Jlexkus Ne3

KBa3zuuacTuusl M ux XaApPaKTCPUCTUKH.

CTpyKTypHBIE €IMHMIBI BEIIECTBA — 3TO CTPOUTENBHBIN MaTtepuan, u3
KOTOPOrO COCTOMT Marepusi. PacrpeneneHue CTPYKTYpHBIX — €IWHHUI[ B
MIPOCTPAHCTBE ONPEAENSIET CTPYKTYPY BEILIECTBA.

KonnencupoBanHasi maTepusi — 4pe3BbIYaliHO CIIOKHOE oOpa3zoBanue. OHO
NPEACTaBIsIeT COO0OM CHUCTEMY CWJIBHO B3aUMOJEHCTBYIOUIUX CTPYKTYPHBIX
€MHMI], COBEPIIAIOIINX CIIOKHBIE KojeOaTenbHble NBUXKEHUS Kak 1enoe. Kpome
TOTO, €CIIM CTPYKTYPHBIMU E€IWHHULIAMU SIBIISIIOTCSI. MHOTOATOMHBIE 3JIEMEHTHI, TO
KaKJas CTPYKTypHas eAuHHUIa o0JafaeT BHYTPEHHUMH CTENEHSMH CBOOOJIBI,
OTIPENEISAIONIMX XapaKTep KOJEOAHUM COCTaBISIONUX €€ aToMOB. TOYHBIN
TEOPETUYECKUM pacdyeT MHOTOYAaCTUYHBIX CHCTEM B  HACTOSILEE BpeMs
HEBO3MOX€EH. HEeBO3MOXKHO Takke 3apaHee IpencKa3aTb, KaAKUMH CBOWCTBAMHU
Oyner obnanath 3agaHHas KOHQPUTYpAIUs 4acTUIl. TaK 4TO MPU HMCCICTOBAHUU
KOHJEHCUPOBAHHBIX CUCTEM MMEETCS MPAKTUYECKU HEHCUEepHacMasi BO3MOXKHOCTb
OTKPBITHSI HOBBIX HEW3BECTHBIX SIBJICHMM M CBOMCTB BemecTBa. Uto
MOATBEPKIAETCS MHOTOUYHUCIIEHHBIMU OTKPBITHUSIMU B TAaHHOW O0JacTH, CACITaHHON
B MOCJIeAHME Toabl  (HampuMep,  OTKPBITHEM  BBICOKOTEMIIEPATYypPHOM
CBEPXIPOBOJIUMOCTH, CYIIECTBOBAHHUE KOTOPOH CUMUTAIOCh HEBO3MOXKHBIM). UTO
KacaeTcsl TEOPUH KOHJIEHCUPOBAHHBIX CHUCTEM, TO 3/I€Ch OOJIBLIYIO POJb UTPAIOT
pasnyHble MPUOIMKEHHbBIE METOJIbI pacyeTa U TEOPETUUECKUE MOJICIIH.

Haunbosiee mupoko HCHONB3YIOTCS B HACTOSIIEE BpeMs KBa3MYACTUYHBIE
METO/Ibl OMHUCAHUSI BO30YXKJIEHHBIX COCTOSTHUM KOHIEHCHUPOBAHHBIX Cpell. IDTU
METO/bl OCHOBBIBAIOTCS HAa TMPEACTaBICHUHM OO0 OCHOBHOM  COCTOSIHUU
MHOTOYAaCTUYHBIX CHUCTEM. C TOYKU 3pEHUS] TEPMOJUHAMHUKHU, MAKPOCKOIMHYECKAs
CHUCTEMa HAaXOJUTCS B OCHOBHOM COCTOSIHUU TIPH TeMIeparype abCoTOTHOTO HYJIS.
MuHUMyMy TOTEHIHAIBHOW YHEPTUM B3aUMOJEHCTBUSA JOJKHO COOTBETCTBOBATH
TaKO€ PACIIOJIOKEHHE YacCTHULl, IPU KOTOPOM CHCTEMA OJHOPOJHA, TaK KaK €€
J00bIe  BapHWalW¥ TUIOTHOCTH YBEIWYWBAIOT TMOTEHIMAIBHYIO O»Hepruro. Ho
OJIHOPOJHOCTh CHUCTEMBl O3HAYAET €€ MEePUOJUYHOCTh. Takum o0paszoM, 0o
cuUCTeMe, HaxoJsueiics B paBHOBeCHOM coctosHuu npu | =0 mgoimkHa
COOTBETCTBOBATh KPUCTAIIIMYECKAS CTPYKTYpA.

