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1 HOACHUTEJIBHASA 3AIIMCKA

CocraB u copeprkaHue MPaKTHUECKUX U JTaOOPATOPHBIX 3aHIATUN HAlpaBJICHbI HA PEAU3aLUI0
@denepanbHOTO TOCYJAapCTBEHHOTO 00pa30BaTEIbHOrO CTAaHAAPTAa CPEAHEr0 MPOQEeCcCHOHATBHOTO
oOpa3oBaHus.

Benymieidi auIakTHYeCKOW LENbI0 MPAKTUYECKHX 3aHATUN sBiseTcss  (opMupoBaHUE
IpopEeCCHOHATBHBIX NPAKTUYECKUX YMEHUH (YMEHUIl BBINONHATH ONpEENCHHbIE elCTBUS,
orepanuu, He0OXOAUMBIE B TIOCIEAYIONIEM B TPO(PECCHOHATBLHON IEATEIIEHOCTH).

Benymell nunakTUueckod IeNIbI0 J1A0OPATOPHBIX 3aHATUI SBISETCS HKCIEPUMEHTAIbHOE
MOATBEP)KIEHUE U IPOBEPKAa  CYUIECTBEHHBIX TEOPETUYECKUX  IOJOXKEHUH  (3aKOHOB,
3aBUCUMOCTEH ).

B coorBerctBUM ¢ paboueii mporpammoit IIM.02 OcymiecTBieHue HMHTETpanuu
nporpammubix  Mmoxayieit MJIK.02.03 «Marematuueckoe MOJIETUPOBAHUEY», MPEAYCMOTPEHO
MPOBEJICHUE TMPAKTUYECKUX H JAO0OpaTOpHBIX 3aHATHH. B paMkax NOpakTUYECKOro WM
1ab0paTOPHOTO 3aHATUS OOYYAOIIHUECS MOTYT BBITIOJNHSTH OJHY WJIM HECKOJBKO MPAKTHYCCKUX H
J1a00paTOpHBIX PaboT.

B pesynbrare ux BBIOJHEHUS, 00YYAIOLIHIACS JOIDKEH:
ymemp:
HCII0JIb30BaTh BEIOPAHHYIO CUCTEMY KOHTPOJISI BEPCUIL;
HCII0JIB30BAaTh MCTO/AbI JId IMOJIYYCHHA KOJa C 3aI[aHHOI>'I Q)YHKHI/IOHEUH)HOCTBIO U CTCIICHBIO
Ka4yecTBa;
aHAJIM3UPOBATH IIPOEKTHYIO U TEXHUYECKYIO TOKYMEHTAIIUIO,
WCIIOJIb30BaTh CIICIUAM3UPOBAHHBIC TpaUUecKue CpeACTBa TOCTPOCHUS W aHAIN3a
ApPXUTEKTYPBI IPOTPAMMHBIX MTPOTYKTOB;
OpPraHM30BBIBATH 33JaHHYI0 HMHTETpallMi0 MOJyNed B MporpaMMHBIE cpeicTBa Ha 0Oasze
UMEIOIICHCS apXUTEKTYPBI U aBTOMATU3AINNA OM3HEC-TIPOIIECCOB,;
OTIpeeNATh UCTOYHUKHU U PUEMHUKHU JaHHBIX;
MCIOJIb30BaTh MIPUEMBI paOOTHI B CHCTEMaX KOHTPOJIS BEPCHUIL;
BBITIOJHATDL OTJIAJAKY, UCIIOJIB3Yyd METOJAbI U NHCTPYMCHTEI YCHOBHOﬁ KOMITUJTALITNUHU (KJ'IaCCBI
Debug u Trace);
OIICHMBATh pa3Mep MUHUMAJIHLHOTO Habopa TECTOB,;
p33pa6aTBIBaTB TECTOBBIC ITAKECTHI U TECTOBLIC CHCHapI/II/I;
BBISBIISITH OIIMOKU B CHCTEMHBIX KOMIIOHEHTAX Ha OCHOBE CHCIII/I(bI/IKaIII/II\/'I;
OpPTaHU30BBIBATH MOCTOOPAOOTKY TaHHBIX.
ConeprkaHre MPaKTHUECKUX U JTaOOPATOPHBIX 3aHATHI OPUEHTHPOBAHO HA ()OPMUPOBAHHE OOIIIX
KOMITETEHITHH TI0 MPOPECCHOHATEHOMY MOJTYJTIO TIPOTPaMMBI TIOTOTOBKH CITCITHAIIMCTOB CPETHETO 3BEHA
TI0 CHELMATBHOCTHU U OBJIAJICHUIO HPOheccuonanbHbiMu KOMREMEHYUAMU.

Koga Haumenoeanue euoa oeamenvHocmu u npoz[)eccuouaﬂbublx Komnemeuuuﬁ

MK2.1 Pa3pabarbiBaTh TpeOOBaHMS K MPOrpaMMHBIM MOJYJISIM HAa OCHOBE aHaJIN3a IPOEKTHOM
Y TEXHUYECKOW JOKYMEHTAIMH Ha MPEeIMET B3aMMOICHCTBHIS KOMITOHEHT

IK2.4 OcymiecTBiATh pa3paboTKy TECTOBBIX HAOOPOB M TECTOBBIX CLIEHAPUEB IS
MIPOrpaMMHOT0 0OecreueHust

IIK 2.5 [Ipon3BOIUTh HHCIIEKTUPOBAHNE KOMIIOHEHT IIPOrPaMMHOT0 00eCrieYeH s Ha IPeIMeT
COOTBETCTBHS CTaHJApTaM KOAMPOBAHUS
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A Taxxe GOpMUPOBAHUIO 0OULUX KOMNEMEHUUIL.

Kona Haumenoeanue oouux komnemenyuil

OK 01. BeiOupare  cnocoObl  pemieHHst  3ama4  NpO(ECCHOHAIBHOW  JeSITeIbHOCTH,
IPUMEHUTEIBHO K Pa3JIMYHBIM KOHTEKCTaM.

OK 02. OcymiecTBIATh MOUCK, aHAJU3 M HHTEPIPETAUI0 WHPOpPMAUK, HEOOXOAUMOM s
BBINOJIHEHUS 3a]1a4 IPO(ECCHOHATIBHOMN €A TEIbHOCTH.

OK 03. [ImanupoBaTh W peamn30BBIBATH COOCTBEHHOE NPO(PECCHOHATBHOE W JHMYHOCTHOE
pa3BUTHE.

OK 04. Paborarp B KoJUIeKTHMBE M KOMaHJeE, dPPEKTUBHO B3aHMMOJCHCTBOBATH C KOJUIETAMH,
PYKOBOJICTBOM, KJIIMEHTAMHU.

OK 05. Ocy1ecTBIATh YCTHYIO M TUCbMEHHYIO KOMMYHHUKALIMIO Ha TOCYAAPCTBEHHOM SI3bIKE C
Y4€TOM 0COOEHHOCTEH COLIMAIBHOIO U KYJIbTYPHOIO KOHTEKCTA.

OK 06. [IposBNATh Ipa’kJaHCKO-TIATPUOTHUYECKYIO MO3MIIMIO, JEMOHCTPUPOBATh OCO3HAHHOE
MOBEJICHHE HAa OCHOBE TPAJAUIIMOHHBIX OOIIEYEITOBEYECKUX IEHHOCTEH.

OK 07. ConelicTBOBaTh ~ COXPAaHEHMIO  OKpYXalIleHd  Cpelbl,  pPecypcocOepeKeHulo,
5 HEKTUBHO AEHCTBOBATH B UPE3BBIYAWHBIX CHUTYAIUSX.

OK 08. Hcnonb3oBatk cpeacTBa (U3MYECKON KyIbTYpbl Ui COXPAHEHUS U YKpEIUIEHUS
3M0pOBBSI B Mporecce NpopecCHOHATBHON  JEATENIbHOCTH W MOJJCpPKAHUS
HE00X0AMMOT0 YpOBHS (PU3HYECKON MOATOTOBIEHHOCTH.

OK 09. Vcnonp30BaTh MHPOPMAITMOHHBIE TEXHOJIOTHH B TPO(PECCHOHATBHOMN NESTEITHHOCTH.

OK 10. [Tonp3oBaTbes  MpodeCCHOHANBHONM — JAOKYMEHTallMed Ha TOCYJapCTBEHHOM U
WHOCTPAHHOM SI3bIKaX.

OK 11. ITnanupoBaTh NpeIPUHUMATENBCKYIO AEATENbHOCTh B IPOecCHOHATIbHON chepe

BeimonHenune oOydaromuMmucs TNpakTHUECKUX M JabopaTopHbix pabor mno [IM.02

OcymectBiienre  wHTerpauuu  nporpamMmueix  moxyned  MJIK.02.03  «Maremarudeckoe

MOZACIINPOBAHUCY, HAIIPABJICHO HaA!:

0000111eHNe, CUCTEMATU3AIINIO, YIIyOJIeHne, 3aKperieHUe, pa3BUTHE U JIETAIN3AINI0
MOJIYYEHHBIX TEOPETHUECKUX 3HAHUH MO KOHKPETHBIM TeMaM Y4eOHOW JUCIUILTUHBL,
(dbopMUpOBaHHE YMEHHUI NMPUMEHSATH IMOJIYYCHHBIC 3HAHUS Ha MPAKTHKE, PEeaTr3aIiuio
€IMHCTBA MHTEJIEKTYaIbHOM U MPaKTUYECKON JesITeNbHOCTH;

dbopMHUpOBaHME © pa3BUTHE YMEHWIA: HAOIIONaTh, CpPaBHUBATh, COIOCTABIIATH,
aHaTM3UPOBaTh, JIENIaTh BHIBOABI U 000OIIEHNUS, CAMOCTOSATEIHHO BECTH HCCIEI0BaHUS,
MOJTb30BAThCS PA3TUYHBIME TPUEMaMH H3MEPEHUN, OQOPMIISITh PE3YJIbTAThl B BHIE
Tabnuil, cxeM, rpaduKoB;

pUOOpeTeHHEe HaBBIKOB pabOThl € pa3IMuHbIMU TOpubOpamu, anmapaTrypow,
yCTaHOBKAaMU U IPYTUMH TEXHHUYECKUMHU CPEICTBAMU /ISl IPOBEICHHUS OIBITOB;
pa3BUTHE HWHTEJUICKTYAIBHBIX YMEHHHA Yy OYAYIIMX CIECIUAINCTOB. aHATUTHYCCKHX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;

BBITIOJTHATH TECTUPOBAHNUE UHTETPAIIHH;

BBHITIONHSATH PYYHOE U aBTOMATH3UPOBAHHOE TECTUPOBAHUE TPOTPAMMHOTO MOIYJIS,
BBIPAa0OTKY TMpPH PEIICHUH TIOCTAaBICHHBIX 3a7ad MPo(ecCHOHATBHO 3HAYMMBIX
KAauecTB, TaKMX KaK CaMOCTOSITENIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOpUYECKAS
WHUIMATHBA.

[pakTrdeckre M 1a0OpaTOpHBIE 3aHSITUS MIPOBOASATCS TOCIE COOTBETCTBYIOIIEH TEMBI, KOTOpast
oOecIteurBacT HAJTMYKE 3HAHUN, HEOOXOAUMBIX JIJIST €€ BBITOJTHECHU.




2. MIEPEYEHb IPAKTUYECKHWX U TJABOPATOPHBIX 3AHSTHMI
MJIK.02.03 <MATEMATHYECKOE MOJAEJIMPOBAHHUE»

Pa3zgenbl/TeMbl Tembl npakTudeckux u Jadoparopubix | KonuvecrBo| TpedoBanus ®I'OC
3aHATHH 4acoB C1io
(ymertn)
Pa3znen 3 MojesmpoBanue B IPOrpaMMHBIX CHCTEMAX
Tema 2.3.1. Jlaboparopuas padota Nel «IlocTtpoenue 1 V1-v1i4
OCHOBBI IPOCTENIIMX MATEMAaTHYECKUX MOJICIIEH. v02.1-Y02.7,Y03.2-
MOJeJTHPOBAHMUA. | [TocTpoeHHE MPOCTENUIINX CTATUCTUUYECKHUX Y03.5,¥05.1-¥05.3,
JlerepMHUHHPOBAaH | Mozenel» z(l)g?’g(%l 3 1-YOL.5,
Hple saatit JlabopaTtopHnas padota Ne2 «Pemienue 1 V1-V14
IPOCTEHIINX OJHOKPUTEPHAIBHBIX 32124 Y02.1-¥02.7,¥03.2-
¥03.5, ¥05.1-Y05.3,
vV10.6, Y01.1-Y01.5,
V09.1-Y09.3
JlaboparopHnas pabota Ne3 «3anaua Komwm 1 V1-V14
JUTSL YPAaBHEHHUS TETUIOMPOBOIHOCTI ¥02.1-¥02.7,¥03.2-
¥03.5, ¥05.1-Y05.3,
vV10.6, Y01.1-Y01.5,
¥09.1-Y¥09.3
[TpakTuueckas pabota Nel «CBenenue 1 V1-V14
MIPOU3BOJILHON 3a/1a4H TMHEHHOTO ¥02.1-Y02.7, ¥03.2-
MPOrpaMMHUPOBAHUS K OCHOBHOM 3aj1aue ¥03.5,¥05.1-¥05.3,
JTUHEHHOTO TPOrPaMMHUPOBAHUS) ¥10.6, VOL.1-YOL.5,
V09.1-Y09.3
JlabopaTtopHnas padota Ne4 «Pemienue 1 V1-V14
3aj1a4 JJMHEHHOTO MTPOrPaMMHPOBAHUSI v02.1-Y02.7,¥03.2-
CHMIIJIEKC—METOIOM Y03.5,¥05.1-Y05.3,
¥10.6, V01.1-Y01.5,
¥09.1-Y09.3
JlaGopaTtopnast pabota N5 «Haxoxnenue 1 V1-V14
HAYaJILHOTO PEIICHUS TPAHCIIOPTHON 585; %%217936(5)332
3amaqn. Pemenne TpaHCIOPTHOM 3a1a9n Y10.6: VOL1-Y01 ‘5:
METOJIOM ITOTCHITHAIIOBY V09 1.Y09.3
7. JJaboparopHast pabota Ne6 1 Vi1-V14
«[IpumeHeHne MeToAa CTPENbOBI IS zggé %95217%]36(5)332
peleHus TMHEWHOM KpaeBoH 3a1aun» Y10.6: YOl.l—YOl.SZ
¥09.1-¥09.3
8. Jlabopatopnas pabota Ne7 «3amaga o 1 V1-vi4
pacrpeieNleHlN CPEICTB MEKTY zgg; %%21733/3702332
HPEATIPHATIIAMID V10.6, YO1.1-Y01.5,
¥09.1-¥09.3
9. JlabopaTtopHas pabota Ne8 «3amaya o 1 V1-v14

3aMeHe 000pyIOBaHUS»

¥02.1-V¥02.7, ¥03.2-
¥03.5, ¥05.1-¥05.3,
¥10.6, Y01.1-Y0L.5,
¥09.1-¥09.3




10. JTabopaTtopHas pabora Ne9 1 V1-vi4
«HaxoxaeHue kpaT4ailnx nyTeu B 585; %%2173}(;2332
rpade. Perenne 3a1aun 0 MaKCHMaJILHOM " T
pag A V10.6, Y01.1-Y01.5,
TIOTOKE» ¥09.1-Y09.3
Tema 2.3.23apaun B | [IpakTudeckas padora Ne2 «CocTaBicHHE 1 V1-Y14
yCJI0BUSAX o Y02.1 -¥02.7,Y03.2-
weonpeenenmocrn | CVCTEM Ypapnenmii Komvoroposa. V03.5, V05.1-Y05.3,
Haxosxaenne GUHAIBHBIX BEPOSATHOCTCH. v10.6, V01.1-Y01.5,
HaxoxneHnue xapakTepUCTUK MTPOCTEHIITNX ¥09.1-¥09.3
CHCTEM MacCOBOI'O OOCITYKUBAHHSL.»
[MpakTrueckas padota Ne3 «Pemienue 1 Y1-vV14
3a71a4 MaccoOBOT'0 00CIIyKUBaHUS Y02.1- ¥02.7, ¥03.2-
A y V03.5, V05.1-Y05.3,
METOJaMH UMUTAILIHUOHHOI'O V10.6, Y01.1-Y01.5,
MOJICITHPOBAHKS Y09.1-09.3
[MpakTrueckas padota Ned «IloctpoeHue 1 Y1-V14
N vV02.1-Y02.7, ¥03.2-
TPOTHO30B V03.5, V05.1-Y05.3,
v10.6, Y01.1-Y01.5,
v09.1-¥09.3
[TpakTuueckast pabota No5 «Pemenue 2 V1-vVi4
MaTPUYHOM UTPBHI METOAOM UTEPALIUII Y02.1-¥02.7, ¥03.2-
p p 2 patl V03.5, V05.1-Y05.3,
V10.6, Y01.1-Y01.5,
v09.1-Y¥09.3
JlabopaTtopuast pa6ota NelO 1 V1-v14
«MoienupoBaHue MPOrHO3a» Y02.1- ¥02.7, ¥03.2-
Aciip p V03.5, V05.1-Y05.3,
JlaGopatopHas paborta Ne 11 «Bs16op v10.6, ¥01.1-V01.5,
ONTUMAJILHOTO PEIICHHUS C IIOMOIIIBIO Y09.1-¥09.3
JlepeBa peLeHun»
HUTOI'O 16




3SMETOANYECKHE YKA3AHUS

Tema 2.3.1. OcHoBBI MOJeUPOBaHKS. JleTepMUHUPOBAHHbIE 32/1a4 1

JlabopaTopnasi pabora Nel «IlocTpoeHne npocTeidmMx MaTeMAaTHYECKUX MO/ese.
IHocTpoenune nmpocTedIIMX CTATUCTHYECKHUX MOJIeJIei»

Henab: 3aKpenuTh NPaKTUUECKUE HABBIKM 110 ITOCTPOCHUIO MPOCTEHIINX MAaTeMaTHYECKUX U
IIPOCTENIINX CTATUCTUYECKUX MOJIEIEH.
Beinosinus patdory, Bel Oyaere:
ymemp:
UCIIOJIb30BaTh BBIOPAHHYIO CUCTEMY KOHTPOJIS BEPCHIA;
UCIIOJIb30BaTh METO/IbI JUIS MOJIyYEHHsI KOJla C 3aJaHHON ()YHKIIMOHAIBHOCTBIO U CTEIIEHBIO
Ka4yecTBa;
aHAJIM3UPOBATh MIPOEKTHYIO U TEXHUYECKYIO JOKYMEHTAIHIO;
UCIIONIBb30BATh CIIEIMAIN3UPOBAaHHBIE Tpaduyeckue cpeacTBa IOCTPOSHHS U aHAIM3a
aApXUTEKTYphl IPOrPAMMHBIX [TPOYKTOB;
OpraHM30BBIBATH 33JaHHYK0 MHTErPallMi0 MOJyJed B NIporpaMMHbIE CpeAcTBa Ha Oase
HMEIOLIEICS apXUTEKTYPhl U aBTOMATU3aLUN OM3HEC-TIPOLIECCOB;
OIpeseNATh UCTOUHUKU U IPUEMHUKH JIaHHBIX;
HCIOJIb30BaTh MPUEMbI pabOTHI B CUCTEMAaX KOHTPOJIS BEPCHUil;
BBINOJIHATH OTJIAJIKY, UCIIOJIB3YSl METO/bl U MHCTPYMEHTHI YCIOBHOW KOMIWIALUY (KJ1acChl
Debug u Trace);
OLICHMBATh pa3Mep MUHHUMAaJIbHOIO Habopa TECTOB;
pa3pabaTbIBaTh TECTOBBIE AKETHI U TECTOBBIE CLICHAPUHY;
BBISIBJISITH OIIMOKH B CHCTEMHBIX KOMIIOHEHTaX Ha OCHOBE clieln(UKaIIHii;
OpPraHU30BBIBATH TOCTOOPAOOTKY JIaHHBIX.

MarepunanbHoe obecnedeHue:
I1O: MS Windows 7

Kparkue TeopeTnueckue cBeleHHA:
[TocTpoeHre MaTeMaTHYECKOW MOJEIHM TMpollecca, SBJICHUS WIM OOBbCKTa HAYMHACTCS C

IIOCTPOEHHUSI YIIPOILLIEHHOTO BapyuaHTa MOJIEIH, B KOTOPOM YUHUTBIBAKOTCS TOJIBKO OCHOBHBIE YEPTHI.
B pE3YIbTATC IIPOCIICIKUBAIOTCA OCHOBHBIC CBA3U MCKIAY BXOJHBIMHU napamMeTpamu,
OTrpaHMYEHUSIMU U MoKazareneM 3¢ dexkTuBHOCTH. OOIIEro Moaxoaa K MOCTPOECHUIO MOJIenu HeT. B
KaKJIOM KOHKPETHOM ClIydyae IpH MOCTPOSHHHM MaTeMaTHYeCKON MOJENH YYUTHIBAETCS OOJbIIOE
KOJIM4YeCTBO (PaKTOPOB: 1LI€Th MOCTPOSHMSI MOJIENH, KPYr pellaeMbIX 3ajad, TOUHOCTh ONHCAHUS
MOICIN WU TOYHOCTH BBIIIOJITHECHUA BEIUHCIIEHHHA. MaTemaTnaeckas MOZCJIb OOJIKHa OTpaXaTb BCE
CYIIECTBEHHBbIE (DAaKTOPHI, ONPEACIAIONINE €€ MOBEACHUE, U MIPU 3TOM OBbITh MPOCTOW M yIOOHOM
JUIsL BOCTIpUATHS pe3ynbTaToB. Kaxias MmaremaTuueckas MOJiesb MpolLiecca, IBJICHUs WK 00bEKTa B
CBOEH OCHOBE MMEET MATEMAaTUYECKUI KOJIMYECTBEHHBIN METO/.



[IpuMeHeHne MaTeMaTHYECKHUX KOJUYECTBEHHBIX METOJIOB JIsi 0OOCHOBAHHWs BBIOOpA TOTO
WIM WHOTO YIPABISIONIETO pPEIICHUS BO BCEX OOJACTSIX YEIOBEUYECKOW JIEATEeIhHOCTU
Ha3bIBaeTCs ucciedosanuem onepayuii. Llenbo uccienoBanust onepamuil sBiIsSeTcs HaXOXIACHUE C
HCIMOJIb30BAHUEM CIEUHAIIBHOTO MAaTEMaTUYECKOTO armapara peuleHus, YAOBJIETBOPSIOLIETO
3aJlaHHBIM YCIIOBUSM. Ha camoM Jiene mpu pemieHWd NTPAKTHYSCKH JTIO00W 3aladll MMEeTCs
HEOrPaHWYEHHOE KOJIMYECTBO pEIICHH. MHOXKECTBO pPEIICHUN, YAOBJIETBOPSIOMIMX 3aJaHHBIM
yCJIOBUSAM (OTpaHMYCHHSIM), Ha3bIBACTCS JIONMYCTUMBIM MHOXKECTBOM perieHueM. Bpibop wu3
MHOXECTBa JOMYCTUMBIX PEIICHHH OJIHOTO PEIICHHS, HAWIY4IIero B KaKOM-THOO CMBICTE,
Ha3bIBAEMOT'0 ONMUMAILHLM PELICHUEM, U €CTh 3aJlaya UCCIICIOBAHUS OIepaliHii.

Monens — 3TO MaTepualdbHBIA WJIA WACATBHBIA OOBEKT, 3aMCHSIIONINN OpHUTHUHAI,
HaJICJICHHBbIM OCHOBHBIMU XapaKTepUCTUKaMU (YepTaMH) OpHUTHMHAIa W TpeIHa3HAYCHHBIA IS
MIPOBEJICHUSI HEKOTOPHIX ACHCTBUI HAJ HUM C IEJBIO MOJIyY€HUS HOBBIX CBEJCHUI 00 OpHUTHHAIIC.

Moaenu

e//\

MarepHansHeie Peanpueie

T N ey

Dusnyeckue ARanoropuoie HrrepakTupnke 3HakoBBIE

Puc. 1. Knaccudukarus moaenei

MaTeMaTHUYEeCKHE MOAEH

__/__A(
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Urpossie

VIMUTANHOHHBIE 1/

Monemu
NPOTHO3MPOBAHHS

JleckpunTUBHEIE
OnTuM#3aHMOHHBIE

MHOTOKpUTEPHAILHEIS

Puc. 2. Knaccudukarus maTeMaTHIECKUX MOIeei

ITopsinoKk BBINOJHEHHU S 3aJaHUI

3apanue 1. CocTaBuTh MaTEMAaTUUYECKYIO MOJIEND clieaytoniei 3agaun. Ha cknane umeercs 300



KT cbIpbsi. Hasio u3rotoButs 1Ba Buaa npoaykiuuu. Ha usrorosnenue nepBoro usaenus
TpeOyeTcs 2 KT ChIphs, a Ha U3TOTOBIIEHUE BTOPOTO U3JICTUSI — 5 KT.
OrnpenenuTh MJ1aH BBITYCKa ABYX U3JIETUH.

Pemienue.
O6o03HaunM, X1 — eTMHUIIA IEPBOTO U3JEIHUsA, X2 — €AMHHIIA BTOPOTO U3aeaus. Toraa coctaBuM
MaTeMaTuueckas MoJeib: 2x1+5x2=300.

3ananme 2. CocTaBUTh MAaTEMaTUUYECKYIO MOJIEIb CAeayIolen 3anayun. [Ipeanonoxum, 4ro 1s
MPOU3BOJICTBA MPOAYKLIMU BUAAa A U B MOKHO ucnosib30oBaTh MaTepuail 3-x coptoB. [Ipu sTom
Ha U3TOTOBJICHHUE €IMHUILIBI U3JIeTus BUja A pacxoayercs 14 kr nepBoro coprta, 12 Kr BTOporo
copra u 8 Kr TpeTbero coptra. Ha usroronenue npoaykiuu Bujaa B pacxoayercs 8 Kr rnepBoro
copTa, 4 KT BTOPOTO COpTa, 2 KT TpeThero copta. Ha ckitane ¢padbpuku nMeeTcst BCero Marepuaia
nepBoro copra 624 xr, Broporo copta 541 kr, Tperbero copra 376 kr. OT peanu3anuu eIUHUALIbI
rOTOBOM MpOoayKIMK Buaa A ¢abpuka umeeT npuoObLIL BUAA 7 pyo., a OT peanu3aiiy eIuHUIIbI
roTOBOM Mpoaykiuu Buaa B ¢habpuka numeer npudbuis Buaa 3 pyo. OnpenenuTsb
MaKCUMaJIbHYIO MPUOBLIH OT peaiu3ali BCeil MpoIyKIuu BUA0B A 1 B.
Pemenne.
CocraBUM MaTeMaTHYECKYIO MOJIEIb 3a/1a4u:
[lycTh X1 — eAMHMUIIA TOTOBOM MPOAYKIIMH BUIA A,
X2 - €IMHUIA TOTOBOM MPOJYKLIMHU BUaa B,
Lenb Gpabpuku NOTy4YUTh MAKCUMAIIbHYIO TPUOBLTL OT pean3aliy Bcel MPOAYyKIUU BUIOB
A u B, Torna:
F=7-% +3-x, > max

Cucrema OrpaHMYEHUN:

14x, +8x, <624

12x, +4x, <541

8x, +2x, <376
x,20, x,20 yciosue HeompuyamesbHoCmu

ITopsiioK BHINOJHEHHS .

1. CocrtaBuM MaTeMaTHYECKYIO MOJIETh 3a/1a4.
2. OTBeTHUTH Ha KOHTPOJBHHBIE BOMPOCHI.

®opma npeacraBiaeHus pe3yJabTara:

1. BemonHuth 3amanue. Pemenne moka3aTs Mperno1aBaTesio.
2. OTBETHTH HAa KOHTPOJIbHBIE BOIIPOCHI.

KoHnTpoJsbHbIe BONPoCHI

1. Yro Takoe mojens?
2. TlpuBemuTe KiTaccu(DUKAIMIO MOJICIICH.
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Kakune BbI 3HaeTe BUALI MAaTEMAaTHUECKUX MOJEIEH?

JaiiTe onpeeneHne HeeBoi (yHKIHH.

Uro Takoe 00JacTh TOMyCTUMBIX PEIICHUI?

Yro Ha3BIBaeTCA A0IIYCTHUMBIM PCUICHHUEM, OITUMAJIbHBIM peI_HeHI/ICM?
Kakwue criocoOsl peannzannyu MaTeMaTHUECKUX MOJIeNel Bbl 3HaeTe?

No ok ow

Kpurepumn oneHku:

Ouenka «5» CTaBUTCs, €CIIM y4YaIIMHCS BBINONHSAET paboTy B MOJIHOM 00BbeME C COOIIOAECHUEM
HCO6XOI[I/IMOI7I MOCJICAOBATCIIbHOCTU IIPOBCACHHA OIIBITOB H H3MepeHHﬁ; CaMOCTOATCIIBHO H
panMoHaTbHO MOHTHPYET HE00XOAMMOE OOOpYAOBaHHE; BCE OIBITHI IMPOBOJIUT B YCIOBHSX H
pexuMax, OOECIEeUHBAIOIINX IOJIyYeHHE MPAaBUIBHBIX pE3yJIbTaTOB M BBIBOJIOB; COOIIOAAET
TpeOoBaHUsl MMpaBWwil 0€30MAaCHOCTH TPY/Aa; B OTUETE MPABHIBHO M aKKypaTHO BBIMOJHSET BCE
3amucy, TaONUIbl, PUCYHKH, YEPTEKHU, IpaduKu, BBIYUCICHUS; MPABUIHHO BBIMOJIHSAET aHAIHU3
IIOIPELIHOCTEM.

Ouenka «4» CTaBUTCSI, €CJIM BBITIOJIHEHBI TPEOOBAHMUS K OIEHKE «5» , HO OBUIO JOMYIIEHO JBa -
TpH HeJloueTa, He OoJiee OAHON Herpy0oil OIMOKY U OTHOTO HEeI0uETa.

Ouemca «3» CTaBUTCA, cClin pa60Ta BBIIIOJIHCHA HE IIOJIHOCTBIO, HO 00BEM
BBIITOJIHEHHOM YacTH TAaKOB, IO3BOJIACT IIOJIYYHUTb IIPABUJIBHBIC PE3YJIbTATbl U BBIBOABI: €CJINU
B X0€ IMPOBCACHUA OIIbITa U I/I3MepeHHﬁ ObLIN AONYIICHBI OIIOKHU.

Ouenka «2» cTaBUTCA, €ciau padoTa BBHINOJHEHA HE IMOJHOCTBIO M OOBEM BBINOIHEHHOU
4acTH pabOThl HE TIO3BOJSIET CHENaTh MPABWIBHBIX BBIBOJIOB: €CIIM OMBITHI, W3MEPEHHS,
BBIUHCIICHH S, HAOIIOICHUS] TPOU3BOIMINCH HEMTPABUIIBHO.

Tema 2.3.1. OcHoBBI MOAe/IMPOBaHUsA. JleTepMUHMPOBAHHBIC 32124
JlabopaTopnasi paGora Ne2 «PemeHne npocTeHIuX OJHOKPUTEPHAIBHBIX 32/1a4»

eub: onpenenuTs ONTUMAIBHOE PEIIEHUE OJHOKPUTEPUAIIBHBIX H MHOITOKPUTEPHUAIIBHBIX
3a/1a4 B IIPOCTEUILIUX CIIyqasX.

Boinoinus padorty, Bel Oynere:
ymembs:
= HCIOJB30BaTh BHIOPAHHYIO CHCTEMY KOHTPOJISl BEPCHIA;
= HCIIOJIb30BAaTh METOJBI JJIsl TOJy4eHHUs KOJa C 3a/IaHHOIN (YHKIIMOHATHHOCTBIO U CTENEHBIO
KauecTBa;
aHAJIM3UPOBATH MPOECKTHYIO U TEXHUUYECKYIO IOKYMEHTALUIO;
©  HUCHOJIb30BaTh CIEIHMAIM3UPOBAHHBIC TpadUUECKHe CpPEICTBa TOCTPOSHUS U aHalu3a
apXUTEKTYpPEI IIPOrPaMMHEBIX IIPOLYKTOB;
©  OpraHu30BBIBATh 33JIaHHYI0 HWHTETPAIMI0O MOAYJEH B MpOTpaMMHBEIE CpeACTBAa Ha Oasze
MMEIOIICHCS apXUTEKTYPhl U aBTOMATHU3AIIUN OM3HEC-TIPOIIECCOB;
- OonpeaAcIATb HCTOYHHUKU U IPUEMHUKHA JJTAHHBIX
= HCIONB30BaTh MPUEMBI PA0OTHI B CHCTEMax KOHTPOJIS BEPCHIA,
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= BBINOJIHATH OTJIAJKY, HCIOIb3YsT METObI M HHCTPYMEHTBI YCIOBHON KOMITHIISAIMU (KIaCChl
Debug u Trace);

= OLICHUBATh pa3Mep MUHUMAJIBHOTO HA0Opa TECTOB;

- pa3pa6aTBIBaTB TCCTOBBIC IMMAKCTHI 1 TECTOBBIC CLICHAPUU

- BBIABIIATH OI_HI/I6KI/I B CUCTEMHBIX KOMIIOHEHTAX Ha OCHOBC CHGLII/I(bI/IKaHI/IfI;

= OpraHM30BBIBATh MOCTOOPAOOTKY JAaHHBIX.

