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BCTYII

HMucnurina «IIpodeciiHo-opieHTOBaHUM MPAKTUKYM 1HO3EMHOIO MOBOIO» €
000B’SI3KOBOIO 3 IHKITY 3arajibHOi MIATOTOBKU 3700yBayiB CTYIMEHS BHINOI OCBITH
marictpa cnemiaiabHocTi «CepeaHsi OCBiTa» OCBITHBO-IPOGECIHHOT MporpaMu
«Cepennst ocBita (Maremaruka)». Kypc 0a3yeTbcs Ha 3HAHHSX Ta HaBHYKaXx,
OTPMMAaHUX TIiJ] Yac HaBYaHHS B yHiBepcuTeTi. HaOyTi mpu BUBYEHHI KypCy 3HAHHS
OyyTh KOPUCHUMHU [JIsi TOJAJBIIOTO BHUBYEHHS OOOB’S3KOBHX Ta BUOIPKOBHUX
JUCLUUIUIIH 3a BKa3aHOI CHEIIAJNBbHICTIO, CTaHyTh 0a3010 g KBaldi(hikOBaHOTO
npodeciiiHOro CriJIKyBaHHS 1HO3EMHOIO MOBOIO.

MeTow BUBYEHHS IUCUHUIUIIHM € (OpPMYBaHHS y CTYJEHTIB MpogeciiiHO-
OpI€EHTOBAHUX KOMIIETEHTHOCTEH, TIOB’A3aHUX 3 BUKOPUCTAHHAM 1HO3EMHOI MOBH.

OcHOBHMMU 3aBAaHHAMM BUBUYEHHs nucuuiiinu «lIpodeciitHo-opieHTOBaHMIA
MPAKTUKYM 1HO3EMHOIO MOBOIOY €:

° OBOJIOJIIHHS HaBUYKAMH CKJIaJaHHS JOMOBiAI 3a ¢axoM 1HO3EMHOIO
MOBOIO;

o O3HallOMJIEHHS 3 0a30BOI0 Ta CHELIAJI30BAHOK MAaTEMATHYHOIO
TEPMIHOJIOTI€EIO;

o ¢bopMyBaHHS BMiHb BECTU JTUCTYBaHHS 3 IHO3EMHUMH KOJIETAMU;

o HAOyTTd HaBUYOK pedepaTHBHOrO TEPEeKIaay HAYKOBO-TEXHIYHOL
JTEpaTypH 31 CIENIabHOCTI 3 IHO3EMHOI MOBH;

o HAOYTTSA HaBHYOK  aJeKBaTHOTO TMEpEeKJIaay  HayKOBO-TEXHIYHOI
JiTepaTypH 31 CHENiaTbHOCTI HAa 1HO3EMHY MOBY;

o PO3BUTOK HAaBHYOK yCHOTO Ta IMHUCHMOBOIO CIIJIKYBAaHHS 1HO3EMHOIO
MOBOIO;

o HaOyTTs] HABMUYOK MiATOTOBKH T€3 HAYKOBUX KOH(epeHIIii 3a paxom.

3rifHO 3 BUMOTaMH OCBITHBOI-TIpOQeciiiHol mporpamMu 3700yBadi OCBITH
MalOTh JAOCATTH TaKUX KOMIIETEHTHOCTEW Ta MPOTpaMHUX Pe3ybTaTiB HAaBYAHHS.

KoMniereHTHOCTI:

3K1. 3gaTHICTh 3aCTOCOBYBATH 3HAHHS y MPAKTUYHUX CUTYAIlisX;

3K2. 3naTHicTh BUKOPUCTOBYBATH U(POBI OCBITHI pecypcH, iH(opMaliiiHi Ta
KOMYHIKaIIi{H1 TEXHOIOT1i y npo¢eciiHIi TIsTbHOCTI;

3K8. 3paTHicTh 10 epeKTUBHOI KOMYHIKaIi (YCHOI Ta MUChMOBOT) I€PHKABHOIO
Ta 1HO3EMHOI MOBaMH Ha OCHOBI €THYHHX TMPHUHIMIIB Ta  HOPM,
MYJIbTUKYJIbTYPHOCTI Ta HEAUCKPUMIHAILIIT,

CK1. 3patHicTh 10 MOrIMOJIEHHS 3HAHB 1 PO3YMIHHS MPEeAMETHOI 00JacTi Ta
npodeciitHol TiATBbHOCTI;

CK3. 3paTHicTh 3[IHCHIOBATH MOHITOPHHT BJIACHOI MEAAroridyHoi MisUTbHOCTI 1
BU3HAYATH MOTPEOU, MEPCIIEKTUBY Ta HASIBHI PECypcH ISl MPOQECiHHOTO PO3BUTKY
BITPOJIOBIK KHUTTS;

CKS. 3nmaTHicTh BUKOPHCTOBYBAaTH €(EKTHUBHI HUIAXHM MOTHBalii 3700yBauiB
OCBITHM JI0 CaMOpPO3BUTKY, CIPSMOBYBATH iX Ha mporpec 1 (opmyBaTH y HHX
OOIPYHTOBAaHY O3UTUBHY CaMOOLIIHKY;



CKS8. 3patHicts (opmyBaTH y 3700yBayiB OCBITH KYJIbTYpY aKaJeMI4HOi
J00pPOYECHOCTI Ta IOTPUMYBATHCS 11 IPUHIIUIIB y BJIACHIN MpodeciiiHii TIsITHHOCTI.

Pe3yjibTaTH HABYAHHA:

[TPH2. BukopuctoByBatd 1u(pOBI OCBITHI pecypcu, iHQOpMaIiiiHi Ta
KOMYHIKaIIiHI TEXHOJIOTIi JJIsl TOIIyKy, OOpoOKM Ta oOOMiHY iHpOpMAIIE€ Yy
npodeciitHiil AisIbHOCTI, MPE3eHTallli BIACHUX Ta CHUIBHUX pe3yJbTaTiB, peai3alii
JUCTAHIIIHOTO Ta 3MIIIAHOr0 HaBYaHHs TOIIO;

[TPH8. OnucyBaTu MOKa3HUKHU SIKOCT1 MENAroriyHoi JIsJIbHOCTI, aHali3yBaTH
MOXJIMBI BIUIMBM HA HHMX BHYTPIIIHIX 1 30BHIIIHIX YWHHHKIB, BHU3HAYaTU
IHaUBIAYyalnbHI TpodeciiiHi moTpeOu, NUIAXW IOKPAIISHHS BJIACHOI IeIaroriaHol
MaNCTEPHOCT1, 00UPATH PECYPCH IS TPOPECIHHOTO PO3BUTKY BIIPOJIOBK KHUTTS;

I[TPH12. IisT; aBTOHOMHO 1 B KOMaH/i;

[TPH13. JloTpuMyBaTUCh KYJIbTypH aKaJeMIdHOi JOOPOYECHOCTI Yy BIIACHIM
JiSTBHOCTI Ta PopMyBaTH 11 B yUHIB,;

[TPH14. 3acTtocoByBaTi MI>KHApOJHI Ta HaIllOHAIBHI CTAHAAPTHU 1 MPAKTUKU B
npodeciiiHiil  AISIBHOCTI, 3A1MCHIOBATH CIUIKYBaHHS 3 €KCHEpTaMH 3 PI3HHUX
npodeciiHuX TPyl B OCBITHIM Ta I1HIIUX Tady3sX JEpPKaBHOIO Ta 1HO3EMHUMHU
MOBaMH;

[TPH17. BukopucToByBaTH 3arajlbHONPUNHATY TEPMIHOJIOTIIO JIEPKABHOIO Ta
1HO3€MHOI0O MOBAaMHM Yy HAyKOBii, BUPOOHMYIN Ta COLIAJIBHO-CyCHUIbHIN cdepax
JISUTBHOCTI 13 Mpo(eciiHUX MUTaHb, BUOMpATH CHELlaldbHy JIITepaTypy; 3HaAXOIUTH,
aHaJi3yBaTH Ta BUKOPUCTOBYBATH 1H(POpMAIIitO 3 PI3HUX JOBIIKOBUX JKEPET;

[TPH19. JlemoHcTpyBaTH yMIiHHS T'pPaMOTHOI TMOOYJOBM KOMYHIKAIii B
OCBITHROMY 1 HAyKOBOMY TMIpOIleCi, BIAOOPY BUXITHUX JaHUX JIOCIIIXKEHHS,
CKJIaJIaHHS CTUCKY BUKOPUCTAHUX JIPKEPEII, OMMCY HAYKOBUX PE3yJIbTATIB.

HeBin’emHuM enemeHTOM poOOTH 3 1HO3EMHUMHU JDKEpeIaMu € BMIHHS
KOPUCTYBATHCS CIOBHUKAMH, B TOMY YHCII1 €JIEKTPOHHUMHU, a TAKOXK €JIEKTPOHHUMU
nepekyiagayaMy, TOMY B MPOrpaMy Kypcy BKIIIOUEHO O3HAMOMIIGHHA 3 TaKUMU
JOBIAHUKAMHU Ta PECypcamu.

[Ipaktukym ckiamaetscs 3 10 Tem. Temu MICTSATH Matepianu A YUTAHHS,
CIIyXaHHsI, IEPEKIIay, BIPaBU 10 KOKHOTO By MaTtepiaiiB. [loTouHi Ta micyMKOBi
3aBlaHHS, SKI BKJIIOYCHI JO NPAKTHKYMY, CHPHUATHMYTh KpamioMmy 3acBOEHHIO
MmaTepiaja Ta JOMOMOXYTh y (GOpMyBaHHI 3aIUIAaHOBAaHUX MPOTPAMOI0 KypCy
KOMIIETEHTHOCTEH Ta pe3yNbTaTiB HaBYaHHS. Po3poOieHUi MpakTUKyM MOXe OyTh
BUKOPUCTAHUH SIK HA MPAKTHYHUX 3aHATTAX, TaK 1 B CAMOCTIHHIN poboTI 3100yBayiB
CTYTICHsI BUIIIOi OCBITU MaricTpa.
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—= 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 Teoperuuni Binomocti. [loHaTTs TepMiHY € 10BOMI CKIagHUM. BOHO
MICTUTH B COO1 SIK JIIHTBICTMYHI TaK 1 MOHATINHI acieKTH. Byib-sikuil TepMiH omucye
nesike MOHATTA. B mpoiiecci MOBCSKAEHHOI ISUIBHOCTI JIFOAUHA JJa€ HA3BU 00’ €KTaM, 3
SKUMH BOHA CTUKA€THCA. TaKUM YMHOM HApPOJKYIOTHCS JICKCHUYHI OJMHMII, TaKi SK
TepMiHU. 3a OyAb-IKUM TEPMIHOM CTOITh MOHSATTS MHCII, IPUYOMY HE SKOICh
aOCTpaKTHOI MHCIII, a JIOKAJII30BaHOI Ha JIesKoMy IpeAameTi. B HaykoBiil nitepaTypi
PI3HMMH aBTOpAaMU HABOJSATHCA Pi3HI O3HAUYECHHS TepMiHy. HaBenemo Kijgbka 3 HUX.

1. Tepminu — ue cioBa, SKI BUKOPUCTOBYIOTh JJI MO3HAYEHHS PI3ZHUX
HAyKOBHX 1 TEXHIYHHUX TTOHATH.

2. TepmiH — 1me ciioBO a00 CJIOBOCHOJYYEHHS, IO I103HAYA€E TITOHITTS
creriajabHol 00J1acTl 3HaHHA a00 AISIJIBHOCTI.

3. TepmiH € «ompemMedyBaHHSAIM» abcTpakiii 00’ekTa creriaabHOl chepsl y
BUTJISITI JIEKCHYHOT OJIMHUII PUPOTHBEOT MOBH.

4. TepMuH — 11€ JIEKCHYHA OAMHMIIS MEBHOTO 3HAKa Ui CHEIaIbHUX ILIeH,
0 TO3HA4yae 3arajbHE — KOHKpETHE a00 aOCTpakTHE MOHATTS BHU3HAYEHOI
cnenlagbHOo1 001acTi 3HaHb 200 IISJIBHOCTI.

5. Tepminu — 116 HOMIHAHTH CHUCTEMHU TMOHATH (peaiiil) HayKH, TEXHIKH,
odiifHOT MOBU Ta iX BIJIOOpa)K€HHS B BHUPOOHMIITBI, CYCHIJIBHOMY JKHUTTI abo ix
OKpeMHX OO0JacTsiX; MPUYOMY KOXKEH TEepMiIH B KOHKpETHIH o6sacti oOnamae
CYCIUJIBHO OCO3HAHUM 3HAYEHHSIM.

6. TepMiH — 1Lle IEKCUYHA OJUHUIIS, 3HAYEHHSI KOTPOi BKJIIOYEHO J0 CUCTEMH
CHeliajJbHuX TOHSTH, sika (PyHKIIOHYe B cdepi mpodecioHaTbHOTO CHIIKYyBaHHS,
3aCTOCYBaHHS SIKO1 00OMEKEHO CIeliaIbHOK 00J1acTHo.

Bci 03HaueHHs TepMiHYy MOB’SI3yIOTh 3 MOTr0 JE€IKUM KOHKPETHUM IMOHSTTSIM.
OpmHak TepMiH MOB’S3aH HE 3 MOHSATTAM B 3araii, a 3 HOHATTSAM, SKE BiIOOpakae
pIBEHb 3HaHb B IEBHUI M1€P10 — KOHLIENITOM.

l'oBopsiun mpo TepmiHM, HacaMmiepel MalTh Ha YyBa3l CJIOBa, SKi
3aCTOCOBYIOTBHCS CIIeIialicTaMH i He € MHUPOKo BimoMumu. OnHak, OyBae ¥ Tak, 110
TEPMIH 13 BY3bKOCHELIaJbHOI ChepHu MEePEeXoUTh B pO3ps] 3aralibHOBKHUBaHUX. Tak
OyBae konMu siKka-HEOyIb cdepa HAYKM UYMW TEXHIKM B MEBHUM MPOMIXKOK Yacy



NepeKUBaE MBUIAKUNA TiaHOM. B 11boMy BHUManky ii JOCATHEHHS HEMUHYYE CTAlOTh
OpeIMETOM yBaru >KypHaTICTIB. TOxl, Ui OMHMCAHHS CYTI JOCSTHEHb, BOHU
BUKOPHUCTOBYIOTh crerianbHi Tepminu. Lli Tepminu, nepeOyBaroun MEBHHM 4Yac Ha
CIIyXy, CTalOTh 3arajJlbHOBKMBaHUMH, a 1HOJ1 HABITh YaCTKOBO 3MIHIOIOTh CBOE
MOYaTKOBE 3HAYCHHSI.

OCHOBHMMHM pHICAMH TEPMiHY BBaXKAIOTh:

a) OJTHO3HAYHICTB;

0) CUCTeMHICTB;

B) TOYHICTB;

') KpaTKiCTh;

1) HE3aJIC)KHICTh BiJl KOHTEKCTY;

€) CTUTICTUYHA HeUTPaIbHICTh;

) MOTHBOBAaHICTb;

3) HasIBHICTH JeQIHIIIT;

Y1) HOMIHATUBHICTb.

