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MopenupoBaHue ycneBaeMOCTH Y4eOHOM rpyninbl

AHHOTanusl. Y4eOHbIH TPOIECC MOJABEPKEH BO3JEUCTBHIO MHOXKECTBA CIyYalHBIX
(bakTopoB, MOITOMY [UIsI €ro MOJEIUPOBAHUS CJENyeT KCIONb30BaTh ammapaT TEOpUU
ClIy4aiHbIX mporeccoB. B crarbe pazpaboraHa MaTeMaTHueCKas MOJEINb OLEHKH YCIEBAEMOCTU
y4eOHOM rpyIIbl Ha OCHOBE Cy4yalHbIX GyHKIMi. [[1s1 MoaenupoBaHus MOTOKA YEThIPEX BUIOB
OIICHOK CTYACHTOB HCIIOJIb3YeTCS MHOTOMEPHBIN ITyacCCOHOBCKMH IMOTOK OILIGHOK. Pa3paboran
METOJi pacyeTa OCHOBHBIX XapaKTEpPUCTHK Ciy4ailHOro mpouecca. Jnd mnoscHeHus
pa3pabOTaHHOTO METO/JAa PACCMOTPEH KOHKPETHBIM YHCIOBOW MpUMEp, OCHOBAaHHBIM Ha
UMHTAIIMOHHOM MozeupoBanuud B MS Excel nporiecca nonyueHus oneHoOK y4eOHO# rpymmoi.
Jns pemieHust 3a1adyd NPOTHO3UPOBAHUS MPEIIOKEHO CTPOUTH JIMHUM TPEHAOB JUIS KaXKI0TO
BHJIa OLICHOK. Pe3ysbTaThl MOJAEIMPOBAHMS MOKA3aJIM OYEHb BBICOKOE KAu€CTBO MOCTPOEHHBIX
JMHEHHBIX PETPECCHOHHBIX Mozeneil (KOd(QQHUIUEHT IeTepMUHALMU OJM30K K EIUHHIIE).
PaccunTtanbl XapakTepUCTHUKH CIIy4ailHOro mpouecca Juisi IPUBEJICHHOr0 IpUMepa.

PazpaboTannplii MeTON MOXKET OBITh HCIIOJNB30BAaH HE TOJBKO Ui TPaJAWIIMOHHOU
MATUOATUIHLHOMN IIKAJIbI OLEHUBAHUS, HO U IS IPYTUX LIKaJ.

KawueBbie cjioBa: OLEHKM, CIY4YalHBI MPOLIECC, HWHTEHCUBHOCTH IOTOKA,
MHoOromepHoe pacnpenenenue [lyaccona, coobITre, peanuzaius, BEKTOp
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Modeling the sustainable development of the educational process of a higher educational
institution

Abstract. The educational process is subject to the influence of numerous random
factors, so its modeling requires the use of the theory of random processes. This article develops
a mathematical model for assessing the academic performance of a study group based on random
functions. A multivariate Poisson flow of grades is used to model the flow of four types of
student grades. A method for calculating the main characteristics of the random process is
developed. To illustrate the developed method, a specific numerical example is considered,
based on a simulation modeling in MS Excel of the process of receiving grades by a study group.
To solve the forecasting problem, it is proposed to construct trend lines for each type of grade.
The modeling results demonstrated very high quality of the constructed linear regression models
(the determination coefficient is close to one). The characteristics of the random process for this
example are calculated.

The developed method can be used not only for the traditional five-point grading scale
but also for other scales.

Keywords: estimates, random process, flow intensity, multidimensional Poisson
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Beenenne

