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BCTYII

Huctumnina «IIpodeciitHo-opi€eHTOBaHUN MPAKTUKYM 1HO3EMHOIO MOBOIOY» €
00O0B’SI3KOBOI0 Ta BXOAMUTH JI0 LMKIY 3arajbHOi MiJITOTOBKHU ClemialibHOCTI A4
Cepennst ocBiTa 3a OCBITHbOIO mporpamoro «Cepennst ocpita (dDizuka Ta
actpoHoMmisi)». Kypc Ga3yeTrbcsi Ha 3HAHHAX Ta HaBUYKax, OTPUMAHUX II1JI 4ac
HaBYaHHS Ha OCBITHbOMY piBHI OakanaBp. BiH B3aeMomnoB’s3aHHil 3 Kypcom
«MeToo0TisI HAyKOBUX JOCHIKEHb». HaOyTi mpu BUBYEHHI KypCy 3HAHHS
OyIoyThb KOPUCHUMH ISl MOJANBIIOTO BUBYEHHS OOOB’SI3KOBUX Ta BHUOIPKOBUX
JTUCIMIUIIH 32 BKA3aHOIO CHEUIabHICTIO, 30KpeMa «Meroanka HaBYaHHS (Pi3uku
Ta acTpoHOMIl B MpodinpHIN mKomi», «KoMmm’ toTepu3allisi TIKUTEHOTO (hi3HIHOTO
eKCIIEPUMEHTY Y TpoiabHIN mKomiy, «{udpoBi Ta MynbTUMEIIHHI TEXHOIOTIT B
npouUIbHIM  cepelHid  OCBITI», CTaHyTh 0a3010 [  KBaji(hiKOBAHOTO
podeciiiHOro CIIKyBaHHS 1HO3EMHOIO MOBOIO.

MeTo10 BHUBYEHHS HAaBYQJIbHOI JAMCIUIUIIHM € TIJTOTOBKA MAriCTpiB J0
1HTerpauii B MI)KHApOJHE HAyKOBE CIIBTOBApUCTBO. LISl HOCATHEHHS L€l METH
CTYJIEHTaM HEOOXITHO BHUBYUTH 0a30By (PI3MKO-MaTEMaTUUYHY TEPMIHOJIOTIIO
1HO3€MHOI0 MOBOIO, HAaBYUTHUCh CaMOCTIHHO NIyKaTH, YUTATU Ta aHali3yBaTH
JiTepaTypy, sKa HamucaHa 1HO3EMHOIO MOBOIO, Ha0YTH €JIE€MEHTAPHUX HABHUOK
nepeKaaay HayKOBO-TEXHIYHUX TEKCTiB. Po0OoTa 3 1HO3EMHOIO JITEpaTypolo
noTpedye BMIHHS CKJIaJaTH aHOTAllli O cTaTel, mucatu pedepartu, 30KkpeMa i 110
KBamdikamiitHux poOiT. [ yyacTi B MDKHApOAHUX KOH(MEPEHIIIX Ta myOsiKarii
cTaTeil B MDKHApOJHUX BHJAHHAX IMOTPIOHO O3HAMOMHUTHCH 3 NIPABUIAMHU
HAIMCaHHS HAYKOBHUX CTaTe 1HO3EMHOIO MOBOIO Ta 3 OCHOBaMH MHCHMOBOI Ta
YCHO1 KOMYHIKaIIi1 3 IHO3EMIISIMHU.

OcHOBHMUMH  3aBAAaHHSIMM  BUBYeHHS  gucuumuniad  «IIpodeciitHo-
OpIEHTOBAaHUM MPAKTUKYM 1HO3EMHOIO MOBOIOY €:

° OBOJIOJIIHHSI HABUYKAMU CKJIaJIaHHs JOTOBII1 3a (haxoM 1HO3EMHOIO
MOBOIO;

o O3HAWOMJICHHsSI 3 0a30BOI0 Ta CIHEIIai30BAaHOI) MaTEeMAaTHYHOIO
TE€PMIHOJIOTIELO;

o dbopMyBaHHS BMiHb BECTH JIMCTYBAHHS 3 IHO3EMHHUMHU KOJIETaMu;

o HaOyTTS HAaBUYOK peepaTUBHOrO MEPEKIaqy HAYKOBO-TEXHIYHOI
JITEpaTypH 31 CHEIIaTbHOCTI 3 1HO3EMHOI MOBH;

o HAaOyTTSd HABUYOK aJCKBATHOTO TMEpEeKJIaay HayKOBO-TEXHIYHOI
JITEpaTypH 31 CIEIIaTbHOCTI Ha 1HO3EMHY MOBY;

o PO3BUTOK HABHYOK YCHOTO Ta TIMCbMOBOTO  CIUIKYBaHHS
1HO3EMHOIO0 MOBOIO;

o HAaOyTTd HABUYOK MIATOTOBKM Te€3 HAYKOBUX KOH(pepeHlid 3a
daxom.



3rifHO 3 BHUMOTaMHU OCBITHBOI-TIpOQECiiiHOI Mmporpamu 37100yBayl OCBITH
MalOTh JIOCSATTH TAKUX KOMIIETEHTHOCTEW Ta MPOrPaAMHUX PE3YJIbTATIB HABYAHHSI.

KomnerenTHocTi:

3K 2. 3parHICTh 70 MIXKOCOOMCTICHOI B3aeMoO/lii, poOOTH B KOMAaH/II,
CIIJIKYBaHHS 3 TIPEACTaBHUKAMM I1HIIMX MpOo(eciiHUX TPyl pi3HOTO PiBHA
(comianapHa KOMIIETEHTHICTH).3/JaTHICTh MPAIOBAaTH B KOMaH/Ii;

3K 6. 3martHiCTh 0 CaMOpPO3BUTKY Ta CaMOBJOCKOHAJIEHHS 3/JaTHICTb
MPAITIOBATH 3 BEIMKUMHU OOCSTaMH JIaHUX Ta aHAI3yBaTH 1X;

3K 7. 3patHicTh 10 MOWIYKY, aHANi3y Ta KPUTUYHOI OLIHKH 1H(popMarii, i
y3arajJbHEHHS Ta IHTEepIpeTallii;

3K 8. 3naTHicTh epexkTHBHO (POpMYBaTH KOMYHIKATHBHY CTpPATETIIO.

Pe3yjibTaTH HABYAHHS:

[TPH 2. YMiTn 3HaX0IUTH, aHAJII3YBaTH Ta BUKOPUCTOBYBATH 1H(POPMAIIIO 3
PI3HUX JDKepell, HacaMmIepel 3a TOOMOTor0 IIU(POBUX TEXHOJIOT1H;

ITPH 9. BomoxiTi oJHI€I0 3 TOIMIMPEHUX 1HO3EMHHUX MOB Ha pIBHI, IO
JI03BOJISIE  OTPUMYBAaTH Ta OIHIOBaTH 1HQOpMaIlil0 B rany3l mnpodeciiHoi
JUSITTBHOCTI 3 3apyODKHUX JKEPET;

[TPH 20. BonoaiTu ocHoBaMu MpoQeciiiHOT MOBJIEHHEBOI KYJIbTYpH;

[TPH 23. 3po3ymino Ta rpaMOTHO BHUCJIOBIIOBATH CBOI JYMKH W MOYYTTH,
BOJIOJIITH BepOaTbHUMU Ta HeBepOaTbHUMU 3aco0aMu 1HGOPMAIIIITHOTO BIUIMBY Ha
3100yBayiB CEPEIHBOI OCBITH.

HeBin’eMHUM eneMEHTOM pPOOOTH 3 1HO3EMHUMH JKEpelaMu € BMIHHS
KOPUCTYBATHCS CIIOBHHKaMH, B TOMY WYHCII €JICKTPOHHUMH, a TaKOX
CICKTPOHHMMH  TepeKiIafadaMd, TOMY B TMpOTrpaMy KypCcy  BKJIIIOUYEHO
O3HAHOMJICHHSI 3 TAKUMH JTOBITHUKAMH Ta PECYPCaAMHU.

[TpakTukym cknagaetses 3 10 Tem. TeMu MICTATh MaTepiaiu JJisl YUTaAHHS,
CIIyXaHHS, TepeKJaay, BIOpaBU JO KOXHOTO BuUay wmarepiamiB. [loTtouni Ta
MIJICYMKOBI 3aBJIaHHA, SIKI BKJIIOUEHI JO MPAKTHKYyMY, CIPUATHUMYTh KpalioMy
3aCBOECHHIO MaTepiajiia Ta JOTMOMOXYTh Y (pOpMyBaHHI 3alUIAHOBAHHUX MPOTPaAMOI0
Kypcy BMiHb Ta HaBUYOK. Po3po0iieHni MpakTHKyM MOKe OyTH BUKOPUCTAHUH SIK
Ha MPAKTUYHUX 3aHATTAX, TaK 1 B CAMOCTIHIN poOOTI 3100yBaviB CTYIICHS BHUIIOT
OCBITM Marictpa BCIX OCBITHBO-IPOQECIMHUX MPOrpaM  MaTeMaTHUYHOTO
bakyabTeTy.
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—=l Topic 1 Basic mathematical terminology

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

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

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

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

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

Koportki Teoperuuni Bimomocti. [IoHATTS TepMiHy € T0BOJI CKJIATHUM.
BoHo MicTUTh B c001 SIK JIIHTBICTHYHI TaK 1 MOHATIMHI aclieKTU. Byb-akuii TepMiH
OIMHCYE JesiKe TOHATTSA. B mporiecci MOBCAKACHHOT MISJIBHOCTI JIFOIMHA JTa€ HA3BU
00’€KTaM, 3 SIKUMHU BOHA CTHUKA€ThCSH. TakuM YMHOM HApPOKYIOTHCS JIEKCHYHI
OJIMHUIIl, TaKl SK TEpMiHH. 3a OyAb-SIKUM TEPMIHOM CTOITh MOHSTTS MHUCIHI,
MPUYOMY HE SIKOICh a0CTPaKTHOI MHCIII, a JIOKAJII30BaHOI Ha JIesKoMy mpeamerti. B
HAyKOBIW JIITEpaTypl Pi3HUMU aBTOPAMU HABOJAATHCS PI3HI O3HAYEHHS TEPMIHY.
Hasenemo kinbka 3 HUX.

1. TepmiHn — 1€ CiOBa, SIKI BHUKOPUCTOBYIOTH JJI MO3HAYEHHS PI3HUX
HAyKOBUX 1 TEXHIYHUX MOHSTD.

2. TepmiH — 1ie cloBO a0O0 CIIOBOCIHOJYYEHHS, IO IO3HAYa€ TMOHSTTS
creniagbHOoi 001acTi 3HaHHA a00 IISJIBHOCTI.

3. TepMiH € «onpeaMedyBaHHSAM» a0CTpakLli 00’€KTa creianbHOi chepsl y
BUTJISI/I1 JIGKCUYHOI OJIMHUII IPUPOIHBOI MOBH.

4. TepMUH — 1€ JICKCUYHA OJIMHHUIISI TIEBHOTO 3HAKA JUIsl CHIEIIaIbHUX IILJIEH,
0 TO3HAYa€ 3arajbHe — KOHKpeTHEe a00 abCTpakTHE TOHSITTS BU3HAYEHOI
creriajgbHoi 001acTi 3HaHb a00 JiSTTLHOCTI.

5. Tepminu — 1€ HOMIHAHTH CHCTEMH MOHSTH (peaiiil) HayKH, TEXHIKH,
odimiiHoT MOBU Ta iX BIIOOpaKeHHSI B BUPOOHUIITBI, CYCHUIBHOMY KUTTI a00 X
OKpeMHX 00JIacTAX; MPUYOMY KOXKEH TepMIH B KOHKpETHIA o00JsacTi obsagae
CYCH1JIbHO OCO3HAHUM 3HAYEHHSIM.

6. TepMiH — 11e JIEKCHYHA OJIUHUIIS, 3HAYCHHSI KOTPOi BKIIFOYEHO JI0 CUCTEMHU
creliajJbHUX MOHSATh, Ka (PyHKIIOHYe B chepl npodecioHaTbHOr0 CIUIKYBAaHHS,
3aCTOCYBaHHS K01 0OMEXEHO CIEI1aTbHOI 00JIaCTIO.

Bci o3HaueHHS TepMiHy OB’ SI3yIOTh 3 HOTO JEIKMM KOHKPETHUM TTOHSTTSIM.
Opmnak TepMiH MOB’SI3aH HE 3 MOHSATTSM B 3araji, a 3 MOHATTAM, K€ BijgoOpaxkae
piBEHb 3HaHb B TIEBHUI MEP10] — KOHIIECTITOM.

['oBopsum Tpo TepMmiHM, HacamIiepe]] MaloTh Ha YyBa3l CJIOBa, SKi
3aCTOCOBYIOTHCS CTEIIaiCTaMi ¥ HE € mUPOoKo BimomMumu. OgHak, OyBae i Tak,
10 TEPMiH 13 BY3bKOCHEIIATILHOT ChEepH MEPEXOIUTh B PO3PSII 3arAJIbHOBKMBAHUX.

6



Tak OyBae konu sika-HEOyIb chepa HAYKH YU TEXHIKH B MEBHUN MPOMIKOK Hacy
MepeKUBa€E MBUIKUHN MiAHOM. B 11boMy BUIaKY i JOCSITHEHHS HEMUHYYE CTAIOTh
NpPEeIMETOM YBaru >KypHamicTiB. Toai, AJii OMMCAHHS CYTI JOCSTHEHb, BOHU
BUKOPHUCTOBYIOTH CIieIliaabHI TepMiHH. L1 Tepminu, nmepeOyBaroun MEBHUM yac Ha
CIIyXy, CTalOTh 3arajbHOBXMBAaHUMH, a 1HOJAI HaBITh YACTKOBO 3MIHIOIOTH CBOE
MOYaTKOBE 3HAYCHHSI.

OCHOBHUMHU pUCaMU TEPMiHY BBaXKAIOTh:

a) OJTHO3HAYHICTB;

0) CHCTEMHICTB;

B) TOUYHICTB;

T') KpPaTKICTb;

1) He3aJIeXKHICTh B1Jl KOHTEKCTY;

€) CTUIICTUYHA HEUTPAJIbHICTD;

’K) MOTUBOBAHICTb;

3) HasBHICTh ACIHIIT;

1) HOMIHATUBHICTb.

B wMexax pgaHoi TepmiHOJNOTII TEpMiH, SK MpaBWio, oaHO3HayHuK. Ha
BIJIMIHY BiJl 3BHYAHOTO CJIOBa TEPMIH HE MOTPEOY€e KOHTEKCTY, OCKUIbKU BIH €
YJICHOM BHU3HAYE€HOI TEPMIHOJIOTII, Yepe3 SIKY BiH 1 HaOyBa€ CBOIO OJIHO3HAYHICTb.
3MICT TepMiHY PO3KPUBAETHCA 3aBASIKA TOYHOMY JIOTIYHOMY BHM3HAYCHHIO ¥ HE
00yMOBITIOETHCS JIGKCHYHUM 3HAYCHHSM CJIOBA.

TepmiHu MOKHA TOAUIATH Ha:

a) 3araJIbHOHAYKOBI;

0) MIXKraxy3eBl;

B) BY3bKOT'aJTy3€BlI.

