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BCTYII
Martematuka sik Hayka copmyBanacst B Ctaponasuiit I'pemii B VII-IlIcT. no

Hamoi epu, ko Panec, [Tiparop, EBkiig Ta iHII BUEHI CHCTEeMaTU3YBAJIM BiJIOMI
Ha TOM yac MaTeMaTU4HI1 3HAHHS 1 BUKJIAJIM 1X 3 TOYHUM OOTrpyHTYyBaHHAM. Tomi
BUHHKJIO 1 CIIOBO «MAaTEMAaTHKa», sIKe B MEPEKIaJll 3 TPEUBKOi O3HAYAE «3HAHHS,
«HAYKay.

Tenep marematuka motpioHa BciM. be3 MaTeMaTnuHuX 00YHCIIEHb HE MOYKHA
o0y IyBaTH HE TUIBKA KOCMIYHOTO KOpaoJisl, €IeKTPOCTaHIIi1, I1JIBOJTHOTO YOBHA, a
W 3BMYaliHOTO OYyJIMHKY. 3O0LIBIIYETHCA HE TUIBKM KIJIBKICTh HAyK, SIKI BXXE HE
MOXYTh OOXOIUTHChL 0€3 MaTeMaTHKh, a W 0O0CiIr MaTeMaTUYHUX 3HaHb,
BUKOPHCTOBYBAaHUX IIMMU Haykamu. OCbh 4OMYy TaK BaXKJIMBO, 100 Hallla MOJIOJb
Majia TPyHTOBHY MaTeMaTU4YHY ITiATOTOBKY.

KopoTko MeTy BUKIIaJaHHSI MATEMaTUKH B 3arajiIbHOOCBITHIN CEpeIHii MIKOJI1
MOXHa BU3HAUUTU TaK: IIKUIBHUM Kypc MaTEMaTUKH Ma€ 3a0e3MeUUuTd MIIHE 1
CBIJJOME OBOJIOJIHHS CHUCTEMOK) MAaT€MaTUYHUX 3HaHb, YMIHb, AKI MOTPIOHI ISt
3arajbHOTO PO3BUTKY Y4YHIB, JJIA iX MPAKTHYHOI JISTILHOCTI B YMOBaxX Cy4acHOTO
BUPOOHUIITBA, JJIsI BUBYCHHS HA JJOCTATHRO BUCOKOMY PiBHI CIIOPITHEHUX IITKUIBHUX
npeaMeTiB (Ppi3uKU, KPECICHHS, XiMii Ta 1H.) 1 JIsl TPOIOBKEHHS OCBITH.

ITlim yac BUBUYEHHS MaTeMaTHUKH JOBOIATHCS Oararo TeopeM. Ta iHOmI Il
JOBEACHHS TEOPEM JIJIsl YYHIB 3aI0ThCS BOXKKUMH, 0arato 3 HUX 3alHUTYIOTh: «A
HaBIIIO 1€ TOTPIOHO?». | 11e MPUPOIHE MUTAHHS, TOMY IIIO HE 3aBXKIH IIIPyIHUKN
JTAI0Th Ha HHOTO TTOBHY BIJMIOBIIb.

VY WKUIBHOMY Kypcl MaTreéMaTWKH Y4YHI O3HAalOMIIIOIOTBCA 3 TaKMMH OC-
HOBHUMH METOJaMU  JIOBEJEHb. CHHTCTHYHUM, AaHAIITUYHUM, aHAJITHUKO-
CUHTETUYHUM (MOTO 1HKOJM HA3WBAIOTh METOJOM PYyXy 3 JBOX KiHIIIB), METOJOM
JIOBEJICHHSI BiJ CYITIPOTUBHOIO, TOBHOI 1HIYKII11, MATEMaTUYHOT 1HIYKIIi1, METOJJaMU
r€OMETPUYHUX TEPETBOPEHH (IIEHTpaJbHA CHUMETPIsi, OChOBA CHUMETPIsl, MOBOPOT,
napajieJibHe MEPEHECEHHs, TOMOTETisl Ta MOAIOHICTB), ajareOpaiyHUM METOAO0M,

OKPEeMHMH BUIAJKAMH SIKOTO € BEKTOPHMA 1 KOOPJAMHATHHA. Y CydacHOMY



MIKITFHOMY KYpCl 3aCTOCOBAaHO TaKOX METOIW MATEMaTUYHOTO aHaJi3y: METOJ
IpaHullb, METOAM TU(PEPEHIIATBHOTO Ta IHTErPATLHOTO YHCIICHHS.

AKTyaJbHicTb TemMHu. EkcrnepuMmeHTanpH1 JOCTIKEHHS TMCUXOJOTIB 1
METOJMCTIB, JOCBIJ POOOTH MEPEOBHX YUYHUTEIIB CBII4YaTh, IO KOJU B YUHIB
chopMOBaHO 3arayibHi ¥ crenudiuHi po3yMoBl [ii, sIKI € CKJIAJOBUMH YMIHHS
JIOBOJUTH, TO 3a HAJIEXKHOI OpraHi3ailii BUBYCHHS BXKE B OCHOBHIM IIKOJI y4HI
MOXXYTb 3aCBOITM OCHOBHI METOAM JOBEACHb Ta METOJAUYHI MPUMOMH, SIKI
BUKOPHCTOBYIOTBCS TIPH JOBEACHHI TeopeM. [IcHxomoriyHMMH 1 TUIAKTHIHUMUA
nepeyMOBaMH, IO CHPHSIOTH CBIIOMOMY 3aCBOEHHIO KOXKHOTO METONYy, €
OBOJIO/IIHHS YYHSIMHU aJITOPUTMaMU a00 MpaBUJIAMU-OPIEHTHUPAMU (€BPUCTUUHUMU
CXeMaMH) METO/IB, Kl CTAHOBJISITh OPIEHTOBHY OCHOBY MISUIBHOCTI, COPSIMOBAHOL
Ha TONIYK 1 BUKOHAHHS JOBeACHHS. EQEeKTUBHUM € Take O3HAOMIICHHS Y4HIB 31
3MICTOM METOAY JOBEICHHS 1 MPaBUIOM-OPIEHTUPOM HOTO, 32 SIKOTO Ha MPUKIIAJII
JIOBEJICHHSI OJIHOTO-ABOX TBEP/KEHb (TeopeM abo 3ajay Ha JOBEACHHS) Y4HI i
KEPIBHUIITBOM YYHUTENsI KOJIGKTMBHO BHSBISIOTh I1CTOTHI 3arajibHi KpPOKH B
JOBeACHHI Ta (OPMYJIOIOTh BIANOBIAHUN aNrOpUTM YW MPABWIO-OPIEHTHD 1
BIJIOBITHUN METOIUYHMI TTpriioM. [39]

Crtyninb po3po0dJieHocTi B jgiTeparypi. J[any Temy y CBOiX MiApyYHUKAX Ta
nocionukax posrisganu Cnenkanb, 3. 1. ,Cemenenp C. II., Tloropeno A. B.,
[Tanuyk B. 1., IIBens B. O.. CtaTTi moB’s13aHi 3 1i€10 TEMOIO HAIUCATU Pakos
C. A., T'opox B. I1., bextep O. I1., FO. A. CkpumnyeHko Ta iH..

3aranapHi aCNIEKTH JOBEICHHS MAaTEMAaTHYHUX TBEPKEHB PO3TIIS AN B CBOIX
pobotax B. bpanic, €. Jlsnin, M. beckin, M. Metenbcokui, . I'pyaponos,  JI.
Opiaman Ta 1Hmi. Okpemi THUTaHHS JIOBEICHh MAaTEeMaTUYHUX TBEP/IKCHBb
po3pobmsumcs I'. beBzom (MeToarka A0BeIeHb TBEPHKEHB KypCy alireopn), M.
Bypnoto (MeTonuka oBeIeHb TBEPIKEHb Kypcy reoMeTpii), A. CtonsipoM (JioriuHa
oprasizailisi 3MIiCTy y mpolieci aoBeaeHHs), 3. Crnenkanpb (IICUXOJIOTO-TIeAaroriyHi
OCHOBM HaBYaHHS Y4HIB noBeneHHsM), O. ['pumiko (dhopMyBaHHS y MOJOIIIMX

IIKOJISIPIB YMiHb JOKA30BO MIPKyBaTH) Ta IHIIIUMH.



Meta po6oTH: ITOCTIANTH METOAMKY BHUBUEHHS TEOPEM Ta iX JOBEICHH B
IIKUIBHOMY KypCl MaTEMAaTHKHU.
IIpenmer  gociailiKeHHsi:  CyTh ~ METOAMYHUX  NPUHAOMIB,  SIKI
BUKOPHUCTOBYIOTBCS TIPH POOOTI 3 TEOpEMaMH Ta 3MICT YPOKIB MPU iX BUBUCHHI Y
IKOJII.
O0’eKT AOCTIIZKEeHHSI: METOIUYHI MPUHOMHU, SKI BUKOPUCTOBYIOTHCS TPHU
po60Ti 3 TEOpEMaMH B MIKIILHOMY KypCl MaTeMaTHKH.
B ocHOByY nociipkeHHs MOKIJIaJeHa rinore3a mpo Te, 10 i Yac BUBYCHHS
METOJIB JIOBEJCHb TEOpPEM, TBEPJKEHb 1 3aJady 3 BUKOPHUCTAHHSAM Pi3HUX
METOJMYHUX MPUHOMIB TTOUYMHAIOYN 3 HAMJIETIINX 1 3aKIHYYIOYM HAWBOKUYUMU JIJIS
COPUMHATTS, Ta iX KoMOiHaisMu 3 BUKOpHCTaHHAM IKT yuyH1 OyayTh po3ymiTu
JIOBEJICHHS SIK CKJIa/IOBY YaCTHHY PO3B’s3yBaHHS, a TAKOK B HUX PO3BUBATUMETHCS
JIOTIKa MHCJICHHS, YVysBa, YSBJICHHs, TIO3UTHBHI SKOCTI OCOOMCTOCTI Ta
B11I0yBaTUMETHCS YCBIJOMJICHHSI aKCIOMAaTUYHOT TOOY/I0BU MaTEMaTHKH.
OCHOBHMMMY 3aBJaAHHAMM POOOTH €:
® JIOCIIITUTH 3HAYCHHS JOBEJACHHS Ha YPOKaX MaTeMaTHKU;
® CHCTEMaTHU3yBaTH BIJIOMOCTI IPO PI3HOMAHITHI METOU JOBECHb;
® [10JIaTH NMPHUKIIAJIN 3aBJIaHb 3 BUKOPUCTAHHSM PI3HUX METO/IIB JIOBEJACHHS 1
METOJMYHUX TPUMOMIB, SIKI BAKOPUCTOBYIOTHCS MPU POOOTI 3 HUMU;

® MoAaTH TPUKIAAM  CKCHEPUMEHTAIbHMX  JOCIKeHb  3ajad 3
BuUKopucTaHHAM [KT;

® pPO3pOOMTH METOAWKY BHBYCHHS METOJIB JIOBEICHb TEOpPEM 3
BUKOPUCTAHHSAM PI3HOTUITHUX METOAMYHUX MPUHOMIB B MIKITBHOMY KypCl
MaTEMAaTHKH Ta BIAMOBIIHUN METOAUYHUN TOCIOHUK;

® 3pOOUTHU BUCHOBKH.

TeoperuuHe 3HaAYEeHHSI POOOTH MOJATAE B TOMY, II1O:

® [IPOAHAJII30BAHO OCHOBHI MiAXOAW 10 HABYAHHS YYHIB METOIIB IOBE/ICHb

Ta METOAMYHUX NPUNOMIB y MiAPYYHHMKAX, METOJUYHIN JliTepaTypi Ta

mporpami 3 MaTeMaTHKH;



® 3’5COBAHO MOCJIIIOBHICTh BUBUEHHS TEOPETUYHUX TBEPJHKEHb, iX JIOT1UHA
CTPYKTypa Ta palioHaJIbHI METOIU JOBEICHHS;

® BCTAaHOBJICHO IICHXOJIOTO-TIEJJarOTiuHI MEPEeIyMOBH, IO CHPUSIOTH
PO3BUTKY BMiHb Y4YHIB BIJMOBIAHOTO BIKYy BHKOPHUCTOBYBATH METOIWYHI
IpUIOMH MPU PO3B’SI3yBaHHI 33714 Ha JJOBEJACHHS,

® BH3HAUEHI METOJWYHI MPHUHOMU 1 3aco0M PO3BUTKY BMIiHb IIKOJSPIB
JIOBOJUTH MaTeMaTU4HI TBEPIXKEHHS;

® CHCTEMAaTHU30BaHO MaTepiaj Mo TeMi Yy METOJIMYHOMY MOCIOHUKY;

® DPO3TJISIHYTO EKCHEPUMEHTATbHE MOCIIHDKCHHS 33/7a4 3 BUKOPUCTAHHSIM
IKT;

® 3aMpoONOHOBAHO BMJM 3a/ay, SIKI CHPUAIOTH PO3BUTKY BMiHb JOBOJUTH
TEOPEMH Ta BCTAHOBJIEHA MOCIIIOBHICTD 1X PO3B’SI3yBaHHS.

IIpakTuyHe 3HaYeHHsI POOOTH BU3HAYAETHCS THUM, IO PO3POOIICHHI 3MICT 1
METO/IMKA, MOAAaHl MPUKIAIU MOXYTh OyTHM BHUKOPHUCTaHI BUUTEIAMH LIKUT MpU
MIPOBE/ICHHI YPOKIB MaTeMaTHKU B IIKOJI, HA ()aKyJbTaTUBHUX 3aHSTTIX,a TAaKOXK
crynentamu BH3 mijn yac BUBUEHHS pi3HUX JUCITUIUTIH YU HAIMCAHHI aBTOPCHKHUX
poOIT.

PobGora cknanaerbes 3: BCTyIy, 4 po3/IifiB, K1 BKIOYAIOTh B ce0e HAyKOBO-
TEOPETUYHI OCHOBM JOCIIKEHHS, TICUXOJIOTO-TEIaroriuyiHi OCHOBU JOCIIIIKEHHSI,
METOJMKY BHUBUEHHS JOBEJEHb B HIKUIBHOMY KypCl MaT€MaTWUKH, MelaroridyHui
EKCIIEPUMEHT Ta CTaTUCTUYHY OOpOOKY MOro pe3ysbTaTiB, BUCHOBKIB Ta CIUCKY
BUKOPHUCTAHUX JKEPEI.

Amnpoobartis po3po0IeHOT METOIUKH 3/IIMCHIOBAIACS TIPH IIPOBEACHHI X
Bceykpaincbkoi HayKOBO-TIpaKTHUHOT KOH(pepeHli «HpopMaliiiHi TEeXHOJIOT1I B
npodeciifHiil TIJIBHOCTI», JIe s BUCTyNajia 3 gomnoBiaao «Pomb iHbopmaliiHo-
KOMYHIKAI[IHHUX TEXHOJOT1 B JOBEAEHHSIX IIKUIBHOTO KypCy MaTeMaTUKW» Ta
nyOJiKallli CTaTTl Ha aHAJOrIYHY TEMYy Yy €JEeKTPOHOMY BHJaHHI. TakoX BOHA
BiIoOpakeHa B  HABUAJbHO-METOJUYHOMY TMOCIOHUKY, Y SKOMY MHOIO

CHCTEMAaTH30BaHO MaTepial Mo JaHii Temi.
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PO31J1 I. HAYKOBO-TEOPETUYHI OCHOBHU JOCJIKEHHSA

1.1. PoJab 1oBeaeHbL B MATEMATHIII.
JIoBeIeHHS 'y MaTeMaTHIl — Tpoleaypa, 3a JIOMOMOTOK — SKOi

BCTAHOBJIIOIOTh ICTUHHICTh TINOTE3W YU OyAb-sKOTO TBep/keHHs. [IpuHuummnu
JIOBEICHHS BUBUAIOTHCS CIEIIATFHOIO 00JaCTI0O MAaTEMAaTHKH — TEOPIEI0 TOKA3IB.

VY maTemaTulll J0Ka30M TaK0>X Ha3UBAETHCS JIAHIIIOMKOK JIOTTYHUX BUCHOBKIB,
10 TIOKA3Yye, M0 TIPH SIKOMYCh HaOOP1 aKCIOM 1 TIPaBWJI BUBOY € TIPABUIILHUM JICSIKE
TBEp/LKEHHS. 3aIeKHO B1J KOHTEKCTY, MOXKE MaTHCS Ha yBa3l GOopMallbHUM J0Ka3
(moOymoBaHa 3a creliaIbHUMHU [TpaBUjIaMu MOCHII0BHICTh TBEPXKEHb, 3alllcaHa Ha
(dbopmalibHIi MOB1) @00 TEKCT Ha MPUPOJHIA MOBI, 32 SIKUM 3a OakKaHHSIM MOXHA
BIJIHOBUTHU (hOpMaTBHUH T0Ka3.

JloBeIeHHS y Cy9acHOMY KypCi MaTEMaTUKH TTOCITaf0Th BCE MEHIITY POJIb, BCE
OUIBII TMOMYJIIPHUMHU CTalOTh BUAAHHS «l'eomeTpis y TaOnuisax», «Aisredpa y
TaOJMUIAX», B SKUX IOJAIOTHCSA 3BEACHI Yy TaOJuUIll JOBIJKOBI Marepiaiud 3i
HIKIJIBHOTO KYypCy MAaTeMaTHK{, HABOIAThCA THWIIOBI 3a7adl 1 aJIrOpUTMH iX
PO3B’sI3yBaHHS.

Bce 11e 3HaxonuTh Bi10OpaKeHHS y 30BHIIIHHOMY HE3aJIe)KHOMY OIIHIOBAHHI
3HaHb 3 MareMmaTuku — nounHarouu 3 2010 poky 3 HBOro BUIIyYEHI 3adadi 3
PO3rOpHYTOI0 (POPMOIO BIJIMOBIL, 1 OJTHMM 3 MOTHBIB TaKOT'O BHUIyUYeHHs OyB (akT,
110 OUTBIICTh YYACHUKIB TECTYBAaHHSA J0 pO3B’si3yBaHHs mux 3amad y 2008 i 2009
pOKax He MPUCTyTMaIa.

A 1 cripaBi, HaBIlIO JOBEJACHHS Y MaTEMAaTHIIl, HABIIIO BUBYATH JOBEICHHS
y HaBYaHHI MaTEMaTUKH?

CxaiHi TUTaHHS, OCKUIBKY BOHH BTy Th Y TTHOWHH (Distocodii, THOCEOOrii,
TICUXOJIOT1] IIE€JArorikM 1 1H., 1 He MalOTh OJJTHO3HAYHUX OCTAaTOYHMX BIJITOBIJICH:

1. 1o Take matematuka? (auB. Kypant P., PoOinc «YTo Takoe MaTeMaTuka?»
— KHUTA, HaMMcaHa BUJIATHUMU MaTeMaTUKaMH 3 METOIO PO3KPHUTTS BHYTPIIIHHOTO
CBITY MaTE€MAaTUKH Yepe3 PO3TJs] 1 JOCTIKEHHS BIJOMHUX 3ajlad MaTEeMaTHUKHU
(MaTemaTHKa SIK BOHA €)).

2. Illo Take moBeneHHS y MaTeMaTHIIi?
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3. Slka MeTa HaBYaHHS MAaTEMaTUKU?

4. Slxe Miciie TOBEJICHb Y HaBUaHHI MATEMATUKH ?

i muTaHHS y CBOIO Yepry BEAyTh J0 IIie OUTBIN 3aralbHUX MUTAHb:

1. 1o Take Hayka?

2. Slke miciie y HayIll Mocijlae MaTemMaTruKa?

3. SIka MeTa OCBITH, 3araJibHOT OCBITH?

Ili muTaHHS BiYHI 1 HIKOJIM HE OyJe 3HAWJACHO OJIHO3HAYHMX OCTATOYHHUX
BIJIOBIJIE HAa HHUX, MPOTE KOXHA PO3BUHEHA OCOOMCTICTb, KOXKHE PO3BUHEHE
CYCHIJIBCTBO 3aJa€ 1 OyJie MOCTIMHO 3a/iaBaTu OOl I MUTAHHS 1 IIYKAaTU Ha HUX
BIJIMIOBI/I1, 1 came 111 BIATOBIl BU3HAYATUMYTh MapaurMy OCOOMCTOCTI 1 Mapagurmy
OCBITHBOI cUCTeMH. [17]

Ha nutanns: «fka posib JOBEIEHb y MaTEMaTHIll?» a0COIIOTHA OUIBIIICTD
BIJINOBIJIEH came Taka: «/JlJisi ToBeeHHsI MPaBUIIBHOCTI MAaTEMAaTUYHUX TBEPI>KEHb
a00 1X crpocTyBaHH: . | 11e TpaBUIILHO, TOMY ITI0 MaTeMaTHKa — 1€ €/IMHA 3 HAyK, B
KW TOBEJICHHS (BUBOIUMICTH 3 CUCTEMH aKC1OM) BUCTYIIA€ BUKITIOYHUM KPUTEPIEM
ICTUHHOCTI OyJib-K0T0 (DaKTy. Pa3oMm 13 TUM BHU3HAHHS IOJIOBHOT POJIi JOBEJEHD SIK
IHCTpYMEHTY BepHdikalii (akTiB y HaBUYaHHI MATEMATHKW BUKIMKAE CYMHIB 3
0araTb0X MPUYUH: HEMOXJMBICTH 3 PI3HUX NPUYMH TMPOBEACHHS OBEIACHH HA
JIOCTaTHBO BHUCOKOMY PIBHI CTPOrOCTi, TPYAOMICTKICTb MOOYJOBH KypCy
MaTEMaTUKH 13 CTPOTUM JOTPUMAHHSM JEAYKTUBHUX MPUHIIUIIB TOLIO.

HeoOx1aHICT, JOBEAEHHS € HACIIAOK OJHOTO 3 OCHOBHHX 3aKOHIB JIOTIKH
(Jlorika - HayKa TpO 3aKOHW TMPABUIBLHOTO MHCJCHHS) — 3aKOHY JOCTaTHBOI
migcraBu. lLlell 3akoH MICTUTH BHUMOTY,IIO0 Oy/b-sIKE BHCIOBJICHE HaMHU
TBEP/KCHHS OyJio OOIpyHTOBaHe, TOOTO 100 BOHO CYHPOBOJMIIOCS JIOCHUTH
MEePEKOHJIMBUMHU  apryMEHTaMH, 110 TMIiATBEP/KYIOTh ICTHHHICTH  HAIIIOTO
TBEP/UKCHHS, MOr0 BIAMOBIAHICTH (pakTam, IiiicHOCTI. Takumu aprymeHTaMu
MOXXYTb OyTH SIK BKa31BKM Ha MOJKJIMBICTb NEPEBIPKU ILIAXOM CIOCTEPEKEHHS 1
JOCTiAy, Tak 1 MNpaBWIbHO MMOOYyJAOBaHE MIPKYBaHHSA, LIO0 MICTUTh CHUCTEMY
yMOBUBO/IB. [loBe/IeHHS! TBEpKEHb Ma€ HAa METI BCTAaHOBUTHU MOT0 JOCTOBIPHICTh

3a JIOIOMOTOIO JIOTTYHOTO BUCHOBKY 3 YK€ JOBEJICHUX a00 BiJOMHX icTHH. [43]
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1. 2. Akciomu i Teopemu. Heo0xinHi i nocraTni ymoBu.

BuBuennss Teopem 1 iX JOBeleHb B  Kypcax reomertpii 1 anreOpu
MOYMHAETHCA 13 7 KIJacy 1 MOCia€ 3HAyHE MiCIle B HaBYAJILHOMY Marepiall.
Hanpuknan, nuiie B Kypcel TeoMeTpii 7 Kiacy mapajielibHi MiIPYYHUKA MICTSITh
no 18 teopem. Kpim Toro, B Hux mnependaueHo 3HAUYHY KUIBKICTh 3aJad Ha
JIOBEJICHHSI, SIK1 B TPAAUIIMHUX MiPYYHUKAX TeOMETPii, HAMPUKIA y MAPYIHUKY
A. I1. KucenboBa, BiirpaBaiu posib TeopeM. Teopemi 1 iX TOBEIeHHS PO3BUBAIOTH
JIOT1KY MUCJICHHS YUHIB, IPOCTOPOBI YSIBJIEHHS Ta ySBY, BUaTh METOJIaM JIOBEJICHHS,
CHPUSAIOTh YCBIIOMJIEHHIO aKCIOMaTWU4YHOI MOOYyJI0BHM MaTeMaTHKu. JloBeneHHS
JAI0Th 3MOTYy YYHSIM 3aCBOITHM €BPHCTHYHI MPUHAOMH pPO3yMOBOI ISUIBHOCTI,
GbOopMyIOTh TTO3UTHUBHI SIKOCTI OCOOMCTOCTI, 30KpeMa OOTPYHTOBAHICTh CYIKEHb,
CTHUCJIICTb, YITKICTh BUCIIOBJICHHSI TYMKH.

Y MareMaTuIli JOBOJUTHCS MaTH CIpaBy 3 BHUCJIOBICHHSAMH (abo
TBEPJHKEHHSIMU), SIK1 JOBOJATHCS (TEOpEMH, 3a/1adi Ha IOBEJEHHS ), 1 TAKHUMH, 110 1X
JIOMOBJISIFOTBCA NpUMaTH 0€3 JoBeleHHs (akcioMu). BBemeHHs akcioMm, SIK 1
MEepBICHUX (HEO3HAUyBAaHUX) TOHATH, MOB'A3aHE 3 JCAYKTUBHUM XapaKTepOM
noOynoBu wmartematuku. CrpaBii, JOBEICHHS OyAb-SKOrO TBEpPMKEHHS T
CKJIQJAETHCS 3 TBEP/KEHD, ICTUHHICTD IKUX OOTPYHTOBYETHCS paHillle JOBEICHUMHU
iIcTUHHUMHU TBeppKeHHSIMU T. OCKIJIbKM HU3KA paHille JOBEJACHUX TBEPKEHb HE
MOXxke OyTH HECKIHYEHHOI0, BUHHMKA€ moTpeda B akciomax, 110 B Mepekyiaal 3
IpelbKOi MOBH O3HAYa€e «IoBara», «aBroputeT». Ha oCHOBI akcioMm, TOBEAEHUX
paHile TBEp/HKCHb 1 O3HAYEHBb JTIOBOJSTH HOBI TBEP/KCHHS (TeopeMu, 3a7adi Ha
JTIOBEJICHHS ).

3aneXHO BiJl JIOT1YHOI CTPYKTYpH TEOPEMH, SIK 1 OYJIb-KOTO BHCIIOBIICHHS,
PO3PI3HSIOTh YOTUPHU iX BUIU: MpPsAMI, OOEpHEHI, MPOTHIIEKHI, KOHTPANO3UTUBHI
(IHIIMMH CJIOBaMU, MPOTHIICKHI 00epHEHUM, ab0 OOEpHEH1 MPOTHIICKHUM II0JI0
MIPSIMOT TEOPEMH ).

3anuiemMo mpsiMy TEopeMy Y BUTIISAI YMOBHOTO BHCIIOBJICHHS.

«Sxmio P, To Cy, (1)
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ne P— ymoBa teopemu, C — BucHoBOK. [lomiHsBIm B Teopemi (1) MicIsiMu yMOBY
1 BUCHOBOK, JIicTaHeMO 00epHeHy o0 (1) Teopemy:

«Sxmo C, To Py. (2)

3amintoroun B Teopemi (1) P i C ixuimu 3anepedennsmu P i C, gicranemo
npotuiiexHy moao (1) teopemy:

«SIxmio P, To C». (3)

OpHovacHO MOMIHSABIIN MicusMU B TeopeMi (1) ymoBy 1 BucHoBok — P 1 C
— i s3amiHmBmM iX 3amepedeHHsMH P i C , jicTaHeMO KOHTPaNO3UTHBHY
(mpoTtusniexxkHo o0epHeHy ab0 00epHEeHy MPOTIIECKHIM) Teopemy 11010 (1):

«SIxmo C, To P». 4)

Teopemu (1) 1 (4), a Takox Teopemu (2) 1 (3) pIBHOCUJIBHI.

OT1xe, sxiio Teopemy (1) 1oBeneHO, TO HEMaE MOTPEOH CIeIiaabHO JOBOIUTH
Teopemy (4).

Jlo TeopeM, B SIKUX € KUJIbKa YMOB a00 BUCHOBKIB (CKJIaJIEHI TEOPEMHU ), MOMKHA
chopMyITIOBaTH JIeKUIbKa 0O0EpHEHUX TEOpeM. 3 HHUX HE BCI MOXYTh BUSBUTUCS
npaBWIBHUMU. Po3risHemMo TeopeMy: <«SIKIIO MHOTOKYTHHK TPAaBUIBHHUH, TO
HABKOJIO HHOTO MOKHA OmucaTu Kojo». OO0epHEeHe TBEpKEHHS: «SKI0 HaBKOJIO
MHOTOKYTHHKAa MO>KHA OTMHCATH KOJIO, TO BiH - MPAaBUIBHUN» HE € CIPaBEIITNBUM
TBEP/DKCHHAM. Y IIbOMY JIETKO MEPECBITUUTHUCS 3a JOIIOMOTOI0 KOHTP-TIPUKIIATY.
CrpaBii, KOJIO MOKHA OTMHMCATH 1 HABKOJIO MPSIMOKYTHHKA, 1 HABKOJIO PIBHOOIYHOT
Tpanerii, siki He € TMPaBWIBHUMH MHOTOKYTHUKaMH. SIKIIO 3 TBEPKEHHS «A»
BUILTMBAE TBEPIKEHHS «B» 13 «By» BUmimBae «A» (CUMBOJIYHO «A => By 1 «B =>
A»), To TBep/KeHHS «A» 1 «B» Ha3MBaIOTHCSI PIBHOCUILHUMU 1 TIO3HAYAIOTHCA A
<=> B. Hanpukian, Teopemu «SKmio aiaroHan 4YOTUPUKYTHUKA MEPETUHAIOTHCS 1
TOYKOIO TEPETUHY IIISATHCS HABIII, TO e YOTUPHUKYTHHK - Tapajnerorpam» i
«/l1aronasni mapasnenorpama nepeTUHaIOTHCS 1 TOYKOIO MEPETUHY AUISTHCS HABIILD»
— pIBHOCWIbHI TBep/pKeHHs. Lle — mpaBuiibHI B3a€EMHO OOEpHEHI TeopemHu. 3
BIJIHOIIICHHSIM CJIITyBaHHS 1 PIBHOCWJIBHOCTI 0€3MOCepeIHhO TOB'sI3aHl TpU BUIU
YMOB, II0 CTOCYIOThCSI YMOBHHUX TBEP/K€Hb: HEOOXIJHI, JOCTaTHI, HEOOX1aHI 1

JIocTaTHI. YMOBa Ha3MBA€THLCS HEOOXITHOO, SIKIO Oe3 1i HasBHOCTI BUCHOBOK HE
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MOX€ BHUKOHYBaTHCs. Hampukian, y TBep/uKeHHI «SIKIO YHCIIO 3aKIHIYETHCS
napHow IUEGPOI0, TO BOHO AUIUTHCA Ha 2» yMOBa «SIKIIO YUCIO 3aKIHUYETHCS
apHOIO MU(PPOI0» € HEOOXITHOI YMOBOIO, 00 YHCIIO HE MOYKE JUTHTHCS HA 2, SKIIIO
BOHO HE 3aKIHUYETHCS APHOIO LIUPPOIO.

YMoOBa Ha3MBa€ThCA JOCTATHBOIO, SKIIO 3a 11 HAsAIBHOCTI BHUCHOBOK
000B'SI3KOBO BUKOHY€ThCsA. Hampukinas, y TBepakeHH1 «SKio QyHKIis 3pocTatoya
abo crajgHa Ha TEBHIA MHOXHWHI 3Ha4€Hb apryMEHTy, TO BOHa Mae OOEpHEHY
(GyHKLIIO Ha LI MHOXHHI» yMOBa 3pOCTaHHs abo cnagaHHs (ToOTO yMoBa
MOHOTOHHOCTI) € JOCTaTHbOIO YMOBOIO JJis ICHYBaHHS OOEpHEHOI (PyHKIHM 110
nanoi. [Ipote dyHKIIist Moke MaTh OOEpHEHY 1 TOA1, KOJIM YMOBAa MOHOTOHHOCTI HE
BUKOHYETHCS, alle KO)KHOTO CBOTO 3HA4YE€HHS (PYHKIIIsI HaOyBa€ JuIie JJjisi OJHOTO
3HAYEHHS apTyMEHTY.

YMoBa Ha3MBa€ThCAd HEOOXITHOKO 1 JOCTATHHOIO, SKIIO Oe3 1i BHKOHAHHS
BUCHOBOK HE MOKE€ BUKOHYBAaTHUCh 1 B pa3l ii BUKOHAHHS BUCHOBOK OOOB'S3KOBO
BUKOHYETHCS. Y BHUIMAJKY ICTUHHOCTI MPSAMOi 1 OOEPHEHOI TEOPEM YMOBA KOXKHOI 3
HUX € HEOoOXigHOI 1 jJocTtaTHhO0. Hampukian, Ko’KHa 3 yMOB JIBOX B3a€EMHO
oOepHEHUX TEOopeM IIOJO0 TapajejorpamMa, HaBEICHUX BHWIINE, € YMOBOIO
HEOOX1THOIO 1 IOCTaTHROIO. Y MOBHU HEOOX1AH1 1 IOCTaTHI TPAILISIOTHCS HE TUIBKU B
TeopeMax, a i B 03HaUeHHSX MOHATh. Hanpukiias, B 03HaUYCHHI MapajielbHUX MPSIMUX
MIPOCTOPY € JBI CYTTEBI O3HAKMU (JICKATH B OJIHIM IUIOIIMHI 1 HE MEPETHHATHUCH).
KosxHa 3 HUX € HE0OX1THOIO 1 JIMIIIE Pa30M BOHM JIOCTATHI JJIs TOTO, 00 /1Bl IpsiMi
npoctopy Oynu mapajielibHi. Y MKUIBHOMY Kypci TBEPIKCHHS, SIKI MICTSTh
HEOOX1/IHY 1 JOCTATHIO YMOBY, (DOPMYJIIOIOTH MO-pi3HOMY. 30Kpema: « /st Toro mod
.., HEOOXITHO 1 JOCTaTHbO ...». Y CTBEPIKYBAJIbHOMY pPEUEHHI BXHBAIOTh
CJIOBOCITOJIYYCHHS «TOM1 1 TUTBKH TOMAI», «T1 1 TIIBKH Ti» Ta iH. Hampuknan: «Jlns
TOTO 1100 T00YTOK TBOX 200 KUTHKOX CITIBMHOKHHUKIB, SIK1 € IIUUTUMH PAIIOHATBHUMHA
BHUpa3aMH, JIOPIBHIOBAB HYJIt0, HEOOXIJTHO 1 IOCTaTHRO, 1100 MPUHANMI OJIUH 3 LIUX

CIIIBMHOXXHUKIB JIOPIBHIOBAB HYITIO.
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PO3 11 I1. IHCUX0Joro HEJATI'OI'TYHI OCHOBA
JOCJLIKEHHA

2. 1. Ilcuxosoriynmii aHami3 cnoco0iB i PpiBHIB 3aCBOEHHS 3MicTy
HABYAJBHOI'0 MaTepiay.
Hapuanus - 1mijmecnpsMoBaHa B3a€MOJIiSl BUMTENS 1 YUYHIB y IPOIECI SKOi

3aCBOIOIOTHCS 3HAHHS, POPMYIOTHCSI BMIHHS i HABUYKU. Y TEIarorivHoMy IMporect
MeJIaroriyHl KaTteropii B3a€MOIIOB'SI3aHI Ta B3a€EMO3YMOBJICHI. SIK y HIMPOKOMY
COLIIaJIbHOMY, TaK 1 y IIMPOKOMY NEAAaroriyHOMy 3HAuU€HHI BUXOBAHHS OXOILIIOE
HaBYaHHS Ta OCBITY.

3aCcBOEHHIO pUTaMaHHa CKJIaJHa BHYTPILIHS CTPYKTYpa, IKa MICTUTh KiJIbKa
KOMIIOHEHTIB (CTyIEHIB, ¢a3).

Taxk, 10 ICUXOJOTIYHUX KOMIIOHEHTIB 3aCBOEHHS, Ha NyMKYy C.PyOiHiiTelina,
M. JleBiTOBa, HaJIEKATh:

® TI03UTHBHE CTABJICHHS /10 YUHIB;

e (Oe3nocepeiHE YyTTEBE O3HANOMIICHHS 3 MaTepiajiom;

® MUCJICHHS SIK TPOIIEC aKTUBHOTO OTPAIfOBaHHS OTPUMAHOTO MaTepiany;

® 3anam'sTOByBaHHS 1 30€peKEHHsI OTPUMAaHOI Ta ONpanboBaHO1 iH(opmarllii

[3, c. 59].

B. KpyTeHbkuii 1HTEpIpeTyBaB 3a3HAay€Hl ICHUXOJIOTIYHI KOMIIOHEHTH 3
MO3MIII MOUAAKTUKHA 1 BHU3HAYMB IICHXIYHI CTaHH, SKHMHM III KOMIIOHEHTH
BUpaxaroThes [25, ¢. 29]. Tak NO3UTHUBHE CTaBJICHHS MPOSBISIETHCS B YBa3i YUHIB,
iXHbOMY 1HTEpeci 10 3MiICTy HaBuyaHHS. UyTTeBe O3HAHOMJICHHS 3 HaBYAJIbHUM
MaTepiajioM TOB'S3aHE 3 BUKOPHUCTAHHS HAOYHOCTI Ta BUKOPHCTAHHS B YYHIB
CIOCTEPEAKITUBOCTI. MUCIIEHHS PO3TISAAETHCS B TEPMIHAX OCMUCIIEHHS 1 PO3YMIHHS
BCIX 3B'SI3KIB 1 BIJIHOILIEHb, BKJIIFOUEHHSI HOBOTO MaTepialy B CUCTEMY, SIKa BXKE € B
nocBigl  yuHs. EdexkTuBHICTH 3amam'sTOByBaHHS 1 30€peXEeHHS Marepiaity
1H(popMallii 3a1eKUTh BiJl KOHKPETHOCTI YCTAaHOBKM Ha YMOBH 3aram'sTOBYBaHHS
(MeTa, XapaKTep BUKOPUCTaHHS y IPAKTHII1 TOLIO0) Ta BKIIOYEHHS B aKTHUBHY BJIACHY

TisUTBHICTH [24, ¢. 212].
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Sk 3a3nauuB C. PyOiHmTelH, NpaBHIbHE TPAKTyBaHHS KOMIIOHEHTIB
3aCBOEHHS MOTPEOYy€e PO3yMIHHS TOTO, IO BCi BOHU (POPMYIOTHCS Yy JTBOOIYHOMY
Ipoleci HaBYaHHS, /I B3a€MOIOB'S3aHI Ta B3a€MO3YyMOBIICHI BUMTEb, YYEHb 1
HaBuyajgbHUM Matepian. C. PyOiHIITEHH HAroionyBaB TaKOK Ha B3a€MO3aJIEKHOCTI
Ta B3aEMONPOHUKHEHHI IUX TICUXIYHUX MPOLIECIB Y 3aCBOEHHS.

PospiznastoTs Taki cTanii (eranu) mportecy 3acBoeHHs (3a C. PyGimTeiiHom):

® TOYAaTKOBE O3HAWOMIIEHHA 3 MarepiasioM abo i#oro copuiiMaHHS B

HIMPOKOMY PO3YMiHHI;

® OCMMUCJICHHS;

e crieliajiibHa po0O0Ta, MOB'sI3aHa 13 3aKPIIJICHHSM MaTepiaty;

® OIIaHYBaHHS MaTepialy - MOXIJIMBICTh OTIEPYBATH HAM Y Pi3HUX YMOBax [3,

c. 60].

[ls1 cxema € 3arajibHOIO CTpaTEri€l0 3aCBOEHHS. JOIUIBHO CIIBBIIHECTH 11 3
OJIHIEIO 3 PO3POOJIEHUX Y ICUXOJIOTO-AUIaKTUYHIH IUIOMIMHI KOHKPETHOIO MOJIEIUIIO
MOETarHOrO0  ympaBiiHHA  ¢opMmyBaHHAM  po3ymoBux aid  ([1.['anmbnepiH,
H.Tanu3zina).

BiamoBinHo 10 11i€i MoeIi po3pi3HAIOTh M'STh €TaMiB y MPOIECl 3aCBOECHHS.

OznaitfomnienHs. Ha mpomy etamni yyHsSIM pO3'ICHIOIOTBH IUTI [IIi, T€, Ha IO
Tpeba OpiEHTYBAaTUCh MPH BUKOHAHHI Jii, SK JOBUIHHO i1 BUKOHYBAaTH, & TaKOXK
bopMyIOTh Y HUX HEOOX1THY MOTHBAITIIO.

Ha erani marepianbHOi (MaTepiani3oBaHOi) [1i OCTaHHS BUKOHYETBHCS Y
30BHIIIIHIN, MaTepialibHIN Ta po3ropHyTiit hopmi. Le qomomarae yuaHsm 3aCBOrOBaTH
smicT mii (ckian ii omeparlliid, mpaBuia BUKOHAHHSI), a BUMUTENIO 3A1HMCHIOBATU
00'€eKTUBHUI KOHTPOJIb 32 BUKOHAHHSIM KOHO1 oreparii.

Ha erami «30BHIITHROTO MOBJICHHS» BCl €JIEMEHTH il MOJAl0Thes Y Ghopmi
YCHOI YK MMCbMOBOI MOBU. Bi10yBa€eThCsl moanplie y3aralbHeHHs [lii, TPOTe BOHA
II€ HE CTa€ aBTOMATH30BAHOIO, «3TOPHYTOIOM.

Ha erami «30BHINTHROTO MOBJICHHSI PO  ce0e» Jisl BUKOHYETbCS Yy dopmi
MIPOTOBOPIOBAaHHS TIpo cede. Jlami 1is 3MIHIOEThCS Y HANpsIMKY y3arajibHEHHS 1

3rOpPTaHHS.
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Ha erami «BHYTpIIIHBOTO MOBJEHHS» [i MaKCUMalbHO 3TOPTAETHCS 1
aBTOMAaTU3YEThCS.

BHyTpimHii npoiiec 3aCBOEHHS 3HaHb BKJIIOYA€ TPU B3a€MOIOB'S3aH1 €Tanu
(cTanii).

Ha mepmrniit  cramii  BigOyBaeTbcsl  CIpUMMaHHSA, OCMHUCIEHHS 1
3armam'siITOByBaHHS MaTepially, 0 BUBYAETHCS, 400 3aCBOEHHS TEOPETHYHUX 3HAHb.

Ha napyrifi cragii 3acBOIOIOThCS HABUYKM 1 BMIHHS IPAKTHYHOTO
3aCTOCYBaHHS 3HAHb, [0 BUMArae MpoOBEJCHHS CIeIlaTbHUX TPEHYBaIbHUX BIIPAB.

Ha Ttpertiif ctaaii 3M1iCHIOETbCS TOBTOPEHHS, MOTJIMOJIEHHS 1 3aKpilICHHS
3HaHb, YOCKOHAJICHHS NMPAKTUYHUX YMiHb 1 HABUYOK.

ToOto, mist Toro, moO OBOJIOAITA HOBHUM MarepiajoM Y4YHEBI HEOOX1JIHO
3MIMCHUTH TIOBHUW IIMKJ HaBYAJIbHO-TI3HABAIBHUX JMii: CHpPUWMAHHS HOBOTO
Marepiany, HOTO TIEpBUHHE 1 HACTYIIHE OCMUCJIEHHS, 3amam'siTOByBaHHS,
BUIIPABJICHHS TpPH 3aCTOCYBaHHI TEOpii Ha MPAKTHIl, MOBTOPEHHS 3 METOIO
noryInOJICHHS 1 3aCBOEHHS 3HaHb, YMiHb, HABUUOK.

I eran. 3acBO€HHS TEOPETHYHUX 3HAHBb. 3aCBOEHHSM 3HAHb HA3MBAETHCS
HaBYAJIbHO-T13HABAJIbHA MJISUIbHICTh YYHIB, CIpsIMOBaHa Ha CBIJIOME 1 MiIlHE
OBOJIOJIIHHSI 3HAHHSMH, CITOCOOaMHU BUKOHAHHS HaBYaIbHUX AiH. [Iporec 3acBoeHHs
3HaHb TOYMHAETHCA 31 COpUiiMaHHS MaTepiany, o BUBYaeTbcd. CyTh AAaHOL Mli
MoJIATa€ B TOMY, IO yY4YHI 32 JOTIOMOTOI) OPTaHiB UyTTs CIPUHAMAIOTh 30BHIIIHI
BJIACTUBOCTI, OCOOJIMBOCTI i O3HAKH MPEIMETIB 1 SIBUILL, IKI BUBYAIOTHCS.

CnpuiimMaHHS - 11e BiJOOpa)K€HHsI B CBIJJOMOCTI 30BHIIIHIX BJIACTUBOCTEH,
SAKOCTEH 1 O3HAK MPEAMETIB Ta SBHII, 10 OE3MOCEePEIHHO BIUIMBAIOTh HA OPTaHU
qyTTs. PesynpraTom cipuiiMadas € GopMyBaHHS YSIBICHB SIK HUKY0I (DOPMH 3HAHB

y CBIJIOMOCTI JIFOMWHH 30€piraroThCs JIMINE 30BHINIHI 00pa3W CIPUHHATHX
MIPEIMETIB 1 SIBUIII, TPOTE HE PO3KPUBAETHCS 1X CYTHICTb. JlITH MOXKYTh 3amam'iTaTu
po3Mip, KOJIip, 0COOIMBOCTI OKpeMuX yacTuH. [IpoTe 111 ySIBICHHS HE 3aBXKIHU YiTKI
1 BHUpa3Hi, YacTo BIAOOpaXalOThCA HEICTOTHI, 3MIHHI O3Haku. B ysBieHHI
(bIKCYIOThCSl JIMIIIE 30BHINIHI BJIACTUBOCTI (0Opa3u mpenmeTiB). A B HaBYaHHI

HEO0OX1THO PO3KPUTH CYTHICTh MPEIMETIB 1 SBHIII.
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[lboMy mepeaye MmiATOTOBKAa Y4YHIB 1O ydYacTi B TMpOIeCi HaBYAHHS
dbopMyBaHHS AKTUBHOTO TMO3WTHUBHOIO CTaBJEHHS 10 MalOyTHBOI Mi3HABAJIbHOI
TSTTHHOCTI; MOTHBI3AIlis; OMOpa Ha TMOMEPEIHI 3HAHHS 1 JOCBIM; 30CEPEIKECHHS
yBaru y4HiB Ha 00'€KTH Mi3HaHHA. ToMy HOBHI Marepiayl MOTPIOHO BUKJIAIATH
JIAKOHIYHO, y3araJibHIoOuM 1 yHidikyroun ioro. HaliBaxiusiiie Ha IbOMY €Tarll -
TIepIIe BpaKECHHSI.
BumuM cryneHeM po3yMiHHA € OCMHUCIEHHsA. B 3aranbHOMYy TUTaHi
OCMMCIIEHHS - II€ TaKa PO3yMOBa MISUIbHICTh, B MPOILEC] SKOI JIFOJAUHA PO3KPUBAE
CYTHICTb MPEIMETIB 1 SIBUIII, 10 HiJISITal0Th BUBYEHHIO.
[Ipotiec ocMucneHHs CKIIAIA€THCS 3 TAKMX PO3YMOBHX omepaitiit (i) :
® aHaJi3 CIPUUHATHUX, 3a()IKCOBAHUX B YSABJIICHHIX 30BHIIIHIX BIACTUBOCTEMN
1 03HaK MPEJAMETIB Ta SIBUII, 1110 MiJIATaI0Th BUBUCHHIO;

® JIOTIYHE TIPYINyBAaHHS O3HAK 1 BIACTUBOCTEH MpEAMETIB Ta SABUII, IO
BUBYAIOTHCS, 1 BHUIUICHHS 3-TIOMIK HHUX HAWCYTTEBININX, HANOUIBII
3arajbHUX;
® DO3YMOBEBE OCSTHEHHS CyTl TMPEAMETIB 1 SIBUIL, W0 MiJIATal0Th
BUBYCHHIO, (OPMYBaHHS TEOPETHUYHUX TIOHSTh, Y3arajlbHIOIUHUX
BHCHOBKIB, ITPaBUII;

® MepeBipka OOrPYHTOBAHOCTI M JOCTOBIPHOCTI 3pOOJIEHHX TEOPETUUHUX
BHUCHOBKIB.

B mporeci ocMHUCIEHHS YYUTENh HE «BKJIaJa€» 3HAHHS B TOJIOBH YYHIB, HE
«repenae» ixX, a JUIIE OPraHi30BY€ iXHIO MISUIbHICTH, JIOMOMAara€ OCMHUCITIOBATH
Martepiall, CAMOCTIMHO «BIAKpUBATH» JJig ceOe HOBI TEOPETUYHI MpaBUiia, 3aKOHU
TOIIIO, MI3HAIOYU MPU [IOMY CYTh (DaKTIB Ta SBUIL, 1[0 BUBYAIOThHCS. Pe3ynbpraTtom
OCMHCIICHHSI € PO3YMIHHS Marepiaiay, 10 BUBYAETHCS,yTBOPEHHS BiJMTOBITHUX
NOHATh. PO3yMiHHS — MUCIUTENBHUI MPOLEC, CIPSIMOBAHUM HA BUSBJICHHS PUC,
BJIACTMBOCTEH 1 3B'SI3KIB MPEIMETIB, SBHII, 1 TOAiH gificHoCTI. [ToHATTS - 11e hopMa
HAYKOBOT'O 3HaHHS, B SIKOMY PO3KPHUBAETHCS CYTh MI3HAHUX MPEIMETIB 1 SBUII, 1110
BUPAXKAETHCS Y BUIVISAI 3aKOHIB, IMPaBWJI, BUCHOBKIB Ta IHIIUX TEOPETHUHUX

y3arajJbHCHb. [Icuxomnoru BI/II[iJ'UHOTB ABa BUJIU OCMUCIICHHA - ICPBUHHC 1 HACTYIIHC.
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OBOJIOIIHHS HOBUM MAaTeplajioM HE 3BOJUTHCS JIMILIE A0 MOr0 PO3YMIHHA 1
dbopMyBaHHS HAayKOBUX IIOHATh. BuyduyBaHMil Martepiasl TOTpIOHO HE JIHUIIE
pO3yMiTH, a i 30epiraTl B mam'siTi, yMITH BUIBHO 1 JIOTIYHO HOTO BiATBOPIOBATH.

OpraHiyHOI0O YaCTUHOK HABUYAJbHO-II3HABAIBHOI JISUIBHOCTI Y4YHIB €
3amaM'aToByBaHHsA Marepially. BoHo 0a3yeTbcsi Ha TJIMOOKOMY 1 BCEOIUHOMY
pPO3yMiHHI 3aCBOEHUX 3HAHb.

3anam'siTOByBaHHSI 4acTO 3/IHCHIOETbCS  LUISIXOM  TOBTOPEHHS —
BIJITBOPEHHSI BUBUEHOTr0 MaTepiaiy. [Ipyu nboMy BOHO MOke OyTH aCUBHUM, KOJIU
y4€Hb CIIPUIMAE Te, 10 1 COPUIIMAaB paHille, Y1 aKTUBHUM, KOJIU YYE€Hb CAMOCTIIHO
BIJITBOPIOE 3HAHHS: TIEPEKA3y€ BroJIOC Uu Mpo cede, Aa€ yCH1 BIJMOBII HA TUTAHHS
HiApyYHUKA, CKIIAAa€ TUTaH MPOYUTAHOTO, TE3U TOIIO.

BaxnuBoro ymoBOw 3a0e3nedeHHs 3HaHb YYHIB € 3anam'siTOByBaHHS HE
JUIIE SK BIATBOPIOIOYOI MISUTBHOCTI, a K JISUTBHOCTI, B SIKIM PO3KPHUBAIOTHCH 1
OCMHMCIIIOIOTHCSA HOBI JIETalll BUYYYBAHOIO MaTeplainy - JeTail, Kl 32 IEPBUHHOTO
COpUMaHHS HE TMOMIYalucs. 3HAYMMUM TPU I[bOMY € HABEJICHHS BIACHUX
npUKIaAiB 1 (akTiB, BUPOOJIEHHS YMIHb NE€peJaBaTh MaTepiall CBOIMH CIIOBaMH,
OCMUCJIEHHS  MOro  CBITOIJISIAHOI, MOPAJIbHOI, €CTETHUYHOi, EKOJIOT1YHOT
CIPSIMOBAHOCTI.

