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PO3/ILJI 1. BATAJIBHI IIOHATTS. EJJEMEHTH TEOPII
MHOXH1H

1.1. IloHsaTTS TA IX O3HAYECHHS

1.1.1. Honuamms, iiozo oocsaz i 3micm.

JlyMKa Mpo BIacTUBICTh 00'€KTIB HA3UBAETHCS O3HAKOTO.

Cepen 03HaK 00'€KTa BULISAIOTH iCMOMHI 1 HeiCIMOmH.

Icmomna o3naka — 1€ Taka, 6e3 AK0i 00'€eKT iCHyBaTH He Moxke. Ta
O3HaKa, SIKy MOXXE€ MaTH JaHUi O0'€KT, a MOXE€ 1 HE MAaTH, Ha3UBAETHCS
HeicmomHoto. ICTOTHICT 03HAKW 00'€KTa 3aJIKUTh BiJ MOTPEO MPAKTUKU
JHOHHU.

llouammsam Ha3uBaeTbcs: popMa MHUCIEHHS, B SKIH B1JOOpa)KarOThCA
3arajabHl 1ICTOTHI BJIACTHUBOCTI IPEIMETIB 1 SBUIN O00'€KTHMBHOI AIHCHOCTI,
3arajbHi B3a€MO3B'A3KM MK HUMH y BUIJISIAL LIJTICHOI CUCTEMU 1CTOTHUX
O3HaK.

KoxxHe MOHSTTS XapaKTEepU3ye€ThCs CBOIM TEPMIHOM, OOCATOM 1
3MICTOM.

Tepmin (Ha3z6a) MO3HAYAETHCSA CIIOBOM a00 KiJIbKOMa CIIOBAMH, a 1HOII
e ¥ crnemiaibHUM CHUMBOJIOM (3HakoM). Hampukian, 3aMmicTh TEpMIiHY
"mporteHT" ("BiICOTOK") BXKUBaIOTh CUMBOJ %.

Obcsicom TOHATTA HA3MBAETHCA CYKYIHICTh THUX OO0'€KTIB, SKI
OXOILTIOIOTHCS IIUM TTOHSATTSIM.

3micmom TIOHSTTA HA3UBAETHCS CYKYIMHICTh ICTOTHUX O3HAK, SKi
MaroTh BCl 00'€KTH, 1110 HAJIEKATH OOCSTY LILOTO MOHATTS.

[cHye 3a5eKHICTh: UMM O1IBIINN 3MICT, TUM MEHIIHI OOCST.

3a 3MiCcTOM MOHATTA OyBarOTh MOPIBHIOBAHUMHU 1 HEMIOPIBHIOBAHUMHU.
llopienuosanumu Ha3UBAIOTHCS TOHATTS, $KI MalOTh NPUHAWMHI OAHY
CHUIBbHY O3HaKy. SIKIIO X MOHSATTS HE MAlOTh CIUIBHUX O3HAK, TO BOHHU
HA3UBAKOTHCS HENOPIEHIOBAHUMU.

Hanpuknan, noHsTTs "TpukyTHUK" 1 "KBajgpar' € MOpPIBHIOBAHUMU
(o0boe € MHOrokyTHukamu), a — "TpukytHuk" 1 "moguHa" —
HEMOPIBHIOBAHUMH.

3a 00cAromM NOHATTS OyBalOTh CYMICHUMHU 1 HECYMICHUMU.
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CymicHumu__Ha3UBAIOTHCS TIOHATTS, OOCSATH SKHUX MAalOTh CIUIbHI
00'€eKTH 1 HecymicHuMU, IKITIO 1X 0OCSATH HE MAlOTh CIIJIBHUX 00'€KTIB.

[IpuknagaMu CyMICHUX TMOHSIThH € Takl MOHSTTA K "YOTUPUKYTHUK' 1
"mapanenorpam", a HECYMICHMX — "YOTUPUKYTHUK" 1 "TPUKYTHUK".
CyMICHI TIOHATTS MOKYTh NepeOyBaTH JUIIE B OAHOMY 1 TUIBKU OJHOMY 3
TPHOX B1AHOIIICHD:

1) piBHOCHIILHOCTi 200 TOTOXHOCTI,

2) mANOpsAAKYBaHHS a00 POJIOBO-BUIOBOMY,

3) yacTkoBOro 30iry abo mepexpecHomy. JIBa MOHSATTS HA3UBAIOTHCS
pieHOCUTIbHUMU, SIKIIIO 00CSTH iX 30irarothes. [lpukinagaMu piBHOCUIBHUX
MOHSATH € "MPaBUILHUN YOTUPUKYTHUK" 1 "KBaapat".

Ba abo GNISIHE HECYMICHHUX MTOHSITh HAa3UBAaKOTHCS
CnienionopsaoKkosaHumu, IKIo OyIb-sIKi ABa 3 HUX HECYMICHI, a BC1 BOHH €
BUJIAMU JIEIKOTO CHIBHOTO POJY.

JlBa CHIBOIANIOPSIKOBAHI MOHATTS HA3UBAIOTLCS NPOMUNLEHCHUMUL,
AKIIO0 OOCST 1X CHUIBHOTO POJOBOIO MOHSTTS MICTUTH NMPUHANWMHI OJUH
00'€KT, SIKHI HE MICTUTHCA B 00CATaX KOXKHOTO 3 IINX MOHATh.

JIBa CHiBOIAMNOPSAKOBAHI TIOHATTS HA3UBAIOTHCS Cynepeurusumil,
AKIIO 00CAr iX CIJIBHOIO POJOBOIO IMOHSTTS MICTUTH JIMIIE O0'€KTH 3
00CSTIB KOKHOTO 3 IIUX IMOHST.

1.1.2. O3nauennsn nousamo. Cnocobu o3nauennsa. Oznauyeani i
HeO3Ha4uy8aHi NOHAMMAL.

3MICT TOHATTS PO3KPUBAETHCA 3a JOMOMOTOIO CIEIIAJIbHOI JIOTTYHOI
oneparlli, 1Ka Ha3UBAETHCS O3HAYEHHAM NOHAMMISL.

Y KOXHOMY O3HAQU€HHI BHAUISIIOTH O3HAYYBAHEe 1 BU3HAYAIOYE
nouamms.___1IoOHATTS, AKOMY  JAa€ThCS  O3HAYCHHS, HA3UBAETHCS
osnauysanum. 1IOHATTS X, yepe3 sIKe NA€ThCs O3HAUYCHHS, HAa3WBAETHCS
BUSHAYAIOYUM.

Hanpuknan, B o3HaueHHi "Keadpamom Ha3UBAETHCS POMO, y SKOTO
OIWH 3 KYyTIB TMpsAMUA" O3HAYyBaHMM € TIOHATTA "KBajapar', a
BU3HAYAlOYUM — "poMO, y SIKOTO OAWH 3 KyTiB npsamuii'. O3HAUYeHHS €
NEBHUM 3aBeplIaIbHUM €TanoM y BUPOOJEHHI MOHATTSA 1 po3B's3ye JBi
M3HABaJILHI 3a0a4l:
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1) po3kpHBa€ 3MICT O03HAYyBaHOrO IIOHATTSA, Ja€ BIANOBIAL Ha
MUTAHHS PO T, YUM € JaHUU 00'€KT;

2) BIIMEXKOBY€ 03HAYYBAaHE MOHATTS BiJ IHIIUX CIIOPITHCHUX ITOHSTH.

IcHYIOTh pi3HI CIIOCOOM O3HAuY€HHS IOHATh. HaiOiapll mommpeHui
CHOCIO — o3HauenHsi uepe3 Haubaudxicuull pio i udosy osnaxy (8iominy).
CyTb #Oro noJirae y Tomy, o Cro4aTKy BU3HAYAETHCS HAUOIMKIUHN Pij,
70 SIKOTO HaJEKHUTh O3HAYYyBaHE MOHATTA SK BHUJ, a MOTIM BKa3ye€TbCS
o3Haka (O3HAKHU), sKa BIJIPI3HSE O3HAUYBAHE TMOHSTTA Bl 1HIIUX BU/IIB
nporo poxay. Hampuknan, B o3HaueHHl "Pombom  Ha3HUBa€ThCS
napajejaorpaM, y SKOro JBi CyYMDKHI CTOPOHU PiBHi", O3HAuUyBaHUM €
noHATTA "pomO", pomoBuMm — "mapanenorpam”, a BHUJIOBOIO O3HAKOK €
"pIBHICTb JIBOX CYMI>KHUX CTOPIH Mapainenorpama’.

[Topsim 13 O3HAYEHHSM 4Yepe3 HaWOMMK4YMKA pifg 1 BUIAOBY O3HAKY
KOPUCTYIOTHCS 2eHEeMUUHUM O3HAYEHHAM, CYTh SIKOTO TMOJIArae y ToMy, 110
3MICT O03HAYYBaHOT'O TMOHSTTA PO3KPUBAETHCA 3a JOMOMOTOK OMHUCY
YTBOPEHHsI TUX O00'€KTiB, 10 HajexaTh HWoro o6Ocsary. Hampuknan,
o3HaueHHs "Cgheporo HA3UBAETHCSA MOBEPXHS, sIKa YTBOPIOETHCS BHACIIIOK
oOepTaHHA MiBKOJAa HABKOJIO HOTO JiaMeTpa’ € TeHETUYHHM.

Y MmareMaTulll 4acTo 3YCTPIYaIOThCS O3HAYEHHS, SIKI HA3WBAIOThCSA
YMOGHUMU no200xceHHamu. Hanpuxnan, "Skmo X — HOBiIbHE JiMCHE
4UCII0, BiAMiHHE Bix HyJIs, TO 3a o3HaYeHHAM X':= 1",

3ayBaxkeHHs. JlomoBUMOCS Hajali BUpa3 "MOPIBHIOE 3a O3HAUYCHHSIM"

"n._n

CHUMBOJIIYHO 3aIIUCYBaTU
Po3rnsgaroTh TakoX O3HAYEHHS 4Yepe3 IMepenik, PEKypCUBHI abo
IHIYKTHUBHI O3HAUYEHHS, O3HAYEHHS 4Yepe3 aOCTpakililo, aKClOMaTHYHE

o3HadyeHHA Ta 1HIm. O3HauyeHHS [UCHUMU YUCIAMU HA3UBAIOTHCA
paiioHadbHl Ta IppalioHaldbHI 4Yucla" € MNPUKIAJAOM O3HAYCHHS 4Yepe3

HEepeiK.

1.1.3. Bumozu 0o oznauenus nouams. Ilomunku é o3HaueHHAX.
Konmpnpuknaou.

OCHOBH1 BUMOTH J0 O3HAYEHHSI IOHSTh TaKi:

1). O3HaueHHS TOBUHHO OYTH  cnieposzmipHum, TOOTO  0OCAT
BU3HAYAIOYOTO TIOHATTA TMOBHHEH 30iratucs 3 0O0CSTOM O3HA4yBaHOTO
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MOHATTS. Y BCIX BUIAJKaX, KOJHM BKa3yEThCS HEIOCTATHS KUIBKICTh O3HAK
a00 HaJMIpHA KIJIbKICTh O3HAK, HOPYUIYETHCS BUMOTA CITIBPO3MIPHOCTI.

2). O3HayeHHsI HE IMOBHHHO MICTHTH Yy €001 TaKk 3BaHOTO XUOHO2O
Koaa, TOOTO, KOJW BU3HAYAIOU€ MOHSTTA € O3HAUYyBAHUM MOHSTTAM a0o
KOJIX OJHE TMOHSTTS O3HAYAEThCA 4YEpe3 Apyre, a JIpyre — 4depe3 Meplle.
Hanpuknan, B o3HaueHHsAX "Kpycom HA3MBAETHCS YacCTUHA IUIOLIWHU
oOMexeHa kosioM" 1 "Kosom Ha3MBAETHCA MeXKa Kpyra" Kpyr 03HA4a€eThCs
4yepes3 KoJIo, a KOJIO YEPE3 KPYT.

3). O3HaueHHsT HE IMOBUHHO OYTH TIIBKH 3anepeuyrlouum, TOOTO y
HbOMY HE TIOBHHHI BKa3yBaTHUCS JIMIIE Ti O3HAKH, SIKI HE BXOJATH Y 3MICT
JAHOTO TIOHSATTS, X04 1HO/1 IbOT'0 YHUKHYTH HE MOKHA.

4). TlotpiOHO, 00 icHYBaJIM 00'€KTH, SIKI MICTATHCS B 00CA31 JaHOTO
MOHSITTA.

5). O3HaueHHsT TTOBUHHO OYTH YiTKHUM, HE MAaTH HI4Oro 3aiiBOro, BCi
TEPMIHU Y HbOMY MarOTh OyTH OJHO3HAYHUMH, TOOTO KOXEH € Ha3BOIO
JIUIIE OJHOTO MOHSTTS.

JIBa O3HAYEHHSI HA3UBAIOTHCS PIGHOCUNLHUMU, IKIIO OOCITH MOHSATH,
SIK1 BOHM BU3HAYAIOTh, 301rat0THCA.

J{nst Toro, mo0 BUSIBUTH MTOMUIIKY B O3HAUYEHH1, KOPUCTYIOTHCS 1HOI
criocooom HasedenHsi konmp npukiad. CyTb WOTO MOJATa€E y TOMY, IIO
BKa3y€ThCsl MPUKIAT 00'€KTa, SIKMM Ma€ BCl BJIACTUBOCTI, SIKI BXOJSATH B
O3HAUYCHHS, aJIe HE MICTUTHCS B 00Cs31 03HAUYBAHOT'O MIOHSTTA.

Cepen NMOHATH BUAUISIOTh HEO3HAYYB8AHI NOHAMMSL, IKI B MaTeMaTHIIl
Ha3UBAIOTh TaKOX nepsicHumu. Y Kypcl MaT€MaTHUKHU 3arajbHOOCBITHBOI
IIKOJTM TIEPBICHUMU TIOHATTSIMU €, HaNPUKIIAJ, TOYKa, MpsIMa, TUIOIMHUHA 1
T. 1.

Y Kypci MaTeMaTHMKH 3arajlbHOOCBITHBOI IIKOJHU TEPBICHUMH
MOHATTSIMU €, HAIPUKJIAJ, TOUKA, PpsAMa, TUIOMKMHA 1 T. 1.

[ToHATTS TOAUISAIOTBCA HA 3d2anbHi, KOHKPEemHi, OOUHUYHI, 30IpHI,
abcmpaxmui 3a 00CsTOM, TOOTO 3a KUIBKICTIO MPEAMETIB, SIKI MiJ] HUMHU
PO3YMIIOThCHI.

36ipHi nowsimms, Ha BIAMIHY BiJl 3arajbHUX, BIJOOpaXKAIOTh Tpymy
npeaMeTIB sSIK €aAuHe Iie, sSK o00'eqHaHHs ab6o rTyprT. Hampuknan:
"610moTteka", "mc", "kiac" Tomo.
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3HaUYCHHS 3a2anNbHO20 NOHAMMS CTOCYETHCS KOXKHOTO OKpPEMOTO
npeaMeTa, Ikl BXOJIUTh 110 oro oocsry. Hanpuknan, noustra "moauHa"
CTOCYETHCSI KOXKHOI JTIOJIMHU. 3HAYCHHS 30ipPHOT0 MOHATTS HE CTOCYETHCS
KO>KHOTO OKPEMOIO MpeaMeTa, SIKUM BXOJIUTH 10 CKJIaJy TPYyIU, a JIUIIE
BCi€l rpymu.

[ToHsATTA, 00’€KTU OOCSTIB SIKUX, SK OKpeMi pedui, He ICHYIOTb,
HA3MBAIOTh abcmpakmuumi. IX He MOKHA MOMALATH, TIOTPUMATH B PyKax.
[Tousrrs "dyecHicts", "kpaca' 1 T. M. — aOCTPAKTHI HOHATTA. Y Cl MIOHSITTS —
TEPMIHH, K1 TH BUMII Ha YpOKaX MaTe€MaTUKH, MOBHU — 1€ TEX aOCTPaKTHI
noHaTTa. Hanpukman, "aepiBHicTh', "Oumpmie", '"menmie", "CTiNbKH,
ckuibku", "OykBa'.

Han moHATTSIMM MOXHa 37[1iICHIOBATH JIOT14HI Omepallii.

Obmedicenns — 1€ JIOT1YHA omepallisi HaJ NOHSITTSIMH, 3aBASKU SIKIA
BiI0yBa€ThCA MepeXij BiJl MOHATTS 3 IIUPLIIUM O0CSITOM (POJOBOTO) 110
HNOHATTA 3 BYXYUM 00csiroM (BUIOBOTO). Mexero OOMEXKEHHS €
OJTMHUYHE TOHSATTS.

Hanpuknan, oOMeXUMO MOHSITTS MawiuHa. 3anumieMo OOMEKEHHS
UbOTO MOHSATTS y BUTJISA/I1 JAHI[F0KKA MOHSATD.

Mamunna —nerkosa mamunHa — "Mepcenec" —"Mepcenec'"Ne....

VY mnporeci 0OMexXeHHsI HE0OOX1THO TTOCTYMOBO J10/IaBaTH /10 3MICTY
MOMEPEHHOT0 TMOHITTS JI0JaTKOBI O3HAKH, IO MPU3BOAUTH [0
3MEeHIIeHHsT 00csary. OOMEeXeHHS TOHATTS MauuHa MOXKHA 301MCHUTH 1
MO-1HIIIOMY.

Mammuna — BanTtaxkna mamunHa — "KAMA3" — "KAMA3"No....

V3aeanbnenusa — 1€ JIOTIYHA onepalis HaJ NOHATTSIMHU, 3aBASKU KN
B1IOYBA€ThCS MEPEX1J Bl MOHATTA 3 BYXKYUM 00CATroM (BHIOBOTO) 0
MNOHATTA 3 MWUPIIKM o00csiroM (poAoBoro). Mexerw y3arajibHEHHS €
HaWIIMPIII 32 00CATOM KaTeropii, HaMpUKIIA, Op2anizmMu, uac, npocmip,
JHCUmMmsl, pyx TOUIO.

Hanpuknan, y3araabHUMO TOHSITTS MONOJIAL.

Tononst — MUCTSIHE IEpEeBO — AEPEBO — POCIHUHA — )KUBUI OpTaHI3M.

lloodin nowamms (TOYHIIIE, TOAIN OOCSTY TOHATTS) — II€ JIOT14HA
orepaitisi, 3a JIOMIOMOTOI0 SIKO1 PO3KPHUBAETHCS OOCAT POJAOBOTO MOHSTTS
gyepes Mepetik Horo BUAIB
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Hanmpuknan, TpaHCTIOPT NOAINISETHCS HA JIETKOBUN Ta BAHTAKHUM.

[ToHATTS, 10 OIAUTHCS, HA3UBAETHCS nOOLN08aHUM. Pe3ynbTaTu
nojuty (BIAMOBIAHI BUIOBI MOHATTA) — 1€ uieHu nooiny. IloaimtoBane
MOHSATTS 1 WIEHH MOJIIy — CyMICHI MOHATTS (pojioBe 1 BUA0Bi). UneHu
MOy MiX c00010 — HECyMiCHI TOHATTA. [Hpopmaris, 3 orysay Ha AKY
3MIACHIOETHCS TTOI1JI, HA3UBAETHCS MOTO 0cHos0!0. BoHA MOke OyTH Mpo
MpU3HAYCHHS IPeMETa UM MOTO BUKOPUCTAHHS TOIIIO.

1.2. MHOKMHH Ta BiIHOILIEHHS MI’)K HUMH

1.2.1. Houammsa mnoxcunu. CKinuenni i HeCcKIHYUEHHI

MHOMCUHU.

[lin mHodcunol0 'y MaTeMaTuil pPO3YMIIOTh CYKYIHICTh TEBHUX
00'exTiB, 00'€IHAHUX 3a JESIKOI O3HAaKOK 4YM IpaBujiaoM. OO'ekTH, IO
CKJIaJIal0Th MHOXXHHY 1 MOXYTb OyTH camMoOi PI3HOMAHITHOI TPUPOJH,
Ha3UBaKOTh ii enemenmamu. MHOXKUHU y  OUIBIIOCTI BUMNAJAKIB
IT03HAYAIOTHCS BEJIHMKHMMHM, a iX €JISMEHTH — MaJuMHU JIATUHCHKHMH
OykBamu. Te, 10 €JIEMEHT & HaJIeKUTh MHOXKHHI A, CUMBOJIYHO
3anmucyeThes Tak: a € A. Komm eneMeHT b He HAJIGKUTh MHOXKHUHI A, TO 11€
samucyeThes b ¢ A (beA aGo beA). 3HaK (CUMBON) € HA3MBACTHCH 3HAKOM
HanedxcnHocmi. MHOXHWHA MOXe OyTH €JEeMEHTOM 1HIIOI MHOKHHHU.
Hampuknan: By3 MoXKHA pO3MIsSAgaTH SK MHOXHHY, €JIEMCHTaAMH SKOI €
(bakyIbTETH, K1 Y CBOIO YEPTY € MHOKMHAMU CTY/ICHTIB.

MHuoxuHa, eJIeMEeHTaMH $SKOI € 4YHcjla, Ha3UBAETBCA YUCI0B0H0
MHOJCuHoW._JINa NesSKUuX MHOXKUH, 30KpeMa YHCJIOBUX, MPUUHSATO CBOI
Ha3BH 1 MO3HAaUYeHHs. HaituacTime BXMBAaHUMH 3 HHX €:

» MHOXHWHA BCiX HaTypaibHuX unceln N;

» MHOXKHMHA BCIX HIINX HeBia'eMHHX yncel No;
» MHOYKHWHA BCIX I[IJIUX 4ucel Z;

» MHOJKMHA BCiX parioHansHuX uncen Q;

» MHO’KMHA BCIX milicHUX yucel R;

» MHOXHHA BCiX KOMIUIeKCcHUX yncel C.

MHOXXHWHaA Ha3UBAEThCA CKIHYEHHO, SKIO 11 C€JIEMEHTH MOXHa
MEePENIYMTH, 1 — HeCKIHYeHHO0, SIKITO IIbOT0 3pOOUTH HE MOKHA.
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Yucio eIeMEHTIB Y CKIHUCHHIM MHOKUHI A mto3HavyaeThes |A| abo n(A)
[TopoKHS MHOKMHA € CKIHYEHHOIO 1 YHUCJIO i1 €JIEMEHTIB JOPIBHIOE HYIIIO.

1.2.2. Cnocoou 3aoannusa muosxcun. Iloposcna i oounuuna
MHOMCUHUL.

MHOXWHa MIIKOM BH3HAYAETHCA CBOIMHU €JIEMEHTaMH, TOOTO BOHA €
3a/IaHOI0, SKIIO PO JOBUIRHUM €JIEMEHT MOJKHA CKa3aTH: HAJICKHUTh BIH
JTaHI MHO>KWHI YA HE HAJIE)KUTh. HalvacTilllie MHOXKUHU 3a1aI0Th:

1) mepesTikoM eJIeMEHTIB MHOKHHH. Y IIbOMY BHUIIAKY 3alMCYIOTh BCi
€JIEMEHTH MHOXXHUHM 1 3 000X CTOpiH CTaBIsATh GITypHI JTYXKKH.
Hanpuknan, 3anuc {1, 2, 3} o3Hayvae, 110 3a4aHO MHOXUHY, €JI€MEHTAMHU
K01 € numie yucna 1, 21 3;

2) 3aJaHHSAM XapaKTEPHUCTUYHOI BIIACTHBOCTI €JICMCHTIB MHOXHHH,
TOOTO BJIACTUBOCTI, SIKY MalOTh Ti 1 TUIBKUA Ti €JIEMEHTH, 1[0 HAJIEXKaTh
naHii MHOXHKHI. CHMBOJIYHO 3aJaHHS MHOXXHUHH XapaKTePHUCTUYHOIO
BJacTUBICTIO 3amucyeTbess { X| P(X)}, Ae X— IOBUIBHMIA €JICMEHT
MHOXKHHH, P — XapaKTepucTUIHa BJIACTUBICTD, IO 3a7a€ MHOKHUHY, a P(X)
O3Hayae, IO €JIEMEHT X Mae BiacTuBicTh P. Hampuknan, MHOXUHY
JOJIATHUX JIMCHUX YUCENT MOXKHA 3aJ1aTh Tak: { X | X € R i1 X >0}, a moxxHa
itTak {X e R|[x>0}.

OnHy 1 Ty K MHOXHHY MOHA 33/IaTH TO-PI3HOMY, Y TOMY YHCJI 1 3a
JOTIOMOTOI0  PI3HUX XapaKTEPUCTHUUYHUX BIacTUBOCTeW. Hampukmnan,
MHOJKHMHA, €JIEeMEHTaMH SIKO1 € TIIbKU uncnaa 1 12, Mmoxe OyTH 3aj1aHa Tak:

{1,2},{2, 1}, {xe N|x<2} {xeN|x<3}
{xeZ|1<x<2} {xeZ|0<x<3}
{xeQ|(x-1)(x-2)=0}{xeR|(x-1)(x-2)=0}
MHoOXuHa, siKa HE MICTUTb €JIEMEHTIB, HA3UBAETHCS HOPOIHCHLOIO

MHOJNACUHOM 1 TIO3HAYAETHCS CUMBOJIOM &J. [lopoKHS MHOXKWHA €1HA.

1.2.3. Toukoei muoxicunu. I'eomempuuna icypa ak mHodxcuna
mouok. Ilhocki i npocmopoei zeomempuuni picypu. Kpyzu Eiinepa.

Y wMareMmaruili, KpiM UHCIOBUX MHOXHH, KOPHUCTYIOThCA IIE W
MOYKOBUMU MHOMNCUHAMU, TOOTO MHOKMHAMHU, €JIEMEHTAMU SIKMX € TOUKH.
HemnoposxHst TOUKOBa MHOKWHA HAa3UBAETHCS 2eomMempuinoro ghicyporo abo
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npocTo @icyporo. dirypa HA3UBAETHCSA NJIOCKOH, SKIIO BCl 11 TOYKHU
Hajexarh OAHINA TuiomuHl. Dirypa Ha3UBAETHCS HPOCMOPOBOIO, SIKIIO HE
BCi 11 TOUKU HAJIEXKaTh OJHIN IJIONIMHI.

Jnsi  HAOYHOCTI  MHOXHHM  4YacTO  300paxarTh  IUIOCKUMHU
r€OMETPUYHUMH  (PirypamMu, 31e01IbIIOTO KpPyramu, a 1iX eJEMEHTH
MO3HAYAIOThCA ToukaMu I1ux Qiryp. Take 300pakeHHS MHOXHH
HAa3WBAaEThCA kpyzamu Eunepa.

1.2.4. Pienicmo muoycun. Iliomnoxncuna mnoxcunu. Yuisepcanona
MHOIICUHA.

JIBI MHO>XMHU HAa3UBAIOTBbCS PIi6HUMU, SIKIIO BOHHU CKJIAJAIOThCA 3
OJIHUX 1 THX K€ €JIEMEHTIB, TOOTO KOXXHHM €JEMEHT MepIIoi MHOKUHU €
€JIEMEHTOM JIpyroi MHOXHWHHM 1 KOXXHHMI €JIEMEHT Jpyroi MHOXWHH €
CJIEMEHTOM IepIIoi MHOKUHU. PiBHiCTE MHOXMH X 1 Y 3amucyeThes X =Y.
['eomeTpuyHO PiBHI MHOKHUHU 300pa)KarOThCSI OJHIEIO 1 TIEIO K (PIryporo
Ha TuTomvHi (Mai. 1).

X
I
<

Man. 1.
3 03HauYEHHS PIBHOCTI MHOXWH BUILJIMBAE:
1) mopsAI0K BXOKEHHS CJIEMEHTIB Y MHOKUHY HEICTOTHUH;
2) CJIEMEHTH Y MHOKHHI HE IMTOBTOPIOIOTHCH.

1.2.5. Bionowenus mixc 060Ma HENOPOIHCHIMU MHONCUHAMU.
Kopuctyrouuch 03Ha4€HHSM BIJTHOIIEHHS PIBHOCTI MHOXHWH, JIETKO
BCTAHOBUTH:
1) Ko’)kHa MHOXHWHA piBHA cama co0i, To0To X = X — pedIeKCUBHICTb
BIJIHOIIEHHS PIBHOCTI MHOKHH,;
2) qist poBinbHUX MHOXHH X 1 Y, sgkmpo X=Y, 1o Y=X —
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CUMETPUYHICTh BiHOIIICHHS PIBHOCTI MHOXKHH;

3) st goBiabHUX MHOXKUH X, Y 1 Z, skmo X=Y 1 Y=Z, 10 X=2Z —
TPAH3UTUBHICTH BITHOLICHHS PIBHOCTI MHOXHH.

O1xe, Mae Miclie TeopeMa.

Teopemal. BigHomieHHss  PIBHOCTI  MHOXHUH  peQIIEKCUBHE,
CUMETPUYHE 1 TPAaH3UTHUBHE.

SIKIIIO KOXXKHUM €JIEMEHT MHOXXHHHU X € €JIECMEHTOM MHOXHHH Y, TO
MHOXHUHA X Ha3UBAETHCS NIOMHONCUHOIO MHOMCUHU Y 1 3aUCY€EThCcs X C Y
a00 Y D X. 3HaK D Ha3UBAETHCSI 3HAKOM GKIHOUEHHs, & TIPO CaMl MHOXUHHU
TOBOPATH, III0 BOHU MEPEOYBAIOTh Y 8i0HOUIEHHI 6KIOYeHHs. BiqHOIIEHHS
BKJIFOUCHHS JJIS1 IBOX MHOKHH, SIK1 HE TTOPO’KHI, 300pa)kKeHo Ha Majl. 2.

XcY
Mai. 2.
[IpuitHATO, 110 MOPOXKHS MHOXHMHA € MAMHOXHHOI OYab-SIKOi
MHO>KHHHU.
Ha ocHOBI o0O3HayeHHS BIJHOIIEHHS BKIIIOUEHHS MDK JBOMAa
MHOXXUHAMU OJEPKYIOThCS TakKi HOTO BIAaCTHUBOCTI:
1) Ko’kHA MHOXXHHA € CBO€I0 IIJIMHOXKHHOI, To0TO XC X -
pedIeKCUBHICTH BITHOIICHHS BKIIOUCHHS;
2) niist moBinbHUX MHOXKHMH X 1 Y, akmo XcYiYcX, 10 X=Y —
AHTUCUMETPUYHICTh BIIHOIICHHS BKIIOUCHHS;
3) mst moBinbHUX MHOKMH X, Y 1 Z, axkmo XcYiYcZ, 1o X Z —
TPAH3UTHUBHICTH BITHOIICHHS BKJIIOUCHHS.
OT1xe, Mae miciie Teopema.
Teopema 2. BigHomieHHs BKJIIOYEHHS MHOXHH  pedIieKkcuBHE,
AHTUCUMETPUYHE 1 TPAaH3UTHUBHE.
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KoxHa MHOXXMHA Ma€ CBOIMH IIJIMHOXHHAMH MOPOKHIO MHOXHHY 1
caMy ceOe, SKi Ha3UBAKOTLCA 11 HegnacHumu niomuodxcuramu. Bcl 1HII
M1JIMHOKUHU MHOXKHMHH, SKIIO BOHM ICHYIOTb, HA3MBAIOTHCA il G1aCHUMU
niomnodcunamu. Mai. 2 (a) € 300pakKeHHSIM HEBJIACHOI MiAMHOXHHU X
MHOXUHH Y, a MaJl. 2 (0) — BIacHOI M AMHOXUHU X MHOXHWHH Y.

JIBi HemoposkHi MHOXKMHU X 1 Y a00 MaroTh CHUIbHI €IEMEHTH, a00 K
iXx He MapTh. Y TIEpIIOMY BHUIIQJAKY TOBOPSITh, IO MHOXHHHU
nepemunaiomovcsi (3amucyiotb X N Y £ J). YV npyromy BHUIIAAKYy — He
nepemunaromocsi (3anucyotb X NY = ),

Jl1s TBOX HEMOPOKHIX MHOKHH, K1 HE TIEPETUHAIOTHCS, 300paKECHHS
ix 3a mormomororo kpyriB Eiinepa nano Ha man. 3.

CYC

XNY=J
Mai. 3.
JInst 1BOX HEMOPOXKHIX MHOXHH, Kl NEPETUHAIOTHCS, HA OCHOBI
B3a€EMHOT'O PO3MINIEHHS JABOX IJIOCKHX (Iryp Ma€e MICLIE€ OJHWH 1 TUIbKH
OJIMH 13 BUMAJIKiB 300paxkenuii kpyramu Eiinepa Ha mad. 4.

OASS

a) 0) B) r)
XNY#ID
Mau. 4.
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Ha ocHoBi Main. 4 maemo:

1) y BUITaiKy a) MHOYKHWHH PiBHI;

2) y Bumajgkax 0) i B) OJIHa i3 MHOXXHH € BJIACHOIO ITiIMHOXXHHOIO
1HIIIO];

3) y BUNAAKY T) JKOJHA i3 MHOXHUH HE € IIJMHOXHHOIO JPYroi, y
[IbOMY BHUIIQJIKy TOBOPSATH, IO MHOXHHU 3HAXOJATHCS Yy BITHOIICHHI
4aCTKOBOTO 30iry.

OT1xe, Mae Miclie Teopema.

Teopema 3. Jluisi AOBUIBHUX JBOX HEIMOPOXKHIX MHOXKMH Ma€ MICIIE
OJIHE 1 TUTBKH OJHE 13 BIAHOIICHB: a00 BOHH MIEPETUHAIOTHCS, 00 BOHH HE
NEPETUHAIOTHCS. SKIIO /1Bl MHOKHHU MEPETUHAIOTHCS, TO MI)K HUMU Ma€
MICIIE OJHE 1 TUIBKH OJIHE 13 BITHOIIICHB: a00 BOHM PiBHI, 400 OJIHA 3 HHUX €
BJIACHOIO TIIMHOXXHHOIO JIpyroi, ad0 BOHM 3HAXOSATHCS Yy BIJHOIIEHHI
4aCTKOBOTO 30iry.

Teopema 4. JIBI MHOKHHU PIBHI TOJI 1 TUIBKM TOMi, KOJHW IMepIla
MHOKHWHA € NIAMHOXWHOIO APYToi, a Apyra — MiJIMHOKHUHOIO MEPIIO.

MHOXWHa, TIIMHOKHHM SIKOT PO3TNISIAAIOTBCS Yy JaHId 3aaadl 4w
Teopii, HA3MBAETBCA VHIBEPCANLHOI MHOJMCUHOW. Ii T03HAYAIOTH Y
ounbiocti Bunaakie U. Bubip yHiBepcaibHOI MHOXXWHHU AOBUILHUM, BIH
BU3HAUA€ThCS 3ajadyamMu npakTukd. Ha kpyrax Einepa yHiBepcaibHa
MHOKHHA HalvacTimie 300paxaeTbcsi KBaIpaToM ad0 MPSIMOKYTHUKOM, a ii
i IMHOKUHH — BIrypamMu, 0 PO3MIIIYIOThCS ycepeauHi Hux (Mai. 5).
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Mai. 5.

SIxkmo M — noBiabHA MHOXKHMHA, TO MHOKMHA BCIX 11 IMIIMHOMKHUH
HA3MBAETLCA Oynianom mHodxcunu M (MHONCUHOIO-CIMEnenemM MHONCUHU
M), 1 no3navaetbcsa B(M) abo 2".

Mae miciie Teopema.

Teopema 1. Ymcno BciX MIAMHOXKHH CKIHYEHHOI N-eJI€MEHTHOI
MHOKWHH JTOpiBHIOE 2",

1.2.6. Yucnosi mnosxcunu. Koopounamma npama i300pasriceHHsn
YUCI08UX MHOMCUH HA HI.

3ynuHUMOCS JeTalbHINIE HAa YHCIOBHMX MHOXHHaX. ['padiuno ix
300pa)kaloTh Ha KOOpJAWHATHIA mpsAMid. JlJIsE OKpeMUX MiJIMHOXKHUH
MHOKMHHU JIIMCHUX YKMCEJT BXKUBAIOTh CBO1 HAa3BM 1 ITIO3HAYCHHS.

MHoxuHa:
1) {xe R| a<x<b} — yci nmiiicai umcia,

[0 3HAXOATHCA MDK 4yuciaMd a 1 Db, [a; ]

. QL Vi g,
BKJIIOYAOYHN II1  4uCiia (BaMKHeHI/II/I i b

YHCIIOBUI TTPOMIXKOK (BiAPi30K)).

2) {x e R| a<x<b} — yci ngilichi yucna,
[0 3HAXOOATHCS MDK 4HciaaMu a 1 b, He la; bl
BKJIIOYAIOYM iX (BIOAKPUTUN YHUCIOBHIA a b
MIPOMIXKOK (BIJIPI30K)).

3) {xe R| a<x<b} — yci niticHi 4ucna,
[0 3HAXOOATHCS MDK 4HciaaMu a 1 b, He la; b]

BKJIIOUAKOUYHU a 1 BKJIOUYAKOUYU b C//H//////Hﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ._
(4UCTIOBUN TIPOMIKOK, SIKUM BIAKPUTHI “ b
3HU3Y 1 3aMKHEHHH 3BEPXY).

4) {x e R| a<x<Db} — yci nilicHi 4uca,
[0 3HAXOMATHCA MIX YHuciiaMd a 1 D, [a; b

BKJIFOUAKOYU YHUCIIO a 1 HE BKJIHOYAaO4UHUu '/////////ﬁﬁlﬁﬁﬁﬁﬁﬁﬁﬁﬁo_
a b

qucsio b (YUCIOBUN TIPOMIKOK, SKHM
3aMKHEHUU 3HU3Y 1 BIIKPUTUN 3BEPXY).
5) {X e R| x>a} — yci nilicHi uncnia, 110 la; +oo|
) { . | . } y A i = CHHHHHHHHHHHHHHHHﬁﬁﬁﬂﬁlﬁﬁﬁﬁﬁﬂr
Oumpri  BiA uynMciaa @  (YUCIOBHM a
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MPOMDKOK, SIKMM BIAKPUTUM 3HHU3Y 1
HEOOMEKEHUH 3BEpPXY).
6) {x e R| x>a} — yci nuilicHi 4ucia, 110
HE MEHIN Big 4Yuciaa a (YUCIOBUM [a; +oo]

] ] QLA
IIPOMIXKOK, JAKHH 3aMKHCHHH 3HH3Y 1 a

HEOOMEKCHHUH 3BEPXY).
7) {x € R| x<b} — yci naiiicHi 4ucia, 110

MeHII  Big umcma b (uuciooBui ]-oo; b]

. . . . f’f’f’f’f’f’f’f’f’f’f’f’f’f’f’f’f’f’f’ff’f’ff’f’f’f’h’f’h’h’f’h’h’f’ffo
IPOMDKOK, KM HEOOMEKECHHMH 3HH3Y 1 b
BIIKPUTHI 3BEPXY).

8) {x e R| x<b} — yci nilicHi yucia, 11O
HE TEPEBMINYIOTH YHCIa D (YuciIoBHiA |-co; b]

. . . . //HHH//HHHHH//HHH//Hﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ.
IIPOMIKOK, SIKM HEOOMEKCHHMH 3HM3Y 1 b
3aMKHEHHH 3BEPXY).

Muoxunau 1) — 4) Ha3UBaOTBCA  0OMENCeHUMU  HYUCTOBUMU

npomigickamu. 5) — 8) — Heobmedcenumu YUCI08UMU NPOMIDCKAMU, & BCI
BOHM — YUCTIOBUMU NPOMIHNCKAMU.

MHoOXuHY IiMCHUX yuces R mo3HayaroTh 1HOJI CUMBOJIIYHO TaK:| —o0 ;
+o0 [.

1.3. Onepanii Hat MHOKMHAMH
1.3.1. Ilonammsn npo onepauii.

[Tig n—aproro (N—micHoro) onepayiero PO3YMIIOTh TIPABHIIO, 32 SIKUM N
o0'ekTaM, B3SITUM y TIEBHOMY MOPSAKY, CTABUTHCS Yy BIANOBIIHICTh HE
OlIbIIIe K OAUH 00'€KT, 110 HA3UBAETHCA pe3yrvmamom onepayii. Cami K
00'€KTH, SKAM CTaBUThCA ) BIAMOBIJHICTh PE3YJbTAT, HA3UBAIOTHCS
KOMNOHeHmamMu onepayii. Y BUIAQJAKY, KOJIU KOMIIOHEHTa OJHA, OIepaliis
HA3UBAETBbCS  yHaproto (00HOMicHOI0), SKIO 1X JBI — OiHaApHOIO
(0somicnorw), Tpu — mepapnoro (mpumicroio) 1 T. 1. 3a JOMOBIICHICTIO
OiHapHI1 orepailii 4acTO Ha3UBAIOTh ONEPaIliIMHU.

1.3.2. Onepauii nao muoxcunamu ma 300pasriceHHa ix pezyabmami
3a 0onomozor Kkpyzie Eiinepa.
Ilepepizom (nepemunom) IBOX JNOBITBHUX MHOXHWH HA3HBAETHCS
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MHO>KHHA, €JIEMEHTAMH SKOI € TI 1 TIJIBKHU Tl €JIEMEHTH, 110 HaJIEXKaTh 000M
IIMM MHO>KHHAM.

XNY ={x|xeXixeY}hL

[IpaBuio, 3a AKMM JABOM JOBUIBHUM MHOXHHaM X 1 Y CTaBUThHCS Y
BIAMOBIAHICTE 1X mepepis X MY, Ha3UBAETbCSA onepayicio nepepisy
MHOICUH.

llepepizom noBUIBHUX MHOXHH Xi, X2, ..., Xpn, ... HA3UBAETHCS
MHO’KMHA, €JIEMEHTaMHM SKOI € T1 1 TUIBKH TI €JIEMEHTH, IO HaJe)KaTh

.~ . +0oo
KOXKHIN 3 IIMX MHOKHH 1 mo3Ha4yaeThest X1 N X2 N ... N Xp N ... a00 A X..
i=1

['padiuno 300pa’keHHsT MEpepi3iB ABOX 1 TPbOX MHOXKHH 3a JOMOMOTOIO
kpyriB Eiinepa pgano Ha wman. 1, nae pe3yiapTatd IUX OIeparii
3alITPUXOBAHO.

XNY
Man. 1.

Ob0'eonannsam NOBUIBHUX JBOX MHOXMH HAa3WBA€THCA MHOXKHMHA,
€JIEMEHTaMHU SIKOi € Ti 1 TUIbKM TI €JIEMEHTH, IO HaJleXaThb MpUHAKWMHI
oxHii 3 Hux. O0'eqHanHsg MHOXKHUH X 1 Y mo3HayaeTbed X U Y 1 UMTAETHCA:
"X o0'eqnanns 3 Y".

XUY={x|xeXabox e Y}

[IpaBuio, 3a AKMM JOBUILHUM ABOM MHOXHHaM X 1 Y CTaBUTHCS Y
BIAMOBIAHICTE 1X 00'eqHaHHa X U Y, Ha3UBAEThCI onepayieio 00'€OHaHHs
MHOMNCUH.

Ob6'eOnannsam IOBUTBHUX MHOXHH X1, Xo, ..., X,, Ha3UBA€ThCS
MHOJKHMHA, €JIEMEHTAMH SKOI € TI 1 TUIBKM T1 €JIEMEHTH, IO HaleKaTb
NpUHAMMHI OAHIN 13 MUX MHOXHUH. O0'eqHaHHS MHOXUH X1, X2, ... , Xp,
[M03HAYa€THCS

X1uU X2U ... UXpU...a00 _@zxi.
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I'padiune 300pakeHHs o00'€MHAHHS JBOX 1 TPHOX MHOXKHH 3a
nonomororo kpyriB Einiepa qano Ha mai. 2, e pe3yJbTaTH IIUX onepariii

3aIITPUXOBAHO.
= [T T /f‘-xi-—hh\
T il Ieey
y P,
( \\ '\\ )
X '--,<"‘ ¥
// N
X \\
\ F \"‘* L
k Z ||
\N< | L
\M‘u #”/

Mai. 2.

Pisznuyero noBinbHMX MHOXHMH X 1 Y Ha3MBA€ThCS MHOXKHHA,
eJIEMEHTAMH SIKOI € TI 1 TUIBKH T1 €JIEMEHTH MHOKHUHH X, III0 HE HAJIEKATh
MHO>HH] Y.

Pisauis maoxud X 1 Y no3unadaerbest X \'Y 1 unrtaerses: "X minye Y",
a6o "X 6e3 Y", a6o "Bim X BimHATH Y'". CHMBOJIYHO O3HAYCHHS PI3HUII
MHOHH X 1Y 3anuierscs:

X\Y ={x|xe Xix ¢ Y}

[IpaBuno, 3a sSKUM KOXHIM mapi MHOXMH X 1 Y CTaBUTBCS Yy
BinnoBimHiCT, iX pisHHUIS X \Y, Ha3UBAETBbCS onepayiero GIOHIMAHHS
MHOMCUH, @00 GBIOHIMAHHAM MHOMNCUH.,

SAxmo MHOKKHA Y € TIMHOXKHWHOK MHOXKHHU X, TO PI3HULIST MHOXUH
X\Y wnasuBaectncst Oonosnennsm niommodxcunu Y 0o muooxcunu X 1
TMo3HAYaeThes Y | .

Pi3Hung MK yHiIBepcalibHOWO MHOXHMHOIO U 1 10BUIBHOIO ii
MAMHOXXHHOIO X HA3UBAETHCA OONOBHEHHAM MHOMCUHU X 1 TIO3HAYAETHCS
X.

X :={x|xeUix e X}.

[IpaBuso, 3a IKUM KOXKHIM MIAMHOXKUHI X YHIBepcajabHOT MHOKHMHKA U
CTaBUTHCS Yy BIAMOBIIHICTH i1 JOMOBHEHHS X , HA3WBAETHCSA ONEPAYIEIO
O0ONOBHEHHS. MHONCUHU.

['padiune 300pakeHHs] pe3yibTaTiB omepaliid BiAHIMAHHS MHOXUH,
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JOTIOBHEHHS MIAMHOXXWHHU 1O MHOXMHH 1 JOHNOBHEHHSI MHOXHWHHU 3a
JIoroMoror Kpyris Eitnepa nano Ha main. 3, e pe3yiabTaTH IIUX oIeparlii

3aIITPUXOBAHO.
il I U
X ¥ X X
| | a”/
X\Y Y X

Mani. 3.

Cumempuunoro pizHuyero NOBUIBHUX MHOXUH A 1 B (mo3nadaeTbcs
A+B) Ha3uBa€eTbCd MHOXHHA, SKa CKJIQJA€ThCS 3 THUX 1 TUIBKM THX
CJIEMEHTIB, SIKI HajJeKaThb OJHIA 1 TUIBKM OJHIM 3 MHOXHMH A uu B.
Omnepaiiss HaJg MHOXHHAMH, TpHU SIKI KOXHIA mapi MHOXMH A 1 B
CTAaBUTHCA Yy BIJANOBIAHICTh 1X cUMeTpuuHa pizHUUA A+B, HazuBaeTbcs
CUMEMPUYHUM BIOHIMAHHAM MHONCUH.

Ha kpyrax Eiinepa pe3ynbTaT CUMETPUYHOTO BIJHIMAHHS MHOXHWH
300pa3uThCs Tak, K Ha MaJl. 1, e Horo 3alTpUXOBaHO.

rai N,
r N
i N e —
¥
I i 1 Ty
f! \\
i 1
A— B \
1 1
1 L ¥ I3
LY LY £ rJ
" Y K ’
™ e 4 -~
y o
Mai. 1.

[To ananorii 7JaMoO O3HAYEHHS CUMETPUYHOI PI3HUIl OUIbIIE K JBOX
MHOXHUH. Cumempuunoio piznuyero MHOXUH A1, Az, Az, ..., An (n>23)
Ha3WBA€THCS MHOJKMHA, IKa CKJIAJAETHCS 3 THX 1 TIIIBKH THX €JIEMEHTIB, SKI
HajdeXXaTb OJHIA 1 TUIBKM omHId 3 MHOXHUH A1, A, Az .., A 1
no3Hadaetbes +(A1, Az, As, ..., An).
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Ha xpyrax Einnepa cumerpuyna pizHuill Tphox MHOXHH A, B 1 C

300pa3uThCs TakK, K MOKAa3aHO Ha Majl. 2, e BOHA 3allITpUXoBaHa. A Temnep

posrisHeMo (A+B)+C i 300pasumo pe3yibTaT BHKOHAHHS oIepallii 3a
nornomororo kpyris Einepa (main. 3).

7 N, . - ™, o T

A a iFRaar \
~ B i .y B

C /:’ L— | 4

S " ERR=t

+A,B,C) - A+B —[111] (A+B)+C —
Mau. 2. =
Mau. 3.

[TopiBHIOIOYM MaJl. 2 1 Mall. 3, N1i1iIEMO BUCHOBKY, 1110
+(A,B,C)=(A+B)=+C,

TOOTO pe3yabTaT TEpapHOI orepaillii He 301raeThCs 3 pe3yJabTaToM OlHAPHOI
orepaiiii, ika BAKOHYETLCS HaJl TPhOMa KOMIIOHCHTAMH.

[lopsimok BWKOHAHHS OTMEpaIii Haa MHOXHHAMU PETYIIOETHCA
KPYIJIUMU JTY>KKaMH: CIOYaTKy BHUKOHYIOTBCA oOmepalli y HaWriauOmmx
JTy’KKaX, MOTIM Yy HACTYIHUX 1 T. A. 30BHIIIHI IyKH OMYCKaIOThCA. SKII0
XK JYXKKH BIJICYTHI, TO TOPSAIOK BHUKOHAHHS TaKW: TOMOBHEHHS [0
MHOXXHWHM, IO HE € pe3yJabTaToM oOIepaliii, mnepepi3, 00'€qHaHHS,
BIIHIMAHHS.

1.3.3. 3akonu onepauii Ha0 mHoICUHAMU

Jlns omepartiiit mepepi3y, 00'eJHaHHS Ta JOMOBHEHHS HAJl MHOKHHAMHU
MaloTh MiCIle IIeBHI BJIACTHBOCTI, SKI YacTO Ha3MBalOTh 3aKOHAMH.
OCHOBHI 3 HUX HaBEJIEHO Y HACTYIHII TeopeMi.

Teopewma 1. Jns noBineHuX MHOXKUH A, B 1 C maroth mictie:

1. BiacTuBOCTI NOPOKHBOT MHOKUHHU JIJIS TIEpepi3y 1 00'e THAHHS:

AN =0, Aud =A
2. BnacTuBocTi yHIBepCcaIbHOT MHOKHHHM JUISI TIEPEPI3Y 1 00'€ THAHHS:
AnU=A AulU=U.
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3. KomyTaTuBH1 3aKOHM omiepalliii mepepisy 1 00'e THaHHS:
AnNnB=BnA AuB=BUA.
4., AcomiaTUBHI 3aKOHHU OIepallii nepepisy 1 00'€ THaHHS:
(ANB)NnC=An(BNC), AuB)UC=Au (B UC).
5. 3aKOHU 17IeMIIOTEHTHOCTI Olepailiii mepepizy 1 00'€THaAHHS:
AnNnA=A AUA=A

6. [lucTpuOyTHUBHI 3aKOHM, $AKI TMOB'SI3YIOTh oOIepalii mnepepizy i
00'eTHaHHS:

ANn(BuUC)=(AnB)U(ANC) — aucCTpuOYTHBHICTH IEPepi3y
BITHOCHO 00'€THAHHS;

AuBNC)=(AuB)n(AuC) — nuctpuOyTHBHICTh 00'€THAHHS
BIJTHOCHO Tepepi3y.

7. 3aKOH MMOABIMHOTO JONOBHEHHS: 4 =A.

8.3akonu ge Moprana, sKki TOB'S3ylOTh Omepallii Mnepepisy,
00'€THAHHSA 1 JOIIOBHEHHSI:

ANB :Zul?, AUB=ANB.

1.3.4. Hucno enemenmis y 00’cOHanHi KilbKOX CKIHYEHHUX
MHOIHCUH.
Teopema 2. JIns 1OBUTBHUX CKIHYCHHHMX MHOXHH X 1 Y Mae Miclie
PIBHICTb:
XU Y|[=[X+[Y]-|X"Y]|.
Konu mHoxkuam X 1 Y He mepeTuHarThCs, T00T0o X NY =, TO 3
TEOpPEMHU 2 OAEPKYETHCS HACHIIOK.
Hacnigok 1. Sxmo MHOXkHMHM X 1 Y — CKIHYEHHI 1 HE TIEpETUHAIOTHCS,

TO Ma€ MiCIe PIBHICTb:
XU Y| =X +][Y]
Teopema 4. Jiist qOBUILHUX CKIHUYCHHUX MHOXHH X, Y 1 Z Ma€e MicIie

PIBHICTB!
XoYuZ =X+ Y[+ |Z|- XY= XZ|-|[YZ|+ XY " Z.
Jns Toro, mo0 y3araJbHUTH HACHIAOK 1 ST KUIBKOX JOBUIBHHUX
CKIHUEHHUX MHOJKHMH, BBEIEMO JesIKl BIJHOIIEHHS MDK MHOXHHAMH.
["'oBOPSATH, 110 MHOKUHU X1, X2, ... , Xp, ...
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1) nepemunaromecs, SKIO BOHU MAalOTh CIJIbHI €IIEMEHTH, TOOTO
ICHY€ NpUHAWMHI OJUH €JIEMEHT, SIKUH HaJICKHUTh YCIM LIMM MHOXKHHaM,
OTXKeE,

XinXon..nNXnN ... #;

2) He nepemunalomvCsi, SKI0 BOHM HE MAlOTh CIIJIbHUX CIEMCHTIB,

TOOTO HE ICHY€ eJIeMEHTa, IKUH HaJle)kaB OM BCIM ITUM MHOKHHAM, OTXKE,
X1iNnXoN..NXnN ... =;

3) nonapno He nepemunaiomocs, AKIUO OYIb-5AKi 3 IBOX LHUX MHOXHUH
HE MalTh CHUIBHHUX €JIEMEHTIB, TOOTO, Xi N Xj = & mis BCIiX | Ta | Takux,
mo 1 #J,1,)=1, 2,3, ...

OueBHIHO, SKIO MHOKHHHU TTOMTAPHO HE MEPETUHAIOTHCS, TO BOHU HE
IEPEeTUHAIOTHCSA, aje KOJIM MHOKXHHH HE TIEPETUHAIOTBCSA, TO HE
00O0B'SI3KOBO BOHM TONAPHO HE MEPETHHAIOTHCA. Lle BUIHO NI BUITAIKy

TproX MHOXHUH X, Y 1 Z, AK1 300pakeHo 3a JonomMororo kpyriB Einepa Ha

mai. 14.
Mai. 14.

Teopema 5 (mpaBmio cymu). Skimo MHOXKHUHH X1, X2, .., Xn —
CKIHYEHHI 1 TMOMapHO HE NEPETHHAIOTHCS, TO YMCIO EJIEMEHTIB Y IiX
00'eTHaHH1 JJOPIBHIOE CYyMI YHCJIA €JIEMEHTIB Y IIUX MHOXHHAX, TOOTO:

X1 0 XU ... U Xn| = | Xa| + [Xa| + ... + Xl

1.3.5. llonammsa npo po3oummsa MHOMCUHU HA NIOMHOMNCUHU, AKI
HOnapHo He nepemuHnalOmvca (po3o0ummsa MHONCUHU HA K1ACU).
Po30ummsa muoxycunu Ha Kiacu 3a 00NOMO0O2010 OOHI€l, 060X I MPbLOX
énacmugocmeil it e1iemenmis.

Cucrema HEMOpPOXKHIX MIAMHOXKUH MHOXWUHU M Ha3uBaeThCs
po3oummsam  MHoOMCUHU M Ha  niOMHOdCUHU, AKI NONAPHO  He
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nepemuHarvmscs, SKIo0 KOKHUM eTIeMeHT MHOKUHU M HalexXuTh OHIN 1
TUIBKKA OJHIN 13 MiAIMHOKUH CHUCTEMH, MPU IbOMY KOXHA IiJIMHOXXHHA
CUCTEMU HA3UBAETHCS KAACOM PO3OUMMAL.

VY OLIbIIOCTI BUIMAJKIB 3aMICTh TEPMiHY "pO30OUTTS MHOXHUHU Ha
MIIMHOXHUHH, SIK1 TTONMApHO HE MEPETHUHAIOTHCS" KOPUCTYIOTHCS TEPMIHOM
"po3oumms MHOJMICUHU HA Kiacu'.

Skmo cucrema maMHOXKUH Mi, Mo, ... , My, ... mHOXHHH M €
PO3OUTTSM ii Ha KJIaCH, TO BUKOHYIOTHCSI YMOBHU:

1) BCi miAMHOKWHU CUCTEMH € HE MOPOKHIMH MHOKHUHAMU;

2) MiAMHOKUHU CUCTEMH TIOMAPHO HE MEPETUHAIOTHCS,

3) 00'eTHAaHHS BCIX MIJIMHOKHH CUCTEMH JIOPIBHIOE MHOKHHI M.

P0o30UTTSI MHOKMHU Ha KJach MOKE MPOBOJUTHCA 3a JIOMIOMOTOIO
ONHIEI, IBOX, TPHhOX 1 OLIbIIe BIACTUBOCTEH. Po3riasHemo, sK 1Ie
3MIMCHIOETHCA 32 JOMIOMOI'OI0 OJHIET YW TPHbOX BIIACTUBOCTEH, MPU I[LOMY
MHOXUHY, PO30UTTS SIKOI MNPOBOAUTHCA, MPUMMEMO 3a YHIBEpCAIbHY
MHOXUHY.

Teopema 10. JIoBUIbHY HE MOPOXKHIO MHOXXHHY MOXHA PO3OUTH HE

OuTbIe K Ha 2" Ki1aciB 3a JTOTIOMOTOO N BJIACTUBOCTEM.

1.3.6. Kopmeorc ma 1020 OCHOBHI  XAPAKMEPUCMUKU.
Bnopsaokoeana napa.

[lin kopmedscem y mMaTeMaThill pPO3yMIilOTh CKIHYEHHY CYKYITHICTb
NEAKUX OO0'€KTIB, $KI PO3MINIEHI B MUIKOM BHU3HAYEHOMY TOPSIKY,
npuYoMy 00'€KTU B KOPTEKI MOKYTh ITOBTOPIOBATHUCS.

OO'ekTn, 3 SKUX CKJIQJA€EThCA KOPTEXK, HA3UBAIOTHCA MOr0
KOMNOHEHMAaMu, a YUCJI0 KOMIIOHEHT KOPTEKY — HOTO O08HCUHOIO.

KopTex 1oBXHHOIO N, TIepiiia KOMIIOHEHTA SIKOTo a1, Ipyra — az, ..., N—
Ta KOMIIOHEHTA — an, 3alUCyeThes (a1, az, ..., an) ado <ai, ay, ..., an>. IHoxmi
PO3TIISATAETHCS KOPTEXK MOBXKUHOK 0, SKUH HA3UBAETHCS HOPONCHIM 1
no3Havaerbes () abo <>,

JIBa KOpTEXl HA3UBAKOTHCS pPIGHUMU, SKIIO BOHH MalOTh PIBHI
JIOBKMHU 1 BIJMOBIJHI iX KOMIIOHEHTU 301raroTbcs. KopTexki TOBKHUHOIO
JIBa HA3UBAIOTHCS 8NOPAOKOBAHUMU napamu ad0 napamu.
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1.3.7. /lekapmie  000ymok  MHOdMCUH. 3AKOHU  O0€KAPHOB020
MHOMCEHHA MHOMNCUH.,

Jlekapmosum 0obymkom NOBUIBHUX MHOXHMH X 1 Y Ha3MBa€ThCA
MHOKHHA BCIX YHOPSAKOBaHUX Map, Mepiia KOMIOHEHTA SIKUX HaJEKUTh
MHOXkUHI X, a ipyra — Y, mo3Havaerbcst X X Y.

CHUMBOJIIYHO O3HAYEHHS JIEKapTOBOrO JAOOYyTKY MHOXHMH X 1 Y
3aMUIIETHCS

XxY:={(x,y) | xe Xiy e Y}

MHOXUHY map 1eKapTOBOro JOOYTKY JIBOX MHOXXHH Ha3WBalOTh HOTO
epaghikom. B3zarami, y wMareMmaTulll NPUWHATO HA3UBATH JIOBUIbHY
MHOXUHY T1ap epagikom.

[IpaBuno, 3a SKUM KOXHIM mTapi MHOXKMUH X 1 Y CTaBUTbCA Y
BIIMOBIJHICTh iX JeKapTiB A00yTOoK X XY, Ha3UBAETbCA onepayicro
0eKapmo8020 MHOMNCEHHSL.

Ha ocHOBI 03Ha4YeHHs eKapTOBOro JOOYTKY MHOXHH JJIS TOBUIHHOT
MHOXKUHHM X Ma€ MicCIie PiBHICTb

XxD=dxX=.

Omepairisi 1eKapTOBOI0 MHOXEHHSI MHOXXWH HEKOMYTaTHBHa, TOOTO,

IO 1 JOBUILHUX MHOXUH X 1Y
XxY#£Y x X,

OueBuaHO, 10 oOmepamis JIeKapTOBOTO MHOXEHHS  MHOXHUH

HeacolllaTUBHA, TOOTO JJII JOBUILHUX MHOKHUH X, Y 1Z
(XxY)xZ£Xx (Y x2).

Ormepaiiisi 1eKapTOBOIr0O MHOKEHHSI MHOKHH TIOB'si3aHa 3 OmepaliisaMu
nepepizy, o0'€eqHaHHS 1 BIJHIMAHHA MHOXHUH JUCTPUOYTUBHUMU
3aKOHaMH, MOPUYOMY, 3Ba)KalOUM Ha il HEKOMYTATUBHICTh, MOTPIOHO
pO3TJIsAIaTH JIBA 1X BU/IU.

Teopema 6. /i mnoinsHuX MHOXKHH A, B 1 C MaroTh MicIie piBHOCTI

AxBNnC)=(AxB)n(AxC) i
(BNC)xA=(BxA)N(CxA);

AxBuUC)=(AxB)UAxC) i
(BuC)xA=(BxA)uU(CxA);

Ax(B\C)=(AxB)\(AxC) 1
(B\C)xA=(BxA)\(CxA).
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[ToHsATTS IekapTOBOro AO0OYTKY ABOX MHOKMH MO>KHA y3arajlbHUTH Ha
JTOBUIbHY CKIHUYEHHY CYKYMNHICTh MHOXWH. /[lexapmogum 0006ymrom
008inbHUX MHOXMCUH X1, X2, ..., Xn, A€ N> 2, Ha3UBAETHCI MHOXKHMHA BCIX
KOPTEXKIB JIOBXXUHOIO N, Mepilia KOMIOHEHTA SIKUX HAJIEKUTh MHOXHUHI X1,
apyra — Xz 1 T. 1., N—Ta KOMIIOHEHTa — MHOXKHH1 Xp, TO3HAYAETHCS

X1 X Xo X ... X X,

Axkmo MHOXMHK Taki, mo X1 =X2=..=Xy=X, To iX JACKapTiB
TOOYTOK HA3UBAETBHCA OeKapmosuUM HN—MUM CHENneHeM MHONCUHU X 1
no3Havaerbes X"

[Ipy N=2 MHOXMHA X°? HA3UBACTHECA OEKAPMOBUM KBAOPAMOM
mHoxcuny X, a Ipu N = 3 MHOk#KHA X3 — 1eKapTOBUM KyOOM MHOXHHH X.
3a o3HaueHHAM nokaanarots X=X 1 X%={()}.

1.3.8. Hucno enemenmie y oOekapmosomy O000YmMKy KinbKOX
CKIHYEHHUX MHOMCUH

VY neskux 3agadax JIOBOJMUTHCS IIJIPAXOBYBATH YUCIIO E€JIEMEHTIB Y
JEKApTOBOMY JOOYTKY KUIBKOX CKIHUEHHUX MHOKHH.

PosrisineMo Bumnaiok 1Box MHOXHUH. Konn MHOkHMHA A — CKIHUEHHA 1
B — mopoxHsd, TO 3a BIACTUBICTIO JEKapTOBOTO JOOYTKY MHOKHUH
OJIEPKYEMO

A x| =] =0 = |Al] = |A[B].
Komm x MHOXMHA A — cKIHYEHHA, a B — oquAanYHa, TO 0YEeBHIHO, 11O
[A x B| =|A] = |Al-1=|A][B].

Teopema /. Yucno eneMeHTIB y J€KapTOBOMY JOOYTKY JBOX
CKIHUEHHUX MHOXHH A 1 B nopiBHIOE 100YTKY YMCia €IEMEHTIB Y KOXKHIM
3 HUX, TOOTO

|A x B| = |A[[B].

Teopemy 7 MOXXHa y3arajJbHUTH Ha BHUIQJOK KUIBKOX CKIHYECHHUX
MHOJKHH, il Ha3UBaIOTh IIPABUJIIOM JI00YTKY.

Teopema 8 (mpaBwiio m00yTKy). UHCIIO €JIEMEHTIB y JEKapTOBOMY

NOOYTKY CKIHUEHHUX MHOXHUH A1, Ay, ..., An JIOpiBHIOE JOOYTKY 4uCIa
€JIEMEHTIB Y KOXHII 3 HUX, TOOTO
|Ar % Az x ... X Ap| = |Ag]-|A2]-...-|An|.
Hacninox 2. JIns 1OBUTBHUX CKIHYEHHOT MHOXXHUHU A 1 HaTypaJIbHOTO

gucia N Ma€e MICIle PiBHICTB:
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A" = A

1.4. BinHonieHHs MiXK eJleMeHTAMM ABOX MHOKHH

1.4.1. Bionowenna mixc enemeHmamu 080X MHONCUH ma U020
OCHOBHI Xapaxkmepucmuku: odaacmi eionpaejieHnsa i npudymms; cpagu
6IOHOWEHHA, 00nacmi 6U3HAYEHHA | 3HAYEeHHA, NOGHI o00pa3u i
npooopasu eremenmis.

VYci apudMernuni omepairii, onepaiii HajJ] MHOXWHAMHU €, MO CYTI,
BIJHOIIIEHHSAMM MK €JI€MEHTaMH OJHI€] UM KIIbKOX MHOXHH.

JloBiTbHA MIAMHOXXHHA JeKapToBOro m00yTky MHOXMH A 1 B
Ha3UBAETHCS BIOHOWEHHAM Midxc enemenmamu mMHodcun A i B. Ilpu nipomy
MHOXKMHA A  HasuBaeThCcs obnacmio  (MHOXCUHOI) — GIONPABIEHHS
giOHOWeHHs, MHOXWUHA B — ob6aacmio (mHooxcunoio) npubymms
giOHOwenHs 1. MHOXKMHA BIOPSIAKOBAHUX Map, 110 CKIAJal0Th BITHOIIICHHSI,
HA3UBAETHCA UOTO epaghixom.

BigHomeHHs MK €JIE€MEHTaMU JBOX MHOXKHH y OLIBIIOCTI BHMAIKIB
MO3HAYAI0Th MAJUMHU TPEILKUMU 200 K JIATHHCHKUMU OYKBaMH p, @, ¥/, ...,
f, g, h,.. . Cami mi OykBM HeCcyTh IIOABIMHE HAaBaHTAa)XCHHS. BOHU
MO3HAYaI0Th BIIHOIICHHS MK €JIEMEHTaMH JIBOX MHOXHH, a TAaKOXK 1 HOTro
rpadik. Te, MO p € BITHOIIEHHSIM MIX €JleMeHTaMu MHOXUH A 1 B,
3aMUCYETHCS

pcAxB.

[HOM1 3aMicTh TEpMiHY "BIJHOIIEHHS MIXK €IeMeHTaMu MHOXUH A 1 B"
KOPUCTYIOTHCSI TEPMIHOM '"BIJIMOBIJHICTh MK €JIE€MEHTaMU MHOXHWH A 1
B". Skmio mapa (X, Y) HaJeXUTh BiTHOIICHHIO p MiX €JIeMEHTaMU MHOXKHH
A i B, To0TO (X, Y) € p, TO Y Teopii BiTHOIICHb TOBOPATH, IO €IEMEHT X
nepeOyBa€e y BIJHOIIECHHI p 3 €JeMEHTOM Y abo, IO eJIEeMEHTY X IIpu
BITHOIIIEHH1 p CTaBUTLCS Yy BIAMNOBIAHICTH €JIEMEHT Y 1, KpIM 3amucy
(X,Y) € p, KOpHUCTYIOTbCA II€ W TAaKUM 3amMcoOM X p Y. SIKImo 3amaHo
BiJIHOIIEHHs p A X B, To:

1) Ilosnum obpazom 6yOb-sK020 enemenma 3 0OIACMI GIONPABICHHS
BIJIHOIICHHSA HA3WBA€THCA MHOXXHHA €JEMEHTIB 001acTi npulyTTs
BIJIHOIIEHHS, 3 SKMMH BiH nepeOyBa€ y 3ajlaHoMy BijHOUIeHHI. [loBHMI
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oOpa3 enemenTa X € A no3Hadaetbes p(X):
p(X):i={y e B|xpy,pcAxB}.

KokHHIT €JIEeMEHT 3 MHOKHHU p(X) HA3UBAETHCS 00pazom eremenma X.

2) [losHum npoobpazom 6yob-sK020 eremenma 3 0o1acmi npubymms
BIOHOWEeHHs1 HA3UBAETHCS MHOYKUHA €JIEMEHTIB 00JIaCTi BiAIPaBIICHHS, SIKi
nepeOyBarOTh 3 HUM Yy BIJIHOIIICHHI.

[ToBHui1 npoobpas enemenTa y € B mosnauaernca p?t (y).

pry):={x eAlxpy,pc AxB}

KoXHuI eneMeHT 3 MHOXHMHH p(y) Ha3sMBaeTbcs npoobpazom
enemenmay.

3) MHOXHMHA BCiX MEPIIMX KOMIIOHEHT rpadika BiJHOIICHHSI p
HA3UBAETHCS HOTO 0O1acmio suznayenus i mo3HadaeTbes D(p). O3HaYCHHS
MOXHa C(OpMYIIOBaTH 1 TaK: MHOXXHHA THX €JIEMEHTIB X 13 00JacTi
BI/IMPABJICHHSI BITHOIICHHS p, JJISl IKUX 1X TTOBHI 00pa3u € HEeMOPOXKHIMU
MHOXUHAMHU, Ha3UBAETHCS 001ACMI0 8U3HAYUEHHS BIOHOULEHHS .

4) MHOXKMHA BCIX JPYIMX KOMIIOHEHT Trpadika BiJIHOIICHHSI p
HA3UBAETHCS HOro obnacmio snauenns 1 mo3Hadaetbes E(p). O3HaueHHS
MOXHa Cc(hOpPMYJIIOBaTH 1 Tak: MHOXHHA THUX Y 13 oOjacTi mpuOyTTs
BIIHOWICHHSI p, Uil SIKUX 1X TOBHI MpooOpa3h € HENOpOKHIMU
MHOXUHAMH, Ha3UBAETHCS 001acmio 3HayerHs 8ioHoueHHs p. OUYEBUIIHO,
10

D(p)cA i E(p) cB.

5) BiiHOIIICHHS Ha3UBAETHCS 8CIO0U BUZHAYEHUM, SKIIO HOro 00J1acTh
BU3HAUYCHHS 301raeThecs 3 00J1aCTIO BiAIIPaBICHHS.

6) BimHOIICHHST HA3WBAETHCS CIOP '€KMUBHUM, SKIIO HOTO 00JacTh
3HAYEHHS 301raeTbCs 3 00JIaCTIO TPUOYTTS.

BigHomeHHsa p 1 ¢ MDK elleMeHTaMu MHOXXUHM A 1 B Ha3zuBaroThcs
pisHuMu, IKIIO iX rpadiku 301ral0ThCs, 0 3aMUCYETHCS P = @.

1.4.2. Onepauii nao eionoutenuamu. Bionowenna npomunesxche i
obepHene 0anomy.

Han BimHOIIEHHSIMH, BU3HAYCHUMH MDK eleMeHTaMu MHOXHH A 1 B,
AK HaJl MHOXXHHAMH, MO>KHAa BUKOHYBAaTH BCl TEOPETHUKO-MHOKHHHI
omepallli Ta OJEpXKyBaTH HOB1 BIAHOIIEHHA MDK €JIEMEHTaMU ITUX
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MHOHUH. 30KpeMa, pi3HULS MK JEKapTOBUM A00yTKOM MHOXHUH A 1 B Ta
BIIHOIICHHSIM p C A X B Ha3UBA€TbCS NPOMUNEHCHUM BIOHOULEHHAM OO0
giOHOWleHHs p 1 mo3HavYaeThes p . OTKe,

p={(x,y) e AXB|(X,y) ¢ pc AxB}.

ObepHerum BiOHOUIEHHAM 00 6iOHowenHs p C A X B Ha3uBaeTbCs
BIJIHOIIICHHS, BU3HAYCHE MK €JIeMeHTaMu MHOXUH B 1 A, rpadik sikoro
CKJIamaeTbes 3 ycix map (Y, X) Takux, mo (X, Y) € p. O0epHeHe BiTHOIICHHS
710 BITHOILIEHHS p MO3HAa4YaeThes pt. OUeBHIHO, HIO

D(p™) =E(p), E(p™)=Dlp), () *=p.

I'pad oOepHeHOro BiTHOIIEHHS OJEPXKYEThC 13 Tpada HTaHOTO
BIIHOIIIEHHSI 3MIHOIO HaNpsMy Ha BCIX HOro Ayrax Ha MPOTUJICKHUM.
ToukoBi rpadiku gaHOTO 1 00EPHEHOT0 oMY BIIHOIICHH MIXK €JIEMEHTaMHU
JIBOX YHCJIOBUX MHOXHH CUMETPUYHI BIJHOCHO OICEKTPHUCH IEPILIOro 1
TPETHOTO KOOPAMHATHUX KYTIB.

Komnosuyicio  gionowens pcAXB i @cBxC nHa3uBaeThes
BIIHOIICHHS MK ejieMeHTaMH MHOXHMH A 1 C, gke cKiIagacTbCsa 3 THX 1
Ttk THX map (X,z) € Ax C, i IKkuX iCHye elleMeHT Y MHOXuHU B

takuit, mo (X,Y)e€p 1 (Y,2) € ¢. Kommosunmis BigHOIICHL p 1 @

II03HAYAETLCA p * (.

1.4.3. Houammsa npo 2padgh. I'pagh éionowenns.

JInst HAao4yHOrOo 300pakKeHHS BIAHOIICHHS YacTO KOPHUCTYHOTHCS
rpadamu, a y BUIMAIKY YUCIOBHX MHOXHUH II[€ i TOYKOBUMH Tpadikamu.
I'pagpom HA3UBAETHCA MHOKMHA TOYOK 1 BIJIPI3KIB, SIKI TOMAPHO 3'€IHYIOThH
NEesK1 3 [IUX TOYOK. TOYKH HA3UBAIOTHCS GepuiuHamu epagha, a BIIPI3KH —
roro pebpamu.

I'pad, Ha pedpax SKOro BKa3aHO HAMNPSIM, HA3UBAETHCS OPIEHMOBAHUM,
a pebpa — Odyeamu. Mu posriasgaTUMeMoO JIHUIIE Opi€HTOBaHiI rpadu i
HA3UBATUMEMO iX MPOCTO rpadaMu.

Binnomenns p — A X B, rpadik SKOro € CKIHYEHHOI MHO>KHHOIO,
Hanpukian, BigHomenus p ={(a; 0), (6; 0), (8 e), (8 o)} Mik
eneMeHTamu MHOXUH A = {a, 6, 6 2} Ta B = {0, ¢, ¢ oic} MoxHa
300pa3utu 3a nonomMoroto rpada. BiseMemo aBa kpyru Einepa. B oqnomy
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Kpy31 300pa3uMo TOYKaMH €JIEMEHTH MHOKHHHU A, a B IHIIIOMY — €JIEMEHTH
MHOXXHMHH B, skimo napa (X, y) € p, To IpOBOIUMO YTy, KA TOYUHAETHCS
y BEpILUHI X 1 3aKiHUy€eThCcsl y BepiinHi Y (Man. 1). Konu BukoHatu Taky
noOynOBY i BCiX map rpadika BiHOIIEHHSI, TO OJEPKUTHCS Pirypa, sika
Ha3UBA€TbCA epagom sioHowenHs. 3a Tpadom BIIHOIIECHHS JIETKO
BCTAaHOBUTH OCHOBH1 XapaKTEPUCTUKH BiTHOIICHHSI.

A B
PNy

as <O
Z —=» ¢

ew"—

Ma. 1

MHOXUHU MOKHA 300pakaTH W THITUMHU TUIOCKUMHU T€OMETPUYHUMHU
birypamu. Axmo ix 300pa3uTH NOpsSAMUMH, TO BepuIMHU Tpada
PO3MIIIYIOTHCS HA TIpsAMUX. Toji rpad BITHOIIEHHS p MaTUME BUTJIISI, SIK
MOKa3aHO Ha MAJIOHKY 2.

7T

B
e € oHC
Mau. 2

1.4.4, Touxosuii 2paghix eiOHOUIeHHA MiXC eleMeHmaMu 060X
YUCTI08UX MHOICUH.

Axmo 3amaHo BigHomieHHs p C AXB 1 mHoxkuHM A Ta B €
YUCJIOBUMH, TO SIK 1 Y BHUIAJIKy JAEKAPTOBOTO JOOYTKY, PO3IJISAAIOThH
KOOPAWHATHY IIOMMHY 1 10 oci OX BIAMIYAIOTh €IeMEHTH MHOXHHH A, a
no oci Oy — eneMeHTH MHOXHHU B, yepe3 KOXHY 3 OJEep>KaHHX TOYOK
MPOBOJATH MPsAMi, NEPHEHIUKYJSIPHI A0 KOOPAWHATHUX OCEH, 1 cepej
TOYOK, SIK1 OJIEPKYIOThCA Y PE3YJIbTaTI MEPETUHY LIUX MPSAMHUX, BUOUPAIOThH
T, KOOpJMHATH SKUX pIBHI TapamM BIJHOIICHHsA. BuOpaHi TOYKH 1
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CKJIaJIAI0Th MOYKOBUl 2PAGIK BIOHOUIEHHSL.

Axmo p ={(1; 0), (2; 0), (2; 1), (3; 1), (4; 0), (4;1)} € rpadikom
BITHOIIIEHHS MiX eaeMeHTamMu MHOkMH X = {1, 2, 3,4} 1Y ={0, 1}, To
TOYKOBHUH Ipadik I[bOro BIIHOIICHHS MaTUME BUTJIS, SIK HA MATIOHKY 3.

ty
1-— [ ] [ ] [ ]
0 b : PR >
1 2 3 4 X
Maa. 3

1.4.5. Cnocoou 3a0anns eionouiens.

ICHYIOTB pi3Hi CITIOCOOU 3aJ1aHHS BITHOIIICHbD:

1) rpadikom, TOOTO MHOKHHOFO TIap,

2) pi3HUMHU BUJIAMH TaOJIHIIb,

3) rpadom,

4) XapaKTepUCTUYHOIO BJIACTUBICTIO Tap, IO HaIekKaTh Trpadiky
BITHOIIICHHS,

5) ToukoBUM TpadikoM, SIKIIIO MHOKXUHU YHCIIOBI.

B3arani kaxyuu, ciocodamu 1), 2) 1 3) 3py4HO KOPUCTYBAaTUCS TO/II,

KoJii rpadik BiAHOMIEHHS € CKIHUEHHOK MHOKHHOIO.

1.5. BigHomeHHs Ha MHOKHHI

1.5.1 Bionowenna nHa mMHOMCUHI ma 11020 OCHOBHI XAPAKMePUCMUKU.
Ocoonueocmi cpagpa gionowenna na muoxcuni. Cnocoou 3a0anns
GIOHOUIEHb HA MHOMCUHI.

SKI0 BIJHOIIEHHS p BU3HAYEHE MDK €JIEMEHTaMM JIBOX PIBHHX
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MHOXUH A 1 B, To6TO K011 A = B, abo, 1m0 Te came, 00;1acTi BiApaBIeHHS
1 mpuOYTTS BIAHOIICHHS p 301rat0ThCsl, TO TOBOPATH NMPO BIOHOULEHHS MIdHC
eleMeHmamy MHOMCUHU A, SIKE TaK0X Ha3UBaIOTh GIOHOWIEHHAM HA
muooicuni A. JIJis HHOTO 30€epIiraroThCs Ti K XapPAKTEPUCTUKH, IO U JJIs
BIJIHOIIECHHS MK €JIEMEHTaMH JABOX MHOKHH.

O3HaueHHS BIAHOIICHHS MIDXK €JEMEHTaMH MHOXHHHM MOXHA J1aTu
HE3aJIC’)KHO BiJI MOHSTTS MPO BIHOIICHHS MIXK €JIEeMEHTaMU JIBOX MHOHH.
JloBUIbHA TIAMHOXXKMHA JEKaApTOBOTO KBAaJApaTy MHOXHUHU HA3UBAETHCS
BIOHOWEHHSM MINC eleMeHmamu Yici MHoOMCUHU a00 GIOHOUIEHHAM HA Yil
MHOJHCuHI. SIKIIO p BITHOIIEHHSI HA MHOXKUHI A, TO 1€ 3alUCYETHCS p C A2,

['pad BimHOIIEHHS HA MHOXXHHI Ma€ OCOOJMUBOCTI:

1) ockimbku 00JacTi MWPUOYTTA 1 BiANpPaBICHHSA 30IralOThCS, TO
BepiInHaMu rpada BIIHOIICHHS € €IEMEHTH OJTHIET 1 Ti€l K MHOXKWHU;

2) myru rpada MOKYTh MMOUMHATHUCS 1 3aKIHUYBATHCS B OJHIHN 1 Tii ke
BEPILIMHI, TaKl YT HA3UBAIOTbCS nemismMuy 1 HA HUX HampsM MOXHA HE
BKa3yBaTH;

3) AKkmo JBiI pi3HI BepmMHH Tpada 3'€THYIOTHCSA JBOMA Jyramu,
HalpsMU SKAX MPOTUIICKHI, TO JJIsl CIPOIIEHHS JB1 AYTU 3aMiHIOIOTH
OJIHIEIO 1 HA3UBAIOTH i1 HOOBIUHOI0;

4) rpad, y SKOMY MPOBEJCHO BC1 MOKJIUBI AyTH, HA3UBAETHCS HOGHUM.

1.5.2. Ocnoeni  enacmusocmi  6iOHOUWIEHb  HA  MHOMCUHI:
peprekmusnicmos i anmupegekcugHicms, cumMempuyHicmov i
AHMUCUMEMPUUHICMb, MPAHIUMUBHICIDb [ 36 AZHICHD.

["'oBOpSATH, 110 BITHOLIEHHS p MK €JI€EMEHTaMU MHOXXUHU A Mae:

1) pedhnexcusny enacmusicmo, SKIO KOXHHA €IEMEHT MHOXHHH A
nepeldyBae y BITHOIIEHHI p caM 13 00010 (Ha rpadi y KOXKHIA BEPIIUHI €
NeTs);

2) anmupecghnexcusny eracmugicms SKIIO KOJEH CIEMEHT MHOXHHH
A He nepeOyBae y BITHOIIIEHHI p caM 13 co0o0to (Ha rpadi BiACYTHI METIi);

3) cumempuuny eénacmusicme, KO I OyIdb-IKUX €JIESMEHTIB X 1Y
MHOXUHH A 3 TOro, 10 X nepedyBae y BIIHOILICHHI p 3 Y BUILIMBAE, 1110 Y
nepelyBae y BiIHOIIEHHI p 3 X(Ha rpadi BCi Ayry MOJBiiHI);

4) anmucumempuyny 61acmueicmp, IKIIO I OyAb-SIKUX €JIEMEHTIB X
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1Y MHOXHUHH A 3 TOTO, 1110 X Tiepe0yBa€ y BIIHOIICHHI p 3 Y 1Y nmepedyBae
y BIJHOIIEHHI p 3 X BUIUIMBAaE, MO0 X =Y (Ha rpadi BIACYTHI IMOJBIiHI
Iyr);

5) mpanzumusny éracmusicms, KO 11 OyAb-IKUX €IEMEHTIB X, Y 1
Z MHOXXHHHU A 3 TOTO, 10 X Tiepe0yBae y BIIHOIICHH] p 3 Y 1Y mepedyBae y
BIJIHOIIEHHI p 3 Z BUILIUBAE, 10 X IepeOyBae y BIAHOIICHH] p 3 Z(Ha rpadi,
SKII0O TPU BEPUIMHU 3'€JHAHI JyramMl, TO aHAJOTIYHO JI0JJaBAHHIO
BEKTOPIB);

6) sracmusicme 36's13Hocmi, SKIIO JJIS JOBUIBHHX CJIIEMEHTIB X 1 Y
MHOXXUHHM A Mae Miclie TpUHAaMMHI OJIHE 3 TPHOX BIAHOIICHB: X MiepeOyBae
y BITHOIICHHI p 3 Y, Y nepedyBae y BITHOIIEHHI p 3 X, a00 X JOPIBHIOE Y
(Ha rpadi MDK ABOMa PI3HMMHU BEpUIMHAMH MPOBEJCHA NMPUHAWMHI OJHA
yTa).

AHTUCUMETPUYHY BJIACTHUBICTb BIJHOIIEHHS MOXXKHa C(HOPMYJIIOBATH 1
TaK: BIAHOILICHHS p MAa€ aHMUCUMEMPUYHY BIACMUBICMb, SKILO IJI Oy ]b-
SAKUX PI3HUX EJIEMEHTIB X 1 Y MHOXUHU A 3 TOro, mo X mnepeOyBae y
BIIHOIIICHH] p 3 Y BUINIMBA€, 10 Y HE IepeOyBae y BIIHOMICHHI p 3 X.
BigHomeHHs, iK1 MatOTh peIeKCUBHY, aHTUPE(DIECKCUBHY, CUMETPUYHY,
AHTUCUMETPUYHY, TPAH3UTHMBHY BIIACTUBOCTI Ta BIJIACTUBICTH 3B'S3HOCTI
B1JIMIOBIJTHO Ha3UBalOTh peghrexcuenum, anmupeghiexcueHuM,
CUMEMPUYHUM, AHMUCUMEMPULHUM, MPAHZUMUSHUM 1 368 'AZHUM.

3agaua 2. [ToOyaysatn rpad i ToukoBuii rpadik BigHOWIEHE p, pt i
p MK eleMeHTaMu MHOXuUHM A = {2, 3, 4, 5, 6}, Ao XpY Toxl i
TUTBKK TOJI1, KOJIM X IUIATHCSA HA Y, TOOTO X:y. BCTaHOBUTH BIIaCTUBOCTI
[IUX BIHOIIEHb.

» 1. /lna po3B'a3yBaHHS 3ajadyi 3HAWIEMO JIeKapTiB  KBajpaT
MHOXUHH A, SIKHH 3pyYHO 3alUCaTH Y BUTJISA1 TAOJIHII:

(2.2),(2,3),(2,4),(2,5), (2,6),
(3,2), (3.3), (3,4), (3,5), (3,6)
(4.2),(4,3),(4.4),(4,5),(4,6)
(5.2), (5,3), (5, 4), (5.3), (5, 6)
(6, 2), (6, 3), (6, 4), (6, 5), (6, 6).

2. 3HaxoauMo Tpadik BigHomeHHs p. Illod0 He 3amucyBatu iioro,

HNIJKPECIMMO Yy JIeKapTOBOMY KBajpaTi MHOXHMHM A Ti mapu, sKi
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CKJIaJIaf0Th rpadik BiHOIIICHHSI.
bynyemo rpad (main. 3) 1 ToukoBuii rpadik (Man. 4) BiAHOIICHHS p.

2
Al
6k ]
= 'O 5r .
6 3 Fa L]
3 . »
2t . * .
5 !
4 L L L L L L =
615 2 3 4 35 6A4x

Man. 3. Mar. 4,

BigHomieHns p:

1) pednekcuBHe, 60 y KOXKHIN BEpIIHHI HOTo rpada € netis;

2) aHTHCUMETpHYHE, 00 MOABIMHUX JIyT, KpIM MeTeb, Horo rpad He
Mae;

3) TpaH3UTUBHE, 00 IS JOBUIBHHX €JIEMEHTIB X, Y 1 Z MHOXHHH A,
SKIIO X:Y 1Y:Z, TO ¥ X: Z.

3. 3uaxoxumo Tenep rpadik BigHOMIEHHS p L

pt={(22),3,3),(24),(4,4),(55)(26) 3, 6) (6 6)}

Bynyemo rpad i ToukoBuii rpadix BimHomenus pl, mam 5 i 6
Bimnosiguo. Toukosi rpadiku BigHOWIEHB p i pt CUMETPHYHI BiJHOCHO
OICEKTpPUCH TMEPIIOro 1 TPEThOr0 KOOPJAMHATHUX KYTIB, a ix rpadu
BiIpi3HAIOTECS nMIIe HampsaMkoMm ayr. OTke, BimHomeHHS p! Mae Ti x
BJIACTUBOCTI, IO ¥ BIJHOIIEHHS p, a caMme: BOHO peQIEKCHUBHE,

aHTUCUMETPUYHE 1 TPAH3UTHUBHE.
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2

Ay
6- L ] » L ]
st .

6 - _'35:) Y . .
3 »
21 *

5 Ir

6 4 01;_ '.; .S'I 4I 5I tliAE-x_

Mau. 5. Mau. 6.

4. Ha ocCHOBI O3HQ4Ye€HHS BIJHOIICHHS TMPOTUJIICKHOTO JaHOMY
OJIEP’)KY€EMO, 110 HEMIAKPECICH] apu y JeKapTOBOMY KBaJIpaTi MHOXKUHHU
A OynyTh cki1agaTu rpad BITHOIIEHHS p .

bynyemo rpad (man. 7) 1 ToukoBuii rpadik (Mani. 8) BITHOIICHHS 2 .

BigHomieHus p:

1) aaTupednexkcuBHe, 00 Ha Woro rpadi BiACYTHI ST,

2) 3B's13He, 00 Ha ¥Woro rpadi MOBIIBHI JBI pi3HI BEpIIMHH 3'€IHAHI
pUHANMHI OJIHI€I0 1yrow. <«

aly

e I T S
.
.
*
*

Ma. 7. Mau. 8.

I3 mpukiamy BUAHO, IO 3aJaHE BITHOIIEHHS p 1 OOEpHEHE HOMY
BiZHOImIEHHS p™t MarOTh OfHI 1 Ti % caMi BIacTUBOCTI. B3arami, Mae micue
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Teopema.

Teopema 1. SIkmio BIJHONIEHHS Ha MHOXHMHI Ma€ Jesdki 13
repepaxoBaHUX BiacTUBOCTEN 1) — 6), TO i1 oOepHEHE MOMY BITHOIIIEHHS
Mae Ti K caMi BJIaCTHUBOCTI.

BracTuBiCTh CHMETPUYHOTO BIJHOMICHHS BHPAXKAETHCA TaKOIO
TEOPEMOIO.

Teopema 2. BigHomeHHs MK eJIeMEHTAaMH MHOXXWHH TOJ1 1 TUIBKH
TOAl 30iraerbcsi 3 OOEpHEHUM HOMY BIJHOILICHHSIM, KOJU BOHO
CHMETPHUYHE.

1.5.3. Bionowenna exeieaneHmHocmi 3 po30ummam MHONCUHU HA
Kaacu.

Bignomrenus Ha MHOKHWH1 Ha3UBacTHCS B8IOHOWEHHAM
eK8isaleHmHocmi, SKIO BOHO peJICKCUBHE, CHMETPHUYHE 1 TPAaH3UTHUBHE.

SKmo p — BIJHONIICHHS €KBIBAaJEHTHOCTI Ha MHOXMHI A 1 a —
JOBUIBHUN €JE€MEHT MHOXHMHU A, TO TMOBHUW 00pa3 ejleMeHTa a IMpu
BIJTHOIIICHH1 p HA3UBAETHCS KIACOM €1eMeHMI8 eKBIBAIeHMHUX e/leMEHNLY
a abo mpocTo kracom exsisarenmuocmi 1 mo3HadaeTbes Ka:

Ka:={x e Alap x}.

3 O3HaueHHs KJAacy €KBIBAJICHTHOCTI BHUILUIMBA€E, IO KOKHUM Kiac
€KBIBAJICHTHOCTI € HEMOPOXHbOK  MHOXHHOIO, OO0  BIJHOIIEHHS
€KBIBAJICHTHOCTI pedekcuBHe, TOOTO ap a, a Tomy a € Ka. OcHOBHI
BJIACTUBOCTI  BIJHOIIEHHS  €KBIBAJGHTHOCTI  OMHUCYIOThCA  JBOMa
HACTYIMHUMHU T€OpEMaMH.

Teopema 3. Skiio p — BIAHONICHHS €KBIBAJCHTHOCTI Ha MHOXHUHI A,
TO JUIA JOBUILHHUX ABOX KJIACIB €KBIBAJICHTHOCTI Mac MICIE OJHE 1 TUILKH
OJHE 13 BIIHOIIEHb: a00 111 KJAacH HE TMEPETUHAIOThCSI, a00 BOHH
30iratotbcsi. Konu p — BIIHOLIEHHS] €KBIBAJIGHTHOCTI HA MHOXMHI A 1 Ky —
KJIAC €KBIBaJICHTHOCTI, TO Oyb-SIKMI €JEMEHT 3 I[ILOI'0 KJIaCy Ha3UBAETHCS
Horo npedcmasnuKoM.

_Teopema 4. KoxkHe BITHOIICHHS €KBIBAJICHTHOCTI HA MHOYKHHI 3a/1a€
€IUHE PO3OMTTS Il€i MHOXKMHM Ha Kiacu. HaBmaku, KOKHE pPO30OUTTS
MHOKMHM Ha KJACH 3aJa€ €JIWHE BIIHOIIEHHS €KBIBAJEHTHOCTI Ha I
MHO>KHHI.
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I'pad BigHOIIIEHHS €KBIBAJEHTHOCTI € 00'€JHAHHIM KIJIBKOX MOBHHX
rpadiB. HaBmaku, skmo rpad JIeIKOro BIJHOIIEHHS HAa MHOXKUHI
po3MafaeThCcs Ha KuibKa MOBHUX TIpadiB, TO BOHO € BIJHOUICHHSIM
€KBIBAJICHTHOCTI.

3 TOYKH 30py BIAHOIIEHHS EKBIBAJICHTHOCTI BCl €JIEMEHTH OHOTO
KJIaCy €KBIBAJICHTHOCTI MAalOTh OJHAKOB1 BJACTUBOCTI, IO 1€ MOXKJIUBICTh
BHUBYATH BJIACTUBOCTI OJHOTO €JIEMEHTA 1 MOIIMPIOBATH 1X HA BC1 €JIEMEHTH
KJIacy. A TOMY BOHO BIJIiIrPa€ BaXXJIMBY POJIb HE TIJILKU y MaTeMaTHulll, a il
y OyJib-sIKi¥ 1HIIA HaYII.

[IpuknamamMyu  BIAHOIICHHS ~ €KBIBJICHTHOCTI €.  BiJHOIICHHS
napajgeabHOCTI IPSMUX Ha IUIOMIMHI YK Y TPOCTOPI; BIAHOIIEHHS PIBHOCTI
M MOI0HOCTI TeOMETpUUHUX (Iryp; BITHOIICHHS "OyTH XKUTEJIEM OJHI€]
KpaiHu' Ha MHOXUHI JIFOJel 3eMJIl, 1110 TPOKUBAIOTh HAa JaHUM Yac.

3agauda 3. BigHomeHHsT p — "4MCIO X Mae Ty X caMmy oOcTady IpH
nineHHi Ha 3, mo i gucio Y", 3amane Ha MHOXuMHI. A={Xx e N| X < 7}.
[To6ynyBatu rpad BigHOmeHHS p. JloBecTw, IO p — BITHOLICHHS
€KBIBaJICHTHOCTI 1 3aMKCaTH BC1 KJIaCH €KBIBAJICHTHOCTI.

» [ToOyayemo rpad BigHOIICHHS p (Ma. 9).

Mau. 9.

BigHolieHHs p € BIJHOIIEHHSM €KBIBaJIGHTHOCTI, 00 #oro rpad
CKJIQJJA€THCA 3 TPhOX MOBHUX IpadiB.
Koxxauit 3 TppoX ojepkaHux TpadiB 3a7a€ Kjiac €KBIBAJECHTHOCTI, a

came: K1 = {1, 4, 7}, Kz = {2, 5}, Ro = {3, 6} <

1.5.4. Bionowenns nopaoky ma iio2o euou.
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BigHomeHnHss Ha MHOXXWHI Ha3UBAETHCS BIOHOULEHHAM NOPSOK), AKIIO
BOHO aHTHUCUMETPUYHE 1 TPAaH3UTUBHE.

Buainsiore neBH1 BUJAW BITHOIICHb MOPSAKY. BigHOIICHHS MOPSAKY
Ha MHO>KMH1 Ha3UBAEThHCA:

1) ionowennam necmpo2o2o nopsoky, SIKIIO BOHO PeQIICKCHBHE;

2) 6IOHOWIEHHAM CIMPO2020 NOPAOKY, SKIIIO BOHO aHTHPE(ICKCUBHE;

3) 6iOHOWEHHAM YACMKOB020 NOPSIOKY, SIKIIIO BOHO HE3B'SI3HE;

4) 6iOHOWEHHAM IHIHO20 NOPSIOK), SIKIIO BOHO 3B'S3HE.

