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1. Kushniruk. Pedagogical conditions for forming organizational competence of future teachers of higher education
institutions using group learning technologies.

The article substantiates that the modern system of higher education imposes on the teacher not only the requirement for
possession of deep professional knowledge, but also the need for formed organizational competence, which is a decisive factor
in ensuring the effectiveness of the educational process, especially in the conditions of rapid transformations of the information
society. In order to interpret and scientifically and theoretically substantiate the pedagogical conditions for the formation of
organizational competence of future teachers of higher education institutions using group learning technologies, a thorough
analysis of the content of the concept of “pedagogical conditions” was carried out. As a result of the study, a tendency towards
the interpretation of pedagogical conditions as a set of methodological, didactic and psychological prerequisites that provide a
favorable educational environment for the purposeful development of both professional and personal qualities of the character
of education seekers, their ability to organizational activity within the framework of group interaction has been outlined. For
the purpose of scientific and theoretical substantiation, a number of pedagogical conditions have been outlined, the provision
of which in the educational process of higher education institutions of Ukraine will contribute to increasing the effectiveness of
the formation of organizational competence of future teachers in the implementation of group activity technologies as one of the
leading components of their professional training.

Among them: the formation of personal and professional qualities of the personality of future teachers of higher education
institutions in the course of applying group learning activity technologies; the formation of positive motivation and value-based
attitudes towards.

Key words: higher education institution, future teacher, organizational competence, pedagogical conditions, group learning
technologie.
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Mimenoman 1. M.

PO3BUTOK ®YHKIIOHAJIbBHOI KOMIIETEHTHOCTI TA TPAHUYHUI NEPEXI/
AK EJEMEHT JOCIIJKEHHA B HEPIBHOCTAX OJIMIITAJHOI'O XAPAKTEPY

Y cmammi npodosceno 0ocnioxicents OUOAKMUKO-MemoOUUHUX nioXo0ie 00 NPoOIeMHO-e6PUCMUYHO20 HAGUAHHS 006e-
O€eHHs HepigHOCTel MAMeMamUuyHUX OniMniad eucoxo2o piena. Egexmusnicmy makoi pobomu 3 Mamemamuyno 060aposaHu-
MU YUHAMU, YHACHUKAMU [HMENEKMYANbHUX 3MA2AHb 6 YMOBAX akademiunoi npodinizayii na ochosi no2iubieno2o eusueris
MamemMamuKy 8 Cmapuiiti WKoi BUSHAYAEMbCA HACKPI3HICMIO U YinicHicmio npoyecy 2eHepanizayii 3nans. Hoemwvcs npo Kow-
YeHmpayito 0CGIMHIX pecypcie HABKONO KNIOUOGUX MeOPemUUHUX PO30iNi6 i cucmemu HAGYaAHHs PO36 A3V6AHHS YCKAAOHEHUX ma
ONIMRIAOHUX 3a0ay Y 8UMIDI cmpamezitl PO36UBAIbHOI HACMYRHOCHIL.
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To3umueni pesytomamu Cymmeso 3anexicamo 6i0 y32000iceHoi inmeepayii npeomemnux i OUOAKMUYHUX 36 S3KI6 HA Pi6-
Hi 3MICMOBUX NHIU MameMamuyHoi 0C8imHbOI 2any3i ma akmyanizayii MemooudHo 3Hayywux ioeii y npakmuyi niosuyeHHs
Keanigixayii guumenie mamemamuxu. Boonovac y cmapwiii npoghineHitl WKoni MAKCUMATBLHO PO320PMAEMbCA 3MICMO8A NiHis
«Dynxyiiy, axa HAOYBAE KIOHU0B8020 3HAYUEHHS OISl IHmepnpemayii HepigHocmet 3 no3uyii enacmusocmeit Qyuxyii. Y konmexc-
mi yiei 3Micmogoi NiHiil yuni popmyroms i nepeuHHi Y61 s NPO SPAHUYHUL NEPeXio K elleMerm QYHKYIOHALbHOT KoMnemeHm-
Hocmi.

Oonax peanvHull cmaH 8UKIAOAHHA Yb02O MAMEPIANY BUABIAE OUOAKINUKO-MEMOOUYHY NPOOLeMy: PAHUYHULL nepexio K
bazoea Kamezopis NOYAMKI@ AHANIZY YACMO He 3ACIMOCO8YEMbCA 8 PO36 A3Y8AHHI HECIAHOAPMHUX 3A0aY, YMO8A AKUX Yb020
besnocepednvo He nepedbauac.

Memoro cmammi € MOOent08aHHs NPEOMEMHO-MeMOOUUHO20 Kelicd, Wo 00 €OHYE cucmemy Pi3HONIAHOBUX 3a0ay, ) SKUX
006e0enHsl HepigHOCHell ONIMNIAOH020 XAPAKMeEPY CYNPOBOONCYEMbCS elleMeHmamu 0ocnioxcenns. Hasedeni 3adaui, y ceoio
uepey, 6UMa2aiomv 30iliCHeHHs Ni0 Yac O0CTIONCEHHS SPAHUYHUX Nepexodi8 | MOMUBYIomy YuHi6 ONAHO8Y8AMU GION0GIOHY
MeMAmuKy Ha OilbulL Ceplio3HOMY Pi6Hi.

