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HaBYaHHA 1HGOPMATHUKHU HaWKpallle MIIXOAATh TPAIULINHI JPyKOBaHI MOCIOHHMKH, a
npodiabHI Y4HI MOXYTh JOCSATTH 3HAYHUX YCHIXiB 3a JOMOMOTOI0 1HTEPAKTUBHUX
3aBJIaHb Ta aJIalITUBHUX cUCcTeM. Lle mocimiIKeHHs € KPOKOM JI0 BIIOCKOHAJICHHS METO/IiB
HaBYAaHHS MIPOTpaMyBaHHS, [0 MOKe OYTH 3aCTOCOBAHO JII PO3POOKH HOBHX KYpCiB,
SIK1 BpaXOBYBaTUMYTh 1HJIMBITyaJIbH1 0COOJMBOCTI YUHIB Ta CIIPUATUMYThH (POPMYBaHHIO
y HUX BUCOKOTO PiBHSA 1H()OPMALIiHOT KyJIbTypHy Ta 3HaHb 3 1HHOPMATHUKU.
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3ACTOCYBAHHA T}EXHOJIOFIﬁ ITYYHOI'O IHTEJEKTY JJIA
ABTOMATH3AIII OINIHIOBAHHSA 3HAHDb Y AJJAIITUBHUX
HABYAJIBHUX CUCTEMAX

Meogeoesa M. O.
YMaHCBhKUH JepKaBHUM nenaroriyHuil yHiBepcutet iMeHi [laBina Tuunnu

Cyuacni texnosorii mry4ydoro intenekty (L) craroTh HEBiJ €MHOIO YaCTHHOIO
OCBITHBOI HISTIBHOCTI, BIAKPHUBAIOUYM HOBI MOJKJIMBOCTI JUIS TIEpCOHAI3AIli Mpolecy
HAaBYaHHA Ta IMIJBUILEHHS Horo edexTtuBHOCTI. OOHUM 13 KJIHOYOBUX HAIpSMIB
BukopuctanHts LI B ocBiTI € aBTOMaTH3al11s1 OLIHIOBAHHS 3HAHb, SIKA JO3BOJISE HE JIUIIIE
MOJIETIIUTH POOOTY BUKIIAJIauiB, ajie i 3a0€3MeYnTH MBUAKUN Ta 00’ €KTUBHUI aHaIi3
pe3yJIbTaTiB HaBYAHHS. AJANTHBHI HaBYAJIbHI CHUCTEMH, SIKI MIJIAIITOBYIOTHCS Mif
IHAUBIAyaJlbHI TMOTPEOM KOXKHOTO 3/100yBaya OCBITH, HOTPEOYIOTh I1HTErparii
IHTENEKTyaIbHUX IHCTPYMEHTIB [JIsl BIJCTEXKEHHS MPOrpecy Ta aBTOMATUYHOIO
OI[IHIOBAHHSI 3HAHb.

AJIanTUBHI HaBYaJIbHI CUCTEMHU — 1€ IUGPOBI MIATHOPMH, 110 BHUKOPHUCTOBYIOTH
QITOPUTMH JIJIsl HAJAIITYBaHHS HABYAJIBHUX MaTepiaiiB MiJ 1HAWBIAyaJlbHI MOTpeOH
3m00yBauiB ocBiTU. L{i cuctemu 30uparoTh JaHi PO MpoTrpec 3100yBada OCBITH Ta
aHAMI3YIOTh X JUIsl TOTO, 100 MPOTIOHYBATH BIATIOBIIHI 3aBIaHHS Ta peKoMeHaii [3].
ABTOMAaTH3AIlS OI[IHIOBAHHS 3HaHb y TAKUX CHCTEMax JI03BOJISIE MBUAKO pearyBaTH Ha
3MIHU Y HaBYQJIbHHUX JIOCATHEHHSAX Ta KOPUTYBATH OCBITHIO TPAEKTOPit0. TexHOOril
HITYYHOTO IHTENEKTY BIAIrpaloTh TYT KIIOYOBY pOJib, AK€ 3aBISKU iM MPOIEC
OLIIHIOBAHHSI CTA€ O1IbII 00’ €EKTUBHUM, THYYKUM Ta IIBUKUM.
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OCHOBHUMU 3aBIaHHSIMU aBTOMATU30BAHOTO OI[IHIOBAHHS € MEPEeBIpKa 3aCBOEHHS
HABYAJILHOT'O MaTepiajy, BU3HAYEHHS PIBHS IIJATOTOBKU 3/100yBadya OCBITH, BUSBJICHHS
caOKuX MiCIlb Y 3HAHHSX Ta HaJlaHHS peKOMEeHJauii moao ix ycyHenus. LI 3naren
aHaJ13yBaTH BIAMOBIII 37100yBayiB OCBITH HE JIMIIE HA OCHOBI CTaHJAAPTHUX TECTIB, a i
BpPaxOBYIOUHM CKJIAJIHIIII 3aBJJaHHS, 1[0 BUMAraloTh KPUTUYHOTO MUCIICHHSI UM TBOPUUX
BIJIMOBIICH, HANIPUKIIAT, Y (hopMi ece 4i MpoeKTHUX poOiT. Lle po3mmpioe MOKINBOCTI
JUTSI OIIIHFOBAHHS HE JuIe (PaKTHIHUX 3HaHb, a ¥ PIBHS MUCJICHHS Ta HAaBUYOK [2, 4, 5].