N3 cootHomieHuss HeompeaeleHHocTew ['eisenOepra ciemyer, 4TO
COCTOSIHME TTOJIHOTO MOKOS JJII YaCTULl HEBO3MOXKHO, TaAK KaK B COCTOSIHUU MOKOS
4acTULA JOJDKHA UMETh TOYHO ONPEACIICHHbIE KOOPAWHATHI U UMITyJbC. [loaTOMy
B OCHOBHOM COCTOSIHUM YaCTHIIBI COBEPIIAIOT HEKHUE JIBMXKEHHS BOJIM3M CBOMX
MOJIOKEHUN paBHOBECHUS. DTH JABUKEHUS HA3bIBAIOTCS HYJIEBBIMU KosieOaHusiMu. B
OTJIMYME OT TEIUIOBOTO JBUKEHHUS HYJEBbIE KOJEOaHUsS HE HECYT TEMJIOBOU
(kMHETHYECKOM) SHEepruHh. AMIUTUTYJAa HYJEBBIX KOJICOAHWH OINpeaeseTcs
DHEPTrUed CBSI3M . TIYOMHOW TOTEHIIMAIBHBIX $IM, OMPEACISIONINX IOJ0KECHUE
4acTULl B NPOCTpaHCTBE. Ecnm sHEprust B3aMMOACHUCTBUSA Maja, TO aMIUIMTyAa
HYJIEBBIX KOJEOAHUNW MOXKET OBITh MOpSIKAa MEKYACTHUHBIX paccTosHui. Takoe



BEIIECTBO OCTACTCSA KUAKUM TpH OXJaxaeHuu BIUIOTH a0 1 =0. Ilpumepom
He3aMep3aroel )KUIKOCTH SBISICTCS TETUH.

CBoiicTBa KOHJEHCUPOBAHHBIX CpeJ OMPEICIAIOTCS HE TOJBKO HX
CTPYKTYPOM, HO U TUHAMUKOW HUX TOBEACHMS, TO €CTh, 0OCOOCHHOCTSIMHU JBKESHUH,
OTIPEJICIIAIONINX ITEPEX0]T CPEIBI B BO30YKICHHOE COCTOSIHHE.

B mpocTpaHCTBEHHO-OHOPOAHOW CHCTEME ABHKCHHUE BO3HHMKAET B BHUJC
OTJICBHBIX JUCKPETHBIX MOPIUH (KBAHTOB) — 3JIEMEHTApHBIX BO30YXacHui. B
ra3ax 4aCTHUIIbI SIBJISIFOTCS OJTHOBPEMEHHO U CTPYKTYPHBIMH €IUHUIIAMH BEIECTBA
U CTPYKTYPHBIMHU €IWHUIIAMH JBIDKEHUSA, TO €CTh, KaXKJas 4YacTUIlAa HMEET
OTIPENICTICHHYIO SHEPTHUIO U UMITYJIbC. [[BIKEHUS e 4acTHI] B KOHACHCUPOBAHHON
cpene HMMEIOT KOOIEPATUBHBIN XapakTep, M OMPEIESeTCsS COTIaCOBAHHBIMU
JMBIDKEHUSMH  OOJIBIIOTO YHCJIA CTPYKTYPHBIX €IWHHI. TakuMm 00pas3om,
XapaKTEPHOU OCOOCHHOCTHIO JIEMEHTAPHBIX BO30YK/ICHUI B KOHJICHCHPOBAHHBIX
cpenax SIBJISETCS TO, YTO KaKJI0€ JIEMEHTapHOE BO30YKICHHUE OXBATHIBAET MHOTO
CTPYKTYPHBIX EIUHUII.