3anpononosani pezynemamu cnpusoms po3eUMKY CReyiani308aHux MAmeMamuyHux KOMNemeHmHOCmell Yyepe3 CUHXPOHI-
3ayir0 30H HAUOIUNCUO2O0 MAMEMAMUYHO20 PO3GUMK) VUHIB | 8uumenis, a Mmakoxc 8iON0BIOHUX 30H NPeOMemHO-MemoOUyHoO-
20 ceemenma npogeciinoi komnemenmuocmi nedazoza. Takuil po3eumox yHKYionarbHOi KomMnemenmHocmi Habysae O3HAK
3AKPINIEH020 NPOOYKMUBHO20 OCBIMHBbORO Pe3YIbMamy md CHpusc npueadiueocmi npocpam iHCMumyyitino2o niouweHHs
Keanigikayii cyuacrHozo eyumens Mamemamuxi.

Kntouosi cnosa: memoouka HABYaHHA MamMeMamuKy, nidguujeHHs Keanigikayii uumenis, npoghinizayia cmapuioi wxonu,
2enepanizayis 3HaHsb, 3MICMOBI NI WKITbHO2O KYPCY MAMEMAMUKU, MAMeMamuyHa ma npeomemHo-memoousna KoMnemenm-
HicMb, ONIMRIAOHT 3a0aui, 008e0eHH s HepigHoCmell, epaHuyi QyHKyil ma nociioosHocmel.

Crpareria peanizauii Jlep>kaBHOTo craHgapTy Npo(ibHOI cepelHbOi OCBITH, 3aTBEPIKEHOTO MOCTAHOBOIO
Kab6inery MinictpiB Ykpainu Bix 25 nunna 2024 poxy Ne 851, nepenbayae akTuBi3aLil0 MPOAYKTUBHOTO BIPO-
BaJDKCHHS aKaJieMidHOT mpodimizallii Ha OCHOBI MONTUOJCHOTO BUBUCHHS MAaTEeMAaTHKH B CTapImid mkoji. BixGip
3MIiCTy HaBYaHHS Ha MPOdiIbHOMY MOMTHOICHOMY PiBHI, poOOTa 3 MATEMAaTUYHO 00IAPOBAHUMH YUHSIMH, YIaCHH-
KaMH OJIIMITIaJ 1 TYPHIpiB, a TAKOX BIAMOBIIHI JUJAKTHKO-METOIWYHI PECypCH MiCIISIUIIOMHOT MiITOTOBKH BYH-
TEJIIB MATEMATUKH MArOTh 33J0BOJLHATH BUMOTH IION0 (hyHIaMEHTai3allil MaTeMaTHYHOI OCBITH B HEPO3PHUBHOMY
3B 13Ky 3 00CATOM 1 3MICTOM HayKOBHX IPEIMETHHUX 3HAaHb Y KOHTEKCTI 11 mpodecionamizanii. YkpaiHChKi i 3apy-
O1KHI BUCHI MOEAHYIOTH (PyHIAMEHTAJI3aIiI0 Ta MPOoQeCioHai3amilo OCBITH B MEXaX €JHMHOTO IPOIeCy TeHepa-
mi3armii 3HaHp — KOHILIEHTpalii HaBYAJIIFHOTO MaTepially H IUIaKTHKO-METOANYHOTO PEeCypCy HABKOJO KIFOYOBHX
TEOPETHYHUX PO3/UTIIB i CHCTEMH HaBYaHHS pO3B’sA3yBaHH 3amad [13].

B ymoBax mpodinizanii cTapmoi mkomu ocoOnuBoi yBaru norpedye TpaHcgopMalis CHeniani3oBaHUX MaTe-
MaTUYHUX KOMIETEHTHOCTEH Ha PiBHI CHHXPOHI3aIl 30H HAHOIMKYIOr0 MAaTEeMAaTUYHOTO PO3BUTKY BUHTEIIB Ta
YUHIB 1 BIAMOBITHUX 30H IPEIMETHO-METOAMYHOTO CETMEHTa CTPYKTYPH KOMIICTEHTHOCTEH YYUTENsI B KOHTEKCTI
MPUHIIMIIB PO3BHBAIBGHOI HACTYIMHOCTI i (pOPMYyBaJbHOI 3aaqHOi MPUPOAM LIUTICHOI HaBYaIbHO-MaTEMAaTHIHOL
nisutbHOCTI [10; 11]. LluM BeJIMKOIO MipOI0 BH3HAYAETHCS CyYacHa poJIb aKTyalli3allii METOMUYHO 3HAUYIIUX 17eH
y TPaKTUKaX MiCISAUIUIOMHOI MiATOTOBKH BYUTENIB MaTeMaTHKH. BUBeIeHHS TBOPUYO MPAIIOIOUNX YUYHUTENIB HA
BHCOKHUI KOMIICTCHTHICHHI piBEHb peatiallii MaTeMaTHYHOI Ta METOJJMYHOT IHTerpallii MPOBiTHIX 3MiCTOBHX JIIHIH
MOYKE OpPIEHTYBATUCH HA JUJIAKTHYHUH pecypc 1 KoopauHalito ocBiTHIX miaxoniB XP (eXtreme Pedagogy) Ta ATLM
(Agile Teaching / Learning Methodology), nparrorounx Ha ocHOBi HiHHOCTeH Manidecty agile (Manifesto for
Agile Software Development, 2001) [3; 8]. ¥V crarTi [8] 10KIaAHO aHANIZYETHCA Ta OOTPYHTOBYETHCS, 10 B 3arajib-
Hill MeTozosorii agile KIIIOUOBY KaTeropiro poOOYOro MPOAYKTYy B KOHTEKCTI HENEpEepBHOI MEeJaroriyHoi ocBiTH
CJIiJ PO3MISAATH TepeayciM 3 MO3ulliil 3pocTanHs npodeciiiHoro crarycy ii 3100yBaya 1o 3aBepIIeHHI YeproBOTO
KpOKY MiABHILEHHS KBasi(ikalii B Oyab-aKiii iCHy}O‘-Iiﬁ ¢dopmi. 30erMa y [5; 7] anamizyeThcs 3aCTOCYBaHHS i1ei
eXtreme Pedagogy Ha Tarhopmi 3aKiIaay HiCISAUIUIOMHOI MENaroriyHoi OCBITH UIs TPOEKTYBAHHSI, MOJICITIO-
BaHHSA Ta peali3almii JUIAKTHIHUX KOMIUICKCIB, CIIEIiali30BaHUX MPEIMETHO-METONUYHUX KelciB. [Ipu mpomy
pobouwnii mpoxykT TexHoorii XP (KOHKpPETHI Mpamio0di iHCTPYMEHTH JJIs1 BHKOHAHHS YiTKO IOCTABIEHUX IIearo-
TIYHUX 3aBAaHb) [14] Ha METOMONIOTIYHOMY, (PaKTOJIOTIYHOMY Ta TPAKCEOIOTIYHOMY PiBHI HEPO3PUBHO B3aEMOJIIE
3 OCHOBHHUM po00YuM TpoaykToM TexHouorii ATML — koMIakTHOIO, 30aJ1aHCOBaHOK CHCTEMOIO 3HaHb 3 00paHOi
TEMH, SIKa — 3 OTHOTO OOKY — 1 CITpaIlioe Bipasy y GopM-(hakTopi KOPOTKHX petiziB, i BIUIMHE HA 30aTHICTh PO3poOKH
BJIACHUX JUJAKTHKO-METOAMYHHX MPOEKTIB (KEHCiB, KiacTepiB), HAOYTTs (PO3BUTOK, MOJICPHI3AIIII0) HABUIOK IS
HaBYaHHS MPOTATOM YChOTO XUTTA (3a3HaunMo, 1o npuHimn “skills for life-long learning” Gyno copmynboBaHO
came B Mexax crparerii ATLM).

