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BCTYII

Huctumutina «IIpodeciiiHo-opi€eHTOBAaHUN MPAKTUKYM 1HO3EMHOIO MOBOIOY €
000B’SI3KOBOIO Ta BXOJHTH JIO ITUKIIY 3arajbHOi IIJICOTOBKH CIEMmianbHOCTI A4
Cepennst ocBiTa 3a OCBITHBbOIO mporpamoio «Cepennss ocBita (Pizuka Ta
actpoHomis)». Kypc 0a3yeTbcsi Ha 3HAHHAX Ta HaBUYKaX, OTPUMAHUX IIJ 4Yac
HAaBYaHHS Ha OCBITHBOMY pIBHI OakanaBp. BiH B3aeMONOB’s3aHHMIl 3 Kypcom
«Metonomnoriss HayKOBUX JOCHIKEHb». HaOyTi mpu BHBUYEHHI KypCy 3HaHHS
OylyTh KOPUCHUMHU ISl TOJAIBIIOTO BUBYEHHSI OOOB’SI3KOBUX Ta BHOIPKOBUX
JUCUUIUTIH 32 BKa3aHOIO CHEIaNbHICTIO, 30KpeMa «Meroauka HaBYaHHS (I3UKU
Ta acTpoHOMIi B mpoduIbHIN miKomi», «KoMi roTepu3ailis mMKIILHOTO (Hi3UYHOTO
EKCIIEpUMEHTY Y MpodiIbHIN 1mKoI1», «{udpoBi Ta MyJIbTUMEIIHI TEXHOIOTII B
npodiapHIM  cepeaHid  OCBITI», CTaHYTh 0a300 I8 KBali(hiKOBAHOTO
npo¢eCIMHOro CHiJIKYBaHHS 1HO36MHOIO MOBOIO.

MeTor0 BHBYCHHS HABYAJIBHOI JUCHUIUIIHM € IIJATOTOBKAa MAaricTpiB JI0
1HTerpaiii B MDKHApOJIHE HAyKOBE CHIBTOBAPHUCTBO. J[J1s1 JOCSTHEHHS IIi€l METH
CTyJIEHTaM HEOOXITHO BHUBYUTH 0a30By (i3UKO-MATEeMAaTHUHY TEPMIHOJIOTIIO
1HO3EMHOI0O MOBOIO, HAaBYUTHUCh CaMOCTIHHO INIyKaTH, YUTATH Ta aHaIi3yBaTH
JiTepaTypy, sSKa HamucaHa 1HO3EMHOI0 MOBOIO, Ha0yTH €JIEeMEHTapHUX HaBHUOK
nepekiaay HayKOBO-TEXHIYHMX TeKcTiB. Po0oTa 3 1HO3EMHOI JITEpaTyporo
noTpedye BMIHHS CKJIQJaTH aHOTAIlll JO cTaTtel, nmucatu pedepaTu, 30Kkpema il 10
KBamipikamiitHux poOiT. s yyacTi B MDKHApOAHUX KOH(pEpEHIIAX Ta myOiKarii
cTaTei B MDKHApOJHUX BHJAHHSAX IOTPIOHO O3HAWOMHUTHCH 3 TIPaBHIIAMH
HaMCaHHS HAYKOBHX CTaTel 1HO3EMHOIO MOBOIO Ta 3 OCHOBAaMH THCHMOBOI Ta
YCHO1 KOMYHIKaIIi1 3 1HO3EMIISIMH.

OcHOBHMMH  3aBAaHHSIMH  BHBYeHHA  aucuuiiinn  «lIpodeciiino-
OpIEHTOBAHUMN MPAKTUKYM 1HO3EMHOIO MOBOIOY €:

° OBOJIOJIIHHSI HABUYKaMU CKJIaJIaHHS JOTIOB11 3a (haxoM 1HO3EMHOIO
MOBOIO;

o O3HallOMJIEHHsI 3 0a30BOI0 Ta CIEILiali30BaHOI) MAaTEeMaTHYHOIO
TEPMIHOJIOTI€10;

o dbopMyBaHHS BMiHb BECTH JTUCTYBaHHS 3 IHO3EMHUMH KOJIETAMU;

o HAOYTTS HAaBUYOK pedepaTUBHOTO TMEPEKIaay HAYKOBO-TEXHIYHOI
JITEpaTypH 31 CHEIIaTLHOCTI 3 IHO3EMHOI MOBH;

o HAaOYTTS HAaBUYOK aJCKBATHOTO IEPEKIIaTy HayKOBO-TEXHIYHOL
JiTepaTypH 31 CIIeHiaIbHOCTI HAa 1HO3EMHY MOBY;

o PO3BUTOK HAaBHUYOK YCHOTO Ta TMCBMOBOTO  CIIJIKYBaHHS
1HO3EMHOIO MOBOIO;

o HaOyTTs HABUYOK IMIJrOTOBKM T€3 HAYKOBHX KOH(epeHIil 3a
baxom.



3riHO 3 BUMOTAaMH OCBITHBOI-TIpo(deciitHoi mporpamu 3700yBadl OCBITH
MaroTh JOCATTH TAKUX KOMIIETEHTHOCTEW Ta MPOTrpaMHUX Pe3yJIbTaTiB HAaBUAHHS.

KomnerenTHocTi:

3K 2. 3marHicTh 10 MIiXKOCOOHMCTICHOI B3aemomii, poOOTH B KOMaHII,
CHUIKYBaHHS 3 MpPEJACTaBHUKAMHU I1HIIMX MPOQECIiHUX TPyl PI3HOrO pPIBHA
(colianbHa KOMIIETEHTHICTD).37aTHICTh MPAIFOBATH B KOMaHI1;

3K 6. 3pmatHicTb 10 CaMOpPO3BUTKY Ta CaMOBJOCKOHAJIEHHS 3/aTHICTb
MPAIIOBATH 3 BEIMKAUMH 00CSITaMU TaHUX Ta aHATI3yBaTH iX;

3K 7. 3naTHicTh A0 MOILIYKY, aHATI3y Ta KPUTUYHOI OLIHKK iHopmarii, ii
y3arajJbHEHHS Ta IHTepIIpeTallii;

3K 8. 3narHicTh epeKTUBHO (HOPMYBATH KOMYHIKATUBHY CTPATETIIO.

Pe3yabTaTn HABYAHHS:

[TPH 2. YMiTu 3HaX0IUTH, aHAII3yBaTH Ta BUKOPUCTOBYBATH 1H(POPMAIIIIO 3
PI3HHX JpKEpen, HacaMIepe T 3a TOTOMOTOr0 TG POBUX TEXHOJIOT1H;

I[TPH 9. BonoxaitT oAHi€I0 3 MOUIMPEHWX 1HO3EMHUX MOB Ha piBHI, MIO
JO3BOJISIE  OTPUMYBAaTH Ta OIIHIOBaTH I1HQOpMaUil0 B ramdy3l npodeciiHoi
JUSTIBHOCTI 3 3apyOIKHUX JIKEpe,

[1PH 20. BosoaiTi ocHOBaMHU MPpOQeCiiiHOT MOBJIEHHEBOI KYJIbTYPH;

I1PH 23. 3po3ymiio Ta rpaMOTHO BHCIIOBIIOBATH CBOI AYMKH W TMOYYTTH,
BOJIOJIITH BepOaIbHUMU Ta HeBepOaIbHUMU 3ac00aMu 1H(POPMALIIIHOTO BILUIMBY Ha
3100yBaviB CEpeIHHOI OCBITH.

HeBig’emauM enemMeHTOM poOOTH 3 1HO3EMHHUMHM JDKEpellaMH € BMIHHS
KOPUCTYBaTHCSl CJIOBHMKAMM, B TOMY YHCIl €JIEKTPOHHMMH, a TaKOXK
CJIEKTPOHHUMHU  MEepeKiajjayaMd, TOMY B Iporpamy Kypcy BKJIIOUYEHO
O3HAMOMJIEHHS 3 TAKMMHU JOBIAHUKAMH Ta PECYPCAMHU.

[Tpaktukym cknamaerbes 3 10 TeM. TemMu MICTATh MaTepiainy ISl YATAHHS,
CIIyXaHHS, TepeKiaay, BIOpPaBH N0 KOXHOTO BHUAYy wMatepiamiB. I[loTouni Ta
MiZICYMKOBI 3aBJaHHs, SKI BKJIIOYEHI J0 MPaKTUKyMy, CIPUSTUMYTH KpPaIOMY
3aCBOEHHIO MaTepiaja Ta JOTMOMOXYTh Y (DOpMyBaHHI 3allJIJaHOBAHUX MPOTPAMOIO
KypCy BMIHb Ta HaBUYOK. PO3p00ieHN TPaKTUKYM MOKe OyTH BUKOPUCTAHUH K
Ha MPAKTUYHUX 3aHATTAX, TaK 1 B CAMOCTIHIN poOOTI 3700yBayiB CTYNEHS BUILOT
OCBITM  Marictpa BCIX OCBITHBO-IPOECIHHUX MpOrpaM MaTEeMaTUYHOTO
bakybTeTy.
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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

Kopotki Teopernuni Bimomocti. [IoHSTTS TepMiHy € JOBOJI CKJIQJIHHUM.
BoHO MicTUTh B cOO1 SIK JIIHTBICTHYHI TaK 1 MOHATIMHI acCEKTU. Byib-sikuii TepMiH
OMUCYE JIesIKe MOHATTS. B mpoiiecci MOBCSIKACHHOI MISNIBHOCTI JIFOAMHA Ja€ Ha3BU
00’eKTaM, 3 SIKHMH BOHA CTHUKA€ThCS. TaKMM YMHOM HApOKYIOTbCA JIEKCHYHI
OJIMHHUILII, TaKl K TEpMiHH. 3a OyAb-SIKUM TEPMIHOM CTOITh MOHSTTS MHCII,
MPUYOMY HE SIKOiCh aOCTPaKTHOI MUCII1, a JIOKaJII30BaHOI Ha JAesKoMy mpeameTi. B
HAyKOBIW JIITepaTypl pI3HUMHU aBTOPAMU HABOJASTHCS PI3HI O3HAYEHHS TEPMIHY.
HagenemMo kijibka 3 HUX.

1. Tepminn — 1e cioBa, SIKI BUKOPUCTOBYIOTH Ul TO3HAUEHHS PI3HUX
HAYKOBUX 1 TEXHIYHUX TOHSTD.

2. Tepmin — 1me cioBO a0 CJIOBOCIHOJYYEHHS, IO TMO3HAYA€ TMOHSATTS
crenianbHOi 00J1acTi 3HaHHS a00 AISUTBHOCTI.

3. TepMmin € «ompeamedyBaHHSIM» a0CTPaKIlli 00’ €KTa CEMiaIbHOI Chephl y
BUTJISITI JIGKCHYHO1 OJIMHHUII IPUPOTHHOT MOBH.

4. TepMuH — 11e TEKCUYHA OJUHUILI MIEBHOTO 3HAKA IS CTEIabHUX IIIEH,
IO [O3HAuYa€e 3arajbHe — KOHKpEeTHE abo aOCTpakTHE MOHATTS BU3HAYEHOI
crenianbHOi 001acTi 3HaHb a00 JISIIBHOCTI.

5. TepmiHu — 116 HOMIHAHTH CHUCTEMHM TMOHATH (pealiiil) HayKd, TEXHIKH,
odimiiHOT MOBM Ta iX BIIOOpaK€HHSI B BUPOOHUIITBI, CYCHUILHOMY KUTTI a0 iX
OKpeMHX 00JIacTAX; MPUYOMY KOXKEH TEepMIH B KOHKpETHIA o00sacTi 00sajgae
CYCITIJIbHO OCO3HAHUM 3HAYEHHSIM.

6. TepMiH — 11€ JIEKCUUHA OJIMHUIIS, 3HAUEHHSI KOTPOi BKIFOYEHO J0 CUCTEMHU
CHeIiaTbHUX TOHSATH, sika (PyHKIIOHYe B chepl nmpodecioHaTbHOr0 CIUIKYBAaHHS,
3aCTOCYBAHHS SIKOT 0OMEXEHO CIeliaIbHO 00J1acTHo.

Bci o3HaueHHs TepMiHY OB’ S3YIOTh 3 HOTO JACSIKUM KOHKPETHUM MOHSATTSIM.
OpmHak TEpMIH MOB’S3aH HE 3 MOHATTSM B 3araii, a 3 MOHATTIM, SKE BijoOpaxkae
pIBEHb 3HaHb B IEBHUM M1E€P10]T — KOHUEITOM.

l'oBopsiun mpo TepMmiHM, HacamIepe] MalTh Ha YyBas3l CJoOBa, SKI
3aCTOCOBYIOTHCS CHELlalicTaMu ¥ He € MUpoKo BigomuMmu. OnHak, OyBae i Tak,
10 TEPMiH 13 By3bKOCHEL1aJIbHOI CPEpH MEPEXOIUTh B PO3PSA 3araJIbHOBKUBAHUX.
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Tak OyBae konu ska-HeOyIb chepa HayKd UM TEXHIKM B MEBHUI MPOMIKOK Hacy
NepeKuBaE MBUAKUN miaioM. B 1ibomy Bumnanky ii JOCATHEHHS HEMUHYYE CTAIOTh
npeaMEeTOM YBaru >KypHamicTiB. Tomi, JUisi OMUCAHHS CYTi JOCSTHEHb, BOHU
BUKOPHUCTOBYIOTh crienianbHi TepMinu. Lli Tepminm, nepeOyBatoyu MeBHUI Yac Ha
CIIyXy, CTalOTh 3arajlbHOBKMBAaHUMH, a 1HOJ[I HABITh YAaCTKOBO 3MIHIOIOTH CBOE
MOYaTKOBE 3HAYCHHS.

OCHOBHHUMH pHCAMH TEPMiHY BBaXKAIOTh:

a) OJTHO3HAYHICTb;

0) CUCTeMHICTb;

B) TOYHICTB;

I') KpaTKiCTh;

1) HE3JIC)KHICTh BiJl KOHTEKCTY;

€) CTUJIICTUYHA HEUTPAIbHICTB;

’K) MOTHBOBAHICTb;

3) HasIBHICTh Je(iHIIIIT;

1) HOMIHATUBHICTb.

B mexax paHoi TepMIHOJIOrii TEpMiH, K MpaBUio, OJHO3HauyHUU. Ha
BIJIMIHY BIJ 3BHYaliHOTO CJIOBA T€PMIH HE MOTPEOYy€e KOHTEKCTY, OCKUIbKU BIH €
YJICHOM BH3HAYEHOI TEPMIHOJIOT1I, yepe3 SIKy BiH 1 Ha0yBa€ CBOIO OJJHO3HAYHICTb.
3MICT TE€pMiHY PO3KPUBAETHCA 3aBJASKH TOYHOMY JIOTIYHOMY BHU3HAUYEHHIO U HE
OOYMOBJIIOETHCS JIGKCUYHUM 3HAYEHHSM CJIOBA.

TepmiHu MOKHA MTOJIIJIUTH HA:

a) 3araJIbHOHAYKOBI;

0) MDKTasry3eBi;

B) By3bKOTaTy3€Bl.

KopoTko 3ynuHIMOCE Ha KOKHOMY 13 THIIIB.

