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Jlekminga 6

KBaHnTOBBIE aJIrOpUTMBI

(Koncmnext: . ITocos)

6.1 KBaHTOBbBIE BBIYNCJICHUA

Bynem usyuars knacc cioxknoctu BQP — a3biKoB, TpUHUMAEMBbIX TOJIH-
HOMUAJTBbHBIMU KBAHTOBBIMH AJITOPUTMAMU C OTPAHUYEHHON JIBYCTOPOHHeEMH
omu6Okoit. Ha pucynke 6.1 BUIHO €ro pacrnosioyKeHue Mo OTHOMIEHWIO K PYTUM
knaccam ciaoxuocru. Ckopee Bcero, BQP # PP. 13 o6parnoro (BQP =

Puc. 6.1: mecro BQP cpeau apyrux KiaaccoB
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PP) crenyer, uto PH C PP. Takxe memssBecTHo, cofep:xkurcsa iu NP B
BQP.

BcnmoMumM, 9TO Takoe JeTepMUHUPOBAHHBIE KJIACCHIECKNE BHLIUYHMCJIEHUS.
Y Hac ecTb MamuHa ThOpHHTA M KaKO#-TO (DUKCUPOBAHHBIN BXOJ, (JI€HTA C
KOHKDETHbIMU cMBOJIaMH ). [To BHyTpEHHEMY COCTOSIHUIO MAIITMHBI ¥ TEKYIIe-
MY CHMBOJIY C JIEHTBI OJITHO3HAYHO OIIPEIeJIeHO CJeIyIolee BHyTPeHHee COCTO-
sIHUe, BBIXOHOW CHMBOJI U U3MEHEHHe MOJIOXKEHHs CUNTHIBAIOIEH /Tuy et
rosioBku. Ho B JaHHOM KOHCIEKTe OyIeM HMOHHMMATh 9TO HECKOJBKO HHAYe.
lonoBku He Oymer, HO MPH STOM MBI Pa3peIIuM 3a OJWH pa3 CYUTHIBATH W
3anuChIBATh WH(MOPMALWIO Cpal3y W3 HECKOJIbKMX MecT. BakHO, 9T00bI 3THX
MecCT OBbLJIO HE OY€Hb MHOTO, T.€. He 0OJIbIlle HEKOTOPO#l KOHCTaHTHI. Bee cka-
3aHHOE 03HAYAET, YTO y HAC €CTh BBIYHUC/SIONIAS MallliHa, KOTOPas 3a Iar
CMOTPHUT Ha HEKOTOPOE YHCJIO sd49eeK Ha JIEHTE W B 3aBUCUMOCTH OT CBOETO
BHYTPEHHETO COCTOSTHWS U3MEHSeT 3TU sd49efiKu W CBOe BHYTPEHHEee COCTOs-
Hre. MOXKHO JIErKO 10Ka3aTh, YTO TaKasl MAIIWHA «JIKBUBAJEHTHA» MAaIlAHE
Thwiopunra, T.€. OHU JAPYT JPyra MOJUHOMHUAJIHLHO MOIEIUPYIOT.

Ecin mamuna paboraer moJanHOMAaIbHOE BPEMSI, TO OHA MCIIOJIb3YET JIMIIh
MIOJIMHOMUAJIBHOE YHCJIO sSTYeeK Ha JieHTe. BHyTpeHHMX COCTOSIHUN — KOH-
CTAHTHOE YHCJIO, TAK YTO MOXKHO CYMTATh, YTO MOJUHOMHAIBHBIM (OT BXOJA)
YHUCJOM OHUTOB MOXKHO 3aIlMCATh IIOJHOE COCTOsSHHMe MammnHbl. Kaxkmas Ta-
Kasi KoHGUryparus (COCTOsIHUE JIEHThl U BHYTPEHHEE COCTOSIHIE) OJIHO3HAYHO
onpeiesisieT CAeAYIONIyI0 KOH(MUIypanuio MamuHbl. V300pa3uM 3T0 B BHjE
marpunpl C' 13 0 u 1 rakum obpasom, uro B mosunuu Cc; o, crout 1 Toraa u
TOJIBKO TOTJia, KOrJa 13 KOH(MUIypalluy ¢; MOKHO 3a OJIMH IIAar epeiiTu B ¢;.
Takum 00pa3oM, B KaXKJI0M CTOJIOIE CTOUT POBHO OJHA 1.