B ToMm ciywae, korga sjeMeHTapHbIC BO30YKJICHHS, Ha KOTOPHIE MOYKHO
Pa3IOKUTh COCTOSIHUSI aHCAMOJI CTPYKTYPHBIX CIWHHII TPH HU3KHUX YPOBHSIX
BO30Y)KJICHHSI, MOTYT pPacHpoCTpPaHAThCS B Cpele, HMX TMPUHATO Ha3bIBaTh
KBazmyacTumamMu. Eciay KBa3W4acTHIBI CYIIECTBYIOT JOCTaTOYHO JIOJNTO B
HEM3MCHHOM BHJE, OHHM TMOJOOHBI YacTHIIAM, TO €CTh, XapaKTECPHU3YIOTCS
OTIpENICTICHHBIMYM 3HAYCHUSIMUA SHEPTHH M MUMITYJIbca. Y CIOBHUEM CYIIECTBOBAHUS
KBa3WYaCTHI] SBIIACTCS TpeOOBaHUE, YTOOBI BpeMs >KU3HU KBA3W4acTHI] I OBLIO
MHOTO OOJbIlIE HEOMpEAeICHHOCTH BO BpeMeHu Al, BBITEKAIOMEro U3
COOTHOIIIEHUS HeompeneaeHuocteil [ eitzendepra

h
r>At~—, (1)
E
rae E - sHeprus kBazuuyacTuipl. ITO YCIOBHE O3HAYAET, YTO B036y>Kz[eHHLIe
COCTOSHUA, COOTBCTCTBYIOIIHC KBazn4dyacCTulamMm, JOJI?KHBI 6BITB
KBA3HCTAIMOHAPHBIMMU.

JIBa TMA 3J1eMeHTAPHBIX BO30Y KIEHUH.

DneMeHTapHbIe BO30YKIEHUS MOXKHO pa3fefuTh Ha JIBa THUIA:

1. DnemeHTapHble BO30YKIEHHsI, KOTOPbIE MOCIE BBIKIIOUEHHS B3aMMOACHCTBUS
CTPYKTYPHBIX €IMHUI] TEpPexXoJsiT B 4YacTHULBl HAeadbHOro Ttumna. lIpumepom
BO30YXKICHHI TAaKOro THIA SBISAIOTCA  OJEMEHTAapHble BO30OYXKIEHUS B
AIIEKTPOHHOM  (PEPMU-KUIKOCTH:  «JACTHIBD» U  «aHTH4YacTHlbD». llpu
BBIKJIIOYEHUH B3aMMOACHCTBUS (DEPMU-KUIKOCTh MEPEXOAUT B ¢epmu-ras, a
3JIEMEHTapHbIE BO30OYXKICHHS MPHOOPETAIOT MapaMeTphl peabHBIX (PEePMUEBCKHUX
AIIEKTPOHOB (AJIEKTPOHOB € dHEprueit, 6m3koi k aHeprun dGepmn).

2. DneMeHTapHbIe BO30YKIEHHS, KOTOPbIE 00YCIOBIEHBI UCKIIOYUTEIHHO CHIIAMU
B3aMMOJICHCTBHS MEXKAY CTPYKTYPHBIMHU €IMHUIIAMHU U OTCYTCTBYIOT B HJI€AJIbHOM
rase CTPYKTypHbIX eauHull. [IpuMepom Takux BO30Y>KIEHHUN SBISIOTCS KBAHTBI



yIpyrux KojeOaHuM KPUCTAIIIMYECKOW pEIIeTKH, Ha3biBaeMble (oHOHamu. [Ipu
BBIKJIFOUEHUH B3aUMOJEHCTBUS HEPTUs (POHOHOB 0Opalaercs B HyJb.