3acToCcyBaHHS MITYYHOTO 1HTEIEKTY B aBTOMATH3AIli1 OI[IHIOBAaHHS 3HAHb TPYHTYEThHCS
HA BUKOPUCTaHHI PI3HUX MOJEJEeH Ta aJrOpUTMIB MAIIMHHOTO HaBuaHHA. OJHUM 13
HAWUTNOLIUPEHIIUX MAXO/IB € BUKOPUCTAHHS aJalTHUBHHUX TECTIB, IO OyIyIOThCS Ha
0a3i OaiteciBcbkmx Mepex abo anroputmiB Item Response Theory (IRT). Li anropurmu
JI03BOJISIIOTH OIIHIOBATH PIBEHb 3HaHb 3700yBadiB OCBITHU, AMHAMIYHO M1I0Hparoyuu
3aBJIaHHS BIJIMOBIJHO J0 IXHIX BIAMOBIICH. TaKMM YWHOM, KOKHE HACTyIHE NMUTAHHS
TECTY KOPUTYETHCA 3aJI€KHO B1J] YCHIIITHOCTI IOTIEPEIHIX BiIMOBIIEH 3700yBavya OCBITH,
110 3a0e3neuye 1HIUBI Ty TbHUHN T1IX1 10 KOYKHOTO.

[TyyHuii 1HTENEKT TaKOX aKTUBHO BHUKOPUCTOBYETHCS [IJII aBTOMATHYHOTO
OIIIHIOBAHHS €ce a00 PO3rOPHYTHUX BIMOBIAEH. J{JIsl IIOTO 3aCTOCOBYIOTHCS AITOPUTMHU
00poOku mpupoaHoi moBu (NLP), ski 37maTHi aHamizyBaTH TEKCTOBI BIAMOBII,
BpPaxOBYIOUH TaKl MapaMETPH, SIK 3MICT, CTPYKTypa, FpaMaTH4H1 TOMUJIKHU Ta JIOT1YHICTh
BuKiamy. Lle mM03BoJisse 3HAYHO CKOPOTHUTH 4Yac TEPEBIpKH CKIAAHUX 3aBlAaHb Ta
M1IBUIIATA TOYHICTH OI[IHIOBAHHS.

JlomatkoBo TexHoutorii LI MoXyTh BUKOPHUCTOBYBATHUCS JJIsl BUSIBJIICHHS TUT1ariaty abo
ABTOMATHUYHOTO aHali3y TBOPYMX pOOIT, IO Jgomomarae 3a0e3leuuTH YECHICTh B
OCBITHHOMY MPOIIECI Ta 30€PErTH aKaaeMiuHy JOOPOUYECHICTD.

ABTOMAaTH3AIlis OIIHIOBAHHS 3HaHB 3a JOIIOMOT'OI0 TEXHOJOTIHM ITYYHOTO 1HTCICKTY
HaJIa€ YHUCITICHH] TIepeBary sk JJis 3100yBaviB OCBITH, TaK 1 i BukiaaayiB. [lo-nepie,
1€ JI03BOJISIE 36KOHOMUTH 4Yac Ha MEPEBIPKY TECTIB Ta 3aBJaHb, 110 JA€ MOXKIUBICTh
BHUKJIalayaM OUTbIIE 30CEPEAUTHCS HAa HaJaHHI 1HAWBIAYyaIbHUX PEKOMEHMAIi abo
KoHcyJnbTamii. Ilo-gpyre, aBTOMaTW30BaHI CHUCTEeMH MOXYTh 3a0e3meuyBaTu
00’€KTUBHICTh OIIIHIOBAHHS, YHUKAaIOUM CyO €KTMBHOTO JIOJAChKOTO (hakTopa. lle
0COOJIMBO BaXKJIMBO JJISI MAaCOBUX OHJIAWH-KYpCIB 200 BEJIMKUX HaBYAIBHUX TPy, J€
CKJIQJIHO MPUAUIUTH KOKHOMY 3700yBayy OCBITHU JOCTATHHO YBAaru.

