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Caenenus 00 aBTopax:

CumakoB Erop EBrenwneBud, yuutenb uHpopmatuku MAOY Jlunenr Nel r.FOxHO-

Caxanmuucka. Crax pabotel 13 jer. CnenuanbHOCTh — MaTeMaTHK, CHUCTEMHBIN
nporpaMmucT; aciupantypa 13.00.02 - Teopust u MeTorKka 0OOy4EHUS U BOCIIUTAHUSI.

Konrakrtaeiii Tenedon 89147463137.

CumakoBa Mapuna HukonaeBHa, yuutesb MmareMatuku MAOY Jlunei Nel r.FOxHo-

Caxanuncka. Ctax padots 40 jer. CrienuanbHOCTh — YYUTEh MATEMATHKU U (PU3UKH.

Konraktasiii Tenedon 89147463135.

AKTYyaJIbHOCTH T€MBI.

Boszpacraromas ponb MHPOPMAIMOHHBIX TEXHOJOTUH B COBPEMEHHOM
oOmecTBe 00yciaaBIMBAET HEOOXOAMMOCTh MOATOTOBKU HIKOJIBHUKOB K PEIICHHUIO
CIIO’KHBIX MPAKTUYECKUX 3a/1a4, TPEOYIOIUX HE TOJIBKO TEOPETUUECKUX 3HAHUHN, HO U
HABBIKOB HCCIIEIOBATENLCKON M MTPOEKTHOM NI TENbHOCTH. B ycnoBusix mpoduiabHOTO
oOyueHuss mHpopMaTvke Ha yriayOJEHHOM ypOBHE 0CO00€ 3HAUYECHHE MPUOOPETaET
BHEJPEHUE BBIYUCIUTENHHOTO OSKCHepUMEHTa Kak 3((EeKTUBHOTO HMHCTPYMEHTa
dbopMuUpOBaHUs Yy CTapIIEKIACCHUKOB aHATUTUYECKOTO MBIIUICHUS, YMEHUS
MOJICTTUPOBaTh W HCCIEIOBATh pealbHbIE MPOIECCHl C IMOMOIIBI0 COBPEMEHHBIX

TEXHOJIOTHUH.

Bomnpocamu omnpezneneHus pojii U MECTa BBIYMCIHUTEIBHOTO 3KCIEPUMEHTA U
MOJEIUPOBAHUSI B MEIArOruke B HAIIEW CTpaHe 3aHUMAIOTCS TAaKUE YUYEHbIE, KaK
A.C. Camapckuii, B.A. lanunrep, B.H. [{y6posckuii, B.U. Prokuk, T.®. Cepreena,
M.B. [llabGanona, I'.b. [llabat, u ap. OCHOBHBIM HANPABICHUEM WX HCCIICIOBAHUN

ABJIACTCS OIIPCACIICHUC YCJIOBI/Iﬁ HCIIOJIb30BaHMA SKCIICPUMCHTA Ha PA3JIMYHBIX STAallaX
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U3y4eHUsT y4yeOHOro Marepuajsa C y4eTOM 3aKOHOMEPHOCTEW  pa3BUTHUSA
TEOPETUYECKOr0 MbIIIEHUS. Ellle 0JTHO HaNpaBJIEHUE MT€1arOrM4eCKUX UCCIIET0BAHUIN
— opraHuzanus y4eOHO-HCCIIEIOBATEIbCKON  AESATENbHOCTH  IIKOJbHUKOB C

npumeHeHueM mozenupoBanus ([.b. borosiBnenckas, I1.B. Cepenenko, B.A.

Cnacrenun, A.B. Xyropckuii, A.. CaBenkoB, A.B. JleonToBuY).

OpgHako aHaIM3 HAy4YHO-METOAMYECKOM M IICHXOJIOTO-NEAArOTHYECKOM

JIUTEpaTypbl OOHAPYKUBAET CIEAYIOIINE POTHBOPEYNSI:

* MEXJy HeOoOXOJIMMOCTBbIO OCBOEHHS B ULIKOJIE NPUEMOB IPOrpaMMHUPOBAHUS U
BBIYHCIIUTEIIBHBIX IKCIIEPUMEHTOB U MOJEIHUPOBAHUS JJII OCYIECTBICHUS CBA3U
coJiep)KaHusl 00pa3oBaHUSl U METOAMKH OOY4YEHHS! C MPAKTUKON U OTCYTCTBUEM
HY>KHBIX METOJIUK;

* MEXJy BBICOKMM YPOBHEM AaKTHMBHOCTH YYallUXCS Ha 3Talle MOJYyYEHHS HOBBIX
3HAHUM METOJOM BBIYMCIIMTEIBHOIO SKCIIEPUMEHTa W MOJEIUPOBAHMUS M HUX
MACCUBHOCTHIO NMPU OOBSICHEHUH HOBOW TEMbI TPAAUIIUOHHBIMU METOAAMU;

* MEXIy HaJIUYUEM OHKCIEPUMEHTAJIbHBIX JAHHBIX O COAEPKAHUU CYOBEKTHOTO
(oyueOHOr0) OnbITa yYaluxcs, CBSI3aHHOTO C OLEHKON UCTUHHOCTH YTBEPKICHUN
C HCIIOJIb30BAaHMEM HAOJIOJCHUA M 3KCIEPUMEHTOB, 1 METOJUKONW OOydYeHUs, HE
YUHUTBIBAOIIEH 3TH OCOOEHHOCTH COJIEpKaHUs CyOBEKTHOrO OIbITA.

Ha ocHOBe BBISABIEHHBIX NPOTHUBOPEYMM OIpEJEIceHa TeMa pa3padoTKHM:

BBIYHMCIIUTEIbHBII 3KCOEPUMEHT KakK HHCTPYMEHT O0ydeHus HHPOpMaTUKE Ha

yIiyOJIEHHOM YPOBHE B CTapilield MPOoPUIbHON HIKOJIE.

Teopeanecmoe 000CHOBaHHE ¥ OCHOBHAas negarornyecckas uaes.
He):[aromquKaﬂ nacsa TMPHUMCHCHUA BBIYHUCIUTCIBHOIO OKCIICPUMCHTA B

I/IH(I)OpMaTI/IKC 3dKJIIOYACTCA B IICPCXOAC OT PCIPOAYKTHBHOTO YCBOCHUA 3HAaHUU K

ACATCIbHOCTHOMY, HCCIICAOBATCIILCKOMY IMOAXOAY, IIPU KOTOPOM YUCHUK CTAHOBUTC:A

AKTHUBHBIM CY6’I>€KTOM yqe6H0r0 Impongecca.



BbIuncnuTenbHbIA 3KCIIEPUMEHT IO3BOJIIET MOJEIHPOBATH M HCCIIEI0BATH
CJIOJ)KHBIE TPOLIECCHI, KOTOPBIE HEBO3MOXHO WJIM 3aTPYIHUTEIBHO BOCIIPOM3BECTHU B
peaNbHBIX YCIO0BUAX. B Iegarornueckom miane 3To Ja€T CAeAyOIUe IPEUMYIIECTBA.

1. dopmupoBaHHe HCCJIEI0BATEILCKUX HABBIKOB. YUalllMeCs y4aTCsl CTaBUTh
TUIIOTE3bI, IJIAHUPOBATH YKCIIEPUMEHT, aHATU3UPOBATh NOJIYYEHHbBIE JAHHbBIE U
JI€TIaTh BBIBOJIBI, YTO PAa3BUBAET KPUTUUYECKOE U aJTOPUTMHUYECKOE MBIIIUICHUE.

2. WHTerpanusi TeOpuM M NPaAKTUKHU. TeopeTuyeckure 3HaHus o MHHOPMATHKE
(aIropuTMBI,  CTPYKTYpbl  JaHHBIX, MOJIETUPOBAHHME) Cpa3y  HaXOJAT
IIPUMEHEHUE B IMPAKTUYECKOW IEATENbHOCTH, YTO MOBBIIIAET MOTHUBALUIO U
rIIyOMHY MOHUMaHUS MaTepuara.

3. PazBuTHE CAMOCTOSITEIBHOCTH H KPEATHBHOCTH. YUYEHUKH IIOJYyYaArOT
BO3MOKHOCTb ~ CaMOCTOSITEJIbHO  BBIOMpaTh MapaMeTpbl  SKCIEPUMEHTA,
U3MEHATh MOJENIM, HUCKaTh HECTaHJApTHbIE PELICHUs, YTO CIOCOOCTBYET
Pa3BUTHUIO TBOPUYECKUX CTIOCOOHOCTEH.

4. TloaroToBKa K COBpeMEeHHBIM NPodeccusiM. BoruncInTeIbHBIN SKCIIEPUMEHT
dbopMupyeT y MIKOIHHUKOB KOMIIETEHIIMH, BocTpeboBanHbie B IT, Hayke u
WHKeHepuu:  pabora ¢ OONBIIMMU  JAaHHBIMH,  MOJEITHPOBAHUE,
IIPOrPaMMMPOBAHUE, AaHATIU3 PE3YJIBTATOB.

5. Buzyanu3anus aO0CTPaKTHbIX NOHATHHA. C NOMONIIBIO BBIYUCIUTEIBHOTO
HKCIIEPUMEHTA CJIOKHBIE U a0CTPAKTHBbIE O0BEKTHI MHPOPMATUKH CTAHOBSTCS
HarJIAIHBIMU, YTO O0JIEr4aeT X OCBOEHUE.

Takum  oOpa3oM, BHEAPEHHE  BBIUUCIUTEIBHOTO  SKCIEPUMEHTa B
oOpa3oBaTebHbIN Mpoliecc MO3BOJISIET cAeNlaTh 00yYeHne HHPOPMATUKE TUYHOCTHO-
OPUEHTHUPOBAHHBIM, MPAKTUKO-OPUEHTUPOBAHHBIM U UCCIIE0BATENbCKUM, (hOpMUPYS
y IIKOJBHUKOB HE TOJIBKO 3HAaHUS, HO M yMEHUA MNPUMEHATh UX ISl PELICHUS
peanbHBIX 337a4. BocTpeOoBaHHOCTH, MpaKkTUYEeCKas 3HAYUMOCTh U, BMECTE C TEM,
HEJ0CTaToYHasi  pa3pabOTaHHOCTh  JAHHOM  TEMbl  ONPEACIUIN  OCHOBHYIO
NMEeJArOrMYeCKy0  MAEK:  BHEAPECHHE  BBIUYMCIUTENBHBIX  JKCIEPUMEHTOB

MoJIeTMpoBaHusl Ha ypokax wuH@opmatuku B 10-11 kiaccax 1aeT BO3MOXHOCTb



TEOPETHUYECKUE CBEICHMS, U3yYaeMbIe Ha YPOKaX, MOATBEPKAATh SKCIEPUMEHTAIIBHO,
B MPAKTHUYECKUX HcCcienoBaHugX. [loayyaeMbple Ha ypoKax 3HAaHHSI CTAHOBSITCA HE
MPOCTO CJIOBAMH, HO 0OpETaoT POpMY, CTAHOBSITCSI OCS3aEMBIMHU.

ABTOpamu paszpaboTaHa MeTOAHMKa (OPMUPOBAHMS YMEHUM, CBS3aHHBIX C
MPOBEJICHUEM BBIUUCIUTEIIbHBIX YKCICPUMEHTOB MPU H3yYCHUHW HUH(POPMATHKUA Ha
yIriyOJICHHOM YpOBHE, ydyeOHble Marepuaibl A MPaKTUYECKOW peanu3anuu 3TON
MeToauku U anpodarmu B MAQOY Jluneit Nel r. FOxxno-CaxanuHcka.

Hear npepjaraemMoii METOAMKM: BBIIBUTh TEOPETUUYECKHE U METOJIUYECKHUE
OCHOBBI (POPMHUPOBAHUSI YMEHHUM, CBSI3aHHBIX C MPOBEICHHEM BBIYMCIUTEIbHBIX
HKCIIEPUMEHTOB MpU 00yueHWHM HHGPOPMATHUKE YYAIIUXCS NPOPUIBHBIX KIaCCOB
CPEIHEW IKOJIBI C UCIIOJIb30BAHUEM MOJIEITUPOBAHHUS.

3apaum:

1. IIpoaHanu3upoBaTh  IICHXOJIOIO-IIEJArOTUYECKYIO, METOIMYECKYID U
CHELMATBHYIO JUTEpaTypy M TEOPETHYECKH OOOCHOBATh II€JI€CO00Pa3HOCTh
BHEJIPEHUS] BBIYUCIUTEIBHBIX SKCIIEPUMEHTOB B TIPETOjaBaHne MHHOPMATUKU
B CTapiiei npopuiIbHOM MIKOJIE.

2.  VYTOYHHUTH COJEP)KAHUE TIOHATUS  «BBIYUCIUTEIBHBIA  JKCIEPUMEHTY,
IIPOBOJAMMOrO C Hcnojb3oBaHueM 3D monenupoBaHus. Onpenenurs pojiap U
MECTO BBIUMCIUTENBHBIX IKCIIEPUMEHTOB B 00yUEHUHU UH(OPMATHKE.

3.  CopoexTupoBaTh U 00OCHOBATh MOJIE€Nb (POPMUPOBAHUS YMEHUM, CBA3aHHBIX C
IIPOBEICHUEM BBIYMCIHUTENbHBIX SKCIIEPUMEHTOB IPH 00yueHUU HH(DOpMaTHKE,
KOTOpast 00€CeUNUT UHTETPALIMIO COJIEPKAHUS CYOBEKTHOTO OIbITA YUYAIIUXCS C
OTBITOM apryMEHTAal[MU YTBEPKIACHUH B JII000M 00J1aCTH 3HAHUM.

