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BCTYII

Huctumnina «IIpodeciitHo-opieHTOBaHMI MPAKTUKYM 1HO3EMHOIO MOBOIO» €
000B’SI3KOBOIO 3 ITUKIIY 3arajbHOi MIATOTOBKHU 3700yBauiB CTYIICHS BHIIOi OCBITH
Mmarictpa cnemiagbHocTi «CepeqHsi OCBiTa» OCBITHBO-MPO(ECIMHOI Tporpamu
«Cepennst ocBita (Marematuka)». Kypc 0a3yeTbcs Ha 3HaHHSX Ta HaBHUKax,
OTpUMAaHUX IIiJl YaCc HaBYaHHS B yHiBepcuteTi. HaOyTi mpu BUBYEHHI KypCy 3HAHHS
OyqyTh KOPMCHMMM JJisi TMOJQJIBIIOTO BHUBYEHHS OOOB’SI3KOBUX Ta BHOIPKOBHUX
JUCHUIUIIH 32 BKa3aHOIO CIEIIAJIbHICTIO, CTaHyTh 0a3010 IS KBaji()iKOBaHOTO
npo(deciiHOTO CIIKYBaHHS 1HO3EMHOIO MOBOIO.

MeTto10 BUBYEHHS AMCLUUIUIIHM € (POpPMYyBaHHA y CTYACHTIB mpodeciiiHo-
OpPIEHTOBAHUX KOMIETEHTHOCTEH, MTOB’I3aHUX 3 BUKOPUCTAHHIM 1HO3€MHOT MOBH.

OcCHOBHMMU 3aBJaHHAMM BUBUCHHS nucuuiuiiag «lIpodeciitHo-opieHTOBaHMI
MPAKTUKYM 1HO3EMHOIO MOBOIOY €:

o OBOJIOJIIHHS HAaBUYKAMHU CKJIaJaHHsA JOMOBIAI 3a (haxoM 1HO3EMHOIO
MOBOIO;

o Oo3HAaWOMJICHHS 3 0a30BOI0 Ta CIEIIaTi30BaHOI MAaTEMaTHUYHOIO
TEPMIHOJIOTIEIO;

o dbopMyBaHHS BMIHb BECTU JIUCTYBAHHS 3 IHO3EMHHUMHU KOJIETaMu;

o HaOyTTS HABUUYOK pedepaTuBHOrO TMEpeKiialy HayKOBO-TEXHIYHOI
JITEpaTypH 31 CHEIaTbHOCTI 3 IHO3EMHOT MOBH;

o HAaOyTTd HaBUYOK  aJ€KBaTHOTO  TMEpPEeKJIaay  HayKOBO-TEXHIYHOL
JITEpaTypH 31 CIENIaTbHOCTI HAa IHO3EMHY MOBY;

o PO3BUTOK HABMYOK YCHOIO Ta MHCHBMOBOIO CIUIKYBAaHHS 1HO3€MHOIO
MOBOIO;

o HaOyTTsl HABMYOK MiJITOTOBKU T€3 HAYKOBUX KOH(EpeHIIiii 3a haxoMm.

3rifHO 3 BUMOTaMH OCBITHBOI-podeciiHOl TporpamMu 3/100yBadi OCBITH
MaroTh JOCATTH TaKMX KOMIETEHTHOCTEHN Ta MPOrpaMHUX Pe3yJIbTaTiB HAaBYaHHS.

KomnereHTHOCTI:

3K1. 3gaTHICTh 3aCTOCOBYBATH 3HAHHA Y MPAKTUYHHUX CUTYAIlisX;

3K2. 3natHicTh BUKOPUCTOBYBATH ITU(POBI OCBITHI pecypcH, iHhOpMaIliitHi Ta
KOMYHIKAI[Il{H1 TEXHOJIOT1i y NpodeciiiHiil A1sIbHOCTI;

3K8. 3naTHicTh 10 epeKTUBHOI KOMYHIiKalli (YCHOI Ta TMCbMOBOT) 1€P>KaBHOIO
Ta 1HO3EMHOO MOBAaMHM Ha OCHOBI €TMYHMX MPUHLMIIB Ta  HOPM,
MYJIBTUKYJIBTYPHOCTI T4 HEAUCKPUMIHALIIT,

CK1. 3nartHicTh 10 MOrUOJIEHHS 3HAHb 1 PO3YMIHHS MPEAMETHOI 00JacTi Ta
npodeciiiHoi MisNIBHOCTI;

CK3. 3natHicTh 3/IIMCHIOBATH MOHITOPUHT BJIACHOI MEAAroriyHoil JisSIbHOCTI 1
BU3HAYATH MOTPEOM, TIEPCTICKTUBU Ta HASBHI pecypcH s MpogeciiHOTO PO3BUTKY
BIIPOJIOBK KUTTS;



CKS. 3patHicTh BUKOPHCTOBYBAaTH €(EKTHUBHI LUIAXM MOTHBalii 3700yBauiB
OCBITHM JI0 CaMOpPO3BUTKY, CIPSAMOBYBATH iX Ha mporpec 1 (GopmyBaTH y HHX
OOIPYHTOBAaHY MO3UTUBHY CaMOOIIIHKY;

CKS8. 3patHicts (opmyBaTH y 3400yBayiB OCBITH KYJbTYpY aKaJeMIYHOI
T0O0pOYECHOCTI Ta JOTPUMYBATHUCS ii MPUHITUIIIB Y BJIACHIM npodeciiiHii AisTbHOCTI.

Pe3yabTaTH HABYAHHS:

I[TPH2. BukopucroByBat 1HGPOBI OCBITHI pecypcH, I1HpOpMaIliHi Ta
KOMYHIKAIIfHI TEXHOJOTIi I TOIyKy, OOpoOKkm Ta OOMiHYy iH(pOpMAIIEH Y
npodeciiiHiil AISUTBHOCTI, MPE3EHTAIlll BIACHUX Ta CHIIBHUX Pe3yJbTaTiB, peanizalii
JHACTAHI{IMHOIO Ta 3MIIIAHOI0 HaBYaHHS TOIIIO;

[TPHS. OmnucyBati MOKa3HUKH SKOCTI MEJAroriyHol MisJIbHOCTI, aHaIi3yBaTH
MOXJIMBl BIUIMBM Ha HHUX BHYTPIMIHIX 1 30BHINIHIX YWHHUKIB, BHU3HAYaTH
IHAMBIAyanbHI MpodeciiiHi MmoTpeOu, HUIIXKM MOKPAIEHHS BJIACHOI MeNaroriqyHol
MaNCTEpPHOCTI, 00UPATU PECYPCH I MTPOPECIHHOTO PO3BUTKY BIPOJIOBK SKUTTS;

I[TPH12. IisT; aBTOHOMHO 1 B KOMaHI1;

[TPH13. JloTpuMyBaTUCh KYyJIbTypU aKaJeMIYHOi JTOOPOYECHOCTI Yy BIIACHIM
JISUTBHOCTI Ta POpMYBATH 11 B yUHIB;

[TPH14. 3acTtocoByBaTH MI>KHApO/HI Ta HalllOHAJIBHI CTAHAAPTH 1 MPAKTUKU B
npodeciiiHiil  TiSTIBHOCTI, 3A1MCHIOBAaTH CHUIKYBAaHHS 3 €KCIIEpTaMU 3 PI3HUX
npodeciiHuX Tpynm B OCBITHIM Ta IHIIUX Taly3iX JEpP>KaBHOI Ta 1HO3EMHHUMH
MOBaMH;

[IPH17. BukopucToByBaTH 3arajJlbHONPUNHATY TEPMIHOJIOTIIO JIEPKABHOIO Ta
1HO3€EMHOI0O MOBAMHM Yy HAayKOBii, BUPOOHMYIN Ta COLIAJIBHO-CYCHUIbHIN cdepax
TISTBHOCTI 13 Mpo(eCIMHUX MUTaHb, BUOMPATH CHELlalbHY JIITepaTypy; 3HAXOUTH,
aHa13yBaTy Ta BUKOPUCTOBYBATH 1H(OPMALIIIO 3 PI3HUX JOBIAKOBUX JXKEPE,;

[IPH19. JlemoHCcTpyBaTH yMiHHS TpaMOTHOI MOOYJOBM KOMYHIKAIii B
OCBITHBOMY 1 HAyKOBOMY TIpoIleci, Bi0OOpY BUXITHUX JaHUX JTOCHIJIKEHHS,
CKJIa/IaHHSI CIIUCKY BUKOPUCTAHUX JDKEPEII, OTUCY HAYKOBUX PE3YJbTATIB.

HeBin’eMHuM enemMeHTOM poOOOTH 3 1HO3EMHUMH JDKEpelIaMu € BMIHHS
KOPHUCTYBATHUCS CIOBHUKAMH, B TOMY YHCIIl €JIEKTPOHHUMH, a TAKOXK €JIEKTPOHHUMHU
nepekyiajayaMu, TOMY B Mporpamy Kypcy BKJIIOUEHO O3HAMOMJICHHS 3 TaKUMHU
JOBIJHUKAMHU Ta PECYPCaMHU.

[Tpaktukym ckianaerscs 3 10 Tem. Temu MICTSATH MaTepianu A YUTAHHS,
CIIyXaHHsI, TIEpeKJIaay, BIPaBU 10 KOKHOTO BUIY MaTepiaiiB. [loTouHi Ta miaCyMKOBI
3aBIaHHA, fKI BKIIOYEHI A0 MPAKTUKYMY, CHOPHUSATUMYTh KpalioMy 3acBOEHHIO
Marepiaia Ta JONOMOXYTh Yy (OpMyBaHHI 3alUIAHOBAHMX MPOTPaMOI0 KypCy
KOMIIETEHTHOCTEH Ta pe3yJibTaTiB HaBYaHHs. Po3po0iieHni MpakTUKyM MOe OyTh
BUKOPUCTAHUU SIK HA MPAKTUYHMUX 3aHATTAX, TaK 1 B CAMOCTIIHIN poOoTI 3100yBayiB
CTYIICHS BUIIOi OCBITU Maricrpa.
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—=l Topic 1 Basic mathematical terminology

Working with the foreign lanquage is impossible without using the translation
dictionaries. When translating the scientific and technical texts the industry
dictionaries are mandatory. There are different dictionaries both printed and
electronic. Let us give the exampes of some reliable electronic dictionaries:

Cambrige dictionary https://dictionary.cambridge.org/

Collins dictionary https://www.collinsdictionary.com/

Longman dictionary https://www.ldoceonline.com/

Macmillan dictionary https://www.macmillanenglish.com/ua/dictionary

KopoTtki Teopernuni Bizomocti. [ToHATTS Tepminy € 10BOJ1 ckiiagHuM. BoHo
MICTUTB B COO1 SIK JIHTBICTHYHI TaK 1 MOHATINHI actieKTH. bynb-sSkuii TepMiH onucye
Nesike MOHATTA. B mporecci moBCAKACHHOI TISTILHOCTI JIFOJWHA J1a€ HA3BU 00’ €KTaM, 3
SAKUMHU BOHA CTHKA€THCSA. TaKMM YMHOM HApOJLKYIOTHCS JIEKCHUYHI OJUHUIN, TaKl SIK
TepMiHU. 3a OYIb-SKHUM TEPMIHOM CTOITh IOHSATTS MHCII, MPUYOMY HE SKOICh
aOCTpaKkTHOI MHCIII, a JIOKaJII30BaHOI Ha JessKoMYy IpeameTi. B HaykoBiii nitepaTypi
PI3HMMH aBTOPAaMHU HABOJATHCS P13HI O3HAUCHHS TepMiHy. HaBeneMo KijibKa 3 HUX.

1. Tepminm — w©e cioBa, Kl BUKOPUCTOBYIOTh IJii TNO3HAYEHHS PI3HHUX
HAyKOBHUX 1 TEXHIYHUX MOHATb.
2. TepmiH — 1e cJIOBO abO CIOBOCIOJYYEHHS, IO TIO3HAYa€ TOHSITTS

creriaibpHOol 00J1acTl 3HAHHS 200 AISIJIBHOCTI.

3. TepMiH € «ompeamMedyBaHHSIM» aOCTpakilli 00’eKkTa creriaabHoi chepbl y
BUTJISA]I1 IGKCUYHOI OJTMHUII TPUPOTHBOI MOBH.

4. TepMuH — 1€ JIEKCUYHA OJUHUIlS TEBHOTO 3HAKA JUIS CIEIIaTbHUX IUIEH,
0 TI03HAYa€ 3arajbHe — KOHKpeTHe abo aOcTpakTHE TOHSTTS BH3HAYEHOL
creniagbHO1 001acTi 3HaHb a00 MISITBHOCTI.

5. Tepminu — 1€ HOMIHAHTH CHUCTEMHU TMOHATH (pealiil) HAayKH, TEXHIKH,
odiIiiHOT MOBU Ta iX BiJIOOpa)KEHHS B BHUPOOHMIITBI, CYCHIJIBHOMY JKUTTI abo ix
OKpeMHX O00JacTsX; MPUUYOMY KOXEH TEepPMIH B KOHKpPETHIM oOnacti obOnanae
CYCH1JIbHO OCO3HAHUM 3HAUYCHHSIM.

6. TepMiH — 1Ie JIEKCHYHA OJUHUIISA, 3HAYCHHSI KOTPOi BKIFOUEHO J0 CHCTEMH
cHenlaJbHuX MOHATh, siKa (PyHKIIOHye B cdepi npoecioHaTbHOr0 CHIIKYBaHHS,
3aCTOCYBAHHS SIKOT 0OMEXKEHO CIelIaIbHO 00JIaCTIo.

Bci o3HaueHHsS TepMiHYy OB SA3YIOTh 3 HOTO JCSKHM KOHKPETHHM TTOHSTTSIM.
OpnHak TepMiH MOB’sI3aH HE 3 TMOHSATTAM B 3araii, a 3 MOHATTAM, SIKE Bi0Opakae
pPiBEHb 3HaHb B MIEBHUI MEP10J — KOHLIETITOM.

['oBopsum mpo TEepMiHM, HacaMmmepe] MarTh Ha yBas3l CJoBa, SKi
3aCTOCOBYIOTHCS CIEIlaicTaMu i He € mupoko Bimomumu. OaHak, OyBae il Tak, 1o
TEPMiH 13 BY3bKOCIIEIIAILHOT Cepr MEePEeXOAUTh B PO3Ps]] 3araibHOBKUBAHUX. Tak
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OyBae KoiM sika-HEOynb cepa HayKd YU TEXHIKM B TEBHUM NPOMIKOK dYacy
nepekuBae MBUJIKUN MigioM. B 1iboMy BUNAAKy i JOCSITHEHHS HEMUHYYE CTAalOTh
NpeIMETOM yBaru >KypHaNICTiB. ToxAl, IJsi OMNHCAHHS CYTI JOCSTHEHb, BOHU
BUKOPHUCTOBYIOTh CHelliajibHi TepMiHd. LI Tepminu, mepeOyBaroun NMEBHUM 4yac Ha
CIIyXy, CTalOTh 3araJlbHOBKUBAaHUMH, a 1HOJI HAaBITh YAaCTKOBO 3MIHIOIOTH CBOE
MOYaTKOBE 3HAYCHHSI.

OCHOBHUMH pUCaMU TEPMiHY BBaKAIOTh:

a) OJTHO3HAYHICTB;

0) CUCTEMHICTb;

B) TOYHICTb;

I') KpPaTKICTb;

1) HEe3aJIeXKHICTh B1Jl KOHTEKCTY;

€) CTWIICTUYHA HEUTPaJIbHICTD;

’K) MOTUBOBAHICTb;

3) HasIBHICTH JACQIHIIIT;

1) HOMIHATUBHICTb.

B Mexax mgaHoi TepMiHOJIOTIT TEPMiH, SIK MpaBUiIo, OJHO3HaUHUN. Ha BinmMiHy
BiJI 3BMYAITHOTO CJIOBa TEPMIH HE MOTpeOye KOHTEKCTY, OCKUIBKHM BIH € YJICHOM
BU3HAYCHOI TEPMIHOJOTrII, 4Yepe3 SKy BiH 1 HaOyBa€ CBOI OJHO3HAYHICTh. 3MICT
TEPMIHY PO3KPUBAETHCS 3aBASKM TOYHOMY JIOTIYHOMY BH3HAUEHHIO W HeE
00yMOBITIOETHCS JICKCHUHUM 3HAYCHHSIM CIIOBA.

TepmiHU MOKHA MTOAUIATH Ha:

a) 3araJIbHOHAYKOBI;

0) MIXKrary3eBl;

B) BY3bKOTaTy3€BI.

KopoTko 3ynmMHUMOCH Ha KOKHOMY 13 THIIIB.

3azanvnonaykosi mepminu. Cheporo iX BKUBAHHS € MalkKe BCl HAYKOBI raiysi,
TOMY Taki TEPMIHU MarOTh 0araTo pi3HUX 3Ha4eHb. OKpPIM TOTO, TAaKH TEPMIH MOXKE
MaTd W 3arajJibHOBXKMBaHe 3HaueHHs. [Ipu mepexmani Takux TepMiHIB Tpeba OyTu
0co0MBO yBakHUM. Hampukian, aHrmiiicbke clioBO SIrESS mepekiagacTbes K Hanpyeaa.
3ycTpivaeTrbess B (i3I, MaTeMaTHIll, MEXaHIIl, a TaKOX Ma€ 3arajbHOBKHBAHE
3HadyeHHs. CioBo Wheel mepeknanaetses sk koneco. 1le coBo 3ycTpivaeTbes Maibke B
YCIX Tally3iX TEXHIKHU. 3ayBa)XUMO, 1110 B aBTOMOO1Ie0Yy/IyBaHHI 1€ CIIOBO MOXKe OyTH
MEPEKIIAACHO 1 K K0J1eco 1 IK KepMo B 3aJI€KHOCTI BiJl KOHTEKCTY.

Miyceanyszeei mepminu MOXYTb 3yCTpPIYaTUCh SIK B CIOPIJHEHUX, TaK 1 Yy
BijytaneHux ramy3sx. Hanpuknan, anrmiicekuii Tepmin field, skwii mepeknamgaeTsest sik
noJjie 3yCTPIYaeThCsl B TaKUX CIOPITHEHUX Tally3sIX sSIK MaTemaTuka Ta (izuka. Takox
el TepPMiH BUKOPHCTOBYETHCS 1 Y BIIJIAJICHUX BiJl MATEMAaTUKH TATy3sX, HAPUKIIA, B
arpapHii crpasi. Tepmin roof nepexnamaerscs sik dax. Lleit TepMiH MOXHa 3yCTPITH B
raiy3i OyaiBHUIITBA a00 aBTOMOO1/IeOyIyBaHHS.

By3bkocanyseei mepminu BXUBAIOTHCS JUIIE B OJHIN ramy3i Hayku. Hampukian,
B HAHOTEXHOJIOT1T BUKOPUCTOBYIOTHCSI HACTYIIHI TepMiHu: hanoparticle — nanouacmuys,
nanocylinder — nanoyuninop, nanoisland — nanoocmpiseys, TOIIO.

7



MeTtoanuni Bka3ziBkum Ta iHcTpykumii. Ilepexknan 3 aHrmiichkoi MOBHU
MaTeMaTUYHUX TEPMIHIB, SK 1 TIepeksaj OyIab-IKHUX I1HIIUX TEPMIHIB Ma€ IIEBHI
oco0MBoCTl. BOHM BUHMKAIOTh 3 IEKUIBKOX MPUYUH. TepMiH HE JOMYCKa€e JBOSKOTO
TpakTyBaHHd. Ile € oOJHiI€El0O 3 KIIOYOBUX BIIMIHHOCTEH TEpPMIHY  BIJ
3arajJbHOBKMBAHOTO clioBa. B Teopli BiJ3HAYaeTbes, MO AJIA MEpPEeKIaay TepMiHY
HaBITh HE MOTPiIOEH KOHTEKCT. OJHAK Ha MpaKTULl IS aIeKBaTHOTO NeEpeKiamy
TEPMiHY B OUTBIIIOCTI BUTIAJKIB KOHTEKCT BCE K € BAXJIUBHUM. e nmuimaeTscs BipHUM
HaBITh TOJIi, KOJIX MOBa HJIe PO TaKy TOYHY HAyKy K MaTeMaTHKa.

Oco0nMMBO CKIAAHO TEpeKiagaTd OaraTOCKIagHI TEepMiHH, SKI YacTo
3YCTPIYAaIOTHCA B HAyKOBO-TEXHIYHMX TeKcTax. llepexmam ocTaHHIX € HaWOiIbII
CKJIQJTHUM.

HaBenemo mpukiaam nepekiagy 0araTOCKJIaIHAX MaTEMaTUYHHX TEPMIHIB 3
iHaexkcom (Tabnuis 1) Ta 6e3 Hporo (Tabmuis 2).