I TakoX Haga€e MOXKJIMUBICTH MHUTTEBOIO 3BOPOTHOIO 3B’SI3KY, IO € KIOYOBUM
€JIEeMEHTOM a/IalITUBHOTO HaBYaHHs. 3700yBayl OCBITH MOXYTh 0JIpa3y J13HaBATUCS MPO
CBOi TMOMMJIKM Ta OTPUMYBaTH pEKOMEHAAIlli IMIOA0 TOro, siIKi TEeMHU MOTPEOYIOTh
JOIaTKOBOTO ompaifoBaHHs. lle 3HayHO MIABUIYE MOTHUBAIIIO JI0 HaBYaHHS Ta
nornoMarae 3700yBayaM OCBITH €(pEeKTHBHIIIE 3aCBOIOBATH MaTepiall.

He3Baxatoun Ha 4YHCICHHI TepeBard, BUKOPUCTAHHS IITYYHOTO IHTEIIEKTY B
aBTOMATH3alIli OIlIHIOBaHHS Ma€ cBO1 Hemomiku. OHIE0 3 TOJOBHUX ITPOOJIEM € SKICTh
QNTOPUTMIB Ta MOJIENEH, SIKi BUKOPUCTOBYIOThCA st oiiHroBaHHA. He 3apxmu 1111
3/1aT€H KOPEKTHO OIIHUTHU CKJIaJH1 TBOPYi 3aBJaHHS, HAIIPHUKJIIAJ, €CE, /1€ BAXKIIUBY POIh
BIIIrparOTh OPUTIHAIBHICTH MUCJCHHS Ta €MOIliifHa CKiajoBa Biamosigi. Ile Bumarae
MOCTIHOTO BJOCKOHAJIEHHS TEXHOJIOTIM OOpOOKM TPHUPOAHOI MOBH Ta MAIIMHHOTO
HaBYaHHS.

[Ile omHUM HEMOMIKOM € 3a0e3nedeHHsT KOH(IISHIIHOCTI JaHUX 3100yBaviB OCBITH
Ta JOTPUMaHHS €THYHUX cTaHjaapTiB. Bukopucrtanns LI ans 30opy i anamizy
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NEPCOHATBHUX JAHUX BUKJIMKA€E MTUTAHHS 1I0JI0 IXHBOI Oe3neku Ta 30epekeHHs. OKkpim
TOr0, HEOOX1JTHO BpPaxOBYBaTH, 110 aBTOMATH30BaHI CUCTEMH HE TMOBHHHI TMOBHICTIO
3aMIHSTH JIFOJCBKY B3a€MOJIII0 B IMPOIEC] OIIHIOBaHHS, OCKUIbKH BHKJIajadl BCE IIE
BIJIIrPalOTh BAXJIMBY POJIb y MIATPUMII Ta PO3BUTKY KPUTHYHOTO MUCIICHHS 3700yBayiB
OCBITH.

SAx mpukian 3acTOCYBaHHS TEXHOJOTIH IITYYHOTO I1HTENEKTY I aBTOMAaTH3aIlii
OLIIHIOBAaHHS 3HAaHb y PI3HUX QJANTHBHUX HAaBUAJbHHUX cHcTeMax Moxke Oytu Coursera
ta EAX [1].

Coursera — e moryJisipHa OCBITHS IJIaTGOopMa, 10 BUKOPUCTOBYE IITYYHUN 1HTEIEKT
JUTSI aBTOMATHM30BAHOTO OIIHIOBAaHHS 3HaHb Y MAacOBHX BIJKPUTHX OHJIAMH-KypCax
(MOOC). Hanpuknaa, nist nepeBipku ece Coursera 3aCTOCOBY€E aJITOPUTMU 0OpOOKH
npupoaHoi MmoBH (NLP), 110 703BOJISIIOTE aHAI3yBaTH CTPYKTYPY, IPAMATUKY Ta 3MICT
Tekcty. [1naTdhopma Takok BUKOPHUCTOBYE aallTUBHI TECTH, SIK1 M1TAIITOBYIOTHCS M1
pIBEHb 3HAHb KOXKHOT'O 3700yBada OCBITH, JIO3BOJISIIOUM 1HJIMBITyali3yBaTH OCBITHIN
npotiec.