4. Pa3paboTaTh NeJarornyeckue YCIOBUS MPAKTUYECKOM peanu3aluud MOJIeTu
NO3TanmHOro  (OPMHUPOBAHUS  yYMEHHUH, CBS3aHHBIX C  IPOBEIECHHUEM
BBIYHMCIIUTEIbHBIX KCTIEPUMEHTOB MTPU 00y4YeHUU UHPOPMATHUKE.

5. DKcrnepuMEHTabHO NPOBEPUTH dPHEKTUBHOCTh METOAUKHA 00YUEHUS IpUEeMaM
BBIYMCIUTEIBHBIX  OKCIIEPUMEHTOB TMpPU  H3y4YeHHUH HMHPOPMATHKE C

HCIIOJIb30BaHueM 3D MOICIUPOBAHUA.
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JIns penieHus MoCTaBICHHBIX 3a/1a4 UCTOJIb30BaHbI METOAbI UCCJIEI0OBAHUSA:
Teopernueckue: aHanu3, CHHTE3 U 00001EHHUE METO10JI0TNYECKOH, ICUXO0JIOT0-
MeJJarorTMYeCKON, METOIUYECKON U CIeNHaIbHOW JUTepaTypbl Mo Mpodiieme
UCCIICJIOBAHMS; U3YyYCHHE HOPMATUBHOM M  MNPOrpaMMHO-METOJIMYECKOMN
JOKyMeHTaIuu 00 0611emM o0pa3oBaHuM; TPOSKTUPOBAHKUE MOJIENN TTOATOTOBKHU
yJammxcsi B 00JacTd WHPOPMATHKKA C TPUMEHEHHEM BBIYHCIUTEIbHBIX
HKCIIEPUMEHTOB U MOJIETUPOBAHUSI.

DOMIUpUYECcKHe: earoruueckoe Habo1eHue, aHKETUPOBAHKE, TECTUPOBAHUE,
MODJIEMEHTHBIH W KOMIIOHEHTHBIM aHallu3 OTBETOB, SKCIEpTHas OlIEHKa
pEe3yIbTAaTOB ACSATENBHOCTA MO (HOPMHUPOBAHHUIO MPUEMOB BBIYMCIUTEIBHBIX
HKCIEPUMEHTOB, ME€JarOTHYE€CKUNA SKCIIEPUMEHT.

Marematuueckue: CTaTUCTHYECKass o00pabOTKa JIaHHBIX JKCIIEPUMEHTA,
rpaduueckue 1 TaOIUYHBIC HMHTEPIIPETAIINH JTAHHBIX.

Jlnst cbopa u aHanM3a SMIUPUYECKON MHGOPMAIUU TPUMEHSIINCH YaCTHbIE

NICUXOUATHOCTHYCCKHEC MECTOANKH

1.
2.

AHanu3 pe3ynbTaToB AearesbHocTH yueHuka (K. Marenkamm).

Omnpenenenre TOTOBHOCTH K OOYYEHHUIO HCCIIEIOBATEIbCKHUM HAaBBIKAM U K
uccinenoparensckon aestenbHocty (I1.B. Cepenenko; N.1O. I'yTHuUK).
OnpeneneHue ypoBHST TOTOBHOCTM K OOYyYEHMI0O C  TNPUMEHEHUEM
MeTarnpeaAMeTHOro noaxona (rpexypoBHeBas auarHoctuka E.C. Ackomoser,
A.M. Mutuna).

Onpenenenue ypoBHed TBopueckoro Mmeinuienus (M.C. Asepuna) wu
jgorudeckoro MeinieHus (/1. PaBen).

O6paboTka pe3yabTaToB Mnenarorudeckoro uccienoanus (H.B. bopaosckas).
[IpumeHeHue METOJ0B MaTEMaTUYECKOW CTAaTHCTUKH, BKIIIOYas CpaBHEHUE
MEXy COO0M CpeTHUX BEIOOPOUYHBIX BeJIMUUH (t-KpuTepuit CThIOJICHTA).
JlunaraHocTrka ypoBHSI 3HaHHM, YMEHHUI U HABBIKOB (KpuTepuil BuiikokcoHa).

Monwutopunr ycneBaemoctu (B.B. I'y3ees).



9. Amnanu3 pe3yslbTaTOB METOAOM CBOJHBIX IOKa3zareled Mo pa3paboTaHHBIM
kputepusim (H.B. XoBaHoB).

KOHTpONIbHO-IMATHOCTUYECKME  METOAbl  MO3BOJWIM MO  pe3yibTaTam
AHKETUPOBAaHMN W TECTHUPOBAHUWA COCTaBUTh WTOTOBbIE TaOJMUIBI B MpPOrpaMMe
Statistical Package for the Social Sciences (SPSS, craructuyeckuii maker s
COLIMAJIBHBIX HAYK) U clieJaTh BEIBOA 00 3HEeKTUBHOCTH IPUMEHEHHUS pa3padoTaHHOM
cucteMbl  (OpMHpOBaHMS  IPUEMOB  BBIYMCIUTENBHBIX  DKCIEPUMEHTOB B
IeJaroru4eckoM Mpouecce.

HayuyHasi HOBM3HA METOJMKM 3aKiIHOYacTcs B pa3paboTke M 0O0OCHOBAHUU
CUCTEMHOI'0 IOJXO0/A, KOTOPBIM HHTETPUPYET BBIYMCIHUTEIBHBIA DKCIIEPUMEHT HE
IPOCTO KakK JIONOJIHUTEJIbHBIA HWHCTPYMEHT, a KaK BEAYIIUHA KOMIIOHEHT
00pa30BaTeNbHOrO MpoLecca Ha yriyoJéHHOM ypoBHE. B oTiinuune oT TpaaAuiinoOHHOTO
UCIIOJIb30BaHUSl KOMIIBIOTEPHBIX MpOrpaMM JUJIsl JEMOHCTpallMM WM OTPabOTKU
HAaBBIKOB, HOBU3HA MPOSIBISIETCS B CAEAYIOIINX aCIEKTAX.

1. Pa3paboTrka nenocTHOH memarormyeckoil cucrembl. Co3naércs HE HaOOp
Pa3pO3HEHHBIX 33/IaHMM, a €IMHas METOAMKA, OXBAaThIBAIOIAsl BCE JTAIbl: OT
MOCTAaHOBKMA y4eOHOW TpoOJIeMbl M TOCTPOCHHUS MATEMaTHYEeCKOH WIIN
QITOPUTMHYECKOW MOJENH JI0 NPOBEIEHUS BHUPTYaJIbHOIO 3KCIEPUMEHTA,
aHaJIM3a JaHHbIX U HHTEPIIPETALIMH PE3YIBTATOB B KOHTEKCTE PEAIbHOM 3a/1a4U.

2. Cpoeuuduxkanus AUAAKTHYECKHX (QyHkuui. YeTkoe omnpeneneHue u
Kjaccuukanus ITUAAKTUYECKUX (DYHKLIMA BBIYMCIUTENBHOIO HKCIIEPUMEHTA,
aJanTUPOBAHHBIX A Kypca uHpopmartuku. Hampumep, BblOensoTCS €ro
BO3MOXHOCTH JIJIsl MCCJIEIOBAHUS CBOMCTB QJITOPUTMOB U CTPYKTYpP JIaHHBIX;
MOJIEJTMPOBAHUS CJIOKHBIX CUCTEM (puznueckux, COLIMAJIbHBIX,
HKOHOMHUYECKHUX) C TIOMOILBIO IPOTPAaMMHBIX CPEJICTB; BU3yAJIN3allMM U aHAJIN32
00JbIINX 00BEMOB HH(GOPMAITUH.

3. MHHTrerpammsi ¢ HCCJAEI0BATEJbCKON W TMPOEKTHOH 1eSTeJbHOCTBIO.
Meronvka cUCTEMATU3UPYET BKIFOYEHHE BBIYMCIMTEIBLHOIO 3KCIIEPUMEHTA B

CTPYKTYPY HHIUBUAYAJIbHBIX W TPYIHIIOBBIX HCCICOOBATCIBCKUX IIPOCKTOB



IIKOJIbHUKOB, YTO TMO3BOJsieT (OPMUPOBATH Y HHUX  KOMIICTCHIIHH,
COOTBETCTBYIOIIME COBPEMEHHBIM TpeOoBaHMsIM K [T-cnienmanucram.
Co3nanue O0anka MeroamuyecKux paspadorok. Paspaborka u ampobarus
KOMIUIEKCA THUMOBBIX YYEOHBIX MOJENeld U CIICHAPUEB BBIYUCIUTEIHHBIX
OKCMIEPUMEHTOB, KOTOPBIE MOTYT OBITh HEMOCPEJCTBEHHO BCTPOCHBI B
o0pa3oBaTeIbHYI0 MPOrPaMMy M HCHOJb30BaHbI yuuTellieM 0e3 TiIyOoKoit
JOTIOTHUTEIBHOM MOATOTOBKHU.

Takum 06p330M, HaydHasd  HOBHU3HA  3aK/IIO4aCTCd B  IICpEXoAc  OT

SIU30AUYCCKOI0 HCIIOJIB30BAHHA KOMIIBIOTCpPpAa K IIOCTPOCHHIO MCTO,Z[H‘IGCKOﬁ

CHUCTCMBI, I'JC BBIYHUCJIUTEIbHBIN OKCIICPUMCHT CTAHOBUTCA OCHOBHBIM CPCIACTBOM

IMO3HAHHA U Pa3BUTHUA KIIIOYCBbLIX KOMHCTCHHI/II\(JI yYqalliuxcs B obOnacTu HH(i)OpMaTI/IKI/I.

TeopeaneCKaﬂ 3HAYMMOCTh METOAMKH 3aKJIIHOYAcTCsa B O60FaHl€HHI/I

TUIAKTUKA U TEOpHH 00ydeHus WH(POpMATHUKE HOBBHIMU HAYYHBIMHU TOJOXKCHHUSIMHU,

KOTOPBIC paCIUupAOT IMIPCACTABICHUA O COACPKAHHWH, MCTOAAX M CPCACTBAX

npodunbHOro 00yueHusa. Bxiaag maHHOW METONMKU B TEAArOTHYECKYH0 TEOPHUIO

IMPOABIIACTCA B CIICAYIOIICM.

1.

OO0ocHoBaHMe HOBOr0 THNA Yy4e0HOro mucciaeaoBanus. Meroanka
TEOPETHUYECKHU JOKA3bIBAET, YTO BBIYMCIUTEIbHBIA 3KCIEPUMEHT SIBJIAETCS HE
IPOCTO YIPAKHEHHEM, a CaMOCTOSITEJIbHBIM BHUJOM y4E€OHOU NEATEIbHOCTH,
KOTOPbI HAaXOIWUTCA Ha CTBIKE TEOPETHYECKOrO MO3HAaHUS MU PEeajbHOTo
JKCIIEPUMEHTa. OTO TMO3BOJIIET I0-HOBOMY B3IJIIHYTh Ha CTPYKTYpPY
MO03HABATEJILHOIO MPoIiecca B UHPOPMATHUKE.

Pa3zButue Teopum coaep:kanus oOpazoBanms. I[IpumeHeHHUE METOIUKHU
MO3BOJISIET TEOPETUYECKM OOOCHOBATH BKIIOYEHHE B IIKOJbHBIA KypC
MH(POPMATUKU HJIEMEHTOB KOMIIBIOTEPHOTO MOJEJINPOBAHUS, aHAIN3a JTaHHBIX
Y UCCJIEIOBAaHUS AJITOPUTMOB KaK 00513aTebHBIX KOMIIOHEHTOB, (POPMHUPYIOLINX
CUCTEMHOE HayYHOE MUPOBO33PEHUE COBPEMEHHOTO LIKOJIbHUKA.
CucremaTtnzanusi JHIAKTHYECKMX BO3MOXKHOCTell. Meroauka co31aéT

TCOPCTUYCCKYIO 633}/ JIIA KJ'IaCCI/I(l)I/IKaHI/II/I H CUCTCMaTu3allu JUJAKTHYCCKHUX



(GyHKUMNA BBIYUCIUTENBHOTO SKCIIEPUMEHTA. ITO MO3BOJISIET TOUHO ONPEIETUTD,
KaKue MMEHHO 00pa3oBaTelIbHbIC, Pa3BUBAIOIINE M BOCHUTATEIbHBIC 3aJa4U
MOKHO 3((HEKTUBHO peIIaTh € €ro MOMOILBIO.

®opMHpPOBAHUE METOA0JOTMYECKOM OCHOBBI VISl HHTErPALUM JUCLUIJIMH.
Co3nanue QyHmaamMeHTa aJisi MEXIPEAMETHON HMHTErpalv WH(MOPMATUKU C
bu3KKoil, MaTeMaTUKOW, OMOJOTHENH U APYTMMH HayKaMU. BelYMcIuTENbHbIN
HKCIIEPUMEHT OOOCHOBBIBACTCS KaK YHUBEPCAIbHBIA MHCTPYMEHT MO3HAHUS,
MPUMEHUMBIN B pa3JIMYHBIX MPEAMETHBIX 001aCTSIX.

