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YBAXAEMbIA YNTATEND!

YyeObHOe IToCcOOMe IBASIETCS YacCThIO Y4eOHO-MEeTOANYECKOTO KOM-
IIAEKTa 10 CcHeImarbHOCTU «[IpemopaBaHMe B HaYaABHBIX KAACCAX»
U MOJKeT OBITH MCIIOAB30BAHO IIPU U3YYEHUU IPOdeCcCUOHAABHOI'O
moayada I'IM. 01 I'lpenopaBaHue IO IporpamMMaM HadaAbHOI'O OOIIero
obpazoBanus (MAK. 01.04).

YaeOHO-MEeTOAUYECKHE KOMIAEKTEI HOBOTO IIOKOAEHUSI BKAIOUAOT
TPAAUIIMOHHBIE ¥ MHHOBAIMOHHEIE YdeOHBIE MATEPUAABI, TIO3BOASIOIITE
obecneunTs U3ydeHUe 00IIe00pa30BaTEABHBIX U OOIIeIPOdeCCUOHAAD-
HBIX AUCHUIIAMH U OPO(ECCUOHAABHBIX MOAYyAel. Ka’KABIM KOMIIAEKT
COAEp>XUT B cebe yueOHUKU U yueOHBIe IOCOOMS, CPeACTBa OOyUeHUs
U KOHTPOASI, HEOOXOAHUMBIE AASI OCBOEHUS OOIIUX U TPOECCHOHAABHBIX
KOMIIETEHIIUY, B TOM YUCAE U C YIeTOM TPeOOBAHUM PaOOTOAATEAS.

YaeOHBIe U3AGHUA AOTIOAHSAIOTCSI SACKTPOHHBIMYU 00Pa30BaTEABHBIMU
pecypcamu. DAEeKTPOHHBIE PECYPCHI COAEPFKAT TEOPETUYECKHE U ITPaK-
THUYECKUEe MOAYAU C MHTEPAKTUBHBIMHU YIIPA)KHEHUSIMHU U TpeHa)KepaMu,
MYABTUMeAUMHBIE 0OBEKTHI, CCHIAKM Ha AOIIOAHUTEAbHBbIe MaTepHaAbl
U pecypchl B VlHTepHeTe. B HUX BKAIOUEH TEPMUHOAOTUYECKUN CAOBAPh
U 3AEKTPOHHEIM JKypHaA, B KOTOPOM (PUKCHUPYIOTCSI OCHOBHBIE IIapa-
MeTpHI y4eOHOTO Ipollecca: BpeMsi paOOTHl, PE3YABTAT BBIIIOAHEHUSA
KOHTPOABHEIX U IPAKTUYECKUX 3aAaHUN. DAEKTPOHHEIE PECYPCHI AETKO
BCTPauBAIOTCA B Y4€OHBIN IIPOLECC U MOT'YT OBITh QAQIITUPOBAHEL K Pa3-
AWYHBIM y4eOHBIM IIpOorpaMMaM.



MpPegucnoBuKE

[Mepexop HaYaABHOM IITKOABI HAa HOBBIM DepeparbHBIN TOCYAAPCTBEH-
HBIM 00pPa30BaTEABHBIM CTAHAAPT HAaYaABHOTO O0IIero oOpa3oBaHUd
(®TOC HOO), BO3MOKHOCTE BEIOOPA YIUTEAEM METOANIECKON CUCTEMEI
00y4eHUd U KOHCTPYUPOBAHUS COOCTBEHHOM, 3apa4l BCECTOPOHHeE-
IO pPa3BUTHSA MAAAIINX IIKOALHUKOB CPEACTBAMHU IIpepaMeTa TpPeOyroT
OT YYUTEASI XOPOIllel MaTeMaTHIeCKOH ITIOATOTOBKHY, TAyOOKOTO ITIOHUMa-
HUS CyTA MaTeMaTUYEeCKUX MOHITUN U PaKTOB. AeAO He TOABLKO B TOM,
YTO B HAYAABHBIX KAACCAX 3aKAAQABIBAIOTCA OCHOBEI TAKUX BasKHEHIITUX
TMMOHSTUM, KaK «IUCAO» U «BEAWYWHA», TPOUCXOAUT O3HAKOMAEHUE
C 3AeMeHTaMU OYKBEHHON CUMBOAMKH U I'eOMEeTPUU, PA3BUBAIOTCS
AOTHUeCKHe YMeHUs, HO U B TOM, UYTO MHOTHEe MaTeMaTHuyecKue Io-
HATUSA MAQAIINE ITKOABHUKH HCIIOAB3YIOT 6€3 CTPOrHX ONPEASACHUH,
a BO MHOTUX CAy4Yasdx U HesaBHO. [lepedncAeHHBIE MOMEHTHI TPEeAb-
ABASIOT OCOOBIe TpeOOBAHUSA K MAaTeMaTUUECKOM ITOATOTOBKE YUMTEAS
HAYaAbHOU LITKOABI.

YuuTeab AOAKEH

BAQgEmb:

B TIOHSATUSIMU HATYPAABHOTO YKMCAA 1 BEAUUYWHBI,
3HAMkb.

B PDAa3AMYHBIE ITOAXOABI K OIIPEACACHUIO apI/I(bMeTI/IquKI/IX onepauuﬁ
HaA YHMCAAMU, UX CBOMCTBaQ;

m  COBpeMEeHHBIE B3TASIABI Ha IIOHATHE 3aAQUU U IIPOIIECC ee PelleHHUs;
® CBOMCTBA reOMeTPUYECKUX (PUTYD Ha MAOCKOCTH U B IPOCTPAHCTBE;
® AOrMYecKHe OCHOBBI MaTeMaTHKUY;

ymems:
® pellaTh TEKCTOBBIE, AOTUUEeCKHUe, KOMOMHATOPHEBIE 3aAaUH;
®  pellaTh HECAOJKHBIE TeOMeTPpUUECKUE 3aAa4H;

obragambp:
B AOTUYeCKOU KyABTYDPOM.

AaHHOe yuyeOHOe IT0CcOOre IPU3BAHO OOECIIEYUTh TAKYIO IIOATOTOBKY
YUHUTEeAs] B YCAOBUSX €ro OOyYeHHs B IIeAATOTMYECKOM KOAAEAKE.
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Hazuauenue yqe6H0r0 nocobuss — MOMOYb 6YAYU_H/IM YUYUTEeAdM Ha-

YAaABHBIX KAACCOB OBAAQAETE!:

MaTeMaTUYeCKUM MaTepuaAOM, KOTOPBIM HEOOXOAUM UM AAS T'pa-
MOTHOI'O OOy4eHMs MaTeMaTHUKe MAQAIINX ITKOABHUKOB;

AOTHMYECKOM KYABTYPOM, YCBOUB TaKWe AOTHYECKUE (POPMBI MEIIIIAE-
HUS, KaK MOHSATHE, BLICKa3bIBaHUE, BBICKa3bIBaTeAbHAs (hopMa, YMO-
3aKAIOUCHUE;

yMeHnueM peniaTb TeKCTOBbBI€ 3aAd4U apI/I(I)MeTI/I‘{eCKI/IM MEeTOAOM,
HpeOGAaAaIOH_H/IM B HAYAABHOM O6Y‘IeHI/II/I MaTeMaTHuKe,

YMeHNneM peliaTb HeCAOKHbBIC KOM6I/IHaTOpHBIe 3apAa4uH;

yMeHrueM BBIIIOAHATH AOTHMKO-MaTeMaTU4YeCKnN aHaAn3 MaTepuaAa
y‘le6HI/IKOB MaTeMaTHuKU AN HAYAABHBIX KAAQCCOB.

KOMHOBI/IHI/IOHHO Y‘-IQGHOQ nocobue COCTOUT M3 ISATU pPa3pAenoB,

KOTOpPBIE PA3AE€A€HBI Ha T'AABBI, TAGBBI — Ha MOAPA3AeABl. KarkABIA
TIOAPA3AEA COAEPFKUT, KaK IIPAaBUAO, UH(POPMALNio 00 0COOEHHOCTIX
U3y4eHUs MaTepuara B HAUaAbHOM Kypce MaTeMaTHKU U 3aKaHUYUBaeTCs
BOIIPOCAMM U 33AQHUAMH, IpeAHa3HAUeHHBIMU Kak A O0Aee TAyOOKOTO
YCBOEHUS TEOPUH, TaK U AAI POPMUPOBAHUS Y OYAYIIIETO YIUTEAS IIPO-
hbeCcCUOHAABHBIX YMEHUU.

AASL pacIIupeHus Kpyro3opa OyAyIIUX YIYUTEAEH B ITOCOOME BKAKO-

YeHBI NCTOPUYECKHE CBEACHNS O BOBHUKHOBEHUY U PA3BUTUU ITOHSATHS
YLCAQ, TeOMEeTPUYECKON (DUTYPHI ¥ €AMHUI], BEeAMYNH.



NNOr'MYECKMNE OCHOBbI MATEMATUKW

W3yueHnne MaTeMaTUKH, KaK IIPABUAO, CBSI3@HO C YCBOEHHUEM OIIpeAe-
AEHHOM CHUCTeMBbl IOHATUMN, IPEAAOSKEHUN U AOKa3aTeAbCTB. UTOOBI
OBAQAETh 3TOU CUCTEMOM U 3aTeM YCIIEITHO IPUMEHSTh IPUOOpeTeHHBIE
3HAQHUA U YMeHUsd, o0ydast MAQAIIINX IIKOABHUKOB U pellas 3apady UX
Pa3BUTHUSA CPEACTBAMM MaTeMaTHUKHW, HEOOXOAMMO CHadaAad YCBOWTS,
KaKOBBI OCOOEHHOCTH MaTeMaTUYEeCKUX MOHATHUM, KaK YCTPOEHBI UX
OIIpeAEAeHUs, IPEANOIKEHNS, BEIpaskatolilie CBOMCTBA ITOHATUHN, U AO-
Ka3aTeAbCTBA. OTHU 3HAHUS HYKHBI YUMTEAIO Ha4aAbHBIX KAACCOB ellfe
U IIOTOMY, YTO OH II€PBBEIM BBOAUT AeTel B MUD MaTeMaTUYeCKUX 3Ha-
HUM, U OT TOTO, KaK TPAMOTHO 1 YCIIENTHO OH 3TO OCYIIECTBUT, 3aBUCUT
U OTHOIIIeHVe pebeHKa K MaTeMaTHKe B AQAbHeUIeM. Takasi IOATOTOBKa
MO>KeT OBITh IOAYYEHA B IPOIeCCe OCBOEHUS MaTepuaiAa pasjpena «Ao-
TMYeCKHe OCHOBBI MAaTE€MATUKI».

Aoruka (oT rped. logos — CAOBO, Pa3yM, MbICAb, 3aKOHOMEPHOCTh) —
HayKa, KOTopas u3ydaeT IIPOoIeCC MBIIIACHUSA YeAOBeKa C TOUKU 3PEHUS
CTPYKTYPHL MBICAEH, IPAaBUABHOCTH PACCY>KAeHUY, 6e3 yuyeTa KOHKpeT-
HOT'O COAep>KaHUsI MBICAEU. [IpeaAMeTOM AOTUKU SIBASIIOTCI Takue op-
MBI MBIIIAEHUS, KaK IIOHATHS, CY’KACHUS, YMO3AKAIOUEHHUS, Ollepauu
C HUMU ¥ 3aKOHBI MBIIIIACHUS.

V3yuyeHne 3AeMeHTOB AOTUKU TpeOyeT 3HAHUS TeOPETHUKO-MHO-
KeCTBEHHOTO $13bIKa, KOTOPHIA OyAeT UCIOAB30BAThECS He TOABKO
IIPY PAaCCMOTPEHUU AOTHUECKOM CTPYKTYpPhl MaTeMaTU4eCKUX TOHS-
TUU, IPEAAOKEHUMN U AOKA3aTEALCTB, HO U IPU NOCTPOEHUHU BCETO

Kypca.

asa 1
MHO>XECTBA W OMNEPAUN HAQ HAMK

B koniie XIX B. BO3HHKAA HOBas 0OAACTh MaTeMATUKU — TEOPUS
MHO>KECTB, OAHUM M3 CO3AaTeAel KOTOPOM OBIA HeMeIKMY MaTeMaTuK
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leopr KauTop. 3a HeOOABIION CPOK TEOPUS MHOXXECTB CTard (PyHAA-
MEHTOM BCEM MaTeMaTUKMU.

B paHHOM Kypce MBI IO3HAaKOMHUMCS C HEKOTOPBIMU OCHOBHBIMH
IIOHATUSIMHU TEOPUU MHOJKECTB. 3HAHUS B 3TOM OOAACTU HY’KHBI y4U-
TeAl0 HaYaAbHBIX KAACCOB, BO-TIEPBBIX, AAS IMTIOHUMAHUSA COAEpP KaHUS
HA4YaABHOTO Kypca MaTeMaTUKH, He3aBUCUMO OT TOTO, IBHO UAU HEIBHO
B HEM HCIIOAB3YIOTCSI TEOPETUKO-MHOKECTBEHHBIE IIOHSITHS; BO-BTOPBIX,
AAST OCBOEHUS TaKUX Ba’KHBIX C MTPO(ECCUOHAABHOM TOUKY 3PEeHUs I0-
HATUU, KaK B3aMMHO-OAHO3HAUHOE COOTBETCTBUE, OTHOIIIEHNE, YUCAO,
reomMeTrpuyeckas purypa.

m MOHATUE MHOXECTBA 1 3MEMEHTA
MHOXECTBA

B maTeMaTuKe 4aCTO pacCMaTPUBAIOT Te UAU UHBIE TPYIIILI OOBEKTOB
KaK eAUHOeE IJeA0€e: HaTyPaAbHBIE YHUCAQ, TPEYTOABHUKH, KBAAPATEI U T. A,
Bce aTu pasandyHBIE COBOKYIIHOCTH HA3BIBAIOT MHOXXeCMBAMU.

IToHsSTHEe MHO>XeCTBa SIBASIETCS OAHUM M3 OCHOBHBIX ITOHSITUM
MaTeMaTUKU U IIO3TOMY He OllpejpeAseTcs depes3 Apyrue. ETo Mo>XHO
MMOSICHUTD Ha IpuMepax. Tak, MOKHO TOBOPUTH O MHO>KECTBE AaCHBIX
OyKB pPycCKOro ar(paBUTa, MHOKECTBE HaTyPaAbHBIX UMCEA, MHOKECTBE
TPEYTOABHUKOB.

MaTreMaTHuYeCKUM CMBICA CAOBA «MHOYKECTBO» OTAMYAETCS OT TOTO,
KaK OHO HCIIOAB3YEeTCSI B OOBIAGHHOU pEeUH, TAE €ro CBA3BIBAIOT C OOAB-
IIMM YMCAOM IIpeAMeTOB. B MaTeMaTHKe 3TOTO He TpeOyeTcs. 3Aech
MO>XHO pacCMaTpUBATh MHOKECTBO, COCTOSIIee U3 OAHOTO OOBEKTa,
U MHO’KECTBO, He copeprKalllee HU OAHOTO OObEKTa.

MHo>KecTBa NIPUHATO 0003HAYATH IPOIIUCHBIMU OYKBaMHU AQTUHCKOTO
ardasuta: A, B, C, ..., Z.

MHO>XeCTBO, He copeprKalllee HU OAHOTO OOBEKTa, Ha3bIBAIOT ILy-
cmbiM 1 0603HAYAIOT CUMBOAOM .

OOBEKTHI, 3 KOTOPBIX 06pa30BaHO MHOKECTBO, Ha3bIBAIOT 3.A€MEH-
mamu MHOXXeCTBa.

OAeMeHTHI MHOKECTBA IIPUHATO 0003HA4YaTh CTPOYHBIMU OyKBaMU
AQTUHCKOTO aArdaBura: a, b, ¢, ..., z.

B MaTeMaTHKe HEPEAKO IIPUXOAUTCS BBISICHSATE, IPUHAAAEKUT KaKOM-
An60 OOBEKT paccMaTPUBAEeMOMY MHOJKECTBY MAU He IIPUHAAAEKUT.
Hanpumep, MBI TOBOPUM, UTO 5 — YUCAO HaTypaAbHOe, a 0,75 He sBAS-
€TCS HaTyYPaAbHBIM YHCAOM. APYTMMHU CAOBAMH, MBI YTBEPIKAAEM, UTO
YHCAO 5 TPUHAAAEKUT MHOKECTBY HAaTYPAAbBHBIX UHMCEA, @ 9UCAO 0,75
€My He IPUHAANEKUT.
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[MpearoxeHne «OOBEKT a TPUHAANEKUT MHOXKECTBY A» MOJKHO 3a-
IMCaTh, UCIIOAB3YS CUMBOARL: a € A. [IpeproskeHre « OOBEKT a He NIPHU-
HAAAEKUT MHOKECTBY A» MOKHO 3alMCaTh Tak: a ¢ A.

Hanpumep, ecan A — MHOKeCTBO OAHO3HAUHBIX YHUCEA, TO YTBEPIK-
AeHne «Ymcao 3 — OAHO3HAYHOE» MOJKHO 3aIlMcaTh Tak: 3 € A. 3a-
ouch 12 ¢ A o3HauaeT, uTo «Hucao 12 He IBAsIEeTCS OAHO3HAUHBIMY»,
uru «Hucao 12 He IPUHAAAEKUT MHOXKECTBY A», UAU «MHOXecTBO A
He COAEP KUT yucAa 12».

3aMeTHM, UTO B TeOMETPHUM, €CAU TOUKA SIBASIETCS IAEMEHTOM KaKOTro-
AnOO MHOJKECTBQ, TO ee 0003HAYAIOT 3arraBHOM OykBoM. Hampumep,
ecan X — MHOJXKECTBO TO4eK OTpe3ka AB, To npepnroxeHue «Touka P
AEKUT Ha oTpe3ke AB» MoykHo 3amnucaTh: P € X uau P € AB.

Muo>xecTBa ObIBalOT KOHEYHble U 6eCKOHeYHble. DTU NOHATUI
MBI IpUHUMaeM 0e3 onpepereHus. [TosicHUM MX Ha IpuMepax. Tak,
KOHEUYHBLIMU SIBASIIOTCSI MHOKECTBO AHEM HEAEAN, MHOKECTBO MeCSIEB
B IOAY, @ 0ECKOHEUHBEIMUA — MHOJKECTBO TOUEK Ha IIPSIMOM, MHOKECTBO
HATypPaAbHBIX YHCEA.

AAS psiAa UMCAOBBIX MHOJKECTB B MaTeMaTHKe IPUHATHL CTaHAQPTHBIE
0003HaUYeHU:

N — MHO>XeCTBO HaTypPaAbHBIX YHCEA;

Z — MHO’XeCTBO IIeABIX YHMCEA;

Q — MHOXXeCTBO PAllMOHAABHBIX YHCEA;

R — MHO>XeCTBO AEUCTBUTEABHBIX YHCEA.

BOMPOCHLI N1 SAOAHNA

1. 3anuwuTe, NCNONb3ys CUMBOSbI:
a) umcno 316 — HaTyparnkHoe;

Ne

Puc. 1.1 Puc. 1.2



6) yicno 28 — He ABNAEeTCA HaTypanbHbIM;
B) umcno 12,5 — HaTypansHoe.

2. lNycTb B —MHOXECTBO YeTHbIX OQHO3Ha4HbIX Ymcen. [podnTanTe
CnepyroLLMe BbICKa3bIBaHUS U YKaXWUTE CPeau HYX BEPHbIE:
al8eB; 6)12 e B; B)O e B; r-6 eB.

3. TNyctb M — MHOXECTBO TO4YeK OKPY>XXHOCTW, N306paxxeHHowm
Ha puc. 1.1. lNpounTanTe cnegyoLLmMe NPEennoXeHNs U YKaxnTe
CPeaM HVX BEPHbIE:
alA e M, 6) 0 e M, B)B e M, r)Ce M.

4. Kak nameHuTb ycnosue 3aga4qum 3, 4Tobbl BCe yTBEpXAeHN:A a)—r)
661NV BEpHLIMN?

5. 3anuwmnte ¢ NOMOLLbI0 CUMBOSIOB € U ¢, KaKuUe U3 0TPe3KoB
AB, CD, EF v PH npoxopsT 4epe3 Touky M, a kakve 4epes Hee
He npoxopaT (puc. 1.2).

m CMOCOBbI 3AJAHNA MHOXECTB

Kaxk y>xe oTMe4aAoCh, TIOHSITHE MHO’KeCTBa MBI UCIIOAB3yeM 06e3
onpepereHuss. Ho kKak y3HaTh, IBASIETCS Ta UAU MHAST COBOKYIIHOCTh
MHO>XEeCTBOM HAM He SIBASI€TCS ?

C4YuTaloT, YTO MHOKECTBO OIIPEAEASIETCS CBOMMU dAeMeHTaMH, T. €.
MHO>KeCmBO 3agaHoO, eCAU 0 At0OOM 00beKme MOXHO CKA3amb, NPUHAG-
AeXUm OH 5MOMY MHOXECMBY UAU He NPUHAgAEXUM.

MHOKeCTBO MOXXKHO 3aAaTh, NepPeducAuB Bce ero 3aemenmsl. Ha-
IIpuUMep, eCAU MBI CKa’keM, UYTO MHOXXeCTBO A COCTOUT U3 uuceA 3, 4,
5 1 6, TO MBI 3aA8AUM 3TO MHO>KECTBO, IIOCKOABKY BCE €ro 3AeMeHTHI
OKa’KyTCs TePEeYNCACHHBIMH.

ITpu 3TOM BO3MO>KHA 3aIUCh, B KOTOPOU NTePEUYUCASIEMbIE IAEMEHTHI
3aKAIOUAIOTCA B (purypHele cKOOkm: A = {3, 4, 5, 6}.

OAHAKO eCAM MHO’KeCTBO O€CKOHEUYHO, TO eT'0 DAEeMEeHTHl IIepeydrc-
AUTBb HeAb3s. TPyAHO 3aAaTh TAKUM CIIOCOOOM U KOHEYHOE MHO’KeCTBO
Cc OOABIIIMM YUCAOM 3AEMEHTOB. B TakMX CAydasx IPUMEHSIOT APyroi
CcrIoco0 3apaHUSA MHOJKECTBA — YKa3bIBAIOT €r0 XapaKTepUCTUUEeCKOoe
CBOMCTBO.

Xapakmepucmu4uecKoe CBOUCMBO MHOXeCmMBA — 3MO makoe
CBOUCMBO, KOMOPLIM obAagaem KAKghll 2AeMeHm, NpuHagAexaujull
MHOXeCcmBy, U He obaagaem HU OGUH 3AeMeHm, KOmopbllli eMy He npu-
HagAexum.

PaccmoTpuM, HanpuMep, MHOKeCTBO A ABY3HAQUHBIX 4ynceA. CBOU-
CTBO, KOTOPBIM OOA@AaeT Ka’KABIM 9A€MEeHT A@HHOTO MHOXXeCTBa, —
«OBITh ABY3HAUHBIM YMCAOM». DTO XapaKTepPUCTUUYECKOEe CBOUCTBO
AaeT BO3MOJKHOCTB pelllaTh BOIPOC O TOM, TPUHAAAEKUT KaKOM-AMOO0
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OOBEKT MHOJKECTBY A UAU He IIPUHAMNEKUT. TaK, YUCAO 45 COAePKRUTCA
B MHO>XeCTBe A, TOCKOABKY OHO ABY3HAQUHO€, @ YHUCAO 145 MHOKeCcTBY A
He IIPUHAAAEKUT, TaK KaK OHO He SIBAIETCSI ABY3HAUHBIM.

Cay4aeTcs, 4TO OAHO M TO K€ MHOJKECTBO MOJKHO 3aAaTh, yKa3as
pa3sAnuYHBIE XapaKTepUCTUUeCcKre CBoMcTBa. HampumMep, MHOKeCTBO
KBaAPATOB MOYKHO 3aAATh KAK MHOKECTBO IIPSIMOYTOABHUKOB C PAaBHBIMU
CMe>XKHBIMU CTOPOHAMM U KaK MHO>XeCTBO POMOOB C IPSIMBIM YTAOM.

B Tex caydasx, Korpa XxapaKTepUCTHYeCKoe CBOMCTBO MHOJKECTBAa
MO>XHO ITPEACTaBUTh B CUMBOAUYECKOM (popMe, BO3MOKHA COOTBET-
CTBYIOIAs 3allUCh MHOJKECTBA.

HanpumMep, MHOXeCTBO A HAaTypPAABHBIX YMCEA, MEHBIIUX 7, MOJKHO
3apaThb TaK: A= {x|x e Nux<7}.

INpu Takol 3ammcu 6YKBOM X 0003HAUYaeTCd SAeMeHT MHOKeCTBa
A. AAS 3TUX IJeAed MOSKHO MCIIOAB30BaTh U APyTHe OYKBBI AQTUHCKOTO
ardaBuTa.

Wtak, prgd TOTo 4TOOBI 3aAaTh HEKOTOPOE MHOXKECTBO, AOCTATOUYHO
An6O0 TEePEeUuUCAUTD BCE €r0 IAEMEHTHI, AMOO YKa3aTh ero XapaKTepUCTH-
yecKoe CBOMCTBO. BTopoii criocob OoAee OBIITUM: OH IIO3BOASIET 3aAaBaTh
U KOHeuHbIe, U OeCKOHeUHble MHOKEeCTBaA.

B HavaabHOM Kypce MaTeMaTUKU yMeHHe IIePEeXOAUTH OT OAHOTO
croco0a 3apaHUSI MHOJKECTBA K APYTroMy (DOPMUPYETCS yKe Y MAQAILINX
IIKOABHUKOB IIPU BBIIIOAHEHWUY, HAIIpUMeD, TAKUX yIIPaKHEHUH.

3agaua 1. 3anuimuTe HaTypaAbHBIE YUCAQ, KOTOPBIE OOABIIE, 4YeM
65, 1 MeHbllle, 4yeM 75.

Peuwienue. MHO>XeCTBO YUCeA 38AaHO C IIOMOIIBIO XapaKTepUCTHUe-
CKOTO CBOMCTBA «OBITH OOABIIIE 65 11 MeHbIlle 79». TpebyeTcd nepeunc-
AUTH DAEMEeHTEI 3TOr0 MHOKecTBa: 66, 67, 68, 69, 70, 71, 72, 73, 74.

3agaua 2. KakuM CBOMCTBOM OOA@AQIOT BCe umMcAa psapa: 12, 22, 32,
42, 52, 62, 72, 82, 922

Pewenue. IlepeunicAeHBI BCe SAeMeHTHEl MHOKECTBa, 00AaAAIOIIEero
XapaKTepPUCTUIECKUM CBOMCTBOM: «COCTOSITH M3 ABY3HAUHLIX ULCEA,
3al1Ch KOTOPBIX OKAHYUBAETCS ITUPPOU 2».

BOMPOCHI N SAOAHNA

1. 3anuwmTe ¢ NOMOLLbLI 3Haka paBeHCTBa 1 nrypHbIX ckoBok
NpeanoXeHus:
a) X —mHoxectBo umcen O, 1, 2, 3,4, 5;
6) Y — mHoxecTBo 6ykB a, b, C.

2. 3apanTe, UCNOMb3YA CUMBOMbI, MHOXECTBO P, ecnv 0HO COCTOUT
N3 HaTypanbHbIX YNCEN:
a) 6onbumx 100, Ho meHbLumx 200;
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Puc. 1.3
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6) meHbLUmx 150.

MNepeuncnute aneMeHTbl CNeAYHOLLIMX MHOXECTB:

A — MHOXECTBO HEYETHbIX 0AHO3HA4HbIX Y/CET;

B — MHOXEeCTBO HaTypasbHbIX YUCEN, MeHbLUMX UK paBHbIx 20;
C — MHOXEeCTBO ABY3Ha4HbIX Yncen, genawmxcs Ha 10.
YKaxute xapakTepucTn4eckoe CBONCTBO 3NIEMEHTOB MHOXE-
cTBa:

a) {a,e,&,n,0,y,3,10,9,b1}; 6) {78,76,74,72,70};

B] {111,222, 333, 444,555,666, 777,888, 9939}.
3apanTe C NOMOLLbIO XapakTEPUCTUYECKOro CBOMCTBA MHOXE-
CTBAa, BblAeNeHHbIE LUTPVXOBKOW Ha KOOPAMHATHOM NpsiMon (puc.
1.3,a—e).

MycTb D — MHOXECTBO ABY3HA4HbIX YACEN, 3aM1Ch KOTOPbIX OKaH-
ymBaeTcs undpor 1. MNprHagnexaT N 3ToMy MHOXECTBY YMCna
31,321,861, 12? OTtBeT 3anunTe, UCNoMb3ysA 3HaKN € U ¢.
MHoxecTtso C cocTouT U3 KBagpaTa, Kpyra v TpeyronbHvka. [Npu-
HagneaT N1 3aToMy MHOXECTBY AvaroHanb KsagpaTa v LEeHTp
Kpyra?

MokaxuTe, 4T, BbINONHAA 3aAaHVe: «YBenyb KaXxxgoe He4YeTHoe
0JHO3Ha4HOE YMCNOo B ABa pa3ay, yHalumecsi BCTPe4atoTcs C AByY-
Ms crocobamim 3agaHnst MHOXXECTBaA.

m OTHOLLIEHUS! MEXKAY MHOXECTBAMM

B maremaTuke n3y4aloT He TOABKO Te€ NAUW MHBI€ MHOXXeCTBa, HO
1 OTHOIIEeHNd, B3AUMOCBA3U MEXAY HUMU. HaHpHMep, HaM M3BeCTHO,
YUTO BCe HATYPAABHBIE UHCAQ SBASIOTCSI ITE€ABIMH. [Toustue MHOXe-
CTBaA IIO3BOAMET 0606H_II/ITI) KOHKPETHBIE CAYydYal B3aMMOCBA3U MEXAY
PAaSAMYHBIMU COBOKYIIHOCTSIMUY, IIOCMOTPETHh HAa HUX C eAHHOﬁ TOYKU

3pPEHus.

Ecan mHOXecTBa A 1 B uMeIOT O0Ilrie SAEMEHTHI, T.e. DAEeMEeHTHI,
IIpHUHAAAEXKAIe OAHOBPEMEHHO A 1 B, TO TOBOPAT, UYTO 3TU MHOKeCTBa
nepeceKalOmcsl.
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Hanpuwmep, ecam A ={a, b, ¢, d, e}, B={b, d, k, m}, C = {x, y, z},
TO MOJKHO YTBEP’KAQThH, UYTO MHOXKeCTBa A U B mepecekaroTcs, Tak KaK
nuMeloT obIyre 3AeMeHThI b u d, a MHOXecTBa A u C, B u C He nepe-
CEKAalOTCs, IOCKOABKY He UMeIOT OOIIUX dAeMeHTOB.

PaccmotpuM Teneps MHOKecTBa A ={a, b, ¢, d, e} u B={c, d, e}. Ounu
repeceKaloTcs, ¥, KpoMe TOT0, KaJKALIM 9IAeMeHT MHOYKeCTBa B aBAsieTCs
SAEMEeHTOM MHO>XecCTBa A. B 3ToM caydyae roBOpST, YTO MHO>KECTBO B
BKAIOYEHO B MHOKECTBO A MAU UTO MHOYKECTBO B SIBASIETCSI IIOAMHOKe-
CTBOM MHOXKeCTBa A 1 nuiyT B c A.

MHo>xecTBO B Ha3LIBaIOT NOGMHOKECINBOM MHO>KECTBa A, eCAU KaXK-

ABIM DAeMEeHT MHOKeCTBa B SBASeTCS TaKXe SAeMeHTOM MHOMKe-

crBa A. [Tycroe MHO>KeCTBO CUATAIOT TOAMHOKECTBOM AT0OOOT0 MHOKe-

cTBa. Ato60e MHOKECTBO SIBASIETCS IIOAMHOKECTBOM CaMOTO CceOsI.

V3 onpepeneHUs CAepyeT, UYTO ecAu B © A, To MHOKeCcTBO B Mo>keT
OBITH MyCTBIM, U TOTAQ & C A, U, KpOMe TOTO, MHO>XeCTBO B MokeT
CcOBNAAATh ¢ A, u TorAa A < A. [ToaToMy cpepr BceX ITIOAMHOYKECTB 3a-
AQHHOTO MHOYXECTBA A AOAKHO OBITH 003aTEABHO ITyCTOE MHOKECTBO
U CaMO MHO>KeCTBO A.

O6pa3zyeM, HallpuMep, Bce IIOAMHOKeCTBa MHOKecTBa A = {2, 3, 4}.
Cpean HUX OyAyT OAHO3AEMEeHTHBIe IIOAMHOKecTBa: {2}, {3}, {4}, AByX-
saeMeHTHEIE: {2, 3}, {2, 4}, {3, 4}, a Tak>Ke caMO MHO>XeCTBO A U IIyCTOe
MHOXecCTBO . TakuM 06pa3oM, AGHHOE TPEXIAEMEHTHOEe MHOKECTBO A
nMeeT 8 TOAMHOKECTB.

BooOuie, ecArn MHOKECTBO A COAEPIKUT N IAEMEHTOB, TO y Hero 2"
Pa3AMYHBIX IOAMHO’KECTB. AOKAa3aTEeALCTBO 3TOI'O YTBEPIKAECHUS 3A€Ch
He IIPUBOAUM.

Paccmorpum mHOKecTBa A ={q, b, ¢, d, e} u B={c, a, d, b, e}. Oun
TIepeceKaroTCs, U Ka’KABIH SAeMEeHT MHOKECTBA A SIBASIETCS SAEMEeHTOM
MHO>KeCTBa B, T.e. A < B, u HA000OPOT, Ka*KABIM IAeMEHT MHO>KeCTBa
B aBasieTCst 5AeMEeHTOM MHOXKeCTBA A, T.e. B C A. B 3TOM cAydae roBopsr,
YTO MHO’KeCTBa A u B paBHBI u numyT A = B.

I MmnoxectBa A u B Ha3wpIBatOT paBHbIiMU, ecAU A € Bu B C A.

U3 onpepeneHNs CAEAYET, UTO PABHblE MHOKECMBA COCMOSAM U3 OGHUX
u mex Xe 3AeMeHMOB, NPU 2MOM NOPAGOK 3aANUCU IAeMEeHMOB MHOXe-
CmBa He CyujeCcmBeH.

OTHOIIIEHUST MEKAY MHOKECTBAMU HATASIAHO ITPEACTABASIIOT C TIO-
MOIIBIO OCOOLIX YepTeskeli, Ha3bIBAeMEIX Kpyramu Jiiaepa’. Aas 5Toro

! Aeonapg iirep (1707 — 1783) — ureH [lerepOyprckoii akapeMun Hayk. A. Ditrep
poauacs B llIBeinapun. B 1727 r. no npuraamenuto [TeTepOyprckoil akapeMHUHu HayK
npuexan B Poccuro, rae cran KpyNHEHIINM MaTeMaTHKOM. OTpPOMHO HaydHOe HacAepre
O1iAepa, B CIIUCKe eTro TPyAOoB 6oaee 800 Ha3BaHUM.
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A B A B
a 6 B r
Puc. 1.4

MHOJKECTBa NIPEACTABASIOT B BUAE KPYroB A B
(oBanoB). B ToM caydae, eCAM MHOXeCTBA A U
B uMeroT oO1Iye 3AeMeHThI, HO HU OAHO M3 HUX
He SIBASIeTCS IOAMHO>XeCTBOM APYTOro, UX U30-
Opa’kaloT Tak, KakK mokKa3zaHo Ha puc. 1.4, a.

Ecau MHOXeCTBO B IBAETCS ITIOAMHOXECTBOM
A, TO KpyT, n300pa>kalmIuil MHOKECTBO B,
IIEeAVKOM HAXOAUTCS B KpyTe, U300paskaiolieM
MHO>XXecTBO A (puc. 1.4, 6). Ecau A — B, To MHOXecTBa A 1 B n3obpa-
>KaloT TakK, Kak Ha puc. 1.4, B. PaBHEIe MHOKeCTBA IPEACTABASIOT B BUAE
OAHOTrO Kpyra (puc. 1.4, r).

Ecau MHOXecTBa A 1 B He nlepeceKaroTcs, TO UX U300pa’kaloT B BUAE
ABYX (QUTyp, He UMEIOINX OOIUX To4YeK (puc. 1.5).

B HauaABHOM Kypce MaTeMaTHKHU C IIOHSITHEM IIOAMHOXKECTBA MAAA-
1Ie ITKOABHUKU BCTPEUYaloTCs, BEIIIOAHSS, HallpuMep, 3apanust: «Hazo-
BU CpPeAU AQHHBIX YHCeA YeTHBIe», « Cpepr AQHHBIX YeTBIPeXyTOABHIKOB
HaNAU NPAMOYTOABHUKMNY» . TEpMUHBI «MHOKECTBO» W IOAMHO>KECTBO»
IIPY 3TOM, KaK IIPABUAO, HE UCIOAB3YIOTCS.

Puc. 1.5

BOMPOCHI N 3SAOAHNA

1. OaHbl gea MHOXecTBa: X= {2,4,6} nY={0, 2,4, 6, 8}. BepHo
nn, YTo:
a) MHoxecTBa X 1 Y nepecekarTcs;
6) MHOXecTBO X ABNAETCA MOAMHOXECTBOM MHOXecTBa Y,
B] MmHoxecTBo P = {4, 0, 6, 8, 2} paBHo MHoxecTBy Y?

2. l13BecTHo, 4TO 3NeMeHT a CoQePXMTCHA B MHOXecTBe A 1 B MHO-
ecTtBe B. CnegyeT nv 13 3toro, 4to:
aJAcB; 6)BcA;, BJA=B?

3. 13 mHoxecTBa K = {216, 546, 153, 171, 234} Bbinuwnte
yncna, KoTopble:
a) genaTcsa Ha 3; B) He poenaTca Ha 4;
6) penaTca Ha 9; r) He gendaTcsa Ha D.

13



EcTb nn cpegun nony4YeHHbIX NOAMHOXECTB Takoe, KOTopoe

paBHO MHOXecTBy K?

4. 1306pa3nTe Cc NOMOLLbI0 KPYroB 3niepa OTHOLLEHWA
mMexgy MHoxecTBamu C n D, ecnu:

a) C — mHoxecTBO fBy3Ha4HbIx 4ncen, D = {3, 43, 34, 56,

103};

Puc. 1.6 6) C — MHOXECTBO ABY3Ha4HbIX Ymcen, D — MHOXECTBO YETHbIX
HaTyparnbHbIX YACENT;

B) C — MHOXEeCTBO ABYy3Ha4HbIX 4ncen, D — MHOXEecTBO Tpex-

3HAYHbIX YMCEn.

5. OTHOLWEHMA Mexay MHOXECTBaMU BCEX BbIMYKIbIX YETbIPEX-
yronbHWKOB, NapannenorpamMMoB, NPAMOYronbHUKOB, POMB0B
1 KBapgpaToB M306paxeHsl Ha puc. 1.6.

NokaxuTe Kaxaoe N3 MHOXECTB.

6. [aHo mHoxecTBo P = {3, 5, 7, 9}. O6pa3zyiTe BCEBO3MOXHbIE
ero nogMHoxecTtsa. CKONbKO UX OONXHO BbITb?

7. O Kakux TEOPETUKO-MHOXECTBEHHbIX NMOHATUSX MAET pedb
B CNefyHLLMX 3a0aHWsX, BbINOIHAEMbIX YHaLLMMUCH Ha4arbHbIX
KNaccoB:

a) «3anuwwm no nopagky Ymcna ot 10 go 19. MNogyepkHu 1 npo-
YUTam YeTHbIE YUCnaY;

6) «/13 papa ymicen ot 1 go 20 BbINULLM N0 NOPALKY YMUCHa, KO-
TOpble AeNATCSA Ha 9Y;

B) «3anuLum TP Y1Cna, KOTopble NPV AeneHnn Ha 7 4akoT B OCTaT-
ke 4».

m NEPECEYEHVE MHOXECTB

W3 3AeMeHTOB ABYX U OOAee MHOJKECTB MOJKHO 00pa3oBaTh HOBEIE
MHO>KecCTBa. [TycTh AaHBI ABa MHOKecTBa: A={2, 4,6,8} uB={5,6, 7,8, 9}.
O0pasyeM MHOXecTBO C, B KOTOPO€e BKAIOUMM OOIIlMe 3A€MeHThl MHO-
xecTB A u B, T.e. C = {6, 8}. [ToryueHHOe MHOXecTBO C HA3BIBAIOT
nepeceyeHreM MHOXXeCTB A U B.

ITepeceuenuem mHo>kecmB A 1 B Ha3bIBalOT MHO>KECTBO, COAEPIKaA-
1iee Te ¥ TOABKO Te DAEMEHTHI, KOTOpbIe IPUHAAAEKAT MHOKECTBY
A M MHOXXeCTBY B.

INepeceuenue MHOKeCTB A u B o0o3HauaroT A N B. Takum obpasom,
1o onpeperenuto, AN B={x|xe Aux e B).

Ecan n300pa3uTe MHOXeCTBA A U B ¢ IOMOIIBIO KPyroB DUAEP],
TO TlepeceyeHNeM AQHHBIX MHOXKECTB SIBASIETCSI 3alITPUXOBaHHAs 00-
AacThb (puc. 1.7). B ToM cayuae, KorAa MHOKeCTBa A U B He UMerOT 00IITHX
9AEMEHTOB, TOBOPST, UYTO UX IlepecedeHure NIycTo ¥ nmumyT: A N B = .
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BrIsicHUM, Kak HaXOAUTH IlepecedueHre MHO-
KeCTB B KOHKPETHEBIX CAy4asaX.

EcAu saeMeHTH MHOKECTB A U B mepeunicae-
HBI, TO, 4TOOBI Ha'TU A N B, poocTaToO4HO nepe-
YUCAUTH IAEMEHTHI, KOTOPble OAHOBPEMEHHO
IIPUHAAAEKAT MHOKECTBY A U MHOXXECTBY B,
T.€. UX ODOIIe SAeMEeHTHI. Puc. 1.7

A Kaxk OBITh, €CAM MHOJKECTBA 3aAaHbI XapaK-
TEPUCTUUYECKUMHU CBOMCTBAMU ¢

W3 onpepeneHUs mepecedeHus CAEAYET, UTO XapaKTEPUCTUIECKOe
CBOMCTBO MHOXXeCTBa A N B coCTaBAsSeTCd M3 XapaKTepPUCTUUECKUX
CBOMCTB IlepeceKaeMbIX MHOKECTB C IIOMOIIBIO COI03a «U».

HaiipeM, HanipuMep, IepecedeHle MHOKeCTBa A — YeTHBIX Ha-
TyPaAABHBIX YHCEA U MHOKeCTBa B — ABY3HAUHBIX UmMCeA. Xapak-
TEePUCTUUYECKOE CBOMCTBO MHOKECTBA A — «COCTOSITh U3 YETHBIX
HATYPAABHBEIX UMCEA», & XapaKTEePUCTUUYECKOEe CBOMCTBO MHOXKECTBA
B — «CcoCTOATh U3 ABY3HAUHBIX 4HUCEA». TOTAQ, COTAACHO OIIpeAeAe-
HUIO, lepeceueHre A@HHBIX MHOKECTB AOAJKHO 00AaAQThH CBOMCTBOM
«COCTOSTH U3 YETHBIX HATyPAAbHBIX U ABY3HAUHBIX YHUCeA». TaKuM
0o6pa3oM, MHOXeCTBO A N B cocToUT 13 4eTHBIX ABY3HAUYHBIX UMCEA
(coro3 «m» B AQHHOM CAydae MO’KHO OIIyCTHUTB). [loAyueHHOe MHOXe-
CcTBO He nycro. Hanpumep, 24 € A N B, IOCKOABKY YUCAO 24 4eTHOe
U ABY3HauHOe.

PaccmoTpuM Teneps cAydail, KOTAa HaXOAAT IlepeceueHre MHOKeCTBa
A u ero nopMHOXXecTBa B. HeTpyaHO BUAETh, uTO Torpa A N B =B 1,
CAEAOBATEABHO, XapaKTepPUCTUYECKOe CBOMCTBO MHOKecCcTBa A M B 6yaeT
TAaKNM, KakK 1 CBOMCTBO MHO>XKeCTBa B.

BOMPOCHI N SAOAHNA

1. Hangute nepeceveHne mHoxecTB A n B, ecnu:
a)A={a,b,c,d e f},B={b,ef k};
6)A={26,39,5,58,17,81},B={17,26,58};
B)A={26,39,5,58,17,81},B={17,26,58,5, 39, 81}.
2. CdhopmynupyiTe ycnoBusi, Npy KOTOPbIX UCTUHHBI CrRegytoLlme
YTBEPXXAEHUS:
albe AnB; 6)7¢ANB.
M3BecTHo, 4T X € A. CnegyeT N1 13 3aToro, 4to X € A N B?
MN3BecTHo, 4to x € A n B. CnegyeT nu n3 atoro, 4to X € A?
|/|3 KaKunx 3anemMeHToB COCToOUT nepeceHeHme MHOXeCcTBa 6yKB
B CNoBe «MatemMaTuka» u MHoxecTBa ByKB B CIIOBE «reome-
TpUs»?

a b o
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6. MNycTe M — MHOXeCcTBO 0AHO3HAa4HbIX Yncen, P — MHoXe-
CTBO HEYeTHbIX HaTypanbHbIX Ymcen. V13 kakux 4mncen coctout
nepeceyveHne AaHHbIX MHOXecTB? CofepXXaTcs N B HEM HYncna
-7n8?

m OBbEANHEHWNE MHOXECTB

ITycTb paHBI ABa MHOKecTBa: A ={2, 4,6, 8} u B= {5, 6, 7, 8, 9}. O6-
pasyeM MHO>XeCTBO D, B KOTOpOe BKAIOUHM SAEMEHTEL, IPUHaAAesKAIITe
XOTsI OBI OAHOMY M3 AQHHBIX MHOYKECTB, T. €. MHOJKECTBY A UAU MHOJKe-
ctBY B: D = {2, 4, 6, 8, 5, 7, 9}. [loAnyueHHOe MHOXeCTBO D Ha3BIBAIOT
o0BbepArHeHneM MHOXKeCTB A n B.

Oo0BeguHeHuUeM MHOXecmB A 1 B Ha3BIBAIOT MHOKECTBO, COAEP-
JKalllee Te U TOABKO Te SIAeMEHTH], KOTOpbIe IPUHAAAEKAT MHOKECTBY
A UAM MHOJKECTBY B.

OO0bepnHeHrEe MHOKeECTB A 1 B o60o3HauaroT A U B. Takum o6pazom,
1o onpepereHuio, AU B = {x | x € A unu x € B).

Ecam n300pa3uTh MHOKeCTBA A U B ¢ IOMOIBIO KPYTroB JHAEPa,
TO OObepAVHEeHNEe AQHHBIX MHOJXKECTB U300pa3uTCs 3alITPUXOBAHHOMN
obaacTbio (puc. 1.8).

BreIICHUM, KaK HaXOAUTb OObeAMHEHHE MHOKECTB B KOHKPETHBIX
CAyYasx.

EcAu 5AeMeHTHI MHOXKECTB A U B nepedyncAeHHl, TO, YTOOBl HANTU
A U B, pAOCTQTOYHO II€PEUYUCAUTh 3A€MEHTHI, KOTOPble IPUHAAAEKAT
MHO>KeCTBY A UAM MHOJKECTBY B.

A Kaxk OBITB, €CAU MHO’KECTBA 3aAaHBI XapaKTePUCTUUYECKUMU CBOM-
crBamMu? V3 onpepereHusT OO beAMHEHUS CAEAYET, YTO XapaKTepUCTHIe-
CKO€e CBOMCTBO MHO>KeCTBa A U B COCTaBASIETCS U3 XapaKTePUCTUYECKUX
CBOMCTB MHO>KeCTB A U B ¢ TOMOIIBIO COto3a «uAn». HatipeM, Hanpumep,
0OBeAVHEHYEe MHOKECTBA A — YeTHBIX HAaTYPAAbHBIX YHCEA U MHOJKe-
cTBa B — ABY3HAUHBIX 4YuceA. Tak KaK CBOU-

CTBO MHOYXECTBA A — «COCTOSITh M3 UYETHBIX
HATYPAABHBIX YHUCEA», a CBOMCTBO MHO>KECTBa
B — «cocTosaTh u3 ABY3HAQUHBIX YHCEA», TO B

O6"beAI/IHeHI/Ie AAHHBIX MHO>XeCTB BOfIAYT qyeT-
HbIe HAaTypPaAbHBIE UAW ABY3HAYHBIE YHCAQd.
Takue uncaa 06pa3y10T O0ecKoOHeYHOe MHO-
XeCTBO, HO C(bOpMYAI/IpOBaHHOQ XapakTepu-
CTHUYECKOe CBOMCTBO ITO3BOASIET OAHO3HAYHO




OTIPEAEASITH, COAEPIKUTCS TOT UAM UHOU DAEMEHT B OObeAMHEHUN MHO-
XecTB A u B uam He copepskutcda. Hanpumep, B A U B eCTb YUCAO 8,
IIOCKOABKY OHO YETHOE€; eCTh YUCAO 36 — OHO UYeTHOEe U ABY3HAuHOE.

PaccmoTpuM Temneps cAaydal, KOrAa HaXxOAdT OObeAMHEHNUEe MHOKEe-
CTBa A 1 ero nopMHoO>XecTBa B. HeTpyaHO BHUAETE, 4TO TOrpAa A U B=A
U, CA€AOBATEABHO, XapaKTepUCTUIeckoe CBOMCTBO MHOXKecTBa A U B
OyAeT TakKuM, KaK U CBOMCTBO MHOJKeCTBA A.

BOMPOCHLI N SAOAHNA

1. CchopmynmpyiTe yCcnoBus, Npyv KOTOPbIX UCTUHHBLI CregyloLume

yTBepxaeHus: a5 e AuB;6)7 ¢ AUB.

M3BecTHo, 4yto x € A. Cnegyet n1 13 atoro, 4yto x € A U B?

M3BecTHO, 4To X € A U B. Cnepyet nn u3 atoro, 4to x € A?

Hangute obbegnHeHne mHoxecTB A u B, ecnu:

a)A={a,b,c,d e f},B={b,e,f k};

6)A={26,39,558,17,81},B={17,26, 58};

BJA={26,39,5,58,17,81},B={17,26,58,5,39,81}.

5. 13 kakmx 31eMeHToB COCTOUT 06benHeHE MHOXeCTBa BykB
B C/I0BE «MaTemaTuka» n MHoXxecTBa BykB B C/OBE «reome-
Tpusa»?

6. MNycTe M — MHOXeECTBO 0HO3HAa4HbIX Yncen, P — MHoXe-
CTBO HEYETHbIX HaTypanbHbIX Ymcen. V13 kakux 4ncen coctouT
06beanHeHVe aaHHbIX MHOXecTB? CofepXaTcs N B HEM YuMchna
-7n9?

SO

m CBOWCTBA NEPECEYEHUSA N OBLEAVHEHMS
MHOXECTB

W3 mKOABHOTrO Kypca MaTeMaTUKH U3BECTHO, YTO OIlepaIuio, C I10-
MOIIIBIO KOTOPOU HAXOAAT CYMMY UMCEA, Ha3bIBAIOT CAOKeHUeM. Hap
YUCAAMHU BBIIIOAHSIIOT U APYTHe ollepalluy, HallpuMep YMHOKeHHe, Bbl-
yyuTaHUe, AeAeHUe; IPXU 3TOM Pe3yAbTAaT YMHOXKEHUS YMCEeA Ha3bIBAIOT
MTPOU3BEACHUEM, AGA€HUST — YAaCTHBIM, T. €. AAS OTlepalluii Hap YMCcAaMU
U pe3yAbBTaTOB 3THUX ONlepalui CYyILIeCTBYIOT pPa3Hble TEpMUHBL. AAG pac-
CMOTPEHHEIX Ollepaliii Hap, MHOKeCTBAMHU CUTYallus MHas: Ollepanuy,
C IOMOIIIBIO KOTOPBIX HAXOAAT IlepecedueHre U OObeAHEHEe MHOXKECTB,
Ha3BIBAIOT COOTBETCTBEHHO IlepeceueHUeM U OObeAUHEHUEM.

/3 mKOABHOTO Kypca MaTeMaTUKU HaM TaK’ke M3BECTHO, UTO oOlle-
paruu Hap, YUCAaMU 0OAAAQIOT PSIAOM CBOMCTB. HampuMmep, croskeHme
AEUCTBUTEABHBIX UMCEA OOAAAAET IEPEMECTUTEABHBIM U COUeTaTEABHBIM
CBOMCTBaAMU: AASL AFOOBIX A€UCTBUTEABHBIX YUCEA d U b CIIPaBEAAUBO
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paBeHCTBO a + b = b + @, a AAT AIOOBIX YHMCEA a, b U ¢ — paBeHCTBO
(a+b)+c=a+ (b+c).

AHaAOTUYHBIMU CBOMCTBAMU OOAAAQET YMHOKEHUE ACMCTBUTEABHBIX
yucea. KpoMe TOro, AAST CAOJKEHUSI M YMHOYKEHUS BBIIIOAHSIETCS pac-
IIpeAeAUTEABHOE CBOMCTBO: AASL AFOOBIX AeHMCTBUTEABLHBIX UiceA d, b U ¢
CIIpaBEAAUBO pPaBeHCTBO: (a +b)-c=a-c+b-c.

BreisicHuM, 00AQAQI0T AU «IIOXOXXKMMU» CBOMCTBAMU IiepecedyeHUre
u 00bepArHeHre MHOKECTB.

EcAu oOpaTUTBHCSA K OIIPEAEAEHUSAM IIepeceuyeHus U 00 bepnHEeHU
MHOJKEeCTB, TO MOKHO YBUAEThH, UTO B HUX He (PUKCHUPYETCS IOPSIAOK
onepupoBaHUg MHOXecTBaMu. Hampumep, BBHITIOAHSIS OOBbeAUHEHUe,
MOJKHO K 9AeMeHTaM OAHOI'O MHO>KeCTBa IPUCOEAUHUTD SIA€MEHTHL APY-
TOr0, @ MOJKHO ITIOCTYIIUTH HA0OOPOT: K SAeMeHTaM BTOPOT'O MHO>KeCTBa
MIPUCOEAMHUTL 9AeMeHThI 1epBoro. ([Ipu 3TOM HAAO TOABKO TOMHUTD,
4TO B HOBOM MHOJKECTBE HE AOAKHO OBITh TOBTOPSIFOIITUXCS SIAEMEHTOB. )
AHanrormyHasl CUTyallusl ¥ B CAydae, KOTAQ BEIIIOAHSETCS IlepeceuyeHue
MHO>KeCTB. DTO O3HaYaeT, UTO IlepeceueHle 1 00 beAnHeHIe MHOKECTB
00AapQIOT nepemMecmumenbHbIM, VAU, KaK TOBOPAT B MaTeMaTHKe, KOM-
MymamuBHbIM, CBOUCIMBOM: AT AFOOBIX MHOKECTB A U B BBEITTOAHSIOTCS
paBeHcTB&: AN B=BNAuAUB=BUA.

ITepeceuenue u oObepAMHEHNE MHOXECTB 00OAQAAQIOT TAaKXKe cove-
mameAabHbIM, UAYL ACCOUUAMUBHbBIM, CBOUCMBOM: AASI AIOOBIX MHO-
&ecTB A, B u C BBIIOAHSAIOTCS paBeHCTBA: (AN B) N C=An (BN Q)
n(AuvBjuC=Au (Bu().

3aMeTuM, 4TO Ha3HaueHHe CKOOOK B 3TUX 3aIlUCIX TO JKe, UTO U B
3aIUCAX ollepaliuii Hap YUCAAMU.

OTHU CBOMCTBA MOKHO IIPOUAAIOCTPUPOBATH C IIOMOIBIO KPYTOB
Ouiaepa. PaccMoTpuM, HampuMep, acCOMaTUBHOE CBOMUCTBO IIepeceye-
HUS MHOXXeCTB. M300pa3um MHOKecTBa A, B u C B BUAe TpeXx IOoMapHo
IepeceKarouxcsa Kpyros (puc. 1.9).

A

Puc. 1.9
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B Beipaskerun (A N B) N C cKOOKU ONIPEAEASTIOT CAEAYIOUINY TOPSIAOK
MAEUCTBUU: CHAYaAa BBITTOAHSETCS IlepeceuyeHre MHOXKeCTB A U B (cM.
puc. 1.9, a, BepTUKaAbHAas IMITPUXOBKA), @ 3aTEM HAXOAMT IlepeceueHmne
IIOAYYEeHHOTO MHO’KeCTBa 1 MHOKecTBa C. EcAn BBIAGAUTE MHOKECTBO
C TOpU30HTAABHOM IITPUXOBKOM, TO 0OAACTE, 3alITPUXOBAaHHAA ABaKAHI,
OyAeT u300pakaTb MHOKeCTBO (A N B) N C.

IMpeacTaBUM Ternephb HarAsIAHO MHOXeCTBO A N (B N C). B cooTBeT-
CTBHUU C YKa3aHHBLIM MOPSIAKOM AEHCTBUU CHadYaAa HAAO HAWUTHU Iiepe-
ceueHre MHOKecTB B u C (cM. puc. 1.9, 6, BepTuKaAbHasa HMITPUXOBKA),
a 3aTeM BBIIIOAHUTH IlepecedeHre MHOKeCTBa A C IIOAYYEHHBIM MHO-
KeCcTBOM. EcAu oTMeTUTb MHOKeCTBO A TOPU30HTAABHOM IITPUXOBKOH,
TO 0OAACTB, 3ALITPUXOBAHHAT ABA’KABL, ¥ OYAET N300pa’kaTh MHOYKECTBO
An (BN Q).

BuanM, uTo oO6AaCTH, IpeACTaBASIONIME Ha puc. 1.9 MHOKecCcTBa
(AnB)nCuAn (BN C), 0OAUHAKOBEI, UYTO U IOATBEPIKAAET CITPABEA-
AMBOCTH CBOMCTBA aCCOITMATUBHOCTU AN TIEpeCceUeHns MHOKECTB.

AHaNOTUYHO MOYKHO IIPOUAAIOCTPUPOBATHL CBOMCTBO acCOIIUATHUB-
HOCTU U AT OOBeAUHEHHST MHOJKECTB.

B ueM Ba>XHOCTBH acCOIMATUBHOI'O CBOMCTBA IlepecedeHusd U 00b-
eAVMHEeHUSI MHOKeCTB? Bo-IepBBIX, MOKHO HaXOAUTH IepeceueHune
u oObepAuHEHNE TpeX MHOXKECTB, 3Hasl, KaK 9TO AeAaThb AAS ABYX. Bo-
BTOPBIX, HA OCHOBAHUM 3TOr'0 CBOMCTBA B BhIpakeHUax A N (B n C),
ANnB)NnC Au (Bu (), (Au B) U C MOXHO OIIyCKaThb CKOOKH, UTO
obaeryaetT 3anuch: AN BN Cuan Au Bu C.

B3aumocB3b epeceueHNa U OO BbEAVHEHNSI MHOKECTB OTpa>kaeTcs
B pacnpegeAumeAbHblX, AU gUCMPUbOymMuBHbIX, CBOUCMBAX 3TUX
olnepanui:

1. TlepeceueHune AMCTPUOYTUBHO OTHOCUTEABHO OOBEAMHEHUS MHO-
KECTB, T.e. A ATOOBIX MHOKeCcTB A, B 11 C BBIIIOAHSIETCS PaBEHCTBO
AuB NnC=ANC)U (BNCO);

2. O6beprHeHNE AUCTPUOYTHUBHO OTHOCHUTEABHO IIepecedyeHns MHO-
JKECTB, T.€. AT ATOOBIX MHOKeCTB A, B u C BBIIIOAHSETCSI PaBEHCTBO
ANBuC=AUC) N (BUAO).

3aMeTHM, YTO eCAU B BEIPAKEHUU eCThb 3HaKU llepeceueHus U oobe-
AVHEHUSI MHOJKECTB U HET CKOOOK, TO CHadaAa BBEIIIOAHSIOT IIepecedyeHue,
TaK KaK CUUTAIOT, UYTO IlepeceueHre OoAee «CHUABHAasA» omepalius, ueM
obOpepnHeHUe. [ToaToMy 3ach AUCTPUOYTHBHOI'O CBOMCTBA Ilepeceye-
HUS OTHOCUTEABHO OOBEAVHEHUS] MOKHO YIIPOCTUTD, OITYCTUB CKOOKH
B IPaBOM YaCTU PABEHCTBA.

EcAu mpoBecTH aHAAOTUIO C AGHUCTBUSIMU Hap YMCAAMU, TO MOKHO
YBHAETD, UTO AUCTPUOYTHUBHOE CBOMCTBO IlepeceuyeHUsI OTHOCUTEABHO
00 BEAMHEHUS «IIOX0JKe» Ha PaCIIPEASAUTEABHOE CBOMCTBO YMHOKEHUS
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OTHOCHUTEABHO CAOJKEHUS IIPU YCAOBUU, UTO B KadeCTBe OIlepaluy,
QHAAOTUYHOM ITepecevueHuIo, PACCMaTPUBATh YMHOKEHUE, a AT OOBEAN-
HeHUs — crokeHme. Ho Aasg AuCTpuOyTHBHOTO CBOMCTBA OOHEAVHEHNS
MHOKEeCTB OTHOCHUTEABHO MepeceueHrsT aHAAOTMUYHOTO CBOMCTBA HaA,
YMCAAMU HeT.

AeNCTBUTEABHO, HAAWYHE TAaKOT'O CBOMCTBa O3HAYaAAO OBI, UTO AAS
BCEX UMCeA BBIIIOAHSETCS paBeHCTBO: a - b+ ¢ = (a + ¢) - (b + ¢), uTo He-
BO3MOXKHO. [TopMeueHHOE OTAMYME YKa3hIBAeT Ha TO, YTO HAPSIAY C TEM,
4TO epecedeHre 1 O0bepAHEeHe MHOKECTB O0AAAQIOT PSIAOM CBOMCTB,
QHAAOTUYHBIX CBOMCTBAM CAOJKEHUS U YMHOKEHWUS YHCEA, Ollepanuu
Hap MHOXKeCTBAMU OOAQAQIOT CBOMCTBAMH, KOTOPBIX HET y Ollepanui
HaA YUCAAMU.

3aBepiiiasg pacCMOTpeHNe CBOUCTB MepeceuyeHus U 00bepAuHeHUsS
MHO>KECTB, OTMETUM, UTO TOHSATUS ITepeceueHruss 1 OO beAUHEeHUs MHO-
JKEeCTB MOKHO O00OONIUTL Ha AF0O0e KOHEeUHOEe YMCAO MHOKECTB:

ANnA,Nn.NnA,={x|xeAuxeA,u.uxecA)
AlUA,U..UA,={x|xeA nauxe Ayuru ... uAu x € A,}.

Takoe obo01IeHre BO3MOKHO, IIOCKOABKY OIlepallii llepecedeHns
1 0ObepAnHeHUSI 0OAAAQIOT CBOMCTBOM aCCOIIUMATHUBHOCTH.

BOMPOCHI N SAOAHNA

1. V3BecTHo, 4To X € A N B. CnepyeT nn 13 3Toro, 4To:

alxe BN A; Blxe AUB, B)Jx e BUA?
2. OnpepenuTte NOPALOK BbINOMHEHUSI AENCTBU B CNEAYHOLLYMX Bbl-
PaXeHUsIX:
alJAuBuUC; BJAnBuCnD,
B8)AnBANC; rfTAuBmnCuD.

3. lMocTponTe TpW Kpyra, NpeacTaBnaoLLMX NONapHO Nepecekato-
wmeca MHoxecTea A, B n C, 1 0TMeTbTe LUTPMXOBKOM 06nacTtu,
n3obpaxatoLLie MHOXECTBa:
aJAnBnC; BJAnBJuC, plAuBnC;
6)AuBUC; NAuUBINC, el(Aul)In(Bu~l).

[na kaxpgoro cny4an coenanTe OTAENbHbIA PUCYHOK.

4. Cpenu crnefytoLLUmx BbIpaXXEHU HanauTe Takme, KoTopble npeg-
CTaBnsaT cobon paBHbIE MHOXECTBA:
alPAnMnK; BIPA~MuUPANK; nNPuUMANK);
6PN (MUK); rNPAM)nK; eJ(MuUP)n(PuUK).

5. [HaHbl MHOXeCTBa: X — ABY3HA4HbIX YMCen; Y — YeTHbIX HaTyparb-
HbIX Yncen; P —HaTypanbHbIX YACEN, KpaTHbIX O. /13 kakmx Yymicen
COCTOUT MHOXecTBO A=X N (Y N P)?
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PA3HOCTb MHOXECTB.
[IOMOMHEHVE NOOMHOXECTBA

EcAu 3apaHBI ABa MHOYKECTBE, TO MOJKHO HE TOABKO HaUTH UX Iepe-
ceueHne U OObEAVMHEHUe, HO U Pa3HOCTD.

Pa3znocmbio MHOKXKecmB A U B Ha3bIBalOT MHOKECTBO, COAEPKAlllee
T€ W TOABKO T€ 3AEMEHTHI, KOTOPhIe ITPUHAAAEKAT MHOKECTBY A
¥ He IPUHAAAEIKAT MHOKECTBY B.

Paznocth MHOKeCTB A u B o603HauatoT A \ B. Toraa, 1o omnpeaenae-
uuto, umeem: A\ B={x|xe Aux ¢ B).

Ecau npepcTaBuUTh MHOXXeCTBA A U B ¢ TIOMOIIBIO KPYTOB JMAe-
pa, To pa3HocTb A \ B n300pa3uTcs 3alITPUXOBAHHONW 00AACTHIO
(puc. 1.10).

BBISCHUM, KaK HaXOAUTH PA3HOCTb MHOJKECTB B KOHKPETHBIX CAY-
qasgx.

Ecam saeMeHTHI A 1 B mepeuncAeHsl, TO, 4ToObl HaTu A \ B, po-
CTATOYHO IIEPEUYUCAUTH SAEMEHTEI, KOTOPHIE IPUHAAAEKAT MHOKECTBY
A ¥ He IIpUHapAeRAT MHOXKecTBY B. Hanpumep, ecau A = {c, d, e, f, k},
B={d, e m, p}, To A\ B=/{c, {, k}.

Ecau MHOKecTBa A 1 B 3aA@HBI XapaKTepUCTUIECKUMU CBOMCTBaAMH,
TO XapaKTepUCTUYeCKoe CBOMCTBO MHOKeCcTBa A \ B OyAeT TaKuM: «CO-
CTOATH M3 TAKUX 3AEMEHTOB, KOTOPEIe IPUHAAAEKAT MHOKECTBY A U
He IIpUHaApAEXAT MHOXXecCTBY B». Hanpumep, ecam A — MHOXeCTBO
YEeTHBIX HaTYPaAbHBIX YHCeA, @ B — MHOKeCTBO HaTypPaAbHBIX YHCEA,
KpaTHBIX 3, TO A \ B — MHO’XeCTBO UYeTHBIX HATyPaAbHBIX UHCEA,
He KpaTHBIX 3.

B mIKOABHOM Kypce MaTeMaTUKH 4dallle BCero IPUXOAUTCS HaXOAUTH
Pa3sHOCTb MHOJKECTB B CAy4ae, KOTAQ OAHO U3 HUX SIBASETCS IIOAMHO-
>KeCTBOM APYTOTO, IIPU 3TOM Pa3HOCTb MHOKeCTB A \ B Ha3BIBAIOT AO-
IOAHEeHHeM IOAMHOKeCcTBa B A0 MHO>KecTBa A 1 0003HauYarOT CUMBOAOM
B, (puc. 1.11).

Puc. 1.11



[Tycte B < A. AonoaneRuem IOAMHO>XeCTBa B A0 MHOKecTBa A Ha-
3BbIBAIOT MHOYKECTBO, COAepsKalllee Te U TOABKO T€ 9A€MEHTHI MHO-
XKeCTBa A, KOTOpBIe He IPUHAAAEKAT MHOXKECTBY B.

Kaxk y>xe 6BIAO OTMEUEHO, B CAydae Korpaa B c A, A\B = Bj.

V13 onpepeneHus caepyeT, uTo B, = {x | x € Aux ¢ B}.

BoisicHUM, KaK HaXOAUTh AOTIOAHEHUNE TTOAMHOJKECTBa, Ha KOHKPET-
HBIX TpUMepax.

Ecau saeMeHTBEI MHOKeCTB A U B nepeuncaeHsl u B C A, TO, uTO-
OBl HANTHU AOIOAHEHMEe MHOJKecCcTBa B A0 MHOXecTBa A, AOCTATOUHO
NIEepeuYNCAUTh SAEMEeHTH], IPUHAAAE KAIINEe MHOKECTBY A U He IIpHU-
HapAexalme MHOKecTBY B. Tak, ecan A = {1, 2, 3, 4, 5}, a B = {2, 4},
To By = {1, 3, 5}.

B TOM caydae, KOrAa YKa3aHBI XapaKTEePUCTUYECKUE CBOMCTBA 3Ae-
MEHTOB MHOXecTB A u B u u3zBectHO, uTO B — A, TO MHOXecTBO B,
3aAQI0T TaK’Ke C IIOMOIIBI0 XapaKTepPUCTUUECKOTO CBOMCTBa, OOUIUM
BUA KOTOPOTO «X € A u x ¢ B». Tak, ecAu A — MHO>XECTBO YETHBIX
4mcen, a B — MHOKeCTBO 4YHuCeA, KpaTHBIX 4, To B’y — 3TO MHO>XECTBO,
copeprKalllee TakKue YeTHhIe YUCAQ, KOTOpPhIe He pAeasdaTcs Ha 4. Hanpu-
Mmep, 22 € By, Tak Kak 22 € A (T.e. OHO 4eTHOe) u 22 ¢ B (T.e. OHO
He KpaTHO 4).

Haxo>kpaeHue pa3sHOCTH — 3TO TPEeThs oliepallus Haj MHOXKeCTBa-
Mu. Ham mM3BecTHO, 4TO IlepecedeHre MHOKECTB — OoAee «CUABHAasA»
onepalus, ueM oObepAuHeHre. A KakK ObITh ¢ pa3dHocThbio? Hampumep,
KaKOB ITOPSIAOK BBITIOAHEHUS AeHMCTBUY B BhIpaskeHnu A \ B N C? Ycao-
BUAUCH CYUTATh, UTO IlepecedueHre — OOAee «CUABHASA» OIepalus, 4eMm
HaXO’KAEHME Pa3HOCTHU. [T03TOMY NOPSAAOK BBIIIOAHEHUS ACUCTBUU B BBI-
paskenuu A \ B N C Takol: cHauaAa HaXOAMT IlepeceueHre MHOXKECTB
B u C, a 3aTeM pa3HocTh MHOKecTB A 1 B N C.

Yto racaeTcsi 00beAUHEHUS U HaXOKAEHUS Pa3HOCTU MHOXECTB,
TO WX CUMTAIOT paBHOIpaBHLIMU. Hanpumep, B Bepakenun A \ Bu C
HAAO CHAvaAa HAUTH PAa3HOCTb MHOXKECTB A U B, a 3aTeM IIOAy4eHHOE
MHO>KeCTBO OOBEeAMHUTHL ¢ MHOKecTBOM C.

Pa3HoCTh MHOKeCTB 00AaA@eT PSIAOM CBOMCTB. B wacTHOCTH, AAT
AIOOBIX MHOKeCTB A, B u C CIIpaBEAAUBEL CAEAYIOIIE PABEHCTBA:

1) (ANB)\C=(A\C)\ B;

2)(AuB)\C=(A\NC)u (B\ C);

3)(AN\B)NnC=(AnC)\ BN C);

4)A\NBUC)=(A\B) N (A\ C);

5A\ (BN C)=(A\B)uU (A\ O).
22



BOMPOCHI N SAOAHNA

1. Hangwute pasHocTb MHOXecCTB A n B, ecnu:
aJA={1,2,3,4,5,6},B={2,4,6,8, 10};
6)A={1,2,34,56},B=0,
BJA={1,2,3,4,56},B={1,3,5};
rNA={1,2,3,4,56},B={6,2,3,4,5,1}.

2. Bkakumx cnyyasx, BbINonHss 3agaHve 1, Bbl HAX0OWnM JOMONHEHVE
nogMHoxecTtsa B oo mHoxecTBa A?

3. CdhopmynupyinTe ycnoBus, Npu KOTOPbIX UCTUHHLI CreaytoLime
BbICKa3bIBAHWNS:

al5 e A\B; 6)7 ¢ A\B.
4. N3BecTHo, 4to x € A \ B. Cnefyet n1 u3 3Toro, 4T0:
alx e A; 6)x e B?

5. TMokaxuTe, BLINOMHMB YepTeXX, AOMOTHEHWE MHOXEeCTBa Y 40 MHO-
xecTea X, ecnu:
a) X — MHOoXecTBO To4ek npamon AB, Y — MHOXeCTBO TOYek

oTpe3ka AB;
6) X — MHOXECTBO NPAMOYroNbHMKOB, Y — MHOXECTBO KBafpa-
TOB.

NOHSATVE PA3BVEHWNS MHOYXECTBA
HA KNACCbI

[MousATHS MHOXKeCTBa U ollepaluil Hap MHOKeCTBaMU IIO3BOASIOT
YTOUHHUTH Hallle IIPEACTaBAeHNEe O KAaccugukauuu — AeVCTBUU pac-
npeAeAeHUss OOBEKTOB 110 KAACcaM.

Khaccudukaiyiro Mel BEITOAHSIEM AOCTATOYHO YacTO. Tak, HaTypaAb-
HBIEe YMCAQ IIPEACTABASIEM KaK ABa KAACCA: YETHBHIE U HeUEeTHHIE. YTABI
Ha IINOCKOCTH pa3buBaeM Ha TPU KAACca: IPSIMBIE, OCTPHIE U TYIIBIE.

Arobas Kaaccugukayus cBA3aHA ¢ pa3buenueM HeKOmMOpOro MHOXKe-
cmBa 06beKMOB HA NogMHOXecmBa. [Ipu smom cuumaiom, Wmo MHOXe-
cmBo X pa3bumo Ha Kaacchl X, Xy, ooy Xy ...y €CAU:

m  nogmuoxecmsa X, X,, ..., X,,, ... NONAPHO He NepeceKarmcs,;
1 2 n

m  oObeguHeHUe nogmHoxkecmB X;, Xy, ..., X, ... COBnagaem c MHOXe-
cmBoMm X.

EcAn He BBEIIIOAHEHO XOTsI OBl OAHO U3 YCAOBUM, KAACCU(MUKALIAIO CUH-
TAIOT HellpaBUABHOU. Hanpumep, ecan u3 MHOXeCTBa X TPEYTOABHUKOB
BBIAEAUTH IIOAMHOKECTBa PaBHOOEAPEHHBIX, PABHOCTOPOHHUX U pa3-
HOCTOPOHHUX TPEYTOABHUKOB, TO Pa30HUeHNs He IIOAYIUTCS, TOCKOABKY
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IIOAMHO’KEeCTBA PAaBHOOEAPEHHBIX U PABHOCTOPOHHUX TPEYTOABHUKOB
IIepeceKaroTcs (BCe paBHOCTOPOHHUE TPEYTOABHUKU SIBASIOTCS PAaBHO-
OeppeHHBIMU). B A@aHHOM CAydae He BEIIIOAHEHO IIePBO€ YCAOBUE pas-
OueHMns MHOKEeCTBA Ha KAACCHI.

Tak Kak pa3breHre MHOKECTBa Ha KAACChI CBA3aHO C BBIAGAEHUEM
€r0 IIOAMHO>KECTB, TO KAACCU(MHUKAITUIO MOSKHO BBIITOAHSTDH C IIOMOIILIO
CBOWCTB MHO>XKECTBA.

PaccMmoTpuM, HanpuMep, MHOKeCTBO HaTypaAbHBIX yrcea N. OHO
00OAaAAeT PA3AMYHBIMM CBOMCTBAMU. [TOAOKUM, UTO HAC UHTEPECYIOT
4YHMCAQ, KpaTHBIEe 3. OTO CBOMCTBO IIO3BOASET BBIAGAUTH U3 MHOKECTBA
HaATypPaAbHBIX YHCEA TIOAMHOKECTBO, COCTOsIIIee U3 YUCeA, KPaTHBIX 3.
Torpa mpo oCcTaAbHBIE HaTypaAbHBIE YMCAA MOJKHO CKasaTh, YTO OHU
He KpaTHHL 3, T.e. IIOAyYaeM ellle OAHO IOAMHO>KECTBO MHOXXeCTBa
HaTypaAbHEIX ynceA (puc. 1.12). Tak KaK BbIAGAE€HHBIE TTOAMHO>KEeCTBa
He IIepeceKaloTcsd, a uX oObepAUHEeHNe COBIAAAeT C MHOKEeCTBOM Ha-
TypPaABHBIX UMCEA, TO UMeeM pa3dOneHHe 3TOTO MHOJKEeCTBa Ha ABa
KAacca.

Boo061ie, ecan Ha MHOXKecTBe X 3aAaHO OAHO CBOMCTBO, TO 3TO
MHOJKECTBO pa30MBaeTCs Ha ABA KAACCA: IIePBBINM — KAACC OOBEKTOB,
00AQAQIONIUX 3TUM CBOMCTBOM, @ BTOPOM — AOIOAHEHHe IIepBOTOo
KAacca A0 MHOKecTBa X. Bo BTOpoM Kaacce copepsKaTcsl TakKue 00beK-
TBI MHO>KeCTBa X, KOTOPHIE 3aAaHHEIM CBOMCTBOM He 00AaAAIOT. TaKyto
KAAQCCU(PUKAILIUIO HA3bIBAIOT gUXOMOMU1€ECKOU.

PaccMoTpuM Tellepb CUTyalUIo, KOTAA AT MHOJKECTBA 3aAAHEBI ABa
cBocTBa. HampuMmep, Takue CBOMCTBA HATYPAABHBIX YUCEA, KaK «OBITh
KPaATHBIM 3» U «OBITH KPATHBIM 5». C MMOMOIITBIO 3THUX CBOWUCTB U3 MHO-
KectBa N HaTypaAbHBIX YMCEA MOJKHO BBIAGAWTH ABa ITOAMHOKECTBA!
A — TOAMHO’KECTBO UMCEA, KPAaTHBIX 3, U B — MOAMHO>XEeCTBO YUCEA,
KpaTHBIX 5. OTU MHO’KeCTBa IlepeceKaloTcsl, HO HU OAHO U3 HUX He 5IB-
AseTcsl IOAMHO’KeCTBOM Apyroro (puc. 1.13). [IpoaHaarusupyeM HOAy-
YUBIIUNCA PUCYHOK. KOHeUHO, pa3bueHuss MHOKeCTBA HAaTyPaAbHBIX

z

Puc. 1.12 Puc. 1.13 Puc. 1.14
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yrceA Ha MOAMHOKeCTBa A U B He npou3somro. Ho xpyr, n3obpakaro-
mm# MHOReCcTBO N, MOKHO pacCMaTPUBATH KaK COCTOSIIITM M3 YeThIpex
HellepeCceKAaIInXcsa 00AaCTeN — HA PUCYHKE OHM IIPOHYMEPOBAHHI.
Karxkpast 06nAacTh n300pa’kaeT HEKOTOPOe TTOAMHOKeCTBO MHOKecTBa N.
IToapMHO>XeCTBO I COCTOUT U3 yrCeA, KPaTHBIX 3 U 5; TOAMHOXKeCTBO I —
U3 4mMCeA, KPaTHBIX 3 M He KPaTHEBIX 5; MoAMHOKecTBO III — 13 uucen,
KpPaTHBIX 5 1 He KPaTHBIX 3; TOAMHOXeCTBO IV — 13 uncen, He KpaTHBIX
3 u He KpaTHBIX 5. OObeAHEeHNEe ITUX YeThIpeX MOAMHOKECTB €CTh
MHOXecTBO N.

TakuM oOpa3oM, BEIAEACHHE ABYX CBOUCTB IIPUBEAO K Pa30UEHUIO
MHO>KecTBa N HaTypaAbHBIX YHCEA Ha YeThIpe KAacca.

He caepyeT AyMaTh, YTO 3apaHUeE ABYX CBOMCTB 3A€MEHTOB MHO-
JKeCTBa BCerAa MPUBOAUT K pa3zObHeHNI0 3TOTO MHOXKEeCTBa Ha YeThIpe
KAacca. Hampumep, ¢ MOMOIIBIO TAKUX ABYX CBOUCTB: «OBITH KPATHBIM
3» 1 «OBITh KPATHBIM 6» MHO’KECTBO HATYPAABHBIX YMCEA PA30UBaAETCA
Ha Tpu KAaacca (puc. 1.14): I — kaacc uncea, KpaTHbIX 6; I[I — Kaacc yu-
ceA, KpaTHBIX 3, HO He KpaTHEIX O; III — Kaacc umcen, He KpaTHBIX 3.

BOMPOCHLI N SAOAHNA

1. NamHoxectBaX={1,2,3,4,5,6,7,8,9,10,11, 12} Bblaenu-
nn nogmMHoxecTsa X4, Xs 1 X3. B kakom 13 cregyroLumx cnyvaes
MHOXeCTBO X 0ka3anocb pasbuTtbiM Ha Knacch!:
a)X;=1,3,57,11},X.={2,4,6,8,10, 12}, X5={9};
6) X, ={1,3,5,7,9, 11}, Xo={2,4,6, 8,10, 12}, X5 =
={10,11,12};

B) X, ={3,6,9,12},X.={1,5,7,11},

2. N3 mHoxectBa X ={1,2, 3,4, 5,6, 7,
LEenuiv NogMHOXECTBa:

a) A — 4eTHbIX Yncen; B — He4eTHbIX Yncen;

6) A — dncen, kpaTHbIx 2; B — yncen, KkpaTHbix 3; C — 4ducen,
KpaTHbIx 4;

B] A — HEYETHbIX 0OHO3HAYHbIX YMCen; B — YeTHbIX ABY3HA4HbIX
yumcen.

B kakom cny4ae nponsoLuno pa3breHne MHoxecTBa X Ha Knac-
cbl?

3. 13 MHOXecTBa TpeyronbHNKOB BbIAENWAN NOQMHOXECTBA Tpe-
YrONbHUKOB:

a) npsAMoyronbHble, paBHObedpeHHbIE, PABHOCTOPOHHUE;

6) ocTpoyronbHble, TYNOYronbHbIE, MPAMOYrOfbHbIE;

B) paBHOCTOPOHHMWE, MPSAMOYrOfbHbIE, TYMOYroMbHbIE.

B kakom cnyvae nponsoLuno pasbrieHrne MHOXECTBa TPeyrosb-
HMKOB Ha Knacchbl?

{2,10}?

X3:
8,9, 10,11, 12} BbI-
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a 6 B
Pwuc. 1.15 Puc. 1.16

4. MNepevepTuTe durypsbl, npueedeHHsle Ha puc. 1.15, a—-.,
1 Ha KaXXA0W N3 HUX BbigenuTe (pasnuyHbIMm1 BUAAMM LUTPUXOBKN)
HenepecekatoLymecs obnacTu.

5. 1306pa3nte c nomoLLbio kKpyros 3nnepa MHoxecTBo N Ha-
TypanbHbIX YYCEN 1 ero MOJMHOXECTBA: YETHbIX Y1CEN U Yncen,
KpaTHbIX 7. MoXHO nn yTBepXaaThk, 4To MHoxecTso N paséuto:
a) Ha ABa Knacca: YeTHbIX YYCEN U YNCEN, KpaTHbIX 7;

6) Ha YeTbIpe Knacca: YeTHbIX YMCES, KPaTHbIX 7; YETHbIX YMcern,
He KpaTHbIX 7; HEYETHbIX YMCeS, KPaTHbIX 7; HEYETHbIX Y1Cen,
He KpaTHbIX 77?

6. Ha puc. 1.16 nsobpaxeHbl MHoXecTBa: X — CTyAeHTOB rpynmbl,
A — CnopTCMEeHOB 3TOW rpynnbl, B — 0TNMYHMKOB 3TOM rpynnbl.
a) YkaxwuTe Knaccbl pas3brieHns MHoXecTsa X, Mony4eHHbIe C Nno-
MOLLIbIO CBONCTB «BbITb CMOPTCMEHOMY U &BbITb OTIIMYHMKOMDY),
1 OXapaKTEPU3YWTE KaXabIn N3 HNX.

6) Ckonbko nony4unock bl knaccos pasbuenns, ecnuy 6bl HYU 0QVH
OTIMYHMK FPYMMbl He Bbin CNOPTCMEHOM?

BeinonHuTe cooTBETCTBYIOLLMI PUCYHOK M HA30BUTE KNacchl
pas3bueHus.

m NEKAPTOBO MPOW3BEAEHWNE MHOXECTB

Hcnoawb3ysa pABe nu@pPHL, HalpuMep 3 U 5, MOKHO 3allUCATh YeThIpe
ABY3HAUHBIX uncAa: 39, 53, 33 u 55. HecMmoTps Ha To 4To umucaa 35 u 53
3aNMCaHbl C IIOMOIIBIO OAHUX M TeX >Ke ITUdP, ITU YMCAA Pa3AUYHBIE.
B ToM caydae, Koraa BajKeH IIOPSIAOK CA€AOBAHMS IAEMEeHTOB, B MaTeMa-
THKE TOBOPAT 00 yIIOPSAOUYEHHBIX HAOOpax dAeMeHTOB. B paccMoTpen-
HOM IIpUMepe MBI UIMEAUN AEAO C YIIOPSIAOYEHHBIMU IIapaMu.

YnopsiAO4eHHYIO ITapy, 00pa30BaHHYIO U3 SIAEMEHTOB d U b, IPUHATO
3aIIUCHIBATh, UCIIOAB3YSI KPYTABle CKOOKU: (@, b). DAeMeHT a Ha3hIBAIOT
nepBoli koopguHamol (KomnoHeHmol) napkl, SAeMeHT b — Bmopou
KoopguHamoti (KoMnOHeHmou) napal.

IMapst (a, b) u (¢, d) paBHEL B TOM U TOABKO TOM CAyYae, KOTAQ 4 = C
ub=d.
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B ymopsipouenHoM nape (a, b) MoxeT OBITh, UTO @ = b. Tak, 3anuch
yncea 33 ¥ 55 MOKHO pacCMaTpUBaTh KakK yIOpPSAO4YeHHEBIe ITapkl (3, 3)
u (5, 95).

YnopsiAOueHHBIe Taphl MOKHO 00pa30BaTh M3 SAeMEeHTOB KaK OAHOTO
MHO>KECTBQ, TaK U ABYX MHO>XecTB. [TycTh, Hanpumep, A={1, 2, 3}, B={3,
5}. ObpasyeM ymopsiA0ueHHBIe IIaphl TaK, YTOOBI TepBasi KOMIIOHEHTA
IIpUHAAAEKaAa MHOXKECTBY A, @ BTopasi — MHOYXeCTBY B.

EcAu MBI mEpeYMCANM BCe TaKHWe Hapbl, TO IOAYYUM MHOJKECTBO:!
{(1,3), (1, 5), (2, 5), (3, 3), (3, 5)}.

BupuMm, 4TO, NUMes ABa MHOXKECTBA A U B, MBI IIOAYYUAM HOBOE MHO-
>KeCTBO, IA€MeHTaM1 KOTOPOTO SIBASIOTCS YIIOPSIAOUEHHBIE ITaphl YHCeA.
OTO MHO>KeCTBO Ha3hIBAIOT A€KapTOBLIM IIPOU3BEAEHNEM MHOKECTB A
u B.

AeKapmoBbiM nNpou3BegeHUeM MHOXECTB A U B Ha3bIBAIOT MHOMKe-
CTBO BCEX I1ap, IepBasi KOMIIOHEHTa KOTOPBIX MPUHAAAEKUT MHO-
KECTBY A, a BTOpasi — MHOJKECTBY B.

AeKapToBO Mpou3BeAeHUe MHOKeCTB A U B o603HauaroT A x B. Toraa
10 oTpepeAeHuIo uMeeM: A x B={(x,y) | x € Auy € B).

3agaua 1. Halitu pAeKapTOBO MpoOu3BepAeHHe MHOXeCTB A u B,
€CAU:

a) A={m, p}, B={e, {, k};

0) A=B={3, 5}.

Pewenue. a) AelCTByeM COTAQCHO OIIPEAEAEHUIO — OOpa3syeM Bce
naphl, IepBasi KOMIOHEHTa KOTOPHIX BBIOMpaeTcs U3 A, a BTopas —
us B:

A x B ={(m, e), (m f) (m, k), (p e), (p f) (P, K)}.

6) AeKapTOBO IIPOM3BeAEHME PaBHBEIX MHOKECTB HaXOAMT, 00pa3ys
BCEBO3MOJKHEIE TIaphl U3 SAEMEHTOB AGHHOTO MHOYKECTBA:

AxA={(33), (3 5), (5 3), (5 5)}.

BBIACHUM, KAKMMHM CBOMCTBAMU OOAAAQET Olepanus HaXOKAEHUS
AEKapTOBa MIPOU3BeAEeHMs. TaK KaK A€KapTOBBI IPOU3BeAeHUd A x B
U B x A COCTOAT U3 PA3AMYHBIX IAEMEHTOB, TO AeKapPTOBO YMHOKEHUE
MHO>XeCTB A U B CBOMCTBOM KOMMYTAaTUBHOCTH He OOAapaeT. AHAAO-
TUYHO PACCY’KAAst, MOJKHO AOKa3aTh, YTO AAs DTOM Ollepalliy He BHI-
IIOAHSIETCSI U CBOMCTBO accolMaTuBHoOCTU. Ho oHa gucmpubymuBHa
OMHOCUMEeAbHO 00beguHeHUs U PA3HOCIMU MHOXECMB, T. €. AT AFOOBIX
MHOKeCTB A, B u C BBITIOAHSIOTCSI PaBEHCTBA:

AUuB)xC=(AxC)uU (BxC);
(ANB)xC=(AxB)\ (Bx ().
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1 (1,3) (1,5)
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3 (33 (3,9)
6 0o 1 23 X
Pwuc. 1.17 Puc. 1.18

BrIsscHUM Temepb, KaK MOKHO HATASIAHO ITPEACTABASITH AEKapTOBO
IPOM3BeAEeHNEe MHOKECTB.

Ecau MHOKecTBa A U B KOHEUYHEI U COAEP’KAT HEOOABLIOE YUCAO
IAEMEeHTOB, TO MOXXHO M300pa3uTh A€KapTOBO IIPOU3BEAEHUE ITUX
MHOJKEeCTB C IIOMOIIBIO rpada UAM Tabaunbsl. Hanpumep, pAeKapToBo
npousBepeHue MHOXKecTB A = {1, 2, 3} u B = {3, 5} IpeACTaBA€HO Ha PUC.
1.17, a c nmomortbio Tpada, a Ha puc. 1.17, 6 ¢ TOMOIIBIO TaOAMIIHI.

AeKapToBO IIPOU3BEAEHHME ABYX YHMCAOBBIX MHOJKECTB (KOHEUHBIX
U OeCKOHEYHBIX) MOJKHO M300pa>kaTh Ha KOOPAMHATHOU IIAOCKOCTH,
TakK KaK Ka’kAas Mapa 4rceA MOJKeT OBITh eAMHCTBEHHBIM 00pa3oM
uzobpa’keHa TOUKOM Ha 3TOM IAOCKOCTU. Hanpumep, AekapToBO Ipo-
usBepeHue A x B mHOKecTB A = {1, 2, 3} u B = {3, 5} Ha KOOpAUHATHOM
IIAOCKOCTHU ITOKa3aHo Ha puc. 1.18. 3ameTnM, 4To 35AeMeHTHl MHOKECTBa
A MBI 1300Pa3UAM Ha OCH X, @ SAeMEeHTEl MHOXXeCTBa B — Ha ocu y.

Takoi crtocob HAarAsIAHOT'O IPEACTaBACHUS AeKAPTOBA IPOU3BEACHUS
ABYX UHCAOBBIX MHOJKECTB YAOOHO UCIIOAB30BAaTh B CAydae, KOTAA XOTs
OBI OAHO 13 HUX GecKOHeuHoe.

3agaua 2. 1300pa3uTh Ha KOOPAMHATHOMN IIAOCKOCTU AeKapTOBO
nmpousBepeHUe A x B, ecan:

a)A=1{1,2 3}, B=[3, 9], B)A=R, B=]3 5];

0) A=[1, 3], B=[3, 95]; r) A=R, B=R.

Pewenue. a) Tak Kak MHOXeCTBO A COCTOUT U3 TPeX SAEMEHTOB,
a MHOJKeCTBO B copepsKUT Bce AeWCTBUTEABHBIE UHCAA OT 3 AO 5,
BKAIOYAsd U CaMM 3TH YUCAQ, TO AeKapTOBO Ipou3BepeHUue A x B Oy-
AET COCTOSATh N3 OECKOHEUHOTO MHOJKECTBA Iap, MepBas KOMIIOHEHTa
KOTOPBIX AMOO 1, Am60 2, Am60 3, @ BTOpasi — AI000€e ACUCTBUTEABHOE
YUCAO U3 IIpoMexkyTKa [3, 5]. Takoe MHO>KeCTBO Iap AeMCTBUTEABHBIX
YnrceA Ha KOOPAMHATHOU MAOCKOCTU M300pa3uTCcsad TpeMs OTpe3KaMu
(puc. 1.19).

0) B aToMm cayuae OeckoHeuHBI 00a MHOXecTBa A u B. [TosTomy
IIepBOM KOOPAMHATOM Iaphl, IPUHAAAEKAILe MHOXeCTBY A X B,
MOJKeT OBITH AF0OO€e UMCAO U3 IPOMeXyTKa [1, 3], U, CAeAOBATEABHO,
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TOUYKHM, M300pa’kaoliye SAeMeHTHl AeKapTOBa IIPON3BEACHUST AQHHBIX
MHO>XeCTB A u B, 00pa3ytoT KBappart (puc. 1.20). HToOBI IOAUEPKHYTS,
YTO DAEMEHTHI AeKapTOBa IIPOU3BEASHUS N300pa’karoTCs U TOUKaMU,
A€’KAIllMMU BHYTPHU KBAApATa, 3TOT KBAAPAT MOJKHO 3allITPUXOBATh.

B) ODTOT CAy4Yal OTAMYAETCS OT IIPEABIAYIIIEro TEM, YTO MHOKECTBO A
COCTOUT U3 BCEX ACVCTBUTEABHBIX UMCEA, T. €. adcIincca ToueK, u3oopa-
JKAIOIUX SIAEMEHTHI MHOJKECTBa A X B, TpUHUMaET BCe AeUCTBUTEABHEIE
3HAUEeHMd, B TO BpEMs KaK OPAMHATA BEIOMPAETC U3 IIpoMeXXyTKa [3, 5].
MHO>XeCTBO TaKUX TOYeK 0OpasyeT moaocy (puc. 1.21).

r) AekaproBo mpousBepeHre R x R cocToUT m3 BCEeBO3MOKHBIX
AEMCTBUTEABHBIX uriceA. TOUKY, u3dobpa’karollye 3TH Haphl, CIAOIIL
3aMIOAHSIIOT KOOPAUHATHYIO IIAOCKOCTh. TakuM 00pa3oM, AeKapTOBO
npousBepeHue R x R COAEPIRUT CTOABKO >Ke 9AEMEHTOB, CKOABKO TOUYEK
HaXOAUTCS Ha KOOPAMHATHOM IMAOCKOCTH.

B MaTeMaTHKe U APyIMX HayKax pacCMaTpHBAlOT He TOABKO YIIO-
psiAOUYEeHHBIe ITaphl, HO U yIOpPsIAOYeHHBbIe HAOOPHI U3 TpeX, YeThIpex
u 6oaee aneMeHTOB. Hanpumep, 3anuch yucaa 367 — 3TO yIIOPSIAOUEH-
HBIM HAOOP M3 TpeX dAeMEHTOB, a 3allMCh CAOBA «MaTeMaTHKa» — 3TO
YIOPSAOYEeHHBIN HaOop u3 10 3neMeHTOB.

YropsipoueHHBIe HaOOPHI YaCTO HAa3bIBAIOT KOPMEXKAMU Y Pa3ANYAIOT
o AAVHE. AAUHA KOPpMe>Ka — 3TO YUCAO IAEMEHTOB, M3 KOTOPHIX OH
cocrout. Hanpumep, (3, 6, 7) — 3TO KOpPTeX AAMHEL 3, (M, @, T, €, M, q,
T, 1, K, a8) — 3TO KOpPTeX AAMHBL 10.

PaccMmaTpuBaioT B MaTeMaTHKe U AeKapTOBO MPOM3BEAEHUE TpeX,
4YeThIpeX U BOOOIle N MHOXKECTB.

AeKapmoBbsiM npou3sBegeHueM MHOKeCTB A, A,, ..., A, Ha3bIBaIOT
MHO’KECTBO BCEX KOPTEKeH AAMHEI 1N, TepBasi KOMIIOHEHTa KOTOPBIX
NIPUHAANEIKUT MHOKECTBY A;, BTOPas — MHOJKECTBY Ay, ..., N-I —
MHOXKECTBY A,.

AeKapTOBO IPOU3BEACHUE MHOKECTB A, Ay, ..., A, 0003HaUYAIOT TaK:
A x Ay x . x A,
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3agaua 3. Aaubl MHOKecTBa: A, = {2, 3}, A,= {3, 4, 5}, A; = {6, #}.
Havitu A; x A, x A,

Pewenue. DneMeHTaMU MHOKeCTBa A; x A, x A; OYAyT KOPTEXH
MVHBI 3 TaKHe, YTO IIepBasi UX KOMIIOHEHTa IIPUHAANEIKUT MHOKECTBY
A,, BTOpast — MHOJKEeCTBY A,, TPeTbsl — MHO>XECTBY Aj:

A xAyxA3=1{(23,6), (2,3, 7). (2.4,6), (2,4 7), (2, 5 6), (2,5 7),
(3:3,6), (3,3, 7), (3,4 06), (3,4, 7), (3. 5 6), (3, 5, A}

BOMPOCHI N SAOAHNA

1. OaHo ypaBHeHne 2x — 3y = 3. 3anumnTe HECKOMbLKO PeLIeHnN
[aHHOro ypaBHeHus. Y7o npegctaBnseT cobor Kaxaoe peLue-
HMe? AsnaeTca Ny napa (4, 5) peLLeHremM AaHHOro ypaBHeHNA?
A napa (5, 4)?

2. lNepeuncnute anemeHTbl gexkapToBa nponasefdeHus A x B, ecnu:
a)A={a,b,c,d},B={bk1};
6)A=B={a,b,c};

BJA={a,b,c},B=0.

3. 3anuwmTe pasnuyHble ABy3Ha4YHbIE Y1CNA, UCMOoNb3ys Umdpbl 3,
4 1 5. Ckonbko cpeamn HUX Takux, 3anmncb KOTOPbIX HA4YMHAETCA
C umdppbl 3?7 Kak cBA3aHO peLLleHne faHHoM 3a4a4m C NOHATUEM
LexapToBa Npon3BeAeHs MHOXecTB?

4. [aHbl ga mHoxXecTBa: A= {1,3,5} nB= {2, 4}.Nepeuncnure
anemeHTbl MHoXecTB A x B B x A. BepHo nu, yTo:

a) mHoxecTBa A x B n B x A cofepxaT 0gMHaKkoBOe 4YM1CIo ane-
MEHTOB;
6) MHoxecTBa A x B B x A paBHbI?

5. Ckonbko 6yks B cnoee «bapabaH»? Ckonbko pasnuyHbix Byks
B 3TOM Crose?

Cchopmynupyite aTy 3agady, UCMonb3ys NOHATUS MHOXECTBA

1 KopTexa.
y

y y 5 y

4
2 2
1,

|

0] 1 23 4x 0 2 x -2 0 3 X 0| 1 4 X

-1

a 6 B r
Puc. 1.22



6. Yem oTnmyaeTcs MHOXECTBO uMdp B 3anncu 4ucna 56 576
OT KopTexa undp B ero 3anucn?

7. V306pasunTe B NpsMOYrosfibHOM CUCTEME KOOPAUHAT MHOXECTBO
A x B, ecnu:
alA=[-2,2],B={2,3,4};
6)A=[-2,2],B=(2, 4);
BJA=R,B=[2,4l

8. OnpepnenvTe, 4ekapToBO NPOM3BEAEHME KaKMX MHOXECTB X
n Y nsobpaxeHo Ha puc. 1.22,a—r.

YCNO 3NEMEHTOB B OELEAVHEHWN
1 PA3HOCTW KOHEYHbIX MHOXECTB

HaM mu3BecTHO, KaK HaXoOAAT OObepAMHeHNe ABYX KOHEUHBIX He-
IepeceKamoIuxcsd MHOKecTB. Hanpumep, ecau A = {x, y, z}, a B = {k,
I, m, p}, oAU B={x,y 2 k, I, m, p}. HTOOBI OTBETUTHL Ha BOIIPOC:
«CKOABKO DA€MEHTOB B IIOAYYEHHOM MHOJKECTBE?» — AOCTATOYHO
TmepecuymnTaTh uXx.

A KaK OIIPeAeASiTh UUCAO DAEMEHTOB B OO beAMHEHUN KOHEUHBIX MHO-
>KeCTB, He 00pa3ysl eTo U He 00palllasich K IepecyeTy SAeMeHTOB?

YcroBuMCS peproReHre « MHOMKECTBO A COAEPIKUT d SAEMEHTOB»
3alUChIBATh B TakKoM BuAe: n(A) = a. Hanpumep, ecau A = {x, y, z},
TO yTBep>KAeHUe «MHOKeCTBO A COAEPKUT TPU dAEMEHTa» MOKHO
3amnmcaTh Tak: n(A) = 3.

MO>XHO AOKa3aTh, YTO €CAU B MHOYKECTBE A COAEPIKUTCSI d DAEMEH-
TOB, @ B MHOXXeCTBe B — b sAeMeHTOB U MHO>XecCcTBa A u B He mepe-
CeKaloTcs, TO B 00ObeAMHEeHUN MHOXeCTB A U B copep>XuTcs a + b aae-
MEHTOB, T.e.

n(A U B) =n(A) +n(B) = a + b. (1)

OTO MPAaBUAO HAaXOXKAEHUS UYHCAA SIAEMEHTOB B OOBEeANHEHUM ABYX
KOHEYHBIX HellepeCeKaIoIIUXCsl MHOKECTB MOKHO OOOOIIUTEL Ha CAY-
4yayl t MOIapHO HellepeCceKalolINXCsI MHOXKECTB, T.e. eCAU MHO’KeCTBa
A, A, ..., A, TIOTApHO He IepeceKaloTcsd, To n(A; U A, U ... U A) =
=n(A;) + n(Ay) + ... + n(A)).

HeTpyaHro yObepuTsca B TOM, 4TO ecau B ¢ A, to n(B'y) = n(A) — n(B),
T. €. YUCAO DAEMEHTOB AOTIOAHEHMS IOAMHOYXeCTBa B A0 AaHHOTO KOHeU-
HOT'O MHOJKeCTBa A paBHO Pa3HOCTU YUCAEHHOCTeN 3TUX MHOXKECTB.

IMycTs, HanpumMmep, A = {x, y, z, p, t}, a B = {x, p, t}. Hatipem uucao
3AEMEHTOB B AOTIOAHEHUU IIOAMHO>KeCTBa B A0 MHO>KecTBa A.

31



IMepecunTaB 3AeMeHTHI MHOXKeCTB A 1 B, moaydaeM, uto n(A) = 5,
n(B) = 3. Toraa n(B'y) = n(A) — n(B) = 5 — 3 = 2. TakuMm oOpa3oM, B AO-
IIOAHEHUU MHOJKeCTBa B A0 MHOKeCcTBa A COAEP>KUTCI ABa SAEMEHTA.

®opmyaa (1) TO3BOASIET HAXOAUTDH YHMCAO SAEMEHTOB B OOBLepUHe-
HUU KOHEUYHBIX HellepeCceKaloIINXCs MHOKeCTB. A eCAU MHOYKeCTBa
A 1 B numeloT o0III1Ie SAeMEeHThI, TO KaK HalTU YUCAO DAEMEHTOB B UX
00BbepAHEeHUN ?

IMycTe, Hanpumep, A ={x,y, z}, a B={x, z, p, s, k}. Torna A U B =
={x,v,z p s k}, T.e.ecarun(A)=3,an(B)=5uAnB=#J, Ton(AUB) =
= 6. HeTpyapHO BHUAETB, UTO B AQHHOM CAy4ae n(A m B) = 2 1, 3HA4wUT,
o01IIe 3AeMeHTHl MHOKeCTB A 1 B B 00beAuHEeHUHN 3TUX MHO>KECTB
3alrcalbl TOABKO OAUH Pas.

B ob11eM BuAe IIPaBUAO IIOACUETA SAEMEHTOB B OOBEAMHEHUN ABYX
KOHEYHBIX MHOJKECTB MOJKET OBITh IIPEACTABACHO B BUAE (DOPMYABL:

n(A U B) = n(A) + n(B) — n(A N B). (2)

IToryueHHBIE (DOPMYABI AAS TIOACUETA YMCAQ SAEMEHTOB B O0BeAU-
HEeHUU ABYX U 6GoAree MHOKECTB MOJKHO HCIIOAB30BATh AAS PEIIeHUs
337a4 CAEAYIOIEero BUAQ.

3agaua. 113 40 cTypeHTOB Kypca 32 M3y4alOT aHTAUNCKUHN SI3BIK,
21 — HeMelKUH A3bIK, a 15 — aHrAMUCKUY 1 HeMellKUH I3bIKU. CKOABKO
CTYAEHTOB KypcCa He u3ydaeT HU QHTAUMCKUU, HU HEMEIKUM SI3BbIKH ¢

Pewenue. TTycTb A — MHOXECTBO CTYACHTOB KypCa, U3y4alOUIUX
AHTAUNCKUU SA3BIK, B — MHO’XeCTBO CTYA€HTOB KypCa, U3y4JaloluX He-
Menku# sa3bIK. [To ycaoBuio 3apaun: n(A) = 32, n(B) =21, n(A N B) = 15.
TpeOyeTcs HAaNTHU YUCAO CTYA€HTOB KypcCa, He M3yJaoIUX HU aHTAUMN-
CKOT'O, HU HEMEIIKOTO S3BIKa.

I cnocob.

HatiaeM uncAO dAeMeHTOB B OObeAMHEHUHN AQHHBIX MHOKECTB A
U B. Aag aTOTO BOCHOAB3yeMcsa opmyaou: n(A U B) = n(A) + n(B) -
-nAnNB)=32+21-15=38.

HaripeM 4HMCAO CTYAEHTOB Kypca, KOTO-
pBle He U3Yy4aloT HU QHTAMWCKUM, HU He-
menkum A3eiku: 40 — 38 = 2.