KopoTko 3ynuHUMOCH Ha KOKHOMY 13 THIIIB.

3azanvnonaykoei mepminu. Cheporo ix BKHBaHHS € Maibhke BCl HayKOB1
rajy3i, TOMy Taki TEPMIHM MalTh 0araro pizHMX 3Ha4eHb. OKpIM TOTO, TaKUi
TEPMiH MOXE MaTH 1 3arajibHOBXKMBaHE 3HAaYeHHS. [Ipu mepeknaai Takux TepMiHIB
Tpeba Oytu ocoOnuBO yBakHUM. Hampuknan, aHrmidcbke ciaoBo — Stress
MEPEKIANAAECThCS K Hanpyeda. 3ycTpidyaeTbes B (i3ulli, MaTeMaTHill, MEXaHimi, a
TaKOXX Mae 3arajbHOBXHBaHe 3HaucHHs. CiioBo Wheel mepeknanaeTbes sk koeco.
[le cioBO 3ycTpiyaeThCsi Maibke B yCIX Taly3sXx TEXHIKH. 3ayBakKMMO, IO B
aBTOMOO171€0yTyBaHHI 11 CIOBO MOXE OyTH MEPEKIIAJICHO 1 K K0/1eco 1 sIK KepMo B
3aJIEKHOCTI B1J] KOHTEKCTY.

Mixyceanysesi mepminu MOXYTh 3yCTPIUATUCh SIK B CHOPIIHEHUX, TaK 1y
BiJIaJieHnx  Taiy3sx. Hampukman, adrmidcekudd  tepmin  field,  sixwi
NEPEKIIAIAEThCsl SIK 70Je 3YCTPIYaeThcs B TaKUX CIOPITHEHUX Taly3siX sIK
MaTeMatuka Ta (izuka. Takox 11eil TepMiH BUKOPUCTOBYETHCS M Yy BiJIaJICHUX BIJ
MaTEeMaTHKU Taly3sX, HampuWKiIan, B  arpapHiid cmopasi. Tepmin  roof
nepeKIaaacThes K oax. Lleit TepMiH MOKHA 3yCTpITH B Taiy3i OyaiBHUIITBA abo
aBTOMOOLIEOY TyBaHHS.



By3bkozanyseei mepminu BXUBAIOTHCA JUINIE B OAHIN Taly3l HayKH.
Hanpukian, B HAHOTEXHOJIOTIi BUKOPUCTOBYIOTHCSI HACTYITHI TepMiHK: nanoparticle —
Hanouacmuys, nanocylinder — nanoyuninop, nanoisland — nanoocmpiseys, TOIIO.

MeToauuni Bka3diBkM Ta iHcTpykuii. Ilepexnman 3 aHrmilcbkoi MOBHU
MaTeMaTUYHUX TEPMIHIB, K 1 Mepekag Oyab-SKUX IHIIUX TEPMIHIB Ma€ IEBHI
oco0nuBOCTI. BOHM BUHUKaIOTh 3 JCKUIBKOX MPUYUH. TepMmiH HE JOIycKae
JIBOSKOTO TpakTyBaHHA. Lle € ojHI€0 3 KIFOYOBUX BIJIMIHHOCTEH TEpPMIHY Bijl
3araJlbHOBXHBAHOTO clioBa. B Teopii BiA3HAYa€eThCs, IO IS MEPEKIaay TepMiHY
HaBiTh HE MOTPIOEH KOHTEKCT. OHAK HAa MPAKTHUIl IS aJCKBATHOTO TEPEKIamy
TEPMiHY B OUIBIIOCTI BHIAJAKIB KOHTEKCT BCE X € BaxJMBUM. lle nuimaerbcs
BIPHUM HAaBITh TO/1, KOJH MOBA I/ie PO TaKy TOYHY HAyKy SIK MaTeMaTHKa.

Oco0aMBO CKJIATHO TMepeKiafaTd 0araTocKiagHl TEpMiHM, $KI YacTo
3YCTPIYAOThCSA B HAYKOBO-TEXHIUYHUX TekcTax. [lepekiian ocTaHHIX € HaHOLIBII
CKJIQJHUM.

Haenemo mpukiaau nepexiany 6araTrockiagfHuX MaTeMaTHYHUX TEPMIHIB 3
iHaexkcoM (Tabnuusa 1) Ta 6e3 Hporo (Tabnuusg 2).

Tabnuusg 1 — Tepminu 3 1HIEKCOM

Indexed Terms Tepminu 3 HHIAEKCOM

C" — complex number field C" — KOMILIEKCHHI N-BUMipHHIA
IpOCTIP

R? is the d-dimensional Euclidean space | R — d-Bumipruii eBkiais mpocrtip
L,Y is a smooth vector field LyY — rimaake BEKTOpHE MOJIe
L, — the fact that is a derivation Ly — mudepeHItitoBaHHs
M,,, — denotes the set of tangent vectors | M,,, — MHO>XKHHA TOTHYHHX BEKTOPIB JI0
toMatm M B ToUIi M
E(M) —the set of all smooth k-forms | E¥(M ) — maosxuna Beix rmamxux k-
on M ¢dbopm Ha MHOTOBHII M
T, — topology with axiom T, T, — Tomooris 3 akcuomoro T

Tabnuusg 2 — Tepminu 6€3 1HIEKCY

Terms without index Tepminu 6e3 ingexca
C — complex number field C — 1oJjie KOMIUIEKCHUX YHCET
f — mapping of the set f — BiTOOpaXKCHHSI MHOKHHH
h — commutative diagram h — komyTaTHBHA AiarpaMa
F — differentiable structure F — mudepenmiiioBana CTpykTypa
GL — general linear group GL — noBHa JyiHeiHa rpymna
M — a differentiable manifold M — rimagkuil MHOTOBU/T
V —a vector V — BEKTOP
E — unite matrix E — onquHnyHa MaTpHIIs




TepMiHONOT1YHI CIOBOCMONYUYEHHSI — II€ CEMAHTHYHO LUIICHI CIOJIyYeHHS
IBOX a0o Ouibllie CIiB, MOB’S3aHUX 3a JOMOMOTOK MpUHMEHHHKa, abo
0e3MPUITMEHHUKOBHM CITOCOOOM. B TakuxX CIOJyYEHHSX CJIOBA MOETHYIOTHCS MiX
co0o010 0e3 BUKOPUCTAHHS CIIY’)KOOBHX YaCTHH MOBH. [ OJIOBHUM CIIOBOM B TaKUX
CJIOBOCITOJIYYCHHSX € ocTaHHE. Ti CJI0Ba, IO CTOSITh Mepe ] HUM, BiJIiIrParOTh POJIb

o3HaueHHs.  Omke,  mepexia]  OE3NPUIUMEHHUKOBUX  TEPMIHOJOTTUHUX
CJIOBOCHOJIYYEHb TOYMHAETHCA 3 OCTAHHBOTO CIIOBA.
Hanpuknan,

a) modulation measurement — sumipiosanns enuburu MOOYAAYIL,

0) time division multiple access system — cucmema uacoeozo poszodinenns iz
bazamoxpamHum 00Cmynom,;

g8) partial order structure — cmpyxmypa wacmkosozo nopsoxy;

2) complex number field — none xomnnexcruux uucen.

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

Jliniina (kBagparuuna) ¢yskiisa, Ctpora (HecTpora) HEpiBHICTh, PO3B’ 130k
pIBHSIHHS (HEPIBHOCTI, CUCTEMHU pIBHSHB), JpoOoBo-miHIliHA HEpiBHICTH, MeToa
iHTepBaiiB, PisHuns kBaapartiB, Cyma (pi3Huilsi) kyOiB, Ksampar (ky0) cymu,
KBagpar (ky0) pizauui, OyHkuis, 3BeeHE KBaJpaTHE PIBHAHHSA, JIMCKPUMIHAHT
KBaJpaTHOTo piBHAHHSA, KBagpaTuuna HepiBHICTh, [loOynoBa rpadika, I'padpiunuit
penaktop, PobGora B iHTepHeti, [lomyk iHdpopmanii, IacrtpymenTtu, Ilanens
1HCTpyMeHTiB, OOpoOKa iHpopmallii, 3pa3ox.

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

Hanucatu MeToguyHi peKOMEeH allii sK 1€ pOOUTH.

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

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



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

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

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

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

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

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

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

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

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

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

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

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

MeToauuni Bka3iBku Ta iHcTpykumii. [Ipy BUKOHaHHI 3aBIaHHS 3a IIEIO
TEeMOI0 Tpeba 3BEepHYTH yBary Ha HaBeJCHY B IepIIii TeMi Kiaacudikaiiiro TepMiHiB
Ta 3’SCYBaTH HAJICKHICTh 0 TOTO YH 1HIIOTO KJacy BHUKOPHUCTAaHUX B JOIOBIII
TEPMiHIB.

OcHoBHHUIA croci0 MepeKIaay TEpMIHIB — MOMIYK JEKCUYHUX €KBIBAJICHTIB Ta
BIIMOBITHOCTEH. ['OJOBHOIO CKJIQAHICTIO TpU TEpeKIadl HayKOBO-TEXHIYHHX
TEKCTIB € TEPMIHOJOT1S,, TOMY MpHU poOOTi 3 HAYKOBO-TEXHIYHUMH TEKCTaMU JIyKe
BKJIMBO BUKOPHCTOBYBATH CIICIIiaJIi30BaH] CIIOBHHUKH.

Haiikpamum BapiaHTOM € BUKOPUCTAHHS Traly3eBHX CIOBHHUKIB. [Ipu mipomy
IIyKaTH y CJIOBHUKY Tpeba HE TUIBKM OKpeMi CJI0OBa, ajieé W TOIIUpEH]
cioBocmony4eHHs. Lle 0co6MBO BaXIMBO MpH Mepekiiai JOKYMEHTallii.

Buxonyiite moctaBjeHe 3aB/IaHHA 32 TAKUM TIJIAHOM:

° HaIUIIITh KOPOTKUH TIJIaH JOTIOBIIL;
e  3BipTe 31 CJIOBHUKOM HEOOX1/IHI TEPMIHHU Ta CIOBOCIIOIYYECHHS;
®  HaBEITh KUIbKA MPUKIA/IIB 32CTOCYBaHHS MaTepialy TEMHU.

The general structure of the report is:

e Introduction.
e Body.
e  Conclusions.

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

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.

° Jlinitina QyHKIis.

Po3B’s13aHHs cHCTEM JIHIMHUX PIBHSIHB 3 IBOMa HEB1JIOMHUMH.
JIiHi¥H1 HEPIBHOCTI 3 OJIHUM HEB1JIOMUM.

CucrtemMu JiHIMHUX HEPIBHOCTEH 3 OJTHUM HEBIJTOMUM.
JpoGoBo-JiHIlHI HEPIBHOCTI.

MeTton iHTEepBaiB.
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dopMyHr CKOPOUEHOTO MHOKEHHS.
KBangpatuuna GpyHKIIis.
Po3B’s13aHHs KBaJipaTHUX PIBHSIHb.
Po3B’s13aHHS KBaIpaTUYHUX HEPIBHOCTEH.
Knacudikamis TecTtoBUX 3aBAaHb 3 MAaT€MAaTUKH, BUMOTH 10
dbopMyIIIOBaHHS.
o Bumoru 10 oopMIIeHHS MaTeMaTHYHOTO TeKCTY B penakropi Word.
o Bumoru 1o aHoTariii HayKoBO1 CTaTTi 3 MaTEMaTHKH.

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

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

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

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

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

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

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

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

line through these points.

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 e (—oo,+0).
2. The range of function y e (—oo,+0).
3. If k>0, then the function increases. The angle between the straight line and x -
axis is acute angle. If k <0, then the function decreases. The angle between the
straight line and x -axis is obtuse angle.
Let us consider the examples.
1. Does the point A(7,2) belong to the graph of the function y = 2x —3?
Solution.

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

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

o abscissa of which is equal to 7;
o ordinate of which is equal to 5.
Solution.
In order to find ordinate of the point it is nessesary to substitute 7 instead of
X into the function y =2x—3. After the substitution we have y=2-7-3=11. In

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

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

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

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

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

y=-3X+2.

Solution.
The point of intersection is the common point, hence, we are going to solve
=2X-3
the following system {y 312 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(L-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 — niniiina GyHKIIis;

standard form — 3aranbHU BUTIIAL;

slop — kyToBuii KOEPIIi€EHT;

graph — rpadixk;

straight line — psima;

point — Touka,

Cartesian coordinate system — nekapToBa cuTeMa KOOpIUHAT;

origin of coordinates — moyaTok KoopuHaT;

point of intersection — rouka neperuny;

to substitute — miacTaBIATH;

equation — piBHSAHHS;

parallel — mapanenshwuii;

abscissa — a0crucca;

ordinate — opauHara;

equality — piBHICTB;

right angle — npsimuii KyT;

acute angle — roctpuii kyT;

obtuse angle — Tynwmii kyT;

to increase — 3pocrary;

to decrease — cnajiarwu;

domain of definition — o0sacTe BU3HAYEHHS;

range of function — o6acTh 3HaYCHHS.

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

MeTtoanuHi Bka3iBkM Ta iHcTpykuii. [Ipy BUKOHaHHI 3aBIaHHS 3a IIIEIO
TEMOI0 Tpeba KOPUCTYBAaTUCh TOIIYKOBUMM cucTeMamu. Jlns BiAmoBiAl Ha
MOCTaBJICH1 MUTAHHS 3BIPTE 3HAUYCHHS TEPMIHIB 31 CIeliaTi30BaHUMH CIIOBHUKAMHU.
Cepen eJEKTPOHHUX CIIOBHHUKIB PEKOMEHIyeEMO BHKOpucToBYyBaTH Multitran.
Takox KOPUCHHUM € 3BEpHEHHSI JI0 €ICKTPOHHUX TepeKIiaaadiB, Hanpukiaz, deepl.

Jlis SIKICHOTO BUKOHAHHS 3aBIaHHS MOTPIOHO 3pO3YyMITH 3MICT Ta JAESKI
JeTal 3alporoHOBaHOT0 Matepiany. OcoOnuBY yBary 3BEpHITh Ha 3aCTOCYBaHHS
BUKJIQJICHOI TeOpii 10 PO3B’A3aHHS KOHKPETHHUX 3a]ad 1 HaJaiTe CBOI MPUKIAIM.
[Tig wac 3axMCTy BHKOHAHOI POOOTH BHKOPUCTOBYWTE PpO3IJIAHYTY paHille
TEPMIHOJIOTIIO.

