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IIpakTuuyeckass padora Nel

Tema nporpammel: OCHOBHBbIE IOHATHUS TEOPUHU CUCTEM.

Tema: CTpykTypa cucTeMbl (CTPOEHHE, PACIIOJIOKEHHE, TOPSA0K).
Hepapxusi Kak ynopsiio04eHHOCTh KOMIIOHEHTOB 110 CTeNeHn
BaKHOCTH.

Heab: wu3yueHue TepMUHA «cucTeMa». HayuyuTbCs CHCTEMHBIM
MPEACTaBICHUSM HE TOJBKO KaK K yA0OHOMY 000011ai01eMy NOHSTHIO,
HO M KaK K CPEICTBY IOCTAHOBKH 3a/1a4 ¢ 00JIbIION HEOMIPEACIEHHOCTBIO.

Teopernyeckue 0CHOBBI

OOBIYHO TEPMUH «CHUCTEMa» YHMBEPCAJICH M MCIOJb3yeTCs, KOT1a
HEBO3MOXKHO YTO-TO MPOJEMOHCTPUPOBATh, M300pa3UTh, MPEICTABUTH
MaTeMaTUYECKUM BBIPAXKEHHUEM M HYXKHO MOJYEPKHYTh, UTO 3TO OyJIET
OOJIBIIMM,  CJOXHBIM, HE TOJHOCTBIO Cpa3y TMOHITHBIM (C
HEOIPEJICICHHOCTHIO) U 1IEIbIM, eIUHbIM. 1107 cucTeMoil, moHUMaeTCs
OOBEKT CBOWMCTBA KOTOPOIO HE CBOAATCA 0€3 OocTaTka K CBOMCTBaM
COCTABJIAIOIIMX €r0 JUCKPETHBIX 3JIEMEHTOB (HEAITUTUBHOCTH CBOICTB).

JIto6oi1  3JIeMEHT CUCTEMBl MOXHO  paccMaTpuBaTh  Kak
CaMOCTOATEIIbHYIO0 CUCTEMY (MAaTeMaTUYECKYIO0 MOJENb, OMUCHIBAOLYIO
KakoW - 00 (YHKUMOHAJIBHBIN OJIOK, WM U3y4aeMOMl acleKkT), Kak
npaBwiIo Oojiee HHU3KOTO Tmopsaaka. Kaxkaplii 3J€MEHT CUCTEMBbI
onuckiBaercsi cBoed (QyHkuuend. Ilog d¢yHkumMed mOHUMAETCS
BEIIIECTBEHHO-3HEPTreTUUECKHE U MH(POPMAIIMOHHBIE OTHOIIECHUSI MEXIY
BXOJHBIMU U BBIXOJHBIMH MpolieccaMu. Eciu Takoi sjneMeHT obJagaet
BHYTPEHHEU CTPYKTYPOU, TO €r0 Ha3bIBAIOT MOJICUCTEMOM.

CTpykTypa CHCTEeMbI — OpraHM3alvs CBA3CH W OTHOLICHUM
MEX]Iy MOJICUCTEMaMHU M 3JIEMEHTaMU CHUCTEMBI, a Tak)Ke, COOCTBEHHO,
COCTaB 3THUX MOJICUCTEM U 3JIEMEHTOB, KaXJIOMYy U3 KOTOPBHIX OOBIYHO
COOTBETCTBYET ONpeaeieHHas (PyHKITHUS.

Hampumep, nepcoHanbHbId KOMIIBIOTEP MOKHO CUMTATh CUCTEMOM,
I7I€ €CTh CIICAYIOIIHE JIEMEHTHI 1. 010K MUTaHMS 2. MaTEpUHCKAs TjIaTa
3. omnepaTuBHas MamsTh 4. IEHTPAIbHBIA MPOIECCOP O. BUACOKapTa 6.
ceTeBas KapTa /. MPOUTPHIBATENIb ONTHYECKUX TUCKOB 8. MozeM.
OnepanoHHYI0 CUCTEMY KOMIBIOTEpA MOXHO CYUTATh CHCTEMOM.
Camoner tuma Boeing sBisercs cucremoii. Paketa-HOCHTENb SBIsSETCS
CUCTEMOM, B KOTOPOM IIPUCYTCTBYET CHUCTEMA YIIPABJIECHHUS, CUCTEMA



HaBUTAIlMU, PA3TOHHBIN OJIOK, ABUTaTelib MEPBOM CTYNEHU, JBUTATEIIH
BTOPOU CTYNIEHH, IBUTATEIN TPETHEN CTYNEHH U AP. JJIECMEHTHI

~ \ i CTpyKTypa cucteMbl 06pa3oBaHus

nocneBy3OBCKOE

BbICLWLEE
CpenHee cneunansHoe
MpodieccuorHansHo-
TeXHUYecKae
o6ulecbpasoBartensHas
wKona

Cucrema
[AOWKONLHOro
BOCMUTAHUA

PaznuyatoTcsi CTPYKTypbl OJHOYPOBHEBBIE W MHOTOYPOBHEBBIC.
IKOHOMUYeCcKUe  cucmemvl,  XAPAKTEpU3ylOTCs, Kak  MpPaBUIIo,
MHOTOYPOBHEBOU Uepapxuyeckou cmpykmypou; UM CBONCTBEHHA TaKXe
HOJUCTPYKTYPHOCTh, T.€. B3aWMOMNEPEIUVIETEHHE Pa3HOKAYECTBEHHBIX
MOACUCTEM, OOpPa3yIOUIMXHECKOJBKO CBSI3aHHBIX  MEXKIYy  COOOM
HUepapXuIeCKuX CTPYKTYD (TpOM3BOACTBEHHO-TEXHOJOTHYSCKHX,
TEPPUTOPUATLHBIX, HHCTUTYIIMOHHBIX, COIHAIBHBIX U JIp.). Pa3nuduaroT
TaKX€ CHCTEMbl C IOCTOSHHOW W IMEPEMEHHOWCTPYKTypamu, MNpHYEM
CTPYKTypa SKOHOMHUYECKON CHCTEMBI OOBIYHO OTHOCHUTCS KO BTOPOMY
BHUJly: OHa TOJBI)XHA, (POPMHUPYETCS MPUMEHUTEIBHO K YCJIOBUSIM
(YHKIIMOHUPOBAHUA.

[Tpumepsl onucaHus CUCTEM C MMOMOIIBIO (POpMYIT:

O1. Cucrema ecTp HEUTO LIETOE:

S=A(1,0).

DT0 omnpejieseHre BhIpakaeT (GakT CyIIeCTBOBAHUS U 1IEJIOCTHOCTD.
JBonunoe cyxaenue A(1,0) oroOpakaeT HaIM4KME WU OTCYTCTBUE ITUX
Ka4eCTB.

02. Cucrema ecth oprann3oBaHHoe MHOkeCTBO (TemuukoB @. E.):

S=(opr, M),

r7ie Opr - onepaTop opraHu3anuu; M - MHOXECTBO.




O3. Cucrema ecThb MHOXECTBO BEIICH, CBOMCTB M OTHOIICHUM
(YemoB A. N.):

S=(irh,npir}),

TJIe T - BEIIH, N - CBOMCTBA, I' - OTHOIIICHUS.

O4. Cucrema ecTb MHOXECTBO BXOJOB, MHO>KECTBO BBIXOJIOB,
MHOKECTBO COCTOSIHMH, XapaKTEPU3YEMbIX ONEPATOPOM MEPEXOJ0B U
OTIePaTOPOM BBIXOJIOB:

S=(X9 Y’ Z’ H’ G)’

rae X - Bxoawl, Y - BeIXoawl, Z - coctosinusi, H - omepartop
nepexonoB, G - oneparop BBIXOJOB. ITO OMNpPEICICHUE YUUTHIBAET BCE
OCHOBHBIC KOMIIOHEHTHI, pacCMaTpHBaeMbIe B aBTOMATHKE.

HNepapXxU4HOCTH  MOXKHO  BBIACIWTH KaK  3aKOHOMEPHOCTb
MOCTPOEHUS BCEr0 MHpa U JIIOOOM BBIAEICHHOW W3 HEr0 CHUCTEMBI.
Hepapxuueckas ynopsaoouyeHHOCMb NPOHU3bIEAEM 6Ce, HAYUHAA Om
AMOMHO-MONEKYISIPHO20 YPOBHS U KOHUAs Yel08eYeCKUM 0OuecmeoMm.
HNepapXxW4HOCTh KAk 3aKOHOMEPHOCTb 3aKJIIYaeTcsa B TOM, YTO
3aKOHOMEPHOCTb LIEJIOCTHOCTU TMPOSIBISIETCA HA KaXIOM YPOBHE
uepapxuu. biarogapst 3ToMy Ha Kasxcoom ypoeHe 603HUKAIOM HOBble
ceolicmea, Komopwvie He Mo2ym Oblmb 6bl8€0eHbl KAK CYMMA C80UCME
9/71eMEHMO8.

Crnedcmeusi NEpapXUIHOCTU CUCTEM

1. ¢ T[OMOWBIO HEPAPXUUYECKUX MPEACTABICHUN  MOXKHO
omoobpasicams cucmemvl ¢ HEONPeOeaeHHOCMbIO.

2. IlocTpoeHne nepapxudeckoil CTPYKTYpPhl 3aBUCUT OT LEJU: JJIS
MHOTOLEJIEBBIX CUTYALIUA MOXHO IIOCTPOUTH HECKOJIBKO UEPAPXUUECKUX
CTPYKTYP, COOTBETCTBYIOLIUX Pa3HbIM YCIOBHUSAM, U IIPU ITOM 8 PA3HBIX
CMPYKMypax Mo2ym npuHUMams yyacmue 0OHU U me He KOMNOHEHMbL.

3. laxke mpu OHOM U TOM K€ 1EJTH, €CJIM MTOPYUUTh (POPMUPOBAHUE
HMEPAPXUUYECKON CTPYKTYPBI PA3HBIM UCCIIEAOBATEIAM, TO B 3aBUCUMOCTH
OT UX MIPEIIESCTBYIOIET0 ONbITa, KBATU(PUKAIIUN U 3HAHUS CUCTNEMbL OHU
MO2Ym NOJYYUMb PA3HblE Uepapxuyeckue Cmpykmypol, T. €. I0-pa3HOMY
pa3pelINTh KAYECTBEHHBIE U3MEHEHUS HA KAXKI0OM YPOBHE UEPAPXUU.
IHopsiiok BHINOJIHEHUS PadOThI:

1. Beibop 3aganus.
BriOepute cucremy, 1j1si KOTOpOM OyA€TE COCTABIISITH OMTMCAHUE.
[Tpumepsl cuctem:



- TEXHUYECKUE YCTPOMCTBA U KOMIUIEKCH (aBTOMOOWIIH,
KOMIIBIOTEPHI, TEJIEBU30PHI U T.11.);

- opranu3anv  (OpeAnpUsiTAsS, TOCTUHHIIBI, PECTOPAHBI,
Mara3uHsl U T.11.);

- OMOJIOTUYECKUE CUCTEMBI (UENIOBEK, KUBOTHBIC, PACTCHUS U
T.1.);

- uH(popMaIMOHHbIC CHUCTEMBI (aBTOMATU3UPOBAHHBIE
CUCTEMBbI, MIPOTPAMMHBIE KOMIUIEKCHI, TH()OPMAITMOHHO-YIIPABIISIONINE
CHUCTEMBI U T.JI.);

- COIMaJIbHbIC, COIMAIbHO-PKOHOMUYECKHUE CUCTEMBI (CHUCTEMA
BBIOOPOB, cucTeMa 0€30MacHOCTH,

TPAHCIIOPTHAsI CUCTEMA PETHOHA U T.J.).

2. Knmaccudukanus CUCTEMBI.

Knaccudunupyiite cucteMy 1o cleayomuM Mpru3HaKam:

- MPOUCXOXKICHUE (ecTecTBEHHBIE, HCKYCCTBEHHBIE,
CMEILIAaHHBIE);

- CJIO’KHOCTB (IIPOCTBIE, CIIOKHBIE);

- U30JIMPOBAHHOCTH (OTKPBITHIE, 3aKPHITHIC);

- Xapakrep (YHKIIMOHUPOBAHUS (cTabunbHbIE,
CaMOCTaOWIIM3UPYIOIINECS, CAMOOPTAHU3YIOIINECS );

- cnoco0 3amaHusi uened (Uenu 3amaloTcs  HW3BHE, LETU
(GbopMUpPYIOTCSI BHYTPH);

- croco0 ynpaBieHUs (CaMOYIpaBIISIEMBIE,  YIPaBIISIEMbIE
U3BHE, C KOMOMHUPOBAHHBIM YIIPABICHUEM ).

3.  TlocTpoeHue nepapxuu coCTaBa.

Beigenure OCHOBHBIE TIOJICUCTEMBI HCCIEIYEMOW CHCTEMBL. B
paMKax KaKJIOM HMX HHMX BBIJEIUTE OoJiee MEJIKHE IIOJCUCTEMbI H
3JeMEHTHhI. lIpencraBpTe KOMITIOHEHTBI CHUCTEMBbI B BHUJE HEPAPXHUM.
[Ipumep nepapxuu cocTaBa KOMIIbIOTEPA MPEICTaBIICH Ha puc. 1.1.



113V O3V
(ROM) (RAM)
____________________________ ;
LLInHa gaHHbIX I :
. B 1
Ilpoueuop ICucrtemHasn
(CPU) LLinHa agpeca I U s
1
1
LLinna ynpasneHus | I
__________________________ i
Buaeo- n ayano- VerporicTtsa BBOA2 — BBIBOAQ
IIOACHCTEMBI U rpoune nepncbepnﬁnble yCTPOIiCTBA

Pucynok 1.1 — Mepapxus coctaBa KOMIIbIOTEpA
JlaliTe KpaTKO€ OMMCAHUE OCHOBHBIX MOJICUCTEM U DJIEMEHTOB.