3azanvnonaykosi mepminu. Cheporo iX BKUBaHHS € MaikKe BCl HAyKOBI
rajxysi, TOMy Taki TEPMiHH MarOTh 0arato pi3HUX 3HadeHb. OKpIM TOTO, TaKWU
TEpPMIH MOKE MaTH ¥ 3arajJbHOBXUBaHE 3HaUeHHs. [Ipu nepeknaal Takux TEpMiHIB
Tpeba OyTu ocoOauBO yBaXHUM. Hampuknazn, aHriaiiicbke CIOBO — Stress
NEPEKIANAETCS K Hanpyea. 3yCTpidyaeTbCs B (I3ULl, MAaTeMAaTHIll, MEXaHill, a
TaKOX Ma€ 3arajibHOBXHBaHE 3HaUeHHs. CI0BO wheel epeKIIala€ThCs SIK KOJIEeCo.
[le cioBO 3ycTpiyaeThCcsi Mailke B YCIX Trainy3sx TEXHIKH. 3ayBakKMMO, IO B
aBTOMOO171€0y TyBaHHI 11€ CIOBO MOXe OyTH MEPEKIIAJICHO 1 K K0/1eco 1 SIK KepMo B
3QJIE)KHOCTI BiJl KOHTEKCTY.

Miyczanyseei mepminu MOXYTb 3yCTpPIYaTUCh SIK B CIOPIAHEHHUX, TakK 1 y
BITAICHUX  Talmy3ax. Hanpukman, aHrmiidcekuit  TepMin  field,  sxuii
NEPEeKIANAAETECS K 7nojle 3YCTPIYaeTbCcsl B TaKUX CIOPIAHEHUX Taly3ax sIK
MaTeMaTuka Ta (izuka. Takox 1mei TepMiH BUKOPUCTOBYETHCS M y BiITATICHUX BiJ
MaTEeMaTUKU Traiy3siX, Halmpukiaa, B arpapHid copaBl. TepMmiH  roof
nepekiiaiaeTbes Ak dax. Llei TepmiH MOXKHA 3yCTpITH B raiy3i OyAiBHHUIITBA abo
aBTOMOO171€0yTyBaHHS.



By3bkozany3eei mepminu BXUBAIOTHCS JIMIIE B OJHIM Tally3l HayKH.
Hampuknaza, B HAHOTEXHOJIOT1i BUKOPUCTOBYIOTHCSI HACTYIIHI TEPMIHU: nanoparticle —
Haunouacmuysi, nanocylinder — nanoyunindp, nanoisland — nanoocmpiseys, TOIIO.

Meroanuni BkasiBku Ta iHcTpykuii. [lepexman 3 aHrmilcbkoi MOBH
MaTEMaTUYHUX TEPMIHIB, AK 1 MepeKya] OyAb-sKUX IHIIUX TEPMIHIB Ma€ MEBHI
ocoOnMBOCTI. BOHM BUHUKAaIOTh 3 JACKUIBKOX MNPUYMH. TepMiH He JOMycCKae
JIBOSIKOTO TpakTyBaHHsA. lle € ofHi€l0 3 KIHOYOBUX BIIMIHHOCTEH TEPMIHY BiJ
3arajJbHOBXMBAHOTO cJoBa. B Teopii BiA3HAYAETHCS, MO IS EPEKIaay TEpMiHY
HaBITh HE MOTPiOeH KOHTEeKCT. OAHAK Ha MPaKTHIl JJI aJeKBATHOIO TepeKiaay
TEpMiHy B OUIBIIOCTI BHUIAJKIB KOHTEKCT BCE X € BaXJIUBHUM. lle numaernbcs
BIPHUM HaBITh TOJI1, KOJIU MOBa M€ PO TaKy TOYHY HAYKY SIK MaTeMaTHKa.

Oco0nMBO CKJIQJIHO TIEepeKafaTh O0araTockiIajHl TEepPMIHHM, SKI YacTo
3YCTPIYaOThCSA B HAYKOBO-TEXHIUYHUX TekcTax. [lepekiaz ocTaHHIX € HaWOLIbII
CKJIQTHHM.

Hapeaemo npukiany rnepekinaay 6araToCKiIaTHUX MaTeMaTHIHUX TEPMiHIB 3
iHaexkcoMm (Tabnuusg 1) Ta 6e3 Hporo (Tabnuus 2).

Tabmauusg 1 — TepmiHu 3 IHIEKCOM

Indexed Terms TepMinu 3 nHIEKCOM

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

R? is the d-dimensional Euclidean space | R? — d-BumipHuii €BKIIiIIB IPOCTIpP
L.Y is a smooth vector field LY — rnanke BEeKTOpHE MoJie
Lx— the fact that is a derivation Lx— nudepeHniroBaHHs
M,,, — denotes the set of tangent vectors | M,,, — MHOXXWHA IOTUYHUX BEKTOPIB J0
to M at m M B TOULl m
E* (M ) — the set of all smooth k-forms E* (M ) — MHO>XHMHA BCIX ITaJIKUX k-
on M dbopm Ha MHOTOBHII M
T, — topology with axiom T 1}, — Tononoris 3 akcuomoro 7,

Tabnuis 2 — TepMinu 6€3 1HIEKCY

Terms without index Tepminu 0e3 iHaexkca
C — complex number field C — noJjie KOMIUIEKCHUX YUCET
f— mapping of the set f— BigoOpa>keHHs] MHOKUHU
h — commutative diagram h — KOMyTaTHBHA Jiarpama
F — differentiable structure F — nudepenmniiioBana CTpyKTypa
GL — general linear group GL — noBHa JiiHelHa rpyna
M — a differentiable manifold M — rnagkuii MHOTOBU/I
Vv — a vector V — BEKTOP
E — unite matrix E — onuHr4Ha MaTpuULs




TepMiHOMOTIUHI CIIOBOCTIONYYEHHS — II€ CEMAHTHUYHO IIUIICHI CTIONYyYEHHS
nBoX abo Oinmpie CiiB, MOB’S3aHUX 32 JOMOMOIOK MpUHMEHHWKa, abo
0e3NPUIIMEHHUKOBUM CIIOCOOOM. B TakuxX CHOJYyYEHHSX CJIOBA MOEAHYIOTHCS MIXK
co0010 6€3 BUKOPHUCTAHHS CITY>KOOBHX YaCTMH MOBU. | OJJOBHMM CIIOBOM B TakuX
CJIIOBOCIIOJIYYEHHSIX € OCTaHHe. T1 cioBa, IO CTOSTh MEpPe HUM, BIIITPAIOTH POJIb

o3HaueHHs.  Omxke,  mepeknag  Oe3NPUIUMEHHUKOBUX  TEPMIHOJOTTYHUX
CJIOBOCIIOJIyY€Hb TOUYMHAETHCS 3 OCTAHHBOT'O CJIOBA.
Hampuxian,

a) modulation measurement — UMIPIOBAHHSA 2IUOUHU MOOYIAYIT,

0) time division multiple access system — cucmema uaco8oco po30iieHHs i3
bazamoxpamHum 00Cmynom;

8) partial order structure — cmpykmypa 4acmrko8020 nopsioKy,

2) complex number field — none komnaexcuux uucen.

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

Jlinifina (kBagparnuHa) Qynkuisa, Ctpora (HecTpora) HEpIBHICTb, PO3B’ 130K
pIBHAHHS (HEPIBHOCTI, CUCTEMHU piBHsIHB), J[poOOBO-1iHINiHA HEpIBHICTb, MeTon
iHTepBaniB, Pi3nuns kBazapatiB, Cyma (pizuuis) ky0iB, KBampar (ky0) cymu,
KBazapar (ky0) pizuuii, OyHkuis, 3BeJeHE KBaJpaTHE pIBHSAHHSA, JMCKpUMIHAHT
KBaJpaTHOTO piBHAHHSA, KBanparuuHna HepiBHICTh, [loOynoBa rpadika, ['padiunuii
penaktop, PobGora B iHTepHeti, [lomyk indopmanii, IacTtpymentu, Ilanens
iHCcTpyMeHTiB, OOpoOka iHdopmariii, 3pa3ok.

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

Hammcatn MmeToauvHi peKoOMeH IaIlii K e 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.

&5 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.
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—=| Topic 2 Writing a report on the given theme

Meroanuni Bka3iBku Ta iHcTpykuii. [Ipy BUKOHaHHI 3aBAaHHS 3a LI€O
TEMOIO Tpeba 3BepHYTHU yBary Ha HaBeCHY B MEpIIii TeMi Kiacu]ikailito TepMiHiB
Ta 3’5ICYyBaTU HAJEXKHICTh JI0 TOrO YM IHIIOTO KJIACY BUKOPUCTAHMX B JIOMOBIJII
TEPMIHIB.

OcHoBHUM croci0 Mepekiiaay TEPMiHIB — MONTYK JISKCUYHUX €KBIBAJICHTIB Ta
BIAMOBIAHOCTEH. ['OJOBHOIO CKIIAJHICTIO TIpH TEpPEeKJIajl HayKOBO-TEXHIYHHX
TEKCTIB € TEPMIHOJIOTisI, TOMY IIPH pOOOTI 3 HAYKOBO-TEXHIYHUMH TEKCTaMHU JYKE
BYKJIMBO BUKOPUCTOBYBATH CIICI[1aIi30BaH1 CJIOBHUKHU.

Haiikpamum BapiaHTOM € BUKOPUCTaHHS rajdy3eBUX CIOBHUKIB. [Ipu mipomy
IIyKaTH y CJIOBHUKY Tpeba HE TUIBKM OKpeMi CJIoBa, aje W TOIUpeHi
cioBoCONy4eHHs. Lle 0co0IMBO BayKIMBO MpuU NMepekIaal JTOKyMEHTaLli.

BukonyiiTe mocTaBieHe 3aBIaHHA 32 TAKAM TUIAHOM:

° HaIUIIITh KOPOTKUH TIJIaH JOTIOBIIL;
e  3BIpTE 31 CJIOBHUKOM HEOOX1HI TEPMIHU Ta CIIOBOCIIOIYYCHHS;
®  HaBeJITh KUIbKA MPUKIIAJIIB 3aCTOCYBAHHS MaTepialy TEMH.

The general structure of the report is:

e Introduction.
e Body.
e  Conclusions.

Depending of the purpose, some other elements can be included, for

example:

Title page.

Table of contents.
Glossary.

Executive summary.
Appendicies.
References list.

& Task 1. Make the report (7 — 10 min) on the given theme, using the
terms from task 1 topic 1. Follow the general structure of the report. See
example below.

o Jliniiina QyHKis.

Po3B’s13aHHS cUCTEM JIIHIWHUX PIBHSIHB 3 IBOMa HEBIJIOMUMH.
JIiH1¥iHI HEPIBHOCTI 3 OAHUM HEBIJOMUM.

Cuctemu JT1HIMHUX HEPIBHOCTEN 3 OJJHUM HEBIJJOMUM.
Jpo6oBo-miH1lHI HEPIBHOCTI.

Merop iHTEpBaiB.
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DopMyu CKOPOUEHOTO MHOMXKEHHS.
KBaapatuuna QpyHKIis.
Po3B’s13aHHs KBapaTHUX PIBHSHb.
Po3B’s13aHHS KBaJApaTUYHUX HEPIBHOCTEH.
Knacudikamis TecToBUX 3aBJaHb 3 MAaTeMaTUKH, BHUMOTU JI0
(bopMyIIOBaHHS.
° Bumoru 510 oopmIIeHHS MaTeMaTUHYHOTO TEKCTY B peaakTopi Word.
° Bumoru 1o aHoTaIlii HayKoBOi CTaTTI 3 MaTEMAaTHKH.

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

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

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

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

of two points A4(0,-3) and B(L,—1). Let us draw Cartesian coordinate system. It
consists of origine of coordinates, two perpendicular axes: x-axis and y -axis with

the indicated positive directions of these axes. We mark the obtained points
A(0,-3) and B(1,~1) on the Cartesian coordinate system and construct the straight

line through these points.

y=2x+3

12



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 € (—oo,+0).
2. The range of function y € (—oo,+0).

3. If £ >0, then the function increases. The angle between the straight line and x -
axis 1s 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 A4 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

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

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

already mentioned above £ is called the slop.
If &y =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
=2x-3
the following system { 4 Nt Let us equate the left-hand sides of the
y=-3x+

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

P(1,-1).
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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 — niHiliHa QyHKILIS;

standard form — 3aranbHHI BUTJIAT,

slop — kyToBU# KOE(DIITIEHT;

graph — rpadik;

straight line — npsama;

point — Touka;

Cartesian coordinate system — iekapToBa cuTeMa KOOpJIMHAT;

origin of coordinates — mo4aToK KOOpAWHAT;

point of intersection — ToYKa MepeTUHY;

to substitute — miCcTaBIATH;

equation — piBHSHHS,

parallel — mapanenbHuii;

abscissa — abcmucca;

ordinate — opauHaTa;

equality — piBHICTb;

right angle — npsimuii KyT;

acute angle — rocTpuii KyT;

obtuse angle — Tynuii KyT;

to increase — 3pocTary;

to decrease — cnagaTy;

domain of definition — 00Jy1acTh BU3HAYECHHS;

range of function — o6acTe 3HaYEHHS.

&5 Task 2. Give the examples of the application of the chosen theme.
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—= Topic 3 Working with foreign sources

MeroanuHi Bka3iBkn Ta iHcTpykuii. [Ipy BUKOHAHHI 3aBAaHHS 3a LI€IO
TeMOI Tpeba KOPUCTYBAaTUCh IMONIYKOBUMH cucTeMamu. [l BiAMOBIII Ha
MOCTABJICH] MTUTaHHS 3BIPTE 3HAUEHHS TEPMIHIB 31 CIel1a]i30BaHUMH CIIOBHUKAMHU.
Cepen eNeKTPOHHUX CIOBHUKIB PEKOMEHAYEMO BUKOPUCTOBYBaTHM multitran.
Takok KOPUCHUM € 3BEPHEHHS JI0 €JIEKTPOHHUX MEpeKiaaayiB, Hanpukiaz, deepl.

JInst SIKICHOTO BHWIKOHAHHSI 3aBJaHHS IMOTPIOHO 3pO3YyMITH 3MICT Ta JESKI
JIeTa 3ampornoHoBaHOro Matepiany. OcoOnuBY yBary 3BEpHITh Ha 3aCTOCYBaHHS
BUKJIAJICHOT TEOPii JO pO3B’S3aHHS KOHKPETHHUX 3a7a4 1 HaJalTe CBOI MPHUKIAIH.
[lin dwac 3axWcTy BHUKOHAHOI POOOTH BUKOPUCTOBYWTE PO3TISHYTY paHIIIe
TEPMIHOJIOTIIO.

3aBmaHHs S5 € 1HTepakTMUBHMM. BoHO mnepenbayae Hapiramiro B
aHTJIOMOBHOMY 1H(opMmartiiiHoMy pecypci [1], 10 sSKOro MoOXHa MepedTu 3a
nocuiaHHaM  https://www.geogebra.org/. Jlns BUKOHaHHS IILOTO 3aBJaHHS
IIPOIMOHYETHCS TAKUH TUIAH:

° BUOpaTH 3 BiKHA «PECYpCH» OJINH 3 HUX;

° BHOpaTH MaTepiall, 3aBJaHHs JI0 SKOTO OIiHIOIOThCS 9-12 Gamamu;

° O3HAHOMHUTHCh 3 TIOSCHCHHSIMH Ta BHKOHATH 3alpOTIOHOBAHI
3aBIaHHS;

. miJ ~4yac  3aXWCTy  3aBJaHHS  IPOJCMOHCTPYWTE  KOPEKTHE

BUKOPUCTAaHHS MaTeMaTWYHUX TepMiHiB. OcoOiiMBY yBary 3BEpHITh Ha
KOHCTPYIOBaHHS TEPMIHOJIOTTYHHUX CIIOBOCIIOTYYECHb.

&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.

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

o Give the examples of prime number.
o How many even prime numbers do you know?
o Give the greatest prime number, which is known currently.

&5 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:
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o What is mapping?
o Give the definition of Cartesian product.
o 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?

