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JIEKITNS 3

Ionspuzanmusa. MaremarndyecKnii anmmapaT KBAaHTOBOI MeXaHUKN

3.1. Ilonsapusanusa

[TockosibKy «BbIOMBaHUE» (POTOITEKTPOHOB IMPOUCXOJUT KAXKJIBIM OTACIbHBIM (DOTO-
HOM, TO KazKJIOMy (POTOHY MOKHO IPHUIIMCATDH IOJsipusaiuo. PaccmMorpum criocob oru-
CaHMs ITOTO SIBJICHHS, He TPEOYIOMIUI MOHUMAHUS, YTO TaKOoe IoJIsIpu3alys (pOTOHA KakK
YaCTUIIbI.

\ 4

Puc. 3.1. Puc. 3.2.

[Tocrasum oun 3a apyrum nosspusarop (I1) n amamusarop (A) (em. puc. 3.1). Ilycrs
3aJlaHa cucTeMa KoopauHatr K, 1 CBET paclpoCTPaHsAeTCs B TOJIOKUTEILHOM HAIIPABICHUN
ocu  (cM. puc. 3.2).

[Tycth aHaam3aTop MPOIyCKAeT TOJBKO CBET, MOJISPU30BaHHBIA 110 ocu z. [Iposeem
TPHU Pa3JINIHBIX OIIbITA.

B niepBoM ombiTe 10/IpU3aTOP MOIAPU3YET CBET TaK, 9TO- A I
Obl HAIpaBJIEHIE JIEKTPUIECKOrO T0JIs KOJIEOATOCh B HAIIPAB-
JeHnu ocu z. Torma ¢ BeposaTHOCTBIO 1 cBET Ipoiijer Yepes3 aHa-
JI3aTOP W BBIZOBET (POTOIDDEKT. /

Bo BTOpOM oOIbITE aHA/IM3aTOP O MPEKHEMY POITYCKAET 'd
CBeT, MOJISTPU30BAHHBI [0 OCH 2, a MOJISIPU3aIlisl CBeTa TaKOBa,
YTO HAIPABJIEHKE 9JIEKTPUIECKOTO TI0JIsi KOJIeDIeTCs 110 HallpaB-
nenuio ocu y (cM. puc. 3.3).

B sTOM ciyuae JI0CTOBEPHO U3BECTHO, YTO CBET HE MPOMeT
yepes aHaauzaTrop. Takum 06pa3oM, CYIIECTBYET JIBa PA3INIHbIX Puc. 3.3.
COCTOSTHUS:

1) | 1), B KOTOPOM BEKTOD HOJISIPU3AINE HAIIPABJIEH BJIOJb OCH 2

2) | =), B KOTOPOM CBeT He TIPOIJIeT Yepe3 MOJSIPU3ATOP, MPOILYCKAIOIINHA CBET BJIOJIb
OCH Z, HO TIPOMJIET Yepe3 aHAJIU3ATOD, MPOILYCKAIOIINI CBET BJIOJIb OCH Y.

Takum 06pa30M, CyIIECTBYIOT JiBa COCTOSIHUSA, B KOTOPBIX TIOJsIpU3aliysi (hOTOHA MMeeT
OlIpe/Ie/IeHHbIE 3HAUEHMUS .

Ha mporioit jieKnuu yeJIoBUIMCH COCTOSTHAE, B KOTOPOM HEKOTOpash (pu3rdecKasi Be-
JIMYMHA UMeeT OlpeJie/IeHHble 3HAUYEHUs, HA3biBaTh COOCTBEHHBIMU COCTOSTHUAMU. TakuM
00pa30M, CYIIECTBYIOT JIBa COOCTBEHHBIX COCTOSHUSI.

Pacemorpum Tperuit onbit (cMm. puc. 3.4). Ilycts anammsaTop 1o mpekHEMy Ipo-
[IyCKaeT CBeT, HAaIPABJIEHHBIN BJIOJb OCH Z, & BEKTOD MOJISIpU3aIuu OyJeT HallpaB/IeH Kak
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BeKTOD (3) Ha pucyHKe 3.2 (9TOT BEKTOP HAXOIUTCH B IIOCKOCTH ZY ).