Tabmunus 1 — TepMinu 3 iHIEKCOM

Indexed Terms Tepminu 3 HHIAEKCOM

C" — complex number field C" — xoMmekcHuit N-BUMipHUiL
IPOCTIP

R? is the d-dimensional Euclidean space | R — d-Bumipruii eBKiaiB mpocTip
LY is a smooth vector field LyY — rimaake BEKTOpHE MOJIe
L,— the fact that is a derivation Ly — mudepeHItitoBaHHs
My, — denotes the set of tangent vectors M.y, — MHOKMHA TOTHYHHX BEKTOPIB JI0
toMatm M B TOUI1 M
Ek(l\/l ) — the set of all smooth k-forms EX (I\/l ) — MHO>KMHA BCiX MIagkux K-
on M ¢dbopm Ha MHOTOBHII M
T, — topology with axiom T, T, — Tonosoris 3 akcuomoro T

Tabnuns 2 — Tepminu 6€3 1HIEKCY

Terms without index Tepminm 6e3 ingexca
C — complex number field C — 1oJjie KOMIUIEKCHUX YHCEN
f — mapping of the set f — BiToOpaXeHHS MHOXHHH
h — commutative diagram h — komyTaTHBHA AiarpaMa
F — differentiable structure F — mudepeHnmiiioBana CTpykTypa
GL — general linear group GL — moBHa JniHeliHa Tpyma
M — a differentiable manifold M — rnaakuii MHOTOBU/I
V —a vector V — BEKTOP
E — unite matrix E — oqunnyHa MaTpuLs




TepMiHOJIOT1UHI CIIOBOCTIOIYYEHHS — 1€ CEMAHTUYHO LITICHI CTIOY4YE€HHS TBOX
abo0  Ourpllle  CJiB, TIOB’S3aHMX 3a  JIOIOMOIOK  NpUHMEHHHKa,  abo
OC3MPUIMEHHUKOBHM CIIOCOOOM. B TakMx CIOJIy4YeHHSX CJIOBa IMOETHYIOTHCS MIiK
co00r0 0€3 BUKOPHUCTAHHS CIYy’)KOOBHX YacTHH MOBH. ['OJJOBHUM CIIOBOM B TaKHX
CJIOBOCITOJTYYCHHSX € OCTaHHE. Ti ClIOBa, MO CTOSTH MEpPE] HUM, BiAIrparoTh PoOJib

O3HAYCHHSL. OTxe, MEPEKIIA 0e3NMPUUMEHHUKOBUX TEPMIHOJIOTTYHHX
CJIOBOCIIONYYEHb MOYMHAETHCS 3 OCTAHHBOTO CJIOBA.
Hanpuknan,

a) modulation measurement — sumiprosarnns enuburu MOOYAAYIL,

0) time division multiple access system — cucmema uacoeozo posdinenmns iz
OazamoxpamHum 00CHynom,

) partial order structure — cmpyxmypa wacmkoeozo nopsioxy;

2) complex number field — none komnnexcrux uucen.

& Task 1. Translate the following terms. Give short explanation to each
term. Learn the terms. See example below.

Jlinitina (xBagpatuuHa) ¢yskis, Ctpora (HecTpora) HEpiBHICTH, P03B’s30K
pIBHSIHHS (HEPIBHOCTI, CHUCTEMHU piBHSAHbB), J[poOOBO-NMiHIIIHA HEpIBHICTh, MeTon
iHTepBaiiB, Pi3Huns kBaapariB, Cyma (pi3Huis) kyOiB, Ksampar (ky0) cymw,
KBagpar (xyO) pi3uumi, ®yHkuiss, 3BeAcHE KBaJpaTHE PIBHAHHSA, JHCKpUMIHAHT
KBaJpaTHOro piBHsAHHSA, KBagpatuuna HepiBHICTh, [loOynoBa rpadika, ['padiunmii
penaktop, PobGora B iHTepHeri, Ilomyk iHpopmamii, IncrpymentH, Ilanens
1HCTpyMeHTIB, OOpoOka 1H(popmariii, 3pa3ok.

Linear function, Graph, Standard form, Point, Coefficient, Slop, Property,
Table, Variable, Straight-line, Lecture, Construct, Cartesian coordinate system,
Origin of coordinates, x-axis, y-axis, Scale, Is equal to, Equals, Plus, Minus, 2
multiplied by 2, 2 times 2, Positive number, Negative number, Positive direction,
Algorithm, Belong, Infinity, Domain of definition, Range of function, Greater than,
Less than, Greater than or equal to, Less than or equal to, Increase, Decrease, Acute
angle, Obtuse angle, Right angle, Abscissa, Ordinate, Parallel, Perpendicular,
Intersect, Point if intersection, Plane, Satisfy, Substitute, Coincide, General solution,
Particular solution, Arbitrary value, Analytical, Graphical, Method of substitution,
Method of addition, Empty set, Unique solution.

Hanucatu MeToanyHi peKkoMeHallli SK 1€ pOOUTH.

d Example to the task 1.
Mathematics lesson: A structured educational session where students learn

mathematical theories as set of mathematical sentences — definitions, theorems,
axioms, and there applications.



Safety measures: Precautions and procedures followed to ensure a safe
environment, especially during experiments, to prevent accidents and injuries.

Laboratory work: Practical experiments or investigations conducted in a
laboratory to explore scientific concepts, gather data, and validate theories.

Liquid: A state of matter with a definite volume but no fixed shape, able to
flow freely and take the shape of its container.

Solid: A state of matter characterized by a fixed shape and volume, with
particles arranged in a structured and closely packed manner.

Medium: The material or substance through which energy, waves, or particles
travel; it can be solid, liquid, or gas.

Electric current: The flow of electric charge, usually through a conductor,
measured in amperes (A).

Dielectric: An insulating material that does not conduct electricity but can be
polarized in an electric field, often used in capacitors.

Electrical wiring: A system of insulated conductors and devices used to
transmit electrical power within buildings or equipment.

Environment: The surrounding natural world, including air, water, soil, and
living organisms, affecting and being affected by human activities.

& Task 2. Classify the terms from Task 1 according to the classification from
the theory.

& Task 3. Read the text «Solution by Cramer’s rule» using the following
link. Classify the terms according to the classification from the theory.
https://uomus.edu.ig/img/lectures21/MUCLecture_2024 4519375.pdf.

& Task 4. Make one sentence using each term.
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—= Topic 2 Writing a report on the given theme

MeTtoanuHi Bka3ziBkum Ta iHcTpykuii. [Ipy BHKOHAHHI 3aBJaHHS 3a II€HO
TEMOI0 Tpeba 3BEpHYTH yBary Ha HaBeJCHY B IeplIiid Temi Kiacudikallilo TepMiHIB
Ta 3’sCyBaTH HAJCKHICTh JO TOTO UM IHIIOTO KJacy BUKOPUCTaHUX B JOMOBIII
TEPMIHIB.

OcHoBHHMIA cTIOCIO TEepeKIaay TEpMiHIB — MOUIYK JIEKCHUYHUX €KBIBAJICHTIB Ta
BIIMOBITHOCTEH. ['OJIOBHOIO CKJTAIHICTIO TIPH MEPEKIIai HAyKOBO-TEXHIYHUX TEKCTIB
€ TEPMIHOJIOTISA, TOMY IIpH POOOTI 3 HAYKOBO-TEXHIYHUMH TEKCTaMH 1YK€ Ba>KIHBO
BUKOPHCTOBYBATH CIICI1a1i30BaH1 CIIOBHUKH.

HaiikpamumM BapiaHTOM € BHUKOPUCTAHHS Tally3eBUX CIIOBHUKIB. [Ipu mpomy
IIyKaTH y CIOBHUKY Tpeba HE TIIBKM OKpeMi CJIoBa, aje ¢ MOUIMpPEeHi
cioBocronydeHHs. Lle 0co6MBO BaXIIMBO NpH Mepekiiaji JOKYMEHTAIIli.

Bukonyiite nocraBieHe 3aB/IaHHS 32 TAKUM TIJIAHOM:

¢  HAIUWIIITh KOPOTKHUH IIJIaH JOMOBII;
e  3BIpPTE 31 CJJOBHUKOM HEOOX1HI TEPMIHH Ta CIOBOCIIOIYYEHHS;
®  HaBeAITh KUJIbKA MPUKJIAJIB 3aCTOCYBAaHHS MaTepialy TEMH.

The general structure of the report is:

e Introduction.
e Body.
e  Conclusions.
Depending of the purpose, some other elements can be included, for example:
e Title page.
Table of contents.
Glossary.
Executive summary.
Appendicies.
References list.

& Task 1. Make the report (7 — 10 min) on the given theme, using the terms

from task 1 topic 1. Follow the general structure of the report. See example below.
o Jliniiina QyHKIis.

Po3B’s13aHHA cHCTEM JIHIMHUX PIBHSIHB 3 IBOMa HEBIJIOMUMH.

JIiHiifH1 HEPIBHOCTI 3 OJTHUM HEB1JIOMHM.

CucrteMu JiHIMHUX HEPIBHOCTEH 3 OJTHUM HEBIJJOMHUM.

Hpo6oBo-miH1lHI HEPIBHOCTI.

Merto iHTEpBaIIiB.

dopMyH CKOPOYEHOTO MHOYKEHHS.

KBagpatuuna ¢pyHkiis.
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o Po3B’s13aHHS KBaApaTHUX PIBHSHB.

° Po3B’s13aHHs KBapaTUYHUX HEPIBHOCTEH.

) Knacudikamiss TecTtoBuX 3aBAaHb 3 MaTEMaTHKH, BHUMOTH [0
(bopMyTIOBaHHS.

° Bumorn 10 oopMIICHHSI MATEMaTHYHOTO TEKCTY B pemakTopi Word.,

° Bumoru 1o anoTtariii HayKoBOi CTaTTi 3 MAaTeMaTHKH.

¢ Example to the task 1. Theme: Linear function.

Introduction. The theme is called Linear function. Tne linear fuction is used in
the different sections of mathematics and other natural sciences.
Body. The standard form of the linear function is y=ak +b, where a,beR

and k is called the slop of the straight-line. The graph of the liner function is the
straight-line. As is known, the straight line can be constructed using two points.
For example, draw the graph of the function y =2x+3. In order two obtain the

coordinates of two points we are going to use the table.

x |0 |1
y |-3 |-1

In order to fill the table we take any value of x and evaluate the corresponding
value of y using the formulay =2x+3. Now we have coordinates of two points

A(0,-3) and B(1,—1). Let us draw Cartesian coordinate system. It consists of origine
of coordinates, two perpendicular axes: x-axis and y -axis with the indicated positive
directions of these axes. We mark the obtained points A(0,~3) and B(1,—1) on the
Cartesian coordinate system and construct the straight line through these points.

v 1

y=2x+3

Figure 1 — The graph of the linear fuction.

Let us consider the main properties of the linear function.
12



Properties:
1. The domain of definition: x e (—oo,+0).
2. The range of function y € (—oo,+o0).
3. If k>0, then the function increases. The angle between the straight line and x-
axis is acute angle. If k <0, then the function decreases. The angle between the
straight line and x -axis is obtuse angle.

Let us consider the examples.

1. Does the point A(7,2) belong to the graph of the function y = 2x —3?

Solution.

In order to answer this question it is nessessary to substitute the coordinates of
the point A into the equation y=2x-3. We obtain 2=2-7-3. This equality is
faulse, hence, point A does not belong to the graph of the function y =2x-3.

2. Find such point on the straight-line y =2x —3:

o abscissa of which is equal to 7;
o ordinate of which is equal to 5.
Solution.

In order to find ordinate of the point it is nessesary to substitute 7 instead of x
into the function y = 2x —3. After the substitution we have y=2-7-3=11. In order
to find abscissa of the point it is nessesary to substitute 5 instead of y into the
function y=2x-3. After the substitution we have 5=2-x-3. From here

X = SLZB = 4. Finally we obtain two points K(7,11), L(4,5).

Let us consider two straight-lines y =k;x+b and y=k,x+b,. As we have

already mentioned above k is called the slop.
If k; =k, then the straight-lines are parallel. If k; # k, then the straight-lines

intersect.
3. Find the point of intersection of the straight-lines y=2x-3 and

y=-3X+2.

Solution.
The point of intersection is the common point, hence, we are going to solve the
: =2Xx-3 : :
following system { y s Let us equate the left-hand sides of the equations
y=—-3X+

2x —3=-3x+ 2. From here we have. Then we substitute x =1 into the first equation
and obtain y =—1. Hence, we obtain the point of intersection P(1,—1).

Conclusions. In this report we have considered the basic data, related to the
theme Linear functions, the main properties and the solutions of the simplest
problems.

Glossar:.

linear function — niniiina GyHKIis;
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standard form — 3araneHUA BUTIAL;

slop — kyroBuii KOedIIi€eHT;

graph — rpadixk;

straight line — psima;

point — Touka;

Cartesian coordinate system — qekapToBa cuTeMa KOOPIHUHAT;
origin of coordinates — moyaTox KOOpAUHAT;
point of intersection — Touka neperuny;

to substitute — migcTaBasaTH;

equation — piBHSHHS;

parallel — mapanensHuwmii;

abscissa — abciucca;

ordinate — opauHaTa;

equality — piBHICTB;

right angle — npsmuii xyT;

acute angle — roctpuii KyT;

obtuse angle — Tymuii KyT;

to increase — 3pocraru;

to decrease — cnagary;

domain of definition — ob6iacTh BU3HAYEHHS
range of function — o61acTh 3HaYCHHS.

& Task 2. Give the examples of the application of the chosen theme.
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—=l Topic 3 Working with foreign sources

MeTtoauuni Bka3ziBkum Ta iHcTpykuii. [Ipy BHKOHaHHI 3aBIaHHS 3a III€IO
TeMOl Tpeba KOPUCTYBAaTUCh IIOIMIYKOBHUMH cHCTeMaMH. JIis BIANOBIAI Ha
MOCTaBJICH! MUTAHHS 3BIPTE 3HAYEHHS TEPMIHIB 31 CHEIiali30BaHUMH CIOBHUKAMH.
Cepen elEeKTpOHHHUX CIIOBHHUKIB PEKOMEHAyeEMO BuUKopucToByBaTH Multitran. Takox
KOPHCHHM € 3BEPHEHHSI JIO CIICKTPOHHMX TepeKiIaiadiB, Hanpukia, deepl.

JIyig sIKICHOTO BUKOHAHHSI 3aBJIaHHS MOTPIOHO 3pO3YMITH 3MICT Ta JESKi JeTal
3aMponoHoBaHOrO Marepiany. OcoOnuBy yBary 3BEpHITH Ha 3aCTOCYBAaHHS
BHUKJIQJICHOI T€OPii 0 pO3B’si3aHHS KOHKPETHUX 3a/1a4 1 HajaiTe cBoi mpukiaaan. [1ig
Yac 3aXMCTy BUKOHAHOT pOOOTH BUKOPUCTOBYHTE PO3IIISIHYTY paHillle TEPMiHOIOTIIO.

3aBmaHHs 5 € iHTepakTUBHUM. BOHO mependavae HaBIrallilo B aHTJIOMOBHOMY
inpopMmariinomy pecypci [1l], A0 sgKoro MokHa TEpeHTH 3a IMOCHJIAHHSIM
https://www.geogebra.org/. JIns BUKOHAHHS LBOTO 3aBIAaHHS IMPOIOHYETHCS TaKUMN
TJIaH:

BUOpATH 3 BIKHA «PECYPCU» OJIUH 3 HUX;

BUOpaTu MaTepiai, 3aBJIaHHs 10 KOTO OIIHIOIThCS 9-12 Ganamu;
O3HAOMUTHUCH 3 TIOSICHEHHSMHU Ta BUKOHATH 3alPOTIOHOBAHI1 3aBIaHHS,
OiJ 9ac 3aXUCTY 3aBJaHHS MPOJIEMOHCTPYHTE KOPEKTHE BUKOPUCTAHHS
MaTeMaTUyHuX TepMiHiB. OcoONMBY yBary 3BEpHITh Ha KOHCTPYIOBAHHS
TEPMIHOJIOTTYHHUX CIOBOCIOIYYEHb.

& Task 1. Find the articles on the irreducible polynomials in English using
internet. Answer the following questions:

o How can we test polynomial for irreducibility?

. Formulate Eisenstein criterion.

o Give the examples of the irreducible polynomials of 2,3,4 degree.

& Task 2. Give the definition of the concept of prime number using internet.
Answer the following questions:

o Give the examples of prime number.

o How many even prime numbers do you know?

o Give the greatest prime number, which is known currently.

& Task 3. Find the book Frank W.Warner «Foundation of differentiable
manifolds and Lie groops» in internet. Read and translate pp.1 — 50. Answer the
following questions:

o What is mapping?

o Give the definition of Cartesian product.
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° What is submanifold?

& Task 4. Find the material on the linear inequalities using internet. Answer
the following questions:
o Give the standart form of the linear enequality.
o Describe analytical and graphical methods of solving the linear
enequalities.
o What happens when we multiply both sides of the inequality by the
negative number?

& Task 5. Open the link https://www.geogebra.org/, choose one of the
proposed resources, complete the test, and get ready to answer the questions,
connected with the terminology.
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Topic 4 Translation of scientific and technical texts on speciality from a

foreign language

KopoTki TeoperuuHni BimomocTi. BuaiisioTe HacTymHI cmocobu mepexiamy
HAyKOBO-TEXHIYHUX TEPMIHIB.

Exesisanenmnuit nepexnao. Ilpu Takomy crmoco0i mepekyiany B MUTbOBIH MOBI
3HAXOJIATh IMIOBHUHM €KBIBAJICHT TEPMiHA, IKMH OyJI0 BUKOPHUCTAHO B MOBI OpUTIHAIY.
3BUYAIHO, 1110 TaKa CUTYyallis MOXKJIMBA HE 3aBX/H, alileé B TUX BUIAJKaX KOJHU BCE X
MO>KJIMBA, 11€ € HAlKpaIIuM BapiaHTOM.

[Ipuknaan eKBiBaJICHTHOTO MEPEKIIAIY:

a) integral — inmeepar,;

0) test — nepesipka,

B) pPrognosis —npoenos;

r) program — npoepama,

1) matrix — mampuysi.

Tpancnimepauia. 1lpu upomMy criocoO1 nepekyagy TepMiH, SKUH BUKOPUCTAHO
B MOBI OpHUTIH&JIy HPOCTO 300pa)KyeThbcsl JITEpaMU LUIbOBOI MOBHU. IIpu Takomy
croco01 TepeKiay MepeKkiajecHui TepMIH MIJsArae 0O0OB’SI3KOBOMY MOSCHEHHIO,
SKIIO B I[IJIOBIM MOBI BiH paHillle HE 3yCTpiyaBcs.

[Tpuknaau TpancaiTeparii:

a) slash — crew;

0) startup — cmapman;

B) bush — 6ywu.

Cemanmuune kanvKyeanus. B HayKOBO-TEXHIYHOMY MEPEKIIA/Il 3aCTOCYBaHHS
IOTO CHOCO0y MOXIIMBO JIMIIE 32 YMOBH IIOBHOTO CIIBIAJIIHHS CTPYKTypHU
JIEKCUYHOT OUHHUIIL.

Hanpuknan:

a) Jacobi theorem — meopema Axo6i;

0) local theory — rokanvua meopis.

3ano3zuuenna. 1li1 3an03MYEHHSIM PO3YMIIOTh MOBHE MOBTOPEHHS 3BYKOBOIO
CKJIay W HamucaHHs TepmiHa. Takuii crocid mepekiaay MOKHa 3aCTOCOBYBATH B
TOMY BUTIAJIKY, KOJIM 1I€¥ HOBHI T€pMiH Ha3UBA€ HOBUU MPEIAMET, SIKWI HE Ma€ Ha3BU
B IL[IJIGOBIA MOBI.

Hanpuxian:

a) heutron —reumpon;

0) plasmon — naazmon;

B) pit-stop — nim-cmon,;

r) interface — inmepdpeiic;

n) radiator — padiamop.
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Konkpemusayia. Ilpu Takomy crocoO1 nepekiiaay TepMiH 13 MOBU OpUTiHAITY,
SKAA Ma€e IIMPOKE 3HAYCHHsI 3aMiHIOIOTh Ha TEPMiH, SKMH Mae OUIBII BY3bKe
3HA4YCHHS B IIJIbOBIM MOBI. Takuii crmocid nepexaaay 3acTOCOBYETHCS IS YTOUHEHHS
y BHITAJIKYy KOJIA TEPMiH MOKE OyTH TpaKTOBaHWH HEOJHO3HAYHO.

[Tpukiaan KOHKpETH3aIli:

a) null tensor — menzop nyrvosoeo panea, ckanap;,

0) pair of gears — napa cnpsiscenux 3ybuamux xoec;

B) dirt inclusion — nopooune eéxniouenns, bespyone exkiouenHs.

I'enepanizayia. Komu Bubpano 1eit crnocid, Toi BUKOHYIOTH fii, 00epHEH1 10
TUX, [0 BUKOHYBAJIHCh B TMOMEPEIHbOMY crocoOi. TepmiH 3 By3bKMM 3HAU€HHS
3aMIHIOIOTh Ha TEPMiH 3 OUIBII MIUPOKUM 3HAUEHHSM B I[LIbOBII MOBI.

Hanpuxnan:

rifleman — cmpinox.

Metoanuni Bka3iBku Ta iHcTpyKuii. HasBHICTh TOTPIOGHOTO CIIOBHHKA IIIE HE
€ TapaHTI€l0 TOro, o mnepekinan Oyne agexkBatHuUM. OkpiM TOro, 1o Tpeda
MEepPEeKJIacTH TEpPMiH, Ie Tpebda BIPHO IHTEPIPETYBATH HOTO B 3aJIEKHOCTI BIJ
KOHTEKCTY. ToMmy BMIHHS TMpaBUJIBLHO IHTEPIPETYBAaTH 3HAYEHHSA TEPMIHY €
0e3yMOBHO HEOOXIIHUM TIepeKiafady, SKAW TMparioe 13 HAYKOBO-TEXHIYHUMHU
TEKCTaMH.

3azBuuaili TpH TEpeKyafl HayKOBO-TEXHIYHOI JITepaTypu Mepekianay
KOMOiHYy€e HaBejleH1 Bullle criocoou. Lle no3Bosie 3poouTH nepexiaj aieKBaTHUM Ta
TOYHHM.

