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AHHoOTauma. B pabore paccmaTpuBaeTcs npob6jeMa IpPUMEHEHUS CUCTEM
KOMIIBIOTEPHOW MaTeMaTHUKU NPU pelleHUM MaTeMaTH4YeCKUX 33aJad CTyJeHTaMHy,
00y4alwlUMKC Ha CHelNUaJbHOCTAX W HalpaBJeHUsAX IOATOTOBKU B cdepe
TEXHUKM U TEeXHOJIOTMM Has3eMHOro TpaHcnopTa. [lpeicTraBiieHbl pe3ysbTaThl
KOHTEHT-aHa/IM3a MOHATHUA BbIYUCIUTEJNBHOTO MBILIJIEHUS CTYAEeHTOB pPa3/JIMYHbIX
CreLMaJbHOCTEd W HalpaBJeHUH MOJrOTOBKM B Ipolecce HUX 06ydyeHUs
oOlleHayYHbIM M CHeLMaJbHbIM [JUCLUIJIMHAM. B KOHTeKcTe wucciesyeMou
npo6/eMbl  BBIYMCAWTENbHOE MBbIIIJIEHHWE paccMaTpUBaeTCs Kak Ipoluecc
IpOrpaMMHUMpOBaHUsl aIrOpPUTMa pelleHHUd 3aJadyd C MCIO0JIb30BaHUEM CHUCTEM
KOMIBIOTEPHOW MaTeMaTUkH. [IpejyiaraeTcd npu HM3y4eHUM BY30BCKOTO Kypca
MaTeMaTHKHU UCI0JIb30BaTh CHelMaJbHble JUAaKTUUYECKUe 3aJaHUs (KOMIJIEKCHbIE
KOMIIbIOTEPHO-MaTeMaTH4YeCcKHe), BbIIOJIHEHHE  KOTOPBbIX IpeJycMaTpUBaeT
006s13aTesIbHOE IpPUMEHEHUe CUCTEMbl KOMIBIOTEPHOW MaTeMaTHUKU Mathcad.
®opMy/IMpOBKa TaKUX 3aJlaHUM OCYLeCTBJsE€TCS Ha OCHOBe MOJUPHUKALMU
coZlep»KaHUS CTaHJAPTHBIX MaTeMaTH4YeCKUX 334a4 C JONOJIHEHHWEM YCJIOBUA
00513aTe/IbHOTO HCII0JIb30BaHUSI CUCTEMbl KOMIBIOTEpHOM MaTeMaTHku Mathcad
JUIl HaXOXJeHHWS KOJMYEeCTBEHHBbIX 3HAaYeHMM MCKOMBIX BeJWYMH. B cTaTbe
NpeJACTaBJeHbl 3a/laHUsl Ha pelleHUWe CUCTeMbl JIMHEWHBIX aJrebpanyecKux
ypaBHeHHUU (4YeTblpe ypaBHEHUs U 4YeTblpe HEU3BECTHbIX) C MHOTO3HAYHbIMHU
HelleJbIMU 3HAa4eHUsMHU CBOOOJHBIX YJEHOB UM Ko3pduULMeHTaMU nepej
HeU3BECTHBIMHY, IOCTPOEHHE B TPEXMEPHOU CHCTeMe NMPSIMOYTroJIbHbIX KOOPJAUHAT
rpapuka nNOBEPXHOCTH GYHKLUHMHU JBYX I[epeMeHHbIX, KOTOpas HMeeT TOYKHU
JKCTpeMyMa U CTallMOHapHble TOYKH, MMUTALMOHHOE MOZeJIMPOBaHKEe CAYy4YalHOro
COObITUSI /IS BbIUMCIEHUS €ro OTHOCUTEJbHOM 4YacTOThl. BrimosiHeHUe
npeJjaraeMbIx KOMIIJIEKCHBIX KOMIIBIOTEPHO-MaTeMaTHU4YeCKUX 3aJlaHuH
npejonpejesisieT He0OXOAMMOCTb MPOXOXKAEHUS TAaKUX ITAINOB, KaK BOCIPUATHE
y4eO6HOM 3a/la4M, onpejieJleHue MaTeMaTUYeCKOM MO/ieslM, IOCTPOeHre aJropuTMa
pellleHMA 3aJayM, NPOrpaMMHUPOBAaHME BbIYUCJIUTEJBHBIX [JEeHCTBUHM, aHaJIU3
NOJIyYeHHbIX pe3y/bTaToB. OTMe4YeHHble 3Tanbl CO3Jal0T 6/1aronpUsTHbIE YCI0BUSA
JUIl aKTUBU3aLMM I[103HAaBaTeJbHON J[eATeJbHOCTH CTY[EHTOB WU PasBUTHUIO HX
BbIUMCUTENbHOT'O MbIILJIEHHUS.

KiroueBble C/10Ba: BLIYHUC/IUTE/NBHOE MbIIIJIEHHE, KOMIIBIOTEpPHAasi MaTeMaTHKa,
JUJAKTUYECKHWe 3aJlaHus, MWHPOPMAIlMOHHbIE TEXHOJIOTHMH, MaTeMaTH4ecKas
IOJITOTOBKa

BBenenue

CoBeplIeHCTBOBaHUE MaTeMaTHUYeCKOMU MOATOTOBKH COBPEMEHHBIX CTYACHTOB,
00yJaronuxcsi Ha TeXHUYECKHUX CIIEIUATLHOCTSIX U HAMPABJICHUSX TTOATOTOBKH, BBICTYITA€T BAXKHOU
Hay4HO-METOAMYECKOM 3amadeid. OHUM U3 HampaBieHUW e€ peleHus B YCIOBHSX
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nHpOpPMATHU3ALUU PACCMATPUBACTCS NPUMEHEHHE IPOrPAaMMHBIX IPHIOKEHUH KOMIIBIOTEpa B
nporecce 0Oyd4eHUs MaTeMaTHUKe, 4To TpeOyeT OT IpernojaBaTessi MOHMMAaHUS HEO0O0XOAUMOCTH
pPa3BUTHUS BBIYMCIIMTEIBHOIO MBIIUICHUs CTYACHTOB. YileH-koppecnonaeHT Poccniickoil akagemMuun
obpazoBanus, npodeccop E.K. Xennep, ucciaenys npoGieMy BBIYMCIMTENBHOIO MBIIUICHUS B
KOHTEKCTE TMOATOTOBKU CIICHUAIUCTOB B cepe MHPOPMAIMOHHBIX TEXHOJOTHH, ONpPEHEISeT ero
KaK «HabOp KOTHUTMBHBIX MU HEKOIHUTHUBHBIX METAHABBIKOB, CO3JAOLIMX 0azy U (HOPMUPYIOIIHX
MPEIPaCHOI0KEHHOCTh K PELICHUIO MPOoOJieM C MOMOIIbI0 HH(GOPMAIMOHHBIX TEXHOJIOTHID)
(Xennep, 2024). bynymum uHxeHepaMm B chepe TPOMBIIUICHHOTO MPOU3BOJICTBA, CTPOUTEILCTBA,
TPAHCIOPTa TAaKXKe HEOOXOIMMO BBIUMCIUTEIFHOE MBIIUICHUE, HO €ro (JOPMHPOBAHUE HA YPOBHE
METAHABbIKOB MaJOBEPOSITHO, TAK KaK MporpaMma oOy4deHHs He MpeayCMaTpPHUBAET HOrPY>KEHUs B
TEOPHIO AJITOPUTMOB, SI3BIKH MPOrPAMMHUPOBAHUS U OCOOEHHOCTH CTPOCHHS BBIYUCIUTEIHLHON
TEXHUKH.