JunakTuko-MeTouuHa e(EeKTUBHICTh 3aJIeKUTh BiJI 3JIArO[KEHOT 1HTErpaiii mpeIMeTHUX 1 JUAAKTUYHUX
3B’5I3KiB Ha PiBHI 3MICTOBUX JIiHI} MaTeMaTHYHOT OCBITHBOI ramy3i. Y crapuuiil (mpodinbHiil) mKoai MaKCUMaIbHO
pO3rOPTAETHCS UM HE HAWTOJOBHIINA 3 HUX — 3MicToBa JiHisA «DyHkii» [12]. Po3B’sa3yBaHHS piBHSIHB 1 HEPIBHO-
CTeH, TOBEICHHS HEPIBHOCTEH OI1IbII MOMITHO aCOIIIOETHCS HE JIMIIE 13 CUCTEMOIO THIOBUX MOCITIIOBHUX il
Ta oreparii, JOTIYHUX KPOKiB, BHKOHAHHS SIKHX CyTO B MEXax TaKWUX 3MICTOBHX JIiHIH, sk «Uucia i Bupasn»,
«PiBHSHHSA 1 HEPIBHOCTI», MPU3BOAUTH JIO MMOTPIOHOTO pe3yabTary, a i 3 HECTAHIAPTHOIO IHTEPIIPETAITI€I0 TAKHX
3aJ1a4 3 TOYKH 30py BIACTHBOCTEH (YHKIIIH O/THI€T U¥ HABITh ACKIJTHKOX 3MIHHHX Ta 3aCTOCYBAHHIM BiJIIOBITHUX
MOTY>KHIX METOAIB MaTeMaTHYHOTO aHaNi3y SK OCHOBH TEXHIKH PO3B’S3yBaHHS YCKJIAIHCHHX 1 OJIMITiaTHUX
3amad. Taki mUTaHHA JOKJIaJHO aHANi3yBaiu BiTYM3HsHI HaykoBii S. Bponcekwmii, T. Konecnuk, 3. KpaBuenko,
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O. Kykym, B. Jleitdpypa, O. Maptunenko, B. Paguenko, A. Cninenko, I. Cokonoscrka, O. Tomamyk, . UkaHa,
B. lIIBeus, B. Scincbkwnii Ta iH.

Bomnouac y crapmmiii mixomi ¢(yHKI[iOHaMBHA JiHIS HaOyBa€ MPHUHIMIIOBO HOBOTO CTATYCy: y4YHI OTPUMYIOTH
MIEpBUHHI YSBICHHS PO MPaHUYHUIN Hepexia Ta TpaHulll GpyHKHil (HaragaeMo, o YUCIOBI MOCTiIOBHOCTI TaKOX
MOYKHA pO3DIISAIATH AK QYHKIIIT HATypaIbHOTO apryMEHTY), 3HAHOMIISITBCS 3 OCHOBAMH JU(EPEHITIaIbHOTO 1 iHTe-
rpajbHOTO YUCIICHHS, SIKE IPYHTY€ETHCS Ha 11e9X TPaHUYHUX Nepexo/liB. PeanbHUil cTaH BUKIaJaHHS Ta BUBYCHHS
OCHOB MaTreéMaTU4YHOTO aHali3y BUOKPEMIIIOE€ HarajbHy AWIAKTHKO-METOAWYHY Hpobnemy. [paHuuHuil mepexin €
0a30BOI0 CaMOCTIHHOIO CKJIAJJHOIO KAaTErOpi€l0 OCHOB aHaIi3y, JKEPEIOM BBEIEHHS HOBHUX TOHATH 1 JOBEAECHHS
TeopeM. Ale GpakTHIHO [eif MaTepial BUMYIICHO PO3NIIAAaeThes Oe3 SKiCHOT HayKoBoi (popMatizallii, 6e3 JOBeICHb
TOII0 a00 XK y CIPOIIEHOMY OITUCOBO-IMiTaIliiHOMY (hopmaTi (HaBiTh Ha PiBHI MPOQITBHOT MATEMATHYHOI IIKIJTEHOT
OCBITH), YMM HEBIJJBOPOTHO 3HMXKYETHCS HOTO pecypCHHI cTaTyc. Y IUJIOMY, HEIOCTAaTHRO BUCBITJICHUMH UM MPO-
CTO I103a yBaroro 3aJHIIAI0TECS TaKi CUTYyallii, B IKUX HE TCOPETHYHHI pe3yNIbTaT 3 Kypcy MaTeMaTHIHOTO aHaJIi3Yy,
a BJIaCHE TPAaHWYHHI TIepeXij] € HEBIJI’EMHOIO CKJIaIOBOIO MipKyBaHb IIiJl 9ac pO3B’3yBaHHs HECTAHIAPTHUX 3a/1a4,
yMoBa (TI0CTaHOBKA) SIKUX IBOTO He Niepenodayae. MoxHa JIMIIE BiA3HAYUTH, IO MaTeMaTHYH] I METOJMYHI aCTICKTH
3aCTOCYBAaHHS T'PAHUYHOTO MEPEXOAY TOBOJII IIOBHO PO3KPUTO B ITyOJIiKaMisX, IPUCBIYCHNX 1HIIUM KJIacaM CIICIH-
(1YHUX OMMITiaHUX 3a/1a4 — (PyHKIIOHATBHUM PIBHSAHHSIM 1 HEPIBHOCTSIM.