B Mexax gaHoi TepMIHOJIOTIT TEPMiH, SIK IPaBUiIO, OJHO3HAUYHUWA. Ha BinMiHy
BIJl 3BHYAMHOrO CJIOBa TEPMIH HE NOTpeO0ye€ KOHTEKCTY, OCKUIbKM BIH € YJIEHOM
BU3HAYEHOI TEPMIHOJIOrI], Yepe3 sIKy BiH 1 HaOyBa€e CBOIO OJHO3HAYHICTH. 3MICT
TEPMiHY PO3KPHUBAETHCS 3aBASKH TOYHOMY JIOTIYHOMY BH3HAYEHHIO W HE
00yMOBITIOETHCS JICKCHUHUM 3HAYCHHSIM CIIOBA.

TepmiHM MOKHA OAUIATH Ha:

a) 3araJbHOHAYKOBI;

0) MDKTaJTy3eBi;

B) By3bKOTaJTy3€Bi.

KopoTko 3ynuHIMOCH Ha KOKHOMY 13 THIIIB.

3azanvnonaykosi mepminu. Cheporo ix BKUBAHHS € Maike BCl HAYKOBI ramy3i,
TOMY TakKi TEPMIHM MarOTh OaraTo pi3HUX 3Ha4eHb. OKpPIM TOTO, TAKHH TEPMIH MOXKE
MaTH ¥ 3araJbHOBXKMBaHE 3HaueHHA. [Ipu mepekiani Takux TepMiHIB Tpeba OyTu
0c0o0MBO yBaKHUM. Hampukiias, aHraiiicbKe CI0BO Stress MEPEKIANA€ThCS K Hanpyad.
3yctpivaetbess B (Di3ulll, MaTeMaTHIll, MEXaHilll, a TaKOX Ma€ 3arajbHOBXKHBAHE
3HaueHHd. Cl0BO wheel nepeknanaeTbes K xoseco. e cloBo 3ycTpiuaeThcs Maixke B
yCIX rajy3sx TeXHIKU. 3ayBa)kKMMO, 110 B aBTOMOO171e0y/IyBaHHI 1I€ CIOBO MOXe OyTH
NIEPEKIIAJICHO 1 SIK KOJ1eco 1 SIK KepMo B 3aJICKHOCTI BiJ] KOHTEKCTY.

Mixczanyseei mepminu MOXYyTh 3yCTpi4aTUCh SK B CIOPIAHEHUX, TaK 1 Yy
BiTaIeHNX Trany3sx. Hanpukian, anrmiicbkuil TepMmiH field, kil mepeKIafaeThCs K
nojie 3yCTPIYA€EThCSA B TaKUX CHOPITHEHUX Taly3sX SK MaTeMaTuka Ta (izuka. Takox
1[el TepMiH BUKOPUCTOBYETHCS M y BITATICHUX Bl MAaTEMATUKH Tay3sX, HAIPHUKIIAJ, B
arpapHiii cnpai. TepMiH roof nepekiamaerbes sk dax. Lleit TepMiH MOXKHaA 3yCTpITH B
rary3i OyAiBHUIITBA a00 aBTOMOO171€0yIyBaHHSI.

By3vkozany3esi mepminu BXUBAIOTHCS JMILE B OAHIN rany3i Hayku. Hanpukiag,
B HAHOTEXHOJIOT11 BUKOPUCTOBYIOTHCSI HACTYITHI TEPMIHU: nanoparticle — nanouacmuys,
nanocylinder — nanoyuninop, nanoisland — nanoocmpiseys, TOIIO.



Metoanuni BkaziBku Ta iHcTpykuii. Ilepexnam 3 anrmiiicbkkoi MOBH
MaTEeMaTUYHUX TEPMIHIB, SIK 1 mepekian Oyab-SKUX IHIIUX TEPMIHIB Ma€ TEBHI
0co0MBOCTI. BOHM BUHHMKAIOTh 3 IEKUIBKOX NPUYUH. TE€pMIH HE TOIYCKAaE JBOSKOIO
TpakTyBaHHsA. lLle € ofHlEl0 3  KJIYOBUX BIAMIHHOCTEH TEpPMIHY BiA
3arajJbHOBXUBAHOTO CJIOBAa. B Teopli BiJI3HAYaeTbesd, MO A NEpPEeKIaay TEpMiHY
HaBITh He MOTPiOeH KOHTeKCT. OJHaK Ha MPAKTUI [Js aJeKBATHOTO MEpPeKIaLy
TEpMiHY B OUIBIIIOCTI BUMA/KIB KOHTEKCT BCE K € BaXXJIUBUM. Lle aumaeTscs BipHUM
HaBITh TOJ1, KOJIM MOBA i€ MPO TaKy TOYHY HAyKy SIK MaTeMaTHKa.

Oco0iMBO CKJIAJIHO TMepekIagaTd O0araTOCKJIagHI TEPMiHU, SKI 4YacTo
3yCTpIUalOThCA B HAyKOBO-TEXHIYHUX TeKcTaxX. l[lepeknan ocTaHHIX € HaWOLIbII
CKJIQJHUM.

Hapenemo mpuknanu nepekiiagy 0araTOCKJIAaIHUX MaTeMaTUYHUX TEPMIHIB 3
iagexcoM (Tabmurs 1) Ta 6e3 Hporo (Tabmuis 2).

Tabauus 1 — Tepminu 3 iHAEKCOM

Indexed Terms TepMinu 3 HHIEKCOM

C" — complex number field C" — KOMIUIEKCHHIA N-BUMIipHHIA
OPOCTIp

R4 is the d-dimensional Euclidean space | R? — d-suMipHuii €BKIIIiB IPOCTIpP
LY is a smooth vector field LY — rnajke BEeKTOpHE MoJIe
Lyx— the fact that is a derivation L,— nudepeHiitoBaHHs
Mm — denotes the set of tangent vectors | Mm — MHOXNHA TOTHYHHUX BEKTOPIB 10
toMatm M B TOuUIll M
E* (M ) — the set of all smooth k-forms E* (M ) — MHOXHWHA BCIX TJIAJKUX k-
on M dbopm Ha MHOTOBHII M
T, — topology with axiom T T, — Tomosioris 3 akcuoMoro 1,

Tabmuis 2 — TepMminu 0e3 1HIEKCY

Terms without index Tepminu 0e3 iHgexca
C — complex number field C — noJie KOMIUIEKCHUX YUCET
f— mapping of the set f— BioOpakeHHST MHOYKUHH
h — commutative diagram h — KOMyTaTUBHA Jllarpama
F — differentiable structure F — nudepenuiiioBana cTpykTypa
GL — general linear group GL — noBHa JiHelHA rpyna
M — a differentiable manifold M — rinankuii MHOTOBUI
Vv — a vector V — BEKTOp
E — unite matrix E — opuHnuHa Matpuis

TepMiHOIOT1UHI CIOBOCIIONYYEHHS — 11€ CEMAHTUYHO IIJTICHI CTIOYYEHHS IBOX
abo  Ouiblie  CiiB, MOB’SA3aHMX 3a  JOMNOMOIOW  MpUHAMEHHUKa, abo
0e3MpPUITMEHHUKOBUM CIIOCOOOM. B Takux CHONy4YeHHSX CJIOBa MOENHYIOTHCS MIXK
co0or0 06€3 BUKOPUCTAHHS CIY>KOOBMX YaCTMH MOBH. ['OJIOBHHM CIIOBOM B TaKHX



CJIOBOCIIOJTYYEHHSIX € OCTaHHE. T1 ClIOBa, MO CTOSITH MEpe] HUM, BIAITPalOTh POJib

O3HAYEHHS. OTtxe, nepeKIia 0e3npPUITMEHHUKOBHUX TEPMIHOJIOTTYHHX
CJIOBOCITOJTYYEHb TTIOUMHAETHCS 3 OCTAHHBOTO CJIOBA.
Hanpuxkmnan,

a) modulation measurement — UMIpI08AHHS 2TUOUHU MOOYIAYIT;

0) time division multiple access system — cucmema 4aco8020 po30ileHHs i3
bazamoxpamHum 00Cmynom;

8) partial order structure — cmpykmypa 4acmrxo8020 nopsioKy;

2) complex number field — none kxomnnexcuux uucen.

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

Jlinitina (xBamgpatmuna) ¢yskiis, Ctpora (HecTpora) HEpiBHICTh, P03B’s30K
piBHSHHS (HEPIBHOCTI, CHUCTEMHU piBHSHB), J[poOoBo-miHIIiHA HEPIBHICTh, MeTOn
iHTepBaniB, Pi3Huns kBaapariB, Cyma (pi3Huuns) kyo0iB, Ksampar (ky0) cywmm,
KBagpar (xyO) pi3numi, ®yHkuis, 3BeAcHE KBaJpaTHE PIBHAHHSA, JMCKpUMIHAHT
KBajpaTHOTo piBHsAHHSA, KBagparnuna HepiBHicTh, [loOynoBa rpadika, ['padiunmii
penaktop, PoGora B inTepHeri, Illomyk iHdpopmamii, Incrpymentu, Ilanens
iHCcTpyMeHTiB, 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, Satisty, Substitute, Coincide, General solution,
Particular solution, Arbitrary value, Analytical, Graphical, Method of substitution,
Method of addition, Empty set, Unique solution.

Hanucatu MetoauyHi pekoMeHaaIlii K 11e 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 (4).

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.

&5 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.iq/img/lectures21/MUCLecture 2024 4519375.pdf.

&5 Task 4. Make one sentence using each term.



A

—=| Topic 2 Writing a report on the given theme

MeroanyHi Bka3iBKH Ta iHcTpykuii. [Ipy BUKOHaHHI 3aBOaHHS 32 LI€IO
TEMOI0 Tpeba 3BEpHYTH YBary Ha HaBEJICHY B MEpIIid TeMi Kiacudikallio TEpMiHIB
Ta 3’sCyBaTH HAJEXKHICTh JO TOrO YW IHIIOTO KJIACy BUKOPHCTAHMX B JOIOBIJI
TEPMIHIB.

OcHoBHUH crOCIO Mepekiaay TEPMIHIB — MOIIYK JIGKCHYHUX E€KBIBAJICHTIB Ta
BIIMOBIAHOCTEH. ['0JIOBHOIO CKIQAHICTIO MPHU MEPEKIIai HAyKOBO-TEXHIYHUX TEKCTIB
€ TEPMIHOJIOTISI, TOMY IPU POOOTI 3 HAYKOBO-TEXHIYHUMHU TEKCTAMH JIy>KE BaKJIUBO
BUKOPUCTOBYBATH CIEIiaTi30BaH1 CJIOBHUKHU.

HaiikpamuM BapiaHTOM € BUKOPHCTaHHS Taly3eBUX CIIOBHUKIB. [Ipu mpomy
IIyKaTH y CIOBHUKY Tpeba HE TIIBKA OKpeMi CclioBa, aje ¢ MOIIMpeHi
cioBocnonydeHHs. Lle 0co6MBO BaXKIMBO NpH NEPEKIIal JOKYMEHTALll].

BukonyiiTe nocrasieHe 3aBAaHHs 32 TAKAM IIJIAHOM:

° HaIUIIITh KOPOTKUH TIJIaH JOTOBIII;
e  3BIpTE 31 CIOBHUKOM HEOOX1/IHI TEPMIHHU Ta CIOBOCIIOIYUYEHHS,
®  HaBeHiTh KJIbKa MPUKJIIAIB 3aCTOCYBAaHHS MaTepialy TEMHU.

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:
o  Title page.
Table of contents.
Glossary.
Executive summary.
Appendicies.
References list.

&5 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.
° Jliniina GyHKIis.
Po3B’s13aHHA cuCcTeM JIIHIMHUX PIBHSIHB 3 IBOMa HEB1JIOMUMM.
JIiHiifH1 HEPIBHOCTI 3 OJTHUM HEB1JIOMHM.
CucreMu JiHIMHUX HEPIBHOCTEH 3 OJTHUM HEBIJIOMHUM.
Hpo6oBo-miH1lHI HEPIBHOCTI.
Merton iHTepBalliB.
dopMyJId CKOPOYECHOTO MHOKCHHS.
KBanparnuna ¢yHKIis.
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o Po3B’s13aHHS KBagpaTHUX PIBHSAHbD.

° Po3B’s13aHHS KBapaTUUHUX HEPIBHOCTEM.

. Knacudikamiss TecToBUX 3aBJaHb 3 MaTeMaTUKH, BHUMOTHU JO
dbopmyIIrOBaHHS.

o Bumoru 10 odopmiieHHS MaTeMaTUIHOTO TEKCTY B penakTopi Word.

o Bumoru 10 aHoTarii HayKoOBO1 CTaTTi 3 MAaTEMATUKH.

d 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,be R

and k 1s 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(O,—3) and B(l,—l) 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.
Properties:



1. The domain of definition: x € (— o0, +o0).

2. The range of function y € (—o0,40).

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 4 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

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

Let us consider two straight-lines y =kx+5; and y=k,x+b,. As we have

already mentioned above £ is called the slop.
If ki =k, then the straight-lines are parallel. If & # 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
=2x-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(l,—l).

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 — nminilina QyHKITIA;

standard form — 3arajbHHI BUTJISL;
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slop — KyToBHi1 KOEDIITIEHT;

graph — rpadik;

straight line — npsima;

point — TOUKa;

Cartesian coordinate system — ekapToBa cuTeMa KOOpAMHAT;
origin of coordinates — mo4aTok KOOpAUHAT;
point of intersection — TOYKa NepeTUHY;

to substitute — migcTaBIATH;

equation — piBHSIHHS,

parallel — mapanenpHuii;

abscissa — abcIucca;

ordinate — opiuHaTa;

equality — piBHICTb;

right angle — mpsimuit kyT;

acute angle — rocTpuii KyT;

obtuse angle — Tynuii KyT;

to increase — 3pocTaTy;

to decrease — cnajgarTu;

domain of definition — 061acTh BUBHAUCHHS;
range of function — 061acTh 3HaAYCHHS.

& Task 2. Give the examples of the application of the chosen theme.



EA
—=| Topic 3 Working with foreign sources

MeroanuHi BkasiBKH Ta iHcTpykuii. [Ipy BUKOHAHHI 3aBJaHHS 3a LI€IO
TEeMOI Tpeba KOPHUCTYBAaTHUCh IIONIYKOBUMH cucTeMaMu. JIjisi BIAMOBIAI Ha
MIOCTABJICH] MUTAHHS 3BIPTE 3HAYEHHS TEPMIHIB 31 CHEIiali30BaHUMH CIOBHUKAMH.
Cepen eNeKTpOHHHUX CJIOBHHUKIB PEKOMEHAYEMO BUKOpUCTOBYBaTH multitran. Takox
KOPUCHHUM € 3BEpHEHHS JI0 €JIEKTPOHHUX MepekiiagaydiB, Hanpukia, deepl.

JIy1st IKICHOT'O BUKOHAHHS 3aBJIaHHS MOTPIOHO 3pO3YMITH 3MICT Ta ACSAKI AeTal
3anponoHoBaHoro Marepiany. OcoOnuMBY yBary 3BEpHITH Ha 3aCTOCYBaHHS
BHKJIQJICHOT TE€OPii 10 PO3B’sI3aHHSI KOHKPETHUX 3a7a4 1 HajaiTe cBoi npukiaaay. [Tig
9ac 3aXUCTy BUKOHAHOT pOOOTH BUKOPUCTOBYWTE PO3TIITHYTY paHillle TEPMIHOJIOTIIO.