4.  Onucanue CyIIHOCTHBIX CBOMCTB CUCTEMBI.

OnuummTre CymIHOCTHOE CBOMCTBO CHCTEMBI M €r0 BHEIIHEE
nposiBieHue (siBienue). Onpenenure, ABISIETCS JU JAaHHOE CBOWCTBO
AMEpPIAKEHTHBIM. OTBET OOOCHYWTE.

Hanpumep, nns IIK cymHOCTHOE CBOMCTBO — CIOCOOHOCTH
BOCIIPOW3BOJIUTH 3BYK, 3aKOJUPOBAHHBIA B JIBOMYHOM KOJ€. SIBIIeHHE —
3By4aHHUeE IIPUEMHUKA, [IEPEAAIOIIETO paguonepenady. JJanaoe cBOMCTBO
ABJISIETCS AMEPIKEHTHBIM, T.K. HA OAuH U3 KoMmmoHeHToB I[IK mo
OTJIEILHOCTU HE 00J1aJlaeT UM: MOHUTOP, MaMsITh U T.JI.

5. OnwucaHwe CTPYKTYpbl CHUCTEMBI M €€ B3aUMOJICMCTBUSA C
OKPY>KECHHEM.

Brigenure o0OBEKTHl OKpy»Karomied cpenpl. JlaliTe UM KpaTKyro
XapakTepUCTUKY. ONMUIINTE UX CBSA3b C UCCIETYEMON CUCTEMOM.

Hanpumep, nis paguonpueMHUKa OCHOBHBIMU OOBEKTAMH CPEJIbI
SBJISIFOTCSI:

- IepeIaTYNK PATUOCTAHIUH, TIEPEAIOITUN PATUOBOJIHBI, KOTOPHIC
BOCIIPUHUMAET IPUEMHHUK; - TT0JI30BaTEIb, BOCIIPUHUMAIOIIHNI 3ByYaHUE
paavoNprueMHUKa U yIPaBIAIOUIMNA mapaMeTpaMu (4acToTa paauoBOJIH,
IPOMKOCTh 3BYYaHHUS) MOCPEIACTBOM MEXAHUYECKUX BO3JCUCTBHUI Ha
PETyISATOPHI).

CocrtaBbTe cXeMy B3aUMOJICHCTBUS KOMIIOHEHT CUCTEMBbI, 4 TAKXKE
CXEMY B3aMMOJICHCTBHS CO CPEAO0H (3TO MOXKET OBITH OJTHA O0IIIast cXema).



Ecnu cucrema caumikom OobIias v CJIOXKHasd, MOKCTC COCTaAaBUTb CXEMY
JJIA HGKOTOpOﬁ IIOACHUCTCMBEI. Onuiure BHYTPCHHHUC 1 BHCIIIHUC CBA3H.

IIpumep cxembl B3aMMOJEUCTBUS KOMIIOHEHT PaguONPUEMHUKA

JPYT C IPYyrOM M C OKPYKarolllel cpeaou npeacTaBieH Ha puc. 1.2.
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Pucynok 1.2 — CTtpykTypa paauonprueMHHAKA

6. CocTaBieHue OTYETA.

B oTyeT n0KHBI BOUTH:

. HAaUMEHOBAHHUE CUCTEMBI, €€ KilacCU(UKAIINS;

. uepapxusi CoOCTaBa CUCTEMBI (CXeMa), ONKHCaHUE TTOACUCTEM U

3JIECMCHTOB;

. OIIMCAaHUC CYIIHOCTHBIX CBONCTB CHUCTCMBI, 0 omnmcanne

CTPYKTYPhI CUCTEMBI U €€ B3AUMOJEHUCTBUS C OKPYKEHUEM (CXeMa).

KoHTposbHBIE BOITPOCHI

1.
2.
3.

N o &

Kakue 0CHOBHBIE CBOMCTBA CIIOKHBIX CUCTEM?

OxapakTepu3yiuTe YPOBHHU ONMMUCAHUS CTPYKTYPhl CUCTEMBI.
Brinenure ocHOBHBIE (Da3bl (MMOKOJICHUS) IBOITIONUN UHGOPMAIIHMOH-
HBIX CHUCTEM. YKaXHUT€ OCHOBHBIC JOCTOMHCTBA CHUCTEM «KJIUCHT-
cepBep».

[IpuBeauTe KaccupuKanmio 6a30BbIX HHPOPMAIIMOHHBIX ITPOIIECCOB.
Kaxkue BuIbl uepapxuu XxapakTepHbl 111 UHHOPMAIIMOHHBIX CUCTEM?
YKaKHUTE OTIUYUTEIbHBIE MPU3HAKN OOJIBIION CUCTEMBI.

KakxoBbl OCHOBHBIE CBOMCTBA CUCTEM?
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8. Uto Takoe crnoxHas cucteMa? KakoBbl OTIMYHMS OT MPOCTHIX CUCTEM?

9. UTo Takoe MOJIeNIb CTPYKTYPbI CUCTEMBI?

10. Kak MOXHO MpeAcTaBUTh Mpolecc (PYHKIUOHUPOBAHUS JHOOOH
CUCTEMBI?

11.  Yewm xapakKTepu3yeTCs YCTOMYMBOCTb CUCTEM?

12 KakoBbl OCHOBHBIE OCOOCHHOCTH YIIPaBJICHUS CJIOKHBIMU

cucreMamMu?
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IIpakTuuyeckass padora Nel
Tema nporpammbl: OCHOBHBbIE IOHATUS TEOPUHU CUCTEM.

Tema: MeToabl onucanus cucrteM. Onucanue GyHKIUOHMPOBAHMS
cucreMbl. OnucarejbHass MoJeb «bpocanne MAYMKa B CTEHKY»

Heasb: [IomyyuTh NPAKTUYECKHE HABBIKM B  ONUCAHUU
(YHKIIMOHUPOBAHUS CUCTEMBI BO BPEMEHHU U YIIPABJICHUS CUCTEMOM

Teopernyeckue 0OCHOBbI

IIpu wuccienoBaHus MOZENEW HA KOMIBIOTEPE PA3IUYAKOT 3
ATAIOB Pa3padOTKHU.

Hcnons3oBanue KOMITBIOTEPA U1t VCCIIEIOBAHUS
WH(POPMAIMOHHBIX MOJENCH Pa3IUYHbIX 00BEKTOB U CUCTEM IO3BOJISET
VU3Yy4YUTh UX HM3MEHCHUS B 3aBHCUMOCTH OT 3HAUEHUS TEX WM HHBIX
napameTpoB. [lporecc pa3paOOTKu Mojened W UX HCCICAOBAHHE Ha
KOMITBIOTEPE MOYKHO Pa3AEIUTh HA HECKOJIBKO OCHOBHBIX ATAIlOB.

OnucarenbHas uHQoOpManmoHHass mojaenb. Ha mnepBoM 3rame
UCCIIeIOBaHUSI 00BEKTA WIIM Mpoliecca OOBIYHO CTPOUTCS OMUCATEIIbHAs
uH(poOpMaIMOHHAs MOJIeJIb Ha €CTECTBEHHOM s3blke. Takas Mojaenb
BBIJICIISIET CYIIECTBEHHBIC, C TOYKM 3PEHHUS UEIE NPOBOIUMOTO
UCCIIe/IOBaHUs, CBOMCTBa (mapaMeTphl) 00BEKTa, a HECYIIECTBEHHBIMU
CBOMCTBaMHM MpeHeOperaer.

®opmanbHag Monenb. Ha Bropom stane co3gaercs (popmaibHas
MOJIENh, T. €. onucaTeabHass HHHOPMAIIMOHHAS MOJICIb 3alMUChIBACTCS C
MOMOIIBI0 KaKoro-Jinbo ¢opmaibHOro s3bika. B Takodt Momenu ¢
NOMOIIBI0 (DOpMYJ, ypaBHEHUN, HEPABEHCTB U T. 1. (DUKCUPYIOTCA
dbopManbHBIE COOTHOIICHHS MEXKIY HCXOJHBIMH UM HCKOMBIMU
BEJIMYMHAMU, a TaKXK€ HAKJIAJbIBAIOTCS OTPAHUYECHHS HA JIOMYCTUMBIEC
3HAYEHHUS ATUX BeIWM4MH. OOHAKO JAleKO HE BCETAA YAACTCS HAUTH
dbopMyIIbI, IBHO BBIpAYKAIOIIHE UCKOMBIE BEJIMYMHBI Yepe3 UCXOIHbIC. B
TaKuX CIydasx HCHOJIB3YIOTCS MPUOMIKEHHBIE MaTeMaTHYECKHE
METO/IbI, MIO3BOJISIFOIIUE MOMYYaTh PE3YIbTAThI C 3aJAHHON TOYHOCTBIO.

KomnerorepHnass mogmens. Ha Tpetbem »3Tame HeEoOX0auMoO
dbopManM30BaHHYI0 HH(POPMAIMOHHYIO MOJIeNIb MpeoOdpa3oBaTh B
KOMITBIOTEPHYI0O MOJ€Nb, T. €. BBIPA3UTh €€ Ha MOHATHOM JJIis
KoMIbrOTEpa si3bIKe. CyIIECTBYIOT JBAa MYTH PEIIEHUA 3TOW 3a1ayu: °
CO3/IaHME IIPOEKTa HAa OJHOM W3 SA3BIKOB NPOTPAMMHUPOBAHUS; *©
IIOCTPOEHUE KOMITBIOTEPHOU MOJEIHU C HCIOJIb30BAHUEM HEKOTOPOIO
MPWIOKEHUSI, HAPUMED SJIEKTPOHHBIX TAOJIHII.
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B nmpomecce co3maHus  KOMITBIOTEPHOW MOJIEIXA  TOJIE3HO
pazpaborath yAoOHBIM Tpaduueckuid uHTEpEC, KOTOPHINA MO3BOIUT
BU3YAJIM3UPOBATh (DOPMATIBLHYIO MOJIEIh, a TAKKE PEaTN30

BAaTh MHTEPAKTUBHBIN JUAJIOT YEJIOBEKA C KOMIIBFOTEPOM Ha 3Tare
VCCIICIOBAHUST MOJICIIH.

KoMObIOTEpHBIA 3KCOHEPUMEHT. YEeTBEpThIM 3Tal MCCIEAOBAHUS
WH(POPMAIMOHHOW MOJEIN COCTOUT B MPOBEIACHUM KOMIIBIOTEPHOTO
DKCIIEpUMEHTA. ECIM KOMIBIOTEpHAs MOJENb CYHIECTBYET B BUJIE
IIporpaMMbl Ha OJHOM U3 S3BIKOB IIPOrPAMMHUPOBAHUA, €€ HYKHO
3allyCTUTh HAa BBINOJHEHHWE W TOJYyYUTh pe3yabraThl. Ecin
KOMITBIOTEpHAsA MOJICNIb HUCCIECAYETCSd B MNPWIOKEHUH, HANPUMEDP B
AJIEKTPOHHBIX TaOJWIIaX, MOXXHO MPOBECTH COPTUPOBKY WM TOUCK
JAHHBIX, TOCTPOUTH JUAarpaMMy WK rpaduk U T. 1.

AHanu3  TOJYYEHHBIX  PE3yJbTATOB M KOPPEKTUPOBKA
ucciaenyeMod mojenu. Ilateiid 3Tanm mnpeacraBiasieT coOOW  aHAIMU3
MOJYYEHHBIX PE3YJbTATOB U KOPPEKTUPOBKY MCCIENyeMON Mojenu. B
CIy4ae OTJIMYMS PE3YJbTATOB, IMOJYYEHHBIX IMPU HCCIEAOBAHUU
WHPOPMAIMOHHOW MOJIENM, OT H3MEPEHHBIX MapaMETPOB pealbHBIX
OOBEKTOB MOXHO CJeJIaTh BBIBOJA, YTO Ha TMPEIbIAYIIMX dTarax
MOCTPOEHUS MOJIeId OBbUIM JIOMYIIEHbl OIMMOKH WM HETOYHOCTH.
Hampumep, npu MNOCTpOCHUH ONUCATEIIBHOM KAa4eCTBEHHOW MOJECIIH
MOTYT OBITh HENPaBUIBLHO OTOOpaHBI CYIIECTBEHHBIE CBOMCTBA
00BEKTOB, B IIpoliecce hopMau3alii MOTYT OBITh JOMYIIEHBI OITHMOKHY B
dbopmysax u T. A. B Takux ciaydasx HEOOXOJUMO IIPOBECTHU
KOPPEKTHUPOBKY  MOJIEJIA, TPUYEM YTOYHEHUE MOJECIA  MOXKET
MIPOBOJIUTHCSI MHOTOKPATHO, MOKA aHAIN3 PE3YJIbTATOB HE MOKAXKET HX
COOTBETCTBUE U3y4aeMOMY OOBEKTY,

Busyanuzanus ¢gopmaibHbIX Moaenei. B mporiecce ucciaeaoBanms
dbopManbHBIX MOJENEH 4YacTO MPOU3BOJUTCS WX BU3yanuzauus. [ns

BU3YyaIU3aLUU aJrOPUTMOB VICTIOJIBb3YIOTCS OJIOK-CXEMBHI,
MPOCTPAHCTBEHHBIX COOTHOIICHUM MapamMeTpoB O0OBEKTOB — YEPTEXKH,
MOJIEJIEM DJJIEKTPUUYECKUX LENEeW — JJEKTpUUEeCKue cxembl. llpu

BU3yaIu3aluu (OpMabHBIX MOJIEJIE C MOMOIIbI) AHUMAallUhd MOXKET
oTOOpaXkaThCsl JWHAMHKA TMpOIecca, MPOU3BOJIUTHCSA IOCTPOCHUE
rpadvKOB M3MEHEHUs BEJIWYMH U T. 1. B HacTosiiee Bpemsi MIUPOKOE
pacupoCTpaHEHUE  MOJYYWIA  KOMIIBIOTEPHBIE  WHTEPAKTUBHBIE
BU3YyaJIbHbIE MOJENU. B TakuxX MOZENsAX UCCIEI0BATENb MOXKET MEHSTh
HavyaJbHbIC YCIOBUS U TTApaMETPbl MPOTEKAHUSI IPOILIECCOB U HAOJIIOJATh
V3MEHEHHUS B MOBEJICHUU MOJIEIIH.
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IHopsanok BbINOJIHEHUS PAa0OTHI:

1. Onucanue (b YHKITMOHUPOBAHUS CUCTEMBI B
MIPOCTPAHCTBE COCTOSHUM.

Beiienure xapakTepuCTUKU (ImapaMeTpbl) cucTembl. Ilapamerphl
MOTYT OBITh CTPYHIIMPOBAHBI MO TUIIAM: (PU3MYECKHE XapaKTEPUCTUKH,
TEXHUUYECKUE XapaKTEPUCTHUKN, SKOHOMUYECKHE TTOKA3ATENIH U T.]I.