II cnoco®.

H3006pa3um AaHHBIE MHOJKECTBA C IIO-
MOIBbIO KPYyroB JlMAepa M OIpPepeAuM
YUCAO SAEMEHTOB B KaKAOM U3 Hellepe-
c CeKaloInXCcsl IOAMHOKeCTB (puc. 1.23).

Tak Kak B mepeceuyeHUM MHOXKeCTB A u B
COAEPIKUTCA 15 9A€MEeHTOB, TO CTYA€HTOB,
Puc. 1.23 HU3y4arolluX MOAbKO QHTAUWCKUU A3BIK,
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oyaeT 17 (32 — 15 = 17), a CTyA€HTOB, U3yYAIOIIUX MOABKO HEMEIKUMN
OyaeT 6 (21 — 15 =6). Torpa n(A U B) = 17 + 15 + 6 = 38, u, crepoBa-
TEeABHO, YMCAO CTYA€HTOB KypCa, KOTOPHIE He U3y4alOT HU aHTAMUCKUY,
HU HeMelKUU A3BIKY, OypeT 40 — 38 = 2.

BOMPOCHI N SAOAHNA

/13 32 WKonbHYKOB 12 3aHMMatoTcAa B BONenbonbHOM CekLmmn,
15 — B 6ackeTbonbHOM, 8 YenoBek 3aHNMAKTCA U B TOW, U B
opyrov cekummn. CKOMbKO LLKOMBHUKOB HE 3aHMMAETCs HU B BO-
nenbonbHon, HX B 6ackeTbonbHOM cekumnmn?

B TpeTbem knacce feTU KONNEKUMOHMPYOT Mapki U MOHETI.
Mapku KonnekuMoHMpyoT 8 YenoBek, MOHETbl — 5 YenoBek.
Bcero konnekumoHepoB 11. O6bACHNUTE, Kak 3TO MOXET 6bITb.
Ckonbko 4enoBek KONMeKUMOHUPYOT TONbKO MapKK; TOMbKO
MOHETbI?

N3 38 yyaLumxcs knacca 24 3aHMMatoTcs B Xope 1 15 B NbIXXHOWM
cekumn. CKonbKo yyaLlmxcst 3aHMMAETCS U B XOPE, U B NbIKHOM
CEKLMW, ECN B KNACCE HET YYaLLIMXCS, HE MOCELLALLNX 3aHATUN
Xopa Unu nbIXXHOM Cexumm?

B rpynne TypucToB, coctoswen ns 100 yenosek, 10 venoBek
He 3Hanu HU HEMELKKMI, HY thpaHLLy3CKNA A3bIKK, 75 3Hanu He-
MeLkunin, 83 3Hanu dopaHuy3ckuin. CKonbko TYpUCTOB 3HaNM ABa
A3bIka?

KaTa nonoxwna B Kopobky 4 3eneHbIx Kpyra, 6 TpeyronsH1KoB
1 3 KpacHbIX MHOroyronsHuka. Bcero B kopobke okasanock 11
dhurypok. CkonbKo cpeamn HUX KpacHbIX TPeyrofibHUKOoB?
NpaBunbHO N1 NpeacTaBneHo Ha puc. 1.24 ycnosume cregytoLLen
3apauu: «13 100 4enoBek aHrMUACKUIN A3bIK N3y4aloT 28, He-
MeLkunin — 30, hpaHLy3ckuin — 42, aHrNUNCKUA 1 HemMeLkni — 8,
aHrnuncknin u ppaHuysckmn — 10, HemeuKnii U ppaHLLy3CKMn —
5. Bce Tpu A3blka nay4atoT Tpu cTyaeHTa. CKonbKo CTyAeHToB

Puc. 1.24

100 gen.
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N3y4aeT TONbKo O0fAnH A3blK? CKOMbKO CTYAEHTOB He U3y4aeT
HW OOHOro A3bIKa?y.
7. Pewwrte 3agady 13 3agaHus 6.

i HNCTIO 3NIEMEHTOB B JEKAPTOBOM
NMPON3BEAEHN KOHEYHbLIX MHO>XECTB

HaMm n3BecTHO, KaK HaXOAAT A€KapTOBO MPOU3BEACHUE KOHEUHBIX
MHO>XecTB. Hanpumep, ecam A = {x, y, z}, B = {m, p}, To A x B = {(x,
m), (x, p), (v, m), (v, p), (z, m), (z, p)}. HTOOBI OTBETUTH Ha BOIIPOC:
«CKOABKO 3A€MEeHTOB B IIOAYYeHHOM MHOXKeCTBe?» — AOCTATOYHO
nepecuynTaThb UX. A KakK OMPEAEAUTH YHMCAO IAEMEHTOB B AeKapTOBOM
IPOM3BEAEHUY MHOJKECTB, He 00pa3ys ero u He oOpallasch K Iiepe-
CUeTy DAEMEHTOB?

AOKazaHo, YTO eCAM B MHOKECTBE A COAEPIKUTCS d DAEMEHTOB, a B
MHOXXeCTBe B — b aAeMeHTOB, TO B AéKapTOBOM IPOM3BEAECHUN MHO-
XecTB A u B copepsRuUTCcst a-b SAeMeHTOB, T.e.

n(Ax B)=n(A) -nB)=a-b.
[TpaBmAO pacnpocTpaHsaeTcs Ha CAydal { MHOJKeCTB, T. €.
nA;x Ay, x ... xA) =n(A)) - n(A,) - ... - n(Ay).

Hanpumep, ecAu B MHOKeCTBe A COAEP’KUTCS 3 SA€MEHTa, B MHO-
>)XectBe B — 4 saeMeHTa, B MHOXecTBe C — 5 dAeMEHTOB, TO B UX
AEKapTOBOM IIPOU3BEAECHUHN OYAET COAEPKAThCA 3 - 4 - 5 = 60 ymopsapo-
YEeHHBIX HAOOPOB U3 TPeX 3AeMeHTOB. [lorydeHHBIE (DOPMYABI MOKHO
HCIIOAB30BaTh IIPU PelleHnuU 3aAad.

3agaua 1. Y Marmu 3 pa3AanuHble I00KU U 4 pa3sAnuHbIe KOPTHI.
CKOABKO Pa3AWYHBIX KOMIIAEKTOB, COCTOSIIIIUX M3 I00KU U KOPTHI, OHA
MO>XeT COCTaBUTH?

Pewenue. Ilycte A — MHO>XeCTBO 000K y Mamm, B — MHOXeCTBO
KodT y Hee. Toraa, no ycaosuro 3apauy, n(A) = 3, n(B) = 4. TpebyeTcsa
HAWTH YUCAO BO3MOJKHEIX IIap, 00pa30BaHHBIX 13 IA€MEHTOB MHOKECTB
A u B, T.e. n(A x B). Ho coraacHo npasuay n(A x B) = n(A) - n(B) =
=3 -4 =12, TakuMm obpazom, u3 3 1000K u 4 KopT Malita MOKET COCTa-
BUTH 12 pa3sAMYHBIX KOMIIAEKTOB.

3agaua 2. CKOABKO ABY3HAUHBIX UHCEA MOJKHO 3aIIMCATh, UCIIOAB3YS
nudpet 5, 4 u 72

Peuwienue. 3anuch AF0OOTO ABY3HAQUHOI'O UMCAA COCTOUT U3 ABYX ITUDP
U IIpeACTaBAseT coOOM yIOpsSIAOUEHHYIO ITapy. B AaHHOM caydae 3T
napsl 06pa3yoTcsa U3 3AeMeHTOB MHOXKecTBa A = {5, 4, 7}. B 3apaue
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Hepnas ntchpa / \

T
R J\ / A / I\
Bropas nudpa 5 4

(mucpa eammmIT) 7 4 7

ToaydenHoOe 55 54 53 45 44 47 75 74 77
YUCAO

Puc. 1.25

TpebyeTcsl y3HaTh YUCAO TaKUX IIap, T.€. YUCAO IAEMEHTOB B AeKapTO-
BOM IIpousBepeHUU A x A. CoraacHo npaBuAy n(A x A) = n(A) - n(A) =
=3 -3 =9. 3HauuT, ABy3HAUHBIX YHCEA, 3a[IMCAHHBIX C IIOMOIIbIO UMD
5, 4 u? Oypert 9.

YacTo npu pelieHun 3apad, aHAAOTUYHBIX PACCMOTPEHHBIM BHIIIIE,
TpeOyeTcs He TOABKO OTBETHUTH HA BOIIPOC O TOM, CKOABKO CYLIeCTByeT
BO3MOJKHBIX BAPUAHTOB ee pellleHUs], HO 1 OCYIIeCTBUTE IIepebop 3TUX
BapuaHTOB. Hanpumep, B 3apade 2 MOKHO HPEAAOKUTH 3allHCaTh BCe
ABY3HAUHBIE YHCAQ, UCIOAB3YA HUMPEHL O, 4 u 7.

AAg OCyIIeCTBAEHHUS TaKOTO Ilepebopa MO>KHO ITOCTPOUTH rpad,
KOTOPBIN Ha3bIBAIOT AEPEBOM BO3MOJKHBIX BAPUAHTOB. Tak, AAS 3apauUn
2 oH OypeT UMeTh BUA, IPEACTaBACHHBINU Ha puc. 1.25.

JTa cxeMa AeMCTBUTEABHO IIOXO0’Ka Ha AePEBO, IPABAQ, «PacTeT» OHO
BHU3 U y HEro HeT CTBOAA. To, 4TO AepeBO «pacTeT» Kak Obl «BBEPX HOTa-
MU», YAOGHO IPH TIOCTPOEHUH CXeM TAaKOTO BUAA. 3HAK «*» nuzobpaxkaeT
KOpEeHb AepeBa, BETBIMU KOTOPOTO SIBASIIOTCS pPa3AMUYHbIe BapUaHTHI
pelleHusa 3apa9u. YTOOBI IOAYYUTH ABY3HQUHOE YHCAO, HAAO CHadaAa
BBIOPATh HUAPY AECATKOB — AASL 3TOI'O UMEEeTCS TPU BapUaHTa: 5, 4 UAU
7. TloaToMy 13 «*» TPOBEAEHBI TPU OTPe3Ka M Ha MX KOHIaX MOCTaBAe-
HBI IUQPH! 5, 4 1 7. 3aTeM HapAO BBIOpATh HUMPY EAUHUIL, a AAS 3TOTO
TaK)Ke MMeeTcsa TpU BapuaHTa: 5, 4 uau 7. Iloaromy oT nudp 5, 4 u 7
MTPOBEAEHO TI0 TPU OTPe3Ka, Ha KOHITaX KOTOPBIX BHOBBL CTOSIT IU(PHI
5, 4 uam 7. YTOOHBI IPOYUTATh NOAYUYEHHBIE BAPUAHTHL, HAAO IIPOUTH
II0 BCEM BETBSIM IIOCTPOEHHOTO AepeBa CBEPXY BHU3.

BOMPOCHLI N SAOAHNA

1. MHoxecTBo A cogepxuT 7 anemeHToB. CKONbKO 31EMEHTOB
B MHOXeCTBe B, ecnu gekapToBo npon3sefeHne A x B coctout
13: a) 42 anemeHToB; 6) 7 anemeHToB; B) A x B=J.
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2. Ckonbko pasnm4Hbix HabopoB MOXHO COCTaBUTL N3 KHAMA 1 Brok-

HoTa, ecnn nveetcs 20 BMAOB pasnu4HbIX KHAT 1 15 BUOoB pas-
NNYHBIX 61I0KHOTOB?

PeLwumnte cnepytolme 3agaym metogomM nepebopa BCex BO3MOX-
HbIX BApMaHTOB, @ 3aTeEM MOKaXWTe, 4TO peLUeHne 3Tux 3agay
CBSi3aHO C onpefeneHneM 41cna aneMeHToB feKkapToBa Npoun3-
BEAEHWSI MHOXECTB!

a) «B kocTiomepHoOM TaHLEeBanbHOro KpyXxka nmetoTcsa benble
1 PO30Bble KOPTbI, @ TAKXXE CUHWE, YEPHbIE N KOPUYHEBBIE HOBKM.
CKOfbKO MOXHO N3 HUX COCTaBUTb Pa3fn4HbIX KOCTIOMOB?);
6) «CkonbKo TpexaHayHbIX YACEN MOXHO COCTaBUTb, UCMONb3YA
uncppel 4 n 7?y;

B) «Ha BepLumHy ropbl BegyT Ase fgoporu. CkonbkyMu cnocobamm
MOXXHO MOAHATLCA U CMYCTUTBLCA C Hee?y.

PewwwnTe cnepytowme 3agayn, NoCTPOMB AePEBO BO3MOXHbIX
BapWaHTOB:

a) «Y npopaBLa MMeeTcst TPY BMAA MOPOXEHOro: KNnybHU4YHOE,
CNMBOYHOE 1 opexoBoe. HaTalua 1 KaTsa peLumnm kynntb no ogHom
nopuun. CKonbKo CyLLIECTBYET BApPMaHTOB TaKOWM MOKYMKN?Y;

6) «B noHepenbHWK B NepBOM Kracce [OMKHO BbITb TpW ypoka:
MaTemaTrKa, 4TeHne 1 nskynsTypa. CKonbKo pasnuyHbIX Bapu-
aHTOB pacnMcaHna MOXXHO COCTaBUTb Ha 3TOT AEHb?Y;

B) «TypucTudeckasa coupma nnaHUpyeT NoceLleHne Typuctamm
B I/ITanum Tpex ropopos: BeHeunn, Puma n ®noperuun. Ckonbko
CYLLIECTBYET BapMaHTOB Takoro MapLupyTta?y.

Mnaea 2

MATEMATUYECKWE MOHATASA,
NPEANOXEHNA, NOKASATENIbCTBA

TTousTus, KOTOpbIe N3Yy4YalOTCsI B HAYAABHOM KypcCe MaTeMaTUuKH,
OOBITHO IIPEeACTABASIIOT B BUAE YeThIpeX I'DYIIIL:

®  TIOHSTHS, CBSI3aHHBLIE C YMCAAMH U OTIEPAIUSIMU Hap HUMU: YUCAO,
nudpa, CAOJKeHHUe, CAaraeMoe U Ap.;

] aAre6pqueCKHe IIOHATHA: BBIpDAKEeHV e, PaBeHCTBO, YpaBHEHNE U AD.;

B TeoOMeTpUYEeCKUe IIOHATHA: IIpsIMasd, OTPE30K, TPDEYIOABHUK U T. A,

B JIOHSATUSA, CBsA3aHHbIE C BEAMYMHAMU U UX N3MEPEeHNEeM.

Kak >ke n3yuaTb Takoe pa3HOOOpa3ue IMOHITUM ¢
[Mpexxae Bcero, HEOOXOAMMO MMETH IIPEACTABAEHME O TIOHSITUM KaK
AOTHMUYECKOU KaTeropmum U 0COOEHHOCTSIX MaTeMaTUYeCKUX IMOHSATUH.
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B AroruKe IMOHATHE PAacCMAaTPUBAIOT KaK (pOpPMY MBIIIAEHHUS, OT-
paskarollylo OOBEKTHl (IPeAMETHl UAU SIBAEHUS) B UX CYIIeCTBeHHBIX
U OOIIUX CBOUCTBAX. A3BIKOBOM POPMOM MOHSATUS SIBASIETCSI CAOBO UAU
I'pyIIa CAOB.

ITonarusa He CyleCcTBYIOT B OOBEKTUBHOM MUpe. OHU BO3HUKAIOT
B CO3HAHUM YeAOBeKa U 3aMEeHSIOT IIPeAMETEl U SIBA€HHS 9TOIO0 MUPAQ,
SIBASISICh X MAEAABHBIMU 0Opa3aMu.

HNmeTh nougatue 06 00beKTe — 3HAYUT, YMEThb BEIAEAUTH €T0 CY-
IeCTBeHHBIe IPHU3HAKU U OTAUYUTH OT BCEX APYTUX 0O0BeKTOB. Ma-
TeMaTHUYeCKHUe MOHATHUSA, KaK U AIOOBIe ADYyTHE, CYLIeCTBYIOT AWIIb
B MBIIIAEHUM YeAOBeKa M TeX 3HAaKaX U CUMBOAAX, KOTOPBEIe 00pa3yoT
MaTeMaTH4eCKUH A3BIK.

YToOBI OBAAAETh OOIIMMHU IIOAXOAAMH K M3YYeHHUIO IIOHATUN B Ha-
YAABHOM KypCe MaTeMATUKHU, YUUTEAIO HEOOXOAUMEBI 3HAHUS 00 0ObeMe
U COAEPIKaHUU ITOHATHS, 00 OTHOIIEHUIX MeKAY ITOHSITUSIMU U OIIpeAe-
AE€HUU IIOHATHUS.

m OELEM 11 COAEPYKAHVE NOHATNS.
OTHOLLEHMS MEXXAY NOHATUAMU

Bcsakuit MaTeMaTruecknii OObEKT 00AAAQET OIPEACACHHBIMU CBOU-
crBamMu. HampuMmep, KBappaT MMeeT YeThIpe CTOPOHEI, YeThIpe IPSIMBIX
YTAQ, paBHbIe AMaroHaAu. MOJKHO yKa3aTb U APyTHUe ero CBONCTBA.

Pa3zAanuyaroT cylllecTBeHHBIe U HeCyIleCTBeHHBIe CBOMCTBa OOb-
eKTa.

CBOMCTBO CUUTAIOT CyWeCMBEHHBIM M OOBEKTa, €CAU OHO IIPUCYIIEe
3TOMY OO'BEKTY U O0e3 Hero OH He MOJKeT CYIILeCTBOBATh (HAIIPUMED, AAS
KBaApaTa CyIeCTBeHHBIMHU SIBASIOTCS BCe BHIIIIeIIepeUYrCAeHHBIE CBOM-
cTtBa). HecylectBeHnHO pnst kBappaTta ABCD cBoMcTBO: «cTOpoHa AD
TrOpU30HTAaAbHA». ECAM KBaApaT MOBEPHYTH, TO CTOpoHa AD okaxkeTcs
PacHoAOKeHHOM ITO-ApyTroMy (puc. 2.1). [TosTomy, 4TOOBI HOHUMATH, UTO

Puc. 2.1
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IIpeACTaBAsIeT COOOM AQHHBINM MaTeMaTuyeCKUN 0O0BbeKT, HAAO 3HATh €To
CyllleCTBEHHBIE CBOMCTBA.

Koraa roBopgar o MaTeMaTUYeCKOM NOHATHUHU, TO OOBIYHO UMEIOT
B BUAY MHOJKECTBO OOBEKTOB, 0003HAYaeMBIX OAHUM TE€PMUHOM (CAO-
BOM HMAU TPYIINON CAOB). Tak, roBopsl O KBaApaTe, UMEIOT B BUAY BCe
reoMeTpuueckue PUryphl, aBAsionirecss KBapapaTaMu. CUUTAIOT, YTO
MHO>KECTBO BCEX KBAAPATOB COCTaBASeT OO0beM MOHATUS «KBaApPaT».

Boob111e, 06beM noHsiMuss — 3TO MHOKECTBO BCeX 0OBLEKTOB, KOTO-
pBle 000OIIAIOTCA B MOHATHUU U 0003HAYAIOTCI OAHUM TEPMUHOM.

Aroboe ITOHATHE UMeeT He TOABKO OOBbEM, HO U COAEP KaHUE.

CogepsxaHue NOHAMUS — 3TO MHOYXECTBO BCeX CYIIeCTBEHHBIX
CBOMCTB OOBEKTQ, OTPa’KEeHHBIX B 3TOM ITOHSTUH.

PaccMmoTpuM, Hannpumep, IIOHATHE «IIPAMOYTOABHUKY.

O0OBeM AAHHOTO HMOHATHSA — 3TO MHOXECTBO PA3ANYHBIX IIPSMO-
YTOABHUKOB, @ B €r0 COAEP KaHUE BXOAAT TaKHe CBOMCTBA IIPSAMOYTOAb-
HUKQ, KaK «MMEeTb YeThIpe IPSIMBIX yIAd», «<MMETh PaBHBIE IIPOTUBOIIO-
AOKHBIE CTOPOHBI», «MEeTb PaBHBIE AUATOHAAU» U T.A.

MeskAy 00BeMOM IIOHSTHS M €0 COAepyKaHUeM CYILeCTByeT B3au-
MOCBSI3b: eCAU yBeAuuuBaemcsi 00beM NOHAMUA, MO yMeHbWAemcs ero
cogepxanue, u Haobopom. HanpuMmep, 00beM MOHATUS «KBAApPaT»
SIBASIETCSI 9aCThIO O0beMa MOHATHUS «IIPSIMOYTOABLHHUK», & COAepPIKaHNe
IIOHSTUS «KBAAPAT» BKAIOYAET B ce0s OOABIIIE CBOMCTB, UeM COAEpPKa-
HUe MOHATUS IIPSIMOYTOABHUK» («BCE CTOPOHBI PaBHBI», «AMIATOHAAU
B3aUMHO IIePIEHAUKYASIPHEI» U ApD.).

Aro6oe NMOHSATHE HEeAb3sI YCBOUTH, HE OCO3HAB €r0 B3aUMOCBSA3U
C APYTUMHU HNOHATUAIMU. [103TOMY Ba>KHO 3HaTh, B KAKMX OTHOIIEHHUSIX
MOTYT HaXOAWUTBCS MOHATHUS, U YMeTh YCTAaHABAWBATh 3TU CBA3U.

OTHOIIEHUS MeXAY IIOHATUSMU TECHO CBS3aHBI C OTHOLIEHUSIMU
MEJKAY UX 00beMaMy, T.e. MHOKeCTBaMU.

YcaoBUMCS MOHATHS 0003HAUATh CTPOYHBIMU OyKBaMU AQTUHCKOTO
andaswuTa: q, b, ¢, ..., Z.

ITycts 3apaHBI ABa HOHATHI @ U b. O0BeMbI UX 0003HAUUM COOT-
BETCTBEHHO A u B.

Ecau A © B (A # B), TO TOBOPAT, 4TO OHATHE d — BUgoBOe No om-
HOWeHUl K noHamuio b, a moHdaTHEe b — pogoBoe no OMHOWEeHULO
K NOHAMUIO d.

Hanpumep, ecan @ — «IPSIMOYTOABHUKY, b — «UeTBIPeXyTOABHUKY,
TO UX 00BeMBI A 1 B HaXOAATCS B OTHOIIIEHUN BKAtoueHusd (A c Bu A # B),
IIOCKOABKY BCIKUM IPSIMOYTOABHUK SIBASETCS YeTBIPEXYTOABHUKOM. [To-
9TOMY MOJKHO YTBEP’KAQTH, UYTO ITOHATHE KIIPSIMOYTOABHUK» — BUAOBOE
IO OTHOIIEHMIO K ITOHSATUIO «UeTHIPEXYTOABHUKY, a IOHATHE «4eThIpeXx-
YTOABHHUK» — POAOBOE 10 OTHOIIEHUIO K IMIOHSATUIO KIIPSIMOYTOABHUKY.
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Ecau A = B, TO TOBOPAT, YTO NOHAMUA A ¥ b MO>KgeCmMBeHHbL.

HaHpI/IMep, TOXAECTBEHHEI ITOHATHUA ((paBHOCTOpOHHI/Iﬁ TPEYTrOAb-
HUK» U «PABHOYTOABHBIN TPEYTOABHHUK», TaK KaK UX OOBEMBI COBIIA-
AQIOT.

Ecau mHO>KRecTBa A 1 B He CBsI3aHBI OTHOIIIEHUEeM BKAKOYEHU, TO I'O-
BOPSIT, UTO TOHATHUS a U b He HaXOASTCS B OTHOIIEHUM POAA U BUAA
U He TOXXAeCTBeHHBI. HanipuMep, He CBsi3aHbl TAKUMU OTHOIIEHUSIMU
IIOHATHUSA «TPEYTOABHUK» U «IIPSIMOYTOABHUKY.

PaccmoTpum noppoOHee OTHOIIIEHHE POAA U BUAQ MEXAY OHATHA-
MU. Bo-nepBbe, NOoHAMuUA pOg'(I u Buga OMmMHOCUMEADbHbLl: OAHO U TO JXe
HOHATHE MO’KeT OBITH POAOBBIM IIO OTHOHIIEHHIO K OAHOMY IIOHATUIO
U BHAOBBIM IIO OTHOLIEHUIO K ApyromMy. Hanmpumep, noHdaTHe «IIpsSMo-
YTOABHUK» — POAOBOE IO OTHOIIIEHHUIO K ITOHATHIO «KBAAPAT» M BUAOBOE
IIO0 OTHOIIEHUWIO K ITIOHATHUIO «YeThIPEXYyTI'OABHUKY.

BO-BTOPBIX, AAS JQHHOTO NOHAMUSA 4ACMO MOXKHO YKA3AMb HECKOAb-
KO pogoBblx nonamull. Tak, pAAd TOHATHUA «IIPAMOYTOABHUK» POAOBBIMU
ABAAIOTCA IIOHATUA «‘-IeTpreXYI‘OABHI/IK», «IIaPpaAAEAOTPAMMY, K MHOTO-
YTOABHUK». Cpepr HUX MOJKHO yKa3aThb OAmMiKalIee. AAS TOHATUSA
«IIPSIMOYTOABHUKY» OAMXKAUIIUM SIBASETCS IOHATHE «IIapaAreno-
rpaMm».

B-TpeTtnuX, BUgoBoe nonamue obAagaem BceMu CBOUCMBAMU POGOBOTO
NnoHAmMmusA. HaHpHMep, KBAAPpaAT, sABAASCH BUAOBBIM IIOHATHUEM IIO OTHO-
IMIeHWIO K IIOHATUIO «HpHMOyTOAbHI/IK», O6AaAaeT BCeMU CBOIZCTBaMH,
NIPUCYLIUMHU NIPSIMOYTOABHUKY.

Tak Kak 00beM NOHATUI — MHOJKECTBO, YAOOHO, yCTaHaBAUBadg
OTHOIIIEHUSI MEXAY ob0bLeMaMu HOHHTHﬁ, I/1306pa}KaTb X C IIOMOUIIBIO
KpyTOB OuAepa.

YCTaHOBI/IM, HallpyuMep, OTHOIIIEHUS Me}KAy CAGAYI—OH_[I/IMI/I ImapamMu
IOHIATUM A U b, ecAn:

1) a — «IIpAMOYTOABHUKY», b — «pOMO»;
2) @ — «MHOTOYTOABHUK», b — «IIapasreAOTpaMMy;
3) a — «opsiMasi», b — «OTPe30K».

B caydae 1) 00beMBI TOHATHM IEPECEKAIOTCS, HO HA OAHO MHOJKECTBO
He ABASIETCS IOAMHOXECTBOM APYToro (cM. puc. 1.4, a). CAepOBATEABHO,
MO>KHO yTBEP’KAATh, UTO AQHHBIE IIOHSATUS a U b He HaXOASATCS B OT-
HOIIIEHUU POAA U BUAQ.

B cayuae 2) oO6beMbl AQHHBIX HOHATHUN HAXOAATCS B OTHOIIEHUU
BKAIOUEHWS], HO He COBIIQAQIOT — BCSIKMU MAaPaAAEAOTPAMM SBASIETCS
MHOTOYTOABHHKOM, HO He Ha00opoT (cM. puc. 1.4, 6). CAep0OBaTEABHO,
MOJXHO YTBEPJKAATH, UTO IOHATHE «IIapasAeAOTrpaMM» — BUAOBOE
10 OTHOIIIEHUIO K IIOHSATUIO «MHOTOYTOABHUKY, @ IIOHATHE «MHOTOYTOAb-
HUK» — POAOBOE II0 OTHOIIEHUIO K ITOHATUIO «IIapPaAAEAOTPaMMDy.

39



B cayuae 3) 06 beMBI TOHSITHH He ITepeceKaroTCs, TakK KaK HU ITPO OAUH
OTPE30K HeAb3s CKa3aTh, YTO OH SIBASIETCS IIPSIMOM, U HU OAHA IpsiMast
He MOXXeT OBITh Ha3BaHa OTpPe3KoM (cM. puc. 1.5). CAepoBaTeALHO, AQH-
HBbI€ TIIOHATUA HE HAXOAATCA B OTHOLIEHHWHN POAQ U BUAAQ.

O HOoHATUSAX «IIpsiMadg» U «OTPE30K» MOJXHO CKAa3aTh, YTO OHU HAXO-
ASITCSI B OMHOWEeHUU UeAOro U 4dcmu: OTPe30K — YacCTh IIPSIMOH, a He ee
BuA. U ecAn BUAOBOe MOHATHE 0OAAAQEeT BCeMU CBOWCTBAMU POAOBOTO
TIOHSTHS, TO YaCTh He 00s13aTeALHO 00AaAQEeT BCEMU CBOMCTBAMM I[€AO-
ro. HanpuMep, oTpe3oK He 00Aap@eT TAKMM CBOMCTBOM IIPSIMOM, KakK
OEeCKOHEYHOCTb.

BOMPOCHLI N1 SAOAHNA

HayepTuTe Tpu reometpuyeckme urypbl, npuHagnexatime
06bLEMY NOHATUSA:

a) napannenorpamm; 6) Tpaneums; B) OKPY>XHOCTb.

HazoBuTe nATb CyLLECTBEHHbBIX CBOWNCTB MOHATUS:

a) TpeyronbHuK; 6) Kpyr.

Kakos 06beM NOHATUSA:

a) ogHo3HavHoe Ymcno; 6) HaTypanbHoe YMcno; B) nyy?
HasoBuTe Heckonbko CBOMCTB, 06LLMX AN NPAMOYronbHMKE
n keagpata. Kakoe n3 cnegyoLmx yTBep>XAeHN BEPHOE:

a) «Bcskoe cBOMCTBO KBafpaTa NpUCYyLLE NPSIMOYrObHUKYY;

6) «Bcsikoe cBOMCTBO NPAMOYrOfbHMKA NPUCYLLIE KBaapaTy»?
HaxopsaTcs nv B 0THOLLEHWM pofa v BMAaa CredyoLLme napbl no-
HATUIA:

a) MHOroyronbHWK 1 TPeyronbHWK; 6) yron 1 ocTphbI yros;

B) ny4 1 npaAmas; r) pom6 1 kBagpaT; ) KPYr 1 OKPYXXHOCTb?
306pasnTe c NoOMOLLbI0 KPYroB Jiiepa OTHOLLEHUA Mexay
o6bemamMu NoHATWI a, b 1 ¢, ecnu:

a) @ — «4eTbIPexyronbHUKY, b — «Tpaneumsy, ¢ — «NPsMOoyronb-
HUKY;

6) a — «HaTypanbHOe 41cno, KpaTHoe 3»; b — «HaTypanbHoe
yumcno, KpaTHoe 4%; ¢ — «HaTypanbHOe YUCIIoY;

Puc. 2.2
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B) @ — «TpeyroneHuKY; b — «paBHobeApeHHbIV TPeyronbHNKY;
C — «PaBHOCTOPOHHWI TPEYONbHUKY.

7. TpuBenuTe NpYMepbl NOHATUN, OTHOLLEHMSA Mexady o6bemamu
KOTOpbIX N306paxeHbl Ha puc. 2.2, a, 6.

8. Cpeam NoHATWIN, U3yYaeMbiX B HAYanbHOM Kypce MaTemMaTuku,
€CTb TakMe, KaK «4eTHOE Y1CNOoY, KTPeyrofibHUKY, KMHOroyronb-
HUKY, K4MCMOY, KTPEX3HAYHOE YMCII0Y, KMPAMON Yrony, KCymma,
«cnaraemoey, «BblpaxeHuney. ECTb N1 cpegu HUX NOHATUS, Haxo-
OSLLMecs B OTHOLLEeHWMW: @) poda v B1Aaa; 6) uenoro n 4actn?

m OMPELENEHVE MOHATUIA

IMonaTnam paroT onpegeaeHue — 3TO AOTHMUYECKas Oollepalnus, ¢ I0-
MOIIIBIO KOTOPOU PACKPBIBAETCS COAEPKAHUE IOHATUS AUOO yCTaHAaB-
AMBAETCs 3HaUeHNe TepMUHa.

[Mo crioco6y BBIIBAEHUSI COAEPIKAHUS MOHATHUS PA3AUYAlOT siBHblE
U HesiBHble OIIPEAEACHUS.

Cpepn 9BHBIX ONpEeAEA€HUN B MaTeMaTHKe Yallle BCero MCIOAB3Y-
I0TCS onpegeAeHUs 4yepe3 pog u Bugosoe omaudue. PaccMoTpuM ux
nmoppoOHee.

B HayaABHOM Kypce MaTeMaTHKHU MOHSTHE «IIPSIMOYTOABHUK», KaK
IIPaBUAO, OIIPEAEASIOT TakK: «[IpsIMOYTOABHUKOM Ha3bIBAeTCs YeThIpeX-
YTOABHUK, ¥ KOTOPOT'O BCE YTABI IIPSIMBIE». B 3TOM OIpepereHUM eCThb
ABE YAaCTH — OIpepeAsieMoe MOHATHE (IPIMOYTOABHUK) U OIIPEAeAs-
IOllee MMOHATHE (YeTBIPEXYTOABHUK, Y KOTOPOTO BCE YTABL IpsaMble). Ecan
0003HAQYUTB Uepe3 a IIepBoe MIOHATHE, a 4epe3 b — BTOpOe, TO AQHHOE
onpepeAeHUe MOKHO IPEACTaBUThH B TAKOM BUAE:

a ecThb (10 oIpeAeAeHuto) b.
ChoOBa «eCThb (IO OIpPeAeAeHUI0)» MOKHO 3aMEeHUTh CUMBOAOM <,
omp.
U TOTA@ OIIpeAeAeHMe OYAET BBITASAETH TaK:
asb
omp.

YuTaoT: «a paBHOCUABHO b IIO OIPEAEAeHUIO», UAU «d TOTAQ I TOABKO
TOT'AQ, KOrAa b».

OnpepeneHns, UMeIOIHe TaKylo CTPYKTYPY, Ha3bIBAIOT ABHbLIMU.

OO0OpaTuMcs OnATh K OIIPEASAEHUIO NIPSIMOYTOABHUKAE, TOUHEe, K €ero
BTOPOM YaCTU — OIIPEAEASIONIeMY IIOHSITHUIO. B HEM MOKHO BBIAEAUTD:

1) TIOHATHUE «YeThIPEXYT'OABHUK», KOTOPOE SIBASIETCA POAOBBIM IIO OT-
HOIIEHUIO K ITOHATUIO «IIPSIMOYTOABHUKY;
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Onpepensiemoe PopoBoe Buposoe
ImougaTue IIoHATHUEe oTAU4YUue

Y
OHpeAeAﬂIOH_[ee IIoHATHUE

Puc. 2.3

2) CBOUCTBO «MMETh BCE YIABI IIPAMBIE», KOTOPOE IO3BOASIET BbI-
AEAUTH U3 BCEBO3MOXHBIX YETBIPEXYTI'OABHUKOB OAVH BUA — IIPSIMO-
YTOABHUKY; IIO3TOMY €TI0 Ha3bIBAIOT BUAOBBIM OTAUYMEM.

BooO11ie, BugoBoe omauiue — 3T0O CBOUCTBA (OAHO UAM HECKOABKO),
KOTODPBIE ITO3BOAAIOT BBIACASATH OIIpeAeAsdeMbIe O0OBEKTHI U3 00beMa
POAOBOTO MOHSITHS.

HUTtorn mpoBeAeHHOTO aHaAM3a MOKHO ITPEACTaBUTH B BUAE CXEMHEI
(pmc. 2.3).

3aMeTHuM, YTO B HaTASIAHOM IIPEACTaBAEHUHU CTPYKTYPHI OlIPEASASHUS
yepes3 PoA U BUAOBOE OTAWUNE MBI AOITYCTUAU HEKOTOPble HETOUYHOCTH.
Bo-TmiepBBIX, CAOBOCOUETAHUE «POAOBOE MOHSTHE» O3HAYaeT, YTO Peyb
HAET O POAOBOM ITOHSITUY IO OTHOIIIEHUIO K OTIPEAEAsIeMOMY. Bo-BTOPEIX,
He COBCEM SICHO, YTO O3HavyaeT 3HaK «+», KOTOPBIM, KAK U3BECTHO, UC-
IIOAB3YeTCs AT 0003HaUeHMs CAOKeHHUS yrceA. CMBICA 9TOTO 3HaKa CTa-
HeT IOHSITHBIM HEMHOTO I103Ke, KOTAQ MBI PACCMOTPUM MaTeMaTUUeCKUH
CMBICA CO03a «¥». A TTOKa ITO3HAKOMUMCS C eIlle OAHOI BO3MOKHOCTBIO
HaTASIAHOTO IPEACTaBAEHUS OIIPEAEAEHNS Yepes POA U BUAOBOE OTAUUUE.
Ecau onipepensieMoe moHgTHE 0003HAUUTH OYKBOM @, OIIpeAeAdIollee —
OyKBOU b, poAOBOE IOHATHE (IO OTHOIIEHUIO K OIIPEAEAIEMOMY) —
OyKBOH ¢, @ BUAOBOE OTAUUHNE — OYKBOU P, TO OIIpepeAeHre dyepes POA,
U BUAOBOE OTAUYME MOJKHO IIPEACTaBUTH TaK:

asc+ P
oin

OO6BsiCHeHHEe TOro, YTO BUAOBOE OTAMYME 0003HAYeHO 3arAaBHOM
OyKBOM, OypeT AQHO AQAee.

WM3BecTHO, uTO Af0OOe ToHATHE uMeeT o0beM. Ecan moHsTre a onpe-
AEAEHO Yepe3 POA U BUAOBOE OTAUYHE, TO O €ro 00beMe — MHOKECTBE
A — MO>XHO CKa3aTh, YTO B HEM COAEP’KaTCS TaKue OOBEKThI, KOTOPHIE
IIpUHAAAERAT MHOKECTBY C (00beMY POAOBOTO IIOHATHUS C) U OOAQAQIOT
CBOMCTBOM P:

A={x|xe CuPx))}

Hanpuwmep, ecan paHo onpepereHue: «OCTPBIM YTAOM Ha3bIBAeTCs
YTOA, KOTOPBIN MEHBIIIe IIPSIMOTO», TO OOBEM IIOHSITHUS «OCTPBIM YTOA» —
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5TO IMMOAMHO’KECTBO MHOJKECTBA BCEX YTAOB IIAOCKOCTH, KOTOpPhIe 00-
AAAQIOT CBOMCTBOM «OBITH MEHBIIIE ITPSMOTO».

DopMyAUPYS OIIPEAEAEHUS TOHSITUHN Yepe3 POA 1 BUAOBOE OTAMYNE,
IIPUAEPIKUBAIOTCA pPSAAA TPaBUA. [lepeuncANM OCHOBHEBIE M3 HUX.

1. Onpegeaenue goa>xHO ObLMb COPA3ZMEPHBIM. JTO O3HAYAET, UTO
00BEMBI OIIPEAEASIEMOTO U OIIPEAEASIONIEro MOHATHUM AOAKHEBI COBIIA-
AaTh. A@HHOe IIPaBUAO BBITEKAaeT U3 B3aUMO3aMeHSIeMOCTH, OlIpeAeAse-
MOTO U OIIPEAEATIONIeT0 TOHATUM.

Hanpumep, Hecopa3zMepHO Takoe olpejpereHUe KBappaTa: «KBa-
APaToM Ha3bIBAETCS YETBIPEXYTOABHUK, Y KOTOPOI'O BCE CTOPOHEI PaB-
HBI». AEUCTBUTEABHO, OOBEM OIIPEACASIEMOT0 ITOHATUS — MHOXKECTBO
KBappaToB. OOBeM ONIPEAEASIONIero MOHATHS — MHOKEeCTBO YeThIpeX-
YTOABHUKOB, BCe CTOPOHBI KOTOPHIX PaBHEL, @ 3TO MHOJKECTBO POM-
0oB. Ho He Bcakuii poMb6 eCThb KBAaApaT, T.e. OOBEMBI OITPEAECASTEMOTO
U ONPEAEASTIONIEro MOHATUS He COBIAAAIOT, M, CAEAOBATEABHO, AQHHOE
OoIpepeAeHre HeCOpa3MepHO.

2. B onpegeaenuu (uAu ux cucmeme) He gOASKHO OblMb NOPOYHO-
ro Kpyra. OTo 03HAuyaeT, UYTO HeAb3sI OIPEAEASITh IIOHATHE Yepe3 caMo
cebs (B OIpeAeAdIonieM He AOAJKHO COAEeP>KAaThCS OIIPEeAeAsIeMOro
TEepMUHA) UAM Yepe3 APYToe, KOTOPOe, B CBOIO OYePeAb, OIIPEAEASTETCS
yepes Hero.

HanpuMmep, copep>KUT NOPOYHBIN KPYT OIIpeAeAeHre: «PaBHEIE Tpe-
YTOABHUKU — 3TO TPEYTOABHUKY, KOTOPHIE PABHBI».

Tak Kak B MaTeMaTHKe pacCMaTPUBAIOT He IIPOCTO OTAEABHBIE II0-
HATHS, @ UX CUCTEeMY, TO A@HHOe IIPAaBUAO 3allpelllaeT IIOPOUYHBIN KPyT
U B CUCTeMe ONpeAeAeHUM. B COOTBETCTBUN C HUM HEAb3s OIIPEAEASITH
IIOHATHE (, BELIOpPAB B KaueCTBE POAOBOIO IIOHATHUSA C, & IOHATHE C —
Jepes IIOHATHUE d.

HamnpuMmep, ecAu oIpepeAUuTh OKPY)XKHOCTL KakK I'PAHUILY KpyTra,
a KpPyT — KakK 4aCTh IINOCKOCTH, OTPAaHUUEHHYIO OKPY’KHOCTBIO, TO OyAeM
UMeTh TIOPOYHBIN KPYT B OIIPEAEAEHUIX AQHHBIX ITOHSATHM.

3. Onpegeaenue goa>KHO OblMb ACHBIM. DTO, Ha IIEPBBIN B3TAIA
O4YeBHUAHOE, IIPABUAO O3HadaeT MHoroe. [Tpexxae Bcero, TpebyeTcs, 4To-
OBl 3HQUEHUS TEPMUHOB, BXOAAIINX B OIIPEAEASIONIee ITIOHATHE, OBIAU
U3BECTHHI K MOMEHTY BBEAEHUS OIIPeAEeAeHUsT HOBOTO IIOHSTHUS.

Hanpumep, HeAb3s ONPeAEAITh IPSIMOYTOABHUK KaK IIapaAAeAo-
TrPaMM C IIPSIMBIM YTAOM, €CAU TIOHSITHE «ITapaAAeAOTpaMM» ellle He pac-
CMOTPEHO.

K ycaroBuAM ACHOCTU OIpepeAeHHd OTHOCAT TaKKe TpeOOBaHUA
BKAIOYATh B BUAOBOE OTAMYHUE AUIIEL CTOABKO CBOMCTB, CKOABKO HEOOXO-
AAMO U AOCTATOUHO AAS BEIAGAEHUS OIIPEeAEAsIeMBIX OOBEKTOB U3 0O0beMa
POAOBOTO OHSATHS.
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PaccMoTpuM, HanpuMep, Takoe OlIpepeAeHUe NIPIMOYTOABHUKA:!
«TTpsIMOYTOABHUKOM HAa3bIBAETCSI YETHIPEXYTOABHUK, ¥ KOTOPOTO BCE
YTABL IpsaMbIe 1 IIPOTHUBOIIOAOKHEBEIE CTOPOHEI PABHBI».

HeTpyaHO yOepUTBCA B TOM, UTO 3TO OIIpEAEAEHHEe COpa3MepHOoe
U B HEM HeT IIOPOYHOro Kpyra. Ho MOKHO AOKas3aThb, 4TO CBOMCTBO
«B MIPSIMOYTOABHUKE IIPOTHUBOIIOAOKHBIE CTOPOHBI PABHBI» BHITEKAET
U3 CBOMNCTBA «B IPSIMOYTOABHUKE BCe YIABI IpsIMBIe». B aToM caydae
CUUTAIOT, 9YTO B AQHHOM OIIPpEACACHUU IIPSIMOYTOABHUKA BTOPOe CBOMU-
CTBO U30BITOUHOE.

TakuM 06pa3oM, 4TOOBI OolIpepereHre OBIAO SICHBIM, KeAaTEeABHO,
4TOOBI OHO HE COAEP’KAAO U30BITOUHBLIX CBOUCTB B OIPEAEASIONIel
YaCTH, T. €. TAKUX CBONCTB, KOTOPLIE MOI'YT OBITh BEIBEAEHEI U3 APYTHX,
BKAIOUEHHBIX B 3TO ompepeAeHre. OAHAKO MHOTAA AAS ITPOCTOTHI MU3-
AO>KEeHM4 3TO IIPAaBHUAO HapylIaoT.

Anst obecieueHUs SICHOCTU OTIPEAEAEHHUsT Ba’)KHO TakKyKe HaAUdUe
IIOHATHS, POAOBOTIO 110 OTHOIIEHHIO K OlpepeasdeMoMy. [Ipomyck poao-
BOTO IOHATHUS AeAdeT ONPeAeAeHMe Hecopa3dMepHbIM. HenpruemaeMmo,
HampuMep, TaKoe oIpeAereHre KBapapaTa: «KBaappaT — 3TO Korpa Bce
CTOPOHLI PaBHBI».

Heo0xoArMO OTMETUTE TaKJKe, 9TO, (DOPMYAUPYS OIIpeAeAeHue, HYy’KHO
CTPEMUTECST B OIIPEAEASIIOIIEM YKa3bIBaTh HE IIPOCTO POAOBOE II0 OTHO-
LIIEHUIO K OIIpeAEAIeEMOMY ITOHATHE, a OAMIKauIIee. OTO 4aCTO IIO3BOASET
COKPATUTH KOAMYECTBO CBOﬁCTB, BKAIOUAeMBIX B BUAOBOE OTAHWYHE.

Hampumep, ecau AAsT oTIpepeAeHUsT KBappaTa B KaueCTBe POAOBOTO
BBIOpATh IIOHATHE «4ETHIPEXYTOABHHIKY, TO TOIAQ HY’KHO OyAeT BKAIOYATh
B BUAOBO€E OTAMYHE ABA CBOMCTBA: «IMeTh BCe IpsaMbIe YTABI» 1 «KUMeTb
BCe paBHBIE CTOPOHEI». B pe3yabTaTe moaryumMm onpepenenue: «KBappa-
TOM Ha3bIBAETCSI Y€THIPEXYTOABHHUK, ¥ KOTOPOTO BCE YTABI IIPSIMBIE M BCE
CTOPOHBI PaBHEI».

EcAu >xe B KaueCTBe POAOBOTO BHIOpATh OAMIKaMIee AN KBappaTa
POAOBOE IOHATHE — IIPAIMOYTOABHUK, TO IIOAYUYMM OOAee KOPOTKOe
onpepeAeHNe KBappaTa: «KBappaToOM Ha3bIBaeTCd NPSAMOYTOABHUK,
Y KOTOPOTO BCE CTOPOHEI PAaBHEI».

4. OgHO u mo >Ke noHsMue onpegeAums 4epe3 pog u BUgoBoe om-
Auyue, cooAgas chopmMyaupoBaHHble NPABUAA, MO>KHO NO-PA3HOMY.
HanpuMmep, KBappaT MOXKHO OIPEAEAUTD TaK:

a) IPSAMOYTOABHUK, ¥ KOTOPOTO COCEAHINE CTOPOHEBI PaBHEL;

0) IPSAMOYTOABHUK, Y KOTOPOTO AMaroHaAW B3aWMHOIIEPIIEHAVKY-
ASIDHEI;

B) poMO, ¥ KOTOPOT'O €CTh IPSIMOM YTOA;

I') mapasreAorpaMM, y KOTOPOTO BCe CTOPOHBI PABHBI, @ YIABL IIPS-
MEI€.
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PazAuuHbIe ONpepAeAeHUs OAHOT'O M TOTO ’Ke MOHSTHS BO3MOKHBI
IIOTOMY, UTO U3 OOABIIOTO YHCAA CBOMCTB, BXOAANINX B COAePyKaHHE
TMOHSTUS, B OIIPEAEAeHNe BKAIOUAIOTCI TOABKO HeKoTophlie. M Koraa
U3 BO3MOJKHBIX OIPEACACHUN BLIOMPAIOT OAHO, UCXOAAT U3 TOrO, Ka-
KOe M3 HUX IIpOollle U IlerecooOpa3Hee AAS AAABHEUIIEero IIOCTPOeHUs
TEOpHUH.

EcAm >)Ke OpAHOMY U TOMY JKe IOHSATHUIO AQIOTCS, HAlIpEMep, ABa pas-
HBIX OTIPEAEAEHMS, TO HEOOXOAUMO AOKA3hIBaTh X PABHOCUABHOCTD, T. €.
yOe>KAQTHCA B TOM, UTO U3 CBOMCTB, BKAIOUEHHEIX B OAHO OIIPEAEAEHHUE,
BBITEKAIOT CBOUCTBA, BKAIOUEHHEIE B APYyTroe, U Ha0OOPOT.

3aBepliasg pacCMOTPeHUEe ONPEASACHUN IIOHATUM Yyepe3 POA U BU-
AOBO€ OTAWUME, IIPUBEAEM NocAegoBameAbHOCMb gelicmBull IIPU BOC-
MMPOU3BEACHUU OIIPEAEAEHUS] 3HAKOMOTO ITOHATHUS UAU ITOCTPOEHUU
ompeAeAeHUs] HOBOTO:!

1) Ha3BaTh OoNpepeAdeMoe IOHATHE (TEPMUH);

2) yKa3aTb OAMIKalIIIee pOAOBOE (IO OTHOUIEHUIO K OIIPEAEATEMOMY)
TMOHSITHE;

3) mepeuucAUTh CBOMCTBA, BHIAEGASIONINE OIpeAeAsieMble OO BeKThI
u3 o6beMa POAOBOTO, T.e. C(POPMYAUPOBATH BUAOBOE OTAUYNIE;

4) TpOBEPUTH, BHITTOAHEHBI AU TIPaBUAA OTIPEAEAEHUS TTOHSITHUS (CO-
pasMepHO AW OHO, HET AW IOPOYHOTO KpyTa M T.A.).

B HauaABHOM KypcCe MaTeMATUKU OIIPEAEACHUS Yepe3 POoA U BUAO-
BO€ OTAWYHE MCIIOAB3YIOT PeAKO. CBSA3aHO 3TO KakK C OCOOEHHOCTSIMU
Kypca, TaK ¥ C BO3BMOKHOCTSIMU AeTell. Ho MoHATHH B HAYaABHOM Kypce
MaTeMaTHUKU OYeHb MHOTO — 3TO OLIAO OTMEUYeHO B HauaAe T'AaBhI. Kak
JKe UX OTIPEAEASTIOT ?

I'Tpu n3yuyeHnn MaTeMaTUKH B HAYaABHOM IITKOAE Yallle BCETO UCIOAb-
3yIOT HesIBHble OonpegeAenusl. B HeSIBHBIX OIIPEAEACHUIX COAEPIKaHUE
MIOHSATUM PACKPBIBAETCSI KOCBEHHBIM ITyTeM. Cpepr HUX Pa3AUdaioT
KOHTEKCTyaAbHbIE I OCTEHCUBHEIE.

B KonmekcmyaabHbBIX OnpegeAeHus1X CoOAepyKaHNe HOBOTO IIOHS-
THS1 PAaCKPLIBAETCsI AMOO 4yepe3 OTPHIBOK TEKCTa, AUOO uepe3 KOHTEKCT,
An0OO Yepe3 aHaAM3 KOHKPETHOMN CHUTYyaIluM, ONHCHIBAIOIIEN CMBICA
BBOAMMOTO ITOHATHA. [TOCPEACTBOM KOHTEKCTA YCTAHABAUBAETCS CBA3b
OIIPEAEASIEMOTO IIOHSTUSL C APYTUMU, U3BECTHBIMH, U T€M CaMbIM KOC-
BEHHO PAcKphIBAeTCs ero copeprkaHue. [IpuMepoM KOHTEKCTYaAbHOTO
OIIpeAeA€HUsI MOJKeT OBITh OIIpeAeAeHUe YPaBHEHUS U ero pellleHusd,
IPUBEACHHOE B yueOHMKe MaTeMaTUKH AAs 2 Kaaccal, 3aeck mocae 3a-
mucu [+ 6 =15 uuncen 0, 5, 9, 10 upeT TekcT: «K KAaKOMY YUCAY HAAO

! Mopo M. M. Matematuka. 2 khace / M. . Mopo, M. A. Bautosa. — M. : [Ipocserenue,
1987. — C. 196.
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npubaBUTH 6, YTOOBI IOAYYHAOCH 15?2 OO03HAUUM HEU3BECTHOE YUCAO
AQTUHCKOMN OYKBOM X (MKC):

X+ 6 =15 — 3TO ypaBHeHue.

Pemnts ypaBHeHME — 3HAUYUT HAUTH HEM3BECTHOE YHUCAO. B AaHHOM
YpaBHEHUU HEU3BECTHOE YHUCAO PAaBHO 9, Tak Kak 9 + 6 = 15.

OOBpsacHY, noyemy uncaa 0, 5 u 10 He ITOAXOAAT.

OcmeHcuBHble onpegeAeHUsl — 3TO OIIPEASAESHUS, PaCKPhIBAIOIIe
CyllleCTBeHHBIe IPU3HAKY IPEAMETOB IIyTEM UX IIPeAbIBAECHHUS, TOKA3a.
OHU HCHOAB3YIOTCI AAS BBEAEHUHI TEPMUHOB IIyTeM A€MOHCTpAIluu
00BEKTOB, KOTOPbIE 3TUMU TepMUHaMU 0003HauatoT. Hanpumep, Takum
CII0cOO0M MOJKHO OIPEAEAUTH B HAUaAbHOM IIKOAE TTIOHSATHS PABEHCTBA
U HEepaBeHCTBA:

2-7>2-6 9.3=27

78-9< 78 6-4=4-6

37+ 6 > 37 17-5=8+4
Omo HepaBeHcmBa. BOmo paBeHcmBa.

OcTeHCUBHEBIE OIIPEAEAeHNs, KaK M KOHTeKCTyaAbHBIe, XapaKTepu-
3yIOTCSI HEKOTOPOU He3aBePIIIeHHOCThIO. AeHMCTBUTEABHO, OIIPEAEAEHNE
TMOCPEACTBOM ITOKa3a He BBIAEASET UMCAOBLIE paBeHCTBa (HepaBeH-
CTBA) M3 APYTUX NIPEAAOSKEeHHUN, B HeM He yKa3BIBAIOTCSA CBOMCTBAQ,
XapaKTepHBIE AAST AQHHBIX ITOHATHM. OHU TOABKO CBI3BLIBAIOT TEPMUHLL
C oIlpepensieMBIMU 00beKTaMu. [103ToMy HoCAe KOHTEKCTYaAbHOTI'O UAU
OCTEHCUBHOTI'O OIIPeAeAeHUs TOHATHUS He0OOX0AMMO AaAbHellIIee n3yde-
HUEe CBOUCTB TaK OIPEAEAEHHBIX OOHEKTOB.

B HauaabHOM 00y4YeHUU MaTeMaTHKe, KpoMe KOHTEeKCTYyaAbHBIX
U OCTEHCUBHBIX ONPEAEACHUMN, YaCTO UCIOAB3YIOT IIPUEME], 3aMeHd-
IoIIUe onpepeAeHre. DTO, B YaCTHOCTH, onucaHue, cpaBHeRue. [1pu
OIMCAaHUM N3y4aeMOoro OObeKTa CTaBUTCS IleAb — BBISIBUTH KaK MOYKHO
OOABIIIe eT0 CBOMCTB, KaK CyIIleCTBeHHBIX, TaK 1 HeCyIlleCTBeHHbIX. Ecanu
HUCIIOAB3YeTCS IIpUeM CPaBHEHUS, TO CBOMCTBA BBOAMMOTO ITIOHSATHUS BbI-
SIBASIFOTCS B IpOIlecce CpaBHEHUSI Pa3AMUHbBIX O0BEKTOB. TakoM IpuemM
IpUMEHSeTCd, HaIpUMep, TPU O3HAKOMAEHUM MAQAITUX IITKOABHUKOB
C NOHATHUEM TIAOIIAAN (DUTYPHI.

BOMPOCHI N SAOAHNA

1. TlokaxuTe, YTO criefytoLLME ONpPefeneHns UMEKT hopMy paBHO-
CUITbHOCTW, 1 NepedhopMynmpyiTe 1X, UCMOoNb3ysi CroBa «Torna
1 TONbKO TOrAa, Koraay:
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a) «4eTHbIM Ha3bIBaETCH YMCNO, KOTOPOE AennTCH Ha 2;

6) «MHoxecTBo A Ha3bIBAETCA NOAMHOXECTBOM MHOXecTBa B,
€CN Kax bl 3aN1IeMEHT MHOXECTBa A NPUHAANEXUT MHOXECTBY
By;

B cnepnytomx onpefeneHysx BoIGeNUTE OnpeaensemMoe 1 onpege-
nswoLLee NoOHATUSA, POA0BOe NoOHATUE (MO OTHOLLEHWIO K ONpene-
nsemMomy) 1 BUAOBOE OTANYHKE:

a) «lMNapannenorpaMmMom Ha3bIBaeTCH YeTbIPEXYrONbHUK, Y KOTO-
pOro NPOTUBOMONOXHbIE CTOPOHbI MOMAPHO NapanfenbHbIY;

6) «OTpes3ok, CoeanHALLNA CepeamHbl OBYX CTOPOH TPeyronb-
HVKa, Ha3blBAETCS ero CpeaHen NUHen.

HasoBuTe BCce cBOMCTBA, KOTOPbLIE COAEPXATCA B BMOOBOM OT-
NNYMM KaXKA0ro U3 CreayrLLMX onpeaeneHunii;

a) «buccekTprco yrna Ha3bIBaeTCH Ny, BbIXOAALLMIA U3 BEPLUM-
Hbl yrna v QensLmi yron nononamy;

6) «[psAMble Ha3bIBaKOTCS napanfienbHbIMK, ECAN OHW NexaT
B OQHOW MIIOCKOCTN U HE NEPECEKAOTCAY.

CopaamepHbl N cnegyoLme onpegeneHus:

a) «OcTpoyronbHbIM TPEeYrofbHUKOM Ha3blBAeTCS TPeyronbHuK,
y KOTOPOro ecTb OCTPbIA yrony;

6) «psiMOYrofbHBIM TPEYrONbHUKOM Ha3bIBAETCA TPEYIONbHYIK,
Yy KOTOPOro ecTb NPAMOW Yrony.

YyaLumncs onpeaenun NpaMon yron Kak yron, CTOPOHb! KOTOPOro
B3aWMHO NeprneHaVKynsapHbl, @ B3aUMHO NeprneHanKynspHble
npsiMble — Kak NpsAMble, 06pasytoLLme Npy NepeceyeHn Npsmble
yrnbl. Kakyto owmbky AonycTvn yHammnca?

EcTb nv nornyeckue owmnbkm B cnepyroLLmx onpegeneHnax? Ecnm
MOXETE, UCMPaBLTE UX.

a) «[NpsMoyronbHMKOM Ha3blIBAETCH YETbIPEXYrONbHUK, Y KOTO-
pOro NPOTUBOMONOXHbIE CTOPOHbI PABHbIY;

6) «BrccekTpucon yrna Ha3biBaeTCA NpsMas, genswasn yron
nononamy;

B) «CnoxeHvnem Ha3biBaeTCs OeNCTBME, NPU KOTOPOM 4YMcna
CKnafbIBaoTCAY;

r) «PaBHOCTOPOHHMM TPEYrofibHUKOM Ha3bIBAETCS TPEYIOMbHYIK,
Yy KOTOPOro paBHbI BCE CTOPOHbLI 1 BCE YIbIy.

[anTe onpeneneHve: TYyNoyronbHOro TpeyronbHuka, paBHobe-
LPEHHOro TpeyronbHuKa, Tpaneumn. Kakoe NnoHaTre Bbl BbIbpanu
B Ka4eCTBe pofoBOro B kaxgom cnyyvae? Kakve cBoncTsa BKIHO-
YWnNM B BUOOBOE OTNNYMNE?

CdhopmynupynTe onpepeneHne NpaMoyronbHUKa, NCMnosb3ys
B KA4eCTBE POOBOro NOHATUE (HETLIPEXYroNbHUKY. [onb3yack
3TVM onpegeneHnem, obbacHuTe, nodemy durypsl Fi, F3 1 Fy,
n3o06paxkeHHble Ha puc. 2.4, MOXHO Ha3BaTb NPSMOYrofbHUKaMW,

a gmrypy F> — Her.
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Fy F, Fy F,

Puc. 2.4

9. TMoHATHE «NPOTMBOMONOXHBLIE CTOPOHbLI MPAMOYrOfibHMKaY B Ha-
YyanbHOM Kypce MaTeMaTuK MOXHO onpeaenuThb Tak: «KpacHbIM
uBeToM 0603HaYeHbl iBE NPOTMBOMNONOXHbLIE CTOPOHLI Mpsi-
MOYronbHKKa, a8 CUHUM LiBETOM — [ABE ApYrve npoTMBOMNONoX-
Hble CTOPOHbLI» (BCe 3TO Noka3aHo Ha pucyHke). Kakon cnocob
ornpepeneHnst MoOHATUA NCNoNb30BaH?

10. BbissicHuTe, Kaknm cnocobom onpenensatTesa B pasnmyHbIX yHeb-
HUKaX Nno MmatemaTunke ana HavalbHbIX KNacCoB NOHATUA:
a) BblpaxkeHue; 6) cymma; B) cnaraemoe;
) YETHOE YKCNO; 1) OOHO3HAYHOE YNCHO; ) YMHOXEHME.

m BbICKA3bIBAHUS

N BbICKA3BIBATEJIbHbIE ®OPMbI

V3yuas peaAbHBIE IPOIECCH], MaTeMaTHKa ONMCHIBAET UX, UCIIOAB3YS
KaK eCTeCTBEHHBLIU CAOBECHBIN SI3BLIK, TaK U CBOM CUMBOAMYeCKUM. Omu-
caHMe CTPOUTCS C IIOMOIIBLIO TpeproskeHM. Ho uToOBI MaTeMaTryecKue
3HAHUSA OBIAW AOCTOBEPHBIMY, IIPABUABHO OTPa’KaAl OKPY’KAIOIIYIO HacC
PEaAbHOCTD, 3TU IIPEAAOKEHUSA AOAKHBI ObITh UCTUHHBIMU.

Kak y3HaTh, HCTUHHOE UAU AOKHOE 3HaHME 3aKAIOUeHO B TOM UAU
WHOM MaTeMaTHYeCKOM IpeproskeHHM? Ha 3TOT u ApyTHe BOIPOCH],
C HUM CBSI3aHHBIE, MBI IONLITAEMCSI OTBETUTh. A cefyac TOABKO 3a-
MeTHM, YTO KakKpoe MaTeMaTudecKoe MPepAosKeHNe XapaKTepHu3yeTcs
COAEpsKaHMEM U AOTHUYECKON (POPMOM (CTPYKTYpPOIl), IpUYEM COAEP-
>KaHUe Hepa3pbIBHO CBA3aHO C (DOPMOM, U HEAB3S OCMBICAUTD IEPBOE,
He TIOHUMasi BTOPOTO.

OTHOCUTEABHO IIOHSATUMN U OTHOIIIEHUM MeXKAY HUMU MO>KHO BBICKA-
3BIBATh PA3AUYHBIE CY;KAEHUA. SI3BIKOBOM (POPMOU CY’KACHUN ABAAIOTCS
IIOBEeCTBOBATeAbHEIE IpepAOKeHUd. HanpuMep, B HAUaAbBHOM Kypce
MaTeMaTHUKU MOYKHO BCTPETUTDH TaKue MPEAANOKEHUS:

1) wucao 12 — yeTHOE;

2)2+5>8;

3)x+5=8;
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4) B uricre 15 OAUH AECSTOK U 5 eAUHUIT;

5) OT mepecTaHOBKY MHOKUTEAEH TPOU3BEACHUE HEe U3MEHSIETCS;

6) HEKOTOPHBIE YHUCAA AEAITCA Ha 3.

BuauM, 94TO IPEANOIKEHNS, UCIIOAB3yEMEIE B MaTeMATUKe, MOTYT OBITh
3allMCaHbl Kak Ha eCTeCTBEHHOM (PYCCKOM) sI3bIKe, TaK M Ha MaTeMaTude-
CKOM, C UCIIOAB30BaHMEeM CUMBOAOB. Aairee, O ipeproskeHusax 1, 4, 5u 6
MOJKHO CKa3aTh, YTO OHU HeCyT BEPHYIO HHPOPMAILIHIO, a TPEANOKEHUE
2 — A0KHYI0. OTHOCUTEABHO IIPEAAOSKEHNS X + 5 = 8 BOOOIIle HeAb3s
CKa3aThb: UCTUHHOE OHO MAU AOKHOE.

B3rasa Ha IpeprOKeHUe € ITO3UIUM — UCTHUHY UAU AOKb OHO HaM
COOOBIIaeT — MPUBEA K IIOHSITUIO BblCKA3bIBAHUS.

BpbicKa3blBaHUEM Ha3LIBAIOT IIpepANOKEeHN e, OTHOCUTEABHO KOTOPO-
T'O UMeeT CMEBICA BOIIPOC: UCTUHHO OHO MAK AOJKHO.

Hamnpumep, nipearoxxenus 1, 2, 4, 5 u 6, npuBepeHHBIE BHIIIE, €CTh
BBICKa3bIBaHUS, TpUYEM NpeproskeHud 1, 4, 5 1 6 — UCTUHHEBIE, @ 2 —
AOXKHOE.

BbICcKa3bIBaHUS NPUHATO 0603HAUYaTh IPONMCHBIMYU OyKBaMU AQTUH-
ckoro ardasuTa: A, B, C, ..., Z. EcAu BbICKa3biBaHUe A UCTUHHO, TO 3a-
NIHMCBHIBAIOT: A — «1», €CAM JKe BBICKa3bIBaHUe A — AOKHO, TO IIUIIYT:
A — «A».,

«cTuHa» U «AOKb» HA3BIBAIOTCS 3HAYEHUSIMU UCMUHHOCMU Bbl-
cKa3blBaHus. Ka>xpoe BBICKa3bIBaHHUE AMOO MCTHMHHO, AMOO AOJKHO,
OBITh OAHOBPEMEHHO TeM U APYTMM OHO He MOJKeT.

INpeanroskenne x + 5 = 8 He IABASIETCS BhICKa3bIBaHUEM, TaK KakK O HeM
HeAb3sI CKa3aTh: UCTUHHO OHO UAM AOKHO. OAHAKO IIPU IIOACTAHOBKE
KOHKPETHBIX 3HaUeHUU IIepeMeHHOU X OHO oOpalllaeTcsd B BBICKA-
3LIBaHUE: UCTUHHOE UAU AOKHOe. Hampumep, ecau x =2, 70 2 + 5 =
=8 — AO’KHOe€ BBICKA3bIBAHUE, a IIPU X = 3 OHO 00pAllaeTcss B UCTUHHOE
BBICKa3bIBaHue 3 + 5 = 8. [IpeprokeHure x + 5 = 8 Ha3BIBAIOT BbLCKA-
3blBAmMeAbHOl popmoii. OHO TTOPOKAAET MHOKECTBO BhICKAa3bIBaHUM!
OAHOM U TOM ke POPMHBIL.

ITo yncAy nmepeMeHHBIX, BXOAAIINX B BHICKA3BIBATEABHYIO (POPMY,
pasAndaroT OAHOMECTHBIE, ABYXMECTHBIE U TaK AdAee BBICKA3bIBATEAD-
HBIe POPMEI ¥ 0003HAYAIOT: A(x), A(x, y) 1 T.A. Hanpumep, x+5=8 —
OAHOMeCTHAas BBICKa3bIBaTeAbHasd popMa, a npeprokeHue «IIpamas
X IIapasreAbHa IPSIMON y» — ABYXMeCTHas.

ChaepyeT uMeTh B BUAY, UTO B BhICKa3bIBaTEABHOM (popme mepe-
MeHHBIE MOTYT COAEP’KaThCAd HesIBHO. Hanmpumep, B IpeAAOKEHUIX:
«4UCAO YETHOE», «ABEe NpIMble IIepeceKaloTCsa» IMepeMeHHBIX HET,
HO OHU IIOApa3yMeBaroTcs: «HUCAO X — 4YeTHOe», «/ABe NpsIMBIE X U §
IIepeceKarloTCs».
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3ajaHue BBICKA3bIBATEABHON (DOPMBI, KaK IIPAaBHUAO, IPEATIOAATA-
eT U 3aAaHHe TOTO MHOJKeCTBa, U3 KOTOPOTO BLIOUPAIOTCA 3HAUYEHUS
IIepeMeHHOU (IIepeMeHHBIX), BXOAAIEH B BBICKA3BIBAaTEABHYIO (hopMy.
OTO MHO’KECTBO HA3BIBAIOT 00AACMbIO ONpegeAeHUsl BEICKA3bIBATEAD-
"HOU (popmel. Hanmpumep, HepaBeHCTBO X > 5 MOJKHO pacCMaTpUBaTh
Ha MHO>KeCTBe HaTyPaAbHBIX YHCEA, @ MOKHO CUHUTATh, YTO 3HaUeHUE
IlepeMeHHOM X BBIOMpaeTCsd U3 MHOXKeCTBA ACHMCTBUTEABHBIX UMCEA.
Torpa B mepBOM CAydae OOAACTBIO OIIPEAEACHUS HEPABEHCTBA X > O
OyAeT MHOJKeCTBO HATypPaAbHBIX YHCEA, @ BO BTOPOM — MHO>KECTBO
AEUCTBUTEABHBIX YHCEA.

AapauM onpepereHHEe OAHOMECTHOM BBICKA3bIBATEABHOU (POPMBEL
(moHgTHEe BHICKAa3bIBaTEALHOM (DOPMEI, COpAepiKallleil ABe u Ooaee mepe-
MEHHBIX, OIIPEAEASIeTCS aHAAOTUYHO).

OgHnomecmHOU BbICKA3bIBAMEABHOU (popMOll, 3apaHHON Ha MHO-
KecTBe X, Ha3bIBAIOT IIPEAAOIKEeHUe C IepeMeHHOMN, KOTopoe 00-
paiilaeTcd B BbICKa3biBaHMUE MPU MOACTAHOBKE B HETO 3HAYEHUU
nepeMeHHOMN M3 MHOKeCTBa X.

Cpeau Bcex BO3MOKHBIX 3HaUeHUM IlepeMeHHOM Hac B IIePBYIO oue-
pPeAb UHTEPECYIOT Te, KOTOphIe 0OpaljaloT BEICKA3bIBATEABHYIO (hopMy
B UCTHUHHOE BBICKAa3bIBaHWe. MHOKeCTBO TaKMUX 3HAUEeHUM IIepEMEHHBIX
Ha3BIBAIOT MHOXECMBOM UCMUHHOCMU BBICKA3bIBATEABHOU (DOPMEL.
Hanpumep, MHO>KeCTBOM UCTUHHOCTH BBICKA3bIBATEABHON (DOPMEL X > O,
33AQHHOM Ha MHO>KeCTBe AEMCTBUTEABHBIX YHCeA, OYAeT POMEesKyTOK
(5; ). MHO>keCcTBO UCTUHHOCTU BBHICKa3bIBATEABHOU (POPMEI X + 5 = §,
3aAaHHOM Ha MHOJKEeCTBE I[eABIX HEeOTPUIlaTeABHBIX YUCEA, COCTOUT
M3 OAHOTO YHCAa 3.

YcaoBumcs 0603Ha4aTh MHOKECTBO UCTUHHOCTU BBICKA3bIBATEABHOU
dopmel OykBou T. Toraa, COrracHoO onpepeAeHuIo, Bcerpa I < X.

I[IpeprosxkeHUus (BbICKA3bIBAHWS U BBICKA3bIBATEAbHBIE POPMEI),
KOTOpPBIE MBI PACCMAaTPUBAAU, OBIAU IPOCTBIMU, HO MOJKHO NPUBECTU
IPUMEPHI CY’KAEHUH, I3BIKOBONM (POPMOM KOTOPBIX OYAYT CAOKHEIE
npeproxeHud. Hanpumep: «Hucao 12 yeTHOe U AeauTcd Ha 3»; «Ecam
TPEYTrOABHUK PABHOOEAPEHHBIN, TO YIABL IPU OCHOBAHUYM B HEM PABHBI».
EcTecTBEeHHO BO3HUKAET BOIIPOC: KaK OIIPEAEAsITh 3HaueHue UCTUHHO-
CTH TAaKUX BBICKA3bIBAHUM U HAXOAUTH MHOXXECTBO UCTUHHOCTH TaKUX
BBICKA3bIBATEABHBIX OPM ?

YToOBI OTBETUTH Ha 3TOT BOIIPOC, HEOOXOAMMO MO3HAKOMUTHCS C He-
KOTOPBIMM AOTUYECKUMHU ITOHATUSAMU.

B Aoruke CUMTAIOT, YTO U3 ABYX AQHHBIX IIPEAAOKEHUU MOJKHO
00pa30BaTh HOBBLIE IIPEAAOIKEHUS, UCIIOAB3YS AASL 3TOT'O COIO3BI «IY,
«UAHU», KECAM..., TO...», «TOTAQ U TOABKO TOTAQ, KOTA@» U Ap. C IOMOIIbIO
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YaCTUIILI «HE» UAU CAOBOCOUETAHUS «HEeBEePHO, UTO» MOKHO M3 OAHOTO
IPEeAMOKEeHUS IIOAYUYUTh HOBOE.

CAOBa «#», KHAU», KECAU..., TO...», KTOTAQ U TOABKO TOTAQ, KOTAA»,
a TAaK’Ke YaCTUILy «He» (CAOBA «HEBEPHO, YTO») HA3BIBAIOT AOrUYEeCKUMU
cBsaskamu. IIpepnroskeHnss, oOpa3oBaHHBIE U3 APDYTUX IIPEANOKEHUN
C IIOMOIIIBIO AOTUUECKHUX CBSA30K, Ha3bIBAIOT COCMABHbIMU. [Ipeproske-
HUs, He IBAFIOIINEeCS COCTaBHBIMY, HA3bIBAIOT 9A1€MEHMAPHbIMU.

[TpuBeaeM nIpyMepHl COCTABHBIX IPEANOSKEHUIN:

1) «Hucao 28 yeTHOe U ASAUTCST Ha 7».

OTO IIpeprOKeHHe 00pa30BaHO U3 ABYX SA€MEHTAPHBIX: «YUCAO 28
YeTHOE», KUYHUCAO 28 AGAUTCS Ha 7» C IOMOIILIO AOTHMYECKOM CBSI3KH
«U».

2) «HucAo x MeHbIITe AU PaBHO 8».

OTO NIpepAOKeHHe oOpa3oBaHO M3 ABYX SAeMeHTapHBIX: «Humcao
x MeHbIIe 8», «H1CcAO0 X PAaBHO 8» C MOMOIIBLIO AOTHYECKOH CBSI3KHU
CKHAAWY.

3) «Hucao 14 He peanTcs Ha 4».

OTO coCcTaBHOE BBICKAa3bIBaHKE 00Pa30BaHO U3 IPEANOKEHUs «HHcAo
14 peAnTcs Ha 4» C IOMOIIBIO YACTUIILL «HE»,

Bel, HaBepHOe, 0OpaTUAU BHUMaHUeEe Ha TO, YTO BCE TPU IIPEAAO-
KEHUS, IBASSCHh C AOTUYECKOM TOYKU 3PEHHUSI COCTaBHBIMHY, IIO CBOEH
rpaMMaTHYeCKOM CTPyKType — npocThele. He Bceraa, HO Tak OBIBAET:
IIPOCTOE MIPEAAOKEHHE [0 CBOEU AOTMUYECKOU CTPYKType MOJKET OBITh
COCTaBHBIM.

A Kak oIpeAeAsiTh 3HaueHHe MUCTUHHOCTU COCTaBHOT'O BBICKA3BIBA-
Hu4g ¢ Hanprumep, ICTUHHO UAM AOKHO BBICKa3bIBaHUE: «HUCAO 28 AeAUT-
cd Ha 7 1 Ha 9» 2 DAeMeHTapHOe BhICKa3bIBaHue «Hucao 28 poeanTca Ha
7», BXOAAIlee B COCTaBHOE, UCTUHHOE — 3TO U3BECTHO U3 HAYaAbHOT'O
Kypca MaTeMaTUKu. Bropoe sneMeHTapHOe BBICKa3blBaHue «Hucao 28
AEAUTCS Ha 9» — AOJKHOe (M 3TO HaM Tak>Ke M3BeCTHO). A KaKuM OyAeT
B 3TOM CAy4Yae 3HaueHHe MCTUHHOCTU COCTABHOT'O BBICKA3BIBaHUS, 00-
Pa30BaHHOTO U3 3TUX BEICKA3BIBAHUM C IIOMOIIIBIO COI03a «M» ¢ OTBETUTH
Ha AQHHBIM BOIIPOC MOKHO, €CAU 3HATh CMBICA 3TOTO coto3a. Ho Tak Kak
COCTaBHBIE BBICKA3bIBAHUSA OOPA3yIOTCS C MOMOIIBIO U APYTUX AOTHYE-
CKMX CBS30K, TO BO3HMKAeT HEOOXOAMMOCTD B YTOUHEHUHN UX CMBICAQ.

KpoMe TOro, yrouHeHue CMBICAA UCIIOAB3YeMBIX B MaTeMaTHKe
CBS30K OOYCAOBAEHO UX HEOAHO3HAUHBIM TOAKOBAHHEM B OOBIACHHOU
peydy, YTO MOJKET IPUBECTU K HEOAHO3HAYHOMY OTBETY IIPU HaXOKASHUU
3HAQUYEeHUS UCTUHHOCTU COCTAaBHBIX BBICKA3bIBAHUM.

WTak, 3HaueHne UCTUHHOCTU SAE€MEHTAaPHOI'O BEICKA3bIBAHUSA OIIpe-
AEASIIOT, UCXOASl U3 €T0 COAEPIKaHUs C OIIOPON Ha M3BeCTHBIE 3HAHUS.
YTOOBI OIIPeAEAUTh 3HaUeHMe UCTUHHOCTH COCTABHOTO BHICKA3bIBAHUS,
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HAAO 3HATH CMBICA AOTMYECKUX CBSI30K, C ITOMOIIIBLIO0 KOTOPBIX OHO 00-
Pa30BaHO M3 SIAEMEHTaPHBIX, ¥ YMETh BEIIBASITH AOTUYECKYIO CTPYKTYPY
BBICKA3bIBAHMUSI.

ANST BEISIBA€HUSI AOTHYECKOM CTPYKTYPBI COCTaBHOT'O IIPEANOKEHUS
HY’KHO YCTa@HOBUTB:

B 13 KAKUX OA€MEHTAPHbBIX HpeAAO}KeHI/Iﬁ O6paSOBaHO AdHHO€e COCTaB-
HOe€ ITpEeANOJKeHn e,

®  C IIOMOIIIBIO KAaKNX AOTHMYECKHX CBA30K OHO o6pa3013aHo.

BbIgBUM, HAaIpUMeP, AOTUUECKYIO CTPYKTYPYy IPeArOKeHUs «Ecan
YTABI BEPTHUKAABHBIE, TO OHU PaBHBLI». OHO COCTOUT M3 ABYX dAEMEH-
TApPHBIX IPEAAOKEHUN: IPEANOKEHUSA A — «YTABL BEepTUKAABHEBIE»
U IIPEANOIKEeHUsT B — «yTABI paBHBI». CoepAnHEeHBI OHU B OAHO COCTaBHOE
IIPEAAOJKEHYE C IIOMOIIIBIO AOTUYECKOM CBSI3KH «ECAM..., TO...». [OBOPAT,
YTO AQHHOE COCTaBHOE NPEAMO’KEHNEe UMeeT AOTUYECKYIO CTPYKTYPY
(dbopmy): «ecan A, TO B».

BOMPOCHI N SAOAHNA

1. Cpepnu cnegytoLLmx NPeIoXeHNI, paccMaTpyBaeMbIxX B Ha4asb-
HOM Kypce MaTeMaTuKK, yKaXuTe BbICKa3bIBaHUA 1 ONpefenuTe
MX 3Ha4YEeHMNEe NCTUHHOCTU:
a)«(12-7)-(6+3)=45»;

B)«(15+12):3>10»;

B) «B nobom npsiMoyronbHWKe NPOTUBOMOMOXHbBIE CTOPOHbI
paBHbI»;

r«(12 -x)-4 =24y,

0) «Cpegy YeTblpexyronbHMKOB eCTb Takue, Y KOTOPbIX BCE CTO-
POHbI PaBHbIY;

e) «4ucno z — gBy3HayHoe;

) «Nponzsegerne yicen 4070 v 8 meHbLLE, YeM CyMMa YUCEN
183961 14 174vy;

3) «Hucno 6 aBnaeTca kopHeM ypaBHeHus (12 — x) - 4 = 24».

2. Kakue npegnoxeHusa ns sagaHus ‘1 ABNSIOTCS BbiCKa3biBaTENb-
HbIMM chopMamin? NoacTaBbTe B HUX 3HAYEHME NEPEMEHHON TaKk,
4TO6bI NONYYNIOCH:

a) UICTUHHOE BbICKa3bIBAHWE,;
6) No)KHoe BbiCKa3bIBaHUE.

3. MoxHO0 nv cunTaTh BbiCKasbiBaTeNbHbIMM (hopMamMu CneayoLLmne
3anuncu:
a)x®-2x; 6)4x+2y;B)7-4+2=30;1)7-4+2<307?

4. B cnepytoLLmX COCTaBHbIX NPEASIOXKEHMSAX BbILENUTE COCTaBNS0-
LME MX 3NeMEHTApPHbIE NPEaNoXEHNs U NOrMYeCKNE CBASKM:
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a) «B paBHobeppeHHom TpeyroneHuke ABC 6uccekTpuca BD
ABNASTCA MEOMaHOM 1 BbICOTONY;

B) «x =7

B) «Ecnu 3anucek Ymcna okaH4msaeTcs umdpon O, To uncno ae-
NNTCSA Ha DY,

r] «TpeyronbHWK ABNAETCA PAaBHOCTOPOHHMM TOTFAA W TOMbKO
TOrga, Korga BCe ero yribl paBHbIY;

o) «He BepHo, 4T0 Yncno 17 genutcs Ha 3»;
e)«Ecnma-b=0,T0a=0unnb=0».

DT KOHBHOHKUVS 11 ANSLIOHKLNS
BbICKA3bIBAHUI

N BbICKA3bIBATEJIbHbIX ®OPM

BEBIICHMM CMBICA, KOTOPHIM UMeeT B MaTeMaTuke coro3 «u». [TycTe
A B — IpOU3BOABHEIE BEICKA3bIBaHUA. OOpasyeM U3 HUX C IIOMOIIBIO
CO103a «M» COCTaBHOe BBICKa3bIBaHHe. [ToaydeHHOe BBICKa3bIBaHUE
Ha3bIBAIOT KOHBIOHKIIUEN (OT AQT. conjunctio — coepuHeHUe) U 000-
3Ha4aioT A A B (uuTaioT: «A u B»).

KonbroHKUUell BbICKA3bIBAHUI A 1 B Ha3bIBAaIOT BLICKA3LIBaAHUE
A A B, KOTOpOe UCTUHHO, KOTA@ 00a BbICKa3bIBaHUS NUCTUHHBI, 1 AOJK-
HO, KOTAA XOTsI OBI OAHO M3 3TUX BBEICKA3LIBAHUN AOKHO.

OrnpeaereHre KOHBIOHKITMYA MOKHO 3aIIUCATh C TIOMOIITBIO TaOAHIIE,
Ha3bIBaeMOM mabAuuelli uCmMuHHOCIMU:

A B AAB
u u u
u A A
A u A
A A A

Hcnoab3yst pAaHHOE OTpepeAeHre, HaWAeM 3HaueHWe MCTUHHOCTH
BBICKa3bIBaHUSA «HMCAO 28 peAanTcd Ha 7 1 Ha 9», KOTOpoe, KaK OBIAO
YCTaHOBAEHO paHee, COCTOUT M3 ABYX dAEMEHTaPHBIX BHICKa3bIBAHUH,
COEAMHEHHBIX COI030M «H», T.e. IBAJETCI KOHBIOHKIHEeMN. Tak Kak
TepBoOe BBICKa3bIBAHNE UCTUHHO, @ BTOPOE AOJKHO, TO, COTAACHO OIIpeAe-
AEHUIO KOHBIOHKIINY, BLICKA3LIBAHME «UYHCAO 28 AeAUTCS Ha 7 U Ha 9»
OyAET AOKHBIM.

93



3aMeTHM, UYTO B peuyl KOHBIOHKIINS MOYKET BBEIPA’KaThCsl HE TOAB-
KO COIO30M «UM», HO U APYTMIMH, HAIIPUMeED, «a», «HO», KOAHAKO», «He
TOABKO..., HO U...». Hanmpumep: «Hucao 15 AeAUTCS He TOABKO Ha 3, HO U
Ha 5».

BuIsicHUM Ternepb, KAKOM CMBICA UMEET B MaTeMaTUKe COI03 KHUAUY.

[Mycts A 1 B — npom3BOABHBIE BEICKa3bIBaHUsa. OOpasyeM U3 HUX
C IIOMOIIIBIO COI03a «UAW» COCTaBHOE BhICKa3bIBaHUe. [ToryueHHOE BHI-
CKa3bIBaHMeE Ha3bIBAIOT AUIBIOHKIUEN (0T AQT. disjunctio — pa3peseHue)
1 0003HavarT A v B (duTaioT: «A uau B»).

Au3blOHKUUell BLICKa3bIBAHUN A M B Ha3bIBAIOT BBICKa3bIBaHUE
A v B, KOTOpO€ UCTUHHO, KOTAQ@ UCTUHHO XOTS Obl OAHO M3 3TUX BhI-
CKa3bIBaHUM, U AOJKHO, KOTAA 00a BBICKA3bIBAHUS AOKHBIL.

TabAunIila UCTUHHOCTH AU3BIOHKIINN NMEEeT BUA;

A B Av B
u u u
u A u
A u u
A A A

Hcnoap3ysa paHHOE ONIpepeAeHUe, HaUuAeM 3HaueHUe MCTUHHOCTH
BBICKA3bIBaHUSA «HUCAO 28 pAeAUTCS Ha 7 UAU Ha 9». Tak Kak 3TO IPEAAO-
>KeHUe SIBASeTCS AU3BIOHKIIHEN ABYX BBICKA3bIBAHUY, OAHO U3 KOTOPHIX
UCTUHHO, TO, COTAGCHO OTIPEAEAeHMI0, OHO UCTUHHO.

W3 onpepereHUsI AU3BIOHKIIUY CAEAYET, YTO B MaTeMaTHUKe COI03
«MAM» UCIOAB3YIOT KaK Hepa3AeAUTEABHBIH, T. €. AOIIYCKaeTCs BO3-
MO>KHOCTb OAHOBPEMEHHOI'0 BEIIIOAHEHUS O0OMX YCAOBUM. Tak, BHI-
CKasblBaHUe «15 KpaTHO 3 MAM 5», COTAQCHO OIIPEAEACHUIO, CYUTAIOT
HUCTHUHHBIM, IOCKOABKY 00a BBICKa3bIBaHUsA « 15 KpaTHO 3» U « 15 KpaTHO
5» UCTUHHEL.

OOpazoBaHue COCTaBHOT'O BHICKA3LIBAHMS C MTOMOIILIO AOTHUECKOM
CBS3KU HA3bIBAIOT Aoruieckoit onepauueii. Onepaiyi, COOTBETCTBY-
IOIIYIO CO03Y «MU», HA3BIBAIOT KOHBIOHKUUEl; ONePAanUui0, COOTBET-
CTBYIOIIYIO COIO3Y «MAN», — GU3BIOHKUUEl. 3aMeTUM, YTO AOTHIeCKIe
onepanuy U UX pe3yAbTaThl (COCTaBHBIE INPEANOKEHUS) Ha3bIBAIOT
OAMHAKOBO. VIcIIOAB3Ys AaHHBIE PaHee OIIpeAeAeHus, MOSKHO AOKAa3aTh,
YTO Oollepaluu KOH'BIOHKITUU U AU3BIOHKIINN OOAAAAIOT CBOMCTBAMU
KOMMYTATUBHOCTH, aCCOIIMAaTUBHOCTHU U Ap.

OnpepereHUsT KOHBIOHKIIUY U AM3BIOHKITUY MOKHO OOOOIIUTE Ha ¢
COCTaBASIONIUX UX BHICKA3BLIBAHUH.
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Konblonkyuel ¢ BbICKA3bIBAHUU HA3BIBAIOT IIPEAAOJKEHHE BUAAQ
Ai ANAy A ... A A; KOTOPOE UCTUHHO TOTAQ U TOABKO TOTAQ, KOTAQ HC-
THUHHBI BCE COCTABASIOIINE €TI0 BEICKA3bIBAHUA.

Au3bonkuyueli t BbICKA3blBAHUU HA3BIBAIOT NPEAAOKEHUE BUAAQ
Ay VA,V ..V A, KOTOPOE NOJKHO TOTAQ U TOABKO TOTAQ, KOTAQ AOJKHBI
BCe COCTaBASIIOINIME €TO BEICKa3bIBaHUS.

B MaTeMaTHKe pacCMaTPUBAIOT He TOABKO KOH'BIOHKITUIO U AU3BIOHK-
IO BBICKA3bIBAHWUM, HO U BBIIIOAHSIOT COOTBETCTBYIOIINE Ollepaluu
Hap BBICKa3bIBATEABHBIMU (pOpMaMU.

KoRBIOHKUUIO OAHOMECTHBIX BBICKA3bIBATEABHEIX POpM A(x) 1 B(x),
3aAQHHBIX Ha MHOXKecTBe X, 0003HaualoT A(x) A B(x). C nosasaenuem
3TOTO IIPEAAOSKEHUST BO3HUKAeT BOIIPOC: KaK HAaUTU €r0 MHOYKECTBO UC-
TUHHOCTH, 3Hasi MHOJKeCTBa UCTUHHOCTH BBICKa3bIBaTeABHBIX (hopM A(X)
u B(x)? ApyruMu cAOBaMH, IIPY KaKUX 3HAUEHUIX X M3 00AACTH OIIpeAe-
AeHmd X BEICKa3bIBaTeAbHasd popMa A(x) A B(x) oOpalaeTcs B UCTUHHOE
BBICKa3bIBaHNe? OUeBUAHO, YTO 3TO BO3MOJKHO IIPU Te€X U TOABKO TeX
3HQUEHUSIX X, IPU KOTOPHIX 00palllatoTcs B NICTUHHOE BBICKa3bIBaHME 00e
BBICKa3bIBaTeAbHBIe POpMbI A(x) 1 B(x). Ecau o6o3Hauuts T, — MHO-
>KeCTBO UCTUHHOCTH IIpeproKeHUs A(x), Ty — MHOXeCTBO UCTUHHOCTH
IpeproKeHud B(x), @ MHOKeCTBO UCTUHHOCTU MX KOHBIOHKIUU T, ,
TO Ty ,.p= To N Tp. IlpumeM 3TO yTBep)KAeHUE Oe3 AOKA3aTEABCTBA.

ITpuBepeM npuMep UCIIOAB30BAHMS 3TOrO IpaBuAa. HalipeM MHOKe-
CTBO UCTUHHOCTU KOHBIOHKIIMU ABYX HEPABEHCTB 2x > 10 m 4 + x < 12,
T. €. MHO>KeCTBO UCTUHHOCTHU IIpepAosKeHus 2x > 10 A 4 + x < 12. [TycTb
T, — MHOXXeCTBO pellleHu HepaBeHcTBa 2x > 10, a T, — MHOXXeCTBO
pelteHul HepaBeHcTBa 4 + x < 12. Torpa T; = (5, ), T, = (-, 8). Ara
ONpepeAeHMd 3HAUeHUHN X, IPU KOTOPBIX MCTUHHEL 00a HePaBEHCTBQ,
HY>KHO HaAUTH IIepecedeHne UX MHOKeCTB pewmenuit: Ty N T, = (5, 8).

BuauM, 4TO BBHIIIOAHEHNE 3TOTO 3aAaHUS CBEAOCH K PEeIIeHMIO CU-
CTeMBbl HepaBeHCTB. BooO11le, ¢ TOUKU 3peHus AOTUKH, AfoDasi cucreMa
HepaBEeHCTB e€CTh KOHBIOHKIIUS HEePAaBeHCTB, TaK JKe KaK U CHUCTeMa
YPaBHEHUMN €CTh KOHBIOHKIUS YPaBHEHUMN, YTO IO3BOASET C €AUHOMU
TOYKM 3PEeHUSd pacCMaTpUBATh IIPOIlECC UX pelIeHU.

AU3BIOHKUUIO OAHOMECTHBIX BEICKa3bIBaTEABHBIX (hopM A(x) u B(x),
33aAQHHBIX Ha MHOKeCTBe X, 0003HauaroT A(x) v B(x). OTo nipeprosKeHre
OyAeT oOpalllaThCs B UCTUHHOE BBICKA3bIBaHUE IIPU TeX U TOABKO TeX
3HAYEeHUAX X U3 0OAACTU OIpepeAeHus X, IPU KOTOPBIX oOpalllaeTcs
B UCTUHHOE BBICKa3bIBaHNE XOT4 ObI OAHA U3 BEICKA3bIBAaTEABHBIX (DOPM,
T.e. Ty,g=TyU T

IIpuBeaeM mpuMep UCIIOAB30BAHMUS 3TOTO IpaBuAa. PemmM, Hanpu-
Mep, ypaBHeHUe (x — 2)(x + 5) = 0 mpu ycaroBumy, uro x € R. MI3BecTHO, UTO
NIPOU3BeAeHUe PABHO HYAIO TOTAQ U TOABKO TOTAQ, KOTAA XOTsI Obl OAUH
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U3 MHOKUTEAeH paBeH HyAIO. DTO O3HAYaeT, YTO AQHHOe ypaBHeHUe
PaBHOCUABHO AUIBIOHKIUN: X — 2 =0V X+ 5 =0 1 103TOMy MHO>XeCTBO
€ro pelleHuN MO’KeT OBITh HalAEHO KaK OOBbepAMHEeHNe MHOJKECTB pe-
LIeHUM IepBOro U BTOPOTO ypaBHeHUHU, T.e. {2} U {-5} = {-5, 2}.

PaccMaTpuBas KOHBIOHKITUIO U AM3BIOHKIINIO BBICKAa3bIBATEABHBIX
¢dopM, MBI YCTAHOBHUAU MX TECHYIO CBS3b C IlepeceueHueM U 00bepu-
HeHUeM MHOYXeCTB.

C APYTOM CTOPOHBI, XapaKTEePUCTUUECKNEe CBOWCTBA IIepeceyeHus
U 00ObEeAUHEHUS MHOXKECTB A U B IpeACTaBASIIOT COOOM COOTBETCTBEHHO
KOHBIOHKITUIO U AU3BIOHKITUIO XapPaKTePUCTUIECKUX CBOUCTB AQHHBIX
MHO>KECTB:

ANnB={x|xeAuxeB}),AUB={x|xe Aunux e B},

IpHUYeM Ka’kKAO0€e CBOMCTBO IIPEACTaBAsIeT COO0OM BBICKA3bIBATEABHYIO
dopmy.

BOMNPOCHI N SAOAHNA

1. V13BecTHO, 4TO BbicKa3biBaHne A — UCTUHHO. MOXHO nK, 3Hasa
NULWb 3TO, ONpPeaenuTb 3HaYEHNE NCTUHHOCTU BbICKa3bIBaHWS:
aJAAB; B6)AvB?
2. VI13BecTHO, 4TO BbicKa3biBaHe A — noxHO. MoXXHO N, 3Has NLLb
370, ONPefenvTb 3Ha4eHNe UCTUHHOCTY BblCKa3bIBaHUS:
aJAAB, B6)AvB?
3. OnpepenuTe 3Ha4YeHVE MCTUHHOCTM KaXd0ro BbICKa3bIBaHUS:
a) «Hucno 6 penuTtca Ha 2 1 Ha 3»;
6) «Hucno 123 genutea Ha 3 1 Ha 9y;
B) «[pn peneHnmn 42 Ha 5 B ocTaTke Nosy4nTces 2 unm Sy;
r) «TpeyronsHuk ABC (pvc. 2.5) npamMoyronbHbIA 1 paBHOCTO-
POHHMNY;
a) «OpuH 13 yrnos TpeyronbHuka ABC (cm. puc. 2.5) paseH
B60°»;
A e)«3 <7
X) «3 = 7.
4. Kaxpoe 13 cnepylowmx NpeanoxXeHnin 3aMeHnTe KOHb-
HOHKLMEN MO0 ANSBLIOHKLUNEN, UMEIOLLIEN TOT € CMbICIT:
a) «dvicno 7 npuHapnexumT xoTa 6bl 0GHOMY U3 MHOXECTB
A nBy;
6) «KBapgpaTHOe ypaBHeHWE MMeeT He Bonee ABYX KOp-
Heny;
B) «Karxgoe cnaraemoe CyMMbl X + Y + Z ennTcs Ha 3»;
r) «No kparHen Mepe OQHO M3 HaTypanbHbIX YMcen n,
Puc. 2.5 n-"1,n+"14eTHo».




5. lNMycTe A — MHOXECTBO YeTHbIX HaTyparnbHbIX Yncen, B — MHo-
XKECTBO HaTypanbHbIx Yncen, meHblumx 20. YcTaHoBUTE, Kakue
N3 CreayoLLMX BbICKa3biBaHWN UCTUHHbI:
al]5e Anm5eB;6)5eAns5eB;B)8B8c Annn8 e B;
r8eceAunB8eB;nld44cAvmmmdd cB;e)l]d44 c Andd cB;
X)51 e Annn 51 €B;3)51€Anbd1eB.

6. lMokaxwuTe, 4YTO, BbIMOAHANA CreayoLLUMe 3a4aHns, Mbl HAX0AMM
MHOXECTBO MCTUHHOCTU KOHBHOHKLIMA 1 AN3BIOHKLUM BbICKa3bl-
BaTenbHbIX hopm:

a) «danbl uncna: 31, 53, 409, 348, 20, 3094, 233, 33, 271,
143, 3, 333, 14, 30. Beinuwmte BCe 4ncna, B 3anncu KOTOpbIX:
1) Tpw undhpbl 1 ecTb undgpa 3;
2) Tpy ungpbI UK ecTb Undipa 3»;
6) «/13 pspga 25, 12, 17, 5, 15, 36 BbinULLINTE Yncha:
1) nBy3Ha4Hble UK MeHbLLne 17;
2) gBy3HayHble 1 MeHbLune 17,

m PELLIEHVE 3AMIAY

HA PACMNMO3HABAHWE OBBEKTOB

C BBepAeHHUEM IIOHATHA KOHBIOHKINKY WM AM3BIOHKIINKM BBICKA3bI-
BaTeABHBIX (POPM IMOSIBUAMCH YCAOBHS AAS PACCMOTPEHMSI BOIIPOCOB,
CBSI3aHHBIX C PeIlleHeM OTPEAEAeHHOT0 BUAA 3aAaY, TaK Ha3bIBAEMBIX
3aAa4¥ Ha paclio3HaBaHue OOHLEKTOB.

B 3apavax Ha pacno3HaBaHue TpebyeTcsa OTBETUTH Ha BOIPOC!
npuHagAexum mom UuAu uHol o6bekm o6'beMy gaHHOTO NOHAMUS UAU
He npuHagAexum. [TpuMepoM TaKoM 3aAaU¥ MOKET OBITH CAEAYIOIIAs:
«YCTAHOBUTE, KaKue u3 PUI'yp Ha puc. 2.6 ABAJIOTCSI KBaApaTaMH,
a Kakue HeT».

Pemraror Takme 3aAa4M, UCIIOAB3YS OIIPEAEGACHYE COOTBETCTBYIOIIETO
noHsTus. [Tpr 3TOM Ba>KHO MOHUMATh, YTO €CAU MTOHSTUE d OIIPEAEAEHO
yepes3 POAOBOE TTOHSITHE C U BUAOBOE OTAMYME P, TO eTo 06heM A MOKHO

Puc. 2.6
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IIPeACTaBUThL B TaKOM Brpe: A = {x | x € C u P(x)}. AaHHas 3aMuCh HO-
Ka3bIBaeT, YTO XapaKTEePUCTUIECKOe CBOMCTBO OO0heMa OHSTHS d IIPEA-
CTaBASIeT COOOM KOHbIOHKUUIO gBYX CBOUCMB. DTO O3HAYAET, YTO OOBEKT
X 6yAeT IpHUHAAAEKATh OOBeMY ITOHSITHS d TOTAA M TOABKO TOTAQ, KOTAQ
OH (3TOT OOBEKT) COAEPIKUTCI B 00BEME POAOBOTO ITOHITUSA U 06AaAQET
cBoiictBoM P. ITosToMy pacrio3HaBaHUe NMIPOBOAUTCS IO CAEAYIOIIEMY
AATOPUTMY:

1) mpoBepsieM, TPUHAAAEIKUT AU OOBEKT X 00'BEMY POAOBOTO ITOHSITHS,
T.e. ICTUHHO AU BBICKa3bIiBaHUe X € C;

2) ecau okaxkeTcd, 4TO X ¢ C, TO IPOBEPKY IIPEKpalllaeM U AeraeM
BBIBOA, UYTO OOBEKT X He IPUHAAEKUT 00beMy IOHATHS 4, T.€. X & A;

3) ecan x € C, TO IPOAOAJKAEM NIPOBEPKY U BBIACHSEM, 00AAAAET AU
00LEeKT X CBOUCTBOM P;

4) ecAm 0OBEKT X 00AaAQET CBOMCTBOM P, TO AeraeM BBIBOA O €ro
IIPUHAAAEKHOCTA OOBEMY IIOHATHUS @, T.€. YTBEPKAAEM, UTO X € A;

5) ecAr OKakeTCs, 4TO OOBEKT X He 00AaAaeT CBOMCTBOM P, TO AenaeM
BBIBOA, YTO OOBEKT X He IPUHAAAEKUT 0ObeMy MOHATHUS d, T.e. X ¢ A.

BeIgcHUM, HanpuMep, Kakue U3 UTyp Ha pUC. 2.6 SBAIIOTCS KBa-
ApaTtaMu. byaeM ITOAB30BaThCA TaKUM OIIpeApereHueM: «KBappaToM
Ha3bIBAIOT IPSIMOYTOABHUK, ¥ KOTOPOTO COCEAHNE CTOPOHBI PABHEIY.
W3 Hero caepyeT: 4TOOBI (hurypa ObIAG KBAAPATOM, OHA AOAKHA OOAa-
AQTh ABYMSI CBOMCTBAMHU: «OBITH IIPSIMOYTOABHUKOM» U «MMETh PaBHBIE
COCEeAHIE CTOPOHBIY.

Qurypa 1 aBAsSETCS KBAaAPATOM, TaK KaK 3TO IPSIMOYTOABHUK, CO-
CepHMe CTOPOHBI KOTOPOT'O PaBHHI.

Qurypa 2 He SIBASETCSI KBAAPaTOM, TaK KakK 3TO He IPSIMOYTOAb-
HUK.

Qurypa 3 — NPsIMOYTOABHUK, HO COCEAHHE CTOPOHEI B HEM He PaBHHI.
CAepOBaTEABHO, ee HeAb3s Ha3BaTh KBaAPaTOM.

MBI pacCMOTpPEAU CaMBIil IIPOCTOU CAy4Yal pellleHus 3aAau’ Ha pac-
II03HaBaHMe, KOTAQ BUAOBOE OTANUNE B OIIPEAEACHUN ITIOHSATUS COCTOSIAO
TOABKO U3 OAHOTO CBOMCTBA. HO HepepKY U Takme OlpepeAeHus, B KO-
TOPHBIX BUAOBOE OTAMYHE COCTOUT M3 HECKOABKUX CBOMCTB, CBSI3aHHBIX
MEeJKAY COOOM COO3aMHU «M», KHAM».

EcAu BUAOBOE OTAMUME TIPEACTaBASIET COO0M KOHBIOHKITNIO CBONCTB,
T.e. P=P; AP, A ... A P,, TO pacrio3HaBaHue IIPOBOAUTCS IO CACAYIOLLIEMY
AATOPUTMY:

1) mpoBepsgeM IIOOUYEPEAHO HAaANUME ¥ OOBEKTa Ka*KAOTO U3 CBOMCTB
p, P, .. P,

2a) eCAU OKa’KeTCsl, 9TO OH He 0OAQAAET KAaKUM-AMOO0 13 3TUX CBOMCTB,
TO IIPOBEPKY IIPEKPAalalOT M A€AQIOT BBIBOA O TOM, YTO OOBEKT He 00-
AaAaeT CBOMCTBOM P;

o8



A D c
A
B D
6 C
B
a

Puc. 2.7

20) ecan ke OKaykeTCd, 4TO BCe CBOUCTBA Py, P,, ..., P, IpUCYIIX AQH-
HOMY OO'BEKTY, TO 3aKAIOYAIOT, YTO OOBEKT 0OAAAAET CBOMCTBOM P.

BrIsicHUM, HanlpuMep, B KAKOM CAydae Ayd BD siBasgeTcss 611CCeKTpUCOi
yraa ABC (puc. 2.7, a, 6). Bocrioab3yeMcsl TAKUM OIIpeAeAeHreM OUCCeK-
TPHUCHI yTAd: «BUCCEeKTPUCON yrAa Ha3bIBAIOT AyY, BREIXOAAIINY M3 Bep-
LIMHBI YTAQ U AEAGIINN 3TOT YTOA MOIIOAaM». VI3 Hero caepyet: pAAs TOTO
4TOOBI AYY OBIA OMCCEKTPUCOU yIAQ, OH AOAKEH OOAAAATH ABYMSI CBOU-
CTBaAMM: BEIXOAUTD U3 BEPIUINHBI YTAQ U AGAUTH 3TOT YTOA IIOTIOAAM.

Ayu BD Ha puc. 2.7, a He ABAsgeTcs Ouccekrpucoln yraa ABC, no-
CKOABKY OH He AGAUT A@HHBIM YTOA IIOIIOAAM.

Ayu BD Ha puc. 2.7, 6 — ouccekrpuca yraa ABC, Tak Kak OH BEIXOAUT
U3 BEPUIMHEL 3TOTO YTAA M AEAUT €ro IOIIOAAM.