3aBaaHHs 5 € iHTepakTHBHUM. BOHO mepenbavae HaBIrailito B aHTJIOMOBHOMY
iHpopmaniiiHoMmy pecypcl [l], 10 sKOoro MoXXHA TEpEeUTH 3a MOCHUIAHHSAM
https://www.geogebra.org/. [Insi BUKOHaHHS I[LOTO 3aBJAaHHSI MPOIMOHYETHCA TaKHUIl
IUTaH:

BUOpATH 3 BIKHA «PECYPCU» OJIUH 3 HUX;

BHOpaTH MaTepiall, 3aBJaHH JI0 SKOTO OIiHIOIOThCS 9-12 Gamamu;
03HAlOMUTHUCH 3 TOSICHEHHSIMU Ta BUKOHATH 3alPOTIOHOBAHI 3aBJaHHS;
i 9ac 3aXUCTy 3aBJaHHS MPOJEMOHCTPYWTE KOPEKTHE BUKOPHUCTAHHS
MaTeMaTUYHUX TepMiHiB. OcoOnMBY yBary 3BEpHITH Ha KOHCTPYIOBaHHS
TEPMIHOJIOTTYHUX CJIIOBOCIIOIYYEHb.

&5 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?
o Formulate Eisenstein criterion.
o Give the examples of the irreducible polynomials of 2,3,4 degree.

&5 Task 2. Give the definition of the concept of prime number using internet.
Answer the following questions:

o Give the examples of prime number.
. 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?

&5 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.



[

Topic 4 Translation of scientific and technical texts on speciality from a

foreign language

Koportki Teopernuni Bimomocti. Buginsaiore HacTymHI criocoOu mepekiany
HAyYKOBO-TEXHIYHUX TEPMIHIB.

Exesisanenmnuii nepexnao. Ilpu tTakoMy croco0i mepexyiaay B IIbOBIM MOBI
3HAXOMATh MOBHHUM E€KBIBAJICHT TEPMiHA, SIKUA OYyJI0 BUKOPUCTAHO B MOB1 OpHTIHAIY.
3BUYAIHO, 110 TaKa CUTYyaIliss MOXKJIMBA HE 3aBXK/H, ajie¢ B TUX BHUMAJKaX KOJU BCE XK
MOJKJTMBA, 11¢ € HAKpaIiuM BapiaHTOM.

[Tpuknaay eKBiBaJICHTHOTO MEPEKIIATY:

a) integral — inmezpar,

0) test — nepesipka,

B) prognosis —npozHo3;

T) program — npozpama,

1) matrix — Mmampuysi.

Tpancnimepayia. 1lpu 11boMy crioco01 TepeKiIaay TepMiH, SKH BUKOPUCTAHO
B MOBI OpWTIHAIY MPOCTO 300paKy€ThCs JITEpaMu I1iJIbOBOI MOBHU. [Ipu Takomy
croco01 TepeKIiamy IMepeKiIaJeHui TepMiH IIJIArae 0OOB’SI3KOBOMY ITOSCHEHHIO,
SIKIITO B I[IJILOBIM MOBI BiH paHillle HE 3yCTpidaBcs.

[Tpuknaau TpancaiTeparii:

a) slash — cnew;

0) startup — cmapman;

B) bush — 6yw.

Cemanmuune KanvKyéanns. B HayKOBO-TEXHIUHOMY IMEPEKIIa/li 3aCTOCYBAHHSI
IIOTO CIOCOO0Yy MOMUIMBO JIMIIE 3a YMOBHM ITOBHOTO CIIBIIAJIiIHHS CTPYKTYpH
JIEKCUYHOT OJUHHUIII.

Hampuxman:

a) Jacobi theorem — meopema Axo06i;

0) local theory — nokanena meopis.

3ano3uuenns. 1lin 3amo3uUeHHSIM PO3yMiIOTh MMOBHE MOBTOPEHHS 3BYKOBOTO
CKIIafy W HamucaHHS TepmiHa. Takuii crmoci0 mepeksaay MOXHa 3aCTOCOBYBAaTH B
TOMY BUTAQJIKy, KOJIA I HOBHI TEPMiH Ha3WBAa€ HOBUU MPEAMET, SIKUI HE MAa€ Ha3BU
B I{IJIOBI1I MOBI.

Hanpukinan:

a) neutron —HeumpoH;

0) plasmon — nnazmon;

B) pit-stop — nim-cmon,

r) interface — inmepdeiic;

n) radiator — padiamop.
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Konkpemu3sayia. [Ipu Takomy crioco0i mepekiiaay TEpMiH 13 MOBH OpUTIHATY,
SAKUW Ma€ MIUPOKE 3HAYeHHS 3aMIHIOIOTh Ha TEPMIH, SKUH Mae OUIbII BY3bKE
3HAYEHHA B HUIbOBIM MOBI. Takuii crioci0 nepekiiaay 3acTOCOBYEThCA JUUIl yTOUHEHHS
y BUNIAJKY KOJIM TEPMiH MOKe OyTH TPaKTOBaHWI HEOTHO3HAYHO.

[Ipuknaan KOHKpETU3ALIi:

a) null tensor — men30p HYy1L06020 panea, CKAIAp;

0) pair of gears — napa cnpsaxceHux 3youamux Kojec,

B) dirt inclusion — nopooHe exnrouents, be3pyoHe GKIOUeHHs.

I'enepanizauyin. Konu BuOpaHo 1ei crnocid, ToAl BUKOHYIOTh Jii, 00epHEeH1 10
TUX, 110 BUKOHYBAJUCh B MOIMEPEAHHOMY CIOCO0i. TepMiH 3 BY3bKHUM 3HAaYCHHS
3aMIHIOIOTHh Ha TEPMIiH 3 OLIBII ITUPOKUM 3HAYCHHSM B IIJILOBIM MOBI.

Hampuxman:

rifleman — cmpinox.

Metoanuni Bka3iBku Ta iHcTpyKuii. HasBHICTh TOTPIOHOTO CIIOBHHKA ITIE HE
€ TapaHTi€el0 TOro, IO mnepeknaa Oynae anekBatHuM. OkpiM TOro, MmO Tpeda
NepeKyiacTh TEpPMiH, IIe Tpeba BIPHO IHTEPHPETYBATH MOr0 B 3aJIEKHOCTI Bij
KOHTEKCTy. ToMy BMIHHS NpaBWIBHO IHTEPIPETYBAaTH 3HAYEHHS TEPMIHY €
0e3yMOBHO HEOOXIHUM Tepekiafavy, SKAW TMpalioe 13 HAyKOBO-TEXHIYHUMHU
TEKCTaMHU.

3azBuuail TpU MepeKyali HayKOBO-TEXHIYHOI JIiTepaTypu IHepekianay
KOMOIHYy€e HaBejeH1 Buile criocoou. Lle mo3Bosisie 3poOuTH nepekiaa agekKBaTHUM Ta
TOYHHM.

&5 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 «shares»
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.

&5 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.

&5 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
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:
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F=—kxF =kxF=-kx,
where

. F is the force applied to the object;

. x 1s 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
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.

&5 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;

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;
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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 1s 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 quantitative 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
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:



quantity A is greater;

quantity B is greater;

the two quantities are equal;

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:

Quantity A ? Quantity B
where ? 1s 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
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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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—=| Topic 5 Listening to audio in a foreign language

Meroanuni Bka3diBkum Ta iHcTpykmii. Jlig peamizamii KOMIIETEHTHOCTI
CHUIKYBAaHHA 3 HOCISIMM 1HO3€MHOI MOBH, IpOrpaMm akaJeMiuHOi MOOUIbHOCTI,
e(eKTUBHOI ydYacTi y MDKHaApOJHUX HAyKOBUX 3axoAax MoTpioHa poboTa 3
TPEHYBaHHS HAaBUYOK CHOpHUIMaHHS IHIIOMOBHOrO TeKcTy Ha ciyx. Y Topic 5
MICTATBCSL MaTeplaid Ta 3aBIaHHs, CHOPSIMOBAaHI Ha (OpPMYBaHHS TAaKMX HaBUYOK.
HaBenemo kisibka nopan:

o Kpalie IMOYMHATH MPOCIyXOBYBaHHS MarepiajiiB, MOB’S3aHUX OIHIEIO
TEMaTUKOIO;
o nepire MPOCITYXOBYBaHHS — JUISI PO3YMIHHS 3arajbHOTO 3MICTY,

HACTYIHI — JUIsl 3aCBOEHHSI HEe3HAHOMO1 (200 HE CIPHUIHATOI 3 MEPIIOro pasy)
TEPMIHOJIOT1i, I[00 PO310paTUCh B IETANAX;

o HE 3JIOBKMBAWTE TEKCTOBOK BEPCIE0 ayJioMarepially, 1HaKIIIe
IPOCTYXOBYBaHHS MEPETBOPUTHCS HA UATAHHS,

° MUIIITh KOPOTKI AUKTAHTH, Oa’KaHO OJWH 1 TOM caMuid KiJbKa pasiB.;

o TIPOTIPAIIONTE MaTepiaa 3a MOCHIAHHIMHU:

https://www.esolcourses.com/content/topicsmenu/listening.html  (ayzairoBanHus
3a pIBHSMM);
https://youglish.com/ (six pi3H1 JIOAM MO-PI3HOMY BHUMOBIISIFOTH OJIHI M Ti1 XK
cami CJIOBa).

& 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

What is this video about?
List the basic terms.
List the types of leaners.



A

—= Topic 6 Translation of scientific texts on speciality into a foreign

language

KopoTtki Teopernuni Bizomocti. [lepexnamgadesi ciijg 3BepTaTtu yBary Ha Taki
0CcOOIMBOCTI pOOOTH 3 HAYKOBOIO T4 HAYKOBO-TEXHIYHOIO JIITEPATYPOIO:

Oono3znaunicms. byab-sKiii TEXHIYHIA TEPMIHOJOTrIT MpuTaMaHa 1s puca. He
MOXHAa  JOIyCKaTH HEOJHO3HAYHOI TPAaKTOBKM ClIB abo BHpa3iB, Kl
BUKOPHUCTOBYIOTBHCS ITPHU MEPEKIIAIIL.

Buxopucmanna 3aiimennuxie. Jlyxe dYacTto B aHIJIOMOBHIN JiTepaTypi
BUKJIQJICHHSA MaTepiajgy BeAeThbCs BiJ Mepiuoi ocoou. B ykpaiHChKiil MOB1 IpHUMHSTO
3aCTOCOBYBATH 3aiiMEHHUK Mu a00 6€30c000B1 hopMU AIECITIB.

Tounicms. He nonyckaeTbcsi BAKOPUCTAHHS JIEKCUKH, sIKa Ma€ HAa MeT1 Oy/b-
SKUM YMHOM MPUKPACUTH BUKIJIAJl MaTepiaity.

Biocymnicmb nekcuxku, wio naoac ouinky. He MOXHa BHUKOPHUCTOBYBATH
JIEKCHUKY, sIKa BUPaKae 0COOMCTE CTaBJICHHS J0 MPEAMETY POOOTH.

Biocymuicms cnpowiens. Tepminy, ki BAKOPUCTOBYIOTHCS TIPH TIEPEKIIai, HE
MOBUHHI CIIPOIIyBaTH AYMKY a00 TOHSTTS, SIKI MPHUCYTHI B OPUTIHAIBHOMY TEKCTI
HAyKOBOT pOOOTH.

Meroanuni BkasiBkH Ta iHcTpykuii. I[lepexnagaudeBi ciig  peTesbHO
BUOMpATH JIEKCHKY, SIKa MPUTAMaHHA IMEBHI TEPMIHOCUCTEMI M YHHMKATH JIEKCUKH,
dAKa TUIBKM HENIOJAaBHO NpHilllia 3 HAa0Opy 3araJbHOBXKHUBAHUX CJiB. Baxxmueum
(akTOpOM € JOTPUMAHHS CTUJIIO.

Oco06yMBy yBary npu nepekiiaji cliiji NpUaLIssTA TepMiHaM, SIK1 BITHOCATHCS 10
pO3psAy «XHUOHMX Jpy3iB nepekiagada». Jlo HUX B Mepliy 4epry Hajle)aTh Tak 3BaHi
IHTEepHAaIllOHANII3MU. [HTepHAIllOHATI3MH — 1I€ CJIOBa, SKI CIIBMAJAalOTh 3a CBOEIO
30BHIIIHBOIO (HOPMOIO, aje 3a 3MICTOM MOXXYTh CHIBIIAJATH JUIIE YaCTKOBO. BoHu
BUPAXXAIOTh MOHATTS MIKHAPOHOTO 3HAYEHHS 1 CIIBICHYIOTh B PI3HUX MOBAX.

Hapenemo nexisibka MpuKIIaIiB TAKUX TEPMIHIB:

a) original. Ha nepmmii mOTIIA — OPUTIHANBHUM, alie CIiJ MepeKiIafaT sSK
MMOYaTKOBUH;

0) progressive. Ha nepuiuii mornsg — mporpecUBHUM, aje CliijJl NepeKIagaTH sK

MOCTYIIOBUH;
B) technique. Ha miepiuii moriisiy — TEXHIKA, aJie CIIi nepeKinagaTh K METOI,
r) decade. Ha mnepmmii mnornsg — JAekaga, aje CIiJl NEpeKiIafaTH  sK
JECATUPIYUYS;

n) accurate. Ha mepmwii morisa — aKypaTHHM, aje CIiJ MepeKIafaThH sK
TOYHUM.

Taki TepMiHM HE TIOBMHHI MepekiaaaTucs OykBanbHO. lle Mmaibke 3aBxau
PU3BOUTH 10 TTOMUJIOK.
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[Ipn mnepexnani Oe3NMpUIMEHHUKOBUX TEPMIHOJOTIYHUX CIOJIYyYeHb Tpeda
nam’siTaTd, [0 B TaKWUX CIOJIYYEHHSAX CJIOBAa TMOEIHYIOThCS MK c000w0 0e3
BUKOPUCTAHHS  CIY)KOOBMX YacTHH MOBH. [ OJOBHHUM CIIOBOM B  TaKHX
CJIOBOCHOJIYYEHHSAX € OCTaHHe. T1 clioBa, IO CTOSATH MEPE] HUM, BIIITPAIOTh POJIb
npuiiMmeHHukiB.  OTxe, mepekiag  OE3NPUAMEHHUKOBUX  TEPMIHOJOTTYHHUX
CJIOBOCIIOJIyYEHb TTOUMHAETHCA 3 OCTAHHBOT'O CJIOBA.

PosrnsHeMo npukiaan nepexinany 0e3npuiiMeHHUKOBUX CIIOTyYeHb:

a) live test — eunpoOy8anHs Ha CPOK CILYHCOU;

0) forward draught — ocaoxa nocom;

B) Hermitian matrix — mampuys Epmima.

&5 Task 1. Read and translate the thesis into English.