EdX sk 1 Coursera BukopuctoBye texnosorii I ams aBromartuzaiii nepeBipku sk
KOPOTKHUX, TaK 1 PO3TOPHYTHUX BIANOBIACH. BaxkinBoIO OCOOIUBICTIO € T€, MO MICIs
HaIlMCaHHA €ce 3/100yBadl OCBITH MOXYTb OTPUMATH MHUTTEBUI 3BOPOTHHUH 3B’ 530K
o0 iXHBOI POOOTH, IO JJOMOMAarae iM TOKPAIUTA CBOI HAaBHYKH IHMCHhMa Ta
KPUTUYHOTO MUCJICHHS.

3acTOCyBaHHS TEXHOJOTIM IITYYHOTrO IHTEJIEKTY JJIsl aBTOMAaTu3allli OLIIHIOBaHHS
3HaHb B QJaNTUBHUX HABYAIBHUX CHCTEMaX BIJKpUBAE€ HOBI TOPH3OHTH IS
niaBuIieHHs: epexktuBHOCTI HaB4yaHHs. LIl mo3Bosisie cTBOprOBAaTH 1HAWBIAYyalli30BaHi
TPA€EKTOpii HABYAHHS, HAJa€ MUTTEBUU 3BOPOTHHI 3B’SI30K Ta 3ale3mnedye
00’ €KTUBHICTh OIlIHIOBaHHS. BosHOYAC, 11 MOBHOIIIHHOT 1HTETpAaIlii IUX TEXHOJOTIH
HEOOXITHO TOJ0JIATA PsiJl BUKIMKIB, 30KpeMa II0/I0 SKOCTI aJTOPUTMIB Ta €TUYHUX
aCIEeKTiB BUKOPUCTAHHS JaHuX. [IpoTe 3 pO3BUTKOM IHCTPYMEHTIB IITYYHOT'O 1HTEIEKTY
MEePCIEKTUBH aBTOMATH30BAHOTO OIHIOBAHHS CTAlOTh JAENalll PEANbHINIUMH, 0
CIOpHUSATUME TOKPAIICHHIO SIKOCTI OCBITHBOTO TIPOIECY W MIJABUIICHHIO PiBHS
HaBYAJIBHUX JIOCATHECHB 37100yBaviB OCBITH.
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GRAPH THEORY IN MATHEMATICAL OLYMPIADS AND
COMPETITIONS

Serhii Saprikin, Guo Shouxiu
South Ukrainian National Pedagogical University named after K. D. Ushinsky

In the resent years graph theory has experienced an explosive growth and has
generated extensive applications in many fields. Social networks gave a special impetus
to the growth of graph theory.

We often encounter phenomena or problems that contain two aspects: one is objects,
such as people, teams, cities, points and so on; and the other is a certain relationship
between these objects such as “knowing each other”, “distance between” and so on. In
order to represent these objects, we use graphs. Below we introduce some examples of
graph theory problems picked from real Math Olympiads.

Example 1. Nine mathematicians meet at an international conference and discover that
among any three of them, at least two speak a common language. If each of the
mathematicians speak at most three languages, prove that there are at least three of the
mathematicians who can speak the same language. ( [1]).

Denote the nine mathematicians by 9 vertices vy, v,,..., vy. If two of them can have
a talk in ith language then there is an edge joining the corresponding vertices and we
color it with the ith color. We should prove that in this graph there are two adjacent edges
with the same color.

Consider any vertex say v,. There are two options for it.

e |fitis adjacent to every other vertex then among 8 edges there are at least two
with the same color by pigeonhole principle (since edges of at most three
different colors can be adjacent to a vertex).

e Let it be not adjacent to at least one vertex say v,. Then every one of the rest 7
vertices vg, v,,..., Ug Should be adjacent to either v, or v,. Using pigeonhole
principle one can conclude that at least one vertex v, or v, is adjacent to at least
4 other vertices. Using pigeonhole principle again there are at least two edges
of the same color incident either to v, or to v,.

In any case there are two adjacent edges with the same color and the corresponding
mathematicians speak the same language.

Example 2. There are n people any of whom have a talk by telephone at most once.
Any n — 2 of them have a talk by telephone 3™ times where m is a natural number.
Determine the value of m. ([2], p. 7)

Obviously n = 5. Denote the n persons by the vertices Ay, A,, ..., A,. If A; and Ay
have a talk by telephone join them with an edge. There is at least one edge. Let it join
A; and A,.

Consider any other vertex say A; and let’s prove that there are edges that join it with
both A; and A,. Suppose for example that there is no edge that joins A; and A5. Consider
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