HTpoiTHH /I3/: 

~ <.no HsMepeHHH},-S Cno~e HsMe- (5} 
peHHH). 
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B 0HTUJ • ECJIH rrepeUTH K 3THM e,nHHHnaw, TO (5) rrepenHW8TCH 

B B}!,l(8 

1 ~ H ( .no HSMepeH:rm~ -}I<noCJie H3Mepemm:). (6) 

Be~H'!HHa 

(7) 

rrpHHHMaercR sa Mepy Heorrpe.ne~eHHOCTH HHWOPM~H. ECJIH HMeiDTCR 

TO~bKO ,LBe B03MOJKHOCTH, TO P.x = 1/2. 11, CJI8,l\OBaT8JibHo,H '".t OHTY. 

PHc. 3a RnJIIDCTpHpyeT H3MepeHIDI B HeKorepeHTHOM aHCaMO~e, ,.. 
orrpe.neJil eMOM craroneparopoM 91"1 . 3HTpoiTHR aroro aHcaM6JJ.fl 

S t'\ "'7 0 . IToCJI e >I3MepeHHi1 Be~H'IHHI:l L , HM8Dili8M co6cTBeHHI:le 

sHa'leH.w: A'\ , Ae , ... An, ... ,nee aK3eMIJJIRpH Mlu<pocHcreMU 

I 1J II r· ' fiM81001HC L :: ~ '\ ' IIOMClliaiDT B nepBHil: Rli1HR' 3R3eMI1JUIPH. 

HMeiOllU'!e L-: ~ 2. , - no nropoit Rli1HR >I T • .n. IToCJie a roil: orrcpawm BHYT-

rm J{aJK,I(C ro RII{UKa HOMepa ~ HM88TCR KOrepeHTHHM aHCaMCl~b 'iUC-

THU c l ~ A c:, . ~}HTIJOIIHR aToro aHcaM6JJ.fl ~ s = 0 . Cyr,u~a 31!Tpo

nui1 BCe) 3THX aHC3.MO~e.i.1 ~:: 0 . 
n JlllCCI.lG.TpHnaer.!OM CJiyqac <;' ( .n:o H3M8p8HHil) = Sr •. ;>O. 

$ ( nc c~r; H3t~epmmi1) = l $$ = 0 . Ml!i)iOPMUUHR I oW13ImaercR 

rro~oJKHrc JibHoi1: 1-. ~ / ~ ~ 2.> (), 
Ila IJHC. 3bllJ!JIIOCTpHpycTCIT TllJ(.JKC H3M8IJ8HH8 B I<OrepeHTHOM 

aHcaW'i~c • ll p8)(ITOJiaraeTCH 1 'ITO aucawOJib 31l,1(8ll 3HCl'l8HH8M 118KOTOpOit 

.rumar.m<wcKoil neper.lcHHoli L::: A , OIIHCHBaeMoii orrepnropoM j_ 
AHcaMOJIJ, S). JIBJJ.f!CTGR RorepeHTHHM; n sroM aHcaMd~e o. L2.:: 0 . 

f,!H Oy,IJ,CI I >iHTepecoBaThCR 118KOTOpOit
11 

,npyro:li .IUfHaMH'l8CKOH nepeM8HHOH 

1'1. onHCUBcL)MOki oneparopoll! Jl.t , np:IPieM npe.nno~araeTCR, 'ITO 
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Pmc.J 

A~ L =A, ' S,= 0 

~~ ~ 
L = A2 , 52= 0 

K L: A3 , 53=0 

A~ M=Jlt, S,"O 

~}-rn ~ 
M = J1• , Sz = 0 

3 M= )13 , 5
3

: 0 

a) Ra»epeaHe B aexorepeHTHOM aacaMO.IJe. RcxoAHaa 311TponHa 

Silo\ "'10 • IIocJie Ha»epeHHa BeJIHqHHli L B Ka:E,JtOM .1111Hlt8 

c onpe.u;ueaau:u. L-=- }. s-o )1- • OO~e:u. HH~op~L~HH 

soapoc. 

6) Ra»epeuHe B xorepeHTHOM aacawO.IJe. Rcxo.D;Haa aHT)OrrHa 

<;Ao::::O • I!OC.IJ8 H3MepeHHil BeJIHqHHH }t B ltaJ:.D;Oll. a:~Hlte 

3RTp0!1HB S r-:: 0 • 00'&ell. .HH4Jop:u.a~Hit Be H3ll.eRHJIOil. 

, " c i )ult: o. (8' --
B c:wry coorHornemrn (YI. I4) B :~~:cxo,IUIOM aHcaMOJie A MZ >O • Ec-

"' 
JIH coocrBeHHRe aHa'!eHIDl orreparopa Jl,i ecn "'" , ('(2 

~S. , ... , a C00CTB8HHhl8 qJyHKin!H CyTb lf !4 {if.,) ,TO BOJIROiall !}lyHK-

~ ~.>, (~), OIIHChiBa.KlllB.fl HCXO,IUilifi aHCaMMb, 8CTb KOrepeHTHB.fl 

cyrrepii03H~ qJyHKIWH \f (0.,) : 
~ 
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1¥>. (~ l-: 1_ C~l f't) 'f~ (~\ · 
f" 

Am.lJIU3aTop rrpvtdopa pacK.Jia,nUBaeT 'JTY cynep1 

ItaiK,ll,l1li c onpe;~eJIPI"'b!M :JHaY:eHI:leM J\4~ ~s 
.ueJieHHUI\1 M co6Hpacr.1 B cooTBeTCTBY~X'I.HP "m 

" HOrO 'lliCTOrO I:!CXO)l,HOrO WlCUMOJIH ~ >. H03Hlll 

II " 
JmrepeHTHb!X mrcaMdJieil ~ tc... , «? \"'l. , •.. , 
Bcex 3TI:!X arrcaM6Jrw_ li!Tporri:!H paBHa HYJIJo. 

ITo3TOMY noJiyqeHHM I:!HWOPMau;l:l.fi I B 

HYJIJO. 

3TOT pesyJibTilT He ,UOJIJK8H Ka3aTbCJ1 CTpi 

BO BHOBb B03HHKlllHX KOrepeHTHhiX aHCaMOJIHX A 
1 

MH ITOJIY'lliJ!ll llHWOPMillU110 0 B8Jill'lliH8 M ' I 

J:UiiO o BeJIU'li:!He L . I3 qacTHOCTH, eCJIH L H 

COITp!1JK8HHhl8 B8JII:l'IHHhl, TO 

Lt,~J~~. 

- -6Me ~e. A~ ~-4 

Ra:u.epat» Ha:u.eaeaHa KH~op:u.aUHH, conposoJ:.D;aDt 

ltOrepeBTHHX ltBaHTOBWX aHCaK0JIHX, B 78pli.HHa: 

H8B03MOSBO, ITOCltOJIAltY 

.u;e.llo (II) aa ~2. /4 
CHH ~ it AM2. 

uaiAe»: 

OHa BCe Bp8li.B OCTaBTI 

H BB8.D;8M Oeapaa:u.epHHI 

• Eepa ~ ot n1 

(- ~ oL2. } + (- ~ A M2.) 
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{KJ L = A1 , S,= 0 

ill L= Az, 52= 0 

ill L= A3 l 53=0 

rn M = Jl' s, = 0 

rn M = Jl-• , S2 = 0 

~ fiJlJI M= )15 , 53 =- 0 

~orepesrsoM aucaMOne. Hcxo~aa 3HTpOilHS 

il9p9HHS B9JlllliHHli \..., B Itax,JI;OM 11111Hlt9 

}. s -o A- • 06'to9M HHcpOpMa~HH 

repeBTHOM ascaM6ne. HcxoASaa 3Btponwa 

epeHHII BUHQHHY }i_ B Mx,D;OM IIIIIHite 

• 06'toeK HHcpOpMa~HH He H3K8HHACII. 

0. (8) 

~4) B HCXO,IU{OM a.HCaMOJie iM2 >O . Ec-

" 
meparopa J,.( ecn "'" , ('(2 
le qiyHKinJH CYTI> ~ !4 {tt.-) ,TO BO!HOBa.R lf>YHK

HCXO,IU{Y~ aHCaMOJI:D,eCTl> KOrepeHTHaH 

I (Ov) : 
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( 9) 

AHaJU!3aTop rrpn6opa pacKJJa,IJJmaeT ny cynepno:nuu110 na uy'llili, 

I<ai!I,I\llLl C 0 lpC)l.CJ!f"I"'UM 3W.J.liCHll8M J\4 ~ ~S • :lK:JCWMH[lll C Ollpl)-

.I~8JI8HHUh1 t-1 C06llpilet.~ B COOTB8TCTBYRW!!P "flll\1110!
1! ·raKJ.lM l1JT8M 1.13 

" 
0)\-

HOrO 'illCTO ['0 l!CXO)(HOrO aJ!CaM6JIH <? >. 
1\ " 

H03HllK~O 118CICOJlbKO 'il!C:Tb!X, 
1\ 

rwrepeHTHU< mrcaM6Jieil ~ \'1.-. , '? \"?. , .•. , q ti"' , ...• flo 

ncex sTl!X 3.HCaM6JIH:_ JHTpOITHH panHa HyJiro. 

Ilosro vry rroJiy'leHHM HH!lJopM~ 1 B 3TOM CJiytJac panna 

3TOT pesyJII>TaT H8 ,!l;OJ!JK8H Ka3ElTl>Cl1 CTpa!!Hb!M, TaK KaK 

no BHOBI> B::>3Hl!I<Illl!X I<orepeHTHHX aHcaM6Jlllx t\ M2.-= 0 , Ho o. Lz) 0 

Mu ITOJIY'ilLJHl: HHilJoPMaJmiO o BeJIH'illHe M , HO rrorc pJIJll! l!llipop.m

UlliO o BeJIH'illHe L . !3 'lacrHocrH, eCJIH L l! M - KaHoHatJecKn 

COITPfllK8HHU8 neJIH'illHH, TO 

Lt,J11J::~. 

'1\2. 
~-4 

H3K9p11Th H3MeHeHHII KHcpOpMa~HH, conpOBOx,D;aDDIHe H3MepeHRII B 

KorepeHTHlil ltBaHTOBYX aHCaM6!.RX, B T9pMHHaX 3HTpOilHH y:1e 

( IU) 

(II) 

H9B03MOXBO, llOCltOnhlty 

,JtUHll (II) Ha lle /4 
CHH ~ H AM-a 

oua see spexa ocraerca passol synm. no-

H BB9,Jt9M 683pa3MepHY9 KBa,JtpaTHliHY8 ,JtHCnep-

• Eepa ~ or nonyqessoro BYpa:~eswa, 

(12) 
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EcnH xaz~oe H3 cnaraeuyx paccwaTpHBaT:& KaK uepy HH~op»aUHH o 

BeHHQHHaX \_ H t1 ( COOTBeTCTBeHHO) B KorepeHTHOK 

aacaw6ne, ro (I2) yxa3YBaer Bepxamn rpaaHny ~na arol HH~Opl~UHH 

H B3antHYil .n.onoJIHIIeMocn ~m<iJopMaUJUl oel L.. H M 
B 3aKJIIlQeHHe aroro pa3~eJia npHBe.JJ;ex aexoropye ~opxyJIY 

OTHOCJli!IHeCS: K KBaHTOBOKY aHCaMClJID, HaXO,JJ;S:OieMyca B paBHOBeCJ!H 

c repxocrarou rexneparypy e ':. 1..( T ( T- adCOJIIlTHas: TeMne:Ja-

Typa). MaKpOCKODHQeCKaB o6CTaH OBKa .M 
3THM repxocrarox. 

Bnonae onpe.JJ;eue·:cs: 

3ro paBBoBecawR naaroBYA aacruaeln:& rHCldca. Pacnpe,~~;eneiHe 

B 3TOM CJ!yqae S:BJIBeTCA XaBOHHQeCKHM: 
-\:>.Je 

?) ..... e 

r.JJ;e E. ~ - aaepna MHKpocHcTeMY "J." B cocros:HHH A 
Ycno&He aop»HpOBKHL 'f).-='\ npHBO,II;HT K BYpazeaHil 

r,~~;e F(e) 

>- F {e)- E ?>.. 

rp :: 
). 

e e 
' 

eCTb CBOdO,D;HaB 3HeprHA CHCTeMY. !13 YCJIOBHS: 

HOplUl:pOBKlrl Ha I HNeeM 
- E >..j~ 

~-/1(9) ~:l(9)-:L.e. 
F/9 

e 

~ ( 9) Ha3HBaeTCS: cywolt COCTOS:HHI • 

>. 

!13 clJOIJlYIDI (1) ,JJ.JIII 3HTpomm, DO,II;CTaBJIIIII ry,D;a ?A 1113 (Ill), 

aalt.JJ;eM 

6G 

(D) 

(I4) 

(15) 

" 

1>~-\<r.E_S.-1_ \ e e ~--
E.- r= 

..,... 

r,JJ.e 'C ecn cpe.JJ;HAII aaeprWI cMcre»Y. ll: 

H3Becraaa !jlOJI!.YJia F:: c -\S . CTaTHI 

,II;JIB KaHOHHQecxoro aacau6na Hxeer xarpHQHYI 

" r-eo. 
~ e C ~l ~'}: L e e tf C q,.) 

). )I 

r,~~;e ~;.. (ty \ ecTb coelcneaaaa ~YHKUHB one. 
. A 

1{ ~>-(q_,)-= E~ 1.\J>.C<ttl 

0TCil)la 

t _(~ j ~)I C~) ~ ~ (E >.ll\>r- ( 

3TO COOTHOmeaHe D03BOJIAeT 3aDHCaT:& (I8) 

1\ 'F/e \ - r;((c~)/ 
~e ~ e )e 

111 1 C48)lOBaT8JlbH0 1 B8JIIIIQHHa 

y.JJ;osnera~aer ypaBaeaHil: 

~ ~ j{(a.\ ~ 
0~ -v 

"' "Re =- ~ 

3A8Cb ~..::"I G • 3ro ypaaaeaHe 3axeqa· 

cosna,~~;aer c ypaBaeaHex mpe.JJ;HBrepa c "ua 

t:. ~ t\ ~ . Tipltllle» t-::. 0 orseqaer ~ =. 

BYCOKOR Te»neparype e • 
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paccwatpHBaTL KaK wepy KH~OpMaUHH 0 

COOTBeTCTB8HHO) B KorepeHTHOM 

LeT BepXHDO rpaHHQy AAft 3TOI HH~OPMaUHH 

• HHcj;OpMail}U'I OCl l.. H .f'1 
~3Aena npHBe~ev HeKotopue ~opvynu, 

aHcaMClno, Haxo.na~evycs B paBBOBeCHH 

I e-:. ~ T ( T- aClCOJIIlTHaft tewnepa

IClCTaHOBKa ]1). BOOAH8 onpeAUJ18TCB 

ITOBHI aHCaMClAL rHClClca. PacnpeAeneHHe 

LHOHH'l8CKHM: 

- E >.I '0 

(D) 

KpocHctew "~" B cocTOIIHHH A 
'= '\ npHBOAHT K BYpa:a:eHHD 

F {9)- EA. 
~ ~ (14) 

)tHai! 3HeprHII CHCTeMH, H3 ycAOBHII 

- ExJe 
e'l ·, i (9) -: L: e . c1s) 

>. 

OR COCTOIIHHI. 

,001111, llOACTaUIIII TyAa ?).. H3 (14), 
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(16) 