[TonHas 3HEprust CUCTEMBI BOJIM3M OCHOBHOTO COCTOSIHUS SIBJISIETCSI CyMMOM
SHEPTrUH OCHOBHOTO COCTOSTHHS (KOTOpasi MOXKET OBITh MPUHSTA 32 TOYKY OTCYETa
Y CyMMBI SHEPTHUH SIIEMEHTAPHBIX BO30YKICHH).

B nuHaMpyeckoM OTHOIIEHHMM KBa3MYacCTHIbl IOAOOHBI  OOBIYHBIM
yactuuaM. OJHAKO XapaKTepHOW OCOOEHHOCTHIO KBAa3MYACTHI] SIBISIETCS TO, YTO
OHM HE MOTYT NOSBIKTBCA B Bakyyme. s CylmecTBOBaHHsS KBAa3WYaCTHIL
HEOOXOMMO HAJIWYUE Cpenbl, TaK Kak, SBJSSICh HOCUTENSIMU JBH)KEHUS, OHU HE
IPEJCTaBISIIOT COOOM CTPOUTENBHBIA MaTepuan Cpelibl, B KOTOPOH CYIIECTBYIOT.
UroObl MOAYEPKHYTh OTO OTIMYME, TPHUHATO TOBOPUTH HE 00 MMIIYyJIbCe
KBa3U4acTHL, @ O KBA3UHUMITYJIbCE.

OcCHOBHBIE XapaKTePUCTUKN KBA3UYACTHII.

OCHOBHBIMU SIBJISIFOTCS CIEAYIONINE XapaKTEPUCTUKU KBA3UYACTHLIL:
1. Dneprus E.
2. KBazuumnyinbc p.
3. 3akon jucnepcun E(P) - 3aBHCMMOCTh CHEPrHMHM KBa3HUYaCTHIBI OT
KBa3UHUMITYJIbCA.
JIns KJ1acCM4YecKkOM 4acTHIbl ¢ MAacCOM M 3aBUCUMOCTh SHEPTUM OT HMITYJIbCA
UMeeT BUJT

2

E(p) =§—m- 2)

OTO BBIpAKEHUE CIEAYET U3 PEIIATUBUCTCKON TEOPUH, B KOTOPOI

E =cym’c®+p?, (3)

rae C - CKOpPOCTH CBETa. B ClIy4dac, Korja CKOpPOCTb 4YaCTUIbl MHOI'O MCHbIIC
CKOpPOCTH CBCTA, UMCCM

p° p’
m2c? me* +% ' )

E=mc?, |1+

DHeprus KIACCUMYECKONW YaCTHUIbI CKIAJbIBAETCS U3 SHEPIUHU MOKOS mc? u
KMHETUYECKOU SHEPruu p2/2m, TO €CTh, 3aKOH JHUCIEPCUM DTOW YaCTHUIIBI

ABJISICTCS KBAJPAaTUUHBIM. B OTIMYME OT HEB3aMMOJICMCTBYIONIMX YaCTHUI], 3aKOH
JUCIIEPCUM KBa3WYACTHUIl MOKET UMETh OUYEHb CJIOKHBIN XapakTep.

4. DddexTnBHAs Macca KBa3MYACTUIBI —HEKOTOPOE YCIOBHOE TIOHSTHE,
3aBHUCSIIEE OT Croco0a €€ OMpEeNeNeHHs] W OIUCHIBAIONIEE MOBEICHUE
KBa3U4aCTUI IPU ONPE/ICICHHBIX BHEIIIHUX YCIOBUSIX.

