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AHOTALIA

ABSTRACT

@PopmyniosaHHa npobaemu. AkmyansbHow npobaemoro 8 ocsimi €
3anposadxeHHs STEM-HasyaHHA. MemoduKka nidzomosKku y4umenie
mamemamuku (014 CepedHa ocsima. Mamemamuka) 8 KoHmexcmi
peanizayii  STEM-ocgimu  nompebye  yo0ockoHaneHHA.  HackpizHe
8UKOPUCMAHHA Memody MoHme-Kapno y HABYAHHI CMOXACMUKU €
engineering-iHCmpymeHmom, ycriwHe OnaHy8aHHA AKUM cripuamume
iHmezpayii 3HaHb ma ymiHe 3006ysayie oceimu 3 mMamemamuKku ma
iHpopmamuku, niocomosyi yyumesie 0o snposadxceHHa STEM-nidxodie y
HaB8YaHHi mamemamuku. Memoro cmammi € eucsimaeHHA OopobKy
asmopa 3 numaHHA enposadieHHs STEM-nioxodie y HABYaHHI
cmoxacmuku.

M. EY

P i B pobomi eukopucmaHi meopemuyHi U
emnipu4dHi memodu OO0CNiIOHEeHHA: aHAMI3 O YMOYHEHHsA me3aypycy
00CNiOHEHHA; aHAnMI3 HAYKOBUX Oxcepen O/A BU3HAYEHHA BaM/IUBUX
HanpAmKie, Ha AKUX eapmo 3ocepedumu ysaay 044 ¢opmysaHHA STEM-
KomnemeHmHocmel 3006ysavie oc8imu; cuHmes, crocmepemeHHsa 3a
ocgimHim npoyecom; cucmemamusayia U y3a2aneHeHHA pe3yanbmamis
00Cni0meHHA;  BUKOPUCMAHHA  CMAMUCMUYHO20  Kpumepito 014
BU3HAYEHHA 3CY8Y Y 3HAYEHHAX 03HAKU (Kpumepili BinkoKcoHa).

Pesyabmamu. HackpizHe eukopucmaHHa memody MoHme-Kapao y
HOBYAHHI CMOXACMUKU MO3UMUBHO 8MAUBAE HA piBeHb HABYAAbHUX
docazHeHb 3006ysadie oceimu ma ix 20mosHicmb 00 8r1pPo8aAdHEHHA
STEM-nioxo0ie y Ha8YaHHI y4Hie.

BucHosKu. 3acmocysaHHs memody MoHme-Kapno Ak engineering-
iHCmpymeHmy  3MiWye aKUYeHmu HABYAHHA 3 MeopemuyHoi &
eKcrepuMeHmarbHy naAoWuHY. Y x00i 00cnidneHHA 8cmaHO8/1eHo, Wo
HACKpi3He  BUKOpUCMAHHA Memody MoHme-Kapao y  HABYAHHI
CMOXacCMUKU M03UMUBHO 8M/1UBAE HA pigeHb HABYA/NbHUX OOCA2HEHb
3006ysayis ocsimu. ExcnepumeHmanbHO nidmeeporeHo nidsuueHHA
pigHA 2omosHocmi MalibymHix y4umenig 00 No0asn6Wo20 8MpPosadHeHHsA
STEM-nidxodie y Ha8YaHHI y4His.

Formulation of the problem. The introduction of STEM education is an
urgent problem in education. The methodology for training mathematics
teachers (014 Secondary Education. Mathematics) in the context of STEM
education needs to be improved. The cross-cutting use of the Monte Carlo
method in teaching stochastics is an engineering tool, the successful
mastery of which will help integrate the knowledge and skills of students in
mathematics and computer science, and to train teachers to implement
STEM approaches in mathematics teaching. The purpose of the article is to
highlight the author's work on the implementation of STEM approaches in
teaching stochastics.

Materials and methods. The paper uses theoretical and empirical
research methods: analysis to clarify the thesaurus of the study; analysis of
scientific sources to identify important areas that should be focused on for
the formation of STEM competencies of students; synthesis, observation of
the educational process; systematization and generalization of research
results; use of statistical criteria to determine shifts in the value of the
feature (Wilcoxon criteria).

Results. The cross-cutting use of the Monte Carlo method in teaching
stochastics has a positive effect on the level of academic achievement of
students and their readiness to implement STEM approaches in teaching
students.

Conclusions. The use of the Monte Carlo method as an engineering tool
shifts the emphasis of learning from the theoretical to the experimental
plane. The study found that the cross-cutting use of the Monte Carlo
method in teaching stochastics has a positive effect on the level of academic
achievement of students. The increase in the level of readiness of future
teachers for further implementation of STEM approaches in teaching
students has been experimentally confirmed.

K/ItOHOBI C/IOBA: memod MoHme-Kapso; eeHepamop eunadKosux
yucen; mabnuyi Google ma Microsoft Excel; cucmema OuHamiyHOF
mamemamuKku GeoGebra, cmoxacmuka, meopia limosipHocmeli ma
mMamemamu4Ha cmamucmuka, memoouka STEM-Has4aHHA; npodgeciliHa
ocsima; nidcomosKka malibymHix yyumesnie mamemamuku.

KEYWORDS: Monte Carlo method; random number generator; Google
and Microsoft Excel spreadsheets; GeoGebra system of dynamic
mathematics, stochastics, probability theory and mathematical statistics,
STEM teaching methods; vocational education; training of future math
teachers.

BCTYN

MoctaHoBKa npo6nemu. OAHWM i3 HaWBAXKAMBILUMX HOPMATUBHWUX [OKYMEHTIB, fKi OKpPECcNioTb MNepcneKkTUsu
po3BuUTKY STEM-ocBiTM B YKpaiHi, € KoHuenuia peanisauii gepkasHoi nonituku y cdepi pedopmyBaHHA 3araibHOI cepeaHboi
0CBiTM Ha nepiog 8o 2029 poky «HoBa yKkpaiHcbKa WKoia». Habyna umHHocTi KoHuenuis po3BUTKY NPUPOAHUYO-MaTeMaTUYHOI
ocBiTM A0 2027 poKky — STEM-ocBiTn. STEM-0OpieHTOBaHMI MigXia 00 HAaBYAHHA € AKTya/JibHMUM HANpAMOM MOZEpPHi3auii Ta
iHHOBALMHOTO PO3BUTKY MPUPOAHMYO-MATEMATMYHOIO W rymaHiTapHoro npodinis ocsitn, a STEM-rpamoTHicTb —

MiXAMCLMNAIHApHOO 061aCTIO JOCNIAKEHHSA, AKA NOEAHYE HAYKY, TEXHOOFII, iIHXKEeHepito Ta MaTeMaTUKY.
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3anopyKoto 3anpoBaAKeHHA aKTyanbHOI Ha cboroaHi STEM-0CBITM MOXYTb CTaTV KpeaTUBHI Nefaroru, y Tomy Yicii i
yunTeni maTemaTuKu, AKi 34aTHi CBOIMM 3HAHHAMM Ta BMiHHAMM 3pobuTn npusabansumm STEM-nporpamu i MeToam HaBYaHHSA,
CNPOMOXKHI reHepyBaTu ifei, 3acTocoByBaTM (yHAAMEHTaNbHI 3HAHHA A1A BUPILEHHA CKNAAHWX, MPAKTUYHWUX 3aBAAHb Y
MalbyTHI npodeciiHii aisnbHOCTI TenepilwHix 3406yBayiB OCBITH.