Tenepns BBemeM BekTOp KoHbUryparuit. 1o croydern u3z 1 u 0, B Ko-
TOPOM POBHO OJHa 1, TOJIOYKEHUE KOTOPOIl COTBETCTBYET TO KOH(MUTYpa-
IIH, B KOTOPOM HAXOAWTCd MaminHa. Hampumep, B 1ByMepHOM Cydae CTOJI-
Ger, (1,0,0,0)" osnauaer, uro ona Haxomurca B koudurypamuu 00, cronbery
(0,1,0,0)" osmauaer kondurypamuio 01, croabern (0,0,1,0)" oznauaer KoH-
durypammio 10 u, nakonen, croaber, (0,0, 0, 1) o3nauaer koudurypamuio 11.
Yro 6yzmer ecau marpuily C' YMHOXKUTH HA BEKTOp KOH(MUTYpaIuii? IT0 K-
BUBAJIEHTHO OJJHOMY HIAr'y MAIIWHbBI, T.€. 1 MEPEMECTUTCS U3 OJHOIO MeCTa B
JIpYTOe, 4TO COOTBETCTBYET MEPEXOJY MAIWHBI U3 COCTOSIHUSI B cOCTOsiHUE. B
pe3yJibTaTe MOJIy4aercs, YTO MaIlnHa paboTaeT TaKuM 00pa30M: H3HAYATIHHO
€CTh BEKTOP KOHMUTYpaIuil, COOTBETCTBYIONINI HauaIbHON KOHMUIYpAIUN
MAIIUHBI. 33 OIUH Iar BEKTOp yMHOXKaeTcs Ha marpuiy C.

B nanbreiimem MbI Oy/ieM IyTaTh TEPMHUHBI «COCTOSHHEY» U «KOHMUTYpa-
sty (1pu 3TOM Beerja OyseM MMeTb B BUAY HOCJIE/HEe).

B BeposSITHOCTHBIX BBIYMC/IEHUSIX BCE MPAKTHYECKU TaKxKe. TOJbKO 31eCh
JJIS COCTOSHWS W3BECTHO HE TO, B KaKOe€ KOHKPETHO COCTOSHWE TEPEXOIUT



9. A. I'mpmr: ¢/x “CTpyKTypHAsl T€OpHS CJOKHOCTH 3

MallliHa, & OMpeJe/ieHbl BEepPOATHOCTH Tepexoja W3 JaHHOTO COCTOSHUS BO
BCe Jpyrue cocTosgnud. 3agaaum Marpuily C Tak, YTO B HOBUIMH Cj, C; CTOUT
BepOSATHOCTDL TIepeXojla M3 COCTOAHUS ¢; B cocTosnue c¢;. CyMMa 371eMeHTOB
B cTOJIOIAX Jlo/IzKHA Oysier oka3aTbcs 1. BekTop coctosinmii — 3TO BEKTOp,
/i€ B MO3UINH C; HAXOIUTCS BEPOITHOCTb HAXO0XK/I€HUsI MAIMAHBI B COCTOSTHUH
¢;- I3Ha4aIbHO BEKTOP TaKOB, YTO B MO3UIUU, COOTBETCTBYIONIEH HAYATbHO-
My COCTOSTHUIO CTOWT 1, & BO BCEX OCTAJIbHBIX MecTax — (. DTO o3HAUaeT,
YTO B HAYAJbHBIII MOMEHT BPEMEHHM MAIWHA HABEPHSIKA HAXOJIUTCS B Ha-
qaJibHOM cocTosinuu. [1lar BelYmC/IeHUsT — 9TO yMHOXKEHHE BEKTOPa CIpaBa
na marpuiy C. OueBuHO, 9TO TOCTE kK YMHOXKEHUI B TIO3UIUU C; BEKTOPA
Oy/1eT HAXOIUTCsI BEPOSITHOCTH TOTO, YTO Yepe3 k 1MaroB moc/ie HavaJia, Maliu-
HA OKAYKEeTCs B COCTOSHUM C;. J|eTepMUHUPOBAHHBIE BBLIYUCJICHUS SBJISIOTCS
YACTHBIM CJTy9a€M BE€DPOSITHOCTHBIX.