B omnybnukoBanHOM anHamutHdeckoM otuéte E.K. Xennep ormewaer, 4to (eHOMEH
B3aUMOJICHCTBHS YeJIOBEKa M KOMIIBIOTEpA MAJIsl PELICHUs DPAa3JIMYHBIX 3a7ad paccMaTpUBaJICs
nocrarouno naBHo. B 80-x romax XX Beka mporecc, KOTOPBIA BKJIOYan B cebs pa3paboTky,
IIPEJCTaBICHUE, TECTUPOBAHNE U OTJIAJAKY MPOLEAYp, NPEACTaBIIOMUX co00lH HaOOp MOIIAaroBbIX
MHCTPYKUUHN, Kax/aas U3 KOTOPBIX MOXET ObITb MHTEPHPETUPOBAHA M MCIIOIHEHA CIELUAIbHBIM
UCIIOJHUTENIEM, TaKMM KakK KOMIIBIOTEp WM aBToMmaruueckoe obopynosanue, Ceiimyp Ileiinepr
ompeaenun Kak mnpoueccyaibHoe MbinuieHue (Ileiimepr, 1989). IlpennoxkeHHBII TEepMHH He
MOJyYMJI LIMPOKOTO PAcCHpOCTPAHEHUs, HO BIOCIEJACTBUM €ro CoOJEpXKaHWe PpacIIUpUIIOCh U
peoOpa3oBajIoCh B MOHATHE BBIYMCIUTENBHOTO MblluieHus (Xennep, 2016). B padore «The Long
Quest for Computational Thinking» nosiBieHHe MPOOJIEMbl BBIYHCIUTEIBHOTO MBILIUICHUS TaKXKe
cootHocuTtcsi ¢ umeneM C. Ileitnepra (Tedre, Denning, 2016).

OteuecTBeHHBlE M 3apyOexHble  MccienoBarend B o0nacTM  MH(POPMATHUKH,
MH(GOPMAIMOHHBIX TEXHOJIOTUH M KOMIBIOTEPHBIX HAYK B CBOMX pa0OTax OTMEHaloT, 4To Jeanette
Wing B 2006 B cBoém nacce «Computational thinking» (Wing, 2006) omnucana ¢eHoMeH
MCIIOJIb30BAaHUSI KOMITBIOTEPA B 00YUYEHUH HIKOJBHUKOB U MPEIUIOKHIA TEPMUH «BBIYHCIUTEIHHOE
MbllUIeHUe» (computational thinking). Heckonbko neT cmycTs oOHa CQOpPMYNIHpOBaia €ro
OTIpe/IeNIeHNEe KaK «MBICIUTENbHbIE IPOIECCHl, YYaCTBYIOIIME B IIOCTAHOBKE MpOOIEM U HX
peleHust TaKUM 00pa3oM, YTOOBI pelleHus ObLIM MpeACTaBieHbl B (popMe, KOTopas MOXKET ObITh
3¢ (}eKTUBHO peaTn30BaHa C IMOMOIIBI0 CpelacTB oOpaboTku uHpopMmanum» (Wing, 2011). Ona
OTMEYaeT BaXXHOCTh (OPMHUPOBAHUS BBIUUCIUTENBHOIO MBIIUIEHUS JUIS KaXXIOro YelOoBeKa,
KOTOPBIN B3aUMOJECHCTBYET C KOMIIBIOTEPOM.

CoBpeMeHHblE ~ HMH(OpMAIMOHHBIE  TEXHOJOIMHM  HPEJOCTAaBJISIOT  BO3MOXHOCTb
HCIOJIb30BaTh Pa3IMYHbIE KOMIIbIOTEPHBIE POIPAMMBI, HO ITPH 00YYEHUH MAaTeMAaTHKe B IIKOJE U
B By3¢ HauOOJBLIMIA HWHTEpEC MPEJCTABISAIOT T€ MPUIOKEHUS, KOTOpbIE aBTOMATU3UPYIOT
MpOBEJEHUE  TPYAOEMKUX  MaTeMaTHYEeCKUX pacy€éToB U BUYAIM3UPYIOT  pasziIUYHbIE
(GyHKIMOHATBHBIE 3aBUCUMOCTH B BHJIE JIBYXMEpHBIX M TpEXMepHBIX rpadukos. IIpumeHeHue B
IIKOJIBHOM KYpCE HIUPOKO pacTpoCTpaHEHHOU mporpammbl Geogebra paccMaTpuBaeTcs B paboTte
(benpman, IlnaronoBa, 2024). Mcmnonb3oBaHuE CIEUUAIBHO pa3pabOTaHHBIX MPOrpaMM s
MPOBEJECHUS  MaTeMaTHYECKOrO0  MOJENUPOBaHUS  (PU3MUECKUX  TPOLECCOB B  HAyYHBIX
HCCIIEIOBAaHMIX CTYJIEHTOB OTpaxkeHo B paboTte (Jlebo, JIebo, Po3anosa, 2024). ABTOp Y4eOHUKOB U
y4eOHBIX MOCOOMII MO MPOrpaMMUPOBAHMIO BBIUMCIUTEIBHBIX MPOLEAYp C MPUBJICUYEHUEM
AJIEKTPOHHBIX TEXHUUYECKUX YCTpOUCTB, mpodeccop B.I1. JIpskoHOB, onpenenseT KOMIbIOTEPHYIO
MaTeMaTHKy Kak «o0JacTb Haykd, oOpa3oBaHUsI M NPOEKTUPOBAHHUSA, HAXOJSIIYIOCS Ha CTBIKE
KJIACCUYECKOM MaTeMaTUKH U MH(POPMAIIMOHHBIX TeXHoIorui» ([pskonos, 2015).