MHoX1Ha, 3 BU3HAYCHUM Ha Hill BIIHOIICHHSM HOPSIAKY, HA3UBAETHCS
BNOPAOKOBAHOI) ~ MHOJICUHON — OAHUM  BIOHOWEHHAM  ab0  IIPOCTO
BNOPAOKOBAHON) MHONCUHOIO. Y 3aJ€XKHOCTI BiJ BHUAIB BIJIHOIICHHS
MOPSIIKY PO3PI3HSAIOTH 1 BUJIM BIOPSAIKOBAHUX MHOKHH.

OngHa 1 Ta )X MHOXHMHA MOX€ OYTH IO pI3HOMY BIOPSIKOBaHA.
Hanpuknan, MHOXUHY HaTypalibHUX uucesll N MO)KHa BHOPSJAKYBAaTH 3a
JIOTIOMOT'OF0 TaKUX BIJTHOIIICHB:

1) BigHOmEeHHs "X MimuTheA Ha Y (X'Y)" € BIAHOIICHHSM HECTPOroro
YaCTKOBOTO MOPSJIKY;

2) BigHOIIeHHS "X MeHme Y (X <Y)" € BIZHOWMIEHHSAM CTPOroro
JIHIMHOTO MOPSAJIKY;

3) BigHOIIeHHS "X MeHIe abo JopiBHIOE Y (X <Y)" € BiJIHOIICHHSIM
HECTPOTroro JiHIMHOTO HOPAJIKY.

Axuio MHOKMHA A BIOPSIIKOBaHA BiTHOIICHHSIM p, TOJI

1) rOBOPSITH, IO eleMeHm Z AeHCUMb MIJC eleMeHmamu X 1 y, SIKIIO i
TPU €JIEMEHTH PI3HI 1 X p ZTAZ p Y, 3aIUCYIOTb X p Z p Y,

2) eIIEMEHTH X 1 Y Ha3WBAIOTHCS CYCIIHIMH, SKIIO BOHU Pi3HI, X p Y i
HE ICHY€ €JIEeMEHTa, SKUW JISKUTh MDK HUMHU, MPU I[LOMY EJIEMEHT X
HA3UBAETBCA NONepeoHimM 00 Y, a eJIeMEHT Y — HacmynHum 3a X.
Hanpuknan, Ha MHOXUHI HaTypaldbHUX uucea N, BHOpsSAKOBaHO1
BIJTHOIIEHHAM "MeHIe", 9uciio 2 JeKUTh MK gruciiamMu 1 1 3, yucima 1 1 2
OyllyTh CyCIIHIMH, NMpUuoMy | € momepenHiM a0 2, a 4yuciio 2 Oyne
HAaCTyIHHUM 3a 1.
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1.6. ®yukuii Ta BitoOpakeHHs. ajJredpaiuni onepaiii Ta
AJITOPUTMH

1.6.1. HHonamma pynuxuii ma it 0cCHOGHI XapaKmepucmuKu.

Bignomenus ¢ Mibk enemMeHTamMu MHOXHH A 1 B HasuBaeThcs
QyHKYioHANbHUM BIOHOWEHHAM Midc enemenmamu muoxcurn A 1 B (abo
QyHryicto 3 mMHOMCUHU A Y MHOJMCUHY B), SKIIO KOXHOMY €JIEMEHTY
MHOXXUHM A CTaBUTHCSA y BIJMNOBIAHICT HE OUIBII SIK OJUH E€JIEMEHT
MHOXMHU B, T0O0TO mnoBHHI 00pa3 KOXHOIO eJIeMeHTa 13 o00JjacTi
BIIMPABJICHHS] BIAHOIIEHHS ¢ MICTUTh HE OUIbIIE OJHOIO EJIEMEHTA.
OckiIbKM (PYHKIIIS € OKPEMHUM BUOM BiJHOIIIEHHS MK €JIEMEHTaMU JIBOX
MHOXHWH, TO JUJIi Hel 30epiratoThCs Ti K XapaKTEPHUCTHKH, IO W IS
BigHOIIEHb. OHA 13 0OCOOJMBOCTEH TEPMIHOJIOT1I, MOB'A3aHOT 13 MOHATTAM
(GyHKIII1, moygrae y TomMy, 0 JOBUIbHUHN eneMeHT X € D(¢) Ha3suBaroTh
apeymenmom Qynxyii abo Hezanexcnoio 3minnorw, a'y € E(@) — sanexcnoro
sminnoto. [ Y IpUAHATO Iie ¥ mo3HavyeHHS ¢ (X), BHACHIIOK TOTO, IO
NOBHMI 00pa3 enemeHTa X € D(¢) ckinamaeThcs i3 OJHOTO €JICMEHTa Y,
3anmucyeThes Y = @ (X) abo ¢ (X) =Y.

SAxmo ¢ — GyHkuig i3 MHOKUHU A y MHOXHHY B 1 MHOXMHM A Ta B
PiBHI, TO TOBOPATHh NP0 @yHKYit0 y mHoxcuni A. OYyHKIIS Y MHOXHUHI
JIUCHUX YMCeN Ha3UBAETHCS YUCI080I0 (DYHKYIETO.

UucnoBi QpyHKIIIi, 001aCTI BUBHAUYECHHS SIKMX € MHOKMHA HATYpallbHUX
yucen N (abo MHOXMHA UIMMX HeBiA'eMHUX yucen No), Ha3MBAaKOTHCS
YUCI08UMU NOCAI008HOCMAMU. JJI1 YHUCIIOBUX MOCIIIOBHOCTEH 3aMICTh
3amucy Y= @(X) YacTo KOPUCTYIOTbCS 3allICOM Yn 1 4YHCIIOBA
HOCITIIOBHICTD 3anmucyeThes (Yn), ne N =1, 2, 3, ... abo (yn), ae N =0, 1, 2,
3, ...

DyHKIIIS, SIK OKpEeMUM BUJ BIHOIICHHS, MOXe OyTH 3a/laHa TUMU XK
criocobamu, 110 i Oyib-sIKe BITHOIIICHHS, 4 CaMe:

1) MHOXXHHOIO TIap, TOOTO Tpadikom;

2) Tabmurero;

3) rpadom;
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4) XapaKTepUCTUYHOIO BJIACTUBICTIO Map ii rpadika.

Uucnori PpyHKINT MOXKHA 3aJ]aTH 1€ U TaK:

1) 3a 1OITOMOTr0I0 TOYKOBOTO rpadika Ha KOOPAWHATHIN IJIOIINHI;

2) BUpa3oM, B SIKOMY BKa3y€ThCs, B AKii MOCIIIOBHOCTI 1 sIKi omeparrii
Tpeba BHUKOHATH HaJl apryMEHTOM, 00 OJep>KaTh 3HAaYeHHsS (YHKIII.
Takwuit crioci0 3aganHs GyHKIIIT HA3UBAETHCS AHANIMUYHUM.

1.6.2. Biooopasicenna ma ix euou.

OyHKI[ST HA3UBAETBCS GCHOOU BU3HAUEHOH, SIKIIO 11 00JacThb
BH3HAUYCHHS 30iraeTbcss 3 00JIaCTIO BiAmpaBieHHSA. Bcrooaw BH3HaueHa
byHkiis 3 MHOXMHM A y MHOXHHY B HaszuBaeTbcs 6i0oOpasicenHsm

muoxncunu A y mmoocuny B, sammcyernca ¢ A— B a6o A —2- B.
O3HaveHHs BIIOOpaXKEHHSI MOKHA JIATH 1 HE3AJIEKHO BiJT MOHATTS (DYHKIII],
a camMe: BIJIHOILICHHS ¢ MDX eleMeHTamMu MHOXHH A 1 B Ha3uBaeTbcs
8I00OPANCEHHAM MHOMCUHU A V MHOJICUHY B, KO KOKHOMY €JIEMEHTY 13
MHOXXUHH A CTaBUTHCA Y BIAMOBIIHICTh OJWH €JIEMEHT 13 MHOXXUHU B.

BinoOpaxenHs, y sSkoro o0yacTh BiAMPABICHHS IOPIBHIOE 00JIACTI
NPUOYTTS, HA3UBAETHCS 8i00OPANCEHHAM MHONCUHU ) cede.

BigoOpaxxeHHs1 ¢ MHOXMHU A y MHOXUHY B Ha3uBaeThCs:

1) crop'ekmusnum (crop'exyiero), sSkmo ¥Horo o0JacTh 3HAYCHHS
JOPIBHIOE 00JIACTI IPUOYTTS;

2) in'ekmusnum  (in'exyicro), SAKMO  Ppi3HI  eIeMEHTH  00jacTi
BU3HAYEHHS MAIOTh Pi3H1 00pasu;

3) biexkmuenum (biekyiero), IKIO BOHO CIOP'€KTUBHE Ta iH'€KTHBHE.

Crop'eKTUBHE BIJOOpa)K€HHSI HA3UBAIOTh 1€ W BI00OPANCEHHAM
MHOJCUHU HA MHOMCUHY, a OIEKTUBHE — 63AEMHO OOHO3HAYHUM
BI00OPAINICEHHAM MHONCUHU HA MHOJCUHY a00 B3AEMHO OOHO3HAYHOI
GIONOGIOHICIIO MIJIC e/leMEeHMAMU MHOICUH.

Jnst kokHoro BigoOpaxkeHHs ¢@: A — B, gk 1ns BiIHOIIEHHS
@ < Ax B, icaye oOepHene BimHomeHHs ¢ c B X A, saxe 31e011b1I0T0
HE € BIJOOpaKeHHSIM MHOXUHU B y MHOXMHY A.

Teopema 1. OGepHene BigHOmEHHS @+ < B X A 10 BigoOpaxeHHs ¢

A — B € BinmoOpakeHHSIM MHOXKWHM B y MHOXMHY A TOAl 1 TUIBKU TO/II,
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KOJIA @ — O1€KITis.
[Ipu 3actocyBaHHI BIOOpaKEHb KOPUCHUMHU € iX BIJIACTUBOCTI,
MOB'sI3aH1 3 OMepallisiMi HaJ, MHOKHWHAMU 1 BITHOIIIEHHAMHU MK HUMU.

1.6.3. Pienonomyscni  muoxcunu. Ilomyxncnicmoe  mHOdMCUHU.
Teopema npo 00’cOnannA PIBHONOMYHCHUX MHONCUH.

JoBinpHI MHOXMHU A 1 B HazuBawThCs pigHonomyosicHumu, SKIIO
BOHU a00 MOPO’KHI, a00 ICHy€e Ol€EKTHBHE BiJOOpa)K€HHS MHOXWHU A Ha
MHOXUHY B, mo3Hauaetrbcs A ~ B 1 untaeTbes "MHOXHMHA A pPIBHONOTYKHA
MHOkUHI B" a00 "MHoxuHu A 1 B piBHOTIOTYXKH1".

Teopema 4. BigHomieHHsI piBHOMOTY>KHOCTI MHOXKUH € BiJHOIIIEHHSIM
€KBIBAJICHTHOCTI.

Kiac piBHONOTYKHMX MHOXHWH, SIKOMY HaJIEXUTh MHOXHHa A,
HA3UBAETHCS NOMYIHCHICMIO MHOKHHH A 1 To3Ha4YaeThes |A|.

JInsi CKIHYEHHOT MHOXMHU TOTY>KHICTb OTOTOXKHIOETHCS 3 UHCIIOM
eJeMEeHTIB y Hill. OTxe, JOBUIbHI CKIHUCHHI MHOXXHMHU PIBHOIOTYXH1 TOJI1
1 TUIBKW TOJl, KOJM BOHM MarOTh OJIHAKOBE YHUCJIO €JIeMEHTIB. [IoHATTS
PIBHOTIOTY>KHOCTI MHOXHH JIa€ MOXJIMBICTh BUSICHATH, YU OJIHAKOBO
"OaraTo" eJIeMEHTIB MalTh HECKIHY€HHI MHOXUHH. [Ipu mnopiBHSHHI
HECKIHYEHHUX MHOKHMH 3a iX MOTY>KHOCTSMH, Ha BIIMIHY BiJi CKIHUEHHUX
MHOKWH, BAHUKAIOTh ME€BHI TpyaHouIl. JloBeaeHo, 11o:

1) KO’)kHa HECKiHUCHHAa MHOXXKMHA MAa€ BJIACHY ITJIMHOXKUHY, sKa ii
PIBHOIIOTY>KHA;

2) ICHYIOTh HECKIHUCHHI HEPIBHOTIOTYKHI MHOKHHU.

Hanpuknan, MHOXMHA HaTypaibHUX uyucen N pIBHONOTYXHa
MHOKHHI BCIX MApPHUX HATYypAIbHUX YHUCEI 1 HEPIBHOMOTY>KHA MHOXHHI
mucHux yncen R.

Teopema 5. J{ns noBinbHUX MHOXKUH A1, A2, B1, B, sxiio

A1 ~ Az, By~ By,
A1ﬁ81:@, AzﬂBzZQ,TO
A1U81~A2UBz.

1.6.4. @ynkyii npamonponopyiunoi i obepHeHONPONOPUINIHOT
3anexcHocmi, ix enracmugocmi i cpaghiku.
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[Ipsma 1 obepHEHA TPOMOPIIMHOCTI HaJIEkKaTh A0 HAWMPOCTIIIMX
dbyukii. Jlo po3risay npsiMoi OPOHOPIINHOCTI MPUBOIATH 3a7adl Mpo
3QICKHICT MIXK JBOMa JOJATHUMM BEJIWYMHAMHU, TMpU SIKIM 13
30UIBIICHHSAM (3MEHILICHHSIM) OJHIET 13 HUX Yy KUIbKa pasiB Jpyra Takox
30UTBIIYEThCS (3MEHIINYEThCS) Yy CTUIBKM K pa3iB. A 10 pO3TIsALy
00epHEHOT MPOMOPIIIHHOCTI IPUBOIATH 3a7adl MPO 3aJIEKHICTh MIXK JBOMA
JOIATHUMU BEJIMYMHAMHU, TIPU AKIN 13 301IbIICHHSAM (3MEHILICHHSIM) OAHIET
3 HUX y KUIbKa pa3iB JApyra 3MEHINYEThCS (30UIBIIYETHCA) Y CTUIBKH XK
paziB. 3aJIEKHICTh MIXK MTEPUMETPOM KBaJIpata 1 JOBKHUHOI MOr0 CTOPOHU
€ TIPUKJIAIOM HPSMOI MPOIMOPIIHHOI 3aleKHOCTI, 00 13 301IbIICHHIM
(3BMEHIIEHHSIM) OJIHOTO 3 HHUX Y KUIbKa pa3iB y CTUIBKM X pasiB
30UTBIITYETHCS (3MEHIITYETHCS) APYTe 3 HUX. 3aJEKHICTh )K€ MK JOJATHUM
9UCJIOM 1 OOCpPHEHHM [0 HBOTO YHCIOM € TPHUKIAJIOM OOEpPHEHO
MPOTNOPIIIAHOI 3aJIEKHOCTI, 00 13 30UIBIICHHSM (3MEHIIICHHSIM) OJHOTO 3
HUX Y KUJIbKa pasiB, Yy CTIUIBKM  pa3iB 3MEHIIYETHCS (30UIbIIYETHCS)
npyre 3 Hux. [loma kBajpara i JOBXKMHA HOT0 CTOPOHH HE 3HAXOMSITHCS B
J)KOIHIM 3 BHINE Ha3BaHHX 3aJIEKHOCTEH, OO0 13 30UIBIICHHSIM
(3MCHILICHHSAM ), HAITPUKIIaJl, TOBKHHU CTOPOHM KBajpaTa B K pasiB, fioro
TJI0IIA 301IBIIY€TECS (3MEHNIYeThCs) He B K pasis, a B k? pasis.

Tak1 3a1€KHOCTI Ha MHOKHHI JIMCHUX YHCE]I HAIOTh MOKJIUBICTH
c(hOpMyYJIIOBATH MOHATTS MPAMOI 1 00€pHEHO1T TPOMOPIIHHOCTI.

BigHOmIEHHST B MHOXHHI JIACHHX 4YHCEN, MPU SKOMY KOXXHOMY
JTIACHOMY YHCIIY X CTaBUTHCS Y BIAMOBIIHICT AIMCHE YHUCIIO V TaKe, IO

y =kx,
ne k # 0 — 3amaHe nificHE YHUCIIO, HA3UBAETHCS MPAMO NPONOPYIUHONO
3anescuicmio mixe sminnumu x 1y (@pynkuyiero npsamoi nponopyitinocmi).

BigHollIEHHS Y MHOXHWHI JIACHUX 4YHUCEJ, MPU SIKOMY KOXHOMY

JTIACHOMY YHCIIY X CTABUTHCS y BIAMOBIIHICTh IMCHE YKCIIO Y, TAKE 110

_k
y T T
X
ne k # 0 — 3agaHe [JIMCHE 4YHCIIO, HA3UBAETBCA 0OEPHEHOI0
NPONoOpYitiHoIo 3anexcuicmio mixc sminnumu x 1y (@ynxyicro obepnenoi

NPONOPYIIHOCMI).
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1.6.5. binapHni anzeopaiuni onepauit.

Jlesxi BUAM BiAHOIIEHBb, IO BUBYAIOTHCA Y PI3HUX MATEMATUUYHHMX
HayKax, Ha3WBAKOTHCS anreOpaiyHUMU ~ OMepallisIMHU. Takumu
BIIHOIIICHHSIMU, HAMPUKIAJ, € apuMETUUHI omepallli, BUBUCHHS SKUX
MOYMHAETHCS YK€ 3 MEPIIMX POKIB HABUAHHS Y IIKOJI. 3aMIiCTh TEPMIHY
"OiHapHa anreOpaiuHa omeparlisi" OyAeMO KOPUCTYBAaTHUCS TEPMIHOM
"omeparris" Tam, € 1€ He MPUBOJUTH J0 HETIOPO3yMiHb.

Onepayiero Ha mMHodcuHi A Ha3UBAETHCS BIJOOPAKEHHS JI€KAPTOBOTO
KBaJipaTa MHOKUHU A y MHOXUHY A.

Onepayiero y MHOJMCUHI a00 YACMKOB0I0 onepayicto y MHOdCuHi A
HA3UBAETHCA (PYHKI[IA 3 IEKAPTOBOIO KBaJpaTa MHOKUHU A y MHOXKUHY A.

[To3Hauatumemo omepairii cumBojiamMu * , o , T, L, ... . SIKIII0 Ha MHOXKHUHI
A BU3HAYEHO OIEpaIlito * 1 pe3ysbTar ii 3aCTOCYBaHHS JI0 €JIEMEHTIB X 1Y,
B3SATUX y TAaKOMY MOPSAKY, JA€ €JIEMEHT Z, TO II€ 3alUCYIOTh X*Y = Z;
CIEMEHTH X 1 Y Ha3UBaIOTh KOMNOHEHmMamu onepayii, BIAIOBITHO X —
nepuioro, Y — 0py2oro, a Z — pe3yibmamom oneparti.

Oneparrii HaJ JIMCHUMHU YKCJIaMU 4aCTO HA3UBAIOTh OLsAMU.

KonkpetHi oneparii 60arato y 4oMy BIIpI3HSIOTHCA OJHA BiJ 1HIIOI,
aje JesKl 3 HUX MawTh 1 psAl COUIBHUX BiacTuBocTed. Omepallist * Ha
MHOXHHI A Ha3UBAETHCS:

1) acoyiamusnoro, KO AJI9 JOBUILHUX €JIEMEHTIB X, Y 1 Z MHOKHUHU
A Mmae Miclie piBHICTb

(x*y)*z = x*(y*2).

2) Komymamuernoio, KO JJIs JOBUIBHUX €IIEMEHTIB X 1 Y MHOKHHHU

A Mmae Miclie piBHICTb
X*y = y*X,

Sxio omepartiist * acoliaTuBHa HA MHOXHHI A, TO NpH i BUKOHAHHI
MOJKHA OIIyCKaTH Iy>KKH, TOOTO 3aMmicTh (X*Yy)*z abo x*(y*z) mmcatu
X*Yy*Z, 1 OWIMPUTH ONEpallil0 HA N KOMIOHEHT, /¢ N > 3 Mpu YMOBI, 110
MOPSAI0K KOMIIOHEHT HE 3MIHIOETHCS.

Axkmio omepairii * 1 © BU3HA4YEHI Ha MHOXKHHI A, TO omeparis *
HA3UBAETHCA:

1) oucmpubymusnoro 3niea 8iOHOCHO onepayii O, SKIO IS
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JTOBUIBHUX €JEeMEHTIB X, Y 1 Z MHOXHHH A Mae Micle pPiBHICTb
X*(yoz)=(x*y)o (x*2);

2) oucmpubymusHolo cnpaéa 6iOHOCHO onepayii ©, SKIIO s
JTOBUIBHUX €JEMEHTIB X, Y 1 Z MHOXHHH A Mae Micle piBHICTh
(yoz)*x=(y*x)o(z*x);

3) oucmpubymusnoio  8ioHocHo  onepayii O, S[KII0  BOHA
TUCTpUOyTHBHA CIIpaBa 1 3J1iBa.

Akmio omepariis * KOMyTaTHBHa, TO s i1 JUCTpUOYTHBHOCTI
BIJIHOCHO OTepallii O J0CTaTHbO PO3IJISIAATH JIUILE OJHY 3 PIBHOCTEH

X*(yoz)=(x*y)o (x*2z),
(yoz)*x=(y*X) o (z*X).

[Tpuknanu:

1) Omneparii MHOKCHHSI Ta J0JABaHHS IHCHUX YUCE KOMYTaTHBHI
Ta AacoIllaTHBHI; OIepallii MHOXEHHS JUCTPUOyTUBHA  BIJJHOCHO
TOJaBaHHS, aljie omepailis J0JaBaHHS HE JUCTPUOYTHBHA BIJTHOCHO
MHO>KEHHSI, 00

2+(3-4)#(2+3)-(2+4).

2) Oneparriss migHECEHHS 10 CTEMEHS Ha MHOXKHHI HaTypaJbHHX

4yyCcesl He KOMyTaTHMBHA 1 HE acolliaTUBHA, 00
2% % 32, (23)% = 2¢Y,

3) Oneparii  mepepisy 1 00'€lHaHHS MHOXHH KOMYTaTHBHI,
acoIlaTUBHI Ta TUCTPUOYTUBHI OJIHA BIJTHOCHO JPYTOi.

4) Omepartist BiTHIMaHHSI MHOXXWH HE KOMYTaTHBHA.

Sxmo Ha MHOXHMHI A BH3HaueHAa KOMYTAaTHBHA omepamis [ 1 g
JOBUTHHUX €JIEMEHTIB @ 1 D MHOXHMHHU A iCHY€ €TUHUN €JIEMEHT X TaKHi,
1110

bTx=a,xTh=a,

TO IIUM CaMUM Ha MHOKHMHI A 3a/1a€ThCs omnepailis 1 Taka, 1o

alb=x

Y 1poMy BHWIAIKy omepailis | Ha3UBAETBCA 000POMHOI HA

mHoxcuni A, a omeparis | Ha3sMBaeTbcs obepuenoio 0o onepayii T na
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mrooxcuni A. SIkuo onepariisi | o6epHeHa o omnepariii | Ha MHOXHHI A, TO
3a O3HAYEHHAM U1 JOBUIBHUX €J1€MEHTIB a 1 b MHOXHHHU A

bT(@lb)=(@lb)Th=a.
Y BUMmaAKy, KOJHM g ACSIKHX, aje He I BCiX, €JIEMEHTIB a i b,
MOPYUIYETHhCSI BUMOTA ICHYBaHHS 200 €TMHOCTI €J€MEHTa X TaKoro, 1110
blx=a,

TO TOBOPSATH, 110 onepalis | obopomua y muoxcuni A, a onepanis L

Ha3UBAETHCS 0OepHeHolo 00 onepayii T y mroocuni A.
Hanpuknan:

1) Omneparist JoJaBaHHS € OOOPOTHOIO Ha MHOXKHMHI LiIuX uuces Z i
HEOOOPOTHOIO Y MHOXXHMHI HaTypainbHuX unces N. OOepHEeHOI0 omnepalliero
110 I0JIaBaHHsI € OIeparlisi BiAHIMAHHS.

2) Onepairisi MHOXKEHHS € OOOpOTHOK Ha MHOXHUHI JOJaTHUX
panioHaIbHUX yuces Q+ 1 000pOTHOIO Y MHOKHHI parlioHadbHuX uncen Q.
OO0epHEHOI0 10 MHOKECHHS € oIepallis JiJICHHS.

OG6epHena ormepaitiss |, OYEBHJIHO, HE € HOBOIO HE3aJIEKHOKO

oIepalli€ro: BOHa € TOXITHOO Bij orepartii T.

EnemMeHT € € A Ha3uBaeThCs HelumpaibHuM €JIEMEHTOM BIJTHOCHO
ormepartii T, BU3Ha4YE€HOI HA MHOXKHHI A, SKIIIO

VaeA ale=anelTa=a.

Yucno 0 € HeWTpadIbHUM €JIEMEHTOM BIJJHOCHO oOIlepallii J10/aBaHHs
IIIITAX YHCEJI, a YMCIO 1 — BIZHOCHO iX MHOKEHHS.

[TopoxHs MHOXKHHA & € HEUTPAIBHUM €JIEMEHTOM BiJHOCHO OIepalrii
o0'eTHaHHS MHOXWH, a YHIBepcaJibHa MHOXMHa U — BIIHOCHO omeparii
nepepizy BCIX ii MiIMHOKHUH.

MHOX1Ha MOXE€ 1 HE MICTUTH HEHUTPaJIbHOTO eJIeMEHTa BIJHOCHO
omeparlli, sika BU3HAUeHa Ha Hii. Hanpuknan, y MHOXKHUHI MapHUX LIIUX
yyceJl BHU3HAUYEHA ONepalis MHOXKEHHS, ajieé YUCIO OJUHHUIL, SK
HEUTpPAJIbHUH €JIEMEHT BIJIHOCHO MHOXXEHHS, Y HIi HE MICTUTBCS.
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1.6.6. Ilonammsa npo anzopummu. QCHOBHI eaaAcMUBOCHL
anzopummis.

OnHuM 3 HAWOUIBIIUX JOCSITHEHb MaTeMaTUKU XX CT. € CTBOPEHHS
Teopii anroputMiB. Ha3Ba Hayku — Teopist alrOpUTMIB — TOBOPUTH TPO TE,
10 MPEAMETOM ii BUBYECHHS € alropuTM. TepMiH "aaroputMm" MOXOAUTH
BiJl JIATUHCBHKOI ()OPMU HamMcCaHHS IMEHI y30ernpkoro marematuka IX cr.
Myxammen Oen Myca anb-Xope3mi, skuil copmMmysaioBaB mpaBuia
BUKOHAHHS apu(METUYHUUX OMepaiiid HaJ YuciIaMUd Yy JeCATKOBIN
cucremi uyuciieHHs. [IoHATTA anaroputMy y HOro 3arajibHOMy BHII
HAJICXKUTh JI0 YMCJIa HEO3HAUYBAHUX MOHSATH MAaTEMATHKH.

[lin ancopummom pPo3yMilOTh TOYHE KEPIBHUUTBO (TOUYHHUM OIIHKC,
MPaBWJIO) MPO BUKOHAHHS y TEBHOMY MOPSJAKY CUCTEMH ONEpaliid, HE
000B'sI3KOBO MaTeMaTUYHHUX, HEOOXITHUX JIJIT BUKOHAHHS JESIKOI poOOTH
a00 po3B'sI3yBaHH 3aj7a4l eBHOTO kiacy. He 3aBxu TOUHE KEPIBHUIITBO
OyJie airOPUTMOM, a JIMIIIE TOJ1, KOJIU BOHO Ma€ TakKi BJIACTUBOCTI:

1. IuCKpeTHICTL — QJIrOPUTM TIOBUHEH PO3WICHOBYBATUCA Ha
CKIHYEHHY KUIBKICTh KPOKIB, sIKi MalOTh OYTH pe3yIbTaTUBHUMHU.

2. EneMeHTapHicTh KPOKIB — TpaBWwjia OTPUMAHHS KOMXHOTO
HACTYIMHOTO PE3yJbTaTy Ha OCHOBI TMONEPEJHIX T[OBUHHI OYyTH
3pO3yMUIMMU JIJ1s1 BAKOHABIISI, HE OOOB'SI3KOBO JIFOIMHHU.

3. JleTepMiHOBaHICTh — Ha KO)KHOMY KPOIIl OTPUMYETHCS PE3YIIbTaT,
SKUWA OJIHO3HAYHO BU3HAYAETHCS JAHUMHM a00 OTPUMAaHUMHU MOMEPEIHBO
pe3yabTaTaMH.

4. HanpaBJjieHicTh — TOBUHHA ICHYBaTH BKa31BKa, 110 PO3YMITH Ii]l
pe3yJIbTaTOM aJIrOPUTMY, KOJIM Ha JAESKOMY KpOIll 13 MOMEPEIHIX JaHUX
pe3yJIbTaT HE OTPUMYETHCS.

5. MacoBicTb — ajiropuT™M IOBUHEH 3aCTOCOBYBATUCS 10 PI3ZHUX
3aJlay IEBHOTO KJIacy.

ANTOpUTMH  3aJlal0ThCA  MO-pI3HOMY, 30KpeMa: (opmyliamu,
TaOJIUIISIMU, CJIOBECHO, TpadidHo.

VY mporieci HaBYaHHS y4H1 3HAHOMJISITBCS 3 O0araTbma ajJrOpUTMaMH.
OmauMHu 13 MEpIIMX TaKuX aJrOpUTMIB €, HANPUKIAA, alrOpUTMHU
BUKOHAHHS apu(PMETUYHUX OIepalliil y IeCATKOBIA CUCTEMI YNCIICHHS.
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[ToGynoBa anropuT™My UIsi PO3B'A3yBaHHS OyIb-sKOi 3amadi 3
JOBUIBHOI Tady31 JIOACHKOI JISJIBHOCTI BUMAarae Bij JIOJWHH TJIHOOKHX
3HaHb y IiH ramy3i. Ha momryku anroputmy po3B'si3yBaHHS JCSKUX 3a7ad
ydeHl 3aTpadaroTh OaraTo yacy. AJje KOJIU aJIfOPUTM CTBOPEHHH, TO
PO3B'sI3yBaHHS 3a/1ay 3a TOTOBUM QJITOPUTMOM HE BUMAarae€ HisIKMX I1HIIHNX
PO3YMOBHUX OIlepariiii, KpiIM THUX, IO TOB'SI3aHI 3 CTPOTHM BHUKOHAHHSIM
KpOKIiB ayiroput™my. Tomy HOro BHUKOHAaBIIEM MOXE€ OyTH 1 MalluHa.
3Bakarouu Ha I1e, JIJI1 MaTEeMAaTHKU Ba)XXJIMBE HE 3HAHHS aJITOPUTMY, a HOTO
noOy/10Ba 1 JIOBEJACHHS, 110 3a JOMOMOTOI HhOTO PO3B'SI3YEThCS OYyb-sKa
3a/laya 3 MEBHOr0 KJacy. AJITOPUTMH € BaKJIMBOI YaCTHHOK KOXKHOI
HAyKH, aJie HAIMU HE BUYEPITYETHCS 11 3MICT.

He nns KoXHOrO Kjacy 3aJad MOKHAa MOOYAyBaTH aJTOPUTM.
Hampukian, He icHye alroputMmy MoOyJOBH 3a JOTMOMOTO IUPKYJS 1
JIHIMKYA KBaJiparta, MIolla sKOro piBHA IJIOII 3aJ1aHOTO KpyTa.

3ayBaxkeHHsi . Y TIOYAaTKOBIM MmIKOJl TepMmiH "airoputMm" He

BUKOPHUCTOBYETHCS, 3aMICTh HHOTO YaCTO BXKMBAETHCS TEPMiH "TIpaBUIIO".
[leii TepMiH Mae€ pi3HI 3HAYEHHS, 30KpeMa, WOro BUKOPUCTOBYIOTh SIK
CMHOHIM TMOHATH "o3HaueHHs", "Teopema", "akcioma" Ta "amroputm'.
VYuurenb MOYaTKOBOI MIKOJIM MMOBUHEH 3HATH, B SIKOMY PO3YMiHHI BXXHUTO
TepMiH "mpaBuiio"”, 00 B IILOTO 3aJICKUTh METOIMKA MOTO BUBYCHHS.

1.6.7. Komobinamopni 3aoaui. Ilpasuna cymu i 006ymky.

Kombinamoprumu 3a0auamu HA3UBAIOTHCS 3ajayl MpPO OOYMCICHHS
yuciaa — MOXJIMBUX TIJMHOXKHUH a00 KOPTEXKIB, fAKI CKIaAalOThCAd 3
€JIEMEHTIB JEAKOI CKIHYEHHOI MHOKMHH a00 MHOKHH, Y BIJIIOBIIHOCTI
13 3aJaHuMu yMoOBamu. Po3ain mareMaTuKu, B SKOMY BHBYAIOThHCA
KOMOIHATOPHI 3ajadi, HA3UBAETHCS KOMOIHAMOPUKOIO abo
KOMOTHAMOPHUM AHANIZ0M.

Y § 3 O6ymu chopmynboBaHI Teopema 5 Tpo MIAPaxXyHOK 4YHCTa
€JIEMEHTIB y 00’€IHAaHHI KIIbKOX CKIHYEHHUX MHOXKHH, K1 MOMapHO HE
MepeTUHAThCS (MIPaBUIO CyMH), 1 TeopeMa 8 IpO YHUCIO EJIEMEHTIB Yy
JEKapTOBOMY JAOOYTKY KIJIBKOX CKIHUEHHUX MHOXUH (MPAaBUJIO TOOYTKY).
HuMu KOpHUCTYIOThCS MpH PpO3B’SI3yBaHHI OaraTh0X  KOMOIHATOPHUX
3anad. g notped KoMOIHATOPUKH iX (hOPMYIIIOIOTH MO-1HIIIOMY.
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llpasuno cymu. Yucio MOXIUBUX BHOOPIB OJHOTO €JIeMEHTa 13
KIJIbKOX CKIHUEHHMX MHOKHH, SIKi IONApHO HE MEPETHUHAIOTHCS, JIOPIBHIOE
CyMI YHCJIa €JIEMEHTIB IIUX MHOKHH.

llpasuno 0o6ymky. Uucimo MOXKIUBUX BHOOPIB OJHOIO KOPTEKY
JIOBKUHOIO N, KOMIIOHEHTU SIKOTO BHOMPAIOTHCA 3 OJIHIET a00 KUIBKOX
CKIHUCHHUX MHOKHUH, JOPIBHIOE NTOOYTKY YHCIa MOXIJIHUBUX BHUOOPIB
KOXXHOI KOMIIOHEHTH KOPTEXY NpPH YyMOBI, IO TMIApaxyHOK  4YHUCia
MOXJIMBUX BHOOPIB KOXHOI HACTYIMHOI KOMIIOHEHTH 3/IIMCHIOETHCS MICIIs
TOTO, SIK 3pO0JICHO MIJIPaxXyHOK BUOOPIB BCiX MOMEPEAHIX KOMIIOHEHT.

PO3/1JI 2. EJIEMEHTU MATEMATUYHOI JIOT'IKU
2.1. JIorika BHCJIOBJICHDL

2.1.1. Illonammsa npo meepoxcenna. Mamemamuuni meeposHcenH:

ma ix euou.

JIronrHa OTpUMY€ 3HAHHS MPO HABKOJUIIHIN CBIT 3a JIONMOMOIOIO
CIIOCTEPEKEHb, MOCTIAIB 1 MIpKyBaHb, TOOTO MHUCIEHHS. MUCICHHS €
HaJI3BUYalHO CKJIAJHUM TMpOIIEC, SKUM BUBYAETHCS OaraThbMa HayKaMH.
OpnHielo 3 HUX € gopmanvHa no2ika, MO po3risgae GopMu 1 3aKOHU
MUCJICHHS. 3aCTOCYBaHHSI MAaTE€MaTUYHMX METOJIB Yy JIOTIIll MPUBEIO IO
CTBOPEHHS Mamemamu4noi ad0 cUMBONIYHOI T02IKU.

PesynbTaToM mpoiiecy MUCIEHHSI € Aymka. JlyMka (Qikcye ICTOTHE,
3aKOHOMIPHE B PI3HOMAHITHOCTI 00’ €KTIB HABKOJIUIITHBOT'O CBITY.

JlyMKa JIeXKUTh B OCHOBI TBEp/KE€Hb. OTxe, TBePIKEHHHA
(cymxeHHs1) — JOyMKa, B SKIA BHAUIIETbCA TEBHUM 00 €KT,
BCTAHOBJIIOETHCS MOTO BIACTUBOCTI a00 3B’S30K 3 IHITUMH 00’ €KTaMHU.

Onne 13 3aBAaHb MAaTEMAaTUYHOI JIOT1KM — 3'ICYBaHHS MPaBUILHOCTI
MIpKYBaHb.
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2.1.2. Bucnoenweanna, noziune 3HaueHHA 6UC1061eHHA. Jlo2iuni
cmaani. Ilpocmi i cknadeni eucnoenennsn. Ilponosuyiiini 3minHi.

Bucnosnennsam Ha3UBaEThCSA TBEPJKEHHS, TIPO SKE MOXKHA CKa3aTH,
[0 BOHO TUIBKM a00 ICTHHHE, a00 XMOHe. Bucyk 1 3anumanHs HE €
BUCIIOBJICHHSM.

[IpuknagamMu BHUCJIOBJIEHb y MaTEMaTUIll € YHCIOBI PIBHOCTI 1
HEpIBHOCTI, AaKCIOMH 1 TEOpPEeMH, TOAl SK O3HAUYCHHS BXE HE €
BUCJIOBJICHHSMU.

BuclioBIIeHHsSI YyTBOPIOIOTHCS 3 IHIIMX BHCIOBJICHb 3a JIOMOMOTOIO

" "non:n

BHPa3iB, cepel AKUX BUAUISIOTH Taki: "HenmpaBWIbHO, o ...", "He ...", "1",

a60", "JKmo ..., To ...","... TOAI 1 TUIBKHM TOAI, KOJH ..." Ta IX CHHOHIMIB.
[{i Bupa3u HA3UBAIOTLCA nponosuyiunumu 36'a3kamu. Kpim 1010 13
TBEPJIKEHb YTBOPIOIOTHCSA BUCJIOBJICHHS 3a JOIMIOMOTOI0 BUPa3iB BUAY "5

BCIX ..." 1 "ICHYIOTh ..." Ta iX CMHOHIMIB, SIKI HA3UBAIOTHCS KEAHMOPAMU
(B11 1aT. quUantum — CKiJIbKH).

[Ipomno3uiriiini 3B'I3KU 1 KBAHTOPU HA3UBAKOTHCS JIO2TYHUMU CIMATUMU.

BucnoBieHHs Ha3UBAE€TbCS MpPOCMUM, SIKIIO BOHO HE MICTUTh
JOTTYHUX CTAIMX, 1 CKIAO0eHUM — y TPOTUIICKHOMY BUMAJIKY.

Bynb-siki OpocCTi BHUCIIOBICHHSI HA3WBAIOTBCS  GUCIO8TII08AILHUMU
(nponosuyitinumu) 3minnumu 1 TIO3HAYAIOTHCS MAJIUMH JATUHCHKUMHU
mitepamu p, q, I, ....

[IpocTe BUCTOBIECHHS MOX€ HaOyBaTH TUILKHU OJIHE 13 ABOX 3HAYCHD:
a06o "ictuaa", abo "xmba", BoHM mo3HadarThCA BigmoBigHO "1" um "0" 1
HA3WUBAIOTHCA 02iuHUMU (ICMUHHOCHUMU) 3HAYEHHAMU BUCTIOBTIEHHL.

Koxkna 1oriyHa 3B'sS3Kka TOPOJKY€ ONEpalilo JOTKA  Hajl
BHUCJIOBJICHHAMU. PO3/11 MareMaTW4HOi JIOTIKHM, B SIKOMY BHUBYAIOTHCS
BHCJIOBJICHHS Ta OTEpallii HaJl HUMU, HA3UBAETHCS JI02IKOI0 BUCIOBIEHD.

CkrnazieHe BHUCJIOBJICHHS TaKoXX HaOyBa€ TIIbKKM OJHE 3 JIOTIYHUX
3Ha4Y€Hb, 10 OJIHO3HAYHO BHU3HAYAETHCS JIOTIYHUMU 3HAYCHHSAMU
BHUCJIOBJICHb, 3 SKHX MOOYyJOBaHE JaHE BUCJIOBJIEHHS 3a JOMOMOTOIO
omepaliid JOTIKA BHUCIOBIECHb. bByab-siKi BUCIOBICHHS TO3HAYAIOTHCS
BEJIMKMMH ITMCAaHUMU JIaTHHChKUMH OykBamu A, B, C, ...
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2.1.3. Onepauii 3anepeueHHs, KOH’WOHKUIl, Ou3’lOHKUii ma
eKeigaeHuyii Ha0 6UC/106/ICHHAMU.

Omnepailii JOTIKM BHUCJIOBJIEHb MOXHAa OMNUCATH 3a JOMOMOI'OIO
mabnuys  icmunnocmi  (102iYHUX 3HAYEHb), NI€ 3a3HAYAETHCA, SKUX
JIOTIYHUX 3HAYC€Hb HAOYBa€ CKJIAJIEHE BHUCJIOBJICHHS MPH PI3HUX JOTTYHUX
3HAYEHHSX MPOCTUX BUCIIOBJIEHD, 1110 BXOASATH 10 MOTO CKJIay.

3anepeuennsim NOBITBHOTO BUCJIOBJICHHS HA3WBAETHCS BHUCJIOBJICHHS,
sKe HaOyBa€ JIOTIYHOro 3HadyeHHs "1" TOMl 1 TIIBKM TOMII, KOJU JaHE
BUCJIOBJICHHS  HaOyBae JoriuHoro 3HaudeHHs "0". 3amepeueHHs

BHCJIOBJICHHS ) ITO3HAYACTHECA p 1 YMTACTHCA "HENmpaBMIIBLHO, mo P" abo

"He p".
Tabnuis ICTUHHOCTI JIJ1s 3allepeueHHs Oyie TaKoo:
p |p
0 |1
1 |0

Onmepaiiisi HAa MHOXKHH1 BUCJIOBJIECHb, MPHU SIKiil KO)KHOMY BUCJIOBJIEHHIO
A craBuTbCS Yy BiamoBimHicTh 3amepedyenHs A, Ha3UBACTHLCA onepayicio
3anepeyenHs BUCI0BIIEHD.

Kon'tonxyicro (Bim mat. conjunctio — 3B's30k, 00'eqHAHHS) JTOBUIBHHUX
JIBOX BHCJIOBJIECHb HA3WBAETHCA BHCIIOBJCHHS, SIK€ HaOyBa€ JOTIYHOTO
3HayeHHs "1" Toml 1 TUIBKM TOMII, KOJIM OOWIBA BHCJIOBJIEHHS MAaIOTh
noriude 3HaueHHs "1". KoH'TOHKIIIS BUCIIOBIICHB P 1 (] 3aUCYETHCS P A ( 1
yutaeTbes "P 1 Q. Onepailiss Ha MHOKHHI BUCIIOBJIEHb, MPU AKIA KOXHIN
yIOpsAKOBaHIM mapi BuUciOBIeHb, A 1 B cTaBuThCa y BiAMOBIIHICTH iX
KOH'TOHKIIIA A A B, Ha3uBaeTbCs onepayieto KOH TOHKYII BUCTIOBTIEHD.

O3HayeHHsI KOH'FOHKIIII JBOX BHUCJIOBJIEHb MOJXXHA y3araJlbHUTH Ha
JTOBUIBHY KUIBKICTh BHCJIOBIICHb, @ CaMe€: KOH'MOHKYIEID BUCIOGIEHb
Ha3MBAa€TbCS BUCIJIOBJICHHS, ske HaOyBae joriuHe 3HadeHHs "1" Toml 1
TIABKH TOII, KOJM BCl BHCJIOBJIECHHS MAaroThb JIOriyHe 3HadyeHHs "1".
[To3HauaeThCs KOH'IOHKINIS BUCIOBICHB P1, P2, ..., Pn P1AP2A ... APn

n
abo A p..
i=1
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Huz'tonxyicro  (Bim nat. disjungo — po3'enHyI0, PO3PI3HIEMO)
JOBUTBHUX JIBOX BHCJIOBJIECHb HA3WMBA€THCS BHUCIIOBIICHHS, SKe HaOyBae
jgorigHoro 3HadeHHS "0" Toml 1 TIABKM TOJI, KOJIM OOMIBAa BHCIIOBJICHHS
MaroTh jjoriune 3HadeHHs "0". JIu3'toHKIlis BUCIIOBIICHB P 1 ( 3aMUCYETHCS
p Vv (1 4uTtaerscs: "p abo (",

O3nadyeHHs OWU3'FOHKINT JBOX BHCIIOBIICHH MOXXHA y3arajJlbHUTH Ha
TOBUIbHY KIUIBKICTh BHCJIOBJICHb, a caMe: Ou3'toHKYIEI0 BUCI081EHb
HA3WBAETHCS BUCJIOBJICHHS, sIKe HaOyBae joriuHoro 3HadeHHs "0" Tomi i
TUIBKM TOJ, KOJHM BCl BHWCJIOBJICHHA MAalOTh JorigHe 3HadeHas "0".

[To3HayaeThecst AU3'TOHKINIST BUCIOBICHD P1, P2, ..., Pn P1V P2V ... V Pn
n

abo v p,.
i=1
Imnnixayiero  (Binm nar. implicOo — TiCHO 3B'A3yl0) JOBLIBHHX

BHCJIOBJIEHb P 1 (] Ha3UBA€THCS BUCIIOBJICHHS, SIKE HaOyBa€ JOTIYHOTO
3HaueHHA "0" Tomi 1 TIJIBKM TOJI, KOJIU P Mae€ Joriu"e 3HadyeHHs "1", a q —
"0". IMruTikallis BUCTOBICHHS P 1 ( 3aMUCYETHCA P —> (] 1 YUTAETHCS: "AKIIO
p, To Q". B immuikamii P — ( BHUCJIOBJCHHS [ HA3UBAETHCS YMOBOIO
imnnikayii, a q — eucnoskom (Hacaiokom) iMniikayii.

Exeisanenyiero (Big nat aequivalens — piBHOIIIHHUI) JTOBIILHUX JBOX
BUCJIOBJICHb P 1 (] HA3UBA€EThCS BHUCIOBJICHHS, sIke€ HaOyBa€ JIOTIYHOTO
3HayeHHs "1" Toxl 1 TIIBKM TOJMi, KOJU OOMBA BUCJOBJICHHS NMPUNUMAIOTh
OJIHAKOBI JIOT14HI 3HaYeHHs. EKBiBaJICHIIs BUCIOBJIECHD P 1 (] 3alIUCY€ETHCS
P <> (1 4uTaeThCA: "P TOAI 1 TUIBKU TO1, KoJu (",

O3HaueHHs omepariid AW3'FOHKINT, IMIUIIKaIli, 1 €KBIBaJEHIIl JBOX
BUCJIOBJICHb  QHAJIOTIYHE O3HAYEHHIO omepallii KOH'IOHKII  JABOX
BUCJIOBJICHD.

Tabnuisg ICTUHHOCTI 711 KOXKHOT 3 OTepalliii Mae TaKuid BUTJISI

P |9 [PAQ |PVq |pP—>Qq P<(
0 |0 0 0 1 1
0 |1 0 1 1 0
1 1|0 0 1 0 0
1 |1 1 1 1 1
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2.1.4. @opmynu nociku eucioenenv. Tadauyi 102ivHUX 3HAYEHD
dopmynu. Jloziuna cmpykmypa cKiad0eno20 6UC106/1€HHA.

Akio y CKIaJeHOMY BHCJIOBJICHHI KOXHE IIPOCTE BHUCIIOBJICHHS
3aMIHUTH BHUCJIOBIIIOBAJIbHOKO 3MIHHOIO, a TIPOMO3UIIINHI 3B'S3KH —
BIIMOBITHUMH OTI€PaIlisIMA JIOT1KM BHUCIIOBJICHb, TO OJCPKUTHCS BHpa3,
SKUW HA3UBAETHCS POPMYI0I0 N02IKU BUCTI06EeHb a00 TIPOCTO (hopmyoro.
[Ipo popmyiy JOTIKHM BUCIOBJICHb TOBOPSTH, 110 BOHA 3a7a€ (BU3HAYAE)
N02iuHy cmpykmypy eucnosnenus. O3Ha4eHHS popmynu MOKHA YTOUHUTH
TaK:

1) KOo’kHa BHCIIOBJIIOBaJIbHA 3MiHHA € POPMYIIOIO;

2) axkmo A i B — ¢opmymu, To Gopmynamu € 4, B, AAB, Av B,
A — B, A < B;

3) HigKi iHII 3amMcH, KpiM THX, SKi yTBOpeHi 3a 1) 1 2) He €
dbopmynamu.

VY 3aranpbHOMY BUNAJKY (POPMYJIH JIOTIKH BHUCJIOBJICHb MO3HAYAIOTHCS
BEIMKMMH TIHCAaHUMH JIATUHCBKMMH OykBamu A, B, C, ... 1, skmo
noTpiOHO, B AyXKKaxX BKa3yIOTbCS 3MiHHI, SKI BXOJATh y (GOpMyiy, IpH
IIbOMY BBa)KA€ThCH, 10 3MiHHI Y (OpMyIIl CTPOro JiHIMHO BIOPSAIKOBaHI,
TOOTO BOHM YyTBOPIOIOTH KOPTEXK, SKHH HA3UBAETHCS Kopmedcem
(rabopom) 3minnux.

[Topsimoxk BUKOHaHHS omepalii y GhopMyil peryialoeThbCs KPyriIuMU
Ty’)KKaMU: CIIOYaTKy BHKOHYIOTHCS Omepaiii y HaWrIMOmuX TyxKKax,
MOTIM — Yy HACTyMHUX 1 T.A. SKIO AyXKH BIiACYTHI, TO TMOPSIAOK
BUKOHAHHS oOMNepalii TaKui: 3alepedyeHHs] HaJ BHUCJIOBIIOBAILHOIO
3MIHHOIO, KOH'FOHKIIIS, OW3'TOHKIIS, IMIUIIKAIA 1 €KBIBaJIeHId. Y JIOTIII
BUCJIOBJICHB, SIK B aireOpi JJisl BUpas3iB, MPUUHATO Ha3uBaTu (HOpMyTy
HA3BOIO OCTaHHBOI omeparlii y Hill.

Axumio y ¢popmyiny BXOAUTh N 3MIHHHUX, TO HA0lp 3HAYEHb 3MIHHUX €
KOPTEKEM JIOBKHUHOIO N, 1 KOKHA 3MIHHA HAa0yBae, HE3aJEKHO BiJl 1HIIUX
3MIHHUX, 1BOX 3HadeHb "0" yu "1", a Tomy 3a mpaBuiaoM AOOYTKY, pi3HUX
HaOOpiB 3HaueHb 3MiHHUX Oyzae 2". OOYuCIeHHSA JIOTIYHHX 3HA4YeHb
dbopMynu Ha BCiX HabOpax 3HA4YeHb 3MIHHUX 3aMUCYEThCS Yy BHIJISI
TabuIll, ska mMae 2" pAnKiB 1 HA3UBAETHCS mabauyero J102iYHUX 3HAYEHb
Gopmynu ab0 mabauyero icmuHHocmi hopmynu.



53

2.1.5. Tomoosicno icmunHi (n02IYHI 3AKOHU) | MOMOINCHO XUOHI

dopmynu.
dopmyiia JIOTiKH BUCIIOBIICHb Ha3UBAETHCS:

1) HeumpanbHolo, SKIIO BOHAa HaOWpae KOXHE 3 JIOTTYHHX
3HAYCHb;
2) MOMOXNCHO XubHo0 abo cynepeunugoro, SIKIO Ha BCIX Habopax

3Ha4€Hb 3MIHHUX BOHA HaOupae joriyHe 3HaueHHs "0";
3) MOMOINCHO icmuHHOO ab0 masemosoci€lo, SKIIO Ha BCIX

Habopax 3HaueHb 3MIHHMX BOHA HaOupae joriuHe 3HadyeHHs "1".

VY noriui 0coO6nMBYy posib BIAITPalOTh TOTOXKHO 1ICTUHHI (popMynH, iX
II€ HA3UBAIOTh JO2IYHUMU 3aKoHamu a00 3axoHamu nociku. Okpemi
JOT1YHI 3aKOHM MalTh CBOi HAa3BU 1 IIMPOKO BUKOPHUCTOBYIOTHCS VY
MipKyBaHHsX. HazBeMo JiesKi 3 HUX.

1) p — P — 3aKOH TOTOKHOCTI;

2) pv p — 3aKOH BHKJIIOYEHHS TPETHOTO;

3) p A p —3aKOH HECYNEPEYHOCTI,;

4) (p — ) A p — Q — NpaBHIIO BUCHOBKY;
5 (P—>9) A(q—r)— (p— r)— npaBuIO CHIOTI3MY;

6) (p = q) < (¢ = p) — 3aKOH KOHTpPANO3MIIii;

N(PArq—or)e (pAr—g)—3aK0H pO3MUPEHOI KOHTPATIO3HIIII.
VYci 11 3aKOHU JTIOBOASITBCS 3a JOIOMOTOI0 MOOYAOBU iX TaOIUIIb
1ICTUHHOCTI.

Teopema 1. SIkmio y ToToxHO icTrHHIN dopmymi A(P1, P2, ..., Pn) 13
N 3MIHHUMHM KOXXHY 3MIHHY Ha BCIX MICISX 1i BXOPKEHHS 3aMIHUTHU
BiAnoBigHO dopmynamu Ai, Az, ..., An, TO oxaepxkana dopmyna Oyae
TOTOKHO 1ICTUHHOIO.

2.1.6. Pienocunvni opmynu. Bnacmueocmi onepauyii noziku
GUC/106/1€Hb.

JIBa BHCIIOBJICHHS HA3UBAIOTHhCS PIBHOCUIbHUMU, SKIIO BOHU MAalOTh

OJIHAKOBI1 JIOT14HI 3Ha4YeHHsA. OYEeBUIHO, 10 BIAHOIICHHS PIBHOCHUJIBLHOCTI
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Ha MHOHWHI BHUCJIOBJIEHb € BIJHOIIEHHSIM €EKBIBAJIEHTHOCTI 1 BOHO
po30uBae i Ha JBa KJacH: KJIaC iICTMHHHUX BHMCJIOBJICHb 1 KJIaC XMOHHUX
BUCJIOBJICHb.

JoBuibHI  11BI  (QopMysiM  JIOTIKM  BHUCJOBIIEHb  HA3UBAIOTHCS
pisnocunvhumu (1ociuno  exgisanenmuumu), SKIO Ha BCix Habopax
3HAUYC€Hb 3MIHHHUX, 10 BXOMASTH A0 iX CKJaay, BOHHU MPUUMAIOTh PIBHI
joriuHi 3HayeHHd. PiBHocunbHicTh hopmyn A 1 B 3amucyerscas A=B 1
yuTaeTbes: "Gopmyna A piBHocwibHa Gopmyni B" a6o "dhopmynu A 1 B
PIBHOCHJIBHI".

OkpeMi pIBHOCWIBLHOCTI BHpakalOTh 3aKOHHM OIEpalliii JIOT1KH
BHCJIOBJIEHb. BKa)keMO OCHOBHI 3 HUX.

1. 3aKOHM 1JIsI KOHCTAHT:

pA0=0, pvO0=np,
pAl=p, pvl=1l,
PAp=0, pvp =1

2. 3aKOH IOJIBIHHOTO 3allepeueHHs:

P=D-

3. KomyTtatuBH1 3aK0HU:
PAQ=(qAP, pPvqg=(qvp.
4. AcorlaTUBHI 3aKOHU:
(Prag)ar=pa(qar), (Pvaovr=pv(@vr).
5. 3aKOHH 1IEMITOTEHTHOCTI:
PAP=D, pvp=Ep.
6. uctpuOyTUBHI 3aKOHH, IO TOB'SI3YIOTH OmeEpallii KOH'IOHKII Ta
U3 TOHKIT:
pa@vn=@EAagvar), pv@an=pEvaAaPvr).
/.3akoHu Jge Moprana (mpaBwia 3amnepedyeHHs KOH'FOHKINT 1
JIA3'FOHKIIIT):
pAG=pvd,  pPvg=pAqg.
8. IIpaBuo BUKITIOUCHHS IMILTIKAIII:

p—>q=pvq.
9. [IpaBwiia BUKIIIOUCHHS €KBIBaJICHIIII:



55

peq=PE—-aA@—=p), P=g=@EAaVv(pra)
3aKoHU I KOHCTAHT, MOABIMHOTO 3alepedyeHHs, KOMYyTaTUBHOCTI
acoI[laTUBHOCTI Ta 1JIEMIOTEHTHOCTI O€3MoCepeHbO BUIUIMBAIOTH 13
O3HAYCHHS OIepalliii JIOTIKA BHUCIOBICHb. J[OBEIEHHS I1HIINX 3aKOHIB
MOXHa BHKOHATH, MOOYAyBaBIIM TAOJHIN ICTUHHOCTI JIsI (GOpMYII, IO
BXOJISITh y MpaBy 1 JIIBY YaCTUHU piBHOCTEH. [TokaxeMo 11e Ha IPUKIIAII.
3anaya. /loBecTu oJiHE 13 MpaBUJI BUKJIIOYEHHS €KBIBAJICHIIII:

pogq=(P—a)A@—p).

» [loOyayemo Tabmauill ICTHHHOCTI A7 GOpMYJI, III0 BXOJASTH Yy JIBY 1
MpaBy YaCTUHU PIBHOCHJIBHOCTI.

P 1d (P<qd |[p—a)A(@—p
)

R P OO
_ O R O
R O O K
B P O

R O O K
=N

3 Ta0auIll 32 O3HAYEHHSIM PIBHOCHIIBHOCTI POPMYJIT OJIEPKYEMO
pegq=(pP—0q)A(@—p) <«
3 KOXKHOIO IMILTIKAIlIE€0 P — ( TOB'sI3aHi 1€ TPY IMILTIKAIIII:
g — p — IMIUTIKaIlis oOepHeHa TaHil;
P — 0 — IMILTIKaIlisg TPOTHIIEKHA TAHIH;
q— p — imMIuTiKanis obepHeHa 10 MPOTUIIEKHOT JaHil a00 IMIUTIKaLis
IPOTHUJIEKHA 1O OOEPHEHO1 JaH1H.
Tabnuil ICTUHHOCTI BCIX YOTUPHOX IMIUTIKAIINA OyyTh TAKUMU:

P |d |p—ad [g—p|p—>d [dop
0 |0 1 1 11 1 1
0 |1 1 0 |10 0] 1
1 |0 0 1 (01 1] o
1 |1 1 1 |01 0] 1
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AHam3youn Ta0IuIll, A11H1eMO BUCHOBKIB:
1) omepartist iMITTIKAIIT BUCIOBIICHb HE KOMyTaTHBHA, TOOTO
P—0=q4—pD,
2) MaloTh MicIie PiIBHOCUJIBHOCTI
P—04=q—>p, d—p=p—q,

K1 HA3UBAIOTHCS 3AKOHAMU KOHMPANO3UYIL,

3 O3HA4YeHHS PIBHOCUJIBLHOCTI (POpMyJ JIOTIKM BHUCJIOBJIEHb Ta

B1JTHOIIIEHHS €KBIBAJICHTHOCT1 OJICPKYETHCS TeopeMa.

Teopema 2. BigHOIIEHHST PIBHOCWIBHOCTI HA MHOXHUHI (Qopmyn
JIOT1KH BUCJIOBJIEHD € BITHOIIEHHSIM €KBIBAJIEHTHOCTI.

BigHoIeHHST PIBHOCUIIBHOCTI JTO3BOJISIE 3aMiHUTH (Gopmyly abo ii
JacTUHY, SKa TaKoX € (OpPMYJIOI0, Ha PIBHOCWIBHY 1M 1 OTpUMYBaTH
dbopmyny, piBHOCWIbHY 3afaHii. Ile Jae MOXIJIMBICTH JIOBOJUTH
PIBHOCUJIBHICTH (DOPMYJI JIOTIKH BUCJIOBJIEHb TaK, SIK B alreOpi 1I0BOISTHCS
TOTOKHOCTI.

3agaya. JloBecTu, 0 Mae Micli€ PIBHOCUJIBHICTb

peoa=(PEag)v(rnag)

Teopema 3. JIBi moBUIBHI (OpPMYNIM PIBHOCWIBHI TOA1 1 TUIBKUA TOI,
KOJIM iX €KBIBAJICHIIISl € TOTOKHO 1ICTUHHOI (hOPMYJIOIO.

2.1.7. Bionowennsa  102i4H020  CNIOY6AHHA  HA  MHOMCUHI
BUC/I0671€HD.

VY 611p1I0CTI BUNAJKIB HOB1 3HAHHS OJIEPKYIOTHCA 3 BIJIOMHX PaHIIIE
3HaHb 3a JIONIOMOTOI0 MIpPKYBaHb, SIKI MPOBOISTHCS HA OCHOBI TMOHSATTS
JIOTTYHOT'O HACIIJIKY.

®opwmyna B HazuBaeThes no2ivnum nacriokom gopmyn A, Az, ..., An,
akmo popmyna B nabyBae moriunoro 3naueHHs "1" Ha Bcix THX Habopax
3HaUYC€Hb 3MIHHMX, Ha skuxX Qopmynu Az, Az, ..., An MarOTh JOTIYHE
sHaueHHsa "1". 3amuc A1, Ao, ..., An |=B o3Hauae, mo Qopmyna B e
JOT1YHUM HacniakoMm dopmyi Ag, Ao, ..., An, TIpu IIbOMY cami popmynu Ay,
Az, ..., An Ha3UBaIOTbCS nocuakamu adbo cinomeszamu, a Gopmyna B —
Hacniokom abo eucHosxkom. 3aMicTh TepMminy "dopmyna B € nmoriunum
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HaciiakoMm ¢dopmyn Ai, Az, ..., Ap" KOPHUCTYIOTBCS TepMiHOM "3 opMyn
A1, Ay, ..., Ay toriuno BuruinBae gpopmysaa B,

BigHolIeHHs JOT1YHOIO CJIiIyBaHHS MOB'SI3aHO 3 MOHSTTIM TOTOKHO
1ICTUHHOI (popmyH.

Teopema 4. 3 dopmyn Az, Az, ..., Ay Jor1uyHO BUIUTHBae Gopmyia B

TOAl 1 TUIBKK Toji, kKo ¢opmyna At AA2 A ... A An— B € ToToxkHo
ICTUHHOIO.

I3 Teopemu 4 BUIUIMBA€E HACTIIOK.

Hacninok 1. 3 dopmyn Aq, A, ..., Ay oriudo BurivBae popmyina B

TOA1 1 TUIBKM TOA1, Koy 3 dhopmynu A1 A A2 A . A Ap JTOTIYHO BUIIMBAE
dbopmymna B.

Ha ocHoBi Hachigky | BiIHOLIEHHS JOTIYHOTO CIIIJIyBaHHS Ma€ TakKi
BJIACTUBOCTI.

1. Jlnsg noBuibHOI (OPMyJIM JIOTIKM BHUCIOBIEHL A maemo A |=A.
OTxe, BIIHOIICHHS JIOTTYHOTO CJIiTyBaHHS pedIIeKCUBHE.

2. Jlna poBunbHUX (hopMyi Joriku BucioBIeHb A 1 B skmo A |=B 1
B FA 10 A=B.

Ile cBoepimHa (popma BIACTHUBOCTI aHTHCUMETPHUYHOCTI BiAHOIICHHS
JIOTIYHOTO CJI1yBaHHS.

3. Hnsa moBinsHEX dopMyn Joriku BucioBieHb A, B 1 C, axmo A |= B
iBEC,T0A EC.

OTxe, BIJHOIIECHHS JOTIYHOTO CJiAYBaHHS Ha MHOXHUHI (opmyn
JIOT1KHA BUCJIOBJIEHb TPAH3UTUBHE.

4. HeBa)XKO TIEPEKOHATUCS Y TOMY, IO BIJHOUIEHHS JIOTIYHOTO
CJIiAyBaHHS HA MHOHH1 ()OPMYJI JIOTIKM BUCJIOBJIEHb HE3B'sI3HE.

3 onepkaHUX pe3yJIbTaTiB MAEMO HACITIOK.

Hacniok 2. BigHOIIEHHS JIOTIYHOTO CJIAyBaHHS Ha MHOXKHHI
dbopMy JIOTIKM BHUCIOBJICHb € BIJHOIICHHSM HECTPOTOTr0 YaCTKOBOTO
MOPSIIKY.

Teopema 4 nae MOXIMBICTh MO-IHIIOMY MIiAIATA 10 TIyMadye€HHS
JIOTTYHUX 3aKOHIB, SIK1 € IMIUTIKAIIsIMHU. 3a TEOPEMOIO 4 Yy TaKUX 3aKOHaX
11e PIBHOCWJIHHO TOMY, 110 BUCHOBOK IMILTIKAIli € JIOTITYHUM HACTIIKOM il
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ymMoBU. Hampuknaa, mnOpaBuio BHUCHOBKY, SKIIO CKOPHUCTYBaTHUCA
TeopeMOIo 1, MOKHa 3amucaTy TakK:
(A—-B)AA—B.
Ha ocHoBi TeopeMu 4 1€ piBHOCHUIIBHO TOMY, IO
A—B, A EB. (1)
3anucoM (1) npaBuiia BUCHOBKY KOPUCTYIOTHCS Y BUIIAAKY, KOJIU
MalTh TeopeMy A — B 1 gKMMOCh 4YMHOM BCTAHOBJIIOKOTH, IO
BUCIOBIICHHS A Mae joriuyde 3HaueHHs "1". Toxi Ha ocHoBi (1)
POOHUTHCS BUCHOBOK, 110 ¥ BUCJIOBJIEHHS B Mae jgoriune 3HaueHHs "1".
3agaya. BcranoButu, un € dopmyna P <> ( JIOTIYHUM HACIIIKOM
bopmynp —qipv g.
» 3rigHo Teopemu 4 ckiagaemMo Gopmyiy
P—=DA(PVvag)—(pPea).
o ii cknagy BXOASATH JIB1 3MiHHI, @ TOMY 1i TaOJHUIIsl ICTUHHOCTI Mae
2°=4 pagkn. Ha xoxnomy HaGOpi 3HAa4€Hb 3MIiHHMX OOYHMCIIIOEMO
pe3yJIbTaTu OlEepaliil JIOTIKM BUCJIOBJIEHb y TOPSAIKY, SIKUM 3aa€ThCS

dbopmyIioro.
P AP A(pva)—(pea)
0 |0 1 1 11 11 1
0 |1 1 0 [0 01 0
1 |0 0 0 [1 11 0
1 |1 1 1 |1 01 1

VY Tabnuill OCTaTOYHUM pPe3yabTaT BUIUICHO. 3 TAOJHIIl BUAHO, IO
dbopmyna
(P—g) APV q)— (p <> () TOTOXKHO iICTUHHA, 2 TOMY 33 TEOPEMOIO 4

P—a),(Pvq) Fpeg). <
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2.2. Jlorika npeaukariB

221. Honamma npo 3miny 6 mamemamuuyi. Ilpeouxam
(6ucnosnioganvna ropma) ma 1020 0CHOGHI XAPAKMEPUCHUKU .

[lin 3minHol0 B MaTeMaTulll PO3YMIIOTh 3HAK (CHUMBOJ) y JIESIKOMY
3amucy, 3aMICTh SIKOTO MOXKHA MiJCTaBJISITA €JIEMEHTH MEBHOI MHOYKHUHH,
IK1 Ha3WBAIOThCI 3HAYCHHAM 3MIHHOI, a camMa MHO>KMHA — OOJAaCTIO
BU3HAYCHHS 3MIHHOI.

KpiM BHCIIOBIE€Hb MOXHA BHJIIIMTH TBEPKCHHS, IO MICTATh OJHY
a00 KiJbKa 3MIHHUX 1 TEPETBOPIOIOTHCA y BUCJIOBJICHHS MpU 3aMiHi
3MIHHUX iX 3Ha4Y€HHSIMHU. Taki TBEPJKEHHS HA3UBAIOTLCS npeouxkamamu
(6ucnosnrosanvrumu gopmamu).

Po3pi3HsOT 00HOMICHI, O680MICHI 1 T.H., N-MicHi TIPEIUKATH Yy
3QJIEKHOCTI BiJl TOro, CKUIBKM 3MIHHHUX BXOJUTh JO iX CKJIay.
[IpuknagaMyu TpeauKaTIB y MaTeMaTHIll € PIBHSHHS 1 HEPIBHOCTI 13
3MIHHUMH.

bynb-siki OJHOMICHI, JBOMICHI 1 T.J., N—MICHI MNOpeAuKaTu

no3HavarTbes BiamoBiaHo P(X), Q(X, ¥), R(X, Y, 2), ..., P(X1, X2, ..., Xn).
Sxmo x npemukat P(Xi, X2, ..., Xn) N—MiCHUH, TO HOTO o0baacmio
susHayernHs Ha3zuBaeTbesl MHOKMHA M =M1 x M2 x ... x M, e M1, My,
..., Mp € obnacTaMu BH3HAQUECHHS 3MIHHHUX X1, X2, ..., Xn BIAMOBIIHO. Y
BUMNAAKY, KOIu MHOXUHU M1, My, ..., Mp piBHi, ToOTO M1=M) = ...

= Mn = M, To 4acTo roBopsTh, O MPEAUKAT BUSHAUECHUN HAa MHOXHUHI M,
X04 B JIACHOCTI BIH BU3HauUeHUW Ha MHOXuUHI M". PosrisiHemo npuxmia.
PiBHsIHHS
X+2y—-z2=51eXY,2eR,
€ TpuMicHUM TipenukatoM. Konm Hajmatu X 3HauyeHHS 1, TO OJEPKUTHCS
JIBOMICHUM MpeauKaT
1+2y—z=5ab6o, moTecame,2y—2=4,1¢Y,Z e R.

[Ipy HagaHHi 3HaueHb X=1 1 Y =2 OJIEPXKUTHCI OJHOMICHUU
npeaukat 1 +2 -2 -2 =15 abo, mo te came, 2 =0, e Z € R.

IIpu HanaHHi x 3HaYeHb X =1, Yy =112z =1 oTpumMaeMO BUCIIOBJICHHS
1+2-1-1=5,100T0,2 =5, siKe OyAe XUOHUM.
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3 KOKHUM IpeaukaToM P(X), BU3HaUeHUM Ha MHOKHMHI M, TIoB's13aHi:

1) oonacmo icmunnocmi |, TOOTO MHOXWHA THX 3HA4Y€Hb 3MIHHOI 3
o0JiacTi BU3HAUCHHS MpearKaTa, PU SIKUX BIH IEPETBOPIOETHCS B ICTUHHE
BHMCJIOBJICHHS,

2) oonacme xubnocmi X, TOOTO MHOXKHMHA THX 3HA4€Hb 3MIHHOI 3
o0JlacTi BU3HAUCHHS MPEIUKATa, IPU SAKUX BIH MEPETBOPIOETHCSA Y XUOHE
BHMCJIOBJICHHS.

Muoxxuau M, | 1 X moB's13aH1 CiBBIAHOIIEHHIMA

luX=M 1 INnX=0.

Skmo npenukar P(X), Bu3HaYeHuid Ha MHOXHUHI M, To #ioro oGmacrti

ICTHHHOCTI 1 XUOHOCTI YacTO IMO3HAYarThCs BiAMOBIIHO lp 1 Xp = M\ I,

2.2.2. Tomoyxcno icmunni, mMOmMONCHO XUOHI ma pPi6HOCUTbHI
npeouKamu.

[Ipennkat Ha3UBAETHCA:

1) momooicno icmunnum, KO HOro 00JacTh ICTUHHOCTI AOPIBHIOE
o0y1acTl BU3HAYCHHS;

2) momodicno Xxubnum, SKIIO HOro 007acTh XHOHOCTI JOPIBHIOE
00JIacTI BHU3HAYE€HHS, TOOTO HOro 00JacCTh ICTHHHOCTI € TOPOKHBOIO
MHOHHOIO.

[Mpenukatu P(X) i Q(X), Bu3HaueHi Ha MHOXUHI M, Ha3uBarOThCA
PIBHOCUTbHUMU HA Hili, IKIIIO iX 00JIaCT1 ICTUHHOCTI piBHI. PIBHOCUIIBHICTB
npenukatiB P(X) 1 Q(X) 3amucyerbes

P(x) = Q(x), X € M.

BnactuBocTI  TOTOXXHOI  ICTHHHOCTI, TOTOXHOI  XMOHOCTI 1
PIBHOCWJIBHOCTI ~NIPEAUKATIB ICTOTHO 3aliekaTh BlA 11X oOyacte
BU3HAauUCHHsS. Hanpukiaa, oJHOMICHI TpeuKaTu

P(X)-"x-2=0" 1 Q(X)-"x>-4=0"
pPIBHOCUJIbHI Ha MHOXHUHI HaTypalbHUX 4uced N 1 HepiBHOCHIIBHI Ha
MHOXUHI KX yncen Z, 60 Ha MHOkUHI N |p = lg = {2}, a Ha MHOXUHI
Z lp=1{2},ane lg={-2;2}.

AHanoriuio, sk st (GOpMyJ JIOTIKM BHUCJIOBJIEHB, OJEPKYEMO
TEOpeEMy.
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Teopema 1. BigHomieHHS  PIBHOCWIBHOCTI  JJIsI  MPEAHMKATIB,
BH3HAUEHUX Ha OJHIA 1 TIA JK€ MHOXMHI, € BIJHOIICHHSIM
€KB1BAJIEHTHOCTI.

2.2.3. Onepauyii noziku eucinoeieHv Hao npeouxamamu. Oodaacmi
icmuHHOCHI pe3y1bmamie yux onepauiil.

[Ipenukaty, sSK 1 BHUCIOBICHHS, TaKOX HaOyBarOTh JIOTIYHHUX
3HadyeHp"0" um "1", TOMy Haj HUMHM MOXHAa BUKOHYBATH BCi omeparii
JIOT1KUA BUCJIOBJICHb.

3anepeuennsim  NOBUIBHOTO  ogHOMicCHOro  mpeaumkara  P(X),
BU3HAYCHOTO HAa MHOXHWHI M, Ha3uBaeTbcs MpEeAUKAT, BU3HAUCHUW Ha
MHOXUHI M, sikuii HaOyBae JOrYHOro 3HayeHHs " 1" mpu THX 1 TUIBKHA TUX
X 13 MHOKMHU M, nipu skux npeaukar P(X) HaOyBae JIOriYHOTO 3HAYCHHS
"0". 3anmucyeThCs P(x) 1 YMTAETHCS "HENMpaBMIIbHO, o P(X)" ado "ne P(X)".

Omnepailisi Ha MHOXHHI OJIHOMICHHUX MpEIUKaTIB, BU3HAYEHUX Ha
MHOXUHI M, mpu sKiil KO)KHOMY TMPEINKATY CTABUTHCS y BIJMOBIIHICTD
HOro 3amepeyeHHs], HAa3UBAETbCA ONEpayicio 3anepeyeHHs: NpeouxKamis.
O6nacTh ICTUHHOCTI 3allepeueHHS IpearKaTa JOPIBHIOE 00J1aCTI XMOHOCTI
npeankara, To0To

=X, =M\I,.

Kon'tonkyiero NBOX TOBUIBHUX OJHOMICHUX MPEAUKATIB, 3aJlaHUX Ha
CIIUIbHIA 00JIaCTI BU3HAYECHHS, HA3UBAETHCS MPEAUKAT, BU3HAUYCHUHN Ha 1ii
K€ MHOXKHHI, IKU HA0yBa€ JIOTTYHOrO 3HaYeHHs " 1" Mpu THUX 1 TUTBKU TUX
3HAQYEHHAX 3MIHHOI, MpU SKUX OOWJIBa MPEIUKATH MAIOTh JIOTTYHE
3HaueHHs "1".

Kon'tonkiis mpeaukatiB P(X) 1 Q(X) 3amucyerbes P(X) A Q(X) i
yuraeTbes: "P(X) 1 Q(x)".

Onepailisi HA MHOXHWHI OJTHOMICHUX MPEANKATIB 13 CIUILHOIO 00JACTIO
BU3HAYECHHS, MPU AKIA KOXKHIN yHOPAIKOBaHIN Mapi MPeIUKaTIiB CTaBUTHCS
y BIAMOBIJHICTh 1X KOH'IOHKIIISI, HA3WBAETHCS Onepayiclo KOoH'toHKyil
npeouxamis.

O6nacTh ICTHHHOCTI € mTepepizoM o00JacTel I1CTUHHOCTI IHX
MpeIuKaTiB, TOOTO
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oo =1 N1y,

[IoHATTS KOH'IOHKIIT JBOX OJHOMICHUX TMpPEIUKATIB 13 CIUIBHOIO
0o0JIacTI0O BH3HAYCHHS MOXKHA Yy3araJlbHUTH [JI1 KUIBKOX OJHOMICHHX
MIPEINKATIB.

Kon'tonkyiero kinbkox oonomichux npeduxkamis, 3aJJaHUX Ha CITUIbHIN
00JIaCTI BU3HAYCHHS, HA3WBA€THCS MNPEAUKAT, BHU3HAUYCHUM Ha IIH XKe
MHOXUHI, SIKMM HaOyBa€ JIOT1YHOTrO 3HayeHHs "1" mpu TUX 1 TIIBKU THUX
3HAQYEHHAX 3MIHHOI, TpPU SKUX YyCl TpeAuKaTH MNPUNMAIOTh JIOT14HE
3HaueHHs "'1".

Kon'tonkiis npeaukatie P1(X), P2(X), ..., Pn(X) 3anmucyeTtncs

P(X)AP,(X)A...AP (x) abo .7\1P,,(x).
i=
i untaerbes: "P1(X) 1 P2(X) 1 ... 1 Pa(X)".

Y Marematuill 4acToO KOH'FOHKI[II0 KUIbKOX MPEAUKATiB, OCOOJIHUBO Y
BUIAJIKy PIBHSHb a00 HEPIBHOCTEH 13 3MIHHUMH, HA3HBAIOTh CUCHIEMOIO
npeouxamie (BIANOBIAHO cucmemor pieHAHb ab0 HepisHocmel 13
SMIHHUMU).

Jluz'tonkyicro 1BOX NOBUIBHUX OJHOMICHUX TPEIWKATIB, 3aJaHUX Ha
CIUJIBHIN 00J1aCTI BUBHAYEHHS, HA3UBAETHCS MPEIUKAT, BUSHAUCHUN Ha 111
K€ MHOXUHI, IKUi HaOyBae JOriyHOro 3HayeHHs "0" nmpu THUX 1 TUIBKU TUX
3HAQYEHHAX 3MIHHOI, MpU SKUX OOuJBa NpEAUKaTH MaloTh JIOTI4HE
3HadeHHs "'0".

Hus'tonkiis apox npeaukatiB P(X) 1 Q(X) 3amucyetses P(X) v Q(X) i
gyutaeTbes: "P(X) abo Q(Xx)".

OOmacte 1CTUHHOCTI € o00'eqHaHHAM 00JIacTEd ICTUHHOCTI IUX
peANKaTiB, TOOTO

o=l Ul,.

[TouarTss AW3'TOHKINT JBOX OJHOMICHMX TMPEAMKATIB  MOXHA
y3arajJbHUTH JJIS KIJTBKOX OJHOMICHUX MPEIUKAaTIB.

Jlu3'tonkyiecro KUJIBKOX JOBUIBHUX OJHOMICHMX IpEAUKAaTIB, 3aJaHHX
Ha CIJIBHIN 00J1aCTI BUSHAYCHHS, HA3UBAETHCA MPEAUKAT, BU3BHAYCHUM Ha
11 )K€ MHOKHHI, IKUW HAO0yBa€ JIOriyHOTO 3HaueHHs "0" mpu TUX 1 TUIBKU
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TUX 3HAYEHHSX 3MIHHOI, MPU SKUX KOXXEH 13 TPEeIuKaTIB Ma€ JIOT14HE
3HaueHHs "0".
Hus'tonkiis npeaukatiB P1(X), P2(X), ..., Pn(X) 3amucyerbes

ROV RM) V..V P abo VPR ()

i untaerhes: "P1(X) abo P2(X) abo ... Pn(x)".

Y wMarteMatwIli 9acTto JU3'FOHKINIO MPEANKAaTiB, OCOOJMBO, KOJIHU
npeauKaTaMu € pIBHAHHS a00 HEpPIBHOCTI 13 3MIHHHUMHM, Ha3UBalOTh
cykynnicmio npeoukamie (cykynnicmio pieHaHb abo HepieHocmell 13
SMIHHUMUL).

Imnnixayiero opHoMicHux mnpeaukaTiB P(X) 1 Q(X), BH3HaueHUX Ha
MHOXXMHI M, HazuBaeThCs MpeauKaT, BU3HAUYCHUNW HA MHOXHHI M, sikui
HaOyBae noriyHoro 3HavyeHHs "0", mpu TUX 1 TUIBKM THUX X 3 MHOXUHHU M,
npu skux npeaukatr P(X) mae moriune 3nadyeHHs "1", a mpegukar Q(X) —
"0".

Immumikanis npeaukariB P(X) 1 Q(X) 3ammcyerses P(X) — Q(X) i
yuraerbes: "akmo P(X), To Q(X)". SIk 1 IS BHCIIOBICHb, B IMILTIKAIlil
npenukatiB P(X) — Q(X) npenukat P(X) Ha3UBa€TbCA yMO6010 IMIIIKAYIL,
a npeaukat Q(X) — sucrnoskom.

[Ilo6 3HailT® 00JacTb  ICTUHHOCTI  IMIUTIKaUli  TIPEIHMKAaTIB,
CKOPHCTAEMOCS MTPABUIJIOM BUKITIOUCHHS IMILTIKAIIi1

P(x) > Q(x) = P() v Q(X).

3BiJIcCM Ha OCHOBI 3HAaXOJ[KEHHsI 00JIaCTel 1ICTUHHOCTI 3amepeyeHHs 1

JU3'TOHKIIIT TPEANKATIB OTPUMYEMO

I o =lhuly=X, Ul,.

P>Q — IPvQ P

Otxe, lpo =Xp Ul,.

Exsisanenyicro 1BOX TOBUIBHUX OJTHOMICHHUX MPEANKATIB, BABHAUECHUX
Ha CIUIbHIN 00JIaCTI BU3HAYCHHS, HA3UBAETHCS MIPEAUKAT, BU3HAUYECHUM Ha
111 )K€ MHOKHHI, KMl Ha0yBa€ JOT1YHOTOo 3HaueHHs "1" mpu TUX 1 TUIBKU
TUX 3HAYEHHSAX 3MIHHOI, MpU SKUX OOWJBa MPEIUKATH MalOTh pPIBHI
JIOT14H1 3HAYCHHS.

ExBiBanenmis npeaukatiB P(X) 1 Q(X) 3ammcyerscs P(X) <> Q(X) i
yutaeTbes: "P(X) Tomi i Timbkm Tomi, komu Q(X)". 11lo06 3HaiiTH 006sacTh
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icTUHHOCTI ekBiBaneHiii npeaukaTiB P(X) 1 Q(X), BU3HaYeHHX HA MHOXHUHI
M, ckopucTaemMocsi OJHUM 13 MTPABWJI BUKJIIOUCHHS €KBIBAJICHIII1, @ caMe:
P(x) <> Q(¥) = (P() AQ(x)) v (P(x) AQ(x)).

3BIJICK Ha OCHOBI 3HAaXOJ/KEHHS 00JlacTel 1ICTUHHOCTI 3amepeyeHHs,

KOH'IOHKIIIT 1 IU3'FOHKITIT MPEeINKaTiB OTPUMAEMO
oo = N1 U(X, N X,).

AHaJIOTIYHO TOMY, fIK OyJo c(OpMYyJIbOBAHO O3HAYEHHS omnepalli
KOH'IOHKIIII JIBOX OJIHOMICHUX MPEAUKATIB, 3aJlTaHMX Ha CIUIbHINA 00JacTi
BU3HAUYCHHS, JIa€ThCA O3HAYCHHS Omeparii AW3'FOHKINI, IMIUTIKAmii Ta
€KBIBAJICHIIII IBOX MPEIUKATIB.

2.2.4. KeanmopHi onepauii Hao npeouxamamu

Onepayisa HAGIULYBAHHA KEAHMOPA 3A2aAlbHOCMI TIOJSATAE B TOMY, IO
JOBLIBHOMY OJAHOMICHOMY Ipeaukaty P(X), BU3HaueHOMY Ha MHOXKHHI M,
CTAaBUTHLCS Y BIAMOBIAHICT, BUCJIOBJCHHS: "IJIs1 BCIX X 3 MHOKUHU M mae
micne npeaukat P(X)", ske HaOyBae JioriaHoro 3Ha4eHHs "1" Toji 1 TUIbKH
TOJI, KOJIM Tpeaukar P(X) TOTOXXHO ICTHHHHMHA Ha MHOXHUHI M, TOOTO,
SKIIO 00JacTh ICTHHHOCTI mpeaukara P(X) mopiBHIOE #oro oo6sacti
BU3HAYCHHS.

Onepayisa Hasiuly8anHs KeaHmopa ICHY8AHHs TIONATAE y TOMY, WIO
JOBLIBHOMY OJHOMICHOMY mpeaukaty P(X), BU3HaueHOMY Ha MHOXKHHI M,
CTaBUTHCS y BIJATOBIIHICTh BUCIIOBIEHHS: "ICHY€E X y MHOXUHI M Take, 1110
Mmae Micre npeaukat P(X)", sske HaOyBae yoriuHoro 3HadeHHs "1" Tonmi i
TIJIBKHA TOJIi, KOJHM 00JIacTh ICTUHHOCTI mpeaukara P(X) € Hemopo>KHbOIO
MHOHHOIO.

CHUMBOJIYHO BHUCIOBIICHHS "misi BciXx X MHOXMHM M wmae wmicue
npenukat P(X)" 3anmucyerbes

Vx e M : P(x), (1)
a BUCJIOBJICHHS "icHye X y MHOUHI M Take, 1o mae Micie npeaukat P(x)"
dxeM:P(x). (2)

CumBoau V 1 3 Ha3UBAIOTHCS, BIATIOBIIHO, KBAHMOPOM 3A2ANbHOCHI 1

K8AHMOPOM ICHYBAHHAL.
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Omnepaiii HaBilllyBaHHS KBAHTOPIB MOKHA BHKOHYBaTH 1 Haj
O0araTOMiCHUMU TpeauKaTamMu. 3MiHHI TpeauKara, 40 SIKMX 3aCTOCOBAaHO
KBAaHTOPH, HA3UBAIOTHCA 36'A3aHuUMu, BC1 1HIII 3MIHHI — BLIbHUMU.
3'icyeMO CyTh oOmepalii HaBilllyBaHHS KBaHTOPIB IS 0araToOMICHHUX
npeauKatiB Ha npukiaal. Ha MHOKKHI HaTypanbHuX unucesl N po3risHeMo
nsomicHui npemukar P(X,y) — "X <y". HaBicuMO Ha HBOrO KBaHTOP
ICHYBaHHSI 10 3MIHHIH X, OJIEP>KUMO TBEPXKCHHS

dxeN:x<Yy,
B SIKOMY X € 3B'SI3aHOI0 3MiHHOIO, @ Y — BUIBHOIO 3MIHHOIO. SIKIIO Tenep Ha
e MpeauKaT HaBICUTH OJWH 13 KBAHTOPIB II0 BUIBHIM 3MIHHINA, TO
OJIEPKUMO Yy>K€ BUCJIOBJICHHS. Hampukia:
VyeN dJxeN:ix<y,
ke OyJie XuOHUM.

3anaua. I3 nBomicHoro npemukara P(X,y) — "X <y", BU3Haue€HOro Ha
MHOXKHHI HaTypalbHUX yucesl N, 3a JOMOMOror KBaHTOPHUX OIlepariii
noOyayBaTH BC1 MOXJIMBI BUCIIOBIICHHS 1 BCTAHOBUTH 1X JIOT1YHI 3HAYEHHS.

» Hapimyroun KBaHTOPU IO KOXHIA 3MiHHIA, OJIEPKUMO TakKi

BHUCJIOBJICHHA .
1. VxeNVyeN:x<y, 2.VyeNVxeN:x<y,
3. 3xeN3JyeN:x<y, 4, 3yeNIxeN:x<y,

5. VxeN3dyeN:x<y, 6. 3yeN VxeN:x<y,
7.VyeN3IxeN:x<y, 8. IxeNVyeN:x<y.

CdopmynroeMo BUCTIOBIICHHST | — 8 clioBaMu 1 BKaXXeMO iX JIOT1YHE
3HAYCHHS.

BucnoBinennss 1 1 2 MawTh OJHAKOBHM CMHCI 1 1X MOXHA
chopmymoBatu Tak: "KoxkHe HaTypajdbHE YHCIO HE IEPEBUILYE
JOBUIBHOTO HaTypajabHOro urcia'. lle xubHe BUCIOBICHHS.

TakoX OJHAKOBHM CMHCJI MalOTh BHUCIOBJICHHSI 3 1 4, 1X MOXXHa
chopmymoBatd Tak: "ICHYIOTh HaTypadbHlI 4YHUCIAa, 3 SAKUX OJIHE HE
nepeBuIye apyroro". Ile BUCIOBICHHS 1CTUHHE.

Bucnosnenns 5 moxxHa chopmymtoBatu Tak: "J[Jsg BCIX HaTypalbHHUX
quCesl ICHY€ HEe MEHIIIE 3a HUX HaTypajbHe 4nciio". BUCIOBICHHS 1CTUHHE.
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Bucnosnenns 6 MoxkHa cdopmymoBaTH Tak: "ICHye HaTypajabHE
YHUCJIO, SKOTO HE MEPEBUINYIOTh BCl HaTypalibHiI uucia'. BHUCIOBIEHHS
XHOHE.

BucnoBnenns 7 MoxkHa cdopmyntoBatd  Tak: JJIST  KOXKHOTO
HATypaJIbHOI'O YKCIIA ICHYE HATypaJlbHE YMCIIO, IKE€ HOTro HE mepeBuIye'.
BucioBieHHs iCTUHHE.

BucnoBnenns 8 MoxkHa cdopmynoBaTu Tak: "ICHye HarypajibHe
YHUCJI0, K€ HE IEPEBUIIYE JIOBIILHOIO HATYpaJIbHOI'O YHCJIa, TOOTO ICHY€E
HaliMeHIIIe HaTypajbHe uynuciio". BucnopieHHs icTuHHE. <

3a naHUM TBEPHKEHHSIM MOXXHA CHOPOCTUTH 3alluC HaBINIyBaHHS
OJTHOMMEHHMX KBAHTOPIB Ha OaraTOMICHUM IpeauKaT, yCl 3MiHHI SIKOT'O
MarTh OJIHY 1 Ty K caMmy 00JiacTh BU3HaueHHs. [lokaxkeMo 11e Ha TpuKIIaIi
TpumMmicHoro mnpeaukara P(X,Y,z), ne X,Y,Z € M. BuciosiacHus, sKi
OJIEP>KYIOTHCS 13 BUCTIOBJICHHSI

VxeMVyeMVzeM:P(X, Y, 2)

BCiMa MOKJIMBUMH NepecTaHOBKaMu BUpa3iB VX € M, Vye M1V z e M,
OyZlyTh PIBHOCUJILHHMHU, & TOMY JOBLIBHE 3 HUX MPUUHSATO 3aMUCYyBATH

vV XY,2e M:P(xY,2).

2.2.5. Ilpasuna nodyoosu 3anepeueHHs meepor ceHb, U0 MiCIAMb
Keanmopu.
YacTo 10BOAUTHLCS 3arepevuyBaTy TBEPIKEHHS, sIK1 MICTSTh KBAaHTOPH.
PosrnsiHeMo 3anepedeHHs TBEPIKEHHS TAKOTO BUTY
vV x € M: P(X).
3anepeuynMo Moro, TOOTO PO3IIISTHEMO TBEPKEHHS
Vxe M :P(x).

CnoBamu BOHO copmyroeTbes Tak: "HemnpaBuiabHO, 10 A BCIX X

MHOKMHH M Mae wmicie npemukar P(X)". OdeBHaHO, IO OJCpKaHe
TBEPJKEHHS pIBHOCWIbHE TakoMmy: "IcHye X y MHOxuHI M Take, 1o Mae
micrie mpeaukat He P(X)", sKe CHMBOJIIYHO 3aITUCYETHCS
dxeM :m :
A Tomy

VxeM:P(x)=3xeM:P(x).
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AHAJIOTIYHO 0JIEP)KYEMO, IO
dxeM:P(x)=VxeM :P(x).

[IpoBeneni MipKyBaHHS JOBOJATH TBEPIXKCHHS, SKE HA3MBAETHCS

NPABUIOM 3aNePeUeH s MBEPOHCEHb, WO MICMAMb KBAHMOPU.

[1106 3anepeyuT TBEPKEHHS, IKE TOYMHAETHCA:

1) 3 kBaHTOpa 3arajbHOCTi, MOTPIOHO KBAHTOP 3arajJlbHOCTI 3aMiHUTH
Ha KBAHTOP ICHYBAHHS 1 3alIEPEYUTH Ty YaCTUHY, sIKa ]I 38 KBAHTOPOM;

2) 3 KBaHTOpa iCHyBaHHs, MOTPIOHO KBAHTOP iCHYBaHHS 3aMiHWTH Ha
KBaHTOP 3araJIbHOCTI 1 3aNIEPEYUTH Ty YACTHHY, SIKa i/ie 32 KBAHTOPOM.

» Po3risiHeMO Ha MHOXKHMHI HaTypaJdbHHMX YMCENl Mpeaukar X <Y.
Tox1 Hallle BUCJIOBJICHHS 3aIIUIIETHCS TaK
dyeN VxeN:x<y.
3a MpaBWJIOM 3allepeuC€HHs TBEP/XKEHb, IO MICTATh KBaHTOPH,
OZIEPIKUMO

dyeN VxeN:x<y=VyeN VxeN:x<y=
=VyeN JxeN:x<y.

BpaxoBytoun, o x< y=x>Yy, OCTATOYHO MATUMEMO

FyeNVxeN:x<y=VyeNdIxeN:x>y.

2.2.6. Bionowenns n102iuH020 CNIOY6AHHA HA  MHOMNCUHI
npeouxamie. Heo0xioni i 0ocmammui ymogu.

Sxmo npeaukatu P1(X), P2(X), ..., Pn(X), Bu3HaUeHi Ha MHOXUHI M, TO
npeaukat Q(X) HazuBaeThCs n0ciunum Hacaiokom npeouxamis P1(X), P2(X),
..., Pn(X), xomu BiH HaOyBae moriyHe 3HadeHHs "1" mpm BCiX THX X
MHOXKMHH M, mpu skux koxkeH i3 mpemukatiB Pi(X), P2(X), ..., Pn(X)
npuiimae joriyHe 3HadeHHs "1". 3anucyerbcs

P1(X), P2(X),..., Pa(X) F Q(X), x € M.
Sk 1 B JOrill BHUCIOBIEHb, KOPUCTYIOTHCS TaKOX TEpMiHOM '3

npenukatiB P1(X), P2(X), ..., Pn(X) moriuno BummBae npeaukat Q(X)".
Teopema 2. 3 npeaukariB Pi(X), P2(X), ..., Pn(X) noriuno BuIuimBae

npeaukat Q(X) Tomi i TUIBKK TOJ1, KOJIH MpeIuKaT
Pi(X) AP2(X) A ... APn(X) > Q(X), x e M
TOTOYKHO 1ICTUHHUMH.
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Hacainok 1. 3 npeaukariB P1(x), P2(X), ..., Pn(X) noriudo BuriBae
npeaukat Q(X) Tomi i Tinbku Toxi, konm 3 npeaukata Pi(X) A Pa(X) A ...
A Pn(X) moriuno BurummBae npeaukat Q(X).

Teopema 3. 3 npenukarta P(X) noriuno BuruBae npeaukaT Q(X) Toxi i

TIIBKM TOJI, KOJM 00JIaCTh ICTHHHOCTI mpeaukaTta P(X) € miaMHOXKHHOIO
obxacTi ictuHHOCTI peaunkaTta Q(X).
Teopema 4. 3 npeaukara P(X) soriuno BuriuBae npeaukat Q(X) Toxi i
TLIBKHU TOM1, KOJIN BUCJIOBJIEHHS
V x € M: P(X) > Q(x)
ICTUHHE.

Teopema 5. IMpenukaru P(X) i Q(X) piBHOCWIBHI TOII 1 TIABKH TOI,
KOJIM KOXKHUM 3 HUX € JIOTIYHHUM HACJI1JKOM 1HIIIOTO.

Sxmo npeaukatu P(X) i Q(X), Bu3HaueHi Ha MHOXxHHI M, Taki, 1o
npeaukat Q(X) e moriunuM Hacmiakom npeaukaTta P(X), To nmpeaukat Q(X)
HA3UBAETHCS HEOOXIOHOI0 YM06010 05 npeduxama P(X), a npeaukat P(X) —
oocmamuvoio ymosoro 0 npeouxama Q(X). HeoOximHa ymMoBa MOXE HE
OyTH IOCTaTHBHOIO, & IOCTATHS — HEOOX1AHOIO.

Sxmo 3 npenukara P(X) noriuno BumumBae mpeawkaT Q(X) 1 3
npenukata Q(X) moriuno BummBae mnpenukar P(X), ToOTO BOHH
piBHOCHIIBHI, TO TipeaukaT Q(X) Ha3UBAEThCSA HEOOXIOHOIO | OOCMAMHBLOIO
ymosoro ons npeouxama P(X), a mnpemukar P(X) — wneobxionoio i
oocmammuboio ymosoto 0is npeouxama Q(X).