B po6oTi ponoHy€eThCcsl BUKOPUCTOBYBATH IOHSATTS 1 BIIACTHBOCTI B3a€EMHOTO
MHOTOYJIEHA IS 3BEJCHHS DIBHSHHS TPETHOTO CTENEHS CIELiaJbHOTO BUIY [0
CTaHJIApPTHOI (pOpMHU 171 OIAJIBIIOTO PO3B’si3aHHsA MeTonoM KapaaHo, a Takox npu
NepeBipll MHOTOWIEHA Ha HE3BIAHICTh HAJ IMOJIEM pALllOHAJBHUX 4YHUCEd 32
nonoMororw kpurepid EizenmireiiHa. MeTta TOCHIIKEHHS — OTpUMAaTH €(EeKTUBHI
KOMOIHaIlii BIaCTUBOCTEH HE3BITHOT'O Ta B3aEMHOTO MHOTOUJICHIB.

Poszé’azanns pisnane mpemvozco cmenensi cneyianvHozo 6udy. Po3risiHeMo
PIBHSIHHS TPETHOT'O CTEIEHS CIEL1aIbHOTO BUITY.

ax® +bx* +¢c=0. (1)

[Ipononyerbcsi edeKTUBHUN METOA 3BEIECHHS piBHAHHS Buay (1) 1o
cTaHJapTHOT (OPMU 3 BUKOPUCTAHHSIM TOHATTS B3a€EMHOI0 MHOTOWIeHa. B3aemHuit

MHOTOWIEH f *(x) 10 MHOrouieHa f (x) 3HaXOAMUTHCS 32  (HOPMYJIIOIO
f(x)=x"f(/x), ne n — cTemiHb BHUXiTHOTO MHOTOYNEHA. 3aCTOCOBYEThCS

BJIACTUBICTh: KOPEHI B3a€EMHOTO MHOTOYJIEHA € OOCPHEHHMH JI0 KOPEHIB BUXIJIHOTO
MHOTOYJICHA.

Bukopucmanna enacmuocmeti  83A4EMHO20 MHO20YNEHA NPU  008E0eHHI
He36I0HOCMI MHO20YJleHd HAO0 NnoleM payioHanvHux uwucen. Jlis TepeBipKu
MHOTOYJICHA Ha HE3BIIHICTh 3a KpuTepieMm Eif3eHmTeliHa 3HaX0AATh IPOCTI TITHHUKH
BUIBHOTO WieHa. SIKIo iX HeMae, TO MepeXoadaTh OO0 1HINOI 3MIHHOI, HAIPHUKIIAM, 32
nomomMororo cxemu ['opaepa. [Ipu 11b0My 3MIHIOETBCS ¥ BUTHHUI YJICH MHOTOYJICHA.

[lle omumH cnoci® MIArOTOBKM MHOTIOWIEHA J0 MEPEBIPKU 3a KpPUTEPIEM
Elizenmirelina BUHUKA€, SKIIO BUKOPUCTAaTH TaKy BIACTUBICTh. MHOTOYJICH,
B3a€EMHHI JI0 HE3BIJHOTO, € HE3BIAHUM. 3HAMIIOBIIM MHOT'OWICH, B3aEMHHUU 10
JAHOTO, BUIBHUU UYJIEH SIKOTO Ma€ TMPOCTI [IJIBHUKH, TMEpeBipsSieMO HOro Ha
HE3BIIHICTD. SIKIIO BiH HE3BIJHUM, TO ¥ BUX1IHUN MHOT'OYWICH HE3BIHHUHI 3T1HO II€T
BJIACTUBOCTI.

? Exercises.
1. List the terms.
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 TEOPETHYHUX OCHOB T€OMETPUUYHHUX MOOY0B, BMIHHS 3aCTOCOBYBATH
OCHOBHI METOAM BHUKOHAHHSA IMX MOOYJIOB, € HEOOXIJHUMHU [ MalOyTHHOIO
negarora. [1i HaBUYKH 30aravyroTh TECOMETPUYHY KYJIBTYPY, 3a0€31EUYI0Th IITUPOKUN
NOTJISi[] HA TEOMETPII0, MIHOO0KE PO3YMIHHS MPUPOAM BIACTUBOCTEN T€OMETPUYHHMX
diryp.

Po3B’s13yBaHHS TEOMETPUYHHMX  3a/Jad, SAK IUTAHIMETPHUYHUX TakK |
CTEPEOMETPUYHMX, MOYUHAETHCS 3 PETEIHHOTO aHaji3y YMOBHU 3ajayi Ta mo0ya0BU
PHUCYHKY 13 300pakeHHAM 3a7aHoi DIrypu i 101aTKOBUX 00’ €KTIB y BIJMOBIIHOCTI J10
YMOBHM 3a/1aul, TOMY BKJIMBO X IIBUAKO M MpaBWJIbHO BUKOHYBaTH. L{i 300pakeHHs
HE TUTHKH TOJICTIITYIOTh PO3YMIHHS YMOBH 3a/adi, ajie i BUKJIUKAIOTh MeBHI pO3YyMOBI
Jii 79 CTBOPEHHS Ta peami3allii MiaHy po3B’s3aHHS 3ajavi. He MeHIT Ba)IJIMBO
BMITH 32 33/IaHAM 300paKEHHSAM BU3HAUYUTH (GOPMY 300paKeHHX Ha HHOMY 00’ €KTIB,
iX B3a€EMHE PO3TAlllyBaHHs, JI€IKI METPUYHI CHIBBIAHOLIEHHS, TOOTO PO3B’SA3yBaTH
o0epHeHy 3ajady. 3BICHO 1€ MOXKE BIIOYTUCH JIMIIE 32 YMOBH, IO 300pa)K€HHS
BUKOHAHE MPaBUILHO, 33I0BOJILHSIE TICBHI BUMOTH.

Tax wo orc make npasunrvhe 300paddicenHss Qicypu ma 3a AKUMU NPABUIAMU
tlo2o modicha nobyoysamu? HAxum sumozam 60HO NOGUHHO 8i0NOGIOamMuU?

OznauenHsa. byaemo HaszuBatu opucinarom Girypy, [Ky ciig 300pa3uTu.
CyKynHICTh MpaBWI, SIKI JIO3BOJISIIOTH IO OPHUTIHATY OTPHUMATH HOTO 300pajicenHs,
CKJIAJIA0Th Memoou 300padiceHs.

OznaueHHsa. Memoou 300padiceHb HA3UBAIOTHCS MPOEKYIUHUMU, SKIIO TOYKA
300paKeHHsI € 0e3MOCepeIHhOI0 MPOEKIIEID TOYKU OpHUTiHANy (MPU I[BOMY MiCIA
IIPOEKTYBAaHHS MO OyTH BHKOHAHE IEPETBOPCHHS IMOAIOHOCTI, TOOTO 3MEHIIICHHS
a00 30UTBIIIEHHS PO3MIPIB IPOEKIIIT).

[Tpoextifini MeTOMM BUKOPUCTOBYIOTHCA dacTilie 3a iHII MeToan. Mwu
PO3IJISTHEMO J[Ba MPOEKIIIITHI METOU 300paKeHb:

o Memoo napanenvHo2o npoekmysanus (npocmopy Ha NIOWUHY),

o Memoo yenmpanbHo20 nPOEKMYBAHHA (MPOCMOPY HA NIOWUHY).

3ayBaxkeHHs. JIOMOBHMOCH [JIsi OPUTIHAIIB BUKOPUCTOBYBATH MO3HAYEHHS 31
IITPUXAMU», a I 300pakeHb — 0€3.

[Tpu mapanensHOMY TIPOEKTYBaHHI Tipsimi A4 °, BB’,... mapanenbHi MK c00010,
iX HA3WBAIOTb MPOEKMYIOUUMU NPAMUMY, TIPU TICHTPATHLHOMY MPOEKTYBAaHHI BCi
MPOEKTYIOUI MPSAMI MPOXOAATh Yepe3 OJIHYy TOUKY S, siKa Ha3UBAETHCS YEeHMPOM
NPOEKMYBAHHS.

? 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

MeroanuHi Bka3iBkM Ta iHcTpyKUii. Tpeba nmam’aratu npo GpopmanbHUi Ta
HedopMallbHUM CTHIII KOMYHiKalii. dopmanbHa aHIIiiicbka BUKOPUCTOBYETHCS MPU
o(opMJIEHH] JOKYMEHTIB, y ALIOBOMY Ta npodeciitHomy cniuikyBanHi. Hedopmanbha
aHTJIICbKa BUKOPUCTOBYETHCA y CIUIKYBAHHI MK APY3sIMH, ponyaMu Touo. IcHye
JOCTAaTHS KUIBKICTh PECYPCIB NIl O3HAMOMJICHHSI 3 OCOOIMBOCTSIMU KOXKHOTO 3 ITUX
CTHWJIIB, HATIPUKIIA];

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

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

BukopHCTaHHS MACHBHOIO 3aJ0ry € BaXJIMBOK PHCOK HAYKOBOI'O CTHIIA,
0COONMBO TpPH THCHMOBOMY CIUJIKYBaHHI. B HACTyNMHHUX CTaTTSIX OMNHUCAHO
BUKOPHUCTaHHS MACUBHOTO 3aJI0Ty B HAyKOBO-TexHIYHINA cepi. Ciijl 3BEpHYTH yBary
Ha T€, B SIKUX BUIAJKaX BUKOPUCTAHHS ACUBHOIO 3QJI0TY € Oa)KaHUM, a B IKUX HI:

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

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

HanucanHs HayKOBO-TEXHIYHMX TEKCTIB 3a3BUYail moTpedye BUKOPUCTAHHS
3araJIbHONPUMHATUX B MEBHIM obsacti ciiB Ta ¢pa3. O3HAMOMUTUCH 3 MEPETIKOM
TaKuX CJB Ta ¢pa3 MOKHA, HATIPUKIIA, 3a TOCUTIAHHIM

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

B crarri Academic writing https://www.eapfoundation.com/writing/what/
HABEJICHO TMepeiKk OCOOMMBOCTEH aKaJeMIYHOTO THChMa, PO3KPUTO iX 3MICT,
CKOHCTpyHoOBaHO mpukiaau. CKOpUCTalTeCh HABEIEHWMH B HIH TOpajaMH TMpU
BHKOHAHHI 3aBIaHb.

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.

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


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/

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 I 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.

[puxaaagn HanMCcaHHA TiJT0BUX JIMCTIB.
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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/

d 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 I can also use for writing
professional email in Ukrainian, my native language. Firstly I was worried if I can,
but once I enrolled the course I plunged into it. From lesson to lesson I study up on
professional email more and more. Here some DOs and DON’Ts:

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

Best regards, Sender.

d Example 2. Subject: Opportunity for Scientific Internship

Dear Prof. Carl Johnson,

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

Sincerely, Anna Ivanova.

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. I 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 I 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/

&5 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

&5 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)

The abstract should summarize the contents of the paper in short terms, i.e.
150-250 words. SCORE: 1 (yes)
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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 Development» 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.
. Response of the reviewer.
° Invitation to the conference.

&5 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

MeTtoauuni BkasiBkum Ta iHcTpykuii. [lomepenns tema Oyna mpucBsdeHa
MUChMOBOMY CHUIKYBaHHIO aHTJIINCHKOIO MOBOI. YCHE CIUJIKYBaHHS TaKOX CJIiJT
PO3IIIAIaTh B KOHTEKCT1 ABOX MOXKJIMBUX CTUiIeH — hopmanbHe Ta HehopmanbHe. Ha
BiIMIHY BiJI MTUCHMOBOTO CIIUJIKYBaHHsI YCHE CHUIKYyBaHHS, sIK MPABWIIO, Tiependadae
BMIHHSI TIATPUMYBATH J1aJiOT, B SIKOMY MOKYTh BUHHKHYTH MUTaHHS, BIJIMOBIIb Ha
SIK1 BOKKO TITOTYBATH 3a3/1aJICTi/Ib.

[Ipy BUKOHaHHI 3aBAaHb 1€l TEMH KIOYOBY pOJib BiAirpae poboTa B
HEBEJIUKUX Ipylnax abo HaBiTh B Mapax, JOMOBLAb MEpPe]l ayAUTOPIEI0, BIAMOBIIb Ha
OUTaHHS Ta OOTOBOpPEHHA TeM. /[ MOKpamleHHS HaBUYOK YCHOTO CIIUIKYBaHHS
MOKHA TOpaJuTU MNPOXOuKeHHS Kypcey «Improve your English» 3a mporpamoro
Coursera.

Tpeba po3pizusaTH ¢dopmanbHy 1 HedopMmalibHy Jekcuky. [lpuknaau
BIJIMOBIHUX Map TEPMIHIB JJaH1 B HacCTynHii Tabauui (Tadmuus 3).

Tabnuus 3 — @opmanbHa Ta HeopMalIbHA JIEKCUKA

Informal Formal Informal Formal
Ask Enquire Deal with Handle
Ask for Request Tell Inform
Book Reserve Wait for Await
Check Verity 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

&5 Task 1. Discuss the chosen theme in groups.

o Which method of solving the systems of the liner equations is more
convenient?

o What methods of solving the third degree equations do you know?

o What methods of solving the fourth degree equations do you know?

o What are the applications of Horner scheme?



° What is the basis of this scheme?

o What subject in the university program is the most complicated?

o 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?

&5 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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A

—= Topic 9 Making an abstract of the scientific and technical article in a

foreign language

Metoanuni Bka3iBku Ta iHcTpykuii. BMiHHS pobutH aHoTallii 10 pi3HOTO
pOJly HAYKOBUX CTaTel € Ba)XIMBOIO XapaKTEPUCTUKOK creriamicra. B miil temi
IIPOIIOHYETHCSI 3pOOWTH AHOTAIlI0 10 3alpPOIMIOHOBAHUX AHTJIIOMOBHUX CTaTeH.
PexoMeHIy€eThCS BUKOHATH 1€ 3aBAaHHS 32 TAKUM TUIAHOM:

o B aHOTalli BKa3aTW Ha3BY CTATTI, aBTOpa, Ha3By Ta HOMEpP XypHaiy, B
AK1M OImyOIiIKOBaHa CTaTTs, PIK BUJAHHS, KUTBKICTh CTOPIHOK;

o OPOYMUTATU CTATTIO, 3pPO3YMITH OCHOBHHUH 3MICT, HE BHUKOHYIOUHU
MepeKIIaJl, BUIUIATH KIIOYOBI CIIOBA;

o 3BIPUTH 31 CJIOBHUKOM BUKOPHUCTaHI B CTaTTI TEPMIHH;

o OMucaTH METY CTaTTi, OCHOBHI pe3yJbTaTH, OTPUMaHl aBTOPOM, METOIU
1 miaXoau, SKUMU 1€ JOCATHYTO.

106 I3HATHUCH OuIBIIIE, IMOUBITHCS BIJIEO

https://www.youtube.com/watch?v=6cMmxnvtaMY Ta Buxkonaite 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,
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


https://www.scribbr.com/dissertation/abstract/#intro
https://www.scribbr.com/dissertation/abstract/#methods
https://www.scribbr.com/dissertation/abstract/#results
https://www.scribbr.com/dissertation/abstract/#discussion
https://www.scribbr.com/category/dissertation/
https://www.scribbr.com/category/dissertation/
https://www.scribbr.com/dissertation/title-page/

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
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.
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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].