-r.ne 'C ecTL cpe,nHIIII 3HeprWI cHctewu. H3 (16) cneAfeT 

H3BectHaB ~opMyna F-= c -\S . CtaTHCT!t'leCKHI onepatop 

~~~ KaHCHKQeCKOrO aHCaMClAII HM88T MaTpHtiHHe 3AeMeHTH: 

" r-eb. * 
~eC9,lq_,')~L. e e tf)\Cq,.)"'l\'>-Cq;'\, 

;.. 
rAe ~). (<y) ectL coClctseHHaR ~yHKUHII onepatopa 3Heprmt 

" 'j{ ~/"-'1-= c" 1.\J;.<'\tl. 

OTCOAa 

(17) 

(18) 

(19) 

3TO CO~THOM8BH8 no3BOAJI8T 3aOHCaTL (18) B CHKBOAHtleCKOM BRAe; 

1\ F/e \ - i(c~)/e ~ 
~ e -:. e ) e d ~>- , c2o) 

" A -f/9 
H, CAE,II;OBaT8JILHO, B8JIHQHH6 '"R e : - ~ e e 
YAOBJIETB~aet ypasHeHHD: 

~ ~ ie<'V\ ~ 
0~ 

3AeCL ~-= t\ / G • 3to ypasHeHHe 3awet~ateJILHHM oClpa3oM 

COBOa)laet C ypaBHeHHeM IDpe)tHHrepa C "MHHMHM" BpeMeHeM 

(21) 

t.:. ~ t\ ~ • llpro~ew t-:. Q OTBetlaeT ~ :.. Q , T • e • CleCKOHetiHO 

BYCOKIII tevnepatype e , 
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JIEKIUUI XI 

TeopHH OTKpHTHX CHCTeM B npouecc H3MepeHH8 

ITO~ OTKpHTOI KBaHTOBOI CHCTeMOI llOHHMaeTCH CHCTeMa J\ 
C orpaaWQeHHHM QHCROM CTeneHel CBOOO~ ~~ , B3aHMO~eiCTBYDmaa 
c ~pyrol cHcrewoA ~ , Hwemmel HeorpaHHQeHaoe ( HnH oqeab 

00JbiiOe) QHCRO creneael CBOdO~ f~ . 0003HaQHM KOOp~HHaTH 
CHctew A qepea 'X: (-:t~)'") ~), a KOOMHHaTH cHcrew 'B -

A 
qepe3 Q.E ('\f~\"'') '\, f :'); f '>~1· ITyCTI> COCTOIIHHJI CHCTEMY A 

~ 1\ 
COcpe~OTOQ8HY B rKJbOepTOBOM npoctpaHCTBe ~ , B KOTO.OM 

3a,JJ;aBY OpTOHOpWIIpOBaHHYe ti>YHK~HH '\Ia{ (,'~) • COCTOIIHHII CHCTet.tu 

~ cocpe,JJ;oroqeHw B npocrpaacrse ~ , B aew sa~auw opro-

uopwHposauuue ti>YHKUHH ~ \!. ( Q..) • ol oauaqaer ~HHaMH-
qecxHe nepeweHBHe cHcrew A , a ~ - ~HHaMHQeCKHe nepe-

weaHwe CHCTew :B • Oneparop raMHRbTOHa Be ell CHCTew ( A-+ B ) 
" oooaaaqHM qepea H , 

"' 1\ " A H-=-H {-xi+H fQ.) .. wA c-x._Q,, 
A 'B "'~ (I) 

r,JJ;e H A ( 'Xl - rawHJI»TOBHaa H30nHposaaaol c!cTeMW A, !-£a ( Q)-

rawHnuoumu H30nHpoaaaaol CHcrew 'B ; W A~ ( -:1:, <~) 
ecn aueprua saaHMo,JJ;elcTBIII cwcrew A H ~ • ITpeAIIonaraerca, .... 
QTO ,JJ;Jil t ~ Q W f.. P.. ('X, Q.) :. Q • B MOMeBT t ~ t) 

"' cocroaalle cwcrewu A onpe,JJ;enaerca cra:ronepa:ropow Q ~. ( 0) 

(onpe,JJ;eneH B npOCTpaHCTB8 ~ ), a COCTOIHII8 CHCT8Mii ·~ 
onpe.-uae:rca 

se 1::J ). 

, A 
c:ra:ronepa:ropow ?%(o' ( onpe,JJ;ueuuww B npocrpaac:r-

68 

Craronepa:rop ~~~ BCel CHCT8MY 00031 

aror oneparop ,JJ;elcrsyer B npocrpaHcrse 

npe,~~;nono:w:eHHil np11 t '::.. 0 HMeet.t: 

" "' " <3A~ (Q\::: ~A (0\. ?&(O). 

" qT00Y HaiTH onepaTOp q 1\t. (-I;) 1 OllHCYBaJ 

B3aHMO~eiCTBYD.el CHCTeMY (A+B) AnB ~ 

peiiiHTb ypaBHeHH8 

"' oq A'B + \. ~, ~ A~l ~ 0 
at 

C HaQaJbHHM yCJIOBH8M (2) H raMHJbTOHHaHI 

PemeHHe ypaBHeHHI llO,JJ;OOHoro THna, CO,JJ;epl 

nepeMeHHYX ( CHCT8Ma B),npe,JJ;CTaBJIIeT COl 

warewarBqecKyD npoOnewy. C~ec:rseHHHI BJ 

3THX rpy~uocrel own c,JJ;enaH H.H.EoronDOOJ 

!fioJ)MaJI:&Hoe pemeHHe ypasaeau (J)wol 

llOMO.bD YHHTapHoro npeoOpa30BaHHI 
" 

/1. tt\ \ \-\t " " 
<?A~\ 1-: e <?A ~o) q"B 
1\ 

ue \-\ - oneparop rawHnbTOHa (I). 3TI 

aanwcaao B BH,JJ;e PRAa Telnopa no creneHBI 

" " l! t. " 1\ 

~A~l1:\-=- e ~,..t~\ ~'a 
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n poqecc ~r~a:uepeHHJI 

BOR CHCT6KOR nOHHMaeTCJl CHCTeMa }l 
enenel cBoOo~H fA , B3aHUo~ellc:raycmaJI 

HK6DD16II HeorpaHHQ6HH06 ( HRH OQ6Hb 

CBOCSO~ f 'B • 0003HaQHK KOOMHHaT!i 

(~, ... , ~), a KOOp~HHaT!i CHCTeK!i 'B -
A 

~ \ f'l\'>') 1• Ilycn COCTOBHH.II CHCT6Klol A 

ODOlf npOCTpaHCTBe ~ , B KOTOpOK 

41YHK~HH '¥ ..1. (-;c) , COCTO.IIHH.II CIICT6M!i 

~TpaHCTBe ~ , B HeM 3a~aH!i op:ro-

~ ~ ( Q. J • ol 03HaqaeT ~HHaMH-
i A a ~ - ~HHaKHQeCKHe nepe-

~parop raKHJil>TOHa Bee I CHCT6K!i ( A-+ B ) 

.A 

~ ( Q.) ~ W A~ ( 'X" Q) ' 
(I) 

IHHaH H30JIHpoBaHHOit c:crew A 1 H 6 ( Q)-

11 CHCTeKJol 'B W A~ ( 71:, Q.) 

.11.11 cHeTeK A H 15 • Ilpe;;noJiaraerca, 

('X, Q.) ::. 0 . B KOK6HT t ::. 0 
1\ 

npe~uaerca cTatoneparopoK Q A ( 0) 

OL ) , a cocTO.IIHIIe CHCT8)l!i '?.> 
A 

OK ~% ( 0' ( Onpe~8JI8HBHK B npOCTpaHCT-

. 68 

1\ 

Cra:ronep,l:rop Jtll.ll Bcelt CHCTel.!li oOo3HaQHM qepea l> A~ 
3TOT oneJa:rop ~elc:rByer B npocrpancrBe C/t~ ~ . CorJiacno 

npe,ll;nOJIO l6HHII npl! t '::'. 0 HMeeM: 

A ~ ~ 

~J~'a ('.)\:: ~A (0\ ~~(O). (2) 

t!:roOH na~TH onepa:rop q A'& (t), onHCYB8.11111111 cocroann 

B3al!KO,Jte.ICTBYillll8ll CHCTelfli (A+B) ,11)1.11 -\:.) 0 

peiiHT:b y ~aBB8BH8 

, aeoOxo~HUo 

-o <~ "'" l. ~ , ~ "'~l == a 
~~t 

(3) 

C HaqaJib81iY YCJIOBH6M (2) H raMl!JibTOHHaHOM (I). 

PemenHe rpaBHeHHI no,~;oOnoro :rHna, co~epsamHx 6onbmoe q~r~cno 

nepeweaa~x ( cHcrewa B),npe~c:raBJiae:r coOoo :rpy,~~;nellmy11 

wareua:r•~ecxy11 npoOneuy. C~ec:rBeHHHII BKJI~ B o~oneaHe 

3THX :rpy~aocrel OYJI c~enan H.H.EoronDOoBHK /I4,I5/. 

~JMaHDH08 pemeBHe ypaBH6HHJl (3):uozeT 0YTb 3anHCaHO C 

(4) 

- onepa:rop ra:uHJib:roaa (I). 3:ro xe pemeHHe Mozer OY:rb 

3anHcaao B BH,Jte pa,~;a Telnopa no c:renena:u BpeKeHH t 
" ,. 'l!t. "' .... 

(~A~lt\-=. e ~r..ttl\ ~ 16 c.o1, 
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"' r.~te ~ 8CTh onepaTop B3BTHB CKOdOK ITyaCCOHa ( T.e. 

"" t" "1 t ~ <? :: H, 9 ) . Pasnaraa (5) no cTeneHBM , no.ly'IHM 

pBA, K03ifJ41HUH8H Thl KOTOporo CYTh n -KpaTHhle ( Y\: 0 ,:. ,2, .. ,) 

CKOdKH ITyacCOHa, 3TH CKOdKH HMellT CWWCJI f'l -1! npOH3BO,tHOI 

" ~n" n / t"' no Bpe146HH OT ~ : ~ q : 0 q d . 
ITo3Towy npe.~tcTaBJieHHe (5) 3KBHBaJieHTHO pa,Jy Teanopa. 

4aCTO HHTepeCyllTCB He CTOJlhKO COBW8CTHWW COCTlBHH8W 

CHCTeW A H B, CKOJihKO COCTOBHH8M NaJIOI! CHCT8WW A, CTaTJnepa-
"' . 

TOp ~A l t) , onpe.~teJIBllutHI! COCTOJIHHe CHCT8Nhl A, B Mli48HT 

BpeweHH ~ 1 npH JIIldOM COCTOBHHH CHCT8Mhl B, BhlpazaerCJI 

qepes cTaTonepaTop ~ ~~ lt) c nououthll «~Jopwynw 

~~ \i:) ~ s? <~> 
('21} 

U8 CJI8,ll, S? depeTCB 

(T.e. B npOCTpaliCTBe ;£ 

"' q A~ ( t) 
' 

(6) 

TOJihKO no nepeM8HHhiM CHCT8Mhl B 

) . 
!1ocTpOHTh TO'IHOe ypaBH8HH8 ABHJ:811HB TOJlhKO AJIB onepaTopa 

? A l t \ HeBo 3MOXHO. O,nHaKo B03MOXHI>I pa3JIH'IHWe npHCl!JHlleHHH. 

ECJIH BJIHBHH8M CHCT8Mhl A Ha ClOJihmyll CHCT8MY B MOXHO np€H8Clp8'ih 1 

"' " " " 1\ TO, ~f>(~)::q,.(o) H, cne,noBaTenbHO,~,A,'!!.(-tl::- ~Al-t)<?~(O). 
!10,li,CTUBJIBJI 3TO BhlpaxeHHe AJ[B CTaTonepaTopa B ypaBH8HHE (J) 

H 3aMe'iaB, 'ITO 

,.-4 ~ ~) " ( ~) "' ,.. 
~~ ~~~o\=~·1 S? (H~)~~to)}:Ol7) 

" 
nony'IHM ypaBH8HH8 )VIII ~ ~ l-\:: \ 
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" 'O~P. \-\:) " 
+ l \-\ ~ , ~A l t ~+ t ~ 

~-\. 1\ 

r.~te onepaTop 'W Pt 

,:, - S (B) 
vv~ - ? 

paBeH 

1\ 

WA'B 
1\ 

H npe.~tCTaBJIB6T COClOil B36HNO.Jt6ICTBH6 W 
no COCTOBHHBM CHCT6Mhl B. B TUKOM npHdJIH 

cos.~taeT HexoTopoe BHemHee none, .~teAcTBY ... 
Hetpy.~tHo AOKasan, 'ITO H3 ycnosHa W A 

1\ .. + 
CJle,JyeT spwHTOBOCTh W A:: 'N ~ H 

KH 

d 
d-t 

"' Sp ~A -= 0. 

B03MOJ:HOCTh CB6~HHII Oel~ero ypaBH6HHB ( 

ypaBH6HHil (8) ( CHCTeua B ynpaBJIB8T CHC 

codoll cephe3Hoe ynpo~eHHe npoelneKW, HO 

ot~eHh nonesawx B tex cnyqaax, xor.~ta cym 

none, cos.-aBaexoe CHCTe»ol B x). Taxoe 

Cl&Th B3BTO taxxe B Ka'i8CTBe HYJI8BOrO np 

003AH88 Y'i8CTi OTXJIOH8HHJI KOOp.~tHHaT CHC 

3Ha'II8HIR. 

BosxoXHw H TaxHe JlllelonBTHwe cnyt~aM 

MOJ:8T Clwn OOHCaHa KJiaCCH'IeCEOI CTaTHCT 

3TOM CJIY'CI68 COCTOJIHH8 CHCT8Mhl B 3aAa8TC 

B ~30BOM npOCTpaHCTBe 'R. (\, ~) IIJIH Jl 

nocpe~uou lflyp.e-ollpasa ~(\,'€.\; ~-= ~ 

x) HanpRMep A ecTi aTo», norpyzeaHWI 

ITJl63KY B. 
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1p B3HTHH CKOdOK llyaCCOHa ( T.e. 

1araa (5) no cteneHHM t , nony•nu.1 

I Oro CYTh n -KpaTHLie ( Y\:. 0 ,I ,2 ' ••• ) 

:oOKK KM6JlT CMWCJI fl -A npOH3BO~HOR 

~nq:: dnQ /dt ~ 
5) 3KBKBaJieHTHO pa~ TeRnopa. 

He CTOJI&KO COBKeCTHYK COCTOBHKeK 

:octoaHKeM wa.~~oR cKcteMW A. Ctatonepa

:nall~KR COCTOHHKe CHCTeKY A, B KOK8HT 

loy COCTOHHKK CKCT8KY B, BYpa:KaeTCB 

, e, l t) c noMOIII&Il 4Jopwy JIY 

(6) 

CH TOJI&KO no nepeweHHYM CKCT8MW B 

~ ) . 
paBHeHKe ,llBK:IeliKB TOJibKO )(JIH onepatopa 

,HaKO B03MOllHY pa3JIK11HHe npK0JIKXeHKH. 

Ha don&myll CKCTeMy B MOXIIO npeueOpe'lb, 
1\ 1\ " 

cne.nosaten&uo, ~A~ (4:) ::- ~ AL-t) 9 ~( O). 

1e .nna ctatonepatopa B ypaBHeHKe (3) 

70 

r~e onepuop W ~ 

w~ -= s? (~) (9) 

I\ 

K npe,!,CT'l.BJIBeT COdOil B36Hli.O,JteiCTBK6 W J..~ , ycpe,nH8HH06 

no COCTORHHBK CKCT8MY B. B TaKOM npKdJIK:I8HHH CHCTewa B 

Hetpy.nuo ,noKaaat&, qto H3 ycnosHa 
,. " + 

cne~eT apwHTOBOCTb W A:: W ~ H coxpaH8HHe HOpWKPOB-

KH 

d 
di: 

(10) 

Boawo:IHCCTh cse~HHa od111ero ypasueHHa (3) K "ynpasnam~ewy" 

ypaBH6Hfll (8) ( CHCTewa B ynpaBJiaeT CHCTewoA A) npe,ncTaBJIReT 

codoll CEp&eauoe ynpo~euHe npod.lleMY, uo see xe ouo woxeT dLITh 

oqeu& n<neaHYM B tex cnyqaax, Kor.na cy~ectseuuo cpe~Hee 

none, C<3AaBaewoe cHctewoR B x). TaKoe npBC1nneuHe woxet 

O&Th B3STO taue B gaqecTBe uynesoro npHOJIH:IeHHa c teu, qto6LI 

noa,!,Hee yqecTb OTKJIOH8HHB KOOpAHHaT CHCT8WW B OT HX cpe,!,HHX 

311aqeHIII. 

BO:IIlO:IHJ:I H TaKHe JllldonBTHHe cnyqaH, KOrAa CIICT81&a B 

110:1et Olrrh onHcaua xnaccBqecxoA ctaTBCTHqecxolt wexaHHitoA. B 

3TOK CJIJ''Iae COCTORHif8 CHCT8MY B 36Aa8'ICit llJlOTHOCl'hll <?(1\1, f) 
B ~30BUM llpOCTpaHCTBe "R..(\1,\)) BJIH B npOCTpaHCTBe 'R<"',\1') 
nocpe~~~•o»!llypu-ollpaaa ~(,;t.'\·1 '-= l.\,'-ov (c».nex~UD~ w). 

x) Hanp1111ep A een atow, norpyseuHYI B aneupoHHym 

llJia311Y B. 
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ITo nOBOAY T80pHH OTKpWTHX CHCT8U cy~eCTByeT oOmHpHaJI 

nHTepaTypa. ITOKKYO KAaCCHQeCKHX paOoT H.H.EoroncOoBa/14 •15 •161 

npHBOAHM e~e H8CKOJI&KO/l?,IS,l~, 2 U/, 

Ba:&HWM ltAaCCOU OT!tpHTHX CHCT8U JIBJIIICTCII CHCT8MH 1 B 

ltOTOpWX ManaH, MH!tpOCKOnHQ8C&aJI CHCT8Ma A ynpaBJIJI8T CCCTOJI

HH8M Oon&mol, MaltpOCitOllHQ8CKOI CHCT8KH B. 

Ta&aa CHTyanHa ocy~eCTBJIB8TCB BO BC8X H3MepHTen&•wx 

npHOopax, npeAHa3HaQ8HHHX AJIB H3MepeHHA B 00AaCTH ItBa.TOBWX 1 

MH!tpOCKOnHQ8CKHX BBJI8HHI X); 00pa3HO MOJ:HO CKa3aT& 1 QlO 

MHKpOCHCTeMa 11 f't 11 
0083aHa B 3 TOM cnyqae CABHHYT& 

"cTpenKy" npHOopa, nocTaBHB ee B nono:&eHHe, onpeAenRel.oe 

MHKpOCHCT8MOII 
11 ~ 11 

, llCH0 1 qTO TaKoe T8tl8HH& RBJI8HHI 

B03MOJ:HO nHm& B TOM cnyqae, KOrAa H3M8pHT8JI&HWI npHOOJ' 

( Oon&maa CHCT8Ma B) SBJIR8TCI MaitpOCKOnHQ8CKH HeyCTOI\HBOI 

CHCT8MOI, B npOTHBHOM cnyqae qaCTHna 
11 ~ 11 ( Manas CHCl eMa A) 

He CMOJ:8T H3M8HHT& MaltpOCKOnHtleCK08 COCTOBHH8 OOJI&WOI 

CHCT8MW B H3-3a H8AOCTaTOtlBOCTH y H88 3HeprHH H HMnyJ&Ca, 

HaiAeM ycnoBHB, Hanaraeuwe aa cTaToneparop, onuc•aam

IIIHI npOU8AYPY H3M8p8HHS, llycn Manas CHCT8Ka A ecn. 

KHltpOtlaCTHna 
11 
~ 11 

1 OnHCHBa8Ka.ll AHHlUUftl8CitHKH n epeME H-

HWMH :x.:: ('X~ 1 'X2 ) ... ,'X-\l , a c_HcTeua B ecn uaitpocxomqecKH 

HeyCTOhHBaR CHCT8Ma 1 OOHCWBaeMaS nep8M8HHHMHQ-::. (QI\, ~ 2, ... Q,.) 
( N -. 6onuoe qHcno). 3ra CHCTeua H OyAeT cny:&HT& 

x)Cy~8CTBYDT MaltpOCKOnHtl8CKH8 ltBaHTOBWe CHCT8MW 1 Hanp~Mep, 
CBepxnpOBOAHHKH H CB8pXT8KytlHe ltHAKOCTH, B Aan&Hel•eM OHH He 

OOCYJ:AaDTC R, 
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H3M8pHT8JI&HHM npHOOpOM, ITpH t:~ 0 HX 0 

? A-t>{o\ MMeeT BHA (2), npHqeM ~ A(O\ 
uaTpHQHW8 3JI8M8HTY! 

" " ?A \O)::. <(-x \ 'SA 1-:x:') " 

Onepa:xop 

npH t -=0 

Koropoe 

I ?~ (0) ~ 

" ~ '0 \OJ OllHCYBaeT HeyCTOllQHBO 

• Onepurop $,.6tt' BH<lHCnll 

B npeACTUBJI8Hl1H B3aHYOA81CTBH.Il 

" ~~AS ( t) + [ W A& (1:) 'I ~A~ 
at 

lnS ItpaTKOCTH 0003HU<lHM MaTpHQHYe 3JI8M8 

qepea ~( -:x,Q\-:x.',Q1 ;t) , rAe qepTol! 

KOJIOHOK. Paano:&HM 3TOT ,.one paT op no coOc 

ueKoToporo on epar opa J.. ('X) , xoropwA 

B8JIHQHHY ~ 1 HM8D~D C00cTB8HHW8 3 

coOcTBeHHHe ~YHKUIHf t\J"'('X.). TorAu non 

~('XlQ.\ :x',Q'; t..)-=: L. ~Y\ft'\ ( Q \ci 
1'\ I V\01 

MaxpocKonHqecKaa CHCTeMa B 6yAeT cny:&HT 

pOM AJII H3MepeHHR B8JIHQHHW t_, 1 npH 

ecnH C TeqeHMeM BpeM8HH t JICQ83HYT H 

(19) 1 r.e. rpeoyerca, qroow ~~ HeKOTop 

"'R ( Q. \ ~ .l -t. l = () ' 
\'\WI 
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X CKCT9M cy~eCTBJ9T oOmHpHaR 

KllecKHX paOor H.H.EoronllOoaa/14 ,15,16, 
7, 18, 1~ 1 20/, 

liTHX CHCT9M JIBJIJIIJTCII CKCT9MH 1 B 

Kll9CKaR CHCTe»a A ynpaBJIR9T COCTOR

qecKoR CHCT9»H B, 

BCTBJli9TCR BO BC6X 143M9p14T9JIAHIIIX 

I ~JIB 143WepeHKR B 00naCTH KBaHTOBHX, 

X); o0pa3HO MOKHO CKa3aTA 1 liTO 

1H8 B 3TOM CJiyllae C,ll;BHHJTA 

BHB ee a nonoxesHe, onpe~enaewoe 

~o, llTO TaKoe T91l6HH8 RBH9HHR 

1e, xor,~~;a H3MepHTenAHIIIR npwoop 

!9TCR »aKpoCKOilHil&CKH H&yCTolllHBOR 

rqae qacTH~ '' ~ 11 ( »anaa cHcreua A) 

~KonH~~ecxoe cocroaHHe Oon&moR 

roqsocr• y uee aseprHK a KMDynAca. 

LraeMI!Ie sa craroneparop, onwcwaall

ITycr& uanaa CHcreua A ecr» 

ICHBa6M8R AHHa»Hil6CKHMH nepeMeH-

' a c_Hcrewa B ecr& uaKpocxonHileCKK 

rcwaaeuaa nepeueuuwuHQ.::. (G,..,Q 2, ... G~ 

3Ta CHCTeMa H Oy,D;eT Cny:&HTD 

ICKHe KBaHTOBYe CHCTeMB, HanpHMep, 

IKyqxe x~ocra. B ,~;an&uel•eu OBK se 
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H3M9pHT9Jll HHM npH60pOM, flpH t-: 0 HX 061!1HR CTa"IonepaTop 
1\ (\ .., 1\ 9 A-~ 0 HMeeT BKA (2), npHileM ~ A(O\ II \'a (0) HMellT 

RaTpHIIHHe 3neMeHTHl 

(II) 

" OnepaTop ~~tO) OllHC~aeT HeyCTORIIHBOe COCTORHH6 CKCT6Mill B 
npH t.:o . Onepurop \)A.6 tt) BHIIHcnaerca wa ypu.aueurta (J), 

KOTOpOe f npe~CTU.BneHHK B3aKMO,D;eiCTBKR npKHHMUeT BRA 

-o~A'?>(t) [wJI (t' ~ {t:)1;o. 
-- + AS ·J '\ 1A~ 'J 

'dt 
(12) 

.nna xpaTlt(•CTK o6oaua11Ku MaTpKIIHille ~neueur111 onepaTopa ~A& (t) 
qepe3 q<:x,Q\'X1,Q1 ;t) 1 r,~~;e ll6pToR OT,D;eJieHH CTpOIIKK OT 

KOnOHOK, l'a3i10:&KJ.I 3TOT {)lleparop no C06CTBeHHYM illYHitUHIUI 
" 

H6KOTopOr( on epaT opa i.. ('X) 1 KOTOpwR npe,D;CT8BnR6T flt3MepHeMyll 

BeJUrfllHHY L , HMellDIYil co6cTBeHHHe 3HalleHKI! l,"' H 

co6craeHHJo e illYHKUHK t¥1"1 ('X). Tor.~ta noJiyllm.t: 

~{-x,Q.\ ~x:',a'; t. 1 ~ L. ~Y\\'1'\ ( Q. \~) t) 1\11'\ C-x)l.V; c-x•).cn) 
YI,'V\0\ 

Maxpocxonl"tecKaa cKcTeMa B 6y,~;er cny:&KTb K3MepKTen&HiiiM nptt6o-

L " 1' pou ~JIB H:IM6p9HHI! B6JIKilKHY 1 IlpHCJUI9R 1\UfitpOilaCTHije ·~, 

ecnH C Te•.eHMeM Bpe»eHK t HCII63HJT HHTepcllepeHUKOHHHe llJI6Hill B 

(19), r.e. rpe6yerca, •no6w JVIJ BeKOToporo t > T,.. >0 

"'R ( Q. \ Q ·~ i:. 1 = a , 
V\'m 

(14) 
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Teu CaYLIW BLlnOJIHIIeTCII YCJIOBHe 0 TOM, 'ITO npHOOp ,nel!CrByeT 

KaK cneKTpaJihHLlll aHaJIH3UTOp, pa3Jiaraa 061qee COCTOIIHHe B 

cneKTp no "ny'!Kuw" l.f"" t 'X) , r'a:a:m c onpeAeJieHHLIW 311a'leHHeu 

L': Ll'\. l1HLIMH CJIOBaMH, eTa. Ton ep~T op (19) npeBpauta.eTca ll cTa.T

onepaTop, npeACTaBJIII~utHI! cwech cocTOIIHHI! no npH3Ha.Ky 1.~ L~ 

,llJIII t..., T": 

O('X <a.\ -;x' nl.-t, \ =! "R.,.. (G.\Q.
1 ;-b')~"'('X)"I.\:C'X'). 

1 I '""'I I ~ \.15) 

rfHTep8CY~utHe HaC BepOSITHOCTH TOrO HJIH HHOrQ COCTOJiHHSI 

Hamel! CHCTeWLI onpe,lleJlst~TCSI ,llHarOHUJlhHLII.IH IIJI6Ha:U:H 3TOril CTaT

onepaTopa. l13 (21) BM,IlH0 1 liTO 3TH 11Jl6HLI dy,llYT paBHLI: 

~c-:xlG. \~,G.;t)=~ 'R'"(a\a;t) )'l_\,"'c-x)\~·C16) 

B ,naJihHel!weM c TelleHHew BpeueHH, cKa:a:ew, npH t -,T2 ">T., .,.0, 
Ham npHdOp ,llOJI:a:eH CBeCTH cywwy (!6) K O,I(HOMY IIJieHy. Jl,myc

THW1 liTO npOCTpaHCTBO nepeweHHLIXQ- ~(Q.l WOUT 'OLJrh 

pa30MTO Ha aenepece.Ka~IIIHecst oOJiaCTH 2.,.. (G.} E. "atCG. \ 
TaKHe 1 IITOeCJIH Q.€ 2'1\ 1 TODpH t~T2. 
Bce'"R""' ( & \G.·~ t}=O , KpoMe "Rn (G.! Q.. \-t). 

liHTerpHpyst TOr,lla (16) no nepeMeHHLIW Q. , Hall,neu AJIJI 

CHCTeWLJ "\"" ; 

<?""'l'X,t\-: 5 ~ t"X 1 Q. \ ':X 1 Q \ 'i l d Q-:: 
:r7) 

~(G.\ 
= '?h \ '\f"' ('X)\'\ 
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rAe 

'f't'l-: ~ ~"'(G.\G. 
2V\ 

eCTh BepOstTHOCTh TOr0 1 'ITO B3Mepsteuast 

paBHa L. Y\ H MHKpo'!aCTM~a 1
' fl" HaXO,II 

onHCHBaeMOM $yHK~Hell "W-. t 'X l . 
ilpH 3TOW CHCTeua B cocpe,nOTO'IMBa.e 

00JiaCTH ~ \'\ ( Q, '\ npOCTpa.HCTBa 11 
Jlaraeuol! waxpocKonHIIROCTH B 'IHCJIO nepe 

ecTh dOJihmoe 'IHCJIO JNr • Cocpe,llOTO'I 

o3uaqaeT H3Meueuue uaxpocxonHqecxoro c 

wo:a:eT dLJTh BWpa:&:eHO B MaKpOCKOnH'16CKHl 

COCpe,llOTO'!eHHe nepeMeHBHX Gl B OdJiaC 

H3MeBeBHe TeMnepaTypH, CHJIH TO.Ka, UBe1 
11 ~ 11 ( CHCTeua A ) He MO:&:eT BH3BUTh 

H3MeHeHHI CHCTeMW B, eCJIH B Hell 3apaHE 

HeyCTOll'II'IBOCTh • 

3Ta HeyCTOII'IHBOCTh MO:&:eT dWTh 3JIE 

,II;I'IHaMH'I6CKOII 1 uexaHH'!eCKOl! I'I T.n. 

PaOota H3MepHTe1l»Horo npudopa npi 

npHBO,Illllllllll K HC'Ie3HOBeHH~ BCex"'RI'\o\ ( Q. \ ~ 