Hanpumep, 11 paauonpueMHUKa MOTYT OBITh BBIJCICHBI
CIEIYIOIIMUE MapaMeETPHI:

- hpuznueckue (pasmep, IIBET, MaTepual, JU3ailH KOpIyca);

- TeXHUYECKHe (HanpspDKeHUE MUTaHMs, TUana30oH PaauoBOJIH);

-TIapaMeTpbl  IPOU3BOJAUTENS  (KOMITAHUS-IIPOU3BOIUTEIb,
CTpaHa, MapkKa, JaTa MPOU3BOACTBA, TaPaHTUMHBINA CPOK); U T.]I.

N3 MHOXecTBa MapaMETpPOB BBIACIUTE TE, KOTOPHIE MOTYT
XapakTepu30BaTh mMoBeAeHHEe ((PYHKIMOHMPOBAHWE) CHCTEMBI, T.C.
KOTOpPBIE HM3MEHSIOTCS BO BpeMeHHU. ONUIINTE Pa3IuYHbIC COCTOSHHUS
CHUCTEMBI, YKa3aB KOHKPETHBIC 3HaUCHUs napaMeTpoB. [Ipumep onvucanus
cocrosHuii [1IK nmpuBenen B Tadnuie 2.1.

Tabnuna 2.1 — Onucanue COCTOSIHUN paIMONPUEMHUKA

[TapameTp I I 1
COCTOSIHUE COCTOSIHHAE | COCTOSIHUE
IIK B pexume | IIK B JexXypHbIii
HKCIUTyaTalllU | pEKUME PEKUM
OXKHUJIaHUs
[ToTpebnenue 200 Bt 50BT 1Bt
AI\SHEPTUH
CBeueHue 200JIm 0 0
MOHUTOPA
3BYK Ectp Ectp HET

YkaxkuTe COOBITHS, BBI3BIBAIOIIME TIEPEXOJ] W3 COCTOSHUS B
coctosinue. Hanpumep, 17151 COCTOSIHUM, TPUBEACHHBIX B Ta0ute 2.1:
nepexon u3 cocrossHus I B Il — HacTpolika perymaropa;
nepexon u3 Il B III — HacTpoiika ypoBHS 3ByKa.

3.  Onucanue >XU3HEHHOI'O IIUKIIA.
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Beigenure sTambl KM3HEHHOTO HHKIA HCCIEAYEMOU CHUCTEMBI,
XapaKTEpU3yEMbIC OIPEJICIICHHBIMU TPEICKA3YEMbIMU COCTOSHUSMU.
Onumure Kaxxawi tan. lIlpuMep onucanus 3TanoB KU3HEHHOTO UKIA
I1IK npuBesaeH B Tabnuiie 2.2.

Taomuma 2.2 — OnucaHue OdTamoB JKU3HEHHOrO IIMKJIa
paguonpueMHHUKA
No Oran XIJ XapakTepucTUKa
I Jo DKCIUTyaTUpyeTca peaKo (TOIBKO
JKCIUTyaTalluu B TECTOBOM PEKHUME), BCE AJIEMEHTHI B
XOpOIIEM COCTOSIHUU
] AKTHUBHas AKTHBHO AKCIUTYaTUPYETCH,
AKCIUTyaTaIus BpeMA  OT  BPEMEHH  COCTOSHHE
HEKOTOPBIX AJIIEMEHTOB MOXKET
yXyamaTbcs (MOBPEXKICHHsSI KOpITyCa, ...)
Il Yrunuzanus He okcmiyatupyercss  BBUAY
MOPAJIBHOTO WJIH (PU3HYECKOTO H3HOCa
(ciioMaH)

4, OnwucaHue yrnpaBJICHUS CUCTEMOM.

Onpenenure OCHOBHYIO 1I€JIb CHUCTEMBI. Llenb MOXeT ObITh
UMMAaHEHTHOW (BHYTpEHHE TIPUCYLIEH) WM 3aJaBaeMOil U3BHE,
CyOBbEKTUBHOW WM OOBEKTHMBHOUN. Eciu cucrema SIBISIETCS HEKUBBIM
O0OBEKTOM, 1I€Jlb, KaK TPaBWIIO, OINPEACISIETCS IMOJb30BATEIIEM.
Hanpumep, mnsa IIK nens, 3amaBaemas oOJiagateneM, — IOIYyYUTb
KaueCTBEHHOE N300paxeHue BeioOpanHoi TB nepegaumn.

Onpenenute, KTO (4TO) M KaK YIPaBISET CUCTEMOM, C MOMOIIbIO
KaKUX YIPaBIAKOIMIMX BO3JICUCTBUM OCYIIECTBISIETCS  YIIPABJICHUE,
UCIIONB3YETCSl JU B TMpoliecce ymnpaBieHus oOpaTHasi CBS3b M €CJIHU
UCIIOJIB3YETCs, TO KAKUM 00pa3oMm.

Hanpumep, ynpasnenue IIK ocymecTBiaser I1oab30BaTeNb
(BHEIIHEE  YIpaBJICHHE)  MOCPEJACTBOM  HW3MEHEHHS  MBIIIKHU.
VYnpapnsromne Bo3AeHCTBUS: dKpaHHbIM uHTEepderic. ObpaTHas CBI3b —
ONPENECIICHUE HA CIYX, HAIUYUA [IOMEX U YPOBHS I'POMKOCTH 3BYKA.

OnucaresbHast mogeab. CHayajga IIOCTPOUMM OIUCATEIbHYIO
MOJIEJIb Mpoliecca ABMKEHUS Teja ¢ UCIIOJIb30BaHNEeM 00bEKTOB, TOHATHIMA
U 3aKOHOB (PM3HWKH, T. €. B JAHHOM CJIydae UJICAUTU3UPOBAHHYIO MOJICIIb
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JIBWKEHHMS OO0BbeKkTa. M3 yciaoBHs 3amadyd MOXKHO C(HOPMYJIHPOBATH
CJICIYIOIINE OCHOBHBIC JONYIICHUA: * MSYMK Majl II0 CPAaBHEHUIO C
3eMiie, MO3TOMY €ro MOXKHO CYUTATh MATE€PUAIBHOW TOYKOM; °
M3MEHEHHUE BBICOTHI MSYHMKa MaJIo, IIOATOMY YCKOPEHHE CBOOOJHOTO
MaJIcHuss MOXXKHO CYHMTaTh MOCTOSHHOM BenuuuHon g — 9.8 M/c2,
CJIE€I0OBATEIbHO, IBUKEHUE IO OCH Y MOKHO CUMTATh PABHOYCKOPEHHBIM;
* CKOPOCTh OpOocaHusl MSYMKa Maja, I0O3TOMY CONMPOTUBICHUEM BO3/1yXa
MOKHO IpeHeOpeub, Ciel0BaTebHO, JBHXKEHHE II0 OCH X MOXKHO
CYUTATh PABHOMEPHBIM.
5. CocraBiieHne oT4yeTa.
B ot4eT noKHBI BOUTH:
- HAMMEHOBAHUE CUCTEMBI;
+  OIIMCaHHE (G YHKIIMOHUPOBAHUS CHCTEMBI B
IIPOCTPAHCTBE COCTOSTHUM (XapaKTEPUCTUKH, COCTOSTHUS, COOBITHS);
+  ONHUCAaHWE JHTANOB >KU3HEHHOT'O IIMKJIA CHUCTEMBI;
OMHMCAaHWE  YIpaBJCHUs  CUCTEeMON  (1leJib,  YIIPABJISIIOIINE
BO3JICICTBUS, OOpaTHAs CBS3b).

KonTponsHbIE BOITPOCHI
1. OxapakTepu3yuTe ypOBHH OIIUCAHUS  CTPYKTYPHI

CHUCTEMBI.
KakoBbI OCHOBHBIE CBONCTBA CUCTEM?
Yto Takoe M I 4ero Hy»KHAa MOJEIb «YECPHBIN SIINAK !

Yo Takoe MOACJIb COCTaBa CUCTEMBI?

o M LN

Uto Tako€e MOJIENIb CTPYKTYPbl CUCTEMBI?
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IIpakTuyeckass padora Ne3
Tema nporpammbi: OCHOBHBbIE IOHSITUS TEOPUH CHCTEM.

Tema: IlocTpoenue popmanbHOi Moaeu cuctembl «bpocanue
MSAYUKA B CTEHKY.

Heasb: [TonmyyuTh NpakTUYECKHE HABBIKU B (HOPMUPOBAHUU
0a30BBIX MOJIENICH («YEPHOTO SIIMKA», COCTaBA, CTPYKTYpPhl) CUCTEMBI U
ONMHCaHUU UX Ha (OPMATHLHOM SI3bIKE.

ITocTpoenue u ucciaenoBanue GPU3MIECKUX MOJeIei

1. IToctpoenne GpopmaabHON MOACTH ABMIKCHUS Teaa, OpOIIIEHHOTO
O] YTJIOM K TOPHU30HTY

PaccmoTpuM mpoliecc IOCTPOCHUS M HUCCICIOBAHUS MOJCIH Ha
KOHKPETHOM IIpUMEpE IBIKCHHUS Tejia, OpOIIEHHOrO IIOJ YIIoOM K
TOPU30HTY.

ConepikarelnbHasi IIOCTaHOBKa 3adaun  «bpocaHme MsIYMKa B
CTEHKY». B 1porecce TPEHHPOBOK TEHHHUCHCTOB HCIIOIB3YIOTCS
aBTOMaThl 10 OpocaHuto Msunka. HeoOxoammo 3amaTh aBTOMATy
HEOOXOIUMYIO CKOPOCTh M YIojl OpocaHusl MSYMKa JJIs TIOMaJaHus B
CTEHKY ONpPEACICHHON BBICOTHI, HAXOMSIIYIOCS Ha HM3BECTHOM

PACCTOSTHUU.
®dopmanbHas monens. g dopmanuzanuu monaenu 0003HAYUM
BEJIMUMHBI: * HAYAIBHYIO CKOPOCTh MsiuMka — V(', * yroin OpocaHus

MsIYMKa — a; * BBICOTY CTE€HKU — JI; * paccTOsiHUE 1O CTEHKH — S.
N3o00pa3um rpaduk nqeukenus msiuuka (puc. 1.1).

- A a e A 4

hF=====2- e e

Puc. 3.1. bpocanne Ma4uKa B CTEHKY

Hcnonws3yeM uzBecTHbIC U3 Kypca GU3nKu GOpMYJIbl pPABHOMEPHOIO
Y PAaBHOYCKOPEHHOTO JIBUKCHUS JIJISI OMPEACICHUSI KOOPAUHAT MAYMKA.
JIanbHOCTB X U BBICOTY Yy IIPU 33JIAHHOM HAYAJILHOM CKOPOCTH VO U yTIJe
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OpocaHust a 1 J000ro MOMEHTa BPEMEHHM t MOXKHO BBIYHCIUTH IO
dbopmynam: x = Vo * cosa *t, 1y = Vo * sina * t - ¢g-12/2. YUtoOnI
OTIPEJICTUTh, MOMAJIET JIU MAYUK B CTEHKY, HEOOXOMMO BBIYUCIUTH €TI0
KOOpPJMHATY Y B MOMEHT BPEMEHH, KOrJa OH OyJeT HaXOJIUTbCS Ha
paccrossHun s. M3 mepBoii (opMysbl BbIpakaeM BpeMsi, KOTOPOE
MOHAA00UTCS MSYUKY, YTOOBI MPEOA0JIETh PACCTOSHUE S: t = S/Vo * COSa.
[TonacraBisieM 3TO 3HAYeHUE BpeMeHU t B opmyiy sl BBIUMCICHUS

koopauHatel y. llomywaem I — BBICOTY MsAYMKA HaJI 3€MJIEH Ha
pacctostHuu s (cm. puc. 1.1):
[=setga— ges2/2+Vq*cos2a. (1.2)

dopmanuzyeM Tenepb yCIOBUE MOMaJaHUE MSYMKAa B MHUIICHbD.
[Tormamaane mTpoOM30MIET, €CAM 3HA4YeHHWE BBICOTHI Msumka | Oymer
YAOBJIETBOPATH yCI0BUIO B (popme HepaBeHcTBa: O <1 <: h. Eciu [ <0,
TO 3TO O3HAYAeT KHEIOJET», a €CJIH 1> h, To 3TO 03HaUYaeT «ImepeeTy.

. KommiprorepHast Mmoaens ABMKEHUS Tella Ha si3pike Visual Basic

Ha ocnoBe dhopMaibHOM MOJIENIH, ONMCHIBAIOIIEH JIBHKCHUE TElIa,
OpOIIIEHHOIO MO/]T YTJIOM K TOPU30HTY, CO3/1a/IMM KOMIILIOTEPHYIO MOJAEIb
C UCIIOJIb30BAHUEM CHUCTEMBI IporpamMmmupoBanus Visual Basic.
3.2 CocraBiieHHe O0TYETA.

B oTyeT n0KHBI BOUTH:

. HAaWMEHOBAHUE CUCTEMBI;
. OTMCaHUE (GYHKIIMOHUPOBAHUS CHUCTEMBI B
MPOCTPAHCTBE COCTOSIHUM (XapaKTEPUCTUKH, COCTOSHUS, COOBITHS);
. HOCTPOUTh  (POpMaNbHYIO MOJENb, OINUCHIBAIOIIEH

ABHXKCHHC TCJIa, IJIA ITIOCTPOCHUS KOMHBIOTepHOﬁ MOJICIN.