CyTT€BOIO YMOBOIO YCIIIIHOTO 3anaM'siTOByBaHHSI € MOro AOBUIBHICTbB, 110
CIPUYMHSAE MOOUTI3alliI0 BOJHOBUX 3YCHJIb YYHS 3 METOIO MIIHOTO 3aCBOEHHS
HaBYAJILHOTO MaTepiaiy.

[IpaBuiibHA OpraHizaiis MPoIecy 3amaM'sTOBYBaHHs JO3BOJISIE TOMAraTHCS
3aCBOEHHSI TEOPETUYHOTO Marepiaiay IIKOJISIpaMH, TOMepepkae HOoro MeXaHIuHe
3a3yOproBaHHS, CHpUS€ TIHOIMIOMY OCMHCIEHHIO 3HaHb, PO3BHBAE MUCICHHS,
nam'saTh, MOPAJILHO-BOJIHOBI SIKOCTI.

2 eran. Opranizaifiss BOpaB Ha 3aCTOCYBaHHS 3HAHb Ha MPAKTHUIll Ta
dbopMyBaHHS YMiHb 1 HABUYOK. BaKJIMBICTh TaHOTO €Tamy B MPOIIECI OBOJIOIIHHS
HOBUM MarepiajioM BHUSBISETHCA HE TITBKH B TOMY, IO 3HAHHS MOTPIOHI JOIUHI

JUTSL TPaKTUYHOI A1SUTBHOCTI Ta 1i TyXOBHOT'O PO3BUTKY, @ B TOMY, 1110 (pOpMyBaHHs
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NPAKTUYHUX YMiHb 1 HABUYOK CHpHUsA€ TIHOMIOMY OCMHUCICHHIO MaTepiaiy, sIKUi
BUBYAETHCS, PO3BUTKY KMITJIMBOCTI Ta TBOPYHMX 3A10HOCTEH.

Y cydacHId [UAAKTUYHIA CHCTEMI BIOpaB TEpII 3aBAaHHS MAalOTh
penpoAYKTUBHUI XapakTep. BoHu copsMoBaHI Ha akTyamizaimito (0>XKUBJICHHS)
paHime HaOyTHUX 3HaHb, YYTTEBOTO 1 MPAKTUYHOIO JOCBITY, Ha SIKI IOBUHHO
OTNUPATHCS 3aCBOEHHSI HOBUX HaBMYOK 1 yMiHb. BOHU BUKOHYIOTBCS 32 JOMTOMOTOIO
BunTens. [lepexin 10 HACTYNMHHUX BUJIB BIPaB repeadaydae mocTiiHe HapOCTaHHS
TPYJIHOIIIB 1 CKJIAQIHOCTI 3aBAaHb, MIJBHUILIEHHS CaMOCTIHHOCTI Y4YHIB y iX
BUKOHAHHI 1 TBOPYUMA MIAX1]T IO X BUPIIICHHS.

Yce me HeoOXiHO BpaxyBaTH, OPraHi3OBYIOYM 3aHATTA, Ha SKHUX
BUPOOJISAIOTHCS YMIHHS 1 HABUYKU 3aCTOCYBAaHHS 3aCBOEHHMX 3HAHb HA MPAKTHIII.

3 eramn. [loBTOpeHHs, y3araJlbHeHHs 1 CUCTeMAaTH3allisl BUBYEHOTO MaTepiaty
3 METOIO MOTJINOJICHHS 3HaHb Ta yJAOCKOHAJICHHS MPAKTUYHUX YMIHb Ta HABHUUOK.

BuxigHor OCHOBOIO CTajiii MOBTOPEHHS, y3arajibHEHHS 1 CUCTEMaTH3allii €
MOJIOKEHHS PO T€, 1110 Mi3HAHHS € HE MPSIMOI0, a KPUBOIO JIHIEI0, sTKa OE3MEKHO
HaOmKaeThes 10 cripai. e o3Hadae, 1110 0BOIOIIHHS 3HAHHSIMU HE 3BOJIUTHCS 10
OJTHOTO TI3HABAJILHOTO aKTy, CyTh 3HAHHS HE PO3KPUBAETHCS O/IPA3y BCIEIO CBOEIO
0araTorpaHHICTIO, a MOTPEOy€e MOJANBINOI PO3YMOBOI 1 MPAKTUYHOI JiSTILHOCTI 3
METOI0 TJIMOIIOr0 MOro 3aCBOEHHS.

3acBoeHHs  (3amam'sITOBYBaHHSI) Marepiany, SKHH BHUBYAETHCS, Mae
KOHIICHTPOBAHUM XapakTep, MpU SKOMY 3HaHHS TEpeXOsITh B OIEpaTHBHY,
KOPOTKOYaCHY mam'siTh 1 MBUAKO 3a0yBatoTbed. st Toro, mo0 momepeauTH 1e
3a0yBaHHS, HEOOXITHO TEPEeBECTH 3HAHHS B TMaM'sTh JOBrOTPUBAIY, TOOTO
3MIACHUTH PO30CEPE/HKCHE 3amaM'siTOBYBaHHSA, IO TAaKOXX BHMAarae Oprasizarfii
MOBTOPEHHS BHUBYEHOTO Marepiaixy, a caMe: KOXXHOI TeMH, OKPEMHUX pPO3ILTIB
HABYaJIBHOI MPOTPaMH, a TAKOK MOBTOPEHHS HAIIPHUKIHII HABYAIHLHOTO POKY.

[Tix y3aranbHEHHSIM PO3YMIIOTh MUCJIEHE BUIICHHS IKMXOCh BIaCTUBOCTEH,
10 HaJIeXaTh TIEBHOMY KJIacy MPEAMETIB, IEPeXiy] BiJl OMMHUYHOTO J0 3arajbHOTo,

B1JI MEHIII 3arajbHOTO JI0 OUIBIN 3arajabHOTO 3HaHHA. Ha OCHOBI y3arajabHEHHS y4HI
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3aCBOIOIOTH TOHATTS, 3aKOHH, 17€i, Teopii, TOOTO OKpeMi 3HAHHA, iX CHUCTEMH 1
CTPYKTYPH.

CucremaTusaiiiss — 1€ pOo3yMOBa JIsIBHICTb, Y MPOILIEC] SKOi 3HAHHS MPO
00'€KTH, 110 BHMBYAIOTHCS, OPTaHI3yIOThCA B IMEBHY CHCTEMY 3a OOpaHHUM
npuHIunoM. Bumioro dopMor cucTemMaTu3alii € oprasizaimis BHBYEHOTO 1
3aCBOEHOTO pPaHillle MaTepially B TaKy CHUCTEMY, B sIKii OW 4YITKO BUPI3HSUIMCA ii
OKpeMi KOMIIOHEHTH 1 B3a€MO3B'SI3KH M1’K HUMHU.

VY3araJibHEHHS 1 CHUCTeMaTu3allil € CKIQJHUMH  B3a€MOIIOB'SI3aHUMU
MpollecaMy: IIUPIIE Yy3arajdbHEHHSI CIPUYUHSE OUIBIITY KUIBKICTh 3B'SI3KIB Ta
BIJIHOCHH 1, BIZIIIOBITHO, IITMPIIIE KOJIO 3HaHb, 00'€THAHNX Y CUCTEMY.

Takoro € cucrema 1 CyThb HaBUYaJbHO-MI3HABAJIBHOI AISUIBHOCTI HAa PI3HUX
eTanax OBOJIOJIHHS MarepiajoM, IO MiJJsra€ BUBUYCHHIO. BilCyTHICTH OJHOTO 3
eTamniB, TOOTO MOPYIIEHHS IUIICHOCTI CHUCTEMH, BEJE /10 HHU3BKOTO pe3yJbTary
HABYaJIbHO-M3HABAJIBLHOI IIsUTbHOCTI. Jlumie 311iiCHEHHS! YYHSMU MOBHOTO LIUKITY
HaBYAJIbHO-III3HABANBHUX il 3a0e3meuye TIMOOKE 1 MIIIHE OBOJIOMIHHS
IpPOrpaMHUM MaTeplajoM, iX PO3YMOBHMH 1 3arajlbHUi pPO3BUTOK, (HhOpMYBaHHS
HAyKOBOTO CBITOIJISALY, BCEO1UHY BUXOBAHICTb.

[Iporiec 3acCBOEHHS XapaKTEPHU3YETHCS HAacamIepel MIMHICTIO, MiJl SKOO
pPO3yMIIOTh HE3aJIEKHICTh BUKOPUCTAHHS 3aCBOEHHUX 3HAHb 1 COPMOBAHUX YMIHb
BiJl 4acy, OCOOJIMBOCTEM CUTYyaIllli Ta YMOB.

3aCBOEHHSI 3aBXKIUM MAa€ OCOOMCTICHO 3yMOBJICHMM XapakTep, SKUU
peai3yeThCcsli 4Yepe3 BIUIMB HaBYaHHS Ha TICUXIYHUN PO3BUTOK OCOOMCTOCTI,
dbopMyBaHHS TICUXIYHUX HOBOYTBOPEHb (HOBHMX MOTHUBIB, IIIJIEH, CTpaTerii
3aCBOEHHS, OI[IHIOBAHHS TOIIIO).

XapakTep 3aCBOEHHS 3QJICKUThH BiJ] BIKOBUX MOKIJIMBOCTEH YUHIB SIK IIOJO
BUKOPUCTOBYBAaHUX 3ac00iB, TaKk 1 MIOJI0 CHIBBIAHONIEHHS PEMPOIYKTUBHUX 1
NpOAyKTUBHMX Aii. e 3yMoBieHO Hacammiepes, pi3HUM pIBHEM PO3BUTKY B YUHIB

PI3HUX BIKOBUX I'PyI TaKOTO MEXaHI13My, K y3arajibHEHHS.
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2. 2. IlcuxoJioro-neaaroriynuii po3BUTOK TBOPYMX MOKJIUBOCTEH YUHIB
Y HABYAJIbHIH TiSIJIbHOCTI.

TBopuoro 3amadero Ha3WBAIOTh TaKy, sika abo0 BCA B IIIJIOMY € HOBOIO,
HEeB1JOMOIO IS cy0'ekTa, a00 K, IIOHAWMEHIIIE, MICTUTh MOMITHY HOBH3HY, IO 1
3YMOBIIIO€ 3HaYH1 PO3YMOBI 3yCHJLJIS, CTICIIAJIbHUM MOIIYK, 3HAXOKEHHSI HOBOTO Y
crioco0ax 1i po3B's3anus [28. c. 23-24].

Ha mouaTkoBuxX eramax opraizaiii HaBYaJIbHO-TBOPYOi JiSIIBHOCTI
Halle(DEKTUBHIIIUMHU € METOIHM MPOOJIEMHOTO HAaBYaHHS SK AUIAKTHIHOI CUCTEMHU.
[IpoOnemMHuil BUKIAJ, AKUW 3IIMCHIOE CaM YYUTElb, YYUTh Y4YHIB CIIOCOOIB
MIpKYBaHb MiJ 4Yac PO3B'SI3aHHS IOCTaBICHUX MpooOsieM. YacTKOBO-TIONIYKOBUM
MeTOJ a00 eBpUCTUYHA Oecijia 3aJly4ae YUHIB 10 CAMOCTIMHOTO BIIKPUTTS CIIOCOOY
JIOBEZICHHST TeopeMu abo po3B's3aHHs 3amadvi. [Ipu 1boMy BaKJIMBI XapakTep 1
dbopma nuTaHb, AKI BUUTENb IMPOMOHYE YYHSIM. BHUBUEHHS MIKUIBHOI MPaKTUKH
nokasye, mo B3araii 99% mnuTaHb, AKI NPOMOHYIOTh YYHSIM, BUMAraroTh JIMILE
BIITBOPEHHSI Marepialy MiIPyYHUKa, XO0Y 1 Taki NUTaHHS HEOOXIiTHi, KOJU
3MIHCHIOETHCS KOHTPOJb CTaHy 3aCBOEHHS BHBYCHOTO HABYAJIBLHOTO Marepiaiy.
3po3yMmizio, 10 MiJ Yac E€BPUCTHUYHOI Oeciiiu CKIQAHINI TUTaHHS JOLIJIBHO
MPOTIOHYBAaTH JOOpPE BCTUTAIOUMM YYHSAM, HE TMO30aBISAIOYM MpHU OaxkaHHI
MO>KJIMBOCTI BIIMOBICTU OYy1b-SIKOTO YYHS.

[IpocrTimi muTaHHA CJIij] MPONOHYBATH HEBCTUTAIOUUM YUHSIM, 1100 3aTydaTH
iX 70 MpOIeCy KOJIGKTUBHOTO TONIYKY TOBEACHHS TECOPEMH YW PO3B'S3yBaHHS
CKJIAIHIIIIOT 3a1a4l.

Ha nymky 1. 5. JlepHepa, AOCHIIHUIBKANA METOJ € OCHOBHHM METOJIOM
HAaBYaHHS HaBYAJIbHO-TBOPYOi MAisUIbHOCTI. 30Kpema, BiH 3a3Havae: «Komu
HA3MBAE€MO HOT0 OCHOBHUM, TO MAa€EMO Ha YBa31 HEMOKJIMBICTh 3aMIHH HOT0 1HIIUMU
JUTSl 3ACBOEHHST IOCBITy TBOPYOI AISTBHOCTI HA CyCUTBHO-HEOOX1THOMY PiBHI» [23,
c. 103]. Xapakrepusyrouu TOCIIAHUIILKUI METOJ, aBTOP BKa3zye Ha Te, IO Iei
METOJI, HaBITh MPH HOT0 MPOCTHUX BapiaHTaX, Mepenadadac TOTOBHICTh YUHS «JI0
IIJIICHOTO PO3B'sI3aHHS MPOOJIEMHOT 3a1a4i, TOOTO 10 CAaMOCTIHHOTO IPOXOIKEHHS

BCIX €TalllB JOCIIKEHH.
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OnuH 13 TICUXOJIOTIYHUX MPHUHITUIIB PO3BUBAILHOTO HABYAHHS, BUCYHYTHX
3.1. KanmukoBoro, CTBEpIKy€ HEOOXIAHICTh CHUCTEMAaTUYHO PO3BUBATH SIK
IITOPUTMIYHI, TaK 1 €BPUCTUYHI MPHUHOMHU PO3yMOBOi AisuibHOCTI. IlepeBaxkHa
KUIBKICTh CIIOCOOIB JISUTBHOCTI, fKI TMependadeHi IporpaMoro 3 MaTEeMaTHKH,
HaJIeXaTh J0 aITOPUTMIYHOTO TUITY. AJle HEIOIIILHO UTH O IIISXY NPOMOHYBaHHS
YYHSAM TiJTbKA TOTOBUX IpaBWI, alroputmiB. JIOLITFHO Ha 3pa3kaxX poO3B'S3aHHSA
JNBOX-TPHOX 3aja4, MPUKIAIB abdo0 JOBEeHb MaTEeMaTUYHUX TBEPIKEHb
OpraHi30BYyBaTH KOJEKTHUBHHUH TOIIYK MpaBuja, aAlTOPUTMY YH €BPUCTHYHOT CXEMH
PO3B'AI3aHHS, METOy a00 CIoco0y noBeneHHs. [15]

VY mcuxosoro-neAaroriyHiil JnrepaTtypi Ta MPaKTHUIll €KCIIEPUMEHTaTIbHUX
JOCIIKeHb MUTaHb POPMYBaHHS TBOPUOi OCOOMCTOCTI PO3TIISAIAI0THCS €BPUCTUYHI
METOJIM HayKOBO-TBOPUOT M1sUTBHOCTI.

Y 30-40 poxu XX ct. Oynu po3poOjeHl €BPUCTUYHI METOAU TBOPYOI
JIATBHOCTI:  «MO3KOBOI ~ aTakuw», ab0 «MO3KOBOIO UITYpPMYy», CHHETHKH,
MOPGOJIOTIYHOTO aHalli3y, MeToJT (hokambHUX 00'ekTiB. L1 METOIM CTaBMIIM 3a METY
YHUKHYTH METOAY MpoO 1 MOMHUJIOK, KM OyB Hee(pEeKTHBHHMI 1 HaA3BUYAITHO
IPOMI3IKUH.

Po3srisiHeMo OCHOBHI 13 ITUX METO/IIB.

1). KomekTnBHa «MO3KOBa aTaka» (ab0 «METOJ MO3KOBOTO MITYpMY»),
3aMpONOHOBAHUIN aMEepPUKAHCHKUM yueHUM A. OcOOpHOM SK MOKpAICeHUI BapiaHT
eBpucTUYHOrO Aianory Cokpara. BiH BUKOpHCTOBYEThHCSI B YMOBAaX IpynoBUX (hopm
HaBYaHHS, TPUYOMY HAHONITUMATBHIITMMU BBAXKAIOTHCS TpynH Bia 7 10 13 ocio.

BunaxigHuku Ta eKcriepuMeHTaIbHE HAaBYaHHS B IITKOJI1 CB1TYATh IMPO TE, 110
KOJIGKTUBHO TEHepyBaTH 1i1ei eQekTuBHilme, HIX iHAUBiAyanbHO. I[lIkigbHa
MPaKTHUKa CBIIYUTH TIPO TE, IO aKTUBI3AIlisl HABYAIBHO-TBOPYOI JISUTBHOCTI YacTO
CTPUMYEThHCS Uepe3 MOOOIOBAHHS TOMIJIUTUCS 1 TAATUCS KPUTHIIL. 3aBaXKa€ TAKOK
KOPCTKUI CTHJIb KEPIBHUUTBA, TUCK JYMOK aBTOPUTETY BuUMTENs ab0 3A10HHMX
TOBApHINB, BIJCYyTHICTh TO3UTUBHUX eMOIii. «MO3KOBUN IMTypM», SK
KOJIEKTUBHHI METOJ] reHepyBaHHs 171ed Npu po3B'a3yBaHH1 TBOPUYUX 3a/a4, CTABUTh

3a MeTy 310paTu HalOUIbIIEe PI3HOMAHITHUX 1/1€H, 11100 YCYHYTH HETaTUBHI MOMEHTHU
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TPAJAMIIIITHOTO KOJEKTUBHOTO HABYAHHSI, BBOASATHCS MPUHITUIIN Ta MPaBUjIa I[bOTO
MeToay aOcoiroTHa 3a00poHa KPUTHUKHM 1]1eH, 3ampolOHOBAHUX YYACHUKAMU
«MO3KOBOTO IITYpMYy», CXBaJ€HHS pI3HOMAHITHUX peIUTiK, >kapTiB. KepiBHHUK
JUCKYCli TMOBUHEH YMIJO CHPSMOBYBAaTH ii XiJl, BAQJIO CTaBUTU CTUMYJIOIOY1
NUTaHHSA, 3a MOTpeOU 3MIMCHIOBATH IiJIKa3yBaHHS, BUKOPUCTOBYBATH PEILTIKHU.
«Mo3KOBUH MITYPM» MOXKE TPUBATH BiJ 15 XBUIHH 10 1 TOIUHM.

OTtxe, metog A. OcbopHa («MO3KOBOTO LITYPMY») aKTUBI3Y€ TBOPUY AYMKY
M 4YaCc BHWKOHAHHS YOTHPHOX TMPABUI — BUKIIOYAETHCS KPUTHKA, MOKHA
BUCJIOBIIIOBaTH 0€3 MOOOIOBaHHS Oyab-SKYy HIYyMKY, 3a0XOYY€TbCS Oyab-siKe
HECTPUMHE AaCOIlIIOBaHHS YMM OUIBII HEPEATbHOIO 3/a€ThCS 171€s, TUM Kpallle,
KUIBKICTB 1/1€¥, 110 BUCYBAIOTHCS, TOBUHHO OYTH SIKOMOTa OLIBIIOI0, JT03BOJISETHCS
SIK 3aBr'0JIHO KOMOIHYBaTH BHUCJIOBJICHI 171€1, BUIO3MIHIOBATH iX,

BusiBnena edexkTuBHICTH B TOEAHAHHS «MO3KOBOTO INTYpMYy» 13
CUHTETUYHHM METOJIOM.

2). CyTHICTh METOIy CHHEKTHKH, 3arporoHoBanoro I. ['opaoHoM, sk MeTOIy
TBOPYOI ISITBHOCTI, OJIATAE B TOMY, 100 MNIMOOKO BUBYUTH MPOOJIEMY Ta 3BUKHYTH
110 Hel, TOOTO 3poOUTH He3HalloMe 3HallOMUM, a Bijl 3BUYHOTO BiIMOBUTHCH. BoHa
TPYHTYETHCS HA MOCTIIOBHOMY 3aCTOCYBaHH1 YOTUPHOX BUIB aHAJIOTIN TIPSAMOT (K
PO3B'SI3YIOTHCA CXOXI1 3aj7a4i), ocoOucToi (ysBisitoun cebe Ha Micil 00'ekTa, 110
3MIHIOETBCA), CUMBOJIIYHOT (y BHIJISAI KOPOTKOi, 0Opa3HOi Ha3BW 3amay) 1
(aHTacTUYHOI (3 BUKOPUCTAHHIM Ka3KOBUX MEPCOHAXKIB)

3). Mopdonoriuauii aHami3 sSK METOA PO3B'A3aHHS TBOPYMX 3a7ad OyB
3anpornoHoBanuii LBikki. CyTs HOTO B TOMY, 1110 BPaXOBYIOThCS MapamMeTpu Oyab-
SIKOTO 00'€KTa — MOTYX HICTh, IIIBUIKICTh, BUJI PyXY, CBITHICTh, CITIOC10 00ITpiBaHHs,
OXOJIO/KEHHS, TEOMETPUYHI PO3MIPH TOIIO 111 TapaMeTpu — MopdOJIOTigHiI 0C1 —
MOXXYTh TO-PI3HOMY BapiloBaTUCS JUIsl PI3HUX BHMAJAKiB. Bumnmcani MoOXuBi
BapiaHTu Mop(-ocel, 3BelleHI pa3oM, (opMyroTh MopdoJsoriunuid sumk. Hosa
KOHCTPYKITiS MOKE BUSIBUTHUCS TIPOTPECUBHOIO, OCKIITBKH OJICPKYETHCS CTUKYBAHHS

PI3HUX BHUITAJIKOBUX OYJIb-SIKUX TapaMeTpiB MOp(d-oceil.
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4). Tlpu BUKOpHUCTaHHI MeTony (pokambHUX 00'ekTiB (aBTOp L[BiKKi), SIKWH
nizHime OyB pO3BUHEHUN aMEePUKAHCHKUM JIOCTITHUKOM BalWTHHrOM, BIaCTUBOCTI
HaBMaHHS B1IOpaHUX CJIB MEPEHOCATh HA KIIIOUOBUH 00'€KT, SKUN 3HAXOIUTHCS
HauyeOTO Y (POKyCl ITUX BIACTUBOCTEH.

[ Bce k 111 HOBI €BPUCTUYHI METOAMKU HE MOPOAWIIA OYM BUHAXO/I1B, OCKIJIKH
BOHM HE JIaMalll OCHOB CIINOro mepedopy, a JHIle PO3BUBAIM 1€ METOJ
(mpuckoproBanu nepedip), HE JaBalld PO3YMHHUX KPUTEPIiB ISl BiIOOPY CHIIBHUX
pimienb. HeoOxigHO OyJio OKpemi yHIBEpcajbHI MPUHUUINA O0'€THATH B €AUHY
TEOPit0, TOCUTh 3arajibHy, II00 OXOMUTHU BCl MPUHIIUIHK, 1 BOJHOYAC HACTILIBKU U
IHCTpYMEHTAJIbHY, 11100 BOHA OyJia JOCTYITHA JUIs PAKTHKHU.

VY TBOpUIi IISIBHOCTI BUKOPUCTOBYIOTHCA 1 JIEAKI TPUMOMH, K1 COPUSIOTH
PO3B'sI3aHHIO CKJIQJHOI, HECTAHJAAPTHOI 3a7a4i abo mpobiemu. HaBenemo nesiki 3
HUX.

1). ITuranns. CyTHICTh IIBOTO IPUHAOMY TOJISITAE B TOMY, 00 chopMyITroBaTH
SKOMOTa OlUIbIIE MHWTaHb, IO BIAHOCATHCA A0 AaHOI 3adadi abo mpodiiemwu, 1
cripoOyBaTH 3HAUTH BiNMOBiAI HA HUX. COKpaT MEepIIMii 3a3HAYUB, 1110 TTUTAHHS €
MOBUBAJILHOIO 0A0KOI0, 1110 JOTIOMAara€e HapOJIUTHUCS HOBIM JTyMIII.

2). Bigctpouka. SIkio 3HaWTH pO3B'A3aHHSA 3a1adi HE BIAETHCS, MOTPIOHO
BIJIKJIACTH 1i 1 3alHATUCS YUMOCH 1HIIUM. Uepes aeskuit yac BapTo MOBEPHYTUCS 10
3az1ayi, 1 coci® po3B'sa3aHHs MOXKE OyTH 3HANWJCHUM.

3). dikcarris. BaxymBo 3aBxau i B OyAb-IKHX YMOBax MaTH Ipu coOi 3aciod
JUTSL 3aTHCY TYMKH.

Y4HsM BapTO PO3MOBICTH TPO TE€, MO IS TBOPYO MPAIIOIOYNX (axiBIliB
pO3B's13aTH CKJIaAHY MPOOJIEMYy 1HKOIM JoroMarae HeoOXiIHICTh HalMCaTy Mpo Te,
110 3po06eHo. [Iporec HamMcaHHs TaKOTO 3BITY CHPHIE CUCTEMATH3aIlli 310paHoTro
MaTepiaily, yCBIIOMJICHHIO TPOOJIEMH.

3aBgaHHSA Ha BIAINIYKYBaHHS TIOMIJIKM B HaBEACHUX HEMPABWIBHUX
NEPETBOPEHHAX, pPO3B'SI3yBaHHAX, MOOYyJI0BaX, BHCHOBKaxX 1 MIPKYBaHHSIX

PO3BUBAIOTE KPUTUYHE CTABJICHHA JO 3allpOIIOHOBAHOI'O HABYAJIBHOTIO MaTepiaJIy,
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3MYIIYIOTh YYHS MEPETISHYTH CBOE CTABJICHHS 10 3BUYAMHUX ISl HUX TOPYLIEHb
MaTeMaTUYHOI CTPOTOCTI.

Croroani BupaHa BelWKa KUTBKICTh 301pHHKIB 3a/1a4 Pi3HOTO MPU3HAYCHHS
(KOHKYPCHHUX, OJIIMITIaHUX, MPUKJIQJTHUX TOIIO), 3 IKMX YUUTEIh MOYKE BUOpATH HE
JIMIIIe OKpeM1 HECTaHAapTHI 3a/1a4l, a HaBITh IX CUCTEMH. AJie IPU IbOMY Ba)JIMBO
YITKO BU3HAYUTH METY BHUKOPUCTAHHS KOXKHOI 3a/1ayl, 1 TUM O1IbIlIe — CUCTEMH
3ajiay.

[IpuknagHa cOpsMOBaHICTh crpuse (HOPMYBaHHIO HAyKOBOTO CBITOIIISNY,
MOTHBALlli HAaBYAHHS, IHTEPECy [0 NpPEeIMETYy 1 IOKa3ye poJib MATEeMATHKU B
Cy4aCHOMY BUPOOHUIITBI, EKOHOMIIII, HAYIII.

CrnemianbHi JOCIHIJPKEHHS] TCHUXOJOTIB MOKa3zaiu, 1mo a0 90% npuyun
INOMMJIOK 1 HECIIPOMO’KHOCTI PO3B'A3aTH 3a/ladyy B TOMY YHMCII W HECTaHAAPTHY, €
HEPO3YMIHHS 3a/laul YYHSIMHU 1, TEpII 32 BCE, HEPOIYMIHHS YMOB 1 BUMOT 3ajadl,
3B's13K1B MK HUMU CaMe TOMY Ba)KJIMBO BUMTH YYHIB aHaj13yBaTH (DOPMYJIFOBAHHS
3a/ayi, BUIUIITA B HHOMY YMOBM 1 BHMOTH, BMITH mepedOopMytoBaTH iX,
BCTAaHOBUTH MO>KJIMBI 3B'SI3KM MDDK HUMH 1 B O1IbIII CKJIAJHHUX 3aJladaX CUMBOJIIYHO,
KOPHUCTYIOUHCh PUCYHKOM 1 BBEJCHHMHU IIO3HAYCHHSIMH, KOPOTKO 3amMCyBaTh
YMOBH Ta BUMOTHU

OTxe, 0COOUCTICTh CTAa€E METOIO OCBITH, 1 MAaTEMaTUYHOI 30KkpeMa. DyHKIIii
OCBITH TIOJISITAIOTh y TOMY, 100 3ac00aMu PO3BUTKY OCOOMCTOCTI 3a0€3MeUYuTH
CaMOpO3BUTOK cycrniabcTBa. CaMe y KoHuenmii 12-piyHoil 3arajibHOOCBITHBOT
IIKOJIM YKpaiHU 3a3HAYa€ThCs, IO CTPATETIYHOI0 METOI0 IIKOIHM € JKUTTEBA Ta
coIliaJiIbHa KOMIIETEHTHICTh YYHIB, 10 Tiependadae pPO3BUTOK 1 CaMOPO3BUTOK
HIKOJISIPIB HA OCHOBI OUIbLI MOBHOTO BUKOPHUCTAHHS BHYTPIIIHHOTO MOTEHIiATY
ocobucrocti. Hanexxuuil piBeHb PO3BUTKY Y4YHIB MO3UTHBHO BIUIMBAaTHME 1 Ha
SKICTh HABYAHHS Ta iX I1HTEJIEKTYalbHUU PO3BUTOK. OCOOHMCTICHO-OpIEHTOBaHA
OCBITa B SIKOCTI 3MICTY OCOOHMCTICHOTO PO3BUTKY MPUHMAE PO3BUTOK THX (PYHKIIIH,
K1 OCOOMCTICTh BUKOHYE B JKUTTEIISIILHOCTI. 3p03yMiio, CTBOPIOBATH YMOBH Ta
3a0e3reuyBaT PO3BUTOK Ha3BaHUX BHINE (YHKIIH OCOOMCTOCTI Yy MpoIect

HaBYaHHA MaTEMaTUKH 3HAYHO BaXX4yc, HIK PO3BUBATHU JIOTIYHE MHCJICHH,
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IPOCTOPOB] YSIBJICHHS Ta QJITOPUTMIUHY VsBY, 1H(GOpMaLIdHY KyJIbTYpy, HIXK
dbopMyBaTH YMiHHS PO3B'SI3yBaTH 3a/1a4i, JOBOJAUTHA MAaTEMATHUHI TBEPIKCHHSI.
BukoHaHHST MOCTaBIEHOTO 3aBIaHHS MOJXKJIMBE 32 YMOBH KOMIUIEKCHOTO
MIJIX0Ay O HaBYaHHS, CYTTEBHUMH IapaMeTpaMH SIKOTO € €IHICTb yCiX (YyHKINN
HaBYaHHS (OCBITHROI, PO3BUBAJILHOI 1 BUXOBHO1) Ta BCIX KOMIIOHEHTIB HaBYaJIbHO-
BUXOBHOTO TpoIiecy (LiyieH, 3MICTy, METO/IB 1 MPHUIOMIB, OpraHi3aliiftHuX GopM i
3aco01B HaBYaHHsI ), BAKOPUCTAHHSI TPAIUIIIHUX 1 HOBITHIX JOCSATHEHB I1€/IaroT1KH,

TICUXOJIOr1] 1 METOJIUKH HaBYaHHS MAaTEMaTHKH.

2. 3. llcuxos10rivHi nepexryMoBH yCHIlITHOTO 32CBOEHHS 10Be/I€Hb.

J7is CTBOPEHHS TICUXOJIOTIYHUX TEPEAYMOB YCIIIITHOTO 3aCBOEHHS TOTOBUX
JIOBEZICHb BAXJIMBO HE TMPOMYCKAaTH NPOMDKHI JIaHKH JoBeAeHHs. [lcuxomoru
OOTPYHTOBYIOTH 11€ THM, [0 MIpKYBaHHS, MOB'sI3aH1 3 TOHOBJIEHHSAM MPOITYIICHUX
JIAaHOK, BIJIBEPTaIOTh yBary yY4HiB BiJl OCHOBHOI JIiHI1 JOBeeHHs. BioMi nexparoru-
MaTeMaTUKH CepeAHbOI Ta BHUIOI IITKOJM HAa CBOIX ypOKax 1 JIEKISX 3aBXKIu
IparHyiad po3'sCHIOBATH YYHSM HaBITh JApiOHHMI, MO0 YCYHYTH OyAb-KY
HESICHICTh, 30CEPEIUTH yBary Ha TOJJOBHOMY.

[lepm Hi>X TPOBOJUTH JOKJIATHE JOBEICHHS, MOTPIOHO CIOYATKy Ha3BaTH
OCHOBHI €Tan# 1 TBEPKEHHSI, Ha SIKUX BOHO I'PyHTYBaTUMEThCsA. L{e mae MOXIHUBICTS
3BEpHYTH yBary y4HiB Ha CTPYKTypy JOBEJACHHS B LIJIOMY, BUSSBUTU OCHOBHY HOTO
17Ie10, HA3BaTH METO,.

[Icuxonoru oOTpyHTOBYIOTH II€ THUM, IO JIOKJIAJHE, PO3TOPHYTE AOBEACHHS
3a0e3mnedye yTBOPEHHS 3B'SI3KIB MK OKpPEeMHMH JaHKaMH, a KOpPOTKa CXema 3
BKa3IBKOI0O Ha 1JIel0 1 METoJ JOBEACHHS 3a0e3rledye pPO3YMIHHS CTPYKTYpH
OCHOBHUX 3B'SI3KIB B I[IJIOMY, CIIPHsIE MILIHOCT1 3aCBOEHHS MaTepiay.

JlocBig moka3ye, IO Yy4YHI Kpaiie YCBIIOMIIOIOTH 1 3amaM'aTOBYIOTH
CTPYKTYpY IOBEIEHHS, SIKIIO 3alHUCYIOTh Y CUMBOJIYHIN (opMi HOro KOpOTKHI
Bukian. JlocBimueHi BYMTENI BBaXKAaOTh, M0 YYHI IMBHUIIIE 1 CBIIOMIIIE
CIOPUMMAIOTh JTOBEJIEHHS, SIKIIO B MPOIIECI MOSICHEHHSI BUMTENSI HE BIIPUBAIOTHCS

M1 CKIIaJaHHS KOHCIICKTY. J_—[J'I}I IbOI'0 BUMUTCIIb ITPOIIOHYE YUHSAM CIIOYAaTKY YBA*KHO
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MpPOCIyXaTy JOBEJACHHS 3a HAIepell 3aroTOBJICHHM Ha JOMIII PUCYHKOM abo 3a
PUCYHKOM, SIKUH BiH BUKOHYE Mij 9ac JoBeeHHs. [1icist 1boro BUNTENb MPOEKTYE
Ha €KpaH KOPOTKUA CHMBOJIIYHUI 3allMC YMOBH 1 BUMOTH T€OPEMHU, ii TOBEIACHHS,
MIPOTIOHYE YYHSIM MEPEHECTH PUCYHOK 1 3aIMCH B 30IIIMT, SKIIO B IIbOMY € TTOTpeda.
[{ro ayMKy MIATBEP/KYIOTh JTOCIIDKCHHS TCHUXOJIOTIB, sIKI €KCIEPUMEHTAIbHO
JIOBEJIM, III0 OJHOYACHE BHKOHAHHS JBOX BHJIB JISUIBHOCTI, KOXXHHM 3 SIKHX
noTpedye MOBHOTO 30CEPEKCHHS yBaru, HEeMOXJIuBe. Mae OyTHM dYacTKoBa
aBTOMaTu3allisl xo4a O OJHOro BUIY MISUIBHOCTI, 100 0OMABAa BHUKOHYBAJIHCS 3
JIOCTATHIM YCITIXOM.

Cka3zaHe HE BUKJIIOYA€, a HaBITh Iependadyae CreliajibHe HaBYaHHS Y4YHIB
CTapILUX KJIACIB CKJIa/IaHH KOHCIIEKTY MIKIIbHOI JIEKLIi 3 METOIO MIATOTOBKU YUYHIB
JI0 TaKoi JISUIBHOCTI y BUIIOMY HAaBYAJIBHOMY 3akjiaji a0o Mmija 4yac MojajibIioro

HaB4YaHHA 3a YMOB CaMOOCBITH.
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PO3JLJ III. METOAUKA BUBYEHHSA METO/IIB TJOBEJIEHHS B
HKIJIBHOMY KYPCI MATEMATHUKMN.

3. 1. MeToauka HABYAHHSA YYHiB 10BeIEeHHIO TEOPEM.

3.1. 1. HaByaHHA rOTOBHUX A0BEICHb.

HapyanHsM oBeleHb Ha3WBAaTUMEMO HaBYaHHS TOTOBUX JOBEJCHb,
IPOMOHOBAHUX YyuyuTeleM a0 MiAPYYHUKOM, 1 HaBUYAHHS Y4YHIB CaMOCTIHHOTO
MONIYKY JIOBEICHb, Ha BIAMIHY Big A. A. Croispa, SKUW HaBYaHHS JOBEJCHb
pO3yMi€ K HaBYaHHS PO3YMOBHX HPOLECIB MONIYKY, BIAKPUTTIB 1 MOOYIOB
JOBEJICHHS, @ HC HaBYAHHS BIITBOPEHHS 1 3ay4yBaHHsS TOTOBUX JOBeIcHb. Harre
pPO3yMIHHS 3arajJibHOi METOJIMYHOI MPOOJIEeMU HaBUaHHS JIOBEJICHb MOSICHIOETHCS
TAM, IO TOTOBI JOBEJCHHS MalOTh BEJIMKE 3HAYCHHS y TPOIECI HaBYAHHS
MaTEeMaTHKH. 32 YMOBH HAJIEKHOI OpraHi3ailii HaBYaHHS TOTOBUX JIOBEJICHb MOXHA
dbopMyBaTH B YYHIB KOMIIOHEHTH CaMOCTIHHOTO TOIIYKY 1 MOOY/I0BH JOBEIACHHS.
['oTOB1 NOBeACHHS MarOTh BHUCTyMNaTH SIK MOJIEJNl, Ha SKUX Y4YHI HaBYaIOThCS
PO3YMOBHX Ji#i 1 MPUHOMIB PO3yMOBOI isUTBHOCTI, 110 TIOKJIaJACHO B OCHOBY BMiHHS
JIOBOJIUTH, METOJIIB JIOBEJCHb Ta 1X 3aCTOCYBaHHS, BUAThCS CAMOCTIHHO ITyKaTH
JIOBEJICHHSI 32 aHAJIOTIE€I0 3 BUBUCHUM.

[TpoGiiemy HaBUaHHS JOBEJEHb JOLUIBHO MOJUIMTH Ha KibKa HaBYAJbHUX
3aBJaHb, Kl PO3B'SI3YIOTh MOCHIIAOBHO: 1) BUBYEHHS TOTOBUX JOBEACHb, BMIHHS
BIZITBOPIOBATH iX; 2) caMocCTiiiHa o0y 10Ba JOBEICHHS 32 BUBUCHUM 3pa3koM;  3)
MONIYK 1 BUKJIJl JOBEJACHHS 32 BKA3aHUM YUHUTEJIEM METOJIOM (CIIocoOoM); 4)
CaMOCTIMHMM MOIIYK 1 BUKJIAJl TIOBEJCHHS YUHSIMH.

JIJist yCTIIIHOTO HaBYaHHSA JTIOBEJIEHBb MOTPIOHO, 00 yUHI OBOJOIIN JOCUTD
MOBHOIO CUCTEMOIO TEOPETUYHUX 3HAHD 1 yMIHb (IMTOHATTS Ta IX O3HAUYEHHSI, aKCIOMH,
TEOpEeMH, yMIHHS BUKOHYBAaTH OCHOBHI MmoOymoBu Tomo). IlkinpbHa mpakThka
CBITYUTH, IO I[LOTO HEJOCTATHHO I TIAUOOKOTO YCBIIOMJICHHS 1 CHPHHHSATTS
YUYHSIMU TOTOBUX JOBEIEHb 1 CaMOCTIMHOro iX BIAIIyKaHHsS. BukopuctaHHs
CJIEMEHTIB JIOTiKM (PO3'SICHEHHSI yYHSM TMPaBWJI BUBEICHHSI, JIOTIYHA OpraHi3ailis
HAaBYAJILHOTO MaTepialy) TaKoX HE po3B's3ye mpoOieMu e€(eKTUBHOTO HaBYAHHS

JIOBEIEHb. 3 1bOTO MPHUBOJY 3aciykeHa BuuTenbka Ykpainu B. M. OcuHCbKa
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3a3Hayae, M0 B MPOIECI 3aCBOEHHS MPOTPAMHOIO Marepialy y4HI HaBYaJIUCS
3aCTOCOBYBATH €JIEMEHTH JIOTIKM 1 MaTeMaTU4HOI CHMBOJIKH. Yepe3 NBa poku
EKCIIEPUMEHTaIbHOT POOOTH BOHA TEPEKOHAIACS, IO € JEHIO MiABUIIIIO TXHIO
MaTeMaTuyHy KyabTypy. OcoOnuBo nmo3utuBHUM eext OyB BUSBICHUHN y 3A10HUX
YVYHIB, a cepeliHl 1 ci1abKi y4HI, K 1 paHillle, MOraHO MIPKYBaJIH 1 PO3B'sI3yBalIU
3amaui. HaB4yaHHS e€IEeMEHTIB JIOTIKM HE TIOJETTIMIO 3aCBOEHHS MAaTEMAaTHKHU
HIKOJISIPAMU 3 HU3bKUM PIBHEM PO3BUTKY.

[TinroToBKa 70 HABYAHHS YYHIB JOBECHSM 3/I1MCHIOETHCS BXKE B 5 - 6 Kiacax,
JI€¢ BOHU O3HANMOMITIOIOTHCS 3 MEPUIMMHU TBEPIKEHHAMHU 1 pOoOJISATh NEpIIl KPOKH Y
BUKOHAHHI JIEAYKTUBHUX YMOBHBOJIB. llinecnpsmMoBaHe HaBUaHHS JOBEIACHHIO
MOYMHAETHCS 3 MEPIIMX YPOKIB CUCTEMAaTUYHOTO KypCy IUIaHIMETPli BBEACHHIM
MOHATh «TEOPEMAy, «JIOBEJICHHS TEOpPeMH». YYHI MalOTh BUHUTHUCS BUKOHYBATH
aHai3 GopMyJIOBaHHS TEOpEMHU, TOOTO BIJJOKPEMIIIOBATH YMOBY Bijl BUCHOBKY. Ha
MEepIIMX eTalax y4YHI CTUKAIThCS 3 TPYAHOIIAMH, SIKIIO TEopeMy He
chopMyIOBaHO Y (OpMi YMOBHOT'O PEUYCHHS, TOOTO B TEPMIHAX «SIKIIO ..... TO...».
JInst 3MEeHIIIeHHS IMX TPYJIHOIIIB JOLUUIBHO 3alpoONOHYBAaTH iM YCHI BIPaBU Ha
BUJIIJIEHHSI YMOBHU 1 BUCHOBKY 3 BIJIOMUX YK€ TBEP/IKEHb, Ha NepedOpMyTIOBaHHS
TBEP/UKCHHS B yYMOBHE pEUEHHS 1 BIJIOKpEMJICHHS yYMOBH Ta BHUCHOBKY. Jlis
MIPUKJIAAY HAaBEIEMO TaKi TBEPHKCHHS.

1. Sxuro cyma iudp AUThes Ha 3, TO 1 YUCIIO AUTUTHCS HA 3.

2. Cyma IBOX HNPOTUIIEKHHUX YUCEN JOPIBHIOE HYIIIO.

3. Skio yncenbHUK apo0y 30UIBIINTH B KIJIbKa pasiB, TO 1 p10 30UIIIUTHCS
B CTUIBKH CaMoO pa3iB.

4. 31 301IbIIEHHSIM 3HAMEHHHMKA APOoOY B KiIbKa pa3iB Api0 3MEHIIYETHCS B
CTIJIBKHM CaMo pa3iB.

YMiHHS JOBOJAUTH MaTEMaTHYHI TBEP/KCHHS Ma€ YOTHPHU OCHOBHI CKJIAOBI:
1) nis miaBeAeHHs 00'€KTa 10 MOHSATTS; 2) BOJIOJIHHS HEOOXITHUMHM 1 IOCTATHIMHU
O3HaKaMU MOHSTh, PO AKI WIAEThCS y BUCHOBKY; 3) Aisl BUOOPY O3HAK MOHSTH, SKI

BIJIMOBIAIOTH 3aJJaHUM YMOBaM; 4) Jisl pO3rOpTaHHS YMOB.
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3 MeTo10 3a0e3MeyYeHHs CBIIOMOTO 3aCBOEHHS YUYHSIMH TOTOBUX JIOBEACHD 1
HaBYaHHS 1X CaMOCTIHHO IIyKaTH JOBEJISHHS MOTPIOHO 3a37aneriap GopMyBaTu Il
ckianoBi. Hampuknaa, mo0 HaBYMTH Y4HIB [ii PO3TOpTaHHS YMOB, MOXHA
3aMpONOHYBATH iM TaKi yCHI BIIPABH.

1. Jano aBa piBH1 cymixkHI KyTd <COB 1 =BOD. Illo Ham TuM camum 1ie
JaHO?

2. 3 touku M BuxozasaTh aBa npomeHi MA 1 MB. Ilpsma CD nepetunae
npomeHi B Toukax E 1 F. Kytu =AEC 1 =BFD, sxi npu nupomy yTBOpPUIIHUCS, PIBHI.
II1o Ham 11e maHo?

Posropratoun yMOBHM, YacTo JOXOJIATh BHCHOBKY, IO IOTPIOHO
nepedopmyIroBaTH BUCHOBOK TeopeMu abo 3amadi. [Ipuiiom nepedopmymroBaHHS
BUCHOBKY TeOopeMH abo 3ajadi copusie (QOpMyBaHHIO BMIHHS JOBOJUTH
TBEP/IKEHHSI.

Hanpukinan, y4HsSM NpONOHYIOTH JAOBECTH TBEpKeHHs: Touku A, B 1 C
JeXaTh Ha OAHIN MpsMid, k[0 OicexTpucu mpuierinx kyTiB =ABD 1 =DBC
NEPHEHANKYJIApHI. YYHI MalOTh MIPKYBaTH TaK: OCKUIbKM MOTPIOHO AOBECTH, IIO
touku A, B 1 C nexarp Ha OAHIA NOpsMii, TO JOCHUTH JOBECTH, IO MAEMO
PO3TOPHYTHM KyT 1 10 Touka B € #oro BepmmHoio, a Touku A 1 C HajexaThb
JOTIOBHSUTBHUM T1BOPSIMUM (CTOPOHAM PO3TOPHYTOTO KYTa).

Ilin 4ac BHUBYEHHS TOTOBUX CKJAIHIMIUX JOBEACHb (HANPHUKIAI, O3HAK
PIBHOCTI TPUKYTHHKIB) AOLULIBHO 3aIIPONIOHYBATH YUHSIM FOTOBY TAOJMIIO, B K1 y
JIBOMY CTOBIYMKY 3alMCAaHO TBEPIKEHHS, 3 AKUX CKIIAJA€ThCs JOBEICHHS, Y
HpaBOMY - BIINOBiAHI 00rpyHTYBaHHs. HaBenemo npukiiaz takoi tabnuii (tad:. 1)

JUTSL TIEPIIOT O3HAKK PIBHOCTI TPUKYTHUKIB (puc. 1).

f'\\ AB = A,B,
\ AC - A1C1
il Ll v

Hosectu: AABCi = AA;B;C,
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JleMOHCTpyIOUM 110 TaONuI0, TOTPIOHO CMOYATKy 3aKpUTH MpaBUi

CTOBITYMK 1 IOCTYNOBO BIJIKPMBATH MOro B MIpY TOro, SIK Y4YHI CaMOCTIHHO

3HaXOJUTUMYTb MOTPIOHI OOTPYHTYBaHHS.

Teepakenns

O6rpyutysanHs

1. lenye AAByCy, pisHui

npomenti A By, a Cy

2. A4By = ABy

3. Touka B, 36iraeTnbes 3

4. ZBiAC) = £BAC,

nem A,Cy
'El.. A|C| = .-41(32

B. aAABC :ﬁﬂiﬂ1C1

AABC, ¥

AKOro O11a BepinKna 30iraeTeest 3 nep-
WHHOW Aj, BEMUHHA By JCKHTE HA

- B ooyuii 1an-
wani 3 C; siaocko npsamei Ay B,

B,

5. Mpomiie A;Cy 36iraeTbes 3 npome-

7. Orxe, &!’liﬂzcz =ﬁA’B1c|

f.

Ja akcioMow 1NPO iICHYBANIIA TPHKYTHH-
Ka, piBHOrO 3aJaHoMy

Ockiavku AyB) = AB 3a ymoBOIO, 2
ABy = AB 3a 03HavyCHHAM PIBHHX Tpi-
KyTHHKIB

Ja akcioMow npo BiKaagaitus BiApis-
Ka, piBHoro 3ajaHomy

. Ocxinsku ZBjACy) = £LBAC 3a yMo-

BoW, a £BA,Cy = £LBAC 3a 03HaucH-
HAM DiBHHX TPHKYTHHKIB

. 3a axcioMOKW 1PO BIAKIANAHHA KYTa,

piBnoOro sagaHoMy

Ockimbrn ACy = AC 32 yMOBOW, 2
ACy = AC 3a o3navenisM pisHax
TPHKYTIHHKIB

7. Ockiaukn Tx Bepiuniy abiranca

8. Ockinvkn aAByCy =aAB{C| 3a fose-

neunsiM, a AA Gy =AABC aa akcio-

MOW 11PO iCHYBaHA TPUHKYTHHKA, piB-
HOTO 33/[AHOMY

Tabmuus 1. JloBeneHHs mepiioi 03HaKu PiBHOCTI TPUKYTHUKIB

3a MM 3pa3koM y4yH1 CaMOCTIHHO MOXYTh CKJIACTH B 30LIMTAaX aHAJIOTIYHY

TAOJIMILIIO TICs BUBUEHHS JPYTroi O3HAKU PIBHOCTI TPUKYTHHUKIB.

Taki TaGnuIl AOUUIBHO CKIAMATH YYHSM MICISI CAaMOCTIMHOTO BUBYEHHS

OKpPEMHX HaWIPOCTIIIHUX TEOPEM Ha YpOIll 3a MIAPYUHUKOM.

[Tin yac BUBUEHHS TOTOBHUX JOBEJCHH TEOPEM YUYHI MAIOTh YCBIJIOMIIOBATH

ICTOTHI €JIEMEHTH JTOBEJICHHS, BIJACTOPOHIOBATUCS BiJl HEICTOTHUX (PO3MIIIICHHS

pUCYHKa, TMO3HAYEHHS JiTepaMH) 1 MOMIYaTH ICTOTHE CIUJIbHE B JIOBEICHHSX.

Hanpuknan, iCTOTHUM CHUIBHMM Y JOBEIEHHI BCIX TPbhOX O3HAK MOAIOHOCTI
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TPUKYTHUKIB € Te, IO JOBEJEHHS KOXKHOI O3HAKW TMOYMHAETHCS 3 BUKOHAHHS
MePETBOPEHHS TOMOTETIi OJHOTO 3 JaHUX TPHUKYTHUKIB 3 KOE(ILIEHTOM, IO
JIOPIBHIOE BITHOIIEHHIO JIOBXKWHU CTOPOHH JAPYTOr0 TPUKYTHHUKA 1O JIOBKWHU
BI/IMOBIHOT CTOPOHM TepHIoro. JloBOAUTHCS, IO OTPUMAHUM TIPU TOMOTETIi
JOTIOMI)KHUM TPUKYTHHUK JOPIBHIOE MEPUIOMY, a OTKe, MOJIOHUI APYroMy 3 TaHUX
TPUKYTHHUKIB.

3.1. 2. HapyaHH#A y4HiB CAMOCTIH{HOTO NMOIIYKY /10Be/IeHb.

HaByanHs y4HIB yMIHHS CaMOCTIMHO 3A1MCHIOBAaTU TMOIIYK JOBEACHHS
3HAYHOIO MIpPOIO 3aJIEKUTh BiJ BOJIOJIHHS OCHOBHMMH CKJIaJOBHMH YMIHHS
JOBOJUTH 1 METOJIaMU JIOBEJICHb.