OpHak, meToamKa nigrotoBku yumntenis matematuku («01 Ocgita (014 CepeaHsa ocsiTa. MaTemMaTuKa)») B KOHTEKCTi
peanizauii STEM-ocBiT1 noTpebye yaocKoHaneHHA. ToMy BUKOpPUCTaHHA meTody MoHTe-Kap/io y HaBYaHHI MaibyTHiX yumTenis
MaTEMATUYHUX AMCUMNANIH, 30Kpema Teopii MMOBIpHOCTEM Ta MaTemMaTUYHOI CTaTUCTUKKM, PO3MNALAEMO fAK engineering-
iHCTPYMEHT, ycnilWwHe onaHyBaHHA AKMM CNPUATMME iHTerpaLlii 3HaHb Ta yMiHb 3400yBayiB OCBiTM 3 MaTeMaTUKK Ta iHOOPMATUKK,
nigroTosL,i yuntenis Ao snposaaxeHHa STEM-nigxoais y HaBY4aHHI MaTeMaTUKMU.

AHaniz aKtyanbHuUX pocnigxeHb. KoHLUeNTyanbHi nigxoau Ta NpPaKTUYHI Hanpamu  peanisauii STEM-ocsitn
LOCNIAXKYIOTb 6araTo HayKoBLiB, meToamcTiB. 3okpema O. bapHa, B. Onekciok, H. banuk Ta iH. (2018), t0. boTty3osa, H. Banbko,
I. Bacunawko, . BacunbeBa, K. BnaceHko Ta iH. (2019; 2021), C. TopbeHko, O. Npnb’tok, O. KyabmeHko, H. Mopse, O. NaTtpaKeesa,
B. Mikanosa (2021), O. CtpyTuHCcbKa, H. XapagkaH Ta iH. Ha ocHoBi aHanisy gocnigxeHb STEM-0CBiTY TPaKTYEMO fIK LificHY
cucTemy NpPUPOAHUYOT i MaTeMaTUYHOI OCBITHIX rany3ei. STEM-HaBYaHHA 6a3yeTbcA Ha NPAKTUYHOMY 3aCTOCYBaHHI HAYKOBUX,
MaTEMATUYHMX, TEXHIYHMX Ta iHKEHEePHUX 3HaHb 1A PO3B’A3aHHA NPAKTUYHUX NPO6aEM ANa NOAANBLIOTO BUKOPUCTAHHA LUX
3HaHb | BMiHb Y nNpodeciiHii gianbHocTi. MeToto STEM-0CBITU €, 30KpemMa, pO3BUTOK ocobucTocTi yepes dopmyBaHHA STEM-
KOMneTeHTHOCTel, 6ayeHHA NPUPOLHNYO-HAYKOBOI KapTUHK CBiTY 3400yBavyamm OCBITH, BUKOPUCTAHHA TPAHCAMCUMMAIHAPHOTO
nigxoay A0 HaByaHHA. O4ikyBaHMMM pe3ynbTaTamMu Ma€e cTaTu TpaHcdep 3HaHb, AKMI 3abe3neyye BNPOBaAKEHHA AOCATHEHb
HayKoBOi cpepwu B OCBITHIN npoLec.

Mpobnemn NiaroToBKM, NigBULWEHHA KBanidiKaLil yuuTenis MaTeMaTUKM B KOHTEKCTI BMKOPUCTAHHA iHHOBALiMHUX
TEXHO/IOFM HaBYaHHA Ta PO3BUTKY HaBYa/IbHUX KOMMNETEHTHOCTeN 3406yBayiB OCBITM 3HAWLWAM BifobparKeHHA B AOCNIAKEHHAX
I. Nos’aHoBOi, K. BnaceHko Ta iH. (2019; 2021). ABTOpM aKUEHTYHOTb yBary Ha HeobXigHOCTi MOCMNEHHA NPaKTUYHOI
CNPAMOBAHOCTI HaBYaHHA MaTEMATUKMU.

B. Mikanosa (2021) B ancepTaLiiiHili poboTi 06FPYHTOBYE KOMMNIEKC NeAaroriyHMX yMoB BUKOPUCTaHHA GeoGebra sk
iHCTpymeHTa peanizauii STEM-ocBiTM B Npoueci NigrotoBkM mManbyTHiX yuntenis maTeMaTUKKU. 30Kpema CynpoBoay Pi3HUX BUais
HaBYa/bHOI AiANbHOCTI CTYAEHTIB i3 BUKOPUCTaHHAM NakeTy GeoGebra.

Yacto pns BM3HAYEHHA XapaKTEPUCTUK AEAKMX NpoueciB, nepebir AKMX He € AeTepMiHOBAHUM i 3anexuTb Big,
BMNaAKoBMX GaKTopiB, po3pobaAOTL CneuianbHi iMiTaliiHi mogeni Ta 34iMCHIOTb iMiTaLilo 3 BUKOPUCTAHHAM MPOrPamHUX
3acob6iB. MeHepaL,if BUNaAKOBUX YNCEN € BAXK/IMBUM KOMMOHEHTOM 6araTbox 3aCTOCYHKiB, BKAtOYatoun Kpuntorpadito, cuctemm
6e3ne4yHoro 3B'A3Ky, CUMyAALIT Ta iIMOBIPHICHI aNrOPUTMK. 34INCHMBLUM CTAaTUCTUYHE MOZAENIOBAHHA, ycepeaHeHi pe3ynbTatu
cnocTepekeHb BUKOPUCTOBYIOTb A/1A HABNUKEHOTO BU3HAUYEHHSA LYKAHWUX XapaKTepUCTUK NPOLLECIB, WO AOCAIAKYIOTb. Y LboMmy
NONArae CyTb METOAY CTaTUCTUHYHUX BUNpPOobyBaHb — meToay MoHTe-Kapno (¥angak Ta iH., 2009; CemeHixiHa, 2008).

Y pesknx Bunagkax meton MoHTe-Kapio € €AMHUM, 33 AKUM MOXKHa AiCcTaT HabauKeHi po3B’A3KM 3agady, AKi He
MOKHa MNPOaHani3yBaTM iHWWMMM aHANITUYHUMKW UM 4YucenbHUMKM meTogamu. MeTtoa MoHTe-Kapno — metog imitauii gna
BiATBOPEHHA peasibHUX fABULL. 3aCHOBAaHWMI HA OAEp)KaHHI BEMKOI KiNbKOCTI peanisauiit CToxaCTMYHOro npouecy, AKWUMN
3[iACHIOETBCA TaK, W06 MOro MMOBIPHICHI XapaKTepPUCTUMKM 36iranmMca 3 aHaNoriyHMMM BEIMYMHAMM 33jadi, AKy MNOTPibHO
po3s'asat. Hanpuknag, wob cepefHE 3HAaYEHHS 3@ OTPMMAHO BMOIpPKOIO OY/I0 OLHKOK A5 HEBIZOMOro maTemMaTUYHOTO
cnogiBaHHA. 3acTocyBaHHA MeTOAy OA€ 3MOry nobyaysat moaenb, Wob MiHimi3ytoun BXigHI AaHi, OTPUMATM MAKCMMANbHO
npasgonoAibHMn pesynbTat. OCKiNbKM METOA BUKOPUCTOBYETLCA, 30KPEMA, Yepes CMMYALLT 3a ,ONOMOroo NPOrpamHumx 3acobis
ONA po3B'A3yBAHHA 33434 MaTeMaTUKK, Gi3UKK, EKOHOMIKM, ONTUMI3aLLi, Teopii ynpaBAiHHA TOLLO, TO MOro 3aCTOCYBaHHA MOXHaA
po3rnAagaTh AK OAMH i3 epeKTUBHUX engineering-iHCTPYMEHTIB, yChillHe OnaHyBaHHA AKMM CNPUATUME MiAroTOBLI yunTenis Ao
BnpoBagXeHHA STEM-niaxoais y HaBY4aHHI NPUPOAHMYO-MAaTEMATUYHUX OUCLUMNAIH.

