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METOIVNKA

HABYAHHA I BMXOBAHHA

Muxatino APECT, Hamania KIII[VK

OCHOBHU CUCTEMHOI'O MOAEJIOBAHHA HA INPUKJIAAI OBJIKY

Ha npuxinai noGynoBu cucTeMHOI MO-
Jieni o0iiKy IpeMeTiB PO3KPUTO METOI0-
JIOT{l0 CHCTEMHOT0 MAaTeMAaTUIHOI'0 MOJIe-
JIFOBAHHS, IO IPYHTYETHCS HA CHCTEMI Ma-
TEMAaTUYHMX BlHOLIEHE. BuiijgeHo OCHOBHI
eTanu 1oOy10BU MojiesIeH, ki 3a0e3nedy-
I0Th NOCTYIOBE IPOHUKHEHHS B CYTHICTb
o0'exta MozientoBaHHs. OJIHOYACHO PO3K-
PHBAETHCS 1 CYTHICTh THX BUIOBUX (OpM
MHCJICHHS], I1J0 BUKOPHCTOBYIOThCS HA KOX-
HOMY €TaIl MOJICJIFOBaHHI.

Karodogi cjioBa: MoneoBaHHs, Ma-
TeMaTH4YHa MOJENb, MaTEMAaTHIHi BiIHO-
ILIIEHHS], 00'€KT MOJIEJTFOBAHHSI, CyTHICTB 00-
‘exta, popMH MUCIICHHSL.

OCHOBBI CHCTEMHOI'0 MO/1€/IHPOBa-
HMs Ha IpUMepe y4eTa peAMeTOoB (oI-
penesieHHe YMCIEHHOCTH MHOKECTBA).
Ha npumepe nocrpoeHus: CHCTEMHOM MoO-
JIeJIY ydeTa IIPeAMETOB PACKpPBITO METOMI0-
JIOTMIFO CUCTEMHOI'0 MaTeéMaTH4€CKOTo MO-
JIeTIMPOBaHKsL, OCHOBAHHOIO HA CLICTEME Ma-
TEMaTHYECKUX OTHOIIEHUH. BEIIeneHs! oc-
HOBHBI€ 3Tallbl IOCTPOEHUS MOJIENIeH, KO-
TOpBbIe 00ECIIeYNBAIOT MOCTEIIEHHOE TPO-
HUKHOBEHHE B CYIITHOCTH 00bEKTa MOJIEIH-
poBanus. OTHOBPEMEHHO pacKpbIBaeTCs U
CYIIIHOCTB BHIOBBIX ()OPM MBIIIJICHHS, HC-
10JIb3YEMBIX Ha KaXKJIOM 3TaIle MOJEIUpO-
BaHus. Takast MOJelIb I03BOJIAET pOCiie-
JUTH OOIIIME TEH/ICHIMH PA3BUTHS MaTeMa-
TUYECKOTO 3HAHUS U PaCKpBITh COIepKa-
TEJBHBII CMBICI 0a30BBIX MOHATHH apuQ-
METHKH LIeJIbIX HEOTPULIATEIbHBIX YHUCEL.

KiroueBbie cj10Ba: Mo IMpOBaHUE,
MaTeMaTH4eCcKast MOJIEITb, MATEMAaTHUECKHE
OTHOIICHUSI, 00BEKT MOJIEITUPOBAHNS, CYIII-
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NPEAMETIB

HOCTb 00bEKTa, HYOPMBI MBIIIICHHS.

Fundamentals of system modeling
based on the example of counting items
(determining the cardinality of a set). Based
on the example of constructing a system
modeling for counting items, methodology
of mathematical modeling grounded on a
system of mathematical relations has been
developed. The main stages of building
models has been described, which provide
gradual penetration into the essence of the
object modeling. At the same time the
essence of those generic forms of thoughts,
which are used at every stage of the
modeling, has been revealed. Such model
allows us to trace the general trends of
mathematical knowledge development and
reveal the semantic meaning of the basic
concepts of nonnegative integer's
arithmetic.

Key words: modeling, mathematical
model, mathematical relations, object of
modeling, the essence of the object, forms
of thinking.

Mera: Ha npukiIazi noOynoBH Mozeli
001Ky IpeAMETiB MPOLIIOCTPYBAaTH OC-
HOBHI SIKICHI XapaKTePUCTUKU B CYTHOCTI
Oyzb-sIKOro 00'€KTa, PO3KPUTH OCHOBHI
€TaIll CHCTEMHOT0 MOJICJIFOBAHHS.

IMocranoBka npoG;1eMu B 3arajibHO-
My BunIsizi. Tpamuiiiina MaTeMaTHIHa OC-
BiTa 30pi€HTOBaHA Ha Te, 1110 Ha BCIX eTamnax
BYEHHS MaTEeMaTUKH Y4HI OJEPXKYIOTb I'o-
TOBI JIOTi4HI 3aC00M y BUIJISII JIOT1YHHX
¢dopm. TTorim IX BuaTh mpanroBarty i3 3a3-
HaueHUMH JioriyHuMu popmamu. I[Ipu 1po-
My LIKOJISIPi HE 3aBXKIH YCBIJOMIIIOIOTb, SIKi
[PaKTUYHI NOTPEOH CIPUYUHUIN BUHUK-
HEHHsI OTPUMAaHUX JIOTTYHUX (OpM, KU ix
MpaKTHYHUN ceHC. Takuii BiIpHB JIOTivHOT

(Bu3HavyeHHN YMCEJbHOCTI MHOKHHHM)

(dbopmu Bif iX 3MiCTy IPU3BOAUTS 10 TOTO,
1m0 HaOyTi 3HaHHA € (QOpPMANBHUMH, YUHI
HE B 3M031 X IPaKTUYHO BUKOPUCTATH 115
MMi3HaHHS HAaBKOJUIIHLOI JificHocTi. Taka
MaTeMaTH4Ha OCBiTa He 3a0e3Ieuye npu-
POIHOTO PO3BUTKY iHTEJICKTY, BOHA CIIOT-
BOPIOE yABIEGHHSA IIKOISAPIB IPO
CIIPaBXKHIl CEHC MATeMaTHYHOIO 3HAHHSL.

IIpyynHa B TOMY, 110 BKE BIPOIOBX
KiJIBKOX CTO/ITh MAT€MAaTHKa BUBUAETHCS 3
1o3u1ii (OopMaIbHOI JIOTiKH, a HE JIOTiKH
JIiaJIeKTUYHO, 3a SIKOK PO3BHBAETHCA HE
JIMIIE HABKOJIMILHIH CBIT, aJie i MUCIIEHHS
nronuHY. ToMy poliec HaBYaHHS MaTeMa-
TUKM BUTICHUB Ii3HaBAJIbHUI PO3BHUTOK.
VuHni He 6epyTh y4acTi B KOHCTPYIOBAaHHI
MaTeMaTU4YHHUX MOJENEH, a IOCIiKy0Th
roroBi a0CTPaKTHI MOzIElIi, IPEACTaBIIEH] B
crmBOTiUHIH popwmi. Lle 3aBakae iM GaunTH
K MPaKTUYHI NOTPeOH, SKi NPU3BEIH 10
BUHHMKHEHHS TAKHX MOJIEJIEH, TaK i MOXJIH-
BOCTI BUKOpUCTaHH! 1X Ha ipaktuni. Onep-
AHHsS TOTOBUX 3HAaHb N030aBIs€ y4Hs
MOJJIMBOCTI 3pPO3YMITH 3MICTOBHHI CEHC
L[OI'0 3HAHHSL.