MarepuajibHoe o0ecnieyeHue:
IMO: MS Windows 7

KpaTkue TeopeTnyeckue cBeIeHHUS:
B 3aBucuMocTH OT BHJa Mmokasareis 3(p(OEKTHBHOCTH Pa3IMYalOT 3aJayd MPHHITHS PEIICHUN

[0 CKaJSIPHOMY II0Ka3aTenato (OJHOKPUTEpUANbHbIE 3aJaud) U 3a/aydl IPUHATHSA PELICHUH 110
BEKTOPHOMY I10Ka3aTesto (MHOMOKPUTEPHAIIbHBIE 3a/1a4H).

3ajayaMy MaTeMaTH4YeCKOro MporpaMMHUPOBAaHUS HA3bIBAIOT OAHOKPHUTEPHAIbHbIE 32/1a4H
onTUMM3aMM. MeTo/bl UX pElIeHUs] ONEPUPYIOT C JETEPMHHMPOBAHHBIMHU MaT€MaTHYECKUMU
MoJesIIMU. B 3THX Moziensax oTpaskeHbl pa3HOOOpa3Hble MPoOIeMbl pacipeaeIeHUs OrpaHMYEHHbBIX
pecypcoB B 3KOHOMHUKE, BOCHHOM JleJie, CO3JaHMM HOBOM TeXHMKH U T.JI. IlyTm pemenus stux
npobJyeM, Tak WIM MHauye, CBA3aHbl C IJIAHWPOBAHUEM LIEJICHANPABICHHON NEATENbHOCTH, T.€. C
pa3paboTKOil onpeaeIeHHbIX YCTAHOBOK Ha Oyaylee.

3agaya MaTeMaTH4YeCKOro NPOrpaMMHUPOBAHMUA (POPMYIIUPYETCS CIEAYIOIIM 00pa3oM:

HailTu 3HaYeHus [IEPEMEHHBIX, JOCTABISAIONINE MAKCUMYM (MUHUMYM) 33JJaHHOM 11el1eBOM
(GYHKLINU TPU YCIOBHSIX:
PasnnyaroT 1Ba BUJa 3aa4 MaTEMAaTUYECKOTO POTPaMMHUPOBAHUS:

1. 3apgaum JIMHEHHOrO MPOrpaMMHUPOBAHUS.

2. 3aaauu HEJIMHEHHOTO MPOrPaMMHUPOBAHHS.

B nepseix 3amauax QyHKIMS W OrpaHHYEHHs JTMHEHHBI OTHOCHTENBHO MEPEMEHHBIX . Bo
BTOPBIX 3a/1a4yax 1eneBast QyHKUIMs U (WIK) YCIOBUS UMEIOT Pa3HOro poJia HEJIMHEHHOCTH.

3ananme 1.

Pemuth rpadguyeckum cnocodom 3agaqy. /g npous3BoaCTBa ABYX BUIOB, U3EIINN Py P

HCITOJIB3YETCSI, TPY BHUJIA CHIPbS 315255, , 3aI1aChl KOTOPOro COOTBETCTBEHHO paBHbI 100, 60, 180
P s,

I MCIIOJIB3YETCs 2 CANHUIBI CBIPHA

. JAnst mpou3BoACTBa OJJHOM €IMHUIIBI TPOTYKLIUU P,

5,us

CAWHUIIL. I[J'ISI IMPOU3BOACTBA OJIHOH €TMHMIIBI MNpoAYKIIUU

U 10 1 eguHULE CHIPHA S2US;

HCITOJIB3YETCS MO 1 eAMHUIE ChIPhA 2 ¥ 4 eIUHNLBI CBIPBSA Sa, [TpuObLIb OT peanuzanuu 1

P P

1 1 © 2 coorBercTBeHHO paBHa 30 u 20 eaunun. Heo6xoaumo

P P

€IMHUIIEI KaXK oM NpoaAyKIUU

COCTaBUTH TaKOM IJIaH BBITYCKA MPOAYKIIUUA * 1 U ° 2, IPU KOTOPOM CyMMapHasi IpuObLIb OyAeT
HanOOJIbILIEH.

Pemrenne.
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CocraBuM MAaTEMaTUYCCKYIO MOJCIIb 3a1a4Yn:

[lycTh X1 — eIMHMIIA TOTOBOW MPOAYKIIMH BUAA P, ,

X2 - €IMHULA TOTOBOM MPOIYKIIMU BUIA P, ,

P

enb Gpadpuky NOTyYUTh MAKCUMAIIbHYIO TIPUOBLIL OT peau3aliy Bcell MPOAYKIUU BUAOB © 1

P. .
u * 2, Torja:

F =30-x, +20- x, — max
Cucrema orpaHuYeHU:
2x, + x, <100
X, +x, <60
x, +4x, <180
x,20, x,20 ycriosue HeompuyamesbHocmu

AJITOPUTM pelieHusi:
1. Vcnonme3yst CUCTEMY OTpaHMYCHMH ¥ YCJIOBHA HEOTPULATEIBHOCTH, CTPOUM O0JIaCTh
JOIYCTUMBIX PELICHUN.

2. Crpoum muumio ypoHs F =0 JIunmeii ypoBHs ¢yHKIMM IByX TepeMeHHBIX HA3BIBAETCS
JIMHHUSA, BAOJIb KOTOPOH (QYHKIUS COXpaHSET CBOE MOCTOSIHHOE 3HAYCHUE.

3. Ctpoum rpaguent ueneBoi GpyHkmuu. ['paaueHT QYHKIUM - 3TO BEKTOP, UMEIOMINWN CBOUMH
KOOp/JMHATAMHM  YacTHBbIE TPOM3BOJHBIE (YHKIMM W  TOKA3bIBAIOIIMK  HAIlpaBlICHHUE
HaUCKOpeWIiero pocra 3HaueHus ¢GyHKIUH. Tak kak meneBas ¢yHknus 3JII1 nunelHas, To

JINHEY yPOBHS LeNEeBON (QyHKIWMH - npsmeie 1 T adF =n

MPSIMBIM. : .

, - BCKTOp HOpMaJIl K 3TUM

4. Tepememaem muamo ypoas £ =10 proms rpaguenta dynxuun. Ecim 3J1TT Ha MuHAMYM,
TO ONTUMAJIBHOE PELICHUE HaXOJUTCsl B IEpBOM Touke, npuHaanexameit O/P; ecnm 3JI11
Ha MakCUMyM, TO ONITUMAJIBHOE PEIICHUS HAXOAUTCS B ITOCIEIHEW TOUKE, IPUHAIJIEKALIECH

O/IP.

3ameuanue.

ITpu noctpoennu O/IP BO3MOKHBI cirydau:

1. O/IP oka3anach mycTeIM MHOXecTBOM. B aTom ciyuae 3JIIT He umeer pemenus u3-3a
HECOBMECTHOCTU CUCTEMBI OTPAHUYEHHMN.

2.0/IP oxa3zanack MO0 BBITYKIBIM MHOTOYTOJIIEHUKOM, JINOO HE OTPaHHYEHHOHN BBITYKIION
MHOTOYTOJBHOM 00nacThio. Toraa 3JII1 numeer onTuMansHOE pelieHne, KOTOPOE COBMAAET MO
KpaiiHel mepe ¢ oxHou u3 BepmuH O/IP.

Hcrionb3ys anropuT™M pelICHHs] U CUCTEMY OTPaHWYEHUN W YCIOBUS HEOTPHULATEIBHOCTH,
nocrpoum OJIP. [lms 3TOro BO BCEX HEPABEHCTBAX CUCTEMBI OIPAaHUYEHMH M yCIOBHS
HEOTPULIATEIIBHOCTU 3HAK HEPABEHCTBA 3AMEHUM Ha 3HAK PABEHCTBA.

B pesynbrare Oynem uMeTh ypaBHEHUS MPSMBIX:
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F, :2x, + x, =100

F, :x, +x, =60
F, :x, +4x, =180
x, =0, x, =0

X ,0X

B cucreme xoopauHar 2 TIOCTPOUM 3T TipsiMble. B pesynbrate 6ynem nmers OJIP.

B sroit ke cucreme Koopaumuar crpoum juHmio yposs I =U u mexrop @radF =n

Tak kak 3ajja4a Ha MaKCUMYM, OyJieM nepemenaTs JuHUI0 ypoBHs F=0 B1osb BekTopa N 10
TeX mHop, nmoka oHa He nepeceuer OJIP B camom kpaiiHEeM CBOEM IMOJIO)KEHUHU, T.€. MpPH
nanpHenemM nepeMenienun ona He Oyaer ¢ OJIP umerp o6mue Touku. Takod TOUYKOH

OKa3saJjiaCb TOYKa MEepeCCUCHU MMpAMBIX Fl 151 F3 .
Breraucionm ee KOOpJUHATHI.
2x, +x, =100
=x =40, x,=20, F_ =30-40+20-20=1600
X, +x, =60
Takum oOpazom, eciu peanpusaTie OyaeT BHITYCKaTh MPOIYKIIMIO BU/A P,y P ,

B KonnuectBe 40 u 20 eAMHMII COOTBETCTBEHHO, TO MOJIYYUT MaKCHUMAaJbHYIO NMPUOBLIbL B
pasmepe 1600 €IIMHMII.

3ananue 2. dupme He0OXOAUMO BBHIOpATh HAWIYUIIMHA BApHAHT 3aKYyNKH OOOPYAOBaHUS,
€CIIM 3a/laHa 3aKyloyHas I[eHa KaXJO0ro M3 BapHaHTOB OOOpYyIOBaHHUS M BpeMs
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HU3TOTOBJICHUA MW JOCTAaBKH. HOI[ HaWJIydliliuM BapHaHTOM IIOHHMACTCA BapHAaHT C
MHUHHMaJIbHBIMHA SaKYHO‘-IHOI\/'I CTOMMOCTBIO u BPCMCHCM JOCTaBKU.

O003HaYNM. COOTBETCTBEHHO, YEPE3 X, - HOMEP. Fl[xr.) - Bpems U3I0TORIE-
HUst 1 1ocTaBku, Fo(x,) - 3aKynounyio cTouMocTh BapuanTa 3akyku obopy nosa-
uust. 3uadenus Gyukuuii Fy(x,) u Fy(x,) sanans rabnnueii:
X, [{2(3[4]5]6[7]8
Filx)[212]2[3[3]4[4]5
Fx,)6]|7|8[5]6]6|7]5

3ajaua orblckanus MHozxkecTBa [lapeto B ciyuae ABYX KpUTEpUEB BHJA
Fy(x) > minu F,(x)—> min Moker ObIThb peleHa rpaguueck ceayoumum oo-

Pa3om. Haxoaum Bee TOUKH ¢ HAMMEHBLIMM 3HAYCHHEM Fl (T)

Fy
8L
TL e e
(_7"'- L
s . .
2345 F

Eciii ux HECKONIbKO, BLIOMpaeM W3 HUX TOYKY ¢ HAUMEHBLLIWM 3HAYCHHEM Fﬂ(x].
Brmouaem ee B muoxkecteo Iapero. Orcekaem Toukn ¢ 00JbIMMH JTHO0 paBHbIMU
JHAYCHUAMH Fl[x) il Fg(x) (CeBepO-BOCTOMHBIN yIoll ¢ BeplMHOd B BoIOpanHOii
Touke). [Tosropsem npoueaypy 118 OCTaBIICHT yacT JonycTumoil odiacTu.

M3  pucyHka BHAHO, YTO UM HAC  [IPSACTABIAIOT  HHTEPEC  Hapbl
(FLF_,)":{(ZG)(SS\)} H COOTBCTCTBYIOLIME PELUCHUSA (xl.xﬂ)&-ﬁ(2.2].(1.2)}-._ KOTO-
pbie ABIAIOTCH HEJIOMUHUPYEMBIMU W 00pasyioT muoxkectso [lapero pacemarpusae-
MO 3a/1a4H.

ITopsiioK BBITOJIHEHMS .

= CocraBuM MAaTCMaTUUICCKYIO MOJCJIb 3a1aY.
= OrtBeTUTh HA KOHTPOJIbHBIC BOIIPOCHI.

®opma nmpeacTasJieHus pe3yJbTara:

- Brmmonauts 3aganue. Pemenue nokasath npenoaaBaTeiito.
= OrtBeTUTh HA KOHTPOJIbHBIC BOIIPOCHI.
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KonTpoJibHbIE BOPOCHI

Kakue 3a1aun Ha3pIBatOTCSl OAHOKPUTEPUATILHBIMU ?

Kaxkue 3amaun Ha3pIBarOTCS MHOTOKPUTEPUATBHBIME?

Kaxkue criocoObl peneHrst OqHOKPUTEPUATIbHBIX 3a/1a4 BbI 3HaeTe?

Kakue moaxoasl K OTHICKAHHUIO TOIXOJIAIICTO PEIICHHS Bbl 3HAETE y MPOTHBOPEUYHMBBIX
KpUTEpUEB?

5. Kakoe MHOXeCTBO Ha3bIBaeTCs MHOXKecTBOM [lapeTo?

A

Kpurepun oneHku:

OueHka «5» CTaBUTCS, €CIHM YYAIIUHACS BBHITIOTHSIET padOTy B MOJHOM O0BEME C COOIIOEHUEM
HEOOXOIMMOM TIOCJIEIOBATEILHOCTH TIPOBEACHHS OIBITOB M HM3MEPEHUU; CaMOCTOSTEIBHO U
paloHaIbHO MOHTUPYET HeoOxoauMoe o0OpyAOBaHWE; BCE OMBITHI MPOBOAMT B YCIOBUSAX U
peXuMax, OOECHeYMBAIOIIUX TMOJNYYEHUE MPABUIBHBIX pE3yJIbTaTOB M BBIBOJOB; COOIIOAAET
TpeOoBaHUsl TMpaBWJl OE30MaCHOCTH TPyAa; B OTUETE MPABHIBHO M aKKypaTHO BBIMOJHSIET BCE
3amucy, TaONUIbl, PUCYHKH, YEPTEXKHU, IpaduKu, BBIYUCICHUS; MPABUIHHO BBIMOJIHSAET aHAIHU3
MOTPEIIHOCTEN.

Ouenka «4» CTaBUTCSI, €CJIM BBITIOJIHEHBI TPEOOBAHMUS K OIEHKE «5» , HO OBUIO JOMYIIEHO JBa -
TpH HeJloueTa, He OoJiee OHON HErpyOoil OMMOKH U OTHOTO HEIOUETa.

Ouemca «3» CTaBUTCA, cClin pa60Ta BBIIIOJIHCHA HE IIOJIHOCTBIO, HO 00BEM
BBIITOJIHEHHOM YacTH TAaKOB, IO3BOJIACT IIOJIYYHUTb IIPABUJIBHBIC PE3YJIbTATbl U BBIBOABI: €CJINU
B X0Z€ ITPOBCACHUS OIIbITA U H3MepeHHfI ObLIH AOIYIICHbI OIITMOKH.

Ouenka «2» cTaBUTCA, €ciau paboTa BBHIMOJHEHA HE TMOJHOCTBIO M OO0BEM BBINOTHEHHOM
gacTd paboThl HE TMO3BOJIAET CJeNaTh TMPABUIBHBIX BBIBOJIOB: €CIH OMbBITHI, H3MEpPEHUs,
BBIYHMCIICHHS], HAOJIOIEHUS IPOU3BOIUINCH HEMTPABUIIHHO.

Tema 2.3.1. OcHoBBI MOAeIMPOBaHUsA. [leTepMUHMPOBAHHBIC 32124
JlabopaTopnas padora Ne3 «3amaua Ko 111 ypaBHeHus TeNJ10NPOBOAHOCTID)

He.m;: pelICHUC 3aaa4un Komm JJIs1 YpaBHCHUA TCIIJIOMPOBOAHOCTHU.

Boinoinus padorty, Bel Oynere:
ymembs:
= HCIOJNH30BATh BHIOPAHHYIO CHCTEMY KOHTPOJISI BEPCHIA,
= HCIIOJIb30BAaTh METOJBI JJIsl TOJyYeHHUs KOJa C 3a/1aHHOI (YHKIIMOHATBHOCTHIO U CTENEHBIO
KauecTBa;
aHAJIM3UPOBATH MPOECKTHYIO U TEXHUUYECKYIO IOKYMEHTALUIO;
~  HCHOJIb30BaTh CIEIHMAIM3UPOBAHHBIE TpadUUECKUe CpPEICTBA TOCTPOCHUS W aHaIM3a
apXUTEKTYPEI IIPOrPaMMHEIX IIPOLYKTOB;
©  OpraHu30BBIBAaTh 33JIaHHYI0 HHTETPAIMI0O MOAYJEH B TMpOTrpaMMHBIE CpeACTBAa Ha Oasze
MMEIOIICHCS apXUTEKTYPhl U aBTOMATHU3AIIMH OM3HEC-TIPOIIECCOB;
ONpeeNsATh UCTOYHUKU U TPUEMHUKU JAHHBIX;
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= HCIOJIB30BaTh MPUEMbI pabOThI B CUCTEMaX KOHTPOJIS BEPCHUH;

BBITIOJIHATL OTJIAAKY, UCIIOJIB3Yyd METOAbl U HHCTPYMCHTBI YCHOBHOﬁ KOMITUJIALIUU (KHaCCbI
Debug u Trace);

OLICHUBATh pa3Mep MUHUMAJIBHOTO HA0Opa TECTOB;

pa3pa6aTBIBaTB TCCTOBBIC IMMAKCTHI U TECCTOBBIC CLICHAPUU

= BBISABJIATH OIIUOKU B CHCTEMHBIX KOMIIOHEHTaX Ha OCHOBE CriCIM(DUKAIIHIA;

= OpraHM30BBIBaTh MOCTOOPAOOTKY JaHHBIX.

MarepuajibHoe o0ecnieyeHue:
MO: MS Windows 7

Kparkue Teoperuyeckue cBeleHUA:
PaccMoTpuM ASIMHHBIA TOHKHM CTEp)KEHb, TOJILMHON KOTOpOro Mbl npeHedOperaem. bynem

OTOXIECTBIIATh ATOT CTEPKEHb CO BCEW YMCIOBOM INpsAMOW. TemiepaTypy CTEpkKHS B MOMEHT
BpeMeHHU t B TOUke X 00o03HauuM yepe3 u(t, X). C TeyeHueM BPEMEHHU TEIUIO TMepepacipeaeisieTcs
BHYTPH CTEPXHS; 3TOT MPOLIECC OMKUCHIBAECTCS YPABHEHUEM TEIIONPOBOIHOCTH

ut = uxx.
Yacto B mpaBoil yacTu HUIIYT KOAPPUIIUEHT a’, HO OT HEro MOYXHO H30aBHTHCS H3MCHEHHEM
Mmacirradba. XoJ mpoiiecca onpeesieH OAHO3HAYHO, €CITH U3BECTHO HavanbHoe yciosue U[t=0 = f(X).

3ananue:
3anauya Komm 1u1s ypaBHeHH sl TeNJIONPOBOAHOCTH.
Haiiti dyrkimmio u(t, x) B obmactn + € (—00,00). 1 € 0.1 ], YIAOBIETBOPSIONIYIO YPABHEHUIO
du u (L o
T —agms + f(t,x)
1 HavyanbHbIM 1aHHBIM U(0, X) = ug(X), Tae up(X) — 3amaHHas QYHKIIHSL.

Ucnonb3ys ¢opmyny Ilyaccona, HaiiTm pemenue 3amaun  Komm s ypaBHEHuUs
TEIIONPOBOJHOCTH.

;
_ _ Ax?+2x
up =130y, Ul =€ .

Pemenne:

®opmyia Ilyaccona umeer Bua:

(¥ g )

| 0 . .
u(x,r) :—TI(/)(:')U o't d &
2a\at %, '

rae a =v13, ¢(x) =u|, , =e bR

Takum 06p3.30M JJI1 pCIICHUS 3aJa4n H€06XOI[I/IMO BBIYHMCIIUTH HECOOCTBEHHBIN HHTCrpal,
SaBI/ICHH_II/Iﬁ OT MapaMeETpOB:
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[Ipeobpazyem nHTErpaj K BULY:

. y . . | s2eex Y 5 (521421)°

r oy wn (XPE) x I565° 10454 x" ~2x548° ’ (156741} &t T P
Sy s L 521 156141 156741 i
[

i
[e” " dE=]e Z dé=|e dE =
_'_[\-' l_”_’_"_‘___] o [156041)(  52pax Y P Rt+x o
P 52t 1561 +1 j(’ T[- m] ds'f - “m - -
? d& =d¢
4520420 o (156041)
156041

=e ¢ =t g,

Tenepb BOCIIOJIB3YEMCA M3BCCTHBIM M3 MATEMATHYCCKOI'0 aHaJIM3a COOTHOIICHHUEM

foear =

o

V7|

a

TOoraa

w  [156t+1),,
T T 52t
f —_—
e - di =———.
2 156¢ +1
Takum oO0Opa3oM TOJYyYUM pEIICHHE TIOCTaBJICHHOW 3amaun Komm 1ais  ypaBHEHUS
TEIJIONPOBOIHOCTH:

3 #5214 2 30 +52r42y
5 ot Xy A kL | —_
156141 1561 +1

-— 2

1
u(x,t) =—p———=——== ——
2137t 1561 +1 V1567 +1

Kpurepum ounenku:

Ounenka «5» cTaBUTCs, €CIM y4yalllMCs BBIMOTHSAET paboTy B MOJHOM 00BbEME C COOJIOJCHHEM
HEOOXOAMMOW IOCIEI0BAaTEILHOCTH TPOBEJCHHUS ONBITOB W HW3MEPEHUH; CaMOCTOSTENBbHO U
paloHaIbHO MOHTHUPYET He0o0XoanMoe 00OpyAOBaHHE; BCE OMBITHI IMPOBOAUT B YCIOBUAX HU
peXuMax, OOeCHeYMBAIOIIUX MOJyYEeHHE NPAaBWIbHBIX pPE3yJbTaTOB M BBIBOJIOB; COOJIOJAET
TpeOoBaHUsl MMpaBwil 0€30MaCHOCTH TpPYyJAa; B OTYETEe MPABUIBHO M AKKypaTHO BBIMOJIHAET BCE
3amucy, TaONUIbl, PUCYHKH, YEPTEKHU, IpaduKu, BBIYUCICHUS; MPABUILHO BBIMOJHSAET aHAIHU3

ITOTPELIHOCTEM.
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Ouenka «4» CTaBUTCsI, €CJIM BBITIOJIHEHBI TPEOOBAHMUS K OIEHKE «5» , HO ObUIO JTOMYIIEHO JBa -
TpH HezoueTa, He 6os1ee 0JHOM HerpyOo# OMMUOKK M OJHOTO HET0UYETa.

Ouenka «3» craBurca, ecnu paboTa BHINOJHEHAa HE  MOJHOCTHIO, HO 00beM
BBITIOJTHEHHOW YacTU TaKOB, TO3BOJISIET MOJYYUTh TMPaBUIbHBIE PE3YJIbTAThl U BBIBOJBI: €CIH
B XOJI€ TIPOBEACHHUS OMBITA M H3MEPEHUN OBLIH JIOMYIIICHBI OITHOKH.

Ouenka «2» cCraBUTCS, €cCid padOTa BBHINIOJHEHA HE TOJHOCTBIO M O0OBEM BBITIOJHEHHOU
gacTh paboOThl HE TO3BOJIICT CJENaTh TPABUIBHBIX BBIBOJIOB: €CIH OIbBITBI, H3MEPEHUS,
BBIUHCIICHH S, HAOIIOICHUS TPOU3BOIUINCH HEITPABHIIBHO.

Tema 2.3.1. OcHoBBI MOJeUPOBaHKS. JleTepMUHMPOBAHHbIE 32/1a4 1
IIpakTuyeckass paGora Nel «CBegeHume TIPOM3BOJIbHON 33/1a4u  JIMHEIHOTO
NPOrpaMMHPOBAHUS K OCHOBHOI 3a/1a4ue JIMHEHHOTr0 IPOrpaMMHUPOBAHUS»

Leap padorbl: HayunuThcs CBOANUTH MPOU3BOJIBHYIO 337auy JIMHEHHOrO MPOrpaMMHUPOBAHUS
K OCHOBHOM 3ajjaue JIMHEHHOTO MPOrpaMMHUPOBAHUSI.
Boinoinus padorty, Bl Oynere:
ymemp:
UCIOJIb30BaTh BBIOPAHHYIO CUCTEMY KOHTPOJISI BEPCHIA;
UCIOJIb30BaTh METO/IbI JUIS MOJIyYEHHsI KOJla C 3aJaHHON ()YHKIIMOHAIBHOCTBIO U CTEIIEHBIO
Ka4yecTBa;
AHAIN3UPOBATH MPOEKTHYIO U TEXHUUYECKYIO TOKYMEHTALIHIO;
UCTIOJIB30BaTh CHENUAIN3UPOBAHHBIE TpadUUecKue CpPEeICTBa IOCTPOSHUS M aHaIHM3a
apXUTEKTYphl IPOTPAMMHBIX ITPOTYKTOB;
OpraHM30BBIBATH 33JaHHYI0 MHTErpalldi0 MOJyJedl B NIporpaMMHBIE CpeAcTBa Ha Oase
HMEIOLIEICS apXUTEKTYPhl U aBTOMATU3aLUN OM3HEC-TIPOLIECCOB;
OIPEAEIIATh UCTOYHUKU U IPUEMHUKHU JAHHBIX;
" HCHOJb30BATh IPUEMBI paOOTHI B CUCTEMAX KOHTPOJIS BEPCUH;
= BBINOJIHATH OTJIAJIKY, UCIIOJb3Ysl METOJIbl U MHCTPYMEHTHI YCIOBHOW KOMITMIISIIUU (KJIacChl
Debug u Trace);
OLICHMBATh pa3Mep MUHHUMAaJIbHOIO Habopa TECTOB;
pa3pabaTbIBaTh TECTOBBIE AKEThI U TECTOBBIE CLIEHAPHH;
BBISIBJISITH OIIMOKH B CHCTEMHBIX KOMIIOHEHTaX Ha OCHOBE clieln(UKaIIHii;
~  OpraHu30BBIBaTh MOCTOOPAOOTKY JaHHBIX.

MarepunanbHoe obecniedeHue:
HO: MS Windows 7

Kparkue TeopeTnueckue cBeleHH:
3amaud ONTUMAIBHOTO IJIAHUPOBAHUS, CBS3aHHBIC C OTBHICKAHHEM ONTHMYyMa 3aJlaHHOU

nesneBoi GyHkIMKM (IMHEHHOHM (opMBI) MpU HATMYUKM OTPaHUYCHUN B BHUJIE JIMHEHHBIX ypaBHEHUH
WY JIMHEHMHBIX HEPaBEHCTB OTHOCATCA K  3ajJadaM JIMHEMHOIO  IPOrpaMMHPOBAHMSL.
Juneiinoe npozpammupoeéanue — 5TO HAIPABICHUE MAaTEMaTHYECKOIO IIPOrPaMMHUPOBAHUA,
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U3y4alollee METOJbl PELICHHUs SKCTPEMalbHbIX 3a]ad, KOTOPHIE XapaKTEepPHU3YIOTCS JIMHEHHOMN
3aBUCHUMOCTBIO MEXy IEPEMEHHBIMU U JIMHEWHBIM KPUTEPUEM.

CyIHOCTb JTMHEWHOTO ITPOrPaMMHUPOBAHUS COCTOUT B HAXOXJACHUU TOUYEK HAMOOJNBILIEro WU
HAaMMEHBIIETO 3HAYEHUS HEKOTOpOoi (YHKIMHM TIpU ONpEeAeTeHHOM Habope OrpaHHYeHHH,
HaJlaraeéMbIX Ha apryMEHTBI U 00Pa3yOLIUX cUCHIeMy 0ZPAHUYeHUN, KOTOpask UMEET, KaK IIPaBUIIo,
0eCKOHEUYHOE MHOKeCTBO perieHni. Kaxxaas cOBOKYNHOCTh 3HaYEHUH MEPEMEHHBIX (apryMEHTOB
¢yukuuu F), koTopble  yIOBJIETBOPSIOT CHCTEME OrPaHUYCHHUIl, HA3bIBACTCS OONYCIUMbIM
naanom 3a7auyl JIMHEHHOro nporpaMmupoBanus. @yHkuusa F, MakCUMyM WJIM MUHMMYM KOTOpOMH
OIIpENIeNIACTCs, Ha3bIBAETCS Yeneeoll @ynkyuen 3ajaun. JlomycTUMBIA IJIaH, Ha KOTOPOM
JOCTHTaeTCs MaKCUMYM HJIM MUHUMYM (YHKIMU F, Ha3bIBaCTCS ORMUMANbHBIM HIAHOM 32]1a9H.

Cucrema oOrpaHuuY€HUM, OIpEAEIAIONIas MHOXECTBO IUIAHOB, JMUKTYETCS YCIOBHUSIMH
IIPOM3BOJICTBA. 3ajauell JuHEHoro nporpamMupoBanus (3J/III) siBisercs BbIOOP M3 MHOXKECTBA
JOMYCTUMBIX TUIAHOB HanOO0JIee BBITOJHOTO (ONTHMAIBHOTO).

OO6mas popma 3aauu JIMHEHHOTIO IPOrpaMMUPOBaHUSL (POPMYIUPYIOT CIEAYIOIUM 00pa3oM:

r r
ap X tapxyt a5, (52, =1k,

;
g 3y A B A AR, 2,=}E:l2 .

...... (1)
g X) Fs Xyt A K 52, =k
¥, 20x,20,..,%, 210 (2)
F =gz +cyxy +...+c, x, — mas (min | (3)
Koadpummentsr a;j, b, ¢, j =1, 2, ..., n, i =1, 2, ... , M — qr00ble NeHCTBUTEIbHBIC YUCIIA

(Bo3MOxkHO 0).

Wtak, peuieHus, yAOBJIETBOpAMOLIME cUcTeMe orpaHuueHuid (1) ycimoBuil 3amaun u
TpeOOBaHUSIM  HEOTPULIATEIBHOCTH (2), Ha3bIBAKOTCS AONMYCTHMBIMH, a  peleHws,
YIOBJIETBOPSIOLINE OTHOBPEMEHHO U TpeOOBaHUSM MUHHUMHU3AMK (MakcuManu3anun) (3) ueneBoi
GyHKIUH, - ONTUMAJIbHBIMH.

Brimme onmcannas 3amgava auHelHoro mporpammupoBanus (3JII1) mpencraBnena B oOmiei
dopme, HO ogHa u Ta xe (3JIII) moxer OBbITH cHOpPMYIHpPOBaHA B PA3NUYHBIX SKBHBAJICHTHBIX
¢dopmax. Hawmbonee  BakHbiMM  (opMaMH  3a7aud  JMHEHHOrO  IPOTPaMMHPOBAHUS
SBJIAIOTCS. KAHOHNYECKAasi U CTAaHAapTHAs.

B kanonuueckoii gopme 3aaua gBusercsd 3a1adeil HA MaKCUMyM (MUHHMYM) HEKOTOPOM
nuHeitHoi ¢yHkuu F, ee cucrema orpaHMYeHU COCTOUT TOJBKO M3 paBeHCTB (ypaBHeHwMi). [lpu
3TOM MepEeMEHHbIE 3a/lauu X1, X2, cees X SABIISIOTCS HEOTPHUIATEIIbHBIMHU:
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P E it e AR A B = Ly
o B AR g B A AR, B =

(4)

e 1 8 e 15 AN B = L
¥ 20x2,20,.,x,210 (5)
Fo=cx +eox, +... o, x, — max (min | (6)

K kanonuueckoii hopme modicno npeobpazosams a00yio 3a0a4y JUHEUHO20 NPOSPAMMUPOBAHUSL.
3ananmue .

a) [I[puBecTt K  KaHOHMYECKOW  ¢opMme  3amadyy  JIMHEHHOTO  MPOrpaMMHUPOBAHUSI.
2%, — X, +3X, <5
X, +2x,=8
-Xx, —2x, 21
X,20,x,20,x,20
F =X, = x, +3x, — min

0) Hanumure 3a7ady B cTangapTHOM Qopme.

Pemenne:

a) Beegem ONONHUTENBHBIE IIEPEMEHHBIE X4, X5. I[IprueM B IepBoe HEPABEHCTBO BBEIEM
IIEPEMEHHYIO X4 CO 3HAKOM IUIIOC, & B TPEThE — HEOTPUILATEIBHYIO IEPEMEHHYIO, X5 CO 3HAKOM
MHUHYC 3aIlMIIEM 3a/1a4y B BUJE:

2X, =X, +3x,+x, =5
X, +2x,=8
-X,—2x,—Xx; =1

X, 20,x,20,x,20,x, 20,x. 20

[TepeBesem Min Ha max, JIOMHO>KHB LIEJIEBYIO (byHKIHIO Ha (-1)
F=-x+x,—-3x,+0-x, +0-x, — max
4To u Jaet HKBUBAJICHTHYIO 3agauy B KaHOHUYECKOH bopme.

0) Beskyro 3amaduy JTHUHEHHOTO MPOTpaMMHUPOBAHUS MOXHO c(OpPMYIHpPOBaTH B CTAHAAPTHOM
dopme. [IpeobpazoBanue 3a7au HA MUHUMYM B 33/1a4y Ha MaKCHMyM, a TaKke oOecrieueHne He
OTpULATCIIBHOCTU TNEPEMCHHBIX IIPOU3BOJUTCA TaK XK€, KaK W pPaHbIIC. Bcsakoe PaBE€HCTBO B
CHUCTEME OFpaHI/ILIeHPII)’I PAaBHOCHJIIBHO CHCTEMC B3aUMOIIPOTUBOIIOJIOXKHBIX HEPABCHCTB, TOrAa
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MOJTY4HM:

2x, =X, +3x, <5

X, +2x, <8
-X,—=2x, <8
X, —2x, 21

x,20,x,20,x,20

F =-x, +x, —3x, - max

IMopsi10K BHINOJTHEHHS
- CocTaBUM MaTeMaTHYECKYIO MOJIEb 3a/1a4.
- OTBETUTH HA KOHTPOJBHBIC BOTPOCHI.
dopma npeacraBieHus pe3yjabTara:
- BrmosiHuTh 3a1aHue. PerieHne nokasarhs MpenoaaBaTelnto.