B cucreme Bbicmiero o0pa3oBaHusS 1O MOJATOTOBKE WH)KEHEPOB, MpodeccnoHanbHas
JeSITeIbHOCTh KOTOPBIX OyAET CBs3aHAa C HCIOJIb30BAHWEM HH(POPMALMOHHBIX TEXHOJOTHH Ha
YpOBHE MOJb30BaTeNs, a HE pa3paboTUHKa, OOJIBIIOE paCIPOCTPaHEHUE ISl IPOBEIEHUS PacuETOB
MOJTy4YHJIa TaKasi CHCTeMa KOMIBIOTEpHON MaTeMaTHKH, Kak Mathcad (Bockoboitnukos, 2023). Ona
oOnamaer Ooraroif  OMOMMOTEKOW  BCTPOEHHBIX  (YHKIMM, omeparopaMH  pa3iHYHBIX
MaTeMaTHYeCKUX MpeoOpa3oBaHUM, IMIAOJOHAMH TOCTPOEHUS JIBYXMEPHBIX UM TPEXMEPHBIX
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rpaduKoB. BuzyanbHO-OpHEHTHPOBAHHBIN S3BIK MPOTPAMMHUPOBAHMS 3TOH CHUCTEMbI YIPOLIAET
IPOIECC CO3JaHMUs IOJIb30BAaTENbCKUX (YHKIMHA, NOITOMY €€ MNPUMEHEHHE JOCTaTOYHO
3¢ GEKTUBHO AJ1s1 COBEPUICHCTBOBAHUS MAaTEMaTHUECKOM MOJITOTOBKH CTYACHTOB.

MeTtoaos10rus uccjae0BAHUA

Meronamu HcciaenoBaHus B JIaHHOM paOoTe BBICTYHAIOT: MPOOJIEMHO-OPUEHTUPOBAHHbBIN
aHaJIN3 HOPMATHBHOM JOKYMEHTAllMM BY30BCKOI'O Kypca MaTE€MaTHUKH U1 CHELUAINCTOB U
0akanaBpoB B cdepe TEXHUKH M TEXHOJOTUU HA3EMHOTO TPAHCIIOPTA; KOHTEHT-aHAIWU3 TOHSTHS
BBIYHCIIUTEIBHOTO MBIIUICHUS; IUIAKTUYECKOE MOJICINPOBAHUE PA3BUTHS  BBIYMCIUTEIBHOIO
MBIIIJIEHUSI B IIPOLIECCE PEIIECHUs Y4eOHBIX 3a/ad C HUCIOJIb30BAHUEM CUCTEM KOMIIBIOTEPHOM
MaTemMaTuku. Mues uccienoBaHus COCTOUT B TOM, YTO PA3BUTUE BBIUUCIMTEIBHOIO MBIIUICHUS
MOJICIUPYETCS TaKUM O00pa3oM, YTOOBI BBIACISEMBIE B €r0 ONPEACICHHH KOMIIOHEHTHI
oToOpakayuch Obl B IIpoIiecce MOMCKA MCKOMBIX BEJIMUMH B Y4eOHON MareMaTUYecKol 3aaaye.

Pe3yabTarsl

N3ydeHne qucuuIuimHel «MareMaTuka» CTyACHTaMU ClIENUAIBHOCTEN U3 rpynnsl « TexHuka
M TEXHOJOTMH Ha3eMHOTO TPAHCIOPTa» BXOMUT B MPOrpamMMmy OOYYEHHs NEpPBBIX YETBIPEX
cemectpoB. ColepkaHue MaTeMAaTHYECKOM IOATOTOBKM BKJIKOYAET HE TOJIBKO JIEKIMOHHBIE U
MIPaKTUYECKHE 3aHSTHUS, HO U CAMOCTOSATEIbHYI padOTy CTYAEHTOB, Ha KOTOPYIO OTBOJAUTCS
CylIeCTBEHHas 707151 yueOHOro BpeMeHH. JleaTenbHOCTh By30BCKOIO IIperojaBaTess HalpaBieHa Ha
dbopMHpOBaHHE Y CTYIEHTOB CHCTEMBl TEOPETHUECKUX 3HAHWHA OO0 aHAIMTHYECKUX METOHAX
pelIeHNsT MaTEMaTUYECKUX 3afad, IIPU 3TOM 3HAKOMCTBO CTYAEHTOB C CUCTEMaMH KOMIIBIOTEPHOM
MaTeMaTUKU HE BXOJIUT B MporpaMMmy oOyudeHus. boniblioe KoJM4yecTBO CpaBOYHOM JIMTEpaTyphbl
10 Pa3JIM4YHBIM MATEMaTUYECKUM IAaKeTaM I103BOJISET CTyIEHTaM, KOTOPbIE NMPOSBIISIIOT UHTEPEC K
M3YYEHUIO MH(POPMATUKH, CAMOCTOSTEIHHO HCIOJIB30BATh WX JUIS BBIIIOJHEHUS KOHTPOJBHBIX U
pacuéTHo-rpauyeckux padoT MO pa3IM4YHBIM AUcUUIUIMHAM. HeoOXoIumMo OTMETUTh, YTO 4acTo
OHM (OPMATBHO TPUMEHSIOT JIMCTUHTH TPOTPAaMM WM HEPAIMOHAIBHO IPOBOMAT IPOIECC
BbIuuciieHU. CTyeHTbl co c1aboi MaTeMaTH4eCKOM MOATrOTOBKOW MPEANOYUTAIOT UCIOIb30BATh
CEPBUCHI, KOTOPBIE IMPEAOCTABISIIOT TOTOBBIE PEIICHUS, YTO OTPHULIATEIBHO BIIMAET HAa KaueCTBO
yCBOCHMsI 3HaHUN U (popmupoBanue ymeHuil. IIpencrapnsercs nenecooOpa3HbIM MPU U3JI0KEHUU
y4eOHOro Marepuala Ha JIEKIMOHHBIX 3aHATHIX AEMOHCTPUPOBATh MPUEMBI pabOThI, HAPUMED, B
cucreMe Mathcad, koTopas NOJy4usa MIMPOKOE PACIpPOCTPAHEHHE INPU PEIIEHUH Pa3TUYHBIX
MPUKIAJHBIX 334ad. OJTO co34a€T OJaronpusATHBIE YCIOBUSA s (OPMUPOBAHUS MOTUBALUU
KOPPEKTHOI'0 M OCO3HAHHOT'O MCII0JIb30BaHUSI KOMIIBIOTEPHONH MaTeMaTHKH B 00y4eHUH, HO TpeOyeT
JIOTIONIHUTENBHBIX TEIarOTUYECKUX YCWIMHA JUIsl Pa3BUTHS Yy CTYACHTOB BBIYMCIUTEIBHOIO
MBILLIICHMSL.