B sTom ciyuae poToH ¢ HEKOTOPOiT BEpOATHOCTHIO MPOIeT
gepe3 aHaJM3aTop, & ¢ HEKOTOPOH BEPOATHOCTBIO — HE HMPONJIET.
Ecymn 661 paccmaTpuBasiach 9/1€KTPOMArHUTHAS BOJIHA, TO 1T 9TOM
caydae

N
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JJT = cos? 4, = sin? 4,
naf, maz
ryie J; — MHTEHCUBHOCTD NPOIIEJIIEr0 Yepe3 aHAIU3aTOp CBeTa;
J_, — UHTEHCUBHOCTH CBeTa, He IPOIIEIIero uepes anasm-
3aTOP;
Jian — MHTEHCHUBHOCTD TIAJIAIONIETO HA TIOJIAPU3ATOD CBETA. Puc. 3.4.
DTO 0O3HAYAET, UYTO B TPETHEM OIBITE COCTOSHUE | ) ONPEENIeTCs CIeLyIONUM Bhbl-

paKeHueM:

| ) =al 1) + el =), (3.1)

e C% n Cg — BEPOATHOCTU COOTBETCTBEHHO IIPOXOXKIAECHUA M HEIIPOXO2KICHUA (bOTOHa

qepes3 MoJIsSpU3aTop.
Ha mpormmtoit ek OBIIO cKa3aHO, 9TO 3HAUYEHNE NMeeT He TOJTBKO a0COIOTHAS Be-

JITYMHA KBaJIpATOB MOJLyJIell KO3 PUITUEHTOB €] U o, HO U ¢aza. [Iycrs
i
cy=rcrez. (3.2)

[Torpobyem MOHSATH, YTO NpEJCTaBJISET cocrogHue | ) B 4
Bbipaxkennu (3.1) B srom ciayuae. Ilycrs BekTOp mosistpusanuu —w@
BpaIlaeTcs B IJIOCKOCTH 2y (CM. puc. 3.5) ¢ 9acToToil w:

0 = wt.

B sTom cirydae:

Yoo

: m
¢ = cos (wt), ¢y = sin (wt) = cos (wt - 5)

Puc. 3.5.
Ecan zanmcars ¢; B KOMILIEKCHOM BHE, TO Pa3sHOCTb da3

MEKJLYy C1 U Co OKaxKeTcd paBHOil T / 9. Ecin Obl Bpamenune BeKTOpa HOJISIPU3AIIH TPO-
HCXOJIAJIO IPOTHUB YaCOBON CTPEJIKU, TO Pa3HOCTh (a3 B BhIpaykeHuu (3.2) m3MeHusa Obl
3HAK Ha HPOTUBOIIOJIOZKHBIN:

i

Cy = cre 2.

DTO MMO3BOJIAET, HAIIPUMED, OIHUCATH CBET, MOJSPU30BAHHBIN 10 KPYT'Y, WM SJLIAIITHU-
YeCKHU HOJIIpU30BaHHbIil cBeT. C MOMOIIBIO COCTOSTHUI | 1) U | —) MOXKHO ommcaTh JIr0b0e
COCTOSTHHE TIOJIIPU3AIIN CBETA.

DoTOH WMeeT MOMEHT KOJIMYECTBa JIBVKEHWs, HAIPABJIEHHBII CTPOTO JIMOO TO Ha-
MIPABJIEHUIO TI0JIsA, JTUOO MPOTHUB Hero. K MOMEHT KOJIMYecTBa JIBU2KEHUsI HaIllpaBJIeH
[0 HAIPABJICHUIO TOJIs, TO BEKTOD MOJISIPU3AINN BPAIIACTCA COTJIACHO IPABUJIY IIPABOIO
BUHTA.