OTBeTUTH Ha KOHTPOJIbHBIC BOIIPOCHI.

KOHTpOJIbHLIe BOIIPOCHI

©COoN DR

Kakue 3a1aun MOXKHO OTHECTH K 3a/la4aM JIMHEHHOr0 MPOrpaMMUpPOBAHUS?
KaxoBa ocHOBHasl ujest IMHEHHOTO MPOrpaMMHUPOBAHUS?

UYro obpa3yeT cuCTEM OTpaHUYCHHNA?

UYro Ha3bpIBaeTCs JOMYCTUMbBIM IUIAHOM?

Uro Ha3bIBacTCs 1EIeBOM QYyHKITUECH?

Kak 3anuceiBaercs obuas Gpopma 3a1auu JMHEHHOTO TPOrpaMMHUPOBAHUs?
Kak ctpoutcs kanonndeckas ¢opma 3JII1?

Kak nepesectu 3JII1 B crangapTHyto ¢popmy?

KakoBa naes cumiiexkc-merona?

10. B 4em CyTh YCIIOBUS ONTHMAIHHOCTH TUTaHA?

11. M3 xakux mMyHKTOB cOCTOUT aaroputm pemenus 3JII1 cummiekc-meronom?

12. Yrto Takoe CUMILIEKC-OTHONIEHUE?

Kputepun onenkmn:

Ouenka «5» CTaBUTCS, €CIIU Y4YAIIUNCS BBINOIHAET paboTy B MOJHOM 00beMe ¢ COOMI0IeHuEM
HE0O0XOAMMOM MOCJEI0BATEIbHOCTH TPOBEIEHHUS] OMBITOB M M3MEPEHMH; CAMOCTOSITENIbHO U
panMoHaIbHO MOHTHPYET HEeoOXOoauMoe 00OpyJOBaHUE; BCE OIBITHI MPOBOJUT B YCIOBUSX U
peXnMax, O0ecleynBalolUX IMOJy4eHUE MPaBUIBHBIX PE3YyJIbTaTOB U BBIBOJOB; COOJIOIAET
TpeOoBaHuUs MpaBui OE30MACHOCTH TPYAa; B OTYETE MPABUIBHO M aKKypaTHO BBIIIOJIHAET BCE
3anMcy, TabJUIbl, PUCYHKH, YEePTEKHU, IpadKH, BHIYMCICHHUS; IPABIILHO BBIMOJIHIET aHAU3
IIOIPELIHOCTEM.

Ouenka «4» CTaBUTCS, €CIIH BBIITOJIHEHBI TPEOOBAHUS K OIIEHKE «5» , HO OBUIO JOMYIIEHO JIBa -
TpHU HejoueTa, He 6osee 0HOM HerpyOoi OMUOKH 1 OJHOTO HET0UYETA.

Onenka «3» craBuTCs, ecad paboTa BBHINOJIHEHA HE IMOJHOCTbIO, HO O00BeM
BBITIOJITHCHHOW YacTH TaKOB, IIO3BOJIIET TOJYYWUTh TMPAaBWIbHBIE PE3yJbTaThl W BBIBOJIBI:
€CJIM B XOJI€ TIPOBEJICHUS OMbITA K U3MEPEHUH OBLIH JOMYIIECHBI OIIUOKH.
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Onenka «2» craBuTci, ecau paboTa BHIIOJHEHAa HE IMOJHOCTBIO U 00BEM
BBITIOJIHEHHOW 4YacTu pabOThl HE MO3BOJSET ClieNaTh MPABUIBHBIX BBIBOJOB: €CJIM OIBITHI,
M3MEpEeHUsl, BBIYUCIICHUS, HAOIIOACHHSI TPOU3BOIMINCH HEITPABUIIBHO.

Tema 2.3.1. OcHoBBI MO eUPOBaHKS. JleTepMUHMPOBAHHbIE 32/1a4 1

JlabopaTopHasi pabora Ne4 «Pemenune 3a1a4 JIMHE{HOr0 MPOrPaMMHPOBAHUA
CHMILIEKC—MeTO0M»

Heab: Hayuutbcs CcBOAUTH NIPOM3BOJBHYIO 3aJady JIMHEHMHOIO IPOrpaMMHUpPOBAHHS K
OCHOBHOM 3a/1a4ye JJMHEHHOro MPOrpaMMHUpOBaHus. PeluTh 3a1ady JIMHEHHOTr0 IpOrpaMMHUpPOBaHUS
CUMILJIEKC-METO/IOM.

Brinosinus padorty, Bl Oynere:

ymembp:

" HCIOJb30BaTh BHIOPAHHYIO CUCTEMY KOHTPOJISl BEPCHIA;
UCTIOJIB30BaTh METO/IbI JUTS MOJIyYEHHsI KOJa C 3aJaHHON ()YHKIIMOHAIBHOCTBIO U CTETICHBIO
Ka4yecTBa;
©  aHaATU3UPOBATh IPOEKTHYIO U TEXHUUYECKYIO JOKYMEHTAIHIO;
~  HUCHOJb30BaTh CHELUAIU3UPOBAHHBIE TIpadUuecKue CpeAcTBa IOCTPOEHUS M aHaIu3a
apXUTEKTYpbl IPOrPaMMHBIX IPOTYKTOB;
~  OpraHu30BBIBAaTh 3aJJaHHYIO HHTErpalMi0 MOJYJed B IporpaMMHbIE cpelcTBa Ha 0Oaze
MMEIOLIEICS apXUTEKTYPhl U aBTOMATU3aLUN OU3HEC-TIPOLIECCOB;
OIpPEAEIATh UCTOYHUKU U IPUEMHUKHU JaHHbIX;
HCIOJIb30BaTh IPUEMBI pabOThI B CHCTEMaX KOHTPOJIS BEPCUIL;
BBITNOJHATH OTJIAJKY, UCIOIb3YsI METOJIbl U MHCTPYMEHTHI YCIOBHON KOMIMJISAIMH (KJIacchl
Debug u Trace);
= OLIEHUBATh pa3Mep MUHUMAJIBHOTO HabOpa TECTOB;
= pa3pabaThIBaTh TECTOBBIC MMAKETHI U TECTOBHIE CLIEHAPUHY;
= BBIABIATH OIIMOKU B CHCTEMHBIX KOMIIOHEHTaX Ha OCHOBE crieln(uKanui;
OpraHU30BBIBATH TOCTOOPAOOTKY J1aHHBIX.

MarepuajibHoe o0ecnieyeHue:
I1O: MS Windows 7

KpaTkue TeopeTnueckue cBeieHHUS:

Pemenue 3a1a4 JIMHEHHOI0 NPOrPAMMHUPOBAHUS CUMILIEKC-METOI0M.

Nnes cuMmiekc-MeToAa 3akio4yaeTcs B IOCIEHOBATEIIBHOM YIIYYIICHUH I1€PBOHAYAIbHOIO
IIJIaHa IIYTEM YIOPAJOYEHHOIO Iepexoja OT OAHOrO OIOPHOTO IUIaHA K IPYromMy M 3aBeplIaeTCs
HaXO0XJACHUEM ONTUMAJIBHOIO IaHa. CHUMIUIEKC-METOAOM pPEIIAIOTCS TOJIbKO KAHOHUYECKHE
3ala4yd JIMHEWHOrO0 IIPOrpaMMHUpPOBaHMs. PellleHHe KaHOHWYECKOM 3aJauyd CUMILIEKC-METOIO0M
CYLIECTBEHHO OOJeryaeTcsi NMpPUMEHEHHMEM TaK Ha3blBAEMbIX CHUMIUIEKCHBIX Tabmun. Bcskyro
KaHOHMYECKYI0  3a7ady MOXXHO  3amucarb  YCIOBHO B BHMAe  TaOmumbl.  Tabnuna
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3aIoJIHAeTCA CJIEAYIOLINM obpazom: HIEPBBIE /11 CTPOK COAEPIKAT B YCIIOBHOM
¢dopme ypaBHEHHUSI CUCTEMBI OTPaHMUYCHHM, pa3pelIeHHbIE OTHOCUTEIBHO Oa3MCHBIX MEPEMEHHBIX.
B mocnenueit ctpoke 3anucana 1eneBast yHKIIHS, 3Ta CTpoKa HazbiBaeTcst F -cTpokoid. B cronbiax
3aIrMcanbl CBOOOAHbIE TEPEMEHHBIE U CBOOOIHBIC WICHBI.

Ycenosue onmumanvnocmu nnana:zecnn 3J1I1 Ha makcumyMm, To B F-cTpoke HE JHOIDKHO OBITh
oTpuLaTeNbHBIX 3neMeHToB; eciau 3JIII Ha MuHumMymM, TO B F-cTpoke He HOJMIKHO OBITh
HOJIOKUTEIBHBIX HJIEMEHTOB.

Anzopumm pewrenun:

1. Hcxomnyroo 3aaauyy JUHEHMHOTO NPOTrpaMMHUPOBAaHMUS IPUBOJUM K KaHOHHYECKOMY BHIY

IIyTeM BBE/ICHUS 0A3UCHBIX IEPEMEHHBIX.
2. basucHble nepeMeHHbIE BEIpaKaeM 4epe3 CBOOOIHbIE TepeMEHHbIE.
3. CrpouM  HayanbHBIA  IUIaH,  [oJlarasg  CBOOOJHBIC  TNEPEMEHHBIE  PABHBIMH
HYJIIO0, TOTAa Oa3uCHbIE TepeMEHHBIE OyIyT PaBHBI CBOOOIHBIM WICHAM.
4. CTpouM NEpBYIO CUMILIEKC-TA0IHILY.
IIpoBepsieM mi1aH Ha ONTUMANIBLHOCTh. ECiN 1J1aH HE ONTUMAJIEH, TO €ro YJIy4IlIaeM.
6. VYiyduienue miaHa.

o

a) BBIOOp paspemaromero croiudma: s 3toro B F- crpoke BbIOMpacM MaKCHMaIbHBIN
110 a0COJIIOTHOM BEJIMYMHE W3 OTPHUIATCIBHBIX JJIEMEHTOB, €CIM 3aJa4a Ha MaKCHMYM, WIIH,
MaKCUMaJIbHBIM M3 TOJIOKHUTEIBHBIX JJIEMEHTOB, €CIU 3ajJadya Ha MUHUMYM. [lycth 31O Oyner
CTOJI0CI] C HOMEPOM S;

0) BBIOOp pa3pelaroniell CTpOKU: BEIOUPAEM CTPOKY C MUHUMAJIbHBIM CUMILICKCHBIM OTHOIIICHHEM.
CHUMIITIEKCHBIE OTHOIICHHUS - 3TO OTHOIIEHUE CBOOOJTHBIX UWICHOB K IMOJOXHUTEIBHBIM dJIEMEHTaM
pazpematoiero cronodua. Ilycts 310 Oyaer cTpoka ¢ HoMepom I.

B) BBIOOD pa3pelIaroniero IeMeHTa: SJIEMEHT, CTOSIINI Ha MepeceyeHNH pa3pelaroiinX CTPOKH U

cron6ua. ITycTs 910 Gyner snement .

r) IepEMEHHYIO *** BBOIHM B 6asuc BMECTO HepeMeHHON

J) DJIEMEHTHl HOBOM CHUMILIEKC-Ta0IULIBI by NEPeCcUnThIBaEM IO CIEAYIOUMM (opMynam:
pa3pelaroui JJIEMEHT

1
br:\ =
ﬂn’.‘-
)
b,=——,i#r
37IEMEHTHI Pa3PEIIaroNIero CToI0a Qs ,
a, .
b,=—,j#s
3JIEMEHTHI pa3pelnaromeii CTpoKu s ,
OCTaJbHbIE 3JIEMEHTHI CHMILIEKC-Ta6 MBI 1o TIPaBHITY TIPSIMOYTOJIBHUKA:

a,-a,—a,-a,

b, =

[
4
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if iz

¥
3. BHOBB MOJTy4YEeHHBIH IUIaH TPOBEPSEM Ha ONITUMAIIBHOCTb.

3apanue. [l  nmpou3BOACTBA JABYX BHJIOB, U3JEIUU P,y P WCIIOJIb3YETCS, TPU BHIA

CBIpbS ‘5"""’-’"(;‘, 3amacbl KOTOpOro cooTBercTBeHHO paBHbl 100, 60, 180 eagunum. s

P, UCIIONB3YEeTCS 2 €OUHULIBI ChIphs 1 U 1o 1

P

MPOU3BOACTBA OJHOM EOUHHUILIBI MPOLYKIIHHU

CAVHUIIC CBIPbS 5.,us,

5,us

. ns mpou3BOJICTBA OJTHOM €TUHUIIBI MPOAYKIMK - 2 HCHONb3yeTcs Mo 1

SAVHUIIE CHIPhS 2 U 4 eAVHUIBI CHIPhS Sa [TpuObuIE OT peanu3anuu | eIUHULBI KaXa0U

P

MpoaAYKIUH I' " P

2 coorBercTBeHHO paBHa 30 wu 20 emunun. Heobxoaummo cocTaBUTH

Piu Pz npu xoropom cymmapnas

CUMIUIEKC-METOJIOM TaKOW IUIaH BbIIYCKa MPOMYKLIUU
pUOBLITH Oyner HauOO0JIbIIEH.
Pemenue.

1. CocTaBuM MaTeMaTUYECKYIO MOJENb 3a/1a4H:

Ilycts

X1 — €IMHUIIA TOTOBOM MPOJYKIIMU BHUIA P, ,

X2 - €JUHULA TOTOBOM MPOAYKIUU BHUIA P,
Lenb Gpadpuky NoaydyuTh MAKCUMAIbHYIO IPUOBLIL OT peaTn3aliy Bced MpOAYKIIUU BUOB P,

u P2 rorma:
F =30-x, +20- x, — max
CucreMa orpaHUYEHHN:
2x, + x, <100
X, +x, <60
X, +4x, <180
x,20, x,20 ycroeue HeompuyameabHocmu
2. 3amady MpUBOIUM K KaHOHHYECKOMY BHIY:
F =30-x, +20- x, — max
2x, + x, + x, =100
X, +Xx, +x, =60
X, +4x, +x. =180
x20, x,20 x,20, x,20, x,20

3. bazucHble mepeMeHHbIC BEIpaXKaeM depe3 CBOOO THBIE:
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X, =100 -2x, - x,
X, =60-x, —x,
x, =180 - x, —4x,
4, 3ammceiBaeM HadaIbHBIN IUIAH: X, = |0; 0; 100; 60; 180).
CtpouM NepBYIO CUMILICKC-TA0JIHILY:

Tabnuua 1. [lepBas cummiekc-Tadiuia

CB00. nepeM. — x, — X, CBoOognbie  CHMILIEKCHBIE
YJICHBI OTHOUICHUS
bazuc. nepem.

Xy 2 1 100 % = 50min
Xy 1 1 60 ? = 60

Xg 1 4 180 ? =180
F-ctpoxka -30 -20 0

2. HauanpHBIi IJ1aH HE ONITHMAJICH, TaK Kak B F-CTpoKe ecTh OTpUIIaTeIbHBIC SJICMECHTEHI.
3.Yayumenue rana. CTpOUM BTOPYIO CHMILIEKC-TAOJHUITY, SJIEMEHTBI KOTOPOU MEPECUYUTHIBAEM I10
COOTBETCTBYIOIIHNM (pOopMyiam.

Tabnuia 2.

Bropas cumriekc-radnuia

CBo0. nepeM. — X, — X, CBoOogubie  CHUMILIEKCHBIE
YJICHBI OTHOIIICHHUS
bazuc. nepem.

50 100

B | =
B | =

X4 10 20 min
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J
B | =

X, _1 7 130 =~ 37,14
' 2 2
F-ctpoxka 15 -5 1500

= Ilnan, cOOTBETCTBYIOMIMI TabHIIE 2, X, = 150; 0; 0; 10; 130). HE OIITUMAaJICH, TaK

Kak B F-cTpoke ecTh oTpuiaTeIbHbIE 3JIEMEHTHI. Y Ty4IlIaeM €ro.
= VYayumenue mnaHa. CTpoOMM  TpeTbIO  CHUMILUIEKC-TAOJUIly, 3JEMEHTHl  KOTOpOM

MEPECYUTHIBAEM 10 COOTBETCTBYIONIMM (POopMyiam.

Ta0nuua 3.
Tperbst cuMILICKC-Ta0IMIIA

CB00. epeM.  — X, — X, CBobonnble  CHMILIEKCHBIE
YJICHBI OTHOILEHUS

bazuc. nepem.

X, 1 -1 40
X, -1 2 20
Xy 3 -7 60
F-ctpoka 10 10 1600

[Inan, cooTBeTcTBYIOMMN Tabnwmie 3, X, = |40; 20; 0; 0; 60). OINTUMaJICH, TaK Kak B F-
CTPOKE HET OTPULATENbHBIX JJIIEMEHTOB.

P P

OTBeT: ecnu mpeanpusTie OyaeT BeITYCKaTh IPOAYKIMIO BUAA © 1 U
20 equHUII COOTBETCTBEHHO, TO TMOJIYYUT MAaKCHMalIbHYIO MPUOBUTH B pazmepe 1600 enunwmil, mpu

2 B xosimyectse 40 u

9TOM CBIPbE 5,uS, OyaeT M3pacxo/I0BaHO IMOJIHOCTBIO, a CHIPhE 54 ocraHercs B KonuuecTse 60
€AVHMULI.

IopsiAoK BHINIOJTHEHMS .

- CocTaBUM MaTEMaTHUYECKYIO MOJIENb 3a/1ay.

- OTBeTUTH Ha KOHTPOJIbHBIE BOIIPOCHI.
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dopma npeacTaBiaeHus pe3yabrara:
= BreimosHuTk 3a1anue. Penienne noka3ars npenoiaBaTento.
= OTBETUTH HAa KOHTPOJIbHBIE BOIIPOCHI.

KoHnTpoJibHbIe BONpOCHI
13. Kakwue 3a1auu MO>KHO OTHECTH K 3a/1a4aM JIMHEHHOTO IPOTrpaMMHUPOBAHHS?

14. KaxoBa OCHOBHasl Hi€sl IMHEUHOT'O MPOTPaMMUPOBaHUs?

15. Yro obOpa3yeT cuctem OrpaHUYCHUN?

16. Urto Ha3bIBaeTCs JOMYCTUMBIM IIJIAHOM?

17. Yro HazbIBaeTcs 11eIeBON QYyHKIUCH?

18. Kak 3anuceiBaercs obmas ¢popma 3aauu JMHEHHOro IporpaMMupoBanus?
19. Kak ctpoutcst kanoHnueckas ¢popma 3JII1?

20. Kak nepeectu 3JII1 B crangaptHyto Gopmy?

21. KaxoBa uzest CUMILIEKC-MeTO 1a?

22. B yeMm cyTb ycIOBHUs ONITUMAIIBHOCTH TIaHa?

23. U3 KaKkuxX MyHKTOB cOCTOUT anroputM perrenus 3JII1 cummiexc-meromnom?
24. Yto Takoe CUMILIEKC-OTHOIIeHHE?

Kpurepun oneHku:

Ounenka «5» CTaBUTCS, €CIM YYalllMHCS BBHIMIOJIHSIET pabOTy B MOJHOM O0bEME C COOI0JECHUEM
HEO0OXOIMMOM TMOCEeI0BAaTEIbHOCTH TMPOBEACHUS OINBITOB M H3MEPEHHI; CaMOCTOATEIbHO H
paloOHaIbHO MOHTUPYET HE00X0aMMOe O0OpyAOBaHUE; BCE ONbBITHI IMPOBOAMT B YCIOBUSAX U
pexuMax, OOECIeYMBAIOIIMX IOJIyYCHHE MPAaBHIBHBIX pE3yJIbTATOB M BBIBOJIOB;, COOIIOAAET
TpeOoBaHuUsl MpaBWil 0€30MaCHOCTH TpPYyJAa; B OTYETE MPABUIBHO M aKKypaTHO BBINOJHSET BCE
3anucy, TaOJMIbl, PUCYHKH, YEPTEXKHU, I'paUKu, BBIYUCICHUS; NMPABUILHO BBIMOJIHSAET aHAIU3
ITOTPELIHOCTEM.

Ounenka «4» CTaBUTCS, €CIIM BBIIIOJHEHBI TPEOOBAaHUS K OIEHKE «5» , HO OBbLJIO JOMYIIEHO JBa -
TpH HezoueTa, He OoJiee 01HOM HerpyOoit oMOKK U OHOTO HEJOUETA.

Onenka «3» craBurcd, ecinu  paboTa BBHIIOJHEHAa HE  IOJIHOCTbIO, HO 00beM
BBITIOTHEHHOW YacTW TaKOB, TO3BOJISIET MOJIYYUTh TPAaBUIbHBIE PE3YNIbTAThl U BBIBOJABI: €CIH
B XO/JI€ MPOBECHUS OMBITA U U3MEPEHHUM ObUTH JTOMYIIEHBI OTHOKH.

Ouenka «2» cTaBuUTCA, €ciau paboTa BBHIMOJHEHA HE TMOJHOCTBIO M OO0BEM BBINOTHEHHOM
4acTH pabOThl HE TIO3BOJSIET CHENaTh TPABWIBHBIX BBIBOJIOB: €CJIM OMBITHI, W3MEPEHHS,
BBIYHCIICHHSI, HAOIIOICHHUSI TPOU3BOIMIINCH HEMTPABUIBHO.

Tema 2.3.1. OcHoBBI MOCINPOBaHUs. JleTepMHHHUPOBAaHHBIE 3a1a4H

JlabopaTopnasi paGora Ne5S «HaxokaeHne Ha4aJIbHOT0 pellieH!s] TPAHCIIOPTHOM 3a1a4M.
Pemrenue TpaHCIOPTHOM 321244 METOAOM MOTEHIUATOB»

Hean: Haiitm HavanpHOE pELIEHHME TPAHCIOPTHOM 3aJadv ABYMs METOAAMH: METOAOM
CEBEpO-3alaJHOr0 yIila M METOAOM HauMMEHbIIEH CTOMMOCTH. HalTh onTtumanbHOE pelieHue
TPAHCIIOPTHOM 3a/1a4¥ METOJO0M ITOTEHIUAIIOB.

Boinosinus padorty, Bel Oynere:
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ymemu:

" HCHOJB30BaTh BEIOPAHHYIO CUCTEMY KOHTPOJISI BEPCHUH;

HCIIOJIB30BATh MCTOJbI IJId IMOJIYYCHHA KOJa C 3a,[[aHHOI>'I (I)YHKI_II/IOHEUIBHOCTBIO U CTCIICHBIO

Ka4yecTBa;

AHAJIU3UPOBATH MMPOCKTHYIO M TCXHUYCCKYIO JOKYMCHTAILIUTO,

~  WUCNOJIB30BaTh CIEIUAIM3UPOBAHHBIC TpaUUecKue CpeICTBa IMOCTPOCHUS M aHaIHM3a
apXUTEKTYPBI IPOTPAMMHBIX TPOTYKTOB;

= OpraHu30BBIBAaTh 33JJAHHYIO HWHTETPAIlMI0 MOJYJCH B NpOTpaMMHBIC CpelIcTBa Ha 0ase

MUMEIOIICHCS apXUTEKTYPhl M aBTOMATU3AIIUH OU3HEC-TIPOIIECCOB;

OonpeaAcCIsATb MCTOUYHHUKU U IIPUCMHUKHA JAHHBIX

HCIIOJIb30BATh IPUCMBI pa6OTBI B CUCTEMAax KOHTPOJIA BepCHﬁ;

BBITIOJIHATE OTJIAJKY, UCIIOJIB3Yyd METOAbI U HHCTPYMCHTLI YCHOBHOﬁ KOMITUJIALIUHU (KJIaCCBI

Debug u Trace);

= OILIGHUBATh pa3Mep MHHUMAIBHOTO HaA0Opa TECTOB;

= pa3pabaThIBaTh TECTOBBIC MAKETHI U TECTOBBIC CIICHAPUY;

= BBISBIIATH OIIMOKU B CHCTEMHBIX KOMIIOHCHTaX Ha OCHOBE CIielU(UKaIHii;

~  OpraHu30BBIBaTh MOCTOOPAOOTKY JAHHBIX.

MaTepnaﬂbnoe oﬁecneqe}me:
IHO: MS Windows 7

Kparkue Teopernueckue cBeJeHHA:

CuUMIUIEKCHBI METOJA JJsl pellleHus 3ajad JIMHEHHOro MNporpaMMHpOBAHMS SBISETCA
YHUBEpPCAJIbHBIM, OH IO3BOJSIET PEHIMTh JIO0YI0 33Jady, HO pEelIeHHE HMHBIX 3a/ay CBS3aHO C
TPYAOEMKHMH pacueTamMu. MOXHO BBIJENINTh KJIACC 3aJla4, KOTOpbIE pemarTcs 0ojiee MPOCThIMU
CTeNUANTBHBIMA MeTofaMu. K 4ucily TakuxX 3agad OTHOCATCS TaK Ha3blBaeMbIe TPAHCIOPTHBIE
3a1a4H.

Kaaccuueckasi TpancmopTrHasi 3agada- o HaubOoslee SKOHOMHOM IUIaHE IEPEBO30K
OJIHOPOJIHOTO TMPOAYKTa WM B3aUMO3aMEHSIEMBIX MPOAYKTOB U3 MYHKTOB OTIPABJICHUS B IMyHKTHI
Ha3HAYCHMUSI.

Knaccuueckast TpancmopTHas 3agada (cokpamieHHo T3) dhopMmynupyercs CIEoymuM 00pa3oM.

A, yane
B nyHkrax otmpaBieHHs A Ay ’A"', KOTOpble OyZeM Ha3blBaTh TaKXKe MOCTaBIIMKAMHU,

s I« B

COCpEOTOYEHBI 3amachl OJHOPOAHOIO Tpy3a B KOJIMYECTBAX ™ COOTBETCTBEHHO. B

IIYHKTBI Ha3HA4YCHUSA H' ' Hi e H" , HMCHYCMBIC HOTpe6I/ITeJ'I${MI/I, HaAJICXKUT OOCTaBUTh

1272

COOTBETCTBEHHO TN e muHMI TPY3A.

W3BecTeH TPaHCIIOPTHBIN Tapud “ - CTOMMOCTB TIEPEBO3KH €IUHMIIBI IPy3a U3 MTyHKTa A g

I = 1.2 = 1.2 >
MYHKT B, i=12,..m,j=12,...n TpeOyeTcst coCTaBUTh TaKOW IUIaH MEPEBO30OK TPy3a, MPH

KOTOpOM 00111asi cTonMocTh F Becex mepeBo3ok Oblia Obl HAMMEHBINEH, IPU TOM BCE 3asBKH OBbLIH
OBI BBITIOJIHEHBI.
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B Tepmun '"TpaHcmopTHBIM Tapud" BKIAIBIBACTCS YCIOBHOE TOHMMAaHHE CTOMMOCTH
€IMHHUIIBI  Tpy3a - 3TO  MOXET OBITh  ce0ecTOMMOCTh,  paccTossHHe,  Tapud,
BpEMs, paCXoJ TOIUIMBA WX SJICKTPOSHCPIrUun U JIp.

Ilycte  cymmapsble  3amacsl  IPy30B Y  IIOCTaBUIMKOB  PaBHbl ~ CYMMAapHBIM
NOTPeOHOCTSIM MOTPEOHUTENEH:

DTo ycnoBue Ha3biBaeTcs ycioBueMm OanaHca. Ecou nmins T3 ycinoBue OanaHca BBITOTHSETCS,
TO Mozienib T3 Ha3pIBaeTCs 3aKPBITOM, €CIIM yCJIOBHE OallaHca HE BBIMOJIHEHO, TO MOJACHb 13 -
oTKpbITasg. CoCTaBUM MaTEMATHYECKYIO MOIeIb T3.

[ycts ¥ - KOMMYECTBO TIpPy3a, KOTOPOE MOCTABIIUK “ OTIPABISET IOTPEOUTEIIO B, (

R R _
1=12,..,m, j =1,2,...,11) co cTOMMOCTBIO TIEPEBO30K < . JlaHHbBIC 3aadl MOXKHO MPEICTABUTH

B BUe Ta0mnel 1.

Tabmuna 1.
[Torpeburenu
ITocraBmuku 3anacel
B'I BE l,-;'I
C 11 C 12 o L
Ay o,
X1 Xz Xin
€z Caz Can
A, 7 I
Aay Naz Xan
t‘_'|"||. Cn’fl.ﬂ Crll-"
A"I a "
xirl 1 x-’rl 2 x_l"”
[TorpebHOCTH b, b, . 15}
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=
Ilo CMBICITY CBOEMY BCIMYHMHBI Xy = 0 N JOJIKHBI YAOBJIECTBOPATH CICAYIOIINUM OI'PAHUYCHUAM:

e U3 nmyHkTa A Bee  samachi JMOJKHBI ~ OBITh ~ BBIBE3CHBI  (OTpaHMYEHUS IO

n

Y x,=a(i=12,.,m)

pecypcam): /! ;
e 3asgBKH norpedurenei B, JTOJIKHBI OBITH BBIIIOJIHEHBI (orpaHuveHHsS 1o
m
in:‘ =b;(j=12,..,n)
MOTpeOHOCTAM): ! .

BanaTBI Ha MCEPCBO3KY i CAWHUI] I'Ppy3a U3 IIYHKTA IIOCTABKU /l’ B IIYHKT HOTpC6J’IeHI/IH E"

cocraBisior < i py6neii; 00Omas ke CTOMMOCTh BCEX MEPEBO30K °  paBHA CyMMeE BCEX TaKHX
m n
F = ZZC” - X, — min
3arpar: =1 j=1
Marematuueckas IIOCTaHOBKa T3 COCTOUT B CIIEIYIOILIEM:
COCTAaBUTh IJ1aH IIEpEBO30K !/ | yIOBIETBOPSIONIUX cUCTEME OTrpaHUYEHUU:

Y X, =by,(j=1.2,.m)

i=]

< i"u =a,li=12,.,m)
i=1

1= =

= Pi—12 i—172
YCJIOBUIO  HEOTPULATENLHOCTH: 0 = 0 i=12,.,m,j L2,.on " npy KoTOopoM  IeneBas
KLU JOCTUTAET CBOETO MUHUMYyMa:
VH yM

F = iicu - X; — min

iwl w1

Anzopumm pewienus mpancnopmuoil 3a0auu:

1. Ctpoum HavanbHBIC TUTAHBI METOJIOM CEBEPO-3alagHOTO yIiia U HaWUMEHBIIEH CTOMMOCTH,
13 HUX BBIOMpPAEM JTyUIINH.
2. HaxomuM TOTEHIHANBI ITOCTABIIMKOB W TIOTPEOUTENICH, HCIONB3ys IIEpPBOE YCIOBHE

LU v, =0
OIITUMAJIBbHOCTHU IlJIaHA:. ' 4 ¥
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u +v, =c,

3. IIpoBepsieM BTOpoO€ yCIOBHE ONTHMAIBHOCTU IUIAHA JUISI CBOOOAHBIX KIIETOK
Eciu OHO BBINIOJIHEHO, TO IJIaH ONTUMAJICH. ECiii He BBIITOIIHEHO, TO YJIy4lIacM IUIAH.

4. Yy4iieHue 1iaHa.
a) IIpH HCBBIIIOJIHCHHUU BTOPOT'O YCJIOBHA ONITUMAJILHOCTH IJIaHA B KJICTKY 3aHOCUM

L, + v
Hapyuienue ' )

- Cp€aur BCCX NOTCHUIHUAJIBHBIX KJICTOK BBI6I/Ipa€M KJICTKY C HanOOIBIINM HapyLICHUECM,

~ % co 3nakoM "+". Takue KIeTKH HA3bIBAIOTCS MTOTCHIMAIBHBIMY;

- CTpOMM JJs BBIOPAaHHOH KIETKH 3aMKHYTBI KOHTYpP, COCTOSLIMA W3 BEPTHKAIBHBIX U
TOPU30HTAIBHBIX OTPE3KOB IPSIMOM, NPUYEM BEPIUMHBI KOHTYpa JIeXKaT B 3aHATBHIX KIETKax, 3a
UCKIIIOYEHUEM TOW KIIETKH, IUII KOTOPOM CTPOMTCS KOHTYp. BHIbpl KOHTYpOB IIpPHBENEHBI Ha

pucyHke 1;

Puc. 1 BUALl KOHTYPOE

- BEpUIMHBI KOHTYpa MOOYEpEeaHO MomeuaeM, 3Hakamu "+")"-", HauMHas ¢ KJIeTKH, A7 KOTOpOM
IIOCTPOEH KOHTYP;
- CcpeaM KJIETOK, TOMEUYEHHBIX 3HAKOM

n_n

, BBIOMpaeM HauMEHbIIYI0 niepeBo3Ky. Ha 3Ty Benuuuny
YBEJIMUMBAaEM IIEPEBO3KM B KJETKaX, MOMEYEHHBIX 3HaKoM "+", W yMeHbIlIaeM B KIIETKaXx,
MIOMEYEHHBIX 3HaKoM "-". B pe3ynbTaTe nepeHasHaueHHs MEPEBO30K OCBOOOXKIAETCS OJJHA KJIETKa.
5.BHOBB ITOJIy4EHHBII IJ1aH IPOBEPSEM Ha ONITUMAIbHOCTb.