BoruncnuTenbHoe MplIieHHEe Oyaynux 0akalaBpoB MaTeMaTHUKU M KOMIIBIOTEPHBIX HayK B
pabore (Kmynnukosa, IlymkapeBa, 2017) ompenensiTcsi Kak «KOTHUTUBHBIA MBICIUTENbHBINA
MpOLIECC pEeUIeHMs 3a7ady, KOTOPBIH BKIIIOYAET MSATh KOMIIOHEHTOB ((HOpPMYIHPOBKY MNpPOOIEMBI,
JIOTHYECKYI0 OpPTraHU3alMI0 U aHAJIU3 JIAaHHbBIX, MPEJICTABICHUE JAaHHBIX C MOMOIIbIO a0CTPaKIIH,
aBTOMATH3allMI0 JaHHBIX, OO0OOIIEeHHEe | MCHOJb30BaHUE II1a0JIOHOB)». BrluucnurenbHoe
MBILIUIEHHE OYyIIMX MHKEHEPOB B cepe NHPOPMALMOHHBIX TEXHOJIOTUH B paboTe (UnurupuHckas,
I'puropneBa, boukun, AnnpeeBa, 2023) onpenensieTcsi Kak €IMHCTBO CTPYKTYPHBIX KOMIIOHEHTOB
abctpakuuu (opMyaHpoBKa MpoOJieMbl), aBTOMATH3alMM (TIPEICTaBIEHUE pELICHUS B BHJE
JITOPUTMA) M aHaiau3a (MCIIOJHEHHE M OLEHKAa Pe3ysbTaTa), YTO MPEJOINpeNeseT CTPATeruu €ro
dbopMHpoBaHUS dYepe3 AJITOPUTMHU3ALMIO, a0CTparupoBaHUe, JEKOMITO3UIMIO, 0000LIeHHe |
pediekcuio. ABTOpPHl OTMEUYEHHBIX BbIIIE PabOT paccMaTpUBAIOT Pa3BUTHE BBIYUCIUTEIHHOTO
MBIIIJIEHHS] CTYIEHTOB B IIPOLIECCE M3YUEHUS AUCLMIUIMHBI «YUCIIEHHBIE METOABI», COJEp)KaHUE
KOTOpPOI BKJIIOUAeT TEOpHUIO0 TOrpeuIHocTed, MPHUOIMKEHHbIE MEeTONbl AU(PPEpEeHINPOBAHUS,
MHTETPUPOBAHUS, pelIeHus TuddepeHInaIbHbIX YPaBHEHUH, CUCTEM anreOpandeckux ypaBHEHUH,
YTO BBICTYIAa€T OCHOBOM JJIsi IPOrPaMMHUPOBAHUS Pa3IMUHBIX aITOPUTMOB.

Ecnmu  aucuuiuinHa  mpeaycMarTpuBaeT — pelleHHe  Y4eOHBIX, MPHUKIAIHBIX — WIIH
npodeccnoHaNTbHO-OPUEHTUPOBAHHBIX 33/1a4 METOJIaMU MaTeMaTHYeCKOr0 MOJAEIUPOBAaHHUA, TO €&
IIpENoJaBaHUE TaKK€ MOXKET BHOCHTH ONPENCIEHHBIM BKJIAJ B DPA3BUTUE BBIYMCIUTEIBHOIO
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MBILUIEHUS] CTYJEHTOB IPU HCIOJIb30BAaHUHM WH(POPMALMOHHBIX TEXHOJOTMH Ui aBTOMAaTHU3alluu
pacuéroB. Hanpumep, nporecc peuieHust GU3MUECKON 3aJaud MOXKET PacIpenessThCsl Ha YEeThIpe
sTamna (abcTparupoBaHue, JeKOMITO3UIIHMIO, AITOPUTMHU3ALUIO U 00001IEHHE), KOTOPBIE COOTHOCATCS
C COOTBETCTBYIOIIMMH KOMIOHEHTaMHU BBIYMCIUTEIBHOIO MBIIUIEHUS U (OPMUPYIOTCS B IIpoliecce
AaKTUBMU3ALMU MBICIUTEIBHON JAESITEIBbHOCTH CTYAECHTOB, HAIIPABIEHHOM Ha IIOMCK MCKOMOM
BenuuuHbl (bapanos, 2019). Atoper pabotel (AntyxoBa, KononoBa, 2021) omnpenenstor
BBIUHCIIUTEIBHOE MBIIIIEHUE KaK «MBICIUTEIbHBIE IPOLECCHl OT ONPEIEIECHUS U IOCTAHOBKU
mpoOyieMbl 10 €€ pelleHHs Ha OCHOBE NMPUMEHEHUS CPEICTB aBTOMATU3MPOBAaHHOW 00paboOTKu
uHpopmanun». B pamkax wu3ydeHus HHGOPMATHKH OHHU MpeNIararoT OCYIIECTBISATh €ro
(dbopMUpOBaHHE HAa OCHOBE COCTaBJICHHUS aJTOPUTMOB pEUICHHs 3aJad U WX TECTUPOBaHUS MpU
KOHKPETHBIX  3HAUEHUSX HauyaJbHBIX JaHHBIX JUI1  JajJbHEHIIEro MNporpaMMHpPOBaHUS
BBIUHUCIUTENBHBIX Mpoueayp. BeruncnurenbHoe mpinuienue aBTopsl padotsl (Illenpuna, MBanosa,
[Tanusen, 2024) paccMaTpuBaIOT KaK «IOCIEAOBATEIIBHOCTh TAaKUX JIEUCTBUM KaK aKkTUBALUA W3
MaMsTH YeJIOBEKa CHUCTEMBI 00pa30B OOBEKTOB, CBSI3€H MEXKAY HHUMHU; MOCTAHOBKA MPOOJIEMBI C
yu€TOM HEONpeneNEHHOCTH Oyaymiero; pa3paboTKa alropuTMa pemeHus U ero 3¢ ¢GeKTuBHOE
BOIUIOIICHHE MHCTPYMEHTAaMHU CETEBOTO NMPO(ECcCCHOHAIBHO OPUEHTHPOBAHHOTO Kypca B paMKax
3HAKOMCTBA CTYJIEHTOB C JUCHHUIUIMHOW “BbIYMciuUTENbHAas TEXHUKA W CETH B OTpaciu’ i
0akaaBpOB TEXHUKU U TEXHOJIOTUU HA3EMHOTO TPAHCIIOPTay.