U, HakoHell, KBAaHTOBbl€ BBIYUCJICHHS. 37€Ch BCE MOJHOCTHIO MOBTOPSIET
IpeJIbIIyInee, HO 3JIeMeHThl MaTpullbl C' Tenepb yKe Oy/IyT KOMIIJIEKCHBIMH.
DJIeMeHThl BEKTOPA COCTOSIHUN — 3TO He BEPOSTHOCTH COOTBETCTBYIOIIHUX CO-
CTOSIHMIA, a8 MX aMILIATYAbl. AMILIATY/Ia — 9TO KaK Obl KOPEHb U3 BEPOITHOCTH
(ecai MBI IPEPBEM BBIYHUCJICHHAE W TOCMOTPHM, YTO K€ TOJYYIHJIOCH, TO MBI
YBHIUM KOH(MDUTYPAIHMIO ¢; ¢ BepoaTHOCTRIO 1/]a;|?, Te a; — aMmamTyna Kou-
dburypanun ¢;). Takum 06pa3om, BEKTOD COCTOSTHHI BCerja JOTKEH NMeTh
equananyio piuHy. (Cymma kBajaparos siemeHToB pasHa 1) Croabipr Mat-
punbl C' TOXKe JOJKHBI UMETh €IUHUYHYIO JJIMHY, 9TOOBI T10CJIe yMHOMKEHHUSI
ee Ha BEKTOD, OH OCTABAJICAd €IWHUYHOW JJIMHBI. Takum 00pasoM, MaTpHIA
C wmMeeT CTOJONBI €IUHUYHON JJIMHBI, COXPAHSIET JJIMHBI BEKTOPOB M, TEM
CaMbIM, SIBJISIETCSI YHUTAPHBIM OIE€PATOPOM. 3aMETHM TaK:Ke, 4TO MaTPHUIA
C nokHa ObITH 00OpaTUMA.

Kak nmonydena marpuna C?7 Tak ke, Kak ¥ MaTpPHILA JJId JIETEPMUHUPO-
BaHHOI'O WJIX BE€POATHOCTHOI'O BbIYUCJ/ICHUA: UMEHHO, 3a OJIUH IIal' OHa JOJI2K-
Ha B03ﬂeﬁCTBOBaTb Ha, aMIIJIMTYyAbl JIMIIIb KOHCTAQHTHOI'O 4YUCJIa 6I/ITOB, upu
9TOM ee JeHCTBUe TaKyKe JIOJKHO 3aBUCETh JIUIIb OT KOHCTAHTHOTO YHUCTA
6uTOB (Ha pa3HBIX IMarax aJropuTMma — oT pas3ubix!). Hampuwmep, ee MoxuO
MOCTPOUTD TakK (M MBI OyJIeM 3THM IIOJb30BATHCS): B3ITh KOHKDETHBIE MAaT-
punbl C;, BO3/IelicTBYIONIME HA KOHKPETHbIE MaJleHbKIe MHOXKEeCTBA IO3UIUM
KOH(UTYpaIlli, U IIOCTPOUTh UX IPOou3BejeHue. UTOOBI 3TO NPOU3BE/IeHHE
peaIM30BaTh B BBINIENPUBEIEHHON MOJIETN, MOHAJ00UTCS JOTOJHUTEIbHAS
MaMsTh: CYETYUK MIATOB (HAIIA MAIIUHA JOJKHA 3HATH, KAKOB HOMEp IIa-
ra, 4To0bl 3HaTh, Kakyilo u3 C; MpUMeHsTh). TeM CcaMbIM, €CJIU BbIJIEJUThH
cToI01Bpl ¥ cTpoKu Marpuibl C, cOOTBETCTBYIOIIKE maraM ¢ u i + 1, u nepe-
YIOPSJIOYNATH OCTABINYIOCS MAMSTh Tak, 4T00bI 3ajeiicrBoBanHble B C; OUTHI
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HaXOAUWJINCHh B KOHIIE KOHd)I/IpraILI/II/I, MMOJIYYUTCAd MaTpHUIla