Ecam BUAOBOE OTAMYHE IPEACTABASIET COOOM AU BIOHKIIUIO CBONUCTB
P=P,v P,v..v P, To IPOBEPKY IIPOBOAAT AO TE€X IIOP, IIOKa He OyAeT
YCTQHOBAEHO, UTO XOTsI ObI OAHO U3 CBOMCTB IIPUCYIIlEe AQHHOMY OOBEKTY,
Ha OCHOBAHMU 4ero 3aKAIOYAIOT, UTO OH 0OAapaeT cBoMicTBOM P. Ecan
JKe OKaykeTcs, YTO OOBEKT He 0OAapAaeT HU OAHUM U3 CBOUCTB Py, P, ...,
P,, TO IPUXOAAT K BEIBOAY, UTO OH He 00AapaeT CBOUCTBOM P.

BOMPOCHI N SAOAHNA

1. [anTte onpenenerve kBagpaTta Yepes NOHATUE «MPAMOYTONbHUKY.
Monb3yack faHHLIM OnpefeneHneM, YKaxKnuTe ycrnosus, Npu Ko-
TopbIx churypa:

a) byneT ABNSATbLCS KBAApaToOM;
6) He ByOeT ABNATLCHA KBAJpPaTOM.

2. YcrtaHoBuTe, B KakoM 13 cnyyaes (puc. 2.8, a—B) oTpesok PA
ABNAETCA AMamMeTpoM Kpyra. Kakum onpefeneHnemM guamerpa
ynobHee BOCMOMb30BaTLCA NpY PeLLeH JaHHOW 3apa4dm:
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Q Q
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a 6 B

Puc. 2.8
B B B
M
M p P
M
A c A c A P c
a 9] B

Puc. 2.9

a) «[dnameTp kpyra — 3To xopAa, NPOX0OAsLLas Yepes ero
LIEHTPY;
6) «dnameTp Kpyra — 370 OTPE30K, COEANHAIOLLMN OBE TOHKW
OKPY>KHOCTV 1 MPOXOAALLMIA Hepes LieHTpY.

3. YcTaHoBwTe, B KaKOM 13 paccMaTprBaeMbIx Cryvaes oTpe3ok MP
bynet cpegHen nuHnen TpeyronsHuka ABC (puc. 2.9, a—B).

4. Kakunm o6pa3om Bbl ByneTe peLlaTth crefytloLme 3agaydn, npes-
naraemble MNapLLUM LUKONbHMKAM:
a) «Hanau cpeau 3anunce ypaBHEHWS 1 PELUN UX YCTHO:

8+7=1517-x=917-x;x+12="12»;

6) «Ha3oBW ypaBHEHWSA, B KOTOPbLIX HEM3BECTHOE YUCIIO pPaB-
Ho 8:

x-2=20,6-x=48;x:2=5;40:x=5».

m BbICKA3bIBAHUSA C KBAHTOPAMMU

B AaHHOfI T'AaBe paCCMATPUBAIOTCA pPa3AMUYHBIE BUABLI MaTeMAaTU-
YeCKUuXx HpeAAO)KeHHI:I. Mur BBEISICHUAW, YTO CpeAr HUX BBIACAAIOT BBI-
CKA3bIBAHUA 1 BBICKA3bIBATEABHEIE q)OpMLI, KOTOphbIe MOTYT OBITE DAE-
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MEHTApHBIMU M COCTABHBIMHU. MBI y3HAAU TaKKe, KaK YCTaHABAUBAIOT
3HaUYeHNe NCTUHHOCTY TAKMUX BBICKA3BIBAHUN M HAXOAAT MHOKECTBO
UCTUHHOCTU BBICKA3BIBATEABHBIX (DOPM.

Ho sTuM He ucuepnanHo Bce MHOTooOpasue (OPMYyAHMPOBOK MaTe-
MaTUYECKUX IIPEANOKEHUN U ITPaBUA oOpalleHus ¢ HumMu. Hanmpumep,
IIOYeMy OAHY U TY Ke TeOpeMy O PaBEeHCTBE BEPTUKAABHBIX YTAOB MOKHO
(OpPMyAUPOBATH IIO-PA3HOMY:

m  «BepTUKaAbBHBIE YTABI PABHBIY;
s  «EcAu yTABI BepTUKAABHBIE, TO OHU PABHBIY;

®m  «AAS TOTO UTOOBI YTABI OBIAU PaBHBI, AOCTATOYHO, UTOOBI OHU OBIAU
BEPTUKAABHBIMU Y

m  «AAS TOrO YTOOBI YIABL OBIAM BEPTUKAABHBIMU, HEOOXOAUMO, YTOOBI
OHU OBIAU PaBHEI».

Bo3HUKAIOT U ApyTHe BOIPOCHL: ITIOUYEMY UCTUHHOCTD IIPEAAOIKEHUI
«CyMMa TpeX AFOOBIX IIOCAEAOBATEABHBIX HATYPAABHBIX YHMCEA AEAUTCS HA
3» HapAO AOKA3BIBATh, @ YTOOBI YOEAUTHCS B UCTUHHOCTU IIPEANOSKEHUS
«HEKOTOpble HaTypaAbHbIE YMCAA ACASITCS Ha 3», AOCTATOYHO IIPUBECTHU
KOHKpPETHBIN TpuMep?

YUTOOBI OTBETUTH Ha 3TU BOIPOCH], HEOOXOAUMO OOAee TAyOOKOe
u3ydeHNe MaTeMaTUUeCKUX IIPEANOKEHUN U, IIPEXKA€e BCETO, BEICKA3HI-
BaQHUM C KBAHTOPAMHMU.

B dopMyanpoBKax MaTeMaTHYECKUX IMIPEAAOKEHUM 4acTO BCTpe-
YaIOTCS CAOBA: «KAa’XABIU», «BCE», KHEKOTOPHBIE», «XOTS OBl OAMHY.
Hanpumep, cBOUCTBO IPOTUBONIOAOKHBEIX CTOPOH NPSIMOYTOABHUKA
dopMyAupyeTcs Tak: «B A1060M IPSIMOYTOALHUKE IIPOTUBOIIOAOSKHBIE
CTOPOHBI PaBHEI», & O CBOMCTBE HATYPAAbHBIX YUCEA MBI TOBOPUAH, UTO
«Hekomopble HaTypaAbHBIE YUCAA KPATHBI O». BEIICHUM, KAKOB CMBICA
5TUX CAOB U KaK OH UCIIOAB3YETCS B MaTeMaTHUKe.

Ecam 3apaHa BeICKA3bIBaTeAbHAss (OpMa, TO, YTOOBI IIPEBPATUTH €e
B BBICKA3bIBaHHUE, AOCTATOYHO BMECTO Ka’KAOM U3 IlepeMeHHBIX, BXO-
AAIIUX B (hbOpMy, IOACTaBUTE ee 3HaueHUe. HanmpuMep, ecAn Ha MHO-
xecTBe N HaTypaAbHBIX YHCeA 3aAaHa BBICKa3bIBaTEAbHasA popMa
A(x) — «Hucao x KpaTHO 5», TO, IOACTABUB B Hee BMECTO X 4mCAO0 20,
MBI [IOAYYUM UCTUHHOE BBICKa3bIBaHUe «Hucao 20 kpaTHO S». Ecan ke
B 3Ty BBICKA3bIBATEABHYIO (DOPMY IIOACTABUTH BMECTO X UUCAO 17, MBI
IIOAYYHUM AOJKHOE BBICKAa3bIBaHUE «Hucnao 17 KpaTHO 5».

OAHAKO CYLIeCTBYIOT U APyTHe CIIOCOOBI IOAYUYeHUS BLICKa3bIBAHUN
U3 BBICKa3bIBATEABHBIX (DOPM.

Ecau nepep, BeICKa3bIBaTEABHOU (popMoOM «HHUCAO X KPATHO 5» IIO-
CT@BUTb CAOBO «BCSIKOE», TO IIOAYUMUTCS NPEANOKeHUe «Bcsgkoe 4ncao
X KpaTHO 5». OTHOCUTEABHO 3TOTO IIPEAAOKEHNS MOYKHO 3aAaTh BOIIPOC:
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HCTUHHO OHO UAM AOJKHO? 3HAQUUT, IPEAAOKeHUe «Bcsgkoe 4umcAO X
KpaTHO 5» (x € N) — BBICKa3bIBaHUeE, IIPUYEM AOXKHOE.

BrIpaskeHme «AASI BCTIKOTO X» B AOTHKE HAa3bIBAIOT KBAHINOPOM 00U~
HocCmu 10 IepeMeHHOM X (llepeMeHHas MOXXeT ObITh 0003HaueHa
U APyTolM OYKBOM) M 0O003HAYarOT CUMBOAOM VX.

3anuch (Vx) [A(x)] o3HaUaeT: «AAS BCIKOTO 3HAUEHMS X IIPEAAOIKe-
HUe A(Xx) — UCTUHHOEe BBICKa3bIBaHUe». MIHOTAQ 3Ty 3alIUCh AOIIOAHSIOT
0003HaUeHNEM MHOXKeCTBa X, Ha KOTOPOM 33aAaHa BBICKA3bIBATEABHAS
dopma A(x), u Torpa nIpeprokeHue (Vx € X) [A(x)] MOSKHO YUTATh!

a) AAS BCIKOIO X U3 MHOXeCTBa X UCTUHHO A(X);

0) BCAKUU SAEMEHT U3 MHO>KeCTBa X 00AaAaeT CBOMCTBOM A.

BrelpakeHUe «CYyIIeCTBYeT X TaKOe, YTO...» B AOTMKe Ha3bIBAIOT
KBAQHMOPOM Cyu,eCMBOBAHUS II0 IepeMEeHHON X (lepeMeHHas
MO>KeT ObITh 0003HaueHa U APyroi OyKBOM) U 0003HAYaloT CUMBO-
AoM dIx.

3anuchk (Ix) [A(x)] o3HaUaeT: «CyIleCcTByeT TakKoe 3HaueHHe X, U4TO
A(X) — uCTHMHHOe BBICKa3bIBaHHEe». MIHOTAA 3Ty 3allUCh AOIOAHSIOT
0003HaueHUEeM MHOKeCTBa X, Ha KOTOPOM 3aAaHa BEICKa3bIBaTeAbHASA
dopma A(x), u Torpa npeprokerue (IxeX) [A(x)] MOKHO YUTATh:

a) cyllecTByeT TaKoe X M3 MHOKeCTBa X, YTO UCTUHHO A(X);

0) xoTa OBI OAUH DAEMEHT X U3 MHO>XecTBa X o0AapaeT CBOU-
CTBOM A.

3aMeTHuM, 4YTO B MaTeMaTHKe HapsAy CO CAOBOM «BCSIKUU» yIIO-
TPeOASIIOT CAOBA «Ka’KABIM», «AIOOOI», & BMECTO CAOBA «CyIIeCTBYyeT»
UCTOAB3YIOT CAOBA «HEKOTOPBIE», «HAMAETCSI», «E€CThb», «XOTS OBl
OAUHY.

OO6paTtuM BHMMaHHE Ha OCOOEHHOCTD YIIOTPEOACHUSA B MATEMATUKE
CAOBA «HEKOmOopblli». B OOBIYHOU pedM, TOBOPS «HEKOTOPBIE», UMEIOT
B BUAY «IIO MEHBIIIE Mepe OAMH, HO He BCe», B MaTeMaTHUKe JKe CAOBO
«HEKOTOpBIe» O3HAuaeT «II0 MeHbIIel Mepe OAUH, HO, MOJKeT OBITh,
U BCe».

WTak, ecau 3apaHa OAHOMECTHad BBICKa3bIBaTeAbHas opMa A(x),
TO, YTOOBI TPEBPATUTH €€ B BEICKA3bIBAHUE, AOCTATOUYHO CBA3aTh KBAH-
TOPOM OOIIHOCTH MAU KBAaHTOPOM CYIIIECTBOBAHUS COAEPIKAUIYIOCS
B Hell mepeMeHHYI0. EcAn JKe BBICKa3bIBaTeAbHast (popMa COAEPIKUT
HECKOABKO IIepeMeHHBIX, TO IIepeBeCTU €e B BBICKa3bIBaHUE MOJXKHO,
€CAHM CBS3aTh KBAHTOPOM KayKAYIO IlepeMeHHy0. Hanpumep, ecan paHa
BBICKA@3bIBaTEABHAd (popMa «X > y», TO A TOAyYEeHUS BBICKAa3bIBAHUS
HY>KHO CBSI3aTh KBAHTOPOM 00€e IlepeMeHHEIe, Hanpumep: (Vx)(Iy) [x > y]
uau (3x)(3y) [x > y].
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OpAHaAKO Ba)KHO YMETh He TOABKO ITIEPEXOAUTE OT BBICKA3bIBATEABHOMN
(POPMBI K BEICKa3BIBAHUIO C IIOMOIIBIO KBAHTOPOB, HO U PAcloO3HaBaTh
BBICKA3bIBaHHUS, COAepIKallle KBAHTOPE], @ TAKKe BBIIBAATH UX AOTHU-
YEeCKYIO0 CTPYKTYpPY. A€AO B TOM, YTO KBAHTOPHI YaCTO HE COAEPIKATCS
B (hOpMYyANPOBKaX ONpPeEAEAeHUM, TeopeM U APYI'MX MaTeMaTHUeCKUX
npeproskeHud. HanpuMep, B OPMYyAMPOBKE TeOpeMbI « BepTUKaAbHEIE
YTABI PaBHBI» KBAHTOPA B IBHOM BUAE HET, HO IIPEAIIOAATAETCs, YTO
AAQHHOe yTBep)KAeHUe CIIPAaBEAAMBO AN BCeX BEPTUKAABHBIX YTAOB.

3agaua 1. BEIIBUTE AOTHUYECKYIO CTPYKTYPY CAEAYIOIIUX BBICKA3bI-
BaHUU:

a) «HeKkoTopble HeUETHBIE YHCAA AEASITCS Ha 5»;

0) «ITpousBepeHHE ABYX AIOOBIX ITIOCA€AOBATEABHBIX HAaTyPAABHBIX
YuceA KpaTHO 2»;

B) «B IpAMOYTOABHUKE AMArOHAAU PaBHBIY.

Pewenue. a) B 3ToM IpeprOKeHUN UMeeTCsd KBAHTOP CyIleCTBOBA-
HUS, OH BEIPa’XEH CAOBOM «HEKOTODBIE», U BBICKA3bIBaTeAbHAsA (hopMa
«He4YeTHbIe YUCAA AEAITCS Ha 5», 3apAaHHas Ha MHOKeCTBe X HeUeTHBIX
yrceA. ODO3HAUNUM BBICKA3BIBATEABHYIO (DOPMY CUMBOAOM A(X), TOTAQ
AOTMYecKas CTPYKTypa AQHHOTO NIPEAAOKeHHUs TaKoBa: (3x € X) [A(x)].
Ecau mpepproskenue A(x) 3aMCaTh, UCIIOAB3YsI CUMBOABL «X:5», TO HC-
XOAHO€ BBICKa3bIBaHME MOJKHO NMPEACTAaBHUTh B TAKOM BHAE: (Ix € X)
[x:5], TAe X — MHO’KECTBO HEUYETHBIX UMCEA.

0) B A@HHOM IPEAMNOKEHUU UMEETCSI KBA@HTOP OOILIHOCTH, OH IIPEA-
CTaBAEH CAOBOM «AIOOOI», ¥ BEICKa3bIBaTeAbHas hopMa «IIPOU3BEACHHE
ABYX IIOCA€AOBATEABHBIX HATYPAABHBIX YHCEA KPATHO 2», 3apaHHAs
Ha MHOXXecTBe N HaTypaAbHBIX umceA. O0o3HauuM ee A(x). Toraa ao-
ruyeckas CTPYKTypa AQHHOI'O BBICKas3bIBaHMA TakKoBa: (VxeN) [A(x)].
U ecan A(x) IPEACTaBUTE B BUAE X(X + 1):2, TO 3apAaHHOE TIPEAAOIKEHNE
MOJXKHO 3amucaTh Tak: (Vx € N) [x(x + 1):2].

B) B pAaHHOM BBICKa3bIBAHUM KBAHTOPA B IBHOM BUAE HET, HO IIOA-
pasyMeBaeTcs, YTO CBOMCTBOM «UMeTh PaBHBIE AMArOHAAU» O0OAaAQIOT
AlOOble IPSIMOYTOABHUKY, CA€AOBATEABHO, 3TOT KBAHTOP OOIIHOCTU
MOJKHO BKAIOUUTH B 33aA@HHOE BBICKA3bBIBAHUE, HE U3MEHUB €r0o CyTH:
«B At0O0M NIPAMOYTOABHUKE AMATOHAAM PABHEI». TOTAQ €ro CTPyKTypa
TakoBa: (VxeX) [A(x)], rAe X — MHO>XeCTBO NPSIMOYTOABHUKOB, A(X) —
BBICKa3bIBaTeAbHas hopMa «B IPSIMOYTOABHUKE AUArOHAAM PABHEI».

BBIICHUM Tenephb, KaK YCTAHABAMBAIOT 3HQUEHUS UCTUHHOCTU BHI-
CKa3bIBaHUM, COAEPKAIINX KBAHTOPHI.

PaccmoTpuM cHavana BBICKA3bIBaHUE C KBAHTOPOM OOIIHOCTH, T. €.
BeICKa3blBaHue Bupa (VxeX) [A(x)]. B HeM yTBep)KpaeTcs, 4TO AAL
AOOOro X U3 MHOKeCTBa X UCTUHHO A(X), IO3TOMY YTOOBI YOEAUTHCSA
B MCTUHHOCTHU 3TOr0 BBICKa3bIBaHMS, HY’KHO I10Ka3aTh, YTO MHOKECTBO
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UCTUHHOCTU T, BHICKa3bIBAaTEABHOU (POPMHEI A(X) COBIIaAaeT C MHO-
xectBoM X (T, = X). UTOOBI yOEAUTHCSA B AOSKHOCTH BBICKA3bIBAHUSA
(Vxe X) [A(x)], pAocTaTOUHO mOKa3aTk, 94To T, # X, T.e. CYIIeCTBYeT
TaKOe 3HaueHue X € X, IPpA KOTOPOM BEICKa3hIBaTeAbHas hopMa A(x)
oOpalliaeTcsl B AOKHOe BBICKa3bIBaHUE.

3agaua 2. YCTaHOBUTH, UCTUHHBI UAU AOKHBI CAEAYIOIINE BBICKA-
3BIBAHUS!

a) «Ans kaxxporo x u3 MHoKecTBa {0, 1, 4} 3HaueHUe BBIpa’KeHUI
(4 —x) : (2x + 1) ecTb UBCAO lEAOEY;

0) «ITpousBepeHUE ABYX AIOOBIX IIOCAEAOBATEABHBIX HATYPAABHBIX
4uCeA KPaTHO 2»;

B) «BcsIKOe HaTypaAbHOE UKMCAO AGAUTCS Ha S».

Pewenue. a) Ecau Heo6X0AUMO yOEAUTHCS B MCTUHHOCTU AQHHOTO
BBICKa3bIBaHM{, TO HY’KHO ITOKA3aTh, YTO IIPU IOACTAHOBKE Ka>kAOTO
uncaa u3 MHokecTsa {0, 1, 4} B BEIpakeHue (4 — x) : (2x + 1) noAydaeTca
meaoe 9ucho. Mimeem:

m ecanx=0,T0(4-0):(2-0+1)=4:1=4;
m ecamx=1,T0(4-1):(2-1+1)=3:3=1;
m ecaux=4,T0(4-4):(2-4+1)=0:9=0.

AeNCTBUTEABHO, 3HaUeHUe BhIpakeHus (4 — x) : (2x + 1) mpu Bcex
33AAHHBIX 3HQUEHUAX X €CTh YHUCAO [IeAO€e. YCTAHOBUAM MEI 3TO IIyTeM
nepebopa BceX BO3MOKHEIX CAYYaEB.

0) Bocnmoab3yeMcst pe3yAbTaTOM 33apaui 1 (caydait 0) M IpeACTaBUM
AAQHHOe BBICKa3bIBaHUeE B TakoM Buae: (Vx € N) [x(x+ 1) : 2].

HewunsBecTHO, ICTUHHO OHO UAM AOJKHO, IO3TOMY PacCMOTPHUM He-
CKOABKO cAaydaeB. Ecan x = 1, To npousBepeHMe | - 2 KpaTHO 2, Tak Kak
Ha 2 AGAUTCS BTOPOU MHOXXUTeAb. EcAM x = 2, TO mpou3BepeHue 2 - 3
TOKe KPaTHO 2, TaK KaK Ha 2 AEAUTCS ITePBBIM MHOKUTEADb. Ecau x = 7,
TO U B 3TOM CAyd4ae 7 - 8 KpaTHO 2, IOCKOABKY BTOPOU MHOJXKUTEAB
AeAUTCS Ha 2. Mlcxoasl U3 pacCMOTPEHHBIX CAyd4aeB MOJKHO IIPEAIIO-
AOJKUTB, UTO AQHHOE BBICKA3bIBaHUE UCTUHHOE, HO YOEAUTHCS B 3TOM
nyTeM nepebopa (Kak B IE€PBOM IPEAAOKEHUHN) HeAb3$, IOCKOABKY
HEeBO3MOJXXHO IIepebpaTh BCe HaTypaAbHBIEe 3HaueHUd X. byaeM pac-
CcyXpaThb. VI3 AByX MOCAEAOBATEABHBIX HATYPAABHBIX UHCEA OAHO
00s3aTeAbHO YeTHOe. Ho ecAr B IPOU3BEACHUN OAUH U3 MHOJKUTEAEN
AEAUTCS Ha 2, TO, KaK U3BECTHO, U BCe IIPOU3BEAEHNEe AEAUTCS Ha 2.
ChepOBaTeABHO, IIPU AFOOOM HATypaAbHOM X IIPOM3BeAeHUe X(Xx + 1)
AeAnTCS Ha 2.

B) BricKkasrsiBaHUe «Bcsikoe HaTypaabHOE YHMCAO AEGAUTCS Ha O» —
AOKHOE. YOeAUTBCSA B 3TOM MOJKHO, Ha3BaB HATYPAABHOE YHCAO, KOTOPOe
He AGAUTCS Ha 5, HallpuMep 4uchao 12.
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B MaTemMaTuKe rOBOPAT, YTO B AOKHOCTH AQHHOTO BBICKA3bIBAHUSA
MBI YOEAUAUCH, IPUBEAT KOHMpNpumep.

Hmak, ucmuHHOCIb BbICKA3BIBAHUA C KBAHMOPOM 0OWHOCMU ycma-
HABAUBAemcs nymem goxkasameAbcmsa. [Tokazamb AOKHOCIMBb MAKUX
BbICKQA3bIBAHUL MOJKHO, NpuBegsi KOHMpnpumep.

3aMeTHM, YTO AOKa3aTeALCTBO MCTUHHOCTU BBICKa3BIBAHUMN, COAEP-
KAIIUX KBAHTOP OOIIHOCTY, MOKHO BBIIIOAHATH PA3AUYHBIMU METO-
Aamu. Permast 3apady 2, MBI ICTIOAB30BaAM ITepebop BCEX BO3MOIKHBIX
CAYYaeB M PACCY’RKACHUS. DTH U APYTHE METOABI AOKa3aTeABCTBa OyAyT
pPaccMOTpeHH! B II. 2.12.

BEeISICHUM, KakK yCTaHaBAMBAeTCs 3HaueHHe MCTUHHOCTHU BBLICKA-
3BIBaHUY, COAEPIKAIIUX KBAHTOP CYIleCTBOBAaHUS. B BBICKa3bIBAaHUU
(3x € X) [A(x)] yTBep>KpaeTcs, YTO B MHOKeCTBe X eCTh TaKOU IAEeMEeHT
X, KOTOpOM 00AapaeT cBOMCTBOM A. [To3TOMy OHO OyAET UCTUHHO, €CAU
MHO>KE€CTBO MCTUHHOCTU BBEICKA3BIBATEABHOU (POPMEI A(X) He IIyCTO
(T, # QD).

AAsT TOTO UTOOBI MOKA3aTh 3TO, AOCTAaTOYHO HAUTH TaKoe 3HaueHUue
ImepeMeHHOM X, IIPX KOTOPOM BbICKa3bIBaTeAbHas popMa A(x) obpaiia-
eTCsd B UCTUHHOe BLICKAa3bIBaHUeE, T. €. IPUBECTU IIpUMep.

BrickasbiBanme (Ix € X) [A(x)] A0’KHO B TOM cAydae, Korpa T, = &.
Y6eAnTHCS B 3TOM MOJKHO AMIIB ITyTEM AOKA3aTeAbCTBA.

3agaua 3. YCTaHOBUTH, UCTUHHBI UAU AOKHBI CAEAYIOIIVE BBICKA-
3BIBAHUA:

a) «Cpepr TPEYTOABHUKOB €CTh IIPSIMOYTOABHBIEY;

0) «HekoTopele IPAMOYTOABHBIE TPEYTOABHUKU SIBASIIOTCS PABHO-
CTOPOHHUMUY.

Pewenue. a) AaHHOe BBICKA3BIBAHUE COAEPIKUT KBAHTOP CYIIECTBO-
BaHMUS, KOTOPBIA BEIPA’KEH CAOBOM «eCTb». YTOOBI YOeAUTHCS B UCTUH-
HOCTHU TaKOTO BhICKa3bIBaHMS, AOCTaTOYHO IIPUBECTHU ITpuMep. B paHHOM
CAy4ae NPSIMOYTOABHBIM TPEYTOABHUK MO’XHO HAaUepPTHUTD.

0) B aTOoM caydae KBAHTOp CyIIIeCTBOBAHUS BBEIPA’KEH CAOBOM «He-
KOTOpbIe». EcAM cumTaTh A@HHOE BBICKAa3bIBaHME UCTUHHBIM, TO HY’KHO
IIPUBECTH IIPUMED, T. €. IOMBITATHCSI HAYEPTUTh TPEYTOABHUK, KOTOPBIM
OBIA OBI OAHOBPEMEHHO IPSIMOYTOABHBIM ¥ PABHOCTOPOHHUM. /3 TOTO,
YTO 3TO HE YAQETCS CAEAATh, ellle He CAeAyeT BBIBOA O AOSKHOCTH AGHHOTO
BBICKa3bIBaHUs. B 3TOM Hapo yOEAUTHCS IIyTeM AOKA3aTeAbCTBA.

AeUCTBUTEABHO, €CAU TPEYTOABHUK IPSIMOYTOABHEIM, TO B HEM OAUH
yroa paBeH 90°, a B paBHOCTOpPOHHeM Bce yTABI 60°. CAaepoBaTEABHO,
HU OAWH NIPSIMOYTOABHBIN TPEYTOABHUK HE MOJKET OLITH PABHOCTOPOH-
HUM. [ToaTOMy A@HHOE BHICKa3bIBaHHE AOJKHOE.

Hmaxk, ucmunHocmb BbICKA3bIBAHUSL C KBAHMOPOM CyW,eCMBOBAHUS
ycmaHaBAUBAEMCSl C NOMOWbI0 KOHKpemHoro npumepa. Ymoo6s! ybe-
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gumbCst B AOKHOCINU MAKOTO BbICKA3bIBAHUS, HEOOXOGUMO NPOBecmu
goKa3ameAbCmBO.

BaMeTI/IM, qTo Y6eAI/ITBCﬂ B ANOJKHOCTH BBICKA3BIBAHUWA — 3HAUYUT,
ONpOBEPrHymb €ro.
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BOMPOCHI N SAOAHNA

1. B Bbicka3biBaHWUM «BcAkmn NpsamMoyronbHUK ABNAETCA YeTbIpex-
YroNbHUKOMY BbIOENUTE KBAHTOP W BbICKa3bIBATENbHYH (DOPMY.
MNepedopmynmpyinTe faHHOEe BbiCKa3bliBaHWE, 3aMEHMB CIIOBO
«BCAKMINY €ro CUHOHMMOM.

2. B BbickasbiBaHUn «XoTs 6bl 0QHO M3 YMCeN NepPBOro AecsaTka
COCTaBHOE) BbIENVTE KBAHTOP U BbICKA3bIBATENbLHYK hopMYy.
MNepechopmynupyinTe oaHHOE BbiCcKa3blBaHWE, 3aMEHNB KBAHTOP
«X0Ts1 6bl OQHO» Ero CUHOHVUMOM.

3. lMpoytuTe cnepytoLme 3anncy, 3aMeHNB CYMBONNYeEcKme 060-
3Ha4YeHNs KBAHTOPOB 06LLUHOCTY W CYLLIECTBOBaHWUS X CIIOBEC-
HbIMW BbIPaXXEHUAMU:
a)(vxeRIX*-1=(x+1)x—1); 6)(3x e R)5 +y=5;
B)J(WVyeR)y+3>0;r)(3x e N)x+3<0.

4. 3anvwmTe crnegyloLlme nNpeanoXeHus, UCnonb3ys CUMBONUYE-
ckve 0603Ha4YeHVA KBAHTOPOB:

a) «CyLLecTByeT Takoe HaTypanbHOE YUCI0 X, YTO X + 5 = 9y;
6) «KakoBo 6kl HY BbINo YACO X, X + O = x»;
B) «YpaBHeHue ax® + bx + ¢ = O UMeeT xoTs Bbl OAVH KOPEHbY.

5. 3anuwwTe, ncnonb3ya CUMBONbI, CleaytoLLMe BblCKa3blBaHWA
1 ONpeaenuTe Ux 3Ha4eHUst UICTUHHOCTU:

a) «Bcsikoe 4mcno, yMHOXEHHOE Ha Hyfb, ECTb HYmbY;

6) «ponsBeneHne N6oro Yncna u eguHNLbLI PaBHO 3TOMY
ymcny;

B) «[pwn peneHun Hyna Ha noboe gpyroe YMcno nony4aeTcs
HYIbY;

r) «KsapgpaT ntoboro vncna HeoTpuLaTENEH).

6. YkaxwTe cnocobbl ycTaHOBNEHWS 3HAYEHNA UCTUHHOCTY BbICKa-
3bIBaHW, COAEPXKALLMX KBAHTOPbI, 3aMonHMB TabnuLy:

3HaveHMe CprKTypa BBEICKA3bIBAHUSA
MCTUHHOCTH (Vx € X) [A(®)] (Fx € X) [A(x)]
n
A

7. [aHbl BbiCcKa3blBaHUS:
a) «Bo BcAKoM HeTbIpexyrofbHMKE AuaroHany paBHbIY;



6) «CyLLecTBYOT 4YMCNOBbIE BbIPaXEHUH, 3HAYEHUA KOTOPbIX
HEeMb3A HANTLY,
B) «[pun meneHnn Ha S HEKOTOPbLIX HATYParbHLIX YACEN B OCTATKE
nony4aertcs 7»;
r) «Jlto6oe ogHO3HAYHOE YMCIO ABNSETCH PELLUEHNEM HEPABEH-
cTBax+2> 1.
O6bsicCHUTE, NCTUHHOCTL KaKMX U3 BbICKa3bIBaHWIA MOXHO yCcTa-
HOBWTb C MOMOLLIbHO: JOKa3aTeNbCTBa; NpuMepa.
8. 06bscHUTE, NOXHOCTb KaKMX BbICKa3bIBaHWM U3 3a0aHNsa 7 MOX-
HO YCTaHOBUWTb C MOMOLLbHO: KOHTPIPUMEP]; OKa3aTeNnbCTBa.
9. [aHHble HMXE BbICKa3bIBaAHWUSA B3ATLI U3 y4eBHNKOB MaTEMaTUKN
NS HavanbHbIX KNaccoB. BeiAcHUTE, Kakne U3 HUX copepxat
(B ABHOM 1Nn HEABHOM BMAE) KBAHTOP U Kak CrneayeTt ycTaHas-
NMBaTb UX 3HAYEHVE NCTUHHOCTY (yka3aTb ToNbKo crnocob 1 060-
cHoBaTb ero Bblbop):
a) «OT nepecTaHOBKM cnaraemblx CyMMa He N3MEHSIETCAY;
6) «[dBa cocepHmx cnaraemblx MOXHO 3aMeHsTb X CYMMOWY;
B) «[noLanb NPAMOyYronbHMKa paBHa NPOU3BEAEHNIO €0 AfTUHbI
Ha LUMPUHYY;
r) «CyLLecTBYIOT YETHLIE YKcna;
o) «<HekoTopble Yicna gensTca Ha 4y;
e) «Cpeay MHOroyrofbHUKOB ECTb TPEYroNbHUKNY.

OTPULAHVE BbICKA3bIBAHWI
11 BbICKA3bIBATENbHbIX ®OPM

HYCTI) IIpepNOIKeHn e A — BbICKa3biBaHue. Ecanu Iepep CKa3yeMbIM
AAHHOTO IIPEAAOIKEeHUd IIOCTABUTD YaCTULY «HEe» Anbo Imepep BCeM IIPEeA-
AOJKeHHEeM IIOCTAaBUTh CAOBA «HEBEPHO, 4YTO», TO IIOAYYUTCA HOBOE
IpepANOIKEeHr e, KOTOPO€ HA3bIBAIOT ompuyaHuemM AQHHOTO U o603Haya-

0T A (UUTAIoOT: «HEe A» UAU «HEBEPHO, uTO A»).

OmpuuaHueM BBEICKa3bIBaHUS A Ha3bIBAIOT BEICKA3bIBaHUE A,
KOTOpPOe AOKHO, €CAU BhICKA3bIBaHME A UCTUHHO, U UCTUHHO, €CAU
BBICKA3bIBaHUEe A — AOJKHO.

Ta6A_I/II_Ia HCTUHHOCTH OTPUIIAHUS UMeeT BUA:

A A
u A
A u
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W3 paHHOTO OIIpEeAEAEHUS CAEAYET, UYTO IIPEeAAOKeHNe U ero OTPU-
IlaHMe He MOTYT OLITh HU OAHOBPEMEHHO UCTUHHEBI, HI OAHOBPEMEHHO
AOJKHEI.

INocTpoum, HanTpuMep, OTPULIAHKE AOKHOT'O BEICKa3bIBaHUA «HUCAO
28 peAmnTCcsa Ha 9»:

a) uncao 28 He AeAuTcd Ha 9;

0) HeBepHO, UTO YUCAO 28 pAeAnTcs Ha 9.

BrICcka3bIiBaHMS, KOTOPHIE MBI IOAYYHUAU, UCTUHHBIE. 3HAYUT, OTPH-
IaHWe AQHHOTO MTPEAAOKEHUS MMOCTPOEHO MTPAaBUABHO.

PaccmoTpuM Temneph TpaBUAa ITIOCTPOEHUS OTPUIIAHUS KOHBIOHKITNHA
U AM3BIOHKIINU BhICKa3bIBaHUY. EcAn mepep BceM COCTaBHBIM BBICKA-
3bIBAHHUEM ITIOCTaBUTh CAOBA «HEBEPHO, UTO», TO, 6€3yCAOBHO, TIOAYIUM
ero oTpuiiaHue. A Kak OBITh C YaCTUIeH «He» 2 MOKHO AU ee TTOCTaBUTh
Tepea CKa3yeMbIM COCTaBHOTO ITPEAAOKEHUS M TIOAYYHUTH €T0 OTPHUIIa-
"Hue? Bo3bMmeM, HanpuMep, BhICKa3biBaHue «Hucao 28 peautcd Ha 9
1 Ha 4». OHO AOKHOE, TaK KaK IPEACTaBAsIeT COOOM KOH'BIOHKIIAIO ABYX
BBICKa3bIBaHUM, OAHO 13 KOTOPKIX AOKHO. [TocTaBUB Ilepep CKa3yeMbIM
3TOT'O BEICKA3BIBAHUS YaCTHUILY «He», IOAYINM KOHBIOHKINIO «Hrcao 28
He AeAuTcs Ha 9 1 Ha 4», B KOTOPOM OAHO M3 IIpeproReHutr «Hucao 28
He AeAUTCS Ha 4» — AOKHOE U, 3HAUUT, AOJKHO IMTOCTPOEHHOE C TTOMOIITBIO
YaCTHULBI «He» IpeprokeHne. [To3ToMy OHO He ABASeTCS OTpPUIlaHUuEM
BBICKa3bIBaHMS «Y1cA0 28 peAanTcsd Ha 9 1 Ha 4».

Mo>XHO AOKa3aThb, YTO OTPHUIlaHNEM KOH'BIOHKIIUY ABYX BBICKa3hIBa-
HUM A U B aBAgeTCS AV3BIOHKIMS UX OTPUIlaHUU. AAS 3TOTO HEOOXO-
AVMO yOEAUTHCS B TOM, YTO 3HaUEHUS NCTUHHOCTU BHICKa3bIBaHUN BHAQ
AABu AvB COBMAAAQIOT IIPU AIOOBIX 3HAUEHUSIX UCTUHHOCTHU BBICKA-

3piBaHuM A 1 B. CAeAaTh 3TO MOYKHO C IIOMOIIBIO TaOAUITEI UCTUHHO-
CTH:

A B AnB AANB A B AvB
u u u A A A A
u A A u A u u
A u A u u A u
A A A u u u "

ITpo BrIcKa3biBaHus BUAA AAB 1 Av B TOBOPST, YTO OHU PABHO-

CuAbHblL, U IUIyT AAB < AV B.
AHaNOTMYHO MOXHO AOKAa3aTh, YTO MMEeeT MeCTO PaBHOCHUALHOCTD

AVvB < AAB.
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OTH PaBHOCHABHOCTH HOCAT Ha3BaHHE 3aKOHOB Ae Mopranal.

W3 HuX BBITEKAeT CAeAyIollee MPAaBUAO IIOCTPOEHUS OTPUIlaHUI
KOHBIOHKIIMYM U AU3BIOHKIIUU: YmoObl nocmpoums OMPUUAHUE KOHD-
IOHKUQUU (GU3BbIOHKUUU), gOCMAMOYHO 3AMEeHUMb OMPUUAHUAMU CO-
cmaBAsitoujue ee BblCKA3bIBAHUSA, @ COI03 «U» («UAU») 3aMEeHUMb COHO30M
«uau» («u»).

3agaua 1. ITocTpouTh OTpHUllaHME BBICKAa3bIBaHUA « H1CAO 28 peAnTca
Ha 9 uAU Ha 6».

Pewenue. I cnocob. ITocTaBuM nepep AAQHHBIM BBICKa3bIBAHUEM CAO-
Ba «HEBEPHO, 4YTO». [TOAy4YMM BEICKa3bIBaHUE «HEBEPHO, YTO YUCAO 28
AEAUTCS Ha 9 MAU Ha 6», KOTOpOe SIBASIETCS OTPUITaHUEM MCXOAHOTO.

II cnoco6. Bocnioab3yeMcsl 3aKOHOM Ae MopraHa: 3aMeHUM BHI-
ckaswpiBanus «Hucao 28 peautcs Ha 9» U «Hucao 28 pAeAnuTcs Ha 6» UX
OTPUII@HUSAMHY, & COI03 «UAM» IIOMeHsdeM Ha COI03 «u». [ToAydyuM BHI-
CcKasbiBaHue «Hucao 28 He AeAuTcd Ha 9 U He AeAUTCI Ha 6», KOTopoe
TaK)Ke SIBASIETCS OTPUILLAHUEM HCXOAHOTO.

WTak, MBI BEISICHUAM, KaK CTPOUTH OTPUIlaHNe KOH'BIOHKITUY U AU3h-
IOHKIIUY BBICKa3bIBaHUU. A KakK OBITH C BBICKA3bIBAHUSIMU, KOTOPHIE
CcoAepyKaT KBAHTOPHI? AOCTATOYHO AU AAG OTPUIIQ@HUSA TaKUX IIPEAAO-
JKeHUU ITIOCTaBUTh IIePeA CKa3yeMBIM YacCTUIly «He» ? Hanpumep, OyayT
AU OTPUII@HHEM BBICKA3bIBAHUS: «BCAKMN IPSIMOYTOABHBIN TPEYTOABHUK
SABASIETCS PAaBHOOEADPEHHBIMY; « BCIKUU NPSIMOYTOABHEIN TPEYTOABHUK
He SIBASIETCSI paBHOOEAPEeHHEBEIM» ¢ BuauM, uTo He OYAYT, Tak Kak 00a
BBICKA3bIBaHUSA AOKHEL. TakuM 06pa3oM, CTPOUTH OTPUIIaHUS BLICKA-
3BIBAHUY C KBAHTOPAMU C IIOMOIIbIO YACTUIIBL «He» IIepeA CKa3yeMbIM
HeAb3s!

OcraeTcsa ApyroM IyTh — IIepeA BCEM IIPEANOKEHUEM CTaBUTh CAOBA
«HEBEpHO, 4To». TorAa OTpUIlaHMEM BBICKA3bIBAHUS «BCAKHUU IPSIMO-
YTOABHBIM TPEYTOABHUK SIBASIETCS PABHOOEADPEHHBIM» OYAET IIPEAAO-
KeHue «HeBepHO, YTO BCAKUM IPSIMOYTOABHBIY TPEYTOABHUK SIBASIETCS
paBHOOEAPEHHBIM», HO 3TO IIPEAAOKEHHEe MMeeT TOT K€ CMBICA, YTO
U npeprokeHre «HeKoTophle IpSIMOYTOABHBIE TPEYTOABHUKY HE SIBAS-
IOTCSI PAaBHOOEADPEHHBIMU Y.

OTpunanmeM BBICKa3blBaHUSA « HeKoTOphble IPSIMOYTOABHEIE Tpe-
YTOABHUKU SIBASIIOTCSI PABHOCTOPOHHUMM» OYAET BhICKa3blBaHUe «He-
BEPHO, UTO HEKOTOPLIE NIPSIMOYTOABHBIE TPEYTOABHUKY SIBASIOTCS PaBHO-
CTOPOHHUMM», KOTOPOEe UMeeT TOT JKe CMBICA, UYTO U IIpeproskeHe «Bce
IPSMOYTOABHEIE TPEYTOABHUKY He IBASIIOTCS PABHOCTOPOHHUMUY.

Boobuie, ecan paHO npepproskeHUe (VX) [A(x)], To ero oTpunanueM
OyayT nnpepproxenud (Vx) [A(x)] u (Ix) [A(x)], ©IMeIOII¥Ie OAUH ¥ TOT JKe
CMBICA (M OAHO U TO K€ 3HaueHUe UCTUHHOCTH).

' A. ge Mopran — anramiickuii Aoruk XIX B.
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Ecam pano nmpeprokeHue (3x) [A(x)], To ero oTputianueM OyAyT
npeproxeHuda (3x) [A(x)] u (Vx) [A(x)], TakKe uMelolie OAUH U TOT
>Ke CMBICA (M OAHO M TO >Ke 3HaueHHe UCTUHHOCTH).

IMToaryuyaeMm ABe PaBHOCHABLHOCTH!

(vx) [AX)] < (3x) [AX];
(3x) [AX)] < (Vx) [AX)].

W3 HUX BBITEKAET IIPABUAO: gAA MOro umobkl hocmpoumb ompuuya-
HUe BbICKA3blBAHUA, HAUUHAIOW,Erocs ¢ KBaHmopa obwHocmu (cyuje-
CMBOBAHUA), OCMAMOYHO 3aMEeHUMb ero KBAHMOPOM Cyu,eCmBOBAHUS
(obwHOCMU) U nocmpoums OMPUYAHUE NPEGAOKEHUS, CMOAW,ETO NOCAe
KBaHmMopa.

3agaua 2. TlocTpouTs oTpUllaHue BhICKa3biBaHUs « HeKOoTOphle OAHO-
3HAUHbBIe YUCAA AEASITCS Ha 10».

Pewenue. I cnoco6. TToctaBuM nepep, BEICKa3bIBAHUEM CAOBa «HEBEp-
HO, uTO». [ToAyunM BEICKa3beIBaHUe «HeBepHO, YTO HEKOTOPHIE OAHO3HAU-
HbIEe UncAd AeadaTcd Ha 10», KoTopoe ABASIeTC OTpULlaHUuEeM AQHHOTO.

II cnoco6. 3ameHUM KBAHTOP CYIIeCTBOBAHUS (OH BBIPa’KeH CAOBOM
«HEKOTOpHIe») Ha KBAHTOP OOUIHOCTHM «BCE» M IIOCTPOUM OTpUIlaHUeE
TIPEAAOSKEHMS, CTOSIIIIETO TTOCAE CAOBA «HEKOTOPHIE», TIOCTABUB YaCTUITY
«He» mepep, cka3dyeMbIM. [ToayunM BrICKa3biBaHUe «Bce opHO3HAuHBIE
grcAa He pAeadaTcs Ha 10».

PaccmoTpuM oTpuIilaHue BBICKA3bIBATEABHBIX (DOPM.

[TycTh Ha MHO>KecTBe X 3ajaHa BbICKa3bIBaTeAbHas popMa A(x). Ee

oTpUIlaHre 0003HaAUNM A(X) (IMTAIOT: «He A(X)» UAM «HEBEPHO, UTO A(X)»).
I[Mpearoskenwe A(x) OyaeT o0OpallaThCs B HICTUHHOE BBICKa3bIBaHME AUIIH
IpU TeX 3HAUEHUSIX X U3 MHOKecTBa X, IIPU KOTOPBIX A(X) — AOKHO.
Taxum obpazom, T =T, tae T; — MHOKECTBO UCTUHHOCTH IIPEANOSKEHUS
M; T4 — AOTIOAHEHUe MHOKecTBa T, A0 MHOXKecCTBa X.

[MycTb, HaTpuMep, Ha MHOKECTBE HATyPaAbHBLIX UYMCEA 3aAaHa BHI-
CcKa3bIBaTeAbHast popma A(x) — «Hwmenro x KpaTtHO 5». Torpa ee oTpu-
aHueM OyAeT IMpepAoKeHne «HUCAO X He KpaTHO S5» (uau «HeBepHO,
YTO YHUCAO X KPaTHO 5»), UCTUHHOE MPU BCeX 3HAUEHUAX X, KOTOpPhIE
He KpaTHBHI .

BOMPOCHLI N SAOAHNA

1. CdopmynupyiTte 0TpULE@HWA CREeaYOLLNX NPeanoXeHni:
a) «Hucno 123 penntcsa Ha 9y;
6) «pwn genernn yncna 32 Ha 5 B ocTaTke Nony4nTes 7»;
B) «3 +2 <4w;
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r) «TpeyronbHuk ABC — npsiMoyronbHbIN.

2. CdhopmynupyiTe, ncnonbays 3akoHsl ge MopraHna, oTpulaHma
cneayoLLVX BbICKa3blBaHWUM:

a) «HetbipexyronsHuk ABCD — npsiMoyronbHUK Unn napanne-
norpammy;
6) «Hucno 12 — 4yeTHoe 1 genuTca Ha 3».

3. Kakune ns HuxenpueeaeHHbIX NPeanoxXeHnn AsnaTCA oTpurLa-
HVeM BbiCKasblBaHus «Bce HaTypanbHbIe Yicna KpaTHbl Sy (cBow
Bbli6op o6ocHyiTE):

a) «Bce HaTypanbHbIe Yncna He KpaTHbl S;

6) «CyLuecTBYHOT HaTypasbHble Y1CNa, He KpaTHbIE SY;
B) «CyLUecTByIOT HaTypanbHble YMcna, KpaTHble Sy;

r) «HesepHo, 4TO BCe HaTypanbHbIe Y1Cna KpaTHbl Sy;
L) «He Bce HaTyparnbHble YMcna KpaTHbl 5.

4. [MocTpowTe ABYMA CNocobamm OTpULI@HME BbICKa3bIBaHUS:
a) «Bcskoe cBoricTBO KBaApaTa NpMCyLLE MNPSAMOYONbHUKYY;
6) «HekoTopble NpocTbIe Y1Ccna ABNAKTCS YETHBIMUNY.

5. OnpepenvTe, ABNSIOTCSA N AaHHbIE NPEANIOXEHNS OTPULIAHUAMU
Opyr gpyra nnu HeT (06bACHUTE — NoYemy):

a) «4ucno 12 — veTHoey, «Hucno 12 — HeveTHoeY;

6) «Bce npocTele yicna HeveTHbI», «Bce npocTele yncna vet-
HbI»;

B) «Bce npocTble ymcna HeyeTHbI», «CyLLecTBYHOT YeTHbIE NPo-
CTblE Yncnay;

r) «HekoTopble yrnbl ocTpbie», «HekoTopble yribl Tynbiey.

6. MepedopmynupyiTe faHHbIE MPEANOXEHWS TaK, YTOBbI OHW He Co-

Lep>Xanu crnoB «HeBEPHO, YTO», HO UMENN TOT Xe CMbICH:

a) «HesepHo, 4TO 4Mcno 9 — YeTHOe 1Ny NPocToe;

6) «HesepHo, yTo TpeyronsHNk ABC — paBHob6efpeHHbIN 1 Npsi-
MOYrOfbHbINY;

B) «HeBepHO, 4TO KaXabl YeTbIPEXyroNbHNK ABMAETCHA NPAMO-
YronbHUKOMY;

r) «HesepHo, 4T0 X0TS 6bI B OQHOM NPAMOYrONbHMKE AMaroHanm
B3aWMHO-NEPNEHANKYNAPHbBIY.

m OTHOLLEHWS CNEQOBAHNS
1 PABHOCUIIbHOCTU
MEXQY NPEQNOXEHNSAMY

PaccmoTpuM pABe BBEICKA3BIBAaTEABHBIE (DOPMEI: «HHUCAO X KPATHO
4» 1 «Hucao x KpaTHO 2», 3apaHHBIe Ha MHOXKecTBe N HaTypaabHBIX
qHCeA.

Kak cBsizaHBI MeXXAy COOOU 3TH ABa IPEANOKEHUS ¢
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Mo>xHO cka3ark Tak: «V3 TOro, 4To YMCAO X KPATHO 4, CA€AyeT, 4TO
X KPpaTHO 2». OTO MO>KHO YTBEPXAATH, IIOTOMY UTO M3BECTHO: IIPU BCeX
BHAQUEHUAX X, IIPU KOTOPHBIX UCTUHHO IIPEANOKEHUIE «Hwmcao x KpPaTHO
4», OypeT UCTUHHO U IIpepAOSKeHNe «UMCAO X KpaTHO 2». B 3TOM caydae
TOBOPAT, YTO AdHHBIE ITPEANOKEHUA HAXOAATCA B OTHOIIIEHUM AOTrrU4de-
CKOT'O CA€AOBAHUS.

BrickaswsiBaTeabHass popma B(x) caregyem 13 BBEICKA3BIBATEABHOU
dopmel A(x), ecan B(x) oOpaliiaeTcs B MICTUHHOE BBICKA3bIBaHUE IIPU
BCeX TeX 3HaueHUAX X, IPU KOTOPHIX A(X) HCTUHHA.

Anst 0003HAUEHUSI OTHOIIIEHUS AOTUYECKOIO CA€AOBAHUS UCIIOAB3YIOT
3HaK «=>». CoepuHId ABe BhICKa3bIBaTeAbHBIE POPMEL A (X) 1 B(X) TakuM
3HAKOM, IIOAyYaeM BBICKa3blBaHUE A(X) = B(Xx), IpoYnUTaTh KOTOpPOE
MOJKHO II0-Pa3HOMY:

m  u3 A(x) crepyeT B(x);

m  BcaKoe A(x) ecTs B(x);

m ecan A(x), To B(x);

m  B(x) ecTb crepcTBUE A(X);

= A(X) eCTb AOCTATOYHOE YCAOBUE A B(Xx);
= B(x) ecTb HEOOXOAMMOE YCAOBUE AT A(X).

Hanpumep, yTBepXapaeHHe O TOM, YTO U3 IIPEANOKEHUA «HHuCA0
X KPaTHO 4», CAepyeT IPEepAOKeHNe « HUCAO X KPAaTHO 2», MOXKHO cop-
MYAMPOBATh elIlle Tak:
®  BCSIKOE UYMCAO, KOTOpOe KpaTHO 4, KpaTHO U 2;
®  eCAM YHCAO KPaTHO 4, TO OHO KPaTHO U 2;
®  KPATHOCTb YMCAA ABYM €CTh CAEACTBIE KPATHOCTHU €T0 YeThIpeM;
®  KpPaTHOCTH UMCAA YeThIPEM eCTh AOCTATOUHOE YCAOBHE AAS €T0 KparT-
HOCTH ABYM;
®  KPATHOCTb YHCAA ABYM €CTh HEOOXOAVMOE YCAOBHE AASI €T0 KPATHO-
CTU YeThIPEM.
IMocaepHUE ABa TPEAAOKEHHMS 9acTO (POPMYAUPYIOT B CAEAYIOIIeN
dopwme:
®  AAS TOT'O UTOOBI UMCAO OBIAO KPATHO 2, AOCTATOYHO, YTOOBI OHO OBIAO
KparHo 4;
B AAS TOTO YTOOBI YUCAO OBIAO KPATHO 4, HEOOXOAUMO, YTOOBI OHO OBIAO
KpaTHo 2.
Tak KaK OAHO U TO JKe yTBep>KAeHUe «u3 A(x) caepyeT B(x)» MOKHO
IIPOYUTATH IO-PA3HOMY, HAAO YMETh IIePEeXOAUTH OT OAHOU ero opMy-
AUPOBKM K APYTOM, He MeHss ero CMBICAQ.
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3agaua 1. N\aHHBIE IIPEANOSKEHNS TepeOPMYAUDPYUTE, UCIIOAB3YSI
pasAndHbBIe CIIOCOOHBI IIPOUTEHUS YTBEP KACHUM BUAA A(x) = B(x):

a) «Bcakuii KBapApaT ABAIETCS IPIMOYTOABHUKOMY;

0) «AAST TOTO YTOOBI UMCAO AEAUAOCH Ha 5, AOCTATOYHO, YTOOLI €ero
3al1Ch OKAaHYNBAAAChH HYAEMD».

Pewenue. a) B paHHOM BBICKa3bIBaHUHM MOJKHO BBIAEAUTH ABa IIPEA-
AOJKeHU: A(X) — «UeThIPeXyTOABHUK — KBaApaT» U B(x) — «ueTwIpex-
YTOABHUK — TPSIMOYTOABHUK». OHU HAXOASATCS B OTHOIIIEHUU CAEAO-
BaHUu4: A(x) = B(x), KOTOpO€e BBEIPa’KeHO MPEAAOKEHUEM CO CAOBOM
«BCAKUMN». A@HHOE BBICKA3BIBAHME MOJKHO IIepedOPMYyAUPOBAThH TaK!

m  «/3 Toro, uTO YeThIPEXYyTI'OABHUK — KBAApaAT, CA€AYeT, YTO OH IIps-
MOYTOABHUKY;

m  «ECAM 4eTBIPEXYTOABHUK — KBAAPAT, TO OH IIPSIMOYTOABHUKY;

] ((quBIpeXYFOABHI/IK SIBASIETCS IIPSIMOYT'OABHUKOM — 39TO CACACTBUE
TOTO, 9YTO YEeTBIPEXYI'OABHUK — KBAAPAT»;

®  «AAS TOTO YTOOBI YETHIPEXYTOABHUK OBIA IPIMOYTOABHUKOM, AOCTA-
TOYHO, YTOOBI OH OBIA KBAAPATOMY;

®m  «AAST TOTO YTOOBI YETBIPEXYTOABHUK OBIA KBAAPATOM, HEOOXOAMUMO,
YTOOBI OH OBIA IPSIMOYTOABHUKOM .

0) B AaHHOM BBICKA3bIBAHUU TaK JKe, Kak 1 B CAydae a), MO’KHO BBEIAE-
AUTB ABa TpeprokeHust: P(x) — «Uucao peanTcest Ha 5» u K(x) — «3anuch
YUCAA OKQHUYMBAETCSI HYAEM», IIPUYEM BTOPOE SIBASIETCSI AOCTATOUYHBLIM
YCAOBUEM AAA TTepBoro. [TosTomy uMeeT MecTo caepoBaHuE: K(x) = P(x),
KOTOpOe MOXHO C(POPMYAUPOBATH TaK:

= «l3 TOro, 4TO 3alUCh YUCAQ OKAHUMBAETCA HyAeM, CAGAYET, YTO YUC-
AO AGAUTCS Ha 5»;

m  «Bcgkoe 4mCAO, 3alMCh KOTOPOTO OKAHYMBAETCS HYAEM, AEAUTCS
Ha 5»;

m  «Ecam 3anmch ynMcAa OKAHIUBAETCS HYA€M, TO OHO AGAUTCA Ha 5»;

®  «AEeAUMOCTb YUCAA Ha 5 — 3TO CAEACTBUE TOTO, YTO €ro 3aIlliCh OKaH-
YUBAETCSI HyAEMY;

®  «AAS TOTO YTOOBI 3aIIUCH YNCAA OKAHUYMBAAACH HyAeM, HEOOXOAUMO,
9TOOBI OHO AEAMAOCH Ha 9».

Kak u A1o60e BBICKA3BIBaHUeE, IpeproKeHue A(x) = B(x) MoXkeT
OBITH AMOO MCTUHHBIM, AMOO AOKHBIM. HO Tak Kak OHO MO>KeT OBITh
chOpMyAUPOBAHO B BUAe «Bcsakoe A(x) ects B(x)», TO er0 HICTUHHOCTD
YCTaHABAMBAETCS IyTEM AOKa3aTEAbCTBA, a& AOJKHOCTb — C IIOMOIIILIO
KOHTpOpUMepa.
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3agaua 2. OnpepeAnTh 3HaUeHUEe NCTUHHOCTU BBICKA3bIBAHUS!

a) «Ecau 3aniuch yrcAa OKaHUYMBAETCA IUPPOU 6, TO YUCAO AEAUTCI
Ha 2»;

0) «AAs TOTO YTOOBI YMCAO AGAUAOCH Ha 5, HEOOXOAMMO, YTOORI €ero
3aII1UCh OKAHUYUBAAACh HYAEMY.

Pewenue. a) I'lo Bceld BUAUMOCTH, 3TO BBICKA3bIBaHUE UCTUHHOE.
AeNCTBUTEABHO, BCIKOE YUCAO, 3alIMCh KOTOPOT'O OKAHYMBAETCSI NUMPON
6, — YeTHOe, a BCIKOe YeTHOe YUCAO AeAuTCd Ha 2. CAeAOBATEABHO,
YHCAO, 3aIIMCh KOTOPOrO OKAQHUMBAETCA IIUPPOU 6, ACAUTCT Ha 2.

Mp1 yOeAUAUCH B UCTUHHOCTU AQHHOT'O BBICKA3bIBAHUS IIyTEM AO-
Ka3aTeAbCTBaA.

0) Ecan cdhopMyAanpoBaTh AQHHOE BBEICKA3bIBaHUE B BUAe «113 TorO,
YTO YUCAO AEAUTCS Ha 5, CAEAYET, UTO ero 3alIUCh OKAHYMBAETCS HyAEMY,
TO Cpa3y MO’KHO CKa3aTh, YTO OHO AOKHOE. 11 yOeAUThCSA B 3TOM MOSKHO
C IOMOIIBIO0 KOHTpHpUMepa. Hanmpumep, uncao 35 pAeAuTcs Ha 5, HO eTo
3aIIiCh He OKAHUYMBAETCS HYAEM.

C TeopeTUKO-MHOKeCTBEHHON TOYKMU 3PEeHUs BBICKa3bIBaHUE BUAA
A(x) = B(x) o3HauaeT, 4YTO eCAU I, — MHO’KECTBO UCTUHHOCTU BhHI-
CKa3bIBaTeAbHOU (popMbl A(x), @ Ty — MHO>KECTBO UCTUHHOCTU BhI-
CKasblBaTeAbHOU (popMel B(x), To Ty < Tp. CpaBepAmBO U 0OpaTHOE
YTBEpKAEHUE.

OtuM PaKTOM yAOOHO ITOAB30BATHCS IIPU YCTAHOBAECHUU 3HAYEHUSA
UCTUHHOCTHU BBICKa3bIBaHUA A(X) = B(x).

3agaua 3. NokazaThk, UTO U3 ypaBHeHHUd 3x(x — 2) = 0 caepyeT ypas-
HeHUe 3x(x — 2)(x + 3) = 0, ecAu ypaBHeHU4 3aAaHBI Ha MHOJKeCTBe
Z 11eABIX YUCEeA.

Pewienue. MHOXeCTBO pellleHUU IIePBOTrO ypaBHeHUuda — T =
= {0, 2}, mHOXecTBO pemenunt stoporo — T, = {0, 2, —3}. BupumMm, 4dto
T, c T,. CAepoBaTEeABHO, U3 YpaBHeHUd 3x(x — 2) = 0 carepyeT ypaBHeHUE
3x(x—-2)(x+3)=0.

PaccmoTpuM ABe BbICKa3bIBaTeAbHBIE popMbL: A(x) — «YHucao pe-
anTcs Ha 3» U B(x) — «CyMMa nudp B 3alHUCU YHCAA AEAUTCS Ha 3».
W3 IIKOABHOTO Kypca MaTeMaTUKHU U3BECTHO, YTO ECAU YFICAO AEAUTCS Ha
3, To cymMMa nudp B 3aIIMCHU 3TOTO YMCAA PA3AEAUTCA Ha 3, © HA0OOOPOT.
B 3TOM cAydae rOBOPAT, UTO NpepAOKeHUSA A(x) 1 B(X) paBHOCUABHBL.

IMpeproxxenus A(x) u B(x) paBHOCUABHBL, €CAU U3 IPEAANOKEHUSI
A(x) caepyeT mpepnrosKeHUe B(x), a U3 IpeprokeHUda B(x) caepyer
mpeprosReHue A(x).

AAst 0003Ha4eHUSA OTHOILIEHUS PABHOCUABHOCTH HCIOAB3YETCS
3HaK <. CoepuHAA ABe BBICKa3bIBaTeAbHEIE (DOPMEL A(Xx) U B(x) TakuM
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3HAKOM, MBI IIOAyYaeM BbICKa3bIBaHUe A(x) <> B(x), IpoYyuTaTh KOTOPOe
MO>KHO II0-Pa3HOMY:

m  A(x) paBHOCUABHO B(x);
= A(X) TOTAQ U TOABKO TOTAQ, KOTAd B(x);
m  A(Xx) — HeoOXOAUMOE U AOCTATOYHOE YCAOBHE AN B(X);
m  B(x) — HeobOXoAMMOe U AOCTaTOUHOE YCAOBYE AT A(X).
HanpuMmep, yTBep>KA€HHE O TOM, UTO IPEANOKEHUI « HUCAO AeAUTCS

Ha 3» m «CymMMa nudp B 3allUCH YUCAA ACAUTCS Ha 3» PAaBHOCUABHEL,
MO>XHO ChOPMYAUPOBATSH €ellle TaK:

®m  «UHuCAO AeAUTCS Ha 3 TOTAQ@ U TOABKO TOTAQ, KOTAA CyMMa P B €ero
3aIIMCHU AGAUTCS Ha 3»;

®  «AAS TOTO YTOOBI YMCAO AEAMAOCH Ha 3, HEOOXOAUMO U AOCTQTOUYHO,
4TOOBI CyMMa IU@P B €ro 3alNCH AGAUAACE Ha 3».

C TeOpeTHKO-MHOKECTBEHHOU TOYKU 3PEHUs BBICKA3BIBAHWE BUAQ
A(x) & B(x) o3nauaert, 4TO ecau T, — MHOKECTBO UCTUHHOCTU BBICKA-
3bIBATEABHON POPMBI A(X), @ Ty — MHOXXECTBO UCTUHHOCTHU BBICKA3bI-
BaTeAbHOM (popMbl B(x), To Ty = Tp.

3agaua 4. NoKasaThk, 4TO ypaBHeHUd 3x(x —2) =0u 3x(x - 2)(x+ 3) =
= 0 PaBHOCUABHEI Ha MHOJKECTBE [IeABIX HEOTPUIATEABHEIX YHCEA.

Pewienue. MHOXeCTBO pellleHNN ITepBoro ypasHenus — T = {0, 2},
MHO>KeCTBO pellleHUM BTOPOTO, 3a8AaHHOTO Ha MHOKeCTBe IIeABIX HeOT-
puiiaTeAbHBIX uncen, T,= {0, 2}. Uucao -3 (cM. 3apauy 3) MHOXKeCTBY T,
He IPUHAAAEKUT, IIOTOMY UYTO OHO He SIBASIETCS IIeABIM HEeOTpUIlaTeADb-
"eIM. meeM, uto T, = T,, cAepOBaTEABHO, AQHHBIE YPaBHEHUST HA MHO-
KEeCTBE IEABIX HEOTPUIIATEABHBIX YHUCEA PABHOCUABHHEI.

3aMeTHuM, YTO MBI PACCMATPUBAEM IIOHATUSI AOTHYECKOTO CAEAOBAHUSA
U PaBHOCHUABHOCTHU AASL OAHOMECTHBIX BBICKA3bIBATEABHBIX (DOPM. AAS
NIPEANOKEHUH, COAEPIKAIIUX ABe U OOAee IIepeMeHHBIX, 3TH IOHATHUS
OIIPEAEASTIOT @HAAOTHUYHO.

OTMEeTHM TaK’Ke, YTO 3HAK «<>» MBI MCIIOAb30BaAY PAHbBIIE, B YaCT-
HOCTH, PAaCCMAaTpUBasi AOTUUECKYIO CTPYKTYPY SIBHBIX OIIPEAEACHUM IIO-

HATUY (a<b ). YIoTpeOAeHMe 3HAKa «<>» 3AeCh HECAYYalHO. AeAO B TOM,
onp

YTO OIIPeAEAEHHUE, KaK FOBOPST B MaTeMAaTHUKE, IOPOKAAET ABa PABHO-
CHABHBIX IIDEANOKEHUST, KOTOPBIE 3aTeM MCIOAB3YIOTCS HApPSIAY C APY-
Ir'MMU B AOKa3aTeAbCcTBax. Hampumep, onpepereHne «KBappaToOM Ha3bl-
BaeTCs IPSIMOYTOABHUK, UMEIOINY paBHbIE COCEAHNE CTOPOHBI» IIOPOXK-
AaeT PaBHOCHUABHLIE IIPEANOSKEHU: «ECAU NMPSAMOYTOABHUK SBASETCS
KBAAPATOM, TO B HEM COCEAHUE CTOPOHBI PABHED U «ECAM B IPIMOYTOAL-
HHKe COCEAHUE CTOPOHEI PABHBI, TO IIPSIMOYTOABHUK SIBASIETCS KBaApa-
TOM». MICIIOAB30BATh B AOKA3aTEABCTBAX MOJKHO AIOOOE U3 9TUX ABYX.
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3HaK «<>» MbI TaK)Ke HCIIOAB30BAaAU B 3aIICH IIPABUA ITIOCTPOCHUA

OTpHUIaHUs BEICKa3bIiBaHMYU. HanpuMep, AA B < Av B.Boarom CAy4ae
pedb UAET O PAaBHOCUABHOCTH BBICKA3bIBAHUM ONPEAEA€HHOMN (DOPMHI.
ITpu 3TOM CUUTAIOT, YTO IPEANOKEHUS PABHOCUABHEI, €CAU OHU ANOO
OAHOBPEMEHHO UCTHUHHEBI, ALOO OAHOBPEMEHHO AOKHEL. APYTUMU CAO-
BaMM, €CAU UX 3HAYE€HUS UCTUHHOCTHU COBIIQAQIOT IIPU OAMHAKOBBIX
Habopax 3HauYeHUM BBICKa3bIBaHUM A U B.
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BOMPOCHI N1 SAOAHNA

Crnepnyet nu npegnoxenue B(x) «41cno x 4eTHoe» 13 Npeanoxe-
Huna A(x), ecnu:

a) A(x) — «Hvcno x pennTcsa Ha BY;

6) A(x) — «Huvcno x pennTca Ha 7,

B) A(x) — «Huncno x gpenutca Ha 2».

MpennoxeHna A(x) n B(x) 3agaHbl HA MHOXECTBE HaTypasbHbIX
yncen.

. YcTaHoBUTE, HAX0OATCA N OaHHblEe rnapbl NPeasoxXeHnn B oT-

HOLLIEHWW CrieoBaHns:

a) «TpeyronbHnk ABC — paBHOCTOPOHHUA» 1 «TPeyronbHmUK
ABC — paBHOBeLPEHHbINY;

6) «HeTbipexyronsHuk ABCD — kBagpaT» 1 «HeTbIpexyronsHnK
ABCD — pomby;

B) X : 3» M «X : BN

r] «a>2»n«a> 5.

Mony4eHHbIe B 3agaHnm 2 yTBEPXXAEHWS 0 CreaoBaHum chopmy-
NNPYIATE LUECTLIO Pa3nnYHbIMK criocobamu.

Cchopmynupyinte cnefytoLLme BbiCKa3biBaHWA B BUOE «eCcnu...,
TO..»:

a) A — poctaTo4Hoe ycnosue ans B;

6) A — Heobxogvmoe ycnosure ansa B;

B) B — pocTaTto4Hoe ycnosuve ond A;

r) B — Heobxogmmoe ycnosume onsa A.

Cpenu cnefytoLLmx NpeaioxkeHNn YyKaxmTe UCTUHHbIE (0TBETI
obocHywTe):

a) «4vicno a —HaTypanbHoe, cregoBaTenbHo, 15a —HaTypansHoe
yncnoy;

6) «4mcno 15a — HaTypanbHoe, CnefoBaTesbHO, 8 —HaTypasbHoe
Yyuncroy;

B) «Ecnun B 4eTbIpexyronbHUKe BCE Yribl MPSMbIE, TO 3TOT YeTbI-
PEXYrONbHUK — NPSMOYTOSIbHUKY;

r) «Ecnun B 4eTbIpexyronbHNKE AnaroHanu paBHbl, TO 3TOT YeTbl-
PEXYroNbHUK — NPSMOYTOfIbHUKY;



o) «na Toro 4Tobbl YeTbIpexyronbHUK bl NPSIMOYIObHUKOM,
LOCTaTO4HO, 4T0bbI BCE ero yribl Obinv paBHbIY;
e) «[nqa Toro 4Tobbl 4YeTbipexyronbHUK BbIN NPAMOYrONbHUKOM,
HeobxoamMmo, 4ToBbI BCE ero yribl 6b1nu paBHbIY.

6. [na NoXHbIX BbICKa3bIBaHWN 13 3a4aHnA D NOCTPONTE pasnuy-
HbIMV cnocobamu oTpuLaHue.

7. Kakuve 13 cnegytoLmx NpeanoxXeHnin MoXXHO nepediopmynmpo-
BaTb, ynoTpebyrB cnosa «HeobxoamMmo 1 OCTaTo4HON:

a) «Ecnun B 4eTbIpexyronbHNKE BCE Yrilbl PaBHbI, TO YETbIPEXYTOMb-
HVK IBASIETCA NPAMOYIOSIbHUKOMY;

6) «CymMma OBYX YETHbIX YACEN eCTb YMCII0 YETHOE;

B) «Bcakoe yncno, KOTOpoe genutcs Ha 3 1 Ha 5, genuTcsa
Ha 15».

8. B HavanbHOM kypce MaTeMaTVKm CUHOHMMOM CloBa «Heobxoau-
MO ABMAETCA CNOBO «HYXXHOY, 8 CUHOHUMOM CNnoBa «OoCTaTou-
HO» — CINOBO «MOXKHOY». 3Has 370, BCTaBbTE BMECTO MHOIMOTOuUS
CnoBa: €HY>KHO» NMMB0 «MOXHOY TaK, YT0bBbI BbICKa3blBaHMA Bbinn
NCTUHHbIMK (0TBETHI 060CHYMTE):

a) «[nqa Toro 4To6bI CyMMa HaTypasbHbIX YYCEN AeNUach Ha YMC-
no 95, ... 4TobbI KaxJ0e cnaraemMoe Aenunochb Ha Sy;

6) «nsa Toro 4To6bl HANTN HEM3BECTHOE CNaraemMoe, ... U3 CyMMbI
BbI4YECTb OPYroe Craraemoey;

B) «[ns Toro 4T06bl BLIMECTb YMCO N3 CYMMb, ... BBIYECTb Er0
13 0OHOro cnaraemMoro 1 K pasHocTu npubasuTb Apyroe cna-
raemoey;

r) «[Ansa Toro 4To6bl YACHO BbINO YETHbIM, ... YTOBbI OHO OENWNOCH
Ha 2.

m CTPYKTYPA TEOPEMbI. B/l TEOPEM

TToHsTHE AOTHYECKOTO CAEAOBAHUS ITO3BOASIET YTOUYHUTH PAIA BOIIPO-
COB, CBA3AHHEBIX C ITPEANOKEeHUAMU, KOTOPEIEe B MAaTeMAaTUKe HA3bIBAIOT
TeopeMaMu.

Teopema — 9TO BBICKA3bIBaHUE, UCTUHHOCTHL KOTOPOT'O YCTAHABAN-
BaeTCsl IIOCPEACTBOM PACCY>KACHUM ST (AOK&S&TQABCTB&).

C AOTMYECKOM TOUKHU 3PEHUs TeopeMa MPeACTaBAsSIeT COO0M BhICKA-
3bIBaHUE BUAA A = B, rae A 1 B — BBICKa3bIBaTeAbHBIE (POPMBI C OAHOM
WA HECKOABKUMY lepeMeHHBIMU. [TpearoskeHre A Ha3bIBAIOT YCAOBUEM
TeOpeMHI, a TPeprOKeHne B — ee 3aKA04YeHUeEM.

Hanpumep, ycroBueM TeopeMbl «EcAM 4eTBIPeXyTOABHUK SIBASIETCS
IPSIMOYTOABHHKOM, TO B HEM AMaTOHAAU PABHBI» SIBASIETCS IIPEAAOSKEHLE

77



«YeThIPeXyTrOABHUK — IIPSIMOYTOABHUKY, & 3aKAIOUEHUEM — IIPEAAOIKe-
HUe «B 4eTBIpeXyTrOAbHUKE AMArOHAAU PaBHBIY.

B paccMoTpeHHOM npuMepe TeopeMa ObIAa CHOPMYAUPOBAHA C II0-
MOIIIBIO CAOB «ECAH..., TO...». HO, KaK HaM U3BECTHO, yTBepKAeHuEe A = B
MOJKHO C(pOpMYAMPOBATH U IO-Apyromy. Hampumep, pacCMOTpPEHHYIO
TeopeMy MOKHO COOPMYAMPOBATH Tak: «Bo BCIKOM IPIMOYTOABHUKE
AVaTOHAAM PaBHBI» AU «AAS TOTO YTOOBI YETHIPEXYTOABHUK OBIA IIPS-
MOYTOABHHUKOM, HEOOXOAUMO, YTOOBI €r0 AMarOHAaAW OBIAM PaBHBI».
Ectp u Apyrue crioco0sl, HO yAOOHee TeopeMy (DOPMYAUPOBATE B BUAE
«EeCAH..., TO...», IOCKOABKY Cpa3y BUAHO ee YCAOBHE (4TO AQHO) U 3a-
KAIOYeHHe (4TO TpebOyeTcs AOKa3aTh).

B MaTreMaTHKe KpoMe TeOpeM HCIIOAB3YIOTCS NPEAAOKEHHUs, Ha3bl-
BaeMble npaBuAaMu U popmyaamu. BEIICHUM, 4eM OHU OTAWYAIOTCSA
OT TEOPEMHL.

PaccmoTrpuMm, HannpuMep, TaKyio TEOPEMY U3 IIIKOABHOTO Kypca aAre-
Opsl: «Ecam a — Aro00e 4UMCAO U N, kK — HATypaAbHBIE YMCAQ, TO CIpa-
BEAAMBO paBeHCTBO a" - af = a"*». YcaroBHe pAaHHOM TeopeMEBl — 3TO
IPEeAAOIKeHHE «d — AI0G0€e YUCAO» U «N, kK — HaTypaAbHBIE YHCAQY.
3akAlOUeHHe — 3TO PaBEHCTBO a” - aX = @™ ¥, cripaBeAANBOCTEL KOTOPOTO
HY>KHO AOKa3aTh, UCXOAS U3 AQHHOTO YCAOBHS.

AASL TOTO 4TOOBI 3TOM TeOpeMOU OBIAO yAOOHee NMOAB30BATHCI
Ha IIpaKTUKe, ee POPMYAUPYIOT B BHUAE IpaBuAa: «[Ipyu yMHOXeHUUN
cTeneHel ¢ OAMHAKOBBIMU OCHOBAHUSIMU ITOKa3aTeAU CKAAABIBAIOTCS»
WAU 3aIUCBIBAIOT TOABKO (hOPMYAY @ - @k = ", omyckas Bce ycroBus,
yKa3aHHBle B TeopeMe. Takue yIIpOIIEHUsS IIO3BOASIOT OBICTpee 3a-
IIOMMHATH IIPaBUAa U (POPMYABI. DTy 0COOEHHOCTh MaTeMaTU4eCKOTO
SI3bIKa MCIIOAB3YIOT B HaYaAbHOM KypCce MaTeMaTHUKH, HO IIPU 3TOM
(DOPMYAUPYIOT PAa3AUYHBIE YTBEPIKAECHUS CPa3y B BUAE IIPABUA UAU
(dOopMyA, OITycKas TOYHbIEe POPMYAUPOBKU TEOPEM (U, CAEAOBATEABHO,
OIlyCcKas, IO CYTHU AeAd, YCAOBHe TeopeMbl). Ho yuuTeAb, KOHEUHO,
AOAJKeH yMeThb pa3BOpauyuBaTh M3ydaeMble B HAUAABHOM IIIKOAE IIpa-
BUAQA ((POPMYABI) U (POPMYAUPOBATE COOTBETCTBYIOIINE UM TE€OPEMHL.
VIHaue BO3MO’KHEBI OIINOKY KaK COAEP>RATEABHOTO, TaK U AOTUYECKOTO
Xapakrepa. PaccmorpuM, HanpuMep, n3dy4aeMO€e B HaUaAbHOM Kypce
MaTeMaTUKU IPAaBUAO AeA€HUS CYMMBI Ha YHUCAO: «AAS TOTO YTOOBI
Pa3AeAUuTh CyMMY Ha YMCAO, MOKHO Pa3AEAUTDb Ha 3TO UYUCAO KaXkp0e
13 CAAraeMbIX U IIOAyYeHHBIEe Pe3yAbTATHI CAOKUTEY». K 3TOU croBec-
HOU (POPMYAUPOBKE IIPAaBUAA UHOTAA AOOABASIOT OPMYAY (a + b):c =
=a:c+b:c.

Tak Kak 3TOT MaTepUaA U3y4aroT B HAYaABHOU IIIKOAE, HEOOXOAUMO
OTYETAWBO IIOHUMATh, YTO YUCAA @, b U ¢ MOTYT OBITH TOABKO IIEABIMU
HeOoTpHUIlaTeABHBIMHY, TpuueM c # 0. KpoMe TOro, BOCIIOAB30BATHCSA
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NIPaBOM YACThIO 3TOTO PABEHCTBA MOJKHO IIPU YCAOBHWHU, UTO Q@ KPATHO
c U b XpaTHO c.

Takum obpazoM, TeopeMa, Aexkalllasi B OCHOBE IIpaBUAa AEAeHUS
CYMMEI Ha YMCAO, MOJKET OBITh C(DOPMYAUPOBAHA CAEAYIOLIUM 00pa3oM:
«Ecau @, b u ¢ — 11eAble HeoTpHUIlaTeAbHBIe unicAa (¢ # 0) U a KpaTHO ¢
U b KpaTHO ¢, TO Pa3AEAUTb CYMMY d + b Ha 4MCAO € MOJKHO, Pa3AEAUB
Ha 3TO YHUCAO KaKAO€ M3 CAATaeMBIX, U IIOAyUYEeHHBIE Pe3yABTAThl CAO-
KUTDHY.

AN BCIKOM TeOpeMEI BUAA «eCAU A, TO B» MOXKHO chOPMYAUPOBATH
IIpeAAOKEHHEe «eCAU B, To A», KOTOpoe Ha3bIBaloT OOPATHBIM AQHHOMY.
OAHaKO He BCETAQ 3TO IIPEeAAOSKeHHe ABASETCS TeopeMo. PaccMoTpum,
Halnpumep, TeopeMy: « ECAN 4eTBIPEXyTOABHUK SIBASETCS IPIMOYTOABHU-
KOM, TO B HEM AMAroHaAu paBHEI». [ToCTpouM IpeprokeHre, oOpaTHOe
AAHHOMY: «ECAM B 4eTBIpEXyTOABHUKE AMArOHAAM PaBHBI, TO YETHIPEX-
YTOABHUK SBASIETCS IIPAMOYTOABHUKOMY». DTO BBICKA3bIBAHUE AOJKHOE,
B 4eM MOJKHO yOEAUTHCSH, IPUBEAS KOHTPIPUMED: B PABHOOEAPEHHOU
Tpaneuuyu AMaroHaAW PaBHBI, HO Tpallellus He SIBASETCS IPSIMOYTOAb-
HUKOM.

PaccMmoTpuM Tenephb TeopeMy: «B paBHOOeAPEHHOM TPEYTOABHUKE
YTABI DY OCHOBAHUU paBHBEI». OOpaTHOE el IPEeANOKeHUEe TaKOBO:
«Ecan B TpEYTOABHUKE YTABL IPU OCHOBAHUM PABHEL, TO 3TOT TPEYTOAB-
HUK — paBHOOepApeHHBIN». OHO, KaK U3BECTHO, UCTUHHOE U IIO3TOMY
saBAsieTcsa TeopeMoi. Ee Ha3bIBaloT meopemMoil, 00pamHoill gaHHOI.

AAS BCIKOM TeOpeMEL BUAA «eCAU A, To B» MoXXHO chopMyAnpOBaTh
MIPEANOKEHHEe «eCAM He A, To He B», KOTOpOe Ha3bLIBAIOT IIPOTHUBOIIO-
AOJKHBIM pAaHHOMY. HO He Bceraa 3To NpeprOSKeHNe IBASIeTCS TEOPEMOU.
Hanpumep, npeproKeHNe, TPOTUBOIIOAOKHOE TeopeMe « Ecam ueThIpex-
YTOABHUK SIBASIETCS IIPSIMOYTOABHMKOM, TO B HEM AWArOHAAM PaBHBIY,
OyAeT AOKHBIM: «ECAM UeTBIPeXyTOABHUK He SIBASIETCS NIPSIMOYTOABHU-
KOM, TO B HEM AMATrOHAAU He PAaBHBIY.

B ToM cayuae, ecAr IPeAAOSKEHUE, IPOTUBOIIOAOKHOE AQHHOMY, OYA€ET
HUCTUHHO, €ro Ha3bIBAIOT meopemoll, NPOMuUBONOAOKHOU gaAHHOU.

Takum 0Opas3oM, ecAnu AAS TeopeMBl A = B cpopmyampoBaTs 00-
paTHOE AU IPOTHUBOIIOAOKHOE ITPEANOSKEHUS, TO UX HAAO AOKA3bIBATh
(1 TOrA@ MX MOKHO Ha3bIBaTh COOTBETCTBEHHO OOpPATHOM U IIPOTHUBO-
IIOAO’KHOU TeopeMaMM) UAU OIIPOBEPraTh.

AT BCSIKOM TeopeMEBl BUAA «eCAU A, TO B» MO>XHO chOPMYAUPOBATh
IIPEAMNOSKEHME «eCAM He B, To He A», KOTOpOe Ha3BIBAIOT OOPATHBIM
NIPOTUBOIIOAOKHOMY. Hanpumep, Aasg TeopeMbl « ECAM 4eTBIPEXYTOABHUK
SIBASIETCSI IIPSIMOYTOABHUKOM, TO B HEM AMArOHAAU PaBHEI» IIPEAAOIKE-
HUe, oOpaTHOe IPOTUBOIIOAOKHOMY, OyAeT TakuM: «EcAu B yeThIpex-
YTOABHUKE AMATOHAAU He PaBHBI, TO OH (UeTBIPEXYTOABHUK) He SIBAIeTCS
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IPSMOYTOABHUKOMY». DTO, KaK M3BECTHO, IIPEANOKEHUE UCTUHHOE H,
CAEAOBATEABHO, IBASIETCSI TEOPEMOM, Ha3bIBaeMOM meopemotl, 00pamHo
npomuBONOAOKHOU gAHHOU.

BooOue, arg Kakux OBI TeOpeM MBI HU (DOPMYAUPOBAAU IIPEAAO-
>KeHUs1, oOpaTHbIe IIPOTUBOIIOAOKHEIM, OHU BCeraa OyAyT TeopeMaMy,
IIOTOMY 4TO MUMEETCS CAEAYIOast PABHOCUABHOCTE!

(A:B)@(E:Z).

OTy paBHOCUABHOCTBH Ha3BIBAIOT 3aKOHOM KOHmpano3uuuu. [ TpuHu-
MaeM ero 0e3 poKaszaTeAabcTBa. COrAaCHO 3TOMY 3aKOHY, IPEANOSKEHUE,
00paTHO IIPOTUBOIIOAOKHOE KaKON-AUDO TeopeMe, TaKKe SIBASIETCS
TeopeMOM, ¥ 3HAUUT, BMECTO AQHHOU TeopeMbl MOJKHO AOKa3hIBaTh
TeopeMy, OOPATHO IIPOTHUBOIIOAOKHYIO AQHHOM.

Kpowme Toro, n3 3aKkoHa KOHTPAIIO3UIINY CAEAYET, YTO IIPEANOIKEHNE,
0o0OpaTHOe AQHHOMY, U IIPEANOKEeHNEe, ITPOTUBOIIOAOKHOE AQHHOMY, AM0OO
OAHOBPEMEHHO UCTUHHEI, ANOO OAHOBPEMEHHO AOKHEL. [ToaTOoMYy, pac-
CMaTpPHUBAs UX, AOCTATOYHO AOKA3aTh (MAU OIIPOBEPTHYTH) KAKOEe-HUOYAD
OAHO; TeM CaMbIM OyAET AOKa3aHO (OIIPOBEPIHYTO) U BTOPOE.

3aMeTHM, UTO eCAU AT AQHHOU TeopeMbl A = B cyIiecTByeT o0Opart-
Hagd B = A, To UX MOKHO OOBEAUHUTH B OAHY A < B, u Toraa B ¢op-
MYAUPOBKE OyAYT UCIIOAB30BAThCI CAOBA «HEOOXOAUMO U AOCTATOYHOY,
«TOTAA M TOABKO TOTAQ, KOoTpa». Hanmpumep, oObeAuHEHNE TeOpPEMBbI
«B paBHOOEAPEHHOM TPEYTrOABHUKE YIABI IPU OCHOBAHUM PaBHBI»
u «EcAu B TpeyroabHHKe YTABI IIPDU OCHOBAHWUM PABHEI, TO TPEYTOAb-
HUK — PaBHOOEAPEHHBIN» B OAHY, IIOAYUUM TeopeMy: «TpeyroabHUK
OyaeT paBHOOEAPEHHBIM TOTAA U TOABKO TOTAQ, KOTAQ B HEM YTABL IIPU
OCHOBAHUM PABHBI»,

MOo>KHO cPOPMYAUPOBATE €€ NHave: «AAST TOTO YTOOBI TPEYTOABHUK
OBIA pABHOOEAPEHHBIM, HEOOXOAUMO U AOCTATOYHO, UTOOBI B HEM YIABL
IIpY OCHOBAHUU OBIAM PaBHBI».

C ApyTOM CTOPOHEL, €CAU TeOpeMa UMeeT BUA PaBHOCUABHOCTU A <> B,
TO 3TO 3HAYUT, YTO OHA COCTOUT U3 ABYX B3aUMHO-OOPATHBIX TeOpeM
A = Bu B = A, 1 cAepAOBaTEALHO, €e A0Ka3aTEeALCTBO CBOAUTCS K AO-
Ka3aTeAbCTBY ABYX YKa3aHHBIX TEOPEM.

3aMeTHuM TaKyXe, UTO €CAU YCAOBHE AW 3aKAIOUeHHe AaHHOH
TEeOpPeMHBI IIPEACTaBASIEeT COO0M KOHBIOHKIIUIO UAU AM3BIOHKITUIO, TO,
YTOOBI MOAYUYUTH IPEANOSKEHME, TPOTUBOIIOAOKHOE AQHHOMY, HY>KHO
VUUTHIBATh IIPABUAA IIOCTPOEHUS OTPUIIaHNS KOHBIOHKIINU U AU3BIOHK-
nun. Hampumep, pAaHa TeopeMa «Ecau 94MCAO pAeAnTcs Ha 3 U 4, TO OHO
Aeautcd Ha 12». IIpeprosKeHHMe, IPOTUBOIIOAOKHOE AQHHOMY, MOJKHO
cOPMYAMPOBATH TaK: «ECAM 4HUCAO HE AGAUTCS Ha 3 UAU HE AEAUTCH
Ha 4, To OHO He AeAUTCs Ha 12».
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BOMPOCHI N SAOAHNA

1. Bblgenute ycnosure v 3akf04eHNE B KaXO0W U3 CReaytoLmx

TEopem:

a) «Ecnu yrnbl cMexHble, To ux cymma pasHa 180°;

6) «dnaroHany pomba B3aMMHO NepneHanKyNAapHbIY;

B) «PaBEHCTBO TpeyronbHMKOB eCTb AOCTAaTOYHOE YCIoBUE pa-
BEHCTBA VX COOTBETCTBEHHbLIX CTOPOH);

r) «4eTHOCTb CyMMbI eCTb HEOBX0AMMOE YCNOBME YETHOCTW KaX-
[0ro crnaraemoroy.

2. Cdopmynumpyinte npegnoxeHus, obpaTHble CneayoLwmm Teope-
MaMm 1 yCTaHOBUTE, KaK1Ee U3 HUX SIBMSIKOTCA TEopeMamu:

a) «Ecnu YeTbIpexyronbHKK ABNAeTCH poMB0oM, TO ero AuaroHanm
B3aMMHO NepneHauKynapHbIY;

6) «Ecnn kaxpoe cnaraemoe ABMAETCHA YETHbIM YMCMOM, TO
N CyMMa — YEeTHOE YMCo.

3. CdhopmynupyrTe npegnoxeHns, NpoTMBOMONOXHbIE TEOPEMaM,
npuBefeHHbIM B 3agaHun 2. Kakrne n3 atux npeanoxeHnn —
Teopembl?

4. [ns kaxpon TeopemMbl N3 3agaHns 2 chopMynupynTe TeEOpeMy,
paBHOCWIbHYHO e COMNIAaCHO 3aKOHY KOHTPanosuuum.

5. [nA kaxpon 13 cnegyowwmx Teopem cchopmynupynte obpaTtHoe,
NPOTUBOMONOXHOE 1 06paTHO NPOTVMBOMONOXKHOE YTBEPXKAEHNA
N yCTaHOBUTE, Kakre U3 H1x ByayT TeopemMamu:

a) «Ecnn npsMoyronbHYK SBNAETCS KBagpaToM, TO ero gyaroHanu
B3aVMHO NepneHanKynapHbI U ENST Yriibl Nononamy;

6) «Bcskumin napannenorpaMmM ¢ paBHbIMU QMaroHansMy ectb
NPSAMOYTOMbHUK UK KBagpaTy.

6. lNprBegeHHble NpaBMna B3ATbl U3 YHEBHMKOB AN HavasbHbIX
KnaccoB. YCTaHOBWTE, Kakne TeopeMbl CHOPMYNMPOBaHbI B BUaE
3TUX NPaBWI:

a) «Ecnn k pasHocTv NpMbaBuTb BblYMTaEMOeE, TO NONYy4MTCA
YMEHbLLIaeMOoe;

6) «Ecnu npon3seneHve gByx 4YMcen pasgennTb Ha OAUH N3 MHO-
KUTENen, To NoyYMM QpYyrot MHOXUTENbY;

B) «[pwv neneHnm Ntoboro Y1cna Ha eAUHNLY B YaCTHOM MONyYMTCA
TO YMCII0, KOTOPOE OENUnY.

YMO3AKJIHOYEHUS 1 X BUAbI

BoAbIIyIo YacTh 3HaHUM 00 OKPY’KAOIIeN HaC ACHCTBUTEABHOCTH MBI
IIOAyYaeM C IIOMOIIBIO PACCY’KA€HUM. 3HaHUe OyAeT UCTUHHBIM, €CAU
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OHO IIOAYYEHO IIyTeM IIPABUABHOT'O PACCY’KAEHHUS, @ TAKUM CUUTAIOT
paccyXpeHUe, IOCTPOEHHOE TI0 IPAaBUAAM AOTHUKH.

Paccy>xpeHns AesKaT B OCHOBE AOKa3aTEABCTBE, 0e3 KOTOPOTO TPYAHO
NIPeACTaBUThL MaTeMATUKy. Ho Tex IIpepcTaBAeHUNM, KOTOPBIE BOSHUKAOT
B IIpollecce KOHKPETHBIX AOKa3aTEeAbCTB, KOHEUHO, HEAOCTATOUHO, UYTO-
OBl 06Y4YaTh AOKa3aTEABCTBY MAQAIINX ITKOABHHUKOB. YUUTEAIO HY>KHBI
Ooaee rAyOOKHe 3HAHMSA O TeX IIPAaBUAAX, B COOTBETCTBUU C KOTOPHIMU
CTPOSITCSI BePHBIE PACCY’KAEHUS, O CTPYKTYPe U CIOCO0ax AOKa3aTeAb-
CTBQ, O B3aUMOCBSI3U MHAYKIINU U ACAYKITUN.

B roruKe BMeCTO TepMHUHA «PACCY’KACHUE» Yallle NCIIOAB3YeTCs (KaK
€T0 CHHOHUM) CAOBO «yMO3@KAIOUEHUE”.

Ymo3akarwouenue — 3T0 hopMa MBIIIAEHUS, IIOCPEACTBOM KOTOPOU
13 OAHOI'O MAW HECKOABKHUX BBICKGBBIBaHI/IfI, HA3bIBA€MBIX NOCHIAKA-
MU, BEIBOAUTCSI BLICKA3bIBaHUE, COAEPIKalllee HOBOe 3HaHUe, Ha3hl-
BaeMoe 3aKAIOUEeHUEM.

PaccmoTpuM IpuMephl YMO3aKAIOUeHHM, KOTOPhIe BBIITOAHSIOT MAQA-
IIYe ITKOABHUKHY, U3ydas MaTeMaTHKYy.

IIpumep 1. YueHUKy npepAraraeTcs OOBACHUTH, IOUEeMYy YUCAO 23
MO>KHO IIPEACTaBUTH B BHUAe cyMMEI 20 + 3. OH paccykpaeT: «Hucao
23 — ABy3HauHoe. A0O0Oe ABY3HAYHOE UMCAO MOJKHO IIPEACTAaBUTH
B BUAE CYMMBI pa3psAHBIX caaraeMbix. CaepoBaTenbHO, 23 = 20 + 3».

[NepBoe 1 BTOpOE IIPEANOKEHUS B ITOM YMO3aKAIOUEHUH — ITOCBHIAKY,
IIpUYeM OAHA ITOCHIAKA OOIIETo XapaKTepa — 3TO BEICKA3bIBAHUE «AFO-
00e ABy3HAUHOE YHCAO MOJKHO IIPEACTABUTh B BUAE CYMMBI Pa3PSIAHBIX
CAQraeMbIX», @ Apyras — 4YacTHas, OHa XapaKTepUu3yeT TOABKO YHCAO
23 — 0OHO ABy3HA4HOe. 3aKAIOUeHHe — 3TO IIPEeAAOKeHHe, KOTOpoe
CTOUT IIOCAE CAOBA «CAEAOBATEABHO», — TaKyKe HOCHUT YaCTHBIN Xapak-
Tep, TaK KaK B HEM peub UAET O KOHKPETHOM uuchae 23.

IIpumep 2. OpMH 13 IPUEMOB O3HAKOMAEHMS MAQAIIINX IIKOABHUKOB
C IepeMeCTUTEeABHBIM CBOMCTBOM YMHOKEHMS 3aKAIOUAETCSI B CAEAYIO-
1eM. Vcnoab3ys pa3aAruHBIE CPEACTBA HATASIAHOCTH, IIIKOABHUKU BMECTe
C yYHUTeAeM yCTaHaBAMBAKOT, 4T0 6 -3=3:6,5-2=2.5, 3 -7=7-3.
A 3aTeM, Ha OCHOBE IIOAYYEHHBIX PAaBEHCTB, AEAAIOT BBIBOA: AASI BCEX
HaTypaAbHBIX YUCEA @ U b BepHO paBeHCTBO a -b=Db - a.

B A@HHOM YMO3aKAIOUEHUU IIOCHIAKAMU SIBASIIOTCS IIepPBble TPU
PaBEHCTBA, B HUX YTBEPIKAAQETCS, UYTO AAS KOHKPETHBIX HAaTypPaAbHBIX
YKCEeA BBIIIOAHSETCS TAaKOe CBOMCTBO. 3aKAIOUeHUEM B AQHHOM IIpUMe-
pe aBAfieTCS YTBePKAeHHe O0llero xapakrepa — IepeMeCTUTEeABHOe
CBOMCTBO YMHOKEHUST HAaTyPAAbHBIX YHCEA.

INpumep 3. I'lpu 0O0y4eHUM ACACHUIO Ha OAHO3HAYHOE YMCAO UCIIOAB-
3yeTcsd TakoM nmpueM. CHavaAa BBISICHSETCS: YTOOBI HAWTU 3HaUeHUs
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BBIpa’KeHHUs 12 : 4, chepyeT y3HATh, Ha KaKOe YUCAO HAAO YMHOJKUTH
AEAUTEeADb 4, YTOOBI IIOAYUUTE AeAuMoe, T.e. 12, VM3BecTHO, uTO 4 - 3 =
= 12. 3uauuT, 12 : 4 =3.

3aTeM y4alluMcsd IIpeAAaraeTcs, pacCy>kpas Tak >ke, HAUTH, Ha-
npuMep, yacTtHoe 8 : 4. M1 oHM CHayaAa HAXOAAT YMCAO, HA KOTOPOEe
HAAO YMHOJKHUTD 4, 4TOOBI TOAYUHTE 8. [ToAy4aroT 4mcAo 2 U AeAaioT
BBIBOA — 8 : 4 =2.

Aanee, UCIIOAB3Y4 TOT JKe CIIOCOO PacCy>KA€HHUU, HAaXOAAT YaCTHBIE
9:3,20:5uap.

BuapuM, 4TO ymMO3akAlOUeHHd OBIBAIOT pa3Hble. B mpumepe 1 3a-
KAIOUeHUe AOTUYeCKHM CAeAyeT U3 IIOCHIAOK, ¥ MBI He COMHeBaeMcs
B €r0 UCTUHHOCTHU. TaKne yMO3aKAIOUeHNs Ha3bIBalOT B AOTHUKE AEAYK-
TUBHBIMU.

AngKmuBHblM YMO3AKAKWY€HUEM HA3BIBAIOT YMO3AaKAIOUEHUE,
B KOTOPOM ITOCBIAKHU U 3aKAIOYE€HHEe HAaXOAATCSA B OTHOIIE€HUN AOTH-
YeCKOIro CAepAOBAaHMA.

EcAM TOCBIAKU AGAYKTHBHOTO YMO3aKAIOUeHNSI 0003HAUUTh OYKBaMM
Ay Ay, ..., A, a 3arAIOUeHMe — OyKBOM B, ToO cXeMaTH4YHO CaMO yMO3a-
KAIOUEHUEe MOJKHO TIPEACTaBUTH TakK: A, Ay, ..., A, = B. HacTo UCIIOAB-

ALA LA, .
3yIOT TaKylO 3allUCh: — 5 B Helt yepTa 3aMeHSIET CAOBO «CAe-
AOBATEABHOY.

Boaee moppo6HO Takue yMO3aKAIOUeHHs OYAYT PaCCMOTPEHEI AdAee
(cM. m. 2.11), a mOKa 3aMeTHM, YTO B ACAYKTHBHOM YMO3AaKAKOUEHUU
BCErAd, KOTAA MCTUHHBI IIOCBIAKY, UCTUHHO U 3aKAIOUEHHe.

YMO3aKAIOUeHHEe, KOTOPOEe PAaCCMOTPEHO B IpuMepe 2, OTAUYHO
OT IPUBEAEHHOTO B mpruMepe 1. B HeM AaHBI TpU MOCBIAKYA YaCTHOTO
XapakTepa, KOTOpHIe ITI0Ka3bIBaloT, YTO HEKOMOophle HaTypaAbHBIE YHCAQ
00A@AaI0T CBOMCTBOM: OT II€peCTaHOBKU MHOJKHUTEAEH IIPOM3BeAeHUe
He u3MeHgeTcd. M Ha 3TOM OCHOBe CAeAaH BBEIBOA, YTO 3TUM CBOMCTBOM
00AapaI0T BCe HaTypaAbHbIe YHCAQ. TaKue yMO3aKAIOUeHUS Ha3blBalOT
HETIOAHOM MHAYKIUEN.

Henoanoii ungykuueili Ha3bIBAalOT YMO3aKAIOUeHHUEe, B KOTOPOM
Ha OCHOBAHUU TOTO, YTO HEKomophle OOBEKTHI KAacca 0OAaAAIOT
ONIPEAEAEHHBIM CBOMCTBOM, A€AAETCS BBIBOA O TOM, YTO 3THUM CBOM-
CTBOM OOAAAAQIOT BCe 0OBEKThI AAHHOI'O KAAacca.

HenoaHast MHAYKIIUSA He IBASIETCS ACAYKTUBHBIM YMO3aKAIOUEHHEM,
IIOCKOABKY, PACCY’KAAQS II0 TAKOM CXeMe, MOKHO IIPUUTU K AOKHOMY
BBIBOAY.
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PaccmoTpuM, HampuMep, TakKue BhIpakeHusi: 3 +5u 3 - 5; 2+ 7
n2-7,4+8u4-8 Bupum, ut0 3+5<3:-5 2+7<2-7,4+8<4-8,
T.e. AASL HEKOTOPBIX HATyPAABHBIX YHCEA MOJKHO YTBEP’KAATH, UTO MX
CyMMa MeHBbIIle X IIpou3BeAeHus. M Ha OCHOBAHNM TOTO, YTO HEKOMO-
pble 4ucA@ 00AAAQIOT YKA3aHHBIM CBOMCTBOM, MOKHO CAEAATh BBIBOA,
O TOM, UYTO 3THUM CBOMCTBOM OOAQAQIOT BCe HaTypaAbHBIE UUCAQ, T.e€.
(Va, b € N) [a+ b < a - b]. Ho 3T0 yTBep>KA€HHE NOKHO, B 4eM MO>KHO
yOeAUThCSA C IIOMOIIBIO KOHTPIIpUMepa: 4nucAa 1 U 2 — HaTypaAbHBIE,
HO cymMMa 1 + 2 He MeHBbIIle, 4eM ITpoU3BepeHue 1 - 2.

BooO1e, K BELIBOAAM, IIOAYYEHHBIM C IIOMOIIBIO HEIIOAHOU UHAYK-
WY, HaAO OTHOCUTBHCI KPUTUUECKHU, TaK KaK OHUW HOCST XapaKTep
IIPEAIOAOSKEHUS (TUIIOTE3bl) U HY>KAQIOTCS B AAABHENIIIeN [IPOBEpKe:
UX HY’>KHO AUOO AOKa3aTh, AMOO OIPOBEPrHYTh. TaKuUM 00pa3oM, He-
IIOAHAY MHAYKIUS U AeAYKTUBHBIE YMO3aKAIOUEHUS OKAa3bIBAIOTCH
B3aUMOCBS3aHHBIMHU: YTBEPKAECHUS (TEOPEMBI, IPABUAQ, OIIPEAEACHUS,
aKCHOMBI), UCIIOAB3YEeMbIe B A€AYKTUBHBIX YMO3aKAIOUEHHUSIX, YaCTO
SIBASIIOTCSI PE€3YABTATOM MHAYKTUBHOI'O 0000IIeHNs HEKOTOPOU COBO-
KYIIHOCTH (paKTOB, @ UHAYKTHBHBIE YMO3aKAIOUEHUS PACHINPSAIOT HAIlIU
3HaHUS, TOMOTasi «OTKPLIBAThH» HOBBIE 3aKOHOMEPHOCTHU U ITPaBUAA.

Paccyxpenust B mpuMepe 3 — 3TO PaCcCY’KAEHUS IO aHAAOTHM.
ChAOBa «aHaAAOTHsI» B IMEPEBOAE C I'PEUYECKOTO 03HAYaeT «COOTBET-
CTBHE, CXOACTBOY.

AHaaorueil Ha3bIBAIOT YMO3aKAIO4YEeHMEe, B KOTOPOM HAa OCHOBAHUU
CXOACTBA ABYX 0OBEKTOB B HEKOTOPHIX IIPU3HAKAX W ITPU HAAWUYUU
AOIIOAHUTEABHOTO IIPU3HAKA Y OAHOTO U3 HUX A€AAETCsI BEIBOA O Ha-
AVYUU TAKOTO JKe IIPpU3HAKa Yy APyTroro 00BLeKTa.

3aMeTHM, 9YTO B 3TOM OIIPEAEAEHUM TEPMUH «OOBEKT» UCIIOAB3YETCS
B IIIUPOKOM CMBICAE: UM MOJKET OBbITh PEAABHBIU IPEAMET, MOAEAD, PU-
CYHOK, YACAOBOE AU OYKBEHHOE BEIPAKEHUE, 3aAa4a U T. A. B KauecTBe
NIPU3HAKOB MOTYT BBICTYIIATh CBOMCTBA OOBEKTOB, OTHOIIEHUS MEXKAY
HUMU, CIIOCOOBI AEITEABHOCTH U T. A.

Amnanorus momMoraeT OTKPBIBaTh HOBBLIE 3HAHMS, a TaK)Ke HCIIOAD-
30BaTh YCBOEHHEIE CIIOCOOBI A€ITEABHOCTH B U3MEHEHHBIX YCAOBUIX.
BEBIBOA, IO aHAAOTUU HOCUT XapaKTep MPEAIIOAOKEHUS (TUIIOTEe3bI) U I0-
3TOMY HYKAQETCS AMOO B AOKA3aTEABCTBE, AUOO B OIPOBEPIKEHUH.