Merta cTaTTi — MOJIENIOBaHHS i KOOPAWHYBAaHHS AUJAKTUYHUX 3B’ A3KiB JESIKUX TUIIB OJIMIIaIHUX 3a]a4, 110
3BOAATHCSA JI0 AOBEICHb HEPIBHOCTEH 3 HECTAHJAPTHUMHU €JIEMEHTaMU JOCIiIKEHHs, 13 BIAMOBIAHUMH TEOPETUY-
HUMU MUTAHHAMH MOTTUOIEHOTO KypCy aﬂre6pn Ta MIOYAaTKiB aHanisy L5 MeTa € BayKIIMBOIO AJIS1 aKTHUBi3allii HaOy-
TUX KOMIIETCHTHOCTEH 3 (byHKmOHanLHm 3MICTOBOI JIiHIT SIK 3aKp1nneH0ro OCBITHBOTO PE3YJIBTATy, a TAKOXK I
3HAYHOTO MiJBUIIEHHS TBOPYOTO IOTEHINaly CyJ4aCHOTO BYHUTEISI W MOCTIHHOI MOAEpHI3aIil 3MICTy HElepepBHOI
OCBITH BUHTEIIB MATEMATHKH.

OCHOBHI HayKOBO-METOJIWYHI W MPAKTUYHI Pe3yJbTaTH MU MPE3CHTYEMO OOIPYHTOBAaHMMH NPUKIIAJaMHU 3Mic-
TOBOTO HAITOBHEHHS MPOAYKTHUBHUX TEMATHYHUX MPOEKTIB — MPEAMETHO-METOMUYHUX KeiiciB [9]. Januit miaxin
arpoOOBaHO IiJ Yac MPOBEICHHS 3aHATh Ha Kypcax ITiIBUIICHHS KBaJlidikamii Ta Ha aBTOPCHKHUX ceMiHapax «lIpen-
METHO-METOAWYHUHN CYIPOBIJl YUHIBCHKHX ONIMITIaJ 3 MAaTeMaTHKU: PO3BUTOK iJieH HIKITBHOTO Kypcy B KOHTEKCTI
cydacHHMX omiMmiagHux 3aBaaHp» y K3BO «Opeckka akagemis HemepepBHOI ocBiTu Onechkoi 00TacHOi paam».
JunakTUKO-MeTOMYHA KJIaCTepHA apXiTEeKTypa MPOEKTY BiIPI3HAETbCA Bifl KIACHUYHUX 3aJaYHUX KOMIUIEKCIB
KacKaJgHOro (JIiHIMHOTO) THUIY, 33Ja4HUX «IAHIIOKKIBY» TOIIO Ta, BBa)KAEMO, JOMOBHIOE iX [6]. 3amaui-moneni
[2, c. 9—12] pi3HOIUIAHOBOi TEMATUYHOI CIIPSIMOBAHOCTI B PO3NIIAYBAHUX BUITAAKAX 00’ €AHYIOTHCS HEOUCBUIHUMU
BHYTPIIIHIMH «IIOTpebamMi» B 3MIHCHEHHI TPAHHYHHX MEPEXO/IB y Pi3HUX MareMaTHYHUX OOCTaBUHAX, a MOTHBA-
LiHAUH, 3MICTOBHH Ta AiHOBHH KOMIOHEHTH PO3TOPTAIOTHCS 32 HE3BHYHHUM Ta HEIlepeI0aTyBaHUM IS BUUTEIIIB
(1 U1 y9HIB 13 MIBUIIIEHUMH OCBITHIMY ITOTpeOaMU B Tally31 MAaTEMaTHKH ) EBPUCTHYHUM CIIEHApIieM, IO rmepeada-
Ya€e TAKOXK BOJIOJIHHS TOJATKOBUMH TSOPETUUYHUMHU 3HAHHIMH, TEXHIYHHMH MPUHOMAaMH PI3HOTO PiBHS CKIIAJHOCTI.