Ipu BUBUEHHI MaTeMaTHKY, 5K i Oara-
TBHOX {HIINX HABYAJIbHUX HPEJMETIB, MU HE
JIAEMO IATHHI MOXJIMBOCTI CaMOCTIHHO
ITi3HABATH CBIT, a [IepeIaeMo 1 Hallli BIIacHi
3HAHHSA [IPO HBOr0. MU HATBHO BBa)XKAaEMO,
110 11i 3HAHHS HE CTapiloTh, a BOHH CTapi-
FOTh ChOTOJTHI JJOCUTH IBHIKO. JliasleKTHKa
MaTeMaTH4HOr 0 3HaHHs II0CTaBUIIa HAC Ie-
pen BuOOpoM: a60 MU TIPOJIOBXYEMO Oy-
JlyBaTH 3MiCT MaTeMaTH4HOI OCBITH Ha 3a-
cazax (opMaJIbHOT JIOTIKH, SKa HECYyMiCHa
3 IPUPOTHUM MHUCIIEHHSM, a00 mepexou-
MO JIO JIOTiKH JIiaJIeKTUYHOI, sIka 30epirae i
PO3BHBAE NPUPOIHE MUCICHHA. ToMy He-
00X1/THO TIEPEOCMUCIINTH NPUHIUIH 1T00Y-
JIOBH 3MiCTy MAT€MaTHYHOI i T OTOBKH, I10-
YUHAOYH 3 IOLIKIJIbHOI0 BUXOBAHH!, a caMe
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POIIb MHOJKMHHOI MaTEMAaTHKH, SIKa JI03BO-
Jsi€ mepelTH Bix moOyJ0BH YUCIOBHX
(KIIBKICHUX ) MATEMaTUIHUX MOJIEIICH JI0
Mozenel sikicHux. [Torpeba B HUX € yxke
aKTyaIbHOIO, aJDKe 3ac00aMH KUTbKICHOTO
MOJIEJIIOBaHHS HEMOXJIMBO ITIMOOKO aHaJi-
3yBaTH CKJIaJHI MPOIECH Y ICHXOJIOTI] 1
comionorii. 3acToCyBaHH JIIIIE KiTbKiCHO-
'O MOZICJIFOBAHHSI 1 CTAJIO IIPUUMHOIO TOTO,
0 TEXHIYHI HAyKH Y CBOEMY PO3BHUTKY
3HAYHO BHMIEPEAWIHN TyMaHiTapHi. Y cy-
YaCHUX YMOBaX aKTyaJIbHOK 0aduThCs
po0IieMa BUKOPUCTAHHS MAaTEMaTHIHE MO-
JIEIIOBAHHS SIK arapary JOCIIi JUKSHHS COLI-
iaNbHUX HpoLeciB. 3BigcH MOTPiOHO He
TiIBKM CHCTEMaTU3yBaTH 3acobu
KLJIBKICHOTO MOJIEJTIOBAHHS, & M IOIIMPUTH
X Ha SIKICHY MHOKUHHY MaTe€MaTHUKy.

AHaJi3 focaifkeHb i myOnikauniii.
CTaHOBIICHHS CYy4aCHOI METOJMKU HaBYaH-
HsI MAT€MaTHKHU B TI0YATKOBIH IIKOMI IPyH-
TYETBCS Ha JIBOX NPOBIIHHUX NCUXOJIOTIY-
HUX KOHIICTIIISX, SIKi OEpyTh MOYaTOK Bif
XK. Miaxe Ta JI. Burorcekoro. XK. [Tnaxe
IPUITYCKaB, 1110 CJI0BA i IpeaMeTH 00pod-
JISIFOTh MUCIICHHSI OCOOMCTOCTI 1 B Mipy
PYXY BiZl OHOrO MaTeMaTH4YHOro o0'ekra
10 1HIIIOTO (MaTeMaTHIHHIT PO3BUTOK) PO3-
BUBAIOTh MUCIICHHS AuTHHU. JI. Burorce-
KUl CTOCOBHO Mi3HAaBAJILHOI'O PO3BUTKY
3aiiMaB MPHUHIUIIOBO MPOTHIIEKHY MO3U-
uiro. Bin BBaXkaB, 1110 NPOLIEC iHTENEKTY-
aIBHOMY PO3BUTKY OcoOHCTOCTI (pO3BH-
TOK I1HTEJIEKTY B OHTOreHe3i) Mae
CIIBBIZIHOCUTBCS 3 MPOLIECOM IHTENIEKTY-
aJIbHOI'0 PO3BUTKY COLiyMy (PO3BHUTOK
iHTenexry B ¢inorenesi). Kpim Toro, JI.
Burorcbkuii po3ymiB po3BUTOK MHCIICH-
HsI 0COOMCTOCTI, K IIPOLIEC, B IKOMY JIUTH-
Ha nepeOyloBye Mi3HABAJIBHY JIiSUTBHICTD
TIPY TIePeXOi BiJl OHOTO Ii3HABAIBHOTO
CepeIOBHIIA JI0 1HIIOr0, SKiCHO 3MiHIOIO-
YH, IIPU LIbOMY, CaM IHCTPYMEHT ITi3HaHHS.

TpanuuiliHa MaTeMaTHYHA OCBiTa, SIK
npaBmiIo, 6azyersest Ha Teopii XK. ITiaxe.
Bona 30pieHTOBaHa Ha HOIIYKU Ta OOIPYH-
TyBaHHI I[IJIe HaBYaHHs, BiIOOpY 3MicTy
HaBYAJIBHOTO Marepiaiy, 10 BiJIoBinae
rorpedaMu Ta MOXKIMBOCTSIMU MOJIOALIMX
IIKOJISIPIB, BAOCKOHAJIEHHSI METOMIB, (op-
Ma i3aco0iB repezayi 3HaHb y cucTeMi (ydu-
TeJIb — y4eHb). 3HaYHUN BKJIaJ B PO3BH-
TOK METOJIMKU HABYAHHS MaTEMaTHKH B I10-
YaTKOBIM IIKOMII BHECIH BITYM3HSHI Hay-
KoBIl ¥ Metonuctd — M. Borganosuu, O.
laitiiryt, JI. KoBane, M. Kosak, . Ko-
ponb, M. Jlepmun, H. JIucronan, C. Jlora-
yeBcbka, C. CKBOpLIOBa Ta iHIII.

Ha 6a3i xonnenuii Burorcekoro 0y-
JIYETBCSI TEOPisl PO3BUBAIBHOIO HaBYaH-
ns. i ocHoononoxuukamu € JI. 3aHKOB,
J1. Enbkonin, B. JlaBuzos Ta inmmi. Ha 3aca-
Jlax PO3BHBAJIHOIO HABYAHHS CTBOPEHO
LJTy HU3KY [T IPYYHUKIB 3 MATEMATHKH JUIS
nouarkoBoi mxonu (E. Anexcannposa, 1.

ApruHcbka, JI. Kounna, H. Icromina, M.Mo-
po, JL.ITerepcon Ta in.).

3HaYHUI BHECOK Y PO3BUTOK KOHIIETIIIi{
JI. BUrOTCBKOro Majay JOCHIDKEHHS, SIKi
MIPOBOIMJINCE 3 MO3UIIN AiSIBHICHOTO
nigxony (O. JIeoHThEB) Ta TEOpil moerar-
Horo ¢opmyBaHHsa po3ymoBux aiit (IT.
lanenepin, H. Tanusina Ta in.). OxHak yci
1l cucreMu OyItyBaJIMCh Ha 3HAHHEBIH mapa-
JIUT'Mi; BBAXKAJIOCh, 1110 3CBOEHHS 3HAHb 3a-
6e3neunts po3BUTOK ocobuctocti. Kpim
TOrO, Y BCIX iCHYIOUMX HAaBYAIBHHUX CUCTE-
Max, MaTeMaTiIHa iHpopMaris rpezcrasie-
Ha JIIIE y CHMBOJIEHO-TIOHATIHHIH (opmi.
Tomy npu foro 3acBO€HHI He BinOyBaeThCs
sIKiCHOT 1epeOylOBH 1HCTPYMEHTY ITi3HaH-
Hs1. OTKe, HaBITh Y CUCTEMI PO3BHUBAJIBHO-
ro HaB4aHHs koHueniist JI. Burorcekoro
TIOBHOIO MipOIO HE peasli3oBaHa.

3auyaciB HE3IEKHOCTI 0COONINBA yBara
JIOCITITHHKIB OyI1a 30cepepkeHa Ha BIIPOBaI-
JKeHHI i71efl KoMIeTeHTHICHOTO mixxomny. Lo
rpoGrieMy OCHiPKYBaIU BiZIOMi HAayKOBIIi:
H. Bi6ix, M. Bamrynenxo, L. I'yizuk, JI. Ko-
Banb, O. Jloknmna, O. OBuapyk, O. [Tome-
TyH, O.CaBuenxo, A TuxoHeHKo Ta iHm. Bu-
KOPHCTaHHIO KOMIIETEHTHICHOTO I1iIXOTy IPH
BHBYEHHI MAaTEMaTHKH B ITOYAaTKOBIH KO
MPUCBSTYEHHI uncieHHi myoaikanii O. OHor-
pienxo, H. JIucromax, C. CkBoprioBaoi Ta
iHmmx. OfHaK Ha JAaHOMY €Talli PO3BHTKY
METOIMKH MaTeMaTHKH 111 He 3Hal IeHO eek-
TUBHHX IUISIXIB BUPIILIEHHS THX ITUTaHb, SKi
CTaBHTB Iepe]] KOO0 JKUTTSI.