Pa3zBurHe TeopuM AesiTeILHOCTHOIO MOAX0AAa. MeToauka BHOCUT BKJIAJ B
pPa3BUTHE JIEATEIBHOCTHOIO IIOAXOJA B IIEJArOTUKE, KOHKPETU3HUPYS €ro Ui
Kypca uHpopmatuki. OHa TEOPETUUECKH OINUCHIBAET, KaK Yepe3 OpraHU3aIlio
BBIUMCJIUTENBHOTO JKCIEPUMEHTAa MOXKHO (OPMHUpPOBaTH y  YyYallUXcCs
yHUBepcanbHbie yueOHble nerictBus (Y'Y Jl): mo3HaBaTenbHbIC, PETYISTUBHBIE U
KOMMYHHMKATHBHBIE.

Takum 06pa30M, TCOPCTUYCCKAA 3HAYUMOCTL 3aKIH4YaCTCd B TOM, UYTO

METOJMKa HE MPOCTO MpemjaraeT Habop mpuéMoB, a (GOPMHPYET HOBOE HAyIHOE

3HaHWE O 3aKOHOMEPHOCTAX OO0y4YeHHs] MH(POPMATHUKE B YCIOBHUAX HUPPOBU3ALUU

oOpa3zoBaHus, o0oraiasi o0ULy0 TEOPUIO U METOJIUKY OOyUEeHUS.

HpaKTI/I‘leCKaH SHAYUMOCTDb MECTOAMKH 3aKJIIIOYaCTCA B CO34aHUHU I'OTOBOI'O K

VICIIOJIb30BaHUIO MHCTPYMEHTAPUS I YUUTENEH U YYEHUKOB, KOTOPBIA IO3BOJISET

HNOBBICUTH 3(PPEKTUBHOCTH U Kaue€CTBO 00Pa30BaTEIBLHOTO IPOLIECCa HA YIITyOIEHHOM

YPOBHC. OTa 3HAYUMOCTh MMPOABIIACTCA B KOHKPETHBLIX, USMCPUMBIX PE3YyJIbTaTax H

POJYKTax, KOTOPbIE MOT'YT ObITh BHEIPEHBI B LIKOJIbHYIO TPAKTHUKY.

1.

IloBbllIeHHEe Ka4vyecTBAa O00pPa30BaHUsI W TMOJATOTOBKM K 3JK3aMeHaM.
MeTtoanka obecrieurBaeT 1eJIeHaNpPaBIeHHYIO MOATOTOBKY ydamuxcs kK EI'D u
onuMmiuagaM 1o uH(opmaTuke. Pemenue 3amay, TpeOyroIIUX aHaIW3a
QITOPUTMOB, MOJIETMPOBAHUS MPOILECCOB U PabOTHl C JIAHHBIMHU, CTAHOBUTCS

0oJiee OCO3HAHHBIM U PE3YJIbTATUBHBIM.



2. Co3naHue MeETOAMYECKOro odecmedyeHus: i yuureas. [Ipaktnueckum
pe3yJIbTaTOM SIBJISIETCSL pa3paboTka M anpodainus KOMIUIEKca Yy4deOHO-
METOJAMYECKUX MaTepUaIoB, KOTOPbIN BKIIIOYAET:
® CICHapuUU YpPOKOB M THPAKTUYECKUX pabOT, MOCTPOCHHBIX HA OCHOBE

BBIUMCIIMTEIBHOTO SKCIIEPUMEHTA;

e 0aHK y4yeOHBIX MOJeNed M MPOEKTOB MO pa3jIMYHbIM TemaM (Halpumep,
MOJIETTUpOBaHUE (PU3UUYECKUX TIPOIECCOB, aHAJIM3 COLMAJIBHBIX CeTell,
uccienoBanue 3PPEKTUBHOCTH aITOPUTMOB COPTUPOBKH );

® METOAMYECKHME PEKOMEHJAlMM 10 OpPraHU3allMd HCCIEN0BATEILCKOU U
MIPOEKTHOM J1€ATEIbHOCTH IIKOJIbHUKOB.

3. Pa3urHe y y4amuxcsi BOCTPeOOBAHHBIX HaBBIKOB. MeTOJUKa MO3BOJSET
(dbopMUpOBaTh y CTapILEKIACCHUKOB IPAKTUKO-OPUEHTHUPOBAHHBIE
KOMIIETEHLIUHU, HEOOXOAMMBIEC ISl JNaibHelero oOydeHuss B By3ax mo IT-
HampaBiIeHUsIM U sl Oyayuiedl nmpogeccuu: HaBbIKM MPOrpaMMHUpPOBAHUS U
OTJIAJKU KOAA; yMEHHe paldoTaTh C JAaHHBIMU, MNPOBOAUTH HX AaHAIU3 U
BU3YaJIM3AIIMIO; CITIOCOOHOCTh CTaBUTh TMIIOTE3bI M MPOBEPATH UX C MOMOIIBIO
KOMIIBIOTEPHOI'O MOJIETTUPOBAHUSI.

4. CruMyJupoBaHHe TPOEKTHOH W HCCJIEJ0BATEbCKOH JeATeJbHOCTH.
MeToauka NmpenocTaBise€T yYUTENSIM TOTOBBIM aNrOpUTM JUIsl OpraHU3aluU
UH/IMBHUIyaJIbHbBIX U IPYNIOBBIX IPOEKTOB, UTO JesIaeT yueOHbIN npoliecc Oonee
UHTEPECHBIM, MOTUBUPYIOIIMM M  COOTBETCTBYIOIIMM  COBPEMEHHBIM
0o0pa3oBaTeNbHBIM CTAHAAPTAM.

5.  YHHMBepcaJabHOCTh M JOCTYNMHOCTb. Pa3paboTaHHblE MOJIEIM W METOIUKH
MOTYT  OBITh  pEaqu30BaHbl C  HCIOJb30BAaHMEM  OECIUIaTHOTO U
KpoccIaThopMEeHHOTO0 TporpaMMHOro obecrneueHus (Hampumep, Python c
oubmanorekamu NumPy, Matplotlib, SciPy), 4to nemaer ux IOCTYNMHBIMH ISt
J000i IIKOJBI HE3aBUCHMO OT YPOBHS €€ MaTepHallbHO-TEXHHUYECKOTO

OCHAIlICHU .



Takum 006pazoM, MpakTUIECKass 3SHAYMMOCTD 3aKITI0UAETCS B TOM, YTO METOIUKA
npejyiaraeT He aOCTpPaKTHYIO HACK, a KOHKPETHBIM, BOCIPOU3BOAUMBIN U
3(G(HEKTUBHBI HHCTPYMEHT IS PEIICHUS pPEaJbHBIX IEarOTHYECKUX 3ajad:
MOBBINICHUS] MOTHUBAIIMK YICHUKOB, YIIyOJEHUS UX 3HAHUW W TTOATOTOBKHU K BBI30BaM
COBPEMEHHOT'0 TEXHOJIOTMYECKOTO MHPA.

JI0CTOBEPHOCTH M 000CHOBAHHOCTD MTOJTYYCHHBIX PE3YyJIbTATOB OMPEIACIISIOTCS
METOJOJOTUYCCKUM, OOIICHAYYHBIM W METOAMYECKUM OOCCIICUCHHEM TIpoliecca
UCCJICIOBAHMS; METOJMYCCKOM IICJIOCTHOCTBIO  AKCIIEPUMEHTAJIbHON  PabOTHI;
PUMCHECHUEM KOMIUIEKCAa METOJIOB, aJICKBATHBIX IIEJISIM W 3ajadaM HMCCIICOBAHUS;
COUETAaHHEM  TEOPETUYECKUX M  OIMIUPHUUECKHMX  METOJOB  HCCIEIOBAHMS,
KaueCTBEHHBIMU U KOJMYECTBEHHBIMU MOKA3aTENISIMU PE3yJIbTaTUBHOCTH TEXHOJIOTHH
oOyueHuss wHPOpPMATHKE, MaTeMaTHUKe M (PU3MKEe Ha OCHOBE METampeIMETHOTO

MOAX0/1a; TOCTATOYHOM perpe3eHTaTUBHON BEIOOPKOM.

CyTh BBIYHMCIUTEIbHOI0 IKCIIEPUMEHTA COCTOUT B TOM, UTO 10 OJHUM
napaMeTpaM MaTeMaTH4ecKol MoJIeTl 00beKTa (Iporecca) BEIUUCISIOTCS ApyTue eé
napameTpbl U Ha 3TOM OCHOBE JIEJAI0TCS BBIBO/IBI O CBOMCTBaX 00BEKTA (IpoIiecca).
Ha cxeme npencTaBieH TEXHUUECKUN ITUKI BBIYUCIUTEIBHOTO HKCIIEPUMEHTA:

Heenedyemoe sérenue

1. Mamemamuueckas
Mmodens N
of >
a
5 Ananus 2. Memoobi
pesynemamod pacvema

»

»
4 Pacvem 3. Mipozpamma
‘

DKCHEpUMEHT HAYMHAETCA C (POPMYIHMPOBKHU MPOOJEMbl U U3JOKEHHS LieJel
(atamn I). Ilpunsarue runotes uccienoBanus - 3tan Il. [Ipu moctpoeHrr UMUTAMOHHOM

mMozenu cucteMbl (3tan I1I) Bo3HMKaeT HECKOJIBKO MPOOJEMHBIX BOMIPOCOB: YPOBEHb
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CI0KHOCTH MATEMAaTHUYECKOM MOJENH; NPOJOJKUTEIBHOCTh IMPOrpaMMHUPOBAHUS;
aJCKBaTHOCTb MOJENM, OTJIMYAKOIIAs HDKCHEPUMEHT OT yHpakHeHus. Oran [V -
pazpaboTka nporpaMMHOTO o0ecrneueHus s3kcrnepuMenTa. [IporpammHaoe obecrieueHue
0a3upyeTcs Ha KOMIUIEKCAX U MaKeTax MPUKIIAJHBIX TPOTpaMM, BKIIOUYAIOIINX B CE0s
OMOJMOTEeKH TpOorpaMMHBIX MojayJiel. Komiuiekc mnporpamMm mnpeaHasHadyeH IS
penieHust 6JIM3KUX MO CBOCH MpUpPOIe 3a7ad U3 OJHOM mpeaMeTHON obactu. [lakeTs
MIPUKJIAIHBIX IPOTPAaMM, PACCMATPUBAEMBIE KaK TEXHOJIOTHS PEUIEHU 33/1a4 B paMKax
BBIYHMCIIUTENILHOTO IKCIIEPUMEHTA, MO3BOJISIIOT Hanbosee 3¢ (HEeKTUBHO UCTIOIb30BATh
HaKOIUICHHBIM mporpaMMmHblii  npoaykT. Ha »srtanme V wuaer 1miaHupoBaHUE
DKCIEPUMEHTA JJISI  COKpAIIEHUS YHCJIA BBIYMCIUTEIBHBIX IPOTOHOB, UX
POJIOJDKATEILHOCTH, KOJIMYECTBA HAOMI0aeMbIX MEPEMEHHBIX, IIarOB W3MEHEHUS
napameTpoB u T.J. BeipaboTka perieHuil mo ynpasieHuo dkcinepuMerToM (atam VI)
OCHOBaHa Ha OILIEHKE THUMIOTE3bl O IOBEJICHHH HCCIEAYEMON CHUCTEMBI, OTIAIKE
MMUTAIIMOHHON MOJENM M TOCTPOCHUHM aIrOpUTMa OPraHU3alMU SKCIEPUMEHTA.
Nmurtarmonnsiil skcnepumeHT (3tan VII) — 3To mpoBeneHUE cepuu pacyeToB IO
pazpaboTaHHOMY anropuTMy. B pesynbrare 00pa3yroTCs PSIbl CTATUCTUYECKUX
TaHHBIX (BBIOOpPKH). K OCHOBHBIM MeTOmamM 0OpaOOTKH JAaHHBIX OTHOCSITCS METO/IbI
MaTE€MaTU4YECKON CTATUCTHUKU: JUCTIEPCUOHHBIA aHaln3, CHEKTPAIbHBIN aHAIU3 U
ABPUCTUYECKHUE MPOLIEAYPHI. 3aT€M PE3yIbTaThl MPECTABIISIIOT B KOMIIAKTHOM Qopme,
BBIJIAIOT pEKOMEHIAlUU U JienatoT 3akntoueHue (dransl VI u 1X).

Jlns mpoBeZieHUsI BBIYMCIMUTENIBHBIX SKCIEPUMEHTOB B JIUIIEE HCIOIb3YeTCs
KOMITBIOTEPHBINA KJIACC, B COCTAaB KOTOPOTO BXOJAT |8 y4EeHMYECKUX KOMIIBIOTEPOB U
KOMITBIOTEp MperojaBarelis, 00beAMHEHHBIX B JIOKAJIbHYIO ceTh. [lo ceTu yuurtensb
JlaeT 3aJaHusl KaxJIOMy ydalleMycCs, 3aTéM BCE€ YYaCTHUKU HKCIEPUMEHTA
OOMEHMBAIOTCA HJESIMH, NPOBOISAT pacyeThl W aHATU3UPYIOT HUX C IOMOIIbIO
TEOPETUYECKUX CcBeAeHU. [lomydyeHHbIE MOaHHBIE NOCTYHAlOT HAa KOMIIBIOTEP
npernojaBaresisi. 3aTeM HaeT 00padoTKa MOJYyYEeHHBIX pe3yibTaToB. Mmeromuecs B
KaOWHeTe WHTEpaKTHUBHAs TaHENb, BUICOKaAMEpa U JTOKyMEHT-KaMepa IO03BOJISIOT

HarlIiAHO IIPCACTAaBUTL  OIIBITHBIC JAHHBIC. P63YJILTaTI>I pa6OTI>I ydqamucecs
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opopmiiItOT B BUAE pedepaToB U MPOEKTHO-UCCIEIOBATEIBCKUX PabOT, KOTOPHIC
MPEJCTABIISIIOT Ha KOH(QEPEHIIUSIX.