( T.e. Bee Q. Jiemt B Q\""1 ), ecTJ 

H3MepHTeJihHOrO npH60pa - $yHK~III ,~leT€ 

l13 npaKTHKH aKcnepHMeHTa xopomo i 

,lleTeKTOpLI CyTh CHCTeWLJ ueyCTOI'IHBHe. l 

KaMepa HeyCTOI'IHBa 31leKTpH'leCKI'It ny3W] 

KaMepH BHJihCOHa ueyctoi'IHBH tepMOAHHru 

,J;eTeKTHpOBaHHe COCTOIIHHB MHKpO'!aCTH~ 
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'CJI 0BH8 0 1'0111 'ITO npHOOp ,118l!CtByer 

IIi TOp 1 p1i3Jiarall 00tqee COCTOIIHHe B 

"l'X) 1 t\.ali:,JUdl c onpe,~teJieHHYM 3Ha'leaHeM 

:raronepar op (19) npeapautaeres a era r

Ill CMecL cocrosHHI! no npH3aa.s:y Lo:. L,... 

L: "R"' ( G.\G.'; -i: )~"'e-x) ~:e-x'). 
"' \15) 

'HOCTH TOrO HJII! HHOrO COC l'OBHHII 

ITCII AHaroaaJILHYMH 'IJieHaMH 3Toro crar

to, 'ITO 3TH 'IJieHY Oy,~tyr paaaw: 

I BpeMeHH 1 Cltall:eM, npH t")T2 ")T'I ~01 
'H CY1111Y (16) It OAHOMY 'IJ18Hy, nonyc-

lepeMeHHYX Q- ~( G_) 110li:8T 0Yl'b 

i118CII OOJiaCTH 5(\'\ ( Q. l E. ~ ( G, \ 

)'2.,.. 1 TO npH t ~ l2. 

Kpo:ue "R"' (G.! Q \ -t) . 

0 nepeMeHHYll a 1 aai,JI.eM AJIII 
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(17) 

= 'Ph \ "-¥"'('X)\ 2.J 

r.~te 

-y"' -= \ '"R V\ ( Q. \ Q. ·, t \ d G. 

S?.V\ 
(18) 

eCTh BepOIITHOCTb Toro, 'ITO H3MepaeMall BeJIH'IHHa ~ 

pasHa l~ 't'\ II MIIItpoqaCTHita 1
' (" 

11 H8XOAIITCII B eOCTOIIHHH 1 

OnHeYBaSMOlt ~YH.B:ItHel "W.., t 'X) . 

ITpK 3TOM cHcTe»a B eoepe.r~oTO'IHBaerea B aexoropoR 

oOnaCTII ~ 't\ ( Q. '\ npoCTpaHCTBa 1t ( (i) , B eHJIY npe.r~no-
JiaraeMO ~ MaKpocxonH'IHOCTH B 'IHC.no nepe»eaawx G.~ 

eeTL OOJihiiiOe '!Hc.no N . Cocpe,~toroqeaHe Hx B oO.nacTH ~1'1 
03Ha'laeT H3MeHeHHe lt81tpOCltOOH'I8eitOro eOCTOIIHHR B, KOTOpoe 

II.Oll:eT CYTh BYpall:eHO B MaltpOeltOOH'!eCitHX TepMHHaX 1 HanpHN.ep, 

coepe,~tCT0'18HIIe nepeMeHBHX Q. B 00JiaCTH S2'1f\ 03Ha'laeT 

H3MeHeEHe'teMnepatypH 1 CHJIY TOita 1 ItBera H T,n, MllltpO'IaCTHita 

1 '~ 11 
( CHeTeMa A) He MOll:eT BY3B8Th TaltHX r.noOaJil>HYX 

H3MeHeEH2 eHCTeMY B, eeJIH B HeR 3apaaee He 0HJia 38JIOKeHa 

HeyCT09. 'IIIBOeTb, 

31a HeyCTOI'IHBOeTb MOZer 0HTh 3JI81tTpl!'leCltOl! 1 T8pMO

AHB8MHteCKOI1 N.exaaH'!eCKOl! H T,n, 

Pt.Oora H3MepHTeJI&Horo npHOopa np11 t "> T 2. , 

Opi!BO,Jtliii!8R K lriC'Ie3HOBeHHI) Bcex"'R~ ( Q. \ Q:1~1 KpOMe "R_"'\ ( Q.\ Q '1 t) 
( r.e. Bee Q. .nemr B QYl ), een BTOpall ~YHKllHR 
H3Mepll~.'eJI&HOrO npHOopa - ~YH1tl1JIR .J;eTeKTopa, 

.Ka npaKTHKH 3ItcnepHMeHTa xopomo H3Beerao, 'ITO Bee 

,~teTeltTOpY CYTh CHeTeMH aeyCTOhHBHe, HanpHMep, HCltpOBaR 

KaMepa aeycroi'IHBa aJie.s:tpll'lee.s:Ht nyaupuoBas KaMepa H.IIH 

Ita»epu BH.n&coua aeycrolqHBH repMOAHHaMH'IeCKH, Bo Bcex eJ!Yqaax 

,ll;eteitT:fpOBaHHe COeTOBHHR lolHKpO'IaCTHllH RBJIR8TCR "B3pHBOM" 
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MaltpOCKOllH1l8CKOI CHCT8WI, HHHUHHpOBaHHWW WHltpOQ8CTHii81 / 2!/ 

Pa3,~teJieHHe IPYHKIUfl H3wepHTeJI&Horo npHOopa sa IPYHRUHI' 

aHaJIH3aropa (A) H IPYHKIUIIl ,~tereKTHpoBaHHR ('D) wozer Own 

HJIJIIlCTpHpOBaHO pHc.4. liCTOQHHK llaCTHU $ If .!tii&I>PaJ'Wa 001 

8CTJ. MaltpOCKOllHQ8CKaR 00CT8HOBKa ~ , 3a,Jtall.aa CCCTORHHe 
~ ~ p <?M qacTHU nyqxa \4 • JlHiPPaKUHOHHaa, pemeua 

asnaerca aaaJIH3aTOpow A 
3,~teCJ. CTaBHTCR Bonpoc: liTO XOTHli H3W8pRTJ.? leTEKTOpli 

i)l\,'\)2,... OTB81l81lT Ha BOnpoc, B JtaKOU HW8BBO COCTOIIEHH 

OKa3aJiaCJ. 1laCTHua 
11 ~ 11 

• Ha R31ilt8 ODTHXH::xaKoro OHa 

;Jl~~ .. -.. 0 

}- 02 

M 1JILsA T, ft~ ~03 
---0 d ~ 

/ (M+)J) /(A+ 0) 

PHc.4. Cxewa THnH1lHoro H3Uepeau. OOcraaoBJta M co3.-z;.aa 

HCT01lHHB:Oli ~ H AH&Ilparwol 'I) 1) 
1 

• 00pa3y8T! R DY1lOK 

~ • 3ro .M. -+ t' . JlHii>,PaitUIIOHHaa pemeua d ~~ 1 

pauaraer ny11oxt ~ M B cneltTp no npH3Baxty L.. ~ ), '\, A2 , .. 

3TO aHaJIH3aTOp A. neteitTOpil Ba nyqxax 'D.., '~2., ... 
o0pa3yllt ~erextropayll~CT8MJ 3J . Bae.aHMH &OB1ypaua 

odB8A8Hii(~+H.JII { flt -+'D) • 
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¥ 
s 

/( M+ )J.) /(A+[ 

PHc.5. HawepeHHe a KorepeHrHow aHcaMdne. 

THU~ n n - ilOJIJipK3aTop. (CHcTeMa \ 

paCK.Jia.JU>tBa8T HCXO.ltHI:lH nyl!OK Ha ny 

pa3JIH'IHOH KpyroaoH nonnpHaauaeH. 

llaCTKU pa3JIK'IHOI nonRpH3aUHH. 

UBeTa? B 3TOW npHWepe KCTO'IHHK H3W8pll1 

" CraTHCTH1lecKid1 oneparop ? fv\ onHcwaa1 

aacawdn»: 

~~ ~ ~ tpA ~>, . 

AaaJIH3atop A paa.naraer :nor HeKore] 

1'1 " 
Ha "'IHCTW8" aRCIUl<lJIH ~'I ) ~~ ) ... 

<f?a30Bii8 COOTHOm8HHR W8Z.JtY pa3JIIfl!HiiWH I 

Hapyii8Hii yxe B HCXO~HOK aHCaMdJI8
1
H ilOI 

ny•ntH paaHoro uaera OCTaJIHC» HeKorepe1 

PaccworpHw ~pyrol cnyqal, KOrAa 1 

sanaerca KorepeHTHH» aacawOnew, onHCiil 

i)yHltUH811 'J.V ':::: ~ 1, 1,\1 '\ + Q 2. 1\1'2. • COCTOJII 

OTJIH1lallrca npaaol 11 nesol nonapH3aUHRl 

cxewa nocraaoBitH onwra AnR H3wepeHHa 1 
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lKY 1 HHH~HHpOBaHBHK KHKpOQaCTH~el / 21/ 

tepHTen•uoro npHOopa ua ~YRK~Hm 

IK~HD ,Jt9T9KTHpOBaHHII (1>) KOJ:eT Own 

HCTOQHHK QaCTirf~ $ l1 ){llllljlparua 001 

00CtaHOBKa ~ 1 SaAaD~all COCTOIIHH9 

'' II ~ • llrf~paK~IrfOHR411' pemeTKa 

A 
npoc: QTO XOTHK H3K9piiT•? ~9T9KTOpY 

BOnpoc, B KaKOU HK9HBO COCTOIIHHH 

, Ha 113YX9 ODTHKH::xaxoro OBa 

r d' 

D 

=== }- 02 -

L/ ).JD3 

/(A+ D I 
epeBIIa, OOctauoaxa M cos.r.aua 

.J;Ha4lparuol 'D 't>' • OOpasyeTCII nyqox 
, I 

• lH<PPaK~Moaaaa pemeua d d 
i\ B CD~KTp DO DpH3R4KJ l... c: ).. '\ , ~ 2 ) · . 

9Te&topu ua nyqxax 'D" , ~2., ... 
D OIC1'81q !:) , BB811HIOOI XOBTJpaiiH 

(~-+'D) • 
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D 

_/(M•)ll / IA•D l 
Hsw3peHHe B Korepeatuow aHcaMOne. ~ - HCTOQHHK qac-PHc.5. 

THuJl n - no1111pl13aTop.(CMcteMa\M+ ~) ), l\RMH3atop 

pac Ua,llYBaeT HCXO,li;HHH ny<WK Ha nyQKl1 \\) 't li 1.\J '2. C 

pa3 ~HQHOH KpyrOBOI! OORIIpH3aUHel!, 1)'\ 1 1) 2. - ,!1;9T8KTOpH 

qacrwu pa3RHQHOI! nonHpHaauwH. 

UB9Ta? 3 3TOK npHMepe HCTOQHHK l13K9plleT "Oenul!" CB9T, 

" Cta THCT {11 eCKidl on epa top ~Jill OOHCYBaeT HeKorepeHTH!ilt 

aucauCln>: 

AuanHaa rop A paanaraeT a toT uertorepeHTHI>Il! o.HcaMClJib 
II 1\ 

ua "qHc rue" aucauOJIH ~'I 1 ~~ ) ... 

~a30BY9 COOTHOmeHHS K9SAY pa3JIHQHYIIH UB9TaYH 0URH 

aapymeH~ yxe a HCXOAHOK auca»Clne,H nocJie aRaJIHSatopa 

nyQKH pl3HOrO UB9Ta OCTaRHCb H9KOrep9HTHHKirf, 

Pa~CUOTpHK ~pyrol cnyqal!, KOr,Jta HCXO,D;HYI aucauCln• 

IIBJIII9TCS xorepeHTHHK aHCa»Oneu, ODHCHB89~ BOJIHOBOI 

(25) 

i)yHKlU!e'l ·~ ':::: Q ,:l\1 <\ ~ Q 1. 1\1'2. , COCTOliHHII 1_\,1 i\ 1!: l..\12_ 
oTUQaDrcll npaaolt 11 Jieaol! nonapH3aUHaKH. Ha pHc.5 ll3oClpaxeua 

CX9Ka nOCTaHOBKH OnYTa ARB H3MepeHHII DORllpH3aUHH QaCTHUo 
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liCXO.l{HOe COCTO.RHHe lp C03,l{aeTC.R 

BM8CTe C HCTOQHHKOM llaCTH~ 11 p 11 

oOcraHOBKH JU . AHaJIH3aTop A 

noJiapH3aTOpOM n ' KI)TOpLIH 

HrpaeT pOJIL MaKpOCKOTIWl8CKOI 

pa3Jiaraer '\t H!l. npa:1o- ( '\.\-_,) 

H Jl8BO- (~2.) TIOJl.RpH30BaHHLie nyllKH. B 3TOM CJlyqae nyllKH \1;'1 H Lj-2 
OCTallTC.R KOrepeHTHI:Uoi.H H HX MOJ:HO BHOBL CB8CTH B KorepeHTllLIH nyllOK y 

)lereKTOPLI 1>11 H 'D2 , Oy.l{yllH MaKpocKOTIHlleCKIDI.H c:Hcre-

uaMH, HapymallT 3Ty KOrepeHTHOCTL, Oonee TOrO,HX pOJIL 00.R!IaTeJibHO 

COllpOBOJ:.l{aeTCI! HeoOpaTHMYMH npouecCaMH 1 yaeJIHQeHH8M 3HTptiTIIIIH, 

3ro yaenHlleHHe 3HTponHH, xax OYnopa~acueHo B JieKUHH IX, ecr~o 

nnara 3a HH<flopua~lfl), 

B paCCMOTpeHHLIX BYIIle npii!Mepax RCXO,D;Haa M8.KpOCKOTIHll81:Ka.R 

00CTaHOBKa J\A 11 BMeCTe C Hell CaM IIICXO.l{HYR aHCfl.M0JIL ( t.~( "+ fA J 
3a,D;aeTCH 3Kcnepii!M8HTaTOpOM, :Jro, KOH8QH0 1 OC00J>I! cnyqal!. KBaJITOBYe 

aHCaMOJIIII cy~eCTBYilT B npHpO,D;e Ill CaMIII no ce0e 1 He3aBI1CI1MO OT 

3KCll8pii!MeHT8.TOpOB, OHM cy~eCTBOBaJll1 11 TOr,D;a 1 KOr,D;a B000lJII! HIIIKaKRX 

3KCnep11M8HT8.TOpOB He 0YJ!O Ha CBeTe /1,2/ , 

fipHMepOM nplllpO,D;HOrO aH CaM0JIH .RBJI.R 9TC.R aHCaMOJIL KOCMH'l8CKHX 

JiylleR. 3TOT aHCaM0Jlb onpe,D;eJI88TC.R COJlH8llHOR ,li;8S!T8JILHOCTbll R 

MarHHTHYM noneM 3eMJIH, B 3TOM cny11ae 3KcnepHMeHrarop c·~aBHT 

CBOeR 3a.l{alleR BLI.RCHHTb npHpO.l{y aHCaM0JI.R 1 yaCHHTL COCTaB 

tlaCTH~ H cneKTp HX 3HeprHI! Ha BXO,D;e JlylleH, 3a aTMOC<JlepoH ( T.e. 

onpe,l4eJII1TL ? )A ( 0\ ) H H3YllRTL .l{an~oueHmee pa3Bl'lTHe aT oro aHcaMOJia 

" ( 3TO 03HatlaeT - onpe,D;eJIHTL ~ M t 1:) ) • Bpewa t orcqH':Yaaerca 

B 3TOM CJiyqae BYCOTOII t-\ , Ha KOTOpOII H3yllaeTC.R aHCaMOJI:,. 

qaCTHUY KOCMHlleCKBX Jiyqel HlolellT CKOpOCTJ.,0JlB3KYD K CKOpO~TH 

caera c , noarowy t-: ~ \-\ ~ H0)/c , ue \-\ 0- xaxaa-HH~y,~;~o 
38aTMOC~epHaa BLICOTa ( CM,pHC,6). ITpH 3TOM H3yllallTC.R 1 KO~ellHO, 
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" n pa3HHe 3K3e)IJIJIRpH qacTH~ \" • Ho ace 

Ha,D;JI6J:HOCTLD K O,li;HOMY KBaHTOBOMY aucawOJI 
1\ 

oneparopow ql"'\(o). Ha pHc.6 aro aasuoe 

orueqeao yxaaauBew ua TO, llT o H3 N n 

qaCTHU \Vi\ ynoTpe0Jl.RDTC8 ,llJI.R H3MepeHHR 

()I.JI.R DOJiyll6HH8 HH~OpMa~HH 0 ~~ ( 0\ ) 1 

Ha H3MepeHH8 Ha BYCOTe \-\ (.llJI.R nonyqeHH 

)lpyrHM HHTepeCHYM npHMepOM npHpO,D;HOrO K! 

aanaerca TIPHpDAHYR aTOMHYI! peaxrop, oOHe 

H, __ }101~ 

PHC. 6. KOCMMll6CKHe JIYllH HCCJle.D;yllT Ha 

U6JILil BLISCHeHH.R HX nepBHQHOro 

? ( 0) ) ; H3yqaa HX Ha MeHLill 

CBe,D;eHHS 00 HX pa3BMTHH ( 3TO 
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1,118BTCII UOJI11pH38TOp01o1 n , KOTOp!dt 

l \1 lJ II r· HrpaeT pOJib lolaKpOCKOUH'IBCKOI 

.Top A paanaraer "-r H9. npaBo- ( \.\-1) 

HHe ny'IKH. B 3TOM cnyqae nyt~KH \.!;'\ H {.}2 
: MOI:HO BHOBb CBBCTH B KorepeHTH!ilt nyt!OK 'if 
~ , dy,lly'IH MaKpOCKOUHt!eCKHYH CHCTe-

THOCTb1 donee TOrO,HX pOJib Od838TBJibHO 

H nponeccawH, yBeJIHlleHHew 3HTponHH. 

ax dblno IXJ.3't.IICHeHo B neKD.HH IX, ecTb 

npHMepax HCXO,IIHall MaKpOCKOUHli8CKall 

Hell CaM HCXO,IIH!ilt aHCa!.!dJib ( ,JL{ + fA) 
• :Jro, KOHB'IHO, OCOdbllt cnyqall. KBaHTOB!iB 

O,lle H C8MH no cede, He3aBHCHMO OT 

BCTBOBaJIH H TOr,lla, KOr~a BOOO~e HHKaKHX 

Ha C BeTe /I ,2/ • 

CaMdJIII IIBJIII8TCII 8HC8MdJib KOCMH'I8CKHX 

enaerca conHet!HOR ~eareJibHOCTbll H 

3TOM CJiyqae 3KCnepHM8HTaTOp CTaBHT 

p0,11y aHCaM0JIII 1 yiiCHHTb COCTaB 

Ha BXO,IIe nyqeH, 38 8TMOC~epol ( r.e. 

'IHTb ,118JibHeltmee pa3BHTHe 3TOrO 8HCaMdJIII 

" <?M \1::) ). Bpewa t OTC'IHTHBaeTCII 

, aa Koropolt Hayqaerca aacawdnb. 

HllBilT CKOpOCTb,dJIH3Kyll K CKOpOCTH 

\-\ ~ H0) /~ , ue \\ 0- xaxaa-aHdYAh 

pHC.6). llpH 3TOM H3Yll81lTCII, KOH9t!HO, 
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• "I.J" pa3HHB 3K<B)(UJI8pb1 li8CTHU r· Ho BCB OHH od~e,J;HHBHH npH-

H8,11JIBSHOC1bll K O,IIHOllY KB8HTOBOMY aHCalldJIIl, OUHCHB88MOMY CTaT-
1\ 

oneparopo1o ~ 1'1\ (o) • Ha pHc.6 sro Baxaoe odcroarenbcTBO 

OTMetleBO ) Ka3aHH8ll Ha TO, liT 0 H3 N' na,llall!IIHX nepBH'IHHX 

t!aCTHil, \\'1\ ynoTpedJIIlllTCS ,J;JIII H31lepead Ha BbiCOTe \-\ O 

"' (,~;na no.ny•leHHII HHfllopwanHH o <(~ ( 0) ) , a N?. qacTHU H~T 
Ha H3Mepe11HS Ha BliCOTe \-1. (AJIII no.nyqeH Hll HH!IJOp»all,HH 0 ~M t t) ) . 

,llpyrHM HH":epeCH!ill npHMepOil npHpO,IIHOrO KBaHTOBOrO aHCal4dJIS 

.RBJI.R8TC.R llpHpG,IIH!ilt aTOMHI:ilt peaK TOp, odaapyxeHHI:ilt H8,11aBHO 

H-H --t=+ 

PHc.6. KocMHt!eCKHe nyt~H HCcne~yDT Ha doJibiiiOII BHCore Ho c 

U8Jibll B!i.RCHeHHII HX nepBH'IHOrO COCTaBa ( 3TO onpe,lleJieHHB 

? ( 0 ") ) ; H3ylla.R HX Ha l48HhmHX BHCOTaX H, noJiyllallT 

CB8ABHHII Od HX pa3BHTHH ( 3TO onpe,~teJieHHe ? ( t) ) • 

79 



B Pa601e (3an~HaH ~pHKa), KOTOpHR C~eCTBOBan npawepHO 

2 KHHH~ap,~ta HeT TOKY Ha3~ H pa60TaH OKOHO donee llOHKMH

~HOHa ter/141. 

B~»AY, rAe B npHpoAe nporexamr XBaaroBwe npoueccw, ww 

HK88K ,~eHO C KBaHTOBHKH aHCaK6HIIKH. TaKH8 aHCaK6HH OOWQHO npH

HaAn8~1T K QHCny HBKOrepeHTBHX H OTKpWTHX aHCaKOnel. 

HEKQMH XTI 

ITpocreR~HR np!wep B3aHKOAeRcrsxa KM&poqacr•u 
C K3KepKTeHbHHK npH60pOK 

It " PaCCKOTpHK H3K8p8HH8, OTHOCIIIJ,8.8CII K KliiXpoqacTKU8 f" , KOTopaa 

xweer waccy ~ • Ee xoop,uaary odoaaaqHK qepea "X: (npocrorw 

pa,!tlii <1rpaHHUBa8KCII O,JtBHK H3K8pe&H8K); 88 JDUiync-qepea K . 

ilpe,JtiiO.IODII, qro HCXO,ItH08 COCTO.HH8 qaCTHUW IIBU8TCII cynepnoaH

UHel .JtliYX DHOCKHX BOHH 

+ \ k-x - - nc")( 
~ "- <-x: I::. A e + A e ; (I) 

,I{Ba qac:THHX OOCTOIIHIIIII C + \( 14 - \( B 3TOK CJiyqae 

xorepe1 raw. 

Kb XOTHK yaHaTb, KaKOBO HaflpaBH8HH8 ,ltBHZBHHII qacrxuw? 

HBWH I:HOBaKII, XOTJIK onpe.I{BJIJ!Tb 3HaK ee JI~YJibCa k(cp{I,2l~ 
B xaqecrBe npxOopa .Jtnll raxoro BawepeaKa KCDOJI•ayew MaKpo-

cxonxquc&oe ycr poiCTBO: •1118pHlt• KaCCii ~ >") f'4 , paCIJOJIOZ8HHIII 

Ha BepUKH8 yceUHBOrO ltOHyca II CDOCOdHHI CB000,JtHO, 083 Tp8HHI, 
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,) 1 ltOTOpiill CYJIIeCTBOBB.JI ll:pHilepHO 

~ H padOTB.JI OltOHO donee llOHILHH-

nporexamt KBaHTOBHe npo~eccw, llli 

.HcaKOnaJLH. TaKHe aacaKdHH odH'IHO npH

HTBHX H OTltpWTHX aacaJLdHel, 

OTH " " , OCIJ1188CII It llH!tpO'IaCT~e ~ 1 ltOTOpaJI 

oop,uaary odo3Ba'IHK qepea "X (npocTOTH 

~ K3KepealeK); ee HllnY~•c-qepea ~ . 

COCTOIBH8 'laCTHQN IIB~8TCI cynepn03H-

(I) 

B 3TOK C~yqae 

BO HanpaBJI8HB8 ,IJ;BHZ8HBII 'laCTXUH? 

l,JJ;eJIJTh au ax ee 0nyuca k ( cp(I, 21~ 

ra raxoro H3KepeHKa xcno~•ayeK uaxpo

rapxx• UCCW ~>) f" 1 paCDOJlOZ8BHIII 

rca 11 cnocodHIII ciloOo.w;uo, dea Tpeaaa, 

,80 

,JJ;BHrathca nc no&epxuocr~ xouyca, Ha pHc.7 noxaaaH rpa~HK noreH

IU!Il.HhHOI 3HE·p rHH 3TOrO mapHKB. v (G. J Kalt cpyHKI{HI KOO p,I{MHil.Tbl ero 

ueurpa raze< TH G. . Ha sepmHHe Kouyca Hweerca uerJIYOowa auKa 

IDHpHHOit 2. 0 • 3HeprHB t_ 1 ueodxa,IIHMal ,li,U OCB000:&,118HH8 

mapMKB. H3 a~·olt swKH, cqHraetca oq eHh Manolt: 

(-::: E ~- ;: 
0 

<.<:. E ~ - KHHeTH'IecKolt anepr~H 

qacTHQN " ~'' ( t. ~ -=.'Y-.'2. ~~/20. B cHny ManocTH t LUapilK uaxo,I{HTCII 

B HeyCTOitQHJIOI.I paBHOB8CIIH
1 
H llOCHe paCC811Hilll Ha HeM MHKpO'IIl.CTHUbl 

L~~~~~~~~LLLL~~~~~Q 
-b -a a b 

PHc.?. IToteunHanhuas aueprHa \J(Gll LUapHKB. ~ , pacnonoxeu-

HOfO Ha BepLUHHe yceqeHHOfO KOHyCa, {;L - KOOp,IIHHaTa 

ueutpa Mace mapHKB.. Y&aaaubl ABa ypoBHII auepr~H ~ 0 11 

E{~2/2M. Vo - aHepreu:qec&as sucora xo&yca. 
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oH ~BHSeTCR nHdo Hanpaao, nHdo Haneao, no aepmHHe yceqeHHoro 

KOHyCa, IlpH ~OCTHSeHHH KpaR aepWHHLI ((X-:::. j; b l mapHK 

HaQHeT na~aTb BHH3 H MOSeT npHodpeCTH KaK yro~HO dORLIIIYD 

3HeprHil£=?-:.?~/2M-::.\J0 , (3~ecL (.? -HMnynLc ruapHKa, a 

\[
0 

- 3HepreTHIIeCKaR BLICOTa KOHYCa 1 KOTOpaR MOXeT dHTb OlleHL 

don~>moR) 

TaKHM odpa30M 1 MHKpocKonHIIecKoe nneHHe - paccellHHe 

llaCTHI.iLI 11 ~ 11 Ha mapHKe - llOpOX.B,aeT JIBReHHS MaKpOCKOnHIIeCitOe, 

MLI dy~eM CIIHTaTL TeMnepaTypy wapHKa paaH~ 0°K H 

dy~eM HrHOpHpOBaTI> ero CROXHYil CTpyKTypyx), IlpH 3THX npe~nono
:a:eHHRX JIICXO~HOe COCTORHJ/Ie mapJIIKa MOJ:HO CIIJIITaTb "IIJIICTbM" H 

npHdRJIIJ:eHHO OllJIICLIBaTI> ero BORHOBOR ~YIIK!.iHeR OC!.iHRRilTCpa: 

- Q2/ o...2 

" !0 lG.\ :: 'tfiT ~ e. (2) 

illHpHHY BepWHHLI KOHyca ~ dy~eM CIIHTaTL MHOrO dORbWEI WHpHHLI 

J!MKH 0. 
p 

• BonuoayD ~YHitl.iHD mapHKa nocne nony11eHHH ¥M HMnyn»ca 

B OdMCTJ/1 - \;) ( Q (. + b MOXHO CIIHTaTL nnOCKOI BOnHOI: 

i?G. 
~~(Q.}-: e (3) 

~ 
HH:a:e dy~eT nOKa3auo, liTO nocne pa_cceHHHR qacTHI.iLI " ~ '' 

Ha mapHKe mapHK OKa3YBaeT CJI B ~BYX HeHHTepPSIJHPYilDIHJ: 

Me~ COdOR COCTOBHHBX, O~HO H3 HHX OTBellaeT ~HZeHtD mapHKa 

uanpaao ( ?">0 ) , a ~pyroe - ~BHZeHHD uaneao ( ? < 0 ) 

x)TIOCKORLKY OHa HBHO Hecym;eCTBSHHa B paCCMaTpHBaeMOM npo~ecce. 

82 

B 3aBJIICHMOCTJII OT TOr0 1 B KaKOM COCTORH 

Ha mapHKe MHKpOIIaCTJII~a 11 p1
': JIIMSH JIIM 

TI03TOMY ABHXeHJ/19 mapHKa no aepruHHe KOH 

auanH3aTopa, a ~anLueAmee n~euHe ero 

~HK~HD AeTeKTopa. TaKHM odpa3ow, B Ha 

npHdOp 1 KaK 3TO H ~OnSBO dHTL 1 BHnORHJ 

tepHLIS ~RR JII3M9pHT9RI>HLIX npHdOpOB, 

06paTHMCI Tenepl> K MaTeMaTHIISC!tOP 

Ilpe~nonOZHM 3HeprHD B3aJIIMO~eRCTBHB ruaJ 

a npocrelmew BH~e: 
'VJA'C-::. ca ~(Q.-x'l ~-

WA& = 0 .1!' 

r~e ca- ltOHCTaHTa B3aHMO~ei!CTBI!i 1 F 

ManoR, 3TO n03BORHT HaM nORL30BaTLCB 1 

0003HaiiHM BORHOBYD CHCTSMY llaCTHna-npl 

UOMSHT Bpe¥eHH qepe3 ~ O ('X 1 G..'\ ; 

~o (-:t,G.} = ~o<Q) ~\< vx· 

BonHOBYD 4JYHKUHD CHCTeMLI ~ ('X ,Q.\1;,) I 
HCXOAJI H3 YpaBHSHHB illpS,I!HHrepa 

~~ ~ - \-\ {-:x) + \-\ (G.I-r'N tf ~/\ 1\ A 

4-t A '\!) M 

" " 
3AeCL \-\ t:i) 1 \-\ ~ l Q. l- rawHnLTOHHaHH CBI 

qaCTHI.iLI "\"l 11 J/1 mapHKa M. , TIOROZJ/Il 