Hanpumep, ydeHUK YCTaHOBUA, UYTO UUCAO AEAUTCS Ha 6, eCAU OHO
MAEAUTCS Ha 2 M Ha 3. 3aTeM, AeUCTBYs IO aHAAOTHU, CAEAAA BBIBOA:
YUCAO AEAUTCS Ha 8, eCAU OHO AeAUTCS Ha 2 1 Ha 4. UToOBI yOeAUThCS
B AOKHOCTH IIOAYUYEHHOT'O BBIBOAQ, AOCTATOYHO IIPUBECTU KOHTPIIPUMED:
qrcAo 12 peanTcsa Ha 2 ¥ Ha 4, HO He A@AUTCS Ha 8.
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]_UI/IPOKO HUCIIOAB3YETCsI aHAAOTHS B O6y‘leHI/II/I MaTeMaTHuKe MAJAA-

IINX HIKOABHUKOB. DTO IIPOUCXOAUT IIPU U3YUEeHUN CBONCTB OOHEKTOB,
OTHOLIEHUN MeXAY HUMU U AeHUCTBUM C HUMHU. [ IpruBepeM HECKOABKO
MIPUMEPOB:

«OTKPBITHE» HOBBIX CBOMCTB U3y4aeMbIX 0OBeKTOB. Tak, ecau ycra-
HOBAEHO, UYTO B KAACCE EAMHUIT TPU Pa3psiad — €AWHUITHI, ACCSITKH,
COTHH, @ B KAQCCe THICSY TaK)Ke TPU Pa3PSIAd — €AUHUITBI THICSTY, Ae-
CSTKU TBHICSY, COTHU TBHICSY, TO BBIBOA O UMCAE Pas3spsiAOB B Kaacce
MHUAAMOHOB U WX Ha3BaHUU AETH MOTYT CAEAATh CaMOCTOSITEABHO,
110 aHAAOTHUH;

YCTAHOBAEHHE OTHOIIEHUN MEKAY AAHHBIMU OoOBekTaMu. Hampu-
Mep, ydJaliuecss yCTAHOBUAH, UTO 4 - (3+ 7) >4 - 3 + 4 - 6, Tak KakK
4.(3+7)=4-3+4-7, a4-7>4-6.PaccmarpuBas 3aTeM BhIpa’)KeHUA
3-(8+9)u3-8+3-7 yuyamuecs MOTYT II0 aHAAOTUHU CAEAAQTH BEIBOA,
oToM, 9T0 3- (8+9)>3-8+ 3 - 7. [IpoBepuUTH €ro IPaBUABHOCTb MOJK-
HO AHUOO IIyTeM PacCy’KA€HHUH, aHAAOTUUYHBIX TEM, YTO IIPOBOAUANCH
IIPU BBINIOAHEHUU II€PBOTO 33AaHUS, AUOO C IIOMOIIBIO BBIYHCAE-
HUH,

BBIBOA, O CIIOCOO€E A€MCTBUS HAa OCHOBE U3Y4YEHUS APYIOro crocoda.
Tak, mocae pacCMOTPeHUS CII0CO0a YMHOKEHUS ABY3HAUHOTO YHCAQ
Ha OAHO3HAYHOE Ha IpuMepe YMHOKeHud 27 Ha 3 (27-3=(20+7) - 3=
=203+ 7:3=281) peTaM npepraraeTcd YyMHOXKUTD 721 Ha 4. AelicT-
Bys IIO QHAAOTUH, OHU YCTAHABAMBAIOT, UTO 712-4=(700+10+2) - 4=
= 2800 + 40 + 8 = 2848. Aaree IO @aHAAOTMM YCTAHABAMBAIOT, KaK
YMHO>KUTS 6 288 Ha 3. CAeAyIOIIUM IIaroM MOJKET OBITh 00001 eHne,
T.e. IIOAyYeHHe TpaBUAd YMHOKEHMSI MHOTO3HAUYHOTO YHCAA Ha OA-
HO3HAuUHOEe (MCIOAB30BaHNeE HEIIOAHOMN MHAYKITUN).

BOMPOCHI N SAOAHNA

1. O6bAcHWTE, N0YeMy NPYBEOEHHbIE CNELYIOLLME BbICKa3bIBaHUSA
CUUTAKT UCTUHHBIMMW:
al7>5;
8)7+3>7+1;
B](4+6):2=4:2+6:2;
rNe-4):2=6:2)-4.
Cchopmynumpynte npaBuna, KOTOPbIMU Bbl BOCMONb30Banuchb.
Copep>xaT N 0HW KBaHTOp 06LLHOCTN?

2. V3BecTHo, 4T0 ecnuv B TPeYronbHWKE Yribl NPV OCHOBaHWW PaBHbI,
TO OH — paBHo6eapeHHbIn. CnenyeT My u3 3Toro, 4To:
a) TpeyronbHYK ¢ asymsa yrnamum no 40° — paBHObBeapeHHbI;
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10.

11.

12.
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6) TpeyronbHWK C ABYyMSA CTOpoHamMu No 4 cm — paBHo6eadpeH-
HbIn?

. OaHbl aBa yTBEpXaeHus: A(x) — «Hucno x YyeTHoe» n B(x) — «3a-

MMCb YnCna X okaH4mBaeTcs undpon 4». HaxonaTcs nv oHu B OT-

HOLLIEHWW CnefoBaHns?

3BecTHo, 4T 3anuck 4ncna okaH4meaeTca undpon 8. Cnepyet

N N3 3TOr0, 4TO AAHHOE YMCNO [ENUTCSA Ha:

a) 2;6) 47

B yeTbipexyronsHuke ABCD Bce cTOpoHbI paBHbl. [JocTaTo4HO N

3TOro Ans Toro, 4Tobkl yTBEPXAaTh, 4To ABCD:

a) kBagpart; 6) pom6?

B yeTbipexyronsHuke ABCD pBa yrna npsmMble. [JocTaTto4Ho nn

3TOro Ans Toro, 4T06b! yTBEPXAATL, 4To ABCD — npsAmMoyronb-

HUK?

Beickaxute npegnonoxeHne, paccMOTPEB HECKOMbKO YacTHbIX

cny4aes:

a) «K ogHo3Ha4YHOMY 4YMCny Npunucanu Taky xe umdpy.

Bo ckonbko pas yBennumnoch 4ncno?y;

6) «/ImetoTcs ABa vmcna, HYU 0OHO U3 KOTOPLIX HEe AenuTcs Ha 3.

MoxeT v (1 Npu Kakom ycnosmmn) cymma 3TVX YACEen pasaenmTbes

Ha 3?»;

B) «BepHo nu, 4TO KBagpaT 4YeTHOro YMcna ecTb YUCIO, KpaT-

Hoe 47).

CpaBHuTe 3Ha4eHue BblpaxeHun (a + B)(7 —a)n ala — 1) npn
=—3, 0, 2. BepHo nu, 410 npu ntobom LEeNOM a 3Ha4vYeHne

MepBOro BbICKa3blBaHUS 6onbLLE, Y4eM BTOPOro?

HaHbl BepHble paBeHcTBa: 74 — 47 =27; 52 - 25 = 27;

63 — 36 = 27. BepHo nu, 4To pa3HocTb NobOro ABy3Ha4HoOro

ymcna n Y1cna, 3anMcaHHoro TemMu Xe unudpamu, Ho B 0bpaTHOM

nopspke, pasHa 277

BbisicHuB, uto (12 +4): 2 =12 : 2 + 4 : 2, y4eHWK peLunn aHa-

NOrMYHO OENCTBOBAaTb MPYU HAXOXAEHUN 3HAYEHUS BbIpaXeHns

(12 -4):2,n3zanmucan: (12 -4):2=(12:2)(12 : 4). lNpas nn

oH?

13BecTHO, 4TO ecnu YMcno genuTcs Ha B, To OHO JenuTcA Ha 2

nHa 3. BepHbl v cnegytoLLme BbickasbiBaHWA, CDOPMYNMpPOBaH-

Hble N0 aHanorum ¢ AaHHLIMU:

a) «Ecnu yncno penutea Ha 10, To oHO OenuTcA Ha 2 1 Ha DY;

6) «Ecnn ymcno penutea Ha 12, To OHO AenUTCA Ha 2 U Ha BY;

B) «Ecnu uncno genntca Ha 14, To OHO gennuTca Ha 2 nHa 7»;

r) «Ecnu ymcno genutca Ha 15, To oHO genuTca Ha 3 U Ha 5.

YuanTento HeobxoarMo NOABECTM YYaLLMXCS K BbIBOAY O TOM, YTO

«NpY CNOXEHUM YKCRa C HyNeM MosyYaeTcs TO YMCO, KOTOpoe

cknapgbisanu ¢ Hynemy. Kakown metof paccyxpeHuin Bbl Bblbe-

peTe?



=1 CXEMbl OEQYKTUBHbIX YMO3AKJTHOYEHUIA

PaccmoTprM moppoOHee AeAyKTHBHEBIE (IPAaBUABHBIE) YMO3aKAIOUe-
Hust. CoraacHo OIIPEAEACHUIO, B ACAYKTHBHOM YMO3AKAIOYE€HUU ITOCBIAKU
¥ 3aKAIOYEHUE HaXOASTCS B OTHOIIIEHUN AOTUYECKOTO CAEAOBAHUS. DTO
O3HAYaeT, YTO B HEM BCETAA U3 UCTUHHBIX TTOCBIAOK CAEAYET UCTUHHOE
3arkAtoueHmre. Ho Kak CTPOUTE TakKWe YMO3aKAIOUEHUST U TPOBEPSATh UX
NIPaBUABHOCTE ?

B AOTHIKe CUMTAIOT, YTO IPAaBUABHOCTE YMO3aKAIOUEHMS OIIPEAEAseT-
csl ero QPOPMOM U He 3aBUCHUT OT KOHKPETHOI'O COAEP KAHUS BXOAAIUX
B HEro yTBep>XKAeHuMU. M B AOTHKe IIpepnaraloTcsl Takue IIpaBUAa, CO-
OGATOAQST KOTOPBIE, MOJKHO CTPOUTE AEAYKTUBHBIE YMO3AKAIOUEHUSA. DTHU
IpaBUAA HA3BIBAIOT NPABUAGIMU BbIBOGd, UAWL CXeMAMU gegyKMUBHBIX
(npaBuabhbIX) yMO3akAtoueHull. [TpaBuA MHOrO, HO HanbOAee 4acTo UC-
TIOAB3YIOTCS CAEAYIONIHE:

Ax)= B[x), Ala)
B(a)

— IIPABUAO 3dKAIOUEHUd,

w — IIPaBUAO OTPHULIAHUS;
Ala)

A(x)= B(x) B(x) = C(x)
A(x)= C(x)

— IIPABUAO CHUAAOTHU3MaA.

BerscHMM, 9TO 0003HAUYAIOT BCE 3HAKM, MCIIOAL30BAHHLIE B 3aIIUCHU
3THUX IIPaBUA.

PaccMmoTpuM, HanipuMep, IPaBUAO 3aKAIOUeHUs. B HeM 0003HaueHbl
ABe MOCHIAKM A(Xx) = B(x) u A(a). [1lepByto Ha3bIBaIOT 06well NOCHAKOU,
3TO MOJKET OBITh TEOPEMa, OIIPEAEAEHNEe U, BOOOIIle, IPepNOKeHNe BUAA
A(x) = B(x). Bropyto IOCBIAKY A(a) Ha3BIBAIOT 4aCMHOU, OHA TOAyYaeT-
cq 13 ycAoBud A(x) pu x = a. [IpearokeHue B(a) — 3TO 3akAtOueHUe,
OHO IToAy4aeTcs U3 B(x) mpu x = a. ITOCBIAKY OTAEAEHEBI OT 3aKAIOUEHUS
YyepToN, KOTOpast 3aMeHsIeT CAOBO «CAEAOBATEABLHOY.

[MTpuBeaeM npumep yMO3AKAIOUEHUS, BHINOAHEHHOI'O O NPABUAY 3Q-
KAIOHUeHUS: €CAU 3allMCh YHCAA X OKAHYMUBAeTCd NUMPOU 5, TO UUCAO
X AeAUTCs Ha 5. 3anuch unucaa 135 okanumBaeTcs nudgpoi 5. CaepoBa-
TeABHO, YHCAO 135 peamTcs Ha 5.

B KadecTBe 0OIIeM IMOCHIAKK B 3TOM YMO3AKAIOUEHUM BBICTYIIAeT
YTBEp>KAEHUE BUAAQ «eCAM A(Xx), TO B(x)», TAe A(X) — 3TO «3alMUCh YHUCAQ
X OKaH4uBaeTcsa qudpon 5», a B(x) — «uucao x poeautcd Ha S». HacTHasa
IIOCHIAKA TIPEACTaBAsIeT COOOM BBICKA3bIBaHUE, KOTOPOE MOAYUYHAOCH
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U3 ycAOBUs oOmiedt mpu x = 135 (T.e. aTo A(139)). 3arkrioueHMe IBASETCS
BBICKa3bIBaHUEM, IIOAYUYEHHBIM U3 B(x) npu x = 135 (T.e. aTo B(1395)).

ITpuBepeM Teneps npumep yMO3AKAOUEHUSA, BLINOAHEHHOIO N0 NPABU-
Ay OMPUUaHUA: €CAU 3alIUCh YACAQ X OKAHUYUBAETCS NUdpOu 5, TO 4uc-
A0 x AeAnTcs Ha 5. Hucao 177 He peantcs Ha 5. CAepOBATEABHO, OHO
He OKaH4YUBaeTcsd Mudpon J.

BuauM, 4TO B 3TOM yMO3aKAIOUeHUM OOIIas IOChIAKA TaKasd JKe, KaK
U B IPEABIAYIEM, @ YacTHad NpPeACTaBAseT cCOOOU OTpPHIlaHKE BBICKA-
3BIBAHUS «9UCAO 177 pAeAuTcs Ha S (T.e. 3To B(177)). 3akatoueHUe — 3TO
OTpUIIaHME IPEAAOKEHUS «3aNNCh YMCAd 177 He OKaHUYUBaeTCS I pon
5» (T.e. A(177)).

W, HaKoHeI, pacCCMOTPUM NpuMep YMO3AKAIOUEHUS, NOCMPOEHHOI'0
NO NPABUAY CUAAOIU3MQA: €CAM YUCAO X KpaTHO 12, TO OHO KpaTHO 6.
Ecam yncao x KpaTHO 6, To 0HO KpaTHO 3. CAeAOBATEABHO, €CAU YHCAO
X KpaTHO 12, TO OHO KpaTHO 3.

B 5TOM yMO3aKAIOUeHUM ABe IIOCBIAKU BHUAA «eCAU A(x), To B(x)»
u «ecau B(x), To C(x)», rae A(X) — 3TO IPepAOKeHMe «X KpaTHO 12»,
B(x) — mpearoskeHUe «X KpaTHO 6» M C(X) — TpeprOKeHre «X KpaT-
HO 3». 3aKAIOUEHMEe MTPEeACTaBAsieT cOOOM BhICKa3biBaHUE «eCAU A(x),
TO C(X)».

KoHeuHO, BO3HMKaeT BOIIPOC: NOYEMY YMO3AKAIOUEHUS, BHIITOAHEH-
HBIE 10 IIPaBUAAM 3aKAIOUEHUS, OTPUIIAHUS U CUANOTU3ME, OYAYT ACAYK-
TUBHBIMU (IIPABUABHBIMU)? AeAO B TOM, UTO, BBEIIIOAHSISI PACCY>KAEHUS
IO 3TUM IIPaBUAAM, MBI BCeTAQ OYAEM ITOAYYaTh UCTUHHOE 3aKAIOUeHUe,
4TO U TpeOyeTcsd B AeAYKTUBHOM YMO3aKAIOUEHUU.

B AormKe CyIecTBYIOT pa3ANYHBIE CIIOCOOBI IPOBEPKU IPABUABHOCTHA
YMO3aKAIOUEeHUM. PacCMOTPUM TOT, KOTOPBIM IIPEAIIOAATAET UCIIOAB30-
BaHWe KPYroB Oiaepa. AAs 3TOro CHavanrd AAHHOE YMO3aKAIOUeHHe
3aMMCHIBAIOT Ha TEOPETUKO-MHOKECTBEHHOM $SI3BIKE, @ TIOCHIAKM U30-
Opa’karoT Ha Kpyrax JOMAepa, CIUTast X UCTUHHBIMU. [Tocae 3TOTrO BHI-
SICHSIOT, BCerga AU IIPpYW TaKWUX MOCBIAKAX MCTUHHO 3aKatoueHue. Ecan
OKa3BIBAeTCs, YTO BCETAQ, TO TOBOPAT, UYTO AAHHOE YMO3aKAIOUeHUe
IIPaBUABHOE, ACAYKTUBHOE. ECAM J)Ke BO3MOKEH PUCYHOK, U3 KOTOPOTO
BUAHO, YTO 3aKAIOUEHHEe MOXKET OBITH AOJKHBIM, TO TOBOPSIT, UTO BCSIKOE
YMO3aKAIOUeHUe, BEIIIOAHEHHOE 10 TaKOM cxeMe, He SIBASIETCS AeAYK-
TUBHBIM, IIPAaBUABHBIM.

[Tokas>keM, 4TO yMO3aKAIOUeHHe, BEIIIOAHEHHOE 110 IIPaBUAY 3a-
KAIOYEeHUd, IBASeTCS AeAYKTUBHBEIM. CHadaAa 3allullIeM 3TO IIPaBUAO
Ha TeOPETUKO-MHOKECTBEHHOM S3BIKE.

ITocrinka A(x) = B(x) Mo)keT OBIThH 3anucaHa B Bupe T, < Tp, TaAe
T, u Ty — MHOXeCTBa UCTUHHOCTHU BBICKa3bIBAaTEABHBIX (hopM A(x)
u B(x).
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YacTHasa MochIAKa A(a) o3HadaeT, uTo a € Ty,
a 3akAroueHue B(a) moka3biBaeT, uTo a € Tp.

Bce ymMo3akaioueHme, MOCTPOEHHOE II0 IIpa-
BUAY 3aKAIOUEHUS, 3aIUIIEeTCS Ha TEOPETUKO-
MHOJXECTBEHHOM SI3bIKE TaK:

TA CTB,GGTA

Puc. 2.10

aeTy

M306pa3uB Ha KpyTrax Durepa MHOXeCTBA T, U Ty 1 0O0O3HAUUB HAe-
MeHT a € T4, MBI YBUAUM, 4TO a € T (puc. 2.10), T.e.a € Ty, = a € Tp.

AHaAOTMYHBIM 00pa3oM MOXXKHO IIPOBEPUTH U APYTHE IIpaBUAA Ae-
AYKTHUBHBIX YMO3aKAoueHNM. KpoMe Toro, Takoi cnocod NpoBepKHU
NIPaBUABHOCTH YMO3aKAIOUEHUYN MOKHO UCIIOAB30BATh U B TEX CAYYAIX,
KOTAQ YMO3aKAIOYeHHME BEIIIOAHEHO IO CXeMe, OTAUYHON OT paccMo-
TPEeHHBIX.

3agaua. TIpaBUABHO AU CAepyIOlllee YMoO3aKAloueHUe: «Ecam 3a-
IMCh YUCAQ OKAHYMUBAETCI NUAPPOU 5, TO YUCAO AeAUTCd Ha S. Hucao
125 peantcs Ha 5. CAepOBaTEeABHO, 3aIMCh YHCAA 125 OKaHUYMBAETCS
nudpon 5».

Pewenue. 3TO yMO3aKAIOUEHHE BEIIIOAHEHO IIO CXEMe

A(x)= B(x),B(125)
A(125)

1

KOTOPYIO B O6IJ.I€M BUAE MOXXHO ITPEACTAaBUTDH TaK:

A(x)=B(x),B(a)
A(a) '

Ho Takol cxeMBI CpeAV HAa3BAHHBIX PaHee HeT. SIBAseTcsa AU OHa
IIPAaBUAOM AEAYKTHBHOI'O YMO3aKAIOUeHUs ?

YUTOOBI OTBETUTH HA 3TOT BOIIPOC, BOCIIOAB3yEMCS KPyraMu OUAepa.
Ha TeopeTHuKO-MHOXeCTBEHHOM $3bIKe IIOAYYeHHO€e IIPAaBUAO MOXKHO
3aIMCaTh TaK:

TycTz,aeTy

aeT,

M300pa3uM Ha Kpyrax OWaepa MHOXKeCTBa T,
u Ty U 0003HAUUM 3AEMEeHT a, IpUHaAAeXKAIUN
MHOXecTBy Tp. Ho okaswmIBaeTcs, 4TO OH MOXKET
COAEpP’KaThCsI B MHOJKECTBE T, @ MOJKET U He IIpU-
HapAekaTh eMy (puc. 2.11). Puc. 2.11
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B AOTHKe CUMTAIOT, YTO TaKasd cxeMa He SIBASIETCS IPaBUAOM AEAYK-
TUBHOTO YMO3aKAIOUeHUd, TaK KaK OHa He rapaHTUPyeT UCTUHHOCTHU
3aKAIOUEHUS IIPU UCTUHHBIX IIOCBIAKAX. V1 BOOOIIE, TPU aHaAU3Ee YMO-
3aKAIOUEHHUSA HEAB3S OTOKAECTBAATH IIPABUABHOCTH YMO3AKAKOUEHUS
C UCTUHHOCTBIO IIOAYYEHHOT'O 3aKAIOUEHUS: 3aKAIOUeHHe MOJKeT ObITh
HCTHUHHBIM, & CAMO YMO3aKAIoueHre — HeT.

Bo3zBpainasach K BOIIPOCY AQHHOM 3aAa4M, OTMETHM, UTO IPUBEACHHOE
B HeM yMO3aKAIOUeHNe He IBASeTCS IIPaBUABHBIM, TaK KaK BBIITOAHEHO
IO cXeMe, He TapaHTUPYIOIel NCTUHHOCTU 3aKAIOUEHU.

Kaxk >xe HapO AeMCTBOBATh, YTOOBI YCTAHOBUTH, IIPABUABHO yMO3a-
KAIOUeHMe MAU HeT? AAs 3TOTO eCTh ABa IyTH: 1) MoKasaTh, YTO AQH-
HOe YMO3aKAIOUeHUe BBIIIOAHEHO IO OAHOMY W3 M3BECTHBIX IIPaBUA
BBIBOAQ; 2) chOPMYAUPOBATH A@HHOE YMO3aKAIOUeHNe Ha TeOPEeTUKO-
MHO>XEeCTBEHHOM 43bIKe M BOCIIOAB30BAThCA KpyraMu JMAepa Tak, Kak
ONIMCaHO paHee.

ITonre3HO Tak)Ke 3alIOMHUTH M He IyTaTh C IPABUAOM 3aKAIOYEHUS
TaKylo CXeMy:

A(x)=B(x),B(a)
Ala) ’

a C IIPABUAOM OTPUIIAHUSI — CXeMY:

A(x)= B(x),A(a)
B(a) '

OTH cxXeMbl He TapaHTUPYIOT UCTUHHOCTHU 3aKAIOUEHUS U, CA€AOBa-
TeABHO, He SIBAJGIOTCS IIPaBUAAMU ACAYKTUBHBIX YMO3aKAIOUEeHUH.

3aMeTHM, YTO MOAHOE AeAYKTUBHOE YMO3aKAIOUeHNe 110 IIPUBEAEH-
HBIM TpPeM IIpaBUAAM TpeOyeT YKa3aHUI ABYX MOCHEIAOK. OAHAKO B IIPO-
Iecce PacCy’KA€HUU 3TH IIPABUAA MHOTAAQ COKPAIIAIOT, OIyCKasg OAHY
U3 IIOCHIAOK. Hamnpumep, o6bsacHAS, To4eMy 6 < 8, ydeHUK TOBOPHUT, YTO
«6 TIpU cueTe HA3bIBAIOT paHblile, yeM 8, 3HAUUT, 6 < 8». fAABAsieTca Au
3TO YMO3aKAIOUeHUe AeAYKTUBHBIM? ECAM AQ, TO IO KaKOMy IIPaBUAY
OHO BBITTOAHEHO ?

B oOBsACHEHNHU y4YeHHMKa IIPOIyILeHa O0Iasi MOCHIAKA: «@CAU YHCAO
a IIpU CUeTe HA3BbIBAIOT PAHbIIle YKUCAA b, TO a MeHbIle by». Ecau ee Boc-
CT@HOBUTH, TO YMO3aKAIOUeHHe YUeHHKa IPUMET BUA;

A(x)= B(x),A(q)
B(a) ’

a BTO MPABUAO 3aKAIOUEHHUS, T.€. YMO3aKAIOUEeHUe, BEIIIOAHEHHOE yue-
HUKOM, A€AYKTHUBHOE.
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3aMeTHUM TaK’Ke, UTO: 1) BBIIIOAHSASA YMO3aKAIOUEHMs, MOJKHO MEHSTh
O4epPEeAHOCTD IIOCHIAOK U HQUMHATH C 3aKAIOUEHMs, a 3aTeM BOCIIPOM3-
BOAUTE HOCKHIAKY; 2) €CAM 00IIUe MOCKIAKYA PACCMOTPEHHBIX B ITPAaBUAAX
AEAYKTUBHBIX YMO3AKAIOUEHUI COAEpPIKAT OOAee OAHOU IepEeMEeHHOH,
TO 3TO He HapyllaeT CMBICAA 3TUX IIPaBUA.

BOMPOCHLI N SAOAHNA

1. B kaxpom 13 cnegytoLmx yMo3aknyeHU BblOenUTe NochInkm
1 3aKM0YeHune:

a) «Ecnu ymcno HaTyparnbHoe, TO OHO LIENOE; ECIN YACHO LENoe,
TO OHO paLMoHanbHOE, CnefoBaTeslbHO, ECAM YMCIIO HATYpasbHOe,
TO OHO paUMOoHabLHoEY;

6) «Ecnn uicno HaTypanbHoe, To OHO Lenoe; Ymicno 138 — Ha-
TypansHoe, cefoBaTenbHO, OHO LiENoey;

B) «BcAkoe HaTypanbHoe 4ucno uenoe; Yueno 138 — uenoe,
crnefoBaTesibHO, OHO HaTypanbHoeY;

r) «Bcsikoe HaTypansHoe vncno uenoe; yncno 0,2 He sBnseTca
LesbIM, CNefoBaTeNIbHO, OHO He ABMSAETCA U HAaTypanbHbIMY.

2. lNpoaHannanpymnTe cxemMy Kax4oro ymMo3ak/4eHns us 3a-
panus 1. EcTb nn cpedmn HUX yMO3aKHYeHNs, He SBNAtoLLMecs
LEenyKTUBHBLIMN?

3. Vicnonbaysa npaBuno 3aknioYeHns, 3aKOHYUTE YMO3aKIIioHeHne
Tak, 4Tobbl OHO 6bIN0 AEAYKTUBHBIM:

a) «Ecnun yeTbipexyronbHMK — NPAMOYronbHKK, TO B HEM Ana-
roHanu pasHbl. B yeTbipexyronsHuke ABCD...»;

6) «PaBHbIe TpeyronbHVKN MMEKOT paBHbIe nnoLlanun. Tpeyronb-
Hukn ABC v KLM...»;

B) «[ns Toro 4To6bl pomb BbIN KBAQPATOM, AOCTATOYHO, YTOGLI
B Hem Bbin npsimoin yron. B pombe ABCD...».

4. /Icnonb3ya NpaBuio OTPULEAHNA, 3aKOHYNTE YMO3aKTHYeHWSA
13 3agaHna 3 Tak, 4T06bl OHW BbIN AERYKTUBHBLIMA.

5. BoccraHosuTe 06LLYHO NOCLINKY B YyMO3aKNOHYeHNN:

a) «Hducno 12 — HaTypanbHoe, cnefoBaTenbHO, OHO MONOXW-

TenbHoeY;
6) «Mucno 15 — He4yeTHOe, cneaoBaTenbHO, OHO HE OenuUTcsA
Ha 2).

6. lNocTponTe penykTMBHOE yMO3akioyeHne, AoKa3biBatoLLee,
yTO:

a) «130 penutca Ha 10v»;

6) «137 He penutcsa Ha 10y;

B) «HeTbipexyronsHuk ABCD — npAMOyronbHUKY;

r) «HetbipexyronbHuk ABCD He sBRAETCA MPAMOYrONbHU-
KOMD.
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7. Vlcnoneays kpyrv nnepa, NpoBepsTe, NpaBunbHbI W CieayoLLme
yMO3aKMioHeHus:
a) «Bcsakuin kBappaT ABNAETCA NPAMOYrofbHUKOM; YeTblpex-
yroneHVK ABCD He kBappaT, criefoBaTenbHo, OH He ABNAETCA
MPSIMOYrONBLHUKOMY;
6) «HekoTopble MPAMOYronbHMKN — KBaAPaThl; BCe KBagpaTbl —
npaBubHbIE MHOMOYroNbHVIKW, CefoBaTeNbHO, HEKOTOPbIE Npsi-
MOYrOMbHUKM ABNAKOTCA NPaBUNbHLIMY MHOMOYrONbHUKaMUY.

8. CpasHuBas BbipaxxeHns 36 — 7 n 36 — 4, y4eHunK paccyxxgan Tak:
«36 — 7 meHbLue 36 — 4, Tak kak 7 6onbLue 4». Kakoe npasuno
MCMonb30Ban Y4eHVK B Ka4ecTBe 06LLEeN NOCkINKNY

~/y~1| CMOCObbl MATEMATNYECKOIO
OOKA3ATEJIbCTBA

OOGBIYHO, KOTAQ TOBOPSAT O AOKA3aTEAbCTBEe, UMEIOT B BUAY IIPOCTO
IIPOBEPKY BLICKA3aHHOI'O yTBEPKAEHU. B MaTeMaTHKe IpoBepKa U AO-
Ka3aTEeAbCTBO — 3TO Pa3HbIE BEIY, XOTS U CBI3aHHBIE MEXKAY COOOM.
[TycTp, Hanpumep, TpebyeTcst AOKa3aTh, YTO €CAU B UETHIPEXYTOALHUKE
TPU yTAQ IIPSIMBbIE, TO OH — IIPSIMOYTOABHUK.

EcAm MBI BO3bMeM KakKOW-ANOO UeThIPeXyTOABHUK, Y KOTOPOTO TPU
yTAQ IIpsIMBIE, U, U3MEPUB YeTBEPTHIHN, YOeAUMCS B TOM, YTO OH A€UCTBU-
TEABHO IIPSIMOM, TO 3TA IPOBEPKA CAEAAET AQHHOE YTBepKAeHUe Oonee
IPaBAOIIOAOOHBIM, HO eIre He AOKa3aHHBIM.

YTOoOBI AOKa3aTh AQHHOE YTBEPIKACHUE, PACCMOTPUM IPOU3BOABHBIN
YeThIPEeXyI'OABHHUK, B KOTOPOM TPU yTAa IpsMble. Tak Kak B AFOOOM BHI-
IIYKAOM UeTBIPeXyTOABHUKe CyMMa yIAOB paBHa 360°, To U B AQHHOM
oHa cocTaBasgeT 360°. CyMMa Tpex NpsMBIX YyIAOB paBHa 270° (90° - 3 =
= 270°), u, 3HAUUT, 4eTBepThIN UMeeT BeanunHy 90° (360° — 270° = 90°).
EcAu Bce YTABI 4eTBIPEXYTOABHUKA IPSIMBIE, OH — IPSIMOYTOABHHUK.
Chep0OBaTeABHO, AQHHBIN YETBIPEXYTOABHUK OYAET IMPSIMOYTOABHUKOM.
YTo 1 TpebOBAAOCH AOKA3ATh.

3aMeTHM, 4YTO CYUIHOCTb IPOBEAEHHOI'0 AOKA3aTeAbCTBA COCTOUT
B IIOCTPOEHUM TAKOM! IIOCAEAOBATEABHOCTU UCTHUHHEBIX YTBEPIKAEHUU
(TeopeM, aKCHOM, OIIPEAEAEHUN), U3 KOTOPBEIX AOTUYECKU CAEAYET
YTBEpPKAEHME, KOTOpPOe HYKHO OBIAO AOKA3aTh.

BooOwe gokazamp kakoe-Aubo ymBepXgeHue — MO 3HAYUM No-
Ka3ambp, YUMo 3mo ymBepKgeHUe AOTudecKu cAegyem U3 cucmeMmnl UC-
MUHHbIX U CBAA3AHHbIX C HUM ymBepxgeHull.

B AOTHKe CUMTAIOT, UTO €CAU pacCMaTpUBaeMoOe YTBEPKAEHME AOTH-
YeCKU CAEAYeT U3 YoKe AOKA3aHHBIX YTBEPKACHUN, TO OHO OOOCHOBAHHO
¥ TaK>Ke NCTUHHO, KaK U ITOCAEAHUE.
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TakuM 0Opa3oM, OCHOBHBIM CIIOCOOOM MaTeMaTH4eCKOTro AOKasa-
TEAbCTBA IBASIETCS AeAYKTUBHEBIN BEIBOA. A CAMO gOKA3AMeAbCMBO —
3O AOI'u4ecKas onepayus, B npoyecce Komopou 0O60CHOBbIBAEMC s UC-
MUHHOCMb KAKOI0-AUOO ymBepKgeHUs C NOMOWbI0 gPYIuX UCIMUHHbIX
U CBA3QHHBIX C HUM ymBep)XgeHull. AAsi 5moro cmpoumcsi KOHeuHas
yenouka yMo3aKAloueHull, npuieM 3aKAloueHue KaXgoro u3 Hux (kpome
NOCAegHET0) ABASIeMCA NOCHLAKOU B OGHOM U3 NOCAEJYIOWUX YMO3AKAIO-
venud.

Hanpumep, B IpUBEACHHOM paHee AOKA3aTEABCTBE MOJKHO BEIAEAUTH
CAEAYIOIIVIE YMO3AKAIOUEHNS:

1) B At0OOM BBIITYKAOM 4EeTBIPEXYTOABHUKE CyMMa YTAOB paBHa 360°;
AAHHas PUTYPa — BBITYKABIN YeTBIPEXyTOABHUK, CA€AOBATEABHO, CyMMa
yrAoB B HeM 360°;

2) ecAn U3BeCTHA CyMMa BCEX YTAOB YeThIPEeXyTOABHUKA U CyMMa Tpex
Y3 HUX, TO BEIYMTAHWEM MOJKHO HAUTH BEAWYWHY YE€TBEPTOTO; CyMMa
BCEX YTAOB AQHHOTO YeTBIPEXyTOABHHMKA paBHa 360°, cyMMa Tpex yraoB
cocraBasgeT 270° (90° - 3 = 270°), cAeAOBATEABHO BEAMYUHA Y€TBEPTOr'O
yraa: 360° — 270° = 90°;

3) ecAu B 4ETBIPEXYTOABHHUKE BCe YIABI IIPSIMBIE, TO 3TOT YeThIpeX-
YTOABHUK — TIPSIMOYTOABHUK; B A@HHOM YEeTBIPEXYTOABHUKE BCE YTABI
IIpsAMBIE, CAEAOBATEABHO, OH IIPSIMOYTOABHUK.

[MpuBepeHHBIE YMO3aKAIOUEHHS BBHIIIOAHEHHI 110 IIPABUAY 3aKAIOUe-
HUS M, CA€AOBATEABHO, SIBASIOTCS AeAYKTUBHBIMU. CaMoe IIPOCToe AO-
Ka3aTeAbCTBO COCTOUT U3 OAHOTO YMO3aKAIOUeHHUd. TaKuM, HallpuMep,
SIBASIETCS AOKA3aTEABCTBO YTBEPKAEHHUS O TOM, UTO 6 < 8.

3aMeTHuM, 4TO AOKA3aTEeAbCTBO B BUAE IIEIIOUYKU YMO3aKAIOUEHUH,
BBIIIOAHEHHBIX B COOTBETCTBUU C ITPABUAAMMU BBEIBOAA M yKa3aHVEM
BCEX IOCBIAOK, He NIPEAHA3HAUYEHO A IIOCTOSHHOTO MCIIOAB30BAaHUS
Ha IIPAKTHUKe, TAe IPUMEHSIOTCS, KaK [IPaBUAO, CBEPHYTHIE CXeMBI yMO03a-
KAtoueHUM. OHO IBASIeTCSI BaJKHBIM CPEACTBOM aHAAN3a BEIIIOAHEHHOTO
AOKa3aTeAbCTBA.

ITo cnocoOy BepeHUS pa3sAMyYaloT MpsMble U KOCBEHHBIE AOKa3a-
TEeABCTBA.

Ilpamoe goxazameAabCMBO yTBEPKACHUSI A = B — 3TO IOCTpOeHUe
IIEIIOYKU AAYKTUBHBIX YMO3aKAIOUEHHH, BHITOAHSIEMBIX [IOCAEAOBATEAD-
HO OoT A K B ¢ cobAIopeHMEM NpaBUA AOTUKHU U C IIOMOIIBIO CHCTEMBI
YTBEeP>KAEHUMN, HCTUHHOCTB KOTOPBIX AOKa3aHa. PaccMOoTpeHHOe paHee
AOKa3aTeAbCTBO TEOPEMEI O TOM, UYTO €CAU B YETHIPEXYTOABHUKE TPU
YTAQ OPSMBIE, TO OH IPSIMOYTOABHUK, OBIAO IIPSIMBIM — B HEM, OCHOBBI-
BasCh Ha HEKOTOPOM UCTUHHOM IIPEATIOAOKEHUU U C YUETOM YCAOBHUS
TeOpeMBbl, CTPOUAACH I[eII0YKa AAYKTUBHBIX YMO3aKAIOUeHUY, KOTOpas
IIPUBOAMAA K UCTUHHOMY 3aKAIOUEHUIO.
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[TpumMepoM KOCBEHHOro goKa3ameAbCMBA SIBASIETCS gOKA3AMeAb-
cmBo Mmemogom om npomuBHOro. CyIITHOCTE €T0 COCTOUT B CAEAYIOIIEM.
ITycTs TpebyeTcsa poKa3aTb TeopeMy A = B. Ilpu pAOKa3aTeAbCTBe Me-
TOAOM OT IIPOTUBHOI'O AOITYCKAIOT, YTO 3aKAOYeHUe TeopeMel (B) Aroxk-
HO, @ CA€AOBATEABHO, €r0 OTpUuIllaHNe UCTUHHO. [IprucoepAuHUB IIpeA-

AOKeHHe B K COBOKYIIHOCTH HUCTUHHBEIX IIOCBIAOK, UCIIOAB3YEMBIX
B IIpOIlecce AOKA3aTEABCTBA (CPEAU KOTOPBIX HAXOAUTCS U YCAOBHE A),
CTPOSIT IETIOUKY ACAYKTUBHBIX YMO3aKAIOUEHHH A0 TeX I1op, II0Ka He IIo-
AYUYUTCS YTBEPKAEeHUe, IPOTUBOpeUalllee OAHOM 13 ITOCHIAOK U, B 4aCT-
HOCTH, yCAOBHUIO A. KaK TOABKO TaKoe IPOTHUBOpeYle yCTaHaBAMBAIOT,
AEAQIOT BBIBOA O TOM, UTO MPEANOAOKEHUE OBIAO AOKHBIM, & 3HAUUT,
UCTUHHO B, T.e. 4TO U TpebOBAAOCh AOKA3aTh.

3agaua 1. AokazaTb, 4TO ecan a + 3 > 10, To a # 7.

Pewenue. IIpeplIOAOKHAM, YTO 3aKAIOUEHUE AQHHOI'O YTBEPKACHUS
AOXKHO, TOTAQ UCTUHHBEIM OyAeT ero OTpHUIlaHUe, T.e. IPeAAOKeHHe
a = 7. [TopcTaBUM 3TO 3HaueHUe a B HepaBeHCTBO a + 3 > 10. Ilo-
Ay49uM npeprokerue 7 + 3 > 10 (10 > 10), koTopoe AokHO. Tpuriau
K OIPOTUBOPEUMIO C OIIPEACACHHUEM OTHOUIEHUS «OOABIIE» AAS YUCEA.
ChepOBaTeABHO, HAllle IIPEAIIOAOKEHHNE HEBEPHOE, U II0O3TOMY, €CAHN
a+3>10, Toa="7.

3aBepiias o06Cy>KAeHHUe BOIIPOCOB, CBSI3aHHBIX C MaTeMaTUUYeCKUM
AOKa3aTeAbCTBOM, BBIICHUM, KaK CBA3aHBI MeXAY cOOO0OM HemOAHasd
UHAYKIUA C AeAYKTUBHEIM BEIBOAOM.

PaHee OBIAO OTMEUEHO, YTO BEIBOABI, KOTOPBIE MBI IIOAYYa€eM C IIO-
MOIIBIO HEIIOAHOM MHAYKIIWUM (MAM @HAAOTMH), HOCAT XapaKTep IIPEA-
IIOAOJKEHMS U II03TOMY MX HaAO AMOO AOKa3bIBaTh, AMOO OIIPOBEPTATh.
[TOCKOABKY BBIBOABI, O KOTOPBIX HAET pedb, HOCAT, KaK IIPABUAO, Xa-
pakTep 0000IIeHNUs, TO OHU (DOPMYAUPYIOTCS B BUAE IIPEAAOIKEHUMN,
copeprsKaIiux KBaHTOP OOITHOCTU. CAeAOBATEALHO, YTOOBI UX OTIPOBEP-
THYTBh, HAAO IIPUBECTU KOHTPIPUMED, & YTOOBI YOEAUTHCS B UCTUHHO-
CTH, — AOKa3aTk. [IpuueM uMeeTcs B BUAY ACAYKTUBHEIN BEIBOA. TaKuM
o0pa3oM, B Ipoljecce IO3HAHMS HEIIOAHAsI HHAYKITHUS U MaTeMaTUdecKoe
AOKa3aTeAbCTBO OKA3bIBAIOTCSI TECHO CBSI3aHHBIMMU.

[TpouArtoCTpUPYEM 3TO, PEIINB CACAYIOUIYIO 3aAaYY.

3agaua 2. NaHBI YeTbIpe IIOCAEAOBATEABHBIX HATyPAABHBIX YHCAQ.
BepHo AM, UTO TpoU3BEAEHUE CPEAHUX YUCEA I3TON ITOCAEAOBATEABHOCTH
OOoAbBIIIe IPOM3BEACHUST KPAaMHUX Ha 27

Pewenue. IonibITaeMcst CHauaAa BBICKA3aTh IIPEATIOAOKEHNE OTHO-
CUTEABLHO OTBeTa Ha BOIIPOC 3aAaUu. AAS 9TOTO PaCCMOTPUM HECKOABKO
KOHKpPEeTHBIX cAy4aeB. [1ycTh 1, 2, 3, 4 COCTaBASIIOT AQHHYIO IIOCAEAOBA-
TeABHOCTh. O0Opa3yeM IIpOM3BeAeHNe CPEAHUX UNMCEA U IIPOU3BEAEHUE
KpaWHUX U CpaBHUM UX: 2 -3 — 1 - 4 =2, Bo3pMeM ellle OAHY IOCAEAOBA-
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TEeABHOCTB, HAaIIpUMep, J, 6, 7, 8, OIIATE 00pa3yeM IPOU3BEACHMNI CPEAHUX
U KpalHUX YMCeA U CPaBHUM ux: 6 - 7 — 5 - 8 = 2. PaccMOTpeHHEBIe CAydau
IIO3BOASIIOT IIPEATIOAOKUTD, UTO yTBEpKAeHUe «[Ipon3BepeHNe CpepHUX
4HCeA 3aAAHHOU IIOCAEAOBATEABHOCTH BCErA@ OOABIIIE NPOU3BEACHUSA
KpalHUX Ha 2» UCTUHHO. OTO IIPEATIOAOKEHUE SIBASIETCS II0 CYIIeCTBY
BBEIBOAOM B YMO3aKAIOUEHUH, Ha3blBAEMOM HenoAHolU uHgykyuel. Ho
UCTUHHOCTDb IIPEAAOSKEHNS C KB@HTOPOM OOIIHOCTU HAaAO AOKa3bIBaTh.

OO003HauUMM YeThIpe NOCAEAOBATEABHBIX HATYPAABHBIX YHUCAQ TaK: I,
n+1,n+2, n+ 3. O6pa3dyeM IPOU3BEACHUI CPEAHUX U KPAWHUX YHCEA,
noayuuM (n + 1)(n + 2) u n(n + 3). BelmoAHUM IpeoOpa3oBaHUSA 3TUX
BEIpaKeHut: (n+ 1)(n+2) =n?+3n+2; n(n+3) =n?+ 3n.

BuauM, 4TO, A€ICTBUTEABHO, IIEPBOE IPOU3BEAEHUE OOABIIIE BTOPOTO
Ha 2. UTto u TpeboBarOCh AOKA3aTh.

B MaTeMaTHKe AOCTAaTOUYHO YaCTO UCIOAB3YEeTCs CIIOCO0 AOKa3aTeAb-
CTBQ, Ha3bIBae€MBbIU IIOAHOU WHAYKIIUEH.

Iloanas UHgyKuust — 3TO TaKOM MeTOA AOKa3aTeAbCTBa, IIPpU KOTO-
POM UCTUHHOCTE YTBEPXXACHUSA CAeAYEeT M3 HCTUHHOCTU €TI0 BO BCeX
YACTHBIX CAyYasiX.

3agaua 3. \oKas3aTh, YTO KaKAOe COCTAaBHOE HAaTypaAbHOE YHCAO,
Ooabliiee 4, HO MeHbIlIee 20, IPEACTaBUMO B BUAE CYMMEI ABYX IIPO-
CTBIX YHCEA.

Pewienue. BcnoMHUM OIpeAEAEHUS TPOCTOTO U COCTABHOTO YHCEA.
ITpocTEIM Ha3BIBAETCSI TAKOE HATypPaAbHOE YHUCAO, KOTOPOE AEAUTCS
TOABKO Ha | u Ha cebs. Hanpumep, uucaa 2, 13, 5, 17 — npocrtrle. Huc-
AQ, KOTOpBle UMeIOT OoAee ABYX AeAUTeAel, Ha3bIBAIOTCS COCTABHBIMU.
Yucao 1 He SIBASIETCS HU TIPOCTBIM, HU COCTaBHBIM.

B paHHOM 3apade paccMaTpuBaeTCd IMIPOMEKYTOK YHCEA, KOTOPHIE
Ooasbiie 4, HO MeHbIIe 20. CocTaBHBIMH B HeM OYAyT 4uncaa: 6, 8, 9, 10,
12, 14, 15, 16, 18. Kaxkpoe U3 HUX MOKHO NPEACTABUTH B BUAE CYyMMBEI
ABYX IIPOCTHIX 4MCeA: 6=3+4+3;8=5+3;9=7+2;,10=5+5 (muau 7 + 3);
12=5+%#14=11+3 uau7+7%),; 15=13+2; 16 =13+ 3 (uru 11 + 5),
18=13+ 5 (uru 11 + 7). Tak Kak AQHHOe yTBep>KAEHME UCTUHHO BO BCEX
YaCTHBIX CAy4adX, TO OHO AOKa3aHo.

BOMPOCHI N SAOAHNA

1. OokaxuTe, 4TO ECNM K MPOM3BEAEHMIO ABYX NOCNefoBaTesbHbIX
HaTypanbHbIX Y1cen NpubaBnTb BonbLLee N3 HUX, TO NoMy4UTCA
kBagpaT 6onbLuero 4ncna.
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. JokaxuTe, 4To 3Ha4eHnem BbipaxeHus (x — 4)(2x + 1) bygeT
Lienoe 4mcno, ecnu x NnpuH1vaeT 3Hadvexunsa -1, 0, 1, 4.
Kak nameHnTca cymma OByx YMCes, ecnv Kaxaoe crnaraemoe
YBENNYUTL B TPY pa3a?
Kakum ymcnom MoxeT 6bITb Cymma OBYX HeveTHbIX Yncen? Pac-
CMOTPUTE HECKOMbKO YaCTHbIX CAy4YaeB ¥ BbICKaXUTe Npeanosno-
»eHune. Kakm 06pa3om MOXHO 40Ka3aTb ero UCTUHHOCTL?
. [aHbl 4eTbipe nocnegoBaTenbHbIX HEYeTHbIX Yncna. BepHo nu,
YTO NPON3BEAEHME KpPaHUX YNCEN MEHbLUE NPON3BEeaeHns
cpegHux Ha 87
MokaxwTe, 4To Npy 060CHOBaHMM PELLEeHWs CreayoLMX 3agaYy
MnagLUme LLKOSbHUKM MOTYT UCMOMNb30BaTh MOMHY MHOYKUMIO:
a) «daH pag vmcen: 3545, 3550, 3555, 3560, 3565. MoxHo nn
YyTBEPXXAATb, 4TO KaX/A0e Y/C0 3TOro psga AenmTcs Ha 5?»;
6) «Mo>xHO N1 yTBEPXAaTb, YTO 3HAYEHWS BCEX BbIPaXKEHUN
ONHAKOBbI:
326 326 :326; 236 236 : 236; 626 626 : 626?y;
B) «MOXHO N1 YyTBEPXAATL, YTO 3HAYEHUS BbIPAXEHW oguHa-
KOBbI:

1)56:5;

2)7-8:(32:4);

3)(65-9):(24:3)?».



COOTBETCTBWA, OTHOLLEHWNA,
OMEPALNN

[Mpu m3y4eHNM OKPY’KaloIero MUpa CPeACTBAMU MAaTEMATUKU MBI
paccMaTprBaeM He TOABKO eT0 OOBeKTHI, HO ¥ TAABHBIM 00pa3oM CBSI3HU
MeJKAY HUMHU. DTU CBA3U Ha3bIBAIOT 3aBUCUMOCTSIMH, COOTBETCTBUSIMH,
OTHOIIIEeHUSIMH, (PyHKIUIMU. HanpuMep, IpU BEIYUCAECHUU AUH IIPEA-
MeTOB YCTaHaBAMBAETCSI COOTBETCTBHE MEKAY IIpeAMeTaMi U YUCAAMU,
KOTOpPBIE SIBASTIOTCS 3HAUYEHUSIMU UX AVH; TIPY PEITeHNN 3aAa4 Ha ABU-
JKeHHe yCTaHaBAWBAETCS 3aBUCUMOCTDH MEKAY ITPOUAEHHBIM PACCTOsI-
HUEeM U BpeMeHeM, eCAU CKOPOCTh ABMI)KEHUS ITOCTOSTHHA.

KoHKpeTHBIe 3aBUCUMOCTH, COOTBETCTBUS, OTHOIIEHUS MEXAY
OOBEeKTaMU B MaTeMaTHKe M3yJaAUCh C MOMEHTA ee BO3HUKHOBEHUS.
Ho Bompoc o ToM, KakoBa CyILIHOCTb AFOOOTO COOTBETCTBUS (OTHOIIIE-
HUS, oTlepaliuu), ObIA TOCTaBAeH B KOHITe XIX — Hauanre XX B., ¥ OTBET
Ha Hero HaWAeH B paMKaX TeOPUU MHOJKECTB.

B HawaABHOM Kypce MaTeMaTHUKH IIPOUCXOAUT 3HAKOMCTBO yUalluXCs
C Pa3AMYHBIMM 3aBUCHUMOCTSMY, HO UYTOOBI MCIIOAB30BATh UX AAS pas-
BUTHS MBICAUTEABHOU A€ITEABHOCTHU AeTel, YIUTEAD AOAJKEH OBAAAETH
OOIIMMU MOHATUSIMY COBpPEMEHHOM MaTeMaTHKU: COOTBETCTBUE, OT-
HOIIIeHUe, aarebpandeckad onepanus u Ap. Kpome Toro, ycBamuBas mMa-
TEMATUYECKUH SI3BIK, MCIIOAB3YEMBIN IIPU U3Y4eHUH 3TOTO MaTepHUana,
YIHUTEAb CMOXKET TAyOsKe MOHSATH CYyIJHOCTh MaTeMaTU4eCKOT'O MOAEAN-
POBaHUS PeaAbHBIX IBACHUY U MPOIECCOB.

maBa 3

COOTBETCTBUA
MEXAY ABYMA MHO>XXECTBAMW

B HavarbHOM Kypce MaTeMaTUuKU U3Yy4aloTCd PAa3AUYHbIE B3aUMO-
CBsA3U MeXAY ABYMs MHOXXeCTBAMMU.

HaHpHMep, B3aMMOCBA3U MeXXAY YUCAOBBIMU BBIPDAKEHUIMU U UX
3HAYEHUSIMHU, MEXAY reOMeTpUuIeCKUMU (pI/Il"ypaMI/I 1 9UCAAMU, MEXAY
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TEKCTOBBIMHU 3aAa49aMU U UX MOAEAIMU. [103TOMY YUUTEAI0 Ba)KHO II0-
HHUMATHhb UX CYTI), ‘-ITO6BI O6eCHe‘-II/ITB €AVMHCTBO B MEeTOAUKE I/ISY‘-IQHI/IH
3TUX B3aMMOCBSI3eH.

PSR NoHATUE COOTBETCTBIS. ]
CMOCOBbI 3A[AHIS COOTBETCTBUN

PaccmoTpuM Tpu npuMepa COOTBETCTBUM, U3y4aeMbIX B HQYaABHOM
Kypce MaTeMaTHKH.
I. HaliTu 3HaueHUe BEIpA’KEeHUS:

b)) (17-1):4; by (12+18):(6-6); by 2-7+6.
II. HavtiTy naomaAb (OUTypHIL:

Fy Fy) Fy)

III. PeminTh ypaBHEHHE:
Vi) 2+x=06;, y))x—-7=4; y; 2x=8.

B mepBOM cAyyae MBI yCTaHaBAMBAEM COOTBETCTBHE MEKAY 3aAaH-
HBIMU BBIP@’KEHUSMHM U UX YHUCAOBBIMM 3HAYEHUSIMU; BO BTOPOM —
BBISICHSIEM, KaKOe YHCAO COOTBETCTBYET Ka>kAOM U3 AQHHBIX (QUIYD,
XapaKTepusys ee MAOIaAb; B TPETbeM — HUIIeM YHUCAO, KOTOPOE SIBASIETCS
pellleHreM ypaBHEHUs.

YTo 0011ero MeXAy 3TUMHU COOTBETCTBUSIMU ?

BupauM, 4TO BO BCeX CAydasgx UMEeIOTCS ABa MHOJKECTBA: B IePBOM —
9TO MHO’XKECTBO M3 TPeX YHCAOBBLIX BBIpa’kKeHUHN U MHOXecTBO N Ha-
TYPAAbHBIX YHCEA (eMy IIPUHAAAEKAT 3HAYEHUI AQHHBIX BBIPAKEHUN);
BO BTOPOM — MHOJKECTBO U3 TpeX reOMeTpHUUeCKUX (DUTYP U MHOKECTBO
N HaTypaABHBIX YHCEA; B TPETBHEM — MHOJKECTBO U3 TpeX ypaBHEHUU
u MHOXecTBO N HaTypaAbHBIX UYHUCEA.

BEITOAHAS TPEANOKEHHBIE 3aAaHUSA, MBI YCTAHABAUBAEM CBA3b (COOT-
BETCTBUE) MEKAY IAE€MEHTaMH dTUX MHOKeCTB. Ee MOKHO IpeACTaBUTh
HArAsIAHO, C IIOMOIIIBI0 rpadoB (puc. 3.1).

MOo>KHO 3aAaTh 3TU COOTBETCTBUS, IEPEUUCAUB BCE [Taphl SA€MEHTOB,
HAXOAAIINXCS B 3aA@HHOM COOTBETCTBUMU!

L {(by, 4), (bs, 20)};

IL {(Fy, 4), (Fy 10), (Fs, 10)};

ML {(y1, 4), (v2r 11), (v 4)}.

IMocrepHSIST 3aIIMCh ITOKA3bIBAET, UTO AI0OOE COOTBETCTBUE MEXAY
ABYMs MHOKecTBaMu X M Y MOXHO pacCMaTPUBATh KaK MHOKECMBO
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Puc. 3.1

ynopsigoueHHbX nap, o6pa3soBaHHBIX U3 UX SAEMEHTOB. A TakK Kak
VIOPSIAOUEHHEIE TIaphl — 3TO SAEMEHTHI AeKapTOBa IIPOM3BEAEHUS,
TO MPUXOAUM K CAEAVIOIEMY OIIpeAeAeHUIO OOIIero MOHATUS COOT-
BETCTBUSI.

CoomBemcmBuem MeXAYy MHOXXeCTBaMu X u Y Ha3bIBaIOT BCSIKOE
IIOAMHO>XEeCTBO A€KAaPTOBA IIPOMU3BEACHUSA 3TUX MHOXXECTB.

CooTtBeTcTBUS IPUHATO 0003HauaTh OyksBamu P, S, T, R u Ap. Ecan
S — COOTBeTCTBUE MeKAYy MHOKecTBaMu X U Y, TO, COTAACHO OIlpepe-
AeHUIO, S X x Y.

BrisicHUM Tenephb, Kak 3aAal0T COOTBETCTBUS MEKAY ABYMS MHOMKe-
crBaMu. [TOCKOABKY COOTBETCTBUE — 3TO IOAMHOKECTBO, TO €0 MOKHO
3aAaBaTh Kak AF000€ MHOKECTBO, T.e. AUOO nepeuucAuB BCe NAaphl 3Ae-
MEHMOB, HAXOgAUUXCA B 3AgAQHHOM COOMBEMCMBUU, AMOO yKA3aB XAPAK-
mepucmuueckoe CBOUCMBO 5MOro NogmMHoxecmsda. Tak, COOTBETCTBUE
MesKAy MHOKecTBaMu X = {1, 2, 4, 6} u Y = {3, 5} MO>KHO 3aAaTh:

1) ¢ moMoOIIbI0 TPEANOIKEHUS C ABYMS IIepeMeHHBIMU: a < b nipu
ycaoBum, utoa € X, b € Y,

2) IepeYrCAUB IIaphl YUCEA, IPUHAAAEIKAIIINX [TOAMHOKECTBY AeKap-
ToBa npousBepeHuda X x Y: {(1, 3), (1, 5), (2, 3), (2, 5), (4 5)}. K saTromy
cnioco0y 3apaHUSI OTHOCSAT TaKKe 3aAaHMe COOTBETCTBUS C IIOMOIIIBLIO
rpada (puc. 3.2) u rpaduka (puc. 3.3).

y
X Y
N 3
<~
-g i
0 1 2 4 é X
Pwuc. 3.2 Puc. 3.3



Pwuc. 3.4

Hepeaxo, u3ydag cOOTBeTCTBUE MeXKAy MHOKecTBamMu X U Y, Ipu-
XOAUWTCSI PACCMaTPUBATEL U COOTBETCTBUE, eMy OOpaTHOe.

ITycTe, HanpuMep, S — COOTBETCTBUE «OOABIIE Ha 2» MeXAY MHO-
xectBaMu X = {4, 5, 8, 10} u Y= {2, 3, 6}. Toraa S={(4, 2), (5. 3), (8, 6)}
u ero rpad OypeT TakuM, Kak Ha puc. 3.4, a.

CooTBeTcTBUE, OOpaTHOE AQHHOMY, — 3TO COOTBETCTBUE «MeHbIIle
Ha 2». OHO paccMaTpHUBAaETCs MeXKAY MHOXKecTBaMM Y U X, ¥ YTOOH!
ero NpeACTaBUTh HATASIAHO, AOCTATOYHO Ha rpade oTHOIIeHUud S Ha-
IIpaBA€HUE CTPEAOK IIOMEHSATh Ha IPOTUBOMNOAOXKHOE (puc. 3.4, 0).
EcAM COOTBETCTBHE «MeHbIe Ha 2» 0603HauuTh S~!, To S7! = {(2, 4),
3, 5), (6, 8)}.

YcAaoBUMCS TTPEANOKEHNE « DAEMEHT X HaXOAUTCSI B COOTBETCTBUM
S C 3AeMEeHTOM y» 3alMCHIBATh KPATKO TakK: XxSy. 3alHUCh XSy MOKHO
paccMaTpuBaTh KakK 0000I1eHre 3anucell KOHKPETHBIX COOTBETCTBUM:
x =2y, x>3y+1 uap.

Bocmoab3yeMcsl BBEA€HHOM 3alUChIO AASL OTIPEAEAEHUS TTOHSTUS
COOTBETCTBUS, 0OPATHOTO AQHHOMY.

ITyctb S — cooTBeTcTBHE MeXXAY MHOXecTBaMu X U Y. CoOTBeTCTBUE
S™! Mesxay MHOKeCTBaMH Y U X Ha3BIBAIOT 06PAMHBIM AHHOMY,
ecAr yS™'X TOrA@ ¥ TOABKO TOTAQ, KOTAQ XSYy.

CoorsercTBusA S 1 S™' Ha3BIBAIOT B3QUMHO-00PAMHBLIMU. BEIACHUM
0COOEHHOCTHU UX I'PpapUKoOB.

IMocTpoum rpacuk coorsercTBusa S = {(4, 2), (5, 3), (8, 6)} (puc. 3.5,
a). Tpu nocrpoenun rpadguka coorsercTBus S~ = {(2, 4), (3, 5), (6, 8)}
MBI AOASKHEI IIEPBYIO KOMIIOHEHTY BEIOMPATh U3 MHOXKeCTBa Y = {2, 3, 6},
a BTOpyr0 — u3 MHOXXecTBa X = {4, 5, 8, 10}. B pesyabraTe rpaduk cooT-
BercTBUSA S~! coBIAaeT ¢ rpaduKoOM cOOTBeTCTBHs S. UTOOBI pa3sAndaTh
rpadUKK COOTBETCTBUN S 1 S™!, yCAOBUAKCE MIEPBYIO KOMIIOHEHTY TIaphl
cooTBercTBHA S~! cuMmTaTh abGCIMCCOM, a BTOPYIO — opamHaTol. Ha-
mpumMep, ecar (5, 3) € S, To (3, 5) € S7. Touru ¢ KooppuHaATaMH (5, 3)
u (3, 5), a B o0meM caydae (x, y) u (y, X), CHMMETPUYHBI OTHOCUTEABHO
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ouccekrpucsl | u Il KoopanHATHBIX YyTAOB. CAeAOBATEABHO, IPaguKu
B3QUMHO-00PAMHBIX coomBemcmBuil S u S™' cummempuuHbl OMHOCU-
meAbHO buccekmpucsl I u IIl KooOpguHAMHBIX YTAOB.

YTOOBl HOCTPOUTH rpauK COOTBETCTBUSA S~!, AOCTATOYHO U30-
Opa3uTh Ha KOOPAMHATHOMN IMAOCKOCTH TOUKM, CUMMETPUYHEIE TOUKaM
rpacduka S oTHocUuTeAbHO OucceKkTpuchl I u III KoOopAMHATHBIX YTAOB
(puc. 3.5, 0).

Cpepr pa3AMYHBIX COOTBETCTBUM, U3y4aeMbIX B MaTeMaThKe, 0coboe
BHUMaHUe YAEASIeTCSI COOTBETCTBUAM, KOTOPbIE Ha3bIBAIOT (PYHKIINO-
HAALHBIMHU.

DyHKUUOHAABHBIM COOMBeMCMBUEM MEKAY MHOKecTBaMu X u Y
HA3BIBAIOT TaKOE COOTBETCTBUE, IIPU KOTOPOM Ka>kKAOMY JAEMEHTY
13 MHO>KeCTBa X COIIOCTaBASIETCSI He 60Aee OAHOTO SAeMEeHTa 13 MHO-
>KecTBa Y.

[MpumepoM PYHKITMOHAABHBEIX COOTBETCTBUN MOTYT CAY>KUTH COOT-
BETCTBUS, I'Padbl KOTOPEIX N300pa’keHkl Ha puc. 3.1.

CooTBeTcTBHE, Tpad) KOTOPOTO IIPEACTABAEH Ha puUc. 3.2, QyHKIIUO-
HAABHBIM He SIBASIETCS, IIOCKOABKY YHMcAaM 1 u 2 U3 MHOXKecTBa X CO-
IIOCTaBAsIeTCs OOAee OAHOT'O dAeMeHTa U3 MHO>KeCTBa Y.

YacTHBIM cAaydaeM (DYHKIIMOHAABHOI'O COOTBETCTBUSA MEKAY MHO-
xectBaMu X U Y ABASeTCS coomBemcmBue, Npu KOMOPOM KAXKGOMY
2AeMeHmy u3 MHoxecmBa X CONOCMABASEMCS MOYHO OGUH 3AeMeHm
u3 mHoxecmsBa Y. Takoe COOTBETCTBUE HA3BIBAIOT 0MOOpA’keHueM
MHOxecmBa X BO MHO>KecmBO Y.

Tak, dyHkuoHarbHBIe cooTBeTCcTBUA 11 1 III, rpad bl KOTOPBIX U30-
OpaskeHBI Ha pucC. 3.1, MO’KHO Ha3BaTb OTOOPA’KEHUIMU OAHOTO MHO-
KeCTBa B ApyToe.

y
- 8
6 -
. 5
- 4
3 -
2 -
0 45 8 x 0 23 6 X
a 6
Puc. 3.5
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BOMPOCHI N SAOAHNA

. Bblancnme gnvHbl 3agaHHbIX 0TPE3KOB, yYalluincs 3anvcan:

AB=7cm, CD=12 cm, KL=15cm, XY =12 cm. CooTBeTCTBUE
MeXy KakMMU MHOXECTBaMK OH ycTaHoBuNn? 3afainTe 3To co-
OTBETCTBME C NMOMOLLLIO NPELSIOXKEHNSA C ABYMS NEPEMEHHBLIMM

v rpada.

. OaHbl MHoxecTBa: X= {2, 5}, Y= {3, 6}.Nepeuncnurte anemen-

Tbl EKApPTOBa NPON3BELAEHMA OaHHbIX MHOXECTB 1 06pa3yinTe
BCE NMOAMHOXECTBAa Nony4eHHOro MHoxecTsa. Kakoe n3 nog-
MHOXECTB 3a[4aeT COOTBeTCTBME: a) «bonbLuey; 6) KMeHbLLEY;
B) «MeHbLUe Ha 1»; r) «<MmeHbLUe B 3 pa3an»?

. CooTBeTcTBME (4MCNO X B ABaA pa3a fonbLe vmicna y» paccma-

TprBaeTcsa Mexay MHoxecTBamu X 1 Y. Kakuwm 6ygeT ero rpaduk,
ecnm:a) X={2,4,6,8},Y=N;6)X=[2,8], Y=R;B)]X=Y=R.

. Mexay mHoxecteamm X = {0, 1,2, 3,4, 5} n Y =Z 3apaHo

COO0TBETCTBME «X — ¥y = 3%, NpudemM X € X, y € Y. Kakas durypa
Ha puc. 3.6 aBnaeTcs rpachkom 3TOro COOTBETCTBUA?

. 'pachmukom cooTtBeTcTBUS P, 3agaHHOro Mexay MHOXeCcTBamMm

X wn'Y, asnaloTca Bce To4ku npamoyronsHuka ABCD (puc. 3.7).
HasoBuTe KoopavHaTbl Tpex TOYeK, MpUHaAnexaLmnx aTomy
rpadivky, n 3apanTe MHoxecTsa X n Y.

. MHoxectBa X = {1, 3,4, 6} n Y= {0, 1} HaxogsaTca B cOOT-

BetcTBUM S={(1,1),(3,0),(3, 1), (4,0), (4, 1) (6, 1)}. SapanTe
cooTeeTcTBME S, 06paTHOE COOTBETCTBUIO S, U NOCTpoNTE
Ha 0HOM YepTexe ux rpadivku.

. Mexpgy mHoxectsom X — yrnos TpeyronbHuka ABC n MHoxe-

cTBoM Y —ero CTOPOH 3afaHo COOTBETCTBME T— «yron x nexumt

y y y
- - 8
i i T
- - 3¢ |
2 2 -
e - -
[ L1 ! |
O 112/ 345 X 0| 1 345 X 0l 12345 x




y
B 4 C
A T D
-3 0 2 X
Puc. 3.7
y Y
2
[ S ot ot 4 1
I | . 5
-3 0 2 X 0| | X
-
*
_3-+4
a 9
Puc. 3.8
y
y y o
4 i
3 L -
Tt / I
-3 0 3 X -2 0 2 X 0 / 3 X
-2
a o6 B
Pwuc. 3.9

MPOTUB CTOPOHBI y». 3apainTe cooTeeTcTare T-1, 06paTHOe CooT-
BETCTBMIO T, C NOMOLLILH: &) NPELIoXEeHNs C ABYMSI NEPEMEHHbI-
mu; 6) rpadia. ABnseTcs nu cooTBeTcTBME T OYHKLMOHANbHBIM?
. OaHbl rpadmkm cooteetcTBun P n Q (puc. 3.8, a n 6). MoxHo
nn yTBEPXAaTb, YTO cooTBeTCcTBUA P 1 @ B3anmMHo-06paTHbIe?
ABNSAOTCA M OHW IYHKLMOHANBHBIMA?

. MocTponTe rpadukn COOTBETCTBUIA, 06pPaTHLIX [AHHLIM
(puc. 3.9, a—aB).
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m B3ANMHO-0HO3HAYHBIE COOTBETCTBUS

B MaTemaTuKe M3y4alOT pa3sAUYHBEIE BUABI COOTBETCTBUM. DTO HE-
CAy4YaMHO, ITIOCKOABKY B3aUMOCBS3HU, CYILIECTBYIOIINE B OKpY’KalolleM
MUpe, MHOTOOOpa3Hbl. AAS yuuTeAs, oOydarollero MaTeMaTUuKe MAAA-
LINX ITKOABHUKOB, 0COOYI0 3HAUMMOCTh UMeIOT B3aMHO-OAHO3HAYHbIEe
COOTBETCTBUS.

B3allMHO-OgHO3HallelM coomBemcmBu€eM MEXXAYy MHOXeCTBAMU
X 1 Y Ha3bIBalOT TaKoe COOTBETCTBUE, IIPU KOTOPOM Ka’>XAOMY JAe-
MEHTY MHOJXeCTBa X COMmoCTaBASIETCS eAHHCTBeHHBIﬁ OAEMEHT MHO-
>KecTBa Y u Ka)K,A,beI SAeMEeHT MHOKeCTBa Y COOTBETCTBYET TOABKO
OAHOMY BAEMEHTY MHOXeCTBa X.

IIpumep 1. Ilyctb X — MHOXECTBO KPYXKOB, Y — MHOXXeCTBO
KBaApPaTOB U COOTBETCTBHE MEKAY HUMU 3aAaHO C IIOMOIIBIO CTPEAOK
(puc. 3.10).

OTO COOTBETCTBHE B3aUMHO-OAHO3HAYHOE, TaK KaK KaXKAOMY KPY>KKY
U3 MHO’KReCTBa X COMOCTaBASIETCSI eAMHCTBEHHBIM KBAaAPAT M3 MHOKECTBa
Y 1 KaKABII KBaApaT U3 MHOXKECTBA Y COOTBETCTBYET TOABKO OAHOMY
KPY’KKy U3 MHO’KeCTBa X.

ITpumep 2. TlycTb X — MHO>KECTBO AeMCTBUTEABHBIX YUCEA, Y —
MHO>XECTBO TOYEeK KOOPAUHATHOMN NPAMOM. COOTBETCTBUE MEXAY HUMU
TAKOBO: AEMICTBUTEABHOMY UYMCAY COIIOCTABASIETCS TOUKA KOOPAUHATHOMU
IpsIMOM. DTO COOTBETCTBHE B3aMMHO-OAHO3HAUYHOE, TaK KakK KaKAOMY
AENCTBUTEABHOMY YMCAY COIIOCTaBASIETCSI €eAMHCTBEHHAasl TOUKa KOOp-
AUHATHOU NPSAMON U Ka’kAasl TOUYKa Ha IIPSIMOM COOTBETCTBYET TOABKO
OAHOMY UHICAY.

B MaTeMaTuKe B3aMMHO-OAHO3HAYHOE COOTBETCTBHE MEKAY MHO-
>kectBaMu X M Y Ha3BIBAIOT ellle omobpa>keHueM MHoXecmBa X
Ha MHO>XecmBo Y.

INousATHE B3aUMHO-0OAHO3HAYHOT'O COOTBETCTBUS II03BOASIET OIIPeAe-
AWTBH OTHOIIIEHVE PaBHOMOIITHOCTU MHOKECTB.

MHuo>xecTBa X U Y Ha3bIBAIOT PABHOMOUWLHbBIMU, €CAU MEXKAY dAE-
MEeHTaMUu MOJXHO yCTaHOBI/ITb B3aMMHO-OAHO3HAQYHOe COOTBET-
CTBUE.

Ecam MHOXecTBa X 1 Y paBHOMOIIHEL, TO nUIIyT X ~ Y.

HeTpyaHO BHAETH, UTO MHOJKECTBA, KOTOPBIE OBIAM PACCMOTPEHBI
B IpuMepax 1 u 2, paBHOMOIIIHEL.

PaBHOMOIIIHBIMU MOTYT OBITH KaK KOHeUHble, TaK M OeCKOHeuHbIe
MHO>XKeCTBa. PaBHOMOIIIHbIe KOHeYHBIe MHOJKeCTBA HA3bIBAIOT ellle
PAaBHOYUCAEHHbIMU. B Ha4aABHOM OOyYeHUU MaTeMaTUKe PABHOYUCAEH-
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Pwuc. 3.10 Pwuc. 3.11

HOCTD BEIPa’KaeTCsI CAOBAaMHU «CHOABKO JKe» 1 MOJKET UCIIOAB30BaThCS
IIPY O3HAKOMAEHUHU YYallUXCsl CO MHOTUMU APYyTUMHU noHATHAMHU. Ha-
npuMep, YTOOBI BBECTH PABEHCTBO UMCEA, CPaBHUBAIOT ABa MHOJKECTBA,
yCTaHaBAUBASA MeXAY HUMU B3aUMHO-OAHO3HAUHOE COOTBETCTBHE.
Hanpumep, numyT, 94To 5 = 5, TaK KaK KPY’KKOB CTOABKO K€, CKOABKO
KBappaToB (cM. puc. 3.10).

[NongaTHe PaBHOUYUCAEHHOCTU MHOYKECTB A€KUT U B OCHOBE OIIpeAeAe-
HHsI OTHOIIEHUN «OOABIIIE HA ...» U «MeHbIIIe Ha ...». HampumMep, 4TO6bI
YTBEP>KAATE, 9YTO 6 OOABIIIE 4 Ha 2, CDaBHUBAIOT ABA MHOYKECTBQ, yCTa-
HaBAMBAas B3aUMHO-OAHO3HAYHOE COOTBETCTBUE MEKAY MHOKECTBOM
X, B KOTOPOM 4 3AeM€eHTa, U IOAMHOKECTBOM Y| ApDyTOro MHOKeCTBa Y,
B KOTOpOM 6 3AeMeHTOB (pHuc. 3.11), U AeAaroT BHIBOA: TPEYTOABHUKOB
CTOABKO JK€, CKOABKO KPY’KKOB, U ellle 2. ADYTMMU CAOBAMH, TPEYTOADb-
HUKOB Ha 2 OOABIIle, 4eM KPY’KKOB.

Kaxk y>ke OBIAO YKa3aHO, PABHOMOIIIHEIMU MOTYT OBITh M O€CKOHEeY-
Hble MHOXXeCTBa. [ IpuBepeM IIpuMephl TAKUX MHOZKECTB.

INIpumep 3. ITycts X — MHOXeCTBO TOUeK oTpe3ka AB, Y — mMHO-
KeCTBO TOoUeK oTpe3ka CD, mpruueM AAUHBI OTPE3KOB Pa3AWUYHBIL. Tak
KaK MeXXAY AA@HHBIMU MHOJXKEeCTBaMM MOJKHO YCTA@HOBUTH B3aUMHO-
OAHO3HAYHOE COOTBETCTBUE (puc. 3.12), To MHOKECTBa TOUEK OTPE3KOB
AB u CD paBHOMOIITHHI.

ITpumep 4. Paccmorpum MHOKecTBO N HaTypaAbHBIX YMCEA M MHO-
KeCTBO Y — 4YeTHBIX HaTypaAbHBIX umceAr. OHU PaBHOMOIIHBI, TaK
KaK MeXXAy HUMU MOXXHO YCTa@HOBUTH B3aUMHO-OAHO3HAUHOE COOT-
BETCTBUE:

N: 1 2 3 n .. N,
L1 !
Y: 2 4 6 2n B

A M
Ha miepBEIif B3TASIA KasKeTCs ITapasoK-
CaAABHBIM TOT (PAKT, UYTO MOXKHO YCTaHO- M’
BHUTBL B3aMMHO-OAHO3HauHOe cooTBeT- C
CTBHE Me>KAYy MHOKECTBOM U €r0 4acCTblo:  Puc. 3.12
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AASI KOHEUHBIX MHOJKECTB TaKasl CUTyallusi HeBO3MOKHA. OAHAKO B Ma-
TEMATUKe AOKA3aHO, YTO AN OECKOHEYHOIO MHOJKeCTBa A BCerpa Hal-
AETCSI TAKOEe €T0 IIOAMHOJKECTBO B, uTO MeXAY A 1 B MOKHO YCTAaHOBUTH
B3aMMHO-OAHO3HAUHOE COOTBeTCTBHE. IHOrAa 3TO yTBEDP)KACHUE CUM-
TAlOT OlIpeAereHreM 0eCKOHEUHOro MHOJKeCTBa.

Ecau 6eckoHeYHOe MHO’KECTBO PaBHOMOIIHO MHOKecTBY N HaTy-
PAABHBIX YHCEA, TO €0 Ha3bIBAIOT CHEMHbIM. /AT0O0e OeCKOHEUHOE II0A-
MHO>KeCTBO MHOKecTBa N cueTHO: UTOORI IIPOHYMEepPOBATH €ro SAEMEHTHI,
HAAO PACIOAOKUTH HIAEMEHTEI IOAMHOJKECTBA B ITIOPSIAKE BO3PACTAHUSA
1 HyMepOBaThb OAVH 38 ADYTHM (T. €. TaK, Kak 3TO CAGAQHO B IIpuUMepe 4).
TaK, CUYeTHO MHOJKEeCTBO BCeX HEYETHBIX HATYPAABHBIX YHCEA, MHOXKe-
CTBO HAaTyPAABHBIX UHCEA, KDATHBIX O, U AP. CUETHBIMU SIBASIIOTCSI TAKJKe
MHOJKEeCTBa BCeX I[eABbIX YHUCEA, BCeX PAIlMOHAABHBIX YHCEA.

Cyl11ecTBYIOT A MHOKECTBA, OTAUYHBIE OT CUETHBIX ¢ AOKa3aHO, 4TO
0eCKOHEYHBIM MHO>KeCTBOM, He PAaBHOMOIIIHBEIM MHOKeCTBY N HaTypanb-
HBIX YHCEA, ABASAEeTCA MHOXeCTBO R Bcex AefICTBI/ITeABHI;IX YUCEA.

BOMPOCHI N SAOAHNA

1. 3apaiiTe c NnomoLLbO rpadha TP COOTBETCTBUS MeXay MHOXe-
ctBamn X={a,b,c} nY={2, 4,6} TaK, 4T0bbl 04HO N3 HMX BbINO
B3aNMHO-0HO3HaYHbIM.

2. lNMycte X — mHoxecTBo npsamoyronsbHukos (puc. 3.13), Y =N.
Mexgy HUMK ycTaHoBneHo cooTBeTcTBre P: «psaMoyronbHmK
X IMeeT nnoLLafp, paBHyto y». MocTporTe rpad cooTBeTCcTBUSA P.
ABNAETCA N OHO B3aNUMHO-0AHO3HaYHbIM; (DYHKLMOHANBHLIM?

3. Kak MoXHO n3meHnTb MHoXecTsa X 1 Y, AaHHble B 3agaHuiu 2,
4yTo6bI cooTBETCTBME P: «[1pAMOYronbHUK X UMeeT MnoLage,
paBHY0 y» 6bIN0 B3aVIMHO-0QHO3HAaYHbIM?

4. OaHbl mHOoxecTBa: A = {1, 2, 5}, B= {3, 7}. Hangute A x B
n B x A. BepHo nw, 4T0 HanAeHHbIE MHOXECTBa PAaBHOMOLLHbI?

Fy

F I

Puc. 3.13
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Puc. 3.14 Puc. 3.15

/>

5. lMokaxuTe, 4YTO BLINOMHASA Crnefylolwme 3agaHus, yYalymecs
Ha4anbHbIX KNAcCOoB MCMONb3YOT MNOHATUE PaBHOUYUCNEHHbIX
MHOXECTB:

a) «HapwucyinTe Ha BTopon danrype (puc. 3.14) cTonbKo Xe ToYex,
CKOJbKO Ha NepBow (TOYKM He NepecyUTLIBaTL)Y;

6) «HapucyiiTe, He cuMTas, CTONbLKO XXe KBagpaToB U CTOMBLKO Xe
OTPE3KOB, CKOMbKO Ha puc. 3.15 TpeyronsbHUKOBY;

B) «Y Oumbl 6bino 28 mapok, a y Konu Ha 7 mapok 6onbLue.
Ckonbko mapok 6bino y Konu?y;

r) «Y Mawm 9 urpyuuek, ay PuTbl Ha 2 MeHbLUe. CKonbKo UrpyLuek
y Putbi?y;

o) «ns petckoro capa kynunu 4 3eneHbix MAYa, @ KPacHbIX
B 3 pa3a 6orbLLe, 4em 3eneHbIx. CKonbKo KpacHbIX MAYer Kynnm
OeTam?y;

e) «na petckoro capga kynunm 15 KpacHbIX MAYen, a 3eneHbIx
B 3 pa3a MeHbLUe. CKonbKo 3eneHbIX MAYen Kynunm oeTam?y.

PEEI NOHATYE YMCTIOBOM ®YHKLINM. COCOE
3ALAHVA OYHKLMI

DyHKIUS — OAHO U3 Ba’KHEUIINX MOHSITUN MaTeMaTUKM, MCXOAHOE
IIOHATHE BeAylllel ee 0O0AaCTH — MaTeMaTUYeCKOTO aHaAM3a. B IIIKOAL-
HOM KypCe MaTeMaTUKH OCHOBHOE BHUMAHUE YAEASIEeTCSI YMCAOBBIM
dyHKOuaM. [IpUYnHON 3TOMY SIBASIETCS TeCHasd CBA3b MATEMAaTUKU
C eCTeCTBEHHBIMU HAyKaMM, B YACTHOCTU C (PU3UKOU, AASL KOTOPOU
YUCAOBBIe (DYHKIIUM CAY’KAT CPEACTBOM KOAWUYECTBEHHOTO ONMCAHUS
Pa3AUYHBIX 3aBUCHUMOCTEN MeXAY BEAMYNHaMMU.

B HauaABHOM Kypce MaTeMaTUKU IIOHATHE (DYHKIMU U BCE, YTO C HUM
CBS3aHO, B IBHOM BHUAE He U3Yy4aroTCd, HO UAed (DYHKIIMOHAABHOM 3aBU-
CHUMOCTHU OYKBAABHO IIPDOHU3BIBAET €T0, a IPaBUABHOE IIOHUMAaHUe TaKUX
CBOMCTB pearbHBIX SBACHUH, KaK B3aMM0O3aBUCUMOCTD U U3MEHSIEMOCTh,
SIBASI€TCSI OCHOBOM HAy9HOT'O MUPOBO33peHUsl. be3ycroBHO, Bce 3TO Tpe-
OyeT OT yUnTeAd HAYaAbHBIX KAACCOB OIIPEACACHHBIX 3HAHUM O PYHKITUN
U ee CBOMCTBAX, U NIPE’KAE BCEro TaKMUX, KOTOPBIE IIOMOTYT €My OCYIIIeCT-
BASITh B HAUAABHOM IIIKOAE IIPONEAEBTUKY ITOHATUS (DYHKIIUN.
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PaccMoTpuM mporecc BBITOAHEHUS ABYX 3aAaHUU AAS MAQAIIUX
IITKOABHUKOB:

1) yBeAnuBTe KakpO€ HeUeTHOEe OAHO3HAYHOE YHCAO B ABA pasa;

2) 3allOAHUTE TAaOAUILY:

YMeHbIIaeMoe 5 5 5 5 5 5
Brruutaemoe 0 1 2 3 4 5
PazHocTh

Kakmne MmaTeMaTmueckue IIOHATHS HEOOXOAMMO HMCIIOAB30BaTh, BhI-
IOAHSS AQHHEIE 3aAaHUS ¢

INpesrae Bcero, B Ka’KAOM 3aA@HUM €CThb ABa UMCAOBBIX MHOJKECTBA,
MeJKAY KOTOPBIMM yCTAaHABAMBAETCS COOTBETCTBUE. B mepBOM — 3TO
MHoOXecTBa {1, 3, 5, 7} u {2, 6, 10, 14}, a BO BTOPOM — 3TO MHO>XECTBO
3HaveHUM BeruuTaeMoro {0, 1, 2, 3, 4, 5} ¥ MHOXeCTBO 3HaUeHUU pas-
HOCTH {5, 4, 3, 2, 1, 0}. B ueM CXOACTBO yCTaHaBAUBAEMEBIX MEKAY 3THU-
MM MHO>XeCTBaMM COOTBeTCTBUM? U B mepBOM, 1 BO BTOPOM 3aAaHUU
Ka>KAOMY YHCAY 13 IIePBOT'0 MHOKECTBA COIIOCTABASIETCS €EAWHCTBEHHOE
YHCAO U3 BTOPOTO. MiMeeM DyHKIIMOHAABHBIE COOTBETCTBUS MEXKAY
YUCAOBBIMU MHO>KeCTBaMu. B 00111eM BuAe NOHATHE YHUCAOBON (PYHKITUN
OTIPEAEASIIOT TaK:

YucaoBoil ¢pynKuuell Ha3bIBalOT TAKOE COOTBETCTBHE MESKAY YHUCAO-
BBIM MHO’KECTBOM X U MHOXeCTBOM R AeMCTBUTEABHBIX YHCEA, IPU
KOTOPOM Ka>XAOMY YHUCAY U3 MHOXeCTBa X COIIOCTABASIETCSI €AUH-
CTBEHHOE YHCAO 13 MHO>XKecTBa R.

MHuoxecTBO X Ha3BIBAIOT 00AACHLIbIO ONpegeAeHust PyHKUUuU.

OyHKIIUYU IPUHATO 0003Ha4YaTh OykBaMu f, g, h u Ap. Ecau f — dyHK-
1M, 3aAaHHas Ha MHOXKeCTBe X, TO AeMICTBUTEABHOE YHCAO ¥, COOTBET-
CTBYIOIIlee UYHCAY X U3 MHOXKeCTBa X, 4acTO 0003HAUaAIoT f(X) U MUIITyT
y = f(x). [lepeMeHHY10 X IpU 3TOM Ha3bIBAlOT APryMeHMOM (UAU He3a-
BHUCHMOU IlepeMeHHON) pynKuuu f. MHOXeCTBO 4uceA BUAA f(X) ArA
BCEX X U3 MHOKeCTBa X Ha3bIBAIOT 060Aacmbi0 3Ha4eHull pynkuuu f.

B paccmoTpeHHOM paHee 3apaHuu 1) pyHKIMA 3aAaHa Ha MHOKECTBE
X ={1, 3, 5, 7} — 3TO ee 00OAACTb onpepereHUs1. A 0OAACTb 3HaUEHUN
3TOM (BYHKIIUM eCTh MHOXXecTBO {2, 6, 10, 14}.

W3 onpepereHUsI PYHKIUN BBITEKAET, YTO AAG 3aAaHUS PYHKIUU
He0oOXOAUMO yKa3aThb, BO-TIEPBLIX, YUCAOBOE MHOKECTBO X, T. €. 0OOAACTh
omnpepereHus QPYHKIIUY, ¥ BO-BTOPHIX, IIPABUAO, II0 KOTOPOMY Ka>kKAOMY
YUCAY M3 MHO’KeCTBa X COOTBETCTBYET eAUHCTBEHHOEe AeMCTBUTEABHOE
YHCAO.
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YacTo yHKIUM 3aAQI0T C IIOMOIIIBI0 (POPMYA, YKa3bIBAIOIIUX, KaK
IO AQHHOMY 3HaUeHUIO apryMeHTa HalTH COOTBETCTBYIOIee 3HaUeHNe
dyukuuu. Hanpumep, hopMyasl y = 2x — 3, y = x%, y = 3X, TA€ X — ACH-
CTBUTEABHOE YHCAO, 33AAI0T (PYHKIMY, TOCKOABKY Ka’KAOMY AEMUCTBU-
TEABHOMY 3HAYeHUIO X MOJXHO, IPOU3BOAS YKa3aHHBIe B (popMyae
AEUCTBUS, IOCTAaBUTh B COOTBETCTBHE €AMHCTBEHHOE 3HaUeHUeE .

3aMeTHuM, YTO C IIOMOIIBI0 OAHOM U TOM >XKe (pOpMYyABI MOKHO 3a-
AATh KaK YTOAHO MHOTO (PYHKIIUHM, KOTOPHEIE OYAYT OTAMYATHCS APYT
OT ApyTa 00AACThIO onpepereHud. Hanpumep, dyHKIUG y = 2x — 3, TAe
x € R, otanunHa ot pysKnuu y = 2x — 3, rae x € N. AelCTBUTEABHO,
IIpU X = —5 3HaUeHUe IIepBOU PYHKIMU PaBHO —13, @ 3HaUeHUe BTOPOU
He OIlpeAeAeHo.

YacTo npu 3apaHUU QYHKIIUU C IIOMOIIBIO (POPMYABL ee 0OAACTh
OIpEAEAEHUsT He YKa3bIBaeTCs. B TaKMX CAydasix CIMTAIOT, YTO OOAACTHIO
onpepereHN PyHKIUU f(X) IBAIEeTCI OOAACTE ONIPEAEAEHNS BEIPAKEHUS
f(x). Hampumep, ecan pyHKIIMA 3apaHa (popmMyaont y = 2x — 3, TO ee 00-
AQCTBIO OTIPEAEAEHUS CUUTAIOT MHOXeCTBO R AeMICTBUTEALHBIX UMCEA.

Ecau pyrknua 3apana popmynont y = , TO ee OONAACTh OIPEAECACHUST

€CThb MHOXXeCTBO R A€MCTBUTEABHBIX YHCEA, UCKAIOYAsS YUCAO 2 (IpU
X = 2 3HaMeHaTeAb AQHHOM ApoOU OOpalllaeTcd B HYAD).

YucaoBeIe PYHKIIMU MOSKHO IIPEACTABASATE HAaTASAHO Ha KOOPAUHAT-
HOU NAOCKOCTH. ITycTb y = f(X) — (pyHKIUA C OOAACTBIO ONIPEAEACHUS
X. Torpa ee rpagpukom IBASIETCSI MHOKECTBO TaKUX TOYEK KOOPAWHAT-
HOM IIAOCKOCTH, KOTOpble UMeIOT abCIMCCY X U OPAUHATY f(X) AN BCeX
X U3 MHOXXeCTBa X.

Tak, rpacdoukoM pyHKIUHU y = 2x — 3, 3aAaHHOM Ha MHOXXeCTBe R,
ABAsieTcsl IpsiMast (puc. 3.16), a rpadMKOM (DYHKIMM y = X2, 3aAaHHON
Tak>Xe Ha MHOXecTBe R, — mapaboaa (puc. 3.17).

y
4
T i
|
-3 -2 0 2 X

Puc. 3.16 Puc. 3.17
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Pwuc. 3.18

OyHKINY MOKHO 3aAaBaTh ¢ IOMOIILI0 rpaduKa. Hanpumep, rpa-
duky, TpuBeAeHHEIe Ha puc. 3.18, a, 6, 3aAa10T PYHKINY, OAHA U3 KO-
TOPBIX UMEET B KaueCTBe 0OAACTU OIIpPeAeAeHHUsI MPOMEeXYTOK [-2, 3],
a BTOpasg — KOHe4YHOoe MHOXXecTBO {-2, -1, 0, 1, 2, 3}.

He ka>kp0e MHOXeCTBO TOUEK Ha KOOPAMHATHOW IIAOCKOCTU IIPEA-
CcTaBAsieT cOOOM IpaduK HeKOTOPOU (pyHKIUMU. TaK Kak IPU Ka*kKAOM
3HaUYeHUU apryMeHTa U3 00AACTU oNpeAereHus QYHKIUS AOAKHA
UMeTh AMIIb OAHO 3HaueHUe, TO AloOasd mpgamast, TapasreAbHas OCHU
OpPAMHAT, UAM COBCEM He IepeceKkaeT rpaduk pyHKINUM, UAHU IIepece-
KaeT ero AWIb B OAHOM TOuKe. ECAM JKe 3TO yCAOBHE He BBIIIOAHSAETCH,
TO MHOYXECTBO TOYE€K KOOPAMHATHOU IIAOCKOCTHU IpaduK (PyHKIUU
He 3apaeT. Hanpumep, kpuBasg Ha puc. 3.19 He aBasgeTcsa rpadUKOM
dyHKINU — IpsMas AB, TapasieAbHass OCHU OPAWHAT, IlepeceKaeT ee
B ABYX TOUKax.

ODYHKIMM MOXHO 3aAaBaTh C MOMOIILI0 mabAuust. Hampumep,
CAeAyIOIas TaOAUIA ONUCHEIBAET 3aBUCHUMOCTh TEMIIEPATYPEI BO3AyXa
OT BPEeMEeHU CyTOK (3Ta 3aBUCUMOCTb — (PYHKIIUS, TaK KaK Ka’KAOMY
3HAYEHUIO BpeMeHU { COOTBETCTBYET €AMHCTBEHHOE 3HaueHUe TeMIle-

paTypsl Bo3payxa T):
t, 4 0 3 6 9 12 15 18 | 21 24

T, °C -3 | -7 -5 0 2 4 2 1 -3

YucaoBble QYHKIIMK 00AAAQI0T MHOTMMM CBOMCTBaMU. PaccMoTpum
OAHO U3 HUX — CBOMCTBO MOHOTOHHOCTH, TaK KakK IIOHUMAaHHUe 3TO-
IO CBOMCTBA YUYUTEAEM BA’KHO IIPU OOyYUYEeHUM MaTeMAaTHUKe MAAAIIAX
IITKOABHUKOB.

OyHKOUO f Ha3BIBaIOT MOHOMOHHOU Ha HEKOTOPOM IIPOMEJKYTKE
A, ecAu OHa Ha 3TOM IIPOME’KYTKe BO3pacTaeT UAM YOBLIBAET.
Oyukiuio f Ha3BIBAIOT BO3pacmaruieil Ha HeKOTOPOM IIPOMEXKYT-
Ke A, ecAl AT ATOOBIX YUCEA X, X, U3 MHOKeCTBa A BBITTIOAHSETCS
YCAOBHE: X; < X, = f(Xy) < f(X3).
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Puc. 3.19 Puc. 3.20 Puc. 3.21

I'paduk byHKIIMK, BO3PACTAIOIIEN Ha IIPOMEKYTKe A, 00AapAeT 0CO-
OEeHHOCTBIO: IIPU ABUKEHUHN BAOABL OCH abCIIHCC CAeBa HAalpaBo II0 IPOo-
MEeXyTKy A OpAMHATHI TOUeK rpacdrka yBeanmuusarorcs (puc. 3.20).

OyHKOuIo f HA3BEIBAIOT yOblBAlOW,ell Ha HEKOTOPOM IIPOMESKYTKe A,
€CAU AASL AFOOBIX UHCEA X{, X U3 MHOJKECTBA A BBIIIOAHSIETCS YCAOBHUE:!
X < Xy = f(x7) > f(X,).

I'padbuk dyHKIUM, YOBIBaIOIeH Ha IIPOMeXyTKe A, 00AaAQEeT OCo-
OEHHOCTBIO: IIPU ABM)KEHUU BAOAB OCU aOCITUCC CAeBa HAIIPaBo 110 IPo-
MEeXXyTKy A OpAWHATHI TOUeK rpadrKa yMeHbIIaoTca (puc. 3.21).

BOMPOCHI N SAOAHNA

1. @yHKkuuKn, NpBegeHHbIe B Hadvane n. 3.3 (cM. ABa 3agaHus),
3afanite C NOMOLLbLI hOpPMYN 1 yKaxnTe OAna kaxaon obnacTb
onpeueneHMH N MHOXECTBO 3HA4YEeHUN.

2. Kakve ns cnepgytomx chopmyn 3agatoT Ha MHoxecTeBe R gen-
CTBUTESbHbIX YMCEN (hYHKLINIO:

a)y=4x; 6]y:ﬂ; B) X2 +y2 =47
X

3. Ha puc. 3.22, a—., nzobpaxeHbl rpacdvkm dyHkuun f, g, h.
Ykaxute obnacTte onpefaeneHns n 06nacTe 3HaYEHUA Kaxaow.
YcTaHoBWTE, BO3pacTatoT OHM UK yBbIBaOT Ha AaHHoM obnacTu
onpegeneHus. Hangute gns kaxgon yHKUMM Hanbonbluee
N HAUMEHbLLIEE 3HAYEHUS HA BCel 06nacTu onpeneneHus.

4. TMocTpownTe rpadivk oyHKLMM y =5 — X, ecnv ee 0bnacTe onpege-
neHus X TakoBa:
a)X={0,1,2,3,4,5};

6) X=10; 3I;
B) X=R.
5. ®yHkumA f 3agaHa ¢ NoMoLLbo Tabnuupl:
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X 1 2 3|4 ]| 5|6 7 8 9 |10
y | 3|4 ]| 5|6 7 8 9 [10] 11|12

a) YkaxwTe ee 0b6nacTb onpegeneHns n 06nacTe 3Ha4eHNN.

6) 3apanTe dpyHKUMIO f C NOMOLLLHO hopMYTbI.

B) MNocTponTe rpadivk doyHKLMM f Ha KOOPAWHATHOM NOCKOCTW.
o) OokaxwuTe, 4To dyHKUMA f Bo3pacTaeT Ha Bcen obnacTu
onpeneneHus.

6. Vayyas maTemaTuky B HavasbHbIX Knaccax, y4allmecs BbInon-
HSIIOT 3apaHNs:

a) 39 + a. Belumcnute cymmy, ecnv a npuHMMaeT 3HadeHus O, B,
15, 31,46, 52;

6) O — 9. Belumcnute pasHocTb, NocTaBme B 0KOLLKO Ymcna 10,
11,12;

B) COCTaBLTE BCE BO3MOXHbIE NMPUMEPLI Ha CMOXEHWE OQHO3HaY-
HbIX Y1cen c otBeToM 12.

MokaxuTe, Y4TO B KAXAOM M3 3TUX 3aaHUN yCTaHaBNMBaETCA
COOTBETCTBUE MEX[Y OBYMS YACIOBLIMU MHOXECTBAMMU U 3TO
COOTBETCTBUE — qoyHKLMSA. HasoBuTe B Kaxxaom cnyyae obnactb
ee onpepgeneHns 1 0bnacTb 3HaYEHWUI.

7. Y ogHoro y4eHwka 6bino 2 Tetpagy. B TeveHve 6 gHew oH kaxapin
LeHb Nokynan no 3 Hosble TeTpaaw. Ckonbko TeTpagen (y) y Hero
byneT Yepes x gHen?

BeipasuTte y Yepes x 1 NoKaxuTe, YTO YCTaHOBMNEHHOE COOTBET-
cTBME — oyHKLMS. YKaxunTe ee 06nacTb onpegeneHns n obnactb
3Ha4eHun. [NocTponTe rpadink hyHKLUMN.

m NPAMAS 1 OBPATHAS MPOMOPLIMOHANTBHOCTM

IIpsaMas nponopuuOHAABHOCTb. EcAM { — BpeMs ABUJKeHUS 1e-
| IexoApa (4), § — NPOMAEHHEIN IIYTh (KM), M OH ABUJKETCSI PABHOMEPHO
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CO CKOPOCTBIO 4 KM/Y, TO 3@aBUCUMOCTb MEKAY 3TUMU BEeAUUYNHaAMU
MO>KHO BBIPa3UTh POPMYAOH s = 4t. Tak Kak Ka>kAOMYy 3Ha4eHUIo ¢ Co-
OTBETCTBYET EANHCTBEHHOE 3HAUYE€HMeE S, TO MOKHO TOBOPUTL O TOM, UTO
¢ moMoubi0 (DOPMYAEI § = 4f 3apaHa PyHKIOUS. Ee Ha3bIBAIOT NPSIMOU
IIPOIMIOPIIMOHAABHOCTBIO U OIIPEAEASIIOT CAEAYIOIINM 00pa3oM.

Ilpsaimoti nponopuuoOHAABHOCMBIO HA3BIBAIOT (DYHKIJUIO, KOTOPAd
MOJKeT OBITh 3aAaHa C IIOMOUIBI0 (DOPMYAEBL y = kX, TAe kK — He pas-
HO€e HYAIO A€UMCTBUTEABHOE YHMCAO, Ha3bIBaeMOe KO3(puuueHmom
nponopuyuoHAAbHOCIU.

DOyHKIUS y = kX IBASIETCS MaTEMATUIECKON MOAEABIO MHOTUX Peanb-
HBIX CUTyallu¥, aHaAM3UPYEMEBIX yoKe B Ha9aAbHOM Kypce MaTeMaTUKH.
OaHY U3 HUX MBI y’Ke paccMoTpeAu. [IpuBepeM APyro¥ npuMep: eCAu
B OAHOM IIaKeTe MyKH 2 KT, @ KyIIA€HO X TaKHUX IIaKeTOB, TO BCIO MaccCy
KyIIAeHHOU MYKH (0003HAQUUM ee 4epe3 y) MOKHO IIPEACTaBUTEL B BUAE
(POPMYAHBI ¥ = 2X, T. €. 3aBUCUMOCTb MEKAY KOANYECTBOM ITaKETOB U BCEH
MacCOM KyIAEHHOM MYKHU SBASIETCS MPIMOU NPONOPIMOHAABHOCTBIO
¢ KoapdurmeHTom k = 2.

HanmoMHMM HeKOTOpBIe cBOlUCmMBA NPAMOU NPONOPUUOHAABHOCIU,
KOTOpBIEe U3y4aloTCs B IIKOABHOM Kypce MaTeMaTHUKMH:

1) obAacThIO oIIpepere U PYHKIINN ¥ = kX 1 0OAQCTBIO ee 3HaUueHNN
SIBASIETCSI MHOYKECTBO AEUCTBUTEABHBIX UUCEA;

2) rpapuKOM IIPSIMOU IPOIOPIIMOHAABHOCTH ABASIETCS IIPSAMas, IIpo-
XOAALIASA Yepe3 Havaao KOOpAUHAT. [T03TOMy AAd TOCTpOeHus rpadpuKa
IpSAMOY IIPONOPLIMOHAABHOCTH AOCTATOYHO HAUTH AUIIL OAHY TOYKY,
NIPUHAAAESKAIIYIO €My U He COBIIAAQIOITYIO C HaYaAOM KOOPAMHAT, a 3a-
TeM depe3 3Ty TOUKYy U Ha4aAO KOOPAMHAT IIPOBECTU MPSIMYIO.

Hanpumep, 4TOOBI TOCTPOUTE I'PapUK PYHKIUU ¥ = 2X, AOCTATOYHO
UMETh TOUKY C KooppuHaTaMu (1, 2), a 3aTeM uepe3 Hee U HAYaAAO KO-
OpAMHAT IIPOBECTHU NpAMYIO (puc. 3.23);

3) npu k > 0 pyHKIMA y = kKX BO3pacTaeT Ha Bcel oOAACTHU oIIpeae-
AeHUs; npu k < 0 — yOBIBaeT Ha Bcell OOAACTU OIIPEeAEAeHUS;

4) ecau QpyHKIUA f — OpsAMasg IPOHNOPUUOHAABHOCTE U (X, V1),
(x5, ¥,) — Hapsl COOTBETCTBEHHBIX 3HAYEHUU y
IIEpeMeHHBIX X U y, IpuYeM x, # 0, To

XN i
Xy Y2

|

|
EcAu 3HaUEeHMAMU IIepEMEHHBIX X U ¥ CAYKaT 01 X
IIOAOJKUTEABHBIE AHICTBUTEABHBIE YUCAQ, TO 3TO
CBOMCTBO IIPSAMOU ITPONOPIIMOHAABHOCTY MOKHO
cOPMYAUPOBATh TaK: C yBeAuueHueM (ymenrule- Puc. 3.23
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HuUeM) 3HQYeHUsA nepeMeHHOU X B HeCKOABKO pad3 COOmBemcCmBylouee
3HQUeHuUe nepeMeHHOU y yBeAuuuBaemcsa (yMeHbUaemcs) BO CMOABKO
JKe pas.

OTO CBOMCTBO IIPUCYILLE TOABKO IIPSAMON NPOIIOPIUOHAABHOCTH, U UM
MO>KHO TIOAB30BAThCS IPU PEIIeHNN TeKCTOBBIX 3aAa4, B KOTOPHIX pac-
CMaTPUBAIOTCS IPSAMO IPOIOPIIMOHAABHEIE BEAMYNHEL.

3agaua 1. 3a 8 4 ToKapb U3roTOoBUA 16 peTareii. CKOABKO 4acoOB
noTpebyeTcd TOKaplo Ha U3TOTOBAeHMe 48 peTaael, eCAU OH OyAeT
paboTaTh C TOU >Ke TPOU3BOAUTEABHOCTHIO ¢

Pewenue. B 3apadue paccMaTpUBaIOTCS BEAUUYUHBI — BpeMs pabOTHI
TOKaps, KOAUYECTBO CAEAQHHBIX UM AeTarel U IPOU3BOAUTEABHOCTH
(T.e. KOAMYECTBO AeTaAel, U3TOTOBASIEMBIX TOKapeM 3a 1 4), npuueM
IIOCAEAHSS BeAMYHHA IIOCTOSHHA, a ABe APyTHe IPUHUMAIOT Pa3AUYHEBIe
3HaueHUsA. KpoMe TOTO, KOAMYECTBO M3TOTOBAEHHEIX AeTaAeHd U BpeMs
PaboThl — BEAWYUHEI IIPSIMO ITPOTIOPITMOHAABHEIE, TAK KaK UX OTHOIIIEe-
HHEe PaBHO HEKOTOPOMY YHCAY, HE PABHOMY HYAIO, @ UMEHHO — YHUCAY
A€TaAel, U3TOTOBASIEMBIX TOKapeM 3a 1 4. PenuTs 3apa4y MOJKHO ABYMS
apudMeTHUYeCKUMU CIIOCODaMU:

I cnoco6: II cnocob:
1) 16 : 8 =2 (aeT.); 1) 48 : 16 = 3 (pa3a);
2) 48 : 2 =24 (u). 2) 8 -3 =24 (u).

Permas 3apavy nepBeIM CIIOCOOOM, MBI CHAYaAa HallIAM KO3 OUITUEHT
IIPONOPIIMOHAABHOCTHU K, OH PaBeH 2, a 3aTeM, 3Hasd, 4TO y = 2X, HAllIAU
3HaQUeHUe X IIPU YCAOBUH, UTO y = 48.

[Ipu pemtennu 3apauu BTOPBIM CIIOCOOOM OBIAO KCIIOAB30BAHO CBOM-
CTBO NIPSIMOM IIPOIOPIIMOHAABHOCTH: BO CKOABKO Pa3 YBEAWUUBAETCS
KOAMYECTBO AETaAel, CAEAAHHBIX TOKApPeM, BO CTOABKO JKe€ Pa3 yBeAUu-
YUBAETCSI U KOAMYEeCTBO BPEMEeHU Ha UX U3TOTOBAEHUE.