& Task 1. Read and translate the given text from English.

The results of the scientific study are in effect meaningless if they cannot be
replicated. The significant part (up to 5%) of the conducted experiments failed to
replicate. Even the top-tier journals publish the results of the experiments, which can
not be replicated. The experts have found the effective technique for the verification
of the results. Given tokens, each with a nominal value of 50 cents, the experts were
invited to trade on the outcome of the re-run experiments. They bought the «sharesy
and made the stakes. Some of the specialists «became richer» due to the inkling
ahead of time of which of the studies would not replicate. Their shares were worth
nothing. The experts should reject the studies that can not be replicated and adopt
only the reliable studies.

? Exercises.
1. Describe the main idea of the text.
2. List the basic terms.
3. Make one sentence, using each term.
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& Task 2. Read and translate the given text from English.

The School of Informatics in collaboration with recognized state universities in
England and the US, offers high-end studies with an emphasis on practical
application. Both studies in Engineering and Informatics are in high demand in
today's labour market, which is constantly looking for leading executives who will be
able to respond to rapid developments in the sector.

Optimization applications in Business Processes through Information Systems
in all business sectors, are the main driver of competitive advantage. Combined with
the lack of properly trained executives with a degree in Informatics in the Greek and
international market, they create a strong demand for professionals with good
practical and theoretical knowledge of their specialty. In response to this demand and
confirming its reputation as one of the leading colleges in Greece, New York College
offers Bachelor's and Master's degrees in cutting-edge technology specialties in the
fields of Computer Science, Computer Networks and Internet and Web Applications.

In the same direction, NYC has been certified by Cisco Systems as Cisco
Networking Academy and offers its students the ability to perfect their network
management and security skills.

The Student's Club has an active interest in creating projects related to the IT
industry. Students are encouraged by the Department of Student Affairs to participate
in these groups and gain experience and useful skills for their personal and
professional development.

Graduates with Computer studies can work in areas of computer systems
programming, software engineering, network support and management, database
design and management, system analysis and control, web page design and more.

‘? Exercises.
1. Describe the main idea of the text.
2. List the basic terms.
3. Make one sentence, using each term.

& Task 3. Read and translate the given article from English.

Hooke's Law

Introduction
Hooke's Law is a fundamental principle in physics that explains the relationship
between the force applied to an elastic object and the amount of deformation it
undergoes. Named after the 17th-century British scientist Robert Hooke, this law is
essential for understanding the behavior of materials under force and is widely
applied in engineering, construction, and mechanics.

Statement of Hooke's Law
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Hooke's Law states that the force F applied to a spring or other elastic object is
directly proportional to the displacement or extension x of that object, as long as the
elastic limit is not exceeded. Mathematically, this is expressed as:

F=—kxF =kxF=-kx,
where

. F is the force applied to the object;
. x is the displacement from the original position (length of extension or
compression);

. k is the spring constant, a measure of the stiffness of the material.
Understanding the Components of Hooke's Law:

. Force (F): In Hooke's Law, force represents the amount of external
pressure or weight applied to the object. It is typically measured in newtons
(N);

. Displacement (x): Displacement refers to the amount of stretch or
compression an object undergoes in response to the applied force, measured in
meters (M);

. Spring Constant (k): The spring constant is a measure of the object's

stiffness. It varies depending on the material and structure of the object. A
higher spring constant means that more force is needed to cause deformation.

Applications of Hooke's Law

1. Engineering and Construction: Hooke’s Law is widely applied in
designing buildings, bridges, and other structures where understanding material
stress and strain is essential;

2. Mechanical Systems: Springs in mechanical devices, like vehicles, door
locks, and clocks, are designed based on Hooke's Law to ensure they function
efficiently;

3. Medical Equipment: Devices such as force meters and balance scales
apply Hooke's Law to measure forces accurately;

4, Material Testing: Hooke's Law is used in laboratories to assess material
flexibility, elasticity, and strength, which is vital for quality control.

Limitations of Hooke’s Law

Hooke's Law only applies as long as the material remains within its elastic
limit — the maximum extent to which an object can be stretched or compressed
without permanent deformation. If the applied force exceeds this limit, the material
enters a plastic phase, where it will not return to its original shape.

Experiment: Verifying Hooke's Law

A simple way to test Hooke's Law is by suspending weights on a spring and
measuring the extension with each added weight. By plotting force against
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displacement, a straight line through the origin demonstrates Hooke's Law. The slope
of this line equals the spring constant k.

Conclusion

Hooke's Law is a foundational concept in physics, crucial for understanding
and predicting the behavior of elastic materials under force. It is not only significant
for theoretical studies but also invaluable in practical applications across various
fields. By defining the relationship between force, displacement, and material
stiffness, Hooke's Law continues to be essential for advancements in engineering,
construction, and material science.

‘? Exercises.
1. Describe the main idea of the text.
2. List the basic terms.
3. Make one sentence, using each term.

& Task 4. Read and translate the given text from English.

Introduction to the Quantitative Reasoning Measure

The Quantitative Reasoning measure assesses your:

. basic mathematical skills;

o understanding of elementary mathematical concepts;

o ability to reason quantitatively and to model and solve problems with
quantitative methods.

Some of the questions in the measure are posed in real-life settings, while
others are posed in purely mathematical settings.

The skills, concepts, and abilities are tested in the four content areas below:

o arithmetic topics include properties and types of integers, such as
divisibility, factorization, prime numbers, remainders, and odd and even integers;
arithmetic operations, exponents, and roots; and concepts such as estimation, percent,
ratio, rate, absolute value, the number line, decimal representation and sequences of
numbers;

o algebra topics include operations with exponents; factoring and
simplifying algebraic expressions; relations, functions, equations and inequalities;
solving linear and quadratic equations and inequalities; solving simultaneous
equations and inequalities; setting up equations to solve word problems; and
coordinate geometry, including graphs of functions, equations, and inequalities,
intercepts, and slopes of lines;

o geometry topics include parallel and perpendicular lines, circles,
triangles — including isosceles, equilateral, and 30°-60°-90° triangles — quadrilaterals,
other polygons, congruent and similar volume, the Pythagorean theorem and angle
measurement in degrees. The ability to construct proofs is not tested;

21



o data analysis topics include basic descriptive statistics, such as mean,
median, mode, range, standard deviation, interquartile range, quartiles, and
percentiles; interpretation of data in tables and graphs, such as line graphs, bar
graphs, circle graphs, boxplots, scatterplots and frequency distributions; elementary
probability, such as probabilities of compound events and independent events;
random variables and probability distributions, including normal distributions; and
counting methods, such as combinations, permutations, and Venn diagrams.

These topics are typically taught in high school algebra courses or introductory
statistics courses. Inferential statistics is not tested. The content in these areas
includes high school mathematics and statistics at a level that is generally no higher
than a second course in algebra; it does not include trigonometry, calculus, or other
higher-level mathematics. The publication Math Review, which is available at
www.ets.org/gre/prepare, provides detailed information about the content of the
Quantitative Reasoning measure. The mathematical symbols, terminology, and
conventions used in the Quantitative Reasoning measure are those that are standard at
the high school level. For example, the positive direction of a number line is to the
right, distances are nonnegative, and prime numbers are greater than 1. Whenever
nonstandard notation is used in a question, it is explicitly introduced in the question.
In addition to conventions, there are some assumptions about numbers and geometric
figures that are used in the Quantitative Reasoning measure. Two of these
assumptions are (1) all numbers used are real numbers and (2) geometric figures are
not necessarily drawn to scale. More about conventions and assumptions appears in
the  publication  Mathematical  Conventions, which is available at
www.ets.org/gre/prepare.

? Exercises.
1. Give the definition of Quantitative Reasoning Measure.
2. List the basic mathematical skills.

& Task 5. Read and translate the instruction to the test.

Quantitative Reasoning Question Types

The Quantitative Reasoning measure has four types of questions:

o guantitative Comparison questions;

o multiple-choice questions — Select One Answer Choice;

o multiple-choice questions — Select One or More Answer Choices;

o numeric Entry questions.

Each question appears either independently as a discrete question or as part of
a set of questions called a Data Interpretation set. All of the questions in a Data
Interpretation set are based on the same data presented. For the paper-based test, you
are allowed to use a basic handheld calculator on the Quantitative Reasoning
measure. The calculator will be provided to you at the test site, and you may keep it
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when you are finished with the test. Information about using the calculator to help
you answer questions appears later.

Quantitative Comparison Questions

Questions of this type ask you to compare two quantities — Quantity A and
Quantity B — and then determine which of the following statements describes the
comparison:

o guantity A is greater;

o guantity B is greater;

o the two quantities are equal;

o the relationship cannot be determined from the information given.

Tips for Answering

o Become familiar with the answer choices.

Quantitative Comparison questions always have the same answer choices, so
get to know them, especially the last choice, “The relationship cannot be determined
from the information given.” Never select this last choice if it is clear that the values
of the two quantities can be determined by computation. Also, if you determine that
one quantity is greater than the other, make sure you carefully select the
corresponding choice so as not to reverse the first two choices.

o Avoid unnecessary computations. Don’t waste time performing needless
computations in order to compare the two quantities. Simplify, transform, or estimate
one or both of the given quantities only as much as is necessary to compare them.

o Remember that geometric figures are not necessarily drawn to scale. If
any aspect of a given geometric figure is not fully determined, try to redraw the
figure, keeping those aspects that are completely determined by the given information
but changing the aspects of the figure that are not determined. Examine the results.
What variations are possible in the relative lengths of line segments or measures of
angles?

o Plug in numbers. If one or both of the quantities are algebraic
expressions, you can substitute easy numbers for the variables and compare the
resulting quantities in your analysis. Consider all kinds of appropriate numbers before
you give an answer: e.g., zero, positive and negative numbers, small and large
numbers, fractions, and decimals. If you see that Quantity A is greater than Quantity
B in one case and Quantity B is greater than Quantity A in another case, choose “The
relationship cannot be determined from the information given.”

o Simplify the comparison. If both quantities are algebraic or arithmetic
expressions and you cannot easily see a relationship between them, you can try to
simplify the comparison. Try a step-by-step simplification that is similar to the steps
involved when you solve the equation x*+3x=5 for x. Begin by setting up a
comparison involving the two quantities, as follows:
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Quantity A ? Quantity B

where ? is a “placeholder” that could represent the relationship greater than (>), less
than (<), or equal to (=) or could represent the fact that the relationship cannot be
determined from the information given. Then try to simplify the comparison, step by
step, until you can determine a relationship between simplified quantities. For
example, you may conclude after the last step that ? represents equal to (=). Based
on this conclusion, you may be able to compare Quantities A and B. To understand
this strategy more fully, see sample question 3.

Sample Questions

Directions: Compare Quantity A and Quantity B, using additional information
centered above the two quantities if such information is given. Select one of the
following four answer choices and fill in the corresponding circle to the right of the
question:

o quantity A is greater;

o quantity B is greater;

o the two quantities are equal;

o the relationship cannot be determined from the information given.

A symbol that appears more than once in a question has the same meaning
throughout the question.

? Exercises.
1. Translate the term Quantity, taking into account the context.
2. List the main tips for answering.
3. Explane to your groupmate how to pass the test.
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—=l Topic 5 Listening to audio in a foreign language

MeTtoauuni BkasiBkum Ta iHcTpykmii. [[ns peamizaiii KOMIIETEHTHOCTI
CIUJIKYBaHHA 3 HOCIIMH 1HO3€MHOI MOBHM, IIporpaM akKaJeMi4HOi MOO1JIBHOCTI,
edeKTUBHOT ydacTi y MDKHApOJHHUX HAYKOBHX 3axojax moTpibHa poboTa 3
TPCHYBaHHS HaBHYOK CIIPUIMAaHHS IHIIOMOBHOTO TEKCTy Ha ciyx. Y Topic 5
MICTATBCSL MaTepiadd Ta 3aBJaHHs, CIPsSIMOBaHI Ha (OPMYBaHHS TAKUX HABUYOK.
HaBenemo kinbka mopa:

o Kpalie MOYMHATH MPOCITYXOBYBAaHHS MarTepiaiiB, MOB’SI3aHUX OJHIEIO
TEMaTUKOIO;
. Hepiie MPOCIyXOBYBaHHS — JUIsI PO3YMIHHS 3arajbHOTO 3MICTY,

HACTYMHI — JIJIsl 3aCBOEHHS HE3HaloMoi (a00 HE CIPUNHATOT 3 MEPIIOro pasy)
TEPMIHOJIOT11, 100 PO310paTUCh B ICTAISX;

o HE 3JIOBXHMBAaWTE TEKCTOBOK BEPCIEID ayJiomMaTepially, 1HAKIIe
MIPOCITyXOBYBaHHS ITEPETBOPUTHCS HA YATAHHSI,

° MUIITh KOPOTKI JUKTAHTH, OAKaHO OJIMH 1 TOM caMUii KiJIbKa pasiB.;

o IPOMPAIIONTE MaTepialI 3a MTOCUIAHHSIMM:

https://www.esolcourses.com/content/topicsmenu/listening.html  (aynitoBanHs
32 pIBHSIMH);
https://youglish.com/ (sik pi3Hi JIOAU MO-PI3HOMY BUMOBJISIOTH OAHI U TI XK
cami CJI0Ba).

& Task 1. Find the following video
https://www.youtube.com/watch?v=iStkxcK6 VY.
o What is this video about?

List the basic terms.

What is web 2.0?

What is social media?

Give the examples of social media.

& Task 2. Find the following video
https://www.ted.com/talks/harald_haas_forget wi_fi_meet _the new_li_fi_internet?
language=ru.

o What is this video about?

o List the basic terms.

o Give the examples of the transmitters.

o What does the word “harvesting” mean in this context?
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& Task 3. Find the following video
https://www.youtube.com/watch?v=g2CM tc_h88.
What is this video about?
List the basic terms.
Give the definition of the matrix.
What do the indices of the matrix element mean?

& Task 4. Find the following video
https://arden.ac.uk/what-type-learner-are-you
o What is this video about?

o List the basic terms.

o List the types of leaners.
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—=l Topic 6 Translation of scientific texts on speciality into a foreign

language

Kopotki Teopernuni Bizomocrti. [lepexnanauesi i 3BepTaT yBary Ha Takxli
0COOJIMBOCTI pOOOTH 3 HAYKOBOIO Ta HAYKOBO-TEXHIYHOIO JIITEPaTypoIo:

Oono3znaunicms. byap-sKiil TeXHIUHIA TEpMIHOJOTIT MpuTamaHa s puca. He
MOXHA JIOMMyCKaTH  HEOJAHO3HAYHOI TPaKTOBKM CJIiB  abo BHUpasiB, sKi
BUKOPUCTOBYIOTHCS TP MEPEKIIA/II.

Bukopucmannsa 3aiimennuxie. Jlyxe dYacTo B aHIJIOMOBHIM jiTepaTypi
BUKJIQJCHHS MaTepially BEIEeThCs Bij mepioi ocoou. B ykpaiHChKii MOBI MPUHHSITO
3aCTOCOBYBATH 3aliMEHHHUK Mu a00 0€30c000B1 (POPMU HI€CIIB.

Tounicms. He nonyckaeTbCsi BAKOPUCTAHHS JICKCUKH, SIKa Ma€ Ha METI Oy/ib-
KM YMHOM MIPUKPACUTH BUKJIA] MaTepiaty.

Biocymuicme nexcuku, wio nHaoae ouinky. He MOXHa BUKOPUCTOBYBATH
JICKCHUKY, sIKa BUPaXKa€e 0COOUCTE CTaBJICHHS J0 MPEIMETy POOOTH.

Biocymnicmo cnpowiens. TepMiHU, K1 BUKOPUCTOBYIOTHCS IPU MEPEKIIAAl, HE
MOBUHHI CIIPOILYBaTH AYMKY a0O MOHSTTS, SKI MPUCYTHI B OPUTIHAIBHOMY TEKCTI
HayKOBO1 POOOTH.

Meroanuni BkasiBku Ta iHcTpykuii. [lepexnagadeBi ciiff peTeNbHO
BUOWpATH JIEKCUKY, sIKa TpUTaMaHHa MEBHIA TEPMIHOCHCTEMI W YHUKATU JIEKCHKH,
AKa TUIBKM HENIOJIaBHO MpHHIUIa 3 Ha0Opy 3araJibHOBXHMBAHUX CIiB. BaxinBum
(bakTOpoM € TOTPUMAaHHS CTUJIIO.

Oco0nuBy yBary nmpu nepekiiajl Cii NpUuaUIsTH TepMiHaM, K1 BIIIHOCSATHCS JI0
pO3pALy «XHOHUX APY3iB Mepekianada». Jlo HUX B mepiry 4epry HajiexaTh Tak 3BaHi
IHTEepHAI[lOHAII3MHU. [HTEepHALIOHANI3MH — L€ CJIOBA, fAKI CIIBHAJAIOTh 32 CBOEIO
30BHIIIHBOIO (HOPMOIO, aje 3a 3MICTOM MOXKYTh CHIBMAJATH JIMIIE YACTKOBO. BoHu
BUPAXAIOTh MOHATTS MI>KHAPOJIHOTO 3HAYEHHS 1 CIIBICHYIOTh B Pi3HUX MOBaXx.

Hapegemo aexisibka MpUKIIa/iB TAKUX TEPMIHIB:

a) original. Ha mepmmii mornsim — OpUriHAIBHUMA, aje CIiJ MEepeKiIagaTH sK
MOYaTKOBUM;

0) progressive. Ha mepuiuii moriisig — nporpecuBHUM, ajie CITijl IepeKIaaaTh K
MOCTYIIOBUU;

B) technique. Ha neprumii morsisg — TeXHiKa, ajae CiIi nepeKaaiaTH K METO/I;

r) decade. Ha mepmmii mormsm — JAekada, aje CIia IepeKIagaTH sk
JNECATHPIYYS;

n) accurate. Ha mepmuii mornsin — akypaTHHM, aje CIiJ TepeKIajaTH sK
TOYHUU.

Taki TepMiHM He MOBHMHHI MNepekyiagaTucs OykBasibHO. Lle Mmaiixke 3aBxAu
MPU3BOJAUTH J0 TTOMHJIOK.
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[Ipu mnepexnani Oe3MNPUIMEHHUKOBUX TEPMIHOJOTIYHUX CIIONIY4Y€Hb Tpeda
nam’sTaTd, [0 B TaKUX CIIOJYYCHHSAX CJIOBAa TOEIHYIOTBCA MK Co00r0 0e3
BUKOPHCTAHHS CIy)KOOBMX YacTUH MOBH. [OJOBHMM CIOBOM B  TaKHX
CJIOBOCTIOJTYYCHHSIX € OCTaHHE. Ti CJ0Ba, IO CTOSATH MEpPEea HUM, BiNIrparoTh POIh
npuiimMmenHukiB.  OTxe, mepekian  Oe3NPUUMEHHUKOBUX  TEPMIHOJIOTIYHUX
CJIOBOCTIOJTYYCHD MIOYMHAETHCS 3 OCTAHHBOTO CIIOBA.

PosriissHeMo npukiiaau nepexiany 0e3npuiiMeHHIKOBUX CIIONyUYEHb:

a) live test — sunpobysanmns na cpox cayacou;

0) forward draught — ocaoxa nocom;

B) Hermitian matrix — mampuys Epmima.

& Task 1. Read and translate the thesis into English.

B po0oTi mpomnoHyeThcsi BUKOPUCTOBYBATH MOHATTS 1 BIACTHBOCTI B3aEMHOTO
MHOTOWICHA JUISl 3BEJICHHS PIBHSIHHS TPETHOTO CTCIEHS CIEIiaJbHOTO BHUIY [0
CTaHJapTHOI (popMHU IS TOAAIBIIIOTO PO3B’sA3aHHS MeToJ0M KapaaHo, a TakoX Ipu
MepeBipIi MHOTOWICHA Ha HE3BIAHICT, HaJ II0JEM palllOHAIBHUX 4YHCel 3a
noromoror kputepis Eizenmreiina. Mera JOCHIDKEHHS — OTpUMAaTH e(PEeKTUBHI
KOMOI1HAIIl1 BJIaCTUBOCTEN HE3BIIHOI'O Ta B3a€EMHOI'O MHOTI'OUJICHIB.

Po3zs’sizanns piensane mpemwvoco cmenensi cneyianvHoeo 6udy. PosrisHemo
PIBHSIHHS TPETHOT'O CTEIIEHS CHEIliaJIbHOTO BUY.

ax® +bx% +c=0. (1)

[Ipononyetrhecst  epexkTUBHMI MeTOJA 3BeAeHHS piBHsAHHSA Buay (1) mo
CTaHAapTHOI (HOPMHU 3 BUKOPUCTAHHSM IMOHSTTS B3a€EMHOTO MHOTOWIeHA. B3aemHmit

*
muorowten f (x) 1o wmuorouwmena f(X) 3HaxomuThcs 3a  (opmysiorO
f*(x)=x"f(/X), me n — cTemiHb BHXiJHOTO MHOTOUIEHA. 3aCTOCOBYETHCA

BJIACTUBICTh: KOPEHI B3a€EMHOI'0 MHOTOYJIEHA € OOEPHEHUMH JI0 KOPEHIB BUXIJHOTO
MHOTOYJICHA.

