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1. BBEAEHUE

1.1. HammeHOBaHMe NPOrPaMMBbI

HaumeHnoBanue nporpammel — «IIporpamma asisi mocTpoeHus: MpaBuil KBAHTOBAHMUS

i meTprdeckux rpados» («Program Implementation of the Algorithm for Quantization

Rules Constructing for Metric Graphs»).

Hcnons3yemoe kpaTkoe HammMeHOBaHUE — Quantum.

1.2. JIokyMeHTbI, HA OCHOBAHUM KOTOPBIX BeJeTcsl pa3padoTka

1) [Ipukaz HannoHanpHOr0 HCCIEAOBATENBCKOTO YHUBEPCUTETA

"Breicias

nKoJia 3KOHOMHUKHU" «OO0 yTBEpKIEHUU TeM, PYyKOBOJIUTEIEH KYpCOBBIX padOT CTYACHTOB

oOpazoBarenbHOl Tporpammsel [Iporpammuas uHkeHepusi (pakysibTeTa KOMIBIOTEPHBIX

Hayk» oT 11.12.15 Ne 6.18.1-02/1112-109.

Howmep nzmenenus

HO,Z[HI/ICB OTBCTCTBCHHOI'O 3@ BHCCCHUEC N3MCHCHMUA

Jlata BHECEHUSI U3BMEHEHUS
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2. HABHAYEHHME U OBJIACTb IPUMEHEHUSA

2.1. Ha3HauyeHue NporpamMmsl

2.1.1. DyHKIMOHAJIbHOE HA3HAYEHH

[IporpamMma mpenHa3HaueHa OIS peajU3alMU AJITOPUTMa TOCTPOSHUS TMPaBUI
KBAaHTOBAaHUSI MeTpUYeckuX rpadoB (00OOIIAIONIMX W3BECTHBIC MpaBWJIa KBAHTOBAHUS
bopa—-3ommepdenbna), onucannoro B cratbe B. JI. UepnsimeBa u A. U. 1lladapesuua

«KBazuknaccuueckuii ciektp onepartopa Llpénunrepa Ha reomerpuueckom rpage» [1].

2.1.2. DkcnuyaTalilmoOHHOE HA3HAYEHH e

[Iporpamma npenHasHaueHa 1JIs HaXOKJAEHUS MPABUJ KBAHTOBAHUS JUIA 3aJaHHBIX
reomeTpuyeckux TpadoB. OHa TO3BOJISET pelaTh 3aJadyd, BO3HHUKAIOIIME Kak IpH
COCTABJICHHUM TEOPETHUYECKUX MOJEeleil, Tak W Mpu 00pabOTKe H3KCIEPUMEHTAIBHO
MOJIYYEHHBIX JaHHBIX, HAIIPUMED, MIPU U3YUEHUHU CTALMOHAPHBIX COCTOSTHUM AJIEKTPOHOB B

MOJIEKYJIE.
2.2. KpaTkasi XapaKTepUCTHKA 00/1aCTH IPMMEHEHUSI

OpHOi W3 TUNHMYHBIX 3a/lad MaTEMaTHYEeCKON (U3MUKHU SIBISETCS HaXOXIACHHUE
COOCTBEHHBIX  3HayeHWH  (crmekTpa) ©  COOCTBEHHBIX  (QYHKIUH  HEKOTOPBIX

mud epeHnnanbHbIX 0NepaTopPOB.

B kBaHTOBOI MexXaHUKE IS HAXOXJICHHUS KBa3MKIACCHUUECKUX CIIEKTPAIbHBIX
cepuii oneparopa llIpénuHrepa MOryT HMCHOJIB30BaTbCs NpaBWia KBaHTOBaHUs bopa-
3ommepdenbaa. OOBIYHO OHU MPEJCTABISIOT COOON PABEHCTBO HEKOTOPBIX BHIPAKCHUU
("ame BCEro 3TO HEKOTOpbIE MHTErpajibl), 3aBUCSIIMX OT HMCKOMBIX COOCTBEHHBIX

3H3‘I€HPII>1, LCJIbIM HCOTPpUIATCIbHBIM YHUCJIaM, YTO IIO3BOJIACT HAXOAUTH CIICKTP.

YpaBHeHUsT MaTeMaTU4YECKON (PU3MKM Ha reoMeTpuueckux rpadax (OJHOMEPHBIX
KJIETOYHBIX KOMILJIEKCAX) W JAPYTUX THOPHIHBIX MPOCTPAHCTBAX AaKTUBHO H3Y4alOTCsS B

IMOCJICAHUEC TPUAIATD JICT.

HOMGp N3MCHCHUA HO,Z[HI/ICB OTBCTCTBCHHOI'O 3@ BHCCCHUEC N3MCHCHMUA I[aTa BHCCCHUA U3MCHCHUA
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3. TEXHUYECKUE XAPAKTEPUCTUKU

3.1. locTaHoBKa 3a1a4M HA pa3padoTKy NPOrpaMMbl

HporpaMMa JOJIDKHA oOecrneuynBaTh BO3MOXKHOCTH BBITIOJTHCHHMS MNECPCUNCIICHHBIX

HIDKE (PYHKITHN:
1)  BeiOop (aiina ¢ onucanueM rpada 1 OTKPBITHS WK PEIAKTHPOBAHHS.
2)  Bri0op (aiina, B KOTOPHIH OyAeT 3amucaHo onucaHue rpada.

3) 3amanme merpuueckoro rpada ¢ momMompi Trpadudeckoro mHTEpdeiica u

COXpaHEHHUE €ro onucaHus B Gaii.
4) Ananus rpaga Ha KOPPEKTHOCTH (CBSI3HOCTh U HEMPEPHIBHOCTH (PYHKIIHH).

5) Ilomyuenue pe3yabTata B BHJE TEKCTa, OINMKCHIBAIOIIETO IpaBHIIa

KBaHTOBaHUS JAHHOTO rpada.
3.2. Onucanue aaropuTMa M GyHKIMOHMPOBAHUS TPOrPaAMMBbI

3.2.1. Onucanve ajJropuTrMa IMOCTPOEHHsI MNPABUJI KBAHTOBAHUS ISl
MeTpu4YecKux rpagos

BxonHble HaHHBIC: TeoOMeTpuYeckuii rpad ¢ 3aganHod Ha HEM QyHkimer V(X),

napameTp A — GUKCUPOBAHHOE JICUCTBUTEIBHOE YHCIIO.

AJTOPUTM MOXKET ObITh IPUMEHUM K rpady B cilydyae, KOTJa TOT sIBJIsETCs ciaado-
CBSI3HBIM (MHBIMU CJIOBAaMH, KOTJIa OH COCTOWT M3 OJHOW CIa00-CBSI3HON KOMITOHEHTHI,
COBIIQJIAIONIEH C HUM), a 3ajJaHHas Ha HEM (QyHKIUA sBiseTcs HenpepbiBHOU. I[lepen

HayajoM BBIIIOJIHEHHUS OCHOBHOM 4acTH AJIroOprUTMaA HGO6XOI[I/IMOI

1. [IpoBeputh rpad Ha ci1abyr CBA3HOCTH. JIJIsl 3TOro JIOCTaTOYHO HAMTH BCe
€ro KOMIOHEHTHI cjlaboi cBsa3HocTU. Ecnu rpad cocTouT M3 OHOM Takoll KOMIIOHEHTHI,
TO OH COBITIAJIA€T C DTOM KOMIIOHEHTOU U ABIAETCS Cl1a00-CBSA3HOM.

2. [TpoBeputh QyHKIMIO Ha rpade Ha HEMPEpPhIBHOCTh B BepIIMHAX. [ 3TOTO

HCO6XOIH/IMO IMPpOCMOTPETL BCC BCPHIMHBI CTCIICHU OoJbIIIe CAMHUIOBI U pPaCcCMOTPECTH

HOMGp N3MCHCHUA HO,Z[HI/ICB OTBCTCTBCHHOI'O 3@ BHCCCHUEC N3MCHCHMUA I[aTa BHCCCHUA U3MCHCHUA
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Gynkuun V; Ha MHIMIEHTHBIX KaXIO0H TakoW BepmuHe pédpax. Ecnm sHauenns stux
GyHKIUI COBMAgalOT B TOYKAX, COOTBETCTBYIOIIMX OOIIeH BepiinHE, TO (QYHKIUS

SABJISICTCA HENPEPBIBHOW B 3TOW BEPILMHE.
OcCHOBHAas 4acTh AJITCOPUTMA COCTOUT U3 IISITH IIArOB.

1. Haiitu u otmeTuth Ha rpade Touku (HOBBIE BepiiuHbI), Tae V(X)=A. D10
MOTYT OBITh KaK BEPIIMHBI UCXOAHOTO rpada, Tak U TOYKK Ha pEOpax rpada — B TaKOM
cllydae JaHHOe peOpo JETUTCs OTMEUEHHBIMM Ha HEM TOYKAMH HA HECKOJIBKO HOBBIX
pedep — UX KOJIMYECTBO OO0JIbIlIe KOJIMYECTBA HOBBIX TOUEK HA eAUHMILY. /(151 Toro, 4ToOb!
HAWTH KOPHU JAHHOTO ypaBHEHUs, HEOOXOIMMO HAWTH UX JUISI K&XKJI0TO pedpa OTAEIHHO €
TIOMOIIBI0 COOTBETCTBYIOIIMX KOMAaH] CHCTEMbI KOMIbIoTepHOU anreopel Maple. HoBbie
BeplIMHbI Tpada HA30BEM BepUIMHAMHM TMOBOPOTa (WM JIIMOJa-BepIIMHAMU) U OyaeM
CUUTATh UX OTJIMYHBIMH OT BEPIIIMH UCXOAHOTO rpada.