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1aBo, nH~o HaneBo, no BepmHHe yceqeHHoro 

H Kpall BepmHHLI ( Q-::. 1 ~ l mapHK 

MO:&eT npHO~peCTH KaK yrO~HO ~ORhinYD 

J o , (3~eCh P -HMllYRhC mapiiiKa, a 

BLICOTa KOHYCa, KOTOpal! MOZ6T ~LITh 046Hh 

HKpOCKOllH46CKOe IIBR6HIII6 - paCC611HH6 

te - nopOll,ml.6T IIBR6HHe MaKpOCKOllH46Clt06, 

TeunepaTypy mapHKa paBHa! 0°K III 

o cnozHyD cTpyKTypyx). ITpH 3THX npe~ono
IIHHe map111~a MOZHO C4HTaTh "411ICTLIM" III 

ero BORHOBOH ~YHKUHeH OCUHRRIITOpa: 

- Q2/o...2. 

e. (2) 

~y~eM C4HTaTh MHOrO ~ORbmeR IniiipiiiHLI 

YHltUHD mapHKa nocne nony4eHHII HM KWnynoca 

~ Q.<.+ b MO:&HO C4HTaTD llROCKOR BORHOR: 

e i?G. 

4TO nocne paccei!HHII qacTHULI '' ~" 

~Ba6TCII B ~BYX H6HHT6pP6pHpy~HX 

(3) 

X, O~HO H3 HHX OTB6466T ~IIIZ6HIIID mapiiiKa 

D;pyroe - .D;BH:&6HHD HaReBO ( 'f' < 0 ) 

Hecy~eCTBeHHa B paccuaTpiiiBaeuou nponecce. 
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B 3aBH~HMOCTH OT TOro, B KaKOM COCTOIIHHH paCC611R6Ch 

Ha map~Ke MHKpoqaCTHUa 11 P 11
: HM611 HMllYRhC 'K KRill - '.< • 

rroaTOMf .D;BH:&eHHe mapHKa no BepmHHe Itoayca BLillORHHeT ~yHKUHD 

aHaRH3iTOpa, a ,D;aRhHeRmee n~eHHe ero BHH3 - BLillORHII6T 

~HKUHD .D;eTeKTopa. TaltHM o~pasoM, B Hamew npocTOM npHWepe 

np11I60p, KaK 3TO III .D;ORZHO 6LITh, BLillORHII6T o~e ~yHKUMIII, xap6K-

T6pHL1t )J;RII III31o16piiiT6RhHLIX npiii60pOB, 

OOpaTHMC& Tenep» K MaTeMaTIII46CKOR TeopHH aroro npH6opa. 

ITpe.D;nono:aHM 3Hepr11ID B3aHMO.D;eRcTBIIIII 

B npocTelmeM BH.D;e: 
W" b(Q.-x1 

A~ -=- ca 

WA& = 0 

mapHKa H MHltpoqaCTHULI 

)J;JIII 

)J;JIII 

t '>0 ~ 

t <..0, 
(4) 

r.D;e ~l- KOHCT611Ta B3aHMO.D;eRCTBHII, ltOTOpyD MOZHO C4HTaTb 

ManoR, 3tO ll03BORIIIT HaM llORh30BaThCII TeOpHeR B03loly~eHHII, 

0003Ht.qHM BORHOBYil CIIICT6MY 4aCTIIIna-npH60p 

UOM6H~ Bp6M6HH qepe3 l::\,1 O ('X 1 G..) : 

~o (-:t,Q.)-: ~o(Q) ~\((.'X) 
(5) 

BORHO:IyD <lJYHKUHD CHCTeMLI ~ ('X, Q.,-t) .D;RII t ~ 0 6y .D;6M HCKaTh 

IIICXO,II,.l III3 ypaBHe HIIIII l!lpe,n;IIIHrepa 

" " 
3.D;ec» \-\A tx'), \-\ ~ l G.)- raMHnnoaiiiaau cBo6o.D;aoro .D;B IIIseHHII 

qacTIII!Ui "t"-" H mapHKa M. , llOROSIIIM 

83 



-\. l ~o+E\4\1:. 
<i'c-:r,G.

1
-t')= li'ol-:x,a.)e +U('~)i,~:\ (7) 

r,Jte \l~ paCC8JIHHaR BOJ!Ha. 
" ITo,~tcraanaa (7) B (6) H npeueOperaa npouaae,~teHuew Wu. 

(aenuquuol nopaAKa ~2 ),nonyqHM ypaBH9HH9 ,ltnR pacceRHHOI 

BOJ!HH: -" " l 
~"'ii o\AC-r,Q.,t) _ ( t\~(-x)+H~CQ.)~uc-x,a.,-t.)-=-

-at \ 
" -~Ce 0 +~~~t. (B) 

=-WAsC'":t,G.) ~o ('J:,G.,-t)e 
3Ty BOJ!Hy Oy,JteM HCKaTb B BH,lt9 pa3JlOK8HHR: 

\ -~ Ep t /4fa (9) 
U(':l',G.,-t\-= J~PCQ)e u~{'X,1::.ld?. 

ITo,~tcraanaa renep» (9) a (8), yuHozaa noJtyqeuHoe ypaa1eaue 

Ha ~ ~~ ( Q.\ , PIHTerpHpya llO Q H ll0Jlb3Jl1Cb yc ~OBHeM 
OprorOHaJlbHOCTH: 

s~"~,(Q.\~?(Q\dQ~ £,(?'-?), (IO) 

nonyquw ypaaHeHHe .ltllll 

·~ (.U ('X -tl "' "n p , - \-\ ('X) U (':X t) -
~t A P , 

L (E p- f \( '\ t . wkt( ) 
..:;:* ';h . ..~ II 

:: ca ~ P c-:r) ~o C-x) <f\( <:xl e ~ ~-

3,~tec» 

~2 1.<,'2 .... ~2. d2. 
~ (,.)~ ~ 2.t.A I \-\A ('X) -::-~ ~2 

Ypa8H8HH8 (II) paapemaeu c llOMO!IIbll fWHJmHH rpHHa l/j( i-:t\ i-i.'). 
CB000,ltHOrO ypa8H8HHll ( T • e. ypa8H8HHil (II) npH ~ = ( ) : 
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-t 
uf(-xl1)-= \ ~ C'l-'X

1
, i-t')d·ec 

0 ~ 
r.~te corJtacao (II) ucroqHHK ~c-x',t 1 ) 

~~(:x\1. 1 )-:. ~~;(r:x:)~ 0 ('l:J~\(('X)E 
A»nJ!HTY ,ltY A 4 

I A- BXO,IlJIT B ( I3) 11 

HO BMeCTO 1.\)~ \'X) paccuarpHBa.Tb $yHKUHil 

B8TC'UJIIIIIH8 paCC811HHY8 BOJ!Hli u: (':l',-t) 
Kax Kaaecrao, !IJYHKUHII OJ ('X, ~) .D 

qacTKUH c uaccol f" pasHa x) 

OJ '"'· t \ = ~ ~ - e' ~ -x • /2 
~ '2-rri.~ 

ilO,J;CTaBJliiR renepb U 0 ('l' t\ 8 (9) MY E 
,. I I 

BOI,J;eT HHTerpan, paBHWI: 

OJ M ( G.-'X1
1i-t'): J d 2 !J! p(Q.' 

KOTOpHI eCTb He qro HHOe, KaK ~yHKUHR I 

,ltBHK9HHJI qaCTHUH ~ ( mapHKa) • ll03T( 

+ ~t ul{-:t,Q,-t.)= ~~- OJ ('X-'J 

0 fi 

dl(1 cA.-~' 9..,t'X1
') e '! ~ 1,<.-x' 

x) Cu. ,Hanpnep, /21/. 
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.OJIHa. 
1\ 

H npeHeOperaa npoH3Be~eHHew VVU 
~2, ), nOJIYQHK ypaBHeHHe ,lUIII pacceBHHOJI 

_ t ~~('X)-T~~(Q.)"\uC'x,G.,1:.)-=
(8) 

» B BH~e pa3JIOSeHHB: 

(Q)e-~ Ept /4;, l.J (-x -t.)do (9) 
p ~ ' r. 

B (8), ywHosaa noJiylleHsoe ypaBHeHHe 

rpHpya no Q H nOJI»3YBC» ycJiaBHew 

(IO) 

1\ 

\-\A('X) U\l('X)t) = 
• L (E p - c '.\ \ t .lo)k -t 
~o('X)~'K('X)e ~ -~~:II) 

A -t-,2. d2, 
~A ('l) ::- 2:p d:i~ 

Lew c nOKOIJI&Il WHJmHH rpHHa vy(~-:t\ i -i. () 
: T • e. ypaBBeHHII (II) npH ~ :: Q ) : 
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r,Jte COfJ!aCHO (II) HCTOQHHK ~('X1 ,1:. 1 ) paBeH: 

1 ~ ( E.f -'Eo)t - ~~ t 

~'\>('l\1. )-:. ~~~('X)~o(':tJ~'(('X)e • ~ K(IJ) 

AYrJ!HTY.ItW A4
1 

A- axo.n.n B (IJ) mmeiiHo, nono~.ty .n.ocTaTaQ-

A+ -+'\l'( 
HO BKeC1 0 ~~\'X) paccwaTpHBaU $yHKllHil - e· \ J4 COOT-

BeTCTBYI>DtHe pacceBHHW8 BOJIHH z..ti ('l',i) • 

Ka1: H3B8CTHO, ci>YHKIUriB OJ ('X, .C) .D..Illl caoOo.n.Horo )lllHEeHH& 

qacTHini c waccol p pasHa x) 

OJ (·:c,i\= .~ e;, ~'X'~-/2~t: ~. Cr4) 
~ y~ VT 

ilO,li;CTaB.lllll tenep» U~(~,t\ B (9),»H BH.JJ;HK, QTO B (9) 

BOI,J;eT '!HTerpaJl, paBHWR: 

j 
~ I ~ E~:,(t-t') 

OJM l·a--x',i-t' I~ dl? ~P(G.)£?,(')C)e, Cr5) 

KOTOpWI eCT& He QTO HHOe, KaK ~YHKUHfl fpHHa .D.Jifl CBObO.D.HOro 

,li.BHS8HHi QaCTHJ:ni ~ ( mapHKa) • ilOJTOKy nonyqaeTCII: 

ut \., ,Q ;t. '\: 'a ~t r OJ~ <cc--x', t-t' ) 0( "(G-?t', H) 
0 I . E ~I (16) 

:!)(1 tJ:t\ q (.-x') e -t ~ l,<..-x. e- \ 0 ~ 
0 , 

x) Cw., ~anpH»ep, 1211. 
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I 
araA: '"t" -:. t - t : 

\ d: \Wo~ \'4 ~ 

oc t 

~c.~'~~ 
HJIH B pacKpliTOU. BH.I(e, IIOJI' .L ~ ~ 

ut (':X.lQ,t 1-= ~ t'\ e ~ 
2

1T,1:11 
21T\YI 

. (:x,-x')~ .~~Q~'X'\~ -+''~ ' -i....,o't" 
"t-'~ -+1.1"1 "''""nl\" _\. .. 'X J;. c-x''le e '2.·~~ c:." · e ~o • 

- OC• 0 '1"' 

(17) 

B 3TOW HHTerpaJie MOSHO BlillOJIHHTb HHTerpHpOBaHHe nO d ~I 

(cM,,J4ononaeBHe IX ), TorAa nony'lHM: t 

u"±t-:r,Q.,-'c\-= ~A'±e'wo-t ~~M' -fir\ ~e~<.Vo't'. 
2 21T~ "t\ 0 "t" (18) 

A - "B+ 1 't) +e'e-r) - e -
ACT) 

IlpH'leM: 
~ . 

A-:.--~ (~+M) 
o..2. 2~'1:' 

A . 1 ·,~+-::.- f:;: \(....,..!.. (IA'l-1-MQ.\ • 
- 2 A 1. ~tt I' ' 

(19) 

c-:. I. 

2-?\ lt' 
(\'t-x2.+MQz). 

EcJIH Tenepb HCnOJib30Ba Tb HCXO,II,Boe npe,JtnonoseH He M .,~ t"1 , TO 

'Re ~! npHHHMaeT BH.I(: 
2 

~ "\) ~ - [ Q ± '\Ttt" J (20) 
t'\E? o;. -

- o.'2. 

3.1(ecb '\)"-:. ~ k ecTb citopocTb ma.pHKa ( cw.,~~;ononaeHH•l YII). 
\V\ + "\ 

0TCIJ,J4a CJie,lzyeT, 'IT 0 illYHK~HII U ( Q
1 

'\. ) COCpe.I(OTO'leHn B 06JiaCTH 

llOJIOI:HTeJibHHX G._~ 0 < Q.< 1'1,)'1,. , a illYHK~HII :.\- (Q,t) 

COCpe,~tOTB'leHa B 06JiaCTH OTpH~aTeJibHHX a: - '1)'-\:. < (~ < Q , 

ra.K 'ITO u.-+(Q.,-\:. \u- (G..,-\:.\';;' (). .naJibHelmee ,D;BH:ceaHe mapHKa 

M.. B 06JiaCTJ. G_ ';;> \ b \ npaKTHQeCKH 6y,JJ;eT COBlla,JtHTb C 

KJI6CCH"'8CKHM ,II,BHJ:eHHeK na,Jta.JJ~ero C "rOpKH" mapHKa. 

86 

Ta.KHM o6paaow, AOKa3WBaeTca, 'ITO 

JmpHKa B 06JJaCTH- b < Q c=_~ b YHH 

~Mil COCTOSHHI, npHHa,JtneJ:a~HX pa34HQHW 

.JtBHJ:eHHI mapaxa. 

ITo .I(OCTHJ:eBHH o6nacTa G.'>\ b\ 118 

Ha.npaBO HJIK RB.JI8BO, Ba6Hpaa laK yrOAH 

3THM BOCllOJIHieTCI ,ll,eTeKTOpHaR illYHK~HI 

ycTpolcTBa: no na,JteHHD mapHKa cnpaBa 
\1 \1 

3Halt HMnYJiioCa 1l6CTHI\H \4 

JIEKUIUI Ill! 

TepKOAHHa»M'tleCKM aeycroD"'HBHA geTeKTC 

B 3TOI JieK~HH paccKaTPHBaeTca H~ 

npe,Jtaaaaa'leHHHI AJII onpe,11,eneaMa aanpe 

MHKpo'tlaCTM~H ' 1 ~ 11 1211 . Ilpe,Jtnonarae1 
.... 

06Jia,J4aeT warHHTHHU. UOMeHTOII ~ ., .... 
~ ~ ~o G, 

... 
r,~~;e ~ - Ka.Tp~a IlayJIH. IlyqoK qaCTJ 

HellOJIRpH30BB.HBHK. IloaTOyY HCXO,II,HHI al ,.. 
H onHCHBaeTca cTaTonepaTopoK ~ , 1 

TH: 
~ ~ 
1> ( 'X '-x.' ) = '? '\ 1f .• yx) '\¥ ~ ( 'l' ) -+ ~ 
ue BOJIBOBal illYHK~i ~~ fi] 
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BIWOJIHHTL HHTerpHpOBaHHe no d 'X I 

• Tor~ nony'IKU: t 

(17) 

::o \W0 4: ~ .r:::: \ o"\ -\.Wot' 
- - '11T -e . 

2lT \ 1:; 0 't' (18) 
~) T C('t') 

L HCXOAHOe npe,~tnono:.;eHHe M ")) f'1 , TO 

± '\T «'t J 2. (20) 

Q.'2. 

KopocTL mapH&a ( cw.,~tononaeaHe YTI). 

K~$1 U + ( Q 
1 
'\.) COCpe,~tOTO'IeHa B OCIJI8CTH 

Q. <. '\)' 1_ , a <llYHK~H$1 U- ( Q 
1 
t) 

OTpH~aTeJILHYX Q ~ - '171. <. Q. <. Q, 

~.,t \ ";;;: () . ,llanaelmee ABH:Keaue mapH&a 

b \ npaKTH'I8CKH Cly,Jtet COBna,D;aTL C 

na,JtaO~ero c "ropxu" mapH&a. 

86 

Tano oC!paaow, AO&aawsaetca, 'ITO npH ABH:KeHHK 

JmpHKa B OCIJiaCTH - b ( Q ~ ~ b yHH'ITO:KaeTC$1 HHtepcllepeH

~HH COC'~OSHHI, npliiH8AJI8:KaJIIHX pa3JIH'IHYM HanpaBJIBB HSM 

,JtBH:K8HH.! mapH&a, 

no ,ltOCTH:KeHHH o6JiaCTH G "> \ b\ llapHK oy.-et na.-an 

aanpaBo HJII aaneBo, aaC!Hpaa &aK yroAHO 6on~>;ym aaeprzm tr0 • 

3THM BOlnOJIHSeTCR AeT8KTOpHaR <llYHK~HR aamero H3MepHTeJILHOro 

yctpolcna: no na.~tenn 11apHKa cnpasa HJIH cnesa MY yaaaew 
" \1 3Halt HMiyn .. ca qacTH~ \4 

JIEKUHH Xlll 

TepMOAHHaYH'IeCKH aeyctoR'IHBYa AetexTop 

B atol nex~HH paccwatpzsaetca zawepzteJILHYI npHC!op, 

npe,~taaauaqeHHYI AJIR onpeAeneaza aanpaaneHHR cnHHa 

MHKp0'18CTHIUI 11 ~~~ / 2!/ . Ilpe,JtnOJiaraeTCR, 'ITO 3T6 qacTH~a 

""' OCIJia,Jtaer MarHHTHYM MOM8HTOM ~ ., .... 
~ -:: ~o ~, (I) 

aenOllR}H30BaHHYM. ll03TOMY HCXOAHYI aHCaMCIJIL - HeKorepeHTHYR 

"' H onHc&BaeTca cratonepatopou C? , HMemJ~~HM uatpHqawe anewea-

rw: 

~(-x,-x.') = '?" ~"<-x)"\¥~('1')+ '?a \¥2(-x)'l.\1~(-:x'), C2) 

BOJIHOBaB <llYHK~R 14> \ npe,~tCTaBJIR8T COCT08HH8 
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qacnntu ''tt" c npoexnHel cnHua ua oc~o Or, paauol "'A {'2 , a 

BOJIHOBaa iflYHlt!XHI ~'2.. npe.J;CTaBJUieT COCT08HHe C np~eltiXHel 

cnHna aa Ot. , paaaol -A /'2 • 3TH coctoanua paanoaepouau, 

TaJtqTO: ?11 -= ?'2.-:: lo./2. 
C nowo••~ aeo.,;nopo~uoro MarHHTnoro nona, napannen~onoro 

OCH () Z, , nyqJtJI 1..\- II H t\12 
BeHHO Talt, qTO JtaX.J;HI BanpaBnaeTCJI 

j)a ( CM. PHC.5). 3THM BHnOJIHieTCI 

if>YBKIXHJl auannatopa. 3ta if>YBIXHI 

MOXHO pa3~8JIHTio npOCTpaHCT

B CBOI ~eTeltTOp 1:: '\ HJIH 

nepa9a if>YBKJXHI npu3opa -

B pacCMaTpHaaewolf cnyqae 

tpHBHan~oaa,K MH ee pacCMaTpHBaTio ~anee ae 6y~ew, a cccpe

~otoquwca HCltn~qHT9nloHO Ha pa60T9 ~9T9ltTOpOB. JlOCTaTcquo 

paCCMOTpeTb O.J;HB 113 HHX. 

B xaqectae ~eteJttopa pacCMotpHM wa~tpocxonuqecKoe 

co6paHHe OCIXHJinJITOpOB 1 o6naAam.HX MarHHTHYM MOM9HTOM, ltOTOpoe 

HaiO~HTCJI B TepMO~HHaMHqecXH H9YCTOiqHBOM COCTOJIHH~. 

MarHHTBHI MOM9HT OCUHJIJIRTOpOB~ MOXeT 6HTb BHpaseE qepe3 .., 
H HX wexauHqaCKHI MOM9HT ~ HX 3apJI.J; e cor.llacuo 

.., ... I. 
H3B8CtHOI iflopwyne rn -:: e /11 t:2WIC:, r.,;e WI- Mace a 

OCIXH.IInRTopa, c- cxopocn caeta. 

3HeprHR B3aHMO,J;eiCTBHR qacTHIXH 11 ~" C O.J;HHM II~ 

OC!XHJIJIITOpOB ~eT9ltTOpa 6y~eT paBHa: 
1\ ...., ....., w :: - ron H (";t ) • (3) 

.., 
B atol iflopwyne H ('X) ect~o warBHTHoe none, B03,~telcny~•ee ua 

OCIXHJiniTOp CO CTOpOHY qacTHIXH ''~" • 3TO none BYpaJaaTCa 

iflopuynol 

88 

; 
\1b:j-: 

..., 

J:. 
~~ 

~ ( ~ ~ 
~5 

B noR iJ)op!.ty ne 'R eCTb pBCCTOJIHHe OT 

OCUHJIJIJITOpa, Rnn HameR U8JIH )\OCT6TQql 

paccworpeHI-!eu ,I~BywepHolt ~~a).laql!, Mu 6y.lle) 

TOpW Odpa3y~T B fiJIOCKOCTl-1 ?Cy ,1\ByNepHHI 

0. • Jlanee 6y;teu Clli-!TaTh, qro AJII-!Ha Be 

ITpeAnonoxxw, qro qactuua nonapuaoaaHa a 

ITpH 3THX ycnoauax cxanapuoe npouaae.J;eHHE 

HYJII>. Ycnoue ?: '?"?a. noaaonaer 3alfeHHn 

B (4) HB ee cpe.l{H69 3HB'l8HH8,T8.lt llTO ., 

llpH 3THX npe~nonoaeHHJIX 3H9pr1-!JI B3BHI40)t6 

K <!,- ro ocnl-lnnaropa npHHKwer npocrol 

II d 
\ .._( - -\- I 'f. '-' .. -- J 
'1'4 '5 - - " "" 'd~J?s 

" _jL,u 
r.xe qacrota w ~ Q.'l 2_...,c \' o ,o. ~~ 

onepatop llp06XUHH M8XBHHQ8CXOfO MOM8HTB 

Ha oc~o 0 ~, If S , - nouJlHHlt yron. :lHaKII 

Op11811 TaiVIIIJi Clll!Ha QBCTII!XH 11 t" 11 
• ,UOCT 

o,.;uol 113 B03MOXHOCTel. HeBo3My•eHHMI raw 

113 OCIVIIAJIBTOpOB MOXeT OITio 3allHCaH B Bll~ 
A ~ A W r ~ C 
\-\ ~ L H <'X!), 'fs) -= L.. 1. (- 2 ~ 

s~1 s•1 

( " dt " 2.' \ + - - ---"1 + - 'Is I · z. ')"fs 2 
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IUiel cn&aa sa oc• Or, pasaol """ {~ , a 

npe.a;cTasnaeT cocToaaHe c npoexUHel 

HOI - t\ {'Z, • 3TH COCTORBH8 paBHOBepOIITHW, 

: lo./2.. 
pOAHOro xarHHTHoro nona, napannen•aoro 

H ~2 MOSHO pa3,1t8XHTII npOCTpaHCT

HanpaBU8TCR B CBOI A8T8KTOp 1) '\ Knit 

M swnonaaeTca nepa!l tya~za npHOopa -

B pacCMaTpHBaeMoM cnyqae 

• cCMaTpH&aTII ,~taxee ae Oy,~tew, a cocpe

.ao sa pa<loTe A8T8XTOpOB. nocTaTOllHO 

me. 

::ropa pacCMoTpHK waxpocxonwqecxoe 

1, o6JlaAaJ)~HX KarHHTHW MoweHTOK, xoTopoe 

1Hal1Hll8CXH HeyCTOillHBOll COCTOSHKH, 

IXJIRTOpOB "in MOS8T 6HTb BYpazeH qepea .., 
IXAHHllecnl woweaT M corxacHo 
' .. I. 1 -= e M i2mc, r.-;e ~- wacca 

ipOCTII CB8Ta. 

1ICTBHI qacTHIUI "~" C O,J;HHK H3 

18. Oy,~teT paJ!Ha: 
...., 
H c~). (3) 

ecTII MarBHTBoe none, soa,~telc:rsym~ee sa 

'' " 3 ca ru qacTHIUJ ~ • TO noJle BYpameT 

88 

.... ...., 
; 
Hbl ~ J:_ '"R { ~ ~) (4) 

"R'!:. "?..s 

B no A 4 opuy ne "R ecr.b '' 'I paCCTOHHHe OT qaCTHnU ~ -~0 

OCUHJ!Jl1110pa, nna Hall!eA UCJIH JtOCTaTOt,tHO orpallH4W£hCH 

paCCio!OTI CHHeU ,llllyMepHOit ~m~at,tH, Mbl <ly,~~;eM C•U1TaTb, 'lTO OCUHJIIIH

TOpbl OI5I a3ymT B ilJIOCKOCTH '"X'( ,D;ByMepHWI KpHCTallJIIlK pa3Mep0!.4 

a. . Janee Cly,~~;eM c•m:rau, llTO ,D;JII'!Ha BOJIHli qacTHIUJ "~' ~'i) ~. 

IIpe.a;nonoDIM, llTO qac:rHna no.I!RpHaosaHa a Hanll!;snemm ocH Or . 
ilpH 3TH:X YCJIOBHIX CKaJU!pHOe npOi13Be,JJ.8HHe(~'R) B (4) paBHO 

nyno. Ycnoue ?: '?'?a. noaaoJtae:r aaweHHTD seJIH'lHHY 1\ I "R~ 
a (1.1) aa ee cpeJtHee 3Ha.«eHHe, :ra.It ttro ·i I i<3 ;.= "'I a. 'l · 

ITpH 3THX npe,~~;nonoseHHHX aaeprHn saaHwo.a;elcTBHH ttaCTHUH 

H ~- ro OCUHilJJHTOpa npHHI'!MaeT llpOCTOI BH)t: 

(5) 
,:, L 0 ~ l 9 

'H S :: ~ " V\ w 'd~s . 

ecn 

onepaTOI npoeXUH.ll M8XUHHttCCKOro MOMCHTa ~-ro OCIUIJIXRTOpa 

Ha OC» (i~'~SI- nosspaHA yron, 3HaKH OTBeq4~T ABYM B03MOSBHM 

opKeHtauu cnHHa qacTHIUJ "~ '' • .nocTaTOllHO orpauHqHnca 

O~HOI H3 B03KOZHOCT81, H8B03MJ~8HBYI faKHXIITOBHaH CICTeMY 

H3 OCUXn•aTOpOB YOSeT OIT» aanHCaH B BH,D;e 
A f'4' A ,.., (" .. d2, 1\ ~) \-\-:. 1: \-\ (-x$, 'fs)-= L l ( -l -axt + t 'X~ + 

S'=1 s-.'1 $ (6) 

" d~ A y;. \ \. 
+ (- 1: ~"'1 -+ 2 ~ J 
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ilpHqeM B 3TOI 4}opwyne 3HeprHH H BC8 KOOP.JtHHiiTii C,11;8JI6.H:i 

OeapaawepHiiMH nyTeK BHOopa e,~tHHHUii AJIHHH e ~ {~ I 2. 'M IV:', 
e,ItHHHUii 3HeprHH t :: i\ W0 '1 ~0 - 'lliCTOTa ltOJie0aHHI OCilHJIJI.Il-

TOpa. Ha OCHOB6.HHH (5) 3HeprHH B03KY~eHH.Il BCel CHCTeMH 

Oy,~teT paBaoll: 

t-.1 /1. N ~ J 
\~I "V w - "\ ( -t \_ ~ ~- • vv = L s = L '-- ~~'!>· (7) 

<;..::'\ <;-='\ 

H3 (6) BH,II;HO, 'ITO HamH OC)lHJIJIHTOpli 00Jia,ll;a~T CHMK8TpHeR OTHO

CHT8JihHO Bp6.~8HHB OltOJIO JtaZAOro H3 y3JIOB pemeTKH, no-

3TOKY " " . [\-\,W)-=0. (8) 

Mli npe,B;nOJIODK, 'ITO B H6.'16.JihBHI JIOM8HT Bp8K8HH t=O 
( T.e. B OTCyTCTBtre 'laCTHilH 

11 ~II ) CHCT8Ka OCilHJIJIBTOpOB 

H6.XOAHJI6.Ch B HepaBHOB8CHOM COCTOBHHH: ltOJI80aHHB no OCH ()~ 

01iJIH"36.KOpOJ:eHii~ OHH JDI8JIH T8KnepaTypy 9:. 0 t a ltOJIE06.HHll 

no ocH 0 X OtiJIH"HarpeTH"AO TeKnepaTypu 9::. k \ ...,. 0 

BwqwcJIIOI. Teneph 3JleKeB'tli KaTpJ!Uii nnoTHOCTH \' ( ')(' 1 "( \"'X.11 'f') 
,I;JIB o.~;aoro H3 OCilHJIXBTopoB npH yxa36.BBHX ycnoBHax. 

BpeKeauo MY Cly,~~;eK onycxan HB,J;eltc ~ ';I- ':X'!., 'fs1 -r'5 ,·y1s:, 

Tlilt KaK BCe OCilHJIJIITOpli Hamero fiJIOCltOro !tpHCTiiJIJIHKa 

uaxo.~;aTca B paBHYX ycnoBHax. Hs onpe,J;eJleuHa KaTPHilH 

nxoTHOCTH xaaouHqecxoro aac8liCIJla CJie,~tyeT: / · 

" \ 1 ~ (?- E ~- E0 ) 9 * 
~c-:x,"f 'X,'f')-:: .2- e ~c':t)'\l·('X')· 

on:o "" "" (9) 
• ~0 ("f) Ut: ('f'). 
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3,~tech cyKKa BllaTa no seeK ypoBHHK auepr1 

E-... ~t. LV 0 ('VI-+ ~/2) , KOJI80JIII~Hli.Cll BAOJlh C 

8CTh COCICTB8BH6.B 4)yHltllHll TliKOro JIHB81HOI 

npxsa,J;Jlemlllall 'r\- KY yposu~; Eo~ "v-. 14 

By JI8BIIIX ItO J18CI6HHI no OCII 0 "( t l_l,~ l) J -
BOJIBOBall 4JYHltllHll. 3Ta ~HKilHB, B Ylta36.HE 

HHX nepeKeHHIIIX t paBHii ~ot'1J-:. ~--. e ~ 

F\ ~n -csoCio.u;uaa aueprHa O.l{Horo H3 N' 
ilpoCIJleuy npe,JtCT6.BJili8T cylllmpOBaHH8 no Y 

0() - ~ 'E't\ * t. ('X,'X') :: L. e lV"' c-x")~\'1 
n=o 