3agaya. 3aMiCTh KpamoK MOCTaBT€ y peuYeHHl "miusg Toro, miod
HaTypajibHE YUCIIO AUIUIOCS HaA 5, ..., 1100 BOHO ainwiocs Ha 10" onuH 13
TphOX BHUpa3iB "HeoOXimHO", "mocTaTHBO" ab0 "HEOOXiAHO 1 AOCTaTHHO'
TakK, 1100 YTBOPUJIOCS ICTUHHE BUCJIOBJICHHS. BiloOBiAb OOIpYyHTYHTE.

» 3 1aHOro peycHHs MOXKHA BUUJICHUTH Taki JaBa npeaukatu: P(X) —
"HaTypaJlbHe  4uciao X numthess  Ha 5" 1Q(X)—  "HaTypaibHe
qucio X aumatbess Ha 10", OO0nacTi0o BH3HAQYEHHS IUX INIPEIUKATIB €
MHOXXHHA HaTypaiabHux uucell N. O0macTth ictmHHOCTI npeaukara P(X) €
MHOXXMHA HaTypaJIbHUX YHCENd, sSIKi KpaTHI 5, a o00jacTh i1CTUHHOCTI
npenukara Q(X) € MHOXHMHA HaTypajdbHUX dwcel, mo kpatHi 10. Koxne
yucio kpatHe 10, kpaTHe 1 5, ale He KOXKHE YUCIIO KpaTHe 5 Oyjae KpaTHe
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10. Omxe, oOmacte icTuHHOCTI mnpenukara Q(X) Oyae BIacHOIO
MiIMHOXKUHOIO 00JacTi icTUHHOCTI npeaukara P(X),a ToMy Juie
npeaukat Q(X) — P(X) € TOTOXHO ICTHHHMM Ha MHOXXHMHI HATypaJbHHX
qyycesa. 3Ha4YUTh, NOAUIBHICTh HAaTypaJibHOTO 4ucia Ha 10 € JoCTaTHBOIO
YMOBOIO MOr0 MOJAUILHOCTI Ha 5. TOMy y JaHOMY pE€UYEHHI 3aMiCTh Kparok
NOTPiIOHO TOCTaBUTU CJOBO "JOCTaTHRO", a caMe PEUCHHS 3alUIIEThCS
Tak: "mig Toro, o0 HaTypajdbHE YMCIO AUTHIIOCA Ha S5, JOCTaTHBO, 1100
BOHO aumiiocs Ha 10", <

2.3. MipkyBaHH$ Ta nepeBipkKa iX NPaBUJIbHOCTI. IOHATTS MPO
TeOpeMH Ta iX J0BeJACHHS

2.3.1. Illonammsa npo wmipkyeannusa. Ilpasunvni i HnenpasuibHi
MIDKYGAHHAL.

3HaHHS, JKepella OJEpKaHHS SKUX pI3HI, MOXXHA MOJUIMNTH Ha
oesnocepenHi 1 ornocepenkoBaHi. be3nocepeoni 3namwHs € Pe3yJIbTaTOM
npsiMOi i IPEMETIB 1 SIBUII] HA OpPraHd YYTTIB, X NPUNHATO HA3UBATH
ouesuonumu 3uanuamu. 11100 nmepexkoHaTucss B ICTUHHOCTI TaKUX 3HAHb,
JIOCUTH MOCJIaTHUCS HA MEBHY P14 200 3a3HAYUTH i1 HASIBHICTb.

Ane mronMHAa HE 3aBXKIM MOXKE 3A00yTH MOTPIOHI 1Ml 3HAHHSA
0e3MmocepeIHIM MUIIXOM. BUIBIIICTh 3HAaHb, SKUMH BOHA KOPHUCTYETHCS, €
OMOCEepPEKOBAaHUMHU  (BUBIJHUMH), TOOTO 3700yTHUMH Yy pe3yJibTari
3B'I3HOTO JIOTIYHOT'O MIpPKYBaHHSI HAa OCHOBI ICHYIOYMX 3HaHb, SKi
y3arajbHIOIOTh TOMEpPEeHIN JOCBI 1 HaykoBl jJociipkeHHs. OTxe,
onocepeokosani (6usioni) 3nanns — 1e 3HAHHA, 3700yTi 3a JOIIOMOI'OO
MIPKYBaHb Ha OCHOBI BIJJOMUX, 3a()IKCOBAHUX Y TBEPIKEHHSIX, 3HAHb.

Jloriynoro ¢GopMOIO BHUpPaXKEHHS OIOCEPEAKOBAHMX 3HaHb, SK 1
oe3nocepeqHiX, € TBEpIXKEHHS (CyIKeHHs), a (opMoro 3100yTTS —
YMOBUBI/I.

Ymosusooom HazuBaeTbca (popma MUCIEHHS, B sIKi 3 ogHOro abo
KUIBKOX TBEPKEHb OJIEPKYETHCS (TOBOPSATh TAaKOXX BHUBOJUTHCS]) HOBE
TBEPPKEHHS, IKE€ MICTUTh Y COO1 HOB1 3HAHHSI.

®opMmy ab0 JIOTIYHY CTPYKTYpy YMOBHUBOJY CTAaHOBUTH TNE€BHUUI
croci0 CroJiy4eHHsI OKpEMHX TBEPKEeHb Mik c00010. KoxkHuN yMOBUBIA
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CKJIQJIA€ETHCS:

1) 3 TBepmKEHb, 13 SKHX POOUTHCS BHCHOBOK, IX HAa3HMBaIOTh
nocunxamu (einomesamu, BUXIOHUMU NOJOHCEHHIMU) YMOBUBOOY;

2) TBEP/DKCHHS, SIK€ BHBOJUTHCS 3 IIOCHIIOK, HOTO0 Ha3WBaIOTh
BUCHOBKOM (102TUHUM HACTIOKOM) YMOBUBODY;

3) caM 6usio (susedenns), SKA BU3HAYAE MOXKJIUBICTh MEPEXOAY Bijl
HassBHUX TBEPKCHD (MOCUJIOK) J10 HOBOT'O TBEPIXKEHHS (BUCHOBKY).

[Ipu 11b0My BUKOPHCTOBYIOTHCSI OOTPYHTOBYIOUU 3HAHHS, POJIb SIKUX
y MaTeMaTuIll BUKOHYIOTh aKCIOMH, O3HAUYECHHS 1 TEOPEMH.

Cepen pi3HHUX BUIB YMOBHUBO/IIB BUAUISIOTh AEAYKTUBHI YMOBHUBO/IU.
Jledykmuenum ymo8u8000m HA3UBAETHCS YMOBUBI, 32 JIOIMIOMOIOIO SIKOTO
BiJl 3araJibHUX TIOJIO)KEHb MEPEXOMSITh JO BYXXYHUX  TIOJIOKEHbD.
JlenyKTUBHMI YMOBHUBIJ 3aCTOCOBYETbCS IIOpa3y, KOJHM MOTPIOHO
PO3TISIHYTH SIKECh KOHKPETHE SIBUIIIE HAa OCHOBI BXKE€ BIJOMHUX 3arajibHUX
MOJIOKEHb 1 JICTaTH IWIOJ0 UbOr0 SIBHIA TNEBHUH BHCHOBOK. OTXe,
NEIYKTUBHUM YMOBHUBOJOM KOPHUCTYIOTHCS 3aBXIH, KOJIW KOHKPETHUU
dakT miBOAUTHCS 1] 3arajbHE MPaBUIO0, a TOTIM 13 3arajbHOroO MpaBuia
JICTatOTh BUCHOBOK MO0 IIbOTO KOHKPETHOTO (haKTy.

[Ipuknagom paeaykTUBHOro ymoBHBOAY € "HarypanbHe 4wmcio
JTUIATBCS Ha 2 TOJI 1 TUIBKM TOJi, KOJM BOHO 3aKIHUYETHCS IapHOIO
uudporo. Hucno 5254 3akiH4yeThCsl TApHOIO U(DPOIO, OTKE, yncio 5264
IIUTHECA Ha 2".

VY naHoMy yMOBHMBO/I1 TTIOCUJIKAMU €:

1. HaTypanbHe 4MCIO AUIMTHCS Ha 2 TOJI 1 TIIBKU TOMl, KOJIU BOHO
3aKIHUY€ThCS TTAPHOIO U (PPOIO.

2. Yncio 5264 3akiHIyeTHCS TApHOIO MU POIO.

BucHoBKOM yMOBUBOJY €: 4MCIIO 5264 NiIUTHCS HA 2.

2.3.2. Ilepesipka npasuibnocmi MIpKy8anv 3a 00NOMO2010 Kpy2lie
Eiinepa abo nasedenns konmpnpukiaoy.
YMOBUBII HA3UBAETHCS NPABUTbHUM, SKIIO 3aBXKIU 3 ICTHHHOCT1 HOTO
MOCWJIOK BUILIMBAE ICTUHHICTh MOTO BUCHOBKY.
SIKIII0 TOCUJIKKM YMOBHBOAY MO3HAYUTH A1, Az, ..., An, @ BUCHOBOK — B,
TO CXEMaTHUYHO YMOBUBIJI 3aMKUCY€ETHCS
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1)

Buxonsuu 13 o3Haue€Hb YMOBHUBOJY 1 JIOTIYHOTO CIIAyBaHHS, Ma€eMO,
IO I1i MOHATTS y MaT€MAaTH4YHIM JIOTill PIBHOCUJIBHI, @ TOMY y TE€pMiHax
MaTeMaTUYHOI JOoTiku cxema (1) 3anuiierses

A, A, ..., Ay EB. (2)

Y MaremMaTWuHIA JIOTIIl TPaBWIbHI YMOBHBOJIU HA3UBAIOTHCS
npasuIaMu 6UBEOEHHsL.

KosxHe MipKyBaHHSI CKIQAA€ThCSA 3 OJTHOTO a00 OUIbIIE YMOBHBO/IIB.
MipkyBaHHSI Ha3WBAETLCS NPAGUIbHUM, SKIIO BC1 YMOBHBOAM Y HBOMY
MPaBWIbHI.

Otrxe, 100 TIepeBIpUTH TMPABWIBHICTHL MIpPKyBaHHsA, Tpeda
BCTAaHOBUTH, W10 BCl YMOBUBOJM y HbOMY IpaBuibHi. Ha MoOBI1
MaTEMaTHYHOI JIOT1KH 1€ 3HAYUTh JOBECTH, IO 3aBXKIU 3 TBEPHKEHBb Aj,
Ay, ..., Ay TOT1YHO BUILIMBAE TBEpKEHHs B He3aneKHO BiJi KOHKPETHOTO
3MICTy CaMHUX TBEP/KCHb.

Skmo yMOBHUBII MOXKHA 3amucaTH 3a JOTIOMOTOI0 (OpMYJ JIOTIKH
BUCJIOBJIEHb, TO OJWH 13 METOJIB TNEPEBIPKKM HOT0 MPaBUIBHOCTI
IPYHTYETbCS HA BUKOPHUCTAHHI TaOJHIb ICTUHHOCTI. Tak, Ha OCHOBI
3aKOHIB JIOT1IKM MAa€EMO, 110 MPABHJIBHUMU € YMOBUBOIU

A—>BA A—>BB—>C AAB AvB A—BB—A4

B A—>C A A A< B
AKI B MaTeMaTU4HIM JIOTIll HA3UBAIOTHCS BIAMOBITHO: IPABUIOM

BHCHOBKY, MpPaBWIOM CHJIOTI3MY, MPAaBUJIOM BHUKIIIOYEHHSI KOH'FOHKIIII,
MPaBUJIOM BUKJIFOUEHHS AU3'FOHKIIII, IPABUIIOM BBEJICHHS €KBIBAJICHIIII.

JInsi yMOBUBO/IB, Kl MICTSITh MPEIUKATH, TAKOTO METOAY HE ICHYE,
ajne € Jeski cmocoOW, 3a JIONIOMOrOI0 SIKUX MOXKHA MEPEeBIPUTH
PaBUJIBLHICTh YMOBUBOAIB. PO3risiHeMo JesiKi 3 HUX.

1. Cnocib6 nasedenns koHmpnpukiady: MO0 TEePEeKOHATHUCS Y TOMY,
[0 yMOBHWBIJ HENPaBUIbLHUM, HABOMITHCA TMPUKIAAN KOHKPETHUX
MpeUKaTiB, BU3HAYCHUX Ha JESKIA MHOXHHI, JUIsl AKUX MOCUIIKU JAHOTO
YMOBHUBOJly € ICTUHHHMHM, a Hacligok — XxuOHui. Bizaraimi,
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KOHMPAPUKAAOOM HA3UBAETHCS MPUKIIAJ, 10 3alepedye JIesiKe 3arajibHe
TBEPIXKCHHS.
3agaya 1. 3'scyBaTM mpaBWIBHICTH YMOBHUBOAY: "YCI pomMOM —
napaienorpamu. [eski mapanenorpamu — kBajapatu. OTxe, 1eski poMOu —
KBajaparu'.
» VYV naHoMy yMOBHUBO1 MOXHA BUIIJIUTH MPEIUKATH:
P(x) — "X — mapanenorpam"”, R(X) — "x — pom0" i Q(X) — "X — kBagpar",
X € M, ne M — MHOXHHA YOTUPUKYTHUKIB.
CHUMBOJIIYHO YMOBHUBIJ] 3aITUIIETHCS
Vx e M :R(x) = P(X)
dxe M :P(X) AQ(X)

dxeM :R(X) AQ(X),
JIe HaJl pUCKOIO 3aIMCaHO IMOCUJIKH, a I11JT PUCKOI0 — BUCHOBOK.
[Tokaxkemo, 110 1€l YMOBUBIiA HenpaBWiIbHMU. [[1CHO, PO3TJISTHEMO
Ha MHOHH1 HaTypaJIbHUX YHCEN MPEIUKATH
P(X)—"x:5", R(X)—"x:10" i o) —"xi10".
3a HaBeICHOIO CXEMOI0 MIPKYBAaHHS 3alUILIEThCS TaK:
Vx e N :(x:10) — (x:5)
Fxe N :(x:5) A (x:10)
Jx e N:(x10) A (x:10)

Y HbOMY MOCHJIKMA ICTMHHI, @ BUCHOBOK XMOHUWM, a 1I€ O3HA4ae, 110

MIPKYBaHHS 3a TAKOIO CXEMOIO0 MOOYA0BaH1 HEMPAaBWIbHO.

2. llepesipka npasunvHocmi ymoueooy 3a 0onomozor Kpyeis Etinepa
I'PYHTYETHCS Ha TOMY, IO MOCWJIKK 1 BUCHOBOK YMOBHUBOJIY MOXYTh OYTH
3aMuCcaHl y BUTJISI BIHOIIEHh MK MHOKMHAMH a00 MK MHOXHHAMU Ta
ix enmemeHTamMu. Tojl, 300paXyroud I BIJHONIEHHS y BUIJISIAI KPYTiB
Efinepa 1 BBa)KarouM MOCUJIKKM ICTUHHUMHM, JOCTIKYIOTh, YA 3aBXKIU MPHU
[bOMY ICTUHHUN BHUCHOBOK. SIKIIIO BUSIBUTHCS, III0 BUCHOBOK MOXE OyTH
XUOHUM, TO YMOBHUBIJ HENPABUIBLHUN 1 HUM KOPUCTYBAaTUCA HE MOXKHA.

3amaua 2. 3'scyBaTu 3a gomomoroio KpyriB Elnepa mnpaBuibHICTH
yMoBHBOAY: "Yci poMOu — mapanenorpamu. Jleski mmapanenorpamu —
kBajipatu. OTxe, AesKl poMOM — KBajpaTu'".

» Sk 1 B momepenHiil 3aadi MIpKyBaHHS CHMBOJIIYHO 3alUIIEThCS
TaK:
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Vx e M :R(x) = P(x)
dxeM :P(x) AQ(X)
IxeM:R(X)AQ(X)

Akmo no3Haunth P, R 1 Q MHOXHMHHU ICTHHHOCTI IIpEIMKATIB

BigmoBigHo P(X), R(X) 1 Q(X), To Ha MOBi Teopii MHOXHUH MipKyBaHHS

3alUIICThCA
RcP

PNnQ=J
RNQ=UD.

Tenep, BBaxkaroun MHOKHHU P, R 1 Q — 10BUIbHUMH, ajie TAKUMH, 1110
U1l HUX ICTMHHI TOCWJIKM MIPKYBaHHSI, MEPEBIPAEMO 3a JOMOMOIOKO
kpyriB Eilnepa, uu Oyjie ICTHHHUM BUCHOBOK MIPKYBaHHSI.

3 Ttoro, mo RcPi1PNQ#, me ve BumuBae, mo RN Q#J. V
bOMY HaC NEPEKOHYe Mal. 1.

Maui. 1.
OTxe, MIpKyBaHHS 32 TaKOKO CXEMOIO HEIpaBHIIbHI.

2.3.3. Jloziuni 3a0aui.

[Ipy BUBYEHHI MaTeMaTUKW OaraTo yBaru MPHUIUISAETHCS POITIISIAY
3a/a4, 30KpeMa JIOTrYHMX, 00 iX PO3B'I3yBaHHS CHpUSE HE TUIBKH
rIMOOKOMY 3aCBOEHHIO TEOPETHMYHOTO Marepialy, a W pPO3BHUTKY
MaTeMaTUYHOTO MHUCJICHHS, IPOCTOPOBOI ySIBU, 3/IATHOCTI JI0 MOBHOI[IHHOI
apryMeHTallii.

Po3risiHemMo AesiKl THIY JIOTIYHUX 3aJ1ad Ta CIIOCOOH iX pOo3B'si3aHHS.

1. Yuni Bonogumup, Iletpo 1 Muko:a miciis BAKOHaAHHS KOHTPOJIBHOT
po0OTH CKa3alu:

Bonoaumup: "4 nanucaB na 10 Gamis", Ilerpo: "S nanucaB Ha 8
oams", Muxkona:" S nanuca He Ha 10 Gamis".
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[Ticnst mepeBipky 3'aCyBajgocs, 110 OJHH 13 XJIONIIB oTpuMaB 10 6amis,
npyruii — 9 6aniB, a TpeTiii — 8 6aniB. CKUIbKU 0ajiB OTPUMAB KOXKHUM 13
XJIOMIIIB, SIKIIO BIJOMO, IO JIBOE MPAaBWIBHO HAa3Bajd CBOIO OIIIHKY, a
OJIVNH TIOMUJIUBCS ?

» 3agaya Ha NPUNYLICHHS, 3arajJlbHUA OPUHUMWI PO3B'S3aHHS AKO1
MOJISITAE Y TOMY, 110 MPHUITYCKAETHCS NPABUIIBHICTh YU XUOHICTh OJTHOTO 3
TBEPJIKEHb 3a/1a4l. SJKI0 NPUMYIIEHHS BCTYIAE y CYNEPEUHICTh 3 YMOBOIO
3a/1a4i, TO BOHO — XMOHE 1 pOoOJIATh MPUNYIICHHS Aall, - 0 TUX Mip, MOKU
HE 3HANACTHCS €IMHUI MOXKJIMBUU BapiaHT PO3B'sS3aHHA. Y JaHIM 3a7adil €
TP TBEPIPKCHHS:

1) Bosoaumup HanmcaB poboty Ha 10 Gaig;

2) Ilerpo HammcaB poOOTy Ha 8 OalliB;

3) Muxkoia He HanrcaB poboTy Ha 10 OaiB.

3 HUX TUIBKM opHe xubOHe. Skmo xubHE TBEepIKeHHS 1, a
MpaBIWIIBHUMH OyAyTh TBEPKEHHS 2 1 3, TOA1 BUABUTHCH, 1m0 Ha 10 GamiB
HE HaMMCaB >KOJIHUM 3 XJIOMIIIB, 1110 CYIIEpEeUrUTh YMOBI 3aja4i.

[Ipunyctumo, mo xuOHuUM € 3-€ TBepKeHHS. Tonal BUABUTHCA, IO
Bomogumup 1 Mukona Hamucanu poOoty Ha 10 OamiB, 10 TaKoX
CyIepeunuTh YMOBI 3ajaul.

bynemo BBaxkatu, mo TBep/ukeHHA 2 € xuOuum. Tomi 1 1 3
TBEpJUKEHHA OyayTh NpaBUIbHUMH. B Takomy Bumanky Bomogumup
HanucaB po6oty Ha 10 6aniB, [letpo — Ha 9 GaniB, a Mukona — Ha 8 OaltiB,
IHIIMX BapiaHTIB OyTH HE MOXKE.

OTxe, MOXJIMBUN TIIbKKM Takui BapianT: Bosogumup Hamucan
poboty Ha 10 6amiB, Ilerpo — Ha 9 OaniB, a Mukona — Ha 8 OaniB. <«

2. B ogHoMy Kilaci ypoku 3 MaTeMartwku, reorpadii Ta OOTaHIKA
BUKJIAJAIOTh  Tpu  Buuteni:  AnzapieHko, Ilerpenko, PomaneHko.
BuzHaunTu, XTO 3 HUX KWW MpeaAMET BUKIAAA€E, IKIIO BIOMO:

1) Bci Tpoe — IlerpeHko, yuuTeiar MaTeMaTHKH i POMaHEHKO WIyTh
pPa3oM 31 IIKOJIUA JI0JIOMY;

2) BuuTenb reorpadii crapmmii  3a  BYMTENs MAaTEMAaTHKH, a
[TeTpeHKO - HAUMOJIOAIINN CEpEl] HUX.

» [le 3agaua Ha METOJ BHUKIIOUEHHS, NPU PO3B'SI3yBaHHI SKO1
JOIIIbHO BHUKOPHUCTOBYBaTH TaOJUIIO, sKa OYIyeTbCAd 3a MPaBUIOM
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eKCTpanoJisIIi (y pAaKy 1 CTOBIII TaOIUIl MOXKE OYTH JIMIIIE OJUH TLITIOC) 1
BHKJIIOYAIOTHCS BHUIAJIKH, 1[0 BCTYMAIOTh y CYNEPEUYHICTh 13 yYMOBOIO
3amadi. TabnuIro CKIagaeMo Tak: MO TOPU3OHTAl 3alMMCYEMO TMPI3BHUINA
BUMTEIIB, a MO0 BepTUKaIl — iX (ax, abo 1Mo TOpU30HTAaIl 3aluCcyeMO (ax
YUUTEJIS, a 10 BEPTUKAII — MPI3BHUIIIE.

Amnnpienko | [lerpenko | Pomanenko
MaTEMAaTHUK + — —
reorpad — — +
OOTaHIK — + _
3a ymoBow 3amaui Ilerpenko 1 PomaHeHkO HE MOXyTh OyTH

MaTeMaTHUKaMH, OTXKE, MaTeMaTUKOM € AHApieHKO. SKmo AHAPIEHKO
mareMatuk, To IlerpeHko He Moxke OyTtu reorpadoM, 3HAYUTH, BIH €
ooranikoMm, a Pomanenko — reorpad. Takum unHOM, AHAPIEHKO BUKJIATAE
MaTeMartuky, llerpenko — 6oTaHiky, a Pomanenko — reorpagito. <

3.Ha Tprox rinkax cumino 24 ropo6mi. Komu 3 mepmioi rijgku
nepeseTuio Ha Apyry 4 ropoOir, a 3 Ipyroi Ha TpeTi — 3 TopoOIll, TO Ha
BCIX TUIKax iX crajo mopiBHy. CKIJIbKM rOpOOIIB CHAUIO HA KOXKHIN T
CIIO4aTKy?

P 3agadl Takoro TUITy 3pYYHO pO3B'si3yBaTH 3 KiHIsl. OCTaTOYHO Ha
KOXHINW TUILi ropoOuiB cTajno nopiBHy, To0TO 1o 8 (24 : 3). Lle cramocs
MICIIA TOTO, AK 13 IPYToi TJIKU NEPENETII0 Ha TPeTio 3 ropoOili. 3HaYUTb,
70 TOTO, SIK 3 APYTroi TUIKK mepeneTuio 3 ropoOil, Ha Hif Oyno 8 + 3 =11
ropoOi1iB, Ha mepirii — 8 ropoOiIiB, a Ha TpeTiit — 8 — 3 = 5 ropoobuis. Jlo
TOTO, SIK 3 MEpIIOi TUIKK Ha APYry nepenetino 4 ropoOli, TO Ha MepiIii
rut Oyno 8 +4 = 12 ropobuis, a Ha npyriit — 11 —4 =7 ropoO1iB, a Ha
TpETii — 5 TOpoOIIiB.

I riika | 2 rinka | 3 ruika
8 8 8
8 11 5
12 7 5

JIist mepeBipkH MPaBWIIBLHOCTI PO3B'S3KYy OyJleMO MIpKyBaTH Tak: Ha
nepurii rui cuaiino 12 ropoOuiB, Ha ApyTiil — 7 TOpOOIIB, a HA TPETIA — D
ropo61iB. Ilicist Toro, sK 3 nepuioi TrJIKM Ha APYTy nepeneruio 4 ropooi,
Ha TEpUIiA TUI 3aJMIIWIOCS 8 TOpoOIIB, Ha Jpyriil ctano 7 +4 =11
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ropoOII1iB, a Ha TpeTid — 5 ropoOIiB. Komu >k micias 1boro 3 Apyroi ruiku
Ha TPETIO MepeneTiio 3 ropoOili, TO Ha MepIIi Tak 1 3aJduImmiocs 8
ropo6miB, Ha apyrii — 11 -3 =8 ropoOuiB, a Ha Tperii — 5+3 =8
ropo0I1iB, TOOTO Ha KOXHIi 13 TUIOK cTajio 1o § ropoOiuiB. OTxke, 3HaNICH]
gucia 12, 7, 5 3a10BOJBHAIOTh YMOBY 3a/1a49i. 4

4. JIBa pubaiaku 3BapuIIM IOIIKY: Y OAHOI0 OYyJI0 5 puOHUH, a y APyroro
— 7. 1o HUX MiAIMIIOB MEPEX0KUM 1 MOMPOCUB MPUTOCTUTH HOTO FOIIKOIO.
Pubanku moroauianuch 1 IOIIKY 3 puOOK0 po3ALIWIN nopiBHY. Ilicns o6ixy
MEepPEeXOoKuil 3ariaTuB pubaikaMm 6 rpH. SIK pO3AUIMTH 11 TPOIIl MIXK
pubankamMu Mo CrpaBeIuBOCTI?

P 3anadi Takoro BUJY HA3WBAKOTHCS 3ajadyaMM Ha PiBHUH PO3MOJLI
MPEMETIB, 110 BUIUIMBAE 3 1X 3MICTY. 3aJie’)KHO BIJ JIOMOBJICHOCTI MiX
JIOJIbMH, BHECKY KOXHOTO 13 YYaCHHUKIB, MOTPIOHO 3AIACHUTH PO3MOJILIT
IPEJAMETIB Y TPOIIEH MK THMH, XTO YKJIaB YTOAY, IO CIIPaBEITUBOCTI.

[lepexosxuii 3amnaTuB 3a 001 6 TPH., OTXKE, BapTICTh IOIIKH, TOOTO
001y s TpboX 0cCi0, ctaHOBUTH 6 - 3 = 18 rpH. FOmika Oyna 3BapeHa 3
5+ 7 =12 pubun, tomy 1mina 1 pubunu 18 :12=15rpu. Bapricte 5
pubun 1,5 -5=7,5rpH., a 7 pubud — 1,5 - 7 = 10,5 rpH. 3HauuTh, NepuIun
pubanka moBUHEH oTpumatu 7,5—-6=15rpH., a gpyrmii — 10,5-
6=45rpH. <«

5. SIk 3a JIOMOMOTOI0 MIAIBKOBUX TEpe3iB 0€3 rup BiABAKUTH 14 Kr
YKPY, KO Y TOpOUHi € 16 Kr 1iykpy?

» Ile 3amaua Ha 3BaxyBaHHs. [lpyu po3B'A3yBaHHI Takux 3aaay
KOPUCTYIOTBCSI TIPaBUJIOM: MOXKHA 3aMIHATH OJWH BaHTaX Ha I1HIIUH,
PIBHUI 3a Macorw MONEpPeIHbOMY, a00 3HIMATH 3 000X MIATBOK TEPE3iB
PIBHI 32 MAacOO BaHTaXI.

[{ykop po3cunaroTh Ha JIBl IIAJTbKH, 3 OJIHIE] IIAJbKHU 3HIMAIOTh § KT, a
IyKOP 13 JIpyroi MajibKy pO3CUMNAIOTh Ha ABI IIAJbKU. 3HOBY 3HIMAIOTH 3
OJHI€T manbku 4 KT, a iHII 4 KT pO3CUIalOTh Ha JBi Ialbku. Terep €
8xkr+4kr+2kr=14«kr. 4
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2.4. TeopeMu Ta ixX 10BeIeHHA

2.4.1. Teopemu i ix 0yoosa. TeepoirycenHns, w0 noe’a3aHi 3 0AHOI0
meopemor, AKa 3anucana 6 IMnIAIKamueHii popmi.

TBepmKeHHS, ICTUHHICTD SIKMX JTOBOJWUTHCS HA OCHOBI BXKE BIJOMHX
ICTUHHUX TBEPJ)KEHb, Yy MAaTEMaTHIll Ha3UBAETbCS meopemamu. IHOMI1
3aMICTh TepMiHY 'TeopeMa" BKHUBAIOTHCSI TaKOX TEpMiHM "3aKoH",
"BiacTuBICTh", "HaciIoK", "mpaBuIO" TOIIO.

BinpmricTe TEOpEeM CUMBOIIYHO MOKHA 3alTMCATH Y BUTJISAI IMIUTIKAIT
IpeNKaTIB, Ha 3MIHHI SIKMX HaBilIeHO KBaHTOpHU. Hampukian,

vV x € M: P(x) = Q(x).

Ile Tax 3Bauuii imnaikamuenuti (ymoenuil) 3zanuc meopemu. Y
TeopeMi, 3arucaHii y Takiit popmi, BUILISAIOTH TP YACTUHH.

1. llosacHosanvha yacmuua: y HIA ONHCYEThCSA MHOXHHA O00'€KTIB,
npo skl e MoBa y Teopemi. CUMBOJIIYHO J0 MOSICHIOBAIBHOT YaCTUHU
CJiJ BIJHECTH 3aIUC, SKUWA CTOCYEThCS KBAHTOPIB, Y JTAHOMY BHUIIQJKY
vV x e M.

2. Ymosea meopemu: mpenukaTr, SKUW € YMOBOIO IMIUIIKAIli, TOOTO
P(x).

3. Bucnosox meopemu: TpeIUKaT, SKAA € BHCHOBKOM IMILTIKAITii,
T00TO Q(X).

[Hoxi npu QopmynroBaHHI TEOPEMU OIYCKAIOTh MOSICHIOBAJIbHY
YacTUHY 1 3MIHHI, aJie iX 3aBXA1 MalOTh Ha yBa3l.

3 KOKHOIO TEOPEMOIO BUILY

vV x € M: P(X) = Q(x)

MOB'sI3aH] 1€ TPU TBEPIKEHHS:

1) TBepKEHHS, 0OepHene OaHill meopemi

VvV x € M: Q(x) = P(x);
2) TBEPKEHHS, NpOmuiedcHe Oanii meopemi
Vx e M : P(X) > Q(X).

3) TBEpIUKEHHS, 0OOepHeHe 00 NPOMUNeNCHo20 OaHill meopemi abo

npomunedcHe 00 0bepHeH020 OaHili meopemi
Vx e M :Q(x) —> P(x).
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3a 3aKOHOM KOHTpAamno3ullii piIBHOCHJILHUMHU € TBEP/KEHHS 1) 1 2) Ta
caMma TeopeMa 1 TBepKeHHs 3). 3BiJICH OTPUMYEMO, 110 TBEPKEHHS 3) €
TaK0X TEOPEMOIO, ii HA3UBAIOTh MeopemMor) 0OEepPHEeHOI0 00 NPOMUNECHCHOTL
Ooaniil a00 npomunedicHor 00 obeprenoi Oaniu. TBEpIKEHHS, 0OEpHECHE
JaH1A TeopeMi, HE 3aBXKIU € TEOPEMOIO, aJie KOJIU BOHO € HEI0, TO U Apyre
TBEPJKEHHS TaKoXX Oyje TeopeMolo, 1 iX TOJ1 Ha3uBalOTh: 1) — meopema,
obephena oamill, 2) — meopema, RPOMUIeNCHa Oauill.

3agaya 3. KopuCTyHOUUCh JIOTIYHOK 1 MAaTE€MaTUYHOK CUMBOJIIKOIO,
3anucatu Teopemy: "PiBHOOeIpEeHUI TPUKYTHUK Ma€ BICh CHUMETpii" y
CUMBOJIYHIA ¢opmi. BcranoButu OyaoBy TeopeMu. 3amucatd y
CUMBOJIIYHIN PopMi 1 chopmMyIIIOBaTH CIIOBAMH TBEPKEHHS, K1 MMOB'sI3aHI
3 JIaHOIO TEOPEMOIO, Ta BCTAHOBUTH 1X JIOT14YHI 3HAYCHHS.

» 1100 BcTaHOBUTH OyAOBY T€OpEMH 1 CPOPMYIIFOBATH TBEPKEHHSI,
MOB'sI3aH1 3 HEI0, 3aMUIIEMO 11 Tak: "SIKIIO TPUKYTHUK PIBHOOEIPEHUM, TO
BIH Mae€ BICh cuMeTpii'. 3amuc TEeopeMH CJIOBaMH HE MICTHUTh
MTOSICHIOBAJIbHOI YaCTHHM 1 3MIHHHUX, aJI€ iX JIETKO BCTAHOBHUTH 3a 3MICTOM
TeopeMu. JlilicHO, y TaH1i TeopemMl MOBA KJi€ PO JIOBUIbHI TPUKYTHUKH 3
MHOXUHM M ycix TpukyTHUKIB. OTxke, X — OyAb-SIKUH TPUKYTHHK
MHOXXUHHU M, 1 TeopeMa CUMBOJIIYHO 3alUIIEThCS TaK:

VvV x € M: P(X) = Q(x),

ne npeaukat P(X) — "X — piBHOOeaApeHnii",

npenukat Q(X) — "X mae Bich cumeTpii".

JlaHa Teopema mae Taky OyJ0BY:

1) nosicHroBabHA YacTuHA: V X € M;

2) ymoBa teopemu: P(X);

3) BucHOBOK Teopemu Q(X).

TBepxkeHHs, oOepHEeHEe AaHIi TeopeMi, CHMBOIIYHO 3aIUIIEThCS

vV x € M: Q(x) = P(x).

CrmoBamu BOHO chopMymrOeThes: "SIKIIO TPUKYTHUK Ma€ BICh
CUMETPIi, TO BIH piBHOOEApeHU" .

TBepmxeHHs, TPOTUIICKHE JaH1A TEOPEM1, CHMBOJIYHO 3aMUILIEThCS:

Vx e M : P(x) > Q(x),

a crmoBamu: "SIKIIO TPUKYTHHK HE pIBHOOEIpPEHU, TO BiH HE Mae€ BiCi
cumerpii'.
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TBepmxeHHs, oOepHEHE MPOTUICKHOMY JO JIaHOI TEOPEMHU,
CUMBOJIIYHO 3aITUIIETHCH:

Vx e M :Q(x) > P(x),
a cinoBamu: "SKIIO TPUKYTHUK HE Ma€ BICl CHUMETpli, TO BIH HE
piBHOOEIpeHUM" .

Vi TBepKEeHHS, TIOB's13aH1 3 JJaHOK TeOpeMoro, icTuHHI. OTXe, BOHU
€ TeopeMamu. <«

Teopemu 1HOA1 HOPMYITIOIOTH y BUTJISIII €KBIBAJICHINT TPEAUKATIB, HA
3MiHHI SIKO1 HaBIIIEHO KBaHTOpHU. JIoT14HA CTPYKTypa Takoi TeOpeMu

V x € M: P(X) <> Q(X).

[Ipu ¢opmymnroBanHI i ClIOBaMU KBAaHTOPU W 3MIHHI OIyCKarOTHCS.
Hanpuknan, HaTypajdbHE YUCIO AUIMTHCA HA 3 TOAl 1 TUIBKM TOJ1, KOJIM
cyma ioro nudp JIIUThCS Ha 3.

Teopema, sika 3amucaHa y BUTJISAJI €KBiBaJICHIIll, HA OCHOBI MpaBUJIa
BUKJIFOUCHHSI EKBIBAJICHI[I PIBHOCUJIbHA KOH'IOHKIII JIBOX TEOPEM,
3alMCaHNX y IMIUTIKATUBHIN (hopMi, a came

(Vxe M:PX)—> QX)) A (Vx e M:Q(X) > P(x)).

[[lo6 BCTaHOBUTH ii ICTHHHICTb, TpeOa JTOBECTU ICTUHHICTb TaKHUX

TeopeM
VXxe M P(X)—> QX)) iV xeM: QX)) > P(x).

PO3ILT 3. [T YUCJIA

3.1. Pi3ni migxoau 10 mo0Oya10BM MHOKMHHU IILTAX HEBII’EMHHUX
ymcesl. TEOPETHKO-MHOKMHHMH MIAXiJ 10 MO0OYA0BY MHOKMHU I[LTHX
HeBix’€MHUX YHCeJI

3.1.1. Kopomki icmopuuni eidomocmi npo BUHUKHEHHA
HAMYPAILHO20 YUCAA | HYJIA.

OnHe 3 OCHOBHHMX IMOHATh MaTEMATUKH — TOHSTTS 4HCIA, 30Kpema
HaTypajabHOr0. BUHUKHEHHS TMOHSATTA HATypaJbHOTO 4YMCIa — MUTaHHS
3araJbHOI KYJIbTYpH JIFOACTBA. Moro GopMyBaHHS He MOXKHA IPOCTEKUTH
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3a Oe3rocepeIHIMU MMUCHhbMOBUMH JiKepenaMu. [Ipo BUHUKHEHHS JI140M 1
3YMOBJICHUX HEIO MOHSATHh MOKHA CYyJUTH HAa OCHOBI TaKUX JIXKEPEJ:

1. JocmimKeHHs BIACTAIUX y KYJIBTYPHOMY PO3BUTKY HapOiB, IIO
npoBoamiiuch Y XVII-XX cTomiTTsax.

2. BUBYEHHS ICTOPUYHHUX MaM'ITOK: XYyJOXHIX BUPOOIB, HACKAJIbHUX
MAaJIIOHKIB, HAMMKMCIB Ha pyiHax cTapux OyaiBesb TOIIIO.

3. BuBueHHs poJoBUX TMepekasiB, Ka3o0K, MPHUCIIB'iB, MPHUKa30K, a
0CO0JIMBO MOB, sK1 30epiraroTh 0arato CIijiB THX YaciB, KOJIH JIIOIU IIIe HE
BM1JIM TIUCATH.

4. CriocTepeXeHHsI 3a JITbMH, KOJM BOHHM HABUYAIOTHCS TOBOPUTH 1
myutd. KokHa HOWTHHA, PO3BUBAIOYUCH, IOBTOPIOE PO3BUTOK YCHOTO
JIOJICTBA. 3BHYANHO, 1€ Mpolec BIAOYBAETHCS IyXKE€ IMBHAKO: MIIAX
PO3BUTKY, Ha KU MONEPEAHIM MOKOJIHHSAM MOTPiOH1 OyJM CTOMITTS ab0
HAaBITh TUCSYOJITTS, JUTHHA MPOXOJAUTH 32 POKU 200 HABITh MICSIII.

[TopiBHIOIOYH BIJOMOCTI, B35TI 3 LHMX YOTHUPHOX JDKEpEI, MOXKHA
NpUOJIU3HO BIATBOPUTH KAPTHUHY TOTO, SIK JIIOAM OMNAHOBYBAIM JIYOY 1
BUHHKJIO TIOHSTTS HATYPaJbHOTO YHMCIIA, [0 TICHO TMOB'SI3aHE 3 MOHATTIM
CKIHYEHHOI MHOKHMHHU. Y MOpOILeCl MTPAaKTUYHOI AISUTbHOCTI JIFOJAWHI 4acTo
JIOBOJINTHCSI TIOPIBHIOBATU MiXK CO00I0 CKIHUEHH1 MHOXWHM. Hanpuxmnan,
JUISl OJIepKaHHS BIJMOBIAI HA MUTAHHS, YM BUCTAYMUTh CHIMMaHUX PpUOWH
Ha BCiX WIeHIB CciM'I, MOXXHa BCTaHOBUTH B3A€EMHO OJHO3HAYHY
BIIMOBIJTHICTh M1 €JIEMEHTAMU MHOXUH CIIMMaHUX PUOWH 1 WICHIB CIM'l
a00 MK eJleMEeHTaMH OJHIEI 3 HUX 1 €JeMEHTAMH BJIACHOI ITIJIMHOKUHU
THIIO1.

K110 BUKOHYETHCS MEPIINI BUNIAJIOK, TO BBAXAIOTh, 1[0 YUCEIBHOCTI
MHOXHH OJIHaKOBI, SKIIO — JPYTUid, TO Ta 3 MHOXXHH Ma€ MEHIIY
YHUCENbHICTD, SIKa PIBHOMOTY>KHA BJIACHIN MIMHOXHUHI 1HIIIOI.

[e#i crioci® MOpiBHSIHHS YUCEIBHOCTI MHOXKHUH HE MOTPEOY€E MEPENiKy
iX €JEMEeHTIB, ajie¢ HUM MOXHa KOPHUCTYBATHCS HE 3aBXIHU. 30Kpema, 3
HOro J0MOMOIOI HE MOXKHA JI3HATHCSA, B SIKOMY 13 JBOX TaOYHIB, IO
3HAXOJAThCS Ha PI3HUX I1aCOBHUINAX, KOHEH Oinble, abo IOPIBHATH
YUCEIbHICTh Ta0yHa KOHEW y JaHUM MOMEHT 4acy 3 HOro YHMCEIBHICTIO Y
MUHyJIOMY poili. Tomy 1ist mopiBHAHHS ¥ (hikcallii YMCeIbHOCTI MHOXKHUH
CTaJdd BUKOPUCTOBYBAaTH MHOXXWHHU-TIOCEPEIHUKH, IO CKJIAJaJucs 3
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NajblliB PyK JIFOJWHHU, KaMiHIIIB, PAKOBHH TOIIO, 1 3 SKHMH JIETKO
onepyBaTu. Tak, JJisi MOPIBHAHHS JBOX TaOyHIB KOHEW Opaiu MHOXHUHY
KaMIHIIIB, 110 JOPIBHIOBAJIa YUCEIBLHOCTI OJHOTO 3 HUX, MEPEHOCHIH il
Tyau, A€ epeOdyBaB iHIINNA TaOyH, 1 MOPIBHIOBAJHM ii 3 HUM.

Opny 1 Ty ) caMy MHOXXHHY-TIOCEPETHUK MOKHA OYyJIO TOPIBHIOBATH 1
3 MHO>KWHOIO TBApHH Yy CTall, 1 3 MHOKHHOIO MIIIKIB 310paHOr0 ypoOXKaro i
T. 1. ToMy Ha3BU MHOXXHH-TIOCEPEIHHUKIB MOYAIM BUKOPUCTOBYBATH, SIK
BUPXKECHHSI YUCEJIILHOCTI MOPIBHIOBAHMX 3 HUMHU MHOXWH. Hamnpuxmian,
ropopwin "pyka si01yk", TOOTO CTUIBKU SIOJIYK, CKUIBKH MaJbIIB HA PYIII.
A 714 BUPAXXEHHS 4YUCa CTPUI, IO JOPIBHIOE YUCTY TaJbLIB JIIOJAWHH,
ropopwin "moauHa ctpin”. Tak BUHHUKIIO MOHSTTSA YUCIIBHUKA SIK Ha3Ba
MHOXHUHU-TIOCepeaHuKa. [Iporec abcTparyBanHs nmpu3BiB 10 BUHUKHEHHS
3araJibHOrO MOHATTS HaTypaidbHUX uncen "oguu", "nBa", "tpu", "qotupu",
"m'aTe" 1 T. 1. OCKIIBKY HalUacTiIe J1iu0a Bejiacsd 3a JOIIOMOTOK HaJIBIIIB,
TO TaKli MHOXXHWHHU-TIOCEPEAHUKH, SIK1 € MPeJICTABHUKAMHU YUCITIBHUKIB 1, 5,
10, 20, 100 (mecsTh necsTKiB) BiAirpaBaiud OCOOJMBY poJib. [HII yuciia
OJICP)KYBIMCS 3 IHUX YUCENT IUISIXOM JOJaBaHHsA a0o0 BiJHIMAHHS
(roBopuJv, Hampukiafd, "aBaausaTh 0e3 ABOX" 3aMicTh '"BiCIMHAALATH").
OTtxe, cioyaTKy HaTypaidbHI YUCIa 3'IBUJIUCS Y BUTJISIA1 YHCEI-OCTPIBIIIB,
K1 TIOTIM 3JIWJIMCS B €IMHUM MAaTEPUK — MHOXXWHY HaTypajJbHUX YHCEIL.
[Ti3HilIe cTanu po3MilllyBaTH HATypalbHI YHCia y psii, B IKOMY KOXKHE
HACTYIHE YHUCJIO OJEPXKYETHCS 3 TMOMEPEAHHOr0 JTOJaBaHHSIM JI0 HBOTO
onUHUII. Tak BUHUKIIO MOHSTTSI HATYPAJIbLHOTO PSIAY YHUCET:

1,2,3,....n,....

BuHUKHEHHS TIOHATH HATYpPaJIbHOTO YMCIA 1 HATYPAIBHOTO PSAY €
BOXJIUBUM €TallOM y PO3BUTKY MaTeMaTWkH. CTajio MOXJIMBUM BUBYATH
[l YWClia HE3aJIe’)KHO BlJ KOHKPETHHUX 3a7ad, y 3B'SI3Ky 3 SIKUMU BOHU
BUHUKIIN. [10SBIISIETHCS TEOpETHYHA HAyKa PO YUCTO — apugmemura abo
meopis yucel.

3.1.2. Pi3ni nioxoou 00 nooyoo6u MHOMCUHU UINUX HEBI0’EMHUX

yucen.

Hynab BUKOpPUCTOBYBaBCSl CIOYATKYy JJIsI TO3HAYEHHS BIJCYTHOCTI
BIIMOBITHUX PO3PSAHUX OJWHMILH Y 3aMUCy yncia. JIuine 3Ha4HO Mi3HIIIe
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HYJIb CTaJlM Ha3MBAaTH YKCJIOM, SIKE€ O3HAYaJI0 YMCENIbHICTH MOPOXKHBOI
MHOXUHU. MHOXXHWHA, sIKa € pe3yJbTaTOM IMPUETHAHHS YWCia HYJb [0
MHOXXUHM  HaTypajJbHUX YHCEJ, HA3UBAETbCA MHONCUHOK  YLIUX
Hesi0 'eMHux qucen, a i €AIeMEHTH — yiaumu Hesid 'emuumu yucaamu. Came
no0y/10Ba MHOKWHU LUJIMX HEB1I'€MHUX YuceN 1 0y/ie Jail po3risHyTa.

HatypasbHi unciia BAKOHYIOTb JIB1 ()YHKIII:

1) marote  iH(pOpMALF0 PO  YHUCEIBHICTh MHOXHHU  KJacy
PIBHOTIOTY>KHUX  CKIHYEHHMX HEIMOPOXXHIX MHOXHWH, TOOTO BOHU
BUKOHYIOTh KUIbKICHY (DYHKIIIIO. Y [bOMY BHUIIQJKy HaTypajbHI 4YHCla
HA3UBAIOTHCS KLIbKICHUMU,

2) BU3HAYAIOTH MOJIOXKEHHS CJIEMEHTIB IMEBHUM YMHOM CTPOTO JIHIHHO
BIIOPSAJIKOBAHOI CKIHYEHHOI HEMOPOKHbOI MHOXKHHU. Y I[bOMY BHUIIQJKY
HATypaJIbHI YKCIIa HA3UBAIOTHCS NOPSAOKOBUMU.

BignoBimHo 10 1MX QYHKIINA ICHYIOTh MeopemuKo-MHONCUHHA
(kinvxicna) i akciomamuuna TEOpii HATYpaIbHUX YKcell. KinbKicHa Teopis
HaTypajdbHUX yucen Oyna po3pobieHa y 70-x pokax XIX cT. HIMEIBKUM
matematukoM I'. Kantopom  (1845-1918); akciomatmyHa  Teopis
po3poOsimacs ~ OaraTbMa ~— MaTeMaTHMKaMd 1 OCTaToyHO  OyJia
chopmynpoBaHa itamifickkum MarematukoMm Jl. [Teano (1853-1932)
Hanpukinii XIX cr.

3.1.2. Ckinuenni muoxcunu ma ix enacmueocmi.

HarypanbHe 4nciio BUHUKIIO BHACHTIAOK OINEpPyBaHHS 13 CKIHUCHHUMU
MHOXMHAMH 1 MOXe€ OyTH O3HaueHe uepe3 TMOHATTA ''CKIHYEHHa
MHOXUHA". Y 3B'I3Ky 3 UM paHilme cHOpMYIbOBAaHUM O3HAYEHHSIM
CKIHYCHHOT MHOXXWHH, €JIEMEHTH SIKO1 MOKHA MEPEIIUYUTH, KOPUCTYBATHUCS
He MoKHa. OTxe, mOTpiOHO AaTH O3HAYEHHS CKIHYEHHOI MHOXKUHH, HE
BUKOPHUCTOBYIOYH MOHSATTS HATypaJIbHOTO YHCIIA.

MHOX1Ha HA3UBAETHCS:

1) ckinuennoro, SKIIO BOHA HE Ma€ BJIAcHOI  IIIMHOXHHHU,
PIBHOMIOTY>KHOT 1H;

2) HecKiHYweHnHOl0,  SKIIO ~BOHA  Ma€  BJacHy  IIJMHOXXHHY,
PIBHOTIOTYKHY 1i.
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O3HaueHHS CKIHYEHHOI MHOXXHHM MOXHa C(HOpPMYJIIOBaTH 1 Tak:
MHOKMHA HA3UBAEThCSA CKIHYEHHO0, SIKIO BOHA 30ira€Tbcs 3 OyIb-sSKOIO
CBOE€I0 MIJIMHOKUHOIO, 110 PIBHOIOTYXHA ii.

[TopokHst 1 ONMHWYHA MHOXXHWHHM € CKIHYCHHHMH, TOMY IO BOHHU
30BCIM HE MAIOTh BJIACHUX H1AMHOKHUH.

Ha ocHOBi1 Teopili MHOXHH 1 HaBEICHOTO O3HAYECHHS CKIHYECHHOI
MHO>KWHHM MOYKHa JIOBECTH, X0U II€ HE 3aBXKIH 1 MPOCTO, PSJ] BIACTUBOCTEH
CKIHYEHHUX MHOKHUH, sIKI TOTPiOH1 JJIsl TOOYAOBU KIJIBKICHOI TEOPIl HIIUX
HEB1J' €MHHUX YHCEII.

1. MHOX1Ha, pIBHONOTYHAa CKIHUCHHI MHOXKHH1, CKIHUYEHHA.

2. JloBUlbHA IMAMHOXKWHA CKIHYEHHOI MHOXXKHHHM € MHOXKHHA
CKIHYCHHA.

3. O0'eqnanHsg CKIHYCHHOI MHOXKMHHM 1 OJMHHYHOI MHOXHHHM €
MHO’KMHA CKIHYCHHA.

4. KoxxHa CKIHYCHHAa HENOPOXXHS MHOXHWHA, IO BIAMIHHA BIJI
OJMHUYHOI, € O00'€IHaHHSIM CKIHUYCHHOI MHOXXMHHU IIOMapHO PI3HUX
OJUHUYHHUX MHOXKHH.

3.1.3. Hamypanvne uucio Ak cniibHa 61aCMUgicCmy Kaacy
CKIHYEHHUX HENOPONHCHIX PIGHONOMYHCHUX MHOMcUH. Ilonamma npo
Hynb. Muoxcuna yiaux Heeio’ €EMHUX uucel.

Kopucrtytounch BiIHOHNIEHHSAM PIBHOINOTY>XHOCTI, fIKE€, K BIJOMO, €
BIIHOIIICHHSIM €KBIBAJICHTHOCTI, CYKYIHICTh CKIHUEHHUX HEMOPOKHIX
MHOKWH MOKHa PO30UTH HA KJIACH PIBHOMOTYKHUX MHOXHH.

KoxHuii Takuil Kjgac MICTUTh MHOXHWHHU, TPHUPOJA €JIIEMEHTIB SKHX
MOX€ OyTH HaAWpPI3HOMAHITHINIOW, 1 €QWHE CHUIbHE, HE3MIHHE, 10 HE
3QJICKUTh TP TEPEXOJl BiJ OMHIET 0 1HIIOT MHOXHHHU TOTO CaMOTO
KJIacy, € T€, [0 BOHU MalOTh OJIHAKOBY KIJIbKICHY XapaKTEPUCTHUKY.

Hamypanonum  uucnom — HA3UWBAEThCS  KJIAC  PIBHOMOTY>KHHUX
CKIHYEHHHUX HEOPOKHIX MHOKHH.

Ak BigOMO, KJac PiBHOMOTYXHUX CKIHYEHHUX HEMOPOXKHIX MHOKHUH
HA3UBAETHCS TMOTYXHICTIO MHOXXHHH, $SKa HOMY HAJICKHTh, a TOMY
HaTypaJIbHE YHUCIO MOXE€ OyTH O3HAuYCHE W TaK: HAMypaibHUM YUCIOM
HA3UBAETHCS MOTYXKHICTh CKIHUEHHO1 HEMTOPOKHbOI MHOKUHH.



84

Ha iHTYyiTUBHOMY pIBHI HaTypajbHE YHCIIO — II€ CIJIbHA BIACTHUBICTH
PIBHOTIOTY>KHUX CKIHYEHHHUX HETOPOKHIX MHOXXHH, K4 HE 3aJI€XKUTh Hi
B1JI IPUPOJAM €JIEMEHTIB IIUX MHOXXHUH, H1 BiJl MOPSJKY €JIEMEHTIB y HUX.
L{s1 BJIACTUBICTh € HE YUM 1HIIMM, SIK YHCEIbHICTIO a00 YMCIOM €JIEMEHTIB
CKIHUEHHOI HETIOPOKHBOT MHOKHHHU.

HatypanbHi yucia, siKi € MOTYXHOCTSIMU CKIHYEHHHX HETOPOXKHIX
mHOkHH A, B, C, ..., no3nauarotscs OykBamu @, b, C, ... 1 1i¢ 3anucyeThes
a=|A, b=1|B|, c=|C|, ...; unuTaerhcs, Hanpukiama, a = |A|: "uucno a €
MOTY>XHICTIO MHOXKUHM A",

[ToTyXHICTh OJWHWUYHOI MHOXXHUHU HA3UBAETHCS  OOuHUYero 1
no3Havaetbes 1. Otxe, 1 := |E|, ne E — oquHUYHa MHOXUHA.

VYci HaTypalibHI YKCia CKIAJal0Th MHOXKHHY HaTypaJbHUX YHUCEN, il
no3Havaroth N.

[ToTyXHICTh TOPOKHBOT MHOXXWHHU HA3UBAETHCS Hy/1eM 1 TO3HAYAETHCS
0. 3naunts 0 = |J)|.

MHoOXV1Ha, eTeMEHTaMH AKO1 € BCl HaTypaJibHI YMCla 1 YUCIO HYJIb,
Ha3UBAETHCS MHONCUHOIO YIAUX HeBio'emHux yucen 1 mo3HadaeTbes No, a ii
CIAEMCHTH — Yinumu Hesio 'emuumu yuciamu. TakuM 9UHOM,

No := N u {0}.

Ha ocHOB1 03HaueHHS HATYpaJIbHOI'O YKCIIA 1 YKCIIa HYJIb, O3HAUYCHHS
IIJIOTO HEBIA'€MHOr0 4YHCJIAa MOXHa CQOpMYIIOBaTH Tak: Yiium
Hegi0 '€EMHUM YUCTIOM HA3UBAETHCA MOTYKHICTh CKIHUEHHOT MHOKHHHU.

3ayBaxkeHHs 1. [HoAl y HayKoBIM JiTepaTypi YHCIO HYJIb TEX

Ha3WBalOTh HATypaJIbHUM YMCJIOM, a IiJIl HEBIA'€MHI 4YuClIa —
HaTypaJIbHUMU YUCIIAMH.

JlomoBuUMOCSL 171 CKOpOYEHHs 3amucy y posaun "Llim HeBix'eMHi
gucia" 3aMmicTh TepMiHYy '"IIe HEBIJ'€MHE YHCIO" BXHBATH TEPMIiH
"qucmo".

3.1.4. Bionowennsn ,pignocmi” Ha MHOMCUHI UIIUX HeBI0 EMHUX
yucen ma o020 61aCMUBOCHIL.

[{imi HeBig'emHi 4yncia @ i b Ha3WBaIOTHCS PIBHUMH (3aIIHCYETHCS
a=0Db), fAKIIO MHOXHUHH, I SKHX I YHCIa € IOTYKHOCTSIMH,
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PIBHOIIOTY Hi, 1 HEpIBHMMHM (3amUCye€ThCcs a # D), AKIIO BiAMOBIAHI M
MHO>XUHHU HEPIBHOMOTYKHI.

Teopema 1. BinHoimieHHs PiBHOCTI Ha MHOXKMHI LIUIMX HEBI1JT €EMHHUX
YUCeJ € BIIHOIICHHSIM €KB1BaJICHTHOCTI.

KoxHoMy Kjacy piBHOMOTY>KHMX CKIHYEHHUX MHOXHUH CTaBUTHCS y
BIJIMOBIIHICTh €IMHE 1I1JIE YUCIIO, SIKE € MOTY>KHICTIO OY/Ib-sIKOT MHOKHUHU
[LOTO KJIACY, MPHU 1IbOMY PI3HUM KJIacaM CTaBJISITHCS Y BIAMOBIAHICTE Pi3HI
yuciaa. AJjle ¥ KOXHOMY IIJIOMY HEBIJI'€MHOMY YHUCIY CTaBUTHCS Y
BIIMOBIJIHICTh €MHUNA KJIaC PIBHOIMOTYXHUX CKIHYEHHUX MHOXWH, JJIs
MPEJCTAaBHUKIB SKOIO0 BOHO € MOTYXHICTIO. [luM camMuMm BCTaHOBJIEHO
B3a€EMHO OJIHO3HAYHY BIJMOBIJHICTh MIX MHOXHWHOK PI3HUX KJaclB
PIBHOIIOTY>KHUX CKIHUEHHHUX MHOKHMH 1 MHOKMHOIO IIJIMX HEBIJ'€MHHX
quces.

KoxHill CKIHYEHHIN MHOXHWHI CTaBUTHCS Y BIAMOBITHICTh €AUHE 1ILJIE
HEBIA'€MHE YHCJIO, SKE € 1ii TMOTYXHICTIO, aje KOXHOMY IIJIOMY
HEBI'€MHOMY YHCJIy, 3a BHUHATKOM HYJs, MOXHa IIOCTaBUTH Y
BIIMOBIJHICTh HE OJHY CKIHYEHHY MHOXHHY, TOMY IO KJac
PIBHONIOTY>KHUX CKIHUEHHUX MHOXHWH MICTUTh O€3J114 MHOXHUH. Y 3B'SI3KY
3 IIUM, TIPU BCTAaHOBJICHHI TBEP/XKEHb PO BJIACTUBOCTI IIIJIUX HEBI1I €EMHUX
quces, K1 IPYHTYIOThCA Ha BJIACTUBOCTSIX MHOXHH, MOTPIOHO JTOBOJUTH,
0 iX CyTh HE 3aJ€KHUTh BiJi BUOOPY MHOXKUH-TIPEICTABHUKIB, JUJI SIKUX
111 HEBIJ'€MHI YHCIIA € TIOTYXXKHOCTSMHU. Lle 1ae MOXIUBICTh ONIEpYBaTH y
MIPKYBaHHSX PO YKCJIa MHOKMHAMU JOBIILHOT IPUPO/IH.

MoxHa nmokasaTu, 10 BIAHOIIEHHS PIBHOCTI 1 HEPIBHOCTI Ha MHOKHUHI
HUJIMX HEBIA'€EMHUX 4YHCEJ] HE 3aleXaThb BiJi BHOOPY MHOXHUH-
Mpe/ICTaBHUKIB.

3.1.5. Bionowmennsn ,,menwe” i ,,0inbme” Ha MHONCUHI UITUX
HeBI0’EMHUX uucen ma ix 6,1aCmueocmi.

Jlns nOBUIBHMX IINMHX HEBiA'eMHHX umcea a 1 b ywmcio a, sike €
MOTYXKHICTIO MHOXHHH A, Ha3UBaeThCA MeHwum ducia b, 1mo €
MOTYXHICTIO MHOXHUHH B (mo3Hauaetscss a<b), skmo y MHOXuHI B
3HANJEThCs BIIMIHHA Bij Hel maAMHOXKHA B1, piBHOMOTYXHa MHOXHUHI A.

VabeNpa<b:<3IBicB:Bi#BAA~Bi, nea=|A|, b=]B|.



86

Teopema 2. Bignomenns "MeHmie" Ha MHOXHHI IUIMX HEBII'€MHUX
YUCeJ HE 3aJIEKUTh Bl BUOOPY MHOKHUH-TIPE/ICTABHUKIB.

Ha ocHoBI1 Teopemu 2 1 BIaCTUBOCTI CKIHUEHHUX MHOXUH OJECPKYEMO
TEOpeMY.

Teopema 3. [I1s1 qoBIUIBHUX IUIMX HEBIA'€MHMX uncen a i b mae micre
OJHE 1 TIIBKH OJHE 13 BIJIHOIIECHD

a=bh, a<b, b<a.

Teopema 4. BigHomieHHs "MeHIIe" Ha MHOXHHI IIJIMX HEB1I €MHHUX

qucesI TPaH3UTUBHE:
VabhceN (a<b)a(b<c)—(a<c).
I3 TeopeM 3 14 oepKyeEMO HACIIIOK.
Hacminok 1. BinHomeHHsa '"mennie" Ha MHOXKHWHI [UIMX HEBI €MHUX

YUCEJ € BIAHOIIEHHAM CTPOrOro JIHIMHOrO MOpsAKY, a cama MHOXKUHA No
3 [IUM BIJHOILIEHHSM € CTPOIO JIIHIMHO BIOPSAKOBAHOK MHOKHHOIO.

BignomenHs, oOepHeHe 10 BiTHOIIEHHS "MeHIE" Ha MHOXKHHI IITHX
HEBIJI'€MHUX YHCEJ, HA3UBAETHCS BIIHOIICHHAM "Oinbuie" (II03HAYAETHCS
">'):

VabeNea>b:<b<a.

Bignomenus "menme" i "Ouabiie", SK B3aEMHO OOEpHEHI, MarOTh
OJTHAKOB1 BJIACTUBOCTI.

BinHomenns "menwe abo pisne" (mo3HadaeTbes "'<") MoOKHa
po3riisiAaTy sik 00'eTHaHHS BIAHOIIEHb "'MeHIe" 1 "piBHe":

VabeNy(ash): < (a=hb)v(a<h).

BinHomennss "Oinbwie abo piene" (mo3HayaeTrbcs '>") MoOKHa
po3risiAaTH 1 Ik 00'eJHAHHA BiAHOIIEHb "Outbie" 1 "piBHE", 1 IK OOEpHEHE
710 BIJTHOIIICHHS ""MeHIle abo piBHE":

VabeNy(a=h): < (@=hb)v(@=>h).
VabeNg(a>h): < (b<a).

Ha ocHOBI BiacTMBOCTEH BIJHOIIEHb "piBHE 1 MEHIIE" Ta O3HAYEHb
BiHOMIeHs "Oumpmie", "menme abo piBHe" 1 "Ouibmie ab6o piBHE"
0JICP>KYEMO HACIIIIOK.

Hacninok 2. Bignomenns "menme abo piBae" 1 "Oiiabine abo piBHe"

Ha MHOXXMHI IIIMX HEBII'€MHHMX 4YHCE]I € BIJIHOIICHHSMH HECTPOTOro
JHIMHOTO MOPSIKY.
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Bignomennss <, >, < 1 > 4YacTO HAa3UBAIOTLCA BIOHOWEHHIMU
NPUPOOH020 NOPsOKY Ha MHOXKHHI IIIJIMX HEBII'€EMHHMX YHCEI, a cama
MHOKMHA IIJIMX HEBIA'€MHUX YUCEI 3 OIHUM 13 LHUX BIJHOIIEHL —
npupooHo  enopsaoxosaroro. Koau TOBOPATH IIPO  BIOPSJIKOBAHICTh
MHOKMHHM IIUTMX HEBIJ'€MHUX 4YHCEJI, TO MalTh Ha YyBa3l OJHE 13
BIJIHOIIEHbh NPUPOJHOTO TOPSAKY. BiiacTUBOCTI BCIX  BiJHOIICHB
IPUPOTHOTO MOPSAKY BUILIMBAIOTH 13 BIACTUBOCTEN BiNHOIIEHDb '"MeHIe"
1 "piBae". OT yomy Hajajal pO3TJsAIalOTbCsl B OCHOBHOMY BJIACTHUBOCTI
JIUIIE IUX JBOX BIHOIICHBIO

Hacnizok 3. Hysb € HaliMEHIIIMM IIJIUM HEB1JI'€MHUM YHUCIIOM:

VaeNg;:0<a.
Hacninok 4. OnuHuisl € HAWMEHIITUM HaTypaJbHUM YUCIIOM
YaeN: 1<a.
Hacnigok 5. YV MHOXHMHI IUJIMX HEBIJ'€EMHUX 4YHUCEI HE ICHYE

HaWOJIBIIIOTO YKCIIA.
OcTaHHIM HaCHIOK € OJHUM 13 (OPMYJIOBaHb BJIACTHUBOCTI
HECKIHYEHHOCT1 MHOKWHU I[IJIMX HEBIA' €MHUX YHUCEIL.

3.2. lonaBaHHs i BigfHiMaHHA WiJIMX HeBil’€MHHX YHCeEJ

3.2.1. O3nauenna cymu uyinux Heei0’€EMHUX HYucen uepes
00°conanna muoxcun. Icnyeanns i eounicmo cymu.

Cymoro NOBUIBHUX IJIMX HEBiA'eMHUX yucen a 1 b (mo3navaerbes
a+Db) HasuBaroTh TOTYXHicTh 00'eqHamHs MHOXHH A 1 B, sxi He
NIEPETUHAIOTHCS 1 MAIOTh CBOIMH MTOTYXXKHOCTSIMHU BiJIOBITHO Yncia a i b:

Va,beNpa+tb=|AuB,neANB=Y,a=|Alib=|B|

Teopema 5. Cyma 1BOX AOBIIBHMUX IUJIMX HEBIA'€MHHUX YUCET € IUIUM
HEB1J'€eMHUM 4uciioM. BoHa 3aBX1 1ICHY€E 1 BU3BHAYAETHCS OJTHO3HAYHO.

I3 Teopemu 5 oaepKyeMO HACHIJIOK.

Hacminok 3. Cyma JOBUIRHOTO IIJIOTO HEBIA'€MHOTO 1 HAaTypaabHOTO

quCes € HaTypaJbHUM YHUCIIOM.
Hacninok 4. BaacTuBicTh HyJIS MPH 10/IaBaHHI:
VaeNpat+t0=0+a=a.
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3.2.2. Onepauia o0ooasanHsa uinux HeEIO’€EMHUX wYucenr ma ix
eacmueocmi.

Ornepailisi Ha MHOXKHMHI IIIJIMX HEBIJ'€MHHMX YHUCEI, MPU SAKIA KOXHIN
napi urces a i b craBuThCcsa y BiAMOBiAHICTH iX cyma a + b, Ha3uBaeThCs
doodasanuam  yinux Heesio'emuux uyucen. KOMIOHEHTH JOJaBaHHS
HA3UBAKOTHCS 000AHKAMU, & PE3YIIBTAT — CYMOIO.

Ha ocHOBI o0O3Ha4YeHHs JOJaBaHHS 1 BIACTHBOCTEH ormepariii
o0'eqHAHHS MHOXHH OJIEp)KYIOTbCS BJIACTMBOCTI  JOJaBaHHS, Kl
chopMyJIbOBaH1 y HACTYIHIN TEOPEMI.

Teopema 6. Onepartis 10/1aBaHHS IUX HEB1JI'€MHUX YHUCEN:

1) komyratuBHa: V a,b € Np:a+b=a+Db.

2) acoriatuBHa: V a,b,c e No: (@a+b)+c=a+ (b +¢);

3) MOHOTOHHA BiJJHOCHO BiJTHOIIICHHS PiBHOCTI:

VabceNpoa=b—a+c=b+c.

Kopuctyrounchk gogaBaHHAM IIIIAX HEBIJI'€MHUX YHCEN, MOXKHA TIO-
IHILIOMY JIaTW O3HA4e€HHs BiJIHOIIeHHs "MmeHie". IliacTaBolo € HacTymHa
Teopema.

Teopema 7. JIas1 MOBUIBHMX IIJIMX HEBia'eMHuX yucen a i b a<b Toxi
1 TUTBKU TOJi, KOJM iCHY€ HaTypaJbHE UYMCIO X Take, mo a+ X =Dh, xe
a=|Alib =B

Ha ocHoBi TeopeMu 7 MOXKHA J1aTH TaKe O3HAYEHHS: JJIS JOBLIBHUX
IMX HEBIA'€EMHUX 4YHCEN & 1 D 4MCIIO 4 HA3UBAETHCA MEHIINM 4Yucia b,
SKIIO iICHY€ HATypaJIbHE YHCIIO X Take, mo a + X = D.

VabeNpa<b:<3IxeN a+x=h.

M o3HAYEHHSM 3pY9YHO KOPHCTYBATHCS MPH JOBEICHHSIX. 3a HOTO
JIOTIOMOT'OI0 JIOBOJSITHCSI HACTYITHI TEOPEMHU.

Teopema 8. Ormepariss gogaBaHHSA IUIMX HEBII'€EMHUX  YHCEI
MOHOTOHHA BIJTHOCHO B1IHOIIICHB MOPSIKY, 30KpeMa

VabceNpa<bh:—a+c<b+c.
Teopema 9 (mpaBuia CKOpOYEHHS I JaoAaBaHHs). s qomaBaHHS

[UJIMX HEBII'€MHUX YMCEIl MalOTh MICII€ MMPaBUJIa CKOPOUYCHHS:
1) BIZHOCHO BIJHOIICHHS PIBHOCTI
Vab,ceNea+c=b+c—a=h.
2) BIJTHOCHO BIJHOIICHB IOPSIIKY, 30KpeMa
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Vab ceNga+c<b+c—ac<h.

3.2.3. O3nauenHa pi3Huyi yinux Heei0’€MHUX uucen uepes
oonoeHenna. Icnyeanna i eOunicmoy pizHuyi.

Onmepaitisi BIIHIMAHHS LUIMX HEBIJ€MHUX YUCEN Y KUIBKICHIA TeOpii
MIJIMX HEBII'€MHHUX YHCEI IIOB'A3aHa 3 JONOBHEHHSAM IIIIMHOXXHUHUA 10
MHOKMHH, TOOTO 3 BIAHIMAHHSIM MHOKHH.

Pisnuyero nOBUIBHMX IUIMX HEBiA'€MHHX 4ncel @ 1 D (mo3HadyaeTbes
a — b) HazuBaeThCA MOTYXKHICTh JOMOBHEHHS HIAMHOXKUHU B 10 MHOXKMHU
A, e YHCII0 @ € TMOTYXKHICTIO MHOXHHHU A, a 4ucio D € MOTYXXHICTIO
MHO>KUHH B:

VabeNpa-b:=|A\B,nea=|A|,b=|B|]iBcA.

MoxHa mokasaTy, 110 03Ha4eHa TaK PI3HULS HE 3aJI€KUTh B1Jl BUOOPY
MHOXUH-TIPEICTaBHUKIB. OCKUIBKY JIJIs1 TOBUIbHUX MHOKHH, Y TOMY YHCJII
1 nis ckinueHHux, A\ B C A, To pi3Hulls LIIMX HeBix'eMHHMX ducen a i b,
K1 € TOTY>XKHOCTsIMM MHOXXMH A 1 B, ne BC A, € miauMm HeBia'eMHUM
YHCJIOM 1 ICHY€ TiJIBKH Tpu a > b.

Pi3HuMIIO ABOX IUIMX HEBII'€MHMX 4YMCE]l MOKHAa BU3HAYUTU Yepe3
cyMmy. Piznuyeio NOBIIBHUX IIUIMX HEBIJ'€MHHMX 4Hced @ | D Ha3uBaeThbCs
IiJIe HeBII'€EMHE YUCIIO0 X, CyMa SIKOTO 3 YHCIOM D JOpiBHIOBATHME YHCITY
a,Tootox+b=aabo(a—-b)+b=b+(a-b)=a

Y OinbIIOCTI BUMAAKIB JOIUIBHINIE KOPHUCTYBATUCS O3HAYCHHSIM
PI3HUILII Yepe3 CyMy, OCOOJIUBO B JOBEJCHHSIX.

Teopema 10. JInst MOBIABHMX HUIMX HEBIT'€MHHMX 4YHcesl a Ta b ix

PI3HHUIL iCHYE TOAI 1 TUIBKH TOAI, Koy a>Db. SIkmo pisHUIM IiIuX
HEBIJ'€MHHX YHCEJI ICHY€E, TO BOHA €IMHA.
Hacmigok 5.

Yae Mp;a-0=a;
YVae Mp:a—a=0.

3.2.4. Onepauin eionimannsn uinux Hnesio’emuux uucen. Ilpasuna
GIOHIMAHHA YUCNA 810 CyMU | CyMU 810 HUCA.

Omneparriss y MHOXKHMHI IUIMX HEBIJI'€MHHUX YHCEN, MPU AKIM KOMXKHIN
napi uncen a i b ctaBuThCA y BiAMOBIIHICTD iX pi3HHI & — D, Ha3uBaeThCA
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GIOHIMAHHAM  Yinux Hegio'emuux uwucen. KOMIIOHEHTH BIJHIMaHHS
HA3UBAIOTHCS: TIEpIIA — 3MEHULYBAHUM, TPYTa — 8i0'€MHUKOM, a PE3YJIbTAT
— pI3HUYEI.

Ha migcTaBl o3HaYeHHS PI3HUIN Yepe3 CyMy OJEpKYEMO, IO
BIIHIMAHHS IIIMX HEBIA'E€MHHX YHCET € OOCPHEHOIO OIeparli€er a0
nonaBaHHa. A Teopema 10 moka3ye, MO0 BIJHIMAHHS € YaCTKOBOIO
OTIepaIli€ro IS IIJTUX HEB1I'€MHHUX YHCEIL.

Teopema 11 (mpaBuao BimHIMAaHHS 4YWciia Bia cymu). I JTOBUTBHHUX

IIJIUX HEBII'€MHMX 4ucen a, b 1 C, SKIIo BIAMOBIIHI Pi3HHUII iICHYIOTb, TO
MarTh MiCII€ PIBHOCTI:
(@tb)-c=a+(b-c)=(a-c)+h.

Teopemy 11 MoXHa y3araaipbHUTH Ha JOBUIbHE CKIHUYEHHE YHCIIO
JIOJTaHKIB.

[Ipu yMOBi iCHyBaHHS BIAMOBIIHUX PI3HUIIb, 11100 BIAHATH YUCIIO BiJ
CyMHU KUIBKOX JOJIaHKIB, JOCTaTHHO BIJHSITH HOTO BiJ OJHOIO 3 HHUX 1
OJIep>KaHy PI3HUIIO JOAATH JO CYMH PEIITH JOAaHKIB.

Teopema 12 (npaBuiio BifiHIMAHHS CYMHM Bif umcia). Jlas JOBLIBHHX

IIIMX HEBIA'€MHHMX 4HCeN @, b 1 C, AKIIO ICHYIOTh BIAMOBIAHI PI3HMII, TO
Ma€ MicCl€ PIBHICTb:
a—-(b+c)=(@-b)-c=(@-c)-Dh.

Teopema 12 TakoX y3arajabHIOETHCS Ha JIOBUIbHE CKIHUYCHHE YMCIIO
JTOJIAHKIB.

[[lo6 BigHATH CyMy BiJl YMCJa, JOCTaTHbO BIIHSATH BiJl I[bOTO 4YMCIa
OJIUH 13 JIOJIAaHKIB, B1Jl OJEPKAHOI PI3HUII BIAHATH 1€ OJIUH 13 JOJAHKIB,
110 3aJIUIINBCA, 1 T. JI. HOKHA HE BIIHIMEMO OCTaHHIHN JTOJAaHOK.

3agaya. Ha oCHOBiI T€OPETHMKO-MHOXXUHHOTO IIJXOIY /10 MOOYJOBHU
MHOXUHU WX HEBIJ'€MHHX 4YHUCEN OOIpyHTYBaTH BUOIp omeparliii mpu
PO3B'sI3yBaHHI 3aj1a4i.

bpar 1 cectpa 30upanu rpubu. bpar 3naiimoB 32 rpubu, a cectpa Ha 5
rpu6iB MeHIe. CKUIbKM TpHO1B 3HANIIUIN OpaT 1 cecTpa pazoM?

» 3agava 3BOAMTHLCA 10 3HAXOKEHHS MOTYKHOCTI 00'€ THAaHHS JBOX
CKIHUEHHUX MHOXHH , Kl HE MEPETHUHAIOTHCS 1 MOTYKHICTIO OJHIET 3 HUX
€ 4yncio 32, a MOTYKHICTh Ipyroi HeBigoma. OCKUIbKU cecTpa 310pasna Ha 5
rpubiB  MEHIIE, TO MHOXHHA 1 TpuOIB PIBHOMOTYKHA MHOXHHI
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MIIMHOXKHHI TPpHOiB, SIKa € TOMOBHEHHIM IIJIMHOXXHHU, MOTY>XKHICTIO SKO1
€ YHCJIO 5 10 MHOXKHMHU TpuUOiB OpaTa, MOTYXKHICTIO SIKOi € uucio 32.. 3a
O3HAYCHHSIM PI3HUII, MOTY>KHICTh ILOTO JOMOBHEHHS JOPiBHIOE 32 — 5 =
27. Tobto, cectpa 3i06pana 27 rpubiB. OCKUIBKM MHOXWHHU TpUOIB, SIK1
310paB OpaT 1 ski 310paja cecTpa, HE MEPETUHAIOTHCS, TO 3a O3HAUYCHHSIM
CyMH IIIJIMX HEBIA'€MHHUX 4YHCEJI, YHCJIO €JEeMEHTIB B 00’ €IHaHHI ITUX
MHOHWH, JOPIBHIOE CyMl YMCEJ €JIEMEHTIB y KOXHIM 3 HHUX, TOOTO,
32 + 27 = 59.
Bianosige: 6pat i cectpa 310payu pazom 59 rpubis. <«

3.3. MHOXKeHHH i TiJIeHHS HiJINX HEeBix’€MHUX YHCEJ

3.3.1. O3nauennsn 006ymky uyinux nesio’emnux uucen . Icnyeannsn i
€0uHicmb 000ymKy.

Ornepailisi MHOKEHHS LIUIMX HEBII'€MHUX YHWCEN Yy KUJIbKICHIM Teopii
MOB'sI3aHa 3 IEKAPTOBUM MHOXXEHHSIM MHOKHH.

Jlobymkom NOBUTBHUX IIJIUX HEB1JI' €EMHUX
yrcen a1 b (mo3HauaeThes a-b) Ha3uBaeTbcss MOTYXKHICTH JIEKAPTOBOTO
n00yTKYy MHOKHH A i1 B, MOTY>KHOCTSAMH SKHX € BiJIOBIIHO Yncia a i b:

vV a,beNgab:=|AxB|, aneca=|A]|b=|B|.

Teopema 13. O3nauenHss AOOYTKY JBOX LITUX HEBIJI'€MHUX YHCEN HE
3aJIEKUTh Bl BUOOPY MHOKUH-TIPEICTABHUKIB.

Teopema 14. JIoOyTOK ABOX TOBUIBHHUX IIIJIUX HEBIA€MHHUX YHCEN €
MM HEBIJI'€éMHUM 4YHCIOM. BiH 3aBXau ICHYE 1 BHU3HAYAETHCS
OJIHO3HAYHO.

Jobymrxom NMOBUTBHUX IUIMX HEBIT'e€MHUX 4yucen a I b (mo3navaerbes

a-b) Ha3zmBaeThC:

1) 4ucio Hynb, sxmio b = 0;

2) umcio a, sk b = 1;

3) umcio, sSIKe € CyMOI D J0MaHKIB, KOKHHMHA 3 SIKHX JOPIBHIOE @,
akmio b > 1.

0,saxmo b =0;

Va,be N,:a-b:=Ja,sxkmob=1
a+a+...+a,axmo b>1
b nonankis
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3.3.2. Onepauin MmHOMCEHHA UIMUX HeI0’€MHUX uucenr ma ii
e1acmueocmi.
Ornepailisi Ha MHOXKHMHI IIIJIMX HEBIJ'€MHHMX YHUCEJ, TPU SAKIA KOXHIN
napi uncen a i b ctaBuThes y BiAMOBIMHICTE iX 100yTOK a-b, Ha3MBaeThHCS
MHOJICeHHAM — yinux  Hesid'emuux yucen. KOMIIOHEHTH  MHOKEHHS
HA3UBAIOTHCSI MHOMCHUKAMU, & PE3YIBTAT — 00OVMKOM.
I3 Teopemu 14 onepKyrOThCS HACTIAKH.
Hacninok 6 (BIacTUBICTE HYJIS IPYU MHOYXKEHHI):
VaeNpe:a-0=0-a=0.

Hacninok 7 (B1acTUBICTE OAMHHULI IIPU MHOYKEHHI):
VaeNpa-1=1-a=a.

Hacninok 8. JIoOyTok JBOX JIOBUIBHUX HATypalbHUX YHUCENT €

HaTypaJIbHUM YHCIIOM.
Teopema 15. Onepailiss MHOXKEHHS LIIUX HEB1J €EMHUX YHCEII:
1) xomyratuBHa: V @, b € No: a-b =b-a;
2) acomiaruBHa: V a, b, ¢ € No: (a-b)-c = a-(b-c);
3) mucTpuOyTHBHA BiJTHOCHO J0JIaBaHHS: Vv a, b, c e Np:
(a+b)-c=a-c+b-c.
Teopema 16 (3akOHM MOHOTOHHOCTI MHOEHHSI ). Oriepartiss MHOXEHHS

UJIUX HEBII' €MHUX YMCE] MOHOTOHHA:
1) BIAHOCHO BiJHOIICHHS PIBHOCTI:
Vv a,b,ceNy(@a=b)— (a-c=hb-c)
2) BIJHOCHO BIJTHOIIICHB MOPSAKY, 30KpeMa:
Va, b ceNoy(@a<b)a(c#0)— (a-c<b-c).
Teopema 17 (mpaBuia CKOpOYEHHS JUIsi MHOKeHHs). Jlis omeparrii

MHOYKEHHS IIIJTUX HEB1J €MHHUX YHUCEJ MAlOTh MICIIC TIPaBUJIa CKOPOUCHHS:
1) BIZHOCHO BITHOIICHHS PIBHOCTI:
v a,b,ceNo(ac=bc)A(c#0)— (a=Dh);
2) BIHOCHO BIJHOIICHB MOPSAKY, 30KpEMa:
Vv a,b,ceNoy(@c<bc)a(c#0)— (a<h).
3ayBaxkeHHs. [1oTpiOHO 3BepHYTH yBary Ha ()OpPMYJIIOBaHHS 3aKOHIB

MOHOTOHHOCTI 1 MPaBWJI CKOPOYEHHS Il MHOKEHHS LUIMX HEB1I €MHUX
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guces, 00 B HUX € ICTOTHA BiAMIHHICTH BiJ (pOpMYJIFOBaHb aHAJOTTIYHUX
3aKOHIB 1 IpaBMII IS JOJaBaHHS.

[Tonarrss g00yTKYy JBOX LUIMX HEBIJ'€MHUX 4YHCET MOXHA
y3arajJbHUTU Ha JOBUIbHY CKIHYEHHY CYKYMHICTh YUCEN.

Jlo6ymkom TOBUTBHUX UJIUX HEBII' €MHUX yucen ai, ay,
..., an (ITO3HAYA€ThCS A182...8n ) HA3MBAETHCA IOTYXKHICTh JIEKApPTOBOIO
n00yTKy MHOXHUH A1, Az, ..., An, TIOTY)XKHOCTSIMH SIKUX € BIJTIOBIIHO
qucna ai, ay, ..., an.

3.3.3. O3Hauenna wacmku yinux Heeio’emuux uucen. Icnyeanns i
counicmo yacmku. Onepayisa Oi1eHHA YLauUX HeGi) €EMHUX Hucel.

Omnepaitisi AiJICHHS IIJIMX HEBUI'€MHHUX 4YHCEN y KUIBKICHIA Teopii
MOB'sI3aHa 3 PO3OUTTSIM MHOKMHH Ha KJIacH.

Hexait a — nOBUIbHE 1IlJIE HEBIJ'€MHE 4YHCIO, IO € IMOTYXKHICTIO
MHOXXUHH A, SIKY pO30MTO Ha PIBHOMOTY>KHI MIJIMHOXHHH, 1110 TTOMAPHO HE
MIePETUHAKOTHCA, ab-— JIOBIJIBHE HaTypajabHE
uncio. Yacmkoro uncen a i b (mo3Hayarotecst @ - D) HasuBaeThcss  abo
MOTY>XHICTh KOHO1 13 MHOXXHUH PO30UTTS, SIKIIO MHOXUHY A po30UTH
Ha b migMHOXKKMH, a00 YHCIIO MIAMHOXKHH PO30UTTS, SKIIO KOXHA 3 HHUX
Ma€ MOTYXHICTh D.

MoxHa mokaszaTu, 110 O3HAYEHHsI YaCTKU HE 3aJICKUTh BiJ BUOOPY
MHOXWHHU-TIPEACTABHUKA 1 110, KOJW YacTKa ICHy€, TO BOHA BU3HAYAETHCS
OJIHO3HAYHO.

VY mareMartwuiil, 30KkpemMa y nmo4yarkoBOMYy Kypci, KOPUCTYIOThCS 1HIITUM
O3HAYEHHSIM, B IKOMY 1CTOTHO BUKOPHUCTOBYETHCS TTOHATTS T00YTKY.

Yacmkoro NOBUIBHUX IIJIOTO HEBIJI'€MHOTO YHCJa & 1 HATypaJabHOTO

a : :
yrcna b (mo3Havaetses a @ b abo B) HA3UBAETHCA II1JIE HEBIJ'€MHE YUCIIO

X, TOOYTOK SKOT0 3 YrciioM b nopiBHIOE @, TOOTO
VaeNoVbeN a:b=x<bx=a.
He icHye mpocThX yMOB ICHYBaHHS YaCTKH, ajieé Ma€ Miclie TeopeMa.
Teopema 18. Jlns [OOBUIBHHMX IIJIOTO HEBIA'€MHOro Ymciaa a 1

HATYpaJIbHOTO YKcia b, SIKIIo X YacTKa iCHye, TO BOHA €IMHA.

Omneparltiss y MHOKHHI IUJIMX HEBIJ'€MHUX YHUCEN, MPU SAKIA KOXKHIiM
napi uncen a i b, ne b#0, craBuTbes y BiAMOBIAHICTH iX WacTka a: b
HA3UBAETLCS OlleHHAM yinux Heslio'emuux wucen. Ilpu nineHHi mnepiua
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KOMIIOHEHTA HA3WBAETHCS OLleHUM, APYra — OLIbHUKOM, a PE3yJIbTaT —
YaACMKOIO.

Omnepaitisi JiJI€HHS HAa OCHOBI O3HAYEHHS YaCTKU € OOEPHEHOI0 10
omepallii MHOXKEHHSI, NMpH sKil 3a JOOYTKOM JBOX 4YHCEN 1 OJHHUM 13
MHOKHHMKIB BU3HAYAETHCS APYTUM MHOKHHK. be3nocepennbo 3 o3HaueHHS
JaCTKH OJIEP)KYEMO TaKl HACIIIIKH.

Hacninok 9 (BracTuBiCTh HYIIS IIPU AUIEHH]).

YVaeN:0:a=0.

Hacainok 10 (BracTuBiCTh OAWHMUILI IIPU JTIJICHH]).

VaeNpa:l=a.

Hacmimox 11.

YaeNa:a=1.

3.3.4. Ocnoena eénacmugicmo uacmku. Ilpasuna oinenns cymu,
PIi3HUUI | 000ymMKYy HA HAmMypaabHe YUCIO.
Teopema 19 (ocHOBHA BJIACTUBICTH 4YacTku). [IpM yMOBi iCHYBaHHS

BIIMOBITHUX YacTOK, YacTKa HE 3MIHHUTBCS, SKIIO AUICHE 1 JUIBHUK
MOI1IJIUTH a00 MOMHOKUTH Ha OJHE I T€ caMe YHCIIO.
Teopema 20 (mpaBmiio JieHHS cymMu Ha uwcio). [lpm  ymoBi

ICHYBaHHS BIAMOBIIHUX YacTOK, 00 MOJAUIUTH CYMY JEKIJTBKOX IIUIHX
HEBIJ'€MHMX YHCENl Ha HATypaJbHE YMCIIO, MOTPIOHO MOAUIMTH Ha IIe
YUCJI0 KOKHUM 13 JI0JIaHKIB 1 OJIep>KaH1 YaCTKU J10]1aTH.

Teopema 21 (mpaBuiao jguUleHHS pi3HUI Ha 49ucio). I[lpu ymoBi
ICHYBaHHSl BIJMOBIIHUX YacCTOK, 00 MOJAUIMTH PI3HUINIO ABOX IIUX

HEBIJ'€MHMX YHCE]l Ha HATypaJbHE YMCIIO, MOTPIOHO MOAUIMTH Ha IIe
YHUCJI0 3MEHIITYBaHE Ta B1Jl’€MHHUK 1 B1J] IEPIIIOT YACTKH BIIHITH JIPYTY.
Teopema 22 (mpaBwio JineHHS JOOYTKY Ha 4ucio). [lpm ymoBi

ICHYBaHHS BIJMOBIJHUX YacCTOK, MO0 MOJUIMTH JOOYTOK KIJIBKOX IIIMX
HEBIJ'€MHHMX YHCEJI Ha HATypaJlbHE YHUCJIO, JHOCTATHHO MOAIIUTH Ha II€
YUCJIO OJMH 13 MHOXHHUKIB 1 OJIEp’KaHy YacCTKy MOMHOXXHUTH Ha JOOYTOK
pEIITH MHOKHUKIB.
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3.4. AxcioMaTHYHHHA miaXigz A0 NOOYA0BH MHOKHHHU UiJIMX
HeBix’€MHUX YHCeJI

3.4.1. Ilonammsa npo akciomamuyHuii Memoo nodyooeu meopii.

TBepmKkeHHs, K1 MPUUMAIOTHCS B MEXaX JaHOI TEopii ICTUHHUMU 0e3
JOBEJICHHS, Ha3UBAIOThCS AKCIOMAMU.

Bynb-sika Teopist € CYKyIHICTIO MOHSITh 1 TBEPXKEHB PO HUX.

AKciloMaTUYHUNH METO/I MOOYI0BH TEOPIi MoJIsirae y Tomy, IIo:

1) BUIIIAIOTECA Heosnauysani (nepsichi) nowsmms meopii, BCl 1HIII
MOHSATTS I1€1 TEOPil 03HAYAIOTHCS Yepe3 PaHillle O3HAYEHI, 3PEIITOI0 Yepe3
MEPBICHI;

2) BUAUISIIOTBCS  JEAKI BHUXIAHI TBEPMKECHHS — aKCIOMH, SKi
NPUKUMAaIOThCSl ICTUHHHUMU Yy Te€Oopii O€3 JOBEJEHHSI, BC1 1HIII TBEPKEHHS
11€1 Teopii, sIKi HA3UBAIOTh 11 Mmeopemamu, TOBOASATHCS HA OCHOBI paHilie
JIOBEJCHUX, 3PEIITOI — HAa OCHOBI akcioM. AKCIOMH TeOpii € HEIBHUMU
O3HAYCHHSIMH 11 IEPBICHUX MOHSATb.

CuctemMa akciomM, Ha OCHOBI $SIKOI OYyAyeTbCcsl Teopis, IOBHHHA
33/I0BOJIBHSITU TIEBHUM YMOBaM (BUMOTaM), HAWMBAXKIIMUBILIOW 3 SIKHX €
HECYIEepPEUIIUBICTb.

CucteMa akciOM BBXKAEThCA HeCcynepeuugoro, SKIIOo cepen ii
JIOTTYHUX HACJIJKIB HEMA€E JABOX, SIK1 € 3alepEUCHHSIM OJIMH OJIHOTO.

Bax/MBOI0O TakKOX € 8uUMO2a He3ANeHCHOCMI CUCmeMu axciom, siKa
MOJIsITa€ y TOMY, IO >KOJIHA 3 aKCIOM HE€ € JIOTITYHUM HACIiJIKOM IHIIUX
aKClOM II1€1 CUCTEMH.

3.4.2. Axciomamuuna nooy008a MHOMNCUHU UILIUX HEBI0 EMHUX
yucen; Heosnauyeani nounamms, akciomu Ileano ma deaki nacnioku 3
HUX.

[lepBiICHUMM TOHATTSAMHM aKCIOMAaTHYHOI TEOpii IIIJIMX HEBIJI'€MHHUX
qucen €: "muie HeBig'eMHe 4ucio", "Hydae'" 1 BIIHOIIEHHS MDK YHCIaMH
"Oe3nocepeanbo Mae 3a" ("HacTynHe 3a" abo "iae 3a").

[{i11 HeBiA'€MHI YKl MO3HAYAOTHCS MAJMMHM JIATHHCHbKUMHU OyKBaMu
a, b, c, ..., unciao Hyap — mudpor 0, Iijge HEBiT'€MHE YHUCIO, IO He
0e3mocepeIHkO 3a & — @', @ MHOXKHHY BCIiX ITITUX HeBiA'eMHuX yncel — No.
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PiBHicTe @ = b o3Haudae, mo oxHe 1 T€ came Iiijle HEBIA'€MHE YHCIIO
MO3HA4YE€HE JIBOMA PI3HUMHU OykBaMH. BigHOIIEHHS PIBHOCTI Ha MHOXHHI
UJINX HEB1JI' €MHUX YHCEN € BIITHOIIEHHAM €KB1BaJIE€HTHOCTI.

HepiBHicTh a# b o3Hauae, mo OykBamu @ i b mosHaueHo pi3Hi wmisi
HEB1J'€MHI YHCIIA.

AkcioMaMH TIpM  aKCIOMAaTH4YHIM MOOYJOBI MHOXHUHHM  ILUIHUX
HEB1J €MHHUX YHCEII €:

1. Hyap € miiuM HEBiA'€MHUM YHUCIIOM, sIK€ O€3MOoCcepeHbO HE e 3a
>KOJTHAM HEB1JI'€MHUM YHCJIOM:

YV a e Np:a' #0.

2. JI71s1 KOKHOTO LIJIOTO HEB1A'€MHOI0 YKCIia ICHY€E OJ[HE 1 TUTBKH OJTHE

IIJIe HEeB1J' €MHE YHCIIO, IKe 0€3MOCePEaHbO HIe 3a HUM:
Va,beNpoa=b—a=b"

3. Koxxne 11171e HeBig'eMHE 9nciio O0€3MMOCcepeTHRO M1e HEe OUIBII SIK 3a

OJTHUM IIJIMM HEB1I'€EMHHUM YHUCIIOM:
VabeNpa=b—a=h.

4. (Akcioma 1aykiii). Hexait M — noBuIbHA MiAMHOKMHA MHOKHHU
UINX HEBII' €MHUX YHCEI, IKa Ma€ BJIACTUBOCTI:

1) HyJIb HaJIEKUTH MHOXKHUHI M;

2) M JOBIJIBHOTO IIJION0 HEBiA'€MHOTO 4Hcia a, SKIO 8 HaJIe)KUTh
MHOXUHI M, To ¥ uucino a', ske ime Oe3MocepeHhO 3a YUCIOM a,
HaJIeKUTh MHOKHHI M.

Toxai MHOkMHA M MicTUTB yci il HeBia'eMH1 yncia, To0To M = No.

(McN)A(OeMA(VaeNy:aeM—a eM)) — (M=No).

[lepemidyeHi akcioMu Ha3uBarOThCs akciomamu Ileano. Ilepen tum, sk
MPOBECTH 1X aHaI3, PO3TISIHEMO TEOPEMY.

Teopema 1. KoxHe 1iyie HEBiI'eMHE YUCIO BIAMIHHE Bij 4YHCIa, IO
0e3MocepeIHRO e 32 HUM.

Ilepma akcioma BUIUISE BIACTUBOCTI 4Mcia Hy’db. Jpyra akcioma
pa3oM 3 Teopemoro 1 BcTaHOBIIOE, (haKTUYHO, HECKIHUCHHICTh MHOXKHHU
HUINX HeBia'eMHUX uyucen. Tpersi akcioma IOKaszye, IO KOAHE IIije
HEBIJ'€MHE YUCIIO HE MOX€ OYyTH HACTYIHUM 3a JIBOMa PI3HUMH YHCIIAMHU.
Haperti, yeTBepTa akcioma MOKJIaJeHa B OCHOBY METOIY JOBEIICHHS,
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SKAW HA3UBAETBCSA MEMOOOM MamemMamudHoi HOYKYii 1 SKAN HIAPOKO
BUKOPHUCTOBYETHCSI B MATEMATHIII.

"

Kpim  BigHomieHHss '"HacTynmHe 3a" 4YacTO BUKOPUCTOBYETHCS
BiTHOIIIEHHS "TIoTIepeaHe 70",

[{ie HEBiA'€eMHE YHCIO @ HA3WBAETHCS nonepeoHim 00 IIOTO
HEBII'€MHOT0 yucia b, skmo yuciao b Ge3mocepentbo e 3a 4ucioM a,
T00TO @' = b.