KoHTpoJibHBIEC BONIPOCHI
1.  OxapakTtepu3yiTe YPOBHHU ONHUCAHUS CTPYKTYPbI CHCTEMBI.

2. KakoBbI OCHOBHBIE€ CBOMCTBA CUCTEM?
3. UTo Takoe MOJIeab COCTaBa CUCTEMBI?

4. YTo Takoe MOJIeJIb CTPYKTYpPhI CUCTEMBI?
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IIpakTuyeckass padora Ned
Tema nporpammbl: OCHOBHBbIE IOHATUS TEOPUHU CUCTEM.

Tema: KoMmnbrorepHas Moaesb JABHKEHUS PU3NUYECKOIO Tesia

Heas: IlocTpoeHre KOMIIBIOTEPHOM MPOTPaMMbl MOAEIUA ABUKCHUSA
¢dbu3nyecKoro Tena.

®dopmanbHas Mojaenb. s (opmanuzanuu Mojaenau 0003HAYUM
BEJIMUMHBI: * HAYAJIBHYI0 CKOPOCTh MsS4Mka — V(', * yroia OpocaHus
MSTYMKA — a; ® BBICOTY CTeHKH — JI; ® pacCTOsSTHHE 10 CTEHKH — S.
Cozmanum cHavasia rpaduyeckuii maTepderic npoekra «bpocanue
MSYMKA B CTEHKY» (puc. 1.2).
1.  Pasmectuth Ha popme:
* yeThIpe TEKCTOBBIX IOJIS I BBOJa 3HaueHU: TextBoxl —

HayanbHOM ckopocTH, TextBox2 — yrnma OpocaHusi Ms4MKa,
TextBox3 — paccrostaus 10 cteHKH U T € X tB 0 X 4 — BBICOTHI
CTEHKU;

 Haanuch Label 1 a1t BbIBO/1a BBICOTHI MSTUMKA HA 3a1aHHOM
PacCTOSIHUY;

e gaanuck Labe 12 nist BBIBOJA TEKCTOBOTO COOOIIEHUSA O
pe3yJsibTaTax Opocka;
* IECSITh HAANMCEN JJIsl BBIBOJIa UMEH MEPEMEHHBIX U €IMHUIL
U3MEPEHUSI;
» kHomKy Button 1 mis 3amycka COOBITHITHONM MpOIETypPHI
BBIYUCIICHHS PE3YJIbTaTOB OPOCAHUS MIUHKA;
* KHOINIKY Button2 mig neMoHCTpauuu TPaeKTOPHUU ABHKECHUS
MSYHKA.
OO0paboTYMK COOBITUSL — BBIYUCICHHUE PE3YJbTaTOB OpocaHus
MSYMKA
2. Co3paTh mporpaMMHBIA KOJ 00pabOTUMKa COOBITHS, KOTOPBIM
omnpeaeIsIT NoNaJaHne MsurKa B CTEHKY. B 3Tom koe:
[IpoekTt «bpocanue MaunKa B CTEHKY» Ha a3bike Visual Basic
* 00BSBUTH BEIICCTBEHHBIE KOHCTAHTHI OJWHApHOU TouHOCTH G
(yckopenue cBoOoaHOTO majieHus g) u Pi (uucno x);
* 00BSIBUTH BEIIECTBEHHBIC TIEPEMEHHBIC OJMHAPHONU TOYHOCTH VO
(HayanmbHass ckopocTh Vo), A (yroa Opocanus a), S (paccTosiHHUE 10
cteHku s), H (Beicota ctenku h) u L (BeicoTa Msiunka Z);
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* MPUCBOUTH MEpeMEHHBIM Vo, A, S, H 3HaueHus, BBEJCHHbBIC B
TEKCTOBBIC TIOJISI, C UCTOJb30BaHUEM (DYHKIIUU MTPEeoOpa3oBaHus CTPOKU
B BemecTBeHHOE uncio Val ();

* BBIYUCIUTHL BBICOTY MsiuMka L. Ha 3alaHHOM pacCTOSIHUU MO
dhopmyie (1.2);

* BRIBECTH BBICOTY Msiunka L Ha Hagmuch Label 1;

* BBIBECTHM TEKCTOBOE COOOIIEHHE O pe3yJbTaTax Opocka Ha
Hajanuck Labe 12 ¢ ucnonb3oBanuem omneparopa S elect Case, B KOTOpoM
B KAUECTBE YCIIOBUS POBEPAETCA 3HAUEHNUE IEPEMEHHOM L.

B sa3pike nporpammupoBanus  Visual Basic  aprymeHTbI
tpuroHomerpuueckux ¢yunkiud Sin (), Cos () u Tan O 3amaroTcsa B
paauaHax, a yroia OpocaHus MsSYMKa Mbl OyZeM BBOJWTH B I'pajaycax.
[TosToMy HE0OXOIUMO TpeoOpa3oBaTh 3HAUYEHUS YIJIOB U3 T'PaayCoOB B
paJivaHbl C UCTI0JIb30BAaHUEM KOHCTAHTHI Pi.

Const G As Single =9.81

Const Pi As Single = 3.14

Dim VO, A, S, L, H As Single

Private Sub Buttonl_Click (...)

> BBo1 HaUaJILHBIX 3HAYCHUU

VO"Val(TextBoxl. Text)

A=Val(TextBox2.Text)

S=Val(TextBox3.Text)

H=Val(TextBox4.Text)

'[lonaganuie B CTEHKY

L=S*Math.Tan(A*Pi/180)- (G*SA2 ) (2*VOA2*
Math.Cos(A*Pi/180)"2)

LabellText=L

Select Case L

Case <0

Label2. Text="Hexoner"

Case Is >H

Label2. Text="nepener"

Case Else Label2.

TexN'Tlonaganue"

End Select End Sub

OO0palboTUMK COOBITUS — JIEMOHCTPAIUs TPACKTOPUHU JIBMXKCHUS
MSYMKA

Jnga  BU3yamM3auUu  KOMIIBIOTEPHOM MOJEIM MOCTPOUM B
rpaduuecKOM I0JI€ TPACKTOPUIO JBUXKEHUS MSUMKA.
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3. IlomecTuTh HOMOJHUTENIBHO Ha GopMy Trpaduyeckoe IoJe
PictureBoxl. C nmomMompio auagoroBoro okHa CBOHCTBa yCTaHOBHUTH C
UCIIOJIb30BaHUEM CBOMCTBa Size pazmep nods, Hanpumep 4 00;220.

B  o0pabGoTunmke COOBITHS  OCYIIECTBUM  IpeoOpa3oBaHUE
KOMIBIOTEPHON  CHUCTEMBl  KOOpJUHAT  Tpaduyueckoro Tmojisi B
MaTEMaTHYECKyI0 CHUCTEMY KOOpAMHAT, YAOOHYIO [JIi TOCTPOCHUS
TpaeKTOpUM ABWXKEHUS. Hapucyem ocu KOOpJIMHAT U HAaHECEM Ha HUX
ITKAJIBI.

[Ipoext «Cuctema koopaunat» Uudpopmaruka u UKT-9 [£§T°

4. B mMareMaTu4ecKoW CHCTEME KOOPJAMHATHI HAaXOJATCS B
nranazoHax 0 < X <400 u -20 <Y <200. Tpaexktopus IBUKEHUA MIUHKA,
CKopee Bcero, Oyaer B auamna3oHe koopauHat 0 < X <40mu 0 <V <20
M. CrienoBaTeIbHO, HEOOXO0IUMO YBEIMYUThH MaciTad rpaduka B 10 pas:

* KOOPJMHATHI TOUEK rpadrka HeOOX0IUMO YMHOXKUTH Ha 10;

* 3HAUYCHUS LKA OCeN pa3aenuTs Ha 10.

[TocTpoeHue TpaeKTOPUM OCYIIECTBUThL B ILHKIE CO CUECTUYUKOM
(koopauHaTa X) ¢ MCHOJIB30BAHUMEM MeETojia pucoBaHus Touku D raw E
llip se(P en 1, X*10, Y*10, 1, 1), B KOTOpOM KOOpJAWHATAMHU TOYKHU
SBJISIFOTCSI KOOPJIMHATHI MSTYUKA.

Dim Graphl As Graphics

Dim Penl As New Pen (C o lo r. Black, 4)

Dim drawBrush As New SolidBrush(Color.Black)

Dim drawFont As New Font("Arial", 10)

Dim X, Y, T As Single Private Sub Button2 Click (...
Graphl=Me.PictureBoxl.CreateGraphics() Graphl.Clear(Color.White)

'TleyaTp mIKaJd MaTEMATHYECKOM CHCTEMBI KOOpJAWHAT 'B
KOMIThbIOTEpHOM cucteMe koopauHat For X=0 To 400 Step 50

Graphl. Drawstring(X/10, drawFont, drawBrush, X, 200)

Next X

For Y=20 To 220 Step 50

Graphl. DrawsString( (YY-20)/10, drawFont, drawBrush, 0, 220-Y)

Next Y

'TIpeoOpa3zoBaHue KOMIBIOTEPHOM CHUCTEMBI KOOpJAMHAT 'B
MaTeMaTUYECKYI0 CUCTEMY KOOPJIUHAT

Graphl. ScaleTransform(1, -1)

'TToBopoT ocu Y

Graphl.TranslateTransform (0, -200)

'Caur nmo ocu Y 'PucoBanme oceil MaTeMaTHUYECKOW CHUCTEMBI
koopauHaTt Graphl.DrawLine(Penl, 0, 0, 400, 0)
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"Ocp X

Graphl. DrawLine (Penl, 0, -20, 0, 200)

'‘Ocp Y ' CreHka

Graphl.DrawLine (Penl, $*10, 0, S*10, H*10)
'TlocTpoeHME TPACKTOPUM ABUKCHUS MIYMKa
For T=0 To 10 Step 0.1
Y=V0*Math.Sin(A*Pi/180)*T-G*T*T/2
X=V0 *Math.Cos(A*Pi/180) *T
Graphl.DrawEllipse(Penl, X*10, Y*10, 1, 1)
Next T

End Sub

5. CocTaBjieHHE OTYETA.

B otuer noimkHBI BoWTH: paboyasi mporpamMma Ha OJHOM M3 SI3bIKOB
IPOrPaMMHUPOBAHUSA CO CKPUHIIIOTAMH.

KoHTpoJbHBbIE BONIPOCHI
1. Oxapakrepusyiite UHTEpPENUC NPOrpaMMbl.

2. TloueMy ynoOHO BU3yalIbHOE MTPOTPAMMHUPOBAHUE?
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IIpakTnueckass padora Ned

Tema nporpammel: OCHOBHBbIE IOHATHUS TEOPUHU CUCTEM.

Tema: KoMnbOTepHBIA IKCIIEPUMEHT. AHAJIN3 U KOPPEKTHUPOBKA
HCCJIeyeMOH MO/IeJIH.

Heasb: [lomyynTh NOPaKTUYECKUE HABBIKA KOMIIBIOTEPHOIO
DKIIEPUMEHTA CUCTEM.

KoMIbIOTEpHBIN IKCIIEpUMEHT. BBeeM MpOU3BOIBHBIE 3HAUYCHUS
HAaYaJIbHOM CKOpOCTM U yriaa Opocanusi wmsumka. Ckopee Bcero,
nonajaHus B CTCHKY He OyneT. MeHsst OIMH U3 MapaMeTpoB, HAIIPUMED
YT0JI, MPOU3BEJIEM PUCTPEIIKY, UCHOJIB3YSI U3BECTHBINA AP TUIIEPUNCKUI
MIPUEM «B3ATHE B BUWIKY», B KOTOPOM MpUMEHsIETCs 3G (DEKTUBHBIN METO/T
«aeneHue Tmonojiamy». CHadalla HaJeM Yroj, Opu KOTOPOM MSYHK
MEPEJIETUT CTEHKY, 3aTEM YTOJ, IPU KOTOPOM MSYUK HE JOJETUT JI0
CTECHKH. Bpruucinm cpegHee 3Ha4CHUE YTIIOB, COCTABIISIIOIIMNX «BUIIKY),
Y MPOBEPUM, MOMAAET JIX IPU 3TOM 3HAYCHUU MSIYUK B CTEHKY. Eciu oH
MOMAJET B CTEHKY, TO 3ajJada BBINIOJHEHA, €CJIM HE MOomajeT, TO
PacCMOTPUM HOBYIO «BHJIKY» U T. I.

5. 3anmycTuTh MPOEKT M BBECTH 3HAYCHUS HAYAIIBHOW CKOPOCTH,
yriia OpocaHus, PacCTOSHUS 10 CTEHKH M €€ BBICOTHI. lllenkHyTh 1O
kHonkaM Bperuuciaump u Ilokasate. Ha Haanmucu OyayT BBIBEIICHBI
pe3ysbTaThl, a B TpadUueCKOM IOJI€ MOSABUTCS TPACKTOPHUS IBUKCHUS
tena (cm. puc. 1.2). [logoOpaTh 3HaUeHUsI HAYaIbHON CKOPOCTH W yrija
OpocaHusi MSIYMKa, 00ECIIEUNBAIOIIUE €r0 MONaJaHuE B CTEHKY.

[TocTpoenue u uccienoBaHue HHGOPMAMOHHBIX Mojienei 21
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Puc. 1.2. KoMnblOTepHBIA SKCIEPUMEHT MO OpPOCAHUIO MSYUKA B
CTCHKY

Hamnpumep, nipu ckopoctu 6pocanus msuuka Vo = 18 m/c u yrie
Opocanust a = 35° MAUMK TOMAJET B CTEHKY BbICOTOM h = 2 M u
HaxoJAIIyrocs Ha pacctosiHuu s = 30 M Ha BeicoTe [ = 0,6959749 wm.