OOpaTHas NponopiINoOHAABHOCTh. EcAu t — BpeMs ABUIKeHUS Tie-
1IIeXoAa (4), v — ero CKOpocThb (KM/4) 1 oH mpotrea 20 KM, TO 3aBUCHU-
MOCTb MEKAY 3TUMHU BEAMYMHAMU MOJKHO BBIPA3UTh hopMmyaon vi = 20

20
UAU V= < Tak Kak KaKAOMY 3HaueHUIO ¢ ({ # 0) COOTBETCTBYeT eAUH-

CTBEHHOE 3HaUYeHHue CKOPOCTHU V, TO MO>XHO I'OBOPUTHL O TOM, UTO C IIO-

20 .
MOIIIBI0 (DOPMYAEL V:T 3apaHa pyHKIUA. Ee Ha3bIBalOT 0OpaTHOU

IIPOIIOPIYMOHAABHOCTBIO U OIIPEACASAIOT CACAYIOIITUM 06pa30M.

O6pamﬂoﬁ nponopuuoOHAAbHOCIMbIO HA3BIBAIOT (I)YHKHI/IIO, KOTOpasa

k
MOXXeT OBITh 3dAadHaA C IIOMOIIIBIO CbOpMYABI y=—,TAe k — ne paB-
X
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HOe HYAIO A€HMCTBUTEABHOE YHCAO, Ha3bIBaeMOE KO3()PuuueHmom
nponopuyuoHaAbHOCMU.

k .
CDYHKLH/IH Yy =— SBASIETCA MaTeMaTHU4eCKOU MOAEABIO MHOTUX pe-
X

AABHBIX CUTyallu{, pacCMaTpUBAaeMBIX y’Ke B HAaUaAbHOM Kypce MaTe-
MaTuku. OpHA U3 HUX ONMCAaHA Iepep, OIpepeAeHreM OOpaTHOU IIPo-
MIOPIIMOHAABHOCTH. APYTOM NPUMEDP: €CAU KyIUAM 12 KT MyKU B pas-
AOJKUAU €€ B X OQHOK II0 y KI' B K&’KAYIO, TO 3aBUCUMOCTb MEKAY AQH-
HBIMU BEeAUYUHAMHU MOJKHO IIPEACTaBUTHL B BHAe Xy = 12, T.e. OHa
SABASIeTCSI OOPATHOM NPOMOPIIMOHAABHOCTBIO C KO3IMPUITUEHTOM
k=12

HanomMHUM HeKOTOpHBIe cBolicmBa 0OpamHol NPpONOPYUOHAAbHOCIU,
HU3BECTHBIE U3 IIKOABHOTI'O KypCa MATEMATUKHU:

k .
1) obaacTeiO opepaeneHNd QYHKIMU ¥ = — U OOAACTBIO ee 3HaUeHUN
b's

X SIBASIETCSI MHOJKECTBO A€UCTBUTEABHBIX UYHUCEA, OTAUYHBIX OT HYAS;

2) rpacpuroM 0OpaTHON NPOIOPIUOHAABHOCTH IBASETCS THUIIEP-
OoAQ;

3) npu k > 0 BeTBU runepOoabl pacnorokeHbl B 1 u Il weTBepTax

k . .
U PyHKIUA y = " SIBASIETCS YOBIBAIOLE! Ha BCE OOAACTU OIIPEAEACHUSA

x (puc. 3.24). I'lpu k < 0 BeTBU TUIepOOABLI pacoAoKeHHl Bo II u IV

k . .
HeTBepPTdaX 1 (bYHKI_II/IH Yy =— SIBASIETCSI BO3PACTAaloIleur Ha BCeu obaacTu
X

onpepeAeHus x (puc. 3.29);
4) ecan dyHKIUS f — obpaTHas NPONOPIUOHAABHOCTD U (X;, V1),

(X9, ¥5) — Iapbl COOTBETCTBEHHBIX 3HAUEHUMN IIepeMeHHBIX X U ¥, TO
Xi_Yo
X2 Vi
y y
k>0 k<0
0 X 0 X
Puc. 3.24 Puc. 3.25
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EcAu 3HaueHUSIMU ITIEPEMEHHBIX X U ¥ CAY>KAT IOAOKUTEABHEIE Aeli-
CTBUTEABHBIE YUCAQ, TO 3TO CBOMCTBO OOpPaTHOM MPOMOPITMOHAABHOCTHA
MO>XHO COOPMYAUPOBATH TaK: C yBeAudeHuUeM (yMeHbleHUeM) 3HaUeHUA
nepemMeHHOU X B HECKOABKO pa3 COOMBEeMCMBYHOUWee 3HQUeHue nepe-
MeHHOU y yMeHbwaemcs (yBeAuuuBaemcs) BO CMOABKO JKe pas.

OTO CBOMCTBO NPUCYIEe TOABKO OOpPaTHON NPONOPILMOHAABHOCTH,
U UM MO>KHO ITOAB30BAaThCA IIPYU PEIIeHNU TEKCTOBLIX 38Aa4, B KOTOPHIX
paccMaTPUBAIOTCS 0OPATHO MPONOPIIMOHAABHBIE BEAUYUHEL.

3agaua 2. BenoCUIIeAUCT, ABUTASICH CO CKOPOCTHIO 10 KM/4, mpoexan
paccrossHue OoT A A0 B 3a 6 4. CKOABKO BpEMEHU NOTPATUT BEAOCHIIE-
AUCT Ha OOpaTHBIN IIyTh, €CAN OyAET eXaTh CO CKOPOCTBIO 20 KM/4?

Pewenue. B 3apaue paccMaTpUBAIOTCSI BEAUUMHEL: CKOPOCTH ABUJKe-
HUS BEAOCUIIEAVICTA, BPEMS ABUJKEHUS U pacCTossHUe OT A A0 B, ipuueM
TIOCAEAHSISI BEAWYMHA ITIOCTOSTHHA, @ ABE APyTHe TPUHUMAIOT Pa3ANYHbIe
3HaUYeHUsI. KpoMe TOTO, CKOPOCTH M BPEMSI ABUKEHUS — BEAWYMHEI
00paTHO IPONOPIIMOHAABHEIE, TAK KaK X IIPOU3BEACHIE PABHO HEKO-
TOPOMY UMCAY, @ UMEHHO TPOMAEHHOMY PacCTOSHUIO. PellluTh 3apauy
MO>KHO ABYMs CIIOCOOaMMU:

I cnoco6: II cnoco6:
1) 10 - 6 =60 (rM); 1) 20 : 10 = 2 (pa3a);
2) 60 : 20 = 3 (u). 2)6:2=3 (u).

Pertas 3aAa9y IIepPBBIM c1roco60M, MBI CHavaAa HaIlIAK KOSCbCpI/IHI/IeHT

60
IIPONOPIMOHAABHOCTH kK, OH paBeH 60, a 3aTeM, 3Hasg, 4TO y=—,
b'e

OIIPEAEAVAU 3HAUEHUeE y IIPU YCAOBHUH, 4TO X = 20.

[Ipu pemennu 3apa4u BTOPBIM CIIOCOOOM OBIAO KCIIOAB30BAHO CBOM-
CTBO OOPATHOU IPONOPIIMOHAABHOCTH: BO CKOABKO Pa3 YBEAUUYMBAETCSI
CKOPOCTBb ABUJKEHUS, BO CTOABKO JKe pa3 yMeHbIIIaeTCsl BpeMsi Ha IIPO-
XOKAE€HHE OAHOTO M TOTO JKe PACCTOSHUS.

BOMPOCHI N SAOAHNA

1. 3BecTHo, 4TOo thyHKLMA f ABAAETCS NPAMON NPONOpLMOHaNsEHO-
CTbt0, 38aHa Ha MHoxecTBe X= {1, 2, 3,4, 5,6} v npn x, paBHom
3, 3Ha4eHne dhyHKLMM paBHO 12.
a) 3apawiTe dyHKUMIO f C NoMoLLbo hopMynbl U Tabnuupl; No-
CTpoWiTe ee rpadhuk.
6) Kakue ceoncTsa thyHKLMM f MOXXHO NPOUnIOCTPUPOBAaTL C No-
MoLLbt0 Tabnuubl 1 rpadinka?
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B) Kakune 13 Ha3BaHHbIX CBOMCTB Bbl ByaeTe ncnonb3oBathb,
pewlas 3agady: «B 3 naketa pasnoxunu noposHy 12 Kr MyKku.
CKonbKo KMNorpaMMoB MyKM MOXHO pPasnoxXuTb B B Takmx na-
KeToB?».

M3BecTHO, 4To doyHKUMS f ABNAETCS 06paTHOM NponopLnoHarb-
HOCTbHO, 3afiaHa Ha MHoxecTBe X = {1, 2, 3, 5, 6, 10, 15, 30}
1 Npu X, paBHOM B, 3Ha4eHre dyHKkumm f paBHo 6.

a) 3apanTe dhyHkuMo f ¢ nomoLLbo hopmynbl 1 Tabnuubl; No-
cTponTe ee rpadivk.

6) Kakve csovcTsa thyHKLMM f MOXHO NPOVNMIOCTPUPOBATE C MNOo-
MoLLbHO Tabnuubl 1 rpadmka?

B) Kakune n3 Ha3BaHHbIX CBOMCTB Bbl ByneTe McnonbL3o0BaTh, pe-
was 3apady: «Myky paznoxunu B 10 nakeToB No 3 Kr B KaxXabliA.
Ckonbko Nony4nTCcsA NakeToB, ECM B KaXAbIA NONOXUTL N0 6 Kr
MyKIN?».

3apaiTe ¢ NoMOoLLbH hopMyIbl COOTBETCTBIME, KOTOPOE paccMa-
TpMBaEeTCA B 3a4aHUN.

a) «3anuLmTe HECKOMbKO NPMMEPOB Ha AefeHWE C pe3ynsTaToM
10v;

6) «CocTaBbTe BCe BO3MOXHbIE NPUMEPLI HA CNOXEHWE OfHO-
3Hau4HbIX Ynicen c oteeTom 10.

YcTaHoBWTE, ABMNSAKOTCA NV 3TV COOTBETCTBUA (DYHKLMAMM.
Yyalummca AaHo 3apaHve 3anonHUTb Tabnuuy:

b 1 2 3 4 6 8 12 24

24:b

3apaeT nn ata Tabnuua dyHkuMo; kaky? Kakoe cBOMCTBO
3TON hyHKLMM MOXHO NPOUNNIOCTPMPOBATE C MOMOLLIbIO AaHHOM
Tabnuubl?

O6ocHynTe, UCMONb3yA onpedeneHnsa NPsaMon unm obpaTHom
MPONOPLMOHaNbLHOCTM U UX CBOWCTBA, peLleHne pasnyHbIMm
apumMeTnyeckmMm cnocobamu cnepyoLLyx 3apay:

a) «C yyacTtka cobpanu 6 melukos kapTodens no 40 kr B Kax-
pom. 3ToT kapTodhens pasnoxuny B Awmkim no 20 Kr B KaxabIn.
Ckonbko Awmkos noTpeboBanoch?y;

6) «l13 kycka TkaHu gnMHon 24 M cLunnn 8 oAnMHaKOoBbIX KOCTHO-
MoB. Ckonbko NoTpebyeTcs TkaHu Ha 32 Takmx e KOocTioma?y;
B) «[]Ba onbITHbIX y4acTKa UMEeT OAMHaKoByo nnowas. LLinpuHa
nepsoro y4actka 30 m, lumpuHa BToporo — 40 m. Hangute anvny
nepBoro y4yacTka, ecnv N3BECTHO, YTO AnMHa BTOPOro y4acTka
paBHa 75 my;

r) «Mnowane y4actka pasHa 6 M2, a anuHa — 3 M. Bo ckonbko
pas yBenu4MTCA NNoLafb 3Toro y4acTka, eCv ero LWMpUHY yBe-
nn4nTe B 2 pasa?y.
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MmaBa 4
BWMHAPHbIE OTHOLLUEHNA HA MHO>XECTBE

B maTeMmaTHKe M3y4aloT He TOABKO CBSA3HM MEKAY ABYMS MHOKe-
CTBaMH, T.e. COOTBETCTBUS, HO U CBSA3U MEXAY dAeMeHTaMU OAHOTO
MHO>KeCTBA. VX Ha3BIBAIOT OMHOWEHUAMU.

OTHo1eHUsA MHOrOOOPa3Hbl. MeXAy MOHATUAMU — 3TO OTHOIIIEHUSA
poAa@ U BUAQ, YACTHU U I1eAOT0; MeXAY IIPEAAOKEHUSIMU — OTHOILIEHUS
CAEAOBAHMS U PABHOCHUABHOCTHU; MEKAY YUCAAMU — «OOABIIIE», «MEHb-
1ie», «paBHO», «OOABIIE HA ...», KMEHBIIIE Ha ...» U Ap.

Ecau paccMaTpuBarOT OTHOLIEHUS MEKAY ABYMS SA€MEeHTaMU, TO UX
Ha3bIBAIOT OUHAPHBIMU; OTHOIIEHUS MEKAY TPEMS SAeMeHTaMu — mep-
HAPHBIMU; OTHOIIIEHUS MEXAY Il IAeMeHTaMu — n-apHbIMHU. Ha3Ban-
Hble BBIIle IPUMepHl OTHOIIEHUM SBASIOTCS OMHApHBIMU. [IpuMepom
TEPHAPHOI'O0 OTHOIIEHUS MOJKET CAY’KUTh OTHOIIIEHNEe MeKAY TOUYKaMHU
IpAMOM — «TOYKa M AeXUT MeKAY ToukamMu N 1 K».

V3yuyeHre OTHOLIEHUU MeXAYy OOBEKTAMH BA’KHO AAS MO3HAHUSA
KaK CaMHUX OOBEKTOB, TaK U PEAABHOI'O MUpa B IIeAOM. B pAaHHOM Kypce
OypeM paccMaTpuUBaTh B OCHOBHOM OMHApHBIE OTHOIIEHMS, HO UTOOBI
YBHAETH OOITHOCTh METOANUYECKUX ITIOAXOAOB K U3YUEeHHUIO B HAUaABHOM
Kypce MaTeMaTHUKHU KOHKPETHBIX OTHOIIIEHUH, IOHATh Ba’KHEHIIINe MaTe-
MaTu4YecKue MAeH, CBSI3aHHbIe C OTHOIIEHUIMH, YIUTEAI0 HEOOXOAUMO
3HaTh, KAKOBA MaTeMaTUYeCKas CYIIHOCTb AFOOOTO OTHOIIEHUSA, KAKUMU
CBOMCTBAMU OHU MOTYT OOAGAQTh, KAKHE OCHOBHBIE BUABI OTHOLIEHUN
U3y4yaloT B MaTeMaTHKe.

m MOHATVE BUHAPHOMO OTHOLLIEHUS
HA MHOXECTBE

YTOOBI ONIpEeAEAUTh ObOIlee MOHSATHE OMHAPHOTO OTHOIIEHUS Ha
MHOKECTB€, IIOCTYIIMM TaK K€, KaK U B CAydae C COOTBETCTBUSIMY,
T.€. PACCMOTPHUM CHadaAa KOHKpeTHHIN npuMep. [TycTh Ha MHOKeCTBe
X ={2, 4, 6, 8} 3apaHO OTHOIIIEHNE «MeHbIIIe». DTO O3HAUYaeT, UTO AAT
AIOOBIX ABYX YHCeA U3 MHOXecTBa X MOJKHO CKa3aTh, KAKOe U3 HUX
MeHblIIe: 2 < 4,2<6,2<8,4<6,4<8,6< 8. [loanyueHHBEIe HEpABEH-
CTBa MOJKHO 3aIlCaTh NHaYe, B BUAE YIIOPSIAOUEHHBIX nap: (2, 4), (2, 6),
(2, 8), (4, 6), (4, 8), (6, 8). Ho BCce 2Tk naphel €CTb 9A€MEHTLI AeKapTOBa
npoussepeHus X x X, I03TOMy 00 OTHOIIEHUM «MEHBIIEe», 3aAaHHOM
Ha MHO>XKecCTBe X, MOKHO CKa3aTh, YTO OHO SIBASIETCSI IOAMHOKECTBOM
MHOXecTBa X x X.
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BbuHapHbIM OMHOUIEHUEM Ha MHO>KeCTBe X Ha3bIBalOT BCIKOE ITOA-
MHOJKeCTBO AeKapToBa IIpousBepeHus X x X.

Tak Kak B AaAbHeNIIIeM MBI OyA€M pacCMaTpUBaTh TOABKO OMHAapHbIE
OTHOIITEHHUsI, CAOBO «OMHAPHBIE», KaK TTPABUAO, OYAEM OITyCKaTh.

YcaoBuMCcS OTHOILIIeHUS 0003HauaTh OykBamu R, S, T, P u Ap.

Ecau R — oTHoOlIIeHUe Ha MHOYKeCTBe X, TO, COTAACHO OIIPEAEAEHUIO,
R c X x X. C ApyToOif CTOPOHBI, €CAH 3aAaHO HEKOTOPOE IMIOAMHOKECTBO
MHOecTBa X x X, TO OHO OIIpeAeAseT Ha MHOKeCTBe X HeKOTOpoe
oTHolleHue R.

YTBep>KAE€HUE O TOM, UTO SAE€MEHTHI X U ¥ HAXOASATCS B OTHOLIEHUN R,
MO>KHO 3aIIUCHIBATh TaK: (X, ¥) € R uau xRy. ITocaepHSAq 3aNIUCh YUTAETCH:
«OAEMEHT X HAaXOAUTCS B OTHOIIEHUHU R C DAE€MEHTOM y».

OTHOIIIeHUS 3aAaI0T TaK JKe, KaK COOTBeTCTBUSA. OTHOIIIEHNEe MOJK-
HO 3aAaTh, IEPEUNCAUB IIaphbl SAeMEeHTOB MHOKeCTBa X, HaXOAAITUXCS
B 3TOM oTHoIIeHUU. DOPMEI IIPEACTaBACHUS TaKUX IIap MOI'YT OBITH
Pa3sAUYHBIMU — OHUM @aHAAOTUYHEBI (hOPMaM 3aAaHUSA COOTBETCTBUU. OT-
AWYHS KaCAIOTCS 33AaHUSA OTHOIIEHUN C IIOMOIIBIO rpada.

IMocTtpoum, HanpuMep, rpad OTHOLIEHUS «MEHBIIe», 3aAaHHOTO
Ha MHOXecCTBe X = {2, 4, 6, 8}. AAg 3TOro 3AeMeHTHI MHOKeCTBa X U30-
Opa3uM TOUKaMM (UX Ha3bIBAIOT BepllinHaMHU rpada), a OTHOIIeHUe
«MeHBIIIe» MeXXAY HUMU — CTPeAKaMHU (puc. 4.1).

Ha ToM >ke MHO>KecTBe X MOKHO PacCMOTPeTh APyTroe OTHOIIIeHUe —
«KpaTHO». I'pad 3TOrO OTHOILIEHUS OyAET B Ka’KAOU BepIlINHE UMETh
IIETAIO (CTPEAKY, HQ9aAO M KOHEI KOTOPOM COBIIAAAIOT), TaK KaK KaskKAO0e
4HMCAO KPATHO caMoMy cebe (puc. 4.2).

OTHoOIIIeHNe MOJKHO 3aAATh C IIOMOIIIBIO IIPEANOIKEHNS C ABYMsI Ilepe-
MeHHBIMU. Tak, HapuMep, 3aAaHbl PACCMOTPEeHHBIEe OTHOIIIEHUS «MeHb-
1ie» ¥ «KpaTHO», IIpHUYeM HCIIOAB30BaHa KpaTKasa (popMa NpeprOKeHUHN
«YHCAO X MEHBIIIe UMCAA y» U «UYUCAO X KPAaTHO YHUCAY y». HeKkoToprle
TaKue MPEANOKEHNS MOKHO 3alIMCBIBATH C IIOMOIIIBIO0 CUMBOAOB. Hanpu-

Puc. 4.1 Puc. 4.2
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Mep, OTHOIIEHUS «MeHBIIIe» U «KPaTHO» MOJKHO 3aAaTh B TAKOM BUAE:
«X < y», «X i y»;, OTHOIIIeHUEe «X GOABIIIe y Ha 3» — B BUAE PaBEHCTBA
x=y+3 (urnmx-y=3).

Anst oTHOIIeHUs R, 3aA@HHOT'O Ha MHOXXecTBe X, BCeraa MO>KHO 3a-
AATh OTHOIIeHUe R, eMy 0OpaTHOe, — OHO OIIPEeAEeAseTCs TaK JKe, KaK
COOTBETCTBUE, oOpaTHOoe AaHHOMY. Hanmpumep, ecau R — OTHOIIIeHUe
«X MEeHBbIIIe y», TO OOpaTHLEIM eMy OyAeT OTHOIIIeHUe «y OOABIIIE X».

IMousaTreM oTHOIIEHUSI, OOPATHOTO AQHHOMY, YaCTO IIOAB3YIOTCS IIPU
HavaAbHOM OOydYeHUM MaTeMaTuke. Hanpumep, 4TOOBI IPEAYIIPEAUTH
OIIMOKY B BEIOOPE AEMCTBUS, C IIOMOIIBIO KOTOPOT'O pellaeTcs 3apada:
«Y I'letn 7 KapaHpauel, uTo Ha 2 menbwe, 4eM y Bopu. CKOABKO Ka-
paHpateli y bopu?» — ee nepedopMyaupytot: «Y I'leTu 7 KapaHAQIIIeH,
a y bopu Ha 2 6oabuie. CKOABKO KapaHpatiel v bopu?». Buapum, uto
nepedOpPMYAUPOBKA CBeAACh K 3aMeHe OTHOILIEHUS «MeHbIIe Ha 2»
OOpATHEIM €My OTHOIIIE€HUEM «DOABIIE Ha 2».

BOMPOCHI N SAOAHNA

1. MNpviBegnTe NpMMeEpPbI OTHOLLIEHWIA, CYLLECTBYHOLLIMX MEXAY:

a) HaTypanbHbIMK Y1cnamu;
6) NpSIMbIMW Ha NNOCKOCTY;
B) TpeyronbHMKamu;

r) MHOXecTBaMu.

2. HamHoxectBe X= {0, 3,6, 9, 12, 15, 18} 3apnaHo oTHOLLEHNE
R. MNepeuncnuTe napbl YACeN, CBA3AHHbBIX 3TUM OTHOLLEHWEM
1 NOCTPOWTE ero rpad, ecnu:

a) R — «x bonblue y B 3 pa3ay;
6) R — «x 6onbLue y Ha 3.

3. 3anuwuTe B BUAE paBeHCTBa NpeanoXeHune:

a) YMCIo X MEHbLLE y Ha 2;
6) 41cno X MeHbLLUE y B 2 pasa.

4. HawmHoxecTtse X= {2, 4, 6, 8} paccmaTprBatoTCA OTHOLLEHUSI
«xX =y», «x : y» n «x 6onblie y Ha 2». Kakoe 13 cnepyoLmx
NOAMHOXECTB MHoxecTBa X x X 3afgaeT AaHHble OTHOLUe-
HUS:

a) {(4.2),(6,2),(8,2), (6, 4).(8,4),(8,6),(2,2),(4,4), (6, 6),
(8,8)};

6) {(4,2),(6,4),(8,6)};

B) {(2,2),(4,4),(6,6),(8, 8]}.

5. Ha mHoxecTBe oTpeskos (puc. 4.3) 3agaHo oTHoweHue P: «OT-
Pe30K X AnMHHee oTpe3ska y». [ocTponTe rpad 3Toro 0THOLLEHWS
N 3apanTe pasnuyHbiMK cnocobamu oTHoweHue, obpaTHoe
LaHHOMY.
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Puc. 4.3 Puc. 4.4

A b

Puc. 4.5

OTHoLeHNe S Ha MHOXECTBE OeNCTBUTENbHbIX YACEN 3a4aHo
¢ nomoLusto rpadimnka (puc. 4.4). MNoctponTe rpadink OTHOLLEHWS,
obpaTHOro faHHOMY.

Cembsi BonkoBbix coctouT 13 oTua Muxauna NeTpoBuya, matepu
Bepbl ViBaHoBHbI 1 geten: Tonu, Katn, AHgpea n Onu. Mexay
YneHamMn CeMbM CYLLECTBYIOT pasfMyHble OTHOLLEHWS POACTBA:
«BbITb MaTepboY; «BbITb Ao4epbioy; «BbiTe BpaTtom» n ap. No-
cTponTe rpadbl yka3aHHbIX OTHOLLEHWI 1 HAa30BUTE Opyrue,
KOTOpbIE CYLLECTBYHOT MeXAy 4neHamu cembn BonkoBbix. EcTb
N cpegy HUX B3anmHo-06paTHbie?

Ha pvic. 4.5 paH rpadh oTHoLLEHUS «BbITb 6PaTOM)» Ha MHOXECTBE
LEeTEN, XMBYLLMX B 0QHOM AoMe (AeTn 0603HaqeHbl Toukamu A,
B, B, T, O, E, XK, 3). KTo n3 Hux aBnaeTcs AeB0OYKOoN, a KTo Marlb-
YMKOM?

m CBOVICTBA OTHOLLEHWIA

MBI yCTaHOBUAM, 4TO OMHAPHOE OTHOLIEHWE HA MHOXKECTBE X IIPEeA-
CTaBAseT COOOM MHOXKECTBO YIOPSAOYEHHBIX IIap 3A€MeHTOB, IPU-
HaAAEKAIIUX AeKapTOBY Ipomu3BepeHUIO X x X, OTO MaTeMaTHyecKas
CYIIHOCTb BCSIKOTO OTHOIIeHUs. Ho, Kak U AIOOBIe ADyTHe MOHSTHS,
OTHOIIIEeHUsS OOAAAQIOT CBOMCTBAMU. VX yAAAOCH BBIAEAUTH, M3ydas
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a Pa3AndHbie KOHKpPEeTHbIe OTHOIIIeHWId. CBomcTB AO-

b CTaTOYHO MHOTI'O, B AAHHOM KypCe€ OCTaHOBUMCA AUIITH
IS S —
Ha HEKOTOPHIX M3 HUX.
e PaCCMOTpI/IM Ha MHO>XeCTBe OTPE3KOB, ITPEACTAB-

A€HHBIX Ha pHUC. 4.6, OTHOIIEHUS NePIEHAUKYASID-
HOCTH, PaBEeHCTBa U «AAMHHee». [TocTpoum rpadbl
5THX OTHOLIeHUuM (puc. 4.7) u 6yaeM UX CPAaBHUBATD.
BuanMm, uTo rpad OTHOIIIEHNS paBeHCTBA OTAMYAET-
Cd OT ABYX APYTHMX HaAWYHMEM IeTeAb B Ka’KAOUM eTo
BeplIMHe. OTHU IIETAU — PEe3yAbTaT TOr'O, YTO OTHO-
Puc. 4.6 LIeHWEe PAaBEHCTBA OTPE3KOB 00AaAaeT CBOUCTBOM:

AIOOOM OTpe30K paBeH caMoMy cebe. [0BOPAT, UTO
OTHOIIIeHUe PaBEHCTBA 00AAAAeT CBOUCTBOM PedAEKCUBHOCTU, UAU
IIPOCTO, YTO OHO Pe(PAEKCUBHO.

OtHonreHre R Ha MHOXecTBe X Ha3bLIBAIOT pehAeKCUBHBIM, €CAU
0 KaJKAOM dAeMeHTe MHO>XeCTBa X MOYKHO CKa3aThb, YTO OH HAXOAUT-
csI B OTHOIIeHUU R ¢ caMuM cOOOM.

HCHOABE»YH CHUMBOABI, 9TO OIIpeAeAeHHe MOJXXHO 3allMCaTh B TAKOM

BHAE!
R pedarekcuBHO Ha X < XxRx AAg AIOOOTO X € X
omp

Ecau oTHOmEHUEe R pe(pAeKCMBHO Ha MHOXKeCTBe X, TO B KaXXKAOU
BepIIuHe rpada AQHHOTO OTHOIIIEHUS nuMeeTcs IeTAss. CIIpaBeAANBO
1 oOpaTHOe yTBepPKAeHMe: Ipad, KaskKAasi BepIINHa KOTOPOTo UMeeT IIeT-
AIO, 3aA@eT OTHOIIIeHHe, 00AaAalollee CBOMCTBOM PeAeKCUBHOCTH.

[MTpuMeps! peAeKCUBHBIX OTHOIIEHUM:

1) oTHOIIEHME «KPATHO» Ha MHOJKECTBE HAaTyPaAbHBIX YHCEA (KajKA0e
HaTypaAbHOE UUCAO KPATHO caMoMy cebe);

OO
= O @0

I'pac oTHOIIEHUS I'pac oTHOIIEHUS I'pac oTHOIIEHUS
TIePIIeHAUKYASIPHOCTH paBeHCTBA «AATTHHEE»
Puc. 4.7
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2) oTHOLIIEHHE PABEHCTBA TPEYTOABHUKOB (Ka’KABIN TPEYTOABHUK
paBeH camoMy cebe).

CymiecTBYIOT OTHOIIIEHUSA, KOTOPEIE CBOUCTBOM PeMAEKCUBHOCTHU
Ha o0aaparoT. TakuM, HalIpUMeED, IBASETCS OTHOIIEHUE IePIEeHAUKY-
ASPHOCTHY Ha MHOJKECTBE OTPEe3KOB: HET HU OAHOTO OTPe3Ka, 0 KOTOPOM
MOJKHO CKa3aTh, UTO OH IIepPIeHAUKYyAIpeH caMoMy cebe. [ToaTomy
Ha rpade OTHOIIIEHUS NIePIIeHAUKYASIPHOCTH (CM. puC. 4.7) HET HU OAHOU
neTan. He o6aapaeT cBOMCTBOM pPeAEKCUBHOCTH U OTHOIIIEHUE «AAWH-
Hee» AN OTPE3KOB.

OOparuM Tenepb BHUMaHUE HA rpadbl OTHOLUIEHUN NEepPHeHAUKY-
ASTPHOCTU U PaBEHCTBa OTPe3KOB. OHU «IIOXOXKU» T€M, YTO €CAU eCThb
OAHA CTPEeAKa, COeAMHSIONIas apy dAeMeHTOB, TO 00s3aTEeABHO eCTh
U Apyras, COeAUHSIONIas Te JKe SA€MEeHThl, HO UAYyIas B IPOTUBOIIO-
AO>KHOM HaIlpaBAEHUU. DTa 0COOEHHOCTD I'pada OTpakaeT Te CBOMCTBAQ,
KOTOPBIMU O0OAGAQIOT OTHOIIIEHUS TIEPIEHAUKYASIPHOCTA W PAaBEHCTBA
OTPE3KOB!

B eCAM OAVH OTPEe30K IIePIEeHAUKYASPEH APYroMy OTPe3Ky, TO 3TOT
«APYTOM» TIEPIIEHAUKYASIPEH ITIEPBOMY;
®  eCAM OAMH OTPE30K PaBeH APYTOMY OTPE3KY, TO 3TOT KAPYTOI» paBeH
IIepBOMY.
[Tpo oTHOMIEHUS NEPIEHAUKYASIPHOCTH U PaBEHCTBA OTPE3KOB Io-
BOPST, YTO OHM 00A8AQIOT CBOMCTBOM CHMMETPUYHOCTH, UAW IIPOCTO
CUMMETPUYHEI.

OtHonieHre R Ha MHOKecTBe X Ha3bIBAaIOT CUMMEMPUYHbIM, €CAU
BBIIIOAHSETCS YCAOBUE: U3 TOTO, UTO 3AE€MEHT X HaXOAUTCI B OTHO-
1eHUHU R C 9A€MEeHTOM y, CAeAyeT, YTO U SAEMEHT Y HaXOAUTCA B OT-
HOIIeHUHN R C SAeMeHTOM X.

Hcnoab3ya CHUMBOABI, 3TO OIIpeAeAeHHe MOJKHO 3aIllcaTh B TAKOM

BUAE!
R cumMeTpuunO Ha X < (XRy = yRx)
onp

I'pach cuMmMeTpUYHOTO OTHOIIIEHUSI 0OAaAAeT OCOOEHHOCTBIO: BMe-
CTe C Ka’KAOU CTPEAKOM, UAYIIEN OT X K Y, rpad COAEPKUT U CTPEAKY,
UAyUIyIo OoT y K Xx. CIpaBepAAMBO U OOpaTHOe yTBep>kaeHUe. I'pad, co-
AEp>KAIlIuM BMeCTe C KaXKAOU CTPEAKOM, UAYIIEN OT X K ¥, U CTPEAKY,
HUAYIIYIO OT ¥ K X, SIBASIETCSI TPad)OM CUMMETPHUYHOTO OTHOIIIEHUS.

B pomoAHeHMe K pacCMOTPEHHBIM ABYM IIpEMepaM CHMMEeTPUYHBIX
OTHOIIEHUHN IIPUCOEAUHUM ellle TaKue:

3) oTHOIIIeHUe TapPaAAEABHOCTH Ha MHOKECTBE IIPSIMBIX (€CAU ITpsIMas
X TIapaAAeAbHa IPIMOM y, TO U IpsMas y apasreAbHa NIPsSMOM X);
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4) oTHOIIIEHNE PAaBEHCTBA TPEYTOABHUKOB (€CAM TPEYTOABHUK F paBeH
TPEYTOABHUKY P, TO TPeyTOABHUK P paBeH TPeyTrOABHUKY F).

CymiecTByIOT OTHOIIEHHUS, KOTOPhle CBOMCTBOM CUMMETPUUYHOCTU
He 00AaparoT. TakuM, HAIpUMeEp, IBASIETCSI OTHOIIEHUE «AAUHHEE»
Ha MHOXXeCTBe OTPe3KOB. AeMCTBUTEABHO, €CAU OTPE30K X AAUHHEe
OTpe3Ka ¥, TO OTPe30K y He MOXKeT OBITh AAMHHee OoTpe3Ka X. I1po oT-
HOIIIeHUE «AAMHHee» FOBOPST, UYTO OHO 0OAaAaeT CBOMCTBOM aHTHUCHUM-
MEeTPUYHOCTH, AU IIPOCTO aHTUCUMMETPUYHO.

OtHomrenre R Ha MHOKecTBe X Ha3bIBalOT AHMUCUMMEMPUYHbIM,
€CAM AASL PA3AUYHBIX 3A€MEHTOB X M Y U3 MHOXXeCTBa X BBIIIOAHEHO
YCAOBHE: U3 TOTO, UTO X HAXOAUTCS B OTHOLIEHUHU R C 3AeMeHTOM ¥,
CAEAYeT, YTO SAEMEHT Y B OTHOIIEHUU R ¢ 3AeMeHTOM X He HaXo-
AUTCS.

VcnoAB3ys CUMBOABI, 3TO OIIpEAEAeHHe MOJKHO 3allUCaTh B TAKOM

BUAE:
R apTHCMMMeTpHUYHO Ha X <>(XxRy ux#y = @)
omp

I'pacd aHTHCHMMETPUYHOIO OTHOLIEHHUS OOAaAaeT OCOOEHHOCTHIO!
€CAU AB€ BEPIIUHEI Tpada COeANHEHBI CTPEAKOU, TO 3Ta CTPEAKA TOABKO
opHa. CripaBepAAMBO U OOpaTHOE YTBEPIKAEHME: rpad), BePIIUHEI KOTOPO-
T'O COeAMHEHBI TOABKO OAHOM CTPEAKOM, eCTh I'pad aHTUCUMMETPHUIHOTO
OTHOIIIEHUS.

Kpome oTHOLIEHUS «AAMHHEE» HAa MHOKECTBE OTPE3KOB CBOMCTBOM
QHTUCUMMETPUYIHOCTH, HAIIPUMEDP, OOAAAQIOT:

®  OTHOIIEHUE «OOABILIE» AAS UUCEA (€CAM X OOABIIE ¥, TO ¥ HE MOJKET
OBITH OOABIIIE X);

® OTHOIIEeHWE «OOABIIE Ha 2» AAS YHCEA (eCAM X OOABIIE Y Ha 2, TO ¥
He MOXeT OBITh OOABIIIE Ha 2 YHUCAQ X).

Cyl1eCcTBYIOT OTHOIIIEHUSI, He 00AaAalolyie HU CBOMCTBOM CHMMe-
TPUYHOCTH, HU CBOMCTBOM aHTUCUMMETPUYHOCTHU. PaccMoTpuM, HaIpu-
Mep, OTHOIIIeHHe «OBIThH CECTPOI» Ha MHOYKECTBE AETEH OAHOM CeMbH.
ITycTb B ceMbe Tpoe peTeli: KaTa, Maiita u Toas. Toraa rpad oTHOIIeHUA

«OBITH CECTPOM» OyAET TaKUM, KaK Ha puc. 4.8. Ox
K M TIOKasbIBaeT, UTO AQHHOe OTHOIIIeHHe He 0OAaAaeT
HU CBOMCTBOM CHUMMETPUYHOCTH, HU CBOMCTBOM
QHTUCUMMETPUUYHOCTH.

OOpaTuM BHUMaHUe ellle pa3 Ha OAHY OCOOeH-
HOCTB Ir'pacpa OTHOIIIEHUS «KAAMHHEe» (CM. puc. 4.7).
Ha HemM MO>XHO 3aMeTUTh: €CAU CTPEAKHU ITPOBEAe-
Puc. 4.8 HBI OT € K d U OT d K C, TO UMEeTCsI CTPEAKa OT €
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K C; €CAM CTPEAKHU MTPOBEAEHBI OT € K b M OT b K ¢, TO UMeeTCs CTPeAKa
U OT e K C, ¥ T.A. DTa OCOOEHHOCTE Tpada oTpakaeT Ba)KHOe CBOMCTBO
OTHOIIIEHUS «AAMHHEE»: €CAU ITIEPBBIM OTPE30K AAMHHEE BTOPOTO, a BTO-
PO — AAMHHEE TPEeThero, TO NePBBIM — AAMHHEE TpeTbero. JoBopAr,
YTO 3TO OTHOIIIEHNE 0OAaAaeT CBOMCTBOM TPAaH3UTUBHOCTHU, UAU ITPOCTO
TPAH3UTUBHO.

OTHotieHue R Ha MHOXXecTBe X Ha3bIBAlOT MPAH3UMUBHbIM, ECAU
BBITIOAHAETCA yCAOBI/IeI 13 TOT'O, YTO SA€MEHT X HaXOAUTCA B OTHO-
1IeHuU R ¢ 3AeMeHTOM y U 3A€MeHT y HaXOAUTCS B OTHOIIIEHUU R
C DAEMEHTOM Z, CAEAY€ET, UTO SIAEMEHT X HAaXOAUTCS B OTHOIIIEHUU R
C 9AEMEHTOM Z.

VcnioAb3ys CUMBOABI, 3TO OIIpeAeAeHHe MOXKHO 3alllCaTh B TAKOM
BUAE:

R TpaH3uTHBHO Ha X <>(XxRy AyRz = xRz)
onp

I'pad TPaH3UTUBHOI'O OTHOIIIEHUS C KAXKAOU ITaPOU CTPEAOK, UAYIIIUX
OT X KY U ¥ K Z, COAEP’KUT CTPEAKY, UAYIILYIO OT X K Z. CIIpaBeAAMBO
U1 0OpaTHOe yTBepKAEHUE.

Kpome oTHOIIEHMS «AAMHHEE» HAa MHOJKECTBE OTPE3KOB CBOMCTBOM
TPAH3UTUBHOCTHU 00AAAQeT OTHOIIIEHNE PABEHCTBA: €CAU OTPE30K X pa-
BeH OTPEe3Ky Y U OTPe30K ¥ paBeH OTPe3Ky Z, TO OTPEe30K X PaBeH OT-
Pe3Ky z. OTO CBOMCTBO OTpa’keHO U Ha Ipadye OTHOIIEHHS PaBEHCTBA
(cMm. puc. 4.7).

CymecTBYIOT OTHOIIIEHUs, KOTOPble CBOMCTBOM TPAH3UTUBHOCTHU
He 00AaparoT. TaKUM OTHOIIIEHUEM SBASIETCS, HAalIpuMep, OTHOIIeHNe
NIEPIEHAUKYAIPHOCTHA: €CAM OTPE30K a NEePIEeHAUKYAIPEH OTPE3KY d,
a OTpe30K d NepIEHAUKYASIPEH OTPE3Ky b, TO OTpe3Ku a u b He mep-
TIEHAUKYASIPHBI!

BBIAeAEHHEBIE CBOMCTBA MTO3BOASIOT aHAAU3MPOBATH PA3AUUHBIE OT-
HOIIIEHU4 C OOIUX MO3UIIUN — HAAW4U4 (AU OTCYTCTBMS) Y HUX TeX
VAW WHBIX CBOMCTB.

Hrak, ecAm CyMMHUpPOBATh BCE CKa3aHHOE 00 OTHO-
IIIeHUH PAaBEHCTBQ, 3aAaHHOM Ha MHOJKECTBE OTPE3KOB
(cm. puc. 4.7), TO IOAy4aeTCs, YTO OHO PePAEKCUBHO,
CHUMMETPUYHO U TPAH3UTUBHO. OTHOIIIEHNE «AAMHHEE»
Ha TOM ’Ke MHOJXeCTBe OTPe3KOB aHTUCHUMMETPUYHO
U TPAH3UTHUBHO, a OTHOIIIEHNE ITePIIEeHAUKYAIPHOCTH —
CHMMETPUYHO, HO OHO He 00AaA@eT CBOUCTBaAMU ped-
AEKCUBHOCTHU M TPAH3UTUBHOCTH.

3agaua 1. ChopMyAMpOBaTh CBOMCTBA OTHOIIIEHUS
R, 3apaHHOTO C IIOMOIILIO Tpada (puc. 4.9). Puc. 4.9
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Pewenue. OtHOLIEHNEe R — @aHTUCUMMETPUYHO, TaK KaK BEPIINHEI
rpada COepAuHSIOTCSI TOABKO OAHOU CTPEAKOM.

OtHouieHre R — TPAH3UTUBHO, TaK KaK MIOMUMO ITaphbl CTPEAOK,
HAYIIVX OT b K @ 4 OT a K ¢, Ha rpade eCTb CTPEeAKa OT b K C.

OtHouleHUe R CBOMCTBOM Pe(PAEKCUBHOCTM He O0AAAA€eT, TaK KaK
Ha rpade ecTh BepPIIUHBI, B KOTOPBIX IETAU HeT.

3agaua 2. ChHOpMyAuUpPOBATE CBOMCTBA OTHOIIEHUS «DOABIIE
B 2 paza», 3aAaHHOTO Ha MHO>KECTBE HATYPAAbHBIX YHCEA.

Pewienue. «boabllie B 2 pa3za» — 3TO KpaTKas popMa 3aAaHUs OTHO-
LIEeHUSA «9UCAO X OOABIIE YHCAQ ¥ B 2 pasda». OTHOIIEHNE aHTUCUMMe-
TPUYHO, TaK KaK BLIIIOAHSETCS YCAOBUE: M3 TOTO, UTO YUCAO X OOABIIIE
YUCAA ¥ B 2 pa3a, CAeAyeT, UYTO YUCAO y He OOABIIIe YMCAA X B 2 pasa.

JAaHHOe OTHOlIIeHUe He 00AapaeT CBOMCTBOM PeAEKCUBHOCTH, IIO-
TOMY YTO HU ITPO OAHO YHMCAO HEAB3s CKa3aTh, YTO OHO OOABIIIE CAMOTO
cebs1 B 2 pasa.

3ajaHHOE OTHOIIIEHVEe He TPAaH3UTUBHO, TaK Kak U3 TOTO, YTO YUCAO
X OOABIIIE YHCAQ ¥ B 2 pa3a, @ YUCAO Y OOABIIIE UMCAQ Z B 2 Pa3a, CAEAYeT,
YTO YHUCAO X He MOJKeT ObITh OOABIIe YUCAA Z B 2 pasa.

BOMPOCHI N SAOAHNA

1. HokaxuTe, 4TO OTHOLWeHMe R, 3agaHHoOe ¢ nomoLlsto rpada
(puc. 4.10), pehnekCnBHO, aHTUICUMMETPUYHO U TPAH3UTUBHO.

2. HokaxwuTe, 4To OTHOLLEHME T, 3aAaHHOE C NOMOLLbI rpada
(pnc. 4.11), CUMMETPUYHO 1 TPAH3UTUBHO.

3. CdhopmynupyiiTe ycnoBums, Npu KOTOPbIX OTHOLLEHWE CBONCTBOM
pechnekcuBHOCTY He 061adaeT, U AoKaxuTe, 4To OTHoLeHne T
(cm. 3apaHve 2) He pedhnekcuBHO.

4. CdhopmynumpyiTte ycrnosus, Npy KOTOPbIX OTHOLLIEHVE He obnapa-
eT CBOWCTBOM: a) CUMMETPUYHOCTY; B) aHTUCUMMETPUYHOCTY;
B) TP@H3UTMBHOCTW.

5. HokaxwuTe, 4To oTHOWweHUe P, rpad KoToporo nsobpaxeH
Ha puc. 4.12, He 0bnagaeT HM CBOVNCTBOM CUMMETPUYHOCTM,

(4 ) s

© ’

Puc. 4.10 Puc. 4.11
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b ¢ b c
Puc. 412 Puc. 4.13

HV CBOMCTBOM @HTUCMMMETPUYHOCTU, HN CBOMCTBOM TPaH3u-
TUBHOCTW.

6. Kaknmu cBonctBamum obnagaet oTHOLLEHWe, rpad) KOToOporo
nsobpaxeH Ha puc. 4.13? fAsnaeTca nu oHO pedhnekcrBHbIM;
TPaH3UTUBHbLIM?

7. Ha MHOoxecTBe 0Tpe3KoB 3afaHo OTHOLLEHWE «Kopoyey. BepHo
NN, YTO OHO AHTUCMMMETPUYHO N TPAH3UTUBHO; pethnekcBHO
N oHO?

8. Kakmmun cBonctBamu 06nagatoT crnepytollme OTHOLLEeHNUS, 3a-
[aHHbIE HA MHOXECTBE HaTypasbHbIX YMCEN:

a) «MeHbLUey;
B) «MeHbLLEe Ha 2,
B) «MeHbLLe B 2 pa3an?

9. HamHoxecTse X = {a, b, ¢} 3apaHo oTHowweHwe R = {(a, b), (a, a),
(b, b), (c, c), (b, &), (b, c), (c, b)}. Kakumun cBoMcTBaMM OHO 06-
napaet?

m OTHOLLEHWS 3KBUBANEHTHOCTM 1 NOPSIAKA

CpeaM pPa3AUUHBIX OTHOLIEHUM OCOOYIO POAB B MaTeMaTUKe UTPArOT
OTHOIIIEHHUSI 5KBUBAAEHTHOCTH U MOPSIAKA.

OTuomieHne R Ha MHOXXecTBe X HA3LIBAIOT OMHOUlIEHUEM K-
BUBAAEHMHOCHU, €CAI OHO OAHOBPEMEHHO 00AaAAeT CBOMCTBAMU
pPedAEKCUBHOCTH, CUMMETPUYHOCTU U TPAH3UTUBHOCTH.

I[TpuMmepaMu OTHOIIIEHUM 3KBUBAAEHTHOCTH MOTYT CAY>KHTBH OTHO-
LIeHWEe PAaBEHCTBA reOMeTpPUUYEeCKUX (PUTYDP, OTHOIIEHUE ITapAAAEAb-
HOCTH NIPSIMBIX (IIPX YCAOBHH, UYTO COBIIAAQIOINVE IIPSIMble CUUTAIOTCS
IapasAeAbBHBIMHU).

[MToueMy B MaTeMaTHKe BBIAEAUAW 3TOT BUA OTHoIleHUM? Paccmo-
TPUM OTHOIIIEHHE PAaBEHCTBA ApPoOel, 3aAaHHOTO Ha MHOXXeCTBe

11122
1— - === §} (puc. 4.14). BupuM, 9TO MHO>KECTBO pa3bHUAOCh Ha TPU

2'3'4'4'6'6
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(79 nommomectsa: PR L

(i) 23 f12) 1
2406) \36) (4

OTU MOAMHO>KECTBA He IIepeceKaloT-

cs, a uX o0bepAMHeHHe COBIAaAaeT

C MHOXXeCTBOM X, T.e. ©UMeeM pas-
OreHMre MHO>KeCTBa X Ha KAACChI. ITO
Puc. 4.14 He CAy4alHO.

Boobmie, ecau Ha mHOKecmBe X
3agaHO OmHoOWeHUe IKBUBAAEHMHO-
cmu, mo OHO Nopoxkgaem paszbueHue 3MOro MHOKeCMBA HA NONAPHO
Henepecekawoujuecs NOGMHOXeCMBA (KAACChl 9KBUBAAEHMHOCMU).

WTak, yCTaHOBAEHO, UYTO OTHOIIEHUIO PaBEHCTBA Ha MHOKECTBe

. {1 1122 3}
Apobel {—,—,—,— = —) COOTBETCTBYeT pa3bleHHte 3TOT0 MHOKeCTBa

Ha KAACCHI DKBUBAAEHTHOCTH, Ka’KABIM 113 KOTOPBLIX COCTOUT U3 PaBHBIX
MeJKAY COOOM ApPOOGe.

BepHO u oOpaTHOe yTBepKAEHUE: ecAu KaKoe-Aubo omHoulenue, 3a-
gaHHOe Ha MHoXecmBe X, nopoxgaem pa3bueHue 5moro MHOXecmBd
HA KAQCChl, MO OHO SIBASIEMCsl OMHOWEeHUeM 3KBUBAAEHMHOCMU.

Paccmorpum, HanpuMmep, Ha MHOXKecTBe X = {1, 2, 3, 4, 5,6, 7, 8, 9,
10} oTHOLIEHNE «MMETh OAWH U TOT JKe OCTATOK IIpU AeAeHUU Ha 3». OHO
IOpo>KAAeT pa3bueHre MHOKeCTBa X Ha KAACCHI: B OAUH IIOIIAAYT BCE
YLCAQ, IIPU AeA€HUU KOTOPBIX Ha 3 IIoAydaeTcs B ocTaTKe 0 (3To umcAa
3,6, 9), BO BTOpOM — YHCAQ, TPU AEA€HUU KOTOPHIX Ha 3 B OCTATKe TO0-
Aydaetcs 1 (aTo uucaa 1, 4, 7, 10), 1 B TpeTUN — BCe UNCAQ, IPU AeACHUHU
KOTOPBIX Ha 3 B OCTATKe IIOAy4YaeTcs 2 (3TO 4ucAa 2, 5, 8). AeCTBUTEAD-
HO, IOAyUYeHHbIe IIOAMHOKeCTBa He IIepeceKaloTcsl U UX OO0bepAuHeHre
coBIapaet ¢ MHOXecTBOM X. CAepOBaTEALHO, OTHOIIIEHNEe «UMEeTh OANH
U TOT K€ OCTaTOK IIPU A@ACHUM Ha 3», 3aAaHHOe Ha MHOXXeCTBe X, sIB-
ASIeTCSI OTHOIIIEHNEM 3KBUBAAEHTHOCTU. 3aMeTUM, YTO YTBEpPKAEHUE
0 B3aUMOCBSI3UW OTHOIIIEHMS SKBUBAACHTHOCTH M pa30MeHns MHOKeCTBa
Ha KAACCHI HY’KAQEeTCS B AOKa3aTEABCTBE. 3AECh eTro He MPUBOAUM. OT-
METHM TOABKO, UTO €CAU OTHOIIEeHNEe SKBMBAACHTHOCTU MMeeT Ha3Ba-
HUe, TO COOTBETCTBYIOIIlee Ha3BaHUe AaeTcs U KraccaM. Hampuwmep,
€CAU Ha MHO’KECTBe OTPEe3KOB 3aAaeTcsI OTHOIIIeHNe paBeHCTBa (a OHO
SIBASIETCSI OTHOIIIEHMEM 3KBUBAAEHTHOCTH), TO MHOXXECTBO OTPE3KOB
pa3buBaeTCca Ha KAACCHl PABHBIX OTPE3KOB (CM. pHUC. 4.7).

WTak, nmest OTHOIIIEHNEe SKBUBAAEHTHOCTHU Ha HEKOTOPOM MHOMKEe-
CTBe, MOKHO Pa3OuUTh 3TO MHOXKECTBO Ha Kaaccel. Ho MOXHO mocry-
IIUTH U HAOOOPOT: CHauaAa Pa30UTL MHOJKECTBO Ha KAACCHI, & 3aTeM
OTIPEAEAUTDL OTHOIIEHNE SKBUBAAEHTHOCTH, CUMTAasI, YTO ABa dIAeMeHTa
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9KBUBAAEHTHBI TOTAQ U TOABKO TOTAQ, KOTAQ OHU IIPUHAAAEKAT OAHOMY
KAAQCCYy pacCMaTpuBaeMOro pa30OueHus.

IMpuanun pazdbueHnsa MHOKECTBA Ha KAACCHI C ITIOMOIIBI0 HEKOTO-
pOTO OTHOIIEHUSI 3KBUBAACHTHOCTH SIBASIETCS BA’KHBIM IIPUHIJUIIOM
MaTeMaTuKu. [Touemy?

Bo-1IepBBIX, 5KBUBAAEHTHBIM — 3TO 3HAQUUT PABHOCHUABLHLIM, B3au-
Mo3aMeHseMbIN. [103TOMy 3AeMeHTEl OAHOT'O KAACCa 9KBUBAAEHTHOCTU
B3auMoO3aMeHseMHl. Tak, ApoOH, OKa3aBIINecs B OAHOM KAACCe SKBUBA-

123
A€HTHOCTHU {—,—,— , HEPA3BAWMYUMEI C TOUKHM 3pPpEHUS OTHOIIIECHMS pAaBeH-

3 1
CTBQ, U APOOb Py MOJKeT OBITH 3aMEeHeHa APYyrod, HallpuMep 5 U sta

3aMeHa He U3MEHUT pe3yAbTaTa BEIYUCAEHUM.

Bo-BTOpHBIX, TOCKOABKY B KAQCCE YKBUBAAEHTHOCTHM OKAa3bIBAIOTCS
9AEMEHTHI, HePa3AnYNMbIEe C TOYKHM 3PEHUSI HEKOTOPOTO OTHOIIEHMUS,
TO CUMTAIOT, YTO KAACC 9KBUBAAEHTHOCTH OIIPEAECASIETCS AFOOBIM CBOUM
IIpeACTaBUTEAEM, T.e. IPOU3BOABHBIM dA€MEeHTOM 3TOTO Kaacca. Tak,
AIOOOM KAACC PaBHBIX APOOel MOJKHO 3aAaTh, YKa3zaB AIOOYIO APOOB,
NIPUHAAAEIKAIIYIO 3TOMY KAaaccy. OnpepereHNe KAACCa 9KBUBAAEHTHOCTU
110 OAHOMY ITPEACTABUTEAIO TIO3BOASIET BMECTO BCEX IAEMEHTOB MHOKe-
CTBa M3y4YaTb COBOKYITHOCTH OTAEABHBIX IIPEACTaBUTEAEH M3 KAACCOB
9KBUBAAEHTHOCTHU. HanpuMep, OTHOIIIEHNE SKBUBAAEHTHOCTU «HMMETh
OAVMHAKOBOE YHCAO BEPIINHY», 3aAaHHOE Ha MHOKeCTBE MHOTOYTOABHU-
KOB, IOPOXKAQeT pa3dueHNe 3TOTO MHOKECTBA Ha KAACCHI TPEYTOABHU-
KOB, UeThIPEXyTOABHUKOB, IITUYTOABHUKOB U T. A. CBONCTBa, IPUCYITE
HEKOTOPOMY KAACCY, pPaCCMaTPUBAIOTCI Ha OAHOM €TO ITPEACTaBUTEAE.

B-TpeThux, pa3zbreHne MHOKECTBA Ha KAACCHI C IOMOIIBIO OTHOIIIE-
HUS 9KBUBAAEHTHOCTH HCIIOAB3YETCS AAS BBEACHWS HOBBIX ITOHSTHM.
Hanpumep, NoHATHE 4MCA@ «TPU» MOKHO OIIPEAEAUTH Kak TO OOIlee,
YTO MMEIOT Pa3AuyYHble TpeXdAeMeHTHbIe MHOXKeCTBa.

Boobi1ie, Aro60e MOHATHE, KOTOPHIM ONlePUPYET YeAOBeK, IIPEeA-
CTaBASIET COOOM HEKOTOPBIM KAACC 3KBUBAAEHTHOCTU. «CTOA», «AOMY,
«KHUTa» — BCE ITU MOHITHUS SBASIOTCS 0000OIEeHHBIMHU ITPEACTaBAE-
HUSIMH O MHOKECTBE KOHKPETHBIX IIPEAMETOB, MMEIOIIUX OAMHAKOBOE
Ha3HaueHUe.

OrtHotleHre R Ha MHOXeCTBe X Ha3bIBAIOT OMHOUlEeHUEM NOPAGKA,
€CAM OHO OAHOBPEMEHHO O0AAAAeT CBOUCTBAMU AHTUCHUMMETPHUY-
HOCTHU U TPAH3UTHUBHOCTHU.

I[NTpuMepaMy OTHOIIEHUN NOPSIAKA MOTYT CAY’KUTH: OTHOIIEHUE
«MeHBIIIe» Ha MHOKECTBe HaTyPaAbHBIX YHUCEA; OTHOIIIEHUE AEAUMOCTH
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Ha TOM JKe MHOXeCTBe, IIOCKOABKY OHU aHTUCUMMETPUYHBI 1 TPAH3U-
TUBHBI.

MHuoskecTBO X Ha3bIBAlOT ynopsigo4€HHbIM, €CAU Ha HEeM 3aAdHO
OTHOIIIeHHe ITOPAAKA.

HaanMep, MHOXecTBO N HATYPAABHBIX YHMCEA MOJXXHO YIIOPSAAO-
YUTh, €eCAHM 3aAAdTh HAa HEM OTHOIIIeHHe «MeHbIIe» MAKWM OTHOIIeHHne
AEAMMOCTH.

He CAepAYyeT AYMATh, UTO BCe€ OTHOIIIEHU ST PA3ACASIIOTCS HAa OTHOIIIEHYIST
OKBHUBAACHTHOCTH U OTHOIIIEHUS ITIOPSAKA. CYLHGCTBYQT OrrpoOMHOe€ 4YuC-
AO OTHOmeHHﬁ, He ABAAIOINUNXCA HU OTHOINEHUAMHN 35KBUBAANEHTHOCTH,
HMY OTHOIIEHUAMHU ITOPSAKA.

BOMPOCHI N SAOAHNA

1. Ha mHoxectBe X npsmoyronbHukos (puc. 4.15) 3apaHo 0THO-
LLIEHWE «KMMETb paBHble NnoLaany. NocTponTte rpad 0THOLLEHMSA
N [OKAXWTE, YTO OHO ABMSIETCA OTHOLLUEHNEM 3KBVBASIEHTHOCTY.
Kakune knaccbl 3KBUBanNeHTHOCTY MNOPOXAAET 3TO OTHOLLEHWE
Ha MHOXecTBe X?

2. 06bsAcHUTE, N0YeMy OTHOLLIEHWE PaBEeHCTBa OTPE3KOB SBMSETCA
OTHOLLIEHVWEM 3KBUBANEHTHOCTW, @ OTHOLLIEHME KOPOYE» He AB-
nsetcs.

3. TycTb X —MHOXEeCTBO NpAMbIX NNockocTw. Kakoe n3 cnegyroLmx
OTHOLLIEHWI SBMNSAETCA OTHOLLEHNEM 3KBUBANEHTHOCTU Ha 3TOM
MHOXECTBE: @) «x napannesnbHa y»; 6) «x nepneHanKynsapHa y»;
B] «x mepecekaeT y»?

4. HawmHoxectBe X={1,2,3,4,5,6,7,8,9, 10} 3agaHo oTHOLLE-
HVE KMMETb OfIMH U TOT e OCTaTOK Npu AeneHnn Ha 4. AsnsaeTca
NN OHO OTHOLLIEHVEM 3KBUBANEHTHOCTN?

5. MoxHo n1 pasbute MHoxecTso X={7 -3;2°,5-2;60:6; 1 +3;
0:4;0-10;4:(10 - 10)} Ha knacchl C NOMOLLLH OTHOLLEHUS]
UMETb PaBHbIE 3HAYEHUAN?

Puc. 4.15
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6. Ckonbko KNaccoB 3KBUBANEHTHOCTM NOPOXAAET HA MHOXECTBE
HaTypasbHbIX YNCEN OTHOLLUEHNE «OKAH4YMBaTLCH OQHOW W TOW
Xe umcpporn»? HasoBmTe No ogHOMY NpPeACcTaBUTENIO KaXAoro
Knacca.

7. Tlycte X — MHOXEeCTBO 0Tpe3KoB. Kakne n3 cnegytomx oTHO-
LLIEHWI ABNSKOTCS OTHOLLEHWSAMM MOPSALAKA HA 3TOM MHOXECTBE:!
a) «x paBHO y»; 6) «x ANVHHEE y»; B) «x OnnHHee y B 3 pasan?

8. Ynopsago4mBaloT N MHOXECTBO HaTypasibHbIX YACEN OTHOLLEHUS:
a) «bonbLue B 2 pa3ay; 6) «bonbLue Ha 2»; B) <HENOCPEACTBEHHO
crnepoBaThb 3ay; ) «x — genuTtens y»?

nasa 5

AJNNTEBPANYECKWE OMEPALIN
HA MHO>XECTBE

B mMaTeMaTuKe M3y4alOT He TOABKO OTHOIIEHUS, HO U Pa3AUYHBIE
onepaluu.

HanpuMmep, Takue onepanuu, Kak CAOKE€HHe, BEHIUMTAHUE, YMHO-
JKeHUe, AeAeHNe, U3BAeUeHUEe KOPHS — JTO OIEepalluy Hap YNMCAAMY;
IepeceueHne, oObeAUHEHNEe, HaXOKAeHNe Pa3HOCTH, AeKapToBa IPo-
U3BEAEHUSI — DTO OoIlepalluy Hap MHOKeCTBaMU; KOH'BIOHKITUS, AU3D-
IOHKIIVS, UMIIAMKAIUSA, OTPUIlaHNe — 3TO AOTHYeCKHUe Ollepalluyl Hap
BBICKA3bIBAHUSAMHU U BBICKAa3bIBATEABHBIMU (POPMaMM.

Omnepalim Hap BHICKa3bIBaHUSIMU U MHOJKECTBAMU IMMOSIBUANCEH B Ma-
TeMaTuke B XIX B. Onepaiinu Hap BEICKa3bIBAHUSIMU BBEA aHTAUUCKUMN
MaTeMaTUK AKOpAK Byab, a onepannuy Hap MHOJKECTBAMU — HEMEIKUU
MareMaTuk [eopr Kanrop.

OKa3zanoch, 9YTO Ollepaliuy Haj BBICKA3bIBAHUSAMHU M MHOKeCTBaMU
00AaAQIOT HEKOTOPHIMU CBOMCTBAMU, aHAAOTUUYHBLIMU CBOMCTBAM OTle-
paui Hap YUCAAMU.

Heo6xopnMo oTMeTUTh, 4To B XIX B. B MaTeMaTHKe BO3HUKAU Pas-
HBIe BEeTBU aAreOpHl: aareOpa uuceA, aareObpa BbICKA3bIBAHUM, aarebpa
MHOJKeCTB U APyTHe, KaKAas U3 KOTOPBIX UMeAd CBOU IIPABUAQ, HO AAST
HEeKOTOPHIX BUAOB aAreOp 3T IpaBUAa OBIAU ITIOXOKUMU.

CTpeMAeHNe BBISICHUTD, UTO IIPEACTaBASIET COOOM AT0Oas oreparius,
CIIOCOOCTBOBAAO TTOSIBAEHHUIO OOIIero MOHATHS aATeOpandecKou oepa-
UM, KOTOPOE MO3BOASET C €eAMHOM TOYKU 3PEHUS U3ydaTh Ollepaljuu
C UMCAAMM, MHOKeCTBaMH, (PYHKIIUSIMU U APYTUMU OOBEKTaMU.

[NouaTue arreOpanuecKoM Ollepallii BOIIAO B MaTeMaTHKY B KOHIlE
XIX B. OHO CTaAO NIPUMEHATHCSA B PA3AMYHBIX MaTeMaTUUYeCKUX AUC-
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IUNAWHAX. M ecAn IepBOHAYAABHO aAreOpa OblAd YIEHUEM O pellleHuU
ypaBHeHUH, To B XX B. OHa IIpeBpaTHUAaCh B HayKy 00 ollepanusax U Ux
CBOMCTBAaX.

YauTeAnb HaYaABHBIX KAQCCOB IIEPBBEIM 3HAKOMUT AeTel C PA3AUYHBI-
MM oIlepaliisiMU Hap YMCAAMU U UX cBoMcTBaMu. MiHOraa B HaUaAbHOM
Kypce MaTeMaTHuKU HauWHaeTCs U3ydeHre ollepaliii Hap MHOKeCTBaMU
U CY’KAeHUSMU. V1 cOBepIlleHHO eCTeCTBEHHO, YTO AASI TOTO YTOOBI I'pa-
MOTHO O00y4aTh AeTel, BUAETh [IePCIIEeKTUBY Pa3BUTHS arreOpandecKux
MIOHATUHU B AQABHENIIIeM 00y4eHUH IITIKOABHUKOB MaTeMaTUKE, YIUTEAO
HeOOXOAWMO 3HATh, 4YTO TaKOe aareOpamyeckas olepalus, KaKUMU
CBOMCTBaMM OHa OOAapaeT.

m NOHATVE ANTEEPANYECKOM OMEPALIAN

PaccMmoTpuM, HanpuMep, CAOKeHUe HaTypaAbHBIX uniceA. [1pu BhI-
IIOAHEHUM 3TOM OIepalliM 110 ABYM YHCAAM HAXOAAT TPEThe — CyMMY
3TUX 4ymnceA. Tak, CKAapaBbIBad yucAa 5 U 9, moAydaeM 4uCAO 14, KoTopoe
TaK ’Ke, KaK U AQHHBIE YUCAA O U 9, ABASeTCA HaTypaAbHBEIM YHCAOM.

BEIIOAHSIS TepeceyeHNe MHOXXECTB, 10 ABYM A@HHBIM MHOJKe-
CTBAM HAXOAST HOBOE, COCTOdIlee U3 OOMIUX 3AeMeHTOB AAHHBIX
MHO>XEeCTB.

Ecanu paccMaTpuBaTh BEIUUTAHUE HATYPAABHBIX YUCEA, TO MOKHO
CKa3aTh, YTO IIPU €T0 BBIIIOAHEHUH 110 ABYM 33AAHHBIM HATYPaAbHBIM
4MCAAM HAXOAAT TPEThe — PAa3HOCTh, OAHAKO He BCETAd dTa Pa3HOCTh
SIBASIETCSI HaTYPAAbHBIM YMCAOM. Ho IIpM BHIYMTAHUU IIEABIX YUCEA
Pa3HOCTb ABYX IIE€ABIX UYMCEA BCerpa OyAeT IIeABIM YUCAOM. M B aTOM
BBIUMTAHNE IeABIX YHCEeA IOXOJKe Ha CAOKeHHe HaTypaAbHBIX YHCEA
U IlepeceyeHre ABYX MHOJKECTB.

O6o6mast, MOKHO OTMETHUTH, YTO BBEIIIOAHSS Ty UAU UHYIO OIle-
panuo, Hy>)KHO 3HATh, Ha KAKOM MHOJKECTBE OHA PacCMaTPUBAETCH.
Aanee, BHIIIOAHSS ONlepaliiio, 10 ABYM dAeMeHTaM X U y U3 BhIOpaH-
HOTO MHO>XeCTBa HaXOAUM TPEeTHUN DAEMEHT Z TOTO JKe MHOJ>KeCTBa.
OH eAUHCTBEHHBIN, U IIPU 3TOM OTBET, BOOOIIe TOBOPS, 3aBUCUT
OT TIOPSIAKA 3TUX SIAEMEHTOB (KakK, HallpuMep, TPU BBIUYUTAHWUY UNCEA).
ApyTrMY CAOBaMH, IIPU BHIIOAHEHUY OIIePaIluy YIIOPSIAOUYEHHOU ape
3AEMEHTOB U3 MHOXXecTBa X CTaBUTCS B COOTBETCTBUE EAMHCTBEHHBIMN
35AEMEeHT TOro JKe MHO>XecTBa. Onepaliuio, yAOBAETBOPSIOIIYIO TAKUM
YCAOBUSM, Ha3bIBAIOT OMHAPHOM aAreOpanueckoi. Tak Kak MbI OypaeM
paccMaTpuBaTh TOABKO TaKue ollepallii, CAOBO «OMHaApPHBLIE» B AAAb-
HelIlleM OyAeM OITyCKATh.
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Aarebpauueckoill onepauuell Ha MHOKeCTBe X Ha3bIBalOT COOTBET-
CTBHE, IIPU KOTOPOM Ka>XAOM YIOPSAOYEHHOM IIape 3AeMeHTOB
U3 MHOXeCTBa X COIOCTaBASIeTCS €AWHCTBEHHBIN 3AEMEHT TOTO JKe
MHO>KECTBA.

W3 3TOTO OIpepeneHus CAeAyeT, YTO OMHAPHAs aATeOpandecKkas ore-
panusa Ha MHOXKecTBe X eCTb OTOOpakeHne MHOKecTBa X x X BO MHO-
XKecTBO X.

Ecau Ha MmHOXecTBe X 3apaHa aareOpandeckasl onepanus, TO ro-
BOPST, YTO MHO>KeCTBO X 3AMKHYMO OTHOCUTEABHO 3TOM OIlepalluu.
Hanpumep, MHOKeCTBO HaTypPaAbHBIX UUCEA 3@aMKHYTO OTHOCUTEABHO
CAOJKEHUS U YMHOKEHUS.

CylecTByIOT oIlepanuy, KOTOPEIE HE SIBASIOTCS aAreOpandeCcKUuMU.
ITpuMepoM TakoU OIlepalluy ABASETCS BEIUMTAHME Ha MHO’KECTBe Ha-
TYPaAABHBIX UMCEA: X — ¥ OyAeT HaTyPaAbHBIM YHCAOM AWML IIPU YCAOBUH,
4TO X OOABIIIE V¥, T.€. B TOM MHOJKECTBEe eCThb IIaphl YHCeA, KOTOPBIM
HeABb3s IIOCTaBUTh B COOTBETCTBHE HATypPaAbHOE UHCAO.

BOMPOCHI N SAOAHNA

1. O6bACHUTE, NOYEMY CNOXEHUE, YMHOXEHWE U BblYUTAHWE AB-
nstTCs anrebpanyeckumy onepaumsMmn Ha MHOXECTBE LIESbIX
yuncer, a feNeHNe He ABMSETCS.

2. Hasosute onepauuy, KOTOpbIE MOXHO BbINOMHATE Haf MHOXe-
cTBamu. Kakune 13 Hux sBnsitoTcst anrebpanyeckmMm n noHemy?

m CBOVMCTBA ANTEBPAVYECKUNX OMEPALIAIA

W3BeCTHO, UTO CAOKEHHE U YMHOKEHNE YHCeA 00AAQIOT CBOMCTBAMU
KOMMYTATUBHOCTU ¥ aCCOITUATUBHOCTU. AHAAOTUYHBIMU CBOMCTBAMY 00-
AAAAIOT OOBEAVHEHHE U IepeceueHre MHOKECTB, KOH'BIOHKITUS U AN3h-
IOHKITUS BBICKa3bIBaHUU. OIPEAEAUM 3TU CBOMCTBA B O0IIEM BUAE.

AATeOpanuecKyro ONepaluio «*», 3aAaHHYIO Ha MHO’KecTBe X, Ha-
3BIBAIOT ACCOUUAMUBHOI, €CAU AT AFOOBIX DA€MEHTOB X, y U Z U3
MHO>KeCTBa X BEIIIOAHIETCS PABEHCTBO (X*y)*Z = X*(y*z).

Ecam oneparnust «+» o6AapaeT CBOMCTBOM aCCOITMATUBHOCTH, TO BHI-
paKeHmus (X*y)*Zz 1 X* (y*Zz) MOXKHO 3alIMCHIBATh 0€3 CKOOOK.

CymiecTByIOT aATeOpandyeckue olepanuy, He o0Aaparole CBOM-
CTBOM aCCOIIMATUBHOCTHU. TakK, He SIBASIETCS aCCOIMAaTUBHBIM BEIUYUTAHNE
IEABIX YHCEA.
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AcCcOnuaTUBHOCTh aAre0pandeckol oIlepallly «+*» II03BOAIET 3alll-
CBIBaTh 06€3 CKOOOK BCE BBIPAKEHUST, COAEPIKAIITNE AUIITE 3Ty OTIEPATTHIO,
HO TI€PECTaBASITH BXOASIINE B 3TO BBEIPa’XEHUE BAEMEHTHI, BOOGIIe
TOBOPSI, HeAB3s. [lepecTaHOBKa 3A€MEHTOB BO3MOYKHA AUIIE B CAyYae,
KOTAQ OIlepaIysl «*» KOMMYyTaTUBHA.

AATeOpanuecKyIo OIeparuio «*» Ha MHOKeCTBe X Ha3bIBAIOT KOM-
MymamuBHOU, eCAU AAST ATOOBIX ABYX DA€MEHTOB M3 MHOKeCcTBa X
BBIIIOAHSIETCSI PABEHCTBO X*y = V*X.

CymiecTByIOT aATeOpandyeckyue olepanuy, He oOAaAarollyie CBOU-
CTBOM KOMMYTaTHUBHOCTH. Tak, He IBASIETCSI KOMMYTaTUBHBIM BEIIYUTAHIE
IeABIX UHCEA.

YHacTo B MHO>KECTBE IIpU paCCMOTPEHUU aareOpandyeCcKon onepanumn
BBIAEGASIIOT OCOObIe dIAEeMEeHTHI, Ha3hblBaeMble B aATeOpe HeUTpaAbHBIM
¥ TIOTAOIIAFOIIIIM.

DAeMeHT e U3 MHOKeCTBa X Ha3bIBalOT HEUMPAAbHbIM OTHOCUTEND-
HO aAreOpandecKOU Ollepaluu «*», eCAU AAS AIOOOTIO IAEeMeHTa X
U3 MHO>KeCcTBa X BBLIIIOAHSIOTCS PaBEHCTBA X*€ = e*X = X.

OAEMEeHT p U3 MHO>KecTBa X Ha3bIBAIOT NOrAOW,AOULUM OTHOCHU-
TEeABHO aATeOpandecKOU OIepaIiiU «*», €CAM AN AFOOOTO dAeMeHTa X
U3 MHO>XeCTBa X BBIIIOAHAIOTCS PABEHCTBA X*D = p*X = D.

EcAu HeUTpaABHBIN (IIOTAOLIAIONINM) SIA€MEeHT OTHOCUTEABHO aATe-
OpandecKol oIlepalluy CyIIeCTBYeT, TO OH eAMHCTBEHHBINU. Tak, B MHO-
JKECTBe I[eABIX HEOTPHUIIATEABHBIX UMCEA HYAD SIBASETCS HEeUTPaAbHBIM
9AEMEHTOM OTHOCHUTEABHO CAOJKEHHS U IOTAOIIAIOIINM 3AEeMEeHTOM
OTHOCHUTEABHO YMHOKEHHUS.

BOMPOCHI N SAOAHNA

1. 3anumnTe, Cnonb3ya CUMBOTbI, HTO COXEHUE U YMHOXEHME Ha-
TyparnbHbIX YUCEN aCCOLMAaTUBHO U KOMMYTaTVBHO, a8 Bbl4/TaHNE
LienbIX Y1cen aTvMu CBOCTBaMU He obnafaerT.

2. Kakvie npeobpasosaHus BoipaxeHus A UBU C MoXHO BbINONHUTD,
MCMnonb3ys CBOMCTBA accoLMaTUBHOCTU U KOMMYTaTUBHOCTU
06beANHEHNA MHOXECTB?

maBa 6
BbIPAXXEHWA. YPABHEHWA. HEPABEHCTBA

HepBoe 3HAKOMCTBO C TAKUMU IIOHATUSIMU, KaK «BbIpa>KeHUe»,
«ypaBHeHHEe», «KHepPpAaBeHCTBO», IIPOUCXOAUT B HAYAABHOM KypcCe MaTe-
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MaTuKU. BBOAATCS OHM, Kak IPaBUAO, 0€3 CTPOTUX ONIPEeAEAeHHUH, Jallle
BCEro OCTEHCUBHO, YTO TPeOyeT OT YUUTEAS He TOABKO OOABIIION aKKy-
PATHOCTHA B YIOTPEOAEHUM TEePMHUHOB, 0003HAYAIONIUX ITHU IOHSATHS,
HO W 3HAHUA PSIAQ UX CBOUCTB.

V3yueHre AQHHBIX IMOHATUN CBSI3@HO C MCIIOAB30BaHMEM MaTeMa-
THUYECKOTO $3bIKa, KOTOPBIM OTHOCUTCS K MCKYCCTBEHHBIM S3BIKaM,
CO3AAIOIIUMCS U Pa3BUBAIOLINMCS BMeCTe C TOW MAU UHON HAayKOM.

MaTtemaTrnuecKu# 3bIK, KakK 1 AT0O0M APyTO, MMeeT CBOU ardaBUT.
B AaHHOM Kypce OH OyAeT IPEACTaBASH YaCTUYHO B CBS3U C HEOOXOAN-
MOCTBIO OOABIIIE BHUMAHUSA YAEAUTHb B3aUMOCBSA3U aAreOpsl ¢ apudme-
TUKOU. B 3TOT aAndaBUT BXOAAT:

n udps 0, 1,2, 3,4, 5,6, 7 8,9 (c UX MTOMOIIIBIO IO CIEIMaAbHBIM IIpa-
BUAAM 3aTIMCHIBAIOTCS YHUCAQ);

B 3HAKHN onepaunﬁ KN, €=N, &N, K,

B 3HAKW OTHOIIIEHUM «<», «>», «=»;

®  CTpPOYHBIE OYKBBI AQTUHCKOI'O aArd)aBUTA (MX MPUMEHSAIOT AASL 000-
3HaUEHUs YHMCEA);

m CKOOKU (KpyTABle, (pUT'YpHBEIE U ApP.), Ha3bIBaeMble TEXHUYECKUMU
3HaKaMU.

I/ICHOABSYH 3TOT aACpaBI/IT, B aAre6pe 06pa3y10T CAOBQ, HA3bIBasi UX
BBIPDA’>KeHUAMHU, da U3 CAOB IIOAYYAIOTCA IIPEANOJKEHUA — YUCAOBEIE
PAaBEHCTBQ, YNCAOBEIE HEPABEHCTBAQ, YPABHEHUA, HEPABEHCTBA C IIepe-
MEHHBIMU.

m BbIPAXKEHUSA 1 X TOXAECTBEHHbIE
NPEOEPA30BAHNSA

Kak usBecTHO, 3anucu 3+ 7, 24 :8,3-2-4, (25+3) -2 - 17 Ha-
3BIBAIOT YUCAOBBIMU BhlpawKeHuamUu. OHU 00pa3yIoTcs U3 YUCeA, 3HaKOB
AEMCTBUHU 1 CKOOOK.

EcAu BBIIOAHUTH BCe AEMCTBUY, yKa3aHHBIE B BBIPa’KeHUH, TO IIO-
AYYHUM YUCAO, KOTOPO€ Ha3bIBAIOT 3HAUEHUEM HUCAOBOIO BbIPAXKEHUS.
Tak, 3HaYeHUe YUCAOBOTO BEIPA*XeHUd 3 - 2 — 4 paBHO 2.

CyuiecTBYIOT YUCAOBBIE BhIPA’KeHUs, 3HaUeHUsI KOTOPBIX HEAb3s
Havtu. [1po Takue BHIpa’KeHUS TOBOPST, UTO OHU HE UMelOm CMbICAd.
Hanpumep, BelpakeHue 8 : (4 — 4) cMBICA@ He UMeeT, IOCKOABKY ero
3HaueHUe HaUTU Heab3d: 4 — 4 = 0, a AeAeHUe Ha HyAb HEBO3MOJKHO.
He umMmeeT cMBIcAa 1 BEIpa>keHue 7 — 9, eCAU paccMaTpUBaTh €ro Ha MHO-
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>KeCTBe HATyPAABHBIX UHMCEA, TaK KaK Ha 3TOM MHOJKECTBe 3HAaUeHUe
BBIpa)KeHUd 7 — 9 HaWTH HeABb34.

PaccmoTpum 3anuck 2a + 3. OHa oOpa3oBaHa U3 YUCEA, 3HAKOB
AECUCTBUU U OYKBHI d. ECAM BMECTO a MOACTABAATE YUCAQ, TO OYAYT IO-
Ay4YaThCs Pa3AMYHbBIE YHCAOBBIE BBIPa’KeHUS:

m ecAnua=7T102-7+3;
m ecarua=0,t02-0+3;
m ecama=—4,T02-(—4)+3.

B 3anucu 2a + 3 Takyto OyKBY a Ha3bIBAIOT NepeMeHHOoU, a caMy 3a-
IUCh 2a + 3 — BbIpAKeHUeM C nepeMeHHOU.

IlepeMeHHYIO B MaTeMaTHKe, KaK IIPaBUAO, 0003HAUAIOT AIOOOM
CTPOUYHOM OYKBOM AAQTUHCKOTI'O aAdaBUTa. B HaYaAbHOU IIIKOAE AAS
0003HaUYeHUs IlepeMeHHON KpoMe OYKB MCIIOAB3YIOTCS APyTHe 3HaKH,
"HanpuMep [J. Torapa 3anuch BEIpa’KeHUS C IIepeMeHHON UMeeT BUA:
2-0+3.

Ka>kpoMy BBIpa’KEHHIO C IIEPEMEHHOM COOTBETCTBYET MHOKECTBO
YuceA, IPU IIOACTAHOBKE KOTOPBIX ITOAYYAETCsI YHUCAOBOE BhIpa>keHue,
uMelollee CMBICA. DTO MHOXKECTBO Ha3bIBAIOT 00AQCMbIO onpegeAeHus
Bhlpaxenus. Hannpumep, 00AaCThb ONIPeAeAeHUs BBIPayKeHUd O @ (x — 7)
COCTOUT M3 BCeX AeMCTBUTEABHBIX UHMCEA, KpOMe YHCAA 7, TaK Kak IIpu
X = 7 BBIpakeHUe S : (7 — 7) cMBICAQ HEe UMeeT.

B mMaTeMaTnKe pacCMaTpUBAIOT BEIPA’KEHUS, COAEPIKAIle OAHY,
ABe u Ooablile nmepeMeHHBIX. Hanpumep, 2a + 3 — BEIpakeHUe
C OAHOM IlepeMeHHOM, a (3x + 8y) - z — BBIpa’keHHe C TpeMs Iepe-
MeHHBIMH.

YTOoOBI M3 BhIPa’KeHUs C TpeMs IepeMeHHBIMHU ITIOAYUYUTh YHCAOBOE
BEIPa’KeHUE, HaAO BMECTO Ka’KAOM IIepeMeHHOU ITOACTABUTH YUCAQ,
IIpPUHAAAESKAIe 0OAACTH OIIPEAEAECHUS BEIPAKEHUS.

WTak, MBI BBISICHUAHY, KaK U3 aaaBUTa MAaTEMAaTUUECKOI'O I3bIKa 00-
Pa3yloTcsl YMCAOBBIE BEIPa’KeHUS 1 BBIPayKeHUs ¢ lepeMeHHBIMU. Ecan
IIPOBECTU AQHAAOTHIO C PYCCKUM SI3BIKOM, TO BBIPA’KEHUS — 3TO CAOBA
MaTeMaTH4eCcKOro I3bIKa.

Ho ncnioas3ys aadaBUT MaTeMaTHYeCKOTO 93bIKa, MOJKHO 00pa3oBaTh
U Takue, HanpuMmep, 3anucu: (3 + 2)) — - 12 uam 3x — y : +) 8, KoTOpEIE
HeAb3s Ha3BaTh HU YMCAOBBIM BhIpakeHHeM, HU BhIpakeHUeM C Iepe-
MEHHOM.

OTH IpUMEePHI CBUAETEABCTBYIOT O TOM, YTO ONMCAHUEe — U3 KaKUX
3HAKOB aAdaBUTa MaTeMaTU4YeCKOTO g3bIKa 00Pa3yloTcs BhIPa’KeHUS
YHCAOBEIE U C IEPEMEHHBIMH, He IBASETCS OIpeAeA€HUEM 3TUX IIOHS-
T, OIPEAEAUTE IOHATHE YUCAOBOTO BEIPA’KEHUSA MOKHO CAEAYIOIIUM
o0pa3oMm.
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Ecau fu g — uncaoBele BeIpaskenusd, To (f) + (g), (f) — (g), (f) - (9).
(f) : (g) — uucaroBble Bbipakenust. CIUTAIOT, YTO Ka>XA0€ YUCAO
SIBASIETCSI YMICAOBBIM BBIPDa’KEHUEM.

Ecam TOYHO CAepAOBATh 3TOMY ONPEAEAEHUIO, TO IIPUIIAOCH OBl IIH-
CaTh CAHUIIKOM MHOI'O CKOOOK, Hanmpumep, (7) + (5) uau (6) : (2). Arsa
COKpallleH!s 3allUCH YCAOBUAMCH OIIYCKATh CKOOKH, €CAU HECKOABKO
BBIPQKEHUN CKAQABIBAIOTCSI UAU BBIUYUTAIOTCS, IPUUYEM 3TH OIlepaluu
BBIIIOAHSIOTCSI CAeBa HaIpaso.

ToyHO Tak >Xe He NUNIYT CKOOKM ¥ IIPU YMHOXEHUU WAV AGACHUU
HECKOABKO YHICEA, TPUYEM 3TU OIEePAaIlN{ BBIIIOAHSIOTCS II0 IMOPSAKY
caeBa Hanpaso. Hampumep, numyr tak: 37 — 12 + 62 — 17 + 13 uau
120 : 15 - 7: 12,

Kpome TOro, yCAOBUAUCH CHa4YaAd BBIIIOAHATH AEHCTBUS BTOPOH
CTYIIeHU (YMHOXXEeHHEe U AeAeHUe), a 3aTeM ACUCTBUS IIePBOM CTyIIeHU
(cAroKeHUe U BRIYHUTAHUE).

ITosTomy BeIpakenue (12 -4 :3) + (5 -8 : 2 7) 3a0IUCHIBAIOT TaK:
12-4:3+5-8:2-7

3agaua. HatitTu 3HaueHUe BBEIpakeHus 3x(x — 2) + 4(x — 2) npu
x=0.

Pewenue. I cnocob. TTopcTaBUM YUCAO 6 BMECTO ITIepeMeHHOU B AQH-
HOe BBIpakeHHUe: 3 -6 - (6 —2) + 4 - (6 — 2). UTOOBI HA'TU 3HAUYEHUE I10-
AYYEHHOTO YHMCAOBOTO BBIPayKEHMUS, BLIIIOAHUM BCe YKa3aHHbBIE ACHCTBUS:
3:6-6-2)+4-6-2)=18-4+4-4=72+16=288.

CAepOBaTeAbHO, IPU X = 6 3HaUeHUe BEIpakeHusd 3x(x — 2) + 4(x — 2)
pasHo 88.

II cnoco6. TTpesrae ueM MOACTaBASITh UHCAO 6 B A@HHOE BhIpa>keHue,
yOpocTuM ero: 3x(x — 2) + 4(x — 2) = (x — 2)(3x + 4). 1 3aTeM, IOACTaBUB
B IIOAyY€HHOE BBIPa’kKeHHe BMECTO X YHMCAO 6, BBIIIOAHUM AENCTBUS:
6-2)-(3-6+4)=4-(18+4)=4-22=288.

OO6paTtuM BHUMaHMe Ha CAeAYIOIINM (haKT: Kak IIpH IIepBOM CIIocobe
pellleHus 3aAa4uy, TakK U IIPU BTOPOM, OAHO BHIpa’KeHHe 3aMeHSIAOCh

APYTHIM.
Hanpumep, Beipakenue 18 - 4 + 4 - 4 3aMeHSIAOCH BEIpa’KeHueM 72 +
+ 16, a BeIpaskeHue 3x(x — 2) + 4(x — 2) — BeIpakeHUeM (x — 2)(3x + 4),

IIpu4yeM 3T 3aMeHEBI IIPUBEAU K OAHOMY U TOMY JKe Pe3YABTATy. B mare-
MaTHKe, OIIMChIBasl pelieHnue AaHHOfI 3aAAQ4¥, TOBOPAAT, YTO BBIIIOAHSAAUCH
TOXAECTBEHHEIE Hpeo6pa30BaHH${ Bpra)KeHHﬁ.

ABa BBIpa’KeHUs Ha3bIBAIOT MOXgeCMBEHHO PABHbIMU, €CAU IIPU
AIOOBIX 3HAUEHUSIX IIePEMEHHEBIX 13 0OAACTH OIIPEAEASHUST BBIPpaske-
HUU UX COOTBETCTBEHHbIE 3HAUEHUST PaBHHI.
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[TpuMepoM TOKAECTBEHHO PaBHBIX BEIPa’KEHUM MOT'YT CAY’KUTD BEI-
pakeHUd 5(x + 2) 1 5x + 10, TOCKOABKY IIPU AFOOBIX A€HMCTBUTEABHBIX
3HAYEHUSAX X UX 3HAUEHUS] PaBHEL.

Ecam ABa TOKAECTBEHHO PaBHBIX Ha HEKOTOPOM MHOJKECTBE BHI-
Pa’keHMsI COEAVHUTH 3HAKOM PaBEHCTBA, TO IIOAYIMM IIPEAAOKEHUE,
KOTOpPOE Ha3hIBAIOT MOKgeCMBOM Ha 3TOM MHOKECTBE.

Hampumep 5(x + 2) = 5x + 10 — TO>XAeCTBO Ha MHOKECTBe AeUCTBU-
TEABHBIX YHUCEA, TOTOMY UTO AASI BCEX AEMCTBUTEABHBIX YNCEA 3HaUEeHUS
BEIpaXeHU!" 5(x + 2) u 5x + 10 coBnaparoT. Micnoas3ysa oO003HaueHUe
KBAHTOPA OBIITHOCTH, 3TO TOKAECTBO MOJKHO 3aIIMCaTh TAKUM 0OPa30oM:
(Vx € R) [5(x + 2) = 5x + 10]. ToskpecTBaMU CUMTAIOT U BEPHBIE UUCAO-
BBLIE PABEHCTBA.

SaMeHy BBIDA’KEHUSI ADYT'UM, TOXKAECTBEHHO PABHLIM €My Ha He-
KOTOPOM MHO>XeCTB€, HAa3bIBAIOT MO)KgEeCMBEHHbBIM npeo6pa308a-
HUEM gAHHOTI'O BbIPAJKEHUS HA 311IIOM MHOJ>KeECImBE.

Tak, 3aMeHUB BBIpa)XKeHHE 5(X + 2) HA TOKAECTBEHHO PaBHOE eMy
BBIpa’keHMe 5x + 10, MBI BEIIOAHUAY TOKAECTBEHHOE IIpeoOpa3oBaHue
IIepBOro BeIpaskeHUs. Ho Kak, mMes ABa BRIPayKeHUs, Y3HATD, IBASIOTCS
AU OHU TOKAECTBEHHO PAaBHBIMU ? HaXOAUTE COOTBETCTBYIOIINE 3HAUe-
HU4 BEIPAXKEHUM, IOACTaBASSI KOHKPETHBIE UNCAA BMECTO IIePEMEHHBIX,
AOATO M He BCErAa BO3MOKHO. Ho Toraa KakoBBI Te IPaBUAQ, KOTOPBIMU
HAAO0 PYKOBOACTBOBATHCS, BBIIIOAHSS TOKAECTBEHHEBIE TPe0Opa30BaHus
BBIp@’KeHMN ¢ DTHUX IIPaBUA MHOTO, CPeAU HHUX — CBOMCTBA aAreOpau-
YeCKUX oIlepalluii, OIlpepeAeHus TOHATUN.

B HawaABHOM Kypce MaTeMaTHKU BEIITOAHSIOT, KaK IIPABUAO, TOABKO
TOXXAECTBEHHBIE TPe0OPa30BaHUS YUCAOBBIX BhIPa’KeHUN. TeopeTuye-
CKOU OCHOBOM TaKUX IPe0Opa30BaHUU SIBASIIOTCSI CBOMCTBA CAOKEHUSI
U YMHOJKeHUs, Pa3ANMYHbIEe IIpaBUAA: TPUOABAEHUS CYMMBI K YHUCAY,
YUCAa K CyMMe, BBIUUTAHMS YUCAQ U3 CYMMEI U Ap. Hanpumep, 4ToObI
HaNTU npoussBepeHue 35 - 4, MOKHO BBIIIOAHUTH IPe0OpPa30BaHUIL:
35-4=30+95)-4=30-4+5-4=120 + 20 = 140. B ocHOBe BBITIOA-
HEeHHBIX IIpeoOpa30BaHUN A€KAT CBONMCTBO AMCTPUOYTUBHOCTH YMHO-
SKEHUSI OTHOCUTEABHO CAOJKEHNS; IPUHIIUII 3aIIUCH YUCEA B ACCITUUYHON
cucreMe cuucareHus (35 = 30 + 5); mpaBUAa YMHOKEHUSA U CAOKEHUS
HATypPaAbHBIX YHCEA.

BOMPOCHLI N1 SAOAHNA

1. Cpepv cnepytoLLyx 3an1cen yKaXxmnTe YACTIOBbIE BbIPaXEHUS:
alj42:5;6)27;8)32 +-):14;
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Nne-7=7-2,p(17+13):10-15;e) 142>71 - 2.

2. Kakue 13 cnepytoLLmnx BbIPaXXeHWn MMEeT CMbICH, ECIW paccMma-
TPVBAaTb X HA MHOXECTBE HaTyparibHbIX YACEST:
a)(135+67)-12;6)(135-217):2;8)362:47

3. Kakue 13 cnepyroLumx 3anvcei ABNAHTCA BbIPaXKeHUsMU C Nepe-
MEHHbIMW:
a)8+0,3b;6)21 - (4 +y)Blx+2y<7; r)32:y+3=5y?

4. YctaHoBuTe 06nacTb ONpefeneHns BbipaXKeHun, ecnm paccma-
TPMBaTb NX HA MHOXECTBE AENCTBUTENbHbIX YNCET:
a)(8-y):64;6)64:(3-y)B)(B+x):(x-12).

5. BblumcnuTe 3Ha4eHNEe BblpaXeHus:
a)((36:2-14)-(42-2-14)+20): 2;
6)(72:12-(18-15)):(24:3-2 - 4);

m YMCOBBIE PABEHCTBA 1 HEPABEHCTBA

ITycts f 1 g — ABA YMCAOBBIX BEIpakeHHsa. COEAMHUM MX 3HAKOM
paBeHncTBa. [Toayunm npeproxenue = g, KOTOPOe HA3BIBAIOT YUC-
AOBBIM PABEHCMBOM.

Bo3bMeMm, HanmpuMep, YUCAOBBIE BhIpakeHus 3 + 2 1 6 — 1 1 coepArHUM
UX 3HAKOM paBeHCTBa 3 + 2 =6 — 1. OHO uctuHHOe. ECcAM JKe COepAnHUTD
3HAKOM PAaBEHCTBA YMCAOBBIE BEIpaKeHUsd 3 + 2 1 7 — 3, TO OAYYUM
AO>KHOE YUCAOBOe paBeHCTBO 3 + 2 = 7 — 3. Takum obpasom, ¢ Aoru-
yeCcKol moukKu 3peHus YuCAOBO€ PaBEeHCMBO — 5MO BblICKA3bIBAHUE,
UCMUHHOE UAU AOKHOE.

YHucaoBoe paBeHCMBO UCMUHHO, €CAU 3HAUEeHUA YUCAOBbIX BbIpDWKEeHUU,
cmoAawux B AeBOU U NPABOU YacmAX PABEHCMBA, COBNAgaom.

HanmomMHMM HEKOTOpBIe cBOUCMBA UCMUHHbIX YUCAOBbBIX DPABEHCMB:

1) ecan K 06emM 4aCTSIM UCTUHHOTO YHCAOBOTO PABEHCTBA IPUOABUTH
OAHO M TO K€ UMCAOBO€ BBEIpa’keHHe, UMelolllee CMBICA, TO ITOAYYUM
TaK)XKe UCTUHHOE UYMCAOBOE PaBEHCTBO;

2) ecan o0e 9aCTU UCTUHHOTO YHCAOBOTO PABEHCTBA YMHOJKUTH
Ha OAHO U TO K€ YHCAOBOE BEIPA’KEHUE, IMEIOIee CMBICA, TO ITIOAYINM
TaK)XKe UCTUHHOE UMCAOBOE PaBEHCTBO.

ITycTe f u g — ABa YHCAOBBIX BEIpakeHUsA. COEANHUM MX 3HAKOM
«>» (AR «<»). [loayuuM npepnroskeHue [ > g (uAm f < g), KOTOpOe
Ha3bIBAIOT YUCAOBbIM HEPABEHCMBOM.

Hampumep, ecAu cOepAUHUTD BhIpakeHus 6 + 2 1 13 — 7 3HAKOM «>»,
TO IIOAYYMM HUCTHUHHOE UYMCAOBOE HEPABEHCTBO 6 + 2 > 13 — 7. Ecam
COEAVHUTD Te >Ke BBIPA’KeHUs 3HAKOM «<», TO IIOAYIHUM AOKHOE UYUCAO-
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BO€ HepaBeHCTBO 6 + 2 < 13 — 7. TakuM 00pa3oM, ¢ Aoruueckoli mouku
3peHusl YuCA0BO€e HEPABEHCMBO — 3MO BHICKA3bIBAHUE, UCIMUHHOE UAU
AOJKHOe.

PaccMoTpuM HeKOTOpBIE CBOUCMBA UCMUHHBIX YUCAOBLIX Hepa-
BEHCMB:

1) ecam K 06euM YacTsIM MCTUHHOTO YMCAOBOTO HepaBeHCTBA IIpU-
0aBUTH OAHO U TO K€ YMCAOBOE BEIPpa’KeHUe, UMEIOIee CMBICA, TO I0-
AYYUM TaK’Ke UCTUHHOE YMCAOBOE HEPaBeHCTBO;

2) ecam 00e 4aCTH UCTUHHOTO YMCAOBOI'O HEPABEHCTBA YMHOXUTh
Ha OAHO U TO K€ YMCAOBOE BEIpa’keHUe, UMelolllee CMBICA U ITOAOKU-
TeAbHOe 3HaueHUe, TO IIOAYIYNM TaKKe MCTUHHOEe UYHCAOBOE HepaBeH-
CTBO;

3) ecam 00e 94aCTM MCTUHHOTO YHMCAOBOTO HEPABEHCTBA YMHOXUTh
Ha OAHO U TO K€ YHCAOBOE BHIpa’KeHUe, MMeIollee CMBICA U OTPUIa-
TEeAbHOEe 3HaUeHNe, @ TakKe ITIOMEHSITh 3HaK HepaBeHCTBa Ha ITPOTUBO-
IIOAOJKHBIM, TO ITOAYYHUM TaK’Ke UCTUHHOE YHCAOBOE HepPaBEHCTBO.

BOMPOCHLI N1 SAOAHNA

1. lpoBepbTe, UCTUHHBI N YMCnoBble paBeHcTBa: 13 -93=31 - 39,
14.82=41-28,23 64 =32 46. MoxHO0 N1 yTBEPXXAATb, 4TO
npov3BefeHvie Nobbix OBYX HATYParbHbIX YACEN HE N3MEHUTCS,
€CNN B KaXA0M MHOXMWTeNe nepecTtaBuTb Lndpbl?

2. V3BecTHO, 4T0 @ < b — NCTUHHOE HepaBeHCTBO. [locTaBbTe
BMECTO «*) 3HAK «>» UNn «<» TaK, 4ToBbl NOAY4UIOCk NCTUHHOE

HepaBeHCTBO:

a)-3,7a*-3,7b; 6)0,12a *0,12b;
a b a b

B -5 * —5i M) —5 * -3,

3 3 3 3’

o)-2(a+95) *-2(b+5); e) %[af’l] * %[bf’l].

3. BeimonHute 3apaHus, KOTopble NPeAHa3Ha4YarnTCa YYeHnKam
Ha4anbHbIX KNAaccoB, 1 CAenanTe BblBOA O TOM, KaK TPaKTytoTCA
B Ha4asbHOM Kypce MaTeMaTVKu MOHATUA YACNOBOro PaBeHCTBa
1 YMCNOBOro HepaBeHCTBa:
a) «3anvLumTe ABa BEPHbIX PABEHCTBA W Ba BEPHbIX HEPABEH-
CTBa, ucnonb3ya Belpaxenus: 9 - 3, 30-6, 3 - 9, 30 — 3»;
6) «PaccTtaBbTe CkobkM Tak, 4Tobbl paBeHCTBa bbinv BEPHLIMU:
4+2-.-3=18;31-10-3=24;54-12 +8 =34,
B) «[ocTaBbTE BMECTO «*)» 3HaKV AeCTBUI Tak, 4Tobbl mony4yu-
nunck BepHble paBeHcTBa: 3B *2=9; 9% 3 * 6= 18».
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m YPABHEHMS C OQHOI NEPEMEHHOIA

Bo3bmeM ABa BhIpaskeHUd C IlepeMeHHOU: 4x u 5x + 2. CoepAuHUB UX
3HAKOM PABEHCTBQ, IIOAYUYUM IIpPeAAOKeHHe 4X = 5x + 2. OHO COAEPIKUT
IIepeMeHHYIO U IIPU IIOACTAaHOBKE 3HaUeHUM IlepeMeHHOM o0OpallaeTcs
B BBEICKa3bIBaHUe. Hanpumep, npu x = —2 NpeprOKeHUe 4x = 5x + 2 00-
palllaeTcd B UICTUHHOE YHUCAOBOE PaBeHCTBO 4 - (-2) =5 - (-2) + 2, a ipu
x=1—sBnaroxHOe 4-1=05"-1+ 2 INosTroMy npeproxeHue 4x = 5x + 2
€CThb BBICKa3blBaTeAbHasd (popMa. Ee Ha3BEIBAIOT ypaBHEHUEM C OAHOU
IepeMeHHON.

ITycTh f(x) 1 g(x) — ABa BBIpA)KEHUs C IIEPEMEeHHON X M 0OAACTBIO
onpepenenusa X. Toraa BEICKa3bIBATEABHYIO (hopMy BUAQ f(X) = g(x)
Ha3BIBAIOT yPABHEHUEM C OgHOU nepeMeHHOuU.

3HaueHUe IIePeMEHHON X U3 MHOKeCTBa X, IpU KOTOPOM YPaBHEHHE
obpaliiaeTcss B MICTUHHOE YHMCAOBOE PaBEHCTBO, HA3LIBAETCSI KOPHEM
yPaBHeHUSL.

Pewiumb ypaBHeHUEe — 5moO 3HAQUUM HAllMu MHOXEeCMBO ero KopHel.

Tak, KopHeM ypaBHeHHUS 4X = 5X + 2, eCAU pacCMaTpUBaTh €ro Ha MHO-
KecTBe R AeMICTBUTEABHEIX UNCEA, IBASETCSA YHUCAO —2. APYyTHX KOpHeHN
9TO YpaBHEHHE He UMeeT. 3HAUUT, MHOJKECTBO €ro KOPHeU eCTh {—2}.

[MTycTh Ha MHOKeCTBe AeHCTBUTEABHBIX YHCEA 3aAaHO ypaBHeHUe
(x—1)(x+ 2) =0. OHo nMeeT ABa KOpHA — uncAa 1 1 —2. CAepOBaTeALHO,
MHO’KeCTBO KOpHeM AQHHOT'O ypaBHEHUs TaKoBoO: {—2, —1}.

YpaBHeHue (3x + 1) - 2 = 6x + 2, 3apaHHOE Ha MHOJKECTBE AeUCTBU-
TEABHBIX YHCEA, OOpAIaeTcss B UCTUHHOE YFICAOBOE PABEHCTBO IIPY BCEX
AEVCTBUTEABHBIX 3HQUEHUIX IEePEMEHHON X: €CAU PACKPBITh CKOOKM
B A€BOU YaCTH, TO OAYYUM 6X + 2 = 6x + 2. B 3TOM cArydae roBOpAT, 4TO
ero KOpHeM SBASIETCS AI00Oe AeHMCTBUTEAbHOE UMCAO, @ MHOXXECTBOM
KOpHeN — MHOYXeCTBO BCeX AeMCTBUTEABHBIX UUCEA.

YpaBHeHue (3x+ 1) - 2=6x+ 1, 3apaHHOE Ha MHOKECTBE ACUCTBUTEAD-
HBIX YKCeA, He 00palaeTcs B UICTUHHOE YMCAOBOE PABEHCTBO HU IIPU
OAHOM AEHUCTBUTEABHOM 3HAUEHUU X: IIOCAE PACKPHITUSI CKOOOK B A€BOU
4YaCTH IIOAyYaeM, 4TO 6x + 2 = 6x + 1, 4YTO HEBO3MOJKHO HU IIPA OAHOM
3HaYeHUU X. B 3TOM cAydae roBOpST, YTO AQHHOE ypaBHeHUe He UMeeT
KOpHeU U 4TO MHO>KeCTBO eTr0 KOpHeH IIyCTO.

YToOBI pelIuTh KaKoe-A100 ypaBHEHMe, ero CHavaAa IIyTeM IIpeoO-
Pa3oBaHUM 3aMEHSIOT APYTUM, OOAee IPOCTLIM; IOAYIEHHOE YpaBHEHNE
BHOBB C IIOMOIIBIO IPeO0OpPa30BaHUM 3aMeHIIOT OOAee MPOCTEIM U T. A,
OTOT NPOIeCC IPOAOAXKAIOT AO TeX IIOp, IIOKa He IIOAydYaT YpaBHEHUe,
KOPHU KOTOPOTO MOYKHO HaWTH M3BECTHBLIM cliocoboM. Ho 4To6wI 3Tu
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KOPHU OBIAM KOPHAME 3aAQ@HHOTO YpaBHEeHUs, HEOOXOAUMO, YTOOHI B ITPO-
Iecce ITpeoOpa3OBaHUM IIOAYYHAUCEH YPaBHEHHUs, MHOKECTBa KOpHeH
KOTOPBIX COBITAAAIOT. TaKme ypaBHEHUS Ha3bIBAIOT PABHOCUABHBIMU.

ABa ypaBHeHU4 [ (x) = g, (x) u f,(X) = g»(X) Ha3bIBAIOT PABHOCUAbHBI-
MU, eCA MHOKECTBa UX KOPHEU COBIAAQIOT.

Hanpumep, ypaBuenust x> — 9 = 0 u (2x + 6)(x — 3) = 0 paBHOCHAD-
HBI, TaK KaK 00a MMeIOT CBOUMHU KOPHAMHU YUCAd 3 U —3. PABHOCUABHEI
u ypaeHeHus: (3x + 1) - 2=6x+ 1 u x> + 1 = 0, Tak KaK 06a HE WUMEIOT
KOpHEMH, T.e. MHOKECTBa UX KOPHEU COBIIAAQIOT.