Opnoii w3 ¢Qopm opranuzauuu 1mpoiecca (POPMUPOBAHMS MPUEMOB
BBIYUCJIUTEIBHBIX ~ JKCIEPUMEHTOB  SIBJIIETCSL  MCCleoBaTeNbCcKkas  padora:
Ja00paTOPHO-NIPAKTUUECKUE  PaOOThl, TMPAKTUKYMbl M  OIBIThI, CEMHUHApBHI.
JunakTudeckre I1eau TaKuX 3aHSATHA — DKCIEPUMEHTAIbHOE TMOATBEPKIACHUE
TEOPETUYECKUX TMIOJOKEHHUM, W3YyYEHHBIX Ha YPOKaxX; OBJIAJICHUE TEXHHUKON
AKCIEPUMEHTA, YMEHUEM PEIIATh MPAKTUUECKUE 3a4a4M ITyTEM OCTAHOBKH OIIBITOB.
HaubGonee BbiCOKMM ypoBHEM (GOPMUPOBAHUSA TMPHUEMOB  BBIYMCIUTEIbHBIX
HKCIIEPUMEHTOB SIBIIACTCS MPUOOPETEHHAs ydYallUMHCS MeTanpenMeTrHas (opma
CTOMKON MH(POPMAIIMOHHO-KOMMYHHUKATUBHON KOMITeTeHITUU. Kak BUTHO U3 CXEMBI, B

ATOM KOMIICTCHIIMH BBIACIIAIOT ABC COCTABJIAIOIIUC:

NHPOPMaLMOHHO-KOMMYHMKATUBHAA KOMNETEHUMA

v

Mpedmemas: MemanpedmemHas:

nepBUYHO-NPeAMETHOE 3HAHWE ANCUUMNANH
«MHGOPMATMKa» U «MPOrPaMMMUPOBAHUE N

e 00meoOpa3oBaTeNbHAS;

e (a3oBag;

® TpoUIBLHO-OPUCHTUPOBAHHAS;

[IpenMeTHas cocTaBisioNIasl OPUEHTUPOBAHA HA M3yYeHUE MHPOPMATUKU KaK
HAyKM U O0O0JIaCTH MPAKTUUYECKOW JIeATENbHOCTH. MeranpenMeTHas BKIIOYAET
HECKOJIbKO KoMmmeTeHIuil. [lepBeie nBe M3 HUX (OPMUPYIOTCA B XOJI€ H3YyUEHHUS
0a3oBoro kypca uHpopMaTHUKU. TpeTbs W YeTBepTas BO3HHUKAIOT B MpOIECCe
yIrayOJIeHHOTO HM3y4YeHUs MH(GOPMATUKU M Y4yeOHO-HCCIIEIOBATENbCKON paboThl B
obnactu npunoxennit UKT u nporpaMmmupoBaHus.

Ha ypokax mupoko ucnonb3ytorcs nporpammel LibreOffice Calc (MS Excel),
GeoGebra, LibreOffice Writer (pemakrop ¢opmyi), cpelbl NporpaMMHUPOBaHUS
Python IDLE / PyCharm (a3six nporpammupoBanus Python u Oubnmorexm s
BU3YaJIM3ALMK U UHKEHEPHBIX pacueToB). M3yyaeTcst cuctema aBTOMaTU3upOBaHHOTO
npoektupoBanust (CAIIP) MathCAD u CAIIP Kommac 3D. CamocrtosrenbHas

pa3paboTKa y4alMMHCS alJrOPUTMOB MOJEIMPOBaHUA TpeOyeT 3aTpar BPEMEHU U
12



BBIXOJIUT 33 PAMKH ypOKa. DTUM 00yCIIOBJIEHO BBEJIEHHE B 00pa30BaTEIbHbIN MPOLECC
AJIEKTUBHBIX KYPCOB U CIIELIKYPCOB. Y YeOHO-UCCIIEA0BATENbCKAS AESITEIBHOCTh — 3TO
COBOKYITHOCTb 3JIEMEHTOB, CBSI3€i M OTHOIICHHM B KOHKPETHOM Hay4yHOH obOnactw,
HaIlpaBJICHHBIX Ha pEIICHHE aKTyalbHOW MpoOsieMbl. B oTiauuMe OT HaydHOro,
y4eOHOE UCCIIeIOBAHUE XapaKTEPUIYETCs CO3JAHUEM OCOOBIX YCIOBUM, IPU KOTOPBIX
yyaluecs UCCIEAYIOT YK€ U3BECTHbIE OOBEKThI, CBOMCTBA U SIBICHUS OKPY KaloIen
JNEUCTBUTEILHOCTH. 32 OCHOBY aBTOPCKOW METOAUKHU OOYUYEHUS! UCCIEI0BATEIbCKUM
YMEHUSIM M HaBBbIKAM BBIYMCIUTEIBHBIX OKCIEPUMEHTOB IIPUHATA CHUCTEMA
pa3BuBatoniero o0yuenus. llenb oO0yueHHs — TOTOBHOCTh K CamMOpa3BUTHIO, a
OCHOBHOM MeTOJi OOydYeHHS - JeATCIbHOCTHBIH METO/I. g pasButus
UCCIIEIOBATENILCKUX CIHOCOOHOCTEH yyalluxcsi B XOJl€ CHELUalbHBIX TPEHUHIOBBIX
3aHATUN COCTaBJICHA MPOrpaMMa, B KOTOPOM yueOHBIN MaTepHall CTPYKTYpUPOBAH IO
IPUHLIMITY KOHLIEHTPUYECKUX KPYTOB: U3yUeHHUE si3bIKa IporpamMmmupoBanus Python u
KoMIbloTepHBIX mporpamm LibreOffice Impress (MS PowerPoint), NoteBook,
LibreOffice Calc (MS Excel), GeoGebra, MathCAD, Kommnac 3D, RealFlow u np.;
U3y4YE€HHE OCHOBHBIX T€M MH(POPMATHKH, MATEMATUKH U (PU3UKHU C HUCIIOJIb30BaHUEM
cpeacts  MKT; 3HakKOMCTBO ¢ METapeAMETHBIM MOAXOAOM K H3YyYECHHIO
MaTeMaTUYECKUX IOHATHM; M3ydeHune ocHOB 3D monennpoBanus. B mporpammy
BKJIFOUEHBl 4YEThIpe Oo0Jiee MEJIKHE MOANPOrPAMMBI, SIBISIIOLIMECS ABTOHOMHBIMHU.
[lognporpamMmmMbl  mM3y4daroTcs — mocienosartenbHo. CoaepxkaHue  MOANPOrpaMm
IIOCTEIEHHO YCIIOXKHSIETCSA U PACIIUPAETCA.

Jns  onpenenenuss A(PPEKTUBHOCTH  MPEAJIOKEHHOM METOIMKH  Oblia
pa3zpaboTaHa cMcTeMa JMArHOCTHYECKHMX NMPOLedyp MO OTCISKUBAHUIO MpOIEcca
(GbopMHUpOBaHUSI MPUEMOB BBIYMCIUTEIbHBIX 3KCIEPUMEHTOB U MOJIECIMPOBAHUSA B
cTapiieit mpopuIbLHOMN IIKOJIE.

eau npeaiaraeMoi IMATHOCTUKH:

1.  OnTumMHu3upoBaTh NPOLECC MHIUBUIYAIBHOTO 00YUYEHUS.
2. Omnpenenuts pe3ynbTarbl IEATEIbHOCTH YYEHHKA I10 OBJIAJECHUIO IPHUEMAMMU

BBIYUCJIIUTCIIBHBIX OKCIICPUMCHTOB 1 Ka4CCTBO 06pa30BaHI/I}I.
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3. CBecTu K MUHUMYMY OLIMOKH, AOIYCKAEMbI€ B MIPOLIECCE OOYyUEHHUS.

Bubl npumeHseMoil yCTHOM JUAarHOCTUKU: OMPOC, COOOIIEHUE, 3a4eT, 3alluTa
npoekTa. Buasl MMCbMEHHOM TUAarHOCTUKU: pedepaT, KOHTPOIbHas paboTa, OTYET O
IIPOBEICHHON J1abopaTopHO padoTe, O BBIUYUCIUTEIBHOM SKCIEPUMEHTE, O
npakTuyeckod pabore. Buasl rpaduyeckoil AMArHOCTUKU: KOMIIBIOTEPHBIE
MpEe3CHTAIMU, TPOTPAMMBI JIJIs1 U3YUYEHUS OTACIBHBIX TeM HH()OPMATUKHU, MAaTEMAaTHKU
U  (QU3MKH, aHalM3 pe3yJbTaToB IMPOBEJACHHBIX 3KCIEPUMEHTOB C TOMOIUIBIO
KOMIIBIOTEPHBIX MporpamMM. Buabsl pEeWTHHrOBOM [IMArHOCTHKU: II0 METOJaM
UCCJIeIOBATENILCKOM  pabOThl M aJIrOpuUTMaM  IPOBEACHHBIX  HCCIEIOBaHUM.
[Icuxonmoruyueckasi AMArHOCTUKA: TECTUPOBAHUE M HAOIIO/ICHUE.

Cucrema  JMAarHOCTHUKM  OLEHMBAET  CTENEHb  OBJIAJCHUS  HAYYHO-
TEOPETUYECKUMU 3HAHUSIMHU (TEOPETUUECKHI KOMIIOHEHT); IPUEMaMU MPAKTUYECKON
y4eOHON HCCNEN0BATEIbCKOM IESITEIbHOCTH C MPUMEHEHUEM MPOrpPaMMUPOBAHUS U
BBIYUCJIUTEIbHBIX ~ AKCIEPUMEHTOB  (IIPAKTHUYECKUWA  KOMIIOHEHT);  CTENEHb
MICUXOJIOTUYECKOM TOTOBHOCTH Yy4alIUXCs (TMICUXOJOTHMYECKU KOMIIOHEHT). 3aTeM
KOKJIOMY YYEHUKY BBIBOAUTCS OOINAsi OLIEHKAa MO HMTOraM TPEX COCTABIIAIOUIUX.
AHallM3 JIUTEPATyphl Jajdl BO3MOXKHOCTh pa3padoTaTh KPUTEPUU MJIS ONpPEACIICHUS
YPOBHEN FOTOBHOCTH YYAIIUXCS K U3YYEHUIO YUeOHOIro MaTepuaia o MaTeMaTUuKe U
bu3uKe ¢ TMPUMEHEHHEM METaIlpeaMETHOro noaxoaa. Jyig xapakTepucTUKy YpOBHEH
TOTOBHOCTH HCHOJIb30BaHa Meroauka JI.M. Murtunoit u E.C. AcmakoBel. YpoBHEH
TOTOBHOCTH B HEH BBIJCIICHO TPU: MUHUMAJIbHBIN, ONTUMAJIbHBIN, TOBBIIICHHBIH.

Becpk quarHoCcTHYeCKHil MTHCTPYMEHTAPUM COCTOUT U3 CEMH PA3ENOB:

. JlmarHocTHMKa TEOpETHYECKON TroToBHOCTU. B Tecte 20 3amaHuii pa3HOro
ypoBHsi. Haubombiee konuyecTBo 6amwioB — 38, HaumeHnsbliee — 0.

2. JluarHocTHKa ypOBHS pPa3BUTHS HCCIIEIOBATEIIbCKMX YMEHUW W HABBIKOB. B
pazaene coaepxkutcs 30 3amanuii. MakcUManbHOE KOJUYECTBO OaioB — 64,
MUHUMaJIbHOE — ().

3. JlmarsHoctuka MOMCKOBOW aKTUBHOCTHU (MO TpeM ypoBHsM): 1 Oami, 2 Gamna,

3 OaJjuia.
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4. JluarHoCcTHMKa TBOPYECKOrO MbIIUICHUS. Bcero npemnoxeno 45 3agaHuil.
Haunbonwsmee kommyecTBo 0aninoB — 96, HauMmeHbIIee — 28.

5. Jmarmoctuka jorundeckoro MeinnieHus. M3 20 morundeckux 3amad HanOoIbIIee
BO3MOXKHOE KoJandecTBO 0aninoB — 60, HaumeHbIee — 10.

6. JluarHocThkKa IICUXOJOTMYECKOM TOoTOBHOCTH. Bkmoueno 20 3amaHuii.
MakcuManbrHOE KOJIU4ecTBO 0aioB — 64, MuHEMaIbLHOE — 20.