3aBganHs S5 € iHTepakTUBHMM. BoHO mepenbayae HaBiraiio B
aHIJIIOMOBHOMY iH(opMaliiiHomy pecypci [1], 10 sikoro Mo)KHa MEpenTH 3a
nocwinanuam  https://www.geogebra.org/. Jlns BHKOHaHHS IIBOTO  3aBIAHHS
IPOINOHYETHCS TAKUH IJIaH:

o BUOpaTH 3 BIKHA «PECYpPCU» OJIUH 3 HUX;

o BUOpaTu MaTepiai, 3aBJaHHs /10 SIKOTO OI[IHIOIOThCS 9-12 Oanamu;

o O3HAWMOMHUTHUChL 3 TMOSCHEHHSMH Ta BHUKOHATH 3alpOIOHOBaHI
3aBJaHHS;

o miJT 4Yac  3aXUCTy  3aBJlaHHS  MPOJIEMOHCTPYWTE  KOPEKTHE

BUKOPUCTAHHS MaTeMaTUYHUX TepMiHiB. OcCoOJIMBY yBary 3BEpHITH Ha
KOHCTPYIOBAHHSI TEPMIHOJIOTTYHUX CJIOBOCIIOTYYEHb.

& 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.

& 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?

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

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

a foreign language

Kopotki TeopeTnuHi BizoMocTi. BUnijisstoTe HaCTyImHI CIOCOOH MEepeKIaay
HayKOBO-TEXHIYHUX TEPMIHIB.

Exsieanenmnuit nepexnao. llpu Takomy croco0i mepekiaay B IIIbOBIH
MOBi 3HAXOJATh TOBHUU €KBIBAJIEHT TEpMiHA, SIKHH OyJl0 BUKOPHUCTAaHO B MOBI
OpuriHany. 3BHYAlHO, IO TaKa CHUTyallis MOXJHMBA HE 3aBXIW, ajie B THUX
BUTIAKaX KOJHU BCE K MOKJINBA, 11€ € HANKPALIM BapiaHTOM.

[Tpuknanu eKBiBaJIGHTHOTO MEpPEeKIaay:

a) integral — inmezpan;

0) test — nepesipka,

B) Prognosis —npoecnos;

r) program — npoecpama,

) matrix — mampuysi.

Tpancaimepauyia. Ilpu 1boMy crmocobl Tepekiany TEepMiH, SKUN
BUKOPUCTAHO B MOBI OpPHUTIHAIIY MPOCTO 300paky€eThCs JIITEpaMU I[LIbOBOI MOBH.
[Ipu TakoMy crioco01 nepekiaaay MepeKyaeHuid TePMIH MIIsrae 000B’ I3KOBOMY
MOSICHEHHIO, SKIIO B I[IJIbOBIM MOBI BIH paHillie HE 3yCTPi4aBCH.

[Ipuknagu TpaHcaiTepani:

a) slash — crew;

0) startup — cmapman;

B) bush — 6yuu.

Cemanmuune  KanvkKyeanna. B HayKOBO-TEXHIYHOMY  TEpeKJIai
3aCTOCYBAHHS IIOTO CIIOCOOY MOXKJIMBO JIMIIIE 32 YMOBH ITOBHOTO CITiBITQIiHHS
CTPYKTYPH JIGKCUYHOI OJMHUILI.

Hanpukian:

a) Jacobi theorem — meopema Axob6i,;

0) local theory — roxanena meopis.

3ano3uuennsa. 11i1 3an103UYEHHSAM PO3YMIIOTh TOBHE TTIOBTOPEHHS 3BYKOBOTO
CKJaAy M HanmucaHHs TepmiHa. Takuil cnocid nepeksiagy MoXkHa 3aCTOCOBYBATH B
TOMY BHMMAJKy, KOJHU L€l HOBUW TEPMiH Ha3WBAa€ HOBUU NpPEIMET, KM HE Mae
Ha3BU B IIbOBIH MOBI.

Hanpuxnan:

a) heutron —wretimpon;

0) plasmon — naasmon;

B) pit-stop — nim-cmon;

r) interface — inmepdeiic;

n) radiator — paoiamop.
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Konkpemusayia. llpu Ttakomy cmoco0l mepekiaay TEpMiH 13 MOBH
OpUTIHAIlY, SIKHH Ma€ MIMPOKE 3HAUYCHHS 3aMIHIOIOTh Ha TEPMIH, SIKMM Ma€ OlIbIIn
BY3bKE 3HAUCHHs B LIJIbOBIM MOBIi. Takuii crmocid mepekiaaay 3aCTOCOBYEThCS IS
YTOYHCHHSI Y BUTIAIKY KOJIHM TEPMiH MOXe OyTH TPaKTOBaHHWA HEOTHO3HATHO.

[Tpuknanu KOHKpeTHU3aIlli:

a) null tensor — mensop nynvosoeo panea, ckanap;

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

B) dirt inclusion — nopooue exniouenns, b6e3pyone exnouenns.

I'enepanizayin. Konu BubpaHo nei cmocid, Toai BUKOHYIOTh [ii, 00epHEeHi
710 THX, 1110 BUKOHYBAJIUCh B MOMEPEIHHOMY cItoco01. TepMiH 3 By3bKUM 3HAUCHHS
3aMIHIOIOTh Ha TEPMiH 3 OUTBII IIUPOKUM 3HAYEHHSM B I1JIOBIH MOBI.

Hanpuxnan:

rifleman — cmpinox.

Metoanuni Bka3iBku Ta iHcTpyKuii. HasBHICTE TOTPIOHOTO CTOBHUKA IIIE
HE € rapaHTi€lo TOro, 1o mnepeknan Oyae aaekBatHuM. OKpiM TOro, 10 Tpeba
MEPEeKJIacTH TEPMiH, 1€ Tpeba BIpHO IHTEPHPETYBATU MOrO B 3aJICKHOCTI BIJ
KOHTEKCTY. TomMy BMIHHS TMpaBUJIBLHO I1HTEPHPETYBATH 3HAYCHHS TEPMIHY €
0e3yMOBHO HEOOXIAHUM TepeKiIaaady, SKUM Mpairoe 13 HAYKOBO-TEXHIYHUMU
TEKCTaMH.

3a3BUuail mpuU TEpeKiaal HAyKOBO-TEXHIYHOI JITepaTypu IepeKiiagad
KOMOIHY€e HaBeZeHl Bulle cnocodu. Lle no3Boiige 3poOUTH nepekian afeKkBaTHUM
Ta TOYHHUM.

& 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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& Task 2. Read and translate the given text from English.

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

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

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

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

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

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

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

Hooke's Law

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

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

F=—kxF =—kxF=—kx,
where

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

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

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

. Displacement (x): Displacement refers to the amount of stretch or

compression an object undergoes in response to the applied force, measured
in meters (m);

. Spring Constant (kK): The spring constant is a measure of the object's
stiffness. It varies depending on the material and structure of the object. A
higher spring constant means that more force is needed to cause
deformation.

Applications of Hooke's Law

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

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

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

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

Limitations of Hooke’s Law

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

Experiment: Verifying Hooke's Law

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

Conclusion

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

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

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

Introduction to the Quantitative Reasoning Measure

The Quantitative Reasoning measure assesses your:

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

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

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

Quantitative Reasoning Question Types
The Quantitative Reasoning measure has four types of questions:
o quantitative Comparison questions;
. multiple-choice questions — Select One Answer Choice;
. multiple-choice questions — Select One or More Answer Choices;
. 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.”

. 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=5 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

MeTtoauuHi Bka3iBku Ta iHcTpykmii. s peamizaiii KOMIETEHTHOCTI
CIIJIKYBaHHS 3 HOCIIMH 1HO3€MHOi MOBH, MPOTpaM aKaJeMiuHOi MOO1IBHOCTI,
epeKTUBHOT ydYacTi y MIKHApOJHUX HAyKOBUX 3axojlax IMOTpiOHa poboTa 3
TPEHYBaHHS HABUYOK CHpPUHMAaHHS IHIIOMOBHOTO TEKCTy Ha ciayX. Y Topic 5
MICTSITBCSl MaTepiajiv Ta 3aBIaHHs, CIPSIMOBaHI Ha (OPMYBAHHS TaKUX HABUYOK.
HaBenemo kisnbka mopan:

o Kpalie MOYHHATH MPOCIyXOBYBAHHS MaTepiaiiB, OB A3aHUX OJHIEIO
TEeMaTUKOIO;
J nepuie TMPOCIyXOBYBaHHA — JJII PO3YMIHHS 3arajbHOTO 3MICTY,

HACTYIMHI — JUIsl 3aCBOEHHS HE3HaioMoi (a00 HE CHPUMHSTOI 3 MEPIIOro
pasy) TEpMIHOJIOT1], 11100 po310paTUCh B JETANIAX;

o HE 3JIOBXKMBATE TEKCTOBOIO BEPCIEID ayjaioMarepiany, 1HAKIIEe
MIPOCITyXOBYBaHHS IEPETBOPUTHCS HA YATAHHS,

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

o MIPOTIPAIIONTE MaTepiaiy 3a MOCUJIAHHIMU:

https://www.esolcourses.com/content/topicsmenu/listening.htmi
(ayniroBaHHS 32 PIBHIMH);

https://youglish.com/ (sx pi3Hi J0aU MO-PI3HOMY BUMOBIISIIOTH OJHI M Ti X
cami CJI0Ba).

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

List the basic terms.

What is web 2.0?

What is social media?

Give the examples of social media.

& Task 2. Find the following video
https://www.ted.com/talks/harald_haas_forget wi_fi_meet_the new_li_fi_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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—==l Topic 6 Translation of scientific texts on speciality into a foreign

language

KopoTtki Teopernuni Bizomocti. [lepexnanadeBi ciig 3BepTaTé yBary Ha
Taki 0COOJIMBOCTI pOOOTH 3 HAYKOBOIO Ta HAYKOBO-TEXHIYHOIO JIITEPATYPOIO:

Oono3znaunicms. byab-sKiil TEXHIYHIA TEPMIHOJOTIT MpUTaMaHa LS puUca.
He wMoxHa jomyckatd HEOAHO3HAYHOI TPAKTOBKM CJHIB ab0 BUpasiB, AKi
BUKOPUCTOBYIOTHCS TP MEPEKIIA/IL.

Bukopucmannsa 3aiimennuxie. Jly>)xe 4acto B aHIJIOMOBHIN JiTeparypi
BUKJIQJICHHS MaTepially BeIeThCs Bia Iepiioi ocobu. B ykpaiHChKili MOBI
INPUIHATO 3aCTOCOBYBATH 3aiIMEHHUK Mu a00 6€30c000B1 OpMHU JIECIIB.

Tounicms. He nomyckaeTbCsi BUKOPHCTaHHS JICKCUKH, SIKa Ma€ Ha METI
OyAb-SIKUM YMHOM MPUKPACUTH BHUKJIA]l MaTepiaiy.

Biocymuicmo nekcuku, w0 nadae ouinky. He M0XHa BUKOpPHUCTOBYBATH
JIEKCUKY, sIKa BUpaKa€ 0COOMCTE CTAaBJIEHHS A0 MPEAMETY POOOTH.

Biocymnicmo cnpowjens. TepMminy, K1 BAKOPUCTOBYIOTBCS MPU MEPEKIAIL,
HE MOBHUHHI CIPOINYBATH AYMKY a0O MOHSATTS, SIKI MPUCYTHI B OPUTIHAIBHOMY
TEKCT1 HAyKOBOi poOOTH.

Metoanuni BkasiBku Ta iHcTpykmii. [lepexiamadeBi ciiji peTeabHO
BUOWpATH JIEKCUKY, SIKa MPUTaMaHHa MEeBHIA TEPMIHOCUCTEMI ¥ YHUKATH JIEKCHUKH,
sKa TUTBKM HENIOJIaBHO MPUMIIIa 3 HA0Opy 3arajbHOBXKUBAHUX CIiB. BaximBum
(bakTOpoM € TOTPUMaHHS CTUJIIO.

Oco06nuBy yBary npu nepexiajii Clij NPUAUSITH TepMiHaM, K1 BITHOCSATHCS
710 pO3pANly «XMOHUX APY31B Nepekaaaada». Jlo HUX B mepury 4yepry HajexaTb Tak
3BaHl IHTEpHALIOHATI3MHM. [HTepHallOHAII3MH — 1€ CJIOBa, SIKI CHIBIAJAIOTh 32
CBOE€I0 30BHINMIHKOK (HOPMOIO, aje 3a 3MICTOM MOXYTh CIIBIAJATA JIUIIE
4acTKOBO. BOHM BUpPaKarOTh MOHATTS MIXKHAPOJAHOTO 3HAYEHHS M CHIBICHYIOTH B
PI3HHX MOBax.

Hagenemo aexinbka MpUKIIaaiB TAKUX TEPMIHIB:

a) original. Ha mepumii moryisii — OpUriHaJdbHUM, aje CiIia MepeKIaaTh sK
MOYaTKOBUM;

0) progressive. Ha mepiuit morisg — MporpecuBHUM, ajie CIIij] epeKaiaTH
K IMOCTYIIOBUN;

B) technique. Ha mepmwmii mormisim — TeXHiKa, aje CIiJ MEepPeKIagaTH sK
METOJ;

r) decade. Ha mnepmmii mormsg — Jaekamga, aje Ciig IMepeKaagaTd sk
JeCATUPIUYS;

n) accurate. Ha mepuiuii morisig — akypaTHUN, ajie CIiJ MepeKyIajaTh sK
TOYHUH.
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Taxi TepMmiHM He MOBHHHI Nepekianatucs OykBaibHO. Lle maibxke 3aBxkAu
MPU3BOJIUTH 10 TIOMUJIOK.

[Ipu mepekiani Oe3MPUINMEHHUMKOBUX TEPMIHOJIOTIYHUX CIIOJy4eHb Tpeba
maMm’sITaTd, M0 B TAaKUX CIOJYYCHHSX CJIOBAa TOEIHYIOTHCA MK c000r0 0e3
BUKOPHCTAHHSA CIYXOOBUX YacTHH MOBHU. [ OJIOBHUM CIIOBOM B TakKHX
CIIOBOCTIOTYYCHHSIX € ocTaHHE. Ti clioBa, IO CTOSTH MEpPea HUM, BiJliTPalOTh POJIb
npuiiMeHHuKiB. OTxe, mnepeknan Oe3NPUIUMEHHUKOBUX  TEPMIHOJIOTTYHHUX
CIIOBOCTIOTYYEHb IOYMHAETHCS 3 OCTAHHBOTO CJIOBA.

Posrnsnemo npukiaau nepexiany 0e3npuitMeHHUKOBUX CIIOTy4YEHb:

a) live test — sunpobysanmns na cpox cayacou;

0) forward draught — ocaoka nocowm,

B) Hermitian matrix — mampuys Epmima.

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

B pobGoTi mpomnoHyeThbcsi BUKOPUCTOBYBATH TOHSTTS 1 BJIACTHBOCTI
B3a€EMHOTO MHOTOUWIEHA JUIsl 3BEJICHHS PIBHSHHS TPETHOTO CTEMEHS CHEIialbHOTO
BUJTYy 710 CTaHAApTHOT (OpMU JIJIsl TOAAIIBIIOTO po3B’si3aHHs MeToaoM Kapnawno, a
TaKOXX MpU TEPeBIpIll MHOrOYJECHA HAa HE3BIIHICTH HAJ IOJEM pallioHATBHUX
quces 3a JoNoMOrorw kpurepis EizenmreitHa. Mera nociipKeHHS — OTpUMATH
e(heKTUBHI KOMOIHAIII1 BIACTUBOCTEH HE3BIHOTO Ta B3AEMHOI'O MHOTOYJICHIB.