BrrancnutennbHOE MBIIUIEHUE TIPEICTABISIET COOOH CII0KHOE MHOTOACIIEKTHOE IIOHSTHE,
COJIep’)KaHUE KOTOPOTO OINpeAeNsieTcs OCOOCHHOCTSIMH JTUCHUIUIMH, HM3y4aeMbIX CTYACHTaMU
Pa3IMYHBIX CIELHUAIBHOCTEN W HANpaBlIeHUH MOATOTOBKU. Hampumep, OTHOCUTENBHO CTYAEHTOB,
oOydarolmuxcsi Ha MHXCEHEPHBIX CHENHANbHOCTAX M HaNpaBlIEHUSX TMOJITOTOBKU M HE
TUTAHUPYIOIINX CBOIO AIBHEHIIYIO PO(ECCHOHANBHYIO AEATEIBHOCTD B cpepe HH(POPMAITMOHHBIX
TEXHOJIOTMH, B paMKax M3y4YEHHMS MAaTeMaTUKU BBIYHMCIUTEIBHOE MBIIUIEHHE  MOXKET
paccMaTrpuBaThCsl  Kak  I[poOIecC MPOrpaMMHUPOBAHMSI — alrOpUTMa  pEIIEHUs  3aJauu ¢
UCIOJIb30BaHUEM cHucTeM KomrmbiorepHoi matematuku (I'eitn, Kynukosa, 2024). B stom ciyuae
OJIHUM U3 BO3MOXHBIX BApUAaHTOB Pa3BUTHS BBIYUCIUTEIBHOIO MBIIIJICHUS CTYAEHTOB BBICTYNAET
BKJIIOYEHHE B Yy4YeOHBIMH Tpolecc KOMIUIEKCHBIX KOMIBIOTEpPHO-MAaTeMaTHUYECKUX 3aJaHHuN
(Kynukosa, Kynukosa, 2024), BellloJIHEHHE KOTOPBIX TPeOyeT NPUMEHEHHUS CUCTEM KOMITbIOTEPHOM
MareMatuku. [Ipennaraemeie 3aaHusl BKIIOYAIOT JIBE YACTHU: M€pBas — aHAJIMTUKO-MAaTeMaTHYeCKast
U BTOpas — NpOrpaMMHO-BblUMCIUTENbHAd. [lepBas dYacTh Takoro 3ajJaHusi MpelroJiaraet
COCTaBJICHHE MaTEMaTHYECKON MOJENIN B3aUMOCBS3M HAa4aJbHBIX M MCKOMBIX BEJIIMYUH, & BTOpas
4acTh — COCTaBJIEHUE aIrOpPUTMa Ipolecca pelIeHNs U HallMCaHWe JIUCTUHTA POTrPaMMBbl.

KoMImiekcHble KOMIIBIOTEPHO-MAaTEMAaTUYECKUE 3aJaHHUsI MOXKHO COCTaBUTb HAa OCHOBE
y4eOHBIX MaTepualioB, KOTOpbIE BXOJSAT B COOPHUKM 3aJady MO KypCy BbICIIEH MaTeMAaTHKH.
BeruucnurenbHble BO3MOXHOCTH CUCTEMbI KOMITBIOTEpPHOW MaTeMaTuku Mathcad co3aaioT yciaoBus
JUISL COCTABJIEHUSI TaKUX YYEOHBIX 3aJaHUM, BHIIIOJHEHHE KOTOPHIX HEBO3MOXKHO IPEJICTaBUThH O€3
e€ ucnonp30BaHusA. MOXXHO BBIACTUTH TPU BUJA TaKuX 3aJaHuil: 1) aBTOMAaTu3anus TPYIOEMKUX
anreOpandeckux BBIUMCICHUN M CIIOKHBIX MaTEMaTHYECKUX MpeoOpa3oBaHUM, 2) MOCTPOCHUE
rpaduKkoB (QYHKIMI B pa3IMYHBIX CHCTEMax KOOpJAMHAT, 3) MPOBEICHHWE HMHTAIMIOHHOTO
MOJIETTUPOBAHUS C HCITIOJIb30BAaHUEM I'eHepaTopa CIydyailHbIX YHCEI.

[IpuMeHeHHne aBTOMATHU3ALMU TPYAOEMKUX BBIUMCICHHH IeiecooOpa3sHO B TeX Cilydasx,
Korjaa kKod((pUIMEeHThl MaTeMaTUYecKOl MOJIENIM 3a/laHbl MHOTO3HAUYHBIMHM HELeNIbIMU YHCIIaMH, a
HaXO0XJECHUE MCKOMOM BEIWYMHBI MOXET OCYILECTBIATHCS C MCIOIb30BAHUEM BCTPOEHHBIX
¢byukuii cucrtemsl Mathcad. Tloctpoenue rpadukoB GYHKIUN B pa3IMYHBIX CUCTEMaX KOOPAMHAT
OUEHb CIIOXKHAasi TEOMETPUYECKas 3ajlada, KOTOpasl HE pacCMaTPUBAETCS B pa3/ielaxX aHaIUTHYECKON
reoMeTpUu M MaTeMaTHU4YecKoro aHanusa. bonee ycnemHoe (GopMHUpPOBaHHE MBIIUIEHUS OyIyIIUX
WH)XEHEPOB BO MHOIOM ONHUpAETCs Ha BKIIOYEHHE B Y4YeOHBIH NpOIecC HAarIsggHO-00pa3HbIX
MIpPE/ICTAaBICHU MaTeMaTUYeCKUX B3aMMOCBS3€H, MOITOMY, HampuUMep, BO3MOKHOCTb «YBUIECTb»
rpadpuKk (YHKIMH JBYX TI€PEMEHHBIX CIIOCOOCTBYET JYyYIIEMY YCBOCHHIO TOHSATHHA TOYEK
JKCTpEMyMa M CTAallMOHAapHBIX ToYeK. [lo3HaHWe cCilydallHbIX 3aKOHOMEPHOCTEW INpPHU H3yYECHHUH
TEOPUH BEPOSITHOCTEH B OCHOBHOM OIMPAETCS HAa HAXOXKACHUE BEPOSITHOCTU COOBITHS, a HE €ro
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OTHOCUTEJIBHOW YacCTOThI, 3HAYCHUE KOTOPOM MOKHO IOJYYUTh TOJIBKO B XOAE IMIIUPUUECKUX
nccnenoBanuil. [IpruMeHeHHE HMHTALMOHHOIO MOJEIUPOBAHUS TMO3BOJISIET  HCIIOJIb30BAThH
BBIYMCIIUTENIbHBIA AKCIIEPUMEHT I ONpEeleNeHUsT KOJWYecTBa ONaronpusTHBIX HCXOJOB B
3aJJaHHOM CEepPHUH UCIIBITAHUN U CPABHUTH OTHOCUTEIHHYIO YACTOTY COOBITHS C €r0 BEPOSITHOCTBIO.