7. JlmarHocTuka MOBEICHMS yYallluXCs B UCCIIEI0BATENLCKOM 00yUYEHUH (110 TPEM
ypoBHsM): 16amn, 2 6amia, 3 6anna.

KaxxnpIii u3 cemu pasziesioB MOXKET ObITh BBIMOJHEH Ha HU3KOM, CPETHEM WIIH
BBICOKOM ypoBHe. /[l ymoOGcTtBa 00pabOTKM OONBIIOTO KOJMYECTBA JIAHHBIX
BBIBOJUTCS CPEJHUM T[OKa3arellb TOTOBHOCTH yYalIUuXcsi K IPOBEACHUIO
BBIYMCIIUTEIbHBIX AKCIEPUMEHTOB, YCBOEHHUIO IIPUEMOB IPOrpaMMHpPOBAHUS U
3aHATHUIO UCCIIEA0BATEILCKOM paboTOM. J[J1s1 TOr0 HCTIONIB3YETCs aITOPUTM:

*  Bpruncnuth HauOONBINIEE Smax ¥ HAUMEHBINEE Smin 3HAYCHHE CYMM OQJIJIOB TIO
KaKJIOMY U3 pa3eioB.

Pacnpegenuth MOJIyYEHHBbIE CYMMblI MO TPEM YPOBHAM TOTOBHOCTH:
npucBanBaioT kodpdunuent 0,45 BepxHeil rpanune HU3Koro ypoHs U u
koa(ppunuent 0,75 BepxHel rpanuiie cpeanero yposus Uz. s onpeneneHus
IPaHUL] HCHOJB3YIOTCA (QOPMYJIBL Smin + (Smax — Smin) * 0,45 = Uy
Smin + (Smax — Smin) * 0,75 = U,. 3HaueHus nokaszateneil ypoBHed OyayT
ONMCaHbl HepaBeHCTBaMU: HU3KKUK ypoBeHb < Ui; U; < cpennuit yposens < Uz;
Uz < BBICOKUH YPOBEHb.

Hamnpumep, auarHocTUKa YypOBHSI Pa3BUTHS HCCIEIOBATEILCKUX YMEHUU U
HaBbIKOB. B paznene 30 3aganuil. Smax=64, Smin=0. Cuuraem no gopmynam Ul u U2.
[Tonyurm, 4TO MPOMEXKYTOK 3HAYEHUHM, He Oosbmux 29 0amioB, OTHOCUTCS K
MUHUMaJIBbHOMY YypoBHIO, OT 30 mo 48 G6a/yioB — K CpeHEMY YpPOBHIO, CBbIIIEC 48
OaJIJIOB — K BBICOKOMY YPOBHIO TOTOBHOCTH. PaccumTaB mokaszaTeiau MO KaKIOMY
paszzieny, MOHO BBIYUCIUTh OLIEHKY TOTOBHOCTH Yy4YalllMXCS K IPOBEICHUIO

BBIYUCIIUTCIIBHBIX OJKCIICPUMCHTOB, YCBOCHHIO IIPUCMOB IIPOIpaMMUPOBAHUSA U
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3aHATHUIO MCCIIENOBATENbCKOM paboToil B 1enoM. [Ipu 3TOM HU3KMI ypOBEHb paBeH
ycioBHOMY Koa(duuuenty 1; cpennuil ypoBeHb — 2; BBICOKMI ypoBeHb - 3. Torna
MUHHMMaJIbHasi CyMMa CPEJIHUX IOKa3arelied paBHa 7, a makcumanbHas — 21. 1o
dbopmynam s onpenesnierust Uy u Uz: HU3KUM (MUHUMAaIbHBIN) YPOBEHb — HE OOJIbIIIe
13; cpenuuii (00mumii) ypoBeHb — oT 14 10 18; BeICOKHUI (TPOABUHYTHIN) YPOBEHb — HE

Menee 19. CpenHue noka3arenu OTAeIbHBIX KOMIIOHEHTOB TOTOBHOCTH I10 pa3/esaMm:

CymmMma 6amioB YpoBeHb Kon-Bo
Paszen 3aJlaHuH
MHHH- MaKcCH- HU3KHMN CpeIHUM BBICOKHI
MaJIbHBIN | MaabHEIN
1). HayuyHO- 0 38 HE or 18 0osb1Ie 20
TEOPETHUECKHIE 0oJIbIIIEe 1o 29 29
3HAHUS 17
2). 0 64 HE ot 30 0osb11Ie 30
HUCCIIEN0BATEILCKUE 0oJIbILIE o 48 48
YMEHMUS 29
3). mouckoBas WHIUBHTY ATbHBIHA MMHH- OIITHMAJIb- | IOBBIIIEH-
AKTHUBHOCTb Moka3zaTeiab B OJHOM | MajnbHBIN | HBII HBIN
13 YPOBHEHN 1 Gast 2 Gamta 3 bayia
4). TBOpUECKOE 28 96 HE ot 60 OosbIie 45
MBIIIJICHUE OoJbIIIe o 79 79
59
5). moruueckoe 10 60 HE ot 34 OoJbIIIe 20
MBIIIJICHUE OoJbIIe Io 48 49
33
6). 20 64 HE ot 41 6ompie 53 20
IICUXOJIOTHYECKAs 0oJIbIIe o 53
TOTOBHOCTh 40
7). moBencHNE WHIUBHTY ATbHBIH MUHH- OIITUMAaib- | ITOBBIIIEH-
yYaluxcs B MoKazarejib B OJHOM | MajabHBIN | HBIHI HBIN
HCCIIEIOBATENbCKOM | U3 YpOBHEH 1 G6amn 2 Gamna 3 Gamna
00y4YeHHH

CornacHo pa3paOOTaHHOW TEXHOJIOTMM COCTABIISIIOTCS WHAMBUAYAIbHBIE KapThI
JNOCTIDKEHMM ydamuxcsi. B HUX KaxIOMy YYEHHMKY [0 OO0HIeMy KOJUYECTBY

HaOpaHHBIX 0aJUIOB ONpEENIEH YPOBEHb YCBOECHHUS MaTepuaia no remam. Hanpumep,
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OAMUIINA, UM HazBanue TeMbl
y4arnierocs Cucmemvl cuucaenus

Hesanosa [loauna

Haspanwue pa3znena Kon-Bo Gamnos
Teopernueckue 3HaHUS 19
[IpakTrueckue yMeHus 28

[lcuxonoruyeckas 2

TOTOBHOCTH
o01iee KoJ-BO 0aJIIoB 49

ITo WHANBUAYAJIbHBIM KapTaM COCTAaBJIACTCSA CBOJHaA Ta6J'II/II_Ia pPE3YyJIbTAaTOB BCETO

KJ1acca 1o y4eOHbIM MpeAMeTaM (C yKazaHUEM OaJIJIOB IO OCHOBHBIM TEMAaM):

Ne OU yvammxcs Komn-Bo
OaJI0B

1. Heanosa llonuna 49

2.

3.

AHanu3 pe3yJbTaToOB JUArHOCTUK TOKa3bIBaeT, YTO oOyueHune MHGOpMaTHKE
yepe3 CUCTEMY MHTErPUPOBAHHBIX YPOKOB, CIIEIIKYPCOB M UCCIIEI0BATENBCKYIO PaboTy
C BBIYMCIIMTEIILHBIMU dKcIiepuMeHTamMu U 3D mMojienupoBaHue JaeT MOJOKUTEIbHBIN
pe3yibTaT ¥ pa3BUBAET TBOPUECKUE CIOCOOHOCTH YHAIIUXCH.

JIist OLlEHKM KadecTBa OOYYEHHS BBIUMCIUTEIBHBIM OKCIIEPUMEHTaM IPU
muddepeHnnaKy  yYamuxcss MO HayalbHBIM YpPOBHSAM 3HAHHUM, CIIOCOOHOCTSIM,
BO3MOXKHOCTSIM M HHTEPECaM OMPEACIISIOIMIUMU SBIISIOTCS TTOJIOKEHUS:

*  y4eT ypOBHEWH /10 Hadajia OOy4YEeHHs ¥ M0 OKOHYaHUH KaXKI0T0 y4eOHOTO To/a;
*  ompeereHue BOMPOCOB (3aaHuil), KOTOPhIC OIICHUBAIOT KaXK/IbIN YPOBEHb;
. "kayecTBO'" OTBETa Ha BOIPOC BbIOUpaeTcs U3 Tpex 3HaueHuit (0 - He penieHo;

1 - pelieHo HE MOTHOCTHIO; 2 - PEIICHO MOJTHOCTHIO).

Pe3ynbraThl MHAarHOCTHPOBAaHWUS YPOBHS C(HOPMUPOBAHHOCTH TPHEMOB

BBIYHUCJIIUTCIIbHBIX SKCIICPUMCHTOB Y YHalIUXCs OTPAKCHBI B Ta6J'II/II_IaX.
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Pesynomamul 6xo0noii pavomowt (10 knacc):

Ne ©.1.0.

1

2

3

4

10

11

12

13

14

15

1

K. Mapus

2

2

2

2

2

K. Hukura

2

1

1

S| N S

I1. Anekcannp

I1. SApocnas

[\S2 I \O 3 B \O)

I1. Uropsn

NN

NN

I1. Aprem

NN

P. Inana

ool |

P. Januun

N NN

O

C. Hukura

S| O

S| DN

S| o O

10|C. 3axap

—

11|C. Erop

S|l O SO NN

12|®. Poman

N O

13 [III. Arnpeii

N N O

14 |111. Bnagucnas

15 |II1. Aunpeii

N O

N NN

16|5. Anna

N N N NN

N O NN

Pe3ynomamut umozoeoii pavomuwt (10 knacc):

Ne

®.1N.0.

1

2

3

5

6

7

8

10

12

13

14

15

19

20

1

K. Mapus

2

2

2

2

1

2

2

K. Hukura

1

1

1

I1. Anexcanp

[N B O B \S]

I1. Apocnas

I1. Urops

N N O

IT. Aprem

P. luana

P. Janunn

N[N

O oo I N

C. Huxkura

N NN

N N D D NN

S| N D DN NN

S| DN

S| O O N
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10

C. 3axap

11

C. Erop

12

®. Poman

N NN

[\ B )

13

L. Aunpeit

14

III. Bnagucnas

N N N O O

15

L. Aunpeit

N[ NN

16

1. Agna

N[ N N N

NS B \O X B \O N B \O 3 B \O)

Pesynomamut umozoeoii pavbomut (11 knacc):

No d.1.0.

1

3

4

5

6

10

11

12

13

14

1

K. Mapus

2

2

2

2

K. Hukura

1

1

N N oo

I1. Anekcannp

N[ D] N

N

I1. SApocnas

N N N N O

I1. Urops

I1. Aprem

[\OJ I (O I O B (O B (O B (O N B \S]

N N N N N

[\O3 I (Ol B NS

(N3 I (O B \S]

~N| ON| W

P. Inana

[\

[\

(\S]

P. Januun

[\

C. Hukura

10|C. 3axap

11

C. Erop

[\ON I\

12|®. Poman

13 |1. Aunpeit

14

1. Baragucnas

15|1. Aunpeit

[NO2 I NS 3 B \S)

