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OnucaHue npegmeTHon obrnacTu

NpeameTHas obnacTtb

OaHoM 13 TUNMYHBIX 3aa4y MaTteMaTUYeCcKon PU3MKN SBNAETCHA HaxoXXaeHne COOCTBEHHbIX
3Ha4YeHNn (cnektpa) u coObCTBEHHbIX PYHKLMN HEKOTOPBLIX AnddepeHumarnbHbIX
oneparopos.

B KBaHTOBOW MeXaHWKe AN HaxoXOeHUs1 KBasnKITaCCUYECKMX CreKTparbHbIX cepui
oneparopa LpéaunHrepa MoryT ncnonb3oBaTbCH NpaBuna kBaHToBaHusa bopa-
3ommepdernbaa. ObbIMHO OHM NpeaCTaBnAT cCOO0M paBEHCTBO HEKOTOPBLIX BblpaXXeHum
(Yalle BCero aTo HEKOTOPbIE UHTEerpansl), 3aBUCALLMX OT MCKOMbIX COBCTBEHHbIX 3HAYEHU,
LenbiM HeoTpuuaTenbHbIM Y1CNaM, YTO NO3BOMAET HAXOAUTb CHEKTP.

YpaBHEHNA MaTteMaTU4eCcKkon PU3NKMU Ha reoMeTpuYeckux rpadax (0AHOMEPHbLIX KNETOYHbIX

KOMMnekcax) n apyrux rmbpuaHbix NpOCTpaHCTBaX akTUBHO U3y4atoTCAa B NOcnegHue
Tpuauatb neT.
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OCHOBHbIE MOHATUA U onpepeneHnd

FeomeTpuyeckum rpac
[eomeTpuyeckmin rpad cocTonT U3 pebep 1 BepLUnH (ToYek). PaccmaTtpmuBaloTcs TOMNbKO
KOHeuYHble rpadbl. Kaxaoe pebpo aBnsieTcs perynsapHon Kpueon. Kaxgoe pedbpo nMmeeT anuvHy m

HanpasneHue.
Ha rpadpe 3agaHa HenpepbiBHas yHKUmMA (noteHuuan) V(X).

BeplwuHa noBopoTa
Touka, rae V(X)=1 (1 — 3agaBaeMbI napameTp).

b

d

pad ¢ oByMSi HOBbIMM BEPLUMHAMM, TO €CTb TOMKaMKU MOBOPOTA
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HedopmanbHaa noctaHoBKa 3aga4yn

Ha Bxoa nogaértca reomeTpuyeckuin rpad v noteHyuman.
Peanunsauyua anropntma nogpasymMmeBaeT crieayloLlee:

* ['eomeTpuyecknn rpacd npeobpasyeTcs, YacTb rpada Bblpe3aeTcs, NOABMATCS HOBbIE
BepLIUHbI (TOYKM noBopoTa). [peobpasoBaHme onpenenseTca noteHUmnanom Ha pebpax.

o ®dopmanbHO BbINUCLIBAOTCS KBa3uKaccuydeckne pelleHnsa ypaBHeHus LLpeanHrepa Ha
pE€bpax (oHWM BbIBAIOT pasHbIX TUMOB)

e BbinucbiBaeTCcs cucTeMa NUHENHbIX anredbpanyeckmux ypaBHEHUN O CKINENKN peLleHnI
Ha pebpax, KoTopasi onpeaensieTcs rpaHNYHbIMU YCITOBUSIMU B BEpPLUMHAX.

e 3anucbIiBaeTcs yCrnoBmne CyLecTBOBaHNS HETPUBUASIBHOIO PELLUEHUS 3TOWU CUCTEMBI C
NOMOLLbIO onpedennTensa matpuubl kKoadduuneHToB gaHHon CJIAY, T.e. npumeHsieTcs
N3BECTHasi Teopema 13 nNUHenHon anredpbl. YCroBMe paBeHCTBA HYMO onpeaennTens u
OA€eT UCKOMbIE NnpaBuna KBaHTOBaHMUA.
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AHanus cyLLecTBYOLWMX peLleHnit