Teopema 2. JIj1s1 KOKHOTO, BIIMIHHOTO B1J HYJIsA, IIJIOTO HEBIJI'€MHOTO
qucjia a ICHy€e €MHE MONEPETHE YHUCIIO.

Teopema 3. Jisi AOBUIBHUX JBOX IIJIMX HEBIJ'€MHHUX YMCEN, SKIIO
BOHH PI3HI, TO ¥ HACTYIHI 32 HUMHU YHCJIA PI3HI:

Va,beNpazb—oa #b'.

Teopema 4. Jiisi AOBUIBHUX JBOX IIJIMX HEBIJ'€MHHUX YMCEN, SKIIO

HACTYIIHI 32 HUMU YUCIIa Pi3H1, TO i caMl YKCIIa PI3HI:
VabeNga#+b —a#b.

Ilim1 meBig'emul gucna 0', 07, 0", 0"", ... mo3Ha4ar0Th BIAMIOBIAHO 1,
2,3,4...

[{uti  HeBia'eMHI 4Yuciaa, BIAMIHHI BIJI HYyJs, Ha3WBaIOThCS
HamypaibHumy yuciamu. MHOKXUHY BCIX HATypaJIbHUX YKCEIT MO3HAYAIOTh

N. Otxe, N := No \ {0}.

3.4.3. Axciomamuune o03HaueHHA onepauyii 000A6AHHA UINUX
Hegi0’emnux uucen. Teopema npo icHysanna i €OuHnicmov onepauii
oooasanns (06e3 0oeedenns). 3akonu oooasannsn. Tabauus 0ooasannus.

JlooasanHsam TUIUX HEBII€MHHMX YHCEJI HA3UBAETHCA OIlepallis, ska
KOXHIN mapi urcen a i b cTaBuTh y BiIMOBITHICTS YuCHO a + b Take, mo
MarOTh MICIIE aKCIOMHU:

1.VaeNpa+0=a;

2.V a,beNpa+b' =(+hb).

Yucmo a + b HazuBaeThes cymoro uncen a i b, a cami uncna a ta b —
000aHKaAMU.

Teopema 5. Omneparris g0JaBaHHS MIJIMX HEBIJ'€MHHUX YHMCE 3aBXKIU
ICHYy€, IPUYOMY €JIUHA.
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Hacninok 1. Oneparis qogaBaHHS Ha MHOXHHI HaTypaJdbHUX YHCEI

3aBX/U ICHY€, IPUUOMY €UHA.
Teopema 6. [lyist TOBUIBHMX IIJIMX HEBiA'€MHHMX 4ucen @, b i C mpu
J0JlaBaHH1 MAlOTh MICIIC BJIACTUBOCTI (3aKOHH):

1) a+0=0+a=a BJIACTHUBICTh HYJISI TIPHU 0/ TaBaHHS;

2) atl=1+a=a' BJIACTHBICTh OJMHUIII IIPH JT0JIaBaHHS;

3) (@a+b)+c=a+(b+c) acouiaruBHmMIi 3aKOH 10JaBaHHS;

4) atb=b+a KOMYTaTHBHUH 3aKOH JI0JIaBaHHS,

5) a=b—a+c=b+c 3akom MOHOTOHHOCTI J0laBaHHs

BiJJTHOCHO Bi1JHOIIICHHS PIBHOCTI.

Bigomy 3 modYaTKoOBOro Kypcy MaTeMaTHKH TaOJHUII0 J1OJaBaHHS
OMHONMU(POBUX dYHCENT MOXHA OJepKaTh Ha OCHOBI akciom 1l — 6,
no3HayuBmm 1 :=0,2:=1',3:=2"4:=3"5:=4', ...

OCKUIBKH 3a BJACTHBOCTSIMH JOJaBaHHS IIIIMX HEBIA'€MHUX YHMCET

VaeNpa+0=a, VaeNpa+l=a";, Vabe N

a+tb=Db+a,

TO TaOJUIIO MOXXKHA po3mnoyatu OyayBatu 3 2+2,2+3, ... 2+9, 3+3,
3+4,...,3+9,...13akiHuutu 9 + 9.

HapeneMo niepiini npukiagy ii CKIagaHHs 1Jis yncia 2.

1)2+ 2= 3a03Ha4YCHHAM YHnCa 2

=2+ 1'= 3aakciomoro 6

=(2+ 1) = 3aBIaCTHBICTIO OJWHMIII IIPH J0/IaBaHHI

=2 = 3a O3HAYECHHSIM 4ucia 3

=3'= 3a 03HAYCHHIM Jucia 4

=4,

3BIJICK 3a TpPaH3UTUBHICTIO BIJIHOIIEHHS PIBHOCTI OJEPKYEMO
2+2=4,

2)2+ 3= 3a03HAYCHHIM YHCIa 3

=2+2'= 3aakciomoro 6

=(2+2) = 3aBunagkom 1)

=4'= 3a O3HAYEHHSIM 4YHcia 5

= 0.

3BIICH 32 TPAH3UTUBHICTIO BIIHOIICHHS PiBHOCTI 2 + 3 = 5.

3) 3amumiemMo KOpoTko cymy 2 +4 =2 +3'=(2+3)' =5'=6.
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Otxe, 2 +4 =6.

3a  JIONIOMOroI0  AHAJNOTIYHUX  MIpKyBaHb,  KOPHUCTYHOUHUCH
KOMYTaTUBHUM 3aKOHOM, MO’KHa OJIEp>KaTH BCIO TaOJMIIO JOJaBaHHS
OJTHOIIU(POBUX YHCEI.

3.4.4. Axciomamuuyne O03HAYEHHA ONepPAUii MHOMNCEHHA UILIUX
Hegio’emnux uucen. Teopema npo icHysamna i €OuHnicmv onepauii
MHOdMCeHHA (0e3 006e0eHHs). 3aKOHU MHOXMceHHA. Tabnuys MHOIICEHHA.

MHuoorcennam yinux Hesio'eMHUX wucen HA3UBAETHCS OIepalis, ska
KOXHIN mapi yucen a i b ctaBuTh y BiANOBIAHICTH yMCiIO @ - b Take, 110
MarOTh MICIIC aKCIOMMU:

/.VaeNya-0=0;

8.Va,beNpa-b'=a-b+a

Yucno a - b HazuBaeTbest dooymrom uucen a ta b, a cami uncnmaaib —
MHOIICHUKAMU.

Teopema /. Omnepailis MHOXXEHHST Ha MHOXKHHI IIJIMX HEBII €EMHUX
quces ICHy€, IPUYOMY €/IMHA.

Hacniok 2. Omnepailiss MHOXKEHHSI Ha MHOXXHHI HATypaJIbHUX YHCEIl

ICHYy€, IPUYOMY €JIUHA.

Teopema 8. Jlns AOBUIBHUX IIIIUX HEBIA'€MHHX 4YHcel @, D 1 C mpw
MHO’KEHHI MarOTh MICII€ BJIaCTUBOCTI (3aKOHH):

1)a-0=0"-a=0-BracTuBicTs HYJIA IPH MHOKCHHI;

2)a-1=1-a=a-— BiacTuBicTh OJWHUII IPU MHOKEHHI;
3)(a+bh)-c=a-c+b-c — npaBwii IUCTPUOYTHBHMIA 3aKOH
MHO>KEHHSI BIJITHOCHO JOJaBaHHSI;

4)(a-b)-c=a- (b-c)—acomiaTuBHMI 3aKOH MHOKCHHSI,

5)a-b=Db-a— kKoMyTaTUBHHIA 3aKOH MHOKCHHSI;

6)a=b—a-c=b:C — 3akOH MOHOTOHHOCTI MHOXXCHHS BiJHOCHO
BiJTHOIIIEHHS PIBHOCTI.

Bigomy 3 mo4yaTkoBOro Kypcy MaTeMaTHK{ TaOJHUII0 MHOXKEHHS
OMHONM(POBUX YHCET MOXKHA OTPUMATH HAa OCHOBI aKCIOMaTUYHOTO
O3HAYCHHS OIepaIliil 10aBaHHs 1 MHOKEHHSI, TOOTO Ha OCHOBI akciom 1 —
8. OCKUIBKY IJIST MHOYKEHHS IIIJIMX HEB1J €MHUX YHUCE

VaeNpa-0=0;, VaeNpa-1=a;, VabeNpea-b=b-a,
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TO TaOJUII0 MOXKHa po3nodatu OyayBatu 3 2 -2, 2-3, ..., 2-9; 3-3,
3-4,....,3-91T. 1., Ta3akiHIuTH 9 - 9.

Po3risiHeMo mepiii KiTbKa MPUKJIAIB CKIaJaHHs TaOJUIl JJIsl Yrclia
2.

1)2-2= 3a O3HAYCHHSAM 4uncia 2

=2-1'= 3a aKC10MOI0 8

=2-1+2= 3a BJIACTHUBICTIO OJMHUII MPH MHOKEHHI

=2+2= 3a TaOJIMIICIO TOJaBaHHS JJIs YKcya 2

=4,

Otxe, 2 - 2 =4,

2)2-3= 3a 03HAYCHHSAM YHcla 3

=2-2'= 3a aKC10MOIO 8

=2-2+2= 3a TaOJIUIIEI0 MHOKEHHS I Yrciaa 2

=4+2= 3a TaOJIMIIEIO JOAaBaHHSA IS YUciia 2

= 6.

Otrxe, 2 - 3=06.

3) 3amuiiemMo KOpOTKO T0OYTOK 2 - 4, ONyCKalO4Yl OOTPyHTYBaHHS:
2:4=2-3=2-3+2=6+2=8.
Otrxe, 2 - 4 = 8.
Omneparii BiHIMAaHHS 1 JUICHHS IIUJIMX HEBII €EMHUX YHCET B
aKCIOMAaTH4HIN Teopii po3risgaloThes, SK 0OE€pHEHI onepallii BiANOBIIHO
710 orepaliii 1oAaBaHHs Ta MHOKEHHS.

3.45. Jluckpemnicmbv i HeCKIHYEHHICMb MHOMCUHU  UITUX
Hegi0 emuux uucen. Illpunyunu naiimenuio2o i HaNOINLUWLO20 HUCE.
Ctporo JiHIMHO BIOPSAKOBAHA MHOXMHA HAa3UBAETHCS OUCKDEMHOIO,
SKIO JJISI KOXKHOTO i1 €JeMEeHTa ICHYE CYCIAHIM €JIeMEHT, TOOTO CTPOro
JIHIAHO BNOPSJAKOBaHA BIJHONIEHHSM p MHOXHHA M Ha3zuBaeThCA
OUCKPEemHO10, KOTU
VxeM3IyeM: Xpy)ATzeM:(xp2)a(zpy).

Teopema 9. MHoxnHa miMMX HEBiA'eMHUX uncel No, BIopsakoBaHa
BIIHOIIICHHSIM "MeHIIe", TUCKpPETHA.
Teopema 10 (mpUHIIMI HAWMEHIIIOrO 4Ymciia). Y KOXKHIM HEMOpOXKHI

MHOYHHI IIIJIUX HEB1A'€MHHUX YHCEI ICHYE HAaMEHIIIE YHCIIO.
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Teopema 11 (mpwHIMI HAWOILIBIIOTO YKCa). Y KOXKHIM HEITOPOXKHIH
MHOXXHMHI IUIMX HEBIA'€MHUX 4YHCEJ, SKI He IEepEeBUINYIOTHh 3aJaHOTO
4ucia, ICHy€e HailOJIbIIe YK CIIO.

I3 3aK0HIB MOHOTOHHOCTI MHOKEHHS 1 JOJABAHHSA LIIJIUX HEBII €EMHUX
YHUCEN OJCPKYIOThCS BJIACTUBOCTI PIBHOCTEH 1 HEPIBHOCTEH, MOB'I3aHUX 3
oTepallisiMy HaJl HUMHU.

Hacninok 3. PiBHOCTI 3 MmiIMMK HEBIA'€MHHMH YHCIAMHU MOYKHA

MOYJICHHO JI0/1aBaTH (MHOXKUTH):
Vab,c,deNg:(@a=b)a(c=d)— (a+c=b+d), (7)
Vab,c,deNp(a=b)a(c=d)—(a-c=b-d). (8)
Hepisuocti a<b, c<d (a>b i ¢>d) nasuBarorbcs uepisnocmsmu
oOHaxkosoz2o cmucty, a HepiBHocTti a<b, ¢>d (@a>b i c<d) -
HEepPIBHOCMAMU NPOMULEHCHO2O CMUCTLY.
Hacnigok 4. HepiBHOCTI 3 [IIMMM  HEBLI'€MHUMMU  YHUCJIaMHU

OJHAaKOBOT'O CMHCIIY MOKHA ITIOYJICHHO JOJaBaTH (MHO)KI/ITI/I), 30KpEMa:
Va,b,c,deNg(a<b)a(c<d)—(a+c<b+d), 9)
Vahb,c,deNp(a<b)a(c<d)—(a-c<b-d). (10)

Hacnigok 5. PiBHICTh 1 HEPIBHICTh 3 IIJIUMH HEBII'€MHUMHU YHUCIIAMU

MOXHa TaKOXX MOWIEHHO [0JaBaTH, 30epiraloud B PE3yJbTaTi 3HAK
HEPIBHOCTI, 30Kpema:
Vab,c,deNp(a=b)a(c<d)—(a+c<b+d).
Hacninok 6. PiBHICTP 3 HaTypaJlbHUMH YHUCJIaMU 1 HEPIBHICTh 3

IIJTUMUA ~ HEBII'€EMHUMHU YHCIAMH MOKHA TMOWIEHHO MEPEMHOXATH,
30epirarouu Mpu [bOMY 3HaK HEPIBHOCTI, 30Kpema:
Va,beN:Vc,deNop:(a=bh)(c<d)—(a-c<b-d).

3.4.6. linenns 3 ocmauero. Onepauin OineHHsa 3 ocmavero.

JlimeHHsT IIMX HEBIT€EMHUX 4YHCEI € YacTKOBOK OIepaIli€ro.
PosrnsHeMo Jesike 1i y3arajdbHEHHS, SIK€ HA3UBAEThCA UICHHAM 3
octauero. [ JOBUIBHHUX IIUMX HEBia'eMHUX yucel a i b #0 nodinumu a
Ha b 3 ocmauero o3Havae 3HANTH TaKy Mapy MUIAX HEBIA'€MHHX YHCel ( i
r, 110

a=b-qg+r,r<h.
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Yucio ( Ha3uBa€eThCs uacmkoio (HenoHoo wacmkow), a r — ocmaueio
IIpH JIIJICHHI YKMCIIa & Ha 94uciIo D 3 ocrayeto.

Mae micie Teopema.

Teopema 12. JIyis OBUTBHUX IIIMX HEBiA'€eMHUX uncen a1 b # 0 icHye

1 Ip¥ TOMY €J1HA TIapa IIJIMX HeBIJ'€MHUX YUCcen ( 1 I Taka, 110
a=b-q+r, r<b,. (1)

BigoOpaxkeHHsT 1eKapTOBOr0 JOOYTKY MHOKHHHU IUIMX HEBII'€MHUX
yucea 1 HaTypaJlbHUX 4YHCENl Yy JIEKapTIB KBAaJApaT MHOXHHU IIIUX
HEBIJI'€MHUX YHCENI, TIPH SIKOMY KOXKHIM mapi uncena aib # 0 craBuTbes y
BIJIMOBIIHICTH Iapa IIJIMX HEBII'€MHHX YKced q | I Taka, 110

a=b-q+r, r<bh.

HA3UBAETHCA OLIEHHAM 3 OCMayer0 Y MHOXKHUHI IIJIMX HEB1J €MHHUX YHCEIL.

Omnepartiis IUIEHHS 3 OCTA4€H0 Y MHOXKHMHI IJIUX HEBIJ'€MHUX YMCEN
HE € O1HapHOI0 anredpaiyHoIo orepailieto, 00 ii pe3yJbTaTOM € HE YUCIIO, a
BIIOPSAJIKOBaHA Tapa, TOOTO pe3yjbTaT HE HAJICKUTh CaMiii MHOXMHI.
[ToHATTS nOUIGHHS 3 OCTA4eH0 Ja€ MOXJIMBICTH BCTAaHOBUTH YMOBY
ICHYBaHHS YaCTKHU Y MHOHHI IIJIMX HEB1A'€MHUX YHUCEIL.

Teopema 13. Jlng mOBUIBHMX LIMX HeBig'emMHux umcen a i b # 0 ix

qacTKa a : b icHye ToJi 1 TUTBKY TOJI, KOJIM MPH JIIJICHHI @ Ha b 3 ocTaueto,
ocTaya JOPIBHIOE HYJIIO.

3.4.7. Biopizox namypanvhozo psaoy.

MHOXHWHa HaTypaJbHUX YHCEN, BIOPSAKOBAaHWX BIIHOIICHHSIM
"mMeHIe",
HA3MBAETHCS HAMYPaibHUM psioom wucen (namypanouum psioom).  Ilepmri

€JIEMEHTH HaTypAJIbHOTO PSAlYy 3aIUCYIOThCS
1,2,3,4,5,6,7, ...

MHoXWHa HaTypajJbHUX 4YHCEJ, SAKI HE TMEePEeBUIIYIOTh 3a7aHOTO
HaTypaJIbHOTO 4YHCJia N, HA3UBAETHCS BIOPI3KOM HAMYPALIbHO20 psiody,
no3HavaeTbest a00 Np, a00 1 yuTaeThes "BIIPI30K HATYPATBHOTO ALY BIJ
1 o n" abo "HaTypaJbHi
yycna Bijg 1 o n Brmouno”: 1; 1= {X € N | x <n}.

Hanpuknan: 1;6 ={1, 2, 3,4, 5, 6}, .1; 1={1}.
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I3 o3HaueHHs BiApi3Ka HATYPAJIBbHOTO PSIYy BHUIUIMBAE, IO OJUHHILA
HaJISKUTh KOXKHOMY BIJIPI3KY HATYPaJbHOTO PSY.
Teopema 14. KoxxHuil Bipi30K HATypajIbHOIO Py € CKIHYEHHOIO

MHOKHHOIO.
Teopema 15. KoxHa CKiHYEHHA HEMIOPOXKHS MHOXKHHA PIBHOMOTY>KHA

€IMHOMY BI/IP13KY HATypaJbHOTO PSIAY.

Ha ocHoBi Teopemu 15, ongepkyeMo, 0 PIBHOMOTYKHUM MHOKHHAM
CTAaBUTHLCS Y BIJIMOBIJHICTh OJIHE ¥ T€ K CaM€ HaTypaJibHE YMCII0, TOMAl SIK
HEPIBHOINOTY>KHUM MHOXMHAM CTaBIATbCS Y  BIJAMOBIAHICT,  Pi3HI
HaTypaidbHl uucia. OTXe, HATypaJbHI YHCIa MOXKHA PO3TIISIAATH SIK
MOTY>KHOCTI CKIHYEHHHX HETIOPOKHIX MHOKHH.
[ToTyXHICTh CKIHUEHHOI HEMOPOKHBOT MHOKUHU A Ha3UBAIOTh KiTbKICHUM
HamypanrbHUM YUCTOM.

KinbkicHl HaTypasibHI YMClia BXXUBAIOTHCS MPU PO3MIISAL 3a1ad Mpo
KUIBKICTh €JIEMEHTIB Y Til 4M 1HIINA MHOXHHI. SIKIIIO MHOKHHA TTOPOXKHS,
TO KIJIBKICTh €JEMEHTIB mpuiiMaerhcs piBHOWO (0. OTxe, KOXHE IIijie
HEBIJ'€MHE YHCJIO € KUIbKICHOIO XapaKTEPUCTUKOI CKIHYEHHOT MHOKHHHU.

3 apyroro OOKy IIJII HEBIA'€MHI YHCIA, SKI BU3HAYAIOTH IOPSIOK
PO3MIIIEHHSI €JIEMEHTIB Y MHOXWHI, Ha3UBaIOTh HOPAOKOGUMU YLIUMU
Hegi0 'emHumu yuciamu (30KpeMa, nOpOKOBUMU HAMYPATbHUMU YUCTAMU).
[TopsimkoBl HaTypajbHI YHCIa BXKUBAIOTHCS MPH PO3TIAAl 3adad Ipo
MOPSIIOK €JIEMEHTIB y Tid 4M 1HIIIN MHOXUHI. OTXe, oJlHE U Te came
HaTypajdbHE YHUCIO, 3aJ€XKHO BIJI OOCTaBUH, MOXXHA pO3MVISAATH SIK
KUIBKICHE 1 SIK TTOPSJIKOBE HATYpaJbHE YHCIIO.

BcTaHOBIIEHHS B3a€EMHO OJTHO3HAYHOI BIJMOBIAHOCTI MK YHCIaMU
BIJIpI3Ka HATYypaJbHOrO Py 1 €JIEeMEHTaMH CKIHYEHHOI HEMOPOKHBOI
MHOXXUHU A Ha3UBAEThCS Hymepayicto il elemeHmig, a caM TMPOLEC —
niuboro enemenmie mMuoxcunu A. 3a Teopemoro 15 pe3ynbTaT J4YOM HE
3aJIEKUTh B1J il MOPSAKY 32 YMOBH, IO NpU J1401 HE OyJIO MPOIYIIECHO
JKOTHOTO 3 €JIEMEHTIB. OctaHne TBEPKCHHS 1HO1
HA3UBAIOTh AKCIOMOIO 1iyOU, 3 HUM YYHI O3HAHOMIIIOIOTHCS HAa TEPIIUX
ypOKax MaTeMaTHKH.
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[Ipu T€OpEeTHKO-MHOKMUHHOMY IIIXO1 10 TTOOY0BU MHOXKHHU ITLTHX
HEBIA'€MHHX YHCET KOPHUCTYBAJIMCS TaKUM O3HAYCHHSIM CKIHYCHHOI
MHOYKHWHH:

1. MHOXXHMHA HA3WUBA€THCS CKIHYEHHOM, SKIIO BOHA HEPIBHOIIOTY)KHA
YKOJIHIM CBOIH BJIACHIN MIIMHOKHHI.

Y MaremaTuill KOPHUCTYBJIMCS W IHIIMM O3HAYEHHSM CKIHYEHHOI
MHOKUHH.

2. MHOXHMHA Ha3UBAETHCS CKIHUEHHOM0, SIKIIIO BOHA a00 MOPOXKHS, a00
PIBHOIIOTY>KHA JASSIKOMY BiJIp13Ky HATYpPaIbHOTO PsY.

Teopema 16. Koaunit B1JIP130K HATypajabHOTO psany

HEPIBHOIOTY>KHUMN HISIKIA CBOIM BJIACHIN IMIAMHOXKHHI.
3.5. HatypasbHe unc/io sk Mipa Biapizka

3.5.1. Ilonamms npo eenuuunu ma ix 6UMIiproO6aHH.

Y npakTu4HIA JiSJIBHOCTI  JIFOAWHA Mae€ CIOpaBy 3 PI3HUMH
BenuuuHaMu. BumiproBanHs ix, Sk 1 morpeba JuOu, CHPUSLIU
BUHUKHEHHIO TOHSTTS HarypajdbHOTO uwncia. CrocoOu BUMIPHOBaHHS
BEJIMYMH PI3HI, aj€ BCl BOHU IPYHTYIOTHCA HA OJHOMY 1 TOMY kK CaMOMY
OPUHIUIIL: cepell OO0'€KTIB, MO0 MOTPIOHO BUMIPSITH, BUOUPAETHCS
JIOBUILHUH, IKWH HAa3UBAIOTh emaioHoM ad0 OOUHUYHUM eleMeHmoM, a BCl
1HII TIOPIBHIOIOTHCS 3 HUM. Pe3ylbTaToM MOPIBHSHHA € PI3HOTO BUIY
yucia, HacaMmImepes] HaTypalibHl. A TOMY 3MICT HaTypajJbHOTO YHUCIA, SIK
pe3yJibTaTy BHUMIPIOBAHHS BEJIMYMH, MOXKHA PO3IJISIHYTH Ha MPUKIIAIL
OJIHIET 3 HUX — BUMIPIOBaHHI1 Bipi3Ka.

3.5.2. Illonammsa npo 6iopizok. Bionowenns ,,0opisnioe”, ,menuie”,
» Ollbue” Ha MHOMCUHI 8IOPI3KI6 ma iX 61aCMUBOCHI.

Biopizkom Ha3uBaeThCs MHOKMHA TOUYOK MIPSMOI, IO JIEKATh MIXK
JBOMa i1 pI3HUMH TOYKaMH, SIK1 HA3UBaIOThCS KIHISIMU BIJIpi3Ka, a BCI 1HIIII
TOYKH BiApPI3Ka — HOTO 8HYMPIUHIMU MOUKAMU.

Biapizku o 1 f Ha3uBalOTHCS PIBHUMH (MO3HAYAIOTHCS 0 = ff), SKIIO
OJIMH 3 HUX MO>KHA HAaKJIaCTH Ha APYTrUH Tak, U0 TXHI1 KiHIIl 301KaThCA.
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Teopema 1. BigHomieHHs pIBHOCTI HAa MHOXHUHI BIAPI3KIB €
BIHOIIIEHHIM €KBIBAJIEHTHOCTI.

Jns mopiBHsIHHA BiApi3kiB o 1 S Ha npomeni OX BIIKIaAaroTh
Bi/ipi3ku OA = ¢ 1 OB = . MoxuBi TpU BUIAJIKHU.

1. Touku A 1 B 36iratotecsa (man. 1). B upomy Bunaaxy OA = OB

O A X

B
a0o, 110 Te came, o = p.

Mani. 1.
2. Touka B € BHyTpimHbOI0 TOUYKOIO Bifpizka OA (man. 2). ¥ upomy
BUTIAJIKY
Biipi3ok OB HazuBaerbcs menwum 3a Biapizok OA, a Bimpizok OA —
oinbuum 3a Bipi3ok OB (3anucyersces BianosigHo OB < OA yu OA > OB
a00, 110 T¢ came, ff < o um o > f).

Ma. 2.

3. Touka A € BHYTpIIIHKOIO TOYKOK Bijapizka OB (man. 3). V mpomy
Bunaaky Biapizok OA HaszuBaeTbes meHwum 3a Biapizok OB, a Biapizok
OB — 6invwum 3a Bigpizok OA (3amucyethes BianoBinHO OA < OB uym
OB > OA a06o, mo te came, o < fau S > a).

O A B X

Mau. 3.

Ha ocHOBI mpoBeIeHNX MipKyBaHb OJEPKYEMO TEOPEMY.
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Teopema 2. [l 1OBUTBHUX BIAPI3KIB o 1 f Ma€e MicCIle OJHE 1 TUIbKU
OJIHE 13 BIIHOIIIEHB: a00 o = f3, abo a < 5, abo a > p.

Teopema 3. Binnomendss "menme" ("Ouibiie") TpaH3UTHBHE Ha
MHOYKHHI BIJIPI3KiB.

I3 Teopem 2 1 3 oepKyeMO HACIIIOK.

Hacninox 1. Bignomennss "menme" ("Ounpine") € BiIHOUIEHHAM
CTPOTOTO JIHIHHOTO MOPSAKY HA MHOXHUHI B1IPI3KIB.

Kopuctyrouuch  BigHomeHHsaMm  "piBHe", '"Menme" ("Ouibie")
MHOXKHUHY BCIX BIJIPI3KIiB MOKHA PO30UTH Ha KJIACH PIBHUX MK COOOIO
BIJIPI3KIB 1 KJIACH CTPOTO JIIHIHHO BIOPSAKYBATH.

3.5.3. Onepauii nao giopizkamu.
Han BigpiskamMu MoOXKHAa BHKOHYBAaTH PIi3HI omeparlii, 30KpeMa
JTOJIaBaHHA 1 BIIHIMAHHS.
KaxyThb, 110 BIAPI30K S CKIAMAEThCS 13 BIAPI3KIB a1, 02, ..., On, SKIIO
BIH € 00'€IHAHHSAM LIMX BIIPI3KiB, IPUUOMY OyJb-sKI JBA 3 HUX HE MAIOTh
CHUJIBHUX BHYTPINIHIX TOYOK, XO0Ya MOXYTh MAaTH CIHUIbHI KIHIII.
3anucyeTses f = o1+ az + ... + on.
3amicTh TepMiHa "BIAPI30K CKIANAETHCS 3 BIAPI3KIB" KOPUCTYHOTHCS
TEPMIHOM "BIJIPI30K pO30UTO HA BiAPIZKU'".
Skio BiAPI30K S CKIAAAETHCA 3 N PIBHUX BIAPI3KIB, KOXKHUHN 3 SIKHX
JIOpiBHIOE @, TOOTO p=a+oa+...+a abo, TO KaxyTh, IO
BIJIP130K f3 TIO1JIEHO Ha N pIBHUX YaCTUH (B1Ip13KIB) 1

3alUCYIOTh f = na, abo

3aMicTh TepMiHYy "BIJIPI30K f MOAIJIEHO Ha N PIBHUX BIAPI3KIB o
KOPUCTYIOTHCSI TAKOK TEPMIHOM "BIIPI30K & BMIIIYETHCS (BKJIAJAAETHCA) Y
BIJIPI3KY S N pa3iB".

ko BiAPI30K f =, TO TOBOPATH, IO BIAPI30K o0 BMIILYETHCA Y
BIJIPI3KY  OZUH pa3 1 3anucyioTh f = la.

Cymoro TOBITEHUX BiAPI3KIB a 1 ff (IO3HAYAETHCS o + ) HA3UBAETHCS B
1IP130K 7, AKUW CKIAJAETHCS 3 HUX.
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JIis  3HAXOJKEHHS CyMH BiIpi3KiB a1 S Ha mnpomeni OX (mamn. 4)

BigkiIamaeTbes BiApizok OA =a, a moTiM Biapizok AB = . Opepxanuit
Bi/1pi30k OB Oyne cymoro o + f Biapi3KiB a 1 f.

Mau. 4.

Teopema 4. Cyma n0BUIBHUX JBOX BIAPI3KIB 3aBXAM ICHYE 1 €1uHa (3
TOYHICTIO /10 BIJTHOIIIEHHS pIBHOCTI BIJPi13KiB).

Onepaiis Ha MHOXHHI  BIJIPI3KIB, TMpU SAKIA KOXHIA Tmapi
BIJIPI3KIB ¢ 1 f CTaBUTHCS Y BIAMOBIAHICTD 1X cyMa a + 5, HA3UBAETHCSA 000
ABAHHAM BIODI3KIB.

Teopema 5. Jlns omneparrii JI0JTaBaHHS JTOBIILHHUX
BIJIPI3KIB @, f 1 Y MAlOTh MICII€ BJACTUBOCTI:

1) o + f = f + a — KOMyTaTUBHUH 3aKOH JIOJaBaHHSI;

2) (o + p) +y=a+ (B + y)— acomiaTUBHHIA 3aKOH J10/IaBAHHS;

atp>anatf>p

Ha=poaty=pF+y,

S)a<feoaty<f+y.

Pisnuyero noBIILHUX BiZPi3KiB « 1 £ (I03HaYa€eTHCS o0 — ff)
HA3UBAETHCS BIAPI30K y Takui, 1o S + y = a.

JIs  3HAXOJDKEHHS PI3HMIN Biapi3kiB Ha mpomeHi OX (main. 5)
BigknanaoTh  BiapiBkun OA=a10OB=p. Tom Biapizok BAi 0Oyne
PI3HULICIO BIAPI3KIB.

a p

Mau. 5.
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Teopema 6. Pi3HuMIg AOBUIBHUX BiAPI3KIB 1 ICHYE TOAl 1 TUIbKU
TO1, KON o, > f. SKio pi3HULS BIIPI3KIB o 1 ff ICHY€, TO BOHA €JIMHA.

Onepaitlisi y MHOXKHHI BIJIPi3KiB, MPHU SK1M KOXKHIN mapi BiAPI3KiB a 1 b,
e o> f, CTaBUTHCS y BIAIIOBIHICTH ix pI3HULIA o — f3,
HA3UBAETHCA GIOHIMAHHAM BIOPI3KIS.

[Io6 MTOMHOKHTH BIJIPI30K 0 HA YUCJIO 71, TOCTATHHO HA MIBIPAMIMN BiJl
il moyaTky (Touku O) MOCITOBHO BIAKJIACTU 71 BIAPI3KIB, KOXKEH 3 SKHUX
piBHUU Biapi3Ky o. Hampukiaa, 3HallTH BiApi30K f, SIKUKW OTPUMAEMO B
pe3yibTaTi MHOKEHHS BiJIpi3Ka o Ha yucio 4 (mai. 6).

3.5.4. Ilonammsa npo eumiprosannsa e6iopizkie. Hamypanvne uucnio
AK mipa 8iopi3Ka.

[TopiBHSIHHS BiJIpI3KIB Ta omepailii HaJ HUMHU HE 3aBXKIU 3PYUYHO
BUKOHYBATH, KOPUCTYIOUUCh CAMUMHU BiApi3KaMH, a TOMY BUHUKAE 3ajaya,
SK 3BECTH I1I€ JO TMOpIBHSAHHSA 1 oOIepalriii HajJ 4YUCIaMH, 30KpeMa
HaTypaJbHUMHU. BusBnserbcs, moO JgaHa 3a7adya pPO3B'A3YETHCS 3a
JIOTIOMOT'OK0 BUMIPIOBAHHS BIJIPI3KIB.

3adikcyeMO y MHOXHHI BIJIPI3KIB JEAKUN BIAPI30K &, AKUW HA3BEMO
O0OUHUYHUM 8i0pi3koM. BizbMeMoO Temep MOBUIBHUHN BiApi3ok a. byaemo
po30MBaTH MOT0O Ha BIAPI3KHU PIBHI OAMHUYHOMY BIJIPI3KY €. MOXKIIUBI JBa
BUITAJIKH:
1) Binpi3ok o po3i6'eTbes Ha N BiAPi3KiB PIBHUX &, TOOTO
a=c+e+..+¢.
N 10JJaHKIB

Ha man. 6 n=4."

Man. 6.
2) He icHye Takoro HaTypajbHOTO 4YWcia N, MO0 BIAPI30OK o MOXKHA
OyJi0 po30UTH Ha N BiAPI3KIB, KOXKHUI 3 sIKMX JopiBHIOE ¢. Ha mam. 7
HABEJCHO TAKUU MTPUKJIA]I.



109

Mamn. 7.

ko BUOpaHO OJNMHUYHUN BIJIPI30OK & 1 BIJIPI3OK 0. MOXKHA PO3OUTH
Ha N OAMHUYHHUX BIJPI3KiB, TO YUCIO N HA3UBAETHCS MIpOIO 8IOpI3Ka o npu
OOUHUYHOMY GIOpI3KYy €. SIKIO K BIAPI30K ¢ JOPIBHIOE OJUHUYHOMY
BIJIPI3KY, TO 3a O3HAYEHHAM IMOKJIAJal0Th, IO HOro wmipa IOPIBHIOE
OJTMHHIIIL.
3a UM O3HAYEHHSM, KOJU HATypaJibHE YMUCJIO N € MIpOI0 BiApi3Ka a
pU OAMHUYHOMY BiAPi3KY &, TO
gt+e+...+¢, axkmon>1,;
o =< N JT01aHKIB
g, gkmo N =1,
abo
a .= n-e.
Uucno N 11e Ha3UBAIOTh YUCAOBUM 3HAYEHHAM OOBICUHU BIOPI3KA O
npu 00UHUYHOM) 8IOPI3KY € a00 KOPOTKO — O08IHCUHOIO 8IOPI3KA O.
Ak mnoka3ye HaBeACHUWNW Ha Mall. § TPHUKIAA, YHUCJIOBE 3HAYCHHS
JOBKUHM BIJpI3Ka 3aJICKUTh BiJl OJMHUYHOTO BIiJIpi3Ka, Je o = 3-¢ 1

o= 6-¢1.

Mau. 8.

Komu x oguHMYHUN BIJPI30K 3a(iKCOBAHO 1 BIIPI30K Ma€ MIpy, TO
BOHA BU3HAYA€THCS OJJHO3HAYHO.

JI71s1 AOBUIBHOTO HATYPaJIBHOrO YKcia N Ipy BUOPAaHOMY OJIMHUYHOMY
BIJIPI3KY € ICHY€E 1 TPUTOMY €AMHUMN BIAPI30K, 3 TOUHICTIO JO BIAHOIICHHS
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PIBHOCTI, MIpOIO SIKOTO € 4uciio N. Ajie, sk TOKa3aHo Ha Maj. /, HEe KOXKEH
BIJIP130K MPU OJJTUHUYHOMY BIJIPI3KY MA€ CBOEIO MIPOIO HATYpaJbHE YHUCIIO.
3 nmomnepenHiX MIpKyBaHb OJICP>KY€EThCS HACTIIOK.
Hacninok 2. HatypanapHe 4mcio sK Mipa BiApi3Kka BKa3zye, CYMOIO

CKUIPKOX OJWHWYHMX BIAPI3KIB € 3amdaHuid Biapizok. Ilpum BuOpanomy
OJIMHUYHOMY BIJIPI3KY II€ YHCIIO €JIUHE.

Sxmo 3adikcyBaTH OJNMHUYHHMKA BIAPI3OK 1 PO3TIANATH HATypasibHI
quciia SIK MipH Bip13KiB, TO MAaTUMEMO HACIIJIKH.

Hacninok 3. JIBa HaTypaibHl unciaa OyAyTh PIBHUMH TOJl 1 TUIbKHU

TOJ1, KOJIW BIAPI3KH, )1 IKUX BOHU € MipaMu, PiBHI.
Hacninok 4. 3 1BoX HaTypaJlbHUX YMCeNl Iepiie Oyae MEHIIE JpyTroro

TOA1 1 TUIbKU TOJ1, KOJIM MEPIINHI BIJIPI30K, MIPOIO SIKOTO € MEPIIE YUCIIO,
MEHIIHI APYroro BiApi3Ka, MIPOIO SIKOTO € APYre YUCIO.

TrnymadeHHs HaTypaJIbHOTO YHMCIIA SK MIpHU BiJIpi3Ka Ja€ MOXKJIUBICTh
MO-1HIIOMY TITIATH 10 O3HAYE€HHSA apu(PMETHUYHHX oOlepaiiil  Haj
HaTypaJbHUMHU YHWCIaMH, K1 OyJayTh MOTPiOHI Haxami JJisl PO3LIMPEHHS
MOHATTS HATYPaJIbHOIO YHCIIA.

3.5.5. flooasanna i  GiOHIMaAHHA, MHOMCEHHA |  OUleHHA
HaAmMypaabHUx uucesl, wo po32na0armscsa AK Mipu 8i0pi3Kie.

Hexaii n i k — Oyap-axi HarypaneHi uncia. Bubepemo moBimbHUIA
OMUHUYHUN BIPI30K € 1 pO3MIITHEMO BiApi3KM o =N-& Ta f=Kee.
Marumemo

a+pf=n-c+k-e=(c+e+...+&)+(e+e+...+¢)
N MOJaHKIB K momaHkiB

B ocTtanHIO cyMy Biipi3ok ¢ BXoauTh N + K pasis, a Tomy

a+f=(n+Kk)e.

[{uM camMuM TOBEIEHO TEOPEMY.

Teopema /. Sxuio npu BUOpaHOMY OJUHUYHOMY BIIPI3KY € BIAPI3KH O
i1 f MarTh MipamM# BiJIIOBIJIHO HaTypajbHI yucia N i Kk, To iX cyma mae
MipOr0 HaTypasbHe 9uciio N + K,

Teopema nae MOXJIMBICTH TakK C(QOPMYJIOBATH O3HAYEHHS CYMU
JNOBUIBHUX JABOX HATYpaJIbHUX YHCEIL.
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Cymoio JOBUIBHUX JIBOX HATypaibHHX umced N 1 K (mo3nawaerbcs
n + K) Ha3uBaeThbCs HaTypallbHE YUCIIO, IKE € MIpOIO BiJIpi3Ka, 1110 € CYMOIO
JIBOX BIAPi3KiB, MEPIINH 3 IKMX MA€ MipOI0 HATypajIbHE YKUCIO N, a Apyruid
— HaTypaJIbHE YMCII0 K TIpH OJTHOMY 1 TOMY K OJJMHUYHOMY BiJIPI3KYy.

Teopema 8. Tak o3HaueHa cyMa HaTypajJbHHUX UYHUCEI 3aBXKJU ICHYE 1
€/INHA.

Teopema 8 nae MOXIIMBICTH BECTH MOBY IIPO OIEpalliio T0JaBaHHS Ha
MHOXHHI HaTypajdbHUX 4Yucel. OCKIUIbKM CyMa HaTypallbHUX YHCEN
O3HaYe€Ha Yepe3 CyMy BIAPI3KIB, TO JJIs Omepallii 10JaBaHHsI HATypaJbHUX
yuCceJl MaTUMYTh MICII€ BJIACTHUBOCTI, aHAJIOTTYHI BJIACTUBOCTSM OIlepallii
J0JIaBaHHs BiAPIi3KiB (Teopema D).

AHaJIOTIYHI MIPKYBaHHSI MPHUBOJSATH 10 TAKOTO O3HAYEHHS PI3HUIII
HaTypaJlbHUX YUCEI, K1 PO3TIISJAI0THCS SIK MIPHU BIJIPI3KIB.

Pisnuyero 1BOX NOBUIBHMX HAaTypasJbHMX umcel N i K (mo3HavyaeTbes
N —K) Ha3WBaeThCsA HATypalbHE 4YHUCIIO, SKE € MIpPOI0 PI3HUIIl JBOX
BIJIPI3KIB, MEPIIUNA 3 SKHX Ma€ MIPOI0 HATypajbHE YUCIO N, IPYyruil —
HaTypaJIbHE YHCII0 K IpH OTHOMY 1 TOMY K OJTMHHUYHOMY BiJIPi3Ky.

OCKUIBKM PI3HULSI HATypajJbHHX YHMCEJI O3HA4Y€HA Yepe3 PI3HUILII0
BIJIPI3KIB, SIKa ICHY€ 1 €MHA TOMAl 1 TUIBKH TOJI, KOJU MEpPUIUAd BIAPI3Z0OK
OUIBIINI IPYTOTo, TO W PI3HUIIS HATYpaJbHUX YMCEI ICHYE 1 €lMHA TOAI 1
TUIBKK TOJI, KOJHW Tepiie 4uucio Ouibine 3a apyre. OTxe, omepairis
BIIHIMaHHS € YaCTKOBOIO OIEPAIli€l0 Y MHOXKUHI HATypaIbHUX YHCEIL.

Po3rnsin cymMu 1 pI3HUII HATypaJIbHUX YHCENI SIK MIpU BEJIUYUH
JI03BOJISIE OOTPYHTYBATH BUOIp onepaliid Ipu po3B'sa3yBaHHI PI3HUX 3a]1ad,
K1 PO3TJISIAIOTECS Y KypCl MaTeMaTUKH.

3agaya 1. OOrpyHTyBaTH BUOIp Omnepalliii npy po3B'sa3yBaHHI 3a/1a4i.

3a mepmui JIeHb TYpPUCT MPOMIIOB 7 KM, a 3a APYruil — 5 kM. SKy
BIJICTaHb NPOWIIOB TYpHUCT 3a jABa AH1? Ha CKUIbKM KITOMETpIB OijbIle
MPOMIIIOB TYPUCT MEPIIOTO IHS, HIXK APYroro?

» [llnsax, mpolaeHuit TypuCTOM 3a JBa JHI, MOXHa PO3TJISAATH 5K
CyMy JBOX BIJPi3KiB, KOKHUM 3 SIKMX € IUIAXOM, NPOUJIEHUM TYPUCTOM
BIJIMOBIIHO 3a TMEPUIMH 1 Ipyruil IHI, MipaMu SKUX € 4yucia 7 1 5 mpu
OJIMHUYHOMY BIJIpI3KY KIJIOMETP.
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Mipa Biapi3ka, SKMH € CyMOIO BiJIPi3KiB, JOPIBHIOE CyM1 Mip JaHHUX
BIJIPI3KiB, TOMY Mipa BChOTO IUISXY 3HAXOJUTHCS 3a JIOTIOMOTOI0 Omeparii
JI0/TaBaHHS:

7 +5=12 (km).

Ockiapku 7 > 5, TO ICHY€E BIAPI30K, KM € PI3HUICIO BIAPI3KIB, IO
BIIMOBIJAIOTh MIJISAXaM, MPONACHUM TYpPHCTOM BIAMOBIAHO 3a TMEPIIUHN 1
IpYrui JHI, a HWOro YHCJIOBE 3HAYCHHS BKa3y€, Ha CKUIbKK TMEpIINi
BIIPI30K OUTbIIMK 3a napyrui. Mipa Bifpi3ka, 110 JIOPIBHIOE PI3HMIN
B1/IPi13KiB, 3HAXOAUTHCS 32 JOIIOMOI'OIO Orepaliii BiHIMaHHS:

[ —5=2(xkm).

BianoBijib: TypHUCT IPOMIIOB 3a ABa JIHI 12 KM, MPUYOMY 3a MEPLInn

JIeHb Ha 2 KM OuIbIIle, HiX 3a IpyTuil. <«

Jlo mnoHaTrTs A00yTKYy 1 4YacTKM HaTypajJbHUX  YHUCENd, IO
pO3TIAIalOThCS  AK MIpU  BIAPI3KIB, MOKHA JIATH 3a JOMOMOTIOKO
pO3B'I3yBaHHS 3ajlad MpPO 3HAXOHKEHHS MIpU BIJIpI3Ka MOpPU PI3HUX
OJIMHUYHUX BIJIpi3Kax.

Hexaii ¢ i &1 — oqMHAYHI BiJpi3KH, a N 1 K — HaTypaibHI YKciia TaKi, 10
N — Mipa Bipi3Ka a Py OMUHUIHOMY BIIPI3KY &, a K — Mipa Bizpi3ka & mpu
OJIMHUYHOMY BIZIPI3Ky &1, TOOTO o =Ne 1 & =Ke1. 3a O3HAYEHHSAM MipH
BIJIp13Ka MAaTUMEMO

a=cg+e+...+es 1= +6+...+¢

N 101aHKIB k monaukis

3BiacHu
a=¢&+&+.+e +
‘e +E +..tE +
............................ N pSAOKIB

K JOZIAHKIB Y KOKHOMY PSIKY
A TOoMy 3a 03HaYEHHSAM JOOYTKY HaTypajibHUX YUCEN JIICTAHEMO
a = (n-K)-e1.
Otxe, noOymxom JIBOX JIOBUIBHUX HATypalbHUX duced N 1 K
(mo3HavaeTbes N-K) Ha3UBa€eThCS HATYpalIbHE YUCIIO, SIKE € MIPOKO Bijpi3Ka
IpU OJMHUYHOMY BIJIPI3KY €1, /I N € MIPOIO LIBOT'O X CaMOTO BIJpi3Ka MPU
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OJMHUYHOMY BIJIPI3KY &, a 4UClIO K € Miporo Bijipi3Ka & MPH OJUHUIHOMY
BIJIPI3KY &1.
Teopema 10. Tak o3HaueHui 10OYTOK ABOX JOBUIBHUX HATypajIbHUX

YHCeJl 3aBXKIU ICHYE 1 €TUHUM.

Hexaii € 1 €1 — ogMHUYHI BiAPi3KH, a N 1 K — HaTypaNbHi YKcia TaKi, 10
N — mipa Bijpi3ka a IpU OJMHUYHOMY BIIpi3Ky &, a K — Mipa Biapi3ka &
IpU OJIMHUIHOMY BIAPI3KY &, TOOTO e = Neie1=Ke

BcranoBumo, sikoro Oyje Mipa Bifpi3Ka o OpU OJUHUYHOMY BIJIPI3KY
&1. BusHaumBm, mo ¢ = ¢1:K, 10 a = (n : K)-é&1.

OTxe, MaEMO TEOpEMY.

Teopema 11. SIkmro mpu BUOpaHUX OJUHUYHMX BIAPI3KaX € 1 €1 TaKUX,

110 BIJIPI30K o0 MAa€ MIPOIO HATYpallbHE YUCJIO N IPU OJUHUYHOMY BIJIPI3KY
€, a BIAPI3OK & Mae MIpOW HaTypajbHE YUCIO K mpu oJMHUIHOMY
BIJIPI3KY &, TO MIPOIO BIJIpI3Ka o TPU OAMHUYHOMY BiApPI3KY &1 OyJie yacTka
grcel1 N i K, Ipy yMOBI, 1110 YacTKa iCHYE:
a=(n:K)- e.

Jlana TteopeMa aa€e MOXJIMBICTb TakK C(HOPMYJIIOBATH O3HAYCHHS
YaCTKHU HaTypaJIbHUX YUCEJI, 1[0 PO3TIISIAAIOTHCS K MIPH BiJPi3KiB.

Yacmroio MBOX MOBIIBHUX HATypadbHUX dmcel N 1 K (mo3HadaeThes

n : .
n:k a6o E) HA3MBA€THCS HATypaJIbHE YMUCIO, AK€ € MIPOK BIApI3Ka IPH

OJIMHUYHOMY BIJIPI3KY €1, J€ YMCIO N € MIPOIO I[LOT'0 K BiJpi3Ka MHpH
OJMHUYHOMY BiJIPi3Ky &, a YHCIIO K € MipoIo Biipi3Ka &1 IPU OJUHUIHOMY
BIJIPI3KY €.

OCKUIbKM JOBUIBHUM BIAPI30K o HE 3aBXKIW MOXHA PO3OUTH Ha
Bifpi3ku €1 =K-¢, me K> 1, To 9yacTka HaTypaJbHUX YHCET HE 3aBXKIU
icHye. SIKIIO K YyacTKa HaTypaJlbHUX YHCEN ICHY€E, TO BOHA €UHA. A TOMY,
KOJIM 3HAXOJ/KCHHS YaCTKW HATYpaJbHUX YHUCEN HA3BaTU OLIEHHAM, TO 11
omeparlis OyJie YaCTKOBOIO OTEPAIlI€l0 Y MHOKHHI HaTypadbHUX YUCE.

O3HayeHHss A0OyTKy 1 YacTKM  HATypaJbHUX  YHUCEN, 10
pPO3TISAIAI0OTHCS SIK MIPU  BIPI3KIB, MOKa3ylOTh, IO 3a JOMOMOIOKO
MHOKEHHSI 3IIMCHIOETHCS MEpexXiJi A0 MEHIIHUX, a TpU JUICHHI — J10
OUTBIITUX OTMHUYIHUX BiJIPI3KiB.
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TpakTyBaHHS HaTypaJlbHUX YHCET $SK MIpU BEIUYUH JI03BOJISIE
OOrpyHTYBaTH BUOIp apuPMETUUHUX OTNepalliii mpu po3B's3yBaHHI 3a/1ay.

3agaya 2. OOrpyHtryBaTd BHOIp apuMETUYHUX oOMepaliid mnpu
PO3B'sI3yBaHHI 3a/1a4i.

Ha autsye manbTo BUTpayarOTh JABa METpU CykHA. CKUIBKM TaKuX
MaJIbT MOXHA NOIMUTH 3 12 M cykHa?

» Bce CykHO MOXXHaA pO3MISAaTH SIK BIAPI30OK, MIPOKO SIKOTO €
HaTypajibHe 4MCiIo 12 mpu OAMHUYHOMY BIIPI3KY "MeTp", a mambTo — fK
HOBUU €TaJOH, MIPOIO SIKOTO € HaTypajbHE YKCJIO 2 TPU OJUHUYHOMY
B1Ip13Ky "MeTp". Hucio nanet OyJie MIpoIo BIIPI3KA KCYKHO» MPHU €TaTOH1
BUMIPIOBaHHS "TajabTo", 1, OCKUIBKH "MabTO" € OUIBIIMM €TaJIOHOM, HIXK
"MeTp", TO BIANOBiAbL HA NUTAHHS 3a7adl OJEPKYEMO 3a JIONOMOTOIO
omeparii JiJeHHS:

12 : 2 = 6 (nanmwT).
Bianosigeb: 13 12 M CyKHa MOXHa MOUIUTH 6 TUTSIYUX MaabT. 4

3.6. /lecsiTkOBa CHCTEeMA YHCJIEHHS

3.6.1. Honammsa npo cucmemy uucienusa. Hucno i uughpa.
Heno3uuiiini ma no3uyiiiHi cucmemu YUC1eHHA.

JISUTBHICTh JIFOJIMHU CIIpHsia MOSIBI BCE HOBHMX 1 HOBHMX YHCEI, SIKI
noTpiOHO OyJI0 HE TUIBKM HA3WBATH 1 3alUCYBaTH, aje W BUKOHYBAaTH HaJ
HUMHU Pi3HI omepailii. 3a TpUBaJui MEpioJl PO3BUTKY Yy PI3HUX HApOIB
OyJu CTBOPEH1 Pi3HI CUCTEMU HaUMEHYBaHHS 1 TO3HAUYECHHS YHCElL.

Cucmemoro yucienHsi Ha3UBAETHhCS CYKYITHICTh 3HAKIB 1 MpaBuWi, 3a
JIOTIOMOT OO SIKUX MO>KHA 3aIMCaTH 1 MPOYUTATH JIOBUIBHE 1[1JIe HEB1A €MHE
4UCIIO.

[lepen KOKHOO CUCTEMOIO YUCJICHHS CTaBISATHCS TaKli TPU BUMOTH:

1) Oynap-sKe IIijIe HEBII'€MHE YHCIIO OJHO3HAYHO 3alUCYEThCS Y JTaHiH
CHCTEMI YHCJICHHS,

2) 4ucia JISTKO IOPIBHIOBATH HA OCHOBI X 3aITHCY;

3) aJropuTMH BWKOHAHHS apuU(PMETUIHHX OIEpaIliii Haa YHCIaMH,
3aMUMCAaHUMU y JaHId CUCTEMI YHUCIICHHS, TIOPIBHSIHO MPOCTI.



115

JIns mesikux IJIMX HEBIA'€MHUX YHCENl € 1HIWBITyaldbHI CIeIiaiabHI
3HAKHW IS 1X MO3HadYeHHs 1 3anucy. L1 3HaKu Ha3MBaIOTHCA yugpamu, a
caMi 4ucia, 10 MO3HAYAIOThCA UMM 3HAKaMU, HA3UBAIOTHCS 8)3108UMU,
yCl1 1HIII YHCJIa 3alUCYIOThCS 32 JOIIOMOT 00 apu(PMEeTHYHUX OIepaliiil HaJl
BY3JIOBUMH YHCIIAMU 1 Ha3UBAIOTHCS AICOPUMMIYHUMU.

CucrteMu 4YHCICHHS MOIUISIOTBCS HA RHO3Uyiuui 1 Heno3uyitni. Y
HETMO3UIIINHUX CUCTEMaxX YHUCJICHHS 3HAYCHHS LU(PPU HE 3aJICKUTH BIJ
TOrO, sIKe MicIle (IMO3MII1I0) BOHA 3aliMa€ y 3aluCy 4Yucia. 3 HEMO3ULIMHUX
CHCTEM YHMCJICHHS Ha JaHMil 4Yac HAWOUIbII BIIOMOIO € PHUMCBHKA, SKOIO
1HO/1 KOpUCTYIOThCH 1 3apa3. OcHorHi ii udpu I, V, X, L, C, D, M, sxumu
300pakaroThCsl BIAMOBIAHO By3yoBl yuuciaa 1, 5, 10, 50, 100, 500, 1000.
[HI11 yKcina MOXHA OJiep)KaTH y pPe3yJbTaTl J0JaBaHHS 1 BiAHIMAHHS
BY3JIOBUX 4YHCEJ 3a INEeBHMMH TpaBuiaMu. Hamnpukian, y pUMCBKii
cuctemi uncieHHs 3anucoMm uucia 1996 6yne M CM XC VI. Ognum 13
HEJIOJTIKIB HETO3UILIMHUX CHUCTEM UYMCJICHHS € T, 10 Y HUX IS 3alucy
BEJIMKWUX 4YHCEJI MOTPIOHO BBOJWTH BCE HOBI 1 HOBI BY3JIOBI YHCIa, a,
3HAYUTh, HOB1 UG PH.

VYV no3umiiHuX cucTeMax YHWCJICHHS, Ha BIJMIHY BI1Jl HEMO3ULINHUX,
YUCJIOBE 3HAYEHHS KOKHO1 TU(PH 3MIHIOETHCS 13 3MIHOKO ii MOJOKEHHS
(mo3uitii) y 3amycy YMclia, 10 3HAYHO TOJIETIIY€E MOro 3amuc, a TaKoX
MOPIBHSHHS YHKCENl 1 BUKOHAHHS apu(METHUYHUX OmNepaliid Haj HUMHU.
Tomy mo3uilifiHi CUCTEMH YMCJICHHS HAOYyJM MIMPOKOTO BXHUTKY. Y HHX
BUKOPHUCTOBYETHCS PO3PSAHUNA MPUHIIUI 3aMKUCY YUCEI: YUCIO J OJUHUIIL
OJIHOTO PO3pSy CKJIaJla€ OJHY OJWHUIIIO HACTYIMHOTO BHILOTO PO3PSIY.
[HIIMMH cl10BaMM YUCTIO (, SIKE HA3UBAETHCS OCHOBOI CUCMEMU YUCTEeHHS,
BKa3zye Ha Te, 110 MPU 3MIHI MOJOKEHHS HU(PPHU y 3aMUCY YUCIa HA OJHY
OJMHUINIO BIIBO (BIpPaBO) UMCJIOBE 3HAYCHHS 11  301IBIIYETHCS
(3MeHITy€eThCsA) Y ( pasiB. 3a OCHOBY CHCTEMH UHCJICHHS MOXe OyTH
BUOpaHe [OBUIbHE HarypaidbHe uucio (> 1. Jlna 3anmcy uwcen y
MO3HUIIMHIN CUCTEeM1 YMCJISCHHS 3 OCHOBOIO ( MOTpiOHO § mudp, KokHA 3
AKUX TO3HA4Ya€ OJIHE 3 LUIMX HeBia'emMHux uyumcen Big 0 go g— 1, ski
Ha3UBAIOTBCSA  oOHoyu@posumu  yuciamu. 3o0kpema, mnpum (=10
OJICP)KYETbCS  TO3WIIIHHA CHUCTEMa YWCJICHHS, SKa Ha3WBAETHCS
0eCsmKoB010.
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3.6.2. Jlecamkoea cucmema HUUCNEHHA, 3ANUC, YUMAHHA mMaA
NOPIGHAHHA YIJIUX HEBL0 EMHUX YUCel Y HIll.

JlecssTKOBa cucTEMa YMCIICHHS € OJHHUM 13 BHIIB IO3UI[IMHUX CHUCTEM
yucieHHs. [lupoke BrpoBagkeHH 11 y TPaKTUKy 0OYMOBJIEHO HasIBHICTIO
y JIOJIMHU HAWUMPOCTIIIOrO JIYUIBHOTO TPHUCTpo0 — 10 manbliB pyk.
BuBYEHHS NECATKOBOI CUCTEMM YHCIEHHS — OJJHE 3 OCHOBHHUX 3aB/IaHb
KypCy MaTeéMaTUKH CYy4YacCHOI IIKOJIH.

VY HecsATKOBIM CHUCTEMI YUCICHHS JJI 3alUCy MEPIINX JECATH ILITNX
HEBIJ'€MHHMX YKMCEJ BUKOPUCTOBYIOThCS necsath mudp: 0, 1, 2, 3,4, 5, 6, 7,
8, 9, Kl Ha3UBAIOTLCA YUPPaAMU OeCAMKOBOI CUCMeMU YUCIeHHs, a CaMi
qucia —00HOYUPPOBUMU.

Lecamrosum 3anucom HATypaIbHOTO YUCJIA @ HA3UBAETHCS IMOJAHHS
Horo y BUrIIsiai

a=a,10"+ an 110" + ...+ a;10 + a. (1)
ne ao, ai, ..., an — MUPPU ASCITKOBOI CUCTEMH YUCICHHS 1 an # 0.

Cyma anl0" +an110™+ .. +a;10+ay KOPOTKO 3amUCy€ThCS
aa,,.ad,.

Yucma 1 =10° 10%, 102 ..., 10", To6TO 1, 10, 100, ..., 100.0  (y

N HyJiB
Yucal N HYJNIB) HA3UBAIOTHCS PO3PSAHUMHU OJUHHUISIMU  BIANOBIIHO
HepIioro, Apyroro, ..., (N + 1)-po3psanis, npuaomy 10 OJUMHHIE OJHOTO
pPO3psAy CKIaAal0Th OJHY OJMHMITI0 HACTYITHOT'O BUIIIOTO PO3PSIY.

V zanucy (1) nomanku ap, a;10%, a210%,... an110™!, a,10" HasuBaroTH
PO3PAOHUMU OOOAHKAMU.

JlecaTKOBUM 3amyc 4yMcila TOKa3ye, CKUIBKU OJWHMIIb HAWHHMKYOTO
O3PSIy € y UKUCII 1 IK BOHU PO3MOJIUICHI, SIK OJTMHUII BUIUX PO3PSIAIB.

Teopema 1. J/lecsaTKkoBUIA 3aMUC HATypaJdbHOTO YMCIA 3aBXKIU ICHYE 1
€TUHUMN.

Teopema 1 € oxkpeMuM BHUNAIKOM TEOPEMH MPO 3aIlUC 4YUCIA ¥
MO3UIIIMHIN CUCTEMI YUCIICHHS, sika Oyje JOBEACHA ITi3HIIIIe.

3ayBaxkeHHS. OCKUIbKU

VaeN:0-a=0 1 VaeNo:0+a=a,
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TO TPUIUCYBaHHSA HYJIB 3JiBa J0 YHCIA, 3allMCAHOTO Yy JECSITKOBIH
CHCTEM1 YHCJIICHHS HE 3MIHIOE HOT0 3HAYCHHS, IO Ja€ MOKJIMBICTH
3piBHIOBAaTH KIIbKOCTI IMdp, A€ 1€ JOILIILHO, Y JECATKOBOMY 3aIlHCi
quces.

VY ImKiTpHOMY, 30KpeMa, MOYaTKOBOMY KypCl MaTeMaTHK{A T
JECATKOBUM 3aIIMCOM YacTO PO3YMIIOTh CyMy MOr0 pO3PSIAHUX JTOJAHKIB,
TOOTO KOJIU y 3aIUCy

anl0" + an110™ + ... + 2110 + ao
orepallli MHOXKEHHS 1 MAHECEHHS J10 CTEIMEHs 3aMiHUTHU 1X pe3yJibTaTaMH.
Hampuxian,
23081 =2-10*+3-10%+ 0-10 + 8-10 + 1 = 20000 + 3000 + 80 + 1.

JIst yuTaHHS dYUciaa WOro pPO3PsAH, MOYMHAIOYM 3 HAWHUKYOTO,
TISTBCA HA KAdcu 1O TPU PO3PSAN Y KOKHOMY, MTPUYOMY OCTaHHIM Kjac
MOX€ BKJIOYATH 1 MeHie po3psaniB. Ilepmmit po3psa (HaWHMOKYMI)
KOKHOTO 3 KJIaCiB HA3UBAETHCA PO3PA0OM OOUHUYDL, TPYTUN — po3psoom
oecsamkia, TPETIN — po3ps0om comersb BIATOBITHOTO KJIacy.

[lepmmii knac (HAMHUKYUM) Ha3UBAETHCS KAACOM OOUHUYb, NPYTUN —
KIacomM mucsa4y, TPETIl — KiacomM MIIbUOHIg, YETBEPTUU — KIACOM
MinbApOie, MATUN — K1ACOM MPUNBUOHIE 1 T. .

Jlist HalitMeHYBaHHS YrCcell y MeXax TPUIbHOoHA OTPiOHO 3HATH JIUIIIE
18 cimiB: HyJb, OAWH, JBA, TPU, YOTHUPH, IT'SITh, IIICTh, CIM, BiCIM, JICB'SATh,
JIeCATh, COPOK, IEB'SHOCTO, CTO, TUCSYA, MIJTBUOH, MUTBSAP] 1 TPUILHAOH.

Ha3Ba uymcen apyroro naecsTka, KpiM JAeCsTH, TOOTO dYHCET BUIY
1a, =10 + @, YTBOPIOETHCA 13 MOEIHAHHS HA3B OAHOIM(POBOrO YMCia i

cioBa "gecaTe" (mecATh € mepmuM JIBouu@poBuM uucioM). Hanpuknan,
yuciao 12 uuraeTthesd: "nBa-Ha-nuATH" (OBa HaA JECAThH). Y LHMX Ha3Bax

Hi"

MIPUPOJHO BXKHUBATH CHOJTYYHUK (I1Ba 1 JecsiTh), ajie Halll Ipanypu
BXKMBAJIU MPUUMEHHHUK "HA", 0 ¥ 3aJUIINIIOCS Y MOBI.

Yucna Big 21 10 999 B OCHOBHOMY YHTAlOThCS TaK: IOCIIIOBHO
HA3UBAETHCS YUCIIO OJAUHUIIb, KO BOHO € Y 3aIUCY, TPETHOTO, APYTOTO i
MIEPIIIOTO PO3PSIIB, IPUUOMY Ha3Ba OCTAHHBOT'O PO3PSAY HE BKA3YyEThCH.
Hanpuknan, unciao 254 duTaeTbes: IBICTI M'ATACCAT YOTUPH.

JInst YuTaHHS YMCEN, 3alMUCU AKUX MICTATh OUlblle sIK Tpu Hudpu, ix

CIIOYATKy JAUISATH Ha KJacH, a MOTIM MOCJIJIOBHO YUTAIOTh YUCIIa KOKHOIO
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KJIacy, MOYMHAIOYN 3 HAMBUINOTO, MPUYOMY BKa3yeThCS HalMECHYBaHHS
KO)KHOTO KJIacy, 3a BHHATKOM Kjacy OIWHHIb. Hampukimam, d9ucio
34 605 328 006 670 micTuTh S5 KHaciB 1 YUTAETHCS: TPUIAUATH YOTUPU
TPUJIBHOHU IIICTCOT I'SITh MUIBSPJIB TPUCTA ABAJLATH BICIM MIiJIbHOHIB
IIICTh TUCSY ITICTCOT CIMJIECHT.

[TopiBHSHHS YHCEl, 3aMMCaHUX Yy JACCATKOBIM CHCTEMI YHCJICHHS,
I'PYHTYETHCS Ha TAKUX TEOpPEMaXx.

Teopema 2. OgHa OJUHMIL BUIIOTO PO3psiAy OUIbIA 3a YUCIO, SKE
CKJIAJIA€THCS 3 OJJUHUI HIDKUYHMX PO3PSIIB:

VkeN: 10> 4 _a,,..aa

k-1""k-2"""

.

Teopema 3. 3 aBOX ymcen OUIBLIIUM OyJe T€, y JECATKOBOMY 3aIuci
SAKOTO paHIIIE 3yCTPiYa€eThCA OuIbINA KUIBKICTh OJWHUIL BIJAMOBIAHOTO
po3psy.

V necaTKkoBl1i CUCTEM] YUCIIEHHS

1) KO’XHE IIiJIe HEBIJ'€MHE YHCIIO 3aIUCYETHCS OJHO3HAYHO;

2) JIerKO MOPIBHIOBATH YUCJIa HA OCHOBI 1X 3aIKCy.

3.6.3. Anzopummu 0ooasanHus ma GIOHIMAHHA UUCE 8 0eCAMKOBI
cucmemi UUC/1eHHA.

1. 3anucaTy nepiui 10JaHOK 1 M HUM MiANUCATH IPYyTUH T0JaHOK
Tak, MO0 OJWHMII OJHOWMEHHHUX PO3PSAIIB 3HAXOIWIWCH OJIHI T
OJHUMH.

2. JlomaHku BiJ CyMH BIJIUTUTH TOPU30HTAIBLHOIO PHUCKOIO.

3. Jlomatm OaWHMIN HAWHWKYUX po3psadiB. Skmo ix cyma
OJHOLM(POBE YHUCIO, TO 3AMUCATH il MIJI OAUHULSIMU I[OTO PO3pAdY 1
NepenTH 10 JoAaBaHHS OAUHUIIL HACTYITHOTO PO3PSIY.

4. Slkmo cyMa OJMHHUIb HAWHUKYOTO poO3psiay € ABOUU(POBUM
YUCJIOM, TO Horo mojaatu y Burisai 10 + Co, A€ Co — ogHOIM(POBE YUCIIO,
3amycaTy Co IiJ OJMHHUILIAMHA HAWHUKYOTO pOo3psy, a uynciio 1 goaaTu 1o
CyYMHU OJUHHMIIb HACTYITHOI'O PO3PSAAY 1 MEPEUTH M0 3HAXOJKECHHS IlI€l
CYMH.

5. TloBTOproBatu 111 X omeparlii 3 OAUHUIISIMUA KOXXHOT'O HAaCTYITHOTO

po3piany.
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[Iporec 3akiHUMTBCS TMICAS TOro, SK OyayTh JAOJaHI OJUHUIN
HAaWBHUIIIOTO pO3PSAYy, HPHYOMY IX CyMa IOBHICTIO 3alMCYEThCS I

PHCKOIO.
6. Ywucro, 3anucane mij puckoro, OyJie CyMOI0 JaHUX YHCE.
Hampuxknan:

1) 8276 + 7629 = 15905; 2) 35647 + 6849 = 42496.
8276 N 35647
7629 6849
15905 42496

[Ipr BuKOHaHHI ormeparii J0JaBaHHSI HE OOOB'S3KOBO 3pIBHIOBATH
KUIBKICTh IUGP Y JOJaHKAX.

AJITOpUTM BIIHIMAHHS IIIJIUX HEB1JI' EMHHUX YHMCEJ HACTYITHUIA:

1. 3anucaru 3MEHIIIyBaHE 1 MiJ HUM BIJI'€MHUK TaK, 1100 OJMHUIIL
OJTHOMMEHHHUX PO3PSAIIB 3HAXOAUIUCS OJIHI 1111 OJTHUMH.

2. Big'eMHUK 1 3MEHIITyBaHE BIIJIUIATH BiJl Pi3HUII TOPU3OHTAIHLHOIO
PHUCKOIO.

3. SKmo 4Yucio OAWHUIP HAWHUKYOTO PO3PSIY 3MEHIIYBAaHOTO HE
MEHIIIC YHCJIa OJWHUIL BII'€MHHMKA, TO BHKOHATH IX BIJHIMAHHSI,
pe3yJbTaT 3amucaTv TiJ OJWHMIPIMH IIbOTO PO3PSAIy 1 MEpPEerTH 10
BIIHIMAaHHS OJMHUIIb HACTYITHOTO PO3PSIY.

4. SIkmo X y 3MEHIYBAaHOMY YKCJIO OJMHMIIL HAMHUKUYOTO PO3PSIIAY
MEHIIIE YHCJa OJUHMIL I[OTO PO3psAY BII'€MHHMKA, a YHUCJIO OJMHUIIL
HACTYIHOTO PO3PsiAy BiAMIHHE Bl HYJIS, TO OJJHOYACHO Y 3MEHIIYBAHOMY
YUCJIO OJWMHMIIb HACTYITHOTO PO3PsAy 3MEHIIMTH Ha OJIMHUIIIO, a YHCIIO
OJMHUIIb HAWHIXYOTO po3psay 30uibmidT Ha 10, Temep BHUKOHATHU
BIIHIMAHHS OJMHUIIb ILILOTO PO3PSAAY, PE3yJbTaT 3amucaTd I HUM 1
MepenTH 10 BiAHIMAHHS OJWHUITL HACTYITHOTO PO3PSIY.

5. SK1o0 y 3MEHIIYBaHOMY YMCJIO OJWHMIb HAWHMKYOTO PO3PSIY
MEHIIIE YHCJia OJUHMIL I[OI0 PO3pSAY BII'€EMHHMKA, a YHUCJIO OJMHUIIL
HaCTYIIHOTO PO3PsAY B 3MEHIIYBAHOMY PIBHE HYJIO, TO y IEpUIOMY 3
HACTYIHUX BHUIIUX PO3PSIIB, YACIO OAUHUIIL SKOTO BIIMIHHE BiJ HYJIS,
YUCJIO0 OJIMHMIIHF 3MCHIIUTH Ha OJWHUIIO, YHCJIO OJWHHUIL BCIX HIDKYHX
pO3pANiB, KPIM OCTAaHHBOTO, 3OUIBIIMTH HAa 9, a YUCIO OJUHHILH
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OCTaHHBOTO PO3psiAy 30UTHIKUTH Ha 10 1 BUKOHATH BiJHIMAHHS OJIWHUIIb
IIOTO po3psiAy. Pe3ynbTar 3ammcaTv mijy HUM 1 IeperTH 10 BigHIMAHHS
OJIMHHUIIb HACTYITHOTO PO3PSIY.

6. Y HacTynmHOMY pO3psiji MOBTOPUTH ONKMCAHUN MPOLIEC.

/. BigHiMaHHS 3aKIHUHATH TICIIS TOTO, K Oyje 3A1HCHEHO BIIHIMAaHHS
OJWHUIb HAWBUIIIOTO PO3PSY.

8. Uwmcio, 3anmucane i1 pucKoro, Oyae pI3HUIICIO JaHUX YUCE].

Hampuxmnan:
1) 7452 —5637 = 1815; 2) 4605 — 598 = 3007; 3) 400002 — 398725 = 1277.

| 7452 4605 400002
5637 0598 398725
1815 3007 001277

[Ipy BUKOHAaHHI BiJHIMAaHHA, SK 1 MPU JOJIaBaHHI, HE OOOB'SI3KOBO
3pIBHIOBATH KUIBKICTh ITU(PP Y KOMIIOHEHTAX.

3.6.4. Anzopummu MmHONMCEHHA ma OINEHHA WINUX HeEEIO’EMHUX
yucen.

AJITCOPUTM MHOXEHHSI 0araTrouu(poBOro 4ucia Ha OJHOUU(PPOBE Y
JECATKOBIM CUCTEM1 YUCTIEHHS MOKHA CPOPMYJTFOBATH TaK:

1. 3anucaru nepmuM OaraToru@poBe YUCIOo a 1 M HOro OUHHUIIIMHU
HAHHWKIOTO PO3PSAY IigmucaTH aucio b.

2. MHOXXHUKH Bif 1OOYTKY BIJUIIJTUTH TOPU30HTAIBHOIO PUCKOIO.

3. TIoMHOXXHUTH YHCIO OAWHWIF HAWHIKYOTO PO3PSAY YHCIa a Ha
yucio b. Sxmo mo0yTok ao-b MeHImMi Bijg AeCATH, TO 3aIKMCaTH HOTO IIij
YHCIIOM D 1 mepelTH 10 MHOKEHHS YHCjia OJWHHIb HACTYITHOTO PO3PSIy
YKCIIa 8 Ha YUCIIo b,

4, SIkmo nmoOyTok ao-b He MeHmmi Big JecATH, TO MOTPIOHO
npeACcTaBUTH Horo y BUrisial €110 + Co, me C1 1 Co — mudpu IeCATKOBOT
CUCTEMU 4YHCJIEHHS. Yucino Cp 3amMcaTv sSK OJUHHUILI HAWHUKYOTO
pO3psAay IIyKaHOTO JO0O0YyTKY, a 4YHUCJIO Ci 3amam'ataTd 1 MepedTH a0
MHOXXCHHSI OJIMHHIIL HACTYIHOTO pO3psay duciaa a Ha gucio Db. Jlo
no0yTKy ai-b momatu umciao Ci. SIkmo oxepxkana cyma menmia 10, To ii
3aMUCATH SIK IPYTY PO3PSIAHY OJUHUIIO TOOYTKY. SIKIIO X oJiep)KaHa cyma
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HE MEHIIA BiJ JAECATH, TO 11 moTpiOHO 3amucaru y Burisaai d110 + do, ae d1
I do — mudpu necITKOBOI CHCTEMH YHUCIICHHS, NMPU IbOMYy 4Yuciao o
3aMmucaT MijJ PUCKOIO K MUGPY HACTYITHOTO PO3PSALY NOOYTKY duceln a i
b, a yucno di 3amam'sataTv i MEpeUTH 1O MHOKCHHS OJMHHMIIL HACTYITHOTO
O3PSy YKCIIa & Ha YUCIIO D, 10 IKOTo IMOTIM J0AaTH Yuciio di.

5. Ilpouec MHOXXEHHS 3aKIHUYMTH TIICIS TOTO, SIK ITOMHOXAaThCS
OJIMHUIII HAWBHIIIOTO PO3PSAY YKcia & Ha gucio b.

6. Ywcio, 3amucaHe Imija puckoro, 0yae 1o0yTkom ducen a i b.

BpaxoBytouun 3akoHM apu(pMETUYHUX oOmepaliid Haa [UIUMU
HEBII'€EMHUMH 4YHCJAMH, 3alUC iX y JCCATKOBIA CHCTeMi YHCIICHHS,
TAONHINI0O MHOXKEHHS OJHOUM(PPOBUX UHCEN, aJrOPUTM MHOKCHHS
OararonudpoBoro ynciaa Ha OJHOIM(PPOBE YUCIO Ta MHOXKEHHS YUCJa Ha
HATypaJIbHUM  CTEMiHb JECATH, MOXHA C(HOPMYIIOBATH aJITOPUTM
MHOXEHHSI Y JIECSATKOBIN CHUCTEeM1 YMCJICHHS OaraTonu@poBoro 4ucia Ha
oaraTonudposBe:

1. 3anucaru mnepmui MHOXHHMK 1 IMiJ HUM MIANUCATA JPyTUi
MHOXHUK TaK, 00 OAHOMMEHHI PO3PSAIHI OAWHUII OyJIM MiAMUCaHl OJHI
nig ogHUMU. SIK mpaBwiio, MepriuM OepeTbcsl TOM MHOXHHUK, Y SKOTO
OLIbIIa KUIBKICTh TAPP.

2. MHOXHUKM a i b Bim m0O0YTKY BIATUINTH TOPHU30HTATBHOIO
PHCKOIO.

3. ITToMHOXHUTH YHCIIO @ Ha YUCJIO OJWHHIIL HAWHUKYOTO PO3PSIY
grcna b 1 3amucatu m100yTOK a-bo (mepmuii HEMOBHUEM MOOYTOK) ITiJT
PHUCKOIO.

4. TIOMHOXHUTH YHUCIO @ HA YHUCIO OJWHHIIL HACTYITHOTO PO3PSAIY
yrcna D 1 3ammcatm goOyTok a-bi (mpyruii HemoBHUH MOOYTOK) ITij
yuciioM a-Do, ame i3 3cyBOM Ha OJMH PO3PsA] BIIBO, IO BIiJAIOBIJIAE
MHOKEHHIO Ha yncio 10.

5. Ilporec oGUMCIEHHS! HEMOBHUX JTOOYTKIB 3aKIHUUTHCS MICHS TOTO,
SIK TIOMHOKUTBCSI YHCJIO @ Ha YUCJIO OJAMHUIIL HAWBUIIIOTO PO3PSAILY UMCIIa
b.

6. Bci 3HalineHi HEOBHI JOOYTKH JT0IATH.

7. OpnepxaHa cyma € 1o0yTkoM umcen a i b.
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AHam3 anropuTMy MHOXKEHHS Ta BJIACTUBOCTI MHOXKEHHS ITUTHX
HEBIJ'€MHUX 4YMCEJ Ha HYJb JalOTh MOXJHBICTH 3pOOMTH Taki JiBa
3ayBaKEHHS.

1. Sxuio y apyromMy MHOXHUKY OAHA 13 (P TOPIBHIOE HYJIIO, TO HA
Hel MOXKHA 1 HE MHOXXHMTH, a HACTyIHUM HETOBHHM JTOOYyTOK IMOTPIOHO
3CYHYTH BJIIBO Ha JB1 IU(PHU.

2. SIKmo Xo4 OJMH 3 MHOXKHHKIB 3aKIHUY€THCS HYJSIMH, TO TpHU
MIIMMCYBaHHI MHOXHMKIB OJMH II1JI OJHMM 1 MHOXEHHI HYyJl He
BpaxOBYIOTbCs. Jlume micis BHKOHAHHS MHOXEHHS JI0 OJIEp)KaHOTO
TOOYTKY JOMHUCYETHCS CTUIBKMA HYJIIB, CKIJIbKOMAa HYJSMH 3aKiHUYHOTHCS
o0OuJIBa MHOKHHUKHU Pa30OM.

Hanpuknan:
40700-3050 = 124135000;

40700
3050
+ 2035
1221
124135000

Po3risiHyTi  anropuTMHM  J10JIaBaHHS, BiAHIMAHHSA 1 MHOXCHHS

X

Ha3MBAIOTHCSl BUKOHAHHSM oriepailiii "'y cTOBIYuK'.

AJITOpUTM AleHHS 0aratouu(poBOro 4Mciia Ha OJHOUU(POBE YUCIO
y IECATKOBIM CUCTEMI1 YMCIICHHS MOXKHa C(OOPMYJITIOBATH TaK:

1. 3anmucatu nmineHe a = anl0"+ a,110"!+ ... +a;10 + a9, TOTIM
JTUTBHUK D 3 HEBETMKUM MTPOMIXKKOM MiK HUMH B OJHOMY PSIKY.

2. MK [ileHUM 1 JITBHUKOM CIIOYaTKy TMPOBECTU BEPTUKAIBHY
PUCKY, a TOTIM IiJ JIIHUKOM IPOBECTH TOPU3OHTAIBHY PHUCKY 10
MEPETUHY 3 BEPTUKAIBHOIO.

3. SIkmmio an > b, To HEMOBHY YacTKY (n Bij JUICHHS YMCia Ay Ha YUCIIO
D 3amuCyIOTH IMiJI TOPU3OHTAIHLHOK PUCKOIO BiJipasy MIiCsS BEPTHKAILHOI,
n00yTOK D-Qn MAMUCYIOTH i @y 1 3HAXOAATH 1X PI3HHUIIIO I,

4. Jlo uucna Iy JOMUCYIOTh 8@n-1 1 HEMOBHY YacTKy (n-1 BiJ JUICHHS

yucia ra , Ha 4uciao D 3ammcyroTh cmpaBa Bim (n, A00yTOK b-Qn-1

HiANUCYIOTh MiJ I,a,, 13HAXOIATh 1X PI3HUIO Fn-1.

1

5. Ilporec MPOOBKYIOTh, ITOKW MPHU TUICHHI Ha 9UCIO0 D He OymyTh
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BUKOPHUCTaHI BC1 MUpH yncia a.

6. Skmo x an < b, To 3amicTh yncna a@n po3MIAMAIOTE YKCIO a.a , 1
TIIOTh 3T1THO MYHKTY 3.

/. Yucno, 3ammcaHe mMiJ TOPU3OHTAJIBHOI PHCKOIO, € HEIOBHOIO
YaCTKOK0, 2 OCTaHHS 0CTaya Iy — OCTayero BiJ JUIEHHS YHCia & Ha YUCiIo b.

CdopMynboBaHMI alrOPUTM AIJICHHS MPUHHATO HA3UBATH ' JIIJICHHS
kytom'". Hanpukian:

1) 8473 :6 =1412 (ocraual) 2) 2142 :7 =306
abo 8473 =6-1412+1, abo 2142 =7 - 306, 60
00
8 4 7 3|6 21427
6 1412 - 21 306
2 4 042
2 4 - 4 2
0 7 0
- 6
13
-1 2

1
Anroput™m nuieHHs Oaratour¢poBoro yuciaa Ha OaraTtonudpoBe B

NECATKOBIM  CHUCTEMI YHUCICHHS  BCTAHOBIIOETHCS 1  3alUCYETHCS
aHaJIOT14HO.
Hamnpukinan, 79823 : 26 = 3070 (octaua 3) abo 79823 = 26 - 3070 + 3.

79 823|26

—7 8 3070
182

— 182

3

3.7. HepecsaTKOBI MO3ULINHI CHCTEeMH YHUCJICHHSA

3.7.1. Heoecamkoei no3uyiitni cucmemu UYUUCAEHHA: 3ANUC,
YUMAHHA Ma NOPIGHAHHA YUCE ) HUX.

VY npakTu4HINA TISUIbHOCTI JIOJIM KOPUCTYBAJIUCS PI3HUMHU CUCTEMaMu

YUCJICHHSI, 0COOJIMBO MO3UIIIMHUMHU, 00, K YK€ 3a3HAa4ajioCs, BOHU JAI0Th
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MOXJIMBICTh JOCUTH IIPOCTO 3aMKUCYyBaTH, TOPIBHIOBATH 1 BUKOHYBATH HaJl
yuciaamMu apudmeruuri oneparitii. [Toain poky Ha 12 micsiiB, TOIMHU Ha
60 xB. MATBEPKYIOTh ICHYBAaHHS TO3UIIAHUX CUCTEM YHUCJIEHHS 3
PI3HUMH OCHOBaMH. 3 4acOM HaWOLIbII BXKUBAHOKO CEpEeJl HUX BUSIBUIIACS
JIECSATKOBA CUCTEMA.

Jlnst 3amuMcy 4Yucen 'y pI3HUX TMO3ULIMHUX CHCTEMax YMCIICHHS
KOPUCTYIOTbCSI LUPpaMu JECATKOBOI CHCTEeMHU 4yucleHHd. Hampukman,
nudpamMu cucTeMu 4McieHHs 3 ocHoBoro =2 €011, anmpug=5-0, 1,
2, 3 1 4. Mdxmo x ocHoBa cucteMu yucieHHs ¢ > 10, to ii uudpu, sax
OararordpoBi YKcIa JECATKOBOI CUCTEMH YUCIICHHS, OCPYThCS B TYKKH.
Hampuknan, skmo ocHoBa cucTeMu ducieHHS ¢ =12, to mudpamu Ti
oynyts 0, 1,2,3,4,5,6,7,8,9, (10), (11).

3 pPO3BUTKOM OOYMCIIOBAIBLHOI TEXHIKKM [JIsi 300pa)KeHHSI YHCEN
NOTPIOHO OYyJI0O BUKOPHCTOBYBATH SIKHAWMEHINE CTIHKUX CTaHIB, a s
IIbOTO IOTpiOHA CHCTEMa YMCJISHHS 3 Majiol KinbKicTio nudp. Takoro
CHUCTEMOIO € JIBIiKOBa CHCTEMa, KO HaWJacTilie KOPUCTYIOTHCS IIPH
po6oTi Ha cyyacHux EOM.

3anucom HamypanvbHo2o UYUCAA Y NOUYIUHIU CUCMEMI YUCTEeHHA 3
OCH0B010_( > 2 HAa3UBAETHCS TOJIAHHS MOTO Y BUTIISAL

a=ang"+an1-gtlt+ ... +a-g+ao,

ne ao, ai, ..., an-1, an — MUGPUA CUCTEMHU YUCIICHHS 1 an # 0.

Cymaa=ang"+an1-g*vl+...+a1-g+ ay KOPOTKO 3aIUCYETHCH

anan_l...alaog .

Yucma 1 =9° g%, g%, ...g""%, 0" HA3UBAIOTECA PO3PAOHUMU OOUHUYAMU,
a IOJAHKH Ao, a1-9%, a2:0%, ..., an-1-9" %, an-g" — pospadnumu dooanxamu.

[Ipy unTaHHI YKCla, 3aUCAHOTO Y MO3UIIAHINA CUCTEM] YUCIICHHS 3
OCHOBOIO (J, TOCTIJOBHO HAa3MBaIOTh IM(pU YKCla, MOYMHAIOYU 3
HAWBHIIIOTO PO3PSALY, 1 OCHOBY CHCTEMHU 4MCIeHHs. Hampuknan, ducio
250645 ynTaeThcs: "nBa M'SATh HYJb IIICTh YOTHUPU Y CUCTEMI YUCIICHHS 3
OCHOBOIO BICIM".

Teopema 5. 3amuc HaTypaJbHOIO 4YHMCIAa y TO3MIIMHIA CHCTEeMI1
YUCJICHHS 3 OCHOBOIO § > | 3aBXU ICHYE 1 €TUHUM.
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3.7.2. Ilopienanna yinux HeeIi0’€eMHUX uuUcen 1 an2opummu
apugpmemuynux onepayit. HAO HUMU 6 PIZHUX NOZUUIHHUX CUCHEMAX
YUCTIeHHA.

[TopiBHSIHHS IIJIUX HEBIA'€MHUX YHUCET 1 @JIrOPUTMH BUKOHAHHS
apu(pMETUYHUX ONepaliidi HaJl HUMHU y PI3HUX MO3UIIAHUX CHCTEMax
YUCJICHHS 3[IIMCHIOETBCSA TaK camo, SIK 1y JACCATKOBIM CHCTEM1 YMCJICHHS,
IpU I[bOMY TUIBKM MOTPIOHO BPaxOBYBaTH OCHOBY CHUCTEMH YHCIICHHS 1
nam'siTaTu, Mo ¢ OJUHUIL HUKYOTO PO3PSY JOPIBHIOIOThH OJIHIN OJUHMUII
HACTYIHOTO BUIIOTO PO3pPsy, 1, HABMAKHU, OJHA OJUHUIIS BUIIIOTO PO3PSTY
JOPIBHIOE § OJAMHUIISIM CYCIIHBOTO HIXKYOTO po3psiay. Hampukiaz, yuciio
324057 > 323667,0603 =3,2=2,a4 > 3.

Jy1st mosieriieHHs OOYUCIICHHS YaCcTO CKJIaIal0Th TaOIUIll JOAaBaHHS 1
MHOKEHHSI OJJHOUM(POBUX YHUCEN Y MO3ULIIAHINA CUCTEMI YUCIICHHS, B K1
npoBOJsATh oOuncieHHs. 1106 3amucu He OyJId TPOMI3IAKUMU TIPU
BUKOHAHHI1 omepallii B OAHIM 1 Tiil )K€ CUCTEM1 YUCIICHHS, 1i OCHOBY MOKHA
HE BKa3yBaTH Yy MMPOMIKHUX pe3yJIbTaTax.

3amauda 2. O0UKMCIUTH 3HAYEHHS BUPA3y, KU CKIAIECHUN 3 YHUCEII, 110
3aMMCaHl y CUCTEMI YHUCIIEHHS 3 OCHOBOIO 6:

(23456 + 32356) 246 + (50026 - 25 046) - 35;.

» 1. Cxiagemo TaOnMIll J0AaBaHHS 1 MHOXEHHS OJIHOIU(PPOBUX

YUCeJ y CUCTEMI YMCJICHHS 3 OCHOBOIO ©.
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3. Kopucryrouuch  moOynoBaHUMH  TaOJUISIMH,  BHUKOHAEMO
omepariii:
1) 2345 2) 5002 3) 1002424
+ 3235 - 2504 52 214
10024 2054 42
2 4
144
144
0
4) 2054 5) 121342
X 35 + 2 1 4
1 4 4 42 122000
+10 2 5 0

12 1 3 4 2

Bianosigs: 122000s. <

Oco0JIMBO MPOCTO BUKOHYIOTHCA apuPMETHUH1 onepanii y ABIMKOBIN
cucteMi ynucineHHd. Hanpuknan:

10011 1101 1001 10011111
1101 x 101 ~110 11 %101
100000 1101 11 11
1101 ~11
10 0111 011
~011
0

3py4HICTh JBIMKOBOI CHUCTEMH YMCIICHHS MOJATA€ HE TIIBKU Y TOMY,

110 Y Hil 3alKC YKUCeN 3IMCHIOETHCS 3a IOMOMOTOIO JIMIIIE IBOX HU(p, a i

y TOMY, IO BCE II€ MOX€ OyTH MOPOCTO PEATI30BAHO B EICKTPOHHUX

MPUCTPOSIX.
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3.7.3. Ilepexio 6i0 3anucy uucen 6 O0OHIIl NOZUUINHIN cucmemi
YUC/IeHHA 00 3anUcy 6 IHWI.

OnHe ¥ Te K came YMCIIo MOKe OYTH 3alUCcaHe Y Pi3HUX MNO3UIIHHUX
cucremMax yuciieHHs. Yacto moTpiOHO, 3HAOYM 3aMKC YWCIa y CUCTEMI
YHCJICHHS 3 OCHOBOIO (J, 3aIMCATH HOr0 Yy CHCTEMI YUCIICHHS 3 OCHOBOO .
Cnoco6u nepexody BiJl OJHIET CUCTEMHU YHUCICHHS 10 1HIIOI IPYHTYIOTHCS
Ha TOMY, IIO0 Yy KOXHOMY YHCJI BCIX OJWHHUIL HAWHMKYOTO PO3PALY Y
Oyab-sKIH CHCTEMi YHCICHHS OJHAKOBA KUIbKICTh, TUIbKH SK OJJWHHUII
BUIIMX PO3PSIIIB Y HUX BOHU PO3MNOJAICH] MTO-pizHOMY. HaliO1bin BXXuBaH1
JIBa CIOCOOM MEPEeX0o1y — AICHHS 1 MHOXKEHHSI. PO3risiHEMO iX.

Memoo Oinennsi BAKOHYETHCS 32 TAKOKO CXEMOIO.

1. SIxmio gaHe YMCIIO MEHIIE BiJi OCHOBU N HOBOT CHCTEMU YWCIICHHS,
TO BOHO 3aIUIIETHCA Y HIN K OJTHOIU(PPOBE YHUCIIO.

2. SIKIIIO YMCJI0 HE MEHIIE BiJl OCHOBH N HOBOT CHCTEMH YHCJICHHS, TO
BOHO Yy IIId CUCTEMI MICTUTh 1 OAWHUIN BUIIUX po3psaaiB. IIlo0 3HalTH iX
KUIBKICTh, MOTPIOHO MOAUIMTH AaHe yuciao Ha h. Yacrtka Bim mineHHsS
BKa3ye€, CKUIbKH OJUHHUIIb IPYTOr0o pO3psiAy € Y YHCIl, a OCTaya — CKIJIbKU
OJIMHUIIb MEPIIOTo po3psay. SKINO ojep)KaHa yacTKa He MeHIa Bij h, To
JIaHE YUCJIO MICTUTh OJIMHUIII III€ BUILIOTO TPEThOTO po3psay. 1106 3HaiTu
iX KUIBKICTB, CIiJ] oJepkaHy d4acTky moximmta Ha h. Ileét mporec
IIPOJIOBXKYETHCSA TIOKH HE OJICPKHTHCS YacTKa, ska MeHma Big h. Bona
OyJie BKa3yBaTH KUJIbKICTh OJIMHUIIb HAWBHUILOIO PO3PsaAy, a BCl ocrayi
BKa3yBaTHUMYTh KUIbKICTh OJMHUIh HACTYITHUX HUKIUX PO3PAIIB Y 3aITUCY
JAHOTO YHMCJIA Y MO3MIIIHHINA CHCTeMI YHCIICHHS 3 OCHOBOIO N.

3. Yci onepaiiii BUKOHYIOTBHCSl Y CTapiii CUCTEM1 YHUCICHHS 3 OCHOBOIO
g, a TOMy IIUM CIIOCOOOM 3pY4YHO KOpHCTyBaTthcs, koym g > h, 60 Tomi h
3aMUCYETHCS K OJHOIMGPOBE YMCIIO Y CUCTEM1 YUCJIEHHS 3 OCHOBOIO ( 1
ocraui Big JgiieHHS OyayTh MeHmIi Big h, omke, BoHU OyIyTh
OJIHOUM(PPOBUMU YHCIIAMH Y HOBIM CHCTEM1 YUCIICHHSI.

MetonoM AieHHS 3pYyYHO KOPUCTYBaTHCA TakoX, koiu g =10, 60
TOJI1 I00pe B1JJOMI AJITOPUTMHU BUKOHAHHS OIEparlii.

3agauva 3. Uucmo 25647 3anmucaTy y CUCTEMI YUCIECHHS 3 OCHOBOIO 6.

» Ockinbku 7 > 6, TO CKOPUCTAEMOCS METOA0M AineHHs. [locmigoBHO
TAUMO 4nciio 25647 1 4acTKH, sIKi OTPUMYIOThCS, Ha 4uclio 6. [lictanemo
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25644 6
24 | 321 | 6
16 | 24 36}76
15 51 {3314
14 51 3
5 >
5

Bignmosigb: 25647 = 4305¢. <«

CyTb Memoody MHOMCEeHH MOKHA BUKJIACTH TaK:

1. fIkmo maHe umcio MeHIe h, To BOHO 3amuIIeThcs y HiM K
oHOIU(POBE.

2. SIkmo maHe YWCIIo Yy CHUCTEeM1 YHCIICHHS 3 OCHOBOIO (J Ma€ BHIIII
PO3pSAHI OAWMHHUIN, TO MHOXHUMO HOTO KUIBKICTh OJMHHUIL HAWBUIIOTO
po3psaay Ha ¢ 1 10 OJEpKaHOTO JIOOYTKY AOJAEMO KIJIbKICTh OJUHMIIb
HACTYMHOTO HIKYOro po3psaay. OnepkaHy CyMy MHOXHMO Ha ¢ 1 JI0
TOOYTKY TOAA€EMO KIIBKICTh OJMHUIIL HACTYIMHOTO HMXKYOro po3psay. Lli
omeparlii MPpoOBOJUMO A0 THUX TIp, MOKKW HE J0JAMO KUIBKICTh OJWHUIIb
HaHMKYOr0 PO3psAy JAaHOTO YKCIIa, 1 Ha [IbOMY MPOILIEC 3aKiHYEHO.

3. O0uucneHHs TPOBOJATHCS y HOBIM CHUCTEMI YHCICHHS. A TOMY
METOJIOM MHOXEHHSI KOPUCTYIOThCS TOII, Koo ¢ < h, 60 Toxi Bci mudpwu i
OCHOBa CTapOi CUCTEMM YHCJICHHS € Mu(paMu HOBOI CUCTEMH YHCJICHHS,
a00 K KOJIM IEPEXOSITh B/l OyIb-IKOi CHCTEMHU YMCIECHHS JO IE€CSATKOBOI.