1 1+1
i
7 — 0 0
1+1 — G 0,

[Tpuuem C; OymeT BHITJIAIETH KaK OJIOYHO-TUArOHAIbHAS MATPHUILA C OTHHAKO-
BHIMH 6JI0KAMH KOHCTAHTHOTO pasMepa 2KO/IHTECTBO 3aJEHCTEOBAHMBIX GUTOB
Jlaxke mocjie TaKuX YXUIPEHUN BUJIHO, YTO, CTPOI'O TOBOPSI, HA KaXKJIOM Ilare
MO2KET USMEHATHCA MHOTO 6I/ITOBZ HpI/I6aB.HeHI/Ie €JJUHUIbI K CHETUYUKY MO2KET
BbI3BATH NIEPEHOC pa3pdda U T. /1., HO 9TO-TO Mbl y2K€ CMO2KEM Pa3JIO2KUTH Ha
s/IleMeHTapHbie onepaiuu ((hbopMasibHO, BHOBb yBeuuuB marpuiyy C).

Mrak, KBaHTOBOE BBIYHCJIEHHE — 3TO IIOCJIEI0BATEIHHOCTH KBAHTOBBLIX
BO3JIEHCTBUN Ha KOHCTAHTHOE YHCJIO KBAHTOBBIX OHUTOB.

Onpenenenune 6.1. f3bik npuna iekut kiaaccy BQP, eciim d kBaHTOBBI
OJTMHOMHUAJTBHBIH 110 BpEMEeHH aJITOPUTM, KOTOPBIA OmubaeTcs ¢ OrpaHuYeH-
HO#1 BeposasTHOCTBIO (1/4, Hanpumep).

Boznukaror npob/ieMsl.

1. Mo»XHO /11 BJIOXKUTH I€TEPMUHUPOBAHHBIE BBIYHUC/IEHHUS B KBAHTOBbBIE!
Kaxk y:xe ropopuiocs, marpurna C' 119 KBAHTOBOTO BEIYUCICHUS JTOJIK-
Ha OBITH OOpPATUMOM, a /i TeTePMUHUPOBAHHOTO — HE 00S3aTEeTHHO.
OTa mpobseMa perraercsa. MoXKHO M0JIb30BaThCs JOTOJHUTEILHON T1a-
MATHIO, T.€. YBEJINYUTH AJIUHY KBAHTOBOM JIEHTHI U 34 CYET 3TOTO cae-
JIATh MaTPUILy 00paTuMoii (pa3mMep MaTPUIlbl TOXKE YBEJTHIUTCS ).

2. Yro Oyner, ecyiu B cepeuHe pabOTHI MOCMOTPETh ITPOMEKYTOUYHBIH pe-
3y/JLTAT, TOBJIKUSIET JIM 9TO HA OKOHYATe/bHBI pe3yabrar! Ha camom
Jiesie, CMOTPeTh Ha KOHMUTYPAIMIO «KJIACCHYECKU» B Cepe/inHe PADOTHI
— HU K 4eMy.

3. Hyxno s tak muoro ammiutyzn! Bmecro C, mMoxHO uCIOB30BATH
MHOX)KeCTBO amrmTys {—1, —%,0, %, 1} MoxHo jJoKa3aTh, 9TO BbI-
YUC/IUTE/IbHAST CUJIa MAITHHBI HE U3MEHUTCS.