Mo cyTi, STEM-niaxig, y HaBYaHHi CTOXaCTUKKM po3rnsgaetbea y npauax M. |. angaka ta . O. MuxaniHa (*Kangak 1a iH.,
2009), O. B. CemeHixiHoi Ta M. I'. Opywnsk (CemeHixiHa & Apywnsk, 2015), T. M. KobnunbHKUKa Ta iH., XO4a i He BUKOPUCTOBYETLCA
BiANOBiAHA TepmiHOOriA.

0. B. CemeHixiHa (2008) 3BepTa€ yBary Ha Te, Wo metoa MoHTe-Kap/o 40L,iIbHO BUKOPUCTOBYBATU NPU BUBYEHHI LMKNY
MaTEMATUYHUX AMCUMMANIH. 3 LiE0 METO0 HEeObXiAHO aKTyani3yBaT MixknpeameTHi 38’A3KK. HanpuKknag, Kypcy iHpopmauiiHux
TEXHO/IOTi 3 MaTEMATUYHUM aHANiI30M YK TEOPIEID MMOBIPHOCTEN Ta MaTEMATUYHOK CTaTUCTMKO. Y CTaTTi HABOAMUTLCA NPUKAAL,
OLHIOBAHHA 3HAYEHHA KpaTHOro iHTerpana yepes 3actocyBaHHA metogy MoHTe-Kapno y cneyianizosaHomy nakemi MAPLE.

[Ona po3s’a3yBaHHA 3afay CTOXACTMKKM, OMPALIOBAHHA CTAaTUCTMYHMX BMOIPOK, Bi3yanisaujii eKkcneprMeHTaNbHUX
BMNPOOYBaHb HA OCHOBI BUNAZAKOBUX MOAIN AOCNIAHUKM BUKOPUCTOBYIOTb TAaKOXK CUCTEMM AMHAMIYHOT MaTEMATUMKU. 30Kpema,
BMCBIT/IIOBANI0CA 3aCTOCYBAHHA NMpo2pamHoe2o 3acoby Granl (HMangak Ta iH., 2009; CemeHixiHa & Opywnsk, 2015). JocniarkeHHs
imiTalinHOro MoAentoBaHHA 3 BUKOPUCTAHHAM cucmemu OUHAMiYHOI mamemamuku GeoGebra 3HaWWwNW BiAOOpPaXKeHHA B
poboTax HaykoBLiB O. XOMUHCbLKOI Ta iH. (2022).

[eHepaTopy NceBAOBMMAAKOBUX YMCEN Ta KBAHTOBI reHepaTtopu BMMAAKOBUX YMCEN € ABOMA OCHOBHMMW TUMAMMU
reHepaTopiB BUNAZKOBUX Uncen. AK CTBepAKyoTb aBTopu nybaikauii [. MpockypiH Ta iH. (2023), ocTaHHi 3a6e3neyvytoTb Kpally
6e3neKy 3aBAAKM CBOIl HenepeabayvyBaHOCTI. ABTOpM NybAiKauii po3rnsaaoTe Moaenb MUBUHHOIO HaBYaHHSA, AKA HABYAETLCA
Ta OLLiHIOETLCA Ha HAbOPi AaHMX, WO MICTUTb 30Kpema NoCNiZ0BHOCTI BUNAAKOBUX YMCEN.

BucsitTneHHa ocobausocTelt HaBYaHHO MeToay MoHTe-Kapno y niarotoBui ManbyTHIX yuuTenis maTemMaTMKM Ta
iHbOpMaTUKKM HamM 3anodaTkoBaHO y Nybaikauii (KpamapeHko, 2016).

Y po3rnaHyTMx nybaikauiax, Ha Hawy aymKy, metogy MoHTe-Kapno sk engineering-iHcTpymeHTy STEM-HaBYaHHA
ManBYTHIX yuyuTeniB mMaTtemaTUKU NPUALINEHO HeAoCTaTHbO yBarn. HepocTaTHLOW € KiNbKICTb A0CNIAMKEHb, MPUCBAYEHUX
MOZe/Nt0BaHHI0 NpoLLeciB, NOB’A3aHMX 3 BUNAAKOBUMMU MOAIAMMU Ta BUNALKOBUMU BEANUYMHAMM, AKI B noganbliomy 3a06yBadi
OCBITU 3MOXYTb BUKOPUCTATW Y HaBYaHHi y4yHiB. MoTpebye AeTanbHiWoOro posrnagy MetoAmka HaBYaHHA ManbyTHIX yunTenis
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MaTEeMaTUKM B KOHTEKCTI NiAroTOBKM ix A0 BNpoBagxeHHA STEM-HaB4yaHHA y4HiB. 30Kpema, BUKopucTaHHA metogy MoHTte-Kapno
ONA Bisyanisau,ii abCcTpaKLUii, BUCYHEHHA rinoTes, nepesipku ix BiporigHocTi.

MerTolo cTaTTi € BUCBITIEHHA AOPODOKY aBTOpa 3 MUTaHHA BnpoBagKeHHA STEM-nigxogis y HaBYaHHi CTOXaCTWKM,
30Kpema HaCKPi3HOro BUKOPUCTAaHHA MeTody MoHTe-Kap/io y HaB4YaHHi Teopii MMOoBiIpHOCTEl Ta MaTeMaTUYHOT CTAaTUCTUKM.

METOAU AOCNIAKEHHA

B poboTi BUKOpUCTaHi TEOPETUYHI 1 eMNIPUYHI METOAM AOCAIAKEHHA: aHANI3 ANA YTOYHEHHSA Te3aypycy AOCNIAXKEHHS;
aHani3 HayKoBWUX A)Kepen A/A BU3HAYEHHA BaXK/MBMX HAMPAMKIB, Ha AKMX BapTO 30cepelunTy yBary ana ¢opmysaHHA STEM-
KOMNeTeHTHoCTel 3406yBayiB OCBiTM; CMHTE3, CMOCTEPEKEHHA 3@ OCBITHIM NPOLLECOM; CMCTeMaTu3auia W y3araabHeHHs
pe3ynbTaTiB AOCNIAXKEHHA; BUKOPUCTAHHA CTAaTUCTUYHOIO KpuTepito BiIKOKCOHA AnA BU3HAYEHHA 3CYyBY Yy 3HAaYEHHAX O3HaKW.

PE3Y/IbTATU AOCNIAXKEHHA

3a nporpamoto niarotoBku ¢axiBuiB 3a cneuianbHocTamn «CepegHAa ocBiTa. MatemaTuka» Ta «CepeaHsa oOcBiTa.
IHpopmaTMKa» meton MoHTe-Kapsio 3ycTpivyaeTbCs NPUHAMMHI NPW BUBYEHHI YMCEIbHUX METOAIB, Teopii MMOBipHOCTEN Ta
MaTEeMATUYHOI CTAaTUCTMKM, HaBYaHHI CTyAeHTiB nporpamyBaHHO. Tomy JouinbHo 6inblwe yBaru Npuainnt peanisauii
MiXXNpeaMETHUX 3B’A3KIB NPU BUBYEHHI TeMU. HanpuKiHLj BUBYEHHA Kypcy Teopii WMOBIpHOCTEN Ta MAaTEMATUYHOI CTAaTUCTUKM
ONS CTYAEHTIB-MaTeMaTUKIB Ta MalbyTHIX yuuTenis iHGopmMaTMKM B NesaroridHOMy yHiBEPCUTETI A1A OMaHyBaHHA METO40M
MoHTe-Kapno BiaBoanTbCA 2 roANHN NEKLN, 4 TOANHU NPAKTUKM Ta 6 TOAUH CaMOCTiIMHOI po60TU. BpaxoByroum BaXK/INBICTb TeMU,
30KpeMa, Npu NigroTosui ManbyTHiX yuntenis o STEM-HaBYaHHSA, MM EKCNEPUMEHTA/IbHO NePEeBipPUAN AOLINbHICTb HACKPI3HO20
3acmocysaHHA memody npu sus4eHHi cmoxacmuku. Hawi AocnigXeHHA NoKasanu, Wo Npu BUBYEHHI Teopii MmoBipHOCTEN Ta
MaTeMaTUYHOI CTaTUCTUKM A0LiNbHO 3acTocoByBaTU meToZ MoHTe-Kapno Bnpoaos:K ycboro Kypcy.