&5 Task 5. Open the link https://www.geogebra.org/, choose one of the

proposed resources, complete the test, and get ready to answer the questions,
connected with the terminology.
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Topic 4 Translation of scientific and technical texts on speciality from

a foreign language

Kopotki TeopeTnuHi BizomocTi. BuainstoTs HaCTYMHI COCOOU MEepeKiIamLy
HAyKOBO-TEXHIYHUX TEPMIHIB.

Exkeieanenmnuit nepexnad. Ilpu takomy crnocoOi nepekyiaay B ILUIbOBIM
MOB1 3HAXOJATh MOBHHUHN €KBIBaJEHT TepMiHA, KU OyJI0 BHKOPUCTAHO B MOBI
opuriHaimy. 3BUYalWHO, IIO0 Taka CHUTYyallis MOXIJHMBA HE 3aBXKIU, aje B THUX
BUIIAJIKaX KOJH BCE K MOXJIMBA, II€ € HAWKPAIIUM BaplaHTOM.

[Ipuknaay eKBIBaJICHTHOTO MEPEKIIAIY:

a) integral — inmeepar,

0) test — nepesipka,

B) prognosis —npozHo3;

T) program — npozpama,

1) matvix — Mmampuysi.

Tpancaimepayia. 1lpu 1bomy cmocobl Tepekiagy TEepMiH, SKUN
BUKOPUCTAHO B MOBI OpPHUTIHAIY MPOCTO 300pa)kyeTbCs JITEpaMU ILILOBOI MOBH.
[Tpu TakoMy croco01 nepekiaaay MepekyiaeHuid TepMiH MiIsrae 000B’ I3KOBOMY
MOSICHEHHIO, SIKIIO B IIIbOBIM MOBI1 BIH paHillle HE 3yCTpivyaBcsl.

[Ipuknaau TpancmiTepartii:

a) slash — crew,

0) startup — cmapman;

B) bush — 6yuu.

Cemanmuune  KanpKyeanna. B HayKOBO-TEXHIYHOMY  MepeKiajii
3aCTOCYBaHHS IIOTO CHOCOOY MOXKJIMBO JIMINE 32 YMOBH IOBHOTO CIIBIAIIHHS
CTPYKTYPH JICKCUYIHOI OJTMHMIII.

Hanpuknan:

a) Jacobi theorem — meopema Akobi;

0) local theory — noxanvha meopis.

3ano3uuenns. 11ig 3a1103NYCHASIM PO3YMIIOTh IIOBHE TTIOBTOPEHHS 3BYKOBOTO
CKJaay M HamucaHHs TepmiHa. Takuii croci® mepekiagy MOXHa 3aCTOCOBYBATH B
TOMY BWIIAJIKy, KOJHU IICH HOBHH TEPMiH Ha3WBAa€ HOBUW TNPEIMET, SKHH HE Mae
Ha3BH B I[IJIbOBIA MOBI.

Hanpuxman:

a) neutron —HeumMpoH,

0) plasmon — nnazmon,

B) pit-stop — nim-cmon,

r) interface — inmepgelic;

n) radiator — padiamop.
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Konkpemusayia. Ilpu Ttakomy crmoco0l mepekianxy TepMiH 13 MOBHU
OpUTIHANY, KU Ma€ MMPOKE 3HAYCHHS 3aMIHIOIOTh HA TEPMiH, SIKUHA Ma€ OLIbII
BY3bKE€ 3HAU€HHA B LUIbOBIM MOBI. Takuii cnocid mepekiiagy 3acTOCOBYEThCS IS
YTOYHEHHS y BUTIAJKY KOJHM TEPMIH MOXe OyTH TPaKTOBaHUH HEOTHO3HAYHO.

[Ipuknaayn KOHKpeTU3aLii:

a) null tensor — men30p HYy1LOB020 pauea, cKAlap;

0) pair of gears — napa cnpsdiceHux 3youamux Koec;

B) dirt inclusion — nopoone exnouenHs, be3pyoHe GKIHOUEeHHS.

I'enepanizayia. Konu BuOpaHo 1ei cnocid, To/li BUKOHYIOTH Jiii, 0O€pHEH1
JI0 THX, [0 BUKOHYBAJHUCh B MONEpPEHROMY crioco01. TepMiH 3 By3bKUM 3HAYEHHS
3aMIHIOIOTh Ha TEPMiH 3 OUIBII TUPOKHUM 3HAYEHHSM B IIJILOB1M MOBI.

Hanpuxian:

rifleman — cmpinox.

MetoanuHi Bka3iBku Ta iHcTpyKuii. HasBHICTE TOTPIOHOTO CIIOBHUKA IIIE
HE € TapaHTi€l TOro, IO mepeknajn Oyae agekBaTHUM. OKpiM TOro, 1O Tpeda
MEepeKJIacT TEpPMiH, IIe Tpeda BIPHO IHTEPIPETYBATH HOTO B 3aJIEKHOCTI BiJl
KOHTEKCTy. TomMy BMIHHS NpaBWJIbHO I1HTEPHPETYBAaTH 3HAYEHHS TEPMIHY €
0e3yMOBHO HEOOXIIHMM TNepekianady, SKUd Mpalioe 13 HAYKOBO-TEXHIYHUMU
TEKCTaMHU.

3a3Buuail Mpu TMepeKyiajii HayKOBO-TEXHIYHOI JITEpaTypu Iepekiiagayd
KOMOIHY€e HaBeJieH1 BuIle criocoou. Lle m03Bossie 3po0uTH Mepekiaa aaeKBaTHUM
Ta TOYHUM.

&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.
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&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.

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

Hooke's Law

Introduction
Hooke's Law 1s a fundamental principle in physics that explains the relationship
between the force applied to an elastic object and the amount of deformation it
undergoes. Named after the 17th-century British scientist Robert Hooke, this law is
essential for understanding the behavior of materials under force and is widely
applied in engineering, construction, and mechanics.

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

F=—kxF =—kxF=—kx,
where

. F is the force applied to the object;

. x 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
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displacement, a straight line through the origin demonstrates Hooke's Law. The
slope of this line equals the spring constant k.

Conclusion

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

? Exercises.
1. Describe the main idea of the text.
2. List the basic terms.

3. Make one sentence, using each term.

&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
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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; 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 1s available at www.ets.org/gre/prepare, provides detailed
information about the content of the Quantitative Reasoning measure. The
mathematical symbols, terminology, and conventions used in the Quantitative
Reasoning measure are those that are standard at the high school level. For
example, the positive direction of a number line is to the right, distances are
nonnegative, and prime numbers are greater than 1. Whenever nonstandard
notation is used in a question, it is explicitly introduced in the question. In addition
to conventions, there are some assumptions about numbers and geometric figures
that are used in the Quantitative Reasoning measure. Two of these assumptions are
(1) all numbers used are real numbers and (2) geometric figures are not necessarily
drawn to scale. More about conventions and assumptions appears in the
publication =~ Mathematical =~ Conventions, which  is available at
www.ets.org/gre/prepare.

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

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

Quantitative Reasoning Question Types
The Quantitative Reasoning measure has four types of questions:

o 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
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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:

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.

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
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simplify the comparison. Try a step-by-step simplification that is similar to the

steps involved when you solve the equation x* +3x=35 for x. Begin by setting up a
comparison involving the two quantities, as follows:

Quantity A ? Quantity B

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

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

o quantity A is greater;

o quantity B is greater;

o the two quantities are equal;

o the relationship cannot be determined from the information given.

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

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

MeroanuHi BKa3iBKHM Ta iHCTpykmii. /(s peamizanii KOMIETEHTHOCTI
CHUIKYBaHHSI 3 HOCISIMM 1HO3EMHOI MOBH, NIpPOrpaM aKaJeMiuHOi MOOLIBHOCTI,
epeKTUBHOI y4acTi y MDKHApOJHHMX HAyKOBUX 3axo/ax NOoTpiOHa pobora 3
TpeHYBaHHS HABUYOK CIPUHAMAaHHS I1HIIOMOBHOTO TEKCTy Ha ciayx. Y Topic 5
MICTSTBCSI MaTepiajiy Ta 3aBJaHHA, CIIPAMOBaHI Ha (JOPMyBaHHS TaKMX HABHYOK.
HaBenemo kisibka nmopasi:

o Kpalie MOYMHATH MPOCIYXOBYBAaHHS MaTepialiB, MOB’ S3aHUX OJIHIEIO
TEMaTUKOIO;
o mepIne TPOCITYXOBYBaHHS — JUJII PO3YMIHHS 3arajlbHOTO 3MICTY,

HACTYIHI — JUIsl 3aCBOEHHS He3Haiiomoi (a0 He CHpUMHATOT 3 MEepUIOTO
pasy) TepMIHOJIOT1], 11100 pO310paTUCh B JETANIAX;

o HE 3JI0OBKHBAMTE TEKCTOBOIO BEpCIE0 ayjaiomMarepiany, I1HAKIIE
IIPOCTYXOBYBaHHS MEPETBOPUTHCS] HA YNTAHHS;

° MUIITh KOPOTKI AUKTAHTH, Oa’KaHO OJMH 1 TOM caMuii KiJIbKa pasiB.;

o TIPOTIPAIIONTE MaTepiaan 3a MOCHIAHHIMHU:

https://www.esolcourses.com/content/topicsmenu/listening.html
(ayairoBaHHS 32 PIBHSIMM);

https://youglish.com/ (sx pi3Hi JIOaU TO-PI3HOMY BUMOBJISIIOTH OJHI ¥ T XK
cami CJIOBa).

& Task 1. Find the following video
https://www.youtube.com/watch?v=iStkxcKé6 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 intern
et?language=ru.

o What is this video about?

o List the basic terms.

o Give the examples of the transmitters.

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

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

o List the basic terms.

o List the types of leaners.
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[ |

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

language

Kopotki Teoperuuni Bizomocti. [lepexianayeni ciig 3BepTaTu yBary Ha
Taki 0COOIMBOCTI POOOTH 3 HAYKOBOIO Ta HAYKOBO-TEXHIYHOIO JIITEPATyPOIO:

Oono3znaunicms. byab-sKii TEXHIYHIA TEPMIHOJIOTIT MpUTaMaHa LS puUca.
He wMoxHa pomyckaTd HEOAHO3HA4YHOI TPAKTOBKU CiliB abo0 BUpa3iB, Kl
BUKOPHUCTOBYIOTHCS MTPHU MEPEKIIAIL.

Buxopucmanna 3aiimennuxie. Jly’xe 4acTO B aHIJIOMOBHIM JiTEparypi
BUKJIAJICHHA Marepialy BeIeThCs BII Tepuoi ocodbu. B ykpaiHCbkili MOBI
NPUIHATO 3aCTOCOBYBATU 3aliMEHHUK Mu a00 6€30c000B1 (POopMU AI€CIIB.

Tounicmes. He nomyckaeTbCsi BHKOPUCTAHHS JIGKCHKH, SIKa Ma€ Ha MeETi
OyIb-SIKMM YMHOM IIPUKPACUTH BUKJIAJ MaTepiany.

Biocymnicmb nexkcuxku, wo naoac oyinky. He MokHa BUKOPHUCTOBYBATH
JIEKCHUKY, sIKa BUpa)Ka€ 0COOMCTE CTaBJICHHS JI0 MIPEAMETY POOOTH.

Biocymuicms cnpowiens. TepMminu, K1 BAKOPUCTOBYIOTHCS MPHU TEPEKIIAI,
HE MOBHWHHI CIPOIIYBAaTH AYMKY a00 TOHSTTS, SIKI MPUCYTHI B OPUTIHAIBHOMY
TEKCT1 HayKOBOi poOOTH.

Meroanuni BkasiBku Ta iHcTpykumii. IlepexiiamayeBi ciiji peTeabHO
BUOUpATH JIEKCUKY, sIKa MPUTAMaHHAa MEBHIA TEPMIHOCUCTEMI M YHUKATHU JIEKCHUKH,
sKa TUIBKM HEUIOJIABHO MpHUMIIa 3 HAOOpy 3arajJbHOBXUBAaHUX CIiB. BaxiauBum
(dakTOpOoM € TOTPUMaHHS CTUJIIO.

Oco06nmBy yBary mpu nepexyiaal Ciaig NpUIIIsTA TepMiHaM, SIK1 BITHOCATHCS
710 pO3psIy «XMOHHX Apy3iB Mepekaagaday. Jlo HUX B mepiry 4epry HalekaTh Tak
3BaHl 1HTEpHAIlIOHAII3MHU. [HTEepHAIlIOHATI3MHU — 1I€ CJIOBA, SIKI CIIBIAJAIOTh 3a
CBOEIO 30BHIIMHBOIO (OPMOIO, ane 3a 3MICTOM MOXYTh CIHIBHAJaTH JIUIIIE
4acTKOBO. BOHU BHpa)katoTh MOHSTTS MIDKHAPOJHOTO 3HAYCHHS W CIIBICHYIOThH B
PI3HUX MOBax.

HaBenemo aexinbka MPUKIAIiB TAKHX TEPMIHIB:

a) original. Ha mepimuii morisig — OpUTiHATBHUH, alle CIiJ MepeKIagaTH K
MMOYaTKOBUM;

0) progressive. Ha nepmmii mormsi — NpOrpecUBHUM, aje Ciij nepeKyiagaT
AK MOCTYTIOBU;

B) technique. Ha mepmui morisiy — TEXHiIKa, ajie CliJ MNepeKIafgaTh sK
METO/I;

r) decade. Ha mnepmmii mornsg — Jekaaa, aje Ciij MepekiaaaTH sk
JECATUPIUYS;

n) accurate. Ha nepumuii moris — aKypaTHH, aje Ciij MepekyiagaTh sK
TOYHHUM.
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Taki TepMiHM HE MOBHMHHI mepekianatuca OykBaibHO. lle maiixe 3aBxau
MPU3BOJUTH 10 TOMUJIOK.

[Ipu mepekiani 0e3npUITMEHHUKOBUX TEPMIHOJIOTIYHUX CIIOJY4Y€Hb Tpeda
mam’siITaTd, M0 B TaKWX CIIOJIYYEHHSX CJOBa TOEMHYIOTBCS MiXK C000I0 63
BUKOPUCTAaHHSA CIIY>)KOOBUX 4YacTUH MOBHU. [OJIOBHMM CJIOBOM B TaKHUX
CJIOBOCIIOJIYYEHHSIX € OcTaHHe. T1 cioBa, IO CTOSITh Mepel HUM, BIIITPAIOTh POJIb
npuiiMeHHukiB. OTxe, mnepeknan  Oe3NpPUIUMEHHUKOBUX  TEPMIHOJIOTTYHHUX
CJIOBOCIIOJIyY€Hb TOYMHAETHCS 3 OCTAHHBOT'O CJIOBA.

PosrasineMo npukiany nepexiaany 0e3npuiMEeHHUKOBUX CIIOTYYEHb:

a) live test — unpoOy8anHs Ha CPOK CLYHCOU;

0) forward draught — ocadxa nocom;

B) Hermitian matrix — mampuys Epmima.

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

B poGoTi mpOmOHYEThCS BHKOPUCTOBYBATH TIOHATTS 1 BIIACTUBOCTI
B3a€EMHOI'0 MHOTOYJICHA JUIsl 3BEJICHHS PIBHAHHS TPETHOTO CTEMEHS CIEIiadbHOTO
BUJly JI0 CTaHAAPTHOI (POPMU JIJIsl MOATBIIOrO po3B’si3aHHa MetojoM Kapaano, a
TaKOXK MpHU TEpeBiplll MHOTOWICHAa HAa HE3BIAHICTh HAJ TOJIEM palllOHATbHUX
quces 3a JI0NoMorow kpurepis Eizenmreitna. Mera noCiipkeHHS — OTpUMAaTH
e(eKTUBHI KOMOIHAIII1 BIACTUBOCTEH HE3BITHOTO Ta B3A€EMHOI'0O MHOTOUJICHIB.