BBIACHUM Tellepb, KaKHUe IPeoOpa30BaHUS IO3BOASIOT IIOAYYATh
PaBHOCHUABHBIE YPaBHEHUS.

1. IlycTe ypaBHeHue f(x) = g(x) 3apaHO Ha MHOKecTBe X U h(x) —
BBIp@’KeHUe, OIIpeAeA€HHOe Ha TOM JKe MHOXKecCTBe. Toraa ypaBHeHUs
f(x) = g(x) u f(x) + h(x) = g(x) + h(X) pPaBHOCHUABHEI.

OTO yTBep)KAeHUE MOKHO CPOPMYAUPOBAThH MHAUEe: ecAl K obe-
UM 4acmaM YpaBHEHUS € obaacmblo onpegeAenus X npubaBumb OgHO
U mo Xe BblpKeHUe C nepeMeHHOoll, onpegeAeHHOe Ha MOM e MHOXe-
cmBe, MO NOAYYUM HOBO€ YpaBHEHUe, PABHOCUAbHOE JAQHHOMY.

W3 3TOro yTBep>KAEHUS BBITEKAIOT CA€gCMBUS, KOTOPBIE UCIIOAB3Y-
IOTCS TIPY pelleHny ypaBHEeHWH:

1) ecAn K 06enM 4aCTSAM YPAaBHEHUS IPUOABUTL OAHO U TO K€ YKUCAO,
TO IIOAYYMM YpaBHEHWE, PaBHOCHUABHOE AQHHOMY;

2) ecAn KakOoe-Au0O cAaraeMoe (YMCAOBO€e BEIpaKeHUEe UAU BhIpasKe-
HUe C IepeMeHHOM) IepeHeCT! U3 OAHOM YacTu YPaBHEHHUS B APYTVIO,
IIOMEeHSB 3HaK CAQraeMoro Ha IIPOTHBOIIOAOSKHBIN, TO IOAYUYUM ypaB-
HeHUe, paBHOCUABHOE AQHHOMY.

2. I'TycTb ypaBHeHUe f(x) = g(x) 3aAaHO Ha MHOKecTBe X U h(X) — BHI-
PasKeHUe, KOTOPOe OIIPEAEAEHO Ha TOM K€ MHOJKECTBEe 1 He 00pallaeTcs
B HYAb HU IIPU KaKUX 3HAUEHUSAX X U3 MHOKecTBa X. Toraa ypaBHeHUs
f(x) = g(x) u f(x) - h(x) = g(x) - h(x) paBHOCUALHHEI.

OTO yTBep KAEHHE MOSKHO C(DOPMYAMPOBAThL UHAYE: ecAlu obe uacmu
yPaBHeHUA ¢ obAacmblo onpegeAenuss X yMHOXUMBb HA OGHO U MO Xe
BBIPDAKEHUe, KOmopoe onpegeAeHo Ha MOoM JKe MHOXecmBe U He o0pa-
waemcs HaQ HeM B HyAb, IO NOAYYUM HOBO€ yPUBHEHUEe, DUABHOCUABHOE
gaHHOMY.

W3 aToro yTBep>KAeHUs BhITEKAeT cAegcmBue: eCAU 00e YaCTU ypaB-
HEHUs YMHOXKUTB (MAM Pa3AEAUTh) Ha OAHO U TO JKe YHCAO, OTAMYHOE
OT HYAS, TO IIOAYYUM ypaBHEHVE, PABHOCUABHOE AQHHOMY.

X X
PemnM ypaBHeHUEe 1—5 ZE , X € R, 1 obocHyeM Bce peoOpa3oBa-

HUsA, KOTOPEIEe 6YAeM BBIIIOAHSATE B IIPOIjeCCe pellleHnsd.
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TIpeo6pazoBanus

O6ocHOBaHue Npeobpa3oBaHUN

1. [IpuBepeM BBIpa’keHUsd, CTOSIIUE
B A€BOM U IIPABOM YACTSAX YPABHEHUS,

6-2x x
K 00111eMy 3HaMEeHAaTEeAO: 5 = g

BBIIOAHUAM TOKAECTBEHHOE IIPeod-
pa3oBaHUe BBEIpa’KeHUsI B A€BOM ua-
CTU YpaBHEHUS

2. OTOpocuM oOIIUY 3HAMEHATEAb:
6-2x=x

YMHOXXUAU Ha 6 00e yacTu ypaBHe-
HUS (CAEACTBUE U3 YTBEP)KAEHUS 2),
[IOAYYHAY YPaBHEHHE, PABHOCUABHOE
AQHHOMY

3. BeiparkeHue —2x mepeHocuM B IIpa-
BYIO 9aCTb YPaBHEHUSI C IIPOTUBOIIO-
AOXKHBIM 3HAaKOM: 6 = X + 2X

Bocnoab30BaAUCh CAEACTBUEM 2 U3
YTBEeP>KACHUS 1, IOAYIUAU ypaBHe-
HHe, PaBHOCHUABHOE IIPEABIAYIIeMY
Y, 3HAYUT, AQHHOMY

4. lNpuBoAuUM MOAOOHBEIE UAEHEI B
TIpaBOM 4acTU ypaBHeHUd: 6 = 3x

BrinmoaHuAn TOXAECTBEHHOe r[peo6-
Pa3oBaHNe BBIPA’KEeHUA

5. PazpeauM obGe yacTu ypaBHEHUS

Bocnioab3oBaauch CAEACTBUEM 2 us

Ha 3: x =2 YTBEPKAEHUS 2, IOAYYUAUN yYpaBHe-
HUe, pPaBHOCUABHOE IIPEeABIAYIIEMY,

a 3HA4YUT, 1 AHHOMY

Tak Kak BCe BHITIOAHEHHEIE TTPeoOpa30BaHMs KaKABIN Pa3 MPUBOAVAYT
K YPaBHEHHIO, PABHOCHABHOMY IIPEABIAYIIIEMY, MOKHO YTBEPKAATD, YTO
2 — KOpEeHb 3TOr0 YpaBHEHUS.

Ecau ke B mpoljecce pelleHUsl YpaBHEHUS He BEIIIOAHSIOTCS YCAO-
BUS YTBEPKAEHUM | U 2, TO MOKeT MPOMU30UTH NOTEPS KOPHEU UAU
MOTYT HOSIBUTHCS IIOCTOPOHHNE KOPHU. [103TOMY BaskKHO, OCYIIIECTBASIS
npeobpa3oBaHUsg YPAaBHEHUS B I[EASIX IMOAYYEHUs OOAee MPOCTOTO,
CAEAWTD 3@ TeM, YTOOBI OHU IPHUBOAVAHN K YPAaBHEHUIO, PABHOCUALHOMY
AQHHOMY.

B HawaABHOM Kypce MaTeMaTHUKH TeOPEeTHIECKOM OCHOBOY pelleHUs
YPaBHEHUM SBASIETCS B3aUMOCBSI3b MEJKAY KOMIIOHEHTaMU U PEe3yAbTa-
TaMu AelicTBUU. Hanpumep, pelleHne ypaBHeHUA (X - 9) : 24 = 3 MOKHO
0DOCHOBATH CAEAYIOIIUM 00pa3oM. Tak Kak HEeHM3BECTHOE HaXOAUTCS
B AGAUMOM, TO, YTOOBI HAUTU AEAMMOE, Hy’KHO AEAUTEAb YMHOXXUTh
Ha 4acTHoe: x-9=24 -3, uau x - 9= 72.

YToOBl HAaWTU HEM3BECTHHINM MHOJKUTEAb, IPOU3BEAEHUE HYKHO
Pa3AeAuTh Ha M3BECTHBIM MHOMKUTEAD, T.e. x = 72 : 9, uau x = 8. Caepo-
BaTeABHO, KOPHEM AQHHOTO YPaBHEHWUS SIBASIETCSI UUCAO 8.
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BOMPOCHI N SAOAHNA

. YcTaHoBUTE, Kakue 13 cnenyroLnx 3anncen ABnaTCA ypaBHe-

HUSMU C OfJHOV NEPEMEHHOIA:
al(x-3)-5=12x; ry13+(12-7)-5=16;
6)(x-3)-5=12; o) (x-3)-y=12x;
BJx-3)-17+12; e)x*-2x+5=0.

. B ypaBHeHmm (x + ..)(2x + 5) — (x — 3)(2x + 1) = 20 opgHo 4ncno

CTEPTO 1 3aMeHeHO ToYKkamMu. Hangute cTepToe Y1cro, ecnm ns-
BECTHO, 4YTO KOPHEM 3TOr0 ypaBHEHUS ABMAETCS Y1CIO 2.

. CchopmynupyiTe ycnosums, Npu KOTOPbIX:

a) uicno 5 aBnseTcs kopHem ypaBHeHus f (x) = g(x);
6) uncno 7 He ABNseTCA KopHeM ypaBHeHusA f(x]) = gx).

. YcTaHoBWUTE, Kakne 13 cnepyoLLyX Nap ypaBHEHW paBHOCUIIbHbI

Ha MHOXECTBE AeCTBUTENbHbIX YYCEN:
al]3+7x=-4un2(3+7x)=-8;
6)3+7x=-4unb6+7x=-1;
B)]3+7x=-4ux+2=0.

. PewwwTe ypaBHeHus (Bce OHM 3apaHbl HA MHOXECTBE AENCTBU-

TenbHbIX Ynicen) n ob6ocHyTe Bce NpeobpasoBaHuns, BbiNoHsAe-
Mbl€ B MPOLECCE VX YNPOLLEHNS:
7x+4 3x-5
a) —-X=
2 2
3x-2 2x-5

_ =3_
6) x 5 3

. Yyawumnca pewwnn ypasHeHue 5x + 15 = 3x + 9 cnegyowym

o06pa3om: BbIHEC 33 CKOBKM B NIEBOM 4acTy 4MCHo S, a B nNpa-
BOW — 4mcno 3, nony4un ypasHeHve S(x + 3) = 3(x + 3), a 3aTem
paspenun obe YacTu Ha BblpaxeHue X + 3. [onyynn paBeHCTBO
5 = 3 v coenan BbIBog — fa@HHOE ypaBHEHWE KOPHEW He UMEET.
MpaB nu yyaLmmncs?

. Pewwute YpaBHEHNA, NCNOJb3yA B3anMOCBA3b MeXXay KOMMOHEeH-

Tamn 1 pesynstatamn 0encTeum:
a) (x+70)-4=328;

6) 560 : (x + 9) = 56;

B) (BSx +765):170=98;
r)(x-13581):708 = 306.

m HEPABEHCTBA C OfHOW NEPEMEHHOMN

IIpeprokeHus BUAA 2X + 7> 10 — x, x> + Px < 2, (x + 2)(2x - 3) >0
HA3BIBAIOT HEPAaBEHCTBAMU C OAHOU IIepPEMEeHHOMN.
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[TycTh f(x) 1 g(x) — ABa BBIpa)KeHUd C IIepeMeHHON X M 00AACTbIO
onpeperenusa X. Toraa HepaBeHCTBO BUAA f(x) > g(x) uau f(x) < g(x)
Ha3BIBAIOT HEPABEHCIMBOM C OGHOU nepemeHHOU. MHoXecTBO X
Ha3BIBAIOT 00AACMbIO €r0 onpegeAeHuslt.

SHaueHUe IlepeMeHHOM X U3 MHOKeCTBa X, IIpU KOTOPOM HepaBeH-
CTBO 0OOpaIlaeTcs B UCTUHHOE YMCAOBOE HEPABEHCTBO, HA3BIBAIOT €ro
peweHnueM. Pewumps HepaBeHCMBO — 3HQUUM, HAUMu MHOXECMBO ero
pewenudl.

Tak, pelreHreM HepaBeHCTBA 2x + 7 > 10 — x, x € R, aBageTca uucnro
Xx=95 Tak Kak 2 - 5+ 7> 10 — 5 — UCTUHHOE YUCAOBOE HEPABEHCTBO.
A MHO’KeCTBO ero pelleHuN — 3TO IPOMeXYTOK (1, ©), KOTOpHIN Ha-
XOAAT, BBIIIOAHSS CA€AYIOllee ITpeoOpa3oBaHue HepaBeHCTBA: 2X + 7 >
>10-x=>3x>3=>x>1.

B ocHoBe pelieHUs1 HEPaBEHCTB C OAHOU ITepPEeMEHHOM AEKUT IO-
HATHUE PAaBHOCUABHOCTH.

| JABa HePaBEHCTBA HA3bIBAIOT PABHOCUABHBIMU, €CAYL UX MHOJKECTBA
pelleHnl PaBHHI.

Hanpumep, HepaBeHCcTBa 2x + 7 > 10 1 2x > 3 paBHOCUABHHI, TaK KaK
UX MHO’KECTBA PELIEeHUN PAaBHEBI U IIPEACTABASIIOT COOOU IIPOMEKYTOK

5

YTBep}KAeHI/IH O PABHOCUABHOCTU HEPABEHCTB U CA€ACTBUA U3 HUX
AHANOTHUYIHBI YTBEP)XKACHUAM O PABHOCUABHOCTHU ypaBHeHHﬁ.

1. ITycTe HepaBeHCTBO f(x) > g(x) 3apaHO Ha MHOXKecTBe X U h(x) —
BBIpayKeHUe, OlIpeAeAeHHOe Ha TOM JKe MHO>KecTBe. Toraa HepaBeHCTBa
f(x) > g(x) u f(x) + h(x) > g(x) + h(x) paBHOCUABHBI Ha MHOXecCcTBe X.

W3 aTOrO yTBEPs>KAEHUS BBHITEKAIOT CAegCMBUS, KOTOPhIE YaCTO UC-
TIOAB3YIOTCS TIPY PENIeHNY HEPaBEHCTB:

1) ecAn K 00enM 4YacTIM HepaBeHCTBA f(x) > g(x) mpuOaBUTHL OAHO
U TO K€ YUCAO d, TO IIOAYYUM HepaBeHCTBO [(x) + d > g(x) + d, paBHO-
CUABHOE HUCXOAHOMY;

2) ecAn Kakoe-AUDOO0 caaraeMoe (YUUCAOBOE BhIpaskeHUe UAY BhIparke-
HUeE C IepeMeHHOM) IepeHeCT N3 OAHOU YaCTH HepPaBeHCTBA B APYTYIO,
TIOMEHSB 3HaK CAAraeMOTO Ha ITPOTHBOIOAOKHBIN, TO IIOAYIMM Hepa-
BEHCTBO, PABHOCUABHOE AQHHOMY.

2. I'lycTb HepaBeHCTBO f(x) > g(x) 3apaHO Ha MHOXXecTBe X U h(x) —
BBIpa@)KeHUe, OIIPEAEACHHOE Ha TOM JKe MHOYKECTBE, 1 AAS BCEX X U3 MHO-
*KecTBa X BbIpakeHUe h(X) IPUHUMAaET MOAOKUTEAbHBIE 3HAUEHUS.
Torpa HepaBeHcTBa f(x) > g(x) u f(x) - h(x) > g(x) - h(X) paBHOCUABHEI
Ha MHOXecTBe X.
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W3 aTOro yTBep>KAEHUS BBITEKAET cAegcmBue: eCAu o0e 4acTu He-
paBeHCTBa f(X) > g(X) YMHOXUTH (Pa3A€AUTh) HA OAHO M TO K€ IIOAO-
KUTeAbHOe 4UCAO d (d # 0), TO MOAYYUM HEepPaBEHCTBO PABHOCHUABHOE
AQHHOMY.

3. I'lycTb HepaBeHCTBO f(x) > g(x) 3apaHO Ha MHOXecTBe X U h(x) —
BBIpa’KeHMe, OlIpeAeAeHHOEe Ha TOM JKe MHOYKECTBE, M AAS BCEX X U3 MHO-
>kecTBa X BhIpakeHue h(x) mpuHMMAET OTpPHUIlaTEAbHbIEe 3HAYEHUI.
Torpa HepaBeHcTBa f(x) > g(x) u f(x) - h(x) < g(x) - h(x) paBHOCUABHEI
Ha MHO>KeCTBe X.

W3 3TOro yrBep>XKAE€HUS BHITEKAeT CAegCmBUE: eCAM 00e 4acTHu He-
paBeHCTBa f(X) > g(X) YMHOXUTL (Pa3pA€AUTh) Ha OAHO M TO K€ OTPUILia-
TeAabHOe uncAo d (d # 0) 1 3HaK HepaBeHCTBa IIOMEeHITh Ha IIPOTUBOIIO-
AOJKHBIM, TO IOAYYUM HEPaBeHCTBO PABHOCUABHOE AQHHOMY.

Pemmm HepaBeHCTBO 5x — 5 < 2x + 16, x € R, u obocHyeM Bce mpe-
0o0Opa3oBaHus, KOTOPEIE OYAEM BHIIIOAHATE B IIPOIlecce pPelleHusd.

[TpeobOpa3oBaHusa

O6ocHOBaHUe NTpeobpa3oBaHUM

1. [lepeHeceM BBIpa’keHUe 2X B Ae-
BYIO 4acCTh, @ YUCAO —5 B IIPABYIO,
IIOMEHSB UX 3HAKU Ha IPOTUBOIIO-
AOKHEIE: 5X — 2x < 16 + 5

BocnoAb30BaAUCEH CAEACTBUEM 2 U3
YTBEP>KACHU 1, IOAYIYHMAU HEepaBeH-
CTBO, PABHOCHUABHOE UCXOAHOMY

2. [TpuBepeM TOAOOHEBIE YAEHEBI B Ae-
BOW M IIPABOM YACTAX HEPABEHCTBA:
3x <21

BuImoAHMAY TORAECTBEHHBIE TPE00-
pa3oBaHUs BBIpa’XKeHUU B A€BOU
U IpaBOM 4aCTAX HEepPAaBEHCTBA —
OHU He HApyLIMAM PAaBHOCUABHOCTU
HEepaBeHCTB: AQHHOTO M UCXOAHOI'O

3. Pazpeanm 00e yacTu HepaBeHCTBa
Ha 3:x< 7

Bocnoab3oBaauch CACGACTBUEM U3
YTBEeP>XXACHUA 3, IIOAYyYUIAY HEepaBeH-
CTBO, paBHOCHUABHOE NCXOAHOMY

PemrenneM HepaBeHCTBA X < 7 IBASIETCSA IPOMEXYTOK (—©, 7) H,
CAEeAOBaTEeABHO, MHOKECTBOM pelleHnY HepaBeHCTBa 5X — 5 < 2x + 16
SIBASIETCS IIPOMEKYTOK (—o0, 7).

BOMPOCHLI N1 SAOAHNA

1. YcTaHoBUTE, KaKME N3 CNeayoLLMX 3anmcer SBRSTCS HEPaBeH-
CTBaMu C 0OHOW NepPeMEeHHO:
al-12 -7x<3x+8; 6) 15(x + 2) > 4;
B)17-(13+8)<14-9; r)12x+3kx-2);
n17-12-8; e)2x2+3x-4>0.
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. fBnseTca nu ymicno 3 pelleHrem HepaBeHcTBa 6(2x + 7)< 15(x +
+2),x € R? HYueno 4,257

. PaBHOCWNbHBI N HA MHOXECTBE AENCTBUTENbHBIX YACEN Cre-
LyIOLLMe Napbl HEPaBEHCTB:

al-17x<-51Tux>3; 6)

3x 1 >0un3x-1>0;
4

B)J6-5x>-4unx<2?

. Kakve 13 cnegyomx BbickasblBaHUM UCTUHHDI:

a)l-7x<-28=x>4; 6)x<b=>x<5; B)Jx<b=x<207?

. Pewwmte HepaBeHcTBO 3(x — 2) - 4(x + 1)< 2(x — 3) - 2 n obocHyi-
Te Bce npeobpa3oBaHuA, KOTopble ByLeTe Npy 3TOM BbINONHAT.
. JokaxwuTe, 4T0 peLueHrem HepaBeHcTBa 2(x + 1)+ 5 >3 — (1 —2x)
ABnAeTcs nioboe AenCcTBUTENbHOE YACHO.



3AOAYA N NPOLECC EE PELLUEHWNA

B HavaABHOM Kypce MaTeMaTHKU KpOMe U3yYeHUs Pa3AWYHBIX I10-
HATUM U WX CBOUCTB pelIaloT 3apaun. 1o onmpeaenrennio A. M. Opua-
MaHa', 3apaua — 9TO MOAEAB TPOOAEMHOM CUTYAIUH, TPEACTaBACHHAS
C IIOMOIIBI0 3HAKOB HEKOTOPOT'O €CTeCTBEHHOTO UAU UCKYCCTBEHHOTO
s13bIKa. MOJKHO CKa3aThk KOpode: 3aAa4a — 5TO 3HAKOBAsA MOAEAB IIPO-
OAEMHOU CHUTyalluu.

I'To xapakTepy OOBEKTOB PA3AMUYAIOT 3aAa4M IPAKTUYECKUE (peanb-
Hble) 1 MaTeMaTudyeckue. Hanpumep, 3apada: «Ha opHOM noake 30 KHUT,
a Ha Apyro# Ha 7 KHUT MeHbIle. CKOABKO KHUT Ha ABYX IIOAKaX?» —
IIpaKThueckas. 3apava: «Pemuts ypaBHeHUe 2x + 4 = 10, ecAu x — Ha-
TYPAABHOE YHUCAO» SIBASETCS MATEMATUUECKOMN.

B HauaABHOM Kypce MaTeMaTUKKU OOABIIOE BHUMAHUE YACASIOT 3aAa-
4aM, KOTOPBIe Ha3bIBAIOT MEKCMOBbIMU, AV CIOJKEMHbIMU, IIOCKOABKY
B HUX YaCTO OIUCHIBAETCS HEKOTOPLIN JKU3HEHHBIN CIOKET.

Ho 4ToOBI pa3obpaThbCcsi C TAKMMU 3apadaMy U IIPOLLeCCOM UX pe-
IIIeHUs, HeOOXOAMMO BCIIOMHUTD ITOHATHE ITIOAOKUTEABHON CKAAIPHOU
BEAUUYUHEl U €e U3MepeHUs.

masa 7
BEJIMNYNHBI N NX NSMEPEHWE

YeAoBeKy IOCTOSTHHO IIPUXOAUAOCE UMETh AEAO C U3MePEeHUEM pas-
AWYHBIX BEAWYWH — AAWHBI, TIAOIIIaAYM, 00ObeMa, BpeMeHHU, Macchl. bes
3TOTO HEBO3MOJKHBI OBLIAU TOPTOBAS], CTPOUTEABCTBO 3AaHUM, pPa3Aen
3eMeAbHBIX YY4aCTKOB U T.1II.

OcobeHHO BEAUKO 3HaUeHUe U3MepPeHUH B TEXHUKE, a TaKKe HayKy,
KaK MaTeMaTuKa, MexXaHuKa, (pu3uKa, CTaAu Ha3bIBaThCs TOYHBLIMU UMEH-

' @pugman A. M. (1915—2005) — AOKTOp [EAATOTHYECKUX HAYK, MPOdeccop, aBTop
6oaee 250 paboT, cpepr KOTOPBIX «[ICHXOAOTO-IIepAarorudecKrue OCHOBEI OOy4eHUs MaTe-
MaTHKe B IIKOAe», «KaK Hay4uThCd pellaTh 3aAauu» U Ap.
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HO NOTOMY, 4TO OAAropaps U3MepeHUsIM OHM IIOAYYUAU BO3MO’KHOCTH
YCTaHABAMBATh TOUHBIE KOAWYECTBEHHBIE OTHOIIEHUS, BEIpaskaroljue
OOBEKTHUBHBIE 3aKOHBI IIPUPOADI.

B HauaABHOM Kypce MaTeMaTUKM ydallluecs 3HAaKOMATCSA C Pa3HBIMU
BEAMYMHAMU: AAUHOM, TIAOIIAABI0, BMECTUMOCTBIO, MaCCOM IIPEAMETOB,
BpeMeHeM, KOAUUeCTBOM. V3ydyas 3T BeAUUYNHB], IIKOABHUKU AOAKHBI
TTOHSTD, YTO OOIIEeT0 UMEIOT AQHHBIE BEAUYHHBI, B UeM UX pa3Andre, 4To
MTPeACTaBAsIET COOOM TIpollecc U3MepeHus: BeAMUnHBL. Ho AAs 3TOTO cam
YUUTEAD AOAKEH YMEeTh OTBETUTH Ha 3TU BOIIPOCHI.

MOHATVE MONOXWUTENLHON CKANSPHON
BEMUYYHbI N EE WU3MEPEHWS

IToraTue BeAMYWHEBEI BCeOOBEMAIOLIIEE, CAOKHOE. B AaHHOM Kypce
OyAeM pacCMaTPUBATh BEAMUHNHY KaK CBOMCTBO OOBEKTOB (IIPOIIECCOB,
SIBA€HUM), KOTOPOe NPOSIBASIETCS IPU UX CPAaBHEHUU 110 3TOMY CBOI-
CTBy, IpU4eM Ka>kAasi BeAWUMHA CBI3aHa C OIPpeAEA€HHBIM CIIOCOOOM
CpaBHEHUS.

BeAnuynHEI, KOTOPEIE BEIPAXXAIOT OAHO U TO JK€ CBOUCTBO OOBEKTOB,
HA3bIBAIOT BEAUHUHAMU OGHOI0 poga, AU OGHOPOGHBIMU BEAUMUHA-
mu. Hanpumep, AAWHA CTOAA U AAMHA KOMHATHI — BEAWUYMHBI OAHO-
POAHEIE,

OAHOpPOAHBIE BEAMYHWHBI CPABHUBAIOT, BHITIOAHSIOT C HUMU AeUCTBUS,
U3MePSIOT. YTOUHUM 3TU MOHATUS, UCIIOAB3YS SI3BIK MaTeMaTUKMU.

1. AAd BEAWYUH OAHOTO POAA MMEIOT MECTO OTHOILIEHUS «PABHOY,
«MeHbUle» U «00AbWEY, U AN ATOOBIX BEAMYUH A U B ClIpaBeAABO OAHO
Y TOABKO OAHO M3 OTHOIIeHuM: A = B, A < B, A > B. OTu OTHOIIIeHUs Ha
MHO>KECTBE OAHOPOAHBIX BEAWUNH TPAaH3UTUBHEL.

Harmipumep, MbI TOBOPHUM, UTO AAWHA KapaHAAIla MeHbIIe AAUHBI CTO-
AQ, Macca apOy3a OOABIIIe MacChl SI0A0Ka, & AAUHBI IIPOTUBOIIOAOKHBIX
CTOPOH NIPSIMOYTOABHUKA PaBHHI.

2. AAT ATOOBIX ABYX BEAMYUH A U B OAHO3HAYHO OIIPEAEASIETCS BEAU-
uynHa C = A + B, ee Ha3bIBalOT cymMmoll BeAuduH A u B. lHaue roBop4,
BEAWYMHBI OAHOTO POAA MOJKHO CKAGABIBATh, B PEe3yAbTATe CAOKEHUS
TIOAYyYaeTCsd BEAMUYUHA TOTO JKe POAQA.

CAo>KeHVe BeAMYNH KOMMYTAaTUBHO U aCCOITUATUBHO.

Hanpumep, echu A — macca 906A0Ka, a B — macca rpymu, o C=A +
+ B — 3TO Macca 10A0Ka U TPYIIH.

3. Pa3Hocmbio BeAuduH A U B Ha3bIBalOT TaKyto Beanunny C=A — B,
yto A= B+ C.
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Paznocth BeAnumH A U B cylilecTByeT Torpa ¥ TOABKO TOTAQ, KOTAQ
A>B.

NHbIMU CAOBAMHU, BEAUYUHBI OAHOTO POAA MO’KHO BBIUMTATH, MO-
Aydasi B pe3yAbTaTe BEAMYUHY TOTO JKe PoAd. OIpeAeAsIOT BEIUUTAHUE
BEAUYUH UYepe3 CAOKEeHUe.

Hanpumep, ecan A — Macca KyIAeHHBIX OBOIIeH (AyKa 1 MOPKOBH),
a B — macca kynaeHHOU MOpKOBH, TO C = A — B 3TO Macca KyIIA€HHOTO
AyKa.

4. A ATOOOM BEAMYUHEI A B AFOOOTO IOAOKUTEABHOT'O YHUCAA X CY-
LIeCTBYeT eAMHCTBEHHAS BEAMYNHA B = X - A, KOTOPYIO Ha3bIBAIOT NPO-
u3BegeHUeM BeAUHUHbl A U HUCAQ X.

VHBIMU cAOBaMU, BEAMYMHY MOKHO YMHOYKATh Ha ITIOAOKUTEABHOE
AENCTBUTEABHOE YUCAO, B Pe3yAbTaTe IOAYYaIOT BEAUYUHY TOTO JKe
poAa.

Hanpumep, ecam A — BpeMs, OTBOAUMOE Ha OAUH YPOK, TO YMHO-
KUB A Ha YUCAO 4, IOAYyYUM BEAMYUHY B = 4 - A — BpeMs, 3@ KOTOpoe
IIPOUAYT 4 ypoOKa.

5. YacmHbiM BeAuduH A 1 B 0pAHOTO popa Ha3bIBAIOT TaKOe IIOAO-
JKUTEAbHOE AeHCTBUTEALHOe UYMCAO X =A : B,uto A=x- B.

VHBIME CAOBaMH, BEAWUYMHEI OAHOTO POAQ MOJKHO AEAUTH, ITOAyYasd
B pe3yAbTaTe YUCAO. OIIPEAEASTIOT AeAeHNEe OAHOPOAHBIX BEAUUNH Yepes
YMHO>KEHUE BEAUUWHBI HA YUCAO.

Hanpumep, ecAan A — Macca ABYX IIaKeTOB MyKH, & B — Macca MyKu
B OAHOM IakeTe, TO A : B =2, TOCKOABKY A =2 - B.

6. BeAnuuHbLI 13MepSIOT: €CAU 3apAaHa BeAnunHa A U BeIOpaHa epu-
HUIla BeAMUYnHHl E (TOTO >Xe poaa), TO U3MEPUTh BEAMUNHY A — 3TO
3HQUYUT HAUTU TaKOe MOAOKUTEABHOE YUCAO X, uTO A = x - E.

YUKCcAO X HA3BbIBAIOT YUCAEHHbIM 3HAYE€HUEM BEAUYUHbL A TIpuU
eAUHUIle BeAMUYUHBI E, UAU Mepoll BeAUMUHbl A TIpU eAVHUIIE BEAU-
4yuHb E.

Hanpumep, ecan A — Macca Tpex IakeToB MyKH, a E — Macca MyKu
B opHOM 11akeTe, To A = 3 - E. HUrcao 3 — uncAeHHOe 3HaueHue MacChl
A TIpu epVHUIle BeAWYUHE! E, UAU, ADyTUMH CAOBaMH, YUCAO 3 — 3TO
Mepa MacChl A Ipu epAuHUIle MaccChl E.

B mpakTuueckol AeSTEeABHOCTU NMPHU M3MEPEHUU BEAUUUH AIOAU
MIOAB3YIOTCSI CTAHAAPTHBIMM €AWMHUIIaMU BeAWYNH: TaK, AAUHBI U3MePSIOT
B MeTpax, CAHTUMEeTpax U T.A. Pe3yAbTaT u3aMepeHUs 3aliChIBalOT B Ta-
KoM BuAe: 7 KT; 13 cM u T. A. Micxoaa 13 TOHATUS U3MepeHus, AAHHOTO
paHee, 3TU 3alIUCHU MO’KHO PacCMaTPUBATL KakK IIPOU3BEACHUE YUCAA
W eAVHUIBI BeAUYUHBL: 7 KT =7 - K 13 cm =13 - cM U T. A.

Hcrnoab3ys 3TO IpeACTaBAeHNe, MOKHO 060CHOBATH IIPOIlece Iepe-
XOAA OT OAHOM €AMHUITBI BEAMYUHBI K ApyToi. IlycTh, Hanpumep, Tpe-
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OyeTcsl BBIPa3UuTh 3 U B MUHyTaX. Tak Kak 34 =3 -9 u 1 94 =60 Mug, To
3:-u=3-60- muH = (3 -60) Mur = 180 MuH.

V3mepeHre BeANYNH ITIO3BOASIET IIEPEXOAUTD OT CPaBHEHUS BEAWINH
K CPaBHEHUIO YHCeA, OT AeHMCTBUN C BEAWUYMHAMU — K COOTBETCTBYIO-
UM AEMCTBUSAM C UX YMCAEHHBIMU 3HAaUeHUSIMH, ¥ Ha0OO0POT.

Paccmotpum npumepst:

a) ecam A =5 kr, B=3 Kr, To A > B, Tak Kak 5 > 3;

0) ecnu A=5Kr, B=3kr, TOA+B=5Kkr+3Kkr=(5+3):Kr
= 8 Kr;

B) ecAn A = 5 KI, @ Macca B B 2 paza Goabliie Macchl A, To B = 2A =
=2.(5-kr)=(29) kr =10 xr. B A@HHOU cUTyalluy BO3MOKHA U TaKas
3anmuck: B=A-2=(5-kr)-2=(5-2) - kr=10 kr.

Beanunny, KoTopas onpepeAsieTcs TOABKO OAHUM YUCAE€HHBIM 3Ha-
YeHUeM, Ha3bIBAalOT CKAASIDHOU BeAuduHou. Ecan >Xe Ipu BEIOpaHHOM
eAVHUIle U3MEePEeHUs CKaAsIpHas BeAWYHMHA IPUHUMAET TOABKO ITOAO-
KUTeAbHBIEe YHMCAeHHBbIe 3HaUeHUs, TO ee Ha3bIBaloT NOAOKUMEAbHOU
CKAASIPHOU BEAUYUHOU.

AAWHa, IAOIIaAb, 0OBEM, Macca, BpeMs, CTOUMOCTh, KOAUUECTBO —
TIOAOKUTEABHBIE CKaAIPHBIE BEANUYMHEI.

PaccMoTpeHnHbIe MOHATUS — 00beKM (TIPpEAMET, SBA€HUE, TIPOIiecc),
€ero BeAUMUHa, YuUCAeHHOE 3Ha4YeHUe BeAUYUHbl, eJUHUUA BeAUHUHblL —
HaAAO YMeThb BBIUAEHSITH B TEKCTaX U 3apadax. Hanpumep, MaTemaTuue-
CKOe CoAeprKaHue IPeprosKeHUs: « KyITiAY 2 KUAOTpaMMa IPYII» MOKHO
OIUCATDH CAEAYIOLINM 00pa3oM: B IPEANOKEHUM PaCCMAaTPUBAETCS TAKOU
OOBEKT, Kak Ipylla, ¥ ero BeAmYnHa — Macca; AT U3MepeHUsT MacChl
HUCIIOAB30BAAY €AMHUITY MaCChl — KHUAOTPaMM; B pe3yAbTaTe m3Mepe-
HUS TIOAYYHAM YHFICAO 2 — 3TO YMCAEHHOE 3HaUeHMe MAaCChI TPYII IPU
eAVHUIe MacChl KMAOT'PaMM.

OAHUH U TOT Ke 0OBEKT MOsKeT 0OAAAATH HECKOALKHMMU CBOMCTBAMHU,
KOTOpHBIe SIBASIOTCS BeAmunHaMu. HampuMmep, AAS 4eAOoBeKa 3TO POCT,
Macca, Bo3pacT. [Tporecc paBHOMEPHOTO IPSIMOAMHENHOTO ABUKe-
HUS XapaKTepU3yeTCs TPeMsl BeAMYNHAMU: PACCTOSTHUEM, CKOPOCTBIO
U BpeMeHeM.

EcAm BeAWYWHEBI BBIPA’KalOT pa3Hble CBOUCTBA OOBEKTa, TO UX Ha-
3BIBAIOT BEAUYUHAMU PA3HOT0 pogd, UAU PA3HOPOGHBIMU BeAUYU-
Hamu. HanmpuMep, AAMHA TpeaMeTa U ero Macca — 3TO Pa3sHOPOAHBIE
BEANYUHEL.

BOMPOCHI N 3SAOAHNA

1. O kakux Benu4ynHax nget pe4b B crieayroLnx npeasyioxXeHnax:
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a) rpyLum gopoxe Abnok;
6) KHWra Tsxenee TeTpaau;
B) TaHs Bbiwe CBeThbI.
2. Kakune Benu4umHbl MOryT xapakTepr3oBaTb cnegytoLme obb-
eKTbl:
a) kapaHpgaLy; 6) 4enosek; B) 03epo?
3. PasbenTe Ha knaccel TpeMs cnocobamu cregyoLme BenUYmHbI
(B K@XXOOM Crny4ae yKaXxxuTe 0CHOBaHWe Knaccudmkaumm):
A — BbicoTa gepeBa; M — nnoLagb [OCKY;
B—16«kr;H—13c;
C — macca pocku; K— 26 wm;
D —25 cwm; L — pnvHa BepeBky;
E — Bo3pacT aepeBa; P — TonwmHa JocKu.
4. CpaBHUTE BEMNYMWHBI:
3

a]56MV|HV|lH; 6]—MV|£J1M;
10 50 5

B]1,.5cmu 3 OM; 1) S krn1250r.
20 4
5. HazosuTe 06beKT, ero BENNHMHY, YACIEHHOE 3HAYEHVE N EONHLLY
BEMMYMHBI B K&XA0M W3 CEQYHOLLNX NPESIOKEHWIA:
a) B Kopobke 8 kr s610kK;
6) rnybuHa oBpara 2 m;
B) mnoLyagb cafoBoro y4acTka 6 coTok;
r) B cepBu3e 6 Tapenok;
o) poct gesoydkn 1 m 20 cm.

N3 UCTOPUW EQVHNL BENINYMH

YeaoBEK A@BHO OCO3HAA HEOOXOAUMOCTE U3MEPSATH PA3HbIE BEAUYH-
HBI, IpUYEeM U3MePATh Kak MOKHO TouHee. OCHOBOU TOYHBIX U3MEepPEeHUU
SIBASIIOTCS YAOOHBIE, UETKO OIpeAeAeHHble eAUHUIBl BEAMYNH U TOUHO
BOCIIPOM3BOAUMEBIE 3TAAOHEI (00pa3Ilibl) 3TUX eAUHUI]. B cBOIO 0uepeap,
TOYHOCTBb 3TAAOHOB OTPa’XaeT YPOBEHb PA3BUTUS HAYKU U TEXHUKU.

B mcTopuu pa3BuUTHS €AMHUT] BEAMYNH MOKHO BBIAGANTH HECKOABKO
IIEPUOAOB.

CaMBIM APEBHUM SIBASIETCSI II€PHOA, KOTAQ €AUHUIILI AAMHEI OTO-
SKAECTBASIAUCH C Ha3BaHMEM YacTel YeAOBeueCcKOro TeAad. Tak, B Kade-
CTBE €AUHUIIBI AAUHEI IPUMEHSIAU AQAOHB (IINPHUHA YeThIpeX IaAblleB
0e3 OOABIIOTO), AOKOTh (AAMHA AOKTH), QYT (AAMHA CTYIHU), AIOUM
(AAmHA cycTaBa 60ABIIOTO MaAbla) u Ap. B XIV—XVI BB. nogsagoTCa
B CBSI3U C Pa3BUTHEM TOPTOBAU TaK Ha3bIBaeMble OOHLEKTUBHLIE EAVTHUITHI
BeAnumH. B BeaukoOpuTtanuu, HaltpuMep, AIOUM (AAWHA TpeX IIPUCTaB-
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A€HHBIX APYT K APYTY SSUMEHHBIX 3epeH), QYT (IIUpHHa 64 SUMEeHHBIX
3epeH, MTOAOKEHHBIX OOK O DOK).

ChepyIomuii TIEPHUOA B PA3BUTUM EAVTHUI] BEAUYNH — BBEACHUE eAN-
HUII, B3aUMOCBSI3aHHBIX APYT C ApyroM. B Poccum, Hanmpumep, TakuMu
OBIAU EAVHUIILI AAMHBL: MUAS, BEPCTa, Ca’KeHb U apllinH; 3 apIiInHa co-
CTaBASIAUM ca’keHb, 500 ca’keHell — BepCTy, 7 BepPCT — MHUAIO.

OAHAKO CBSI3U MEKAY €AUHUIIAMU BEeAUYUH OBIAU IPOU3BOABHBIMY,
CBOU €AVHUIIBI AAWHBI, TIAOIIIAAYM, MaCcChl UCIIOAB30BAAW HE TOABKO OT-
AEABHBIE TOCYAQPCTBa, HO M OTAEABHEIE OOAACTH BHYTPH OAHOI'O B TOTO
Ke rocypapcrBa. OcoOeHHO 3TO OBIAO XapaKTepHO Ang DpaHIum, TAe
Ka’KABIU (peopan MMeA NIPaBO B IIPeAeAaX CBOUX BAAACHUM YCTAHABAU-
BaTh CBOU eAMHUIILI. Takoe pazHooOpasue epAMHUI] BEAMYUH TOPMO3UAO
pa3BUTHE NIPOU3BOACTBA, MEIIaAO HAYYHOMY IIPOTPECCY U Pa3sBUTUIO
TOPIOBBIX CBS3€M.

HogBas cucrema epnrmi] 6bina co3para Bo Opannum B kKoHIle XVIII B,
B 910Xy Beamkon (paHIy3CKOM PEeBOAOLUMN. B KauecTBe OCHOBHOU
€AVMHUIIBI AAUHBL B 3TOY CHCTeMe IPUHUMAACS MeTp (0T rped. metron —
Mepa) — OAHA COPOKaMMAAMOHHAS YacTh AAMHEI 3eMHOTO MEpPUANAHaQ,
npoxoadiero yepes [Tapuxk.

Kpome meTpa, OBIAM YCTAaHOBAEHEI eIlle TaKUe eAMHUIIBL: ap — IIAO-
1IaAb KBaApaTa, AAMHA CTOPOHBI KOTOPOTO paBHa 10 M; aump — 005b-
€M U BMECTHUMOCTb KMAKOCTEH U CBIIYYUX TeA, PAaBHBIM 00BbeMy KyOa
Cc AAMHOU pebpa 0,1 M; rpamm — Macca YUCTOM BOABI, 3aHUMAIOIas
00BeM Kyba ¢ panHoM pebpa 0,01 M.

BriAnu BBeAEHBI TakyKe AeCATUUYHBIE KpaTHbIe U AOABHBIE €AMHUITH,
ob6pasyeMBle C MOMOLILIO0 IpucTaBok: mupua (10%), kuao (10%), rekro
(10?%), aeka (10'), aenm (107Y), canTm (1072), Mmuarm (1079).

FAMHUIIA MAcChl KUAOIPAMM OBIAA OIIPEAEAeHA KAaK Macca 1 AM® BOABL
npu teMneparype 4 °C.

Tak Kak BCce eAMHUIIHI BEAMUNH OKa3aAUCh TECHO CBS3aHHBIMU
C eAUHUIeN AAMHBL — METPOM, TO HOBasg CUCTEMa BEAMYUH IIOAYyYHAQ
Ha3BaHUE MempuiecKoll cucmemMsl Mep.

B cooTBeTCTBMYU C IPUHSITHIMU OIIPEAEAECHUSIMI OBIAM U3TOTOBAEHBI
TIAQTUHOBBIE 3TAAOHBI METPA ¥ KUAOTPAMMa: MeTP IIPEACTaBASIAA AMTHEHN-
Ka C HaHeCeHHBIMH Ha ee KOHIIaX IITPUXaMu, a KUAOTpaMM — ITUAUH-
ApUuecKas rups. OTU 3TaAOHEI Iepepasl Ha XpaHeHUe HarnyoHaabHOMY
apxuBy OpaHIuy, B CBA3U C YeM OHU ITOAYYUAU Ha3BaHUS «apPXUBHBIN
MeTpP» U «apPXUBHBLIM KUAOTPAMM»,

Co3paHUe METPUUECKOU CHUCTEMBI Mep OBIAO OOABIINM HAYYHBIM
AOCTHKEHUEeM' — BIIepBBIe B HICTOPUY MOSIBUAMCH MEPBI, 00pasyoliue

' B cO3AQHUM METPUYECKOI CUCTEMbI Mep IIPUHUMAAU yU4acThe KpyIHelIie yueHble
Toro BpeMeHu — JK. Aarpani, I1. Aanaac, T. Moux, JK.Bbopaa u Ap.
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CTPOUHYIO CUCTEMY, OCHOBAHHEIE Ha O0Opaslie, B3ITOM U3 IIPUPOAB],
U TECHO CBSI3aHHBIE C AECATUUYHOU CUCTEMOU CUMCAEHUA.

He cpasy MeTpudeckasg cucTeMa Mep IIOAy4YHAa IpU3HaHKue. AaKe de-
pe3 100 aet (B 1875 I.) TOABKO 17 roCcypapCTB MOATIUCAAN METPUUECKYIO
KOHBEHITUIO «AASI OOecIieueHNsI MeXXKAYHApPOAHOTO eANHCTBAa M3MepeHN M
U YCOBEPIIEHCTBOBAHUS MEeTPUUECKON CUCTEMBI Mep».

B Poccum meTpuueckas cucTteMa Mep Hadaaa IPUMEHATLCS HapaBHe
C PYCCKHMHU HaIlMOHAABHBIMU MepaMHu HauuHag ¢ 1899 r., korpa OBIA
IIPUHAT CIEeNUAAbHBIN 3aKOH, IIPOEKT KOTOPOTO OBIA pPa3paboTaH BHI-
AAIOIIMMCS pycCKUM yueHBIM A. 1. MeHpeneeBBIM.

CospanHag B XVIII B., MeTpuueckas CUCTeMA Mep OTBeYaAad YPOBHIO
Pa3BUTHUS HAyKU U M3MEPUTEAbHON TEXHUKU TOI'O BPeMeHU U, KOHeu-
HO, He MOT'Ad OBITh CTAOUABHOM. B IleAdxX yKpelAeHHus COTPyAHUYECTBA
II0 YCOBEPUIEHCTBOBAHUIO CHUCTEMBI eAMHUI] BeAnuuH B 1921 1. 6BIAO
CO3AaHO MeRayHapopHOe 0I0po Mep U BeCcoB. PykoBopuT uMm MeskayHa-
POAHBLIY KOMUTET MeP U BECOB, @ 3aKOHOAQTEABHBIM OPTaHOM SIBASIETCS
leHepanbHas KOHPEPEHITUs 10 MepaM M BecaM, IIPOBOAMMaAS OAWUH pa3
B IIIECTH A€T.

BypHOe pa3BuUTHe HayKHU U IIPOU3BOACTBA B XX B. IPUBEAO K TOMY,
4TO K 50-M ropaM BO3HUKAO MHOKECTBO Pa3AUYHBIX CUCTEM €AUHUIL,
AOTIOAHAIONIIVX U Pa3BUBAIOIINX METPUUECKYIO cucteMy Mep. Co Bcel
OCTPOTOMU BCTaAa IPOOAeMa CO3AAHUSA EANHOU YHUBEPCAABHOM CUCTEMBI
€AVHUI] BeAWYrH. BOABIITYIO paboTy IO ee CO3AQHUIO TPOBeA MesKAyHa-
POAHBIM KOMUTET Mep U BECOB, 3aBEPIIUBIITYIOCSI NpUHATHEM B 1960 T.
XI l'erHepaarbHOU KOHEPEHIIUEN Mep M BECOB pelIeHUs O BBEAEHUU
MexpyHapoaHO#M cucteMbl eannnr (CH)L

Me>kpayHapoAHass CUCTEMA €AUWHUI] — 3TO eAWHas YHUBEpPCaAbHad
IIpaKTU4YecKas CUCTeMa €AVHUIl A BCeX OTPACAEM HAayKH, TEXHUKH,
HApOAHOTO XO35IMCTBA U IIPENOAABaHUSA. TaK KaK NOTPeOHOCTh B TAKOU
CHUCTEeMe eAUHMUII, SIBASIOLIeNCS eAMHON AAS BCEro MUpPa, ObIaa BEAUKA,
TO 3a KOPOTKOe BpeMsI OHa IIOAYYHAA ITUPOKOE MeXKAYHApOAHOe IIPH-
3HaHNVe U PacIpoCTpaHeHre BO BCEM MUPeE.

B aTOM cucTeMe ceMb OCHOBHbIX €gUHUU: Memp — eAWHUIla AAWHEI,
KUAOrpamm — €AVHUIA MacChl; CeKyHga — eAWHUIA BPpEMEHU; am-
nep — eAVHUIIA CUABL TOKQ; KEAbBUH — €AVHUIIA TeMIIepaTyphl; KaHge-
AQ — eAVHUIIA CUABL CBETA U MOAb — €AWHUIIa KOAMUECTBa BellleCTBa.

B HayaABHOM Kypce MaTeMaTHKM MU3y4aloT TaKWe OCHOBHBIE BEAU-
YMHBI, KaK AAMHA, Macca, BpeMs, UCIOAB3YIOTCS OCHOBHBIE €AVMHUIIE
9THUX BEAMYUH U UX 0003HAUEHUS: AT AAUHBI — MeTp (M); AAS MAacChl —

! Cokpauiennoe HanMeHOBaHUEe MeXAYHAPOAHOM cucTeMbl epunul] SI. B pycckoi
Tpanckpuniuu CH, 9yTo o3HaYaeT «cucTeMa MHTePHAI[MOHAABHASY, T.€. KMEeKAYHAPOA-
Hasi», YNTAETCSI PA3AEABHO: «3C-H», @ HE CAUTHO: «CH».
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KUAOTPaMM (KT); AAS BpeMeHU — CeKyHAA (¢).ITponcxoanT 3HaKOMCTBO
C KPQTHBIMU M AOABHBIMUM EAWHUIIAMU: AAST AAMHBI — KHUAOMETp (KM),
CAHTHUMETP (CM), MUAAUMETP (MM); AAS MacChl — I'paMM (T).

BeAanunHBI, KOTOPBIE OIIPEAEASIOTCS Yepe3 AAWHY, MacCy U BpeMd,
Ha3BbIBAIOT NPOU3BOGHBIMU BeAuduHamu. VX epAVHUITEL AOAKHEBI OBITH
COTAACOBaHBI C OCHOBHBLIMH.

Ha3zoBeMm HeKOTOpbIe BEAVUUHBI U UX €AVHUIIHL.

1. IThowagp. EAVHUITEL TIAOIAAM — KBAAPATHEIN MeTp (M?), KBa-
APATHBEIN KUAOMETP (KM?), KBAAPATHBIN AelUMeTp (AM?), KBaApPAaTHLIH
caHTUMeTp (CM?), KBAAPATHBIA MUAAUMETD (MM?2).

2. O6pem (BMecmumocmbp). EAUHUITEI 00beMa — KyOn4ecKuil MeTp
(v%), KyOuueckut perumerp (AM°), KyOU4IeCcKui canTuMeTp (cM®), Kyou-
YeCKHUI MUAAMMETP (MM2).

B CH Aautp paccMaTpuBaeTcs Kak 0coO00e HauMeHOBaHUe KyOuue-
CKOTO penuMeTpa, T.e. 1 A =1 aM°,

3. Ckopocmp. EAVHUITEI CKOPOCTH — METP B CEKyHAY (M/c), KHUAO-
MeTp B CEKYHAY (KM/C), CAHTUMETP B CEKYHAY (cM/c).

EAMHULIBI BeAMUYNH, IpUMeHsieMble B Halllell cTpaHe, UX HauMe-
HOBaHMs, 0003HAUYeHUs U IIPaBUAA IPUMEeHEeHUsS YCTaHABAUBAIOTCS
locyapapcrBenHbsIM ctanpapToM (TOCToMm). B cooTBeTCTBUM ¢ HUM UC-
MOAB3yeTCI MeRAyHapOAHAsA CUCTEMA €AUHUI], @ TaKXKe OIpeAeAeHa
rpyIila BHECUCTEMHBIX €AMHUI], KOTOPHLIE pa3pellaeTcs IPUMEHSITh
HapsgAy ¢ eAuHUNAMU SI, B 4aCTHOCTH, AASL MACCBl — TOHHA (T); AAA
BpeMeHU — MUHYyTa (MHH), 4ac (4), CyTKH (CyT), HEAEAS, MeCdL, TOA,
BeK; AAT IIAOIIAAM — TeKTap (ra); AAd TeMIlepaTyphbl — rpaayc Lleas-
cus (°C).

ChaepyeT oOpaTUTh BHUMAaHME U Ha NPaBUABHOE yIIOTpeOAeHHe
TEPMHHOB, CBSI3@aHHBIX C EAMHUIIaMHU BEAMYHWH. OTHU IIPaBUAA TaKKe
ycranoBAaeHBI [OCToM. Tak, BMeCTO TEpMHUHA «EAUHUIA BEAUYUHBL»
He AOITyCKAeTCsl IPUMEHSITh TEPMUH «EAUHUIIA U3MEPEeHNsI BEAUYUHED,
IIOCKOABKY TEPMUH «HU3MepeHUe» OIPEAEATIOT uepe3 MOHITHE BeANYU-
HBI ¥ BKAIOUEHVE CAOBA «M3MepeHue» B TEPMUH «eANHUTIA BEAUUYUHBI»
IIPUBOAUT K IIOPOUYHOMY KpPYTY B ollpepereHugax. CAepOBaTEABHO, HAAO
TOBOPUTH U IUCATE: «MeTp — eAVHHUIA AAMHEBDY, «IpaMM — epwHHIIA
Macchel», «Hac — epAMHUIIa BpEMEHU.

Coraacso Sl, Bce HauMeHOBaHUS NUIITYT Oe3 TOYKY, HO COTAACHO
I'OCTy HauMeHOBAHUS AeHEKHBIX €AVHUI] (PyOAel U KOIleeK) MUIITYT
c Toukou: 15 p., 50 K.

Kpowme SI B psae rocypapcTB UCIIOAB3YeTCSI OpUTAHCKas (MAU aMe-
PUKAHCKas) CUCTeMa €AUHUI] BeAUUYUH. B Hell, B 4aCTHOCTH, AN U3Me-
PEHUS AAVHBL IPUMEHSIIOTCA TAKUE eAUHUIIE], KaK AIOUM (22,5 cM), QyT
(=30 cm), sapa (=90 cM) u Ap.
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BOMPOCHI N SAOAHNA

1. OnuHa npamoyronsHuka 35 cwm, a ero wnpuHa 0,3 m. Hangute
nnowagb npamMoyronbHuka. (OTBET Bblpa3uTe B KBaApaTHbIX
peummeTpax).

2. CkornbKo 4acoB NPOoBEeN B LLKOME yHaLUMACH, OKOHYUBLLNA TPETUIA
Knacc, npu ycnosuu, 41o B y4ebHom rogy 210 y4ebHbIx gHel, a B
yyebHom gHe 4 ypoka no 45 MUHyT?

3. Bolpasurte: 1) B kBagpaTHbIX aeummMeTpax 3,2 M2; 2) B KyBUHecKmx
caHtumetpax 4,1 m3; 3) B kunomeTpax B 4ac 8,6 km//c.

4. Kakosa ckopocTb Beptoneta, ecnu 3a 180 ¢ ox nponeten
8 730 m? CkonbKo KUNoMeTpOB NponeTuT BEPTONET 3a Yac?

5. Metannuyeckuin 6ak npeacTasnsaeT cobo NPAMOoYronbHbLIA Na-
pannenenvneg, BHyTPeHHWUI pa3mep kotoporo 2,5 x 1,8 x 1,4 m.
Ckonbko NMTPOB BOAbI BOMAET B 3TOT 6ak?

6. AsTo6yc npowen 250 km n n3pacxopgosan 95 n 6eH3nHa. Hain-
ouTe pacxof 6eH3rHa Ha ogyH KunomeTp nyTu. B kaknx eguHmuax
MOXHO N3MEPUTL 3TOT pacxoa?

7. Kakoro pocta 6bina [tonmoBouka v KTo 6bin BbiLue: [ronmoBoyka
nnn Manbunk-c-nanb4mk?

nasa 8

TEKCTOBAA 3AAAYA N MNPOLIECC
EE PELLEHWNA

Kak OBIAO OTMeUeHO paHee, B OOy4YeHUU MAQAIINX HIKOABHHUKOB
IpeoOAaAQIOT 3aAaUM, KOTOPbIe Ha3bIBAIOT TEKCTOBBIMU, CIO’KETHLIMU.
B paHHOM Kypce OypeM IPUMEHSTb TEPMHUH «TEKCTOBBIE 3aAa4Un», IIO-
CKOABKY OH 4allle APYTUX UCIIOAB3YETCsI B MeTOAUKe OOyueHUsI MaTeMa-
THUKE MAAAIIUX IITKOABHHUKOB.

Pemnrennio TEKCTOBBIX 3aAa4 B HAYaAbHOM OOYUYEeHUHU YAEASeTCd
orpoMHoOe BHUMaHue. CBsI3aHO 3TO C TEM, UYTO TaKUe 3aAaUM SIBASIOTCS
CpeACTBOM (DOPMHUPOBAHUS Y IMIKOABHUKOB YMEHUM CTPOUTH MaTeMa-
TUYECKHEe MOAEAU PEAAbHBIX SBAEHUU, CPEACTBOM Pa3BUTHS Y HHUX
MaTeMaTUYeCKUX CIIOCOOHOCTEN, MHTepeca K MaTeMaTUKe.

Cy111eCTBYIOT Pa3AUYHbIe METOANUECKIE ITIOAXOABL K OOYUEHMIO MAAA-
LINX ITKOABHUKOB PellIeHNIO TeKCTOBEIX 3aAau. Ho KaKyto ObI METOAUKY
00Oy4eHN4d HU BBIOPaA YUUTEAB, eMYy HEOOXOAUMO 3HATh CTPYKTYPY TaKUX
3aAa4, a TakKe apudmeTrnyeckue CIiocoObl X pelleHus, KOTOphIe IIpe-
00AQAQIOT B HQYAABHOM OOYYE€HUU MaTeMaTHuKe.
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m TEKCTOBAS 3ALIAYA N EE CTPYKTYPA

TekcmoBas 3agaia — 3TO 3ajAayva, B KOTOPOU Ha €CTeCTBEHHOM
sI3BIKE OTIMCHIBAETCS HEKOTOPBIH IIpo1iect (COOBITHE, SIBACHUE) U Tpe-
OyeTcs BBIYMCAUTEL 3HaUEHWE HEKOTOPHIX BEAMYMH, XapaKTepusy-
FOIIUX 3TOT IIPOIECC, AW YCTAHOBUTH OTHOIIIEHHE MEKAY HUMHU.

Tak Kak Aro0ast TEKCTOBAsI 3aAayva IPeACTaBAsIeT cOOOM ommcaHue
Ha eCTEeCTBEHHOM s3bIKe KaKOT0-AMOO IIpo1iecca (COOBITHS, AIBACHUS) U B
Hel, Kak IPaBUAO, OIIUCHIBAETCS He BeCh IPOIIeCe, a AUITh ero KOAnJe-
CTBeHHbIe U (PYHKIIMOHAABHBIE XapaKTePUCTUKH, TO TEKCTOBYIO 3aAa4y
paccMaTpuBalOT KaK CAOBECHYI0 MOgeAb 3TOTO IIpoliecca.

B cTpyKType At000M TEKCTOBOM 3aAaUU BHIACASIOT 00BEKMbL 3aga4ill
(mpo1iecc, iBA€HUE), YCAOBUSL U mMpeboBanus. YCAOBUSA U TpeOOBaHUS
B3aMMOCBSI3aHBEL.

IIpoaHaArn3upyeM TEKCTOBBIE 3aAQUU C OTUX IIO3UIIUU.

3agaua 1. YieHrKaM BTOPOTO KAacca HapO CAeAaTh 28 poHapHUKOB
AAS YKpallleHus HIKOABL. CKOABKO (POHAPHUKOB ellle HY’KHO CAEAATh
YYeHHKaM, eCAU OHU yKe caeraru 15 poHapukos?

B 3apaue omumchIBaeTCs MpoOIecC U3roToBAeHUs (poHapukoB. OH
XapaKTepu3yeTcss TpeMs OAHOPOAHBIMU BEeAWYMHAMU: KOAUIECTBOM
CAEAQHHBIX (POHAPUKOB, KOAUUECTBOM (POHAPUKOB, KOTOPHIE HAAO CAe-
AQTh, U KOAWYECTBOM (POHAPUKOB, KOTOPHIE ellle HY)KHO CAEAATh (OHO
HEeU3BECTHO).

YcaoBust paHHOU 3apauM:

— cperaHo 15 poHapuKoB;

— BCero HajAO CAeAATh 28 POHaApPUKOB.

TpeboBaHue B A@HHOU 3apave:

— HAMWTU KOAMYECTBO (DOHAPHUKOB, KOTOPHIE HAAO €IIle CAEAATh, YTO-
OBI BCeTO UX OBIAO 28.

3agaua 2. TaHA XO4eT KyIIUTh KHUT'Y ¥ aABOOM AA pucoBaHud. KHura
crout 80 pyOaels, oHa Ha 25 pyOAelt AOpOKe aabOoMa. XBaTUT AU TaHe
140 pyOAael Ha MOKYIIKY ?

B 3apaue onuckeiBaeTcs Ipollecc IOKYIIKU KHUTM U aabOoMa. OH xa-
PaKTepPU3yeTCs: OAHOPOAHBIMY BEAMYMHAMHU: IEHOW KHUTH (OHA paBHA
80 p.), meHoM aAbOOMa (OHa HEeM3BECTHa, HO KHUTA Ha 25 p. AOpOKe
aapOOMa), CTOMMOCTBIO BCEM IIOKYIIKM (OHAa HEU3BECTHA).

YcaoBusa 3apaun:

— neHa kHuru 80 p.;

— KHUTa Ha 25 p. AOpoXXe aAabOoMa (MAU aABOOM AellleBAe KHUTU Ha
25p.).
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TpeboBaHUe 3apaun:

— y3HaTh, XBaTUT AU TaHe 140 p. Ha NIOKYIIKY KHUTY U aAbOOMa.

BI/IAI/IM, ANA TOTO YTOOLI IMOHSITDL CTPYKTYPY 3dAd4l, HAAO BBISIBUTE ee
OOBEKTHI, YCAOBHUS U TPeOOBAHUSA, OTOPOCHUB BCE AMIITHEE, HE BAUSIOIINE
Ha ee CTPYKTYpPY. AAS 3TOrO TEKCT 3aAaUY¥ HEOOXOAMMO pa3BepPHYTH
(caeraTs 3TO MOKHO IMMMCBMEHHO UAM YCTHO), TaK KakK OH, KaK IIpaBU-
AO, AAeTCSI B COKpallleHHOM, CBEPHYTOM BHAe. KpoMe TOTO, BEIUAEHE-
HUe YCAOBUM U TpeOOBaHUN 3aAa4YV MOJKHO IIPOU3BOAUTHL C Pa3HOU
FAYGHHOﬁ — OHA 3aBHCHUT OT TOTI'O, 3HAKOMBI A1 MBI C BUAOM 34AQ4,
K KOTOPOMY IPUHAAAEKUT 3aAaHHASI, U 3HAEM AU CIIOCOO pemreHus
TaKUX 3apad.

ITo oTHOIIIEHMIO MeXXAY YCAOBUSIMU U Tpe6OBaHI/IHMI/I PA3ANYAIOT:

®  onpegeaAeHHble 3agail — B HUX 3aA@HHBIX YCAOBUM CTOABKO, CKOAb-
KO HEOOXOAUMO U AOCTATOYHO AAS BHITIOAHEHUS TpeOOBaHUY;

m  HegoonpegeAeHHble 3agail — B HUX YCAOBUM HEAOCTATOUHO AAS I1O-
Ay4eHUsI OTBETQ;

B nepeonpegeAeHHble 3dgaiu — B HUX UMEIOTCA AUIITHNEe YCAOBUA.

B HauaABHOM IIKOAE HEAOOIIPEACAECHHBIE 3aAaUM CUMTAIOT 3apAa4aMu
C HEeAOCTAIOITUMU AQHHBIMH, a IlepeonpepereHHBIe — 3aAauyaMU C U3-
OBITOYHBIMU AQHHBIMH.

Hanpuwmep, 3apaua: «Bo3ae poMa pocAao 5 a6A0HB, 2 BUIIHU U 3
6epe3nl. CKOABKO (DPYKTOBBIX AEPEBBEB POCAO BO3AE AOMA?» SIBASIETCS
IIEPEOIIPEASAEHHOM, TaK KaK COAEPIKUT AWIITHEe YCAOBHeE; 3apaua: «M3
3aAa BBIHECAM CHadaaa 12 cTyabeB, noToM eme 5. CKOABKO CTYABEB
OCTaAOCh B 3aAe?» IBASIETCSI HEAOOIPEAEACHHON — B Hel YCAOBUM He-
AOCTAQTOUYHO, UYTOOBI OTBETUTH Ha ITOCTaBAEHHBIN BOIIPOC.

BOMPOCHbI N SAOAHNA

1. B kaxpon u3 cnepgyroLmx 3agay Belgenute 06bekTsl (mpouecc,
AIBNEHWE, CUTYaLuio), ycnoBus 1 TpeboBaHus:
a) «Ckonbko mapok nogapun MeTs, ecnu Cepexe oH nogapwn
8 mapok, a Kone — 5 mapok?;
6) «B noxope yyacTBoBanu 18 manbymkoB 1 12 geBoyek.
Ha ckonbko 6onbLue ManbYnKoB NPUHANG y4acTue B NOX0Qe?y;
B) «Ha nnatbe n 1obky n3pacxogosanv 6 M TkaHW, a Ha [iBa NnaTba
n t0bky — 10 m maTepumn. CKonbKo TKaHW pacxogoBany Ha 0gHo
nnaTbe 1 Ha OfHY HBKY?).

2. Bcskunm nn TekcT aBnaeTca 3agaden?

3. fiBnsieTca nv 3agaqer cnegytoLmin TekcT: «KaTta npuwina B roctu
k 6abyLuke. Y Hee oHa HaLuna nHTepecHyto kHury. CHavana oHa
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npouvTtana 20 cTpanuny, a notom —etue 12. CkonbKo KUIoMEeTpoB
npowuna Kata?y.

4. Kakasi u3 cnefytoLumx 3aga4 aBnseTcsa 3agaye ¢ n3bbIToUHbIMM
LaHHbIMW:
a) «Ha ropke kaTanuce 6 Manb4mKoB, 4To Ha 2 Yenoseka 6onbLLe,
yem aeBo4ek. CKoMbKo AeTen KaTanicb Ha ropke?y;
6) «Ha nepson nonke nexano 20 kHur, Ha BTopo — 30, a Ha Tpe-
Tbel —Ha 5 KHUr Gonblue, Yem Ha BTOpoi. CKOMbKO KHUM NeXarno
Ha TpeTbEeW Nonke?».

5. Kakasauns cnepyoLyix 3agaq ABNseTcs 3aaadert C HeQoCTaloLWLMMm
LaHHbIMU:
a) «Ha cTone nexanu 5 NpocTbix kKapaHdaLlen 1 7 LUBETHbIX Ka-
paHpaLuen. Ckonbko kapaHdallern nexano Ha cTone?y;
6) «B cagy A6noHb Ha 12 meHbLue, Y4eMm rpywl. Ckonbko rpyLu
pacTeT B cagy?».

6. Kakue 13 cnegyolumx 3agay He UMEKOT PeLLEHNST:
a) «B aBTobyce exanu 27 venosek. CkofbKo YenoBeK 0CTanoch
B aBTO6YyCe, nocne Toro Kak Bbiwnv 30 4enosek?y;
6) «B kHure 40 ctpaHuy. NeTa cHavana npoyntan 26 cTpa-
HWL, a noToM ewe 15. Ckonbko CTpaHWL, 0CTanoch Npo4nTaTh
Mete?»;
B) «[]eBo4kM nNpbiranv co ckakankow. TaHs npbirHyna 6 pas, Onqa
Ha Tpv pasa 6onbLue. Mpuwen ctapunn 6pat Bosa. OH NpbIrHyn
CTONbKO Xe pas, ckonbko 0be feBo4ku BmecTe. Ckonbko pa3
npeirtyn Bosa?».

MOOEJNINPOBAHME B NMPOLECCE PELLUEHWNA
TEKCTOBbIX 3AO0AY

Panee OBIAO YCTAQHOBAEHO, YTO TEKCTOBAS 3ajAadya NPEACTABASIET
cOOOM CAOBECHYIO MOAEABL HEKOTOPOI'O ABA€HUS (COOBITHS, CUTYAllUH,
poI1ecca).

YToOb! pellInThb TAaKyIO 33224y, HEOOXOAMMO IIepeBeCcTH ee Ha S3bIK Ma-
TeMaTU4eCKUX ACMCTBUM, T.€. IOCTPOUTH €€ MaTeMaTUUECKYIO MOAEAD.

HanomuuM, 4T0 Mamemamuueckas MOgeAb — 3TO OIIMCAHNUe KaKOTro-
AUOO pearbHOrO MPOoIecca Ha MaTeMaTUUYECKOM SI3BIKE.

MaTeMaTU4eCKOM MOAEABIO TEKCTOBOM 3aAaUM SIBASIETCS BblPASKEHUE
(A1160 3amuCh IO AEMICTBUAM), €CAU 3aAaUa pelllaeTcsa apuMeTUIeCKIM
MeTOAOM, U YypaBHeHue (AubOo cucTeMa ypaBHeHUM), eCAU 3ajpada pe-
11aeTcda aATeOpandecKuM METOAOM.

B npomecce penreHns 3apauy YETKO BEIAEASIIOTCS TPU dTalla MaTe-
MaTH4YeCKOT'O MOAEAUPOBAHUA:
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m [ oTram — IIepeBop YCAOBI/II‘/II 3aAA49M Ha MaTeMaTU4eCKUH S3hIK; pu
O3TOM BBIACAAIOT HeOGXOAI/IMBIe AN pellieHusi AaHHBbIe M MCKOMBIe
M MaTeMaTUIeCKUMHU CITocOOaMU OTIMCHIBAIOT CBSI3U MeXAY HUMY,

m [l 3Tanmn — BHYTPUMOAEABHOE pellIeHre (T. €. HAXOJKACHUE 3HaUeHUSA
BBIpa@’KeHMUSs, BBIIOAHEHNE ACHCTBUH, pellleHle YPaBHeHUs);

m [Il sTan — uHTepmpeTanud, T.e. NePeBOA IIOAYYEHHOTO pelleHUsd
Ha TOT A3BIK, Ha KOTOPOM OBbIAa CDOPMYAMPOBAHA MCXOAHAS 3aAa4a.

IMpouartocTpupyeM U3AOKEHHOE Ha IIpHUMepe pelleHus aAreopan-
YEeCKUM METOAOM CAEAYIOIIeH 3aaaum: «B OAHOM BaroHe 3AeKTPOIOe3Aa
OBINO ITACCA’KUPOB B 2 pasa 00AblIIe, 4eM B ApyroM. Koraa U3 nepBoro
BaroHa BHIIIAM 3 YEAOBEKQ, @ BO BTOPOM BaroH BOIIAM 7 YEAOBEK, TO B
000UX BaroHax IacCa’kKUpoB CTAAO TOPOBHY. CKOABKO IaCCa’>KUPOB OBIAO
B Ka’KAOM BaroHe IIepBOHAYAABHO?».

Otan [: 0603HauuM depe3 X IIepBOHAUYAABHOE YHCAO ITacCCa’kKUpPOB
BO BTOpPOM BaroHe. Toraa 9YMCAO ITacca’>kxMpoOB B IIEPBOM BaroHe — 2x.
Koraa u3 mepBoro BaroHa BBIIIAM 3 YEAOBEKa, B HEM OCTAaAOCh 2X — 3
nmaccaxupa. Bo BTOpOM BaroH BOLIAU 7 UEAOBEK, 3HAUUT, B HEM CTAAO
X+ 7 nacca>kupoB. Tak Kak B 000UX BaroHax I1acCa>kupoB CTAAO [IOPOB-
HY, TO MO’KHO 3aIIMCaTh, YTO 2X — 3 = X + 7. [loAyunAu ypaBHeHUE — 3TO
MaTeMaTudeckass MOAEAb AQHHOU 3aAauu.

Ortar II: pemmenne MOAy4eHHOTO ypaBHEHMS BHE 3aBUCUMOCTH OT TOTO,
YTO B HeM 0003HAYaEeT ITIepeMeHHas X: IePEHOCHUM B A€BYIO 9aCTh YAEHEI
YpaBHEHHUSsI, COAepIKAllUe X, a B IPaByl0 — He COAepsKalllfe X, IpuieM
Yy IIepeHOCUMBIX YAEHOB 3HaKU MeHseM Ha IIPOTUBOIIOAOKHEIE: 2X — X =
=7+ 3. [IpuBopuM IIOAOOHEBIE YAEHEBI U IIOAyYaeM, 4To x = 10.

Ortan III: ucnoab3dyeM moAydeHHOe pellleHUe, YTOOBl OTBETUThH
Ha BOIIPOC 33Aa@4U: BO BTOPOM BaroHe OBLIAO mepBoHadaAbHO 10 gea.,
a B mepsoM — 20 yea. (10 - 2 = 20).

HanOGoABIIyIO CAOJKHOCTE B IIPOLleCCe pelleHUs TEKCTOBOU 3aAa4y
IIPEeACTaBASIET IePeBOA TEKCTa C eCTeCTBEHHOTrO I3bIKa Ha MaTeMaTH-
YeCKHUM, T.e. BHIIIOAHeHUe | 3Tana MaTeMaTUueCKOTO MOAEAUPOBaHUS.
UTOOBI 0OAETUUTE 3Ty NPOIEAYPY, CTPOST BCIIOMOTaTeAbHBIE MOAE-
AM — CXeMBI, TaOAUIIEI U Ap. Torpa mporiecc pemreHust 3aAa9M MOKHO
paccMaTpUBATh Kak IIepexop OT OAHOU MOAEAU K APYTOM: OT CAOBECHOM
MOAEAU pPearbHOM CUTYaIluM, IIPEACTAaBACHHOM B 3apade, K BCIIOMOTa-
TEeABHOU (CXeMBI, TAOAMIILI, PUCYHKH U T.A.); OT Hee — K MareMarude-
CKOM, Ha KOTOPOM U IIPOUCXOAUT pellleHre 3apauu.

IMpueM MOAEAPOBAHUS 3aKAIOYAETCS B TOM, UTO AAST UCCAEAOBaHUSI
KaKOT0-AN00 0OBEeKTa (B AQHHOM CAy4Yae TeKCTOBOM 3aAa4¥) BEIOUPAIOT
(MAM CTPOST) APYTOM OOBEKT, B KAKOM-TO OTHOLIEHUYN TOAOOHBIN TOMY,
KOTOPBIA UCCAEAVIOT. IIOCTPOEHHBIU HOBBIM OOBEKT MU3Y4aloT, C €ro
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Mopaean, mpuMeHsieMbIe
AASI TEKCTOBBIX 3aAa4

|
¥ ¥

CxeMaTu3upOBaHHEIE 3HAKOBEIE
BermiectBennbie I'padprueckue ChAoBecHBIE MaremaTtuueckue
[MpepMeTEL I~  Pucynok Kparkas I~ Bripakenue
3amnuch
3amMecTuTeAn YCAOBHBIN 3anuchk 1o
Tabauna =1 =
TIPEeAMETOB PUCYHOK AEUCTBUSIM
= CxeMma - YpaBHeHUTE
Cucrema
L YepTex L .
ypaBHeHUN
[} [}
BcrmomoraTeabHbIe Pemarorue
Puc. 8.1

IIOMOIBIO PellaloT NCCAEAOBATEABCKUE 3aAaUU, @ 3aTeM pe3yAbTaT
TIepeHOoCAT Ha IepBOHAYAABHBIN OOBEKT.

Mopaean OBIBAIOT pa3Hble, U IIOCKOABKY B AUTepaType HeT eANHO-
o0pa3usd B UX Ha3BaHUAX, YTOUHUM TEPMUHOAOTHIO, KOTOPYIO OyAeM
UCIIOAB30BATh B AaAbHeleM (puc. 8.1).

[To BEA@M CPEACTB, UCIIOAB3YEMBIX AASI UX IIOCTPOEHUST, MOAEAU TIOA-
Pa3peAsiioT Ha cXxeMamu3upOBAHHble U 3HAKOBBIE.

CxeMaTHU3UpPOBaAHHEIE MOAEAM, B CBOIO OUEPEAb, AeAITCS Ha Beuje-
CmBeHHble U rpaguieckue B 3aBUCUMOCTU OT TOTO, KaKoe AeNCTBUEe OHU
obecneunBaloT. BelllecTBeHHBIE (UAM TPEAMETHBIE) MOAEAU TEKCTOBBIX
33pa4 00eceunBaroT PU3NIECKOe AeUCTBUE C IpepMeTaMu. OHU MOTYT
CTPOUTHCS U3 KAKUX-AUOO MPEAMETOB (IIYTOBUIL, CIUYEK, OYMa KHBIX
TIOAOCOK U T.A.), OBITH IPEACTaBAEHBI PA3HOTO POAA MHCI[EHUPOBKaAMHU
CIO’KeTa 3apau. K 3ToMy BUAY MOAeAel IPUUUCASIIOT U MBICA€HHOE
BOCCO3AaHVE PeaAbHOM CUTyalluM, OIIUCAaHHOU B 3ajaue, B BHUAE IIPEA-
CTaBAEHUMU.

I'padhrueckre MOAEAN HCIIOAB3YIOTCS, KaK IIPAaBUAO, AAS 00O0OIIeH-
HOTI'O, CXeMaTUYEeCKOT'0 BOCCO3AQHUS CUTYAlluU 3aAa49U. OTO MOKET OBITh
PHUCYHOK, YCAOBHBIM PUCYHOK, YePTeK UAM CXEeMATUYHBIN YePTEX (UAU
OPOCTO CXeMa).
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Puc. 8.2

Pwuc. 8.3

Pa3bsacHUM CyThb 3TUX MOAeAeN Ha IpuMepe 3apauu: «\Upa Ha-
pucoBanra 4 AOMHUKA, a BoBa Ha 3 pooMuKa 60abIle. CKOABKO AOMUKOB
HapucoBaA Boa?».

PucyHoOK B KauecTBe rpapmuuecKOi MOAEAH 3TOU 3aAa4M UMEET BUA,
IpeACTaBACHHBIM Ha pHUC. 8.2.

YCAOBHBIM PUCYHOK MOXKET OBITh TaKMM, KakK Ha puc. 8.3.

YepTeK Kak rpadudeckast MOAEAb BEIIIOAHSETCS C UCIIOAB30BaHUEM
YyepTe>KHBIX NHCTPYMEHTOB U COOAIOAEHUEM 3aAQHHBIX OTHOIIEHUU
(puc. 8.4).

CxeMaTH4YeCKHU YepTeX (CXeMa) MOXKeT BBIIIOAHATHECSI OT PYKH,
Ha HEM yKa3bIBAIOTCSA BCe AQHHBIE U UCKOMEIe (puc. 8.5).

3HaKOBBIE MOAEAU MOI'YT OBITH BLIITIOAHEHBI KaK Ha €CTeCTBEHHOM,
TaK U MaTeMaTHUYeCKOM SI3bIKe. K 3HAKOBBIM MOAEASIM, BHIIIOAHEHHBIM
Ha eCTeCTBEHHOM f3bIKe, MOJKHO OTHECTH KPATKylO 3allNCh 3aAa4U

AL L 1A'\

Puc. 8.4

4.

3A.

Puc. 8.5
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B BUAe TabAuIbl. Hanpumep, KpaTKast 3alliCh 3aAaUM O AOMUKaX AUABI
1 BoBEI MOJKeT OBITH TAKOMH:

A — 4. <
B. — ?, Ha 3a. GoAblle, ueM J

Tabanila Kak BUA 3HAKOBOU MOAEAM UCIOAB3YETCS TAABHBEIM 00Opa-
30M B CAyYae, KOTAa B 33pade UMeeTCsl HECKOABKO B3aUMOCBSI3aHHBIX
BEAWUMH, Ka’KAAasl U3 KOTOPHIX 3aAaHa OAHUM UAM HECKOALBKUMH 3Haue-
HUAMHU. Takye TaOAUIIBI UCTIOAB3YIOTCS IIPU PEIIeHNU TEKCTOBBIX 3aAa4
Ha ABUJKeHUE U APyTHe IPOIECCHL.

3HAKOBBIMU MOAEASIMU TE€KCTOBBIX 3aAa4, BHIMMOAHEHHBLIMM Ha Ma-
TeMaTUUeCKOM s3bIKe, IBASIOTCS: BhIpa’keHUe, YpaBHeHHe, cUcTeMa
YPaBHEHMH, 3aIIMCh PellleHNs 3aAa4l 10 AeUCTBUAM. [ IOCKOABKY Ha 3THUX
MOAEASIX IMTPOUCXOAUT pellleHre 3apauM, WX Ha3LIBAIOT pewarouumu
mogeasamu. OcTarbHBIE MOAEAU, BCe CXeMaTU3UPOBaHHBIE U 3HAKOBEIE,
BBLIMIOAHEHHBIE Ha €CTECTBEHHOM SI3bIKe, — 3TO BCNOMOTameAbHble
MOgeAU, KOTOpBIe 00eCIIeunBaloT IIEPEXO0A OT TEKCTa 3aAa4YX K MaTeMa-
TUUECKON MOAEAU.

He caepyeT pAyMaTh, 4TO BCsIKask KpaTKast 3allUCh UAU YePTeSK, BBIIOA-
HeHHBIE AT AQHHOM 3aAa4H, SIBASIIOTCS €e MOAEASIMU. Tak KakK MOAEAb —
3TO CBOeOOpa3Hast KOMUS 3aAauu, Ha Hell AOASKHBI OBITh TIPEACTaBAEHBI
Bce ee 00beKmbl, BCe OMHOUWEHUS MEeXJy HUMU, YKA3aHbl MpeOOBAHUA.

BOMPOCHLI N SAOAHNA

1. O kakux Mofensax aeT peydb B CREQYOLLMX 3aaaHNsX Ana mMnag-
LLIMX LLKOSbHUKOB:

a) «3anuLum peLleHne 3aa4m B BYAE YMCIOBOM0 BbIPaXXEHNAY;
6) «Hapwicyi cxemy, OHa MOMOXET PeLUNTb 3afa4qyy;

B) «3anuLum ycroswve 3afa4qv B B1ae Tabnuubl. 310 nomoxeT Tebe
PeLLnTL 3a4a4y».

2. BbigenuTe B Kaxpaon 13 cnegyroLmx 3aaay 06beKTbl, yCNoBUs,
TpeboBaHWA 1 ONS KaX[or NocTponTe BCNOMOraTenbHy MO-
Lenb:

a) «ManbBWHe Nofapunu CBA3KY LLUAPOB ABYX LIBETOB: rony-
6oro 1 pososoro. Po3oBbix Wapos B 3 pasa 6onblue, Yem
rony6bix. Ckonbko Bcero wapos 6bIno B CBA3KE, ecnv ronybbix
4 wapa?y;

6) «V BypaTtnHo 15 kHur, 310 Ha 3 kHUrK 6onbLue, Yem y INbepo.
Ckonbko KHUr y Meepo?y;

B) «B ogHom kopobke 6bino 10 Kr KoHAIEeT, BO BTOpPOn — B 2 pasa
MEHbLLIE, 8 B TPETbeN — Ha 3 KI KOHCHET MeHbLLIE, YeM BO BTOPOW.
CKkonbKo KMnorpaMmmoB KoHpeT BbIno B Tpex Kopobkax?y;
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r) «dnvHa npamoyronbHrka B 3 pasa 6onblue ero LWMpPUHbI.
HangnTe nnowwaas NpAMoyronbH1Ka, eCnm ero LUnprHa Ha 12 cm
MEHbLLE ANINHBIY;

o) «Mama 3aconuna 27 kr orypuos, no 3 Kr B kaxxpaon baHke,
1 CTONbKO Xe 6aHoK nomMuaopoB., no 5 kr B kaxgon. Ckonbko
K1norpamMmmoB NoMnAopOoB 3aconuna Mama?.

3. 3anumte MaTeMaTUHECKYH MOZENb KaXaov 3aaadn U3 3afaHna
2 B BUJE Y/CI0BOr0 BbIPaXXEHUSI 1 HANZMTE ero 3HaYeHue.

4. Kakoe 41cnoBoe BblpaxeHue ABNSeTcs MaTeMaTUHeckon Mmoge-
nbto 3apa4m: «Y Konm 6eino 5 opexos, y My — Ha 3 6onbLue,
yemy Konn, ay Cawwm — B 2 pasa MeHbLUe, Yem y Muwmn. Ckonbko
BCEro 0pexoB 6bIno y pebaT?y:
a)(5+3):2+5; B]5+3+(5+3):2;
6)5+(B5+3)+(5+3):2;, r5+(B+3)+(3-2)?

5. [HokaxwuTe, 4T0O BCE MPVBEAEHHbIE YPaBHEHWNS ABAAOTCA MaTe-
MaTM4eckM Mogensamn 3agaydn: «/13 oByx ropogos, paccTos-
Hve mexay kotopeiMn 420 KM, HaBCTpeYdy Apyr Apyry Bblexanu
0JHOBPEMEHHO iBa aBTOMObWNS 1 BCTpeTUNUCL Yepes 3 4. OguH
aBTOMObWINb ABMrancs co ckopocTeio 60 km,/ 4. KakoBa CKOpoCTb
Lpyroro aBToMobmna?y:
alx-3+3:-60=420;6)(60+x)-3=420;8)420—3 -60=
=x-37

m METO/b! U CNOCOBbI PELUEHWS! TEKCTOBbIX
3AMAY

OCHOBHBIMU METOAAMU pellleHUsI TeKCTOBBIX 3aAa4 IBASIIOTCS apud-
MEeTUYEeCKUM 1 arreOpanidecKuu.

Pemuts 3apavy apugpmemuiecKkuM Memogom — 3TO 3HAUYUT HAWUTHA
OTBeT Ha TpeboBaHMe 33Aa9H IIOCPEACTBOM BHIIIOAHEHUS apudMeTHnde-
CKUX AeMCTBUHM Hap UYMCAAMMU.

OpHY U Ty JKe 3aAa9y MOJKHO PeIIUTh Pa3AUYHBIMU apugpmemuse-
ckumu cnocooamu. OHU OTAMYAIOTCS APYT OT ApyTra MaTeMaTU4eCKUMU
MOAEASIMU.

PemmM, HanpuMep, pa3AUIHBIMU apUPMETHIECKUMU CIIoco6aMu
TaKylo 3apauy: «CIman 3 IMAQThS, PACXOAYs Ha Ka’kKAoe IO 4 M TKaHU.
CKOABKO KOPT MOKHO OBIAO CIIMTBH M3 3TOU TKAHU, €CAU PACXOAOBATh
Ha OAHY KODTY 2 M?».

I cnoco6. 1) 4 - 3 =12 (M) — CTOABKO OBIAO TKaHU;

2) 12: 2 =6 (KOPT) — CTOABKO KOPT MOKHO CIIUTH M3 12 M TKaHU.

II cnoco6. 1) 4 : 2 =2 (pa3a) — BO CTOABKO pa3 OOABIIIEe UAET TKAaHU
Ha IIAaThe, 9YeM Ha KOTy;
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2) 3-2 =06 (ROpT) — CTOABKO KOPT MOKHO CIIUTD.

Pemuts 3apauy aarebpauiecKum Memogom — 3TO 3HAUUT HAUTH
OTBeT Ha TpebOBaHMEe 3aAa4YHl, COCTABUB M PEIINB YPaBHEHUE UAU CHU-
CTeMy YpaBHEHUI.

Ecau AAd OAHOU U TOU JKe 33AQ4U MOJKHO COCTABUTH Pa3AWYHELE
YpaBHEHUS (CUCTEMBI yPaBHEHUI), TO 5TO O3HAYAET, UTO AQHHYIO 3aAa9y
MO>KHO PelINTh Pa3ANYHBIMU aAredbpauieckumu cnocooamu.

Hanpumep, 3apaqy 00 U3rOTOBAEHUM NAATHEB M KOPT MOJKHO pe-
IIUTH ABYMSI aarebpandecKUMU CIIoCOOaMMu.

I cnoco6. O6o3HaunM 4yepe3 X (IIT.) KOAUYECTBO KO(T, KOTOPhIE
MO>KHO CIINTB U3 TKaHM, KOTOpad IMOIIIAA Ha IAAThsA. TaK KaK Ha KaXk-
AYIO KOPTYy MOKHO PacXoA0BaTh 2 M, TO TKaHU TpebyeTcs 2x (M), ¥ 3TO
CTOABKO, CKOABKO M3PacxoAOBaHO Ha 3 MAAThs IO 4 M KaXkpoe, T.e.
4 - 3 (M). IToanyuaem ypaBHeHUue 2x = 4 - 3. PemuB ero, uMmeeM, 4To
x =06, T.e. u3 12 M TKAaHU MOJKHO CHIUTH 6 KOPT, pacxopysa Ha Kaxk-
AVIO 2 M.

II cnoco6. O603HaUNM depes X (ILIT.) KOAUUYECTBO KOPT, KOTOPHIe
MOJKHO CIINUTB M3 TKaHU, KOTOPAas IIOIIAA Ha IIAAThd. HeTpyAHO BHAETS,
YTO 3@BUCUMOCTH MeXKAY KOAMYECTBOM M3AEAMU U TKaHbIO, KOTOpas
Ha HUX PACXOAyeTcs, 0OpaTHO MPOIOpPIUOHAaABHAA. [103TOMYy MOKHO

x 4
3anucaTh: —=—. PellInB 3TO ypaBHEHUE, IIOAYUYUM X = 6.

BOMPOCHI N SAOAHNA

1. PewwuTe pasnuyHbiMu apugMeTmyeckMm cnocobamm cnegyro-
LMe 3aaa4v:
a) «B nekapHe exxeHEBHO BbINEKAKOT OQMHAKOBOE KONMMYECTBO
6aToHoB. Ckonbko 6aTOHOB BbINEKYT 3a 6 AHEN, ECnn 3a TPU OHA
BbinekatoT 1200 6aToHOB?»;
6) «B Baze 14 6onblunx n 9 maneHbkux a6nok. N3 Hux 13
A6NOK 3eneHble, ocTanbHble kpacHble. CKonbko KpacHbIX S6510K
B Ba3e?».

2. Peluute pasnnyHbiMu anrebpanyeckmmim criocobamu crnegytoLme
3a0a4u:
a) «/13 96 M Tkanu cumnu 18 nnaTtbes 1 KOCTIOMbI. Ha kaxaoe
nnaTbe M3pacxofoBany 3 M, a Ha Kax bl KocTioM — 6 M. Ckonbko
CLUMMU KOCTHOMOB?»;
6) «Y Hatawwm Ha 15 oTkpbITok 6onbLue, Yem y Mawwuw. MNocne
TOro Kak AeBoYkam nogapunu eLle no 6 oTkpbITok, y HaTtawm nx
cTano B 2 pasa 6onbLue, 4eM y Matum. Ckonbko oTKpbITOK BbIno
y KaXa0M 0eBoYKMN NepBoHayansHo?y.
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3. Kaxgyo 3agavy pelunte apucMeTnHeckum 1 anrebpan4eckmm
MEeToAaMu; apuhMeTUHECKOE PELLEHNE 3aMULLWTE B BULE HYNC-
NOBOro BbIPAXEHUS N HANAMTE ero 3Ha4eHe:

a) «Y TaHu 6bino 110 mapok. OHa nogapuna cecTpe nono-
BMHY BCeX Mapok 1 ewle 5 mapok. Ckofbko MapoK 0CTanochb
y TaHn?y;

6) «TypucTbl npoexann 320 kM Ha Tennoxoge n Ha aBTobyce.
Onu 6binn B nyTn 7 4. C KaKowm CKOPOCTBIO TYPUCTLI exanu Ha
aBTobyce, ecnun Ha Tennoxofe oHW NNbINK 4 4 CO CKOPOCTbIO
35 km/4?».

3TAMNbI PEWLEHNA 3A0AYN APUDPMETUHECKM
METOAOM W NPUEMBbI X BbINOJIHEHNA

Pemenne Aro00#M 3apaum — IPOLECC CAOKHOM YMCTBEHHOM Aes-
TeABHOCTU. YTOOBI OBAAAETH MM, HEOOXOAMMO 3HATH OCHOBHBIE 3TAIlbI
pellleHus 3apaUl U HEKOTOPHIE IPHUEeMBI UX BBLIITOAHEHUS.

AesSTeAbHOCTD IO PelIeHNI0 3apAauM apudMeTHIeCKUM MeTOAOM
BKAIOYAET CAEAYIOIIMe OCHOBHBIE 3TAlbl: 1) aHAAU3 3aAauy; 2) IOUCK
IIA@HA pellleHud 3aAauy; 3) OCylleCTBA€HHME ITAaHA pelleHud 3aAaul;
4) mpoBepKa pelleHns 3aAa4uM.

B peaarbHOM mHpoliecce pellleHUs 3apa4y Ha3BaHHbIE 3TAIlbl HE UMe-
IOT YeTKUX TPAHUI] ¥ He BCEerAa BBITIOAHSIOTCS OAMHAKOBO IIOAHO. Bce
3@BUCHUT OT YPOBHS 3HAHUM M YMeHHU pemarolero. Hanpumep, ecan
IIOCAe IIPOYTEHHUs 3aAQUU BBl OOHAPY’KMAHU, YTO OHA U3BECTHOTO BaM
BUAA U BBl 3HaeTe, KaK ee pelllaTh, TO, KOHEUHO, TTIONCK TTAaHa He BhIY-
AEHSIETCS B OTAEABHBIM 3Tall.

OAHAKO MOAHOE, AOTUYECKM 3aBepllIeHHOe pelleHre 00513aTeAbHO
COAEP>XKUT BCe YKa3aHHbIe 3TAllbl, @ 3HaHME IIPHUEeMOB UX BBIITOAHEHUS
AEAAeT IPOoIlece pellleHns AI000M 3apaull OCO3HAHHLIM U IleAeHalIpaB-
A€HHBIM, a 3HQUUT, U OOAee yCIeUIHbIM.

1. Anaan3 3apaun. OCHOBHOe Ha3HAYeHMe 3TOro 3Talla — ITOHSITH
B IIeAOM CHUTYAIllMIO, OMMCAHHYIO B 3aAaue; BEIAEAUTH YCAOBUS U Tpe-
0OOBaHUS; Ha3BaTh U3BECTHLIE U UCKOMBIE OOBEKTHI; OIIPEAEAUTE BCE
OTHOILIEHUS (3aBUCUMOCTH) MEXAY HUMU.

[Mpou3Boasa aHaAU3 3aAa4H, BHIUAEHSSI €€ YCAOBHUS, MBI AOAJKHEI
COOTHOCUTB 3TOT aHAAU3 C TpeOOBaHUAMHU 3apa4u. APYTUMU CAOBaMH,
QHAAU3 3agaiu BCcerga HanpaBAeH HA BblNOAHeHue ee mpeboBanull.

M3BecTHO HECKOABKO IIPUEMOB, KOTOPhIE MOYKHO UCIIOAB30BATh IPHU
aHaAU3e 3apauM.
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PazobpaTbca B cOAepsKAHUM 3aAa4M, BEIUAEHUTH YCAOBHUS U Tpe-
OOBaHUA MOJKHO, €CAM 3agamb CNeyuaAbHble BONPOChl U omBemumbp
HA HUX:

1. O ueM 3a3paua, T.e. KAKOM IIPOIECC U KaKue OOBEKTHl pacCMaTpHu-
BalOTCS B 3apaue’?

2. KakuMu BeAMYMHAaMU OH XapaKTepusyeTcs?

3. Kakue BeAWYUHE] B 3apaUe U3BECTHHI, a KaKue SIBASIIOTCS HC-
KOMBIMM ¢

4. B KakoM 3aBUCHUMOCTHM HAXOAATCS BEAWUYUHEBI, pacCMaTpUBaeMbIe
B 3apaue?

Bocnoab3yeMcs yKa3aHHBIM IIPUEMOM U OTBETHUM Ha ITOCTaBAEHHBIE
BOIIPOCHL AAS TAKOM 3apaum: «l13 ABYX IIOCEAKOB, PACCTOSTHUE MEXKAY
KOTOPBIMU 57 KM, BHIIIAW OAHOBPEMEHHO HABCTPeuy APYT APYTY ABa
ABDKHUKA. Kakoe paccTogHme OyAeT MeXKAY ABDKHUKaMU uepe3 2 4, eCAU
OAVIH IIIEA CO CKOPOCTHIO 12 KM/4, a Apyrort — 16 KM/4?».

1. 3apada 0 ABUIKEHUM ABYX ABDKHUKOB HaBCTPEYY APYT ADPYTY.

2. TIponecc ABUIKeHUS XapaKTEPU3yeTCs CKOPOCTBIO, BpeMeHeM
U IPOMAEHHBIM PACCTOSHUEM.

3. VI3BeCTHBI CKOPOCTH ABUKEHUS ABDKHUKOB (12 kM/49 1 16 xM/4),
BpeMS UX ABM)KEHUA (2 4), pacCTOsTHUE MeXXAY IoceAakaMu (57 km). Uc-
KOMBIM SIBASIETCS PACCTOSHUE MEXAY ABDKHUKAMU dyepes 2 4.

4. TTpoMpA€HHBIU ITYTE (S), CKOPOCTE ABUKEHUA (V) U BpeMS ABUYKEHUSA
() HaXOAATCSI B 3@BUCUMOCTHU S =V - L.

BoABITyIO TOMOIL B OCMBICA€HHUM 3aAaUU OKa3BIBAET APYIOM IIpH-
eM — nepegpa3upoBka mekcma 3agaiu. OH 3aKAIOYaeTCsl B 3aMeHe
AQHHOTO B 3aja4e ONHCAHUSA HEKOTOPOM CUTYAIlMU APYTUM, COXPaHSIO-
LIIMM BCe OTHOIIEHMUS, CBSI3U, KAUeCTBEHHBIE XapaKTEPUCTUKHY, HO OoAee
SIBHO UX BBIPAKAIOIIUM. DTO AOCTUTAETCS B PE3YABTATE OTOPACHIBAHUS
HeCyLIeCTBEHHOM, U3AUIITHEN WH(OPMAIIUY, 3aMEeHBl ONIMCAHUSI HEKO-
TOPBIX TOHATUN COOTBETCTBYIOIIUMHU TePMUHAMHU U, HQOOOPOT, 3aMeHbI
HEeKOTOPHIX TePMUHOB ONMCAHUEM COAEP’KaHUS COOTBETCTBYIOIIUX
MIOHATHY, T.e. IpeoOpa30BaHUusI TEeKCTa 3aAauM B (POPMY, YAOOHYIO AAS
IIOMCKA IIAaHA pelIeHUd.

OcobeHHO 3p(PEKTUBHO UCIIOAB30BaHNE AQHHOI'O IIpHeMa B code-
TaHMUU C pa3bueHreM TeKCTa Ha CMBICAOBBIE YacTU. Pe3yAabTaToM mepe-
(PPasupOBKU AOAJKHO OBITH BHIAEAEHNE OCHOBHBIX CUTYalUM.

Tak, 3apa4y 0 ABUYKEHUM ABKHUKOB MOJKHO IIepedpa3upoBaTh, €CAN
YCAOBHS 3aAa4H IIepeHeCcTd U3 TpeOOBaHUS B OCHOBHOW TEKCT.

IMTepedpa3zupoBaHHbBIN TEKCT YaCTO OBLIBAET MTOAE3HO 3aIIUCATh B BUAE
TAaOAUIIEI UAU APYTOM BCIIOMOTATEABHOU MOAEAU.

Hampumep, Ars paccMaTpuBaeMOU 33Aa4W MOKHO IIOCTPOUTH CAe-
AYIOITYIO TaOAUITY:
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YaacTHuK CKOpOCTh Bpewmst TTpoiA€HHBIN TTYTh
ABUYKEHUS P p PouA yr
I ABDRKHUK 12 kM/4 24 ?
Il ABDKHUK 16 xm/41 24 ?

Kakoe paccTosHHue MeXAy ABDKHUKaMU OyAeT depes 2 4, eCAU pac-
CTOSTHUE Me>KAY ITOCeAKaMU 57 KM?

MO>XHO UCIOAB30BATh CXeMY, IPUBEACHHYIO Ha pHuc. 8.6.

W Tabanna, 1 cXeMaTHYeCKUI YePTEXK SIBASIIOTCSI BCNOMOIAMeAbHbIMU
Mmogeaamu 3agaqu. OHU CAy>KaT POPMOM (PUKCALIUU aHAAN3a TEKCTOBOU
33Aa4Y1 ¥ OCHOBHBIM CPEACTBOM ITOMCKA ITAaHa ee pellleHus1. Boobiie, Ha-
3HaueHUe BCIIOMOTAaTEABHON MOAEAY TEKCTOBOM 3aAaUM — IIPEACTABUTH
337a4y B 3HAKOBO-CUMBOAUUYECKON (hOpPMe TaK, YTOOBI OHA OKAa3aAach
AASL PEIIarolero MakKCMMaABHO ITOHSATOU.

[Tocae mocTpoeHUs BCOOMOTATEABHOM MOAEAM HEOOXOAUMO IIPO-
BEpPUTh:

®  BCe AU OOBEKTHI 3dAAQ4HM IIOKA3aHEBI HA MOAEAH;
®  BCe AW OTHOLIEHUA MEXAY oOBeKTaMu OTPA>XEHHI,;
B BCe AU YMCAOBBI€ AdHHBIE IIDUBEACHEL,;

®  eCThb AW BOIIpOC (TpeboBaHNe) U IPABUABHO AU OH YKa3bIBaeT UCKO-

Moe?

2. IToncK 1 coOCTaBAE€HHE IMAaHa pelreHns 3apauyn. HazHaueHre aToro
3Talla — YCTAaHOBUTH CBSI3b MEKAY AQHHBIMU U NCXOAHBIMU OOBEKTaMH,
HaMeTUThb ITOCAEAOBATEABHOCTh ACUCTBUM.

IMhan periieHUsT 3apauM — 3TO AUIIDL UAES PEIeHUs], er0 3aMbICeA.
MosKeT CAYIHUTBCS, YTO HalAeHHAsA UAes HeBepHa. TorAa Hy>KHO BHOBbB
BO3BpPAIIAaThECA K @aHAAU3Y 33Aa4H, T.e. K IEPBOMY 3TAlly pelleHus.

Kaxk mckaTh mAaH pelieHus TeKCTOBOM 3apaum? OAHO3HAUYHOTO OT-
BeTa Ha ATOT BoIlpoc HeT. [ToucK maaHa pelleHUsT 3aAa4U SIBASETCS
TPYAHBIM IIPOLIECCOM, KOTOPBIM TOYHO He OIpepeAreH. MOKHO TOABKO
YKa3aTb HEKOTOphIe IIpUeMbl, KOTOPHIE MO3BOAIT OCYUIECTBUTL 3TOT
aTan. OAHUM 13 HanboAee U3BECTHBIX TPUEMOB ITOMCKA ITAaHAa pelleHns

vy =12 kM/9 ) vy =16 KM/4
t1=2‘{ t2=2‘{
57 KM

Puc. 8.6
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3384 apuUPMETHUYECKUM CIIOCOO0M SBASIETCS pa3bop 3agaiu o mexkcmy
uAU ee BCNOMOIameAbHOU MOgeAuU.

Pa30op 3apaum IPOBOAUTCS B BUAE IEIIOYKU PACCYKAEHUN, KOTOpas
MOJKET HaUMHATHCS KaK OT AQHHBIX 3aAa4H, TaK U OT ee BOIIPOCOB.

ITpu pazbope 3apauu OT AQHHBIX K BOIIPOCY PEIIArOIUU BEIAEASET
B TEKCTe 3aAa4U ABa IIapaMeTpa, AQHHBIX B YCAOBUY, U Ha OCHOBE 3Ha-
HUS CBSI3M MeXXAY HUMHU (TaKue 3HAHUS AOAKHEI OBITH ITOAY4YeHBI IIPU
aHaAM3e 3aAa4uH) OIIpeAeAdeT, Kakoe HeU3BeCTHOe MOJKeT ObITh HalAeHO
10 3TUM ITapaMeTpaM 1 C IIOMOIIIBI0 KAKOTO apU(PMETHIEeCKOTO ACUCTBUS.
3aTeM, CUUTAasI 3TO HEU3BECTHOE AQHHBIM IIapaMeTpOM, pellalonui
BHOBB BEIAEASsIET ABA B3AMMOCBSI3AHHBIX IIapaMeTpad AQHHBIX, OIIPEAEAd-
eT HeHl3BeCTHOe, KOTOPOe MOJKeT OBITh HaWAE€HO 110 HUM U C IIOMOIIILI0
KaKOro A€UCTBUS, U TaK AO TeX IIOp, I0Ka He OyAeT BBIICHEHO, KaKoe
AEVCTBYE TPUBOAUT K ITOAYYEHUIO MCKOMOTO B 33Aa4e OOBHeKTa.

ITpoBepem TakoM pa3bop IO TEeKCTy 3apaun: «Ha moespe, KOTOPHIN
IIIeA CO CKOPOCTBIO 56 KM/4Y, TypuCT npoexaa 6 4. [Tocae aToro emy
OCTAAOCH IIPOEXATh B 4 pa3a O0ABLIe, yeM OH IIpoexan. KakoB Bechb IyTh
TypuCTa?».

Paccy>kpeHust BepeM OT AQHHBIX K BOIIPOCY: U3BECTHO, UTO 6 U TYPUCT
IIpoexan Ha Ioe3Ae, KOTOPHIH IIeA CO CKOPOCTBIO 56 KM/U; II0 3TUM AQH-
HBIM MOJKHO Y3HATh PACCTOSIHYIE, KOTOPOe IIPOeXaA TYPUCT 3a 6 9, — AN
3TOTO AOCTATOYHO CKOPOCTb YMHOXKHUTH Ha BpeMsd. 3HasA NPOUAECHHYIO
YacTb PACCTOSHUS U TO, UTO OCTaBIIIeecs pacCTossHUe B 4 pa3a OOAbIIIe,
MO>XHO HaWTH, 4eMy OHO PaBHO. AASI 3TOTO IPOMAEHHOE PAacCTOsSHUE
HY>KHO YMHOXXUTb Ha 4 (YyBeAUUYUTH B 4 pasa). 3Hasg, CKOABKO KUAOMe-
TPOB TYPUCT IIPOEXaA ¥ CKOABKO €My OCTaAOCh, MOJKHO HaWTH BECH ITYTh,
BBIIIOAHUB CAOKEHHe HaWAEHHBIX OTPe3KOB NyTH. MTak, IlepBoe Ael-
CTBUE — OIIpEAEAeHNEe PACCTOSHUS, KOTOPOe TYPUCT IIPOeXan Ha II0e3Ae;
BTOpOE AeNCTBUE — OIPeAeAeHHe PAaCCTOsIHUS, KOTOPOe €My OCTaA0Ch
IIpoexaTh; TPeThbe — OlIpeAeAeHHe BCero IMyTH.