Y HU3Li NigpyYHUKIB 3 Teopii MMOBIPHOCTEN Ta MaTEMATUYHOT CTAaTUCTUKM PEKOMEHAYETLCA OKPeMi NOHATTA ONUMCOBOI
CTAaTUCTUKWU, YUCNIOBI Ta rpadiyHi XapaKTepucTUKM BUOIPKM BBOAUTU Nepes BMBYEHHAM BWUMNALAKOBUX BE/IMYMH Ta 33KOHIB
po3noainy MMOBIpHOCTEN 3HaYeHb BWMMAAKOBMX Be/IMYMH. 30KpPema, MNPaKTUYHO-OPIEHTOBAHOMY CMPAMYBAHHIO HaBYaHHA
CTOXacTUKKM nepe.ary BigaatoTb M. |. Xanagak Ta iH. (2009).

BnacHe o3HailomneHHsa 3 meTofom MoHTe-Kapao 3406yBayis OCBiTM PO3NOYMHAEMO HA eTani 03HavYeHHsA limosipHocmi
sunadkoseoi noodii. CTyaeHTaM NPOMOHYEMO MNPOBECTU KiNlbKAa CTOXaCTUYHUX EKCMEPUMEHTIB, BM3HAYMTU BiAHOCHI 4acToTK
BifbyBaHHA Tiel UM iHWOI nogii. PeKomeHaaUil WoA0 NpoBeAEHHA | ONPaLOBAaHHA Pe3y/IbTaTiB CTOXAaCTUYHUX €KCMEPUMEHTIB,
LOCTYMHUX YYHAM CTapLUOi WKOAM Ta cTyaeHTam 1-2 Kypcis ¢paxoBUX KONeaXiB, BUCBITIEHO Hamu Yy po3pobieHOMYy HaBYaslbHO-
meToguyHomy nocibHuky «MaTemaTuka B STEMi». Po3rnagatoumM o3HauyeHHs CTaTUCTUYHOI MMOBIPHOCTI BMNaAKoBOi nogii,
MOKEMO 3anpornoHyBaTh 3406yBayam OCBiTU HABAUKEHO 0BYMUCAIUTU MMOBIPHOCTI BUMAAAHHA BUNAAKOBUX YMCEN, PIBHUX CYMi
4YMcen Ha BEPXHiX rpaHAx ABOX Kybukis. [JouinbHO NOPIBHATU OTPUMAHI 3HAUYEHHA 3 06YMCAEHMMWN UMOBIPHOCTAMM, 34iNCHUTK
nponeaeBTUKY BUBYEHHS 3aKOHY BEJIMKUX Yucen. A came, NPOAEMOHCTPYBATK CTiMKICTb BiZlHOCHMX YacTOT B cepii NOBTOPHMX
He3anexHWx BunpobysaHb. MoaibHI ekcnepumeHTU Po3rnaatoTb i y NigPYYHUKAX oNA NOrAMbAeHOro BUBYEHHA MAaTEMATUKU B
9-my Ta B 11-my Knacax.

Ekcnepumerm Nel 3 NiAKMAAHHA ABOX KyOWKIB Ta BU3HAYEHHS CYMWM YMCEN HA BepXHix rpaHsax (pwuc.l). Hasite npwu
BiAHOCHO HEBeMKIl KinbKOCTI peanisauiit (Ha nogaHomy pucyHKy maiixe 900), OTPMMYEMO, LLO BiAHOCHI YacTOTU Ta MMOBIPHOCTI
NPaKTUYHO He BiApi3HATLCA. JnA Bisyanisauii pesynbTtaTiB AoCnigKeHHA ByAyeMO NONIFOHU BifHOCHMX YacTOT Ta MMOBipHOCTEN
3 BUKOPUCTAHHAM Tabaumub Google.

2 3| a 5 6 7 8 9| 10| 11 12 \
2 4 3 8 s 7 8 3| 4 6 1 55 ] . . . ]
B s . P 5 A B S - Noniron iiMoBipHOCTel Ta MoXiroH
2 Y — . o " N — 3 . = BiOHOCHMX YaCTOT
1 2 5 7| 14 6 13 4 1 5 2 60 ==
1 6 6 13| 13| 18] 12| 11 9 5 5 00| | 9-2°
1 il s 3 3| 9 5| 2 5 2 50
1 ! 6 11| 4 7 6 3 5 3 50| | 015
1 il s 3 s 8 10 6 2 2 0 50
3 5| s 6 7| 9 s/ 12| s 1 1 65
1 2| 3 1 8| 15 1 6 4 6 0 sof | 1O
1 il s 3 6 11 8 8 1 1 3 50
1 3| s s 10| o 8 a| s 1 0 60| | 10,0883
4 5 3 4 6 7 1 2 9 8 1 50
3 3| 8 4 9| 8 8 71 s 3 2 60
2 HIE! 6 9| 14 12 a2 6 3 3| | O 4 6 8 10 12
28| 42| 67| 98| 122| 138 121| 95| &1| B4 34| 866 :
0,03 005 008 011 014| 0,16] 0714| 0,11| 0,07| 007| 004 1,00|sigHocHa yacToTa
0,03 008| 008 011] 014 017| 014| 011 008 008 003  1,00|imosipricts

Puc. 1. MoniroH BiAHOCHWX YacTOT Ta MMOBIPHOCTE BUKMAAHHA CYMM YMCEN HA BEPXHIX FPAHAX ABOX KY6UKIB

ExcnepumeHm No2 cTocyBaBCA HaNnUCaHHA YOTUPbOX BUNAAKOBUX C/iB, BUSHAYEHHA KiJIbKOCTI N1iTep, BCTAHOB/IEHHSA, UM
OTPMMaHe YMcNo € NapHMM. [ani noTpibHO po3paxyBaTu i NOPIBHATU BiZHOCHI YacTOTK Ta MMOBIPHOCTI TOTO, L0 3 YOTUPLOX CAiB
oAHe, ABa, TPU YM YOTUPM 3 NAPHOLO KiNbKICTIO NiTep.

ExcnepumeHm Ne3. MeTtogom MoHTe-Kapio ouiHKy 014 3HaYeHHSA 1T MOXKHa 34,iCHUTMU WAAXOM reHepaw,ii BUnagKosux
TOYOK B KBagpaTi i 064MCNeHHA NPonopL,ii TOYOK, WO NexaTb ycepeanHi BNMCAHOTO B KBAAPAT KPYra, A0 YMC/IA TOYOK, KUHYTUX Y
KBagpar.
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Y HaBYaHHi YYHIB CTOXAaCTUKM TaKOX AOLINIbHO 3aNPONOHYBaTK HAcTynHUM STEM-nigxia. Ha aHi KopobKK KBagpaTHOI
dopmu nobyayBatn BnucaHe B KBagpaT Koao. [ani BCUNAEMO B KOPOOKY rOPOLWMHKKA TaK, W06 BOHM OAHMM Lapom 6yau
BifHOCHO PiBHOMIPHO PO3MoAiNeHi Ha AHi KOPOBKKU. 3anNUCYEMO, CKi/IbKM FOPOLUMHOK BCUMAHO B KOPOOKY Ta Ki/lbKicTb, AKa
noTpanase B Kpyr. Y noganblwiomy nogibHUI eKcnepuMeHT AOLiNIbHO NPOBECTU ANs BU3HAYeHHs naowi girypu, nobysosaHoi Ha
OHi KOPOBKM, Ta HABAUKEHOTO OLiHIOBAHHA 3HAYEHHA BU3HAYEHOro iHTerpana.