4. MO}KHO JIN YBEJIMYUTH BEPOATHOCTDL IIOJIYyY€HUA IIPABUJIBHOI'O OTBETa,
MMOBTOPUB KBAHTOBBIN aJIrOPUTM HECKOJBKO pa3? Orser: ga. Ho sTo He
CTOJIb K€ OYEBUIHO, CKOJIb B BEPOSITHOCTHOM CJIy4ae.

5. CymecrByer Jiu yHHBepcajbHAsI KBAHTOBasi mamuHa |biopuara? Jla,
HO €e KOHCTPYKIHSI TEXHUYECKH CJIOXKHA.
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KsanToBerit 6uT (q-6UT), B OTJIHYHE OT OOBIYHOTO, HAXOAUTCHA HE B KOH-
KpeTHOM cocTostHuu 1 uin 0, Kak OOBIYHBII, a OJHOBPEMEHHO B 000UX ¢ HEKO-
TOPBIMHU AMILTUTYJaMU. 3AIUChIBAETCS 3TO TaK: % |0) — % 1), T.e. q-6ut —
9TO 3JeMEHT JIMHEHOro IpoCTpaHcTBa, GasucHble BekTopa (1,0)! (6ur Ha-
xomurest B cocrostamn 0) m (0,1)% (6ur maxomwress B cocrostuum 1) KoTOpO-
ro oboznauatorcs |0) u [1). (ITo cymecTBy, 970 TOUYHO TaK »Ke JJIsi HAMSTH
BEPOSITHOCTHBIX aJIFOPUTMOB: KayKJblii CHMBOJI Ha JIEHTE — CJIydaifHast Ie-
peMeHHasl; IIPOCTO B TePMHUHAX JIMHEHHBIX IIPOCTPAHCTB O HUX OOBIYHO He
paccy K Iaror. )

Heckonbko q-6MTOB — KBAHTOBBIH BekTOp. [lpmmep: % |00) — % |10).

[lepsBerit q-6uT 3/1€CH HAXOAUTCS B COCTOSIHUA % |0) — % |1), a BTOpOI#t TOY-

. 11..1
HO gBJIgeTCd HyJIeM. Bcaim KBAHTOBBIN BEKTOD MMeEET BU . Az |2), TO
x=00..0 7'T ) ’

HATpUMED, TPl GuT mMeeT BHA Yol Ay [0) 4+ S it Ag |1). Ksan-
TOBasg KOHQUrypalysl HAIIero KBAHTOBOIO KOMIBLIOTEpA dABJILEeTCS KaK pas3
KBAQHTOBBIM BEKTODPOM.

Cocrostust Buza |x), (rae oxHa amiuTyaa pasHa 1, a ocrajbubie () Ha-
3BIBAIOTCS YUCTHIME (MM KJIaccudeckKuMu). V3Mepsisi COCTOsIHME, B CMBICJIE
CMOTpPS OTBET, MBI IOJy4YaeM KaK pa3 Takoe cocroguue. Ecam mpoBomurcs
U3MepeHue, aMILIUTY1a COCTOSHUS OIpeJieJideT TOJIbKO BePOSTHOCTL ero Ho-

ABJICHUA.

6.2 AgaropmrMm I'posepa

IlocranoBka 3agaum. Tenepb omnuieM ajJropuTM OUCKA B aOCTPAKTHON
6aze paunbix. Ilycrs ecrs npemukar U : {0,1}" — {0,1}. Hajxo naittu
BXOJI, Ha KOTOPOM OTBeT paBeH 1. [l mpocToTs (M TONBKO A/ Hee) OymeM
CYUTATh, YTO TAKOil BXOJA POBHO OAMH. B KiIaccHuecKux c/aydasx IPHIIIOCH
661 iponssecTn €(2") maros, KBaHTOBOM jgoctaTouro O(27/2).