[Tpu pa3zbope 3apaum OT BOIIPOCAa K AQHHBIM HY>KHO OOpaTUTh BHU-
MaHHe Ha BOIIPOC 3aAd49¥ U YCTAHOBUTH (Ha OCHOBe I/IH(bOpMaL[I/II/I,
TIOAYYEHHOM IIPY aHaAM3€e 3aAau¥), 9YTO AOCTATOYHO y3HATh AASI OTBETA
Ha 3TOT BOIIPOC. AASL 4ero HyKHO OOPATUTHCSA K YCAOBUIO U BBISICHUTH,
€CThb AU AASI 3TOTO HeoOXOAUMBIe AaHHBIe. ECAM TaK1X AQHHBIX HEeT UAN
€CTb TOABKO OAHO AQHHOE€, TO YCTaHOBUTD, UTO HY>KHO 3HATh, YTOOBI Hal-
TH HeAOCTalolllee AQHHEBIE, U T.A. [ToTOM cocTaBAsieTcs IIAQH pelleHus
3apaun. Paccy>RKAeHUS IPU 3TOM ITPOBOASITCSI B 0OPATHOM TIOPSIAKE.

ITpoBepeM pa3bop TOM >Ke 3apa4U O ABUJKEHUHU TYPHUCTQ, CTPOSA
LIEIIOYKY PAacCy’KA€HHU OT BOIIpOCa K AQHHEIM: «B 3apade Tpebyercsa
Y3HATh BECh ITyTh TYPUCTa. MBI yCTAHOBUAM, YTO IIYTh COCTOUT U3 ABYX
yacTel. 3HQUUT, AAS BBHIIIOAHEHUS TPeOOBAHUS 3apauM AOCTATOYHO
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3HATh, CKOABKO KMAOMETPOB TYPUCT IIPOEXaA U CKOABKO KMAOMETPOB
€My OCTaA0Ch Itpoexath. U To, m Apyroe Hen3BeCTHO. HTOOBI OIIPEAEAUTH
IPOMAEHHBIN NyTh, AOCTATOYHO 3HATh BPEMS U CKOPOCTH, C KOTOPOU
exaA TYpUCT. OTO B 3apade U3BECTHO. YMHOXXHUB CKOPOCTh Ha BpeM4,
y3HaeM OyTh, KOTOPBIM TYpUCT npoexai. OCTaBIIUNUCA IYyTh MOKHO
HAWTH, YBEAUUUB IIPOUMAEHHEIN NIyTh B 4 pa3a (yMHOXXUB Ha 4). MrTax,
BHaYaAe MO’KHO Y3HATh IIPOMAEHHBIN IIyTh, 3aTE€M OCTABIIMUMNCS, IIOCAE
Yero CAOKeHUEeM HAaUTU BeChb IyThY.

IMTonck mraHa pelleHnd 3apa4l MOKeT IPOBOAUTHCS IO BCIIOMOTa-
TEABHOU MOAEAU, BBIIIOAHEHHOU IIPU aHaAu3e 3apauu. [1pu 3ToM BCIo-
MoraTeAbHas MOAEAb 3aMeTHO obAerdaer 3TOT npollecc. Hanmpumep,
o Tabauile (MAU CXeMe) AASL 3aAa4U O ABUJKEHUHU ABIKHUKOB AETKO
OIPEAEAUTH ITIOCAEAOBATEABHOCTE ACUCTBUY, BEAYIINX K OTBETY.

3. OcyijecTBAeHHE IIAAHA pellleHUus 3apauu. HaszHaueHre AQ@HHOTO
3Talla — HaWTH OTBET Ha TpeOoBaHMe 3aAauM, BEIIOAHUB BCe AeUCTBUSI
B COOTBETCTBUU C IIAQHOM.

AAS TEKCTOBBIX 33Aa4, pellaeMbIX apu(pMeTHIeCKUM CIIocOO0M, UC-
IIOAB3YIOTCS CAEAYIOIIYe IIPUEMBI:

®  3allUCh IIO AeﬁCTBHHM (C IIOdCHeHUueM, 6e3 IIOsSICHeHU A, C BOIIpOCa-
Mu);
B 3aIIMChb B BUAE BBIPpA’KEHUA.

[TpuBeaeM IpuMepHl Pa3ANYHBIX 3alIMCEN IIAaHA PEIIeHNsI AT Pac-
CMOTPEHHOM 3apa4uy IIPO TyPHUCTA.

®m  3anuch pelleHud 0 AeUCTBUAM C IIOSICHEHUEM K Ka’KAOMY BBITIOA-
HEHHOMY ACUCTBHUIO!
1) 56 - 6 = 336 (kM) — TypHUCT IIpoexaA 3a 6 4;
2) 336 - 4 = 1344 (KM) — OCTaAOCh IIPOEXATh TYPUCTY;
3) 336 + 1 344 = 1680 (kM) — AOAKEH OBIA TPOEXaTh TYPUCT.

Ecau mosgcHeHMs AQIOTCA B YCTHOU (pOpMe (MUAU COBCEM HE AQIOTCH),
TO 3aIIUCh OYAET CAEAYIOLIEN:
1) 56 - 6 = 336 (xM);
2) 336 - 4 = 1344 (rkm);
3) 336 + 1 344 = 1680 (k™).
®m  3anuch pelleHus o AeMCTBUSAM C BOIIPOCAMMU:
1) CKOABKO KMAOMETPOB IIpoexan TyPHUCT Ha noespe? 56-6 = 336 (km);
2) CKOABKO KHUAOMETPOB OCTAAOCH IIpoexaTh Typucrty? 336 - 4 =
= 1344 (rm);
3) CKOABKO KMUAOMETPOB TYPUCT AOAJKEH OBIA TpoexaTh? 336 + 1 344 =
= 1680 (km).

= 3anuch pelieHus B BUAC BhIPpA>KeHU .
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3anunch pelleHusd B 3TOM popMe OCyIIeCTBAdeTcs noatanHo. CHa-
Yana 3aMuMCHIBAIOT OTAEABHBIE IIaTW B COOTBETCTBUU C TIAQHOM, 3aTeM
COCTaBASIOT BEIDA’KEHME U HAaXOAST ero 3HaueHne. Tak Kak OOBI9HO 3TO
3HaYeHUe 3alHCHIBAIOT, IIOCTABUB IIOCAE UHMCAOBOTO BBIPA’KEHHUS 3HAK
PaBeHCTBa, TO 3alKUCh CTAHOBUTCS YUCAOBBIM PaBEHCTBOM, B A€BOM
YacTH KOTOPOT'O — BBEIpa’keHHe, COCTAaBACHHOE II0 YCAOBUIO 3aAaduH,
a B IpaBOM — €ro 3HaueHUe, OHO-TO U ITO3BOASIET CAEAAQTh BHIBOA, O BBI-
TIOAHEHUU TPeOOBaHMU 3aAauH.

Tak, pArS paccMaTpuBaeMoOM 3apa4u 3Ta opMa 3allUCH UMEET BUA,;

1) 56 - 6 (kM) — paccTosgHUe, KOTOpPOe IIpOeXaA TyPUCT Ha IIOE3Ae
3a 6 u;

2) 56 - 6 - 4 (KM) — paccTosgHUe, KOTOPOe OCTAaAOCh IPOeXaTh TypHU-
CTYy;

3)56-6+ 566 -4 (kM) — OyTh, KOTOPHIM AOAKEH ITPOeXaTh TYPHUCT:
56-6+56-6-4=1680 (xm).

INosscHeHMs K A€MCTBUSAM MOJKHO HE 3allUCHIBATh, & AABATh UX B yCT-
HOU (popMe.

4. ITpoBepKa pemeHus 3apa4yn. HazHaueHNe AQHHOIO 3Talla — ycCTa-
HOBUTH MPAaBUABHOCTb UAY OIMIMOOYHOCTDH BLITIOAHEHUS pellleHusl.

/3BeCTHO HECKOABKO TPUEMOB, IIOMOTAIOIINX YCTaHOBUTL, BEPHO AW
peliieHa 3apava. PaccMOTPUM OCHOBHEIE.

m  YcmaHoOBAeHUe coomBemcCmBUs MeXJgy pe3yAbmamoMm u yCcAaoBusMu
3agauu. ,A/\H 3TOTO HafIAeHHbeI PEe3yABTaT BBOAUTCA B TEKCT 3aAd49U
1 Ha OCHOBE€ paCC}DKAeHPIIZ YCTAHABAMBAETCA, HEe BO3HUKAET AU IIPpU
3TOM IIPOTUBOPEYUA.

[TpoBepuM, UCNIOAB3YSI AQHHBIU IIpHeM, IPABUABHOCTD PeIleHUs 3a-
AAQYU O ABMYKEHUM TYPHCTA.

MEI yCTaHOBHUAY, UTO TYPUCT AOAKEH OBIA IIpoexaTs 1 680 kM. [TycTs
TeIleph 3TOT PE3YALTAT OYAET OAHUM M3 AQHHBIX 33Aa4M. Aaree, Kak 13-
BECTHO, 3a 6 4 TypHuCT npoepeT 336 KM (56 - 6 = 336) u eMy OCTaHeTCS
npoexaTh 1 680 — 336 = 1 344 (xkM). COTAaCHO YCAOBUIO 3aAa4H, 3TO pac-
CTOsIHUE AOAYKHO OBITH B 4 pa3a OOABIIIe TOTO, KOTOPOE TYPHUCT IIPOeXan
Ha 1moe3Ae 3a 6 4. [TpoBepuM 3T0, pasperuB 1 344 xHa 336. AeMCTBUTEABHO,
1344 : 336 = 4. CAepOBATEABHO, €CAU HAUAEHHBIN Pe3YABTAT IOACTABUTh
B YCAOBHE 3aAQ4H, TO IIPOTHUBOPEUUM C APYTUMU AQHHBIMU, & IMEHHO
OTHOIIIeHHEeM «OBITh OOABIIE B 4 pa3a», He BOBHUKAET. JHAUUT, 3aAada
pelileHa BepHO.

3aMeTuM, UTO IIPU UCHOAB30BaHUU AQHHOTO IIpreMa IPOBEPSIIOTCA
BCe OTHOIIIEHMd, UMeloIuecs B 3apaue, M €CAM yCTaHaBAMBAETCS, YTO
IIPOTUBOPEUNST He BO3HUKAET, TO AEAQIOT BBIBOA O TOM, YTO 3apava
pellleHa BEepHO.
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m Pewenue 3agauu gpyrum cnocob6om. IlyCTh TIpm pelreHun 3apauu
KaKMM-TO CITOCOOOM TIOAyYEeH HEKOTOPHIA pe3yAabraT. Ecan ee perre-
HHE APYTHUM CIIOCOO0M IIPHUBOAUT K TOMY K€ Pe3yABTaTy, TO MOJKHO
CAEAAThb BBIBOA O TOM, UTO 3aAada ObIAa pellleHa BEepHO.

3aMeTuM, 4TO eCAU 3aAava pellleHa IIepBOHAYaAbHO apudMeTHue-
CKUM CIIOCOOOM, TO IPABUABHOCTH €€ pellleHUs MOXHO IIPOBEPUTEH,
pelInB 3aAauy aAreOpandyeckKuM METOAOM.

He caepyeT Taxkske AyMaTh, YTO Oe3 IPOBEPKU HET PellleHus TeKCTO-
BOM 3apauu. [TpaBUABHOCTE pelleHus 00ecIedrnBaeTCsl IIPEKAE BCEro
YeTKUMU U AOTUYHBIMH PaCCy’KAeHUSIMU Ha BCeX APYTUX 3Talax paboTh
Hap 3apauet.

BOMPOCHI N SAOAHNA

1. Vcnonb3ya matepvan faHHow rnasbl, 3anofHUTE CELyHOLLYH
Tabnuuy Npu ycnosuu, 4To peleHne 3apgaqm (P3) BbinonHAeTCs
aphMeTUHECKUM METOLOM.

HpI/IeMBI BBIIIOAHEHU A

HasBanue aramna P3 Lleab aTana
rnAaHa

AHaAM3 3apaun

IMTouck nrana pelieHnusa

Ocy1lecTBA€HUE TIAGHA
pelileHus

ITpoBepka

2. BbinonHute aHanus crnegylLmMx 3agad, UCNoNb3ysa pasfyHble
npuembl:
a) «Y4eHuK Kynun TeTpagen B KNeTky B 3 pasa Gonblue, 4em Te-
Tpagew B NMHerKy, npuyem mx 6bino Ha 18 6onbLue, 4em TeTpagen
B NuHeiky. Ckonbko BCero TeTpage Kynum y4eHnk?y;
6) «B Tpex knaccax Bcero 83 yyawumxcs. B nepsom knacce Ha
4 y4yeHunka bonblue, 4eM BO BTOPOM, 1 Ha 3 MeHbLLIE, YeM B Tpe-
TbeM. CKonbKo y4EeHVKOB B KaX oM Knacce?;
B) «Manbunku nonunm 8 s6noHb 1 4 cnveel, npuHecs 140 seaep
Bogbl. CKonbko BeAep BoAbl BbINUAW Nnog ss6MoHW, a CKoSbKo —
nog CN1BbLI, ECAIN Ha NONMB OAHOM A6M0HM yXxoauT Bodbl B 3 pasa
6onbLUe, YemM Ha NoMUB OJHOW CRNBbLI?Y.

3. BbinonHuTe novck nnaHa peLueHnst apugIMeTU4eCKMM METOAOM
3apayv a) U3 3agaHnsa 2 No MOAENW, a MoMCK NnaHa peLleHns
3a4a4u B) Mo TEKCTY.
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4. 3anvLumnTe peLleHne Kaxao 3a8aqm 13 3agaHns 2 no fencTBusm
C MOSICHEHNEM.

5. Kakve 13 3agay 3aaaHus 2 Bbl MOXETE PeLUNTb PasfinyHbIMK
apuhmMeTn4eckMmMm crnocobamm?

6. Kakum 06pa3oM MOXHO NpoBEPUTL NPaBUIIbHOCTL HAMLEHHOIO
pesynetaTa s 3agaqn a) 3 3agaHus 2?

7. Pewwte apngmeTnveckumMm MeTogoM 3afaqu, BblAenssa atanbl
PELLEHNs 1 MPUEMbI UX BbIMOMHEHWS:
a) «Pyyka B iBa pa3a OopoXe kapaHhalla, a nacTuk B TpU pasa
Lellesne kapaHgalua. CToMMOCTb py4ky, kapaHgalla 1 nacTtuka
coctaenseT BMecTe 40 p. CKoNbKo CTOUT NacTuK?y;
6) «CbiH Ha 24 roga MnagLle MaMbl, @ Nana Ha 3 roga crtapLue
mMambl. Ckonbko net nane, ecnu ceiHy 10 neT?».

m PELLIEHVE 3AMIAY C VCMONb30BAHUEM
MOHATUS YACTU

HMMmeeTcst KAacc 3aAa4, B KOTOPBIX pacCcMaTpUBaeMble BEAUUNHEI CO-
CTOST U3 YacTel. B OAHUX 3@padyax 4acTU NPEACTaBAEHEI SIBHO, B APY-
TUX — Y9aCTH HEOOXOAMMO BBIAEAUTH, IPUHSAB IIOAXOASAITYIO BEAUUUHY
3a | 4acThb U OIIPEeAEeAUB, U3 CKOABKUX TaKUX dacTel COCTOSAT Apyrue
BEAMYUHE], O KOTOPBIX UAET PeyUb B 3a)aue.

I'lpu penrennu 3apau ¢ UCIIOAB30BAHUEM IOHATUS YaCTU apudMeTH-
YeCKMM METOAOM YaCTO CTPOSIT BCIOMOTATEABHBIE MOAEAH.

3agaua 1. Anst BapKu BapeHbs K3 BUIIHU Ha 2 4acTU SATOA 6epyT
3 yacTu caxapa. CKOABKO caxapa Hap0 B3SThb Ha 10 KT Irop?

Pewenue. B 3apaue pedb HAET O Macce 4rop U Macce caxapa, HeoO-
XOAUMBIX AAS BapKU BapeHbs. MI3BeCTHO, 4TO Bcero 4rop 10 Kr u 4To
Ha 2 4aCTHU 4rop Hapo OpaTh 3 4acTu caxapa. TpeOyeTcsa HAUTU MacCy
caxapa, 4ToObl CBApPUTE BapeHbe u3 10 KT SAToA,.

M300pa3uM c IOMOIILIO OTPE3KOB AQHHYIO Maccy SIrOA M HeoOXo-
AMMYIO Maccy caxapa (puc. 8.7). Toraa IOAOBHHA IIEPBOTO OTpPe3Ka
IIpeACTaBAgeT cOO0M MAcCy 4rop, KOTopad HPUXOAUTCS Ha | 4acThb.
Caxapa, IO YCAOBHIO 33Aa4d, HAAO 3 TAKUX YACTHU. 3allUIIeM pellleHue
IO AEUCTBUSIM C MOSICHEHUEM:

10 kr

Puc. 8.7
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? 1) 10 : 2 = 5 (KI) — CTOABKO KHAO-

10 kr IPaMMOB SITOA, TIPUXOAUTCST Ha KaXKAYTO
4acTh;
2) 53 =15 (KT) — CTOABKO HAAO
B3STb CaxXapa.
Puc. 8.8 BcrioMoraTeAbHYI0 MOAEAD K AQH-

HOM 3apadye MO>XHO OBIAO BBIIIOAHHUTH
C IIOMOIIBIO IPIMOYTOABHUKOB (puc. 8.8).

K 3apauaM «Ha 9aCTH» OTHOCAT U 3aAQ4H, B KOTOPBIX PEYb O YaCTIX
B SIBHOM BHAE He HAET, HO MOJKHO IOAXOASIIYIO YaCTh IIPUHUMATH 3a
1 JacTb U OIPEeAeAsIThb, CKOABKO TaKUX YacTel IIPUXOAUTCS Ha Apyrue
BEAMYVHE], pacCMaTpHUBaeMble B 3ajaue.

3agaua 2. B nepBoii nauke O6bIAO Ha 10 TeTpaaett OOAbIIIE, UeM BO BTO-
poti. Bcero 6bir0 70 TeTpapeti. CKOABKO TeTpaAel B KayKAOM Iauke ?

Pewienue. B 3apaue paccMaTpUBAIOTCS ABe MAUYKU TeTpapel. Becero
TeTpaael 70. B opHOM nauke TeTpaaer Ha 10 OOABIIE, YeM BO BTOPOM.
TpebyeTcst y3HaTh, CKOABKO TeTPaAel B KaKAOM IauKe.

N306pa3um ¢ TOMOIIbI0 OTPe3Ka KOAMYEeCTBO TeTPaAel BO BTOPOM
nauke. Torpa TeTpapu B IIepBOM ITauKe MOJKHO IIPEACTABUTH B BUAE
OTpe3Ka, KOTOPEIN OoAblIe BTOporo (puc. 8.9). I'lo uepTexxy BUAHO,
YTO €CAU TETPAAY BO BTOPOM MaYKe COCTABASIOT | 4acTh BCEX TETPAAEH,
TO TETPAAU B IIEPBOM COCTABAAIOT TakXe 1 yacth u eme 10 TeTpa-
Ael.

Ecam atu 10 TeTpape yOpaTh U3 IIepBOM ITAaYKK, TO B TaUKaxX TeTpa-
M€Y CTaHeT IIOPOBHY.

3anuileM pelleHre 3aAa49U II0 ACMCTBUSAM C MOSICHEHUEM.

1) 70— 10 =60 (TeTp.) — CTOABKO TeTPaAel NPUXOAUTCS Ha 2 PaBHBIE
YaCTHU, UAU CTOABKO OBIAO OBI TETPAAEU B ABYX I1aUKAX, €CAU OBl X OBIAO
IIOPOBHY — CTOABKO, CKOABKO BO BTOPOM IIauKe;

2) 60 : 2 = 30 (TeTp.) — CTOABLKO TeTpapel MPUXOAUTCSA Ha 1 4acThb,
UAM CTOABKO TeTpajped OBIAO BO BTOPOM NAUKe;
3) 30 + 10 = 40 (TeTp.) — CTOABKO TeTpaAel ObIAO B IEPBOM ITavkKe.

BcromoraTeAabHass MOAEAB TTOACKA3bIBAET U BTOPOM CIIOCO0 pelieHns
AAHHOU 3apaum. Ecam 3a 1 4acTh NPUHATH TEeTPAAU B IIEPBOU IIQUKe,

10 T.

70 T.

Puc. 8.9
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TO, YTOOBI BO BTOPOM CTAAO CTOABKO 18 M
JKe, HapO0 K Het p06aBuTh 10 TeTpapen.
U Torpa pemenve OypeT TaKUM:

1) 70 + 10 = 80 (retp.); 25m
2) 80 : 2 =40 (TeTp.); it
3) 40 — 10 = 30 (Tetp.). ?

CyllecTByeT U TpeTUl apudMeThie- Pyc. 8.10
CKUU CIIOCO0 pelreHuss AQHHOM 3aAayuu.
PazpeanM 10 TeTpapel MOIOAAM U OAHY
IIOAOBHHY OCTAaBHUM K II€PBOU IIaukKe,
a APyTyto A00aBUM BO BTOPYIO. TOrpa TeTpapel B MAayKax CTaHET IIO-
POBHY U MOXXHO, pa3peAuB 70 Ha 2 paBHBIe YacCTH, y3HATh, CKOABKO
TeTpapey B KaXKAOM TAaKOM IIauke, a 3aTeM HUX IIepPBOHAYAAbHOE KOAU-
YeCTBO B KaKAOM Mauke.

1) 10:2 =5 (TeTp.) — CTOABKO TeTpajpel HapO IIEPEAOSKUTE U3 IEPBOU
IIaYKHU BO BTOPYIO, YTOOBI B HUX TETPAAEU CTAAO IIOPOBHY;

2) 70 : 2 = 35 (TeTp.) — CTOABKO TEeTpapel B Ka’KAOU MauKe, €CAU
U3 IIePBOU IIEPEAOSKUTH BO BTOPYIO 5 TETPAAELH;

3) 35+ 5 =40 (TeTp.) — CTOABKO TeTpaAel B MepBOM ITauke;

4) 35 — 5 =30 (TeTp.) — CTOABKO TeTpaAel BO BTOPOU MaukKe.

3agaua 3. B AByX KyCKax TKaHU OAMHAKOBO€ KOAWUYECTBO MaTepPUH.
ITocae TOTO Kak OT OAHOTO KyCKa OTpe3asu 18 M, a oT pApyroro 25 M,
B IIEPBOM KyCKe OCTaAOCh BABO€e OOABIIIe TKaHU, YeM BO BTOPOM. CKOABKO
MEeTPOB TKAHU OBIAO B KaKAOM KyCKe IIepBOHAYaAbHO ?

Pewienue. OOBEKTHI 387841 — ABa KyCKa TKAHU OAMHAKOBOU AAUHEL
Ot nepBoro orpe3aau 18 M, oT BToporo — 25 m. [Tocae 3TOTO B TepBOM
OCTaAOCE BABOE OOABIIIE TKaHM, YEM BO BTOPOM.

TpeboBaHUe 3apau¥ — HAWUTHU IEPBOHAYAABHOE KOAMYECTBO METPOB
TKaHMU B Ka’KAOM KYCKe.

1300pa3uM KyCKU TKaHU C IIOMOIIIBIO OTPE3KOB OAMHAKOBOM AAWHEI,
a 3aTeM IMOKa>keM Ha HUX TO KOAMYECTBO TKaHHU, KOTOPOe OTpe3ain
U KOTOpPOEe OCTAAOCh (puc. 8.10).

EcAn KOAMYecTBO TKaHH, KOTOPOE OCTAAOCH BO BTOPOM KyCKe, — 3TO
1 4acTh, TO KOAMYECTBO OCTABIIENCSA TKAHU B II€PBOM KyCKe — 3TO 2
TaKWX YaCTH.

[Mo uepTesKy BUAHO, YTO Ha 1 4aCTh IPUXOAUTCS KOAUUECTBO TKAHH,
KOTOPO€ AErKO HaMTH.

3amuiiieM perieHue Mo AeUCTBUSIM:

1) 25 - 18 =7 (M) — Ha CTOABKO OOABIIIE TKAHU OTPE3AaAU OT BTOPOTO
KyCKa, YA KOAMUYECTBO TKAHU, KOTOPOE OCTAaAOCh BO BTOPOM KYCKE;

2) 7+ 25 =32 (M) — CTOABKO TKaHU OBIAO IEPBOHAYAABHO BO BTOPOM
KyCKe (M, CAeAOBATEABHO, B IIEPBOM) KyCKe.
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BOMPOCHI N SAOAHNA

1. N306pa3unte c NOMOLLbI0 OTPE3KOB CredytoLLme CUTyaLmn:

a) «Kynunu p kr 96nok, a rpyLu Ha t Kr 6onbLue;
6) «Kynunum p kr Aa6nok, a rpyLl B 2 pa3a bonbLuey;
B) «Kynunu p kr s6nok, a rpyLu B 3 pasa MeHbLLEY;
r) «Kynunu p kr 96nok, a rpyLuU Ha g K MeHbLLUEY.

. TpebyeTcs cmeluaTh 3 YacTy necka v 2 YacTu LuemeHTa. Ckonbko

LileMeHTa 1 necka B OTAENbHOCTW HaA0 B3STb, YTOOLI MONY4nTbL
30 kr cMmecu Npu ycnoBuuW, 4TO 4acTu UMEIOT OQUHAKOBYIO
maccy?

PelwunTte cnepyolime 3agaym, NocTpoOUB Ha 3Tane aHanusa
BCMOMOraTenbHble MOAENU; PELLEHNE 3aNULLUTE MO OeACTBUSM
C NOSICHEHVIEM:

a) «Mama pana Tpem gesoykam ‘12 KoHGET 1 Npeanoxmna pas-
LEennTb UX Tak, 4Tobbl MnagLuan nonyymna B 3 pasa, a CpeaHss
B 2 pasa 6onbLue cTapLuen. Ckonbko KOHMET AOCTaHETCA Kax-
non?y;

6) «Ha gByx Tapenkax nexarno 9 sa6nok. Korga ¢ ogHom Tapenku
B3A11 0HO S16110K0, TO Ha 3TOV Tapenke ocTanock S6nok B 3 pasa
6onblue, yem Ha gpyron. Ckonbko s6nok 66110 Ha Kaxaon Ta-
penke?y;

B) «Y moero 6paTa 6bino B 6 pa3 6onbLUe OPEXOB, YEM Y MeHS.
Mocne Toro kak oH oTaan 10 opexoB CecTpe, y HaC OPEXoB CTano
nopoBHy. Ckonbko opexoB 6bIno y MeHsA 1y BpaTa nepBoHa-
YanbHO?Y;

r) «MoncoTHM fa6nok pasnoxwnm B KOP3WHy 1 ABa nNakeTa. B kopau-
Hy nonoxwnu Ha 14 s6nok 6onbLue, YeM B Kax bl nakeT. CKonbka
A6M0K B KOP3UHE 1 B MakeTax?y.

MocTponTe BcnomoraTenbHble MOLENW U C X MOMOLLbIO HanauTe
peLLeHns cnepyoLwpyx 3agay:

a) «Ha opHow nonke Ha B kHur 6onbLue, Yem Ha apyron. Ckonbko
KHWI HY>XHO NEePEenoXnTb C 0AHOW MOMKW Ha APYryto, YT06bI KHUM
CTarno NopoBHY?Y;

6) «Ecnn ¢ ogHoM Nonku NepenoXutsb Ha Apyry 6 KHWr, To Ha
o6eux noskax KHUr ByaeT NopoBHY. Ha ckomnbko KHUM Ha OfHOW
nosnke 6osbLUE, YEM Ha ApYron?y;

B) «Ha ogHow nonke Ha B KHWr 6onbLUe, 4em Ha apyroi. Ha ckonb-
KO KHWr ByneT 6onblle Ha OOHOWM MOMKe, YeM Ha Opyron, ecnu
C NepBOor NonKM nepenoxunu Ha apyryto 10 KHUr?y;

r) LLkonbHmK npoyntan 18 ctpaHuy 3a Tpu gHA. Ecnum 6kl oH
B NepBbIV AeHb Npo4YMTan Ha OgHy CTpaHuLy 6onbLue, a BO BTO-
por feHb Ha 4 cTpaHuWLbl MeHbLLE, TO KaXbl OEHb OH YuTan
6bl NOpoBHY. [0 CKONbKO CTPaHUL, YMTan LLIKONbHUK KaxabIi
OeHb?



m PELLIEHVE 3AMIAY HA NMPOLECCHI,
XAPAKTEPVU3YEMBIE PA3HOPOAHbLIMUA
BEMVYUHAMM

Kpome TeKCTOBEIX 3aAa4, B KOTOPBIX PACCMaTPUBAIOTCS IIPOIIECCH],
XapaKTepuzyemblie OAHOPDOAHBIMU BEAMYMHAMU, B HAYAABHOM Kypce
MaTeMaTHUuKU UMEIOTCS 3aAdiU, I'Ae OIIMCBIBAIOTCs IIPOIIECChHI, XapaKTe-
pu3yeMble Pa3HOPOAHBIMU BEAMYMHAMU. DTO 33Aa4M «Ha ABHYKEHUEe»,
pellleHre KOTOPBIX OCHOBAHO Ha 3aBUCUMOCTU MEXKAY TAKMMU BEANYU-
HaMH, KaK CKOPOCThb, BpeM¢, IIyTh; 3TO 3aAaYU «Ha paboTy», B OCHOBE
pemeHnda KOTOPBIX A€JKUT 3aBUCUMOCTE MEJXKAY BEAUYNHAMU: IIPOU3BO-
AUTEABHOCTB TPYAQ, BpeMs U 00beM pabOTHI; 3TO 3aAaUU Ha «KYIIAIO-
IPOAAIKY», IIPU PEIeHNN KOTOPBIX OIPEACASICTCS 3aBUCUMOCTE MEXAY
IIeHOM, KOAUYeCTBOM TOBapa U ero CTouMoCTbio. CIIMCOK TaKUX 3aAa4
MO>KHO 0e3 TPyAa IPOAOATKUTS.

INporecc pemieHnsa 3aAa4 AQHHOTO BHAA pacCMaTPUBAETCI aHAAO-
TUYHO NPOIeCCy PelIeHUsa APYIUX TEKCTOBBIX 3aAay, T.e. pellarolui
OCYIIECTBASIET Te JKe 3TAllbl MaTeMaTH4eCKOro MOAeArpoBanus. Ho Hau-
Oonee TPYAHBIM SIBASIETCSI 9TAIl dHAAM3d 3aAd49U, IIOCKOABKY, BO-TIEPBLIX,
OH CB$I3@H C OIIBITOM YeAOBeKa (Kak OH IIPeACTaBASIeT IIPOIlecC ABUIKe-
HUs, PabOTH], KyIIAU-TIPOAQYKY U AP.), @ BO-BTOPEIX, C HCIIOAB30BAaHUEM
HOBBIX BCIIOMOTI'aTE€ABHBIX MOAeAefI, B 4aCTHOCTH, Ta6]\I/IHBI.

PaccmoTprM cHauanra OCOOEHHOCTH PelleHud 3aAad HA gBUJKEeHUe.

ABU>KeHUE IBASIETCS OOBEKTOM PACCMOTPEHMS B CAMBIX PA3AUUYHBIX
3aAauax, B TOM YMCAE U B 3apd4ax Ha dactu. Ho HapsAy ¢ 3TuM cylie-
CTBYeT U CAaMOCTOSTEABHBIN TUI 3aAa4 Ha ABMOKeHHe. OH 00bepuHseT
TaKUe 3aAa4H, KOTOPBIE PelIalOTCd Ha OCHOBE 3aBUCUMOCTH S =V - [, TA€
S — IIPOMAEHHEIN IYTh; V — CKOPOCTh ABVJKEHH; { — BpeMsI ABUIKEHU,
IIpUYEM ABUJKEHUE PABHOMEPHOE U MIPSIMOAMHENHOE.

B HauaAnBHOM Kypce MaTeMATHKU B 33Aa4aX pacCMAaTPUBAETCSI ABU-
JKeHune AByX 00BLEKTOB HAaBCTpedy, B OAHOM HAIIPAaBA€HUU, B IIPOTUBO-
IIOAOJKHBIX HallpaBAEHUSX, ABUJKeHUe 110 peKe. PacCMOTpUM TeopeTu-
YecKHe OCHOBBI PellleHUs TaKUX 33aAad.

3apauy Ha BCTpeYHOe ABMJKeHHe ABYX O0OBEKTOB. [1yCTh ABUIKeHIE
IIepBOro OOBEKTa XapaKTepU3yeTcs BeAMYUWHAMU S, Vi, {;; ABUKEHUE
BTOPOTO — Sy, Vy, £, TakOe ABU)KEHHE MOJKHO IIPEACTAaBUTH Ha CXeMa-
TUYECKOM uepTeske (puc. 8.11).

EcAm ABa 0ObeKTa HAQUMHAIOT ABU)KEHHUEe OGHOBPEMEHHO HaBCTpeuy

APYyT APyTYy, TO:
u Ka}I(AI;IfI U3 HUX C MOMEHTA BBEIXOAA U AO BCTPEYMN 3aTpPAauYrBAET OAU-
HaAKOBOE BpeMs, T. €. t; = Iy = lyepp

177



141 \#]

A 5, 52 B

Puc. 8.11

B CKOPOCTH, C KOTOPOU COAMIKAIOTCS ABUIKYIITUECS OOBEKTHI 38 EAUHHU-
Iy BpeMeHH, Ha3bIBAIOT CKOPOCMBbIO COAWKEHUS, T. €. Vg, = V| + Vy;

® [IyTh, IPOUAEHHBIN ABVIKYIIIVMUCS TEAAMHU IIPH BCTPEYHOM ABUIKE-
HUU, MOKeT OBITh IIOACYUTAH 110 (POPMYAE: S = Vg, - Legae

3agaua 1. ABa neniexopa OAHOBPEMEHHO BEIIIAU HABCTPeUy APYT
APYTY U3 ABYX IIYHKTOB, PACCTOSTHAE MeKAY KOTOPBIMU 18 KM. CKOPOCTh
OAHOTO M3 HUX 5 KM/, @ Apyroro — 4 KkM/4. Hepes CKOABKO 4aCOB OHU
BCTPETUAUCH?

Pewenue. B 3apaue paccMaTpuBaeTCsl ABUJKeHHe HABCTPedy APYT
APYTY ABYX IlelieXOA0B. OAVH HMAET CO CKOPOCTBIO 5 KM/4, a APyTo¥ —
4 xm/4. [TyTh, KOTOPBIN OHU AOAKHBI IPOUTH, paBeH 18 kM. Tpebyercs
HAWTHU BpeMs, 4epe3 KOTOPOe OHU BCTPETSATCS, HauaB ABUKEHHE OAHO-
BpeMeHHO. BcrioMoraTeAabHBIe MOAEAM, €CAM OHM HY’KHBI, MOT'YT OBITh
Pa3HLBIMU — CXeMaTUYeCKuY 4epTesK UAM Tabauria (puc. 8.12).

[Nouck naaHa pelleHUs B AQHHOM CAydae YAOOHO BeCTH, PACCyKAAsA
OT AQHHBIX K BOIIPOCY. Tak Kak CKOPOCTH IEIIIEXOAOB M3BECTHBI, MOKHO
HaUTHU UX CKOPOCTb COAMIKEHUS. 3HasA CKOPOCTb COAMIKEHUS MTENIEX0AOB
U BCe PACCTOSTHUE, KOTOPOE UM HAAO IPOUTH, MOKHO HAUTHU BpeMd,
yepe3 KOTOpOe IelleXOAbl BCTPETITC. 3alUllleM pellleHue 3apauu
IO AEMCTBUSIM:

1) 5+4=9 (km/q);

2) 18:9=2 (u).

TakuM 06pa3oM, ITEeIIeXOABl BCTPETATCS Yepe3 2 4 OT HadaAa ABU-
SKeHUs.

3agaua 2. ABa aBTOMOOHUAS BhI-

18 kM eXaAl OAHOBpeMeHHO HaBCTpedy
m APYT APYTY M3 ABYX ITyHKTOB, pac-
o CTOSTHHE MeXXAY KOTOphIME 600 KM,
TLM/E toerp = # M U1 4yepe3 5 4 BCTpeTUAUCh. OpAUH
X HUX eXan OBICTpee APYTOTO Ha
5 KM | v, kM/9 ta 16 kM/4. OnupepeAuTe CKOPOCTH

I 2 5 2 aBTOMOOMAEH.
I ?]’18 4 'g} OATHAKOBOE Peuwienue. B 3apaue paccMaTpu-

BaeTCsd ABH)KeHUe HaBCTPeuy APyT
Puc. 8.12 APYTY AByX aBTOMOOMAe. V3BecT-
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600 km

’/?\
vy —? 54 V=% +16 KM/4

S, KM v, KM/4 t,u
I ? ? 5
I ?} 600 ? Ha 16 KM/4 GoABIIIE 5

Pwuc. 8.13

HO, UYTO ABWJKeHHe OHU HadaAd OAHOBPEMEHHO M BCTPETUAUCH Uepe3
5 yacoB. CKOpPOCTH aBTOMOOUMAEN pa3sAUdYHBI — OAWH eXaA ObICTpee
Apyroro Ha 16 kM/4. ITyTb, KOTOPBIHM Ipoexarr aBToMOOUAY, — 600 KM.
TpebOyeTcs onpepAeAUuTs CKOPOCTU ABUKEHUSI 3TUX aBTOMOOUAEH.

BcnomoraTeAbHBIE MOAEAU, €CAU OHU HY’KHEI, MOI'YT OBITh pPa3AnY-
HBIMU: CXeMaTUYeCKUM yepTeK AU Tabauta (puc. 8.13).

INouck nAaHa pelleHnus 3aAa9X MOJKHO BECTH, PACCYKAQSL OT AQHHBIX
K BonIpocy. Tak Kak U3BECTHHI BCE PACCTOSHME U BpeMS BCTPEUH, MOKHO
HaWTU CKOPOCThb COAMYKEHUS aBTOMOOUAEH. 3aTeM, 3Has, YTO CKOPOCTh
OAHOTO Ha 16 KM/4 GOABIIIE CKOPOCTU APYTOT'O, MOJKHO HaUTHU CKOPOCTU
aBTOoMOOUAeH. [Tpu 3TOM MOXHO BOCIIOAB30BaThCS BCIIOMOTATEABHOU
MOAEABIO, TIPUBEAEHHOM Ha puc. 8.14.

3amnuieM pellleHue 3aAaud II0 AeMCTBUSM C IIOSSCHEHUEM:!

1) 600 : 5 = 120 (KkM/4Y) — 3TO CKOPOCTH COAMIKEHUST aBTOMOOUAEH;

2) 120 - 16 = 104 (KM/4) — 3TO CKOPOCTH COAMIKEHUS, €CAU OBI
CKOPOCTU aBTOMOOUAEHN OBIAU OAVMHAKOBLIMU U PABHBIMU CKOPOCTHU
IIepBOTO;

3) 104 : 2 = 52 (kM/4) — CKOPOCTBH I€PBOT'O aBTOMOOYIAS;

4) 52 4+ 16 = 68 (kM/4) — CKOPOCTH BTOPOTO aBTOMOOUAS.

EcTe 1 pApyTHe apudMeTHUYeCKUe CIIOCOOHI pellleHUsI AQHHOM 33Aa4H,
BOT ABA U3 HUX.

II cnocob: III cnoco6:

1) 600 : 5 = 120 (xM/u); 1) 16 - 5 =80 (xm);

2) 120 + 16 = 136 (kMm/u); 2) 600 —— 80 = 520 (xkM);

Vi

16 xM/q 600:5 (km/1)

V2

Puc. 8.14
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3) 136 : 2 = 68 (km/u); 3) 520 : 2 = 260 (rm);
4) 68 — 16 = 52 (km/4). 4) 260 : 5 = 52 (xm/4);
5) 52 + 16 = 68 (km/4).
JalTe yCTHBIE TOSICHEHUS K BEIIIOAHEHHBIM ACMCTBUAM U ITONBITAl-
TeCh HAWTHU ApPyTHe CIIOCOOBI pellleHNs AQHHOM 3apauil.
3apauM Ha ABIDKEHHeE ABYX 0OBEKTOB B OAHOM HanpaBaeHuu. Cpepu
HHUX CA€AYeT pa3AndaTh 3aAa4H, B KOTOPHBIX:

B ABVDKEHUVE HAUYMHAETCsI OAHOBPEMEHHO U3 PA3HBIX ITYHKTOB,;
B ABHJKEHUHE HAaUHWHAETCS B pa3HOE BpeMsid N3 OAHOTI'O ITYHKTA.

PaccMoTpuM caydai, KOTA@ ABUJKEHHUE ABYX OOBEKTOB HAUMHAETCS
OAHOBPEMEHHO B OAHOM HAIlPaBA€HMH U3 PAa3HBIX IIYHKTOB, A€KAIINX
Ha OAHOM mpsiMol. [TycTh ABMI)KeHUe IepPBOTO TeAda XapaKTepu3yeTcs
BEeAWYUHAMHU S, Vi, by, @ ABUKEHUE BTOPOTO — Sy, Vo, fy.

Takoe ABMI)KeHNe MOJKHO IIPEACTABUThL Ha CXeMATUUYECKOM UYepTeske
(puc. 8.15):

Ecau mpu ABUJKEHUM B OAHOM HANIPABAEHUU MEPBBIM OOBEKT AOTO-
HSET BTOPOMH, TO V; > V,. Kpome TOro, IepBhId OOBEKT NPUOAUIKAETCS
K APYTOMY CO CKOPOCTBIO V; — V,. Ee Ha3bIBaloT CKOPOCMbIO COAUKEHUS:
Veonuwx = V1 — Vo

PaccTrosHue s, IpeacTaBAsIIollee AAMHY OTpe3Ka AB, HaXoAAT 1o op-
MYAAM: § = S1 — Sy U S = Vegaux Lpcrp:

3agaua 3. V13 AByX NIYHKTOB, YVA@A€HHEBIX APYT OT Apyra Ha 30 K,
BBI€XaAW OAHOBPEMEHHO B OAHOM HallPAaBAEHHUM ABA MOTOIIMKAUCTA.
CxopocTb opHOTO — 40 KM/4, Apyroro — 50 kM/4. Hepe3 CKOABKO YacoB
BTOPOM MOTOLIMKAUCT AOTOHUT IIEPBBIN ¢

Pewenue. B 3apaue paccMaTpPUBAETCS ABUKEHUE ABYX MOTOIIUKAU-
CTOB. BrIexaAr OHM OAHOBPEMEHHO M3 Pa3HBIX ITYHKTOB, HAXOASIITUXCS
Ha paccrosamuu 30 kM. CKkopocTs opHOTrO 40 KM/4, Apyroro — 50 xkM/4.
TpeOyeTcs y3HATh, 4epe3 CKOABKO YaCOB BTOPOM MOTOIIMKAUCT AOTOHUT
IIePBEIN.

BcnomoraTeAbHBIE MOAEAH, €CAU OHUM HY>KHBI, MOTI'YT OBITH PA3HBIMU:
cxXeMaTUYeCKUM yepTeK UAM Tabauiia (puc. 8.16).

CpaBHeHMe CKOPOCTEeN MOTOIIUKAMCTOB MOKA3HLIBAET, UTO B TEUEHUE
4Jaca MepPBBIM MOTOLUKAUCT IPUOANIKAeTCs KO BTOpoMy Ha 10 kM. Pac-

Vi V2

R Z

S

51

Puc. 8.15
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50 km/4 40 xm/4a

| l 7

T toern — 2
30 kM BCTP
S, KM v, KM/4 t, g
I ? ra 30 KM/4 GOABIIIE 50 ?
OAMHAKOBOE
II ? 40 ?

Puc. 8.16

CTOSTHHE, KOTOPOe €My HaA0 IIPOUTU AO BCTPeYHU CO BTOPHIM, Ha 30 KM
OOABIIIe, UEM PACCTOSHME, KOTOPOE 3a TaKoe JKe BpeMs IIPOeAeT BTO-
PO¥M MOTOIIUKAUCT. [ToaTOMy IlepBOMYy IOTpPeOyeTCsl CTOABKO BpEMEHH,
CKOABKO pa3 10 KM yraaabIBatoTca B 30 KM. 3alullleM pellleHUe 3aAa4u
IO AEUCTBUSIM:

1) 50 — 40 = 10 (kM/4) — CKOPOCTH COAVKEHUST MOTOITUKAMCTOB;
2) 30 : 10 = 3 (4) — 3a 3TO BpeMs HEPBBLIM MOTOLIUKAUCT AOTOHUT
BTOPOTO.

HarasiaHo 3TOT Ipoliecc npeaCcTaBAeH Ha puc. 8.17, rae eAMHUYHBIN
OTpe30K nu3obpakaeT paccTosiHue, paBHoe 10 KM.

3agaua 4. B 7 4 13 MOCKBHI CO CKOPOCTBHIO 60 KM/4 BBIIIIEA TIO-
e3p. B 13 9 caepyromero pAHA B TOM >Ke HAaIPABACHUU BBIAETEA CAMO-
AeT co ckopocThio 780 kMm/4. Hepes Kakoe BpeMsI CaMOAET AOTOHUT
moe3A?

Pewienue. B paHHOM 3apade pacCMaTpUBaeTCs ABUJKeHUe Ioe3pa
U CaMOAeTa B OAHOM HAIlpaBA€HUU U3 OAHOIO ITYHKTA, HO HAUMHAETCS
OHO B pa3Hoe BpeMs. MI3BeCTHBI CKOPOCTHU MOe3Aa U CAMOAETa, a TaKKe
BpeMs Hadara UX ABMXKeHHUd. TpeOyeTcsa HAUTU BPeMs, dyepe3 KOTOpoe
CaMOAET AOTOHUT ITOe3A,.

W3 ycAOBUS 3apaUM CAEAYET, YTO K MOMEHTY BBIAETa CAMOAETA II0e3A,
IIpOIIIeA OIIpepeAeHHoe paccTosiHue. U ecan ero HaWiTH, TO AaHHAs 3a-
Adda CTAHOBUTCS aHAAOTUUYHOM 3apaue 3, paCCMOTPEHHOM BHIIIIE.

Yrob6bI Ha¥TU PACCTOSTHUE, KOTOPOE IIPOIIIeA TT0e3A A0 MOMEHTa BbI-
AeTa CaMOAETa, HaAO ITOACYNTATH, CKOALKO BPEMEHU HaXOAUACS B IIyTH
moesa. YMHOKUB BPeMsI Ha CKOPOCTH II0€3Ad, IIOAYIUM PAaCCTOSTHUE,

40 xm/a
1yg 24 3u
& | | | | | | | | |
\_/
50km/q 14 24 34

Puc. 8.17
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IIPOMAEHHOE TTOe3A0M A0 MOMEHTAa BLIAETa CaMoAeTa. A Aanee aHaAo-
TUYHO 3apaue 3:

1) 24 — 7= 17 (4) — CTOABKO BpeMeHHU OBIA B IIyTU IIOE3A B TOT A€HB,
KOT'Ad OH BBIIIEA U3 MOCKBEI;

2) 17 + 13 =30 (4) — CTOABKO BpeM€eHHU OBIA B ITyTU ITOE3A AO MOMEHTA
BBIAETA CAMOAETAQ;

3) 60 - 30 = 1800 (kM) — IyTh, IPOMAEHHEBIN IIOE3A0M AO MOMEHTAa
BBIAETA CAMOAETQ;

4) 780 — 60 = 720 (KkM/4) — CKOPOCTBH COAVIKEHUSI CAaMOAETa U TIO-
e3)a;

5) 1800 : 720 = 2,5 (4) — BpeMs, yepe3 KOTOPOe CaAMOAET AOTOHUT
HIOEe3A,

3ajpauu Ha ABH)KeHHE ABYX O00OBE€KTOB B IPOTHBOMOAOJKHBIX Ha-
paBA€HUSX. B Takmx 3apadax ABa 0ObeKTa MOTYT HAUMHATH ABUKEHUE
B IIPOTUBOIIOAOKHBIX HAIIPABACHUSIX M3 OAHOM TOYKM: @) OAHOBPEMEHHO;
0) B pazHoe BpeMs. A MOTYT HAUWHAThL CBOE ABMJKEHME U3 ABYX PA3HBIX
TOUeK, HaXOAAIINXCS Ha 3aA@HHOM PAaCcCTOSHUU, U B pa3HOe BpeMsi.

OO61IUM TeopeTUYeCKUM IIOAOKEHUEM AAST HHUX OYAET CAepyiollee:
Vypar = Vi + Vo, TAC Vi ¥ V; — COOTBETCTBEHHO CKOPOCTH II€PBOTO U BTO-
POTO OOBEKTOB, & Vy,,, — CKOPOCThb YAQACHHUS, T. €. CKOPOCTh, C KOTOPOU
YAQAGIIOTCS APYT OT APyTa ABUJKYIIUECS OOBEKTHI.

3agaua 5. ABa noe3pa OTOIIAM OAHOBPEMEHHO OT OAHOU CTaHIIUU
B IIPOTUBOIIOAOKHBIX HallpaBAeHUAX. Mx ckopocTtu 60 KM/4 1 70 KM/ 4.
Ha KakoM pacCTOsSIHUM APYT OT Apyra OyAyT 3TU IIoe3pa uepes 3 daca
IIOCAE BBIXOAA?

Pewenue. B 3apaue paccMaTpUBaeTCs ABVKeHHE ABYX IT0e3A0B. OHU
BBIXOASIT OAHOBPEMEHHO OT OAHOM CTAHIIMU U UAYT B IIPOTHBOIIOAOK-
HBIX HallPaBAEHUIX. VI3BEeCTHRI CKOPOCTH 1m0e3A0B (60 kM/4 u 70 xM/4)
U BpeMs ux ABMKeHud (3 u). TpeOyeTcs HAaUTH PACCTOSTHUE, HA KOTOPOM
OHM OyAyT HaXOAUTBHCS APYT OT ApyTa depe3 yKa3aHHOe BpeMsl.

BcnomoraTeAbHBIE MOAEAH, €CAU OHUM HY)KHBI, MOT'YT OBITh TAKMMHU:
cxXeMaTUYeCKUM yepTeX UAU Tabauiia (puc. 8.18).

60 km/u 70 KM/4

S, KM v, KM/4 t,a
I ? 2 60 3
11 2] 70 3

Punc. 8.18
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60 kmM/u 70 KM/4

Py | | \ | | | Py

3u 24 34

?

Puc. 8.19

YUToOBI OTBETUTH Ha BOIPOC 3aAa4U, AOCTAaTOYHO HAWUTU PAcCTOS-
HUS, TPOUAEHHEIE IIEPBBIM M BTOPBIM ITOE3A0M 3a 3 4, U ITOAYYEeHHBIe
PE3YABTATEI CAOJKUTD!

1) 60 - 3 = 180 (rm);

2) 70 - 3 =210 (xM);

3) 180 + 210 = 390 (xm).

MO>KHO pelInTh 3Ty 3aAa4y APYTMM CIOCOOOM, BOCIIOAB30BABIIUCH
TIOHSATHUEM CKOPOCTU YAAAEHUSI:

1) 60 + 70 = 130 (kM/49) — CKOPOCTBH YAQAEHUS ITOE3A0B;

2) 130 - 3 = 390 (kM) — paccTosgHUe MeXXAy IOe3AaMU Jepes 3 4.

3agaua 6. OT cTaHIIUM A OTIIPABUACS [T0€3) CO CKOPOCTHIO 60 KM/ 4.
Yepes 2 4 ¢ 3TOM >Ke CTAaHIMU B IPOTUBOIIOAOKHOM HAIllpaBACHUM BEIIIEA
APYTO¥ TToe3p, co ckopocThio 70 km/4. Kakoe paccTosiHre 6yAeT MeRAY
rmoe3paMm 4epes 3 9 IIOCA€ BBEIXOAA BTOPOTO Toe3Aa?

Pewenue. JTa 3apadya OTAMYAETCS OT 3aAa4U 5 TEM, UTO ABU)KEHUE
II0e3A0B HaUMHAETCS B pa3Hoe BpeMsi. BcrmoMoraTeAbHast MOAEAD 3aAa4U
IpeAcTaBAeHa Ha puc. 8.19. Pelltuth ee MO>KHO ABYMs apupMeTUIeCKu-
MU CIIOCOOaMu.

I cnocob6:

1) 2+ 3 =5 (4) — CTOABKO BpeMEHH B ITyTU OBIA IIEPBEIN IIOE3A;

2) 60 - 5 = 300 (kM) — paccTosHHE, KOTOPOE 3a 5 4 MPOIIEA 3TOT
oesa,;

3) 70 - 3 = 210 (xM) — paccTosiHue, KOTOPOe IIPOIIeA BTOPOM IOo-
€3A;

4) 300 + 210 = 510 (kM) — paccTosgHUE MeXXAY IT0e3AaMuU.

II cnoco®:

1) 60 + 70 = 130 (KM) — CKOPOCTBb YAQAEHUS II0E€3A0B;
2) 130 - 3 = 390 (kM) — paccTogHHEe, Ha KOTOPOE YAQAUAUCH ITOE3Aa
3a 3y,

3) 60 - 2 =120 (kM) — paccTossHUe, TPOUAEeHHOEe IIePBLIM II0E3A0M
3a 2y
4) 390 + 120 = 510 (kM) — paccTosgHHE MeXAY IIOe3AaMuU.

3ajpaum Ha ABHUJKeHHe IIO peke. [Ipu pellleHHU TaKuX 3aAa4 pas-
AMYAIOT: COOCTBEHHYIO CKOPOCTb ABUJKYIIErocsi 06'beKTa, CKOPOCTh
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TeYeHUs] PeKU, CKOPOCTb ABUJKEHUs 0O0beKTa 10 TeYeHUIO U CKOPOCTH
ABVIJKEHUA o0BLeKTa IIPOTUB TEUYEHUI. 3aBUCHUMOCTE Me>XXAYy HUMU BBI-
pakaeTca POPMyAaAMU:

Vo res = Veoo + VTeq.p;
Vnpmeq = Veos. — VTeq.p;
_ Viored T Vnp‘Teq
Veos = f

3agaua 7. Paccrosguue 360 KM KaTep MPOXOAUT 3a 15 4, ecAn ABU-
>KeTCsI IPOTUB TeueHUs peKH, U 3a 12 4, eCAu ABMIKETCS 110 TeUeHUIO.
CKOABKO BpeMeHHU IIOTpelyeTcsl KaTepy, YTOOBI HPOUABITE 135 KM
IO 03epy?

Pewenue. B paHHOM cAydae yAOOHO BCe pAQHHBIE, HEU3BECTHBIE U UC-
KOMOe€, 3alliCaTh B TAOAHUILY.

YcAoBUS ABU>KEHUST S, KM v, KM/4 t,a
INo Teuenuro 360 ? 12
IMpotus TeueHus 360 ? 15
Io ozepy 135 ? ?

Tabamniia mopACKa3bIBaeT IIOCAEAOBATEABHOCTD ACMCTBUM: HAUTY CHA-
ganra CKOpOCTB ABVDKEeHUA KaTepa 110 TeYeHUI0 U HpOTI/IB TeYyeHud, 3aTeM,

HCIIOAB3YS (DOPMYABI, — COOCTBEHHYIO CKOPOCTH KaTepa U, HaKOHeT],
BpeMs, 3a KOTOpoe OH IIPOIABIBET 135 KM IIO 03epy:

1) 360 : 12 = 30 (KkM/4) — CKOpPOCTB KaTepa IO TEUYEHUIO PEKU;

2) 360 : 15 = 24 (KM/4) — CKOPOCTH KaTepa MPOTUB TeUEeHUS PEKH;

3) 24 + 30 = 54 (kM/4) — yABOEHHasI COOCTBEHHAass CKOPOCTH Ka-
Tepa;

4) 54 : 2 =27 (KM/4) — cOOCTBEHHasi CKOPOCThb KaTepa;

5) 135: 27 = 5 (4) — BpeMs, 3a KOTOpOe KaTep MPOIALIBET 135 KMm.

3apauu «Ha padoTy», «KyHAIO-IIPOAA’Ky» M APyrue IIpoIecchl.
B okpykaroier AeICTBUTEABHOCTU YEAOBEK UMEET AEAO C PA3ANYHBIMU
IIpoIleCCaMm: ABUJKEHHEM, pabOoToO, IIOKYIIKOM ToBapa 1 Ap. Kak nnpaBu-
AO, OHU XapaKTePHU3YIOTCS TPEMsI BeAMYNHAMU. Tak, AT paboThl — 3TO
IIPOU3BOAUTEABHOCTE TPYAQ, BpEMs pabOThI K BeCh OOBEM BBHITOAHEHHOU
PpabOTHI; AAS IIPOIIecca «KyIIAU-TIPOAQSKM» — IJeHa, KOAMYeCTBO TOBapa
U ero cTouMocThb. Ho Bce 3TH TPOMKY BEAMYNH CBSI3aHBI 3aBUCUMOCTHIO,
QHAAOTMYHOM 3aBUCUMOCTHU MEKAY CKOPOCTBIO, BDEMEHEM M PaCCTOSTHU-
€M IIpU IPSMOAMHENHOM paBHOMEPHOM ABV KeHUM. [TosTomMy 1 mporecc
UX pelleHNs] aHAaAOTUYEH IIPOIlecCy pellleHus 3apa4 Ha ABUJKeHUe.
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3agaua 8. AByM paboumM A@HO 3ajpaHue M3TOTOBUTH 120 pAeTaned.
OpuH paboumii U3TOTOBAGET 7 AeTaAel B Uac, a Apyrod — 5 pAeTaneil B 4ac.
3a CKOABKO 4acOB paboune BBHIIIOAHSIT 3apAaHue, paboTasi BMecTe?

Pewenue. B 3apaue pacCMaTpUBAETCS IIPOILIECC BHITOAHEHUS ABYMS
paboummu 3apaHus 110 n3rotoBAaeHUIO 120 oetaneli. U3BeCTHO, 4TO OAMH
pabouunii M3roTOBASIET B 4acC 7 AeTanrel, a Apyrol — 5. TpeOyeTcs y3HATh
BpeMs, 3a KoTopoe paboune usrotoBaT 120 peTanelt, paboTast BMecCTe.
YToOBI HAMTU OTBET Ha 3TOT BOIIPOC, HAAO 3HATH, YTO IPOIIEeCC, O KOTO-
POM HAET peyb B 3aAa49€, XapaKTepPU3yeTCs TPEMSI BEeAMYNHAMU:

1) KOAMYECTBOM BCEX IIPOU3BEAECHHBIX A€TAAel — 3TO PE3YABTAT
pornecca; 0003HauuM ero 0yksou K;

2) CKOPOCTBIO M3TOTOBACHUS AeTarel 3a eAUHUITy BPpeMeHU — 3TO
CKOPOCTB IIpoIlecca; 0003HaUUM ee OyKBOU k;

3) BpeMeHeM BBITTOAHEHUS 3aAaHUSI — 3TO BpPeMsI IPOTEKaHUS ITPO-
Imecca; o003HauuM ero OYKBOI .

3aBUCHMOCTDb MeXAY Ha3BaHHBIMU BEAMYMHAMU BbIpaskaeTcs op-
Mmyaou: K =kt.

YToOB!I HAaNTU OTBET Ha BOIIPOC 3aAauH, T.e. BpeMs {, Hy’)KHO HaWuTH
KOAMYECTBO AeTAA€eM, U3rOTOBASIEMBIX PAaOOYMMH 3a 14 IIpU COBMECTHOM
paboTe, a 3aTeM pa3peAuThb 120 peTarel Ha MTOAYYEHHYIO IPOU3BOAU-
TEABHOCTb.

PaccMmoTpuM Temnepsh 3aAa9M «Ha KYIAIO-IIPOAAXKY», T. €. 3aAd4H,
copeprKaliie 3aBUCHUMOCTb MEKAY BEAMUMHAMHM, XapaKTepU3yIoUIUMU
NIPOIEeCC KyIAU-IIPOAATKH.

Ecam O6ykBOM 4 0003HAUUTH IJeHy TOBAapa, OYKBOU K — KOAUYECTBO
KyIIA€HHOTO (MAM IIPOAGHHOTO) TOBapa, a OyKBOM ¢ — CTOMMOCTE BCETO
TOBApa, TO, KAK U3BECTHO, C = U - K. [ToAB3yACE 3TOM POPMYAOH, MOKHO
HaXOAUTD!

B CTOMMOCTB TOBAPQ, €CAM U3BECTHaA er'o IleHa U KOANYeCTBO,

® [leHy TOBapa, €CAW M3BEeCTHAa CTOMMOCThL TOBapa U ero KOAWYEeCTBO

(u=c:x);
®m  KOAMYECTBO TOBAapa, €CAM U3BeCTHa CTOUMOCTH TOBapa U ero ieHa

(xk=c:u).

3agaua. CeeTa Kynuaa 6 M TecbMBl, @ HacTsa Takol ke TeCbMBI Ha
4 m meHbIlle. CKOABKO AeHer 3alAaTUAa Ka’kpaast AeBOYKa, eCAU OHU
BMeCTe IIOTPATUAU Ha MOKYIKY 56 p.?

Pewenue. B 3apaue paccMaTpuBaeTcs IPoOIiecC MOKYIIKU TeChbMBbI
ABYMS AeBOYKaMu. M13BeCTHO KOAMYECTBO TeChbMbl, KyIIAeHHONM CBeToH,
U cKas3aHo, uTo HacTa Kynnaa TecbMEl Ha 4 M MeHbIlle, yeM CBeTa. /13-
BeCTHA TakK’kKe CTOMMOCTh BCeM KYIAeHHOH TeChbMEI. TpeOyeTcsa y3HATh
CTOMMOCTB TECBMBI, KyIIA€HHOU Ka*kKAOM A€BOYKOM.
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YToO6BI OTBETUTH Ha BOIIPOC 3aAaUH, HAAO 3HATh KOAMYECTBO TEChMHI,
KYHAeHHOﬁ AE€BOYKAMU, 3aTeM YBHaTb HeHY OAHOTO MeTpa TeCbMEI U I10-
CA€ 3TOTO — CTOMMOCTE T€ChMBI, KYIIA€HHOM Ka>KAOU A€BOYKOMU:

1) 6 — 4 =2 (M) — KOAWYECTBO TeCBMEI, KylAeHHOU Hacren;

2) 6 + 2 =8 (M) — KOAMYECTBO TE€CbMBI, KYIIACHHOU ABYMS A€BOY-
KaMu;

3) 56:8=7 (p.) — 1ieHa 1 M TeCbMHI;

4) 7 -6 = 42 (p.) — CTOMMOCTE TeChbMBI, KyIlAeHHON CBeTOl;

5) 7-2=14 (p.) — CTOUMOCTE TeCbMBI, KyIIAeHHOMN HacTeii.

Paccmorpum panee 3apauu «Ha paboTy», T.€. 3aAa4M, COAEpIKallue
3@aBUCUMOCTb MeXXKAY BEeAUUMHAMH, XapaKTepHU3YyIOUIUMH IIPoIlecC pa-
OOTHI.

Ecau O6ykBoit V 0603HaunTE BeCh 00beM pabOThI, KOTOPHIY HAAO BHI-
IIOAHUTH, OYKBOM p — IIPOU3BOAUTEABHOCTD TPYAQ, @ OyKBOM ¢ — BpeMs
paboTHI, TO, Kak U3BeCTHO, V = p - t. C4UTAIOT, YTO IPOU3BOAUTEABHOCTD
TPyAQ — 3TO 00BeM PabOTEl, KOTOPBIN BBHIITOAHSAETCSA 3a €AUHUILY Bpe-
MeHU. [Toab3yack popmyaolt V = p- {, MOKHO HAaXOAUTH!

®m  Bech 00beM BLITOAHEHHOM pa6OTbI, €CAU U3BECTHBI ITPOM3BOAUTEAB-
HOCTB TPYAQ U BpeMsi,;

®  IIPOU3BOAUTEABHOCTH TPYAQ, €CAM H3BECTHHI BeCh 00hLeM paboThHI
U BpeMs ee BhIIIOAHeHUs (p=V: {);

m  BpeMsi pabOoTHI, €CAV U3BECTHHI BeCh 00BbeM pabOThI U TPOU3BOAU-
TEeABHOCTB Tpyaa (t=V': p).

3agaua 9. ABa aBTOMaTa KOHAUTEPCKOU (PaOPUKU AOASKHBI U3T'OTO-
BUTBL 600 KoHeT. [TepBBIN aBTOMAT MOXKET 3TO cCAeAaTh 3a 10 4, a BTO-
po¥ — 3a 15 4. 3a CKOABKO YaCOB U3TOTOBAT HEOOXOAMMOE KOAUYECTBO
KoH@eT oba aBTOMaTa, paboTas BMecTe?

Pewenue. B 3apaue paccMaTpUBaeTcs IIpoliecc pabOThI ABYX aBTO-
maToB. M3BecTeH Bech 00beM paboThl (Hapo m3roToBuTh 600 KOHGET)
U BpeMs BHIIIOAHEHUS 3TOro 00beMa paboThI Ka’KABIM aBToMaToM (10 4
u 15 u). TpeOyeTcs y3HATh BpeMsl BHIIIOAHEHUS 3aAaHHOT0 00beMa pa-
OOTBI, eCAM aBTOMAaThl OyAyT paboTaTh BMeCTe.

MO>KHO COCTaBUTH BCIIOMOTATEABHYIO MOAEAb 38784l — TaOAUILY,
KOTOpasg OOAErYUT COCTaBAEHUE IINAHA ee PelleHusd.

ABTOMaT 06%133;2?;0“1' Hponfoo}'?;:;i]/\?{oc“' Bpewmst paGoTsl, 1
I 600 ? 10
II 600 ? 15
I+1I 600 ? ?
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BuauM, 4TO TPOM3BOAUTEABHOCTD IIEPBOTO M BTOPOTO aBTOMATOB
MO>KHO HaWTH, Pa3pAeAmB 00beM pabOTHl Ha BpeMsi, 3aTeM HAWUTH IIPO-
U3BOAUTEABHOCTE IIPU COBMECTHOM paboTe aBTOMATOB U, HAKOHeEI,
OIIPEAEAUTDH BPEMSI UX COBMECTHOM PabOTHI.

3anulineM pelleHue 0 ACUCTBUAM C IIOSICHEHUEM:

1) 600 : 10 = 60 (xoH(peT) — Aeraet | aBTOMaT 3a 1 u;

2) 600 : 15 = 40 (koHDeT) — Aenaert Il aBTOMaT Ha 1 4;

3) 60 + 40 = 100 (koHJET) — AeAaloT ABa aBToMaTa 3a 1 4;

4) 600 : 100 = 6 (4) — 3a 3TO BpeM4 ABa aBToMaTa cAeraroT 600 KoH-
deT Ipu COBMEeCTHOM paborTe.

BOMNPOCHLI N SAOAHNA

1. CkopocTb MneLuexofa a KM/ 4, a CKopocTb BenocunegucTa —
b km/ 4. 3anmwnTte B BUAE BbIPaXXEHWS:

a) CKopoCTb CHNMXEHMA NeLlexoaa 1 BenocuneamcTa npy aeu-
XXEHWN HABCTPEYy;

6) cKopOCTb yaaneHust Npu ABMXEHWUN B MPOTMBOMOMOXHbIX Ha-
npaBneHusx;

B) CKOPOCTb COMVXXEHUSI NMPW YCNOBMK, Y4TO BENOCUMNEOUCT [O-
rOHSAET NeLuexona;

') CKOpOCTb yAaneHusi Npu ycroBmK, Y4To BenocunegucT o6orHan
neLuexoga.

2. [Ba MOTOUMKIIMCTA Bblexany 04HOBPEMEHHO U3 OBYX MYHKTOB,
paccTosaHue Mexay kotopbiMu 450 kM. CKopocTb OAHOMO U3 HUX
80 km/4, ckopocTb gpyroro 70 km/ 4. Ha kakom paccTosHum
6yayT OHWM gpyr OT gpyra Yepes 2 4 Npu OBUXEHUM:

a) HaBCTpeYy Opyr Apyry;

6) B MpOTUBOMONOXHbIX HANPaBIEHWsX;

B) B OOHOM HanpasneHny 1 Npy 3T0M OfWH yOanseTcsa oT Opy-
roro;

r) B 04HOM HanpaBneHuy 1 Npy 3TOM OfWH JOrOHSIET Opyroro?

3. C npoTrBOMONOXHbIX KOHLOB KaTka avHon 180 m beryT Ha-
BCTPeYy Apyr Apyry ABa Manb4vka. Hepes cKonbKo CEKYHL, OHN
BCTPETATCS, ECNM HA4YHYT Her ofHOBPEMEHHO W ECNW OAWH NPo-
6eraeTt 9 M B cekyHay, a Apyrov 6 m B cekyHay?
0O6bsicHMTE, UCMOMNb3Ys YCINOBUA AAaHHOM 3afa4u, CMbICT cre-
LYHOLLYIX BblpaXXeHuii:
a)9+6;6)180:9;8)180:6;r)180:(9 +6).

Kakoe 13 aTux BblpaxeHu SBNseTcs MaTeMaTUHecKon MOAESbH
JaHHOW 3apa4n?

4. MMocTponTe pasnu4yHble BCNoOMoraTeNbHble MOGENM 3aaa4dun

1 YCTaHOBUTE, Kakas 13 HKX, Ha BaLl B3rnsg, Hanbonee Leneco-
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obpa3Ha ans ee pelueHus. PellieHne 3agaqm 3anvunTe, COCTaByB
BbIpaXeHue:

a) «/13 nyHkTa M BbILLEN NELLEXOL CO CKOPOCTLIO 4 KM/ 4, a Hepes
2 4 Bblexan BenocunegmcT co ckopocTbio 12 kM/ 4. Ha kakom
paccTosHUM OT NyHKTa M BenocrneamcT OOroHUT neLlexona?y;
6) «[Ba maccaxupa MeTpo, Ha4aBLUNE 0OQHOBPEMEHHO OAWH
CMyCK, @ Apyrov NoAbeM Ha 3cKanaTopax MeTpo, NOPaBHANMCH
yepe3 30 c. Beluucnure gnvHy ackanatopa, ecnm CKOPOCTb ero
aBvxeHunsa 1 m/cy.

PacctosiHne mexpay ropogamm Am B 520km. B84 un3s A B
Bblexan aBTobyc co ckopocTbto 56 km/4, @ B 11 4 Toro xe gHA
13 B B A Bblexasn rpy30B0/ aBTOMObBWIb CO CKOPOCTLH 32 KM/ Y.
Ha kakom pacctosHum oT A BCTpeTaTca MawmHbl? Pellexne
3apayv 3anuLuvTe B ABYX BapuaHTax: Mo AencTBUSAM U B BULE
BbIpaXxeHus.

13 aBYx ropofos, paccTosiHne Mmexay koTopbiMu S60 KM, BbILLAN
OJHOBPEMEHHO HaBCTpeYy Apyr Apyry ABa noe3na v BCTPETUINCH
yepe3 8 4 nocne Bbixoda. Hamaute ckopocTe Kaxaoro noeaaa,
€Cn OfMH NPoXoaun B Yac Ha ‘16 km 6onbLue apyroro.

[ainTe NnosicHeHNst K KaXXHOMY AENCTBUIO Takoro PELLEHNS AaHHOM
3apauu:

11960:8 =120 (km/u);

2)120-16 =104 (xkm/4);

3)104:2 =52 (km/4);

4)52 +16 =68 (km/4).

Pewwmnte 3apa4n apndMeTMyeckuMm MeETOOOM, YCTaHOBMB Npeg-
BapuTENbHO, Kakne BENNYNHBLI PACCMAaTPUBAITCA B HUX 1 B KaKUX
38BVICMMOCTAX OHV HAXOAATCS:

a) «dnnHa npamoyronsHoro nonsa 1 536 m, a wupuHa 625 m.
OpvH TpakToOpUCT MOXET BCnaxaTb 3T0 none 3a 16 gHew, a gpyrom
3a 12 gHewn. Kakyto nnoLuage BcnaluyT oba TpakTopucTa, paboTasn
BMECTe B TeyeHue S gHen?»;

6) «Cymma nnowagen gByx y4actkos pasHa 140 ra. Ypoxan-
HOCTb MLLEHWLbI Ha NepBOM y4acTke 6bina 35 1,/ ra, a Ha BToOpoMm
30 u/ra. Hangute nnowaib Kaxaoro y4acTka, ecrnv U3BeCTHO,
4TO co BTOporo cobpanu Ha 30 L 6onbLue, Y4eM C NepBOroy;

B) «[1Ba 4enoseka 4ncTunm kaptodens. OanH o4mLLan B MUHYTY
2 kapTodhenvHbl, a BTopor — 3 kapTodienuHsl. BmecTte oHu o4n-
ctvnm 400 wT. Ckonbko BpeMeHn paboTan KaxabIv, ecnv BTOPOW
npopaboTan Ha 25 MuH H6onbLLe Nepsoro?».

Pelunte cnepyowme 3agaymn apudmMeTMyecknm MeTogom (pe-
LLeHWe 3anuLumnTe Nno AENCTBUSM C NOSICHEHNEM):

a) «Ha nyTb no Te4YeHW0 pek1 MOTOpHasA nogka 3atpaTtuna 6 u,
a Ha obpaTtHbIi nyTb — 10 4. CkopocTb NOAKM B CTOSAAYEN BOAe
16 km/ 4. KakoBa CKOpOCTb TeHEHWS PEKN?Y;



6) «CobcTBEHHAA CKOPOCTb MOTOPHOWM NOAKM B 8 pa3 bonbLue
CKOPOCTM TeHeHUs pekun. Hangute cobcTBEHHYH CKOPOCTL NOAKM
1 CKOPOCTb TEYEHUS PEKW, ECIW, ABUraACh No TEYEHMIO, NoaKa 3a
4 4 nponneina 108 kmy.

9. PewwTe 3aga4n, npegnaraemble MnapLLnM LLKONbHMKAM, 1 06b-
ACHUTE, KaKue NPYeMbl MOXHO NCMONb30BaTh Ha KaXXAoM 13 3Ta-
MoB NPOLIECCa UX PELLEHUS:

a) «[sa mactepa nepennenn 180 khur. NepBbI N3 HKX Nepe-
nnetan no 5 KHUr B AeHb 1 nepennen 75 kHur. CKonbko KHUP
B [leHb NepenneTan BTOPO MacTep, ecnv oH paboTan cTonbKo
Xe [IHEew, CKOMbKO U NepPBLIN?Y;

6) «/13 oByx ropofoB, paccTossHNE MexXay KOTopbiMU 777 KM,
BbILLINV HAaBCTPeYy OpYr Opyry Asa noesga. [epBbi noesq Bbl-
wen Ha 3 4 paHbLLUe U Wen co ckopocTbio 75 kM/ 4. [Noe3ga
BCTpeTMnmch Yepes 4 4 nocrne BbIxofa BToporo noesga. C kakowm
CKOPOCTbHO LLEN BTOPO MOEe3[ 7.

Mmaesa 9
KOMBWHATOPHBIE 3AOA4YN N NX PELLEHWE

B nmoBcepHEeBHOU XKU3HU HEPEAKO BCTPEUYAIOTCS 3aAa4d, KOTOPEIE
UMeIOT HECKOABKO Pa3AMYHBLIX BapUAHTOB peliieHUs. YTOOHLI cAeAaTh
NIPaBUABHBIN BEIOOP, BA)KHO He IIPOIIYCTUTh HU OAMH U3 HUX. AAS 53TOTO
HAAO YMEeTh OCYUIECTBASTH Iepebop BCceX BO3MOKHBIX BAPHAHTOB WA
IIOACYUTBIBATDH UX YUCAO.

3ajpauy, TpeOyrolre TAaKOro pelleHNs, Ha3bIBalOTCI KOMOUHAmMop-
HbIMU.

O6aacTb MaTeMaTUKH, B KOTOPOY N3y4aloT KOMOWHATOPHEIE 3aAa4H,
Ha3bIBA€TCSI KOMOUHAMOPUKOU.

Komb6uHaTopuKa Bo3HUKAA B XVI B., 1 mepBOoHauaAbHO B Hel
paccMaTpUBAAUCh KOMOMHATOPHBIE 3aAa4M, CBA3aHHBIE B OCHOBHOM
C a3apTHBIMU UI'DAMU.

B mporecce n3ydyeHUs TaKUX 3aAa4 OBIAU BEIPAOOTAHBEI HEKOTOPHIE
o01Iyie IIOAXOABI K X PeIIeHUIO, TOAYYeHBI (DOPMYABI AAS IIOACUETA
YKrCcAQ PA3AWUYHBIX KOMOUHAIIN.

B HacTos1ee BpeMsa KOMOMHATOPHKA SIBASIETCSI OAHUM M3 Ba’KHBIX
pasperoB MaTeMaTUUYeCKON HayKu. Ee MeTOABI IIMPOKO UCIOAB3YIOTCS
AAS pellleHUs NIPAKTUYECKUX U TEOPEeTUYEeCKUX 33aAa4. YCTAHOBAEHBI
CBSI3M KOMOMHATOPUKU C APYTUMHU pa3speAraMU MaTeMaTUKH.

B HavaanbBHOM OOy4eHUU MaTeMaTUKe POAb KOMOMHATOPHBIX 3apa4
IIOCTOSTHHO BO3PACTaeT, IIOCKOABKY B HUX 3aA0’KeHBI OOABIIINE BO3-
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MO>XHOCTH He TOABKO AAS PA3BUTHSA MBIIIAEHUS YUYAIUXCS, HO U AAST
IIOATOTOBKH y4YaIIMXCSA K pellleHuio NpobAaeM, BO3HHUKAIOUIUX B I1O-
BCEAHEBHOM >KU3HU.

KoMOuHaTOpHBIE 382491 B HQYaABHOM KypCce MaTeMaTHUKH PEeIaloT-
Csl, KaK IIPaBUAO, METOAOM ITepebopa. Ard oOAeryeHus: 3TOTO Ipoliecca
HEPEAKO UCIOAB3YIOTCS TAaOAMIIEI U Tpadbl. B CBA3U C 3TUM YUUTEAIO
HAYaABHBIX KAACCOB HEOOXOAUMEI OIIpeAeAeHHble YMeHUSI M HaBBIKU
pelieHns: TaKux 3apady.

m MPABUMA CMOXEHUS 1 YMHOXEHNSA

B xoMOuHaTOpUKE, KOTOPasi BOBHUKAA pPaHblIle TEOPUU MHOKECTB,
NIPaBUAO HAXO’KAEHUS YUCAQ JIAEMEHTOB OObepAVMHEHUs ABYX Hellepe-
CEeKaloINUXCsl KOHEUYHBIX MHOJKECTB Ha3bIBAlOT NPABUAOM CAOKEHUS
1 (POPMYAUPYIOT B TAKOM BUAE:

Ecau o6bekm a MOXKHO BbhlOpamb m cnocobamu, a o6bekm b — k cno-
cobamu (He maxkumu, KaK a), mo BblOop «Aubo a, Aubo b» MOXHO ocyuje-
cmBumb m + k cnocobamu.

3agaua 1. Ha Tapeake AexxaT 5 0A0K U 4 aneabcrHa. CKOABKUMU
crrocob6aMu MOKHO BLIOPATh OAUH IIAOA?

Pewenue. TTo ycroBHIO 3apa49¥ IOAOKO MOSKHO BBIOPATh HATHIO CIIO-
cobaMu, alleAbCUH — YeTHhIPbM4. TakK Kak B 3apade peub UAET O BEIOOpe
«AM0O0 sIOAOKO, AMOO alleAbCHH», TO €T0, COTAACHO IIPAaBUAY CAOKEHWUS,
MO>KHO OCYIIECTBUTB 5 + 4 = 9 cnocobamu.

[MTpaBUAO HAXOKAEHUS YMCAA SIAEMEHTOB AeKapTOBa IPOU3BEACHUS
ABYX MHO>KECTB Ha3bIBAIOT B KOMOWHATOPUKE NPABUAOM YMHOKEHUS
1 (POPMYAUPYIOT B TAKOM BUAE:

Ecau o6bekm a MOXXHO BblOpamb m cnocobamu, a o6xrekm b — k cno-
cobamu, mo napy (a, b) moxxxo Bribpamb mk cnocobamu.

3agaua 2. Ha tapeake aexxaT 5 90A0K U 4 aneabcruHa. CKOABKUMU
criocob6aMmu MOJXKHO BBIOpAaTh IIapy MAOAOB, COCTOSINYIO U3 0A0Ka
U alleAbCuHa?

Pewenue. I'lo ycAoBHUIO 3apa9H, SOAOKO MOJKHO BEIOPATh IATHIO CIIO-
cobaMu, alleAbCUH — YeThIPbM4. TakK Kak B 3apade peub UAET O BEIOOpe
napsl (I0A0KO, alleAbCHH), TO €€, COTAACHO IIPAaBUAY YMHOJKEHUS, MOKHO
BEIOpATh 5 - 4 = 20 cnocobamu.

3agaua 3. CKOABKO BCero ABY3HAQUHBIX YHCEA MOKHO COCTABUTH
u3 qudp 7, 4 1 5 IpU YyCAOBUH, YTO OHU B 3AIUCH YMCAA HE MOBTO-
PAIOTCS ¢
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Pewenue. YToO®I 3a1IMCaTh ABY3HAUHOE YHUCAO, HAAO BBIOPATh HUMPY
AECATKOB U U Py eprHUIL. COrAaCHO YCAOBUIO, HA MECTe ASCITKOB B 3a-
IIMCHU 9YUCAQ MOXKET OBITh Af00as U3 qudp 7, 4 u 5. ApyruM CAOBaMH, BEI-
OpaThk DUPPY AeCATKOB MOKHO TpeM4 crtocobamu. ITocae Toro kak nudpa
AECSITKOB OIIpeAeAeHa, AT BBIOOpa UM PEI EAMHUIT, OCTAETCSI ABE BO3MOIK-
HOCTH, IIOCKOABKY IIM(DPHI B 3aIIMCU YHUCAQ HE AOAKHBI IOBTOPATHCS. Tak
Kak At000e ABy3HAUHOE YMCAO — 3TO YIIOPSIAOUYEHHAas I1apa, COCTOSIas
U3 IUQPHI ACCATKOB U HUMPHI EAUHUI], TO ee BEIOOP, COTAACHO IIPAaBUAY
YMHO>KEHHS, MOKHO OCYILIECTBUTD IIECTBIO criocobaMu (3 - 2 = 6).

IlpaBruara CAOKEeHUSA M YMHOKEHUS, C(DOPMYAUPOBAHHEIE AAST ABYX
OOBEKTOB, MOKHO OOOOILIUTEL U Ha CAy4Yal { OOBEKTOB.

3agaua 4. CKOABKO TPEX3HAUHBIX YHCEA MOKHO COCTaBUTh, UCIIOAB-
3y HudpH 7, 4 u 5°¢

Pewenue. B paHHOM 3apade pacCMaTpHUBAIOTCS TPeX3HAYHbIE YHCAQ.
Tak Kak udpPHL B 3alIUCH 3TUX YHCEA MOTYT IIOBTOPATHCS, TO UMDY
coTeH, TU@pPy AeCATKOB U NUMPY EAUHUI], MOJKHO BBIOPATh TPEMS CIIO-
cobaMu KaKAYIO. [TOCKOABKY 3aIIUCh TPEX3HAYHOI'O YACAQ IPEACTABASIET
co0OoM yHopsiAOUeHHBIN HAaOOp U3 TPeX dAeMeHTOB, TO, COTAACHO IIpa-
BUAY IIPOU3BEAEHUS, ero BEIOOP MOXXHO OCYIIeCTBUTh 27 cliocobaMy,
Tak Kak 3 - 3 - 3 = 27.

3agaua 5. CKOABKO BCETO YETBIPEX3HAYHBIX YMCEA MOJKHO COCTaBUTh
u3 uudp 0 u 32

Pewenue. 3anuCh YeTBIPEX3HAUHOI'O YHUCAA IIPEACTABASIET COOOU
YIIOPSIAOUEHHBIN HabOp (KOPTeXK) U3 4eThbipex Hudp. IlepByto nudpy —
nudPY THICIY — MOJKHO BBIOPATh TOABKO OAHUM CIIOCOOOM, TaK Kak 3a-
IIMCH YHCAQ He MOJKeT HaUuUHAThCA ¢ HyAd. LJudpot coTeH MOKeT OBITh
AMOO0 HOAB, AMOO TPH, T.€. UMeeTcs ABa cnocoba BbIOOpa. CTOABKO JKe
CcII0COOO0B BEIOOpPA UMEETCSI AT MUMPEI ACCATKOB U IU(MPPHI €ANHUL],

HTak, nudpy THICIY MOKHO BBEIOpPATh OAHUM CIIOCOOOM, nudpy co-
TeH — ABYM4, HUMPY AECATKOB — ABYMS, TUPPY €AUHUI] — ABYMSI.
YTOOE! y3HaTh, CKOABKO BCErO YeThIPEX3HAUHBIX YMCEeA MOJKHO COCTa-
BUTH 13 udp 0 u 3, corracHO IpaBUAYy YMHOXKEHU, CIIOCOOBI BEIOOpaA
Ka’KAOM ITUPHI HAAO I€PEMHOXHUTE: 1 - 2 -2 -2 = 8.

TakuM oOpa3oM, uMeeM 8 YeTbIPEX3HAYHBIX YHCEA.

3agaua 6. CKOABKO TPEX3HAUHBIX YHCEA MOXKHO 3allUCcaTh C IIOMO-
mnio udp 0, 1, 3, 6, 7 1 9, ecAn KaykKAQs M3 HUX MOJKET OBITh MCIIOAD-
30BaHa B 3alIMCU TOABKO OAMH pas?

Pewenue. Tak Kak 3alHCh YMCAA He MOKeT HAUMHATHCI C HYA4,
TO IMPPY COTEH MOXXHO BEIOPATh IATHIO CIIOCOOAMU; BEIOOD IUMPH
AECATKOB MOJKHO OCYIECTBUTH TAK’Ke MATBIO CIIOCOOAMU, IIOCKOABKY
nMdpPHI B 3aIIMCH YUCAA He AOAKHBI IIOBTOPSITHCS, @ OAHA U3 IIIeCTH AQH-
HBIX IJU(MP OyAeT y’Ke UCIIOAB30BaHA AAS 3alIMCHU COTEeH; IToCAe BEIOOpa
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ABYX IU(p (AAS 3aIIMCHU COTEH U AECSATKOB) BHIOpATh UMDY eAUHUI]
13 AQHHBIX IIECTU MOKHO YeTHIpbMS crtiocobamu. OTCI0AQ, TIO TPABUAY
YMHOKEHUS, TOAyYaeM, YTO TPEX3HAUHBIX YUCeA (U3 AQHHBIX IIECTH
nudp) MO>KHO 00pas3oBaTek 5 - 5 - 4 = 100 cnocobamu.

BOMPOCHLI 1 SAOAHNA

1. WkoneHukn n3 Bonrorpaga cobpanncb Ha KaHUKYIbl NoexaTb
B Mockay, noceTvB no gopore HwxHuin Hosropog. /13 Bonro-
rpapa B HwxHW HoBropon MoXHO OTNPaBUTLCA Ha TEMOXoae
nnn noesge, a 3 HmxHero Hosropoga B MockBy — Ha camoneTe,
Tennoxofe unu asTobyce. CKONbKMMMW pasnnyHbiMU crocobamm
pebaTa MoryT OcyLLecTBUTL CBOe nyTellecTsme? HasosuTe Bce
BO3MOXHbIE BapMaHTbl 3TOr0 MyTELLECTBUS.

2. CkonbKo pasnuyHbix OBY3HA4YHbIX YACEN MOXHO 3anucaTtb
¢ nomoLubio undp 3, 4, 5 n 6?7 Ckonbko pasnuyHbIX ABY3HAY-
HbIX YMCeNn MOXHO 3anucaTb, UCMOMb3yA NPY 3anMcK Yncna
KaXkOyt M3 ykasaHHbIX U1p ToNbKo 0anH pas? 3anuwnte
3TV YmMcna.

3. [eBsaTb LLUKONBHMKOB, COaBasi 3k3aMeHbl Mo MaTeMaTKe, PyCCKO-
MY 1 @HIIIMNCKOMY A3bIKY, NOy4MInM oTMETKM «4» 1 «D». MoxHO
N YyTBEPXKAATb, YTO MO KpamHen Mepe OBOE M3 HUX MOMy4Yunm
no Kaxaomy NpeaMeTy OANHAKOBbLIE 0TMETKIN?

4. CKomnbKo TPex3Ha4HbIX YMCEeN MOXHO COCTaBUTb U3 TPeX pas-
NNYHBIX, HE PaBHbIX HYMO LUMdp? 3aBUCUT N pe3ynsTaT oT TOro,
Kakue undapbl B3sTbI? Ykaxute kakon-Hnbyab cnocob nepebopa
TPEX3HAa4HbIX YMCEN, NPV KOTOPOM HY OQHO YMCIIO HE MOXET BbITh
npomnyLLeHo.

5. CkorbKo BCEBO3MOXHbIX TPEX3HAYHBIX YMCEN MOXHO COCTaBUTbL
13 umdp 1, 2, 3 n 4 Tak, 4Tobbl UUpLI B 3an1cK Y1ucna He no-
BTOPSNMCL? VI3MeHUTCA N peLLeHre 3To 3agaqu, ecnv BMECTO
undopel 4 6yneT gaHa undpa 07

6. Ckonbko BCEBO3MOXHbIX YETbIPEX3HAYHbBIX YMCEN MOXHO
COCTaBUTb, UCNONb3ya Ana 3anucu undpsl 1, 2, 3 1 47 Ka-
KOBa pa3HOCTb MexAy CamMbiM B0MbLUMM U CaMbIM MasbiM
N3 HUX?

7. CkonbKo NATU3Ha4HbIX YMcen, nepsble (cnesa) Tpy umdipbl KOTO-
pbix 2, 3 14, MoxHo cocTaBuTe n3 undp 1, 2, 3,4, 5? Viamenutcs
N OTBET B 3TOW 3apade, ecnv umdipbl B 3an1cK Ymicna He 6yayT
noBTOPATLCA?

8. Ckonbko HaTypanbHbIx Ymcen, meHblumx 1 000, MoxHo 3anu-
caTb, cnonbays ungpsl 7, 4 n 5? CKonbko cpeay HUX YETHbIX;
HeYeTHbIX; KpaTHbIX 57
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m PA3MELLIEHNS 1 COYETAHMS

[MpaBuaa CAOKEHUS U YMHOKEHUST — 3TO O0IIHe IIPaBUAA pPellleHUs
KOMOMHATOPHBIX 33pa4. KpoMe HHUX B KOMOMHATOPHKE ITOAB3YIOTCS hop-
MYA@MU AN TTIOACUETA YMCAA OTACABHBIX BUAOB KOMOUWHAINM, KOTOPBIE
BCTpevaroTcss Hanboaee 4acTo.

PaccMoTpuM HEKOTOPBIE M3 HUX U TPEKAE BCETO Te, 3HaHNE KOTOPBIX
HeOOXOAMMO yYUTEAIO HAYaAbHBIX KAACCOB.

Hcnoaw3ys nudpel 7, 4 1 5, MBI IOAYYUAU Pa3ANYHBIE ABY3HAUHBIE
uucha: 774, 74, 75, 47, 44, 45, 57, 54, 55. B 3anucu 3THUX 4uceA MUPpPHI
TTOBTOPSIOTCS.

C TeopeTHuKO-MHOXEeCTBEHHOM TOUKM 3peHU 3allUCh AFOOOTO ABY-
3HAQYHOTO YMCAQ — 3TO KOPTEX AAWHEL 2. 3allUCHIBAs PA3AUUYHBIE ABY-
3HAQUHBIE YMCAQ C IOMOUIBIO HUMP 7, 4 ¥ 5, MBI, IIO CYTH AEAQ, IIOAYUYUAU
U3 AQHHBIX TpexX IU(MpP pa3AudHbIe KOPTEXU AAUHBL 2 C TOBTOPSIONIHU-
MHUCSI dAeMeHTaMU. B KoMOUMHaTOpUKe TakKue KOPTEeKU Ha3bIBalOT pa3-
MeuweHUsAMU C NOBMOPEHUSAMU U3 TPEX DAEMEHTOB 10 ABa SAEMEeHTa.

Pa31vteu1,eﬂue C nNoBmMoOpeHuAaAMU u3 k s3aremeHmoB no m ’AeMeH-
ImoB — OTO KOPTEX AAUHEI In, COCTaBAEHHBLIM M3 mM 3AE€MEeHTOB
k-sheMeHTHOrO MHO>KECTBA.

V3 onipepeneHUS CAEAYeT, 9YTO ABA Pa3MellleHUs 13 k 9AeMeHTOB 110 m
9Ae€MEeHTOB OTAMYAIOTCI APYT OT APyTa AMOO COCTaBOM 3A€MEHTOB, AUOO
IIOPSAKOM MX PACIIOAOKEHUS.

Hanpumep, ABa ABY3HAQUHBIX UHMCAQ M3 IIEPEUNCAEHHBIX BEIIIE (8 3TO
pasMeleHnsl U3 TPeX SAEMEHTOB II0 ABa) OTAMYAIOTCS APYT OT Apyra
AMOO COCTaBOM DAEMEHTOB (74 u 75), A0 MOPSIAKOM UX PaCIIOAOKEHUS
(74 n 47).

OTHOCHUTEABHO pa3MelleHUHN 4acTO BO3HUKAET BOIPOC: « CKOABKO
BCEBO3MOJKHBIX pa3MellleHUN 10 m 3AeMeHTOB Ka>kpA0e MOYKHO oOpa-
30BaTh U3 kK DAEMEHTOB AA@HHOTO MHO’XecCTBa?». Hampumep, CKOABKO
BCEBO3MOKHBIX ABY3HQUHBIX UMCEA MOJKHO 3aIIHCATh, UCIIOAB3YS ITU(PHI
7, 4m 52

Yurcao BCEBO3MOJKHEBIX pPa3MellleHUN ¢ IOBTOPEeHUsIMU U3 k sreMeH-
TOB II0 M AEMEHTOB 0GO3HAYAIOT A" U IIOACUMTHIBAIOT IO dopmyre

AP = k™,

C noMOIIBIO 3TOU (POPMYABI AETKO IIOACUYUTATH, CKOABKO ABY3HAUHBIX
YHCEA MOJKHO 3aIIUCaTh, UCIOAB3YS HUMPEL 7, 4 1 5. Tak Kak peyb UAET
O pa3MellleHUsAX C IOBTOPEHUSIMHU U3 TPeX 3AeMeHTOB IIO ABa, TO

A3 =3%=0,
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Hepeako BCTpedaroTcst 3aAauu, B KOTOPBIX TpPeOyeTcs MOACYUTATh
YUCAO KOPTEKEN AAUHEI M, 00pa30BaHHBIX U3 k 9AeMEeHTOB HEKOTOPOTO
MHO’KECTBA, HO IIPU YCAOBUH, YTO IAEMEHTHI B KOPTEJKE He IOBTOPSIOT-
cs. Takue KOpTe>kU Ha3BbIBAIOTCS pazmew,eHuAMU 6e3 nopmopeHull u3 k
3AeMeHmMOB NO M IAeMEeHMOB.

Pa3meu;euue b6e3 IlOBHlOpeHllﬁ u3 k saemeHmMoB no m 3AeMeH-
IMOB — 3TO KOPTEeX AAMHEIL I, COCTaBAEHHBIN U3 HEIIOBTOPSAIOIINX-
Cd SA€MEeHTOB MHOX>XeCTBa, B KOTOPpOM k sheMeHTOB.

Yucao BCEBO3MOKHBIX pa3MellleHnl 0e3 IOBTOPEHUU U3 k SAeMEeHTOB
110 m 3AeMeHTOB 0003HaualoT A} U MOACUUTHIBAIOT 10 (POPMYAE

AP =k-(k—=1)-...-(k—m+1).

Hanpumep, 4MCAO ABY3HAUHBIX YMCEA, 3alIMCAHHBIX C IIOMOIIBIO
nudp 7, 4 1 5 Tak, 4TO UU@PPHI B 3alIMCU YUCAA He IIOBTOPSIOTCS, €CTh
YHCAO pa3MeleHUIN 0e3 MOBTOPEHUMN U3 TpeX IAEMEeHTOB IO ABA:
A2 =3-(3—1)=3-2=6.

3agaua 1. CKOABKO BCEBO3MOKHBIX TPEX3HAUHBIX YMCeA MOKHO 3a-
NIMCATh, UCIIOAB3YS TUMPHL 7, 4 U 5, TaK, YTOOBI HUMPHL B 3aIIUCH YUCAQ
He TTOBTOPSIAUCH?

Pewenue. B 3apaue paccMaTpuBaIOTCS pa3MeleHns 6e3 TOBTOPeHUuN
U3 TPEX 3AE€MEHTOB II0 TPY; UX YHUCAO MOKHO IOACYUTATH 10 (DOPMYAE

A3 =3-(3-1)-(3-2)=3-2-1=6.

OTU 4UCAA TAKOBLI. 745, 754, 475, 457, 547, 574.

3aMeTHuM, UTO B AQHHOM CAydae pa3Hble YHCAA IIOAYUYAIOTCS B pe-
3yAbTaTe NepecTaHOBKU nudp. [ToaToMy pasmelnenus U3 k 3reMeHTOB
o k 3AeMeHTOB HA3BIBAIOT NepecmaHoBKamu u3 k snemenmos 6e3
noBmopeHull.

Yucao nepecTaHOBOK Oe3 ITOBTOPEeHUM U3 k SAeMeHTOB 0003HAualoT
P, n nopcuuthiBaloT 1o popmyae Py =k!, rpe kl=1-2-3 ... - kuk!
ynuTaioT «k akropuar». Cuurarot, uto 1! = 1, 0! = 1. Hanpumep, 5! =
=1-2.-3-4-5=120;#=1-2-3-4-5-6-7=5040.

W3 saemeHTOB MHOXKecTBa X = {7, 4, 5} MOXHO 0Opa30BHIBATh
He TOABKO KOPTEKU PAa3AUYHON AAUHBI, HO U Pa3AMYHBIE TTIOAMHO>KECTBAQ,
HaIpuMep ABYXdAeMeHTHEIe. B KOMOMHATOpUKe NX Ha3bIBAIOT COYeTa-
HUSAMU O0e3 IOBTOPEHUN U3 TPEX 3AEMEHTOB II0 ABA JAEMEHTA.

CouemaHue 6e3 noBmopeHust u3 k snemeHmMoB no m 31eMeHMoOB —
3TO M-3AeMeHTHOE TTOAMHOKEeCTBO MHOKECTBAa, CopeprKariero k ane-
MEHTOB.
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ABa coueTaHus n3 k 3AeMEeHTOB II0 M 3A€MEHTOB OTAUYAIOTCI APYT
OT ApPYyTa XOTSI OB OAHUM 3A€MEHTOM.

YncAao BCEBO3MOSKHBIX COUETAHUM Oe3 TIOBTOPEeHUN U3 kK SAeMeHTOB
110 m 3AeMeHTOB 0003Ha4YaoT C'. Kak HaXOAUTH 3TO YMCAO?

Oo6paTtuMca kK npumMepy. OO0pa3yeM pa3AUYHBIE ABYXOAEMEHTHEIE
IIOAMHO>KECTBA U3 dAeMeHTOB MHOXecTBa X = {7, 4, 5}. Ix Oyaet Tpu:
{#, 4}, {# 5}, {4, 5}. I3 5AneMeHTOB Ka’XA0T0 TAaKOrO IIOAMHOXKECTBA
MO>KHO 00pa30BaTh 2! KopTekell AAMHEL 2:

(7.4) (7. 5) (4, 5);

(4, 7) (5, 7F) (5, 4).

Bce moayueHHBIE KOPTEKY SIBASIOTCS Pa3MelleHusIMH 6e3 MoBTope-
HHUS U3 TPeX JAEMEeHTOB IO ABAa U MX YMCAO paBHO AZ=3-2=6.

Ho, ¢ ApyTOI CTOPOHEL, 3TO YHCAO PABHO IpousBepeHuto 2!-C2 . 3Hauwr,
2

A2 =2!.C%, otkypa C3 :%.

B O6U_[eM CAy4ddae 9YHMCAO BCEBO3MOJKXKHBIX coueTaHUM Oe3 HOBTOpeHI/Iﬁ

m
k

A
n3 k 5AeMeHTOB II0 m 3A€MEeHTOB HaxopAaT 1o dopmyae Cf =ﬁ .

KoneuHno, npuMeHeHUe HOPMYyA OOAerdaeT IOACYET YHUCAA BO3-
MOJKHBIX BAPUAHTOB PEIIeHUU TOU UAU MHOU KOMOMHATOPHOU 33aAa4U.
OaHaKO 4YTOOBI BOCIIOAB30BATHLCS (DOPMYAOM, HEOOXOAUMO OIIPEAEAUTH
BUA COEAMHEHUN (KOMOMHAIIMM), O KOTOPBIX MAET pedyb B 3ajpaue, 4TO
OBIBAET CAeAATh He OYeHb IIPOCTO.

BreisicHUM, HanpuMep, 0 KaKUX KOMOUHAIIUAX UAET PEeYb B CAEAY-
IOMIUX 33pa4ax:

1. «CKOABKO BCETO ABY3HAUHBIX UHCEA?»;

2. «CKOABKO BCETO ABY3HAQUHBIX YHCEA, B 3alIMCHU KOTOPHIX ITUMPHI
He IIOBTOPSIIOTCI? »;

3. «Ha npsMo B35AU AeCsaThb ToueK. CKOABKO BCETO MOAYUYUAOCH OT-
PE3KOB, KOHIIAMHU KOTOPHIX SIBASIOTCS 3TU TOUKH ¢ ».

B nepBoit 3apaue ABy3HauHBIE 4ncAa oOpasytoTca u3 10 nudp, npu-
4eM [UMPEL B 3alIMCH YUCAQ MOTYT IIOBTOPATHCA (B 3aAa4e HET YCAOBUSA
O TOM, 4YTO IUMPHI B 3allUCU YUCAA He NOBTOPAIOTCA). McnoAb3ys
TEOPETUKO-MHOKECTBEHHYIO TEPMUHOAOTUIO, MOKHO CKa3aTh, 4YTO B Hel
peub UAeT 00 YIIOPSIAOUEHHBIX Habopax (KopTexkax) u3 10 3AeMeHTOB 110
2 c noBTOpeHMAMHU. B KOMOMHATOPHKe TakKue KOPTe>KU Ha3bIBAIOTCS Pas-
MeIleHusIMHU ¢ ToBTopeHusaMu u3 10 snemeHTOB 110 2. VX YMCAO MOKHO
HaWTH 110 popMyAe Alzo =102 =100 . Ho cpear 5THX KOpPTesKel ecTh TaKue,
Y KOTOPHIX Ha IIEPBOM MecTe cTOUT nudpa 0 ¥ KOTophle He MOTYT pac-
CMaTPUBATHCA KaK 3alliCh ABY3HQUYHOIO 4HcAad. Takux koprexen 10, ux
Hapo BeryecThb U3 100. Takum 0Opa3oM, ABy3HAUHEIX unceA Bcero 90.
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KoneuHo, 3Ty 3apauy MOKHO OBIAO PENINTH NIPOIlle, IPUMEHUB IIpa-
BHAO YMHO>KEHUS: IIePBYIO UMDY U3 3aIIUCU ABY3HQUHOT'O YMCAQ MOKHO
BBIOpPATh AEBATBIO CIIOCOOAMU, BTOPYIO — AECATHIO, a YIIOPSAAOUEHHYIO
napy — 9 - 10 = 90 cnocobamu.

Bo BTOpOM 3apaue TakK)Ke pacCMaTPUBAIOTCI KOPTEKU AAMHEL 2, 00-
pazoBaHHEBIe 13 10 sAneMeHTOB (HIMdP), HO SAEMEeHThHl B HUX He IIOBTO-
pstoTcs. Takue KOpTeKU B KOMOMHATOPUKE Ha3bIBAIOTCS pa3MellleHUsI-
Mu 6e3 noBTopeHuit u3 10 saneMeHTOB 1O 2. IX 4MCAO MOKHO HaUTH
o dopmynre Af=10-(10-1)=90, HO U3 3TOrO YMCAA HAAO BEIYECTH
KOpPTeKY, Y KOTOPBIX Ha IepBOM MecTe CTOUT Iudpa 0, U OHU He MOTyT
IPEeACTaBAITh 3aIIMCh ABY3HAUHOTO YHCAd. Takux KopTeskeil 9. [TosaTomy
ABY3HAUHBIX YHCEA, B 3aIIMCU KOTOPHIX NUMPH HE MOBTOPSIOTCH,
90 - 9 =81.

ApyroM xapakTep UMelOT KOMOWHAINY, O KOTOPBIX UAET peub B Tpe-
TbeM 3apaue. AeMCTBUTEABHO, €CAU A 3aIIMCH YHCEA B IIEPBBIX ABYX
3apavyax Ba’keH MOPSIAOK CAepoBaHUs Iudp (Tak, 23 u 32 — 3TO pas-
AMYHBIE YUCAQ), TO B TPEThEMN 3apaue OH POAUM He urpaer (0Tpe3ok AB
U OTpe30K BA — 3TO OAWH U TOT Xe OTpe30K). KoMOuHanuu B 3TOMU
3apaue SIBASIOTCS AByX9A€MeHTHBIMY ITIOAMHOKeCTBaM1, 0Opa30BaHHbI-
Mu u3 10 AQHHBIX 3A€MeHTOB (ToueK). Takue IOAMHO>KeCTBa B KOMOU-
HATOPHKEe Ha3bIBAIOTCS COUeTaHUAMU Oe3 IOBTOpeHUH U3 10 aaneMeHTOB

A% 10-9

10 2. VIX YMCAO MOXKHO HalTy 1o popmyae: Cfy = o —3245.