Po3z6é’azanns piensanb mpemvozco cmenens cneyianbHo2o 6udy. Po3risiHeMo
PIBHSIHHSI TPETHOT'O CTEIEHS CIIEH1aIbHOTO BUITY.

ax® +bx% +c=0. (1)

[IpononyeThecsi edeKTUBHUN MeTon 3BeAeHHS piBHsAHHA Buay (1) 1o
CTaHJApTHOI (QOPMU 3 BHUKOPUCTAHHSM MOHSITTS B3a€EMHOIO MHOIOWIEHA.

B3aemHuii MHOro4seH f *(x) 0 MHOTO4NeHa f(x) 3HAaXOmUTBCA 32 (HOPMYIIOH
£ (x)=x"f(1/x), ne n — cTemiHb BHXiZHOrO MHOrOWIEHa. 3aCTOCOBYEThCS

BJIACTHUBICThH: KOPEHI B3a€EMHOI'0 MHOTOYJICHA € 0OCPHEHUMU JI0 KOPEHIB BUX1THOTO
MHOT'OYJIEHA.

Bukxopucmanns enacmusocmeii 83a€MH020 MHO20YNeHA NPU O0B8EOEHHI
He368I0HOCMI MHO20Y]IeHa HAO NojleM payioHanbHux duucen. J{ns mnepeBipku
MHOTOWIEHAa Ha HE3BIJHICTh 3a KpuTepieM Eif3eHmTeilHa 3HaX0AATh MPOCTI
JTITBHUKK BUIBHOTO WieHa. SIKIo iX HeMae, TO MepexoasTh 0 1HIIOI 3MIHHOI,
HaNpUKiIaa, 3a gonoMororw cxemu ['opuepa. [Ipu 11bOMy 3MIHIOETBCS W BUIBHUIA
YJICH MHOTOYJICHA.

[Ile omuH cnoci® MIATOTOBKM MHOTOYJIEHA IO TEPEBIPKH 3a KPHUTEPIEM
EitzeHimnTeiina BUHUKA€E, SKIIO BUKOPUCTAaTH TaKy BIIACTHUBICTh: MHOTOYJIEH,
B3a€EMHUHM 1O HE3BIAHOTO, € HE3BIAHMM. 3HAHIIOBIIM MHOTOWICH, B3a€EMHHH 10
JJAHOTO, BUIBHUM WIEH SKOr0 Ma€ MPOCTI MAUIBHUKH, MEpeBIpseMO HOro Ha
HE3BIIHICTH. SIKIO BIH HE3BIOHWM, TO ¥ BUXIJIHUM MHOTIOYWIEH HE3BIIHUM 3T1IHO
1[1€1 BJIACTUBOCTI.
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? 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.

3HaHHA  TEOPETUYHUX  OCHOB  TIEOMETPUYHUX  MOOYyAOB,  BMIHHS
3aCTOCOBYBaTH OCHOBHI METOJHM BHKOHAHHS IUX MOOYIOB, € HCOOXITHHMH IS
MaiOyTHporo memarora. Ili HaBuukm 30aradyroTh TE€OMETPUYHY KYJIBTYDY,
3a0e3MeuyoTh IMHUPOKUN TOTJISIT Ha TEOMETPito, TIUOOKE PO3YMIHHS MPUPOIU
BJIACTUBOCTEHN T€OMETPUUHUX PIryp.

Po3B’s13yBaHHs T€OMETPUYHMX 3a/4ad, SK IUIaHIMETPUYHHUX Tak U
CTEpEOMETPUYHHUX, IOYMHAETHCS 3 PETEILHOTO aHali3y YMOBH 3a/1a4i Ta MO0y 10BH
PHUCYHKY 13 300paxK€HHsIM 3a7aHoi (irypu i 10AaTKOBUX 00’ €KTIB Y BIAMOBIAHOCTI
JI0 YMOBM 3ajJladul, TOMY BaXXJIMBO iX IIBHUJKO W MpaBWILHO BUKOHYBaTH. L1
300pa)KE€HHS HE TUIbKU MOJETIIYIOTh PO3YMIHHSI YMOBH 3aJ1ayi, aje d BUKIMKAIOTh
MeBHI PO3YMOBI Jii JJIsi CTBOPEHHS Ta peaiizallii IjaaHy po3B’si3aHHs 3amayl. He
MEHII BaXJIMBO BMITH 3a 33JJaHUM 300paKCHHSIM BU3HAUYUTH (POpPMY 300pakeHUX
Ha HbOMY 00’€KTiB, iX B3a€MHE PO3TalllyBaHHS, JICsIKI METPHUYHI CIiBBIIHOIICHHS,
TOOTO pO3B’sI3yBaTH OOCpPHEHY 3aJady. 3BICHO IIe¢ MOXKE BIIOYyTHCH JIHUINE 3a
YMOBH, 110 300pakKeHHsI BAKOHAHE IPABHIIbHO, 3a/I0BOJIbHSIE TIEBHI BUMOTH.

Tak wo orc maxe npasunvhe 300padxceHus Qicypu ma 3a AKUMU NPABULAMU
1020 ModicHa nodyodyeamu? HKum 6umozam 60HO NOBUHHO 8i0n0Gioamu?

Oznauennsa. bynemo HaszuBatu opueinanrom Qirypy, SKy clij 300pa3uTH.
CyKynHICTh HpaBUIIL, SIK1 JO3BOJISIIOTH 0 OPUTIHALY OTPUMATH MOTO 300pasicents,
CKJIQJIAl0Th Memoou 300paiceHs.

OsnavenHs. Memoou 300pasiceHb HA3UBAIOTHCS NPOEKYIIHUMU, SIKITIO TOYKA
300paKE€HHS € 0e3MOCepeHbOI0 MPOEKIIEI0 TOYKH OpUTiHANY (TpU LBOMY MICISA
NPOEKTYBAHHS MOK€ OyTHM BUKOHAaHE TIEpETBOPEHHS MOAIOHOCTI, TOOTO
3MEHIIIECHHs a00 301IBIICHHS PO3MIPIB MPOEKIIIT).

[Ipoexiiiini MEeTOAM BUKOPUCTOBYIOTHCS 4YACTIle 3a I1HIN MeToAu. Mu
PO3IIITHEMO J[Ba MTPOEKIIIHI METOIM 300pakeHb:

o Memoo napanenbHo2o npoekmysanus (Rpocmopy Ha NIOWUHY),

o Memoo yenmpanbHo20 npoeEKmMy8anus (Rpocmopy Ha NIOWUHY).

3ayBaxeHHs. JJOMOBUMOCH JIJIsl OpHUTiHATIB BUKOPUCTOBYBATH MTO3HAYCHHS 31
«IITPUXaMW», a 7151 300pakeHb — 0e3.

[Ipu napanenbHOMY MpO€KTyBaHHI Tpsimi AA’, BB’,... mapanenbHi MK
co0010, 1X Ha3WBAIOTb HNPOEKMYIOYUMU  APAMUMU, TIPU  UEHTPAITHHOMY
MPOEKTYBAHHI BC1 MPOEKTYIOUl MpPsMI MPOXOJATH 4Yepe3 OJHY TOYKy S, sKa
HA3UBAETHCS YEHMPOM NPOEKMYBAHHSL.

? Exercises.

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

MetoanuHi BKka3iBku Ta iHcTpykuii. Tpeba nmam’statu npo (opmalibHHIMA
Ta HeOpMaJIbHUI CTUIII KOMYHiKalli. @opMaabHa aHTIiCbKa BUKOPUCTOBYETHCS
npu oQOpMIIEHHI JIOKYMEHTIB, Yy JUIOBOMY Ta Hpo(deciiiHOMYy CHIUIKyBaHHI.
HedopmanbHa aHrmiiichka BHUKOPUCTOBYETHCS Y CHUIKYBaHHI MK Jpy3sIMHU,
poauyaMu TOIIO. ICHye HOCTaTHS KUIBKICTh PeCcypciB i O3HAWOMJICHHS 3
0COOJIMBOCTSMH KOXKHOTO 3 IIMX CTUJIIB, HAIIPUKIIA/:

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

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

BukopucTtanHs mMacuBHOTO 3aJIOTy € BaXKJIMBOI PHCOI0 HAyKOBOTO CTHIIA,
0COOJMBO TMpU NUCBMOBOMY CIHIUJIKYBaHHI. B HacTymHHMX CTarTAX OIKCAHO
BUKOPUCTaHHS IMACHBHOIO 3aJIOTy B HAYKOBO-TE€XHIUHIN cdepi. Cnig 3BEpHYTH
yBary Ha Te, B AKUX BUIIAJKaX BUKOPUCTAHHS MACHBHOIO 3aJI0Ty € OakaHuM, a B
SAKUX HI:

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

20 passive voice.pdf

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

HamnucanHst HAyKOBO-TEXHIYHMX TEKCTIB 3a3BUYail MOTpeOy€e€ BUKOPUCTAHHS
3araJbHONPUMHATHX B MEBHIN 00jacTi ciiB Ta Ppa3. O3HAHOMUTHUCH 3 TIEPETIKOM
TaKuX CJIIiB Ta ¢pa3 MOKHA, HAPUKJIIA]], 32 TTOCHIIAHHAM

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

B crarti Academic writing https://www.eapfoundation.com/writing/what/
HABEJCHO IIEPEITIK OCOOIMBOCTEH aKaJeMIYHOrO IHChbMa, PO3KPHUTO IX 3MICT,
CKOHCTpyHOBaHO mNpukiagu. CKopHucTaiiTech HaBEICHUMH B HIM MOpajamMu MpU
BUKOHAHHI 3aBJIaHb.

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.
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https://www.eapfoundation.com/writing/other/
https://www.eapfoundation.com/writing/reports/
https://www.eapfoundation.com/writing/essays/
https://www.eapfoundation.com/writing/essays/structure/introduction/#thesis
https://www.eapfoundation.com/writing/essays/structure/mainbody/#topic
https://www.eapfoundation.com/writing/cohesion/#coherence
https://www.eapfoundation.com/writing/cohesion/
https://www.eapfoundation.com/writing/process/

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 and evaluate the information you are writing about, in other words make
judgements about it, before you decide whether and how to integrate it into your
own writing. This is known as critical writing. Critical writing requires a great deal
of research in order for the writer to develop a deep enough understanding of the
topic to be truly critical about it.

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

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

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

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

Developing your academic writing
Given the relatively specialist nature of academic writing, it can seem
daunting when you first begin. You can develop your academic writing by paying
attention to feedback from tutors or peers and seeking specific areas to improve.
Another way to develop your academic writing is to read more. By reading
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https://www.eapfoundation.com/writing/references/
https://www.eapfoundation.com/writing/references/citation/
https://www.eapfoundation.com/writing/references/section/
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/
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/

academic journals or texts, you can develop a better understanding of the features
that make academic writing different from other forms of writing.

IMpuxiaaagn HaNMCAHHA JiJT0BHX JIMCTIB.
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 1 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.
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d Example 3. Subject: Finalization of the Business Deal

Dear Carl,

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

Best regards, Martina Silva

&5 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)
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Is the length appropriate? SCORE: 1 (yes)

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

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

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

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

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

Reviewer's confidence. SCORE: 4 (high)

Overall evaluation. SCORE: 2 (accept)

The article «Role of Mathematics in the Formation of the Human Capital for
the Sustainable 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.

&5 Task 5. Write the letter on the chosen theme.

° Submission of the article.
o Response of the reviewer.
° Invitation to the conference.
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&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

&5 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 Bka3ziBku Ta iHcTpykumii. [lonepenns trema Oyrna nmpucBsueHa
MUCbMOBOMY CIIJIKYBaHHIO aHIJIIMCHKOI0O MOBOIO. Y CHE CIUJIKYBaHHS TAKOX CII1JT
PO3IIIAIaTh B KOHTEKCTI IBOX MOMJIMBUX CTHJIEH — (hopMalibHEe Ta HeopMalbHe.
Ha BimMiHy BiJi THUCHMOBOTO CIIIJIKYBaHHS YCHE CIIJIKYBaHHS, SK TIPaBHIIO,
nependavyae BMIHHS MATPUMYBATH J1aJIOT, B IKOMY MOXXYTh BUHUKHYTU TTUTaHHS,
BIJIMOBIAb HA K1 BA)KKO MIATOTYBATH 3a3/1aJICT1/Ib.

[Ipy BuKOHAaHHI 3aBJaHb I[i€l TEMH KIIOYOBY pOJb BiAirpae podora B
HEBEJIMKHX Ipynax ado HaBITh B MMapax, IONOBIIAb EPE] ayAUTOPIEIO, BIMOBIIb HA
NUTaHHS Ta OOroBOpeHHs TeM. JJii MOKpalleHHS HaBUYOK YCHOTO CIIJIKyBaHHS
MOKHA MOPAAUTH MpOXoJkeHHs1 Kypcy «Improve your English» 3a mporpamoro
Coursera.

Tpeba pospizuatu ¢QopmanbHy 1 HedopMaidbHy Jiekcuky. Ilpukmnanu
BIJIMOBITHUX Map TEPMIHIB JaH1 B HacTynHid Tabauui (Tabnuusg 3).

Tabmauus 3 — @opmanibHa Ta HehopMalIbHA JIEKCHKA

Informal Formal Informal Formal
Ask Enquire Deal with Handle
Ask for Request Tell Inform
Book Reserve Wait for Await
Check Verify Fight Combat
Get Receive Use Consume
Help Assist Go Depart
Need Request Say sorry Apologise
Start Commence End Terminate
Tough Difficult Explain Disclose
Set out Display Throw out Eject
old Elderly Say Express
Afraid Fearful In the end Finally
But However Wrong Fncorrect
Go up Increase At first Initially
Mad Insane Lucky Fortunate
Smart Intelligent Small Diminutive
&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?
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o What are the applications of Horner scheme?

o 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?

&5 Task 3. Choose one mathematical term. Try to explain its meaning to
the person who is not familiar with mathematics. Use sinonims. Work in pairs.
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[ |

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

foreign language

MetoanuHi Bka3iBkH Ta iHCTpyKUii. BMiHHS pobutH aHOTAIlil 10 pi3HOTO
pOJly HayKOBHX CTaTel € BaXKIIMBOIO XapaKTEPUCTHKOIO creriiaiicta. B mii temi
MIPOIIOHYETHCSI 3pOOUTH AHOTAIII0 JI0 3aMpPONOHOBAHWX AHTJIOMOBHHX CTaTeH.
PekoMeHIyeThCSl BUKOHATH 11€ 3aBJIaHHS 33 TAKUM IIAHOM:

o B aHOTAIlli BKa3aTU Ha3By CTaTTl, aBTOpa, HA3By Ta HOMEp KypHay, B
SIK1M OIyOJIIKOBaHA CTAaTTs, PiK BUAAHHS, KUIBKICTh CTOPIHOK;

o IPOYNUTATH CTATTIO, 3PO3YMITH OCHOBHHUH 3MICT, HE BHUKOHYIOYH
TepeKIIaJl, BUIUIUTH KIIOYOBI CIIOBA;

o 3BIPUTH 31 CJIOBHUKOM BUKOPHUCTaH1 B CTaTT1 TEPMIHH;

o ONMCATH METYy CTaTTi, OCHOBHI pE3yJbTaTH, OTPUMaHI aBTOPOM,
METOIH ¥ MIIXO0IU, SKUMH 1€ TOCITHYTO.