. L . T

3anaua 1 (Bceykpainceka onmimmiana, 1981 p.). Hexaii a,da,, .a — TaKi JIMCHI YKca, Io ISl BCIX X € ( —; 4)

Mae MicIie HepiBHICTh |alsinx +a,sin2x +...+ ansinnx| < |sinx| . JloBeniTp, mo |a1 +2a,+...+na,|<1.

i T
Po3p’si3anns. [l Beix x € _Z;Z \{0} maemo, wo

sinx sin2x sinnx
a—+a,— coota,——|<1. (1.1)
sinx sinx sinx

sinowx OL

3 TeopeMu PO neputy suznayry epanuyio (sint ~ t,t — 0) BurumBae, mo lim ,0#0, B #0.Y HepiB-

x—0 SlnB
HocTi (1.1) mepetinemo 1o rpanutii mpu x — 0 1 OTpUMAEMO TIOTPIOHUHA PE3YIIbTAT.
3anaua 2. JloBeniTh, 10 IS JOBUTPHUX JIMCHUX JOMAaTHHUX YUCEI @, b, 1 ¢ BUKOHYETHCS HEPIBHICTH
a b c

+ +
a+b b+c c+a

<2. @2.1)

Ywu MOXKHA KOHCTAHTY 2 Y NpaBiil YacTHHI €1 HEPIBHOCTI 3aMIHUTH MEHIIIUM YHCIOM?
a b c .
Po3p’sizanns. [To3naunmo F (a,b,c) = + + . Tomi
a+b b+c c+a

a’c+ab® +bc* + abe <
(a+b)(a+c)(b+c)

To4HiCTh OLIHKH — TOOTO HEMOXKIIMBICTh 3MEHIIMTHA KOHCTAHTY B IMpaBiii yacTHHI HepiBHOCTI (2.1) — 3pydyHO
O0IPYHTYBATH 32 JOIIOMOT'OIO TAKOT'O IPAHHYHOTO Tepexony (st GikcoBaHOro 3Ha4eHHs a = a, > 0): F (ao,b,c) -2,

F(a,b,c)—Z =—

bzl—)O,c—H—oo.
C
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3ayeadicenns. My BCTAHOBHIIM TAaKOXK, IO
sup{F(a,b,c) :a>0,b>0,c> O} =2,

3agaua 3 (Bigkpura onimMiiaia PimenseBcbKoro Jtineto, 1995 p.). JlaHo HatypasibHe Yuciio 7 > 2. JIoBeAiTh, o
115t Oynb-IKMX JTOMATHHUX MiHCHUX YMCEN d , d,, ... &, BUKOHYETHCS HEPIBHICTB

n—1

Lo BH7G T B Th g G.1)
a+a, a,+a, a,  +a, a,+a

Uu MOXKIJIMBO 3MEHIITUTH KOHCTaHTY 1 — 27

Po3B’si3annst. Hepiricts (3.1) it momaieioro i JoBEeASHHS METOIOM MaTeMaTHIHOT IHIYKIIT MOYKHA 3aIld-

n
CaTd B PIBHOCHJILHOMY BHIJISI Z
o b +1
B3ATH @, = (n +1- k) 1<k <n, TO 32 YMOBH A —> -+o0 JIiBa YacTHHA HepiBHOCTI (3.1) mpsmyBarume 1o #n — 2. Bin-
TaK, 3MEHIIUTH KOHCTAHTY /1 — 2 HEMOXITHBO.
3anaua 4 (Bigkpura omimmiaga PimenseBcbkoro minero, 2003 p.). JlaHo HatypansHe uncio m. Bimomo, 1o
¢yskmig f: R — R mMae moxigHy B KOXKHINA TOYIIl YUCIOBOT MPSIMOT, TpryoMy st Beix x € R 1 muis Oynb-sikoro n € N

>1 nns Takux nopareux uucen b, b,, ...b ,mo b, - b, - ... b = 1. Sxmo

. m . . .
CHPaB/IKy€ThCS HEPIBHICTE [ '(x) <f ’(x +—j. Jlosenite, wo Gynkuis (x)= f"(x) € HecnanHorO Ha Beiii unco-
n
Biil npsmiid, To6To f(a)< f'(b), axwo a < b.

Po3p’si3anns. Hexait F),(x)= ( ( f(x ], neN. Toni F,(x )_n[f’(x ﬂj f'(x)), F,(x)>0,

BN ;
x e R. 3Bincu F, (a) <F, (b) st a < b, T00TO

( % ~/(a [b+’;’j—f(b)_

[Tepeiinemo B ocTaHHIN HEPIBHOCTI JI0 TPAHMUII MPU # —> 00 1 3 YpaxXyBaHHSM O3HAYEHHS IOXiTHOI QyHKIII B
TOYIIi OTPHMAEMO, 1110 f’(a) < f'(b).
3ayeaoicenns. Po3ibpaHa 3aa4a Mae BaroMe TEOPETUIHE 3HAUCHHS IS OTIaHyBaHHsI YIHSAMH KJIaciB MaTeMaTHd-
HOTO TIPOQUIIO CTPOrOro 03HAYCHHS MOX1THOT.
HacrymHa Bioma 3a/1aua BUKOPUCTOBYE HE JIHMIIE IPUHAOMHU POOOTH 13 CEpEHIMU BETMUYUHAMH, ajie U po36idic-
o

. . 1 u |
HiCcMb TAPMOHIYHOTO PSIy Z%, TOOTO T€, 10 ZE — +00, n — oo (meit (pakT TOCHTH YacTo OOrOBOPIOETHCSA Ha
k=1 k=1
(hakyJIbTaTHBHUX, TYPTKOBHX 3aHSITTAX, HA YPOKaX y KiacaXx MareMaTHIHOTo MPOoQiiIio TOIIO).
3agaua 5 (L. Kurlyandchik & A. Merkuriev, 1986). 3HaiifiTh HaiiMEHIIIC MOKITMBE YHCIIO |l TaKe, IO JIJIS KOXK-

n k -1 n

. . —1 . sy

HOI'0 HaTypaJIbHOTO 71 >2 HEPIBHICTH E k E a, < 3 E a, Mae€ MICUE UIA 6y}:[I)-HKOFO Ha60py JA0A4aTHUX JIMCHHUX
k=1 i=1 k=1