Omnepatop U. Ilpeaukar Hamr mgo/keH OBITh KBAHTOBBIM, OH Oy/eT BO3-
JIeiCTBOBATH Ha HAIIIY CUCTEMY B IEJIOM,

Ul = |z), x# x0
—lz), z=u1

(xo — kak pa3 Takoii, uro U(x¢) = 1). Marpuna U nmeer Buj [uaroHajbHOIA,

rJie BCe 3JIEeMEHTHI paBHBI 1, KpoMme OJHOrO, paBHoro —1. Drta —1 kak pa3

HAXOJUTCS B CTPOKE U CTOJOIE L. Mbl onpenenuiu U Ha 6a3uCHBIX (YUCTHIX )

cocrognugax. I1o MMHEHHOCTH OH ONpeIe/IeH U Ha BCeX OCTAJLHBIX: HAIIPHMED,

U o) = L5 12)) = = [zw) — J51a).
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Omneparop W. Urak, uznavgansno y nac cocrosiaue |00 . .. 0). Temeps ompe-
nmeaum onepatop W. O Oyzer nmenaTh W3 HYJIEBOTO — CJIYYailHBIH BEKTOD
(KBAHTOBBIX CJYYAfHBIX BEKTOPOB, IPaB/ia, MHOTO (3HAKM aMILTUTY!); HaM
HY2KeH HeKHuii KOHKpeTHbIi). Onpesesum onepanuio HaJl OHUM GUTOM:

HamoMuuM, 9TO 7715 TOrO, 4TOOBI OPOPMHUTE €€ B BUIe MATPHUIIBI, JeHCTBYIO-
el Ha BCe COCTOsTHME, HAJI0 TOCTPOUTH 0JIOYHO-IUATOHAIBHYIO (C TOUHOCTHIO
JI0 TIEPECTAHOBKU OWTOB) MATPHUILY; HAIPUMED, JJisi KOH(MUTYPAIUY U3 JBYX
OouTOB HozeicTBOBaTH Marpuiei S’ Ha nocaeaHuil OUT MOXKHO TakK:

00) [01) [10) [11)
0 0

00) &5 %

Si= ) 5 o—% 0 0
110) 0 0 &5 5
) o 0 5 -7

Urak, mocsie sroro npeobpasoBanusi BTOpoit q-6ut, ecau on Obu1 |0), craner
75 10) + 75 [1), a ecom om Gt 1), To on cramer 5 |0) — —[1). (9To Kak 6o
sHauut, 4To oH paseH |0) u |1) ¢ BepaTHOCTAME i.) UT0GH peoGpa3zoBaTh
nepBblil q-6UT, HAJ0 «YMHOXKHUTL»' Ha MaTpuily So (S ¢ IepecTaBIeHHBIME
610KaMu, 9TOObI M3MEHUJICS MMEHHO nepBbiil q-6ut). U Tak masee. Ilocie
n yMHOXKeHHil Ham ucxommbiit BekTop [00...0) mpesBparuTcs B ) \/LN |z)
(o6o3naunm ero [€)), tae N = 2" [lyctb W =S5 - Sy - ... - Sp.

Omnepartop 7. Onpenenum oneparop Z Tak, Kak 0yaro 661 3r0 U, HO 0Opa-
MAIONUH aMILTUTYAY He Xo, a 0. OH mesiaercs MoeTMPOBAHUEM JTETEPMUHU-
POBAHHOTO BBIUMCJIEHHSI BHYTPH KBaHTOBOro. Hajao yCcTpOUTh JOMOJTHUTE b-
HYIO IIaMsTh, B OJIMH U3 OMTOB KOTOPO IOCJIe N IMAaroB MPOBEPKHU 3aIUIIEM,
ABJIAETCA JIN TeKy]_U;I/H';I BEKTOD IOJIHOCTBIO HYJIEBBIM; IIOTOM 2K€ B 3aBUCHU-
MOCTH OT 3HAUEHHs ITOr0 OuTa 0OpaATHM aMILIUTYILY HAIIEro BEKTOPa WJIH
HET.