Po3zs’si3anns pieuans mpemvoco cmenens cneyianibHo2o 6udy. Po3risHeMo
PIBHSHHSI TPETHOTO CTENEHS CIEN1aJbHOTO BUY.

ax® +bx% +c=0. (1)

[IpononyeTbecst edeKTUBHUN MeTOA 3BeAeHHs piBHAHHSA Buay (1) mo
CTaHAApTHOI (OPMHU 3 BHUKOPHUCTAHHSM TMOHATTSA B3AEMHOTO MHOTOYJIEHA.

*
Bsaemuuit muorounen f (X) no mHorowiena f(Xx) sHaxomuThes 3a (opMyIorO

f'(x)=x"f(l/X), me n — cremiHb BHXiTHOTO MHOTrOUNEHAa. 3aCTOCOBYETHCS

BJIACTHUBICTh: KOPEHI B3Aa€EMHOT'0 MHOTOUICHA € OOCPHEHUMHU JI0 KOPEHIB BUX1THOTO
MHOTOYJICHA.

Bukopucmanns enacmueocmeti 63aEMHO20 MHO20YNIeHA NPU 00B8EOeHHI
He36I0HOCMI MHO20YNeHA HAO NoleM payioHanvHux yucen. JIns mepeBipku
MHOTOWICHA Ha HE3BIIHICTh 3a KpuTepiem FEif3eHinTeiiHa 3HaXOASITh MPOCTI
JTIUTBHUKK BUIBHOTO WieHa. SIKio iX Hemae, TO MepexoAsTh JO I1HIIOI 3MIHHOT,
HaIpUKJIad, 3a JOMoMOrow cxemu ['oprHepa. IIpu nboMy 3MiHIOE€TbCS W BUIbHUN
YJIEH MHOT'OYJICHA.

[Ile omuH cnoci® MIATOTOBKM MHOTOYJIEHa JI0 TMEPEBIPKH 3a KpUTEPIEM
EiizeHinTeiiHa BUHUKA€, SKIIO BUKOPUCTAaTH TaKy BIIACTUBICTh: MHOTOYJIEH,
B3a€EMHHI 1O HE3BIJHOTO, € HE3BIAHMM. 3HAWIIOBIIM MHOI'OWICH, B3a€EMHHH 0
JIAHOTO, BUIBHUN WIEH SKOTO Ma€ TPOCTI AUIBHUKH, TEpPeBIpIeEMO HOTro Ha
HE3BIAHICTh. SIKIIO BIH HE3BIAHMI, TO i BHXIJTHHA MHOTOYIEH HE3BIJIHUM 3T1JTHO
IT1€1 BIACTUBOCTI.
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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  T'EOMETPHUYHUX  MOOYAOB,  BMIHHS
3aCTOCOBYBAaTH OCHOBHI METOJM BHUKOHAHHS LUX MOOYIOB, € HEOOXIAHUMH ISt
MaiOyTHboro memarora. Lli HaBUukM 30arauyroTh TE€OMETPUYHY KYJIBTYPY,
3a0€3MeuyoTh IMPOKUM TOTJISA Ha TEOMETPIl0, TIUOOKE PO3YyMIHHS MPUPOIU
BJIACTUBOCTEN T€OMETPUUHUX (DIryp.

Po3B’si3yBaHHS TeOMETPUYHMX 3a/ad, SAK I[UIAaHIMETPUYHMX Tak ¢
CTEPEOMETPUYHMX, TOYMHAETHCS 3 PETEIILHOTO aHaJI3y YMOBH 3aj1ayl Ta o0y 10BU
PHUCYHKY 13 300paKeHHSAM 3a7aHo1 PIrypu i 107aTKOBUX 00’ €KTIB Y BIAMOBITHOCTI
0 YMOBH 3aJladi, TOMY B@XJMBO IX MIBHAKO W MpaBUIbHO BUKOHYyBaTH. Lli
300paKE€HHS HE TIJIbKH MOJIETIIYIOTh PO3YMIHHSI YMOBH 3aj1ayl, aje i BUKIUKAIOTh
IIEBHI PO3yMOBI [1i JJi1 CTBOPEHHs Ta peaji3allil miaHy po3B’s3aHHs 3ajadi. He
MEHII Ba)KJIMBO BMITHU 32 33JJaHUM 300paXKEHHSIM BU3HAUUTH (POPMY 300pakeHHUX
Ha HbOMY OO0 €KTIB, X B3a€EMHE PO3TAIIyBaHHSA, JAESKI METPUYHI CIIBBIIHOUIEHHS,
TOOTO pO3B’sI3yBaTH OOEpHEHY 3ajady. 3BICHO L€ MOXE€ BIIOYTHCH JMIIE 32
YMOBH, 1110 300paK€HHsI BUKOHAHE MPAaBUIIbHO, 33JJ0BOJIbHSE [IEBHI BUMOTH.

Tax wo orc make npasunivHe 300paxceHus Qicypu ma 3a AKUMU NPABULAMU
1020 MOdICHA nooyodysamu? AKum eumozam 60HO NOGUHHO 8ionogioamu?

Oznauennsa. bynemo HasuBatu opueinarom Qirypy, Ky ciif 300pa3uTH.
CykynHICTb TIPaBUIIL, SIK1 JJO3BOJISIIOTH IO OPUTIHATY OTPUMATH MOTO 300pajiceHHs,
CKJIQJIAI0Th Memoou 300padiceHb.

OsnauenHs. Memoou 306pasiceHb HA3UBAIOTHCS NPOEKYIUHUMU, STKITO TOYKA
300pakeHHs € 0e3MOCepeAHbOI0 MPOEKIIEI0 TOUYKH OpUTiHANY (MpHU UBOMY MICHSA
IPOEKTYBAHHS MOXX€ OyTM BHUKOHAHE TMEpPETBOPEHHS TMOAIOHOCTI, TOOTO
3MEHIIIEHHS a00 30UJIbIIICHHS PO3MIPIB MPOEKIIIT).

[IpoekmiiiHi METOAM BUKOPUCTOBYIOTHCS 4YacTille 3a IHIII METOAu. Mu
PO3IIISTHEMO JBa MPOEKIIIITHI METOU 300pakeHb:

o Memoo napanenbHo20 npoeKmMy8anus (Rpocmopy Ha NIOWUHY),

o Memoo yenmpanvHo2o npoekmysanHs (Rpocmopy Ha NIOWUHY).

3ayBaxkeHHsI. [JoMOBUMOCH J1Jisi OpUTIHAJIIB BUKOPUCTOBYBATH MTO3HAYEHHS 31
«IITPUXAMUY, & JJI 300pakeHb — 0€3.

[Ipu napanenbHOMY MpO€KTYBaHHI mpsimi AA’, BB’,... mapanenbHl MiX
co0010, 1X Ha3UBAIOTb HPOEKMYIOYUMU  HPAMUMU, TPU  UEHTPAIHLHOMY
MPOEKTYBAHHI BCl MPOEKTYIOUl MpsIMI MPOXOJAThH 4Yepe3 OJHY TOUKYy 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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Topic 7 Written professional communication in a foreign language

MetoanuHi Bka3iBku Ta incTpykuii. Tpeba mam’statu npo GopmanbHUi
Ta HepopMalbHUI CTHII KOMYHiKallii. @opMalibHa aHTIIIHChKa BUKOPUCTOBYETHCS
npu odopmIIeHHI JOKYMEHTIB, y JUIOBOMY Ta MpoQeciiiHOMYy CIIJIKYBaHHI.
HedopmanbHa aHrmifickka BHUKOPHCTOBYETHCS Y CIUIKYBaHHI MDK JApYy35MH,
poaudyamMu Tomo. ICHye moCTaTHA KUIBKICTh PECYpCiB UIsl O3HAHOMIICHHS 3
0COOJMBOCTSIMH KOYKHOTO 3 IIUX CTHUJIIB, HAIIPUKIIA!

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

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

BukopucTtanHs macuBHOTO 3aJIOTy € BaXKJIMBOIO PHCOI0 HAyKOBOTO CTHIIS,
OCOOJIMBO TMpU MHUCHbMOBOMY CIUIKYBaHHI. B HacTymHUX CTaTTsIX OIKCAHO
BUKOPHCTAaHHS MACHBHOTO 3aJIOTy B HAayKOBO-TexHI4HIN cdepi. Cnin 3BEepHYTH
yBary Ha Te, B SKUX BHUIAJKaX BUKOPUCTAHHS MMACUBHOTO 3aJI0Ty € OakaHUM, a B
SKUX Hi:

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

20 _passive_voice.pdf

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

HanucanHs HayKOBO-TEXHIYHMX TEKCTIB 3a3BUYall NOTpeOye BUKOPHUCTAHHS
3arajJbHONPUMHATHX B MEBHIN 00nacTi ciiB Ta Ppa3. O3HAHOMUTHUCH 3 MEPETIKOM
TaKuXx CJiB Ta (ppa3 MOKHA, HATTPUKJIIA, 32 TOCUITIAHHSIM

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

B crarti Academic writing https://www.eapfoundation.com/writing/what/
HaBEJCHO TEpeiK OCOOIMBOCTEH aKaJeMIYHOrO IMHMChbMa, PO3KPUTO iX 3MICT,
CKOHCTpYyHOBaHO mnpukiagu. CropucTaiiTech HAaBEIEHWMU B HIM TMOpagaMu TpH
BHUKOHAHHI 3aBI1aHb.

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.

Ipuxaaam HANMCAHHA JiJIOBUX JIUCTIB.
¢ Example 1. Subject: Skills from Write Professional Email

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

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

order to catch the reader’s eye;

o do add words of appreciation;

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

o don't complain or blame;

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

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

Best regards, Sender.

¢ Example 2. Subject: Opportunity for Scientific Internship

Dear Prof. Carl Johnson,

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

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

Dear Carl,

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

Best regards, Martina Silva

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

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

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

& Task 4. Read and translate the letter.

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

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

REVIEW 1

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

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

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

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

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

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

Please evaluate the quality of the research. SCORE: 4 (good)
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Is the length appropriate? SCORE: 1 (yes)

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

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

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

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

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

Reviewer's confidence. SCORE: 4 (high)

Overall evaluation. SCORE: 2 (accept)

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

REVIEW 2

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

REVIEW 3

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

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

o Response of the reviewer.

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

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

educational background);

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

o request an interview/meeting;

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

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

To consider To plot

To obtain To put

To substitute To show

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

To carry out

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

—=1 Topic 8 Oral professional communication in a foreign language

MetoanuHi Bka3iBku Ta iHcTpykuii. [lonepenus tema Oyna npucBsyeHa
MMMCEMOBOMY CIIJIKYBAaHHIO aHTJTIMCHKOIO MOBOIO. Y CHE CIIUJIKYBaHHS TaKOX CII1T
pO3TISAATA B KOHTEKCTI IBOX MOXIIMBUX CTUJIEH — (hopmanbHe Ta HedopMasbHe.
Ha BigMiHy BiJ NHCHMOBOTO CHIJIKYBaHHS YCHE CHUIKYBaHHS, $K TPaBUIIO,
nepeadayae BMIHHS MIATPUMYBATH I1AJIOT, B IKOMY MOXYTh BUHUKHYTH TTUTaHHS,
BIJIMOBI/Ib HA SIK1 BXKKO MiATOTYBATH 3a3/1aJIET1/Ib.

[Ipy BuKOHaHHI 3aBJaHb IIi€l TeMH KIIOYOBY pOJb Biairpae podora B
HEBEJIMKUX Tpylax ado HaBITh B Iapax, JIOMOBIJIb Mepe] ayAUTOPIEI0, BIIMOBIAL Ha
NUTaHHS Ta OOTOBOPEHHsI TeM. [l MOKpalleHHs HaBUYOK YCHOTO CIIJIKYBaHHS
MOXKHa TIOPaJUTH TPOXOKEHHs Kypcy «lmprove your English» 3a mporpamoro
Coursera.

Tpeba po3pizHatH ¢QopmanbHy 1 HedopManbHy Jiekcuky. Ilpuknanu
BIJINOBIJTHUX Map TEPMIHIB J1aH1 B HacTynHii Tabauui (Tadmuus 3).

Tabnuug 3 — @opmasibHa Ta HehopMaibHa JIEKCUKA

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

Old Elderly Say Express
Afraid Fearful In the end Finally

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

& Task 1. Discuss the chosen theme in groups.

o Which method of solving the systems of the liner equations is more
convenient?
. 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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What are the applications of Horner scheme?

What is the basis of this scheme?

What subject in the university program is the most complicated?

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

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

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

o How many languages is enough to know?

o What languges are nessesary for you personaly?

o What dictionaries do you use for your professional needs?

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

foreign language

MeTtoauyuHi Bka3iBkH Ta iHcTpykuii. BMinHS poOuTH aHOTAaIlli 10 PI3HOTO
POy HAyKOBHX CTaTei € BaXKJIMBOIO XapaKTEPUCTHUKOIO crewniamicra. B i Temi
IPOTIOHYETHCSI 3pOOUTH aHOTALI0 [0 3alpOIIOHOBAHMX AaHIJIOMOBHHX CTaTe.
PexoMeHy€eThCsI BUKOHATH 1€ 3aBIAaHHS 32 TAKUM ILJIAHOM:

o B aHOTAallll BKa3aTH Ha3By CTaTTi, aBTOpa, Ha3By Ta HOMEp KypHaIly, B
AK1# ormyOJIikoBaHa CTAaTTs, PiK BUAAHHA, KUTBKICTh CTOPIHOK;

o OPOYUTATH CTATTIO, 3PO3YMITH OCHOBHHM 3MICT, HE BHKOHYIOUH
NepeKyIaa, BUAUIUTU KIFOUOBI CJIOBA;

o 3BIPUTH 31 CJIOBHUKOM BUKOPHUCTaH1 B CTaTTI TEPMIHH;

o ONKCAaTH METy CTaTTi, OCHOBHI pe3yJbTaTH, OTPUMAaHI aBTOPOM,
METO/IU ¥ MiIX0I1, SKUMH II€ JOCATHYTO.

106 I3HATUCH OuIBIIIE, MOJAUBITHCS BIJIEO

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

. Introduction
. Methods

. Results

. Discussion

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

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

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

Main Differences Between a Summary and an Abstract

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

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

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

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

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

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

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

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

Summary

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

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

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

Facts and opinions allowed: Unlike writing for an abstract, you are not
limited to what kind of information you will be giving; you can include any fact,
opinion, or finding, as long as it is a key piece of information that still allows your
paper to be concise.
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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 CTYICHTIiB HABHYOK JO0CJiITHMIBKOI AislIbHOCTI HA
KOHKPETHOMY NPHKJIAXi
Apremenko A.O. Creranuena ILI.