3amada 4. Yucno 530142g 3anucatu y A€CATKOBIN CUCTEMI YUCTICHHS.

» [lepexoguMo 10 JECSATKOBOI CHCTEMH YHCJICHHS, a TOMY
CKOPHUCTAEMOCST METOJIOM MHOXEHHsA. OOYUCIeHHS TPOBOIATHCS Y
JECSTKOBIM CUCTEMI1 YMCIICHHS.

5-8+3=43
x 8
44+ 0= 344
X 8
2752 + 1=2753
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X 8
22024+ 4=22028

x 8

176224+ 2=176226

Bignosinp: 530142 = 176226. <

3anaya 5. Yucno 23134 3anucat y CUCTEM1 YUCIICHHS 3 OCHOBOIO 0.

» Ockinbku 4 <6, TO CKOPUCTAEMOCS METOAOM MHOXKCHHS.
OOu4ucIeHHS TPOBOAMMO y CUCTEMI YHCJICHHS 3 OCHOBOIO 0.

2.4+3=15
x 4
112+ 1=113
X 4
500 +3=503s

Bigmosigs: 23134 = 503;. <
3.8. Bignomenns moaiJiLHOCTI

3.8.1. Bionowenna nodinbnocmi Ha MHOMICUHI YLTUX HEBIO EMHUX
yucen ma 020 éaracmueocmi. Ilooinvnicms cymu, piznuuyi i 000ymxy.

JImst minux HEeBiA'€MHUX YMCceN BIAHIMAHHS 1 JIJICHHS € YaCTKOBHUMU
omnepatisiMu. SKIIo A1 BIAHIMAHHS 1CHY€ ITPOCTa 03HAKa BUKOHYBAHOCTI,
TO JJIsSI IUICHHS BOHa HE icHye. Ilomyku Takux O3HAK MOYAIUCS JIaBHO.
Bonu npuBenu He TUIbKU 0 BIIKPUTTA Py O3HAK, a ¥ 10 BCTAHOBJICHHS
BOKJIMBUX BJIACTUBOCTEM YHCeNl, TOB'SI3aHUX 3 PO3IJISIOM CIEIiaJbHOTO
BITHOIICHHS, IKE HA3UBAETHCS BIOHOUIEHHAM NOOLIbHOCHIL.

[Ipo nmoBuIBbHI I HeBig'eMHI 4uciaa a i b rosopsaTs, mo a
3HaXOJWUTHCS Y BIAHOMIECHHI MOAUIBHOCTI 3 b, abo mo a Jdirumvca na b
(mo3HavaeThes @ : b), AKImO iCHye I[ijle HEBII'€MHE YKMCIO X Take, IO
a=b-x:

VabeNpa:be IxeNga=h-x.
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3 03HaYeHHSA BIAHOMIEHHS ITOAUILHOCT] BUILUIMBAIOTEH HACIIIKH.

Hacninok 1. Hynb giauThbcs Ha Oyab-sKe IijIe HeB1J'€éMHE YHCIIO:
VaeNpy:0:a.

Hacniziok 2. Byab-sike 1iJie HEB1JI'€MHE YUCIIO IUIUTHCS HA OJIUHUITIO:
VaeNpa:l.

Teopema l. BigHomieHHs NOAIIBHOCTI HA  MHOXHHI  IUIHX

HEBIJI'€MHUX YHCE:
1) pednexcuBre: V a € No: a : a;
2) antucumerpuune: V a, b € No: (@: b) A (b:a) —» (a=Db);
3) tpansutuBHe: V @, b, c e No: (@:b)A(b:c) > (a:c);
4) He 3B'sA3HE.
3 TeopeMu 1 BUILIMBA€E HACTIIOK.
Hacmigoxk 3. BigHomieHHs OOMUJIBHOCTI Ha  MHOXHHI  IUIUX

HEBIJI'€MHUX YHCEN € BIIHOIIEHHSIM HECTPOIOTO YaCTKOBOI'O MOPSIKY.

OcobnuBe Micue y Teopil HOAUIBHOCTI 3aiiMaroTh yucia 0 1 1. 3a
HacHiAKOM | HyIb IUTATHCS Ha JOBUIbHE ILJIE HEBI'€MHE YHCIO, 2 TOMY
sucnosiends "0 : 0" Gyne ictuHHEM. 3 mpyroro Ooky, sikmio a : 0, To 3a
O3HAYCHHSAM MOJIIBHOCTI a = 0:X, 10 MOXKJIMBO JuIe Toxal, koiau a = 0.
OTxe, Ha HyJb 3 HUIMX HEBIA'€MHUX 4YHCeN AiLMUThes jaumie 0. A Tomy
iHOZI BiIHOLICHHS MOMIIBHOCTI @ : b po3rismaeTses umie Toai, Koau b e
HaTypaJIbHUM YUCIOM. Y I[bOMY BUIAJIKy 3aMICTh TEPMIHY "a NUINTHCA Ha
b" kopuctytorbcs Tepminamu "a xkpamue b, "b e Jinvnuxom a" abo "a
oinumucs Hayino na b".

3ayBakeHHA. BigHOImEHHS TMOIUJILHOCTI HAa  MHOXKHHI  IUJIUX

HEBIJ'€MHHMX YHMCEN CIIIJI BIIPI3HATH Bij omneparii JUJICHHS Yy [ MHOXHWHI:
rmapy 4uces, SKa HaJeKUTh I[bOMY BiJHOIICHHIO, HE MOJXKHa
OTOTOKHIOBATH 3 PE3yJbTATOM ONEpallii IIJICHHS, 10 CTaBUThCA i y
BIIITIOBIIHICTb.

Ha ocHoOBI 03HaueHHs BIAHONIEHHS MOAUILHOCTI, YACTKHU 1 JUICHHS 3
OCTA4€IO OJICPKYIOTHCS HACIIIIKHU.

Hacaimoxk 4. Jlnsg JOoBUIBHUX IIIJIONO  HEBIA'€MHOro 4Yuciia a 1

HATypaJIbHOTO 4Hucja D uncimo a mimuThes Ha b Tomi 1 TibKHM TOMi, KOJIU
IIPH JI1JICHHI @ Ha D 3 ocTaycio octaya JOPIBHIOE HYIIIO.
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Hacaimok 5. Jlng goBUIBHMX IIIJIONO  HEBIA'€MHOrOo 4Yucia a 1
HATypaJIbHOr0 4ucjia D 4ucio a mimuthes Ha b Tomi 1 TiabKHM TOmi, KOIU
icHye yacTka gyucen a i b.

HacTtynHa Teopema € HEOOX1THOK YMOBOIO IOJAIBHOCTI HATypaJIbHUX
YHCel.

Teopema 2. Jlnsg MOBUIBHMX HATypaJibHUX 4YHcel a 1 D skmo a
ainuThes Ha b, To @ He MeHIne b, 30kpema, skio a = b, To a > b.

Teopema 3. SIkiio KOXHUM 13 TOAAHKIB AUIUTHCS HA 3aJaHE YHCIIO, TO
i cyMa JUTMTHCS HA 11€ YKCIIO.

Teopema 4. Skmio 3MeHIITYBaHe 1 BiJl' €MHUK JIIATHCS HA JJAHE YUCIIO,
TO 1 PI3HUILI IUIMTHCS HA 1€ YUCJIO.

Bupasz, y skoMy € TUIbKH oOIlepallli JJojJaBaHHA 1 BigHIMaHHS,
HA3UBAETHCA A1eeOPaiuHo0 cymoio, a MOro KOMIOHEHTU — dodaukamu. 13
TeopeM 3 14 o1epKy€eEThCS HACIIJIOK.

Hacninok 6. fkmo anreOpaidyHa cyma KUIBKOX YHCENT 1 KOXHUU il
JTOJAAHOK, 332 BUHATKOM OJIHOTO, JUIATHCS Ha 3aJaH€ YHUCJIO, TO W 1eH
JOAAHOK JIUTUTHCS HA 3aJ[aHe YHCJIO.

Teopema 5. Akiio y 100yTKy KIJIbKOX YHCEN XO4Y OJHWH 13 MHOKHHUKIB
JTUTATHCA Ha 3aJaHe YKUCII0, TO M JOOYTOK JUIUTHCS HA 11€ YHUCIIO.

Hacniziok 7. SIKmio 4uciio OUIATBCS HA JIOOYTOK KUIBKOX YHCEI, TO

BOHO JUINTHCS HA KOKHUA MHOKHUK.
Teopemn 3, 4 1 5 Ha3uBalOThCA BIAMNOBIIHO TEOPEMaMH PO
NOAUIBHICTh CYyMH, PI3HHUIII 1 JOOYTKY.

3.8.2. llonammsa npo o3naxy nodinbnHocmi. O3naku nooiibHocmi

nHa2 3,4,5 9 11, 25 ¢ 0ecamkogiit cucmemi 4ucienHu:.

Teopema 7. Jlns Toro mo0 HaTypajlbHE 4YHUCIO a=aa,,..aa,,
3aMuCcaHe y JeCITKOBIN CUCTEM1 YUCIICHHS, TUTHIIOCS:

1) Ha 2, HEOOXIAHO 1 JOCTATHRLO, 100 Ao ALIUIOCS Ha 2;

2) Ha 5, HEOOXIHO 1 JOCTATHKLO, MO0 OCTaHHs Horo mudpa ap Oyaa 0
a0o 5;

3) Ha 3 (abo 9), HEOOXiHO 1 JTOCTAaTHBO, 00 Ha 3 (abo 9) mimunocs
4uCI0, SIK€ JOpiBHIOE cyMi mudp 3amucy 4Yucia a, ToOTO
Qota t+ta+ ... +a,.
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4) Ha 4, HeOOXiIHO 1 TOCTATHBO, 00 YUCIIO, SKE TOPIBHIOE IOIBOEHIN
nepenocTanHiil 1udpli B cyMmi 3 OCTaHHBOIO IU(poro, ToOTO, ap+ 2a1
IuTmiocsd Ha 4;

5)na 11 HeoOXigHO 1 JMOCTaTHBO, MO0 HA 11 mimunacs pi3HHIS CyM
mudp, MO CTOATh HA MapHUX MICHAX 1 CyMH LU]p, IO CTOSATH Ha
HEMMapHUX MICIISIX,TOOTO,

(ao +a+agt )— (al +az+as+ ),

6) Ha 25, HEOOXiIHO 1 HOCTATHBO, 100 HA 25 AINMIIOCS YUCIIO YHCIIO,
sIKe 3aIMcaHe ABOMA OCTaHHIMU Hu(pamMu, TOoOTO, aa, .

Hanpukian, yguciao 153623 ue npinmuthes Ha 11, 60 (3+6 +5) -

(2+3+1)=818 He miurbes Ha 11, a unciao 150623 nimuthes Ha 11, 60
(3+6+5)—-(2+0+1)=11111 mimurecsa Ha 11.

3.9. CnisibHi KpaTHi Ta ALTBHUKH

3.9.1. Cninsni kpamui ma HaimeHuwie cniibHe KpamHe KilbKOX
HaAmMypaIbHUX yucen i o020 61acmueocmi.

Hexaii a1, a2, as, ..., an — JOBUIbHI HaTypasibHI 4ucia. HatypanabHe
YUCJI0, SIKE NUIMTHCA Ha KOXKHE 13 3aJaHMX 4YHCEJ, HA3UBAETHCS 1X
CRINbHUM KpamHuM, a HaAUMEHIIE 13 CHIIbHUX KPAaTHUX — 1X HAUMEeHUUM
cninbnum kpamuum 1 mo3Havaerbest HCK(ay, az, ..., an).

MHOXWHA CIUIBHUX KPAaTHHUX I HATypaJIbHUX YHCeN ai, az, ..., an
HECKIHYCHHA. 3a MPUHIUIIOM HAWMEHIIOTO YWCJIA Yy MHOXHWHI CHUIBHUX
KpAaTHUX ICHYy€ HaWMEHIIe YHhCIo, sKe 1 OyJe HaWMEHIIUM CHIJIBHUM
KpaTHUM 3a7aHux yucel. OTxe, I TOBUIbHUX HATypaIbHUX YUCEN a1, ay,
..., an 1X HaIMEHIIIE CMIbHE KPaTHE ICHY€E 1 TPUUOMY €JUHE.

Teopema 8. Jlns MOBITbHUX HATypalbHUX 4HuceN a i b, skmo omHe 3
4yuces AUINThCA Ha Jpyre, TO MEPIIE YUCIO 1 Oy/1e HAMEHIINM CHIJIbHUM
KpaTHUM 3aJJaHUX YHCEI:

VabeMa:b—->HCK(ab)=a.

Teopema 9. KokHe chHiibHE KpaTHE KUIBKOX HATypaJbHUX YHCEI

JUTUTHCS Ha iX HaliMEHIIIe CIUTbHE KpaTHE.
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3.9.2. Cninbni OinbHuku ma HaUOINLWIUI CRITLHUN OLNTbHUK
KIJIbKOX HAmypaibHuXx uuces i io2o eaacmugocmi. Bzaecmno npocmi ma
HONAPHO 63AEMHO NPOCMI UUCA.

Hexait ai, az, ..., an — J0BUIbHI HaTypajbHi umcia. HarypaibHe
9UCI0, Ha SKE UIUTHCS KOXKHE 13 3aJaHMX 4YHCEN, HA3UBA€THCS 1X
CRINbHUM OLIbHUKOM, a HAWOUIBIINK 13 CHOUIBHUX JUIBHHUKIB — iX
HatOibwum cnintohum Oinbhuxom 1 no3Havyaerbes HCJI(ai, az, ..., an).
MHOXWHa CHITBHUX JUIBHUKIB JEKIJIbKOX HATypallbHUX YHCET € HE
MIOPOKHBOIO 1 CKIHUEHHO0. [le BuIInMBae 3 TOro, mo 4ucio 1 — cuiibHul
TITBHUK JOBUIBHUX HATypaJbHUX YHCEN, a JUJIBHUK YUCIA HE MEPEBUILYE
rioro. Toxl 3a MPUHIMIIOM HAWOUIBIIOTO YHCJIA Yy MHOXHHI CHIUJIBHUX
TITBHHUKIB 3aJaHMX dYHCENl ICHye HahOlIplIe dHCciIo, sKke 1 Oynae
HAWOUIBIIUM CIIJIBHUM AUIBHUKOM 3aJaHuXx uducel. Oke, I JOBUIbHUX
HaTypaJdbHUX YHCENT a1, a2, ..., An 1X HAWOIIBIIMNA CHUIBHUN HIIBHUK
3aBXK/U ICHYE 1 MPUYOMY €JTUHUH.

3 03Ha4YCHHS HAaMO1IBIIIOI0 CILJIBHOTO JIIbHUKA BUIIMBAE TEOPEMA.

Teopema 10. [Ins MOBUNBHMX HATypadbHUX 4uced a 1 D, skmo a

IUIATBCS Ha D, TO IX HAHOLIBIINI CHIIBHUEI IUIBHUK TOPIBHIOE D!
VabegNa:b— HC/(a, b)=h.
Teopema 11. [loBUIbHUN CHUIBHUWA JUIBHUK 3aJaHUX HATypajIbHUX

YHUcell € JUIBHUKOM iX HalOUIBIIOTO CIIIJIBHOTO JIIJILHUKA.

HarypaneHi uucna aj, ap, ..., an HA3UBAIOTHCSA 63AEMHO NPOCMUMU,
KO 1X HAWOUIBIIMKI CHUIBHUN IUIBHUK JOPIBHIOE OJUHMIN, 1 HONAPHO
g3aemuo npocmumu, skmo HCJl(ai, ;) = 1 g Beix 1=, i,J=1,2,...,n.

JIst ABOX YMCEIN MOHSTTS B3a€EMHO IMPOCTI 1 MOMAPHO B3aEMHO MPOCTI
qyuciaa PIBHOCWIBHI. SIKIO X 4Yucen Olnbplie sK JABa, TO 11 MOHSATTS
HepiBHOCWIBHI. O4YEeBHIHO, IO 3aBXKJH, KOJW YHCJIa MOMApHO B3a€EMHO
MpPOCTI, TO BOHU 1 B3a€EMHO TPOCTI, ajie OOEpHEHE TBEPKECHHS XHOHE.
Hanpuknan, uyucna 2, 3 1 4 B3aEMHO MPOCTI, ajie BOHU HE OY1yTh MOMapHO
B3aeMHO mipoctumu, 60 HCJI(2, 4) = 2.

3.9.3. Banacmueocmi HaiimeHwi020 CRIIbHO20 KpamHozo ma
HaOIIbUL020 CRITBHO20 OLTbHUKA 080X YUCel.
Teopema 12. JInsg noBiIbHUX HATYpaJIbHHUX YHCEN & 1 D iX HaliMeHIe
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CIIJIbHE KpaTHE JOPIBHIOE MOOYTKY MaHUX YHCEN, 0 JIIUTHCS Ha IX
HAaUOUIBIINN COUIBHUN JUIBHUK:

Vv a b e N:HCK(a, b) = — 22

HC/i(a,b)

Hacninok 8. Jlns Toro mo0 HailMeHIe CHiJbHE KpaTHE JABOX YHCEeN

TOPIBHIOBAIO iX M0OYTKYy, HEOOXiTHO 1 JOCTAaTHBO, OO Ii yucia Oyiau
B3aEMHO MPOCTHUMH.

Teopema 12 He Moxke OyTH 3aCTOCOBaHa OUIbIIIE, HIXK JIO IBOX YHUCET,
0o, wHampukman, HCK(2,4,6)=12, Tomi sSK 3a  TEOPEMOIO

HCK(2, 4, 6) = % = 24,

Teopema 13. JIis Toro mo0 CHiIbHHUE AiIbHUK 0 HaTypaJIbHUX YHCEN
a i b OyB iX HaWOLIBIIMM CHIILHUM JIILHUKOM, HEOOXIJHO 1 JOCTAaTHBO,

a.b
100 ywucia ] 1 3 OyJIM B3a€EMHO IIPOCTHMH.

Teopemy 13 MOXkHa y3araJlbHUTH Ha JOBUIbHY CKIHUEHHY CYKYIHICTb
HaTypaJIbHUX YUCEIL.
Teopema 14. ChinbHMI OUIBHUK JBOX HATypaJlbHUX YHCENT MOXHA

BUHOCUTHA 3a 3HAK IXHHLOTO HAWOUIBIIOTO CIUIBHOTO JUIBHHUKA 1
HaMEHIIOTO CMUIBHOTO KPaTHOTO:
V a, b, c € N: HCJI(a-c, b-c) = ¢ - HC/I(a-b);
Vv a, b, c € N: HCK(a-c, b-c) = ¢ - HCK(a-b).
Teopema 14 monerurye 3HaXOKEHHS HAWMEHIIOTO  CIUIBHOTO
KpPaTHOT'O Ta HaOUIBIIOTO CIUIBHOTO AIJIbHHUKA IBOX uncels. Hanpukma:
HCK(45, 60) =15 - HCK(3,4) =15 - 3 - 4 = 180;
HCJ1(45, 60) = 15 - HC/I(3, 4) = 15.
Teopemy 14 Takok MOXKHA Yy3araJIbHUTH Ha JOBIUIbHY CKIHYEHY
CYKYITHICTh HaTypaJlbHUX YHCEI.

3.9.4. Teopemu npo nooinbHicmsb, w0 noO6’a3aHi i3 63AEMHO
npocmumu yucaamu. Q3naku noodiibHOCMI HA CKIA0EHI YUcaa.
Teopema 15. Skmo m00yTOK IBOX HATypalbHUX YHCET JIIUTHCS Ha

TpEeTe HATypaJIbHE YHCIIO, IKE B3aEMHO MPOCTE 3 OJHUM 13 MHOKHUKIB, TO
JIPYTUM MHOKHUK JUTUTHCS HA 1€ YUCTIO:
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VabceNab: cAHCHb,c)=1—>a:c.
Teopema 16. Skiio HaTypajJbHE YHCIO JIUIATHCS HA KOXXHE 13 JABOX

B3a€EMHO MPOCTUX YUCEII, TO BOHO ALIUTHCS 1 HA iX JOOYTOK:
Vab,ceN (a:b)a(@a:c)AHCH,c)=1—a:b-c.
Hacnigok 9. /lns Toro mo6 HaTypajabHE YUCIIO AUIMIOCS Ha J00YTOK

JIBOX B3a€EMHO IPOCTUX 4YHCEI, HEOOX1JHO 1 JOCTAaTHHO, 100 BOHO
JTUTHIIOCS Ha KOXKHUM 13 MHOXKHHUKIB.

OpnepxaHuii HACIIIOK JIa€ MOXKJIMBICTh BCTAHOBJIIOBAaTH O3HAKHU
MOAUTHHOCTI Ha HATypaJIbHI YUCTIA, K1 MOXKHA MOJATH y BUTIISAI JOOYTKY
JBOX B3a€EMHO MPOCTHUX 4YHCEI. BIAMITUMO TakoX, IO 1€l HACIIJIOK
MOXHa 3aCcTOCyBaTH 1 JI0O MHOXHHUKIB 4YMC]Ia, MOMIBHICTh Ha SKeE
BCTAHOBJIFOETHCS.

3agaya 1. BctaHOBUTH 03HAKY MOJIBHOCTI Ha 165.

» Yucno 165 =3 - 55, ne uncna 3 1 55 B3aemHo mpocti. Ha ocHOBI
HacIiaKy 9

a:165<a:3 A na:b5.
(1)

Uucno 55=5-11, ne uucna 5 1 11 B3aemHo mnpocti. Ha ocHOBI
Haciaky 9

a:55<a:5Aa:1l

[TincraBuBmm B (1) 3aMicTh @ : 55 HOoMy pIBHOCHIIbHE TBEPKEHHS
a:5aa:ll, ogepxumo

a:l165<a:3ra:5aa:11.

OTtxe, unciio JIIUThCA Ha 165 Tol 1 TITBKHM TOA1, KOJIW BOHO JUIUTHCS
Ha yncia 3,51 11.

3a mi€eto o3HaKkoro ynciao 8745 numutbes Ha 165, 60 cyma Horo uudp

IimuThCs Ha 3, 3aKiHuyeThes nudporo 51 (5+7)-(4+8)=0:11. <«

3.9.5. Anzopumm Eeknioa.
Bigomi BIacTUBOCTI HAMMEHIIIOTO CIIUJIBHOTO KPAaTHOTO 1 HAMO1IBIIIOTO
COUIBHOTO [UJIbHUKA [IBOX 4YHCEI HE 3aBXKIM Jal0Th MOXJIUBICTH 1X
oOuucoBaTH. 3a Teopemoro 12
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a-b
HC/l(a,b)
OTxe, TOCTaTHLO BMITH 3HAXOJUTH HAMOUIBIINKM CIIUIBHHUN MIJIBHUK

VvV a, b € N: HCK(a, b) =

nBOX uuncen. s po3B's3aHHS 1€l 3a7a4l € cremiaJbHui METOJ, SKHi
HA3UBAETHCA  HMOCHIO0BHUM  OLleHHAM  a00  aneopummom  Eexnioa.
TeopeTnyHOI0O OCHOBOIO MOro € TeopeMa IIpo JUICHHS 3 OCTadyelo,
Teopema 10 1 HacTymHa Teopema.

Teopema 17. JIns qoBiIbHUX HATYpaJIbHUX YHCEN &, D, g 1 I, KO0 MiXK

HUMH Ma€ MiCIIE 3aJICKHICTh
a=b-g+r,
TO MHOXHHA CIJIBHUX OUIBHHUKIB 4YKcel a i D [gopiBHIOE MHOXKHHI
CIUIBHUX IiIBHHUKIB uncea b 1 r, 30kpema
HC/(a, b) = HCA(b, r).
Anroputm EBKJizia nossirae y Tomy, Iio:
1. Yucio a giauThes Ha 9uciao b 3 ocrayero 1, To0TO,
a=b-gi+tr; ri<h.

Sxmo r; =0, o b = HC/I(a, b).

2. Sxmo r1 > 0, To urcno b AT Ha YKCIIo 1 3 ocTadero 2 ToOTO,

b= r-gs+ro, N<ri.

Sxmo r; =0, To r1 = HCJ(b, r1) = HC/I(a, b).

3. SIxmio rz > 0, To YKo 1 JUIATH HA YKCIIO I 3 0cTadero '3 TOOTO,

N =rx03+rs rs3<ra.
Sxmo r3 =0, To
ro = HCJI(r1, r2) = HCJI(b, r1) = HC/I(a, b).

4. Slkmio rz3 > 0, To MOBTOPIOIOTH AIJIEHHS aHAJIOTIYHO MYyHKTY 3, TTOKU
HE OTPUMAIOTh OCTauy, PiBHY HYJIIO.

5. OcTaHHs1, BIIMIHHA BiJl HYJIA, OcTa4a 1 OyJie HaO1IbIITUM CIIIJIBHUM
niapHUKOM uymcen a 1 b, Ilpomec nimeHHs B anroputMmi EBkiiga
CKIHUEGHHMH, 00 ocTadl, gkl € IIJIAMH HEBIJ'€EMHHUMHM YHCJIaMH, Ha
KO)KHOMY KpOIIl 3MCHIIYIOThCS, 3aJIMIIAI0YNCh MEHIIMMU Bif b, a Takmx
yucell He Oiablie, sk D.

3agaya 2. 3HAWTH HAWOUILIIWN CIUIBHUM OUIBHUK 1 HaWMEHIIE
cniibHe KpaTHe uncen 20553 1 713, kopuCTyrounch anroputMoMm EBkitiga
Ta 3aJEXKHICTIO MIX HAWMEHIIUM CIUIBHUM KpaTHUM 1 HalOUIbIIMM
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COUIbHUM JUIBHUKOM JIBOX YHCEIT.
» 3actrocyemo ao umucen 20553 1 713 anroputm EBkiija.
20553 =713 - 28 + 589,
713=589 -1+ 124,
589 =124 -4 + 93,

124 =93 - 1 + 31,
93=31-3+0,.
OO4HCIICeHHS 3pYyYHO TPOBOJAMUTH 32 TAKOKO CXEMOIO:
28 1 4 1 3

20553 713 589 124 93 31

1426 589 496 93 93

6293 124 93 31 0
5704

589

OcTaHH4, BiAMIHHA Bij HYJIs, ocTada IOpiBHIOE 31, a ToMy
HC/1 (20553, 713) = 31.
Ha OCHOB1 3alie)KHOCTI MIK HaWMEHIIUM CHUIBHUM KpPaTHUM 1
HaOUIBIINM CHUIBHUM AIJIBHUKOM JIBOX YHCEN OTPUMYEMO

HCK (20553, 713) = 20293113 _ 45719,

Bimmosime: HCJI(20553, 713) = 31, HCK(20553, 713) = 472719. <«

3.10. IIpocrTi i ckiIaaeHi Yncaa. 3HAXOAKEHHS HANMEHIIIOT0
CHIJIbHOT0 KPATHOT0 TA HANOLIBIIOI0 CIIBHOI0 JUIbHUKA KUIbKOX
HATYPAJbHHUX YHCEJI 32 IX KAHOHIYHUMH PO3KJIATaMM

3.10.1. Po3oummsa mmuodxcunu uinux Heeio’emnux uucen Ha 4
Knacu 3a Kinvkicmio oinbnukie. Ilpocmi i cknaoeni uucna.

SIx BigOMO, JUIS JOBUIBHOTO IIJIOTO HEBIA'€MHOrO YHcia a 1
HaTypajabHOro 4mcia b, akmo a nimuthes Ha b, To yncno b Ha3zuBaeThcs
IIJIBbHUKOM 4YHCJa a.

MHOXWHY NUIMX HEBIJE€MHHMX 4YHCENI 3a KUIBKICTIO HaTypajdbHUX

JUIBHUKIB MOXKHA PO30UTH Ha Taki 4 KIJIacu:
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1) k1ac, €IMHUM €JIEMEHTOM SIKOTO € YHCIIO HYJb, IO Mae Oe3iid
TIIBHUKIB;

2) Kj1ac, €IUHUM €JIEMEHTOM SKOrO0 € YHCciIo 1, [0 Mae €IuHui
IUIBHUK;

3) kJ1ac, eIEMEHTH SIKOI'0 MalOTh JABa IIJIbHUKU;

4) Kkmac, eIeMEHTH SIKOrO0 MaloTh OUNbIIE€ SK ABa MIILHUKH, alle ix
CKIHYCHHA KUIBKICTbD.

Yucna ocTaHHIX JBOX KJaciB 3aliMalOTh y MaTeMaTHulll 0COOJIMBE
Micie. Bonu cki1agaroTh 00CATH BOX BaXKJIMBUX ITOHSTD.

HartypanbHe unciio Oibliie OJUHUI Ha3UBAETHCS:

1) npocmum, KO BOHO Ma€ CBOIMHU IIIbHUKAMU TUIBKHA OJUHUIIIO 1
came ceOe;

2) cxknadenum, IKIIO BOHO Ma€ HE MEHIIIC TPhOX JIIbHHUKIB.

Hampukman, 3a uuM o3HadyeHHsM yucna 2, 3, 5, 7, 11, 13, 17, 19
npocTi, a uucia 4, 6, 8,9, 10, 12 — ckmageHi.

Teopema 18. Skmio mpocTe YHMCIO AUIMTHCA Ha HATypajdbHE YHUCIIO

OlIbIlIe OJUHUIIL, TO Il YKCIIAa PIBHI.
Teopema 19. Jli1st AOBIIBHUX HATYpAIHHOTO YKCIIA & 1 TPOCTOTO YUCIIA

P Mae Miclie OJiHE 1 TUILKH OJ[HE 13 BIJHOIIIEHB: a00 & IUIUTHCS Ha P, a0o
BOHM B3a€EMHO ITPOCTI.
Teopema 20. J1oOyTOK KIJIBKOX HATypaJIbHUX MHOXKHUKIB JIUTATHCS Ha

MPOCTE YHMCJIO TOJI 1 TUIBKK TOJ1, KOJIU XOU OJWH 13 MHOXKHUKIB JIJIUTHCS
Ha MPOCTE YUCJIO.
Teopema 21. KoxHe HaTypajdbHE€ YHCIO OUIbIIE OJWHUII Mae

MPUHANMHI OJJMH MPOCTUN I1IHHUK.
Hacmigok 10. HaiiMmeHmmii, BIAMIHHHH Bl OJWHUIN, JIIBHUK

HAaTypaJIbHOI'O 4ucjia € YUCJIOM IIPOCTUM.

3.10.2. HeckinueHHicmb MHOMNCUHU RNpOCMUX Hucenl (meopema
Eeknioa) Peuwemo Epamocghena. Kpumepii npocmomu namypaibHo20
yucna.

Teopema 22 (teopema EBkiina). MHOXHHA TIPOCTHX  YHCEI

HECKIHYECHHA.
» JloBenemo TeopeMy METOAOM BiJ CynpoTuBHOro. [Ipumyctumo, 1o
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MHOXKHHA TIPOCTHUX YHCENI CKIHYEHHA, TOOTO, II0 BOHA CKIAMAETHCS 13
POCTHX YuCen P1, P2, ..., Pn. Po3ristaeMo unciio
g =p1pP2r ... pnt 1.

Yucno g HatypalibHE 1 OlybIlle OJMHUII, @ TOMY BOHO Ma€ NMpUHAWMHI
OJIUH MPOCTUM AUTHHUK (Teopema 21). TakuM MPOCTUM YHCIOM HE MOXE
OyTH KOJHE 3 MPOCTHX YHCeN P1, P2, ..., Pn, 00 YKCIO § TIpHU IUICHHI HA
KOXKHE 3 HHUX Ja€ B octaudi 1. OTKe, iICHYe MPOCTE YUCIO, BIAMIHHE Bij
gucea Pi1, P2, ..., Pn. 3HAYMTH, HAIE MPUITYIICHHS IPO CKIHYCHHICTH
MHOXUHH MIPOCTUX uKcen XuoHe. 4

[IpocTuM 4m CKIaJICHUM € 3aJaHe HaTypaibHEe 4ucio, Oubme Bifg 1,
BCTAHOBJIIOETHCS HAa OCHOBI TEOpEMH, SKa MOXXE OYTH BHUKOpPHCTaHA 5K
KPHUTEPiil TPOCTOTH HATYPaATLHOT'O YHCIIA.

Teopema 23. SIkmo HaTypanbHE YHCIIO & OIBIIE OJUHHII HE TUTATHCS

Ha JKOJIHE 3 MPOCTUX YHUCENI, KBaJIpATH SKUX HE TIEPEBUIIYIOTH &, TO YHUCIIO
a MmpocrTe.
Hacninok 11. HaiimeHiuii npocTuil IUIbHUK HATYpPaJbHOTO YKCIIA HE

MEPEBUIILY€E KOPEHS KBAIPATHOTO 3 IAHOTO YMUCIIA.

3ajauda 3. BcTaHOBUTH, MPOCTUM YU CKIIAJICHUM € 4uciio 967.

» Jliis Toro, mo0 BCTAHOBUTH MPOCTUM YU CKIIAJICHUM € 4ucio 967,
NOTPiIOHO Ha OCHOBI TEOpPEMH 23 MEPEBIPUTH, YU € MOro AUILHUKAMHU BCl
npocTi uncna Bix 2 10 31, 60 312 = 961 < 967, a 322 = 1024 > 967.

3a 03HaKaMu MOJUIBHOCTI BCTAHOBIIKOEMO, IO YUCIO 967 HE NUIUTHCS
Ha npocTi yucna 2, 3, 51 11. be3nocepeHbo nepeBipseMo, 110 1€ YUCIIO0
HE IUIMTHCS Ha npocTi yucna 7, 13, 17,19, 23,291 31.

OTtxe, uncio 967 He NUINTHCA HA KOJHE 3 MPOCTUX YUCEN, KBaJpaTu
SAKUX HE TIEPEBUILYIOTh uncia 967, a Tomy BOHO OyJie MPOCTHUM.

Bianoizb: uncio 967 — npocre.

[IpocTi uncna y HaTypallbHOMY Psil PO3MOA1IEHI HEPIBHOMIPHO.

JIs BUBUEHHST PO3MOJIUTY MPOCTUX YHWCEN Y HAaTypaJllbHOMY Psifi Ta
IHIIUX 3a/lad Teopii yucen MOTpiOHO 3HAWTH BCl MPOCTI YHUCHA, SIKI HE
MEePEeBUILYIOTh 3aJIaHOTO HaTypajdbHOro uucia. s po3B's3aHHs 1Ii€l
3a/1a4i € CHellaIbHUN METOJl, AKU Ha3UBAEThCS pewemom Epamocgena.
CyTb MOT0 TOJIsiTa€e y HAaCTyITHOMY.

1. BunucyroTh BCi HaTypasbHI yucia BiJ 2 10 N,
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2,3,4,5,6,7,8,9,10, 11,12, ..., n. (1)

2. Yucno 2 minuThbcd TIIBKM Ha 1 1 caMe Ha cebe, OTXKE, BOHO €
npoctuM. BukpecntoroTs y psjai (1) yci uncna KkpaTHi ABOM, KpiM CaMOro
gucnia 2.

3. [lepmie, HacTymHe 3a 2 HE BUKpecieHe uucio, Oyae 3. BoHo He
TiuThes Ha 2 (1Hakmie Woro 6 Bukpeciuin). OTxke, 3 TUIMTHCSA TITBKK Ha
1 1 camoro cebe, a ToMy TakoX OyJe MpocTUM. BUKpeCI0I0Th yCi yncia
KpatHi 3, KpiM camoro yuchia 3.

4. Tlepmie, HacTynmHe 3a 3 HE BHUKpECIeHE 4ucio, oyae 5. BoHo He
IUTUTHCA H1 Ha 2, HI Ha 3. OTXe, 5 mnuThes TUILKKA Ha 1 1 came Ha cele,
TOMY BOHO Tako OyJie mpocThM. BUKpeCHIO0Th yCl1 yKcia KpaTHi 5, Kpim
caMoro umcia 5 1 T. 1.

[Iporec Oyae 3aKiHUEHO, KOJIU OJICPIKUTHCS MMPOCTE YUCTIO P TaKe, IO
p?> <N, aje A1 HEpUIOro, HACTYIHOIO 3a P HE BHKPECIEHOrO MPOCTOrO
gucna P1, P12 > N. Yci He BUKpeceni uncna Big 2 10 N OyayTh IPOCTHMY.

Hanpuknan, mo0 ckiaacTd TaOJdWIIO MOPOCTUX YHCEN, SIKi HE
nepeBuiytotb 1000, BUKpecCTIOBaHHS MOTPIOHO 3aKiHUMTH Tipu P = 31,
Tomy mo 312=961<1000. [dna macTymHoro umciaa 3a 31, To6T0 mis
gucna 32, maemo 322 =1024 > 1000, a ToMy ¥ HOTOTiB I HACTYIIHOTO
npocToro 3a 31 yncia OyZeMo MaTH TaKy K HEPIBHICTb.

3ayBaxkeHHs. 1. II[o0 BukpecIuTH BCl CKIAQJE€HI 4YUCIa KpaTHI

IPOCTOMY YHUCIy P, HE MOTPIOHO 3HATH O3HAKW MOJUIBHOCTI Ha P, IS
OO JAOCHUTH y Pl (1) BUKpECTUTH KOXKHE P-T€ YMCIIO MICHs yucia p,
BpPaxOBYIOUH U Ti, sIK1 BXKe paHiiie OyJIu BUKPECIIEHI.

2. BukpecnoBaHHs YMCeNl KPATHUX MPOCTOMY YHCIY P CIiJl MOYUHATH
3 p?, TOMy IO BCi CKJIaEHi 4ucaa Mix P i p? y’e BHKPECIeHi K KpaTHi
IIPOCTUM YHCJIaM, MEHIITUM BiJl P (Ha OCHOBI Teopemu 23).

3.10.3. Ocnoeéna meopema apugpmemuxu. Kanomniunuii po3xnao
HaAmMypaabHo20 YUCaa 0iIbUL020 3a 0OUHUYIO.
Teopema 24 (ocrnosna meopema apugpmemuxu). KoxHe HaTypaiabHe

quCciio OUIbIIEe OJUHHUII € ad0 MPOCTHUM ab0 PO3KIATAETHCSA Yy JOOYTOK
MPOCTHX MHOXKHUKIB, MPUYOMY MM PO3KIa[ €IUHUN 3 TOYHICTIO [0
MOPSIIKY CJITyBaHHSI MHOKHUKIB.
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SAKmo mis  CKIIAACHOTO HATypajJbHOTO 4YHCHIA 3HAWJIEHO MOTro
MPEJCTABJICHHS Y BUTJISI1 JOOYTKY POCTUX MHOXXHUKIB, 1 Y HhOMY PiBHI
MPOCTI MHOKHUKHU 3alKMCAaHO Yy BUIJIS/I CTEMEHIB MPOCTUX MHOXHUKIB, a
caMi IIPOCTI MHOKHUKHU PO3MIIIEHI y MOPSAJKY 3pOCTaHHS, TO TaKUil 3aIucC
CKJIQJICHOTO YHCJia Y BUMIISIAL JOOYTKY MPOCTUX MHOKHHMKIB HAa3MBAETHCS
KAHOHIYHUM PO3KIA0OM HAMYPAIbHO20 YUCAA a= P - ps-...- po, o€ P1, P2,

n

.., Pn — pI3HI TPOCTI AUTBHUKK uYmuciaa a 1 P1<pPz2<...<pp Axmo
HaTypajdbHE YHCIO & € MPOCTUM, TO CaM HMOTro 3amuc 1 € KaHOHIYHHM
PO3KJIa0M YHuCa a.

['oBOpSATH, IO MPOCTE YHUCIO P 6X00umb y KAHOHIYHUU PO3KIAO
yucaa a=p* - Py’ -...- P, AKII0 BOHO JOPIBHIOE OJTHOMY 3 4MceN P1, P2,
..., Pn.

Ha ocHOBI MOHATTS KaHOHIYHOTO PO3KJIaJy 3 OCHOBHOI TEOpPEMH
apru(METHUKHU OJICPIKYETHCS HACIIIOK.

Hacninok 12. KaHoHIYHMIM po3KiIaj CKIAAEHOT0 YUCIIa €IMHUMN.

[[lo6 3HaliTM KaHOHIYHMK  PO3KJIAJ  CKJIQJECHOr0  4YHCIA,
BUMPOOOBYIOTH HOTO MOJAUIBHICTh Ha MPOCTI YKCIIA y TOPSAKY 3POCTAHHS.
[Ipy 1bOMY KOPUCTYIOTHCS BIJIOMHMMH O3HaKaMW MOJAUIBHOCTI HAa MPOCTI
yucia. Pe3ynbTaTd 004uCIeHb 3pyYHO PO3TAIIOBYBATH TakK, SIK MIOKA3aHO y
HACTYIHIN 3a/1a4i.

3agavya 4. 3HaWTHM KaHOHIYHUN PO3KJIAQJ HATypallbHOTO YHCIa
446688.

» Kopucryrouuch 03HakaMu MOAUIBLHOCTI Ha BIJJOMiI HaM IIPOCTI
quciaa, MATUMEMO

446688

223344

111672

55836

27918

13959

4653

1551

517

47
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1
Binnosins: 446688 = 2°.33.11.47. 4

3.10.4. O3naka nodinbnocmi Ha cKiadene YUC10. 3HAXOO0IHCEHHA
HAUMEHW 020 CRIJIbHO20 KPAMHO20 | HAUOLIbULO20 CRINTbHO20 OLIbHUKA
KLIbKOX HAMYPAIbHUX YUCe]l 3d IX KAHOHIUHUMU PO3K1A0amu.

[Ipy po3risal KiTbKOX HATypaJlbHUX YHCET MOXHA BBaXKaTH, IO iX
KAaHOHIYHI PO3KJAAX MICTATh CTEMEHI OJHUX 1 THUX CaMHUX IPOCTUX
MHOJKHHUKIB, MPH I[bOMY IOKAa3HUKHU CTEIEHIB y JNESIKHX 3 HUX MOXYTh
OyTH piBHI HYJIEBI, 00 3a O3HAYEHHSAM HYJIHLOBOIO IMOKA3HHKA CTEICHS
X0 = 1 qs moBimpHOTO Ymcna X % 0.

3a 10MOMOI0oI0 KaHOHIYHOI'O PO3KJIAaay HATYypIbHUX YHCEJI MOXKHA
BCTAHOBUTH BUTJIA iX JUIHHUKIB.

Teopema 25. k110 HaTypajibHE YUCIIO & Ma€ KAHOHIYHUHN PO3KIIaja

a=po- Pl
TO HATypaJIbHE YHCIIO D € HOoro MUTBHUKOM TOI i TIJIBKU TO1, KOJIM BOHO

Ma€ KaHOHIUHUM po3kiam b=pA-p2.....p/ 1 0<f1<a1, 0<f2<0, ...,
Ofﬁnfan-

Hacmigok 13. HartypanbHe 4MCIO OUIMTHCS HA MPOCTE YUCIO TOI 1

TUTBKKA TOM1, KOJW JaH€ MPOCTE YUCIO BXOJUTH JI0 HOr0 KaHOHIYHOTO
po3Kiany.
Hacninok 14. /IBa HaTypaldbHUX YKCIIa B3aEMHO TPOCTI TOA1 1 TUIbKHU

TOAl, KOJIM iX KAHOHIYHI PO3KJIaAM HE MAaIOTh CHUIBHUX MPOCTUX
JJILHUKIB.
Hacninok 15. Skmo koXHE 3 ABOX JaHUX HATypallbHUX 4YHUCEI

B3a€EMHO MIPOCTE 3 TPETIM HATYypAIHbHUM YHUCJIOM, TO 1 iX JOOYTOK B3a€EMHO
IIPOCTHUM 3 TAHUM YUCIIOM.

Teopema 25 TakoX Ja€ MOXIMBICTh 32 KAaHOHIYHHUMHU PO3KJIaJIaMu
KUIBKOX HATYpaJlbHUX YUCEJ 3HAWTH 1X HAMOUNBIIUN CHIIBHUM AUIBHHUK 1
HallMEeHIIIE CIIJIbHE KpaTHE.

Teopema 26.

1. KanoHluyHHUI pO3KJIa] HANOIIBIIOTO CHUIBHOTO AUTBHUKA KUIBKOX
HATypaJIbHUX YHCENI MICTUTH Ti K caMi IPOCTI MHOXKHMKH, 1110 ¥ KaHOHIYHI
pO3KJIaAM LMX 4YHCEd, aje B3SITUMH 3 HAWMEHIIUMH TOKa3HUKaMHU
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CTEITICHIB.

2. KaHoHIUYHMI pO3KJIaJl HAWMEHIIOTO CHUIBHOTO KPAaTHOTO KiIbKOX
HaTypaJIbHUX YHUCEI MICTUTD Ti 5K caMi IPOCTI MHOKHUKH, 1110 ¥ KAHOHIYH1
PO3KJIaIM JaHUX YHUCEI, aji€ B3ATi 3 HAHOUIBIIIMMH ITOKa3HUKAMU CTEIICHIB.

3agaua 5. 3HaliTM HAWOUILIIMKM CHUIBHUH JUIBHAK 1 HaWMEHIIE
cniapHe KpaTHe uncen 4680, 7722 14368 3a IX KaHOHIYHUMH PO3KJIaaMHU.

P 3HaxX0aUMO KaHOHIYHI PO3KJIaJAH TaHUX YUCEIT:

4680 |2 7722 |2 4368 | 2
2340 |2 3861 |3 2184 | 2
1170 |2 1287 | 3 1092 | 2
585 |3 429 |3 546 | 2
195 |3 143 | 11 27313
65 3) 13|13 917
13 13 1 13|13
1 1

Maemo 4680 = 23.32.5.13. 7722 = 2-3%.11-13. 4368 = 2*.3-7-13.

Otrxe, 3a Tteopemoro 26 HCJI(4680, 7722, 4368)=2-3-13=78 1
HCK (4680, 7722, 4368) = 24.33.5.7.11-13 = 2162160.

BiamoBijb: HC(4680, 7722, 4368)=78, HCK(4680, 7722,
4368) = 2162160. <«

PO31JI 4. POSIIUPEHHA ITOHATTA YACIIA

4.1. MHOKHHA TOAATHUX PAIOHAJIbHUX YHUCEJL.
apudMeTHYHI onepanii Ha TOAATHUMH
PaliOHAJLHUMM YUCTAMH

4.1.1. 3a0aua po3wupenna nonamms uucna.

VY npakTuyHIN JISUIBHOCTI JIFOJIMHA HalvacTile BUKOPUCTOBYE YHUCIIA
IpU PO3B'A3yBaHHI 3ajJa4 MPO MHIJPaXyHOK YHUCJAa €JIEMEHTIB CKIHYEHHOI
MHOXXWHM Ta BUMIPIOBAaHHI BENWYMUH. [[1s po3B'si3yBaHHS mepuioi 3aaadi
JOCTaTHBO HATypaJbHUX 4YHCEJ, YOr0 HE MOXKHa CKaszaTu Mpo JPYyry
3aiauyy. Mipa BUMIpIOBaHOTO 00'€KTa MpHU JAOBUILHO BHOPAHOMY €TajOHI
HE 3aBXJIMW MOXe OyTH BHUpaXeHa HaTypajdbHUM 4YHucioM. OTxe, 1100
3a/laya  BUMIPIOBAHHS BEJIMYMH OyJia pPO3B'SI3HOI0, OJHUX TUIBKU
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HaTypaJdbHUX YHCET HEAOCTAaTHBO, IMOTPIOHE OLIBII IITUPOKE IOHATTS
yuciaa. Kpim Toro, morpebu camoi MaTeMaTHKH BHMAaralTh TaKOX
y3arajlbHEHHs, PO3IIUPECHHS TOHATTS YHCiIa. 30KpeMa, Yy MHOXHHI
HaTypaJIbHUX YMCEI HE 3aBXKIHM ICHYIOTh PE3YyJIbTaTH ONepalliid BiTHIMaHHSI
1 ginenHs. baxaHoO MaTH YHMCIOBI MHOXKHHH, K1 O BKJIIOYAId MHOXHHY
HATypaJIbHUX YuCe, e O 111 onepaiii 0y BAKOHYBaHUMHU.

Hexait A 1 B — 10B1JIbHI HEMMOPOXKHI YMCIIOBI MHOXKHWHH. MHOXHHa B
HA3UBAETHCS POIUUPEHHAM MHOMCUHYU A, AKIIO:

1) MHOKMHA A € BIACHOO I IMHOXXHUHOIO MHOKUHH B;

2) omepariii 1 BiIHOIICHHS, SKi BU3HAYEHI Ha MHOXHUHI A, BU3HAUYCHI
TaKOX 1 Yy MHOXUHI B, npruuoMy iX cMHUCIT 1Ji €IEMEHTIB MHOXUHH A, 1110
PO3MIISAAAIOTHCS K €IEMEHTH MHOXUHU B, moBUHEH 30iratvcs 3 TUM, SKUN
BOHM MaJIM Y MHOXHUHI A

3) y MHOXWHI B MOBHMHHI BUKOHYBaTHCs omepaiii abo Matu Micre
BJIACTUBOCTI, K1 HE 3aBXI1 BUKOHYBAJIKCh 400 MaJId MiCII€ Y MHOKHHI A.

k1110 yKciioBa MHOXKUHA B € po3mmpeHHsaM 4ucioBoi MHOKUHH A, TO
quciia, AKl PO3MVIAAIOTHCS SIK €JIEMEHTH MHOXHWHHM B, Ha3zuBaroThCs
V3a2anbHeHHAM uYuces, MO PO3TISIAAIOTECS SIK €JIEMEHTH MHOXHUHU A, a
caM Ipouec noOyAOBU y3arajJbHEHHS — PO3UWUDEHHAM NOHAMM YUCId.
BukoHaHHd HOBHUX omepaiiii abo BIJHOUIEHb y HOBO MOOYyIOBaHIN
MHOXXHUHI € OCHOBHHMM JJii Hei, BJIaCHE caMme JJIsi IBOTO 1 OyIyeThes
PO3IIUPEHHS.

4.1.2. Kopomki icmopuuni @i0oomocmi npo  BUHUKHEHHA
PauioHaIbHux i OlliCHUX Yuce.

[Ipouec pO3MIMPEHHSA TIOHATTA YHCJIA TMPOMIIOB JOBIMM IUISAX
icTopuuHOro po3BUTKY. HaTypanbHe uucio, gk 3acid niubu, 3'1BUIIOCA Ha
paHHIX eTamax pO3BUTKY JiojcTBA. llepmuM po3mpeHHs M  OyJio
NpUETHAHHS J0 MHOXHHU HATypajJbHUX 4YHCENT JOpOOOBUX YHCE].

: 1. :
Cnouarky 3'SBUIIMCS 3py4Hl JIpOoOH BUAY —, AKI HA3HBAIOTh ANIKEOMHUMU

a00 ocrogHumu. T1IbKYU MI3HINIE 1 JyKe TOBUIHHO BUHUKAE YSABJICHHS PO
OLIBIN CKJIAJHI APOOM K YacTKy BiJ AUICHHS JIBOX HATypaJIbHUX UYMCEIN
OJIHOTO Ha IHIII€ Yy BUIAJIKy, KOJU JiJI€HE HAIlJIO HE AUIMTHCA Ha JiIbHUK.
36epernucs erunerchki mamipycu 3 vaciB 2000 — 1600 pp. mo H.e. 13
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3anmucoM apupMEeTHUYHHUX omnepailiil Haj apodamu. CtapojaBHi BaBUIOHSIHU
3QIMINUINA TIcIs ceOe IMaM'aTKH, SKI MICTSATh OOYMCJIEHHS 3 JIpoOamMu.
3anuc apo0iB y 1HIIMIIIB BIIPI3HAETHCS BiJl CY4YaCHOTO TIJILKU BiJICYTHICTIO
apoOboBoi  pucku. Y  crapojaBHi  I'pemii  apoOu  IMIMPOKO
BUKOPUCTOBYBAJIMCS, MTOYMHAOYU 3 V CT. 10 H. €. HumMu kopuctyBanucs
HE TUIBKM Yy 3aJadax OOYMCIIOBaJbHOI TeoMETpli, KOMEepIiitHO1
apupMeTUKu Ta anreOpu, a il Teopii My3uku. [ peku BIJIbHO BHUKOHYBAJU
BC1 apudMEeTUYH1 onepaliii HajJ ApoOaMu, X0ua YUCIaMU 1X HE BBaXKasu.

Ho XV — XVI ct1. BUeHHs 1po ApoOu HaOyBae€, MO—CyTi, Cy4aCHOIO
BUTJISIAY, aje 3a (QopMO BOHO OyJlO HE JOCUTh BHUPA3ZHUM: PO
MOXOJIKEHHS IPOOIB TOAI YacTO HE TOBOPWIM a00 TOBOPWIM JYXKE Mao.
YiTke ysaBJICHHS PO APOOOBI YuCia, SIK MPO aOCTPaKTHI YKCIIa, BUHUKIIO
TubkU y X VI cT.

Tpeba 3a3HaunTH, 1110 PO3ALT APUPMETUKU PO JPOoOU JOBIUi yac OyB
OJIHUM 13 HalBaxuux. Y HIMIIB 30eperiocs mpuciiB'sa: "llorpanutu y
npobu", 10 O3Hauae — MOTpanuTh y Oe3BuXigHe crTaHoBuIle. HaBiTh
HAWOCBIYCHIIII JIFOJU BBaXKaIM omeparllii 3 ApodaMu ay»Ke BaXXKUMH, 00 HE
OyJ10 po3p00JICHO aNTOPUTMIB apu(PMETUYHUX OTIEpaIliii HajJ Apodamu.

OTxe, ICTOPUYHO MEpIIe PO3MIUPEHHS MOHITTS YUCa — NPUETHAHHS
0 MHOXHHHU HaTypaJlbHUX YHCed JApOoOOBHX JOJATHUX YHCEIL.
YTBopusiacsi HOBa YHCJIOBA MHOXHHA, SIKa HA3UBAETHCS MHOMXKHUHOIO
oooamuux payionanvrux uucen (mo3HadaeTrbess Q+), B SKiM 3aBXAu
BUKOHYBAHOIO € OIepalis JOUIeHHS 1 Mipa BIIpi3Ka, CYMIPHOTO 3
OJIMHUYHUM BIJIPI3KOM, € €JIEMEHTOM I[1€1 MHOXKHUHH.

JIBa Biapizku He 3aBxau cymipHi. Ille crtaporpenbki MaTeMaTHKU
BIIKpDUJIM ICHYBaHHS HECYMIPHUX BIpPi3KiB (HANpUKIIAJ, CTOPOHA
KBajpara 1 Horo giaroHaib). Mipa Biapi3Ka, HECYMIPHOTO 3 OJIMHUYHHUM
BIJIPI3KOM, HE MOK€ OyTH BHUpak€Ha JOJIaTHUM palllOHAJIbLHUM YHCIIOM.
Otxe, moTrpeba BUMIPIOBAHHS BIJIPI3KIB BHMAarae HOBOTO PO3IIMPEHHS
yucia, sKe O JI03BOJWJIO BHpaXXaTH MIPY BiApi3Ka, HECYMIPHOTO 3
OJIMHUYHUM. BUHMKA€ MOHSITTS JOAATHOTO 1ppalliOHAILHOTO YKCIIA.

[Haiiinl Ta apabu nepuIMMH MOYaau po3MIsiAaTH 1ppallioHalbHI YKciia
K YHCJa HOBOTO BHY, MOMIMPIOIOYM HAa HHUX 3aKOHHU OIepalii Haf
panioHaIbHUMHU YKciiaMu. Y 3axigHiid €Bpomi 3rajika npo ipparioHaibHi
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gyucia 3ycTpivaerbest y kamu3i Jleonapaa Ilizancekoro y XIII ct. Ilpote i
yycia BBIMIUIM B e€Bponeicbky Matematuky jauiie y XV — XVl cr., 3
PO3BUTKOM alreOpu 1 TPUTOHOMETPII.

3HaliTu mpooOpa3u  JOAATHUX  IppalllOHAJIBHUX  YHUCEJT 11032
r€OMETPUYHUMH BeIMuruHaMu MaTeMaTtuku XV — XVI cT. He BM1IU, TOMY
JUIST HHUX IppallloHalIbHI 4YHCJa 1032 TeOMETpiel0 Oyau CUMBOJaMH,
1030aBJIEHUMH KOHKPETHOTO 3MICTY.

bynpb-sike nojaTHe palioHabHE YHUCIO0 MOXE OyTH BHUPAXEHE SK
4yacTKa JBOX HATypajJbHHUX 4Mcel. AJie JoAaTHE ippallioHaIbHE YHUCIIO HE
MOXHAa MMOJIaTH CKIHYEHHOI0 KOMOIHAIII€I0 JOAATHUX PalllOHAIBHUX YUCET,
3B'I3aHUX 4oTuUpMa apudMeTnuHuMmu omepamismu. L[i daktu 3HATH
maremaTuku XV-XVI cT. 1 Mailke 3aBK]I1 BUKOPUCTOBYBAIH SIK ApPTYMEHT
"HETIOBHOITIHHOCT1" 1pparlioHaJbHUX YHced. Ajie OCKUIbKM OaraTo 3ajaad
MPUBOJIWIIN J0 MOSIBU 1ppallloHAIbHUX YKCEI, 1X BCE OJHO MOTPIOHO OyIio
PO3TIISAIaTH.

OTxe, IpyruM pPO3LIMPEHHSIM IMOHSTTSA uucia OyjJa MHOXKHMHA, SKa
CKJIajiajiacsi 3 yCIX JIOJaTHHX pPallOHAIbHUX YHCENI Ta YCIX JOJATHUX
1ppalliOHaJIbHUX YUCEN, SIKA HA3UBAETHCS MHONCUHOIO O00AMHUX OIUCHUX
yucen (mo3Havaetbcst R+), B K1 OyJb-IKW BIAPI30K Ma€ MIpy MOpH
JNOBIILHOMY OJITMHUYHOMY BIJIPI3KY.

JlogaTHUX MIMCHUX YMCEN JOCTATHHO JUIsi BUMIPIOBAHHS BEJIUYMH.
AJne X HEeIOCTaTHBO, 1100 XapakTepu3yBaTH 3MiHYy BeanuuHu. KpiM Toro,
y MHOKHMHI JOAATHUX JIMCHHUX YHUCEI HE 3aBXJIU BUKOHYETHCS OIMepaliis
BiJIHIMaHHs, TOOTO piBHSAHHS b + X = a He 3aBxkau Mae po3B's130k. [lorpedu
MPAKTUKK 1 MaTeMaTUKH BHUMarajii HOBOTO PO3IIMPEHHS MOHATTS YHUCIIA,
10 TOB'SI3YETHCS 3 BBEICHHSM BiJ'€MHUX YHUCEIL.

Bnepmie mnoHATTS mNpo AodaTHI Ta BIA'€MHI JIHCHI  4HCIA
3yctpiyatotbest moHan 2000 p. tomy y Kurai y kHuzi "Martematuka y
NeB'sITH KHUTax'", e AOJaTHI YUca TPAKTYIOThCS K MailHO, a BII'€MHI —
K OOpT.

VY VI-VII cT. 1. e. iHAIHCBKI BYEHI B)KE€ CUCTEMAaTUYHO KOPUCTYBATIUCS
BII'€MHUMM YUCJIAMH TPU PO3B'SI3yBaHHI PIBHSHb, NPUYOMY BIJIHIMAHHS
3aMIHIOBAJIOCS JoAaBaHHsAM. IIpoTe, 3ampoBaguBIIM BiA'€MHI 4YHCIA,
1HI1ACHK] BYEHI BBOKAIM 1X HEPIBHOMPABHUMH 3 JOAATHUMH YHCJIaMHU.
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Y eBpomeiceKiii MaTeMaTHIll 10 14ei BIA'€EMHOrO YHCIa JOCUTH
omu3bko migikmoB Ha mouatky XIII ct. Jleonapno IlizaHchkuii, ane 1
yycjaa IMOoYajiud IIUPOKO BUKOPUCTOBYBATHCSA 3 4YaciB (PpaHIly3bKOro
Marematuka 1 ¢urocoda P. Jlekapta (1596-1650). CrtBopeHa Hum i
[I. ®epma (1601-1665) anamiTMYHA TEOMETpis Jlaja MOKJIIMBICTh
po3risiaatu kKopeHi piBHsHHA f(X) =0 sk KOOpIWHATH TOYOK IMEPETUHY
kpuBoi Yy =1f(X) 3 Biccio abcuumc. Ile ocTaTOYHO YCYHYJIO TPHUHITUTIOBY
BIIMIHHICTh MDK JOJATHUMHM 1 BiJ'€MHUMH 4YHMCIaMH, 00 iX TIyMauyeHHS,
no—CyTi, cTtano oaHakoBuM. Hynb nepectaB OyTH 3HAKOM HIi4OroO 1 MMOYaB
PO3TIIAIATUCS SIK YUCJIO PIBHOIIPABHE 3 1HITUMU YHCIIAMHU.

MHoxnHa, eeMeHTaMH SAKO1 € BC1 JOJaTHI AIMCHI YKCJIa, BC1 BiJ €MHI
JIACHI YKCa 1 YKMCJIO HYJb, HA3UBAETHCI MHOMNCUHOIW OIUCHUX HYUCe
(mo3Havaerbcsi R), a i1 eneMeHTH — OiticHumu uuciamu. Y MHOXHUHI
JTIACHUX YUCEJ BUKOHYBAaHUMU € BCl apudMETHUYH1 orepailii, 32 BUHITKOM
NiIEHHS Ha HyJIb, TOOTO L MHOKUHA € noneM. Ane piBHsaHHS X° + 1 = 0 He
Ma€ PO3B'SI3KIB Y MHOXHHI JIMCHUX YKCEN, TOMY IO 3a O3HAYEHHSM
TOOYTKY MIMCHUX YWCEN JJIs AOBIIRHHX AilicHOTO ducia X # 0 1 mapHOTO
HaTypajgbHOro uncna n: x" > 0.

Janpmnii eTan po3MIMPEHHS MTOHATTS YUCTIa MOB'I3aHUM 13 BBEJICHHSIM
YABHOI OJMHMUIII | K YKCJIa, KBaApaT SKOro AopiBHIOE —1, T06TO i% = 1.
Yucna Bugy a+Dbi, e a 1 b — moBUIbHI AiMCHI YKCIIa, HA3MBAIOTHCS
KoMIUIeKkcHUMH. [lpm b =0 nicraemo nificHi 4Ymcia, TOOTO MHOXKHHA
TACHUX 4YHCENl € TMIAMHOXHHOI MHOXHHM KOMIUIGKCHUX YHCEeT
(mo3nauvaeTnes C).

4.1.2. Honammsa Opo0y. Bionowenna pienocmi 0poois.
Bionowennsa ,menwe”, ,0inouwie” Ha MHOMCUHI Op0oOI6 ma 11020
eacmugocmi.

YropsimkoBaHa Mapa HaTypadbHUX 4YWCE M 1 N, MO 3alUCYETHCS

m o
CHMBOJIOM —, Ha3UBACTBCA 36ULAUHUM opobom abo TPOCTO Opobom, TIpU
IIbOMY YHCJIO M HA3WBAETHCS YUCETbHUKOM, & YACIO N — 3HAMEHHUKOM
. m
npo0Oy. pid — IUTAETBCA: "em eHTHX".

[HImIMMU  clloBaMM, 3BHYAMHUM Api0 — 1€ eJeMEHT MHOXXHWHU
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. m
Nx N= N2, mo 3aMUCYEThCS y BUTTIAL —.

. . m . 1Tr . m r
JloBinbHI apoOu — 1~ HasMBAIOTBCA piGHUMU (mo3HA4YaETHCS — =

TOA1 1 TUIBKH TOJ1, KOJIK M-S = I-N:
m r

—=- & ms=rn
n S

3ayBakeHHs. Y MaTeMaTulll 3aMiCTh TepMiHy "piBHI Jpoou"

BXKMBAIOTHCSI TAKOX TEPMIHM "pIBHOCWJIBHI JpoOu", "eKkBiBalleHTHI
npoou".

Teopema 1(OcHoBHa BJacTUBICTH JpoOy). SIKIIO YHUCETbHHUK 1
3HAMEHHUK JIpOoO0Yy MOMHOXHUTH a00 MOIIIUTH (SKIIO AUICHHS MOKIJIMBE)
Ha OJHE 1 T€ XK caM€ HaTypaJlbHE YHUCJIO, TO OJCPKUTHCS Npi0 PIBHUI
JTAHOMY.

3a 10MOMOT0I0 OCHOBHOI BJIACTUBOCTI APOOIB PO3B'SA3YIOTHCS TaKl JBi
3a/1a4i 111 HUX:

1. CxopouenHs npo0OiB: 3amiHa apoOy Ha PIBHUM oMy Api0 IUIAXOM
JIJICHHS] YMCETIbHUKA 1 3HAMEHHUKA Ha OJTHE 1 T€ K HATypaJbHE YUCIIO, SIKE
€ 1X CIIUIBHUM JUJILHUKOM.

2. 3BefeHHs ApoOIB 10 CHIIBHOTO 3HAMEHHMKA: 3aMiHa KOXHOTIO

npoOy pIBHUM HOMY IpOOOM 3 OJHAKOBHMH 3HAMEHHHUKAMHU.
11730

23664
P 3acTocyBaHHS O3HAK MOAUIBHOCTI J03BOJISIE 3pOOUTH BHCHOBOK,

3agaya 1. Ckoporutu npi0

mo uurcia 11730 1 23664 nmingatees Ha 2 1 3, ToO6TO Ha 6. IlominuBIin
11730 _ 1955
23664  3944° "

YUCEJBLHUK 1 3HAMEHHUK Apo0y Ha 6, OTpUMAEMO
.. 1955 .
CrBepmkyBatd, 1O Jpi0 —— HECKOPOTHUH HE MOXKHA, XOoua

3944
nojajibIlle BUKOPUCTAHHS O3HAK MOAUIBHOCTI HE Ja€ BIAMOBIAI Ha II€

nutadHs. [loTpiOHO Tenep, CKOpUCTaBIIUCH ANrOPUTMOM EBKITifa, 3HAUTH

HCJT (1955, 3944).
2 57 2

3944 | 1955 | 34 17

3910 170 34
34 255 | 0
238

17
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1955 _ 115
3eiacu, HCJI (1955, 3944) = 171 —— :
3944 232
Binmopimy: 1255 = 115
PLUTIOBL . 3944 232
2 12 20
3agaya 2. 3BeCTH JI0 CIIJIBHOIO 3HAMEHHUKA JIPOOU ~' 78’24

12 20 :
» Jlpobu Tg TA5, MOXKHA CKODOTHTH. [licns wporo opepx arbCs

npobu % 1 2. HCK (5, 3, 6) =30, a MHOXHHKHA, Ha SIKi IOTPIOHO

. . 2 2.5
IIOMHOKUTH YUCCJIbHUKHU 1 3SBHAMCHHHUKHU ,Z[pO61B E E 1—

PIBHI BIJIOBIIHO 30 5= 6 30:3=10,30:6=5.

12 20 .25

plBHl apobam —,— i— Ta MalmTh OJHAKOBI

OTxe, I[p06I/I ~0" 30 130

518 24

. . 12 20
3HAaMCHHUKMU. BlI[MlTI/IMO, SAKITO I[pO6I/I E Ta— moInepeaIHbO HEC

ckopotut, To HCK (5, 18, 24) =120, mo MeHII 3py4HO, HDK NpH

KOpHUCTyBaHH1 unciioM 30.

12 20 .25

BignoBuyis. —,— i—. <
30’30 30

Hpi0 Ha3UBAETHCSA HECKOPOMHUM, SIKIO HOT0 YUCENbHUK 1 3HAMEHHUK
B3a€EMHO MPOCTI YUCTIA.

Cepen piBHUX ApOOIB ICHY€E €IUHUIN HECKOPOTHHM Jpi0.

Koxauit npid oAepXKy€eThCcsl 13 HECKOPOTHOTO ApoOy IOTO KIIacy
MHO>KEHHSIM 4YHCEJIbHUKA 1 3HAaMEHHUKA HECKOPOTHOrO Apo0y J1aHOTO
KJIaCy Ha HaTypajbHE YHCIIO.

Hpi0 HaA3UBAETHCS MpABUALHUM, SKIIO WOTO YHUCEIbHUK MEHIIUNA BiA
3HAMEHHHKA, Yy MPOTHJIEKHOMY BHUIAJKY, TOOTO, KOJU YUCEIBHUK APOOY
HE MEHIIIMK BiJ 3HAMEHHUKA, TO P10 HA3UBAETHCS HENpasUIbHUM.

. .. m ., r .-m r
J{ns 1oBiIbHUX ApO0OiB — i pi0 —  HasUBAETBCS MEHUUM Ipooy .
m r o« o . .
(mo3HavaeThCs —<3 ) TOAl 1 TUIBKH TOJ, KOJIX M-S < I'-N.

Hacninok 1. 3 nBox npo06iB 13 pIBHUMU 3HAMEHHUKAMHU MEHIIUNA TOM,

y SIKOT'O YMCEJTbHUK MEHIITUH.
Hacmiziok 2. 3 1BoX ap0o0iB 13 pIBHUMH YHCEIbHUKAMHA MEHIITUHA TOH, Y

SIKOTO 3HAMEHHUK OUTBIINH.
Teopema 2. BinHouieHHs "MeHIie" Ha MHOKUHI JpOOIB TPAaH3UTHBHE.
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Teopema 3. JIjas1 MOBLIBHUX z[p061B; [ < Mae MICIE OJIHE 1 TUIbKU
OJTHE 13 B1THOIIICHb:
T

m m r r m
a0 — =-—-,a00 —<—-,a00- < —.
n S n S S n

Hacnigok 3. BigHomenns '"MeHme" Ha MHOXHMHI JIpoOIB €

BITHOIIIEHHSIM CTPOTOr0 JiHIHHOIO MOPSJIKY.

BigHnomenns "Ounbmie" Ha MHOXHMHI JpOO0IB  PO3MNISAAETHCS  SK
oOepHEeHe 110 BITHOIICHHS ""MeHIIIe", TOMy BOHO TaK0X Oy/ie BIIHOIIEHHAM
CTPOTrOTO JIHIHHOTO MOPSIKY.

Bignomenus "menmie abo piBHe" € 00'eTHAHHSAM BiIHOIICHD "piBHE" 1
"MeHIe", a BIJHOIICHHS "Ouibie abo piBHE" MOXXHA PO3IJISJATUH SIK
obepHEeHEe 10 BIJHOIICHHS 'MeHiie abo piBHe" abo sk o0'enHaHHS
BigHomeHp 'piBHEe" 1 "Oigpmie". OOuABa 3 I[UX BiAHOIIEHb €
BIJJTHOIIIEHHSIMM HECTPOTOI0 JIHIMHOTO OPSIKY.

EnemenTapHi ysBIeHHS PO ApoOU y4uH1 OAEPKYIOTh Ha OCHOBI 3a7a4i
Ipo MOJUT MPEAMETIB HA PIBHI YACTUHH 1 PO3IJISAY OJIHIET 3 HUX, AKY

1 ) .

MO3HAYAKOTH — , JI€ N — 4KCIIO PIBHUX YACTUH, HA SIKI JUIMTHCA MPEIMET.
. . . o . m .

Jlelio mi3Hime y4Hl 3HAKOMIIATHCS 13 ApoOamMu BUILY - m,ne N, ta ix

TIAYMAUYEHHSIM: IPEAMET MOAIEHO Ha N PIBHUX MK COOOIO YAaCTHUH 1 B3SATO
M TaKuX YacCTHUH.

4.1.4. /looamne pauionaivhe yucio ma o020 3anuc (300paxiceHus).
Heckopomnuii 3anuc 000amno2o payioHaaibHo20 4ucaa.

O0’eqHaHHS MHOXHWH HAaTypaJlbHUX 1 APOOOBUX YHCEN YTBOPIOIOTH
MHOIACUHY 000AMHUX PAYIOHAILHUX Ylcel, KA TTo3HAaYaeThes Q+. A KOXKHE
YHUCJIO 3 I1€1 MHOKWHHU HAa3WBAKOTh JI0JIATHUM PAIllOHAIBHUM YHCJIOM.

OTxe, KO)KHE HaTypajbHE YHUCJIO € JOJaTHUM pallilOHAILHUM YHCIIOM,
ajJie He KO)KHE J0JaTHE pallloOHaJIbHE YHUCIIO € HaTypalbHUM. Hampuknan,
noAaTHE pallioHaJIbHE YUCIIO0

{1 23 4 0 }
36 9 12" a3’ "

HE € HATypaJIbHUM YHUCIIOM.
HarypanpHi umcna, 10 pO3IISTAIOTHCS SK €IEMEHTH MHOXXHUHU
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TOJAATHUX PpaIllOHAJTBHUX YHCEN, Ha3UBAIOTBCSA yYiiuMu O00aAMHUMU
payionanvHumu yucaamu ado yinumu 000aAMHUMU YUCAAMU, & BCl 1HIII
JOJATHI pallioHaJbHI 4YHUCIa — OpobosUMU O0OAMHUMU DAYIOHANbHUMU
yucramu abo  Opobosumu  000amHumu  yuciamu. 3anucom  abo
300padNCEHHAM 000AMHO20 PAYIOHANLHO20 YUCIA HA3UBAETHCS 3aMMKUC HOTO
TpoOOM.

KoxxHe mopaTHe pallioHaJbHE YUCIO0 Mae 0e3mid 300pakeHb, cepen
SKUX BUIUISIETHCS €IUHE HECKOpOMmHe 300paddcerHs, TOOTO 300paKeHHS Yy
BUTJISAJII HECKOPOTHOTO JIpo0y. TBepKeHHs "1ogaTHE pallioHAIbHE YUCIIO

. -m o, . m
a Ma€ CBOIM 300paxXe€HHIM Jpi0 — " CHMBOJIIYHO 3aMHUCYEThCA A = — .

JloBiJIbHE HATypaJIbHE YKCIIa M MOXHA 300pa3suTH
{m 2m 3m k-m

12" 3" ’k’}’keN,

A TOMY O3HA4YeHHS BiJHOIIEHb «PiBHO», "MeHmE", Oinbmie "MeHIme
a06o piBue", "OuIpIne abo piBHE" Ha MHOXXHUHHM JOJATHUX palllOHAJbHUX
YHCeJl 03HAYarThCS aHAJOTTYHO SIK JJIs IPOOIB.

Teopema 1. JloBiibHI JoAaTHI paifioHanbHI 4yucia a i b, mo mawTth
CBOIMH 300paKE€HHSIMHU BIAMOBITHO ApOOU % 1 g, piBH1 TOA1 1 TIIBKH TO/II,
KOJIM1 M-S =1Tr-N.

Teopema 2. /s AOBUIBHHMX JOJATHUX palliOHAIBHHUX Ynced a i b, 1o

MarTh CBOIMHU 300pa)K€HHSAMH BIJTOBITHO JpoOHU — 15 a<b tonmi i

TIIBKH TOA1, KO M-S < I'-N.

4.1.5. Ilinonicmb MHOMCUHU 000AMHUX PAUIOHATIBHUX YUCEIL,

Muoxuna M, Ha sKili BU3HAYEHO BiJHOIIEHHSI CTPOTOrO JIHIHHOTO
MOPSIKY O, HA3UBAETHCA WiIbHOO, KO JJIsI JOBUIBHUX 1i €JIEMEHTIB X 1Y
TaKuXx, 110 X p'Y, icHye eneMeHT Z € M Takuii, Mo X pZ 1 Z pYy.

JloBenemo, 110 MHOYKUHA I0JIaTHUX PaIliOHATBHUX YUCEIT HIIJIbHA.

Teopema 3. JIyig MOBIILHUX JOAATHHMX paIliOHAJBHUX 4YHcea a i b,
K10 a < b, To iCHye ToAaTHE pallioHaNIbHE YHCI0 C Take, mo a < € < b:

Va,be Qsa<b—>3ceQsa<c<h.
» He oOMmexyrouu 3arajJbHOCTI MIpKYBaHb cepell 300pakeHb 4ncen a
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. .. Zm . | _2r .
i b MoxHa BUOpaTH Taki iX 300pakeHHS: a = Pyl b—Z. Ockinpku a < b,

TO 3a O3HAYCHHSM BIJHOIICHHS "MeHIe" IS JOJAaTHHX palllOHAIBHUX
yucen MatuMmemMo 2m < 2r. BpaxoByrwouw, mo 2m 1 2 € NOapHUMHU
HaTypaJlbHUMH YUCJIaMH, ICHYE€ HaTypaJibHE YHCIIO S TaKe, 110
2m <s<?2r.
Toni 3a 03HaYEHHSIM BiJHOIICHHS "MeHIe" Jj1s 1po0IiB JiCTaHEMO
2Zm s 2r
o ;o
1 3a 4uciIo C MOJXKHA B3SITH JOJAaTHE pallloHAJbHE YHCIIO, SKE Ma€

300paKeHHSIM JIp10 % <

4.1.6. O3nauenHa cymu O000aMHUX PAUIOHAIbHUX Yucen, it
icHyganus i eOunicmos. Onepayisa 000aganua ma ii 61acmugocmi.

Cymoio NOBUIBHUX JOJATHUX pallioOHAIBbHMX uHMcea a 1 Db
(mo3HavyaeTbes @ + D), sKi MarOTh CBOIMH 300pa)KEHHSMH BiJITOBIIHO
Ipoou % L g , Ha3UBAETHCS JOJATHE palllOHAJIbHE YHUCIIO, SIKE MAa€ CBOIM

ms+rn

300pakeHHSAM Jpi0 —

[le o3HaYEHHS € OJTHOYACHO 1 O3HAYEHHSIM CYMU JIPOO1B
m r ms+rn
= 4+=
n S ns
Teopema 5. CyMa HOBUIBHHUX JOJATHUX pAaIllOHAIBHUX YHCET HE

3QJICKUTH BiJ X 300pakeHb.
Hacninok 1. Cyma nBox ipo0iB 3 piBHUMH 3HAMEHHUKAMU € JPOOOM 3

TAM CaMUM 3HAaMCHHUKOM 1 YHCEIbHHKOM, M0 JOPIBHIOE CyMi
YUCEJIbHUKIB JaHUX JAPOOIB.

Teopema 6. Cyma NOBUIBHMX JBOX JOJATHHUX palliOHAJbHUX YHUCEN
3aBXKJIM ICHY€ 1 €/IMHA.

Omnepaiis Ha MHOXHWHI JIOJATHUX pallOHATBHUX YHCEN, TPH SIKIN
KOXHIN mmapi yucen a i1 b craBuThCcsA y BIAMOBIIHICTE iX cyma a+ b,
HA3UBAETHCA 000ABAHHAM O00AMHUX PAYIOHATbHUX YUCEL.

Teopema 7. Onepaittist JogaBaHHS JOAATHUX PalllOHAIBHUX YUCEN:

1) komyratuBHa :Va, b € Q+:a+b=Db +a;
2) acomiaruBHa :Va, b, c € Q+: (a+b)+c=a+ (b +c).
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Teopema 8. [l DOBiMBHUX MOAATHUX pallioHAJIBHUX 4ucel a i b
a<b toxi i TUTBKU TOMI, KOJIM ICHY€E JIOJAATHE palliOHAJIBHE YUCIIO X TaKe,
mo a+x=h.

Ha ocHOBI Teopemu 8 MOXHa MO-IHIIOMY JaTH O3HAYEHHS
BiTHOIIIEHHS ""MeHIIe" M1 JOAATHUX PaIllOHAIBHUX YHUCE.

JIJis MOBUIBHHX JOJATHHX palliOHAIBHMX 4nced a 1 b a Ha3uBaeThes
meHwum D, SIKIO ICHY€ A0JaTHE pallioHaJbHE YHCIIO X TaKe, mo a + X = b,

Va,be Qisa<bh:<IxeQua+tx=h.

[lumM o3HAYECHHSM BIJHOIICHHS '"MEHIE" 3pyYHO KOPHUCTYBATHUCS Y
TOBCICHHSX.

Teopema 9 (3aKkOHM MOHOTOHHOCTI JiofgaBaHHs). Onepaliist 10 1aBaHHS

JIOJATHUX palliOHAIbHUX YHUCE] MOHOTOHHA BiJIHOCHO:

1) BigHomeHHs piBHocTi: Va, b, c € Qs:a=b—>a+c=b+¢;

2) BiIHOIICHB HOPSJIKY, 30Kpema: Va, b, c € Q4 a<bh
—>a+c<b+ec.

Ha ocHOBI 3akOHIB MOHOTOHHOCTI  JOJaBaHHSA  JOJATHHUX
palliOHAILHUX  YHCEJ, CKOPHMCTABIIMCH METOIOM  JOBEACHHS  BiJ
CYIIPOTHBHOI'0, MOKHA JIOBECTU HACTYIIHY TEOPEMY.

Teopema 10 (mpaBmia ckopodeHHS Ui joxaBaHHs). s omepartii

IOJaBaHHS JOJATHHUX palliOHAJIBHMX 4YHCEI MaloTh MICIE IpaBHia
CKOPOYCHHS BiTHOCHO:
1) BigHOMmIEHHS piBHOCTI: Va, b, c e Q+:a+c=b+c—>a=D;.
2) BITHOIIICHh ~ TIOPSAZIKY, 30KpeMa: Va,b,ce Q+: a+c<b+c
—a<h.
ko apodoBe goaaTHE palllOHATBHE YUCIO Ma€ CBOIM 300paKE€HHIM
m

o .- m . .
HEMpPaBUJILHUN Api0 p N to tom m>n. [loginuBmM m Ha N 3 OCTayelo,

Marumemo m =n-g +r, ne 0 <r < n. Orxke,

m n-g+r r
n n n.

r . .
3anuc g+— BXHUBAETHCSA PIAKO, 3aMICTh HBOT'O KOPHUCTYIOTHCS TaKUM
n

T oo
g TOOTO 3HAK ONepallii 10/laBaHHS OITyCKA€ThCS.

Miwanum wuciom Ha3MBAEThCS CyMa HATypaJbHOIO 4uciaa 1
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MpPaBWIBHOTO JIpo0y, MO 3amucaHl Mmopyd (CIoYaTKy MHIIETHCS
HaTypajibHE YMCIIO, a TIOTIM JIpi0).

Cnig maM'sTatv, MO0 y 3aldcy MIIIAHOTO YMCIa ONYIIEHO 3HaK
TOJaBaHHS, a HE MHOKCHHS.

3ayBaxkendsa. 1. Ilpm mpoBeaeHHI OOYMCICHh 3  JIOJATHUMU

palioHaJIbHUMM YHCIaMU, TOOTO 3 JpoOamu, OJATKOBI BiOMOCTI abo
OOYHMCIICHHS MOJAIOTHCS Yy PITYPHUX AYKKaX.

2. OctaToyHuil pe3yNbTaT OOYHMCICHHS BUPAKAETHCSA HECKOPOTHUM
IpoOOM, a SIKIIIO BiH HEMPABUIBHUM, TO 1€ W MIIIIAHUM YHCIIOM.

[Tpukmany.
5 6 _ppq_ 57468 _ 35+48 _ 83 _ 27,
1) s T ;_{HCK (8, 7) = 56}= 56 56 56 56

14 11
2) 2E+ 7E+

1= ={HCK(15, 18, 6) = 90} =10
1132,
45

BiI[MiTI/IMO, o AoJdaBaHHA HATypaJIbHUX YHCCI € 4YaCTKOBUM

84+55+15 154

14:6+11-5+15
= =10— =
90

10

BUITAJIKOM JIOJIaBaHHS JOJIATHUX pallioHabHUX uucel. [[ilicHo, Oyab-saKe

HaTypajlbHE YUCIIO MOKHA 300pa3uTH ApoOOM 13 3HAMEHHHKOM PiBHUM 1.

OTtxe, piBHiCTE M + N =K, te m, n, K € N, Mmoxxe OyTH 3anucaHa y BUTIIS
m n m+n

—+—=——=m+n=Kk
1 1 1

4.1.7. O3nauenna pisHuui 000aMHUX pPAUIOHANBLHUX Uuced, it
icHy6aHnHA i eOunicme. Onepauis 6IOHIMAHHA.

Omnepaitiisi BIAHIMAaHHS JOJATHUX PAI[lOHATBHUX YUCEIN PO3TIIsIa€ThCs
K 00€pHEHA JI0 onepalii J0JaBaHHS.

Pisnuyero MOBITBHUX JIOJATHUX pAIliOHATBHUX dYHced a 1 Db
(mo3HauaeThes @ — ) Ha3MBAETHCS JOIATHE palliOHAIBHE YHCIIO X TaKe IO
b+x=a.

Teopema 11. Jlns noBiIbHUX JOJATHHX palliOHAJBHUX YKcel a i b ix

PI3HHMIII ICHY€ TOJII 1 TIILKH TOI, KoJiu b < a.
K110 pi3HULS T0JIaTHUX PALllOHATBLHUX YUCEIT ICHY€E, TO BOHA €/IMHA.
Teopema 11 € TEOpETUYHOIO OCHOBOKO HACTYITHOT'O O3HAYCHHS.
Omepairiss y MHOXUHI JOJAaTHUX PpaIllOHATBHUX YHCE, MPU SKIH
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KOXHIN mapi yucen a i b craBuThCs y BIAMOBIIHICTH iX pi3HUI a— b,
Ha3UBAETHCS BIOHIMAHHAM 000AMHUX PAUIOHATIbHUX YUCEIL.

VY cuny teopemu 11 BigHIMAHHS MOJATHUX PAIIOHATBHUX YUCEN €

4aCcTKOBOKO ormepailtiero. Onepallis BIIHIMAHHS J0JATHUX PpalllOHAJIbHUX

YyHCeJI Ma€ Ti K caMl BJIACTHUBOCTI, IO M BIJHIMAHHSA [UIMX HEBII'€MHHUX

quced.

[Ipuknanu:

7 5 _ _73-54 _ 1
1) g—g{76>58,HCK(8,6)—24}— TR
2) 5-22=42_22=27272,

7 7 "7 7 7
3) 5;-22={1-6<3-55:<2}=42-22=222=322
3 "6 3 6 3 "6 6 6 2
4.1.8. O3nauennsa 000ymky 000amHUX pAuiOHAJIbHUX YUCEI,

1020 IcHyeanua i €Ounicmo. Onepayiai MHONCEHHA O000AMHUX
payionanvHux uucen ma it 61acmueocmi.
Hobymxom JOBUIBHUX JIOJATHUX paIliOHAJbHUX yucel a 1 b

(mo3HavaeTbes a-0), ski MarOTh CBOIMHU 300paKEHHSAMH BIAMOBIIHO APOOH

m

. T . .
; ; , HasWBA€TBCA MOOJATHE pallOHAJIbHE YHCIO C, 110 MA€ CBOIM

.- mr
300paKeHHSIM JIp10 g

O3naueHHss A0OYTKYy JABOX JOJATHUX pAallOHAIBHUX YHUCEN €
OJIHOYACHO ¥ O3HAYEHHSM JJOOYTKY JBOX APOOIB:
mr, _mr
ns ns.

Teopema 12. JIoOyTOK [BOX MOJATHUX palllOHAJBHUX YHCET HE
3QJICKUTH BiJ 1X 300pakeHb.
Teopema 13. JIoOyTOK MOBUTBHUX JBOX JOJATHUX palllOHATBHUX

qUCeJI 3aBXKIU ICHYE 1 €TUHUM.

Omnepailiss Ha MHOXHWHI JOJATHUX PAallOHATIBHUX YHCEN, TpHU SKid
KOXHIN mapi umces a i D craBUTBhCS y BIAMOBIAHICTH 1X A00yTOK a-b,
Ha3WUBAETHCS MHONCEHHAM 000AMHUX PAYIOHANbHUX YUCEIL.

Teopema 14. Onepartiisi MHOXXEHHS JOJATHUX PaIllOHATbLHUX YUCET:

1) komyTtatuBHa: Va, b € Q+: a-b =b-a;

2) acomiatuBHa: Va, b, ¢ € Q+: (a-b)-c =a-(b-c);
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3) aucTpuOyTHBHA BiJIHOCHO JIOABAHHA: Va, b, c e Qu:
(a+b)-c=a-c+b-c.
Teopema 15 (3akOHM MOHOTOHHOCTI MHOXEHHs). Omnepariist

MHOXEHHS JTOJAATHUX palliOHAIbHUX YUCEJ MOHOTOHHA BIHOCHO:
1) BigHOMmEHHS piBHOCTI: Va, b, c € Q+:a=b — a-c = Db-c;
2) BITHOIIICHB MOPSIIKY, 30kpeMa: Va, b, ¢ € Q+:a<b —» a-c <b-c.
JloBenieHHst TeopeMu 15 1iIIKoM aHalloriyHe JOBECHHIO TeopeMH 8.
Teopema 16 (mpaBuiia CKOPOYCHHS Uil MHOXKEHHS). J{JIT MHOMEHHS

TOAATHUX paIllOHAJIbHUX YHCET MAaloTh MICIE TpaBUiia CKOPOUYCHHS
BIJTHOCHO:

1) BigHOMIEHHS piBHOCTI: Va, b, c € Q+:a-c=b-c > a=b;

2) BIIHOILIECHD MOPSAKY, 30kpeMa: Va, b, c € Qs+ a-c<b-c > a<b.

Ha mizncraBi 3aKk0HIB MOHOTOHHOCTI JOJAaBaHHA 1 MHOKEHHS TOJATHUX
palioHaJIbHUX YHCEJ, AHAJIOTIYHO SK 1 JJIS IUIMX HEBII'€EMHHMX YHUCEI,
JIOBOJISITCS BIACTUBOCTI PIBHOCTEHM YM HEPIBHOCTEH.

3HalieMo J0OYTOK ABOX HATYypaJIbHUX YMCEJN, 110 PO3MISAAIOTHCS K
IOoJaTHI pamioHalbHi uucna. Haragaemo, 1o iX HECKOPOTHUMU
300paX€HHSIMU € JpoOH, YHUCEIbHUKU SIKUX JIOPIBHIOIOTH 3aJaHUM
HaTypaJIbHMM YHCJIaM, a 3HAaMCHHHMKH — ofuHuIli. Hexalt m i K moBinbHI
HaTypajdbHI yucia. Po3rismatoun HatypaibHi umcia m i K sk apoow,
MaTHMEMO

I_Ie IIoKazye, MmO MHOXCHHS OOHATHHUX paHiOHaHBHI/IX qucesl €
Y3araJIbHCHHAM IIOHATTA MHOKCHHSA HATYPAJIbHUX YHCCII, a IIOHATTA
MHOKCHHsI HATYpPAJIbHUX YHUCC]I — YAaCTKOBUM BHIIAJIKOM MHOKCHHA
JO0JaTHUX paHiOHaJH)HI/IX YUCCII.

1 1 m
3aypaxenns. IHOxi y mpuknagax i sajauax Ipodn — 3alACyHOTBCSA
. . T
m/ ., a milmani uncia g~ - g T/

MHOX€eHHSI OAATHOTI'O PAaIlOHATBLHOIO YKCJia HAa HAaTypallbHE YHCIIO
MOXHa MPOLTIOCTPYBATH HA TAKOMY MPUKIaI].

ABTOMOOUT, mpoxomuTh 3a 1 xB. 3/5 km. MAxkuil uugx mpoiiae
aBTOMOOLIb 3a 4 XB.?
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Jl1s1 oneprkaHHA BIAMOBII € IBA CIIOCOOM PO3B'sI3yBaHHS:

1) 75+ %6+ 26+ %6 =196 =275 (),
2 %4305 2% ),

K1 IPUBOJAATH JO OJHOIO 1 TOTO K camMoro pesynbTary. lle mae 3mory y
3araJlbHOMy BHIAIKy TOBOPHTH IIPO T€, IO MHOXKCHHIO JOJaTHOTO
PaIlOHAIFHOTO YKCJIa HAa HAaTypaJIbHE YHUCIIO MOYKHA HAJIaTH TOM K€ 3MICT,
10 ¥ MHO>KEHHIO HaTypaJIbHUX YHCEII, KOJIU JOOYTOK BU3HAYAETHCS Uepes
CyMy PpIBHUX JOJaHKIB, YOr0 HE MOXKHAa CKa3aTH TMPO MHOXKCHHS
HaTypaJIbHOT'O YHCIIa Ha APOOOBE JI0JaTHE YHUCIIO. Po3riistHeMo mpukiaz,.
[IBuakicte aBTOMOOLIA 50 KkM/roa. 3HAWTH NUIAX, SKAK IIpoMe

3 12
aBTOMOOLIb 3a: 1) % rof.; 2) A roia.; 3) A TOJI.
OueBuHO, 110 3a % roJi. aBToMo011b nipoiae nusix 50 15 = 10 (km) 1
50 - /5 =10 (xkm).
| y o ¥y
Ockinpky 3a /9 roj. aBToMo0ins mpoiige 10 kM, To 3a /9 rox. BiH
3
npoiae 10 - 3 =30 (km) 1 50 - / =30 (xkm).
. 12 7 7 . o
OcCK1UIBbKH A roj. = A roja., TO 3a A roj. aBTOMOOUIL TIpoiie

107270 Gean) § 50126 =50 /5 =70 (san)

KaxxyTb, 110 MHOXKEHHsI JOJIATHOTO PAIliOHAIBHOTO YHCJa, 30Kpema
HATypaJIbHOrO0, Ha JpoOOBE 4YHUCIO € 3HaxoodcenHAM "wacmunu” 610
"yinoeo", HaBITH AKIIO "JyacTUHA" OLIbIIIA OJUHMIILI.

4.1.9. O3nauenns uwacmku 000AMHUX PAUIOHATIbHUX Yuce, (T

icHyeanus i eOunicmo. Onepayis OineHHA.

JlineHHsT JOAaTHUX palllOHAIBHUX YHCENT PO3TIISIAETHCS SIK OTepallis
oOepHEHa MHOYKEHHIO.

Yacmkoio NOBUIBHMX JOJATHUX paIliOHAJBHUX dYuced a 1 b

a

(mo3HayaeThes a: b abo D) masuBaeTncs nomatHe panioHanbHE YHCIIO X
Take, mjo b-xX = a.
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Otxe, b-(a:b)=a abo (a:b)-b=a.
Teopema 1/. YacTka J0OBIIBHHUX JIBOX JIOJIATHUX PalliOHATBHUX YHUCE]

3aBX/W ICHYE 1 €/IMHA.

Ha ocHoBi Teopemu 17 BBOAUTHCS O3HAYEHHSI.

Omnepailis Ha MHOXHHI JIOJATHUX pallOHATIBHUX YHCEN, TPH SKIN
KOXKHIN mapi 4yucea @ i D cTaBuThCsA y BIANOBIAHICTH IX yacTka a . b,
HA3UBAETHCA OLIEHHAM 000AMHUX PAYIOHATLHUX YUCE].

HoBenena Teopema 17 nae MOXKIMBICT 3HAXOJAUTH YaCTKy JBOX

Ipo0iB, a caMe:
m-s m

n-r n

S |3

r
s

I ~low

Hpi6 ; HA3UBAETHCS 0OepHEeHUM 0 TPOOyY o

3 TeopeMu 17 ofiepKy€eThCa HACIIIOK.

Hacminok 3. Ha MHOXWHI J0JaTHUX pamiOHANBHUX YHCET IS
JOBUTBHMX YHCel a 1 b piBHAHHS DX = & Mae € MHUI PO3B'I30K.

JlomaTHe palioHaJIbHE 4YHCIO D Ha3UBAETHCI OOepHeHuM 0

JOAATHOTO PAIliOHATIBLHOTO YKMCIIa a, KO0 X J00YyTOK gopiBHIOE 1. Yucno,
0OepHEHe JI0 YhciIa a, TO3HAYAEThCd at,

3 HacIAKY 3 OACPKYEMO.

Hacninok 4. JIyisi KOXXHOTO J0JAaTHOT'O PalllOHAJIBLHOIO 4YHCJIa ICHYE

€IUHC 06epHeHe ﬁOMy YHuCJII0.

OueBUIHO, IO KOJW YHUCIO & Ma€ CBOIM 300pake€HHSIM Jpi0 — > TO
oOepHEHE HOMY YHMCJIO MaTUME CBOIM 300paKeHHSIM JIp10 OOEpHEHUt

n
JaHOMY, TOOTO —

JlineHHsT HaTypajJbHUX 4YHCEJI € YacTKOBUM BHUIAJKOM JIICHHS

JTOAATHUX pallloHaIbHUX uncen. JliiicHo,
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m
n .

m:n= = =

| 3
| 3

nom1
1 1n

Orxe, Api0 MOXHA pO3MVILAATH SK YacTKy BIJ JUICHHS HOTo
qHCceIbHUKA Ha 3HAMCHHUK.

PosristHemMo 3amady. ABTOMOOLUIF IPOXOJMB & KM 3a b rox. 3Halith
IIBUJIKICTh aBTOMOOLIS.

BianoBias 3HaAXOAUTHCS 3a JOMIOMOIOK0 AUIEHHS a Ha b He3anexHo Bix

TOTO, IKMMH € uncia a i b. Hanpukian:

1)a=80km, b=2rox., a:b= 80:2=40(km/rox.),

2) azg KM, b:6—14ro,u., a:b 22:6—14 =§-6—14 =5 -% = 40(xkm/ron.);

3)a=70km, b= 1zr0n., a:b=70: 1% = 70-%240 (km/rom.).

OCKUIBbKM y TaKHMX 1 MOAIOHMX 1M 3a7adax JIy>Ke 4acTo 4Hciio b OyBae
MEHIIIMM BiJl OJMHHMII, TO TaKi 3aJadi MOXHa TpakTyBaTh mpu b <1 sk
3HAXOKeHHs "1uToro" (IMBUAKOCTI 3a 1 roj.) 3a Moro "yacTuHom'.

['oBOpPSATH, 110 IUICHHS HA JOJAATHE APOOOBE YHCIIO € 3HAXOONCEHHAM
Yino2o 3a 1020 4acmuroio, HaBITh KO "'yacTuHa'" Olnbmmia 1.