106 JII3HATUCh OlbIIIE, ITOJINBITHCS BiZcO

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

. Introduction
. Methods

. Results

. Discussion

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

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

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

between an anstract and a summary.

Main Differences Between a Summary and an Abstract

Writing for an abstract may have similar steps to writing for a summary, but
they have different objectives and requirements. While an abstract is a short,
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https://www.scribbr.com/dissertation/abstract/#intro
https://www.scribbr.com/dissertation/abstract/#methods
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https://www.scribbr.com/category/dissertation/
https://www.scribbr.com/category/dissertation/
https://www.scribbr.com/dissertation/title-page/

descriptive paragraph overviewing your entire paper from introduction to the
findings or future studies, a summary includes your entire paper and its visuals,
just in a shorter length and more concise than it is original document. This article
will discuss the key parts to include in an abstract and a summary.

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

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

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

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

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

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

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

Summary

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

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

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

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

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].

@®opMyBaHHA y CTYJI€HTIiB HABHYOK JTO0CIiITHNIBKOI AislIbHOCTI HA
KOHKPETHOMY NPUKJIA/I
Aptemenko A.O. Crerannena ILI.

[TocTanoBka nmpoOiaemu

BaxxnuBum 3aBIaHHIM KOKHOTO (PYHIAMEHTAIBFHOTO KypCy MOBHHHA CTAaTH
JIEMOHCTpallisl Horo 6a30BUX BIACTUBOCTEH MJI SKICHOTO BUKIIAJIAHHS JAUCIUILIIH
IPUPOTHUIO-MATEMATHYHOTO IUKITy Ha BCIX PIBHIX OCBITHROTO Mporiecy. Jocartu
IUX LUJIed MOXKHA pi3HUMU HuIaxaMu. Hailbinbin epeKTUBHUM 3 HUX € 3aJIy4eHHS
CTYJCHTIB 70 HAayKOBO-IOCIiTHOI pOOOTH, HANpUKIAL, B paMKax HaIUCAHHS
KypcoBUX 1 KBamiikamiitHux po6it. B 1pomMy HampsMKy OCOOJIMBY pOJb
HaOyBarOTh 3aBJIaHHA, sIKI (POPMYIOTh TaKi BaKJIUBI PO3YMOBI HAaBUYKH, SIK YMIHHS
y3arajibHIOBATH, BUAUIATA OKPEMI BHUIMAJIKHU, MIPKyBaTH 3a aHAJIOTIE€I0, 3HAXOIUTH
MOA10HOCTI Ta BIAMIHHOCTI TOILO.
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AHaJIi3 OCTaHHIX JOCIIKeHb Ta My OiKaIii

[lutanHs opranizamii HayKoOBO-AOCHIAHOI poOOTM HaA PI3HUX eTamax
HaBYAHHS JJOCUTh YaCTO OOTOBOPIOIOTHCSA HA PI3HUX KOH(EPEHIISAX, B TOMY YHCIHI
i 3 IUTaHb OCBITH, Ha CTOPIHKAX HAYKOBO-IOMYJIAPHUX XYpPHAIIB, Cepel SKHX
MokHa BigzHauutH «Hayka Ta TexHika cboroaHi», «OcBiTa 1 Haykay,
«MaremaTtuka B mKoJi»,«IlodiHOM», B SKMX BYCHI Ta BUMTEII IUISTHCS CBOIM
JnocBioM. BinmoMi BueHl yMMally YacTUHY CBOTO 4acy BiABOJAATH JUIsl YMTAHHS
jekmii B pi3Hux JIiTHIX mikojax. BiamoBigli Ha JesKkl NMUTaHHS, TOB's3aHl 3
OpraHi3aIli€lo JAOCIITHUIIBKOI pOOOTH, MOYKHA 3HAUTU B X METOJAMYHHUX CTATTAX 1
MOCIOHMKAX.

BuninenHs Hepo3B’si3aHUX paHilIe YaCTHUH 3arajbHOl MIpoOIeMHu
Bigomi anroputMu 3HaxX0KEHHS KOPEHS 71-TO CTEICHS 3 YKCiia 3aCHOBaHI B
OCHOBHOMY Ha YHCEIbHUX METOJIaX, 1 TOMy He € TOYHUMHU. OJIUH 3 IUX METOIIB
3aCHOBAaHMI Ha YHCEIHLHOMY MeTo I HhI0TOHA 3HAXOKEHHSI KOPEHIB PIBHSHHS Ha
JAHOMY BIJIpI3KY Ta ITepauiiiHii popmyii

1
W (-

n—1
Xk

Ileit MeTon BHUKOPHUCTOBYE JEsAKE II0YAaTKOBE HAONWIKEHHS, a s
301IbIIEHHSI TOYHOCTI BUKOPUCTOBYIOThCA MOX1/HI. BU3HAUEHHS TOYHOTO METOAY
3HaXO/[)KEHHSI KOPEHS IOBIJILHOTO CTENECHS € [IKABUM 3aBIAHHSIM.

dopMyroBaHHA LLIEN
Mertoto 11€i poOOTH € BUBUYEHHS MOXJIMBOCTEW (POPMYBaHHS y CTYJICHTIB
HAaBUYOK OpraHi3allii JOCIITHUIIBKOI TIsUIbHOCTI Ha MPUKIIAIl 3a/1a4ul y3araJlbHEHHS
QITOPUTMY 3HAXOJ/DKCHHS KBaJIpaTHOTO KOpEHs 3 4Yuciaa 0e3 BUKOPHUCTAHHS
CJICKTPOHHUX 3aCc001B 1 TAOIUIIb.

Bukian ocHOBHOTO MaTepially JOCIIKCHHS
TyT MM mpencTaBUMO aIrOPUTM, SIKMH TOYHO OOYHUCIIOE KOPIHb 7-TO
creneHs 3 uucina 4. Haragaemo crmodaTky, 1o apu@METHYHHUM KOPEHEM 71-TO

CTEICHS 3 JOJATHOI'O JIMCHOIO 4yncia A Ha3MBA€ThCS JOJaTHE AIMCHE YynCciIoX/ A,

SIKE € PO3B’SI3KOM PIBHSIHHS X" = 4.
[TpormoHOBaHMH ANITOPUTM CKIIAIAETHCS 3 HACTYITHUX KPOKiB:

1) Po30utn uncio A Ha rpynu 1mo # nudp, MOYMHAIOYHU 3 PO3PSTY OJWHHMIG. SIKIIIO
qrcio A Mae ApoOOBY YacTHHY, il TakoX po30MTH Ha Tpynu mo n uudp, aie
MOYMHAIOYH 3 TIEPIIIOTO 3HaKa Mmicist KoMu. KinbkicTh nudp B OCTaHHIM rpyIi 371iBa
ab0 B OCTaHHIH IpyIll MpaBopyd Moxe OyTu MeHIne 7. KUIbKiCTh OTpUMaHuX Tpym
mudp 37iBa Bil KOMH OyJe MOPIBHIOBATH KUIbKOCTI Hudp y IUTIH YacTHHI
pe3ynbTaTy.
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2) 3HaiiTh KOpiHb 3 HEAOJIKOM 3 rpynu 1udp, sika MICTUTh HAUOUTBII pO3PSIU
(py HEBENUKHX 7 1€ POOUTHCS YCHO).

3) Bigusatu n-uii creninb OTpuMaHoi B MyHKTI 2) nudpu Bia ganoi rpynu uudp. o
ocTayl JOMMCATH CIIPaBa HACTYIHY rpyIy HU(Qp (BUKOHATH KOHKATEHALII0).

4) CxnacTu HEPIBHICTb BULY

x(g" - C 10" 4 g " CE 10" x g " 10" X L+

1

+q>-Cr 107 X" 4 g-Cr 10 X" XM <, M
JIe ¢ — YUCIO, CKJIaJICHe 3 yXKe BimoMux nudp pesynpTaTta; X — HeBioMa mudpa
pe3yabTara; ¥ — ocTaua i3 myHKTa 3).
5) Haitbinbmmii minuit HeBiA'€MHUM PO3B’ 130K X HEPIBHOCTI MPUITUCYEMO JI0 YUCTIA
q.
6) HoBa octaua nopiBHIOE Pi3HUII MOMIEPEIHBOI OCTayl Ta 3HAYCHHS JI1BO1 YaCTHHU
HepiBHOCTI (1) 3 Kpoky 4) npu 3HalAEHOMY B 5) KpOILll 3HAUYEHHI X.
7) IloBTOproBaTH MyHKTH 4) — 6) 10 TUX Mip, TOKU ICHYIOTh HE PO3TJISHYTI TPYyNH
uQp.

O06uncIMMO, HaNpUKIaZ, KOpPiHb 5-r0 CTENEeHs 3 HATypaJbHOrO YHCIIa

1099511627776.
1) Po36uBaeMo uncno Ha Tpynu no 5 uudp, NOYMHAIOYH 3 HAUMEHIINX PO3PS/IIB:
109°95116°27776. Ockinbku BUHINUIO TPU TPYyNH, TO IIyKaHE 4YHUCIO Oyne
TPU3HAYHUM.
2) 3 rpymu uudp, SKa MICTHTh HAWOUIBIIN PO3PAIU, 3HAXOIUMO KOPIHBH 3
HEJI0JIIKOM, OTPUMYEMO [i/@ ]: 2, ne [x] — mina yactuHa ymcna x. TakuM 4rHOM,
udpa B HAHOUIBIIOMY PO3Ps/Il IIYKAaHOTO YKCIIa TOPIBHIOE 2.
3) Binnimaemo 3 maHoi rpynu nudp m'ATHN CTEMieHb YUCia 2, a 0 OTPUMaHOI
PI3HHIII KOHKAaTeHyeMO (TIPUMHCYEMO) HACTynHY rpyny uudp. Otpumyemo
rociaigoBHO [09-32=77; koHkareHarisa yucesr 77 ta 95116 gae aucno 7795116.
4) Cxnagaemo HepiBHICTH 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.

Maxkcumanbia 1nudpa, sKka 3aJ0BOJIbHAE 1[I HEpPIBHOCTI, AOpiBHIOE 5. Takum
YHHOM, HOBE 3HAYEHHS ¢ JIOPIBHIOE 25.

5) OTpuMyeMO MOCIIIOBHO 3HAYEHHS JIIBOT YaCTUHHM HEpiBHOCTI mpu x=5. Homa
octrada JopiBHIOE  7795116-6565625=1229491. PesynpTaT KOHKaTEHAIIII:

122949127776.
6) Cxinamaemo HepiBHICTh Buny (1) mpu g=25.
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x(25*-5-10* +25°-10-10% - x + 25 -10-10% - x> +25-5-10- x° + x*) 122949127776
a0o

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

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

7) Mu 3Haiinui Bci UM(ppPH pe3yibTaTy, TOMY alIrOpPUTM 3aBEpIIMB pPOOOTY.
JlificHO, JliBa YacTHHA OCTaHHBHOI HEPIBHOCTI MpU x=06 nopiBHIOE 122949127776, a
3HAYUTh, HOBA OcTaya JIopiBHIOE 0.

Orxe, /1099511627776 =256.

3ayBa)KMMO, 1110 3aIIPOIIOHOBAHUI JITOPUTM € TOYHUM. Ha KoXHOMY LUKITI
4) — 6) anropuT™My 3HAXOAMTHCS LHU(pPA PE3ynbTaTy, sIKa BXKE HE 3MIHIOETHCS /10
KiHII pOOOTH aNTrOpUTMY.

Jiist oOrpyHTYBaHHS TOOYAOBAHOTO AJITOPUTMY CKOPUCTAEMOCS JECATKOBUM
3alMCcOM LUIOTO 4uciia. Tak HAa3WBa€TbCA WOro MPEACTABICHHS y BUIIISAIlI CyMHU
cryneHiB uucia 10, y skiii koediuieHTamMmu € 1udpu umcia. SKMo0 pe3ynbTar
3HAXOJDKEHHS KOpEHs n-ro cTemeHs 3 uucna A Mae k  mudp, TO

k k—1 2 72
A= (10 a, +10""a,_, +...+410%a, +10q, +a0) . 3amumeMo IpaBy 4YacCTUHY
OCTaHHBOI ~ PIBHOCTI Yy  BUINIAAI  n-ro  cTemeHs  OiHoma,  TOOTO
R 7 .
A= (10 “a,a;_...a,a, + ao) , JIe PUCKa 03HAyYae, 1110 CUMBOJIU MiJ] HEIO € [uppamu
yuclia. 3BiJICH BUILIUBAE MOKJIUBICTh 3acTOCYBaHHs (popmynu OiHoma HeroToHa, B
SIKiH 1 BUHUKarOTh GiHOMianbHi Koedinientn C! . Leit hakT HOSCHIOE BU] BUPa3y B
Oy’)kkKax y HepiBHOCTI (1) s 3HaxOXIeHUS dYeproBoi IUpH pe3yibTara

3HAXOJKEHHS KOPEHS 1-TO CTEIEHS.
Hanpuknaz, kyO 4OTUPU3HAYHOTO YMCIIAa MOXKHA 3aIMCATU TaK:

(10°a +10*b +10c¢ + d)* = (10abc + d)* =
=CY10%(abc)® + C10?(abc)* d + C210(abe)d? + Cid?.

Tpu ocTaHHIX JOJAaHKU AKpa3 1 CKIAJal0Th BUpa3 y Ay>KKax HepiBHOCTI (1) micis
oro MHOXEHHS Ha nUdpy d, SKa Ha AAHOMY €Talll alfOPUTMY € MIIYKaHOIo, a
nonepenHi 3 mudppu a,b,c pe3yiabTaTa 3HAWACHI HA TOMEPENHIX KpoKax
AITOPUTMY .

BHCHOBKY Ta MEPCIIEKTUBY TTOAATBIITUX JTOCHTIKSHb
3aBaHHA Ha y3araJlbHCHHS IIJIKOM MPUPOIHO BUHUKAIOTH B paMKax OyJib-
SIKOT'O HAaBYAJILHOTO IMPOIIECY i CKIAJal0Th I[IKaBUH KJIAC TOCIITHUIIBKUX 3aB/IaHb.
Po3rnsiHyTHiA B poOOTI MPHUKIA MIATBEPIKYE ek (hakT. Po3B’sa3aHHS TakuX 3a1a4
cTyaeHTaMu (HOpMy€e y HUX HaBWUYKHU, SKI TOMOMOXYTh iM y iXHIN mpodeciiiHiii
nismpHOCTI. Bimomo, mo xopomuii (haxiBenb po3B’si3ye HE TIIBKU UyXi 3a71a4i, ane
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BMI€ CTaBUTHU 1 PO3B’SI3yBaTH CBOI 3aBJaHHA. Y MIHHS CTaBUTH 3aBJIaHHS TOBOPUTH
po IMOOKE PO3YyMIHHS CUTYyaIlii.

[ligHATE y CTAaTTI NUTaHHS IEMOHCTPYE MOKIMBOCTI 30JIMKEHHS BY31BCHKOI
MaTE€MaTUKH 31 IIKUIBHOIO, IO BAXJIMWBO JJIi CTBOPEHHS TapHOI HaBYaJIbHO-
METOIMYHO1 0a3U JJI BUKJIaJaHHS MaTEMaTHKU.

? 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].

3ACTOCYBAHHS PI3HUX MOJIEJIEM U1 JTOCJIKEHHSI
TOITIOJIOT' T HA CKIHUEHHUX MHOXWHAX
Ckps0ina A.B., Cteranuesa IL.T.

Berym.