SIkicHuii aHaJIi3 Cy4acHOTroO CTaHy MaTe-
MAaTHYHOI OCBITH IpPOBEIEHO B podoti [I.
Borossnencekoi/ 1, 42-50]. Tyt aBTOp BU-
JILJIsiE HACTYITHI OCOOJIMBOCTI 3MICTy MaTe-
MAaTHYHOI OCBITH:

1. BincyrHs OqHOpPIIHICTE HA PI3HHX
BIKOBHX DIBHSX, OCKLIBKH CHMBOJIYHHI
PpiBeHb MaTEMaTHYHOI iH(pOpMALii HEOCTYTI-
HUI y paHHBOMY PO3BUTKY, a OCOOIUBO y
Billi BiJI HAPOJDKEHH J10 3 POKiB — HAHOLIbII
Ba)XXJIMBOMY €Talli B PaHHBOMY PO3BHTKY
(M. Ioyka).

2. Bincyrss 3B's3HICTS: 111l MaTeMaTH4-
HOI OCBITH, 5IKi BUCYBAIOThCSI Ha TIOIIEPEI-
HbOMY BIKOBOMY €Talli, HE IIEPEeTBOPIOBA-
JHcs B 3ac00M Ha HACTYIHOMY BiKOBOMY
erarti.

3. He BpaxoByeThCs CKJIa/THICTD Y 3MICTi.
Jlorika Bukiaxy mignopsiakoBaHa (op-
MaUTBHIH JIOT1LI, @ He JIOTiLl CHPUHMaHH, sKa
TIOB'I3aHa 3 IHTYITHBHHUM IIPE/ICTaBICHHIM
MaTeMaTH4HoI iHpopMalii. Y 3acBOeHHI 3HAHb
He Bi1OyBaIoCs SIKiCHOI Nepe0yI0Br yIHEM
IHCTPYMEHTY Mi3HAHHS.

4. MaTeMmati4Ha OCBiTa € Oe3CTPYKTYyp-
HOIO, OCKIJIbKH B Hill HE BUILIAETHCS 0a30-
Ba 1 1POOIEMHO-OPiEHTOBAHA CKIIA/I0BI.

5. BigcyrHsa MomyibHICTb: yci yuHi OT-
PYIMYIOTh OZTHAKOBI 3HAHHSI, HE3aJIe)KHO BiJT
ix norpe6. ToMy ms GLIbLIOCTI TaKi 3HAaH-
Hsl € hOPMaAIILHUMHU.
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6. MaremaTnuHa ocBita € Ge3cucreM-
HOIO, OCKUIPKM MaTeMaTH4Hi 3HAaHHSI He
MPECTABIICHI LIUIICHO.

Jlani HayKoBeLlb pO3IIIsIa€ MaTeMaTH-
Ky SIK TEODIIO Mi3HAHHS, a MaTeMaTHYHUH
PO3BUTOK (MHCIICHHSI) — SIK OCBOEHHS Ma-
TEMaTHYHUX BiJHOIIEHb. [Ipy iboMy iHTE-
JIEKTYaJIBHIM PO3BUTKOM OCOOMCTOCTI CTa€
PYX B MHCIICHHI IIPH NIEPEXO/Ii Bijl OTHOTO
MAaTeMaTH4YHOr O BiTHOLICHHS JI0 1HIIOTO.

Takuii miaxiz 103Bose:

* 320€311eYNTH HEeIIePEePBHICTh MaTeMa-
TUYHOI OCBITH, IIOYNHAIOYH Bijl HAPOIKEH-
Hs1 JuTHHU. OCBOEHHS MaTEMaTUYHHUX BiJHO-
II€Hb Ha JIOCUMBOJILHOMY PiBHI JI03BOJIUTH
HE JIMILE PO3BUHYTH OPraHU YyTTH, alie i
3aKJIaJja€ OCHOBH KYIBTypH (€KOHOMIYHOT,
JIHTBICTHYHOI, €CTETHYHOT);

* OyzyBaTH MaTeMaTH4HY OCBITY Ha 3a-
caJiax JiajeKTHYHOIL JIONKH, 10 3a0€3I1eUnTh
30epeKeHHs] IPUPOAHOr0 MHCICHHS —

* popMyBaTH HABUUKH ITOOYIOBH sIKiC-
HHX MaTeMaTUIHUX Mojieneli 3aco0aMu MHO-
KUHHO] MaTeMaTHKH i CHICTEMa MaTeMaTH4-
HHX BiZIHOILICHb, 1110 IOCHPHUSIE BUKOPUCTaH-
HIO MaTeMaTHYHMX 3HaHb Y BCiX cdepax
KUTTS, BKIIFOYAIOYH T'YMaHITapHY.

Buxiian ocHoBHOro MmartepiaJjy noc-
gipkennsi. OnHe 3 HaBaXXIUBIIINX 3aB-
JIaHb IIKOJIY — HABYUTH YYHIB MUCIIUTH CH-
cTeMHO. MaeTbcs Ha yBas3i, 1110 BOHHU IIO-
BUHHI HaBUUTHUCS OylyBaTH MaTeMaTHUYHI
MO/I€JIi, IIOCTYIIOBO POHUKAIOYH B CYTHICTb
o0'exra, sikuii Binobpaxkaemo. I1ix npoHuk-
HEHHSIM Y CyTHICTb 00'ekTa Mu Oynemo po-
3yMITH IIOCTYIIOBE BUSBIICHHS HACTYITHUX
SKICHUX CTaHIB: 0OHOpiOHicmb —
38'A3HicMb — CKAAOHIiCMb — CMPYK-
MypHICMb — KOHCMPYKMUGHICHLb — CUC-
memnicms, ipenicraBieHux M. ApecToM i
O. Tyniukinoro y pobGoti /2, 27]. dns
BiJ100paXKeHHS KOXHOI SIKOCT] HeOOXi/MHi: 10-
2iunuil 3acio eioobpaiscennsn (incmpy-
Menm), 1o2iuHUil cnocio 8idodpaiceHHsn
(memo0) i noziunuit npodykm 6idoopa-
scennn (popma). ToMy KOKEH eTart Mozie-
nroBaHHA Oyze cripsMOBaHMI Ha BinoOpa-
MEHHsI OIHI€T 3 yKa3aHUX sKOocTeH o0'exTa.
BianoBiaHO 3aBOaHHsM KOKHOTO €Tarty CTa-
He IIOLLYK JIOTIYHUX IHCTPYMEHTIB, METO/IIB
1 hopM Ju1s BiIOOpaskeHHS LIi€1 SKOCTI.

He 3MeHIIyroun 3arajibHOCTi, pO3IJIs-
HEMO PO3BUTOK MAT€MaTUYHOrO 3HAaHHS Ha
MpUKIIAJ apUPMETHKH LITMX HEBIl'€EMHHUX
4ycel1, 3MICT KOl IOJIATae y BU3HAYEHHI Be-
JIMYMHA 200 YMCEeTBHOCT] CKIHYEHHOT MHO-
KUHY (BU3HAYCHHS KUJIBKOCTI IIPEIMETIB Y
nieBHUH rpymi). Lle no3BonuTs HaMm Ha Haii-
MPOCTIIIOMY NPHUKIIAJI HE JIUILIE IPOIIIIOCT-
PpyBaTH 3arajibHi TEHICHLIIT pO3BUTKY MaTe-
MAaTHYHOr'0 3HaHH4, a it npezicTaBuTH apud-
METHKY I[IJTUX HEBII'€MHHX YHCEI SIK JIOT14-
Hy OCHOBY MaTeMaTH4HOI OCBITH MOYaTKO-
Boi koK. OTHOYACHO MH IIPOLTIOCTPYEMO
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OCHOBHI IIPHHLIMIN CHCTEMHOIO MOJIEIIFOBAH-
Hsl, SKMMU y4Hi TIOBUHHI OBOJIOZIBATH Y)KE B
POLEC] BUBUECHHS apU(METHKH.

Iepmmii eran MogeI0BaHHS

ApudmeTnxa niMx HEBIN'EMHHX YUCE
po3no4nHaeThes 3 1idou npeameris. Ilo-
Tpeba B 11401 BUHUKAE BiZpasy Micis TOro,
SIK OOJIIK ITPeIMETiB 3a IX SKiCHUMH Xapak-
TEPUCTUKAMH CTa€ HEMOXIIMBUM uepe3
30inbIIeHHsT KiUTbKoCTI mpeamertiB. Tomi
BiZIOyBa€ThCs MEPILIHIi CKAUOK Y MUCIICHHI
— abcTparyBaHHA BiJl SIKICHUX BJIACTHBOC-
T IpeMETiB i BUIIJICHHS 1X CHIJIEHUX 03-
Hak abo oonopionocmi. lle o3Hayae, 110
BCI MIPEAMETH BBAaXKAIOTHCS OJHAKOBHMU
a00 OIMHUYHHMMH 3 IEBHOI TOYKH 30pY.
VYMiHHSI OaYWTH CIITBHI BJIACTHBOCTI B
Ppi3HKX 00'eKTaxX — MepIla AKiCTh AiaJeKTHY-
HOT'O MUCJICHHSI JIFOIMHU. Take MUCIICHHS
Muxaitno Apect Ha3BaB mMempuunum [1,
118]. MetpuyHe MUCIEHHS — 3IaTHICTH
BiJJoOpa’kaTh OTHOPITHICTb.