[loOynoBaHa MHOXXHMHA JOAATHUX palioHATbHUX dYucen Q+ €
PO3IIMPEHHSIM MHOXXWHU HatypajibHuX uucen N. [iiicHo, MHOXUHA N €
BJIACHOIO IMAMHOXHUHOI0 MHOXHHH Q+. Kpim Toro, Bci omepariii Ta ix
BJIACTMBOCTI 30€perimcs IJIs HAaTypalbHUX YHCEI SK IS JOJaTHUX
pauioHanbHUX yucesn. Onepanisa AUICHHs, ika OyJia YaCTKOBOIO Y MHOXHHI

N, cTajia BAKOHYBAHOIO Ha MHOXHHI Q.
4.2. lecATKOBI ApooH

4.2.1. IHonamma npo Oecamkosuit Opio. Ilowupenns
RO3UYIIIHO20 NPUHYUNY 3ARUCY 00 3aANUCy 0ecAmKosux o0poois.
Baacmueocmi oecamkoeux opooia.

AJTOPUTMHU TOPIBHSHHA JOJATHUX paIllOHATBHUX YHUCEN 1 omepartii
HaJl HUIMU CKJAJHIII, HIXK HaJ HATypaJIbHUMHU YMCIIaMH, L0 3alUCaHl y
JOBUIBHIA TO3ULINHINA cucTeMl YUCIeHHS. TOMy MPUPOIHO MOUIUPUTH
NO3UIIIMHUI TPUHLUMN 3alKiCy HATypallbHUX 4YHMCEI Ha JOJaTHI
palioHaJIbHI 4YHMCJa, BIPHINIE, HA OKpeMl BHAM JpoOIB, M0 € iX
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300paKEHHSIMU.

Hpi0 HasuBaeTbcsa cucmemamuynum (cucmemmnum), SKIO HOTO
YUCEJIbHUK € HaTypaJlbHUM YMCJIOM, 3allUCAaHUM Yy MO3MIIIHHIA cHCTeMi
YUCJICHHS 3 OCHOBOIO (, @ 3HAMEHHUK — HaTypaJbHUM CTEIIEHEM OCHOBH (.
VY npakTU4HIN ISUIBHOCTI JIIOJUHU OCOOJIMBE MICIE TOCIIae JECATKOBA
CUCTEMa, a TOMY 13 CHUCTEMHHX JApOoO0IB HaWyacTille KOPUCTYHOTHCS
JECATKOBUMU JIpoOaMH.

Jpi0 Ha3uBa€TbCs OecamkosuM, SKIO MOro 4YHUCEIbHUK €
HaTypaJIbHUM YHUCJIOM, 3allMCaHUM Y JECATKOBIM CHCTEMI YHCIICHHS, a
3HAMEHHUK — HaTypajdbHuUM crereHeM 10. 3a o3HAYCHHSAM 3arajlbHUN BU]T
JECATKOBOTO ApO0Y TaKUi
CoCpriiCo  €,10" +¢, 10" +...+¢,10 + ¢,

m>~m-1"""1-0

10" 10"

a=

JlecsitkoBuil  ApiG, mpuiiHATO 3ammcyBaTH 2= 3k dci-8o, Db, D,

TOOTO 0€3 3anucy 3HaMeHHUKa. YacTo 1ei 3anuc 1 Ha3UBaKTh AECATKOBUM

apobom. Y Hpomy uymcno %% pasmBaeThca  yinowo  uyacmumoio
oecsamkogozo 0Opoby, a napid 0.b,b,..b,  jior0 0po00BOI0 UACMUHOIO.
npuuomy tmdpu b1, by, ..., bn — decamkosumu snaxamu, BignmoBimHO

NEePIIUM, IPYTHUM, ... , N—THUM.

SKmo aecaTkoBui apid mpaBUIIBLHMI, TO HOTO I11J1a YaCTHHA JOPIBHIOE
Hymro. Ilina yactuHa Big JIpoOOBOI BIAAUISETHCS KOMOO. s 3pydHOCTI
4acTO 1Ty YacTUHY JIECATKOBOTO ApoOy I03HAYalOTh OJHUM 3HAKOM,

HanpukiIaa Do. Tomi TecaTKOBHi Ipi0 3aMUIICTHCS b, b,b,..b,

Jns Toro, moO0 3amucaTd JECATKOBUM Jpi0, MOCTYMAIOTh TakK:
3aMHUCYIOTh YHCEJNBHUK JAHOro ApoOy 1 clpaBa HAIIBO BiAPaXOBYIOTh
CTIIBKHU ITU(p, AKUN TMOKA3HUK CTETEHS MOro 3HAMEHHUKA (CKUIBKUA HYJIIB
Ma€ 3HaAMEHHHUK Jpo0y); MiC/sl IHOTO BUIAUISIIOTH BipaxoBaHi HUPPU
KOMOIO; SIKIIIO HU(P YKCENbHUKA IS MIIPaXyHKy HEJOCTATHBO, TO 3J1iBa
NPUIMIACYIOTh HYyJl. UHWTa€ThCs NECATKOBUU Jpi0 3a TaKUM IPABUIIOM:
CIIOYAaTKy HAa3MBA€EThCS YUCIO, 300pakeHe HUppaMu 1O KOMH, MOTIM
BHUMOBJIIETHCS CJIOBO "HUIMX', Jajl Ha3MBa€THCS YHCIO, 3alucaHe
nudpaMu  MmicasT KOMH, HAMNPHUKIHII HA3UBAETHCS 3HAMEHHUK Jpo0y.
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354 : 36
Hanpuknan: Too - 3,54 (Tpu 1iIUX N'ATAECAT YOTUPU COTHUX); Too " 0,36
207

100000 = 0700207 (HYHB IMUJINX ABICT1

(HyJIb IITUX TPUILATH MIICTh COTHUX);

CIM CTOTHCSTYHUX).

Hapnaku, 100 3anucaTtd JECSATKOBUW Jpi0 3BUYAMHUM, MNOTPIOHO
BIIKUHYTH KOMY 1 OJ€p)KaH€ YHUCIO 3alucaTd 4YHCEJIBbHUKOM Jpo0y,
3HAMEHHUKOM ke 3armucatu guciio 10", me N — KuIbKicTh mudp micis

KOMH, TOOTO KIJIBKICTh JECATKOBUX 3HAKIB.
18 18 215 215
Hanpuknaz: 0,0018 =— = , 216=—=—.
10 10000 10 100

HatypasbHi unciia TakoK MOKHA 300pakaTH JECATKOBUMH JIpoOamu,

B SKHX yCl JI€CSITKOB1 3HAKH PIBHI HYJIIO.

Ha ocHOBI MO3UIIIHHOTO MNPUHIMIY 3alUCy JECATKOBUX APOOIB 1
BJIACTHBOCTEH 3BUYANMHUX APOOIB HEBAXKKO BCTAHOBUTH TaKi BIIACTHBOCTI
JEeCSITKOBUX JIPOOIB.

1. JlonucyBaHHsI HYJIIB CIIpaBa J0 AECSATKOBOrO JIpoOy HE 3MiHIOE
HOT0 BEJIMYUHHU.

2.3 IBOX HECATKOBUX MpoOiB OLIBIIUN TOW, Yy SKOro OijibIna HOro
ila 4yacTuHa, abo X, SKOIO LIl YaCTHMHU PIBHI, y SKOTO paHille
3YCTPIHEThCS OUIBIINI BIAMOBITHUM TECATKOBUM 3HAK.

3. {06 3BecTH ecATKOBI ApOoOH 10 CIUIBHOTO 3HAMEHHHKA, Tpeba 3a
JIOTIOMOTOI0  IOTIMCYBaHHSI HYJIIB CIpaBa 3pIBHATH y HUX KIUIBKICTh
NECATKOBHUX 3HAKIB.

4. 106 nmomHoxkMTH (OAIMNTH) AecaTkoBuil apio Ha 10X ne k € N,
Tpeba MmepeHecTH y HboMy KOMY BITpaBo (BITiBO) Ha K riudp.

Hanpuknaa: 3 aBox aecaTkoBux apo6OiB 23,546 1 23,583 Ouibmum
Oyne npyrwmit apid, 60 23 =23, 5=5, a 4 < 8§, omxke 23,583 < 23,546.

4.2.2. Anzopummu apugpmemuunux onepauii Hao
oecaimKosumu opooamu.

[To3umiiHui MOPUHIUAN 3aMUCy JECATKOBHX JpoOiB  TMOJETIIYyE
BUKOHAHHS apu(PMETUUHMX Olepalliii HaJl HUMHU, IPUUYOMY CyMa, PI3HUIIS
(K110 BOHA ICHYE) 1 JOOYTOK JNECATKOBUX APOOIB € TaKOX JECITKOBUM
IpoOOM. Ajle YyacTKa JECSITKOBHUX JPOOIB HE 3aBXAu Oy/e JeCATKOBUM
npobdoM. He oOMexyroun 3araqbHOCTI MIpKYBaHb, MOXHA BBa)kKaTH, 1110 Y
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HUX OJHAKOBE YUCJIO JIECATKOBUX 3HAKIB.

ToMy moTpiOHO IpH 10/1aBaHH1 IBOX a00 O1IbIlIe AECATKOBUX JIPOOIB
MAMUCATH 1X OOMH I OJOHUMHM Tak, MO0 IIUIl YAaCTHMHHM 1 BIAMOBIIHI
JECATKOBI 3HAKM 3HAXOAWINCh OJIUH Tia oaHuMm. [loTiMm mnoTpiOHO
BUKOHATH JIOJJaBaHHS HANMCAHMX YHCENI SK HaTypajJbHHX 1 B OJIepKaHIi
CyMl BIJIOKPEMHUTH CIIpaBa CTIIbKH JECATKOBHUX 3HAKIB, CKIIBKH IX Mae

TOAAHOK 3 HaNOIIBIIO KUIBKICTIO JECATKOBHMX 3HaKiB. Hampukian:
2,347 + 0,4235 + 15,624 = 18,3945

2, 3 47
+0, 4235
15 624
18 3945

[Ipu BimHIMaHHI JECATKOBUX APOOIB, SKIIO PIZHUI ICHYE, MOXXHA
MOCTyNaTU TaK, K 1 MPU BiAHIMAHHI HATypajJbHUX YHUCEJN, MPU LBOMY
HEMa€e HEeOOX1JHOCTI 3pIBHIOBATH KIJIBKICTh AECATKOBUX 3HAKIB y APOOIB-
KOMITOHEHT.

[I{o6 3HalWTH PIZHUIO ABOX AECATKOBUX APOOIB MIAMUCYIOTHh iX OJUH
M OJHUM TakK, IMOO Il YaCTUHU 1 BIAIOBIIHI JECITKOBlI 3HAKU
3HAXOAUJINCh OJMH T OAHUM. [IoTiIM MOTpiOHO BMKOHATH BiAHIMAHHS
3aMUCaHuX YHKCENl K HATypaJdbHUX 1 B OJEpKaHId PIZHUIN BIIIUIUTH
CIpaBa CTUIBKH JIECATKOBHX 3HAKIB, CKUIBKM iX Yy JIp0Oi-KOMIIOHEHTI 3
HaWOUIBIIO KUIBKICTIO IECATKOBUX 3HAKIB. Hampukia:

5,243 —2,5678 = 2,6752

5, 2 4 3
- 2,56 738
2, 6 7 5 2

[Ilo6 3HaiiTH 100yTOK JABOX JECATKOBHX Jpo0iB  MOTPiOHO
MEPEMHOXKHUTH iX SIK HATypaJibHI YMCJIa, HE 3BEPTAIOYM yBarm Ha KOMH, a
MOTIM y JIOOYTKY BIJJUIMTH KOMOIO CIIpaBa CTUIbKU JIECATKOBHX 3HAKIB,
CKUJIBKH iX € B 000X MHOXHHUKax pa3oMm. Hampuknan:

3,924 - 0,23 = 0,81052

3,

5 2 4
X 0, 2 3




163

105 72
70 4 8
0,81 0 52

Ha mpakTuili JijgeHHS JIEeCATKOBUX JApOOIB BHUKOHYETHCS 3a TaKUM

MPaBWJIOM: JIJCHHS JBOX JECSATKOBHUX JPOOIB 3BOAUTHCS 1O JIIJICHHS
JIECATKOBOTO P00y Ha HATypaJIbHE YUCJIO HMUIIXOM MHOEHHS JIJIEHOTO 1
IUIbHUKA Ha 3HAMEHHUK OiabHUKA, ToOTO Ha 10", me N — u4wmcio
JIECITKOBHX 3HAKIB JIIJIbHUKA.

Hampuknan: 0,3424 : 0,08 = 4,28.

[TomHOXMUMO mineHe i mimbHUK Ha 102 =100 i momismmMo oJicpKaHi
yucna: 0,3424 : 0,08 = 34,24 : 8 =4,28.

4.2.3.Ilepemeopenns 36udaiiHux opooie y 0ecamkoesi.

JlimeHHs AeCITKOBUX ApoOiB BUMAarae BIAMNOBIAI Ha MUTaHHS PO TeE,
YU 3aBXM YaCTKa BiJ AUICHHS JIBOX JIECATKOBUX APOOIB Oy/i€ JECATKOBUM
apoOoM. [HIIMMH CI0BaMH, YU 3aBXKIHU Yy KJacl piBHUX APOOIB 3HANUIETHCS
TECATKOBHI APi0.

3HaXO/XKEHHSI  JIECSITKOBOro  Jpo0y, 110 JOPIBHIOE  33JaHOMY
3BUYAHHOMY JIpO0Yy, HA3UBAETHCS NEPEeMBOPEHHAM 36UYALHO20 Opo0OY y
0ecsmKoBUL.

Mae miciie Teopema.

. oM .
Teopema 1. HeckopotHuii api0 — TIEPETBOPIOETECA Y JECATKOBHH

JIp10 TOM1 1 TUIBKM TOA1, KOJM KaHOHIYHUN PO3KJIaJ 3HAMEHHHUKA Jpo0y
MICTUTD JIUILE TPOCTI MHOKHUKHU 2 a00 5.

[Ilo6 mneperBOpUTH 3BUYAWHUN ApiO Yy JECATKOBUM, IOCTAaTHHO,
CKOPHUCTABIIMCh OCHOBHOIO BJIACTUBICTIO JpoOy, MaHWil ApiO 3aMiHUTH

piBHUM oMy 31 3HamenHukoM 10", Hampukma:
3_3 35 15 ..
20 2*.5 2°.5* 100

[lepeTBOpeHHST 3BUYANHOTO P00y y JECATKOBUN MOXHA 31HACHUTH 1

HO-iHIHOMy: BUKOHAaTHu I[iJICHHH YHUCCJIbHUKA Ha 3HAMCHHHUK, JOIIMCYIOYH
J0 4YHCCIbHHUKA Hy.Hl o OJHOMY, IOO0KH I[iHCHHH HC 3aBCPUINTBLCA.

._ 7 . : .
Hanpuxknan, npid 70 IEPETBOPUTHCS Y NECATKOBUH, 00 BiH HECKOPOTHHII 1
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40 = 23-5. Maewmo:

7 |40

70/0, 175

40

300

2 80
20 0
20 0

0

Omxe, — = 0,175.
40

PosrnsHyTuii METOa MEepEeTBOPEHHS 3BUYAMHUX JIPOOIB y JECITKOBI
HA3UBAETHCI MEMOOOM OLIEHHA.

4.2.4.Heckinuenni nepioOuyuHi 0ecamikosi opoou.

PosrasiHemo 1Ba npuKIIaau 3aCTOCYBaHHS METOY AUICHHS 10
3BUYAHUX IPOOiB, K1 HE IEPETBOPIOIOTHCS Y IECATKOBI IPOOH.

9 13
Hanpukian, ans apo6is 37 i 22 matumemo:
9 |37 13 |22
9 0/0,2432. 130/0,59090090.
A4 110
160 200
1 48 198
120 2 00
111 1 98
90 200
7 4 1938
160 2 0.

VY 1mux npukiagax oAepKyeEMO HECKIHUEHHI JIECSATKOBI ApoOu. SKmio
JUTCHHST TIPUTTUHUTH Ha K—TOMY KpOIli, TO OTPUMAEMO JICCATKOBHIA JIPi0,
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1
1—0}(, a TOMY

MOYEMO MOKJIACTH, 1[0 %: 0243243243... i g = 0,5909090. ..

Po3risin nux mpukiajaiB MokKasye, 1Mo Yepe3 CKIHUCHHE YUCIO0 KPOKiB

KWW € HAOIMKEHHSAM 3 HEIOCTA4Y€I0 TAaHOTO APOOY 3 TOUHICTIO

OJIEPKYETHCS OCTaua, sika ab0 JOPIBHIOE YHUCETBHUKY Ipoly (9), abo
OJIHIM 3 momnepeaHix octad (20), a ToMy Ha OCHOBI TEOPEMH MPO €UHICTh
YacTKU 1 OCTayl MpHU JAUICHHI 3 OCTa4Y€l0 HECKIHYEHHUM JECATKOBHUH NIpi0
YTBOPIOETHCS, TMOYMHAIOUM 3 JEAKOTO JECATKOBOIO 3HAKY, KOPTEKEM
nudp, 10 MOBTOPIOETHCA. Y MEpHIOMY MPHKIAAl Iie KopTex 243, a y
npyromy — 90.

HeckinueHHuii 1eCITKOBUM P10 HA3UBAETHCS nEPioOUdHUM, SKIIO BIH
YTBOPIOETHCA TOBTOPEHHSAM KOPTEXKY IMdp, MOUYMHAIOYU 3 JESIKOTO
JIECATKOBOTO 3HAKY.

SIKIO ~ TOBTOPIOETBCA  KOpTexk  1udp  JOBKHHOI K, TO
IIOBTOPIOBATUMYThCS 1 KopTexi 1udp 3 nosxunoro 2K, 3k, 4k, ... .

Yucno, TeCITKOBHM 3alHC SIKOTO € KOPTEKEM HAMMEHIIOI JOBXKHUHHU,
[0 32 JOMOMOTOK) HHOT'O YTBOPIOETHCS MEPIOAUYHUN Api0, HA3UBAETHCS
nepiooom, a TOBXUHA KOPTEKY — 008AHCUHOIO Nepiody TIEPIOAUIHOTO J00Y.

[lepioanunuii 1pi0 HA3UBAETHCS:

1) uucmum, AKIIO TEPiOJ MOUYNHAETHCSA 3pa3y IiCIsT KOMHU;

2) Mmiwanum, SKIIO MK KOMOTO 1 TIepioJIoM € JECATKOBI 3HAKH.

JlecsATKOBI 3HaKU MK KOMOIO 1 TIEPIOJIOM YTBOPIOIOTH JOMEPIOIUYHY
JaCTHUHY.

[Ipy cMMBOJIIYHOMY 3aMKUCy MEPIOIUYHUX IPOOIB 3aMICTh JECATKOBHUX
3HaKIB, 110 MOBTOPIOIOTHCS, BKA3YEThCS JIUIIE TEpioj, KUK OepeThes y
nyxku. Tak mnepiognunuii api6 0,243243243... 3anumerbcs 0,(243)
(untaeThes "HyJMb IMIAMX JABICTI COpOK Tpu y Tmepioai"), a apid
0,590909090... € mimanuMm nepioaudHUM Aapodom 1 3amumetbes 0,5(90)
(untaeTbea "HYIb IIUX M'SATh JECITUX N0 TEepioay 1 JEB'THOCTO Y
nepiomi").

Teopema 3. KokHMIT HECKOPOTHHUI 3BUYAHUN P10 MEPETBOPIOETHCA
y TeploJUYHUN Jpi0, SKIIO KAHOHIYHUM pO3KiaJ 3HAMEHHUKA MICTUTh
xo4ya 0 OJMH MPOCTUM MHOKHUK, BIIMIHHUAM BiT 2 1 5.
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Koxxauit necaTkoBuil 1pid MOXKHA 3aMMKUCaTH Y BUTIISA1 TIEPIOTUIHOTO
JIpo0Oy 3 pI3HUMHU IepiogaMu. Po3rissHeMo 11e Ha MpUKJIaIi:
0,5=10,500000... = 0,5(0).
Aune HeBaxkko nepekoHatucs, 1o 0,5 = 0,49999... = 0,4(9), 60
049 =24 _B_1_45
90 0 2
Teopema 4. SIkiio 3HAMEHHUK 7 3BHYAWHOTO  MPaBUIHLHOTO
HECKOPOTHOI'O Jpo0y % B3a€EMHO IIpocTuii 13 umciaom 10, To 1pid
IIEPETBOPIOETHCS Y YHCTHIH TICPIOTUYHHMEA JApi0 13 JOBXKHHOI0 Tepiony K,
ne k — HaiiMeHIe HaTypanbHe yncio Take, mo (10K—1) i n.
3ayBakeHHs. 3 TeopemH 4 BUILIMBAE, 110 HaWMEHIE HaTypajbHE

gucio K Take, mo 10K pu JIJICHHI Ha 3HAMEHHUK Jpo0Oy nae octauy 1 1 €
JIOBKUHOIO TIEPioAy MpH TMEPETBOPEHHI Y JACCATKOBUM Api0d 3BUUYAMHOTO
HECKOPOTHOr0 Jpo0y 13 3HaMeHHUMKoM N, ae 10 1N B3a€EMHO MPOCTI.
Hampuknan, s 3HaXOMKEHHS JOBXKHUHH TEpioay JUIsi HECKOPOTHUX
npo0iB 13 3HAMEHHHUKOM 7, oiepkyeMo octadl: 10 mpu aijneHHi Ha 7 gae
ocrauy 3; 102=10x10 mae Ty x ocrauy, mo 3x3, TOOTO OAEPKyeThCs
gucio 2; 10° = 102x10, mae Ty % ocrady, mo i 3x2, TOOTO OJEPKYEThCS
ocraua 6; 10* = 10°x10?, mac Ty % ocTady, mo i 2x2, TOOTO OAEPKYETHCS
ocraua 4; 10°=10%x10, mae Ty 3 ocrauy, mo i 4x3, T06TO 5;
10® = 10°x10%, mae Ty * ocrauy, mo # 2x4, To6To 1. Tomy Bci 3BMYaliHi
npobu BI/I,Z[Y%, y SKUX YUCETBHUK M B3a€EMHO MPOCTUH 13 YHCIOM 7,
MEPETBOPIOIOTHCA Y YUCTUM TEPIOJUYHUN JIpi0 3 JIOBXHUHOIO TEpIOTy
p1BHOIO 6.

Teopema 5. Sxmo 3HamenHuk N = 2%-5/-n; 38BM9aliHOr0 HECKOPOTHOTO

m o . .
NpaBUIBLHOTO Jpo0y — Takui, 1o uyuciaaNii 10 B3aeMHO TpoOCTi, TO
II

Ipid  TEpPEeTBOPIOETHCA y MIIIAHUN MEepioguyHui Api0 3 JOBKUHOIO
nepiony k, ne k — HaiiMeHie HaTypansHe ymcio Take, mo (10X—1):ngi
YUCJIOM JIECATKOBUX 3HAKIB Yy JIONEPIOAWYHIN YacCTHHI PIBHUM ), J€ Y —
HalOUIbIIe 3 yucen a i f, Tooto y = max{«, F}.

3agaya 1. BuscHuTy, B KU NEepioAUYHUN Api0 HEPETBOPIOETHCA
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(v w . m . .
3BUYAWHHUN APi0 Taor 1€ m 1 140 B3aeMHO TIPOCTI.

o .M o . .
» Jlanuii n1pid —, HECKOPOTHHH, 00 yucima mi 140 B3aEMHO MIPOCTI.

3HaiiIeM0O KaHOHIYHUM PO3KJIa/J 3HaMEHHHUKA JIpooy:
140 = 22.5.7.
3rimHo TeopeMu S5 npid % NEPETBOPIOETHCS Yy MIMIAHUI MEPIOTUIHUN
apid 13 YHCIOM JECATKOBHX 3HAKIB Yy JOMNEPIOAWYHIA YacTHHI
piBauM Max{2, 1} =2 i 3 g0BXKHHOIO MepioAy piBHOMY umciIy 6, 60 6 €
HallMEHIINM HaTypaJbHUM YUCIOM TakuM, mo (108 —1) : 7.
BignoBinp:  api6 TS

MEPETBOPIOETHCS Yy MINIAHUM MEPIOAUYHUN Jpi0, Y SIKOrO JONEepioarudHa

ne wumcnami 140 B3aeMHO MpOCTI,

JaCTHMHA CKJIAJA€ThCS 13 IBOX JIECSITKOBUX 3HAKIB, a MEPIOJ MA€ JTOBXUHY
6. <

3a 03HAYCHHSIM KOXHE JOAATHE PalllOHATIBHE YUCIIO € KJIACOM PIBHUX
npo0iB. Y 1IbOMY KJIacl BUAUISETHCS €IMHUN HECKOPOTHHM Jp10, OCTaHHIN
MEPETBOPIOETHCA a00 y IECATKOBUM Jpi0, a00 y MepioguIHu AECATKOBUI
Ipi0 AiJeHHSM YHCEIbHMKA Ha 3HAMEHHHUK. 3a OCHOBHOKO BJIACTHUBICTIO
YaCTKM IIUIUX HEBIA'€MHUX YHCEI yCl PIBHI 3BHYAMHI  JpoOHU
MEPETBOPIOIOTHCSA B OJIMH 1 TOM caMUi JIECATKOBUM ApiO. A TOMY KOXKHE
JTOJaTHE palllOHAJIbHE YHCIIO NEPETBOPIOEThCA a00 y NECATKOBUMN Jpi0,
a00 y NMepIOJINYHUI  JIECITKOBUM npi0, NOpPUYOMY TIpU TNEPETBOPEHHI
METOJIOM A1JIEHHS Takuu Apid Oyne e TMHUM.

KosxHuii necsTkoBui 1pi0 MOXKHA 3aIUCATH Y BUTJISI NIEPIOAUYHOTO
npo0y 3 pi3HUMU TIEpiogamMHu.

Teopema 6. KoxHe pomatHe palioHaJIbHE YKHCIO OJHO3HAYHO
300paXa€eTbCcsl  MEPIOJUYHUM  JICCATKOBUM  JApoOOM,  SKIIO  HE
KOPUCTYBATUCS TEPIOJUYHUMHU JpoOaMu, MEPIoj SKUX CKIATAETHCS 3
oaHi€el udpu 9.

4.2.5. Ilepemeopennsn  nepioouyHux oOecamkosux O0podie y
36UUAIIHI.

PosrisiHeMo oOepHEHy 3ajiady: 3HAWUTU 3BUYANHUNA Api0, y SAKUU
MePEeTBOPIOETLCS  3ajJaHui  mnepioguyHuii  1pid6. He  oOmexyroumn
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3arajJlbHOCTI MIPKyBaHb MOKHA BBa)KaTH, IO IIijla YaCTHHA MEPI0IUIHOTO
npoOy nopiBHOe (0, 00 KOIM II¢ HE TaK, TO JOCTaTHHO 3alucaTh
NEPIOUYHUN JIp10, SIK CyMy HWOrO I1J101 YaCTUHU 1 MEPIOJIUYHOTO0 JIpoOy 3
IIIJIOI0 YaCTHHOIO piBHOMO 0.

[1106 mepeTBOPUTH YMCTUM TIEPIOAUYHUN APIO Y 3BUUAMHUIN MOTPIOHO
3alucaTH IUTYy YacTWHY, SKIO BOHA BiamiHHA Bix 0, 1 10 Hei momucaTu
npi0, YMCENBHUK SKOTO € TMEepioIoM Apo0y, a 3HAMEHHHK € YHCIIOM,
3alMCaHUM CTUIbKOMA JIEB'ITKaMU, CKITbKU UG Y Mepioii.

[Ilo0 mnepeTBOpUTH MIMIAHUN TEPIOAUYHUNA Jpi0 y 3BUYANHUMN,
NOTPiOHO 3aMucaTH LTy YacTUHY, SKIIO BOHA BIAMIHHA BiJ HYJS, 1 10 HEl
JOAaTH 3BUYAMHUN Jpi0, YMCEIHHUKOM SIKOTO € PI3HHULS MIXK YHCIAMH,
300paXEHUMU KOPTEXKAMH JECATKOBUX 3HAKIB MIK KOMOK 1 JPYTrUM
NeploOM Ta KOMOIO 1 MEpPIIMM NEPIOAOM, a 3HAMEHHHKOM € YHUCIIO,
3alucaHe CTIIbKOMA JEB'sITKaMU, CKITbKU IU(p y Mepioii, 10 AKUX CIIpaBa
INPUIUCAHO CTUIbKU HYJIB, CKIJIBKH JAECATKOBUX 3HAKIB € Y IONEPIOJUYHIN
YaCTHHI.

[Ipu BUKOHAHHI onepalliii 3 NepiIOIMYHUMU JAECATKOBUMU APOO0aMH iX
MIEPETBOPIOIOTH Y 3BUYAMHI.

3agava 2. OOUNCINTH 3HAYCHHS BHUPa3y:
(6,(11) - 4,1(6)) :1,(7)

(2.3(3) +2,(66)) ;

> I[J'IH 3HAXO/’)KCHHSA 3HAYCHHA BUPA3Y BUKOPUCTOBYEMO 00YHCIICHHS
3a ornepauiaiMM y NOpsSAKy, BU3HAYEHOMY BUPA30OM.
11 .1 16-1 15 1}

1) 6, (11)—4,1(6):{6,(11):6®:65; 4,1(6):4W:4%—4g

:6£—41:5E—4£:l—20_3 :12’
9 6 9 6 18 18

1£:0,(7)={0,(7)=z}=117-7—35-7—@=g=2,5;

2) 18 of "18'9 189 18.7
3) 2,3(3)+2,(66):{2,3(3):2E:2@=25; 2,(66) :2@:23}:2523:5;
0 9 3 9 3 3 3
5.5 _25
2

4) ;
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5) 25:25=1.

BinmnoBink: 3Ha4eHHs BUpa3y g0piBHIOE 1. <

4.2.6. Ilpouenmu (8iocomku).

Ha mnpakTvii YacTto TOBOAUTHCA KOPUCTYBATHUCS JECATKOBHUMHU
npo0aMH, 3HAMEHHUKH SIKUX JOpiBHIOIOTH uuciay 100, iX Ha3uBarOTh
MPOIIEHTaMH 200 BiJICOTKAMHU.

IIpoyenmom (6i0comkom) Ha3UBAETHCSA OJTHA COTA YACTHHA YUCia abo
oJuHUII (B1J JaTHHCBbKOro "procentum™ — "Bix cra") 1 mo3HavaeTbes 1 %.
Tomy numyTts 1 % = 0,01.

Po3pi3HAI0TH TPY OCHOBHI BUJM 3a/1a4 Ha B1ICOTKHU (IIPOLEHTH):

) 1) 3HAXOKEHHS BiJICOTKIB (IIPOIICHTIB) Bij YnCIIa;
wob 3HaUmu 8i0COMOK 8i0 YUCId, OOCMAMHbLO OdHe YUCAO NOOLIUmMU HA
100, mobmo, 3uatmu OO0HY CcOmMY HACMUHY YUCAA | NOMHONICUMU HA
KinbKicmb 6i0comkie ab0 KUIBKICTh BIJCOTKIB BHUPA3UTH JIECITKOBUM
IpoOOM 1 TaHE YMCII0 MTOMHOXKUTH Ha IeH AeCATKOBUM JpiO0.

3agaya. Y mkom 200 yyHiB. 3 Hux 30 % — y4yHI NOYATKOBUX
kJ1aciB.CKUIBKH Y IIKOJI1 HABYAETHCS YUHIB Y MOYaTKOBUX Kiiacax?

1 cnoci6. 200 : 100 - 30 = 60 (yuHiB).

2 cnoci6. Ockutbkun 30 % =0,3, TO 3amadya 3BOAUTHCI O
3HaxokeHHs 0,3 Big yucia 200: 200-0,3 = 60 (yuHiB).

* 2) 3HAXO/DKCHHS YHCIIa 32 HOTO BiICOTKAaMU (TIPOIIEHTaMU):

wob 3HAUMU YUCIO 3d U020 BIOCOMKAMU, OOCMAMHBLO NOOLIUMU HA UYI
BI0COMKU 4aCMUHy 4UCia, Wo HA HUX npunaoae, To0TO, 3HAUTU CKIIBKU
npunagae Ha 1% 1 nomHokuUTH Ha 100 a00: KITBKICTh BIJICOTKIB BUPA3UTH
JECATKOBUM JIPOOOM 1 YAaCTHUHY YHMCIIA, siIKa JJaHAa B YMOBI 3aj1a4i, MOAUIUTH
Ha [IeW 1eCATKOBUIA_/Ipi0 (TOOTO 3HANTH YMCIIO 32 HOTO APOOOM).

3anaya. Y mo4yaTKOBHUX KjacaxX IIKOJU HaB4YaeThbes 60 ydHIB, IO
ctaHoBUTh 30 % wuymucna BciX yuHIB MKOJAU. CKUIBKM BCHOIO YYHIB Yy
IIKOJT1?

1 cnoci6. 60 : 30 - 100 =200 (yuHiB).

2 cnoci6. Ockuibkn  30% =0,3, TO 3agadya 3BOJUTLCSI [0
3HAXOKEHHS gucaa, 0,3 skoro mopiBHioe 60, TOAl came YHUCIIO
JOPIBHIOE:
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60 : 0,3 =200 (yuHiB).

. 3) 3HaXOKEHHS BIJCOTKOBOrO (MPOIECHTHOrO) BiJHOIICHHS
JIBOX YUCEI:
wob 3uaumu 8i0COmMKo8e 8IOHOUICHHS 080X HucCel, OOCMAMHbO OOHE YUCTO
YMOBU 3a0aui, Npo AKe uoe M0o8a y 3anumanHti, NOOLIUMU HA IHWeE YUCTO
ymMo8u i 3HaudeHy uacmky nomuoxcumu Ha 100 abo: 3HANUTHU CKIIbKHU
npunagae Ha 1% BIJICOTOK, a MOTIM CKIJIbKH pa3iB 1€ YuciIo (10 IpHUIIagae
Ha 1%) BMIlIy€eTbCSl B IHIIIOMY YHMCII, SIKE IAaHO B YMOBI 3aj1a4i.

3amaya3d. Y mkom 200 yuHiB, 3 Hux 60  yuHIB
HABYAETHCA Y MOYATKOBUX Kiacax. CKUIBKM BIACOTKIB CTaHOBIATH Y4YHI
MIOYaTKOBMX KJIACiB BiJl YKCJIa BCIX YUHIB?

BpaxoByroun mnporpamy IMOYaTKOBOI IIKOJM 3 MaTEMaTHKH, IO
3a/1a4y JIOUUIBHO PO3B’SI3aTH HACTYNMHUM YHWHOM: 3HAaXOJUMO CKIJIbKHU
YYHIB MpUMAJa€ HA OJUH BiACOTOK:

200 : 100 = 2 (yuH1),

a TIOTIM — CKIJIBKH pa3iB BMIMAETHCA ynciio 2 y uncai 60 (To0To, y CKIIbKH
pasiB uuciio 60 Oiibime Big uncia 2): 60 : 2 = 30(%).

Po3risiHeMo ckiaaHiuly 3a/iady Ha BIJICOTKOBI OOYMCIICHHS.

3ajaya 6. YpokaiHICTh KapTOIUIl Y TOCHOJAPCTBI 3pOCiia 3a MEPIINi
pik Ha 15 %, 3a npyruii pik me Ha 20 %, nopiBHsIHO 3 momnepenHiM. Ha
CKUIBKH MIPOLICHTIB 3pOcia BPOKAMHICTh KapTOILIi 32 IBa pPOKU?

» [louaTkoBy BpoxalHicTh KapTorunl mnpuitmemo 3a 100 %. Tomi
BpPOXKaWHICTh Mmicis nepiioro poky cranoutume 100 % +15% =115%y
MOPIBHSHHI 3 MMOYAaTKOBOK. BpokaliHICTh 3a APYruil piK y MOPIBHSHHI 3
Mo4YaTKOBOIO 30uIbmUThC Ha 115-0,2=23 %. Otmxe, 3a aABa pPOKHU
BpOXailHICTh ~ KapTorni  30uipmmiacs Ha 15%+23%=38% vy
MOPIBHSHHI 3 TOYATKOBOIO.

BianoBijib: 3a IBa pOKK BpOKaHICTh 3011bIMIaca Ha 38 %. <

3ayBakeHHs. [lpu po3B'a3yBaHHI 3agad TaKOro THUIY YacTO

JOIYCKaTh MOMUWIIKY, fojardu 15 % 1 20 %, 3a0yBaroun pu bOMY, 1110
JIaH1 B1JICOTKH O€pyThCs BiJ] pI3HUX YUCEN.
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4.3. MHOKMHA TiCHUX YHCEJT

4.3.1. Heckinuenni Henepioouyni oOecamkoei oOpoou. Muoxncuna
OllCHUX YucCel.

HeckinueHHuii HenmepioAMYHUM JCCATKOBUM Jpi0 HA3MBAETHCS
000aMHUM IPPAYIOHATLHUM YUCIOM. Y Cl TaKl YUCIIa CKIAJAI0Th MHOXUHY
000aMHUX IPPAUIOHATILHUX YUCEIL.

MHoxuHa, sika € 00'€IHAaHHAM MHOXHUH JOJaTHUX PpalllOHAJbHUX 1
JTOAATHUX 1ppalllOHAIbBHUX YHCEN, HA3UBAETHCS MHONCUHOK O000AMHUX
OiucHux yucen (mo3HavyaeTbes R+), a 1l eneMeHTu — dodamuumu OiticCHUMU
yucuamu.

['oBopsiun mpo 3amuc abo 300pa)k€eHHS TOJATHUX IMCHUX YHUCET,
OyeMo MaTh Ha YyBa3l JuIIe 300paKEHHA I1X HECKIHUCHHUMHU
JECATKOBUMU npobamu, AKe Ha3UBATUMEMO 0eCsAMKOBUM
sanucom (306pasicenusm).

YacTto moTpiOHO 3HATH HE TIABKH YKCIOBE 3HAYCHHS BEJIWYHMH, a U
xapakrep ix 3minu. Konu BenmnymHa Masia 3Ha4€HHS @, a 4epe3 ASAKUN Jac
Mae 3Ha4deHHs b, To mpu yMoBi, 1m0 a < b, Benmnuuna 36iapmmThEC Ha b — @;
SKIIO @ >Dbh, TO BeIMYMHA 3MEHIIUThCI Ha a—b; sxkmo xa=0b, To
BelMYMHa HE 3MiHUThCA. 1100 He BKMBaTH TEepMIHM '"30UIBIINTHCA",
"3smMeHmMThCA", "He 3MIHUTBCS", OaxkaHo Oylno O MaTU Taky YHCIOBY
MHOXHUHY, 1100 cami ii eJIeMEHTH MICTWJIM BKA31BKY Ha Te€, SIKMIl XapakTep
HOCUTh 3MiHa BelduuWHW. JloJaTHUX MIACHUX YHCEN [JIs  I[bOTO
HEJIOCTATHBO.

HeoOx1HICTh PO3MIMPEHHS] MHOXKHUHM JOJATHUX MIACHUX 4YHCEI
BUMAararoTh HE TUIbKW 3a7a4l MPaKTUKH, ajie ¥ 3a7a4yl caMmoi MaTeMaTUKH.
3okpema, MoTpiOHa Taka YUCJIOBA MHOKHHA, B KM
piBHSHHS D + X = a npy JOBIIBHUX JOJATHHUX AIHCHUX YKciax a i b mamo 6
€IUHUI PO3B'SI30K, TOOTO, MO0 3aBKAM ICHYyBaJla PIi3HMI Yucea ailb.
Takum po3mIMpEeHHSIM MHOXXHUHU JOJAaTHUX JIACHUX YHUCET € MHOXXHHA
JIIUCHUX YUCEIL.

KoxxHoMy nmogaTHOMY A1MCHOMY YHCITy & TOCTAaBUMO Yy BiJMIOBIAHICTH
CHUMBOJI —a, SKUH Ha3BEMO 6i0 'emMHuM OiticHum yuciom. Yl Bia €éMHI JIHCHI
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YKCIIa CKIAMAI0Th MHONCUHY 810 'emHux Oiticnux uucen (IMo3HaYaeThes R ).

Binx'eMHi aiticHi yucia a i b Ha3uBaroThCs:

1) pisnumu (3anucyerbess @ = D),  AKII0O  BOHHM  IIOCTaBICHI Y
BIINIOB1IHICTh PIBHUM JIOJIaTHUM JIHCHUM YHCIIaM;

2) nepienumu_(piznumu) (3aMCyeThCs @ # D), SKIIO BOHW IMOCTaBJICHI
y BIJIMTOBIAHICTh HEPIBHUM JOAATHUM JIMCHUM YHCIIaM.

MHoXHHa, eJIeMeHTaMH K01 € BC1 JOJaTHI AIMCHI YKCIIa, BC1 Bl €MHI
JIACHI 4ucla 1 4YUCIO HyJIb, HA3UBAETHCS MHOMCUHON  OTUCHUX
yucen (mo3HavaeTbes R), a il CJIEMEHTHU - THCHUMU
yucinamu: R: =R+ U {0} UR..

OTxe, MHOXKMHA JIMCHUX YHCENl pO30MBAETHCS HA TPHU KJIACH: Kjac
JOJATHUX JIMCHUX YHUCEJI, KJIac BIJA'€MHUX AIMCHUX 4YMCEN 1 Kiac, IKOMY
HAJICKUTh JIMIIIE €UHE YUCIIO HYJb. [Ipu 3anucy qogaTHUX AIMCHUX YHCENT
nepes; HUMHU CTaBJIATH 3HaK "+", X04 11¢ He 000B'I3KOBO, TOOTO MOKHA
3amucatu + 35,8 abo 35,8.

Yucna, K B1JIOMO, BUKOPHUCTOBYIOTHCS TSt OTIUCY
HaWpI3HOMAHITHIIIKUX CUTYyalli. 30KpemMa, BOHU BUKOPUCTOBYIOTHCS IS
BU3HAYCHHS MICI TOYKHU Ha MPOMEHI, MpsMill 4u AKIACH 1HIIMN miHii. [o
CTBOPEHHSI TOHATH 'YMCIOBUU MPOMIHB", "duciioBa mpsiMa" CIOHYKaB
PO3TIISLA MPaKTUYHUX 3a7ad, HAIIPUKJIaJ, Takoro 3MicTy: "OauH 13 noi3aiB
3HaxoauThcs Ha Biggam 400 kM BiJ NyHKTy BianpaBieHHs. Ha skii
BIIIaJIl BiJ MYHKTY BIJAMPABICHHS 3HAXOAUTHCS I1HIIUN TOI3M, SKIIO
BiI1asib MK moiznamMu 800 KM 1 BOHM PYXarThCsl B OJJHOMY Hampsamky?"
Ha maremaTuuHiii MOBI1 111 3a7a4a Moxke OyTu chopmynboBaHa Tak: "Ha
npsiMiii BUOpaHO €KY TOUKY 1 MOTPIOHO BU3HAUUTH TMOJIOKEHHS OJHIET 3
JIBOX IHIIMX BIJHOCHO HEI, SAKIIO BiJOME MOJOKCHHS OJHIET 3 HHX
BiJTHOCHO BUOPAHOI TOYKHU Ta 1X MOJ0KEHHS BIAHOCHO OJIHA OJIHOI".

4.3.2. B3aemnooonosnauna  iOnoGiOHiCmMb  MidHC  MHONCUHOIO
OlliCHUX yucen i mouok Koopounamuoi npamoi. Ilpomunesxcui uucna.
[Ipsima, Ha sxi 3amano Touku O Ta E, Bkazano Hampsim Big O mo E,
HA3UBAETHCSA KOOPOUHAMHOIO NPsMoio, TIpH MboMy Touka O Ha3MBa€THCH
nouamkom 6ionixy (nouamxkom xkoopounam), a Biapizok OE npuiiMaeTbcs
32 OJITUHUYHUHN BIAPI30K.
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[Ipomiae OE Ha3uBaeThCI 0odamuum npomerHem, a TPOMiHb, IO
JIOTIOBHIOE MOTO JI0 MPSAMOI — 610 'emnum (Main. 1).

v

O E M X
Maui. 1.

BcTaHOBMMO BIJHOIIEHHS MDK TOYKaMH KOOPJMHATHOI IIPAMOi 1
niicHuMu ynciiamu. Hexail 3a1ano KOopAMHATHY NPAMY 1 Ha HiM JOBIUIBHY
Touky M (auB. man. 1). MoxJIMB1 TpU BUTIAJKH:

1) Touka M HaneKUTh JOJATHOMY TNPOMEHIO, TOMI i CTaBUTBHCH Y
BIINIOBIAHICTh AOJATHE JIHICHE YHMCII0, IKe JOPiBHIOE Mipi Biapizka OM;

2) Touka M Halle)KUTh BiJ'€MHOMY IIPOMEHIO, TOMI i CTAaBUTHCI Yy
BIIMOBIJTHICTh BIJ'€MHE JIMCHE YHUCIIO0, K€ OJIEPKYEThCS, KOIU TMEpen
Mmipoto Bigpizka OM craButhes 3Hak "

3) Touka M 30iraetbcss 3 TOoukoro O, Tomi i CTaBHTBCA Y
BIIIOBIAHICTh YUCJIO HYJIb.

Ockinbku KOXKHME Bizpizok OM mae enuny wmipy npu BUOpaHOMY
onuHuyHOMY BiApizy OE, ska € [gogaTHUM YUCIOM, TO TIPpU TakK
O3HAUYCHOMY BIJIHOIIICHHI KOXXHIM TOYIl KOOPJAUHATHOI MPSIMOi CTABUTHCS
y BIANOBIAHICTh €aWHE MAificHe uyuciio. HaBmaku, KOXXHOMY HiHCHOMY
YUCIYy OpHU I[bOMY BIAHOIIEHHI CTAaBUTHCA Y BIAMOBIIHICTH €JIMHA TOYKA
KOOpAWMHATHOI  mOpsimoi.  JIiicHO,  JyIsi  JOBUIBHOTO  JIHMCHOTO
qucia X MOXJIUBI TPU BUTIAJIKU:

1) yucyio X € JOmATHUM, TOMI WOMY CTaBHTBCS VY BiJIOBIIHICTH
Touka M KoOpauMHATHOI NIPsIMOi, siKka € KiHieM Biapizka OM, Miporo sikoro
€ 4uciio X mpu oauHudHoMy Binipi3ky OE 1 Bimpizoxk OM Bigkianenuit Ha
JOJaTHOMY IIPOMEHI;

2) 9UCIIO X € BIJ'€MHHUM, TOJI WOMY CTaBUTBCSA Yy BiJMOBIAHICTB
Touka M KoOpauHATHOI TIPSAMOI, sika € KiHieM Biapizka OM, Miporo siKoro
€ JoAaTHE MIWCHE YHCIIO, SIKOMY ITOCTaBJICHE Y BIJMOBITHICTH BIJ'€MHE
yucio X, npu oauHudHoMy Biapizky OE 1 Bigpizok OM BinknaaeHuit Ha
B1Jl'€eMHOMY ITPOMEHI;

3) 4uCiI0 X JOPIBHIOE HYJII0, TOAI HOMY CTaBUTHCS Y BIATIOBIIHICTH
touka O, sika € MOYaTKOM BiUTIKY HA KOOPJAMHATHIN TIPSAMIH.
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OCKIIbKM [UIA KOXXHOIO JOJATHOrO [JIMCHOIO 4YHCJIa MOJKHA
noOynyBaTU €IVMHUN BIIPI30K (3 TOYHICTIO IO PIBHOCTI), 10 Ma€ HMOro
CBOEIO MIpOI MpHU 3aJaHOMY OJMHUYHOMY BiApi3Ky, TO TMpPU TaK
BU3HAUYCHOMY BIJIHOIICHHI KOXXHOMY JiHCHOMY YHCIY CTaBUTHCS Y
BIIMOBITHICTh €MHA TOYKA HA KOOPAWHATHIN TIPSMIH.

Otrxe, Tak moOymOBaHE BIJHOMICHHS MK MHOXHHAMH TOYOK
KOOPAWHATHOI MPSAMOI 1 JIMCHUX YHUCEN € OIEKTMBHHM BITOOPaKECHHSM,
TOOTO B3aEMHO OJIHO3HAYHOK BIANOBIAHICTIO. Takux Ol1€EKTUBHUX
BiJoOpaX€Hb MOXHAa BCTAaHOBUTH 0Oe3iiu, 00 Ha MpsIMiil IOYaTOK
BiIIKY O Ta oguHuunHuit Bijipi3ok OE BUOUparoThCs JOBLIBHO.

Hivicue YHUCIIO X, AKE CTaBUTHCS y BIINOBIJTHICTh
Toull M KOOpAMHATHOI MPsIMOi, HA3UBAETbCS Koopounamoro mouxku M 1
3anmcyerbes M(X).

Ak yxe panillle HEOJHOPA30BO 3a3HAYAJIOCh, Y MaTEMAaTHIll 4YacTo
MHOXHHH, MDK €JE€MEHTaMH SKHX BCTAaHOBJICHO B3a€EMHO OJHO3HAYHY
BIJIMOBIJTHICTh, OTOTOXXHIOKOTHCS, TOOTO MOKHA KOPUCTYBAaTHUCh OJHIEIO 3
HUX. TOMy Ha KOOpAMHATHINA NPsMiNA y O1IBIIOCTI BUMAIKIB BiAMIYAIOThH
HE TOYKH, a IX KOOpJAWHATH, a caMy KOOpPJAWHATHY MPIMY
HA3UBAIOTh YUCTOBOIO NPAMOIO.

Hiiicai uyucna a i b HasuBaroTbCs npomunesxcnumuy, SAKIIO BOHU €
KOOpJAMHATAMH TOYOK, IO CHMETPUYHI BIJHOCHO IIOYATKy KOOPIMHAT.
Yucino npoTUiiexkHe YUCIy a Mo3HayarTh —a. O4eBUIHO, 110 JJIs1 KOKHOTO
NIACHOTO 4YHCIla ICHYE €IUHE MNPOTHIICKHE HOMY 4YHCIO 1 IO YHUCIO
MPOTHJICKHE /IO JTOJIaTHOTO YHCIIA € BiJ€MHHM YHCIIOM, a TIPOTHIICIKHE 10
BiI'eMHOr0 — AogaTHuM uuciioM. Kpim Toro, —(—a) = a. IlpoTunexaum
YHCJIOM JI0 HYJISI € BOHO caMe.

Mooynem  (abconiommnoro  eenuuunolo)  NIACHOTO — 4YHMClIa X
(mo3HAYa€ETHCS |X|) HA3UBAETHC:

1) came 11 YUCIIO, SAKIIO BOHO J0JIaTHE;

2) IPOTHIICIKHE HOMY YHCIIO, SIKIIIO BOHO BiJI'€MHE;

3) HyJIb, SIKIIIO BOHO PIBHE HYIIIO.

OTxe,
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X, gkmo XeR,,
VXxeR:|X[=4=X, sakmo XeR,
0, gaxkmo Xx=0.

3 03HauYEHHA MOJYJIS JIACHOTO YKCJIa BUILJIMBAE, 1110 BiH € a00 HYyJEM,
a00 MOJATHUM MIMCHHUM YHUCIIOM. [HIMTMMHM ClIOBaMH, MOJYJb JOBIILHOTO
JTIACHOTO YHUCJa € 3aBXKIU HEBIJI'€MHHM JIMCHUM 4YHCIOM. ['eoMeTpuuHO
MOJYJIb JIIMCHOTO YHCJia BUPAXKAE BiJJadb HA KOOPAWHATHIN OpsiMiil Bij
TOYKH M, sika Ma€e CBOE€I0 KOOPAMHATOIO 1€ YHCIIO, 0 MOYaTKy KOOPAUHAT.
Koxne piiicHe 4MCIIO, BiAMIHHE BIJI HYJIS, OJHO3HAYHO BHU3HAYAETHCS
CBOIM MOJYJIEM 1 3HAKOM.

4.3.3. /looasannsa OitlicHux uucen.

Sk BiIOMO, cyMa JBOX JOJATHUX JIMCHUX YKCENI O3HAYAETHCS K Mipa
CyMH JBOX BIJIPI3KIB, JJIs SIKMX JIaH1 YHUCJIAa € MipaMH TIPU OJHOMY 1 TOMY
K OJJUHUYHOMY BiAPIi3KYy.

[TpoimtocTpyeMoO cyMy JBOX JOJATHUX JIMCHHX dYWcel @ 1 D Ha
KOOpJIMHATHIN mnpsiMii. [ 1boro BBeAeMO Ha MpsMIM JB1 CHUCTEMH
KOOpDAMHAT, B SIKMX PIBHI OJWHHUYHI BIAPI3KHA, OJHAKOBI HANPSIMKHU 1
MOYaTOK HOBOI CHUCTEMHU KOOpPJMHAT 30Ira€Thbcsl 3 TOUKOW A, 10 Mae
CBO€I0 KOOPAMHATOIO YHUCIIO @ Y CTapiil cUCTeM1 KOOpJIMHAT, a Touka B mae
KOOPJIMHATOIO YKCIIO D y HOBIM crcTeMi KoopauHat (Maj. 2).

0. & B (b)

0 E Ad(a) X
Mau. 2.

3 Man. 2 BuHOHO, MmO cyMi gucenm a 1 Db Bigmosimae Bigpi3ok
OB =0A+ 4B =0A + O1B, Mipa sKOoro piBHa KOOpAMHATI TOuku B y
CTapiii CHUCTEMi KOOpJAWHAT, TOOTO 4uciao a+ b MokHa posriasmatu sk
KOOpAMHATY TOYKU B y cTapiit cucteMi KoopuHar.

OpnepxaHuii pe3yJbTaT Jla€ MOXJIUBICT, TOIIMPUTH HaBEACHI
MIpKYBaHHS Ha BUMA0K JOBUIbHUX JIMCHUX YHCEIL.
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3ayBakeHHs. s crpolieHHs BUKiIaay OyaeMoO BBaKaTH, L0 Yy

JAHOMY TIYHKTI cTapa 1 HOBa CHCTEMa KOOPJMHAT BiAPiI3HITUMYTbHCS
TUIBKHM TTOYaTKOM BiJUTIKY.

Hexaii a1 b — qoBuibHI aiticHi yrcia. MOXIIMBI Taki BUIAJIKU:

1) INpunaiimui oxHe 3 yucen gopiBHioe 0, Hanpukiaa, b =0. Toxi 3
Maj. 3

Ac(a), Bx(0) Ta A = B.

@) E O] E:
A.(0)B,(0) X

Man. 3.
3pigcu OB = OA i B.(a) = Ac(a)
2) Uucna MaroTh 0JTHAKOBI 3HaKkW. SKio a 1 b € qopaTHuMu dncaamu,
TO, SIK BHIIE OyJI0 BcTaHOBJIeHO, Bs(a + b) abo, o Te came, Be(|a +|b]).
Hexait terep uncina a i b € Big'emanmu uncinamu. Toxai Ac(a), Bu(b) i
OB = OA + AB = OA + O1B (mau. 4).
3pigcu |OB| = |OA| + |O1B| = |a| + |b| i Bc(— (Ja| + |b])).

Bu(b) O1 E1
Ac(a) O E X
Mau. 4.

3) Uucna maroTh pi3Hi 3Haku. Hexaid, Hanpukian, a € fogaTHum, a b —
Bi'eMHUM uynciaamu, mpuaomy |b| > [a|. Toxi, Ac(a), Bu(b) 1 BO + OA = AB
(ma. 5).

Bu(b) O E1
O E A(a) X
Maun. 5.

3pigcu |OB| = |AB| — |OA| = |b] — |a] 1 B.(—(|b| —|a])).
Axmo |b| = |al, To A.(a), Bu(b) i OA = O1B8. Otxe, B:(0) (Mma. 6).
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Bu(b) O1 Ei
O E Ac(a) X
Maun. 6.

Skmio x |b| < |al, To He Baxkko BctaHoBUTH, 1110 Be(|al — |b|).

AHaJIOTIYHO MIpKYIO4YH, pOOMMO BHCHOBOK, III0 Y BUMIAIKY, KOJU a €
Bil'emMHnM, a b — pomatHmM uymciamu, To Bc(|b|—|a|), sxmo |b|> [a];
Bc(-(lal - |b[)), sixmo |b| <lal; Be(0), sxmo |b| = [a.

Ha ocHOBI mpoBeaeHUX MIPKyBaHb MPUXOJAUMO JI0 TAKOTO O3HAYCHHS
CYMH JIBOX JOBUIbHUX JIHCHUX YUCE.

Cymoio JNOBUIBHUX JIMCHUX Yuced @ 1 D (mo3Hayaerbes a + b)
HA3UBAETHCS JIIMCHE YHUCIIO, SIKE IOPIBHIOE:

1) ogHOMY 3 HHX, SIKII[O JPYyTre AOPIBHIOE HYIIIO;

2) HyJI10, KOJIH Il YHCiia IPOTUIICHKHI,

3) uKCITy, MOAYJIb SIKOTO JIOPIBHIOE CYMi MOJYJIIB JJAHUX YUCEJ, SKIIO
Il YMCJIa MAIOTh OJTHAKOBI 3HAKH, TIEpPe]] IKUMH CTOITh 1X CHUIHbHUHN 3HAK;

4) urciy, MOJYJb SIKOTO JOPIBHIOE PI3HMIN OUIBIION0 1 MEHIIOrO
MOJYJIIB JAHUX 4YHCEJ, SKII0 BOHU MAalOTh Pi3HI 3HAKH, MEpENl SIKUM
MIOCTABJICHO 3HAK TOI'0 YHUCJIA, IKE€ Ma€ OUIbIIUNA MOIYJIb.

AHaJi3 O3HAaYeHHS CYMH JBOX JIMCHUX 4YHCE]I Ta BIACTUBOCTI
oreparliii HaJ T0JaTHUMHU JTIMCHUMHU YUCIaMU IPUBOIATE IO TEOPEMH.

Teopema 1. Cyma mOBUIBHUX JBOX MIMCHUX YMCEN 3aBXIU ICHYE Ta
€IMHA.

Ha ocHoBi Teopemu 1 BBOAMMO O3HAYEHHS.

Onmnepaitlisi HA MHOXHWHI AIMCHUX YHUCEN, IPU AKIA KOXKHIN Tapi yucen a
i b craBuThCA y BIANOBIAHICTH iX cyma a + b, Ha3WBa€TbCSI 000ABAHHAM
OILICHUX Yucell.

I3 BiacTUBOCTEN MOomaBaHHS 1 BIOHIMAHHS JOJATHUX MIMCHUX YUCEN
Ta O3HAYCHHS CYMM JIIMCHUX YHCENI OJCPKYEThCS HACTYITHA TeOopeMa, sKa
BHUPAXKA€E BIACTUBOCTI JOIABAHHS JA1MCHUX YHCEIL.

Teopema 2. J11g 1OBIIBHUX AIMCHUX YHCET MAlOTh MiCIIE:

1) BiacTuBiCTH HYJs IpH JoaaBaHHl: Va e R:a+0=0+a=a;

2) KOMyTaTWBHMI 3akoH: V a,b e R:a+b=Db+a;

3) acomiatuBHHUU 3akoH: V a,b,c e R:(a+b)+c=a+ (b +c¢);
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4) 3aKOH MOHOTOHHOCTI BITHOCHO BiJTHOIIICHHS PIBHOCTI:
VabceRa=b—>a+c=b+c;
5) mpaBWIIO CKOPOYCHHS BITHOCHO BiTHOIIICHHS PiBHOCTI:
VabceRat+tc=b+c—oa=h.

4.3.4. Bionimannsn oiiicHux uucei.

BigHiMaHHS AIHCHUX YHCEN PO3TIISAAETHCS SK onepaliisi o0epHeHa J10
JIOJIaBaHHS.

Pisnuyero noBinpHuX — gilicHuX — 4wucen a i b (mo3Hauaerscs a — b)
HAa3MBACTHLCA TIMCHE YUCIIO X Take, mo b + X = a.

Omxe, 3a o3HaueHHsaM pizuumi b + (2 —b) =a abo (a—b) + b =a.

Teopema 3. Pisnulg noBiIBHUX IIMCHHX 4Yucel a1 b 3aBxam icHye i
€JIMHA.

Hacmigok 1. Ilo®6  3HalWTM  PI3HUIO  JOBUIBHMX  JIMCHHUX
yrcen a i b motTpiOHO 70 YKcna a J0aTH YUCIIO0, MPOTHIICKHE YuciTy b:
VabeR: a-b=a+(-b).
Hacminok 2. Jls TOBUILHUX JIACHUX

yucen a i b piBusHHES b + X = @ Mae equHUI PO3B'I30K.

Teopema 3 € OCHOBOIO JIJIsi TAKOTO O3HAYEHHSI.

Omnepariis Ha MHOKHHI J1IMCHUX YMCEl, TPHU KN KOXKHIN mapi A1MCHUX
yucen a i b craBurscd y BIJIITOBIIHICTH ix pizHuIsg a — b,
HA3UBAETHCS BIOHIMAHHAM OLUCHUX YUCe.

4.3.5. Muoscenna oilicnux uuce.

Ak Bigomo, 1OOYTOK JIBOX JOJATHUX MIMCHUX YKMCE O3HA4YaBCS Ha
OCHOBI TMEpPEeXOJy BIJ OJHOTO OJWHUYHOIO BiJIpi3Ka JO IHIIIOTO.
PosrnsiHeMo, Ak MoOXHa JOOYTOK JOJATHUX JIMCHMX umcel a-b
NpPOUTIOCTPYBAaTH Ha KOOPJAMHATHIA mpsiMiid. [l 1mbOoro BBeIeMO Ha
npsamiid a1 cuctemu koopauHat OE ta OEj, B axkux oqHAaKOBI HAMPSIMKH 1
YHCIIO A € KOOPJAWHATOIO TOYKH A y cTapiii cHCTeMi KOOpJIWHAT, a yucio b
€ KOOPJIMHATO TOYKM E y HOBIli cucTemi koopauHaT (Mad. 7).

= Exu(b)
0 E A(a)
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Mamn. 7.

3a 03HaYCHHSM JIOOYTKY JOJAaTHUX JIHCHUX YUCeN yucio a-b e miporo
Bigpiska OA y HOBIH cucTeMi KOOpAMHAT, TOOTO Yuciao a-b moxHa
PO3MIISAATH SIK KOOPAUHATY TOUKa A y HOBIM CHCTEM1 KOOPAUHAT.

OpepxaHuil pe3yiabTaT HABOJAUTH HA JIyMKY TOIIMPUTH MPOBEJCHI
MIpKYBaHHS Ha BUTIAJ0K JIOBUTBHUX JIMCHUX YHCEN, sIK1 BIAMIHHI BiJ HYJIS.
Hexaii @ i1 b — nmoBinbHi milicHi 4YWcia, BIAMIHHI Bif HyJsd. 3amaMo Ha
npsaMiii cuctemu koopaunatr OE ta OE; Taki, mo Ac(a), Ex(b). HeBaxko
BcTaHOBUTH, 1m0 |OA| = |a|-|b| mpu oguanuHOMY Bifpizky OEi. Otxke, mius
3HAXOJI)KEHHSI KOOP/IMHATU TOYKU A y HOBI CUCTEM1 KOOPJIMHAT MOTPIOHO
BMITH BHU3HAYATH MOJOKEHHS TOUYKK A Ha KOOPAMHATHIN mpsMiid a0o, 1110
T€ caMme, BMITH BCTAHOBJIFOBATH 3HAK YUCIIA, K€ € KOOPJIUHATOI TOYKHU A.
MOKJIHBI TaKl BUTAIKH:

1) Uucna MaroTh OJTHAKOBI 3HAKH.

Sxmo a i b € nogaTHUMU YKrcIaMu, TO, K OyJI0 BCTAHOBJICHO BHIIIC,
Au(a-b) = Au(lal-|b]).

Skmo x uncna a i b € Big'emanmMu, To 3 Toro, 1o a i b Big'emui uncna
BUILIMBae, Mo Toyka O JIekuUTh MK ToukaMu A Ta E, a Takox MIXK
toukamu E; Ta E (mai. 8).

El EH(b)
Ac(a) @] E
Man. 8.

3BijICH OJEPKYEMO, 1110 TOUKU A Ta E1 3HaXomsThes 1o ouH OiK BIJ
touku O. OTxe, KoopauHaTta Toukd A y HOBIM cuctemi koopauHat OE; €
JI0JIaTHUM dHciioM, To0To Ax(|al-|bl).

2) Uucna MaroTh Pi3Hi 3HAKH.

Hexait a — momatHe, a b — Bigx'eMHe 4uciIO. 3 TOro, M0 YHCIO A
JIoJJaTHE BHUILIMBAE, 0 ToUKkH E Ta A nexatb nmo oauH 0ik Big Touku O. 3
TOTO K, IO YUCIIO D Big'eMHe, oaepKyeThes, mo Touka O JSKHUTh MiX
toukamu E ta E; (mMan. 9).

E: E.(b)
O E A(a)
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Mau. 9.

Tomy Touka O nexuth MK Toukamu E; Tta A. 3Bigcu maeMmo, 110
KoopJuHaTa Touyku A y HOBIM cuctemi koopauHaT OE; € Big'eMHum
grciom, Tooto A(—|al-|bl).

AHAJIOTIYHAN pe3yJIbTaT OACPKYETHCA y BUMAIKY, KOJIU a — BIJ €MHE,
a b — nomarne uncna.

3aMIaeTbcs PO3MVISHYTH BUIALOK, KOJHM XOY OJHE 3 4YMcesa a i b
nopiBHIOE HYJI10. OCKUIBKM MHOXHHA A IUJIMX HEBIJI'€MHHUX YHCEI €
MIMHOKHUHOIO MHOXKWUHU A1MCHUX YHCEN 1

vVaeNga0=0-a=0,
TO TOTPiOHO, MO0 M yMOBa BHUKOHYBAjacs 1 JUIS JOBUIBHHUX TIMCHUX
YHCEII.

HaBeneHi MIpKyBaHHSI € OCHOBOIO JUJII TaKOTO O3HAYEHHSA TOOYTKY
JIBOX YHCEIL.

Jobymkom NOBUIBHUX JBOX AiMCHUX yucen a i b (mo3Hayaetncs a-b)
Ha3MBAETHCS JIMCHE YHUCIIO, SIKE JOPIBHIOE:

1) HyJI10, KOJIM X04 OJIHE 3 HUX JOPIBHIOE HYJIIO;

2) 9uciry, MOJYJb SKOTO JOPIBHIOE JOOYTKY MOIYIIB JaHUX YHCEI i
B35TE 31 3HAKOM "+, KOJIM YHCjla MalTh OJHAKOBI 3HAKH, 1 3HAKOM "—"
KOJIM YMCJla MalOTh Pi3HI 3HAKMU.

Teopema 4. JIoOyTOK TOBUTBHUX JBOX JIMCHUX YHMCEN 3aBXKU ICHYE Ta
€TUHUMN.

JlaHa Teopema € 6e3nocepeHIM BUCHOBKOM 13 O3HAYEHHSI JOOYTKY Ta
BJIACTUBOCTEW TIOOYTKY JOAATHUX JIMACHUX YHCE.

Ha ocHoBi TeopeMu 4 BBOJIUTHCSI O3HAYCHHS.

Onepaitlisi HA MHOXHWHI AIMCHUX YHUCEN, IPU AKIA KOXKHIN Tapi yucen a
i b ctaBUTBCS y BIAMOBIIHICTD iX T0OYTOK a-b, HA3MBAETHCS MHOMCEHHAM
OltiCHUX Yucel.

I3 o3HaueHHs MOOYTKY MIMCHUX YHCEN Ta BJIIACTUBOCTEH MHOXKCHHS
JTOJATHUX JIMCHUX YMCEJl OJIEPKYEThCS HACTyIIHA Teopema, siKa BHUpaKae
BJIACTUBOCTI MHOXKCHHS JIMCHUX YHCE]L.

Teopema 5. JIy1st MHOKEHHS TIHCHUX YUCENl MalOTh MiCIIE:

1) BnactuBicts Hyns1: V@ € R:a-0=0-a=0;
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2) BnactuBicTh oquHHIN: V a € R a-1=1-a=a;

3) xomyTaTuBHUH 3akoH: V @, b € R: a-b =b-a;

4) acoriaTuBHUl 3akoH: V @, b, ¢ € R: (a-b)-c = a-(b-c);

5) auCcTpUOYTHBHUI 3aKOH MHOXKCHHS BIJTHOCHO JI0IaBaHHS:
VabceR:(a+h)c=ac+b-c;

6) 3aKOH MOHOTOHHOCTI BiJHOCHO BiJHOIIICHHS PIBHOCTI:
VabceRa=b—>ac=b-c.

4.3.6. /linenns oiiicnux uucen.

Omneparris AI€HHS IIMCHUX YHMCEI PO3TJISIAEThCS SK OOEpHEHa 0
omepalii MHOKEHHS. SIK BIJIOMO, YacTKa JIOBUILHHMX JIOJAaTHUX JIIHCHUX
4yuCeN 3aBXK/IH ICHY€E Ta €JIMHA, 110 3a0€3MEeYy€E€ThCSl HABHICTIO Y MHOXHHI
JMOMATHUX JTIMCHUX YHUCeN 4yuciia oOepHEHOro iomMy. PosrisiHeMo aHajior
bOT'0 TBEPKEHHS Y MHOKHUHI JIIMCHUX YUCET.

Teopema 6. /I KOXKHOrO AIHCHOro 4mcia b, BIAMIHHOTO Bia HYJI,
icHye enuHe OOEpHEHE MOMY 4YHCIIO0, TOOTO ICHYE €IUHE Take IINCHE
yucio Y, mo b-y = 1.

. 1 _
JlificHe uncio, ooepHeHe 10 yncia b, mo3HadaeTbes - abo bl

Yacmkorw NOBUIBHUX MIWCHUX uucel aib # 0 Ha3uBaeTbcs MilicHE
YHUCIIO X Take, mo b-X = a.

Otxe, b-(a:b)=a abo (a:b)-b=a.

Mae miciie Teopema.

Teopema 7. YacTka HOBiIBHUX MiCHUX 4dncel a1 b # 0 3aBxau icHye
Ta €JINHA.

Hacmimox 3. Jns JIOBUTEHUX TIWCHUX yncenaib =0
piBHSHHS DX = & Ma€ eAMHUI PO3B'I30K.

Omnepailiss y MHOXHHI JIMCHUX YHUCEN, MNpU SKIA KOXHIA Tmapi
gyucenaib=0 craBuThcAd y  BIANOBIAHICTP  1X  yacTka a : b,
HA3UBAETHCS OLICHHAM OLUCHUX YUCell.

Omneparrist AUJIEHHS JIMCHUX YUCEI € YaCTKOBOIO OIEpalll€r0, OCKUIBKU
BOHA HE BM3HAYEHA JJIA IUIbHUKA PIBHOTO HYJIIO.

BrnactuBocT! aijieHHS MIWCHUX YHUCEN 3AJMINAIOTHCI TAKUMHU K K 1
JUIS TOJATHUX JIMCHHUX YHUCEIL.
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HacrymHa Teopema BHpakae TMPaBUIO CKOPOYCHHS MHOXKCHHS
B1JTHOCHO BiJTHOILICHHS PIBHOCTI.

Teopema 8. Va,b,ce R: (c#0) A (a-c=b-c) > (a=h).

4.3.7. Bracmueocmi  OilichHux  uucein:  ynopsaoOKo8aHicmo i
HenepepeHiCMb.

Po3rasiHyTi BHINE YMCIIOBI MHOXXHHU OYyJIM JIIHIMHO BIOPSIKOBAHI.
Jlns KOKHOT 3 HHX, a caM€ MHOXKHHHM HATYpaJbHHX YHCEI, MHOXHHHU
JOJATHUX PpAIllOHAJIBHUX YHCE]I 1 MHOXXHHM JIOJIATHUX JIACHUX YHCel
BiiHOIIIEHHS "OUIbINe" TICHO IIOB'A3aHE 3 ICHYBAHHSAM PI3HMIN: SKIIO
ypca a i b Haje)xaTh OHIHM 13 BKa3aHMX MHOXKHH, TO Pi3HHUIL & — b icHye
TOAl 1 TUIBKK TOmi, Koju a>Dbh. Ile TBepmKEHHsS MOKIaJEHO B OCHOBY
O3HAYCHHS BIAHOMCHHSA "Olmpine" mnsd midcHuX uwucenl. s HoBIIBHUX
ICHMX yucel a 1 Db yncno a HasuBaerbecs OiLtbwium ducia b
(mo3HavaeThes a > D), ko pizHuUl a — b € YMCIIOM JOJaTHUM:

Va,beR:a>b:<a-beRs

Teopema 9. BigHomieHnHs "Ougplie" Ha MHOXHHI JINCHUX YHCEN
TpaH3UTHUBHE:

Va,beR:(@a>b)A(b>c)— (b>c).

Teopema 10. JIna moBibHHX miMicHUX yucen a1 b mae micue oxgne i

TUIBKH OJHE 13 BigHomEeHb 200 a = b, abo a > b, a6o a < b.
Hacninok 4. BigHomienus "Ouibie" Ha MHOXXWHI JIWUCHUX YUCET €

BIJTHOIIIEHHSIM CTPOTOTrO JIIHIHHOTO MOPSJIKY.

Bignomienus "menmre" Ha MHOXKHHI JIMCHUX YHCEN BU3HAYAETHCH SIK
oOepHeHe A0 BigHOIIEHHS "Oubie", a TOMy BOHO € TaKOX BiJHOIICHHSM
CTPOrOTo JIHIHHOTO MOPSAKY.

BigHnomenns "Ouibiie abo piBHE" BH3HAYAETHCS SK 00'€qHAHHS
BigHOIIEHb "Oubie" 1 "piBHE". A BiHOIIEHHS "MeHIe abo piBHE" MoOXe
OyTH O3HaueHe a0o0 K BIAHOIIEHHS OOEpHEHE 0 BiAHONIEHHS '"OLIbIIE
abo piBHe", a00 sk 00'enHaHHS BiHOIIEHD "MeHme" 1 "piBHe".

Teopema 11. /st qoBiabHOTO AificHOro yuncia a # 0

1) uKciio a € JoAaTHUM TOJI 1 TIIBKK TOA1, Koiu a > 0;
2) 4MCIIO A € BiA'€MHUM TOI 1 TIIbKH TOI, Ko a < 0.
PO3riisiHyTi 4OTUpU BiAHOIIEHHS JIHIMHOTO MOPSAAKY HAa MHOXHHI
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JTIACHUX YUCEN YacTO HA3UBAIOTh 8IOHOWEHHAMU NPUPOOHO20 NOPAOKY HA
Hit. TOBOpSYM PO BIJHOIICHHS MOPSJAKY HA MHOXHWHI JINCHUX YHCEN
3aBXIM MAalOTh Ha YBa3i OJIHE 3 HUX.

Teopema 12 (3aKOHWM MOHOTOHHOCTI JIOAABAHHS BIIHOCHO BIJIHOIIEHB

nopsaaky). Omepariis goAaBaHHS IIMCHUX YHCEI MOHOTOHHA BiJHOCHO
BITHOIIICHB MOPSAIKY, 30KpeMa;
VabceRa>b—-a+c>b+c.
Teopema 13 (mpaBmjio  CKOPOYEHHS  AOJABAHHS  JIHCHUX  YKCEI

BIJIHOCHO BIJHOIIEHBb MOPSAKY). JUIsi omepariii 10/1aBaHHs JIIHCHUX YHCE

Ma€ MiICIIe TPaBWIO CKOPOYEHHS BIJIHOCHO BIJIHOIICHHS TMOPSIAKY,
30KpeMa:
VabceRatc>b+c—a>h.

3aKOHM MOHOTOHHOCTI 1 IIpaBWja CKOPOYEHHS JUIi MHOXXCHHS
BIJTHOCHO BiJHOIIEHb MHOPSJKY ICTOTHO BIJPI3HSAIOTHCS BIJI BiANOBIAHUX
3aKOHIB ISl PaHIIIe PO3TIITHYTHX YHCIOBUX MHOKHUH. CPopMyTroeMo 1ei
3aKOH 1 MPaBUJIO JIUILIE JIJI BIHOIIEHHS "Oubiie".

Teopema 14.

1)VabceR:(@a>b)A(c>0)— (a-c>b-c);

2)Vab,ceR:(a>b)A(c<0)— (a-c<b-c).

Teopema 15.

1)V ab,ceR:(ac>b-c)a(c>0)— (a>h);

2)Vab,ceR:(ac>bc)Aa(c<0)— (a<bh).

Teopema 16 (HenmepepBHICTh MHOXUHU JIHCHUX uwmced). Jus Oynb-

SAKUX JIBOX MIMCHUX YMCEN @ 1 8 ICHY€E AINCHE YHUCIO C, IO 3HAXOJIUThCS
MK HUMH.

[ToOynoBaHa MHOXKHMHA AIMCHUX 4ucel R € po3MUpEeHHsIM MHOXWHU
JoJaTHUX  midcHuUX  umcen Ry, JlilicHo, MHOXHHA R+ €  BIacHOIO
M1JIMHOXXHWHOIO MHOXHHH R. KpiM TOro, HEBaXXKO IEpPEKOHATHUCS, IO BCl
omnepallli Ta BIACTUBOCTI JOJATHUX MIMCHUX YKCEN 30€pIiratoThCs sl HUX
K JJIS JIACHUX YKcel. Y MHOXKHHI JIACHUX YHUCEN 3aBXKIU 1ICHY€E PI3HUIL
quce, 0 He 3aBK AU Majio MICIIE Y MHOXKHHI TOAATHUX JIUCHUX YHCE.

MHOXUHY JIHCHUX 4YHCET MOXKHA TMPUUHITH 3a YHIBEpCaJIbHY
MHOXKUHY JJISI BCIX YHMCJIOBUX MHOXHH, II0 PO3TIISIAAIOTHCS Y MIKITLHOMY
Kypcl MaTeMaTHKHU. 30KpeMa, MHOXMHU LUIMX YHUCENl 1 palllOHAIbHUX



184

gucea € 11 MAMHOXXHHAMH, TOMY iX moOya0oBa y HAIllloMy Kypcl He
posrisiganacs. Sk Oyji0 BCTaHOBJICHO, MHOXKHMHA JIMCHUX YHUCEI MICTUTh
pe3ynbTaTH BCiX apu(pMETUYHUX OIMepalliii, 32 BUHATKOM J1JI€HHS Ha HYJIb,
10 HE 3aBXIU MPABWIHHO JJISI 11 TIIIMHOXKUH.

3 03HauYEHHS MOJYJIS MIHCHOTO YKCJIa BUILJIMBAE, 1110 BiH € a00 HYJIEM,
a00 MOJATHUM MIMCHHUM YHUCIIOM. [HIIMMHM ClIOBaMH, MOJYJb JOBIILHOTO
JIACHOTO YHUCJa € 3aBXIU HEBIJI'€MHHM JIMCHUM 4YHCIOM. ['eoMeTpuuHO
MOJYJIb JIIMCHOTO YHCJia BUPAXKAE BiJJadb HA KOOPAWMHATHIN OpsiMiil Bij
Touku M, sika Ma€e CBOE€I KOOPAUHATOIO 1I€ YUCIIO, O IT0YaTKy KOOpIMHAT.
KoxHe mniiicHe 4ucio, BIAMIHHE BiJ HYJISI, OJHO3HAYHO BHU3HAYAETHCS
CBOIM MOJYJIEM 1 3HAKOM.

IHom1 HA OHINM 1 TIH K€ NMPAMIA JOBOJUTHCS PO3TIISIAATH AB1 CUCTEMU
KOOpAWHAT. Y MOMY BHUMAAKY OAHY 3 HUX HA3WBAIOTh CTAPOIO, a 1HIIY —
HOBOIO CHCTEMaMH KOOpJWHAT. SIKIIO Ha TIpsAMili BBEICHO ABI CHCTEMHU
KOOPAWHAT, TO IO3HAYECHHS TOro, IO Touyka M mpsMoi Mae CBO€IO
KOOPJAMHATOK X Yy CTapid 1 4MCIO Y Y HOBIM CHUCTEMax KOOpIWHAT
sanucyerbest Mc(X) 1 Mu(y).

Tnymaduenns midCHHX dYHCEd, SK KOOPJAWHAT TOYOK, JO3BOJISE
MPOLTIOCTPYBATH HA YMCIIOBIM MPSIMIA J0JaBaHHS 1 MHOXKEHHS JTOJATHUX
TIHACHUX 4YHCEJNl, IO Ja€ MOXJIHMBICTh y3arajlbHUTH PE3yJbTaTH IS
NOBUIBHUX OIMCHUX YUCEIL.

PO3UI 5. PIBHAHHA TA HEPIBHOCTI 3 OAHIECIO 3MIHHOIO
5.1. Bupa3u. UncJioBi piBHOCTI Ta HEPiBHOCTI

5.1.1. Yucnoei eupazu ma ix sHaueHHA.

Ilin yucnosum eupazom PoO3yMIIOTH 3aMKUC YUCET Ta ONepaliiii Haj
HUMH, B SKOMY 3a TIONICPSIHBOIO JIOMOBJICHICTIO BIJIOMHH TIOPSIOK
BUKOHAHHS omepaiii Hajg HUMH. KoXHE YHCIO € TaKoX YHCIOBHM
BUpa3oM. Hucna BUpa3y Ha3UBAKOTHCA HOTO KOMNOHEHMAMLU.

[lopsimok omepariii y 4UCIOBOMY BHpa3l PEryNIO€ThCS KPYTIIMMU
Ty’)KKaMH: CII0YaTKy oOIlepallii BUKOHYIOTBCS Yy HAWUTIIMOMINX JTyXKKax,
MOTIM Y HACTYITHMX 1 T.J., 30BHIIIHI JY>KKH OIMYCKAIOTHCS. SIKIIO K TYKKHU
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B YHCIIOBOMY BHpa3l BIJCYTHI, TO TOPSAAOK BUKOHAHHS apu(METHIHUX
omepaliii Takuil: MHOXEHHsS a0o [IJIeHHS, MOTIM JojJaBaHHA a0o
BiJJHIMAHHS B MOPSIKY 1X 3aMuCYy.

['oBopsiuM mpo YHUCIOBI BUpa3HW, MAalOTh Ha YBa3i, 110 PE3yJbTATH
3a3HAYEHUX Y HUX OMepalliil iICHyITb, TOOTO omeparllii BUKOHYBaHl. Aje
SKIIO B YMCIIOBOMY BUpa3i €, HAMPUKIIAJ, OMeparlis JIJICHHS 3 TIIbHUKOM
PIBHUM HYJIIO, TO 1i pe3yJbTaT HE iICHY€E. B IbOoMy BUMAAKy rOBOPSTH, 110
YUCJIOBUI BHpa3 HE Ma€ 3MICTY. 30KpemMa, uyuciioBuii Bupas (4 +5) : (6 — 2
- 3) He Mae 3MicTy, 00 IMpU BUKOHAHHI 3a3HAYCHUX OMNEpaliii y HbOMY
3’SIBJISIETHCSI HEOOX1HICTh AUICHHS HA HYJIb.

Ak10 B 4YMCIOBOMY BHpa3l BUKOHATH BCI 3a3HAY€HI omeparii, TO
OJEPXKAHE YKUCIIO0 HA3UBAETHCA UOTO 3HAYEHHAM. SIKIIO YUCIOBUM BUpPA3 €
YUCJIOM, TO II€ YHWCIO 1 HA3UBAETHCS HOTrO 3HAYCHHSM. 3aJIeKHO BiA
3Ha4Y€Hb YMCJIOBI BUpPA3W MOJUIAIOTHCS HA JOJAATHI, BiJ'€MHI 1 HYJbOBI,
3anucyeThes 1e Tak: A > 0, 4 < 0, 4 = 0. Yucnosi BuUpa3u He 3aBKIU
MalOTh 3HAYEHHS B Till YMCIOBIHA MHOXMHHI, 3 IKO1 OEpYTh 1X KOMIIOHEHTH.
Hanpuknan, yrcnoBuii Bupasz 15 : (4 — 7) He Mae 3HAYEHHS Y MHOKHHI
HATypaJIbHUX YKCeN, 00 pi3HULA yuced 4 1 7 He Ma€ 3HAYCHHS Y MHOXKUHI
HaTypaJdbHUX YHceN. Xoda KOMIOHEHTH i 3HaueHHs BupasiB (3 — 8) + (14

—3)1((1 +8):18)+6 € HaTypaIbHUMHU YHUCIIAMH, aJle¢ 1IX HE MOXXHA
pO3TIAIaTH HaJ MHOXHHOIO HATypalbHUX dYHCENlI, 00 pe3yibTaTu

npoMbKHMX omepanit 3 -8 =—-51(1+8):18 = % HE € HaTypAIbHUMU

yuciaaMu. Lle moscHI0EThCA TUM, 1110 HE BC1 omepallii € BAKOHYBAaHUMHU Ha]l
NEBHUMH YHCIOBUMHU MHOXMHaMH. [Ipu po3risl 4uciioBUX BUpPa3iB y
BCIX BUMAJKaX, KOJIM HE BKAa3aHO, 3 SIKMX YHCJIOBUX MHOXKHH O€pyThCH 1X
KOMIIOHEHTH, MalOTh Ha YBa31 MHOXXUHY JIIMCHUX YUCET.

YuciaoBuM BHpazaM Mpu NMOTpedi Jar0Th HA3BH 3a OCTAHHIMHU B HUX
oneparismu. Hanpuknan, Bupaz 4 + 36 : 9 Ha3zuBaoTh cyMor0 4ucia 4 i
gacTku yucen 36 1 9.

UucnoBi HE € BHUCIOBICHHSMHM, 00 MPO HUX HE MOXKHA CKas3aTu
ICTUHHI BOHM 4YM XHOHI. JloMOBHUMOCS TMO3HA4YaTH YMCJIOBI BHUpPa3u
BEJINKMMM JIATUHCHbKUMU OYKBaMU, & MHOKHHY BCIX BUpa3iB — W.

3agaya 1. Po3p’sg3atu 3amauy 1 CKJIACTH YUCIOBUN BUpa3 sl il
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PO3B'sI3yBaHHS.

Ha Burorosnenss 32 cronoBux 1 60 gaiiHux 105K0K minuio 3 kr 400 r
cpibia. Maca onaHi€i cTo0BOi JIOKKM Ha 20 r OinbIla BiJ MacH OJHIET
yarHoi J10XKKH. SIka Maca BCIX CTOJIOBUX JIOKOK?

» Ananiz 3amayi. [loTpiOHO 3HANTHM Macy BCiX CTOJIOBHX JIOXKOK.

Yucio cronoBux JOXKOK piBHE 32. OTxe, Tpeba 3HATH Macy OAHIET
CTOJIOBOI JIOKKHM. Bimomo, mo BurotroBwiau 32 crtojoBux 1 60 dJaiiHUX
J0K0K. MOsKHA 3HAWTH YHCJIO0 BCIX BUTOTOBJIICHUX JIOKOK. SIkOM BC1 BOHU
OyJIM OAHOIO0 BHMAY, HalpPHKIaa CTOJOBI, TO, 3HAKYH iX Macy, MOXHa
3HalTH Macy ojHi€i joxkku. CtojioBa jokka Mae macy Ha 20 r OuibIny,
HIDK 4YaiiHa, 1 SKIIO 3aMIHUTH 4YaiiHl JOKKHM CTOJIOBUMH, TO Maca BCIX
JIO’KOK 301TBIIUTHCS, MPUUIOMY MOXKHA 3HAUTH Ha CKUIBKU 301TBIITUTHCA.
3Ha4YNTh, MOKHA 3HAUTH 1 MaCy BCIX JIOXKOK, SIKOM BOHU OyJIM CTOJIOBHMH.
[Ticyist 1bOTO JIETKO B3HATH Macy OJIHIET CTOJIOBOI JIOKKH 1 1aTH BiAMOBIIb
Ha ITUTaHHS 3a1a4l.
2. Po3B'a3yBanHg 3ajaul.

1) CKiJIBKH BCHOI'O BUTOTOBJICHO JIOXKOK?

32 + 60 =92 (n0oxk.)

2) Ha ckinpkn maca 60 cTOJNIOBHX JIOKOK Oinbinia, Hixk Maca 60
YalHUX JIOKOK?

20 - 60 =1200 (1)

3) Ska maca 92 cTOI0BHX JIOKOK?

3400 + 1200 = 4600 (1)

4) Slka Maca OJTHI€]1 CTOJIOBOT JIOKKHU?

4600 : 92 =50 (1)

5) SIxa maca 32 CTOJIOBUX JIOKOK?

50 -32=1600(r)=1xkr 600 .

3. CkiaJaHHsl YUCJIOBOTO BUPA3Y.

[Ipy ckimamaHHl YHUCIOBOTO BHpazy, 3a JOTOMOTOK  SIKOTO
3HaXOJIUThCS PO3B’A30K 3a/adi, MOTPIOHO, MiAHIMAOYKCH BrOpY MO AisX il
MUTaHb, IOCJIJIOBHO 3aMIHSATH KOMIIOHEHTH I 10 TUX ITp, MOKH HE
OyayTh BUKOPHUCTAHI BC1 IaH1 3aj1a4i.

Jl1s1 3aadi, 1Mo po3risaaeThbes, BUpa3 MOHA CKJIACTH TaK:

1600 = 50 - 32 = (4600 : 92) - 32 = ((3400 + 1200) : (32 + 60) - 32 =
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((3400 + +20 - 60) : (32 + 60)) - 32.
OTxe, BUpa3 115l pO3B'sI3yBaHHS 3a/1adl Ma€ BUTJTIS/L;

((3400 + 20 - 60) : (32 + 60)) - 32.

Bianoizib: Maca ctosioBux JoxkokK 1 kr 600 r. «

Tomy 1110 9MCIOBI BUpa3u MarOTh HE OLIbIIIE OJTHOTO 3HAYEHHS, TO 32
JIOTIOMOTOI0 HUX MOKHA PO3B’SI3yBaTH JIMILE Ti 3a7adi, B SIKMX MOTPIOHO
3HAWTHU TIIBKU OJIHE unciio. Hampukman, skOu B 3amadi, 110 po3riisaanacs
BHUIIIE, MOTPIOHO OYyJIO0 O 3HANTH Macy CTOJIOBUX 1 YaTHUX JIOKOK OKPEMO,
TO BUpa3y I 11 pO3B’A3yBAHHS HE MOKHA CKJIACTH.

3agaya 2. Y marasuti € 40 smukiB kapToril Ta 10 SiuKiB MOPKBH.
Maca onHoro simuka kapromi — 30 Kr, Maca OJHOrO SIIUKAa MOPKBU —
20 xr.

Jlo nmaHoi ymoBM 3adadl cOpPMYJIOBAaTH MHUTAHHS Tak, 100
PO3B’SI30K 3a7a4l 3HAXOIUBCS 32 IOIOMOT OO0 BUPa3y:

1)3040+20°10; 2)3040-20+10; 3)(30+40):(20-10);

4)(30+40+20+10):(40+10); 5) 3040+ 200.

» 1. Bupaz 30 « 40 + 20 « 10 € cymor. Ilepmmii gogaHok €
nobytkom uucen 30 1 40 1 o3Hayae macy KapTorwii B MmarasuHi. Jpyruit
noaaHok € 1ooytkom uucen 20 1 10 1 o3Hauae Macy MOpPKBM B Marasuti. A
TOMY TIATaHHA JO YMOBHM 3a/ladi, PO3B’A30K SKOi 3HAXOIUTHCS 3a
JIOTIOMOTOI0 JTaHOTO BHUpa3y, Moxke OyTu chopMynboBaHO Tak: CKUIbKU
BCHOT'0 KIJIOTPaMiB KapTOIUIl 1 MOPKBHU € B MarazuHi?

2. Bupa3 30 « 40 — 20 « 10 € pizuunero no0ytkiB uncen 30 140 ta 20
1 10. A ToMy nUTaHHS 10 YMOBHU 3ajadl, 00 po3B’SI30K il 3HaXOJUBCS 32
JOMIOMOTOK0 JaHOTO BHUpa3zy, MOXHa copmynroBaTu Tak: Ha CKUIbKH
KUIOrpaMiB OUIbIIE B Mara3uHi KapToIuIl, Hi>kK MOPKBU?

3. Bupaz (30 « 40) : (20 * 10) € yactkoro g00yTkiB yucen 30 1 40 Ta
201 10. A ToMy nUTaHHS B IbOMY BUIIAAKy MOHa c(popMyroBaTH Tak: Y
CKUIbKH pa3iB OlJIbllIe B Mara3uHi KapToIUIi, HI)K MOPKBH?

4. Bupaz (30 « 40 + 20 « 10) : (40 + 10) € yacTkoro cym uucend. ¥
bOMY BUMNAJKy MUTAHHS MOXE€ OyTH MOCTaBJICHE Tak: fIka B cepeIHbOMY
Maca OJTHOTO SIMKa KapTOIUTl YA MOPKBH?

5. Bupaz 30 ¢ 40 + 200 mictuth uncino 200, skoro HeMae cepejl yMOB
3amadi. ToMy HE MO’KHa IOCTaBUTH MWUTAHHS JI0 yYMOBU 3ajadi, 1100
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PO3B’ 30K 3a/1a4l MOKHA OyJI0 O 3HAWTH 3a JOTIOMOTOIO TaHOTO BUpa3y. d

5.1.2. Yucnoesi pisnocmi i ix énacmueocmi.

JIBa 4MCIOBI BUpA3u HA3UBAIOTHCS PiGHUMU, SIKIIO PIBHI 1X YUCIIOBI
3HauUCHHS. BigHOIIEHHS pPIBHOCTI HAa MHOXHHI YHCIOBUX BHUpA3iB €
BIIHOIIIEHHSIM €KBIBAJIEHTHOCT1, 00 TAKMM BOHO € I YHCJIOBUX MHOXKHH,
a TOMY BH3Ha4yae po30OUTTS Ha KJacu PiBHUX MDK coOoro BupasiB. Lle mae
3MOTY B YCIX BUIAJKaX, KOJHU I[IKaBJISAThCA 3HAYECHHSIM BUpPa3y, a HE WOro
CTPYKTYpPOIO, 3aMIHATH OJMH BHUpa3 Ha piBHUM Homy. Hampuknan, Bupas
4+ 4+ 4+ 4+ 4 moxHa 3aMiHUTH BUpazoM 4 ¢ 5 a6o 20.

JIBa nOBUIBHUX 4YHKCIIOBI BUpa3u A 1 B, 3’eqHan1 Mixk co0010 3HAKOM
PIBHOCTI “ = ”, yTBOPIOIOTH uuciogy pienicme (3amucyerbcss A = B).
Uucnosi Bupasu A 1 B HazuBarotecs wacmunamu yucnosoi pienocmi: A —
nisoro, B — npasoro.

3 TOYKM 30py MATEMAaTUYHOI JIOTIKM YHUCJIOBAa PIBHICTh €
BHUCJIOBJICHHSIM, K€ ICTMHHE TOJI 1 TIJBKM TOMIl, KOJIM 3HAYEHHS JIBOI
YaCTUHU JIOPIBHIOE 3HAYCHHIO MPABOi YaCTUHU. [CTHHHE BUCIOBICHHS, 110
BU3HAYAETHCS UYKCIOBOK  PIBHICTIO YacTO HA3UBAIOTh  ICHMUHHOIO
(npasunvroro) YUCIOBOIO piBHICTIO. Haj 4MCIIOBUMH PIBHOCTSAMH, SIK HaJl
BHUCJIOBJICHHSIMH, MOXHAa BUKOHYBAaTH BCl omepallii JIOTIKM BHUCJIOBJICHb,
30KpeMa, KOH FOHKIIIIO 1 U3 FOHKIIIIO.

[cTUHHI YMCOBI PIBHOCTI MarOTh BJIACTHUBOCTI, IO 0a3ylOThCs Ha
BJIACTUBOCTSX JIACHHUX YHCEN.

1. ko 10 000X YaCTHH YKCIIOBOI PIBHOCTI 10JaTH (BIAHATH) OJIUH
1 TOM ’K€ YMCIIOBUU BUPA3, TO 3HOBY OJICPKUTHCA YHWCIIOBA PIBHICTH

VA, B,CeEW:4=B—-A+C=B+C(;

VA, B,CEW:4A=B—-A-C=B-C.
Hacninok 1. Skmio oaHa 13 YaCTUH YMCJIOBOI PIBHOCTI €

anreOpaiyHOI CyMOIO, TO OyAb-sIKMH 11 JOJAHOK MOXKHA 3 OJIHI€l
YaCTUHHM TIEPEHECTH B 1HIIY YACTHHY, ajie¢ IPU [[bOMY HOT0O 3HAK 3MIHUTH
Ha MPOTUIIEKKUH, 30Kpema

VA4, B, CeW:4+C=B—A=B-C;
VA, B,CEW:A=B—>A—-B=10



189

Hacninok 2. SIkmio B 000X YacTHMHAX YHCIOBOI PIBHOCTI € PiBHI
JOJAAHKH, TO iX MOKHA OMYCTUTU 1 3HOBY OJIEPKAThCSI YUCIOBA PIBHICTH,
30Kpema

VA, B,CeW:A+C=B+C —-A=B8B.
2. YucnoBi piBHOCTI MOKHA MOYJIEHHO J0JaBaTH (BIIHIMATH) 1 3HOBY
OJICP>KUTHCS YMCIIOBA PIBHICTh, 30KpeMa

VA, BCFeW:(A=B) A (C=F) - (A+C=B+F).
3. Sku1o oOuaB1 YaCTMHU YHCJIOBO1 PIBHOCTI MOMHOXKHUTH Ha OJIMH 1
TOM K€ YUCIIOBUM BUPA3, TO 3HOBY OJIEPKUTHCSA YHUCIOBA PIBHICTH:

VA, B,C&eW:A=B — AC = BC.