Bukopucmanusa enacmugocmeti  83a€EMHO20 MHO20YNEHA NPU  008EOEHHI
He36I0HOCMI  MHO20YJIeHA HAO NOJNeM payioHanbHux uucen. [{ns mepeBipkH
MHOT'O4WJIEHA Ha HE3BIIHICTh 3a KputepleM ElizeHiTeliHa 3HaX0ATh MPOCT1 TJTbHUKH
BUIBHOTO wieHa. SKIo iX Hemae, TO MepexoasITh JI0 I1HIOi 3MIHHOI, HAIIPUKIIAJ, 3a
nornoMororo cxemu ['opuepa. [Ipu 11b0My 3MIHIOETHCS 1 BUTBHUH YJIeH MHOTOWICHA.

[Ile ommH crmoci® MATOTOBKM MHOTOWIEHA /O TEPEBIPKU 3a KPUTEPIEM
Eiizenmirelina BUHUKA€, SKIIO BUKOPUCTATH TaKy BIACTUBICTh: MHOTOYJIEH,
B3a€EMHHUH JI0O HE3BIJHOTO, € HE3BIJHMM. 3HAWIIOBIIM MHOTIOWICH, B3a€EMHHH JI0
JAHOTO, BIJIBHUW WIEH SIKOTO Ma€ TMPOCTI JUTBHUKH, TEpeBipsieMo Horo Ha
HE3BIAHICTh. SIKIIO BIH HE3BIAHUMI, TO ¥ BUXIJTHUA MHOTOYJICH HE3BIJHUH 3TI1IHO III€T
BJIACTUBOCTI.

? Exercises.
1. List the terms.
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2. Give the definition of the reciprocal polynomial.
3. Give the example of the irreducible polynomial.

& Task 2. Read and translate the thesis into English.

3HaHHS TEOPETHUUYHUX OCHOB N'€OMETPUYHHUX MOOYJ0B, BMIHHS 3aCTOCOBYBATH
OCHOBHI METOJY BUKOHAHHSA IUX NOOYJI0B, € HEOOXIIHMMH JJII MalOyTHBHOTO
negarora. i HaBUuukK 30arauyroTh TEOMETPUYHY KYJIBTYPY, 3a0€3MeUyI0Th IUPOKUN
MOTJIST HA TEOMETPII0, TIMO0KE PO3YMIHHS MPUPOIN BIACTUBOCTEH T'€OMETPUUHHX
iryp.

Po3B’si3yBaHHA TEOMETPUYHHMX 33/Jad, SK IUTAHIMETPUYHUX Tak |
CTEepPEOMETPUYHHX, MTOUYMHAETHCS 3 PETEIBHOrO aHalli3y YMOBH 3ajadi Ta moOyaoBu
PHUCYHKY 13 300pa)X€HHIM 33/1aHO1 (ITYpH i JOJATKOBUX 00’ €KTIB Yy BIAMOBITHOCTI JI0
YMOBH 3a71a4i, TOMY Ba)KJIUBO 1X IIBUIKO W MPaBWIBHO BUKOHYBATH. L1 300paskeHHsI
HE TUIBKH TOJICTIIYIOTh PO3YMIiHHS YMOBH 3ajiaul, ajie i BUKJIUKAIOTh MIEBHI PO3YMOBI
Jii JJi9 CTBOPEHHS Ta peanmisallli MiiaHy po3B’si3aHHS 3a7adi. He MeHII Ba)IJIMBO
BMITH 32 33J]aHUM 300paXKeHHSIM BU3HAYUTH (HOpMY 300paKeHUX Ha HbOMY 00’ €KTIB,
iX B3a€MHE PO3TAlllyBaHHs, JESIKI METPUYHI CIIBBIIHOIIEHHS, TOOTO PO3B’sS3yBaTH
oOepHeHy 3ajady. 3BICHO II€ MOKE€ BIJOYTHChH JIMIIE 32 YMOBH, IO 300pa)K€HHS
BUKOHAHE MPaBUIIbHO, 33J0BOJIbHSE MTEBHI BUMOTH.

Tax wo o maxe npasuivhe 300padxcenHs icypu ma 3a AKUMU NPABUIAMU
11020 ModicHa nobyoyeamu? Axum sumozam 60HO NOBUHHO 8i0n0Gioamu?

O3HaueHHd. byaemo HaszuBatw opucinarom Girypy, AKy Ciig 300pa3uTu.
CykymnHICTb MpaBWJl, SIKI JIO3BOJSIIOTH 10 OPUTIHATY OTPUMATH HOTO 300pasicenHsl,
CKJIaJIal0Th Memoou 300PaiCeHb.

Osnavenns. Memoou 300pascenb HAa3UBAIOTHCS NMPOEKYIUHUMU, SKIO TOYKA
300pakeHHsI € 0e3MOCepPeHbOI0 MPOEKIIEID TOYKH OpUTIHATY (MPU LBbOMY MiCIA
MIPOEKTYBAHHS MOXKE€ OYyTH BUKOHAHE MEPETBOPECHHS IMOJIOHOCTI, TOOTO 3MEHIIICHHS
a00 30UTbIIIEHHS PO3MIPIB MPOEKIIIT).

[Ipoexkiiiini METOIM BUKOPUCTOBYIOTHCA YacTille 3a IHII MeToau. Mu
PO3TIITHEMO JBa MPOEKIIMHI METOIU 300paKeHb:

o Memoo napanenvbno2o npoeKmysanHs (RpoOCmopy Ha NIOWUHY),

o Memoo yenmpanbHo20 NPOEKMYBAHHS (NPOCMOPY HA NIOWUHY).

3ayBakeHHs. [JoMOBUMOCH [l OpUTiHANIB BUKOPUCTOBYBATH MO3HAYEHHS 31
IITPUXAMUY, a JJI 300pakeHb — 0e3.

[Tpu mapanensHOMYy IPOEKTYBaHHI Tipsimi A4 °, BB',... mapaiienbHi MixK 00010,
iX Ha3WBAIOTb MPOEKMYIOUUMU NPAMUMU, TIPU ICHTPATLHOMY MPOEKTYBAaHHI BCI
MPOEKTYIOUl TPSIMI TIPOXOMASITh Yepe3 OJIHY TOUKY S, sika Ha3WBAETHCS YEHMPOM
NPOEKMYBAHHSL.

? Exercises.

1. Describe the difference between the original and the image.
2. List the basic terms.
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Topic 7 Written professional communication in a foreign language

MeToauuni Bka3iBku Ta iHcTpykmii. Tpeba mam’aratu npo GopMaibHUN Ta
HeopManbHM cTUII KOMYHiKallli. dopManbHa aHTIMCbKa BUKOPUCTOBYETHCS TIPU
odopMIIeHHI TOKYMEHTIB, y AUIOBOMY Ta Ipodeciiinomy criikyBanHi. Hepopmanbha
aHTJIiiChKa BUKOPUCTOBYETHCS Y CIUIKYBaHHI MK JPY3IMH, pOAMYaMU TOIIO. IcHye
JOCTAaTHS KUTBKICTh PECYPCIB JJIsi O3HAWOMIICHHS 3 OCOOMBOCTSIMU KOXKHOTO 3 ITUX
CTHWJTIB, HATIPUKJIAT;

https://grade.ua/uk/blog/formal-and-informal-english/

https://www.youtube.com/watch?v=zWyGx2-xiiQ

BukopucTaHHS MacMBHOTO 3aJIOTy € BaXXIMBOIO PHCOI0 HAYKOBOTO CTHIIA,
0COOJIMBO TMpU MHUCHBMOBOMY CIUJIKyBaHHI. B HacTymHUX CTarTIX OMNMCAHO
BUKOPHCTAaHHS MACUBHOTO 3aJI0Ty B HAyKOBO-TeXHIuHIN cdepi. Ciill 3BepHYTH yBary
Ha T€, B IKUX BUIIJIKaX BUKOPUCTAHHS [MACUBHOTO 3aJI0Ty € OaKaHUM, a B SIKUX Hi:

https://www.dcu.ie/sites/default/files/students/pm_16-4-20 passive_voice.pdf

https://advice.writing.utoronto.ca/revising/passive-voice/

HamnuvcanHs HayKOBO-TEXHIYHMX TEKCTIB 3a3BUYail MOTpedye BUKOPHUCTAHHS
3araJiIbHONPUMHATUX B MEBHIM oOsacti ciiB Ta ¢pa3. O3HAMOMUTUCH 3 MEPETIKOM
TaKuX CJiB Ta (ppa3 MOKHA, HATPUKJIIA, 33 MOCUIIAHHIM

https://www.ref-n-write.com/blog/literature-review-section-academic-phrases/

B crarri Academic writing https://www.eapfoundation.com/writing/what/
HABEJICHO IEpesiK OCOOJMBOCTEH aKaJEMIYHOIO MHUCbMa, PO3KPUTO IX 3MICT,
CKOHCTpYHOBaHO mpukiaaan. CKOpUCTaUTeCh HABEIECHWMHM B HIA MOpajaMH MpuU
BUKOHAHHI 3aB/IaHb.

Academic writing

Features of academic writing

Structured. Academic writing should have a clear structure. The structure will
often derive from the genre of writing. For example, a report will have an
introduction (including the aim or aims), a method section, a discussion section and
so on, while an essay will have an introduction (including a thesis statement), clear
body paragraphs with topic sentences, and a conclusion. The writing should be
coherent, with logical progression throughout, and cohesive, with the different parts
of the writing clearly connected. Careful planning before writing is essential to ensure
that the final product will be well structured, with a clear focus and logical
progression of ideas.

Evidenced. Opinions and arguments in academic writing should be supported
by evidence. Often the writing will be based on information from experts in the field,
and as such, it will be important to reference the information appropriately, for
example via the use of in-text citations and a reference section.
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https://www.eapfoundation.com/writing/other/
https://www.eapfoundation.com/writing/reports/
https://www.eapfoundation.com/writing/essays/
https://www.eapfoundation.com/writing/essays/structure/introduction/#thesis
https://www.eapfoundation.com/writing/essays/structure/mainbody/#topic
https://www.eapfoundation.com/writing/cohesion/#coherence
https://www.eapfoundation.com/writing/cohesion/
https://www.eapfoundation.com/writing/process/
https://www.eapfoundation.com/writing/references/
https://www.eapfoundation.com/writing/references/citation/
https://www.eapfoundation.com/writing/references/section/

Critical. Academic writing does more than just describe. As an academic
writer, you should not simply accept everything you read as fact. You need to analyse
and evaluate the information you are writing about, in other words make judgements
about it, before you decide whether and how to integrate it into your own writing.
This is known as critical writing. Critical writing requires a great deal of research in
order for the writer to develop a deep enough understanding of the topic to be truly
critical about it.

Balanced. Academic writing should be balanced. This means giving
consideration to all sides of the issue and avoiding bias. As noted above, all research,
evidence and arguments can be challenged, and it is important for the academic
writer to show their stance on a particular topic, in other words how strong their
claims are. This can be done using hedges, for example phases such as the evidence
suggests.. or this could be caused by..., or boosters, that is, phrases such as clearly or
the research indicates.

Precise. Academic writing should use clear and precise language to ensure the
reader understands the meaning. This includes the use of technical (i.e. subject-
specific) vocabulary, which should be used when it conveys the meaning more
precisely than a similar non-technical term. Sometimes such technical vocabulary
may need defining, though only if the term is not commonly used by others in the
same discipline and will therefore not be readily understood by the reader.

Objective. Academic writing is objective. In other words, the emphasis is
placed on the arguments and information, rather than on the writer. As a result,
academic writing tends to use nouns and noun phrases more than verbs and adverbs.
It also tends to use more passive structures, rather than active voice, for example The
water was heated rather than | heated the water.

Formal. Finally, academic writing is more formal than everyday writing. It
tends to use longer words and more complex sentences, while avoiding contractions
and colloquial or informal words or expressions that might be common in spoken
English. There are words and collocations which are used in academic writing more
frequently than in non-academic writing, and researchers have developed lists of
these words and phrases to help students of academic English, such as the Academic
Word List, the Academic Vocabulary List, and the Academic Collocation List.

Developing your academic writing
Given the relatively specialist nature of academic writing, it can seem daunting
when you first begin. You can develop your academic writing by paying attention to
feedback from tutors or peers and seeking specific areas to improve. Another way to
develop your academic writing is to read more. By reading academic journals or
texts, you can develop a better understanding of the features that make academic
writing different from other forms of writing.
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https://www.eapfoundation.com/writing/critical/
https://www.eapfoundation.com/writing/research/
https://www.eapfoundation.com/writing/skills/hedging/
https://www.eapfoundation.com/vocab/other/#subject
https://www.eapfoundation.com/vocab/other/#subject
https://www.eapfoundation.com/writing/other/definitions/
https://www.eapfoundation.com/writing/skills/passive/
https://www.eapfoundation.com/writing/skills/grammar/
https://www.eapfoundation.com/writing/style/
https://www.eapfoundation.com/writing/style/
https://www.eapfoundation.com/vocab/academic/
https://www.eapfoundation.com/vocab/academic/awllists/
https://www.eapfoundation.com/vocab/academic/awllists/
https://www.eapfoundation.com/vocab/academic/other/avl/
https://www.eapfoundation.com/vocab/academic/acl/
https://www.eapfoundation.com/studyskills/feedback/

Ilpuknaam HanUCaAHHA ILTOBHX JIUCTIB.
¢ Example 1. Subject: Skills from Write Professional Email

Dear Recipient. I’'m writing this email in order to check if I learned to write
professional email in English. Certainly, these skills 1 can also use for writing
professional email in Ukrainian, my native language. Firstly | was worried if | can,
but once | enrolled the course | plunged into it. From lesson to lesson I study up on
professional email more and more. Here some DOs and DON’Ts:

o do make subject line clear, brief, effective, use important details in order

to catch the reader’s eye;

o do add words of appreciation;

o do consider cultural differences between you and your reader, be polite;

o don't complain or blame;

o don't address the email before checking it carefully.

Over the course | received many advices. The best advice is Practice, practice,
practice. | remember useful advice — don’t write the book, so I’m sorry my email is
long. Apparently | have a high-communication style. In the other hand | would prefer
briefness and clearness in the professional emails, | think so do much people in my
country. Finally, 1 would like to say this course was interesting and very useful for
me.

Best regards, Sender.

¢ Example 2. Subject: Opportunity for Scientific Internship

Dear Prof. Carl Johnson,

My name is Anna lvanova, and | am a lecturer at Zaporizhzhia National
University, Ukraine. | am interested in your University, and | am fascinated by it.
Moreover, the researches of your department are very close for me. So | would like to
complete an internship in your department to discuss the scientific problems and
share ideas about education questions. | have a success experience of the research. |
am regularly published in the scientific journals. As a high school teacher with a
considerable experience I was awarded a mayor’s office certificate of honour. I am
confident my qualification and experience will be useful for you. | would very much
appreciate the opportunity to discuss the details of the internship program. | look
forward to hearing from you. | will contact you in two days to set up a time for the
discussion.

Sincerely, Anna Ivanova.
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d Example 3. Subject: Finalization of the Business Deal

Dear Carl,

I’m sorry that I didn’t attach the documents to my last email message. | attach
them to this email. Please ask your superiors for the signatures these documents.
Could you also send the signatures as soon as possible so | could finalize the business
deal. Thank you for understanding.

Best regards, Martina Silva

& Task 1. Read the text and make the list of the words and phrases, that
should be avoided in academic writing https://proofreading.org/blog/words-to-avoid-
in-academic-writing/

& Task 2. Read the text and make the list of academic phrases for writing
introduction section of a research paper https://www.ref-n-
write.com/blog/introduction-section-academic-phrases/

& Task 3. Read about academic writing and complete the proposed task
https://www.bbc.co.uk/learningenglish/gothedistance/academicwriting

& Task 4. Read and translate the letter.

Dear authors, based on the results of the triple blind review, your article can be
published. For re-consideration and a final decision on acceptance or rejection of the
article, you must upload an updated article file (*docm format) by March 12, 2025.
This is mandatory:1. Analyze the reviewers' feedback and take it into account (if
any). «Fill» the updated parts of the text in yellow.2. Check your article again for
compliance with the technical requirements (the article design is attached). Articles
that do not take into account the reviewers' comments or do not meet the technical
requirements will not be considered.

SUBMISSION: 126 TITLE: The role of mathematics in the formation of the
human capital for the sustainable development.

REVIEW 1

Does the article contain enough new material to be published? SCORE: 3 (fair)

Is the paper scientifically sound and not misleading? SCORE: 5 (excellent)

Does the paper include a sufficiently general introduction? SCORE: 4 (good)

Is the paper clearly written, concise and understandable? SCORE: 5 (excellent)

Are the style of presentation appropriate for SPRINGER LINK? SCORE: 4
(good)

Is the impact of this paper likely to be high? SCORE: 4 (good)

Please evaluate the quality of the research. SCORE: 4 (good)

Is the length appropriate? SCORE: 1 (yes)
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The abstract should summarize the contents of the paper in short terms, i.e.
150-250 words. SCORE: 1 (yes)

Does the article include an analysis of recent research and publications?
SCORE: 4 (good)

Self-citation should not exceed 10%. SCORE: 1 (yes)

Are the results supported by a sufficient number of selected research methods
and tools? SCORE: 4 (good)

Should the written English of the manuscript be edited? SCORE: 5 (excellent)

Reviewer's confidence. SCORE: 4 (high)

Overall evaluation. SCORE: 2 (accept)

The article «Role of Mathematics in the Formation of the Human Capital for
the Sustainable Developmenty» analyzes the impact of mathematical education on the
formation of human capital, particularly the development of soft skills, which are
essential for sustainable development. The authors emphasize the role of mathematics
in fostering critical thinking, creativity, and the ability for self-directed learning. The
use of mathematical logic to develop analytical thinking and reasoned decision-
making is particularly valuable. The structure and presentation of the material meet
the requirements of Springer publishing and the BESD'2025 conference. At the same
time, the literature review largely relies on outdated sources. Incorporating recent
studies (from the last 3 — 5 years) would enhance the relevance and scientific
credibility of the work. It is recommended to include at least four references from
reputable databases such as Web of Science or Scopus to strengthen the validity of
the article’s conclusions.

REVIEW 2

The study does not sufficiently argue why mathematics (and not other
disciplines) is important for human capital development. The authors do not refer to
modern publications on human capital development when formulating the hypothesis
of the study. The conclusions of the study are not supported by practical results.

REVIEW 3

The article is a justification for the need for mathematics for the formation of
human capital. Using simple examples, the authors show how to form skills, logical,
critical and systemic thinking. The authors are advised to review the list of literature,
as source 6 raises doubts about the need to include it in the article.

& Task 5. Write the letter on the chosen theme.
) Submission of the article.

o Response of the reviewer.

o Invitation to the conference.
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& Task 6. Write an email to a potential employer.
Requirements:

o include a brief and clear subject line;
o begin with an appropriate greeting;
o introduce yourself and the purpose of your email. (Include your

educational background);

o add at least 2 sentences with details about you. This can include your
work experience, your skills, and any awards or other recognition that you
have;

o request an interview/meeting;

o add a sentence or two to express your appreciation and a respectful
closing.

& Task 7. Give the synonims to the verbs that are usualy used in the
scientific articles

To consider To plot

To obtain To put

To substitute To show

To use To increase
To make To decrease
To solve To point out
To perform To determine

To carry out

& Task 8. Use the link https://blog.wordvice.com/recommended-verbs-for-
research-writing/ in order to study the words and phrases that are commonly used
in the scientific literature. Make one sentence using the words and phrases from
the table.
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Topic 8 Oral professional communication in a foreign language

MetoauuHi Bka3iBku Ta iHcTpykumii. [lomepenns tema Oyna mpucBsiueHa
MMMCbMOBOMY CIHIJIKYBAaHHIO AHTJIHCHKOI0 MOBOIO. YCHE CHUIKYBaHHS TaKOX CII
PO3IIIAIaTH B KOHTEKCTI ABOX MOXJIMBUX CTUIICH — (hopmanbHe Ta HeopmanpHe. Ha
BiIMIHY BiJl TUCHMOBOI'O CIILJIKYBAaHHSI YCHE CIUIKYBaHHSA, K MPaBHUIIO, Mepeadayae
BMIHHS MMATPUMYBATH J1aJIOT, B SKOMY MOXXYTh BUHMKHYTH MHUTAaHHS, BIAMOBIIb Ha
SIK1 BOKKO T1JTOTYBATH 3a37aJIeT1/lb.

[Ipy BUKOHaHHI 3aBJaHb 1€l TEMH KIIOYOBY pOJIb Bijirpae podora B
HEBEJIMKUX TpyIax abo HaBiTh B mapax, JIOMOBIJIb MEpe] ayAUTOPIE0, BIAMOBIAb Ha
NUTaHHS Ta oOroBopeHHs TeMm. JIJisi MOKpalleHHS HaBHYOK YCHOI'O CHUIKYyBaHHS
MOJKHA TIOpPaJUTH TPOXoKeHHS Kypcy «Improve your English» 3a mporpamoro

Coursera.

Tpeba po3pizHATH (opMaNbHY

i

HedopmanbHy Jekcuky. Ilpukiamu

BIJINOBIJIHUX Map TEPMIiHIB JIaHl B HACTynH1{ Tadmuii (Tadmuis 3).

Tabmuus 3 — @opmanibHa Ta HehopMabHa JIEKCUKA

Informal Formal Informal Formal
Ask Enquire Deal with Handle
Ask for Request Tell Inform
Book Reserve Wait for Await
Check Verify Fight Combat
Get Receive Use Consume
Help Assist Go Depart
Need Request Say sorry Apologise
Start Commence End Terminate
Tough Difficult Explain Disclose
Set out Display Throw out Eject

Old Elderly Say Express
Afraid Fearful In the end Finally

But However Wrong Fncorrect
Go up Increase At first Initially
Mad Insane Lucky Fortunate
Smart Intelligent Small Diminutive

& Task 1. Discuss the chosen theme in groups.