Y Xxopi eKcnepuMMeHTy AOLiNbHO 3pOobUTU KinbKa peecTpauii AaHux, nonepeaHbo Nepemiwytodm po3TallyBaHHA
rOPOLUMHOK. AZiXKe Y NOAANbLLIOMY, MPU BUBYEHHI 3aKOHY BEIMKUX YMCEN OOIPYHTOBYETLCA CTiMKICTb cepeHboro BUbipKoBoro.

MMoBIpHICTb TOTO, L0 TOYKA, KMHYTa B KBaApaT, NOTPanuTh B KPYr, NPONOPLiiHa BiAHOLWEHHIO N/IOLWi Kpyra 40 NAOLL
KBagparta. Mpu nporpamysBaHHi meToay, Hanpukaag Ha mosi Python, npuBabausicTb anropuTMy nonArae B Tomy, LLO B3arani He
noTpibHa rpadika uuM cumynauia gna BigobparkeHHA 3reHepoBaHWX TOYOK. [eHepyemo BMNagkosi (X, y) napu, a notim
nepeBipAEMO, UM BUKOHYETLCA HepiBHICTb X2 + y2 < r?. AKLO TaK, TO 36iNbLIYEMO KiNbKICTb TOUYOK, AKI 3’ABNAIOTLCA BCepeauHi
Kona. Y paHA0Mi30BaHUX anropuTMax i anropuTmax MoAentoBaHHA, Taknx sk MoHTe-Kapno, unm binblie yncno itepauin, Tum
TOYHIWKMIA pe3ynbTaT. TOMy OLiHKY YMcaa T byaemo 34ilMcHIoBaTH 3a popmysioto:

m = 4+ (N To4ok, o norpanuiu y Kpyr)/(N TOYOK, KHHYTHUX Y KBaZpaT ) (D

EkcnepumeHm Neo4. KnacMyHMm NPUKAAL0M Ha 3acTocyBaHHA meToay MoHTe-Kapso € 3a0ay4a broggoHa 045 ouiHKU
4ucsa 1. 3aBAAHHA TAKOX NPOMNOHYETLCA YYHAM 1A 03HAUOMAEHHSA Y NigpyYHMKax ana 11-ro knacy npu NnornnbneHomy BUBYEHHI
MaTeMaTUKM.

[na oTpvmaHHA 6inbWOi KiNbKOCTI peanisauin B OAHMX i TUX e ymOBax AOLiNbHO NonepegHbO BM3HAUMTMCA 3
YYaCHMKaMM EKCNIEPUMEHTY LLOAO A0BKUHM CipHUKa (2 - | = 4 cM), AKWIA NiAKMAAI0Tb, Ta LUMPWMHU MidK MTPOBEAEHUMM HA apKyLLi
FOPU3OHTANbHUMM NiHiAMM (2 -a = 6 cM). Ona obuYMCNeHHs MMOBIPHOCTI BMMAAKOBOI MoAii A «CipHMK MNepeTHYB AiHito»,
HeobXi4HO BU3HAYMTM NPOCTIp eleMeHTapHUX NoAiit. 15 LbOoro onucytoTb MOOXKEHHSA FOKU/CiPHUKA KYTOM, KM yTBOPIOETLCA
3 A04aTHUM HanpAMoM oci abcumc Ta BiACTaHHIO Bif LLeHTpa roikM A0 HaWbAUKYOT 3 FOPU30HTaNIbHUX NiHIK. Mpy LbOMY KyT @
BMMIPIOETLCA B Mmexax Big 0° go 180° (ig 0 oo 1 pagiaH). MpocTip enemeHTapHUX NOAi NOAAEMO Y BUTAAAI NPAMOKYTHUKA, 04Ha
3 CTOpPiH AKOrOo AOPIBHIOE T, @ iHWA piBHA MNOJIOBMHI BiACTaHI MiXX TOPU3OHTaNbHUMM AiHIAMKW. Toai B NPAMOKYTHUKY
3aWTPUXOBYIOTL dirypy, obmekeHy 3HuU3y Biccto abecuuc, a 3sepxy rpadikom oyHKLji [ - sin (¢). BigHoweHHA naoLi yTBopeHoi
obirypu oo naowi NpAMOKYTHUKA Hab/MKEHO O0PIBHIOE BiQHOLWEHHIO Ki/IbKOCTi NepeTuHIB FO/IKO AiHil 40 3araibHOro ymMcna
nigKMaaHb ronkn. OTpumyemo popmyny aAna HabanKeHoro o6YncNeHHs .

CnoyaTKy npu peanisauii 3agavi brodpdoHa cTyaeHTU He po3yminum, Yomy 3anuc NPOCTOPY eNemMeHTapHMX nogin Q
BaX/IMBWIA | € KIloYeM 1A NOLANbWOrO MogestoBaHHA Ta nporpamysaHHa. Q = {(x; ¢)| 0 < x < a; 0 < ¢ < 7}. Bunagkosa
nogis npu upomy Gyse onucysatuca mHoKuHOW Todok A = {(x; )| 0 < x < [ -sin (¢); 0 < ¢ < 7}, fe 2a — BigCTaHb MiX
napanenbHUMKU NPAMUMM, 2 * [ — LOBKMHA rONKK. 18 imiTauii npouecy KMAAHHSA ro/iIkM A0CTaTHbO BUNAAKOBO 06paTh napy uncen
(x; @) 3 npomixkis [0; a] Ta [0; ] BiANOBIAHO Ta NEPEBIPUTU BUKOHAHHA YMOBM NEPETUHY ronkoto AiHii x < [ - sin (¢).

[0 KOXKHOro 3 YOTUPbLOX EKCNEePUMEHTIB MW NPOMOHYBAM CTyAEHTaM 3MOAEe/0BaTU NPOLLECH, CKAACTM Nporpamy Ha
O[HiVi 3 MOB NporpamyBaHHA, Hacamnepea Python, npoTecTyBaTtu i, 06roBopuTM 3 OAHOIPYNHUKAMM KOA NPOrpamm, MOXKIMBOCTI
33CTOCYBaHHA 6i6NIOTEK CTAaTUCTUUYHUX OYHKLUIN. JNA NepLlumx TPbOX eKCNEPUMEHTIB i NPOCTIp eNeMeHTapHUX MOAIN, | MHOXKWHA,
wo Bignosigae nogii, 6ynn iHTYiTMBHO 3po3yminvmu. CTyLeHTM 3a3Hayanu, Wo HalBaxkye 6yno 3anporpamysBaTv 3agady
BroddoHa, ockinbkn HeobxigHa Byna nonepegHsA MNiArOTOBKA i BCTAHOBNEHHA TOFO, AKMM € NMPOCTIP €/1eMEHTapHUX Mok Ta
MHOXMHa, WO BiANOBIAAE NOAIT KCIPHMK NEepeTHYB NiHilo».