4. SIx110 oOUIBI YaCTHHM YUCIIOBOI PIBHOCTI MOAUIMTH HA OJIMH 1 TOU
K€ YHCIIOBUM BHUpa3, 3HAYCHHS SIKOTO BIJAMIHHE BIJ HYJsSl, TO 3HOBY
OJIEP’KUTHCS YMCIIOBA PIBHICTD:

VA, B, CeW:(AC=BC)A (C #0) — (A =B).
5. YucnoBi pIBHOCTI MOXKHA MOYJIEHHO MEPEMHOXKATH 1 3HOBY
OJIEP’KUTHCS YMCIIOBA PIBHICTh, 30KpEMa:

VA, B,CFeW:(A=B)A(C=F) - (A-C=B-F).

6. OOuB1 YaCTUHHU YHCJIOBO1 PIBHOCTI MOKHA MOYJICHHO MIJTHOCUTH
70 CTEMEHsI 3 HATypaJIbHUM IOKa3HUKOM 1 3HOBY OJIEP>KUTHCS UYMCIIOBA
PIBHICTb:

VneNVA4BeW:4=B —-A"=B".

7. SIk1mo 4MciioBl BUpasH, BIAMIHHI B HYJIS, piBHI MiX CO0OI0, TO
pIBHUMU OYJIyTh 1 00EpHEH]1 IM BUpa3H:

VA BEW: (A=B)A U#0) AB£0) —(5=1)

5.1.3. Hucnoei nepienocmi ma ix earacmugocmi.
3 JBOX YHCIIOBUX BHUPAa3iB OilbuiuM HA3UBAETHCS TOW, 3HAUYCHHS
SIKOTO O1JIBIIIE, TO3HAYAETHCS 3HAKOM * > *;

VA, BE W:A>B:< a >b,
ne a i b e BinmosigHO 3HaYeHHAMU BUpasiB A4 i B.

"

Bignomenus '"menme" (mo3HavaeThCs < ") o3Hayaerhcsa K
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oOepHeHe 70 BigHOIIEHHS "OuIbiie", a TOMy BOHO TaKOX € BIHOIICHHSIM
CTPOTOro JIIHIHHOTO HOPSIAKY.

Bignomenus "0inbiie adbo piBHe" (mo3HavaeThes “ > ) HA MHOXKHHI
YUCJIOBUX BHUPA31B O3HAYAETHCS SIK 00'€THaHHS ABOX BIJHOIIECHb "piBHE" i
"6inpmie". BigHomeHHs x "MeHie ado piBHe'"(IMo3HAaYa€eThC ¢ < ) MOKe
OyTu o3HaueHe abo K 00’eIHaHHS BITHOIICHB “piBHE” 1 ‘“MeHIe”, abo X
SK BIJHOIIEHHS OOEpHEHE J0 BIAHOIICHHS “Oinbine abo piBHe”. OcTaHHI
JIBa BIJHOIICHHS € BIJHOIICHHSMH HECTPOroro JIHIMHOIO MOPSAKY Ha
MHO>KMHI YHCJIOBHUX BUPAa3iB.

JIBa NMOBIIbHUX YHMCIOBUX BHpasu A 1 B, Mk SKMMH MOCTaBIICHO
OJIMH 13 3HAKIB ““ < *, >« «“ < “>“ yrROpIOIOTh YUCI08Y HEPIBHICTb
(3amucyeThes A<B, A>B, A<B, A> B). Yucnosi Bupasu 4 i B
Ha3UBaIOTLCS YacmMuHamu 4uciosoi nepienocmi, A — nisor, B — npasoro.

UucmoBa HEpIBHICTh € TAKOXK BHCIIOBJICHHSM, SKE€ ICTMHHE TOMi 1
TUIBKA TOJ1, KOJW 3HAYCHHS JIBOI YaCTHHHM 3HAXOJHUTHCS 13 3HAUCHHIM
mpaBoi 4YaCTUHM B TOMY BIJIHOIICHHI, 1110 BHU3HAYAETHCS 3HAKOM
HEpIBHOCTI. [CTUHHE BHUCIOBJIEHHS, IO 33J]a€ThCSl YUCIOBOIO HEPIBHICTIO,
HA3UBAETHCS ICIMUHHOIO YUCTIO8010 HEPIGHICMIO.

Jlo 4HCIOBUX HEPIBHOCTEM, SK 1 JO YHCIOBUX PIBHOCTEM,
3aCTOCOBYIOThCSI OIlepallii JIOTIKM BHCJIOBJICHb, 30KpeMa KOH FOHKIIIS 1
nu3’toHKIs. Hampukimaa, nis 4uciaoBux HepiBHocTed 3 < 517 > 10 ix

KOH toHKIII Mae Bua (3 <5) A(7 > 10) 3anucyeTbest

3<5,

7210,
a 13’ roHKIA (3 < 5) v (7> 10) 3anucyeTbes

3<5,

72>10.

JloriuHe 3HaueHHs KoH TOHKIIT “0”, a nu3’roHKIIT — “1”°, 60 CK/Iamg0Bl1

BUCJIOBJICHHS MalOTh Pi3HI JOT14YHI 3HaUeHHs: “3 < 57 — “1”,a “7 > 10” —
660”

JIBi ab0 OuIbIlle YKUCIOBI HEPIBHOCTI HA3UBAIOTLCS HEPIBHOCMAMU
00H020 (0OHAK0B020) CMUCTY, SIKIIO Y BCIX HHUX JiB1 1 MpaBl YaCTUHHU
3HaXOJSAThCA B OJAHOMY 1 TOMY > CaMOMYy BIJHOIIEHHI NOpsAaKy. JIBi
YHCJIOB1 HEPIBHOCTI HA3MBAIOTHCA HEPIBHOCTSIMHU MPOTUIECKHOTO CMUCIHY,
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SKITO BIAHOIICHHS, B SIKOMY 3HAXOJSThCA JIiBa 1 MpaBa 4aCTUHA OOHIET 3
HUX, € OOCPHEHUM JI0 BIIHOIICHHS MOPSJKY, IO IOB’SA3Yy€E JIBY 1 IpaBy
YaCTHUHHU JIPYyroi HEPIBHOCTI.

Hanpuknan, uucioBi HepiBHOCTI A1 > By, A2 > By, 43 > B3 €
HEPIBHOCTAMHM OJIHAKOBOT'O CMHCIY, a yucioBl HepiBHOCTI C<Fi1C>F €
HEPIBHOCTAMHU MPOTUIICKHOTO CMUCITY.

[cTUHHI YHUCJIOBI HEPIBHOCTI MalOTh pAJl BIACTUBOCTEH, 1110
0a3yl0ThbCs Ha X O3HAYCHHSX Ta BJIACTUBOCTAX JINCHUX YUCEN.

1.VA, BEW:A4>B—B<A4,
2. 1) VA, BEW:4A>B+—>A-B>0,
2)VA,BEW:A<B—A4A-B<O.
3. SIxmo mo 000X YacTWMH YHMCIIOBOI HEPIBHOCTI JOJAaTH (BITHSTH)
OJIVH 1 TOM K€ YUCIIOBUM BUpPaA3, TO 3HOBY OJICPKUTHCS HEPIBHICTH TOTO XK
CMUCITY, 110 ¥ 3aJ1aHa, 30KpeMa

1)VA, B CEW:4>B —-A4+C>B+C,

2)VA,B,CeEW:A>B -4-C>B-C.
Hacnmigok 1. SIkmio xo4 oJiHa 13 4YacCTHH YHUCJIOBOI HEPIBHOCTI €

anreOpaiyHOI CYMOIO YHMCIIOBHX BUPAa3iB, TO OyAb-sSKHI JOJIaHOK MOXHA
NEPEHECTH 3 OAHIET YACTUHM B 1HIIY, 3MIHMBIIM 3HAK MEpe] HUM Ha
IIPOTUJICKHUHN, 30KpEMa
VA, B,CEW:A>B+C—>A4A—-C>B.
Hacninok 2. ko B 000X 4aCTMHAX YKCJIOBOI HEPIBHOCTI € PiBHI

JTOAAHKH, TO iX MOYKHA OMYCTUTH 1 OJE€PKHUTHCS HEPIBHICTH TOTO K CaMOTr0
CMUCITY, 30KpemMa
VA, B,CeEW:A+C>B+C—A4>B.

4. YucnoBi HEPIBHOCTI OJHOTO 1 TOrO K CaMOro CMHUCIY MOKHA
MOWICHHO JI0/I1aBaTHU 1 3HOBY OJIEPKUTHCSI HEPIBHICTh TOTO % CMUCIY, 1O 1
JlaHi, 30KpeMa

VA, B,CFeW:(A>B)A(C>F)—>A+C>B+F).

5. HucnoBi HEPIBHOCTI MPOTHIIECKHUX CMHUCIIB MOXHA MOYJIEHHO
BIJIHIMATH 1 OJIEP>KUTHCS HEPIBHICTh TOTO * CMUCITY, IO i HEPIBHICTH, Bij
SKO1 BIIHIMAIOTh, 30KpeMa

VA,B,CCFEW: (A>B)A(C<F)—-(A-C >B-F).
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[Ipu po3risal HAaCTyIHUX BJIACTUBOCTEH YMCIOBUX HEPIBHOCTEH CIIiA
3BEpPHYTH yBary Ha Te, IO 3HAKH OJCPKYBAaHMX HEPIBHOCTEH CYTTEBO
3aJIeKaTh BIiJ TOro, Ha JOJATHUM YW BIJ €MHUN YHCIIOBI BHUpa3u
MHOYKaThCsl BUX1JH1 HEPIBHOCTI.

6. Skmo oOuaBI YACTMHU YHUCIOBOI HEPIBHOCTI TOMHOMXHUTH
(MOITMTH) HA OJIMH 1 TOM K€ YUCJIOBUHM BUpa3, 3HAUCHHS SIKOTO JIOJATHE,
TO 3HOBY OJIEPXKUTHCSI HEPIBHICTh TOTO 3K CMHCITY, 110 U JJaHa, 30Kpema

VA, B, Ce W: (4 >B)A(C > 0) — (AC > B(C).
VA, B, CEW: (A4C>BC) A (C > 0) — (A>B).

7. Slkmo oOWABI YACTMHU YHCIOBOI HEPIBHOCTI TTOMHOXKHUTH
(MOAUIMTH) HA OAMH 1 TOM )K€ YMCIIOBUI BUpPa3, 3HAUEHHS SIKOTO BiJl’€MHE,
TO OJICP>KUTHCS HEPIBHICThH MPOTUIICKHOT'O CMUCIY JI0 JIaHO1, 30KpeMa

VA, B,CeEW: (4>B)A(C<0)— (AC < BQO),
VA, B,CEW: (A C>BC)A(C<0)— (A<B).

8. UwuciaoBl HEPIBHOCTI OJHOTO 1 TOrO X CaMoOro CMHCIY 3
JOJaTHUMHU YaCTHHAMHM MOKHA MOYWICHHO MHOXXHUTH 1 3HOBY OJCPKHUTHCS
HEPIBHICTb, TOT'O X CMHUCITY, 110 ¥ 3aJ1aHi, 30KpeMa

VA, B,C,FEW:(4>B>0)A(C>F >0)— (AC > BF).

Hacninok 3. OO0uaBI 4acTMHU YHUCIOBOiI HEPIBHOCTI 3 JOJATHUMH

JacTMHAMM MOJKHA MiJTHOCUTH JI0 CTENEHS 3 HAaTypaJbHUM IOKAa3HUKOM 1
3HOBY OJICP>KUTHCS HEPIBHICTH TOTO K CaMOro CMHCIY, IO M 3ajaHa,
30KpemMa

VneN VA, BeW:4 >B>0—A">B",

9. [IB1 4MCIOBI HEPIBHOCTI OJHOTO 1 TOTO » CaMOro CMHUCIY 3
BII’EMHUMHM YaCTUHAMU MOXHA T[IOWICHHO TEPEMHOXAaTU 1 3HOBY
OJICP>)KUTHCS HEPIBHICTh MPOTHJICKHOTO CMHUCTY J0 JAHUX HEPIBHOCTEM,
30KpeMa

VA, B,C,F eW: (A<B<0)A(C<F<0)—(AC > BF).

10. BigHomieHHs MOPSAKY, IO TMOB’S3YIOTh JBa JOJATHHUX
(BiZ’€MHHX) YHCIOBUX BHpa3W, | BHUpa3W, SKi € OOEpHEHI N0 HHUX, €
00epHEHUMH M1k CO0010, 30KpeMa

VA, BEW: (4>B)A (B > 0) > (- < 7).
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5.1.4. Bupa3u i3 3aminumum ma ix 0CHOGHI XApaKmepucmuKku,

Ilin 3miHHUuMu PO3yMIIOTH 3HAKH, IO BIAIPAIOTh POJIb MOPOXKHIX
MICI[b Y MAaTEMaTUYHOMY TEKCTI, SIK1 JI03BOJISIETHCS 3alIOBHIOBATH 1IMEHAMU
CJIEMEHTIB 13 JEAKUX MHOKHMH, III0 CKJIAIAIOTh 001acmb 3HAYeHb IUX
3MIHHUX.

B mowyaTkoBoMy Kypcl MateMaTHKH, MEpIIl HI)K BBOAUTH OYKBU JJis
MO3HAYCHHSI 3MIHHUX, BUKOPUCTOBYIOTh “TIOPOXKHI MiCIIs”, Hanpukian 4 +
... =9 (y4HsIM 3a/1al0Th NMHUTAHHSA: SKE YHUCJIO MOTPIOHO 3amucaTH 3aMiCTh
Kpamnok, Imo0 oJiep>KaTu MpaBUbHY PIBHICTH?), abo MicIlsl, Ha sKi
MIJICTABISETHCS OHE 1 T€  CaMe€ YHUCJIO0, MO3HAYAIOThCS ‘‘TIOPOKHIMU
BIKOHEYKaMH™~ OJHAKOBO1 (hOpMU, HATIPUKIIA],

O iR S O - 3anuc KOMYTaTUBHOTO (IIEPECTABHOIO) 3aKOHY
JOJaBaHHS Ha MOBI1 3 MOPOXHIMU BikOHeukaMu. [lepexiz BiJ 3anucy

o A 4o

110 3aMUCy X + ¥ =y + X BKE HE CKJIAJa€ TPYAHOIIIB 1 MiKA3y€ pOib OYKB-
3MIHHHX X 1) B OCTaHHbOMY. Big 3amucy x + y =y + x, 1€ x 1 y — 3MIHHI
JJIs. HaTypaJlbHUX 4Hucen, a "+" € 3HakoMm omeparii J0JaBaHHsS, MOKHA
MEPENUTH 10 3arajibHIIITO 3aMUCy

VX, yEM:x *x y=y % x, (1)

Je X 1 y — 3MIHHI JUIsl €JIEMEHTIB JCAKOI MHOXHWHU M, a * — 3MIHHA JJIs
omepamii y MHOxwuHl M. 3anuc (l) € CHUMBOJIIYHUM 3aMKCOM
KOMYTATUBHOT'O 3aKOHY O1HapHOI onepaiiii. 30KpemMa, aKIo:

1) M — aucnoBa MHOKHHA, TO X 1 Y OyIyTh YUCIIOBUMHU 3MiHHUMU;

2) M — MHOXXWHA BUCJIOBJICHb, TO X 1 y — IPOIO3UITiIHHI 3MiHHI,

EnemenTn, iK1 MOKHA ITIJCTaBIATH 3aMICTh 3MIHHOI, HA3UBAIOTHCS 11
3HAYeHHAMU, a BC1 BOHU CKJIAJAI0Th 001acmb 8U3HAYeHHs 3MIHHOI. Y BCIX
BHUIIAJIKaxX, KOJMU MOBa MHJe Mpo 3MiIHHY, OOOB’SI3KOBO BKa3yeTbCs abo0
o0JlacTh BU3HAYEHHS 3MIHHOi, a00 il JIETKO BCTAaHOBUTH 3 KOHTEKCTY.
3MiHHI, 3HAUCHHSMHM SIKUX € YHUCJIa, HA3UBAIOTHCS YUCA0BUMU 3MIHHUMUL.

Akimo B YMCIOBOMY BHpa3l OJHE a0 MEKUIbKa 4YHCel 3aMIHUTH
3MIHHUMH, TO OJICPKUMO 8Upa3 i3 3MIiHHUMU a00 YUCI08) opmy.

[lincTaBUBIIM B YUCIOBY (POpMY 3aMiCTh KOXHOI 3MIHHOI Ha BCiX
MICIISIX 11 BXOJ/P)KEHHSI KOHKPETHI 4HUCIa, OJEPKUMO YHCIOBHI BHpa3,
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3HAYCHHS SIKOTO HA3UBAETBHCS 3HAUEHHSAM UYUCA080I hopmu Ha 3a0aHOM)
Habopi 3Hauenv 3minnux. TyT 1 gajl, TOBOPSYH Mpo "3MiHHY" MaloTh Ha
yBa3l "YuCIOBY 3MiHHY".

Koxxna uyuncioBa Qopma XapakTepH3Y€ThCS KUIBKICTIO YHCIOBHX
3MIHHUX, 10 BXOIATh Yy Hei, 1 obnacTio BuzHaueHHsA. Obaacmio
susHauenHs yuciosoi gopmu (X1, X2, ..., Xn) (mo3naugaethcss Df a6o D f(xy,
X2, ..., Xn)) Ha3UBA€TbCSI MHOKMHA THUX HAOOpIB 3HAYEHb 3MIHHMX, MPHU
AKUX 4YuciaoBa (opma mae 3HadyeHHs. YucioBa ¢opma BBaXKAETHCS
3aJIaHOI0, SKIIO BKa3aHo Ii 00JlacTh BH3HA4YEeHHA. KO K 00JacThb
BU3HAYCHHS YUCTIO0BOI (POpMU HE BKA3aHO, TO i1 CJIiJ] BCTAHOBUTH.

UYucnoBi Bupa3w 1 4KCiOBl (OpPMH YacTO HA3WUBAIOTh BUPA3AMU.
k110 BOHM MICTATH JIMIIe apudMETHYHI OTeparlii Ta onepariii magHeCeHHS
710 palliOHAJILHOTO CTETEHS, TO iX MPUUHATO HA3UBATH A/1eeOpaitHUMU.

AnreOpaiyHuii BUpa3 HA3UBAETHCS pAYIOHANbHUM, SIKIIIO BIH HE
MICTUThH oOIllepallii 100yBaHHS KOPEHIB 13 BHUpPA3iB, IO MICTIATh 3MIHHI.
PaiionansHuil BUpa3 HA3UBAETHCS YLIUM PAYIOHANbHUM 6upazom ado
MHO20YIeHOM, SIKIIIO BIH HE MICTUTH OIepallii AUJICHHS Ha BHUpasH, IO
MICTSATh 3MIHHI. PallioHanbHHUII BUpa3 HA3UBAETHCS OpoOOBUM, SKIIIO BiH
MICTUTB ONepallii JIJICHHS Ha BUPA3H, 1110 MICTSITh 3MIHHI.

3amada 3. BctaHOBUTH 00JaCTh BU3HAYEHHS BUPa3y

f(x)=—2>
() x> —=5x+6

» Jlanuii BMpa3 MiCTHTh ONEpALil0 IiICHHS HAa BUpa3 x> — 5x + 6,
0 MicTUTh 3MiHHY. OOsacTh BU3HA4YeHHS BUpa3y f(X) ckimagaTumyTh Ti
NifcHI umMcna, Ipu SKUX BUpas x> — 5x + 6 He mopiBHIOC Hymro. TakuMu
yucjIaMU € BCl JiMCHI yucia, KpiMm x = 2 abo x = 3. OTxe, 00JacTio
BU3HAYCHHS BUPA3y

fX: 3x—5
( ) x*=5x+6

oyne mHoknHa | —00;2[U]2;3[U]3;+o].
Bigmosine: x € R/{2 ;3}abox €] -0;2[U]2;3[U]3;+].
<
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5.1.5. Bionowenna momoixcnocmi ma momodxzcHi nepemeopeHHs
Ha MHOMcuHi eupaszie. Tomoscnocmi.

JIBa BuUpa3u 13 CHOUIBHOIO O0O0JIACTIO BHU3HAUYECHHS HA3UBAIOTHCS
MOMONCHO pPI6HUMU HA Hil, SKIIO PIBHI 1X 3HAYEHHS MOpU OYyIb-SKUX
3HAUEHHSIX 3MIHHUX 13 00JIacTi BU3HA4YeHHsA. TOTOXHA PIBHICTH BUPA3iB
ICTOTHO 3aJIEKUTh Bij iX 00JacTi BU3HAYEHHSA: 3MiHA 00J1aCTI BU3HAYCHHS
MO>KE TIPUBECTH J0 MOPYIIEHHS TOTOXKHO1 piBHOCTI. Hanpukian, Bupasu x
1 | x| € TOTOKHO PIBHUMHU HA MHOHHI HEB1/1’€EMHUX JTIMCHUX YUCET 1 HE €
TOTOKHO PIBHUMHU HAa MHOXKHHI JIACHUX YKCEN, 00 MpU X = — 2

-2 * 2.

BigHolieHHs  TOTOXHOiI  PIBHOCTI BHpa3iB €  BiJHOIICHHSM
€KBIBAJICHTHOCTI HA MHOKMHI BCIX BUpa3iB. Lle 103Bosisie BUpa3u 3 OJTHOTO
KJIACY €KBIBAJICHTHOCTI HE BIAPI3HITH OJWH BiJ OJHOTO, SIKIIO TUIBKU HE
LIKaBJISATHCS iX CTPYKTYPOIO.

JIBa TOTOXHO piBHI HAa MHOKHHI M Bupaszu f( X1, X2, ..., Xn ) 1 q ( X,
X2, ..., Xp), 3’€IHaHI MK CO0OI 3HAKOM PIBHOCTI, HA3HBAIOTHCS
TOTOXKHICTIO (TIO3HAYAETHCS f( X1, X2, ..., Xn ) = q( X1, X2, ..., Xn ).

[IpuknagaMu TOTOXHOCTEM € (OPMYJIM CKOPOYEHOTO MHOKEHHS;
dbopMyH, IO BUPAKAIOTh 3aKOHU apU(PMETUUHUX ONEepaliid TOLIO.

3aMiHa OHOTO BHUpPa3y TOTOKHO PIBHUM HOMY BUPA30M HA3UBAETHCS
MOMONCHUM NepemeopeHHsM 6upazy. TOTOXHUMHU TEPETBOPEHHIMU
BHUPA3IB IIUPOKO KOPUCTYIOTHCS , KOJU HE IIKABIATHCA iX CTPYKTYpOIO,
30Kpema Mpu:

1) cripo1iieHH1 BUpa3iB;

2) Ha/TaHH1 BUPa3y CIICHIAIbHOTO BUTJISY;

3) po3B’s3yBaHHS PiBHSAHb 1| HEPIBHOCTCH;

4) noBeCHHI TOTOXKHOCTEH.

5.2. PiBHSIHHS TA HEPIBHOCTI 3 OJAHI€0 3MIHHOIO
5.2.1. Pienannsa 3 0OHi€0 3MIHOI0 AK NpeouKam ma io20 OCHOGHI

XApaKmepucmuKu.
Hexaii Ha mHOoxmHI M 3amano nsa Bupasu f(X) 1 q(X) 3 ogniero
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smiHHOO Xx. [Ipemukar Bumy f(X) = Q(X), x€ M, nug skoro moTpiOHO
3HAUTH 00JaCTh ICTUHHOCTI, HA3UBAETHCSA PIGHAHHAM 3 OOHIEI) 3MIHHOIO.
Bupasu f(x) 1 q(X) HasuBaroTbcs uacmunamu piensnns, f(X) — nisoro, q(X) —
npasoro. Y BUMAJKY, KOJIU XOU OJIHA 13 YACTUH PIBHSHHS € alre0paiuyHoIo
CYMOIO, TO JOJAHKW CyMHM HA3WBAIOTHCA uieHamu pieHanHsa. MHoxuHa M
HA3UBAETHCS 001ACMIO BUSHAYCHHS PIGHSHHSL.

MHoOX1HaA ICTUHHOCTI TIPEAMKATa, 110 3a/1a€ PIBHSHHS, HA3UBAETHCS
MHOICUHOIO PO36 513Ki6 PieHsHHS (MHONCUHOI KOPEHI6 PI6HsHHI), & KOKHE
YHCIIO0, SIKE HAJIC)KHUTh 1[I MHOXHHI, HA3UBAETLCS p036 sizkom (Kopenem)
0anozo pisHaHHA. Po3e’si3amu dane pigHaAHHA — 3HAYNTD 3HAUTH MHOXKUHY
HOT0 pO3B’S3KIB.

YacTto oO0nacTh BU3HAYEHHSI PIBHSHHS HE BKa3Y€ThCS, B I[bOMY
BUMNAAKy 11 TOTPIOHO BCTAHOBUTH: BOHA € MepepizoM obacTei
BU3HAUYCHHS KOXKHOTO 3 BHpasiB f(X) i (X) piBHsAHHSA (KOKHOI 3 YacCTHH
piBHsHHS). B 3anexxHocTi Bim 00jacTi BUSHAYEHHS PIBHSHHS MOXE MaTH
pI13H1 MHOKMHU PO3B’s13KiB. Hampukiaz, piBHIHHS

(x—1)(x+2)(x*-3)(x*+1)=0
Ha MHOXXHHI HaTypaJIbHUX YHUCEJ MAa€ OJIUH PO3B’S30K, OO TIIBKU MPHU X =
1 n1oOyTOK MHOKHHUKIB JIOPIBHIOE HYJIIO, HA MHOXKHHI IIJIUX YUCEN — JBa
po3B’si3ku { — 2; 1} , a HA MHOXWHI JIHCHUX YHUCET — YOTUPH PO3B'SI3KH { —
2;-+3;1, 3}

[IpuiinaTo TakoX HEe BKa3yBaTH 00JIaCTh BUSHAYCHHS PIBHSIHHS B THX
BUIAJIKaX, KOJM BOHA pIBHA HAWIIMPIII YMCIOBIA MHOXMHHI, SIKa BlIOMAa
TOMYy, XTO MOro po3B’sA3ye. 30Kpema, MO MIpl O3HAWOMIICHHS YYHIB 3
YUCJIOBUMU MHOXXHaMH, TaKOIO MHOKHHOKO ISl MOJIOJIIUX IIKOJISIPIB €
MHOXKHWHA IIMX HEBIJ €MHUX YHWCEN, a JJISI YYHIB CEPEAHbOI IIKOIU —
MHOKWHA JIACHUX YHUCEIL.

5.2.2. Pienocunvui pisnannsa. Teopemu npo pienocunvHicmo
PIBHAHD MA HACIOKU 3 HUX.

JIBa piBHSHHS 3 OJIHI€EI0 3MIHHOK, BHU3HAYE€HI Ha MHOXWUHI M,
HA3UBAIOTBCS PIBHOCUIbHUMY HA Hil, SKIIO 1X MHOXHWHU PO3B’S3KIB
30iratotbes. JIBa piBHSIHHS, BUBHAYEHI HA MHOXKHUHI M, € PIBHOCUILHUMU
Ha Hi¥ 1 TOM1, KOJIW Ha 111 MHOKHHI BOHU PO3B’sI3KIB HE MAIOTh.
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3 O3HayYeHHsA BUIUIMBAE, 10 PIBHOCWIBHICTH pPIBHSAHb 1CTOTHO
3aICKUTh BIJ iX 00JIaCTI BU3HAYCHHS: 3MiHA 1i MOJXE HPHUBECTH 10
MOPYIIEHHS PIBHOCUIIbHOCTI. Hampukia, piBHIHHS

x—Dx+3)=0 ix-1)(x+2)=0
PIBHOCWJIbHI Ha MHOXXHHI HAaTypaJbHUX 4ucell, 00 BOHM MalTh Ha HIU
CBOIM PO3B’SI3KOM JIMIIE YHUCJIO 1, 1 HEPIBHOCWIbHI HAa MHOXHI ITUTHX
qucen, 00 Ha HiW, KpIM OJAUHUIN, MEpIle PIBHIHHSI Ma€ PO3B’A3KOM YHCIIO
— 3, a gpyre — 4ucio —2.

Bignomenus PIBHOCHJIBHOCTI PIBHSHB € BIIHOIIIEHHIM
CKBIBJICHTHOCTI 1 3a/Jla€ Ha MHOXXWHHI PIBHSIHb PO3OUTTS Ha KJacH
PIBHOCWJIBHMX MK c00010 piBHSHB. lle mae 3mory mpu po3B’si3yBaHHI
PIBHSIHb 3aMIHATH 1X Ha PIBHOCHJIbHI, PO3B’SI3KU SIKUX JIETIIIE 3HANTH.

B npoueci po3B’si3yBaHHS HaJa PIBHSIHHSIMH 31ACHIOIOTHCS Pi3HI
neperBopeHHs. OpHak HE BCl 3 HHUX TPUBOJATH [JI0 OJICp)KAHHS
PIBHOCUJILHUX PiBHSIHb. Hampukiana, 3aMiHa piBHSHHS

(x—1)(x-3)=x-3 (1)
PIBHSHHAM
x-1=1 (2)
HETMpaBUJIbHA, 00 PIBHSHHS HEPIBHOCWIbHI Ha MHOXXHWHI JIMCHUX YHUCEI.
Crpasni, piBassHHA (1) Mae MHOXMHY po3B’si3kiB {2, 3}, a (2) — {2 }.
PiBusHHs (2) onepxaHe 3 piBHSIHHSA (1) AUIeHHSIM 000X YacTHUH Ha BUpPaA3 X
— 3, sKUW TOPIBHIOE HYJIIO TIPU X = 3 1 IPH 1IbOMY BTPATUIIN PO3B'A30K X =
3 mepuioro piBHSIHHS.
SKIO X piBHSIHHS
x—-1=2 (3)
3aMIHUTH PIBHSIHHSAM
(x—1)>=4, 4)
TO TaKOX OJEPKUTHCA HEPIBHOCUIIbHE WOMY pIBHSAHHS, 00 piBHAHHS (3)
Ma€e MHOXHHY po3B’si3kiB { 3 } , a piBusHHsA (4) — { — 1; 3 }, Omxe,
MHOXXUHM PpO3B’SI3KIB HE piBHI, a TOMY, 32 O3HAUYCHHSIM, DPIBHSHHS
HEPIBHOCWJIbHI HAa MHOXWHI JiMicHUX uucen. Po3B’si3o0xk x = — 1 Oyne
CTOpPOHHIM i piBHSHHA (3). 3 TOYKM 30py MaTEMAaTHUYHOI JIOTIKH
piBHSIHHS (4) € JUIIe JOTIYHUM HaCH1IKOM piBHsHaA (3).
Kopucryrounch MOHATTSIMH MaTEMaTHYHOI JIOTIKM MOXKHA JIaTh
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O3HAYCHHS PIBHOCWJIHLHOCTI PIBHSHD 3 OJHIEI0 3MIHHOIO TIO-THIIIOMY.

JIBa piBHSHHS 3 OJIHIED 3MIHHOK, BHM3HA4Y€HI Ha MHOXHUHI M,
HA3MBAIOTBCS PIBHOCUNLHUMU HA Hill, SIKIIO KOXXHE 3 HHUX € JIOTTYHUM
HACJI1JIKOM 1HIILIOTO.

Teopema 1. Skmio m0 000X 4YacTUH PIBHSHHS 3 OAHIEI0 3MIHHOIO,

BU3HAUYCHOTO HA MHOXHWHI M, NojgaTh BHpa3, BU3HAUCHWN Ha I XKe
MHOHHI, TO OJIEPKUTHCS PIBHSIHHS, PIBHOCUIIbHE 3aaHOMY Ha MHOKHHI
M.
Hexan
fx)=akx), xeM, (1)

naHe piBHsSHHA 1 ¢(x), x€ M, — Bupa3, KUl J0AaEMO A0 000X YacCTHH
piBHsiHHA (1). Tomi

f(x) + ¢(x) = q(x) +¢(x), (2)

€ OJIEp’KaHUM PIBHSIHHSIM.

Hacnizok 1. JIo 000X 4aCTUH PIBHSHHS 3 OJIHIEIO 3MIHHOIO MOKHA
noaatyd (BIAHATH) OJAHE 1 T€ XK YHUCIO, 1 OJIEPKUTHCA PIBHSHHS
PIBHOCUJIBHE JITAHOMY.

Hacniziok 2. YneHu piBHAHHS 3 OJIHIEI0 3MIHHOIO MOKHA IEPEHOCUTH

3 OJIHIET YaCTUHU PIBHSHHS B 1HIIY 3 MPOTUJICKHUM 3HAKOM, MIPU IIOMY
OJICP>)KUTHCS PIBHSHHS PIBHOCWIBHE JAHOMY.
Hacninok 3. Ilpu notpedi BCl YiI€HU PIBHSHHS 3 OJHIEI0 3MIHHOIO

MOHa MIEPEHECTH B OJIHY 3 YACTHH PIBHSIHHS, a 1HIIA Oy/e piBHA HYIIIO, i
OJIEP’KUTHCS PIBHSHHS PIBHOCWIBHE JAHOMY.
Teopema 2. SIkmo oOuABI YaCTUHU PIBHSHHS 3 OAHIEID 3MIHHOIO,

BU3HAYEHOTO Ha MHOXXMHI M, MOMHOXUTH Ha BUpa3, BUSHAUCHUHN Ha II1H
K€ MHOXHHI 1 BIIMIHHMI B HYJsS, TO OJIEPXKUTHCS PIBHIHHS,
PIBHOCUJIBHE TAHOMY Ha MHOXUHI M .

Hacniok 4. O0uB1 4acTUHU PIBHSHHA 3 OJIHIEI0 3MIHHOIO MOKHA

MMOMHOXXUTH (TIOAIJIMTH) HA OJIHE 1 T€ K YHMCJIO0, AK€ BIJAMIHHE BiJ HYJI, 1

IPU [IbOMY OJEPKUTHCS PIBHSIHHS PIBHOCUIIBHE JAHOMY.
Sy

o ,xeM, piBHOCWIBbHE piBHAHHIO f(X) =
q\x

Hacmimok 5, PiBHSHHS

0, xe M.
3agaya 3. He po3B’si3ytoun piBHSIHb
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X—4=31x*-16=3(x +4),
BKa3aTH, Ha SKUX MHOXHHAX 1 Ha OCHOBI SIKMX TBEpPKE€Hb BOHU
PIBHOCHJIBHI.

» PiBHAHHS

X—4=31x>-16=3(x +4)
BH3HA4YCHI HA MHOKHHI JIMCHUX dhcen R, ToOTO iX 00acTh BU3HAYCHHS M
= R. SIxmo miBy wactuny x> — 16 gpyroro piBHsHHs 3amucaTtu (x — 4)(x +
4), TO BOHO Habepe BUTIISATY

(x—4)(x +4)=3(x + 4).

Tenep HeBaXKO BCTAHOBHUTH, IO JAPYre PIBHSHHS OJEp)KaHE 3
MEPIIOro PIBHAHHS MUIIXOM MHOXXEHHSI 000X MOro 4YacTHH Ha BUpas x + 4,
KU HE TOPIBHIOE HYJIIO Ha MHOXMHI M1 =] — o, — 4 [U] — 4, + o[, a He
Ha MHOXHMHI R . Tomy 3a TeopeMorw 2 mpo PIBHOCWIBHICTh PIBHSHb
MPUXOJAUMO JI0 BUCHOBKY, IO JIaHi PIBHSIHHS OyAyTh PIBHOCHUJIBHUMH Ha
MHOHHI

Mi=]-0,—4[U]—-4,+o[=R\{-4}
1 HEpIBHOCWJILHUMU Ha MHOKMHI JIliicHUX uyncen R. <«

[Ipu xopuctyBaHHI TeopeMaMmu 1 1 2 Ta HaCHiKaMU 3 HUX 3aBXKIU
NOTpiIOHO TaM’ATaTH, IO PIBHAHHS PIBHOCWIbHI JHIIE Ha 001acTi
BU3HAYEHHSI BUXIAHOTO piBHSAHHA. OnepxaHe * PIBHAHHS B OUIBIIOCTI
BUMNAJKIB Ma€ OUIBII MIUPOKY 00JIACTh BU3HAYCHHS, 3HAUUTh MOXKE MaTH 1
OinbIIe po3B’sa3KiB. Cepes HUX PO3B’SI3KaMU BUXIAHOTO PIBHSIHHSA € TIJIbKU
Ti, IIIO HaJIeKaTh MOro 00aCT1 BUSHAUCHHS.

3amaua 4. Po3B’s13aTu pIBHSIHHSA

4x — 1+ ! =19 —x+ 1-

x—4 X -

» CnouyaTky BCTaHOBMMO OO0JIaCTh BH3HAUYECHHS JAHOTO PIBHSHHS.

Hero Oyne MHOXKHHA BCIX JIMCHUX YMCEN, 32 BUHATKOM 4ucia 4, 60 Bupas
1

x—4

npu x = 4 He mae cmuciay. Omke, M = R\ { 4 }. Ha ocHOBI Hacmiaky

3 3 TeopeMu 1 mepeHecemMo BCI YJIEHU AHOTO PIBHAHHS B JIIBY YacTHUHY,
TOJI1 MATUMEMO

Ax—1+ 1 — 194+ x— L =0,

x—4 X -

3BIBILU MMO10H1 YWIEHH, IICTAHEMO PIBHSHHS
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Sx—-20=0
00JIacTIO BU3HAYEHHS SIKOTO € BXKE€ MHOXKHMHA JIMCHUX uucen. Oneprxane
PIBHSIHHS MA€ PO3B’SI30K X = 4, IKU HE € PO3B’A3KOM JIAaHOTO PiBHSHHS, 00
4 ¢ M. Orxe, naHe piBHSHHA PO3B’s3KIB HEe Mae. IlosiBa CTOPOHHBOTO
PO3B’SI3KY i1 HbOT'O MOSCHIOETHCS THUM, 1110 BHACIHIJOK PIBHOCTI HYJIIO
CyMU

1 1
+( —
x—4 ( x—4)

o0JlacTh BM3HAUCHHS OJICPKAHOTO PIBHSAHHS pPO3MIMpUIach 1 yucio 4

BBIMIILIO B Hel,
BinmoBims: x € 0. 4

OCKUIBbKH PIBHSHHS 3 OJIHIE€I0 3MIHHOIO € IIpeUKaTaMu, TO HaJl HUMU
MOXHa BHMKOHYBaTM BCl oOmepalii JOTIKM BHCJOBIECHb, 30KpeMa
U3’ FOHKINIO 1 KOH IOHKIIO.

JIn3’tOHKIIST ~ pIBHSIHb ~ HA3UBAETHCA  CYKVHHICMIO — DIGHAHb
(mO3HAYa€THhCSl KBAAPATHOKO JY>KKOK 3111Ba), @ KOH IOHKIISL PIBHSHb —
cucmemoro pieHaHb (MO3HAYAETHCS (DITYyPHOIO AY>KKOIO 3J11Ba).

Teopema 3. PiBHsIHHS

f1(x)f2(x)-... f.(x)=0, x€ M,
PIBHOCHUJIBHE CYKYIHOCTI1 PIBHSIHb
fi(x) =0,
f,(x)=0,

f,(x)=0, xeM.

Tomy piBHAHHS
(x+3)(x—5)x-8)=0
MOXHA PO3TJISAIATH SIK TU3 FOHKIIIO PIBHSHb
(x+3)=0, (x-5)=0, (x-8) =0,

PO3B’SI3KM SIKMX Jerko 3Hautu: — 3, 5, 8. OTke, MHOXKMHA PO3B’S3KiB
BUXIIHOTO DPIBHAHHSA € 00’€IHAaHHSIM MHOXXHWH PO3B’SA3KiB KOXXHOTO 3
oJIep>KaHMX PIBHSHB, a came { —3 , 5, 8}.

[IporpamMa Mo4YaTKOBOI MIKOJW Tepeadadae JMIIE O3HAMOMJICHHS 3
MOHATTSIM PIBHSHHS 3 OJIHIEIO0 3MIHHOIO Ta PO3B’A3yBaHHSI OKPEMUX 13 HUX
crocobom Tia00opy ab0 Ha OCHOBI 3aJIEKHOCTI MDK KOMIIOHCHTaMH 1



201

pe3ysbTaTaMu apu(pMETHIHUX OTIEpaIlii.
3agaya 7. Po3B’s13aTul piBHSAHHS
14 - (5x+10):3=4 (1)
Ha OCHOBI 3aJi€KHOCTI MDK KOMIIOHEHTaMM 1  pe3yjbTaTamMu
apu(pMETUYHUX OTIEpaIliil.

» 1. I3 3a3Hauenux y umiBiiM yacTtuHi piBHsAHHS (1) omepairiii
OCTaHHBOIO € BIJHIMAHHA. 3MiHHA MICTUTHCSA Y HEBIIOMOMY BiJ’€MHUKY,
SAKUWA OJICPKUTHCA, KOJU BIJl 3MEHIITYBAHOTO BITHATH pI3HULIIO: 14 — 4 =
10. Otxe,

(5x +10) : 3 =10. (2)

2. OcTaHHBOIO OIlEpalli€l0 y BUpa3i JiBOI YacTHHU piBHAHHA (2) €
JIJIEHHS. 3MIHHA 3HAaXOJUThCA B HEBIJIOMOMY JLJIEHOMY, SIKE€ JOPIBHIOE
no0yTKy yacTkd 1 auibHUKA: 10 - 3 = 3. 3HauuTh,

S5x + 10 = 30. (3)

3. OcTaHHBOIO OIEpalli€lo y BUpasl JiBOi yacTUHU piBHAHHSA (3) €
J0/1aBaHHA. 3MIHHA MICTUTBCS Y HEBIJJOMOMY JIOJAHKY, SIKUWA JTOPIBHIOE
pi3HHUII cyMH 1 Bigomoro goaaHka: 30 — 10 = 20, a Tomy MaeMo

5x = 20. (4)

4. YV niBii yacTtuHl piBHSHHA (4) HEBIJOMUM € OJHH 13
MHOXXHUKIB, SKAW JOPIBHIOE YACTIIl BIJ AUICHHS JOOYTKy Ha
BiJIOMH MHOYKHUK:

x=20:5=4.

Otrxe, x = 4.

Bci piBHsHHS (2) — (4), sKI OTpUMyBaJlachb MpU 3J1MCHEHHI
NEPETBOPEHb, PIBHOCUIIbHI JTaHOMY Ha OCHOBI TeopeMm 1 1 2, a Tomy
3HAWJEHUN pPO3B’A30K X = 4 OCTAHHBOTO PIBHSHHS OyA€ 1 PO3B’SI3KOM
piBHsHHS (1).

Bignosigs: x € {4}. «

PiBHSIHHS BUTTISITY
ax’+bx+c=0, ab,cxeER,a#0,

1)
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Ha3UBA€ThCS k8aopamHuum. SIKIO a = 1, TO BOHO HA3UBAETHCS 368€0EHUM.
Sxmo xou oguH 3 KoedimieHTiB b a0o ¢ mOpiBHIOE HYIIO, TO PIBHIHHS

HA3UBAETHCS HENOGHUM.
[IIo0 3HalTH pO3B’A3KH KBAJAPATHOTO PIBHAHHS, 3A1ICHUMO TOTOXHI

IIEPETBOPCHHS
b c
ax? +bx +c=10 ©x2+zx+520 =
b b%2 b2 c
e+ 2—x+—-—+-=0
2a 4a? 4q? a

& (x +2)2- (2 = o, (2)

4q2

3 OACPIKAHOTO piBHHHHH BHUJIHO, IIO Horo pO3B,${3KI/I 3aJICKAaTh BiI[

BUpa3y
b2 —4ac =D,

SKUW HA3UBAETHCS AUCKPUMIHAHTOM KBAJIPATHOT'O PIBHSIHHS.

1. Sxmo D> 0, To 3 HBOro MOXKHa J00YyTH KBaJpaTHUN KOPIHb 1

piBHSIHHS(2) 3aMUIIETHCA

bya_ (Do b ¥ b VD _
(x+2a) (4a2) —O@(x+2a+2a) (X+2a 2a =0,
X + zi + \2/—5 =0
SIKE PIBHOCUIILHE CYKYIIHOCTI PiBHSAHD @ 2a
b D
X+—-—=0
. 2a 2a
[i po3B’si3kaMu Oy 1y Th yucia
b ~b- b -b
X1= ———@= VD 1 X2:——+@= +\/5- (3)
2a 2a 2a 2a 2a 2a

AK1 1 OyAyTh PO3B’sI3KaMH KBaApaTHOTO piBHSAHHSA (1).
2. 8xmo D <0, 10 — D >0 1piBHAHHS (2) MOXHA TIEpETUCATH TaK:

(x +2)2 + ((2‘5)2)2: 0 (4)

B SIKOMY JIiBa 4aCTHMHA NPHU OyAb-SKOMY YHCIHI X 3aBXKAU Oyne TOAaTHUM
yucioM. OTxe, piBHSHHA (4), a 3HAYUTh, 1 PIBHOCUIIbHE HOMY PIBHSHHS
(1) po3B’s3KiB HE MAIOTh.

3 NpoBEIEHNX MIPKYBaHb BUILUIMBAE TEOPEMA.

Teopema 4. KBagpaTHe piBHSIHHS

axl+bx+c=0, abcx€ER a+0
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Mae:
1) nBa gificHux xKopeHi, skmo D > 0,
2) onIMH OiMCHUH KOpiHb, smo D =0,
3) He Mae AilicHUX KOpeHiB, skio D < 0.
Kopeni piBasiaHs (1) MokHA 3HAWTH 3a (POPMYIIOIO

X12= ——— : (5)
-b o : .
[lpuD=0x1= x2= 7a TOOTO KOpEH1 piBHI, TOMY 1 MPUHUHATO

TOBOPUTH, 1110 B IIbOMY pa3i KBaJpaTHE PiBHSHHS Ma€ OJUH KOPiHb.

5.2.3. Hepignocmi 3 00Hi€I0 3MIHHOW AK RPEOUKaAm ma ix OCHOGHI
XapaKxmepucmuku.

Hexait Ha MHOXKHHI M 3a7aHO J1Ba BUPa3H 3 OJIHI€r0 3MiHHOIO X. f(x) 1
q(x). Ilpenukatu BuIy

f(x) < ax), f(x) > q(x),

f(x) < q(x), flx) > qlx),
I SIKKX TOTPIOHO 3HAWTH iX 00JacTi 1CTHHHOCTI HA3WBAaIOTHCS
HepisHOCMAMU 3 OOHI€0 3MiHHON. MHOXWHA M Ha3UBAETHCA 00.1ACHIO
BU3HAYeHHsT Hepienocmi 3 oO0Hiclo 3minnoio, a Bupasu f(x) i q(x) — ii
yacmunamu, ((x) — npasoio, f(x) — nisoro. SIxuo nis HEPIBHOCTI 3 OJIHIEIO
3MIHHOIO HE BKa3aHO 00JlacTh BHU3HAYCHHS, TO il MOTPiOHO BCTAaHOBHUTH.
Bomna € mepepizom obnacteit BusHaueHHs Bupasis f(x) i q(x).

O06nacTh ICTUHHOCTI MpEAUKaTa, 10 3aJa€ HEPIBHICTh, HA3UBAETHCSA
MHOMCUHOIO PO38 S3KI8 HEPIBHOCMI 3 OOHIEI0 3MIHHO0, & KOXKHE YHCIIO, SIKE
HaJIC)KUTh MHOXXHHI PO3B’S3KIB, — po36’sa3Kom Hepienocmi. Pose’sizamu
HepigHicmb 3 OJIHIEI0 3MIHHOK — 1€ 3HAYUTh 3HAWTU 11 MHOXHUHY
PO3B’A3KIB.

5.2.4. Pienocunvui Hepienocmi. Teopema npo pienocunbHicmb
HepieHOCmell ma HACIOKU 3 HUX.

JIB1 HEpiBHOCTI 3 OJHIEI0 3MIHHOIO, BHM3HA4Y€HI HAa MHOXHHI M,
HA3UBAIOTHCS PIBHOCUIbHUMU HA Hili, SKIIO 1X MHOXHWHU PO3B’S3KIB
30iraloTecst. TOOTO, SAKIMO KOXKHA 3 HHUX € JIOTTYHUM HACIIJKOM IHIIOI.
Sk1110 HEPIBHOCTI HE MalOTh PO3B’S3KIB, TO BOHM TAaKOX PIBHOCHIIBbHI. 3
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O3HAYCHHS BUILIMBAE, 10 PIBHOCUJIBHICTH HEPIBHOCTEH 3aJCKHUTh Bif iX
oOjiacTi BHU3HAYEHHs. 3MiHa 11 MOXE TMPUBECTH [0 MOPYUICHHS
piBHOCUIBLHOCTI. Hanpukiiaa, HEpiBHOCTI

(x-2)x+3)>01ix>~4>0
PIBHOCUJIbHI Ha MHOXHWHI JIOJJATHUX JIMCHUX YHUCEJ 1 HEPIBHOCUJIbHI Ha
MHOXHHI AIMCHUX uuced, 00 Ha MHOXHHI R+ iX MHOXMHA PO3B’SI3KIB
piBHa ]2; + oo[, a Ha MHOXHUHI R mepiia HEpiBHICTP Ma€ MHOKHHOKO

pO3B’s13KiB MHOXKUHY ] - 005 — 3 [U]2; + oo [, a mpyra — ] —o0; — 2[ U] 2; +
o [.

Teopema 1. SIkmio 10 060X 9acTHH HEPIBHOCTI 3 OJHIEI 3MIHHOIO,
BU3HAYEHOI HAa MHOXHUHI M, N0JaTH BUpa3, BU3HAYCHUM Ha IiH Xe
MHO>HHI, TO OJEPXKHUTHCS HEPIBHICTh TOr0 > CMHUCIY PIBHOCUJIIbHA
3aJ1aH1¥M Ha MHOKHWHI M.

Hexai

f(x) < qlx). x € M, 1)
JaHa HEPIBHICTh, P(x) — BUpa3, KMl 10Ja€MO J0 000X YaCTHH HEPIBHOCTI

(1). Tomi
f(x) + @) < qlx) + ©x), x € M (2)

€ 07ICP)KaHOI0 HEPIBHICTIO, PIBHOCHIIBHOO HepiBHOCTI (1).
Hacniznok 1. Jlo 000x 4yacTuii HEpIBHOCTI 3 OJHIEI0 3MIHHOIO MOXKHA

noaaTty (BIIHATH) OJHE 1 T€  CaM€ YHUCIO 1 MPU LBOMY OJEPKUTHCS
PIBHOCHUJIbHA i1 HEPIBHICTH TOT'O K CAMOI'0 CMUCIY.
Hacniiok 2. YneHn HEpIBHOCTI 3 OJIHIED 3MIHHOI MOXHA

NIEPEHOCUTH 3 OJIHI€]1 YACTUHHU B 1HIIY 3 MPOTUJIEKHUM 3HAKOM, [IPU LIBOMY
OJIEPKUTHCS HEPIBHICTh PIBHOCUIIbHA 33JJaH1i TOTO CaMOTO CMUCIY.
Teopema 2. Skmio oOuaBI YaCTUHM HEPIBHOCTI 3 OJHIEI 3MIiHHOIO,

BU3HAUYCHOI HAa MHOXHWHI M, TOMHOXUTH Ha BUpa3, SIKUU JHOJATHUN s
BCIX 4YMCEN 13 MHOXHUHU M, TO OJEPKHUTHCS HEPIBHICTH TOTO X CaMOTO
CMHCITy, pPIBHOCHJIbHA 3aJ1aH1d HA MHOXKUH1 M.

Hacnizok 3. O0uIBi YaCTUHU HEPIBHOCTI 3 OJIHIEI0 3MIHHOIO MOKHA

MOMHOXUTH (TIOIIUTH) HA OJIHE 1 T€ X JOJaTHE YHCIIO, IPH IHOMY
OJIEPKUTHCS HEPIBHICTh TOIO K CAMOTO CMHUCITY, PIBHOCHJIbHA 3aJIaHii.
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Teopema 3. Skmio oOuaBI YaCTHHHM HEPIBHOCTI 3 OJHIEI 3MIHHOIO,
BM3HAYEHOI Ha MHOXXHHI M, IOMHOXXUTH Ha BHUpa3, KWW Big €éMHUH 11
BCiX YHuCeNl 13 MHOKMHU M, 1 3HaK HEPIBHOCTI 3MIHUTH Ha OOEPHEHUM, TO
OJIEP>KUTHCS HEPIBHICTh, PIBHOCHIIbHA 3a/1aH1i HA MHOXXUHI M .

Hacninok 4. OOu1B1 YaCTUHU HEPIBHOCTI 3 OJIHIEI0 3MIHHOIO MOKHA

MOMHOXXHUTH (MOAUIMTH) HA OJHE 1 TEX B’ €MHE YMCIIO, 3MIHUBIIU MPU
IbOMY 3HAaK HEPIBHOCTI Ha OOEpHEHMM, TPU IOMY OACPKUTHCS
HEPIBHICTh PIBHOCUJIbHA 3aJIaHil.

3anaya 1. He po3B’s3yroun HEPIBHOCTEH

3x+2>51 3x+2+ >5+ L

x—6

BKa3aTH, Ha SKUX MHOXHHAX 1 Ha OCHOBI SIKMX TBEPIKEHb BOHU
PIBHOCHJIBHI .
» HepiBnicth 3x + 2 > 5 BU3HaYeHa HA MHOXKUHI M1 =] — 00} + oo,

HepiBuictp 3x + 2+ >5+ , BU3HaUeHa BCroau, e x — 6 # 0, To0TO,

x —
Koyn x # 6. OTxe, 00J1acTh ii BU3HAYCHHS € MHOKHUHA M> =] — o0; 6 [U] 6;

+ o [. . Ockinbku M, C My, TO mepmia HEpIBHICTh OyJie TaKOX
BU3HAUCHAa Ha MHOXUHI M>. Jlpyra HEpiBHICTh OJiep)KaHa 3 TNEpIIoi

e 1 o o
JodaBaHHAM 10O 000X T1i YacTuH BHUpaA3y g’ SKNHU BU3HAYCHHWU Ha
x_

MHOXUHI M>. 3a Teopemoro | TIpo pPIBHOCUIIBHICTE HEPIBHOCTEHN
OJIEPKY€EMO, IO AaH1 HEPIBHOCTI OYyTh PIBHOCWIBHUMHU HAa MHOXKHHI M>

=]—o0;6[U]6;+0[. <

5.2.5. Jlinintni nepignocmi 3 00Hi€I0 3MIHHOW0O Ma IX Po36°A3Y6aAHH
(3 ananizom euKopucmanoi meopii).
HepiBHicTh BUY

aix + b1 > arx + by, ay, a2, b1, by, x ER, (1)
Ha3WUBAETHCS JIHIUHOIO HEPIBHICMIO 3 OOHIEID 3MIHHOM. 3aMiCTh 3Haka "' > "

MO’KHA B3SATH OWH 13 3HakiB "' <", "=>" " <",

JInst 3HAXOMKEHHS PO3B’SI3KIB JIIHIMHOI HEPIBHOCTI 3 OJHIEIO
3MIHHOIO CKOPHCTAEMOCS HACJ1JIKaMHu TeopeMu 1 1 repeHecemMo 4jaeHH, 110
MICTSITh 3MIHHY, B JIiBY YaCTHHY HEPIBHOCTI, & BUIbHI YJIEHU — B MPaBy
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JaCTHHY Ta 3BeJIeMO Mo 110H1 wieHH. JlicTaHeMO HEPIBHICTh BUIY
ax > b, (2)
siKa piBHOCWJIbHA HEpiBHOCTI (1).
Akmo a # 0, To niHIAHA HEPIBHICTh (2) HA3UBAETHCS HEpPIBHICMIO
nepuioco cmeneHsi.
[Ipu po3B’si3yBaHH1 HEPIBHOCTI (2) MOKJIMBI BUITAIKH:
1) a > 0, Toni, 3a HacaiAKOM 3 3 TeopeMu 2, HEpiBHICTH (2) Oyne

PIBHOCUJILHOIO HEPIBHOCTI
x> b
a

PO3B’SI3KOM SIKOi, @ OTKE, 1 3a1aHO1 HEPIBHOCTI, OYIyTh YHCIIa POMIKKY

12 +ol;

2) a < 0, Toni, 3a HacmiaAKoM 4 3 TeopeMHu 3, HEpiBHICTH (2) Oyne

PIBHOCHUJIbHA HEPIBHOCTI
b
x< -,
a

pO3B’sI3KaMU K01, a 3HA4YuTh, 1 3aJaHOI HEPIBHOCTI, OyJIyTh 4YHCIIA

IPOMIKKY
]—o0; 2 [;
a
3)a=01b <0, Toni HepiBHICTH (2) MaTHUME BH]T
0 -x>Db,

Ky 3aJI0BOJIbHSIE OyJIb-sIKE JIIMCHE YMCI0, 00 TOOYTOK HYJIS 1 JOBUIBHOTO
JIIACHOTO YHCIIa JOPIBHIOE HYIIO, SIKMUWA OUIBIIMK 3a Oylb-sIKE BiJ €MHE
yucio. OTxe, B 1IbOMY BHUIIQJKy HEPIBHICTb Ma€ CBOEK) MHOKHHOIO
PO3B’sI3KIB MHOXKUHY AilicHUX uncen R.

4) a=0ib >0, roxi HepiBHICTH (2) MaTUME BUJ

0-.x>Dh,
SKa HE MaTUME PO3B’A3KiB, 00 JOOYTOK HYJISI 1 JOBUIBHOTO JIMCHOTO YUCTa
JTOPIBHIOE HYIIO, SKUM HE € OUIbIIMM 3a Oyab-sfKe HEBIJ €MHE JiiicHe
9UCJI0. 3HAYUTh HEPIBHICTH (2) B IbOMY BHUITAJIKY PO3B’SI3KiB HE MaE.
3amaua 2. Po3B’s13aTH HEPIBHICTh
3x+4-6x+5>8x-3-4x+5.
» Kopuctyrouuch HaciiikamMd 3 TEOpEM IMpPO PiBHOCHIBHICTH



207

HEpIBHOCTEM, OyAeMO MaTH

3x—6x—8x+4x >-3+5-4-5 —Tx >-7 <:>x<:—;

< x < 1.

BiamoBisb: x € | —o0; 1 [. 4

[Iporpama moyaTkoBOi HIKOJAW Tepeadayae Juille O3HAHOMIIEHHS 3
MOHSTTSAM HEPIBHOCTI 3 OJIHIEID 3MIHHOIO, PO3B’S3YIOTh iX IIUIAXOM
mia00py.

3ajada 3. 3HaNTH 11111 HEB1JI'€MHI PO3B’SI3KM HEPIBHOCTI

2x < 1.

» Jli1s 3HaxXOKEHHSI pO3B’SA3KIB JAHOI HEPIBHOCTI CKOPHUCTAEMOCS
TUM, IO ii JIIBy YaCTUHY MOXHa pO3IJsSAaTH K JOOYTOK uucen 2 1 X.
OT1xe, MOTPIOHO 3HAWTH 111 HEB1' €MHI YUCIIA, TOOYTOK SIKMX 3 YMCJIOM 2
MeHmui 7. Takumu yncinamu € 0, 1, 2 1 3. TakuM YMHOM J1aHa HEPIBHICTh
y MHOXHHI IIJTUX HEB1/I'EMHUX YUCEN Ma€ 4oTUpH po3B’si3ku: 0, 1, 2. 3.

Bigmosige: x € {0.1,2,3}. <«
PO3/11J1 6. ENEMEHTU TEOMETPII
6.1. OCHOBHI MOHATTH reoMeTpil

6.1.1. Kopomki icmopuuni eioomocmi npo 6UHUKHEHHA 2eoMempii.

['eomeTpiss € YacTUHOIO MaTeMaTUKH. BoHa BHBYAaE MNPOCTOPOBI
dbopMU Ta BIJHOUIEHHS MK F'€OMETPUYHUMHU (Pirypamu, aOCTparyryuch
BiJ iX BjIacTUBOCTEH (LIUIBHICTH, Maca, Kojip Toiio). CBOEPIAHICTH
reoMeTpii B TOMy, IO BOHAa MOEAHYE MPOCTOPOBY YSABY 31 CTPOTOKO
jorikoro. CioBo "reomeTpia" MOXOAUTh B TPEIbKUX CIiB "Teo" — 3emils 1
"mMerpio" — wMipatu. Ha Hamry MoBy HOro MoKHa TMEpeKIacTH sK
"3eMIICBUMIPIOBaHHS"; 1Iel TepMiH Tak 1 30epircs, xo4a Bxke ApiCTOTElNb
(384-322 pp mo H.€.) AJI 3eMJICBUMIPIOBaHHS BBiB TEPMiH "Teoze3isa".

Bunukna reomerpis rIMOOKOT JAaBHUHU Yy 3B’SI3KY 3 MPAKTUYHUMHU
noTpedaMu JIFOJMHH, a CaMe: BUMIPIOBAaHHS BIJICTaHEH, IUIOLI 3€MEJIbHUX
TIISHOK, o00’eMiB  Tin  Tomo. IIpocTimii reomMeTpuyHi  BiJOMOCTI
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HarpoMaJiKyBaliuca MmocTymnoBo. Tak, 13 CrapomaBHbOro €runty IIHIIOB
TBip, KWW Ha3UMBAa€ThCA Mamipycom Axmeca (3a iM’siIM IepenucyBaya), B
AKOMY 3HaXoJAThCcs 3adadi (Onu3bko 84) Ha OOYMCIICHHS ILUION]
NpSIMOKYTHUKA, TPUKYTHUKa, Tpamnemii. ['eoMeTpuuHi TBEpIKEHHS
GbopMyTIOBAIMCh TOA1 Y BUTJISAAI MPABHII, JOTIYHI JIOBEACHHS SKHUX a00
OyJu BIZICYTHI 30BCiM, a00 TOCHTH IPUMITUBHUMH. Bix 7 cT. 10 HOBOI epH
W 10 IepIIoro CTOJITTSA HOBOI €pU PO3BUTOK T'€OMETPIi, PO AKUN BiJIOMO
CydacHId Haylll, MpoxoJuB B oCHOBHOMY B CraponaBhiii ['pemii. Tyt
BCTAHOBJIIOIOTHCSL OCHOBHI BIJJOMOCTI TPO METPUYHI BIJIHOIICHHS B
TPUKYTHUKY, BUMIPIOBaHHS ILJIONT 1 00’ €MiB, Mponopilii Ta moaioHi (irypwu,
3a7a4i Ha 1oOymoBy. B 1eil yac 3’SBISIOTBCS BXXE MOPIBHAHO CTPOTI
JOBEJICHHSI TEOMETPUYHUX TBEP/IKEHb, HaMaraHHs CHCTEMAaTU3yBaTH
onepxani BizomocTi. CaMe MOHATTS PO I0BEICHHS O0y0 chopMyIbOBaHE
B Ipallsix cTaporpenbkoro ¢imocoda ApicToTens.

V¥ 3 cT. 10 H.€. po0OTYy CTapOrpelbKUX MaTEMATUKIB CUCTEMAaTHU3yBaB
EBkiin y cBoiil Bijomi npami "Hauana". B Hili Oyju BBeIEHI OCHOBHI
MOHSATTS reoMeTpii Ta chopMyIbOBaHI OCHOBHI MOJIOKEHHS (aKClOMHU a0o0
MOCTYJIaTH) TPO HUX, 13 SKUX 3a JONOMOIOI0 JIOTIYHHUX MIPKYBaHb
BCTAHOBJIIOIOTBCSL ~ BJIACTUBOCTI  reomMeTpuuHux  ¢iryp. lLleid TBIp
3aM0YaTKyBaB aKCIOMaTUYHUN METO]T Y MaTeMaTHII|.

[Ticns CrapogaBuboi I'penii jumie emnoxa BigpolkeHHs MoOKJana
MOYaTOK HOBOTO €Taly B PO3BUTKY KYyJbTYpH 1 HAyKH, B TOMY YHCII
reomeTpii. s moTped 300pa)keHHS TPOCTOPBUX (GITyp PO3BUBAETHCS
TEOpis MEPCIEKTUBH, CTBOPIOIOTHCA HOBI T'€OMETPii, 30KpeMa HapUCHA 1
npoekTrBHA. HoBUM miaxili 70 pO3B'A3yBaHHS T'€OMETPUYHUX 3aJad Ha
OCHOBI BUKOPHUCTaHHS METOIB aireOpu 1 aHaiizy OyB 3alpONOHOBAaHUI
dbpaniy3skuM BYeHUM P. JlekapTom (1590 — 1650), mo copusiigo mosiBi
aHATITUYHOL Ta TU(epeHIiaTbHOT TEOMETPIH.

B ictopii po3BUTKY reoMerpii, SIK 1 MaTEMaTUKH B I[IJIOMY, MOXHa
BUJIUIMTH KUTbKa eTamiB. CBOI NepIl KpoKU reoMeTpist pooma sk hizuyHa
HayKa, il TIOJIOKEHHS OINKCYBajlu PE3yJIbTaTH PI3HUX CIHOCTEPEKEHD
BIIHOIIIEHh MK (IrypamMu Ta BHUMIPIOBAHHS T€OMETPUYHUX BEJIMYMH.
[TotiM, mo npyroi moysioBuHH 19 cCT., TpeaMeToM TeoMeTpli CTaloTh
BIIHOIIEHHA 1 (OpMH TUI MPOCTOPY, BIACTUBOCTI SIKMX OMUCYIOTHCS
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akciomamu, copmynpoBaHUMH EBKIigOM, TOOTO Ti€i TeomeTpii, 5Ky
Ha3UBAIOTh €6K1I006010 1 BUBYAIOTH Yy IIKOJI. EBKIiIOBa TreoMeTpis
HACTUIbKU JIOOpe BiI0Opaxkae BIACTUBOCTI (DI3UUHMX CHOCTEPEXKEHB, 10
10 19 ct. BOHa OTOTOXHIOBaJIacsl 3 peajbHUM IpocTtopoMm. B 1826 porri
pociiicekuii Matematnk M. 1. Jlo6adeBcbkuii (1792-1856) moOymyBaB
T€OMETPUUHY TEOpIil0, fAKa JicTana Ha3By eeomempii Jlobauescbkoeo.
Axciomatuku EBkimiga 1 JIoGaueBCHKOTO BiAPI3HAIOTHCS JUIIE aKCioMaMu
napajeabHOCTI, 1110 (GOPMYITIOIOTHCS B HUX BiJITOBIIHO:

1) Ha MUIOIIMHI Yepe3 TOUKY, sIKa HE HaJIeXKaTh MPSIMiiA, TPOXOIUTh HE
OibIIE SIK OJTHA TIPSIMA, 10 HE TIEPETUHAE JaHy TPSMY;

2) Ha IUIOUIMHI Yepe3 TOYKY, sKa HE HAJCKHUTh MPSIMIH, MPOXOAATh
MPUHANMHI JIB1 IPsIMI, 1110 HE MEPETUHAIOTH JaHYy MPSMY.

['eomeTpiss JIoOaueBCHKOro JOTMYHO HECYNEPEWIMBAa 1 1CTOTHO
BiAMiHHA BiAg reomerpii EBkmiga. Pobora JloOadeBchkoro Iokiaia
MOYaTOK CTBOPEHHIO TaK 3BAHUX HEEBKJI1JJOBUX F€OMETPIM.

3 PO3BUTKOM T€OMETPil MPEIMETOM ii BUBUCHHS CTAlOTh BCE HOBI M
HOBI BIJHOIIEHHS Ta QopMmu niiicHocTi. B cydacHOMy po3yMiHHI
reoOMeTpisi BUBYAE Oy/Ib-sKi BIIHOMIEHHS 1 (OpMH, IO BUHUKAIOTH IMPHU
pO3TJISIAl  OJHOPIIHUX O00'€KTIB, $SKI BHUSBIAIOTHCA NOAIOHUMHU 13
3BUYAHUMU MIPOCTOPOBUMH (hOpMaMHM Ta BITHOLICHHSIMH.

6.1.2. Cucmema zeomempuunux nOHAMb WKIIbHO20 KypCy
2eomempii.

CucrteMaTH4HUN Kypc TeoOMETpii pO3MOYMHAETHCS 32 TPAJIHUIIEIO 3
nianimempii (TEpMIH MOXOJWUTH BiJ JIATUHCBKOTO CJIOBa ‘‘IjIONIMHA” 1
IPEIBKOro “MIpsATH’), TOOTO 3 PO3/LTY, B IKOMY BUBUAIOTHCS BIIACTUBOCTI
Gbiryp, 10 po3MiiieHi B oaHiN miomuHl. [1oTiM nmepexoaars 10 BUBYCHHS
BJIACTUBOCTEH (DIryp B MPOCTOpi — cmepeomempii (TEPMIH TTOXOJIUTH Bl
IPeUbKUX CHIB “HIpoCTip” 1 “MipsaTu’”).

B reomertpii, SK 1 B KOXXKHOMY PO3/IJII MAaTEMAaTUKH, € HEO3HAUYBaHI
(nepBicH1) TOHATTS. B MiIpyYHUKY CydacHOI IIKOJM BHUJUICHO Taki
MIepPBICHI TOHATTS:

1) Touka, mpsmMa, TUIOIIMHA, JOBXXKMHA BiJpi3Ka Ta TpaaycHa Mmipa
KyTa;
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2) HanexaTtu (OlHaApHE BIAHOIICHHS), JIEKATH MK (TepHapHE abo
TP1AKOBE) BITHOIIICHHS.

HesiBHUMU O3HAYEHHSIMU [IMX TOHATH € CHUCTEMa akKciom, sIKi B
NIIPYYHUKY  CIIOYAaTKy HA3UBAIOThCS OCHOBHHUMH  BJIACTHUBOCTSMU.
AKcioMH pO30UTO Ha JB1 TPYIIH:

1) akciomu TTaHIMETpii (TIIIOCKOT reoMeTpii);

2) aKClOMH CTEPEOMETPIi.

Akciomu naanimempii TOAIISIOTHCS Ha S TPYIL.

1. Axciomu HanexdcHOCMi MOYOK [ NPAMUX:

1.1. SIka © He Oyna mpsiMa, ICHYIOTh TOYKH, 1110 HaJeXaTh iid, 1 TOUKH,
110 HE HAJIEXKATh 1H.
1.2. Yepes Oyab-siKi ABI Pi13HI TOYKU MIPOXOJUTH MpsiMa 1 TUIbKU OJHA.

2. Akciomu 83aEMHO20 PO3MIUWEHHA MOUOK HA NPAMIU I HA NIOWUHL.

2.1. 3 TphOX PI3HUX TOYOK IPSIMOI OJHA, 1 TUIBLKH OJIHA, JISKUTh MiX
IBOMA 1HIIIAMH.

2.2. IIpsama po30rBae MHOXXHHY TOYOK IUIOIIMHU 1110 1 HE HaJIekKaTh,
Ha JIBI MIJMHOKWHH, SIKI Ha3UBAKOTLCS MIBNIOUWUHAMU, TAK, 1O BIAPI30K,
KWW 3’€IHY€ TOYKHU OJIHIE€T MIBIUIOIIMHYU, HE TIEPETUHAETHCA 3 MPSIMOIO, a
BIJIP130K, SIKUM 3’ €JHY€ TOUKU PI3HUX MIBIUIOIINH, IEPETUHAETHCS 3 HEIO.

3. Axciomu sumiprogants 8i0pi3Ki6 i Kymia.

3.1. KoxkHui BIIpI30K Ma€ TNEBHY JOBXKHUHY, OUIbIIY 32 HYJb.
JloBkuHA BiApi3Ka JOPIBHIOE CyMi JOBXHH BIJIPI3KIB, Ha $KI BIH
pO30UBAETHCS OYIb-SIKOIO CBOEIO BHYTPIIIHBOIO TOYKOIO.

3.2. KoxxHuil KyT Mae MEBHY TpaayCHY Mipy, OUIbIy 3a HYJb.
Posropuytuii kyt popiBHioe 180°. I'pagycHa mipa KyTa JOpPIBHIOE CyMi
IpayCHUX Mip KyTiB, Ha K1 BIH PO30UBAETHCS OyAb-IKUM MIPOMEHEM, 110
MPOXOJIUTH MK HOTO CTOPOHAMH.

4. Axciomu 8i0KNIA0AHHS 8IOPI3Ki6 | KYMIig:

4.1. Ha Oynp-skiii miBOpsMid Bia ii MOYATKOBOI TOYKM MOKHA
BIIKJIACTH BiAPI130K JAHO1 JOBKUHH, 1 TUIBKH OJIUH.

4.2. Big Oyab-sAKoi MIBOPSAMOI B JaHIM MIBIUIONIAHI MOKHA BIIKIACTH
KYT 13 JAHOIO TPalyCHOIO Mipoto, MeHII0t0 180°, 1 TUIbKU OJUH.

4.3. Slxkuii He OyB OM TPUKYTHUK, ICHY€ TPUKYTHUK, IO JOPIBHIOE
oMy B 3aJJaHOMY PO3MIIIEHHI BITHOCHO JJAHOT IIPSIMOI.



211

5. Axcioma napanenvnocmi:

Ha miomuHi 4epe3 TOuKy, 110 HE HAJICKHUTh MPsIMiid, TPOXOJUTh HE
OlbIIE SIK OJTHA TIPSIMA, SIKA HE TIEPETUHAE JIJaHY MPAMY.

Axciomu cmepeomempii.

1. Slka 6 He Oyna MUIOIMIMHA, ICHYIOTh TOYKH, IO HAJEXaTh IIH
IUIOIIMHI, 1 TOYKH, 110 1M HE HAJIEKATh.

2. Sxmo aBi Pi3HI IJIOMIMHU MAlOTh CIIJIBHY TOYKY, TO BOHU
MEPETUHAIOTHCS 110 TIPSMIH.

3. Sxmo nAB1 pi3HI MpsIMi MarOTh CHUIBHY TOYKY, TO 4Yepe3 HHX
MPOXOJIUTH TUIOIIMHA, 1 O TOTO K TUIBKH OJIHA.

6.1.3. Ilonammsa npo zeomempuuny ¢icypy. J/lamana ma ii ocHogHi
XapaKkmepucmuku.

JIoBIJIbHA HEMOPOKHS MHOKWHA TOYOK HA3MBAETHCA 2€0OMEMPUUHOIO
gicyporo.

dirypa Ha3UBAETHCA MJIOCKOM, SIKILO BCl 11 TOYKU HAJICKATh JESKIM
IJIONIMHI (TOYKA, MpsMa, BIIPI30K, KYT, IIOLIUHA).

@Dirypa Ha3UBAETHCS HPOCMOPOBOI0, KIIO HE ICHYE IUIOIIUHU, SIKIA
OM Halle)kaiu BCl TOYKM JaHoi (irypu. HalmpocTimow npocTOpoBOIO
¢iryporo € ¢irypa, mo MICTUTh YOTUPU TOYKH, SKI HE JIekKaTh B OJHIM
IUIOIIMHI.

Hanani Oyagemo BBaxaTu, 110 HaM BioMi Takl Qirypu sik BIJpi30K,
MIBOPsIMA, KyT, @ TAKOXK JIESIKI X BIACTUBOCTI.

Cepen mpocTiIUX TeOMETpUYHHX QITyp YIJIbHE MICIE MOCIIa€e
namaHa. Jlamawnoro nimieto (namauoro) HA3UBAETBCA (Irypa, fKa €

00’€IHAaHHSM HE MEHIIE SK JBOX BUAPI3KIB A1A2, A2A3z, ..., Asi1As
(mo3HauaeTbess A1Az...An1A,), kinm skux Ax (( k =1, 2, ... , n)
3aJI0BOJIBHSIOTH YMOBI: KOKHI TpU MOCITIIOBHI 3 HUX Ak, Ak+1, Ak+2 (K =1,
2, ..., n — 2) He JeKaTh Ha ONHIM mpsMii. B nmamaniii A1Az...Au1A,
Ha3MBaIOTh:

1) Touku A1, Ao, ..., Ay — sepuunamu.

2) BepmHA A11 A, — Kinysmu
3) Bepummam Ak, Ak+1 (K=1, 2, ..., n— 1) — cymiocnumu:
4) Bimpizku Ax Ax+1 —aankamu (k=1,2, ..., n—1);
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"TaHKU Ak, Ax+1, A ke1Ake2 (K=1, 2, ..., n—2) — cymioicnumu.
Ha man. 1 namanumu OynyTth dirypu a), r) i a), pirypu x 0) i B)
JaMaHUMU HE OYyTh.
JlamaHa Ha3MBa€THCS:
1) npocmoro, AKIIO 11 HECYMIXKHI JJAHKK HE MalOTh CIIUIBHUX TOYOK;
2) 3amKHeHOoo, SIKIIO 11 KiHIi 301raloThCsl.
JlaMaHa Ha3WBAETHCS ONYKIO0, SIKIIO BC1 JAHKU PO3MIIICH] MO OJUH
01K B1J1 MPSMOI, 1110 MICTUTh OyJb-SIKY 3 HHUX.

6.1.4. Mhozoxymnuux.
3aMKHEHa JlaMaHa Ha3UBA€TbCS MHOCOKYMHUKOM, TIPU 1[bOMY
BEPLIMHU JJaMaHOl Ha3UBAKOTbCS 8EPUIUHAMU MHOCOKYMHUKA, A 11 JTAaHKU —
CMOpOHaMyu MHOTOKYTHHKA. 30KpEMa, CYyMIXHI BEpIIMHHU JIAMaHOI, IO

3agae MHOTOKYTHUK, Ha3UBAKOTHCS CYMIICHUMU GepUIUHAMU
MHO2OKYMHUKA, @ CYMDKHI JIaHKH —  CYMIMXCHUMU  CHOPOHAMU
MHO20KYMHUKA.

Axmo namana Ai1Az...A,An+1 3a]1a€ MHOTOKYTHUK, TOOTO A11 A,+1
301rar0ThCs, TO BIH MO3HAYA€TheI A1As. ... A,

MHOTOKYTHUK Ha3WBA€TBCA HNpOCMUM, SKIIO JiaMaHa MpOCTa;
onykaum, SKIO JiamMaHa onykiaa. OYeBUIHO, M0 KOXHUW OMYKJIHM
MHOTOKYTHUK € TIpOCTHM, ajie oOepHeHe TBep/keHHs: xuoHe. Taxk,
HAMpuKJIaa, Ha Majd. 2 13 300pakeHuX TPbOX BHUIIB MHOTOKYTHHKIB,
MHOTOKYTHHK 0) € IPOCTUM, aJIE HEONYKAUM.

VY KOXHOMY MHOTOKYTHHKY YHCJIO BEPIIWH JIOPIBHIOE YHCITY HOTO
cTopiH. HaiimeHIlle MOXIJIMBE 4YHCIO BEpPIIMH MHOTOKYTHUKA — TpH.
MHOTOKYTHHK 13 TpbOMa BEpPLIMHAMH HA3UBAETHCA MPUKYIMHUKOM, 13
YOTUPMA — HYOMUPUKYMHUKOM 1 T.J., B3arajll MHOTOKYTHUK 13 n
BEPUIMHAMU — eHKYMHUKOM (TI0O3HAYAETHCA N-KYTHHUK).
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Mau. 2

Bigpizok, mo 3’€aHye ABI HECYMIKHI BEPIIMHM MHOTOKYTHHKA,
HA3UBAETHCA WOTO Oiaconanno. OYEeBUAHO, IO B TPUKYTHUKY JiaroHanei
Hemae. B OmykiioMy MHOTOKYTHMKY KyT, YTBOPEHUH [JIBOMa WOTO
CYMDKHUMU CTOPOHAMHU, HA3UBAETHCS KYMOM MHO2OKYMHUKA.

Y reomerpii JOBOJUTHCS, M0 KOXHHUM MPOCTHUH MHOTOKYTHHK
po30MBa€ MHOXHHY TOYOK IUIOIIMHHU, SIKI HE HaJleXaThb I[bOMY
MHOTOKYTHHKY, Ha JIBl TIIMHOXHHH TaK, 0 1Bl TOYKH HAJIEKaTh OJHIN 1
T1H K€ MAMHOKHHI TOJI 1 TIJIBKH TOJ1, KOJIU IX MOKHA 3’ €ITHATH JIaMaHOIo0,
sSKa HE TIEpeTHE CTOpPIH JaHOTO MHOTOKyTHHMKA. OJHa 3 yTBOpPEHHX
MIIMHOXHUH XapaKTEPU3YEThCA TUM, 110 BOHA MICTUTD ACSAKY MPAMY, 1 IO
MIIMHOXKUHY HA3UBAIOTh 308HIUHbON 001acmio MHO2OKYmMHUKa. Jlpyra
MIJIMHOKMHA HA3UBAETHCS  GHYMPIUHBOIO 001ACMI0  MHO2OKYMHUKA.
Ha3Bana BiacTUBICTh MPOCTOT0 MHOTOKYTHHKA € YaCTUHHHUM BHIIQJIKOM
Tak 3BaHoi Teopemu JKopmana. Ha wman. 3 BHyTpimHI o0061acTi
MHOTOKYTHHKIB 3aIITPUXOBAHO.

Iy
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Man.3

BigMina MDK IMMHA JBOMa MOHATTSAMM IOJISITa€ B TOMY, IO B
NEpIIOMY BUIMAAKY MHOTOKYTHUK PO3TJISAIAE€THCS K JiHIS, a B IPYrOMYy —
SK 4YacTHMHA IUIOIIMHW, 1 TOAI HOro 1HOAI HA3UBAIOTh HIOCKUM
MHO20KYMHUKOM.

Onykiauii MHOTOKYTHUK Ha3UBAETHCS NPABUNbHUM, KO B HHOTO BCi
KYTH Ta BC1 CTOPOHU PiBHI MK COOOI0.

6.2. IIpocTopoBi reomerpuyHi pirypu

6.2.1. Ilpocmoposi 2eomempuuni ¢hicypu. Ilonammsa npo
2eomempuune miino.
dirypa Ha3UBAETHCS NPOCMOPOBOI0, KO HE ICHYE TUIONIMHHU, KN
Ou Hayiexkanu Bci ToUukH 1i€l ¢irypu. Cepea mpoCcTOPOBUX F€OMETPUUHUX
¢biryp BUAUISIOTH TakK 3BaHI reoMeTpuyHi Tina (abo mpocto Ttina). Ha
IHTYITUBHOMY PIBHI T€OMETPUYHE TUIO — 1€ peajdbHe (PI3UYHE TIIO, SIKE
pO3TIsAIaeThCsl, aOCTPAryluHWch BIJ YCIX MOro BIACTUBOCTEH, KpiM
MIPOCTOPOBOI MPOTHKHOCTI. MOKHA CKa3aTH 1Ie ¥ Tak: IMijJ reOMETPUIHUM
TUIOM PO3YMIIOTh YAaCTHHY NIPOCTOpY, AKy 3aiiMae ¢izuuHe Tino. Baprto
nam’sTaT, 0 XO4Y y IFeOMETpil pO3risgaloThCsl TMOPIBHSAHO MPOCTI Tija,
asie OUTBIIICTh peAIbHUX T1I, IKY O CKIaAHy (OpMy BOHHM HE MaJH, MOKHA
posrisgatu (y BIAMOBIAHINA aOCTpakii 1, 3BHYAWHO, HAOJMIKEHO) SK
reomeTpuyHi. 100 naT 03HaUYEHHS T€OMETPUYHOTO TiJIa, BBEAEMO JIESIKi
MOHSATTSL.
T1710 Ha3UBAETHCS 0OMedHCeHUM, SKIIO ICHYE JOAATHE YUCIIO TaKe, 110
BIJICTAaHb MK JOBUIBHUMHU ABOMA TOYKAMHM T1JIa MEHIIIA B1J [IbOr'0 YHCJIA.
MHoeoepannuxom Ha3UBAETHCS OOMEXKEHE TUIO, MOBEPXHS SKOTO
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CKJIaJIa€ThCSl 31 CKIHUYCHHOTO YHCJa MHOTOKYTHHKIB, SIKI Ha3WBAIOTHCS
roro epansmu. CTOpOHU TpaHEN HA3UBAIOTHCS pedpamu MHO202PAHHUKA,
BEPIIMHU TpaHEH — @GepuuHamMu MHOTOTpaHHUKA. MHOrOrpaHHUK
Ha3WBAETHCS ONYKIUM, KO BIH JISKUTh IO OAWH OIK Bij IUIOIIUHHU, SKii
HaAJIEXKUTh OYy/Ib-IKa HOTO T'paHb.

PosrasinemMo okpeMi BUAM MHOTOTPaHHUKIB.

Ilpuzmoro Ha3WBAETHCS MHOTOTPAHHUK, Y SKOTO Bl TpaHi, IO
HA3UBAIOTHCS OCHOBAMU NPU3MU, PIBHI MI?)K COOOI0 MHOTOKYTHUKH, Y SIKUX
BIIMOBIJIHI CTOPOHU TapajieibHi, a IHIIl TpaHl — I[apajeaorpamu, B
KOKHOTO 3 SIKUX JIBl CTOPOHHU € BIJMOBIIHUMU CTOPOHAMHU OCHOB (Mall. 2).
['pani npusMu, 1110 HE € OCHOBaMHU, HA3UBAKOTHCS OiyHUMU, A peOpa, K1 HE
HaJe)XaTh OCHOBAM MPU3MH — OIiYHUMU peOpamu.

Teopema 1. OcHOBH npU3MU J€KaTh y MapaleIbHUX TUIOMIMHAX.

[lepieHAMKYJAp, OMYIIEHUN 3 OJIHIEI OCHOBU MPU3MH Ha JPYTY, a
TaKO0X JIOBXKMHA [HOTO TEPIICHANKYJISIPa Ha3UBAIOTHCS 8UCOMOI0 TIPU3MHU.

[Ipusma, OCHOBOIO $IKOI € #-KyTHUK, HA3UBAETHCS N-KYMHOIO.
[Ipuzma, Oiuni pebpa sIKOI MEPHNEHIUKYJSIPHI O OCHOB, Ha3UBAETHCS
npamor. Bucora npsamoi npusMu € abo TOBXKHUHOI0 Oi4HOro pedpa ado
caMHUM PeOpoOM.

Man. 2
IIpu3ma Ha3UBAETHCS NPABUILHOW, SKIIO BOHA MpsMa 1 B OCHOBI i
JIEKUTH ITPABUIIbHUM 1-KYTHUK.
[Ipusma, B OCHOBI SIKOi JICKHUTH IapajeiorpaM, Ha3HUBa€ETHCS
napanenenineoom.
[Tapanenenines Ha3UBAETHCS MpsAMuM, SKIIO Horo Oi4HI pedpa
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MEePICHANKYIISPHI A0 TJIOIMIMHUA OCHOBHU. B mpsiMoMy mapanenemirneni BCi
O14H1 rpaHi € MPSIMOKYTHUKaAMU, a OCHOBU — Mapaienorpamamu. [Ipsmuit
napajesenines, B OCHOBI SKOTO JICKHUTh MPSIMOKYTHHUK, HA3UBAETHCS
NPAMOKYMHUM. Y  TPSIMOKYTHOMY Tapajieliemineal BCl TIpaHl €
MPSIMOKYTHUKAMHU. JIoBXXUHU TPHOX pebep MPSIMOKYTHOT'O
napajesnemnineaa, 1o BUXOIATh 3 OJIHIET 3 MOro BEPIIMH, HA3WBAKOTHCS
JEHIUHUMU 1020 po3mipamu (sumipamiur).

[IpsaMoKkyTHUI Tapajieneninen, y sSKoro Bci O0i4HI pedpa piBHI MIXK
c00010, HA3UBAETHCS KYOOM.

) —
g
p
7’ s
rd 7
L’

llipamioolo Ha3WBAETHCS MHOTOTPAHHMK, y SIKOTO OJIHIEID T'PaHHIO,
[0 HA3UBAETHCSI OCHOBOIO, € JOBIJIbHHII MHOTOKYTHHUK, a BCl 1HIII T'PaHl €
TPUKYTHUKAMH, 110 MaloTh CHUIbHY BepuinHy. CIiJibHA BEpIIMHA BCIX
TPUKYTHUKIB HA3UBAETHCA 6epuiunoilo nipamiou. Pebpa mipamiau, sKi
3’€JHYIOTb OCHOBY IipaMiiM Ta 1i BEpUIMHY, HA3UBAIOTHCS OIYHUMU
pebpamu. IlepnieHAUKYIAP, ONMYIICHUH 13 BEPIIMHYU MipaMiid Ha IUIOUIUHY
il OCHOBHM, a TaKOX JOBXHMHA LbOr0 NEPHEHAUKYISpa HA3UBAIOTHCS
8UCOMOI0 NIPAMIOU.

[Tipamina, B OCHOBI SIKOi JIEKUTh N-KYTHUK, HA3UBAETHCS N-KYMHOIO.
[lipamiia Ha3WBAETLCS MPABUIBLHOI, SKIIO B i1  OCHOBI JICKUTh
NpaBUJIBHUM MHOTOKYTHMK 1 BHCOTa TipaMigyd TMajJae B UEHTP
MHOTOKYTHHKA.
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Man4

Onyknuii MHOTOrPaHHUK HA3WBAETHCS MPABUIBHUM, SIKIIO BCl HOTO

rpaHi

€ MPaBUWILHUMHU PIBHUMH MK COOOIO 7-KYTHUKaMHU 1 B KOXHIM BEPIIHUHI
CXOJIUThCS OJTHAKOBE 4YKCIIO pedep. BecTaHOBIEHO, IO ICHYE TIIBKHU 11 SITh
BUJIIB TPAaBUIBHUX MHOTOTPAaHHUKIB, I1X HA3UBaIOTh TaKOX TUIAMHU
[liiaToHa.

Ilpasunvuuti yomupuepauuuk (npasuibHull mempaeop): BCl TpaHi €
MPaBUILHUMH PIBHUMHU MDK COOOI0 TPUKYTHHKAMH 1 B KOXKHIM BEpIIUHI
CXOJIUThCS TpHU pedpa, Mai. Sa).

Ilpasunvruii wecmuepannux (npasunvHutl 2excaedp, ky6). BC1 TpaHi
€ PIBHUMHU MK COOOI0 KBaJipaTaMH 1 B KOXKHIM BEpIIMHI CXOAUTHCA TPU
pedpa, main. 50).
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Maut. 5

Ilpasunvuuti 6ocoMucpanHHuk (npasuibHull okmaeop). BCl TpaHl €
MPaBWIBHUMH PIBHUMHM MiXK COOOI0 TPUKYTHHKAMHU 1 B KOXKHIM BepIIWHI
CXOJATHCS YOTUPHU pedpa, Mall. SB).

IIpasunvruii  0sanadysmuepaHHuk (npasuivHull 0oodexkaedp). BCl
rpaHi € MPaBWJIbHUMHU PIBHUMHU MK COOOI0 I’ ATUKYTHUKAMHU 1 B KOXKHIN
BEPIIMHI CXOISIThCS TpU pedpa, mai. Sr).

Ipasunvuuti 0sadyamuepanHuk (NpasuiivHili ikocaedp): BC1 TpaHi €
MPaBWIBHUMH PIBHUMHM M) COOOI0 TPUKYTHHKAMHU 1 B KOXKHiM BepIIWHI
CXOZISIThCA 11 SITh pedep, Mai. Si).

Y MJI0CKOMY MHOTOKYTHUKY OCHOBHUMHM WHOrO €JIEMEHTaMH €
BEPIIUHU 1 CTOPOHH, MPUUOMY Y MHOTOKYTHUKY 3aBXKIH YHUCIJIO BEPIIHH
JIOPIBHIOE YHUCJIY MOro CTOpiH. Y MPOCTOpl aHAJIOIOM MHOTOKYTHHKA €
MHOTOTPaHHUK, OCHOBHUMHU €JIEMEHTaMH SIKOTO € BEpIIMHU, peOpa 1 IpaHi.
BuHukae muTaHHS Opo 3aJIeKHICTh MIXK YUCIIOM BEpIIUH, peOep 1 rpaHei
MHOTOTpaHHUKa. BUABISAETBCA, MO0 s JESIKUX BHUIIB MHOTOTPAHHHKIB
TaKy 3aJIeKHICTh MOkHA BCTaHOBUTH. [lo3Haunmo B — yucino Bepuus, P —
yuciao pedep 1 I' — uncno rpaneit MmHororpannuka. Jleonapnom Eitnepom

(I708 — 1783) Oyno jgoBeneHo, MO JJsi OyJb-IKOrO0 OIYKJIOTO
MHOTOTpaHHUKA Ma€ MiCIIe PIBHICTh
B-P+I'=2.

CdopmynboBaHE TBEPIKEHHS HA3MBAEThCA meopemoio Eiinepa o
MHO2ocpanHukie. BoHa Mae Miclle HE TUIBKM Il ONYKJIHUX
MHOT'OTPAaHHUKIB, alie il JJ1s1 JOBUIBHUX MHOTOTPAHHUKIB, sIK1 0€3 pO3pUBIB
1 CKJICIOBaHb MOKHA 1e()OPMYBATH B KYJIIO.

MHororpaHHuku, sl SKUX ~copaBegnuBa Teopema  Einepa,
HA3UBAIOTHCS NPOCMUMU.

[IpuknagaMu MHOTOTPAHHUKIB, Uil SIKUX HE Ma€ MiCIs TeopeMa
Ennepa,
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Mai. 6
€ Ti, IO OJCPKYIOTHCS 3 OMYKJIUX MHOTOTPAHHUKIB BHPI3yBAHHSIM Yy HHX

MHOTOrpaHHuX OTBOpIB. Ha Man.6 300pakeH0 OJUH 13 HUX.
besnocepennpo nepeBipkoro s Hhoro MaeMo: B =12, P =24, 1" =
12.Tomy B-P+I'=12-24+12=0.

6.2.2. Tina o6epmannsn.

Cepen reoMeTpUYHHMX TUT BUAUISIIOTH T1a oOepTanHs. ['eomeTpuuHe
TIJI0O, YTBOPEHE BHACIIIOK OOEpTaHHS IUIOCKOI TeoMEeTpU4HOi (irypu
HABKOJIO MPSAMOI, sIKa JEXKUTh y TiMl camii IJIONIMHI, 10 W AaHa ¢irypa,
HA3UBAEThCA mintom obepmanus._llpsiMma, HaABKOJO $SKOI 00epTa€TbCs
birypa, Ha3UBa€ThCs giccro obepmanns. IHOI 3aMICTh TIPSIMOI OOEpTaHHS
PO3TIsAIa€ThCs MIBIPsIMA a00 BIAPI30K.

Luninopom (npamum Kpy2o8um yuaiHOpom) HA3UBAETHCS TIIO, SKE
YTBOPIOETHCA MPU OOEPTaHHI NPSIMOKYTHUKA HABKOJO OJHIEI 13 #Oro
CTOpIH.

Kpyru, mo BXoasTh 10 CKjiady TMOBEPXHI HIIIHApPA, Ha3WBAIOTHCS
HOT0 ocHogamu, peliTa MOBEpXHI — OiuHOW nogepxhero. IlepneHauKysp,
ONYIIEHUH 13 OJHIET OCHOBH IIWJIIHAPA HA JIPYTY, a TAKOXK JOBKHUHA I[bOT'O
NEPICHINKYISIpa Ha3UBAIOTHCS 8UCONO0 IWITIHAPA.

IlepneHIUKyYIAp MK OCHOBaMH, SIKMH HaJICKWTh HOro OIYHIM
MOBEPXHI  HA3WBAETBCS  mGipHOl0  yuninopa. Paodiycom  yuninopa
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HA3UBAETHCA PaJlyCc MO0 OCHOBH.

[Ilo6 onepkaTu MaIOHOK IMJIIHApPAa HA IUIONIMHI, MOTPIOHO
CIIOYATKy 300pa3uTH OJHY 3 OCHOB Yy BHUIJIS/I €ilca, a MOTIM 3/I1MCHUTH
Horo mapajeibHe II€pEeHECEHHS Ha BIJACTaHb, IO JOPIBHIOE BHCOTI
UAJIIHApA, MaJL. 7.

Konycom (npamum Kpyeosum KoHycom) HA3UBAETHCS TIUIO, SKE
YTBOPIOETHCA TIPU 00EPTaHHI MPSIMOKYTHOT'O TPUKYTHUKA HABKOJIO OJTHOTO
13 IOr0 KaTeTiB.

Kpyr, 110 BXOAWTH 10 CKJIaQy MOBEPXHI KOHYCA, HA3MBAETHCS MOTO
OCHOB010, PEIITa IIOBEPXHI — OIYHOW NOBEPXHETO.

KiHenp kareTa, HABKOJIO SIKOTO 3IMCHIOETHCS OOCpPTAaHHA 1 SKUH HE
HaJICXKUTh OCHOBI1, Ha3UBAETHCSA BEPUIUHOIO KOHYCA, & CaM KAaTET a TaKOXK
HOTO JIOBXKHUHA — 8UCOMOI0 KOHYCA.

Biapizok, 1o jexuTh Ha Ol1YHIM MOBEPXHI KOHyca 1 3’€IHYy€E HOro
BEPILUHY 3 OCHOBOIO, HA3UBAETHCS MBIPHOI KOHYCA.

[Ilo6 oxaepkaTu MaJIOHOK KOHyCa Ha IUIOIIMHI, CIIJ CIOYaTKy
300pa3uTH KWOro OCHOBY Yy BUIVISIAI €dINca 1 BEpPUIMHY, a MOTIM 13 HEl
MPOBECTH JIBa BIAPI3KHM JI0 JBOX TOYOK €JiIca, BIJCTaHb MIX SKHMH
HalO1nbpIma, Mai. 8.