2. VY aamute u3 rpada yuactku, rae V(X)>A (medopmarus rpada). st atoro
J0CTaTOYHO MPOUTHUCH 1O p&OpaM M3MeHEHHOTO Trpada: Ha KaXI0M U3 HuUX QyHKUus (A -
V(X)) Oyzmer uMeTh MOCTOSIHHBIN 3HAK. JIOCTATOYHO JIMIIbL y3HATh 3HAK (DYHKIUK B OJHOM
U3 TOYEK BHYTpU pedpa, HAIpUMEP, B €r0 CepelMHE — 3TO MOKHO CHI€NIaTh C MOMOUIBIO
¢yukuuu evalf B Maple.

3. W3MeHUTh OpUEHTAIMI0 HEKOTOpPhIX pEOEp: BCE BEPIIMHBI CTENEHU OJIUH
(BUCSUME BEPINMHBI) CUMTAIOTCS HAYaIbHBIMU TOUYKaMH JJisi pEOEp, MPUMBIKAIOININM K
HUM. J{7151 ocTanbHBIX pEOEp OpUEHTALIUS HE MEHSIETCS.

4, [Tocne BbImonHEeHUs maroB 1-2 (medpopmanuu rpada) ucxoanslid rpad mor
nepectarb ObITh c1ab0-CBSA3HBIM. B TakoMm ciyyae OCTaTOYHO MPUMEHUTH mard 4 u 5
JAHHOTO aJropuTMa K KaXJOW M3 KOMIIOHEHT CBSI3HOCTH B OTIEIBHOCTH (HE
paccMmatpuBas Ipy 3TOM KOMITOHEHTHI CBSI3HOCTH Je(OPMUPOBAHHOTO Tpada, COCTOSIINE
u3 OJTHOM BEPIIIHHBI W TIBYX BEPIITNH MOBOPOTA).
BrimucaTh 0THOPOHYIO CHCTEMY JTHHEWHBIX alreOpandeckuX YpaBHEHHM Ha PEIIeHUs Ha

p€Opax. Jlisg pemieHusT TOCTaBIECHHOW 3aJadM JOCTATOYHO BBIMIMCATH MATPHUILY

HOMGp N3MCHCHUA HO,Z[HI/ICB OTBCTCTBCHHOI'O 3@ BHCCCHUEC N3MCHCHMUA I[aTa BHCCCHUA U3MCHCHUA
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KO3 GUIUEHTOB y niepeMeHHbIX. [IepeMeHHBIX, paBHO KakK M ypaBHEHUH, OyaeT 2n-K, rae
N — ducio pédep Ha KOMIIOHEHTE CBA3HOCTH, Kk — UMCIO BUCSYMX BEpPIIUH (HA KaXJIOM
pedpe cylIecTBYET pelIeHne, ONpeaeasieMoe AByMs NIepeMeHHbIMU. B ciydae, ecnu onHa
MCXOJHAasl WM KOHEYHas BeplinHa peOpa umeer creneHb oauH, B CJIAY Oyner BKitoueHa
TOJIKO OJ[HA TIEpEMEHHasi, TOTOMY YTO BTOpasi BhIpaXkaeTcs uepes nepyro). Heooxoaumo
IPOMTHUCH 10 BCEM BEpIIMHAM rpada U BbIIUCATh COOTBETCTBYIOLIME UM ypaBHEHUs. Eciu
paccmarpuBaeMasi BEpIIMHA €CTh BEPIINHA UCXOJHOTO rpada cTerneHu O0bllie eIUHUIB,
BCE COCEIU KOTOPOW — BEPILIMHBI UCXOJHOrO rpada CTerneHu OOJiblle €IUHULBI (Takue
BEPIIMHBI TAK)KE HA3BIBAIOTCS BHYTPCHHUMH), IJIsl HE€ BBIMKCHIBaeTCs I-1 ypaBHeHHe, /e
| — ctenens BepmuHBL. OTIENBHO BBIMUCBHIBAIOTCS YPABHEHHS ISl BEPUIMH HCXOIHOTO
rpada creneHu OOJIBLIE €IMHUIBI, COCEICTBYIOIIMX C BEPIIMHAMU CTENEHH OJMH.
Pa3nuiia B BRINMKUCHIBAHUM YPAaBHEHUN COCTOUT B KOA(DPUIIMEHTAX MPHU COOTBETCTBYIOIIUX
MIEPEMEHHBIX.

CymecTBytoT 1Ba rpaga, K KOTOpbIM aJropuT™m BbinucbiBaHus CJIAY HenpuMeHuM B
CHWIIy HUX TPOCTOThl, @ MMEHHO JBE BEPIIMHBI HCXOAHOTrO rpada, CBSI3aHHbBIC OJHUM
pebpoMm, W JSIMOAa-BEpIIMHA, COCAMHEHHAs] OJHMM pPEOpPOM C BEPIIMHOM HMCXOHOIO
rpada. OHu pa3oOpaHbl OTAENBHO, U JJII HUX COOTBETCTBYIOIIME MpPaBUJIa KBAHTOBAHMS
BBIIIMCBIBAIOTCA Cpa3y.

S. [Tonyyennas CJIAY pomxHa uWMETh HETpHUBHANbHBbIE (T.€. HEHYJIEBBIC)
pemienus. [[is 3Toro HEOOXOAMMO BOCIOJIB30BATHCS HM3BECTHOM TEOpeMOW JIMHEHHOU
anreOpsl U MPUPABHATH OINPEACIIUTENh MATPUIBI KO3P(GULIMEHTOB HYII0. PABEHCTBO HYJIIO
ATOrO OMpEAENUTENS U €T MPABUIO KBAHTOBAHMS JIJISl TAHHOM KOMITOHEHTHI CBSI3HOCTH.
DneMeHTbl paccMAaTpUBAEMOWM MAaTpULbl — HEKOTOPBIE IEPEMEHHBIE BBIPAKEHUS,
3aBUCALIME OT HEKOTOPOr0 YHCIA CHUMBOJIBHBIX TEPEMEHHBIX, TaK YTO BBIYUCIICHHE
OIPEICITUTENSI MOXHO BBIMOJIHUTH ¢ TIOMOIIBIO KoMaHabl Determinant cuctemsr Maple, a

K pe3yJIbTaTy IeJiecoo0pa3Ho mpuMeHuTh koMauay Simplify mns ero ynpomienus.

FOBOpr O BBIUMCIIMTEIBHOM CII0KHOCTHU JaHHOI'O aJropurma, CTOUT OTMCTUTDL, 4YTO

maru 2-4 anroputma BeinodHs0TCs 32 Bpemst O(E), rne E — uncio pédep rpada. Bpems

HOMGp N3MCHCHUA HO,Z[HI/ICB OTBCTCTBCHHOI'O 3@ BHCCCHUEC N3MCHCHMUA I[aTa BHCCCHUA U3MCHCHUA
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paboTel maroB 1 m 5 anroput™Ma C TPyAOM NOMIAETCS ACUMITOTHYECKOW OIICHKE,
MMOCKOJIBKY CJIOKHOCTh BBIYMCIICHUN HAMPSMYIO 3aBUCHUT OT 3a/IaHHON Ha rpade QyHKIum,
a TaKXKe OT XapakTepa MaTpHIlbl, MojJydyaemMor Ha miare 4 (Takke CTOMT OTMETHTh, UYTO
ACUMIITOTUYECKOE BpEMS BBIYMCICHUS ONPEACTUTENII MaTpPULbl C TMEPEMEHHBIMU

koddumenTamu cucremoit Maple HensBecTHO).

3.2.2. OnucaHue ajJropuTMa MNOUCKA KOMIIOHEHT CJIa00i CBS3HOCTH ISl

MeTpUYeCKUuX rpagos

KommoneHTs! ciiaboii cBsi3HOCTH rpada MOKHO HAWTH, MPUMEHUB aIrOPUTM 00X0/1a
rpada B riyouny (DFS). Heobxoaumo mpoittuck nmo BceM BepirHaMm rpada. [lomectum
MEPBYIO BEPIIMHY rpada B MEPBYI0 KOMIIOHEHTY CBSI3HOCTH. 3aIlyCTUM 00XOJ B TIIyOUHY
OT 3TOM BeplIMHBL. Bce BepinHbI, yepe3 KOTOpble MPOLIEN aIrOPUTM MOUCKA B TIIyOHHY,
100aBUM B Ty K€ KOMIIOHEHTY CBSI3HOCTH. PaccMOTpUM HEKOTOPYHO HEOOpaOOTaHHYIO
BepIIMHY (eciu oHa cymectByeT). [lomecTuM e€ BO BTOPYI0 KOMIOHEHTY CBS3HOCTU U
3allyCTHM MOUCK B IiyOuny oT He€. [IpomomkaeM genaTs 3TO O TOrO MOMEHTa, MOKa B
UCXOIHOM Tpade He 3aKOHYATCS BEPIIUHBI (9TO, OYEBUAHO, MPOU3OUIET, TTOCKOIBKY Ha
KakIoM mare (ureparuu) obOpabaTeiBacTcsi XOTs Obl OJHA BeplMHA, a UX B Tpade

KOHEYHOE YHCJIO).