1.3.4. TlpuOnueHHOE pEIICHUE YPABHEHUW B DIJIEKTPOHHBIX
TabauIax

B0O3MOXXHOCTH  2JCKTPOHHBIX TaOJMII HE OTrPaHUYUBAIOTCS
BBIYUCJICHUSIMHU 10 (hOpMYJIaM U IOCTPOEHUEM Juarpamm U rpadgukos. C
oMol Metoaa [Togbop mapameTpa MOKHO TPUOIUAKEHHO C 3aJJaHHON
TOYHOCTBIO PeIIaTh YPaBHCHUS.

3amaua. Haiitu kopenb ypaBHeHHS X3 - cos™ = 0 mpuOInKeHHbIMU
MeToaamMu (rpadguueckum 1 ¢ momoIibso Metoaa Ilogbop mapamerpa).

[IpencraBum QpyHKIMIO B TAOIHMYHOU (popMe, TOCTpouM ee rpaduk,
KOTOPBI ~ MO3BOJUT  ONPEACIUTh KOPEHb  YypaBHEHHS  Tpy0o
npuoamxeHHo. JIhtei

1. IlpencraBuTth 3aJlaHHOE ypaBHEHHUE B TaOIUUHON hopme

(puc. 1.16).

A B C g £ B B G it gk
1 x | 0,000 0,200( 0,400/ 0,600/ 0,800]1,000[1,200(1,400
| 2 y=x - cosx|-1,000]-0,972|-0,857|-0,609| -0,185| 0,460/ 1,366/ 2,574

Puc. 1.16. TabnnuHoe npencTaBieHUE YpaBHEHUS
[TpoekT «lIpubnu>keHHOE pELICHHE YPAaBHEHUS» B IJIEKTPOHHBIX
tabaumax
[TocTpoenue u ucciaegoBanre HHPOPMAIMOHHBIX MojeneH 45
2. Jlna rpybo mpUOMMKEHHOTO OMNpPEACIICHUS KOPHS
noctpouth auarpammy Ttuna I'padux. Ilo rpaduxy rpy6o

NPUOJIMKEHHO MOYXHO OTNpeNenuTh, uTo X * 0,8 (puc. 1.17).

2,500 A
2,000 1
1,500 +——+—

1,000 - ot
0,500

0,000

0,500

-1,000

-1,500 .
3 0,000 0,200 0,400 0,600 0800 1,000 1,200 1,400

Puc. 1.17. I'paduk ¢pyukiuu
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Jl71s1 moucka penieHust ¢ 3aJlaHHOM TOYHOCTBIO UCIIOIb3YEM METO]]
[Ton6op mapamerpa. TouHOCTH TOAOOPA 3aBUCUT OT 3aJIaHHOM TOYHOCTH
MPEACTaBICHUS YUCEN B SYEHKaX TaOIMIlbl (HampuMep, A0 TPEX 3HAKOB
nocie 3amsaToi). Merogom moabopa mapaMmeTpa  HEO0OXOJIUMO
OMpEICIUTh 3HAUCHUE apryMeHTa X (stueiika F1), nmpu koTopoM 3HaUeHUe
bynkuun y (siueiika F2) OyaeTt paBHO HYJIO.

3. Boiienuts sueiiky co 3HaueHueM QpyHKIuu F2 v BBecTr KOMaHy
[CepBuc-Ilondbop mapamerpa...] B Microsoft Excel 2003 wu
OpenOffice.org Calc unu xomanay [Anamu3 "dro-ecnau'"- Ilombop
napametpa...| B Microsoft Excel 2007.

4. B nmanoroBoM okHe Ilogbop mapamerpa (puc. 1.18):

* B 110JIc Y CTaHOBHTH B STUCHKE: BBECTH aapec suchku $FS$2;

* B moJie 3HaYeHUE: BBECTH TpeOyemoe 3HaueHue (PpyHKuuu (B
naHHoM cirydae 0);

* B oJie VI3MeHs1s1 3HaUeHME STUCHKH: BBeCTH aapec suckiku $F$1, B
KOTOPOH OyIeT MpOU3BOUTHCS MO00P 3HAUCHUS apTyMEHTA.

[lenknyTh 1o KHOMIKE OK.

rl'\o;n,sop napameTpa m

Puc. 1.18. JInanorosoe okHo HaacTpoiiku [logbop mapamerpa
5. Ha mnanenum PesynbraT mnombopa mnapameTpa OyJeT BbIBeACHA
nH(popMaIus 0 BeIuurHe 3HaueHus B siuerike F2 (puc. 1.19).

Puc. 1.19. Undopmarmonnas nanens HaacTpouiku [logdop mapamerpa
3. B sueiike aprymenTa F1 nosiButcs nomoOpannoe 3HaueHnue 0,855.
Takum oOpazom, KopeHb ypaBHeHUd X « 0,855 HalineH ¢ 3agaHHON
TOYHOCTbHIO
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Copaep:xanue oTyeTa:
- OTyer JOJDKEH COJACpKaTh CKPHHINOTHI s pasHeix R u N(6
BAPHUAHTOB).

KoHTpoJbHBbIEC BONIPOCHI.

1. OT 4Yero 3aBHCHUT TOYHOCTb BBIYHCICHUU B SJICKTPOHHBIX

TabInIIax.
2. Jlo xKakoW TOYHOCTH II€JI€CO00Pa3HO OKPYTJIHUTHh IMOJyYCHHOE
3HAYEHHUE KOPHS ypaBHEHHUS ]
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IIpakTuyeckass padora Neb

Tema nporpammel: OCHOBHBbIE IOHATHUS TEOPUHU CUCTEM.

Tema: BepositTHocTHBIEe Moaeau. IlocTpoeHue HHpOPMALTUOHHOK
MO/IeJIM ¢ ucnoJjib3oBanuem Mmeroaa Mounre-Kap.io.

Heﬂb: HOJ’Iqu/ITB IMPAKTHUYCCKUC  HABBIKM  BCPOATHOCTHOI'O
OLCHHUBAaHUA CUCTCM.

IHocTpoenne MHPOPMALMOHHOW MOAEIHU C MCHOJIb30BAHNEM METOAa
Mounte-KapJio

BepositTHOCTHBIE Mojenu 0a3upyroTCsi Ha UCIOJIB30BAHUHM OOJBIITUX
CEepUl MCHBITAHWN CO CIy4YalHBIMU MapaMeTpaMu, NPUYEM TOUYHOCTH
MOJYYEHHBIX PE3YyJbTATOB 3aBUCHUT OT KOJIMYECTBA IPOBEIACHHBIX
onbITOB.  [locTpoMM  BEPOSITHOCTHYIO  MOJI€NIb,  MO3BOJISIONLYIO
NPUOIMKEHHO BBIUMCIATh IUIOMIAIA TEOMETpUYEeCKUX ¢uryp. ITta
MOJEIb OyIeT ocHOBaHa Ha Metoae MoHnTte-Kapio.

OnucarenbHasi MOJICNb BBIYUCICHUS TUIOIAJEH TEOMETPUUYECKUX (PUryp
c wucnois3oBanueMm Metoga Monte-Kapino. Chawana mnocTtpoum
ONMCATEIBPHYI) BEPOSITHOCTHYIO MOJIENIb JAHHOTO METOJA: * MOMECTUM
r€OMETPUYECKYI0 (PUTYpy TOJTHOCTHIO BHYTPh KBajpara, ¢ OyaeMm
CIIy4yaiiHBIM 00pa3oM «OpocaThy» TOUKHU B ATOT KBaJpaT, T. €. C HIOMOIIIbIO
rEHEepaTopa CIyYalHbIX YKCE 33aJaBaTh KOOPIWHATHI TOYEK BHYTPHU
KBajpaTa; * OyJeM CUYUTaTh, YTO OTHOIICHUE YHCJa TOYEK, MOMABIINX
BHYTpb (UTYpHl, K OOIIEMy YHCIy TOYEK, IIOMAaBIIMX B KBajJpar,
NPUOIU3UTEIBLHO PAaBHO OTHOIIECHUIO TUIOMaAu (UIyphl K IUIOMIAAH
KBaJipaTa, Ipu4IeM 3TO OTHOIIIEHHE TEM TOUHEE, YeM OO0JIbIIIe KOJUYECTBO
TOYEK.

dopmanabHasgs Moaesb «OmnpeaejeHde IUVIOMAAN KPYyra MeTOoA0M
Monte-Kapao». Iloctpoum QopManibHyl0 MOJAENb JISI BBIYUCICHUS
IUIOIIAAM Kpyra paaudyca T, LEHTP KOTOPOrO COBIIAJAET C HAYaJllOM
KoopauHaT. Kpyr BhmcaH B KBapaT cO CTOPOHOU 2 * T, TOTJa IIOIA/b
KBaJpara MOKHO BEIYHMCIIUTH 10 Gopmyie: S1 =4 « 12,

[Ilyctb N — KOJMYECTBO TOYEK, KOTOpHIE CIIy4allHbIM 00pa3om
TEHEPUPYIOTCSI BHYTPH KBaJIpata.
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1/

Puc. 6.1. Kpyr, BliucaHHbIN B KBaipat
CnyyaliHplii BBIOOP KOOpPAMHAT TOYEK, KOTOpHIC IIOMAJal0T BHYTPb
kBagpara (N To4ek), TOJKEH MPOU3BOIUTHCS TaK, YTOOBI KOOPAMHATHI
TOYEK X U Y YIOBJIETBOPSIIN YCIOBUSM:
-r<X<ru-r<y<r.lIlyctb M — KOIM4YECTBO TOYEK, NOMABLINX
BHYTPb KpPyra, UX KOOPJMHATHI YAOBIECTBOPSIOT YCIOBHIO:
x2 + y2 < 1r2. IlpeamnonoxumM, 4TO OTHOLICHUE IUIOMIANEH Kpyra S; U
KBaJipaTa S paBHO OTHOIIEHUIO KOJIWYECTBAa TOUEK M, MONaBIINX BHYTPb
Kpyra, K KOJIMYECTBY ToueK N, MOMaBIIMX BHYTPb KBajJpara, TOTJa
noJiyqyum hopmyiy:
Sz /S1 = M/N Toraa miomanas Kpyra MOXXKHO BBIYMCIIMTH B €IMHHIIAX
M3MepeHns paanyca o popmyie: Sp = S; ¢ M/N = 41?2 « M/N. Bounee Toro,
TaKuM CIIOCOOOM MOKHO BBIYMCIIUTH 3HaueHue uucia 1. [loacraBum B
Gopmyiy 3HaUeHHE IIOMAAM Kpyra Sy = mr? u moxyduMm GOpMyJTy s
BBIYMCIICHHS YUCIA T
ner’=4r?+« M/N; =4 M/N.
1.4.2. KoMnbprOTEpHBIE MOJIENIH, TOCTPOECHHBIE C HCIIOJIb30BAHUEM METO1a
Momnte-Kapino, Ha s3bike Visual Basic
Pa3zpabotaeM Ha sa3bike Visual Basic KOMIBIOTEpHYIO MOJIEIIb,
MO3BOJIAIOLIYI0 MeToaoM MoHTte-Kapino onpenensaTs miomanb Kpyra u
YUCJIO .
[Tpoekt «Meton Monte-Kapio» Ha a3bike Visual Basic
1. ITomectuts Ha Gopmy (puc. 6.2):
* rpaduueckoe nosie PictureBoxl, B koTopoMm OyzeT oToOpakaThes
IIPOLIECC CIIy4ailHOM TeHepaly TOYEK;

e nBa TeKCTOBBIX moiia: TextBoxl — i BBoma KojmdecTBa
reHepupyembix Touek u TextBox2 — g BBoma paauyca
OKPY’KHOCTH;

* JIB€ HAJIKUCH JJIsI BBIBOJA 3HAUEHUS IUIOIIAIA KPYyra U YHCIIa JT;
 kHOMIKY Button 1 ajist 3amycka 00paboTunka COOBITHS.

2. YCTaHOBUTH pazMep rpaduyeckoro moJis: ¢ momoIiso okHa CBoHCTBa

MPUCBOUTH CBOUCTBY Size 3Hauenue 200;200.
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3. Co3nath 00pabOTYUK COOBITHSI, KOTOPBIM 00ECTICUYHBAET:

* CTUPAHUE PE3YJILTATOB MPEBIIYIIETO OMbITA;

* BBOJ KOJIMYECTBA TCHEPUPYEMBIX TOYEK U IPUCBAMBAHUE €T0
nepeMeHHou N;

* BBOJI 3HAUYECHUS PAINyCa OKPYKHOCTH U MIPUCBANBAHUE €r0 EPEMEHHOU
R;

* FTEHEPALINIO CIIYYANHBIX KOOPJIMHAT TOYEK;

* pucoBaHue B TpadUyueCKOM IOJie KBajapaTa cO CTOpoHOH 2*R wu
OKPYKHOCTH paauyca R;

* MOJCYET B MEPEMEHHOW M KOJIMYECTBAa TOYEK, MOMABIIUX BHYTPb
Kpyra,

* BBIUMCIICHUE U BBIBOJ] 3HAYCHMS UIOIIAIM KPYTra U YKCJIa K Ha HA/IIUCH.
Dim Graphl As Graphics

Dim Penl As New Pen (C o lo r. Black, 1)

Diml,N, M, X, Y, R As Long

Private Sub Buttonl_Click (...) Graphl=Me.PictureBoxI.CreateGraphics
0

'‘Ctupanue Graphl.Clear (Color.White)

'‘BBoa maHHBIX

N=Val(TextBoxl.Text)

R=Val(TextBox2.Text)

" CnBur 1o ocsim X 1 Y

Graphl.TranslateTransform (100, 100)

'PrucoBanmue Kpyra u KBajpara

Graphl. DrawEllipse (Pen2, -R, -R, 2*R, 2*R)
Graphl.DrawRectangle(Pen2, -R, -R, 2*R, 2*R)

For 1=1 To N

'T'eHepauus cllydyallHbIX KOOpDAMHAT TOYEK KM PHCOBAHHUE TOYEK B
rpaduuecKoM MoJje

X=Int(Rnd( ) *2*R)-R Y=Int(Rnd( ) *2*R)-R

Graphl. DrawEllipse(Penl, X, Y, 1, 1)

'[loxcuer Touek, MonaBMINX BHYTPb Kpyra

| f XA2+YA2<=RA2 Then M=M+1 Next |

'BbIBOJ TIJTOIIAIA KpyTa U YUCIIa

Pi Labell. Text=4*(M /N )* (RA2)

Label2. Text=4*(M/N) End Sub
4. BBeCcTH KOJMYECTBO F€HEPUPYEMBIX TOUEK U PAJAUYC OKPYKHOCTH (OT
1 no 100). IllenkHyTh MO KHONKE BBINOIHUTH, B TpaduuecKoOM MOJie
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OyneT oToOpa)keH MPOIIECC FreHepalli CIIy4YalHbIX TOYEK, a Ha HaJIHUCH
OylyT BbIBEJCHBI 3HAUCHUE IJIONAM Kpyra U 4yucio K (cm. puc. 1.21).