@opMyBaHHSA Y CTYJA€HTIiB HABUYOK JOCTIAHUIBKOI Ai1JILHOCTiI HA KOHKPETHOMY
NPHUKJIAAL
Apremenko A.O. Creranuesa ILT.

[TocTanoBka nmpoOaemu

BaxxnuBuM 3aBIaHHSAM KOXHOTO (PYHIAMEHTAJIBLHOTO KypCy IMOBHHHA CTaTH
JEMOHCTpAIlisi HOoro 0a30BHX BJIIACTHBOCTEH IS SKICHOTO BUKJIQJAHHS JHCIMILIIH
IPUPOJHUYO-MATEMATHIHOTO UKy HA BCIX PIBHAX OCBITHBOTO Tporiecy. Jlocsrtu
UX [UIeH MOXKHA PI3HUMH nuisixamu. HaiOimein e(peKTUBHUM 3 HUX € 3aTy4eHHS
CTYJCHTIB JI0O HAyKOBO-JOCIHIIHOI pOOOTH, HANPHUKIAI, B paMKax HalMCaHHS
KypcoBHX 1 KBanidikamiitHuX poOiT. B 11boMy HampsiMKy oco0IHMBY poJib HAa0yBalOTh
3aBlaHHA, SKi (QOPMYIOTh Taki BaXJMBI PO3YMOBI HAaBUYKH, SIK YMIHHSA
y3araJibHIOBATH, BUIUIATH OKPEMi BUITAJIKW, MIPKYBAaTH 3a aHAJOTI€I0, 3HAXOJIUTH
1MOoA10HOCTI Ta BIAMIHHOCTI TOIIIO.

AHaJli3 OCTaHHIX JOCII/IPKeHb Ta MyOJiKaIini
[lutanHsa opraHizanii HaAyKOBO-IOCHIAHOI pOOOTH Ha PI3HUX €Tanax HaBYaHHS
JOCUTh 4acTO OOTrOBOPIOIOTHCA HA PI3HUX KOH(MEpPEHUIAX, B TOMY YHUCIl i 3 MUTAHb
OCBITH, Ha CTOPIHKAX HAYKOBO-MOMYJSIPHUX JKYpHaJiB, Cepea SKUX MOXKHA
Bi/3HAauuTH «Hayka Ta TexHika chorojHi», «OcpiTa 1 Hayka», «MaremaTuka B
Koy, «llomHoM», B IKMX BYEHI Ta BYMTEIl AUIATHCA CBOIM JOCBIIOM. Bimowmi
BUCHI YMMaJIy YaCTUHY CBOI'O Yacy BIJIBOJSTH JJISI YATAHHS JICKIIH B pizHUX JIITHIX



mKojaxX. BinmoBimi Ha JesKl MHUTaHHS, IMOB'S3aHI 3 OpraHi3ali€ro JAOCIIIHHUIBKOT
po0OTH, MOYKHA 3HAWUTHU B IX METOJIMYHMUX CTATTAX 1 MOCIOHUKAX.

Buninennst Hepo3B’s13aHUX paHillle YaCTUH 3arajbHOI IpoOIeMu
BinoMi anroputmMu 3HaxXOKEHHS KOPEHs 7-TO CTENEHs 3 4Yucia 3aCHOBaHI B
OCHOBHOMY Ha YHUCEJIbHUX METOJIaX, 1 TOMy He € TOYHUMHU. OOuH 3 IUX METOJIB
3aCHOBAHMM Ha yucenbHOMY MeToAl HbroToHa 3HAXOMKEHHS KOPEHIB PIBHSHHS Ha
JAHOMY BIJIPI3KY Ta iTepaniiHii Gopmyii

1
Yen = (n—1x, +—

Xk

Lle#i METOJT BUKOPUCTOBYE JIeIKE IMOYATKOBE HAOIMKCHHS, a I 301IbIIICHHS
TOYHOCTI BUKOPUCTOBYIOTHCS TOXiIHI. BU3Ha4YeHHS TOYHOrO METOAY 3HAXOJKCHHS
KOPEHS JIOBUIBHOTO CTEIICHS € IIKaBUM 3aBIaHHSM.

dopmyIroOBaHHS I
Mertoro 1i€i poOOTH € BHBYEHHS MOXJIUBOCTEH (POPMYBaHHS y CTYJICHTIB
HAaBUYOK Oprasizauii JOCIIIHULBKOI IISJIBHOCTI Ha MPUKIAIl 3a7adl y3arajibHEHHS
QITOPUTMY 3HAXOPKEHHS KBAaJpaTHOTO KOpeHs 3 uyuciaa 0e3 BUKOPUCTaHHS
€JIEKTPOHHUX 3aCO0IB 1 TAOJIUIIb.

Bukinan ocHOBHOTO MaTepialy JOCHIIKSHHS
TyT Mu nipeIcTaBUMO aJITOPUTM, SIKUH TOYHO OOUYHUCITIOE KOPIHb 7-TO CTETCHS 3
yucia A. Haragaemo cmoyaTky, mo apudMETHYHHUM KOPEHEM #-TO CTEIeHs 3

JIOJIATHOI'O JiHCHOrO umciaa A Ha3WMBA€ThCS JOJATHE MJiCHE 4YHCIORN A, sAKe €

PO3B’SI3KOM PiBHSHHS X" = 4.

[TportoHOBaHMU ATOPUTM CKIIATAETHCS 3 HACTYITHUX KPOKiB:
1) Po306utn uncio 4 Ha Tpynu Mo n MUQp, MOYNHAIOYU 3 PO3PALY OJUHHIb. SKI0
grcio A mae apoOOBy dYacTWUHY, 11 TakoK po30WTH Ha Tpymu mo n uudp, ame
MOYMHAIOYM 3 MEPIIOro 3Haka micis koM. KuibKicTh M@p B OcTaHHIM rpymi 37iBa
abo B OCTaHHIW rpymi npaBopyd Moxke OyTu MeHie 7. KiabKicTh OTpUMaHUX TPYII
mudp 3miBa Big KOMU OyAe JOPIBHIOBATH KIMBKOCTI HUpP y UUIH YacTUHI
pe3yJbTarTy.
2) 3HaliT KOPiHb 3 HEJOIIKOM 3 TPyINHU MU, sIKa MICTUTh HAWOLIBII po3psian (Tpu
HEBEJIUKUX 7 11€ POOUTHCS YCHO).
3) BinHaTH n-wii cTemiHb OTpUMaHOi B MyHKTI 2) mudpu Big gqaxnoi rpymu uudp. o
ocTaul JOMKUCATH CIPaBa HaCTyNHY rpyny HUup (BUKOHATH KOHKATEHALII0).
4) CxnacTu HEPIBHICTb BUILY

x(g"" - CH 10" 4" CR 10" x4 g™ C 10" X L+

+q>-Cr 107 - x" +q-Cr 10 X" X" <,
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7€ ¢ — 4YMCIo, CKIaZeHe 3 yXe BimoMux nudp pesynbprata; x — HeBigoMma mudpa
pe3ynbTaTa; » — ocTaya i3 myHkTa 3).
5) HaitOinbimumii minuiit HeBiA'eMHUN PO3B’A30K X HEPIBHOCTI MPUITUCYEMO JIO YUCTA (.
6) HoBa ocTtaya JOpIBHIOE Pi3HUIII MOMEPEAHBOI OCTaul Ta 3HAYEHHS JIIBOI YaCTUHU
HepiBHOCTI (1) 3 Kpoky 4) npu 3HaiAGHOMY B 5) KpOLll 3HAYEHHI X.
7) IloBTroproBatu MyHKTU 4) — 6) 10 THX Mip, TOKU ICHYIOTh HE PO3IJSHYTI IpyIu
udp.

O6uncnuMo, HampuKiIaA, KOpPIHb 5-TrO0 CTENEHs 3 HaTypajlbHOrO 4Yucia
1099511627776.
1) Po36uBaeMo uucio Ha rpynu mo S5 mudp, MOYMHAIOYM 3 HAUMEHIINX PO3PSIIiB:
109°95116°27776. Ockinbkd BHHIIIO TpU TPyHu, TO MIyKaHE YHCIO OyJe
TPU3HAYHUM.
2) 3 rpynu 1udp, AKa MiCTUTh HAHOUIBII PO3PSIU, 3HAXOAUMO KOPIHb 3 HEJOJIIKOM,
OTPUMYEMO Y109|=2, ne [x] — mima yactuHa yucna x. TakuMm 4uMHOM, HU(pa B
HANOLIBIIOMY PO3pPs/l IIYKAaHOTO YKCia TOPIBHIOE 2.
3) Binnimaemo 3 gaHoi rpynu uudp O'STUH cTemieHb yucia 2, a 10 OTPUMAaHOI
PI3HMIII KOHKAaTeHyeMO (MpUMHUCYeEMO) HAcTynHy rpyny mudp. Otpumyemo
rociiiioBHO /09-32=77; koukareHaris uuceir 77 ta 95116 nae uucno 7795116.
4) Cxnagaemo HepiBHICTb Buay (1) mpu g=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 nu@pa, aKa 3a0BOJIbHSE LI HEPIBHOCTI, JOPIBHIOE 5. TakuM YMHOM,
HOBE 3HAYEHHS ¢ IOPIBHIOE 25.

5) OtpuMyeMoO TIOCHIOBHO 3HAYEHHs JIIBOI YacCTUHU HepiBHOCTI mpu x=5. Hosa
ocraya  JopiBHIOE  7795116-6565625=1229491.  Pe3ynpTaT  KOHKAaTEHAIIIi:
122949127776.

6) Cxianaemo HepiBHICTh Buny (1) mpu g=25.

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

x(19531250000 + 156250000 - x + 625000 - x> +1250- x* + x*) <122949127776

Yucno x=6 — MakCUMaJIbHMM LUIMHA PO3B’SI30K HEPIBHOCTI, TOMY HOBE 3HAYEHHS
q=256.

7) Mu 3nHaiinun Bel qudpu pe3yiabTaTy, TOMY aITOPUTM 3aBepLIMB poOoTy. JliiicHo,
JiBa YaCTMHA OCTaHHBLOI HEPIBHOCTI Mpu x=6 aopiBHIOE 122949127776, a 3HAYUT,
HOBa ocTaua A0piBHIOE 0.

Orxe, /1099511627776 =256.




3ayBa)XMMO, 110 3alpPOIIOHOBAHUM aNropuT™M € TouyHUM. Ha KokHOMY LMK
4) — 6) anropuTMy 3HAXOIUTHCA LU(ppa pe3ynbTary, sKa BKE HE 3MIHIOETHCS 0
KIHIISL pOOOTH aITrOpUTMY.

JUis oOrpyHTyBaHHS MMOOYJIOBAaHOTO AJITOPUTMY CKOPUCTAEMOCS JECATKOBUM
3alMMCcOM IUIOro uucia. Tak Ha3uBaeTbcsd MOro MpPEACTaBICHHA Y BUINIAII CyMHU
cTtyneHiB yucna 10, y skid koediumieHTamMmu € uudpu yucna. Skmo pe3ynbrar
3HAXO/)KEHHSI KOpeHsT n-ro cremeHs 3 uucia A Mae i uudp, TO

k k-1 2 7
A= (10 a, +10""a;,_; +...+10%a, +10q, +a0) . 3amumemMo IpaBy  YacTUHY
OCTaHHBOI ~ PIBHOCTI y BUTJISITI n-ro CTEINEHS OiHOMa, TOOTO
—_— 71 .
A= (10-akak_1...a2a1 +a0) , JIe pUCKa O3HAYae€, M0 CUMBOJIM MiJ HEIO € Iudpamu
yycia. 3BIACH BUILUIMBAE MOXIIMBICTh 3aCTOCYBaHHS (QopMynu O6iHoma HbproToHa, B
SKIH 1 BUHUKarOTh GiHOMiaipHi koedimientn C!. Lleit Gakr mosicHioe BuI BUpa3y B

Oy’)XKax y HepiBHOCTI (1) nams 3HaXoXaeHus 4YeproBoi Iudpu pe3ynbTaTa
3HAXOJ[PKEHHSI KOPEHS 1-TO CTEICHS.
Hanpuxknaza, ky06 4OTHPU3HAYHOTO YKCIIa MOYKHA 3aIIMCATH TaK:

(10°a +10%b +10c + d)* =(10abc + d)* =
= C210* (abc)® + CH10%(abe)*d + C210(abe)d* + Cid®.

Tpu ocTaHHIX JOJAaHKM SKpa3 1 CKIAAlOTh BHpa3 y AyKkax HepiBHocTi (1) micms
oro MHOXXEHHS Ha uUu(dpy d, sika Ha JaHOMY €Tali ajlroOpuTMy € IIYKaHOIo, a
nonepeHi 3 uuppu a,b,c pe3ysbTaTa 3HaIeHI Ha MONEPEIHIX KPOKaX aITOPUTMY.

BHCHOBKY Ta EPCIIEKTUBU MOAATBIINX JTOCTIPKCHD

3aBHaHHS Ha y3araJlbHEHHs LIJIKOM MPUPOJHO BUHUKAIOTH B paMKaxX OyIb-
SIKOTO HAaBYAJIBHOTO MPOIECY 1 CKIAAAIOTh ITIKABUM KJIac JOCITITHUIBKUX 3aBaHb.
PosrasayTrii B po6oTi npukiaa miATBEpIKye 1ed gakt. Po3B’s3aHHS Takux 3a7ad
cTyneHTaMu (popMye y HUX HABUYKH, SKI JTIOMOMOXYTh IM y iXHii mpodeciitHin
nisbHOCTI. Bimomo, mo xopommii ¢axiBers po3B’s3y€e HE TUIBKU 4YKi 3ajadi, aje
BMi€ CTAaBUTH 1 PO3B’SI3yBAaTH CBOi 3aBJaHHS. YMIHHS CTaBUTH 3aBJIaHHS TOBOPHUTH
npo TIIMOOKE PO3YMIHHS CUTYaIIli.

[ligHsATe y cTaTTl MUTAHHS AEMOHCTPYE MOKIMBOCTI 30JMXKEHHS BY31BCHKOI
MaTEeMaTUKH 31 IIKUTBHOI0, M0 BAXKJIWUBO JJIsi CTBOPCHHS TapHOiI HaBYaIbHO-
METOIMYHOT 0a3u I BUKJIQaHHSI MaTeMaTHKHU.

? Exercises.
1. Give the main i1dea of the article.
2. Describe the goals of the article.
3. List the basic terms.

& Task 3. Make summary in English [6].
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3ACTOCYBAHHS PI3HUX MOJIEJIEM JUUIS JOCIIIXEHHS
TOIIOJIOT T HA CKIHUEHHUX MHOXNHAX
Ckps6ina A.B., Crerannesa ILI.

Berym.

Ha cywyacHomy erami pO3BUTKY MAaT€MAaTHKH TOIOJIOTIS € HaA3BUYaNWHO
YHIBEPCAIbHUM 1HCTPYMEHTOM JJisi AOCIIHKEHb, TOMOJIOTIYHA CTPYKTypa 4YacTo €
0a3010, Ha AKii OyAyIOTHCS 1HIII MaTeMaTUYH1 CTPYKTYpU. TOMOJIOrivyHI NpPOCTOpHU Ta
iX HenmepepBHi Bi0OpaXeHHs 3'ABJISIIOTHCSA B 0araTboX po3/ijiax MaTeMaTHKU.