N N NN

16|5. Anna

N[ N D N DN N DN

N[ N N NN

N[ N DN N

N[ N N N

N[ N N
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Ne Kpwurepnii 1 / Knace | Kpurepnii 2 / Kinace | Kpurepnii 3 / Knace | Kpurepmii 4 / Knace |Kpurepnii 5/ Kimace| Cpennee / Knace
wa| O T Tow[ 2 Ta | o Toa] 2T o foa] 2| [R] 0T 0] s foa[ 0]
1 |K. Mapus 0,491 0,41 0,61 |0,71| 0,57 | 0,53 |0,72|0,84| 0,52 | 0,53 |0,64|0,79( 0,43 | 0,52 {0,86(0,84(0,46|0,46|0,81| 0,94 | 0,49 | 0,49 |0,65(0,79
2 |K. Hukwura 0,40( 0,591 0,79 {0,94| 0,49 | 0,59 |0,76|0,94| 0,45 | 0,60 |0,74|0,86( 0,52 | 0,41 |0,72{0,85(0,59|0,60(0,75| 0,93 | 0,49 | 0,56 |0,71 0,86
3 |II. Anexcangp |0,44|0,44| 0,63 |0,80| 0,46 | 0,51 |0,64|0,80( 0,53 | 0,45 |0,63{0,83| 0,41 | 0,53 {0,77(0,80]0,52|0,56(0,76| 0,93 | 0,47 | 0,50 |0,67 0,81
4 |II. SIpocnas 0,510,521 0,72 {0,83| 0,42 | 0,51 |0,64|0,81| 0,59 | 0,47 |0,67{0,80( 0,40 | 0,58 |0,68(0,880,43|0,58(0,85]| 0,89 | 0,47 | 0,53 0,69 0,82
5 |I1. Urops 0,541 0,541 0,69 {0,87| 0,49 | 0,51 |0,69|0,79| 0,52 | 0,43 {0,57{0,85| 0,59 | 0,58 {0,75(0,87]0,45|0,52{0,87| 0,90 | 0,52 | 0,52 |0,67 0,81
6 |I1. Aprem 0,40( 0,48 | 0,67 |0,84| 0,41 | 0,50 |0,67|0,81| 0,55 | 0,57 |0,72{0,90( 0,54 | 0,52 {0,92(0,92(0,49|0,45|0,64| 0,88 | 0,48 | 0,50 | 0,68/ 0,85
7 |P. quana 0,50( 0,56 | 0,74 {0,84| 0,41 | 0,55 |0,72|0,87| 0,45 | 0,43 |0,54{0,94| 0,40 | 0,47 |0,78(0,86(0,53|0,44|0,85( 0,92 | 0,46 | 0,49 |0,63( 0,77
8 |P. Hanuun 0,58(0,48| 0,61 {0,73| 0,48 | 0,49 |0,65|0,81| 0,53 | 0,55 |0,68(0,80( 0,54 | 0,41 |{0,76(0,84(0,48|0,60|0,79( 0,94 | 0,52 | 0,51 |0,66 0,80
9 |C. Hukura 0,441 0,41 0,54 {0,72| 0,49 | 0,52 |0,68|0,86| 0,46 | 0,42 {0,60{0,80( 0,55 | 0,57 {0,68(0,87]0,55|0,58{0,70] 0,93 | 0,50 | 0,50 |0,64 0,81
10 |C. 3axap 0,591 0,541 0,72 {0,891 0,57 | 0,43 |0,59|0,72| 0,57 | 0,50 |0,65|0,81| 0,40 | 0,45 |0,89(0,79(0,51|0,41|0,87| 0,89 | 0,53 | 0,47 |0,62(0,79
11 |C. Erop 0,531 0,53 0,67 {0,80| 0,55 | 0,40 |0,53|0,66| 0,41 | 0,49 |0,60{0,90( 0,51 | 0,44 |0,56(0,87(0,43|0,60|0,71| 0,89 | 0,49 | 0,49 |0,61 0,74
12 |®. Poman 0,52(0,46| 0,56 |0,75| 0,42 | 0,45 |0,65|0,83| 0,41 | 0,57 |0,68(0,80( 0,53 | 0,50 |{0,65(0,76(0,54|0,50|0,80( 0,91 | 0,48 | 0,50 |0,63 (0,77
13 |LL. Aunpeit 0,53(0,47| 0,67 | 0,83 0,44 | 0,56 |0,74|0,90| 0,47 | 0,40 |0,57{0,96( 0,49 | 0,41 |0,72{0,80(0,43|0,44|0,64|0,92 | 0,47 | 0,46 |0,63|0,79
14 |1L. Bragucnas |0,57( 0,57 | 0,71 0,88 0,52 | 0,51 {0,66(0,82 0,60 | 0,52 {0,70{0,85| 0,52 | 0,57 {0,75/0,91]0,53{0,54(0,69| 0,91 | 0,55 | 0,54 |0,70( 0,86
15 |IL. Aunpeit 0,541 0,51 0,68 {0,791 0,52 | 0,54 |0,64|0,78| 0,43 | 0,40 |0,60{0,92( 0,47 | 0,41 |0,74{0,79(0,43|0,48|0,63| 0,82 | 0,48 | 0,47 |0,62| 0,76
16 |51. AnHa 0,541 0,591 0,78 {0,95| 0,48 | 0,52 10,63|0,78| 0,51 | 0,46 |0,66(0,97( 0,40 | 0,44 |0,78(0,76/0,59|0,53{0,73] 0,92 | 0,50 | 0,51 | 0,68 0,82
Cpeaunee |(0,51| 0,51 | 0,67 | 0,82| 0,48 | 0,51 |0,66|0,81| 0,50 | 0,49 | 0,64|0,86( 0,48 | 0,49 |0,75(0,84(0,50|0,52|0,76( 0,91 | 0,49 | 0,50 | 0,66 0,80
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AHanu3 pe3yJabTaTOB MOKA3bIBACT CTAOMIBHOE MOBBIIICHHE YPOBHSI YCBOCHUS
y4eOHOro Marepuayia 1Mo WHPOPMATHKE MO HOBOW TEXHOJOTHH C HCIIOIb30BAHHEM

BBIYHCIMUTCIBbHBIX SKCIICPUMCHTOB U 3D MOJCIINPOBAHUSA:

Ha Bxome | Ilocme 1 ITocne 2
Kpurepuu
(rmocne roma roma
9 Ki1.) oOydenust | oOydeHUs
Bnanenue ocHoBamu 3-/] MoenupoBaHus U 00bEKTHO- 051 0.67 0.82
OPUEHTUPOBAHHOTO MPOTPAMMUPOBAHHSL. ’ ’ ’
YMeHue onucaTth alrOPUTM CO3/1aBaeMOM MOJIETH 0,48 0,66 0,81
Bnanenue HaBpIKaMM aHAIU3a M
0,50 0,64 0,86
BBIYUCITMTEIIbHBIX SKCIIEPUMEHTOB
3HaHUE OCHOBHBIX ATANOB BBIUMCIUTEIHHOTO SKCIEPUMEHTA 0,48 0,75 0,84
YMeHHe IPUMEHSTh Pe3yJIbTaThl SKCIICPUMEHTOB B 0.5 0.76 0.91
M3YYECHHUH TEOPETHUECKOT0 MaTepuasa M pelieHnH 3a/1a4 ’ ’ ’

Huarpamma «BnusitHue wH3MEHEHUsT YPOBHS CHOPMUPOBAHHOCTH MPUEMOB
BBIYHMCIIUTEIbHBIX 3KCIEPUMEHTOB W MOJEIHMPOBAHUSA Ha YCBOCHHE Y4eOHOTO
MaTepuaIay:

0,91

0,9 0,86

0,82 0,81
0,7

0,75 0,76
0,67 0,66
0,64

0,6
o 0,51 0,51 ons 0,51 05 0,40 a5 049 05 0,52
0,4
0,3
0,2
0,1

0

Kputepmuia 1 KpuTtepuii 2 Kputepuia 3 KpuTepuia 4 Kputepwnii 5

0,84

m9kn WM10kn(l) m10 kn (1) 11 Kn

PCBYJ'II)T&TI)I MOATBCPKAAIOT MPCHAJIOKCHHYIO I'MIIOTC3Y U CBUACTCIBLCTBYIOT O
TOM, YTO  JKCIICPUMCHT  IIO (bOpMI/IpOBaHI/II-O IMpUCMOB BBIYMCJIMTCIIBHBIX
OKCIICPUMCHTOB Y YYallIUXCA 10-11 xmaccoB IOJIOKUTEIBPHO BIIMSCT Ha OGY‘ICHI/IG

uH(pOpMaTHKE B CTAPIIIEH MIKOJIE.
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OPAI'MEHTHI YPOKOB C MCITOJIb3OBAHUEM
BbIYUCJIUTEJIBHBIX OKCHEPUMEHTOB

Ilpumep 1. BoluucaumenvHulil IKCREPUMEHI HA IMane U3y4eHus Ho6oI membl.
Pazngen: AnroputMu3zaius U NporpaMMUpPOBAHUE.

Tema: L{enounciennbie anroputmel. OIlEHKA CIIOKHOCTH BBIYUCIICHU.

3adaua. Cpeau 1enbIX 4YHCel, MPUHAICKANUX OTpe3Ky [A;B], BbIOparh 4ymcina,
nMmerne He MeHee K pasiuuHbIX YETHBIX HATYPAIBHBIX JEJIHUTEICH, HE CUMTas
caMmoro uucia. /[ KaKa0oro HauaeHHOTO YKCia OMPEICIUTh KOJIUYECTBO JACIUTEIICH,
MOAXOASIINX TMOJ YCIOBUE, © MAKCUMAJIBHBIN U3 HUX.

1. I[Mocmanoska npobaemvl u ee ananius.

MHuorue 3amaud, pemaeMble C IOMOIIBKD MPOTrPAMMHUPOBAHHUS, CHCTEM
aBTOMATU3UPOBAHHOTO MPOCKTUPOBAHUSI, DJIEKTPOHHBIX TaOMUIl U APYTUX
cpeacts UKT, nogpazymeBator 00pabOTKY LIEJBIX YKMCEN U BBIBOJ pe3yJibTaTa
TOXe B (hopmaTe 1es10ro yucia. BoinmogHeHne mpoMeKyTOUHBIX oneparuii Hajl
YyyCIaMU TakKK€ JOJDKHBI BBHITIOJHATHCS B COOTBETCTBYHOLIEM (dopmare, 4To
OnpeIeNIIeTCs] 0COOCHHOCTSIMU MIPEACTABICHUS YUCEI B TaMATH KOMITbIOTEpa 1
CKOPOCTBIO HX 00paboTku mnporeccopoMm. OmHOM W3 TOj3a/ay SBISIETCS
ONpEeAEeICHUE JACIUTeNIe Yucia, MpPOBEpKa YKciIa HAa MOPOCTOTY MW T.II.
(manmpumep, B anropurmax mudposanus). CylmecTByeT HECKOJIBKO CIIOCOOOB
noucka aenurtenen d yuciaa N ¢ mocnenyroIie mpoBepKoii:

e mepeOop BCcex 3HAYCHUH BO3MOXKHBIX Aenuteneit d or 1 g0 N;
e rnepeOop BCcex 3HAUCHUH BO3ZMOXKHBIX Aenuteneit d ot 2 g0 N//2;
e «permieTo DparocheHay - mepedop Bcex 3HAUCHUH BO3MOKHBIX JICIUTEIICH

d or 2 no VN.
Yyamuecss MOTyT IPOBECTH SKCIICPUMEHT U OLICHUTh CKOPOCTh PEIICHHUS 3a/1a49H

101I00HOT0 KJ1acca NpH pa3MyHbIX 3HaYEHUAX napaMmeTpoB A, B, K.
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2. Tlocmpoenue mamemamuyueckonu Mooeu.

npoBepKa, sBisteTcs u d aenureneM dncia N, MOXKET MPOU3BOIUTHCS C
TIOMOIIBI0 CPaBHEHMS OcTaTKa oT AeyieHus N Ha d ¢ HyJem;

B TIEPBOM cClTydae nepeOuparoTcsi abcoroTHO Bee 3HaueHus d = [1; NJ;
BO BTOPOM CJIy4ae YYUTHIBA€M, UYTO MPOBEpKa IeIUMOCTH unciia N Ha 1 u
Ha camo cebs He mMeeT cMmbicia. Kpome Toro, ao0oe 4uciao He MOXKET
UMETh HAaTyPaIbHBIN IeTUTENh O0MIbIIE, YEM MOJOBHHA OT ATOTO YHCIIA.
QITOPUTM «perIeTo DpartocheHay 3aKIrvacTcsl B MPOBEPKE ASTUMOCTH
uncna N Ha d = [1;+/N]. Tlpu BBINOJHEHWH YCIOBHS JAEITHMOCTH
noydaeMm cpasy jaBa 3HadeHus aenurens: {d; N div d}, roe div — nenas

yacth OoT AeneHus N Ha d.

3. Uccneodosanue mooenu.

C IMOMOMIBIO BBIYHUCJIUTCIBHOI'O 3KCIICPUMCHTA YyYallUCCA MOT'YT YCTAHOBHUTD

HCTUHHOCTD CICAYHOIINX BBICKA3bIBAHUM:

CKOpPOCTb  pabOThl ~ QJIFOPUTMOB HE 3aBUCUT OT  KOJIMYECTBA
o0OpabaTbIBaeMbIX 3HAYEHUH;

CKOPOCTb pPabOThl MEPBOTO U BTOPOrO AJITOPUTMOB JAIOT MPUMEPHO
OJIMHAKOBBIE 3HAYEHMsI IPU HEOOJBIIOM KOJIMYECTBE 00pabaThIBAEMBbIX
3HAUCHUM;

CKOPOCTh PabOThl TPETHETO AIrOPUTMAa 3HAUUTEIHHO BBILIE CKOPOCTH
pa®oOThl TMEPBBIX JBYX aIrOPUTMOB IMPU JOCTATOYHO OOJIBIIOM

KOJIMYECTBE 00pabaThIBaeMbIX 3HAUCHUH.

4. Pa3pa60m1<a ajieopumma peuteHuA 3a0a4u.

Peanuzanmsa  Bcex TpEX  AJTOPHUTMOB  OCYHCCTBIICTCA C  IIOMOIIBIO

nporpaMmMupoBaHus Ha a3bike Python. [l usmepeHuss CkopocTH BBIIOJIHEHHUS

porpamMmsl ucnonb3yercs Meron datetime.now() u3z 6udimnorexku datetime.

Jlanee nmpuBeIeH JIUCTUHT POIPAMMBI:
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from datetime import *
from math import *

A,B,K = map(int, input ('3Hauenusa napamerpoe A,B,K:

def KD1 (chislo):

k =0
md = 0
for d in range(l,chislo):
f (chislo%d==0) and (d%2==0):
k+=1
d>md: md = d
return k,md

l=f KD2 (chislo):

k =0
md = 0
for d in range(l,chislo//2+1):
if (chislo%d==0) and (d%2==0):
k += 1
if d>md: md = d
return k,md
def KD3(chislo):
k =0
md = 0
for d in range (2,int (sgrt(chislo))):
[ chislo%d==0:
if d%2==0:
k += 1
1 f d>md: md = d
(chislo//d) %2==0:
k += 1
1f chislo//d>md: md = chislo//d
return k,md

# AnropuTm N1
start = datetime.now ()
for x in range(A,B):
x _kd,x md = KDI (x)
1t x kd>=K:
print (x kd, x md)
finish = datetime.now()

") .split())

print ('Bpema patoTer anropurMa MNl:', finish-start)

¥ Anvopurm W2
start = datetime.now/()
for x in range(A,B):
x _kd,x md = KD2(x)
1t x kd>=K:
print (x kd, x md)
finish = datetime.now/()

print ('Bpema patoTer anropuTMma W2:', finish-start)

# AnrTopmTm W3
start datetime.now ()
for x in range(A,B):
®_kd,x md = KD3(x)
1t x kd>=K:
print (x kd,x md)
finish = datetiﬁe.noﬁ()

print ('Bpema patoTe anntopurMma N3:', finish-start)
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5. Busyanuzauus mamemamuieckou MoOeu.