Cxema anroputMma mnoucka B riayouny. Ilycte Dfs(v) — mpouemypa obxona B
rIyouHy 11 BepmuHbl rpada V. [Ipoitném mo Bcem Bepmmnam rpada. Eciu Bepmmna vV

He 00paboTana, BeioHsAeM Jutst Heé Dfs(V).
[Mporexypa Dfs(v):

1. [Tomevaem BepinHy vV 00paOOTaHHOM.
2. JIist Bcex BepIUH V', COEUHEHHBIX peOpoM (HapaBIeHUE HE YUUTHIBACTCS)

¢ V, Bermoaaum Dfs(v?).

Jlnst XpaHeHusT CChUIOK Ha oOpaboTaHHbIE BepUIMHBI B s3bike C#  MOXHO

HCIIOJIb30BaTh KOJUICKIMI0O — ciucok List<Vertex>, roe Vertex — tum BepmuHbl. s

HOMGp N3MCHCHUA HO,Z[HI/ICB OTBCTCTBCHHOI'O 3@ BHCCCHUEC N3MCHCHMUA I[aTa BHCCCHUA U3MCHCHUA




11
RU.17701729.503390-01 81 01-1

XpaHEHUs! TOIY4YEHHBIX KOMIIOHEHT CBSI3HOCTH MOJKHO HCIOJIb30BaTh KOJUIEKLUIO —
cnrcok cruckoB List<List<Vertex>> (moctaTouyHO XpaHUTH JIMIIb BEPIIMHBI, TOCKOIBKY

pEOpa s Kaxa0H KOMIOHEHTHI CBA3HOCTH MOTYT OBITh IOJyYEHBI [10 HCXOIHOM rpady).

ACHUMIITOTHYECKAsT CIIOKHOCTh 00x0ja rpada B riyouny paBua O(V+E), roe V -

qyucyo BepiuH rpada, E — gucio pédep.

ACUMNTOTAYECKAS] CIIOKHOCThH TMOMCKA KOMITIOHEHT claboi CBSI3HOCTU B rpade ¢

OMOIIbI0 00X0za rpada B rryouny — O(V+E).

3.3. Onucanue u 000CHOBaHHE BBIOOpPa COCTABAa TEXHHMYECKHMX U NPOrpamMMHBIX

CpeacTB

3.3.1. Onucanue BHIOOPA COCTABA TEXHHYECKHUX CPEACTB

Jnst ctabunibHOM paOOThl MpOrpaMMbl HEOOXOJIUM IMEPCOHAIBHBIA KOMITBIOTEP CO

CJIETYIOIIMM MUHUMAJIbHBIM HA0OPOM XapaKTEPUCTHUK:

1)  TIlpomeccop Pentium (unmm coBmectumbiii) ¢ uvactoroi 1 I'T'tp mnm Oonee

OBICTpBI (pekoMeHnayeTcs He meHee 1.5 I'T).

2)  He menee 1 I'b onepatuBHO# namstu (pekomenayercss He menee 2 ['b) mis
KOMIIbIOTEpa ¢ 32-OMTHBIM TMporeccopoM U He MeHee 2 ['b omeparuBHON mamsiTh

(pexkomennyetcs He MeHee 4 ') g kommnbroTepa ¢ 64-0UTHBIM IPOLECCOPOM.
3) He menee 50 Mb cBoOogHOr0O MecTa Ha )KECTKOM JIHCKE.
4) JuckoBon miisg CD- umm DVD-auckos.
5)  KnaBuatypa, MBIIIb HJIH COBMECTHUMOE YKa3bIBAIOIIEE YCTPOHUCTBO.

6) Bumeokapra m MOHHTODP ¢ TIOJIEPKKOH pexkuma Super VGA u pa3pemieHuemM

kak MuUHUMYM 800x600 Touek.
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3.3.2. O6ocHOBaHHE BHIOOPA COCTABA TEXHHYECKHX CPEACTB
Bbi00op cocTaBa TEXHUYECKUX CPEICTB OOYCIIOBICH CUCTEMHBIMH TPEOOBAHUSIMU
CHUCTEMBI KOMIIbIOTEpHO# anreOpsl Maple [3] u cucteMHbIME TpeOOBaHUAMU

ornepaimonHo# cucremsr Windows 7 [2].

3.3.3. Onucanue BHIOOPA COCTABA MPOTPAMMHBIX CPeJICTB

1)  omepanmonnas cuctema Microsoft Windows 7 u HoBee;
2)  ycranosieHHbiit Microsoft NET Framework 4.5.2;
3)  ycTaHOBJICHHBII MaTeMaTHdeckuil makeT Maple Bepcuu 18 wmm 2015.

3.3.4. O6ocHOBaHHE BbIOOPA COCTABA MPOIPAMMHBIX CPeJICTB

Bepcus 7 onepammonnoii cuctemsr Microsoft Windows BeiOpaHa kak MEHHMaJTbHAs

cpeau MoiiepXKMBaeMbIX MaTeMaTHueckuM makerom Maple.

Bepcuss Microsoft .NET Framework 4.5.2 BbeiOpaHa Kak IOJJACpKHUBAIOIIAS
MOCIICAHIOID BEPCHI0 U BO3MOXKHOCTH s3blka C#, uYTO O0OJErdyuT MNOAACPXKKY U
JTaTbHEUIYyI0 pa3pabOTKy MpOorpaMMbl. ODTa BEpCUs TMOACPKUBACTCI MHHUMAJIbHOU

noaaepkuBaeMoit Bepcueir OC Microsoft Windows 7.

Bepcun Maple 18/2015 BeiOpanbl kak mocieaHue (COBMECTHMBIC IPYT € IPYTOM B
pamKax 3ajad, pelmaeMblX B JIaHHOM paboTe) BepcurM MaTemMaTHueckoro nakera Maple.
Marematuueckuii naket Maple BeiOpan Gyiarogapsi ero pacpoCcTpaHEHHOCTH U YI00CTBY

B UCIIOJIB30BaHUU.

3.4. Onucanue u 000CHOBaHNE BHIOOPA METOa OPraHU3ANMU BXOIHBIX U BBIXOJIHBIX

JaHHBIX

3.4.1. Onucanue MeTOAAa OPraHU3AIMU BXOAHbIX U BHIXOIHbIX JaAHHBIX

[Iporpamma mpeacTaBisieT BO3MOXXHOCTH OTKPBITHA (haiiya ¢ pacimmpeHueMm .gr
(bopmar ms mpencrasicHus rpad)a B KOMIBIOTEPE), a TAKIKE IMO3BOJISICT CO3/1aBaTh TAKHE

(aiinsl ¢ momoIbio rpaduueckoro uurepderica.
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[IporpaMMa TIO3BOJISIET COXpPaHATh TpaBWJa KBAaHTOBAaHHWS B TEKCTOBBIM (haiin
dbopmara .txt.

3.4.2. OGocHOBaHUE BbLIOOpa MeTOJAa OPraHM3alMd BXOJHBLIX M BBIXOAHBIX
JAaHHBIX

CoBMecTuMOCTh opMara .gr ¢ TeKCTOBbIM (opMaToM .tXt MO3BOJIAET ONMPECHITh
rpadbl HE TOJBKO C MOMOIIBIO Tpaduueckoro uHTEpdeiica, HO U ¢ MOMOIIBI OOBIYHOTO
TEKCTOBOTO penakropa, Hampumep, «bioxknora» Microsoft Windows. 3to mo3Bosser
3arpyatb B MPOTpaMMy JKCIEPHUMEHTAIbHO TOMy4YeHHBbIC Tpadbl OOJIBIINX pPa3MEpoB,
3aJlaHlE€ KOTOPBIX BPYYHYIO C TIOMOIIBIO MBI ¥  KJIAaBUATypbl 3aHUMAET

MPOJIOJKUTENLHOE BPEMSI.
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4. O/KNJAEMBIE TEXHUKO-9KOHOMMNYECKUE ITOKA3ATEJIN

4.1. llpeanosaraemasi BOCTpeOOBAHHOCTD

PazpaGorannass mnporpamma mpeAcTaBisieT co00M yIOOHBIA HMHCTPYMEHT IS
MOCTPOCHUS TMpaBWI KBAHTOBAaHUS JUid  3adaBaeMblx rpadoB. PaGota Hocut
IPEUMYIIECTBEHHO MPAKTUYECKUN XapakTep, HO €€ pe3yJbTaThl MOTYT OBITh IMOJIE3HBI B
TEOPETHUUECKUX HCCIECOBAHUAX B PA3IMUYHBIX OOJACTAX MaTEMaTUYECKOM (U3UMKH U

BBIYHUCITUTEILHON XUMUH.
4.2. JxoHOMHYECKHE MPEeUMYIIeCTBA Pa3padoTKH M0 CPABHEHHUIO C AHAJIOTaMH

B nactosiiiee Bpems HE CyIIECTBYET MPOTPAMMHOIO PEUICHUS paccMaTpUBaeMOi
3ajaun. TeopeTrueckoe penieHne (AIrOpuT™) OMKCAHO B cTaThe [1], HO M3-3a TPYI0EMKHX
BBIYMCIICHUA  IEIECO00pa3HO  TNPHUMEHEHHE  ero  MNPOrpaMMHONM  peau3ailui.
Pa3zpaboTanHblii IpOrpaMMHBIA TPOAYKT MO3BOJIAET YIMPOCTUTh U aBTOMATH3UPOBATH TY
4acTh IIpollecca HaXOXJEHHUs cCIekTpa auddepeHnranpHoro ormneparopa Ha rpade,