Ha cydacHoMy eTami pO3BUTKY MaTE€MaTUKH TOIOJIOTIS € HaJI3BUYailHO
YHIBEpCAIbHUM 1HCTPYMEHTOM JUJISl JOCIIKEHb, TOMOJIOTIYHA CTPYKTypa 4acTo €
0a3010, Ha sIKI OyyIOThCS 1HIII MaTeMaTU4yH1 CTPYKTypU. TOMONOriYHI TPOCTOpH
Ta iX HeMepepBHi BITOOPAXKEHHS 3'SIBISIOTHCS B 0ararbox po3jiiax MaTeMaTHKH.

[Ipu mocmimkeHH1 TOMOJIOTIH HA CKIHYEHHIM MHOXKHHI JTy’Ke BaXKJIMBY POJIb
BiJlirpatoTh Ty-tomnosnorii. Lle nosicHioeTbes TuM gakrom, 1mo Ty- Ta T,-Tomomorii
Ha CKIHYCHHIN MHOXHWHI MOXYTh OyTH JIUIIIE TUCKPETHUMHU, a cepel T-TOmoorin
€ IIikaBl HeTpuBiajdbHI mpukiaau. KpiM 1poro, mjis po3B’si3aHHSA 3ajadi
HiPaxXyHKy BCIX MOJIMBUX TOIOJOrH Ha CKIHYEHHIA MHOXHHI JOCTaTHBO
3HalTH 4ucao BCiXx 7 -Tomojorii Ha wid MHOXuHI. 31 crarri J.W. Evans., F.

Harary, M.S. Lynn Bizoma ¢opmyina npo 3B's130k uncna I’ (n) yCiX TOIIOJIOTIH Ha 1
-eNleMeHTHili MHOXHHI Ta wncna T (m) ycix T,-Tomonoriii Ha ii m -eleMeHTHHX
M IMHOKAHAX

T(n)= éls(n,m)f(m),

e S (n, m) — yucna CTipiHra Ipyroro posy.

s BUBYEHHS TOMOJIOTIM HA CKIHYCHHIM MHOXHMHI iX MOJCITIOBAJIH,
BUKOPUCTOBYIOYM pI3HI MaremaTudHi 00’ektu (rpadwu, BimHOIIEHHS, OyieBl
¢dbynkuii Ta iHmi). TornonxoriyHi NpocTOpu Ha CKIHYEHHIM MHOXHHI TOYOK MOXKYTh
OyTH omucaHi Ta JOCTIIKeHI KOMOIHATOPHUMHM METOJAaMH 3aBJSIKH iX TICHOMY
3B’SI3KYy 31 CKIHUCHHUMHU YaCTKOBUMH TOpsiakamMu. L{s B3aemo1ist KoMOIHAaTOHHOI Ta
TOMOJIOTIYHOT CTPYKTYp Ha CKIHYEHHIM MHOXXHHI POOUTH CKIHYEHHI TOIOJIOrI]
BA)KJIMBUMH MaTEMaTHYHHUMH 00’ €KTaMH.
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Tomonorii Ha CKiHYEHHIHW MHOXHHI BIJITPalOTh KIIOUOBY POJb B TeOpii
po3Mi3HaBaHHsA 00pa3iB, Teopii MOJEKYJISIPHUX CTPYKTYyp, TEOMETpisX Ha
CKIHUEHHUX MHOKHUHAX.

Ornsig MeToIB JOCIIIKEHHS TOMOJIOT1 Ha CKIHUEHH1 MHOKHHI

Tomnosnoriysa CTpykTypa Ha n-eJIEeMEHTHIM MHOXUWHI € JUCKPETHOI. Tomy
npu 1 JOCHIDKEHHI Ha MEpIIMM IUIaH BUCYBAaIOThCA 3a7adl MiAPaXyHKY Ta
nepepaxyBaHHs TOMOJIOT1H, TOOTO 3a7a4l TUCKPETHOT MaTeMaTUKH.

3anaya miipaxyHKy TOMOJIOT1M Ha CKIHYEHHIA MHOXXHHI Ha JaHHUHA MOMEHT
3aJIMIIAETHCS HEPO3B’SI3aHOI0, TOMY I1HTEpeC 0 Hei 30epiraeThesi, 3’ SBISIOTHCS
nyOJTiKamii JOCTIAHUKIB 3 PI3HUX KpaiH 3 HOBUMH pe3yibTaTaMu. llel iHTepec
MIJCUITIOETBCSA TUM, IO IPH JOCTIHKEHHI TOMOJIOTIH Ha CKIHUCHMX MHOYKHHAX
BUKOPUCTOBYIOTHCSA PI3HI MaTeMaTU4yHI CTPYKTypH. TOmoJsiorii MOAENIOIThCA 32
JOTIOMOTO10 TpadiB, MaTpuUllb, OyJIeBUX (PYHKITIH, YHIOPSIKOBAHUX HAOOPIB ITLITHX
gucen.  llIupoko  3acTOCOBYIOTBCA ~ METOAM  aireOpaiuHoi  TOMOJOrIi,
KOMOIHATOPHOT'O aHai3y, TEOpii rpyI.

a) Mixx MHO>XUHOIO TOTOJIOTIM Ha CKIHUYEHHIM MHOXXHMHI 1 MHOXKHHOIO BCIX
NEPEeANopsSAKIB Ha WIA MHOXKHUHI (TOOTO pe(dIeKCHBHUX Ta TpPAaH3UTUBHHUX
BIJIHOIIICHb) ICHY€ B3a€EMHOOJHO3HAYHA BIJIMOBIAHICTE. Ii ICHYBaHHSI 3BOJIUTH
3a/aul MiJIpaxyHKy abo mepepaxyBaHHsSI €JIEMEHTIB OJHIE€I 3 IUX MHOXHUH JI0
AHAJIOTTYHUX 3a7a4 I 1HII0I MHOKHUHH.

JIIst 3aCTOCYBaHb TOIOJIOTIM Ha CKIHYCHHMX MHOXXHHAX BaXKJIUBY POJIb
BiJlirpae 3ajadya IepepaxyBaHHS TOMOTOIYHHMX THUIIB CKIHYEHWX MHOXXHMH, a
TaKO» BUKOPUCTAHHS 1HIITUX MOHATH anreOpaidyHoi TOMmoJIorii.

BigHomenHns nepennopsaky 0 Ha CKIHYEHHIH MHOXHHI X 3 TOTIOJIOTI€0 T

MOXHa BBECTH pI3HUMHU criocobamu. Hampukiman, (x, y)e L Toml 1 TIMBKH TO,
KOJIM KO’KHA BIAKPHUTAa MHOXKHHA, III0 MICTUTh X, MICTUTh TaKOX 1 y, TOOTO X € @,

e iV € 3aMUKaHHSIM MHOXXUHH {y} BiJTHOCHO Tomouorii 7. OO6epHEeHo, Ui
NEPEANoPIAKY Yo, Ha CKIHYCHHIH MHOHHI X CYKYITHICTh
r={Uc X|(VxeU)p(x)cU}, ne p(x)={y|(x,y)e p}, e Tononoriero na X.

Taki mepenmopsaoK Ta TOMOJOTI0 HA3WBaOTh BIANMOBIIHMUMHU. B poboTi
3a3HAYa€ThCs, MO s Kiacudikamii CKIHIYCHHUX TOIOJIOTIYHUX TPOCTOPIB 3
TOYHICTIO JO TOMOTOIIYHOI €KBIBaJIEHTHOCTI [JOCTaTHbO KiacudikyBatu 7 -

MPOCTOPH 3 TOYHICTIO JJO TOMOTOMIYHOI €KB1BaJIEHTHOCTI.

Otxe, posrisiHeMO 7()-TOMONOTII0 HAa CKIHYEeHHIN MHOXUHI X. ITo3Haunmo
CUMBOJIOM M, MIHIMAJIbHUM OKIT TOYKA X 3 MHOXHHM X. CyKymHICTh
MIHIMAJIbHUX OKOJIB BCIX €JIEMEHTIB MHOKMHU X yTBOPIOE MIHIMalIbHY 0a3zy 7 -

tornoJyiorii. HaBemeMo 11e ojHe O3HAYEHHS TMOPSIKY HA CKIHYEHHIH MHOXHUHI 3
TOIOJIOTIEI0 7, 3 BUKOPUCTAHHSM ITOHSATTS MIHIMAJIBHUX OKOJMIB: JUIsl Oyb SIKHX
x,yeX x<y sxmo Mxc My.
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ITpu npomy Ttomnomnorist 7 € T,-Tonojoriero Ha X skmo 3 x<y 1 y<x
BuruBae x = ). lle o3navae, mo BimHomeHHs X<y Ha X € pedIeKCUBHUM,
TPaH3UTUBHUM Ta AHTUCUMETPUYHUM, TOOTO € BIJIHONIEHHSM YacCTKOBOIO
MOPAJIKY.

O3HaueHHS 3B’SI3HOCTI CKIHYEHHOTO TOTOJIOTIYHOTO MPOCTOPY TaKe caMe SK
1 1y Oynb-SIKOTO TOIOJIOTIYHOTO mpocTopy. Hampukinan, miHiManbHuM OKin M,
OyIb-SKOi TOUKH X € 3B’ SI3HUM.

BiactuBocTi HemepepBHUX BIJOOPaKEHBH TOIMOJIOTIYHUX MPOCTOPIB Ta ix
roMmeoMopdi3MiB TaKOX MOXHa c(OpMyIOBaTH B TEpPMiHAX  YaCTKOBO
BIIOPSIIKOBAaHUX MHOKWH. Hampukian, Mae Miciie TBepKCHHS:

Sxmo X, Y — ckinuenni, To ¢yukmis f: X — Y € menepepBHOO TOI 1

TIIBKM TOJ1, KOJM BOHa 30epirae mopsanok, To0to 3 x <)y B X BHIUIUBAE

fx)<f()ey.

O3HaueHHs TOMOTOIIIi, TOMOTOINIYHO €KBIBAJIGHTHUX MIPOCTOPIB, CTATYBaHUX
TOMOJIOTTYHUX MPOCTOPIB MEPEHOCUTHCS 3 aJireOpaiuHoi Tomnosorii 6e3 3MiH. byso
TIOKa3aHo, 110

Bynp-sikuii CKIHUEHHUN CHUMILTIIIATbHUM KOMILUIEKC CIA0KO TOMOTOIIYHO
€KBIBAJICHTHUI CKIHUEHHOMY TOIMOJIOTTYHOMY MPOCTOPY.

Orxe, 3amaya TmepepaxyBaHHS TOMOTOMIYHMX THIB  CKIHYCHHUX
TOTIOJIOTIYHUX TPOCTOPIB HACTUIBKUA K BAXKIIMBA, SK 1 3a7a4ya TepepaxyBaHHS
TOMOTOINIYHMX THIIB CKIHUCHHUX CHUMILIIIIAIBPHUX KOMIUICKCIB. Bkazanuii dakr
TOMOTOTIYHOI €KBIBAJICHTHOCTI MEPETBOPIOE CKIHYEHHI TOTOJIOTIYHI MPOCTOPH B
IHCTPYMEHT JIsi 6araTh0X Cy4acHHMX 3aCTOCYyBaHb. 30KpeMa, BKa3aHi 3a/1adi TICHO
1oB’s13aHl 3 IU(POBOIO 00pPOOKOIO0 300pakKeHh Ha OCHOBI CKIHUYECHHHX HaOOpiB
CIOCTEpPEXKEHb, TOOTO HAMaraHHSAM 3pO3YMITH BMICT 300pakKeHHs Ha OCHOBI
MOHATTS OJU3bKOCTI TOYOK.

0) MojentoBaHHs TOIOJOTINH Ha CKIHYCHHMX MHOXKHHAX 3a JOTOMOIOIO
OyneBux (QyHKIIH BHUSBHIOCH JOCTaTHBO 3pPYyYHHM JUIsS iX OINKMCAHHS Ta
JOCITIJIKEHHS, OCKUTBKM KOXKHY TaKy TOIIOJIOTiF0 MOYKHA 3aJaTH KOH IOHKTHBHOIO
HOPMAaJIbHOIO (DOPMOIO CHEIiaJbHOTO BHUIY 1 BUKOPUCTOBYBATH pE3YJbTaTH
JOCIIIKEHb HOpMalIbHUX (popM OyneBux (yHkiii. Onucano Ty-Tonosorii came 3a
nonomororo  2-KH® OyneBux ¢yHkmiii. BukopucTtoByroum 1m0 MOICIb,
JOCITIIKEHO B3a€MHO JIBOICTI Ta caMOABOICTI T-TOMOJIOTIi, a TaKOX IMiAPaxOoBaHO
kinbkocTi Ty-Tonomorii 3 aroro 25 - 2™76,

B) Jlnst mochimKeHb TOmoJoriil y OyiI0 BBEIEHO MOHSTTSI BEKTOpPA TOMOJOTI]
— BIOPSJIKOBAHOTO HAOOPY IMUTMX HEBIJ €MHUX YUCEJ, III0 BU3HAYAIOTh MiHIMAJIbHI
OKOJIM €JIEMEHTIB 3aJaHOI CKIHYEHHOI MHOXHMHH. 3a JOIIOMOIOI0 Iii€i Momenl
BJIAJIOCH TIOBHICTIO PO3B’s3aTH 3aJadi JOCIIHKEHHS CTPYKTYpPH TOMOJIOTIH 3
OipmuM 3a 2™ 1 uypcrIoM eneMeHTIB, SKi 4YacTO HAa3WBAIOTh OJNM3BKUMH 10
JUCKPETHO1 TomoJsoriiMu. BekTop Tomosorii Oyjl0 BHKOPUCTAaHO TaKOX IS
JOCITiPKEHHS TOIOJIOTIH 3 He 6inbmuM 3a 21 unciaom enemenTis.
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B miif poGoTi MU MPOAOBKUMO JTOCHIIHPKCHHS TOIOJOTIN Ha CKIHYCHHIN
MHO>XHHI, OITUCYIOYH X BEKTOPOM TOTIOJIOT1].

OcHOBHA YacTHUHA.

Haitnomupenimoro kinacu@ikaii€ro TOMOJIOTi Ha N-eJIeMEHTHIM MHOXUHI,
sIKa 3aCTOCOBYETHCS B OLIBIIIOCTI OCTIKEHb, € PO30UTTS TOMOJIOTIH Ha KJIacH IO
KUIBKOCTI €JIEMEHTIB B HHUX. [HIIMMH CJIOBaMH, TOBOPATH, IO TOIOJOTIS Ha
JOBUTBHIN 71 -CJIEMEHTHIN MHOXKHMHI X BITHOCHTBCS 0 M -Kaacy mononoeiti (abo

Mae eéazy m ), SIKIIO BOHA CKJIAJIA€ThCs 3 M eleMeHTiB (m =2,3,...,2" ). Tononoris

3 Baroro m = 2" € IUCKpeTHOW. AHalli3 HasABHUX HAa JaHUH MOMEHT IyOiKaIlii
CBIJIYUTH TPO T€, 110 MOBHICTIO JOCIIMKEHO TOIOJOTIi, Kl HajeXaTh 10 KJaciB

m > 2", 3a3Ha4NMO, 110 B IPOMIKKY 2" <m<2" ¢ raxi HaTypajbHI yucia m,
10 HE ICHY€ >KOJHOI TOMOoJOrii 3 Barow 7. L{iImkoM mpUpogHOI0 € MOCTaHOBKA
3a1a4i OCHTiIKEHHS TOMOJOH 3 Baror 2”2 <m < 2",

V¥ 1971 p. R.Stanley omy0iikyBaB pe3ynbTaT Ipo 4uciao 7, -TOMOJIOrIH Ha 7 -

eJIEMEHTHIN MHOXKUHI 3 Baror k>7-2"*, B po6ori M.Kolli 2007 poky 3HaiiseHO
YHCIIO BCiX TOMOJOTiH 3 Barow k >3-2"7, a B ioro po6oti 2014 poky 3HalimeHo
KIJIBKOCTI BCiX 7T|,-TOMOJIOTIH 3 Barow k >5-2"*.