3aganme.

HmeroTcst Tpu MyHKTa MOCTaBKU OAHOpoAHOro rpy3a Al, A2, A3 u st nyHkros B1, B2,
B3, B4, BS notpebiienus aroro rpy3a. Ha mynkrax Al, A2 u A3 HaxoAuUTCS TPY3 COOTBETCTBEHHO
B koymuectBe al, a2 u a3 tonn. B mynktel Bl, B2, B3, B4, BS tpebyercs nmoctaBuUTH
coorBercTBeHHO b1, b2, b3, b4, b5 Tonn rpy3a. PaccrossHne MeEXIy MyHKTaMHd TIOCTaBKH U
MYHKTaMH MOTPeOICHHsI TPUBECHO B TaOJIUIIE:

ITynkTsl noTpedieHnst
IIyHKTBI

NOCTABKH
B1 B2 B3 B4 BS
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Al D11 D12 D13 D14 D15

A2 D21 D22 D23 D24 D25

A3 D31 D32 D33 D34 D35

Haiitn Takoil muaH 3akperuieHus MOTpeOuTesel 3a MOCTaBIIMKaMU OJHOPOJHOTO TPy3a, YTOObI
oO1iue 3aTpaThl MO NMepeBO3KaM ObLITM MUHUMAaJIbHBIMU.

al=200, a2=250, a3=200, 28 27 18 27 24

D=|18 26 27 32 21
b1=190, b2=100, b3=120, b4=110, b5=130. 27 33 23 31 34_
Penrenne.

1. [locTpouMm HayanbHBIM IUIAaH JABYMs METOJAMU: METOJOM CEBEpO-3allaJHOr0 yrja U METOAOM
HAaMMEHBIICH CTOMMOCTH, W BBIOEpEM TOT IUIAH, KOTOPBI OyAeT HAWIy4IIdM, TO €CTh IMOJIY4YUM
MUHUMAaJIbHbIE 3aTPATHI 3a IEPEBO3KY OJJHOPOJIHOTO Tpy3a.

A) CTpouM HaualbHBIH IJIaH METOJIOM CeBepo-3anaHoro yria. CoctaBUM TabIUIy 3HAUEHUIL:

[ToTpeburenu 3anacel

B1 B2 B3 B4 B5
ITocTaBmuku

28 27 18 27 24 200, 10, x
Al

190 10

18 26 27 32 21 250, 160,
A2 40,

90 120 40

27 33 23 31 34 200, 130,

A3 K
70 130

[TotpebHOCTH 190, x 100,90,k 120,k 110,70,k 130,k 650=650
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Yucno Ha3HAYEHHbIX nmepeBo3ok M+n-1=3+5-1=7, TO €CThb Ha4yaJIbHbIN IJ1aH
x, =190, x,=10, x, =90, x,, =120, x, =40, x,=70, x,.=130

HEBBIPOKICHHBIMN.

[Tpu TaKOM IJIaHe CyMMapHbIe TPaHCIIOPTHBIC U3JICPKKH PaBHBI:
F=28-190+27-10+26-90+27-120+32-40+ 31- 70+ 34-130 = 5320 + 270 + 2340 + 3240 +
+1280 + 2170 + 4420 = 19040 edunuy)

b) CtpouM HavanbHBIH IJIAH METOIOM HaMMEHbIeH cTouMocTi. COCTaBUM TaOIHITy 3HAYCHHIA:

[Torpeburenn 3amacel
B1 B2 B3 B4 B5
IlocTaBmmku
28 27 18 27 24 200, 80,
Al 10,
10 120 70
18 26 27 32 21 250, 60, x
A2
190 60
27 33 23 31 34 200, 90, x
A3
90 110
[TorpebHOCTH 190, 100,90,k 120, x 110, k 130, 70,k  650=650

Hauanenslii miax:

x, =10, x,=120, x,.=70, x, =190, x,. =60, x, =90, x, =110
[Ipy TakoM I1aHE TPAHCIIOPTHBIE U3IEPKKH

F=27-10+18-120+24-70+18-190+ 21-60+33-90+31-110 = 270 + 2160 + 1680 + 3420 +

+1260+ 2970 + 3410 = 15170( edunuy)
CpaBHuBas TPaHCIIOPTHBIE U3/IEP’KKH, BUJIUM, UTO IJIaH, IOCTPOEHHBIN METOJOM HauMEHbBIIEH
CTOMMOCTH, JTy4IINH.
2. BoiOupaem nydinii 1iiad ¥ HaX0JAUM MOTEHIIMAbl IOCTABUIMKOB U MOTpEeOUTENEN, UCTIOIb3Ys

+v, =
MEpBOC YCIOBUC ONITUMAJIIbHOCTH IlJIaHA: Uirv, =g

21 27 18 25 24
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[MotpebuTenu, *
B1 B2 B3 B4 B5
[MocraBumku, i
28 27 18 27 24
Al
10 120 70
18 26 27 32 21
-3 A2
190 60
27 33 23 31 34
A3
90 +1 110

HCHOJ’ILSYH IIEPpBOC YCJIOBUC ONITUMAJIBHOCTH IlJIaHa, COCTABUM CUCTCMY JIMHEHHBIX ypaBHeHHfI
AJI OIMPEACIICHUS MOTCHIUAJIOB!

u, +v, =27
u +v, =18
u +v, =24
u, +v, =18
u, +v, =21
u, +v, =33
u,+v, =31

Cucrema JIMHEHHBIX YpaBHEHUH COACPKUT 7 YPaBHEHUM U 8 HEU3BECTHBIX, T.€. OHA UMEET
MHOYECTBO peleHui. Tak kak Hy’)kKHO OJIHO pellIeHue, TO 000 U3 HEM3BECTHBIX 3a7aeM
3HAUEHUE U BBIYMCIISIEM OCTaJIbHBIE HEU3BECTHBIE.

1. Oycrs 1 =Y torma

u,=-3, u, =6, v,=21, v,=27, v,=18, v,=25 v, =24

2. TIpoBepsieM BTOpOE YCIOBHE ONTHMATLHOCTH TLIaHA JUIs CBOOOMHBIX Ki1eTok i V) =€y
Ecnu ects HapyIeHus, TO 3aHOCUM HX CO 3HAKOM «+». B pe3ynbrare IpoBEpKU MOIYUYHIIU OJHY
MOTEHLIMAJIbHYIO KJIeTKY. TakuMm 00pa3oM, HaualbHBIN TIaH HE ONTUMAJIEH.

3. VYayumenwue miaHa. BeiOnpaeM KieTKy ¢ MaKCUMalbHBIM HapYyIICHUEM H JUTS Hee CTPOUM

3aMKHYTBIA KOHTYD.
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[otpeburenu,
B1 B2 B3 B4 BS
[MocraBumku, i
| 28 27 + 18- 27 24
|
e e |
LAl | 120 70
10 :
|
|
18 26 27 32 21
A2
190 60
27 33 23 31 34
A S T +1 110
-90

Cpenu  KJIETOK, TIOMEUYEHHBIX 3HAKOM  «-», BBIOMpaeM  HAUMEHBIIYI0  IEpPEBO3KY:
g = min(90,120) =90

Ha sty BenmnunHy yBennunBaeM MEPEBO3KHU B KIIETKAX, IOMEUYEHHBIX 3HAKOM «+», U YMEHBIIAEM B
KJIETKaX, IOMEYEHHBIX 3HAKOM «-». B pe3ynprare nepeHazHaueHus epeBO30K UMEEM ILIaH:

[otpeburenu, * 21 27 18 26 24
[MocraBumku, i B1 B2 B3 B4 BS
28 27 18 27 24

0 Al
100 30 70
18 26 27 32 21

-3 A2
190 60
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5 A3 27 33 23 31 34

90 110

Hcnoinb3ys nepBoe ycaoBUE ONTUMAIbHOCTH IJIAHA, COCTABUM CUCTEMY JIMNHEWHBIX YPAaBHEHUMN
JUIs1 ONIPEICIICHNS] IIOTEHIUAJIOB:

u, +v, =27
u, +v, =18
u, +v; =24
ju, +v, =18
U, +vs =21
Uy +vy =23
u; +vy =31

Cucrema JIMHEWHBIX YPAaBHEHUN COAEPKUT 7 YpaBHEHUM U § HEM3BECTHBIX, T.€. OHA UMEET
MHOXECTBO pelieHui. Tak Kak Hy>)KHO OJIHO PEIICHHE, TO JTI000M U3 HEM3BECTHBIX 3a]]ae€M
3HAYEHUE U BBIYMCIISIEM OCTAJILHBIE HEU3BECTHEIE.

=1

L
! , TOT1a

1. ITycts

u,=-3, u3=5 wvy=21, v,=27, v;=18, v, =26, v;=24

u,+v, =c,

2. IlpoBepsieM BTOpOE YCIIOBHE ONITUMAIBHOCTH TIIaHA I CBOOOTHBIX KIIETOK
YcoBre ONTHMAIEHOCTH BBITIOTHEHBI, CI€I0BATENBHO, TUIaH, COOTBETCTBYIOIINN Ta0nHIIe,
OINITUMAJIEH.

X, =100, X3 =30, x,5=70, x5, =190, x,5 =60, x33=90, x3,=110
F=27-100+18-30+24-70+418-190+ 21-60+23-90+ 31-110 = 2700 + 540 + 1680 + 3420 +

+1260 + 2070+ 3410 = 15080| edunuy)
OtBer: CpaBHHBAs TPU METOAA HAXOXKICHHUS ONITUMAIILHOTO TUTaHA, IEJIAEM BBIBOJI, YTO METO/I
MOTEHINAJIOB HAXOAUT ONTHMAJIBHBIN IJIaH PEIICHNs TPAHCTIOPTHOM 33a]1auH, TaK KaK MOTyIHITH
MUHUMAaJIbHbIE TPAHCIOPTHBIE U3EPKKU paBHble 15080 enuuu.
IMopsiioK BHINOJHEHHS .
- CocTaBMM MaTeMaTHUYECKYIO MOJIENb 3a/1au.
- OTBeTUTH Ha KOHTPOJIBHBIE BOIIPOCHI.
®opma npeacTaBieHus pe3yJabTara:
BrinmosauTh 3a1anue. Pemenre nokas3aTh MpenojaBaTelo.

OTBeTUTH HA KOHTPOJIBHBIC BOIIPOCHI.

KonTpoJsbHbIe BOpockl
1. Kakue 3a1aun Ha3bIBalOTCS TPAHCIIOPTHBIMU?

2.B 4eM cyTh KITacCHYECKOM TPaHCIIOPTHOH 3a1aum?
3.UYto 03HaYACT TEPMHUH «TPAHCIIOPTHBIN Tapu(»?
4. Kak 3anuceiBaeTcs ycioBue Oamanca?
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5. Kak BBITIIAIUT MaTeMaTuueckasi TOCTaHOBKA TPAHCTIOPTHOM 3a1a4n?
6. B yem cyTh MeTOa CeBepoO-3ammaiHoro yria?
7. OcHoBHas ujes MeToJa HauMEHbBIIIEH CTOUMOCTH?
8. B uem cyTh MeTO1a TOTEHIIUAIOB?
9. Kakue KJIETKH Ha3bIBAIOTCS MOTEHI[HAIbLHBIMU?
10. Kakue BUbI KOHTYPOB BbI 3HAeTE?

Kpurepumn oneHku:

OueHka «5» CTaBUTCS, €CIHM YYAIUHACS BBITIOTHSET PadOTy B IMOJHOM OOBEME C COOJIIOJICHUEM
HEOOXOIUMOM TOCIEIOBATEILHOCTH TIPOBEACHUS OIBITOB W HM3MEPEHUN; CaMOCTOSITEIBHO U
paloHaIbHO MOHTUPYET HeoOxoauMoe o0OpyAOBaHWE; BCE OMbBITHI MPOBOAMT B YCIOBUSX U
peXUMax, OOECHEeYMBAIOIIUX MOJYyYEHHE NPABWIBHBIX pPE3YJbTaTOB M BHIBOJOB; COOIIOIAET
TpeOoBaHUsl TMpaBWJI OE30MaCHOCTH TPyAa; B OTYETe MPABUIBHO M aKKypaTHO BBIMOJIHAET BCE
3amucy, TaONUIbl, PUCYHKH, YEPTEKHU, IpaduKu, BBIYUCICHUS; MPABUIHHO BBIMOJHSAET aHAIHU3
MOTPEIIHOCTEN.

OueHka «4» CTaBUTCS, €CIIM BBITIOJHEHBI TPEOOBAaHUS K OICHKE «5» , HO OBUIO JOIMYIICHO JBa -
TPH HEJloYeTa, He OoJiee OAHON HerpyOoi OIMMOKH U OJTHOTO HEIOUETA.

Ouemca «3» CTaBUTCA, cClin pa60Ta BBIIIOJIHCHA HE IIOJIHOCTBIO, HO 00BEM
BBIIIOJIHEHHOM YacTH TAaKOB, IO3BOJIACT IMOJYYHUTH IIPABUJIIBHBIC PE3YJIbTAaThl MW BLIBOABI: €CJIHU
B XO/JI€ ITPOBCACHU OIIbITA U H3MepeHPII>i ObLIH AONYIICHBI OIIIMOKH.

Ouemca «2» CTaBUTCi, CCJIIH pa60Ta BBIIOJIHEHA HE IOJHOCTBIO M OO0BEM BBLIIOJIHEHHOMN
qacTHu pa6OTBI HC TMIO3BOJICT CACIATb IMPABUJIIBHBIX BbBIBOJOB: C€CJIIM OIIBIThI, HU3MCPCHUI,
BBIYHCIICHHUA, Ha6J'IIO,J1€HI/I$[ IMPONU3BOAMNIMCE HEIIPABUIIBHO.

Tema 2.3.1. OcHoBBI MOieTUPOBaHUsA. JleTepMUHMPOBAHHBIE 321241

JladboparopHnasi pabora Ne6 «IIlpumeHeHne MeToAa CTPeabOBI I pelleHusl JINHEeHOoI
KpaeBoi 3a1a4m»

Heﬂb: 3HAKOMCTBO C PAa3JIMYHBIMH MCTOAAMU PCIICHUA JIMHEIHBIX KpacBbIX 3a1a4.

Borinoinus padorty, Bel Oynere:
ymemb:
= HCIOJNB30BATh BHIOPAHHYIO CHCTEMY KOHTPOJISl BEPCHIA,

= HUCIMOJIb30BaTh METO/BI JUIS MOJYYEHHsI KOJa C 3aJaHHON (YHKIIMOHATBHOCTBIO U CTETIEHBIO
Ka4ecTBa;

" aHIM3UPOBATh MPOEKTHYIO U TEXHUYECKYIO JOKYMEHTALHIO;

~  HCIIOJIb30BaTh CIIELMAIN3UPOBAHHbIE TpadUUecKHue CpeICcTBAa IOCTPOCHUS M aHalu3a
ApPXUTEKTYpPBI IPOTPAMMHBIX IPOIYKTOB;

= OpraHu30BBIBAaTh 33JJaHHYIO HHTETPAIlMI0 MOJYJel B IporpaMMHbIE cpelcTBa Ha 0aze

UMEIOIIEHCs apXUTEKTYPhl M aBTOMATU3aI[MH OM3HEC-TIPOIIECCOB;

OIIPEENATh UCTOYHUKU U IPUEMHUKH JaHHBIX;

" HCHOJB30BaTh NPUEMBI paOOTHI B CUCTEMaX KOHTPOJIS BEPCUIL;
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= BBINOJIHATH OTJIAJKY, HCIOIb3YsT METObI M HHCTPYMEHTBI YCIOBHON KOMITHIISAIMU (KIaCChl
Debug u Trace);

OLICHMBATh pa3Mep MUHHUMAJIbHOIO HabOpa TECTOB;

pa3pa6aTBIBaTB TCCTOBBIC IMMAKCTHI 1 TECTOBBIC CLICHAPUU

BBIABIIATH OH_II/IGKI/I B CUCTEMHBIX KOMIIOHEHTAaX Ha OCHOBC CHeI_II/I(i)I/IKaHI/II\/’I;

= OpraHM30BBIBATh MOCTOOPAOOTKY JAaHHBIX.

MarepuajibHoe o0ecnieyeHue:
IMO: MS Windows 7

Kparkue Teopernyeckue cBeieHUS:

Meton ctpenbObl (MHOrJa Tak)Ke Ha3bIBA€MbIM OaJIIMCTUYECKUM METOJO0M WM METOJOM
HayaJbHbIX IApaMETPOB) HE pELIaeT KpaeByIO 3ajady sl ypaBHEHUs Oiepa B HMCXOJHOU
IIOCTAHOBKE, a CBOJIUT €€ K IOCIIeI0BAaTeIbHOCTH OoJiee MPOCThIX 3a/1a4, a UMEHHO — 3aja4u Komm
¢ 0co0bIM 00pa3oM CHOPMYITHPOBAHHBIMU HauaJlbHBIMU yciaoBUsAMU. Kak u paHee, Mbl pacCMOTPUM
BHAYaJe Cclaydail TMHEWHOTO ypaBHEHUS Diiiepa, MOCKOIbKY Uil HErO METO CTPENbObl IPUHUMAET
0c000 TIPOCTOM BH/I.

DTO  YHUCIEHHBII  METOJ, 3aKJIIOYAIOLIUIICS B  CBEJIEHUMM  KpaeBOW  3aJaud K
peleHuro nociedogamenvhocmu 3aqad - Komm  uis  ToH ke cucTeMbl  JuQQepeHIraIbHbIX
ypaBHeHuil. PaccMoTpuM ero Ha nmpuMepe HNpOoCTEHIIed 3afadd JUlsl CUCTEMBI JIBYX ypaBHEHUH
IIEPBOTO MOPSAJIKA C KPACBBIMU YCIOBUSIMM JJOCTATOUYHO OOLIET0 BUA

Beibepem mnpousBosibHO 3HaueHue U(a) = o/, paccMOTpPHM JIEBOE KpacBOe YCIOBHE Kak
anreOpandeckoe ypaBHenue (p {e/, V(«)) = 0 wu mnaiimem u3 Hero F(a) = ?(/;). Bo3pmem
snadyenus U(a) = r/, V(a) = % B kadecTBe HaYalIbHBIX yCIOBUH 3a1aun Komu st cuctemsl (2.12a)
W TMPOUHTErpupyeM 5Ty 3amady Komu J00bIM YHCIACHHBIM METOAO0M. [Ipu 3TOM MOIyduM
pemerne (J(X,r]), V(X,T]), 3aBucsiiee ot /7 Kak OT mapamerpa.

U'(x)= f(x,UV),
V'(x)=g(x,U,V), (2.12a)
a<=x<=b,

@ (U(a), V(a))=0:yw (U(b), V(b)) =0. (2.1206)

3nauenue ? BHIOpAHO TakK, YTO HAWIEHHOE PEIICHHE yIOBJIETBOPSIET JIEBOMY KPaeBOMY YCIOBHIO
(2.126). OnHako mpaBOMY KpaeBOMY YCJIOBHIO 3TO PEIIeHNEe, CKOpee BCET0, HE YOBJIETBOPSET: MPU
€ro TOJICTAHOBKE JIeBas YacTh KPaeBOTO YCIOBHS B TOUYKe b, paccMaTpuBaeMas Kak (PyHKIUS
napamerpa y He 0OpaTUTCs B HYIIb.

v(n)=wU(b.n).V(b,n)), (2.13)

3aganmue:
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Pemmth METOZIOM CTpenLObl KpaeByl 3amadyy’” = €'+ Sinyc TIpaHUuHBIMU
yeaosusivmu y (0) =1, y (1) = 2 na otpeske [0, 1 ].

3aMeHON TEepeMEHHBIX ¥ =)o, ¥ = )icBeAeM audQepeHIraIbHoe ypaBHEHUE BTOPOTO
MopsiIKa K CUCTeME JBYX Au(QepeHIUaTbHBIX YPaBHCHUN TIEPBOTO TMOPSIKA C KPacBBIMU
yenosusimu yo(0) = 1, yo(1) = 2.

" —_— ,
Yo=X1

' X ~
yy=e +siny,

3amgauy Koy s MOIy4EeHHON CUCTEMbI C HAYaJIbHBIMH YCJIOBUSIMH Ha JIeBOM KoHIIE jyo(0)
= 1, »(0) -2/ (7. ey'(0) -2/) 6ynem pemats Meronom Pynre-Kyrra 4-ro mopsinka ¢ marom // = 0.1.
Oyukuus N(/7) = (J1,/7),K(I>,/7)) na npaBoit rpanune torga ectb 70(1)lvo@)=1>vi©)=r:-2. 3aeCh
Yo(I)[Vo(@)=p»»(0)=,; 03Ha"aeT pemenue 3axaun Komm, noixydeHnoe meronoM Pynre-Kyrra B Touke b =
1 mns Benmuunsl yo( 1) ¢ HauaneueiMu ycnosusamu yo(0) ~ 1, jKi(0) = /7. Tlapamerp 2/ naiimem,
UCTIONB3ysl cxemy cekymux (2.20), Ipou3BOIs «BBICTPENBI» (T. €. MHOTOKPATHO pelias 3a1aqy
Komm) 1o ynoBieTBOopeHMs YCIIOBUSL Ha MpaBOM KOHIE y7(n)"), KOTOpOe 3[eCh MPUHUMAET BHJL
Vu(1)] ... . ... -2 <e, r1e e - 3apaHee 3aaHHAs TOYHOCTh. TOUHOCTH e BhIOEpeM paBHO# 10 .,

[IpumeM B Ka4yecTBE NEPBBIX ABYX 3HaUCHHUH mapamerpa p cieayromue: rjy = 1.0, rjx =0.8. JIBaxpl
pemias 3amady Komm ¢ 3TUMH mapaMeTpamu, MOJydHM cieayromme pemenus: yu(1)| ... . ...
=3.168894836 u >’,,(1)1 ,, =2.97483325. [lanee OyaeM BBIYUCIATH HOBBIC MNPHUOIMIKCHUS
napamerpa p o ¢opmyse (2.17). Pe3ynpTarhl npencTaBuM B ClIeAYIONICH Tabue:

J i '\’0(1 )I_\",(())=l.\'|(())‘—ll |l/7(,]' )l

0 +1.000000000  3.168894836 1.168894836
I +0.800000000  2.974483325  0.974483325
2 -0.204663797 1.953759449  0.046240551

-0.159166393  2.001790565  0.001790565
-0.160862503  2.000003115  0.000003115

=~ W

Tak kak |(/74)|ps, T. €. ¢ ycnoBusimu yo(0) = 1, y, (0) = ps = -0.160862503:

x[0.0 0.1 02 03 04 05 06 07 08 09 1.0
y|1.0 0993 1.006 1.039 1.095 1.174 1.279 1.412 1.575 1.770 2.000

PaccMoTpuM Terneps JiuHeliHyro KpaeByro 3a1aqy, peluieHne KOTOPOH METOIOM CTPElTbObl 0COOCHHO
POCTO:
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U'(x)=a,(x)-U + B,(x)-V + y,(x),

V'(x)=a,(x) U+ By(x) -V + p,(x), (2.18a)
a<=x<=b,
prU(a)+q,-V(a)=t, p,-Ub)+q,-V(b)=t,. (2.1806)

Bocmonb3yemcsi M3BECTHBIM pe3yibTaToM M3 Teopuu AuddepeHInanbHbIX ypaBHEHHI: oO0IIee
pCLICHHE JUHEUHOU  HEOOHOPOOHOU  CUCHeMbl PABHO CyMME €€ KaKOro-HHOYIb YacmHO20
peuterus U 0ouje2o peueHus COomeencmaeayioujelt 00HOPOOHOU CUCHIEMDL.

Haiinem gactHOe perieHue HeodHopooHou cuctemsl (2.18a), monoxuB B jeBoM yciosuu (2.186),
Hanpumep, U(@) = py = 0. O6o3nauum 310 uyactHoe pemenue uepes Ug(X), Vo(X) u 3amernm,
uro Vo(a) = t;/qr Paccmotpum Ternepb COOTBETCTBYIOIIYIO OOHOPOOHYHO CUCTEMY
C 00OHOPOOHBIMU HAYAIIbHBIMH YCIIOBUSMU

"= i () x)-V.
HAx)=en eyt +4() } U(a)=n,=1, V((1)=—ﬂ.

Viix)=a,(x)-U+ By(x)-V

Beruncnum pemienue 3toi 3amaun Komw u o6osznaumM ero depe3 Uy(X Vi(X). Paccmorpum
dynkmn U{X) = Up(X) + C-Ux(X) u V(X) = Vo(x) + C ? Vi(X). OueBuaHO, 4TO B TOYKE d ATH
(GYHKIMH YIOBJICTBOPSIIOT KPACBOMY YCIIOBHIO:

p-Ua)+q,-V(ia)=
P '(Uo(a,)"'C'Ul(a))"'ql -(V;,(a)+C-V]((1))=

P (0+C-1)+gq, -(’—'+C-[—[—)')]=C-p, +t,-C-1p,=t,.
4q, 4q,

[TosToMy oOmee perieHne HEOAHOPOAHOM 3amaun Komwm, ynoBieTBopsitoliee J€BOMY KpacBOMY
ycnoBHIo (2.186), naetcs cleayoumM 0THOTIapaMeTPUIECKUM CEMENCTBOM

Ux)=U,(x)+C-U,(x), V(x)=Vy(x)+C-V(x). (2.19)

3nauenue mnapamerpa C BbIOMpaeM TakK, 4YTOObI YAOBJIETBOPUTH IPaBOMY KpPaeBOMY YCIOBHIO
(2.186):

__pUb) + ¢,V (b)-t, (2.20)
,):-UI([)) + ([:'VI(b)

Hckomoe pemienue kpaeBoii 3anaqu (2.18) Toraa Haxoautcs no ¢popmyne (2.19).
Wrtak, pemenne nWHEHHON KpaeBOW 3amadu  TpeOyeT TOJMBKO JIBYX  «BBICTPEIIOB» -
BCITOMOTaTeNIbHbIC 3a/1a4i Ko pemaroTcst TBaKIbl.
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dopma npeacTraBJieHus pe3yabTarTa:
Pesynbrat paboThI.
Kpurepun oneHku:

Ounenka «5» cTaBUTCs, €C/IM y4yalllMiCs BBINOJHSAET pabOTy B MOJHOM 00beMe C COOII0AECHUEM
HCO6XOI[I/IMOI71 MOCJICAOBATCIIbHOCTU IIPOBCACHHUA OIIBITOB U I/I3MepeHI/II71; CaMOCTOATCIIBHO H
panMoHaTBbHO MOHTHPYET HEo0X0auMoe O0OpYAOBaHHE, BCE OIBITHI MPOBOJIUT B YCIOBHSX H
pexuMax, OOECIEeUMBAIOIIMX IOJIyYCHHE MPAaBUIBHBIX pE3yJIbTaTOB M BBIBOJIOB; COOIIOAAET
TpeOoBaHUsI MpaBUI OE30MACHOCTU TPyJa; B OTYETEe MPABUIBHO M AKKypaTHO BBIMOJHSET BCE
3allUCH, TaOJUIBl, PUCYHKH, YEPTEKHU, I'papUKH, BBIYUCICHMS; MPABHIBHO BBINOJIHSIET aHAIU3
IIOIPELIHOCTEM.

Ouenka «4» CTaBUTCS, €CIIU BBITIOJHEHBI TPEOOBAaHUS K OIICHKE «5» , HO OBUIO JOIYIIEHO JBa -
TpH HeJloueTa, He OoJiee OAHON HerpyOoii OMMOKY U OTHOTO HETOUETA.

Ouemca «3» CTaBUTCA, cClin pa60Ta BBIIIOJIHCHA HE IIOJIHOCTBIO, HO 00BEM
BBIITOJIHEHHOM YacTH TAaKOB, IIO3BOJIACT IIOJIYYHUTb IIPABUJIBHBIC PE3YJIbTATbl U BBIBOABI: €CJINU
B X0€ IMPOBCACHUA OIIbITa U I/I3MepeHHﬁ ObLIN AONYIICHBI OIIHUOKHU.

Ouenka «2» cTaBUTCA, €ciau padoTa BBHINOJHEHA HE IMOJHOCTBIO M OOBEM BBINOIHEHHOM
4acTH pabOThl HE TO3BOJSIET CHENaTh MPABWIBHBIX BBIBOJIOB: €CIIM OMBITHI, W3MEpPEHHS,
BBIYHCIICHH S, HAOIIOICHUS TPOU3BOIMINCH HEMIPABUIIBHO.

Tema 2.3.1. OcHoBBbI MOAeIMPOBaHUA. /leTepMUHMPOBAHHbBIE 321a4H
JlabopaTtopnass pabdora Ne7 <«3agaua o0 pacnpefieleHHM  CPeACTB  MEKAY
npeanpusTHSIMID)
eab: HayuynThCS pemiaTh 33a/1a4d METOJIOM PAacHpeIeIeHUsI CPEACTB MEXTY IPEANPUATUSIMHU.

Beinosnus patdory, Bel Oyaere:
ymemp:
~  HCIOJb30BaTh BHIOPAHHYIO CUCTEMY KOHTPOJISl BEPCHIA;
HCIIOJIB30BAaTh METO/bI JJId IMOJIYYCHHA KOJia C SaﬂaHHOﬁ q)YHKIH/IOHaJ'II)HOCTBI-O U CTCIICHBIO
Ka4yecTBa;
AQHAJIN3UPOBATH MPOEKTHYIO U TEXHUUYECKYIO TOKYMEHTALIMIO;
~  UCHOJNb30BaTh CHELUAIU3UPOBAHHBIE TIpadUyecKue CpeICTBa IMOCTPOSHUS M aHalIM3a
apXUTEKTYpBI IPOTPAMMHBIX POTYKTOB;
= OpraHu30BBIBAaTh 33JJaHHYIO HHTETPAIlMI0 MOJYJel B IporpaMMHBIE cpelcTBa Ha 0aze
MMEIOLIEICS apXUTEKTYPhl U aBTOMATU3alUN OU3HEC-TIPOLIECCOB;
- OonpeaAcIsATb HCTOYHHUKU U IPUEMHUKHA JJTAHHBIX
= HCIOJb30BaTh MPUEMBI PA0OTHI B CHCTEMaxX KOHTPOJISI BEPCHIA;
- BBITIOJIHATDh OTJIAAKY, UCIIOJIB3Yyd METOAbl U HHCTPYMCHTEI YCJIOBHOI;'I KOMITUJIAITUHN (KJ'IaCCI)I
Debug u Trace);
= OLIEHUBATh pa3Mep MHHUMAJIBHOTO HabOpa TECTOB;
= pa3pabaThIBaTh TECTOBHIC MAKETHI U TECTOBHIE CLIEHAPUH;
= BBIABIIATH OMIMOKU B CUCTEMHBIX KOMIIOHEHTaX Ha OCHOBE Clielu(pUKaIuii;
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= OpraHu30BBIBATH MOCTOOPAOOTKY JTaHHBIX.

MarepuajibHoe o0ecnieyeHue:
IMO: MS Windows 7

KpaTRne TECOPETHYECCKUEC CBCACHUS .

Ilon mnpon3BOACTBEHHOM MpOrpaMMOM ITOHMMAETCs HOMEHKIAaTypa M OO0beM BBIIMyCKa
npoxaykiuu. Ee ¢popmMupoBanne — ofHa U3 LEHTPAIBHBIX 3a/1a4 TeKyIIero IanupoBanusi. Kaxmoe
HpENpUsATHE 3aMHTEPECOBAHO B (POPMHUPOBAHUU ONTUMAIBHONW HPOU3BOJICTBEHHOM HPOTrpaMMBI.
[lon Heli mNOHMMAIOT HporpamMmy, KOTOpas B HauOOJBLIEH CTENEHU YUYUTHIBAET 3aIPOCHI
notrpeOuTeneii, OTBEYaeT CTPYKType pECypcoB MPEANpHUsATHs M 00ecrednBaeT HawIydllne
pe3yibTaThl €ro AEATEIbHOCTH 110 IIPUHATHIM KPUTEPHUSIM.