[TocTanoBka npoOaemMu

BaxxinuBuM 3aBIaHHAIM KOKHOTO (PYHIaMEHTAJILHOTO KypCy MOBHUHHA CTaTH
JIEMOHCTpaIlisl Horo 6a30BUX BIACTUBOCTEH IS SIKICHOTO BUKJIAJIAHHS JUCITUTLIIH
MPUPOTHUIO-MATEMATUYHOTO ITUKITY Ha BCIX PIBHIX OCBITHBOTO Mporiecy. Jlocsartu
IUX LUIeH MOXKHA pi3HMMHU nuigxaMu. Haitoinbil e(peKTUBHUM 3 HUX € 3a71y4YEHHS
CTYJEHTIB J0 HAyKOBO-JIOCHIIJHOI pOOOTH, HANpUKIAA, B paMKaxX HamUCaHHS
KypcoBUX 1 KBamiikauiiiHux poOiT. B 1pomy HampsMmkKy ocOOJHMBY pOJib
Ha0yBalOTh 3aBJIaHHA, sIKI (POPMYIOTh TaKl BaXKJIMBI PO3YMOBI HAaBUYKH, SIK YMIHHS
y3arajJibHIOBATH, BUAUIATH OKPEMI BUIAAKU, MIPKYBAaTH 3a aHAJIOTIEI0, 3HAXOAUTH
moA10HOCTI Ta BIAMIHHOCTI TOIIO.
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AHai3 OCTaHHIX JTOCTIKeHb Ta MyOJTiKaIii

[lutanHs opraxizaimii HayKOBO-IOCTIHOT pPOOOTH Ha pI3HUX eTamax
HaBYaHHS JOCHTh YacTO OOTOBOPIOIOTHCS Ha PI3HUX KOH(EPEHINisAX, B TOMY YHCII
i 3 IUTaHb OCBITH, Ha CTOPIHKaX HAYKOBO-TIOMYJIIPHUX XYpPHAJIB, cepell SKHX
MoxHa Big3Hauuth «Hayka Ta TexHika chorogHi», «OcBiTa 1 Haykay,
«MaremaTtuka B mKOJI»,«IIoliHOM», B SIKMX BU€HI Ta BYHTEIl IUIATHCSI CBOIM
JOCBiJIOM. Bigomi BUe€HI YyMMaiay YacTHHY CBOT'O 4acy BIJBOJSTH JJI YUTAHHS
nekmin B pizaux JliTHIX mkomax. BimmoBimi Ha meski mWTaHHS, TOB'S3aHi 3
OpraHi3ami€ro JOCTiAHUIILKOT POOOTH, MOXHA 3HAWTH B X METOAMYHHUX CTATTAX 1
IMOCIOHHKAX.

Buninennst Hepo3B’si3aHUX paHillle YaCTUH 3arajibHOT MpobeMu
Bigomi anroputmu 3HaXOIKEHHS KOPEHS N-TO CTETEHS 3 YKCciia 3aCHOBaHI B
OCHOBHOMY Ha YHUCEJIbHUX METOJIaX, 1 TOMy He € TOYHUMHU. OJIMH 3 UX METO/IIB
3aCHOBAaHMI Ha yuceIbHOMY MeTOo/ll HploTOHA 3HAXO[KEHHSI KOPEHIB PIBHSHHS Ha
JTAHOMY BIJIPI3KY Ta iTepalliiinii Gpopmyii

1
Xy

1
X1 =—| (N=1)x, +
n
Ileti MeTOn BHKOPUCTOBYE JACSKE TOYATKOBE HAOMMKCHHS, a I
30UIBIIIEHHS. TOYHOCTI BUKOPUCTOBYIOTHCS MOXIJIHI. BU3HAUEHHS TOYHOTO METOY
3HAXOJ[KEHHSI KOPEHS JOBIJILHOI'O CTETICHS € I[IKaBUM 3aBJIaHHSM.

dopmysroOBaHHS IiIeH
Meroto 111€i poOOTH € BUBYEHHS MOXJIMBOCTEH (DOpMyBaHHS y CTYICHTIB
HaBUYOK OpraHi3allii JOCIIIHUIIBKOI JIsUThHOCTI Ha MPUKIIAAl 3a/1a4l y3araJbHeHHS
ANTOPUTMY 3HAXO/DKCHHS KBQJAPAaTHOTO KOpPEHS 3 uuncia 0e3 BUKOPHUCTAHHS
€JICKTPOHHUX 3aCO01B 1 TAOJIUIIb.

Bukian ocHOBHOTO Matepially AOCIIIKEHHS
Tyr MU mOpencTaBUMO alropuTM, SIKMM TOYHO OOYMCIIOE KOpiHB N-TO
creneHss 3 uucna A. Haragaemo crodarky, 1mo apuMETHYHUM KOpEHEM N-TO

CTEIEeHs 3 JOJATHOrO MIMCHOTO yucia A Ha3UBaeThCI NOAATHE AiMCHE YuCIoOW A,

AKE € PO3B’A3KOM piBHAHHA X' = A.
[IpornoHOBaHMIi aNTOPUTM CKIAAAETHCS 3 HACTYITHUX KPOKIB:

1) Po36utu uncio 4 Ha rpynu no N uudp, MOYNHAIOYHU 3 PO3PAY OJAUHHMIIb. SKIIO
yuciao A mae IpoOOBY YacTHUHY, il TakoXX po30WMTH HA Tpynu mo N 1udp, aie
MOYMHAIOYH 3 TIEPILIOro 3HaKa micist KoMu. KinbKicTh nu@p B OCTaHHIM rpyIi 371iBa
abo B OCTaHHIH rpyIli NpaBopyd Moxe OyTu MeHie N. KinbKicTh OTpUMaHUX Tpyn
uudp 3miBa Bil KOMH OyJie JOPIBHIOBAaTH KUIbKOCTI IUGp y LI YacTUHI
pe3yibTary.
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2) 3HaliTH KOPiHBb 3 HEJOJIKOM 3 IpynH 1udp, SKa MICTUTh HAHOUIBIIL PO3pAIU
(pu HEBETUKUX N 11€ pOOUTHCS YCHO).

3) Bigusatu N-uii crenidb OTpUMaHOi B MMyHKTI 2) mudpu Bia gaHoi rpynu uudp. o
ocTayi JIONKUCATH CIpaBa HACTYIIHY Tpymy IMdp (BUKOHATH KOHKATEHAIIII0).

4) CknacTu HEPIBHICTh BULY

x(q"t-CL-10"t +q"%-C2-10" % x4+ " -C 10" X 4L+

1
+0%-CM%.10% - x"* +q-CIt 10" - x" 2+ X" <, @
Je ( — 4KCIOo, CKIaJeHe 3 y)Ke BiIoMUX HUdp pe3yibTara; X — HeBigoma nudpa
pesyibTara; I — octaya i3 myHKTa 3).
5) HaitGinpmmii 1miauii HeBiI'€MHUM pO3B’ 130K X HEPIBHOCTI MIPUITUCYEMO J0 YHCIia
q.
6) HoBa octaua topiBHIOE pi3HMII HONEPEAHBOI OCTayl Ta 3HAYEHHS J1BOT YaCTHHU
HepiBHOCTI (1) 3 Kpoky 4) pu 3HalAeHOMY B 5) KpOIll 3HAUYEHHI X.
7) lloBTOproBaTH MyHKTH 4) — 6) 10 TUX Mip, TOKU ICHYIOTh HE PO3IJIAHYTI IPYyNH
uQp.
OO0unciIMMO, HaNpuKIaJ, KOpPIHb 5-r0 CTENEHs 3 HaTypalbHOIO 4Yucia
1099511627776.
1) Po36uBaeMo unciio Ha rpynu Mo 5 mu@p, NOYUHAIOYM 3 HAMMEHIIHUX PO3PSIIB:
109°95116°27776. OcCkiuIbKM BHUMIILIO TpPU TPYNH, TO IIyKaHE 4YHUCIO Oyje
TPU3HAYHUM.
2) 3 rpynu uudp, sSka MICTUTh HaWOLIBII PO3PSAU, 3HAXOJUMO KOPIHb 3
HEJI0JIIKOM, OTPHUMYEMO [5 109]: 2, ne [X] — mina yacTuHa yncia x. Takum 9YrHOM,
nu@dpa B HAHOUIBIIOMY PO3psl HIYKAaHOTO YKCIa TOPIBHIOE 2.
3) BinHimaemo 3 gaHoi rpynu mu@p Mm'aTUid CTEMIeHb Yucia 2, a 10 OTpUMaHOi
pI3HMIII KOHKAaTeHyeMO (MPUIHCYEMO) HAcTynHy rpyny 1udpp. OTpumyeMo
nociigoBHo 109-32=77; koukarenarisg yuces 77 ta 95116 mae gucno 7795116.
4) Cxnanmaemo HepiBHICTS BUay (1) mpu q=2.

x(2*-5-10* +2°.10-10° - x + 22 -10-10% - x* + 2-5-10- x* + x*) < 7795116
abo

x(800000 + 80000 - X + 4000 - X2 +100- x* + x*) < 7795116.

MakcumanbHa 1mdpa, sSKa 3aJ0BOJIBHSE I HEPIBHOCTI, JOpiBHIOE 5. Takum
YUHOM, HOBE 3HA4YCHHS (| JOPIBHIOE 25.

5) OTpuMyeMO TOCJIIIOBHO 3HAYEHHS JIIBOT YaCTMHU HEpiBHOCTI mpu x=5. HoBa
ocraya JopiBHIOE  7795116-6565625=1229491. Pe3ynbrar KOHKaTEHALli:
122949127776.

6) Cxrnanaemo HepiBHICTb Buay (1) mpu =25.
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x(25%-5-10% +25°.10-10% - x + 25% -10-10% - x* + 25-5-10- x* + x*) 122949127776
abo

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

Yucno x=6 — MakKCUMaJIbHUH M PO3B 30K HEPIBHOCTI, TOMY HOBE 3HAYCHHS
q=256.

7) Mwu 3Havinumm Bci mudpu pe3yibTaTy, TOMY aJTOPUTM 3aBEpIIUB POOOTY.
JliticHo, JTiBa YacTWHA OCTaHHBOI HEPIBHOCTI MIPpH Xx=6 nopiBHIOE 122949127776, a
3HAYNTh, HOBA OcTada AopiBHIOE 0.

Orxe, /1099511627776 = 256.

3ayBa)xMMo, 1110 3alpONOHOBAaHUI aIroput™M € TouHUM. Ha koxHOMY UK
4) — 6) anropuTMy 3HAaXOIHMTHCS LU(pa Pe3ybTaTy, sSKa BKE HE 3MIHIOETHCS 10
KIHIIST pOOOTH aITOpUTMY.

Jlsi 0OrpyHTYBaHHS 1MOOYA0BAHOTO AITOPUTMY CKOPUCTAEMOCS JECATKOBUM
3alMCOM LIUIOTO 4Mciia. Tak HAa3uWBA€TbCA WOTrO MPEACTABICHHS y BUIIIAII CYMHU
cryneHiB uucia 10, y skiii koedimieHTamu € nudpu yucna. SAkmo pe3yapTar
3HAXO/)KEHHSI KOpeHs n-ro creneHda 3 uucna A wmae k  mudp, TO

k k-1 2 n
A= (10 a, +10"~a,_, +...+10%a, +10a, + ao) . 3anmMmeMo IpaBy 4YacCTUHY
OCTaHHBOI ~ PIBHOCTI Yy  BUDNISIAI  n-TO  cTeneHs  OiHOma,  TOOTO
—_—m n .
A= (10 ‘A _g..2,8 + ao) , JIe PUCKa O3HaJae, 10 CUMBOJIY M1 HEKO € nudpamu
yucia. 3BiICH BUIUIMBAE MOKIIUBICTh 3aCTOCYBaHHA (popMynu 6iHomMa HproTOHA, B
sKil | BUHKKAIOTH GiHOMianbHi Koediientn C| . lei dakT mosicHioe BU BUpasy B
Iy’)KKax y HepiBHOCTI (1) namsi 3HAXOXKJEHHUS YeproBoi Iudpu pesynbrara

3HAXOJIKEHHSI KOPEHS 1-TO CTEIICHS.
Hamnpukinaz, ky0 4oOTUPU3HAYHOTO YHCIIa MOXKHA 3aMMCaTH TaK:

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

Tpu ocTaHHIX HOJAHKU AKpa3 1 CKIAJaloTh BHpa3 y Ay»KKaxX HepiBHOCTI (1) micis
Horo MHOXCHHS Ha 1Udpy d, sska HA JaHOMY €Tami aJrOPUTMY € IIYKAaHOIo, a
nonepenHt 3 wmudppu a,b,c pe3ynabTaTa 3HAAEHI Ha MONEPEIHIX KpoKax
QITOPUTMY .

BucHOBKM Ta epCIEKTUBH MOAATBIINX JOCHTIKEHb
3aB/aHHs Ha y3arajJbHEHHS IUJIKOM MPUPOJHO BUHUKAIOTH B paMKax OYIIb-
SIKOTO HABUAJILHOTO MPOIECY 1 CKIAJal0Th IIKaBUN KJIac JOCHIIHUIILKUX 3aBJaHb.
PosrasiayTuii B poOOTI npuKiIaa MATBEpKYe 1ei ¢pakt. Po3B’s13aHHS TakuxX 3a1a4
CTyJeHTaMu (OpMy€ y HUX HABUYKH, SIKI IONOMOXYTh iM Yy iXHIA mpodeciitHii
JisTIbHOCTI. BioMo, 1m0 xopommii ¢axiBeis po3B’a3y€e He TUIbKU Yy>Ki 3aj1aul, ajie
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BMI€ CTABUTHU 1 PO3B’S3yBaTH CBOi 3aBIaHHs. YMIHHS CTABUTHU 3aBJIaHHS TOBOPHUTH
PO IIIUOOKE PO3YMIHHS CUTYaIIii.

[TigHsaTe Y CTATTI MUTAHHS JEMOHCTPYE MOKIMBOCTI 30JMKEHHS BY31BChKOL
MaTEeMaTHKU 31 IMIKUTBHOIO, IO BaXKIMBO JUISI CTBOPCHHS TapHOi HaBYaJIbHO-
METOJIUYHOIT 0a3M JJIsl BUKJIAaHHS MaTEMaTHKH.

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

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

3ACTOCYBAHHS PI3BHUX MOJIEJIEH JIJISI TOCJIJPKEHH S
TOITOJIOT' T HA CKIHUEHHUX MHOXXHNHAX
Ckps6ina A.B., Crerannea I1.I.

Berym.

Ha cydacHoMy eTami poO3BUTKY MaTE€MaTHKH TOIMOJIOTIS € HaJA3BUYatHO
YHIBEpCAIBHUM 1HCTPYMEHTOM JIJISl JJOCIIJKEHb, TOTIOJIOTIYHA CTPYKTYypa 4acTo €
0a3010, Ha SIKI OYyIOThCS 1HIII MaTeMaTU4YHI CTPYKTypU. TOMONOTIYHI TPOCTOPH
Ta iX HEeMepPEepBHi BITOOPAXKEHHS 3'SIBISIOTHCA B 0aratbox po3aiiaXx MaTeMaTHUKH.

[Ipu mocaimKeHH] TOMOJIOTi Ha CKIHYEHHI MHOXHHI JTyK€ BaXIIHBY POJIb
BiirpatoTh Ty-Tonoorii. Ile nosicHioeTbes TM (haktoM, o T;- Tta T,-Tomosorii
Ha CKIHYCHHIN MHOXHWHI MOXYTh OYTH JIUIIE JUCKPETHUMHU, a cepell T-Tomoorii
€ IiKaBl HeTpuBialbHI mNpukiagu. KpiM 1poro, A po3B’s3aHHS 3ajadi
NIAPaXyHKY BCIX MOJKJIMBHUX TOIMOJOTIA HA CKIHYEHHIM MHOXHHI JOCTATHBO
3HAMTH YHUCIO BCIX Ty-TOmojorii Ha mii Muoxuui. 31 crarri JW. Evans., F.