HqHUCEI al, Clz, e a .

n

k(k+1 . . . . .
Pos3p’si3anns. [Tozaaunmo m = ( ) 3a HEePIBHICTIO MIXK cepeHIM apU(PMETUYHHUM 1 CEPEAHIM T€OMETPHY-
HHMM MAEMO:
m’ 1 (2 2 k k
S—t| =+ = |+ — .+ — |,
a a, a, a; a;
a, + T P - ¥ pasie
2 k k
k pasie
k 4 1 27 IS
< S| —+ =+
a+a,+...+aq, k(k+1) a, a, a,
Binrak,

ik(ial) Si4k2 i% ak_1<i2k2 S Lz—; a,:lz
k=1 i=1

k=1 =k ](] + 1) k=1 j=k J (] + 1)2
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< 1 1 < 2k
=32k - —-——|a 2- <2>a .
= (kz (n+1)2J ' “[ (n+1)’ J Z '

Mu noBeny, 1o BCi [ > 2 MarOTh MOTPIOHY BIACTHBICTb.

Hexaii Ttenep n<2. Bisememo a, =k, 1<k<n. Toui Zk[Zaj pz Zk+1 “Z_:

k= I
(2 1 Z— + 2 W —> 400, 1 — 00, 1 LS PI3HUIISL, TIOYNHAIOYH 3 ISSKOTO 1, Oy/e Ha6yBaTI/I JONaTHUX 3HAYCHB.
=k n+l1

OTxe, )xoHE L < 2 YMOBY HE 33JI0BOJIBHSE, 1 IIyKAHUM HAMMEHIITMM 3HAYCHHSIM KOHCTAHTH |l € came |1 = 2.

[leBHi TUIM ONIMMiagHUX 3a[a4 PO LTy i ApoOOBY YaCTUHY TAaKOXK MOXKHA KJIACH(IKyBaTH 5K 3a1adi, OB’ s~
3aHi 3 HEPIBHOCTSIMU (OCKIUTBKY I[iJIa YaCTHHA [a] IificHOTO Ymcia a (paKTUYHO BH3HAYAETHCS Yepe3 HEPIBHOCTI:
IiJIe YUCIIO /1 HA3UBAETHCS IIUIOI0 YaCTHHOIO YHCHA d, KO m < a < m+1).

3agaua 6 (Bceykpaincbka omimmiana, 1998 p.). JlaHo Taki HepiBHi fificHi yrcia x >1Ta y > 1, 10 U1 KOXKHOTO

o nx . . . .
n € N BUKOHY€ETBCS PIBHICTD Ly u . JoBeniTh, 110 yKCna X 1 y € HAaTypaJbHUMHU 1 IPU LIbOMY X AUTUTHCS 0e3
. v] [w]
ocTaui Ha ).
. X .
Po3p’a3anns. 3 ymoBH 3ajaui BuIUiMBae (ipu n = 1), mo [x] = [y]{—}, [x]:[y]. [Ipunycrumo, mo x —

HEIlJIE YHUCI0, TOOTO O<{x}<1. Jiig nesikoro HaTypallbHOTO 7 BUKOHYETHCSI PiBHICTh [n{x}]:l, 1 Tonl

B}:[nx]:[n[xhn{x}]:n[X]+1’ [ny][ﬂ:n[x]ﬁ, [ny].m:n[x]ﬂ_ OcKitbKi [X]M o 1[x]

(] (] (] (7] v] ]
[x]=[»] ﬂ —1.Omxe, x>y, {x} 2 {y.
Skuwo {x} > {y}, To icHye Take HarypanbHe UKCIO M, O [ ({x} )] > 1. Maemo:

<l o] el ({x}—{y})L

[my m [m y] m[y] [m y}} -

m[x]{m{y}}*[m({x}—{y})]
mly]+[m{y}]

(Mu 3acTocyBaNy BiJOMY BIACTHUBICTh I[1JIOT YACTHHU YHCTIA: [u + v] > [u] + [v] JUTSL BCiX AilicHUX u 1 v). OTpumana

>1

CYIIEPEYHICTh TIOKA3ye, 10 {x} = { y} . Anie Tofi, ypaxoByIOUH PiBHICTD [x] = [ y] , IiCTaeMo, IO X = y, a I1e He Bif-
MTOB1Ta€ YMOBI 3a/1aui.
Biarak, 4ucIo X € HATYpalbHKUM, i TETep AOBEAEMO, IO i Y € YUCIOM HaTypalbHUM, TOOTO ) = [ y] . [lns uporo

JI0CTATHBO MOKA3ATH, 110 {ﬂ:% 60 [ﬂ H Nosasik k{y}~1<[k{y}]<k{y}, {y}-%<[k{—ky}]s{y},

keN, to

[k /] ={y}. (6.1)

k—)oo

[fex] Jox X

i, | X = = for = a Juis Beix ke T=x -2
o H‘[ky]‘[k[y]+k{y}]‘k[y]+[k{y}]‘[y]+[k{y}] S FiRnEn
k

CKOPHCTAJINCh TPAHUYHUM CITiBBiIHOMIEHHSM (6.1)).
B oniMmiagHux 3aa4ax, MoB’ sI3aHUX 3 HIOI0 YaCTUHOIO YUCIIA, YACTO BUKOPUCTOBYETHCS TOH (aKT, o 1y x = 0