. Which method of solving the systems of the liner equations is more
convenient?
. What methods of solving the third degree equations do you know?
. What methods of solving the fourth degree equations do you know?
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What are the applications of Horner scheme?

What is the basis of this scheme?

What subject in the university program is the most complicated?

Pros and cons of the analytical and graphical methods of solving linear
inequalities.

o Describe the system of computer mathematics Maple. What kind of tasks
can be solved using this system?

& Task 2. Make short dialog on the chosen theme.

o How many languages is enough to know?

o What languges are nessesary for you personaly?

o What dictionaries do you use for your professional needs?

& Task 3. Choose one mathematical term. Try to explain its meaning to the
person who is not familiar with mathematics. Use sinonims. Work in pairs.
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Topic 9 Making an abstract of the scientific and technical article in a

foreign language

MeTtoauyHi Bka3iBKH Ta iHcTpykumii. BMinHsS poOuTH aHOTamii 10 pi3HOTO
POy HAyKOBHX CTaTell € BaKJIMBOIO XapaKTEPUCTHKOIO cremiaiicra. B miid Temi
IPOTIOHYEThCS 3pOOMTH AHOTAIUIO JO 3alpOlOHOBAHUX AaHIJIOMOBHHX CTaTei.
PexomeHy€eThCsl BUKOHATH 1€ 3aBJaHHSA 32 TAKUM ILJIaHOM:

. B aHOTAallll BKa3aTH Ha3BY CTaTTi, aBTOpa, HAa3By Ta HOMEP >KypHAIy, B
K1l omyOJIiKOBaHa CTATTS, PiK BUAAHHSA, KITBKICTh CTOPIHOK;

o OPOYUTATA CTATTIO, 3PO3YMITH OCHOBHMH 3MICT, HE BHUKOHYIOUHU
NepeKIIaj], BUALTUTH KIIFOUOBI CJIOBA;

o 3BIPUTH 31 CIOBHUKOM BUKOPHUCTaHI B CTATTI TEPMIHU;

o OMHCATU METY CTaTTi, OCHOBHI Pe3yJbTaTH, OTPUMaH1 aBTOPOM, METOJIU
W MAX0u, SIKUMU 1€ TOCSITHYTO.

106 TI3HATHUCH OuIBIIIE, MOAUBITHCS B1JIEO

https://www.youtube.com/watch?v=6cMmxnvtaMY Tta Bukonaiite Task 1.
Abstracts are usually around 100-300 words. When you wright an abstract you
can use the following structure:

. Introduction
. Methods

. Results

. Discussion

The volume and the structure of the abstract can vary depending on the
denands of the specific journal, qualification thesis etc. Usually, in a dissertation or
thesis, the abstract is included on a separate page, after the title page and before the
contents.

Making an abstract on the video. In order to practice the making an abstract to
the video watch the video about the tips for better English listening skills
https://www.youtube.com/watch?v=UUDCIQTXhWU

& Task 1. Read an article https://www.mimjournal.com/post/main-
differences-between-a-summary-and-an and formulate the basic differencies
between an anstract and a summary.

Main Differences Between a Summary and an Abstract

Writing for an abstract may have similar steps to writing for a summary, but
they have different objectives and requirements. While an abstract is a short,
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descriptive paragraph overviewing your entire paper from introduction to the findings
or future studies, a summary includes your entire paper and its visuals, just in a
shorter length and more concise than it is original document. This article will discuss
the key parts to include in an abstract and a summary.

Abstract
The abstract should summarize the main points of your paper without specific detail.
So it should communicate, if relevant: main question of your paper, methods, major
results or findings, the importance of results or findings, and how they shape a theory
or answer your question.

Start with the main point: The beginning statement should describe the main
point you are trying to communicate to the reader. Sometimes, this may be the thesis,
or it may be the research topic, all depending on what kind of paper you are writing.

Keep it concise: This is meant to briefly discuss your article, and only talk
about the main points between the introduction, body, and conclusion.

Remember the length: This abstract is meant to be a paragraph; therefore, each
piece of information given in the summary should be short, key parts of the article.

Follow the same order: Make sure your abstract follows the same order that
your paper is written in.

Keep it to the facts: Keep in mind to only use factual statements or
observations and avoid using opinions, repetition, and any ‘fluff’ content.

Create an effective ending: The last sentence should be able to effectively wrap
up the findings of the article.

Summary

On the other hand, the summary is a much longer version of the abstract,
containing more details, visuals, and opinions.

Follow the same order: Again, this should follow the same order as your paper.

Keep in mind the length: Remember the length that the publication is asking
your article to be at. With publishing for MiMJ, we are asking for a 2-3 page, 1000
word limit. With this, try to be concise and only have information that is key to
conveying your message in your paper.

Facts and opinions allowed: Unlike writing for an abstract, you are not limited
to what kind of information you will be giving; you can include any fact, opinion, or
finding, as long as it is a key piece of information that still allows your paper to be
concise.

You can use visuals: The use of visuals is welcomed while writing your
summary. However, make sure they are necessary to convey your message to the
reader due to the fact that summaries need to be concise (do you think I mentioned
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that your summary needs to be concise enough?). Secondly, make sure each visual
that is used is explained well, as summaries are for a general audience.

Remember the format: You still have to organize your paper in the format that
Is required by the publication you wish to publish your article with. With publishing
with MiMJ, we require your paper to be written in 7th edition APA format.

Remember your citations: As any paper would include, citations are an
Important way to credit the sources you used to create your wonderful paper. In
addition, make sure your citations abide by the format you are using. This also ties in
having a literature cited page as well.

In conclusion, your summary should be a shorter, more concise version of your
original paper that still includes all important information and effectively translates
the message from your paper. Whereas the abstract should be a short paragraph that
presents all key facts and information. In the future, try to refer to this post as a
mental checklist after writing any abstract or summary, or even while you are
writing!

Furthermore, have you previously used any of these ideas while writing your
summary? Are there any other tips that have helped you while writing a summary?

& Task 2. Make summary in English [2].

D®opMyBaHHA y CTYIEHTIiB HABUYO0K JAOCTITHNIBKOI JisVIbHOCTI HA KOHKPETHOMY
NPUKJIATi
Apremenko A.O. Creranuena ILI.

[TocTanoBka npoOiaemMu

BaxxnuBuM 3aBHaHHSAM KOXHOTO (PYHIAMEHTAJILHOTO KypCy MOBHWHHA CTaTH
JIEMOHCTpallisi Horo 0a30BUX BIACTUBOCTEM ISl SIKICHOTO BUKJIAJAHHS JUCLUILIIH
MIPUPOTHUIO-MATEMAaTUYHOTO MUKy Ha BCIX PIBHAX OCBITHHOTO Tporecy. Jlocsartu
LIUX LI MOXXKHA pI3HUMH Huisixamu. HailOuiblm epekTUBHUM 3 HUX € 3aTy4yeHHs
CTYJIEHTIB /10 HayKOBO-JOCTIAHOI poOOOTH, HAINpPUKIAJ, B paMKax HaMUCaHHA
KypCOBHX 1 KBamQikamiitHuxX poOiT. B 11s0My HanpsiMKy ocoOIHMBY poJib Ha0yBalOTh
3aBAaHHS, SKI (OPMYIOTh TakKi Ba)JIMBI pPO3YMOBI HABUYKH, SK YMIHHS
y3arajibHIOBaTH, BUJIISATH OKPEMi BHIMAJKH, MIPKYBAaTH 3a aHAJIOTIE€I0, 3HAXOIUTH
MoA10HOCT1 Ta BIAMIHHOCTI TOIIIO.

AHami3 OCTaHHIX JTOCTIPKEHb Ta MyOJTiKaIii
[IuTanHsa opraHizallii HayKOBO-IOCIIIHOI POOOTH HA PI3HMX €Tanax HaBYAHHS
JOCUTh 4acTO OOTOBOPIOIOTHCA Ha Pi3HUX KOH(DEpEeHIIIX, B TOMY YHCII i 3 MUTAaHb
OCBITHM, Ha CTOpPIHKax HAayKOBO-TIONMYJSIPHUX >KypHadiB, CEpel SKUX MOKHa
BiHauntu «Hayka Ta TexHika cwhorogHi», «OcBiTa 1 Hayka», «MaremaTuka B
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mKoai»,«IlomHoM», B SKMX BUY€HI Ta BYMTEN JIIATHCS CBOIM AocBigoM. Bimomi
BUEHI YMMaJly YaCTHHY CBOT'O 4Yacy BIABOMSATH JJIsl YMUTAHHS JEKIid B pi3HUX JIITHIX
mKojax. BiAmoBial Ha JesIKl MUTaHHSA, IMOB'S3aHI 3 OpraHi3alie€ro JOCHITHUIILKOT
po0OOTH, MOYKHA 3HAWUTH B X METOJIMUYHUX CTATTSX 1 MOCIOHHUKAX.

Buninenns Hepo3B’A3aHUX paHillle YaCTHH 3arajibHOi IpobaemMu
BigoMi anroputMu 3HaXOPKEHHS KOpPEHS N-TO CTENeHs 3 YKCiia 3aCHOBaHI B
OCHOBHOMY Ha YHCEIbHUX METOAax, 1 ToMy He € TOYHMMH. OJuH 3 LIUX METOMIB
3aCHOBAaHUMN Ha YHCENbHOMY MeToal HbloTOHA 3HAXOIKEHHS KOPEHIB PIBHSHHS Ha
JaHOMY BIIPI3KY Ta iTepariiiHii popmyii

n-1
Xy

1 A
e = (-1 2
n
[leit MeTOT BUKOPUCTOBYE JICSIKE MOYATKOBE HAOJIMKEHHSI, a JJIs 301IbIIICHHS
TOYHOCTI BUKOPUCTOBYIOTHCS MOXiJHI. BU3HAUYE€HHS TOYHOTO METOJY 3HAXO/KCHHS
KOpEHS JOBUIBHOTO CTETEHS € I[IKaBUM 3aBJIaHHSIM.

dopmysrOBaHHS IiIeH
Mertoro 1i€i poOOTH € BHBYEHHS MOXJIMBOCTEH (DOpPMYBaHHS y CTYJICHTIB
HaBUYOK OpraHizaifii JOCIITHUIILKOI MIsUIbHOCTI Ha MPHKJIAl 3ajadl y3arajJbHCHHS
AITOPUTMY 3HAXOJDKEHHS KBaJpaTHOTO KOpEHsS 3 uuciia 0e3 BHKOPUCTAHHS
€JIEKTPOHHUX 3aCO0IB 1 TAOJIHIIb.

Bukiiang ocCHOBHOTO Matepiaily JOCIII)KEHHS
TyT MU npeacTaBUMO alTrOPUTM, SKUA TOYHO OOUYHUCITIOE KOPIHb N-TO CTENEHS 3
yucina A. Haragaemo cmouatky, mo apudMETUYHUM KOPEHEM N-ro CTEmeHs 3

NOJATHOrO MIMCHOro umciia A Ha3UBacTbCs IOAATHE MAificHe 4ucIoN A, ske €

pO3B’sA3KOM piBHsHHA X" = A.

[IpornoHoOBaHUI aITOPUTM CKIAA€THCS 3 HACTYITHUX KPOKIB:
1) Po3butu uncno A Ha rpynu mo N mudp, MOYMHAIOYU 3 PO3PSALY OJUHULb. SAKIIO0
yucino A mae ApoOOBY YaCTHHY, il TakoX po30MTH Ha rpynud mno N uudp, aie
MOYMHAIOYM 3 MEPIIOro 3HaKa micyig koM. KinbkicTs udp B ocTaHHIN Tpymi 371Ba
ab0 B OCTaHHIM rpymi npaBopyd Moxke Oyt meHiie N. KibKiCTh OTpUMaHUX Tpym
uudp 3miBa Big KOMU OyAe JOPIBHIOBATH KUIBKOCTI IUGpP y ULUINA YacTUHI
pe3ynbTary.
2) 3HaiiTH KOPiHb 3 HEAOTIKOM 3 Tpynu MUdp, SKa MICTUTh HAUOLTBII po3psiau (Tipu
HEBEJIMKHX N 11 pOOUTHCS YCHO).
3) Bignasta N-uit cremiab OTpuMaHoi B MyHKTI 2) mudpu Big nanoi rpynu mudp. o
ocTaul JOMKCATH CIIpaBa HACTYMHY Ipymy MUudp (BUKOHATH KOHKATEHAIIIIO0).
4) CxacTu HEPIBHICTH BULY
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x(q"t-Cl-10"t+q"%-C2-10" 2 x4+ -C2 10" X2 L+

1
+0%-CM%.10% - x"* +q-CM 10" - X" + x" ) <, @
7e (| — 4uciio, CKIIQJICHE 3 YK€ BiIoMHUX HUGpP pe3yibTara; X — HeBigoMa mudpa
pe3yiabTara; I — ocTtaya i3 MyHKTa 3).
5) Hait6inpimmii minuii HeBia'eMHUN pO3B’ 30K X HEPIBHOCTI MIPUITUCYEMO JI0 YUca (.
6) HoBa ocraua mopiBHIOE PI3HMIN MONEPEIHBOT OCTayl Ta 3HAYEHHS JIIBOT YACTUHHU
HepiBHOCTI (1) 3 Kpoky 4) IIpH 3HAMIEHOMY B 5) KpoOIll 3Ha4eHHI X.
7) TloBToproBaTu MyHKTH 4) — 6) 10 THX Mip, MOKUA ICHYIOTh HE PO3TJSHYTI TPYIU
udp.
OOuuciuMo, HampukiIad, KOpPiHb S5-TO CTENeHs 3 HaTypaJbHOTO 4HCIa
1099511627776.
1) Po3buBaemo unciao Ha Trpynu mo S5 1udp, NOUYMHAIOYM 3 HAaWMEHIINX PO3PSAiB:
109°95116°27776. Ockiapkd BHUMILIIO TpU TPYyNHU, TO MIyKAHE YHCIO Oyje
TPU3HAYHUM.
2) 3 rpynu uudp, gKka MiICTUTh HAHOUIBINI PO3PSIU, 3HAXOAUMO KOPIHb 3 HEJOJIIKOM,

orpumyemo [/109|=2, ne [X] — uina yactuHa ymcna x. Takum umHOM, nUdpa B

HalOUIBIIOMY PO3pAJIl IIYKAHOTO YKCIia JOPIBHIOE 2.

3) Bingnimaemo 3 ngaHoi rpynu uudp n'sTud cTemieHb yMcia 2, a J0 OTPUMAHOl
PI3HMIII KOHKATeHyeMO (NpPUIHCYEMO) HACTynHy TIpyny mudp. Otpumyemo
nociigoBao 109-32=77; koukareHaris yncen 77 ta 95116 nae yucmao 7795116.

4) Cxnagaemo HepiBHICTH Buay (1) mpu q=2.

x(2*-5-10% +2%.10-10° - x+2%-10-10% - x* +2-5-10- x> + x*) < 7795116
abo

x(800000 + 80000 - X + 4000 - x? +100- x* + x*) < 7795116.

MakcumanbHa 1udpa, sKa 3a0BOJIBHSE 1M1 HEPIBHOCTI, JOPIBHIOE 5. TakuM YHMHOM,
HOBE 3HAYEHHS (] JOPIBHIOE 25.

5) OTpumyeMO TOCIIJOBHO 3HAYE€HHS JIIBOI YAaCTUHU HepiBHOCTI mpu x=5. Hosa
octaya  jgopiBHIOe  7795116-6565625=1229491.  PesymbraT  KOHKAaTEHAIIIi:
122949127776.

6) Cxiagaemo HepiBHICTH Buy (1) mpu q=25.

x(25%-5-10% +25%.10-10° - x + 25% -10-10% - x* + 25-5-10 - x* + x*) <122949127776
abo

(19531250000 + 156250000 - X + 625000 - x* +1250 - x® + x*) <122949127776
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Yucno x=6 — MakCUMaJbHUHA IIMHA PO3B’A30K HEPIBHOCTI, TOMYy HOBE 3HAUCHHS
q=256.

7) Mu 3Haitnum Bci mudpu pe3ysibTaTy, TOMY aJlfCOPUTM 3aBepiiuB pooory. JliiicHo,
JiBa YaCTHHA OCTaHHBOI HEPIBHOCTI Mpu x=06 AopiBHIOE 122949127776, a 3HAYUTH,
HOBa ocTaua jopiBHIoE 0.

Orxe, /1099511627776 = 256.

3ayBa)XuMo, IO 3alpOIOHOBAHHUM aNTrOpUTM € TOYHUM. Ha KokHOMY LUK
4) — 6) anropuTMy 3HAXOIUThCS HU(ppa pe3yibTary, sSKa BXKE HE 3MIHIOETHCS [0
KIiHIISI pOOOTH aJTOPUTMY.

s oOrpyHTYBaHHS TOOYIOBAHOTO AJITOPUTMY CKOPUCTAEMOCS NIECATKOBUM
3alUCcOM LUIOro ymucia. Tak Ha3MBaeTbcs MOrO MPEACTABICHHS y BUIJISAL CyMHU
ctyneHiB yucna 10, y saxiii koedimientamu € 1udpu umcia. Skmo pe3ynabrar
3HAaXOJDKEHHsI KOpeHs n-To creneHs 3 uyucna A Mae k  mudp, TO

k k-1 2 n
A= (10 a, +10""a,_, +...+10%a, +10a, +a0) . 3amumemMo IpaBy  YacTHUHY
OCTaHHBOI ~ PIBHOCTI y  BUDNIAI n-ro CTEIEHS OiHOMa, TOOTO
_ n .
A= (lo-akak_l...aza1 + ao) , 1€ PUCKa O3HAyae, 110 CUMBOJIA MiJ HEIO € Hudppamu
yucia. 3BIJCK BUILUIMBAE MOXJIMBICTH 3aCTOCYBaHHS Qopmynu O6iHoma HproToHa, B
AKIH 1 BUHUKAOTh GiHOMianbHi Koedinientn C!. Ileit Gpakr mosicHioe BuJ BUpasy B

Oy’)Kkax y HepiBHocTi (1) juisi 3HaxoKJIeHuUs dYeproBoi 1udpu pesynbrara
3HAXOPKCHHSI KOPEHSI 71-TO CTETEHS.
Hanpukiaz, ky0 4OTUPU3HAYHOTO YKCIIAa MOXKHA 3aIllMCaTH TaK:

(10%°a+10%b +10c +d)® = (10abc + d)® =
=C210%(abc)® + C110%(abc)?d + C210(abc)d ? + C3d?.

Tpu ocTaHHIX AOJAHKHU fAKpa3 1 CKIAJal0Th BUpa3 y AyKKax HepiBHOCTI (1) micius
Horo MHOXeHHS Ha mudpy d, ska Ha JaHOMY eTalli ajJroOpuTMy € IIyKaHOK, a
nonepenHi 3 uudpu a,b,c pe3yabrara 3HalIEHI HAa MONEPEIHIX KPOKaX allTOPUTMY.

BucHOBKM Ta epCIEKTUBH MOAATBIINX JOCHTIKEHb

3aBlaHHs Ha y3arajbHEHHsS LIJIKOM IPUPOJHO BHUHUKAIOTH B paMKax OyJib-
SIKOTO HAaBYAJIBHOTO MPOIECY 1 CKIAMAlOTh I[IKABUM KJIaC JIOCTIAHUIIBKUX 3aBIaHb.
PosrasnyTrii B po60oTi npukiaa miATBEpAXKye 1ed ¢gakt. Po3B’s3aHHS TakuX 3aj1ad
CTyJIleHTaMH (POpMye y HUX HABUYKH, SIKI JIOMOMOXKYThb IM Yy iXHIA mpodeciiHii
nismbHOCTI. BimoMo, 1o xopommit gaxiBelb po3B’sA3ye HE TUIbKHM YYXKI 3ajadl, ajie
BMI€ CTaBUTH 1 PO3B’SI3YyBAaTH CBOi 3aBAaHHS. YMIHHS CTaBUTH 3aBJIAaHHS TOBOPUTH
po rO0Ke PO3YMIHHS CUTYAIIIi.

[ligHsATe y CTATTI MUTAHHS AEMOHCTPYE MOKIHMBOCTI 30JMAKEHHS BY31BCHKOI
MaTEeMaTHKU 31 IIKUIBHOIO, IO BAXJIMBO [UJIsl CTBOPEHHS TapHOi HaBYaJIbHO-
METOJIMYHOI 0a3u 1JIs1 BUKJIAJaHHS MaTeMaTHKU.

43



? Exercises.
1. Give the main idea of the article.
2. Describe the goals of the article.
3. List the basic terms.

& Task 3. Make summary in English [6].

3ACTOCYBAHHS PISHUX MOJEJEN JJI4 JOCIKEHHS
TOIIOJIOT' T HA CKIHUEHHX MHOXWHAX
Ckpsb6ina A.B., Crerannesa ILI.

Berym.

Ha cywsacHomMy eTami pO3BUTKY MAaTEMAaTHKH TOIOJIOTIS € HaJa3BUYaHHO
YHIBEpPCATHUM 1HCTPYMEHTOM [UIsl JOCIiIKE€Hb, TOMOJIOTIYHA CTPYKTypa 4acTo €
0a3010, Ha AKIA OYyIOTHCS 1HIII MAaTEMAaTHYHI CTPYKTYypH. TOMOJIOTIYHI MPOCTOPH Ta
iX HenmepepBHi BIOOpakKeHHS 3'ABJISIIOTHCS B 0araThboX po3/ijiax MaTeMaTHKHU.