Taxum obpazoM, y hoTOHA CYIIECTBYIOT JIBA BO3MOYKHDBIX HAIIPABJICHUS CIIMHA U, CJIe-
JIOBATEJIbHO, JIBA BO3MOXKHBIX HAIPABJIEHUS BpPAIEHWs: paBoe (0 YacoBOii CTpesiKe B
HAIIPABJIEHUU PACIPOCTPAHEHUsI CBeTa) U JieBoe (IPOTUB YacOBON CTPEJIKM B HallpaBJie-
HUW PACIPOCTPAHEHUST CBETA).
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N3 Kypca ONTUKM M3BECTHO, YTO U3 JIByX KPYTOBBIX IMOJISIPU3AINI BCET/Ia MOXKHO CO-
CTABUTB JIFOOYIO JTMHEHHYIO MoJIsipu3aIiuio. Takum o0pa3oM, ¢ IOMOIIBIO ITPUHIIAIIA CYTIED-
HOBUIUHU OIUCATH Ha KOPILYCKYJISPHOM si3bIKe (/I OTJeabHOr0 hOTOHA), KA3a/i0Ch Obl,
UCKJIIOUUTETbHO BOJIHOBOE SIBJIEHUE — IOJIAPU3AIUIO CBETA.

3.2. Maremarudeckuii annapaT KBaHTOBOIl MeXaHUKU

[TpuHIMIT CYyNEPHo3UIUU — OCHOBHON HPHUHIMII KBAHTOBOW MexaHuku. [Ipunnui cy-
[EPIIO3UINA COCTOSTHUIN MMO3BOJISIET MaTeMaTUYeCKUil almapar, COOTBETCTBYOIIHI 3TOMY
PUHIAILY.

CoriacHO 9TOMY IPUHIIAILY, eCJIi PU3NIecKas BEJIMINHA B COCTOTHUAX | f1), | f2), .. | fa)
[IpUHUMaeT 3Hadenne fi, fo, ..., fn, TO BO3MOKHO COCTOSTHIE

X)) = ailfi). (3.3)

7

C dusuaeckoit TOYKU 3pEHUsT CMBICJI CAMBOJIOB COCTOSIHUST — TTPUHAJIEZKHOCTD K OIpe-
nestenHoi BosiHe. C MaTeMaTHIECKON TOYKM 3PEHUsT — COCTOSIHUSI MOYKHO CKJIAJIbIBATH 1
YMHOXKaTh Ha YUCJI0, KAK U BEKTOPA.

Taxum oO6pa3oM, ¢ MATEMATUIECKON TOUKN 3PEHUS IPOU3BOJIHLHOE COCTOSTHHIE SBJISETCS
BEKTOPOM B TOM IPOCTPAHCTBE, I'Jle B KAYeCTBE OPT BBIOPAHBI COOCTBEHHBIE COCTOSIHUS
HEKOil (pU3NIECKON BeJIUINHBI.

B kypce JinHeiHOI aJIreOPhI olepalii ¢ BEKTOPAMU ITPOU3BOIUINCH C JIEHCTBUTE b=
HbIME KO3d durnmentamu. B Hatem ciiydae Ko3hdUITUEH TR

C1,C2,...,Cp

JIOJIPKHBI OBITH KOMIIJIEKCHBIMH YHUCJIAMU, YTOOBI COXPAHUTH PA3HOCTH (a3 BOJHBI B KOP-
IIYCKYJISIPHOM OITMCAHUM.