r,~~;e nOJIOJ:8HO ~-=1\Wo I e . qTOCI!i HaiTH 

npH8K, OnHCiiHB!il B Jl8ltllHH (22). 
" 

Ha €- f.> \-H'X) ~.,.l"l) H npo,~tJ$11epeHilHPY8K < 

noeyqJDI; 

" -a z c-:x,-x') + t\ <-xl r c~ 
()~ 

ypaBHeHHe llipe,~tHHrepa c MHHMHM Bpeweael 

B pacltpYTOK BH,B;e 3TO ypaBH8HHe rJiaCHT: 

d l (-:r,-x.') } ~ 'a~ i. 
G ~ -+ l - 2. "he + 2. 

I 
38li8THK, 'ITO nep8K8HH6.ll 'X BXOAHT B 

0,~tH6.ltO liCHO, t{TO T6.lt08 :a:e ypaBH8HH8 MOm 
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3HeprHa H Bee XOOp,llHHaTH eAenaHH 

iopa e,llHH~H AXHHH e ':: V~ /2. 'm IVo 
1
, 

Jo '1 '-1> 0 - qaeTOTa XOJiet1aaHI oe~HJIJII-

3HeprHa B03yY~eHHI BeeR eHeTeMH 

(7) 

OC~HXJliTOpH Ot1na,llaDT eHMMeTpHeR OTHO

l xaJ:.~toro H3 yanoB pemetxH, no-

) -= 0 . (8) 

!MaXJ.BHI KOMeHT Bp6M6HH t: 0 

lTH~ 1
' ~II ) e!leTe»a Oe~KJlJIITOpOB 

:HOM eoeTOIHHH: XOJiet1aaHB no OeH 0'( 

leJIH TexnepaTypy e~ 0 , a ltOJiet1aHHII 

!TH"AO Te»nepaTypH 6-:. \( \ ") () 
:w »aTp~H nJIOTHOeTH \'(':lC' 1'f\'X.1l-y1) 

lpOB npH yxasaauwx yeJIOBHSX. 

lltaTl> HHA8Xe~ 'j. "X'!. 1 'fsl'X1

5 ,)'~) 
1 aa•ero nnocxoro ltpHCTaJIJIHJta 

lBHax. Hs onpeAenesHa »aTpH~ 

l asca~~t1u ene.~tyeT: / . 
~ (l=-e"'-Eo) Q * 
~ e ~ c-x)~'loC'X')· 
::o "" (9) 

. ~0 h)~: t-y') . 
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3.~tec» cy•~ B3RTa no Bee» ypoBHR» aseprHH oc~HJIJIRTopoB 

E,..-::tw< ('V\-+~12), xonet1JID~nea BAOJI» oeH Q)( \ ~"'e-x) 

een cot1<:TBeaaaa wyux~a TaKoro JIHHeiHoro oe~JIJiaTopa, 

npHHa,llJI82talllaS n- MY ypoBRD; Eo':.~ 14o I '2. een 3HeprHa 

HyJieBHX l:OJiet1aHHI no OCH(}'( , "UJ~ \. '#l- eOOTB8TCTBYDlllal 

BOJIHOBaa WYHit~Ha. 3Ta ;yux~a, B yxasaauwx pasee t1espasxep

awx nepe)l8BHIIIX , paBHa ')\. t'f~-:. ~ e- 'l·/z. ; 
'-"o 't.Jif 

F { e' -eBOt10,Il;Haa aaeprHI O,llHOro H3 tV oe~HJinBTOPOB. 
IIpot1newy npe,llcTaBJiaeT eywmpoaaaHe no "n • 3Ta eyK»a paBHa 

00 - ~ CY\ * I 1:. ('X,'X'1 :::. L. e lV.,.. (-x')~'n l-:x), (IO) 

n=o 

rAe noJio:ceHO ~-="rrt.Vo I e • ~Tot1w HaRTH aTy eyKKY, npneHHM 

( 22). 3ru~eaHK e- ~-e .... ~ ('X) npHeM, ~IHCaBBIIIR B JI61t~H 

aa e- f.'\- ('X) ~.,.l'l) H npo.~tH~epeH~Hpyex CYJIKY no 

o Z C-:r,-x') + ~('X) 1:. (7 
1 
-x')-::. 0 -

0~ 
ypaBHeHH3 lllpe.~tHHrepa e MHHMW Bpeueaeu t = ~ ~ 
B pacKpwrou BHAe 3To ypaBHeHHe rnacHT: 

• TorAa 

(II) 

3ru~eTH», liTO nepexessaa ~· BXOAHT B (II) xax napru~eTp • 
O,llHaXO aeao, qTo Taxoe ze ypaBHeHHe KOZHO HanHCaTJ., .~teiCTBYI B 
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(IO) onepaTopow K ( -x') 
I 

aa \\1"' trx.). Ilonowy B nepe~o~eHHYX x 
H X 1 

4>YHKnHa C('r, •x!) CHWKeTpHIIHa. "HallaJI:&HOe ycnOBHe" 

npH ~.:. () ( liTO COOTBeTCTByeT 6eCKOH811HO 60JI:&DIOII 

TeMUepaType G ) onpeAeJIHM H3 ecTecrBeaaoro npeAUcnozeaHa, 

liTO npH e ... 00 ocnHJIJIIITOp HCnapaeTCII, ero .IUIHZ8HHe no OCH OX 

CiaHOBHICII CB060AHYW. 3Ha118HHe CYJOI.Y 2C'X, 'X 1J 
0 

A Jill CB060AHOrO ABHX8HHII XOpOmO H3B8CIHO: 

~ -.±._(x- 'X')2 
~o e-x, -x 1

] :. .~ e ~)> • 
vrr~ 

(I2) 

0HO COBUaAaei C 4>YHitnJ.Iel rpHHa AJIR CB060AHOrO ABHZeHMII 

llaCIHnY ( Clot. ,aanpHMep/2I/ ) , eCJIH B (I2) llOJIODI:& ~ t ': (3 
(m-:: i). B .u;onoJIHeHHH <J) noxtaaaao, liTO pemene ypaBHaHHa 

(II), y.u;OBJieiBOpRD~ee 3TOI4Y HallaJI:&HOMY~JIOBHD H HM8Dlllee 

H806XO,II;HJIYD CHYK8IpHD, Kalt MOXHO y6eAHI:&Cil npaMOI llO)CiaHOB-

KOI B (II),Hweei BHA: 1\ ( 2. A 1 'tl 1,2·) 
1 -A- 2. tl-x - 2\,;:t'X + u'X. 

~e-x \'X')-:. v:rr' e. (IJ) 

IlpHIIew K034>4>HUHaHIY A,B, C Oita3YBaDica paBHloiWH : 

'P>-::. co-t.~~ ~ ·, c = ~ e:-(J. ·,A -:.~eY\(<i~i'n~ ~·)+ CI 4
) 

~L'n \" + 1- ~ 2_. 
YIIHIYBall WHOXHI8JI:& e- Co/e l¥,('f)~t'f')B (9), llOJiyii~W 

0 0 
OltOHIIaT 8Jl:&HO: '\ ( . 2. 2,. I 'll 1 C!) RF -(A+~/2.) -- 'B~- \,;~C.'X+v'X 
1\ ei r 2. . 
~cx,'l\'l.\'f')= ....... e I (Is) 

_ ~ c...,2+"f e) 
e . 

OctaBmaaca HeonpeAeJieHHOI cso6oAHaa aHeprHa E HalO,D;Hica 
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H3 YCJIOBHII HOPMHpOBKH ~~ q ::. .1. • B 

+00 YCJIOBHe rJiacHI: 

JS ~(:X:,'t\rx',· 
-oo 

rronara11 ~ -c : o..2 :. t~ h(~/2.) 
0'l..-: ~ , noJiyllae» Ha (I5) H (I6) 

- ~ f- - ( ~+ ~,2.) ( 1 -(Q.2'X. 2.+ 

e _ ) ) e 
1\ 

~ ~r-cA-+ -a) 

-bO 

0IKyAa € -:. b , TaK III 

~ F -:. ~ ~ tw L 2 ~iV\ ~ ~ J . 
TaitHK o6pa30M, OKOHIIaT8JlbHO MaTpHIIHl 

?c-:x, 'f \ <:le', 't' ') npHHHMaei npocroll BHA: 

- i ( B -:x:e.-
A b 2. ? c ':c, 'I \ rx', '1')-=- ~ e . 

06paTHMCII Ienep:& It BYIIHCJieHHD MaipHnY 

B 140l48HI t:. Q B KpHCiaJIJIHK BJieiaei II~ 
BYR C 0CUHJIJIRIOpawH,H3WeHaei HX COCIO. 

onHcaH Blolme. B CHJIY roro, liTO oneparo; 

pyer c Hcxo.u;HYW rawHJIItiOHHaHOM H 
(7) Hl488I OAHHaKOBYII BHA B mpe.u;HHrepOI 

93 



I 
1 Ha \\1\'\ ('X.J, Il03TONY B nepeMeHHYX "X' 

,•) CHMKetpHIIHa. "HMaJllaHOe ycnoBHe" 

COOTBeTCTByeT 6eCKOHeiiHO 60JlblUOI 

>eAeJIHN H3 ecrecrBenaoro npeAnonozeHHB, 

1srop Hcnapsercs, ero ABHZeHHe no ocH OX 

IHalleHHe CYNW ~ ('X, 'X 1
) 

0 

I XOpOIUO H3BeCTHO: 

~ -±ex- :c''l2 
~ e .:Zf>. (12) 

ll rpHHa AJIB CB060ABOrO ABHZeHHB 

,121/ ) 1 eCJIH B (12) ilOJIOZHTb ~ t:: {3 
CX') noxaaano, liTO pemeHHe ypaBHeHHB 

ITONf BallaJibHOMY :\CJIOBHil H HMell!llee 

KaK MOZHO y6eAHTbCB npBMOI llOACTaHOB-

11C OKa3YBallTCSI paBHWH: 

: " - ·, A-:.ieY\(<i~i'n~~)+ (14) 
&~Yie.. ~ 2 +i ~2. 

to/6 l..P.(y)llot"f')B (9), llOJIYIIHN . 
o ""f'o 

1 F _ CA+?/2.) -!('Bo:x.2.-2c·x:x'+~·~) 
----- e (15). 

rr _ ~ ("f2+"f'e) 
e . 

10R cBo6oABas aaeprHa E aaxo~HTCB 
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H3 ycnoB ts HOPMHpOBKH ~~ q ~ .1. , B pacKpYTOM BH.Ite aro 

+00 

1S ~(X,"i\'X\"f')d'Xcl...,; 1.. 
YCJIOBHe ~JlacHT; 

(16) 

-oo 

H BBO.ItB AnB Y.It06CTBa 

~F- r A-+ ~) 
-:.. b , TaK liTO 

twl2 'E.~V\"' ~ J + ~T?- (17) 

TaKHJl c6pa30M 1 OKOHqareJibHO JlaTpHqHun 3JleMeHT 

?<-:x, 'I\ <Jc\ "i') npHHHKaeT npocroR BH.It: 
12 

_i ( B-:xa-2C-x-:x.'+"Brx )--2~ ("fe~'1'2) 
1\ b 2. 
~ < rx, 'I \ r:x', 'I' 1-=- \" e . (18) 

06paTHl!CB tenepb K BYIIHCJIBHHil MaTpHIUoJ llJlOTHOCTH AJIB t '> 0 • 

t -o " II B MOMBHI - B KpHCiaJIJil'IK BJietaet qacrHna p H,B3BHMOAelcT-

BYB C OC~JlJIBTOpaMH,H3MeHSieT HX COCIOSIHHe, Xapaxrep B03MYIIIBHHB 

OllHCBH BUIUe, B CHJIY TOro, qro oneparop B03MY!IIeHHB (7) KOMliYTH-

" pyer c HCXO.ItHYM raMHJILTOHHBHOM H , eM, (8) , oneparop W 
(7) HM8BT OAHHBKOBYI BH)t B mpe)tHHrepoBCKOM npe)tCTaBJIBHHH H B 
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npe~craBJieHI!IH B3aHMo~eRcrBHl! • l1o3ro:w.y B nocne,~~;sex npe;:craBJieHJUi 

"' ypaBHeHHe ~HJ:eHHS AJUI IUlTpHnw nnorHocrH f rnacliT; 

"' ~~ ;'I " -- ... (~"I'Nl-0. 
(lt. 

(19) 

Hltel! B BJI,II;Y (7), Herpy~HO UOlta3aTI> 1 UO B KOOPAHHaTHOl4 11pe~cTaB

JI6HHH 3TO ypaBH6H He) B paCKpLIT Ol4 BH~e_... Hl466T BH~: 

7>? ( ... -x!> ·•· Ys .. h< ... Y~ ·· ·l t.) 

ot 
'tf f OA I I 

1- tV L.. \ ? ( ... ':(!.··· )'s;. ... \ ••. ':t~ ... ...., s ... ·\-c) 
s-:1 o-~~ 

4-

+ 
/1 ( I I \ o ~ ... -:x:.s .•• ")'5 ... \ ... -::t 5 ... '1-:. ... ·1 t 1 

C)~~ 
J-=. c', 

(20) 

r~e 3HaKB jt COOTB6TCTBymr ABYM B03KOXBHl4 npoeK~Il4 CUHHa 

qacrunw "~" aa oc~> Oe . To, qro o6e npoH3BOAHYe,cf~tq~ 
H'd{o~~' BXOAST B ypaBH6HH6 (20) C O~HirDI 3HaKOK,CJI6~3T H3 

roro, uo B c~to6Jte rryaccosa ('t~) oneparop ~s' .J;elcnyer sa~ 
cnpaBo aaneBo. KBrerpmpoBaaHew no qacrax oa nepesocHTCR 

HaJI8BO H npH 3TOl4 K8H88T CBOR 3HaX. YpaBH8HH8 (20) 8CTb ypaBH8HH8 

B qacrawx npoH3BtAHYX, so o'leHI> npocroe. 06~ee pemesHe aroro 

ypaBseaHa, YAOBJienopam111ee n6paaao:wy npH t-=o sa'laJII>HOMY 

3Ha'leHHm ~( ... 'Xs ••. "YS>-·· \... -x~ ... )'~ ... ; 0), 
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nonyqaerca npocroR 3aKeaoR yrnoB \fs H 

COOTB8TCTB8HHO. l103TOKy HK88Y 

1'\ ' I I ~ ( •.. 'Xs ... 'Is- ..... "Xs··· 'fs ... ii )~ 
" = ~(. .. -x5CtL.Y5 £i) ... 

B noJIIlpHOI CHCT8Ke ltOOp,J;HHaT npH -\;=0, , 
~ I I 

BYpaJ:8HHII ,J;JIIl -s l 'Ys \1\ 'XS', 'fs 

• lO I 
':ts = It!. W:l\fs ·~ 'fs:: 'ts ~l\'1s ·) 'X!.:: 

Kalt noacaeao BYIIe, B 3THX «<>OJDIYJiax cJJe, 

11 tR~ Ha<f~+"-'t 11 no.J;craBHTit B (2r: 
I ts, H 'ts, BHCTynamT Jtalt napaM8TpB • II: 

CJJ8~8T 1 liTO UO,J; B03,J;8ICTBH8K B031l~8HI 

" n ~ 1 OCUHJJJiliTOpY KpHCTaJIJJHit8.t H8 ~e 

C llaCTOTOI W 

-:x:5 (~)-:.1t5 coo(~5 +w-l), "f~(-t:.' 

I ) I I .1) I 'Xs C t -= It~ CO') ( ~s +c.J-. l 'Is(~) 

~aJJee aac 6y~ HBTepecoaarl> JJH~ .J;Hal 
1\ 

ooeparopa ~ • ITO.III>3Jl1Cit (23), Ba OCI 

n (18): 2. z Ct.) " Q' -ctx; ? ( 'Xs , 'fs \ 'l'!., 'Is ·, -t) ~ 1T e 

r,J;e 'XH) II 't (of:\ _.amtCI toli'JIOI 
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ICTBHH • ll03TOMY B DOCH8~HeM npe~CTaBA8BHH 

MaTpHUH DHOTHOCTH f rnaCHT; 

(19) 

10 DOKa3aTb 1 QTO B KOOpAHHaTHOM npe~CTaB

IaCKpYTOK BH,JJ;e~ HKeet BH~: 

(!.··· '{~ ... \ ... r:t~ ... "i ~ .. .'\ -t) 

-a~~ 

'1$···\ ... "";(~ ... 'I~ ... it) 

-a "f'~ 

(20) 

CTBymT ~BYK B03KOZHHK npoeK~HaM CllHHa 

~ • To, QTO o6e npoB3Bo~awe ,c / ~~ s. 
aeaHe (20) c o~BHM aaaxo:w,cne~eT H3 

coaa (~~') onepatop ~$, ~elcnyer sa~ 
OBaHH8K DO qaCTIM OB D8peHOCHTCI 

T CBOI 3HaR. YpaBB8HH8 (20) 8CTb ypaBB8HJI6 

no oqeub npocroe. 06~ee pemeuHe aroro 

11!88 H36paHBOKY DpH ~ 0 HallaAUOMy 

•··· \...'X~ ... 'I~ ••. ; 0) ' 
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nonyqaer:a npoctol aa:weaol yrnoB 'fs H ~~ aa~s+14rt· H\f~+CcJt 
COOTB8TCU8HHO. ll03TOlfY HM88K 

I' \ I I ~( ••• ':/..s···'fs··· •. .'X!)···'1s···;i)~ (21) 

= ~( ... 'Xs,(t ) .•. Ys{-f:.) •.. \ ... 'X~ (;1:) •.. '/5
1 

Ci:) .. ."10). 

KaK DOICS8BO BHIII8 1 B 3TJIX 4Jop:wyJiaX CJI8A:y8T 3aM8SHU ~ 0:. Ha<fs+'-'t 
t I t H ~S Sa<fs + ~ H DOACTaBJIU B (21) • 3aM8THM 1 liTO pa..J11CH 

I 
~ H 't~ BBCTynamT KaK napaKeTpH. H3 3TOrO 06CTOIT8JibCTBa 

CJ18A:y8T 1 liTO DO~ B03~eiCTBH8K B03M~eHHI 1 BB3BaHsOrO qaCTH~el 
II II ~ , OC~HJIJIITOpil KpHCTaJIJIJIKa, He ~e~OpMHpyaCb 1 npe~eCCHpyot 

C qacTOTOI W 

lanee sac 6y~ HBTepecoBaTb JIB~ AHarosaJtbBYe liAesw 
1\ 

onepaTOpa '? llOJIJ.3YICb (23), sa OCSOBaHIIH (21) DOJiyqJIK 

113 ( 18): - 2. z (..1.) - ~e. 2. ( ) 
" Q.( q ~s w Ys t ( 
?<'Xs 1 'fs \ "l'!.,'fs /c)::. 1T' e 24) 

rAe 'JI~(t) II 't(t' AamTCI 4JOPJIJ.IIOI (23). 
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~puyna (24) CllpaBe~XMBa ~XH BCeX OC~MXXHTOpOB He3aBM

CHK0 OT MX nonozeHHH B KpHCTaXXHKe. IT03TOKY B (24) 

MHAeKC ~ KOZHO onyCTHTL. BHQMCXHM TenepL C llOYO·L~ 

(24) cpeAHee 3HaqeHMe BeJUtQKH ~ .x:J. H ~ 'I £ • 

Hue eM : J -Qe :xt( t ')- b ~~l( t-) 
( 1 ~?..):. ~ e .1.. -x~cA-xci'f (25) 

l ~ ~ 
I 

.1.. 
b ) - <l.2.:X:2(-t:)- 'oe.'fe.(t) j 2. (25,) 

( Y)::. ~ e ~2 'I d.'Xd'f. 
2. 1\ 

nna 9TOrO 3aM8TKM 1 QTO 

Cl. a -x2c t.) + bl "2 < t)-::. .1. tt.2. < o.2.+ o")• i. 't-2 c Q. z_ h '2.) ttn 1/1 
2. 2. 

= ~ ( .M.-+ N ~~}, (26) 

r,~~;e ~-::. 1. 'T.2. 'lh - 2 (wt + lO'\ M.-::. a2.+ b2. N'= o.'C.-'o2.">0 
2. l ....,.. - J'l, ' ' 

N /1::1. =-~. 
nanee' 

.i 'X'l(t) ~ i ~ L -1 + ((.(Y.) \f ~ 2.wt ~ 5C:vn~ s\YI '2"'~ )], 
z 2 . (27) 

.1..-y2(t)-:. i ~ [ >1- (tolty(d)2c.Jt+'SL"'tP Si"' 2Colt))· I 

' 2 . (27) 
ilepexo,~~;a B (25) H (25J K nonlpHol CHCT8M8 KOOp~HaT 
K DO,II;CTaBnU ry;r,a (27) (27~, UOJJYQKM ( CM. ,J;OUOXH8Hil8 X ) : 

< i. 'X2)- .1. ( .i. + A..)+ 1. ( .1..2. - ~2) Co') '2r.ut' 
'Z. - g. Qt \)l ~ Q v (28) 

/ i"?..)::. ~ ( .i. + i. \ - .1. ( 11.. - j_ \ (.d)2....,t. (28
1
) 

"' 2 , 8 o.a. ~2 ) & o.z. ee. J 
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Cne.-oaarenLHo, 3TH BeXHQHHH OCUHXXHPYDT < 

Cpe.~;su noreHUHMioHaa 3HeprH11 < fJ') :. 1 
a BM8CT8 C T8M H UOXHaR 38eprHII 9C81 CHC1 

" ~ UOCTOIHHHMH. 4aCTHUa ~ 

M8ZAY CT8U8HIIKH CB060,II;Y. 

loi8HIIeT TOXIoK( 

HanOMHHM 1 QTO npH OTHOCHT8XIoHO BHCOI 

BSXHqHHa 0.~:. ~~'2.. 1 a ~2.:. 1. • li03TOI 

C QacTHUeR 
11 ~11 

npH t '0 MY J4M8Jl 

I i. -:x2.) -::. ~ - ~ ~ .1_ 
" 2 0 4 0.2. - 2 ~ 2. 

< ~ '12.'> -=-
2. () " -4~2. ~ 

..::.. -
4 

liOCU B3aHMOAeRCTBHI, npH t. ') 0 1 noxyq 

( i -x2.) - 1- ~ -+ .i 
2. 1:. - 'Z. ~tV 0 ~ 

< ~ 'fz.) :. i. e ('2;... """ .1.. 
2. t 2. nl..)

0 
~ 

TaK.HM o6paaou,npH'f:">)?.l! aaeprHII nepepac 

"" creneaaM cBo6o,~~;w, a reMaeparypa xpacraxx 

UBOe:e': e {2, • 3TO yTBepzAeHHe C,li;SXaH 

KaKpocxonxqecxxl repMOMeTp ae ycneaaer c 

OC~KnnHpy~~HX QX8HOB 1 cpe,~~;aee 3HaQ8HK8 K 

B 3aKXDQ8HK8 BKqHC4HM H31o18H8HH8 3HT 

onpe.-exaerca ~opyYxoR -----
$-::.- k s~ c ~ ~ ~), 

qepra CBepxy yxaaYBaer aa ycpe,~~;aeaae no 
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~AHB8 ~JlH BCeX OC~HJlAHTOpOB He3aBH

HH B KpHCTaJlJlHKe, IT03TOWY B (24) 

nyCTHTL. BwqxcnHw renepL c nowo•Ln 

He seuqxH ~ ,;J. H ~ '1 t. • 

te:xtt~)- ha'fa(-t-) 
1.. -xz.d.'Xd'f (25) 
2., 

:i·x2(-t:)- be.'ft(-1:) ' 1 'I'd. 'X d'f. (25) 

) -::. i 't 2. ( CA 2...., \)2.) + ~ 'T. 2 ( Q. 'Z_ b ?.) to-';) 1/1 
:> \\.>), 

( CO'l '4 (d) 2. t.lt + 5C:Vl 'lf s\Y\ '2.c.rl:) J, 
(27) 

tollf Co') 2c.Jt+'SL"~tP si~ 2c.,t)} ~ 
(27) 

· DO.IIIpHOI CIICTeMe ltOop.-xHaT 

(27~ nonyqiiM ( cw. ~ononaeaxe I ) : 

1.)+.!(.1.. -i'\~'2wt 
lot ~ a2. bt) ' (2B) 

! ) - ~·· ( ~ - ~e} td> 2 '-'t · (28) 
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Cne~oBa. T IULHO, 3TH senHqHaH ocUHJIJIHPYilT c qacroroR Z<.v 
Cpe~ua Jorea~HMLaaa aaepn11 < tJ) :. 1_-<-x.2.) ~ ~ <. 'f2) , 

a swecre c rew H n~naa~~ aaeprHII ~cell CHCTeMH ocranrca, xoaeqao, 
II ~ 

noctoaaa~MH. qacTKUa ~ weaaer ronLKO pacnpe~eneaHe aaeprHH 

K9ZAY CTeneaSIKH CB000,IlH. 

HanOKHHM, qto npH OTHOCHT9JlLHO BHCOKOII Tewneparypee (~_,OJ 
B9JlHqHB8 0..Q.: ~~'2.. , a ~2.: 1 , ll03TOKY )tO B3aHKO,Il91CTBHII 

C qaCTHDel ''~" npH t ~0 MY J.t:MeJIH; 

1 i. ·x2.) -= " ~ - .1.. .JL '>'I i , 
'\ 2 o ~2. -: 2 ~ - 2. h~o (29) 

I < "2. '12. )() ':.. " - t\ ~2.--z; (29) 

ITOCJie B JaHKOAeiiCTBHll, npH t. "'1 0 , OOJlYQHTCSI: 

/ .1. ':t~'- - 1. ~ -+ .i (30) 
"- 2. '-t - -z. ~'Vo ll + oc~.qnea , 

< ~ 'f z. )t -:. ~ e 1 1::.- -+ ~ 
~ nWo 

+ ocn.qnea. 

Tauu o:lpaaow,npHt">)~ aaepna nepepacnpe~enaerca no o6eHw 

crenea11~ csoOOAH, a tewnepatypa xpHcrannHxa ~ na;taer 

B,llBOe: E I: e 12. • 3TO ynepx.~teaHe C,ll;9JlaHO B npe,ll;nonoxeHHH' QTO 

Ma!tpOCitODIIQ9CitHI repMOM9Tp ae ycnesaer CJI8,1(HTL 3a OOB8,1(8BH9W 

ocnHnJIKPYil•Bx qJieaos, cpe,llaee 3aaqea11e xotopwx paaao ayn11. 

B 3altJlllqeaxe swqBCJliiM B3weaeaxe aarponHH. 3arponHII 

onpe~enaetca ~opuynoll ----- (3!) 

qepta csepxy yxa3YBaet aa ycpe,Jtaeaxe no BpeweaH • 
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Ha (24) H.ueew: 

~ ~ ~ ~~\~a;_ ~2-x2(t-)- b2y2(+) 1 (32) 

II03TOWY 

-S?t~~~ ~~ 2o.2.<-t-xz(tY~·2.h2.(~'12(t\)-, (33) 

- .e.n(o.b/1\)• 
I!OJI1>3YIIC1> (30), (30), Halt.D;ew H3 (33) ,l!;JIB H3W8H8HHII 3HTI OilHH: 

d s -: - \( ( s? ( ~ ~ ~' ~- s? (~ fM ~)ol ~ 

-:: ~ -+ 
4o.~ ... 

k 
-l 

e 
- -t .,, 
"P\lA)o 

-...,o. 

ll II 
HTaK, qacTHUa ~ BOCCTaHOBHJia paBHOB8CHe B KpHCTaJIJI~Ke. 

(34) 

I!pH 3TO.II Od~al! TewnepaTypa CTaJia paBHOR ~~~ t a 3HT~OllHII 
B03pOCJia Ha B8JIH'IHHY K ~/2. • CpaBHH.II 3TY 3HTpomtD C 

nt.Vo 
anrponHeR HCXO,D;Horo HeKorepenrnoro ancawdna, onHCHBae~oro 

craronepaTopow (2). Ero 3HTponHI! pasHa: S
0
:-k ( ?.., ~ ~1 -~o ~z. ~ ~'2. )= 

-=- \<: 2. · I tv. (<1/2)-=- \< &.... 'Z..., 0 · Ilocne paa,JteneEHa 

ny'IKa MY H.ll88.11 ,l!;Ba ny'IKa, KaZ,D;HR H3 KOTOpHX npHHa,JtJI8X~T 
1\ fl II II '- A 

KorepeHTH014Y ancawdJID~..,-::.t{.I~('X)'lhC--x') H ~-z=~zC'XI'l,f'Z.(-:t:') 
COOTB8TCTB8HHO. Hx 3HTpDnHa ~ ... ::: sa=o. TaKH.II odpaaow, aHaJIH-

3aTop YW8Hi>IDJIJI 3HTpOllHD Ha B8JIH'IHHY S,c~o-:::: \<. ~ 2.. H B.II8CT8 

c 3THW yaeJIH'IHJI namy HH~opwanHD na BeJIH'IHHY I.., ~ 2. . 
IIO~'I8HH8 3TOR HH~OpMaUHH COllpOBOZ,JtaJIOCi> YB8JIH'I8HH8.11 ~HTpO-

llHH ,11;8T8KTOpa Ha B8JIH'IHHY (34) t KOTOpaa .IIHOrO dOJIUE \( ~2.. 
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3TO ll0JIOZ8HH8 ,Jt8JI COBepmeHHO Od~O,H pt 

Cll HJIJIDCTpauueR HeOdXO,l!;H.IIOCTH paCUJia'll 

HH~op.uanHD yBenmqeHHew 3HTponHH. 

JIEK!.Ut.H XIY 

nerexrop c uenaoa peaKHHeR 

B arow paa.u;ene ww paccwotpHw nc 
,, " 

.IIHKpO'IaCTHUH ~ BJieTa~eR B 

qeCKYD CHCTe.lly, CllOC06HyD It pa3.11HOXI 

TattoR CHCT8MOR .IIOZ8T IIBJIITi>CB I 

KOTOpwe HaJIOZ8HO BHemnee 3JI8KTpliQeCl 

ro Hanpi!Z8HHII. 3TO llOJI8 H IIBJIII8TCII r 

paccwaTpHBa8.110R CHCTe.IIY. BJI8TaD.all I 

qecKH aapaxeHHal! qacrHua, HanpHMep 