Harary, M.S. Lynn Bigoma dbopmyra mpo 3B's30K 4uciia T(n) yCiX TOMOJIOT1H Ha N

-eleMenTHil MHOXwHI Ta uncma T (M) ycix T,-Tomonorii Ha i M-emeMeHTHHX
MIMHOKHAHAX:

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

e S(n, m) — ypiciia CTipiliHra Ipyroro pojy.

Jlms BUBYEHHS TOIOJIOTIM Ha CKIHYCHHIA MHOXHHI iX MOJCIIOBAIH,
BUKOPUCTOBYIOUM pI3HI MaTeMaTH4Hi 00’eKTH (rpadu, BimHOUIEHHS, OyieBl
¢ynkuii Ta iHm). TornonaoriyHi NpocTOpU Ha CKIHYEHHIM MHOXHHI TOYOK MOXYTh
OyTH OmucaHi Ta JOCHIIKEHI KOMOIHATOPHUMM METOJIaMH 3aBJSKH iX TICHOMY
3B’SI3KY 31 CKIHUCHHUMH YaCTKOBUMHU Mopsikamu. L{g B3aemo/1ist KoMOIHaTOHHOI Ta
TOMOJIOTIYHOT CTPYKTYpP Ha CKIHYEHHIM MHOXXHMHI POOUTH CKIHUYEHHI TOMOJOTIi
BOKJIMBUMH MaTEMaTHYHUMH 00’ EKTaMHU.
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Tomosnorii Ha CKIHYEHHIM MHOXHHI BIAIrpalOTh KIIOYOBY pOJb B Teopil
posMmi3HaBaHHA o00pasiB, Teopili MOJICKYJSIPHUX CTPYKTyp, TE€OMETpisiX Ha
CKIHUEHHUX MHO>KMHAX.

Oris1 METOAIB JOCHIHKEHHS TOIIOJIOTINA Ha CKIHYEHH1H MHOKHHI

TomosnoriyHa CTpyKTypa Ha n-€JIEeMEHTHIM MHOXHUHI € JIUCKpeTHOI0. Tomy
npu i JOCHIDKCHHI Ha TMEpIIMM IUIaH BHUCYBAIOThCA 3a7adl MiApaxyHKy Ta
nepepaxyBaHHs TOTOJIOT1, TOOTO 3374l TUCKPETHOI MaTEMaTUKH.

3amava migpaxyHKy TOTOJOTIA HA CKIHUYEHHIA MHOXXHMHI Ha JaHHUH MOMEHT
3aJIMIIAETHCS HEPO3B’S3aHOI0, TOMY IHTEpec A0 Hel 30epiraerbcs, 3’ sIBISIIOTHCS
nyOikaii JTOCHITHUKIB 3 PI3HUX KpaiH 3 HOBUMH pe3yiabTaTamu. Lleil iHTepec
MIJCUTIOETBCS THM, IO TIPH JOCIIKEHHI TOIOJIOTI HAa CKIHUCHMX MHOXKHHAX
BUKOPHUCTOBYIOTHCSI Pi3HI MaTeMaTH4HI CTPYKTYpH. TOMOJNOTii MOAENIOIOTHCS 3a
nornomMoroo rpadiB, MaTpullb, OyaeBUX (YHKIIH, yIOPSAIKOBAHUX HAOOPIB IIKX
gucen.  IlIupoko  3acTOCOBYIOTBCS ~ METOAM  anreOpaiyHoi  TOIOJIOTII,
KOMOIHATOPHOTO aHaII3y, TEOpii IPyIl.

a) MiX MHOXHHOIO TOIOJIOTIM Ha CKIHYEHHIA MHOXHHI 1 MHOKHHOIO BCIX
NEpPeANnopsAKIB Ha I MHOXKHUHI (TOOTO pedIeKCUBHUX Ta TPaH3UTUBHUX
BIIHOIIICHB) ICHY€ B3aEMHOOJHO3HAYHA BIJMOBIAHICTS. Ii ICHYBaHHSI 3BOJIUTH
3a/layl MiIpaxyHKy a0o TepepaxyBaHHS €JIEMEHTIB OJHIEI 3 WX MHOXHUH [0
aHAJOTTYHMX 3aJ1a4 JIJIS 1HIIO0T MHOKHHHU.

JUist 3acTOCyBaHb TONOJIOTIM HAa CKIHYEHMX MHOXXHHAX BaXKJIUBY pOJIb
BIJIIFpAa€e 3ajaya NepepaxyBaHHS TOMOTOIIYHUX THUIIIB CKIHYEHUX MHOXUH, a
TaKOK BUKOPUCTAHHS IHIIUX MOHATH alNreOpaiyHoi TOMOJIOTI.

BigHomeHHs: nepeanopsiaKy L Ha CKIHYEHHIH MHOHHI X 3 TOMNOJIOTIE T

MOXKHa BBECTH Pi3HUMH criocobamu. Hampukian, (X, y)e £ TOIl 1 TUIBKH TOI,
KOJIM KO>KHA BIAKPHUTAa MHOXKHMHA, 110 MICTHTh X, MICTUTh TaKOX 1 y, TOOTO X € m,

e m € 3aMHUKAHHSAM MHOXXUHH {y} BIIHOCHO Tomojorii 7. O0epHEHO, A
nepeanopsaKy yo, Ha CKIHUEHHIN MHO>KHHI X CYKYTHICTh
T:{U c X |(VX€U),0(X)§U}, ne p(x):{y|(x, y)ep}, e Tomoioricro Ha X.
Taki mnepenmnopsgoK Ta TOMOJOTI0 HA3UBaKOTh BIANOBIAHUMHU. B  poboTti

3a3HAYAEThCS, 10 I Kiacu(ikamili CKIHYEHHUX TOMOJOTIYHUX IPOCTOPIB 3
TOYHICTIO JO TOMOTOIIYHOI €KBIBAJEHTHOCTI JOCTaTHbO Kiacu(iKyBaTu Tg-

MIPOCTOPH 3 TOYHICTIO O TOMOTOMIYHOI €KBIBaJICHTHOCTI.

Otxe, po3risiHeEMO T -TONONOTII0 HA CKiHYeHHIM MHOXkHHI X. [To3Haunmo
CUMBOJIOM M, MIHIMQJIbHUM OKUT TOYKH X 3 MHOXUHU X. CyKymoHICTb
MIHIMaJIbHUX OKOJIIB BCIX €JIE€MEHTIB MHOXMHU X yTBOPIOE MIHIMalbHYy 0azy T, -
tornosiorii. HaBepemo 1ie oJlHe O3HAYCHHS TMOPSAAKY Ha CKIHUCHHIA MHOXHUHI 3
TOMOJIOTIE€I0 7, 3 BUKOPUCTAHHSAM MOHSTTS MIHIMAJIbHUX OKOJIB: JUIsl Oylb SIKMX
X,ye X x<vy sxmo Mxc My.
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ITpu upomy tomosoriss ¢ € Ty-romosoriero Ha X AKmo 3 X<y 1 y<X
BurmBae X =Y. lle o3Havae, mo BigHOmEeHHs X<Y Ha X € pedrekcUBHHUM,
TPAaH3UTHUBHUM Ta AHTUCUMETPUYHUM, TOOTO € BIJHOLIEHHSM YacTKOBOTO
HOPSIKY.

O3HaveHHsI 3B’ A3HOCTI CKIHYCHHOTO TOTIOJIOTIYHOTO TIPOCTOPY TaKe caMe K
1 11t OyZb-SKOTO TOMOJIOTTYHOTO Tpoctopy. Hampukian, miHiMansHUN Okl M,
Oyab-SIKO1 TOUKH X € 3B’ SI3HUM.

BrnacTuBocTi HemepepBHHX BiOOpa)XKeHb TOIMOJIOTIYHUX MPOCTOPIB Ta ix
roMeoMopQpi3MiB  TakoX MOXHA CQOpPMYJTIOBaTH B TEpPMIHAX YacTKOBO
BITOPSIKOBAaHWX MHOXKHMH. Hanpukiran, Mae mMiciie TBEpKCHHS

Skmo X, Y — ckinuenni, o ¢pyukuis f : X —Y e wmenepepsuoro Toxi i
TIIBKA TOAl, KOJM BOHa 30epirae mopsaaok, ToOTo 3 X<Yy B X BHUIUJIMBAE

f(x)< f(y)eY.

O3HaueHHS TOMOTOIIIi, TOMOTOIIYHO €KBIBaJIEHTHUX MPOCTOPIB, CTATYBAHUX
TOTIOJIOTIYHUX MPOCTOPIB MEPEHOCUTHCS 3 alireOpaiuHoi Tomnosorii 06e3 3miH. byro
MOKa3aHo, 110

Byap-sikuil CKIHYEHHUN CHUMIUTILIATIBHANA KOMIUIEKC CIa0KO TOMOTOIIYHO
€KBIBaJIEHTHUI CKIHUEHHOMY TOIOJIOTTYHOMY MPOCTOPY.

Orxe, 3amaya TmepepaxyBaHHsS TOMOTOMIYHMX THIMIB  CKIHYEHHUX
TOMNOJIOTIYHUX TPOCTOPIB HACTIIBKHA K BAXKJIMBA, SK 1 3aja4a NepepaxyBaHHS
TOMOTOIIYHUX THUIIB CKIHUYCHHUX CUMIUIIIIATBHUX KOMIUICKCIB. BkazaHuit Qakt
TOMOTONIYHOI €KBIBAJIEHTHOCTI MEPETBOPIOE CKIHUEHHI TOMOJIOTIYHI MPOCTOPU B
IHCTPYMEHT JjIsi 6araThb0X Cy4acHHMX 3aCTOCYBaHb. 30KpeMa, BKa3aHi 3a/1aul TICHO
MoB’s13aH1 3 IU(POBOIO O00pPOOKOI0 300pa)kKeHh Ha OCHOBI CKIHUYCHHHUX HaOOpiB
CIIOCTEPEXKEHb, TOOTO HAMaraHHSAM 3pO3yMITH BMICT 300pakKeHHS Ha OCHOBI
MOHSTTS OJIM3BKOCTI TOUYOK.

0) MopenroBaHHsI TOIOJOTIM Ha CKIHYCHHUX MHOXKHHAX 3a JOIIOMOTOIO
OyneBuX (QyHKIIH BHABHIOCH JIOCTaTHHO 3PYyYHHM JUIS iX OIIMCAHHS Ta
JOCITIKEHHS, OCKIJIBKM KOXKHY TaKy TOIOJIOTIF0 MOYKHA 33J1aTh KOH IOHKTHUBHOIO
HOPMAJIbHOIO (POPMOIO  CHELIATBbHOTO BHJY 1 BUKOPUCTOBYBATH pe3yJbTaTH
JOCIIIKEHb HOpMaJIbHUX (hopM OyneBux (yHkuiil. Onucano Ty-Tonosorii came 3a
nonomororo  2-KH® OyneBux ¢yHKiii. BUKOPUCTOBYHOUM II0 MOJEIb,
JIOCITIJIPKEHO B3a€EMHO JIBOICTI Ta CaMOJABOICTI T(-TOMOJIOTIi, a TAKOX IMiAPaxOBaHO
kinbkocTi Ty-Tonomnoriii 3 Baroro 25 - 276,

B) Iy mociipkeHb TOMOJIOTIN y OyJIo BBEJCHO MOHSATTS BEKTOpa TOMOJIOTTT
— BHOPAJIKOBAHOTO HA0OPY LIMX HEBIJ EMHUX YUCEJ, 1110 BU3HAYAIOTh MIHIMaJIbHI
OKOJIM €JIEMEHTIB 3aJaHOl CKIHYEHHOI MHOKHHHU. 3a JOIIOMOIOI0 Ii€i Mopaeil
BJIAJIOCh TMOBHICTIO PO3B’A3aTH 3a7adl JOCHIJKEHHS CTPYKTYpH TOIOJOTIH 3
OoutbM 3a 2™ ! 4YmcnIOM eNeMeHTIB, SKi 4acTO Ha3MBAIOTh OJM3BKHMH 0
JUCKPETHOT TomoyorisiMi. BekTop Tomonorii Oyl0 BUKOPHCTAHO TaKOX ISt
JOCITiKEHHS! TOIOJIOTH 3 He 6iabimuM 3a 271 unciaom enemeHTis.
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B it po6oTi MM TIPOJOBKUMO JOCTIIKEHHS TOTOJOTIA HAa CKIHYCHHIN
MHO>KHHI, OITUCYIOYH X BEKTOPOM TOMOJIOT].

OcHOBHA YaCTHHA.

Haitnommpenimorw kinacu@ikaiier TOMOJOTiM Ha N-eJIeMEHTHIM MHOKHHI,
sIKa 3aCTOCOBYETHCS B OUTBIIOCTI TOCIIKEHb, € PO3OUTTS TOMOJOTI Ha KJIacH MO
KUTBKOCTI €JIEMEHTIB B HHUX. [HIIMMH CIOBamMH, TOBOPSTh, IO TOMOJOTIS Ha
JOBUIBHIHM N -eeMeHTHIH MHOKUHI X BIZHOCUTBCS 10 M -ki1acy mononocii (abo

Mae a2y M), KO BOHA CKIamaeThes 3 M enemedTiB (M =2,3,...,2"). Tononoris
y 9 ) ) )

3 Baroro m=2" € aucKpeTHO. AHaji3 HAsABHUX HA JAHUH MOMEHT ITyOIiKamiit
CBITYUTH MPO TE, IO MOBHICTIO JOCIHIHKEHO TOTMOJIOTII, SKI HajeXaTh M0 KJIAaciB

m > 2", 3a3HaumMo, MmO B IPOMIKKY 2"t <m<2" ¢ raxi HaTypaJibHI ynciaa M,
10 HE ICHY€ >KOJIHOT TomoJsiorii 3 Baroro M. L{iTKoM mpUpOAHOIO € MOCTaHOBKA
3a/1a4l JOCJIUKEHHS TOIOJIOT1H 3 Baroro 22 o m<2nt,

VY 1971 p. R.Stanley omy6unikyBaB pe3yasTaT mpo 4ucio T,-TOMOJIOTiH Ha N -
eJIEMEHTHIN MHOXUHI 3 Baroto k >7-2"*, B po6ori M.Kolli 2007 poky 3naiineHo
YUCII0 BCiX TOMOJIOTiH 3 Barow k >3-2"3, a B Horo po6oti 2014 poky 3HaleHo
KIJIBKOCTI Beix T, -TOmosoriii 3 Baror k >5-2"*,

Jlns hopmyIiroBaHHS 3a/1a4 1i€l cTaTTl HaragaeMo HEOOX1THI TOHSTTS.