Xon pelieHus:
W3BecTHBI HOpPMBI pacxojia MaTepUajoB MEPBOTO U BTOPOTO BMJIOB HA BBIYCK E€IMHMIIBI

MPOAYKIIMK ¥ O0Ias TPYAOEMKOCTh CIAWHMIBI W3NS, IIeHbl (ONTOBBIC) HA CAWHHILY
BBIITYCKAEMON MPOAYKIMU, CEOECTOMMOCTh U MPUOBLIb EIUHUIIBI H3ACNUs, MHUHHMAIbHOE U
MaKCUMaJIbHOE KOJMYECTBO KaXKJOT0 M3JCNIHSA B MPOM3BOJCTBEHHOH Iporpamme, omnpeaeiasieMbie
CIpPOCOM, JOMYyCTUMas TOJ0Bas TPYJOEMKOCTb, BO3MOXHBI 00BEM pacxolla pecypcoB Ha
MIPOU3BOJICTBO TPOAYKIIMU, KOHTPOJbHOE (IMpelneibHOe) 3HaueHHE CeOECTOMMOCTH, a TaKkKe
OTpaHHYEHUS O O0BEMYy pEaTU3yeMOW MPOAYKIIMH W KOHTPOJIBHOMY 3HAYCHHUIO TPUOBLIH.
Hcxonnble qanHbIe 151 MOJIETH TPUBEACHBI B Ta0. 1, 2, 3

O603nauum uepe3 x , jel;24 - romoBoe KOIMYECTBO j-TO M3JENIWsS B MPOU3BOACTBEHHOMN
porpaMmme.
PaccmoTpum JiBe 0THOKpUTEpHATBHBIC 33]Ja9H 1IETOYHCICHHOTO MPOTPAMMHPOBAHHUSL.
1) @yHKIMS 1enu — NpUObLIb OT pean3aluy MPOAYKIIUH:

24
Z, ZZ/’,--".- — max (N
2) ®yHKIMA HEIH — TPYA0EMKOCTh IPOU3BOICTBEHHON ITPOrPaMMBbl
Z, = Zl}.\‘! — min ?)

/=1

Orpanunuenus s o0eux 3a1ad:
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24

Zt{.\"_ <T

i=1

24

Zm”.\', <M,
i=l1

24

Zm_‘i.\', <M,
i=1

24

Zc',.x'_ <C

i=l

24

Z“;"',f &V (3)
i=1

24

Z p.x 2P

i=1

L.S.\'.SU.,[E@
/ /

rZe Xj — TOJI0OBOE KOJHMYECTBO j-TO M3JENUs B NPOU3BOJCTBEHHOW IMporpamme (IeI04YrCcICHHAs
BEJIMYMHA);

aj — 1eHa (ONToBas) €AMHUIIBI J-TO U3/IETIHS;

Ccj — cebecTOMMOCTh Ha €IMHUILY j-TO U3ENINS;

Pj — MPUOBLIb €AUHHIIBI j-TO U3ICIIHS;

tj — oO1ast Tpy1I0EMKOCTh €IMHHUIIBI j-I'0 H3ICIIU;

MIij — HOpMa pacxoa i-ro JUMHUTUPYIOLIETO BU/Ia MaTepualia Ha SAMHUILY j-T'0 H3/IeIus;

T - MakCHMaIBHO JOITYCTUMAs TOJI0Bast TPYA0EMKOCTh TIPOU3BOACTBCHHOMN MPOTPaAMMBIL;

Mi - MakcHMMaJdbHO BO3MOKHBIH O0BEM pacxoja Ha MPOU3BOACTBEHHYIO MPOrpaMMmy i-TO
JTUMHTUPYIOIIETO BHUJAa MAaTepHajoB, OOYCIOBJICHHBI BO3MOXKHOCTSIMH €ro TIIOCTaBKH U
HMMEIOIIIUMHUCS 3aracamy;

L j - MUHMMAIbHOE KOJMYECTBO j-TO HU3EIIHS,

U j - MakcuMaabHOE KOJIMYECTBO j-T'0 M3IeNUs (OMPEICIISETCS CIIPOCOM);

C - KOHTpOJIBHOE (TIpeieNbHOE) 3HAaUE€HHUE 110 ce0eCTOMMOCTH;

V - KOHTPOJILHOE 3HAYEHHE 10 00BEMY IPOU3BOJICTBA IPOIYKIIUH;

P - KOHTpOJIbHOE 3HAYEHHE 110 MPUOBLIH.

[lepBas rpymnmna orpaHuyeHHil (epBble TPU HEPaBEHCTBaA B cucteMe (3) mpeacTapisieT cooon
OTpaHUYEHUS Ha PECypCHI, BTOpas TPyIa OTpaHHYCHHI (Y€TBEPTOE, MATOE U IIECTOE HEPABEHCTBA
cucTeMbl (3) — 3TO OIpaHWYCHHS 110 OCHOBHBIM MOKA3aTEISIM JISATEIIBHOCTH TPEATPUATHS, TPEThS
rpynmna orpaHu4YeHHi (MOCIeIHNEe COOTHOIIEHHUS B cucTeme (3) — 3TO OrpaHHuYEHUs] MO CIPOCY
(cOBITY).

HcxonHbie nanHbIE

B T1abn. 1 mpuBenensl: mlj ,m2j — HOpMBI pacxo/a MaTepUaJoOB MEPBOTO U BTOPOTO BUAOB Ha
BBITYCK €TUHUIIBI TPOIYKIIMH U 00Iasi TPYI0EMKOCTD tj €MHHIIBI j-TO H3CITH.

Tabnuua 1 MicxoaHble JaHHbBIE 7S IEPBOI TPYIITBI OTpaHUYEHUN

44



Hopua pacxoaa
TpyaoemEncTs,

MATCPHATOB Ha CIHENITY
Hasvenosanme npoIysnmm apoIvEIHH I, B4

m. .t mL, . xT
L. Fpoxor THT-IM 480 1.30 488.19
2 Ipoxor THT-2M 420 L10 55350
3. I'poxor THJ-IK 434 1.20 667 3%
4. I'poxor THI-2K 410 1.0 976.10
5. F'poxor THJI3K 453 123 113742
6. I'poxor THCII-VKA 461 L12 1750.71
7. F'poxor THCT-AK 440 142 256330
£ Ipoxor THCII-AK 423 32 206176
9. Cenaparop [TBM-1 338 040 358,90
10. Cenaparop ITEM-2 3.10 058 39694
11. Cenaparop 35M-111 325 0,63 107540
12. Cenaparop 3BM-T12 34 75 1687.72
13. Cenaparop 3BC 1322 0.83 416,60
14, MTurarean [T-1A 1.30 1.20 33134
15. Murarean JT-2A 1.20 .50 701
16. Murarean [TK-1 14 134 47425
17. Murrarean [IK-2 130 Las S49.09
IR, MMurarean [K-3 112 156 64793
19. Byp. crasxn CBHI-MHA 250 210 1091930
20. Byp. crassu PJ{ 250 200 2324000
21. Canoxoasste saross SBC-1M 222 050 354360
22, Camoxonsnie saross SBC-2M 243 0.78 4769.16
23. Norpysounmie Mammss [TT 1.80 330 101186
24. Norpysoausie Mammsas [17] 1.87 350 6258.36

B Tabn. 2 mpuBeneHsl: aj — IeHBI (ONTOBBIE) Ha

CANHULY j'FO U3ACIINA, p] - HpI/I6BIJ'IB CANHUIIBI j'l"O n3acinAaA; MUHHUMAJIbHOC KOJIMYCCTBO K H
MaKCHMAaJbHOE KOJIUYECTBO K j'TO n3acinsg B HpOHSBOI[CTBCHHOﬁ nporpamme, J ONpCACIACMbIC

CIIPOCOM.

€IMHUILY BBITYCKaeMOHl NpPOAYKIHH,
ce0ecTOUMOCTh Cj (IepeMEeHHble H3EepPKKH, MPOU3BOJCTBEHHBIE MaTepUalbHbIE 3aTpaThl) Ha

Tabnuna 2 MicxoaHble JaHHbIE 711 BTOPOW U TPEThel IpyII OrpaHUYeHUI
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@, thic. pyo. | €, Teic. pyS. | p,, THIC. L., U,

pyo. wr. | wr
1. Fpoxor THT-1M 64,23 40,16 24,07 15 25
2. I'poxor 'UT-2M 73,06 4529 27.77 15 25
3. I'poxor F'HJI-1K 48.43 35,59 12,84 3 10
4. I'poxor 'NJI-2K 75,93 69,10 6,83 3 10
5. I'poxor F'MJI-3K 87,72 79.83 7.89 8 12
6. I'poxor 'MCJI-YKA 162,68 149,01 13,67 8 12
7. I'poxor TUCT-AK 250,05 230,04 20,00 8 12
8. I'poxor FTUCJI-AK 317,65 279,53 38,12 4 8
9. Cenaparop [TBM-1 88,81 81,35 7.46 80 120
10. Cenaparop I[1BM-2 137,45 126,45 11,00 25 40
1 1. Cenaparop DBM-I11 186,93 268,24 18,69 8 12
12. Cenaparop 3BM-I12 290,96 266,52 2444 3 7
13. Cenaparop OBC 42.21 37,57 4.64 5 15
14. Murarenn AT-1A 36,75 34,18 2,57 5 15
15, Murarenn AT-2A 40,98 36,88 4,10 5 15
16. Murarenn IMK-1 36,41 33,35 3.06 5 15
17. Murarenn [TK-2 53,13 47.29 5,85 10 20
I8. Murarenu [TK-3 59,08 5435 4,73 5 15
19. Byp. cranku CBILI-MHA 1322,82 1203,76 119,05 38 42
20. Byp. crauku PJ{ 2408,95 2206,60 202,35 1 4
21. Camoxoznsie Barons SBC-
IM 386,72 344,18 42,54 38 42
22. Camoxobie Baronst SBC-
2M 450,68 414,62 36,05 8 12
23. Morpysounsie mamnnnt [T | 91,08 84,70 6,38 25 35
24, Morpysounsie mammust [T | 532,18 478,96 53,22 3 7

B kayecTBe HMCXOIHBIX OrPAHMYEHHM pAacCMaTpUBAIOTCS OIPAaHUYECHUS HA JOIIYCTHUMYIO
TOJIOBYIO TPYIOEMKOCTh T, BO3MOXHBIM 00beM pacxoma pecypcoB M1, M2 Ha mpow3BOACTBO
MPOJYKIMH, KOHTPOJIbHOE (TpefesibHOe) 3HAaueHHe ce0ecTOMMOCTH (TepeMeHHBIX usaepxkek) C,
MaKCHMaJbHble 3HAUEHUs KOTOPBIX MpeACTaBIeHbl B TaONIULE 3, a TaK)Ke OrpaHUUYEHUs 10 00beEMY
peasinzyeMoil MpOAyKIMH V M KOHTPOJIBHOMY 3HAYEHHUIO NPUObUIM (BEIMYMHE NOKpBITHS) P,
MUHHMaJIbHbIE 3HAUYCHHSI KOTOPBIX TaKKe MPeJCTaBIeHbI B Ta0. 3
Tabnuua 3 MicxonHble AaHHBIE AJIS MPaBBIX yacTel OrpaHUYeHUH

I paserrian
Nosursrcan O
DOSAWTC LS
Kosrpo 3aasoe sarvonine 00 o0aewy posasnyesol

ppoysisn V', vac pyé . Gha
103 4885

Rosrrpoutsuog asenme no cebectomoctin C, 1we, pyh
100 497

MMM 0 JOHYCTIAMAR FOA0AS tipetnsin /', . o
UAlx

MARCHALIRIO 200 YO THMIN FOI0M8 TPYIOCMEOL TS
IO IO IO IROR T PaMM s en

¥ e pory ! 491 420
| Maxermanmmit 00uem nocTansn M. I 360,200
MTEPR A AON V.. = 12,508

3ananue.

HeobOxomuMo paccymTarh roJIOBO€ KOJUYECTBO IMPOW3BOJCTBEHHOW MPOrpaMMe JUIsl IBYX
OJTHOKPHUTEPHANIbHBIX 33/1a4. B mepBoil 3amade 1eneBas (yHKIUS — MPUOBUIb MPEANPUATHS, BO
BTOpOHl 3alade — TPYAOEMKOCTh MPOU3BOJCTBEHHONW TporpamMmel. Hammcates mnporpammy
(McTonb30BaTh METO/I BETBEH U TpaHUI]) TUOO0 HCIONIh30BaTh BCTpoeHHBIE (yHKIMN Mathcad.
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BapuanTel 3a1anui.

C moMomipbl0 HOPMAJIBHOTO JATYMKA CIyYalHBIX YHUCENl CreHepUpOBaTh TI'PAHUYHBIE 3HAYEHUS
nokazareneit Ak , K =1,...,6 , npuBefeHHBIX B Tabiuie 3, MPH STOM 3HAYCHHMS, IPUBEIACHHBIC B
Tab1.3 paccMaTpuBaTh Kak CpelHHUE 3HaueHWs. HoBoe 3HaveHHE IMOKa3aTeNsl PaCCUMTHIBACTCS T10
dopmyne Ak =Ak +0,1- A-m,k=1,..,6,k

r7ie M| — HopMasbHas cinydaiiHas BenuuuHa N (0,1) .

®opma npeacTaBiaeHus pe3yJibTaTa:
Otuet o nabopaTopHoii paboTe
Kputepuu onenku:

OueHka «5» CTaBUTCs, €CIM y4YaIIUMACS BBIOIHSAET paboTy B MOJHOM OOBEME C COOJIOJCHHEM
HEOOXOMMOW TOCIEIOBATEILHOCTH TPOBEJCHHUS ONBITOB W HW3MEPEHUH; CaMOCTOSTENBHO U
palnMoHaIbHO MOHTHPYET HEo0X0AMMOe OOOpYAOBaHHE; BCE OIBITHI IPOBOJUT B YCIOBHSX HU
pexumax, oOecleUyMBalOIUX IIOJIyYeHHE IPABWIBHBIX pE3yJbTaTOB M BBIBOAOB; COOIIONAET
TpeOoBaHUs NpaBUi O€30MACHOCTU TpyJa; B OTYETE€ MPABUIBHO U aKKypaTHO BBINOJIHSET BCE
3alluCH, TaOJUIbl, PUCYHKH, YEPTEKU, I'paQUKH, BBHIYHUCIECHUS; MPABUIBHO BBINOJIHACT aHAIU3
IIOIPELIHOCTEM.

OuneHka «4» CTaBUTCS, €CIIM BBITIOJHEHBI TPEOOBAHUS K OIICHKE «5» , HO OBUIO JOIMYIICHO JBA -
TpH HeJloueTa, He OoJiee OAHON HerpyOoii OMMOKH U OJTHOTO HEOUETA.

Ouemca «3» CTaBUTCA, cClin pa60Ta BBIIIOJIHCHA HE IIOJIHOCTBIO, HO 00BEM
BBIIIOJIHEHHON 4YacTH TAaKOB, IO3BOJIACT IIOJIYYHUTb IIPABUJIBHBIC PE3YJIbTATbl U BBIBOABI: €CJINU
B X0Z€ ITPOBCACHUS OIIbITA U H3MepeHHfI ObLIH AONYIICHBI OIINOKH.

Ouenka «2» cTaBUTCA, €ciau paboTa BBHIMOJHEHA HE TMOJHOCTBIO M OO0BEM BBINOTHEHHOM
gacTd paboThl HE TMO3BOJIAET CJeNaTh TMPABUIBHBIX BBIBOJIOB: €CIH OMbBITHI, HM3MEpPEHUs,
BBIYHMCIICHHS], HAOJIOICHUSI TIPOU3BOIUIUCEH HEMTPABUIIBHO.

Tema 2.3.1. OcHoBBI MOie/IMpOBaHUs. JleTepMUHHMPOBAHHBIE 3a1a4H
Jladoparopnasi padora Ne8 «3agaua o 3ameHe 000py10BaHUS»

esb: Hay4nTHCS pelIaTh 3a1a41 O 3aMEHE 000PyLOBaHMSL.

Boinoanus padorty, Bul Oynere:
ymemp:
= HCIOJH30BATh BHIOPAHHYIO CHCTEMY KOHTPOJISI BEPCHIA,

= HCIIOJIb30BAaTh METO/BI JJISl OJIy4EHUs KOJa C 33/1aHHOM (YHKIIMOHAIBHOCTBIO U CTENEHBIO
KauyecTBa;

©  aHaJM3UPOBATH MPOEKTHYIO U TEXHUYECKYIO JOKYMEHTAIUIO;

~  HCIIOJIb30BaTh CIIELMAIN3UPOBAHHbIE TpaduyecKhe CpelCcTBa IOCTPOCHUS U aHalu3a
apXUTEKTYpBI IPOTPAMMHBIX IPOITYKTOB;

= OpraHu30BBIBAaTh 33JJaHHYIO HHTErPAIllMI0 MOJYJel B HporpaMMHBIE cpelcTBa Ha 0aze

HMeEIOIIeHCs APXUTCKTYPBI 1 aBTOMATU3allNuN 6I/I3HCC'HpOHCCCOB;
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OIPEICTSTh UCTOYHUKH M TPUEMHUKHU TaHHBIX;

HCIIOJIb30BATh IPUCMBI pa6OTBI B CUCTEMax KOHTPOJIA BepCHfI;

BBITIOJIHATL OTJIAAKY, UCIIOJIB3Yyd METOAbI U HHCTPYMCHTEIL YCHOBHOﬁ KOMITUJIALIUHU (KJIaCCBI
Debug u Trace);

OLICHUBATh pa3Mep MUHUMAIBHOTO HA0Opa TECTOB;

pa3pabaThIBaTh TECTOBBIC MMAKETHI M TECTOBBIC CIICHAPHH;

BBISBJISTH OHIMOKHM B CHCTEMHBIX KOMITOHEHTAaX HA OCHOBE CIeU(BHKAIHT;
OpraHU30BBIBATH MOCTOOPAOOTKY JAHHBIX.

MarepunanbHoe obecrnieyeHue:
HO: MS Windows 7

Xon pemieHus:

[Inanupyerca skciulyatanuss oOOpylOBaHUS B TEUEHHE HEKOTOPOro IEpHoja BpEMEHU
MPOJOIDKUTENBHOCTBIO N JieT. O00pyIoBaHHE WUMEET TEHACHIHUIO C TEUCHHUEM BPEMEHH CTapeTh U
MPUHOCUTH BCE MEHBINYIO TOJIOBYIO MpUOBLIH 1(t) (t — Bo3pacT obopynosanus). [Ipu 3TOM ecthb
BO3MOKHOCTh B HauaJie JIIo00ro roja npojaTh ycTapeniiee o0OpyaoBaHue 3a IeHy s(t), KoTopasd,
pasyMmeeTcs, TOXKe 3aBUCUT OT BO3pacTa, U KyNUTh HOBOoe oOopynoBaHue 3a ueHy P. TpeOyercs
HaTH ONTHMAaNbHBIN IJ1aH 3aMEHbl 000PYIOBaHUS C TEM, YTOOBI CyMMapHasi IpuObLIb 3a BCE N JIET
Obula MaKCUMaJIbHOM, YYMTBIBas, 4YTO K Hauyaly OHKCIUIyaTallHOHHOIO IIepuoja BO3PACT
000pyIOBaHUS COCTABIISCT to t JieT. BXOMHBIMU JaHHBIMU B 3TOH 3a7a4e SBJISIOTCS TPHUOBLIB 1(t) OT
HKCIUTyaTally B TEYEHUE OTHOTO rojja 000py10BaHHs BO3pacTa t JeT

t 0 1 H
r H0) 1) Hn)

M OCTaTOYHasi CTOUMOCTH S(t) 000pymoBaHus Bo3pacTa t et
t 0 1 n
5 5(0) s(1) s(n)

a TaKKe LieHa HOBOro o0opyioBaHus P u HauanbHbII Bo3pacT o0opynoBaHus to .

BriGepem B kauecTBe miara ONTHMHU3AIMIO TUTAHA 3aMEHbI 000PYI0BaHUs 3a TOBI ¢ K-TO 110 n-
1. O4eBHIHO, UTO MPUOBLIL OT BKCIUTyaTallud 00OPYOBAHUS 3a ATH TO/bI OYJIET 3aBUCETh OT TOTO,
HACKOJIbKO ONTHUMAJIbHO MPOMU3BOJUTCA ero 3ameHa. OJIHaKO MakCHUMAaJbHO BO3MOXKHasl MPHUOBLIb
3aBUCHUT €I U OT TOr0, KAKOB BO3pacT 000pyI0BaHMs K Hayajly paccMaTpUBaeMoro nepuosja (T. e.
k-ro rona). ITockonbky mpouecc onTuMu3amu Beagres ¢ nocieanero mara (k = n), va k-m mare
MBI HE 3HaeM, B Kakue u3 Jet ¢ 1-ro no (k—I)-i momkHa ocymecTBisaThCs 3aMeHa, COOTBETCTBEHHO,
HE 3HaeM U Bo3pacTta obopynoBaHus K Hadany k-ro roma. [Ipo 3Ty BenWYMHY, KOTOPYIO MBI
0003HAYMM t, MOKHO JIMIIIb CKa3aTh, YTO OHA HE MOXET MpeBbIath tg + K — 1 (Takoro Bo3pacta
JIocTUrHeT oOopynoBaHue 3a k—1 rox skcrulyaTanuu, y4uThiBas, YTO K Hadaidy l-ro roja ero
BO3pAcT COCTaBIISLI to JIET), U HE MOXKET ObITh MeHbIle 1 (3TOT Bo3pacT 06opyaoBaHKe OyIeT UMETh
K Havany k-ro roja, eciam 3aMeHHUTH ero B Hadane npensiayiero (k—1)-ro rona). Ilepemennas t B
JAHHOM 3a/1aue sBJsIeTCs EPEMEHHOM COCTOSHUS cucTeMbl Ha k-m mare. IlepemeHHOM ynpaBieHus
Ha k-M 11are siBisieTcs JJOrMUYecKasi HepeMeHHas, KOTopast MOXKET MPUHUMATh TOJIBKO JIBAa 3HAYCHUS
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— «C» mm «3» — COXpaHUTh WM 3aMEHHTH 00OpymoBaHHWE B Hadane K-ro roma. DyHKIUIO
benmnmana Fy (t) ompenmenum Kak MaKCHMalbHO BO3MOXXHYKO TIPUOBLIb OT JKCIUTyaTalluu
00opya0BaHus 3a roibl ¢ K-ro 1o n-i, ecinu K Havyaiy k-ro rosa Bo3pact 000pyI0BaHHS COCTABIISLI t
ner. [IpuMeHsist To UM MHOE YIPaBJICHUE, MBI IIEPEBOIUM CUCTEMY B HEKOTOPOE HOBOE COCTOSIHHE,
a IMEHHO, eclii B HaJasie k-To royma o00pyI0BaHHe COXPAHUTh, TO K Havany cienyromero (k+1)-ro
rojia ero BO3pacT yBeNUYHUTCS Ha 1 (COCTOSIHUE CHCTEMBI CTaHeT t+1), a eClii MBI IPOJAIUM CTapOe
obopynoBanue U KynuM HoBoe, K Haudany (k+1)-ro roma oHo mocturHer Bo3pacta 1 (cocTtosiHHE
CUCTEMBI CTaHET 1).

3aganue:

Haiitu onTuManbHbBIN I1aH 3aMeHbl 000pyI0BaHUS HA TIEPUO]] MTPOAOIDKUTEILHOCTHIO 6 JIeT,
€CIIi TO/OBasi MPHUObUIL W OCTAaTOYHAs CTOMMOCTh B 3aBUCHMOCTH OT BO3pacTa 3alaloTcs
3HAYCHUSMU:

t 0 1 2 3 4 5 6
1) 12 1 11 10 8 6 3
s(1) 11 10 8 7 5 3 1

Pewmenue. [ aran. YcenosHas onrumusauus 1-i mar. k = 6.

(r(t C
I-'"(l)=max-|r( ) () 1<t <6,
[s()y-P+r(0) (3)
I"(l)=m;n<‘l H =11 (C) l-'(")=m;1\-l =11 (C)
G “l10-13+12 ? b T 18-13+12 2
! | 10 . . [ 8 :
F,(3) = max+ =10 (), F.(4) = max ¢ =8 (C),
‘ 17-13+12 |5-13+12
s [ 6 4 ; | 3 ;
F (5) = max =6 (C), F (6) = max =3 (€).
’ [3-13+12 [1-13+12
2-iimar. k=35
F(!)*maer“HF”(H” (©) 1st<5
: Tlsy-P+rO)+EQ0) 3) 0

s [ 11+11 Sh7s s | 11+10 G

h{l)=m&\]m_13+lz+” =22 ((), h(“);m&\EX—IB‘sIEHI =21 (0),
. ) 10+8 ) . ' [ 8+6 -
FO =mxy, jaipan =R (O F=maxye o i =P O

[ 6+3
F.(5) = max{ =13 (3).
13-13+12+11
3-itmar. k=4.
B = [r(n)+ F(t+1) (C) g
5 =max- <14,
’ (s()=P+r(0)+ £(1) (3)

— Sy el 18 B
=00 iginan ™ P ORI iun =P O
» [ 10415 , ‘ [ 8+13
F,(3)=ma =28 (3), F,(4) = max+ =26 (3).

7-13+12422 |5-13+12+22

4-itmar. k=3.
(1) + F, (1 +1 C
I-';(H=mau{l” i+ (() 1<1<3,
\s()=P+r(0)+ Fi () (3)
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[ 11+29 [ 11428

2 (1) = max < = ; 2 (2) = max 4 =39 (C).
Bl=max g 13412032 = O B@=mixi o 1503 =¥ O
) 10+26 y
F.(3) = max< =138 (3).
[7-13+12+32
S-iimar. k=2,
_ [r(t)+ F,(t+1) (€)
F,(t) = max+ _ , <12,
|s(t)=P+r(0)+ Fi(1) (3)
, [ 11+39 o » [ 11+38 .
F, (1) = max < =50 (C), F.,(2)=max{ =49 (C).
: [10-13+12+41 : |8-13+12+41
6-if war. k= 1.
‘ [r{t)+ F,(t+1) < ... _ [ 11+49 )
F,(r) = max+ : 1<t <1, F/(l)=max¢ =60 (C).
|st)-P+r0)+ £() (3) [10-13+12+50
II oramn. besyciioBHas onTuMu3anus
Pesynbprarel BeuMcieHmid cBoguMm B Tabn. 7 (k — rom skcmmyaramuu, t — Bo3pacT

00opynoBaHusi, AeMeHThI Taduibl — pynkuun bemmana Fk i (t (t)):

Tabmnuuma 7

kit ] 1 2 3 4 5 6

1 Gl

2 50 49

3 41 39 38

4 32 29 28 26

5 22 21 15 15 13

6 11 11 10 8 3] 3

MaxkcuManabHO BO3MOKHAsI MPUOBLTH OT DKCIUTyaTallk 000pyIOBaHUs 3a TOJbI ¢ 1-r0 mo 6-i
V =FI1(1) = 60 nocturaercs, eciu Ha 1-M ro7y He MPOU3BOIUTH 3aMeHy. Toraa k Hauany 2-ro rojaa
BO3pacT o0opyaoBaHus OyAeT paBeH 2 rojaM. B aToMm ciyyae MaKCUMyM MPUOBLIHN 3a TOBI CO 2-TO
1o 6-i JIOCTUTAaeTCs TaKXkKe, eClu 00opyaoBaHue coxXpaHuTh. K Hauamy TpeThero roja ero Bo3pact
cradet 3 roja. [Ipu 3Tom juig noiaydyeHus: MakcuMyma IpUOBLIN 3a OCTaBLIMECS TOAbl HEOOXOIMMO
obopynoBanue 3aMmeHuTh. K Havanmy ciemayromiero, 4eTBEPTOro roja Bo3pacT 000pyA0BaHUS CTAaHET
paBHbIM | TOy, U T. 1. TakuM oOpa3zoM, 3aMeHy HaJ0 MPOU3BECTHU OJIUH pa3 — B Havasie 3-To roja
JKCILTyaTaluu.

®opma npeacraBiaeHus pe3yJbTara:
Otuet o nabopaTopHOit paboTe

Kputepun onenkmn:
Ouenka «5» cTaBUTCs, €CIIM y4allMCs BBIMOMHSAET pabOTy B MOJHOM 00beMe C COOJIOAECHUEM

HEOOXOMMOM TOCIEeIOBATeIbHOCTH TPOBEACHUS OIBITOB U M3MEPEHUN; CaMOCTOSTENBHO U
paloHaIbHO MOHTHUPYET HeoOxoauMoe 00OpyAOBaHWE; BCE OMBITHI MPOBOAUT B YCIOBHUSX H
peXnMax, OOECHEeYMBAIOIIUX TMOJNyUYEHUE NPABUIBHBIX pE3YyJIbTaTOB M BBIBOJOB; COOIIOAAET
TpeOOBaHUsI MpaBWJ OE30MACHOCTH TPY/Ja; B OTUETE MPABWIBHO U aKKypPaTHO BBIMOJHSET BCE
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3amucy, TaOJUIbl, PUCYHKH, YEPTEKHU, IpaduKu, BBIYUCICHUS; MPABUILHO BBIMOJHSAET aHAIHU3
MOrPEITHOCTEH.

Ouenka «4» CTaBUTCS, €CJIM BBITOJHEHBI TPEOOBAHUS K OICHKE «S5» , HO OBLIO JOMYIIEHO JBa -
TPH HEJloUeTa, He OoJiee OAHON HerpyOoil OMMOKH U OJTHOTO HEIOUETA.

Ouemca «3» CTaBUTCA, €CJIn pa60Ta BBITIOJIHCHA HE IIOJIHOCTBIO, HO 00BEM
BBIIIOJIHEHHOM YacTHu TaKOB, TIIO3BOJIACT IOJYYUTH MPABUIIBHBIC PC3YJIbTATbl W BBIBOJALI: CCJIN
B X0€ IMPOBEACHMS OIIbITa U I/ISMepeHI/Iﬁ ObLIH JONYIICHEBI OIIINOKHU.

Ouemca «2» CTaBHUTCA, €CIIU pa60Ta BBIIIOJIHEHA HE IOJHOCTBIO M O00BEM BBLIIOJIHEHHOMN
qaCTu pa6OTBI HEC TII03BOACT CACIATh IIPaBHJIBHBIX BBIBOJAOB: €CJIM OIIbITBI, H3MCPCHUA,
BBIYHCIICHHA, HEI6HIOII€HI/ISI MPOU3BOJAWIIMCH HCIIPABHUIILHO.

Tema 2.3.1. OcHoBBI MOie/IMpOBaHUs. [leTepMUHHPOBAHHBIE 3a1a4H

JlabopaTopHas padora Ne9 «Haxoxaenune kparuamux nyreii B rpage. Pemenne 3axauu o
MAaKCUMAJIbHOM MOTOKE)

Heas padoTsl: Pemuts 3a1a4y 0 HaXOXKICHUH KpaT4alux mytei B rpade. Pemmts 3amaqy
0 HaXOXKJACHUHM MAaKCHUMaJIbHOTO ITOTOKA.

Brinosinus padorty, Bl Oynere:
ymembp:
HCII0JIb30BaTh BEIOPAHHYIO CUCTEMY KOHTPOJISI BEPCUIL;

HCII0JIB30BAaTh MCTO/bI IJId IMOJIYYCHHA KOJa C 3aI[aHHOI>'I Q)YHKHI/IOHEUH)HOCTBIO U CTCIICHBIO
Ka4yecTBa;

AHAIM3UPOBATH MPOEKTHYIO U TEXHUUYECKYIO TOKYMEHTAIIHIO;

WCIIONIb30BATh CIEIUANU3UPOBAHHBIE Tpaduueckue CcpeAcTBa MOCTPOSHUS W aHalu3a
ApPXUTEKTYPBI MPOTPAMMHBIX TPOTYKTOB;

OpPraHM30BBIBATh 33JaHHYI0 HMHTETPAllMI0O MOJIyJed B MporpaMMHBIE cpeicTBa Ha 0Oase
HUMEIOIIEICS apXUTEKTYPhl U aBTOMATU3ALIUN OM3HEC-TIPOIIECCOB;

onpeacIsATb MCTOYHHUKU U IPUEMHUKHA JTAHHBIX

HCIOJIb30BaTh PUEMBI pabOThI B CHCTEMaX KOHTPOJISI BEPCUil;

BBITIOJHATDL OTJIAAKY, UCIIOJIB3Yyd METOAbl U HHCTPYMCHTEI YCHOBHOfI KOMITUJIAIINU (KJ'IaCCI)I
Debug u Trace);

OIICHUBATh pa3Mep MUHUMAIHHOTO Ha0Opa TeCTOB;

pa3pabaThIBaTh TECTOBBIC TAKETHI U TECTOBLIE CIICHAPHH;

BBISIBJISITH OIIMOKH B CHCTEMHBIX KOMITOHEHTaX Ha OCHOBE CIIelU(DUKAIIHIA;

~  OpraHU30BBIBATh MOCTOOPAOOTKY JaHHBIX.

MarepunanbHoe obecniedeHue:
HO: MS Windows 7

KpaTkue Teopernyeckue cBeieHUS:
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I'pag 5T0O MHOKECTBO TOYEK WJIM BEPIIMH W MHOXKECTBO JIMHHN WU pedep, COCTUHSIOMINX
MEXIy co00i BCe WIIM YacTh ATHX TOYEK. BepuiuHul, TIPUIIETAIONINE K OJHOMY U TOMY ke peodpy,
Ha3bIBAIOTCS cMmedcHbiMu. Eciiu pebpa OpueHTHPOBAHBI, YTO OOBIYHO MOKA3bIBAIOT CMPEIKAMU, TO
OHU Ha3BIBAIOTCS dy2amu, U Tpad ¢ TAKUMHU pedpamMu HA3bIBACTCS OPUEHMUPOSGAHHBIM 2PAOM.

Ecnu peopa ne umerom opuenmayuu, rtpad HA3BIBACTCA HEOPUEHMUPOBAHHBIM.
I'padppr 0OBIYHO H300paKAOTCA B BHUAC TI'€OMETPUUYECKHX (UTYp, TaK YTO BEPIIUHBI Tpada

n300pakaroTCss TOYKaMH, a pebpa - JUHUSAMH, COSAMHSIOMMMU Todku (puc. 1).
Ilemus 310 nyra, HavabHas u KOHEYHas BEpIIMHA KOTOPOI COBIIAIAIOT.
Ilpocmoi epagh - rpad 0e3 KpaTHBIX pebep u TeTeb.

Cmenenv 6epuiuHbl 3TO yIBOCHHOE KOJIMYECTBO METENb, HAXOMSAMIMXCS y 3TOW BEPILUHBI IUIIOC
KOJINYECTBO OCTaJIbHBIX MIPUJICTAIOIINAX K HE peoep.
Ilycmuim Ha3biBaeTes rpad 0e3 pedep. [lonnvim Ha3biBaeTcs rpad, B KOTOPOM KaXKIbIe JIBE
BCPIIHWHBI CMCKHBIC.