[Ipouecc pemieHUss KOMIUIEKCHOTO KOMIIBIOTEPHO-MAaTEMaTUYECKOrO 3aJaHHUsl MOKET
BKJIIOYATh MTh 3TAloOB: BOCHpUATHE Y4eOHOI 3amayu, omnpeiesieHue MaTeMaTH4eCKOW MOJEINH,
IOCTPOEHUE AIITOPUTMA PELIEHUA 3a]]a4, TPOTPAMMUPOBAHNUE BBIUUCIUTENBHBIX JICHUCTBHM, aHAIU3
MOJIYYEHHBIX pe3ynbTaToB. [lepewviti sman. llpenonaBarenb Ha y4eOHOM 3aHSITHHM IPEICTABIISET
COJIep’)KaHUEe KOMILJIEKCHOTO KOMITBIOTEPHO-MATEeMATHYECKOTO 3a/laHus, & CTYACHTHI (DUKCHUPYIOT
€ro YCJIOBHE B CBOUX TeTpausix. Bmopou sman. CTyIeHTbl 3alIUCHIBAIOT HEOOXOIUMBIE paCUETHbBIE
(dopMysBl OA PYKOBOJCTBOM NpEnojaBaTessi B IMPOLECCEe IHAJIOTHUECKOro oouieHus. Tpemuii
sman. OOCyXIaeTcs JOrudeckas IOCIeI0BaTEeIbHOCTh HAXOXKICHUS HCKOMOM BEJIMYMHBI U
COCTaBJISICTCSI AJITOPUTM PELICHUS 3a7a4d, KOTOPBIA CTYIEHTHI M300paKaloT B CBOCH TETpaaul B
Buje Onok-cxeMbl. Yemeépmuoiti sman. JIeMOHCTpHUpPYETCS JIUCTHHI MPOTPaMMbl BBIUYMCICHUH,
COCTaBJICHHBIA HAa OCHOBE IMPEJICTABICHHOW OJOK-CXEMBI QJITOPUTMA pEIICHUs 3aJadu, |
MIPOBOJMTCS. €r0 TECTUPOBAHUE B CHCTEME KOMIBIOTEpHON mareMatuku Mathcad. Ilameiii sman.
AHaIM3UPYIOTCS HAa JOCTOBEPHOCTh MOJIYYEHHBIE C TIOMONIBIO IPOTPAMMBI  PE3YJIbTATHI
BBIUMCIICHUH, ¥ (opMyIupyercs BBIBOA O 3HAYCHHSIX MCKOMBIX BelIMYUH. Paccmorpum
MPOXOKJICHUE OTMEYEHHBIX JTallOB HA IPUMEPE PEIICHUS TPEX BBIACICHHBIX BBIIIE BHJIOB
KOMIUIEKCHBIX KOMITbIOTEPHO-MAaTEMaTHUYECKIX 3aJJaHUH C UCIIOJIb30BaHUEM cucTeMbl Mathcad.

Komnnexcnoe xomnwvlomepno-mamemamuyeckoe 3adanue 1. Ilycte 3amaHa cuctema
nuHeHbIX anreOpanueckux ypaBHenuii (CJIAY), koTopas UMeeT cielyrouii BUT

1,13x, — 5,43x, — 4,87x, + 9,08x, = 10,05,
2,89x, + 1,98x, + 5,03x; — 7,48x, = 5,09,

4,31x, + 6,51x, — 3,82x, — 9,53x, = —1,08,
7,05x, — 2,69x, + 3,71x, + 8,54x, = —2,48.

CocraBpTe MaTemaTnueckytro Mojenb pemeHuss CJIAY meronoMm o0paTHOH MaTpuiibl,
n3o0pazute O10K-cxemy anroputma perieHust CJIAY, 3anummre TUCTUHT MPOrpaMMbl BEIYHCIICHUMA
B CHCTEME KOMITBIOTEpHOM MaTeMaTuku Mathcad, naiiinTe 3HaUYCHHUSI HEM3BECTHBIX.

[IpencraBieHHas B 3aJjaHUM CHCTEMa YpaBHEHHUH HMMeEET Helelble 3HAuY€HUs CBOOOIHBIX
9JIeHOB M K03()(PUIIMEHTOB mepes; HEM3BECTHBIMM, IIO3TOMY HCIOJIb30BAHHE B 3TOM Cllydae
KanbKynsaTopa Mathcad odeHb TpoOJIEMATHYHO, TaK KakK IMPOIECC BBIYUCICHUH 3aMET MHOTO
BpeMeHu. MaTemaTuueckass MOJENIb HaXOXKACHUS HEM3BECTHBIX INPEJCTaBIIIET COOON MaTpHUuHOE
ypaBHEHHUE, PElIeHUEe KOTOPOro TpeOyeT BBIYMCICHHUS O0OpaTHOM MATpHUIlbl CUCTEMBl YpaBHEHUN U
e€ yMHOXXEHHE Ha MaTpuIly-cToiler] cBOOOIHBIX wieHOB (puc. 1). ABTOMaTH3alMs alIrOpUTMa
MaTpUYHBIX MpeoOpa3oBaHUIl BKIIIOUEHA B CUCTEMY KOMIIbIOTEpHON MartemaTtuku Mathcad, 4dro
co3aér OnarompusTHble ycnoBus Uit e€ wucnonb3oBaHus npu pemenun CJIIAY, kotopoe
NPEJCTaBIseT COOON JMHEHHBIM aJrOpuTM BBINOJHEHUs AEHCTBMHA Haja Marpuuamu (puc. 1).
[IporpamMMa BbIYMCIIEHUH OyJeT BKIIIOYATh CO3[aHUE KBaJpPaTHOM MaTpHIBI U MaTPHUIIbI-CTOJIONA,
HaXO0XKJICHHE MaTPHIIbl HEM3BECTHBIX OCYIIECTBIISIETCS Yepe3 UCIOIb30BaHUE OMepaTopa 0OpaTHOM
MaTpullbl U €€ YMHOXKEHHUS Ha MaTpully-cTosOer] CBOOOJIHBIX uJeHOB. KOppeKTHBIM BBIBOJ
HEU3BECTHBIX BEJIMYMH C HUHAEKCOM TpeOyeT NpUCBOEHUsS ciykeOHoil nepemenHoit ORIGIN
3HaueHus 1 (aBromaruuecku ycraHaBiuBaeTcs 3HadeHue (). Hamucanume nmucTHHra mporpammbl
yI100HO TIPOBOJIUTb, €CIU MPEIBAPUTEIBHO COCTaBJIECHA OJOK-CXeMa ajlropurMa pemeHus (puc. 1).
MO>KHO IPENTIOKNUTh CTYIEHTAM CaMOCTOSITENIBHO TOJICTAaBUTh HAalJICHHbIE 3HAYEHHSI HEU3BECTHBIX
B UCXO/IHbIE YPaBHEHUS U YOSTUTHCA B UCTUHHOCTH MX PAaBEHCTBA.
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I 3HAYEHNA HEN3BECTHBIX