B nacTosee BpeMsi MHOIO Hay4YHBIX HMCCIIEIOBAaHUM MOCBSIIEHO MPOOIeMe OLIEHUBAHUS
pe3yabpTaToB 00pa3oBaTenbHOro mporecca. OJUH U3 paclpoCTPAHEHHBIX METOAOB 3aKITI0UACTCS
B HCIOJb30BaHue MapkoBckux nemnei [6]. KauectBo yueOHOTO mporiecca B 00pa3oBaTebHON
OpraHM3alMi XapaKTepU3yeTcsl yCIeBaeMoCThbio ydammxcda. Ha ycneBaemocTh ywammxcs
BO3/ICIICTBYET MHOKECTBO ClIy4aiHbIX (pakTopoB. [loaTOMy 171 MaTeMaTHUYecKOTo ONMUCAHUS U
aHaJIM3a paccMaTPUBAEMOI0 Ipolecca CIeAyeT HCIOJIb30BaTh METOAbl TEOPUHM CIIydalHBIX
npoueccoB. OJIMH U3 paCIPOCTPAHEHHBIX METOJIOB 3aKJIIOYAETCS B UCIOIb30BAHNH MapKOBCKHUX
neneil [5]. Teopuwm cilydaliHBIX IIPOLIECCOB IMPUMEHSETCS s PELIEHUS paccMaTpUBaeMOMN
po0JieMbl HEAOCTATOYHO. TONBKO B CTaThe [6] Al MOAETUPOBAHUS TPACKTOPUHN YCIIEBAEMOCTH
[IOKa3aHO PUMEHEHHUE JAaHHOTO MaTeMaTU4ECKOro anmnapara.

Lenpto HacTOALIEH CTAaTbU SBJISETCS MOJEIMPOBAHME MPOLECCa IMOIYYEHUS OLIEHOK
CTYJACHTAaMH Yy4eOHOH TpyMNIbl C IMOMOIIBIO NPUMEHEHHS MHOTOMEPHOIO ITyaCCOHOBCKOTO
MIOTOKA OLICHOK.

Marepuajabl 1 MeTOABI

MonenupoBaHue ycrieBaéMOCTH y4eOHOM IpyIIbl ¢ MOMOIIBIO CIIyYalHBIX MPOLIECCOB -
3TO MOJXOJ, KOTOpBIM I03BOJIIET AHAJIW3UPOBATh JMHAMUKY M3MEHEHMSI YCIIEBAaE€MOCTH,
MIPOTHO3UPOBATH €€ U BBISBIATH (DAKTOPHI, BIUSIOIINE HA PE3YIbTAThl O0yUEHUSI.

PaccmoTpuM yueOHyro rpymnmy, u3ydaroniyro matemMatuky B BY3e. CTyaeHThI oydaroT
4 BUga TEKYIIUX OICHOK: «OTIMYHO» (5), «xopomo» (4), «yaoBIeTBOpUTENbHO» (3) u
«HeynosieTBoputenabHo» (2). Ilpomecc (opMupoBaHUs 3TUX OIEHOK SBISETCS CIyYailHBIM.
O0603HauuM TUIOTHOCTU (MHTEHCHUBHOCTH) MOTOKOB 3THUX BHJIOB OLIEHOK, COOTBETCTBEHHO, KakK
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Jns mopenupoBaHusi Tporiecca (OPMUPOBAHUS OIEHOK Yy4eOHOW TpyHIbl MOXHO
HCTIOJIB30BaTh MHOTOMEPHYIO CIyYalHY1O BEJIMYNHY (ciryqaitHbIA BEKTOD)

X (t) Z(Xl(t), X, (1), X,(t), X4(t)). Hpu srom: X, (t) - xommuectso marepok, X, (t) -
getBepok, X,(t) - tpoek, X, (1) - mBoexk.

3aKkoH pachpeneneHus cedenus ciydaitnoro sexropa X (1) ecT MHOroMepHSBIi 3aKoH
pacnpenenenus Ilyaccoma. BepostHocTh Toro, uro ciydaitmbiii Bextop X (f) mpumer

dukcuposannoe 3navenne X(t) = (X1(t)' X, (1), X;(t), X, (t)) BBIpaXkaeTcs popmyinoii [3, 4]:

4

S 4 (ai )Xi

Pa(X1:X1’ Xy =Xy, X3 =X, )(4:)(4):e " H ’ (1)
iz X!
rae a:(ai, a,, d;, a4) - MapaMmeTp MHOroMepHoro pacnpenenenus Ilyaccona;
a, = ﬂr,t =M [Xi]; ﬂf, - JICHCTBUTENbHBIC TOJOXKUTENbHBIE YHUCNa (IIOTHOCTh MOTOKA,
CBA3aHHOTO C i-0i KoOpauHATOW); X, - MeNble HEOTPHUIATENbHbIC YHCIIa, [ =1,_4, t —

paccMaTpuBaeMbIi IPOMEKYTOK BPEMEHHU.
MaremaThueckue OXHUJAHUS U AUCTICPCHUU  TJId  PACHIPCACIICHUSA (1) HaxoasaTCsa
aHaJIOTUYHO OJHOMEPHOMY pacnpeneneHuto [lyaccona mo ciaexyromum GopmMynam:
M, (X)=D,(X)=a=4t;i=14, )

CpenHue KBaIpaTHIeCKOe OTKIOHEHHE PABHO:

0, (X)=yD, (X) =& =Jit; i=14 ©)

Koppensuonnsie pyHKIMN OMpeeNsaioTcs BeIpakeHueM [2]:

K, (tt)=Amin{tt'}; i=14, (4)

rae min {t,t'} - MUHUMAJIbHAS 13 BenuuuH t, 1.