KOTOpas MoAAaETCsl arOpUTMHU3AIINH.
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6. MPUJIOXKEHUSA

Ipunoxenue 1. Ucnosib3yeMble MOHATHS U OTIPeAeIeHUSA

['pad (MOTryT UCIIONB30BATHCS TAKXKE MOHATUS METPUUYECKUH Tpad, TeOMETPUIECKUI
rpad)) — COBOKYMHOCTh MHOXecCTBa BepmnH V U MHOXecTBa pébep E. Pebpa mmeror
HaIpaBJEHUSl U MPEACTABISIOT COOOM OTPE3KHU PEryJsipHBIX KpUBBIX. PeOpo coeauHsieT
JIBE€ BEPIIMHBI, U HANPABICHUE YKa3bIBACT, KAKasl U3 HUX SIBJISICTCS HAYAJIbHOM, a Kakas —
koHeuHoU. Kaxkmoe peOpo mMmeeT IMHY, BBIPAKAEMYIO IMOJIOKUTEIbHBIM uucioMm. He
HCKJTIOYAIOTCS TETIIM — pedpa, 111 KOTOPBIX HayalbHAs U KOHEYHAsI BEPUIMHBI COBIAIAIOT.
He uckmovatorcst kpatHeie péopa — pEOpa, COEAUHSAIOMINE OJHUA U TE K€ Mapbl BEPIIHH.
PaccmaTtpuBaroTcs TOJIBKO KOHEUHBIE Tpadbl, TO €cTh rpadbl ¢ KOHEYHBIM YUCIIOM pEOEp U

BEPILHH.

HHHI/II[CHTHOCTB. Pe6p0 € ¥ BCpHIMHA V HAa3bIBAOTCI HWHIOUACHTHBIMH, €CJIHU

HavyabHas WK KOHEYHas BeplInHa pedpa € ecTh BepIliHa V.

Cocennue ¢ BepumIMHONW péOpa — MHOKECTBO pEOEp, AJIsI KOTOPhIX HadyallbHAsl WIIU

KOHEYHAs BEPUIMHA COBIIAIAET C HEKOTOPOU HANEPEN 3aJaHHON BEPIINHOM.

Cnabast cBsizHocTh Tpada. ['pad HazpiBaeTcss crmaboO-CBSI3HBIM, €CIIA ISl JTFOOBIX
JIBYX €r0 BEPIIHH CYIIECTBYET KOHEUHAs IMOCIEA0BATEILHOCTL PEOEp, BEayIas U3 IEPBOM
BEPIIMHBI BO BTOPYIO, IPH YCIOBUH, YTO IO KAXKJIOMY PeOPY MOKHO JIBUTAThCS B JIFOOOM

HaIIpaBJICHUM.

IToarpad — rpad, cocrosmmii U3 MOAMHOKECTBA BEPIIUH JTaHHOTO Tpada u pédep,

COCIHUHAIOMINX HX.

KomnoneHnTa CBS3HOCTM — MaKCUMaJIbHBIM MO 4YHMCIy BepuinH mnoarpad rpada,

HBJ’IHIOH_[I/II\/'ICH cJ1a00-CBSI3HBIM.

CreneHb BCPIIMHBI — COBOKYIIHOC KOJHMYCCTBO BXOIAIINIMUX W BBIXOIAIIUX H3

BepIIMHBI pEOep (TeTIIs cunTaeTcs 3a 1Ba pedpa).
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Bucsuas BCpHIMHA — BCPIIMHA CTCIICHU OJNH.

Oynkuus Ha pedbpe (MOXKET HCMOIb30BaThCS TaKXKe TMOHATHE MOTCHIMANA) —
HENpPEpPBIBHOE OTOOpa)KEHUE, CTaBfAllee B COOTBETCTBHE Kaxaoil Touke Trpada
aeiicrButenbHoe unciao. OObruHO oOo03Hauaercs V(X). B manHol pabore 3amaHue
(GYHKIMY TTPOU3BOAMTCS KYyCOYHO: Ha KKIAOM pedpe | 3amaércst AeiCTBUTELHOZHAYHAS
Gynkums  V;(x), onpenenéHHas Ha  HEKOTOPOM — MHTEpPBAIE,  IPUHAIEKAILEM
neicTBuTensHOM ocu. Torna 3HaueHus QYHKIUH IS TOYEK, JISKAIUX Ha JaHHOM pedpe,
HaXOAATCA NPOCTO KaK 3HAYEHMs COOTBETCTBYIomeH Qynkuuu V;(x). Tpebyercs, 4To0mI
Bce Qynkumu V;(x) ObumM rnagkuMu Ha péOpax (raaakas GyHKuus — QyHKIMsA, UMEromast
HETNPEPBIBHYIO MPOU3BOIHYIO Ha o0yacTu ompenencHus). HempepbiBHOCT (DYHKIIMK Ha
rpade B 1eIOM B JAHHOM CiIy4yae O3HAYAET, B JOIMOJHEHUE K HaJOXEHHOMY YCIOBHIO
rmagkocT (yHKIUHA Ha pEOpax, TO, YTO €CIM KAKOH-TMOO BEpIIMHE HHIUICHTHO
HECKOJIBKO PEOEP, TO 3HAYEHUs COOTBETCTBYIOMIMX 3THM pEOpam ¢ynkumid Vi(x) B

TOYKaX, COOTBCTCTBYIOIINX ATOM BCPIOIMNHC, COBIIAAAIOT.

[IpaBuia KBaHTOBaHUA [UIsI METPUUYECKHX TpadoB — TMpaBuiia, MO3BOJIAIOIINE
HaXOJUTh COOCTBEHHbIE 3HaueHus omeparopa Llpémuurepa, ompenenéHHoro Ha rpade.
OHu mpencTaBisioT CcoOOM  aHajIoTW TMpaBWJI KBaHTOBaHUA bopa-3ommepdennaa
(npuMeHsieMble B KBAaHTOBOW MEXaHUKE JUISI HAXOXIEHUS KBa3WKJIACCHUYECKHX
CIICKTPAJIIbHBIX CEpHii), MPEICTABISAIONIME COOOW PaBEHCTBO HEKOTOPBIX BBIPAKCHUIA
(vame BCEro 93TO HEKOTOPbIE MHTErpajbl), 3aBUCSIIMX OT HMCKOMBIX COOCTBEHHBIX
3HAUYEHUM, 1EJbIM HEOTPULIATENIbHBIM YHCJIaM. AJITOPUTM TOCTPOCHHSI TPaBUII
KBAaHTOBaHUS JJIsI MeTpudeckux rpadoB ommcaH B crarbe [1]. [lammas paGora

MIPEACTABIISIET COO0M ce0sl MPOrpaMMHYIO PeaU3aI|I0 STOTO AITOPUTMA.

VYcnoBue TpaHCMUCCHUU — YCIOBUE PABEHCTBA HYJIO JMHEHHON KOMOMHAIUU
NpOU3BOAHBIX (DYHKIMI Ha pEOpax, MPUMBIKAIOIIMUX K 3aJlaHHOM BepIlIWHE, B 3TOU

BEpIINHE.
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VYcenosuss Kupxroda. VYcioBusi TpaHCMUCCUU MPEACTABISIOT COOOM  yCIOBUS
Kupxroda, ecnu k03¢ PUIHEHTH B yCIOBUSX TPAHCMUCCUU UMEIOT MOJIOKUTEIbHBINA 3HAK

JUIA BBIXOSIINX U3 BEPIIUH pEOEp, M OTpULIATEIbHBIN A1 BXOJAIMIMNX pEGED.

VYcnoBus TpaHCMHUCCUU Ha30BEM HATYpaJIbHBIMHU, €CJIM OHHM UMeroT Buj Kupxroda,
npuuéM Bce KOIPQPUIIMEHTHl B HUX PaBHBI MO MoAymo. Ecim yciioBusi TpaHCMUCCUU
ABIIIIOTCS HATypaJbHBIMU, paccMaTpuBaeMblil nuddepeHInanbHbli oneparop Ha rpade

ABJIAACTCA CElMOCOHp?DKéHHLIM.

[lapameTp ¢ — mapameTp, onpenenseMblii Ui pedpa Kak @; = % f; A=V;(x)dx -

311ech WHTErpasl Oepércs mo pebpy, a h — mapameTp, MPONMOPIHUOHAIBLHBIA TOCTOSTHHON
[nanka, ¢opmaiibHasi KOHCTaHTa ©O€3 OmpenensieMoro B MPOTpaMMeE YHCICHHOTO

3HAYEHHS.
IIpunoxenne 2. Onucanue gopmara .gr

®dopwmat npenacrapiceHus rpadoB B KoMmmbloTepe .gr — hbopMar KOMOBIOTEPHBIX (HaiJioB,
MO3BOJIAIOIIUNA TPEACTaBIATh rpad ¢ 3agaHHOW Ha HEM (YHKUMHA B KOMIIBIOTEPE.
JlanHbiit opMaT COBMECTUM C TEKCTOBBIM (popmaTom .IXt, TO ecTh co3gaHHbIE B JJAHHOU
nporpaMMe (Qailibl MOXXHO pEJaKkTUPOBaTh C IMOMOULIbI0 TEKCTOBBIX PENAKTOPOB,
HOJIICPXKUBAONIMX paboTy ¢ ¢dopmarom .IXt (Hampumep, ¢ TOMOIIBIO BCTPOCHHOTO B
oneparmonnyro  Microsoft Windows penakropa «binokHOT»). DT0 ynoOHBIH (GopmaT
paboThl C BXOJHBIMU JAHHBIMH TPOTPAMMBI, TIOMUMO BCETO MPOYETO, OTKPHIBAIOIIUI
BO3MOXKHOCTh TOTEHIIMAJILHOTO TMOCTPOEHUsI CUCTEMBbI 0e3 rpaduueckoro uHtepderica,
CTpOsIlled  TpaBWiIa  KBAaHTOBaHUSA g Oonbmux  rpadoB,  MOTYyYEHHBIX

AKCTIEPUMEHTAIIbHBIM MYTEM.