VY 611p1I10CTI TEOPEM 1 3a/1a4 HA JOBEJCHHS MPOIEC JOBEACHHS CIIPSIMOBaHUN
Ha Te, 100 MMOKa3aTH, 10 00'€KTH, 3aJaHl B YMOBI TeopeMHU (3a7adi), MICTSITh
HEOOX1H1 ¥ JocTaTHI 200 JTOCTaTHI O3HAKU MOHSTH, PO SIKI WACTHCS Y BUCHOBKY.
Y TreoMeTpuyHUX [OBEJEHHSAX TAaKHUMH MOHATTAMU MOXYTb OyTH (irypu, ixHi
BJIACTUBOCTI, BITHOMICHHS MK (pirypamu. ToMmy y4H1 MatOTh HABUUTHUCS PO3TOPTATH
YMOBH, TOOTO JICTaBaTH 3 YMOBHM O3HAKH IIIYKAHOTO TMIOHATTS, OCKIUJIBKH B
CKJIAJHIIIMX TeopeMax LI O3HAaKHU MOJAHO B YMOBI HESIBHO, BOHM NMPUXOBaHI 3a
3MICTOM IHIIIUX TIOHSITh.

[Ipy npomy wHiJIECTIPIMOBAHUNA MOUIYK MOTPIOHMX O3HAK Mae€ BiAOyBaTHUCS
SAKHAUKOPOTIIUM HUIIXOM. [le MOXIMBO smie TOfl, KOJIM Y4YeHb 3HAE, Je CJIiJI
HIyKaTy MOTPiOHY O3HaKy. [[si moJjermeHHs momyKy IOIUIBHO HAJAaBaTH YYHSIM
Hallp «molIyKoBUX oOiacTtei». Hampukian, skiio B yMOBI TeopeMu abo 3ajiadi
TPAIUIIOTECA TOHATTS «HOPSIMHHA KyT», «PIBHI CYMDKHI KYTH»», «OiceKTpuca
PO3TOPHYTOTO KyTa», TO KOKHE 3 IIUX MOHATh MiCTUTh YMOBY TIEPIICHINKYISIPHOCTI
IBOX MpsiMuX. [1icist BUBYEHHS CKaISIpHOTO T00YTKY JABOX BEKTOPIB 1 O3HAUEHHS 1
O3HAK MEPHEHIUKYISIPHOCTI MpsAMOi Ta TuiomMHU B 10 Kiaci 10 «IOITYKOBHUX
oOnacTei» IJIsi BCTAHOBJIEHHS MEPHEHAMKYJSIPHOCTI ABOX MNPSAMHUX (BIIPI3KIB)
JIOTAOThCS 1€ JBI O3HAKW: 1) ABI MpsiMi MEPICHIUKYISPHI, SIKIIO CKAISPHUAN

JTO0OYTOK JIBOX BEKTOPIB, IO JEKaTh HAa KOXHIM 3 IIMX JBOX MPSIMHUX, JOPIBHIOE
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HYJI0; 2) AB1 MpsAMi MEPHIEHANKYJSAPHI, SKIIO OAHA 3 HUX MEPIECHIUKYISIpHA 10
TUIOLIMHY, Ha SIKIA JISKUTH ApyTa.

Y mpomeci MTATOTOBKM O TOIIYKY CKJIATHIINIMX JOBEJCHb MOJXKHA
CKOPHUCTATHCS  MPaBUJIAMU-OPIEHTUPAMHU, 110 BKa3ylOTh, SK BCTAaHOBUTHU
HaWIMOIIMPEHII BIHOMICHHS MDK JBOMa (irypamMu: piBHICTh, MOMIOHICTBH iX,
napayieNbHICTh TpsAMUX abo BimpiskiB. Hampuknaa, mo0 1g0BECTH piBHICTH
TPUKYTHHKIB, IOCUTH: 1) MIJBECTH 1X /IO OJIHIET 3 0O3HAK PIBHOCTI a00 CKOPHUCTATHUCS
O3HAYEHHSIM PIBHUX TPUKYTHHKIB; 2) JOBECTH, IO OJUH 3 TPUKYTHUKIB MOXHA
JICTaTU 3 JAPYroro, BUKOHABIIM ACSKUA pyX (CHUMETpIsA, MOBOPOT, IMapajeiibHe
MIEPEHECECHHS).

JInst moBeieHHsI PIBHOCTI BIJIPI3KIB 200 KYTIB JOCUTh: 1) IOBECTH PiBHICTh
TPUKYTHUKIB a00 1HIIMX (iryp, eJeMeHTaMu SKUX € 3a3Ha4€Hl Y BUMO31 BIAPI3KU
(KyTH), @ MMOTIM 3pOOUTH BUCHOBOK IPO PIBHICTH BIJIMOBITHUX BIAPI3KiB (KyTiB); 2)
JIOBECTH, 1110 OJIUH BIAPI30K (KyT) MOKHA OTPUMATHU 3 JPYroro, BAKOHABILH JAESKAN
pyX.

[licnss BUBYEHHS CKaJSIPHOro JAOOYTKY ABOX BEKTOPIB HAa IUIOLIMHI U Y
MPOCTOPI YYHIB O3HAHOMIIIOIOTH 1€ 3 OJHUM CIIOCOOOM JIOBEJICHHS PIBHOCTI
BIJIP13KiB 1 KYTIB - BEKTOPHHUM.

Crni 3BepHYTH yBary y4HiB 1 Ha Te€, IO y 3B'SI3KY 3 JIOBEJICHHSIM PIBHOCTI
¢biryp 4acto KOPUCTYIOTHCA BJIACTHUBOCTSIMU BUMIPIOBaHHS BIAPI3KIB Ta KYTIB 1
3arajbHUMU BJIIACTUBOCTSAMHM BEJTUUMH: &) J1B1 PIrypH PiBHI MikK COOO0I0, SIKILIO KOMXKHA
3 HUX piBHA TpETiii; 0) SKIIO BiJl ABOX PIBHUX BIJPI3KiB (200 KyTiB) BIIHATU PI1BHI
BiJIpi3Kku (200 KyTH), TO AICTaHEMO PiBHI BiApi3ku (a0o kyTtn). Te came cripaBejinBe
I0JI0 TI0AaBaHHS.

Heo0ximHo10 yMOBOIO MPaBUWILHOTO BUOOPY MOTPIOHOT O3HAKU MOHATTS, J0
SIKOTO MIABOJIUTHCS 00'EKT, € YCBITOMJICHHSI BCIX ICTOTHUX BJIACTHBOCTEH 1 O3HAK. 3
I[LOTO TIOTJISITy BaXXJIMBO i YaC BUBYCHHS] OCHOBHUX TOHATH Ta IXHIX BIJHOIICHB
MPUBECTH B CHUCTEMY IIl BJIACTUBOCTI ¥ O3HAKM 1 TOKa3aTH MOXIIHUBICTH iX

BHUKOPUCTAHH:.
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Bononiaas Merogamu oBe[eHL 1 BMiHHS BHOpaTH MOTPIOHHWIA MeETOnm -
BAXUIMBA yMOBa JJsl 3a0€3ME€UEHHS CAMOCTIMHOIO BHUKOHAHHS JOBEIEHHA. B
npoleci HaBYaHHS YYHIB CaMOCTIMHOTO MOIIYKY JOBEICHb HAWBaXIIMBIIIUM €
aHaJIITHYHUNA MeTo1. HaBuaTy yuHIB BOJOAIHHIO aHAJITUYHUM METOJIOM HaWKpalle
y BUIJISJII €BPUCTUYHOI O€Civ, BUKOPHCTOBYIOUM 3pa3Ku JoBeJeHb. HaBegemo
MOJIeJIb OpraHi3allii AisSUTbHOCT] YUHIB ITiJ] 4aC BUKOPUCTAHHS aHATITUYHOTO METOY
Ha MPHUKJIAJl 3a7a4l Ha JOBEIACHHS.

[Tpuknazg 2. JloBectu, mo Oicektprca BD BHYTpIIIHBOTO KyTa TPUKYTHHKA

ABC ninute mpotunexsny crtopony Ha Biapisku AD i1 DC, mpomopuiiiHi #oro

ctoponam BA 1 BC (puc.2).
Jlano:AABC
BD - 6icextpuca =ABC
AD _ AB
AOBGCTI/I. E = E

Puc. 2.

VYuutenb. 3BIIKK MOXKHA AICTATH MPONOPLIIO,IKY HOTPIOHO 1OBECTH?

VYyenb. MoxHa CKOpUCTATUCS TOAIOHICTIO TPUKYTHHKIB 200 BJIACTHBICTIO
BIJIP13KiB, 1110 BIITUHAIOTHCS 110 CTOPOHAX KyTa TPUKYTHHKA MIPSIMOTO, TTApaIeIbHOIO
MPOTUJIEKHIN CTOPOHI.

VYuurens. Un € Ha pUCYHKY MO10H1 TPUKYTHUKHN?

Vuensn. Hi, HEMae.

Yuutens. Sk po3milieHl Ha pUCYHKY NEpIIl TPU BIAPI3KH, 0 BXOASATH Y
MPOTIOPIIiO, SIKY MOTPIOHO nOBECTU?

VYyens. Tpu 3 HUX po3MmilieH] Ha cTopoHax kyTa =BAC.

VYuurens. Ha Ky 1yMKy HamroBxye Hac ne ¢akt?

VYyens. Cxopuctatucs BIACTHUBICTIO BIJIPI3KIB, IO BIATHHAIOTHCA Ha

CTOPOHAaX TPUKYTHHUKA MPSAMOIO, ApAJIETbHOIO MTPOTUIICKHIN CTOPOHI.
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Yuutens. [le Moxke JexaTh 4eTBEPTUH BIIPI30K?

VYyens. Ha npogosskenni croponu AB.

VYuurens. Sk iioro noOyayBaTu?

VYyens. Ilpogosxutu cropony AB 1 udepe3 Touky C mpoBecTdH NpsMy,
napaiensny BD, no nepetuny 3 npsimoro AB B Touri E.

Yuurens. Ky mponopiiiro Ternep MoKHa CKJIacTu?

AD AB

VY4yeup,. — = —
DC  BE

VYuutens. [lopiBHSITE 110 TPOMOPLIIO 3 TIEO, IKY MOTPIOHO TOBECTH. SKHii
BHCHOBOK 3 IIbOI'O MO>KHa 3p00UTH?

VYyens. [lorpi6HO noBectu, mo BE = BC.

VYyuutens. UM € Ha pUCYHKY 111 BIAPI3KU?

VYuens. Ctoponamu ACBE.

VYuutens. 3a 1k0i yMOBH /1B CTOPOHHM TPUKYTHHKA PI1BH1?

VYyenb. [IBl CTOPOHU TPUKYTHHKA PiBHI, SKIIO BOHU JIEKATh HAIIPOTH PIBHUX
KYTIB.

VYyutens. PiBHICTh SIKMX KyTIB IOTPIOHO JOBECTH?

VYuens. [ToTpibHO MOBeCTH, MO0 <3 = =4 . [39]

[Ticnst ubOro, BUXOASIYM 3 YMOBH TEOPEMHU, TIOBOAUTHCS PIBHICTh 3a3HAYEHUX
KYTiB 1 poOOUTHCSI BACHOBOK TIPO PIBHICTH BIJIPI3KIB.

O3HalOMJTIOBATH YYHIB 3 aHAIITHYHUM METOIOM JIOBEICHHS Ta BiAIMOBIIHUM
IPaBUIIOM-OPIEHTHPOM HaW3pyUHIillIe Ha MPUKJIIA/l HABEACHOI 3a/1a4i, a 3aCTOCYBaTH
HOTO - IMiJT Yac TOBEICHHS TEOPEM IPO TUIOINI 0araTOKy THHKIB.

VY wmipy cpopMOBaHOCTI B yUHIB OCHOBHUX CKJIAJOBHUX YMIHHS JIOBOJUTH 1
HaOyTTS TIEPIIOTO TOCBiAy BUKOHAHHS JOBEICHB CIIiJI 3apOTIOHYBATH €BPUCTUIHY
cXeMy MouIyKy aoBefeHHs. Lls cxema Moxe MaTu Takuid BUTIISA;

1. Buainutu Te, 110 1aHO B YMOBI, 1 BKa3aTH, 110 MOTPIOHO JOBECTH.

2. Beectu Bci moTpiOHI MO3HAYCHHS. Y TEOMETPUYHUX TeopeMax (3ajadax)
MOTIEPEIHBO BUKOHATH PUCYHOK.

3. 3anucaTy yMOBY 1 BUCHOBOK T€OpeMH (3a7a4i) y CUMBOJIIUHIN (hopmi.
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4. Ha3BaTtu 03HaKku, NOTPIOHI JJIsl TOBEACHHS.

5. PosropuyTu ymMoBH, TOOTO 3 TOTO, 1110 TAHO, BUBECTH MOJIMB1 HACITIIKH.

6. [lopiBHATH 3 yMOBaMH Ta IXHIMH HACHIIJKaMHU KOXHY 3 O3HAK, 3@ SIKUMHU
MO>KHA JIOBECTH T€, 110 NOTpiOHO. BubpaTu o3Haky, 3pyuHy Ajsi JOBEICHHS.

7. Sxuio Oe3mnocepeHhO BUOpATH BIAMOBIIHY O3HAKy HE BJIAEThCA,
MOIyMAaTH, SIK1 I1e TOTPiOH1 TSI TOBEJACHHS 03HAKH MOXYTh OyTH 3a7]aHi B yMOBI.

8. IlocTiliHO maM'sITaTH, 0 KOJIM MOIIYK JIOBEJEHHS YCKIIaTHEHO, TOTPIOHO
3BEpTATHUCS JI0 TaHUX 1 JIO TOTO, [0 BUIIJIMBAE 3 HUX.

Jl7is TeOMeTpUYHUX JOBEIEHb II0 CXEMYy MOYKHA JOMOBHUTH BKa3iBKaMU
I0JJI0 TEOMETPUYHOTO PHUCYHKA: TMICIAs BHUKOHAHHS TPETbOIO IYyHKTY CXEMHU
IIPOAHAJI3yBaTH PUCYHOK, MO3HAYUTH HA HbOMY DIBHI €JIEMEHTH, IpsMi KYTH,
napayiefibHI BIJIPI3KM Ta 1HII XapaKTepHI 0COOJMBOCTI PUCYHKA 1 OKpPEMHUX MOTO
eneMeHTiB. [loTiM, BUAUIMBIIM HA PUCYHKY €lIeMEHTH (iryp, BITHOIICHHS SIKUX
NnoTpiOHO JIoBeCTH ab0 K1 MOTPIOHO BU3HAUUTH, 337aTU COO1 3aMUTaHHS: YUM IIIE €
a60 uyuMm 1ie Mornu 0 Oyt naui eneMeHnTu? OKpeMi eIeMEeHTH PUCYHKa (BiJIPi3KH,
KYTH TOIIO) JOIIBHO 3ICTABIIATH 3 IHIIMMH €JI€MEHTaMH, BKJIIOYATH iX 0 CKJIaay
IHIMX (iryp, po3riiiaTd B PI3HOMAHITHHUX 3B'SI3KaX 3 I1HIIMMHU €JIEMEHTAMHU
(MpuiioM TEpPEOCMHUCITIOBAHHS €JIEMEHTIB 3aja4i). K0 HAa pUCYHKY HeMae (iryp
abo0 eneMeHTiB, HEOOX1THUX JIJIsl BAKOPUCTaHHS O3HAK, 32 IOTIOMOTOIO SIKMX MOKHA
JIOBECTH T€, 110 MOTPIOHO, TO CI1J BUKOHATH JTOJATKOBI MOOYI0BHU 1 3pOOUTH BCl
BHCHOBKH, 1110 BUTUIMBAIOTH 3 HUX.

Taky eBpUCTHUHY CXE€MY JIOLIIBHO Pa3oM 3 IHIIUMH MaTepiajgamMu MOMICTUTH
B MaTeMaTHYHOMY KaOlHETI Ha CTEHAl «YUHUCh YUUTUCS.

HeMoxuBICTh 1 €IMHICT, YOT0o-HEOY/Ib Y MaTEeMATHIll 3aBXIU JTOBOISTH
METOJIOM BIJl CYNPOTHBHOTO. [HKOIM 1IMM METOJOM JOBOJSATH OOEpHEH1

TBEPIKEHHS.
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3. 2. MeToauka BUBYEHHA OCHOBHHX METO/IB 10B€eI€eHb.
3.2.1.CyTtb i MeTOAMKA BUBYEHHS AHAJTITHYHOTO METOY JI0BEI€HHSI.
CyTh aHANITAYHOTO METOAY MOBEJEHHS IOJSITa€E B TOMY, IO BHXITHUM

MyHKTOM, JIUII OOTPYHTYBaHHsS HEOOXIJHOTO TBEP/KEHHS € caMe I1¢ TBEPKEHHS,
AK€ NUISIXOM JIOTTYHUX OOTPYHTYBAHHMX KPOKIB 3BOJUTHLCS JI0 TBEPIHKEHHS PO SIKE
Hanepe] BiJOMO, 110 BOHO 1CTUHHE.

[Ilogo HaB4YaHHS y4YHIB  CaMOCTIHHOTO  TOUIYKY JOBEIEHb, TO
HaWBaKJIMBIIIUM € aHAJITUYHUK MeTojl. HaByaHHS y4YHIB BOJIOJIHHS aHATITHIHUM
METOJIOM HaWKpale MPOBOJWTH Ha 3pa3Kax JOBEICHb Yy BUTILIAI €BPUCTHYHOL
oeciau.

MaremaTka 1 METOOMKM 11 HaBYaHHS MICTSITH JBa BUJIM aHAJIITHYHUX
MipKkyBaHb. [lepmmii 3 HHMX pa3oM 13 CHHTETMYHUM onucaB EBKiig y cBOix
«Hauanax», xoya Bonu Oynu Bigomi mie panimre [Tnatony (428 - 348 mo H. e.) i
Apicroremnto (384 - 322 no H. e.). Apyruii Bug ysiB [Tanm (111 cT.).

HapuanpHo-TeOpeTHYHA MOJENb AHAIITUYHOTO METOJY JOBEACHHS MOXKE
OyTH TaKolo:

1. 3MicTOBMIT aHa13 TBEPXKEHHSI, BUIAICHHS TOTO, 1110 JaHO B YMOBI, 1 TOTO,
[0 BUMArae€TbCs JOBECTH Y BUCHOBKY.

2. 3MICTOBMH aHalli3 YMOBU Ta BHCHOBKY TBEpKEHHS, BCTAHOBJICHHS
ICHYIOUYHUX JIOTTYHHX 3B’ s13K1B. OOTpYHTYBaHHS TOTO, YU HE € YMOBA JIOCTATHHOIO JIJIS
TOTO, 00 3pOOMTH BUCHOBOK. SIKIIO TaK, TO TBEP/KCHHS € JTOBEJICHUM, SIKIIO Hi -
TO MEPEUTH A0 MYHKTY 3.

3. BimmykanHs paHilie JOBEACHOTO TBEPKEHHS (AKCIOMH), 3 SIKOTO
BUILIMBA€E BUCHOBOK. SIKIIO HOTO 3HAMAEHO, TO TBEPXKEHHS € IOBEICHUM, SIKIIIO Hi
- TO NIEPEUTH 10 MYHKTY 4.

4. BinurykaHHs IMOKH I11€ HE JIOBEICHOTO TBEPIKEHHSI, IKOTO JJOCTaTHBO, 100
3pOOUTH BUCHOBOK.

5. 3HaXOKEHHSI HACTYITHOTO TBEP/KEHHS, SIKE € JOCTATHIM JIJIsl TOTO, 1100

BHKOHYBAJIOCA IIOIICPCAHE TBCPIAKCHHA. HKH_[O 3HaﬁJICH€ TBECPPKCHHSA BIKC
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noBefieHe abo Oe3mocepelHb0 BUILUIMBAE 3 YMOBH TEOPEMH, TO TBEPKEHHS
noBezieHe. B 1HIIOMY BUIAKy - IEPEUTH IO YEPTOBOIO BUKOHAHHS MTYHKTY 5.

6. KoHTponbs BUKOHAaHUX A1l y MPOLECl 3aCTOCYBaHHS aHATITHYHOTO METOJY
JTIOBEICHHSI.

7. 3MicTOBUM aHali3 Ta OIliHKa (CaMOOIliHKAa) 3aCBOEHHS aHAJITHUYHOIO
METOJTy JTOBEJICHHS TBEP/KEHB (3HAKO-CHMBOJIbHA (ikcartis). [36]

[IpaBu0-OpieHTHP aHATITUYHOTO METOAY JOBEACHHS MOKE BUTJISIATH TaK.

1. 3anmuTaTy: 3 SKOTO paHilie BiJIOMOTO TBEPKCHHS BUILIMBAE€ BHCHOBOK
JIOBOJ)KYBAHOTO TBEPJKEHHSI? I[HIIMMHM CJIOBaMH, 3HAWTH [IOBEJICHE paHIIle
TBep/UKeHHsT (a00 akcioMy), SKOI JOCTaTHbO, 1100 3pOOUTH BHCHOBOK
JTIOBOPKYBAHOTO TBEP/KCHHS.

2. SIK110 TaKoTo paHilie BiJIOMOTO TBEPKEHHS 3HAUTH HE BIAETHCS, TO Tpeba
IIYKaTH 1HIIIE, TIOKH I11¢ HE TOBEJCHE TBEPIKEHHS, 3 SIKOTO HEOOX1JHO BUILJIMBAB OU
BHCHOBOK JTOBO/I’KYBaHOTO.

3. Ilotim Tpeba mIykaTH HACTYIHE TBEPIHKCHHS, 3 SIKOTO BUILUIMBAJIO OU
nonepeaHe, 1 TaK Jaji, MOKU He OyJie oJiepKaHe TBEPKECHHS, sIKe 0e3M0oCcCepeIHbO
BUILTMBAE 3 YMOBU TEOPEMH.

4. 3poOUTH BHCHOBOK, IO JaHE TBEPPKCHHS JOBEJCHE, OCKUIBKH BECh
JIAHITIOKOK JOCTAaTHIX yYMOB JIJIi BUKOHAHHS BUCHOBKY 33JIOBOJIBHSIETHCS B CHITY
YMOBH JIOBOJ[)KYBaHOT'O TBEPJIPKEHHS.

O3HallOMUTH YYHIB 3 AQHAJTITUYHUM METOJOM JOBEJCHHS 1 BIJAMOBIIHUM
MPaBUJIOM-OPIEHTUPOM HAM3PYUHIllIe Ha IPUKJIIA/Il 3a/1a4l, a 3aCTOCYBaTH HOTO - IMiJ1
4ac JIOBEJICHHS TEOPEM PO TUIOITI MHOTOKYTHHUKIB.

CyTb ananmizy EBkJiiizia Mo)kHa MOSICHUTH Ha MPUKJIAA1 IOBEICHHS HEPIBHOCTI.
. 1 )
Ipuknan 3. JloBecTn HepiBHICTL a? + — = 2. MIpKyBaTMMEMO TaK.
a

1. [TpumycTumo, 1110 3a1aHa HEPIBHICThH MPABUIIbHA.
2. Busenemo 3 Hei HAacIIiIKU: MOMHOXKHUMO 00MBI yacTuHM Ha a? > 0 (a? #

0 3a ymoBoro). licranemo a* + 1 = 2a?.
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3.Ilepenecemo 2a? B By 4acTUHY OCTaHHBOI HepiBHOCTI. [licranemo a* —
2a2+1 = 0.

4. 3anumieMo JiBYy YacTHHY HEPIBHOCTI y BWIJISAI KBajpaTa JBOYJICHA:
(a? — 1)? = 0.0OcraHHs HepiBHICTH MPaBUIIbHA 3a OYIb-AKOTO d.

[Tpuxnan 4. JloBexdits, mo npu a = 0,b = 0, ¢ = 0 BUKOHY€ETbCSI HEPIBHICTD
(a+2)(b+6)(c+3)=48Vabc. [7]

1. CkopucraeMocsi CHIBBIAHOIICHHSIM MDK CEpeaHIM apu(MEeTHYHUM 1

. . a+b
CepeAHIM r€OMETPUYHUM HEB1I’ €MHUX YHCEIT — > Vab.

.o . a+2 b+6 c+3
2. 3acToCy€eMO CITIBBIAHOIIEHHS 1 OTPUMAEMO: — >/ 2a, - > 16D, - =

V3c.

(a+2)(b+6)(c+3)
2:2°2

3. Tom
48+ abc.

4. HepiBHicTh BuKoHyeThesi ipu a = 0,b = 0,¢ = 0.

>+V2:6-3-abc abo . (a+2)(b+6)(c+3)=

OTxe, MIpKYBaHHSI BUKOHYBAJIMCA BIJ TOro, 10 MOTpiOHO noBectu. Ilpu
IIbOMY 3 TIPHUITYIIIEHHS MPAaBUILHOCTI TOTO, IO CJIiJ] JOBECTH (OCHOBA), BUBOIUIINCH
HACIIIJIKY, SIKI PUBEIM 10 OYEBUIHOT MTPABUIILHOI HEPIBHOCTI (HACIIIKY).

[Ipuknazg 5. ¥V piBHOOEAPEHOMY TPUKYTHUKY KyTH MPU OCHOBI PIBHI.

JloBeneHHSI.

Hexait ABC — piBHOOEIpeHUI TPUKYTHHK 3
ocHoBoro AB (puc. 3). /loBeaemo, 110 B HBOTO
¢2A = 2£B.  TpuxyTtHuk CAB JOPIBHIOE
TpuKyTHUKY CBA 3a mepiuor 03HaKow PiBHOCTI
tpukyTHukiB. CmpaBai, CA=CB, CB=CA,
£C=«£C. 3 piBHOCTI TPUKYTHHUKIB BUIUIMBAE, IO

B £A=/B. Teopemy J10BEJICHO.
Puc. 3.
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Taki anamiTH4HI MIpKyBaHHS Ha3MBaIOTh aHanizoM EBkmina. [lpote uei
aHaJi3 He MOXKHA BBaXKaTH JIOBEICHHSIM, X04a MU W JIICTAIM OUYEBUAHY MPABUIBHY
HEPIBHICTb, OCKIJIBKM MPAaBWIBHICTh HACIIAKY II€ HE TapaHTye MPaBUIbLHOCTI
ocHoBU. CrpaBJi, 3 XMOHOI OCHOBU NPaBUIbHUMH MIPKYBaHHSMU MOKHa JINTH
npaBWIbHOTO Hacniaky. Hanpuknan, -a = a, ne a # 0 - xuOHe TBepkeHH. Ko
migHECTH OOWJIBI YaCTWHU IIi€i HEMPaBUILHOI PIBHOCTI JO KBaApara, AICTAHEMO

2 = g% . Tlepexin Biji iCTUHHOCTI HACHiZKy 70 1CTHHHOCTI

MPaBWIbHY PIBHICTh d
OCHOBHM MOYKJIMBUN TIIBKH TOJl, KOJM OCHOBA 1 HACHIJIOK - MPaBHJIbHI B3a€EMHO
0O€pHEH1 CyIKEHHS.

Came 3 1€l npuyrHYU aHaji3 EBKIIi1a HE MOJKHA BBaXKATHU JIOBEJICHHSM, 1 TOMY
HOro Ha3MBaIOTh IHKOJIM «HEIOCKOHAIMM aHaJTi30M).

Ha Bigminy Bix anamizy EBkmiga anamiz Ilanma BiamoBizae BciM BUMOTaM
JIOBEJICHHS 1 TOMY MOro Ha3MBaIOTh «JOCKOHAIMM aHaIi30M», a00 aHATITHYHUM
METOJ/IOM JI0Be/IeHHs. [lanma Tak XapakTepusye aHaTITHIYHUN METOJ| TOBEICHHS: B
aHai31 NIyKaHe BBAKAEThCS 3HAWICHUM, 1 BHU3HA4Ya€MO, 3BIIKU Horo Oyso O
OTPUMaHO, 1 AaJi, 10 MepeyBaio O IbOMY OCTaHHBOMY, JOKH HE JIii1eMO JI0 40TOo-
HeOY/lb B1JIOMOTO - TOTO, [0 MOTJIO O CTaTH BUXIJHUM ITyHKTOM.

JIOor1YHOI0 OCHOBOIO AHATITUYHOT'O METOJTY, SIK 1 CHHTETUYHOTO, € aKkcioma: 3
MPaBUJILHOTO TBEPHKEHHS 3aBXK /I BUIUTMBAE MPABWIIBHUA HACIIIOK.

CxeMa MipKyBaHb IPH I[bOMY TaKa:

Be«A,<A, <A <A

BigminnicTs ananizy EBkiizia BiJl aHaIITUYHOTO METOTY OBEACHHS (aHATI3y
[Tamma) momsirae TakoX y TOMY, 10 B aHai31 EBKITiIa 3 mpumyIieHHs IpaBUIbHOCTI
JIOBO>KYBAHOTO BUBOSTH HEOOX1HI YMOBHU (HACHIAKHK), @ B aHATITUYHOMY METOIi

I[06I/IpaIOTB I[OCTaTHi YMOBHU IJIs1 BUKOHAaHHA BUCHOBKY TBCPIKCHHA, IKC TOBOIATD.

3. 2. 2. MeToanka BUBYEHHSI CHHTETUYHOTO METO/1y /10B€/IeHHSI.
CyTb CHHTETUYHOTO METO/Ty MOJISITA€ B TOMY, IO BIIIYKYIOTbCS TaKl ICTUHHI
TBEPJUKEHHS, SIKI MOXKHA OyJIO IIJISIXOM JIOTITYHUX MIpKYBaHb NIEPETBOPUTHU B JaHE

TBECPKCHHA. HpI/I CUHTCTUYHOMY MCTOI[i HC IIOACHIOETBCA YOMY 3a BI/IXiI[He
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OepeTbcs T€ UM 1HIIE TBEPHKCHHS, TOMY JIOBEJICHHS ITUM METOIOM 3/1a€ThCS YIHIM
MITYYHO BUAYMAaHUM.

Yacto anani3 EBkitiga mormomarae 3HaMTH CHHTETUYHUN METOT TOBEICHHS. Y
HbOMY MIPKYBaHHSI BUKOHYIOTH BiJl yMOBH a00 BiJ] YK€ B1JIOMOT'O TBEPIXKCHHS J10
JIOBODKYBAaHOTO. SIKIIO yMOBY [TOBOJIKYBAaHOTO TBep/KeHHS (abo Bimome
TBEP/DKCHHS) TMO3HAYUTU JITEPOIO0 4, @ BUCHOBOK - B, TO cXxeéMa CHHTETHYHOTO

METOly MaTuMe BUTTISIA A < Ay « A, « A, < B.
. 5 1
[Ipuknan 6. JloBectr HEPIBHICTD a“ + == 2.

1. Hexait a # 0. Bigomo, (a? — 1)? > 0.
2. 3anumieMo JIiBy 4aCTUHY Ii€] HEPIBHOCTI y BUTJISIII TPUUJICHA a* —
2a*+1=0.

3. Po3nuiuMo oOWJB1 YaCTUHU OCTaHHBO1 HEepiBHOCTI Ha a # 0. Jlictanemo
2 1
a*—2+—==0.
a

4. [TepeneceMo uucio -2 y mpaBy 4YaCTUHY HEpIBHOCTI. JlictanemMo a’ +

a—12 > 2, m0 ¥ noTpiOHO OYJIO JOBECTH.

HenonikoM CHHTETHYHOrO METOMY JOBEJCHHS B PO3IJISTHYTOMY NMPHUKJIaAl €
HEMOXJIUBICTh (SKIIO HE MPOBeAcHO aHaii3 EBkiiga) 3q0ragatucs, Mo NoTpiOHO
TOYMHATH caMe 3 HepiBHocTi (a? — 1)% > 0.

[Ipuknazn 7. JloBeniTh, 110 B pIBHOCTOPOHHBOI'O TPUKYTHUKA BC1 KyTH PIBHI.

1. Hexait £A=2£B (puc. 4)

2. A ABC — piBHOOeapenuii (3a
TEOPEMOIO y piBHOOEIpEHOMY
TPUKYTHUKY KyTH TIPU OCHOBI PiBHi) 3
O0CHOBOIO AB.

3. Ockinbku AB=BC (A ABC —

piBHOCTOpOHHIN), TOo A ABC -

piBHOOeapenui 3 ocHoBOwO AC.
Puc. 4.

4. 3a reopemoro (nuB. 1. 2) £A=2C.
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5. Takum YMHOM BCl KyTH TpUKyTHUKa piBHI £A=2B=£C. Teopemy

JIOBEJICHO.
1
IMpuknan 8. Josectn, mo a* + b? >, KoM a + b=1

JloBeneHHSI.

Bubepemo sik onopHi Taki Ba iCTUHHI TBEPHKCHHS:

(a +b)?>=b?+ 2ab +b?=1;

(a - b)?>=a?-2ab + b>>0,

PiBHicTb @? + 2ab +b? =1 imnepisHicTh a? - 2ab + b? > 0 MOXHA NOYIECHHO
noJaTH, 30epiraroun 3HaK HepiBHOCTI (SIkmo a < bic <d 10 atc<b+d ToOTO
HEPIBHOCTI 3 OJIHAKOBUMH 3HAKaMU MOXXHA TTOYWICHHO J10J1aBaTH, 30epiraroun 3HaK
HepiBHOCTI.) . Onepxumo 2a? + 2b? > 1. Po3ainuBimm 0OUIBi YACTMHH HEPIBHOCTI
Ha 2 (Teopema sKIIO a < b i ¢ — nmomatHe yucio, To ac < be, sxmo a < bic—
BiJ'€eMHE YHCIIO, TO ac > bc, ToOTO mpu MHOMXEHHI 000X YaCTHH HEPIBHOCTI Ha

nonaTHe (BIA'€MHE) 4YHMCIO 3HAK HEPIBHOCTI 30epiraerbcs (3MIHIOEThCS Ha

POTHJICKHUI )) MATUMEMO: a >

Jlani Mipkyemo ananoriano: (a?+ b%)?=a*+ 2a?0’+b = (a*-
. . . 1
b 2)?=a*-2a’b?+0b*>0. Jlonamo nounaeHHo ocTaHHi HepiBHOCTI: 2a*+2b* >Z - at+bt>

1 o .
g o i noTpiOHO OYJI0 JOBECTH.

VY reoMeTpuYHHX OBEAEHHSAX CHHTETUYHUM METOJOM BAXKO 3/10TaJaTHCS
PO J0JIaTKOBY MOOYIOBY, Ky YaCTO B MPOLECI JOBEICHHS CJI1J] BUKOHATH.

[IpaBuiio-opieHTHp MONIYKY JOOBEACHHS CHHTETUYHUM METOJIOM 3a JO-
MOMOT010 aHai3y EBKIIiIa MOKHA 3a/1aTH TaK.

1. IlpumycTuTH, 10 BUCHOBOK (BMMOra) TeopeMHU (3aJadl Ha JOBEJICHHS)
MIPaBUJIbHUM.

2. BuBectu 3 IbOTO MPUMYILIEHHS BCl MOKJIMBI HACIIIKH.

3. IlepekoHatucs, 110 OTPUMaHU BUCHOBOK-HACJIIIOK € 00 OUeBHUIHOI0, a00

BCTAHOBJICHOIO PaHIIIe ICTUHOIO.
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4. B3gBmm OoTpUMaHWI ICTHHHHMIA BHCHOBOK 3a BUXIJIHHA, TIPOAHAJI3yBaTH
TBEP/UKECHHSI Y 3BOPOTHOMY HANpsMi Ta MEPEUTH 0 BUCHOBKY IPO MPABUILHICTD
TBEP/KEHHS, SIKE JIOBOJATb.

CuHTeTHYHUN METOJ pa3oM 3 aHauizoM EBkiiga 0coOIMBO 3pydyHO BH-
KOPUCTOBYBATH ISl JOBEACHHS HEPIBHOCTEH.

Jlesiki BUMTENl W aBTOPH METOJUYHMUX IMOCIOHHMKIB 4acTO JOBOJATH TBEP-
JDKEHHS aHANITHYHUM METOJOM, a IICHs [bOr0 BUKOHYIOTH MIipKyBaHHS Y
3BOPOTHOMY HAmpsiMi, TOOTO JOBOISATH TBEPXKEHHSI CHHTETUYHUM METOJIOM, X04a
B IbOMY HEMae€ NoTpeOu. Y TakoMy pa3si Take JOBEICHHs O€3M1CTaBHO HA3UBAIOTh

aHATITUKO-CHHTCTHYHHUM MCTOJOM.

3. 2. 3. MeToauka BUBYEHHSI TA CYyTh AaHAJITUKO-CHHTETHYHOT 0 METO/Y.

AHal3 1 CHHTE3 OOYMOBJIIOIOTH OJIHE OJIHOTO 1 YTBOPIOIOTH €JIUHUMN
aHaJITUKO-CUHTETUYHUN MeToJA. B mporieci HaBUaHHS MaTE€MaTUKHU Mij aHAII30M
PO3YMIIOTh NMPUKHOM MHCJICHHS MPU SKOMY BiJI HACHIJIKY IPHUXOIATH JO NMPUYUHH,
sKa MOPOAMIIA 1Ie HACHIIOK, a M CUHTE30M — MPUHOM MUCIIEHHS, ITPU SKOMY Bij
NPUYUHH TEPEXOJATh N0 HACHIKY , SKUH MOPOIKYETHCS 11€I0 MPUYUHONO. bes
aHa3y HEeMae CUHTE3y, a 0€3 CHHTE3y HeMae aHali3y.

[eit MeTO TOJISITa€ B TOMY, IO MOIIYK JOBEJAECHHS MOYNHAIOTh aHATITHYHUM
METOJIOM, aji¢ MIPKYBaHHS HE JOBOJATH JO KIHIIS, a, CHUHSIOYUCHh HA TICBHOMY
KpOIll, MOYMHAIOTh MIPKYBaTH Y 3BOPOTHOMY Hampsimi, TOOTO 3 pO3rOpTaHHS YMOBH.
OT1xe, 3aBEpIIYIOTh JOBEJCHHS CHHTETUYHUM METOJIOM.

Haenemo npukiiaa po3s's3yBaHHs 3a/1a4ul HA JOBEICHHS [IUM METOJIOM.

[Tpuknan 9. JloBecTwy, 1110 Y HOTUPUKYTHUKA, ONTMCAHOTO HABKOJIO KOJIa, CyMHU
JIOBYKUH MPOTHIICKHHUX CTOPIH PiBHI (puc. 5).

Hosenenns. [1lo6 mosectn, mo AB + CD =BC + AD, 1ocuth IOBECTH,
mo AM+ + BM + CK+ DK = DL + AL + BN+CN, ne M, N, K, L - TOYKA JOTHKIB

KOJIa 1 YOTUPUKYTHHUKA.
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Posropuemo ymoBy Teopemu. 3a
BJIACTUBICTIO JOTUYHUX, MPOBEACHUX 3
onuiei Touku g0 koma, AM=AL, BM
=BN, CK=CN, DK = DL. Jogapmmu 111
PIBHOCTI TIOYJIEHHO, aicTaHemo AM + BM +

+ CK + DK = AL + BN +CN + DL, mio

noTpiOHO OyJI0 JOBECTH.

Puc. 5

[Tpuknan 10. JoBemiTe, 110 KO B Mapajenorpama BCi KyTH PiBHI, TO BiH
MPSIMOKYTHHK.

Hosenenns. Kytu napanenorpama, mpuiierii 0 OJIHI€T CTOPOHH, € BHYTPIIIIHI
OJIHOCTOPOHHI, TOMY iX cyma nopiBHIoe 180°. 3a yMOBOIO IIi KyTH piBHI, TOOTO
KOXXHUHM 3 HUX NpSIMHUI. A NPSIMOKYTHHK — 1€ MapajenorpaM, y sSIKoro BCi KyTH
npsmi. Teopemy 1oBeneHO.

VY 1uux A0BeACHSIX MIPKyBaHHS 3/1IMCHIOBAIMCS TTOCHIIOBHO: TO BiJl BACHOBKY
TEOPEMH, TO Bl yMOBH. PyX 3 mpoTuiie:)kHUX OOKIB y 3araJIbHOMY BUTIAJKy BUKOHY-
I0Th JIOTH, JIOKU MIpKyBaHHS HE TNy Th CIIJILHOTO TBEPKEHHS a00 CyTepewINBIX
BUCHOBKIB. Lleli MeToa 0coOIMBO 3pyUHHIA, AKIIO MEPETBOPEHHS JIMILE YMOBHU YU
JIUIIIE BUCHOBKY T€OpEMHU (3aja4i) HE TPUBOJAUTH JIO METH.

Cnig HarojIOCUTH, IO BPAaxXOBYIOYM BIKOBI OCOOJIMBOCTI YYHIB B OJHUX
KJIacax MepeBakaloTh OJIHI METOJY, B IHIIMUX — 1HIIL. Tak B 5-6 Kjlacax BUBYEHHS
MaTeMaTUKH  TPOBOJSATh  TMEPEBAXHO  KOHKPETHO-IHAYKTHUBHUM  METOJIOM.

[Tounnarouu 3 7 Kjacy nepeBakae abCTPaKTHO-/IETyKTUBHUM METO/I.

3. 2. 4. Cyrb Ta MeTOAMKA BHBYEHHS MeTOJYy J/J0BeIEeHHSl Bij
CYNPOTHBHOTIO.
Le#t meTo yBOASTH YK€ B 7 KJlaci Ha MOYaTKy HaBYaHHS KypCy IJIaHIMETpii.

Horo JOriYyHOI0 OCHOBOIO € 3aKOH BHUKIIIOUEHHSI TPETHOTO: 3 JBOX CYNPOTHBHMX
TBEP/HKEHb OJHE 3aBXKIU MpaBUJIbHE, IPYre — HENpPaBUIIbHE, a TPETHOTO OyTH HE

MOIXKE. 3aBI[$IKI/I HbOMY 3aKOHY 3aMiCTh AOBCACHHA IICBHOI'O TBCPAKCHHSIA HiI[ qac
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BUKOPUCTAHHS METONY JOBEACHHS BiJ CYMPOTHUBHOTO OBOMSTH, IO CYNPOTHBHE
HOMy TBEpJ/KEHHsSI - HENpaBWIbHE, 1 Ha I MiACTaBl pOOISATH BHUCHOBOK, IO
MpaBUIbHE JTOBOIKYBaHE TBEp/pKeHHSA. [IpM ITbOMYy CTOCOBHO CYMPOTHBHOTO
TBEPPKCHHS 3/IIMCHIOIOTH aHaji3 EBKIIiIa, 3 HOTO BUBOASTH HACIIIKH.

Tomy 3amicTh Oe3mocepeAHBOrO JOBEICHHS JAHOTO TBEPIKEHHS MO>KHA
MOKAa3aTH, 0 CYIIPOTUBHE HOMY TBEPIKEHHS HEMPABWIbHE. 3 IIHOTO BUTUTMBATUME
CIpaBeMJIMBICTh JAaHOro. IIpuw 1bOMYy CTOCOBHO CYNPOTHUBHOTO TBEPI>KEHHS
NpoBOAATH aHami3 EBKIia, 3 HbOro BUBOISATH HACHIIKHU. J[eski aBTOpU METO]I Bij
CYPOTHUBHOTO III¢ HA3WBAIOTh HEMPSIMUM, 3BEIEHHAM 10 adcypay. JloBomsum
METOJIOM BiJI CympoTHBHOro TBep/keHHs: «fkmo P, To Q» (1) mu cnouatky
3aMIHIOEMO HOTO HOBUM TBEPKEHHSAM, 0OEPHEHUM NPOTUIIEKHOMY: « Ko Q, TO
P» (2) 1 moBoAMMO 1€ HOBE TBEP/KEHHS. A TOMY, IO 111 ABA TBEPKEHHS 3aBXKIU
PIBHOCUJIBHI, TO 3 IIbOTO JIOBEJEHHS BUIUIMBAE TAKOX CIPABEJIUBICTH JAHOTO
TBep>KeHHs (1). [HoM1 3 mpUNyIIeHHS! BUBOJSATH HACIIOK, SIKUM CyNIEPEYUTh LILOMY
caMOMy TIPUMYIIEHHIO a00 JeIKOMY BXE€ OOIPYHTOBAHOMY TBEP/KEHHIO YU
akcioMi. I{e Tako CBIIUMTH MPO TE, IO NPUIYIIEHHS (TBEPIXKEHHS, CyIIPOTUBHE
JIOBODKYBAHOMY ) HETIpaBUJIbHE, a, OTKE, MPAaBUIILHE JOBOKYBaHE TBEPKCHHS.

[HOM1, 11106 MOKa3aTH abCYpAHICTh NPUITYIICHHS, PO30UBAIOTH OT0 Ha KiTbKa
BUIAJIKIB 1 PO3IJIAIal0Th KOXKHHUI 3 HUX OKpeMo. Takl JOBEIEHHsS Ha3WBAIOTh WIE
HEMPSIMUMHU 200 PO3IUTHHUMU.

JIOBOZITYM METOJOM BiJl CYNPOTUBHOTO, TpeOa CIPOCTYBATH TBEPIKCHHS,
CYNPOTUBHE JaHOMY, a HE IPOTUJICIKHE, SIK HENIPABMIIBHO MOSICHIOETHCS B 0araTbox
MiIPYYHUKAX 1 TOCIOHMKAX, 00 /TSl MPOTHIICKHUX TBEPKEHD 3aKOH BHUKIIOYEHOTO
TPETHOT0 HENPABUIILHUM.

Hexa#i, wnanpuxmnan, w™aemo TBepkeHHs «P>Q». CynpotuBHuMm i
OPOTHIICKHUM oMy OyIyTh BIAMOBIAHO TBepkeHHS «P He Oubiie Q» 1 «P<Qy.
SKII0 MM X0YeMO JOBECTH METOJIOM BiJl CYIPOTHBHOTO II€ TBEPKCHHS, TO MU
MOBUHHI TIOKa3aTH, 0 TBepKeHHs «P He Oinbmie Q» HempaBuibHE. SIKIIO X MU
MOKaXXEMO, 1110 HermpaBuibHe TBepIKeHHs «P<Q», TO 3 IIbOTO 11ie HE BUILJIMBATUME

CIIpaBEIJIUBICTh JOBOXKYBAHOTO, 60 MOXe 0yTH, «P=Q».
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[Ticnms po3risimy KOHKPETHHX JIBOX MPHUKIAAIB JOBEJACHbL METOMIIB Bij
CYNPOTUBHOTO YUHI KOJIEKTUBHO CKJIaJIal0Th MOTO MPABUJIO — OPIEHTHUP.

1. [IpumycTUTH CYNIPOTUBHE TOMY, 1110 TpeOa JOBECTH.

2. Kopucryrounch TpUINYIICHHAM, BIJIOMHMH akKciomMaMud 1 paHilie
JIOBEJCHUMHU TBEP/DKCHHSIMHU LUISIXOM MIpKYBaHb JIHTH BHUCHOBKY, SIKUAU
CYMepEUYUTh OJTHIN 3 HABEICHUX YMOB:

e  yMOBI TBEPKCHHSI, IO IOBOJAUTHCS;
° B1OMIi1 aKciomi;

®  paHilie I0BEJIEHOMY TBEP/KEHHIO;

o MPUIYIIEHHIO.

3. 3poOuTH BUCHOBOK, ITI0 MPHUITYIICHHS - HETPABWJIbHE, a IPaBUIIHHE TE, 10
Tpeba TOBECTH.

JlocBig mokasye, M0 MPaBUIO-OPIEHTHP METOAY JAOBEICHHS BIJl CYNPOTHB-
HOTO JOIUIBHO O(OPMUTH y BUIJISAI TAOJMIl Ta BUBINIYBATH 1 KOKHOTO pa3y B
MOJAJIBIIIOMY BUBYEHHI KypCY MiJ] 4YaC BUKOPUCTAHHS 1IbOT'O METO/Y.

Crig pekOMeHIyBaTH YYHSIM IMHUCHhbMOBO O(OPMITIOBATH JAOBEICHHS METOIOM
BiJI CYIPOTHUBHOTO Y BUTJISA/II TPHOX KPOKIB BIATMIOBITHO JI0 MPaBUJIa-OPIEHTUPA; YCHI
JIOBEJICHHSI TaKOX OyJyBaTH 3a 1€t cxemoro. [licis BBeAeHHS METOy JOILIBHO

JIaTH 3pa30K TaKoro o(hOpMIICHHS.

[Tpuknazg 11. JloBecTu, 1110 KOJIM TIpsiMa MEPETUHAE OJHY 3 ABOX MapajieIbHUX

MPSIMUX, TO BOHA MIEPETHUHAE 1 APYTY TIPSIMY.

0 c Hano:a, b, c — npsimi;
i .
¢ lepeTUHaE a B To4Li 0.
JloBecTH: ¢ mepeTuHace b.
b
JloBeneHHs.
Puc. 6.

1. [TpumrycTumo, 1o ¢ i b He MepeTUHATHCS, TOOTO IO C||b.
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2. Tonai aictaHemo,1o yepe3 Touky O mepeTuHy npsiMHuX a i ¢ IpOXOASTh AB1
pi3H1 mpsami a i c, ski mapanenbHi npsmi b. [Ipote ne cynepeduth akciomi IMpo
BJIACTHUBICTH MapayieTbHUX MPSIMHX.

3. BHUCHOBOK: MpUNYILIEHHS HENpaBUJbHE, a MpaBWIbHE Te€, 110 MpsAMa C
nepeTHe Nnpsmy b.

[Mpuknman 12. Yepe3 KOXHY TOUKYy TpsIMOi MOXKHa IPOBECTHU
NEPHEHAUKYJIIPHY 10 HEl IPsIMY 1 IO TOTO XK TUIbKU OJIHY.

JloBeneHHSI.

b Hexaii a — nana npsima 1 A — To4ka Ha
Hiid. [lozHaunmo dyepe3 a; — OAHY 3 TiB

NPSAMUX MPSAMOI d 3 MOYATKOBOI TOYKOIO A

(puc. 7). BinkiageMo BiJ miB MpsiMOi @y KyT

a A a (a; by), mo nopisaioe 90°. Toxi mpsima, Aka

MICTUTbh MPOMIiHb by, OyJle IepIeHIUKYIIIpHA

JI0 TIPSIMOI .
Puc. 7.

[Tpunyctumo, 1o kpiM NMoOyAOBaHOI MPSMOI ICHYE 1HINA MpsMa, fKa TEX
MPOXOJIUTH Yepe3 TOUKY A 1 MepHeHANKYJIIpHa 10 npsmMoi a. [loznaunmo uepes ¢;
MIBIPAMY IT1€1 IPSMOT, 110 JISKUTH B OJIHIH MIBILIONIMHI 3 POMEHEM b .

Kytu (aq by) 1 (aq c1), KOKeH 3 sSKuX AopiBHIOE 90°, BiAKIameMo B OOHIH
MIBIUIOIIMHI BIJ TpsAMOI a4 . Ase BiJ OpsMOi a; y JAaHii MIBIUIOIIMHI MOKHA
BIJIKJIACTH TIJIbKU OJIMH KYT, 110 JopiBHIOE 90°. ToMy He MOke OyTH 1HIIOI MPSIMOT,
sKa TPOXOJUTH Yepe3 TOUKy A 1 MeprneHAuKylIspHa 10 mpsMoi a. OTpumanu
cynepeuHicTh. Teopemy 10BeneHO.

[Mpuknazx 13. Skmro lim f(x) = A, lim ¢(x) = B npudomy B IesIKOMY OKOJI
xX—a xX—a

TOYKA @ (KpiM, MOXIIMBO, caMOi TOYKH @ ) ChpaBemauBa HepiBHICTH f(x) <

¢(x), T0 A <B.
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Hoenenns. [Ipunyctumo npotuniexse, T06to mo A > B. Bubupemo € > 0
tak, mob 2 &—okoau Touok AiB : (A—¢gA+¢e) i (B—¢gB+¢e) ne
nepeTuHanucs, To0To A — & > B + €.

Ockinpku lim f(x) = A, To 3HalAETHCS §1-0KiT TOYKH @, ¥ KoMy |f(x) —
xX—a

Al <&, 1000 A—€¢< f(x) <A+ ¢. Takox icHye §,-OKiJ TOUKH A, y SIKOMY
lp(x) — A| < &, T00T0 B — ¢ < @p(x) < B + &.