HopmupoBanHbie KOppensuoHHbIe (YHKIIUU OMPEeIIsieTCs 1Mo cienyromei Gpopmyie:
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Pe3yabTaThl 1 HX 00CyKAeHHE

Jiist nosicHeHust pa3paboTaHHOIO METOAA PACCMOTPUM CIIEAYIOIIYI0 YUeOHYI0 CUTYalHIO.
B yue6noii rpynne 20 cryaentoB. JlucuuminHa — MaTeMaTHKa — U3Y4YaeTcsl B IEPBOM CEMECTpE
(16 Henens). PaccmMoTpuM ciydaii mosryueHus OLEHOK KaKJbIM CTYJEHTOM OMH pa3 B HEIEIIIO.
[IpumMeM MOTOKH OLEHOK npocTeiimmmu ¢ miotHoctsamu 4, =6, A4, =8, L, =4, 4,=2.310

03HAYAET, YTO B CPEIHEM 32 HEJIENIO TOCTYyMmaeT 4 COOBITUS — MOJIYICHUE TISATEPKH, 8§ — YSTBEPKH,
6 — Tpoiiku, 2 - TBOWKH. PaccMOTpHUM HaKOTJICHHE OIEHOK.
Ornpenenum XapaKTEPUCTUKHU KOOpPJIUHAT CIIy4yalHOTO BEKTOpa

X, (t), X, (t), X5(t), X, (t) no popmynam (2)-(5) anst t = 1 (menens):
Mal(X)z Dal(X)zﬂltZG; MaZ(X)z DaZ(X)zﬂ,zt:&
M. (X)=D,(X)= A= M, (X) =D, (X)=A1=2
Cpennne KBaJPaTHYECKHE OTKJIOHEHHMS PAaBHEL Oy, ( X ) =2,45;
o (X)z 2,83, 0, (X)z 2; 0, (X ) =1,41.
Tak xak MiN {t,t'} =1, 1o xoppensimonneie dymximn Gymyr: K, (t,t') =6;
K, (t.t')=8 K, (tt)=4 K_ (t,t')=2.

He HopmupoBaHHas KoppensiuuoHHas (QYHKIUS CIy4yallHOTO Ipolecca MOXKET
OpUHUMATh 3HaueHus Ooibmie 1. DTO MPOMCXOAMT, KOrja IUcHepcHs mpolecca (WM ero
WHTEHCHUBHOCTD) BEJTUKA.

HopmupoBanHbIe KOppeNsuOHHbIE (YHKIIMN PABHBI:

r (Lt)=r, (tLt)=r, (tt')=r, (Lt)=1.

Takum o00pa3zom, MeXIy COOBITUSIMHU MOJIyYEHHUS IOJIOKUTEIbHBIX OLIEHOK B TpYIIe
cyuiecTByeT (DyHKIIMOHAJIbHAS 3aBUCHUMOCTb, YTO OOBSICHSAETCS OAMHAKOBOW WHTEHCHBHOCTBHIO
MMOTOKOB OIIEHOK 00yYaeMBbIX.

BremonnuM  mMozenupoBaHue u3y4yaemoro rmporecca B MS  Excel, wucnomszyem
HaACTpOKy «AHanu3  naHHeix» (['enepamus  ciydaiiHpix  ymcen.  Pacnpenenenue:
[TyacconoBckoe. [Tapamerp: JIsimOa).

Pe3y.]'IBTaTI)I HMUTAIIUOHHOI'0 MOACIINPOBAHUA I10 K&)K)IOfI HEACIIC IJId YCTBIPEX BHUOAOB
OLIEHOK NpHBE/IeHBI B Ta0II. 1.