[lepBoii cTpokoit daitna ¢opmara .gr nommkHa ObITh cTpoka «1» (0e3 kaBblueK). ITO
03HayaeT, YTO XPaHUMBIN B ¢aiisie rpad MOKeT ObITh OTOOPaKEH TPaPUUECKU C TOMOIIBIO
pa3zpaboTaHHON TporpamMmbl. BTopoil cTpokoit qoimkHa ObITH cTpoka “#”. TpeThsi cTpoka

daiina — pazmepsl paboueit 061acTu yepes mpodes, TO eCTh CTpoka Buaa «<X> <Y>y, rje
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<X> - mmHa (B muKceylsix) pabouehr obmactu, <Y> - e€ BbicoTa. <X> n <Y> -

MIOJIOKUTEIIbHBIC 11eJbIe uncia. YerBepras cTpoka ¢aitna popmara .gr - ctpoka “#.

Hanee uaét onucanue BepmuH rpada. Mabopmanms o Kaxmaold BEpIIUHE AOHKHA OBITH
pa3MelieHa B OTAEIbHONW CTPOKE ¢ KOOPAMHATAMU LIEHTPA JaHHOM BEPLIMHBI B MTUKCEISIX
yepe3 mpoles, TO eCTh B CTpoke Buaa «<X> <Y>y, rame <X> - X-KoopAHHATa IEHTpa
BEpUIMHBL, <Y> - Y-KOOpJHMHATAa LEHTPA BEPIIMHBI. 3J€Ch HA4YAJIO0 KOOPAMHAT — JIEBBIM
BEpXHUM yToj pabodeil 001acTH, MOJOXKHUTEILHOE HampaBieHHE OcH X COBIAJACT C
HaIlPaBJICHUEM JBWKEHUS BIPABO, IMOJIOKUTEIBHOE HAIPaBICHUE OCH Y COBHIAJAET C
HaIpPAaBJICHUEM JBW)KEHUS BHU3, TO €CTh KOOPAMHATHI JOJKHBI UMETh HEOTPULIATEIbHbBIE
1eJble 3HaueHMsl, 4ToObI BeplirHa Obuta oToOpakeHa B mporpamme. KoopaAuHaThl JOJIKHBI

MPEACTABISATH COOOM 11eJble uncia. biok onucanus BEPILKH 3aBEPIIACTCA CTPOKOM “#.

OcraBmmecs ctpoku (aitma onuceiBaloT pédpa rpada. Kaxmoe pedpo mpencraBisercs
OTIEIBHOM CTpokol Buaa «<V1> <V2> <L> <VX> <A> <B>y. 3necy <V1> u <V2> -
HOMEpa HMCXOAHOW M KOHEYHOW BEpIIMH pedpa COOTBETCTBEHHO: 3TO IIEJble YHUCIA,
JeXxaliyge B Juara3oHe oT 1 /10 KOJWYECTBAa BEPIIUH, ONMPEACTEHHBIX B MPEIbIAYIIEM
osoke, <L> - nnuHa pebpa, npeacTaBieHHas MOJOKUTEIbHBIM JIEMCTBUTEIBHBIM YHUCIIOM
(1 pa3aeneHus 1eaou u ApoOHOM YacTel JOKHA HCIIOIB30BAThCS 3aIIATas «,»), <VX> -
BBIp@KeHHE, OPOPMIICHHOE corjacHo cuHTakcucy, Maple u mnpeacraBisiomee coOoi
byHKIMIO OT OaHOW mepeMeHHOW X (Hampumep, “Sin(X)”). B <VX> nHemomycTHMbI
npobensl. <A> u <B> - [nelicTBUTENbHBIC YHCIA, OMNPEACTAIONIMEe TOYKH Ha
NEeUCTBUTEIBLHON MPSAMOM, COOTBETCTBYIOIIME HMCXOJHOM M KOHEYHOM BepIlMHE pedpa
COOTBETCTBEHHO (MpU4éM 3amaBaeMas (PyHKIMS JOHKHA OBITH OMpesesieHa Ha OTpe3Ke,

3aKTIOYEHHOM MEX]Ty STUMH JIBYMSI TOUYKAMH).
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Ipunoxenne 3. Onucanue U PyHKIMOHAIbHOE HA3HAYEHHE KJIACCOB

Taomuma 3.1

Onucanue u (I)YHKIII/IOHEUII)HOC Ha3HaA4YCHUE KJIaCCOB

Kiace Hasnauenne

Graph OnuceIBaeT CTPYKTYpy METpUUECKoro rpada.

Edge OmnuceiBaet pedpo rpada.

Vertex OnuceiBaeT BepHIMHy rpada.

MultiEdge OnuceIBaeT CTPYKTYpy KpaTHBIX pEOep, COETUHSIONNX 3aJaHHYIO
napy pa3luyHbIX BEPIIUH.

MultiLoop OnuceIBaeT CTPYKTYPY KPATHBIX METEb.

VertexPair OnuceIBaeT CTPYKTYpY — Hapy BEPIIHH.

MapleHelper [To3BoNSIET BBIMONHATH 3alpPOChl K CHCTEME KOMIIBIOTEPHOMN

anreoper Maple.

MapleException

OnuceiBaet HCKIIOYCHHUA, ommoKax

obparenus k Maple.

MOABJIAOIITHCCA Ipu

Constants OnuchIBaeT CTPOKOBBIC W YUCIICHHBIE KOHCTAHTBI, HEOOXOIUMbBIC
111 pa0OTHI TPOTPaAMMBI.

MainWindow OnuceIBaeT riIaBHOE OKHO MPOTPaMMbl M OCHOBHYIO JIOTHKY €€
paboTHI.

AddEdgeDialog OmnwuceiBaeT Auaor o0asieHus pedpa Ha rpad

RemoveEdgeDialog

OnuceIBaeT ARAJIOT yAaJeHus peopa ¢ rpada

SettingsDialog

OnuceiBaet AUaJIOT HACTPOCK MMPOTIpaMMBEI.

VertexRemoveDialog

OnuckIBaeT AUAJIOT yJaJleHHs BEPIIUHBI ¢ rpada.

Ipunoxenue 4. Onucanve M (PYHKUMOHAJILHOE HA3HAYEHHE I0JIed, METOA0B U

CBOWCTB
Ta0muma 4.1
Omnucanue moJeid, MeTo0B u cBolicTB Kiacca AddEdgeDialog

IToss

Nwms Mopuduxarop | Tun Haznauenue
JOCTyTa

p private MainWindow | Cceiika Ha  TJIaBHOE  OKHO
readonly IPOTPaMMBbI

Metonn!

Nwms Mopuduxarop | Tun ApryMEeHTBI Ha3nauenue
JOCTyTa

Howmep nzmenenus
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AddEdgeDialog public Konctpykrop | MainWindow | Konctpykrop
p KJjacca
AddEdge KeyDown | Private void object sender, | OOpabatbiBacT
KeyEventArgs | HaxxaTusi KJaBUII
e B OKHE
n00aBIICHUS
pebpa
SubmitEdge Her Bri3biBaercst mpu
MIOJITBEPKICHU U
100aBIEeHUSA
pebpa
Tabmuma 4.2
Omnwucanue moJield, METOJIOB M CBOKMCTB Kitacca Edge
ITons
Nwms Monudukarop Tun Ha3nauenue
J0CTyMa
_length Private Double JlimHa pebpa
_VX String Oyukius Ha pedpe
MeTtonabl
Nwms Mopaudukarop | Tun ApryMEeHTBI Haznauenue
J0CTyMa
IsLoop Public Bool Her Omnpenenser,
ABJSIETCA JIU pedpo
MEeTIEN
Edge Konctpyktop | Vertex Konctpyktop
fromVertex, KJ1acca, CO31aéT
Vertex 0OBEKT,
toVertex, MIPECTaBIISIOLTNN
double len, | peOpo rpada
string function,
double  xmin,
double xmax
CBoiicTBa
Nwms Monudukarop | Tum Joctyn Hasnauenne
J0CTyTa
From Public Vertex Get; set HcxoaHas BepiivHa
rpacda
To Koneunas BepinHa
rpada

Howmep nzmenenus
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Func String Beipakenune s
(dbyHKIMN Ha pedpe
Length Double JlinHa pebpa
Xmin 3HaueHue
aprymMeHTa
byHKIINH,
COOTBETCTBYIOIIIEE
VCXOJTHOW BEPUINHE
Xmax 3HaueHue
apryMeHTa
GbyHKIUH,
COOTBETCTBYIOIIIEE
KOHEYHOW BEPIINHE
Tabmuna 4.3
Onwucanwe 1moJield, METOI0B B CBOMCTB Ki1acca MapleException
Metonn!
Nwms Monudukarop | Tun ApryMeHTbI Hasnauenne
JocTyna
MapleException | public Kounctpykrop HET Konctpykrop
0e3 coo0IIeHNs
String t Konctpykrop
WCKIIFOUYCHUS C
ccoOIIeHrEeM
Taonuma 4.4
OmnucaHue moJiei, MeTO[0B M CBOMCTB Kitacca Graph
IToss
Nwms Moaudukarop | Tun Haznauenue
JocTyna
_usedDfs Private List<Vertex> BepiiuHsl, 00paboTaHHbIC
ANTOPUTMOM MOWCKa
KOMITOHEHT CBSI3HOCTH rpada
Metonan!
Nwms Monudukar | Tun ApryMeHTbI Hasnauenne
Op AOCTyma
AddVertex Public Void intx, inty JloGaBmsieT
HOBYIO