3 uncen 6; 1 §, BuOUpeMo HalMeHIIe 1 mo3HaYeMo Woro §. Tomi B & — okoi
TOYKH @ MaeMO @(x) < B+e<A—e< f(x), 1 Tomy f(x) > @(x),ane ne He
cynepeuntb yMoBi. Omxe, A < B. Teopemy noseneHo. [29]

[Tpuknazg 15. JosectH, mio uist OyAb-sIKOTO A1MCHOIO YMCJA X BUKOHYETHCS
HepiBHICTh (X — 1)(x—3)(x—4)(x—6) +9 > 0.

JloBeneHHS.

[IpunyctumMo mpoTuiekHe, TOOTO, IO ICHYE NPUHAWMHI OJHE JiiCHE
3HAYEHHS X, ISl SIKOTO

x—1Dx—-—3)(x—4)(x—6) + 9<0. Tomi, mepeTBOPIOOYN dIBY
YaCTUHY, MATUMEMO:

x2—7x + 6)(x*—=7x + 12) + 9 < 0;
(x2=7x + 6)((x>*—=7x + 6) + 6) + 9 < 0;
(x> —=7x+6)*+6(x*—7x + 6) + 9<0;
(x> =7x + 6)+3)? <0.

Ane kBazipaT uynciia He MOKe OyTH B1I'€MHUM YHCIIOM.

OTxe, oepKali CyNEpeuHICTh, 110 BKa3y€e Ha XUOHICTh NMPUIYIIECHHS Ta
NPaBUJIBHICTh BUX1JHOI HEPIBHOCTI

3. 2. 5. MeToauka BUBYEHHSI Ta CyTh MeTO/Ay NOBHOI iHAYKIII Ta MeTOLY
MaTeMATHYHOI IHAYKIILiI.

Skmo, AOBOASYM TEOPEMY, PO3WICHOBYIOTh ii Ha CKIHUEHHE YHCIO
TBEP/’KEHb 1 TOBOJSATH KOXKHE 3 IUX TBEPHKEHb OKPEMO, TO TAKUN METO]T TOBEIEHHS

Ha3MBaIOTh METOJIOM MOBHOI 1HIYKIIIi.
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JIOT1YHOI0 OCHOBOIO LILOIO METOJY € TakKa akcioMa JIOTIKH: SKIIO SIKYCh
BJIACTHBICTH MAlOTh BCI €JICMCHTH MHOKUHHU A 1 BCl €JIEMEHTH MHOXKHHHM B 1 K110
MHOXHHA M € cyma MHOHH A 1 B, To 1110 caMy BIacTHUBICTh Ma€ 1 KOKEH €JIEMEHT
MHOXXHUHHU M.

[Tpukmnan 16. JloBenith, M0 KOXKHE HATYpajJbHE YMCIO N, SKE 3a0BOJIBHSIE
HepiBHICTh 1 < n < 14, abo mpocTe, HOro MOKHA TIOJIATH Y BHTJISAI JOOYTKY HE
O1IBIIIE SIK TPHOX MPOCTUX MHOYKHHUKIB.

Po3B s13yBaHHA

Posrnsnemo HarypanbHi unciaa Big 2 go 14. Cepen nux uucen 2, 3,5, 7, 11
13 —mpocrTi, auncna4, 6,9, 10, 14, - Mo)XHa OIaTH y BUTJISA1 100y TKY MHOKHHKIB.

Metoa NoBHOT 1HIYKIIIT IPUBOAUTH 0 IIJIKOM HAaIITHUX BUCHOBKIB. A SIK K€
JI3HATUCS YW CHOpaBEUIMBI Il TBEp/UKeHHsA B3arami? Jlatw BiANOBIAL, Ha II€
3alUTaHHS BJIA€THCS MIJITXOM 3aCTOCYBaHHS OCOOJMBOTO METOTy MIpKyBaHHS, SKUN
Ha3UBAETHCS METOJOM MaTEMAaTUYHOI 1HAYKIIIi.

MeTtoa mareMaTHM4HOi iHAYKMii. JIOTIYHOIO OCHOBOIO IIBOTO METOIY €
OPUHIIMI MAaT€MATUYHOI 1HIYKUIi, B3ATHM B IIKUIBHOMY KYypCl 3@ aKClOMY: SIKILO
TBEPJHKEHHS A (71),51Ke 3aJIeKUTD Bl HATYPAJIBHOTO YKCTIA 1, BUKOHY€EThCS Jisi n =1
1 3 IPHITYIIEHHS, 1[0 BOHO BUKOHYETHCS ISl HATYPAIbHOTO YKCIIa 1 = K, BUILJIMBAE,
110 BOHO BUKOHYETHCS 1 11 n = k + 1, TO 1€ TBEPPKEHHSI BUKOHYETHCS TS Oy 1b-
SIKOTO HAaTypaJbHOTO YHUCJIa A.

[IpaBuiio-opieHTUP JOBEAECHHS METOAOM MAaTe€MaTUYHOI IHIYKI[i1 MICTUTb TPH
KPOKH.

1. [TepeBipuTy TPaBUIBHICTH TBEPIKECHHS 715 1 = 1.

2. llpumyctuT, 10  TBEPJPKCHHS  MpaBWibHE  3a N=K;  J0BecTwH,
BHUKOPHCTOBYIOYH II€ TIPUITYIICHHS, 1110 TBEP/PKEHHS MpaBuiibHe 32 n = K + 1, T0OTO
JUTSl HACTYITHOTO 3HAYEHHS 7.

3. 3poOUTH BUCHOBOK, 1[0 HA MIJCTaBl MPUHIIUIY MAaTEMAaTUYHOI 1HIYKII]
TBEPJHKCHHS TIPABMWIIBHE JIJIs1 OY/Ib-SKOTO HATYPAIBHOTO 71.

Bigomo, mo Oyab-ske TOBEJAEHHS - 1€ JICIYKTHBHE MipKyBaHHs. MeTon

MaTeMaTUYHOI 1HAYKI[ HE € BUHATKOM, XOuYa ICTOPHYHO B HOTO Ha3Bl € TEPMiH
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«iHayKuis». Cropas/ii, Ha IEPIIOMY KpOIl B IIbOMY METO/Il BUKOHYIOTh 1HTyKTUBHE
MIpPKYBaHHsI, ajie 3aBAsSKA MOCWIAHHIO HA 3arajbHe, paHillie BiJoME TBEPIKCHHS -
OPUHIIMI MaTeMaTHUYHOI 1HAYKIi (akcioMy) B TpPEeTbOMY KpOIll, B I[IJIOMY
MIpKYBaHHS, SIK1 31HCHIOIOTh Y METO/Il MaTeMaTUYHO1 1HIYKIIi1, 1eTyKTHBHI.

[pukmax  17.  Hosectw, wmo 2!- 4! .- 2n)!> ((n + DD,
aeneN,n > 1.

JloBeneHHs

1. TlepeBipuMO MpaBWIBHICTh HEPIBHOCTI, KO N = 2. VYV JiBiil 4yacTuHI
maemo 2! -4!=1-2-1-2-3-4 = 48, as mpasiii ((2 + 1))? =(3N%2 =6%=
= 36. OcKUIbKH 48 > 36, T0o 115l n = 2 HEPIBHICTH MPABUJIbHA.

2. [IpunycTrMo, 110 AaHa HEPIBHICTh MPaBWIbHA, SKIIO # = K, TOOTO 2! - 4! -
2K > (K + D",

3. JloBeneMo, 1110 BUXiJHA HEPIBHICTh NMpaBuiIbHA 1 111 n =k + 1, T0OTO 2! -
41 2! Q%K + 1) > ((k + 2)D)".

Crpasi, 2.4 - 2Kk + D)!'> ((k + DD - 2%k + 1)),
OCKiNBKH 3a npunymenHsaM 2! - 4! ... (2k)! > ((k + 1",

Ane Cx+D)=1-2-3.-k-(k+ 1) k+2)... (2(k+
+1)) =k + D!k + 2)(k + 3)-...- 2k + 1)).

Tomi ((k + DN (2k+ D) = ((k + DN - (x + 2)(x + 3) ..
2k + D) > (k + DY k+2)k+2) - (k+2) = ((K + DY -
(k+2)" = ((k+2)).

Orxe, 2! - 4! - .- (2k)! - 2k + 1)! > ((k +2)D) .

3a MeTo oM MaTeMaTWyHOi iHAYKIiI HepiBHICTE: 2! - 4!- ... 2n)! > ((n +

+1)!)" npasunbna mig Beix ne N ,n > 1.
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3. 3. MeToauka BUBYEHHS Ta CYTh METO/IiB reOMEeTPUYHUX NEPETBOPEHD
fIK METO/iB IOBEICHHS.

3. 3. 1. Micue MeToaiB reoMeTpPMYHHMX NepPeTBOPEHb Yy BHUBYEHHI
MAaTeMATHKH.

OcHoBHa MeTa BUBUEHHS T€OMETPUYHUX MEPETBOPEHD - O3HAHOMUTH YUHIB 3
pI3HUMHU BHJaMU PyXiB (OCbOBa 1 IIEHTpaJbHA CHUMETpIs, MOBOPOT, MapajeibHe
NEepeHECEHHs) Ta MOAIOHICTIO 1 TOMOTETI€0, 1X BIACTUBOCTSMHU, BBECTH 3arajibHe
MOHSATTS PO PIBHICTH 1 MOAIOHICTH (Iryp, MOKA3aTH 3aCTOCYBAaHHS OKPEMHUX BH/IIB
IIEPETBOPEHb, 03HAK IOII0HOCTI TPUKYTHHKIB JI0 pO3B's3yBaHHS 3a1a4. [40, c. 291]

VY4YHI MOBUHHI PO3YMITH CYTh KOXHOTO 13 3a3HAYEHHX Y MpPOTrpamMi BHUIB
FEOMETPUYHUX TMEPETBOPEHb, 3HATH iX BJIACTUBOCTI, O3HAKU MOJI0HOCTI
TPUKYTHHKIB 1 BMITH 3aCTOCOBYBATH 1X JIO PO3B'sI3aHHS HAWMIPOCTIINX 3a1a4d. [32,
c. 14]

VY Mipy BHUBUYEHHS T'€OMETpli y4YHI BIIEBHIOIOTHCS, IO HE 3aBXKIH MOXXHA
JICTAaTH BIJMOBIIb HA TTOCTABJICHE 3alUTaHHS BHACIAOK O€3MOCEPEIHHOTO aHaATI3Y
3amaHoi  Qirypu abo xkoHdirypamii. Yacto JOBOAUTHCS BHUKOHYBATH JIESKI
nepeTrBopeHHs pirypu. Lle nae 3mory 30IU3UTH OKpeMi eJIeMEHTH, AICTATH BIJIPI3KU
a00 KyTH, sKI BiJNOBIJAIOTh JaHUM YMOBHU (HANpHUKIad, PI3HUIIO TBOX CTOPIH,
MEPUMETP TPUKYTHUKA TOIIIO).

Taxki neperBopenHs Qiryp He Bunaakosi. Lle okpemi BUIagku 3acTOCYBaHHS
TCOMETPUIHUX TTEPETBOPECHb.

3a HOBOIO TIPOTPaMOI0 3 MAaTEMATHUKH BECh KypC T€OMETpii pO3rOpTaEThCS Ha
OCHOBI 1JIeli TEOMETPUYHUX TTIEPETBOPEHb.

['eoMeTpuyHI MEepEeTBOPEHHSI BUKOPUCTOBYIOTHCS 1 /IJIs1 IOBEJIEHHS TEOPEM, 1
JUTSL PO3B'S3yBaHHS PI3HOMAaHITHHX 3a7a4. [Ipu mboMy 0CHOBHOIO (JOPMOIO poOOTH
€ pO3B'sI3yBaHHA 33/1a4 HA TOOYIOBY.

BuBYMBIIM IIEeHTpAIbEHY Ta OCLOBY CUMETPIl BJ)K€ MOXHA CKJIACTH MPABHIIO —
OpIEHTHP METOAY PYyXy, fKE B MOJAIbIIOMY BHUBYEHHI HAaBYAJIBHOTO MaTepiairy
MOBHICTIO MIATBEPAUTH CeO€ SK MPaBUIO — OPIEHTUP METOAY T€OMETPUYHMX

NIEPETBOPEHb.
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1. [TpoBecTH CHHTETUYHMIA aHAJII3 TOBEJEHHS TeopeMu (3aaadi).

2. BuszHauuTtH, sfKi 00’€KTH YU YACTUHU OO’ €KTIB, IO PO3IJISAAIOTHCS B
JIOBEICHH1, MOTJIM YTBOPUTHCS METOJIOM T€OMETPUIHHX ITEPETBOPCHb.

3. 3acTocyBaTu OCHOBHI BJACTUBOCTI T€OMETPUYHHUX NIEPETBOPEHb.

4. 3poOuTH BUCHOBOK.

[{ixaBo, o gaBHBOTpelbkuil MatemMatnk danec Mineupkuit (6:1. 645 — 527
PP 110 H. €) JUIsl JOBEACHHS T€OMETPUYHUX TEOPEM 3aCTOCOBYBaB pyxu. Hampukian,
1100 JOBECTH PIBHICTh BEPTUKAJIBHUX KYTiB, BIH IOBEPTAB ILIOIIUHY KPECIEHHS Ha
180° maBkOJIO AEsIKOT TOYKH. 3acTocoByBaB dajec 1 1me OAWH PyX — IMapajcibHe
nepeHeceHHs. Came 3a JOMOMOTOI0 TaKOTO PyXy BiH JIOBIB TEOPEMY, sIKa ChOTOH1
Ha3uBaeTbes Teopemoro Paneca.

dyHIaMEeHTaNIbHY POJb PyXiB (1 B3araJl T€OMETPUYHHUX IEPETBOPEHb) Y
PO3YMIiHHI Cy4acHOI reoMeTpii, BIAKpUB HIMEIbKHK MaTeMaTuk XIX cr. dDemikc
Kielin i1 onucas 1e y cBOild cTatTTl «I €oMeTpist rpynu NepEeTBOPEHBY.

Sxmo igei Paneca O6IM3BKI 10 Cy4acHOTO po3yMiHHsS B ayci KieiHa, To
EBkimin B cBoix «Hauamax» AOTpUMYETHCS 1HILOI TOYKHM 30pY IIOAO METOIB
JOBEZICHHSI TeopeM 1 po3B’si3yBaHHsA 3amad. [linxing EBkimiga rpyHTyBaBcs Ha
PIBHOCTI TPUKYTHHUKIB: JJI1 BCTAHOBJICHHS SIKOTOCh T€OMETPUYHOTO (DakTy Ciij
PO3IIIAHYTH OJHY Mapy TPUKYTHHUKIB 1 JOBECTH, IO BOHU PIBHI, MOTIM 1HIIY Hapy
TPUKYTHUKIB, SIKIIO MOTPIOHO TO ¥ TPETIO, IOKU HE OyJie OTPUMAHO pPE3yJIbTar.
OpHak Ti cami pe3yJbTaTH MOKHA OTPUMATH 1 3a JOMOMOTOK T€OMETPUYHUX

HepPeTBOPEHb. [2, . 78]

3. 3. 2. MeToanka BUBYEHHSI Ta CyTh MeTOJy LEHTPAJIbHOI Ta 0CHOBOI
cUMeTpii.
[lenTpanpbHa CUMETpPiS B JKHUTTI JIFOAWHHU BiJlirpajia BaXJIWBYy poiib. lle

OB’ 3aHO 3 MOSIBOIO CYYACHHUX YSIBJIEHb MPO OyJI0BY aTOMIB 1 MOJIEKYJ1. AJIKe, 1100
MOKa3aTH PO3MOJILJT €JEKTPOHIB B aTOMi, KOPUCTYIOTHCS MOJEIUTIO €JIEKTPOHHOI
XMapKH, TYCTUHY SIKO1 A0IOMarae 3’siCyBaTH aHali3 CUMETPil MOJIEKYJI.

O0G’exTH, K1 MaIOTh LIEHTP CUMETPIi, 4acTO MalOTh M 1HIII BUIU CHUMETPIi.

O0’€exTH, CUMETPIS SIKUX BUYEPITYETbCS HASBHICTIO TIIBKU IIEHTPAIbHOI CUMETPIl
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TPAIUIAIOTHCA AOCUTH PiaKO. TakuMU €, HAMpUKIIad, KOCOKYTHUN Mapaienemnines 1
KpHUCTAl MiHOTO Kymopocy. [2, c. 66]

Cepen TOrO, MO HAC OTOYYE CKPI3h MOKEMO TOMITHTH CHUMETPIIO BITHOCHO
mwiommHan. Ile He Tinbku OyauHKHM, netani mamuH 1 droad. Lle med kpucranmy,
OyJ10Ba MOJIEKYJI, aTOMiB. Tak, KpUCTaJ Tircy Ma€ TUIbKW OJHY IIOIIMHY CUMETPII,
a KpUCTaJI KaM’ sTHOT COJIl — JIeB’ATh, TOOTO CTUTBKH, CKUTBKH 1 KYO. [2, c. 69]

CyTh MeTOay IEHTpalIbHOI CUMETPii - JaHy B yMOBI 3aaaui ¢irypy (abo ii
€JIEMEHTH ) 3aMIHIOEMO (PITrYypOI0, CAMETPHYHOIO JIaHIi BIZHOCHO JESKOi TOUKU a0
IIPSAMO].

Cumertpiero BigHOCHO TO4YkHn O (LIEHTPAJbHOI CHUMETPIEI0) MPOCTOPY
HA3UBAETHCS MIEPETBOPEHHS MPOCTOPY, sike Touky O BimoOpakae Ha cede, a Oy/ib-
AKy 1HIIY TOuKy M BigoOpakae Ha Taky TOuky Mj Tak, 1mo Touka O € cepeluHOI0
Bijpizka MMj.

Sxmo nepeTBopeHHs cuMeTpii BITHOCHO Touku O nepeBoauth ¢irypy F y
cebe, TO BOHAa HA3MBAETHCS IEHTPATHLHO-CUMETPUUYHOIO, a Touka O — IeHTpOM
cuMetpii. Hampukian, mnapanenorpaM € LHEHTPAJIbHO-CUMETPUYHOIO (Pirypoto.
[lenTpom cuMeTpii Horo € Touka nepeTuHy aiaronanei. [33, c¢. 129]

Jlanuii MeTO1 MOKHA 3aCTOCOBYBATH JI0 THX 3aB/IaHb, B YMOBI SIKMX B TiH 4n
1HIIM (opmi BKa3aHa TOYKA, SIKA € LIEHTPOM CHUMETPIi IIyKaHOT a0o0 JO0MOMIXKHOI
¢birypu.

[Tpuknazn 18. JoBexdiTh, 0 00pa3oM JaHOI MPSAMOi [ Tpu CUMETPii BiTHOCHO
touku O, sika HEe HAJIGKUTh NpsIMii [, € mpsima, apajienbHa JaHii.

HoBenenns.  OcCKiUIbKA — IIEHTpaJibHA
CUMETpIsl — II€ pyX, TO 00pa3om mpsimoi | Oyie
npsiva. st moOya0BH IpsIMOi JOCTATHBO 3HATH
Bl Oyab-ski i Touku. OOepeMo Ha mMpsMiid

[ noBuibHI TOukH A 1 B. Hexaii Toukun A11 B —

ix oOpasu Mpu IEeHTPaAbHIN CUMETPIi BITHOCHO

touku O. Toxi mpsima
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Puc. 8. A1B; — o6pa3 npsmoi [. Ockinbku AO = OA;,
BO = OB;, =AOB 1 =A;0B; piBHi six BepTukaibHi, To TpukyTHUKH AOB 1 A;0B;
piBHI 3a IEPIIIOI0 03HAKOIO PIBHOCTI TPUKYTHHKIB. 3BijgcH =1 = =2. O1xe, [ || A1B1.

[Tpuknan 19. LlenTpansHa cUMETpist — pyX.

‘ JloBe1EHHS.

B1 A Hexait noBinbHi Toukn A i B
omHiel ¢irypu MawTh 3a 00pas3u
(LeHTpanbHOI  CUMETpli  BIJTHOCHO

touku O) Touku A; 1 By 1Hmoi (puc.

9). AAOBiA;0B; piBHi 3a mepIIOO

B \ o3Hakoro. Toxi AB= A;B;. Teopemy
A . noBeneHo.
Puc. 9.

Metoa ochoBOi cumertpii. Cumerpiero mpocTopy 100 AaHOi Tpsimoi [
(OCbOBOIO CHUMETPIEI0) HA3UBAETHCA TEPETBOPEHHS, K€ KOXKHY TOYKY MpPsAMOi [
BiJI0Opaxkae Ha cebe, a Oyap-sAKy 1HIIY TOYKy M mpocTopy BiJloOpakae Ha TaKy
TOUKy M1, 110 TipsiMa | CITyKUTh CEPETMHHUM NIEPICHAUKYIIIPOM 110 Biapizka MM;.
[Tpsima | Ha3uBaeThes Biccro cuMetpii. Hampukian, mpsMi, o MpoXoasTh depes
TOYKY TIEPETHHY Jl1arOHaJIe MPSIMOKYTHHKA IMapajesibHO MOT0 CTOPOHAM, € OCSIMU
CUMETPIl NPSIMOKYTHHUKA.

Baxkko BkazaTu 3araibHi O3HAKM 3aBlaHb, IO BHUPIIIYIOTHCS METOAOM
OChOBOI CHUMETpii. Y OLIBIN CKJIATHUX 3aBJAHHIX METOJI OCbOBOI CHMETPIi MOXKeE
OyTH 3aCTOCOBAaHHI, SIKIIO B yMOBaX YTPUMYEThCS CyMa ab0 Pi3HULISA YaCTUH JESKOT
namMaHoi JiHii. MokHa 0OMEXHUTBCS 3a3HAYEHHSM, IO METOJ[ OCbOBOi CHMeETpii
3aCTOCYEMO IJisl 3aj7ad, B YMOBI SKUX 3a3Ha4yeHa MpsiMa, SKa € BICCIO CHUMETPIi
YaCTUHU eJeMeHTiB ¢irypu. Taky mpsiMy JIeTKO BCTAaHOBHTH 3a BJIACTUBOCTSIMHU
¢iryp. 3acTtocyBaHHS OCbOBOI CHMETpii JOIUIBHO JJIS 3aBJaHb, $KI JIETKO
BUPILIYIOTHCS, SIKIO YaCTUHA JAHUX PO3TalloBaHa MO OAMH OIK JIeIKOi MpAMOi, a
peuiTa - 1o JIpyruu.

J711 MeToTy OChOBOI CUMETPIT 11€ TPABUIIO MOXKE OyTH TaKHM.
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1. IlpunycTtuty, mo 3axa4yy po3s'sizano. OOpaTu MEBHY CUMETPIIO BITHOCHO
JaHoi mpsAMoi abo MIpsAMOi, [Ky JIETKO MoOyayBaTu. 3aMiHUTH OJUH 3 JaHHUX
€JIEMEHTIB CUMETPUYHUM BITHOCHO 00paHoi 0Ci cuMeTpii.

2. Po3B's3aTu 3aa4y CTOCOBHO MOOYJA0BAHOIO CUMETPUYHOTO €JIEMEHTa Ta
1HmMX qaHux. Hum camum 3a1ava 3Be€THCS 0 BIIOMOT UM JIO MPOCTIIION.

3. Big nomomikHOI 3a7adi MepelTH A0 IIyKaHOi, 3aCTOCYBaBIIU OOEpHEHE
NIEPETBOPEHHS CUMETPII.

[Tpuknan 20. JloBenits, 110 OpsiMa, sika MPOXOJAUTH Yepe3 LIEHTP KoJia, € HOro
BICCIO CUMETDII.

Hosenennsa. Hexaii O — ueHTtp xona i a
— npsAMa, 00 IpoxXoauTh yepe3 Touky O (puc.
J o\ 10). OueBHIHO, TEPETBOPEHHS CHUMETPIi

BIJTHOCHO TIpsIMOi @ TiepeBoauTh Touky C Koja

touky C', a Touky O JsMmiae Ha MicIi.
O Bizbmemo noBubHY TOUky X TIpU CHUMETpIl

| BIJHOCHO MPSIMOI 4.

Puc. 10.

Tpukytaunk OAX i OAX' piBHi 3a TEpHIOK 03HAKOK. YHHX KyTH IpH
BepiuHi A npsimi, cropora OA criinibHa, a croporr AX i AX' piBHi 3a 03HaYeHHAM
cumetpii. 3 piBHOCTI TPUKYTHHMKIB BHIUIMBAE piBHicTH cTopin OX i OX', T06TO
Touka X' JIEXHUTh Ha KOJIi. A 11e 03Ha4ae, 10 KOJIO IIPY CUMETPIi BiIHOCHO IPsAMOI a

nepexoauTh y cede, TOOTO MpsiMa a € MOTOT BICCIO CUMETII.
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[lpuknan 21. Ha croponax BC i1 AD
napanenorpama ABCD noOynoBaHO mo3a HuUM
piBHocToponHi TpukyTHuku BMC 1 AND.

Hosenith, mo Touku M, O 1 N, ne O — Touka

OepeTHHy JiaroHaseil mapanenorpama, JieKaTb
Ha OJHIH mpsmMi. [26, c. 232]
JloBeneHHSI.
Posrnsgaemo cumeTpiro BiTHOCHO TOYku O
D (puc. 11). 3 uporo oueBuaHO, 1o pirypa OBMC
nepeTBoproeThes y hirypy ODNA.

OTtxe, Toukn M, N 1 O — nexxaTh Ha OJHIN

N psiMI.
Puc. 11.

3. 3. 3. Meroauka BHBYEHHSI Ta CYTh
MOBOPOTY TA MAapaJeJbHOI0 NMePEeHEeCeHHs sIK MeTOAIB J0BeAeHHs. Lleil meTon
KOPHCHO 3aCTOCOBYBAaTH TO/[ll, KOJM B YMOBI 3ajJiaul JaHO TPUKYTHUK 3 BIJOMUM
KyTOM MIX PIBHUMH CTOPOHAMH (PIBHOCTOPOHHIN, PIBHOOEAPEHUI NMPAMOKYTHUN
TPUKYTHUK) 200 JaHO Qirypy, B AKiii MOKHA BUJAUIUTU 3a3HAYECHUN TPUKYTHHK.

[IpaBuna-opi€eHTUPU METOMIB MNAPAIECTBLHOIO IEPEHECEHHS 1 TOBOPOTY
no/1i0Hi.

1. IlpunyctuTh, 110 3aaa4y po3B's3aHo. OJIMH 3 JaHUX €JIEMEHTIB IEPEHECTH
napajieqbHO €001 B NMEBHOMY HAamNpsMKy Ha 3afaHy BiJCTaHb (200 MOBEpHYTH
HABKOJIO JaHOI TOYKM Ha MEBHUHM KyT). Pe3ynbraToMm Takoro mepeTBOpeHHs Oyne
nonomixkHa (irypa, IKky MO>KHa MoOyayBaTH 3a JJaHUMH 3a]1aul.

2. IloOymyBatu nomoMiKHY ¢irypy #H OOepHEHUM MapaieabHUM
nepeHeceHHsIM (TTOBOPOTOM) BUKOHATH MOOY/IOBY IIyKaHO1 (IrypH.

3acTocyBaHHA LbOTO MpaBUJIA-OPIEHTUPA JOUIIBHO MPOUIIOCTPYBATH

pO3B'$ISYBaHHHM TaKHX 3aJ1ad4.
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[Ipuxnan 22. Ha croponax 4B 1 BC TtpuxkytHuka ABC 30BHI moOyAOBaHi
kBagapatu ABMN 1 BCLK. JloBecTu, 110 11eHTpY KBaapaTiB 1 cepeannu Bijapizkie AC
1 MK € BepuimHaMu HOBOTO KBajpara.

Hosenenns. Hexait O 1 O, -
nentpu kBajpatiB ABMN 1 BCLK
BimmoBimHO, O3 1 O . cepenvHH
Biipi3kiB AC 1 MK. ¥V TpukyTHUKY

CMK Bigpizox 0,04 € cepeaHboro

aiHiero, ToMy O2 Os | CM 1 02 04 = %

CM.

AmHanoriuno, Biipizok Oz Os € cepeinboro JiHiero TpukyTHuka ACK, Tomy
0,051 AK'i 0, 03= ZAK.

Ockinbku BA = BM 1 =ABM = 90°, To moBOpOTOM HaBKOJIO TOUYKU B Ha 90°
Touka A BigoOpaxaerbes Ha Touky M. Ananoriuno BC = BK'1 =CBK = 90°, Tomy
noBOpoTOM TOUKM B Ha 90° Touka K BioOpaxaeThcsi HAa TOUKy C.

OT1xe, MOBOPOTOM HaBKOJIO TOUKK B Ha 90° Binpizok AK BimoOpaxaeThCs

Ha Biapi30k MC, tomy AK = MC 1 AK LMC. BpaxoBytouu HepiBHOCTI:O02 04 | CM

102,04= % CMi0;031 AK1i 0203=%AK, MaeMo Oz O3 = 02041 0203 L Oy O..
Bigpizok 0104 € cepennboro miHie0 TpukyTHuka AKM, tomy 0104 Al K 1

0104 = AK. Bpaxoyioun 0, OslAK i O, 03 =~AK, 3pizcn maemo 0104 OlOs i

0104 = 0203.

Bigpizok 0103 € cepennnoro miHieto TpukyTHuKa AKC, Tomy 0103 MIC 1
0105 = -MC. Bpaxoyioun 0, 0JCM i 0, 04= “CM, maemo 0105104051 0105
= 04 0a.

I3 crmiBBigHOIIEHDL O O4ICM 10,04 = %CM, 0,03 1AK 10,03 =% AK, 0,03

= 02 O4i 02 03 J_Oz 04, 0104 ||0203i 0104 = 0203, 0103 ||O4 Ozi 0103 =O4 02

BUILUTMBAE, 10 YOTUPUKYTHUK 0102 O304 - kBagpar.
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[Tpuxmnan 23. 30BHI KBajpaTa Ha
roro CTOPOHAX o0y 1oBaHi
PIBHOCTOPOHHI TPUKYTHUKHU. JloBECTH,

0 YOTUPUKYTHUK 13 BEPIIMHAMH B

HEeHTpax MoOyA0BaHUX TPUKYTHUKIB €

KBaJIpaToOM.

JloBeAEHHS.

Puc. 13.

Hentpu O1, Oz, O3, O4 MOOYyAOBaHUX PIBHOCTOPOHHIX TPUKYTHUKIB JIEKAThH
Ha OcAX cuMeTpli jgaHoro kBaapata ABCD, siki NpoOXOIATh 4Yepe3 CEepeiuHU
IPOTUIICKHUX CTOPIH KBajpara, 00 LI UEHTPH JiexaThb Ha MeliaHax (1 BUCOTax)
noOyJ0BaHUX TPUKYTHUKIB.

OTxe, niaroHasnai OAEpkKaHOIO YOTUPUKYTHUKA B3a€MHO MEPIIECHIUKYJISAPHI.
KpiMm Toro, aiaroHan 4OTUPUKYTHHKA PiBHI, y Toull O OUIUTHCA monojaM. Tomy
MOBOPOTOM HaBkosio 1neHtpa O xkBagpata ABCD Ha 90° 4YOTUPUKYTHHUK
BiJI0OpaxaeThcs Ha cede. Otxke, 01020304 - KBagpart.

[Mpuknax 24. ¥ xom (O, R) AB i DC - nBa B3aeMHO NepIeHAUKYIISIPHI
niametpu. Ha my3i AD Binmiuena touka M. [Ipsima, sika mpoxoauts yepes 1eHTp O
nepneHauKyygpHo Ao npsmoi OM, meperunae ayry DB y toumi P. JloBectn
piBHicTh TpukyTHUKIB AMD 1 DPB.

'8 HoBenenns. Ockineku OA = OP = 0D =
OM = OB = R, 2zA0D = =MOP = -DOB =
90°, TO MOBOPOTOM HaBKOJIO TOYKH O Ha KyT

90° Touka A BioOpaxkaeTbcs Ha TOUKy D,

touka D - Ha Touky B, Touka M - Ha Touky P,
aHaJIOTIYHO BiApi3ok AM BigoOpaxaeTbcs Ha
Biapi3ok DP, Bigpizok MD - nHa Biapizok PB,

Bizipi3ok AD - Ha Bizpizok DB.
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3a BIIaCTUBOCTSIMH TIOBOPOTY HaBKOJIO TOYKH BIAMOBIIHI BIIPI3KH PIBHI M1k
cobor: AM =DP, MD =PB, AD = DB, atomy AAMD = ADPB.

[Tim yac po3B’s3yBaHHS NEAKUX 3a/1ad YaCTO BHHUKAIOTH TPYMAHOII TUTBKH
gyepes Te, 10 €JIEeMEHTH JaHoi (PIrypu BiAjalieHl OJMH BiJ OJHOTO, 1 TOMY Ba)KKO
BBECTH B MAJIFOHOK JIaH1 YMOBH. 30JIMKEHHS €JIEMEHTIB (Diryp 3py4HO 31HCHIOBATH
napayieIbHUM TTePECHECEHHSIM.

[Tpuknazn 25. AB 1 CD — napanenbhi npsimi. Touku A 1 D nexats 1o ogun 01k

Bia ciunoi BC. [loBenits, mo npomeHi BA1 CD onHakoBO HanpsMIIeHi.

D
Puc. 15. C

JloBeneHHs

3actocyemo 1o npomens CD mapanensHe nepeHeceHHs, npu sskomy touka C
nepexoauTs y Touky B (puc. 15). Toai npsima CD cymictuthest 3 mpsimoro BA.
Touka D, nepeminrytourch B30BXK IpsiMoi, napaiensHoi CB, 3anummia eTbest B Tid
camiii miBmiomuHI BigHOcHO mnpsamoi BC. Tomy npomine CD cymicTuThCS 3

npomeneMm BA, oTxke, 111 IpOMEHI OHAKOBO HAMPSIMIICHI.

3. 3. 4. MeToanka BUBYEHHS Ta CYTh METO/IiB rOMOTeTii Ta MOAiOHOCTI.

Haiiuacrire 1ieit MeTo1 BAKOPUCTOBYETHCS Y 3a71a4ax Ha TOOYA0BY, TOMY IO
pO3TIsIaEThCs HE 3ajjlaHa B YMOBI 3aj1aul ¢irypa, a ii nonibna. YMoBa 3agadi jgae
3MOry nmooyayBaTu ¢irypy nomioHy mrykaHiii abo 1a€ MOXKIUBICTh «ITOMHOKUTH
NEBHUM cIoco00M o0y 0BaHy Girypy i, K0 HOTPiIOHO, MOMICTHUTH ii y MOTp1OHE
MTOJIOKCHHS.

[lepeTBOopeHHsI, SKi 3MIHIOIOTH TUIBKH po3Mipu (iryp, ame He dopmy,
Ha3UBaIOTh TMEPETBOPEHHSAIM ToAiOHOCTI. Ilpu mepeTBopeHHI MOAIOHOCTI 3

xkoedimienrom k (k > 0) BiacTani MDK ABOMa IOBITBHUMH TOYKaMu (irypu



61

3MIHIOIOThCS B k pasiB. ToO6To sikmo A 1 B mpooOpa3u Takoro mepeTBOpeHHS, a
BianoBiaHO A1i Bj - ixui 006pasu, to |A,B;| = k|AB|.

I'omoterieto 3 muentpom O 1 koedimieHToM k # 0 HazuBaeTbcs
NEPETBOPEHHSAM, TIPU SIKOMY 00pa3oM JOBUIbHOI TOYKM M € Taka Touka M;, 110
O—Ml) = k- OM, ne k - KoeQiieHTo roMoTeTil. [2]

Metoaom moaiOHOCTI PO3B'SA3YIOTh Taki 3ajadi Ha MOOYJOBY, B SKHUX AaH1
MICTSTh YMOBH, IO BHM3HAYalOTh HECKIHUYEHHY MHOXXWHY MOAIOHUX Qiryp.
TpynHomi sl YYHIB MOJSATAIOTh Y TOMY, 100 PO3IUIMTH YMOBY 3ajadi Ha JiBi
yacTuHU. OJIHy 3 HUX BUKOPUCTOBYIOTH JIA TMOOYJIOBU JOMOMDKHOI Girypw,
noAiOHOT 10 IyKaHOi, a pyra, 1110 BU3HAYae po3Mipu (Iirypu, J1a€ MOKIUBICTD 3a
JIOTIOMOTOI0 TIEPETBOPECHHS MOAI0HOCTI TOMOMDKHOI (Dirypu moOyayBaTH IIyKaHy.
YMOBH, 110 BU3HAYAIOTh po3MipH (Iirypu, MOKyTh OyTH JBOX BUIIB. Lle AoBXMHA
OyIp-sikoro einementa ¢irypu abo po3mimieHHs (irypu BITHOCHO IHIIUX JaHUX
¢iryp. JlouminpHO pO3MISIHYTH 3a/ayl, siKi nepeadadyaroTh YMOBU KOXHOTO 3 ITUX
nBOX BUIB. [IpaBuiio-opieHTHp METOTy MOAIOHOCTI MOKHA C(HOPMYJTFOBATH TaK.

1. Bitokpemutu B yMOBI 337141 1Bl YaCTHUHHU 1, BIAKUHYBIIH TY, 110 BU3HAYAE
po3Mipu ¢irypu, noOyayBatu Qirypy, noaiOHy A0 HIyKaHOI.

2. BBecTu BIIKMHYTY YMOBY 1, 3aCTOCOBYIOUM IEPETBOPEHHS MOJ10HOCTI
JOTIOMIDXKHOI (irypu, moOyyBaTH IIyKaHy Qirypy.

[Tpuknmang 26. JloBectw, MmO B JJOBUIBHIM Tpamerii TOYKa TIEPEeTUHY
MIPOJIOBXKEHB OIYHUX CTOPIH ,TOYKA IEPETHHY J1aroHaeH 1 CepeIMHU OCHOB JIEKATh
Ha OJHIN TIPSAMIi.

Hosenenns. Hexait ABCD - nosinbHa Tpaneris, a M, P, N, L Bka3zaHi B yMOBI

A

: k D k
qotupu Touku. PosrisiHemo romoterivo H,,', ne k; = —. Maemo: H,'(B) =
M 1~ B¢ M

A, H9(C) = D, toxi Hy' (BC) = AD, Hy'(N) = L (K CepeIMHI OMOTETHUHHX
BIZPi3KiB).

3Bifcu BUIUIMBAE, 1m0 Touku M, N, L HamexaTs npsimiii.

AD

. k,
PosrisaemMo Tenep romorerito Hy?, ne k, = ——.
P> 2 BC



62

OTpumyemMo H}.fz (B) =D, H}.fz(C) = A, Tomi H].fz (BC) =DA,a HSZ (N) = L.
Ile o3nauae, mo Touku P, N, L Hanmexars mpsimiid. I3 po3rasHYyTHX TOMOTETIH
BurLinBae, 1o Touku M, P, N, L Hanexats oaiit mpsmiii. [40]

[Tpuxknan 27. Hosectu, mo s noBiabHOTO TpukyTHHKa ABC, Touka N
nepeTuHy BHCOT, Touka M mepetuny memian 1 Touka O — [EHTP OMHMCAHOTO KoJjia

JexaTh Ha oAHii npsaMiii i mo M nexuts mixk O Ta N, moginsroun Biapizok ON y

) . 1
BITHOIIIEHH] kK = p

Puc. 16.

JloBeneHHs

1

1 1 1
Posrnsmemo romorerito Hy,. Toni Hy, (A) = Ay, Hy,(B) = By, H;,(C) = Cy,
ne A;B;C; — BIANOBIHO CEPEIUHU CTOPIH TPUKYTHHUKA.

[IpsiMi, MmO MICTATh BHUCOTH TPUKYTHUKA TEPEXOASITh Yy CEPEIUHHI

1
NepreHIuKyIapy 10 cTopin. Tak, 30kpema, npama CN- C, 0, tomy, mo H; (N) =

0. OCKiIbKM TOMOTETHYHI TOUKH 1 IIEHTP roMoTeTii kosineapHi, To N, O, M — Touku
onHiel mpsimoi, mpuuomy M Hanexuts Biapizky ON 1 OM:ON=1:2. [40]
[Tpuknan 28. JloBemiTh, 0 cepeauHa OCHOB Tpamellii 1 TOYKa MEepeTUuHy ii

JiaroHayel JekaTh Ha OHIN npsamiid. [26]

C
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Puc. 17.
JloBeneHHs

Hexait M 1 N- BignoBigHo cepennau ocHoB BC 1 AD tpanenii ABCD. Ilpu
) .. AD
romoTeTii 3 eHTpoM O 1 koedirieHTom k = — 7¢ TPHKYTHHK COB neperBopuTHCS

y TpukyTHuk AOD. 3Biacu BurumBae, mo Touka N mpu 1iil romorterii nepenae y
touky M. Orxe, Touku M, O, N — nexxaTh Ha OJTHIN TIPSAMIM.

[Mpuxnan 29. Xopau AB 1 CD kona nepetunarotbes B Toulll S. JloBediTh, 110
AS-BS =5C-DS.

JloBeneHHs

ITpoBenemo npsmy BD (puc. 18). Touku A # C nexaTh B OJTHIM MIBILIONTHHI
BiIHOCHO Tipsimoi BD, T00TO y miBIUIONIMHI, A€ JEKUTh Touka S. OTxe, BIUCaHI
kytu DCB 1 DAB piBHi. Tak camo noBoaumo piBHicTh Biiucanux KyTiB ABC it ADC.
3 piBHOCTI KyTiB BUIUIMBAE, 1110 TpPUKYTHUKUA ASD 1 ADS nosi6H1 (3a TeopemMoro Ba

TPUKYTHUKH MO10HI1, SIKILIO JIBa KYTH OJTHOTO TPUKYTHHKA BIMOBIHO JOPIBHIOIOTh

: : . . DS _AS
JIBOM KyTaM Jpyroro). 3 moaiOHOCTI TPUKYTHHKIB BHUILTUBAE TPOMIOPIIis 75 = S

Otxe, AS - BS = SC - DS.

Puc. 18.
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3. 4. MeToauKa BUBYEHHSI BEKTOPHOT'0 MeTOAY Ta MeTOAY KOOPAMHAT.

3.4.1. CyTb Ta MeTOAMKA BUBYEHHSI KOOPJANHATHOI0 METO/Y.

Meroa KoopJIMHAT B KypCl T€OMETPii pO3MOYMHAETHCS Y 8 KIIaci, a nepes] UM
OyJna mpoBeJieHa Mporie/IeBTUYHA poOoTa B Kypci MaremaTuku 6 kiacy. [lepeBara
METOJy KOOpPAMHAT TMepe] CHUHTETUYHUM METOJIOM, 3a SIKOTO Oe3mocepeaHbo
posrsaaoThes (PIrypu 1 KoKHa 3ajada moTpedye ocoOJMBOrO MiaXojy, B MOTO
anroputMiuHocTi. CripaBji, 3a 10MOMOI0OK0 METO/IIB KOOPAUHAT OyJb — siKa 3a/1aua
3BOJIUTBCA [0 airedpaiyHoi, a anreOpaiyHl 3a1ayl JIeTuie alrOpUTMI3YHOTHCA.
MeTton KOOpAMHAT € OCHOBHUM METOJOM  JOCIHIJDKEHHS  BJIACTUBOCTEH
reoMeTpuyHuX (iryp B aHadmiTH4HIN reometpii. L{ell MeTo crpolrye po3B’si3aHHs
0araTb0X reOMETPUYHUX 3a/1ay, JIOBEJCHHS TEOpPEM, Ja€ MOXKIUBICTh CIIPOCTUTH
BUKJIQJI TEOPETUYHOTO MaTepiaiy, 10 CTOCYEThCS BEKTOPIB, TPUTOHOMETPUUYHUX
GyHKITH.

Y kmacax 3 TOrIMOJICHMM BHBUEHHSAM MaTeMaTHKU, Ha 3aHATTIX
MaTEeMaTHYHOTO TYpPTKa B 3BHYAMHUX KJIacax JOIMUIBHO O3HAWOMHUTH YYHIB 3
METOJIOM KOOPAHMHAT 1 OT0 3aCTOCYBaHHSM J0 PO3B’SI3yBaHHS FT€OMETPUYHUX 33124
(moBeneHHs TeopeM). Y 3B A3KY 3 ITUM BapTO Ha MPUKJIIAJaX pO3B’si3aHHS MPUHANMHI
JBOX 3a7a4 BHILJTUTH TIPABUIIO — OPIEHTUP METOY KOOPJIMHAT:

1. Buainutu yMOBH 1 BUMOTH 33j1a4i (Teopemu ). OOpaTu cucteMmy KOOpArHaT,
BIJIHOCHO $IKOi MEPEBECTH BHMMOTM HAa MOBY KOOPJMHAT 1 CKJIACTH PIBHOCTI 31
3MIHHUMH.

2. BukopucTtoByrour yMOBH 3ajadi (TEOpeMH), NMEPETBOPUTU PIBHOCTI 3i
3MIHHUMHU 1 IPUUTH 10 pe3yJbTaTy Ha MOB1 KOOPAUHAT.

3. 3100y THii pe3yabTaT MEPEBECTH HA MOBY T€OMETPII.

Koopaunatu 103BOJIsII0OTh BUZHAYATH 32 JOTIOMOTOFO YHCEIT MTOJI0KEHHS Oy 1b-
SAKO1 TOYKU MpocTopy ado mionuHu. Lle gae MOXIMBICTh «U(pyBaTH» PI3HOTO
pony ¢irypu, 3amucyroun ix 3a gomomoror uyucesd. CHiBBITHOIICHHS MIXK
KOOpJAMHATaMHM HalyacTille BU3HAYa€ HE OAHY TOYKY, a JEsSKUIbKa abo Oe3mid

(cykymnHIicTh) TO4YOK. Hampukiaj, sSKIIO BiA3HAYUTHU BCl TOYKH, Yy SKHUX aOcIuca
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JOPIBHIOE OPAMHATI, TOOTO TOUKH, KOOPAMHATU SKUX 33J0BOJBHIIOTH PIBHSHHS X
=y, TO BUJIE NIpsMa JIiHis - 01CEKTPHUCH MEPIIOTO 1 TPETHOI0 KOOPAMHATHUX KYTIB.
[HOMI, 3aMiCTh «0e3JY TOYOK», TOBOPATH «TEOMETPHYHE MICIE TOYOK).

HaHpI/IKJIaI[, T'COMCTPHUYIHC MiCHe TOYOK,

71 KOOpPJIMHATH SAKUX 3aJI0BOJIHSIOTD
CHIBBIAHOIIEHHA X = y — IIe, K OyIo
CKa3aHO BHUINE, OICEKTPUCH TMEPIIOTo 1
» TPETHOrO KOOPAMHATHOIrO KyTa (puc. 19).
O X

Puc.19.

BceraHoBiieHHS 3B'SI3KIB MK anreOporo, 3 OJHOro OOKy, 1 TEOMETPIEIO - 3
1HIIIOTO, OYJI0 IO CYTI PEBOJIIOIIIEI0 B MaTeMaTHIIl. BOHO BITHOBHIIO MaTeMaTHKY SIK
€IMHY HAYKYy, B SIKI HEMA€ «KUTAUCHKOI CTIHM» MK OKPEMUMU ii YaCTUHAMU.

CyTh MeTOIy KOOpPAWHAT SK METOXy MOBEJACHHS Ta PO3B'S3aHHS 3aB/IaHb
MOJISITA€ B TOMY, 1110, 33/1af049H (PIrypH PIBHSHHSIMU 1 BUCJIOBIIIOIOYH B KOOpAMHATAaX
pi3H1 TEOMETPUYHI CITIBBIHOILIEHHS, MU MOKEMO BUPIITYBaTH TEOMETPUUHY 3a7aqy
3aco0amu ayireOpu. 3BOPOTHO, KOPUCTYIOUUCHh KOOPJAMHATAMH, MOKHA TIIyMauuTH
anreOpaiuHi Ta aHAJITUYHI CIIBBIIHOMICHHS 1 ()aKTH T€OMETPUYHO 1 TAKUM YUHOM
3aCTOCOBYBATH T'€OMETPIIO 10 BUPILICHHS alreOpaiyHuX 3a1ad.

Meron koopauMHAT - 1€ YyHIBepcalbHH MeToi. Bin 3a0e3neuye TicHHIA
3B'SI30K MIXK alreOporo 1 reoOMETpi€ro, K1, 3'€THYIOUNCH, 1aI0Th «0arati mioany, ki
BOHU HE MOTJIU O 1aTH, 3aJIUIIAI0YUCh PO3IICHUMH.

[Ilo6 BupinryBatu 3aBHaHHS SK ajdreOpaidyfi, Tak 1 TEOMETPUYHI METOJO0M
KOOpAMHAT, HE0OX1/IHE BUKOHAHHS 3 €TalliB:

1) mepekiaj 3aBlaHHs Ha KOOPIUHATHY (aHAIITUYHY ) MOBY;

2) mepeTBOPEHHS aHAIITUYHOTO BUPAKCHHS;

3) 3BOpOTHHUI TIepeKIIal, TOOTO MepeKiial 3 KOOPAMHATHOT MOBU Ha MOBY, B
TepMiHax sIKO1 C(hOpMyYTHLOBAHO 3a7a4y.

Hust  po3poOku  meTonukud  (GOpMYyBaHHS  BMIHHS ~ 3aCTOCOBYBaTH

KOOpI[I/IHaTHI/Iﬁ MCTOA BaXXJIMBO BHUABHUTH BHMOI'U, SIK1 HpGI['HBJ'I}IE JIOT1YHA


http://ua-referat.com/%D0%93%D0%B5%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%8F
http://ua-referat.com/%D0%A0%D0%B5%D0%B2%D0%BE%D0%BB%D1%8E%D1%86%D1%96%D1%8F
http://ua-referat.com/%D0%93%D0%B5%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%8F
http://ua-referat.com/%D0%92%D1%96%D0%BD

66

CTPYKTypa BUPIIICHHsS 3aBIaHb MHUCIEHOTO Xapakrepy. KoopawmHaTHHII MeTOn
nepeadavyae HasABHICTh B YUYHIB YMIHb 1 HaBHUYOK, IO CIPHUSIOTH 3aCTOCYBAaHHIO
FOTO METOJYy Ha mpakTtulli. [IpoaHanizyemMo BHpIIIEHHS AEKUIBKOX 3aBAaHb. Y
mpoIecl IbOr0 aHajdidy BHAUIMMO BMIHHS, $KI € KOMIIOHEHTaMH YMIHHS
BUKOPHCTOBYBATH KOOpAWHATHUN METO]T npu BUpIIICHH]
3aB/JaHb. JHAHHS KOMIIOHEHTIB IOTO BMIHHS JIO3BOJUTH 3IIACHUTH WOTO
noeseMeHTHEe (POpPMyBaHHHI.

IIpuknan 30. ¥V tpukytHuky ABC:

7 4 AC =b, AB = ¢, BC = a, BD - meniana.
E JloBexiTh, o BD? = az;rcz _

HoBenenns. Bubepemo cucremy

KOOPAMHAT TaK, MO0 TouKa A CIIyXuia

QA D C ; IOYaTKOM KOOpAMHAT, a Bicch Ox Oyna

npsimoto AC (puc. 20).
Puc. 20.

Y BuOpaniii cucrtemi koopauHatr Touku A, C 1 D mMaroTh HacTymH1
b
koopaunatu: A(0,0), C(b,0), D( > 0). IMo3Haunmo KooOpaWHATH TOYkH B depe3

xiy. Toxl BukopucToByroun (hopmyity IJisi 3HAXOJKEHHS BIJCTaHEH MIXK JIBOMa

TOYKaMH, 3aJaHUMH CBOIMU KooOpaAnHaTaMu, OTPUMYEMO:

x 2 +y 2 =¢?2 (X-b) 2 +y 2=92 (1) . 3a Ticro kK (bOpMyJ'IOIO BD2 = (x _ 2)2 +

+y? (2). BuxopucroByroun Qopmymn (1) 3HaxogmMO X Tay
.. c?-a?+b? (c2—a?+b?)2
: — : — [p2 _TmatHp)”
Bonu pI1BHI: X 3 ; y \/ o b2
c?-a?+p?

Jani, migcrapisioun X ta 'y gopmyiy (2), 3Haxomumo BD? = ( - )2+ ¢% —

+c2 b2

. Bp? = *et _p*
2 4

(CZ_a2+b2)2
4b?

ITpuknan 31. JoBenith, 110 pIBHSHHS IUIOUIMHU, KA CUMETPUYHA JaHIN
BIJIHOCHO TIOYaTKy KOOPAMHAT, BIAPI3HAETHCA BiJ HEl TUIBKU 3HAKOM BIJIBHOTO

YJICHA.


http://ua-referat.com/%D0%97%D0%BD%D0%B0%D0%BD%D0%BD%D1%8F
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JloBenenns. Hexail piBHSHHS IUIOIIMHU-TIPOOOpA3y Mae BUIJISA ax + by +

cz+d=0. JloBinpbHa Touka 1i€i TwiommHEU M (X,y,Z) NEpEeXOAUTh y TOUYKY

X1 = —X,
Mi (%1, ¥1,21), ne {Y1 = Y
Z1 = —Z.