KoncTraHnTa B3auMo1ecTBUS — 3apsia.
CrartucTtuka, KOTOpOM OMUCHIBAETCS aHCAMOJIb KBa3UYaCTHII.

o U1



7. DHEPreTUYEeCKHi CIEeKTp — CTPYKTypa 3HEPreTHUYECKUX COCTOSHUH, B
KOTOPBIX MOYKET HaXOAUTHCS KBa3HUACTHIIA.

8. dOyHKIMSA  CIOEKTPaIbHOW  IUIOTHOCTH  COCTOSHHUM,  ONMCHIBAIOINAS
3aBucUMOCTh umcia cocrtosauii AN, B KOTOPBIX MOXET HaXOIUThCS
yactuua B wuHTepBajge sHepruii OE, To ects, ON/dE ot »Hepruu
KBa3u4acTuusl E .

IIpuHIUNBI KBAHTOBON MEXAHUKH.

Yucroie COCTOSIHUS U CMECH.

CocrosHus KBAHTOBBIX CHUCTEM ONHCHIBAIOTCS c IIOMOIIBIO
CTATUCTUYECKOI'0 OIEPaTOpPa WM MATPHUUBI INIOTHOCTH. MBI pa3biaCHUM 31€Ch
3TO MOHSTHUE, HO MNPEABAPUTEIHLHO HAIIOMHUM OCHOBHBIE MPUHIUIIBI KBAHTOBOU
MEXaHHUKHU.

CornacHO KBaHTOBOM MEXaHHMKE KaxaoW ¢usudyeckord BenuunmHe R —

HaO0JII0aeMOM - CTaBUTCSA B COOTBETCTBUE HEKOTOPBINA omepatop R, 3amaHHBIN B
rJIbOEPTOBOM TMPOCTPAHCTBE, MPEACTABISAIONEM COOONH COBOKYIMHOCTh BEKTOPOB
{/, Ha3bIBa€MbIX BEKTOpAaMH COCTOSIHUA. JlJIS ATUX BEKTOPOB COCTOSIHUS

OTIPE/ICJICHO CKAISIPHOE MPOU3BEICHUE (4[/1,1/12) , o0J1aaroliee CBOMCTBAMU

() =), (W, +bw,)=a(w.y,) +b(w.y,), (5)
(w.p)>0,

rae a u b - mpou3BoJIbHBIC KOMIUIEKCHBIC YUCIIA.
B sToM npoctpaHCcTBE MOXKET OBITH BBEJIeH (BOOOIIIE TOBOPSI, OCCUHCICHHBIM
KOJIMYECTBOM CIIOCOOOB) ITOJIHBIA OPTOHOPMHUPOBAHHBIHN Oasuc ., N=1,2,...

(wn ’wm) = 5mn (6)
TakoW, YTO JOOOH BEKTOp (J TuiIbOEpTOBa MPOCTPAHCTBA MOXKET OBITH
IPEJICTaBJIECH B BUJIE CYNIEPIIO3ULIMUA BEKTOPOB ¢/,

[oe]

w=3Cd. C=Ww). lC[<x. @

n=1
H}O60ﬁ oreparop R B FPIJIL6CpTOBOM IMPOCTPAHCTBE IIECPEBOAUT Ka}K,HLIﬁ
BCKTOp l// 9TOTr0 IPOCTpPpAHCTBA B HCKOTOpLIﬁ z:pyroﬁ BCKTODp lﬂ' 9TOI'0 XKC

IPOCTPAHCTBA

Yoy =RY. (8)
Eciu ipu aToM
Y=y,

rae I -HEeKOTOpOe YHUCIO, TO {J/ Ha3bIBaeTCs COOCTBEHHBIM BEKTOPOM OIEpaTOpa

R, npuHamiexammMm cobCTBeHHOMY 3HadeHuio I. Omeparop R’ HasbiBaercs



SPMHUTOBCKH CONPSKEHHBIM TI0 OTHOIICHHWIO K omepatopy R, ecmu s mro0bIX
JIBYX BEKTOPOB {J;, U {J/, UIMEET MECTO PaBEHCTBO

(. Re) = (Rywp,). (9)

OHCp&TOp R HaswiBaeTcH SPMHUTOBLIM HUJIM CaMOCOIIPSKCHHBIM, C€CJIN
R" =R.