Howmep nzmenenus
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AddEdge

DrawVertex

Graph

BEpPUIMHY  Ha
rpag

Vertex fr, Vertex
t, double len,
string  function,
double XMin,
double xMax

JloGaBisieT
HOBOE pedpo

Ha rpad

Vertex v,
Graphics gr

OTpucoBBIBaET
BEpUIMHY  Ha
paboueit
o0JyacTu

Koncrpykrop

EdgeMultiplicity

Her

Konctpykrop
KJjlacca

Int

Draw

Edge edge

Bosspamaer
KpaTHOCTb
pebpa

Void

ISEmpty

Graphics gr

OTpucoBBIBaET
rpad Ha
paboueit
00JacTu

Bool

RemoveEdge

Her

Onpenenser,
SBIISICTCS TN
rpad myCThIM

Void

RemoveVertex

Export

Edge x

VY nanser
pebpo ¢ rpada

Inti

VY nanser
pebpo (o ero
WHJIEKCY) c
rpada

Vertex x

Y nanser
BEPIINHY C
rpada

Inti

VY nanser
BepUIMHY (110
e€ UHIEKCY) C

rpada

String

VertexDegree

Picturebox pb

Bosspamaer
CTPOKOBOE
oTOoOpakeHue
rpada B
dbopmare .gr

Int

Vertex v

Onpenensier

Howmep nzmenenus
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IncidentEdges

NeighbourVertices

VertexValue

IsContinuous

IsWeakCohesive

Dfs

List<Edge>

List<Vertex>

CTCIICHb
BCPIINHBI

Haxomut
WHIIAJICHTHBIC
BEpIINHE
pEbpa

Haxomur Bce
BEPILMHBI,
coceHHe
JTaHHOU

Double

Vertex v,
MapleHelper mh

Beruncnser
3Ha4YCHHE
byHKIIMK ~ Ha
rpade B
BEPIIINHE

Bool

MapleHelper mh

Onpenensier,
ABJSIETCSL  JIU
byHKIIMS ~ Ha
rpade
HENPEPBIBHOU

Her

Onpenenser,
SBIISIETCA  JIU
rpa¢  ciabo-
CBSI3HBIM

Void

Vertex v, ref
List<List<Vertex
>> components

[Ipouenypa
obxona B
ryOuny ISt
BEPIIMHBI

WeakComponents

ComponentRule

Rules

Public

List<List<Vertex
>>

HECT

Haxomut
KOMIIOHEHTBI
CBSI3HOCTH JUIS

rpada

String[]

List<Vertex>
vertices, double
lambda,
MapleHelper mh

Crpout
paBuIIo
KBAHTOBaHMS
TUTST
KOMIIOHEHTHI
CBSI3HOCTH

double lambda,
MapleHelper mh

Crpout
paBwiIa
KBaHTOBaHUs
TUTSI

Howmep nzmenenus
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Phi

ComputePhi

GetQuantizationR
ules

U3MEHEHHOT'O
B X0J1¢ paboThI
aNropuT™Ma

rpada

String

Edgee

Bosspamaer
CHMBOJIBHOE
BBIpaKEHUE
ISl TapaMeTpa
¢ 1151 pedpa

Edge e,
MapleHelper mh,
double lambda =
double.NaN

Haxomut
NPUOIMHKEHHO
€  3HavyeHHe
napameTpa @
JU1s1 pedpa

String[]

MapleHelper mh,
double lambda

[Ipumensier
ANrOPUTM
IIOCTPOCHUS
IIPaBUII
KBAaHTOBAaHMS

utst rpada

Parse

Public static

Graph

List<string> lines

Bosspamaer
00BeKT Tpada,
IpPe/ICTaBIIIEM
13171
3a/IaHHBIMU
CTpOKaMu B
daiine  Tuna

qr

CsoiicTBa

408

Monaudukar
op J0cTyma

Tun

Hoctyn

Haznauenue

Edges

Public

Vertices

List<Edge>

List<Vertex>

Get; set;

Crucok péoep
rpada

Crmcoxk
BepIUH rpada

Onucanue mojei, MeTOIOB U CBOMCTB Kjlacca Vertex

Taomura 4.5

ITonsa

Nmsa

| Mozudukarop

‘ Tun

| Haznauenune

Howmep nzmenenus

HO,Z[HI/ICB OTBCTCTBCHHOI'O 3@ BHCCCHUEC N3MCHCHMUA

JlaTa BHECEHUSI N3BMEHEHUS




26

RU.17701729.503390-01 81 01-1

J0cTyna
_rd Private static | Random ['enepupyer
readonly CIIy4aifHbIC Yncia
Metonn!
Nwms Monudukarop | Tun ApryMeHTbI Hasnauenne
JocTyna
Vertex Static Konctpyktop Her Cratudeckuii
KOHCTPYKTOP
KJjlacca
Public int X, int y, bool | Kouctpykrop
rotator = false | k;macca
CBoiicTBa
Nwms Monudukarop | Tun Joctyn Ha3nauenue
JocTyna
X Public Int Get; set; X-KoopauHaTa
BEPIIMHBI
Y Y-koopauHaTa
BEPIIMHBI
Tabmuma 4.6
Omnwucanue moJiel, METOI0B M CBOKMCTB Kiacca MapleHelper
ITons
Nwms Monuduxatop Tun Ha3nauenue
JocTyna
_cache Private readonly List<KeyValuePair<string, Kemr 3ampocoB k
string>> Maple
_logWriter StreamWriter Cayxut TUTSI
JIOTTUPOBAHUS
3aIpoCoB K
Maple
_mapleProcess | Private Process CayxuT JUTSI
KOMMYHUKAITUH C
IpoLIECCOM
UHTEpIIpeTaTopa
Maple
_result List<string> XpaHut
pe3ynbTaThl
3amnpocoB,

[IoJIy4acMbIC OT
Maple

Howmep nzmenenus
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MeTtonabl
Nwms Moauduka | Tum ApryMeHTHI Haznauenue
TOP
JocTyna
StartProcess | Public Void String path 3amyckaer
nporecc
WHTEpIIpeTaTopa
Maple
MapleHelper Kounctpykr |string  path,  double | Konctpykrop
op epsilon, bool retryStart = | knacca. 3amyckaer
true IIPOIIECC Maple,
OTKpbIBaeT  (hain
JUIS1 3aIKCH JIOTa
Cache Private Void string  query,  string | Kemupyer otBer
response Maple na 3ampoc
MapleResult | Public String string query, int timeout | Bo3pamiaer orBer
= Maple na 3ampoc
Constants. TimeoutMaple
Default, bool retry = true
Query Void string query, int timeout | BeimosHsieT 3anpoc
= k  Maple, He
Constants. TimeoutMaple | Bo3Bpaiiast OTBET
Default
Clear Her [epesamyckaer
Maple
Dispose Her OcBoOoxmaer
UCIIOJIb3YEMbIE
pecypcsl,
peanuzanus
uHtepdeiica
IDisposable
Func Double string function, double X | Bo3Bpariaer
3HA4YEHUE
JIEUCTBUTEIBHO3HA
YHOW (HYKIHH B
JTAHHOM TOYKE
AreEqual bool Double a, double b [Iposepsier Ha
PaBEHCTBO (c
3aJITaHHON
TOYHOCTBIO)  JIBa
JTEUCTBUTEIBHBIX
qyucia
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InequalitySys
tem

AreEqualVal
ues

String a, string b

IIposepsier Ha
PaBEHCTBO (c
3aJITaHHON
TOYHOCTBIO)  JIBa
4yuca,
ONPENCIICHHBIX C
MTOMOIIBIO
BeIpakeHust Maple

String[] List<string> inequalities | Bo3Bpamaet

pelIeHne JaHHOM
CHUCTEMBI
HEPABCHCTB

string 2, double x2

bool string fl, double x1,|IIpoBepsier Ha

PaBEHCTBO (c
3a1aHHOMN
TOYHOCTBIO)
3HAYCHUS TIBYX
byHKINNA B
3aJIaHHBIX TOYKaX

Log Private Void string s

LogQuery

3anuceiBaeT
3aJJaHHYI0 CTPOKY
B JioT-(haiin

String q

3anuchiBaeT
uHpopmaruo 00
OTIIPaBJICHHOM
Maple 3ampoce B
Jor-hann

CsoiicTBa

Nwms Monuduxa | Tun Joctyn

TOP
JOCTYTIa

Hasnauenue

Epsilon Public double Get; set;

MaplePath

string

TouyHOCTH
CpaBHEHHUS
3Hauenuii B Maple

[IyTh K
UCIIOJIHAEMOMY
daitny
UHTEpIIpeTaTopa
Maple

TaOmnuma 4.7
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Omnwucanwue moJield, METOJIOB M CBOKMCTB Kitacca SettingsDialog