3Bigcu Maemo: x; = —X, y; = —y, Z; = —Zz. IliicTaBUMO 1Ii KOOpIMHATH

TOUYKM M y pIBHSHHS IUIOIIUHU-TIPOOOPA3y 1 OTUMAEMO DPIBHSHHS JUIS X1, Yq, Zq -
—ax, —by; —cz;+d o ax; + by, +cz; — d = 0.

A00 y 3BUYHOMY IMO3HAYE€HHI 3MIHHUX MAa€MO PIBHSHHS IJIOIIMHU-00pa3y:
ax + by + cz —d = 0, mo 1 moTpidHO OYJI0 TOBECTH.

[Mpuknan 32. Ski 6 He Oynu touku A, B, C, crnpaBIKyeTbCs BEKTOpHA
PIBHICTH AB + BC = AC.

Hosenenns. Hexait A( x1,v,), B(x3,v,), C(x3,y;3) — naHi TOYKH.
Koopaunatu BexTopa AB: Xy — X1, Y2 — Y1, KOOpJIMHATU BEKTOpa BC: X3 — Xg,
Y3 — ¥, . OTxe, KOOpAMHATH BEKTOpa AB + BC: X3—X1,Y3—Y1- A1eie

koopauHatu BekTopa AC. 3a Teopemoro (piBHI BEKTOPH MAIOTh PiBHI KOOPJAMHATH, 1
HABIAKHU, SKIIO Yy BEKTOPIB BIANOBIJHI KOOPAWHATH PIBHI, TO BEKTOPH PIiBHI)

BEKTOpHU AB + BCiAC piBHi. Teopemy noBeEHO.

3.4.2. Metoanka BUBYEHHSI TA CYyTh BEKTOPHOT0 METO/Y.
3a YMHHOIO MPOTPAMOIO 1 TPOSKTOM HOBOI MPOTPAMU 3 MATEMATHKN BEKTOPHU

nepea0auyeHo BUBYATH B JBa €TAIU: CIIOYATKy BUBYAIOTHCS BEKTOPU Ha TIJIOMIMHI, a
noTiM - y mpoctopi. ¥ minpyunuky O. B. IloropemoBa y 8 kiaci KpiM OCHOBHHX
MOHSATH, IO CTOCYIOTHCS BEKTOPIB, BUBYAIOTHCS BCl Omeparlii HaJa BEKTOpaMu
(monaBaHHS, BIIHIMAHHSI, MHOKEHHSI BEKTOPa Ha YKCIIO 1 CKaIsIpHUM J0OYTOK JIBOX
BEKTOpPIB, PO3KJIaJIaHHA BEKTOPIB IO KOOPAWHATHUX OcCsX). [lemo iHme wicre
BEKTOPHU 1M0Ci1atoTh y mijipydHuky JI. C. AtaHacsiHa Ta iH. TyT BEKTOpU MOYHUHAIOTH
BHUBYATHCS Y 9 KJ1acl, 110 3BY>KYE MOKIIMBOCTI X 3aCTOCYBaHHS B TeOMETPIi 1 (P13uIll.

bazoBa mporpama Bumarae B 8-9 kjacax MaTH YSBIICHHS MPO BEKTOP, PiBHI
BEKTOPH, BMITH BUKOHYBATH Omepallli HajJ BEKTOpaMu, nepeadadeHi mporpamoro, 1

BUKOPHUCTOBYBATH BCKTOpPHU [0 p03B'$I3YBaHH$I HCCKJIaJTHUX CTAaHAAPTHUX 3aaay
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(oOuncieHHs AOBXKUH BIAPI3KIB 1 MIpH KYTiB, AOAAaBaHHs 1 BIAHIMAHHS BEKTOPIB,
MHOKEHHSI BEKTOpa Ha YKCII0, CKAIIPHUNA JOOYTOK BEKTOPIB).

3 BEKTOPHUM METOJIOM JOBEJICHHS T€OMETPUYHUX TBEPXKEHb 1 BIATIOBITHUM
MPaBUJIIOM — OPIEHTUPOM JIOIIHLHO O3HAMOMMTH YUYHIB Ha MPUKIAAAX TOBEACHHS
JIBOX TBEP/KEHb, Meplle 3 SKUX Y4YHI BMIIOTH JOBOJUTH 1 0€3 3acTOCyBaHHS
BEKTOpiB. BHaciok BUALIIEHHS! CYTTEBOTO CIUILHOTO B 000X JOBEACHHSIX Y4HI
KOJIEKTUBHO IT1/1 KEPIBHUIITBOM YUYUTENSI MOKYTh IPUNUTH J10 MPaBUiia — OPIEHTHPA
BEKTOPHOT'O METOJy IOBEICHHS TBEPIKCHb.

1. Buginutu B popmysroBaHHI TEOpEMH (3a1a4l) YMOBY 1 BUMOI'M, BUKOHATH
pucyHok. ChpopMyIioBaTU BUMOTHM MOBOIO BEKTOPIB 1, BPAXOBYIOUH iX, MO3HAYUTH
BEKTOPH Ha PUCYHKY.

2. BpaxoByroouu yMOBHU 1 BUMOT'H, CKJIACTH JOTIOMI>KH1 BEKTOPHI1 piBHOCTI. J1Jist
[[LOTO BUPA3UTHU, AKIIO 1€ MOTPIOHO, BEKTOPH Y BUIJISAI CYMH YW PI3HHUIIL 1HIIUX
BEKTOpIB, a00 y BUIIIAMI JOOYTKY BeKTopa Ha uucio. lleperBoputu onepxkaHi
PIBHOCTI ¥ IPUUTH 10 OTPIOHO].

3. Ilepekiactu oznep:kaHy piBHICTb HA MOBY T'€OMETPIi.

[Tpuxmnan 33. JoBecTH, 110 BUCOTH JOBUIBHOTO TPUKYTHHKA TIEPETUHAIOTHCS
B OJIHIM TOYIII.

Hano: AABC,
AP1BC,
P BQLAC
O - touka neperuny AP i
BQ nexuts CL.

A JHosect:CLLAB (puc. 11)
Q c

JloBeneHHSI.

Puc. 21.

BeeieMo BeKTopH AB,BC,iCA.OA=d,0B = b,0C = 2.
Tpeba nosectw, 110 C - AB = 0.

— - —_— —

AB=b—-ad,BC=C—-b,CA=d-2
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>/ > ¢ T, - .
3a ymosoto d(¢—b) =0, b(@—¢) =0, Tomi MU MOXKEMO 3POOHBIIH
IIEPETBOPEHHSI CKJIACTH HACTYIIHI BUPA3U

a-¢=d-b,b-d=b-¢;a-¢=b-c,a-b=>b-a;

Q

¢—d-b=¢-(d—b)=0,

d—b=BA ¢ -BA=0,

Tak sk BA i AB - IPOTHIIEKHI BEKTOPH, TOMY C * AB = 0, a e o3Hauae, mo CL
1AB, To6To0 Bimpizok CL - Bucora AABC.

HaiiBaxxuuM Jisi y4YHIB € IIO3HAU€HHS BEKTOpIB Ha puCYyHKY. JlocBia
palioHAIBHOTO TO3HAYEHHS BEKTOPIB HAOyBA€ThCS Ha MPaKTHUIll, OJHAK TIEBHI
OpPIEHTHPH B IILOMY Ja€ aHali3 (hopMyIrOBaHHS TeopeMu (3aaayi). s popmyBanHs
HABUYOK BHUKOPUCTAHHSA IMPAaBUJIA-OPIEHTHpA BapTO 3alpOINOHYBATH YYHSIM
pO3B'sI3aTH  BEKTOPHUM METOJOM BIAOMI 3 IUIAHIMETPIi TBEPIKEHHS PO
BJIACTUBICTh CEPEJIHbOI JIIHII TPUKYTHHKA, TPO CYMYy KBajJpariB JiaroHajei
napajiesiorpama, po BJIaCTUBICTb JlaroHaneit poM0a, MpsIMOKYTHHKA.

Cring 3BEepHYTH yBary IIKOJISAPIB HA T€, IO BEKTOPHUH METOM JOBEICHHS
TEOpEM HE YHIBEpPCAIbHHM, WOro 3py4yHO 3aCTOCOBYBAaTH JJIA JIOBEJCHHS
NapajieIbHOCT] 1 MEPHEeHIUKYISIPHOCTI NPSAMHUX 1 BIJIPI3KIB, HAJIEKHOCTI TPHOX
TOYOK OJIHIHM MPsAMIN, MOIIILHOCTI BiApi3Ka B JAHOMY BIJIHOIIEHHI, JJIsl JOBEJCHHS
CIIBBITHOIIICHb M1JK JIOB)KMHAMH BiJIPI3KiB 1 BEIMUNHAMH KYTIB.

Posrnsparoun TeopeTHUHI BIACTUBOCTI BUKOPUCTAHHS BEKTOPHOTO METOIY
JUTSL PO3B’ SI3aHHS 33]1a4, IPOCTO HEOOX1THO 3BEPHYTH yBary Ha po3B’sI3yBaHHS 3a/1a4
JTAHUM METOJIOM B cTepeomeTpii. [lepes BUBYeHHSIM 1aHOT TeMU Tpeba 000B’ I3KOBO
3 YYHSIMH TIOBTOPUTH MaTepiall, IO CTOCYEThCS BEKTOPIB HA ILIOMIMHI, 30KpeMa
MpUTajaTu: O3HAYCHHS BEKTOpa, HOTr0 MOMAYJsS; PIBHHX BEKTOPIB, KOOPJIWHAT
BEKTOpa, BIJIACTUBICTh PIBHUX BEKTOPIB, 3aJaHUX KOOPAMHATAMH; MpPaBUIIA
3HAXOJ/KCHHSI BEKTOPa-CyMHU, PI3HHII IBOX BEKTOPIB; JOOYTKY BEKTOpa Ha YHUCIIO,
dbopMyTIOBaHHS BEKTOPHOI PIBHOCTI, O3HA4YEHHS CKAJISAPHOTO JOOYyTKY 1 HOTO
BJIACTUBOCTI Yepe3 MOAYJIl 1 KyT MK HUMH.

BpaxoBytoun, 1110 OkpeMi 03HaYEHHS 1 TBEPKEHHS IIPO BEKTOPU MEPEXOIAThH
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0e3 3MiHU 200 3 HEBEIMKUMH 3MiHAMU B IPOCTIP, AOLIIBHO 3aMpPONOHYBATH YUHIM
3a3/1aJierib 3arOTOBJICHY TAOJHUIIIO 2, B SIKi MOPIBHIOIOTHCS O3HAYEHHSA 1 TEOPEMU
PO BEKTOPHU Ha TUIOIIKHI 1 B IPOCTOPI .

[Ilogo po3B’si3yBaHHA CTEPEOMETPUYHUX 3a/ad Ha JOBEJACHHS BEKTOPHUM
METO/IOM,TO CJiJl CKa3aTH,I0 MPAaBUIIO-OPIEHTUD AOBEACHHS 3a/lay B CTEPEOMETPIi
TE X came, o 1 B IwiaHiMerpii. Tpeba 3ampomoHyBaTH yYHSM MpUTATaTH 1€
MPaBUIIO-OPIEHTUP 1 AITOPUTM PO3B'SI3yBaHHS.

[Tpuknan 34. JloBecTu, 10 KOJIM Bl Tapyd MUMOODKHHX pedep TeTpaeapa
B3aEMHO MEPIEHJIUKYJSIpHI, TOW pedpa TpeTbOi Mapu TaKOXK B3aEMHO
NePHEHAUKYJISIPHI.

Hosenenns: 3actocyemo st Touok A, B, C, S BekTOpHY piBHICTH IS
JOTHPHOX TOYOK (pHC. 22).

Ockinmeku ASLBC, To AS-BC = 0. Yepes te, mo SCLAB, maemo SC-AB =
0. 3Bizacu CA-SB = 0, a me o3Hayae, IO
CALSB.

Y  crapmnii  mKom  3aBXAU €
JOIUTBHAM TPOTIOHYBATH YYHSIM TIOPST 3
CTEPEOMETPUYHUMH  3aJadaMH,  SKi
PO3B’SI3YIOThCS came BEKTOPHUM

METOJIOM, IUIAHIMETPUYHI 3amadyi, sKi

MOHa PO3B’A3aTU BEKTOPHUM METOJIOM.

Puc. 22.

barato teopem B mIKUIBHOMY Kypci reomerpii B 70-X pokax MHHYJIOTO
CTOJIITTS JTOBOJAWIINCH CaME& METOJOM BEKTOPIB, aje 3apa3 BEKTOPHUM METOIOM
JIOBOASATHCS TEOPEMH SKi MOTIMOJIIOIOTh BIACTHBOCTI BEKTOPIB HA IUIOIIMHI Ta B
MPOCTOPi, @ TAKOXK TUIBKU JIEIKI TEOPEMH, a came MPUKIAIOM TaKUX €, Teopema
KOCHHYCIB.

JIoBeIeHHS ITUX TEOPEM MH PO3TISIAEMO B IIPOrpami MIKUIBHOTO KypCy, ajie
€ IyXe€ JOIIJLHUM HaJaTU YYHSIM JIesIKI TEOpPEMH MIKIJILHOTO KypCy, sKi Oyiu

JIOBEJICH1 paHillle, JTOBECTH METOJO0M BEKTOpiB. TakumM 4YMHOM y Y4HIB OyJe
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(dbopMyBaTHCS TIOHSTTS PO TE, IO TEOPEMH MOXKYTh JOBOJUTHUCS PI3HOMaHITHUMH
METOJIaMH, a TaKOK OyJie (hopMyBaTHUCS TIOTJISIT HA TEOMETPII0 3 TOUKHU 30py Teopii
BekTopiB. CaMe 11e TaCTh MOXJIMBICTh YYHSIM Kpallle PO3yMITH TeMy BEKTODPIB Ta
3aCTOCYBaHHS BEKTOPiB B PI3HHX MPHUKIAJHUAX TPEeaMETax Takux SK (Qi3uka,
iH(opMaTHKa Ta iH.
[Tpuknan 35. JloBectu, mo miaroHansi pomOa MEPETUHAIOTHCS MiA MPIMUM
KyToM (puc. 23).
HoBenenns. Bupasumo cropoHrn poM0Oa uepe3 BEKTOPU HACTYIIHUM YHMHOM
—_— L5 = - R —_— S —= e -
AB = a, BC = b, i3 o3nauenns pomba AB = DC = a, AD = BC = b.
3a 03HAYEHHSIM CyMH Ta Pi3HHUIII BEKTOPIB
— N - — N -
mu maemo, AC = a+ b, DB = a — b.
—_ —— N - N
Posrnsaemo  AC - DB = (a + b) . (a —
b) =a?—b? (3a BIACTUBICTIO CKaJIAPHOIO

n00yTKy). Tak sik ctopoHu poMba piBHI TO 1 a=D,

tomi AC - DB = 0, AC L DB, ACLDB.

Puc. 23.

[Tpuknan 36. Touka C — cepenuna Biapizka AB. JloBemiTs, 110 111 TOBIIBHOT
TOYKH MPOCTOPY M BHKOHYETHCS MC = % (m + W).

JloBeneHHs

D [ToOynyemo Ha BEKTOpax
MAiMB napanenorpam MADB (puc.

24). Toni MD = MA + MB.

3a BIACTUBICTIO Tapajejorpama

HOTo JiaroHalli Ipyu NEepPeTHH1 IUIAThCS

HaBIILI.

Puc. 24.

Tomi Touka C 30iraerecs 3
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TOYKOI TIEPETUHY JdiaroHajiei mapanenorpama, a MD = 2MC. A MC = MD =
MA + MB.

OTxe, U151 TOBUILHOT TOYKU IPOCTOPY M BUKOHY€ETHCS MC = % (m + W;”).

3. 5. IIpuiiomu, iKi BUKOPUCTOBYIOThLCH IIPH Po0OTI 3 TeopeMaMHu Ta
3a/1a4aMM HA JI0Be/IeHHA.

CkiaiaHHs IUIaHY T0BeJleHHA TeopeM a0o0 3a1a4

B mizpyyHukax AoBeAeHHS MOAAIOThCS B cTUCHIM (opmi OGe3 aeramizariii
JesKUX KpPOKiB. PO30OWTTS J0OBENEeHb HA OKpPEeMi TBEP/KEHHS — KOPUCHUN CIoCciO
pPO3’SICHEHHSI YYHSM CYTI JOBEIEHHS. TaKoX MOCUTh €(PEKTUBHHM € CKIIaIaHHS
IIaHy JIOBEJACHHS TeopeMH (CIOYAaTKy KOJIGKTHBHO, a TOTIM MOXHa
IHIUBIAYaJIbHO). AJKE, TPAaBUIIbHO CKIIAJICHUM TUTaH JOBEACHHS TEOPEMU Maiike
rapaHTy€ MpaBUJIBHE 11 JOBEACHHS. AJle CKIQJaHHA IUIAHY MOKE BHSBUTHUCA
CKJIQJHUM 1 TPUBAJIUM MPOIlECOM. TOMYy BKpail HEOOXIAHO MPOMOHYBATH y4YHEBI
HEHAaB'sI3JIMBI MUTAHHS, TIOPAJIH, K1 JOTIOMAraloTh HOMY Kpallle 1 IIBU/IIIE CKIACTH
TJIaH JOBEJEHHS, «BIAKPUTH» HOTO 17€H0.

CxiaanHs 1miaHy JIOBEJEHHS MOXKHA MPOBOJUTH 32 HACTYITHUMU MTyHKTaAMHU.

1) Yu Bimoma po3B’si3aHa Oyjb-sKa iHIIA aHAIOTiYHA 3amada? SIKIIo Taka
3aa4a BioMa, TO CKIAJaHHsI IJIaHy JOBEIEHHS He Oy/1e CKPYTHHM.

2) Tloaymaiite, un BijoMa BaM Teopema, akCcioMa 4 TBEPKCHHS, 0 SIKUX
MO>KHA 3BECTH JIOBOJDKYBaHE. SIKIIO Tak, TO NUISX CKIAJIaHHS IUIAHY JTOBEICHHS
OUYEBHJIHUI: 3BECTH JaHy TEOPEMY JI0 TOBEACHOI paHilIie.

3) Bapto ckopucratucs mnopamoro: «CrpoOyite chopMyTroBaTH YMOBH
TEOpEeMH 1HaKIey». [HmuMU cioBamu, cnpoOyiite nepedpasyBatu Teopemy, He

3MIHIOIOYH i1 MATEMAaTHYHOTO 3MICTY.
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[Tpu nepedopmytOBaHHI TEOPEMHU KOPUCTYIOTHCS 00 BU3HAUCHHAMHU JaHUX
B HIM MaTeMaTHMYHHX IOHATH (3aMIHIOIOTh TEPMIHM iX BH3HAUYCHHSAMH), ab0 iX
O3HaKaM® (TOYHIIE CKa3aTH, JOCTATHIMH yMOBamH). Tpeda BII3HAYWTH, IO
3MaTHICTb YYHS TepedOpMYyIIOBATU TEOPEMY € TOKA3HUKOM PO3yMIHHSA
MaTEMaTUYHOTO 3MICTY 3aB/IaHHS.

4) CkJ1aiarou IJIaH JOBEICHHS, 3aBXK/IN CIIi 3aaBaTH c0o01 3anmuTaHHs: «Yn
BCl JlaHI T€OpPEMH BUKOPHUCTaH1?». BUSBIEHHS HEBUKOPUCTAHUX JIAHUX TEOPEMHU
TIOJIETIIY€ CKIIAJAHHA TUIAHY 11 JTOBEICHHS.

5) Hepinko TpamiseThcsl TaK, M0, BAXKKO CKJIACTH ILIaH JOBEACHHS. Toi
MO>K€ JIOTIOMOTTH I11€ 0j1Ha ropaaa: « CrpoOyiTe JOBECTH JIUIIIE YaCTUHY TEOPEMM,
TOOTO CIPOOYITE CIOYATKY 3aJI0BOJIBLHUTHU JIUIIE YACTUHU YMOB, 1100 J1aji IIyKaTu
croci® TOBECTH PEITY.

6) Hepiako y ckiamaHHI IUTaHy BUKOHAHHS 3aBIaHHS JOIIOMAarae BiIIOBIIb
Ha 3anuTaHHsA: « )1 TKOTO OKpEeMOTo BUIIAIAKY MOXKJIMBO JTIOCHUTH IIIBUIKO JIOBECTH
TEOpPEMY 7».

[Mpuxnan 37. Hosenite Teopemy llidaropa — y mpsMOKyTHOMY TPUKYTHUKY
CyMa KBaJIpaTiB KaTeTIB IOPIBHIOE KBAJPATy TMOTEHY3H (puC. 25).

JloBeIeHHsI TEOPEMU MOKHA MPOBECTHU CKIIAAAI0YM TaKUH TUTaH :

1. Po3risitHyT™” npsIMOKYTHHI TPUKYTHHUK 3 KaTeTaMu a 1 b, rinoTeHy30t0

C 1 BUCOTOIO, ITPOBEACHOIO JI0 TIMOTEHY3H he.

2. Jns 1poro TPUKYTHHMKA 3alMCATH METPHUYHI CIIBBIIHOIICHHS IS
KaTeTiB.

3. BukoHaTn mo4ieHHO J0/1aBaHHS 000X YaCTUH 3/100YTHUX PIBHOCTEH.

4, [lepeTBopuTH TMpaBy YACTHHY 3400YyTOi PIBHOCTI, BUKOPUCTABLIU

aKcioMy BUMIPIOBaHHS BiJIPi3KiB.

S. [lepexnactu mykaHy HEpiBHICTh 3 MaTeMaTHYHOT MOBU Ha 3BUYAITHY.
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Puc. 25.
JloBeJieHHS 3a CKJIaJICHUM IIJIaHOM OyJie 3By4aTH HACTYITHUM YHHOM: 3T1IHO
3 METPUYHUMHU CITiBBITHOIICHHSMH B MPSMOKYTHOMY TPUKYTHHKY 3 KareTamu a i b
Ta TiNOTEHy3010 ¢ OyJeMo MaTh a’=c-ac, b?=c-b.. Jlomaroun 1i piBHOCTI IIOYJIEHHO,
orpumaemo a’+h?=c-act+c-be=c(as+bc)=c?. Otke, y NPAMOKYTHOMY TPHKYTHHUKY
CyMa KBaJIpaTiB KaTeTiB JIOPIBHIOE KBAAPATy T1IIOTEHY3U. TeopeMy JA0BEJICHO.
[Tpuxmnan 38.JloBexdiTh, M0 CEpEANHN CTOPIH YOTUPUKYTHHUKA € BEPIIMHAMU

napasesnorpama.

C
G

A H D

Puc. 26.
[1nan moBeneHHS 3a1a4i MOXKE BUTIIAIATA HACTYITHUM YHHOM.
1. PosrasHemo nmanuit wotupukyTHHK ABCD 1 cepenunu iioro ctopin E, F,
G, H (puc. 26).
2. Jlosenemo, EFIl AC.
3. Hdosenemo, mo GHIl AC.



75

4. Josenemo, mo npotunexsi croponun EF 1 GH dotupukyrnuka EFGH
napaJebHi.

5. JloBeneMo aHaJOTI4YHO MapaNeNbHICTh IPYToi Mapy MPOTUIICKHUX CTOPIH.

o

3poOKMMO BUCHOBKH.
JloBeneHHs
Hexait nanmit wvornpukytauk ABCD 1 cepenunu #ioro cropin E, F, G, H.
EF - cepenns nminis tpukytHuka ABC, tomy EFIl AC.
GH - cepenns minis tpukytarka ADC, Tomy GHIl AC.
Otxe, GHIEF.

a M 0D oE

EH - cepenns ninis tpuxytauka ABD, tomy EHIl BD. FG - cepenns ninist
tpukyTHuka BDC, Tomy FGIl BD. Otxe, EHI FG.
6. 3 myHkTiB 4 15 BUIIIKUBAE, 110 YoTUpUKyTHUKa EFGH — mapanenorpawm, o

1 TOTPiOHO OYyJIO JOBECTH.

BinTBOpeHHSs 10BeIecHHS TEOPEeMH YU 3a/1a4i 32 CKJIAICHUM IJIAHOM

CyTh JaHOTO MPUMOMY TOJATA€E B TOMY, IO YYHSIM NAETHCS TOTOBUU IUIaH
JIOBEJICHHS HOBOi TEOPEMHU 1 TMPOTOHYETHCS CaMHUM 3JIHCHUTH JOBEICHHS 3a
JOTIOMOTOI0 11bOT0 TuTaHy. IlmaH Bka3zye mnuiie 3arajbHUA KOHTYpP JOBEICHHS
teopemu. [Ipu peanizaiii muany noTpiOHO BpaxoBYBaTH BCl JI€Talll Ta PO3IJISLIATH
iX peTesbHO 1 TepIIsye, JOBOJIUTH MPABIIbHICTH KOKHOTO KPOKY MTOCHJIAHHSIMH Ha
BIJIMOBIIHI, B1JIOMI paHiille MaTeMaTuyHi (paktu, npono3uiii. Ilepesaru:

1) mman po30uWBaEe MOBENECHHS TEOPEMHU Ha Psij MPOCTUX, €IEMEHTapHUX
3aBJlaHb, SIK1 y4H1 MOXKYTh BUPILIUTH;

2) B yUHIB 3’ SIBJISIETHCSl BIIEBHEHICTh Y TOMY, 110 BOHU 3MOKYTb JIOBECTH HOBY
TEOPEMY;

3) miaH J03BOJISIE OXOMMUTHU BCE JIOBEJEHHS y LIUIOMY, B YYHIB BHUHUKAE

BIJIUYTTSI IOBHOT'O PO3YMIHHSI.
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OCKUIBKM CXEMHU JOBEJCHHS BCIX TPhOX O3HAK IMapajesiorpaMu Maibke
OJIHaKOBI (BIIMIHHICTb TUIbKH B 3aCTOCYBaHHI PI3HUX O3HAK PIBHOCTI TPUKYTHHUKIB
Ta BUKOPHCTaHHI a00 O3HAa4YeHHS Napajeinorpama, abo BXKe JIOBEIACHOI O3HAKU
mapainenorpaMa 3a JIBOMa MPOTUJICKHUMH CTOPOHAMH), TO POOOTY 3 JTOBEICHHS
O3HAaK MOKHA OpraHi3yBaTH TaK: 03HAKY Mapajenorpama 3a JBoMa IMpOTHICKHUMH
CTOPOHAMH JOBOJIUTH YUUTENh 32 YUacTl YUHIB, CKJIAJa€ TUTaH JOBEICHHS, a TIOTIM

IIPOIIOHY€ YUHAM CaMOCTIMHO JOBCCTH HaCTyrIHi O3HaKH 3a CKJIaACHHUM IIJIaHOM.

ITpukna, 39. (O3naka, sK
B C pHKIIaz ( y

JOBOJIUTh BYMTENIb 3a Y4YacTl YYHIB).
JloBeIiTh 03HAKY Mapajenorpama - Ko B
YOTUPUKYTHHUKY JBI IPOTHIIEKHI CTOPOHHU
PiBHI 1 MapajebHi, TO el YOTUPUKYTHUK

A 3 - napasenorpam.

Puc. 27.

JloBeeHHS.

Hexaii y wotupukytauky ABCD (puc. 15) AB||CD, AB = CD. Y nanomy
4OTUPHUKYTHUKY mpoBeaeMo aiaroHanb AC. Ockineku AB || CD, a AC — ciuna,
Tto £ZBAC = £ZDCA sK BHYTpIillIHI Pi3HOCTOPOHHI MPH TapajeibHUX MPSIMHUX 1
ciuniii. AC — cninbHa ctopona TpukyTHukiB BAC 1 DCA, AB = CD 3a ymoBoto.
Otxe, ABAC = ADCA 3a n1Boma CTOpOHaMH i KyToM Mix HuUMH. 3Bigcu £ BCA
= ZDAC. Ockinbku 11l KyTH BHYTpilIHI pi3HocTopoHHI mipu npsmux BC 1 AD i
ciunii AC, to BC||AD. Omxe, AB ||[CD, BC ||AD. Takum uuHOM, ¥y
yotupukyTHUKY ABCD mpoTuiexHi CTOpOHHU mapaseibHi, 0TKe, BIH MMapaieiorpam
3a O3HAYEHHSM, 1110 1 Tpeba OyJI0 T0BECTH.

[1nan noBeneHHs TeopeMu Oyae BUIIISIIATH TaK:

1)  cnoyaTKy JAOBOIUTHCS PIBHICTH TPUKYTHHKIB (3700YTHX Y pe3yibTaTi
MIPOBEJICHHS OJTHI€T a00 ABOX JiaroHajei rnapajneaorpama);

2) i3 PIBHOCTI TPUKYTHHKIB BHILUIMBA€E PIBHICTh BIAMOBITHMX €JICMEHTIB

IIUX TPUKYTHHUKIB (K1 y CBOIO UEPry € eJIEeMEHTaMu Tapajenorpama);
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3)  Ha OCHOBI JIOBEICHOI PIBHOCTI MEBHUX EJIEMEHTIB Mapaienorpama i3
BUKOPUCTAHHSAM O3HAYeHHS (A TMOTIM J[IOBEIEHOTO IOMEPEIHBOTO TBEPIKEHHS)
JIOBOJUTHCS TOHM (pakT, 110 TaHUH YOTUPUKYTHUK — Mapajeiorpam.

HactynHi 0o3Haku 10BOJSATH Y4HIi, 32 JIOTIOMOTOIO IIJIaHY.

[Tpuknazx 40. SKII0 B YOTUPUKYTHHUKY MIPOTHIICKHI CTOPOHHU TOTAPHO PiBH,
TO 1Ie¥ YOTUPUKYTHUK — TMapasieJorpaM.

JloBenEeHHS.

B " C 1) Hexait y wotupukytHuky ABCD
(puc.28) AB =CD, BC = AD. VY nanomy

YOTUPHUKYTHHUKY IIPOBCIACMO IliaFOHaJII)

AC. VY tpukyrnukax ABC 1 CDA:

. *F . AB=CD, BC = AD —3a ymosor, AC
A D ,
o — CHiJIbHA CTOPOHA.
Puc. 28.
2) Omxe, AABC = ACDA 3a tppoma ctoponami. 3Bincu £ BAC = z

DCA, £BCA=4DAC sx BianoBiHi KyTH PiBHUX TPUKYTHHUKIB.

3) Ockinbku kytt BAC 1 DCA — BHyTpilIHI pi3HOCTOPOHHI MPH NPSIMUX
AB 1 CD 1 ciuniit AC, a kytu BCA 1 DAC — BHyTpiIHI pi3HOCTOPOHHI MpHU
npsmux BC 1 AD i ciuniit AC, 1o Bimnosimno ABI||CD, BC||AD. Orxe,
yotupukyTHuk ABCD — mapanenorpam 3a o3HaueHHsM, 10 W Tpeba OyIio
JIOBECTH.

[Tpuknag 41. Skumo aiaroHainl YOTUPUKYTHHKA MEPETUHAIOTHCS 1 TOUYKOIO
NEPETUHY IUIATHCS HABMLUIL, TO el YOTHPUKYTHUK — Hapajesorpam.

JIoBEe1CHHA.

B C )Hexait ABCD —  namwii

O YOTUPUKYTHUK, JiaroHani AKOTO
nepeTuHaroTbest B Tourli O (puc. 29). ¥V
tpukytHukax BOC 1 DOA: BO =

A , I DO,0C = OA — 3a ymoBow; £BOC

= ZDOA sk BepTUKAIBHI.
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Puc. 29.
2)O1xe, ABOC = ADOA 3a gBOMa CTOpOHAMH 1 KyTOM Mi’K HUMU. 3BIJICH
ZBCO = ZDAO, npuuomy 1i KyTH € BHYTPIIIHIMH PI3HOCTOPOHHIMU TpHU
npssmux BC 1 AD i ciuniit AC. Omxke, BC||AD. AHanoriuso TOBOJMMO PiBHICTB
TpukyTHUKIB BOA 1 DOC 1 napanensHicTh npssmux AB 1 CD.
3)OcKilbKH TPOTHIICKHI CTOPOHM YOTHPUKYTHHKA TMapajellbHi, TO IIeH

YOTUPUKYTHUK — MapajenorpaM 3a 0O3HaA4eHHsIM, 1110 i Tpeba Oyi10 JOBECTH.

JlikBigauisi nponyckiB B 10BeACHHI

JUis TOSICHEHHS JOBEICHHS TEOPEM TaKOXX BUKOPHUCTOBYIOTh MPHUIIOM
JIKBIAALIl TPOIYCKIB Yy JOBEACHHI, SIKMWA MOJIArae B CTBOPEHHI MPOIYCKIB Yy
JIOBEICHHI, SIK1 TOTP10HO 3aITOBHUTH BUKOPUCTOBYIOYM BUBUYCHHI paHillle MaTepial
1 3poOUTH KiHIIEBUH BUCHOBOK. CyTTEBOIO MOro IMepeBaror € Te, 10 B Y4HIB
PO3BUBAETHCSI MUCICHHS 1 BIEBHEHICTh y BIACHUX CHJaX, Oa)KaHHS JOBOAMTU
oA10H1 TeoOpeMH.

[Tpuknan 42. JloBenite, 10 AlaroHajai poM0Oa MEePeTUHAIOTHCS NI MPSIMUM

KyTOM 1 € OicekTprucaMu horo KyTiB (puc. 30).

JloBeneHHs
Posrnsnemo AACB. 3a o3nauennsm pomba AC=__ | Tomi AACB
A 3a BIIACTHUBICTIO
CO=__ ,tomi AO - AACB. VY
piBHOOEIPEHOMY  TPUKYTHHUKY  MeJiaHa,
710 Moro , € OICEKTPUCOIO 1
o L2 B
Otxe, AO — OicekTpuca =, sika
NEepHeHAUKYJIIpHA A0 OCHOBM __ , TOOTO
___-Oicextpuca = iAD | __.
D

Puc. 30.
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AHAJIOTIYHO JOBOJMTECH, Mo AD — =D, CB -

Teopemy

JloBeieHHsI 3 3aII0BHEHUMHU IIPOITyCKaMu Oyie BUTIISIAATH HACTYTTHUM YHHOM:
posrisiHemo AACB; 3a o3HauenHsiMm pomba AC=AB, Toai AACB piBHOOEeApEHUI.
3a BnactuBicTio mapainenorpama CO=0B, Tomi AO - wmemiana AACB. VY
piBHOOEIPEHOMY TPUKYTHUKY MeJIlaHa, IIPOBEJICHA 10 HOTO OCHOBH, € 01CEKTPHCOIO
1 BUCOTOIO.

Otxe, AO — OicexkTpuca <A 1 neprneHauKyJsipHa 10 ociosu CB, To6To AD-
oicektpuca <A i AD | CB. Ananoriuno goBoauthes, mo AD — Gicekrpuca <D,
CB - 6icextpuca =C i = B.

Teopemy noBeneHo.

[Mpuxnan 43. J[loBenmith, IO B MPaBWIbHIA UYOTHPUKYTHIH MpU3MI

ABCDA;B,C,D; mnomuuu AD; C i DBB; nepnenaukyispHi (puc. 31).

Puc. 31. A

JloBeneHHs 3 monycKkamMmu

1) AC L DB sk nmiaronaini kBagpata AB .
2) BB1 L (A ) six peOpo mpaBuibHOI npusmu. Toxi BBy L .
3) ACLDBIBB: 1l ,Tomi(3aTeopemMoro mpo ) AC
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1 (_Ba).

4) ACe(AD;__ )1 ACL (DB ),romi (3ao3nakor) ()L (DB_ ).

5) Otxe, B paBWIbHI YOTHUPUKYTHIN TpusMi ______ A, B;C; D; tutomuH"
AD,CiDBB,;

JloBenieHHS 3 3alIOBHEHUMHU MPOITYCKaMU MaTUME BUTJTIS:

1) AC L DB sk nmiaronani kBagpara ABCD.

2) BB;1 L (ABC) six pedbpo npaBuibHOi mpusmu. Toxni BB1 L AC.

3) AC L DB I BB; L AC, Toxi (3a TeopeMOro Tipo JBa rneprneHauKysipu) AC
1 (DBB).

4) AC e (AD;C)i AC 1L (DBB;),toni (3a o3nakor0) (AD;C) L (DBB;).

5) Otxe, B mpaBWwiIbHI YOTHPUKYTHIH tipusmi ABCDA;B,C;D; mmomuHu

AD; C i DBB, nepneHAuKyJIsipHi

BigmykaHHsi NIOMMJIOK B 10BeI€HHI

Omun 3 npuiioMiB, AKUH NPUBYAE AITEH MHUTTEBO pearyBaTd Ha MOMMIIKH.

VY4HIB 3a37aieriib MonepeakaTb Ipo Te, MO MOSCHIOYMA Marepiall, yYUTelb

HAaBMHCHO NPUITYCKAETHCS MOMMIIOK. TakoX JOMOBISIOTBCS ITPO YMOBHMUH 3HAK,

SKUM KOPUCTYBaTUMYThCS YUH1 a0M 3BEpHYTH yBary Ha 3HailIeHy TOMUJIKY.

[Tpuknan 44. JloBeniTh, 1110 30BHIINIHIA KyT TPUKYTHUKA JOPIBHIOE CYyMi JJBOX

BHYTPIIIHIX KYTIB, HE CyMIXHUX 3 HUM (puc. 32).

JloBeneHHS.

JloBeneHHs MO’KHa MPOBECTHU
MIOCTAIHO, BUTIPABIISIFOYN OYCBUIHI TOMUIIKH
1 IOSICHIOIOYHW KOXKHY 3 HUX, Ta BUAUISIOYH iX
OyIb-IKMM  CHMBOJIOM JUI  KpaIioro

3amaM’AITOBYBaHHS Ta NpOQITaKTUKH

A

B D IMOJAJIBIIIOTO 301MCHEHHS.
Puc. 32.

TekcT qoBeJieHHS 3 MOMIIKaMU OyJie

BUIISIAaTH HACTYIIHUM YUHOM:
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1) JloBenenns moOymoBaHe Ha TEOPEMI IIPO PI3HUILIO KYTiB TPUKYTHHKA (CyMa
KYTIiB TpUKYyTHHKA fA0piBHIOE 360°).

2) Cyma kyTtiB AABE nopisnioe 180° — ~ACB+-ABC+-DBC=190°.

3) 30BHIIIHIN KYT TPUKYTHUKA CYMIXHUN (CYMDKHUMH HA3WBAIOThCS KYTH,
K1 HE MarTh CHUIbHOI BEPIIMHM 1 OJHOI CHUIBHOI cTopoHM) 3 =ABC , oTxe,
~-CBD+-ABD=180°. & ~ABC=180°+-CBD.

4) 3 piBHOoCTI «.ACB+-ABC+-BAC=180° 00unciumo ~ABC: =ABC
=180° + -BAC+-ACB.

5) Mu otpumanu aBi piBHOCTI st obuncieHHss =ACC, Bl YaCTUHU SIKUX
piBHI, oTXxe, piBHi 1 mpasi: 180° — ~CBD=180° — ~=BAC—-ACB.

6) [lepeTBOpUMO OCTaHHIO PiBHICTH 1 AicTaHeMo: «CBB=-BAC+-ACB.

7) Otxe, 30BHINHIA KYT TPUKYTHUKA OLIBIIMI Bl OyIb-IKOTO

BHYTPIIIHBOT'O KyTa, CYMIKHOTO 3 HUM.

JloBeneHHs 0€3 MOMHIIOK

1) JoBenenns mobyaoBaHe Ha TEOpEMi PO CyMy KyTiB TPUKYTHHKa (CyMa
KyTiB TPUKYTHHKA JT0piBHIOE 180°).

2) Cyma kytiB AABC gopisatoe 180°: ~ACB+-ABC+-BAC=180°.

3) 30BHIIIHIN KyT TPUKYTHUKA CYyMIXHUHN (CYMDKHUMH HA3WBAIOTHCS KYTH,
Kl MalOTh CHUIbHY BEpPIIMHU 1 OJHY CIIJIbHY CTOPOHY, a JBI IHIII YTBOPIOIOTH
npsMy JIIHII0; CYMDKHI KyTH JIOMOBHIOIOTH 0JuH ojgHoro 10 180°) 3 ~ABC, oTxe,
=CBD+-ABC=180°. & ~ABC=180° — -CBD.

4) 3 piBaocTi «.ACB+-ABC+-BAC=180° o0unciumo ~ABC: =ABC
=180° — =BAC—-ACB.

5) Mu otpumanu ABi piBHOCTI [isi oouucieHHs: «=ABC, niBl 4aCTUHU SIKUX
piBHI, OTXe, piBHI 1 npasi: 180° — -CBD=180° — ~=BAC—-ACB.

6) [lepeTBOprUMO OCTaHHIO PIiBHICTH 1 AicTaHeMO: =CBD=-BAC+-ACB.

7) Otxe, 30BHINIHIA KyT TPUKYTHUKA OLIbIIMI Bl OyIb-KOTO

BHYTPILIIHBOTO KyTa, HE CyMIXHOTO 3 HUM.
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[Tpuknan 45. Jlano Touku A(-3; 2) 1 B(4, 1). dosenits, mo Biapizox AB
IIEPETUHAE BICh Y, ajic HE IMIEPETUHAE BICh X.

Texkct qoBeCHHS 3 TOMIIKAMU OY/1€ BUTJISIIATH HACTYITHUM YHMHOM.

Bick y po30uBae mionuHy xx Ha TpU MIBIUIOMMHUA. B oaHIN MiBIUIONTMHI
OpPJIMHATH TOYOK JIOJIaTHI, a B IPyTid - Bix eMHl. Ockinbku abcuucu To4okK A 1 B
OJIHAKOBUX 3HAKIB, TO TOUKH A 1 B He jekaTh y pi3HUX MIBIUIOMIKUHAX. A 1€ 03HAYaE,
10 Bijpizok AB meperuHae Bich X.

Bick x He po30uBae MUIONMIMHY XY Ha JB1 MIBILUIONMHUA. B omHI 3 HHX

OpJIMHATH TOUYOK JIO/IAaTHI, a B IpyTii noaatHi. Touku A 1 B MatoTh opiMHATH OJTHOTO

3HaKa (BiJ‘€MH1), OTXKE€, BOHU JeXaThb B TpPhOX MiBIUIOHIMHAX. Binpizok AB

[IEPETUHAE BICh X.

OTtxe, Biapizok AB neperuHae Bich y, ajie HE IEPETHHAE BICh V.

JloBeneHHs 03 NOMUIIOK OyJle BUTIISIAATH HACTYITHUM YMHOM.

Bick y po306uBae miomuHy Xy Ha JB1 MIBIUIOMIUHKA. B OJHIN MiBILIONTMHI
abcIycH TOYOK JI0JIaTHI, a B pyrid - Bix eMHl. OCKUIbKK aOciucu Touok A i B
MPOTUIICKHUX 3HAKIB, TO TOUKH A 1 B 1exxath y pi3HUX HIBIUIOIIMHAX. A 1€ 03HAYAE,
110 Bipi3ok AB mepeTuHae BiCh .

Bick x Texx po30uBae MIOMIMHY XY Ha ABI MIBIUIOIIMHU. B OomHINA 3 HUX
OpJIMHATH TOYOK JIOJIaTHI, a B IpyTiii BieMH1. Touku A 1 B MaroTh opJInHAaTH OHOTO
3HaKa (J0JaTHI), OT)KE, BOHU JIGKAaTh B OAHIN miBILIONMHI. Bimpizok AB He
MepPETHUHAE BIChH X.

OTtxe, Biapizok AB mepetunae Bich y, ane HE IEPETUHAE BiCh X.

AprymMeHTanisi 0OCHOBHMX KPOKIB (eTariB) 10BeJAeHHS
JloBeneHHS — 1€ BHBEICHHS OJHOI'O0 3HAHHS 3 1HIIOTO, ICTUHHICTH SKOTO
paHile BCTaHOBJIEHA 1 MepeBipeHa MPAKTUKOIO.
JloBeIeHHS € MUCIICHHUI TPOTIEC, CTIPSIMOBAHMI HA MiITBEPKEHHS SIKOTOCh
MOJIOKEHHS Yepe3 1HIl1 0€3CYyMHIBHI, paHille OOTpyHTOBaHI1 I0BEICHHS.
JUIst  Kpamoro po3yMiHHS TIOHATTS «apryMEHTallis» MOXKHa BBECTH

BU3HAYCHHSI T€3U Ta apPIyMEHTY.
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Te3a — 11€ MOJ0KEeHHS, IO OOIPYHTOBYETHCSI.

AprymeHT (JioriyHa OCHOBa, ITJICTaBa, JOBIJ, J0Ka3) - TMOJOXKEHHA, 3
JIOTIOMOTOI0 SIKOTO OOTPYHTOBY€EThCA Te3a. POib apryMeHTIB MOXYTh BilirpaBaTu
aKClOMH, TEOPEMH, BIACTUBOCTI, JIOT14HI OIepallii TOIIO.

AprymeHTaliisi — Ie CYKyNHICTh YMOBHBO/IIB, HEOOXITHUX JIJIsI JIOTIYHOTO
BUBEJICHHS TE3W. APIYMEHT € HEBIJ €EMHOIO YaCTHHOK aoBencHHS. OCHOBHUMU
TUIIAMU apTYMEHTIB y MPOLIEC] JOBEACHHS €: CY/KCHHS IPO JOCTOBIPHO BIJIOMI
dakTH; HAyKOBE BU3HAYEHHS IMOHATH; 3araJbHONPUUHATI B HAYIN y3arajabHEHHS,
paHilie 10BeeHI 3aKOHU HAYKH, BIIACTUBOCTI, aKCIOMH YU TEOPEMHU.

3a crocoboM apryMeHTallli TOBEJCHHS MOAUIAIOTHCS Ha TIPsSIMi 1 HENpsIMI.

[IpsMUM Ha3UBA€THCA JOBEICHHSA, y SKOMY Te3a OOTPYHTOBYETHCS
apryMeHTOM 0€3 BUKOPHUCTAHHS CYNEPEYHUX TE€3 1 MPUITYIICHb.

HemnpsiMmum  Ha3uBaeTbCs  JIOBENEHHS, Yy SIKOMY ICTHHHICTD  TE€3H
OOTPYHTOBYETHCS 13 3aCTOCYBAHHSIM CYNEPEUHOTO T€31 MPUITYIICHHS (AHTUTE3H).

[IpsiMi 1 HeTpsiMi TOBEJICHHS y pa3l MIATBEPKEHHS YU CIPOCTYBaHHS TE3U
3IMCHIOIOTHCS 32 JOMIOMOTOIO PI3HUX MIPUHOMIB.

AprymeHratist Ma€ OyTH MOCIIJOBHOIO, JIOTTYHO CTPYHKOIO.

[IpaBuna o0 aprymeHraiiii:

o apryMEeHTH, 1110 HAaBOASATHCS JIJISl IOBEJICHHS, [IOBUHHI OYTH ICTUHHUMU
1 HE CYTIepEYUTH OJTHE OJTHOMY;

o apryMEHTH MaroTh OyTH TOCTATHLOIO OCHOBOIO JIJISl JJOBEICHHSI,

° apryMEeHTH TOBUHHI OYTH Cy/PKEHHSIMH, ICTHHHICTh SIKUX JOBEJICHA;

[ToMunky B apryMeHTanii:

o CTpUOOK y IOBEJICHHI;
o MOPYIIEHHS MPaBUII YMOBUBOY;
J MOPYIIEHHS IPABUJI CHIIOTI3MY.

[lepmmii BUA MOMUJIOK MOJSTA€ y HE3AATHOCTI BUBECTH Te3y 3 HABEACHOI
OCHOBM, Y HEBMIHHI PO3KPUTH BHYTPINIHIA JIOTIYHUA 3B’SI30K TIOJOXKECHHS 3
BUCYHYTUMHU JOBeIEHHSAMHU. Jlpyruii BHUA TMOMWIOK BUHHUKAa€E B pe3yibTati

«MepecKaKyBaHHS» 4Yepe3 TNPOMDKHI JIAHKM B JIQHIIOTY  YMOBUBO/IB,
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BHCJIOBJIIOBAHHS T€3H 0€3MOCEPEHBO CIII0M 32 OCHOBOIO, 0€3 BUSBJICHHS TOTO, SIK
Te3a JIOT1YHO BUILIMBAE 13 111€1 OCHOBU. TpeTii BU MOMMJIOK MOJIATAE y TOPYIIECHHI
IPaBWJI YMOBHUBOJy — IMPaBWJI CHJIOTI3MY, YMOBHO-KaT€TOPHYHOTO YMOBHBOJY,
IPaBHJI HAYKOBOI 1HAYKII. [38]

KomeHnTyBanHs (apryMeHTyBaHHS) BHpIIICHHS 3aBJaHb IIOJSTa€E B
HACTYITHOMY: YC1 YYHI CAaMOCTIIHO BUPIIIYIOTh OAHY 1 Ty X 3a/ady, a OJUH 3 HUX
MOCTIOBHO TIOSICHIOE (KOMEHTYye) pimieHHs. Jleski BuMTeN MepeTBOPIOIOTH
KOMEHTYBAHHS JI0 3aIlUCYy il TUKTOBKY: OJIMH YY€Hb BIATBOPIOE TOJIOCOM BCE, IO
BiH 3amuCy€ B 301IUT (0€3 OyIb-SIKUX MOSICHEHB), a BCI 1HIII MOCHIIIHO 3aMUCYIOTh
CKa3aHe HUM. SICHO, 10 TaKe 3aCTOCYBAHHS KOMEHTYBaHHS HE IPUHOCUTD HAJICKHOT
KOPHCTI.

KoMeHnTyBaHHsI O3Haya€e MOACHEHHS, TIIyMaueHHsI 4oro-HeOyap. Came Tax 1
CIIIJI pO3YyMITH KOMEHTYBAaHHS NpU BUPILIEHHI MaTeMaTUYHUX 3aB/JaHb. YUYEHb-
KOMEHTATOp MOSACHIOE, Ha SIKIM MIJCTaBl BiH BUKOHY€E T€ YU 1HILE NMEPETBOPEHHS,
MPOBOJUTh T€ 4YM 1HINE MipKyBaHHS, MoOyaoBy. I[lpu 1IbOMy KOXEH KpOK Yy
BUPILIEHH] 3aBJaHHS TOBMHEH OyTH BHUIPABAAHWI MOCUJIAHHSAM Ha BIIOMI
MaTeMaTUYH1 IPOIO3HULIIi.

[Tpuknan 46. JloBenith Teopemy daneca — SKIO MmapajiesibHi MPsiMi, IO
NEePETUHAIOTh CTOPOHU KYTa, BIATUHAIOTH HA OJIHIA HOTO CTOPOHI PiBHI BIJIPI3KH, TO

BOHU BIJITMHAIOTH PIBHI BIJPI3KH 1 HA JPYTii HOTO CTOPOHI.

Puc. 33.
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JloBeneHHs. BiqnoBinHO 10 JaHOTO MPUIOMY OCHOBHI KPOKH JOBEAEHHS 1 iX
apryMEHTAIli}0 MOYKHA MTOAaTH Y BUTJISAI TaOIHIl, IKY TOTPIOHO 3aIIOBHUTH YUHSIM.

Ta6JII/IH$I JOBCACHHA MOXKEC BUIJIAAAaTHU TaK:

OCHOBHI KpOKH (€Taru) 10BeACHHS AprymenTariis

1.IIpoBenemo uepe3 Touky Bz npsmy EF||AC. | AprymenT 1- ?
2.A1A2:FBZ, A2A3=BzE.

3. FBy= B,E. Apryment 2 - ?
4. -B1BF=-EB;Bs. Aprymenr 3 - ?
5. =B1F B,==B,EBs;. Aprymenr 4 - ?
6.A B1B,F=A EB,Bs. AprymeHrt 5 - ?
7. B1B>= B»Bs. Aprymenr 6 - ?

B konoHKy «ApryMmeHraiis» y4dHI MOBHHHI BIIMCATH TakKl apryMEHTH
(Teopemu, BIACTUBOCTI, aKCIOMH 1 T. 11.), Kl O JOBOJMIIM KPOKH 3alucaHi B JiBiil
KOJIOHIII TaOJIHII.