Jlns hopmyIiroBaHHS 3a/1ad 1i€l cTaTTl HaraaaeMo HeoOX1THI MOHSITTS.

Hexait X — ckiHueHHa MHOXXHMHA 1 7, — TOMOJOrisA Ha Hill. MHOXHHA A4 3
Ty Ha3UBAETHCS MAKCUMAILHOIO B Ty, KO A HE MICTUTHCS Hi B SKiM 1HIIIH
MHOXHHI 3 7, , OKpiM camoi MHOXMHM X . MHOoxmHa X y IbOMy BUIAIKY
HA3UBAETHCS OXONHOIO.

Hexaii 3amano muoxuanm A, X, AcX 1 rtomonorito 7,. Bynemo
BIZIHOBIIIOBATH BCi Taki Tomosorii Ha MHOXHHI X, B sSkux MHOxuHa A €
MaKCHUMAJIBHOIO 1 SIKi IHAYKYIOTh HA MHOKHUHI A TOmOJIOTiI0 7, (B IbOMY BUIIAJKY
TOMOJIOTIIO 7, 1 BiAMOBiHI Tomosorii Ha X OyaeMo Ha3UBATH Y3200CEHUMU).

Byno noBeneHo TeopemMu Mpo BUTJISA BEKTOPIB, sIKI 3a74al0Th TOIMOJIOTIT HA -
CJIEMEHTHIM MHOXXHHI, y3ro/DKEeH1 3 OJU3BKUMH J0 JUCKPETHOI TOMOJIOTiSIMH Ha
(n — 1)-eneMeHTHII MHOHUHI, Ta 3HAWJEHO Bary TaKUX TOIOJOrii. BUABHIOCH,
mo y KJacax Tomooriid 3 Baroro |t| € [13-2"7°,2""1], 3a Bukmouennsm T, -
TOMOJIOT1H, Y3rO/PKEHUX 3 OJM3bKUMHU 10 TUCKPETHHUX Ta ABOICTHX J0 HUX, 1HIIHUX
TOHoIOTil HeMae. Byno 3HaiieHo Kjiacu Tomonorii 3 Barowo |7| € [5-2"74,13 -
2M75), axi He BUUEPMYIOTHCS T)-TOMOJIOTISAMH, Y3TOKEHUMH 3 OJM3bKUMH JIO
JUCKpeTHUX Ha (n — 1)-CIeMEHTHI MHOXWHI Ta JBOICTUMH 10 HUX. [CHYIOTBH
KJIacu Tomojnoriii 3 Barowo |t| € (2"72,5:2"%), B skuX Hemae TONOJOTIH 3
sextopamu (0, ...,0,a,_4,a,) i (0,..,0,1,1,a,) mpu ymoBi M,,_, N M,_, = @,
TOOTO OJIHA TOMOJIOTiS B KJIaci HE € Y3TO/PKCHOI Hl 3 SIKOI OJHM3BKOI0 0
JUCKPETHOT ToToJIori€to Ha (N — 1)-eneMeHTHI MHOXHUHI.
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[Ipupogno mocraBuTH 3a7ady JOCHIUKEHHS  TOMOJOTIA 3  Baroro
ke(zn‘z,zn—lj, AKI HE € Y3ro/DKCHUMU 3 OJUM3BKUMH JO0 JHUCKPETHOI
TOIIOJIOT1SIMH.

a) Posrnsnemo T, -Tonosorii 3 BEKTOpOM (0,...,0,1,3,3), mis n = 5. 3pyuno

aHaTI3yBaTU TaKi TOMOJIOT1i, 3HAXOJUTH iX Bary, po3risAar0yd MiHIMaIbHI OKOJIH
eJIeMeHTiB. JIJi1 bOT0 JOCTATHBO PO3TIISAIATH JIUIIE MiHIMATbHI OKOJIHM €JIEMEHTIB,
IHJEKC SKMX y BEKTOpI TOMOJOTii HE MOpIBHIOE HYJ0. B gaHOMy BUMangky 1€
M,,_,, M,,_1 1 M,,, npudomy M,,_, € ABOCIIEMEHTHOIO MHOXXHUHOW, a M,,_; 1 M,, —
JOTHPHOXEJIEMETHUMHA MHOKMHAMH. Bara Tomosorii 3aiexaTuMme Bij MOTapHHUX
MEePETHUHIB BKa3aHUX MIHIMAJbHUX OKOJIB. BCl MOXIIMBI BUMMAJAKKW MU PO30MIIN Ha
TPU KJIACH, OIMCABIIM TOTY>KHOCTI IMOMAPHUX TEPETHHIB MIHIMAJIbHUX OKOJIB.
[Ipu migpaxyHKy Bard TOIOJOTII BHUKOPUCTAHO (OPMYJM 1 TOHATTS TIUOWHU
BIIKPUTOI MHOKWMHU. Hampukiaa, po3ristHEMO OJWH 13 BUNAJKIB, Komu M, _, =
{x1,xp2}, My, = {x1;xn—2;xj;xn—1} i M, = {xlfxn—zixjrxn}- B mpomy
BUNaJKy Bara Takoi Tomoinorii jopismioe |t| = 14-2"7¢ + g({xy, x5, x;}).
[lepmmii mogaHOK AOPIBHIOE Basi Tomosorii Ha (n — 1)-eJeMEeHTHIN MHOXHHI 3
sektopoM (0, ...,0,1,3), sKa € Yy3roJpkeHO 3 OJIM3BKOK 0 JUCKPETHOI
TOMOJIOTIEI0 Ha (N — 2)-eeMEeHTHI MHOXUHI. JIpyruii 10/1aHOK g({xl, Xn—2, x]})

Jae TIMOWHY BKA3aHHOI MHOXHHH i jgopiBHIOE 22" tomy |t| =9-2""° >
2n72,

OTpuMaHO HACTYIHI Pe3yJIbTATH:

1)  Skmo |M,,_, N M,,_;| = 2 i mOTyXHICTh X04a 6 OJHOTO 3 JBOX IHIIUX
TepEeTHHIB JIOPiBHIOE HYIIO, TO Bara TOHOJOTIi € MEHIIOK abo aopiBHIOE 2™ 2
TOOTO He HaleKUTh MHOXKuUHI (2772,2"71];

2)  Skmo |M,_, N M,,_;| =1 i xo4a 6 01uH 3 JABOX IHIINX MEPETHUHIB €
MIOPOKHBOI0 MHOKMHOIO, TO Bara TOIMOJOTT He HaJleXkuTh MHOKHHI (2772, 27 1];

3)  Skmo |[M,,_, N M,,_;| = 0, To Bara TomoJjorii He HAJIEKUTh MHOKHHI
(271—2’ 211—1]-

0) T,-Tomonorii 3 BektopoMm (0, ...,0,1,2, @), ne 2 < a, < n — 1 Takox He
€ Y3rOJJKEHUMH 3 OJNM3bKUMU 1O JTUCKPETHOI. AHAJOTIYHHUI aHall3 MEepEeTHHIB
MiHIMaJIbHUX OKOMIB M,,_,, M,,_; 1 M,, 103BOJIUB BUJIJIUTH TaKl BUMAJIKU:

1) Sxmo |M,_,NM,_;|=2 abo [M,_,NM,_4|]=1, 10 Bara
TOMNOJIOTIi HaneXuTh MHOKHMHI (2772, 2" 1] He3anexHO Bijl IHIINX MEPETHHIB;

2)  Sxmo |M,_, N M,_;| = 0, To Bara TOmojorii He HAJIEKHUTh MHOXHHI
(Zn—Z’ 2n—1]-

3a3HauMMoO, L0 HaMM TaKOXK IMPOBEJIEHO AOCIIKEHHS T,-TONOJOrIi 3
gexropamu  (0,..,0,1,1,1,2,2);  (0,..,0,1,1,1,23);  (0,..,0,1,1,1,1,2,2);
o,..,0,1,2,2,2); (0,..,0,2,...,2) 1 3HailifeHO yMOBHM Ha MiHIMAJIbHI OKOJIH
eJIeMEHTIB, sKi 3a0e3M1eUyI0Th HaJIeXKHICTh Baru TOMoJOrii npoMikky (2772,2" 1],
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BucHoBKkH.

3amauva miApaxyHKy BCIX TOIOJIOTIN Ha JOBUIbHIM CKIHYEHHIM MHOXKHHI
3aIMIIAEThCS HEPO3B’si3aHOK0. OJIHIEI0 3 MPUYMH MOKHA BBAXKaTH BIJACYTHICTb
TaKOi MOJEJI TOMOJIOTIi, sika O J03BONHMIA CTBOPUTU €(PEKTUBHUN aNTOPUTM AJIS
HiJpaxyHKy, a00 OTpUMaTH PO3PaXyHKOBY (POPMYITY BiJ 77 — KUIBKOCTI €JIEMEHTIB B
MHOYHHI.

KosxHa 3 po3riistHyTHX MOJENIEH TOMOJIOTIT Ma€ K MepeBard Tak 1 HEJOJIIKH.
OpauH 1 TOW caMHii BEKTOP MOXKYTh MaTH HErOMEOMOP(H1 TOMOJIOT1i — 1€ CYyTTEBUIN
HEJOMIK, ajie, B TOM JK€ 4Yac, BUKOPUCTAHHS Ill€i MOJENl JaJ0 MOXKJIUBICTh
OTpUMATH Baromi pe3yiabTaTH. 30KpeMa, MU B3KE€ MaeMO MOBHHI CIIMCOK BEKTOPIB
T, -TOTIOJIOTIH, Bara SKUX HAIEXKUTh MpoMikky (2"72,2" 1] i saxi € y3romkennmu
3 OMU3BKUMHU JI0 JUCKPETHOI TOomoJorii. B 1miit poOOTi mpeacTaBieHo pe3yabTaTh
nocimkeHHs T ,-TONOJIOrIH, Bara SKHUX HaJIEXKHUTh (2"2,2"1] | gki He €
Y3TOJIKEHUMU 3 OJM3bKUMU J0 JUCKPETHOI.

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

&5 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 n=0,16. These computer-generated

data are important for testing of the results obtained by the other methods.

At present, there is no formula for the determination of the total number of
the non-homeomorphic topologies as well as the number of all topologies on 7 -
element set, so this question is open. There is a formula which gives the relation

49



between the number T(n) of all topologies on 7 -element set and the number 7'()
of all 7,-topologies on m -element sets:

T(n)= éS(n,m)'f(m),

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

Slnm) = [m" ~Cl =1 +C2 (=2 +..+ (1) ]
m!
where S(n,m)=0,if m>n or m=0, and S(0,0)=0, S(n,n)=1.
For the first time the formula T (n)z ZH:S (n,m)f (m) was published in the
m=1

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 7},-

topologies on n-element set with the weight k>7-2"* the number of all
topologies with the weight k£ >3-2"7 has been found in the article M.Kolli in
2007, and he found the number of all T,-topologies with the weight £ >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 T,-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 T,,-topologies is one of such subproblems. The method
of the describing of T,-topologies with the help of the special form of 2-CNF of
Boolean function is convenient for the solution of this problem.

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

2. The definition of Ty-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
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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

(xi‘f VX, v...vy_cikXxfl VX v...vfjk)...(xZ VX, v...v?ctk),
where «, f,...,y are Boolean constants.

— weakly positive function, if there 1s a conjunctive normal form for it in

which each disjunction contains no more than one variable with the negation,
namely has the form

(x.“ VX V...VX; Xxﬁ VX V...VX, )...(x7vx V...VX ),
i i I N J2 4 5] Ik

Jk
where a, f3,...,y are Boolean constants.
— bijunctive function, if there is a conjunctive normal form for it in which

each disjunction contains exactly two variables, namely has the form
a a ye; B g Ve
(xl.l‘ \ xl.z2 Xlel Vv X2 ) . .(xtll \ xt; )

J2
where a,,f;,...,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 (xl 3 X5 e Xy ), corresponding to this set, belongs to the intersection
Bi(\WP(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; vx; and x; vx; belongs to 2-CNF then the disjunction

x; v X;, also belongs to 2-CNF, where i, j,k=1,n.

Let 7 pe a topology on the finite set X ={x,...,x,}. The collection
B={@,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.
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Theorem 2. Let 7 be the topology on n-element set x with the minimal
base B={,M,,..M,}. If m, ={.x; o, f> then there is a 2-CNF of Boolean

function that specifies the topology 7 that contains the conjunction of the form
O = ()_ck VX, )/\ A ()_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
@ =% v x; )~ A% v x; ), where 2-CNF & does not contain ¥, 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 M, ={x,,x,,....x,}. Then the executive vectors for the corresponding
Boolean function are the vectors (LL....1, &, sy @11, ) 4q5.mn 2, ). On all these
sets ¢, = (X, v )A..A(X, vx,)=1, that is ¢ belongs to some 2-CNF.

Inversely, let ¢, = (3, v x)A...A (X, v x,) belongs to some 2-CNF of Boolean
function and it is not present in other disjunctions x, . Obviously ¢; =1 on the sets

(1,1,...,1,0:S+1,...,ak_l,ock,ak+1,...,an),
of which, only the sets (LL...,.L &g 1> @f_1.l, &y 15 t,,) correspond to the
subsets that contain X . So, {x;,X;,....x, }< M, . Theorem is proved.

Theorem 3. Let B = {@,M 15 -M n} be the minimum base of the topology r
and ¢, be the conjunction that corresponds to the minimum neighborhood M,

n
k =1,n. Then the conjunctive normal form ¢ = Sz is the maximum 2-CNF.
1

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;

included in ¢ at the same time. According to Theorem 2, this means, that x; e M

and x; v x; are

and x; e M. From the definition of the minimum neighborhood we have the

inclusions M; = M; and M; =My hence the inclusion M, = M, , namely % M«

It follows from Theorem 2 that 2-CNF ¢ includes the disjunction «x; v Xx,.

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 ¢ = NPk the given maximum 2-CNF. Let us denote the set that

contains x, and all the variables that are in disjunction with x, by K. By Theorem
2 we have the inclusion KcM,. The inclusion M, c K follows from the
maximum ¢. It follows from the fact that x; e M, that the disjunction x; v ¥,
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belongs to ¢ which means that x, e K. So, K =M, . If ¢ does not contain the
disjunctions with x,, then M, = {x,}.
Example 1. For the maximum 2-CNF
ENEOAVERY EORVE CORVERY EORVEA) CRVEA)
of the topology on a five-element set the minimum base of the topology has the
form

B =12, } b | 4w o e wa o v o0, 33, xs
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 £,

and fc, are called mutually dual ones.

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

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

of Boolean function, which specifies the topology 7 on the set
X= {xl,...,xi,...,x ok, } Then, the truth domain of Boolean function includes the

sets (al,...,ai_l,l,al.+1,...,aj,...,a) and (al,...,al._l,O,am,...,a O,aj+1,...,an).

n j-1»

After these replacements, they will be replaced by the sets

Ayyeees O _1,L,O 1O, LA s,
e i-1o5 it JPR g 7/ and the selected

disjunction will be replaced by the disjunction X; v x;. The disjunction x; v x; is

(@ees @i 1 0. Ty 100 @ ey ) @D

equal to 1 on the new sets. The set (al,...,ai_l Lo a ,an) defines the subset

l+1,...’ j,."
A€t and the set (&,...&_1.0,8;,1..+@,....&, ) defines a subset CA e Cr. Similarly,

the set (al,...,ai_l,O,a.H,...,a O,aj+1,...,an) defines the subset V' e r, and the set

i j-1»

(071,...,07,-_1,1,07,-“,...,07,-_1,1,07]-“,...,5,,) 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, = ¢(f;). If a
2-CNF [, 1s equivalent to f._, then f,  and f., as well as corresponding
homeomorphic topologies T and Cr, 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; 1n the topology on the set X . Let us denote the multiplicity of the variable x;
by r, the multiplicity X, by 7.
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Theorem 3.5. Two maximum 2-CNF f£(xy,....x,) i f5(,....y,) are
equivalent if and only if the variables can be divided into pares x;, y; such that

rp=s;andr; =5;.