Tab6us. 1 — MoaenupoBaHue MOJIyIEHHUS OIICHOK B CEMECTpE

0 HEACIU
4 112|3|4|5]6| 7 |8|9/10/11|12|13|14|15]16
6 sle|7]8]7]6]|54l5|5|8[5|7]8]4]1
8 9l8|5/9]9lo]10]8]7]10]/ 6|8 |5]14] 8|11
4 1)21]33a]l1lalal1]1]2]5]1]3]2
2 3l1]1l6]3]3] 2 fol3[1 111542

Pe3ynbTaThl MOETHPOBaHUs HcceayemMoro nporecca B MS Excel mpusenenst Ha puc. 1.
[IpuBoasTCS pe3yNbTaThl C HAKOIIJICHUEM OIICHOK 32 CEMECTP.
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——— Jluuefinaa (5) — — Jlunefinaz (4) - Juneiinan (3) —— Junefinan (2)
Puc. 1 - 3aBUCHUMOCTD KOJTMYECTBA OIICHOK OT BPEMEHH U JIWHUHU TPECHJIOB.

JIuHuM TpEeH10B Ha puUC. 1 ONpenensoTcs ypaBHEHUSIMU JIMHEHHON perpeccuu:

X,=5,8544-t+13 (R’=0,9952); X,=8375-t-6,125 (R*=0,9978);
X,=2,0235-t+3,675 (R*=0,9889); X,=2,0603-t+155 (R*=0,9641).

2
Kosdppuument nerepmunanmun  R° > 0,96 nokaseiBaer odeHb BHICOKYHO TOYHOCTH

anmpOKCUMAIIUHU, © MOJIETTh MOKET MCIIOIh30BATHCS JIJIsl IPOTHO3UPOBAHUS.

ITockobKY OIEHKH HakarummBaioTces, To ¢yukiuus X(t) sBisercs MOHOTOHHO He
yOBIBAIOIIEH, MOJOXKHUTEIbHON cTymeH4aTor ¢yukimeid; X(t) = 0 (B HayaabHBIE MOMEHT
BPEMEHH OLIEHOK emie HeT). To4yku pa3pbiBa COOTBETCTBYIOT MOMEHTAM BpPEMEHU MOJyuYeHUs
OLICHKHU.

Mopenb myacCOHOBCKOTO IMOTOKAa MOXET ObITh 0000IIeHa Ha TMOTOKH KPaTHBIX TOYEK.
[TyaccoHOBCKHI MOTOK KpPaTHBIX TOUEK - ATO MaTeMaTudeckas MOJAENb CIydalfHOro mpoiiecca,
r7ie coObITHS (KpaTHbIE TOUYKH) BOZHUKAIOT HE3aBUCUMO JIPYT OT ApyTra ¢ MOCTOSHHOW cpenHein
WHTEHCHUBHOCTHIO. DTa MOJIENb OMUCHIBACTCS 3aKOHOM pacmpeaeneHus [lyaccoHa ¢ kpaTHBIMU
ToukaMu. KpaTHble TOYKM O3HAYarOT TIOSBIICHUE HECKOJIBKUX COOBITUNA 3a KOPOTKUM
MPOMEXKYTOK BpeMeH. B oTindme oT «opauHapHOT0» (IIPOCTEHIero) moToKa, e BepOsITHOCTh
MOSIBJICHUS JIBYX COOBITMH TOYTH paBHA HYJIIO, IYaCCOHOBCKUH IOTOK KpaTHBIX TOYEK
JOTyCKaeT KJIacTepbl WM Tpynmbl coObiTuil. [IprMmeHeHue nanHoOW Teopuu TpeOyer Ooiee
CEepPBhE3HOI0 MaTEeMAaTHIECKOTO anmapara [ 1], ueM B JaHHO# cTaThe.

3akiiloueHune

B cratbe mpennoxkeHo I MOJEIMPOBAHUS pPE3YJIbTATOB YCHEBAEMOCTH Y4eOHOM
Tpynmnbl MPUMEHSITh MHOTOMEpHOe pacnpeneneHue Ilyaccona. IlpuBenensl ¢opmynsl pacuera
XapaKTepUCTHK paccMaTpUBaeMoro npoiiecca. MeTojoM MIMUTAlMOHHOTO MO/IETUpoBanus B MS
Excel pemen nosicHsromuii npumep. Pa3paboTaHHBIN B CTaThe METOJl MOXKET MPUMEHSTHCS HE
TOJIBKO JJI1 TPAAUIIUOHHOM MATHOAIBHOM 1IKaJIbl OLICHUBAHMS, HO U JUIS JPYTHX BUAOB LIKaJ.
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