3anoBHEHaA Ta6J'II/IH${ AJOBCACHHSA TCOPCMU daneca MmaTuMe BUTIJIAA:

OcCHOBHI KpOKH (€Taru) JTOBEICHHS AprymeHTaris
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1.IIpoBenemo yepe3 Touky Bz mpsmy
EF||AC.
2.A1A2:FBZ, A2A3=BzE.

3. FBzz BZE
4., 4B1B2F24EB2B3.
5. 4B1F B2:4B2EB3.

6.A BleF:A EB2B3.

7. B1B2: B2B3.

Yepez Oyapb-sIKy  TOYKY  MOXHa
IIPOBECTU NPSAMY HapajesbHy 10 JaHOI.
[TapanenbHi TpsiMi  TEPETUHAIOTHCA
napaneJIbHUMU MPSIMUMU, TOMY MOXKHa
BUKOPHUCTATH BJIACTUBICTb
napajenorpama.

A1A2= A2A3.

PiBHI 5Kk BEpTHUKAaJIbHI.

PiBHI ik BHYTpIIIHI pI3HOCTOPOHHI NPHU

napajienbHux npamux AiBi; Tta AoB: 1

ciuniit EF.

3a  Apyroro  O3HAKOK  PIBHOCTI
TPUKYTHUKIB  (SIKIIO CTOPOHA W
Opujeriii -~ A0 Hei KyTH  OJHOTO

TPUKYTHUKA JOPIBHIOIOTH BiJMOBIIHO
CTOPOHI W TpUIErIuM a0 Hei KyTam
TaKi

JIPyroro TO

TPUKYTHHUKA,
TPUKYTHUKHU PiBHI).

A BleF:A EB2B3

[Tpuknan 47. Cepenns miHig Tpamelii mapajieibHa OCHOBaM 1 JIOPIBHIOE X

niBcyMi (puc. 34).

JoBenenus. Tabnui, Ky CJiJl HOAATH JUIsl KPAIloro 3aCBOEHHS JTIOBEACHHS

TCOPEMHU 3 BUKOPUCTAHHAM JAHOI'O MECTOAY MOKC BUTIAAATH TaAK:

OcHOBHI KpOKH (€Tamnu) TOBEACHHS

AprymeHTaitis

AD y touui E.
2. .A PBC=A PED.

1.ITlpoBeaemo yepes B 1 P ipsimy, sika mepeTHe

Aprymenrl] - ?

AprymeHt 2 - ?
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3. PB=PE, BC=ED.
4. PQIAE.

5. PQ= (AD+BC)

Aprymenrt 3 - ?
Apryment 4 - ?
Apryment 5 - ?

C

A Puc. 34.

D E

3anoBHEHA TAOJIHIS JOBEACHHS

OCHOBHI KpOKH (€Tarnu) TOBEICHHS

AprymMmeHraris

1.ITpoenemo yepes B 1 P ipsimy, sika iepeTHe

AD y Toum E.

2. A PBC=A PED.

3. PB=PE, BC=ED.

Hexait ABCD — nana Ttparneitis.
UYepes aBi Touku (BepmwuHy B 1
cepenuny P Giunoi croponu CD)
MOYKHA NpOBECTH mpsiMy. BoHa
neperuHae AD y neskyii Touri E.
TpUKYyTHUKM pIBHI 3a JpYroro
03HAKOI0 PIBHOCTI TPUKYTHUKIB.
Y nux CP=DP 3a noOynaoBoro,
KyTH Tpu BepmmHi P piBHI sK
BepTukanbHi, a Kyt PCB 1 PDE
piBHI K BHYTpIIIHI
PI3HOCTOPOHHI MPHU MapaieIbHUX

npsimux BC 1 AD 1 ciuniit CD.
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3 piBHOCTI TPUKYTHHKIB A
PBC=A PED BumiuBae piBHICTb
4. PQIAE. CTOpIH.

Cepennst mimis tpanemii PQ €
CepeHBOI0 JIHIE TPUKYTHHUKA
ABE. 3a BacTuBicTIO CepenHbOI
5.PQ = (AD+BC) niuii TpuxyTHIKa PQIAE.
Binpisox PQ= AE; (AD+BC).

BinTBOpeHHsI 0CHOBHUX KPOKIB (eTamiB) 10BeICHHA 32 TOTOBOK)
apryMeHTauicio

JloBeileHHsT — 1€ Psii YMOBUBOJIB, 10 MarOTh OJHAKOBY JIOT1YHY OYIOBY
HE3aJIe)KHO BIiJl KOHKPETHOTO 3MICTY 00’€KTa JOCIHIIKCHHS, a apryMeHTallisl — 11e
TBOPYHI MIPOLIEC, TOMY YUHI 3 BUCOKUM PIBHEM 3HaHb MOBHHHI JIETKO CIPABUTHUCH 3
TaKUM 3aBJIaHHSM SIK BIJITBOPEHHS OCHOBHHMX KPOKIB JIOBEJICHHS TEOpPEMH 3a
rOTOBOIO apTyMEHTALIE0.

[Ilo6 moBecTu TeopeMy IITSAM MPUNIAETHCS NIYKATH JIOTIYHI 3B SI3KH MIXK
3aMpONOHOBAHUMH apTyMEHTaMH Ta MOCTYTOBO BUCBITIFOBATH €TaI JOBEICHHS.
B [Ipuknan 48. JloBemith TeopeMmy

(BMacTUBICTh OICEKTPUCHU TPUKYTHHUKA) —
OicexTpuca TPUKYTHHKA JIUTUTh CTOPOHY, A0
SKOI BOHAa TIPOBEJCHA, Ha  BIJIPI3KH,
MPOTIOPIIIHI MPWICTIINM 10 HUX CTOPOHAM

f]. D (—_T (puc 35).

Puc. 35.
JloBeneHHs
JIJist 3py4HOCT1 TOBEJEHHS 1 CMCTEMaTh3arlii Horo KpoKiB JOIUIBHO MOJATH

apryMEHTH €TalliB 1IbOro JOBEJACHHS Yy BUIVISAAI TaOJUIll 3 JBOX KOJIOHOK IIif
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Ha3Bamu «Etamu (Kpoku) MOBEAEHHS» Ta «ApryMEHTAIlis», 3 SKUX mepiia Oyze

IIyCTOIO0, a4 APpyTa — 3allOBHCHA.

Biamosinna Tabnwis Oyae MaTH BUTIISL;

Etanu (kpoku) noBeneHHs

AprymenTariis

1.Kpok 1-7?

2. Kpok 2 -7?

3. Kpok 3 -?

4. Kpok 4 - ?

5. Kpok 5 -?
6. Kpok 6 - ?

7. Kpok 7 - ?

1.Yepe3 TOuky MO>KHA MPOBECTHU MPSIMY
napanenbHy — JaHiif, ska = Oyne
nepetuHatd AB y Toumi E.

2.PiBHI K  PI3HOCTOPOHHI  MpHU
napasiensHux npsmux BD 1 CE Ta
ciyniit BC.

3. PiBHI sk  BIONOBIZHI  TIpH
napasiensHux npsmux BD 1 CE Ta
ciuyniit AE.

4. BD — Gicekrpuca.

5. 24=_1.

6. Teopemoro mpo  mpoMOpIIHI
BIIpI3KM  (MapajiesibHi  [psMi, 10
NEPETUHAIOTh CTOpPOHHU KyTa,
BIJITUHAIOTH BIJI 17(0)§0) CTOpIH
MPOTIOPIIIHI BIIPI3KH).

7.BE =BC.

Puc. 36.
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3anoBHeHa TaOnMLA JOBEIEHHS TEOPEMU MPO BIACTUBICTH OICEKTPHUCH

TPUKYTHUKA BUT'TEAAATUME TAKUM YHMHOM!

Etanu (kpoku) noBeneHHs

AprymeHTariis

1. Yepe3 Touky C mpoBenemMo npsmy
CE, mapanensny npsmiii BD. Hexaii
IIPOBE/ICHA MpsIMa NEPETHHAE MPSAMY
AB y toui E (puc. 36).

2. 21=-2.

3. =3=_-4.

4, 4=_1.
5. =3=_2.

ACBE — piBo6enpenuii (BC=BE).
DC

AD
6.—=—.
AB  BE

AD _ DC
"AB  BC'

1.Yepe3 TOuKy MOKHA IPOBECTH NPSIMY

napajgenpbHy — JlaHii, ska  Oyje
nepetuHatd AB y Toumi E.
2.PiBHI K  pI3HOCTOPOHHI  TIpH

napasiiensHux npsmux BD 1 CE Ta
ciuniii BC.
3. PiBHI 4K  BIONOBIAHI  TIpH
napasiienpHux npsmux BD 1 CE Ta
ciuniii AE.

4. BD — Oicekrpuca.

5. 24=_1.

6. Teopemoro Tmpo MPOMOPIIiiiHI
BIJIP13KHU

(mapasiesibH1 MpsiMi, 110 MEPETUHAIOTH
CTOPOHM KyTa, BIJITUHAIOTH BiJ HOTO
CTOPIH MIPOTOPIIIIHI BIAPI3KH).

7.BE=BC.
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Puc. 37.
[Tpuknan 49. V tpuxkytaukis ABCi1 A;B;1Cq: AB = A;B4, AC=A.(Cq, 2C =
Cy = 90°. Josexits, mo AABC = AA;B;C4 (puc. 37).
JloBeeHHST TIOJaMO y BUTJISAL TaOnuill, B SKiM MOTPIOHO 3alOBHUTH JIIBY
KOJIOHKY, KOPHCTYIOUHChH 3alFCaMU 3 MPaBOi KOJOHKH i BOHA MOXXE€ BHIJIAIATH

HAaCTYyITHUM YHHOM:

Etanu (kpoku) noBeaeHHs AprymeHraris

1.Kpok 1 -7? 1.Ha mponoBxkeHi ctoponu AC mMoxHa
BiIKJIacTH Bijpizok CD.

2. Kpok 2 -7? 2.PiBHI 3a MepIIo0 03HAKOI PIBHOCTI
TPUKYTHUKIB. Y HUX KYTU IIPHU BEPIINHI
C npsami, a oTxe, 1 piBHI, ctTopoHa BC

cnuibHa, a croponn AC 1 CD piBHi 3a

o0y 10BOIO.
3. Kpok 3 -? 3. BurmuBae 3 AABC=ADBC.
4. Kpok 4 - ? 4, Ha mponmosxkeni croponu A;C;

MOXHa BiIKJIacTH Biipi3ok C1D1,

5. Kpok 5 -7? 5. PiBHI 3a mepior 03HAKOK PIBHOCTI
TPUKYTHUKIB. Y HUX KYTU IIPH BEpLINHI
Ci1 npsmi, a oTxke, 1 piBHI, cTopoHa B1Cyq
criibHa, a croponu A1Cq 1 C1D1 piBHi 3a
o0y 10BOIO.

6. Kpok 6 - ? 6. PiBH1 3a TpeThOIO0 03HAKOIO PIBHOCTI
TpUKyTHUKIB. Y Hux AB=AiB; 3a
ymoBoro, BD=B;D;, AD=A;Di, 60
AC=A:C;.

7. Kpox 7 - ? 7. BunmuBae 3 AABD= AA1B1D;.
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8.3a mepmor  O3HAaKOK  PIBHOCTI
TpUKyTHUKIB. Y HuXx AB=A;1B;y,
AC=A;C; 3a yMOBOI0O, a LZA=2 A3,

BianosigHo 3anmoBHeHa TaOIUIs JOBEACHHS Oy/ie BUTTISIATH TaK:

Etanu (kpoku) moBeaeHHs AprymeHraiis
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1. AC=CD.

2. AABC=ADBC.

3. AB=DB.
4. C1D1:A1C1,

5. AA1B1C1:AD1B1C1_

6. AABD= AAlBlDl,

1. 2A=2 Aq
8. AABC = AA,B,C;.

1.Ha nponosxeni croponn AC MoxHa
BiIKJIACTH Bijpizok CD.

2.PiBHI 3a mepior 03HAKOK PIBHOCTI
TPUKYTHUKIB. Y HUX KYTH IPU BEPIINHI
C npsmi, a oTxe, 1 piBHI, cTopoHa BC
cninbHa, a cropoHr AC 1 CD piBHI 3a
o0y 10BOIO.

3. BuruiiBae 3 AABC=ADBC.

4. Ha mnponosxeHi crtopoHu A1Cy
MOXHa BiIKIacTH Biipi3ok C1Dy,

5. PiBHI 3a mepmior0 03HaKOK PIBHOCTI
TPUKYTHUKIB. Y HUX KyTH [IPU BEPIINHI
Ci npsmi, a 0TXke, 1 piBH1, ctopoHa B1Cq
cniibHa, a ctopoHu A1Cy 1 C1D; piBHI
3a MoOYOBOIO.

6. PiBHI 3a TPeThOIO 03HAKOIO PIBHOCTI
TpukyTHUKIB. Y Hux AB=A:B; 3a
ymoBoto, BD=BiD;, AD=AiDi, 60
AC=A1C;.

7. BunuinBae 3 AABD= AA;1B1D;.

8.3a nmepuIold  O3HAKOK  PIBHOCTI
TpUKyTHUKIB. Y Hux AB=A;By,
AC=A:C; 3a yMOBOI0O, a ZA=2 A3,
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3. 6. MaTtemaTn4Hi codizmu.

3 aHTUYHUX YaciB MaTeMaTHKy BBaKAlOTh HAYKOIO TOYHOIO, IO HE TEPIUTH
MOMWJIOK, BHMAarae SICHOCTI MOHATh Ta TBEPIKEHb, HIYOTO HE clpuiiMae 0e3
JIOBEICHB, TPOTOJIONIYE Kpacy Ta BEJIMY JIOTTYHUX MIPKYBaHb. 3a ciioBamu JK.Dabpa
«MaTeMaTHKa - JHWBOBIDKHA BYUTEIbKA B MUCTEITBI CHPSIMOBYBATH JIYMKH,
HABOJUTH TOPSAJOK TaM, Ji€¢ BOHU HE BIIOPSIKOBaHI, BUKOPYOBYBATH O€3TITy3s,
biapTpyBaTH OpyIHE 1 HABOJUTH SCHICTHY. [loMUIKK B MipKyBaHHSX, HayacTile
BUHUKAIOTh Yepe3 MOPYLICHHS 3aKOHIB (DOpMabHOI JIOTIKH, OCHOBU SIKOi 3aKJIaB
BU3HAYHMUI JaBHBOTpenbkuil (dinocod Apictorens (mpami «Kareropii», «IIpo
TnymadueHHs», «llepmia anamitukay, «JIpyra anamitukay, «Tomika»). [lomumnkw,
MOB'sA3aH1 3 MOPYIICHHSM 3aKOHIB JIOTIKM Ta 3aKOHIB MaTeMaTUKH OyBalOTh JBOX
TUIIB: napanori3mu 1 codizmu. Iapanori3mu (3 rpenbKoi - HENMpPaBUIbHE) - 1€
XUOHE MIpKYBaHHS, JIOT1YHA MOMMJIKA, JOMYILIEHA HE HABMHUCHE, a 4epe3 BTpATy
MOCJIIJIOBHOCTI B MIPKYBaHHSIX UM TMOPYIIEHHS OJHOTO 3 3aKOHIB JIOTIKH.
[TapanorizMu B MaTeMaTHULl HEMPUITYCTUMI, 00 J€ € MiCLI€ HOMMJILIL, TaM BXKE€ HEMAE
MiclisE MaTeMaTulll. 30BCIM iHIIA cuTyamis 3 codizmamu. Codizmu (3 rperpKkoi -
XUTPUM BUKPYTaC, BHUTajKa, XUTPUHA YMOBHUBIA) - 1€ MIPKyBaHHS HaBMHCHE
noOyZ0BaH1 Tak, U0 BOHU MICTSTh JIOTIYHY MOMUJIKY 1, 3BUYalHO, IPUBOJATH JI0
XHOHUX BHCHOBKIB. 3aCHOBHUKOM IIKOJIK CO(DICTIB OYB TaBHLOTPEIbKHI (iocod
[IpoTtorop i3 Anbdepu (61. 480 - 6:1.410 mo p. x.). BBenennst codizmiB cupusiio
BJIOCKOHABJICHHIO OPaTOPCHKOTO MUCTEITBA, IMIJIBUIICHHIO JIOTIYHOI KYJIbTYpPH
muciieHHs. [llompaBma, mi3Hime B jAesdkuXx (igocodiB-codicTiB  MHCTEIITBO
COiCTUKH TIEPETBOPUIIOCS Ha CYINEPEeUKy 3apaau Cymnepedukd. Pi3HI mpukiIagu
codi3zMiB HaBOIUTH Yy cBoix mianorax [lmaron (427 -347 no p. x.). Esxmig ( 1V cr.
Jo p. X.) cTBOpUB AMBOBIKHUI 301pHUK «IIceBmapiity, sKuii Ha Kajlb HE JIUIIOB J0
Hac. [le OyB mepmuii 30ipHUK came MaTeMaTUYHUX codi3zmiB Ta mapaaokciB. Ha
ChOTOJIHI codi3MHU, 1 30KpeMa MaTeMaTH4HI, HaBYAIOTh MHCIWTH, JOBOJUTH K
CIIPOCTOBYBATH, YITKO BHCIIOBIIIOBATH CBOi JYMKH; BOHHM 3IMBOBYIOTH Ta
3aXOIUTIOI0Th, JalOTh TOINTOBX JJIsi TBOPYOCTi, TOILIYKY HOBOTO, BIJAKPUTTIB.

Haitgacrime codi3mu Ta mapajioriaMu BUHUKAIOTh, KOJIM MIpKYBaHHS MOPYIIYIOTh
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3aKOHM JIOT1KHA: 3aKOH TOTOKHOCTI, 3aKOH CYIEpPEYHOCTi, 3aKOH BHKIIOYHOTO
TPETHOI0, 3aKOH JIOCTAThHBOI migcTaBu. [19]

3aKoH TOTOKHOCTI BHMarae, o0 ojJHa i Ta cama AyMKa, siKa HaBOJUTHCS B
JTAHOMY YMOBHUBOJIi, TIpU TMOBTOPEHHI Majila oJHaKkoBUH 3MicT. [lpu mopyiieHH1
OT0 3aKOHY BHMHHMKAIOTh MOMIIKM TPhOX BHUJIB: €KBIBOKAllis, JIOTOMaxis 1
ami0otis.

CyTh TOMWIKH €KBIBOKaIIli (3 TATUHCHKOI - Taki, U0 3By4aTh OJHAKOBO) B
TOMY, 110 B MIPKYBaHHSX BUKOPHCTOBYIOTh Oararo3HauHe iM's mpeaMmera, TO B
OJIHOMY, TO B IHIIOMY 3HAa4€HHI, BBaXKalo4uu 1e iM'd OJHO3HauYHUM. Hampuknan:
«Koxken meran € enemeHntoMm. Jlatyns - meran. OTxe, JaTyHb € €IEMEHTOMY.
HenpaBunbHuil BHCHOBOK 3yMOBJICHMI NOMMJIKOIO €KBIBOKalii. Y Mepmomy
pEYEHHI CIOBO «MeTal» BUKOPUCTAHO Y 3HAUYCHHI XIMIYHOTO €JIEMEHTA, B JIPYTOMY
WIEThCS MPO CIUIAB METAJIIB - PEUOBUHY, AKa Ma€ (Pi3UMYHI BIACTUBOCTI METAIy:
KOBKICTbh, €JICKTPONPOBOJIHICTh, METAJIEBUNA OJUCK TOIIO. Y MaTeMaTHIll TOMUIIKA
CKBIBOKaIlli Maii»ke HEMOJXKJIMBA 1 3aBXKJIM OYEBHJIHA, OCKIJILKM BUMOTA BIJICYyTHOCTI
OMOHIMII HE JOINYyCKa€ IBO3HAYHOCTI MOHSTh,BUKOPUCTAHUX Yy MaTE€MaTUYHUX
MIpPKYBaHHSIX.

[Homi mim wac pguckycii oauH 3 11 yYaCHUKIB BHUKOPHUCTOBYE JEsKE
Oararo3HayHe IM'sl B IHIIOMY 3HA4€HH1 HIX Horo onoHeHT. Cyrnepeuka Moxe 0yTH
HECKIHYEHHO. Takuii TUCTIYT HAa3WBAETHCH JIOTOMAaXi€ro (3 TPElbKOi - CIOBECHA
cynepeuka ). JIoromaxi€xo Ha3UBAETHCS TAKOXK UCIYT,IKUN HE JIa€ HIYOTO CYTTEBO
BaYKJIMBOTO.

Amibomis (3 TperpKoi - ABO3HAYHICTH) BUHHUKAE, KOJM BUKOPHCTOBYIOTH
peueHHsI, sAKe MO)XHa TIyMauyuTu To-pizHOMy. Hampukman, Bimoma ¢pasa
«CTpadyBaTy HE MOKHA IOMUJTYBATH» JIOMYCKA€E JIBa MPOTEJICKHI TyJIMA4YCHHS.

3akoH cymepeuHocTi (JaThHChbKa Ha3Ba - Lex contradictionis) momsirae B
TOMY, IITO HE MOXKYTh OYTH OJTHOYACHO iICTHHHMHM JIBa MIPOTEJIC)KHI BUCIIOBITIOBAHHS
PO OAMH 1 TOW camMHii 00'€KT, B3SITUI B OMH 1 TOW caMHid 4ac 1 B OTHOMY i TOMy
caMOMY PO3yMIHHI. 3aKOH CYIEPEYHOCTI MOB'sI3aHU 3 TaK 3BAHUMHU KOHTPAPHUMU

(3 TATUHCBHKOT - MPOTUIICKHUHN ) MPOTUIICKHOCTAMU. Lle BUI mpoTUiexkHOCTEN, KON
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31CTaBISIETHCS 3arajibHOCTBEIKYBaJIbHE 1 3arajibHO-3anepevyBaibHe
BUCIIOBIIOBaHHS: «Bcl poMOM - onmykil 4OTUPUKYTHUKWY», «KomeH poMO He €
OMYKJIMM YOTUPUKYTHUKOM». LlikaBo, 1m0 oOWIBI KOHTpapHI MPOTUIIEKHOCTI
MOXYyTh OyTH XHOHMMU: «Bci mpocTi uncna HenapHi», «Bcl mpocTi yucia mapHi»,
TOOTO ICHY€ TPETS MOXKIMBICTh — «ICHY€e €quHe mapHe npocte yuciioyn. Onepyrodn
3 KOHTPapHUMH TPOTHJICKHOCTSIMHU, TOTPIOHO JOTpUMYyBaTHCS TpaBuia: 1) 3
ICTUHHOCTI OJTHOTO 3 KOHTPApHHUX BUCJIOBIIOBAaHb BUILIMBAE XUOHICTh 1HIIOTO; 2) 3
XUOHOCTI OJTHOTO 3 KOHTPAPHUX BUCIOBJIIOBAaHb HE MOXHA BCTAHOBUTH 1CTUHHICTh
KOHTPAPHOT'O II0J0 HHOTO BUCIOBIIOBAHHS (BOHO MOXE OyTH SIK ICTUHHUM, TaK 1
XuOHUM). Y 1bOMy (yHIAMEHTAJIbHE 3HAYECHHS 3aKOHY CYNEPEUYHOCTI st
JIFOJICBKOT'O MUCJICHHS - 3 XMOHOCTI BHIIJIMBAE 1 ICTHHA , 1 XUOHICTb.

3aKoH BHKJIKYEHOT0 TPeThoro ( JIaTHHChKa Ha3Ba - Lex exclusi tertii sive
medii inter duo contradictoria) cTBepmKye, IO 3 JBOX CYNEPCUIMBHX
BHCJIOBIIIOBaHb, JIE€ PO3IIISAAETHLCS OJIMH 1 TOM caMuii 00'€KT B OJIMH 1 TOM camuii uac,
oJiHe 00OB'I3KOBO icTUHHE. L]l 3aK0H MOIUPIOETHCS HA TAaK 3BaH1 KOHTPATUKTOPHI
(3 TATUHCHKOI - CyNepeUuIuBU) NPOTUIIeKHOCTI. [le BUI mMpoTuIeKHOCTEH, KON
3ICTABISIIOTHCS:  3aralIbHO  CTBEP/DKYBAJIBHE 1 YACTHHHO — 3alepedyBalibHE
BUCIOBIIOBaHHS («Bci mapHi uymcnma cknageHi», «Jleski mapHi 4yuMciia HE €
CKJIaICHUMK») abo 3arajibHO 3amepedyyBajibHE 1 YAaCTUHHO CTBEPIKYBallbHE
(«HaBkoJ10 Oy/1b-SIKOT'O HEMPABUIBHOTO 0AraTOKyTHHKA HE MOYKHA OITUCATH KOJIOY,
«HaBkos0 neskux HenmpaBUIbHUX 0araTOKyTHHKIB MOXHA OMKUCATH KOJIo»). OaHe 3
KOHTPaJAUKTOPHUX BUCIOBIIOBaHb O0OB'SI3KOBO ICTUHHE, 1HIIIE - HEOJMIHHO XHOHE,
TpeThoro OyTu He Moxke. Lleil 3aKoH Bifirpae B MaTeMaTHIll Ay>KE BaXJIUBY POJIb.
BiH 1€XUTh B OCHOBI OMTOCEPEAKOBAHUX JIOBEICHb.

3aKoH J0CTaTHBLOI MiACTaBM BHMarae, o0 KOXHa ICTUHHA JyMmKa Oyia
OOrpyHTOBaHa IHIIMMH JyMKaMH, ICTHHHICTh SIKHX JIOBEJEHO. 3a 3aKOHOM
JIOCTaTHbOI ~MIJCTAaBA Halll BHUCJIOBIIOBAaHHS TOBUHHI OYTH BHYTPIIIHBO
MOB'SI3aHUMU, BUIUIMBATH OJHE 3 OJIHOrO0 (HAacTylmHE 3 MONEPEIHBOrO),

OOrpyHTOBYBATH OJIHE OJIHOTO.
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OTxe, MOMWIKH WIyTh BiJ TOPYILIEHb 3aKOHIB JIOTIKH, a00 1HIIKUX
MaTeMaTUyHuX 3aKoHiB. [lapanoriamu yekarTh Ha HEYBaXHUX a00 HEIOCTATHBHO
HAaTPEHOBAaHUX y CKJIQJHOMY MHCTENTBI MipKyBaHb. CodizMu - HaBMHCHE
pO3CTaBJICHI JIOTIYHI TAacTKu. Auie OyBalOTh ¥ 1HIN, TPUBOXKHIII, CIIpaBi
KaTacTpoiyHl cHUTyallli B Mi3HABaJIbHIA MISUTBHOCTI JIIOJUHM. [HOMI MpaBUIIBHI
(dbopMaIbHO-JIOTTUHI MIpKyBaHHS MPUBOASTH IO PE3yJIbTATIB, SIKI HE Y3TOIKYIOThCS
3 3aTJIbHONIPUHHSATOIO TyMKOIO, 3at0Thes 0e3rimy3aumu. Lle mapagokcu (3 rpenpKoi
- HecmofiBaHWi, MUBOBIKHUI). JlaBHBOTrpenskuii ¢inocod liogop Kponoc, He
pO3B's3aBIIM OJIHIEI 3 HaWJaBHIMIMX JIOTIYHUX 3arajok - mapajaokcy EBOymizaa,
nmoMep Bia posmnady, a iHmui dinocod diner Koccbkuid, 3a3HaBIIM TaKoi camoi
HEBJIayl, KIHYMB KUTTS camoryoctBoM. I1le cknannimmmMu Oynu napagaokcu (anopii)
3enona Eneticekoro. [Tapamokcy BUHUKAIN 1 BAHUKAIOTh B YCIX rajy3sx JIIOACHKOT
JUSTEHOCTI. BUBUEHHS mapaiokciB, cripoOu iX po3rajaty i 3HEMIKOIUTHA MAOTh HE
TIIBKW TCOPUTHYHUH iHTEepec. [19]

SAkimio B yorimi W MareMaTHIll MOXIJIMBI MapajoKCH, TO JIe TapaHTis, 110 B
ckiaany nporpamy EOM, sika kepye, HanpuKiIaj JESIKUMU KUTTEBO BaKIMBUMU
IpoliecaMu, He Mpociu3He ofauH 3 Hux? Toxal Takuii mapagoKkc Moxke 00epHyTHCS
TpariuyHUMHU MOAISIMU B PEAIBHOCTI.

o » 10 coi3MiB, TO BOHH O€3MEUHI, 3aXOIUII0I0Y1, BUKOHYIOTh HaBYAIbHY
Ta PO3BaXaIbHY (PYHKIIII.

[puxnan 50. JloBeaiTh, 1110 OYy/1b-5Ke KOJIO Ma€ JaBa IeHTpH (puc. 38).

JloBeneHHs

Hexait mpssmi BD ta AD neperunarotsest B Toutti D. [To6ynyemo CB1BD,
CALAD 1 xomno, sxe npoxoauTh depe3 Touku A, B, C it nepetunae BD ta AD
BignosigHo B Toukax K i M. Toxi «/KBC=2ZMAC=90°. 3Bincu BUILIMBAE, 110 i
KyTu cnimpatotbes Ha giamerpu KC 1 MC oxsoro 1 Toro camoro xona. CepenuHu
BiIpi3kiB KC 1 CM - touku O; 1 Oy € ABOMA pi3HUMH LIEHTPAMH OJHOTO 1 TOTO

CaMoOI'0 KOJIa.
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Puc. 38.
[Tpuknan 51. JloBenith, 110 YacTHHA BiJpI3Ka MPAMOi JIOPIBHIOE BCHOMY
Bifpi3Ky (puc. 39).
JloBeneHHS

YactuHa BIiJpi3Ka MOPsAMOI JIOPIBHIOE

A, P BCHOMY BIJIPI3KY.
i \ S B [lepetHeMO [OBUIBHO B3ATy MpsIMYy B
; . Toukax A 1 B nopamumu MN 1 PQ,
\ H NePHeHAUKYIIPHUMU 111K nipsimii. [IpoBexemo
rﬂ npsimy ED, dxa nepetunae npsmy MN y Touri
N O E, ABBC1PQBD. Tpukyrauk CBE nozaionmii

TpukyTHUKY AEC, 3BifKu
Puc. 39.

BD:AE=CB:AC;BD:AE=(AB-AC):AC.(1)

[To6ynyemo npsmy FH || AB, Toai 3 moaioHocTti TpukytHukisB CBD ta FHD
maemo: BD : HD =BC : FH abo BD : HD=( AB-CA) : FH. (2)

I3 cniBBigHOMmIEHS (1) 1 (2) 3Haxoammo BD:

BD=AE(AB-AC)/AC=HD (AB-AC)/FH, abo

AF*FH*AB-AE*FH* AC=AC *HD * AB - AC2 * HD. (3) lomamo
10 o6ox gactul piBHOCTI (3) pizauimio AE * FH * AC - DH * AB * AC, 3Begemo
no/110H1 WIeHU 1 BUHeceMo 3a Iy ku criibHuii MHOKHUK AB ( AE * FH - AC * HD

), 3Bimku AB = AC.
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[Mpuxmnan 52. 30BHIMHIA KYyT TPUKYTHHKA JOPIBHIOE BHYTPILIHBOMY, HE
CyMiKHOMY 3 HuUM (puc. 40).
JloBeneHHs
Hexaii y votnpukytHuky ABCD.

B /A + £C = 180°. Ockinbku Oynb-sKi TpU
TOYKH, SKI HE JIeKaTb Ha  OJHIA mpsaMii
MOBHICTIO BH3HAYAIOTh MOJIOKEHHS KOJa, TO
' MO>KHA CTBEPKYBAaTH, 1110 uepe3 Touku A, B 1
D C mpoxoauth €nuHe Koso. Touky nepeTunHy

roro 13 croponoro DC no3naunmo yepes E.

Puc. 40.

[To6ynyBaBmu Bigpizok BE, maemo wotupukytHuk ABED, Bhnucanuii B
KoJjo, mpuuomy LA + L/E= /B + «D =180°. Ockinekun ZA + 2C=180° 1 LA+
«BED = 180°, To «BED = «C.

[Tpuknan 53. Omykiia 00BiJIHA TaMaHa KOPOTIIA 32 OMYKJIY JJaMaHy, SIKYy BOHA
oxorutioe (puc. 41).

JloBeneHHs
B Bingpizku AB 1 BC o00BigHOI
BI3bMEMO JIOBUIBHO, a Biapizku AD 1
A DC - mpomopuiiiHi A0 Bigpi3KiB i
A oosigHoi: AD=k AB, DC =k BC, ne

C

K - Oynb-sikuii qoaaTHIHN apio.

Puc. 41.
3 OCTaHHIX PIBHOCTEH MAaEMO:
-AD =k (-AB) i -DC =k (-BC),
-AD + (-DC) =k (-AB + (-BC)),
(-AD + (-DC)) : (-AB + (-BC)) =k, ame k= AD : AB, Tomy
((-AD)+ (-DC)) : (-AB) + (-BC))=AD : AB.(1)
B ocranHiii mponopuiii momepenHid 4YjieH y mpaBid 4acTUHI MEHIIWN 3a

Hactynauii ( AD < AB ), a ToMy ¥l monepe/Hiil ii ujeH B JIiBIM YaCTHHI TEXK Mae
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Oytu menmmMm 3a cBiii HactynHuit: ((-AD) + (-DC)) < ((-AB) + (-BC)) (2) 3Bigku
AB + BC<AD + DC.
[Mpuxnan 54. Keagpar Oyab-skoi CTOpOHH Yy OyAb-IKOMY TPHUKYTHUKY
JOPIBHIOE CyMi KBaJpaTiB JBOX IHIIHMX CTOPIH IIbOI'O TPUKYTHHUKA (pHC. 42).
JloBeneHHs
BizpMeMO NOBUIBHHUI TPUKYTHHK
C ABC 1 moOynyemo 1ie NpSIMOKYyTHUUN
tpuxytHuk BCD. Toxi AC? = AD? + CD?
/ (1)i BC?=CD?+ BD? CD?=BC?- BD?
~ /

(2). [lincTaBuMoO 3HaUYEHHS 3 PIBHOCTI (2)

) D B piBHicTh (1): AC? = AD? + BC? + BD?

B (3), a6o AC? - BC2 = AD? - BD? (4).
Puc. 42.

Ane AD = AD + BD, tomy AD? - BD? = AB2. IlincTaBuBImu B piBHICTE (4)

A

samicTe pisHuIi AD? - BD? 3nauenns AB2, sxe iii nopiHioe, MaTumemo, AC?-
BC?=AB? a6o AC? = AB? + BC2

Yucneni reomMeTpuyHi coQi3MU 3aCHOBAHO Ha MPUHLMII MPUXOBAHOTO
NePePO3NOTY IO IPSIMOJIIHIMHUX TIIOCKUX (PIryp.

[Tpuknan 55. Pospixrte 300paxkeny ¢irypy no aiaroHani (puc. 43) 1 3cyHbTe
HUKHIO YaCTUHY MPSMOKYTHUKA B3I0BXX PO3PI3y BHU3 1 BIIBO Ha BIJCTaHb MK

CYCIIHIMM JIIHISIMH. A Terep nopaxyire niHii. BusBisieTbcst oiHa 3 HUX 3HUKIA!

Puc. 43.

Bignogizi i po3B'sizaHHs.
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[Tpuxnan 50. HenpaBunbaa nodyaosa. Touka C He HAEKHUTH KOTY.

[Mpuknag 51. V naHiiory mnpaBWUIbHUX BHCIOBJIEHb JIOMYIIEHO OHY
MOMMJIKY 3yMOBJICHY 3aMAacCKOBAaHUM BUKOHAHHSIM HEMOKJIHMBOI Aii - AineHHsa Ha 0.
I3 mponopuii AE * AC = DH * FH (nns cropin noaionux tpukytaukie ACE 1 HFD
BuruuBae, o AE * FH - AC * HD =0).

[Mpuxnan 52. Ockinbku B wotupukyTHuky ABCD 3a ymoBoro <A + £C =
=180° i Bepmmnu A, B i D nexars Ha Ko, To i yeTBepTa BepiunHa C JI€KUTh HA
tomy kK Koii. Omxke Toukn E 1 C matots 30iratucs TpukyTHuk BCE He mMoxe
icHyBatu. BiH BUpOKy€ThCS B CTOpOHY yoTHpuKkyTHHKAa ABCD.

[Tpuxnan 53. IloMuika MOmKMpPEHHs BIACTUBOCTI IEBHOTO BUAY Ha BECH PiJ
JonyiieHa npu nepexoji Bia piBHocTi (1) go piBHOcTi (2). Ilogane TBepaKeHHS
CIPaB/KYETHCS TIIBKM HAa MHOXKHMHI LIUJIMX JOJATHUX YHCEN 1 HE € ICTHHHUM Ha
YHCIOBUX MHOKMHAX, K1 MICTATh BiJl’€MHI YHUCIIa, a caMe 1[el BUMal0K MAaEMO IIpU
nepexoni Bifg (1) go (2).

[Tpuknan 54. [lomymieHo JIOTIYHY MTOMUJIKY «HE BUIUIMBAE», sIKA IMOJISTAE B
MOPYUIEHH] 3aKOHY JIOCTAaTHBOI IM1JICTaBH - B POLIEC JOBEICHHS TE€3H BUCYBAIOTHCS
apryMeHTH, cami 1o co0l1 TpaBWiIbHI, aje Taki, [0 3 HUX HE BHUILIUBAE
BUCIIOBJIIOBAHHSI, ICTUHHICTB SKOTO MOTPiOHO noBecTH. 3 piBHocTi AD = AB + BD
BuruuBae, mo AB= = AD - BD, ane 30Bcim He BumumBae, mo AB? = AD? - BD?
Maio 6 6ytu: AB? = AD? - 2AD*BD +BD*

[Tpuknag 55. OTpumani 9 niHii cTanu TPOXH JOBIIMMH, BOHU HIOM yB1Opanu

B ce0e Ty JiHII0, 1110 3HUKJIA.
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3.7. Poas IKT B n0BeeHHSIX.

3. 7. 1. Teopema mnpo 4YOTHPH KOJHBOPHM Ta KOMII'IOTepU3aLif
MaTeMATHKH.

Mose 3partucs NUBHMM, ajlé JOBIMHM Yac KOMII'IOTEPH MPAKTUYHO HE

BUKOPHCTOBYBAINCH K IHCTPYMEHT JOCIITHULIBKOI JiSTIBHOCTI B Tally31 TaK 3BaHOI
yucToi MaremaTuku. «llamip 1 pyuyka — och 1 Bce, IO MEHI MHOTPiOHO st
pO3B’sI3yBaHHs CKJIAJHUX 3314, JOBEICHHS HOBHUX TEOPEM», — MPUOJIU3HO TaKy
¢dpa3y MoxkHa OyJI0 OYYTH 3 YCT MaTeMaTHKa-TeopeTuka. (3BU4aitHoO, He WIeThCs
npo o(pOpMIIEHHST MaTEeMATUYHUX TEKCTIB — TYT KOMII IOTE€p 3 NMPUHTEPOM — pPid
IIPOCTO HE3aMiHHA). 3apa3 CUTYyallis 1HIIA: 3 PO3BUTKOM BIJMIOBITHOTO MTPOTrPaMHOTO
3a0€e3MeUeHHsI BCE YacTillle CKIIaH1, TOBI1 i TPOMI3IIKI omepallii 3 aareOpaidyHUMu
BHUpa3aMH Ta JIOTIYHUMH (OpMyJIamMH, IO CYHPOBOKYIOTb CYTO MaTe€MaTH4H1
JIOBENICHHS, TOPYYar0Th BUKOHYBAaTH KOMIT IOTepaM. | och yke B MaTeMaTHYHOMY
JIEKCUKOHI 3BUYHUM CTaJ0 CJIOBOCIIOIYYEHHSI «KOMII IOTEPU30BaHE JIOBEIACHHS)
a00 «MamuHHe JoBeIeHH (computer-aided proof).

Konu MoBa 3axoquTh Mpo Taki JOBEAECHHS, MUMOBOJI CIaJa€e HA MaM’ STh
1CTOpis 31 3HAMEHUTOIO TEOPEMOIO (3a/1a4€i0) MPO YOTUPH KoJbopu. Lls Teopema
Oyna chopmynboBana 1ie B cepeanni XIX cromitts. BoHna nonsrana B Tomy, 110
YOTUPHOX KOJILOPIB JIOCUTH, a0u po3dapOyBaTu reorpadiyHy Mamy 3 JOBUIHHOIO
KUIBKICTIO KpaiH Tak, 00 OyJb-sKi Bl CyCi/IHI KpaiHU OyJM MO3HA4Y€Hl PI3HUMU
KoJbopamMu? 30BHIIIHS MPOCTOTA JAHOTO TBEPKEHHS BUSBUJIACS OMAHJIHMBOIO 1
OCTaTOYHOTO HOTO OOIpYHTYBaHHs noBenocs 4ekatd monan 120 poxiB. Hapith
O1JIb1II CJTAa0KUIA pe3yJIbTaT Mpo Te, O A1t po3hapOyBaHHs Oy 1b-IKO1 IIJIOCKOI Maru
JIOCUTH T’ SITH KOJIbOPiB, OyJ10 BcTaHOBIIEHO Juie y 1890 pori.

VY ka3t K. Pig «['inp0ept» posmnoBimaerbes 3ab0aBHA 1CTOPisl PO CIPOOy
BHUJIATHOTO HiMeIbkoro maTeMatuka ['epmana MinkoBcekoro (1864—1909) nosectu
TEOpeMy TIpO YOTHPU KOJHOPU TIIJ HYac BJACHOI JIEKIli 3 TOMOJIOTI B
['eTTIHreHCbKOMY YHIBEPCHUTETI.

Bin rosopus: «Is Teopema noci He Oynia JOBEIEHA JUIICHH TOMY, IO HEIO

3aliMajucCsl TUIBKM MAaT€MaTUKU TPETbOro COPTY, — 3asiBUB MIHKOBCHKUH 3
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PIAKICHOIO JIJIs1 HBOTO 3apO3yMUIICTIO. — S BIEBHEHUH Y TOMY, 1110 MEH1 BAAacTbCA ii
noectu». Ilicig yoro mouyaB JOBOAMTH BiApasy Teopemy. MuHyna roavHa, a
noBesieHHs He Oyi0 3akiHueHe. JloBenocs HOro BIAKIACTH 10 HACTYMHOTO 3aHSTTSL.
Tak TpuBano Kiibka THKHIB. Hapemiti, oqHOro J0II0BOr0 paHKy MiHKOBCHKHUI
YBIMIIOB 70 JICKIIMHOI 3ajld, CYNPOBOKYBAaHUM TypKOoTamMH TpoMy. Bin
MOBEPHYBCS JI0 ayJIUTOPii 1 3 CEpHO3HUM BHUPA30M Ha KPyTJIoMy 100poMy 06audul
orosiocuB: «Hebeca po3rHiBaHi MO€I0 3yXBallicTIO. MO€ TOBEACHHS TEOPEMHU TPO
YOTHPH KOJTBOPHU TAKOXK HETIPABIIIBHE.

He mMoxHa 0JTHO3HAYHO CTBEPIXKYBATH, 1110 3a3HaY€HA TeopeMa cama mo coOi
Oyna ayxke BaxiuBor. OJIHAK YHCICHHI CHpOOM BIIOPATHUCS 3 HEIO HE MUHYIH
napom. OcoOJIMBO MO3UTUBHI HACTIAKA BOHM MaJM JJi1 PO3BUTKY TaKOTO PO3JALLY
MaTeMaTuKH, sik Teopist rpadis. Hapemti, y 1976 porui nutanHs npo JAOCTaTHICTb
YOTUPHOX KOJIbOPIB JIICTAJI0 OCTATOYHY TIO3UTUBHY BiAmoBinb. Haiiboinbin
TPYJAOMICTKAa  4YacTHHA  BIANOBIIHUX  OOIPpyHTYBaHb Oyja  mpopoOJieHa
koM 1oTepoM. Moro 6yio BUKOPHCTaHO s HepeBipku 1432 4aCTUHHUX BUITA/IKIB.
MainHa 3 4ecTi0O BUKOHAJIA TTOKJIA/ICHE HA Hel 3aBaaHHs «ycboroy» 3a 1000 roauH.
Peaxiiisi Ha MOBIIOMJIEHHS TIPO Te, 110 MpoOJIeMa YOTUPHOX KOJIHOPIB IMepecTalia
ICHYBaTH TICIs «OpyTajdbHOTO» BTPY4YaHHS KOMII'IOTEpa, Oyyia pi3HOK — BiJ
3aXOIJICHHS 1O CKeMcucCy. bararbox HE MOJWIIAN0 BiXYyTTSA, IO Take
OOTpYHTYBaHHSI HE € JOBEICHHSIM Y TIOBHOMY PO3yMiHHI I[bOTO CJIOBA.

I choronmHi 3 yct 6araTbOX BU3HAHMX MAaTEMATUYHUX aBTOPUTETIB MOKHA
MOYYTH 3asBH IIOJI0 HECIIPUUHATTS KOMIT IOTEPU30BaHUX JO0BeAcHb. Hampukiar,
K. TI. Cepp BBaxkae, 10 Ha TakKl JIOBEICHHS IIJIKOM ITOKJIAIaTHCS HE MOXKHA.
Oco0MMBO KOMM BOHM MPETEHAYIOTh Ha BHYEPIHE pPO3B’SI3aHHS CEPHO3HOI
mateMatnyHoi 3amadi. Camomy Ceppy B¥K€ JOBEIOCS BHIIPABISATA HETOYHICTH
OJTHOTO TPETEH3IMHOro pe3yJbTaTy 3 Teopil Ipyl, OAEpKaHOrO 3a JOIMOMOTOI0
koM torepa. [lomMmunka cranacst ToMy, 0 YaCTHHY BIAMOBIIHUX KOMIT FOTEPHUX
MaHinyJsLii 0ysio BUKoHaHO B SnoHii, yactuny — B HimeuunHi, a mpo HeoOX1AHICTh
BUKOHAHHS 11I€ OAHIET YaCTUHU TMpocTo 3a0ynu. Tpeba Oyno OyTH crerianicToM

Takoro piBHs K Cepp, 100 1HTYITUBHO BIIYYTH MOMUIIKY 1 «BPYYHY» JIONMTIOBHUTH
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npes’ IBJICHUM aBTOpaMH KOMIT' FOTE€PU30BaHOTO JOBEACHHS CITUCOK MIATPYII IEIKUX
JUCKPETHUX TPYII.

3ragaiimMo, SIK CBOTO 4acy MOsiBa KUIIEHbKOBUX KAJbKYJISTOPIB MpPHU3BEa JI0
BTpAaTH 3HAYHOIO YACTHHOK YYHIB HAaBMYOK YyCHOi miubu. Hacmigku x
HEIMpPOyMaHOi MOJITHUKK B Trady3l KOMIT IOTepu3allii MaTeMaTUKU MOXYTh OyTH
3HayHO cepho3HimmMu. Hampukiaz, yxe 3apa3 iCHye MporpaMHe 3a0e3MedeHHs,
SIKE JI03BOJISIE€ TTOBHICTIO KOMIT FOT€PU3YBATH PO3B’I3aHHS MPAKTUYHO BCIX TUIIOBUX
NPUKIAAIB 1 33a4 31 MIKUJIBHUX Ta YHIBEPCUTETCHKUX 33JIaYHUKIB 3 MaTE€MaTHKU.
[IpaBaonoai6HO, 110 HEBOB31 BIANOBIJIHI €IEKTPOHHI CyNEPPO3B’A3HUKH CTaHYTh
3araJlbHOJIOCTYITHUMH. I1XHil «IpykHii» iHTepdeiic moTypOyeThcs mpo Te, MOO
TOH, XTO PpO3B’SI3y€ 3aJady, BUTPATUB MIHIMYyM IHTEJIEKTYaJbHUX 3YCHJIb IS
JnocAarHeHHs1 OaxkaHoro pesynbratry. Ilpu npomy pesynbratom Oyne HE MPOCTO
OCTaTOYHA BIANOBIIb, a HAJIEKHUM YMHOM O(OpMIIEHE PO3B’S3aHHS 3ajadl YU
OpUKIaaAy 3 YyciMa MPOMDKHUMHU BHKIaakamu. Mpis asiiiounuka! Taka
KOMIT IOT€pHU3aIlisl CIpaBll MOXKE BIIyYUTH JyMaTH, MEPETBOPUBIIM YYHS YU
CTyJACHTa Yy TMPHUAATOK MAaIIUHH, (QYHKII SKOTO 3BOJATHCA 1O HATUCKAHHS
NOTPIOHUX KJIaBILI.

[Tpo i Hebe3neuH1 TEHACHIIT 3 TPUBOTOIO MUIIE Y CBOIH KHU31 «UTO Takoe
MaremaTuka?» axajaemik ApHonbl: «Ha HemaBHbOMY 3acimaHHi BukoHaBuoro
KOMiTeTy MIKHapOAHOTO MAaTeMaTH4HOTO coro3y B [lapmki KojieTw JHOBro MeHe
HaMarajaucsl MepeKoHaTH, HIOUTO XyIOKHUKH TOBHHHI 3MUPHUTUCA 3 HEMUHYUYOIO
nepeMoror ¢ororpadii HaJ KUBOMKUCOM, & YUHUTU OIIP IUM Ipolecam, K Iie
HaMararochb poOUTH s1, MOBJISIB, 0€3TITy3/10.

B maremaTuii ixHiil IpOEKT MOJSATae B TOMY, 11100 32 KiJIbKa POKIB MOBHICTIO
3a00pOHUTH B YChOMY CBITI OyJb-KE€ HEKOMII IOTEPU30BAHE MATEMAaTHYHE
CY/[UKeHHsA. YcCl MareMaTH4Hl IyOJiKalii MHHYJIOrO TPOMOHY€EThCs 310paTH
(3amaTUBIIM OaraTo MUIBHOHIB [JOJIapiB) Y €AMHE KOMIT IOTEpPHE BUJAHHS.
CTBOpEHHS KOXHOTO HACTYIIHOTO MaTeMAaTHUYHOTO TEKCTy CTaHE JOCTYIHHUM

Ha0e3MO3KIIIUM «BY3bKHUM CIICIIATICTaM», sIKI OyIyTh KOMIT FOTEPHUM IUISIXOM
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KOMIITIOBATH «HOBI IOCSTHEHHS», «3’ €IHYIOUYH OKPEMI PSAJIKU a00 CTOPIHKU CTapuX
myOJTiKaIii. .. ».

To um motpiOHa KoMIT'foTepu3allisi MaremaTuku? BiamoBigs ogHO3HAYHA!
TaK, MoTpiOHA, X04a M JENIO 1HIIA, HDK Ta, MPO Ky MIIIOCS KIJTbKOMa psIKaMu
BUIIIE.

CydacHuil y4eHb YU CTYACHT YK€ HE YSBJISIE CBOTO XKUTTA 0€3 KOMII I0Tepa.
Tomy came KOMII'FOTEpHI TEXHOJOT1i MOXYTh 1 IIOBMHHI IIONpallOBaTH Ha
NOMyJIIPU3alll0 MaTeMaTUKW Ta 30UIbIIEHHSA YHcla 11 OpuxuibHUKIB. [lpu
BIIMOBIJTHOMY  3aCTOCYBaHHI  IIMX  TEXHOJIOTIA  OaraToBIKOBI  Haj0aHHS
MaTEeMaTUYHOI TyMKH CTaHyTh HA0AraTo JOCTYIMHIMIUMH 1 3pO3yMUTIIINMU. YKe HE
3a ropaMy TOW 4Yac, KOJM IIMPOKOr0 PO3MOBCIOKEHHS HAaO0yIyTh IHTEPAKTUBHI
KOMIT'IOTEpHI Ti[PyYHMKM HOBOTO MOKOIIHHA. IX 3aBJaHHA — 3a paxyHOK
e(EeKTUBHOTO BUKOPUCTAHHS MAKETIB CHMBOJBLHUX OOUYUCIICHB Ta MYJIbTUMEIIMHUX
3aco0iB Bizyalizallli 3pOOMTH MPOIEC BUBUCHHS MAaTEMAaTUKW HE JUIIE OUIbII
I[IKaBUM ¥ TPOTyKTUBHHM, ajie i MaKCUMAaJILHO CIIPSIMOBAHUM Ha PO3BUTOK 1HTYTIIIT
Ta TBOPYMUX 3/10HOCTEN 0coOM, a 3apa3oM 1 MIABUIIEHHS PIBHA il MaTeMaTHUYHOI
KYJIbTYPH.