Po3rnaaatoumn o3HauyeHHA MMOBIPHOCTI BUNAaAKOBOI NOAT, AOUINbHO BUKOPUCTATU HAaoYHOCTI 3 GeoGebra Sada Manuel,
O. XOMMHCbKOI Ta iH. (2022). Lle cumynsauii fo 333y Teopii MMOBIPHOCTEN Ta MaTeEMATUYHOI CTaTUCTUKK, PeanisoBaHi B cUcTeMi
OVMHAMIYHOT maTemaTuku. Mu nponoHyBanu 3400yBavam OCBITWM CTBOPHOBATM NoAibHi HaouHocTi B GeoGebraBook uyepes
reHepyBaHHA BMNAAKOBUX YMcen.

MeToa MoHTe-Kapao foLifbHO 3acTOCYBaTH NPW BUBYEHHI OCHOBHWUX 30KOHI8 po3modiny OUCKpemHuUX ma HernepepseHuUx
8UMNAOKOBUX 8e/1U4UH. BapTo po3rnsagati aK anroputMm reHepaLii BUNagKoBux YMcen 3a NEBHUMM 3aKOHAMM, TaK | po3irpyBaHHA
NOBHOI rpynu nogin. Hanpuknag, oTpuMaTh 3HaYEHHA BUNALAKOBOI BE/IMUMHM 3 €KCMOHEHLLia/IbHUM PO3MOAiIOM MMOBIPHOCTEN.
Po3rnaHy™Min AaTuMK BMNAAKOBMX 4YMCEN LIMPOKO BUKOPWUCTOBYETHCA MPWM iMiTaLii 33 [AOMNOMOrow NPOrpamHuMx 3acobis
OYHKLiOHYBaHHA OEAKMX CUCTEM MAcoBOro obcnyroByBaHHA. TaK, MPOMIPKOK Yacy MiXK ABOMA MOCNILOBHMMW 3anUTamMu Ha
06cnyrosyBaHHA € BUNAAKOBO BE/IMYMHOLIO 3 EKCMOHEHLiaNbHUM po3noainom MMoBipHocTel. [Ins reHepau,ii LOCTaTHbO 3HAUTH
3HAYEHHA BMMNAAKOBOI BE/IMYMHU 3 PIBHOMIPHMM PO3MNOAINIOM MMOBIpHOCTeN Ha Bigpisky [0; 1], Hagasatn yHKLii po3noginy
MMOBIPHOCTEM UMX 3HAYeHb | 06UMCNtOBaTM aprymeHT QYHKLi 3a BiANOBiAHMMM popmynamu:

Flx)=1—e*i=r; x;=In(1-1) (2)

[JouinbHo Ans reHepauii 3Ha4YeHb BUNAAKOBOT BE/IMYMHM 33 MEBHUM 3aKOHOM PO3N0AiNYy MMOBIPHOCTEN BUKOPUCTATH
6ibnioTeky cTaTUCTMUHMX OYHKUIM Python, BbypoBaHux ¢yHKUiM Tabanup Google um Microsoft Excel. Hanpuknaa, pns
6iHoMianbHoro posnoainy BINOM.INV(), 4ns HOpmanbHO PO3NoAiNeHNX BUNagKOBUX BENINYMH MOXKHa BUKopucTat NORMLINV(),
NORM.S.INV(). Togi AK TpaanLUiiHO ANA HOPMANbHOTO PO3NOAiNY BUKOPUCTOBYIOTb GYHKLto /lannaca.

[JouinbHo nepesipuTH, reHepaTopu NceBAo0BMNAAKOBUX YNCEN AALOTb YMCAA, WO MatoTb PIBHOMIPHUIA po3nogin.

AKTYaNbHUM B KOHTEKCTi JOCNIAMKEeHHA MOXe CcTaTu nobyaoBa Ta AOCNIAMKEHHA CTOXaCTUYHUX MOZeNel Ha OCHOBI
meToay MoHTe-Kapno. [ouinbHo po3rnaHyTM moaenb 6poyHIBCbKOro pyxy, nobyaosa ¥ onpaLtoBaHHA AKOI BBOAWUTL Yy CBIT
BMNAZKOBUX YUCEN | MAaTEMATUYHOI CTAaTUCTUKM, CNPUAE GOPMYBAHHIO YABNEHB MPO PO3NOAIAN MMOBIPHOCTEN, 30KPEMA iNtOCTPYE
PIBHOMIpHWIA Ta HOpPManbHMI po3noginv. MogentoBaHHA 3a LOMNOMOrol BUMALKOBUX YMCEN [OUINbHO 3A4iCHIOBATU 3
BMKOpUCTaHHAM mabauueb Microsoft Excel i GeoGebra.

Mpu BUBYEHHI 30KOHY 8€/1UKUX Yucesa aKTyani3yloTbCA pe3ynbTaTh AOCNIAXKEHb, OTPMMAHI NMpY NpOoBeAEHHI ONUCaHUX
BULLE YOTUPLOX EKCMEPUMEHTIB. 3AiMICHEHE MOAENOBAaHHA BUKOPWUCTOBYEMO [AJ1A AEMOHCTpaLii CTiMKOCTi BMBIpKOBOro
cepefHboro, CTIMKOCTI BIAHOCHUX 4acToT. TyT AOUINbHO Lie pa3 Haro/JoCUTU Ha TOMY, WO ANA OB6YMCNEeHHA OLHOK MeBHUX
BEJ/IMYMH, HanpuKaaa, naow,i irypu, Havkpale bpaTv cepegHe apudmeTUyHe OTpMMaHNUX pe3ynbTartie. JouinbHo Ana nobyaosm
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rpadikis noniroHy MmosipHocTelM UM GYHKLIT LWiNbHOCTI po3noAiny MMoBipHOCTEN NPU 000a8AHHI 3HAYeHb 8UNAOKOBUX 8EAUYUH
nponoHyBaTh Hao4dHocTi Wolfram Demonstrations, po3rnsHyTi po3pobaeHi pparmeHTV Nporpam 3 BiAKPUTUMM KOAaMM ANA LUX
HAaOYHOCTEN UM CTBOPUTU BNACHI.

Hap3sunualiHo BaXK/IMBO pO3B’A3aTH cepito 33424 Ha BU3HAYEHHA KilbKOCTi NpoBeAeHHA BUNpobyBaHb meToaom MoHTe-
Kapno ans 3abesneyeHHA 3a4aHOi TOYHOCTI 3 BUKOPUCTAHHAM HepiBHOCTi YebuiwoBa Ta Teopemu Slannaca. Lie moxkyTb 6yTn ak
3aBAaHHA Ha BM3HAYeHHS MMOBIPHOCTI BUMAaAKOBOI NOAjl, Tak i HABMXKEHI 0BUMCNEHHA iHTerpanis, 30Kpema KpaTHux. Mpuknag
334a4i: MMOBIpHiCTb BiabyBaHHA AesKoi nogii BM3HA4YaeTbca MeTogom MoHTe-Kapno. 3HaMTM  KiNbKICTb He3aNexXHUX
BMMNpPObyBaHb, fAKi 3abe3neyytoTb 3 MUMOBIPHICTIO He MeHW AK 0,99 0BYMCNEeHHSs LWyKaHOI MMOBIPHOCTI 3 MOXMOKOW, WO He
nepesuuye 0,02. OuiHKY NoAaTh 3a 4ONOMOrolo HepiBHoCTi Yebulwosa Ta Teopemu Jlannaca.