:7{1=0939 Xop=-4278 X3=-087 X4=-2035

__Marpuusoe ypaBHeHue JIMCTHHT IPOrPaMMBbI BEIYUCICHUI
| AX=B>X=A4'B | 1 MaTpiuHoe ypasHetie AX = B !
TToTTTTTTTTTTTTommmTm e ' {MaTpuya A MaTpuya B
brnok-cxema anropurma ! . .
T —— ' 289 198 3503 -748 5.09 '
: : 1 A, = B = :
' C HAYAJIO ) ! : 431 651 -382 -9.53 -1.08 :
v i i 705 -269 371 854 ) -2.48 ) i
| / BBOILA’B / i | ORIGIN = | |
! l ! 0.939 ) !
: Y=4"'B i : Matpuya X e i
: 2 : i x=A"'B X=| !
l ! . -0.87 :
! / BriBoxg X / | ! !
' - ! : ~2.035 ) !

Puc. 1. Pewenue CJIAY 6 cucmeme Mathcad

Komnnexcrnoe xomnviomepno-mamemamuuecxkoe 3adanue 2. Iloctpoiire rpaduk (QyHKIHHA
z(x,y) =x* 4+ 3x*+ 2y® — 3y +5, ucnons3ys uaGIOH TPEXMEPHOTO TIpauKa B CHCTEME
KOMITBIOTEpHOM Marematuku Mathcad, ecim x € [—3;1], y € [—1;2]. BusyansHo orieHuTE
3HAYCHUSI KOOPAMHAT TOYCK SKCTPEMyMa M 3HAYCHHS KOOPIMHAT CTAMOHAPHBIX TOYEK, U3MEHSISI
pakypc u3obpakeHusi rpaduka ¢yHKuud. IIpoBepbTe MONYYEHHBIH PE3yabTAT aHATMTHYECKUAM
METOJIOM.

[MToctpoenue rpaduka GYHKIUU IBYX MEPEMEHHBIX 0€3 MCIOIb30BaHUS WHPOPMAUOHHBIX
TEXHOJIOTHI HE MPEICTABISCTCS BO3MOXKHBIM. CHCTeMa KOMIbIOTEpHO# Maremaruku Mathcad
UMeeT BCTPOCHHBIN M1a0JI0OH MOCTPOEHUs TPEXMEPHBIX IpaduKoB (puc. 2).

HAYAJIO
/ BBox z = f(x,y) /
2

! [[Tabnon onepaTopa !

____________________________

Ipacunk a @

Y

BriBoa rpaduka
z=flx.y)

___________________________________ [

a) briok-cxema anroputma 6) [1abnoH mocTpoeHus rpaduka B
oCTpoeHUs rpaduka cucreme Mathcad

- a5
! 0 05 i

Puc. 2. lllabnon onepamopa mpéxmeproeo epaguxa 6 cucmeme Mathcad
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MaremaTtrueckasi MoJieib (DYHKIMU JIBYX MEPEMEHHBIX 3a7a€Tcsl B BUE TOJIb30BATEIbCKOM
byakumn z(x, y) (puc. 3). AITOPUTM MOCTPOCHHS TaKOro Tpaduka B 3TOM ciiydae OyaeT BKIOUYATh
BBOJI (DYHKIIMOHAIBHOM 3aBHCHMOCTH, BBI30B IIa0JOHA COOTBETCTBYIOLIETO ONEPAaTOpa W BBIBOJ
rpadpuka  MOBEPXHOCTH. IIporpammupoBanue BBIUUCIICHUM  @pearnosiaraer  3aluch
MOJIb30BaTeNbCKOM (yHKIMU z(Xx, y) W BBI3OB ImabioHa TpéxmepHoro rpaduka (puc. 3).
VYcraHoBlIeHME 3aJaHHOTO JMana3o0Ha HE3aBUCHUMBIX IE€PEMEHHBIX OOJIErdaeT BU3YallbHOE
OIIpEe/ICJIEHUE KOOpJAMHAT TOYEK SKCTpEMyMa M CTallMOHapHbIX TouyeK (puc. 3). Bo3moxHOCTH
U3MEHEHMsI pakypca H300paKeHHsI MO3BOJIIET 0ojee TOYHO OIpPEdesIUTh KOOPAMHATBHI TOYEK
9KCTPEMYMA U CTAllMOHAPHBIX TOYEK.

7
/ \
v SN0
10 4_‘!5{? / / "‘\}\\\\\\\\\\ “."
ﬂ;ﬁ:i\:\%:g‘%‘g&m% "’:}ﬁ\\l\\\\@ ""'mg”"‘
Qs g il

T e \\’Ill’ '
0,0'7':? 53’@%:«145"4.{‘
PONRRES
0 lllllf:;,'QR‘\\\\\\Q\\
| \
\

" Q
\
DR 3\\\:

]
2435
2>

NN
\
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a) Touku skctpemyma 4 u B 0) Craunonapusie Touku C u D
Puc. 3. I'pagpux ¢pynrxyuu z(x, y) 6 cucmeme Mathcad

Komnnexcrnoe komnviomeprno-wamemamuuecxkoe 3aoanue 3. Ilpoliecc u3BnedeHus Hayaaqy
mapa U3 KOpOOKHM B CHUCTEME KOMIBIOTEPHOW MareMaTuku Mathcad MoXeT MOAETUpPOBATHCS C
noMoInpio QyHKiuu rnd(l), koropas TeHepHUpyeT IICEeBIOCIy4YaliHOE YHCIO C PaBHOMEPHBIM
pacnpenenenueMm ot 0 mo 1. Ilyctes B kOopoOke k; Oenbix mapoB u k, depHbIX ImapoB. Haiimure
OTHOCUTEJIBHYIO YacTOTy M3BJIEUEHUs Hayjady Oenoro mapa M3 KOpPOOKM TNpH HMHTALUH
MHOTOKpPaTHOTO MOBTOPEHMsI ONBITA, €clii ki paBHO 6, k» — 9 u ombIT moBropsercs 100 pas.
CpaBHMTE TOJYYEHHBIH pe3ylbTaT C BEPOSTHOCTHIO 3TOro coObiTus. CocTaBbTe OJOK-CXeMy
IrOpUTMa MMUTALMOHHOTO MOJIEJIMPOBAHUS MHOTOKPATHOTO M3BJEUEHHUS Haydaudy Oesoro mapa
13 KOPOOKHM U 3alMILIUTE JUCTUHT POrpaMMsbl B cucteme Mathcad.