[Ipu nocmimkeHH] TOMOJIOTIM Ha CKIHYEHHINM MHOXHHI Jy’K€ BaXJIUBY pOJIb
BiJIrpatoTh Ty -tonoJorii. lle nosicHioeTbes TUM (pakToM, 1o T; - Ta T, -Tonosorii Ha
CKIHUECHHIM MHOXKHMHI MOXYTh OyTH JIMIlIE TUCKPETHUMHU, a cepell T,-TOMOJOTIH €
I[IKaBl HETpUBIAJNbHI Npukiagu. KpiM 1mporo, ajisi po3p’s3aHHS 3a1adl MiIPaXyHKY
BCIX MOXJIMBUX TOTMOJIOTiM HAa CKIHYEHHIM MHOXKHUHI JJOCTATHbO 3HAWTH YKCIIO BCIX
T,-Tomosoriit Ha ni MHOXuHI. 31 crarti J.W. Evans., F. Harary, M.S. Lynn Bizoma

dbopmysia po 3B'SI30K YHCIIA T(n) yCiX TOMOJIOTiH Ha N-eJeMEHTHIH MHOXKHHI Ta

gucna T (m) ycix Ty-Tonosorii Ha ii M -eJeMEHTHUX I1AMHOKUHAX:

T(n)= mzi:ls(n,m)f(m),

e S(n, m) — ypciia CTipiiiHra Ipyroro pojay.

Jlns BUBYEHHS TOIIOJOTIM HA CKIHYCHHIM MHOXHWHI iX MOJEIIOBAIH,
BUKOPUCTOBYIOUM Pi3HI MaTeMaTu4Hi 00’exTu (rpadu, BinHOUIEHHS, OyneBl (QyHKIIi
Ta 1HWI). TomonoriyHi MpocTOpH Ha CKIHYEHHIA MHOXHHI TOYOK MOXYTh OYyTH
OMKCaHl Ta AOCTIHKEHI KOMOIHATOPHUMH METOJAaMH 3aBISKH iX TICHOMY 3B’SI3KY 31
CKIHUEHHHMMHM YacTKOBMMHM mopsiakamu. Llg B3aemoais KOMOIHAaTOHHOI Ta
TOMNOJIOTIYHOI CTPYKTYp Ha CKIHYEHHI MHOXHMHI POOUTH CKIHYEHHI TOMOJIOT1i
BOYXJIMBUMH MaTEMaTHYHUMHU 00’ €KTaMH.

Tomonorii Ha CKIHYEHHIA MHOXXHMHI BIIIrpaloTh KIIOUOBY pOJIb B TeEOpii
po3mi3HaBaHHs 00pa3iB, TEOPIi MOJIEKYISIPHUX CTPYKTYP, TEOMETPIAX HA CKIHUEHHUX
MHOKHHAaX.

Orusan MeToMIB TOCTIKEHHSI TOTOJIOT1H Ha CKIHYEHHIH MHOXKHHI

TomomnoriyHa CTpyKTypa Ha n-€JIEMEHTHIN MHOXHHI € TUCKpeTHOI0. ToMy mpu
il TOCHIIPKEHH] HA MEPITUi TUTaH BUCYBAIOTHCA 3aja4il MIPaXyHKy Ta MepepaxyBaHHS
TOIOJIOT1H, TOOTO 3a7a4l JUCKPETHOT MaTEeMaTHKH.
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3amava migpaxyHKy TOTOJOTiIM HAa CKIHYEHHIW MHOXHWHI Ha JAaHHUH MOMEHT
3aJIUIIAE€THCS HEPO3B’sI3aHOI0, TOMY IHTEpec 10 Hei 30epiraerbcs, 3 SBISIOTHCA
nyOJiKamii JOCTITHUKIB 3 PI3HUX KpaiH 3 HOBUMH pesyinbTaTamu. Llei iHTEepec
MIJICUITIOETBCS TUM, IO TPH JOCTIKEHHI TOIOJIOTIA Ha CKIHUCHHX MHOMKHHAX
BUKOPHCTOBYIOTHCSI Pi3HI MaTeMaTW4yHi CTPYKTypH. Tomosorii MOAETIOThCS 3a
nornomoror rpadiB, MaTpHIlb, OyiaeBUX (YHKIINA, YHIOPSJIKOBAHUX HAOOPIB ILIUX
grcen. [IIupoko 3acTOCOBYIOTHCS METOIU airedpaiuyHoi Tomosorii, KOMOIHATOPHOTO
aHaJizy, Teopii rpy.

a) Mixk MHOXXMHOIO TOIOJIOTiM Ha CKIHYCHHI MHOXXHHI 1 MHOXXHHOIO BCiX
NEepelnopsAaKiB Ha Il MHOXHHI (TOOTO peQleKCUBHMX Ta TpPaH3UTHBHHUX
BIJIHOIIICHB) iICHY€ B3a€MHOOITHO3HAYHA BiJIITOBITHICTb. Ii ICHYBaHHS 3BOJUTH 3aja4i
mipaxyHKy a0o0 mepepaxyBaHHs €JIEMEHTIB OAHI€] 3 IIMX MHOXHWH JI0 aHAJIOTTUHUX
3a/1a4 IS 1HI10T MHOYKHHU.

JJ1s 3acTOCYBaHb TOMOJIOTIM HA CKIHUCHUX MHOXXHHAX BaXKIIUBY POJIb Bidirpae
3ajlaya TepepaxyBaHHA TOMOTOINIYHUX THUMIB CKIHYEHUX MHOXHH, a TaKOX
BUKOPUCTAHHA 1HIIUX MOHITH aJIreOpaiuHOo1 TOMOIOTI].

BigHomeHHsT nepeAnopsaKy L Ha CKIHYEHHIM MHOXHHI X 3 TOMOJOTIE T

MO’KHa BBECTH PI3HMMH criocobamu. Hampuxnag, (X, y)e £ TOJl 1 TUILKU TOJI, KOJH

KO>KHA BIJKPUTA MHOKHHA, 110 MICTUTB X, MICTUTb TaKOX 1 Y, TOOTO X € {ﬂ, e @ €
3aMHUKaHHSAM MHOKUHH {y} BiZIHOCHO Tonouiorii 7. OOepHEHO, IS IEPEANIOPAIKY L
Ha ckinvenniii muoxmmi X cykymmicts 7={Uc X |(VxeU)p(x)cU}, ze
p(X) = {y | (X, y) € p}, € Ttomojyorieto Ha X. Taki mepenmnopsaoK Ta TOMOJIOTIIO

Ha3UBaIOTh BIAMOBIIHUMH. B po0OTI 3a3HavaeThes, O A1 KIacu(ikaiii CKIHYEHHUX
TOMNOJIOTTYHUX MPOCTOPIB 3 TOUHICTIO O TOMOTOIIYHOI €KBIBAJIEHTHOCTI JIOCTATHBHO
KJIacupikyBatu T, -IPOCTOPH 3 TOUHICTIO A0 TOMOTOIIYHOI €KBIBaJIEHTHOCTI.

Otrxe, po3rasiHEMO T,-TONOJNOTII0 Ha CKiHYeHHIM MHOxwHHI X. IlozHaummo
CUMBOJIOM M, MiHIMajgbHUN OKIJI TOYKU X 3 MHOKHUHH X. CyKYINHICTh MiHIMaJIbHUX
OKOJIB BCIX €JIEMEHTIB MHOXHMHM X YTBOpIOE MiHIMajbHy O0a3y T,-TomoJorii.
Hapenemo 1ie ojiHe 03HAYCHHS MOPSAJKY Ha CKIHUCHHINH MHOXKHHI 3 TOIIOJIOTIE 7, 3
BUKOPHCTAHHSIM IOHSATTS MiHIMAIbHUX OKOJIB: JUIst Oyab sSkux X,y € X X <Y AKIIo
Mx < My.

IIpu npomy Tomosoris = € Ty-Tomosoriero Ha X skmo 3 X<Y 1 Y<X
BurimBae X =Y. lle o3Hauae, mo BigHOmIEHHA X<Y Ha X € peQueKCUBHUM,
TPAaH3UTUBHUM Ta AHTHCUMETPUYHUM, TOOTO € BITHOIMIEHHSM YaCTKOBOTO TIOPSJIKY.

O3HaveHHs 3B’A3HOCTI CKIHYEHHOT'O TOIOJOTIYHOTO MPOCTOPY Take came fK 1
ISt OyIb-SIKOTO TOMOJIOTIYHOTO npoctopy. Hanpuknan, MiHiManbHuid okin M, Oyb-
SIKO1 TOYKH X € 3B’ SI3HUM.

BnactuBocTi HemepepBHUX BiOOPaKEHb TOMOJOTIYHUX MPOCTOPIB Ta iX

roMeoMop(di3MiB  Takok MOXHa CGHOPMYJIIOBATH B  TEPMIHAX  YaCTKOBO

BIIOPSAKOBAHWX MHOXKUH. Hampukiaz, Mae Miciie TBEpIKEHHS:
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Skmo X, Y — ckinuenni, To pynkuis f: X —Y e venepepsHoIo Toxi i TinbKu
TOIi, KOJIM BOHA 30epirae nopsiok, To6to 3 X <y B X Burumsae f (X) <f (y) BY.

O3HavyeHHs] TOMOTOIIi, TOMOTOMIYHO E€KBIBAJICHTHUX MPOCTOPIB, CTATYBAHUX
TOMOJIOTIYHUX MPOCTOPIB MEPEHOCUTHCS 3 anredpaiuyHoi Tomojorii 6e3 3MiH. bymo
MOKa3aHo, 110

Byap-skuii CKiHUGHHUN CUMIDTIIIIATPHUN KOMIUIEKC CJIa0KO TOMOTOIIIYHO
€KBIBJICHTHUI CKIHYUEHHOMY TOTIOJOTIYHOMY MTPOCTOPY.

OTxe, 3a71a4a TiepepaxyBaHHs TOMOTOIIYHUX THUITIB CKIHUEHHUX TOTOJIOTIUHUX
IPOCTOPIB HACTUIBKHU K BaXKIIMBA, 5K 1 3a7a4a NepepaxyBaHHS TOMOTOIIYHUX THIIIB
CKIHYCHHUX CHUMIUTIIAIBHUX  KOMIUIEKCIB. Bkazanuii ¢akT TroMOTOMIYHOI
€KBIBAJICHTHOCTI MEPETBOPIOE CKIHUEHHI TOIOJOTIYHI MPOCTOPU B 1HCTPYMEHT JIS
0aratbOX Cy4aCHUX 3aCTOCYBaHb. 3O0KpeMa, BKa3aHl 3a/layl TICHO TMIOB’s3aHl 3
1M(ppoBo0 00pPOOKOIO 300pakeHh Ha OCHOBI CKIHUYEHHHUX HAOOPIB CIIOCTEPEKEHBD,
TOOTO HaMaraHHsM 3PO3YMITH BMICT 300pa)K€HHsS Ha OCHOBI MOHSTTS OJU3BKOCTI
TOYOK.

0) MogentoBaHHsS TOMOJOTIM Ha CKIHYCHHMX MHOXKHMHAX 3a JOIOMOIOIO
OyneBux (YHKIIIN BUSBUIOCH IOCTaTHHO 3PYYHUM JIJISI 1X OMKMCAHHSA Ta AOCIIKEHHS,
OCKIJTbKM KOXHY TaKy TOIOJIOTiI0O MOJKHA 3aJaTH KOH FOHKTHBHOIO HOPMAaJILHOIO
(GOpMOI0  CHEMiaIbHOTO BHJIY 1 BHUKOPHCTOBYBATH PE3YNbTaTH  JTOCHIKECHb
HOpMaJIbHUX (hopm OyneBux QpyHkuid. Onucano T, -TOmoiorii came 3a J0MoMOroxo 2-

KH® OyneBux ¢yHkiiil. BukopucToByroud 110 MOENb, JOCIIHKEHO B3aEMHO
JBOICTI Ta CaMOABOICTI T, -TOMOJIOTI, @ TAKOX MiJPaxoBaHO KUIBKOCTI T -TOMOIOT1H
3 Baroto 25 - 2"7°,

B) JlJig OCHiIPKEHb TOTOJIOTIM y OYJI0 BBEJEHO MOHSATTA BEKTOpPa TOMOJIOTII —
BIOPSJIKOBAHOTO HA0OPY HUIMX HEBIA €MHUX YHCEI, [0 BHU3HAYAIOTh MIHIMAJIbHI
OKOJIM €JIEMEHTIB 33J]JaHOl CKIHYEHHOI MHOKHUHHU. 3a JOIIOMOTOO I[1€1 MOJIEN1 BIaJI0Ch
TIOBHICTIO PO3B’SA3aTH 3a/a4i JOCHIIKEHHS CTPYKTYpPH TOMOJIOTIH 3 Gimbmum 3a 271
YUCJIOM €JIEMEHTIB, SIKI YaCTO Ha3UBaIOTh OJM3BKUMU J10 JTUCKPETHOI TOIMOJOTISIMHU.
Bektop Tomosorii 0ysi0 BUKOPHUCTAHO TaKOX JIS JOCIHIJPKEHHS TOIOJOTIA 3 He
OinpmmM 3a 2™ 1 uKCIOM eeMEHTIB.

B miii poGOTI MM MPOAOBXKHUMO MOCTIPKEHHSI TOMOJIOTI Ha CKIHYCHHIN
MHOHHI, ONTUCYIOYH X BEKTOPOM TOTOJIOT1.

OcHOBHa YacTHHA.

HaiinommupeHimnoro kiacu@ikaiiero TOmoIOorii Ha N-eJIEMEHTHIN MHOXWHI, SKa
3aCTOCOBYETHCSI B OUIBIIOCTI JOCTIPKEHb, € PO30OUTTS TOMOJIOTIH Ha KJacu IO
KIJTBKOCTI €JIEMEHTIB B HUX. [HIIIMMU CIIOBaMU, TOBOPSITh, 1110 TOMOJIOTIS Ha IOBUIbHIM
N -eJleMeHTHIM MHOXHHI X BIOZHOCHTBCS A0 M-xracy mononozii ( abo mac eazy

M), SKIIO BOHA CKIAmaeThes 3 M eneMentis (m=2,3,...,2"). Tomomorist 3 Baror
m = 2" e auckpeTHO0. AHAN3 HASBHUX HA JAHMI MOMEHT MyOJIiKaLii CBiqUYUTh PO
Te, IO ITOBHICTIO JOCHIUKEHO TOIIOJIOTi, $KI Haje)kaTh J0 KjJaciB m > o1,
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iy 27 <m<2" i i i
3a3HaunuMo, 1110 B MPOMDKKY S < € Taki HATYpaJbHI Ynuciaa M, IO HE iCHYE
xKoaHOi Tomosorii 3 Baror M. IliIkoM MNpUPOAHOIO € TMOCTaHOBKa 3ajadl

JI0CTiPKeHHs1 Tomonoriii 3 Baroro 2"2 <m< 2",

V¥ 1971 p. R.Stanley omy6nikyBaB pe3yabTar Ipo YHCIO T,-TOHOJOIIHA Ha n-
eJIEMEHTHIM MHOXHUHI 3 Barowo k>7-2"* B po6ori M.Kolli 2007 poxy 3HaiineH0
YMCI0 BCiX TOmONOrii 3 Baror k >3-2"3, a B loro po6ori 2014 poky 3HalAEHO
KITBKOCTI BCiX T, -TOmooriii 3 Baroro k > 52",

Jlst popMyITFOBaHHS 33124 I11€1 CTATTI HAarajaeMo HEOOX1aHI TIOHSTTS.
Hexaif X — cKiHYeHHa MHOXKHMHA 1 7y — TOIOJOTiA Ha Hiil. MHOXHHa A 3 7y

Ha3UBAETHCS MAKCUMALLHOIO B Ty , SKIIO A HE MICTUTBHCS Hi B sIKill 1HIIIH MHOXHHI 3
Ty, OKpiM camoi MHOXMHH X . MHOkHHaA X Yy IIbOMY BHIIQJKy Ha3HBaETHCS

0XONHOIO.
Hexait 3amano wmuoxmen A, X, AcX i ronomorito 7,. Byaemo

BiJIHOBJIIOBATH BCi Taki TONOJOriI HAa MHOXMHI X, B AKMX MHOXHHA A ¢
MaKCHUMAJIBHOIO 1 sIKI 1HIYKYIOTh HAa MHOXHUHI A TOMOJNOTrit0 7, (B I[bOMY BHUIIAKY
TOIIOJIOTIIO 7, 1 BiAMOBiAHI TomoJorii Ha X OyJIeMO Ha3UBATH Y3200H4CEHUMUL).

Bbyno noseneHo TeopeMu Mpo BUIJISL BEKTOPIB, SIK1 33J1al0Th TOIOJOTIi HA M-
€JIEMEHTHI MHOXXHHI, Y3TrO/KeH1 3 OJU3BKHMHU JI0 JUCKPETHOI TOIOJOTISIMH Ha
(n — 1)-eneMeHTHIN MHOXHHI, Ta 3HAHICHO Bary TaKUX TOIOJIOriH. BUSBHIOCH, 110
y kmacax Tomomorii 3 Baroto |t| € [13-2"7°,2"71] 3a BukmoueHHsM T,-

TOIOJIOT1N, Y3TOJIKEHUX 3 OJU3BKUMH JI0 JUCKPETHUX Ta JIBOICTUX JI0 HUX, 1HIIUX
TOmoJiorii ~ Hemae.  byno  3HaliieHo  KJacu  TONOJIOTIM 3 Barow
|z| € [6-2"7%,13-2"7%), axi ne BuuepmyIoThcsi Ty -TOMOJNOTIAMHE, Y3TOKEHUMH 3
OMM3BKUMU 10 JUCKPETHUX Ha (1 — 1)-eneMeHTHI MHOXHWHI Ta IBOICTUMU JI0 HUX.
[cHyIOTH Ki1acu Tonosorii 3 Baroro |t| € (272,65 - 2™ %), B sxuX HEMae TOIOJIOTIH 3
sektopamu (0, ...,0,a,_,,a,)1(0,...,0,1,1,a,) npu ymoBi M,,_, N M,,_, = @, T006TO
’KOJIHA TOTOJIOTISl B KJIacl HE € Y3rO/XKEHOIO Hi 3 KO OJIM3BKOIO J0 JAUCKPETHOT
TomnoJioriero Ha (N — 1)-e1emMeHTHIN MHOXKUHI.
[IpupogHo  moOcTaBUTH  3a4ady  JIOCHIKEHHS  TONOJIOTIM 3 Baroro
k e (2”_2, 2”‘1J, K1 HE € Y3roPKeHUMU 3 OJIU3bKUMU JI0 TUCKPETHOT TOTIOJIOTISIMH.
a) PosrisiHemo T -tomonorii 3 Bekropom (0,...,0,1,3,3), anst n = 5. 3py4Ho
aHaI3yBaTH TaKl TOMOJIOTII, 3HAXOJWTH X Bary, po3rJIsAar0Yd MIHIMAJIbHI OKOJIA
eJeMeHTIB. {7 mbOro JOCTaTHHO PO3TISAATH JUIIE MiHIMAIbHI OKOJHM €JIEMEHTIB,
1HCKC SIKUX Yy BEKTOpP1 TOMOJIOTIi HE JIOpIBHIOE HyM0. B nanomy Bumanky ne M, _,,
M, , 1 M,, mpuaomy M, _, € NIBOECNEMEHTHOIO MHOXWHOIO, a M, , 1 M, —
YOTUPHOXECIIEMETHUMH MHOKMHAMHU. Bara Ttomosorii 3amexaTume Bifl TOMapHUX
MEPETUHIB BKA3aHUX MIHIMAJIILHUX OKOJIIB. BC1 MOXJIMB1 BUNIAAKK MU PO3OMIIN HA TPU
KJIAaCH, OMNHUCABIIM MOTYXXHOCTI MOMAPHUX MEPETHUHIB MIHIMaIbHUX OKoJiB. [lpu
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MiApaxyHKy Bard TOMOJIOTIi BUKOPHCTAHO (OPMYIU 1 MOHATTS TIUOMHMU BiIKPUTOL
MHOXXMHH. Hampukiaa, po3risHeMo OIWH i3 BHIAJAKIB, Komu M, _, = {x;,%,_ -},
M, , = {xllxﬂ—Eijyxﬂ_l} iM, = {xl,xﬂ_z, X;, xﬂ} B npoMy Bumaaxky Bara Takoi
cee . _ . ﬂ—ﬁ (v}
TomoJiorii  fopiBHioe  |T| = 14-2"7° + g({xl, Xp—2,%; }) [Mepmmit  momaHOK
JOpiBHIOE Ba3i TomoJiorii Ha (n — 1)-enmeMenTHii MHOHHI 3 BekTopom (0, ...,0,1,3),
AKa € y3rO/DKEHOIO 3 OJIM3BKOIO 10 NUCKPETHOI TOMOJOri€o Ha (N — 2)-eneMeHTHIH
MHOXUHI. Jlpyruii 1onaHoK g({xl, xﬂ_g,xj}) Jla€ TIMOMHY BKa3aHHOI MHOXHUHH 1

nopiBHIOE 2 - 2"7°  Tomy |T| =9 -2"7° = 2772,

OTprMaHO HACTYIHI PE3yJIbTaTH:

1)  Sxwmo |M,,_, N M,_;| =2 i noTyXHicTh X04a O OIHOTO 3 JBOX IHIIHX
IIEPETHHIB JOPIBHIOE HYJIIO, TO Bara TOIOJIOTII € MEHIIO0 abo gopiBHIOE 2™ %, TOOTO
HE HAJICKUTh MHOXHHI (272,27 1];

2) Sxmo |M,_,NM,_ ;| =11 xoua 6 oMH 3 JABOX IHIIMX MEPETUHIB €
HIOPOXKHBOK) MHOKHUHOIO, TO BAra TOIIOJIOTIi HE HAJIEKUTh MHOKHHI (272,27 1];

3) Skmo |[M,_,NM,_ ;| =0, To Bara TOnosOrii HEe HAJICKHUTH MHOKHHI
{:211—2’ N 1].