JouinbHoO 3acTocyBaTM OTPUMAHI pe3yabTaT eKCNepuMEHTIB Npu nepesipyi cmamucmuyHux 2inomes. 30Kpema, uun
CYTTEBO BiApi3HAIOTLCA OTPUMAHI BiAHOCHI YacTOTH Bif, PO3paxoBaHMX MMoOBIpHOCTEN. TOBTO 34iMCHUTM NepeBipKy rinoTesn npo
BiAXuNneHHs KoeodiljeHTa nponopuiiHocTi Big cTaHaapTy. Hanpuknaa, sigHocHy vactoty p* = 0,16 BunagaHHA cymu uucen,
piBHOi cemu (pwnc.1), Ha piBHi 3HauywocTi 0,05 nopiBHATK 3 moBIpHicTIO p = 0,17 i BCTaHOBUTK, WO HEMA MiACTaB BiAKMAATH
Hy/IbOBY FiNOTE3y NPO BiAICYTHICTb BiAMIHHOCTEN y 3HaueHHsx (|(0,16 — 0,17)/V(0,17 * (1 — 0,17)/900)| < 1,64).

BaXkNMBO TaKOX, BMKOPMUCTOBYKOUM [OATYMKM BUMALKOBUX YMCEN, NEpPeBipuUTM rinoTesn nNpo 3aKOHW po3noainy
MMOBIpHOCTEN BUMNALKOBUX BENMYMH. [OUiNbHO MepeBipuUTU, HACKINbKM AKICHO reHepyloTbca Habopu BMNAAKOBUX 4yucen
BiANOBIAHO [0 3aKOHIB Po3noAiny MmoBipHOCTEM 3a gonomoroto Tabauub Google, Microsoft Excel um cuctemmn amHamiyHol
maTemaTnkmn GeoGebra. 3okpema, piBHOMIPHOrO Ta HOPMaA/IbHOTO PO3NOAiNIB. BapTo NopiBHIOBATM AK peanisyeTbca po3irpyBaHHsA
BMMNaAKOBOI BeNnYnHM B TabanyHomy npouecopi Excel, 3okpema 3 BUKopucTaHHAM «llakeTy aHanisy», Ta, Hanpukaag, B cuctemi
OMHaMiIYHOT maTemaTukn GeoGebra.

Ha 3aBeplwanbHOMy eTani BUBYEHHA CTOXACTUKM HeobXigHO y3arasibHUTU MPUIMOMU BUKOPUCTAHHA meToady MoHTe-
Kapno ana obuncneHHs BU3HAYEHMX iHTerpanis, cepeaHboro 3HaYeHHs GyHKLUiT Ha Bigpi3Ky, KpaTHUX iHTerpanis Towwo.

Mwu pocnigxyBanu, AK MoXe BMNAUBATU HaCKpi3He BUKOPWUCTaHHA meTody MoHTe-Kapno y HaB4aHHi CTOXaCTMKKM Ha
po3BuToK STEM-KomneTeHTHoOCTel 3400yBayiB OCBiTM — MaMbBYTHIX yuyuTeniB maTtematuku. BcTaHOBMAW, WO HacKpisHe
BMKOPUCTaHHA meToay MoHTe-Kapno cnpuae NOCUNEHHIO iHTErpoBaHOro HaBYaHHA, JEMOHCTPYE, AK MaTEMATUYHIi meToau
peanisytoTbca Yepes BMKOPUCTAHHA MOB MPOrpamMyBaHHA. | HaBnaku: AK meToAamu iHOOPMATUKM MOXKEMO pPO3B’A3yBaTU
MaTeMaTUYHi 3afadi NPaKTUYHOro 3MmicTy. IHTerpoBaHe HaBYaHHA — L CYKYMHICTb MOCNIAOBHMX Ta B3aEMOMNOB'A3AHMX Aii
YYaCHMKIB HaBYasbHOro npoLecy. BoHW cnpamoBaHi Ha GopmyBaHHA y 3400yBaYiB OCBITH LLiNICHOI KAPTUHW HA OCHOBI 06'€QHAHHA
HaBYa/IbHOrO MaTepiany 3 Pi3HUX OCBITHIX rany3ei (HaBYaNbHWUX NPegMETIB).

OfHI€0 3 BaXKIMBUX XapPaKTEPUCTUK A1 MalbYTHIX y4MTeNiB € TOTOBHICTb A0 BNpoBaaKeHHA STEM-niaxoais y HaBYaHHi
YYHiB. AK CKNAAHMKM XapaKTepPUCTUKM PO3rNaLanocs yMiHHA epeKTMBHOro 3actocyBaHHA IKT, 30Kpema, BUKOPUCTAHHA AaTUMKIB
BMNAZAKOBMX YMCEN, NOCTAHOBKA MAaTeMATUUYHMUX 334a4 ANS YYHIB, OpraHisauia cniBpobiTHULTBA ANA AOCATHEHHA iHHOBALiAHMX
pe3ynbTaTiB i PO3B’A3yBAHHA CKNAAHWX 3aBAaHb. [pn LbOMY B KOMaHOAx MpautoBasnM OCOOBUCTOCTI 3 Pi3HUM HAyKOBUM i
TEeXHIYHUM bekrpayHaom. HasuaHHA B 06nacTi STEM Haza€e WMpPOKi MOXKAMBOCTI ANs CNifKyBaHHA “oAnH Ha oauH” i “oanH-go-
6aratbox”. 30Kpema, PO3BUTKY KOMYHIKaTUBHOCTI CNPUANO CYyMiCHE NPOrpamyBaHHs, 06roBOpeHHs Ta YAOCKOHaNEHHA Koais. Y
npoueci HaBY4aHHA PO3BUBAETHCA KPUTUUHE MUCIEHHA Y 3400yBaYiB OCBITU K 34aTHICTb OCMUCAUTH, BAYMANBO 1 OBIPYHTOBAHO
npoaHanisyBaTu i 3acTOCOBYBaTM 3HaHHA. BcTaHOBUAM BNAMB Ha PO3BUTOK TBOPYOCTi —BUKOPUCTAHHA KPEeaTUBHUX BMiHb ANA
NMOKPALLEHHA HAYKOBOTO i TEXHOJIOTIYHOTO NPOEKTY, AE&MOHCTPALLii MOro HEPO3KPUTUX MOMK/IMBOCTEN.

MeTolo onuTyBaHHA CcTygeHTiB cneuianbHocTet 014.04 CepegHa ocsiTa. MaTemaTuKa, [04aTKOBa creliasibHICTb
IHpopmaTnka Ta 014.08 CepepHs ocsita. di3vKa, [oJaTKOBa cneujanbHicTb MaTemaTMKa nepes BMBYEHHAM Kypcy Teopii
MMOBIpHOCTEN Ta MaTeMATUYHOI CTaTUCTUKK Ta MicNs MOro 3aBeplueHHA 6ya10 BU3HAYMTM CTyNiHb 0Bi3HAHOCTI 3406yBaYiB OCBITU
3 MOHATTAM Ta 3MicTOM STEM-0CBiTH, yMiHHAM chopmyntoBaTH A9 MalbYTHIX yYHIB TEMY Ta BUSHAYUTM 3MiCT 3aBAaHb aA1a STEM-
NPOEKTY, 06paTN AOLINbHI MeTOAM Ta 3acobu 415 BUPILLEHHS NeBHOT NPaKTUYHOI npobaemu. 3406yBavam OCBITM MPONOHYBaNOCA
NPoOYMTaTU MUTAHHA i 33 AOMNOMOrol 3anPOMOHOBAHMX BapiaHTIB 06paTM BIAMNOBIAb YM 3anucaTM PO3LIMPEHY BiAMNOBIAb.
HaBegemo npuKnagm NuTaHb, AKi HABOAMAWCA B aHKeTi: AK po3wndposyeTbea abpesiatypa STEM / STREM; Hackinbku By 06i3HaHi
y 3MmicTi noHATTA «STEM-ocBiTa»; AK y HaBY4aHHi maTemaTuku Ta STEM-3axofax MoOXKHa BUKOPUCTOBYBATU CUCTEMU AMHAMIYHOI
MaTemMaTuKku, Hanpuknag, GeoGebra; Ake obnagHaHHA / nporpamHe 3abe3neyeHHs MOXe BMKOpUCTOBYBaTMCA Ha STEM-
3aHATTAX; AK 3HAHHA 3 Teopii UMOBIPHOCTEN Ta MAaTEMATUYHOI CTaTUCTUKM MOKYTb BUKOPUCTOBYBATUCA NPY BNpoBaaKeHHi STEM-
NPOEKTIB, AK 32 5-6a/1bHOIO LIKA/I00 OLHIOETE BIACHUI PiBEHb KOMMNETEHTHOCTI A4 BNpoBaAKeHHA STEM-HaBYaHHA B OCBITHIl
npouec 3aknagy cepeaHboi ocBiTM Towwo. OCKiNIbKM NUTaHHA Woao STEM-HaByaHHA NigHIMAAMCA Npu BUBYEHHI BaraTbox Tem
KYPCY CTOXaCTUKM, 30Kpema Npu BUBYEHHI KOPENALLIMHOro Ta perpeciiHoro aHanisy, To ONUTYBAHHA BK/IOYAN0 OKPeMi MUTAHHSA,
nos’A3aHi came 3 BUKOpPUCTaHHAM meToay MoHTe-Kapno. MponoHyBanuca ans po3s’A3yBaHHA NPUKAALM 3aBAaHb, KNHOHOBUMU
MOMEHTaMMU Y AKX BYN0 BU3HaAUYeHHSA naoLwi ¢irypu i 06’emy Tina HabAMKEHUMU METOLAMM, 30Kpema 32 GOTO3HIMKamMMU.