Hexait X — ckiHYeHHa MHOXXHHA 1 7, — TOIOJOTisA Ha Hill. MHOXHHA A 3
Ty HA3MBAETBCS MAKCUMANLHOI B Ty , SKIIO A He MICTUThCA Hi B sKiil iHIIIH
MHOXHHI 3 Ty, OKpiM camoi MHOXMHH X . MHOxHHa X Yy IIbOMY BHUIIJKY
HA3UBAETHCS OXONHOI.

Hexaii 3amano wmuoxuuun A, X, Ac X i ronomorito 7,. Bymemo
BiJIHOBJIIOBATH BCi Taki Tomosiorii Ha MHOXMHI X, B AKHX MHOXHMHa A ¢
MaKCHUMaJIbHOIO 1 K1 IHAYKYIOTh Ha MHOKHHI A TOMOJIOTIIO 7, (B IIbOMY BHIAIKY
TOIIOJIOTIO 7, 1 BiAMOBIHI TOMOJOTIi HA X OYyIeMO Ha3UBATH Y32004CEHUMU).

Byno noBeneHo TeopemMu Ipo BUTJISA BEKTOPIB, SIKi 3a7al0Th TOIMOJIOTII Ha -
€JIEMEHTHIN MHOXUHI, y3ro/)KeH1 3 OJM3bKUMU JI0 JAUCKPETHOI TOMOJOTISIMHU Ha
(n — 1)-eneMeHTHI MHOXHHI, Ta 3HAWICHO Bary TaKUX TOMOJOTii. BusBmiocs,
o y Kigacax Tomojsoriit 3 Barowo |t| € [13 2", 2" 1], 3a Buxmouenusm T 0"
TOIOJIOTIN, Y3TOJKEHUX 3 OJIM3bKUMU JI0 JUCKPETHUX Ta JBOICTHX JO HUX, IHIIHUX
Tomosoriii Hemae. Byno 3HalineHo kmacu Tomonoriii 3 Barowo || € [5-2"7%, 13 -
2"75), aKi He BHYEPNYIOTHCS [-TOMOJOTISIMH, Y3TOJKEHHMH 3 OJM3BKUMH JI0
JTUCKpeTHUX Ha (N — 1)-eleMeHTHIH MHOXHWHI Ta JBOICTUMH N0 HUX. ICHYIOTBH
KJIacH Tomomorii 3 Baroro |t| € (2"7%,5-2""%), B skux Hemae TOMONOTIH 3
sektopamu (0, ...,0,a,_4,a,) 1 (0,..,0,1,1,a,) npu ymoBi M,,_, N M,_; = @,
TOOTO JKOJIHA TOIOJIOTiSI B KJacl HE € Y3TO/DKEHOK Hl 3 KO OJU3BKOI 0
JTUCKPETHO1 TOTOJIOTi€t0 Ha (N — 1)-eeMeHTHI MHOXKUHI.
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[IpuponHo mMOCTaBUTH 3a4ady JOCTIKEHHS TOMOJIOTIH 3  Baroro
k 6(2”_2, 2”_1J, AKI HE € Y3rO[DKEHUMU 3 OJM3bKUMH JI0 JHUCKPETHOI
TOTIOJIOT1SIMHU.

a) PosrisiHemo Ty -tomodorii 3 BektopoM (0, ...,0,1,3,3), anst n = 5. 3pyuHo

aHaJli3yBaTH Taki TOIMOJOTI], 3HAXOJUTH IX Bary, po3risAarouyd MiHIMajdbHI OKOJH
eqeMeHTiB. JIJIst ITbOT0 JOCTATHBO PO3TIISAIATH JIUIIIE MiHIMAIbHI OKOJIM €JIEMEHTIB,
IHAEKC SIKMX Yy BEKTOpl TOIOJOrii HEe NOpiBHIOE HYJ0. B gaHOMy BUMNAIKy 1€
M, _,, M,,_; 1 M,,, npudomy M,,_, € IBOCIEMEHTHOIO MHOXHWHO, a M,,_; 1 M,, —
YOTUPHOXEJIIEMETHUMU MHOXXMHaMU. Bara Tomosorii 3anexaTtuMe Bif HMOMapHHUX
NEPETHHIB BKa3aHUX MIHIMaJbHUX OKOJIB. BCl MOXJIMBI BUNAAKK MU PO3OMIHN Ha
TPH KJIACH, OMHUCABIIM MOTYXHOCTI MOMApHUX MEPETHHIB MIHIMAaJbHUX OKOJIIB.
[Ipu migpaxyHKy Bard TOMOJIOTi BHUKOPHUCTaHO (POPMYJIH 1 TMOHATTA TIUOUHU
BIJIKpUTOI MHOXXHMHH. Hampukian, po3ristHeMo OAWH 13 BUIAIKIB, Ko M, _, =
{1, %2}, Mp_y ={x1,%p_2,%, %51} 1 My ={x1,%,-2,%,%,}. B ubomy
BMIAJKy Bara Takoi Tomojorii jopiBHioe |t| = 14-2"7°6 + g({xl,xn_z,xj}).
[lepmmii mogaHOK MOpiBHIOE Basi Tomojorii Ha (n — 1)-eneMeHTHi MHOXHUHI 3
Bekropom (0, ...,0,1,3), sgKka € Y3roMKEeHO 3 OIU3BKOI [0 JUCKPETHOI
TOTIOJIOTi€I0 Ha (N — 2)-eeMeHTHI MHOXUHI. [[pyruit 1ogaHok g({xl, Xn—2, x]})

Jae TIMOMHY BKA3aHHOI MHOXKHHM i jgopiBHIOE 2-2"7° tomy || =9-2"7° >
2n2,

OTpuMaHO HACTYITHI Pe3yJIbTATH:

1)  Sxmo |M,_, N M,,_;| = 2 1 noTy>XHICTb X04a O OJJHOTO 3 JIBOX IHIIIKX
TIEpETHHIB JOPiBHIOE HYIIIO, TO Bara TOMOJOTII € MeHIIoKw abo mopiBHioe 2™ 2,
TOOTO He HaNeKUTh MHOKHHI (2772, 27 1];

2)  Sxmo |M,_, N M, _;] =1 i xo04a 6 oauH 3 ABOX iHIIUX MEPETHHIB €
TIOPOKHBEOI0 MHOKMHOIO, TO BAara TOIMOJIOTIT He HaeKnTh MHOKHHI (2772, 27 1]

3)  Sxmo |M,_, N M, _;| = 0, To Bara TonoJorii He HaJCKUTh MHOXKHHI
(211—2 2n—1]

, :

0) Tp-Tonomorii 3 Bekropom (0, ...,0,1,2, ), ne 2 < a, < n — 1 Takox He
€ Y3TOJDKEHUMH 3 OMU3BKMMU JIO TUCKPETHOI. AHAJOTIYHHMI aHalli3 MepeTHHIB
MIHIMQJIBHUX OKOMIB M,,_,, M,,_; 1 M,, TO3BOJIUB BUILJTUTH TaKl BUITAJIKH:

1)  Sxmo |M,_,NM,_|=2 abo |[M,_,NM,_;|=1, To Bara
TONOJIOTIi HaleKUTh MHOKHMHI (2772, 2" 1] He3anekHO Bijl IHIINX MEPETHHIB;

2)  Sxwmo |M,_, N M,_;| = 0, To Bara Tomoorii He HAJIEKUTb MHOXHHI
(211—2 2n—1]

, :

3a3HayMMoO, IO HAMM TAaKOK IPOBEIEHO MOCIIKEHHS 1-TONOJIOTIN 3
BEKTOpaMHU (o,...,0,1,1,1,2,2); (o,...,0,1,1,1,2,3); (o,..,0,1,1,1,1,2,2);
(o,..,0,1,2,2,2); (0,..,0,2,..,2) i 3HaligcHO yYMOBM Ha MiHIMajJbHI OKOJIH
€JIEMEHTIB, AKi 3a6e31eUyI0Th HAJEKHICTh Bard TOMOJOTIT mpomixkky (2772, 2™ 1],

48



BucHoBKku.

3agava MiIpaxyHKy BCIX TOIOJOTIM Ha JOBUIbHIM CKIHYEHHIA MHOXHHI
3aIIMIIAETHCS HEPO3B’si3aHO0. OJNIHIEI0 3 MPUYMH MOKHA BBAXKaTW BIJICYTHICTH
TaKoi MOJIeJl TOMOJOrii, sika 6 J03BOJIMJIA CTBOPUTU €(PEKTUBHUN aITOPUTM ISt
MiJIpaxyHKy, a00 OTpUMaTH PO3paxyHKOBY (OpPMYITy BiJl 7 — KUJIBKOCTI €JIEMEHTIB B
MHOKHHI.

KoskHa 3 po3riisiHyTUX MoOjiesiel TOIOJIOTIT Ma€ sIK MepeBaru Tak 1 HeJAOIIKH.
OnuH 1 TOM camMHii BEKTOP MOXKYTh MaTh HEroMeoMopdHi TOIOJIOTI{ — 1€ CyTTE€BUMN
HEJIOJIIK, ajie, B TOW >KE€ 4Yac, BUKOPUCTAHHS IIi€i MOl JaJ0 MOXJIHBICTH
OTpUMATH Baromi pe3yibTaTH. 30KpeMa, MH BKE€ MAaeMO TOBHHM CITUCOK BEKTOPIB
T, -TOTIOJIOTH, Bara SKMX HaleXUTh npoMikky (272, 2" 1] i aki € y3romkennmu
3 OJIM3bKUMHU J0 JUCKPETHOI TOMOoJoTii. B 111ii poGOTI NMpeacTaBiieHO pe3ysbTaTh
JOCHIKEHHsT T ,-TONOJOrI, Bara SKHX HaJIEKUTh (2"2,2"1] | axi He €
Y3TOJKEHUMH 3 OJIM3bKUMU J0 JUCKPETHOI.

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

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

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

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

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

topologies on n-element set for n=0,18, as well as the number of the topologies

with an accuracy up to homeomorphisms for n=0,16. These computer-generated

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

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

T(n)= n%s(n,m)f(m),

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

S(nm)=L[m" - Ch(m-1) +CE(m-2) +...+ (-0 cpir]
0, S(n,n)=1.

where S(n,m)=0, if m>n or m=0, and S(0,0)
n ~
For the first time the formula T(n)=>"S(n,m)T(m) was published in the
m=1

article J.W. Evans., F. Harary, M.S. Lynn.
The number k of the elements of the topology on n-element set (the weight

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

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

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

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

ordered set of the nonnegative integers that define the minimum neighborhoods of
the elements of the given finite set. Also the topologies on n-element set, which are
compatible with topologies close to discrete ones on (n-1) -element set have been
considered. The form of the vector of T,-topologies with k > 5-2""* and the
values k € [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 T,-topologies of a certain weight.

2. The definition of T,,-topologies on the finite set with the help of 2-CNF of
Boolean functions. We consider all possible combinations of the subsets of the set

X. For each combination there is a single Boolean function, which has this
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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? VR, Vv % Xxﬁ VX, V.V )(Xé VR, VeV X ),
where «, 3,...,y are Boolean constants.

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

(Xif VX, VeV X Xxﬁ vV Xj, V. VX )(X{ V X, VeV X ),
where «, 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

(xi‘l"l v X[ xxﬁl 2% )(x{l v x{;)
where «;, 5,,...,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 =(Xy,X,,....X,) forms the topology on the given set if and only if Boolean

function f(x,X,,...,X, ), corresponding to this set, belongs to the intersection
Bi MWP (MWN .

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

Definition 2. The maximum 2-CNF of Boolean function, which determines
the topology, is called such 2-CNF, which has the following property. If the pair of

the disjunctions x; v X; and x;jv X, belongs to 2-CNF then the disjunction

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

Let 7 pe a topology on the finite set X ={x,...,x,}. The collection
B={J,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={2,My,...M}. If a1, =%, ...}, then there is a 2-CNF of Boolean
function that specifies the topology z that contains the conjunction of the form

Dy :()_(k \Y Xil)/\.../\()_(k Vv Xig )

In particular, if A, ={x.}, then ¢ =1. Inversely, if some 2-CNF of
Boolean function that specifies the topology 7 has the form
@ =p(% v %, Ja..~ (% v x;_), where 2-CNF & does not contain %, , then there is an
inclusion (X, X, ...,

Proof. Let us renumber the elements of the set x so that there is a minimum
neighborhood a7, ={x,,x.,...,xs }. Then the executive vectors for the corresponding
Boolean function are the vectors (11....1, &g 1, 1.1 @ iqre ). ON all these
sets ¢ = (X v X )A...A (X v X )=1, that is ¢y belongs to some 2-CNF.

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

(1,1,...,1,as+1,...,ak_l,ak,ak+1,...,an),
of which, only the sets (L1....1, Gg 1, @1,y A s1,-- &y ) COIrespond to the
subsets that contain X . S0, {X,X,,.... Xs < M . Theorem is proved.

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

Xis }g Mk'

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

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

inclusions M; = M; and Mj =Mk hence the inclusion M, = M, , namely Xi €M,

It follows from Theorem 2 that 2-CNF ¢ includes the disjunction x; v x,.
According to the definition 2, 2-CNF ¢ is the maximum, which had to be proved.
Corollary 1. The maximum 2-CNF of Boolean function, which defines the

topology on the finite set, uniquely determines the minimum neighborhoods of all
its points.

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

contains x, and all the variables that are in disjunction with %, by K. By Theorem
2 we have the inclusion Kc M. The inclusion M, cK 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
P =0V %)X v %4 g v s N2 v %5 N*g v Xs5)
of the topology on a five-element set the minimum base of the topology has the
form

B=1{D, 1} %o b 10, Xa X2, Xa f, X0, X2, X3, 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 . The topologies = and Ct, as well as the corresponding 2-CNF f,
and fc, are called mutually dual ones.

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

Proof. Let us consider any disjunction *i v Xj., which is the part of 2-CNF f_
of Boolean function, which specifies the topology =z on the set
X = X4, X101 X, §- Then, the truth domain of Boolean function includes the
sets (al,...,ai_l,l,ai+1,...,aj,...,an) and (al,...,ai_l,O,ai+1,...,aj_l,O,aj+l,...,an).
After these replacements, they will be replaced by the sets
(@1, 1,0, G g oo E @y ) AN (@1t L Ty T g L T “”), and the selected
disjunction will be replaced by the disjunction Xx; v x;. The disjunction X; v X; is
equal to 1 on the new sets. The set (a,... @1 L&y, ..., ) defines the subset
Act and the set (@,...%_1,0,8,1,...@j,...@, ) defines a subset C4 e Cz. Similarly,
the set (cg,....64.0, @ ,1,-.0 1,0, g....01, ) defines the subset V ez, and the set
(@, @1 L&, @ 1 L, 0y ) defines the subset CV e Cr.

Thus, after these changes with 2-CNF, which specifies the topology 7, we
obtain 2-CNF, which specifies the dual topology Cz. Theorem is proved.

Definition 4. Two 2-CNF f; and f, of the topology on the set X are called
equivalent if the bijection ¢: X — X exists and has the corollary f, = ¢(f;). If a
2-CNF f_ is equivalent to f., then f_and f. , as well as corresponding
homeomorphic topologies T and Cz, will be called self-dual.

Let us find out when 2-CNF and the corresponding topology are self-dual.