0) T,-tomoorii 3 Bekropom (0,...,0,1,2,a,), ne 2 < @,, <n — 1 TakoX HE €
Y3rO/DKCHAMH 3 OJHM3BKHUMH JI0 JUCKPETHOI. AHAJOTIYHWM aHaji3 TepeTHHIB
MiHIMaJbHUX OKOJIB M,,_,, M,,_; 1 M,, 103BOIMB BUALUTUTH TaKi BUMAJIKH:

1)  Skwmo |[M, .M, ,|=2 abo |[M,_, nM,_,| =1, To Bara Tomosorii
HAJIEXKUTh MHOXHMHI (2772, 2™ 1] He3aneXHO Bij iHIINMX IIEPETHHIB;

2) Sxmo |M,_, NnM,_,| =0, To Bara Tonoxiorii He HAJEKUTH MHOKHHI
{:211—2’ N 1].

3a3HayuMO, W10 HAaMHM TaKOX IPOBEACHO MOCIIKEHHS 71 -TOIOJIOTINA 3
BEKTOpaMH (0,...,0,1,1,1,2,2); (0,...,0,1,1,1,2,3); (0,...,0,1,1,1,1,2,2);
(0,...,0,1,2,2,2); (0,...,0,2,...,2) i 3HaliICHO YMOBH Ha MiHIMaJIbHI OKOJIU €JICMCHTIB,
K1 3a0€311€Uy0Th HAJIEXKHICTh Bark TOMOJIOTIT IpoMikKy (272,27 1],

BucHoBKku.

3agadya migpaxyHKy BCIX TOIOJOTIM Ha JOBUIbHIM CKIHYEHHIM MHOMXKHUHI
3AJIMIIAETHCS HEPO3B’s13aH010. OHIEIO 3 TPUYUH MOKHA BBAXKATH BIACYTHICTh TaKOi
MOJZIeNII TOMOJOTli, sika © J03BONMJIA CTBOPUTU €(EKTUBHUN aJITOPUTM IS
MiIpaxyHKy, a00 OTpUMAaTH PO3paxyHKOBY (HOpMyIy BiJ 7 — KIJIBKOCTI €JIE€MEHTIB B
MHOKHHI.

KoxHa 3 po3rIsIHYTUX MOJENe TOMOJIOTii Mae sIKk MepeBaru Tak 1 HETOJIKH.
OnuH 1 TOM camuil BEKTOP MOXKYTh MaTh HETOMeOMOpP(HI TOMOJIOTIT — 1€ CYyTTEBHIA
HEJIOJIIK, ajie, B TOW )K€ 4ac, BUKOPUCTAHHS IT1€1 MOJIEN1 a0 MOXKIIUBICTh OTPUMATH
BaroMi pe3ynbTaTH. 30KpeMa, MU BXE€ MaeMO IOBHHM CIMCOK BEKTOpiB T-
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TOIOJIOTIH, Bara SKUX HAJEXKUTh MPOMiKKY (2™72,2"71] i gki € y3romkeHUMH 3

ONM3bKUMU JI0 AUCKpPETHOi Tomosiorii. B mili poOOTI mpeacTaBieHO pe3yibTaTu
nocmimpkeHnst Ty -TOMONOTIH, Bara sKMX Haluexuth (277 %,2"71] i sxi mHe €

y3roDKEHUMU 3 OJIM3BKUMU JI0 TUCKPETHOI.

? Exercises.
1. Give the main idea of the article.
2. Describe the goals of the article.
3. List the basic terms.

& Task 4. Make summary in English [7].
Anna Skryabina, Polina Stegantseva, Nadia Bashova

The properties of 2-CNF of the mutually dual and self-dual T,-topologies on the
finite set and the calculation of T,-topologies of a certain weight

1. Introduction. The methods of the graph theory, the partially ordered sets,
Boolean functions, the homotopy topology, and others are used in the modern studies
of the topologies on the finite sets.

The selection of the topologies from all possible subsets of the given finite set
can be performed with the help of the computer although this method is not effective
for the sets with the sufficiently large number of the elements. In the Online
Encyclopedia of the Integer Sequences you can find the number of all topologies on

n-element set for n=0,18, as well as the number of the topologies with an accuracy

up to homeomorphisms for n=0,16. These computer-generated data are important

for testing of the results obtained by the other methods.

At present, there is no formula for the determination of the total number of the
non-homeomorphic topologies as well as the number of all topologies on n-element
set, so this question is open. There is a formula which gives the relation between the
number T(n) of all topologies on n-element set and the number T(m) of all T,-

topologies on m-element sets:

T(n)= és(n,m)f(m),

where S(n,m) — Stirling numbers of the second kind, which are the known object of
the discrete mathematics and are obtained by the formula:

s(n,m)zﬁ[mn_c;(m_l)uc;(m 2 4.+ (O™
where S(n,m)=0, if m>n or m=0, and S(0,0)=0, S( n)=1.
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n

For the first time the formula T(n)='S(n,m)T(m) was published in the

m=1
article JW. Evans., F. Harary, M.S. Lynn.
The number k of the elements of the topology on n-element set (the weight of

the topology) can take on the natural values from 2 to 2". The topologies with the
weight k>2"" are called close to the discrete topology, they have been studied
completely.

In 1971, R.Stanley published the result connected with the number of T,-

topologies on n-element set with the weight k >7-2"*, the number of all topologies
with the weight k >3-2"2 has been found in the article M.Kolli in 2007, and he
found the number of all T,-topologies with the weight k >5-2"* in his work in

2014.
To-topologies have been studied with the help of the topology vector - an

ordered set of the nonnegative integers that define the minimum neighborhoods of the
elements of the given finite set. Also the topologies on n-element set, which are
compatible with topologies close to discrete ones on (n-1) -element set have been
considered. The form of the vector of T, -topologies with k = 5 - 2™"~* and the values
k € [6-2"*,2" 1], for which there are no T,-topologies with the weight k have
been found.

We can distinguish a number of the subproblems in the complex unsolved
problem of the counting of all topologies on n-element set, the solution of which
requires one or another of the mentioned methods. The identification of the mutually
dual and self-dual T;-topologies is one of such subproblems. The method of the
describing of T,-topologies with the help of the special form of 2-CNF of Boolean
function is convenient for the solution of this problem.

The aim of this work is the investigation of the properties of 2-CNF Boolean
function, which specify mutually dual and self-dual T;-topologies, and their
application for the counting of the number of T, -topologies of a certain weight.

2. The definition of T,-topologies on the finite set with the help of 2-CNF of
Boolean functions. We consider all possible combinations of the subsets of the set X.
For each combination there is a single Boolean function, which has this combination
as its truth set, and vice versa. There is a question what Boolean function corresponds
to the combination, which forms the topology on the set X. We will find the form of
CNF of such function. The concepts of weakly negative, weakly positive, bijunctive
Boolean functions have been defined, and the classes of such functions have been
denoted by WN , WP and Bi accordingly.

Definition 1. The Boolean function f(x,,X,,...x, ) is called

—weakly negative function, if there is a conjunctive normal form for it in which
each disjunction contains no more than one variable without negation, namely has the
form
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(Xif VX, Ve v X Xxﬁ VX, V... VX )(X{ VX, VeV X ),
where «, f3,...,y are Boolean constants.

— weakly positive function, if there is a conjunctive normal form for it in which
each disjunction contains no more than one variable with the negation, namely has
the form

(Xi‘f VX, Vv X Xxﬁ VX, V.V Xg )(X{ V X, VoV X ),
where o, f3,...,y are Boolean constants.

— bijunctive function, if there is a conjunctive normal form for it in which each
disjunction contains exactly two variables, namely has the form

) a Ny B ,32) ( n 72)
(xil v X Xle vXE LA VX
where o, f,...,; are Boolean constants. This conjunctive normal form is called 2-

CNF of Boolean function.
The following theorem has been proved.
Theorem 1. The set of the subsets of n-element ordered set X = (%, X,...,X,, )

forms the topology on the given set if and only if Boolean function f(x;,X,,...,X, ),

corresponding to this set, belongs to the intersection Bi (WP (NWN .

The topology with 2-CNF is not uniquely defined, namely Boolean function
from the intersection Bi(YWP NWN may have several different 2-CNF. But there is
a single (up to the accuracy of the designation of the variables) maximum 2-CNF for
each Boolean function.

Definition 2. The maximum 2-CNF of Boolean function, which determines the
topology, is called such 2-CNF, which has the following property. If the pair of the
disjunctions x; v X; and x; v X, belongs to 2-CNF then the disjunction x; v X also
belongs to 2-CNF, where i, j,k =1,n.

Let 7 pe a topology on the finite set X ={x,...,X,}. The collection
B={2,M,,...M,}, in which M, — the minimum neighborhood of the point x;, is the
base of the topology =, which will be called the minimum.

Theorem 2. Let 7 be the topology on n-element set x with the minimal base
B={T,My,...M}. If M, =%, ...} then there is a 2-CNF of Boolean function
that specifies the topology  that contains the conjunction of the form

o = ()_(k \% Xil)/\.../\()_(k Vv X )

In particular, if M, ={x}, then ¢, =1. Inversely, if some 2-CNF of Boolean
function that specifies the topology z has the form ¢ =g(x v x, )A..A (% v X ),
where 2-CNF & does not contain x, , then there is an inclusion {x, X, ,.... X, f< M.

Proof. Let us renumber the elements of the set x so that there is a minimum
neighborhood M, ={x,%.,....x;}. Then the executive vectors for the corresponding
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Boolean function are the vectors (1.1,....1, &g 1,.-. @k 1,1, @11, 2 ). ON all these sets
o =X v X)) AL A (R v Xg)=1, that is ¢ belongs to some 2-CNF.

Inversely, let ¢, = (X v x)A...A(% v %) belongs to some 2-CNF of Boolean
function and it is not present in other disjunctions x, . Obviously ¢, =1 on the sets

(1,L...,1,as+1,...,ak,l,ak,ak+l,...,an),

of which, only the sets (LL,....1, &tg 1,..., @k 1.1, X 41,-.., ¢y ) COIrespond to the subsets
that contain X, . S0, {X(, %, X }< M, . Theorem is proved.

Theorem 3. Let B={2,M;,...M,} be the minimum base of the topology =
and ¢, be the conjunction that corresponds to the minimum neighborhood ™.,

—_ - - n - -
k =1,n. Then the conjunctive normal form ¢ = A% Is the maximum 2-CNF.

Proof. Let 2-CNF ¢ is written on the minimum base B={&,M;,...M}. We
show that ¢ is the maximum. Let the disjunctions x; v X; and x;j v X are included
in ¢ at the same time. According to Theorem 2, this means, that x;eM; and
x; € M. From the definition of the minimum neighborhood we have the inclusions

d MJCMk XiEMk

MicM; an , hence the inclusion M; = M, namely . It follows
from Theorem 2 that 2-CNF ¢ includes the disjunction x; v x,. According to the

definition 2, 2-CNF ¢ is the maximum, which had to be proved.

Corollary 1. The maximum 2-CNF of Boolean function, which defines the
topology on the finite set, uniquely determines the minimum neighborhoods of all its
points.

n
Proof. Let ¢ = e the given maximum 2-CNF. Let us denote the set that

contains x, and all the variables that are in disjunction with x, by K. By Theorem 2
we have the inclusion K =M, . The inclusion M, c K follows from the maximum ¢.
It follows from the fact that x; e M, that the disjunction x, v %, belongs to ¢ which
means that x; e K. So, K=M,. If ¢ does not contain the disjunctions with x,, then
My = {x |-
Example 1. For the maximum 2-CNF
@ =0 v %)X v % )0 v X5 )Xo v X5 NXg v Xs5)
of the topology on a five-element set the minimum base of the topology has the form
B =1{D, {xu}, (%2 }, 10, Xa b X Xa b X0 X2 X3, X5 1Y -
Corollary 2. Each Boolean function ¢(x,...,x,) that specifies the topology on
the set X ={x,...,x,} has a single maximum 2-CNF.
3. 2-CNF of the mutually dual and self-dual topologies.
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Definition 3. Let Cz — the set of the complements to the elements of the
topology 7. The topologies 7 and C7, as well as the corresponding 2-CNF f. and

fc, are called mutually dual ones.

Theorem 4. If some 2-CNF specifies the topology 7, then 2-CNF, obtained
from it by the substitution x; — X;, X; — X;, specifies the topology Cz .

Proof. Let us consider any disjunction % v Xj., which is the part of 2-CNF f_ of

Boolean  function, which specifies the topology ¢ on the set
X =1, X 1o X Xy f- Then, the truth domain of Boolean function includes the

j,...,an) and (al,...,aifl,O,a”l,...,ajfl,O,aHl,...,an). After
these replacements, they will be replaced by the sets (@,....@_,0, &, Ao a,) and

sets (al,...,ai,l,l,am,...,a

5“), and the selected disjunction will be replaced by
the disjunction x; v x;. The disjunction x; v x; is equal to 1 on the new sets. The set
(al,...,ai_l,l,ai+1,...,aj,...,an) defines the subset A€z, and the set
(@ @_1.0.8 1, & @) defines @ subset CA4eCr. Similarly, the set
(al,...,aH,O,aiﬂ,...,ajfl,o,ajﬂ,...,an) defines the subset V ez, and the set
(@, @1 L8y, @y L1, 0y ) defines the subset CV e Cr.

Thus, after these changes with 2-CNF, which specifies the topology 7, we
obtain 2-CNF, which specifies the dual topology Cz. Theorem is proved.
Definition 4. Two 2-CNF f; and f, of the topology on the set X are called

equivalent if the bijection ¢: X — X exists and has the corollary f, =¢(f;). If a 2-
CNF f_ is equivalent to f. , then f_ and f., as well as corresponding

homeomorphic topologies T and Cz, will be called self-dual.
Let us find out when 2-CNF and the corresponding topology are self-dual.
Definition 5. The number which is equal to the number of the occurrences of
this variable in the corresponding 2-CNF is called the multiplicity of the variable x;

in the topology on the set X . Let us denote the multiplicity of the variable x; by r,
the multiplicity x; by r.

Theorem 3.5. Two maximum 2-CNF ;(xq,...,.x,) 1 f2(yq,...,y, ) are
equivalent if and only if the variables can be divided into pares X, y; such that

fi =Sj andFi =§j.

Proof. Let ¢: x; — y; be the bijection which sets an equivalence of the
maximum 2-CNF f;(xy,....X,) i f2(y1,...,yn). Then the equalities r; = s and
hj =S; are true.
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j are true for the maximum 2-CNF

f1(X,....Xp ) @nd f(yy,...,y, ) Of the topologies 71 and r,. We will describe what
the bijection can be constructed.

Conversely, let r; =s; and ; =S

Suppose the variables are ordered so that the inequalities f; <T, <...<F; and
Sj <Sj, <...<§;j aretrue. We have I, =S; foreachk, sowe have that the

minimum neighborhoods of the elements X, and yj, are equivalent.

The topologies 7; and 7, are the To topologies, so we will definitely have the
equalitiesty =, =...=f, =0 and §; =§; =..=§; =0,k=1. We will set the
next substitutions xj —yj ,....Xj — Yj,, Which also are the substitutions between

the single element minimum neighborhoods. Further we consider the minimum
neighborhood M  of the elementXx; _, and the minimum neighborhood M of

=S, =1 1=<I<k, thus these
minimum neighborhoods include the elements Xiy .1 and Yia respectively, and also

the element y; . Let we have the equality Fj ,

| elements between which we already have the substitution. We will

putx , = VYij,,,- S0 We have M i M i, - Similar conclusions we will have for

the minimum neighborhoods of the other elements. Hence the minimum basis of the
topologies 7; and 7, are corresponding in built substitution. So the topologies 71
and 7, are homeomorphic, and 2-CNF fy(xq,....x5) and f5(yy,...,y,) are
equivalent.

Corollary 3.6. The maximum 2-CNF defines a self-dual topology on the set X
if and only if the variables can be divided into pares X;, X; such that r; =T;
andfj =r;.

Example 2. Let f, =(x, v % % v X)X, v Xs). Here r, =2, . =2, r, =1,
r,=1, ie r,=r, and r,=r,. We construct 2-CNF of the dual topology
for = (X VX XX v x5 (X, v X5). The bijection X, <> X,, X, <> X,, X3 ¢>X3, X4 <> X,
proves that 7 is the self-dual topology.

We show that the presetting of 2-CNF of the topology and its presetting by the
topology vector are related. Suppose that the topology 7 is given on the finite set X
and ae X.

Definition 6. The index of the point (element) ae X in the topology 7 is called
a number ind_(a), which is equal to the number of the elements which are not equal

to a in its minimum neighborhood M, .

Definition 7. The non-descending sequence of the indices of all elements will
be called the topology vector. The vector of the topology = will be denoted by
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v(t)=(ay,x,,....,). The index of the topology 7 is the sum of the indices of all

elements of the set X in the vector of this topology.
Theorem 6. The sequence (;,a,,....,) Of the nonnegative integers is the

vector of some 7,-topology on n-element set if and only if it satisfies the following
conditions:

a) o <oy, i=1Ln-1,

b) o <i—1, i=1n.

It follows from this theorem

Corollary 3. If two T,-topologies are mutually dual, then their indices are the

same.

Proof. By the definition, the index of the topology 7 is the sum of the indices
of all elements of the set X in the vector of this topology. This last sum, in turn, is
equal to the number ¥ =(M,|-1)+...+(M,|-1), which determines the number of

disjunctions in the maximum 2-CNF of this topology. On the other hand,
2=h+...4+r,=0+...+F,. This fact results in the equality of indices of the

mutually dual topologies, because the maximum 2-CNF of the topology Crz is
obtained from the maximum 2-CNF of the topology z by the replacement x, — X;,

X; — X;. The corollary is proved.
4. The enumeration and the calculation of all observed T, -topologies with the

weight 25 - 2™7%, The purpose of this section is to show the use of the vector and 2-
CNF of T,-topologies for their enumeration and calculation on the example of 7, -
topologies with the weight 25 - 275,

Table 6 shows that in the class 25-2"7® there are 7 non-observed T,-
topologies, and it is shown that the number of all observed T7',-topologies of this class
atn > 6 is equal to ﬂff (n)g +i- (n).

Theorem 7. T, jtopology hag the weight 25 - 2" if and only if its vector has
one of the following forms:

1) (0,...,0,1,5),ifa)M,,_, c M, ;b)M,_, nM, = {x,},

2) (0,..,0,2,2),ifM,,_, n M, =0,

-1
3) (0,..,0,1,11,1,2),if N M, =lx}anda)M, , = M,

m=n—4
b) N My=bi),
4) (0,..,0,1,1,2),if M, , N M,_, = (x.}and ﬁzlvlm _z,
5) (0,..,0,1,1,1,1), if M, snM,_,={x]} m:r;d M, ,nM, ={x}, and

X; # X;.
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Thus T,-topologies with the vectors (0,...,0,1,5) and (O0,...,0,1,1,1,1,2),
(0,...,0,2,2) and (0, ...,0,1,1,1,1) are mutually dual, and 7,-topology with the vector
(0,...,0,1,1,2) is self-dual.