ITons
Nwms Mopaudukarop Tun Haznauenue
J0cTyna
p Private readonly | MainWindow Cchbllka Ha TJIaBHOE
OKHO MPOTrpaMMbl
Metonn!
Nwms Monudukarop | Tun Aprymentsl | Haznauenue
JocTyna
SaveSettings Private Void Her Bei3biBacTcst  mpu
COXpaHEHUU
HACTPOEK
browseButton_Click object sender, | O6paboTumnk
EventArgs e | coObITUSI KJIMKA T10
KHOIKE  BbIOOpa
MyTH K
HMHTEPIIPETATOPY
Maple
SettingsDialog Public Konctpykrop | MainWindow | KorctpykTop
p KJlacca,
MPEICTaBIIAIONIETO
bopmy OKHa
HACTPOEK
IPOrpaMmbl
Tabnuma 4.8
Omnmcanune moJieil, METOIOB M CBOMCTB Kitacca VertexPair
Metonn!
Nwms Monuduxartop | Tun Aprymentsl | HazHauenue
JocTyna
VertexPair public Kounctpykrop | Vertex Konctpykrop kiacca
fromVertex,
Vertex
toVertex
Equals bool VertexPair Peanu3arus
vp uHTepderica
IEquatable<VertexPair>,
npoBepKka OOBEKTOB Ha
COBIIAJICHUE
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CBoiicTBa
Nwms Moaudukarop | Tun Joctyn Ha3nauenue
JOCTyTIa
FromVertex | Public Vertex Get; set VcxonmHas BepiinHa
ToVertex KoneuHnas Bepmmna
Taomnuma 4.9
OmnucaHue moJiei, MeToA0B M cBoicTB Kiacca MultiEdge
MeTtonbl
Nwms Moaudukarop | Tun ApryMeHTHI Haznauenue
JOCTyTIa
MultiEdge Public KouctpykTop VertexPair pair | Konctpykrop
KJjiacca
CBoiicTBa
Nwms Moaudukarop | Tun Hoctyn Haznauenue
JOCTyTa
Edges Public List<Edge> Get; set PeGpa,
COEAUHSIONINE
JIBE€ BEPILMHBI
Vertices VertexPair [1apa Bepiinn
Tab6nuia 4.10
Omnucanue moJiel, MeToI0B U cBoMcTB Kitacca MultiLoop
Metonn!
Nwms Moaudukarop | Tun ApryMEeHTBI Haznauenue
JOCTyTa
MultiLoop Public Kounctpykrop | Vertex v Kounctpykrop
KJjlacca
CBoiicTBa
Nwms Monudukarop | Tun Joctyn Hasnauenne
JIOCTyTIa
V Public Vertex Get; set; PaccmatpuBaemast
BEpILIMHA
Edges PeGpa-nietiin

Tadomuma 4.10

OmnucaHune noJeil, METOIOB M CBOMCTB Kiacca Methods

Howmep nzmenenus
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MeTtonabl
Nwms Mopudukarop | Tun Aprymentsl | HazHauenue
JOCTyTa
FormatLength Public static String | Double x dopmaTtupyeTr CTPOKOBOE
MIPEJCTaBIICHUE qucna
st oToOpakeHusT B
paboueit o0macTn
MapleFormatDouble BosBpaiiaer koppekTHOE
¢ Ttouku 3penus Maple
IIPEACTABIICHUE
JNEUCTBUTEIBLHOTO Yucia X
InputValueFormat String str OOpabatbiBaeT
BBEJIEHHBIE B TOJISI BBOJA
JUIsl TIPEJIEJIOB apryMeHTa
byukmun  Ha  pebpe
3HAYCHUS
MapleFormatString String s VY nanser MIEPEHOCHI
CTPOKM U KaBBIYKH Ha
KOHIIAX CTPOKH
Evaluate Double | String Beruncisier
expression | AeHCTBUTEILHOE
3HAYEHUE 3a1aHHOTO
CTPOKOBOTO
apumeTnyeckoro
BBIPAXKEHUS
Tabmuma 4.11
Onwucanwue 1moJieid, METOI0B M CBOMCTB Kiacca VertexRemoveDialog
IToss
Nwms Monaudukarop Tun Haznauenue
JOCTyTa
p Private readonly | MainWindow Cchuika  Ha
IJIABHOE OKHO
pOrpaMMbl
Metonn!
Nwms Monudukar | Tun Aprymentsl | HazHauenue
Op ocTyna
VertexRemoveDialog Public Konctpykro | MainWindo | Konctpykro
p W p p KJ1acca
VertexRemoveDialog KeyD | Private Void object OoOpabartbiBa
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own

RemoveVertex

sender,
KeyEventAr
gse

€T HaXaTus
KJIaBUII B
npenaenax
OKHa
HaCTPOEK
MIPOTPaMMBbI

HCT

Bri3siBaeTcsa
npu
YAaJECHUU
BEPIIMHBI €

rpacda

Tabmura 4.12

Omnwucanue moJield, METOJOB U CBOMCTB Kitacca RemoveEdgeDialog

ITonsa

Nmsa

Monudukarop
A0cTyna

Tun

Hasnauenue

Y

Private readonly

MainWindow

Cchuika
TJIABHOE
IPOTPaAMMBI

Ha
OKHO

MeTtonbl

Nmsa

Moauduka
TOP
J0CTyTIa

Tun

ApryMeHTHI

Ha3nauenue

RemoveEdgeDialog

Public

KoncTpyKkT
op

MainWindow p

Konctpykrop
KJ1acca

EdgeRemoveDialog_KeyDo
wn

RemoveEdge

Private

Void

object sender,
KeyEventArgs
e

OO6pabatsiBa
eT HaXaTus
KJIaBUIII B
npenenax
OKHa
yaaneHus
pebpa

Het

Bri3siBaeTcs
npu
yAaJieHuu
pebpa

Ta0Omura 4.13
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Omnmcanne moJeii, METOI0B M CBOKMCTB Kiacca MainWindow

ITons
Nmsa Mopuduxar | Tun Hasznauenue
Op JIocTyma
_btmBack Private Bitma | JIns otpucoBku rpada Ha paboucii
p obJyiactu
_epsilon Doubl | 3naucuue TOYHOCTHU TUIS
e CpaBHEHHS 3HAUEHU
_lambdaMax MakcumanbHOe 3HAYCHHE
napameTpa
_lambdaMin MuHuMansHOe 3HAYEHHE
napameTpa
_mapleExePath String | I[1yTs k uaTepnperaropy Maple
_openedFileName ITyTh K OTKpBITOMY (haiiiay
_savedStatus Bool |Craryc coxpaHeHUS  TEKYIIETo
OTKpBITOTO (haiina
Metonn!
Nwms Moauduka | Tum ApryMeHTHI Haznauenue
TOP
JOCTYTIa
MainWindow Public KOHCTPYKT | HET Konctpykrop
op KJacca,
IPECTABIISIO
mero  Gopmy
[JIaBHOTO OKHA
IPOTrPaMMBbl
exportButton_Click Private void object sender, | Boi3biBacTCs
EventArgs e [0 HaXaTHUIO
KHOTIKH
IKCIIOPTA
rpada B
dhopmat PNG
GraphPictureBoxMouseC Bri3biBaeTcst
lick M0 KIWKY II0
paboueit
oOuacTu,
MO3BOJISICT
100aBIIAThH
BEPIIMHBI  Ha
rpad
LambdaLimitsLabelUpda Het Bri3biBaeTcst
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te

lambdaTrackBar ValueC
hanged

LoadFile

MainWindow_FormClosi
ng

MainWindow_KeyDown

MainWindow_Load

MainWindow_Paint

npu
U3MEHEHU U
npenesoB  Ha
napameTp

object sender,
EventArgs e

Bri3siBaeTcs
npu
N3MCHEHUU
3HAYCHUS
rnapamerpa
MepeIBUKECHU
€M MOJI3yHKa

String file

3arpyxaer
daiin 1o
3aJlaHHOMY
yTH

object sender,
FormClosingEven
tArgs e

Bri3siBaeTcs
P  TIONBITKE
3aKPbITh
dopmy,
ITO3BOJISCT
KOPPEKTHO
3aBEPIINTH
paboty c
MPUIIOKEHUEM

object sender,
KeyEventArgs e

O6pabaTtbiBaeT
HaXXaTus
KJIABHIII B
npeaenax
TJIaBHOTO OKHA
MPOTPaMMBl,
MO3BOJISIET
MCIIOJIH30BATh
ropsiaue
KJIABUIIIH

object sender,
EventArgs e

Bri3siBaeTcs
pu  3arpyske
IJIaBHOTO OKHa
MPOrpaMMBbl

object sender,
PaintEventArgs e

Bri3siBaeTcs
npu
MIEPEPUCOBKE
IJIaBHOT'O OKHA

HOMep N3MCHCHUA HO,Z[HI/ICB OTBCTCTBCHHOI'O 3@ BHCCCHUEC N3MCHCHMUA
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IpPOrpaMMmbl

MainWindow_Resize

object sender,
EventArgs e

MainWindow_Shown

Bri3siBaeTcs
npu
W3MEHEHUU
pasMmepa
IJIaBHOT'O OKHA
MIPOrpaMMBbl

Bri3siBaercs,
KOrJa IJIaBHOE
OKHO
MIPUJIOKEHUS B
NEPBBIA  pa3
oTOOpakaeTcs

MapleHelperUpdate

Het

NewGraph

OpenFile

3amMeHseT
TEeKYIIUHI
AK3EMILISIP
Kjacca
MapleHelper
Ha HOBBIH,
HCTIOB3YIOIIN
51
OOHOBJIEHHBIC
napaMeTphl