TeopeTnyeckoe peLueHue (anropntm) 3agadn NOCTPOEHNSA NMpaBuIl KBAHTOBaHUA A4
MeTpuyeckmx rpadpoB onmcaHo B ctaTtbe B. J1. YepHbiwesa n A. W. Ladapesunya
«KBasuknaccuyeckumn cnektp oneparopa LpéanHrepa Ha reomeTpmnyeckom rpade» (Mar.
3ametkn. — 2007. — T. 82 (Ne4, 2007). — C. 606-620).

TemM He MeHee, He CcyLLeCcTBOBasIO NPOrpaMMHOro peLleHus, No3BosALLEero 3agasaTh rpad C
HernpepbIBHON OYHKUMEN HA HEM U BbINUCbLIBATL AN HErO NpaBuna KBaHTOBaHUA. Takoun

MHCTPYMEHT MOXET ObITb NOSie3eH nccriegosarenam, paboTarolmnm B pasHbixX obrnactax
MaTtemMaTu4eCKon oU3NKMN.
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ObocHoBaHMe akTyanbHOCTM pPaboThl

[aHHas paboTa noTeHuManbHO MOXET UCMONb30BaTbCA YYEHLIMU, 3aHMMAOLLMMANCS
pacrnpocTpaHeHNeM BOSMH Ha 00beKTax Me30CKONMNYECKON (PU3NKN, BbIYUCIIUTENBHON XUMUN
nT.A.

AKTyanbHOCTb paboTbl 00yCroBrieHa OTCYTCTBMEM MPOrpaMMHbIX PELLEHNI, NO3BOSIAIOLLINX
CTPOUTbL NpaBusia KBaHTOBaHWUS rpadoB, KOTOpble, B CBOKD o4Yepedb, MoMoratoT nsyyvartb
KBa3MKNaccu4yeckmin crnekTp onepatopa LpéauHrepa Ha rpadax.

[anbHenwasa pa3paboTka CUCTEMbI MO3BOSIUT CO34aTb NMHCTPYMEHT, 0bpabaTtbiBatoLLNN
bonblumne rpadobl, NOSy4eHHbIE AKCNEepPUMEHTarbHO, YTO COKPaTUT BPEMEHHbIE U
MaTtepuarnbHble 3aTpaTbl Ha aHanNn3 NOgOOHLIX CUCTEM.
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Llenb n 3agayn paboTol

Lenb paboTbl:

PaspaboTtatb rpagudeckoe Windows-npunoxeHue, no3sonsaioLlee NpuMeHnTb K
3agaBaemMoMy rpadyy anroputM NOCTPOEHNS NpaBuUn KBAHTOBAHUS.

3agaum

 PaspaboTaTtb nHTEpdenc ana sagaHusa rpada.

 PaspaboTaTtb popmaT XxpaHeHus rpada B KOMMNbIOTEPE.

B npouecce npumeHeHns anroputMa HeobxoaMmo pellaTb CUCTEMbl HEPABEHCTB
pasnnMYHON CNOXHOCTU, BbIYUCATL ONpeaenéHHble NHTerpansl 1 onpeaennTens MaTpuLbl

C nepeMeHHbIMN KoadhdunumeHTammn — LeriecoodbpasHo NCnosib3oBaTb MaTteMaTUYEeCKUN
nakeT Maple n paspabotaTtb nHTEPdENC (BMBNMOTEKY) ANA B3aUMOLEUCTBUSA C HAUM.
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Bbibop mogenen, MeToaoB 1 anropnTtmMoB

ANroputmMm NoCcTpoeHnsa NnpaBun KBaHTOBaHUA AN MEeTPUYEeCKUX
rpadosB

[MporpamMMHbIN MPOAYKT B LIENTOM peanusyeT ariropuTtMm, OrnmcaHHbIM B CTaTbe
B. J1. HepHbiwesa 1 A. W. WadapeBunya «KBasmkrnaccuyecknn cnekTp oneparopa
LLipéanHrepa Ha reoMmeTpuyeckom rpadey.