~~~ aTO.IIOB HJIH WOJ18KYJI 3TOR cpe,D;w, 1 

ROBOrO 3.118KTpOHa. YcKOpiBC1> B npHJIOl 

3JI8KtpOH cnoco6eH nyTe.ll HOHH3aUHH 01 

H T o.lt• 

B pe3y .Ill> TaTe B03HHKaeT waxpocx' 

3JI8KTpH'18CKal HCKpa. 

,Jlpyro npoepOK MOS8T CJiySHTi> I 

cpe.-.y, odpaaoBaHHYil aTOKa»K, cnocod: 
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(32) 

'i. ':1.Z(t)) + 2.h2.( ~ ·_,2·tt\) - (33) 
''2. 

- ~(o.bf'IT''\· 
Llt.Jtew H3 (33) .11;.118 H3W8HeHH8 3HTpODHH: 

~~' -i:- S?(~ftn~)ol;: 
(34) 

TaHOBH.IIa paBHOBeCHe B KpHCTaJIJIKKe. 

ypa CTaJia paBHOI e {2. , a 3HTpODHB 
6/2 
----- • CpaBHHW ary 3HTponHD c 
"PP Wo 
orepearaoro aacawOna, onHCHBaeworo 

aarponHa paaaa: S0 :-k(?" ~ P"+ fz. ~~~.)= 
I. ~ 'Z...,. 0 . Ilocne paa,JteJieHHB 

a, KaX,JtHII H3 KOTOpHX npHHa,JtJieZHT 
fl II II " II 

.-.-:.l.¥1("XJ1h('"X 1
) H ~-z=1P~C':X.J 'l\l'l.('X 1

) 

onHa ~"-::: S/0. TattHW oOpaaow, aaanH-

Ha aeJIHtlHHY c;,C~o-::: \<. fM 2. H awecre 

lf)opwattHD Ha aenHIIHHY I-= ~ '2.. • 
J4H conpOBOZ,JJ;aJIOCI> yaenHtleHHeW 3HTpO

tlHHY (34), xoropaa waoro Oonue \( ~2. 
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3TO DOlOZ9HHe .JJ;8JI COBepmeHHO Od~O,H paCCWOTpeHHHI DpHWep BBnBeT

CB HnJIICTpattHel HeOOXO,II;HMOCTH pacnnatlHBaTI:.CB 3a npHOdpeTeHHYD 

HHif)OpM6.J.tHD yBenHtl9HHeW 3HTpODHH. 

JIEKI.Um XIY 

.nerex,:op c uenaoa peaKIU!eB 

B 3TOW pa3,JJ;eJie MH paCCKOTpHW DOC.IIe,JJ;CTBHft B3aHWo.JJ;eiCTBHB 
'I U II >I MHKpOilaCTHJ.tH \. , BJl9Tatlll!ell B HeyCTOntlHByD MaKpOCKODH-

qecttyD CHCTewy, CDOC06HyD It pa3WHOX9HHD llaCTHJ.t,C 3TOII CHCTewoll, 

Tattol CHCTewol KOSeT BBnBTI>CB raa HnH ZH.ItltOCTI>, Ha 

KOTOIY9 HaJIOZeHO BHemaee 3JlettTpwQeCitOe DOJle .ltOCTaTOIIHO BYCOKO

ro HanpazeHHB. 3TO none H BBJ!BeTCB npHIIHHOI HeyCTOIIIHBOCTH 

paCCli.aTpHBaewolt CHCTeMH. BJieTaDDtaB B TaltyD CHCTewy anettTpH

qecit~ aapaseaaaa qacTHJ.ta, aanpHKep aJieKrpoa, BH30BeT HOHHaa

J.tHD f.TOKOB KJIH II.OJieKyJl 3TOI Cpe,JtY t 'ITO DOBe,ll;eT K DOBBJleHHD 

HOBOIO 3JleKtpOHa. YCKOpBICI> B npH.IIOSeHHOII. none, 3TOT HOBHI 

3Jieit1pOH CDOCOdeH nyrew KOHH36J.tHH OCB000,JtHTI> eDte O,JtKH 3JieltTpOH, 

H T .;;. 

B pe3JA»TaTe B03HHitaeT Ma!tpOCKODHqecttoe BBneHHe-

3JlettrpH11 ecxa11 HCttpa. 

lpyrKM npHMepow woser cxysHT» nona.~~;aaHe aelrpoaa B 

cpe~·, Odp630BaHHJD aTOII.allH, CDOCOdHHWH ,ll;e.IIHTI>CB C HCDJCitaHHeK 
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HOBYX HeiTpOHOB. B 3TOK cnyqae MOX8T B03HRKHYTb nenHaR peaKn»a, 

HHHnHHpOBaHHaR H81TpOHOM 1 BTOprmHMCR B ~ena~eeca Be~ecrBO. 

Hsnea»a, pa3Yrpwsao~Heca B npHBe~eHHWX np»Mepax,B3CbMa 

CHOXHW. B ~MbHeiweM KW paCCMOTpHM oqeHb ynp01~8HHYO M0~8Hb 

ll0~06HWX R BH8HRI, orpaHHqRBaR K IOKY xe aHanR3 3TH X RBHSHHI 

H3yqeHK8M HKWb O~HOI CTOpOHY ~ena - B03HHKHOB8HH8M aeojpaTHMWX 

RBH8HHR B MaKpOCKOnKqecxol CHCT8Me no~ B03~eiCTBR8M 0~10B 

M»Kpoqacr»nY. 

B KaqecTBe TaKOI MO~enw MW paCCMOTpHM cpe~, B KCTOpOI 

soawozaw ronblto ~a nponecca, o6parawe ~pyr ~pyry, xotopwe 

uozao sanHcaTb B cne~yn~eu BH~e: 
I I u-"P A '(\ .. + V)2.-+ \J +- 'no\+ ' 

A-= t S-\-Ylz.\. 

1.!aCTHUW V\1\ H V\ 'l., 

anexrpoaw, qaCTHQy ~ 

I I 
H n-t l Y'l2. MOKHO 

- Ka.K HOH ~ A~ 

(I) 

paCCMaTpHBaTb KaK 

H qacTHQy A - Ka.K 

arou. llponecc, qHraeMYI cnpasa aaneso,ecr& nponecc woawsan»w 

aroua A, qHraeMYI cnesa aanpaso - ecr& nponecc pexou6waanwH 

HOHa '0 : A~ c aneitTpoHOM. 1.!acrHnw V\ uozao CQHT9.Tb 

aeBrpoaaMK. Tor~a nponecc Y'l~+ A..., V'I~+Vl~t"B MOKHO paccuarpw

sar& xax npocreRmwR cnyqaB ~eneawa, npoHcxo~a-HB c o6p~sosa

HHeM o•aoro aosoro aelrpoaa H "ocxonxa• B . 06parawl nponecc 

ecrb nponecc "cwaresa• a~pa A H3 a~pa ~ .C aaxsar aelrpoaa). 

nna H806paTHMOCTH llpOU8CCOB 1 B03HHKa.D~HX llO,IJ; ~eiCTBH8M 

saneresmel H3BHe qacrHnw, onpe~enam~HM asnaerca ro o6croa

reJI&CTBO, q ro nponecc • ,JJ;eneu 111 • V\~ + A .., ~" -+ 't'\2 -+ ~ 
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B03HHJtaer B peaynarare cronKII<lB6H»R ~Bl 

o6parawR nponecc - cwaresa- ecn pesyni 

CTOnKHOB6HM qacTHU V\1\ "''~~ H B • 

Teopwa rpoRawx cronKaoseawR ae oqe 

,JJ;a4bHelmeM MW K340KHM 3TY T80pK0 1 OCHOI 

~eJIH. Cy•ecrBeHHYe AnR Hamel npo6neuw 

C6Tb OT 3TKX ynpo~eHHI. llp8Afi040%HM 1 ql 

CHCT8MW 'laCTHn HM88T BH,J;: 

~ A ~ 

~('l' ... ,'lz) 'l'1)-:: ~'n c~I\-'X~) + rJe.., 
1\ 

-+ 'fe.A ('l'~'\ -t V{('X" -'l'?.l' 
A ~~ ~ 

~"t\ l ')t l ':: ---2. -+ \fl '"X) . 1{ 
"ow\ l ~ r.ne 

3JteCb 'l."11 ., 'X2- KOOP»fHarw aJ!ertrpoaoB 

Macca, "X~ - ltOOp,ll;KHata IIOHa ( HHH I 

MaCCa ( t--\'>') W\ ) • V - 3HeprHB B3aiD 

HOHOM B ( HJIH HelrpoHa C OCXOnltOM B);' 

B3aHM0~8ICTBHR aneXTpOHOB ( HHH H61Tp1 

l I 
PaccuorpHM nepexo.lt Vl1 + ~t + 'B "'I 

Rwnyn&CW yqaCTBYB~KX B H6M qaCTHU non' 

? ... , ~l COOTB6TCTBeHHO. 3rOT nponecc 

H306paX8HHOI Ha pHC.8a.BoJIHOBYO ~YHKU: 

MB nponecca o...- npe,JJ;cTaBHM B sw,JJ;e 
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cnyqae uoxer B03HHKHYTh nenHaa peaKnHa, 

, aroprmHuca a ~ena~eeca ae~ecrao. 

~Heca a npHae~eHH~X npHMepax,aecbMa 

paCCMOTpHM OQeHb ynpOiqeHHYil MO~enb 

I{HBaa K ro.uy xe aHanHs :HKX aaneuHlt 

poH~ ~ena - B03HHKHoBeHKeM HeodpatHMHX 

Jl CHCtewe no~ B03~eltCTBHeM O~HOR 

~enH MY paCCMOTpHK cpeAY, B KOTopol 

ecca, oOpatHYe ~pyr .Jtpyry, xorop~e 

ew BH,Ile: 

1\ + A, 
(I) 

I I 
I \"\ot, Yl2. MOI:HO paccuatpHBaTb xaK 

Kalt HOH A-+ .. . H qacnny A - xaK 

:npaaa Haneao,ectL npouecc HOHHsanHH 

1anpaao - ecth nponecc pexowdHHann 

IHOM, qaCTHnY V\ YOI:HO CQHTaTL 
I 

: Vl1-+ A.., Yl'l-+ Yl2t 'S uo~:~~o pacc:uarpH-

11 ~eneHHa, npoHcxo~IIIIHII c oOpasoaa

Ha H "ocxonxa • 9 . OC!patHYII nponecc 

APa A H3 I,J;pa ~ .( 3aXBat HellrpoHa). 

OB, B03HHltalliiiHX ITO,J; AeiCTBH8M 

onpeA8~11liiiHM IB.1118TCI TO OCICTOI-

118HHI" Vl~ +.A .., 'f'l" -t "'oz-+ ~ 
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B03Hmtaet B pesyn»Ta.Te CTOJIKHOB8H HI ABYX qaCTi!U , V'\ 

oelpatHYI apouecc - CHHtesa- ecth pesyn&rar rpoiHoro 

CTOHXHOB8HHI llaCTHU 'f\1\ "\ 'V\2, H B • 

H ~' 

TeopHI TpOAHYX CTOHltHOBeHHII ae oqeHb rrorrynapHa. IT03TOMY B 

~.llbHelmeY MY H3.1101:HM 3TY teOpHil, OCHOBYBaRCb Ha ITpOCTOII MO

,JtenH. Cy.ectBeHHY8 Ani Hamel npodneMY BYBO~ He dyAYT 3aBH

C8Tb OT 3THX ynpollleHHI. ITp8AOO.IIOXHM, liTO raMHJibTOHHaH Hamel 

~KCteMY Q!CTHU HM88T B~: 

(2) 

3)teCb 'l." ~, 'Xz- ItOOp~HaTY sneKTpOHOB ( HnH HelltpOHOB), 'M - HX 

wacca, ":l:~ - xoop~Hara HOHa ( H.IIH ll,ltpa aro:ua), M.. -ero 

uacca ( "\ -,.') W\ ) • V - sHeprHR asaHMo,JtelcTBHR snexrpoHa c 

KOHOM B ( HJIH HelltpoHa C OCKOJIKOM B);W(':t'l-':tz)- 3HeprHII 

B3aHMO~eiCTBHI 3JI8KTpOHOB ( i!.IIH HeltpOHOB). 

I I 
PaccuorpHM nepexoA Vl1 + 'ne + 'B ~ 'n" +A 

I I I 
ibl.nyJihCW yqaCTBJIIIIIHX B HeM llaCTHU ITOHOI:Hil paBHWMH '? 4 l ~z. l ~'3 l 

?~~ ?l COOTB8TCTBeHHO. 3tOT rrponecc OITHCWBa8TCI ,JJ;HarpaYMol, 

H30Cipai:8BHOI Ha pHc.8a.BoJIHOBYil !flyHKUliiii Ha.Qan&Horo COCTOilHHI 

.Mil nponecca CA.-- npucraBIUI B n,~;e 
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Cf , 1 1 ("XII, 'lz ,-r',))-:: 'ff• ('l'~~--:r.;) ~o' ('Xa-'X~1f11 , (r:x:.)(3) 
f., P2. ~~ 1 I z I ?. 

BOJIHOBYIT. cfJYHK~Mil CBII3aHHOrO COCTOI!Hl/111 (A) 0603Hfi'll/IM \.Rii ('".X2.- :X'3J. 
.PyHK~llll/1 HenpepuaHoro cneKtpa l\'~ ('X) :IIMBDT Blii.D;: 

~?e-x)-::: ;1\la l e .: rx + -u ~ c-:x.l J. (4) 

r.D;e 'U f ('X.) - paCCBIIHHUII BOJ!Ha; OHiil HOpMHpOBfiHI>I Ha l B J<l'&eMe 

""'{ ( V - eCTb O<l'&eM Hawe~ CliiCTBMbl) Iii OpTOrOHUJ!bHbl 'T lK 'ITO 

P, 

p' n' , I 

p' 
2 

p' 8 
3 

Plllc.8a. AHarpaMMa CHHTe3a1 HJIH aaxaata. ITpo~ecc 

"'~ -1-'V\~ --~-~_,VI"+- A. 

p' , 

P, 
n, / I 

/p; 

p3 I 

p3 

PHc.8 6. AHarpaMMa ".D;eJieHHII", HJIH HOHH3aUHH. ITpoue•:c 

I I "'"-+A...., ~+ Y\~ +VI"- • 
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* < ~ ('X) , lf 0 ('X.)/ -: s P. p 
~" 'a " ~ 

BoJIHOBall cflyHKUHII, OllHCHBaD~aH KOHB'IHOe 

~ D D ('X'\l 'X2/X!)-::. ~ D ('XI\-'::(~ 
r.,Ar~ l-t 

Ecn111 aaecTH o6o3Ha'leHHII -x:.,-:.::-r'I-'Xl, i 2 

TO MatpH'IH~ 3JleMBHT 3Hepr111111 B03yY~BHllll 

Moro KBaHroaoro nepexo.D;a npliiHHMaet Blii.D;: 

<.t>~,P~,?~ \W\ E",A.~\/-= 

:: s ?.' f \ d :X 'I d ':X2. w ( -i.,- .:s 
:. ~ J 

~ ~~ (-i'\ ') ~: ( ~ l ~ o• {i~) 
4 ~., rt 

r.D;e "X'\~ "X'\-'X'a 'I ::{'2.::. 'Xt -'Xl , BBO.D;I 

'I::. :X"+ .:X2. ., noJiy'IHM: 

<?~,~~,~~\"v.J"\?.,,A,y~'/::. b?~ 
wccv\ ~c ~~ 

('V 

3,~~;ecb W "-
l/1 ~ BCTb KOMllOHeHTbl ' 

COOTBBTCTBBHHO, a '\;": ?1\- ?~ eCT 

'!aCTHUbl Y\ ~ K 'lactHue V\2. • IIpoHaBe, 

o6oaHa'IHM coKpallleHHO qepe3 f ( \-, ?~ 
aMI1JIHTYAa1(\,~~)He 3aBHC1/IT OT 06'&e14. 

paaurpuaaeTCII H3y'lae14YR npo~ecc. 
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·!Oro COt:TOIIHKII (A) 0003Hat!KM \.VA ('"X~- :x.{). 
1eKTpa ~~ C-:x) KMellT BK,I~: 

l e .: ?'X + u ~ e-x') J . (4) 

R BORHa; OHK HOpMKpOBBH~ Ha I B OO~eMe 

name~ cKcTeM~) 11 opToronanbH~ TaK 'ITO 

' 

1' 
I 

A .. 
a CHHTe3a,HnH 3aXBil.Til.. ITpo~ecc 

-+:">...,V\"+-A. 

I "~eneHHII~HnH HOHH3BUHH. ilp0~8CC 
1 I 

' ~+ "r\~ + Y\'2. • 
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(5) 

BonHOBLII ifJYHKUHll, OllHC~BBill!lBII KOH8'1H oe COCTOliHHe, Oy,I~eT paBHa: 

~ o ('X"l'Xt/'X!)-:::.~o (':lf"--x!>}~A(:x:z.-'X~l· (6) 
~~hr~ '"' 

- ~ y.,. c:x'l'). 
EcnH aaecTH o0o3Hat!eHHll 'X'I-=7,.-'Xl1 'Xz "''1''2.-':(3 , 

TO MBTJHt!HHA 3R8M8HT 3HeprHH B03M)'l!l8HHII W ,1\ll.H paCCMaTpJJBae

MOrO K.laHTOBOrO nepeXO,IIB npHHHMB8T BH,I~: 

/0
1 o 1 o'\W\'e A'?/-= 'LA 1:;2. ~~ "\)I 3 
"\ l ' 

::: s 1 \ d -;x, d ':X2, w ( -i'\- 'Xz.} • 
~, f ~ J 

(7) 

~ 01 (.oX'\J~: ('X.,J~~~ (-i~)~A (tXz"), 
£4 ~~ 2. 

--
r.11e 'X\":. "XI\-'X'a 'I ;:('l.::: 'X~ -"X!. • BBO~II nepeMeHH~e :x_: :X'\- ':lCt, 

'f:.;;r_,,"'r .:X~ ., llOIIYQlnl: ~ 

< ?~, '?~, ~~ \~ \ ?", A, y~'/ = ~ ?~ ?~ -v>ti · 
w ( ~ "\ ~ ( ~~ -q_.") . 

(8) 

3,118Cb ·w H q- eCTb It014llOH8HTH qiypbe OT Wt-x) H ~('X) 
COOTBE T CTB8HHO, a Q '=- ('I\- ? ~ eCTb nepe)(ll.Qa H14llYilbCa OT v ...... ,..,. 1 

qacTirflili '{\ ~ It qacTHUe V\2 • IIpoH3Be~eHHe\fo/(q_;'\ 'f (~-z.-q_,) 
o0o3HLQHM coKpallleHHO qepe3 f ( \t 'I?~) • Cylllecnenno, QTO 

a14IrnH:'yAa1(cv, ~~ )ne 3aBHCHT OT 00'&8146 v , B KOTOp014 

pa3Yrpwaaerca H3yqae~o~wA npouecc. 
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Bepoatuoct» nepexo~, H3o0pazaeworo ~arpaKKol pKc.Ba, 

paccqHTaBBaa Ha O.ltBY CeKyH~y, pasHa: 

~(~~ ~~~~ \~"A~~I-=- ~&CttE)<6~,? ~:\ \~ccv,~;:l\~ C
9

) 
"VI ~) 

npiNeK 

1 I I 
6 E -:: t:" -\- £2. + E~ - t"- £A - E.~ • (IO) 

YKBODK tenep» 3TY BepoatHOCT» Ha 'IHCJIO q actHit d ~ ( f ~ ) 
I . 

B Ka.JIOK HBtepsaJie B oKpecruocu HKnyJibca Pt , ~aJiee - H!l. dN ( p~ ), 
'IHCJIO teX xe qaCTHU B OKpeCTHOCtH HKUYJibCa P~ 1 a taKJte Ha 'IJiiCJIO 

N~ qacTHit '?.> H Ha 'IHCJIO coctosBHI B oxpectBOCTH HKn,n»ca ~ 

V d J2 (f.() • Tor~a UOJIYt!HlL ~HcWJepeHUHMbHYD CKOpOCTb 

peaKUHH I, paccttHTaHHYD Ha I cw~ 

d ~ 1 -:: ::\ ~(~,?~ ~v~ ~(4E)d'\'l(~"')dvt(~~) 
• d 9. (~") I 

ue '(I", Vl 1 l V) 40 - nnotuocu qacrmt. 

n . 
B (II) 

By'IHCJIIIM renep:r. cJtopocu npJUIOro · npoitecca A + ''"' ~ 
~ ~ Y\~ + Y\i ( npOit8CCa IIOBII38ItliiH, IIJlH •,~teJI8BHH•) 1 

onHCHBaeworo ~arpaKKol p11c.8 o. CneBHe .JtJIB atoro npoitec:ca 

Oy~e:r pasuo: 

d~-:. 2" \ ..c 1 \ e ) " - 1 ( q" ~'Z) ~ (A E - . 
~ v3 

v d g_ (?~ 1 · v d SL c~~' / '\T(?"> _, 
v 
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(I2) 

r ,l{e \)"( f1) · CKOpOCTb 'I aCTJ.!I~H V\ '1 • YMHOll 

'lacTHU '\)' {~'Ill V 1 !la ilOJIHOe 'IHCJIO aT 

H Ha 'IHCJIO na.l{all!lll'IX :JJleKTpOHOB ( Hel1TpOHO 

UOJIY'IHK .IJ;Jiil CKOpOCTl'l :JTOH peaK1U111: 

d ~ _ ":: ~ \ 1 Uh?~ \\2. g ( 6 E) c 

~ ~ d~ 

3aKeTI'IK 1 'ITO d ~l( '?)-=- d 3 ? / ( 2.1T" ~ \ ~ 
~onyCTHW Tenepb, 'ITO 3Jl8KTpOHHHH raa ( Kn 

KUeeT MaKCB8JlJlOBCKOe pacnpeAeJieHl'Je .l{JIH Te 

TorAa - ~Y?~ 
dV\(? 1 9)~ Y\e ciSLC 

ue V\ - ilOJIHaa UJlOTHOCTb 'laCTHU 1 a 

d 2 (e,~}-= N (?e) d SHfl ·~ .~ 

~9-:. 211~ 
?a 

ecn. AJUfHa BOJIHY 'laGTHUY C l!WIYJibCOiol ?e 
pacnpe).teJI8HHe 1 UOJIY'IIDI ,\UB ilOJIHIIIX CKOpOCT 

'R -::. 2Tr n2 n \ \ r \ ~ 8 (A E 
I. ~ BJ "T 

e~?\- (~·~?.+ ~~2 ) I 'Y
1
e \ 

"R -:: 1:.!: 'f\Y\ ~ (' \1\2. ~(A 'C) l 
li ~ J 

d. ~ ( ?1\ l d \1 ( y~ 
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'Ali, H3o6pa:meworo .B;Harpawwl p11c.8a, 

exyH,D;y, pasaa: 

~&C4E)~\>~\)~ ~~ \·Hcv,~~~\~ (9) 

I 

=~- E"- €.A- E.~. (IO) 

RTHOCTio Ba qJICJIO q aCTH~ d t{ ( f~ ) 
I . 

ecrsocn Hlmyuca Pt , ,~taJiee - a a d N ( p~ ), 
Kp6CTHOCTH HIIJIY.IIbCa P~ , a rau:e Ha 'IHCJIO 

KCJIO COCTOIBHI B 0Kp6CTHOCTH HKny.nbCa ~ 

a no.ny'IHU .ltH~epeH~aJibHYD CKOpOCTb 

aa I CK
3
: 

il.IIOTBOCTH qacr~. 

'pocu npJU&Oro npo~cca A + Y\ "\ ~ 
npo~ecca HOBII3a~IIH1 HJIH "A8.116BHI"), 

p11c.8 6. Ceqean AJIS 3toro npo~ecca 

1 \e "( c::) " ~z) o A~ y) · 

: l . v d SL (~~)I '\T('(") -, . v 
(I2) 
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r,It6 \)'( ?1 '1· CltOpOCTb 'laCU!I{bl V'l 1 • YYHOJmll JTO C6'16HH6 Ha ilOTOK 

qacrHn '\r { ~"l f V , Ha no;moe 'llfCJIO atolLOB A- W A 
If Ha 'IHCJIJ na,Itallll!HX 3JI6KTpOHOB ( H61hpOHOB) dn (~'ll J 

ilOJJY'IlU' )ll!ll CKOpOCTH 31011 peaKI..lloH1: 

cl~- ~: :~~ \ ~ca.11?~\\
2 8(6E)dSl<?~\ol\l(f~) 

\1 VI - dV"I ('? .... ! n A 

3aKet~n~, ITO d ~lC'?)-::. d3? / (Z'TT"·~)~. 
J\OUYCTHM :enepb, 'ITO JJI6KTpOHH!i!l raJ ( !iJIH raJ H6l1Tp011Hblll) 

HM66T MaK<:B6JIJIOBCK06 pacnp6,It6JI6HH6 ,ItJIII Teunepatypbl 9-:. \( \ ' 
Tor,~r,a _ ?y? '2. 

dV\q,,9)-:.'ne e dSt(6,?)l 

r,11;e 'f\ - ilOJIHall ilJIOTHOCTb 'laCTHU, a ~~ -:. 2 Yv\ 9 1 

(IJ) 

(14) 

d 2 ( a \ ~)-= N ( ? e) d 9. ( ? 1 ·~ .W c "r 9 ) ~ 1\ / 1t 
312 

\ ~6 ·, 
\ _ Zli1;i 
/1 g -

?a 
ectb ,JVIIIH~> ao.nHbl qacntrtbl c mrny.n&co~t ?e . Y'IHTibiBall no 

(15) 

e·c.~\- ('rl'/·+ r~z) 1 .~19 \ dgc~~)dSl.C?~)o~\t11 

'Rli. ~ ~: h Y\ A ~ \ -n a b ( .. E) N g e r.' I ~'a (!6) 
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B cHny paaeacraa 

"'¥._ -::. 'R -\ 
1 J 

o '2. ?12 -1- o• ~ 
~-+ E -::. 1 ,~2 
2M A 2.""" 

npHBOAHT K cograomeHMD 

- EA /e 
2. 