Proof. We show that the weight of 7 -topologies for each of these vectors is
equal to 25 - 2™°. It was proved that the topologies with the vectors (0, ...,0,1,5) for
cases a) and b), as well as with the vector (0,...,0,2,2), under the condition
M,_, n M, = @, have weight 25- 2™ %, These topologies induce close to discrete
topologies on a set X = (X, X,,...,X, ; ). We show that the topologies with the vector

(0,...,0,1,5) in the case of M,,_, © M,, are mutually dual with the topologies with the
-1
vector (0,...,0,1,1,1,1,2) when nﬂ Mp={x} and M,,_; = M. In order to do this,

m=n—4
we denote one of the homeomorphic topologies with the vector (0,...,0,1,5) by the
symbol (2 Let its minimal base have the form
B, = {Eﬁ, o o b, X 1 X, X0, X, Xy, Xy o, xn}}, then the corresponding
maximum 2-CNF has the form f; =(x; v X,_3 XX v Xy XX Vv X XXg Vv X5 NXg v X NXp g v X ).
After replacement x; - X, X; —>X;, we obtain the topology Cz and the
corresponding  2-CNF ;= (x4 v % XXn v % XXn v %o XXn v X XXn v %y XX v Xy_g ). The
bijection x; <> Xy, Xq_1 <> Xq_1, Xp <> Xn_a, X3 <> X,_3 and x, <> x,_, reduces it to the
equivalent 2-CNF £, =(x v Xy_4 XX Vv X3 X v Xn_2 % Vv Xn_g NXg v % X1 v % ). Thus,
the  minimum  base of the  topology Ct has the  form
B, = {'E’; (EST S b X PO PRI O b SPE Y O £ P SNIPY % b SP Sy )
{1, %01, %5}
(0,...,0,1,1,1,1,2), and the conditions are met nr_]14|\/|m ={x;} and M,,_, © M,,. Thus,
m=n—
the topologies are mutually dual. Similarly, we can show that the topology with the
vector (0,..,0,1,5), M,_,nM, ={x;} and the topology with the vector

}, and its vector

(0,...,0,1,1,1,1,2), ﬁ M., = {x;} are mutually dual, and also that the topologies with

m=n-4
the vectors (0,...,0,2,2) and (0,...,0,1,1,1,1) are mutually dual. This leads to the
conclusion that the topologies with the vectors (O0,...,0,1,1,1,1,2) and
(0,...,0,1,1,1,1), under these conditions, also have weight 25 - 2™~%,
It remains to consider the topologies with the vector (0,...,0,1,1,2) under the
condition M, . NnM,_, = {x;} and rn} M., =@. First, calculate their weight. In

m=n-2
order to do this, we use the idea described, we obtain
o] =22 4274 4 215 4 216 (32 _1) = 276 (2% 1. 22 4 24+:3)= 252", We show that such a
topology is self-dual. The minimal base of one of the homeomorphic topologies has
the form B = {0, {x,}, .., (3}, {31, %0_2}, {x1,%,_1 3, {x2,%3,%,}}, corresponding
to it 2-CNF f =(x; v X,_5 )X v X1 NXo v X, NX3 v X, ). The multiplicities =2, r, =1,

56



r;=1, ,_» =1, f,_1 =1 and 1, =2 of the variables allow the division into pairs in
accordance with Corollary 3.6. Thus, 7',-topology is self-dual.
In order to prove the inverse statement, count the number of all observed T, -

topologies with the specified vectors. The number of the observed topologies with the
vectors (0, ...,0,1,5) and (0, ...,0,2,2) was calculated for these cases. Obviously, the
number of dual to them will be the same. The total number will be equal to

% ‘() + li (n),, where (n), =n(n—1)---(n—-m+1) is the symbol of
Pochhammer. Now count the number of observed T',-topologies with the vector
(0,..,0,1,1,2). We get the number C*3-C%-(n—3)-C2_, =i(n)5. The total
number of the topologies with the weight 25-2""% s equal to
'(n)ﬁ+é' (H)T-Fi!:?‘l)ﬁ :%' (n)a+i'(n)?+i' (n)?+i(n)5 =
- + - (M) (n—6) +—- (W); =222+ () + = - (n),

Since this number coincides with that obtained in Kolli's work, it means that there are
no other topologies with such weight. Theorem is proved.
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? Exercises.

1. Give the main idea of the article.
2. Describe the goals of the article.
3. List the basic terms.

& Task 5. Make abstract in English [11].

The chromatic number of the function
I.G. Velichko, E.V. Stegantsev

The concept of homomorphism, which is very useful for the studying of the
properties of the groups, is one of the basic concepts of the group theory. The
homomorphism is the group operation preserving mapping from one group into the
other group. An analogue of the concept of the homomorphism in the case when the

arbitrary completely defined mapping f:X"™ — X is given instead of group

operation has been proposed by the authors. The case n=2 and X < R has been
studied thoroughly. The definition of the chromatic number of this mapping and the
examples of its evaluation have been given.

Let G be some group. If there exists such finite group T, which contains k >1
elements, and f :G —>T - surjective homomorphism, then let us say that the group

G belongs to the chromatic k -class. The minimal nontrivial group, for which it is
possible to construct such homomorphism, is of grate interest. Let us call the minimal
number of the chromatic class, to which the given group belongs, the chromatic
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number of the group G. This name comes from the fact that the elements of the
group G are considered to be pained in several colors in such a way that complete
inverse image of each element consists of the elements which are alike in color. The
homomorphism is given

In other words, the group belongs to the chromatic k -class if it has the normal
divisor of index k, and the chromatic number of the group is the minimal index of
the nontrivial normal subgroup.

Examples.

1. The chromatic number of the group S, is equal to 2, because it contains the

normal divisor A, of the index 2. Indeed, if one paint all even substitutions in one
color, and the odd substitutions in the other color, then the color of the product of the
substitutions can be determined uniquely.

2. The chromatic number of the cyclic group of order p® is equal to p, where
p is the prime number.

3. Group (Z,+) can be mapped onto the group (Z,,,+) for all ne N naturally,
that is this group belongs to the chromatic n-class for all neN\{l}, and its

chromatic number is equal to 2.

It is obviously that, the chromatic numbers of the isomorphic groups and the
chromatic classes, to which they belong, are the same. One can use this fact to prove
the nonisomorphy of the groups.

Let us turn to the generalization of the concepts of the chromatic class and the
chromatic number of the group in the case of the arbitrary set.

Let the mapping from the Cartesian power of the set into this set is given. In
this article we restrict ourselves to the case of the mapping with two arguments and
X cR.

Let us consider the arbitrary function f(x,y) over the Cartesian square of

some number set X . The range of the function belongs to the set X . The value of
the function f(x,y) is considered to be an analog of the result of the group operation

on the elements x,y. It stands to reason that it is not necessary to require the
associativity of the operation x*y = f(x,y), the existence of the neutral and inverse

elements.
If such coloring of the set X in the finite number of colors k > 2, that the color
of the value of the function f(x, y) Is determined uniquely by the colors of the values

of the arguments x u Yy exists, then we say that this function belongs to the

chromatic k-class. The minimal number of the chromatic class, to which this
function belongs, we call the chromatic number of the function f(x,y) on the set X

and designate H(f(x,y), X). If the function does not have the finite chromatic

number, then we say that it is equal to infinity.
Obviously, if the range of the function f(x, y) is inconsistent with X , and it is

the proper subset of X, then H(f(x,y),X)=2. To prove this fact we paint the
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numbers which belong to the range of the function f(x, y) in one color, and the
numbers which do not belong to the range of this function in the other color. For
example H(azx2 +b%y? 4, R):Z, H(f(x y)+c,R)=2. In these examples
a,b,ceR, f(x,y) is arbitrary function on the number plane.

If the set X is finite one, and if we paint each element in the separate color,
then we obtain H(f(x,y), X)<|[X|.

The concept of the chromatic number of the function on some set is closely

linked to the concept of V.L.Rvachev R-function. The fact that the function
f(x,y)=xy—1 can not be R-function, which was proved in the article before, can be
reformulated in the following way: there exist the numerical functions with the
infinite chromatic numbers. Among other things, H(xy —1,R)= .

Let us give the trivial examples. We consider the sets R or Z by way of the set
X.

1. The function fy(x,y)=x+Y, on the set ZxZ, belongs to all chromatic
classes. To demonstrate it, we locate the natural number k > 2 and paint the numbers,
which have equal remainders in division by k, in the same color. This makes it
possible to determine the color of the sum of any couple of integers uniquely.
Obviously, the function fl(x, y): X+Yy on the set Z has the chromatic number 2,
viz H(x+y,Z)=2. The coloring of the even numbers in one color and the odd
numbers in the other color serves as a model of the required coloring in two colors.
This result has been formulated above, in the example 3, using the group viewpoint.

2. The chromatic number of the function f,(x,y)=xy on the set Z is also
equal to 2. The coloring of the even numbers in one color and the odd numbers in the
other color serves as a model of the required coloring in two colors.

3. The chromatic number of the function f,(x,y)=xy on the set R is also
equal to 2. To demonstrate it, let us paint zero in one color, and the rest of the real
numbers in the other color. Note that the function f,(x,y)=xy on the set R can be
also associated with the chromatic class 3. For this purpose it is necessary to paint
odd numbers, even numbers and zero in different colors.

The proof of the fact that the chromatic number of the arbitrary linear function

and the chromatic number of the function f(x,y)= X2 — y2, on the RxR are equal

to infinity is the main result of this article.
Theorem 1. If a8+ 0, then H(ax+ gy +7,R)=co.

Proof. Let us suppose that H(ax+ fy+y,R)=k. Then there exists such

coloring of the set R in k colors, that one can determine the color of the expression
ax+ py +y uniquely, if the colors of the arguments are known. Such coloring of the

set R determines the equivalence relation on it. Each equivalence class consists of
the numbers of the same color. By hypothesis the following relation takes place
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X1~ Xp A Y1~ Yo = (g + Byr +7) ~ (axg + By +7). (1)
Lemma 1.1. The following implication takes place:

X~y=>axX+t~ay+t VteR. (2)

Proof. Let us designate such number that s+ y =t by s. It always exists,
because £ = 0. Then, by reason of (1), we obtain the following

X~YAS~S=(ax+Bs+y)~(ay+fs+y) = ax+t~ay+t.

Lemma 1.2. If even one equivalence class, which does not contain 0, involves
only one element, then all equivalence classes, which do not contain O, are one-
element classes.

Proof. Let the element a=0 be unique in its class. It means, that
Z~a<>z=a. Let us consider the arbitrary element x e R,x=0. We accept the
existence of y = x and y ~ x. Let t =a—ax. By applying lemma 1.1, we obtain

X~y=ax+a-ax=a~ay+a—-ax=a+aly—Xx),

x~y=>a~a+a(y—x). The last equivalence is possible if only a=a+a(y—-x).
We obtain y = x, taking into the consideration, that « = 0. It means, that the class,
which contains x, is one-element class, which was to be proved.

Let us consider the one-element class, which contains 0. It follows from the
lemma 1.2 that, the number of classes is equal to the number of the real numbers, viz
it is infinite. This variant is impossible, because the required number of the colors
should be finite. Hence, there exists z#0, z~0.

Lemmal1l.3.1f z~0,then naz~0 VneZ.

Proof. Let us use the method of mathematical induction.

For n=0 the proposition clearly holds.

Let us suppose that it is also true for ne Z, thatis naz ~0~ z.

We take t = noz in the forward induction and apply (2). Then

z~0=>az+noz=(n+1)oz~naz~0=(n+1)oz ~0.

We take t = (n—1)az in the backward induction. Using the implication (2), we
obtain
0~z=>(-Yaz~az+(n-Loz=naz~0=(n-1)ez ~ 0.

Lemma 1.4. If x~ y, then a(x-y)~a(y—x)~0.
Proof. Let us apply lemma 1.1 for t = —ay . We obtain
X~y=ax—ay=alx-y)~ay—ay=0.
One can prove the second part of the statement by a similar way.
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Let us prove the theorem 1. Put H(ax+ By +7,R)=k. Let us consider the
1z
a2 k!
contains k+1 elements, which are painted in k colors. According to Dirichlet

principle, at least two elements from this system are painted in the same color. Let it
be the elements py and (p +m)y, besides 0 <m < k. According to the lemma 1.4

al(p+m)y-—py)=may ~0.

|
Since 0 <m<Kk, then n :& IS the integer. According to the lemma 1.3 the
m

element z such that z # 0. Let us denote y = The system {0,y,2y,3y,... ky}

2

| |

number an(may):&mazy zﬁale =z is equivalent to 0, but this is in contrast
m !

0(2

with the selection of the element z. The theorem is proved.
Remark. The conclusion of the theorem 1 remains true if one consider the set
Q (a,p,y €Q) instead of the set R.

Corollary. There are no subgroups of the normal index of the groups (R,+) and
(Q+).

Proof. Let us confine ourselves to the consideration of the set R. The proof for
the set Q is similar to the proof for the set R.

We take o = #=1, y =0 in the theorem, then H(x+y,R)=oc0. Let us assume
the contrary. The group (R,+) has the subgroup M (which is normal subgroup
because of the commutativity of the group R) such that % ~ P, where \P\: k,
1<k <oo. Let us designate the mapping, which defines the chosen homomorphism,

by f.We paint all the elements in each of the complete inverse images of the

elements from P in the same color. At such coloring two real numbers are alike in
color when and only when their images are the same.

Let us consider two sums a+b u a-+b, the corresponding elements of which
are alike in color. Let us prove that these sums are alike in colors. By virtue of the

fact that f(a+b)= f(a)+ f(b)=f(a)+ f(E): f(§+5). Hence, the color of the sum
is defined uniquely by the colors of the addends. It means that the function x+y on

R belongs to the chromatic k-class. It is in contrast with the statement
H(x+y,R)=c0. The corollary is proved.

Let us give an example of the quadratic polynomial, the chromatic number of
which is infinite.

Theorem 2. H (xz - y2, R): 0.
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put H(x2 —y2,R)=k. The set R is divided into the finite number of the

equivalence classes. Each class consists of the numbers, which are painted in the
same color. The following relation takes place

X1~ X Ay1 = y2 = (2 —y2)~ (2 - y2) 3)
Lemma 2.1. If x ~ y, then G —y2 ~0.

Proof. One can prove the lemma using the formula (3) for the equivalences
X~YAYy~Yy.
Lemma 2.2. If x ~ 0, then t? ~t° —x? VteR .. 4
and
—t% ~x?—t% VteR, (5)
Proof. The relation (4) follows from the equivalences t ~t A0~ x and from
the formula (3). The relation (5) follows from the equivalences 0 ~ x At ~t.

Lemma 2.3. If z~0, then mz2 ~0 YmeZ.
Proof. Let us apply induction on m.

If m=0 the proposition clearly holds.

We obtain

72 ~0~—22,

using lemma 2.2 for the relation z ~ 0, when t =0.
Let us prove, that the statement is valid for all positive integers m.
For m =1 the statement is proved.

Let it be true for some m > 0, that is mz? ~ 0.

We put t2 = (m +1)z2 and we apply formula (4) for the equivalence 22 ~ 0.
We obtain (m+1)z% ~ (m+1)z% —z% =mz® ~ 0.

Let us prove that the statement is true for all negative integers m. For m=-1
the statement is proved.

Let it be true for some m <0, that is mz2 ~0.

We put t2 = —(m—l)z2 and we apply formula (5) for the equivalence 22 ~0.
We obtain —(—(m—l)zz): (m-1)z2 ~ 22 —(—(m—l)zz)z mz2 ~ 0.
Let us return to the proof of the theorem 2. If arbitrary s > 0, then there exists
4=s. put y= iz There are, at least, two elements among the
k<!
elements my,m =0,k , which belong to the same class (Dirichlet principle)
dnmeN:0<m<n<kany~my.

Z, such that z
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According to the lemma 2.1 we obtain n2y2 —m2y2 = (nz —mz)y2 ~0.

Since k>n>m>0, then k®>n?>n’-m?. Hence k2! is divisible by

(n2 — mz), that is why r = Jk—Z'L IS integer.
(-
It follows from the lemma 2.3 that
2 4
r(nz—m2 y4 :Jk—!t(nz—m2 z —74=s~0.
e

Since s is arbitrary number, then all positive numbers are equivalent to the
zero.

If s <0, then there exists z >0 such that s = —72,

We proved that all positive numbers are equivalent to zero. Applying (3), we

obtain 0~0Az~0=>0°-2% =s~0%2-0%=0. It means that all negative numbers
are also equivalent to zero. This implies that there exists only one equivalence class.
But, according to the definition, there are at least two equivalence classes. The
obtained contradiction proves the theorem.

The introduced concept of the chromatic number of the function of two
variables can be generalized to the functions of any number of the variables and to
the case of the arbitrary mappings of the Cartesian power of the set into itself.

Conclusions. The concepts of the chromatic class and the chromatic number of
the function have been introduced in the article. The relation between these concepts
and the group theory has been obtained. It has been proved that the linear function of
two real variables f(x,y)=ax+ By +y, a0 has no the finite chromatic number.

An analogical result has been proved for the function g(x, y): X2 — y2 of the real

variables.
This result can be formulated as follows:
e the functions f(x,y)and g(x,y) (and the function ax;x,..x, +b where

n>1, ab = 0, which was considered in the article before) can not be R -functions at

any selection of the accompanying functions of the polyvalent logic;
o the set R can not be painted in the finite number of the colors in such a
way that the color of the function ax+ gy + y, where o= 0 could be determined by

the colors of its arguments uniquely. It is also true for the functions G —y2 and
axyXp..Xp +b, where n>1, ab = 0.
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& Task 6. Make an abstract to the videos on the following topics:

o The power of consistency
https://youtu.be/ScYq98y3dbM?si=0_mzhorQ2SB8tjgj

o Solving systems https://www.youtube.com/watch?v=X0JgzW4P7T8

o Gaussian elimination https://www.youtube.com/watch?v=1IHsX1IgpRI
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https://www.youtube.com/watch?v=XOJgzW4P7T8

(2
I‘d‘!l Topic 10 Making an abstract of your qualification thesis in a foreign

language

MeToauuni Bka3iBkM Ta iHcTpykmii. B miii Temi Tpeba miaAroTyBaTHUCh 10
HamucaHHs aHoTalii Bamoi kBamiikamiiaoi pobdotu (Task 1-4). Cmouatky
O3HaOMTeCh 3 BHUMOraMH J0 O(OpMIIEHHS KBamdiKallliHUX poOIT MaricTpib.
Bukopucraiite MeToau4H1 BKa31BKU 3 MOMEPEAHIX PO3/1IiB, 0OCOOJMBO BKa31BKHU JI0
Topic 9. BukopucToBy€eTe BIANOBIIHI CIIOBa, 1100 MiAKPECIUTH BUPIIIEHI B POOOTI
3aBJIaHHS: OTJISAJ, aHali3, METOJ, OBEACHHS, TIOPIBHSAHHS, y3arajJbHEHHS, TiNOoTe3a,
TOBeCHHS a00 CIIPOCTYBaHHS, 3aCTOCYBaHHS TOIIIO.

¢ Ipukaan anorauii kBagidikamiiinoi podormu.

Master’s Qualification Thesis «The Study of the Mutual Effect of the Different
Mathematical Structures on the Set»: 49 pages, 1 figure, 9 references.

ASYMMETRICS ON SET, VECTOR SPACE, METRICAL STRUCTURE,
SPACE OF RICE, PARTIAL ORDER STRUCTURE, TOPOLOGICAL
STRUCTURE.

The object of the study is mathematical structures that interact on the set.

The aims of the study are to define the properties of combining mathematical
structures on one set, to investigate the interaction between mathematical structures -
topological and metric, topology and asymmetrics, combination of structures of
vector space and partially ordered set.

The method of the research is analytical.

The sets on which two mathematical structures are introduced, are quite often
encounted in various mathematical disciplines. In particular, in the courses of
topology and functional analysis. For example, the notion of a topological group, a
normed space, and so on. There is interaction between topological and metric
structures, namely the class of metrised topological spaces. The examples of metric
and non-metric structures have been investigated. There was the combination of
topological structure and asymmetry in this work. The concept of the space of Rice is
described as the combination of structures of the vector space and the partially
ordered set. The results of the work can be used to study topological and metrical
structures when reading special courses.

Jliis Bukonanus Task 5 ta Task 6 o3naitomreck 3 TekcTom Tips for making a

good presentation Ta BUKOpHCTaiiTe MOpaaud IPH CTBOPEHHI IMPE3eHTAIll CBOET
KBaiQikaiiitHoi poboTH.
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Tips for making a good presentation

There is the proverb “A picture is worth a thousand words™. It is true in the
majority of cases. But, if we are talking about presentation, we consider it as the
supplement to the report. Hence, it plays supporting role during the speech. In the
other words, the presentation should complement your speech. Avoid putting the
entire text on the slides, as your audience prefers listening rather than reading what
you intend to say. The text on the slides should emphasize the key points of the
speech.

Try to use no more than half of the slide to place objects.

Do not overload the slides.

Choose the proper font to make the text readable.

Each slide should have the number. It is useful both for the speaker and for the
listeners, especially during asking the questions. The listener can indicate the
specific slide and the speaker can easily navigate through the presentation.

Colors help add visual interest and direct attention to slides. Always use
maximum 3 or 4 colors under creating design.

If your presentation contains a lot of data, use visual aids to support the text
and convey some ideas more clearly.

If your presentation contains formulas, do not read them, just indicate on the
slide.

Tables typically contain a lot of information and numbers, making slides look
crowded and chaotic. In this case, simplify the tables as much as possible.

Each slide should have one central objective to deliver—the main idea or
guestion.

As a rule, you should almost never have slides that only contain text. Build
your slides around good visualizations. Use high-quality photos and graphics.

& Task 1. Answer the following questions.

What is the theme of your qualification thesis?

Who is your scientific supervisor?

List the basic terms.

Do you have any publications on the theme of your work?
Have you taken part in the scientific conferences?

Are you going to continue study after graduation?

& Task 2. Select the articles in a foreign language on the topic of the
qualification thesis.

& Task 3. Select the articles in a foreign language on the topic of the
qualification thesis, using key words.

& Task 4. Make the abstract to your qualification thesis.
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& Task 5. Make short report on your qualification thesis and present it to
your groupe.

& Task 6. Answer the questions of your groupmates, connected with this
report.
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2022. 116 c.
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Application

d Greek letters with pronunciation.

o alpha AL-fuh v nu NEW

 beta BAY-tuh & Z xi KSIGH

v, I’ gamma GAM-muh 0 omicron OM-uh-CRON
d, A delta DEL-tuh 7w, I1 pi PIE

i epsilon EP-suh-lon p rho ROW

 zeta ZAY-tuh o, X sigma SIG-muh

n eta AY-tuh T tau TOW (as in cow)

0, © theta THAY-tuh v, Y upsilon OOP-suh-LON
tiota eye-OH-tuh ¢, ®© phi FEE, or FI (as in hi)
K kappa KAP-uh y chi KI (as in hi)

A, A lambda LAM-duh v, ¥ psi SIGH, or PSIGH

u mu MEW o, Q omega oh-MAY-guh
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(YKpaiHChKOIO MOBOIO)

CreranneB €Breniii BikropoBuu
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MMPO®ECIHHO-OPIEHTOBAHUI MPAKTUKYM IHO3EMHOIO MOBOIO
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