5 ® .?
Puc. 1

Haxoxaenune kparyaiiero nyTu B rpage

ITycts nan rpad, ayraMm KOTOpOro NMpHUIMCaHbl Beca. 3ajaya O HAXOXKACHUU KpaT4alIIero
INYyTH COCTOUT B HAXOXAEHUU KpaTdyalllero MyTH OT 3aJaHHOM HayaJlbHOW BEPIIUHBI /10
3aJJaHHOIl ~KOHEYHOM  BEpUIMHBI, TMpPH YCIOBUH, UTO TaKOM MyThb  CYIIECTBYET.
JlanHas 3a1aua MOKET ObITh pa30uTa Ha JIBE:

1. 1 HavanbHOW 3aJaHHOM BEpIIMHBI HAWTH BCE KpaTdailliue MyTH OT 3TOM BEpIIMHBI K

ApYyTuM,
2. HaWTH KpaTyailiue myTu MeXIy BCEMH NapaMH BEpIIHH.

Pacc.fnompuM aneopumm peuienusn ons 3a0auu nepeéozo muna:

HeoOxonuMo HalTH MyTh OT S - HadajdbHOW BEpIIMHBI 110 T - KOHeuHO#l BepminHbL. Kaxmoit
BeplmHe npucBarBaem mometku |(Xi).

1. I(s) = 0, I(Xi) paBHO OeckoHedHOCTH Ui BCEeX Xi HE PaBHBIX S M CUYUTATH 3TH TOMETKH
BpeMeHHBIMU. [10JI0KHUTE p = 5.

52


http://historich.ru/tema-strukturnij-sintez-mpa-na-jestkoj-logike-sintez-mpa-avtom/index.html
http://historich.ru/tema-strukturnij-sintez-mpa-na-jestkoj-logike-sintez-mpa-avtom/index.html

2. Jlnsa Bcex Xi, npuHayiexxamux I (p) 1 TOMETKHA KOTOPBIX BPEMEHHBI, U3MEHUTDH MOMETKH 110
CIIEYIOIEMY MpaBUiy:
1(Xi) = min[I1(Xi), I(p) + c(p, Xi)]

3. cpeau BCeX BEpPIIMH C BPEMCHHBIMH IMMOMETKAMH HAWTH Takywo, s kotopoi I(Xi*) =
min[1(Xi)]

4. cyuTaTh NOMETKY BEPIIUHBI Xi* MOCTOSITHHOM U MOJIOXKUTH p = Xi*.

5. ecmm p =t, To I(p) ABNACTCS IJTMHHON KpaTYaMIIero MyTH, €CJIM HET, IEPEUTH K 1iary 2.

Kak Tonbko BCe MOMETKM pacCTaBlEHbl, KpaTdyalllllue IMyTH TMOJy4arT, HCHOJIb3Ys
coornomenue 1(Xi") + c(Xi',Xi) = I(Xi) (1).

Jns peuieHus 3agayud BTOPOIrO THUIIA MOKHO IPUMEHSTH JAHHBIM ANTOPUTM JJISL KaXI0i
BEPILUHBI.

IMopsiiok BBINMOJHEHHS 32 IaHUIT

3aganmue:
CocraBuUTh MaTpHUILIbI HHIIMJIEHTHOCTH )5 CMEKHOCTU VIS rpada:
F
a b
Penienue:
MarpHma HHIHISHTHOCTH Marpuna cMeFHOCTH

i v w a b c d
a 1 0 0 a 0 0 1 0
b 0 0 1 b 0 0 1 0
c 1 1 1 c 1 1 0 1
d 0 1 0 d 0 0 1 0

T'ze u, v, w— pedpa ganHOTO rpadHua

®opma npeacraBiaeHus pe3yJabTara:
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- Otuer 0 maboparopHoi padboTe

- OTBETHI Ha BOIPOCHI.
KoHTpoJibHbIE BONIPOCHI

1. Jlaiite onpenenenue rpad.

B yem cocTout oTnuyrie OpUeHTUPOBAHHOTO rpada OT HEOPUEHTUPOBAHHOTO Tpada’?
B yem otinuume nmycroro rpada ot npoctoro rpaga?
Kak ornpenenuts creneHp BepIINHbI?
YeM ornmyaercs 1emnb B rpade oT uukia?
Haiite monsitue noarpad rpaga.
B yem cyTh cBsizanHOTO Tpada?

NG~

Kak Haxonarcs MaTpuilbl HHIIMIEHTHOCTU M MATPHUIbI CMEXHOCTHU?
Kak HaiiTu MUHMMAaJIbHBIA OCTOB JiepeBa?
10. Kak HaiiTi KpaT4aiiiiee paccTossHue B rpade?

Kputepun onenkmn:

Ouenka «5» CTaBUTCS, €CHHM Y4YallWiicss BBIMONHSAET pabOTy B TONHOM 00bEMe C COONIOIEHHUEM
HEOOXOUMOM TMOCJICIOBATEIBHOCTH MPOBEACHHS OIBITOB M W3MEPCHHIA; CAaMOCTOSATEIBHO M PAIMOHAIBLHO
MOHTHPYET HE00X0aruMoe 000pyIOBaHHE; BCE OMBITH MTPOBOANT B YCIOBHAX U PEXKHUMaX, 00ECTIEUNBAIOIINX
MOJTydeHNe MPABIIBHBIX PE3YJIbTaTOB M BBEIBOJIOB; COOMIOIAET TpeOOBaHs MPaBUII OE30MacCHOCTH TPYya; B
OT4YeTe TPAaBWILHO W AaKKypaTHO BBINOJNHSAET BCE 3allUCH, TaONWIBI, PUCYHKH, YEPTEXH, Trpaduky,
BBIYUCJIICHUSA; IPABUJIBHO BBITIOJIHACT aHAJIN3 HOFpeMHOCTeﬁ.

Ouenka «4» CTaBUTCSI, €CJIM BBITIOJIHEHBI TPEOOBAHMUS K OIEHKE «5» , HO OBUIO JOMYIIEHO JBa -
TpH HejoueTa, He 6osee 0JHOM HerpyOoi OMMOKN M OJTHOTO HEAOUETA.

Ouemca «3» CTaBUTCA, €CJIIn pa60Ta BBITIOJTHCHA HC IOJIHOCTBIO, HO o0BeM
BBIIIOJITHEHHOM YacTH TAaKOB, IO3BOJIACT IMOJYYHUTH IIPABUJIBHBIC PE3YJIbTAaThl MW BBIBOABI: €CJIHU
B X0Z€ ITPOBCACHUS OIIbITA U H3MepeHHfI ObLIH AONYIICHBI OIINOKH.

Ouemca «2» CTaBHUTCA, CCIIN pa60Ta BBIIIOJTHEHA HE IIOJHOCTBIO M 00BEM BBIINOJIHEHHOMN
qacTHu pa6OTBI HC TMO3BOJICT CACIATb MPABUJIIBHBIX BBIBOJOB: C€CJIIM OIIBIThI, HU3MCPCHUI,
BBIYHCIICHHUA, Ha6J'IIOI[eHI/I$I MMPOU3BOJAUIMCH HECIIPABHUIIBHO.

Tema 2.3.2 3aga4u B yCJIOBHAIX HEONPeACJICHHOCTH
IpakTuyeckas padora Ne2 «CocraieHue cucrem ypaBHeHuii Koamoroposa. Haxoxnenue
(puHaabHBIX BeposiTHOcTed. HaxoxkaeHHe XapaKTepHCTHK NPOCTEHIIUX CHCTEM MAaCCOBOIO
00CTyKUBAHMS.»

Ieab padoThI: HAYYUTHCS COCTABIATh CUCTEMY YypaBHeHHH KoimMoroposa, pemars ee
OTHOCHUTENIbHO (MHAJBHBIX BeposTHOCTEH cocTtosiHuil. IlocTpouTs rpadbpl COCTOSIHMA M HaWTH
napaMmeTpsl 1Jis MPOCTEHIINX CHCTEM MacCOBOIO 00CTyKUBaHUSI.

Boinosinus padorty, Bel Oynere:

ymemp:
~  HCIOJb30BaTh BLIOPAHHYIO CUCTEMY KOHTPOJIS BEPCHUH;
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UCIIOJIb30BATh METO/IbI JUTS MOJYYEHHsSI KOJa € 3aIaHHOH ()YHKIIMOHAILHOCTBIO U CTETICHBIO
Ka4ecTBa;

AHAJIU3UPOBATH MMPOCKTHYIO M TCXHUYCCKYIO JOKYMCHTAILINUIO,

UCIIOJIb30BATh CIICIHMATM3UPOBAHHBIC Tpaduyeckue CpeacTBa TOCTPOCHHS W aHAIHM3a
ApXUTEKTYPhI IPOrPAMMHBIX IIPOAYKTOB;

OpPraHM30BbIBaTh 3aJIAHHYI0O HMHTETPALlMI0 MOJYJCH B MpOrpaMMHBIC CpPEICTBa Ha 0ase
HUMEIOIICHCS apXUTEKTYPhl M aBTOMATU3AIMU OU3HEC-TIPOIIECCOB;

= OmpeeNaTh HCTOYHUKU U MPUEMHHUKH TAHHBIX;

HCII0JIb30BATh MPHEMbI pa0OThI B CHCTEMaX KOHTPOJISI BEPCHIA;

BBITIOJIHATL OTJIAJKY, UCIIOJIB3Yyd METOAbI U HHCTPYMCHTEIL YCHOBHOﬁ KOMITUJIALIUHU (KJIaCCBI
Debug u Trace);

OLICHUBATh pa3Mep MUHUMAIBHOTO Ha0Opa TECTOB;

pa3pa6aTI)IBaTI) TCCTOBBIC MMAKETHI 1 TCCTOBLIC CLICHAPUU

BBISBJISITH ONIMOKH B CHCTEMHBIX KOMITOHEHTAaX Ha OCHOBE Creln(UKaIIH;

= OpraHM30BBIBATh MOCTOOPAOOTKY AaHHBIX.

MaTepnaﬂbnoe oﬁecneqe}me:
IHO: MS Windows 7

Kparkue Teopernueckue cBeJeHH:

Crporyro MareMaTu4yecKyl0 MOJIelb C aHAJUTHYECKUM BBIUHMCICHHEM BCEX HMHTEPECYIOLIUX
BEJIMYMH MOXXHO IOCTPOUTH TOJIBKO B TOM Cllydae, €CJIM CIy4alHbId MPOLIECC HOCUT MAapKOBCKUM
Xapakrep.

CrnyuyaitHblii mporiecc OyJeT MapKOBCKUM, €CJIM BEPOSATHOCTHBIE XapaKTEPUCTUKH Ipolecca B
MOMEHT BPEMEHH 2 3aBUCAT TOJIBKO OT TEKYyILero (HacTOSIIEro) COCTOSHHMS Mpolecca B 3TOT
MOMEHT BpeMeHM tM He 3aBUCAT OT TOro, Kak (KakMM cHocoOOM M KOrja) paccMaTpUBaeMblit
IIPOLIECC MEPEIIEN B TEKYILEE COCTOSIHUE.

Ecnu 3a mporeccoM MpoBOAMIOCH HAOMIOJEHHWE, M3BECTHBI BCE MPEIbIAYIINE COCTOSHUS U
U3BECTHO TEKYILIEE COCTOSIHME, TO JUIsl IPOILlEcCa MOYKHO YKa3aTbh BEPOSATHOCTb HACTYILICHUS
CIIEYIOIIET0 COCTOSIHMSI JIOCTAaTOYHO Jierko. M3 Bcero MHOroo0pasus MapKOBCKHX IPOLIECCOB
XOpOIIO HW3Y4YEHBl M TPEJCTABISIOT OOJIBIION MPAKTUYECKUH HHTEPEC MAPKOBCKUE CNYYAlHble
npoyeccovl ¢ OUCKPEMHbIMU COCIOAHUAMU U HENPEPLIGHLIM BPEMEHEM.

JIMCKpeTHOE COCTOSIHUE — MPOLIECC MEPEXOAUT U3 OJTHOTO COCTOSIHUSI B JPYroe CKaukooOpa3zHO
32 OYEHb KOPOTKOE BpeMs (TMPaKTHUECKH MTHOBEHHO), U KOJMYECTBO ITHX COCTOSHUI HM3BECTHO
(puxcupoBaHo).

HenpepriBHOE BpeMsl - BpeMs, IpU KOTOPOM IEPEXO] M3 OJHOTO JOMYCTHMOI'O COCTOSIHHS B
JPYroe JOIYCTUMOE COCTOSTHUE NPOUCXOIUT B ITPOU3BOJIBHBIE MOMEHTHI BPEMEHH, T.€. 3apaHEE HE
oTpesieNIeHHbIE.

OpHopoaHbIE COOBITHS, CIEAYIOUIMe JpYr 3a APYroM B IPOU3BOJIbHBIE MOMEHTHI BpPEMEHU
(cimyuaiiHO), Ha3bIBAIOTCS TIOTOKOM COOBITHH (MM BXOAHBIM IOTOKOM 3asiBOK). I[Ipumepamu moTo-
KOB COOBITUH MOTyT OBITh: MOTOK IAacCaXHPOB B aBUAKacce, MOTOK OTKAa30B TEXHUYECKOIO
yCTpOHCTBa U T.JA. 37€Ch MOJ COOBITHEM MOHMMaeTcs (akT MOCTYIUIEHHUS 3asBOK Ha 00paboTKy
(mpuxox mMOKymarens, HaJW4yhe OTKa3a TEXHHUUYECKOro CpEeICTBa, MOCTYIUIEHHWE Tene(hoHHOro
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BBI30BA M T.]I.), @ HE PE3yJIbTaT ero 00padoTKH (KakK 9TO pacCMAaTPUBACTCS B TEOPUH BEPOSTHOCTEH).
[loaToMy B cucTtemax MaccoBOIO OOCIYKHBAHHS BEPOSITHOCTHBIMU XapaKTEPUCTHUKAMHU OyAeT
o0yazaTh HE OT/AENbHOE COOBITHE, @ MHTEPBAJ BPEMEHH

WHTEeHCUBHOCTBIO A TOTOKA COOBITUH HA3bIBACTCS CPEIHEE YHUCIO COOBITUH 3a eIUHHILY
BpeMeHHU. HTEHCHMBHOCTH A MOXKET OBITh Kak YHCIOM MOCTOSHHBIM (KOHCTAaHTOW), TaKk H
BEIMYMHOM, 3aBUcsAlled oOT BpemeHu t. Hampumep, KOJMYECTBO MACCaXXUPOB B TI'OPOJCKOM
TPAHCHOPTE B «4YaChl IMK» PE3KO YBEIMUUBACTCS IO CPABHEHUIO C JPYTUM BPEMEHEM CYTOK.

Bce MHOroo6pasue noToKOB MOKHO Pa3/IeUTh Ha JBa OOJBIINX Kilacca.

1. Peeynapuvle nomoxu. CoobITUS BHYTpPH MOTOKA CIEeIYIT OJIVH 3a
IPYTUM, 4e€pe3 paBHbIC IPOMEKYTKH BPEMEHH.

2. Cmayuonapnvle (nepecynspuvie) nomoxu. COOBITUS BHYTPU MOTOKA CIEAYIOT OJHO 3a
IPyruM Xa0THYHO (HeperyJsIpHO) u HE3aBUCHMO
pyr ot gpyra. BaxHO  OTMETHTh  OZHY  OCOOCHHOCTH  CTAI[IOHAPHOTO
MOTOKA — WHTEHCHUBHOCTh ©CTh BEJIMYMHA TIOCTOSIHHAS. B pa3Hbie MOMEHTHI BpEMEHH, HO B
paBHBIC WHTEPBaIbl BpeMeHU AT momagaer pasHOe KOJMYECTBO COOBITHIA, HO CpeIHee
KOJIMYECTBO COOBITUH /ISl HHTEpBajia BpeMeHU AT 0CTaeTCsl IOCTOSHHBIM.

3aganue 1. CocTaBUTh MaTeMaTUYECKYI0 MOJENb cienyromiei 3amgaud. [Ipenmonoxum, uto amns
MIPOM3BOJICTBA MPOAYKIMH BuAa A 1 B MOXHO HcIonb30BaTh Marepual Tpex coptoB. [Ipu sTom Ha
W3TOTOBJICHHE €IUHUIIBI U3enus BuIa A pacxomyetcs al KT mepBoro copTa, a2 Kr BTOPOTro copTa
U a3 Xr Tperhero copra. Ha wu3roroBieHue NpOAyKIMH BHaa B pacxomyercs bl kr mepBoro
copra, b2 kr Broporo copra, b3 kr Tperbero copra. Ha cknane pabpuku umeercss Bcero marepuasia
nmepBoro copta cl Kr, BTOpPOro copTa ¢2 KI, TpeThero copta ¢3 kr. OT peanu3aiuul eIuHHUIIBI
roToBOM mponaykiuu Bupa A (abpuka umeer npuObLTL BUla ¢ py0., a OT pealu3aluud €IUHHUIIBI
roToBOM mpoaykuuu Buaa B ¢abpuka mmeer npuObuib Buaa f pyo. Onpenenuts MakCUMalbHYIO
pUObLIb oT peanuzanuu BCel MPOIYKIHH BUJIOB A u B.

al= 19, a2= 16, a3= 19, bl= 31, b2= 9, b3= 1, cI= 1121, c2= 706, c3= 1066,
a=16, p=19.

3aganue 2. IMeroTcs TpH MyHKTa TIOCTaBKU OAHOPOAHOTO rpy3a Al, A2, A3 u nsaTh myHKTOB B1,
B2, B3, B4, BSnorpebnenuss storo rpy3a. Ha mnynkrax Al, A2 u A3 HaxomuTcs Trpy3
COOTBETCTBEHHO B KonuuectBe al, a2 u a3 tonn. B mynktel B1, B2, B3, B4, BS5 tpebyercs
JIOCTaBUTh COOTBETCTBEHHO D1, b2, b3, b4, b5 ToHH rpy3a. PaccrosiHne Mex a1y MyHKTaMU OCTaBKH
Y MIYHKTaMM OTpeOsIeHNs IPUBEACHO B TaOIHIIE:

ITynkTsl noTpedieHnst
IIyHKTBI

NOCTABKH
B1 B2 B3 B4 BS
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Al D11 D12 D13 D14 D15

A2 D21 D22 D23 D24 D25

A3 D31 D32 D33 D34 D35

Haiitu Takoil muaH 3akperuieHds MmoTpeOuTeNel 3a MOCTAaBIIMKAMU OJHOPOJIHOTO TIpy3a, YTOOBI
o0IIHe 3aTpaThl MO MEePEBO3KaM OBLIT MHHUMATbHBIMU.

al=200, a2=300, a3=250, 20 10 13 13 18
D=|27 19 20 16 22
b1=210, b2=150, b3=120, b4=135, b5=135. 26 17 19 21 23

KOHTpOJIbHLIe BOIIPOCHI

Yro Takoe Mozenn?

[TpuBenure KIaccu(puKauo MOJCIEH.

Kakue BbI 3HaeTe BUIbI MATEMAaTHIECKUX MOJEIICH?

JaiiTe onpeeneHne 1eNieBoi (HyHKIIHNH.

Yro Takoe 007acTh JOMYCTUMBIX PEIICHUI?

Yrto Ha3pIBacTCH A0IMYCTHUMBIM PCUICHHUEM, OIITUMAJIbHBIM peIHeHI/ICM?
Kakue ciocoObl peanu3zanuy MaTeMaTHUECKUX MoJieiell Bbl 3HaeTe?

NookrwdpE

dopma npeacTaBJieHus pe3yabTaTa:
Otuet o nabopaTopHoit padboTe

Kpurepuu onenku:
Ounenka «5» CTaBUTCS, €CIM YYalllMiCs BBIIOJHSET padOTy B MOJHOM 00bEME C COOIIOJEHUEM

HEOOXOMMOM TOCIIeIOBATEILHOCTH TPOBEACHHS OMNBITOB M HU3MEPEHMM; CaMOCTOATEIbHO W
paloHaIbHO MOHTHUPYET HeoOxoauMoe o0OpyAOBaHWE; BCE OMBITHI MPOBOAMT B YCIOBUSAX U
peXnMax, OOECHeYMBAIOIIUX TMOJNyYEeHUE MPABUIBHBIX pE3yNbTaTOB M BBIBOJOB; COOIIOAAET
TpeOoBaHUsl TpaBWJ O€30MacCHOCTH TpPyJAa; B OTYETEe MPABUIBHO M aKKypaTHO BBIMOJIHAET BCE
3amucy, TaONUIbl, PUCYHKH, YEPTEeKHU, IpaduKu, BBIYUCICHUS; MPABUIHHO BBIMOJIHSAET aHAIH3
MOTPEMTHOCTEH.

Ouenka «4» CTaBUTCSI, €CJIM BBITIOJIHEHBI TPEOOBAHMUS K OIEHKE «5» , HO OBLIO JOMYIIEHO JBa -
TPH HeJloueTa, He OoJiee OAHON HerpyOoil OMMOKH U OTHOTO HETOUETA.

Ouemca «3» CTaBUTCA, €CJIIn pa60Ta BBITIOJTHCHA HC IIOJIHOCTBIO, HO o00BeM
BBIIIOJIHEHHOM 4YacTu TAaKOB, IMO3BOJIACT IMOJYYHUTb IIPABUJIIBHBIC PE3YJIbTATbl U BBIBOABI: €CJINU
B X0 € ITPOBCACHU OIbITAa U I/ISMCpCHI/Iﬁ ObLIH AONYIICHBI OIINOKH.
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Onenka «2» CTaBHUTCA, C€CIIU pa60Ta BBLINOJHEHA HE TMOJHOCTBIO M 00BEM BBIIOJIHEHHOMN
qacTu pa6OTLI HC TMO3BOCT CACIATh IIPABUJIIBHBIX BBIBOJOB: €CJIM OIIBITBI, HW3MCPCHUA,
BBIYMCIICHUAA, Ha6.]'IIOI[eHI/I$I IIPOU3BOJUINCE HEIIPABHUIIBHO.

Tema 2.3.2 3aga4u B yCJIOBHSIX HeONpeAeIeHHOCTH
IpakTnyeckas padora Ne3 «Pemenue 3a1a4 MaccoBoro 00CJaIy:;KUBAHUS METOIAMHU
HMHUTAIHOHHOTO MOJEJIMPOBAHUS»

Ienp padoThbI: 03HAKOMHUTBCS C HMUTALMOHHBIM MOJEIMPOBAHMEM B 3aJadax IIOMCKa
YIPAaBIECHYECKUX pelEeHUH. M3ydnTe OCHOBHBIE MOHATHS W Pa3HOBUIHOCTH HMMHUTALMOHHOIO
MOJIETIUPOBAHUS.

Beinosinus patdory, Bel Oyaere:

ymemp:
UCIOJIb30BATh BBIOPAHHYIO CUCTEMY KOHTPOJISI BEPCHIA;

UCIIOJIb30BaTh METO/IbI JUIS MOJIyYEHHsI KOJla C 3aJaHHON ()YHKIIMOHAIBHOCTBIO U CTEIIEHBIO
Ka4yecTBa;

©  aHaJIM3UPOBATH NPOEKTHYIO U TEXHUYECKYIO JOKYMEHTAIUIO;

~  WUCTOJB30BaTh CIENUATU3UPOBAHHBIE TpadUUecKue CpPEICTBa IMOCTPOSHHUS M aHaIHM3a
ApPXUTEKTYphl IPOrPAMMHBIX [TPOYKTOB;

~  OpraHu30BbIBaTh 3aJaHHYIO HMHTETpallMI0 MOJAYJIEH B IpPOrpaMMHBIE CpeJCTBa Ha 0Oasze
UMEIOILEHCs apXUTEKTYpbl M aBTOMAaTU3a[M1 OM3HEC-TIPOLIECCOB;

= oIpenenaTh UCTOYHUKU U IPUEMHUKH JIaHHBIX;

~  HCHOJB30BATh IpUEMBbI paOOTHI B CUCTEMaX KOHTPOJIS BEPCUIA;

= BBINOJIHATH OTJIAJIKY, UCIIONb3Ysl METOJIbl U MHCTPYMEHTHI YCIOBHOM KOMITMIISIIMU (KJIacChl
Debug u Trace);

~  OLEHMBAaTh pa3Mep MUHMMAJILHOTO Ha0Opa TECTOB;

= pa3pabaTbIBaTh TECTOBBIEC AKETHI U TECTOBBIE CLIEHAPHH;

= BBISABJIATH OLUMOKHU B CHCTEMHBIX KOMIIOHEHTaX Ha OCHOBE CelM(PUKAIUI;

~  OpraHu30BBIBaTh OCTOOPAOOTKY JaHHBIX.

MarepunanbHoe obecniedeHue:
I1O: MS Windows 7

KpaTRne TCOPETHYECCKUEC CBCACHUA:
Pa3HOBUAHOCTH UMUTALIMOHHOTO MOACIINPOBAHUA

OnHUM 13 OCHOBHBIX HANpaBICHWUM, ONPEAEISAIOIUX METOJO0JOTHIO, KOHLENTYaIbHbIE U
peain3allMOHHbIE OCHOBBI MH(POPMAIIMOHHON TEXHOJOTUU MOAJAEPKKU MPUHATHS YIPaBIEHYECKUX
peuieHuil, SBISAETCSd HMHUTALMOHHOE MOJEINpOBaHME. MeTomonorus HMMHUTALMOHHOIO MOJE-
JUPOBaHUsl OCHOBAaHA HAa BOCIPOM3BEIACHUM pPEaTbHBIX WM TMIIOTETUYECKUX OM3HEC-IPOIIECCOB B
CHelHaIbHOM KOMITbIOTEPHOU cpesie, 00pa3yrolieil BUPTyalIbHbII MUP NMPEANPUSTHS, OPTaHU3alINH,
MIPOU3BOJICTBA U JTFOOOT0 Jpyroro 00beKTa ynpaBieHHUs.

OCHOBY TakOH TEXHOJOTMH COCTaBISET KOMIIBIOTEPHBIH HMMUTALIMOHHBIA OSKCIIEPUMEHT,
CBSI3aHHBI C BOCIIPOM3BEJCHUEM JIMHAMHMUYECKUX MPOIECCOB (DYHKIIMOHUPOBAHUS HCCIETYyEeMOil
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cucteMbl. B mporiecce BocipousBeieHus: peaabHONW CUCTEMBI C MOMOIIBI0O HUMUTAIIMOHHON MOZAenu
OCyIIECTBIsICTC HaOMoeHNe 32 (PYHKIIMOHMPOBAHMEM MOJETH U BBIIBICHUE «Y3KHX MECT» B
OpraHM3aluu JesATeNbHOCTH. OCHOBHBIMU JOCTOMHCTBAMHU JIOTOMETO/1A SBIISIOTCS:

e BO3MOYKHOCTb BOCIPOM3BEIEHHUS DPEATBHOM CHUCTEMBI C IPAKTUYECKH JIIOOBIM YPOBHEM

JETAIbHOCTH;

e TOBTOPSAEMOCTH SKCIIEPUMEHTA;

e BO3MOKHOCTb ITPOU3BOJILHOM (PparMeHTallMu U CTPYKTYPHU3ALUU CUCTEMBI.

Hmumayuonnoe mooenuposanue (0T aHri1. simulation) - 3To pacrpocTpaHeHIIass pa3HOBUIHOCTh
aHAJIOTOBOTO  MOJENMPOBAHUA, peaJU3yeMoro ¢ TIOMOIIbI0 Habopa  MaTeMaTHYeCKHX
MHCTPYMEHTAJIBHBIX CPEJICTB, CIEHUMAYbHBIX HWMHUTHPYIOUIMX KOMIBIOTEPHBIX IPOrpaMM |
TEXHOJIOTUI IPOrpaMMHUPOBAHUs, MO3BOJISIIOIIMX ITOCPEACTBOM IIPOLIEC- COB-AHAJIOIOB IPOBECTH
I[EJICHANPABICHHOE HCCIICOBAaHUE CTPYKTYpPHl M (YHKLIUH pPEANbHOTO CIIOKHOTO IMpolecca B
[aMsATH KOMIIBIOTEpPA B PEKUME «MMMTALMK», BBIIOJHUTH ONTHUMM3AIMI0 HEKOTOPBIX €ro mapa-
METpOB.

Hmumayuonnoti mooenvio Ha3bIBAETCSA CIENUAIBHBIA MPOTPAMMHBIN  KOMIUIEKC, KOTOPBIN
MO3BOJISIET MMHUTHPOBATh JACSITENBHOCTh Kakoro-mubo ciaoxHoro oOwvekTa. OH 3amyckaer B
KOMIIBIOTEpE MapauiebHbIe B3aUMOACHCTBYIOUINE BHIYUCIUTENIbHBIE MPOIECCHI, SBISIOMIUECS T10
CBOMM BpPEMEHHBIM IIapaMeTpaM (C TOYHOCTBbIO JO MaclITabOB BPEMEHU U IPOCTPAHCTBA)
aHaJIOTaMU HUCCIIEyeMbIX IpoleccoB. B cTpaHax, 3aHMMarOIUX JMIAUPYIOIIEE IOJI0KEHUE B
CO3JIaHMH HOBBIX KOMITBIOTEPHBIX CUCTEM M TEXHOJIOTHH, HayuHOoe HanpaBienne Computer Science
UCIOJIb3YET UMEHHO TAaKyl0 TPAaKTOBKY UMUTALMOHHOI'O MOJIEIMPOBAHUS.

CrnenyeT OTMETUTH, YTO JH000O€ MOAETUPOBAHHE MMEET B CBOEH METOJOJIOTMYECKONl OCHOBE
9JIEMEHTHl MMHUTAIMM PEATbHOCTH C IIOMOILNBIO KaKOH-TMOO CHMBOJIMKM (MaTeMaTHKH) WIN
a”asoro. Ilo3TOMy WHOIZIa MMHTAlMOHHBIM MOJIETUPOBAaHMEM CTaJM Ha3bIBaTh LEJIEHAIpPaB-
JICHHbIE CEpUM MHOTOBAapHUAHTHBIX PACUeTOB, BBINOJIHIEMBIX Ha KOMIBIOTEPE C NPUMEHEHUEM
SKOHOMMKO-MAaTEMaTHUECKUX MoJened U MeTonoB. OAHAKO € TOYKM 3pEHUS KOMIIBIOTEPHBIX
TeXHOJoruil Takoe MmozenupoBaHue (modelling) - 3To OObIUHBIE BBIUMCIEHMS], BBINOIHSIEMBIE C
MTOMOLIBIO PACYETHBIX MPOrpaMM UM TabiIuuHOro npoueccopa Excel.

Matemaruueckue pacderbl (B TOM 4ucie TaOJIM4YHbIE) MOXHO NHPOM3BOAMTH U 6e3 DBM:

UCIOJIb3YSl KaJBKYJSATOpP, JOTapu(PMHUUECKYIO JHHEHKY, IpaBwia apuQMETHUECKUX ACUCTBUH U
BCIIOMoOraTenbHble Tabmuipl. Ho MMUTAalMOHHOE MOJENUpPOBAaHHE - 3TO YHMCTO KOMIIBIOTEPHas
paboTa KOTOPYIO HEBO3MOKHO BBINOJIHMTBH MOJAPYYHBIMU cpesncTBaMu. IloaToMy yacTto i 3TOro
BUJIa MOJICIMPOBAHUS HCIIONIb3YETCS CHHOHUM KOMNbIOMEPHOE MOOENUPOBaHe.
VMIMUTallMOHHYIO MOJIENIb HY)KHO CO03/1aBaTh. [ 3TOro HEOOXOIMMO CIEHUAIbHOE MPOTrPaMMHOE
obecrieuenne - cucmema mooenuposanus (simulation system). Crenuduka TaKOH CHCTEMBI
OTIpesieNisieTCs] TEXHOJOrueil padoThl, HAOOPOM S3BIKOBBIX CPEACTB, CEPBHUCHBIX MpPOrpamMM U
MIPUEMOB MOJIETTUPOBAHUSI.

MmuTanonHass MoOJeNb JIOJDKHA OTpaxkaTh OOJbIIOE YHCIO MapaMeTpoB, JIOTUKY H
3aKOHOMEPHOCTH TOBEJCHUS MOJEIUPYEMOTr0 OOBEKTa BO BPEMEHH (8pemenHas OUHAMuKa) i B
MPOCTPAHCTBE (MPOCMPAHCMEEHHAsL — OuHAMUKA). MOIETUpOBaHNE  CIOXKHBIX ~ OOBEKTOB, B
YaCTHOCTH, B OOJIaCTM aBTOCEpPBHCA U aBTONEPEBO30OK, CBSA3aHO C MOHATUEM PUHAHCOBOU
OuHamuku OObeKTa.
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B o0mem caydae, ¢ TOYKH 3peHHS CIENUagucTa B o0nacTd WH(OpPMAIMOHHBIX
TEXHOJIOTUH, UMUMAYUOHHOE MOOeIuposaHue KOH TPOJIUPYEMOro IMpolecca WIM YIPaBIsIEMOTO
00BEKTa - 3TO BBICOKOYPOBHEBasI MH()OPMAIIMOHHASI TEXHOJIOTHS, KOTOpasi 00ecIieunBaeT 1Ba BUIA
JICMCTBUI, BBITIOJHAEMBIX C IOMOLIBIO KOMITBIOTEPA:
1)paboTsl IO CO3MaHUIO MIJIM MOIU(DUKAIIMA UMUTAITMOHHON MOJIEIH;
2)3KCIUTyaTaluio UMUTAITMOHHOW MOJICTTN M HHTEPIIPETAIIUIO PE3YIbTaTOB.

3ananue 1.