Komm’rorepu3artis, 6e3nepedHo, BIIKPUBAE HOBI MOKIIMBOCTI HE JIUIIE IS
MaTeMaTU4YHOI OCBITH, ajie i JIJi1 MaTEMaTUYHOI TBOPUOCTI. | MalIMHH1 JOBEACHHS,
mpo sIKl WIIIOCS BUINE, — II€ JIaJeKo He BCE, I Y0r0 MOXKYTh 3HAJIOOUTHCS
MaTeMaTUKaM KOMIT FOTEpPHI TEXHOJIOTIi B iX HaykoBoMy molryky. Komm’totep,
HaMpuKIaa, 3apeKOMEHIyBaB ce0e SK TOTY>KHHMM KaTaldi3aTop MaTeMaTHUYHUX
BIIKPUTTIB. AKuM YrHOM?

Crnpaga B TiMm, 1110 €KCIIEPUMEHT B MaTeMaTHIIl BIJIFPA€ HE MEHIIY POJb, HIXK
y 1HIIMX NPUPOJHWYUX Haykax. lle nmuine Ha mepmuid Moris 3[a€ThCs HIOUTO
MaTeMaTU4yHl Pe3yJbTaTh OJEPKYIOThCS BUKIIOYHO BHACTIOK JETyKTUBHHX
MIpKyBaHb. Take BpaXEGHHS YacTO BHUHUKAE 4Yepe3 TPaAMINl HaIUCaHHS
MaTeMaTUYHUX Tpaib, MPOJAUKTOBAHI BHUMOTaMHU  CTPOTOCTi:  CIOYATKY
GbOpMYITIOIOTECS  TBEPJKEHHSI (T€OpeMH, JIEMH), a TMOTIM 1€ JIAHIFKOK

YMOBUBO/IB, IKUH OOTPYHTOBYE iX MPAaBWIbHICTh. A T€, 1K aBTOP JOIyMaBcs 10 IIUX
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TBEP/’KEHb, 3a3BUYAll 3AJIMIIAETHCA 32 KaJpOM. 3BUYAITHO, HE ICHY€E YHIBEpCaTbHUX
pelenTiB, ki 0 rapaHTyBaJld yCHiX y HAYKOBOMY MOIIYKY, ajle HE 3alBUM OyJie
MPUCITYXaTUCh JI0 TOTO, IO 3 IhOT0 MpUBOAY KaszaB Benukuii Kapm [Maycc. Bin
CTBEP/)KYBaB, L0 WOT0 BIACHUM HUIAX Mi3HAHHS MAaTEMaTHU4YHOI ICTMHU 3aBXIU
OpoJsiraB  4Yepe3 CUCTEMaTHUYHE EKCIepUMEHTyBaHHs. IcTopis  OaraThox
MaTeMaTUYHUX BIIKPHUTTIB CBIAYHUTH, MO IM TEPEIyBaIH CBOEPITHI «IOCITIIN) —
JETAIbHUM PO3IJIsl XapakTEepHUX YAaCTUHHUX BUNAJKIB. BusBIEH! B pe3ynbrari
TAKOTO PO3IJISAY 3aKOHOMIPHOCTI 4YacTO 1 JiArajJd B OCHOBY MaTEMAaTHYHHX
BIIKpUTTIB. Tak 0T, came KOMIT'IOT€p BHSBUBCS HaA3BUYAHHO €(EKTUBHUM
IHCTPYMEHTOM, $K JJI aHaji3y YacCTUHHUX BUMNAJKIB, TaK 1 JJi1 BUSIBJICHHA
3aKOHOMIPHOCTEH.

SIckpaBUM NPUKIAIOM Ha MIATBEPHKEHHS IIUX CIIB € BIAKPUTTS XUMEPHOTO
(nuBHOTO) aTpakTopa (strange attractor). 3apa3 mpo 1el 00’ exT 6araTo HamMcaHo i
B HAayKOBHUX, 1 B NMOMYJSIPHUX BHJIaHHSIX. AmepukaHcbkuil yueHuid E. Jlopenn,
3aiiMarounch me B 1960-X pokax MaTeMaTHIHUM MOJCITIOBAHHSM T'1ApOIMHAMIYHUX
MPOLIECIB, BHUBIB CHCTEMY TpbOX Ju(depeHUiaTIbHUX PIBHAHb BIJHOCHO TPbOX
HeBimomux GyHkiii x(t), y(t), z(t) onuiel 3MiHHOT t (IKa TpaKTY€eThCs SIK 4ac). s
CUCTEMa 3ajieXkayiia B TPhOX MapameTpiB. AHANITHYHO pO3B’s3aTd ii OyIo
HeMOxJuBo. Tomy JlopeHl, Hagarouu pI3HUX 3HA4Y€Hb UM [apaMeTrpam,
po3B’sizyBaB ii uucenbHo Ha EOM. 3HaWImIOBIIM TakM YWHOM HaOJIMKEHUN
pPO3B’S30K Ha MEBHOMY JOCUTh BEIMKOMY BiIpI3KYy Yacy I, MoxHa moOyayBaTH B
TPUBUMIPHOMY MIPOCTOPI FEOMETPUYHE MICIE TOYOK — KPUBY, 3a/1aHy PIBHSIHHSIMU
x =x(t),y =y(t),z = z(t), t Hanexurs |. Taka KpuBa HA3UBAETHCS TPAEKTOPIEIO.
Cucrema nudepeHUianbHUX PIBHSAHb, PO AKY WIETbCS, Mae€ OE3JiY TPaeKTOPIiH,
OCKIJTbKM B KOXHIA TOYIIl MPOCTOPY MouMHAEeThes (mpu t=0) gesika TpaekTopis.
JlopeH1 BUSIBUB, 1[0 PU TIEBHUX 3HAYEHHSIX MapaMeTpiB TPAEKTOPIi AOCTIIHKYBaHO1
CUCTEMHM MaIOTh YK€ CBOEPIIHUM BUIJISIA, SIKUM paHillle HOMY HIKOIM HE
J0BOAMIIOCH GAauuTH. IX TOBENiHKY iHAKIIE K XAOTUYHOK U He MOHa OyIjo
Ha3zBaTtu. llojmanplmimii MaTeMaTWyHUI aHadl3 LbBOTO BMIAJKY IIOKa3aB, IO

TPAEKTOPIl 3 YaCOM NPUTATYETHCSA A0 y’KE€ XUMEPHOI, «IipsiBOi» Haye ryOka
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MHOXHHH. SIKIIO X B3SITH B OJIM3BKI TOYKU HA Iii MHOXKHHI, TO TPAEKTOPIi, IO 3
HUX CTapTYIOTh B MOYATKOBHM MOMEHT, 3 4aCOM IIBUJKO PO30IraroThCs OAHA BiJ
OJIHO1, TOOTO cuCTeMa ayXe UYyTJIMBO pearye Ha 3MiHy MOYaTKOBHX 3HAUCHb.
MHOXHHM 3 ONHCAHMMH BHILE BJIACTHUBOCTSIMHU CTalld HAa3UBATU XUMEPHUMU
aTpakTopaMu (Bia aHri. attract — nputaryBatH). [lependaunTy MOBEIIHKY CUCTEM 3
XUMEPHUMU aTPaKTOPaMH Ha BEIMKUX MMPOMIXKKaX 4acy, 4epe3 Xa0THUHY TOBEIIHKY
TpaeKTOpii, Iyxke Baxkko. OgHaKk 1 TyT MOXXHa BUSABUTH (HE Oe€3 JONOMOTH
KOMII’J0Tepa) MeBHi LiKaBi 3aKOHOMIPHOCTI. IX BHUBUEHHS IPUBEO 1O CTBOPEHHS
HOBOT'O HAyKOBOT'O HAIPSIMKY — TEOPii Xaocy.

Jly’e KOPUCHUM BUSIBUBCS KOMII IOTEp 1 MPHU JTOCIIHKEHHI 111€ OJJHOTO THILY
CKJIAJHUX «MEpPEXKUBHUX» YTBOpEHb — (pakTaniB. LI MHOXMHUM MarOTh IEBHI
BJIACTMBOCTI CAMOMOJIIOHOCTI — X MOKHA PO3UIENHUTH Ha YAaCTUHU TaK, 10 KOKHA
yacTHMHA CTa€ MOJI0OHOIO (B JESIKOMY Yy3araJbHEHOMY CEHCl) IUIA MHOXKHUHI.
MalOyTb, HalOUTPII BHUBYEHUMH € (QpaKTaldH, IO OJEPKYIOThCA HUISIXOM
HECKIHYEHHOTO 4YHWcia ITepariiid (MOCHiIOBHUX 3aCTOCYBaHb) MOJIHOMIAIIBHUX
Bi0OpakeHb KOMIUIEKCHOI IIIOIMHY B cebe, TaKUX, HAPUKIAL, K Z > z2 +
Je C — JesKe KOMIUIEKCHE YHCIIO. B 4acTHHHUX BUMNAAKaxX yTBOPIOIOTHCS IIyKe
KpacuBi (irypu, cXoxi TO Ha CHI)XKMHKH, TO Ha BI3€PYHKH, SKI MOPO3 MaJIIO€ Ha
BikHax. i ¢pirypu npuxoBytoTh B c001 IMMOOKI MaTeMaTUYH1 CTPYKTYPH, YUMAJIO 3
AKuX OyJI0 BHUSIBJICHO CIIOYATKy BHACTIJOK KOMIT IOTEPHUX €KCIIEPUMEHTIB, a BXKE

MOTIM CTPOTO MaTEeMaTUYHO JOCIIIKEHO.

3.7.2. Meroauxka 3acrocyBanHs nakery GRAN-2D.
HaiiGinpm npugaTHUMU JUIsl TMIATPUMKH BUBUYEHHS KypCy MaTeMaTHUKU B

Cepe/IHIX HaBUYAJILHUX 3aKiaaax € komiuiekT mporpam Gran (Granl, Gran-2D,
Gran-3D) i DERIVE. Ha3ani nporpamHi 3aco0u pocTi y BUKOPUCTaHH1, OCHAIIICHI
JIOCUTH 3py4HUM 1HTepdeiicom. Bia koprcTyBaua He BUMAra€eThCs 3HAYHUN 00CST
CHeliaIbHUX 3HaHb 3 1H(GOPMATUKH, OCHOB OOYHCIIOBAJIbHOI TEXHIKH,
IporpamMyBaHHS TOIIIO, 33 BUHATKOM HAUMPOCTIIINX MOHATh, IIUTKOM JIOCTYITHHX JIJIS

YYHIB CepeJIHIX KJIACiB.
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[Ipu IbOMY BUHMTEIIO HE HAaB A3Y€THCS HISIKA METOAMKA MOJIaHHS HABYAIBHOTO
Martepialy, 3aKpIIICHHS 1 KOHTPOJIIO 3HaHb, KOHKPETHUHN 3MICT, METO/U, 3ac00M
oprasizaiiiini (opMu HaBYaHHSA, CHIBBIJHOIIEHHS MIX CaMOCTIHHOIO POOOTOIO
Y4HIB 1 poOOTOI0 pa3oM 13 BUMUTENIEM, MK I1HAWUBIAYaJbHUMH 1 KOJICKTUBHUMH
dbopmamu poOOTH Ta iH. YCe i€ BUUTENIb TOBUHEH BU3HAYUTH CaM 3 BpPaXyBaHHAM
CBOIX BJIACHMX TO3UWIIA 1 ymomo0aHb, crenudikiy ymoB, B SKUX mepedirae
HaBYAJIBHUH MpolIeC, 1HAWBIAYAJIBHUX OCOOJMBOCTEH OKPEMHUX YYHIB 1 KJIACHOTO
KOJICKTHBY.

InTepdeiic nporpamu GRAN-2D

[Iporpama GRAN-2D npusnaduena pisi rpadiuHOro aHamizy CHUCTEM
reoMeTpuuHuX 00’ ekTiB Ha momntuHi. [licnsa akrusizanii 113 GRAN-2D na expani
3’SBUTHCSI TOJIOBHE BIKHO TMpPOrpaMu. 3BEpXy IiJl 3aroJIOBKOM TOJIOBHOI'O BiKHA
3HAXOJUTHCS 20106He MeH0 — TIEPeNiK TOCHIYT, 0 SKHUX MOKHAa 3BEPHYTHUCS B
npoiieci poooTu

Jlns  akTuBizalii ACAKHMX TIOCIYT MOXHA CKOPHCTaTHUCh ‘‘KHONKaMu’~
IIBUJIKOTO BUKJIMKY MOCIYT HA naHei IHCmpymMeHmis, 110 pOo3MilleHa M1 20108HUM
MmeHio iporpamu. «KHONKW) OCHAILIEHO CUCTEMOIO OTIEPATUBHOI MIAKA3KH, TOMY M1
yac 3HAXO/KCHHS BKa31BHMKAa MHUIIKH HaJ TIEBHOIO «KHOIKOIO» Ha eKpaHi
3’ ABJISIFOTHCSA KOPOTKI BITOMOCTI PO MPU3HAYECHHSI 1TaHOT «KKHOTIKIY.

[lin maHemw 0 1HCTPYMEHTIB PO3MIILEHO Mi0KA3K) — TOJe, 1€ 3’ SIBISIOTHCS
KOPOTKI 1HCTPYKIIIi MpO Te, SKY J1F0 HEOOXITHO BUKOHATH HA MOTOYHOMY €Tari
poboTu. Y 1poMy moii 3’sIBASTUMYTHCS MiJIKa3KK MPU CTBOPEHHI 00’ €KTIB, MpHU
OOYMCIICHH] BIJICTAHEW Ta KyTiB, TMpPU CTBOPEHHI Ta BCTAaHOBJICHHI
MaKpOKOHCTPYKIIIH TOILIO.

Ilone 300pasicenns - 0651aCTh TOJOBHOTO BIKHA MPOTPAMH, 1€ 300pakatoThCs
CTBOPEHI 00'€KTH Ta O0Ci KOOPIUHAT.

SKk1110 MiABECTH BKa31BHUK MUIITKH 10 300paKeHHS Oy 1b-KOT0 00’ €KTa y noJi
300paxcenHs Ta ABIYl HAaTUCHYTH JIBY KJIaBillly MHIIKH, TO BKa3iBHUK nepeniKy
00 ’exkmig Oyje BCTAHOBJICHO y TIOJIOXKEHHS, 1110 BIAMOBIAA€ JaHOMY 0O0’€KTy, Ta

3’SIBUTbCS BIKHO Kowcmpyrosanus o00’ekma, y SKOMY MOXHa 3MIHUTH JIESIKI
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XapaKTePUCTHKHU 00’ €KTa.

IIpu 3MiH1 pO3MIpIB T'OJIOBHOTO BIKHA MPOrpaMHu BIAMOBIIHO 3MIHIOETHCS
PO3MIp 10/ 300padiceHHs.

Ilepenix 06°ckmig — moJie, 110 MICTUTD MEPEIIIK Ha3B YCiX 00'€KTiB, 110 OyJIH
CTBOpeH1 ab0 3aBaHTa)XEH1 y Mmpolieci poOoTu 3 mporpamoro. Ha mouatky po6oTu 3
IPOrpaMoI0 BKa3aHE IOJI€ HE MICTUTH XKOAHOT Ha3BU. OO0’€KT, HA Ha3Bi SKOTO
3HAXOJUTHCS BKA31BHUK, BBAKAETHCS MMOTOYHHUM.

3miBa BiJ] Ha3BU OO’€KTIB 3a JIOMOMOTOI0 MUILIKH MO>KHa MOCTaBUTU abo
3HATU BIAMITKY («ranouky»). [lpu mpomy y nozi 300pasicentss BUBOTUTHMYThCSI
300paKEeHHS JIMIIE TUX 00'€KTIB, MEpe/ Ha3BOIO AKUX Yy MEPENiKy 00’ €KTIB CTOITh
BIJIMITKA. 3ayBaxuMo, 10 SKIIO 3BEPHYTHUCS 1o MTOCIYTH
3o6pasicenns\3obpasxcamu cxosani 06’ckmu, TO 'y noni 300padicenHss OymayTh
BUBOJIMTHCS 300pa)KeHHS BCiX 00’ €KTIB, HE3aJICKHO JIO0 TOTO, «BIIMIYC€H» BOHU YU
HI.

SIKII0 BKa31BHUK MHIIKA 3HAXOAUTHCI OLIS HaA3BU JIEIKOro 00’cKra 3
NepetiKy, TO, JBi4l HATUCHYBUIM JIIBY KJaBIIly MHIIKH, MOXHA 3MIHUTH €Kl
napaMeTpu 1boro o0’ekta y BikHI Korcmpyrosanus 06’ exma, MO 3’ SIBUTHCS .

Ilone xapaxmepucmux TOTOYHOTO 00’€KTa — YaCTWHA TOJIOBHOTO BIKHA, J€
BUBOJSTHCA JIESIKI TMapaMeTpu MOTOYHOro o0'ekTa (AOBXkHMHA, paaiyc (KoJia),
piBHSIHHS (TIPSIMOT) TOIIO), & TAKOXK BIJOMOCTI PO 00’ €KTH, 3 IKUMH BiH 3B’ sI3aHUN

SK1110 MiABECTH BKa31BHUK MUIITKH 10 300paKeHHS Oy 1b-SKOT0 00’ €KTa Y noJi
300padcenns Ta 3IIACHUTU TOJBIMHE HATUCHEHHS JIIBOi KJIABIII MHIIKH, TO
BKa31BHUK nepeniky 06’ckmie OyJae BCTAHOBIICHO Y TOJOXEHHS, 10 BIINOBIAA€E
naHomy o0’exty. [Ipu upomy y noai xapaxkmepucmux 3’ IBISATHCS BIJOMOCTI PO LIEH
00’ €KT.

llepenix ounamiunux 6upaszie — TaOIMI, 110 MICTUTh IIEPEITIK HA3B 3aJaHUX
JUHAMIYHUX BHUpa3iB Ta ix OOYMCIEeHI 3HaueHHs. Bupa3, Ha Ha3Bi SIKOTo
3HAXOJUTHCS BKA31BHUK, BBAKAETHCS MMOTOYHHUM.

llone ingpopmyeannss — none (BHU3Y €KpaHy), JI€ BUBOIATHCS KOOPJAMHATH

TOYKH, IO Bi,ZIHOBiI[BE IMIOTOYHOMY IIOJIOKCHHIO BKa31BHMKA MHIIKU y noJi
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300padcenHs, a AKIIO BKA31BHUK MHILIKH 3HaXOIUTHCS HAJ 300payKEHHSM JIESIKOTO
00’€KTa, TO MOPS/ 3 KOOPAMHATAMU BUBOJUTHLCS HA3Ba IIbOTO 00'€KTA.

Y noni ingopmysanns BUBOAUTHCS TaKOX KOPOTKa 1H(pOpMaIlis Mpo
enemenTH iHTepdeiicy I1113 GRAN-2D, najg sskumMu 3HaXOAUTHCS BKa31BHUK MUIIKU
y HassBHHI MOMEHT 4acy. [21]

Cucrema KoOpaAHHAT

JIyist BcTaHOBJIEHHS 200 BHIIYYEHHS 300pa)K€HHS KOOPAMHATHUX Oced abo
KOOPAMHATHOT CITKU (y noai 300pajxceHHs) CIi 3BEPHYTHUCS 1O TOCIYTH
Hanazooocenns ta 'y BikH1 Hanazoodoicenns, 0 3’ IBUTHCA, 32 JOMOMOTOI0 MUIIIKH
BCTAaHOBUTU a00 3HATH BIAMITKY OL7sl HAMMCIB 300pasicamu KOOpOUHAMHI OCi Ta
3obpaxcamu  kKoopounamuy  cimky, TICHS YOTO «HATUCHYTH» KHOIIKY
3acmocysamu.

JIJisi mepeMillieHHs] ToYaTKy CHUCTEMH KOOPAMHAT BITHOCHO IIEHTpa MOJA
300padicennss HeoOXimHO HaTUcHYTH kiaBinry Ctrl i miBy kmaBinny Mumikw, Ta
YTPUMYIOUM iX Y HATHCHEHOMY CTaHi, BCTAHOBUTH BKAa31BHUK MUIIKHA y HOBE
noyiokeHHs. [Ipy 1bOMy ITOYAaTOK CHUCTEMH KOOPAMHAT TIEPEMIIIyBaTHMETHCS
BIJIIOBIJIHO IO ITOJOKEHHS BKa31BHUKA MUIIIKH.

Jlist 301mbIieHHsT a00 3MEHIIEHHS MaciiTady 00’€KTIB y noJi 300pasceHHs
IPU3HAYCHO IOCITYTH 3o6pasicenns\Po3mip\36intbuumu Ta
3o6pasicenns\Pozmip\3menwumau. ITpu 3BEpPHCHHI 110 MOCITYTH
3o6pascenns\Pozmip\Onmumanvruii Oy7e BCTAHOBJIICHO MAcCIITa0, MPH SKOMY
300paKE€HHSI BCIX CTBOPEHUX OO0’€KTIB MOMICTUTBCS y ol 300pasxcenHs. Jlins
BCTAHOBJIEHHsI MaciTady «l moxauika =1 cM» MOTPIOHO 3BEPHYTHUCS 10 MOCIYTH
3o6pasicenns\Pozmip\Bionogiono 00 6UMIprosaibHux 0OUHUYb.

[Ilo0 BkazaTu Oa)xkaHWl TWUI KOOPAMHAT, CIiJ] 3BEPHYTHUCS N0 MOCIYTH
Hanaeooocenns 1y BikHl Hanaeoooicennst, Mo 3’ SBUTHCS, 32 JOTOMOTOI0 MUIIKH
BCTAHOBUTHU niepeMukay Cucmema koopourHam y OJIHE 3 TIOJIOKEHb — [lekapmosi abo
Ionapui, Micig 4YOTO «HATHUCHYTH» KHOMKY 3Jacmocysamu. 3a 3aMOBUyBaHHSIM
BCTAHOBJICHO TUIT KOOPAUHAT [[ekapmosi.

[Ipu mnepemiieHHi y noni 300padxcenHs BKa3iBHUKA MHUIIKA Y HOJI
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iH(hopMmy6aHHsi aBTOMATHYHO BUBOASTHCS KOOPAMHATH TOYKH, IO BIAMNOBIIAE
MOTOYHOMY IMOJIOKEHHIO BKa31BHUKA MUILIKHM BIJHOCHO IIEHTPA KOOPAUHAT.

[HOA1 BUHUKAae HEOOXIAHICTH (PIKCYBaHHS NUIAXY, SKUH MPOXOIUTH JAedKa
TOYKA MPHU MEPEMIIIEHHI 00’ €KTIB, BIJl SKUX 3QJICKUTH 1i TTOJIOKEHHS, - HAPUKJIA],
P pO3B’sI3yBaHHI 33J1ay HAa BCTAHOBJICHHSI TEOMETPUYHOTO MICIS TOYOK.

Sxmo 3BepHyTHCA g0 TociuyrH 3obpasxcenns\MT Ta 3a BiIIOBIIHHM
3alUTOM Mporpamu (10 3’ IBUThCA Y 101l niOKa3Ku) BKa3aTyu Ha 300paskeHHS AESKOi
TOYKH, TO HaJajll MpH BCIX NEPEMIIICHHIX BKa3aHOI TOUKM Ha 300pa’keHH1 Oy[e
3anmumaTucs ii caig. 1100 BiIMOBHUTHCS BiJl BUBEIEHHS 300paKEHHS CIIily BUOpaHO1
TOYKH, CJIiJ] 3BEPHYTHUCS 10 nociyru 3o6pasicenns\Ipununumu 306pasicenns I MT.
[20]

I'eomeTpuyHi 00’ ekTH

[1I13 GRAN-2D no3BoJisie onepyBaTH y TUIOLIKMHI MOJEISIMU T€OMETPUUHUX
00’ekTiB 1mectu 0a3zoBux TUMiB: Touka, Jlinis, Jlawana, Kono, Inmepnonayitinuii
nonainom, I paghix gyukyii. Ilpu ibomy tunu Touxa ta Jlinis NiNATHCS HA MIITUIIN.

IIpu cTtBOpeHH1 00’€KTIB ycCiX THMIB (KpiM TUMIB Binbna mouka ta I paghix
¢@yukyii) HeOOX1THO BKa3yBaTH onopHi 00’€KTHU — TOOTO 00’ €KTH, SIKI BUBHAYAIOTh
PE3YIBTYIOUMIA 00’ €KT.

Pesynbrytounii 00’ekT OyJe aBTOMaTUYHO PO3MIIILYBATHCh BIAMOBIIHO 10
MOJIOKEHHS omopHUX 00’ ekTiB. Hanpukian, nmpu ctBopenHi 00’ ekta Tummy Cepeons
mouka HeOoOXITHO BKa3aTH JABa omopHi 00’exktu tuny 7ouxa. Hamam npu 3MiHI
MIOJIO’KEHHST OY/b-sIKOT 3 OMOPHUX TOYOK yTBOpeHa Touka Tuiy Cepedus mouxa
3BT 3TUIIATUMETHCS TOYHO MTOCEPEIMHI MI>K BHOPAaHUMHU OTIOPHUMHU TOUKAMHU.

OOG’exTH MOXKHA CTBOPIOBATH JABOMA CrocobamMu: abo MIJISTXOM BBEACHHS iX
XapaKTEPUCTHUK Y BikHI Koxcmpyosanus 06 ’exkma, abo 3 €KpaHy, 3a JOMOMOTOIO
MUIITKH.

Jltst cTBOpeHHsT 00’ €KTIB IIJITXOM BBEACHHS 1X XapaKTEPUCTHK MPH3HAYCHO
NOCIyTH MyHKTY MeHto 06 ‘ekm\Cmeopumu. Ilpu aktusizarii Oyab-1Koi 3 HOCITyT
BKa3aHOTO TIYHKTY MEHIO 3 SIBJISETbCS BIKHO Koxcmpyroseanus o06’ckma 3

BKJIQJIMHKOIO, 110 BIJIOBIIa€ TUMY oOpaHOro o0’ekra. Y BKa3aHOMY BIKHI CIIiJI
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BBECTH IapaMeTpu O00’€KTa, M0 CTBOPIOETHCA, Ta «HATUCHYTH» KHOIIKY
3acmocysamu. Tlicna 1pOro BIANOBIAHUN 00°€KT OyJe CTBOpEHO, 1 HOro
300paKECHHS 3’ IBUTHCS Y N0 300PANCEHHS.

OnopHi  00’€KTH 3aJal0ThCSl IUISIXOM BKa3yBaHHS Ha3B  3a3Jajerilib
CTBOpPEHHUX 00’ €KTIB y BIJIMOBIIHUX MOJISX BikHA KoHcmpyrtosanns 06 ekma.

O6’extu ycix TumiB (kpim Ttumy I paghik ¢hynxyii) MOXXKHA CTBOPIOBATU
rpadiyHO, BKa3ylOUYHd Ha OINOPHI O0’€KTH Yy noii 300pajceHHss 3a JOMOMOTOIO
BKa31BHUKA MUIIIKH.

SIKI0 JU1s1 CTBOPEHHS IKOTOCh 00’ €KTa HEOOXI1/THO BKa3yBaTH ONOPH1 00’ €KTH
tumy Touka, TO MOYKHA BKa3yBaTH SIK Ha 300paKeHHsI paHillle CTBOPEHUX 00’ €KTIB-
TOYOK, TaK 1 Ha BUIbHE MICIE 10/ 300pajiceHHs — MPU IbOMY aBTOMATHUYHO OyJie
CTBOPEHO BIJIMOBITHUN OMOPHUN 00’€KT TUIy Touka 3 KOOpAWHATAMU, IO
BIJINIOBIJIal0Th IIOTOYHOMY TIOJIOKEHHIO BKa31BHUKA MUIIKU Y 1O 300pAHCEHHS.

[lin yac cTBOpeHHS O0’€KTIB «3 €KpaHy» y noJi niokazku 3’ SBISIOTHCS
KOPOTKI 1HCTPYKIII MPO Te, sIKi Ail HEOOX1HO BUKOHATH JJISI CTBOPEHHS 00’€KTa
0o0paHoro THIYy.

IIpu cTtBOpeHHI 00’€KTIB M aBTOMATHUYHO HAJAEThCS Ha3Ba, IO MOXKE
CKJIaJaTHCS 3 JIBOX YaCTHUH: CHMBOJIbHOI Ta mudpoBoi. CUMBOJIbHA YacTHUHA
BIJIMOBIIa€ Ha3B1 0A30BOr0 TUIYy 00’€kTa, a 1UdpoBa — HOro HOMEPY B MOPSIKY
CTBOpPEHHsI (Hanpukiazn, <moukal>, <namana5>, <ninisid4>, <xonol5> Tomo).

SAxmo y BikHI Hanacooowcennss BIAMIYEHO TYHKT Mimumu mouku
JIAMUHCOKUMU TTMepamu, To 00’ €KTaM, 110 HaJiexkaTh A0 0a30BOro Tumy 1ouxa, npu
CTBOpPEHHI Oy/ie aBTOMAaTUYHO HAJIaBaTHUCS HA3Ba, 1110 CKJIAJAAE€THCS 3 OJHIET BEJTMKOT
Jitepu JatuHcbkoro andasity (4, B, C, ..., Z). SIkuio BCl JIaTUHCBHKI JiTepu Oyne
BUYEPNAHO (HAMPUKIIAJ, SKIIO CTBOpPeHO Oumbine 26 00’ekTiB TNy Touka), TO
Ha/aJll HOBOYTBOPEHi 00’ €KTH OyAyTh OTPUMYBAaTH Ha3BY, NOJIaHy 3a MpaBHJIAMH,
OMMCAaHWMM B TIOTIEPEIHHOMY a03aIll.

JIyist 3MiHM TTapaMeTpiB JESKOro paHillie CTBOPEHOro 00’€KTa HEoOXiTHO
BCTAHOBUTH BKa31BHUK nepeiky 00’exkmigé y TOJOXKEHHS, 10 BIJNOBIJIA€ Ha3BI

noTpiOHOro 00’€KTa, Ta 3BEpHYTUCA A0 mociyru 06 exkm\3minumu. B pe3yibTari



113

3’IBUTKCS BIKHO KoHcmpytoéants 00 'ekma 3 TapaMeTpaMu MMOTOYHOTO 00’ €KTa, SIK1
MO>KHA 3MIHUTHU TaK CaMo, SIK IIPU CTBOPEHHI IbOTO 00’ €KTA.

[TonBiitHe HATUCHEHHS JI1BOT KJIABIIIl MUIIKWA y BUIAJKY, KOJH BKa31BHHUK
MUIIIKH 3HAXOJAUTHCS Ha 300paKeHH1 JIESIKOT0 00’ €KTa Y nosi 300pasxcenus abo Ha
Ha3Bl JeAKOoro o0O0’e€kTa Yy TIepenili, TaKoXX TIpu3BeJe J0 TIOsSBU BIKHA
Koncmpyrosanmns 06’ekma, y SKOMy MOXHa 3MIHUTH ITapaMeTpH I[bOTO 00’ €KTa.

Jlns BuIydeHHS Jeskoro o0’ekTy (abo 00’€kTiB) MOTPIOHO MepIl 3a Bce
BUAUIUTUTH TIed 00°ekT (00’e€kTH) y noai 306paxcenus. Ilicins 1uporo ciin
3BepHYyTHCS 10 nociyru 06 ‘exkm\Bunyyumu (a0o HatucHyTH Kiasinry Del).

ITepeTBOpeHHsI 00’ €KTIB

3a pomomororo III13 GRAN-2D wmoxHa 3aiiiCHIOBaTH T€OMETPUYHI
MEPETBOPEHHS JEesSKNX OO0 €KTIB, a caMe NapajielbHe IEPEHECEHHs, MOBOPOT
(BIIHOCHO JIeSIKOT TOUYKH) Ta jaedopmaliito 00’ekTiB tuny Touxa, Jlinis, Jlamana,
Kono ta Immepnonayiiinuii noainom. sl 1bOro NPU3HAYEHO MOCIYTH IYHKTY
roj0BHOr0 MeHi0 06 ‘ekm\llepemesopennsi.

[TapameTpu mepeTBOpEHHsI MOKHA 3a7]aBaTH SIK Yepe3 BBEICHHS KOOPAMHAT
BEKTOpa MEPEHECEHHsI YU KyTa MOBOPOTY Y BIAMOBIIHI MOJISA, TaK 1 rpadiyHO «3
eKpaHy», KOPUCTYIOUHCHh MUIIIKOIO.

Y mepmomMy BHMNAaAKy JUIsi BUKOHAHHS JCSIKOTO TIEPETBOPEHHS CHiA
3BEPHYTHUCS 10 Tocayru MeHto 06 ‘ekm\Illepemsopenns\llapamempu, a B Apyromy —
10 MAMYHKTIB MeHto 06 ‘exkm\llepemsopenns\3 expany — Ilapanenvhe nepenecenms
abo Iloeopom, B 3aJ€KHOCTI BiJl TOTO, IKHI TUIT IEPETBOPEHHS 00’ €KTIB HEOOXI1THO
3MIIHCHUTH.

I[Ipu  3BepHenHi g0 mocayru 06 exkm\llepemeopenns\llapamempu
3'sBnse€ThCS  BIKHO [lepemeopenns 06’ckmie 3 BkIaguHkamu Ilapanenvhe
nepenecenns, [losopom ta /leghopmayis .

JIJisi BUKOHAHHS HEOOXITHOTO TIEPETBOPEHHS IEPII 3a BCE CIiJ] MEPEeUTH Ha
BKJIAJIMHKY 3 Ha3BOIO MOTPIOHOI omeparii, Micias 4Yoro y Mojil MiJ HamucoMm
3acmocysamu onepayito 00 00’ekma TOTPIOHO BKa3aTH HA3BY 3a3alerilb

CTBOPEHOTO 00’ €KTa, MEPETBOPEHHS SIKOTO HEOOX1THO 3TIMCHUTH.
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SIK110 BCTAaHOBUTH BIMITKY OUIst Hartucy Cmeopumu pe3yivmyouuti 06 exm,
TO MICJS BUKOHAHHS oOIlepallii BUXIAHUN 00 €KT 3aMIIUThCA Oe3 3MiH, a Oyle
CTBOPEHO HOBHUU 00’€KT — pe3yJIbTaT BUKOHAHHS OMEpaIlii CTOCOBHO BUXIiTHOTO
o0’exTa. 3amaBIId BCl MapaMeTpu MEPETBOPEHHS, CIiJI HATUCHYTH KHOIMKY
Buxonamu.

JIist 3a1aHHs «3 €KpaHy» MapaMeTpiB MEpEeTBOPEHHs 00’ €KTIB MPU3HAYEHO
nocnyra 06 'ekm\llepemsopenns\3  expamy\llapanenvne  nepenecenns  Ta
06’ exkm\llepemeopenns\3 exkpany\l[losopom.

J1ist mepeMilleHHs 1eIKoTro 00’ €KTa y HOBE MOJIOKEHHSI HEOOX1HO IM1/IBECTH
BKa31BHUK MUIIKHU 10 300paKE€HHS IIbOTr0 00’ €KTa, HATUCHYTH J1BY KJIaBIITy MUIIKA
Ta TPUMAIOYM ii Y HATUCHEHOMY CTaHi, MEPEMIITyBaTH BKa31BHUK Yy MOTPIOHOMY
Hanpsimi. [lpu npomy «3adikcoBanuit» 00’€KT Oylie MEpEeMIllyBaTHCh pPa3oM 13
BKa31BHUKOM. [lepemMiCTUBIIN TaKMM YMHOM O0’€KT y MOTPiOHE MOJOKEHHS, CIIJ
3BUIBHUTH JIIBY KJIABIIIY MUIIIKH.

MakpoKoHCTpYKUIil

MakpOKOHCTPYKIliI — 1€ CYKyIHICTh 00 €KTIB 0a30BUX THIIB, IO
NMpU3HaYeHa [JIs CHOPOINCHHS 3aJlaHHAd KOMOIHAII O00’€KTiB, SIKI 4YacTo
BUKOPHCTOBYIOTHCSI.

MakpOKOHCTPYKIIiSl CKJIaIa€ThCs 3 BUX1THUX, TPOMIKHHX Ta PE3yJIbTYIOUNX
00’exTiB. [Ipy CTBOpEHH! OKpEMOi MaKpOKOHCTPYKIIiI HEOOX1ITHO BKa3aTH y noJi
300padicents (3a JONOMOI'0I0 BKa31BHUKA MUIIIKHM ) BUX1JIHI Ta pE3YyJbTYI0Ul 00’ €KTH,
a TPOMDKHI 00’ €KTH (SIKI HEOOXIAH1 JUIsi OTPUMAHHS PE3YJIbTYIOUHUX 00’ €KTIB 3
BUXIJTHUX ) OyTyTh BUOpaHI 3 HAsBHUX Ha 300pakeHH] 3a MPOTrpaMoi0 aBTOMaTUYHO.

st CTBOPCHHS MaKpOKOHCTPYKITIT MPU3HAYEHO MOCITyTY
Maxkpoxoncmpyxkyis\Cmeopumu. 3BepHYBIIUCH 10 Ii€i MOCITYTH, CITiJI MOCIITOBHO
BKa3zaTu y noji 300padxcenHss BUxigHi o0’ektu. I[licias BkasyBaHHS OCTaHHBOTO
BUXITHOTO 00’€KTa HEOOXIIHO 3HOBY 3BEPHYTHCS 10 O3HAYEHOI MOCTYTH, MICISA
4Ooro MoTpiOHO BKa3aTu Pe3ysibTyI0ul 00’ €KTH.

Bka3zaBmiu ocTtaHHii pe3yibTylouuil 00’ €KT, MOTPIOHO 3HOBY aKTHBI3YBaTH

nociayry Maxpoxoucmpykyis\Cmeopumu, mwo (y pas3i KOPEKTHOTO 3aJaHHS
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BUXITHUX 1 pe3YyJbTYIOUMX 00’ €KTIB) MPU3BEE 0 MOSBU BikHA Haszea koncmpykyii,
Jie y BIJIMIOBIJIHE 1OJIe HEOOX1JHO BBECTH Ha3BY CTBOPIOBAHOI MAKPOKOHCTPYKIIIi.

BBiBImIM Ha3By, CHil «HATUCHYTH» KHOMKY [Ipodosxcumu, TICIS YOTO
3’BUTHCS CTaHAAPTHHM 3amuT 30epekeHHs ¢aime cucremu Windows, y sikomy
HEO0OX1THO BKa3aTH iM s haiiiry 1151 30epekeHHsT KOHCTPYKIIii. ITicis «HaTuCHEHHS»
KHOTIKH 36epeemu CTBOPEHHS MaKPOKOHCTPYKIIIT Oy/1e 3aBEPIIICHO.

VY pa3i HEKOPEKTHOIO 3aJlaHHs KOHCTPYKIIII 3 SBUTHCS MOBIIOMIIEHHS PO
NOMWIKY. TOOTO SIKIIO IPU CTBOPEHHI KOHCTPYKIIi OyJI0 BKa3aHO HEIOCTAaTHBO
BUXIIHUX OO0’€KTIB JJIsi OJHO3HAYHOIO CTBOPEHHS PE3YyJIbTYIOUMX OO €KTIB, TO
3’ ABUTHCS MMOBIIOMIIEHHS «He sucmauae euxionux 00 exmiey.

VY Bunaaxy, KoJii Ipyu CTBOPEHHI KOHCTPYKI1i Oy BKa3aH1 BUX1/IHI 00’ €KTH,
0 HIAK HE BIUIMBAIOTh Ha MOOYJIOBY pE3YyJbTYHOUMX OO’ €KTIB, 3 SIBUTHCA
MOBIJTIOMJICHHS  «3HatioeHo QuxiOHi 00’ckmu, wo He BUKOPUCMOBYIOMbCS Y
koncmpykyii. [Ipodoeoicumu pobomy, Hexmyouu 3ausumu 00 ekmamu?».

SKI10 «HATUCHYTH» KHOMKY 7@k, TO MAaKpOKOHCTPYKIIit0 Oy1e CTBOpEHO 0e3
BpaxyBaHHsI 3aliBUX BUXITHUX 00’€KkTiB. «HatucHeHHs» kHomku Hi mpusBene A0
CKaCyBaHHSI CTBOPEHHS MaKpOKOHCTPYKIIii.

JIJist BCTAaHOBJIGHHS 3amam’sITOBaHOI paHillie MaKpOKOHCTPYKIli TPU3HAYEHO
nociyry Maxpoxoncmpyxyis\Becmanosumu. [lpu 3BepHEHHI 10 BKa3aHOI MOCIyTH
3’ABISIETbCSI  BIKHO BcmaHnoeneHHs MAKpOKOHCMpYKYii 3 TEpelikoM Ha3B
MaKpOKOHCTPYKIiH, cTBopeHux panime. [Ipuyomy y nepeniky 3’sBISTbCS Ha3BU
JWIIe THX MaKpPOKOHCTPYKIIN, mo 30epexkeHi y mammi Maxpoxoncmpykyis 'y
nupekTopii mporpamu. 1106 BHIIydUTH BCTAaHOBJICHY MaKpOKOHCTPYKIIIO 3 104
300padicents Ta nepeiiky 06’€kmig, MOTPIOHO MPOCTO BWIYYUTH 00 €KTH, IO ii

CKJIaaaroTh. [12]

Oo6uncaoBanabHi MmoxanBocTi nporpamu GRAN-2D
I3 GRAN-2D no3Bossie 004MCITIOBATH BIJCTaH1 M1 TOYKAMH Ta BETUYHHH
kyTiB. [licis Bka3zyBaHHS, sIK1 BiICTaH1 400 KyTH TOTPIOHO BUMIpIOBATH, 111 BiJICTaH1

abo0 KyTd OynyTh NEpeoOYHUCIIOBATUCH ABTOMATUYHO KOXKHOIO paszy IpH
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nepemimeHHi 00’ ekTiB. [20]

Jlnst oOurciieHHs BiJICTaHl Mk JBOMAa TOYKaMHM CJIiJI 3BEPHYTHUCS J10 TTOCITYTH
Obuucnenns\Biocmans, TCIHsT 9OTo 3a BiINMOBIHUMH 3allATaMHU Mporpamu (1o
3 SIBIATHCS Y nOJE niOKA3Ku) HEOOX1THO MOCTITOBHO BKa3aTH Ha 300pakeHHS JIBOX
TO4YOK. Bigpa3y micis BKazyBaHHS TOYOK pe3yJbTaTH OOYMCIICHHS BiJCTaHI
BUBOJSTBCS Y NOJIE 300pasiceHHss Mi>K UMY TOYKaAMHU.

[Tpu 3BepHeHHI 10 nocayru Obyucaenns\Kym miciis BKa3yBaHHS TPhOX TOUOK
OyJZie aBTOMaTUYHO OOYMCITIOBATUCH KYT MIXK IMIPSIMUMHU, 10 MPOXOAATH BIJIIOBITHO
gyepe3 Mepiry i Apyry Ta APYTY 1 TPETIO TOYKH.Pe3ynpTaTt 00uncieHb BUBOASTHCS
y noi 300pasicenHs OIS TO3HAYEHHS KyTa (y BUIJISL IyTH, IO CIIOJIyYa€e CTOPOHU
KyTa).

Jlist oOuucieHHsT 3HAY€HHsS BUpa3y YW 3HA4YC€HHS (QYHKUII B TOYI CHiA
3BepHyTHUCS 10 nocayru Oouucnenns\3nauenns supazy. Ha Bknaaunii 3nauenns 6
mouyi BikHa OOuucienHts, CIiJl BKa3aTU TUI 3AJIKHOCTI 32 JIOMIOMOT00 epeMHUKaya
Tun 3anexcnocmi. I1oTiM y BepXHe 1oje HE0OX1JHO BBECTU BUpA3, 10 BHU3HAYAE
GyHK1LI0, TAa y TOJISIX OIS HANMCIB X=, Y=, Z= BKa3aTU KOOpAUHATH TOUKH. ITicas
BBCJICHHS JaHUX JJII BUKOHAHHS OOYMCICHHS HEOOXITHO «HATHCHYTH» KHOIIKY
Obuucaumu, MICSA 9OT0 pe3ysbTaT Oyie BUBEIACHO Y 1ojie Pe3yibmam obuucieHs.

[1I13 GRAN-2D no3BoJsie BBOAUTH BUPA3H, IO MOKYTh MICTHUTH MTOCHIAHHS
Ha HasBHI 00’ €KTH Ta OOYMCIIIOIOTHCS aBTOMATUYHO MpH 3MiHI 1UX 00’ekTiB. Tak,
HaIPUKJIa, BBIBITH BUPA3, IO OOYHCIIIOE TIIONTY IESKOTO MHOTOKYTHHKA, HaIaml
MOXHa 3MIHIOBATH TIOJIOKCHHS OyIb-1KOi 3 HOro BEpIIMH — TIPH I[bOMY
aBTOMATUYHO OyJie 00YKCIIEHO HOBE 3HaUEHHS TUIoli. Taki BUpa3u Hajam 0yneMo
Ha3UBATH OUHAMIYHUMU.

Ha3Bu nuHaMiuHMX BHpa3iB Ta iX 3HAYCHHS BUBOJATHCS Yy HepemniKy
OUHAMIYHUX 6upaszie. Y TIEPIIOMY CTOBIYUKY TIEPENIKY TIOAI0ThCS Ha3BU
JMHAMIYHUX BUpPa3iB (3a7aHl IpHU BBEJAEHHI LKUX BUpPa3iB). Y JIPYyromMy CTOBIUUKY
BHUBOJISATHCS 3HAUCHHS JUHAMIYHMX BHPa3iB. Y BCIX 1HIIUX CTOBIYMKAX BUBOJSTHCS
3aiKCOBaHI 3HAYECHHS JWHAMIYHUX BHUpa3iB (AKII0 3HAYEHHS BHUpPa3iB

dbikcyBanumcs).
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Bupas, Ha Ha3Bi SIKOTO 3HAXOIUTHCA BKa31BHUK (MPIMOKYTHHUK TEMHOTO
KOJIbOPY ), BBAXKAETHCS HOMOUHUM.

JIIst  CTBOpPEHHS JTWHAMIYHOTO BHpA3y CIiJ 3BEPHYTHUCS 1O TOCIYTH
Obuucnenns\unamiunuii supaz\Cmeopumu, 10 IPU3BEC 10 MOSABU BiKHA 3a0aHHs
ounamiynoco eupaszy. Y mnone Hazeéa moTpiOHO BBECTH YMOBHY Ha3BY BHpa3y, a y
noyie Bupaz — BUpa3, MOJaHUNA 3a MPaBWJIAMH BBEACHHS BHUPA3iB, MICISI YOTO CIIiJ
«HATUCHYTW» KHONIKY Buxonamu.

[Mopsim 3 Bimomumu ¢ysKIisME (Sin, In Tomo) npu 3amaHHI AMHAMIYHAX
BHpPAa3iB MOKHA BUKOPUCTOBYBATHU CIel1adbH1 (DYHKIIII:

Len(moukal,mouxal) - 0OYUCITIOE BiICTaHb MIXK TOUKAMH.

Angle(moukal,mouxa2,mouxa3) - OOYHUCITIOE KYT MK BiJIpi3KaMH, 1110 MAIOTh
CHUIbHY BEPUIUHY mouKka’.

Area(mouxal ,mouxa2,mouxa3, ...) - OOUHCIIOE TIOILY MHOTOKYTHHKA.

106 3MiHMTH Ha3BY ab0O BHpa3, IO ONMHCY€E NOTOYHUN AUHAMIYHUI BUpa3,
HEOOXITHO 3BepHYTHCA 10 mochyru Obuucnenus\Junamivnuil eupas\3minumu. Y
BiKHI 3a0aHHs OUHAMIYHO20 8uUpa3zy, MO 3’IBUTHCA, CJIiJI BBECTH HOBY Ha3By abo
BHpa3, Ta KHATHCHYTW» KHOMIKY Buxonamu.

JIist BUJIy4E€HHsSI TOTOYHOTO JWHAMIYHOTO BHUpa3y CIiJ 3BEPHYTHCS [0
nociayru Obyucaenus\/Junamiunuti éupas\Buryuumu.

[Hoa1 BUHMKAE HEOOXITHICTD “‘3amam’gTaTi’’ MOTOYHE 3HAUYECHHSI JUHAMIYHOTO
Bupasy. [Ipu 3BepHeHHi 10 nociayru Ob6uucrenus\{unamivnuil supas\3agikcysamu
nomouHe 3HaueHHs Yy TAOMUII0 3 TEPENTIKOM AMHAMIYHUX BHUpPAa3iB crOpaBa BiJ
OCTaHHBOT'O CTOBMYMKA OyJ]le TOJAHO HOBUW CTOBIMUHUK, IO MICTUTUME TOTOYHI
3HAYEHHA yCIX IMHAMIYHUX BUPa3iB.

JIJist BUITy4eHHS OCTaHHBOTO 3a()iKCOBAHOTO 3HAYCHHSI CIIiJI 3BEPHYTHCS 0
nocinyrd  Obuucnenns\/Junamivnuti  upas\Buryyumu —ocmaune — 3aixcogame
3HAYEHHS.

3a gomomoror III13 GRAN-2D moxxna oOuwnciaroBaté 00’€MHM Ta ILIOIII

MOBEPXOHb T, YTBOPEHUX 00epTaHHSM HaBKOJIO oci Ox a6o Oy y mpsiMOKYTHIH
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JIEKApTOBIA CHUCTEMI KOOpPJAWHAT JESKOi 3aMKHEHOiI abo 00’€KTiB THITy
Iumepnonsayitinuti noninom ta I paghix gynxyii.

Jliis 0OUYMCIIeHHS TUIOIII MOBEPXHI Ta 00’ €My JEAKOTro Tijla 0OepTaHHS CIif
o0y IyBaTH y 1o/l 300padicenHss 00’ €KT Ty Jlamawna, Inmepnonsayitinuti noiiHom
a00 I'pagix @yuryii, micis 40ro 3BepHYTHCS 10 mociayru Obuucienns\inowa
nosepxti ma 06 ’em mina obepmanns. Y BikHi Tin0 obepmanis, MO 3’ IBUTHCS, CJIIJT
BCTAHOBUTU (32 JIONMOMOTOI0 MHUIIKH) TEpeMuKad 76ipHa Yy TIOJNOXKEHHS, IO
BIJIOBIJIa€ Ha3Bl MOTPIOHOI TBIpHOI. Jlaym 3a momomMororw mnepeMukada Bico
obepmanns HeoOX1HO 00paTh Bick ooepTanus OX abo QY. Y noxi xapaxmepucmuxk
BiJIpa3y X 3’ SIBJISATHCA 00UMCIIEH] 3HaYEHHS TUIOII Ta 00’ eMy.

[Ipuknazn 56. {oBeaiTh, O KT, IKUIl ONMMPAETHCS HA JIAMETP KOJIA, IPSIMUH.

Posp’s3anna. AktuByemo [1I13 GRAN-2D 1 Ha ekpaHi 3’SIBUTbCS TOJOBHE
BIKHO Tmporpamu. [loOyayeMo BiIbHY TOYKYy A 3 OYyJb-IKUMU KOOpPJIWHATAMU
CKOpHUCTaBIIMIIL omnepatismMu 06 ‘exkm/Cmeopumu/Touka abo CcKOpUCTATUCS
BIJIMOBITHUM 3HAYKOM Ha TaHeJl IHCTPYMEHTIB. To/ai CTBOPIOEMO KOJIO 3 IIEHTPOM
B TO4Ill A 3a monomoror omnepaiii 06 exkm/Cmeopumu/Kono. HactynHuii Kpok —
CTBOpEHHs niamerpa. [[ns 1mporo crBopuMoO TOYKY J Ha KOJi (BUKOPHUCTAEMO
06 ’exm/Cmeopumu/Touka) Ta  TPOBEIEMO  Yepe3 11  TOYKH  MpsIMY
(06 °exm/Cmeopumu/IIpsima, wo npoxooums uepes 06i 3a0ani mouxu). 3adikcyeMo
OTpUMaHUW JiamMeTp, a came, ckopuctaemoch 06 ’ekm/Cmeopumu/CmeopeHns
mouxu(moyox)nepemuny 06 exkmis.Orpumanu touky K, omxe, JK — giamerp xona.
Tenep BuOupemo 1 3adikcyeMO Ha Kol BUIBHY  Touky [ (BHKOpHCTaeMO
06 ’exm/Cmeopumu/Touxa). IlpoBememo mpsmi IK Ta JI 3a momomororo
06 exm/Cmeopumu/IIpsima, wo npoxooums uepes 08i 3a0aui mouku. Y TBOPUBCS

kyT JIK, sxuii omupaeThcsi Ha miamMaHT Koja. Jlami moTpiOHO BUMIpSTH HOTO
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rpagycny mipy. Jns mporo Bubupemo Ob6uucnenns/Kym. Ha pucynky mobaunmo,
1o KyT jgopiBHioe 90° (puc. 44). IlotiMm MOXKHA 3MIHIOBATH IOJIOKEHHS TOUKH | Ha
KOJI — MPU LbOMY aBTOMAaTHYHO Oyne OOuYMCICHO HOBE 3HAYEHHS KyTa 1 BOHA

3aBkau Oyae 90°, mo 1 moTpiOHO OYJI0 TOBECTH.