[Ipu mocnimkeHHI TOMOJIOTIN HAa CKIHYCHHIA MHOXXHHI JIy)K€ BaXXJIHBY POJIb
BiJIrpatoTh Ty -tomnosiorii. Lle mosicHioeTbess TUM (akToM, 1o T; - Ta T, -Tonosiorii Ha
CKIHUEHHIM MHOXXHMHI MOXYTh OyTH JIMILIE TUCKPETHUMH, a cepell T, -TOMOJOTiH €
I[iKaBl HETpUBIianbHI Mpukiagu. KpiM mporo, ajsi po3B’s3aHHS 3a1adl MiIPpaxyHKY
BCIX MOJKJIMBHUX TOIIOJIOTIA HA CKIHYEHHIA MHOYKHMHI JOCTATHBO 3HAWTH YMCIIO BCIX
T, -Tononorii Ha i MHOxkuHI. 31 ctarTi J.W. Evans., F. Harary, M.S. Lynn Binoma

dbopmyra npo 3B's30k yucia 1’ (n) yCiX TOMOJIOTi Ha 7 -eJIEeMEHTHIH MHOXHHI Ta

gucna 1’ (m) ycix 7;,-TONOJOriH Ha i 71 -eJIeMEHTHUX MiIMHOKUHAX:

T(n)= Zs(n,m)f(m),

ne S (n, m) —yucna CripJiHra Apyroro pojuy.

s BUBYGHHS TOIIOJIOTIM HA CKIHUCHHIM MHOXWHI IX MOJEIIOBAIH,
BUKOPUCTOBYIOUM Pi3HI MaTeMaTU4Hi 00’ ekt (rpadu, BiTHOIICHHS, OyJIeBl QyHKIT
Ta 1HMI). TOMOJIOTiYHI NPOCTOPU HA CKIHYEHHIA MHOXHHI TOYOK MOXYTh OYyTH
OMuCaHl Ta AOCTIHKEHI KOMOIHATOPHUMH METOJIAaMHU 3aBISKH 1X TICHOMY 3B’SI3KY 31
CKIHUEHHMMHM 4YacTKOBUMH mopsiakamu. Ll B3aemonis KOMOIHAaTOHHOI Ta
TOMOJIOTIYHOT CTPYKTYp Ha CKIHYEHHIM MHOXHHI POOUTh CKIHYEHHI TOMOJIOTI]
BOXJIMBUMH MaTeMaTUYHUMHU 00’ €KTaMH.

Tomnonorii Ha CKIHYEHHIH MHOXKHMHI BIJITPalOTh KIIOYOBY pOJIb B TEOpii
po3mi3HaBaHHs 00pa3iB, TEOPIi MOJIEKYISIPHUX CTPYKTYP, TEOMETPIsAX Ha CKIHUEHHUX
MHO>KHHAX.

Oraa METOMIB TOCIIIKEHHS TOIIOJIOTH Ha CKIHYEHHIH MHOXKHHI

TomonorigyHa CTpyKTypa Ha n-eIEMEHTHIM MHOKHHI € JUCKPETHOI0. Tomy mipH
il moCiPKEHHI Ha MEPINi TUTaH BUCYBAIOTHCA 3a/1a4i MiIPaXyHKy Ta MepepaxyBaHHS
TOTIOJIOT1i, TOOTO 33724l TUCKPETHOT MaTEMAaTHKH.

3amaya miapaxyHKy TOIMOJOTIA Ha CKIHYCHHIH MHOXXHHI Ha JaHHWUA MOMEHT
3QJIMIIAETHCS HEPO3B’A3aHOI0, TOMY IHTEpeC A0 Hel 30epiraeTbes, 3’ SBISIIOTHCA
nyOmikaiii JOCHIHMKIB 3 PI3HMX KpaiH 3 HOBUMH pesyibratamu. Lleit iHTepec
MIJICUTTIOETHCS TUM, IO TPHU JOCHIJPKEHHI TOMOJIOTIA Ha CKIHYEHMX MHOXKHMHaX
BUKOPUCTOBYIOTBCSA PI3HI MaTeMaTW4HI CTPYKTypu. Tomojorii MOJENIOIThCS 3a
nonomMoror rpadiB, MaTpuilb, OyleBHX (DYHKIIIH, YHOPSAKOBAHMX HAOOPIB ILITUX
yucein. npoko 3acTocoByr0oThCs MeTOIM anreOpaidyHoi TOMoiorii, KOMOIHATOPHOTO
aHaizy, Teopii rpy.



a) MK MHOXXMHOIO TOTIOJIOTIM Ha CKIHYEHHIA MHOXXHHI 1 MHOXXHHOIO BCIX
NEPEennopsiAKIB Ha 1M MHOXHUHI (TOOTO pediaeKCMBHUX Ta TPaH3UTHUBHHUX
BIJIHOIIICHb) 1CHY€ B3a€MHOOJIHO3HAYHA BI1JIMOBIAHICTb. Ii 1ICHYBaHHS 3BOAUTH 3aj/1aul
nipaxyHKy a0o mepepaxyBaHHS €IEMEHTIB OAHIE] 3 IMX MHOXHH J0 aHAJOTIYHHX
3a/1a4 JJIsl 1HIIOT MHOXKHUHU.

JI71s1 3acTOCYBaHb TOMOJIOTINA HA CKIHUEHHX MHOXXHHAX Ba)KJIUBY POJIb BIJITPae
3ajlaua TepepaxyBaHHS TOMOTONIYHUX THUINB CKIHYEHHX MHOXHH, a TaKOX
BUKOPHUCTAHHS IHIIUX MOHATH anreOpaiyHoOi TOMOJIOTi.

BinHomeHHsl nepeAnopsaKy O Ha CKIHYEHHIH MHOXHHI X 3 TOMOJIOTIE€ 7

MOKHA BBECTH PI3HUMHU criocobamu. Hampukian, (x, y) € 0 TOAl 1 TUIbKH TOJI1, KOJIU

KOKHa BIJKpHUTAa MHOKHMHA, 1110 MICTUTh X, MICTUTh TaKOX 1, TOOTO X € {ﬂ, Ie 1)y €
3aMUKaHHSIM MHOXXUHHU {y} BiTHOCHO Tomouiorii 7. O6epHeHo, 7S ePEATIOPAIKY O
Ha CKIHUEHHIH MHOXWHI X CYKYIHICTh 7 = {U cX| (‘v’x elU ) p(x) cU } , I
p(x) = {y | (x, y) € p}, € Ttononoriero Ha X. Taki mepeamopsnok Ta TOIOJOTIIO

HA3MBaIOTh BIANOBIIHUMH. B poOOTI 3a3Ha4yaeThCs, 10 A1 Kilacuikanii CKIHYEHHUX
TOMOJIOTTYHUX MPOCTOPIB 3 TOYHICTIO JO TOMOTOINIYHOI €KBIBAJIEHTHOCTI JOCTATHBO
K1acu(pIKyBaTH 7{)-IIPOCTOPH 3 TOUHICTIO 10 TOMOTOIIYHOI €KBIBAJIEHTHOCTI.

Otxe, po3riasiHeMO 7(,-TONOJOrI0 Ha CKIHYeHHIH MHOXMHI X. Ilo3Haunmo
cuMBOJIOM M, MiHIMagbHUN OK1J TOYKK X 3 MHOXUHH X. CyKYyNHICTh MiHIMaJIbHUX
OKOJIB BCIX €JIEMEHTIB MHOXHMHHA X YTBOPIOE MIHIManbHy 0a3y 7{-TOIOJOrII.

Hagpenemo 1mie ojiHe 03HAUCHHS MOPSAIKY Ha CKIHUCHHINH MHOXKHHI 3 TOIIOJIOTIE 7, 3
BUKOPHUCTAHHSM IOHSATTS MiHIMaJIbHUX OKOJIB: I Oyab SIKUX X,y € X Xx <y SKIIO

Mxc My.

ITpu npomy Tomosoria 7z € 7Tj-Tomoyoriero Ha X skmo 3 x<y 1 y<x
BurimBae x =y. lle o3Hauvae, mo BigHomieHHS X< ) Ha X € pedIeKCUBHUM,
TPaH3UTHUBHUM Ta aHTUCUMETPUYHUM, TOOTO € BiAHOIICHHSIM YaCTKOBOTO MOPSIKY.

O3HaueHHA 3B’A3HOCTI CKIHYEHHOTO TOIMOJOTIYHOTO MPOCTOPY TaKe came SK 1
ISt OYIb-SIKOTO TOTIOJIOTIYHOTO npocTopy. Hanpuknan, miHiMansHuit okin M, Oy/b-
AKOI TOUKHU X € 3B’ SI3HHUM.

BnactuBocTi HemepepBHUX BiIOOPaKEHb TOMOJOTIYHUX TMPOCTOPIB Ta iX
roMeoMop(Qi3mMiB  TakoX MOXHa CcGOpPMYJIIOBaTH B  TEPMIHAX  YaCTKOBO
BIIOPSIKOBAaHUX MHOXXMH. Hanpukiian, Mae Micue TBep/KEHHS:

SIkmio X, Y — ckinvenni, To pyskiist f : X — Y € HermepepBHOIO TOI 1 TIBKH
TOJIi, KOJIM BOHA 30€epirae mopsmaok, Tooto 3 x < y B X Buruiusae | (x) <f (y) BY.

O3HaueHHd TOMOTOMIl, TOMOTONIYHO E€KBIBaJEHTHUX MPOCTOPIB, CTATYBAHUX
TOMOJIOTIYHUX TPOCTOPIB MEPEHOCUTHCS 3 anredpaiyHoi Tomosiorii 6e3 3MmiH. byio
[IO0Ka3aHo, 1110

Bynb-skuii CKIHYEHHUN CUMIUTIIIAIBHUNA KOMIUIEKC CJIa0KO TOMOTOIIIYHO
€KBIBaJICHTHUI CKIHUEHHOMY TOIOJIOTIYHOMY IPOCTOPY.

45


https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BC%D0%BF%D0%BB%D1%96%D1%86%D1%96%D0%B9%D0%BD%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81
https://uk.wikipedia.org/wiki/%D0%A1%D0%BA%D1%96%D0%BD%D1%87%D0%B5%D0%BD%D0%BD%D0%B8%D0%B9_%D1%82%D0%BE%D0%BF%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%96%D1%80

OTtxe, 3a71a4a iepepaxyBaHHs TOMOTOMIYHHUX TUIIB CKIHUEHHUX TOTIOJOTIYHUX
IPOCTOPIB HACTIIBKM XK BAXKIIMBA, SK 1 3a/a4a MepepaxyBaHHS TOMOTOIIYHUX THUIIIB
CKIHYCHHHX CHUMIUIILIIaJbHUX KOMIUIEKCiB. BkazaHuii  QakT TomMOoTOmivHOI
€KBIBaJIEHTHOCTI MEPETBOPIOE CKIHUYEHHI TOINOJIOTIYHI MPOCTOPU B IHCTPYMEHT IS
0araThb0X Cy4YaCHHUX 3aCTOCYBaHb. 30KpeMa, BKa3zaHl 3ajadl TICHO IOB’s3aHl 3
1M(ppoBo0 0OPOOKOIO 300paKEHh Ha OCHOB1 CKIHYEHHUX HAOOpPIB CIIOCTEPEKEHb,
TOOTO HaMaraHHsIM 3pPO3YMITH BMICT 300pak€HHSI HAa OCHOBI MOHSATTS OJU3BKOCTI
TOYOK.

0) MogenoBaHHS TOIOJOTIA Ha CKIHUYCHHHX MHOXHHAX 3a JOIOMOTOO
OyneBux (YHKIIIM BUSBUIOCH JOCTATHBHO 3PYYHUM JJIA X ONMUCAHHSA Ta TOCHIIKEHHS,
OCKUJTbKM KOXHY TakKy TOIOJIOTII0 MOKHA 3aJaTH KOH IOHKTHBHOIO HOPMAJILHOIO
¢bopMOI0  CIELIabHOTO BUJY 1 BHKOPHUCTOBYBAaTH PE3YJbTaTH JOCIIIKEHb
HOpMalibHUX (opMm OyneBux QyHkuid. Onucano Ty, -Tomosorii came 3a T0OMOroro 2-

KH® OyneBux ¢ynkmii. BukopuctoBytoun 10 MOAENb, JOCHIHKEHO B3aEMHO
JIBOICTI Ta caMOJBOICTI Ty -TOMOJIOT], a TAKOX MiAPAaXOBaHO KUIBKOCTI Ty -TOMOJIOT1i
3 Baroro 25 - 2™78,

B) i qocinikeHb TOMoJorid y 0yia0 BBEACHO MOHATTS BEKTOpa TOIMOIOTIT —
BIIOPSIIKOBAHOTO HA0OpPY LUIMX HEBII’ €MHUX YHCEJ, [0 BU3HAYAIOTh MiHIMaJbHI
OKOJIH €JIEMEHTIB 33J]JaH0] CKIHYEHHOI MHOKHUHHU. 3a JOIIOMOTOIO I[1€1 MOJIEN1 BIaJI0Ch
IIOBHICTIO PO3B’SA3aTH 3a1a4i JOCIIiIKEHHS CTPYKTYpPH TOMOJOTIH 3 Ginmpmmm 3a 271

YHCJIOM €JIEMEHTIB, SKi 9acTO HAa3WBAIOTh OJM3BKHUMH JO0 AUCKPETHOI TOIOJIOTISIMH.
Bekrop Tomonorii Oysi0 BHKOPHUCTAHO TaKOX JJIA JOCIHIJKCHHS TOIOJOTIH 3 He
OLTbIM 32 2™ 1 YHCIIOM eJIeMEHTIB.

B miii poGoTi MM TPOJOBXKHMO JOCTIIKEHHS TOIIOJOTIA Ha CKIHYCHHIN
MHO>KHHI1, OMTUCYIOYH iX BEKTOPOM TOMOJIOTI].