CoOCTBEHHBIC ~ 3HA4YCHHS  JIFOOOrO  CaMOCOIPSHKEHHOI'O  oreparopa
BEIICCTBCHHBI, a €ro  COOCTBEHHbIE  BEKTOPbl  O0pa3ylOT  IOJHYIO
OPTOHOPMHMPOBAHHYIO CHCTEMY BEKTOPOB, M MOTYT OBITh HCIOJb30BaHbl B
KauecTBe Oasuca TuiIbOepTOBa MpocTpaHcTBa. [1o 3TOM mnpuuuHEe (HU3HUESCKUM
BEJIMYMHAM BCEr/1a COMOCTABIISIOTCS 3PMUTOBBI OIEPaTOPHI.

JIis  BEKTOPOB COCTOSHUM, CKaJSPHBIX IPOU3BEACHUNA W MAaTPUYHBIX
9JIEMEHTOB OIIEPaTOPOB YacTO HCHOJB3YIOTCS TaKXKe CICAYIOIUE JTHPAKOBCKHE
0003HaYEHUS .

v=lw),  w=h) @e)=Wwle). (#.Re)=(¢|R¢). (0
Bekrop ‘lﬂ> SIBJIIETCSL COMNPSDKEHHBIM MO OTHOLICHUIO K BEKTOPY <l// ‘ [Ipome B

3TOM pa3o0paTbCs Ha NPHUBLIYHOM IPUMEPE YMHOKEHHS MaTpuil (CTpoKa Ha
crojbern):

W|-(ab.c)lo)-|el

(y|p)=ad+be+c f

Ecnu cucrema XxapakTepuszyeTcss BEKTOPOM {J/, WM, Kak €le TOBOPST,
HaXOJIUTCA B COCTOSHMM (J/, TO cpefaHee 3HaueHue R HexoTopoil ¢uznueckon

BeIMYMHBI R, moixyyaemoe B pe3yJibTaTe ee u3MepeHus, OyieT paBHO

R

R=(s.Re) =(¢|Rly) (11)
(mpenmosaraeTcsl BBINOJHCHHBIM YCJIOBUE HOPMHPOBKHU (4[/,(//) =1). Ecnm ¢,
IpeJCTaBIsieT co00l COOCTBEHHBIN BEKTOp orepaTopa R, f?lﬂr =ry,, To npu
M3MEPEHUHU BeJIMYMHBI R B COCTOSHHH (U, MBI GyJieM MOJTy4aTh BCErAa OIHO U TO

xe 3HaueHne R=r. YcmoBuMcs mpu 3TOM, UYTO B JUPAKOBCKUX O0OO3HAYEHUSX
omnepaTopbl AEUCTBYIOT BCETA HA BEKTOPHI THIIA ‘lﬂ>



R‘l/l> , WU, HATIpUMeEp, R\n> =T, \n>
eclIi \n> SBJIIETCSI COOCTBEHHBIM BEKTOpPOM orepatopa R ¢ coOCTBEHHBIM
3Ha4yeHueM I . Pa3nosxenue BekTopa ‘l/l> B PsiJI IO TTOJTHOMY Ha0Opy COOCTBEHHBIX

BCKTOPOB ‘ n> B HaHHOﬁ 3aIIMCH BBITITIAJUT CICAYIOIMIUM 06p330M

w)=2Cilm).  C,=(nl#).
n=1
HOI[CT aBJISIA 1AJICC BTOPOC BBIPAKCHUC B IICPBOC, HOJIyT-II/IM:

00 [oe]

) =2 ) ) = )l =l 3 I o

n=1 n=1

OTCIOI[a BHUJIHO, YTO CyMMa Z\n><n\ A0JIKHA PaBHATHCA CANMHUIIC,
n=1

g\nxn\:l. (12)

[locriennee paBEHCTBO HOCUT HAa3BAaHHUE YCJIOBHUE IIOJHOTHI MPU  YCIOBHHU
OPTOTOHAIBHOCTH

(njm)=2,,. (13)
To ecTh, cucTeMa BEKTOPOB SIBIISICTCS TOJTHOM, M MO HEHW MOXET OBITh Pa3iIoKeH
JT1000# BEKTOP COCTOSIHUSI PacCMAaTPUBAEMOIO MPOCTPAHCTBA, €CIIM dTa CHCTEMa