Eciin B Boipaxkenun (3.3) 6a3ucCHbIe COCTOSIHUSI U3BECTHBI, TO KO(DMUIIMEHTHI ¢; 3a/1a-
I0T BEKTOp. B 3anucax ygo0HO MOJIb30BaThCA BEKTOP-CTOJIOIAMA

3/1eCh JIJTst TPOCTOTHI OYEM CUUTATH, UYTO (DU3UUECKAS BeJIMINHA TPUHAMACT JTUCKPET-
HOE YHCJI0 KOHEeYHbIX 3Hadenuii. [lycTh ecTh jaBa BeKTOpa

aq by

Q9 bg
X)—=1 | |¥)=

an, by,

CkasisipHOe mpom3Be/ieHne BeKTopoB | X) u |Y') onpejesnsercs ciieyomum o6pa3om:

(X|Y) =aiby +a3bs+ - - - + a;,by.

n
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DTO CKaJIIPHOE PON3BEJIEHNE MOYKET OBITh 3aIMCAHO B BUJIE TTPOU3BE/IEHNUST JIBYX MAT-
puit;:
b

b
(XIY) = (ai,a3,....a3) |, | = aiby+azby + - + b (3.4)

bn

[Tpu 3ToM cTpOKY B BbIpaxkeHuu (3.4) MOXKHO 0ODO3HAUUTD CJIEJLYIOLTIM OOPa30M:

(X| = (aj,a3,...,a)).

n

ﬂﬂﬂ 9THUX CHMBOJIOB CYIIECTBYIOT ClieIMaJIbHbIEC Ha3BaHMWA, KOTOPbLIC 6bI.HI/I BBCICHDI
Jlupakom:

1) (X| — 6pa-BekTOD;

2) |Y) — ker-BeKTOp.
DTu HA3ZBAHUSI IPOUBOILIKM OT JIBYX JacTreii anrauiickoro cjiosa «bracket» (ckobka). [Tpu-
BEJIEM OCHOBHBIE CBOHCTBA CKAJISIPHOIO TIPOU3BEICHUSI:

CsoiictBo 3.1. Ckansproe npoussedenue sexmopos (X| u |Y) pasro xomnaexcro co-
NPAACENHOMY CKarApHOMY npouseedenuro eexmopos (Y| u | X):

(X]Y) = (Y]X)".
CsoiictBo 3.2. Crasaproe npoudsederue AuHETHO NO Kem-6eKmopy:
(X|e1Y) + oY) = 1 (X|Y1) + o X|Y2).
CsoiictBo 3.3. Crasraproe npoudsederue aHMUAUHETHO NO OPa-BEKMOPY:
(1 X7 4 e Xa|Y) = (Xa]Y) + & (Xa|Y).

CaoiicTBo 3.4. Ksadpamom HOpMbL GEKMOPA HA3BLBAEMCA €20 CKAAAPHOE NPOU3BEIEHUE
Camoz20 Ha cebA:
(X|X)=N 2>0.

CsoiictBo 3.5. Hopma pasHa wyso 0aa Hysesozo eexmopa. Hopmy 106020 eexmopa
6ce20a MOHCHO cleaamob pasHoti EOUHUUE.

ag=a=---=a,=0 = N=0.

CsoiicTBo 3.6. Lcau
(XIY) =0,
Mo MaKUe 6eKMOPa OPMO2OHANDHYL.
CsoiicTBo 3.7. Bosvmem dsa sexmopa cocmosnus |f1) u |fa) Hexomopot gusuveckot

BEAUMUHDL (6EKMOP COCMOAHUSA 0003HANUM € NOMOULLIO ZHAMEHUA HUSUNECKOT BEAUMUHDL
6 amom cocmosanuu). Ecau

‘f1> 7£ ’f2>7

mo maxue cCocmoAHUA OPMOocoOHANBHDL

(filf2) = 0.
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O Pacemorpum cocrostaue |f). Tlo onpesenennto B 9ToM cocrostHum (husmaeckas Be-
JIMYUHA C BEPOSITHOCTHIO 1 paBHa f1. [losTOMY BEpogTHOCTH TOrO, 4TO B COCTOSIHUE |f1)
Oy/eT mosrydeHa BeJUIUHA fo, paBHA HYJIIO.