"\ ero71 Monre-iKapno —

S| izis

Puc. 6.2. [Ipoext «Metoag Monte-Kapno» Ha si3pike Visual Basic

KoMmnerotepHbiii skcnepumMedT. C momomipto Metoga Monte-Kapio
MOXHO OIPEACTUTh C HEOOXOIMMOM TOYHOCTRIO 3HAUCHUE Ynca 5 (1pu
YBEJIIMYEHUHN KOJIMWYECTBA T€HEPUPYEMBIX TOUEK OyAET YBEJIMUYMBATHCS
TOYHOCTh BBIYHUCIICHUS YUCTIA K).

Copaep:xkaHue oTyera:
- OT4eT AOJKEH COJIepKaTh CKPUHIIIOTHI JyIsl pa3HbiX R u N.

KoHnTpoJbHbIE BONPOCHI.
1. Jo Kakoil TOYHOCTH II€J€CO00pa3HO OKPYIIUTh MOIYyYEHHOE
3Ha4YEeHUE yucia m?
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IIpakTnueckass padora Ne/

Tema nporpammel: OCHOBHBbIE IOHATHUS TEOPUHU CUCTEM.

Tema: MoaeJn JIOTHYECKUX YCTPOHCTB KOMIIBIOTEPA.
Hosxycymmarop

Heab: [TonyunTs MpakTUYECKUE HABBIKA MOJECITUPOBAHUS JIOTUYECKUAX
ycrpoucts [1K.
B onekTpoHHBIX  TabnMIaX ~ UMEIOTCS  JIOTHYECKHE  (QYHKIIHH,
peanusyrome 0a30BbIe JIOTHYECKHE Omepanuu. AprymMeHTamMu |
3HAUYCHUSIMU JIOTUYECKUX (DYHKIUN SIBJISIOTCA JIOTMYECKUE 3HAYCHUS
NCTUHA u JIOXb. Jlornueckoe 3HaueHUE MOXKET OBITh MOJTYYEHO Kak
pe3ybTaT OMPEICIICHUS 3HAYCHUS JJOTMYECKOT0 BhIpaxkeHus. Harpumep,
JUIsl JIOTUYECKOro BhIpakeHus 10>5 pesynbraTom OyJeT JIOTHYECKOE
sHaueHue MCTUHA, a nna jmorudeckoro BbeipakeHuss A1<A2 (rne B
aueiike Al xpanutcs uucio 10, a B ssuerike A2 — 4ucio 5) — 3HAYCHHE
JIOXDb.
Jlornueckass ¢yHkius 1M mMeeT B KadecTBE apryMEHTOB JIOTHUECKHE
3HAYCHU S, KOTOPhIE MOTYT ObITh UICTUHHBIMH WJIM JIOKHBIMU, U 3a/1a€TCS
dbopmysori =Illmor 3nHaul; usor 3Hau2; ...). IlpuHUMaeTr 3HadeHHE
NCTHUHA Ttoraa v ToJIbKO TOTAa, KOT/Aa BCE apryMEHThI UMEIOT 3HAYCHUE
NCTUHA. Hanpumep, 3nauenue ¢pyukuu =1(10>5; 10<5) - JIOXKD.
Jlornueckas ¢pynkiusa NJIM umeer B kauecTBE apryMEHTOB JIOTHUYECKHE
3HaueHuss W 3agaetrcs (opmynon =LUIInor 3naul; norsmau2; ...).
[Tpunumaet 3nauenne MCTUHA Torna u TOJIBKO TOTJa, KOT/Aa XOTs OBl
oauH u3 aprymeHToB umeet 3HaueHne MCTUHA. Hanpumep, 3HaueHue
dbynkuuun =NJIN(10>5;10<5) — UCTUHA.
Jlornueckas ¢ynknuss HE MeHseT Ha TpOTHUBOIOIOXKHOE 3HAYCHHE
CBOEro aprymenrta u 3ajaercsi ¢popmynoit =JIII{nor 3nau). [Ipunumaer
3HaueHue MCTHUHA, ecnu apryment umeer 3HaueHue JIOXD, u
HaobopoT. Hanpumep, 3nauenue pyukuun =HE(10>5) — JIOXKb.
[Tonyurm TaOIUIly MCTUHHOCTH OINEpPAIMU JOTHYECKOTO YMHOKEHUS,
3HAYEHHEM KOTOPO# B Tpex ciydasx siBisiercs JIOXKD u Tonpko B 0gHOM
— NCTHHA.
1. B maps! sueek (A2, B2), (A3, B3), (A4, B4)(AS, B5) BBecTu napsl
3HaYeHUu aprymeHtoB Jorudyeckon omnepauuu (JIOXKD, JIOXD),
(MUCTHUHA, JIOXDb), (JIOXKb, UCTUHA) u (MCTUHA, UICTHUHA).
2. B saueiiky C2 BBectu dhopmyiny jgorudeckoit pynkiuu U: =1(A2;B2)
3. CxonupoBath popmyiy B stueiiku C3, C4 u C5.
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[TomyyuM TaONMIly MCTUHHOCTU ONEpPAMU JIOTUYECKOTO CJIOKEHHS,
3HAYEHUEM KOTOpOU B 0JiHOM ciydae siisieTcst JIOXKD, B Tpex npyrux —
NCTHUHA.

4. B napw siueex (E2, F2), (E3, F3), (E4, F4) (E5, F5) BBectu mapsl
3HaueHUW aprymeHtoB Jiormdeckol omepamuu (JIOXKD, JIOXD),
(MUCTHUHA, JIOXDb), (JIOXKb, UICTUHA) u (MCTHUHA, UCTHUHA). 5.
B sueiiky G2 BBectu Qopmyny Jorudeckoud ¢yukiuu MIIN:
=NJIA(E2;I'2). 6. CxoniupoBath dhopmyiny B siueiiku G3, G4 u GS.
[TomyyuM TaOGAMIly UCTUHHOCTH OIEpalldd JIOTUYECKOTO OTPHULIAHMS,
3Ha4eHUEM KOTOpou B ogHoM ciydae asisiercss MCTHUHA, a B ipyrom —
JIOXKb.

7. B adenky 12 BBeCTM 3HAYECHHUE apryMeHTa JOTHUYECKOM OIleparuu
JIOXDb, a sueiiky 13 — UCTHUHA. 8. B sueiiky J2 BBecTu hopmyny
nornueckont pyukiuu HE: =HE(12). 9. CkonupoBats hopmyity B s;TMEHKY
J3. Tlonyyum Tabnuily, noka3zanuyto Ha puc. 7.1.

A Y D E £ G T W T " ——
1 Nomveckoe dhynumn "W Nommusecxan dyrapen "UNU" Norwveckan Hynkuma "HE"
2 NOXe NOXL  JIOKD NoXb  flOXb JIOAD NOXb WCTUHA
3 WUCTMHA NOXb JOXL MCTUHA [IOXb MCTHHA MCTUHA NOXh
4 NOXe WCTUHA  IOXDL MOXb MWCTUHA  WCTHHA
S WCTWHA UCTMHA HCTHHA UCTUHA UCTUHA  HCTMHA

Puc. 7.1. TabauIibl MCTUHHOCTHU 0A30BBIX JJOTMYECKHUX OTNEpaIit
[Ipoext «ITomycymmarop» B a5ekTpoHHbIX Tabauiax Microsoft Excel
1. Ha nucte [Tonycymmarop npeaycMOTPETh BBOJ JIOTUYECKUX 3HAYCHUIM
aprymeHToB B s;uerku Bl u B2.
B sueiixky B3 BBecTu dpopmyny =1U(B1;B2).
B siueiiky B4 BBectu popmyny =HE(B3).
B sueiiky BS BBectu popmyny =1MJIM(B1;B2).
B sueiiky B6 BBecTu dhopmyny =1(B5;B4).
2. Jlns co3manus rpaduueckoro uHTepdeiica mpoekTa 3alyCTUTb
CUCTeMY OOBEKTHO-OPUEHTHUPOBAHHOIO TMporpamMmupoBanusi Visual
Basic komannoii [ CepBuc-Makpoc-PenakTop Visual Basic].
3. B okHe cucTeMbl mporpaMMupoBaHus J100aBUTh (HOpPMYy KOMaHIOU
[Insert-UserForm].
4. ITomectuth Ha popMmy (puc. 7.3):
» kHonky CommandButtonl mist 3anmycka cOOBITHIHOM TTPOLIEAYPHI;
* YEThIPE HAJIMUCH JIsl OTOOpaKeHUsI 0a30BBIX JIOTUYECKUX IJIEMEHTOB;
* nmBa TeKCTOBLIX MOJIA TextBoxA u TextBoxB misg BBoaa jJormueckux
3HAYEHUI HA BXOJI€ MOJyCyMMaTopa;
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* YCTBIPC HAAIIMCH IJI BBIBOJA ITPOMCIKYTOYHBIX JTJOTHYCCKHUX 3Ha‘1€HI/II>'I,
a TaK)K€ UTOTOBBIX 3HAUECHUU CYMMEI U IICPCHOCA.
5. Co3natb COOBITUITHYIO IPOLIEAYPY:
P rivate Sub CommandButtonl_Click()
Cells(1,2)=TextBoxA.Text
Cells (2, 2 )=TextBoxB.Text
L a b e ll.Caption=Cells(3, 2)
Label3.Caption=Cells(4, 2)
Label2.Caption=Cells(5, 2)
Label4.Caption=Cells(6, 2)
End Slab
A | BV &
A= NIOXb
___B=[UCTWHA
| P==1(B1,B2)
| Not P = =HE(B3)
Or = =UNU(B1;B2)
_S==U(B5;B4)

b i 2 o

Puc. 7.2. ®opmynibl 11t MOJETU TTOTyCyMMaTopa
6. 3anmyCTUTh TMPOEKT, BBECTH 3HAYEHUsI apryMEHTOB U IIEIKHYTh IO
KkHoIke [lepenoc u cymma.

wr
|Falsc T

B | False NS
|Truc e | %I True

Puc. 7.3. Moaens noinycymmaropa B 3JIEKTPOHHBIX Ta0JIHIIaX
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IIpakTuyeckas padora Ne8.

Tema nporpammsbl: OCHOBHbIE IOHATUS TEOPUU CHCTEM.

Tema: IlocTpoeHune U UCIOJIL30BAHUE ONITUMHU3ANUOHHON MO/IeJIU B
3JIEKTPOHHBIX TA0JHUIIAX.

Heab: [lonyunTp NPaKTUYECKHE HABBIKM  HCCIEHOBAaHMS
ONTUMHU3AIMOHHBIX MOJEJICH B JICKTPOHHBIX TaOIHIIaX.

IlocTpoeHne M mMcc/ieloBaHMEe ONTHUMHU3ANMOHHOW MOJeJH B
3JIEKTPOHHBIX TA0JIULAX

Hancrpotika [Touck permenns. Bo3aMOXXHOCTH 37I€KTPOHHBIX TAOIHI]
Microsoft Excel He orpaHnuuBarOTCsl BBIYKMCICHUSAMHU MO (HopMysaMm H
NOCTPOCHHEM JHUarpaMM U TpapuKoB. 3aJayd ONTHUMHU3ALMOHHOTO
MOJEIMPOBAHNS MOKHO PEIIATh C TOMOIIBIO HAJICTPOUKHU DJIEKTPOHHBIX
tabnuil [Touck pemenus, KoTopast TpeOyeT TOMOJIHUTENbHON YCTaHOBKHU.
[Ipouenypa nmoucka pemieHus MO3BOJSET HANTU ONTUMAIIBHOE 3HAYEHUE
(hopMYITBI, COJIEPIKAIICICS B TUCHKE, KOTOpask Ha3bIBACTCS MEIEBOM. JTa
npoiieaypa paboTaeT ¢ rpynmnoi siueex, IpsiMo WJIM KOCBEHHO CBA3aHHBIX
c ¢opmynoii B ueneBod sueiike. UTtoObl monyuuTh 1Mo Qopmysie,
COZEpKallecs B LEJIEBOM SUYEUKE, 3aJaHHBIM pe3yabTar, MNpoLeaypa
U3MEHSET 3HAUYCHUS BO BIUAIONIMX s4uelikax. YTOObI Cy3UTh MHOKECTBO
3HAYEHUU, UCTOJIb3YEMBIX B MOJIEIIH, IPUMEHSIOTCS OTPAHUYEHUS. DTH
OTPAHUYECHUS MOTYT CChUIATHCS HA JPYTUE BIUSAIOIINE TYCUKH.

YcranoBum Haactpoiiky [louck pemenust B Microsoft Excel 2003.