BEKTOPOB yJIOBJICTBOPSET ycioButo (12).
[TocMoTpHuM Terneph Ha PABEHCTBO

A~

R

R=(y|Rl),

OTpezeNsolIee CpeiHee 3HAUeHHEe Kakoro-nmubo omeparopa R. Yo6enumcs, yuto
€ro MOXXHO TPEJICTAaBUTh B BUJE CYMMbI JHAaroHAJIbHBIX MAaTPUYHBIX 3JIEMEHTOB
S ot npousBeneHuUs AByX ONEpaToOpoOB:

A~

R=3R,R, (14)
rae
SpA=> A,
n=1
Ffz//] - oIepaTop — MPOCKTOpP, ONMPECIIIeMbI C MTOMOIILI0 COOTHOIICHUS (aHajor

NPOCKIMK HA BEKTOP B AaHAJTMTUYECKON IreOMETPHUN)



Rulm =[w){w|n)

501051

Py =) (.

B camowm nere,

R=8,R= 35 (0] Rln) = 3 (nfRu) ) = 3 wIn) (Rl

=1

HO CyMMa Z\n><n\ =1 paBHa CAUHUIIC, CJICAOBATCIILHO
n=1

A~

R=3hR,R=

R R

ﬁzg@/

n)(nlw) =(w

v).

9TO M TpeOoBanoch nmokazaTh. Onepauus J0 MHBapHAHTHA OTHOCHUTEIHHO Oa3uca,
B KOTOPOM OHA BBIYHCIISICTCS, 1MO3TOMY 3anmuch (14) sBnsieTcss OYeHb YI00HOW H
HIMPOKO UCIIOJIb3YETCs.

Hapsiny ¢ npocreiimmm ciyyaeM, KOrja cUcTeMa MOXKET XapaKTepU30BaThCs
OTpEeNIETICHHBIM BEKTOPOM COCTOSIHUS, BO3MOXHA 00Ilasi CUTyalusi, Korja TOYHO
HEU3BECTHO, KAKOW U3 BEKTOPOB COCTOSIHUS XapaKTEPHU3YET COCTOSHUE CUCTEMBI, a
MO>KHO JIMILIb YKa3aTh BEPOSATHOCTH TOIO, YTO CUCTEMA XapaKTEpPU3YEeTCs TEM HIIU
UHBIM BEKTOpPOM CcOCTOsiHUA. Eciau W, - BEpOATHOCTb TOrO, YTO CHCTEMA

HAaXOJHUTCSI B COCTOSIHUH \n> (nmu ¢f,,, KaK MBI YCIIOBHIINCH BBILIE), IPUIEM

n

w >0, > w, =1,
n
TO CpeJHee 3HaUCHHE KaKoro-1ubo onepaTtopa R Oyner onpeaensatees Gopmysoit

ﬁzznlwn<n n>,

KOTOPYIO MOXHO 3aIlluCaTb B BUC

R

R=SpoR,
rac

p =2 |mw, (n[=2 w.R,

n



Onepatop L0 HOCUT Ha3BaHHE CTATHCTHYECKOrO OIEpaTopa WM MaTpPHILbI
mI0THOCTU. OH  SBASETCA  MOJOXKUTEIBHO  OMPEACIICHHBIM  APMHUTOBBIM
OMEepPaTOPOM, IIMYpP KOTOPOIO pPaBEH €ANHUIIE

Sp=1.

Ecau cucrema HaxoauTCsa B YMCTOM COCTOAHUH ‘l//>, TO €€ MaTpula IJIOTHOCTH,

OYEBHJIHO, paBHA ONEPATOPY-MPOEKTOPY HA COCTOSIHHE ‘l//>

p=Ry =0yl