Puc. 44.
[Mpuknan 57. HoBeniTh, 110 y PIBHOOEAPEHOMY TPUKYTHHUKY O1CEKTPHCH,

2% GRAN-2D - HAgran\rpax 353BaTH\Ia6 5\6.92¢
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MPOBEJICHI 3 BEPILMH IIPU OCHOBI, PIBHI.

Po3p’szanns. AktuByemo I1I13 GRAN-2D i1 Ha ekpaHi 3’SBUTHCS TOJOBHE
BikHO mporpamu. [ToOyayemo BiibHI Touku A 1 B 3 OyIb-KMMH KOOpAMHATAMU
CKOpUCTaBIIMILD onepauisiMu 06 ‘ekm/Cmeopumu/Touka. J1ani 3’€1HyeMO 111 TOUKH
3a JI0OMOTOIO TIPSAMOT, 10 MPOXOJUTH Yepe3 B TOUKH. Ii CTBOPEHHs aHANOriYHe
CTBOPEHHIO TOYKH, JIMIIIE OOUpaTH MOTPIOHO NYHKT /Ipsamoi, wo npoxooums uepes
08I moyKuy 3aMiCTh MyHKTY Touka. HacTynHui KpOK — CTBOPEHHS CEPEAHBOI TOUKU
- 06 ’exm/Cmeopumu/Cepedrns mouxa ab0 CKOPUCTATHCS BIIMOBIIHUM 3HAYKOM Ha
naHenal 1HCTpyMeHTiB. YTBopwiack Touka C. Ilicigs uporo mnoOyayeMo
nepneHaukynap g0 nOpamoi  AB 1 Toumi C  (cKopuCTaEMOCH

06 ’exm/Cmeopumu/lIpsima  nepnenouxynapna 0o  3adanmoi  npsmoi). Ha
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NePHeHANKYIIAP 3adiKCyeMo TOUYKYy D aHamoriyHo SK CTBOpPrOBajiM TOYkH A i B.
CrolyauMo OTpMMaHy TOYKY TpsAMUMH 3 ToukamMu A 1 B (omeparmis
06 ’exm/Cmeopumu/lIpsma, wo npoxooums uepes 06i MOUKU) 1 OTPUMAEMO
piBHOOenpeHuit TpukyTHUK ABD.

Jl1s1 Toro, 11100 TOBECTHU TBEP/KEHHS HaM MOTPIOHO 0Oy 1yBaT 01CEKTPUCH
kytiB DBA 1 DAB. Ckopucraemocs 06 ’exkm/Cmeopumu/bicekmpuca xyma.
3adikcyeMO TOYKH TEpEeTUHY OICEKTPUC 3 TPOTHWICKHUMH CTOPOHAMH, OTXKE,
CKOPHUCTAEMOCH 06 exm/Cmeopumu/CmeopenHs MOYKU(MOYOK)nepemumy
00 'exkmig 1 orpuMaeMo BianoBiaHO Touku E 1 F. Bumipsemo nosxunu AF 1 BE 3a
nornoMororw Obuucnenus/Biocmans. bauumMo, 1O OTpUMaH1 pe3yibTaTH — PIBHI
(puc. 44). IlotiMm MOXHaA 3MIHIOBaTH TMOJOKeHHs To4ok A, B, D (Bepuun
TPUKYTHUKA) — MPU IbOMY aBTOMATUYHO OyJie 00UHUCIEHO HOBE 3HAUCHHS JIOBKUH

OICEeKTpHC 1 BOHM 3aBXIU OyAyTh PiBHI, IO 1 MOTPIOHO OYJIO TOBECTH.

£ GRAN-2D - Higran\rpan
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Puc. 45.

[Tpuknan 58. JloBenith, 110 pajilyc OMUCAHOTO HABKOJO TPUKYTHHKA KOJia

. o abc .
p1BHUHA R = E’ a paalyC BIHCAHOI'O KOJIa T = , A€ a,b,c — JOBXHHU

a+b+c

CTOPITPUKYTHHUKA, a S - HOT0 IIoIIA.
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Po3p’s3anns. [lepeBipruMo ekcriepuMEHTaIbHO 1aHi (OpMYIIU 3a T0TIOMOT OO
[1I13 GRAN-2D. AKTHUBY€EMO JaHW MPOAYKT 1 HA €KpaHi 3’ SIBUTHCS TOJIOBHE BIKHO
nporpamu. [lo6yayemo BinbHI Touku A, B, C 3 Oyab-sKuMU KOOpAUHATAMU (ajie He
Ha OJIHIHM IpsiMi, 11100 BOHU MOTJIM OyTH BEpIIMHAMHU TPUKYTHHUKA) CKOPUCTABIIUIIb
onepauismu 06 ‘exkm/Cmeopumu/Touxa. [ani momapHo 3’€IHY€MO IIi TOYKH 3a
T0noMororo IIpamoi, wo npoxooums uepes 061 mouxku. Orpumanu TpukyTHUK ABC.

Sk BIIOMO WLEHTP KOJIa, OMNHUCAHOTO HABKOJO TPUKYTHUKA, € TOUYKOIO
MEePETUHY TEPICHANKYJIAPIB O CTOPIH TPUKYTHHUKA, TIPOBEICHUX YEPe3 CEPEINHU
nux cropid. Kopuctyrouuce 1aHO0 TEOPEMOIO 3HAWIEMO LIEHTP KOJIa, OIMCAHOTO
HAaBKOJIO  TpUKyTHHUKAa. Busnauummo cepenmunu cropin AB 1 BC
(06 °exm/Cmeopumu/Cepednss mouka abo CKOPUCTATUCS BIAMOBITHUM 3HAYKOM Ha
naHeni iHcTpyMmeHTiB). OTpumanu BianoBimHi Touku D ta E. Yepes touky D
MPOBOJUMO TepneHAuKysip 10 AB, a depe3 Touky E — nmepnenauxynsp no BC.
Kopucryemoch npu bOMY orepari€ro 06 ’exm/Cmeopumu/IIpsima
NepneHoOuKyIapHa 00  3a0aHoi  npamoi. 3aPikCcyeMO  TOUKY TEPETHHY
neprneHaukyssapis F (06 ’ekm/Cmeopumul Cmeopenns mouxu(mouox)nepemuny
00’ekmig), ska 1 OyJae LIEHTPOM KOJja, OMMCAHOTO HABKOJIO TPUKyTHHKaA. Temep
MOKEMO MO0y TyBaTH KOJIO 3 IIEHTPOM B TOYII F 1, K€ IPOXOIUTH Yepe3 BEPIIHHY,
Hanpukiaa, B. Jlns nporo ckopucraemock 06 'exkm/Cmeopumu/Cmeopenus Koa.
3’eqHaEMO  IIEHTP  KOJla 3  BEPHUMHOI  3a  JIONIOMOrow  Jlamawuoi
(06 °exm/Cmeopumu/Jlamana) 1 oTpumaemMo paniyc. Bumipsemo ioro 3a
noroMororxo Oouucnenus/Biocmane.

CrBopuMoO TuHAMIYHUMN BUpa3 - Oouucienus/Hunamiunui eupas/Cmeopumu,
y SKAH 3anumeMo (GopMyJly 3HAXODKCHHS pPajiiyCy KoJia, OIMMCAHOTO HAaBKOJIO
tpukytHuka -  (LEN(A,C)*LEN(C,B)*LEN(A,B))/(4*AREA(A,B,C)). V
HUKHBOMY TPaBOMY BYTUIl TIPOTPaMH 3SBUTHCS BIJMOBIIb HA TUHAMIYHUNA BUPA3.
baunmo, 110 BOHa CHiBMNaAa€ 3 Ti€l0, M0 MU OTPUMAJH, KOJM MPOCTO BUMIPSIU
BifcTaHb pamiyca (puc. 46). JIisg 101aTKOBOI BIIEBHEHOCTI MOXHA 3MIHIOBATH
MOJIOKEHHSI TOYOK, TOJl aBTOMATHYHO OYyIyTh OOYMCIIIOBATUCS BICTaHI 1 BOHU

OyIyTh piBHI M1k CO0O0¥0, 1110 1 JOBOJAUTH MEPIITY IMOJOBUHY 3a/1aui.
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Puc. 46.

Takox BiTOMO, IO IIEHTP KOJIa, BIIMCAHOTO Y TPUKYTHUK, € TOYKO NIEPETUHY
roro 6icextpuc. Tomy ctBoproemo Oicektpucu kyTiB ACB 1 CAB. Ckopucraemoch
06 ’exm/Cmeopumu/Bicekmpuca kyma. 3apikCyeMO TOUYKH TEPETHUHY O1CEKTpPHC,
oTke, ckopucrtaeMoch 06 'exm/Cmeopumu/CmeopenHs mouxku(mouox)nepemuny
00 ’exmie — 1ie Oynae Touka G. Uepe3 Touky G npoBogumo nepreHaukyssp 10 AC i
3aiKCOBYeMO TOUKY TepeTuHy 3 ctopoHoro AC. Otpumanu Touky H. Tenep uepes
touky H i1 Touky G Oyayemo kojo, BOmcane B TpUKYTHUK. 3’eanyemo H i G 3a
JIOTIOMOTOI0 JIJaMaHOi 1 OOYHCII0EMO 1i JOBXHHY (omepallli BHKOPHCTOBYEMO
aHAJIOT14YHO, SIK onucaHi Buie). Takox 3 egHyemo Touku A, B, C 3a momomororo
JamaHoi JJIsl TOro, mo6 MoxHa Oyno obuuciutu 1onry TpukyTHuka ABC, sxa
dirypye y popmyui.

OcrtaHi KpOK — I1e CTBOPEHHS IMHAMI4HOTO BUpaszy (Oouucnenus//funamivnuii
supaz/Cmeopumu), y SKuii BIUCYEMO (POpMYJTy 3HAXOJKEHHSI pajiyca BIHCAHOTO
B TpukyTHHK koima - (2*AREA(A,B,C))/(LEN(A,C)+LEN(A,B)+LEN(C,B)).
OTprMy€eMO 3HAYEHHS 1 MOPIBHIOEMO 3 yxke BijoMuM (puc. 47). Bonu oanHakoBi.

JIst TOCTOBIPHOCTI CIPOOYEMO 3MIHUTH TIOJIOKEHHS JICSIKAX TOUYOK 1 MOPIBHIEMO
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pe3ynbTaTi o0unciaeHb. Mo)kHa 3p0OUTH BUCHOBOK, 110 (OpMyIIa, SIK 1 OTIEPEIHS,

IOBECHA.
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Puc. 47.

[Tpuknazn 59. Yepes Touky D, B3sTy BcepenHi TPUKYTHUKA, MPOBEICHO TPH
npsiMi, BIAMOBITHO TIapasiesibHi oro ctopoHam. Ll mpsiMi yTBOPIOOTh 3 CTOPOHAMHU
TPUKYTHUKA TPU TPUKYTHHKHU. J[oBecTH, IO cyMa IUION[ ITUX TPUKYTHUKIB HE
MEHIIIa 32 TPETUHY TUIOIII JAHOTO TPUKYTHHUKA.

Po3p’s3anns. AktuByemo mpoaykT GRAN-2D i Ha expaHi 3’ IBUTbCS TOJIOBHE
BikHO Tiporpamu. [ToO6ymyemo ButbHI Touku A, B, C 3 Oyab-sIKHMU KOOpIUHATAMU
(ame He Ha OmHIA TpsAMI, MO0 BOHM MOIVIM OyTH BEPIIMHAMH TPUKYTHHKA)
CKOpHUCTaBIIUIIL oniepatiisMu 06 ‘ekm/Cmeopumu/Touka. J]ani momnapHo 3’€IHYEMO
Il TOYKH 3a JOMOMOIow [lpsmoi, wo npoxooums uepe3 068i mouku. OTpUMaIH
TpukyTHUK ABC. Bynyemo ananorigyHo BiUIbHY Touky D BcepennHy TpUKYTHHKA.

Uepes Touky D Oyayemo npsimi mapainenbHi ctopoHaMm TpukyTHHka AB, BC,
CA 3a monmomororw 06 ’exkm/Cmeopumu/lIpsima napanenvna 3adanit npsimi. Jami
3a()iKCOBYEMO TOYKH MIEPETHUHY HOBOYTBOPECHHX MPSIMUX 3 CTOPOHAMHU TPHKYTHHKA.
Ie BigmoBigHo — F, E, 1, J, H, G (BukopuctoByemo 06 'ekm/Cmeopumu/CmeopeHns

mouxu(moyox)nepemurny  06’ekmig). byayemo  Taki  3aMKHEHI  JaMaHi
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(06 °exm/Cmeopumu/Jlamana): ABC, FED, GDH, DIJ.

CrtBoproemo  mepmuii  auHamiyHuil  Bupasz  (OoOuucnenwns/{unamiynuil
supaz/Cmeopumu) — T00TO PopMysa JUIsl 3HAXO/KEHHS TPETUHH ILIOMNII JTaHOTO
tpukytHrka ABC - AREA(A,B,C)/3.

CTBOpIOEMO aHAJIOTIYHO JIPYTMd JMHAMIYHMA BuUpa3 — QopMmyna s
3HAaXO/UKeHHs ~ cymu  Twiomr  TpukytHukiB ~ FED,  GDH, DIJ -
AREA(F,D,E)+AREA(I,J,D)+AREA(G,D,H).

[TopiBHIOEMO pe3yJIbTaT. 3MIHIOEMO TOJIO0KEHHS TOYOK 1 3HABY MOPIBHIOEMO
pesynbrar. O4eBuaHO, Mo cyma tuion TpukyTHHKiB FED, GDH, DIJ ne menma 3a
TpeTUHY IuToIi Janoro TpukytHrka ABC (puc. 48).
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Puc. 48.

[Ipuknan 60. Y kBaapar BmmcaHO KoJio. JloBecTw, 1o cyma KBaapaTiB
BiJICTaHeH BiJl TOBUIbHOI TOYKH KOJIa JI0 CTOPIH KBajpara MocTiiHa.

Po3p’s3annsa. AktuByemo ipoaykT GRAN-2D i1 Ha ekpaHi 3’IBUThCS TOJIOBHE
BiKHO nporpamu. [Todyayemo:

1. BinbHi Touku A Ta B 3 Oynb-sIKHMH KOOPJAMHATAMH CKOPHCTABIIHUIITH

onepartismu 06 ‘ekm/Cmeopumu/Touxa.
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2. [Ipsmy wepe3 1mi JABI TOYKM 3a  JIONOMOTOIO  Omeparfii
06 ’exm/Cmeopumu/lIpsama, wo npoxooums yepes 08I MOUKU.

3. [Mepnienqukynsapu g0 npsmoi AB, Akuil TpoXoAUTh Yepe3 TOUKy A i
uepe3 Touky B (06 exm/Cmeopumu/[Ipsima nepnenouxyisapra 00 3a0anoi npsamoi.).

4, Koo 3 nenTpom B Touii B, mo npoxoauts uyepe3 Touky A. Jis n1poro
ckopuctaemoch 06 exm/Cmeopumu/Cmeopenns Koa.

S. Touky mepeTuHy 00’€KTIB — MEPIEHIUKYISpa, 0 MPOXOAUThH Yepe3
Touky B 1 koma  (BukopuctoByemo 06 ’exkm/Cmeopumu/CmeopenHs
mouku(moyox)nepemuny 06 ’exkmig). Orpumanu Touky C.

6. [lepniennukynsip no npsmoi BC, mo npoxomuts yepe3d Touky C
(anayoriuyHO MyHKTY 3).

7. Touky nepeTuHy nepneHauKyssp a0 npsamoi BC, 1o npoxoauTs yepes
touky C Ta nepneHAuKyIspu 0 npsimoi AB, skuil mpoxoauTh depe3 TOuky A
(anasioriuno myHkKTY 5). OtpuManu Touky D 1 kBagpat ABCD.

8. Cepennto Touky MDK B 1 D, BUKOPUCTOBYIOYHM oOmeparlii
06 ’exm/Cmeopumu/Cepeonss mouxka.Otpumanu Touky E, sika € 1eHTpoM KoIja,
BITMCAHOTO B KBaJpar.

Q. [lepniennukynsip no npsimoi BC, mo npoxoauTs uepe3 Touky E
(aHaQJIOT1YHO MYHKTY 3).

10. Touky mepeTuHy 00’€KTIB - mepreHauKyssipa no npsamoi BC, 1o
npoxoauTth yepe3 Touky E 1 npsamoi BC (ananoriyHo nyHkTy 5). OTpuMaiu TOUKY
F.

11. Koo 3 nearpom B touti E, mo mpoxoauts yepe3 Touky F (aHamorivHo
NYHKTY 4).

12.  BinbHy Touky G Ha Ko (QaHAJIOT1YHO MYHKTY 1).

13.  Ipswmi, mo npoxoasTs uyepe3 Touky G, mepneHAuKyISIPHO 10 MPSIMOi
AB 1 AD (anasioriyHo myHKTYy 3).

14, Toukm mepeTMHy MNPSIMHUX, M0 TMPOXOAATH dYepe3 Touky G,
nepreHaukysipuo ao npsimoi AB 1 AD 1 cropin kBaapara DA, AB, BC, CD

(ananoriuyno nmyHKTy 5). OTpuManu BianosiaHo Touku — J, H, K, I.
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15. Jlamani — ABCD, GJ, GH, GK, GIl. Ckopucraemoch omneparismMu -
06 exm/Cmeopumu/Jlamana.

CTBOprOEMO IWHAMIYHHIA Bupa3, MO Oyne 3HAXOAUTH CyMy KBaJapaTiB
BiJICTAaHEH B  JIOBUIBHOI  TOYKM Koja JO CTOpIH  KBajapara -
LEN(G,H)"2+LEN(G,)"2+LEN(G,))"2+LEN(G,K)*2. OtpumyeMo 3HauYCHHS
(puc. 49). Tepep 3MiHIOEMO TIOJIOKEHHS TOYKK G HA KOJI1 1 CITIKYEMO 3a 3HAYCHHSIM

BHUpa3y. [loMiTHO, 1110 BOHO HE 3MIHIOETHCS, 110 1 MOTPIOHO OYJIO JOBECTH.

o s e

£4 GRAN-2D - Hi\gran\rpan 30asare\6\part8.g2d
Qalin  O6'ekt OBuncnerwa SobpakerHn MakpoxoHctpykiin Hanaromkeswa  [lonomora

S RE R A R i T~ - R O P
aeaQlify |Be= 8%

Mpsma, o nposaavTe
uepes Tauky <G>

NEPNEHAHKYARPHO 40 NPAMOT < NHIAZ2
Pigranma: 1.3x+8y-27=0

1302 | |
03022016 | |

LI N

Puc. 49.

PO3A1J1 V. NEJATOI'TYHUI EKCIIEPUMEHT TA
CTATUCTHUYHA OFPOBKA MOI'O PE3YJIBTATIB.

EdexTuBHicTh Oy1b-K01 METOIMKY IOBUHHA OOTPYHTOBYBATUCS JTAHUMU BiJ
il MPaKTUYHOTO 3aCTOCYBaHHs. TOMYy i 4ac MPOXOIKEHHS] BUPOOHUYOT MPAKTUKU
OyJI0 MPOBEJEHO MeIaroriyHui eKCIEPUMEHT. Y eKCIEPUMEHTI Opalii ydacTh y4H1
10-A xnacy 301 Nel3 m. Piene. Ix posaimunu na ai rpynu. KonTposnsHa rpymna A
(20 yuniB) BHMBUaNAa TEMy, a TOYHIIIC MOBEACHHS TEOPEM JaHOI TEeMH, 3a
TPaUIIMHOI0 METOJMKOI; a ekcrnepuMeHTaibHa Tpyna b (20 yuHiB) — 3a

pO3p00IEeHOI0 METOANKOIO. J[J1s1 yUHIB €KCIEPUMEHTAIbHOI TPy Oy MPOBEACHI



127

ypoKu Ta (akyIbTaTUBU, HA IKUX TEOPEMHU JTOBOIUIHUCH 13 BUKOPUCTAHHSAM MOJAHOT
B po0OOTI METOJIMKH, a caMe, PI3HUX MPUHOMIB, SIKI BUKOPUCTOBYIOTHCS IIPH POOOTI
3 Teopemami (a0o0 3a1a4amMu Ha TOBeAEeHH:). /17151 KOHTPOJIBHOI IPYIN TaKl YPOKHU Ta
(akynbTaTUBU HE NPOBOAMIUCH. Marepiall, sSIKUH PO3IsiiaBcs MONEPEIHBO OYB
OOrOBOpPEHUH 3 YUUTENIIMM MATEMAaTUKU Ta METOJAUCTAMHU 3 METOIO JOLIJIBHOTO
BUKOPHUCTAHHS Yacy BUITyCKHUKIB 1 JOHECEHHS O HUX KOPUCHHUX 1 HEOOX1THUX
1opaJ 1010 10BECHb Ha MallOyTHE.

Merta eKciepruMeHTY: Ha OCHOBI aHaJIi3y MPOBEACHUX YPOKIB, (haKyJIbTaTUBIB
Ta paHimie HaOyTHUX 3HaHb BCTAHOBUTU PIBEHb 3aCBOEHHS T'OTOBUX JIOBEJEHb Ta
CaMOCTIMHOTO TMOIIYKY [JOBEAEHb YYHSMHU, MEPEBIPUTH €(EKTUBHICTh JAHOI
METOJMKH, a OCOOJMBO BHKOPHUCTAHHS  pI3HOMAHITHUX HPHUHOMIB, fAKI
BUKOPDHUCTOBYIOThC mpu JoBeaeHHAX Ta IKT, ki 3acTocoByloThCs Uis
eKCIIEPUMEHTAIBHOIO JOCIIIKEHHS TEOPEM.

Bapro BUIIIUTH TpU OCHOBHI €Talmd METOAMYHUX OCOOIMBOCTEH
[earoriyHoro eKCIepruMeHTy:

o MpOaHaNi3yBaTH CTaH JOCIIIKYBaHOI MpOOJIEMH B MiAPYYHUKAX Ta
HaBYAJIbHUX MMOCIOHMKAX;

o JOCIIIJIKEHHSI PIBHS 3HAHb YYHIB 3 NpeAMeETy (MpoBeAeHHs Oecinu,
KOHCYJIbTAIII 3 BUUTEIISIMH, aHAI3 OIIHOK YUYHIB 3a MEPIINi ceMecTp); PO3pOOUTH
METOAMKY MPOBEJAEHHS YPOKIB Ta (PaKyIbTaTUBIB;

o BIIPOBAPKCHHS] METOANKY B HABYAJIbHUI TUIAH Y4YHIB, IEPEBIPKA SIKOCTI
HaOyTHX 3HaHb 3a JOTIOMOTOI0 TECTYBaHHS.

Ypoku Ta ¢akyIbTaTUBH OPTraHi30BYBaJHCh TaK: pPO3MOYMHAINCH 3
aKTyai3allii OMOpPHUX 3HAHb T4 MOTHBAIIll HABYAIHHOI MisUTBHOCTI YUHIB, TTOTIM Ha
OCHOBI MOBTOPEHOT0 YYHI 3a JOINOMOIOI0 BUMTENS, KU 3aCTOCOBYBAaB OAMH 3
MPUIOMIB, SIKI BAKOPUCTOBYIOTHCS IPU pOOOTI 3 TeopeMaMu (JTIKB11aLlisl MPOIYCKiB
B JIOBEJICHHI, BIAIIYKaHHA IMOMWJIOK B JIOBEICHHI, JOBEACHHS 3a CKJIAJICHUM
MJIAaHOM, CKJIQJIaHHS TIJIaHY JOBEJEHHS Ta 1HII1) OOrOBOPIOBAJIY 1 3armam’ ITOBYBaJIn
roToBl JoBefeHHsS. Ha HacTymHUX 3aHATTSIX Yy4YHI BIATBOPIOBAIM YK€ BIIOMI

JOBEZICHHS 1 MPOOyBalii CaMOCTIMHO BHBECTH AHAJIOTIUHI JOBEJCHHS, 1HKOJIU M
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JIOBOJIMJIOCS TIPOTIOHYBATH CBOT MiIpKYBaHHS UM METOJIH 10O JOBEICHHS TEOPEM.
[Ticnst boro BunTENH 03HaMOMITIOBaB yuHiB 3 iHTepdeiicom 1113 GRAN-2D 1 pazom
3 HIMH PO3JIsaB €KCIIEpUMEHTaIbHE JOCTIKeHHS npukiiany Ha [1K.

[lin yac mepuioro eramy eKCIEPUMEHTY OyJIu JOCATHYTI HACTYIHI
pe3yJbTaTH: MPOAHANI30BAaHO 1 y3arajlbHeHO CTaH JOCIIKYBaHOI MpoOieMu B
Teopii Ta MPaKTULll HABYAHHS MAaTEeMAaTUKH.

VY xoni Ipyroro eramy eKClepuMeHTy 0yJIo AOCTIIKEHO PIBEHb 3HAHb YUYHIB
3 TIpeIMETY, IPOBEICHO OECiTN 3 BUUTEIISIMU 1 METOUCTAaMU (TTOPaan 1 HACTAHOBU
SIKUX TIPUHECTN BEIWKY KOPHCTh B po0OOTi); po3pobiieHa METOIUKA TPOBEICHHS
YPOKiB Ta GaKyIbTaTHUBIB.

J111s1 iepeBipKu piBHIS 3HSIHB TEOPEM Ta METOJIIB iX JOBEEHB OYJI0 MPOBEICHO

KOHTPOJIbHE TeCTyBaHHs. Pe3ynbTaTu piBHS 3HaHb Y4YHIB MOJaHI B JIHIAHIN

ricrorpami.
fpyna A |lpyna B 40%
Brcokui 16% 15% o
[LlocTarHii 3% A0% 3%
Cenegwivi | 34%|  28% 30%
Hu3brui 16% 17% 25%

20%
15%
10%

5%

BucokwMil .
NocTatHin n
CEneaHin

Hu3bHMA

Bipynzd Ofpynab

Ha tperboMy etami Oynu JOCATHYTI HACTYNMHI pe3yJbTaTH: MPOBEICHI
po3pobieH] (pakyIbTaTUBU B €KCIIEPUMEHTAJIbHIN rpyni b, BUBYEHUI BIIUB JaHOT

MCTOJUKHK Ha piBeHI) 3dCBO€HHA 3HAHb YYHSAMH Ta PO3BUTOK ix TBOPYUX
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MOJKJIMBOCTEH, MEpPEeBIPEHUI CTaH SKOCTI 3HaHb 3a JOIMOMOTOK MOBTOPHOIO
TECTYBAHHS.

Cnig 3a3HAuMTH, TIO MiJ 4Yac MPOBEICHHS EKCHEPUMEHTY Y4Hl BUSBIISUIN
IHTEepeC 0 Marepiaixy, 0coOJMBO JI0 TEOPEM, JOBEIECHHS SKUX OyJo MOJIaHO B
TaOJUIAX; BIABIAYyBadd JOJATKOBI 3aHATTSA, CTapaHHO BUKOHYBAJIM JIOMAIIIHE
3aBlaHHS Ta OMNpAalbOBYBAIM MaTepial MiJpyYHUKA, MPOMOHYBAJIU CBOI i€l
JOBEJICHHsT TeopeM. Jlesaki yd4HI BHUSBWIM CBOi OCOOMCTI MOXKJIMBOCTI MO0
JIOBEJICHHSI TEOPEM UM X MPAaBHJIBHOTO 3aMUCy 3a JOMOMOTOI0 NMEBHHUX METOIB
JTOBEJICHHSI.

Pe3ynbTatu ekciepumMeHTy
PiBeHp 3HaHb y4HIB, SIKI IPUIMAaNN y4acTh B €KCIIEPUMEHTI BUCBITICHUH Y

HACTYMHIH JIIHIMHIN ricTorpami:

pynaA |fpynaB
BHCOKMA 17% 23% s
LocTarHil 0% 5%
. 50%
Cenennii 26% 17%
Hu3bkHid 17% 8% 40%
30%
20%
10%
0% .

Bucokuit
JlocTatHin
CenegHin

HuzaKui

Blpynad OfpynaB

k10 NOpiBHATH MIX COOOI0 PiBHI 3HaHb YYHIB JI0 1 MICJs MPOBEACHHS
EKCTIIEPUMEHTY, TO 3 BIEBHEHICTIO MOKHA CKa3aTH, 110 YPOKH 1 JOJIaTKOBI 3aHSITTS
B €KCIIEpUMEHTANIbHIN TPYIIl MUK Ha KOPUCTh yuHAM. CIliJ 3a3HAYUTH, IO JTyKe

JeTaIbHUM PO3TIIST TeOpeM 1 3a/1ad Ha jJoBeAeHHs 3a gonomoro IKT po3BuHyB
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JOTiYHE MHCIIEHHS YYHIB Ta 3acTaBMil 3amam’siTaTH MaTepiajl, OCKUIbKH BiH
JeKUJIbka pa3 TOBTOPIOBAaBCA TMpU MOOyJI0Bax. AHANI3YyIOUU pPe3ysbTaTu
EKCIIEPUMEHTY, MOYKHA TTOOAYUTH 3MIHH :

o Y4HIB, 110 3HAIOTh MaTepial Ha BUCOKOMY piBHI cTajio Oinbiie Ha 8%
B/l TOYATKOBOT'O MOKA3HUKA;

o YYHIB, 1110 3HAIOTh MaTepiald Ha JOCTAaTHbOMY PiBHI CTajo Oijbllle Ha
12% Bij MOYATKOBOI'O ITOKA3HUKA;

o Y4HIB, III0 3HAIOTh MaTepiall Ha CepeIHbOMY PiBHI cTajno MeHIe Ha 11%
B/l TOYATKOBOT'O TIOKA3HUKA;

o Y4YHIB, 110 3HAIOTh MaTepiajl Ha HU3bKOMY PiBHI CTano MeHiie Ha 9%
B1JT IOYATKOBOI'O ITOKA3HUKA.

OpnepskaHi CTaTUCTUYHI JJaH1 CBIIYATh MPO T€, IO YUYHI OACPIKAIU MIIHIII
3HAHHS Ha JOCTATHHOMY 1 BUCOKOMY PiBHI B MOPIBHSIHHI 13 3HAHHSIMHU, SIKI B HUX
Oymu J10 MpoBeAIcHHS (paKyIbTaTUBIB. TaKOX BIAMOBIAHI 3aHSATTS CIPHUSIIA HE JIUIIE
3aCBOEHHIO TOTOBUX JIOBEJICHB, JI€ i PO3BUTKY TBOPYOI JTISTILHOCTI YUHIB, iX ysBU
1 MUCJICHHSI.

VY cywacHiii mMaTemaTHIll JIOBEJICHHS BIIITPalOTh BAXKIWBY pOJib, TOMY HE
BapTO NPOCTO BUUTH JITEH 3ayUyBaTH FOTOBI I0BEJICHHS, a NOTPIOHO CIPUATH TOMY,
11100 BOHU CAMOCTIMHO X 3HaXO0JIUJIU 1 BMIJIU OOTPYHTOBYBATH CBOi JyMKHU.

OTxe, 3M1MCHEHH TTeJarOT1YHII eKCTIEPUMEHT TTOKa3aB, [0 HEe3BaXKAI0YHM Ha
PO3BUTOK METOAMKM HAaBUAHHS MAaTEMAaTUKH BCE JK TaKH € HEIOJIKH Yy CHUCTEMI
MaTEeMaTUYHOI OCBITH Ta MIKUIbHIA mporpami 3 maremaTtuku. I[linm gac BUBUYEHHS
JIOBEZICHb B YUYHIB PO3BHUBAETHCS JIOTiIKA MUCJICHHS, ysBa, YSBIICHHS, MO3UTHUBHI
AKOCT1 0ocooucTocTi. OCh YOMY BapTO MPABUILHO HABYATH JIITEH JOBOJAUTH TEOPEMU

3a JOTIOMOTO0 Pi3HUX METOIIB TOBEACHHS B PI3HUX KJlacax.
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BUCHOBKHA
Hame po3yminHs 3arajibHOi METOJIWYHOI MPOOJEMU HaBYAHHS JOBEICHD

TEOPEM TOSCHIOEThCS THUM, IIO0 TOTOBI JOBEICHHS TMOCIIal0Th 3HAYHE MICIE Y
Ipolieci HaBYaHHS MAaTEMAaTHKHU. 32 YMOBH HaJIEKHOI OpraHi3allii HaBYaHHS TOTOBUX
JOBEZICHh MOKHAa (OpMyBaTH B YYHIB KOMIIOHEHTH CaMOCTIHHOTO TIONIYKY 1
noOyI0BU JOBENCHHS. | OTOBI JOBEACHHS MAalOTh BUCTYIUTH SIK MOJCNI, Ha SKHX
Y4HI HaBYAIOTHCSI PO3YMOBHX JIIH 1 TPUHOMIB PO3yMOBOI MisUTBHOCTI, IO JIEKATh B
OCHOBI1 YMIHHS JOBOJUTH 32 JIOMIOMOTOIO PI3HUX MPUMOMIB, METO/IIB JOBEACHB 1 1X
3aCTOCYBaHHs, BUAThCS CAMOCTIHHO IIyKaTH JOBEACHHS 3a aHAJIOTIEI0 3 BUBYCHUM.

B mkinpHOMYy Kypci MaTeMaTHKH JOBEIACHHSIM 1 MeEToAaM JIOBEICHb
BiJIBE€JIcHA HE OCTAaHHS POJIb, TOMY III0 BOHHU MOXYThb OyTH MpEJCTaBJICHI B
3aBJAHHSX JEp KaBHOI IMIJICYMKOBO1 aTecTallii 3 MaTeéMaTUKH Ta B 3aBIaHHAX
BcTynHUX icnutiB 10 BH3. Crig 3a3Ha4nTH, 1110 BCE K BUBUCHHS TOTOBUX JIOBEJICHD
JIOMIHY€ HaJl HABYAHHSIM YYHIB CAMOCTITHOMY MOIIYKY JOBEICHb.

[1in yac BUKOHAHHS pOOOTH TOCSITHYTI HACTYIHI pe3yIbTaTu:
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® JIOCJIIJIPKEHO 3HAYEHHSI IOBEJICHHS Ha YPOKaX MaTeMaTHKH;
® CHCTEMaTH30BAaHO BIJOMOCTI PO PI3HOMAHITHI METOAH JIOBE/ICHb;
® PO3MIIHYTO TPHWKJIAAW 3aBIaHb 3 BHUKOPHCTAHHSIM PI3HUX METOMIB
JIOBEICHHS, MPUHOMIB, 1110 BUKOPUCTOBYIOThCS MpH poOoTi 3 HuMu Ta [1113
GRAN-2D;

® PO3po0JIECHO METOAWKY BUBUEHHS METOJIIB IOBEACHb B IIKIIBHOMY KypCi
MaTE€MaTUKH 3 BUKOPHUCTAHHSM MPUHOMIB, SIKI 3aCTOCOBYIOTHCS TIPHU iX
PO3TJISil Ta METOJUYHUMN MTOCIOHUK TI0 TeM;

® JIOBEJACHO BaXJIMBICTb Ta KOpuUCHICTh BuKopuctanHa IKT 1pu
EKCIIEPUMEHTAILHOMY JTOCIIIJKEHH1 3a/1ay Ha JOBEJICHHS;

® [IPOBEJCHO MEIaroriyHui €KCIEPUMEHT Ta CTaTUCTUYHY OOpOOKY HOro

pe3yJIbTaTiB.

barato metoaucTiB, meaaroriB 1 ICHUXOJIOTIB IMPHUCBAYYBaJIM CBOi poOOTH
npo0semMaM BUBYEHHS I0BEJIEHD B IIKOJI1, PO3KPUBAJIU CYTh, AITOPUTMH 1 TpaBUIa-
OpIEHTUPH KOXKHOTO 3 METOJIIB JOBEICHb, aJie HAMKPAIIOro 1 Hale(HEKTUBHIIIOTO 3
HUX He OyJio 3HaiaeHo. Humu Oynm HaBeneH1 Jule peKOMEH IaIlii 110,10 BUBYCHHS
KOXKHOTO METOTy 3 ypaxyBaHHSIM HAYKOBO-T€OPETHUYHHUX, ICUXOJIOTO-TIEAarOr1YHIX
Ta BIKOBUX OCOOJIMBOCTEH Y4YHIB; HA3BaHO OCHOBHI €Taly 3aCBOECHHS MaTepiaity Ta
METO/M PO3BUTKY TBOPUMX 3/110HOCTEHN YUHIB.

B xoxi mocmimkeHHs Oylia MATBEp/KEHA TimoTe3a IMpo Te, MO i Yac
BUBYCHHS METOJIB JOBEJCHb TEOpPEM, TBEP/UKEHb 1 3a7a4 3 BUKOPUCTAHHSIM
PI3HOTUITHUX METOJUYHUX MPUMOMIB, MOYMHAIOUM 3 HAWIETIIHMX 1 3aKIHYYIOYH
HAaWBAKYUMU JIJISl CIPUAHATTSA, Ta 1X KoMmOiHarisMu 3 BukopuctanasMm IKT, yuni
OyIyTh PO3YMITH JIOBEJICHHS SIK CKJIQJIOBY YaCTUHY PO3B’SI3yBaHHS, a TAKOX B HUX
PO3BUBATUMETHCS JIOTIKA MMCIJICHHS, YsIBa, YSBJEHHS, IIO3UTUBHI SKOCTI
0cOOMCTOCTI Ta BIAOYBaTUMETHCS YCBIIOMJIGHHS AaKCIOMAaTUYHOI MOOYJIOBH
MaTEeMaTHKH.

Po3pob6iaenuii 3MicT, METOIMKA, METOIMYHUM MTOCIOHUK Ta MOJIaH1 IPUKIIA TN

MOKYTh OYyTH BUKOPUCTaHI BUUTENISIMU ILIK1JI PU MPOBEICHH]1 YPOKIB MaTEMAaTHKHU
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B IIKOJI, HAa (PaKyJIbTaTUBHUX 3aHATTAX, a Takok cTyaeHTamu BH3 mig uac
BUBYCHHS PI3HUX JUCIUIUIIH YU HAIMCAHH1 aBTOPCHKUX POOIT.

[IpoBenenuii negaroriyHuil €KCIEPUMEHT JT03BOJISIE 3pOOUTH BHCHOBOK, 1110
3aCTOCYBAaHHS pO3pO0JIEHOI METOAMKH — 1€ TOCUTh €(eKTUBHA (hOpMa PO3BUTKY
P1BHS 3aCBO€HHS 3HaHb YUYHSIMM, a OCOOJIMBO MIJBUIIECHHS TBOPUUX MaTEMATUYHUX
3110HOCTEH 001apOBaHMUX yUHIB.

OTxe, MOYMHAIOUYH yKe 3 5-6 KJ1aciB yUHSIM MOJAI0Th 0a30BUIl MaTepian s
MaifOyTHIM MaTeMaTUYHUX JOBEACHb, 1 3O0UIBIIYIOTH WOro TNapajeibHO 3
pO3B’sI3aHHSAM BIJMOBIJHUX 3aBJIaHb, BPAXOBYIOYM I1HAMBIAYaJbHI Ta BIKOBI
0COOJIMBOCTI KOKHOTO. TOMY MOXKHA BIIEBHEHO CKa3aTH, 110 METOJMKA BUBUYEHHS
TEeOopeM Ta iX MOBEACHb B MIKITFHOMY KypCli MaTéMaTHKH — II€ OJHA 3 CXOJMHOK

BCEOIYHOTO PO3BUTKY YUHIB.

CIIMCOK BUKOPUCTAHUX JIKEPEJI
1. AngnpeeB A. 1. Hetpamguiiiini 1oBeeHHST HEPIBHOCTEH: HABY.- METO/.

noci6. / A. 1. AuapeeB, M. M. Iluxtap — Yepnirie: Bun-Bo YUepHiriBcbkoro
JIep>KaBHOTO MeAaroriyHoro yHisepcurery, 1999. — 82 c.

2. AmnocronoBa I'. B. I'eometpis : 11 xi. : miapyd. Ajisi 3arajJbHOOCBIT.
HaBY. 3aKJ. aka-leM. piBeHb, podia. piBeHsb / I'. B. AmocTosioBa; ymnopsiakys.
3aBaanb: JlimueBcrkoro JI.B. [Ta in.]. — K.: I'enesa, 2011. — 304 c.

3. babancekuit FO. K. Tlemarormka / babancekmit FO. K. — M.:
[TpocBemenne, 1983 .— 340 c.

4, besz I'. II. Meronuka BUKIQmaHHA MaTeMaTHKU. HaBuaipHHUN
nocionuk. / bes3 I'. II. — KwuiB: Buma mxkoia, 1989. — 367 c.

S. besz I. II. Teomerpis: Iligpyunuk mna 8 KJI. CepemHIX
3aranpHOOCBITHIX 3aknaniB. / I'. I1. bess, B. I'. bes3, H. I'. Bnagimipoa. — K.:

Bexa, 2008. — 256 c.



134

6. bypna M. 1. T'eometpisa. Ilinpyunuk 7 kmac. / M. 1. bypna, H. A.
TapacenkoBa — K.: Ocsita, 2008. — 208 c.

1. bypma M. 1. ta in.. 30ipHUK 3aBAaHb IS JEPKaBHOI IMiICYMKOBOT
aTecrallii 3 anrebpu. 9 knac. — Xapkis: ['imHazis, 2007. — 224 c.

8. Bbypmenceka I'. B. OGnaposani gitu. / bypmencka I'.B. — M., 1991.
— 150 c.

Q. I'pynenoB f. U. U3yuenue onpenuieHuii, akciom, Teopem: Ilocobue
s yautenet. /| — M.: mpocenienue,1981. — 208 c.

10. JepxaBna HamioHasmpHa mporpama «Ocsita / Yikpaina XXI cTomTTs»
3arBepkeHO TocTaHoBor KaOinety MinictpiB Ykpainu Big 03.11.93 Ne896 //
Ocgita — 1993. — Ne44-46.

11. [Enektoponnuii pecypc ]. JloBemenns. Pexum  goctymy:
https://uk.wikipedia.org/wiki/%D0%94%D0%BE%D0%B2%D0%B5%D0%B4%
D0%B5%D0%BD%D0%BD%D1%8F.

12. [Enextponnuii pecypc]. Marematuka + IKT. Pexum pgocrymy:
http://kramarenko12.blogspot.com/p/gran-2d.htmi.

13. [Enexrtoponnuii pecypc]. MeToau MOBEJACHHS TEOPEM Y IIKUIBHOMY
Kypci reometpii. Pexxum noctymy: http://zw.ciit.zp.ua/index.php.

14. [Enextponnmii pecypc]. Ilpo mnporpamumii 3aci6 Gran. Pexum
noctymy: pocrymy - http://www.ktoi.npu.edu.ua/index.php/uk/pro-prohramnyi-
zasib.

15.  [Enextponnuii pecypc]. Ilcuxonoro-neaaroriddi Ta METOUYHI OCHOBH
PO3BUBAILHOTO HABYaHHS MaTEeMaTHUKH. Pexum JOCTYIIY:
http://www.uk.xlibx.com/4psihologiya/42635-45-psihologo-pedagogichni-
metodichni-osnovi-rozvivalnogo-navchannya-matematiki-ternopil-pidruchniki-
posibniki-2004-u.php.

16. [Enextponnuii pecypc]. Po3Butok maremaTuku B YkpaiHi. Pexum
noctymy: http://www.mon.gov.ua/images/education/average/new_pr/math.doc.

17.  [Enextoponuuii pecypc |. Posib 1oBeieHs y HaBYaHHI MaTEMAaTUKH Ta

iX mAaTpUMKa 3aco0aMu KOMIT IOTEPHOI'O0 MOJICTIOBAHHSA y TakeTax JWHAMIYHOL


http://zw.ciit.zp.ua/index.php
http://www.ktoi.npu.edu.ua/index.php/uk/pro-prohramnyi-zasib
http://www.ktoi.npu.edu.ua/index.php/uk/pro-prohramnyi-zasib
http://www.uk.xlibx.com/4psihologiya/42635-45-psihologo-pedagogichni-metodichni-osnovi-rozvivalnogo-navchannya-matematiki-ternopil-pidruchniki-posibniki-2004-u.php
http://www.uk.xlibx.com/4psihologiya/42635-45-psihologo-pedagogichni-metodichni-osnovi-rozvivalnogo-navchannya-matematiki-ternopil-pidruchniki-posibniki-2004-u.php
http://www.uk.xlibx.com/4psihologiya/42635-45-psihologo-pedagogichni-metodichni-osnovi-rozvivalnogo-navchannya-matematiki-ternopil-pidruchniki-posibniki-2004-u.php

135

reomeTpii. Pexxum moctymy: http://www.ii.npu.edu.ua/2009-11-27-11-40-37/103--
19/906-2009-11-27-12-10-09576.

18. €pwmonaeBa M. B. «llcuxonoriuna mpakTuka B cUCTeMi OCBITUY». / M.
B. €pmonaena, A. €. 3axaposa, JI. 1. Kaninin, C. 1. HaymoBa — M.: BugaBHu1ITBO
«lHCTUTYT MpakTH4HOI nicuxodorii», Boponex: HBO «MOJEK», 1998. — 148 c.

19. Koudoposuu A. I'. Marematnuni codizmu 1 mapagokcu. / A. TI.
Kondoposuu — K: Pagsucbka mikona ,1983. — 208 c.

20. Koponbcekuit B. B. InnoBamiiini iH(poOpMariitHO-KOMyHIKaIliiH1
TEXHOJIOT1i HaBYaHHS MaTeMAaTHKW: HaByaibHUM mociOHuK / B. B Kopoabcekuii,
T. I'. Kpamapenko, C. O. Cemepikos, C. B. Illokamtok; 3a pea. M. 1. XKXangaka. —
Kpuguii Pir: KumxkoBe BunaBauirBo Kupeescokoro, 2009. — 316 c.

21. Kpamapenko T. I'. Ypoku matematuku 3 komm totepom. [1ocioHuK asis
BunTeliB 1 ctyAeHTiB / 3a pen. M. 1. Kannaka. — Kpusuit Pir: Bunapauuuii aim,
2008. - 272 c.

22. Jlakaroc U. A. JlokaszarenbcTBa U onpoBepkeHus. Kak 10ka3bIBatoTCs
teopemsbl. / U. A. Jlakatoc — M.: Hayka, 1967. — 390 c.

23.  Jlepuep M. 51. TTonckoBbe 3a1a4y B 06YYEHHH KaK CPEICTBO PA3BUTHSA
TBOpYECKUX criocoOHocteii /B k. Hayunoe tBopuectso. / M. SI. Jlepuep, C. B.
Mukymmnacekuil, M. I'. SIpomesceknii —M., Hayxka, 1969. — 413c.

24. Jloszoma B. I. Ilenarorika: HaBu. - meton. nmoci6uuk. / B. 1. Jlozosa. II.
I'. Mockanenko, I'. B. Tpousko — K., 1993. — 270 c.

25. Maptunenko C. M. 3aranbHa nenarorika: Hasu. moci6. / C.
M. Maptunenko, JI. JI. Xopyxa — K.: MAVTI, 2002. — 254 c.

26. Mepsnsak A. I'. 36ipHUK 3aBAaHb JJIs I€pKABHOI M1JICYMKOBOT aTecTarlii
3 maremaTtuku: 9-i k1. / A. I'. Mepansik, M. 1. bypaa. — K.: Ileatp HaBu. — meTo.
n-pu, 2014. — 256 c.

27. Mepznsak A. I'. Anreopa: [ligpyyn. ans 9 kii. 3arajJbHOOCBIT. HaBu.
3aknaniB. / A. I'. Mepansk, B. b. ITonoucekwuii, M. C. Axip — X.:, 2009. — 320 c.

28. Momsiko B. A. Tlcuxonorusi pemieHus MIKOJbHUKAMI TBOPYECKUX

sagad // Ilemaroruka. / Moisiko B. A. — M., 1997. — 231 c.



136

29. Hemin €. II. Anrebpa. 1lknac: miapyd. Afsi 3arajabHOOCBIT. HaBY.
3aKia/iB: akajgeM. piBeHb, npod. piBenb / €. II. Henmin, O. €. Jlonroa. — X.:
INimuazig, 2011. — 448 c.

30. Ilanmuyk B. [. Hapwanpna mnporpama aucruiuiing «MeToauka
BUKJIAJaHHS MaTeMaTHKU Ta iHQopMatukm» (s cnerianicti). / [Tanuyk B. [. —
K.: AIT «Buxa. nim «Ilepconam»», 2009. — 16 c.

31. IMunkacucruii I1. 1. [Tenarorika. HapyanpHU#M MOCIOHUK AJIsI CTYICHTIB
neJaroriyHuX By3iB 1 meparoriyHux kosemkiB. / Iluakacuctuit II. 1. — M.:
[lenaroriune ToBapuctBo Pocii, 1998. — 260 c.

32. Iloropenos A. B. 'eometpisi: yue6. mocobue st 7-11 k. cpen. mk. /
[Toropeno A. B. — M.: [Ipocsemenue, 1986. —345 c.

33. Iloropenor O. B. I'eomerpis: [Inanimerpis: [igp. s 7-9 k. cepen.
mk. — 4-te Bug. — K.: Ocsita, 2001. — 223 c.

34. Ilpucsoxuiok M. M. IleperBopenns momionocTi miomman. [TocioHmk
JUISL CTYICHTIB CIIeIiabHOCTI «MaTeMaTukay. / M. M. Ilpucsokaiok — Pisae, 2008.
—52c¢.

35. Capannes . . Hapuanns MaTemaTHUHUM J0Ka3aM y mikouti: Kuaura nis
Buutens. / I'. 1. CapanueB — M.: «IIpocsitay, 2000. — 173 c.

36. Cemenenp C. I1. Meroanka HaBYaHHS MAaTEMaTHKH (ITiATOTOBJICHO Ha
OCHOBI KOHIIEIIIIi PO3BUBAaYLHO1 OCBITH): HaBYaIbHUH MociOHuK / Cemenens C. I1.
— JXuromup: Bua-so XKV im. I. ®panka, 2009. - 536 c.

37. Cepena B. IO. Burcs Muciutu sioriuno. / B. FO. Cepena — K.: Paj.mik.,
1969. — 90 c.

38. Ciacrenko €. @. Jlorika: HaBuansuuii nmocionuk. / €. @. CnacTeHkKo,
C. M. Sromsinceknii — K.: HAY, 2005. — 192 c.

39. Cnenkans 3. [. Metonuka HaBuanHa MatemaTtuku : [ligpyy. ays cryn-
TIB BUILMX I€JI. HABY. 3aKJIQ/IIB - 2-T¢ BUJ. A0I. 1 mepepol. / Cnenkans 3. I. — K. :

Buma mxoira, 2006. - 582 c.



137

40. Caenkanb 3. . Meroauka HaBuanHs MateMatuku: [liapyd. mist ey,
Mart. crieniaibHoOCTe Tel. HaBy. 3akianiB/ Crnenkansb 3. I. - K.: 3oaiak-EKO, 2000 p.
— 385 c.

41. Cnenkanp 3. 1. Ilcuxomnoro-megarorudeckue OCHOBI OOydeHUs
Maremaruke. Metoanueckoe nocoodue. / Cnenkaub 3. I. — Kuis: Pan. mk., 1983. —
192 c.

42. Tuxomupona JI. ®. Po3BUTOK 1HTEIEKTYabHUX 3/[10HOCTEN IIKOJISIpA.
/ Tuxomuposa JI. B. — Spocnaib. «AkageMis po3BUTKY», 1996. — 87 c.

43. Xwmapa T. M. llInsaxamu Mmatematuku: XpecrtoMaris st yaHiB 5-9 k. /
Xwmapa T. M. — K.: Tlen. mpeca, 1999. — 196 c.

44, Yupxosa T. I. OOk 1HAMBIAYAIBHO - MICUXOJOTTYHUX OCOOIMBOCTEM
niteir. / YUupkosa T. I. — M., 1986. — 309 c.

45. IIseup B. O. IumaktuuHi maTepianu 3 MmaTemMatuku. 8, 9, 10, 11 knacw.

/ IBens B. O. — K.: OcBita, 1997. — 245 c.