Po3misatoun I0BiIbHY Ipylty 00'eKTiB
1 BUIUISIIOUM JIesIKy CIIUTBHY BJIACTHBICTB
(sxicTp), MpUTaMaHHY BCiM 00'ekTaMm,
HimMenpkuii Matemaruk [eopr Kanrop npuii-
IIIOB JI0 TIOHSTTS MHOMCUHA, Y SIKIH 1Ti 00-
'€KTH BBAXKAIOTHCS €JIEMEHTAMU MHOXHHHU.
TakuM 4MHOM, 3aBJISKU BiTHOIIEHHIO OHO-
PiJIHOCTI Ha IepIIOMY piBHI abcTparyBaHH:.
MH OZIEP>KYEMO ITepIni QyHIaMeHTaTbHIH
MareMaTHYHUI 00'€KT — MHOXKHHY, SIKa Ma€
SIK SIKICHY, TaK 1 KiJIbKiCHY XapaKTepPUCTUKH.
SIKICHOIO 03HAKOIO MHOXHHH € Ta XapaKTe-
PHUCTHYHA BIIACTUBICTH, SIKOIO BOJOZIE KO-
JKEH elleMeHT i€l MHOXMHHU. Buxomuts:
SIKIIO €JIEMEHT BOJIOIIE€ XapaKTePUCTUYHOKO
BJIACTHUBICTIO, TO BiH HaJIGXKUTh MHOXKHHI, a
SIKILIO Hi, TO BIH L{ii MHOYKHHI HE HAJIEXKUTE.
Omoace, cninvra aKicmv 00'ekmis eucmy-
nae QynKyicio nanexcHocmi enremenmie
00 0aH 0l MHOJICUHU.

KiJbKiCHOIO XapaKTepUCTUKOIO MHOKH-
HH € 11 ¢entuyuHa (uuceavbHicms), sika BKa-
3ye€, HaCKIJIbKM 0araTo 4u Majo eJIEMEeHTIB
MICTHTBH JJaHa MHOXKHHA. JIOriYHNM Bi100-
paXKEHHsIM L€l BeIMUMHH € 1T BUMipIOBaH-
Hi1. 3'1cyeMo, sIK BiOyBaeThCs IPOLIEC BU-
MIpIOBaHHSI BETMYMHH CKIHIEHHOT MHOXU-
HH 1B sIKi# opMi MOske OyTH IpeJicTaBIIe-
HUI pe3ylIbTaT TaKoro BUMiPIOBAaHHS 3 Te-
OPETUKO-MHOKHHHOI TOYKHU 30DY.

HeBenuki rpynu npeaMeTiB MoxHa
MIOPiBHIOBATH 32 KUIBKICTIO NIJISIXOM BCTa-
HOBJICHHS B3a€MHO-O{HO3HAYHOI Bi/IIOBI-
ITHOCTI MiX mpeaMmeramu. Takuid crocio
B/IA€THCSI BUKOPUCTATH HE 3aBXIH. 30Kpe-
Ma, SIKIIO IPEMETH € BiJIaJIEHUMHU Y IIPO-
CTOpi, TO X 3iCTaBJICHHS YCKJIAIHIOETHCS
a00 B3araii crac HeMOXJIUBUM. Tomy mis
BH3HAYEHHS YUCEJIBHOCTI IPYIH IPEAMETIB
BapTO BUKOPUCTATH MHOKUHHU-TIOCEPEIHNU-
Ku. Y TakoMy BUIIaJIKy IIPOLEC BU3HAYCH-
HsI YMCEJIbHOCTI MHOKHHH ITOJISITA€ y BCTa-
HOBJIEHHI B3a€MHO-OIHO3HAYHOI B1/IITOBI -

HOCTI MiJK CKIHUEHHOIO MHO>KHHOIO TIpe[I-
METIB | MHOXKHHOO-TIOCEPETHIKOM, HallpHK-
J1aJ1, 3arHy THMH NaJIbLAME pyKH. KinbKicTh
3arHYTHX MNAJbLIB IOKAa3ye YHCENBHICTh
IPYIIH [IPEIMETIB 1 BUCTYIIA€ HATYPAIBHIM
yucinoM. [HIMMU crioBamu, HaTypajbHE
YHCJIO — L€ CIIIbHA BIIACTUBICTH YCIX PIBHO
YHCETIbHUX, TOOTO OJIHAKOBUX 33 BEJINYH-
HOIO CKIHUEHHUX MHOXXHUH (y HaIlIOMY BH-
najKy — rpynu NpeaMeTiB i 3irHyTHX
TaJIbLB).

V 3aransHoMy Bunaznky ¢opma mnpen-
CTaBJICHHSI HATYPAJIBFHOI0 YHCIIA 3aJIeKUTD
Bifl TOTO, SIKY MHOXXHHY MU BHUOHPA€EMO SIK
MOCepeHUKa. SIKIIO0 KO)KHOMY €JIEMEHTY
MHOXUHH BiJIIIOBI/Ia€ 3arHyTHH Najenp Ha
py1i, 3pobneHa 3apyOKa, 3aB'I3aHUN BY30I
a00 BiJKJIaJeHNI HEBEIIMKUH MIPEIMET, TO
OTPHMAEMO MPEIMETHE IPE/ICTABIICHHS Ha-
TypaJIbHOTO 4nciia (IpeagMeTHE YHCIO).
SIKIIIO KOXKHOMY €JIEMEHTY BiAIoBiae 300-
pa)keHa MajIyKa, TOUKa uM iHIa ¢irypa, To
OTpHMaEMO 00pa3He MPeJICTaBICHHS YnCiIa
(obpa3ne uncio). SIKIo MHOKUHOIO-TIOCE-
PEIHUKOM OOpaHuMii BiJPi30K HATypalbHO-
ro psity, MPEICTaBICHNN y CUMBOIBHIN
¢opwmi: 1,2, 3,4, ... TOOTpUMAEMO CHMBOJIb-
HE TIPeICTaBJICHHS HATypaJIbHOTO YHCiIa,
siKe 30iraeThCsl 3 OCTaHHIM EJIEMEHTOM JJaHO-
O Bijipi3Ka. I, HapemTi: Ko BiIpi3oK Ha-
TYpaJIbHOTO PSANy HpeICTaBICHUH I0-
CJIIIOBHICTIO YMCITIBHUKIB OJIUH, J1Ba, TPH,
YOTHPY, ... TO OTPEMAEMO HATypabHE HC-
JI0, TIPEJICTABICHEe OCTaHHIM YHCIIiBHUKOM
nporo psngy. Orxe, 3a1exkHO BiJl BUOOpY
MHOXUHU-TIOCEPETHHKA HATYpaJIbHE YHCIIO
MOXe OYTH IpeJCTaBiIeHe B MpeIMETHIl,
00pa3Hili, 3HaKoBiH a0o noHsATIHHIN hopmax.