Vupaxkuenue 6.1. Boinucars KBaHTOBBLIT OEpaTop, COOTBETCTBY IOIHIT 5T0-
My (HE)OOPAIIEHUIO AMILIUTY/IHI.

LCwm. BbIIIE 3aMeUaHue O CIETYMKE MIAr0B, HO, a0CTPArupysiCh OT 3TOTO, MOXKHO CINTATH,
YTO MBI UMEHHO TIepEeMHOXKaeM MaTpuibl: 3ddeKT Bo3AeicTBUS Ha OUTHI, OTJINYHBIE OT
CYeTYMKA I1aroB, OyJeT NMEHHO TaKOB, KaK JaJio ObI TPOU3BEJeHNe MATPHII.
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Urorosas marpuria (npo JOMOJIHUTEJIbHYIO ITaMdTh Sa6I>IJII/I) HOJIYYUATCA
TAKOM:

-1 0 0

0 1 0
Z =

0o 0 --- 1

(Cpasy Tak 3azaBarb Z ObLIO HeJb3sl, T.K. IOJYYUJIOCH ObI, YTO MAIIMHA
CMOTPHUT OJHOBPEMEHHO Cpa3y Ha 6CH0 CTPOKY, YTOO pEIINTb, IUCATH Iepes
Heit MUHYC, Wan HeT. MBI Ke Pas3oXKUId 9TO Ha dJIeMeHTapHbIe JIeHCTBUS
IPU TOMOIIY JOTOTHUTEIHHON MAMSTH, 0 KOTOPO#i 3aTeM 3a0bLIIH. )

Omneparop V. Onpenennm, nakonen, V = W 1ZW = WZW (sexp W =
w1,

Cob6cTBeHHO anroputM. Tenepb ajropurM TakoB:
(VU W o).

VrBepxkaaeTcs, uro ecu npuMmenuts VU nopsanka k ~ v/ N pa3s, To ¢ 60Jb-
II0# BEPOSITHOCTHIO MbI YBUIAMM KOHMUTYDAIHIO |Zg).

Anamm3 anropurma. I[locuntaem:

2
Ule) = 1) = o).
Ulzo) = —|zo),
Viey = WZW ) =WZ[0)= W(— o) = — [¢),
Vie) = ...= 7o) — —E)

Taxum 06pa3oM, MBI He BBIXOJUM U3 TOANPOCTPAHCTBA, HATSAHYTOTO HA
BekTOpa |£) u |T0). [lyeTs mam BekTOp ¢ = « |€) + B |70)-

U(ale) + Blze) = ale)— (%ah@’) 20),

20
Vialg)+8la)) = = (a+ )16+ 5.

T.e. U ocrasasier koopauuary npu |[£), a V — npu |xg). Mbl Takxke 10-
MHHUM, YTO BCE OI€PATOPHI JOJKHBI COXPAHATH JJIMHBI BeKTOPOB. CMOTpHM
Ha puCyHOK 6.2. HemmuoOro mogymas, HoHATHO, 9T0 @41 = §; cos ¢ = [£)-|2o)
(ckanaproe npoussesenue). T.e. cosp = \/Lﬁ, Te. o~ T =siny & ﬁ =
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[x0=

Puc. 6.2: npumenenue oneparopos U u V

) =~ % Caenas nBa nosopota (1.e. V(U(V(U(q))))), MBI IOBepHEMCS HA

yToJT A %. Hauunaem mbt na W |0) = |€). T.e. Ha[0 moBepHYTHCS HA yroJ

A 5, 4TOOBI IOJTy4NTh IOYTH |To). T.e. Hamo caenars okomo 5/ % = %\/N
nosoporos (VU)2.

OmunGKka BblLIE3aeT U3 PasHbIX MeCT (¢ # 7/2 = sinx # x, a KOJIUIeCTBO
TIOBOPOTOB — HEIEJIOe), HO OHA TIOPSIKA \/LN’ T.e. AMILIATY/Ia WHTEPECYIONIEro

HaC BEKTOPa JA0CTATOYHO OJim3Ka K 1.