OcHOBHa JacTHHa.
Havinommpenimoro kiracudikaiiero TOmoIOoTii Ha N-SJIEMEHTHIN MHOXKHWHI, SKa

3aCTOCOBYEThCS B OUIBIIOCTI JOCHIIKEHb, € PO3OUTTS TOMOJIOTIA Ha KiIacu IIo
KUIBKOCTI €JIEMEHTIB B HUX. [HIITUMHU CITOBaMH, TOBOPSTH, 1[0 TOTOJIOT1S HA JOBIIBHIM
1 -eNIeMEHTHIN MHOXHHI X BITHOCHUTBCS 10 M -kaacy monoaoeiu ( ado mae eazy

m ), SKIIO0 BOHA CKJIQJAEThCA 3 M eineMeHTiB (m =2,3,...,2"). Tomomoris 3 Baroro
m =2" € IMCKpETHOI0. AHalli3 HasBHUX HA JaHWH MOMEHT IyOJIiKamii CBIIYUTh TIPO
T€, III0 MOBHICTIO JOCHIJUKEHO TOIIOJIOTIl, SIKI HajeXaTh 0 KJaciB m > o
3a3HauMMO, 110 B IPOMIKKY 2" <m<2" ¢ raxi HATypasbHi YKCIIA M1, IO HE iCHYE
®OAHOI Tomosiorii 3 Barowo m. IlinkoM NOpHUPOTHOIO € TOCTAaHOBKA 3ajadyi
JOCITPKEHHS TOTOJIOTH 3 Barow 272 < m< 2™,

V¥ 1971 p. R.Stanley omy6uikyBaB pe3yabTaT mpo 4HUCIO 7;,-TONOJOIIN Ha n-
eJIEMEHTHIN MHOXHUHI 3 Barorw k>7-2"*, B po6ori M.Kolli 2007 poxy 3Haiineno
YHCII0 BCiX TOIOJOTiH 3 Barow k >3-2"7, a B ioro po6ori 2014 poky 3HaimeHO
KIJIBKOCTI BCiX 7|, -TOMOJIOTIH 3 Barow k > 5-2"*.

st hbopmyIiroBaHHS 3aj1ady 11i€1 CTaTTl HAaraJaeMo HEOOX1H1 MTOHSATTS.



Hexait X — ckiHYeHHa MHOXWHA i 7, — TomoJjoris Ha Hii. MHOXUHA A 3 7,
HA3MBAETHCS MAKCUMANLHOIO B T, IKIO A He MICTUTBCS Hi B AKill 1HIIIH MHOXWHI 3
Ty, OKpiM camoi MHOXkHMHU X . MHoxuHa X Yy LbOMY BHIAJKy Ha3UBA€ThCA

OXONHOI0.
Hexait 3amano wmuoxman A4, X, AcX 1 rononorito 7,. bynemo

BIIHOBIIOBATH BCi Taki TomoJiorii Ha MHOXHMHI X, B SAKUX MHOXHMHA A €
MaKCUMAJBHOIO 1 sIKi IHJYKYIOTh HAa MHOXHHI 4 TOmOJIOTiI0 7, (B I[bOMY BHIIAJKY

TOIOJIOTIIO 7, 1 BixHOBiAHI Tomosorii Ha X OyaeMo Ha3WBaTH y3200J4CeHUMU).
Bbyno noseneHo TeopeMu Mpo BUIIISLL BEKTOPIB, SIK1 33Jal0Th TOIOJOrIT HA 7-

€JIEeMEHTHIN MHOXWHI, y3roJDKEHI 3 OJM3bKUMHU JI0 JUCKPETHOI TOTOJOTISIMH Ha
(n — 1)-emeMeHTHIN MHOXHHI, Ta 3HAHAEHO Bary TaKHUX TOIOJIOriH. BUsSBHIOCH, 110

y kmacax Tomonorii 3 Baroro |t| € [13-277°,2"71] 3a BukmoueHHIM T,-
TOMOJIOTH, Y3TOJDKEHUX 3 OJIM3bKUMU JO0 TUCKPETHUX Ta JBOICTHX JO HUX, 1HIIUX
TOIIOJIOT1H HEMAE. byno 3HANIEHO KJIacHu TOIIOJIOT1H 3 Baroro
|| € [5-277%,13-2"7°), axi He BUYEPNYIOThCA T, -TOMONOTIAMH, y3TOIKEHUMH 3
OJIM3bKUMHU JI0 TUCKPETHUX Ha (N — 1)-eleMeHTHIM MHOXKHHI Ta JBOICTUMH JI0 HUX.
[CHYIOTB KJIacH TOIIOJIOTH 3 Baroo |t| € (277%,5- 2" %), B akMX HeMae TOMOJIOTIH 3
Bektopamu (0, ...,0,a,_,,@,)1(0,...,0,1,1,,) npu ymoBi M,,_, N M, _, = @, T06TO
’KOJIHA TOTIOJNIOTiSI B KJaci HE € y3rOJKEHOIO Hi 3 SIKOK OJIM3BKOI0 IO JUCKPETHOI
TOTIOJNIOTI€0 HA (1 — 1)-enemMeHTHIi MHOXKHHI.
[IpupogHo  MOCTAaBUTH  3aJady  JIOCHDKCHHS  TOIOJIOTIM 3 Barorw
k e (2”‘2, on-1 J, SK1 HE € Y3rOPKCHUMU 3 OJIM3bKUMU JI0 TUCKPETHOT TOTIOJIOTISIMH.
a) Posrmsanemo T -tomonorii 3 Bektopom (0,...,0,1,3,3), nnst n = 5. 3pyuno

aHaI3yBaTH TaKi TOMOJIOTiI, 3HAXOJWUTH X Bary, pO3MJSIIAI0YM MIHIMAJIbHI OKOJU
€JeMEHTIB. /{71 1[bOro JOCTaTHHO PO3TJSJATH JIMIIE MiHIMalbHI OKOJU E€JIEMEHTIB,
1HACKC SKUX y BEKTOp1 TOMOJIOTIi HE OPiBHIOE Hym0. B manomy Bumanky ne M,,_,,

M.

1 1 M,, mpuuyomy M, _, € JBOCIEMEHTHOIO MHOXWHOIO, a M, , 1 M,

YOTUPHOXECIIEMETHUMH MHOKMHAMHU. Bara Ttomoiorii 3amexxaTume BiJ] TOMapHUX
NEPETHHIB BKa3aHUX MIHIMaJIbHUX OKOJIiB. BC1 MOXKIIMBI BUMAIKU MU pO30UIIN Ha TpU
KJIACH, OIKCABIIM TOTYXHOCTI TOMApPHUX MEPETHHIB MIHIMaIbHUX OKOJiB. [lpu
MipaxyHKy Bard TOMOJIOTIT BUKOPUCTAHO (POPMYJIH 1 MOHATTA TIMOWHU BIAKPHUTOI
MHOXWHU. Hampukian, po3risHeMO OJIWH 13 BUMNAnKiB, koimu M, , = {x,,%,_ -],

Mﬂ—l = {xlr xﬂ—Zijr xn—l} i Mﬂ = {j"{:ljI xﬂ—zrxjr x‘]‘l} B ObOMY BHUIIAIKY Bara TaKol
. _ . In—6 o
Torosiorii ~ fopiBHIoE  |T| = 14-2"7° + g({xl, xﬂ_z,xj}). [lepmmii  10JaHOK
JopiBHIOE Ba3i TomoJjorii Ha (n — 1)-ememenTHiit MuO#MHI 3 BekTopoMm (0, ...,0,1,3),
sKa € Y3TOKEHOI0 3 OJIM3BKOI0 IO TUCKPETHOI TOMoJjorieto Ha (n — 2)-eneMeHTHIN
MHOXMHI. Jpyruil p01aHOK g({xl, xﬂ_g,xj}) 7a€ TIMOMHY BKa3aHHOI MHOXHHU 1
nopiBHIOE 2 - 2" Tomy |T| =9 -2"7° = 2772,
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OTpuMaHO HACTYIIHI PE3yIbTATH:

1) Sxmo |[M,_, N M,_,| =2 i noryxHicth Xo4a 6 OZHOTO 3 JBOX IHIIUX
IIEPETHHIB JOPIBHIOE HYJIIO, TO Bara TOIOJIOTII € MeHIIOK abo xopiBHIOE 2™ %, T06TO
He HaJIeKUTh MHOXKHMHI (272,277 1];

2)  Sxwmo |[M,_,nNM,_;|=11xo4ya 0 oguH 3 JBOX IHIIMX MEPETHHIB €
IIOPOKHLOK MHOKHHOIO, TO Bara TOIIOJIOTIi HE HAIEKHUTh MHOXHHI (272,27 1];

3) Sxmo |M,_, nM,_;| =0, To Bara TOnoJjorii He HaJCKUTh MHOXHHI
(2“‘2, Fn-— 1].

0) T,-tomoorii 3 Bekropom (0, ...,0,1,2,@,), ne 2 < a,, <n — 1 TakoX HE €
y3rOJUKEHUMU 3 ONU3bKUMU [0 JHCKPETHOI. AHAJOTIYHUM aHail3 IEepEeTUHIB
MiHIMalIbHUX OKOJIB M,,_,, M, _; 1 M,, 103BOJIUB BUAUIUTH TaKi BUIIAJKU:

1) Sxmo M, ,NM, ,|=2a6o |M,,_,NM,_,| =1, to Bara TonoJorii
HAJIEKUTh MHOKUHI (2772, 2"~ 1] ne3anexno Bix iHIINX NEPETUHIB;

2)  Sxwmo |M,_, nM,_,| =0, To Bara TOonosorii He HaJECKHUTh MHOMKHHI
(2“‘2, Fn-— 1].

3a3HauuMO, IO HAMU TAaKOX IPOBEAECHO IOCHIKEHHS 1) -TOMOJIOrN 3
BEKTOpaMHU (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 3HalIcHO YMOBHU Ha MiHIMaJIbHI OKOJIU CIEMCHTIB,
sAKi 3a0€3MeUyI0Th HAIEKHICTh Bary TOMOJIOTIT mpomikky (272,27 1],

BucHoBku.

3ajaya miapaxyHKy BCIX TOIOJOTIM HaA JOBUIbHIM CKIHYECHHIH MHOXHWHI
3aITMIIAETHCS HEPO3B’si3aH0t0. OAHIEIO 3 TPUYUH MOXKHA BBAXKATH BIJCYTHICTH TaKOi
MOl TOmojorii, sika © Jo3BoMMIIa CTBOPUTH €QEKTHUBHUN alTOPUTM IS
miapaxyHKy, ab0 OTpUMaTu po3paxyHKOBY (HOpMyYITy BiJ 7 — KUTBKOCTI €JIEMEHTIB B
MHOKHHI.

KosxHa 3 po3risitHyTUX MOJElel TOMOJOrii Ma€ siK MepeBaru Tak 1 HEIOIKH.
OmnuH 1 TOM camMuil BEKTOP MOXKYTh MaTh HErOMeOMOpP(HI TOMOJIOTII — 1€ CYTTEBUI
HEOJIK, ajie, B TOW JK€ 4ac, BUKOPUCTAHHS i€ MOJIENI a0 MOKJIUBICTh OTPUMATH
BaroMi pe3yJbTaTh. 30KpeMa, MM BXE MaeMO IOBHUH CIUCOK BeKTopiB T)-

TOIIOJIOTIH, Bara SKUX HAJIEKUTh NpOMiKKy (2™72,2"71] i aki € y3romkeHHMH 3

ONMM3BKUMH IO JMUCKPETHOI Tomojorii. B miif poOOTI mpemcTaBieHO pe3ylbTaTh
nocrmipkenns T -TOMONOTIH, Bara sKUX Haldexuth (277%,2"71] i sxi wHe €

Y3IroJUKCHUMU 3 OIN3bKUMU a0 I[I/ICerTHO.l..

? Exercises.
1. Give the main i1dea 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 7} -topologies on the
finite set and the calculation of 7} -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 »=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 7 -element
set, so this question is open. There is a formula which gives the relation between the
number 7T(n) of all topologies on n-element set and the number 7(m) of all T,-

topologies on m -element sets:
()= 3..S(n,m) 7(m),
m=1

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) [m —C(m=1)"+C:(m=2)" +...+(=1)"" C,’,f‘ll”l
where S(n,m)—O, 1f m>n or m=0,and 5(0,0)=0, S(n,n)=1.
For the first time the formula T(n)= Zn:S(n,m)-T (m) was published in the

article J.W. Evans., F. Harary, M.S. Lynn.
The number & 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 & >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 7j-

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

2014.
Ty-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 Ty -topologies with k = 5 - 2"~* and the values
k€ [5-2"*,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 Tj-topologies is one of such subproblems. The method of the
describing of Tj-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 Tj-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

AR S v, )b vE, Vv,
(xl.1 VX, v...vxl.kXle vx,v..vx, L.xlvx, v..vx, )
where «, f,...,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

3 / ).l )
(x,.l VX, v...vxl.kXle vx, vevx L vy, vievix, ),
where «a, S,...,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

@ @ |15 A Y Y
()cl.l1 v ? Xle‘ VX )...(x[l1 Vv xtzz)
where «;,[;,...,y; 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,,...,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 (VWP (\WN .

The topology with 2-CNF is not uniquely defined, namely Boolean function
from the intersection Bi(\WP(1WN 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 = {xl,...,xn}. The collection
B={@,M,,..M,}, in which M; — the minimum neighborhood of the point x;, is the

base of the topology 7, which will be called the minimum.
Theorem 2. Let 7 be the topology on n-element set x with the minimal base
B= {@,Ml,...Mn}. If m, ={xk,xl-l o X }, then there is a 2-CNF of Boolean function
that specifies the topology 7 that contains the conjunction of the form
O = ()_ck VX )/\.../\ ()_ck VX )
In particular, if M, ={x,}, then ¢, =1. Inversely, if some 2-CNF of Boolean
function that specifies the topology 7 has the form ¢= (Z()_ck Vv X, )/\ N ()?k VX ),

where 2-CNF & does not contain X, , then there is an inclusion {xk,xl-1 peees X }g M.

Proof. Let us renumber the elements of the set x so that there is a minimum
neighborhood A, ={x;,x,....x,}. Then the executive vectors for the corresponding

Boolean function are the vectors (L1,....I, &y {s-s @ 1.1, @ 115 2, ). On all these sets
o =%, vx))AA(X, vx,)=1, that is ¢; belongs to some 2-CNF.

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

(1,1,...,1,as+1,...,ak_l,ak,akH,...,a,l),

of which, only the sets (1,1,...,1, &, { ... @) _1 51, &j 4 15-.-» @, ) correspond to the subsets
that contain x; . So, {x;,x,...x, < M, . Theorem is proved.

Theorem 3. Let B={@&,M,,...M,} be the minimum base of the topology
and ¢, be the conjunction that corresponds to the minimum neighborhood A,

n

k =1,n. Then the conjunctive normal form ¢ = A P 1s 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; v X; are included
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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

M;=M; and M; =My hence the inclusion M, = M, , namely % €M Tt 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 ¢ = NP the given maximum 2-CNF. Let us denote the set that
-1

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 x, belongs to ¢ which
means that x; e K. So, K =M, . If ¢ does not contain the disjunctions with x,, then
My = (e}
Example 1. For the maximum 2-CNF
@ = (0 v %3 )ory v X4 Jory v T Nova v Xs Moz v )
of the topology on a five-element set the minimum base of the topology has the form
B = {@, {xl }, {xg}, {xl’x3}9 {xz,x4}, {xl,xz,x3,x5}}.
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.
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

Jcr 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 *i X , which is the part of 2-CNF f, of

Boolean  function, which specifies the topology 7 on the set
X = {xl,...,xi,...,x P } Then, the truth domain of Boolean function includes the
sets (al,...,ai_l,l,am,...,aj,...,an) and (al,...,ai_l,O,am,...,aj_l,O,ajH,...,an). After
these replacements, they will be replaced by the sets (@,...@_1,0,@.,....@ j,...,&n) and
(al"“’al'—l’l’a"“""’af—l’l’aJ'”""’a”), 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

Ae
(al,...,ai_l,1,ai+l,...,aj,...,an) defines the  subset T, and the set

(51,...,0_5,-_1,0,0_5,-“,...,5 5) defines a subset CAeCr. Similarly, the set
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(al,...,ai_l,O,am,...,aj_l,O,ajH,...,an) defines the subset V' ez, and the set

(51,...,071._1 AR PN ,l,&j+1,...,§n) defines the subset CV eCr.