(Mu

Ta HaTypaJbHUX p =2 Ma€ Miclie PiBHICTh [,”/[x]} = [{’/; ], SIKy MM 3acTocyeMo Hixue. HacmpaBai, mo3HauMBIIH
a:[{’/}], matumemo: a <x <a+1, a” <x<(a+1)",a" <[x]<x<(a+1)", a<{[x] <a+1, 10610 a:[!’ [x]J

[MocTaBuMo 3amauy NpPO «CHPOLIEHHS» BUPA3y |:\/;+\/I’l+1j|, neN (sIkmo B yMOBi 3amadi IPOIOHY-

€ThCS BCTAHOBUTH BXKE TOTOBY PIBHICTB, SIKOIO ISl YW IMOMIOHI KOHCTPYKIIi CIPOIIYIOTHCSA, TO, SK IMPABHIIO,
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3pOOUTH 1€ HeBaXKO). [TokaXkeMo, Ik MOXKHA OTPUMATH 2inome3y MO0 BiIMOBII, AKY, Y CBOIO Uepry, Oy/e JIeTKo
0OIpyHTYBaTH.

2
Bynemo crpomryBaru Bupas [(\/; +\/n+1) } JUISl HaTypaldbHUX #, MO 3BOIWTHCS A0 3HAXOMKEHHS (MOXKHA

nependadaTH «TiHIHHY» MOBEIIHKY TaKOI 11101 YaCTHHM; OUTBIN TOTO, OUIKYBaHHH PE3yNbTaT TYT Oy/e MPaKTHIHO
. 2
04eBUAHNM). JJOPEUHO 3BEPHYTHCH 10 3HAXOPKEHHS acuMIToTH rpadika Gynkuii f (x)=2vx’ +x Ha +oo:

lim M:z. lim /1+l =2,
X—>+00 x X—>+00 x
1

lim (f(x)-2x)=2- lim ——2—=2- lim ———=1.
X—>+00 X—>+00 [x2+x+x X—>+00 1+l+1
V' x
Otxe, npsiMa y =2x+1 Oyae HIyKaHOK MOXUJIOK aCUMITOTOI0, IPUUYOMY, 3pO3yMino, f (x) <2x+1, x>0.

OCKIJIbKH MH 0a9UMO, 1110 lim(2 n*+n— (2n + 1)) =0, TO iCHy€ TaKe HaTypaJlbHE YHCIIO 1, LIO YIS 7112 1,

n—0

-1<2 n2+n—(2n+1)<0,

2n<24Un* +n<2n+l,

TOOTO AN 1 21, [2 n + n} = 2n. Tlo3ask HepiBHiCTb 21 < 2\n” +n <2n+1, SIK JIETKO NEPEeBiPHTH, BUKOHYETHCS

JUIS BCIX HATypalbHUX 71 (& HE JIMIIE MOYUHAIOYH 3 JIEAKOTO 71,), TO MPOTHO30BAaHHUI PE3YNIBTAT PO BUKOHAHHS PiB-
HOCTI JUI KOKHOTO # € N MU OTpUMaIy.

Toxc[(\/;+ n+1)2}=4n+1,n€N,3BiI{KI/I\/|:(\/;+ n+1)2}:\/m, \/[(\/;+ n+1)2} :[\/WJ

(&wﬁ)z :[\/M] |:\/;+ n+1]=[W].
o peudi, OCKUIbKH [\/4n + 1] = [\/411 + 2] (mnst m= [\/4n + 1], YpaxoBYIOUH, IO YHCIO BUIISINY 4n+2 He

Moxe GyTH TOYHHM KBagpaToM, MaeMo: m’ <4n+1<(m+ 1)2, m* <4n+1<4n+2<(m+ 1)2, m<~4n+2 <m+1,

[x/4n + 2] =m), TO MH OTPUMAJIU PO3B’SI3aHHs TAaKOi 3a1ayi.

3agaua 7 (Bceykpaincbka omimmiama, 1978 p.). Jlosenmith, mo st Bcix 7 €N BHKOHYETbCS PIBHICT

[\/;+\/n+l:|=[\/4n+2:|.

[Migkpecnumo, mo (akTH4HA BiJMOBi/Ib, BKIOYEHA TYT A0 (OPMYITIOBaHHS YMOBH, 3HAUHO CIIPOIIy€e Oe3ro-
CEpEe/IHE JOBE/ICHHS, BUKIIIOYAOYH 3 HHOTO MOINTYKoBHiA ckianHuk (Bumencekuii B. A., INantomkin O. I, Kapra-
moB M. B. Ta iH. Ykpainceki Maremaruysi onimmiaau. K. : Buma mkoma, 1993. 415 c.).

MareMaTuyHi Ta METOJUYHI ACIIEKTH OMUCAHOTO MpUiloMy 00roBoproBaiuch y [1; 4]. 3okpema, TaM MiCTATbCA
TaKi TBEP/PKEHHS, JOBEJCHHS SKUX Y 3arajJbHOMY BUIVIA IOBTOPIOIOTh HABEIEH] BUILE MIpKyBaHHA.

Teopema. Hexail mis mimux uwcen k£ i b mpsma y=kx+b e acumnrororo rpadika ¢GyHkmii f Ha +oo
(lim ( f ( )— fx — b) =0), npuaomy icHye Take unucio C, mo as Beix x > C f ( ) < kx +b. Toni 3HaWaETHCS HATY-

o

panpHe 9ncino M Taxe, o AT OyAb-sSKOTO HaTypajbHOTO 71 = M BUKOHYETHCS PiBHICTH [ f ] =kn+b-1.