TakuMm 4MHOM, yHAcliZok abcTpary-
BaHHS BiJ{ SKICHUX O3HaK 00'€KTiB Ha IIO-
YaTKOBOMY €Talli PO3BHUTKY apr(MeTHKH
LUTIX HEBII'€MHUX YHCE 3'BISIETHCA IIep-
M MaTeMaTHYHUI 00'€KT — CKiHYEHHA
MHOXKHHA, Y SKiH yci eJIleMEeHTH BBaXKatOTh-
csl ONHAKOBUMH, onuMHHYHUMH. Of-
HOPIIHICTB YCiX eJIEMEHTIB CKiHYEHHOI MHO-
JKHMHH € He JIHIIe 0a3HCHIM ITOHSTTSIM sIKic-
HOT apr()METHKH LUTHX HEBIT€MHHX YHCEII,
aje W MepuIol SKiCHOI OCOOJIMBICTIO
3Mmicty Oymb-sikoro o0'exra. Jlami on-
HOpIIHICTh CKIHYEHHUX MHOKUH CTOCOBHO
X PiBHONOTY)KHOCTi (PiBHOYHCEIIBHOCTI)
MOPOJIiIa HATYpaJIbHE YUCIIO SIK CIUIBHY
BJIACTHBICTh IIUX MHOXXHH. 30Kpema,
CITUTBHOIO BJIACTUBICTIO BCIX OHOGIEMEHT-
HUX MHOXMH € yuciio 1. O0'eqHaHHs IBOX
HETIePETUHHUX OTHOCJIEMEHTHHX MHO>KUH
HOPOILKYE uucio 2. Y pe3ylnbTari yTBo-
PEHHSI HOBOTO YHCJIA 3 IIONEPEHBOrO i
OJJMHMII OJIeP>KyEMO HATypaIbHUN PSIIT SIK
3aci0 (IHCTpYMEHT) JJIsl BU3HAUCHHS YH-
cenpHOCTI MHOXUHU. [Iponec 1iubu € crio-
co0OM BUMipIOBaHHSI BEJTHIMHH CKiHIEHHOI
MHOKHHH, SIKUI TIOJISIra€ y BCTAHOBJICHHI
B3a€MHO-OJJTHO3HAYHOI BiJIIIOBITHOCTI MiX

61

IpeIMEeTaMH 1 ISIKUM BiJIPi3KOM HaTypasb-
Horo psiny. Came Bifpi30K HATypaJbHOTO
PsILy BUCTYIA€ MHOXKHHORO-IIOCEPEIHUKOM,
1110 ZI03BOJISIE OLIHUTH (BUMIPSITH) BETHIN-
HY JI€SIKOT MHOXKHUHH.

OTOX, MU BCTAaHOBMJIY, 11O JIOTIYHUM
3ac000M BiZI0Opa’KeHHS! BETMINHU CKIHUCH-
HOI MHOXXHHHM € HaTypajbHa Mipa a0o uu-
ceJtbHiCTh. JIoriunnm criocoboM BUMiproBaH-
Hs1 BEJIMYMHH CKIHYEHHOT MHOXKHHH € J1i40a,
a JIOTIYHHM ITPOIYKTOM (PE3yIIBTaToM JIi40n)
— HaTypasbHe yucio. Harypanbsha mipa Bu-
cTynae 6a30BOI0 BEIMYMHOIO (KUIBKICTIO),
niuba € 6a30BUM CIIOCOOOM BUMIPIOBAHHS
BEJIMYUHH, @ Pe3yibTar Jiiuou — 6a30BO0
(hopMOI0 HaTypalIbHOrO YHCIIA.

BUHHMKHEHHSI MHO)KUHH HaTypaJIbHUX
YHCeJl 1 HATYPAJIBHOTO PSITY CTAJIO BaXKIIU-
BUM €TaIoM Y pO3BUTKY MaTeMaTuku. Yuc-
JIO CITY)KUTh MaTeMaTHYHUM 00'€KTOM, BJIa-
CTHBOCTI SIKOTO [T0YAJIN BUBYATH 0e3 3B's13-
KY 3 KOHKpeTHUMH npeameramu. Hayka npo
YHCIIa [0Yajla Ha3uBaTHCA apU(MeTHKOIO,
a0 Teopi€ero Yncen.

Jpyrmii eTan MogeII0BaHHS

Ha nactynHomy eTarti po3BUTKY apud-
METHUKH LUIMX HEBI'EMHMX YHCE 3'SBIISETh-
cs1 BiqHOIIeHHsI 3B's13HOCTI. Lle BinOyBaeTh-
Csl TOMY, IIO 3i 301MBIICHHSM KiTBKOCTI
MIPeIMETIB ePEeXOITh BiJ] Oe3rocepeHb-
oro 1x 00Ky (J1iuOM) 10 OrocepeKoBaHNX
Croco0iB BU3HAYEHHsI KIJIBKOCTI IIPEIMETiB
(YUCeNTPHOCTI MHOXKHHH). SIKIIO KUTBKICTH
MIPEAMETIB BeJIMKa, TO BUKOPHCTOBYIOTh
CHoci0 rpynyBaHHS, IPUYOMY B KOXKHY
rpyny o0'€IHYIOTb OIHAKOBY KiJIbKICTh
MpenMeTiB (HalpHKiIal, y KOKHY KOPOOKY
[IAKYIOTh OJHAKOBY KUIBKICTb TOBapiB). Y
pe3yIbTaTi OfEePKYEMO HOBY MHOXKHHY
(MHOXHHY KopoOoK). Ternep 1711 BU3HaUEH-
HSl KUIBKOCTI TOBapiB mOTpiOHO 3HATH
KiJIBKICTh KOPOOOK 1 KUIBKICTB TOBapiB y
KOXHi# kopoOui. To6To HeoOXiHO Bpaxo-
BYBaTH BiJHOIIEHHS M)XK MHOXXHHOIO TO-
BapiB i MHO)XUHOIO KOPOOOK (I10 CKiJIBKH
TOBapiB KJIAaIyTh B OAHY KOPOOKY).

31aTHICTh BUABIIATH 3B'I3HICTH 1 3HA-
XOIIMTH 3ac00M JUIs 11 Bi1OOpaKeHHs Ha3u-
BA€THCS TOIONOTYHAM MUCIeHHsM /1, 121].
ToronoriyHUM MOJIEIIIOBaHHAM Ha3UBA€Th-
csl JIOTiyHe BimoOpa)KeHHsI 3BSI3HOCTI SIK
JIpyroi SIKOCTi B CyTHOCTI 00'eKTa.

3 TEOpEeTHKO-MHOXWHHOI TOYKH TTOHII
MHOXXHHH Ha I IMHO)KUHH PO3IIISAAETHCS
K 11 po3OUTTS Ha MONAPHO HENepeTHHHI
Ki1acu. Sk BioMo, Take po3OUTTS 1OB'3a-
He 3 ISIKUM BiJTHOIICHHSIM CKBIBaJICHTHOCTI.
OckisbKY Oy/b-sIKe BiJHOIICHHS €KBiBa-
JICHTHOCTI 33/1a€ €JIMHE PO3OUTTSI MHOXKUHU
Ha [ONIAPHO HENIEPETUHHI KJIacH i HaBIIaKu:
Oy/b-sKe PO3OUTTS MHOKHHH Ha MONApHO
HENEepeTHHHI KJIaCH 3a/Ia€ €JIUHE BiJHOLICH-
HSl €KBIBAJIEHTHOCTI Ha Iiif MHOXHHI. Ta-
KHM YHHOM, SIKIIIO 33]aTH BiTHOLICHHS eK-
BiBaJIEHTHOCTI, sIKE pPO30MBa€ MHO>KHHY Ha
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[ONAPHO-HETIEPETUHHI PiBHOMOTYXHI
ITiIMHOKHHH, TO OJEPKUMO BiJHOIICHHS
3B's3HOCTI. Take BiHOIICHHS peai3yeTh-
sl yepe3 KOOPIHMHALLI0, TIPHU SKIH KOXHO-
MY KJIacy CTaBHTbCS y BiJIIOBiZHICTb OJI-
HaKoBa KUIBKICTE €JIEMEHTIB 3a1aH0l MHO-
KHUHH. LT KiTIbKiCTh ITepeaeThCsl YHCIIOM,
sKe OyIeMO Ha3MBaTU MipOIO 3B'SI3HOCTI.
Mipa 3B'I3HOCTI BiITBOpPIOE BiJHOIICHHS
MK BEJIMYUHOIO IaHOI MHOXKUHH 1 BEJTUYH-
HOIO MHOJKMHH KJIaciB (II0Ka3ye y CKUIBKH
pa3iB YHCENbHICTh AaHOI MHOXHHH €
OLIBILIONO 32 YHCENBHICTh MHOXKHUHH KJIaciB
a00 10 CKLJIbKH €JIEMEHTIB JaHOT MHOKUHU
BXOZIUTH Y ONIUH Ki1ac po3outTs). Tomy mis
BH3HAYEHHS YUCEIBHOCTI MHOXXUHHU HE00X-
1JIHO YHCEJIBHICTh KJIACy NOMHOMKHTH Ha
KiTBbKiCTB Kaci: m,=n(A k.

Tyr n00yTOK pO3NISIAEThCS K Cyma
OJIHaKOBHX JJOJIAHKIB.