Definition 5. The number which is equal to the number of the occurrences of
this variable in the corresponding 2-CNF is called the multiplicity of the variable
X; in the topology on the set X . Let us denote the multiplicity of the variable x;

by r,, the multiplicity x; by r.
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Theorem 3.5. Two maximum 2-CNF f(xg,....x,) 1 fo(yy,....y,) are
equivalent if and only if the variables can be divided into pares x;, y; such that
[ =sjandf =§j.

Proof. Let ¢:x; — y; be the bijection which sets an equivalence of the
maximum 2-CNF  f;(x;,....x,) i f3(Y1,....¥n). Then the equalities r; =s; and
j are true.

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

f1(xq,....xy) and f,(yy,...,y,) of the topologies z; and z,. We will describe

what the bijection can be constructed.
Suppose the variables are ordered so that the inequalities Fj;, <F, <...<Tj_

F=S

and §; <S5, <..<S;j aretrue. We have I =S; foreachk, sowe have that the
minimum neighborhoods of the elements Xi, and yj, are equivalent.

The topologies 7, and 7, are the To topologies, so we will definitely have
the equalitiesfy =F, =...=F =0and §; =5}, =...=5; =0,k=1. We will set
the next substitutions Xj — Yj ,....j, — Y, , Which also are the substitutions

between the single element minimum neighborhoods. Further we consider the

minimum  neighborhood M; , of the elementx;  , and the minimum

neighborhood Mjk+1 of the element Yij.. - Let we have the equality

fi =5j =1, 1<I1<k, thus these minimum neighborhoods include the
+1 Jk1

elements Xiy .1 and y i respectively, and also | elements between which we

already have the substitution. We will putx, —Vj ,. So we have
Mik+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

homeomorphic, and 2-CNF fy(xq,....x, ) and f,(yy,...,y, ) are equivalent.

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

I’i = rj.

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

proves that 7 is the self-dual topology.

—>Mjk+1. Similar conclusions we will have for the minimum
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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) a< X in the topology 7 is
called a number ind_(a), which is equal to the number of the elements which are

not equal to a in its minimum neighborhood M, .

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

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

vector of some T7,-topology on n-element set if and only if it satisfies the
following conditions:

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

b) oj <i-1, i=1n.

It follows from this theorem

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

the same.

Proof. By the definition, the index of the topology 7 is the sum of the
indices of all elements of the set X in the vector of this topology. This last sum, in
turn, is equal to the number Z:([Ml\—l)+...+QMn\—1), which determines the

number of disjunctions in the maximum 2-CNF of this topology. On the other
hand, X =1 +...+r1, =1 +...+T,. This fact results in the equality of indices of the

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

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

the weight 25 - 276, The purpose of this section is to show the use of the vector
and 2-CNF of 7',-topologies for their enumeration and calculation on the example
of T,-topologies with the weight 25 - 2,

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

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

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

n-1
3) (0,..,0,1,1,1,1,2),if N M, ={x}anda)M,_; c M, ;

m=n-4

55



b) N My =bs),

m 4
4) (0,..,0,1,1,2),if M,_, "\ M,_, = {x;}and 0 My -2,
m=n—
5) (0,..,01,1,1,1), if M,_3nM,_, ={x;} and M,_, N M, ={x;}, and
Xj # Xi.

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 7,-topology with the
vector (0, ...,0,1,1,2) is self-dual.

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

vector (0,...,0,1,5) in the case of M,_, c 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,,_; € M,,.
m=n—4

In order to do this, we denote one of the homeomaorphic topologies with the vector

(0,...,0,1,5) by the symbol 7. Let its minimal base have the form B; =

{@,{x13}, . Lxnad {1, 21}, {21, %2, X3, %4, X1, X, 3}, then the corresponding

maximum 2-CNF has the form

f1 = (% v X1 )X v Xn XXo v R NXg v R NXg v Xy X1 v Xy ). After replacement x, — X,

X; —>X;, we obtain the topology Czr and the corresponding 2-CNF
ﬁ = (anl \Y4 )_(1)(Xn \Y4 )_(1XXn \Y4 )_(2 )(Xn \Y4 )_(3)(Xn \Y4 )_(4XXn Vv )_(n*l) . The bijectiOn Xl <> Xn,
Xn_q €> Xp_1, Xp <> Xp_4, X3 <>Xn_3 and x, <> x,_, reduces it to the equivalent 2-
CNF f2 :(Xl \V4 )_(n_4XX1 V )_(n_3XX1 V )_(n_2 )(Xl \V4 )_(n—].XXl V )_(n )(Xn_l V )_(n) ThUS, the
minimum base of the topology Cr has the form
BZ — {@, {xl}r ey {xn—S}' {Xl,xn_4}, {xlixn—S}' {x1»xn—2}» {x1;xn—1};}’ and |tS
{xl; xn—li xn}
n-1
vector (0, ...,0,1,1,1,1,2), and the conditions are met N M, ={x} and M,,_, C
m=n-4
M,,. 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
n
the vector (0,...,0,1,1,1,1,2), N M., ={x} are mutually dual, and also that the
m=n-4
topologies 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 (0, ...,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

n
condition M,,_, N M,,_; = {x;} and N M, =2. First, calculate their weight. In

m=n-2
order to do this, we use the idea described, we obtain
o =2"2 42" 4275 1 2" 6(p2 _1)= 216(2% 1 22 4 2+ 3)= 25.2""6. We show that such
a topology is self-dual. The minimal base of one of the homeomorphic topologies
has the form B ={®,{x;}, .., {xn_s} {x1, xn_2}, {1, X1}, {2, x5, % 3},
corresponding to it 2-CNF  f=(x v X o) % VX 1)X v & X3 VvX,). The
multiplicities 1 =2, b =1, ;=1 F,_, =1, F,_; =1 and I, =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 7',

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

equal to é (n)e + % (n),, where (n), =n(n—1)---(n—m+1) is the symbol of
Pochhammer. Now count the number of observed 7,-topologies with the vector
(0,...,0,1,1,2). We get the number C}™3-CZ-(n—3)-C2_, = i(n)@ The total
number of the topologies with the weight 25-2"7° is equal to 1—72 (n)e +
1 1 7 1 1 1 10

o MW+ (M) =5 e+, (M) +-();+2 (M) =77 (M) +

—- ()6 —6) + - (n); = ==+ () + 5= - (n),. Since this number coincides
with that obtained in Kolli's work, it means that there are no other topologies with
such weight. Theorem is proved.

? Exercises.

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

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

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

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

Examples.

1. The chromatic number of the group S,, is equal to 2, because it contains
the normal divisor A, of the index 2. Indeed, if one paint all even substitutions in
one color, and the odd substitutions in the other color, then the color of the product
of the substitutions can be determined uniquely.

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

3. Group (Z,+) can be mapped onto the group (Z,,+) for all 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 k -class. The minimal number of the chromatic class, to which this
function belongs, we call the chromatic number of the function f(x,y) on the set

X and designate H(f(x,y), X). If the function does not have the finite chromatic
number, then we say that it is equal to infinity.

Obviously, if the range of the function f(x,y) is inconsistent with X , and it
is the proper subset of X , then H(f(x,y), X)=2. To prove this fact we paint the
numbers which belong to the range of the function f(x,y) in one color, and the
numbers which do not belong to the range of this function in the other color. For

example H (azx2 +b2y? +c, R)z 2, H q f(x y)+c, R): 2. In these examples
a,b,ceR, f(x,y) is arbitrary function on the number plane.

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

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

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

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

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

classes. To demonstrate it, we locate the natural number k >2 and paint the
numbers, which have equal remainders in division by k, in the same color. This
makes it possible to determine the color of the sum of any couple of integers
uniquely. Obviously, the function f;(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 f,(x,y)=xy on the set Z is also
equal to 2. The coloring of the even numbers in one color and the odd numbers in
the other color serves as a model of the required coloring in two colors.

3. The chromatic number of the function f,(x,y)=xy on the set R is also
equal to 2. To demonstrate it, let us paint zero in one color, and the rest of the real
numbers in the other color. Note that the function f,(x,y)=xy on the set R can

be also associated with the chromatic class 3. For this purpose it is necessary to
paint odd numbers, even numbers and zero in different colors.
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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*—y?, onthe RxR
are equal to infinity is the main result of this article.

Theorem 1. If a8+ 0, then H(ax+ By +7,R)= 0.

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

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

coloring of the set R determines the equivalence relation on it. Each equivalence
class consists of the numbers of the same color. By hypothesis the following
relation takes place

x|~ Xg AYL~ Yo = (00q + By +7) ~ (X + Bya +7). (1)
Lemma 1.1. The following implication takes place:
X~y=>oxXx+t~ay+t VteR. (2)

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

X~YAs~s=(ax++y)~(ay+s+y)= ox+t~ay+t.

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

Proof. Let the element a=0 be unique in its class. It means, that
Z~a<>z=a. Let us consider the arbitrary element x € R,x = 0. We accept the

existence of y# X and y ~ x. Let t =a—ax. By applying lemma 1.1, we obtain
X~y=oXx+a-ax=a~ay+a—ax=a+al(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 1.3.1f z~0,then naz~0 VneZ.

Proof. Let us use the method of mathematical induction.

For n =0 the proposition clearly holds.

Let us suppose that it is also true for ne Z, thatis naz ~0~ z.
We take t =neoz in the forward induction and apply (2). Then
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z~0=0az+naz=(n+1az~naz~0=(n+1)az ~ 0.

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

Lemma 1.4. If x ~ y, then a(x—y)~a(y-x)~0.
Proof. Let us apply lemma 1.1 for t = —ay. We obtain
Xx~y=>ax—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+ gy +y,R)=k. Let us consider the
1z
a2 k!
contains k+1 elements, which are painted in k colors. According to Dirichlet

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

1.4

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

a((p+m)y—py)=may ~0.

I
Since 0<m<Kk, then n= K Is the integer. According to the lemma 1.3 the

m
2
| |
number an(may):%mazy:%a?lz:z is equivalent to 0, but this is in
a -

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 Q («, 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=pf=1, y=0 in the theorem, then H(x+y,R)=o. Let us
assume the contrary. The group (R,+) has the subgroup M (which is normal

subgroup because of the commutativity of the group R) such that % ~ P, where
IP|=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 d+b, the corresponding elements of
which are alike in color. Let us prove that these sums are alike in colors. By virtue

of the fact that f(a+b)= f(a)+ f(b)=f(a)+ f(E): f(§+5). Hence, the color of
the sum is defined uniquely by the colors of the addends. It means that the function
X+Y on R belongs to the chromatic k -class. It is in contrast with the statement

H(x+Yy,R)=c0. The corollary is proved.

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

Theorem 2. H (xz - y2, R): 0.

Put H(x2 — y2, R): k. The set R is divided into the finite number of the

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

X1~X2/\Y1~Y2=>(X12—y12)~(><§—yg)- 3)
Lemma 2.1. If x ~ y, then x2—y2 ~0.

Proof. One can prove the lemma using the formula (3) for the equivalences
X~YAY~Y.
Lemma 2.2. If x ~ 0, then t% ~t% —x? VteR
(4)

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

Lemma 2.3. If z~0, then mz2 ~0 VYmeZ.
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 t =0.
Let us prove, that the statement is valid for all positive integers m.
For m =1 the statement is proved.

Let it be true for some m > 0, that is mz? ~ 0.
We put t2 =(m+1)z2 and we apply formula (4) for the equivalence z2 ~0.
We obtain (m+1)z% ~ (m+1)z2 —z2 =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 mz2 ~ 0.
We put t2 = —(m—l)z2 and we apply formula (5) for the equivalence 22 ~ 0.
We obtain —(—(m—l)zz): (m-1)z% ~ 72 —(—(m—l)zz): mz2 ~0.
Let us return to the proof of the theorem 2. If arbitrary s >0, then there

exists z, such that z* =s. Put y ——2 There are, at least, two elements among
k41
the elements my, m =0,k , which belong to the same class (Dirichlet principle)
dnmeN:0<m<n<kany~my.

According to the lemma 2.1 we obtain n2y2 2 2 (n Z)yz ~0.

Since k>n>m=>0, then k2>n22n2—m

(n2 —mz), that is why r _J—L IS integer.
2 -m?f
It follows from the lemma 2.3 that
2, 4
r(nz—mz)zy4 :M(nz—mz)z . =7*=5~0.
(n? —m2f

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

. Hence k2! is divisible by

If s <0, then there exists z >0 such that s = —z2,

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

obtain 0~0Az~0=>0%2-22=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)=ax+6y+y, af=0 has no the finite

chromatic number. An analogical result has been proved for the function
g(x, y)=x2— y? of the real variables.

This result can be formulated as follows:
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e the functions f(x,y) and g(x,y) (and the function axxs..Xx,+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+ py+y, where af=0 could be

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

x2—y2 and axqXy..Xn +b, where n>1, ab 0.

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

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

o Solving systems https://www.youtube.com/watch?v=X0JgzW4P7T8
o Gaussian elimination
https://www.youtube.com/watch?v=1IHsX1IgpRI
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—“-I Topic 10 Making an abstract of your qualification thesis in a foreign

language

MeToanuHi BKa3iBkH Ta iHcTpykuii. B 111ii Temi Tpeba miAroTyBaTUCh 10
HamMcaHHS aHoTalii Bamol kBamidikamiiaoi pobotu (Task 1-4). CnouaTky
O3HalOMTeCh 3 BUMOTamMu 110 odopmiieHHS KBamiikamiiHUX poOIT MaricTpis.
Bukopucraiite MeToIM4YHI BKa31BKH 3 TTOMEPEIHIX PO3LIIB, 0COOJIUBO BKA31BKH JI0
Topic 9. BukopucToByeTe BiAIOBIIHI CJI0Ba, 00 MIAKPECIUTH BUPIIICHI B pOOOTI
3aBJIaHHs: OTJISI, aHAITi3, METO/, JOBEICHHS, MIOPIBHAHHS, y3aralbHeHHs, T1I10Te3a,
TOBeACHHS 200 CITPOCTYBAHHS, 3aCTOCYBAaHHS TOIIIO.

¢ Ipukiaaa anorauii kBagidikaniiinoi podoTu.

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 o3naiiomrecs 3 Tekctom Tips for making a

good presentation ta BHKOpHCTalTe TOpaay MPU CTBOPCHHI MPE3EHTAIll CBOET
KkBaniQikaiiitHoi poboTH.
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Tips for making a good presentation

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

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

Do not overload the slides.

Choose the proper font to make the text readable.

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

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

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

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

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

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

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

& Task 1. Answer the following questions.

What is the theme of your qualification thesis?

Who is your scientific supervisor?

List the basic terms.

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

Are you going to continue study after graduation?

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

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

& Task 4. Make the abstract to your qualification thesis.
66



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

& Task 6. Answer the questions of your groupmates, connected with this
report.
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———1 Application

d Greek letters with pronunciation.

a alpha AL-fuh v nu NEW

B beta BAY-tuh &, 2 xi KSIGH

v, I' gamma GAM-muh 0 omicron OM-uh-CRON
d, A delta DEL-tuh =, 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 x chi KI (as in hi)

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

u mu MEW o, Q omega 0h-MAY-guh
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HaBuanrHe BugaHHs
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(dizuka Ta aCTPOHOMIS)»
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