[Ipy mpoBeOEHMM  BBIYMCIMTEIBHOTO OJKCIEPUMEHTA IOCIJIEI0BATEIBHO
BBOJSITCA pPAa3jM4YHbIE 3HAYEHUS MapaMeTpoB, HA4YMHAs OT HEOOIbIIOTO
nuanasoHa. [lomyyeHHble pe3yabTaThl 3aHOCSTCS B TAOJIMIYy W BBIIOJIHAETCS
MOCTPOEHUsI TpauKOB, HAPUMED, C UCIOIb30BAHUEM BJIEKTPOHHBIX TAOJIHII.
Takke MOXKHO MOCTPOUTH JIUHUU TPEHAA, OUEHUTH CI0KHOCTh HUCIIOJIb3yEMBIX
QJITOPUTMOB U BBINOJHUTh IPOTHO3 OTHOCUTENIBHO CKOPOCTH 00pabOTKU

«OONBIINX JaHHBIX)».

6. HDO@@O@HMQ pacuemoe.

HauanbHble 3HaueHUs mapaMeTpoB U IIOYYEHHBIE B XOJAE JKCIIEPUMEHTA

pe3yibTaThl MPUBEJICHBI B TAOTUIIE.

IHapametps! [A,B,K]
[1,10000,30] [1,25000,30] [1,50000,30] [ I’Z)’oozzz; 30/

AuropurMm 1 2 cek 10,9 cek 45,4 cex > 180 cex
Aaropurm 2 1 cex 6,3 cex 23 cex > 80 cexk
Auaropurm 3 0,8 cex 1,8 cex 5,6 cex <20 cex

50

45

40

35

30

25

20

15

10

5

’ 0 10000 20000 30000 40000 50000 60000

Anroputm 1 Anroputm 2 Anroputm 3
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200
y = 2E-08x2 - 1E-04x + 0,9833
180 RZ=1
160
140
120
100
y'= 8E-09x2 + BE-05x - 0,5667
80 RZ=1
60
40

20 y = 1E-05x41921

R2'='0,0694

0 20000 40000 60000 80000 100000 120000

7. Ananus NOJIVYEHHbIX PE3VIbmainaoe.

[locTpoenHnas Maremaruueckass MOJEIb W MPOBEACHHBIA OSKCIEPUMEHT
MO3BOJISIIOT YYAIIUMCS YOSIUTHCS BO BIMSHUM BHIOPAHHOTO METO/1a 00paboTKH
JTAHHBIX Ha CKOPOCTh pa0dOTHI AJITOPUTMA U BXKHOCTH JIAHHOTO BBHIOOpA.

Yyarmmuecst MOTYT CaMOCTOATEILHO ITPOBECTH IKCIIEPUMEHT IO KOPPEKTUPOBKY
GYHKIIMA JUHUU TPEHIa W TPOBEPKE TPOTHOZHPYEMBIX PE3YIbTaTOB C

MOMOIIBIO pa3pabOTaHHON MPOTPAMMBEI.

Ilpumep 2. BuvluucnumenwvHwlii IKCHEPUMEHM HPU  pewleHuu 3a0ay ¢
UCNONMb306AHUEM I/IEKMPOHHBIX MAdIUY,.

Pa3znen: MndopmanmoHHbIe TEXHOJIOTHH.

Tema: Ananu3 AaHHBIX C MOMOILIBIO AJIEKTPOHHBIX TAOJIMUI] C HCIOIb30BAHUEM
YUCJICHHBIX METOJIOB.

3adaua. Bo Bpemsi 0elicOOJIBHOTO MaTya WMIPOK aTaKyrollew KOMaHAbl OTOWUI MsY,
IpOJIETAIONIMI Ha BbIcOTE 1 M HaJl 3emiieil. Msu noJieTen moj yriioMm o K TOPU30HTY €O
ckopoctbio 30 m/c. Onpenenure, KakuM JODKEH OBITh YroJl ¢, YTOOBI MPOU3O0IIeN
«XoymMpaH», T.e. M4 CMOI' TIEpelieTeTh uepe3 OrpaxkIeHHe BBICOTOM 3 M,
HaxoJAIuica Ha paccTossHuu 80 M.
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1. llocmanoeka npobaemol u ee anaius.

Bxoomnvie napamempeol:

e Vo =30 M/c — HavanbHas CKOPOCTh MsYa;

e H =2 M — pa3HMIIa MEXKly BBICOTOM IMPOJIETAIOIIETO MA4a U BBICOTOM
OrpakICHMS;

e S =80 M — paccTosiHUE 10 OrpaKACHHUS.

Suauenus Ha évixooe:

e {a, f(a)} —3HaUeHHE yrya u TEKylIas BbICOTA MsYa.
Dopmynuposanue eunomes, 00BACHIAIOWUX NOBEOeHUe U Pa38umue 00beKma.
KOT'/Ia UTPOK OTOMBACT MY, OH HaYWHAET JABM)KCHUE B CTOPOHY OTPaKICHHSI,
HaOupas BBICOTY O MAKCUMAILHOM TOYKH, a 3aTeM HaUMHACT CHIKAThCs. Eciu
B MOMEHT, Korja Ms4 npojietutr 80 M, oH OyJeT HaXOAWTHCS Ha BBICOTE HE
MeHee, 4eM 3 M OT YpOBHS 3emMid (WIH 2 M OT YPOBHS HAYaJIbHOTO

MECTOIIOJIOKEHMST), TO MY CMOXKET MEPEJIETETh YEPE3 OIPaXkKICHHUE.

2. HOCWZDO@HH@ Mamemamuyeckou MooeJu.

[Tpumem crienyroiue ynpomueHus:

® MsY — MaTepuaibHas TOUKa;
® COMNPOTHUBIICHUE BO3AyXa HE YUUTHIBAEM;
® yCKOpeHHe CBOOOJIHOTrO majeHus g =~ 9,81 m/c?.

Pa3zmecTrM M4 B IPAAMOYTOJIBHOU JEKAPTOBOM CUCTEME KOOPAUHAT, HAYaJIbHOE
nonioxkeHue msva B Touke (0;0). Torma aBmkeHue msiua OyJIET ONMUCHIBATHCS
CUCTEMOM YPABHEHU:
x =V, t-cosa
. gt’
y=Vy-t-sina ———
2
Bripazum nepeMeHHy1o t U3 MEPBOrO0 YPaBHEHHS M MOJCTABUM PE3YJIbTAT BO

BTOPOE YPaBHEHHUE CHUCTEMBI:

S

t=———
Vo cosa
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3.

g-S*
2-V¢-cos?a

y=S§8-tga—

Korma msta mposietut 120 M, He0Ox01MMO, 4TOOBI KOOpIMHATA y Obla paBHa H

(nwnu 6o1ee). [Ipu sToM KOOpAMHATA X cTaHET paBHa S. meewm:
g-s’

H=S§-tga —
g 2-V¢ - cos?a

IpuBenem ypaBuenue K Buay f(a) = 0:

g-s*
=S-tga— —H=
f@) g4 =7 V¢ - cos?a

Hccneoosarnue mooenu.

s moctpoenHoir (yHkuuu f(a) HEOOXOAMMO OIpPEaEIuTh

3HAa4YCHUC

napameTpa o, Mmpu KOTOpoM (QYHKIUsS TpuHuUMaeT 3HaueHue (. 3HaueHue

napaMeTrpa HEOOXOIMMO HWCKaTh B nuamnasone a = [0; 7T/Z]. [Ipu »TOoMm

HEO0OXOJIUMO YYECTh, YTO YPABHEHUE MOKET UMETh HECKOJIBKO PEIICHUH.

4. Paspabomka ancopumma pewieHus 3a0ayu.

3.

Boruncnenust OyayT Npou3BOAUTHCS C TOMOIIBIO 3J€KTPOHHOM TAOJIMIIBI.

B siueliku B1:B3 3anumemM HadalibHbIE 3HAYEHUS TTAPAMETPOB.

3anoJIHUM TaOJIHILY:

Cron6en B — 3HaueHus yria o B pajuaHax.
Cron6ern C — Bpems moJieta Msiya.

Cronben D — Tekyree 3HaueHUE KOOPAUHATHI Y.
Cronben E — tekymiee 3Hauenne Gpyuxkiuu f(a).

HepBHe HCCKOJIBKO CTPOK T8,6J'II/II_[BI IMPHUBEACHBI HUXKC:

A B C D
6 Yron Yron (pag) Bpema y
7 0 =PAOWUAHbI(A7) =5/V/COS(B7) =V*SIN(B7)*C7-9,81*C7/2/2
8 |5 =PAOUAHbI(A8) =5/V/COS5(B8) =V*SIN(B8)*C8-9,81*C8"2/2
9 |10 =PAOWUAHbI(A9) =5/V/COS5(B9) =V*SIN(B9)*C9-9,81*C9/2/2

BMSVCZ]ZMS’CZMM}Z Mamemamuyeckou MooeJu.

IMoctpoum rpaduk dyaxiwn f(a).
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=D7-H
=D8-H
=D9-H

Cronber; A — 3HaueHus yriia o B rpagycax B quana3one [0; 90] ¢ marom 5.

E
f(alpha)



f(alpha)

10

6. lIposedenue pacuemos.

ITo rpaduky MoxHO onpeaenuts, uto f(a) = 0 npu a = {30; 60}.
[MonydueHHbIC 3HAYCHUS YTIJIa 0, BBIMUIIEM B OT/ICIIbHBIC SIUCHKH.

C nomompio nHcTpyMeHTa «llogbop mapamerpay» yTOUHUM 3HAYCHHS YIIIOB:

YTouHeHue peleHua (c nomowbio Mogbopa napameTpa)
Yron VYron(pag) Bpema y f(alpha)
32,5811 0,568648  3,1647 2 2E-06

Moabop napametpa ? X ‘
YCTaHOBMTS B guelike: $K$9 =]

3HaueHue: 0

@ ==
W3MeHAR 3HaueHmne Auenku: $G$9| =N

[Toryunm nBa yrouHeHHBIX 3HaueHus: a = {32,58; 58,85}.

7. Ananus NOJIV4EHHbIX Pe3yabmdamaos.

Pemaro MMPCIOKCHHYIO 3aaa4dy, Yydaluecsa IMMOCTPpOUTIM MAaTEMATHYCCKYIO
MOJICJIb C HCIIOJb30BAHUEM (1)I/I3I/I‘ICCKI/IX 3aKOHOM JIBHKCHUA MaTCpHaHBHOﬁ
TOYKH. 3aTeM IMPOBCJIN PACYCThl, BU3YAJIU3ALHIO IMOJYYCHHBIX 3HAUCHUN U

YTOYHWIIN PC3YJIbTAT C IIOMOIIBIO CPCACTB BHCKTPOHHOﬁ Ta6HI/IIII>I.
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Yyamumcs  Takke MOXKHO  NIPEIJIOKUTh  CAMOCTOSITEIbBHO  MPOBECTHU
AKCHEPUMEHT, MOAU(PUIIMPOBAB TMOCTPOCHHYIO  MOJIeJIb  TaK, YTOObI
YYUTBIBAIOCH COMPOTUBIICHUE BO3/lyXa MPU JBMKEHUU Msi4ya. A 3aT€M CPaBHUTH
MOJYyYEHHbIE  pPE3yJbTaThl  BBIYMCICHHH C  HMCIOJIb30BAHHEM  JIBYX

MaTeMaTUUYECKUX MOJEJICH.

Ilpumep 3. BuvltuucinumenbHvlil IKCHEPUMEHM 6 NPOEKMHO-UCC/1€008AMENbCKOI
paoome.
Tema: Pemienue tpancnoptasix 3a1a4 B CAIIP MathCAD c ucnonb3oBaHueM CBOWCTB

MHOTOMEpHOTO npocTpancTBa (yueHuk 10 kiacca I1I. Anekceii).

B pabote paccMaTpuBarOTCs MOHATHS YETHIPEXMEPHOTO MPOCTPAHCTBA U TUIIEPKYOa, a
TaK)k€ BOIPOCHI PAKTUYECKOT0 IPUMEHEHUS TECCEPAKTA K PELIEHUIO TPAHCIIOPTHBIX
3aJja4 — MaTeMaTUYeCKUX 3ajlad JIMHEHHOro MporpaMMUpPOBAaHUA 00 ONTHMaIbHOM
IUTAHE TEPEeBO30K TIPY30B M3 IIYHKTOB OTHPABICHUS B MYHKTHl MOTPEOICHUS C
MUHUMAaJIbHBIMU 3aTpaTaMu. [IpoBOaMTCS aHaIM3 METOAOB PELIECHUs TPAHCIOPTHBIX
3asay ¢ nomouibio runepkyoda u CAITP MathCAD.

3aodaua (8 obwem s6ude). OMHOPOIHBIA TPy3 COCPEAOTOUYEH y M MOCTABIIUKOB B

obbemax ai, a2, ... am. JaHHBIA Tpy3 HEOOXOAMMO TOCTABUTH N MOTPEOUTENSIM B
obbemax bi, by ... by. U3BecTuwr Cj , i=1,2,..m; j=1,2,...n — CTOMMOCTHU TEPEBO3KH
CAUHUIl Tpy3a OT KaXKIOro 1-r0 TOCTaBIIMKA KaXJIOMy [-My MOTPEOUTENIO.
[lepeMeHHBIMM TPAHCTIOPTHOM 3a/laudl SBISIFOTCSA Xij — OOBEMBI MEPEBO30K OT i-TO

MOCTABIIHNKA KOXJIOMY J-My MTOTPEOUTENIO.