Hotapuanbnast koHTOpa mpeacTtaBiseT cobOoit omHokaHambHyto CMO. Ywucino mect B
KOMHATE 0’KMJIaHUSl O4Yepeay K HOTapuyCcy OrpaHHMYeHO U paBHO IBYyM. Eciiu Bce Mecta B KOMHaTe
OKUJIAHUS 3aHSTHI, TO BHOBb MPUOBIBAIOIINN KIMEHT B OYepeb He CTAaHOBUTCA. [[0TOM KIIMEHTOB,
MpHUOBIBAIONINX HA KOHCYJBTAIUIO, SIBISETCS MPOCTEUIINM C HHTEHCUBHOCTBIO = § KJIMEHTOB B Uac.
Bpemsi o0cnykuBaHUs pacHpelesieH0 MO AKCHOHEHIMATbHOMY 3aKOHY CO CPEIHUM BpEeMEHEM
oOcyxuBaHus t = 7 MuH.

Onpenenutb BEPOATHOCTHBIE XAPAaKTEPUCTHKU HOTAPUAIBHOM KOHTOpHI, padoTarouieil B
CTallMOHAPHOM PEXKUME.

Pewenue.
1. Cnavana ompeaenuM WHTEHCHUBHOCTH MOTOKA OOCIY:KMBAaHUS KIMEHTOB. Pe3ynbTaT moiydyuM B
TaKoH XK€ pa3MEpPHOCTH, YTO U :
. Koaddunuent ucnons3opanuss CMO paccunTaeMm Kak OTHOIIEHHE UHTEHCUBHOCTH :
. Beraucnum BepositHocTh Hanmuuusi B CMO KIHMEeHTOB
. BepoatHocTh 0TKa3a B 00CITy>)KUBaHUU KJIMEHTOB:
. OTHOCHTENBbHAS IPOITYCKHAs! CHOCOOHOCTh HOTAPUAIILHON KOHTOPHI:
. AGCOIIOTHAs MPOMYCKHAsL CIOCOOHOCTh HOTApHAJIbHOM KOHTOPBI, KIIMEHTOB B 4ac:
. CpenHee 4KCII0 KIMEHTOB, HAXOIALINXCS B OUEpeIu:
. CpenHee 4KCI0 KIMEHTOB, HAXOAAILIUXCS Ha 00CITY>KUBAaHHUH:
. CpenHee 4MCII0 KIMEHTOB, HAXOIALINXCS B CUCTEME:
10. Cpennee BpeMs npeObIBaHMS KJIMEHTA B OYEPEIN, MUH:
11. Cpennee Bpems mpeObIBaHUS KIIMEHTA B CUCTEME, MUH:

O 0 3 N i B W N

Paboty paccMOTpeHHOI HOTapHAIbHOW KOHTOPHI MOKHO CUYUTATh yIOBJIETBOPUTEILHOM, TaK
KaK OHa He 00CIIy)KMBaeT KJIMEHTOB B cpefHeM B 22.5% ciydaeB (). C NOMOIIbIO aHATTUTHYECKOTO
pacuera MOXHO IOKa3aTh, YTO 3a CYET BBEJEHUS JONOJHUTEIBHOIO MECTa B OYepeau MOXKHO
YMEHBIIUTh BEPOSTHOCTh OTKa3a B 00cIyxuBanuu 110 17%.

Ipumep 2.

HotapuanpHast koHTOpa mpeacTaBiseT coOoil aByxkaHanpbHyto CMO. Yucino mect B
KOMHATe OKUIaHUs OYEPEAU K HOTAPUYyCy OIPAaHUYEHO U paBHO TpeM. Eciu Bce Mecta B KOMHATe
OKMJIaHUSI 3aHATHI, TO BHOBh NMPHUOBIBIINN KIMEHT B O4Yepeab HE CTAaHOBHUTCS. [I0TOK KIMEHTOB,
MPUOBIBAIONINN HA KOHCYJBTAIIUIO, SIBJSETCS MPOCTEUIIMM C WHTEHCHBHOCTHIO = 12 KJIMEHTOB B
yac. Bpems o0cnykuBaHus pacipesieleHo M0 SKCIOHEHI[HAIbHOMY 3aKOHY CO CPEJHUM BPEMEHEM
obOcmyxuBaHus t = 7 MUH.
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OnpenenuTh BEPOATHOCTHBIE XapAaKTEPUCTUKH HOTAPUAIBHONW KOHTOpBI, paboTaromeid B
CTallMOHAPHOM PEXKUME.
Pewenue.
1. NHTEHCUBHOCTD TOTOKA 00CTYKUBAaHUS KJIMEHTOB, KJIMEHTOB B Yac:
2.Koapdpuuuent narpysku CMO:
3.Koadpdunuent narpyzku CMO nHa ogun kanan: =0,7
4.BepositHoctu Haanuust B CMO K K1reHTOB:
5.BeposiTHOCTB OTKa3a B 00CITy>)KMBaHUH KJIUEHTOB:
6. OTHOCUTENbHASI IPOITYCKHASI CHOCOOHOCTh HOTAPUAIILHOM KOHTOPHI:
7.AbcooTHAs MPOITYCKHAst CIOCOOHOCTh HOTApUAIbHOW KOHTOPBI, KIIMEHTOB Yac:
8.Cpennee 4KCIIO KIMEHTOB, HAXOAAIIUXCS B OUEPE/IN:
9.Cpennee 4yuCIO KIMEHTOB, HAXOAIIUXCS Ha 00CTY)KUBaHUU:
10.Cpennee 4ncino KIMEHTOB, HAXOALIUNXCS B CUCTEME:
11.Cpennee Bpems npeObIBaHUS KIIMEHTA B OUEPEAH, MUH:
12.Cpennee Bpems npeObIBaHUS KIIMEHTA B CUCTEME, MUH: 4 = 9,92
PaGoty paccMOTpeHHOW HOTapHaNbHOM KOHTOPHI MOXKHO CUMTATh YAOBJIETBOPUTEIBHOM, TaK
KaK OHa He 00CITy>KHBaeT KIIMEHTOB B Cpe/iHeM Bcero B 6,9% ciydaes (=0,069).

ITopsimoxk BHINOJTHEHMSI
= Omnucater UMHATALIMOHHBIE MOJEH.

N3yuute MeTon MonTe-Kapio.

(I)opMa NMpeacTraBjJacHusd pedyjabTara:

BrimosHuTh 3a1anue. Pemenne nokas3aTek NpenoaBaTeto.

OTBeTUTH Ha KOHTPOJIbHBIC BOIIPOCHI.

KoHnTpoJbHbIe Bonpockl
1. Yro Takoe MMUTAIIMOHHOE MOJEIUPOBaHKE?
OcCHOBHBIE TOCTOMHCTBA UMUTALIMOHHOTO MOJEJINPOBAHUA?
OxapakTepu3yiTe UMUTALIMOHHYIO MOJEIIb.
Yro Takoe cuctemMa MOACINPOBAHUA?
Onummre CTpyKTYypHBIM aHAIU3 IPOLECCOB.
[Toctpoenue moenu.
IIpumenenne moaenn Monre-Kapno?

O N bk wd

Kpurepun Kpamepa-pon Muzeca?

Kpurtepun onenkmn:

Ouenka «5» cTaBUTCs, €CIIM y4allMCs BBIMOMHSAET paboTy B MOJHOM 00beMe C COOJIOAECHUEM
HEOOXOAUMOW MOCIEeI0BATEIbHOCTH TPOBEJACHUS ONBITOB W HU3MEPEHHUH; CaMOCTOSTENBHO U
panMoHaIbHO MOHTHPYET HE00X0AMMOe OOOpYAOBaHHE; BCE OIBITHI MPOBOJUT B YCIOBHSX HU
peXnMax, OOeCHeuMBAIOIIUX MOJyY€HHE NPABWIBHBIX pE3yJbTaTOB M BBIBOJOB; COOIIOAAET
TpeOoBaHUsl MpaBwil 0€30MaCHOCTH TpPyJAa; B OTYETEe MPABUIBHO M AKKypaTHO BBIMOJIHAET BCE
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3anucy, TaOJMIbI, PUCYHKH, YEPTEKU, IpaduKH, BBIYUCICHUS; MPABUIHHO BBIMOJHSAET aHaIHU3
MOrPEITHOCTEH.

Ouenka «4» CTaBUTCS, €CJIM BBITOJHEHBI TPEOOBAHUS K OICHKE «S5» , HO OBLIO JOMYIIEHO JBa -
TPH HEJloUeTa, He OoJiee OAHON HerpyOoil OMMOKH U OJTHOTO HEIOUETA.

Ouemca «3» CTaBUTCA, €CJIn pa60Ta BBITIOJIHCHA HE IIOJIHOCTBIO, HO 00BEM
BBIIIOJIHEHHOM YacTHu TaKOB, TIIO3BOJIACT IOJYYUTH MPABUIIBHBIC PC3YJIbTATbl W BBIBOJALI: CCJIN
B X0€ IMPOBEACHMS OIIbITa U I/ISMepeHI/Iﬁ ObLIH JONYIICHEBI OIIINOKHU.

Ouemca «2» CTaBHUTCA, €CIIU pa60Ta BBIIIOJIHEHA HE IOJHOCTBIO M O00BEM BBLIIOJIHEHHOMN
qaCTu pa6OTBI HEC TII03BOACT CACIaTh IpPaBUJIIBHBIX BBIBOJOB: €CJIIM OIIBIThI, HW3MCPCHU,
BBIYHCIICHHA, Ha6HIOIIeHI/ISI MPOU3BOJAWIIMCH HCIIPABHUIILHO.

Tema 2.3.2 3agauu B yCJI0BHAIX HeONpeaeIeHHOCTH
IIpakTuyeckas padora Ne4 «IlocTpoenne npor1o3os»

Heas padorei: Hayuntbes npumensats MHK s nuHeliHoro criaxkuBanus aanHble. Hayuutbes
CTJIQ)KMBATh JJAHHBIC C TIOMOIIBIO KBAAPATHIHON (DYHKIIHH.

Boinosinus padorty, Bel Oynere:

ymemu:
= HCIOJb30BaTh BEIOPAHHYIO CUCTEMY KOHTPOJIS BEPCHUH;

HCII0JIB30BAaTh MCTO/AbI IJId IMOJIYYCHHA KOJa C 3aI[aHHOI>'I Q)YHKHI/IOHEUH)HOCTBIO U CTCIICHBIO
Ka4yecTBa;

AHAJIN3UPOBATH IIPOEKTHYIO U TEXHUYECKYIO TOKYMEHTAIIUIO;

UCTIOJIB30BaTh CIENUATN3UPOBAHHBIE TpadUUecKue CpeICTBa IOCTPOSHUS M aHaIHu3a
ApPXUTEKTYPBI MPOTPAMMHBIX TPOTYKTOB;

OpPraHW30BBIBATh 33JaHHYI0 MHTETPAllMI0 MOJIyJed B MporpaMMHBIE cpeicTBa Ha 0Oase
MMEIOIIEICS apXUTEKTYPhl U aBTOMATU3AlIUN OM3HEC-TIPOIIECCOB;

OTIpeeNATh UCTOYHUKU U MPUEMHUKHU JaHHbIX;

HCIOJIb30BaTh MIPUEMBI paOOTHI B CHCTEMaX KOHTPOJISI BEPCHUiL;

BBITIOJIHATDL OTJIAJIKY, UCIIOJIB3Yyd METOJAbI U NHCTPYMCHTEI YCHOBHOﬁ KOMITUJTALIUHU (KJ'IaCCBI
Debug u Trace);

OIICHUBATH pa3Mep MHHUMAIHHOTO Ha0Opa TeCTOB;

- p33pa6aTI)IBaTB TECTOBBIC MAKETHI 1 TECTOBBIC CLICHAPUU;

BBISIBJISITH OIMIMOKH B CHCTEMHBIX KOMITOHEHTaX Ha OCHOBE CIiel(DUKAIIHIA,
OpPraHU30BBIBATH MOCTOOPAOOTKY aHHBIX.

MarepunanbHoe obecrniedeHue:
HO: MS Windows 7
Kparkne Teopernyeckne cBeeHHs:

MeTOI[ HAUMCHBIIHUX KBaApaToB — OJWH H3 MCTOAOB PETPECCCHOHHOIO aHaJIu3a JJId
OICHKHU HEU3BCCTHBIX BCJIMYMUH 110 PE3YyJIbTaTaM HSMepeHHﬁ, COoJCpKAIINM CJ'Iy‘I&ﬁHBIG OIIIMOKWU.
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Meron HaMMEHBHIMX KBAJPAaTOB MPHUMEHSETCS TaKKe sl MPUOMMKEHHOTO MPEACTABICHUS
3aJlaHHOW QYHKIHMH APYyruMu (6osiee MPoCcThIMK) PYHKIIMSIMHA M 9aCTO OKA3bIBACTCS IMOJIE3HBIM IPU
00paboTKe HAOTIOICHMIA.

MeToa HaMMEHBIIMX KBAApPaTOB NpEAyCMAaTpUBAeT HAXOXKICHHE HapaMeTpoB (DYHKIIMOHAIBHOU
3aBUCUMOCTH U3 YCIIOBHSI MUHUMYyMa CYMMBbI KBaJpaTOB OTKJIOHCHUH.

3aganue

C nomompio MHK nonoGpars mapamerps! a u b mumeiinoit dynxmun ¥ — 4% +'h, MIPUOJIMIKEHHO
OMUCHIBAIOIIEH CJIEIYIOIIME ONBITHHIE TaHHBIE.

ITocTpOUTB MOTYYEHHYIO IPSAMYIO U UCXOIHBIE TOYKH B OJJHOM CHCTEME KOOpAUHAT.

2,9
6,3
7,9
10
13,2

Pemenne:

[Mapametper ¢ u b uckomoit (GYHKIIMM HalJIeM U3 CUCTEMbl HOPMaJIbHBIX ypaBHEHUH. Jlis 3Toro
MEPEINIIEM €€ B CIEAYIOIIEM BHUIE:

n n n n
gaXx! +b3x, =X xy,,
R

i= i=
n n
ad x;+nb =2 y..
i =

Z[J'IH peUicHus 3ala4 COCTaBUM Ta6J'II/ILIy.

i

X Vi X Xy
1 0 2,9 0
0 2 10 6,3

1 63 3 1,5
79 225 1185 4
2,1 100 441 21
5 30 132 9,0
> 7,6 40,3 16,66 78,75
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Toraa cucteMa HOpMAJIBHBIX YPaBHEHUH MTPUMET BUJL:
116,66a +7,6b =78,75
1 7.6a+5b =403

Pemmm cucremy.

J1J1s 3TOrO BBIPA3UM b us BTOPOTO YpaBHEHHS:

5b =403- 7.6
b =(403- 7.6)/5

[ToncraBuM B epBoe ypaBHEHUE:

7,6

16,66a + : (40,3 - 7.6a) =78,75

16,66a +61,25b - 11,552a =78,75

5,108a =17,494
a=342
J3-7,6-342
b :40_ 7.6 3.4 =286
Otcrona .
Urak, a :3*42, b :2’86, U, CJICIOBATEIbHO, UCKOMasl (DYHKITUS UMEET BU/I:

y =3,42x+286

ITocTporM MONYYEHHYIO IPSAMYIO U UCXOJHBIE TOYKH B OJJHOM CHCTEME KOOPAUHAT.
45

40 *

35

30

25 -
20 /

. _
10

BriBox:
Tak kak HCXOJHBIE NaHHBIE M TMOJYYEHHas MpsiMasi pacloyioKeHbl OJM3KO APYr K JAPYry, TO
annpoKCUMUpYIomas GyHKIMS HaiiieHa paBUIBHO.
3ananme 1.
C nomomsio MHK nono6pats mapameTps a u b muneitnoit pynkmum -+ —4F +b ,
MpUOIMKEHHO OMUCHIBAIOIIEH CIIeyIOIINE ONbITHBIE JaHHbIE. [lOCTPOUTH MOTYYEHHYIO IPSIMYIO U
HCXOJIHBIE TOYKH B OJTHOM CUCTEME KOOPINHAT.
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Bapuanr:

1%1 34568

Yie 44 2302

2

A

¥;

234578
134669

ITopsiioK BBINOJIHEHMS .

CocraBuMm MAaTeMaTUUYCCKYI0 MOJCJIb 3a4ay.
OtBeTuTh HA KOHTPOJIbHBIC BOIIPOCHI.

(I)opMa NMpeacTaBjJacHud pedyjabTara:

BrinosiauTh 3a1anue. Pemenne nokas3aTh MpernojaBaTeliio.
OTBeTUTH Ha KOHTPOJIbHBIC BOIIPOCHI.

KOHTpOJIbeIe BOIIPOCHI

1.
2.
3.

KakoBa 001mast mocTaHOBKa 33ja9i HAaXOXIACHUS SMITUPHUECKUX PopMyI?

Kakum 00pa3oM MOKHO OLIEHUBATh Ka4€CTBO MPUOIHKEHUs?

Kakum 00pazoM rpadidecKu MOXKHO HHTEPIIPETUPOBATH IIOCTAHOBKY 33/Ia4H HAX OXKICHIS
sMOupudecKux Gopmyn?

B ueM cx0/1cTBO M pa3ianyne MOCTaHOBKH 337ja4l METOJa HAMMEHBIIINX KBAIpaTOB U 3aa4H
MHTEpHoJIALun?

Kakwue Buabl mpubnmxaromux GyHKIUH 0OBIYHO TPUMEHSFOTCS?

B uem cyTh MeTOa TpUOIMKEHNS TAOTUYHO 3a1aHHON (DYHKIIMH 10 METOAY HAUMEHBIIINX
KBaJpaTOB JUHEHHON (yHKIIUEH?

Kaxk cBoguTcs 3aa4a moCcTpOCHUS Pa3IMYHbBIX SMIIMPUIECKUX (DOPMYII K 3a71a4ue
HAXOXJICHUS TUHEHHON yHKIUN?

Kputepun onenkmn:

Ouenka «5» cTaBUTCs, €CIM y4allMCs BBIMOJIHSAET paboTy B MOJHOM 00beMe C COOIOAECHUEM

HCO6XO,Z[I/IMOI71 MOCJICAOBATCIILHOCTU IIPOBCACHHUA OIIBITOB U HBMCpCHHﬁ; CaMOCTOATCIIbPHO H

paloHaIbHO MOHTUPYET HE0o0XoauMoe 00OpYAOBAaHME; BCE OMBITHI MPOBOAUT B YCIOBUAX HU
peXnMax, OOeCHeuMBAIOIIUX MOJyYeHHE NPABWIBHBIX pE3yJIbTaTOB M BBIBOJOB; COOIIOAAET
TpeOoBaHuUsl MpaBwil 0€30MaCHOCTH TpPYyJAa; B OTYETEe MPABUIBHO M aKKypaTHO BBIMOJIHAET BCE
3amucy, TaONUIbl, PUCYHKH, YEPTEXKHU, IpaduKu, BBIYUCICHMS; MPABUIBHO BBIMOJHIET aHAIU3

IIOTPELIHOCTEM.

Ouenka «4» CTaBUTCS, €CIIU BBITIONHEHBI TPEOOBAaHUS K OIEHKE «5» , HO ObLIO AOMYIIEHO JBa -
TpH HejoueTa, He 6osee 0HOM HeTpyOoi OMMUOKH 1 OJHOTO HET0UYETA.
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Ouenka «3» craBuTcs, ecnu paboTa BBINOJTHEHA HE  IMOJTHOCTBIO, HO 00BEM

BBIIIOJIHEHHOM YacTH TaKOB, IO3BOJIACT IOJYYUTH HPABUIIBHBIC PE3YJIbTATbl W BBIBOJLI: CCJIN
B X0J€ IMPOBEACHMS OIIbITa U I/ISMepeHI/II‘/'I ObLIH JOIYIICHEBI OIIIMOKH.

Ouemca «2» CTaBHUTCA, €CJIU pa60Ta BBIIIOJIHEHA HE IOJHOCTBI0O M O00BEM BBLIIOJIHEHHOMN

qaCTu pa6OTBI HEC TII03BOIACT CACIaTh IpPaBUIIBHBIX BBIBOJOB: €CJIIM OIIBIThI, HW3MCPCHU,
BBIYHCIICHHA, Ha6HIOIIeHI/I$I MMPOU3BOJAUIIMCH HCIIPABHUIIBHO.

Tema 2.3.2 3agauu B yCJIOBHAIX HeONpeaeIeHHOCTH
IpakTnyeckas padora NeS «PemeHue MaTpU4HOM UTPbI METOA0M HTEPALUIN»

Iean padoTbi: HaydnThcs BBIOMpATh ONTUMANIBHYIO CTPATETUIO UTPBI
Brinosinus padorty, Bl Oynere:
ymembp:

HCII0JIb30BaTh BEIOPAHHYIO CUCTEMY KOHTPOJISI BEPCUIL;

UCIIOJIb30BaTh METO/IbI JUIS MOJIyYEHHsI KOJla C 3aJaHHON ()YHKIIMOHAIBHOCTBIO U CTEIEHBIO
Ka4yecTBa;

aHAJIM3UPOBATh IPOEKTHYIO U TEXHUUYECKYIO JOKYMEHTAIHIO;

UCIOJIb30BaTh CHELUAIU3UpPOBaHHbIe IpaUyecKue CpeiCcTBa IOCTPOSHUS M aHalIu3a
ApPXUTEKTYphl IPOrPAMMHBIX [TPOYKTOB;

OpraHM30BBIBATH 33JaHHYI0 MHTErPallMi0 MOJyJedl B IporpaMMHBIE CpeAcTBa Ha Oase
HMEIOLIEICS apXUTEKTYPhl U aBTOMATU3aLMK OM3HEC-TIPOLIECCOB;

OIpPEAEIATh UCTOYHUKU U IPUEMHUKHU JaHHbIX;

HCIOJIb30BaTh MPUEMbI pabOThI B CUCTEMAaX KOHTPOJISI BEPCHUi;

BBINOJIHATH OTJIAJIKY, UCIIONb3Ysl METO/Ibl U MHCTPYMEHTHI YCIOBHOW KOMIWIALUY (KJ1acChl
Debug u Trace);

OLIEHUBATh pa3Mep MUHUMAJIBHOTO HaOOpa TECTOB;

pa3pabaTbIBaTh TECTOBBIE AKEThI U TECTOBBIE CLIEHAPHH;

BBISIBJISITH OIIMOKH B CHCTEMHBIX KOMIIOHEHTaX Ha OCHOBE clieln(UKaIIHii;
OpPraHU30BBIBATH TOCTOOPAOOTKY J1aHHBIX.

MarepuajbHoe obecnedeHne:

I1O: MS Windows 7

KpaTkue TeopeTnyeckue cCBeIeHHUSM:
MeTtox wuTepamMii — OJMH W3 CaMbIX TMPOCTBIX YHCJICHHBIX METOJIOB PEIICHUS WIP

(mpubmxénnbIil MeTon). Vnest MeTona: pa3bIrpbIBaeTCsl «MBICIEHHBIN 3KCIIEPUMEHT», B KOTOPOM
A u B noodepéaHO NPUMEHSIOT ApPYr MNPOTHUB Jpyra CBOM CTpPATETHH, CTPEMACH BBIUIPATh
noOoJbie (MIPOUrpaTh MOMEHbIIE). DKCIEPUMEHT COCTOMT M3 psijia «mapTi» urpel. Urpok A

BBIOMpAET MPOM3BOJILHO OJIHY M3 cBoMX crpareruil Ai. IIpoTUBHHK OTBEYaeT eMy TOW M3 CBOMX

crpareruil Bj, koropas xy»xe Bcero uia A npu crpareruu A;. Jlanee A BbIOUpaeT Ty crpareruto Ay,

KOTopasi Ja€T eMy MaKCHMaJIbHBII BBIMIPBINI NpU cTpaTeruu Bj. Tenmeps NpoTHBHUK OTBEYaeT TOM

cTparerueii, KoTopast sIBIsSCTCs HauXyaIIen ajst Hatied cMemanaoi ctpaterun (A;, Ay) , B KOTOpOi

A0 CUx 1op HpI/IMCHéHHLIe CTPAaTCTUU BCTPCHAOTCA C paBHBIMU BCpOSITHOCT}IMI/Izl/2. U tak panee:
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Ha Ka)XJIOM II1are UTEpallMOHHOTO Ipoliecca KaXkablii UTPOK OTBEYAET HA OYEPEIHOM XOJ APYroro
TOW CTPATETuen, KOTOpas SIBISETCS ONTUMAJIbHOW JJI1 HETO OTHOCUTEIBHO CMELNIAHHOW CTPATEruu
JIPYroro, B KOTOPYI0 BCE IIPUMEHEHHBIE paHEe CTPATETHH BXOIAT IPONOPLHMOHAIBLHO YacTOTaM MX
npuMeHeHusl. Takoil MeToJl CXOAWUTCA: NPU YBEJIMYEHMM YMCIA MAPTUH CPeIHUN BBIMIPHIII Ha 1
napTuro OyIeT CTPEMUTHCS K I[EHE UTPbhI, @ YACTOTHI MPUMEHEHHS CTPATETUH — K BEPOSTHOCTSM B
ONTUMAJIbHBIX CMEIIAHHBIX CTPATETHUSX.

[TPUMEP. PaccMOTpUM MaTpUYHYIO UTPY.

B 1 E: B3 m].n
A, 7 2 9 2
A, 2 9 0 0
Ay 0 0 1] 0
max o o 1

[IpoBenem MBICIEHHBIN YKCIIEPUMEHT:

k i B, B, B; J A As Aj v vV v
1 3 g o 1I 2 2 9 0 0 9 43
2 2 i1 g 1l 2 4 18 0 45 6.75
3 2 i3 I8 1l 3 13 18 11 3.67 ?_ 4.84
4 2 I3 27 il 3 22 18 22 2.75 - 4.13
6.6
3 1 22 29 20 3 31 18 33 40 - 33
6 3 3] 29 3 2 33 27 33 4.84 ” 3.17
7 1 i m.o. 2 4.79
g 2 2 53
9 2 3 4.78
10 1 1 5.1
11 3 2 4.87
12 2 2 5.2
13 2 3 4.84
14 1 1 5.07
13 3 2 49
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V — HIDKHSS OLIGHKAa WIPbI, paBHas MHUHUMaJbHOMY HAKOIUIEHHOMY BBIMIPBINIY, NEIEHHOMY Ha

YUCIO0 TapTUHA. AHAJIOTMYHO Vo BEPXHASA OILICHKA. V*—cpez[Hee apudMeTHYECKOe MEXIY
OLCHKaMMH.

V' =5, p1 =4/15~0.2686, p, =7/15~0.468, ps =4/15~0.266
01 =2/15~0.133, ¢, =8/15~0.534, 5 =5/15~0.333

3aganue.
HaiiTn HUKHIOI0 U BEPXHIOIO IIEHY UTPBhI 10 MPUHIUIY MAaKCUMUHA (MUHUMAKCa)

1. IlpoBectu urepannoHHbIN Ipouecc Urpsl U3 20 napTuil.
2. HaiiTu onTuMasibHBIE CMEIIAHHBIE CTPATETUH JIUIsl K&KIOTO UTPOKA M OL[CHUTH LIEHY UTPBI

IMocaenoBaTeIbHOCTH BHITIOJTHEHUST PAOOTHI
3amycTuth Excel

1. CdopmupoBarb MaTpuily Urpbl 4x3 ¢ LEIOYUCIEHHBIMH BBIMTPBILIAMH, HCIIONb3YS
reHeparop ciydaitabix yrcesn CJTUYUC()

PS. Jlnanazon cnyuvaiinbix uucen [0,10]. CioyuyailHOe 4YMCIO OKPYIVIMTH 0 LENBIX. 3aMEHUTh
¢bopMyiy Ha ciydaifHOE YHCIIO C TOMOIIbIO KiaBuiu FO.

HaiiTu HIKHIOIO U BEPXHIOIO LIEHY UTPBI 110 IPUHIUITY MAKCUMUHA (MUHMMAKCA)
[ToaroroBuTh TAOIMILY AJI METOJA UTEPALUl

[IpoBecTu uTepanmoHHbI nporecc urpbl u3 20 napTuii

IToncunTarh KOJIMYECTBO MPUMEHEHUN UTPOKAMM KaKJIOM CTpaTeruu

BbruuciuTh BepOATHOCTh (OTHOCHUTENBHYIO JI0JIF0) MPUMEHEHHUs UTPOKaMH Kax1o0i
CTpaTeruu

7. Haiitu npubnumkeHHOe 3Hau€HHE IEHBI WIPhI, KaK CPEIHEro apu(pmeTudecKoro
BBIMTPBILLIEH B MOCIEIHUX MATU NapTUAX

o ks wnN

BapuaunTsl 3a1au
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Nemp Marcuvameuoe Maxcimvanenoe Kommwectso Cpegmas Cromvocte Hamume

by BpeMA MEEIY — BpeMd KAHATOE B  IMPHOBLTE OT COfepsEaHHa OUepedH
sasBKaMH (cex) obdcmyvameanma CMO 00CTVAMEAHHA EKaHATA
{cex) 3AABKH (py0) (pvd/=Tac)

TZ TO n SZ SO
1.

30 30 1 10 300 +
2.

30 30 1 10 300 -
3.

60 60 1 30 300 +
4.

60 60 1 30 300 -

30 40 2 20 500 +

®dopma npeacTaBiaeHusl pe3yJabTara:

Bremmonauts 3a7anue. Pemenue nokasarb MpCroaaBaTeIIto.

Kpurepun oneHku:

Ounenka «5» CTaBUTCs, €CIIM y4yalllMiCs BBIMOJHSAET pabOTy B MOJHOM 00beMe C COOII0AECHUEM
HEOO0XOAMMOW MOCIEeI0BaTEIbHOCTH IPOBEJCHHUS ONBITOB W H3MEPEHUH; CaMOCTOSTENBHO U
palMoHaIbHO MOHTHUPYET HEo0X0AuMoe O0OpYAOBaHHE; BCE OIBITHI MPOBOJUT B YCIOBHAX H
pexumax, oOecledyMBaIOIUX IOJIyYeHHE MPaBUIbHBIX pE3yJIbTaTOB M BBIBOJIOB; COOIIOAAET
TpeOoBaHus MpaBwil 0€30MAaCHOCTH TpPYyJAa; B OTYETE MPABUIBHO M AKKYpaTHO BBIMOJIHAET BCE
3anucy, TaOJMIbl, PUCYHKH, YEPTEKHU, I'pauKu, BBIYUCICHUS; NMPABUIBHO BBIMOJHSAET aHAIM3
IIOIPELIHOCTEM.

Ouenka «4» CTaBUTCS, €CIIU BBITIONHEHBI TPEOOBaHUS K OIEHKE «5» , HO ObUIO AOMYIIEHO JBa -
TpH HejoueTa, He 6osee 0JHOM HerpyOoi OMMUOKH U OJHOTO HET0UYETA.

Onenka «3» craBurcsa, eciaM  paboTa BBINOJIHEHA  HE  IOJHOCTBIO, HO 00BEM
BBITIOJTHEHHOW YacTHW TaKOB, IIO3BOJIIET MOJYYUTh TMPAaBUIbHBIE PE3YJIbTAaThl U BBHIBOJBI: €CIH
B XO/I€ IPOBE/ICHUS ONbITA U U3MEPEHUH OBLIN TOMYIIEHB! OIHOKH.

Ouemca «2» CTaBHUTCA, C€CIIU pa60Ta BBIIIOJHEHA HE IIOJHOCTBIO M O00BEM BBIIOJIHEHHOMN
qacTHu paGOTBI HC TMO3BOJCT CACIATb IIPABUJIIBHBIX BBIBOJOB: €CJIHW OIIBITBI, HW3MCPCHUA,
BBIYHCIICHHA, Ha6.]'IIO}IeHI/I$[ IMPOU3BOJAUIMCE HECIIPABHUIIBHO.
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Tema 2.3.2 3aga4u B yCJI0BHAIX HeONpPeAeTeHHOCTH
JlaGoparopHnas padora Nel0 «MojaesmpoBaHue MPOrHo3a
Lenabp padoTbl: 03HAKOMHUTHCS C UMHUTAIMOHHBIM MOJEIMPOBAHMEM B 3aJadyax IOMCKa

YHOPaBJICHUYCCKUX pemeHHﬁ. I/I3y‘-II/ITL OCHOBHBIC TIIOHATHUA W PASHOBUIHOCTH HWMHUTAIITMOHHOI'O
MOJEIMPOBaHUS.
Beinosinus patdory, Bel Oyaere:

ymembs:
HCIIOJIb30BaTh BEIOPAHHYIO CUCTEMY KOHTPOJISI BEPCUIL;

- HCIIOJIB30BAaTh MCTObI IJId IMOJIYYCHHA KOJa C 3a,[[aHHOI>'I (I)YHKI_II/IOHEUIBHOCTBIO U CTCIICHBIO
Ka4yecTBa;

- AHAJIM3UPOBATH MPOCKTHYIO M TCXHUYCCKYIO JOKYMCHTALIUIO,

= HCIIOJIB30BATh CIICUATM3UPOBAHHBIC TpadUUecKHe CpeICTBAa TOCTPOCHUS M aHAU3a
ApXUTEKTYPBI IPOTPAMMHBIX TIPOIYKTOB;

= OpraHu30BBIBaTh 33JJAHHYI) HWHTETPAIlMI0 MOJIYJCH B NpOTrpaMMHBIC CpelIcTBa Ha 0ase
UMEIOIIICHCS apXUTEKTYPhl M aBTOMATU3AI[MH OM3HEC-TIPOIIECCOB;

= OIpeneNaTh UCTOYHUKHU M MPUEMHUKH JIaHHBIX;

- HCIIOJIb30BATh IIPUCMBI pa6OTI)I B CUCTEMAax KOHTPOJIA BepCHﬁ;

- BBIIIOJIHATL OTJIAAKY, UCIIOJIB3Yyd METOAbl U HHCTPYMCHTHI YCJIOBHOP'I KOMITUJIAIINHU (KHaCCBI
Debug u Trace);

= OICHHUBATh pa3Mep MUHHMAILHOTO HA0Opa TECTOB;

= pa3pabaThIBaTh TECTOBBIC IMAKETHI U TECTOBBIC CIICHAPUHY;

= BBISBIISITH OIIMOKU B CHCTEMHBIX KOMIIOHCHTaX Ha OCHOBE CIielIU(UKaIHii;

= OpPraHu30BBIBAThH MOCTOOPAOOTKY JaHHBIX.