Apyrne anroputmbl

* Wcnonb3oBaH anroputMm obxoaa rpadpa B rnybuHy Ans noncka KOMMOHEHT criabown
CBAA3HOCTW.
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Onucanue anropmtMa nocTpoeHnd npasust KBaAHTOBaHUA

BxogHble AaHHbIe
[eomeTpunyeckmmn rpadp (E,Q,L) (Q — MHOXeCTBO BEpPLUMH) C 3a4aHHOW Ha HEM HenpepbIBHOM
doyHKkumen V(X), napameTp A — 4eNCTBUTENBHOE YNCHIO.

BbixoaHble AaHHbIe
TekcToBbIV dpann, onucbiBaloLWLNK NpaBusia KBaHTOBaHUSA rpadoa.

Lar 1
HaxogaTtca n otmevatoTcst Ha rpadpe HoBble BEPLUMHBI - TOYKNK, rae V(X)=A (BepLUMHbI MOBOPOTA).

Lar 2
3 nonyyeHHOro rpadpa yganstTtcs ydacTku, rae V(X)>A (aeopmauma rpadpa).

r I'y

Mpumep gedopmaumm rpada.
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Onucanue anropmtMa nocTpoeHnd npasust KBaAHTOBaHUA

Lar 3
B necdopmumpoBaHHOM rpade nameHsieTca OpueHTauns HEKOTOPbIX PEDEP: BCE BEPLUNHDI

creneHn oanH CHNTaKTCA HavalibHbIMA TOYKaMW.

lar 4
[na KaXxaom KOMMOHEHTLI CBA3HOCTM NOMYyYEeHHOro nocrie wara 3 rpaga coctaBnseTcs

oaHopopaHas CJIAY cBasbiBatoLLas KBa3mKnaccudeckne peweHns (Tpex pasHbiX TUMOB) Ha
pébpax rpada.

ZIsm Ql) —sin(q),) + %n‘,] 0
: 1
21 sm Ql) 0 —sm(QS + n]
-1 + 1 -1 + 1
cos(Ql) (II:ECDS Qz A T a1:3c05 ¢3 A T

Mpumep maTtpuubl ogHopoaHon CITIAY
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Onucanue anropmtMa nocTpoeHnd npasust KBaAHTOBaHUA

Llar 5
Onpegenutens matpuubl kaxxgon CJITAY npupaBHMBAETCS K HYMO — 3TU paBeHCTBa HYJSO Mo
N3BECTHOW TEOpEME NIMHENHON anrebpbl U AaloT npaBuria KBaHTOBaHUS.

BbluncnutenbHasa CNOXHOCTbL anroputma

Llarn 2-4 pabotatoT 3a Bpema O(E+R), rae E — uncno pé€bep rpada, R — uncno kopHen
ypaBHeHus V(X)=A. Bpems paboTbl waros 1 n 5 TpyaHo onpeaenuTtb anropuTMmUYecKu,
MOCKOSbKY peLLUEHne ypaBHEHUI U BblYMUCIIEHNE ONpeaennTens Npon3BoOANTCA CUCTEMOM
Maple.

NMpumeyaHune

B cnyyae, ecnu kakas-nmbo KOMNOHEHTa CBA3HOCTM COCTOUT U3 ABYX BEPLUNH, COEANHEHHbIX
oaHUM pebpowm, war 4 anroputma He MOXET BbITb MPUMEHEH. OTU criydan pasodpaHbl
OTOENbHO — ANS HUX NpaBuna KBaHTOBaHUA BbINUCLIBAOTCS Cpasy.
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[MpocTenwme cnyyan.