Kynero Ha3uBa€eTHCS T1IO, IKE YTBOPIOETHCS MPU 0OEpTaHHI MiBKpyra
HABKOJIO Moro aiameTpa (mai.. 9).

e Y
S

N
]

@ Man. 7
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Man.8

Mau. 9
Llenmp, padiyc 1 diamemp Kynai 30IralOThCS 3 IIEHTPOM, PaAlyCcoM 1
J1aMEeTPOM MIBKpyTa, sikhil o0epraeTbes. Cgheporo Ha3UBAETHCS OBEPXHS

kyni. Ilpu 300pakeHH! Kyni Ha IUIOMMHI Tpeda mnam’sTaTd, Mo 1l
MPOEKIIIEI0 Ha TUIOMIHUHY € KPYT.

PO3/11JI 7. BEJIMUMHU TA IX BUMIPIOBAHHS

7.1. lonaTHi aIMTHBHO-CKAJSAPHI BeJIMYMHH TA IX BUMIPIOBAHHS

7.1.1. Ilonammas npo eenuvuny.
[ToHATTS BeNMMYMHU € CKJIQJAOBOIO 3MICTy 0aratboX Hayk:
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MartemMaTuku, (i3uky, XiMii, Olosiorii Ta 1H. be3 TOHATTS BEIUYUHU
BUBYEHHSI JIMCHOrO CBITY OOMEXKYBajoCs O JIMIIE CIIOCTEPEKCHHSIMH 1
3IMIIAJIIOCh OW Ha OMNMUCOBOMY piBHI. Hampukinan, npu HarpiBaHHi
TUIa po3muproThes. Lle sBuie Oyno BigoMe 3 JaBHIX 4daciB. BBeaeHHs
TaKMX BEJIUYMH SK JOBXWHA, O0’€M 1 TeMmIlepaTypa, BCTAHOBJICHHS
3aJIEKHOCTI MIXK HUMHU JIO3BOJIUJIO HE TIIBKM 3HAYHO 30araTuTH 3HAHHS
PO CBIT Ta 1HIII SIBUINA MPUPOAH, & BPaXOBYBATH iX MPHU PO3B’sI3yBaHHI
KOHKPETHHMX 3ajad, 10 IMOB’si3aHl 3 MPAKTUYHOIO JISUTBHICTIO JIIOJIMHHU.
YMoBU 11 BBEJCGHHS TI€l YW IHINOI BEJIMYMHU BHU3PIBAIOTh y IIpoOlIECi
PO3BUTKY JIaHOI rajly3l HayKH.

KoxxHuit  00’ekT Mae  0Oararo pi3HMX  BJIACTHBOCTEH,  SKi
BIIOOpaKaroThCsl Y BIAMOBIAHUX BelWdMHaX. Hampukmaa, BIacTHBOCTI
MPOCTOPOBOI  MPOTSKHOCTI  BIANOBIa€ BEJIMYMHA, 110 HA3UBAETHCS
JIOB’KUHOIO, BIACTUBOCTI 1HEPTHOCTI Tijla — Maca, BIaCTUBOCTI MPOBIHUKA
MEPENIKOKATH MPOXOKEHHIO €JIEKTPUYHOTO CTPYMY — OITp MPOBITHUKA
1T. 1H.

BenuuuHu, sKi BUpaXarThb OJHY 1 Ty 3 BIIACTUBICTh JEAKO1
CYKyIHOCTI O00’€KTIB, Ha3UBaIOTh OOHOPIOHUMU, PI13HI BIACTUBOCTI —
HeoOHopioHumu. Tax, TOBXKUHA 1 TUIOIIA € HEOHOPITHUMHU BEJIMYMHAMH.

BenuunHu He iCHYIOTh cami 1O €001, AK JedKi CcyOcCTaHIlli, II1o
BiJIIpBaH1 Bijl MaTeplaJbHUX 00’ €KTIB 1 iX BiIacTuBOCTEW. B camiit mpuponi
HEMa€ IMIBUAKOCTEH, IMIYJbCIB, CUJI 1 T. 1H. 3 JIpyroro OOKy BEIUYUHU
MEBHOIO MIPOIO 17€ai3yI0Th BJIACTUBOCTI 00’€KTIB. Y mpolect adcTpakiii
3aBXKJIM B1I0YBA€ThCSA JESKE CHPOIICHHS IIMCHOCTI, BIJBOJIKAHHS BiJ
pany oOctaBuH. ToMy BelMYMHA — HE cama [JINCHICTb, a JHIIE ii
B1IOOpaKEHHSI CBIAOMICTIO JtOJUHU. [IpoTe mpakTuka MiATBEPIKYE, LIO
BEJIMYMHU TPABWIBHO  BIJOOPAXKAIOTh  BJIACTUBOCTI  HABKOJIUIIHBOT
TIHACHOCTI.

[TOHSTTS BETMYMHU TICHO TIOB’SI3aHE 3 MOHSATTAM BUMIPIOBAHHS, SKE
€ OJIHUM 13 NUISXIB MI3HAHHS MPUPOJIN JIFOIUHOMO, 10 00’ €JIHYE TEOPIIO 3
MPAKTUYHOIO AISTBHICTIO. B mpoiieci po3BUTKY NMPUPOJHUYUX 1 TEXHIYHUX
HayK pOJib 1 3HaUYCHHSI BUMIPIOBAHHSI HEBIIMHHO 3pOCTa€, 00 3pOCTAE YUCIIO
1 IKICTh BUMIPIOBAHHS P13HUX BEJIUYHH.
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[1ix BUMIpIOBaHHSM BEIWYMHU PO3YMIIOTh BIOOpaKEHHS 00’ €KTIB,
K1 BOJIOJIIOTh BJIACTUBICTIO, a00 Y MHOXHMHY JIMCHHMX 4Yucell, a0o XK Yy
MHOXXHUHY 3a MEBHUM MPaBUJIOM MOOYJOBAaHUX YHUCIOBUX CYKYMHOCTEH.
Uucma ab0 4YMCIOBI CYKYIIHOCTI, IO CTaBIATHCA Y BIJANOBIIHICTD
o0’ekTaM, Ha3WBAIOTh iX Mipamu, a caMi OO0’€KTH — 00 'ekmamu
BUMIDIOBAHHSL.

Bigomo, 1110 He KOXKHY BJIaCTHUBICTh MOYKHA BUMIPSTH, 00 HE 3aBXKIU
3HAWJIEThCSI MEXaHI3M IIOPIBHSAHHS OO0’ €KTIB 3a JAHOK BJIACTHUBICTIO 3
OJTHAM 13 BUOpAaHHMX 00’ €KTIB, SIKWW HA3UBAETHCS emanonom (OOuHUUHUM
elemenmom) BUMIpIOBaHHA. Ilpukimaaum Takux BIACTUBOCTEH YacTo
3yCTpIYalOThCS B ITICHXOJIOTIi, IMemarorimi, 010J0Tii, eKOHOMIIMi (po3yM,
BOJISI, CMUIMBICTh, HAMOJIETJIMBICTH 1 1H.). TAKI BJIACTUBOCTI HA3UBAIOTh
namenmuumu (NPUXOBAHUMU) BETUYUHAMU.

IlopiBHSHHS  JIATEHTHUX  BEJIMYMH  MOXJIMBE  JIMIIE  Ha
IHTYITUBHOMY piBHI. Tak, SIKIIO OAHA JIIOJUMHA OLIbII HAIOJIETJIMBA, HIX
1HIIIa, TO PO CTYIIHb SKOCTI ““HANOJIETIUBICTD CYASTh TIIBKH MO CUCTEMI
BUMHKIB, MOBEAIHII JIIOAWHU. B Takux BHUIIaJKaX TOBOPSATH MPO YMOBHI
3HAUYCHHS BENWYMH abo mpo yMOBHI Mipu. OIIHIOBaHHS JIATEHTHUX
BEJIMYMH YHUCJIAaMHU € JOCHUTh NpoOJieMaTUYHUM. Y 3B’S3Ky 3
MaTeMaTH3alllel0 HayK OCTaHHIM 4YacoM 17¢ I1HTCHCUBHHUU TMOIIYK,
0COOJIMBO B TYMaHITapHUX HAayKaxX, MOKJIMBOCTI BUMIPIOBAHHS JTATEHTHUX
BEJIMYHH.

Po3p13HAI0TH TPU BUAM BEJIWYHH 32 CLIOCOOOM iX BUMIPIOBAHHS:

1) ckansapui éenuqunu, MipaMu SIKMX € JIACHI YnCIa;

2) 6eKMOpHI 8euyuHU, MipaMHU SIKUX € KOPTEXKI TIHCHUX YHCEI;

3) menszopui eeruyunu, MipaMu SKUX € TaOIUIl (MaTPHIl) TIHCHUX

quces.

[ToHATTS BeNTWYMHU BIIEpIIE BUHUKIIO B (ijocodii 1 MOB’A3yBajoch 3
TIACHUM YHUCJIOM. ApICTOTENb TMHCaB, IO Ta YW 1HIIA KUIBKICTh €
MHOKHHOIO, SIKIIO il MOXHA MEPEIIUYNUTH, 1 € BEIUUYUHOIO, SIKIIO 1i MOXKHA
BuMipsaTH. B kau31 EBkiiga “Havana” Hemae MOHATTS BEJIMYMHU, aJie B Hii
MepepaxoBYIOTHCS aKCIOMH, SIK1 OIMTMCYIOTh 3arajibHi BIaCTUBOCT1 BEJIMYHH.
[IpoTsiroM JOBroro yacy BU€HI HaMarajmcs JaTH O3HAYCHHS BEIUYUHU:
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3a 'epoHoM AnekcanapiicbkuMm (MaOyTh, 1 CT. H. €.) BEIMUYUHOIO €
BCE Te, 1110 MOKe OYTH 301IbIIIEHE, YU 3MEHIIIEHE HEOOMEKEHO;

3a ElizepoM BeJIMUMHOIO € Te, IO MOXE 30UIbIIyBaTUCS 1
3MEHIITYBATUCH;

3a I'pacmanom (1809 — 1877) BenM4MHOIO € MEBHA piy, SIKa MOXE
OyTH BU3Ha4Y€HA PIBHOIO UM HEPIBHOIO JAPYTIiN pedi;

3a O. . AnekcangpoBum (1912 — 1994) BenuuuHOlO € Taka
BJIACTUBICTh O0’€KTIB, SIka B MEBHOMY BIJIHOIICHHI MOX€ OyTH OUIBIIOO
a00 MEHIIIOI0, MPUYOMY ICHYE MOXKJIMBICTH 11 TOYHOTO MOPIBHSHHS.

VY cyyacHiii MaremaTulll ICHYIOTh Pi3HI TOYKM 30py Ha Micie 1
3HAQYEHHA BeJWYMH y HikM. OJHI MaTeMaTUKd BBAXAKOTh 1€ MOHATTS
HEICTOTHHUM JUISI MaTE€MaTHKH, 1HIII 5K, HABIIAKH, BBAKAIOTh MOT0 OJTHUM 13
OCHOBHHX I IIOHAT.

7.1.2. /looamui adumueHo-CKANAPHI 6eIUUUHU.

Jlesski  CKaJiApHI  BEJIMYMHU  MalTh TaK  3BaHY AOUMUBHY
61ACMUBICMb, KA TIOJATa€E B TOMY, III0 BEJIWYHMHA JIOIMYCKA€ HEOOMEKEHE
“moapiOneHHs”’, TOOTO i MOXKHA CKJIAaCTH 3 YacTHH, IO IIOMMApHO HE
MEPETUHAIOTHCS 1 € TEX BeIUYMHAMH. Tak, 4ac-MpOMiIKOK Ma€ aJUTHBHY
BJIACTUBICTh, a 4Yac-jaTa — Hi. BenuuwHu, $Ki MaloTh aJUTUBHY
BJIACTUBICTh, HA3UBAOTHCS AOUMUBHO-CKATISIPHUMU BETIUYUHAMU.

[IpuknagaMu TakuxX BEJIWYUH € JOBXKHWHA, IUIoma, 00’eM, Maca,
MPOMIXKKH 4Yacy Toio. /{1 HUX MOKHa BU3HAYWUTH OMEpaIlilo J10/1aBaHHS,
gKa J03BOJISIE 3aMIHUTH JIBI OJHOPIAHI BEJIWYMHH I1X CyMOK. AHai3
aIUTUBHO-CKAJISIPHUX BEJIWYUH MPUBOJUTH O TAKOTO iX aKCIOMAaTHYHOIO
O3HAYCHHS.

BmactuBicTh P €J1eMEHTIB MHOXHHH M HA3HUBAETHCSI 000AmMHOI0
AOUMUBHO-CKANAPHOIO eauyunoro_(HaIaIl_senudunoio), SKIIo.

1) Ha MHOXHI M BHU3HAUYCHE BIAHOIICHHS EKBIBAJICHTHOCTI, SKE
MM03HAYAETHCS CUMBOJIOM ““~;

2) Ha MHOXWHI M 3aJlaHe TepHapHE BIIHOIICHHS “CKJIafa€eThes 37, 32
JIOIIOMOT OO SIKOTO BBOJIUTHCS B MHOKHMH1 M OlHapHa oreparlis, MOXJIMBO
YaCTKOBA, 1[0 Ha3UBAE€TLCA JOJaBaHHIM 1 IO3HAYAETHCSI CUMBOJIOM ““+7;
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3) y MHOXUHI M BUIIJIEHO ACAKWU €JIEMEHT €, SKMH HA3UBAETHCS
€TaJOHOM (OJIMHUYHUM €JIEMEHTOM) 1 icHye BimoOpaxxeHHs f MHOXUHU M
y MHOKMHY JOAaTHHUX 4yKces R+, 1110 Mae Taki BIaCTUBOCTI

a) €TaJIOHY BUMIPIOBAHHS € CTAaBUTHCS Y BIJIMOBIIHICTD YUCIO 1 :

f(e)=1;

0) Oyab-sIKUM  €KBIBAJICHTHUM  €JIEMEHTaM CTaBJSAThCS Y
BIIMOBITHICTH PiBHI YHCIIA:

Va,BeM a~p— fla) =1 (B);

B) 111 OyJb-SIKMX JBOX EJIEMEHTIB, SKIIO ICHYE iX CcyMa, TO Y
BIIMOBIJIHICTh i CTAaBUThCA YMCIO, SIKE JOPIBHIOE CyMl YHCEN, SKi
CTaBJIATHCA Y BIAMOBIIHICTh KOKHOMY 3 IIUX JIBOX €JIEMEHTIB OKPEMO:

Va,BeM:Fa+peMo>Tf(a+p)=F(a)+T(P),

4) sKmMoO B MHOXWHI M 3a OAMHWYHUM €JIE€MEHT BUOpPAHO HOBUU
€TaJIOH BUMIPIOBAaHHS €11 ( BigoOpakeHHS MHOXUHU M y MHOXHUHY R+,
K€ Ma€ BJIACTUBOCTI @) — B), TO y BIJNOBIJHICTh KOXKHOMY €JIEMEHTY O 3
MHOXXUHU M TIpu 1IbOMY BIJIOOpPaXEHHI CTaBUTHCS YHUCIIO, AK€ JOPIBHIOE
noOyTKy 4YHCIIa, SKE€ BIAMOBIAAE €JIEMEHTY O MPU CTAPOMY €TaJOHY
BUMIPIOBAHHS € 1 YHCJIA, K€ CTAaBUTHCS Y BIAMOBIAHICTh CTAPOMY €TAJIOHY
BUMIPIOBAHHS € IPU BUOPAHOMY €TAJIOHI €.

VaeM g(a)=9g()f(a).

MHuoxxuna M  Ha3UBAETHCS 00IACMIO  BU3HAYEHHS  BENIUYUHU,
BinoOpaxkenuss f: M — R+ —sumiprosannim eeruyunu, a eISMEHTH
MHOXXHHH M — 06 exmamu sumiprosanns. Yucino f (o) Ha3uBaeThCI Mipoio
06 ’eckma o (3HauenHs éeauuyuHu) IPHU €TAJIOHI €.

[lepepaxoBaHi YOTHUPU BIACTHUBOCTI BIJOOPAXKEHHS BUPAKAIOThH
BJIACTMBOCTI BEJIMYMHU (MipH), KOXKHA 3 SIKMX Ma€ CBOIO Ha3By: 3a) —
Hopmosanicme;, 30) — insapianmuicmo;, 3B) — aoumusHnicmb, 4) —
MYTbMUNTIKAMUBHICTb.

Mipa o0’ekTa 3aJIeKUTh Bij €TajoHA, 10 MOXE OyTH BHOpaHUU
noBuUibHO. II[00 KOKHOrO pa3y, KOJM MOBa iji€ MpoO Mipu 00’€KTIB, HE
BKa3yBaTH €TAJIOHH BUMIPIOBaHHS, IOCTYNAIOTh TaK:

1) MipaM eTaJOHIB BUMIPIOBaHHS, TOOTO YHCIY OJWHUIIA,
OPUNUCYIOTh 1IMEHAa  €TaJIOHIB, 1 OJWHUII0 3 HallMEHYyBaHHSIM
HA3UBAIOTh OOUHUYEIO BUMIPIOBAHHS,
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2) Mipy HIOBUIBHOrO 00’€KTa 3alHCYIOTh SK JOOYTOK JI0JATHOTO
qycia 1 OAMHUILI BUMIPIOBaHHS.

Hanpuknan, 3anuc 3 Bigpa piBHOCWIBHUM 3amucy 3 x 1 Bigpo
O3Hauae, MO0 MIPOK JIESIKOr0 00’€KTa € JI0JJaTHE YHUCIO 3 NpH €TaJIOHI
BUMIPIOBaHHS “BiIpo”.

Ha ocHOBI akciOMaTMYHOTO O3HA4YE€HHS JIsi BCTAHOBJICHHS TOTO, IO
BJIACTHUBICTH P eleMeHTIB MHOKUHU M € BEIMUYNHOIO, TTIOTPI1OHO:

1) BBecTr Ha MHOKHUHI M BiTHOIIIEHHS €KBIBaJICHTHOCTI;

2) BUBHAYUTU HA MHOXHWHI M TepHapHE BIIHOLICHHS “CKIaga€eThCs 37
1 TIOB’S13aTH 3 HUM OIIepallito 10JaBaHHS ;

3) cepen eneMeHTIB MHOXHHM M BHOpaTtH eTanoH (OJUHUYHUN
€JIEMEHT);

4) moOynysatu BinoOpaxkenHs f: M — R+, sike 3a10BOJIbHIE YMOBaM
3)14) o3HauCHHS BEIUYHHM.

3 O3HAYeHHS BEJMYMHM  BUIUIMBAE, IO JJIsI  JOBUIBHHUX

€JIEMEHTIB Ol 1 3 3 MHOXKMHM M BIJHOIICHHS iX MIp  HE 3aJIeKUTh BIJ
BUOOpY €TajoHa.

Enementn o i 3 MHOXUHU M, sKi MarOTh piBHI Mipu, ToOTO f(O) =
f(B) nasuBaroTh pisroseruxumu.

BinHollleHHS pPIBHOBEIMKOCTI ISl  €JIEMEHTIB MHOXMHU M €
BIJTHOIIIEHHSIM €KBIBAJICHTHOCTI, @ TOMY 3a JOIIOMOT0I0 HbOT'0O MHOKHUHY M
MO>KHa PO30MTH Ha KJIACH PIBHOBEJIMKHUX €JIEMEHTIB, B JIITEpATypl 1HOII 111
KJIaCH 1 HA3UBAIOTh BEJIUYUHOIO.

Benuuuna, BU3HaueHa Ha MHOKUH1 M, Ha3UBAEThCA NPOCMOTI0, SKIIO

Va,BeM: f(a)=F(p) > a~p.

[Ipy BUMIpIOBaHHI BEJIMYMH BaXJHWBA POJIb BUOOPY OJIUWHUI
BUMIpIOBaHHs. HaBiThb 1Jis BUMIPIOBAHHSI OJIHIET BEJIUMYMHU HE MOXKHA
OO1MTUCA OJIHIEI0 OJIMHUIICIO BUMIpIOBaHHS. Hampukian, mo0 BUMIPATH
JOBKUHU 3€pPHUHM TMIIEHUIl, OyIuHKY abo 3ami3Huil Big Kuesa 1o
XapkoBa 3pyuHillle KOPUCTYBATHUCS MUTIMETPOM, METPOM 1 KIJIOMETPOM
BIIMOBIHO. B pi3HUX HapoiB 1 B pi3HI YacH OJUHUII BUMIPIOBAHHS OyiIu
pi3HUMU.
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Crnepiry 3a OJWHHUII BUMIPIOBAHHS BUOWpATIUCS TOBXKWHU PYKH,
HOTH, IMaiblisd JIIOJAUHU, a00 IpeJMETIB, IO HalyacTille OTOYyBaIu
moauny. Ha Vkpaini 3maBHa ypokaih paxyBanu ‘“komamu’ (koma 60
CHOMIB) Ta “Bo3amMu’’ ab0 “xypamu’ (KUIBKICTh CHOIIIB, sIKa BMIIIAJIacsl Ha
BO31). PiiHy — BOZy, MOJIOKO TOHIO MIpsuIM “KBapTamu’ (2 IUISIIKH),
“rpanisiMu” (4 kBaptu), “Bimpamu’ (10—12 miTpiB). Y TKalpKiil crpabi
BUKOPHUCTOBYBAJIKCS OJIMHUII 3arajJibHOCIOB’SHCHKOTO TOXOJKEHHSI —
“gucHuils’” (Tpu HUTKH), “macMo” (10 yucHuilp), “motox” (30 macom).
CenssHaMyd BUKOPHMCTOBYBAJIMCS OpPUTiHAIbHI OJUHMIN IUIOIII 3€MJI:
“nenp” (TUIOIIA, SIKY MOKHA BHOpATH 3a JICHb BOJIaMu), “ompyr”’, “ToHa”,
“Bonoka”, “ma”” Ta iH. 3 PO3BUTKOM TOPTriBIi, OOMiHYy TOBapamu Ta
IHIIUMU TTOTpeOdaMu JItoJeld BUHUKIIA HEOOX1HICTh Y BBEJCHH]1 OJTHAKOBUX
JJ1s1 BCIX KpaiH OJIMHUIIb BUMIPIOBAHHS.

CyKynHICTh OJMHUIIL BUMIPIOBAHHS PI3HUX BEJIMYMH, 110 BBIAIILIN
710 BXKHUTKY, HA3UBAETHCS cuCcmemoio 0ouruys (cucmemoro mip).

[lutaHHAMU BUMIPIOBAHHS BEJIMYUH 3aWMAEThCA METPOJIOTIS —

HayKa IMpPO BUMIPIOBAHHS, CHOCOOM JOCSTHEHHS iX OJIHOMAaHITHOCTI Ta
HE00X11HOT ToUHOCTI. HalO1ab111 po3po0IeHOI0 3 CTapOIaBHIX METPOJIOT1H
OyJila BaBIJIOHCHKA, SIKa 3HAYHO BIUIMHYJIAa HA METPOJIOTIi 1HIIUX HAPO/IIB.
Jlo 11bOTO 4Yacy KOPHUCTYIOTHCS OJMHUIIAMHU 4Yacy, 3allO3MYECHUMH 3 HEI:
moba — 24 rTommuu, romuHa — 60 xBwimH, XxBwinmHa — 60
cekyHa. CTapogaBHI METPOJIOTIi BKJIIOYAJIM OJWHHUII  BUMIPIOBAHHS
JIOBXKHWH, IUIONI, 00’€MiB, Mac, 4acy 1 MOHETHI CHCTEMH, SIKi YacTo
OB’ A3yBAJIUCS 13 BUMIPIOBAaHHSIM MacH.

Ho xiHng 19 cT. OUIBLIICTh €BPONEUCHKUX JIEpKaB MaJIM CBOIi
cucteMu oauHuIlb. Cepell HUX BUAUIMIACS METPUYHA CUCTEMH OJUHUIIb,
sika OyJia 3ampoBapkeHa B Kini 18 cr. y ®panuii. Ii ocobnupicTs nonsrae
B TOMY, III0 BITHOIIEHHS MIX KPAaTHUMH 1 YaCTHHAMHM O1JIBIIOCTI OJAMHUIID
BUMIPIOBAHHS BUPAXKAETHCA uepes 1 creneni yucna 10.

B 1877 na xomrtu 20 npepxkaB — ywyacHullp “Kondepeniii merpa”
OyJio cTBOpeHO MiHapoJiHe O0pOo MiIp 1 Barv, B 00B’S30K SIKOTO BBIHIILIO
30€pEKEHHSI €TAJIOHIB 1 BUTOTOBJICHHS 1X 3pa3KiB. 3 PO3BUTKOM HAyKH 1
TEXHIKM CTapl O3HAYEHHS €TaJOHIB HE 3a0e3MneuyBail HAJIeKHOI TOYHOCTI
BUMIPIOBaHb 1 BiATBOpeHHs eTajoHiB. B 1960 poui ['enepanbHa
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KOH(EepeHIIis Mo MipaM 1 BaraM IpuiHsUIa MDXKHAPOJAHY CUCTEMY OJIWHUIID
(CI) sx yHiBepcaibHY CHCTEMY IJid BCiX Tamy3ed Hayku 1 TexHiku. Ha
JTaHWHM yac BOHA BKJIIOYAE:

1) ciM OCHOBHMX OJIMHMIIL: METP (M) — JIJIsl TOBXKUHU; Kijorpam (Kr) —
JUIT Macu; ceKyHaa (¢) — I 4acy; MOjib (MOJIb) — JJIsi KUIBKOCTI
peuoBuHM; KenbBiH (K) — m1s TepMoaumHAMIYHOI TeMIIepaTypH; KaHjela
(xm) — uist cuik cBITAa; aMriep (A) — 1715 CUITU €JEKTPUYHOTO CTPYMY;

2) nB1 JOJATKOBMX OJHUHHUIN: pajiaH (pad) — JJs IUIOCKOTO KyTa;
cTepajiaH (cp) — A1 TUIECHOIO KYTa;

3) moXiJHI OJWHMII, cepesl AKUX, HAIPUKIIA, KBajpaTHUi MeTp (M?)
— 14 1101, KyOiunuii MeTp (M%) — st 06’ eMmy.

[ToxigHi OJMHMII YTBOPIOIOTBCA 3 OCHOBHUX Ta JOJATKOBHX. 1X
HA3MBAaIOTh, K MPABUIIO, Y€pe3 OCHOBHI, JOJAaTKOBI a00 MOXigHI OJMHUIIL;
NeAK1 OQUHUII MarOTh CBOI CIeliajJbH1 Ha3BU.

Bing onunuie MisxkHapOAHOT CUCTEMH MOKHA YTBOPIOBATH JECSATKOBI
KpaTHI 1 YaCTUHHI OJWHUIF MHOXXEHHSM BHXigHUX oauHUIb Ha 10" abo
10", nen=1,2,3,6,9, 12, 15, 18. Ha3zBu Takux OAWHUIIb YTBOPIOIOTHCS
NPUEIHAHHAM JI0 Ha3BM BHUXIJHOI OJWHMII BIJAMOBIJHOI JECATKOBOI

KOMIIOHEHTH:

10! neka (11a) 107 nenwm (1)
102 rekro (T) 1072 canri ()
103 kino (x) 1073 mimi (m)
10° mera (M) 10 mixpo (MK)
10° rira (') 10 mano (n)
102 tepa (T) 10712 miko ()
10% nera (IT) 105 pemro ()
108 ex3a (E) 108 aro (a)

7.2. loB:kuHa Biapizka Ta ii BUMiproBaHHSI

Onny 3 MOOYIOB MHOKUHHM HaTypajJbHHUX YMCEN OYyJIO 31MCHEHO Ha
OCHOBI MOHSTH BiJIpi3ka Ta oro BuMiproBaHHs (§13). I{i MOHATTS TaKoOX
Oynu CYTTEBO
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BUKOPHUCTaHI MpH MOOYI0BI MHOXKHH JOAATHUX palllOHAJIbHUX 1
miicaux uyucen (§§ 18, 20). Bcei Bumiesragani moOyaOBH YHCIOBHX
MHOXUH (PaKTUYHO 0Oa3yBajaucs Ha BUKOPUCTAHHI1 BJIACTUBOCTI BIJPI3KIB,
Ky Ha3UBAKOTh 008JCUHO0 6i0pizka. ITokaxemo, 110 JTIOBKHHA BIJIpi3Ka €
BEJIMYUHOIO.
Sxmo M — MHOXHHA BIAPI3KIB, SKI ITO3HAYAIOTHCS MAaJTUMH
rpelbKuMu OyKBaMu, TO B HIM:
1) BiAHOIIECHHS PIBHOCTI € BITHOIICHHSAM E€KBiBaJICHTHOCTI;
2) € TepHapHE BIJHOIICHHS ‘‘CKIagaeThcs 3~ (BiAPI30K PO3OHMTO Ha
JBa BIJAPI3KK~), 3a JOMOMOIOI SIKOTO O3HAYa€eThCsl OiHApHA oreparlis
JOJaBaHHS B1JIPI3KiB;
3)3a J0MOMOrol BHOpPAaHOTO Bigpi3Ka €, SKHH HAa3HUBAETHCS
emanonom (0OuUHUUHUM 8I0pPI3KOM), MOKHA TIOOYTyBaTH BiJTOOpaXKCHHS
f: M — Rs
1 Ip¥ IbOMY OyAYTh BUKOHYBAaTHCS YMOBH:
a) f (¢) = 1 — Miporo eTaioHa BUMIPIOBAHHS € YHUCJIO 1 (HOPMOBaHICTh
JTOBKHHH);
O)Va,peM oa=p— fla) =T (B) — Mipu Oyap-SKHUX JBOX PiBHUX
BiJIpi3KiB piBHI (iHBapiaHTHICTh JOBXKHHH);
B)Va,eM:TFo+tpeM—-o>Tf(a+B)=Ff(a)+f(B)— mmst Oynp-
SAKUX JIBOX BIJPI3KIB, KIIO ICHY€E IX CyMma, TO Mipa i€l CyMH JOPIBHIOE
CyMi Mip IIUX BiApi3KiB (aJUTUBHICTb JOBXHUHN);
4) KO €1 — IHIIMA OJWHUYHUK BIAPI30K, JUIS SKOr0 MOOYIOBAaHO
BiToOpaxkeHHs §: M — R+,1110 3aJI0BOJIbHSIE YMOBaM a), 0), B), TO

VaeM g(a) =g()f (o), — TOOTO, 00 TIEpPEHTH 10 MipH BiJpi3Ka
oL TIPY HOBOMY €TaJIOHI BUMIPIOBAHHS, JOCTaTHRO HOTO MIpy IIPH CTapOMY
€TaJIOHI BUMIPIOBAHHS MOMHOXHUTH Ha MIpy CTaporo €TaJioHa MpU HOBOMY
CTaJIOHI BUMIPIOBaHHSI (MYJIbTUTUTIKATUBHICTE JTOBXKUHH).

OTxe, BUKOHYIOTHCS BCl YMOBHM O3HAQYE€HHS OJATHUX aJIUTHBHO-
CKAISIPHUX BEJIIMYMH 1 JOBXHHA BIJIpi3ka € BeauuuHoro. Ywucio f(a)
Ha3UBAETHCS MIpOI0 8I0pi3Ka 0. IPU 3aJaHOMY OJIMHUYHOMY BIJIPI3KY.

Ko OAMHWUYHMKI BIAPI30K (PIKCOBAHO, TO, JIOMYCKAIOUM JESIKY
BUIBHICTh MOBH, YHUCJIO f(0) Ha3UBAIOTh TAKOK 00BHCUHOIO BI0PI3KA, X0OUa,
B3arajii Kaxy4u, HOTpiOHO PO3PI3HATH TaKi MOHATTS, K JOBXHHA BiApi3Ka
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1 3HAYeHHS JIOBXKMHU Bijapi3ka. Uepes Te, 110
Vao,BeMf(a)=FfP)—>a=4,

TO JIOBKHMHA BiJpi3Ka € IMPOCTOK BEIUYMHOIO, TOOTO BIJAPI3OK IILIKOM

BU3HAYAETHCS CBOEIO JJOBXKUOIO.

VY npakTU4HIM AISIBHOCTI JIIOJM Ha PI3HUX €Tamax pPO3BUTKY
KOPUCTYBAJUCS PI3HUMHU oJuHMIIMUA JoBkuHU. Ille 3 uaciB KuiBcbkoi
Pyci B YkpaiHi KOpucCTyBalucs, HAMPUKIaA, TAKUMUA OAUHUISMU JTOBKUHU
Ak “m’sags”,  “mikote”’, “crymiHb’, ‘“‘caxenp’. 3 17 cr. crana
MOIIMPIOBATUCS Taka OJWHMUIA SK “apmmH’, a 3 18 cr. — “Bepcra”. 3
PO3BUTKOM CYCHIJIbCTBA PI3HOMAHITHICTh OJIMHUITH JOBKUHHU CTBOpIOBajia
HE3PYYHOCTI NIpHU CHUIKYBaHHI Jtojel. [locTano muTaHHsS Opo CTBOPEHHS
€IUHOTO €TaJloHA JOBXHHH, SIKUM TOPIBHSHO JIETKO MOXKHa Oyno O
BIATBOPIOBaTU. B MeTpuuHIA cuctemi Mip 3a €TallOH NPUHHATO METP.
Brepiie itoro 6ymno 3anpoBamkeno y @panirii B kil 18 cT. 3a meTp Oyio
npuitaaTo 107 yacTuHM 4BepTi MapuU3bKOro MepuaiaHa. Take BU3HAUCHHS
MeTpa BiAMOBIJAJIIO MParHEHHIO MaTH “TPUPOAHY’ OJUHMIIO TOBXKHUHHU.
Byio BUTOTOBJIEHO 13 TPUBKOTO CIUIABY TIJIATUHU 1 1pUIII0 KiJlbKa €TaJOHIB
MeTpa 1 TOMIIIEHO B MiaBajdu MikHapoaHoro Oropo Mip 1 Baru. B 1872
pout  MDKHapogHa  METpUYHA  KOMICIS, BpaxoByKOUYHM Te, IO
3aIPONOHOBAHUN “TIPUPOJIHUI” €TajJOH HEMOXJMBO TOYHO BiATBOPUTH,
NpUMHSATIA PIMICHHS TEePEeUTH A0 OJUHMII, SKa BiATBOPIOETHCS 3a TUM
€TaJI0HOM, 1110 30epiraeThes y OpaHiiii.

Ho cepenunu 20 cT. CTBOpeHUM eTalioH 3a0e3neuyBaB HEOOXIAHY
TOYHICTh BUMIPIOBAHHS, IPOTE y 3B’SI3KY 3 PO3BUTKOM HAYKU 1 TEXHIKU
CTaJIu MOTPIOHUMU TOCKOHAMIII eTaJoHU. [ 'eHepanbHa KOoH(epeHIist Mip i
Baru 1983 poky mpuiiHsiIa HOBE BU3HAUYEHHS METPA, €TAJOHA JTOBXWHH:
METp — Iie IILISX, KU IIPOXOAUTE CBITIIO Y BaKyyMi 3a 2997924587 c.

CyyacHuld pO3BUTOK TEXHIKA JIO3BOJISIE BIATBOPUTU METP 3
tounictio 1-108 M. 3apa3s y MixnapoaHiii cucTeMi OMHHMIB 3a OCHOBHY
OJIMHULIO IPUHHSITO METP.

[IpakTiuyHEe  BUMIPIOBAHHSA  JIOBXKMHU  HEBEJIUMKUX  BIJIPI3KIB
3MIACHIOETHCA 3a JIONIOMOIOI0 JIIHIMKHU. [1es JiHIHKY moJisirae B TOMY, IO
Ha MIBIPAMIHN ii moyatok no3HavaroTh 0. [Totim Big 0 HAHOCATH MOAIJIKHU B
1 nM, mami KOXXKHY 3 HUX AUIATH Ha 10 pIBHUX YaCTHH, OJEPKYHOTHCS



231

NOAIIKA B 1 CM, KOXKHY 3 SIKMX 3HOBY AUISITH HAa 10 0JHAKOBUX YaCTHH,
OTpUMYIOTh TIOAUIKA B 1 mMM. [IpuknaBmu Taky JiHIAKY 0 BiJpi3Ka Tak,
100 Touka 0 30irajacs 3 OJJHUM 13 KIHIIIB BiApi3Ka, a Apyra To4yka rnomajia
B CEPEAMHY JIIHIMKHA, MOKHA 3 TOYHICTIO JO OJHOI'0 MIUJIIMETpa BCTAHOBUTH
JTOBXKHWHY  BiApi3ka. [mero  mHIAKH,  BIAMNOBIAHO  BHIAO3MIHEHY,
MO>XHa BHUKOPHUCTATHU JIJIsl BBEACHHS IO 1 00’ €MiB.

3amgava 1. Touku A, B, C 1 D po3mimeni Tak, mo Biapizku AB, BC 1
CD wmaroTh cBOiMHM JoBxuHamMu uuciaa 2; 0,5 1 3 BIANOBIAHO HOpH
OJIMHUYHOMY BIZPi3Ky caHTUMETp. 3HalTu AoBxkUHM BiapizkiB AB, BC i
CD, skiio 3a oAMHUYHUM BiIpi3ok BuOpatu: 1) Biapizok AB; 2) Binpi3ok
BC.

» Jlns 3HaAXOJPKEHHS JIOBKHMH BIJPI3KIB MPU HOBUX OJMHUYHHX
BiJIpI3Kax MOTPIOHO CKOPHUCTYBATHUCS 3aJICKHICTIO MK TOBKUHOIO OJHOTO
1 TOTO K BIApi3Ka MpHU PI3HUX OJUHUYHMX BiJpi3Kax (BUMoOra 4) 03HAYCHHS
JTOJATHUX aIUTUBHO-CKAJISIPHUX BEIUYHMH ), TOOTO, SKIIO f — BIIOOpakeHHS
Ipyu OAMHUYHOMY BIJIPI3KY €, a g — BIJIOOpaXKEHHS MPU OJUHUYHOMY
BIJIPI3KY €1, TO JJI IOBUIBHOTO BIIApPi3Ka O

g(a)=g(e)xt(0)

OTtxe, NOTPIOHO 3HATU JOBXKHHY CTAapOTO €TAJIOHA BUMIPIOBAHHS €
[P HOBOMY €TAJIOHI €.

1) Sxmo 3a eTanoH BUMiprOBaHHS BHOpaTH Biapi3ok AB, To 1oBXHHA
BiJIpI3Ka CaHTUMETp npu etasnioHi AB Oyne piBHa 1 : 2 = 0,5, a AoBXUHU
Bizip13kiB AB, BC 1 CD piBHi BiANIOBITHO YK CIIaM

05x2=1, 0,5x0,5=0,25, 0,5x3=1,5npu eranoni AB.

2) Slkimo x 3a eTaJIoH BUMIpIOBaHHS B3sATH Bifipi3ok BC, To momxkwHA
BiJIpi3ka canTuMeTp npu etanoni BC O6yxae piBHa 1 : 0,5 = 2 1 JOBXKUHHU
Bizipi3kiB AB, BC 1 CD piBHi BianoBigHo 2 x2 =4,2x05=1,2x3 =6
npu etanoHi BC.

Binnosine: 1) 1; 0,25; 1,5 nipu eranoni AB,

2) 4; 1; 6 npu eranoni BC. <

7.3. Ilnoma ¢pirypu Ta cnocoom BUMiprOBaHHS MJIOI

VaBnenHns mnpo miomry (irypu Mae KokKHa JroAuHA, 00 3amada
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BUMIPIOBAHHS IUIONI BITHOCUTHCS JO OJHUX 3 HAWAABHIMMX 3a7ad, IO
MOPOJIPKEHI MPAaKTUYHUMHU MOTPEeOaMU JIFOJIUHU. 3/1aBHA JIOJUHI TOTPIOHO
OyJIO 3HATH IUIONIl 3€MEJIbHUX AUISHOK, 110 BIJBOJUIUCH JJisl 0OpOOITKY,
IJIOINI PI3HOMAHITHUX OyJiBedb, IO CHOPY/KYBaIMCS, Tomo. Taki
MpaKTUYHI 3HAHHS TPO IUIOINIl BUKOPHUCTOBYIOTHCS MPHU iX O3HAYEHHI B
reoMeTpii, e TOBOPATh mpo 1wiomll ¢iryp. ['eomeTpuuni Qirypu € pizHi,
TOMY PO3TJISAAI0Th OCOOIUBUI Ki1ac Piryp.

Axkmo ® — mMHOXUMHA GIiryp, TO B Hiil MOXHa BBECTH BIJHOIICHHS
piBHOCTI. Dirypu Fi1 F, Ha3uBaroTh pisHumu, SIKIIO X MOKHA HaKJIacTH
OJIHy Ha JPYry TakK, IO BCi iX TOYKH 30DkaThcs (3amucyerbes Fi= Fy).
HeBakxko BCTaHOBUTH, IO TaK O3HAYEHE BIJHOIIEHHS PIBHOCTI Qiryp Ha
MHOXUH1 @ € BIIHOIICHHSIM €KB1BAJICHTHOCTI.

TepHapHe BIAHOIIEHHS ‘“‘CKJIAIA€ThCA 37, 3a JIONOMOTOK SIKOTO
O3HauYa€ThCsl OlHApHA omeparlis JoAaBaHHS QIryp, MOKHA O3HAYUTH TakK:
birypa F cknanmaerbcs 3 ¢iryp Fi11 F2 (3anucyerbest F = Fq +), skmo F=

F1 U F21 mepepizom ¢iryp Fita Fze minisg, mo npoxoauTs dYepes
BHYTpIIIHI Touku Qpirypu F, man. 2.

F2

IIpu BuOpanomy ertanoni (kBaaparti) E icHye BimoOpakeHHs S:
® — R:., 110 BOHO Ma€ Taki BJIaCTUBOCTI:
1)S (E) = 1 — cTayloHy BHMIPIOBAaHHS CTaBUTHCS y BiAMOBIIHICTH
9qKCITO 1, 110 € Horo Mipoxo (HOPMOBaHICTh ILIOIIII);
2)VF,Foe ®:Fi1=F,—> S (F1) =S (F2) —ipu ogHoMy i TOMy %k
€TaJIOHI BUMIPIOBaHHS PiBHUM (pirypam CTaBIsATHCS y BIAMOBIIHICTH PIBHI
wtoni (iIHBapiaHTHICTh IUIOIII);
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YVF,Foe®d IR+ Foed—>S (Fit F)) =S (F1) + S (F) —
AKIIO ICHY€ CyMa JBOX JIOBUIBHMX (iryp, TO Mipa Ii€i CyMHU JOPIBHIOE
cyMi Mip JaHuX ¢Iryp Ipd OJHOMY 1 TOMY K €TaJlOHI BUMIPIOBAHHS
(amuTuBHICTh Mrommi). I[fo BIacTUBICTH MOXKHA chOPMYJIIOBATH IIE M
TaKuM YUHOM: IIomia Girypu MOpiBHIOE cyMl Tuioil (Piryp Ha siki BOHA
PO30HUBAETHCS TOBIIHLHOIO JIHIEKO.

4) sixiio Ej — iHIIMEM O MHUYHKMEA KBAIpaT 1 BiIOoOpaKeHHS

SlZ d — R..

3anoBosbHsIE yMOBaMm 1) — 3), To

VFe®:S1(F)=S1(E)S (F) — TobTo, 100 3HAHTH TUIONTY QirypH
F npu HOBOMy erasnioHi BuMiptoBaHHd Ei, gocTaTHbO ii miiomly mnpu
CTapoOMy €TaJOH1 BUMIPIOBAHHS MTOMHOXKUTH Ha MIPY CTapOro €TaJioHa MpH
HOBOMY (MYJIBTHUILIIKATHBHICTD TUIOIT).

TakuM YMHOM, BUKOHYIOTBCS BCI YMOBH O3HA4YCHHS BEJIWYHMHHU 1
ioma Girypu, € 104aTHOO aJUTUBHO-CKAISIPHOIO BETUYMHOIO.

3HaxoauTu MIonry (Girypu 3a il O3HAYEHHSIM JIOCUTh CKJIAJHHM
nporiec. [l MoJermeHHs BUKOPUCTOBYIOTHCS JAESIKI HEMpsiMi CIIOCOOU
BUMIPIOBaHHS, B OCHOBY SKHX TOKJIQJACHO BHUPAXEHHS IUIONI ITEBHUX
KiaciB  Qiryp dYepes Mipu iX JHIAHMX €JIEMEHTIB. 30Kpema, IS
MPSIMOKYTHHKA Ma€ MicClle Teopema.

Teopema 1. Ilnoma npsIMOKyTHHKAa IOPIBHIOE NOOYTKY JOBXKHUH

HOT0 CTOpIH, 110 BUXOJATH 3 OJHI€] BEPIINHHU.

®irypu Ha3UBAKOTHCS PIGHOGEIUKUMU, SIKILIO X TIJIOIII PiBHI.

OueBuaHO, MO piBHI (QITypU € PIBHOBEIUKUMHU, alie OOCpHEHE
TBEpKeHHA XuOHe. [[1CHO, MPSIMOKYTHUKH 31 CTOpOHaMu 8 cM 1 3 cM Ta
6 cM 1 4 cM pIBHOBENUKI, ajie HE PiBHI. PO3rIsHYyTUM TpUKIad JO3BOJISIE
CTBEPKYBaTH, 1110 IJI0Ia (Girypy, Ha BIAMIHY BiJl TOBXHWHU BiApi3Ka, HE €
IIPOCTOIO BEIUYHHOIO.

®Dirypu Ha3UBAIOTHCS PIBHOCKIAOCHUMY, AKIIO iX MOXHA pPO30UTH
JIHISIMM Ha CKIHUE€HHE YMCJIO IOMapHO PiBHUX MiX cobor ¢iryp. Yacro,
0COOJIMBO /JI1 MHOTOKYTHUKIB, JIIHISIMU PO3OUTTSI € TUIBKHU MPSIMI.

Teopema 2. SIkuo ¢irypu piBHOCKIJIAI€HI, TO BOHU PIBHOBEJIHKI.

Teopema 3. SKmO MHOTOKYTHUKM PIBHOBEJIMKI, TO BOHH
PIBHOCKJIAJICHI.
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Teopemun 2 1 3 MOKa3ywTh, IO JUII MHOTOKYTHHKIB TIOHSATTS
PIBHOCKJIaJICHOCT1 Ta PIBHOBEIUKOCTI € TOTOKHUMU MOHSITTSIMH.

Y MixHapoaHiid CUCTEMi1 OJUMHUIIL OCHOBHOIO OJIMHUIICIO IUIONI €
KBajpaTHui MeTp (M?) — IUIOIA KBajpara, JOBXKMHA CTOPOHH SIKOTO
nopiBHtoe 1 M. Kopuctyrorbcss # IHIIUMH OJMHHUIISIMH, 30Kpema:
KBaJpaTHUI JenuMeTp (aM?); KBaJpaTHUM CAaHTUMETP (CM?); KBaJpaTHHIA
mimimerp (Mm?). CIiBBiJHOLIEHHS MiXK HUMHM TaKe:

Im2 =100 xm? = 10000 cm? = 1000000 MM,

JIJ1st BUMIpIOBAHHS TIIONI 3€MEIbHUX MUISHOK YacTO KOPUCTYHOTHCS
TaKUMHU OJMHHMLAMH sik rektap (ra) (1 ra = 10000 m?) i cotka (a6o ap) (1
cotka = 100 m?).

7.4, IlousaTTs MPO 00’€M TiJIa Ta HOro BUMipIOBaHHS

[Ipo 06’emu Tid, sK 1 mpo 1ol (iryp, JIIOJA MarOTh YSBJICHHS 3
JABHIX YaciB y 3B’S3KY 3 TOCIOIAPCHKOIO MISTBHICTIO.

[IpocTtopoBl (irypu € pi3HUMHU, TOMY BHAUISIIOTH MHOXHUHY W
OOMEKEHHX TIJ1, SIKI HajaJl HasuBaTHMeMO TuiaMu. IlokakeMo, IO Kiac
TaKux TIJI Ma€ BIACTUBICTh, SIKy Ha3WBAalOTh 00’€MOM, 1 00’eM €
BEJIMYUHOIO.

JliicHO, Ha MHOHHI T1J1 MO’KHA BBECTH BiJHOIIIEHHS PIBHOCTI: JBa
TiJIa HA3UBAKOTHCS PiGHUMU, SIKIIIO 1X MOXHA BKJIACTH OJHE B OJHE TaK, IO
BC1 IXH1 TOUKHU 301KaThCsl.

AHAQJIOTIYHO SIK JJI IUIONII, HEBAXKKO MEPEKOHATHUCS, IO JJIsl 00’ €My
BUKOHYIOTHCS BCl YMOBU O3HAYEHHS BEJIMYUHU 1 00’€M Tija, BBEJACHUN 3a
JIOTIOMOTOK0 TTPOCTOPOBOI BUMIPIOBAJILHOI CITKH, € JOJATHOI aIUTUBHO-
CKISIPHOIO BEJIMYMHOIO.

Sk 1y BUNaJKy BUMIPIOBaHHS IUJIONI, 3HAXOAUTH 00’ €M Tija 3a Horo
O3HAUCHHSIM JOCHUTh CKJagHoO. Tomy o00’€éMM TEBHHMX KJaciB Tiad
BUPAXKAIOTh 4Yepe3 MIpU IX JIHIMHUX €JEMEHTIB. 30KpeMa, IS
NPSIMOKYTHOTO Mapalielienine/ia Mae MiClie Teopema.

Teopema 4. OO6’eM TpPSMOKYTHOTO Tapajieieninena JIOpiBHIOE

TO0O0YTKY TPhOX MOTO BUMIPIB.
JUiss  Tim  TakoX MOXXHA BBECTH MOHSTTS PIBHOBEIMKOCTI 1



235

pIBHOCKJIaieHOCTI. Sk BigomMo, i  MHOTOKYTHHUKIB  TTOHSTTS
PIBHOBEJIMKOCTI 1 PIBHOCKJIAJEHOCTI € PIBHOCUJIBHUMU MOHSTTSMHU, a JJIs
MHOTOIPaHHUKIB 11 IIOHITTS HE € PIBHOCUJIbHUMH.

OCHOBHOIO OJMHUIIECI0 00’ €My € KyOiuHuit Metp (M%) — 06’eM Ky0a,
pedpo sixoro popisHioe 1 M. Toxigui oxuHuLi: KyOiuHMi gemumetp (am3),
KyOiunuii canTuMeTrp (cMm®), KyOiunmii mimimerp (Mm®). CHiBBiZHOIICHHS
MK HUIMU TaKe:

1 M3 = 1000 zm3 = 1000000 cm® = 1000000000 My,

Jliist o6uncneHHs 06’ eMy PiJMH KOPUCTYIOThC ditpamu: 1 1= 1 v,
Ta HOTO MOX1THUMHU.

Y4H1I  MOYaTKOBOi  IIKOJM  BYAThCS  OOYHUCIIOBATH 00’ €MH
NPSIMOKYTHOTO Tapajesernineaa, 30kpeMa Ky0a, Ta po3B’s3yl0Th 3a7a4l Ha
oOuHuCIeHHS 00’ €EMIB PiuH.

7.5. Maca Tijia

[TpakTuyHUil JOCBiA NEPEKOHYE JIIOJAUHY B TOMY, 10 KOKHE (13UUHE
TIJIO Ma€ BJIACTHBICTh 30epiraTd CTaH CIIOKOI0 a00 PIBHOMIPHOTO
NPSIMOJIIHIMHOTO pPyXy, KOJW CHWJIM, IO Ha HBOTO JIIOTh, BIACYTHI a0o
B3a€EMHO BpPIBHOBa)KEHi. BIIaCTUBICTH HA3UBAETHCS iHEepmHicmIO mila i €
OJIHI€IO 13 HAWBaXKIIMBIIIKX, 00 B1J HET 3aJI€XKUTh, SIK OyJle pyXaTHUCh TUIO B
pe3ysbTaTi B3aeMoii. SK 1 KO)KHA BIACTUBICTD Tijla, IHEPTHICTh MOB’si3aHa
3 BEJIUYHUHOIO, SIKy HAa3UBAOTh Macoro mina. Came Macor BHUPAKAETHCS
IHEPTHICTH T1J1a TaK, 110 OUIBII IHEPTHE TIJI0 — 1€ TLIO0 3 OUIBIIOI MAcCoIo.

3 MaTeMaTH4HOI TOYKH 30py Maca — JOJaTHa aJAUTUBHO-CKaJspHA
BennunHa. J1McHO, npu po3risial (I3UYHUX TUT HA 3€MJI1 iX MOPIBHIOKOTH
MK CO0O0 3a JOTIOMOIOK BaXKUIBHUX PIBHOIUIEUHHMX Tepe3iB. ['0BOPSITH,
IO JIBa TiJIa MAlOTh pieni (00HaKosi) macu, SKIIO TPH IMOKIAACHHI 1X Ha
IAJIbKY T€PE3U BPIBHOBaXKYIOThCA. LluM caMuM Ha MHOXUHI (PI3UUHUX T1JT
BBOJIUTHCS BITHOIIEHHS €KBIBAJIECHTHOCTI.

BBaxaerbcs, 1m0 KoKHE (Hi3UYHE TUIO MOXKHA JESIKUM CIIOCOOOM
PO3IUIUTH Ha ABa a00 Ounbiie (i3udHMX TiJd. TakuM YMHOM, Yy MHOXKHHI
¢b13uyHUX T W MOKHa BBECTH TE€papHE BIIHOILICHHS ‘“‘CKJIalaeThes 37, 3a
JIOTIOMOTOI0 SIKOTO 03HAYA€THCA Orepallist 10JaBaHHs.
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BasBim izudne Ti10 3a €TanoH, MOYKHA MOOYIyBaTH BiIOOpaKEHHS:

f:W—> R,

10 33JI0BOJBHITUME YMOBU | — 4 O3HAaYCHHS BEIWYHUHU. 3HAYUTD,
Maca Tijia € JI0JJaTHOI aJUTHUBHO-CKAISIPHOIO BEJIMYHHOIO

Y MixHapoHIM CUCTEMI OJMHUIIL 3a OCHOBHY OJMHUIIIO Macu
OpPUNHATO KijgorpaM (Kr) — wMaca, fKa JIOPIBHIOE MIDKHApOJHOMY
MPOTOTUITY KUIOrpama (Maca THUpl y BUIJIAAI LWIIHIApPA 3 TJIATHHOBO-
1pUAIEBOTO CILIABY JlaMeTpoOM 1 BHCOTOIO 39 MM), 10 30epiraerbcs y
Mixknapoaaomy Oropo Mip i Baru y CeBpi (PpaHitis).

OnuHuI Macu KUIorpaM Briepie Oyia 3anpoBajkeHa B KiHill 18 cT.
y ®pannii i o3Hayanacd, Ak maca 1 aM° 9MCTOi BOAM IIPU TeMIepaTypi
TaHEHHsI JIbOJy 1 HOpMaJIbHOMY aTMOC(EPHOMY THCKY.

Kpim kutorpama KOpUCTYIOTHCS ¥ IHIIMMU OAWHUIISIMA MAacH, SIK1 €
YaCTUHAMU Kllorpama abo KpaTHUMH HOMY:

I kr =1000 r=1000000 mr, 1 T=1000 xr, 1 1= 100 Kr.

3agayva 5. JIyist BpIBHOBAXKEHUX TEPE3iB, HA MIATBKHU SIKUX MOKJIAIH 0
pUOMHI, BUKOPUCTAIU BaKOK Macoro 1 kr. 3HaliTH Macy KO>KHOi puOHHH,
SKIIO Maca OJIHI€T 3 HUX CTAHOBUTD Y4 MAacH JAPYToi.

» [1{00 3HaiiTH Macy KOKHOi 3 puOMH MOTPIOHO Macy OJIHI€I 3 HUX,
3pyyYHILIE Ti€l, 0 Mae OUIbITY Macy, npuiHsaTu 3a 1. Toal maca npyroi
pubuHM cTaHOBUTUME ¥4 Bij 1. Pi3HuIs Mac Oyne piBHa 1 — ¥4 = 4 yacTuHi
BUOpaHOi OJMHUIN, a 32 YMOBOIO 3ajadyi 1e ctaHoBuTh 1 kr. Temep, Ha
OCHOBI 3HaXOJPKEHHS I1IJIOTO 33 BEJIMYMHOIO HOTO YacTHUHHU, Maca BaKyoi
pubu piBHa 1 : ¥4 =4 (xr), a maca jermoi pudbu 4 — 1 == 3 (xr).

Bigmosine: 4 kr, 3 k1. 4

[Ile B paHHBOMY Billl AITH, TPAIOYKCH PI3HUMH ITpalIKaMU, Y4aTbCs
PO3PI3HATH TPEAMETH 3a iX po3MmipaMu 1 Macor. Ha BiracHomy JOCBil
BOHM TEPEKOHYIOTHCA, IO PO3MIPU TIT HE 3aBXKIW 3aJIeKaTh BiJl MacH 1
HABIAKW, Maca HE 3aBXKIU 3aJeKHUTh Bl po3MmipiB Tul. B mouaTkosiii
IIKOJI1 Y4HI 03HAHOMITIOIOTHCSI HE TIJIBKH 3 MOHSATTAM MAacH, a i 3 pi3HUMHU
OJMHUIIAIMM i1 BUMIPIOBAaHHS Ta CIIBBIJHOUICHHAMH MK HHUMHM.
['muOioMy pO3yMIHHIO MacHW CIpHUS€ PpPO3B’A3yBaHHS PI3HOMAHITHUX
MpPaKTUYHUX 3a]1a4.

3ajayda 6. Y nepuriii Kop3uHI Ha 2 KT gA0JyK OUIbIIE HIX B JPYTiid,
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MPUYOMY Yy JIPYTiii KOP3UHI HE MEHIIIE OJHOTO KiJorpama siOnyK.

1) Ckuibku KijiorpaMiB sIOIyK MOTPIOHO TEpeKiIacTd 13 Mepuioi
KOP3UHU B JIpYTY, 1100 S071yK B 000X KOP3UHAX CTAJI0 MOPiBHY?

2) Ckiuibk#u KUIOTpamiB SIOOyK TOTPIOHO TMEpPEeKIacTH 3 JPYroi
KOP3WHM B MEpIly, 1100 y mepiiid Kop3uHi S0IyK cTano Ha 4 Kr OubIIe,
HDK y ApYTin?

3) Ckinpku KUTOrpamiB s0JIyK MNOTPIOHO TEpeKsIacTH 3 TMEePIIoi
KOpP3WHHU B JIPYry, 100 y mepInii KOp3uHi sS0JyK cTajgo Ha 4 KI MEHIIIE,
HDK y ApYT1i?

» Jlnsg 3HaXOMKEHHS PO3B’SI3Ky 3ajayul Macu SIONyK y KOp3WHAX
3py4HO 300pa3uTH BiapizkaMu, Maj. 14.

2 KT
IE v . .
I1e e Ikr e 1 Kre
Man. 14

3 MajJlOHKa BHUJAHO, IIO KOJIM JIOBXHHY OJHOTO 3 JBOX pPIBHHX
BIJIP13KIB 301JIBIINTH HA YUCIIO @, 4 APYrOro 3MEHIIUTH Ha T€ K YHCIIO 4,
TO PI3HULA OJEP>KaHUX BiAPi3KIB Oyje piBHA YHCITY 2a. 3HAYUTH:

1) 3 nepiioi KOp3uHU B APYry NOTpiOHO nepeknactu 2 : 2 = 1 (kr).

2) 3 Apyroi KOp3WHU MOTPIOHO MEPEKIACTH B nepury 1 Kr 10Iyk.

3) 3 nepuioi KOP3UHU MOTPIOHO MEPEKIACTH B IPYTY 3 KT s10J1yK. 4

7.6. Yac i npoMizKKku 4acy

Yac — oaHa 3 OCHOBHHUX, HApIBHI 3 MPOCTOPOM, (HOpPM ICHYBaHHS
Marepii, 10 BHUpa)Xa€ TPUBATIICTh 1 TMOCTIAOBHICTh MaTepiaIbHUX
npotieciB. [IpocTip 1 yac HEBIALIBHI BIJ MaTepii, HEPO3PUBHO OB’ A3aHI 3
ii pyxoM. KigbKiCHO 1 SKICHO BOHH HECKIHYEHHI. YHIBEepCAIbHUMU
BJIACTUBOCTSAMHU 4acy € TPUBAJICTh, HETOBTOPHICTh 1 HEOOOPOTHICTb.

Y MOBCSAKAEGHHOMY SKHUTTI TIiJI 4YacOM HaWdyacTille pPo3yMIIOTh
MPOMDKKH Yacy, TOOTO Te, IO BIAIIISLE OJHY MO0 BiJ 1HINOI. B Takomy
PO3YMiHHI Yac € BEJIMYMHOI0, 00 33I0BOJILHSIE€ BCIM BUMOTaM i1 O3HAYCHHS.
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JliicHO, Ha MHOXXHWHI TIPOMDKKIB Yacy MO’KHA BBECTH BIJHOIICHHS
pIBHOCTI, sKe OyJe BIJHOIIECHHSIM €KBIBAJEHTHOCTI. MOXIUBICTh
MOPIBHIOBaHHA MPOMDKKIB 4Yacy BHIUIMBAE 3 TOTO, IO TPUBAJIICTh
NEePI0JIMYHO TTOBTOPIOBAHMX JIIM OJIHAKOBA.

TpuBanicTe mOAIN, IO HE MEPETUHAIOTHCS B dYaci, piBHA CyMi
TPUBAJIOCTEH KOXKHOI 3 HHUX, IO J03BOJISIE BBECTH TEPApHE BITHOIICHHS
“ckyaaeThCa 3” Ha MHOXKHHI TMPOMIKKIB Yacy, 3a JOMOMOTOIO0 SIKOTO
MOHa 03HAYUTH OIHAPHY OIEpallito 10/IaBaHHS MPOMIKKIB 4acy.

TpynHOIl BHUHHMKAIOTH MOpU TOOYIOBI BiIOOpPa)KEHHS MHOXKHHU
OPOMIKKIB 4Yacy B MHOXHUHY JOJATHUX MAIMCHUX 4YHceN, 00 KOXKHHIA
MPOMIKOK 4Yacy MOK€ OyTH BUKOPUCTAHUW JIMILIE OJWH Pa3 BHACIIIOK
HEO0OOpPOTHOCTI Yacy. SIk OyJio 3a3Hau€HO BWIIE, TPUBAIICTH TMOJIH, IO
MOBTOPIOIOTHCS MEPIOJIMYHO, OAHAKOBA. TOMYy 3a €TajlOHU BHMIPIOBAHHS
yacy 1 BHOMpalOTh caMe€ Taki MIPOMIKKHM 4Yacy, HaWdacTilie cepes
npupoaHux siBuIl. Hacammnepen mroanHa crnoctepirana cxif 1 3axia CoHiis.
[IpoMibkOKk yacy MiX cxoaoM 1 3axoaoMm COHIIS Ha3BaIu OHeM, a MIXK
3aX0JIOM 1 cX0J0M — Hiyyrwo. CHo4aTKy JE€Hb 1 Hi4 37aBajucCs JIIOJAM
YUMOCh TPOTUJIEKHUM, TOMY 1 JIIYUIN OKPEMO JIHI 1 HOYI, 1 JIUIIIE M13HIIIE
JeHb 1 HI4 00’eqHald B OJHE IJIe — 000)./[oba — TPOMIXKOK dYacy,
IPOTSITOM SIKOTO 3€MHa KyJIisl 00epTaeThCcsl HABKOJIO CBO€T oci. Ha mouaTky
no6a 1 Oyjla OCHOBHMM €TQJIOHOM BHUMIPIOBAHHS 4Yacy. ACTPOHOMIYHI
CIIOCTEPEKEHHS MPUBENH IIE IO OJHOTO €TAIOHY — POKY. Pik — IPOMIXKOK
4acy, OpOTITroM sIKOro 3emiisi poOUTh 0AMH 00epT HaBK0JIO COHIIA.

[HmMM  KepeoM  TpW  MOMIyKaX  €TajoHIB  4acy  CTajH
criocTepexeHHs 3a gazamu Micsug, skux € yotupu. Koxna daza Micsus
TpuBae npuOau3Ho 7 110. ITpomikok yacy MK JBOMa OJHOMMEHHUMH
dazamu Micsiis gicTaB Ha3BY MicAYs.

Orxe, BHUOpaBIIM €TaJOH, MOXKHa MOOYAyBaTH BiAOOpaKeHHS
MHOXHHHU TMPOMIXKKIB 4acy B MHOXHUHY JOJATHUX MIMCHUX YHCEN, IO
3a/I0BOJIBHSIFOTE yMOBaM 1 — 4 o3Ha4YeHHA BEIWYMHH, TOOTO Yac €
JNOJIATHOK aJIMTUBHO-CKAJIAPHOIO BETUYHHOIO.

3a oaWMHMIII 4Yacy BHOUpaIM CIOYaTKy Taki sk g00a. TwkiaeHsb,
MICSIb, PIK, TOJWHA PO3IIISIAANNCS CIOYATKY K 1i KpaTHI abd0 YacTUHHU.
Jlns  HaykoBuX TmOTpeO OyJ0 BBEACHO, SK OCHOBHY OJMHUIIIO
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qacy, cekyHoy (c), 10 TOpiBHIOBaja yacTuHi 100u. Yepes
Te, MO A00a HE 3alUIIAEThCA HE3MIHHOI, MOTPEOM HAyKH BUMAarajiu
O1TBIIT TOYHOTO O3HAYCHHS CEKyH/IH.

Y MixHapoJHili CHCTEMI OJIMHUIIb 3a OCHOBHY OJMHHUIIO 4Yacy
npuiiasaTo cekyHay — 9192631770 nepioaiB BUNPOMIHIOBAHHS, 1110
BIINIOB1JAIOTh IIEPEXOJly MK JIBOMa HAJATOHKHMM PIBHSIMH OCHOBHOTO
cTaHy aToMa 1e3iro-133. Bcl 1Hmm oquHUIN Yacy € OXiJHUMH:

1 xBununa = 60 cexynna, 1 ronuna = 60 xBunauH, 1 106a = 24 roguHu,

1 micsnp = 30 110, 1 pik = 365 m10.

CtBOpeHO creliaibHl MpUiaad JJisi TOYHOTO BHUMIPIOBAHHS 4Yacy,
cepell HUX Tak 3BaHl KBaHTOB1 TOJAMHHUKH, TOUYHICTh JOOOBOTO X0y SIKMX
CTAHOBUTH B1JI KITBKOX COTUX JI0 TUCSIYHUX YaCTOK MIKPOCEKYH/IU.

3agauy 7. IlotpiOHO po3nunsatu kojmoay Ha 6 yacTuH. CKIJIbKU
NOTP1IOHO Yacy Ha poOOTy, KO KOKHUK po3nuia Tpusae 1 xB 30 c?

» KoxxHuil po3nwi1 AiIUTh KOJOAY Ha JBI YACTUHHU. 3HAYUTh, 1100
oJIep>KaTu 6, YaCTUH NOTPIOHO 3pOOUTH 5 PO3MUIIIB, a TOMY Ha BUKOHAHHSI
poOOTH 3aTPATUTHCA:

IxB30cx5=15x%x5=7,5xs.

Biamosigb: 7,5 xB. 4

3 PO3BUTKOM CYCIUJIbCTBA BHUHHKJA HEOOXIJIHICTh OOJIIKOBYBAaTH
BEJIUKI MPOMDKKHU 4acy, IO MPUBEJIO 0 CTBOPEHHS CIEIIaIbHOI HAYKH,
sKa Ha3MBAETHCA XpoHo.102icto abo aimouuciennam. Ilepm 3a Bce mocraio
MUTaHHS MPO Te, KU (pakT, ad0 MOAII0 B3STH 3a MOYATOK BIJIIKY Yacy.
binbuiicte HapoAiB Opalid 3a OCHOBY peNiriiiHI a00 MEBHI MOJil BIaCHOI
icTopii Taki, fiKk: Hapo/keHHs Icyca Xpucrta (y XpHUCTHSIH); PIK XIJTKPH
(nepecenennsi) Maromera 1 #oro mnpopokiB 13 Mekku B Meniny (B
MyCyJIbMaH); 010JIeiiICbKe CTBOPEHHSI CBITY.

JliTounclieHHsT TICHO TOB’s3aHe 3 KajeHuaapem. Kanenoapem
HA3UBAEThCA JIi40a BEIUMKMX TMPOMDKKIB Yacy, ska Oa3yeTbcs Ha
NEePIOAMYHOCTI PyXy HEOECHUX CBITHIL

VY 3B’s3Ky 3 TUM, 110 0araTto KpaiH HE MOTOJKyBaJIUCS Ha 3MIHH,
OB’ A3aH1 3 y3rOJX)KEHHSAM KaJICHJAPHOI'0 YUCJIEHHS 3 BIIJIIYYBAHHSM 4acy
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B 1HIIUX KpaiHaX, TO BIOCKOHAJICHHS KaJeHAaps BUSBUIOCS CKJIATHOIO HE
TUIBKM MaTeMaTUYHOI, a ¥ MoJTH4YHOK mnpobiemoro. Hax 1i
PO3B’SI3aHHSAM TIPALIOBAIM BYEHI CTAapOJaBHIX 4YaciB 1 CEpeIHbOBIUYSL.
Bona ¥ 10ci1 10 KIHIIS HE pO3B’s3aHa.

B €Bpomi Bigomo aBa KajeHaapi (KajJeHIapHI1 CTHI1), OCHOBH SIKHX
Oynu 3akiajgeHi B PumMchbkiil iMmmepii: rojgiaHChKUW (CTapuil CTWIIb) 1
rpUropiaHCHKUM (HOBUHM CTHIIB).

Hapenemo paesiki daktu 3 ictopii kaneHgaps. Pik tpuae 365 ai6 5
roauH 48 xBuIMH 46 cexkyHa = 365 Y4 no6u. B )KUTTI JIOAUHM PiK HE MOXKE
CKJIazatucst 3 ApoboBoro uyucia /1i0. ToMy KOXHOTO 4YE€TBEPTOTO POKY,
SKUN HA3UBAETHCS 8UCOKOCHUM, IOAAIOTh OJHY 100y, 1 TPUBAIICTh POKY
crac 366 nmi6. Takuii kaneHgap Oyi0 BBEIEHO 3a HAKa30M PHUMCBHKOTO
imneparopa FOmisi Ilezapst 45 poky m0 H. €. Ta Ha3BaHO MI3HIIIE
I0JIIAHCHKUM.

3 4YacoMm JIIOJU CTajld MOMIYaTH PO301KHOCTI MIXK BHUMIpPIOBAHHIM
4acy 3a IoJiaHChKUM KajieHaapeM 1 3a Connem. Hanpuknan, 21 6epe3ns —
J€Hb BECHAHOro piBHOJEHHS — B XVI cT. mpunagaB Ha 11 Oepesns.
Pi3Hu1g Harpomaauiaacs, OCKUIBKM PIK 3a FOJ1aHCBKUM KajieHaapeM Ha 11
XBWIMH 1 14 cekyHJ OlIbIIMK 3a COHAYHUN. BHACIAOK BOTO 32 KOXKHHUX
128 pokiB Habiranga oaHa 3aiiBa 100a.

Jlns ycyHeHHsT poO3XO/keHb y 1582 porl 3a 1HINIATHBOIO mMamnu
puMcbkoro ['puropiss XIII Oyno 3ampoBajkKeHO HOBHMM KaneHAap, SKUN
JNICTaB  Ha3By  TPUTOPIAHCBKOTO. 3a  IOJNIAHCBKUM  KaJeHIapeM
BHCOKOCHUMU OYJIM POKH, YUCIIO SIKUX ALTWIOCS Ha 4. 3a rpuropiaHChbKUM
KaJICHJAapeM HE BCl TakKl POKM € BHCOKOCHMMH. 3a TPUTOPIaHCHKUM
kanengapem poku 1600, 2000, 2400, ... — BucokocHi, 1700, 1800, 1900,
2100, 2200, ... — mpocti. MiX IOJIaHCBKUM 1 TPUTOPIAHCHKUM
KaJIeHAapsMU B yac pedopmu pizHuils craHosuia 10 116, a 3 29 mrororo
1900 poky nmocsrima Bxke 13 mi6. IlocTymoBo rpuropiaHChbKUi KaieHAap
OyB NpuilHATUN y OUIBIIOCTI KpaiH cBiTy. Ha TepuTopii KOJIUIIHBOTO
CPCP itoro 3anpoBaauiu juiie micis 1917 poky.

VY4HiI MOYaTKOBOI IIKOJU B JOCTaTHIM Mipi O3HAHOMITIOIOTHCS 3
MOHATTSIM Yacy Ta OJWHMIIIMH HOro BUMIproBaHHS. [IporpamMoro Takox
nepeadavyeHo po3B’A3yBaHHS 3a7a4 Ha OOYUCIICHHS Yacy.
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3anauva 8. Conre 3iinuio o 6 rox 20 XB paHKy, a 3ainuio o 7 rox 15
XB Beuopa. 3HAUTH TPUBAJICTh JTHS.

» Bin mouatky go6m mo 3axonay Conis munyno 12 rox + 7 roa. 15
xB =19 rox 15 xB. OTXe, TpUBAIICTh JHS 32 YMOBOIO 3a/1a4l JOPIBHIOE:

19Ton 15 xB— 610120 XB=12 rog 55 xB.

Bianosiae: 12 roa 55 xB. <«

3amada 9. YueHp Brepiie nepectynus nopir mkoiau 1 BepecHs 1986
pOKYy, a arectar 3pinocti orpumaB 16 uepBHs 1996 poky. Ckilbku yacy
TPUBAJIO HABYAHHSI YUHSI?

» Jlns po3B’s3yBaHHsS TAaKOro THUITY 3a/Jad MIAPAaXOBYIOTh CKUIbKU
MOBHUX POKIB, MICAILIB 1 IHIB MUHYJIO B1Jl IOYAaTKy HOBO1 €pH JI0 MOYATKY
Ta KIHIIA MMOJI11 1 B1J APYTOro Yrciia BIIHIMAKOTh IEpIIIe:

1995 p. 5m. 15 116 — 1985 p. 8 M. 0 116 =9 p. 9 M. 15 mi0.

BinnoBinb: 9 p. 9 M. 15 116. «

7.7. Hlngx i MBUAKICTD

KoxHe ¢i3uyHe TUIO Mmia JI€I0 CHUJI MOXE 3MIHIOBATH CBOE MICIE Y
npocTopi, TOOTO BOHO MOXe mepedyBaTth y pyci. B Oararbox 3amaudax
po3MipaMu TiJIa MOXXKHA 3HEXTYBATH 1 3aMICTh HBOTO PO3IJISJATH TOUKY.
Tino mpu pyci onucye AesiKy JiHIIO, sIKa HA3UBAETHCS MPAEKMOPIEIO PYXY
mina. JloBXWHA  TpaekTOpii MK  JBOMa TOYKaMM Ha  HIU
HA3UBAETHCA UWIAXOM, 1O MPOUIUIO TUIO. SIKIIO B AEAKWA MOMEHT 4acy
TUJIO 3HAXOJUThCSA B TOUIll A, Maj. 15, a yepe3 yac t — B Tour B, 1 nuisax
BiI A 510 B nopiBHIOE S, TO BENIMYMHY S/t = V¢p HA3UBAIOTh CEPEOHLOIO
WeUOKICMIO pyxy mina.

[IInsx MOKHA BUMIPATH B METPax 4YM KIJIOMETPaxX, a 4yac B CEKyHAax
YY TOJIMHAX, TOMY MIBUIKICTh MOKHA BUMIPSATH B METpax 3a CeKyHAy (M/c)
91 KUJIOMETpax 3a TOAUHY (KM/TO).

IM/c — MBUIKICTD, OPH SIKiH T1710 32 1 ¢ IPUXOAUTH HUISAX B 1 M.

1 KxM/ToJ1 — MBUAKICTD, TIPU AKIM Ti10 3a 1 roj mpoXoauTh NUISX B 1
KM.

1 xm/roa = 1000 m/3600 c = 5/18 m/c.

Cepenl pi3HUX BUIB PyXY BUIUIAETHCS MPSAMOIIHIMHUN PIBHOMIPHUIA
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pyXx. Pyx Tima Ha3UBAETHCS NPAMONIHIUHUM — PIBHOMIDHUM,  SIKIIO
TPAEKTOPIEID PYyXYy € MpsMa 1 3a Oyab-siKi PiBHI IMPOMDKKH Yacy BOHO
MPOXOJIUTh OJTHAKOBI IUISIXH.

3 O03HA4YE€HHS MPSMOJIIHIHHOIO PIBHOMIPHOIO PYyXy BHUILUIUBAE, IO
IMIBUJKICTh TUJIa TIPU HHOMY € CTajioro. HaBmaku, SIKIIO TPaekTopis pyxy
TiTa € TpsMa 1 MBUAKICTH HOTO pyxy € CcTajow, To pyx Oyne
MPSMOJTIHIHHUM PIBHOMIPHUM.

[Ipu npsMoITiHIHHOMY PIBHOMIPHOMY PYCl

v =sit, (1)
3BIJIKHU
s=vt (2)

Otxe, mpu TPSAMOJIHIHHOMY PIBHOMIPHOMY pyCl LUISIX HPSIMO
nponopuiiiHuil yacy (2), a 3 (1) BUmuBae, 10 KoM IUIIX HE 3MIHIOETHCS,
TO 3JICKHICTh M1 IIBUJIKICTIO 1 YaCOM OOEpPHEHO MPOMOPIlIAHA.

3a3HauMMoO, IO MpU PO3B’SI3yBaHHI 3a7ady Ha pyX y OUIBIIOCTI
BUMAJKIB PYX PO3TJIAIAETHCS SK MPSMOJIHIMHUM 1 pIBHOMIpHHUH, Xo4ua B
JIMCHOCTI BIH HE € TaKWUM, a IBHUJIKICTh, B3arajlli KakKy4u, HE € CKaJIpHOIO,
a BEKTOPHOIO BEJIMYUHOIO.

3agava 10. 3 micta A g0 micta B BHixaB BaHTaXXHHUIl aBTOMOO1JIb.
OnHoyacHo 3 HUM 13 MicTa B 1o micta A BHUIXaB JErKOBUU aBTOMOOLIb.
Yepes roauHy aBTOMOOUII 3yCTpiiaucs, a imie 4epe3 1.5 roja BaHTaXKHUUN
aBTOMOOUTb TpuOyB 10 Micta B. CKiNbKM TOAWH BUTPATHUB JIETKOBUIA
aBTOMOOUIb Ha nUIAX Big A no B?

» [lo3nauumo uepe3 C MyHKT 3ycTpidi aBTOMOOWUTIB, Mall. 16. Tomi
BificTanb CB BaHTaxHUI aBTOMOO1IL MpOMIIOB 3a 1.5 rox, a merkoBuit — 1
roj, 00 10 3ycTpiul oOuaBa aBTOMOOUI OyiM B JOPO31 OJJHAKOBE YHUCIIO
TOJINH, a caMe OJHY TOJIUHY.

A C B

Main. 16

3BiJIcH, BIJIHOIIIEHHS MIX 4acamu pyxy Ha Biapizky CB Oyze piBHe
1 : 1,5 == 2/3. Take x BIJHOIIEHHS MDK 4YacaMHu pyxy Tija Oynae 1 Ha
Biipi3ky AC. Yac pyxy BaHTaXHOro aBTOMOOWIs Ha Bilpizky AC, 3a
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YMOBOIO 3aj1a4l JOPIBHIOE |1 TOJ, TOJI Yac pyXy JErKOBOTO aBTOMOOLISA Ha

BiIpi3ky AC — 1 x 2/3 = 2/3 (ron). 3HaunTh, HA Bech HUIIX AB nerxkoBuit

aBTOMOOLIb 3aTpaTuTh 1 +2/3= 1 2/3 (rox) =1 rox 40 xs.
Bianogize: 1 rog 40 xB. <

7.8. ToBap, iioro KiibKicTb, BaApTIiCThb i iHA

Cepen IHIIUX BEJMYMH, IO 3YCTPIYAIOTHCS B MIKUIBHOMY KypcCi
MaTeMaTUKH, € BEJIMYMHHU, AKI MOB’S3aHI 3 TMOHATTSM TOBapy, a caMe:
KUIBKICTh TOBapy, MOro BapTicTh 1 IiHa. [lepeniyeHi BETWYHUHHU JTOCUTH
CKJIaJIH1 JJIsi PO3YMIHHS 1 HajieXkaTh JO OCHOBHMX TMOHSTH HAyKH, sKa
HA3UBAETHCS MOJITUYHOIO EKOHOMIEIO.

1106 >kutH, TFOAUHI TOTPIOHO 33OBOJILHATH CBOT (PI3UUHI 1 JYXOBHI
noTpeOou. BoHa He 3aBkaM MOXKE, Ta B IbOMY 1 HEMAa€E HEOOX1AHOCTI, BCE
BUT'OTOBJIATH cama. TOMy MPOTATrOM BChOTO >KUTTS JIFOJUHA CIUIKYETHCA 3
THIITMMM JIFOJbMH 4€pe3 OOMIH 1 KYITIBJIIO PI3HUX TOBAPIB.

Tosapom HA3UBAETHCSI MPOIYKT Mpalll JIIOJUHU, SKUM 3aJ0BOJIBHSIE
MEeBHI ii MOTpeOu 1 BUTOTOBJICHUM HE JIUIIE JJIsl BIIACHOTO CIIOKUBAHHS, a i
JU1st OOMIHY Yepe3 KYIIBIIIO — MPOJaXK.

[Ipr BUPOOHHMIITBI TOBapy HOro MIpOIO € KiIbKiCmb mosapy, sKa
BUMIPIOETHCS BUOpAHUMU ISl TAHOTO TOBApy OAMHUIISAMU. Hampuknan,
KUIBKICTb BHUPOOJIEHOI TKAaHWHU BHUMIPIOETBCS METpaMH, 310paHoro
ypO’Kar — TOHHAMH 1 T. 1H.

KosxHuit ToBap Ma€ Bl BIACTUBOCTI: CIIOKUBHY Ta MIHOBY BapTOCTI.

Cnootcusna sapmicms mosapy — MOro 3/1aTHICTh 3aJ0BOJIBHSATH TIEBHI
noTpeou JtoAuHU. BoHA 1IKaBUTh BUPOOHUKA JIMIIE MOCTUIBKU, OCKUIBKH
OB’ si3aHa 13 3JaTHICTIO TOBapy OOMIHIOBATHCS Ha 1HII ToBapu. OCTaHHS
BJIACTHBICThH TOBApy OJieprKajia Ha3By HOTO MIHOBOI BapTOCTI.

Minosa eapmicms mosapy, ab0 TPOCTO apmicmob, — 1€ BTUICHA I
ypedeBjeHa Tipalld, SKa BHUpaXae CyCIUIbHO-BUPOOHWYI BIIHOCUHU
TOBAPOBUPOOHUKIB.

BapricTe TOBapy, Ha BiAMIHY BijJ MOro CIOXWBHOI BapTOCTI, POOUTH
BC1 TOBapU MOPIBHIOBAHUMH, TOMY 1[0 BCl BOHU — MPOAYKT Mpalli JI0IUHU
B3arajii, ToOTO BUTpaT €Heprii JIOAUHU, i1 MO3KY, M’sI31B, HEPBIB 1 T. 1H.
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BenmumumHa BapTOCTI  TOBapy BHUPAXKAETHCS  KUIBKICTIO  CYCIUIBHO
HEOOXIJIHOT mpalll, MOTPiOHOI s HOro BHUIOTOBJICHHS 3a CEpeaHiX
CYCHIJIbHO-HOPMAJIbBHUX YMOB 1 CEPEHBOr0 B JJAHOMY CYCHIJIBCTBI PiBHSI
BMIHHS Ta 1HTEHCUBHOCTI mpaili BUPOOHUKIB. YnM OlJIbIlle BUTPAYAETHCS
CYCHIJIbHO-HEOOX1THOI MpaIli, TAM BHIIA BapTICTh 1 HABMAKH, YUM MECHIIIC
BUTPAYAETHCA CYCIMUIBHO-HEOOX1AHOI Tpalli, TMM HIX4Ya BapTicTh. BoHa
3aJIEKUTh TaKOX B1J] MPOJYKTUBHOCTI Tpalli: YUM BHIIA MPOIYKTUBHICTS,
THM MEHIIIE po00YOro 4acy BUTPAYAEThCA HA BUTOTOBJICHHS TOBapy, TUM
HIDK4Ya MOT0 BapTICTh.

BapticTh oHOTO TOBapy NposiBisie ceOe nmpu 0OMiH1 Ha 1HIIIMN TOBAp.
Ha nepmmii mornsig ToBapu Hpu OOMIHY BIIITPAIOTh OJHAKOBY pOJIb.
Hacnpasai xk ix poni pi3Hi. OQuH TOBap BUSIBIISIE CBOIO BAPTICTh BITHOCHO
1HIIOTO TOBapy. Jpyruii ke ToBap, 3a JOMOMOTOI0 IKOTO HEPIINI BUSBIISIE
CBOIO BapTICTh, BUCTYIA€E B POJIi €KBIBAJICHTA, ABJISIE COOOI0 €KBIBAJICHTHY
dbopMy BapTOCTI.

SK1o TOBapOBHPOOHUK 3a CBIM TOBap OTPUMAB E€KBIBAJEHT, TO II€
O3Ha4ya€e, W0 JaHUK TOBap HEOOXITHUNU CYCHNUIBCTBY, € BTIJICHHAM
CycmuibHOI mpaii. B Toi e yac eKBIBaJIGHT MIATBEPKYe caMm (akT
CTBOPEHHSI BapTOCTi, € ii TposiBOM. ICTOpHUYHO B pOJl €KBiBaJleHTa
BUCTYNAJIN Pi3HI MNPOAYKTH, MPUYOMY 3 PO3BUTKOM CYCHIJIBHOTO
PO3MOJIUTY Mpalli X KUIbKICTh B 00MiHI 301/IbIITyBajIacs. 3 4acoM 13 yChOTO
TOBAPHOTO CBITY TOYaB BUIUISATHUCS TOBAap, Ha SIKUW BCE YACTIIIE CTaIu
OOMIHIOBATH iHIII ToBapu. BiH 03HayaB MosBY 3arajbHO1 OpMHU BapTOCTI.
ToBap, sskoMy npuTamMaHHa 34aTHICTb O€3MocepelHhO OOMIHIOBATHUCS Ha
OyJib-SIKWI1 1HILIHWI TOBAp, NICTAaB HA3BY 3a2aIbHO2O0 eKgisaienma. B pi3HUX
HapodiB 1 Ha PI3HUX eTamax ICTOpli OJHOrO 1 TOro K HApoAy B poii
3arajJpHOTrO €KBIBaJlEHTa BUCTYNAJIU PI3HI MPOAYKTH (Xymoba, XyTpo i
IIKYpH, CJOHOBI KICTKM 1 T. 1H.). 3 4acOM I POJIb Mai)ke IMOBCIOIU
3aKpinuiacs 3a cpibjioM 1 30J0TOM, IO W TMPHUBENO A0 YTBEPIKECHHS
rpoIIoBOi popMa BapTOCTI.

OT1xe, epowti — 11€ OCOOJNIMBUI TOBAp, 110 BUKOHYE POJIb 3araJibHOTO
CKBIBJICHTA, B SKOMY BHPAXKAETHCA BAPTICTh YCIX IHIIMX TOBapiB. Y
3B’SI3Ky 3 TOHATTSM TpOIIEH, SK OCOOJMBOTO BHUIY TOBapy, BHHUKAE
IIOHSTTS I1HH.
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L[inoto TOBapy HA3UBAETHCS TPOIIOBUM BUpa3 BapToCTi ToBapy. 11[06
BUMIPIOBATU BapTICTh TOBApiB, HEOOXIAHO ACSKY KUIBKICTh T'POILIOBOTO
Marepiany NIPUHHATH 3a OJIUHULIIO. Taka OJIMHULIA
HA3UBAETHCA Macuimabom yiH. I'polil TakoX BUKOHYIOTH 1 (YHKIIIIO
3aco0y 00Iry, TOOTO CiIyKaTh MOCEPEAHUKOM MTPU OOMiHI TOBapaMHu.

Tak po3rnsaaloTh MOHSTTS TOBapy, MOro BapTOCTI ¥ I[IHU B
MOJIITUYHIN €KOHOMIi. Y TMOBCSKICHHOMY KHUTTI TIOHATTS TOBapy
3aJUIIAETHLCS TaKUM CaMUM, SK 1 B IOJITHYHIA €KOHOMIi, ajic ITOHSATTS
BApTOCTI 1 IiHM 3a3HAIOTh JEIKUX 3MIH. BapTicTh oJMHUII TOBapy,
BHUpa)X€Ha B TpOILAX, HA3UBAETHCS YIHOIO mMOBApy, a BapTICTh y TPOIIax
MEBHOI KUIBKOCTI TOBapy, HA3UBAEThCS gapmicmio mosapy. Taxkumu
MNOHATTSIMU I[IHA Ta BApTOCTI TOBAPY KOPUCTYIOTHCS MpPHU PO3B’SI3yBaHHI
3a/1ad.

[ToTpiOHO BIAMITUTH, IO I[IHA TOBApPYy B CYCHIJIBCTBI 1CTOTHO
3aJIEKUTh HE TUIbKK BiJ COOIBApTOCTI, ajie 1 BiJ MONUTY Ha HBOTO 1
MIPOTIO3HUIIIi.

Muix BapTICTIO TOBapy, HOro KUIBKICTIO 1 I[IHOK ICHYE Taka X
3QJICKHICTh, K 1 MK HPONJECHUM IUISXOM, 4acOM 1 IIBUAKICTIO MHpHU
NPSIMOJIIHITHOMY PIBHOMIPHOMY PYCl, IO JIa€ MOXJIUBICTh PO3B’A3yBaTH
TEKCTOBI 3aJ1aul PI3HUMHU CIIOCOOAMH.

3amauva 11. [lina 1 xr s6myk 8,6 rpH., @ MOPKBH Yy 2 pa3u MEHIIA.
Kynunu 8 xr MopkBu. CKIUIbKM g0JyK MOKHA KYNHUTH Ha Ti1 caMi TpoIli,
K1 3aIJ1aTUIIU 32 MOPKBY?

» B 3amaui MoBa iiie mpo TpU BEJIUYUHM: BAPTICTh TOBapy, WOro
KUIBKICTh 1 1iHY. [[B1 3 HHX, I[IHA 1 KUIbKICTh, HA0YBaIOTh PI3HUX 3HAYECHD,
TPETA K BEJIMYMHA — BAPTICTh TOBAPY — CTANIa. 3AJEKHICTh MDXK IIHOIO,
KUTBKICTIO 1 BAPTICTIO MOXe OyTH BUpakeHa (HOPMYJIOIO:

B=1I xK,

ne B — BapTicTb ToBapy, Ll — uina toBapy, K — KiJIbKiCTb TOBapy.

1 cmocib po3B’si3yBaHHS 3a7ia4y 3BOJIUTHCS J0 3HAXOMKeHHS B, TOOTO
BApTOCTI TOBAapy. 3HAIOUM ii Ta I[IHy OJIHOrO KiJorpama siOJyK, MOXKHa
3HAWTH 1 KUTBKICTD SIOJTYK.

3HalIeMO CIOYaTKy I[iHy OJHOTO KiJorpamMa MOPKBH:

8,6 :2=43 (rpH.),
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a TIOTIM BapTICTh MOPKBH:

4,3 x 8 =344 (rpH.),

1, HApPEIITI, KUIBKICTh A0JYK, sIKI MOKHA KynUTH Ha 34,4 TpH.:

34,4 : 8,6 =4 (xr).

2 c1ocid po3B’s3yBaHHA 3a7adi 0a3y€e€ThCs HA BJIACTUBOCTI OOEpHEHO1
MPOMOPIIAHOCTI: TOMY IO IiHAa sSOJyK y JBa pa3u OUIbINa BiJ LIHU
MOPKBH, TO Ha TPOIIIi, 3arUIa4yeHi 3a § KT MOPKBU MOKHA KYIIUTH y 2 pa3u
MeHIIe 10IyK, TOOTO

8 :2 =4 (xr).

BinnoBink: 4 kr. <
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	1) кожна множина рівна сама собі, тобто X = X – рефлексивність відношення рівності множин;
	Теорема 4. Дві множини рівні тоді і тільки тоді, коли перша множина є підмножиною другої, а друга – підмножиною першої.
	Мал. 5.
	1.2.6. Числові множини. Координатна пряма і зображення числових множин на ній.
	Перерізом довільних множин X1, X2, ..., Xn, ... називається множина, елементами якої є ті і тільки ті елементи, що належать кожній з цих множин і позначається X1  X2  ...  Xn  ... або Xі. Графічно зображення перерізів двох і трьох множин за допомо...
	X  Y:= {x | x  X або x  Y}.
	X \ Y := {x | x  X і x  Y}.
	: = {x | x  U і x  X}.
	Правило, за яким кожній підмножині X універсальної множини U ставиться у відповідність її доповнення , називається операцією доповнення множини.
	Мал. 1.

	A   = ,  A   = A.
	A   U = a,  A  U = U.
	A  B = B  A,  A  B = B  A.
	A  A = A,   A  A = A.
	A  (B  C) = (A  B)  (A  C) – дистрибутивність об'єднання відносно перерізу.
	8. Закони де Моргана, які пов'язують операції перерізу, об'єднання і доповнення:
	X1  X2  ...  Xn  ... ≠ ;
	3) попарно не перетинаються, якщо будь-які з двох цих множин не мають спільних елементів, тобто, Xi  Xj =  для всіх i та j таких, що i ≠ j, i, j=1, 2, 3, ...
	|X1  X2  ...  Xn| = |X1| + |X2| + ... + |Xn|.
	Два кортежі називаються рівними, якщо вони мають рівні довжини і відповідні їх компоненти збігаються. Кортежі довжиною два називаються впорядкованими парами або парами.
	Символічно означення декартового добутку множин X і Y запишеться
	X × Y: = {(x, y) | x  X і y  Y}.

	На основі означення декартового добутку множин для довільної множини X має місце рівність
	A × (B  C) = (A × B)  (A × C)   і   (B  C) × A = (B × A)  (C × A);
	Коли ж множина A – скінченна, а B – одинична, то очевидно, що

	Іноді замість терміну "відношення між елементами множин A і B" користуються терміном "відповідність між елементами множин A і B". Якщо пара (x, y) належить відношенню ρ між елементами множин A і B, тобто (x, y)  ρ, то у теорії відношень говорять, що ...
	D(ρ)  A   і   Е(ρ)  B.
	Відношення ρ і φ між елементами множини A і B називаються рівними, якщо їх графіки збігаються, що записується ρ = φ.
	D(ρ-1) = E(ρ),     Е(ρ-1) = D(ρ),    (ρ-1)-1 = ρ.
	3) якщо дві різні вершини графа з'єднуються двома дугами, напрями яких протилежні, то для спрощення дві дуги замінюють однією і називають її подвійною;
	6) властивість зв'язності, якщо для довільних елементів x і y множини A має місце принаймні одне з трьох відношень: x перебуває у відношенні ρ з y, y перебуває у відношенні ρ з x, або x дорівнює y (на графі між двома різними вершинами проведена принай...
	Антисиметричну властивість відношення можна сформулювати і так: відношення ρ має антисиметричну властивість, якщо для будь-яких різних елементів x і y множини A з того, що x перебуває у відношенні ρ з y випливає, що y не перебуває у відношенні ρ з x. ...
	Із прикладу видно, що задане відношення ρ і обернене йому відношення ρ-1 мають одні і ті ж самі властивості. Взагалі, має місце теорема.
	Властивість симетричного відношення виражається такою теоремою.

	Мал. 9.
	Числові функції, області визначення яких є множина натуральних чисел N (або множина цілих невід'ємних чисел N0), називаються числовими послідовностями. Для числових послідовностей замість запису y = (x) часто користуються записом yn і числова послід...
	Відображення, у якого область відправлення дорівнює області прибуття, називається відображенням множини у себе.
	Наприклад(
	Закони для констант, подвійного заперечення, комутативності асоціативності та ідемпотентності безпосередньо випливають із означення операцій логіки висловлень. Доведення інших законів можна виконати, побудувавши таблиці істинності для формул, що входя...
	З таблиці за означенням рівносильності формул одержуємо
	З кожною імплікацією p → q пов'язані ще три імплікації:
	Записом (1) правила висновку користуються у випадку, коли мають теорему A → B і якимось чином встановлюють, що висловлення A має логічне значення "1". Тоді на основі (1) робиться висновок, що й висловлення B має логічне значення "1".

	З кожним предикатом P(x), визначеним на множині M, пов'язані(
	2.2.2. Тотожно істинні, тотожно хибні та рівносильні предикати.
	Предикат називається(

	Наслідок 4. Одиниця є найменшим натуральним числом
	Цілі невід'ємні числа 0′, 0″, 0′″, 0″″, … позначають відповідно 1, 2, 3, 4…
	( a ( N0: a   0 = 0;   ( a ( N0: a   1 = a;   ( a, b ( N0: a   b = b   a,
	Мал. 1.
	Мал. 3.
	Мал. 7.
	Мал. 8.
	В останню суму відрізок ε входить n + k разів, а тому
	А тому за означенням добутку натуральних чисел дістанемо
	a = an gn + an–1 gn–1 + … + a1 g + a0,
	(23456 + 32356) : 246 + (50026 – 25 046)   356.
	Відповідь: 1220006.  ◄
	Відповідь: 5301428 = 176226.  ◄
	Відповідь: 23134 = 5036.  ◄
	Мал. 2.
	Aс(a), Bн(0) та A = В.
	Мал. 3. (1)
	Звідси OВ = OA і Bс(a) = Aс(a)
	Мал. 4.
	Мал. 5. (1)
	Мал. 6.
	Мал. 7. (1)
	Aн(a b) = Aн(|a| |b|).
	Мал. 8. (1)
	Мал. 9. (1)