Yl·'YIA -="' . 'n?, e . 

yc~OBHe paBHOBeCHB 

(17) 

B arol ~OpuJne Yl- nnoraoct& anextpOHOB ( HnH aelrpoaoa), 

Y'1 A - nnoraocu atowoa ( B,llep) A, '<\-e, - nnotaocu HOHOB 

( H~H "ocxonxoa") B • Ha cpaBHeHHB ~opuyn (15) H (16) cneAYeT, 

qro CKOpOCTb pealtiUIH ( 1) - pealtiUIH peltOl40HHa~HH ( HU "CHHTe-

3a ") nponopUHOHanaa V'l2 Y'\ B , a cxopocu pealtiUIH }I 
peaRUHH HOHH3aUHH ( HnH "AeneHHB ") nponopuHoHM&Ha Y\ Yl A 

B cawow aaqane npouecca, xor)la B cpeAJ anetaer nHm& OAHH a~extpoa 

(BAH OAHB HeltpoH), CltOpOCTb pealtUHH l nponopUHOHan&Ha-~~ V\6, 

a CKOpOCTb np8l40I pealtUHH HOHH3aiUIH ( H~H "Ae~eHHs") nponOpUHOHa~&-
J. 

aa v 'n A , npuqew 'f\ ?.> << n A • 

B cuny 3THX cootaomeaHR pea&IUIS B paccwarpHBaewow cnyqae 

Oy,ller HATH OAHOctopoaae, uapactas ~BHHooOpaaao. Paaaoaecaoe 

COOTBOmeBHe (17), xapalttepHOe ,ll~S BC81 CHCTeKH, llOl4e~eHHOI B 

repwocrar reKnepatypw ~' 6y~eT BOo6me He~ocTKEKMO H3-aa 

yteqJtH QaCTHU H3 ltOBeqaol CHCTeKH. TaKHl4 o0pa30l4, O,llBa MHltpO

qactHua, nonasmaa B seycrolqHaym cpe~,woser BH3Bat& aeoOparH

KYI npouecc, BOCSmHI xapaxtep B3pyBa HnH HC!tpH. 

106 

JIEI\I.UIH XY 

Padora poronnaCTHHKM MM ny3HpbKOBoll Jt, 

PaccworpHM )tBa a roLla, A H B, no 

cpeAJ H~H )lase yxpenneaawx B HeR. B at 

aaxo,~tHr~orpaxeHHe uaxpocxonHqecxHR xap 

H3MepHren&aoro ycrpoRcrsa. PaAH ynpome 

paCCMatpHBaT& AJHSeHHe CaMHX aTOMOB; 

qro ltOOp,llHHaTY HX uearpOB TJISBCTH Q A 

Qt..- oxono Q~-±4.Q~, Q~- oxon 

Pa3Mepw oOnactel 4 Q 1\ , 6. Q?. <:< \ Q A 

aneJtTpoaa aroMa. A nycn OylYT 'f 1 

arowe B OyAJT 'It ; xoop)lHHary anexrp 

oOoaaaqHM qepea "X 

llpHOop npe,llaaaaaqaercs Ana H3Mepe 

B cpeAY anexrpoaa. raMHn&roaHaH aameR 

rpH ane xrpoaa) Oy ,Iter: .. 
"' " o /'1~ 0 I tte = "te ('X) + '!'\. ('II\- Q") + 

-+ w ('X-'f'll + w ( 
BonHOBaB ~YHKUHB CHCTeMW npH t ~ Q 

eon . ~ 
1 I. ""')( 
'Yo (-:x.,'l-t.,'Ya\=- e \foC 

\< - HMnY~hC Hanerammero anexrpoaa; 

anexrpoaa, aaxo.~tsmerocs B aroMe A H~ 
t ~ co oOoaaaqHl4 

X)B3aHMO)leiCTBHe aTOMHWX anelttpOHOB pa 
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ycnOBHB paBHOBBCHB 

OAHT K COQTHOmBHHD 

(I7) 

OTHOCTb 3nBKTpOHOB ( HnH HBITpOHOB), 

- nnOTHOCTb HOHOB 

3 cpaBHeHHB ~opuyn (15) H (I6) cne,vet, 

:1 - peaKnHH peXOM0HHa~HH ( HnH "CHHTB

Y'I B , a cxopocu peaKUHH :IT 
"AeneRHB ") nponop~Hoaan&Ha V\ V\ A 

xor.~ta B cpe~ snetaet nHm& o~H anextpoa 
" ~ipOCTb peax~HH I nponop~Hoaan&Ha~~ ••s , 

IH HOHH3aUHH ( HnH ",~teneBHa") nponop~HOHan&

?.> << Y'l A • 

BBHI peaXUHI B pacCMaTpHBaBMOM cnyqae 

aapactaa naBHHooOpa3BO. Pasaosecaoe 

epaoe ,~tna seal cHcteMH, nowe~esaol B 

, , 6y,~teT B006111e HB,ItOCTmmMO H3-3a 

·I CHCTBMH. Taxo 0 0pa30M 1 OAHa MlllXpo

TOiqHByll C pe,v, IIOZBT BH3B8Tb HBOOpaTH

~Tep B3p&Ba HnH HCXpH. 
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J!El\l.Uil1 XY 

Padota ¢otonnactHHKH HnH ny3uphKOBo~ KaMepu 

PiCCMotpKM ,~tBa atoua, A Ill B, norpyxeHHYX B HeKotopyv 

cpe~ HnH ,~tase yxpenneHHYX a ael. B atoM o6ctoaten&cTBe Oy,~tet 

Raxo.~tHt~otpaxeaHe uaxpocxonHqecxHI xapaxtep paccwatpHBaeworo 

H3uepHten&Horo yctpolctsa. Pa,~tH ynpo~eHHa pacqetoa MY ae Oy,~tew 

paCCM!lTPHB8Tb ~HSeHHe CaMJ/lX aTOMOB; orpaHHqHMCB npe,~tnOnOSeHHeM, 

qTo XOOPAHH8TH J/lX ~eHtpOB TBZeCTJ/l Q A Ill Q'el COCpe,~tOTOqeHY 

Q ~ .. oxono Q" -±dQ,_ , Q ?.>- oxono Q2 -:!:. o. Gcz.. 
Pa3l.lep:~~ oOnactel A Q.", ~ Q'l << \ Q A- Q?.:. \ • Koop,n;HHaTY 

UBKTJ:OHa aTOMa A nyCTb 6y.J!YT '('I 1 KOOp,n;HH8TY aneKTpOHa B 

at owe B Oy.J!YT 'It xoop,~tHHaty anextpoaa, aneta11~ero B cpe,n;y, 

oOo3HaqHM qepe3 'X 

TipHOop npe,n;aa3Haqaetca ,n:na H3MepeHHB nonoxeHHB snetav~ero 

B cpen anextpoaa. rawHn»TOHHaH oomel cHcteMH ( aTOMR A, B Ill 

TPH 3JeKTpoaa) Oy.n;et:,. " 
~: ieo('X) + 1e,oC'f~~,-Q~~.) + ":feo(-y2- Q2.)-+ 

(I) 

Bonao1aa lf>YHKUHB ClllCTeMH npH t ~ 0 ;to aaqana B3alllllo,n;elcTBHa 

ecn . ~'lf 

1\Jo (-:x.,"/~.,'Y2.)-:. e" ~o("f"-G.'\\'fo(''f2-Q;').C2) 
\< •. H»nyn»e aanetaD~ero anexrpoaa; ~0- aonaoaaa IPYHK~IIlll 

aneKTJIOBa, aaxo;tal!leroca a atowe A HnH B. Bonaoayv lf>YHK!lHD AM 

-t, ~ t>O 0003HaqKM 
·--~= 

x)B36liMO,JteiJCTBHe atOMBYX anextpOBOB pa.CCMatpHB!l.Tb BB HfSBO. 
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\PC'l', "'"' Y2.)-= l.Vo<-x, 'i~ ''Ye)-t 'U e-x, 'f"., 'f2.), (3) 

r,Jte U ('X,'{ 4 ") 'Yt )- BOJIHa, B03HHltalllllaB B peay J!:&TaTe B3f.HllO,JtelcT

BHB. Pa3JIOXHY ee DO C06CTB8HHYK ~YHKURRY CBR3aHHYX COC10RHHI 

B aroue ~""("(-G.): x) 

U(':r 'f 'Y ): L. \.(>\o\('lj1-Q~}\Q*(-y2.-Q2.)u~-mtx)_ (4) 
l '\') t \"',WI 

KCXO,IlR H3 raYHJ!bTOHHaHa (I), 06YqHYMH Y8TOAaMH DOJ!YqHM ypaBH8HH8 

)l}[ll pacceaaaol BURY : 

v2u~'M t-:r.)-+ \<~W\ u-nWI vx.)-== ~J \ \.f Y\Q t-x-G.;;'> 

r.Jte 
-+ Wmo ('X- Ga\) e "\<"lC.) (5) 

00 (6) 

'W'no('X-G."}= \ ~V\("f"-Q"\WC'X-'11l~0('f"-Q".\<i"l.,, 
-QO 

H TOT Jte CMYCJJ HM88T BeJJHqHHa "Vf WI O ('X- Q'l,) 
,llJ!aaToua~,'(;WI-:.~~ [\<~-f ... -EW\1; E"' H E'M- aaeprHR 

B036YJt.lt8HHR V\ -ro H VV\ -ro ypOBHel aTOYOB A H B • 

13 (5) M8TO,ItOM ~YBKURH rpHB~ DO.IlYUM: ·"t _,. 

\ 
. -- .... ,) .. , _, 

) 
2. W\ " e " "'""" { rx- -x '- I( -u t-x. -=--- - e 

""WI ~z 41T \ ~ -~'\ 

\ w 'nO ( -i-Q.,0 + w WI Q \ 'X.I- G_'2. l '\ d ~ 'X I ::. 

:-')-"t ......... 

· k Q ~ ~ Ga 
= e \ " -t'Y\ ( ~, -x.-G.") + e tWI ('~, -x-Q2.). 

(7) 

x)HenpepYBHYI CD8KTp MY pacCMaTpHBaT• He dy,JteK. 
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ilepaaa H3 3THX BOJ!H "3o6paxaer pacce&HH~ 

B03YOJtH08 era B036yJt,Jt8HH8 ( 8CJIH '(\ ~ 0 

He yqacrayer B npouecce. Bropaa aonaa 031 

npo~r~cxo.Jta~ee sa arowe B. ilepaaa H3 3THX 

-x:: G.., ' BTOpaH-OKOJ!O 'X ~ ~2 • H CHJI; 

mora paccroaHHH \ Q "- G2. \ ">'7 Q. ( Q 

OpDH3B8,1l8HH8 ~"' ~:. uano. J\anee cne, 

noJIDlleHHR aroMas A H B cnyqaltHY B npe, 
..., ~ ... 

D03TOKY CJ!yqaltHY H ~3111 ( ~ Q 'I) H ( \(, 
.Jr. 

OdCTORTeJibC:rBa ~-.. .f.._ ';;:: 0. 

'faKHM oelpaaou, paccMOTpeaaoe ycTpol 

~epeHQHil COCTORHHI C pa3JIHqHYMH B03MOJtHI 

( OKOJIO Q 11 HJIH OKOJIO Q2 ) H 1 C J18,1l0Bl 

aHaJIH3aTOpOM COCTORHHH 3J!8KTpOHa ( JC 

ltOOp,llHHaT ( - 00 <:. "X <:. -t- 00 ) • 

BoadyJt,JteHHYI aToM, cKaJteM A, MOJteT 

B036yJt,Jt8HHH COCe,JtHHY C HHM aTOYaM cpe,llY 

HHil 0Kp8CTHOCTH A, B qaCTHOCTH 1 lt J!OltaJIJ 

B cJiyqae nyawp~oKoBolt Kauepw. 

ITo,Jtodaoe xe aoaClyJt,JteHHe a cnyqae c 

HHH~aTOpOK Q80HYX XHMHqec&HX peaKQHI B 

~OT03yYJlbCHH. 

B odoax npHKepax B03HHKallT aeoClpaTl 

HCDOJIHBilT pOJib ,ll8T6KTOpa. 
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(J) 

ea, B03BHXao•as B peay~&tare aaaKYo~elct

~TBeHBHK ~YHXUHRK CBR36HHYX COCTORHHI 
) 

M('# 1- G") \()1M ( ""- Q2.) 'U't\WI t-x.). ( 
4

) 

(1) 1 00YIIHHKH Keto~H nonyqay ypaaseHHe 

(6) 

C'f.,- Q"\ W C-x-'f~ lq0 ('f"-Q")o~., , 
IHUHa 'W'W\O ( 'X• Q 2) 

~ (.'w<a-£ ... -EW\1; E.,. 11 EW~- aaeprHa 

-n -ro ypoBHel aroxoa A H B. 

IXIUlll rpHB.A., OOJIYIIKY: 1 ~I . r e'-\C.\0\YW\(.X-~') ei..\<.")t. 

rT ~ \~-;:}'\ 

WIO~,'';t.'- Q.'2.) \ d~'XI :. 

... """ 

(7) 

~ \< Q'2. 
'~-a. .. ) + e t""" c~, 'X-Q'2.). 

u pacCKatpoar& se Oy ,~~;ex. 
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ITepaaa 1111 3THX ao~H HaoOpa:mer paccel!HHe sa aroMe A 111 

B03MO:IHO'l ero Boaoy~:~eH!IIe ( ecJIH 'f\ ~ 0 ) , np111 atoM atoM B 

se yqactB:ret B npouecce. Btopall aonsa oasa<mer ro J:e paccesm11e, 

npOIIICXO~.!II{ee Ha aTOMe B. flepBall H3 3TIIIX BOJIH COCpe~OTOII8Ha OKOJIO 

-x:: G.., , BtopaR-oKo~o 'X ~ 1()1 2 • B cHJIY npe~nonaraeworo Oo~&-

woro pac :roRHHII \ Q"- G2. \ ..,...., Q. ( a.- paaMep aro~~.a) 
npoH3Be)I,~HJ18 t;v. -t! 11.8.JIO • .UaJiee CJie~eT OTKeTKT& 1 liTO CaMIII 

no.lloJ:eH!III atoMOB A H B cny11aiHY B npe~enax A Q ~ H l.l G.2. 
.., ~ ... ::'I 

noatoYy :ny11aRHY H ~ay ( '.< Q 'I) H ( \<. G 1) • B CHJIY aroro 
~ 

00CTORTe.I&CTBa ~"' •h..., ~ 0. 

•rauu oOpaaoM, paccMotpeHaoe ycrpoRctBo aapymaer HHtep

~epesuHD COCTORHHR C pa3JIHijHYMH B03MOJ:HYMH n03HUIIIRMIII 3JI6KTpOHa 

( oxono G, 11 IIIJIH OKOJIO Q2 )111, CJie~oaaten&ao, cnyJ:HT 

aHaJIH3aTJpqM COCTORHHR 3JI6XTpOHa ( ~ ) no "cneKrpy" ero 

KOOp,II;HHa r ( - 00 <. "X <. + 00 ) • 

BoajyXAeHHYI aTOM, CKaJ:eM A, MOJ:eT nepe~aT& CBOD 3HeprHD 

B030YXA6~HR COCe~HHM C HJIIM aTOMaM cpe~Y 1 liTO noBe~eT K HarpeBa

HHD OXpeCTHOCTH A1 B 116CTHOCTH 1 K JIOK6JI&HOMY BCKHnaHHD J:H~KOCTH 

B CJiyllae ny3Yp&KOBOR KaMepY. 

rro~ooaoe J:e aoaOyXAeHHe B cny11ae ~oronnacTHHKH nocnys111r 

IIIHHUHaTOpOM uenHYX XHMJIIqecKHX peaXUHI B IIYBCTBHTeJI&HOM 3epse 

~OT03yYJibOHH. 

B oOoHx npHM.epax B03HHKaDT aeoOpatHMYe npoueccw, xoropwe 

HCllOJIHRDT pOJI& ,11;6TeXTOpa. 

109 



JlOIIOJll!EHI1E I 

BH'mCJieHHe cpe,rumx B rrpocrpaHCTBe 'Ot,(~) 
<PopMYJia (II\. ~0) ,IWI cpe,nHero l BeJIH'mHH L IOJrY

'1aerCJI Ha OCHOBaHHH <lJoPMYJI (!II. I) H (!11.2) H3 o6me~ <lJoPM:fJIH 

L = ~ T> c q_, '?) L. c ~, ?) cl"-'"~! :n 
rrpn yCJioBHn Hopr.mpoBKI'I 

~ ~cq_,,p'\d~d~-= 1. 
:2) 

CJI8,Il;YIDmHM o6pasoM. ITO~CTaBHM B (I) Bllp~el!He 

\ t ?',I 
~c0v,p'\-= j ~<q,,~) e ""'d~. 

Ill" -t.pr..';.~p.. . 
L<Ov, ?I~ j l cc.v, e.) e d~'. :

3
r) 

:3) 

Tor.na ~ 5' _ i.J1 
L ( q·" ?}-=- \ d~d~' e 1; ~ L* Cq,,~') r (ct,,~). 
d q_, 0.~ . ::. )dl.dq_d~' t\l.'-~) L~(ctt,~')?C~,,~)=-

2.1\"'P. 

~ ~ d~cA'\, L"' (q_,, ~) ~C9f 1 ~) • :
4

) 

I '-" * I 
3aMeHJlll o6osHa'1eHWI ~( \ 1 ~ \ ~ ~ C '\/ 1 ~) 1 L ('\,,~): L ( q,.~), 
rrOJzy'1aeM pesy.JibTar 

L ~ lc0v,~.., -=.l ~COy,"'') t:cq.,,~)d~dC\.', :s) 
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rrpHB8,I\8HHll~ B <lJoPMYJI8 (ill. IO). C IIOMOI 

rrpeo6pa30BaHHn H3 ypaBH8HHR (lli.I4) III 

(lii.I5). 

,ll,OIIOJIIIEHHE II 
.. .1\ 

OneparopH p n g v 
PaccMoTpRM HeKoropyiD @YHKUHID ~ 

" crrepBa oneparop ~ , a sareM orrepa' 

m.my.JibC, COIIplilK8HHHH KOOp,nHHaTe \ 

~ ~ ( \-") -:.. . ~ \ 0 ( cv <V' l '\\1 (~I' 
,ll,aJiee, 

~\,~<ct.)-= f F = ~ '-~ 0 ~(qJI 
Clq 

·~ oFC\.)-= -;,.~ \ ~c~}~ =-1. 4\, 

BbiiiOJIHJlll orrep~ B o6paTHOM IIOPff,I\K 

ct ~ ~ CCV 1 -:: - ~ ~ q, O'\!CC~.-1 
4\ 

IloaTOMY 

(~\-~?)'~{C\\ :.-~~ 1.\'C'\_."'I, 

C.Jie,no:saTeJibHo, 

t.?,~l'\'-=1\'. 
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OCTpaHCTB8 ~ ( t 1 'ft
1
) 

J1ll cpe,nHero l BeJIH'IHHH L ITOJIY

MYJI (ill.I) H (ill.2) H3 o6~e! ~PMYJIH 

L. c q,, ?) <lev d? 
2'1t'"F\ (I) 

(2) 

(3) 
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rrpHBe);eHHHH B ~PMYJie (ill. IO). C ITOMO~:&IO TaKoro lK8 po,na 

npeo6]1asoBaHH! HS ypaBHeHM (ill. 14) noJiy>iaeTcJI ypaBHeHHe 

(ill.I5 • 

norrom IEHHE rr 
" " Onepa·~opu p H ~ 

:'aCCMOTpHM H8KOTOpyiO !lJyHKUI'IIO 1f (CI, ') H rrpHM8HHM K HeR 
A A 

cnepBa onepaTop <\, , a saTeM onepaTop p , npe,ncTaBJIJIKIUHH 

HMITYJI ,c, COITpmK8HHHH KOOp,nHHaTe <\, • J1MeeM: 

~ ~t'Ccv')-::.. ( \ b (\-q)'}'l\IC~1 )d~': q_'lfCtt,):fC\,}. J (I) 

J.(aJiee , ( ~ ( ,, :'1 
f \ ~ < (\, '\ -= f F = J '-~ o OcvQ,;~ q, F ( \' I d ~· = 

..• oFC~'\ . f -o\\J 1. (2) 
=-~."' -~ = -... ~ '\ ~cq,)~ '\. ~tt \. 

( 3) 

IloaTOMY 

(4) 

CJie,ncBaTeJI:&Ho, 

(5) 

111 



BBR)zy I!pOH3BOJibHOCTH cpyHKLT;HH ~ ( '\_,) H3 ( 5) ITOJIY'-IaE M: 

~p~q,)::l. 
(6) 

fl J(00j1,1!,11HaTHOM rrpe,UCTaBJiemrn l'!M8CM: 

\:. ~(\-~) ( '!) 

1\ A 
Herpynno J\ORa3aT:c, 'iTO eCJIH ~ H '1_. OT!IOCRTCR ~ prt:JHW/. 

CT8118!1RM CB060JJ:ll, TO B (6) BMCCTO I ITOJIY'lliM 0, 

JjOfiUJiliEI!l1E lll 

CBJI~lb KJraCCHYecKIDC H KBaHTOBux tpopMyn 

B JieRUHH Ill 6UJio l!OKa3aHO, l:J:TO HOpMHpoBRa KJiaccuc ecKoit 

rTJIOT!IOCTH B ITpOCTpaHCTBe a:t ( <i,., ~'trJiaCHT: 

j ~ ( ~~ C\ ') ~ '\ :: i ' 
(I) 

a BupaJKeHHe ,!J,JIR cpe)l;Heii BeJIH'iHHU L HMeer BH)l;: 

1.. ~ \ q c '\-,~) L c q_,,~ 1 d q, d ~ .. 
(2) 

CM.(lli.9 H 10). C )l;pyro~ CTOPOHU ( ~PMYJia (IY.9), 

s? 9 =- 1. (3) 

Il pacRpUTOM BH,U8 3TOT CJI8,U 8CTb CyMMa )U!ai'OHaJibHUX 3J8M8!1-

TOB ~ ( <\, ~) q; :: '\.:. <? C'tt, V· ,Ii.Jm aerrpepHBHOit rrepeMe!lf oi1, KaRo

BOi1: RBJIRCTCR rrepeMCHHM q, , CJI8)l; MaTpiD.I;li, ITO Olll 8)\CJie

HHID, 8CTb HHTerpaJI ITO 3TOH IIepeMeHHO~: 
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• 

1\ 

'2>? ~ J ~(~l~)dl = 
llosTOMY ~PMYJIH (I) H ( 3) COBila.l\aiDT. 

* paccMaTpHB~b L ( ~~ q,') KaK MaTpH'i!luH 

orreparopa!. , rol..'t(q,. 1~)=l.fct,CU 
KOMMYTaTHBHoro saKoHa JMHOEeHHR B (2) 

MaTpiDJ; II03BOJIR8T 3aiTHCaTb (2) B "KB8ll 

\ " " l ~ J q ( Ov ' ~I ) L ( q_,' l \.) ~ 

B COOTB8TCTB.Im C 3aKOHOM JMHOE8HHR Me 

CJie,na MaTPHI.Ui IIOJiyl:J:aeM, l:J:TO ilJopMJJia 

samHa YMJIOK8HHR, rrepeXO)l;HT B ilJoPMYJI:\ 

- II 1\ 

L -: Sp C 9 i) · 

.Ii.Jm )l;aJibHeibuero YKaJKeM BaKHoe paBeHc 

S?(A~)~S?l~A). 
,UeiiCTBHTeJibH0 1 

~ II .1\ ~?~A\?>\: 1 L. ~V\':l ~c:.V\ = 1 l. ~ 
'n s <; Vl 

To :a:e Ca.li:Oe JierKo .n;oKasau ,n;Jifl aerrpe: 

HHff CJMMKPOBaHHe no )U!CKpeTHHM HH)l;8K< 

pHpoBBHHe no HenpepUBHUM: 

s? ( A~\ ~ \ \ d ct d ~, A. c"', ~~ \ ~ 
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(6) 

'aMemm uMeoM: 

/\ 

0 8CJIH ? H OTIIOCRTCR K pflj!flllt. 

B (6) BM8CTO I IIOJIY'll!M 0. 

KBilHTOBHX lbO puy II 

110Ka3aHO, 'ITO IIOPMiipoBKa K.JiaCCH'l8CKOH 

CTB8 ~('l,.,~'\rJiaCHT: 

(I) 

eii BeJIH'l:ll:llli L HMeeT mm: 

I 'It ( I 
~cv) L q_,,Q,., 1 dq, d~. 

(2) 

0~ CTOPOHH ( ®oPMYJia (IY.9), 

::. i. 
(3) 

CJI8,I\ 8CTb cyMMa ,I\Hai'OHaJJbHHX 3JI8M8H

~(GV,~). ~ HerrpepUBHOH rrepeMeHHOH, KaKo-

B.fi q, , CJIB.I\ MaTp~, no onpe.neJie-

aroA nepeMeHHoA: 
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= (4) 

IloaTc MY ®oPMYJIH (I) H ( 3) COBlla,I\aJOT. Jlanee, CCJIH B ( 2) 

* pacc~:aTpHB~b \..: ( '\J
1 
q,') KaK MaTpH'IHHii 3JI8M8HT 3pMI'ITOBCKOro 

orrepLTOpa i.. , TO L 1t ( (\..
1 
q)): l.f~ 1<t,). IToaTOMY H3M8H8HH8 

KOMMJ·TaTHBHOro 3aKoHa JMHOlK8HHfi B (2) Ha 3aKOH JMHOlK8HHfi 

MaTpll.J; n03BOJifi8T 3aiiHCaTb (2) B "KBaHTOBOII" BH)~e ; 

(5) 

B CO<•TB8TCTBHH C 3aKOHOM JMHOlK8HHR MaTpHI.J; H onpe,I\8.1ICHH8M 

CJie,I\a MaTpHI.J;H nOJiy'!a8M, 'ITO ®oPMYJia ( 2) , noCJie H3M8H8HHR 

3aFOHa YMf!OlK8HHR' nepeXO,I\HT B <Ix>PMYJIY ( IY. ro) 

" -~ -:: Sp c 9 i} · 
(6) 

}J.1m: ,\aJibH8:!bJJero yKaJK8M BaJKH08 paBCHCTBO 

(7) 

To X3 cauoe ~erxo ~oKa3aTb A~H HerrpepuBHUX uarpuq, 3aue-

Hrui ~YMMKIJOBaHH8 no ,I\HCKp8THHM HH.U8KCaM ~ , Y\ Ha HHTer-

pHpo3aHH8 ITO HerrpepHBHHM: 

s? 1 A~') ~ \ ( d \ c1 c\' A c av, q;' \ Y> c ~\ ~ 1 =- s ~ r g A ). 
~ ) <sr) 
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TaKKM JKe TIYTeM ,n;oKa3biBaeTCSI B03MOJKHOCT:& UHKJrn'iecKoi nepe

CTatiOB.Kil onepaTopoB TIO.D; 3HaKOM S? : 
" s? c A B c. ) = s? c c. A. s 1 

(9) 

H T. TI. 3aMeTHM, 'iTO pao:eHCTBa ( 7) H ( 9) npe,D;IIOJiara!lT CXO,ll;H-

MOCTb BXO,lJJIIIlHX B HHX CYMM HJrn HHTerpaJIOB. 