Y xopj aHKeTyBaHHA CTyAEeHTW BiA3HaAYanW NiABULEHHA PiBHA OCOBMUCTICHOI XapaKTepUCTUKM — FOTOBHOCTI A0
BnpoBagKeHHA STEM-nigxo4is y HaBYaHHi MaTemaTuKuK yuHiB. O6’em BMBIpKM cknas 42 ocobu. [lna onpautoBaHHA pes3ynbTaTis
[OCNIAXEHHA CKOPWUCTA/IMCA KPUTEPIEM [/1A BUAB/MIEHHA 3CYBIB Y 3HAYEHHAX PiBHA O3HaKM — KpuTepiem BinkokcoHa.
3aCcTOCOBYBA/IM KPUTEPIN ANA 3iCTaB/NIEHHA NOKA3HUKIB, BUMIPAHUX Y ABOX Pi3HUX YMOBAX Ha OAHIN i Ti camii Bubipui. Tunosmum
BMABUBCA 3CYyB Y HanpAMKY NiABULLEHHA rOTOBHOCTI BNpoBagXyBatu STEM-niaxoan y HaBY4aHHI maTemaTuMKu. 3a 4OMOMOroto
KpuTepito Byna 3mora Ha piBHi 3HaYyLWOCTi 5% BCTAaHOBUTM He TiIbKM CNPAMOBAHICTb 3MiH, ane i IXHIO BUMPaXKeHiCTb, TO6TO
KOHCTaTyBaTW, WO 3CyB TMOKa3HWKIB Yy TWUMOBOMY  HanNpPAMKY €  iHTEHCMBHIWWM, Hi)K B  HETUNoOBOMY
(Tp 0,01 = 266 < Ty = 272 < Ty 9,05 = 319).

O6roBOpHOIOYM MiACYMKM aHKETYBaHHA, CTYAEHTM 3BEpPTanu yBary Ha Te, Wo Ana STEM-HaBYyaHHA 3 BUKOPUCTAHHAM
meTogy MoHTe-Kapno xapakTepHe MOAAHHA HaBYa/lbHUX BiLOMOCTEM uYepe3 JKUTTEBI CUTyalii; 3ao0XO4yeHHA Ao
EKCMepuMMEHTaIbHUX  OOCAIgKeHb;, MNPUKNAgHI  acnekTM — po3s’A3yBaHHA  3a4auy/npobiem  MNPaKTUYHOTO  3MICTY;
MiXOMCLMNNIHAPHUI NiaXia AK NOEAHAHHA BiZOMOCTEN 3 AeKiNbKOX NpeaMEeTiB, 30Kpema MaTeMaTUKK, iHpopmaTuKu, reorpadii
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Ta iH. Mpn UbOMY BM3HAYANMCA B AOLiNbHIA NOCNIAOBHOCTI eTanu AocnigxeHHs: npobnema, rinotesn, eKCnepumMeHT, aHanis,
BMCHOBKM.

BUCHOBKU TA NEPCNEKTUBU NOAANBLUOIO AOCNIAKEHHA

3anponoHoBaHWit BWKNag Temu «MeTtog MoHTe-Kapno» BNpoOAoBX BUBYEHHA Kypcy CTOXAaCTMKM ManbyTHiMu
YUUTENAMM MATEMATMKM [AE€ 3MOry Kpalle peanizyBaTM KOMMETEHTHICHMI Migxig y HaByaHHi. MepcnekTmBHUM 6HaumMmo
BMNPOBaAKEHHA HAaCKPI3HOrO BUKOPUCTAHHA METOAY B HayKOBO-MeAaroriyHy npakTuKy.

HackpisHe BMKopucTaHHA meTony MoHTe-Kapno y HaBYaHHi CTOXaCTUKM MNO3UTMBHO BMJIMBAE HA piBEHb HaBYa/bHUX
[ocArHeHb 3406yBayiB OCBITM Ta iIX TOTOBHICTb A0 BNpoBagKeHHa STEM-nigxo4is y HaBYaHHI y4YHiB. Y X04j aHKeTyBaHHA CTYAeHTH
BiA3HaYanM NiABULLEHHA PiBHA OCOBMCTICHOI XapaKTepPUCTUKM — FOTOBHOCTI 40 BnpoBagMeHHs STEM-niaxoAis y HaByYaHHI
MaTeMaATUKM YYHiB. EKCNnepumeHTasibHO NiATBEPAXKEHO NiABULEHHA PIBHA FOTOBHOCTI MalibyTHIX yuuTenis 40 Noganblworo
BNpoBagXeHHA STEM-nigxoAais y HaBY4aHHI y4YHiB.

Mpwn HackpisHOMy HaB4YaHHi meToay MoHTe-Kapio 3 BMKOpUCTaHHAM Tabauup Google, Microsoft Excel, cucremun
OMHAMIYHOT maTemaTvKkn GeoGebra 3aK1aa€eTbCA 3HAYHMIM NOTEHLiaN IHCTPYMEHTapito WwoAo BUKopucTaHHA STEM-nigxoais y

AHani3 3aBAaHb, AKI MOXYTb OYTWM BMKOHaHi y HaBYaHHi CTOXaCTUKM Yepe3 BUKOPUCTaHHA meToay MoHTe-Kapno,
niaTBEPAMKYE Te3y NPO Te, WO MOro 3acToCyBaHHA HAAAE HaBYasIbHOMY NpoOLECY AOCAIAHULBKOIO XapakTepy. 3acTocyBaHHA
meTtoay MoHTe-Kapno Ak engineering-iHCTPYMEHTY 3MilLly€ aKLLEHTU HaBYaHHA 3 TEOPETUYHOI B eKCNEPUMEHTAsIbHY MJIOLLMHY.

Moaanbuwi Hawi gocniaxkeHHA OyayTb NOB’A3aHI 3 TPAHCAUCLUMNAIHAPHMM NiAX0A0M Y NiAroToBLi ManbyTHix yuntenis
MaTeMaTUKM 40 BNpoBaaKeHHA STEM-HaBYaHHA.
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