Co3maér
HOBBIU Tpad

[To3Boaser
OTKPBITh
HOBBIN (haiin

PickAndSave

String text

ITo3Bomsier
MOJIb30BATEINIO
BBIOpaTh (haii
U COXPaHSET B
HETO
IepeIaHHbIN
TEKCT

RaiseAddEdge

Het

RaiseNewGraphDialog

Bri3biBaeT
JTAAJIOT
100aBJIEHUSA

pebpa Ha rpad

Ecmu rpad He
COXpaHEH,
npeaiaraet
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RaiseOpenFile

RaiseRemoveEdge

RaiseRemoveVertex

RaiseSettingsBox

runButton_Click

saveAsButtion_Click

SaveFile

WriteFile

II0JIL30BATEITIO
cieilath  ATO,
WHAaue  cpazy
co31aeTcs

HOBBIH rpad

Ecnmu rpad He
COXpaHEH,
mpeiaract
M0JIb30BATENIO
cienatb  9TO,
WHA4Ye  Cpazy
BBI3BIBACTCS
JUAJIOT
OTKPBITHS
(aiin

Bri3siBaeT
JTHAJIOT
yAaneHus
pebpa

Bri3siBaeT
M AJIOT
yAaJIEHUs
BEPILIHUHBI

Bri3siBaeT
OKHO
HACTPOEK
MIPUJIOKECHUS

object sender,
EventArgs e

Bri3siBaeTcs
MpA  HAXKATHUH
Ha KHOTIKY
MMOCTPOCHUS
MpaBuUI
KBAaHTOBAHUS

object sender,
EventArgs e

Bri3siBaeTcs
IpyU HaKATUU
Ha KHOTIKY
«Save as»

Het

Jloruka
paboThI
KHOIIKA
«Save»

string text, string

3amnuceIBacT
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file

IepeaaHHbIN
TeKCT B (paiin
110
MepeIaHHOMY
yTH

CsoiicTBa

Nmsa

Mopauduka
TOP
JO0CTyTIa

Tun

Joctyn

Haznauenue

CheckContinuality

Public

Epsilon

Gr

GraphOpened

Lambda

LambdaMax

LambdaMin

MapleExePath

Mh

bool

double

Get; set;

YcranaBnuBae
T, TPOBEPATH
JIN
HETPEPHIBHOCT
b byHKIMHA
npu
JI00aBICHUHT
pebpa

3HaueHue
TOYHOCTH IS
CpaBHEHUS
3HAa4YCHUM

Graphics

Graph

Get; private set;

ITo3BonsieT
OTPHUCOBBIBATH
rpad Ha
paboueit
oOmacTH

OTKpBITHIN

rpad

Double

String

Get; set;

3HaueHue
napamMeTpa
(Tekyiee)

MakcumanbHO
€ 3HAUEHUE
napaMmeTpa

MuBsuManpHOE
3HAYEHUE
rapamerpa

[TyTs K
UHTEPIPETATO
py Maple

MapleHel
per

Get; private set;

DK3EMILIAP
Kjacca IS
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OpenedFileName

SavedStatus

B3aMO/IEHICTB
us ¢ Maple

String

bool

Get; set;

[Iyts K
OTKPBITOMY

baiimy

Craryc
COXpaHEHUs
OTKPBITOTO B
HaCTosIIee
BpeMsl (aiina

TabOmura 4.14

OnucaHue nojeH, METOZIOB U CBOMCTB Kjlacca Constants

ITonsa

Nmsa

Monudukarop
A0CcTyna

Tun

Haznauenue

ContinuousFuncMsg

Public const

NotContinuousFuncMsg

TimeoutMapleDefault

TimeEpsilonMapleDefault

TimeoutMapleSimpleDefault

SafePictureboxDistance

String

CooO1mieHue o0 ToM, 4To
3ajaHHas Ha rpade
byHKIUSA SIBIISICTCS
HENPEPHIBHOU

Coo01ienne o ToOM, 4YTO
3ajlaHHas  Ha rpade
(GyHKIUA HE SIBISETCS
HENIPEPBIBHOU

Int

MakcuManbHOE BpeMs
oxumanuss (B McC)
orBeta ot Maple mo-
YMOJIYAHUIO

MuHUMaIbHBIN
MIPOMEKYTOK BpPEMEHHU,
yepe3 KOTOPbIA HYKHO
MIPOBEPSTH HaJn4ue
orBera ot Maple

MakcuManbHOE BpeMs
oxuaanuss (B McC)
orBeta or Maple mo-

YMOJTYaHUIO VIS
HEKOTOPBIX (TPOCTBHIX)
3aMpocoB

KoncranTa,
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MaximumMapleQueryLength

MapleLogPath

oTnpeesIonas, Ha
KaKOM pacCTOSIHUU OT
yKe JI00aBJIEHHBIX
BEPIITNH MO>KHO
n00aBIISITh HOBBIE C
IIOMOILLIO MBIIIKA

MakcumanbHast JuHa
3ampoca  k  Maple
(mpuMeHsIeTCSI npu
00paboTke ouepeau u3
00JIBIIOTO qucia
KOPOTKHUX 3aPOCOB)

LambdaMinDefault

LambdaMaxDefault

EpsilonDefault

SpecifyMaplePathMsg

SavingFileTitle

NotSavedToCreateMessage

NotSavedToOpenMessage

NotSavedMessage

NotSavedToRunTitle

String | OTHOCHTENbHBIH MyTh
K Jior-(haiisry 3armpocos
k Maple

Double | MuanmansaOE
3HaYeHUE IapameTpa
10-YMOJTYaHHIO
MakcumanbHOe
3HaUYCHHE IapamMeTpa
10-YMOJTYaHHUTO
3HayeHre  TOYHOCTH
JUISL  CpPaBHEHUS  TIO-
YMOJTYaHUIO

String | CooOmenue o ToM, 9TO

TpeOyeTcs OmpenenuTh
nyTh K
uHTepnperaropy Maple

3aroyioBOK COOOIICHUIA
C TIPETIOKCHUSIMU
COXPaHUTH (haili

Coo01ienre o ToM, 4YTO
daitn  HEe coxpaHEH
(mpu co3gaHUM HOBOT'O
datina)

CooO1mieHue o ToM, 4To
daiin  He coxpaHEH
(mpu oTKpeITHH (haiina)

Coo01ienre o ToM, 4YTO
(hails1 He coXpaHeH

3aroyioBOK COOOIICHUS
o ToM, 4To (aiin He
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NotSavedToRunMessage

ParsingErrorMessage

ParsingVerticesErrorMessage

ParsingEdgesErrorMessage

ParsingWorkspaceSizeErrorMessage

SavingErrorMessage

NoVerticesMessage

NoEdgesMessage

GeneralErrorMessage

FiletypeErrorMessage

GrFileMask

COXpaHEH (mepen
3aIyCKOM TOCTPOCHUS
NpaBHJI KBAHTOBAHUS)

CooO1mieHue o0 ToM, 4To
daiin  He coxpaHeH
(nepen 3aIyCKOM
MOCTPOCHUS  TPaBHII
KBAHTOBAaHUS)

Coo0Ouierue o omrmdke
COJICPKUMOTO
OTKpBIBaeMoOro (aiina

Coo0Ouienue 0
HEKOPPEKTHOM

OTIPENIeIICHUU BEPIINH
B OTKPBIBaeMOM (paiine

Coolmienue 0
HEKOPPEKTHOM
onpezaeneHuu pédep B
OTKpbIBaeMOM (haiise

Coo0Omienue 0
HEKOPPEKTHOM
OTIpeICTICHUN pa3Mepa
paboueit obmactu B
OTKpbIBaeMOM (haiise

Coo0mienue 00
omuoKe npu
coxXpaHeHuu aiina

CooO1mieHue o ToM, 4To
Ha rpade OTCYTCTBYIOT
BEPIIHHBI

Coo01ienre o ToM, 4YTO
Ha rpade OTCYTCTBYIOT

pébpa

Coobmenne 00
omuoKe

Coobmenne 00
omnoOKe ompeaeNneHus
tuna Qaiina

Macka d¢opmata .gr
(st JIaJora
OTKPBITHS 17001

coxpaHeHwus (aiina)
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WindowTitle

SystemRegexp

SystemRegexp2

3aroJioBoK I'’IaBHOTO
OKHa IPHUIOKCHUA

ITepBbIit BAPUAHT
PETYISPHOTO
BBIPAKECHUS JU1sL

MHTEpBAJIA  PELICHUI
CUCTEMBI HEPABEHCTB B
orBete Maple

Bropou BAPUAHT
PEryJIIpHOTO
BBIPAKEHUS TUTSt

WHTEpBajla  PELICHUMU
CUCTEMBI HEPABEHCTB B
otrBetre Maple
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JIucT peructpaunu U3MEHEHUN

Howmepa nucroB (cTpanuir)

I13M.[M3MEeHEHH|3aMEHEH

BbIX

HBbIX

aHHYJIMPO
BaHHBIX

HOBBIX

Bceero
JIUCTOB
(cTpanui) B
JOKYMEHTE

Ne
TOKyMEH
Ta

Bxopsmmit Ne
COIIPOBOIUTEI
POBOI IHonnu
BHOTO
Chb
JOKYMEHTA U
narta

JlaTa
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