Proof. Let ¢:x; — y; be the bijection which sets an equivalence of the

maximum 2-CNF  f](x;,....x,) i f5>(»{,....y, ). Then the equalities 7, =s; and

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

fixq..x,,) and £5(y1,...,y, ) of the topologies 7; and 7,. We will describe

are true.

what the bijection can be constructed.
Suppose the variables are ordered so that the inequalities 7, <7 <...<7

and 5; <s5. <..<gs. aretrue. We have o =5 . for each &, so we have that the
J1 J2 Jn Ik Jk

minimum neighborhoods of the elements X;, and y j, are equivalent.

The topologies 7| and 7, are the To topologies, so we will definitely have

the equalities7; =7, =...=7, =0and 5; =5, =..=5; =0,k>1. We will set

the next substitutions Xip = VX =V which also are the substitutions

between the single element minimum neighborhoods. Further we consider the
minimum neighborhood Af; =~ of the elementx; , and the minimum

neighborhood M Jiat of the element Let we have the equality

Y Jk+1
Tieo =)oy =1 1=I<k, thus these minimum neighborhoods include the
elements x;
already have the substitution. We will put Xi o ™ Vj, S0 we have
Mik+1 - Mjk+1 )
neighborhoods of the other elements. Hence the minimum basis of the topologies

71 and 7, are corresponding in built substitution. So the topologies 7; and 7, are

and y;  respectively, and also [ elements between which we

Similar conclusions we will have for the minimum

homeomorphic, and 2-CNF f£,(x,...,x, ) and f5(y1,...,¥, ) 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 ; =7; and

7”]-.
Example 2. Let f, =(x;, v X, )x, VX x, VXs). Here =2, 7 =2, r, =1,

r,=1, 1e r=r, and r,=7,. We construct 2-CNF of the dual topology

2

i

fer =(F v, & vxs (%, vxs). The bijection x, <> x,, X, <> X,, X3 <> X3, X, <> X,
proves that 7 is the self-dual topology.
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We show that the presetting of 2-CNF of the topology and its presetting by
the topology vector are related. Suppose that the topology 7 is given on the finite
set X and ae X.

Definition 6. The index of the point (element) ae X in the topology 7 is
called a number ind_(a), which is equal to the number of the elements which are
not equal to a 1n 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 7 will be denoted by
v(t)=(a,,a,,...,ax,). 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 (c,,a,,...,,) of the nonnegative integers is the
vector of some T, -topology on n-element set if and only if it satisfies the

following conditions:

a) a; < qii1s

b) a; Si—l, i=1,_}’l.

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 1is 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:QM 1‘—1)+...+(]Mn‘—1§, which determines the

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

i=ln-1,

mutually dual topologies, because the maximum 2-CNF of the topology Cz 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 - 276, 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 T, -topologies with the weight 25 + 2"7°,
Table 6 shows that in the class 25-2"7° there are 7 non-observed T,-
topologies, and it is shown that the number of all observed T, -topologies of this

class at n > 6 is equal to %- (n)e + 2—14- (n),.
Theorem 7. T,-topology has the weight 25 - 2" if and only if its vector

has one of the following forms:
1 (o,...,0,1,5),ifa) M,,_, € M,, ;b) M,,_; N M,, = {x;},
2) (0,..,0,2,2),if M,_; N M, = 0,

n—1
3) (0,..,0,1,1,1,1,2),if N M, ={x}anda) M,_; € M, ;
m=n—4
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4) (0,..,01,1,2),if M, , N\ M, , ={x}and N M, -0,

m=n-2
5) (0,..,0,1,1,1,1), if My_3NM,_, ={x;} and M, N M, = {x;}, and
Xj # X;.

Thus T,-topologies with the vectors (0, ...,0,1,5) and (0, ...,0,1,1,1,1,2),
o, ...,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 - 276, 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
n—1
topologies with the vector (0, ...,0,1,1,1,1,2) when N M, ={x;} and M,,_; C M,,.

m=n—4
In order to do this, we denote one of the homeomorphic topologies with the vector
(0,...,0,1,5) by the symbol 7. Let its minimal base have the form B; =
{@,{x13}, . {xn_2} o1, 213, {21, X2, X3, %4, X _1, X, }}, then the corresponding
maximum 2-CNF has the form
fi =0 vx,_ o vx, N, vE, N v E, Nxg v X, Nx,_; v X,). After replacement x, — X,
X, >x;, we obtain the topology Cr and the corresponding 2-CNF
S =0y vE Nx, v Nx, v % Nx, v Nx, v Nx, vE,;). The bijection x < x,,
Xy X, 1, X0 <>X, 4, X3¢>x, 5 and x, <> x,_, reduces it to the equivalent 2-
CNF £, =(x,vX, 4 ) vE, 3 ) vE, o )N v, Nx vE, Nx, vX,). Thus, the
minimum  base of the topology Cr has the form B, =
{(D; {x1}, o {xn=s} {oen, xn—a} {oen, xn—3} {oen, 22 {00, x4 3,
{x1, Xn_1, %0}

n—1
(0,...,0,1,1,1,1,2), and the conditions are met N M, ={x} and M,_; € M,,.

m=n—4

}, and 1its vector

Thus, the topologies are mutually dual. Similarly, we can show that the topology
with the vector (0, ...,0,1,5), M,_; N M,, = {x;} and the topology with the vector

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

m=n—4
with 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 (O,...,0,1,1,1,1,2) and
(0, ...,0,1,1,1,1), under these conditions, also have weight 25 - 276,
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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 1idea described, we obtain
o] =272 42774 4275 1 2n0(22 _1)=2176(2% 122 4+24+3)=25.2""°. We show that such
a topology is self-dual. The minimal base of one of the homeomorphic topologies
has the form B = {®, {xl}: ) {xn—S}» {xll xn—Z}r {xlr xn—l}» {xz, X3, xn}}:
corresponding to it 2-CNF  f=(x;vX, ,)xvXx, Nx,vx, Nx3vXk,). The
multiplicities 1 =2, =1, n=1,7,_ 5, =1, 7,_; =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 (O,...,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 % (n)e + 1—12 (n);, where (n), =n(n—1)---(n—m+1) is the symbol of
Pochhammer. Now count the number of observed T'j-topologies with the vector
(0,...,0,1,1,2). We get the number C}3-C%-(n—3)-C:_, = %(n)& The total

number of the topologies with the weight 25-2"7® is equal to 1—72 (n)e +

5 W 1M =15 W + 57 ()7 + 5, ()7 +5 (W) = 15 (W +
— - (M)s(n—6) +—- (n); = ==

with that obtained in Kolli's work, it means that there are no other topologies with
such weight. Theorem is proved.

1 . . .
-(n)g + v (n),. Since this number coincides

? 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
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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
k >1 elements, and f:G — T — surjective homomorphism, then let us say that the

group G belongs to the chromatic k-class. The minimal nontrivial group, for
which it is possible to construct such homomorphism, is of grate interest. Let us
call the minimal number of the chromatic class, to which the given group belongs,
the chromatic 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 £, 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 is the prime number.

3. Group (Z ,+) can be mapped onto the group (Z 4.+) for all neN
naturally, that is this group belongs to the chromatic n-class for all ne N\ {1}, and

its chromatic number is equal to 2.

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

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

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

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

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

operation on the elements x, y. It stands to reason that it is not necessary to require
the associativity of the operation x*y= f(x,y), the existence of the neutral and
inverse elements.
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If such coloring of the set X in the finite number of colors k > 2, that the
color of the value of the function f (x, y) is determined uniquely by the colors of

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

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

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

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

is the proper subset of X, then H(f(x,y),X)=2. To prove this fact we paint the
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, HQf(x,yX + c,R): 2. In these examples
a,b,ceR, f (x, y) is arbitrary function on the number plane.

If the set X 1is finite one, and if we paint each element in the separate color,
then we obtain H(f(x,), X)< X|.

The concept of the chromatic number of the function on some set is closely
linked to the concept of V.L.Rvachev R-function. The fact that the function
f (x, y) = xy —1 can not be R -function, which was proved in the article before, can

be reformulated in the following way: there exist the numerical functions with the
infinite chromatic numbers. Among other things, H (xy -1, R) =00,

Let us give the trivial examples. We consider the sets R or Z by way of the
set X .
1. The function fi(x,y)=2x+y, on the set ZxZ, belongs to all chromatic

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

2. The chromatic number of the function 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 f5(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 f5 (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.
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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? - y2, onthe RxR
are equal to infinity is the main result of this article.

Theorem 1. If aff # 0, then H(ax+ﬂy+)/,R):oo.

Proof. Let us suppose that H (ax+ Py + y,R):k. Then there exists such
coloring of the set R in k colors, that one can determine the color of the
expression ax+ fy+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~ Ay~ vy = (g + By +7) ~ (axy + vy +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 fs+y =t by s. It always exists,
because [ # 0. Then, by reason of (1), we obtain the following

x~yAs~s=(ox+fs+y)~(ay+fs+y) = ax+t~ay+t.

Lemma 1.2. If even one equivalence class, which does not contain 0,
involves only one element, then all equivalence classes, which do not contain 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 f =a—ax. By applying lemma 1.1, we obtain

x~y:>ax+a—ax=a~ay+a—ax: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 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, that is naz ~0~ z.
We take ¢ = naz in the forward induction and apply (2). Then
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z~0=0az+noz=(n+1)oz~noz~0=(n+1)oz~0.

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

we obtain
O~z=(n-Nz~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-ay=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 + Py + 7/,R) = k. Let us consider the

1z

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

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

2
number an(may) = Emozzy = L; @z
m a- K
contrast 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 (Q,+).

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

We take a=/=1, y=0 in the theorem, then H(x+y,R):oo. Let us
assume the contrary. The group (R,+) has the subgroup M (which is normal

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

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.
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Let us consider two sums a+b u G+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(c~z)+ f(g): f(c7 + 5) Hence, the color of
the sum is defined uniquely by the colors of the addends. It means that the function
x+y on R belongs to the chromatic k -class. It is in contrast with the statement
H (x +, R) =0, The corollary is proved.

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

Theorem 2. I—I(x2 —yz,R)z 0.

Put H (xz — yz,R)z k. The set R is divided into the finite number of the

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

2 2 2 2
xl“’x2/\y1~y2:>(x1 N )N(z_J’2)- (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 2 ~t2 _x% VteR

4)
and
—t? ~x*—t*> 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 YmeZ.
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 1t be true for some m > 0, that 1s mz% ~0.
We put % = (m + 1)22 and we apply formula (4) for the equivalence 22 ~0.
We obtain (m +1)z2 ~ (m+1)z2 —z% =mz* ~0.
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Let us prove that the statement is true for all negative integers m. For
m = —1 the statement is proved.

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

We put 1% = —(m —l)z2 and we apply formula (5) for the equivalence 22 ~0.

We obtain —(— (m—1)22 ): (m—1)22 ~ 72 —(— (m —1)22): mz? ~ 0.
Let us return to the proof of the theorem 2. If arbitrary s >0, then there

4

. z
exists z, such that z" =s. Put y = There are, at least, two elements among

k-
the elements my,m =0,k , which belong to the same class (Dirichlet principle)

dn,meN:0<m<n<kAny~my.
According to the lemma 2.1 we obtain n2y2 —m2y2 = (nz —m2)y2 ~0.

Since k>n>m=>0, then k2 >n?>n? —m?

SN . (kz!! .
(n —m ), that is why » = 1s integer.
g
It follows from the lemma 2.3 that
A2 -m?f =Jj—(
2~ ( )“

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

. Hence k2! is divisible by

—s~0.

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

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

obtain 0~0Az~0=0%—-2z2=5~0?-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+Bv+y,af#0 has no the finite

chromatic number. An analogical result has been proved for the function

g(x, y) =x? - y2 of the real variables.

This result can be formulated as follows:
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J the functions f(x,y) and g(x,y) (and the function axjx..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+y, where aff#0 could be

determined by the colors of its arguments uniquely. It is also true for the functions

x? —y2 and axyx,...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=X0JgzW4P7T8

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

MetoanuHi Bka3iBku Ta iHCTpyKUii. B miit Temi Tpeba miaroryBaTuch 10
HamMcaHHsA aHoTamii Bamoi kBamidikamiitHoi pobotu (Task 1-4). Cnouatky
O3HAaHOMTECh 3 BHUMOTramMu 10 OQOPMIIEHHS KBali(piKalliHUX pOOIT MAaricTpis.
Bukopucraiite METOANYHI BKa31BKH 3 MONEPEIHIX PO3ALIIB, 0COOIMBO BKa31BKU 10
Topic 9. BukopuctoByeTe BIANOBIIHI CI0Ba, 100 MIAKPECIUTH BUPILIEH] B pOOOTI
3aBJaHHS: OTJIS], aHaIi3, METO/, IOBEACHHS, TTIOPIBHSIHHS, y3arajJbHEHHs, T110Te3a,
JOBEICHHS a00 CIPOCTYBaHHS, 3aCTOCYBaHHS TOILIO.

¢ Ipukaax anorauii kBajidikaniiinoi po6oTu.

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.

Jlns Bukonanus Task 5 ta Task 6 o3naiiomrech 3 Tekctom Tips for making a

good presentation Ta BUKOPHCTalTe MOpaau NMPH CTBOPCHHI Mpe3eHTallii CBOET
kBaumiQikaiiitHoi poboTu.
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Tips for making a good presentation

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

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

Do not overload the slides.

Choose the proper font to make the text readable.

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

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

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

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

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

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

&5 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?

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

&5 Task 6. Answer the questions of your groupmates, connected with this
report.
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C. B. JlapenkoBa, I. B. bonmap, M. C. Xurankina. MukoiaiB
BumaBaunreo HarioHanbHOTO  yHIBEPCHUTETY KOpaOiaeOyayBaHHS — iM.
Anmipana Makaposa, 2022. 116 c.

Aptemenko A. O., Crerannena [1. . ®opmyBaHHS y CTyIEHTIB HaBUYOK
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A

———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
8, A delta DEL-tuh x, I1 pi PIE

i epsilon EP-suh-lon p rho ROW

€ zeta ZAY-tuh o, ~ sigma SIG-muh

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

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

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

u mu MEW ®, Q omega oh-MAY-guh
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HaBuanpHe BugaHHs
(YKpalHCBhKOIO MOBOIO)

Creranues €Breniil BikropoBuu
Crerannesa I[lonina ['eopriina

MPO®ECIHHO-OPIEHTOBAHUI MPAKTUKYM IHO3EMHOIO
MOBOIO

[IpakTukym
JUIst 3100yBaviB CTYNEHs BUIIOI OCBITH MaricTpa
crnerianbHOCTI «CepeaHst OCBITa» MPEAMETHOI crerianbHOCTI «Cepenus
ocBiTa (Di3uka Ta acTpOHOMIA)» OCBITHRO-TIpOdeciiiHoi mporpamu «CepeHs OcBITa
(dizuka Ta aCTPOHOMIS )»

Pentensenr C.B. Isanenxo
BianoBinansHuii 3a Bunyck 1.B. 3inosees
Kopexkrop €.B. Cmezanyes
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