TakuM 4UHOM, JIOTiYHMM 3ac000M
BiJJ0OpaxXeHHs 3B'SI3HOCTI € po3oumms
MHOMCUHU HA NONAPHO HenepemunHi
pienonomysicni Knacu. JIOTT4HIM CIIOCO-
OOM cTae npoyec po3oumms, a JOTTIHIM
MPOJYKTOM — YMCENBHICTh OIHOI0 KIacy
pO30OUTTA, KA BUCTYNAE HATYPaJIbHONO
(bYHKLI€0 3B'I3HOCTI MiX YHCENBHICTIO
JIAaHOT MHOKUHH 1 YHCEIIbHICTIO MHOYKUHHI
Ki1aciB. Po30MTTS MHOXXMHHM Ha PiBHOIO-
TYXHI HellepeTHHHI Ki1acu OyJieMo Ha3HBa-
T 6A30BUM, BiIIOBIHO 0a30BUMH HA3MBa-
I0ThCSl KOOpJIMHALiA, 110 3a0e3Ieuye Take
PO30UTTS, 1 ofepxaHa (QyHKIs 3B'I3KY.

Tpertiii eran Moae/II0BaHHSA

Ha tperboMy eTami B po3BUTKY apud-
METHUKH LUTMX HEBI'EMHMX YUCE 3'SBIISIETh-
st 3MiHa BEJIMYMHU CKIHYEHHOT MHOXKHHHU.
Ile BinOyBaeTbCs TOMY, 11O 31 30LIBIICH-
HSIM YHCEJILHOCTI MHOMKMHM TI'DYITyBaHHS
37aTHe NponoBxKyBaTucs. Hanpukinan, xo-
POOKH 3 TOBapaMH TEK MOXHA [TAKyBaTH y
SAIINKY, SIUKH — Yy KOHTCHHEpHU TOLIO.
O1xe, 0ZIepIKYEMO ITOCITi IOBHICTH MHOMKHH:
KOpOOOK, SIMKIB, KOHTEWHEPIB i T. 1., elle-
MEHTaMH SIKUX BUCTYHAIOTh Bi/IIIOB1JHO TO-
BapH, KOPOOKH, SAMMKH. TOMy Ui BU3HA-
YeHHS KiJIbKOCTI TOBapiB y KOXHiH "yra-
koBLi" Tpeba BpaxoByBAaTH HACTYIIHI MO-
MEHTH: CKiJIbKH TOBapiB MiCTHTBCA Y IOIIe-
penHill yrmaKoBII 1 CKUIBKM TaKUX YIaKo-
BOK 3HAXOJMTHCS y AaHil, TOOTO Bpaxo-
BYETBCS CKIIAJHICTD 1 3B'SI3HICTb.

31aTHICTb BUAUIATH CKIIAJHICTD Y CyT-
HoCTi 00'eKTa i YMiHHSI 3HAXOJUTH 3aCO0H
U1 11 BUpayKeHHs] HA3MBAETHCS aHAIITHY-
HUM MUCJIEHHsM [1, 125]. AHaniTHaHUM
MOJICJIIOBAHHAM BBaXKalOTh 3JaTHICTh
BiZIoOpa)aTH CKIaJHICTb SK TPETIO SKiCTh
Y CYTHOCTI 00'€KTiB.

1106 BHUABUTH IHCTPYMEHT, METO i
bopmy, po3id'eMo MHOXHHY A Ha Henepe-
THHHI PIBHOIOTYXXHI MiIMHOXXHHH. Y pe-
3YIBTaTi ONEPKYEMO MHOXKHHY KIIaCiB A, .

Ha3BeMo i MHOKHHOIO TIEPIIOro CTYNEHs
cknagHocti. [{to MHOXMHY 3HOBY po30u-
BaIOTh HA IIOIIAPHO HETIEPETHHHI PIBHOIO-
TY)XHI KIIACH H OZIep>KYIOTb HOBY MHOXH-
Hy A, — JpYroro CTyHeHs CKJIaTHOCTi i TaK
naii. TakuM YHHOM, 3 €JIEMEHTIB MHOKHUHU
A CTBOPIOETHCS ITOCITIZIOBHICTH CKIHUSHHNX
MHOXKHH A, A, ... A, IPUUOMY KOXKHA 3
HHMX M€ BJIACHY OIHOPIJHICTb 1 MK KOX-
HUMH JIBOMA CKIHYEHHHMH MHOXXHHAMU €
BJIacCHA 3B'I3HICTH. Tak IPUXOIATH 10 HO-
HSITTS CKJIAIHOCT] CKIHU€HHOI MHOYKHHU SIK
710 AKocTi 3MiHM BeimuuHu. CKIIaaHicTh
3MICTy CKIHUEHHOI MHOXHHH € TPETbHOIO
SIKICHOIO OCOOJIMBICTIO 3MiCTy 00'€KTa i HO-
BUM IIOHATTSIM SIKICHOI apu(hMETUKHU LIITHX
HEB1IEMHHUX YHCEIL.

Jloriuaum 3aco00M crae 3MiHHA BEJTYH-
Ha CKIHY€HHOI MHOXKHHH, sIKa peaizoBaHa
CHCTEMOIO aHAJII3y — MOCIiJOBHICTIO MHO-
KuH A, A, ... A . Jloridaum criocobom €
TIPOLIEC aHaTi3Y 3MiHHU BEJIMYMHU CKIHYEHHO]
MHOXXHMHH (BHSIBJICHHS BiJTHOLIEHHS 3B'SI3-
HOCTI, 3a SIKUM BiOyBaeThcsl pO3OUTTS Ha
KJIaCH Ha KO)KHOMY KpOLi — 3HATTS SIKOCTI
3MiHHOI). JIOri9HUM IIPOYKTOM CTa€ BUpa-
YKEHHSI 3MiHHOI BEJIMYUHYU CKIHYEHHOI MHO-
’KUHH HaTypPaJILHOIO OllepaLli€ro (BU3HAYCH-
HsI BEJTMYMHH OJTHOTO KJIacy B KOXKHIH 13 MHO-
KuH A, A, ... A). SIKio, HaIpUKIIa, Ha
TEPIIOMY KPOLIi B OJIMH KJIAC TIONao N, ejie-
MEHTIB MHOKHHHU A, a Ha IpYroMy Kpori —
n, €JIEMEHTIB MHOXHHH A , TO TOMIi B OJMH
KJIaC MHOYKMHH A, TIONA/Ia€ N N, EIICMEHTIB
MHOKHMHU A. Jlasi SIKILO Ha TPeTbOMY KpOL
B OJIMH KIIaC MHOXKHMHH A, TIONA/IA€ N, €Jle-
MEHTIB MHOXHHH A,, TO LIE 03HAYaE, 110 B
1BOMY KJIaCi BKE € N NN, €NEMEHTIB MHO-
JKAHHU A 1 Tak Jaii.

TaxuM 4MHOM, BEJTMYHUHA KOKHOTO eJe-
MEHTa MOCHiIoBHOCTI A, A, ... A, BHpa-
KAEThCS MOCHIIOBHICTIO IOOYTKIB: 1, N 1,
nnn, .., nn,..n.

30KkpeMa, SKIIO Ha KOXXHOMY KpOILi
3B'I3HICTb € CTAJION0 | BUPAYKAETHCS YUCIIOM
1, TO TOJI BEJIMYMHA KOKHOTO €JIEMEHTa T10-
ciiioBHOCTI A, A, ... A, Oyle BUpaXeHa
TOCITiIOBHICTIO CTENEHIB: N, N, N, ... 7.

3MiHHa BEJIMYMHA, 10 XapaKTepu3ye
rocmiioBHICTE Al, A2, ... AK BBaKaeThes
0a30BOI0 3MIHHOIO, TIPOLIEC BHSBIICHHS
SIKOCT1 3MIHHOI — 0a30BMM aHaJII30M, a OIle-
patlist 3 BUSHAYCHH BEJIMUNHH KOXKHOTO 1JIe-
Ha I1i€] OC/Ti TOBHOCTI — 0a30BOIO OIIEpaLIi€lo.

YerpepTuii eTan Moae I0BaHHA

Ha uerBepToMy eTamni B pO3BUTKY
apr(METHKH IUTX HEBII'€MHUX YHCEI 3'5IB-
JISIETBCS. KOHCTPYKILS BEJIMYMHU CKiHUEH-
Hol MHOXuHU. Lle BinOyBaeThcs TOMY, 110
€JIEMEHTH MHO)KHHH, YNCEIIbHICTb SIKOi BU3-
HaualTh, 3rpynoBadi y "Gmoku" pizHOl
cknagHocti. Hanpuknan, skio norpi6uo
BU3HAYUTH 3arajIbHY KiIbKICTh TOBapIB, sIKi
YIaKOBaHi B KOHTEHHEPH, SLIMKH 1 KOpOO-
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KH, 1 BIJIOMO, CKUJIbKH YITAaKOBOK KO)KHOT'O
BUJLY 1 SIKHM caMe CII0COOOM BiiOyBa€eThCs
KOMIUIEKTYBaHHS KOXKHOI YIIaKOBKH.