CxaJjigpHOe TTPOU3BE/IEHUE JIBYX BEKTOPOB — IPOEKIUS OJIHOIO BEKTOPA Ha JIPYTOii,
[IO3TOMY JIJIsi COOCTBEHHBIX COCTOAHWI (PU3MIECKON BEJTUUINHDBI CKAJIAPHOE ITPOU3BEICHUE
okaxkercst paBHbIM HYJTO. ll

Cure1oBaTeIbHO, €CITH 3aIMCATh TPOU3BOJIHLHBIN BEKTOD COCTOSTHUS KAK CYTIEPIIO3UITNIO
COCTOSTHUN (PU3UIECKON BEJIMIUHBI

|1 X) = Zcirf», (3.5)

TO | f;) Gy/IeT COCTABIATH MOJHBINA GA3UC B 9TOM IIPOCTPAHCTBE.
YMHOKUB 00e dacTu Bbipazkerus (3.5) Ha (fi|, mosyamm:

<fk|X> = Zcz<fk‘fz> = Ck-

Taxum o6pazom, B BepazkeHnn (3.5) KoabUIuenTs! ¢; — NpoeKImn BekTopa | X) Ha
cocrostHust | f;):

¢ = (fil X).
B nunefinoit anredbpe CyIecTBYIOT pas3/MdHbIe ollepaliun HaJ| BekTopamu. Ecmm como-
craBuTh BeKTOpY | X) BeKTOp |Y) 110 HEKOTOPOMY 3aKOHY, UTO MOYKHO 3aIMCAT:

Y) = 01X),

riae O — HEKOTOPBI OIepaTop.
CytiecTByeT Tpyliiia OlepaTopoB, Ha3bIBAEMbIX JINHEMHBIMA OIlepaToOpaM.

Onpenenenune 3.1. Ilycrs cyrecTByeT HEKOTOPBIi OIIEPATOD L. Ecrm
|Y> = [A/|01X1 + 62X2> = C1L|X2> + CQ[A/|X2>,
TO TaKOU ollepaTop Ha3bIBACTCH JIMHEHHBIM.
JlokazkeM ciie/iytoriee yTBep:K/IeHne
YrBepxkaeaue 3.1. Jluneitnbrii onepaTop onpejie/iieTcss CBOeil MaTPHUIIE.

O [Tycrs BekTOp |X) 3a71aH CIEIYIONM 00PA3OM:

X) = ailfi),

(2

a TIOJIyJIalOIUiics B pe3yJIbTare JIeficTBIs Ha BeKTOp |X) HEKOTOPOro JIMHEHHOro omepa-
Topa BekTop |Y) paBeH:

Y) = Z%\fk)-
k
TeficTByst onepatoponM L Ha BEKTOP | X), mosmyanm:

|Y> = ﬁ|X> = izai|fi>-
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Bocnosib3oBaBimes ¢BOMCTBOM JIMTHEHHOCTH omiepaTtopa L, MOy dnM:
V) =Y allfi) =) 1f)
i k
[Tockosbky by, — mpoeknus f Ha Y, TO

be = (fellY) =D ailful LI ).

]

Boipazkenue (f,|L|f;) — ducio, mockonbKy pesyibrar aefictsus L|f;) — KeT-BeKTOD.
O6o3naunm

(flLlfi) = Le = bp= ZLkiai- (3.6)

Takum obpa3oM, 3Has a; 1 MaTpHIly orneparopa L B Gasuce JaHHON (PU3NIECKON Be-
JIMYUHBI, MOYKHO TI0 @; HaiiTu by, TO ecTh BeKTOPY |X) comocraButh BekTOp |Y).
B marpuunoM Bujie Bhipaxkerue (3.6) IpUHUMAET CJIe/YIOMuil BUJL:

b a
bl Ly Lis ... Ly, 1
2 ) ) . as
b, L,y ....... L. a,

Takum 0b6pazom, Bbipazkenue (3.6) — BbIpayKeHusl JJIst JIeHCTBUSI JTMHEHHOTO OmepaTo-
pa, KOTOPBIX XapaKTepu3yeTcs MaTpunein Ly;.
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