Teopema. Hexait s 1minmx uwmcen k 1 b mpsaima y=kx+b € acUMITOTOO rpaqua ¢byHkIii f Ha +oo
(lim ( S(x)—hx— b) =0), npudomy icHye Take uncio C, wo s Beix x> C f(x)>kx+b. Toni 3HaineTbes Haty-
panbHe uncio M Take, o I OyIb-IKOTO HATypanbHOTO 7 > M BHKOHYETHCS PIBHICTh [ f ] =kn+b.

BBaxaemo, 1110 OIpaIfoBaHHs Ii€1 HU3KKW TEOPETUYHUX 1 3aJaYHUX KEWCIB MOKpAIye opraHi3aui10 MHCIECHHE-
BOI JISUTBHOCTI B HABYAJILHO-TEOPETUYHIN 1 HABUATBHO-JOCIITHUIBKIM 30HI MAaTeMaTUYHOTO ¥ MPEMETHO-METO-
JIUYHOTO PO3BUTKY, CIIPHSIE MIEPETBOPEHHIO JaHUX 30H HAHOIMIKUOTO PO3BUTKY HAa 30HU aKTyaJbHOTO PO3BUTKY Ta
YTBOPEHHIO HOBHX 1HTEJIEKTYyaJIbHHUX 1 ()aXOBUX SKOCTEH Cy0’ €KTIB Mi3HaHHA Ta/abo npodeciiinoi aisubHOCTI [11].

BucHoBKM. 3apOTTOHOBAHMIA CTHCIHH JUIAKTUKO-METOJHYHUI KOMITJICKC MOTHBYIOYHX MAaTeMaTHYHUX CIOKE-
TiB- iH,Z[I/IKaTOpiB JIO3BOJISIE HA ,E[OCJ'IiZ[HI/II_ILKOMy KOMITOHEHTI OCBITHBOT Tpaemopi‘l' 3100yBadiB MONIMOICHOT MaTeMa-
TUYHOT OCBITH 3aJliITH OCHOBHI THITA IPaHUYHUX nepexomB JIOCTYTIHI JUTsl YYHIB CTApINOi Ko, TM caMuM He
JINIIIE TOCATAETHCS BI,Z[‘JYTHI/II/I BI/IHepe,Z[)KaJILHI/II/I edekr i PO3IIMPIOETHCS PECYPC EBPHCTHHHHX KOMIICTEHTHOCTEH
YUYHIB 3 BUCOKAM PIBHEM MAaTEMaTHYHOI IMiJATOTOBKH, ajie H yMOCKOHATIOEThCS IHCTPYMEHTApiii MOMICTIOBAHHS U
CTHMYJTIOBAHHS TIOIIYKOBOI aKTUBHOCTI MPAIFOI0YOr0 BUMTENS Ta MAiiOyTHHOTO BUMTEINS — CTYACHTA-MaTeMaTuKa
3aKJIay BUIIOI MeJaroriqyHoi OCBITH.
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[Tomanemoro BUBYEHHS MOTPEOYIOTH HAYKOBI i METOJMYHI TUTAHHS, K1 BIUIMBAIOTH Ha IIUIBHICTH 1 HACKPI3HICTh
Mporpam normuoIeHoro npodiIbHOro BUBYEHHS MATEMATHKH B CTApPIIii KO, TPOTpaM ITi IBUIIICHHS KBaJTi(hikarii
BUMTENIIB y 3aKiIafax IiCISAUIUIOMHOI OCBITH 1 3MICT (paXxOBUX MOIYJIB y BUMIpi IreHepatizalii 3HaHb yYaCHUKIB
OCBITHBOTO ITPOIIECY.
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1. Mitelman. Development of functional competence and passage to the limit as an investigative element in the
olympiad-type inequalities.

The article continues a study of didactic and methodological approaches to problem-heuristic teaching of proving
inequalities of high-level mathematical competitions. The effectiveness of such work with mathematically gifted students,
participants of intellectual competitions in the context of academic profiling based on advanced study of mathematics in high
school is determined by the crosscutting and integrity of the process of knowledge generalisation. It is about concentrating
educational resources around key theoretical sections and a system of teaching complicated and olympiad tasks in accordance
with the developmental continuity strategies.

Positive results significantly depend on the coordinated integration of subject and didactic connections at the level of
content areas of mathematics education and the actualisation of methodologically relevant ideas in the practice of professional
development of mathematics teachers. At the same time, in the high school, the “Functions” content line is fully explored, which
is of key importance for interpreting inequalities from the position of the properties of functions. In the context of this content
line, students also form primary understanding of passage to the limit as an element of functional competence.

However, the actual state of teaching this material reveals a didactic and methodological problem: passage to the limit as
a base category of the elements of analysis is often not used in solving non-standard problems whose conditions do not directly
imply it.

The purpose of the article is to model a subject-methodical case that combines a system of diverse tasks in which the proving
of olympiad-type inequalities is accompanied by investigation elements. These tasks, in turn, require the implementation of
passage to the limit in the study and motivate students to master the corresponding topics at a more serious level.

The proposed results contribute to the improvement of specialised mathematical competencies by synchronising the areas
of immediate mathematical development of students and teachers, as well as the relevant areas of the subject-methodological
segment of the teachers professional competence. This development of functional competence acquires the features of a well-
established productive educational result and promotes the attractiveness of institutional in-service training programmes for
modern mathematics teachers.

Key words: mathematics teaching methodology, professional teacher development, profiling of high school, knowledge
generalisation, content lines of high school mathematics course, mathematical and subject-methodological competence,
olympiad-type problems, proving inequalities, limits of functions and sequences.
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