Ha teopeTrko-MHOXHHHIH MOBI 11€ 03-
Hayae, 1110 CKIHYeHHAa MHOXKHHA PO30HTa Ha
KiJIbKa HEIIEPETHHHUX KJ1ACIB, KOMKEH 3 SIKHX
Mae BIIacCHY CKJIaJIHiCTh. TO/Ii YHCENbHICTD
JIAaHOT MHOJKMHH BHPAXKA€ThCS Yepe3 4u-
cenbHOCTi  0a30BUX  €JCMEHTIB:
n(A)=k n(A )+k,n(A)+... k n(A )

Tak NpUXOAATH 10 HOHATTS iepapxiu-
HOCT] 3MICTy B CKIHUEGHHIH MHOXHHI, K
sKocTi OynoBH BeIMYMHH. lepapxidHicTh
3MICTY CKIHU€HHOI MHOXXHMHH € YE€TBEPTOO
SIKICHOIO OCOOJIMBICTIO 3MICTy 00'€KTa i HO-
BUM IIOHATTSIM SIKICHOI apu(hMETUKHU LIINX
HEB1IEMHHUX YHCeIL.

3naTHiCTE 6a4UTH CTPYKTYPHICTh
(iepapxi4HicTh) B CyTHOCTI 00'eKTa i 3HAXO-
IITH 3aco0u Juis 11 BioOpaXKeHHs Ha3H-
BA€THCS CTPYKTYPHUM MHUCIEHHSAM [I,
130]. CTpyKTypHUM MOJICJIIOBAHHIM BBa-
)KaOTh 31aTHICTH BinoOpaxaTu
1EPApXIYHICTh AK YETBEPTY SKICTh Y CyT-
HOCTi 00'€KTiB.

JloriuanmM 3aco00M BinoOpaskeHHs KOH-
CTPYKTHUBHOCTI CTa€ MOPSANOK BEINYUHU
CKIHYE€HHOI MHOXUHHU, SIKUI1 peasti3yeTbes
CHCTEMOIO CTPYKTYPYBAaHHS — PO3KJIaJaH-
HsIM Ha 0a3HCHI eJIeMEeHTH (IIPEACTaBHUKU
KOXHOTO KJ1acy po30uTTs). JIoriyHuM crio-
coboM € Tporec cTpykTypyBaHHs (Oymo-
BH KO’KHOTO 6a3MCHOT'O €/IeMEHTA, BUSBJICH-
Hs MEXaHI3My SIKiCHOT 3MiHH 3MiHHOT). Jlor-
IYHUM TIPOJYKTOM BHUCTYIA€ HATypaJlbHA
dopma, siKa NpeJcTaBIeHa BUPAKCHHIM
BEJIMYMHU IAHOT MHOKMHH Yepe3 BETNIUHH
0a3UCHUX €JIEMEHTIB Ta IX KUIbKOCTEH K
KoediLieHTiB po3kiany. Bkazanuii poskian
MHOKHHH 32 0a30BHMU €JIEMEHTaMH Ha3Be-
MO 6a30BUM IOPSIIKOM, Bi/IIIOBIZIHY CTPYK-
Typy — 0a30BOI0 CTPYKTYypoOO, a hopmy
IpeJICTaBJICHHs BEIMYMHU MHOXKHHHU — Oa-
30BOI0 HATYPAJIBHOIO (HOPMOIO.

3ayBajkKMMO, 1110 CaM€ 32 TAKOK CXEMOIO
Oymyerbest Oynb-sKa MO3MLIHHA Hymepa-
1ist. A/pke MHOXHHA HaTypaJIbHUX YHCEII €
HecKiHYeHHO. ToMy Ul IIOaHHS HaTy-
painbpHOro uncia (Horo 3ammcy 4u yrBOpeH-
Hsl YUCIIIBHUKIB) PO3POOIIETHCSA cCHCTEMa
YUCIICHHS, TIPUHLUI MOOYIOBH KO TEX
MOXKE CITy’KUTH IIPUKIIAJIOM CUCTEMHOT'0 MO-
nemoBanHsA. Tomy [uis (OopMyBaHHS Ha-
BUYOK MOJICIIFOBAHHS BaXJIMBO CTBOPUTH
YMOBH, 3a SIKHX JITH caMi OyIlyTh KOHCTPY-
I0BATH CHCTEMU YHCIICHHS, TOYMHAIOYH 3
IIBIMIKOBOI, 3aMiCTh TOTO, 100 Biapasy 03-
HaHOMMUTH X 3 IECSATKOBOIO CHCTEMOIO YHC-
JICHHS1 y TOTOBOMY BUIVISIAL.

II'sTuii eTan Moae/JIOBaHHS

Ha m'sromy erami B po3BHUTKY apu-
METHUKH LUIMX HEBI'EMHHX YHCE 3'SBIISETh-
csl KOHCTPYIOBaHHA ()OPMHU BEIHYHUHHU
ckiHdeHHoi MHOXHUHU. Lle BinOyBaeThcs
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TOMY, 1110 €7IeMEHTU MHOXUHH, YUCEIIbHICTh
SKOi BM3HAYalOTh, 3rpyHoBaHi y "OGmoku"
pi3Hoi cTpykTypHOCTi. Hanpuknaz, skmo
Ha CKJIaJl OCTYIAIOTh OHAKOBI TOBAapH 3
pi3Hux (abpuK, ynakoBaHi B KOHTCHHEPH,
AIIUKK 1 KOPOOKH, NMPUYOMY KiJIBKICTh
PI3HUX YHNAKOBOK 3 Pi3HHX (aOpHK MOXe
OyTH pi3HOIO. AGO HaBIAKU: 31 CKIIay He-
00X1/THO JIOCTaBUTH OTHAKOBI TOBAPH B Pi3Hi
Mara3uHM, BUKOPHCTOBYIOUH YIaKOBKU
Pi3HOI €MKOCTi. Y KOXXHOMY BHIIAJIKy ITO-
TpiGHO BectH 00K TOBapiB. BiH, 3a3Bu-
Yaif, MOB'I3aHUI 13 MEBHUMHU CHOCOOAMH
onTUMi3alii, AKi MOJArarTh y TOMY, IO
MEHIII YIIaKOBKH 32 IEBHUX YMOB 00'eJIHY-
I0ThCS B OLITBINI, 200 HABIAaKK: OLTBIII PO3-
OMBAIOTBCS HA MEHIII.

Tak 10X0IATH 10 MOHATTS KOHCTPYK-
TUBHOCTI 3MiCTy CKIHYEHHOI MHOMKHHH SIK
MOJYJILHOCTI B 00'€/{HaHHI 3 Pi3HUX CTPYK-
Typ. KOHCTpYKTHBHICTB 3MiCTy CKIHYEHHOT
MHOXKUHHU € II'ITOI0 SKICHOIO OCOOJIUBICTIO
3MICTy 00'€KTa i HOBHM ITOHSTTSIM SIKICHOT
apr(METHKH L[IJINX HEB1JEMHHX YHCEIL.

3naTHiCTb 6aUMTH KOHCTPYKTUBHICTD Y
CYTHOCTI O0'€KTIB i BMiHHS 3HAXOIUTH 3a-
co0u Ju1sl Horo BioOpakeHHs HA3UBAETh-
sl KOHCTPYKTHBHHM MUCTIEHHM [1, 134].
KOHCTPYKTHBHUM MOJIE/IOBaHHSAM BBaXKa-
I0Th 3/1aTHICTb BiZOOPaKaTH KOHCTPYK-
TUBHICTB SIK I'ITHIl AKICHUI cTaH y CyT-
HOCTi 00'eKTa.

Jloriuanm 3aco00M cTae nporpama 1o-
OynoBH ()OPMHU BETMIMHN CKiHIEHHOI MHO-
xuHH. Ha nipaxTuui e o3Havae, 1o BeeTb-
st 00MIK YIIaKOBOK KOKHOTO BHIY OKPEMO
132 He0OX1IHOCTI 3[1HCHIOETBCA PO3OUTTS
OiIBIIMX YIAKOBOK HA MEHII, a00 HaBIa-
KU, 00'eJHAHHS MEHILIMX YIIAKOBOK Y O1/1bIi
TOLIO. Y pe3ynbTaTi 3HOBY IPUXOIUMO 110
BUpAa3y, 110 Mepela€ YUCEIbHICTh TaHOl
MHOXKHHHU 4epe3 YUCENbHICTh 0a30BUX
6nokiB:  n(A)=k n(A)+kn(A)+...
k n(A ).