Bbicwas wkona skoHomukn, Mockea, 2016



Onucanue anropmtMa nocTpoeHnd npasust KBaAHTOBaHUA

NMpumep npaBun KBaHTOBaHMUA

Ecnun rpad npeacraenseTt U3 cebst 4epeBO Ha TPEX BEPLUMHAX, paccMaTpuBaemasi cuctema
ypaBHEHUN ByOeT uMeTb MaTpumuy:

sin ¢4 —sin ¢,
Q1 COS P «y COS P,

MpaBnno KBAHTOBAHWSA AJIS HETO BLIMAAMT CeayoLLMM 0b6pasom:
sin(@, — @3) (a1 — ay) — sin(@q + @,) (a; + az) = 0.

3peck ¢; = % f: JA = V;(x) dx - vHTerpan 6epétcs no pebpy.
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TexHonorum u MHCTPYMEHTDbI pearin3aunn

[Mpn paspaboTke Obinn UCMNOMNb30BaHbl CreayloLne TEXHONOMMU U MHCTPYMEHTbI:

C#6.0

Microsoft Visual Studio 2015

.NET Framework 4.5.2

Cuctema komnbroTepHom anredpol Maple 18/2015.
Bbi6op AaHHbIX TEXHOMOrMNM 06OCHOBaH:
» ynobctBom C# npu paspabotke Windows-npunoxeHnn

e yNOOCTBOM UCMONb30BaHMSA U LUMPOKOW pacnpocTpaHEHHOCTBLIO cucTembl Maple, koTopas
hakTnyeckn aBnseTca OAHUM U3 CTaHaaPTHLIX CPEACTB ANs HayYHbIX pacyeToB.
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OcHOBHble pesynbraTbl paboThl

1. PaspaboTtaHo Windows-npunoxeHue a5 3agaHus reoMeTpruyeckoro rpaga n noctpoeHuns
No HEMY MpaBui KBAHTOBAHUS.

2. PaspaboTtaHa nHtepdenc anga B3anMmoaencTema nporpaMmmMbl ¢ MaTeMaTUYECKUM NakeToM
Maple. Ero MOXHO MCrnonb3oBaTh MPU peLleHnn Opyrix 3agad npuknagHon MmateMaTuku.

A Quantum (C\examples\K13.jgr) - O X
MNew Save PNG Export Run Add edge Remove vertex Remove edge
100,
789,299
Workspace size: 734 |3 352 |5 Cid+E: add edge; Cid+5: save file; Ctd+N: new file; Ctd+0: open file; Ctd+V: remove vertex; Cid+R: remove edge
Status:  Saved
' hfrom [-1; 1.5]
=i Settings About
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BeiBoALI Mo pabote

e PaboTa HOCUT NPenMyLLEeCTBEHHO NPaKTUYECKNIA XapaKTep, HO €€ pe3ynbTaTbl MOryT ObiTh
nonesHbl B TEOPETUHECKMX UCCINEea0BaAHNSAX.

» PaspabotaHHasa nporpamma npencraBndeT cobon yaobHbI MHCTPYMEHT 4S9 NOCTPOEHUS
NpaBun KBAHTOBaHUSA NS 3agaBaeMblX rpadoos.

NyTn panbHenwewn paboThbI

e pa3paboTaTb KOHCOSIbHY0 BEPCUIO MPUIOXeHUs, bonee yaobHyo anga aHannsa
aKcnepuMmeHTarnbHO NnonyyYeHHbIX rpadoB 6onbLKX pa3Mepos.

» nopabotatb DLL-6ubnuoteky ansa ssanmogenctema Windows-nporpamm ¢ Maple.
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Cnacnbo
3a BHMaHume!

ConosbeB Erop AnekcaHgpoBuy
easolovev@edu.hse.ru
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