= [TorpebuTenu

ol S

¢ J by b, e by
T |4

a a c1 C12 Cin
- az 21 cn — C2n
111

"

K Ay Cml Cm2 S Com
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TpeOyeTcss cocTaBUTh TakKOW IUIaH TEPEBO30K, IPU KOTOPOM 3amachl BCEX
NOCTaBUIMKOB ~ BBIBO3STCS  IOJHOCTBIO,  3alpOChl  BCEX  NOTpeOUTENe
YAOBJIETBOPSIIOTCA MOJHOCTBbIO, U CyMMapHbI€ 3aTpaThl Ha MEPEBO3KY BCEX I'PY30B

ABJIAKOTCA MUHHUMAJIbHBIMU.

1. Ilocmanoska I’ll?06]l€]l/lbl u ee anaius.

HeoO6xonumo HaiiTh mepeMeHHble 3amaun X=(Xj), 1=1,2,...m; j=1,2,...n,
YJAOBJICTBOPSIIONINE CHCTEME OTrpaHMYCHUM, MPH KOTOPOHM 3amachkl BCEX m
MIOCTABIIIMKOB BBIBO3SATCS IOJHOCTBIO, YJIOBJICTBOPEHBI 3allpoChl BCEX N
OTpPeOUTENEH, YCIOBUAM HE OTPUIIATEIIBHOCTH M 00€CTICYMBAIOIINE MUHIMYM

1eJeBOM PYHKIUHU (HampuMep, MUHUMaJIbHAs CTOUMOCTh TIEPEBO30K).

2. HOCW[DO@HM@ Mamemamuyeckou MooeJu.

[Ipenmnosoxum, 4TO CyMMapHbIE 3arachl MOCTABIIMKOB PaBHbI CyMMApHBIM

sanpocam mnorpeburenei. Ilpomssenenue c; x, OIpenenser 3arpaTbl Ha

MEPEeBO3KY I'py3a OT 1-T'O MOCTABIIUKA J-My MTOTPEOUTEIIO; CYMMapHBIE 3aTPaThl
m n
Ha MEPEBO3KY BCEX I'PY30B PABHBI ZZC,,X,-, :
i=l j=1
[To ycnoButo 3amaun TpeOyeTcsi 00ecneYnTh MUHHMYM CYMMAapHBIX 3aTpar.
CnenoBarenbHo, 1eneBas GyHkuus (QyHKIUS, CBsA3BIBAIOIIas I1Edb C
yOpaBiIsieMbIMH MEPEMEHHBIMA B 33Ja4€ ONTUMH3ALUH) HMEET BUJI:
m n
2(x) = 2,20y —> min .
i=l j=1
Cucrema OorpaHMY€HMI 3a/laud COCTOUT W3 JABYX rpynn ypaBHeHuil. [lepBas

Tpylma W3 m YypaBHEHHWH ONHCHIBAeT TOT (DAKT, YTO 3amachl BCEX m

n

IMOCTaBIIIMKOB BBIBO3SITCS IIOJTHOCTBIO: zx,;,- =a;, 1=1,2,....m.
j=
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Bropas rpynma w3 n  ypaBHEHMHl BbIpakaeT TpeOOBaHUE MOJIHOCTHIO

m

YAOBJIETBOPUTH 3aIIPOCHI BCEX N MOTPEOUTEIICH: in,» =b,, =1,2,...,n.

i=1
Tor):[a MaTCMaTquCKYIO MOACIb TpaHCHOpTHOﬁ 3a1a4u MOXHO OIINCAaTh TaK:
MareMaTu4eckas MojieNb
m n

Z(X) =2 2 cyx; —> min,

i=1 j=1

n
2xy=a,i=1,2,...m
J=1
m
— = 2
;Iv‘bj J=L2..n
% 20, i=1,2, ... 0j=1,2,..; %
Uccneoosarnue mooenu

B 3aBucuMOCTH OT cOaJaHCUPOBAHHOCTHU PA3IMYalOT TPU TUIIA 33]1a4:
cOaslaHcUpOBaHHAas 3a7a4a, B Ciy4yae, €CIM KOJIMYECTBO MPOU3BEICHHOU
MPOYKIIUUA PABHO CYMMAapHO# MOTPEOHOCTH B HEH;

3ajlaya B YCIIOBUSIX TIEPEPOU3BOJICTBA: /JIsI CBEICHHS €€ K cOalaHCUPOBAaHHOM
HE00XOAMMO BBECTH (DUKTUBHBIN MYHKT MOTPEOJIEHUS, CTOUMOCTh MIEPEBO3KU
SIMHUITBI POTYKIIMHA B KOTOPBIA MOXKHO B3STh PAaBHOH HYJIIO;

3alaya B YCIOBUSAX JAedUIMTA: I CBEICHHS €€ K CcOallaHCHUPOBAaHHOM
TPAHCTIOPTHOM 3a7a4e€ HEOOXOMMMO BBECTH (DMKTHBHBIN IMyHKT MPOU3BOCTBA,

CTOMMOCTb MEPEBO3KU C KOTOPOTO MOXKHO MPUHATH paBHOU 0.

PCZ3DCZ5OI’I’ZKCI ajieopumma peuteHuA C6aflaHClxtl706aHHOZZ 3a0a4u.

B Tabnuie npuBeneHbl UCXOAHBIE JaHHBIE TPAHCIIOPTHOM 33/1a4d: PACCTOSHUE
OT MOCTaBUIMKA K NOTPEOUTENIO B KUJIOMETPAX, U CIIPOC MOTPEOUTENSI B TOHHAX

Hekoero ToBapa. Heo0xo1MMo NOCTPOUTH ONTUMAJIbHBIN TUIaH MEPEBO3OK.

Bo3MOKHOCTH IloTpeduTenu U UX cIpoc

ITocToBIIMKH HOCTABIHKOB | Im | 1II | 1v \Y
150 | 350 | 200 | 100 | 100

I 500 3 3 5 3 1

11 300 4 3 2 4 5

111 100 3 7 5 4 2
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Henenas dynxmma L=Y2, Y71 ¢;jx;; B paccMaTpuBaeMoif 3a1aue CTPEMHUTCS K

MUHUMYMY.

Cnocob6 1. C nomowvio cunepxyoa.

['umepky6 — o0oOmieHne Kyba C TPOU3BOJIBHBIM YHUCIOM H3MEpeHuil. Jliis
pelIeHUs] TPAHCIOPTHOM 3aJaud paccMaTpuBaeTcsi 4 BHJA TUIIEPKYOOB:
OTPE30K, KBaApaT, KyO U TECCepaKT.

* HAYaJIbHBIM ONOPHBIM IUIAH COCTABISAECTCA C  MCIIOJIb30BAHHEM
MEPEMEHHBIX, 3HAYEHUSI KOTOPBHIX B MOCIEACTBUU OyAyT HaWICHBI MPH
MOMOIIIY TTOCTPOCHHUS CEYEHUS TUTIEpKyOa B CUCTEME KOOPAUHAT;

* COCTaBJISIEM CUCTEMY OIPaHUYCHUN:

e OmpeaenseM Auana3oH 3HAaYEHUN EPEMEHHON X;

* CHCTEMa OTPAaHUYECHUI ONPENEIeT MHOTOTPAHHUK OIPAHUYECHU;

* ompenensieM LeneByto GpyHkuMio F 1 HaxoauMm ee HauMeHbLIee 3HaYeHUE
Ha MHOTOTPAHHUKE OTPaHUYECHUN.

Cnoco6 2. C nomowwio CAIIP MathCAD.

* ompenensieM MaTpuilsl koddpduimenton A,B,C;

e cTpouM (QYHKIMH CyMMapHbIX 3HAQUYEHHM [0 CTpOKaM M CTOj0Iam
TaOIUIBI SISl POBEPKU OTPAHUUYCHUM;

* CTpOMM IIeJIeBYIO (DYHKITHIO U OTIpe/iesisieM e¢ HauMEHbBIIIee 3HaUCHUE.

Buzyanuzauus mamemamuuecxkou Moo0enu.

Jlnis penieHus 3aja4u ¢ UCIOJIb30BaHUEM TUNIEPKyOa HEOOXOAMMO BHITIOJIHHUTD
MOCTPOEHNE MHOTOI'PaHHHUKOB B IIPOCTPAHCTBE COIJIACHO IJIAHY OrPAHUYEHHUN.
[Tpu pemenun TpancnopTHoi 3aaaun ¢ nomoiibio CAITP MathCAD 6mnaronaps
ucnoias3dyemomy B cucrteme unrepdeiicy WYSIWYG MoxHO BapbupoBaTh
HayaJIbHbIE MapaMeTpbl U MPU 3TOM HAOIIOJATh MX BIMSHUE HA KOHEYHBIN
pe3yJbTar.

HD06€()€HM€ pacdyenioes.

Cnocob 1. C nomowvio cunepxyoa.

* HaYaJbHbBIW ONOPHBIN IUIAH:
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TTocTOBITNKI BO3MOKHOCTH TloTpebuTtenm i NX crpoc
TIOCTABIIHKOB I I I v v
150 350 200 100 100
I 500 3 x 3y 50 3 z 1 500-x-y-z
I 300 4 0 3350 2 200 4 5 0
-y 100-z
il 100 3 7 0 50 4 0 2 x-50
150-x

BCE 3HAYECHMsI TaOJIMIIbI HEOTPULIATEIbHBI:
x =0, vy =0, z=0
350-y=>0, 100—z>0, 150—x>0, x-50=0
500 —x —y—2z
U3 JIBYX IOCJIEHNUX YPABHEHUI BTOPOU CTPOKHU ciienyerT, uro XE[50;150].
Cucrema omnpeensieT HEeKOTOPbIii MHOIOTrpaHHUK. UTOOBI €ro mocTpouTh
n300pa3uM cHayajia MHOTOTPaHHUK, ONpeNesieMblil MepBOi U BTOPOM
CTpOKOW JgaHHOW cuctembl - mnapamwienenunes ABCDAIBICIDI.
VpaBuenue 500-x-y-z omnpeaenser miockocts (RGH), nepecekaronryro
napamenenunen B Toukax Al, B, N. Ha MHororpanhHuke
A1IDICINADCB BbINOJHSIOTCA BCE€ YCIOBUS JAHHOM CHCTEMBI.
(MHOTOTpaHHUK OrpaHUYEHUN);
*Z

R

A

HaiIéM OOIIYyI0 CTOMMOCTh TI€PEBO30K, CJIOXKHB U TEPEMHOXKUB
CTOMMOCTHU U 00bEMBI IEPEBO3UMOI0 TOBapa: X-y-2z+2700;
HaliieM HauMmeHblee 3HaueHue Qynknuu F = 2700-(y-x+2z) Ha
MHOT'OTpaHHHUKE OTpaHUYEeHUN: Finin= 2700-Fmax;
Fmax = 500 B Touke MHOTOorpannuka Al (50;350;100);
MOJICTABUB 3HAYEHUE B TAOJHILY, TIOJYYHM IUIAH MEPEBO3OK:

50 350 0 100 O

0 0 200 0 O

100 O 0 0 O

JAHHBIH [U1aH TpeOyeT onTuMu3anuu: nepepacnpenenum 100 T rpyss3a ot
BTOpOro mnocraBmuka norpeduremo V. Iloayuyum miian ¢ oOmei
CTOMMOCTBIO TIepeBo30k 2300.
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Cnoco6 2. C nomowwio CAIIP MathCAD.

33531 350 -
Ciw|4:32 45 b = 200 I (o
% 75 42 100 160
100
3 5
D ai=900 D" bj =900
i=1 ji=1
x3,5:=0
sum_rowgx) := | foriel..3 sum_columnéx) := | for jel1..5
Vi<« 0 Vj<0
forjel..5 foriel..3
\l(_‘l‘\l_] \J(—\J—\IJ
v vV
3 5
z®:=> > (Gijx,j
i=1j=1
Given
xz0 sum_rows(x) = a sum_column{x) = b

X := Minimizd 7, x)

50 250 0 100 100
x=| 0 100 200 0 O Z(X) = 2.3x 103
0 0 0 0 0

7. Auanus NOJIVYEHHbIX Pe3Vibmanmaoe.

PaccMoTpeHHbIE METOBI TTO3BOJISIOT MOJYYUTh ONITUMAJILHBIN TJIaH MEPEBO30K
C OJMHAKOBBIM 3HAaYEHUEM OOIEH CTOMMOCTH TPAHCHOPTUPOBKHU Tpy3a. [Ipu
9TOM MOJKHO CpPaBHUTh METOABI PEIICHUS HE TOJIbKO MO MOIYyYEHHOMY
pe3ynbpTaTy, HO W MO TpyAo3aTparaMm. Tak Metoj Tumnepkyba TpeOyer
MaTEMaTUYECKNX 3HAHWM, HO TMO3BOJSET JOCTATOYHO OBICTPO MPOBOJUTH

BeruncicHus. Ympoocrso CAIIP MathCAD mposiBisercss B BO3MOXXHOCTH
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HCIIOJIB30BAaTh OAHY 3a/1a4y KakK ra0JI0H AJL APYyrux, 0aQHakKo, YTOOBI CAaciIaTb

3TOT 1A0JIOH, HY’)KHO UMETh HaBbIK Pa0OTHI C MPOTrpaMMOil.
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