Jloriuanm criocoboM cTae poLec npo-
€KTyBaHHA ()OPMHU BEJIUYMHH CKiHYEHHOI
MHOKUHH, JIOTIYHUM TIPOJYKTOM — BHpa3
cr1oco0y NPOeKTYBaHHs ()OPMU BEJIUUMHU
CKIHYE€HHOI MHOXKHHH y BUIJISI/ aJITOPUT-
My 1oOynoBH UQpoBoi GpopMu HaTypab-
HOT'0 YHCJIA.

locTnii eTanm MogeTIOBAHHS

Ha mocromy eramni B pO3BUTKY apud-
METHUKH LUTMX HEBI'EMHMX YUCE 3'SBIISETh-
sl CUCTeMaTH3allisl B PO3BUTKY (hOPMH Be-
JIMYMHY CKiHYeHHO! MHOXKHHH. Lle BinOy-
BA€THCS 3aBIUIKU TOMY, L0 Y CKiHUCHHIH
MHOXHHI CTBOPIOETHCS MOCIiJJOBHICTh
CKIHYEHHHX MHOXKHH, IPHYOMY KOJKHA 3 HUX
Mae€ BIIaCHY KOHCTPYKTHUBHICTb.

Hamnpuxiaz, Ha ckiafi, 3a3Bryaif, 30e-
PpiraroThCsl TOBapH Pi3HOTO POAY, VISt 00-
JIKY SIKUX BHUKOPHCTOBYIOTbCS PiHI MipH
(MeTpw, Kilorpamu, JIiTpH, KBaIpaTHi MeT-

pu i T. 1.). OgHaK NpUHUMIHN OOMIKY, SIKi
PO3IIISIHYIIU BHILE, 3aJIUIIAIOTECS TAKUMH
camuMH. ToOTO OCBOIBILIM IPUHIIMIT OOMIKY
OJIHOTO BUJLY TOBapiB, iX MOXHa BUKOpHC-
TaTy Juis O0JiKy TOBapiB iHIIOrO BHULIY.

Tak 0XOAATH /10 HOHATTS CHCTEMHOCTI
3MICTY Y CKiHY€HHI MHOXKHHI, III0 BUCTY-
I1a€ MIOCTOXO SIKICHOIO OCOOJIMBICTIO 3MicCTY
00'eKTa 1 HOBUM NOHATTSM SAKICHOI apud-
METHKH IIJINX HEBIIEMHMX YHCEIL. 3IaTHICTD
06a4YnTH CUCTEMHICTb y CyTHOCTI 00'€KTa 1
3HAXOMUTH 3ac0o0M s 11 BinoOpaskeHH: Ha-
3UBAETHCSI CUCTEMHHUM MUCIIEHHsIM [/, 138].
CHCTEMHUM MOJICIIIOBaHHSAM BBa)KaroTh
3[IaTHICTH BiOOpakaTH CHCTEMHICTh SIK
LIOCTY SIKiCTh y CYTHOCTI 00'€KTiB.

JlorigHuM 3aC000M CTa€ JIOTiKa PO3BUT-
Ky ¢hopMu sl BUpaXXCHHsI BEIUYHMHU
CKIHYEHHOT MHOYKHUHH, JIOTTYHHM CII0COOOM
— nporiec cucremMaru3anii popm BeTMIUHI
CKIHYE€HHOI MHOXHUHU (PO3BUTOK BEIIMYU-
HM), JIOTIYHUM HPOYKTOM — BUPa3 CIOCO-
0y cucremarusanii GpopMu BeIMYUHU
CKIHYeHHOI MHOXKMHH Y BUIVIAAL JiepeBa
PO3BUTKY (pOpM HaTypasbHOrO 4YHCIA.

Hawm 3aymiinrocs mpeicTaBuTy Jianex-
THKY JIO'YHHX 3aC001B, JOT1YHUX CIIOCO0IB
1J10r19HUX GOPM PO3BUTKY MATEMATHIHO-
0 3HAHHS Y BUIISIII OCIITOBHOCT1 TPiHOK:
(Mipa, BUMipIOBaHHS, YMCII0) — (BITHOLIECH-
Hsl, KoOopAMHalis, GyHKuis) — (3MiHHa,
aHaui3, onepauist) — (HIOPSIIOK, CTPYKTY-
pyBanHs1, popma) — (Iporpama, IpoeKTy-
BaHHS, AJITOPUTM) — (JIOTiKa PO3BUTKY, CU-
cTeMaTH3allisl, IepeBO PO3BUTKY).

BucHOBKH 3 q0C/IiZKeHHS Ta nepc-
NeKTHUBH NMOJANBIIMX PO3BiI0K Y 1aHO-
My Hanpsimi. OTxe, Ha OCHOBI MaTeMaTHy-
HHX BiJIHOIIEHL MU BHIUIA/IM OCHOBHI €Ta-
I MaTEeMaTHYHOrO MOJICJIFOBAHHS:

* MeTPUYHHIi, METOIO SIKOTO € Bino0-
PpaKeHHSI OJTHOPITHOCT1 B CYyTHOCT 00'€KTa
MOJIC/TIOBAHHS;

* TONOJIOTiYHMIA, HA TKOMY BiZIOYBa€Th-
sl IepexiJ] BiJ] OHOP1AHOCTI 10 3B'SI3HOCTI
B CYTHOCTI 00'€KTa MOJICITIOBaHHS;

* aHAJITHYHMIA — Tlepexif Bif 3B'3-
HOCTI JI0 CKJIQJHOCTi B CyTHOCTI 00'eKTa
MOJIC/TIOBAHHS;

* CTPYKTYPHHIi — IIepexiJ BiJ cKiIaz-
HOCTI JI0 CTPYKTYPHOCTI B CYTHOCTi 00'eKTa
MOJIC/TIOBAHHS;

* KOHCTPYKTHBHHII — mepexij Bij
CTPYKTYPHOCTI JI0 KOHCTPYIOBaHHs 00'eKTa
13 33JIaHUMH SKOCTSIMU;

* CHCTeMHMIi — IIepexi/] Bijl KOHCTPYK-
THBHOCTI JI0 CUCTEMaTH3aLli.

VkazaHi erany He JHMIIE JO3BOJSIOTH
PO3KPUTH AMHAMIKY 3aITTHONICHHS B CYTHICTh
ob'exra, aje i 10-HOBOMY IIPEJICTABIIIOTh
[POLIEC MATEMaTHYHOIO MOJIENIIOBaHHs. SIK
0yI10 11OKA3aHO, KOXKEH 3 €TalliB BUMArae Bo-
JIOIIIHHS BiJIITOBITHOIO (hOPMOIO JIOTTYHOT O
MHUCIeHHs. ToMy rOIOBHE 3aBaHHS MaTe-
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MAaTHYHOI OCBITH — 3a0e3reynTy popMyBaH-
HSI METPHYHOT'0, TOTOJIONYHOT0, aHATITHY-
HOT0, CTPYKTYPHOI'O, aJrOPUTMIYHOTrO i
CHCTEMHOTO MHCIICHHS, SIKE ITPOSIBIISIETHCS
B YMiHHSIX BUMIpIOBaTH, KOOPAHHYBATH,
aHaJi3yBaTH, CTPYKTYpyBaTH, IIPOEKTyBa-
TH Ta CUCTEMAaTU3yBaTH.

OCKiJIbKH MOJIOJIII MKOISIpi mepedy-
BAIOTh Ha 00pa3HO-rpadiyHOMY ITi3HaBAJIb-
HOMY piBHi, TO He0OXi1Ha po3poOKa Mare-
MaTHYHOI MOBHU [OT'O PiBHS Ta HABYAJIb-
HO-OCBITHBOT'O CEpeIOBUIIA (BKITIOYAI0UH
1 KOMITIOTEpHE), 10 3a0e3MeYUTh YMOBU
JUTS1 CAMOCTIHOT pO3pOOKH YIHSIMU 3aC001B
IUIsL BiZIOOpaKeHHSI OCHOBHHUX SIKOCTEH Y
CYTHOCTI 00'€KTIB JIOCITi[PKEHHsT (MaTeMaTH4-
HHX MOJIeJIeil) Ha BIIITOBITHOMY iHTEJIEKTY-
aJILHOMY DiBHI.

[Moganbmoi po3poOku NOTpPeOYIOTH
oOpas3Ho-rpadiyHa MaTeMaTHIHA MOBa Ta
PO3BUBaJIBHO-OCBITHE CEPENOBUIIE JUIS
I104aTKOBOI LIIKOJIH.
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