MarepunanbHoe obecnedeHue:
IHO: MS Windows 7

KpaTKue TCOPCTHYCCKHUEC CBCACHUSA:
B HUCCICIOBAaHUAX B3aHMOCBSI3CH PCAJIbHBIX BCJIMYUH [MPUXOIUTCA HWMETh J€I0 C

MIEPEMEHHBIMH, UMEIOIIMMHU CTOXACTHUECKYIO Tpupoay. OHU MOTYT OBbITh MpECTaBIEHBl HAOOpaMu
BXOJHBIX [TapaMETPOB x1'x2',... x'n, i= 1,2,....L, KOTOpBIE€ Ha3bIBAIOT apryMeHTaMu ((pakTopaMu) u
BBIXOAHBIX- Y1, y2,...,yn. BxoaHble mnapamMeTpbl SBISIOTCA YIPaBISIEMbIMU, BBIXOJHBIE K€
IapaMeTpsl 3aBUCAT OT HAC YaCTHYHO. 3aBHCHUMOCTb IEPEMEHHBIX, HA KOTOPYH) HAKJIAJbIBAKOTCS
BO3JCUCTBUS CIIy4allHBIX (PAaKTOPOB, HA3bIBAETCSI CTATUCTHYECKONW 3aBHCUMOCTBHIO. BpiOop
(bopMysIbl 3aBHCHMOCTH TI€PEMEHHBIX Ha3bIBaeTCs Crelnu(UKaleld ypaBHEHUS 3aBHUCHMOCTH.
Bomnpoc o HaxoxkaeHuu GOpMyIIbl 3aBUCUMOCTHA MOKHO CTaBUTh I1OCIIE TIOJI0KHUTEIBHOTO OTBETA Ha
BONPOC O CYIIECTBOBAaHWM TaKOM 3aBUCUMOCTH. B KadecTBe Mepbl ISl CTENEHU JIMHEWHOU
3aBHCHMOCTH JIBYX [IEPEMEHHBIX UCIOJIB3YIOT KOA((UIIMEHT UX KOPPETSILHH.

3aganue:
1. PazpaboTtarh COOCTBEHHBIN ps 3aBUCUMOCTH (UIUYECKOTO IOKa3aTess, HalpuMmep:

TEMIIEpaTyphl B KaHAJIE pa3psaa OT MOLIHOCTH pa3psia.
2. Tlo momyueHHOMY psiTy TIOCTPOUTH TPEHJ, UCHOIB3ys Bo3MokHOCTH Excel. Ha rpaduke
MOKa3aTh MapaMeTphl JIMHUU TpeHnaa (B okHe «PopMmaT JMHHUM TPEHAa» HCIOIb30BaTh BKIAJKY
[Tapametpsi).
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3. OcymiecTBUTh MPOTHO3 Ha | mim 2 miara Brepéa, UCTOIb3ys Ty K€ BKIaAKy. YToObI MPOrHO3
. 2
ObLT O0JIee TOYHBIM, HEOOXOAMMO BBIOpaTh Takol TpeHn, R mis koroporo 6ombiie 0.7.
4. ITo nMerommeMycst BpeMEHHOMY psiy (Ta0HIia) MOCTPOUTh TPEHT TISITOTO MOPSI/IKA.

ITopsiioK BBINOJIHEHMS .

Pazo0néMm PEHICHUEC 3a1a4 IIPOTHO3UPOBAHMA HA YETHIPEC YaCTH:

BBIOODP HAMITYYIIIed MOJIIH JIJISl IPOTHO3UPOBAHUS U3 7-MH, TIPEITIOKEHHBIX TS yd:
~  TMOCTPOEHHE TPEHAOBBIX MOJeNei yd JUIE  TPOM3BOJICTBEHHOTO IMpOIlecca METOJIOM
HAaUMEHBIINX KBaJPATOB;

OTIpe/IeTICHUE aNMMPOKCUMAIIMOHHBIX OIIEHOK MTOCTPOCHHBIX MOJICIICH:

[IOCTPOCHHUE TOYEUHOTO MpOorHo3a Ha 1,2 mepuoja Bnepél U onpeaeacHre JOBEPUTEIbHOTO
UHTEpBaa.

[Tpumep:

= W3 onbiTa paboThl MpeanpusaTHss 3a 9 JeT W3BECTHBl 3HAYEHUS MOTpeOsieHus
3JIEKTPOIHEPTrUH yi (YCIL.€11.):

t 1 2 3 4 5 6 7 8 9

Yi 5,8 9 13 16,5 20 21 25 30 32

Heo0xoauMo naTh TOYEUHBIH MPOTHO3 pabOTHI NpeANnpHUsaTHS Ha 1 ¥ 2 roja u OnpeaeInThb
JOBEPUTEIILHBIN UHTEPBAL.

1. ITocTpouts rpaduk - moje KOppeislnu M0 Ha4yaJlbHbIM JaHHBIM:

Ilo rpaduky BHIUM, YTO 3aBUCHUMOCTb MEXIY JAHHBIMU CYLIECTBYET, TaK Kak IoOJe
KOPPEJIALIMU BBITSHYTO.

[Ipoananusupyem  pa3BUTHE JUHAMHYECKOro  psiaa:  AOCONIOTHBI — mpUpocT -
XapakTEePU3YIOUIUH  CKOPOCTb  W3MEHEHUs  YPOBHA: i=Yi-Yi.1, TEMII  IpPUpPOCTa -
XapaKTEePU3YIOIIHA OTHOCHTEIBHYIO CKOPOCTh U3MEHEHHS: = i/ Vi1

IMpupocr 3,2 4,0 <5 <5 1,0 4,0 5,0 2,0 3,2
0 0 0 0 0 0 0 0 8

TEMIIIPUPO 0,5 0,4 0,2 0,2 0,0 0,1 0,2 0,0 0,2
cra: 5

bynem mnoaOupaTrb TUIBI TPEHAOBBIX MOAENEH C IOCTOSHHBIM U YBEIHUUBAIOLIMMCS
IIPUPOCTOM, C YMEHBUIAIOIUMCS TEMIIOM IIPUPOCTA.

K TakuMm THIam TPEHIOBBIX MOJENEH MOTYT IpPUHAAJIEKaThb BCE BBIIIE IPUBEICHHBIE 8
GbyHKIUH.

[Ipoananu3upyeM HECKOJIBKO BAPHAHTOB:

[Tonmaraem, 4TO 3aBUCUMOCTb MEX[Y t U yi: IMHEHHas

yl=a0+al*t
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Hcnonp3yss MeToJ HaMMEHBIIUX KBAJIpaTOB CTPOHMTCS CHCTEMa HOPMAJIbHBIX ypaBHCHUU
(ucnonb3yercss mnepBas TadiMLA), 3aTEM OINPEAEIAIOTCS HEU3BECTHBIE IapaMeTpbl aj; U
ag,Hanpumep 1o metony ['aycca (wu o merony Kpamepa), ucronb3yercst Bropasi Tabiauna.
Tabnuua 2. OnpeneneHue napameTpoB aj U ag, 1o Meroay ['aycca

t y t*y t*t ao ai CB0O.

1 5,8 5,8 1 9 45 172,3

2 9 18 4 45 285 1057,8

3 13 39 9 1 5 19,144

4 16,5 66 16 0 60 196,3

5 20 100 25 1 3,2716 =a;
6 21 126 36 1 2,7861 =ag
7 25 175 49

8 30 240 64

9 32 288 81

45 172,3 1057,8 285

ITo pe3ynbratam cTpouTcs rpaduk.

I[J'IH MOJIYYCHHA allIIPOKCUMAIIMOHHBIX OICHOK CTPOUM Ta6m/1uy:

t y y r 2S

1 5,8 6,057 178,0 0,066
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3 13

4 16,5
5 20

6 21

7 25

8 30

9 32

45 172,3

Sl

12,60

15,87

19,14

22,41

25,68

28,95

32,23

150,01

102,9 0,108
37,75 0,159
6,993 0,393
0,731 0,731
3,443 2,005
34,28 0,473
117,8 1,082
165,2 0,053
647,3 5,074

?S:(Y' yd)z ?r :(Y' ycpexm)2 prez:lH = (yl+y2+- . -+y9)/9
Kosdpuument nerepmuHanuu

R2= 1-(?S/7)/( 7r/8)=0,991

Ioaaraem, uTo 3aBHCHMOCTb Mekay t 1 Vi’ runepGonnueckas

Yn=al+al *l

CornmacHo MeTOJy HaMMEHBUIMX KBaJpaTOB CTPOMTCA CHCTeMa HOPMaJbHBIX YypaBHEHHUH,
(ucnonp3yercs nepBas Ta0IMIIA), 3aTEM OIPENIENAI0TCS HEM3BECTHBIE TapaMeTPhl a1 U ag IO METOAY
I"aycca (ucnonb3yercst BTopasi TabIuIa).

t y
1 5,8
2 9

t-l

0,5

t-2

0,25

tl*y ao a1
5,8 9 2,828
9
4,5 2,828 1,539
9 7
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13

16,5

20

21

25

30

32

172,

0,333

0,25

0,2

0,166

0,142

0,125

0,111

2,828
9

0,111

0,062

0,04

0,027

0,020

0,015

0,012

1,539
7

[To pe3ynbraram ctpoutcs rpaduk.

4,333 1 0,314

4,125 0 0,650

3,5 1

3,571

3,75

3,555

37,13
5

Z[J'IH MOJIYYCHHS allIIPOKCUMAIIMOHHBIX OICHOK UCIIOJIb3YEM Ta6J'II/II_IyZ

t-l

0,5

0,33

y

5,8

13

Yner

1,20

14,28

18,64

?r

178,07

102,91

37,75

7S

21,14

27,93

31,89

74

19,1444
4

17,0237

26,1686
7

27,3700
2



0,25 16,5 20,82 6,99 18,73

0,2 20 22,13 0,73 4,56
0,16 21 23,00 3,44 4,03
0,14 25 23,63 34,29 1,87
0,12 30 24,09 117,84 34,82
0,11 32 24,46 165,27 56,81

2,82 172,3 172,3 647,30 201,8

Kooddurment gerepmunauuu R?= 1-(?S/7)/( ?r/8)=0,644
[Tonaraem, 9TO 3aBUCMMOCTb SIBIISICTCS TIOPAOOTUICCKOM.

Yﬂ=a0+a1*t+a2*t2

[To MeTony HAaMMEHBIINX KBaJAPaTOB CTPOMUTCS CHCTEMa HOPMAJbHBIX YpaBHEHMH, (MCIIOJIb3yeTCs
nepBas TaOiMIA), 3aTeM ONPEICIISIOTCS HEM3BECTHBIC MapaMeTphl a; M ag M0 METOJy Traycca
(ucmonp3yeTrcs BTOpasi TabIuIa).

[To pe3ynbraram ctpoutcs rpaduk.

t y t*t t* t! y*t y*t?
1 5,8 1 1 1 5,8 5,8
2 9 4 8 16 18 36
3 13 9 27 81 39 117
4 16,5 16 64 256 66 264
5 20 25 125 625 100 500
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45

do

45

285

21

25

30

32

172,3

ai

45

285

2025

60

600

36

49

64

81

285

dz

285

2025

15333

31,666

600

6308

10

308

216

343

512

729

202

1296

2401

4096

6561

5 15333

cB0OO

172,3

1057,8

7415,8

19,144

196,3

1959,6

3,2716

-3,366

-0,010

3,3804

76

126 756

175 1225
240 1920
288 2592

1057,8 7415,8



1 3,1322

J1J1s ToITydeHust anpOKCUMAIMOHHBIX OIIEHOK HCIIOJIb3yeM TaOIuILy:

t t*t y Y ner r 7S

1 1 5,8 6,50 1,00 0,49
2 4 9 9,85 16,00 0,72
3 9 13 13,17 81,00 0,03

4 16 16,5 16,48 256,00 0,0003

5 25 20 19,76 2,36 0,05
6 36 21 23,02 0,29 4,09
7 49 25 26,26 11,99 1,59
8 64 30 29,48 71,61 0,26
9 81 32 32,67 109,46 0,45

45 285 172,3 177,2 549,72 7,72

Koaddutmen nerepmunanmu

R?= 1-(?S/7)/(?r/8)=0,984

[Toctpoenue Bcex Tabnuil BoinonHsgercss B Microsoft Exel.

Yacte 2. OmnpeneneHue anmmpoKCHMAIIMOHHBIX OIEHOK TOCTPOSHBIX MOJICNICH W BHIOOp HAMITydeH
MOJICII! ISl IPOTHO3UPOBAHHS.

CpaBHuBasi BC€ TMOCTPOCHHBIE MOJEIM MEXAYy COO00H MO CyMMe KBaJpaToB YKIOHEHHH OT
OMMCBIBAEMOTO TMpo1ecca ?S:

?7Smin=MUWH(5,074; 201,8; 7.72)= 5,074 BumuMm, 4TO HaWIydlIeld M3 BCEX SIBISETCS JIMHEHHAs
MOJEJIb.
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CpaBHHBas BCe NMOCTPOEHHBIE MOAEIH MEX1y co00i Mo BeIMYUHE KOAPPHUIHUEHTa JeTepMHUHALIUH
R%:

Rzmax=MAKC(O,991; 0,644; 0,984)= 0,991 Buaum, 4TO HAWIY4lIeHl U3 BCEX SIBISAETCA JIMHEWHAS
Mojienb. J{i1st BIOOpa THIIa TPEHI0BOM MOJIENIN MCTIONIB3YIOT OOBIYHO KpuTepuil Jlemunopuya.

®opma npeacTaBiaeHusl pe3yJabTara:
BrimonHuTk 3a1anue. Perienne mokasarts nmpernoaaBaTeto.

Kpurepun oneHku:

OueHka «5» CTaBUTCs, €CM y4YaIIMHACS BBIOMHSAET paboTy B MOJIHOM O0OBEME C COOJIIOJCHHEM
HEOOXOJMMOW TOCJICAOBATEILHOCTH IPOBEICHHUS OIBITOB W HM3MEPEHUH; CaMOCTOSTEIBHO U
palMOHAIILHO MOHTHpYET Heo0Xoanmoe oOOpyAOBaHWE; BCE ONBITHI MPOBOAMT B YCIOBUSIX H
peKHMax, OOCCIEUMBAIOIINX IIOJYYCHHUE TPABHIBHBIX PE3yJIbTaTOB M BBIBOAOB; COOIIONACT
TpeOOBaHMsI TpaBWJI OE30MaCHOCTH TPyAa; B OTYETE NPABHIBHO M AKKypaTHO BHINOJHSET BCE
3amucH, TaOJUIbBI, PUCYHKH, YEPTEKH, TpadUKH, BBIYHCICHUS; NPABHIBHO BBIIOIHSACT aHAIU3
MOTPEIIHOCTEN.

Ouenka «4» CTaBUTCSI, €CJIM BBITIOJIHEHBI TPEOOBAHMUS K OIEHKE «5» , HO OBUIO JOMYIIEHO JIBA -
TpH HeJloueTa, He OoJiee OAHON HerpyOoii OMMOKH U OJTHOTO HETOUETA.

Ouemca «3» CTaBUTCA, cClin pa60Ta BBIIIOJIHCHA HE IIOJIHOCTBIO, HO 00BEM
BBIITOJIHEHHOM YacTH TAaKOB, IO3BOJIACT IIOJIYYHUTb IIPABUJIBHBIC PE3YJIbTATbl U BBIBOABI: €CJINU
B X0Z€ IMPOBCACHU: OIbITA U H3MepeHHfI ObLIH JAONYIICHBI OIINOKH.

Ouenka «2» cTaBUTCA, €ciau paboTa BBHIMOJHEHA HE TMOJHOCTBIO M OO0BEM BBINOTHEHHOM
gacTd paboThl HE TMO3BOJIAET CJeNaTh TMPABUIBHBIX BBIBOJIOB: €CIH OMbBITHI, H3MEpPEHUs,
BBIYHMCIICHHS], HAOJIOICHUSI IPOU3BOIUIINCH HEMTPaBUIIBHO.

Tema 2.3.2 3agauu B ycJI0BHSIX HeoNpeaeIeHHOCTH
JlabopaTopnasi padora Ne 11 «Bb100p onTHMAJIBLHOIO pelIeHHs ¢ MOMOIIBIO IepeBa
pelieHuin)

Heanb padoThl: hopMHUpoBaHKME HaBbIKA IPUMEHEHUS METO/IA «IEPEBA PEILICHUI»

Boinosinus padorty, Bl Oynere:

ymembp:
MCIOJIb30BaTh BHIOPAHHYIO CUCTEMY KOHTPOJISI BEpCHIA;

UCIIOJIb30BaTh METO/IbI JUIS MOJIyYEHHsI KOJa ¢ 3aJaHHON ()YHKIIMOHATBHOCTBIO U CTETIEHBIO
KauecTBa;

AHAJIN3UPOBATH MPOEKTHYIO U TEXHUUECKYIO TOKYMEHTALIMIO;

~  HCIIOJIb30BaTh CIIELMAJIN3UPOBAaHHbIE TpaduyecKue CpeacTBa MOCTPOCHUS M aHAIHU3a
apXUTEKTYPhI IPOTPAMMHBIX TPOTYKTOB;

~  OpraHu30BBIBaTh 3aJaHHYIO HHTETpallMi0 MOJAYyJIed B MpOrpaMMHBbIE CpeJCTBa Ha 0Oaze
MMEIOLIEICS apXUTEKTYPhl U aBTOMATU3aLUN OU3HEC-TIPOLIECCOB;
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= OmpeeNiaTh HCTOYHUKH U IPUEMHUKH TAHHBIX;

MCIOJIb30BATh MPUEMBI pabOTHI B CUCTEMAaX KOHTPOJIS BEPCHUH;

BBITIOJIHATL OTJIAAKY, UCIIOJIB3Yyd METOAbI U HHCTPYMCHTEIL YCHOBHOﬁ KOMITUJIALIUHU (KJIaCCBI
Debug u Trace);

OLICHUBATh pa3Mep MUHUMAIBHOTO HA0Opa TECTOB;

= pa3pabarhiBaTh TECTOBBIC MAKEThI U TECTOBBIC CIICHAPHH;

= BBISBJIATH OIIUOKM B CHCTEMHBIX KOMIIOHEHTaX Ha OCHOBE CreIU(pHKALINiA;

= OpraHM30BBIBATh MOCTOOPAOOTKY JAaHHBIX.

MarepunanbHoe obecrnieyeHue:
HO: MS Windows 7

KpaTRHe TCOPETHYECCKUEC CBCACHUSA .

Teopus MONE3HOCTH IKCIIEPUMEHTAILHO HCCIIEIOBAIACH B TAK HA3bIBAEMBIX 33/1a4aX C Ba3aMH
(wu ypuamu). Baza - 370 Henpo3padHblii COCY/, B KOTOPOM HaXOAUTCS OMpeieJIeHHOE (M3BECTHOE
JUIIb OPraHU3aTOPy FKCIIEPUMEHTA) KOJIMUYECTBO IAPOB PA3INYHOIO [BETA.

3amaud ¢ BazaMM THIHMYHBI AJS TPYNIbl HauOoliee MPOCTHIX 3a/Jay MPUHSATHS PEIICHUHN -
3a7a4 CTaTUCTUYECKOIo TUIa. [{Jis peleHus 3TUX 3aja4d HaJlo 3HATh 3JIEMEHTApHbIE Hayajla TEOpUU
BEpOSATHOCTEH. UenmoBek 1emaer BHIOOP B ATHUX 3ajaudax, OCHOBBIBASCh Ha pacyeTax. BapuaHThI
NENCTBUN BBIpaKEHBI B HAOO0JIEEe MMPOCTOM BHUJIE.

3aganue:

1 CdopmynupoBarh 3amady TPUHATHS PEIICHUM, aHAIOTHYHYIO «3a7ay€ C Ba3aMHu», HO
WHTEpPIpETAINs PEIICHH, BBIUTPHINIEH W TMPOUTPHINIEH) JOKHA OTHOCUTHCA K KOHKPETHOMN
MpeIMETHOM 00JIaCTH, UCCIIEIOBAHHIA.

Hamnpumep:

® BEIOOP HHCTPYMEHTOB MapKETUHTOBOM TOJIUTHKH;

® BLIOOp KPEAUTHBIX MPOAYKTOB;

® BEIOOP MHBECTUIIMOHHBIX MTPOCKTOB /I (PMHAHCHUPOBAHMS;

e o11eHKa pUCKOB U T-ipoeKTOB;

¢ BEIOOp wWeb-cepBrCcOB /Tt 9P (HEKTUBHOTO TPOJIBUKEHUSI KOMIIAHUU B ceTU VIHTEpHET U 1Ip.
VYcnoBus 3a1a4uu ClIeIyeT MPEICTABUTh B TEKCTOBOM M TAOJUYHOM BHIAX.

2 Iloctpouts aepeBo pemieHnii 3aaaun Ne 1, CBEpHYTh €r0, MOJYYHTh MMOJIE3HOCTH abTEPHATHB.

3 AHaJIOTMYHO «3ajadye C Ba3aMW» BBECTH JOIOJIHUTEIBHOE YCIIOBHE 33Ja4d, CBS3aHHOE CO
CHHKEHUEM PHUCKA MPUHSTHS PelIeHus! (TTOBBICUTh YpoBeHBb HH(PopMupoBaHHOCTH. [IpemycmoTpeTs
«TLIaTy» 3a 3TO0.

4 CocraBuTbh JepeBO peuieHuM 3amauun Ne 2 ¢ yuyeToM JOMOJIHUTENBHOTO BapHaHTa PELICHHUS:
MOBBIIIATH JIU YPOBEHb HH()HOPMHUPOBAHHOCTU 00 YCIOBUSX MPUHATHUS PEIICHUS.

5 Paccuntarh BEpOSITHOCTH COOBITHII 1711 BCEX BETBEH pEIICHUH.

6 CBepHYTH J1epeBo pemieHri Ne 2, onpeenuTh MoJe3HOCTH albTEPHATHUB.

CrnenaTth BBEIBOIL.
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MeToanuyecKue YKa3zaHudA BbINMOJTHCHUSA 3aJaHUA:

1 TunoBas 3agaua [Uisl UCIBITYEMOTO MOXKET OBITh MpeJCTaBlieHa ciaeayrommum obpa3om. Ilepen
UCTIBITYEMBIM CTaBUTCA Ba3a, KOTOpPasi MOKET OBITh Ba3oil 1-ro mnu 2-ro tuma. Jlaetcs cnemyromas
nHpOpMALKA: CKOJIBKO UMEETCsl y SKCIIEPUMEHTAaTopa Ba3 1-ro U 2-r0 THUIOB; CKOJBKO YEPHBIX H
KpPacCHBIX IIAapOB B Ba3aX 1-ro v 2-rO TUIOB; KaKUE BBIUTPHIIIN OKUJIAIOT UCHBITYEMOI'0, €CJIU OH
yrajaer, Kakoro THIa Ba3a; KaKUe MPOUTPHIIIN OXKHUIAIOT €T0, €CIIU OH OMINOeTCS.

[Tocne momydyenust Takoil MHGOPMALIMK HCTIBITYEMBIM JOKEH clielaTh BBIOOP: Ha3BaTh, K
KaKoMy THITYy IPUHAJIEKUT [TOCTABICHHAs NIEpe] HUM Ba3a.

[Tycth, Hampumep, SKCHEPUMEHTATOP CIy4yallHO BbIOMpaeT Ba3dy JUIsl MCHBITYEMOIO U3
MHOecCTBa, coaepxaniero 700 Ba3 1-ro tuna u 300 Ba3z 2- ro tuna. Ilycts B Baze 1-ro Tuma
CoJIepKUTCS 6 KpacHBIX I1apoB U 4 yepHbIX. B Baze 2-ro Tuna coaepxurcs 3 KpacHbIX U 7 YEPHBIX
mapoB. Ecnu mepen MCHBITYyeMbIM HAaxOJIUTCS Ba3za 1-ro TUma W OH Yrajaer 3TO, TO IOJIy4UT
BBIMTPBITT 350 AeHEeXHBIX enuHuIl (1. €.), eclIM He yrajaeT, ero mpourpsein coctaBuT 50 a. e. Ecmm
repeJ HUM Basza 2-ro TUIA U OH 3TO yrajaaer, To noyyuut Beiurpsiml 500 1. €., eciid He yrajaer, ero
npourpsii coctaBut 100 a. e. cnbITyeMblil MOKET IPEANIPUHSTH OJHO U3 CIEAYIOIUX AeHCTBUM:

d1 — ckasarp, uTo Ba3a 1-ro Tuna;

d2 — ckasarp, 4TO Basa 2-ro THIIA.

YcnoBus 3a1aui MOKHO TIPEJCTaBUTh B Ta0II. 4.1.
[l])(’()('lll(l()’.'l(’l“l(’ 300ayu ¢ 8aA3AMU

Tune! Ba3sl BepositHoCTh BbIurpbiu npH JIeiHcTBUM
BbIOOpA Ba3bl d; d>
AAHHOI'O THIIA
1 0,7 350 -100
2 0,3 -50 500

Uro xe nenath yenoBeky? Teopus mOJIE3HOCTH OTBEUYAET: OLEHUTH CPEIHIOI0 (0KHIAEMYIO)
MOJIE3HOCTh K&XJIOT0 W3 JIeHCTBUH M BbIOpaTh JEHCTBUE C MaKCHUMAaJbHOM O0)KHMJIaeMoOu
MOJIE3HOCTHI0. B COOTBETCTBUU C 3TOM PEKOMEHIALMEN Mbl MOYKEM ONPEACIIUTH CPEIHEE 3HAUEHUE
BBIUTPBHIIIA JIJIs1 KOKJIOTO U3 IEHCTBHIM:

U(d1)=0,7-350 - 0,3-:50=230 n.e;
U(d2)=0,3- 500 - 0,7-100=80 n.e.

CrnenoBarenbHO, pa3yMHBIN YeoBeKk BhIOepeT aelictBue d1, a He neiictBue d2.

W3 storo mpumepa cieayeT OOIIMKA pelent ACHCTBUN s pallMOHAIBLHOTO YeNOBEKa:
OMMPECACIINTDL HCXOObI, ITOMHOXHTHh HNX Ha COOTBETCTBYKOIIUEC BCPOATHOCTH, IMOJYYUTH OXHUIAECMYIO
MOJIE3HOCTh U BBIOPATH JIEHCTBHE C HAMOOIIBIIIEH TOJIE3HOCTHIO.

3amaun ¢ Ba3aMHM TOMOTYT HaM TO3HAKOMHTHCS C TMOCTPOSCHUEM JCPEBBEB pEIICHUN W
MIPUHSATHEM PEIICHUH C UX TOMOIIBIO.

[TpuBenennas Bwimie Tabn. 4.1 MoxeT OBITH MpeACTaBICHA B BHUJE JepeBa pelieHui (puc.
4.1). Ha sTom nepeBe KBaJpaTUK O3HAYAET MECTO, I/I€ PEIICHHE MPUHUMAET YEJIOBEK, a CBETJIbIH
KPY’KOK — MECTO, TJie Bce pemaer ciydail. Ha BeTBsAX aepeBa HamMcaHbl YK€ 3HAKOMBbIE HaM
3HAYCHMS BEPOATHOCTEH, a CTpaBa Y KOHEYHBIX BETBEH — 3HAUCHUS UCXOJI0B (PE3YIIbTaThI).
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1-p=0,3

Puc 4.1 — Cxema BbIOOpa ONTUMAITBHOU aJIbTEPHATHUBEI

Jnst yero HyxHO AepeBo peiieHui? Mbl MOXXEM HCHOJB30BaTh €ro I MPeaCTaBICHUS
CBOMX BO3MOJKHBIX JIEHCTBUM M JJI HAXOXKJIEHUS IOCJIEI0BATEIbHOCTU MPAaBUJIBHBIX PEIICHUH,
BEIYIIMX K MAKCUMAJIbHOM 0XU1aeMO MOJIE3HOCTH.

Ectb Tpu mpocThix mpaBuia BbIOOpa ONTHMAIBHOH (IO KPUTEPUIO MAaKCUMyMa OXKHIaeMOM
TMIOJIE3HOCTH ) TTOCIIEZIOBATEILHOCTH PEIICHUI Ha OCHOBE JIepeBa PelIeHUH:
1) uaTH OT KOHEYHBIX BETBEH JIepeBa K €ro KOPHIO;
2) Tam, I eCcTh CIY4ailiHOCTh (KPY>KOK), HAXOAUTCS CpeIHEEe 3HAUCHHUE;
3) TaM, T/€ €CTh OTall NPUHATHUS pelIeHU (KBaJIpaTHK), BHIOMpAETCS BETBb C HaWOOJbBIICH
0KUJIaeMOH HOJIE3HOCTbIO, a JpyTas OTCEKAeTCs IByMs YEPTOUKaMHU.
[IpumeHnuM 3T npaBuia K I€peBY peIIeHUH, PECTaBIEHHOMY Ha puc. 2
B pe3ynbrare noiayyum 1epeBo pelieHni, IokazaHHoe Ha puc. 4.3.

Puc 4.3 — «CBopaunBaHue» qepeBa peleHui

Ha »sToM puCyHKE HaJa KpyKKaMH YKa3aHbl CpPEJIHHME 3HAYEHUs MOJE3HOCTH, IBYMS
YEepTOYKaMH OTCEYEHBl BETBH C MEHBIIMM 3HAUYEHHEM OKHJIAaeMOM IMoJe3HOCTH. Hawmmyummit
BapHaHT JIEHCTBUI: 11ap HE BHITACKUBATh U BBIOMpATh AeiicTBue d1. DTOT BapHaHT COOTBETCTBYET
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caMOMY BEpXHEMy IyTH JepeBa pemieHud Ha puc. 4.3. Takasg mnpoueaypa HaxOXKIACHUA
ONTUMAJIBHOTO IYTH Ha JEPEBbSIX PEHICHUN TMOJydusa Ha3BaHHE «CBOpAuMBaHUSA» JlepeBa
peLieHui.

JepeBbs perieHunit npu 3a1aHHBIX YUCIIOBBIX 3HAYCHHSIX BEPOSTHOCTEH MCXOJI0B MO3BOJISIOT
OcyiiecTBUTh BBIOOP TOM cTpareruu (1ociie0BaTEIbHOCTH JEHCTBUI), IPU KOTOPOU JOCTUTaeTCs
HauOOJIBIINN BRIUTPBILI, T. €. JOCTUTaeTca MakcuMyM GyHKIUH nonesHoctu JIITP.

ITopsiioK BBINOJIHEHMS .

CocraBuMm MAaTeMaTU4YCCKYI0 MOJCJIb 3a4ay.

(I)opMa NnpeacraBjJacHusd pedyjabTara:

BrinosiauTh 3a1anue. Pemenne nokas3aTh MpernojaBaTeliio.

Kpurepun oneHku:

Ounenka «5» CTaBUTCS, €CIHM YYalllUHCS BBHIMIOJIHSIET paboTy B MOJHOM O0bEME C COOIIOIEHUEM
HEO0OXOIUMOM TOCIEeI0BAaTeIbHOCTH TMPOBEACHUS OIBITOB U M3MEPEHUN; CaMOCTOSITENBHO U
paloOHaIbHO MOHTUPYET HE00X0aMMOe OOOpyAOBaHUE; BCE OMNbBITHI IPOBOAMT B YCIOBUSAX U
peXuMax, OOECHEeuMBAIOIIMX IOJIyY€HUE NPABWIBHBIX pE3yJbTaTOB M BBIBOJOB; COOIIOAAET
TpeOOBaHUsI TpaBUJI OE30MAaCHOCTH TpPyJa; B OTYETE MPABUIBHO M AKKypaTHO BBIMOJHSET BCE
3anucy, TaOJIMLbl, PUCYHKH, YEPTEKHU, IpauKu, BBIYUCIICHUS; MPABUILHO BBIOJHSAET aHAIMU3
IIOIPELIHOCTEM.

Ounenka «4» CTaBUTCS, €CIIU BBIIOJHEHBI TPEOOBAaHUS K OIEHKE «5» , HO OBLJIO JTOMYIIEHO JBa -
TpH HejloueTa, He 0oJiee 01HOM HerpyOoit olMOKY M OHOTO HEeA0UETa.

Onenka «3» craBurcd, ecinu paboTa BBHIIOJHEHAa HE  IOJIHOCTbIO, HO 00beM
BBITIOTHEHHOW YacTHW TaKOB, TO3BOJISIET MOJNYYUTh TMPABUIbHBIE PE3YNIbTAThl U BBIBOJABI: €CIH
B X0/JI€ MPOBECHUS OMBITA U U3MEPEHUM ObUTH JTOMYIIEHbBI OTHOKH.

Ouenka «2» cTaBuUTCA, €ciau paboTa BBHIMOJHEHA HE TMOJHOCTBIO M O0BEM BBIMOTHEHHOM
4acTH pabOThl HE TIO3BOJSIET CleJaTh MPABHIIBHBIX BBIBOJOB: €CJIM OMBITHI, W3MEPEHHUS,
BBIYHCIICHH S, HAOIIOICHUS] TPOU3BOIMIINCH HEMIPABUIIBHO.
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