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;). 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 7,
the multiplicity X, by 7.

Theorem 3.5. Two maximum 2-CNF f,(x;,....x,,) i f5(3y,...,, ) are
equivalent if and only if the variables can be divided into pares x;, y; such that

}/'l.:S.

jandr; =5,

J

Proof. Let @: x, — v ; be the bijection which sets an equivalence of the
QX Y g q

maximum 2-CNF £, (xy,....x,,) i f2(1.-..,, ). Then the equalities 7; =5 ; and

r; =S are true.

Conversely, let 7; =s; and 7; =5 are true for the maximum 2-CNF

fi(xqse.ox, ) and £5(3q,..., v, ) of the topologies 71 and 7,. We will describe what
the bijection can be constructed.

Suppose the variables are ordered so that the inequalities 7; <7; <..<7; and

s: <§ A <...<s: aretrue. We have r, = Ejk for each k, so we have that the

J1 J Jn U
minimum neighborhoods of the elements Xi, and y j, are equivalent.
The topologies 7; and 7, are the To topologies, so we will definitely have the

equalitiesr; =7, =..=7, =0 and 5; =5, =..=5; =0,k=>1. We will set the

next substitutions Xip = VjseXy >V which also are the substitutions between
the single element minimum neighborhoods. Further we consider the minimum
neighborhood M;  of the elementx; , and the minimum neighborhood M ; . Of

lUe+1 U1
the element y; . Let we have the equality 7, = =1, 1<[<k, thus these

el Sk
minimum neighborhoods include the elements Xi and y jr.; Tespectively, and also
[ eclements between which we already have the substitution. We will
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putx; ~—y;  .Sowe have M iy M el 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 7
and 7, are homeomorphic, and 2-CNF f(x,....x,) and f5(y,...,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; =7,

andr; =7;.

Example 2. Let f. =(x, v X, )x, v X )x, V). Here =2, 7 =2, r, =1,
r,=1, ie r =7, and r,=7,. We construct 2-CNF of the dual topology

2
for =@ v, (& vxs (X, vxs). The bijection x, <> x., X, <>X,, X3 ¢>X;, X, <> 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) a € 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
v(t)=(a,a,,...,at,). The index of the topology t is the sum of the indices of all
elements of the set X in the vector of this topology.

Theorem 6. The sequence (a,,a,.,...,c,) 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)a,<a,,,i=lLn-1,

b) a; <i—1,i=1,n.

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 Z:QMI‘—1)+...+QM n‘—l), which determines the number of

disjunctions in the maximum 2-CNF of this topology. On the other hand,
2=1+...4+7, =1 +...+7,. This fact results in the equality of indices of the

mutually dual topologies, because the maximum 2-CNF of the topology Cr7 is
obtained from the maximum 2-CNF of the topology 7 by the replacement x;, — X,,

X; —> x;. The corollary is proved.
4. The enumeration and the calculation of all observed 7, -topologies with the
weight 25 - 2"78. 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 - 278,

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

Theorem 7. T,-topology has the weight 25 - 2"® if and only if its vector has

one of the following forms:
D (0,..,0,1,5),ifa)M, , cM,;b) M, , N M, = {x;},
2) (0,..,0,22),if M,_, nM,_ =0,

n—1
3) (0,..,0,1,1,1,1,2),if N M, ={x)anda)yM, , € M, ;

m=n—4
b) ﬁ 4Mm :{Xz}s
4) (0,..,0,1,12),ifM, , N M,_, ={x}and ( M, -0,
m=n—2
5) 0,..,0,1,1,1,1), if M, snNM, ,={x} and M,_, N M, = {x;},
X; # X;.

Thus T,-topologies with the vectors (0,...,0,1,5) and (0,...,0,1,1,1,1,2),
(0,...,0,2,2) and (0, ...,0,1,1,1,1) are mutually dual, and T',-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
n—1
vector (0,...,0,1,1,1,1,2) when N M, ={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, = {E’, {0 d o s b 1 {0y, %5, %0, Xy, X 1, :Jr:n}}, then the corresponding
maximum 2-CNF has the form £, =(x; vx,_, N v X, Nxy VX, o3 v E, Nxg v X, Nx,_ VX, ).
After replacement x; —>X;, X, —>x, we obtain the topology Cz and the
corresponding 2-CNF ]71 = (xn—l Vv X )(xn Vv X )(xn V Xy )(xn V X3 )(xn V Xy )(xn \ )_Cn—l)- The
bijection x; <> x,, X, | <> X,_1, Xy <>X,_4, X3 <>x,_3 and x, <> x,_, reduces it to the
equivalent 2-CNF £, =(x; vX,_4 o, v X,_3 N VX, Nx; vE,_ o v X, Nx,_; vX,). Thus,
the  minimum  base of the  topology Cr has  the form
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B — {my {xl}y AL | {xﬂ—i}J {xlj xﬂ—cl-}y {xly xﬂ—a }J {xly xﬂ—z }.l {xlj xﬂ— 1}1
2 {xly xﬂ— 1» xn}
n—1
(0,...,0,1,1,1,1,2), and the conditions are met | M,, ={x;} and M,,_; = M, . Thus,
m=n—4
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), (n] 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 (0,...,0,1,1,1,1,2) and
(0,...,0,1,1,1,1), under these conditions, also have weight 25 - 2"7©,
It remains to consider the topologies with the vector (0,...,0,1,1,2) under the

condition M,,_> N M, _; ={x;} and N M, =@. First, calculate their weight. In

m=n—2
order to do this, we use the 1dea described, we  obtain
[e|=2""%+2""% +2"7° +2"‘6(22 —1)= 2”‘6(24 +22+2+3)=25.2""5. We show that such a
topology is self-dual. The minimal base of one of the homeomorphic topologies has
the form B = {E‘J, {xl},...,{:Jr:,ﬂ_g},{xl,xﬂ_g},{xl,xﬂ_l},{xg,xg,xn}}, corresponding
to it 2-CNF £ =(x; v ¥,_, N vV X,_; Nxs VX, Nx; VX, ). The multiplicities =2, r, =1,
rn=1,7,_,=1,7,_1=1 and 7, =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
% (Mg + i (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 Ci~*-CF-(n—3)-Ci, = (n)s The total
number of the topologies with the weight 25-2"7% is equal to
L M+ M), +: (M) =5 - Mg+ - (), + =+ (), + () =

10 1 1 n+14 1
o e+ - (M)(n—6)+—-(n); =—— (W) +_-(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.

? Exercises.

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



&5 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 7', which contains £ >1
elements, and f:G — T — surjective homomorphism, then let us say that the group

G belongs to the chromatic £ -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
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 4,, 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 1s the prime number.

3. Group (Z ,+) can be mapped onto the group (Zn,+) for all n e N naturally,
that is this group belongs to the chromatic n-class for all nme N\{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.
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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 cCR.

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) 1s 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) 1s determined uniquely by the colors of the values
of the arguments x u y 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, ) 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) 1s 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
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(a2x2 + b2y2 + c,R): 2, H(]f(x,y){ + c,R): 2. In these examples

a,b,ceR, [ (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,»)=2xy—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) =00,

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

1. The function fj(x,y)=x+y, on the set ZxZ, belongs to all chromatic
classes. To demonstrate it, we locate the natural number £ > 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 fi(x,y)=x+y on the set Z has the chromatic number 2,
viz H (x+ vZ ):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 f5(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)= x*>—y?, on the RxR are equal

to infinity is the main result of this article.
Theorem 1. If ¢ff #0, then H(ax+ﬁy+7/,R):oo.

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

coloring of the set R in k colors, that one can determine the color of the expression
ox + 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

X ~ X Ay~ vy = (g + By +7)~ (ay + fry +7). (1)
Lemma 1.1. The following implication takes place:

xX~y=>ax+t~ay+t VteR. 2)

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

x~y/\s~S:>(0ax+ﬂs+7/)~(ay+,85+7/)<:>ax+t~oqy+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 0, 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 € 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=Doa+ta-ax=a~ay+a—-oax=a+a(y—x),

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
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it is infinite. This variant is impossible, because the required number of the colors
should be finite. Hence, there exists z#0, z~0.

Lemma 1.3.If 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 n € Z, thatis noz ~0~ z.
We take ¢ = naz in the forward induction and apply (2). Then

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

We take ¢ = (n — l)az in the backward induction. Using the implication (2), we

obtain
O~z=(n-z~az+m-1)oz=noz~0=(n—1)oz ~0.

Lemma 1.4. If x ~ y, then a(x—y)~ a(y—x)~ 0.
Proof. Let us apply lemma 1.1 for = —ay. We obtain

x~y=>a-aqy=alx-y)~ay-ay=0.
One can prove the second part of the statement by a similar way.
Let us prove the theorem 1. Put H (ax + [y + y,R) =k. Let us consider the

The system {0,7,2y,3y,....ky}

1z

element z such that z + 0. Let us denote y = TR

a
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

a((p+m)y-py)=may ~0.

!
Since 0 <m <k, then n= LS is the integer. According to the lemma 1.3 the
m

k! 2 K o’z
number an(may)=~ma*y =
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

O (a, B,y € Q) instead of the set R.

Corollary. There are no subgroups of the normal index of the groups (R,+) and
(0.4).

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 a = =1, y =0 in the theorem, then H(x + y,R) =o0. Let us assume

= z 1is equivalent to 0, but this is in contrast

the contrary. The group (R,+) has the subgroup M (which is normal subgroup
because of the commutativity of the group R) such that %4 = 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 @ +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(@)+ f(l;): f(?z + I;) 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)= 0. The corollary is proved.

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

Theorem 2. H(x2 —yz,R): 0.

Put H (xz — y2 ,R)zk. 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

2 2 2 2
x1~x2/\y1~y2:>(x1 N )N (x2 _J’Q)- (3)
2 2
Lemma 2.1. If x ~ y, then x~ -y~ ~0.

Proof. One can prove the lemma using the formula (3) for the equivalences
X~YAY~Y.

Lemma 2.2. If x ~ 0, then 12 ~t*>—x% VteR .. @
and

1% ~x?>—1*> VteR. (5)
Proof. The relation (4) follows from the equivalences ¢t ~¢# A0~ x and from
the formula (3). The relation (5) follows from the equivalences 0 ~ x At ~¢.

Lemma 2.3. If z~ 0, then mz> ~0 VmeZ.
Proof. Let us apply induction on m .

If m =0 the proposition clearly holds.

We obtain

22~O~—22,

using lemma 2.2 for the relation z ~ 0, when ¢ =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.
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We put 2 = (m+1)z2 and we apply formula (4) for the equivalence z2 ~0.
We obtain (1 + 1)22 ~ (m+ 1)22 2% =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 1s mz% ~0.
We put 2 = —(m — l)z2 and we apply formula (5) for the equivalence z% ~0.
We obtain — (- (m—1)z2 )= (m~1)z% ~ 22 (- (m-1)z2 )= mz2 ~0.
Let us return to the proof of the theorem 2. If arbitrary s > 0, then there exists

z, such that 4 =5, Put y= z
K2
elements ny,m = 0,k , which belong to the same class (Dirichlet principle)

There are, at least, two elements among the

dnmeN:0<m<n<kAny~my.
According to the lemma 2.1 we obtain n2y2 —m2y2 = (nz —mz)y2 ~0.

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

)
(n2 —m? ), that is why r = ’ is integer.
2=
It follows from the lemma 2.3 that

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

—S~O.

ZCro.

If s <0, then there exists z > 0 such that s = 22,

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

obtain 0~0Az~0=0%-22 =5~02-0?=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): ox+ Py+y,of #0 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:

J 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+ fy+ 7, where ff # 0 could be determined by

the colors of its arguments uniquely. It is also true for the functions X2 - y2 and

ax;xy..x, +b,where n>1,ab#0.

&5 Task 6. Make an abstract to the videos on the following topics:

o The power of consistency
https://youtu.be/ScYq98y3dbM?si=0 mzhorQ2SBS8tjgj
o Solving systems https://www.youtube.com/watch?v=XOJgzW4P7T8
o Gaussian elimination https://www.youtube.com/watch?v=11HsX1IgpRI
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Topic 10 Making an abstract of your qualification thesis in a foreign

language

Metoanuni Bka3ziBku Ta iHcTpykumii. B 1miif Temi TpebGa miAroryBaTUch 10
HamucaHHs aHoTamii Bamoi kBamidikamiitaoi poboru (Task 1-4). Crnouartky
O3HAaHOMTECh 3 BHUMOraMH 10 O(OpPMIEHHS KBami(iKaliiHUX poOIT MaricTpis.
Buxkopucraiite METOIMYHI BKa31BKM 3 MOMNEPEIHIX PO3ILTiB, 0COOIMBO BKa31BKH 0
Topic 9. BukopucTtoByere BIANOBIAHI CI0Ba, MO0 MIJKPECIUTH BHUPILIEHI B pOOOTI
3aBJaHHS: OIJISI, aHalli3, METO/l, JIOBEJACHHS, MOPIBHSAHHS, y3arajJbHEHHS, TiOTe3a,
JOBeIeHHs a00 CIIPOCTYBaHHs, 3aCTOCYBaHHS TOILIO.

¢ Ipuxknax anorauii kBaiikaniiinoi po6orTu.

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.

Jlist Bukonanust Task 5 ta Task 6 o3znaiiomtech 3 Tekctom Tips for making a
good presentation Ta BUKOpUCTaWTE IOPAaaU TMPU CTBOPEHHI Mpe3eHTalli CBOET

kBautipikaiiitHoi poOoTH.

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
question.

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.

&5 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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——1 Application

d Greek letters with pronunciation.

a alpha AL-fuh v nu NEW

B beta BAY-tuh &, 2 xi KSIGH

v, I' gamma GAM-muh o omicron OM-uh-CRON
d, A delta DEL-tuh n, I1 p1 PIE

ik epsilon EP-suh-lon p rho ROW

{ zeta ZAY-tuh o, Z sigma SIG-muh

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

0, O theta THAY-tuh v, Y upsilon OOP-suh-LON
1iota eye-OH-tuh ¢, ® phi FEE, or FI (as in hi)
k kappa KAP-uh  chi KI (as in hi)

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

u mu MEW o, Q omega oh-MAY-guh



HaBuanbHe BugaHHS
(YKpaiHCBhKOIO MOBOIO)

Creranrnes €Breniii BikropoBuu
Crerannesa [lomina I'eopriina

MNPO®ECIMHO-OPIEHTOBAHU MPAKTUKYM IHO3EMHOIO MOBOIO

[IpakTukym
JUTst 3700yBaviB CTYTEHS BUIIO1 OCBITH MaricTpa
cnenianbHocTi « CepeHs OCcBITa »
OCBITHBO-TIpOdeciitHoT mporpamu « Cepenns ocBita (MaTeMaTuka)

Peuenszenr C.B. lganenko
BianosinansHuii 3a Bunyck 1.B. 3inogees
Kopekrop €.B. Cmezanyes
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