AOITOJiliEII!{F, IY 

ThiBapHaHTHOCTb KaHOHli'WCKRX COOTHOW8HHR H dXHJMYJI .I!.Ul cpe,!U!RX 

ITyCTh ~ 

( ?'l. '<\c:,1::: 1.. stt.s . (I) 

l3Bc,ncM HOBble rrepeMeHHble rrocpe.n;cTBOM yrm "apHor•J npeo6-

pa3omumn S 
" oO 

c)it 
c " c- ~ 
\J ~'1. ,) ' 

" " - ~ 
G<.~ -::. S ~s S . 

()Tr:J'l!''' !HH "f•1 J!)l'' U(i]JUTH<JI'<J I!J' ·oripa3oBamuJ: 

" ,.. s-" ~'1. ~. ~~ -= 

" ,.. s -'1 Q~ <2>. ~s -= 

ITepeMHOlKaJI (3) H (31), Y'iHTHBaJI, 'iToS~-~1, 
" ,.. " ~'t. ~~ -::. s- ~'L Q.s s ' 
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( .. ) 

( ;;l) 

(3) 

( 31) 

Ha!UleM 

(4) 

" " 
'\.~ ?'t. ~ ~- -1 Q ~ ~ lt. ~ 

ITo3TOMY 

" " " ~-" \ ry'l. ' Q ~ 1 ~ :: i 
YMHOJKaSI ( 5) CJieBa Ha ~ H crrpapa Ha 

A -~ I' b 1 S s 't.~ -: 1 8 ItS 

no.nyqaeM 

~ " " 
~ ·~ tt ' Q ~ 1-= i. ~ 

" " 
TaKKM o6pasoM, nepeMeHHble t:p tr,. , Q 
HOBHX KaHOHH'i8CKa COTIPfflK8HHHX nepeME 

06paTHMCSI Tenepb K qopMyJiaM ~ 

~ rrpeo6pasoBaHHbiX onepaTopoB 

Sr 9' =- s? c ~ 9 ~ 
H 1\ 

l.' = s ~ c ~, t.' ) -= s? 1 

= sr c s c ~ 
ITpHMeHHM Terrep:r:. UHKnzqecRYID rrepecTaH< 

Jiax (8) H (9), 

ill. IIoJiytnnl: 

B03MOlKHOCTb KOTOpO~ ; 
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IT03TOM,Y 

" " ~-" \. ry't, Qsl ~ = 
(5) 

YMHolKM (5) CJieBa Ha ~ n crrpaP.a Ha 

(6) 

ITOJIY"!aeM 
" " f\ 

~ ~'t. 'Q~J ~ 1. ~tt.S. 
" " (7) 

TaKHM oCSpasoM, rrepeMeHHHe ~If.. , QCi. o6pasym cncTeM,Y 

HOBI:lX KaHOHH"l9Crot COITp!DK9HHHX rrepeMeHHHx. 

06paTHMCH Terrepb K qopM,Y~aM ~ cpe~. ~ 

"' _,, ~ rrpeo6pasoBaHHHX orrepaTopoB ~ n ~ 

(8) 

-I 
L 

llp:HMeHKM Terrepl> nl!K7IH"l9CeyiO rrepecTaHOBicy' orrepaTOpoB B gOpM,Y

~ax (8) H ( 9), BOSMOJKHOCT:b KOTOpoit ,D;OKaSaHa B )(OITOJIH€Fl'II1 

ill. llOJiyllHM: 
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~~ c s? g-") = s~ cs- 1
$ ~')~sf~'<sr> 

M M3 :9): 

~~ c ~~ c ~ i) s-") c sf c s-"$(9 ~~) = sr~t)\-) 
TeM ca.lli!M JJ,oKa3aHO, 'ITO ~? ~ 11 Sf(§ i) cyTh InmapHaHTH 

YHllTap rux npeoopa3oBarmi1. 

5I :110, '!'1'0 STO yTBeplK.ll8];1He MoJKeT Ob!Th pacupocTpcmeHo 

Ha CJie, 1 JIJOOoro onepaTopa .N: 
,-.!, "t 
'0>? N -:: 

)\OliOJll Ul11E Y 

1\ 

SfN'. 
(TO) 

0 C00C"B8l!Hbl.X illyHKgH.!!X H COOCTB8HHblX 3Hati8HRIIX onepaTOPOB 

)~ fH Bb!BO,ll;OB Y -H Jl8KIUUf cymeCTB8HHO BblpaJKeHMe 

s~ ( c. 2 -t ) == a . 
(I) 

Hmrnll!eH era B pacKpblTOM BH.ne, orpaHHtiHBIJIHCh CJIYtiaeM ,1\MCKpe·r

Horo c:reKTpa onepaTopoB C H C + , HMeeM: 

" ,. ,.. /1 ~ " 2. SP cc c+) = L_ en~ c.~~= L. c"'c:, c."'':>= L. \c"'s \. 
\ 'n.~ VI,$ 'ri,S (2) 

Il03TOM:' paBeHCTBO (I) B03MOlKHO Jimlll> B TOM CJIY'Ia8, KOr,na Bee 

" 
3Jl8M8H' 'bl c ~C)::. Q . )T.Jm CJIY'IM Henpepb!BHOrD CII8KTpa 

)(0Ka3a"8JlbCTBO llOJiytiaeTCR, 8CJ!H 38.M8HMTb B (2) CJMMbl Ha HI!-

T8rpa.JIH. 
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/1 /1 

"'- c+:::.o TaKHM oopasoM, H3 (2) c~e~eT \_ - • OopaTHMCH 

Tenep:o K .n;oKasaTe~:&cTBY WOPMY~ ( IO) H (II) . Cpa:aucHHe ypaB-

HeHHii (8) H (9) ITOKa3!lBaeT, 'ITO B ypaBH8HH8 (8) nep~8!IHH.II 

~ BXO.n;HT KaK npmJ3BO~bHI:lH napaM8Tp - onepaTop 1._ He 

"' .n;eiicTBY8T Ha 3Tj rrepeM8Hf!YIO. fi03TOMY 3aBHCHMOCTb ? OT 

nepeM8HHOH '\- B ( 9) COBIIa.n;aeT C 3aBHCHMOCTblO OT '{.. l{lymc-

1\IDI ~>. \\-') B (9). 0TCIO,IJ;a CJie)J.YCT,'-JTO MaTPH'IHhl:lJ: 3J!OM8HT rcq, V) 
nponoptn~OHMeH (pYJIKUIDI ~ >. ( ~ ') • CpaBHeHHe ypaBHOHHil (il::) • 1 

( gi) noKa3h!BaeT, 'ITO ? (Cj, 1~)rrponopi.UWH8J.lhHO L\1: ( qJ) . C~e
.n;oaaTe~:&Ho, 

~>.(~,'1)) ~ ~).{~)~: (~). 
( 3) 

1\ '2.. /\ 
Y'IHThiBaH YMOBH8 ~ -::.. ~ , Hai1:.n;eM, 'ITO MHOJKHT8~b rrpOllOPUH)-

H8J.lbHOCTH B (3) .D;OJIJK8H pa:BHJITbCJI I. JTO BhiTCKaOT H3 YMOBH 1 

Hopr.mpoBKH coocTBeHHhiX wYHRin~li < eM. tPoPMY~H Y. r;;, I2 r) • 

.lle:il:C"'BHT8~bHO, 

"2. \" I" ( ·" ( 
1 _ 0 ( I f) ( II I II \ I w !t \ 

~}. ~~~)- \). q,,~))).. 'Vlct- )d\ = }tV;.Ct.)l..\1'>-(V I' 

1h,(~,~~:(,j:: l\->.(\!ll\':<q)j:: ?~<~.~). (4) 

.lloKSXeM Tenep:o WOPMY~Y (Y. I6). HMeeM 

~ ~(~) = ~ ~<<V,\') ~ (~1)d~1 :::. \"lf{~) ~*(~1 )~(~1 )d~ 
= ty<~ l ~ 1\1~(~1 ) ~ (q)') d ~· = 4'<~) (~, ~~)· 

.UOIIO.IJHEHHE YI 

n OH3BM:&HhiX Be~H<rn:H A H _B 
IIycT:& J1I ~ - .nBa 3pMHTOBhiX onepaTopa, l!so6paxruo-

lliHX .n;HHaMH'!eciGte BeJm~ A H B , a ~ ecT:o cTaTone :JaTOP, 
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PaC}MOTpRM BCITOMOraTeHbHY~ Be~H~ 

r l ~) ~ s? \\. ~ A ~ ~ ~ i ~ j ~~(A f·t- \ c ~ fn t) 
r.ne ~""' Be!lleCTBeHHoe trn~o. OtieBH.nHO, 'ITO ll ~ '\ ~ 0. 

Pac ;qJRBM ; TO BupallteHlie, ITOJIYtiaeM 

a.~z -\-tE, +c. ~o. 
(2) 

r.ne 

a:: ~~\<A~)(,~~)+\:: Sp (~~A a)= Sr{fA2
)= x2. 

0 " -\- -t \. (3) 

~:: \. S~ \ ~ ~ C Afl - A'? ('~ ~) ~ =-

=1- ~)~~~ (B~-A~1)=~ ~?tt."B,A191=t[B,A)4) 

c.~ ~~l'~~)(~~)-tj-= ~. 
(5) 

dpi 11111\CJ}(I! rn ' (!)) "11 (I,) lUI lJ()CllOJIJ,3U [1! 1.TH!r: f, !liJfl1l'l'J'OilOCThlO 

orH p:!Topon A n B 11 uo3LIOHHocTbJO !LlllUli1'WCIWi1 nepecra-

;ror rm L'llfO!KHTOJICJ1 110,1\ 3l!Clf(OM S? . !13 yc~l!Oll'IJI (;~) CJIO,ITYCT, 

'{T< 

4 CAC. ~ 02., 
(6) 

l!O} ,CTaBJIIDI CJO,na 3HaticHHR Q , C. , t , ITO.JIYtiaeM 

~z- "i ~ 2. \ ,. " \2. A ~ ~- LA" '31 . 
~ (7) 

" " - n ~ -B 'acTHOCTH, eMH t\: ? - ? , o: \- \ , r.ne ? ' "' CYTb 
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(\ 

cpe~aHe 3Ha~eHHR onepaTopoB p 
/1 II 

' TO [ A l '?> J :: 
;l ~,~]:: 1. li Mil ITOJIY~aeM COOTHOI!I8Hli8 reit38H6epra 

l\OIIO.JIHEHHE YII 

~2. 
~-· 4 

BH~CJI8HHff C MaTpHgeit ""R ( '\,' f) 
~ BHBO~a qopMY~ (13) , (19) li H8KOTOPHX ~YrHX, 

npliB8~8HHHX B Ylli ~8KUWR, HeOOXO~O BH~~Tb MaTpli~it 
f\ II 

a~eMeHT npoRsBe~eHHR ~Byx onepaTopoB , A R ~ , B Ho:~oM 

npe~CTa.BJI8Hlil'l B ll~CTP,trn~TBe ~ ( \Jt v1 . 0603Ha~ 3TO 

npol'!sBe~eHl'!e ~epes C -::: A B . Cor~acHo onpe~MeHRIO (Ylli. 3, 

IO) C<q,,?)~ ..1_ \ ~ (CV,i')e\.p<~''-q,)dq,11, 
2TC" j (I) 

ft ~ 

r~e t ( 't~t ,;·) 8CTb MaTpH~H 3~8M8HT onepaTopa C , B 

KOOp~HaTHOM npe~CTa.BJI8HHli 

rro~craBnaa 3TH BHpaxeHHH B(2)H pesynbrar - B(l),nonyqae~ nocne 
II 

HHT8rpl'JPOBaHHff ITO q; , KOTOpoe llpHBO~T K ITO.fiBJI8HHIO TIC~ 
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HHTerpaJDM cf!YHKI.nnt s ( 'f11
- ~) , '<ITO II03BOJI.fi9T Bl:liiOJIHMT:& 

HHT9rpHp :>Brume H ITO ~II , cne)l;YDIIIee Bbip8lt6HM6: 

r _, ~ '1. 
C ( '\J 

1 
p) :=; j A ( q, , ~+ 'rl.) ~ C '\t + ~ , ~) e d ~ attt, 

(4) 

l'J\0 

~ '; q,"' - "' ) ~-::: pIll - ? . 
( 5) 

3aMeTHM, '<ITO Bo Bcex aTHX WOPMY~ax MH BpeMeHHo rronJRntnH C< -,.~,.. ,. /1. 

h :: i . . .1IJr.si Bbi'<IHM9HH.Ii :>p(! ~ ) IIO~O.lltl!M C ::: ~ . ITo-

~arM B (2~ 11 (31) '\,II: q, , IIO,D;cTaBl!IDI (3) H (31) B (2) H 

IUITOI'TJHP fH C ( C\t 
1 

<t_, J no 9, , ilOJIY'<IHM: 

L-=- ~·p<i~~ =- s~c ~ ~ C.c'\...,tt,)d":;. 
(' r . Ill ( II ) 

:: J d't d~" j La Cct,~) ?"')e- .. P q,-'t- d~"'(~;J 
• II Ill 

. ) 'R < ~'', ~" ) e- 'f ' '~-- '~- 1 
d y" · 

0Tey.n;a 

- I , '0 ~ ~'tt L-::: ;w(q,>p) "cq,~.'~·,,~+'l)e d~ci~d\~~· 

ITo~:&3yRc; ¢oPMY~o~. o6paTHo~ (3): 

A(~,~~")-:: ( ~C(\,/1,111 )e~(?.,,'\,u,_ ~~"'q.,)d 111 ' 

J '\. ( 3!1) 

H apMHTo 30CT:bKJ a~eMeHTa A ( q,. 1 ~
11 

) , HeTpy.D;Ho rroKaaaT:&, '<ITO 

~H ~KJ60~0 onepaTopa HMeeT M6CTO COOTHOWeHHe 
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l 
~~ "1. 

A~ c cv, ?) ~ A ( ll/' ~ 'V"""'l) e d~ <lYL · 
(B) 

3Ta ifx:>PMYJia II03BOJI.i!6T BUpa3HTb B ( 7) "R ( \ ... ~ 1 f+,_) 
Tiepe3"'R'I((\ 1 ~) • l1o3TOMY H3 (7) H (B) rroJiyTiaeM pe3yJIJ,TaT 

(9) 

rrpHBe.nemmii B Jieronrn (Ylll. I3). 113 ifx:>PII\YJIH ( 4) Mo:-rno ITOJIY'lli"b 

B!lp8JWHH6 ,IJ.,1!1 CK06Kli ITyacc::oHa B npocTpaHCTBe 0<. («\,If) 
,.. ~ "" ,..(\ 

,!T,1lfl 3TOI'O IIOJIOlmM c: i. ~ (A~-~ A) H 

BOCIIOJib3YeMCH 3aKOHOM YMHOEeHHH (4). Tor.na rr~aeTcH: 

(A,~1\,?-::. ~~ ~e-~t.vtf-~ d\dvt{AC~,?~~--~·· 

13 ( q, + ~ I ?) - "0 ( '\.. \ ?+ 't1.1 A ('\;'"·E. ) t>) . 
( IO) 

ITOJiarM s.nec~> A ( ~~ fr: \-\Cq,,~\ H ~ ( q.n?) ':. "K C \-, ~) ) 

JIOIIO.llHEIDlE Ylll 

0 COxpaHeHHH CKMMeTpHH MaTpKqM IIJIOTHOCTH 

,. ~ 

3,nec:n d ~ ecT:n IIpHP81lleHHe MaTpHUH ~ 3a BpeMH d t . II rcT:n 
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B MOU8HT BpeME.HM t. Ma.Tp~a y CHMM8Tp:Hrnta H.1IH aHTHCHM-

MeTpl :ttHa npH nepecTaHOBite JII06ofi napH ttacTH~ \. , k , 
B C1'POltax MJIM KOJIOHKElX. Ilo~eltCTByeu Ha KOJIOHKH 

ypam emm (I) onepaTopoM a To A nepecTaHOBRH ~ t ~ ( ~) ( T. e. 

" " cnpw;a) H paccMoTpiiM cnepBa noBe;n;eHMe 'IJieHa \-\ \> ; IIMeeM: 

" II. 

\-\ 
J' '\) I -+ U 1\ 

~ r~~(\o)-=- n~. 
(2) 

{\ II. 
Ilo;n;e~ CTByeM Tenepi> aTIIM JKe onepaTopoM Ha 'IJieH ~ ~ , pe3yJII>-

TaT r.:oJKHo 3arrncaTI> B BH;n;e 

~ ~~ 'P\ ~ ( ~) ~ ~ 'P~\(. (~') '9t\( Ctt") A ry~\( C~); 
(21) 

TaR faR no BHYTPeHHMM rrepeMeHiruM ( ~·) 
" 1\ 

H:lm lvaTpJ1U f? H \4 H.IJ:eT MHTerpHpoBaHMC, TO BCTaBJieHHHe 
" " lj) ,, 

W5~'J(\! ~ H \-\ 01WTl<lTOp!I r\ \( \q,) !IC W!H.fiJJ'I' pe3yJLbTnTa. 
" 

npM rrepeMHoJKe-

B CHJJY CHMMCTpM~. onepaTopa \-\ rrpM rrepecTaHOBKe qac-

TUU " " j)iv. C\') \-\ ~\\( \~ \-=- \-\ 
!I03TCMY 

""? "'Y (\ "" ~\-\ \~C~):: ~ ~~ (~')\--\::-t~'r\. (3) 

0TCID~a CJie~eT, t{TO CR06Ita IlyacCOHa B (!) o6JI~aeT CHMMeT-,.. 
pMeii :mepaTopa ~ ( I I 

TipM rrepeCTaHOBRe apryMeHTOB Q,_~ , q_, \() 

B ROJIOHRaX CR)6RH. TaRIIM ~e rryTeM ;n;oRa3HBaeTCR cHMMeTpHH 
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l!JIH aJ!THCHMM6TpHll npH nepeCTaHOBK6 apryM6HTOB ( CJ,i., q<) B 

CTpOKB.X CK06KH • 
A i\ 

B cwry sToro ITPHPamerme Q ~ orrepaTopa C{ ( t) sE Bpe-

Mli <A-\:. HMeeT cHMMeTpniO orrepaTopa? ~ t) . TaKHM o6paso~ .• 
CBO~CTBO CHMMeTpHH RnH aJ!THCRMMeTpRH IIpH rrepeCTaJ!OBKaJ. ~ac-

A 
TH~ B CTpoKB.X H B KOJIOHKax CTaTorrepaTopa ~ COxpa.Hf eT-

CII IIpH ,nBWKelmH. kiHI:lMH CJIOBa.Ml'l 1 0IIepaTOpb11\.lo(, (t,) H '\)~\< ( q,') 
.IIBJIR:IOTCII HHT8l'paJia.Ml'l .IJ:BWKeHH.II. 

JlOTIO.IIHEHliE IX 

Bbi~CJierme HHTel1?3Jla 

HHTerpaJI ITO :J: , BXO;IJ.fllllHii B !Jx:>PMYJIY (XII. 18 ), HM( eT 

e (-;t') 
cA-x' e , 

Ilpe.ncTaBHM STY 4)a.sy B BH,ne 

G <. -x') = - l Ax'~'- "'0 12. - ~ '2 -~. ~ c = 
:. - t-z -~'2.-+ i.C' 

. 
1. (t'-+M.)~ 
2~'t 

~! ~ ~ ~ ( ~'X + .M. Q) + \() ~f\ ' 
'\\ "'C \ . 2. 
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( -:. _i_ t ~ :(2.-+ M. Q2. l . II 
2.~'t' \" (4 ) 

IlpO.H3I·e.n;eHHM 38MeHa rrepeMeHirnx :X I Ha 'i- ' d r =A d·x.', 
II03BOJ .f!eT BHIIOJUlliT:b .HHTe!'p.HpOBaH.He B (I). PeayJI:bTaT 

rJiac.H~ : 
.r= - o~±)2. ·~c 

1± = vJT' e. 
}\ (5) 

IlOJI:b3r.IIc:b( 41 ), rrpe;n;cTaBHM( ~ ±) 'B BM,ll;e"R.e ( B ±) 2-t- i. Im \ s"±) '2. 

R MHID.\YlO "!aCT:b rrpRcoe.n;RH.HM R qiaae \. C . Tor.n;a 

,.± -.r=; -~e(~±)2.-t~c 1 

-- e ... - A . 
!13 ( 4- ) IIOJIY"!aeM llp.H \" (( M. BHpaJKeHRe ,IWl 

'-· 
"R e \?.>±~2 -=- t G.~: 'T:) 

a. 
'V-.'f. 

(51) 

(6) 

r.n;e '\l'::-;:;:- ecT:h cRopocT:h rnap.HRa rroCJie pacce.IIHIDI. 8aMeTHM, 
\' 2. 4""'2.'t2. 

"'TO O<·Jiee TO"lHHH 3HaMeHaTeJI:b B (6) eCTb Q -+ aZ: f'A.2.o KOTOpb!l1 

y.q.H~HBaeT paCIIJIHBaHHe BOJIHOBOro IIaReTa. 8TO paCIIJIHBaHRe 

IIpR 0< •JI:bliiOH Macce rnapHKa J\A HeCY!IIeCTBeHHO. kf3 ( 6) BH.n;-

HO, "l~O qJyH.KUHll~E'(C0f)'2. COCpe,llOTO'IMBaeTCSI B OdJiaCTH 

Q.:. ± '\)' 't" , "'TO OTOOpa:ataeT .n;BDeHHe liiapHRa HarrpaBO HJIH 

HaJieB<·. 

Jl.OIIOJU EH11E X 

MaTpHHa IIJIOTHOCT.H .MSi OCIIMJt!ITOpa, HaxO.li.!DlleroC.II B TeiiJIOBOM 

paBHOl~ 

JpaBHeHWI .MSi BeJIH'Imlhl 1:. ('X l 'X I), rrponop~OHaJI:&HOit MaT-
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IIoJiarrui 

(: :) 

~ no.ncraanaa (J) B (2) 1 a (2) B (I) 1 uony'IIDl: 

_ -o~ _ .1... 4~"$..."'-+ ~c -x-x'- i ~';)(~~-
~~ 2. '0~ ~~ 2. 0~ 

_ t ('Bx'2. -t c_?.. :x'2 -2BC -x~'- t3 --x'-}= c. (·J 

0Tey,JJ;a, CpaBHRBM K03if:$IIJ;iieHT!l rrpH :X. 2. , 1~ I H :X:1 ~ 
HaH,Jl;eM CHCT8MY ypaBH8HH~; 

dA 1 'tl- 0 . L" oC 'D ..a -a. c."' c,~ 'D't. A-o 
a)~(.l. -ro- ~~'~-+o~-) ''a~~o-·,-

r ' 1 (!i) 
H 

d) ~B +C.2.::0. 
0~ 

YpanHemr.e c) IDITerpHpye·~·CR: aJieMeHTapHo H npHBO.n;HT K peue-

HRIO ~-:: CIO\~~~. H3 ypaBHeHIDI d ) onpe.n;e.lillell: K03qxpHI.lHOHr 

C :: ± ~ /S.i.'l\'rJ \!> H, HaKOHe~, 1!3 ypaBH8HIDI a) HaxO.n;HM KBa,IU>LTypoii 

J\:.I~(Sl\'\~ ~~ +tO'tlSt. I'paHR"!HOe YCJIOBHe (Xlll.I2) orrpe);eJifleT 

BH6op 3HaKa KOa~eH'ra ( CJie,JJ;yeT 6paT:& 3HaK +) , a 
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YCl OBRe HOPMI!POBKH ( I6) orrpe.neJIReT KOHCTBHTY ,JI,1Ili A 
coY\••\: : ~ ~ 2 . TaKHM o6pasoM, 

A-= ~ fm ( Sivv~ ~ ') ~ 1 ~2 ·• ""B-=; coi:~ \., ~ i 

0Tco.na 

Q2::. 

JlOIIJ.IIHEHHE XI 

C= co-s.~ch·~ 

~ 
"?>-~-:: t~'n 2:. 

BLI'IiiCJieHHe coo.rumx aHa'leHHA <.'X~') H < "'12.'> 

(6) 

(7) 

BLI'fl'!CJieHH:e 3THX cpe.IJ;HHX CBO.Jn{TCR: K BLI'fl'!CJI8HHJO HHTerpa

JIOB (XIJ!.25) l'! (XIIJ.251). Y,no6HO rrepeHTl'! K IIOJIJipHOM CHCTeMe 

KOO]>.IJ;l'!HaT "t , 'f H BMeCTO 't B3RTb rrepeMeHHYJO ~ ':: t 't2. • 
Tl1ITI '!Hhfe HHTerpa.Jibl, KOTOp!le rrpH 3TOM IIOJIBHTCR: B (25) H ( 251 ), 

Wl r'CHOBan;m (26), (27) 11(:?'/I) l'fMCJOT Bl'f)T,: 

('2.Tf r -l{M+N"~()":)~) 
l " C M, N") ~ ) d ~ ) e dt 

0 0 '(I) 

l. (M N' _ \ 2
,. <)Q) -l(M-tN'co~~) 

l , ' - d~ e d 
0 0 ~ ~(2) 

2n 
00 

_ ~ ( \1'\.., N tO':)~) 
l.~tM,W)::. \ tO';)~ d~) e ~d~p> 

0 0 
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2n IX) 

( \ -z( M+ N'c.o')41) 
1 4 ~M,N)-=} s\n\\1 d~ )e ~<'Ar =0, 

~ 0 (4) 

IlepBui:! JIHTerpM l" (M1 N) rroCJie JIHTerp!IpoBarum no ~ 
CBO,IUITCH I\ IIHT8!'PMY 4Tt'"" ~ 

l C M N); \
1
,. d ~ :. ~ ..i. ( d \.\' - =-

" 
1 oM-+Ntot"\J M 2.) ~-+tc.o':)\\'c5) 

& 

o6pa3oM, 

l" (M,N)-=-
2.1T 

(6) 

Ji.Mec, Hl!TcrpM l2. ( M 1 N) pa.ne;r ; 

I t M N\ -- d !.1 \M,\V) - 2 \'\ M -; 
2. I I - "GM - l M2. - N2,\ 3/'2 ('I) 

HaKoHeu, IIHTerpM I~ ( M \ IV) paBeH: 

a'l"C~lN) 2-n.W -· 
l~(M,N)-=- oW' :- 'Mz_t<JZ)-s/2. 

\ (71) 

Cor~aCHO (25), (251) II (27),(271) IIM88M 

< .1.. :x?·<t )) ~ a.t f I 2 \M lN )-+ 1~( V\, N)~ '2~o,t \ · 
'2.. 2.~ \ (8) 

x)CM. rpa.n.wTel'lu ll.C., Pllx:HK l1.Y. TaelJI:H~!l 11HTerpanoa, 
cyw, Pil,li.OB :H npo:Haae.n.eH:Hit. "HayKa", M., 1971, 
CTp, 3801 cpOpMyJia If, 3.613 (I), 
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tu2. ~ 12. 2 ~ 112. 
OKOH' !aTeJI:&Ho , rrOJiarasi , 'iTO t ~, -= ~ + ~ , N :. ~ - ~ 
IIOJIY' !aeM: 

< ~ :x7.(t)) -::. 

). " " " ~ " (9) = -- (- ... -t\-+ - (- -- '\ ~ 2~t 
:~ o.'L ' } 8 Q.a. '1.. ) 

<~r"tt(-t))= ~ (tl-+~,)-~(~t-~~· (91) 

·~ '2t.)~. 
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