1. Beectn xomanay [Cepsuc- Haacrtpoiiku]. B auanoroBom okHe
Hanctpoliku B criucke JlocTymHble HAJACTPOMKHU: BBIOpaTh HACTPOUKY
[Touck pemieHus myteMm ycTtaHoBku (uiakka (puc. 8.1.). HlenkHyTs 110

kuonke OK.
IO TR 1))

GoCTyrvam WascTpOH

Analysis TooPak - VBA - I o I
| Macrep noactanceck A
™ Mactep cymapoearia Oonee I
1 naer sanca
L] CUaT B 06RO
 i— |
- NOMOUIHA NO MMTeapsaTy l

=

Miovos - e e

ISCTPYIMIT ANA MOWOG POUGHAN YDA 0 3040y |
AR |8

Puc. 8.1. JInanoroBoe okno Hajactpoiiku B Microsoft Excel 2003
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YcranoBuMm HajacTpoiiky [louck pemenust B Microsoft Excel 007.

1. Ilenxknyts mo 3Hauky Kuomka Microsoft Office & . B
MOSIBUBIIEMCSL JTHAJIOTOBOM OKHE IIEJIKHYTh IO KHOIKe I[lapameTpsr
Excel. B nosBuBIIeMCs AUajloroBOM OKHE BbIOpaTh MyHKT HamcTpoiku.
B cnucke Ynpasnenue BbiOpaTh myHKT Hancrpoiiku Excel u Haxathb
kHonKy Ilepentn. B naumamoroBom okHe HaxacTpoiiku B cnucke
JlocTynHble HAJCTPONKHU: BbIOpaTh HACTpouKy llouck pernieHus myrem
yctaHoBkU (uiaxkka (puc. 1.31). lenxkayts no kaonke OK.

»

2. Suerikn B2, C2 u D2 BbIIeNUTh 1J1s1 XpaHEHUSI 3HAYCHU TTapaMETPOB
X I, X2 u X3 (puc. 1.32). B sueiiky B4 BBectu QopMyiy BeIUHCICHUS
ueneBol ¢ynkuuu: =B2+C2+D2. B sueitky B7 BBectu dopmyny
BBIYMCIICHHS KOJIWYecTBa 3arotoBok tumna A: =10*B2+3*C2 + 8§*D2. B
sueiiky B8 BBecTu hopmyiry BBIYMCICHHS KOJIMYECTBA 3aTOTOBOK THUIA b:
=3*B2+6*C2 + 4*D2.

ABC1X1X2x32Ilapamerpsr: 0 0 0 3 4 IleneBas pynkuus: 0 .5 ~r
Orpannuenus X Kon-Bo 3arotoBok A: 0 8 Kon-Bo 3arotoBok b: 0

S T— W
K3 X1 X2 x3
2 Hapamerpsi: 0: 0] 0

3
4 Ellenenn ¢yaxnaa: 0

- —

6| Orpanmienss
O J Ko.1-80 3ar0T0BOK A: 0
8 Koa-sosarorosoxb: | 0
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Puc. 8.3. BBoa ¢popmys1 ONTUMHU3AIUOHHOW MOJIENIH
JInsi moucka ONTUMAJILHOTO Ha0opa 3HAYEHUN MapaMeTpOB, KOTOPBIHA
COOTBETCTBYET MHUHHUMAIBHOMY 3HAQUYCHHUIO IIE€JIEBOM  (PYHKIUH,
BOCIIOJIb3yEMCSI HAJICTPOMKOM 2JIEKTPOHHBIX Tabuil [Touck perieHusl.
[TocTpoenue u uccienoBaHue HHPOPMAIIMOHHBIX Mojieneit 77
2. B snextponnsix Tabmumax Microsoft Excel 2003 BBecTn kKomaHTy
{CepBuc-Ilouck pemieHus...]. B anexkrpoHHbix Tadiaumax Microsoft
Excel 2007 BBectu komanay [[lannwie-Ilonck pemieHus...]. B
nosiBuBIIeMcst auanoroBoM okHe Ilouck pemenus (puc. 1.33)
YCTAHOBUT:
* aJIpEC LICTICBOU AYCHKH;
* BApUAHT ONTUMU3AIIUY 3HAYCHUS 11€JICBOM sSTUelKu (B HAIlIEM Clydae
MHHUMU3AIUIO);
* aJpeca sSYeeK, 3HAYEHUsI KOTOPBHIX U3MEHSIOTCA B IMPOIECCEe TOUCKa
pelieHus (B KOTOPBIX XPaHITCS 3HAYCHUS TapaMeTPOB);
e orpaHuyeHus (TUNa PaBHO IS SYECK, XPAHANIUX KOJIUYECTBO
3ar0TOBOK, ¥ THIIA OOJIBILIE PABHO JIs IIAPAMETPOB).

Paguoi: (7)) MaxchmanEHOMy

(@) MMEMMRNEHOMY FHAUEHIO
VoMengn Aueior:

| (sssom | Dpposcuper

Qrpasmuenns:

5832 >=0 < | [ eteman |

$887 = 500

( $8$8 = 300 [ e | e

$C$2>=0
$0$2 >=0

Puc. 8.4. lnuanorosoe okHo [louck pemienus

4. IllenknyTe 1o KHONKe BeimonmnuTh. B nuanoroBom okHe Tekyiiee
COCTOSIHHE TIOMCKa perieHus (puc. 8. 4) HaxxumaTh KHONKY [1po1omkuTh
JI0 TeX IOP, MOKa B TUYCHKe 1e71eBOM (YHKITUN HE MOSBUTCS MUHUMAJIBHOE
3HaueHue (puc. 8.5).

Texywee cocTonHue nonén LWEeHNS

(IOMCK peileHns NPUOCTBHOBNEH. Texyllne JHAUSHHR a1
noxazanes M3 pabouen mmcre. oo g

Puc. 8.5. Ilporecc moucka pemnieHus
5. Takum oOpazomM, st uzroroiaeHuss 500 neraneit A u 300 neraneit b
Tpedyetrcsa 70 nucTtoB Mmatepuaina, mpu 3ToM 20 JIHCTOB HEOOXOIUMO
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packpouts 1o nepsomy, 20 1ucTtoB — 10 BTOpomy U 30 JTHUCTOB — IO
TpeTheMy BapUaHTy (cM. puc. 8.6).

. R N—— T W (7

Xi X2 X3
Ilapamerpsi: 20 20 30

1
2
3|

4 ille::enx $yaxnaa: 70
5

6 | Orpanagenasn

7 |Kon-mo3saroroBoxk A: 500
8

Kon-go 3aroraosoxk B: 300

Puc. 8.6. Pe3ynpTaT onTHMH3amn
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IIpakTuyeckas padora Ne9.

Tema nporpammel: OCHOBHBbIE IOHATHUS TEOPUHU CUCTEM.

Tema: I'pagbl 1 ux uccaenosanue. Onucanue rpaga ¢ nNOMOUbIO
MATPHULBbI CMEKHOCTH.
Heab: Onucath rpad ¢ TOMOIILI0 MATPHUIIBI CMEXHOCTH.

BBeaenue B Teopuro rpagos

[Tpu poeKTUPOBAHUM KOMITBIOTEPHBIX CETEH, TeIePOHHBIX JTUHUH,
TpyOOIPOBOIOB U CTPOUTEIHCTBE JOPOT HEOOXOIUMO MHUHUMHU3UPOBATH
3aTpaThl HA NPOKJIAAKY KOMMYyHuKanui. [Ipexne Bcero, nenecooopazHo
BBIOpaTh MUHUMAJIbHBIN 10 IJTMHE MAPLIPYT NPOKIAAKA KOMMYHUKAITAN.
Hamnpumep, He00X0IUMO COCTUHUTH TeIE(HOHHBIM U KOMITBIOTEPHBIM
KabeyieM IIeCTh 3JaHUM, PACCTOSIHUS MEXIYy KOTOPBIMU Pa3IMYHbI (PHUC.

9.1.).

)

Puc. 9.1. 3agava npokaagku KOMMYHUKAITAN

Bo3Hukaer 3agava omnpenesieHuss MapuipyTta MNPOKIAJAKA KaOens
MUHUMAJIbHOW JIJTUHBI, HO TIPU ATOM MOAXOJAIIETO K KaKIOMY 31aHUIO.
Jl1st perieHust TakUX 3a71a4 4aCTO MCIOJIB3YIOT TEOPHIO TpadoB.

OcHoBHble mOHsITHS Teopuu rpadoB. I'padh G 3agaercs ¢
noMomiplo mapsl MHOxkectB G = (V, R), tne V — MHOXeCTBO
(COBOKYMHOCTB) BEpIIMH, R — MHOECTBO pebep, COSAUHSAIONIMNX Taphl
BepIIMH. MHOXKECTBO pedep MOXKET ObITh MYCThIM, €CIM HU OJHA W3
BEpIIMH HE COEAWHEHAa ¢ JpyruMu BepmmHamu. OObYHO Tpad
MPEJCTABIISIIOT C MOMOIIBIO CXEMbI, Ha KOTOPOW HEKOTOPHIC BEPIIMHBI
COeIMHEHBI TMHUAMH (pedbpamu) (puc. 9.2).

V2 R

Ri4
V3 34 V4
Puc. 9.2. I'pad G B hopme cxembl
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BepmmHaMu MOTyT CIy>XKUTh OOBEKTHI JH000M MPUPOABL: Oylb TO
HACEJICHHbIE TMYHKTHl, KOMIIBIOTEPHI CETH, OJJEMEHTHI OJIOK-CXeM
anroput™MoB U T. 1. Ilom pebpamu MoryT mojapasymeBaThCs JOpOTH
MEXK]ly IByMsI COCETHUMHU TOPOJIaMH, CTOPOHBI TEOMETPUUECKUX PUryp,
JMHUU CBSI3M MEXIy KOMIbloTepamu. JIoOyro cucteMy yiuil B TOpoje
MOXHO MPEICTaBUTH B BUE rpada. 31ech BEpUIMHBI — 3TO MEPEKPECTKHU.
BepiivHbel Ha3bIBAIOTCS CMEXHBIMHM, €CIM HUX COEIUHSET pedpo.
Hampumep, Ha puc. 9.2 cMmexHbl BepuidHbl Vi U V2, Tak Kak HX
coeaunseT pedbpo R12. MHoxxectBa V u R SBISIOTCS KOHEUHBIMUA — MBI
MOEM TMEePEUUCIIUTh BCE BEPIIUHBI U pedpa rpada. KonmdyecTBo BepiiiuH
U KOJIMYECTBO pedep rpada ompenensroT MOITHOCTH MHOXECTB V u R.
Tak, konuuecTBo BepiuH rpada G paBHO 5, a KOTUYECTBO pedEp paBHO
8. Pebpo u mrobas u3 ero AByX BEPUIMH HA3bIBAIOTCS WHIIMICHTHBIMH.
[Tox cTeneHpr0 BEPIIMHBI NOAPA3YMEBAETCS KOJIMYECTBO WHIMIACHTHBIX
eit pebep. Tak, creneup BepiuHbl V\ paBHa 3, a CTCIEHb BEPUIMHBI V5
paBHa 4.

MapumpyT rpagpa — 3TO NOCIEAOBATEIBHOCTh YEPEAYIOLIUXCS
BepIIUH U pebep. B rpadax MOXHO BBIJICIUTHh PA3IMUYHBIE MAPIIPYTHI.
Mapuipyt dBisieTCsl 3aMKHYTBIM (LIMKJIOM), €CJIM €ro HadajbHas u
KOHEYHasi BEpIIMHKI coBnaaatoT. Hanpumep, B rpadpe G MOKHO BBIAETUTH
HECKOJIBKO AKITAYECKUX MapIIpPYyTOB, HanpuMep
V1R12V2R23V3R34V4R14V1 51 V2R23V3R35V5R25V2. MapmpyT HA3bIBACTCsI
MPOCTOM 1IENbI0, €CIIM BCE €ro BEpPIIMHBI U pedpa pa3nuyHbl. [[nuHa
MapuipyTa paBHa KOJIUYECTBY pebdep, BXoAaux B Hero. OgHa BepIIuHa
JOCTUXKUMA U3 JIPYTOM, €CIU MEXAYy HUMH MPOJokeH mapupyT. ['pad
CUMTAETCS CBSI3HBIM, €CJIM KaXKJ1asi €ro BEpPUIMHA JIOCTHXKUMA U3 JII000M
npyrou. Hanpumep, rpad G sBisieTcst CBA3HBIM, TaK KaK MEXIY JTOOBIMU
JIBYMSI €ro BEPUIMHAMU MOXHO IIPOJOXKUTH MapmpyT. Hampumep,
MapuipyT MEXIy BepIIMHaMu Vi U Vi MOXKET OBbITh CIEAYIOUIUM:
V1R12V2R23V3R34V4. BepmmHbl, KOTOphlE HE HMMEIOT WHUIHJIECHTHBIX
pebep, Ha3bIBAIOTCA HW30JUPOBAHHBIMU BepIIMHAMHU. MOXHO TaKxke
CKa3aTh, YTO CTENIEHb TAKMX BEPIIMH HyjeBas. M3 Bcero 3Toro ciemyer,
YTO W30JMPOBAHHBIC BEPIIMHBI HEAOCTHKHUMBI W3 JIFOOBIX JPYTHX
BEPILIHH.

OpuentupoBanubie rpadbl. CooOpa3UTEIbHBIN YATATEh MOXKET
3a/1aTh BOMIPOC: UMEET JIM 3HAUCHUE HAMpaBJICHUE, OpUEHTAIUsl pedpa?
Benp B cucrteme yiuip MOKHO HAWTH TOPOTH KAK C OAHOCTOPOHHUM, TaK
U C JIBYCTOPOHHHUM JIBHKeHHEM. VIMEHHO mosTOMy B Teopuu rpadoB
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BBOJUTCS MOHATHE oprpacda — opHeHTHpOoBaHHOTO rpada. B oprpade
KaXJ10€ peOpo uMMeeT OJHO HampaBjieHue. Takue peOpa Ha3bIBAIOTCS
nyramu. [pyrumu cioBamu, peOpo — 3TO HEyMNOpsAIOYEHHas Mapa
BEpILIUH, a 1yra — ynopsgoueHHas. OueBUAHBIM SIBJIIETCS TOT (PaKT, 4TO
nyru Ri2 u Ro1 He coBmanmaror B oprpade. s oprpada BBOASTCS TaKue
MOHATHS, KaK BXOJAIIAS W MCXOASIas CTEINEHW BEPIUUHBI. IJTO
COOTBETCTBEHHO YMCJIO BXOJAIINX B BEPIIMHY YT U YUCIO UCXOJSAIINX
U3 Hee AYT.