Haxosxaenne oTHOCHTENbHON 4acTOTHI M3BJIEUEHHsI O€JI0T0 m1apa U3 KOpoOKH MPEATNonaraeT
BBINOJIHEHUE BBIYUCIUTEIBHOTO SKCIIEPUMEHTa Ha OCHOBE MMUTAIIMOHHOTO MOJETUPOBAHMUS.
[IporpaMMupoBaHu€e BBIUMCICHUN C UCIOJIB30BaHUEM BCTPOCHHOI'O F€HEepaTopa MCeBI0CIydYalHbIX
yucen rnd(1) ¢ paBHOMEpHBIM 3aKOHOM pacmpeneneHuss B unHtepBaie or 0 g0 1 B cucreme
KOMITBIOTEPHOH MateMaTHki Mathcad OTKpbIBaeT BO3MOXHOCTH Ui UMHTAITUH ITPOBEICHHUS OIbITA
CO cIy4aHbIM MCcX0JoM (pHc. 4). MaremMaTu4eckoil MOJENbIO SBJSETCS OTHOIIEHHE KOJIMYECTBA
UMUTAUN W3BIIEYeHUsT OeNoro mapa K oOIeMy KOJHYECTBY OIBITOB, MPOBENEHHBIX B XOJE
BBIUUCIIUTENIEHOTO SKCIEPUMEHTA. AJITOPUTM HMMHTALUHU TPOBEJEHHUS] TAaKOTO OIBITa COCTOUT M3
BBO/Ia HAYaJbHBIX JIaHHBIX, [UKIA CO CYETYMKOM, OCYIIECTBISIONIETO ITOBTOPEHUE OIIBITA,
BBIUUCIIEHHE BEPOATHOCTU COOBITHS, BBIBOJ HCKOMOIO 3HA4YE€HUS OTHOCHTEIBHOM YacTOTHl WU
BEpPOSITHOCTH COOBITHS (pucC. 4). YCIOBHBIN omepatop if onpeaenseT HacTyIUICHHE HE0OXOaMMOro
MCX0/1a, a OTIEePaTop LHUKIA CO CUETUUKOM for MO3BOJISIET OPraHU30BaTh MHOTOKPaTHOE TTOBTOPEHHE
WCTIBITAaHHS. 3aBepIIacTcsl PElIeHWE 3a/Ja4d CPaBHEHUEM 3HAYCHHWH OTHOCHTENBHOW YacTOTHI U
BEPOSITHOCTH U3BJICUEHUS 0€JI0To 1mapa U3 KOpoOKH U OOBSICHEHUEM HX PACXO0XKICHHS.
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briok-cxema AIrOpUTMA UMHUTAIIUN JInctuHr IIporpamMmaI
IT T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e e e e e e, e, , e, —,— e, —————————
BBoa gaHHbIX
C HAYAJIO ) kl:=6k2:=9n:=100
DYHKLUA Nonb3oBaTens
y Imit(kl,k2.n):= |m« 0
ki . n for iel.n
1) 2) '
v b « rmd(1)

k1
kl +k2

m«m+1 if b<

m=0

m
W —
n
- k1
P e
(w p)
BbiBOA AaHHbIX
Imit(kl,k2,n) = (0.52 04)

Puc. 4. Umumayus mrHo2okpamno2o uzeiedenus wapa uz kopooxku 6 cucmeme Mathcad

3akiro4enue

[IpuMeHeHHEe KOMITJIEKCHBIX KOMITBIOTEPHO-MATEMATHYECKUX 33/JaHUi 10 Pa3InYHBIM
TeMaM BY30BCKOT'0 Kypca MaTeMaTHKHU CO3/1aET OJaronpusTHbIC YCIOBUS Ul BKIFOUEHUS CUCTEMBI
Mathcad B y4eOHbIi ipouiecc. Pemenue npeanaraeMbix 3aJjaHuil BbI3BIBAET UHTEPEC Y CTYJIEHTOB,
TaK KakK MCIOJb30BaHUE MH()OPMAIIMOHHBIX TEXHOJIOIMH COIPOBOXKIAETCS MMOJAPOOHBIM ONMCAHUEM
W HarJSITHBIM TIPEJICTABICHHEM BBINIOJHAEMBIX YUEOHBIX NeicTBhil. [IpoxoaeHue BBIACICHHBIX
9TANoB NPH BBINOJIHEHUH Pa3paOOTaHHBIX 33/JaHUIl CIIOCOOCTBYET aKTHBM3AllMU MO3HABATEIbHON
NESTeTPHOCTH W PAa3BUTHIO BBIYHCIUTEIBHOTO MBIIUICHUS CTYJAEHTOB, OOYydYalomMXcs Ha
TEXHUYECKUX CIIELUAIBHOCTAX, KOTOPbIE HE CBSI3aHBI cO cepoil MHHOPMAIIMOHHBIX TEXHOJIOTUH,
MH(OPMATUKON M KOMITBIOTEPHOU TEXHUKOM.
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Abstract. The paper considers the problem of using computer mathematics systems in
solving mathematical problems by students studying in specialties and training areas
in the field of engineering and technology of land transport. The results of a content
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analysis of the concept of computational thinking of students of various specialties and
fields of study in the process of their education in general scientific and special
disciplines are presented. In the context of the problem under study, computational
thinking is considered as the process of programming an algorithm for solving a
problem using computer mathematics systems. When studying a university
mathematics course, it is proposed to use special didactic tasks (complex computer-
mathematical ones), the implementation of which provides for the mandatory use of
the Mathcad computer mathematics system. The formulation of such tasks is based on
the modification of the content of standard mathematical problems with the addition of
the mandatory use of the Mathcad computer mathematics system to find quantitative
values of the desired quantities. The article presents tasks for solving a system of linear
algebraic equations (four equations and four unknowns) with multi-valued non-integer
values of free terms and coefficients before the unknowns, constructing a graph of the
surface of a function of two variables in a three-dimensional rectangular coordinate
system, which has extremum points and stationary points, and simulating a random
event to calculate its relative frequency. The implementation of the proposed complex
computer-mathematical tasks determines the need to go through such stages as the
perception of the learning task, the definition of a mathematical model, the
construction of an algorithm for solving the problem, programming computational
actions, and analyzing the results obtained. These stages create favorable conditions
for the activation of students' cognitive activity and the development of their
computational thinking.

Keywords: computational thinking, computer mathematics, didactic tasks, information
technology, mathematical training
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