B3Bemiennbie rpagpl. OueHb YAacTO B MOPAKTUYECKHUX
MPUMEHEHUSX KeJaTebHO MPUIIUCHIBATh pedpaM rpada Beca JJis TOro,
4TOOBl MOJECIUPOBATH TaKUE BEJIUYMUHBI, KaK PAaCCTOSHHUE, BpeMs
nepexoja WIA CTOMMOCTh JOCTaBKM MEXKIY JBYMS TOYKaMH.
B3pemennbiii rpad (cetb) — 3TO Tako rpad, pedpaM uiam ayram
KOTOPOTO MOCTABJIEHbl B COOTBETCTBUE YUCIIOBBIE BEIMYUHBI. Bec cetu
paBEH CyMMeE BECOB €€ pedep.

Onucanue rpada ¢ NOMOMbIO MATPUIBI CMEXHOCTH. J[1s
HATJISHOTO TIPEICTaBICHMS rpada UCTIOIb3YIOTCS CXeMbl (cM. puc. 9.2),
a JI711 MaTeMaTUYECKUX PACUETOB YJI0OHEE UCTIOIB30BATh MPEICTABICHUE
rpada B popme MaTpuiibl cMexXHOCTH (puc. 9.3, a). Matpuily cMeXHOCTH
MOXHO TMpEJICTaBUTh B BHUJIE TAOJHIBI, CTPOKH U CTOJOIBI KOTOPOU
COOTBETCTBYIOT HOMepaM BepiinH rpada. Ecnu BepminHbl CMEXKHBI, TO
AJIEMEHT MATPHUIIbI CMEXHOCTH pPaBeH 1, €CJIM BEPIIUHBI HE CMEXHBI, TO
3JIeMEHT MaTpullsl paBeH (. J(MaroHalbHbIE 3JIEMEHTHI MAaTPHUILIBI PaBHbI
0, Tak KaKk BEpPIIMHBI CaMHU C COO0I HE CMEXHBI (MX HE COCTUHSIET PeOPo).
[Tycth B MaTpuiie cMexHocTU rpada G CTPOKH HYMEPYIOTCS WHIEKCOM
M, a CTOJOIBI — HWHJEKCOM K, Torjga 3JeMeHThl MaTPHUIbl CMEKHOCTH
obo3HavatoTcss Rnk. Jljisi CMEXHBIX BEPIIMH SJIEMEHTHI MAaTPUIIbI
cmexkHocTH (R12, Ri14, Ris. R21, Ros, R25,R32 Ras, Rss, Rai, Raz Ras, Rsy,
Rs2,Rs53 Rs4)paBHBI 1, a 1711 HE CMEKHBIX BEPIIHH 3JIEMEHTHI MATPHIIBI
(R13, R24, Ra2) paBubl 0. JIlmaronanpHbie 3aeMeHTHI MaTpuibl (R11, Roz,
R33, R44, R55) PpaBHBI 0.

IIpeoOpazyem rpadp G B ceTb, T. €. MNPUCBOUM pedpam,
COCIMHSIONIMM CMEXHBIE BEpIIUHBI, uncioBbie 3HaUeHUS (R12 = 50, R14
=25, R15 =10, R21 =50, R23 = 25, R2s = 30, R32 = 25, R34 = 50, Ras = 35,
R41 = 25, R43 = 50, R45 = 15, R51 = 10, R52 = 30, R53 = 35, R54 :15).
Oto06paszum cetb G B popMme MaTpHIlbl cMeKHOCTH (puc. 9.3, 0).
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1 |12 |3 |4 |5
0 |50 |0 |25 |10
50 |0 |25 [0 |30
0 |25 |0 |50 |35
25 |0 |50 [0 |15
10 |30 |35 |15 |0
a 0
Puc. 9.3. I'pad u cets G B popMe MaTpuiibl CMEKHOCTH

==
=l =D
=l =1

=S =S

Ol Rk ikRFLO

OB IWN -
(G2 NNCO R AN

5. CocraBieHue oT4UETA.
B otueTt n0KHBI BOUTH:
1. TlocTpoiiTe MaTpHUIly CMEXHOCTH IS Tpada.
2. Onumurte Mapuipyt rpada.

V2
R V5
R 2 Ras
V3 3 V4

KOHTpOJ’IBHBIC BOIIPOCHI

1. Kakue rpadsl ABISIIOTCS IEPEBbIMU?

2. B kakoii popMe MOXKHO NpecTaBuTh rpad?

3. Packpoiite COJZICpIKAHUE MPUKIIATTHOTO YPOBHS
MH(OPMAIIMOHHBIX TEXHOJIOTHH.

4.  OxapakTepu3yWTe NOHSATHS «CHUCTEMBI W YHIPABICHHSI» C
MIO3UIUN CUCTEMHOIO MOAXO0/a.

5. Yro Takoe rpad? s uero npuMeHstOTCs rpadni?
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IIpakTuueckas padora Ne 10.
Tema nporpaMmmbi: OCHOBHBIE TOHATHS TEOPUH CHCTEM.

Tema: IlocTpoeHue 0cTOBHOIO CBSA3HOIO rpaga nepesa. Bec rpada.
Hean: IlocTpouTh OCTOBHOHM CBA3HBIN rpad nepea. OnpeacnanuTh Bec
rpada.

Ioarpadgmsl u aepesbs. [loarpadom rpada G HaswsiBaeTcs rpad, y
KOTOPOI'0 BCE BepIIMHBI U pedpa npuHaaiexat rpady G (puc. 1.60, a).

OctoBHOI cBs3HBIN noarpad — 3to noarpad rpada G, KOTOphIi
COJICPKUT BCE €r0 BEPIIMHBI M KaXKJas €ro BepIInHA JOCTHKHMA U3
mo0oi npyroi (puc. 1.60, 0).

JlepeB0 — 3T0 rpad, B KOTOPOM HET IIUKIIOB, T. €. Tpad), B KOTOPOM
HEJb3sl U3 HEKOTOPOH BEPIIUHBI MPOWUTU TO HECKOJBKHUM Pa3TUYHBIM
pebpam U BEpHYTHCS B TY ke BepmnHy. OCTOB- HBIM CBSI3HBIM JEPEBOM
Ha3bIBaeTCs moArpad, BKIFOUAIOIINN BCEe BEPIIMHBI HCXOAHOTO Tpada G,
Ka)KJlas BEpIlIMHA KOTOPOTO JOCTHKUMA U3 JIFOOOU APYrou, v Mpu 3TOM
He cojiepkanuii HukiIoB (puc. 1.60, B).

Puc. 1.60. a— noarpa¢ rpada G, 6— ocToBHOI CBA3HBIN ToArpad
rpada G, B— OCTOBHOE CBA3HOE JE€PEBO

V2
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V3
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V¥ Ry V4
6
V2
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B

Puc. 10.1. a-moarpad rpada G, 6-ocToBHOW CBsI3HBIN mnoarpad
rpada G, B — 0CTOBHOE CBS3HOE JIEPEBO.
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IIpeoOpa3zoBanne rpada B OCTOBHOE CBSI3HOE [IepPeBO
MuHuUMaIbHOro Beca. Ilyctb G = (V, R) — CBs3HBIN B3BEIICHHBIN
HEOPUEHTUPOBAHHBIN Tpad, rae V — MHOXKECTBO BepHiMH, a R —
MHOeCTBO pedep (cM. puc. 9.2). Pebpa rpada He OpUeHTUPOBAHEI, T. €.
peopa Rnk u Rkn cuurtarorcss ogHUM U TEeM ke peOpoM, MOATOMY B
MaTpUIEe CMEKHOCTH HE YUUTHIBAIOTCS yOIUPYIOIIHNE APYT Ipyra peodpa.
B pesynbrare rpap G MOXKHO MNPEACTaBUTH C IMOMOIIBID MATPHUIIBI
CMEKHOCTH, COJIeprKallleil 3HaueHHUsI BeCOB aecatu pedep (Ha puc. 10.2
BBIJICJICHBI JKUPHBIM HIPUPTOM).

1 2 3 4 5
1 0 50 0 25 10
2 50 0 25 0 30
3 0 25 0 50 25
4 25 0 50 0 15
5 10 30 35 15 0

Puc.10.2. Marpuna CMEXHOCTH  CBSI3HOTO  B3BEIICHHOIO
HEOpHeHTUpoBaHHOTO rpada G

BBeneM moHATHE IUKIOMAaTHUYECKOTO YHCAa Yy, TMOKa3bIBAIOIIETO,
CKOJIbKO pebep rpada Hy»KHO yAalduTh, YTOOBI B HEM HE OCTAJOCh HU
oJIHOTO TuKJa. [{uKIoMaTuueckoe Yuciio y paBHO

YBEITMYEHHON Ha €MHUILY PA3HOCTH MEXIY KOJMYECTBOM pebdep u
KOJMYECTBOM BepIuH rpada: y =m - N + 1, rae m — KoaudecTBo pedep,
N — konmdecTBO BepmnH. Hampumep, mis rpada, n3o0paxeHHOTO Ha
puc. 9.2, MMKJIOMaTHYECKOE YHCJIO paBHO: y=M-N+1=8 —5+1=4
DTO 3HAYUT, YTO JJIS TIOTYYSHHUST OCTOBHOTO CBSI3HOTO JiepeBa B rpade G
HeoOXoauMo yOpaTh deTeipe pebpa, W Toraa B HEM HE OCTaHETCS HU
OJTHOTO ITUKJIA.

Jlns kaxxgoro rpada OOBIYHO CYIIECTBYET HECKOJIBKO OCTOBHBIX
CBSI3HBIX JCPEBHEB, KOTOPBIC 00JIaal0T pa3InyHbIMU Becamu. Ha puc.
10.1, B mpencTaBiaeHO OCTOBHOE CBSI3HOE JiepeBo Ipada G, Bec KOTOPOro
paBeH 135, a Ha puc. 10.3 mpeacTaBieHbl TpU OCTOBHBIX CBSI3HBIX JIEpeBa
rpada G, Beca kotopsix paBubl 130, 100, 135.
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Puc. 10.3. OcTtoBHbIE cBsA3HBIE epeBbs Ipada G

JJ1st TOCTpOEHUSI OCTOBHOTO CBSI3HOTO JIepeBa MUHHUMAJIBHOTO Beca
ucrnosb3yercs anroput™m Kpyckana.

1. TlepBoHauanbHO U3 rpada ynaasitorcs Bce pedpa, moiydaeTcs
OCTOBHOM moarpad, rie Bce BEpIIMHBI n30aupoBanbl. Kaxxaas BepiimHa
Takoro rpada noMemniaeTcs B 0JHOIEMEHTHOE MTOJIMHOKECTBO.

2. PeGpa copTupyroTcs o BO3pacTaHUIO BECOB.

3. PeOpa mocnegoBarenbHO, MO BO3PACTAHUIO UX BECOB,
BKJIIOUAIOTCA B OCTOBHOE JiepeBo. CylIeCTBYIOT UeThIpe ciiydasi: a) o0e
BEpIIUHBI BKJIOYAEMOTro pedpa MpUHAIIEKAT OJHOIIEMEHTHBIM
MOJAMHOXKECTBAM, TOTJIa OHM OOBEIUHSAIOTCS B HOBOE, CBS3HOE
MOJAMHOXKECTBO; ©0) OJHAa W3 BEPIIMH TPUHAMICIKHUT CBI3HOMY
MOAMHOXECTBY, a Jpyras HeT, Torja BKJIOYAaeM BTOPYIO B
MOJMHOKECTBO, KOTOPOMY TMPHUHAJICKHUT TIepBas, B) 00€ BEPIIHMHBI
MPUHAJICKAT PA3HBIM CBSI3HBIM TOJAMHOXKECTBAM, TOTJa OOBEIUHIEM
MOAMHOXECTBA; T) 00€ BEpIIMHBI MPUHAMICKAT OJHOMY CBSI3ZHOMY
MOJAMHOXECTBY, TOTJIa UCKJII0OYAaeM JaHHOE Peopo.

4. ANTopuTM 3aKaHYMBaeT pabOTy, KOTJa BCE BEPIIMHBI OYIyT
o0bEeIMHEHbI B OJHO MHOXXECTBO, MPU ATOM OCTaBIIMecs pedpa He
BKJIIOUAIOTCS B OCTOBHOE JIEPEBO.

3aganue. llocTpoliTe OCTOBHOE NEPEBO MUHHMAIBHOTO BECA IS
rpada G, mpuMeHsS TaHHBIHA aJTOPUTM.

6. CocraBieHue oTuera.
B oT4uer n0JKHBI BOUTH:
. [TocnenoBaTenbHOCTh TMOCTPOEHUSI OCTOBHOTO JEpeBa

MUHHMMaJIbHOrO Beca jyuisi rpada GJlaHHbIe MOCTPOCHUSI BHECTH B

Tabauiy ( MO3TanHoO, KaK Mo aJrOpUTMy).
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KoHnTponbHbIE BOITPOCHL

1. VYkaxute OCHOBHBIE KATETOPUH CUCTEMHOTO MOIX0/a.

2. YKaXXuTe OCHOBHBIC ATAIbI JOTMUYECKOT0 aHaIn3a UH(GOPMALIMOHHBIX
CHUCTEM.

3. UYto Ha3bIBalO OCTOBHBIM rpadom?

4. Yo Takoe cioxHas cucteMa? KakoBbl OTJIMYMS OT IPOCTHIX CUCTEM?
5.  UYto Takoe u IJis 4ero HYKHA MOJICNb «YEPHBIN SIIUK 7

6. Urto Takoe MOACTH CTPYKTYPhl CUCTEMBI?

/.  Kak MO0XHO mpeacTaBUTh Mpolecc (PyHKIIMOHUPOBAHUS TIOOOMU
CHUCTEMBI?
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