BOMNPOCHI N SAOAHNA

1. 3anonHuTe cnepyroLLyo Tabnuuy:

Buabr KoMOWHAITMHA

Ha TeopeTuxko- Qopnryna

Ha «s3b1ke» KOMOMHATOPUKY
MHO>XECTBEHHOM «SI3BIKE»

PaSMeH.IeHI/IH C IIOBTOPEHUAMHU U3 k KOpTe}KI/I AAWHBI M C IIOBTO- IZ\/T —Kkm
OAEMEHTOB IIO m 3A€MEHTOB PAOUIMMUCA SAEeMEeHTAaMU,
B3ATBIMU M3 MHOXECTBQ,
B KOTOpOM k saemeHTOB

Pasmerrienns 6e3 moBTOpeHUM U3 k
9AEMEHTOB II0 M 3AEMEHTOB

ITepecTtanoBku 6e3 MOBTOPEHUM
3 k DAEMeHTOB II0 M dAEMEeHTOB

Couetanusi 6e3 MOBTOPeHUM U3 k
9AEMEHTOB II0 M 3AEMEHTOB
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2. lMNokaxwTe, 4TO B CrneayloLLMX 3agadvax paccMaTpyBakTCA pas-
MELLEHWSI U3 K 3NeMEeHTOB M0 M; ONpPeRennUTe 3HadeHus kK 1 m
W HAMOUTE YMCI0 Pa3MELLIEHWI:
a) «M3 20 yyalmxca knacca Hafo BbIGpaTh CTAPOCTY, ero 3a-
MecTuTens n pegaktopa raseTbl. Ckonbkummn cnocobamu aTo
MOXHO caenaTb?y;
6) «B knacce nay4yatotcs 7 npegmeTos. B cpeny 4 ypoka, npuyem
BCe pasHble. Ckonbkumm cnocobamm MoXHO COCTaBUTL pacnu-
caHue Ha cpegy?y;
B) «B copesHoBaHun y4acTeyoT 10 venosek. CkonbkMMm cnoco-
H6amMu MoryT pacnpenenuTbcst Mexay HUMU MecTa?y;
r) «Ckonbko BCEBO3MOXHbIX TPEX3HAYHbBIX YMCEN MOXHO 3anu-
caTb, Mcnonbays undpsl 3,4, 5 1 6?».

3. lMokaxuTe, 4TO B CnepyloLLmMx 3agadax paccMaTpuBatoTcs Co-
4yeTaHWs U3 k aNeMeHTOoB Mo m, ONpeaenuTe 3HavyeHna k 1 m

n Hangute C' ANa Kaxpow 3agaydm:

a) «CkonbkyMu cnocobamy MOXHO BbibpaTb 13 6 4enosek Ko-
MWCCWIO, COCTOSILLYYIO U3 TPEX YEN0BEK?Y;

6) «Cxonbkumn cnocobamun MoxHo BblbpaTb 4 kpacku 13 10
pasnuyHbIX KPacok?y;

B) «[1Ba YenoBeka obMeHANMCL CBoUMYM choTokapTouKamm. Ckorb-
Ko BbI10 BCEro poToKapToHek?y;

r) «[0Ba yenoseka noxanu Apyr apyry pyku. Ckonbko 6bino
pykonoxaTtun? A ecnu 15 4enoBek noxanu gpyr opyry pyku,
TO CKONbKO ByAEeT pyKonoxaTun?y;

) «Ha nnockoctn otmeTunn 7 Todek. Kaxable ase To4km coean-
HUNM oTpe3koM. CKonbKo Nony4nnock 0TPE3KOB?Y.

4. PewwnTte cnepylowme 3apgadv, ucnonb3ys dopmynel. OTBeT
NpoBEpLTE C NOMOLLbLI0 Nepebopa BCex BO3MOXHbIX Bapu-
aHTOB:

a) «Ckonbko cnoBaper HeobxoAMMO NepeBoaYMKY, YTObbI OH MOr
NepeBOAMUTb TEKCT C NHH0ro U3 YeTbipex A3bIKoB — PYCCKOro,
aHIrMMNCKOro, HEMELKOro 1 ipaHLy3CcKoro — Ha nrobor gpyron
N3 3TUX A3LIKOB?Y;

6) «locynapcTBeHHbIe dhiary HEKOTOPbIX CTPaH COCTOAT U3 TPeX
rOpU30HTanbHbIX NON0C pa3Horo LseTta. CKoNbKo pasnmyHbIX
BapvaHToB chnaroB ¢ 6enoi, CUHEe 1 KPacHOW Noocamm MoXHO
COCTaBUTL?Y;

B) «Manbuunk BbiBpan B 6ubnuoteke S kHur. Mo npasBunam 6u-
611MoTeKky 0QHOBPEMEHHO MOXKHO B3ATb TOMLKO 2 KHUMW. CKonbko
y Marnb4nka BapnaHToB Bblibopa ABYX KHUM U3 NATU?Y;

r) «B knacce Tpoe xopoLLIo NotoT, ABOE APYruX UrpatkoT Ha rmTape,
a eLlle ovH yMeeT nokasbiBaTb hokyckl. CkonbkmmMu crnocobamm
MOXHO COCTaBWTb KOHLEPTHYO 6puragy U3 nesua, rurapucTa
1 hOKyCHMKA?».

197



5. Pewunte kombuHaTopHbIe 3aga4n ANs y4aLMXcs HavanbHbIX
Knaccos MeTofgom nepebopa 1 ncnonb3ysa opmMynel KOMBUHa-
Topumku. Beibop dhopmyn obocHymTe:

a) «AHs, Bops, Bepa 1 'eHa — ny4wume NbKHUKN WKoNbI. Ha co-
peBHOBaHWs Hafo Bbl6paTh TPOMX U3 HYX. Ckonbkmmm criocobamm
MOXHO 3TO caenaTb?y;

6) «Kpyr pasgenunu Ha gBe 4acTu U PeLunnu packpacuTb nx
KapaHpalamun pasHbix uBeToB. CkonbkumMmn cnocobamm MoXHO
3TO cAenaTb, BCNYU UMEKTCA KPaCHbIW, 3eMeHbIN N CUHWI KapaH-
[awmn?y;

B) «[py1 N3roToBNEHNM aBTOPYHKIM KOPMYC 1 KONMa4oK MOryT UMETb
OLMHAKOBbIN U1 pa3HbI UBET. Ha dhabpuike nmeeTcsa nnactmac-
ca 4YeTblpex UBeToB: 6enoro, KpacHoro, cMHero 1 3eneHoro. Kakve
OTIM4YaKOLLMECH MO LUBETY PYYKM MOXHO U3rOTOBUTL?);

r) «Ha npamon B3snn 4 To4kun. CKkonbKo BCEro nony4mnock oT-
Pe3KoB, KOHL@MW KOTOPbIX SBASAKOTCA 3TV TOYKN?Y;

) «3a CBOM PUCYHKM YHEHWK MONYYM ABE NONOXUTENbHbIE OLIEH-
Ku. Kakumum oHv MoryT 661Tb?);

e) «B copeBHoBaHWAX y4acTBYOT 5 hyT60NLHLIX KOMaHA,. Kax-
[as KOMaH[a UrpaeT 0fvH pas C KaXaow 13 o0cTanbHbIX KOMaHL.
Ckonbko maTyern byner cebirpaHo?».



Paspen IV
HATYPAJIbHBIE YACJIA N HYI1b

AAS IIKOABHOTO Kypca MaTeMaTHKU HaTypaAbHOE YHCAO SIBASETCS
TeM IIOHATHEM, C KOTOPOTo, KaK IIpaBHUAO, HaunHaeTcs ooydenue. U yxe
B HAYAABHBIX KAACCAX yUall[ecs 3HaKOMSTCS C Pa3ANYHBIMU (DYHKITUSIMUA
HaTypaAbHOrO umcaa. OTBeudas Ha BoOIpoc: « CKOABKO MalIuH u3obpa-
SKEHO Ha PHUCYHKe?», OHU UMEIOT AEAO C YHCAOM KakK KOAMYEeCTBEHHOHU
XapaKTePUCTUKOM MHOKeCTBa IpepAMeTOB. [IpOU3BOAL CUeT IPEAMETOB,
YHCAO UCIIOAB3YIOT KaK XapaKTePUCTUKY IIOPsIAKA. B 3apadax, cBsI3aHHBIX
C U3MepeHueM BeAWYHWH, YMCAO BEICTYIIaeT KaK 3HaueHUe BeAWYNHEI
IIpY BLIOPAHHOM epAWHUIIE, T.e. KaK Mepa BeAMYHMHEL. boablioe BHUMa-
HHUe B HQUaAbHOM KypcCe MaTeMaTHUKHU YAeAdeTCs U ellle OAHON POAM
YHMCAA — KaK KOMIIOHEHTY BBIUMCAeHUU. TakuM 00pa3oM, HaTypasbHOe
YHUCAO UMeeT MHOTO (DYHKITUM, U MHOTHE U3 HUX AOAKHBI OBITh ITIOHSATHI
U YCBOEHBI yyKe MAGAIIMMU IIKOABHUKAMU. [T03TOMYy Ba’KHOU 3apadeit
YUIUTEAS IBASIETCS OBAAAEHUE TEMU TEOPUSIMH, B KOTOPHIX 000CHOBAHEI
Pa3AUYHBIE IIOAXOABI K OIIPEASACHUIO HAaTYPAABHOTO YUCAA U ACHCTBHUM
Hap YUCAAMHU.

nasa 10

TEOPETWKO-MHOXXECTBEHHbIA CMbICJT
HATYPAJIBHOIo YACIA N HYNA

(o N3 NCTOPUIN BOSHNKHOBEHWA NMOHATUA
HATYPAJIbHOI0 YNCIA

Yucaa BOBHUKAM U3 MTOTPEOHOCTH CUeTa M U3MEPEeHUs U MPOIIAU
AAUTEABHBIN IIYTh UCTOPUYECKOTO PA3BUTHS.

BBIrO BpeMsi, KOTAQ AIOAU He YMEAHM CUUTATh, & A CPaBHEHUSA
KOHEUHBIX MHOJKECTB YCTaHaBAMBAAU B3aUMHO-OAHO3HAYHOE COOT-
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BETCTBHE MEKAY AQHHBIMU MHOKECTBaAMU UAM MEeXAY OAHUM M3 MHO-
KeCTB U ITIOAMHOJKEeCTBOM APYI'OTO MHOYXKeCTBQ, T.e. Ha 3TOM 3Talle
YeAOBEK BOCIPUHUMAA YUCAEHHOCTh NIpeAMeTOB 6e3 UX IepecueTa.
Hanpumep, 0 YMCA€HHOCTU I'PYIIIBL U3 ABYX IIPEAMETOB OH MOT T'OBO-
puTh: « CTOABKO XK€, CKOABKO PYK y 4YeAOBeKa», O MHOKeCTBe U3 IIITU
npepMeToB: «CTOABKO JKe, CKOABKO IaAblleB Ha pyKe». ITpu TakoMm
crocob6e cpaBHUBaeMble MHOYKECTBA AOAKHBI OBIAU OBLITH OAHOBpE-
MEeHHO O00O03pUMHBI.

B pesyabTaTe AAUTEABHOT'O IIEPUOAA PA3BUTUSA YEAOBEK IIPUIIEA
K CAEAYIOIIEMY 3Tally CO3AAHUS HAaTYPAABHBIX YMCEA — AAS CPABHEHUS
MHO>KECTB CTaAU IIPUMEHSITh MHOYKECTBa-IIOCPEAHUKI: MeAKIe KaMelll-
KU, PAaKOBUHEI, ITAABIIBL. DTU MHOKECTBA-TIOCPEAHUKH Y7Ke IIPEACTABASIAU
cobo¥ 3aUaTKy MOHATHS HATypPaAbHOTO YHCAQ, XOTSI U Ha 3TOM 3Talle
YUCAO HE OTAEASIAOCH OT TTIEPEeCUUTHIBAEMBIX TPEAMETOB: pPeUb IIAQ, Ha-
IIpuUMep, O ISITH KaMelllKax, IIATU MaAbIlaX, a He O YUCAE IISTh» BOOOIIIE.
Ha3BaHus MHO>KeCTB-IOCPEAHUKOB CTAAM MCIIOAB30BATh AAS OIIpeAe-
AEHUS YUCA€HHOCTU MHOMKECTB, KOTOphIe C HUMHU CPaBHUBAAUCH. Tak,
Y HEKOTOPBIX NTAeMeH YHCA€HHOCTh MHOJKECTBQ, COCTOSIIEero U3 IATU
9AE€MeHTOB, 0603HaYaAaCh CAOBOM «PyKa», @ YUCAEHHOCTb MHOKECTBa
u3 20 IpeaAMeTOB — CAOBaMU «BECh YEAOBEKY.

ToABKO TOCAE TOTO KaK YeAOBEK HAYYMACSI OTIEPUPOBATH MHOKECTBAMU-
IIOCPEAHUKAaMH, YCTAHOBUA TO OOIjee, 4TO CyILLeCTBYeT, HAIIpUMeD,
Me>KAY MSATHIO MaAbIlaMM U NATHIO S0AOKaMU, T.e. KOTAAQ IIPOH30IIAO
OTBA€UYEHHeE OT IIPUPOABI IAEMEHTOB MHOKECTB-IIOCPEAHUKOB, BOBHUKAO
IIpeACTaBAeHUe O HaTypaAbHOM umcAe. Ha 3ToM sTame npu cueTe, Ha-
npuMep 90A0K, He TOBOPUAU YKe «OAHO IOAOKO», «ABA SOAOKa» U T. A,
a IIPOU3HOCUAU CAOBA «OAMH», KABa» U T.A. DTO OBIA Ba’)KHEUIIIUY 3Tal
B Pa3BUTUM MOHATUS YUCAQ. VICTOPUKU CUUTAIOT, YTO IPOUIOIIAO 3TO
B KaMeHHOM Beke, B 310Xy IePBOOBITHO-OOLIUHHOTO CTPOSL, IPUMEPHO
B 10— 5 THICIYEAETHH AO H. 3.

Co BpeMeHeM AIOAU HayYHUAMCH He TOABKO Ha3bIBaTh YMCAQ, HO U
0003HaYaTh X, a TaK’Ke BLIITOAHSITH HajA HUMU AericTBUs. Boobie, Ha-
TYPAABHBIN PSA YMCEA BO3HUK He Cpa3y, UCTOPHUS ero (POPMUPOBAHUS
AAUTEABHAs. 3alac YuceA, KOTOPbIe IPUMEHSIAU AA CUETa, YBEANUYHBAA-
cs mocTenneHHO. [TocTeneHHO CAOKMAOCH U TPeACTaBAeHUe 0 OeCKOHeU-
HOCTH MHOJKeCTBa HaTypaAbHBIX unceA. Tak, B paboTe «[lcamMmur» —
UCUMCAEHNeEe TIeCUMHOK — ApeBHerpedeckuit matemMaTuk Apxumep, (111 B.
AO H.D.) TOKa3aA, 4YTO PSIA UYHUCEA MOXKET OBITh IPOAOAKEH OECKOHEUHO,
U ONHCaA CIlocob 0Opa30BaHUA U CAOBECHOTO OOO3HAUEHMS CKOAB YTOA-
HO OOABIIIUX YUCEA.

BO3HUKHOBEHUE MOHATUS HATYPAABHOI'O YMCAQ OBIAO BaKHEUIIIAM
MOMEHTOM B Pa3BUTUU MaTeMaTUKU. [TogBUAACE BO3MOXHOCTb U3y4aTh
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9TU YMCAQ HE3aBUCHMO OT TeX KOHKPEeTHBIX 3aAay, B CBSI3U C KOTO-
PBIMHM OHU BO3HUKAMU. TeopeTHuecKas HayKa, KOTOpas CTaAd U3y4yaTh
YHCAQ U ACUMCTBUSA Hap HUMH, IIOAYYHAA Ha3BaHUE «apu@MeTHKa» (OT
rped. arithmos — uucao). CaepoOBaTeABHO, apu(MeTHKa — 3TO HayKa
0 YHUCAe.

ApudmeTuka Bo3HUKAA B cTpaHax ApeBHero Bocroka: BaBunone,
Kurae, Mlupuu u Erunrte. HakonneHHBIE B 3TUX CTPaHaX MareMaTuue-
CKMe 3HaHU4 ObIAM PA3BUTHI U IPOAOASKEHE] YieHBIMU ApeBHeH [perumn.
B Cpepnue BeKa OOABIIION BKAGA B Pa3BUTHE apU(PMETUKU BHECAU Ma-
TemaTuku MlHAMY, cTpaH apabckoro Mupa u CpepHel A3ny, a HaUMHAA
¢ XIII B. — eBpomelcKue y4eHBbIE.

TepMuH «HaTypaAbHOE YHCAO» BIIEPBBIE YIIOTPEOUA B V B. pUMCKHUMN
yueHbIN A. Boa1iuii, KOTOPBIY U3BECTEH KaK IIePeBOAUUK PaboT 13BeCT-
HBIX MaTeMaTHUKOB IIPOILIAOTO Ha AQ@TUHCKUM S3BIK U KaK aBTOP KHUTHU
«O BBepeHUM B apu@dMETUKY», KoTopad A0 XVI B. ObIAa 00Pa3LoM AT
BCeU eBPOIENCKOU MaTEeMaTUKU.

Bo Bropoi noaoBuHe XIX B. HATypaAbHBIE UMCAQ OKA3aAUCh PYHAQ-
MEHTOM BCel MaTeMaTH4eCKOM HayKH, OT COCTOSTHUS KOTOPOTO 3aBUCEAd
IIPOYHOCTDH BCEro «3AaHUSI» MaTeMaTHUKU. B CBA3U ¢ 3TUM IOSIBUAACH
HeOOXOAMMOCTDb B CTPOTOM AOTMYECKOM OOOCHOBAHUM IOHATHSI HATY-
PaABHOT'O YMCAQ, B CUCTEMATU3aIlluM BCETO, YTO C HUM CBA3aHO. BOAb-
III0e BAUSTHUE Ha UCCAEAOBAHME IPUPOABLI HATYPAABHOTO YHMCAQ OKa3aaa
U co3paHHadg B XIX B. Teopust MHOXKECTB. B CO3AaHHBIX TeOpUaX OBIAU
000011IeHbl ¥ CUCTeMaTU3UPOBAHLI M3BECTHBIE K TOMY BpeMeH! 3HaHUSI
O HAaTYPAABHBIX UMCAAX, B YaCTHOCTH:

B COBOKYIIHOCTHb HATYPAABHBIX YHCEA, PACIOAOKEHHBIX B IIOPSIAKE
BO3pACTaHUs, €CTb HaTyPaAbHBINA psA: 1, 2, 3, ..

®  AAT ATOOBIX HATypaAbHBIX UHCEA d U b MMeeT MeCTO TOABKO OAHO
U3 OTHOIIIeHuH: Aubo a = b, Audo a > b, Aubo a < b;

B HAA HATYPAABHBIMU YUCAAMU MOJXKHO BBITIOAHATH Ollepalnnuun (Aeﬁ-
CTBI/IH) CAOKeHUs, YMHOXXEeHUS, BBIYUTAHUSI U AeACHUS. HpI/I 3TOM
AN AIOOBIX HATYyPAABHBIX YUCEA a U b BCerpa CymiecrByeT M OAHO-
3HAYHO OIIPEAEAIeTCda CyMMa a + bu IIpOM3BEACHUE A - b; cAroReHHE
N YMHOXXeHHEe HATYPAABHBIX UHCEA OGAaAaIOT CBOMCTBaMU KOMMYyTa-
TUBHOCTHU U aCCOLIMATUBHOCTH, d YMHOXEHIe rA,,I/ICTpI/I6YTI/IBHO OTHO-
CUTEABHO CAOJKEHUA,

® BBLIUMTAHUE U AeAeHUe HaTyPaAbHBIX UHCEA OIIPEAEASIOTCS KakK Olle-
panuy, oOpaTHblE COOTBETCTBEHHO CAOJKEHHIO M YMHOMKEHHIO;
HO AAS 3aA@HHBIX HATYPAABHBIX YMCEA d M b Pa3HOCTh a — b ¥ 4aCTHOe
a: b CYLIECTBYIOT He BCETAQ, @ IIPU OIIPEASASHHEIX YCAOBUSX, M1 B TOM
CAydae, KOTAQ OHU CYIIIeCTBYIOT, UX 3HAUEHUS €AHCTBEHHEL.
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NOPAAKOBBIE N KONMMYECTBEHHbIE
HATYPAJTbHbIE YNCHA. CYET

W3BecTHO, 4TO HATYPAABHBIMU YNCAAMU Ha3bIBAIOT YMCAQ, KOTOPHIE
HCIIOAB3YIOT IIPU CYeTe IIPEAMETOB.

A uTo TmpepcTaBAseT coboi mpoliecc cueta? Kak, Hallpumep, BeCTU
cyeT 3AeMeHTOB MHoXXecTBa A = {k, I, m, r}? YKa3blBasg Ha KaKABIU
SAEMEHT 3TOTO MHO>KECTBA, TOBOPSIT: «IIEPBBINY», «BTOPOMU», «TPETUM»,
«4yeTBepThIN». M Ha 3TOM mpollecc 3aKaHUYMBAETCS, TaK KaK MCIIOAB30-
BaHbBI BCE 9AEMEHTHI MHOKeCTBa A. [Ipu IpoBepeHUU cueTa COOAIOAQIOT
PsA IIPABUA: IIEPBBIM IIPU CUETE MOJKET OBITh Ha3BaH AOOOU SAEMEHT
MHO>KeCTBa A, HO HU OAWH 3A€MeHT He AOAKeH OBITh IIPONYIIeH U CO-
CUMTAH ABa’KABI.

CocunTaB 9A€MEeHTHI MHOKEeCTBa A, TOBOPSIT, YTO B MHOXKECTBe A ue-
TBIPE SAEMEHTQ, T. €. IOAYYAI0T KOANYECTBEHHYIO XapaKTePUCTHUKY 3TOTO
MHOXecTBa. Ho 4TOOBI ee MOAYUYNTE, OBIAU UCIIOAB30BAHELI NOPSIGKOBbLE
HamypaAbHble YUCAA «IIEPBBINY, «KBTOPOUY», «TPETUU», «UETBEPTHINY.
APyTUMH CAOBaMHM, OBIAO HCIIOAB30BAHO MHOXKeCTBO {1, 2, 3, 4}, KoTopoe
Ha3bIBAIOT OTPE3KOM HATypPaAbHOIO pspa. B oOlleM BHAe 3TO MOHATHE
OIIPEAEASTIOT CAEAYIOIINM 00pa3oM.

Ompe3KOM Na HAMypAaAbHOIo psiga HA3bIBAIOT MHOXXECTBO HATY-
PAABHBIX YHCeA, He IIPEeBOCXOAAINX HAaTYPAABHOT'O YHCAQA d.

Hanpumep, orpe3ok N, IIpepcTaBAseT COOOM MHOKECTBO HaTypPaAb-
HBIX yncea 1, 2, 3, 4.

U3 onpepereHnsT CAeAyeT, YTO OTpe30K N, HaTypaAbHOTO pPsaa Co-
CTOUT M3 BCEX TaKUX HATYPaAbHBIX YHCEA X, 4TO X < a. Kpome ToOTO,
A1000M oTpe3ok N, mpu a > 1 copepxurt 1.

Ecanr MHO>KeCTBO A paBHOMOIITHO HEKOTOPOMY OTpe3Ky N, HaTypanb-
HOTO PSIAQ, TO €r0 Ha3bIBAIOT KOHEUHBIM.

OrnpepereHMe OTpe3Ka HaTyPAABHOI'O PSIAQ IIO3BOASIET YTOYHUTS I10-
HSTHE CYeTa SAEMEHTOB MHO)KecTBa. Ho mpeskae 3aMeTuM, 4TO B IIPO-
Ilecce cueTa AeMeHTOB MHOKecTBa A = {k, I, m, I} Ka>KAOMY dAeMeHTy
3TOTO MHOKECTBA OBIAO TIOCTABAEHO B COOTBETCTBHE EAMHCTBEHHOE UVIC-
A0 m3 oTpesKa Ny, T.e. 6BIAO YCTAHOBAEHO B3aMMHO-OAHO3HAYHOE COOT-
BETCTBHE MeKAY MHOXECTBOM A B oTpe3KoM N, HaTypaAbHOIO PIAQ.

CuemoM 3AeMeHMOB MHO>KeCmBaA A Ha3bIBAIOT IIPOIECC YCTaHOB-
AEHUSI B3aUMHO-OAHO3HAYHOTO COOTBETCTBUS MEKAY MHOKECTBOM
A 1 OTPe3KOM HATyparbHOTO pspa N, UKMCAO a HA3BEIBAIOT YUCAOM
3A€MEHMOB B MHOXeCTBe A 1 MUMIYT a = n(A). DTO YUCAO a epAUH-
CTBEHHOE U SIBASIETCSI KOAUYeCMBEHHBIM HAMYPAAbHbIM YUCAOM.
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B mpomecce cueTa 3AeMeHTOB
KOHEYHOTI'O MHOXeCTBa yCTaHABAM-
BAETCS B3aUMOCBS3b IIOPSIAKOBOTO
U KOAWYECTBEHHOTO CMBICAA HATYy-
PaABHOTO YMCAQ: SAEMEHTHI MHOKe-
CTBA PACIIOAATalOTCs B ONIPeAeAeH-
HOM IIOpSIAKE (YIIOPSAOUYUBAIOTCSA
QHAAOTMYHO OTpe3Ky N, — IepBhIl,
BTOPOM, TPETUU M T.I.), & IIOCAE
TOr'0 KaK BCe IA€MEeHTBI MHOKECTBA
OKa’KyTCsl IPOHYMEePOBaHHBIMY, ITO-
AydaeM OTBeT Ha BOIIPoC: « CKOABKO
9AEeMeHTOB B MHOJKeCTBe?», T.e.
KOAMYECTBEHHOE YHUCAO (OAWH, ABQ,
TPU U T.IL.).

A

/\
O @ O &
Ilepsriit Bropoit Tperuit YeTBepThIit

0 e0®

Tpu

YeTnipe

Pwuc. 10.1

CueT BAeMEeHTOB MHOKECTBa BEAYT, UCIIOAB3YsL Amnbo IIOPAAKOBEIE,
ANOO0 KOAMYEeCTBeHHBIe ULCAQ, npuyeM IIpU IIOPAAKOBOM CUeTe Ha3bIBa-
eTCsI KaXKABIY dA€MeHT MHO’KEeCTBa, a IIPU KOANYECTBEHHOM — I'DYIIIIBL

mpeaMeToB cueTa (puc. 10.1).

BOMPOCHLI N1 SAOAHNA

3anunTe Bce aneMeHTbl MHoXecTB N5, N4o. Kak Ha3biBatoTcs
3TV MHOXecTBa?

MoxHo N1 Ha3BaTb OTPe3KOM HaTyparbHOro PAaa MHOXECTBa:
a){1,2,3,4,5}; 6){1,3,5,7,9}; B){2.3,4,5,6}7?
MpouuTanTe npegnoxenus: n(A) =7, n(B) = 2. Kako cMbicn nme-
toT Ymicna 7 1 2 B aTon 3anncn? NpreeguTe NpyMepbl MHOXECTB,
cogepaLlmx ykasaHHoe Y1MCI0 3NIEMEHTOB.

Y70 3HAYMT cocHMTaTL 3NeMeHTbI KoHeYHoro MHoxecTea? Cdhop-
Myn1pYMTE NPaBuna, KOTopble AOMKHLI COBMNoAaTh yHaLlmMecs npu
cyeTe npegMeToB (MpaBuna BbITEKAOT U3 ONpedeneHns cHeTa
3NeMEeHTOB KOHEYHOr0 MHOXECTBA).

TEOPETUKO-MHOXECTBEHHbIN CMbICH
HATYPAJIbHOTO YUCHA U HYNS

B moapasa. 10.2 6bIAO0 TOKA3aHO, YTO CUET IAEMEHTOB KOHEUHOTO
MHO>KeCTBa IPUBOAUT K YHCAY KOAMYECTBEHHOMY. MO>XHO pasbsic-
HUTH CMBICA KOAMYECTBEHHOT'O HaTypaABHOI‘O YHCAQ, He CBA3BIBAd €ro

CO CHYeTOM.
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[TycTs KOAMYECTBEHHOE HAaTypPaAbHOE UHUCAO Q IIOAYYEHO B PE3YAb-
TaTe cueTa SA€MEeHTOB MHOXKeCTBa A: a = n(A). 3To >Ke YMCAO @ MOKHO
IIOAYYUTDH U IIPU CUYETE DAEMEHTOB APYTOro MHOJKECTBa, Hanpumep B.
Ho ecam a = n(B), To MHOXecTBa A U B paBHOMOIIIHEI, IOCKOABKY CO-
A€pP’KaT IIOPOBHY SA€MEHTOB.

Tak KaK AI0OOMY HENyCTOMY KOHEYHOMY MHOJKECTBY COOTBETCTBYET
TOABKO OAHO HaTypaAbHOE YHCAO, TO BCe KOHEUHbIe MHOKeCTBa pa3ou-
BAIOTCS HA KAQCCHI PABHOMOIITHBIX MHOYKECTB (3TO IIPOUCXOAUT ITIOTOMY,
YTO OTHOIIEHWE PAaBHOMOIIHOCTH MHOJKECTB SIBASIETCSI OTHOIIEHUEM
3KBUBAAEHTHOCTH). B 0OAHOM Kaacce OYAYT COAEPIKATHCSI BCEe OAHODAE-
MEHTHBIE MHOJKECTBa, B ADYIOM — ABYXdAeMeHTHEIe U T. A. MHOKecTBa
OAHOTO KAACCa Pa3AMUHBI IO CBOEM NPHUPOAE, HO BCe OHM COAepIKaT
OAMHAKOBOE YUCAO SAeMEeHTOB. I 3TO YMCAO MOKHO pPaCCMaTPUBATh KaK
of111ee CBOMCTBO KAACCA KOHEYHBIX PABHOMOIITHBIX MHOJKECTB.

TakuMm 06pa3oM, C TEOPETUKO-MHOKECTBEHHOU TOYKU 3PEHUd, HA-
mypaibHOE YUCAO — 3MO obujee CBOUCMBO KAQCCA KOHEUHbIX PABHO-
MOWHbIX MHOXKECMB.

Tak Kak Ka’KABIM KAACC PABHOMOIITHBIX KOHEUHBIX MHOKECTB OAHO-
3HAYHO OIPeAEAsIeTCs BLIOOPOM KaKOTO-HUOYABL €r0 IIPEACTABUTEAS, TO O
HATYPaAbHOM UYHUCAE «TPHU» MOJKHO CKa3aThb, UYTO 3TO OOIee CBOUCTBO
KAAaCCa MHOJKECTB, PABHOMOIITHBIX, HAIIPIMEDP, MHOKECTBY CTOPOH Tpe-
YTOABHUKAE, @ O HATypPaAbHOM YHCAE «UeThIpe», YTO 3TO 00llee CBONCTBO
KAacca MHOXKECTB, PABHOMOIIIHBIX, HalIlpuMep, MHOKECTBY BepIINH
KBaApara.

WTaK, HaTypaArbHOE YUCAO d KaK XapaKTEePUCTUKY KOAMYECTBa MOKHO
paccMaTpMBaTh C ABYX TTO3UIINHN:

1) KaKk YUCAO 3AEMEHTOB B MHOJKECTBe A, IIOAy4YaeMoe IIPU CYETe,
T.e. a = n(A), npuueMm A ~ Ng;

2) KaKk obI1iee CBOMCTBO KAACCa KOHEUHBIX MHOKECTB, PABHOMOIITHEIX
MHO>KeCTBY A.

YUKCAO «HYAB» C TEOPETHUKO-MHOKeCTBEHHBIX ITO3UIIUN paccMaTpu-
BaeTcs KakK YHUCAO 3AeMeHTOB IIycToro MHoskecTBa: 0 = n(J).

YHCAO HYAD HE SIBASIETCS HATYPAABHBIM YHMCAOM. MHOXECTBO, KO-
TOpO€ TIOAy4YaeTCsl B pe3yAbTaTe NIPHUCOEAUHEHHSI HyAs K MHOKECTBY
HATypaAbHBIX UMCEA, Ha3bIBAIOT MHOKECTBOM IeABIX HEOTPUIIATEABHBIX
yrceA U 0003HA4arOT OyKBOU Zy: Zy = N U {0}.

B HavaABHOM Kypce MAaTeMAaTUKU KOAMYEeCTBEHHOE HAaTypaAbHOE
YHUCAO, KaK IIPAaBUAO, pacCMaTpUBaeTCs Kak o0lllee CBOMCTBO KAacca
KOHEUYHBIX PaBHOMOIITHBIX MHOJKECTB. [103TOMYy, KOTAQ yUaluecs udyda-
IOT YMCAO «OAMHY», Ha CTpaHUIle YieOHHNKA MPUBOAATCS U300pa kKeHMsI
OAHOTO IIpepMeTa (OAHO BEAPO, OAHA A€BOYKA, OAMH CTOA U T.A.); IpU
W3YYEeHNHU 9HMCAQ «TPHU» — M300pa’keHUs Pa3ANYHBIX COBOKYIIHOCTEH,
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COAEPIKAIINUX TPHU dAeMeHTa (TpU KyOHKa, TPU KaMelllKa, TPU aAOYKHU
U T.A.). HUCAO IPEAMETOB B COBOKYIIHOCTHU OIIPEAEASIOT IIyTEM Iiepe-
cueTa. TaknM 00Opa3oM, KOAUUECTBEHHOE U MOPSAKOBOE HATypaAbHOE
YUCAO BBICTYIIAIOT B HAYAABHOM O6Y‘-I€HI/II/I B TECHOM B3aHMOCBSI3H.

BOMPOCHLI N SAOAHNA

1. lNo4emy Ha ypoke, roe N3y4aeTcs YMCNOo «HeTbIpe), MOXHO UC-
Nofb30BaTb PUCYHKM C N306paxxeHnemM YeTbipex sbnok, YeTbIpex
TeTpPagew, @ MOXHO BOCMONb30BaTbCA U APYrUMU NpUMepamMm
YETbIPEX3NEMEHTHbIX MHOXECTB?

2. MNpuBegnTe NpUMeEpPbI TaKNX PasfnyHbIX MHOXeCTB A 1 B, 4To
n(A) = n(B) = 6. B kakoMm OTHOLLEHU/ HaxoaaTca MHOXecTBa A
nB?

3. KakoB TeopeTuKo-MHOXECTBEHHbI CMbICI HATYPanbHOro Yicna
«NATbY ?

4. PaccMoTpuyTe UAMKCTpaumm 1 3anucK, NpuBeaeHHbIE B No6om
yyebHuKe No maTemaTuke ansa ‘1-ro knacca, rge yqalumecs 3Ha-
KOMSTCS C Ymcnom «Tpuy. OBbAcHUTE, Kake U3 HUX NPUBELEHDI
C LiENbHO packpbITb KONMHYECTBEHHbIM CMbICH YACTA KTPUY.

maea 11

ONEPALW HAL UENBIMIA
HEOTPUUATEJIbHbIMWN YACNAMN

(\F</"| CNOX>XEHWE W Er0 CBOWNCTBA

PaccMmoTpuM 3apady, KOTOPYIO PEIIAlOT MAQALIIME IIKOABHUKHY: «IleTa
HamreA 4 rpuba, a Huaa — 3. CKOABKO BCero rpuboB HAIIAU pedsTa?».
3ajayda pelIaeTcs C IOMOUIbIO CAOKEHUS: K YUCAY 4 HapO NIPpUOABUTH
yrcao 3. Ho Kak 0ObICHUTD, TI0YeMY MCIIOAB30BAHO CAOKEHUE, a He APY-
roe penicTBue?

YToOBI OTBETUTH Ha BOIIPOC 3aAa4U, HAAO K rpubam IleTu nmpucoepu-
HUTH Tpubbl HUHEBI, T.e. 0OBbEAMHUTH ABa MHOXKEeCTBa rpubOB, a 3aTeM
OTIIPEAEAUTDH B 3TOM OOBEAVHEHUU UYMCAO DAEMEHTOB, CAOKUB YHCAQ 4
u 3.

BuauM, 4TO CAOKEeHME YNCEeA OKa3bIBAeTCsI CBSI3aHHBIM C OObeAUHe-
HUEeM MHO>XECTB.
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PaccMoTpuM eie opHY 3apady. HaliaeM 4lcAO 9AeMeHTOB B OObepn-
HeHUU MHOXecTB A = {a, b, ¢, d} u B = {c, x, y}. HeTpyAHO yCTaHOBUT®,
uyro n(A)=4,n(B)=3, AuB={a, b, c d x, y}, HOn(A U B) # 4 + 3. I'lo-
yeMy Tak? AeAo B TOM, 4TO 3aAaHHBIE B 3apaue MHOXKecTBa A u B nepe-
CeKaroTCs, U, 3HAYUT, YMCAO SIAEMEHTOB B UX OObeAUHEHNU He COBIIAAQET
c cymmoi n(A) + n(B).

Boob11e, ¢ meopemuxko-MHOXeCmBEeHHbLX No3ulull, CyMMaQ HAMypPAAb-
HBIX quceA a u b npegcmasasem codol HUCAO 2AeMEeRMOB B 00beqUHEeHUU
KOHEeUYHbIX HenepeceKkarowuxcsi MHokecmB A u B, makux, umo a = n(A),
b = n(B):

a+b=n(A)+n(B)=n(AuB),ecauAnNB={.

Hcxops u3 AQHHOM TPAaKTOBKM CyMMBI HATyPAAbHBIX YHCEA, MOJKHO

AOKAa3aTh, 4TO:

® CcyMMa a + b He 3aBUCHUT OT BEIOOpa HellepeCceKaloIuXCcsl MHOKECTB
A u B, Takux, uto a =n(A), b=n(B);

® CcyMMa HaTypaAbHBIX YHCEA BCETAA CYUIeCTBYyeT U eAMHCTBEHHA: Ka-
Kue OBl ABa HAaTyPaAAbHBIX YMCAQ d M b MBI HU B3SIAM, BCETAQ MOKHO
HaUTH UX CYMMY — HaTypaAbHOE YUCAO €, OHO OYAET eAUHCTBEHHEBIM
AN AQHHBIX UHCeA a U b.

Omnepanyio, Ipy MOMOIIY KOTOPON HAXOAAT CYMMY, HAa3bIBAIOT CAO-
JKEeHUEM, @ YHCAQ, KOTOPhIE CKAGABIBAIOT, — CAATrdeMbIMU.

H3BecTHO, 9YTO AASL AIOOOTO HATYPAAbHOTO YHCAA d UMeeT Me-
cTo paBeHCTBO: @ + 0 = a. C TeOPEeTUKO-MHOKXECTBEHHBIX TO3UIIUHN
OHO O3Hayvaert, 4To ecAanu a = n(A), 0 = n(J), To a + 0 = n(A) + n(J) =
=n(Au J)=n(A) =a.

B3amMOCBSI3b CAOKEHMS IIEABIX HEOTPUIIATEABHEBIX YHUCEA U OO BeAN-
HEHMS MHOKECTB II03BOASIET MCTOAKOBATH C TEOPETHUKO-MHOKECTBEHHOMU
TOYKY 3pEHUS N3BECTHBIE CBOMCTBA CAOKEHMS: CBOMCTBO KOMMYTATUB-
HOCTH (ero B Ha4aAbHOM KypcCe MaTeMaTUKU Ha3bIBalOT IIepeMeCTUTEADb-
HBIM CBOMCTBOM) ¥ CBOMCTBO aCCOIIMATUBHOCTHU (€r0 B HA4aABHOM Kypce
MaTeMaTUKU Ha3bIBAIOT COYeTaTeALHBIM CBOMCTBOM).

CBolicmB0O KOMMYyMmamuBHOCIMU CAO>KeHUs1 POopMyAHUpyeTCcs CAe-
AVIOIIUM 00pa3zoM: gAsi Al0ObIX UeAblX HeOMPUUAMEAbHbIX YUCEA A U
b Brinoansemca paBencmsBo a + b = b + a. Ilycte a = n(A), b = n(B)
nAnB=O. Tornpaa+b=n(Av B). Ho AU B=BuU A (3TO CBOHCTBO KOM-
MYTaTUBHOCTU OOBbEeAVHEHUSI MHOKECTB) U, CAEAOBATEABHO, N(A U B) =
=n(Bu A), oTkypa a + b = b + a AAg AIOOBIX IIEABIX HEOTPHUIATEABHBIX
4uceA a U b.

CBoilicmBoO accouuamuBHOCIMU CAOKeHusl GOPMYAUPYETCI CAe-
AVIOIIUM O00pasoM: gaA AKObIX UeAblX HeOMPUUAmMeAbHbIX quceA a, b,
C BbINOAHSiemcs paBeHcmBoO (@ + b) + c=a + (b + ¢).
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[Myctb a = n(A), b =n(B), c = n(C), npuueM AN B=3, An C=0.
Torpa (a+b)+c=nAuB)+n(C)=n((AuB)uC)=nAu (Bu Q)=
=a + (b + ¢). HeTpyaHO BUAETE, UTO, BHIIIOAHAS TPeOOPA30BaHMs, MBI
MCIIOAB30BAAU CBOMCTBO aCCOIIMATUBHOCTH OObeAMHEHUS MHOXXECTB
U TeOPEeTUKO-MHOKECTBEHHYIO TPAKTOBKY CyMMBI UHCEA.

O6paTuM BHUMaHMe Ha Ha3HaueHHWe CBOMCTBa aCCOIMAaTUBHOCTU
CAOKEHUS — OHO OOBICHSIET, KaK MOKHO HaXOAUTH CYMMY TPeX CAa-
raeMbIX: AASI 3TOTO AOCTATOUYHO CAOKUTH IIEPBOE CAAraeMoe CO BTOPBIM
U K IOAYyYEHHOMY YUCAY IPUOABUTH TPEThE CAAraeMoe UAU IIPUOaBUTh
IIepBoe craraeMoe K CyMMe BTOPOTo U TpeThero. Ho cBoicTBO accoua-
TUBHOCTU He IPeAlloAaTraeT MepecTaHOBKMU CAaraeMbIX.

CBoricTBa KOMMYTATUBHOCTH M aCCOIIMATUBHOCTU CAOJKEHHUS MOTYT
OBITH 00O0OIIIEHEI Ha AF000€ UMCAO CAaraeMbIX. [Ipy 3ToM KOMMYyTaTHB-
HOCTB OyAeT 03Ha4aTh, UTO CyMMa He U3MeHsAeTCs IPU AI0O0H IlepecTa-
HOBKE CAAraeMEblX, @ aCCOIMAaTUBHOCTD — YTO CyMMa He U3MEHSETCS IIPU
AOOOU IPYIIIMPOBKE CAAraeMbIX (0e3 M3MEeHEeHUs UX MOPSAKA).

B3auMOCBS3b CAOKEHUS 1IEABIX HEOTPUI[@TEABHBIX UNCEA U OO BEeAN-
HEeHUS MHOYKECTB IT03BOASIET 0OOCHOBLIBATH BHIOOP AEMCTBUM IIPU pe-
IIIEHUU TEKCTOBBIX 3aAa4 ONPEAEAEHHOTO BUAA. BBIICHUM, HallpuMep,
[IoueMy CAEAYIOIIas 3aAa4a pellaeTcs C IIOMOIIBIO CAOKeHHd: «B kaacce
10 peBouek 1 12 MaABYNKOB. CKOABKO BCETO YUEHMKOB B KAacce?»,

B 3apaue paccmaTpuBaeTcsl TPU MHOKECTBA: MHOKECTBO A AeBOUYEK
B KAACCe, MHOKECTBO B MaABUMKOB B KAaacce U UX oObepuHeHue. Tpeby-
eTCs Y3HaTh YUCAO SAEMEHTOB B 3TOM OOBEAUHEHUH, & OHO HAaXOAUTCSI
crokenneM. Tak kak n(A) =10, n(B)=12u An B=, To n(A U B) =
=10+ 12. CymMma 10 + 12 — 37O MaTeMaTHUueCcKasd MOAEAb AQHHOU 3a)a-
4y, BEIYMCAMB 3HaU€HMeE 3TOTO BBIPAXKEHUS, IIOAYUYUM OTBET Ha BOIIPOC
3apaun: 10 + 12 = 22. Crep0BaATEABHO, B KAacce 22 yUeHUKA.

BOMPOCHLI 1 SAO0AHNA

1. KakoB TEOPEeTMKO-MHOXECTBEHHbI CMbICH CYMMBbI:
al3+5 6)0+4; B)O+O0.

2. Yyalmmcs faHo 3aaHWe COCTaBUThb [ABE 3a4a4u, PELLIEHME KOTO-
pbix 3anmcaHo B Buae BbipaxeHua 16 + 4. MoxHo nv cocTaBuTb
TPY 3a4a4M C TakUM peLLeHrem; NaTb 3aa4y?

3. O6bsAcHUTE, No4YeMy cneayloLlne 3afady peLuarTCcsa Crnoxe-
HVeMm:

a) «B nakeT nonoxunu 3 rpywmn n 8 abnok. Ckonbko hpykToB
MONOXWUNN B MakeT?y;

6) «[dnma copsan 8 cnus, HuHa — 4. Ckonbko BCero cnve copsani
Owvma n HuHa BmecTe?y;
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B) «/13 kopobkw B35 6 KpacHbIx kapaHaaLuen 1 4 cuHmx. Ckonb-
KO BCEro kapaHzaLlei B3anm n3 Kopobkn?y.

4. Kakym CBOMNCTBaMU CNOXEHWSA HAZ0 BOCMONb30BaTbCs, HTO6bI
BblpaxeHue (4 + 5) + 6 3ameHnTb BbipaxeHnem 5 + (4 + 6), a Bbl-
paxeHue (7 + 2) + (3 + 8) — BbipaxeHuem (7 + 3) + (2 + 8)7?

CMbICH OTHOLLIEHUIA «PABHO» U «MEHBLLIE»
N9 LEMLIX HEOTPVULIATENbHbLIX YNCEN

BBIsICHMM, Ha KaKOM TEOPeTUYeCKOM OCHOBE IIPOUCXOAUT CpPaBHEHUEe
YUCeA.

ITycTh AaHBI ABa LIEABIX HEOTPUIATEABHBIX YicAa a U b. C TeopeTHKo-
MHOJKECTBEHHOU TOYKM 3PEHUs OHU NPEACTABASIOT COOOU YHCAO
3AE€MEHTOB KOHEUHEBIX MHOXeCTB A u B: a = n(A), b = n(B). Ecau atu
MHO>KeCTBa PaBHOMOIIHEI, TO UM COOTBETCTBYET OAHO M TO >Ke YHCAO,
T.e. a = b. [IpuxopuM K OIIpeAEAeHUIO:

| Yucaa a u b paBHbL, €CAU OHU ONPEJEeASIOMCSL PABHOMOWHbIMU MHO-
JKeCcmBaMU:

a=b< A~ B, rgen(A)=a, n(B) =b.

Ecam MHOXecTBa A 1 B HEpaBHOMOIIIHEI, TO YHUCAQ, OIIPEAEAsieMbIe
UMHU, PA3AUIHEL.

B ToM cAydae, ecAu MHOXecmBO A paBHOMOWHO cOOCMBEHHOMY NOg-
MHOXecmBy MHOXecmBa B u a = n(A), b = n(B), ropopam, 4mo 4ucAo
a MeHbWwe b, u nuwym: a < b:

a<bo A~B,tae BicBuB;#B, B=J.

B smoti xe cumyayuu ropopsam, umo b 6oabwie a, u nuwym: b > a.
W3 npuBeAEHHBIX OIIPEASAEHUM OTHOIIIEHUMN «PAaBHO» U «MEHbBIIIE»
UCXOAST B HAUAaAbHOM HMTKOAE, KOTAQ OOBSICHAIOT, UTO 2 =2, 3 =3, 2< 3,
3 < 4 u T.A. Hanipumep, npu BBepAeHUU 3anucu 3 = 3 pacCcMaTpPUBAIOT
ABa PAaBHOMOIIIHBIX MHOXKeCTBA KBAApPaToB M Kpyros (puc. 11.1). I'lpu
U3y4eHUU OTHOIIeHUd 3 < 4 MPOBOASATCI PACCY’KAEHUSI: BO3bMEM TPHU
PO30BBIX KPY>KKa U 4 CUMHUX U Ka>XABIM PO30OBBIM HAaAOKUM Ha CUHUM,
BHUAWM, YTO CUHUM KPY’KOK OCTAACS HE3aKPBLITHIM, 3HAUYHUT, PO30BBIX
KPY’KKOB MEHBIIIE, 4YeM CHUHHUX, IOITOMY MOJKHO 3a-
I:I I:I I:I OHUCATh: 3 < 4.
O O O OTMeTHUM ellle, YTO €CAM YUCAA A U b OTIPEAEASTIOTCS
COOTBETCTBEHHO MHOXeCTBaMU A 1 B (Kpy>XKOB, KBa-
Puc. 11.1 APaTOB, TTAAOYEK U T.A.) U a < b, TO BEIAEAEHHE B MHO-
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XecTBe B coOCTBEeHHOTO TOAMHOMKeE-

CTBQ, PABHOMOIITHOTO MHOJKECTBY A, A B,

Ha IPAKTUKE IIPOVCXOAUT CaMBIMU A~B,
Pa3AUUYHBIMU CIOCOOAMU: HAAOKEe-

HHUeM, IPUAOKeHUeM, IIyTeM oOpa-

30BaHM4 IIap U T. A. DTO BO3MOJKHO,

TaK Kak OoTHoIleHue a < b (Tak xe Pwnc. 11.2

KaK U OTHOIIIeHUeE a = b) He 3aBUCUT
OT BLIOOpa MHOKECTB A U B, Takux,
4TO a =n(A), b = n(B), B&)KHO TOABKO, YTOOBI A OBIAO PABHOMOIITHO COO0-
CTBEHHOMY ITOAMHO>XKECTBY MHOKeCTBa B (a B CAydae paBeHCTBa YUCeA
A paBHOMOIIHO B).

W3A05KeHHBIN TOAXOA K OIIPEAEAESHUIO OTHOIIIEHNS «MeHbIIe» UMeeT
OrpaHUYEeHHOEe TpUMEeHeHNe, OH MOKET OBITh UCIIOAB30BaH AAS CPaB-
HeHUs ynuceA B Ipeperax 20, IOCKOABKY CBI3aH C HEIIOCPEACTBEHHBIM
CpaBHEHHEM ABYX I'DYIII IPEAMETOB.

Kak MO’KHO ellle CpaBHUBATh IleAble HeoTpullaTeAbHbIe uncaa? ITycTb
a < b B cMBICAe AQHHOTO onpepenenust. Toraa a =n(A), b=n(B) u A ~ By,
rae B; — cobcTBeHHOE ITOAMHOYKeCTBO MHOYKecTBa B (puc. 11.2). Tak kak
B, c B, To B MO>XHO IPEACTaBUTH B BUAe 00beAUHEHUSI MHOXKeCTBa B,
u ero ponoaHenus: B \ B;. O6o3HaunM 3T0 pAonorHeHUe B, T.e. B\ B, =
= B). Toraa B = B; U B! u, cAepoBaTeAbHO, n(B) = n(B; v BY). ITockoab-
Ky MHOXXeCTBa B; u B'| He epeceKaroTcs, TO II0 ONPEAEACHUIO CYMMEL
n(B) = n(B,) + n(B"}). Ho nio ycroButo B, ~ A, 3Hauut, n(B;) = n(A). Ecan
YHCAO DAEMEHTOB B MHOXXeCTBe B 0603HauUTh yepe3 ¢, TO paBeHCTBO
n(B) = n(B;) + n(B;}) Mo>XxHo 3amnucaTh B BUAE b = a + ¢, T.e. U3 TOTO, UTO
a < b, crepyet, uTo b = a + c¢. HeTpypHO yOeAUTBCSA B CIIPABEAAMBOCTH
U OOpaTHOTrO YTBEPKAECHUS.

HTaxk, IIPUIIAY K APYTOMY OIIPEACACHUNIO OTHOIIEeHUSI «MEeHBbIIe».

Yucao a meHbule yucaa b morga u moAbKO morga, Kkorga cyuecmasy-
em makoe HamypaAbHO€ HYUCAO C, UIno a + ¢ = b.

Kak, noAB3ysACE 3TUM OoIpepereHueM, OOBACHUTD, 4TO 3 < 7¢ OTBeT:
3 < 7, IOCKOABKY CYIIIECTBYeT TaKoe Ileroe HEOTPUIIATEABHOE YHCAO 4,
uto 3+ 4 ="7.

OTOT c10cob OIIPEeAEAEeHNS OTHOIIIEHUS «MeHBIIe» uepe3 CAOKeHUe
TaK’Ke MCIIOAB3YeTCsI B HQUaAbHOM Kypce MaTeMaTHKHU.

PaccmoTpuM ellle opAuH c1oco0 CpaBHEHUS YHCEA.

ITycts a < b. Toraa Ipo AT000€e HaTypaAbHOE YUCAO X MOSKHO CKa3aTh,
4TO €CAM X < @, TO X < b. DTO 3HQUUT, UTO IIPU d < b OTPE30K HATypPaAb-
HOro pspa N, aBAgeTcsa COOCTBEHHBIM IIOAMHOXKECTBOM OTpe3kKa Ny,
CrnpaBepAUBO U OOpaTHOE YTBEPKAEHUE.
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Taxkum 06pa30M, IIOAYy4YaeM elne OAHO OIlIpeAeneHre OTHOIIIEeHUSI
«MEHBIIe».

Yucao a meHbule Yucaa b morga u moAbKO morga, KOrga ompe30K
HamypaAbHOro paga N, sBAsemca coOCMBEHHBIM NOGMHOXECMBOM
ompe3ska paga Ny

a<b< N,cN,uN,=N,.

HampuMmep, cripaBepAAMBOCThL HepaBeHCTBa 3 < 7 C 3TUX IO3UITUH
MO>XHO OOBSICHUTE TeM, uTo {1, 2, 3} < {1, 2, 3, 4, 5, 6, 7}.

JAaHHas TPaKTOBKA ITOHATHS «MEHBIIIe» TTO3BOASIET CPAaBHUBATE YUCAQ,
ONMpasich Ha 3HaHUE MX MeCTa B HaTypaAbHOM PSIAY.

OTOT coco® CpaBHEHUS UHUCEA TaKyKe HCIOAB3YeTCS B HaUYaAbHOM
00y4eHUN MaTeMaTHKe: 9YFCAO, KOTOPOE IIPK CUeTe BCTpPedaeTcs paHblIle,
BCerpa MeHbIIIe YMCAd, KOTOPOE HAET MO3AHee.

Hcxoast 3 AT0OOTO OIpeAeAeHUs OTHOIIEHUST «MeHbIe» AAST Ha-
TYPAABHBEIX YHCEA, MOKHO AOKAa3aThk, YTO OHO 0DAapaeT CBOMCTBAMU
TPAH3UTUBHOCTU U aHTUCUMMETPUYHOCTH, T. €.

m ecaua<bub<c, TOa<c
®m  ecAm a< b, To HeEBepHO, uTo b < a.

Tak Kak OTHOIIeHUe «MeHbIIe» AAS HAaTYPAAbHBIX YMCEA TPaH3U-
TUBHO U @HTUCUMMETPUYHO, TO OHO SIBASIETCS OTHOIIIEHNEM IIOPSAKA,
a MHOJKeCTBO HaTyPAABHBIX YHCEA — YNOPSAGOHEeHHbIM MHOKXKEeCMBOM,
U AAS AIOOBIX HATYPAAbHBIX YHCEA d M b MOKET BBIIOAHATHCS TOABKO
OAHO M3 OTHOWIeHUMN: a < b, a=b, b > a.

Pacnonaras HaTypaAbHBIE UMCAQ TaK, YTOOBI U3 AFOOBIX ABYX YHCEA
CHAYaAa LIAO MeHBbIIIee, IIOAYYaeM PSAA HaTypaAbHBIX unce: 1, 2, 3, 4, ...
ITOT psip 6ecKoHeueH.

ITycTe @ — HeKOTOpOe HaTypaAbHOe 4hUCAO. Torpa a + 1 — 31O Ha-
TYPaAbHOE YHCAO, HEIIOCPEACTBEHHO CAEAYIOIIee 3a @, U HU AAS OAHOTO
YHMCAA @ HEAB34 YKa3aTh TAKOE HATypPaAbHOE UHUCAO X, UTO a < x < a + 1.
OTO CBOMCTBO HA3BIBAIOT CBOMCTBOM GUCKpPEMHOCMU MHOXXeCTBa Ha-
TYPaAABHBIX YHMCEA, & CAMU YHUCAA a U a + | Ha3bIBAIOT cOCegHUMU.

BOMPOCHLI N SAOAHNA

_

O6bacHuTe Tpems cnocobamu, novemy: a) 3 < 6;6) 0 < 5.

2. Vcnonb3ayna onpepeneHve 0THOLLEHWS «MEHbLLIEY Yepe3 Croxe-
HVe, DOKaXMTe, YTOo ANnsA NobbIx HATypanbHbIX Y1cen a, b, ¢ cnpa-
BEONVBO yTBEpXAeHue: kEcnmna<bunb<c,T0a <c».
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3. lNepBoknaccHvKam npefnaraeTca 3anonHUTL NponycK B pagy
1, 2, O, 4, 5. Kak moxeT 06bACHWUTb CBOW OTBET y4aLummca?
KakvmMu ceoricTBaMun HaTypanbHOr0 psfa OH [OSKeH BOCMOMb-
30BaTbCA?

BbIYUTAHUE YNCEN

PaccmoTpuM 3apauy, KOTOPYIO PELIalOT MAQAIIIHE IMIKOABHUKHU: « OKO-
AO IIIKOABI TTOCAAUAU 8 pepeBbeB — Oepe3 u pssouH. bepe3 3. CKOABKO
PsIOMH MOCAAVAYL OKOAO IITKOAKI? »

YToOBI OTBETUTL Ha BOIPOC 3aAauM, HapAO U3 8 BBIUECTH 3, T.e. IO-
AYYUTH BhIpakeHHe 8 — 3 U HalTU ero 3HaueHue. Ho Kak OOBICHUTE,
IIoYeMy 3AeCh UCIIOAB30BAHO BEIUMTAHNE YUCEA, @ He APyTroe AelcTBUe?
I[TocTpouM BCIIOMOTATEABHYIO MOAEAB 33Aa4l, U300pa3uB Ka’kKAo0e Ae-
PeBO, MOCa*XKEHHOE OKOAO IIKOABI, KPY’KKOM. Cpeapr MOCa’KeHHBIX Ae-
peBbeB 3 Oepe3bl — Ha PUCYHKE BBIAGAUM UX IITPUXOBKOU (puc. 11.3).
Torpa He3aMITPUXOBAHHBIE KPYKKU U300pakatoT pAOKUHEL 11X CTOABKO,
CKOABKO OyAET, eCAM U3 8 BBIYECTh 3.

BuauM, 4TO pellleHVe AQHHOM 3aAau¥ CBSI3aHHO C BEIAEACHUEM
U3 AQHHOTO MHO>XeCTBa ITOAMHOJKECTBA M HAXOXKAEHHUEM UHCAA dAe-
MEHTOB B AOTIOAHEHHUH 3TOTO IOAMHOJKECTBQ, T.€. BRIUYMTAHUE YHCEA
OKAa3BIBAEeTCA CBA3aHHBEIM C AOIIOAHEHHEM IIOAMHOJKECTBA.

BooO1ie, ¢ meopemuko-MHOXeCmMBEHHIX NO3UYUll pA3HOCMb HAMY-
PAABHBIX YucCeA d U b — 5mo 4ucA0 3AeMeHmMOB B JONOAHEHUU MHOKe-
cmBa B go mroxecmsa A npu ycaosBuu, umo a =n(A), b=n(B) u B c A:
a-b=n(A)-nB)=nA\B),BcA B#A B#.

AHaNOTHYHOE NCTOAKOBaHUE ITOAyYaeT BEIUUTAHWE HYAS, a Tak-
Ke BbluUTaHUe a U3 a. Tak KaK A\ J=A A\ A=, tToa-0=a
na-a=0.

Hcxopst U3 AQHHOM TPAKTOBKU PAa3HOCTHU IEABIX HEOTPUIlATEABHBIX
4mMCeA MOKHO AOKa3aTh, UTo:

®  DA3HOCTB d — b He 3aBUCUT OT BBIOOPA MHOJKECTB A U B, yAOBAETBO-
psromux ycroBuro: a =n(A), b=n(B)u Bc A;

®  Pa3HOCTh IEeABIX HEOTPUIIATEABHBIX YHCEA a U b CyIeCTBYeT TOrAA
U TOABKO TOTAQ, KOrAa b < a;

OO0000OOD

\/
2 3

Puc. 11.3
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B c¢CAM PA3HOCTH IIEeABIX HEeOTPUIIATEABHBIX YHUCEeA a U b CyIIeCTBYyeT,
TO OHA €AMHCTBEHHA.

AelcTBHE, C ITIOMOIIBIO KOTOPOT'O HAXOAAT Pa3HOCTh d — b, Ha3bLIBa-
IOT BbIHUMAHUEM, YNCAO A — YMEHbUIAEeMbIM, UVICAO b — Bbluumae-
MbIM.

PaccMaTprBaeMbIl MOAXOA K CAOKEHUIO U BBIUMTAHUIO IJEABIX He-
OTPUIIATEABHEBIX YHCEA II03BOASIET MCTOAKOBATh C TEOPETUKO-MHOMKe-
CTBEHHBIX HO3HHHﬁ IIpaBUAA BBIUUTAHUA YUCAQ U3 CYMMBI 1 CYMMBL
M3 YHCAQ.

BeisicHUM, HanmpuMep, TEOPETUKO-MHOKECTBEHHBIN CMBICA IPABUAA
BBIYUTAHUS YMCAQ U3 CyMMBI: YTOOBI BBIYECTh YHCAO M3 CyMMBI, AO-
CTaTOYHO BHIYECTh 3TO YHUCAO M3 OAHOTO M3 CAaraeMbIX CYMMBI U K
MOAYYeHHOMY pe3yAbTaTy NpuOaBUTh APyTroe caaraemMoe.

Hcnoas3ysa OYKBEHHYIO CUMBOAMKY, 3TO IIPABUAO MOJKHO 3allHCaTh
CAEAYIOIIUM 00pa3oM:

(a+b)—c=(a—-c)+b, ecrm a>c;
(a+b)—c=a+(b-c), echm b>c.

ITycte A, Bu C — Takue MHOXECTBQ, 4TO a = n(A), b=n(B), c=n(C)
uAnB=, CcA (puc. 11.4). AAsI AQHHBIX MHOXKECTB UMeeT MeCTO pa-
BeHCcTBO (AU B)\C=(A\C)uUB.Hon((AuUB\C)=nAuUB)—-n(C) =
=(a+b)—-c an((A\NC) U B)=nA\C)uU B)=n(A\C)+n(B)=(a—c)+b.
W, caepoBaTenbHo, (a+ b) — c=(a—-c)+ b, ecau a > c.

AHAAOTMYHO TTPOBOASTCS PACCY’KACHUS M B TOM CAydae, KoTAa b > ¢,
a Tax’Ke AAS IIPaBHAA BBIUMTAHUS U3 YKWCAA CYMMBEI: 4Mo0Obl Bbliecmb
U3 4ucaa CyMMmy 4uceA, gocmamo4HO Bbl4eCmb U3 3MOro 4ucAd nocae-
goBameAbHO KAJKgoe caaraemoe OgHO 3d gpyrum, T.e. eCAu @, b, ¢ —
HaTypaAbHBIE YUCAQ, TOIpu a>b +cuMeema— (b+c) = (a—b) —c.

YacTo, 4TOOBI IPOBEPUTH IPABUABHOCTE BHIITOAHEHUS AeMCTBYS BhI-
YMTaHMS, MBI oOpanjaeMcs K cAoKeHUIo. [ToueMy? O4eBUAHO, IOTOMY,
YTO CYIIECTBYET CBSI3b MEKAY A€MCTBUSIMM BBLIUYMTAHUS U CAOKEHUS.

[TycTh pAQHBI IleAble HeOTpUIlaTeAbHBIE YHCAA A U b, TaKue, 4TO
a=n(A), b=n(B) u Bc A u nycTh pas-
HOCTDB 3TUX UMCEA €CTh UMCAO SIAE€MEHTOB
AOTIOAHEHMS MHO>KeCTBa B A0 MHO>XecTBa
A, T.e.a—-b=n(A\ B).

Ha kpyrax O#aepa MHOXecTBa A, B,
A\ B n3obpaykaloTcs Tak, KaK Ha pUC.
11.5. U3BecTHO, uTO A = B U (A \ B),
oTKypa n(A) = n(B v (A \ B)). Tak
Puc. 11.4 Kak B N (A\B) = &, To umeeM n(A) =
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=n(BU(A\B))=nB)+nA\B)=b+ (a-b),
T.€. PA3HOCTBb a — b €CThb TAKOE YHCAO, CyMMa
KOTOPOI'O U YHCAA b paBHA YUCAY d.
YcTaHOBAEHHBINM (PAKT AQ€T BO3MO’KHOCTb
IIO-APYTOMY OIIPEAEAUTH PAa3HOCTh.

PaszHocmblo yeAblx HeOMpPuyameAbHbIX YlU-
cea a u b HasplBarOmM Maxkoe yeaoe Heom-
puuyameaAbHOE HUCAO C, CyMMA KOMOpPOro
uuucaa b paBhnaa:a-b=c<a=b+c.

Puc. 11.5

ToBOPST, UTO BEITUTAHME SBASIETCS OTIepalu-
e, oOpaTHOM CAOKEHUIO.

Hcxoas M3 BTOPOTO ONIpeAeAeHUsT pa3HOCTU, MO>KHO AOKa3aTh OCHOB-
Hble cBolicmBa pa3Hocmu.

1. Pa3HOCTB IeABIX HEOTPUIATEABHBIX YMCEA a U b CYII[eCTBYeT TOTAd
M TOABKO TOTAQ, KOrAa b < a.

AokazameabcmBo. Ecam a = b, To a — b = 0, 4, CA€AOBATEABHO, Pas-
HOCTB @ — b CyIlecTByerT.

Ecau b > q, TO, IO OIpEAEAEHUIO OTHOIIEHUS «MEHBIIIe», CyLleCTBY-
€T TaKoe HaTypPaAbHOE YHCAO C, UTO a = b + c. Toraa, II0 oIpepAeAeHUIo
pasHoCTH, ¢ = a — b, T.e. pa3HOCTb a@ — b CyIleCcTBYeT.

Ecam a — b cymiecTByeT, TO, IIO ONIPEAEAEHUIO PA3HOCTH, HAUAETCS
TaKoe I[eA0e HEeOTPHUIlaTeAbHOE UMCAO C, 4TO a = b + ¢. Ecau ¢ = 0, TO
a=b; echu ¢ >0, To b < a, o onpepereHnIO «MeHbIIe». UTak, b < a.

2. EcAu pa3HOCTB IIeABIX HEOTPUIlaTEABHBIX YHCEA d U b CyIIlecTBYyeT,
TO OHAa €AMHCTBEHHa.

AokaszameabcmBo. [TpeATIONOKUM, CYIIECTBYIOT ABa 3HAUeHUS pas-
HOCTM @ — b:a—b=c ua—-b=c, Torpa, o oIpepereHNIO PA3HOCTH,
umMeeM a =b + c;u a=>b+ c,. OTcropa crepyert b + ¢; = b + ¢, 1, 3HAUUT,
Ci= Cy.

B HauaABHOM Kypce MaTeMaTHKU BEIUUTAHME IJeAbIX HeOTpUIlaTeAb-
HBIX YHUCEA, KaK IIPaBUAO, pacCMaTPUBAETCsI Ha OCHOBE MPAaKTUUECKUX
yIpa>XxHeHHUHN, CBI3aHHBIX C BhIAEACHHEM IOAMHOXKECTBA AQHHOTO
MHO>KeCTBa U 0O6pa3oBaHMEM HOBOTO MHOKECTBA — AOTOAHEHUS BBI-
AEAEHHOTO ITOAMHOKeCTBa. [Tpr 3TOM TeOpeTHKO-MHOKeCTBEeHHAs Tep-
MMHOAOTUS I CUMBOAWKA He UCIOAB3YIOTCS. B AaabHeNIIIeM BRIUNTaHNe
paccMaTpuBaeTCs Kak oIlepalnyisi, oopaTHas CAOKEeHUIO.

BOMPOCHI N SAOAHNA

1. KakoB TeopeTnKo-MHOXECTBEHHbI CMbICS pasHocTu: a) 7 — 5;
6)3-3;8)4-0.
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2. B y4ebHuke no matemaTvke onsa Ha4anbHOW LLUKOMbI NPUBELEHO
npaBuno: «[1ns NpoBepKM BbIYUTAHWSA K pA3HOCTY NPUGaBNskoT Bbl-
ymtaemoe. Ecnum peLueHve npaBunbHoe, TO NOMyYUTCA yMEHbLLIaE-
Moe». KakoBo TeopeTnyeckoe 060CHOBaHME 3TOro npasuna?

3. lNpuBennTe NpMMepbl ABYX 3afaHuin N3 y4ebHUKOB No maTe-
MaTVKe ANA HavamnbHbIX KNaccoBs, NPU BbINMOHEHUN KOTOPbIX
NCMNONb3YeTCs YCNOBME CYLLECTBOBaHNA Pa3HOCTU LENbIX HEOT-
pyiLaTeNbHbIX YMCer.

4. 06bsAcHMTE, NoYeMy CreayoLLMe 3a0a4dm PeLlaoTcs Npy NoMoLLm
BbIYUTAHNS:

a) «Y npyaa pocno 9 ocuH. 4 ocuHbl cnunmunun. CKonbKo 0CKH
ocTanock y npyga?y;

6) «Boea u Jlupa HapucoBanu 9 gomukos. Jlnga Hapucosana
4 nomuka. Ckonbko foMmkos Hapucosan Bosa?».

5. CocTtaBbTe TpY 3a4a4u, peLLEHNE KOTOPbIX 3aNMCLIBAETCA B BUAE
BblpaxeHus 12 — 8. Ha ocHoBaHWM kakoro TEOPETUHECKOro no-
NOXEHWS 3TO BO3MOXHO?

6. 3anuwuTe NpaBWIo BbIYUTAHUS U3 YMCHA CYyMMbIl U packponTe
€ro TEOPETMKO-MHOXECTBEHHbIN CMbICHT.

OTHOLLIEHUS! «BOMbLLE HA» U «MEHBLLIE HA»

I'lpu penreHnu 3apa4 U B IPAKTUYECKOU AeITEABHOCTH 4aCTO TPeOy-
€TCsI He TOABKO YCTAHOBUTD, UTO UMCAO d MEHBbIIle (MAU OOABIIE) YACAA
b, HO 1 y3HaTh, HA CKOABKO YHCAO d MeHblIlle (MAU OOABIIIEe) YucAa b.

ITycTb @ 1 b — 1leAble HeOTPUIATEABHBIE UUCAQ, TAKUE, YTO a = N(A),
b = n(B) 1 yCcTaHOBAEHO, YTO a < b. DTO 3HAYUT, UYTO B MHO>KeCTBe B
MO>XHO BBIAEAUTEH COOCTBEHHOE IIOAMHOKECTBO B, pPaBHOMOIIJTHOE MHO-
XecTBy A, u MHOXXecTBO B\ By He niycto. Ilycts n(B \ B)) = c (c # 0).
Torpa B MHOXKeCTBe B 3AeMeHTOB CTOABKO JKe, CKOABKO B MHOJKECTBE
A, Aa ellle ¢ 3AeMeHTOB. B 3TOM cAydae rOBOPST, UYTO HYUCAO A MeHbUle
qucaa b Ha ¢ uAu umo uucAo b 6oAblie YUCAQ a HA C.

Tak kak ¢ =n(B \ By), rae B < By, To c = b — a. CAepoBaTeABHO, 4mo-
OBl y3HQMb, HA CKOABKO OGHO HUCAO MeHbUle UAU OOoAbUle gPYTOro, Hago
u3 00ABWEro YUCAQ BbhlUeCIb MEHbUIEe.

PaccMmoTpuMm, HanlpuMep, 3apa4y: «Y IIKOABL TIOCAAUAM 4 AyDa 1 9 AnIlL
Ha cKOABKO OOABIIIe IIOCAAUAY AUII? ».

CoraacHO c(hOpMyAMPOBAHHOMY IIPAaBHUAY OTBET Ha BOIIPOC HaXo-
AWTCSI IPU TTOMOIIY BhIYMTaHUS: 9 — 4 = 5 (Aun). OpAHAaKO BO3HUKAET
HeAOpa3yMeHUe: MOJKHO AU U3 9 AMII BEIYUTATE 4 AyOa? AeAo B TOM, YTO
B AQHHOM CAy4Yae 13 9 AW BEIYUTAIOT 4 AUNBL. YTOOBI YOEAUTHCS B 3TOM,
n300pa3uM AyOBI KPY’KKaMH, a AUIBI KBaApaTukaMu (puc. 11.6).
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Pwuc. 11.6

YT0oO6BI OTBETUTH Ha BOIIPOC 3aAaUU, BHIAGAUM B MHOJKECTBE AU
IIOAMHO>XKEeCTBO L, paBHOMOIITHOE€ MHO>KECTBY AyOOB (Ha PHUCYHKE 3TO
MHOJKECTBO ITIOKa3aHO (PUTYPHOU CKOOKOM). Toraa OCTaAbHEBIE AMIIBEI O0-
pasyloT AOTIOAHEeHMe MHO>KecTBa L; A0 MHO’KecTBa L ¥ UX YHCAO PaBHO
pasuocTtu 9 u 4.

OTHoI1eHus «OOABIIIE Ha» U «MeHbIIle Ha» BCTPEUaroTCs 1 B 3apavUax
APYTOTO BHAQ.

PaccmoTpuM, HanlpuMep, TaKYIO 3aAa4y: «Y IIKOABI IOCAAUAM 4 Ay0a,
a AuII Ha 5 60oAbIie. CKOABKO AUIT ITOCAAUAM ? »,

B 3apaue uAeT peub O ABYX MHOJKECTBAX AepeBbeB: MHOXKECTBeE
Ay0OB U MHO>KecCTBe Aull. O6o3HauuM ux D u L. MI3BecTHO, uTO n(D) =
=4, a YUCAO BAeMEeHTOB B MHO>KeCcTBe L Hap0 HAWTH, 3Had, UTO B HEM Ha
5 sneMeHTOB OoAbIlIe, ueM B D. ITocaepHee o3HauaeT, uto n(L) — n(D) =
=5, oTkyaa n(L) =5+ n(D) = 5+ 4 = 9. Mo>XHO pAaThk OOAee TTOAPOOHOE
MOsSICHeHUe, BOCIIOAB30BABIINCE puc. 11.6.

Tak Kak B MHO>KecTBe L Ha 5 9AeMeHTOB OOAbBIIIe, UeM B MHOKECTBe
D, To 5TO 3HAUYUT, YTO B MHOKECTBE L CTOABLKO K€ SAEeMEHTOB, CKOAb-
KO B D, u eme 5 onreMeHTOB. APDYTMMU CAOBAMH, MHOKeCTBO L MO>KHO
paccMaTpMBaTh KakK OOBeAMHEHWE ABYX MHOeCTB L, u L,, Takux, 94TO
L, ~ D u n(L,) = 5. ITockoaAbKy MHOXXecTBa L; 1 L, He UMeIOT 001IUX
9aeMeHTOB, To n(L) = n(L; v Ly) =n(L;) +n(L,) =4+ 5=9.

OOpaTtuMcs Teneps K 3apade: «Y MIKOABL IOCAAMAU 9 AuI, a AyOOB
Ha 3 MeHblle. CKOABKO IIOCAAUAU AYOOB?».

B Hell Tax JKe, KaK U B IPEABIAYIIIEN, PeUb UAET O ABYX MHO’KECTBAaX:
MHO>KeCTBe AUl (L) 1 MHO>KecTBe Ay0oB (D), HO u3BecTHO, uTo n(L) =9,
a YMCAO DAEMEHTOB B MHO’KecTBe D HapO HaMTH, 3Hasl, YTO B HEM Ha 3
9AeMeHTa MeHblile, yeM B L. [TocrepHee o3Havaet, uto n(L) — n(D) = 3,
oTrkypa n(D) =n(Ll) -3=9-3=6.

L, L,
O00oOoa|\gMI:
OO0O000O0O D
Pwnc. 11.7
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Hcnoab3ysa puc. 11.7, pelteHne 3TOM 3aAa4X MOJKHO BBIIIOAHUTh
TaK: IIOCKOABKY AyOOB Ha 3 MeHbIIle, YeM AUII, TO AUII Ha 3 OOABIIle, UeM
AyOOB, ITO3TOMY, VAAAUB U3 MHOXKECTBAa L IOAMHOKECTBO, COCTOSAIIee
U3 TPEeX SAEMEHTOB, IIOAYYMM MHO’XKECTBO, PABHOMOIIITHOE MHOKECTBY
D:nD)=9-3=6.

EcTecTBeHHO, UTO B HAaUaAbHOM IIKOAE IIPU pelleHUU IPUBEAEH-
HBIX 337a4 OOBbICHeHUe OYAET BBITASIAECTH MHAaUe, HO CYyTh €r0 OT 3TOr0
He U3MEeHUTCS.

3aMeTHuM, UTO HpepAOKeHMe «5 OOABbIe 2 Ha 3» HeAb3s 3allUCaTh
KpATKO, UCIIOAB3YS 3HAK «>», IOCKOABKY AAS 3QIIUCHA OTHOIIIEHUS «OOAB-
1le Ha» (TaK JKe KaK U AASL OTHOIUIEHUS «MeHbllle Ha») HeT CIeIlMaAbHO-
ro 3HaKa. 3HaK «>» CAY>KUT AT OOO3HAUEeHUsI OTHOUIEHUS «OOABIIe»,
a 3HaK «<» — OTHOILIEHUS «KMEeHbIIIEe».

BOMPOCHLI N1 SAOAHNA

1. O6bAcHUTe, NoYeMy CneayoLLne 3a4a4m PELLarTCs C MOMOLLbIO
CNOXEeHWs:

a) «Y Konm 7 mapok, a y Cawm Ha 3 mapku 6onbLue. Ckonbko
mMapok y Cawumn?y;

6) «B napke 8 ronybbix enok. //Ix Ha 2 meHbLLe, 4em 6epe3. Ckonb-
Ko 6epes B napke?».

2. 06bsAcHWTE, MoYeMy creytoLLme 3aa4dn peLLatoTes C MOMOLLBHO
BbIYUTAHUSI:

a) «TaHsa Hawna 9 rpunbos, a I'lnpga Ha 4 rpmba meHbLue. Ckonbko
rpubos Hawna I'nga?»;

6) «Y wkonbl nocagnnu 4 gyba n 9 nun. Ha ckonbko MeHbLUe
nocagunu gy6os?;

B) «Y HuHbl 6 TeTpapei, a y Konu 4. Ha ckonbko TeTpager 6onbLue
y HuHbl, vem y Konn?».

3. CocTtaBbTe OBe 3a4ayn, B KOTOPbIX paccmaTtpuBanock bbl 0T-
HOLLIEHNE «MEHbLLIE Ha» U peLLeHne 3anMcbiBanoch B BUAE Bbl-
paxeHuns 10 - 2.

4. CocTaBbTe [BE 3afayy, B KOTOPbIX paccMaTpmBanoch bbl 0T-
HoLLeHVe «BornbLle Ha» 1 KOTopble peLlannck bl C MOMOLLbIO
CNOXEHWS.

YMHOXXEHVE U EF0 CBONCTBA

I[MTorsTue IIpon3BeAeHUs IeABIX HEeOTPUIIATEABHBIX YHUCEeA MOXKeT
OBLITH OIIPEAEACHO II0-PAa3HOMY. PaCCMOTpI/IM CHAQ4aAad IIOAXOA, B OCHOBE
KOTOPOT'O A€KUT IIOHSITHE CyMMEBIL.
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ITpou3BegeHuem ueAblX HEOMPUUAMEAbHBIX YUCEA a U b Ha3blBaem-
CA makKoe uyeaoe HeompuuyameAbHOe YUcAO a - b, komopoe ygoBAem-
BOpsiem CAegyrouwuM yCAOBUAM:
1) a-b=a+a+... +a,ecaub>1;

b caaraeMbIx
2)a-b=a, ecrub=1,;
3)a-b=0, ecaub=0.

Chayuaro 1) aToro onpepeAreHNUs MOJKHO AQTh TEOPETUKO-MHOKECTBEH-
HYIO TPAKTOBKY. EcAu MHOKecCTBa A, A, A, ..., Ay IMEIOT II0 @ SA€MEHTOB
Kaykpoe U HUKaKHe ABa U3 HUX He IIepeceKaloTcsl, TO UX OObeAHeHNe
COAEPXUT a - b aaeMeHTOB. CAeAOBaTEABHO, IPOU3BEAEHUE A - b —
3TO YHCAO 3A€MEHTOB B OOBEAVHEHUU b IIONapHO HellepeCeKaloIMuXCcs
MHO>KECTB, Ka’kKA0€e U3 KOTOPBIX COAEP KUT 110 a 3AeMeHTOB. PaBeHCTBa
a-1=awua-0=0 DpuHUMAIOTCA IO OIIPEAEAEHUIO.

AelcTBHUE, C TOMOIIBIO KOTOPOTO HAaXOAAT IIPOU3BEACHUE YHCEA a
U b, Ha3bIBAIOT YMHOJKE€HUEM, & YHCAQ, KOTOPble YMHOXXAlOT, — MHO-
JKumeAasmu.

[MTpousBepeHUE ATOOBIX ITEABIX HEOTPUIIATEABHBIX YHCEA CYIIIECTBYET,
¥ OHO EAMHCTBEHHO.

C AaHHBIM OIIPEAEAEHHEM YMHOKEHUS y9alluecs: 3HaKOMSTCS B Ha-
YaABHBIX KAaccaxX. B3aMoOCBSI3b YMHOKEHUS C 00 beAMHEeHNEM PaBHO-
YUCAEHHBIX [I0IIaPHO HellepeCeKaloINuXCcs TOAMHOKECTB II03BOASET
00OCHOBBIBATH BEIOOP A€MCTBUS YMHOKEHUS IIPU PellleHUU TEKCTOBBIX
33Aad4.

PaccmoTpuM, HanTpuMep, Takyro 3apauy: «Ha kaxkpoe AeTcKoe maabTo
HY’KHO NPUIIUTL 4 myroBUIbl. CKOABKO ITyTOBUI] HY’KHO IIPUIIATH Ha
6 TaKMX MaAbTO? ».

[Mouemy OHa pellaeTcs C IOMOIILI0 YMHOKeHUA ? [ToToMy, 4TO B HEN
TpebyeTcsi HAWTU YUCAO SAEMEHTOB B OObeAUMHEHUM, COCTOsIeM U3 6
MHOJKECTB, B KQ’KAOM M3 KOTODPHIX II0 4 3neMeHTa. COTAGCHO OIIpepe-
A€HHIO, 3TO YMCAO HAaXOAUTCI YMHOXeHUeM: 4 - 6. [IpousBepeHue 4 - 6
SIBASIETCSI MAaTEeMaTHYeCKOM MOAEABIO AAHHOM 3aAaul. Tak Kak 4 - 6 = 24,
TO IIOAyYaeM OTBET Ha BOIIPOC 3aAauU: Ha 6 MaAbTO HAAO HPUIIUTH
24 IyrOBUIIEL.

HMeeTcs u ApyTroe onpepeAeHIe IPOU3BEAESHUS IIEABIX HEOTPUIIATEAD-
HBIX yrceA. OHO CBSI3aHO C A€KAapPTOBBLIM NIPOU3BeAeHUEM MHOJKECTB.

ITycTs panBI ABa MHOKeCTBA: A = {X, y, z} u B={n, t, 1, s}. Hatipem ux
AEKapTOBO IIPOM3BEAEHUE, KOTOPOe 3alUIIIEM B BUAE IPSIMOYTOABHOMN

TaOAMIIBI:
(x, n), (x, 1), (x, 1), (x, 5),
(v n), (v 0, (v, 1), (v: 8)
(z, n), (z, 1), (z, 1), (z, s).
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B Ka>kp0U CTPOKe TaOAMIIEI BCe IIaphl UMEeIOT OAMHAKOBYIO ITEPBYIO
KOMIIOHEHTY, a B K&XKAOM CTOAOIIe OAMHAKOBas BTopas KOMIIOHeHTa. [1pu
3TOM HUKaKMe ABE CTPOKU HE UMEIOT XOTsI Obl OAHOM OAMHAKOBOM MapHI.
OTcropa CAeAyeT, 4YTO YHMCAO SAEMEHTOB B A€KapTOBOM ITPOU3BEACHUN
A x BpaBHO 3 + 3+ 3+ 3 =12. C ppyrout cropons], n(A) =3, n(B) =4
u 3 -4=12. BupuM, 4TO YUCAO SIAEMEHTOB B AEKapTOBOM IIPOU3BEACHUN
AAHHBIX MHOXeCTB A u B paBHO npousBepeHuto n(A) - n(B).

BooO6iie, ecAm A U B — KOHeuHBIe MHOXXeCTBa, TO n(A x B) =
=n(A) - n(B).

TakuM oOpa3oM, npous3BegeHue UeAblx HeOMPUUAmeAbHbIX HUCEA A U
b MoxxHO paccMampuBamb KaK 4UCAO 3A€MeHMOB geKapmoBa Npou3sBe-
geHus MHOXecmB A u B, T.e.

a-b=n(AxB),
rge n(A) = a, n(B) = b.

Hcxoada 13 onpepeAeHnsI IIPON3BEASHNS Yepes3 AeKapTOBO IIPOM3BeEAe-
HIe MHO>XeCTB MO>KHO AOKa3aTh CAEAYIOINe CBOUCMBA YMHOKEHUA.

1. CBOMCTBO KOMMYTATUBHOCTHU: AAS AFOOBIX ITE€ABIX HEOTPUIATEAD-
HBIX YMCEA a U b CIIpaBepAAUBO PaBeHCTBO a - b=b - a.

2. CBOUCTBO aCCOIIMATUBHOCTH: AASI ATOOBIX IIeABIX HEOTPULATEABHBIX
4uceA a, b, Cc clipaBepAAUBO paBeHCTBO (a-b)-c=a - (b- ).

3. CBOMCTBO AUCTPUOYTUBHOCTH YMHOKEHUSI OTHOCUTEABHO CAOJKe-
HUS: A AIOOBIX ITEABIX HEOTPUIIATEABHBIX YHMCEA d, b, C CIIpaBEAAUBO
paBeHCTBO (a - b) - ¢ =ac + bc.

4. CBOUCTBO AMCTPUOYTUBHOCTH YMHOJKEHUS OTHOCUTEABHO BHI-
YUTAHUSA: A ATOOBIX IIE€ABIX HEOTPUIIATEABHBIX UMCeA @, bucu a > b
CIIpAaBEAAVBO PABEHCTBO (a — b) - ¢ = ac — bc.

CBoricTBa KOMMYTaTUBHOCTH U aCCOITMATUBHOCTH YMHOKEHUS MOJK-
HO pacIpoCTPaHUThL Ha ATOOOe YHCAO MHOKUTeAeN. Kak U Ipu CAoKe-
HUM, 3TU CBOMCTBA YaCTO UCIIOAB3YIOTCI COBMECTHO, T. €. IPOU3BEACHUE
HECKOABKUX MHOKUTEAEU He U3BMEHUTCS, €CAU X IIePECTaBUTh AFOOBIM
CIOCOOOM MAU AIOOYIO UX IPYIIY 3aKAIOUUTH B CKOOKH.

CBolicTBa AMCTPUOYTHBHOCTY YCTAHABAWBAIOT CBSI3b YMHOKEHUS
CO CAOKeHHeM U BblumTaHueM. Ha ocHOBe 3THUX CBOMCTB IIPOUCXOAUT
PacKpbITHEe CKOOOK B BhIpaskeHUsIX Tuta (a + b) - c u (a — b) - ¢, a TakKe
BBIHECEHHE MHOKUTEAS 38 CKOOKH, eCAU BEIpa)KeHHUe UMeeT BUA ac — be
HUAM ac + bc.

BOMPOCHI N 3SAOAHNA

1. BMecCTO «*» NocTaBbTE 3HAKM &>, «<» UMK «=» Tak, 4Tobbl no-
Jy4NITNCb NCTVHHbBbIE BbICKA3bIBAHUA!

218



a)3-29+7-29x%10-29;
6)8-31—-3-31+6-31;

B]7-43+9-43%15-43;
rN3-17+9-17+13-17.

2. fsnATCcA N1 JoKas3aTensCTBOM NepeMecTUTENbHOM0 3aK0oHa
YMHOXEHWS LienbIX HEOTPULATESbHLIX YACES PacCyXaeHVs:
2-3=6n3-2=6;
4.9=36n9-4=36;
5-17=85n17-5=85.

CneposatensHo, Ans Nobbix LienbIX HEOTPULLATENBHbIX YACEN &8 1
b cnpaBennvBo paBeHCTBO ab = ba.

3. PewwTe 3agaqy pasnuyHbiMy apuiMeTUHECKMMI Crnocobamu:

a) «[Bym manb4nkam pasganu no 3 3eneHbix 1 No 4 KpacHbIX
kpyra kaxgomy. Ckonbko BCero Kpyros pasganu 3Tum Mane4u-
Kam?»;
6) «PaboTHunua yknagbiBana B KOPobkM CTeknsaHHble Bokanbl.
B kaxayto kopobky oHa yknafgbieana 3 3eneHbix 6okana u 3
xenTbix. OHa ynoxwuna 16 kopobok. Ckonbko Bcero 6okanos oHa
ynoxumna?.

(F:1| OENEHWE N EFT0 CBOWCTBA

PaccMoTpuM 3apady, KOTOPYIO PELIAOT MAQAIINE IIKOABHUKM: «12
KapaHAAIIeN Pa3AroKUAU B 3 KOPOOKM NOPOBHY. CKOABKO KapaHAAQUIen
B Ka)KAOM KOpoOKe ?». UTOOBI OTBETUTH Ha BOIIPOC 3apauy, Hapo 12 pas-
AEAUTH Ha 3, T.e. IOAYUYUTH BbIpa’KeHUe 12 : 3 ¥ HaWTH ero 3HaueHUe.
Ho kak oO0bsICHUTE BEIOOP AEMCTBUS ACACHUS ?

BuauM, 4TO B 33paue paccMaTpUBAETCS MHOKECTBO, B KOTOPOM
12 s3neMeHTOB. OTO MHOKECTBO pa3OUBaeTcsad Ha 3 PABHOYUCAEHHBIX
IIOAMHO>KeCTBa. TpebyeTcss y3HATh YMCAO SAEMEHTOB B Ka’KAOM TaKOM
MMOAMHO>KecTBe. Ero MBI 1 HaXOAUM, BBHIIIOAHUB AereHue — 12 : 3. Bri-
YUCASIS 3HAUeHMe 3TOr0 BBIPA’KeHUs, IIOAy4aeM OTBET Ha BOIPOC 3a-
AQUM — B Ka’KAOU KOpPOOKe 10 4 KapaHAAIla.

OOpaTuMcs Tenlephb K APYToH 3apaue: «12 KapaHpaQlIel HapO Pas3ao-
KUTh B KOPOOKY, II0 3 KapaHAAIIa B KaKAYI0. CKOABKO KOPOOOK ITOHAAO-
ouTtcsa?». OHa Tak)Ke periaeTcs pereHueM: 12 : 3 =4 (kopoobku). Ho uuc-
AO 4 3peCh BBICTYIIAeT B APYT'OM CMBICA€ — KaK YUCAO PABHOUHCAEHHBIX
IIOAMHO>KECTB, Ha KOTOpoe pa30uToO MHOKeCTBO BCEX KapaHAAllleH.

WTak, MBI YBUAEAH, UTO C TEOPETUKO-MHOKECTBEHHON TOUKU 3PEHUS
AEAEHUEe YMCeA OKa3blBaeTCd CBA3AHHBIM C pa3bueHUMeM KOHEYHOTO
MHO>KEeCTBA Ha PABHOYUCAEHHEBIE IIONIAPHO HellepeCeKarIuecs IOA-
MHOJKECTBQ, U C ero MOMOIIbIO PeIIaloTCs ABe 3aAaUu: HaXOXKAeHHUe
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YHMCAQ DAEMEHTOB B Ka’KAOM IIOAMHOJKECTBe pPa3OueHHs (AereHUe
Ha PaBHBIE YaCTH) U HAXO’KAEHHE UYUCAQ TAKUX IIOAMHOKECTB (AeAeHUEe
110 COAEP KaHUIO).

B o01ieM BrAe 4aCTHOE IIEAOTO HEOTPUIIATEABHOI'O YMCAA a U Ha-
TYPAABHOI'O YMCAQ b UMeEeT CAEAYIOIIUN TeOPETUKO-MHOKECTBEHHBIN
CMBICA.

ITycmb a = n(A) u mHOXXecmBo A pa36umo Ha NONAPHO HenepeceKaro-
ujuecss paBHOYUCAEHHble NOGMHOXECMBA:

ecAu b — 4ucA0 NOgGMHOXXecmB B pa3bueHuU MHOXecmBa A, mo uacm-
Hoe a : b — 3mo YucA0 9AeMeHMOB B KAKGOM NOGMHOXKeCMmBe,;

ecAu b — uucao aneMeHmoB B KAWKGOM NOGMHOXecmBe, MO 4aCMHOoe
a : b — 3mo uucA0 maxux NOgGMHOKeCMB.

AericTBHE, C TOMOIIBIO KOTOPOTO HAXOAST YaCTHOE d : b, Ha3bIBAIOT
geAeHUueM, 9YVCAO @ — geAUMbIM, @ YUCAO b — geaumeaem.

Hepeako AAST IPOBEPKYU IPAaBUABHOCTH BBIIIOAHEHUS AEACHUS,
obpaiarTca K yMHOKeHuto. Hanpumep, 8 304 : 346 = 24, Tak Kak
24 - 346 = 8 304. YcTaHOBUM B3aMMOCBS3b AEAE€HUS C YMHOXXeHUEM
B 00OIIIeM BHAE.

ITycTe a = n(A) 1 MHOXecTBO A pa3bUTO Ha b IomapHO Hellepece-
KaIOIIUXCSI PABHOUYMCAEHHBIX TIOAMHOXECTB A, Ay, ..., A,. Torhac=a: b
€CTb YHCAO DAEMEHTOB B Ka’KAOM TaKOM IIOAMHOJKECTBE, T.€. C=d : b=
=n(A;) =n(4,) =... =n(4,).

Tak Kak 1o ycAoBUIO A =A; U A, U ... UA,, Ton(A) =n(A VA, U ..
U A,). Ho mopMHOKecTBa Ay, Ay, ..., A, TIOTITapHO He IepeceKaroTcs, 3Ha-
UUT, OO OINPEeAEAeHHUI CYMMB nAUVAU...UA))=
=n(A;))+n(Ay)+...+n(A,))=c+c+...+cC.

b craraeMbIX

CoraacHo OIIpeAeAeHUI0 IIPOU3BEAEHNS, CyMMa b cAaraeMbIX, KayKAoe
U3 KOTOPBIX PABHO C, €CTh IIPOU3BEAEHUeE C - b.

Takum o6pa3oM, YCTAHOBAEHO, UTO @ = C - b, T.€. YaCTHBEIM YHCEA A U
b aBAsIeTCA TaKOe YMCAO C, IPOU3BEAEHNE KOTOPOT'O U YUCcAd b paBHO a.
K TakoMmy >Ke BEIBOAY MBI IDUAEM, €CAU YaCTHOE C = a : b OypAeT YucAoM
IIOAMHO>XKECTB B Pa30MeHNU MHOXXECTBA A.

IToayuaem BTOpOe OIlpepeAeHMe YaCTHOTO.

YJacmHbIM 4eA0r0 HeompulyameAbHOI'0 YUCAQ @ U HAMYPAAbHOIO
qucAa b Has3plBArOM Makoe yeroe HeompuyameAbHOe YUCAO C=a : b,
npousBegeHUe KOMOPOTo U YUcAd b paBHO a:

a:b=c<a=c-b.

Hraxk, BO BTOPOM CAydYae 4aCTHOE OIIPEACAECHO Yepe3 IIPOM3BEASHUE.
[MoaToMy TOBOPST, UTO AeAEHHEe eCTb ACHCTBUE, 0OpaTHOe YMHOKEHUIO.
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[MpuBepeM cBolicmBa geAeRusl.

1. AASI TOTO YTOOHI CYIIIEeCTBOBAAO YACTHOE ABYX HATYPAAbHBIX YHCEA
a u b, HeobxopuMO, 9TOOEI b < a.

2. Ecan 4acTHOe HATypaAbHBIX YHCEA @ U b CyILeCTBYeT, TO OHO
€AUHCTBEHHO.

3.Ecnua=0ubeN, T00:b=0.

4. AerneHue Ha HyAb HEBO3MOXXHO.

ITycTe paHBI wricha a # 0 1 b = 0. TIpeATOAOKUM, UTO YaCTHOE YUCEA
au b cymectByeT. Toraa 1o OIpepeAeHUIo YaCTHOTO CYIIIEeCTBYeT TaKOe
IIeAoe HeEOTPUIATEABHOE UHUCAO C, U4TO a = ¢ - 0, oTciopa a = 0. [Tpuiuan
K IIpOTUBOpeunio ¢ ycroBueM. CAepOBaTEABHO, yacmHoe uucea a # 0
u b =0 He cywjecmByem.

Ecama=0wu b =0, To u3 IpeprOKeHNs, YTO YaCTHOE TAaKUX YHUCEeA
a u b cyliecTByeT, caepyeT paBeHCTBO 0 = ¢ - 0, HCTUHHOE IIPU ATOOBIX
3HAYEeHUIX C, T.e. 9acTHBIM drceAr a = 0 m b = 0 MmoxeT OBITHL ATOOOE
uncao. [TosaToMy B MaTeMaTHKe CUUTAIOT, YTO geAeHUe HYASl HA HYAb
HEBO3MOXHO.

5. EcAu 4acTHBIE @ : ¢ ¥ B : C CYIIeCTBYIOT, TO (A + B) : c=a:C+
+ B : c. OTO CBONCTBO HA3BbIBAIOT NIPABUAOM AEAE€HUS CYMMEI Ha YHCAO.

B HauaABHOM Kypce MaTeMaTHUKM IIepBOHAYAABHBIE IIPEACTABACHUI
O AereHUU POPMUPYIOTCI, KaK IIPAaBUAO, Ha OCHOBE NPAKTUYECKUX
YIOpa’KHEeHUHY, CBSI3aHHBIX C pa30MeHueM MHOJKEeCTBAa Ha IIONapHO He-
IepeceKaroluecs paBHOMOIITHEIE TOAMHOKECTBa, HO 6e3 BBEAEHUSI CO-
OTBETCTBYIOIIUX TEPMUHOAOTHUY U CUMBOAUKU. B AaAbHeHIIeM AereHTe
paccMaTpUBaeTCs Kak ollepalius, oOpaTHass YMHOKEHUIO.

BOMPOCHI N SAOAHNA

1. KakoB TeopeTnKo-MHOXECTBEHHbIN CMbICH YacTHOro: a) 6 : 3; 6)
4:4;8)3:17?

2. B y4ebHuke no MaTemaTUKe Ans Ha4vanbHOoW LLIKOSbI NPUBEAEHO
npasuno: «[deneHne MoXxHo NPOBEPUTb YMHOXeHneM. 78 : 3 =
=26. [Ina npoBepKn yMHOXMM NOJTy4EHHOE YacTHOE Ha AenUTeNb:
26 - 3 =78.Tlony4unnock genvmoey. Kakoso TeopeTnyeckoe 060-
CHOBaHwWe 3Toro npasuna?

3. Cdhopmynumpynte Heob6xoaMMOe yCroBme CyLLECTBOBaHMA YaCTHO-
ro HaTypanbHbIX YACEN. ABMSETCH NN OHO [OCTATO4YHBLIM?

4. 06bsACHWTE, NoYeMy CriegyroLLme 3a4aqm PeLLakoTCs C MOMOLLbH
aeneHus:

a) «Mama pasgana getam 12 a6nok, no 4 Aabnoka Kaxgomy.
Ckonbko geTern nonyymnm a6nokmn?y;

6) «Bocemb MopkoBok pasganv 4 kponukam noposHy. Ckonbko
MOPKOBOK [anu KaXaoMy Kpomnmky?».
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5. Hampgute owmnbky B cnepyrolwem paccyxaerHmmn: «16 : 16 =
=25 : 25 — 3T0 UCTUHHOE paBeHCTBO. [locne BbIHECEHUSA
3a ckobkn obwero mHoxuTensa bygem nvets: 16 - (1 : 1) =
=25-(1:1). 3Hana,ut0 1: 1 =1, nony4aem, 410 16 = 25!».

v/ OTHOLUEHWNA «BOJIbLUE B» N « MEHBLLE B»

YacTo nipu pelleHnn 3aAa4 U B IPAKTUUYECKOU AeITeABHOCTU BO3HU-
KaeT BOIIPOC: «BO CKOABKO pa3 OAHO YUCAO OOABIIIE UAWU MEHBIIIE APYTO-
ro?». [lepBoe 3HAKOMCTBO C OTHOIIEHUSIMHU «OOABIIIE B» U «MEHbIIIe B»
IIPOUCXOAUT B HAUAABHOM IITKOAE. YTOUHUM CMBICA 3TUX OTHOIIEHUM.

[TycTb A@HO MHOKECTBO A, B KOTOPOM 6 dA€MEeHTOB, M MHO>KECTBO
B, copepkalllee 2 aneMeHTa. BEIAGAVM B MHOKECTBE A TTOAMHO>KECTBA,
PaBHOMOIIIHEIE MHOXeCTBY B (puc. 11.8). Mix okasbiBaeTcsa 3. B aToM
CAy4ae TOBOPSIT, 4YTO YUCAO 6 OOAbIIIe yucAa 2 B 3 pa3a, a YUCAO 2 MeHb-
11e yncAa 6 B 3 pasa.

Boobie, ecau ganbt uucaa a u b, makue umo a =n(A), b=n(B), a> b,
U MHOXeCmBO A MOXXHO pa3bumb HA C NOGMHOXECMB, PABHOMOWHbIX
MHOXXecmBy B, mo ropopam, umo uucao a 6oabwie qwucAa b B ¢ pas, a 4ucao
b MeHbWeE YucCAa a B C pas.

Ho uTto mpeacTtaBasier cob6oit 310 uncao ¢? C TeopeTuKo-MHOXKe-
CTBEHHOM TOYKU 3PeHUsI — 3TO YacCTHOe unceA a U b. OTCropa TOAydYaeM
IIPaBUAO: YMobkl Y3HAmMb, BO CKOABKO Pa3 OGHO YUCAO OOAblUE UAU MeHbUWE
gpyroro, Heo6xogumo O6oAblWEee YUCAO pa3geAumb HA MeHblIee.

PaccmorpuM, Hanpumep, 3apauy: «ITocapuan 3 pAyba u 12 Gepes.
Bo CKOABKO pa3 MeHBbIIle IIOCAAUAU AyOOB, ueM Oepes?».

CoraacHo cOpPMYAUPOBAHHOMY IIPaBUAY, OTBET Ha BOIIPOC HaXO-
auTca pAeaeHmeM: 12 @ 3 = 4 (pas3a). CMBICA IPOKU3BEAEHHON oIepalinu
HarAsiAHO UAAIOCTpUpyeT puc. 11.9.
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OTHollleHus «DOABIIIe B» U «MeHbllle B» BCTPEUYaroTCsl U B 3apadax
APYTOTO BUAQ.

3agaua 1. Y Hunsbl 6 TeTpaael, a y Koan B 2 pasza MeHblIte. CKOABKO
TeTpaper y Koan?

Pewenue. B 3apade peub MAET O ABYX MHOJKECTBAX: MHOJKECTBE
A TeTpapeit y Hunbl u MHOKecTBe B TeTpaaelt y Koau. M3BecTHO, 4TO
n(A) = 6. TpebyeTcsa HalTu n(B), 3Hasg, 94TO 3TO YUCAO B 2 pa3a MeHbllIe
yncaa 6. VIcXoAS U3 3TOrO YCAOBHS MHOKECTBO A MOJXHO NIPEACTABUTH
COCTOSIIINM U3 ABYX PAaBHOMOIITHBIX TOAMHO>KeCTB (puc. 11.10), u Toraa
B MHOJXKeCTBe B OypeT CTOABKO 3A€MEHTOB, CKOABKO B Ka’KAOM ITOAMHO-
SKeCTBE€ MHOXKECTBA A, YUCAO KOTOPBIX HAXOAUTCS AereHueM: 6 : 2 = 3.
3Hauurt, n(B) = 3, T.e. y Koau 3 TeTpapu.

3agaua 2. Y Hunsbl 3 TeTpapu, a y Koau B 4 pasa 6oablire. CKOABKO
TeTpaper y Koan?

Pewenue. B 3TOM 33paue, Tak JKe KaK U B IIPEABIAYIIEHN, paccMaTpH-
BAIOTCS ABA MHOJKECTBA: MHOKECTBO A TeTpapel y HUHBI 1 MHOKeCTBO
B retpapein y Koau. M3BecTHO, uto n(A) = 3. TpeOyetca Hautu n(B), 3Has,
YTO 3TO YMCAO SAEMEHTOB B MHO>KeCTBe B COCTOUT U3 UeThIpeX Hellepe-
CEeKaloIIUXCsA IIOAMHOXeCTB By, B,, By u B, paBHOMOIIIHBIX MHOKECTBY
A (puc. 11.11), u, caepoBaTeAbHO, n(B;) = n(By) = n(B;) = n(B,) = n(A).
Ho Toraa uncao 95AeMeHTOB B MHOKECTBe B MOJKHO HAUTH CAOJKEHUEM:!
n(B) =n(B;v B,u B;u By) =n(B;) + n(By) + n(B;3) +n(By) =3+3+3+3.
3aMeHUB CAOKEHUEe YMHOXKeHUeM, nmoaydaeM 3 +3+3+3=3 -4 =12
3Hauut, y Koan 12 TeTpapen.

3aMeTuM, U4TO MPEeAAOKeHMEe «d GOABIIEe b B € pa3» HeAb3s 3alTUCHIBATh
KpAaTKO, UCIIOAB3Y4 3HaK «>», IOCKOABKY AAS 3aIIUCU OTHOIIEHUS «OOAB-
11e B» (KaK M AASI OTHOIIIEHUSI «MEHBIIIe B») HeT CIeI[MaAbHOTO 3HAKa.

BOMPOCHI N 3SAOAHNA

1. O6bacHuTe cmbicn npegnoxenns: 1) «Hucno 10 6onbLue ymcna
5 B 2 pasay; 2) «Hucno 2 meHbLue Yvcna 8 B 4 pasay.
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2. HasoBuTe 0THOLLEHWS, KOTOPbIE pacCcMaTpMBAaOTCA B HUXKE-
NpvBEAEHHbIX 3afayax, peLumTe 3Ty 3apa4qn, BbIbop AencTens
obocHymTe:

a) «[Ana ykpalueHns enku y4yeHvLa Belpe3ana 4 3Be3f[04KK,
a hnaxkos B 2 pa3a 6onbLue, Yem 3Be3a04ek. CKonbko hnaxkos
Bblpe3ana y4eHuua?y;

6) «Ha y4acTtke pacTyT 4 enu, nx B 3 pa3a MeHbLLE, Yem Bepes.
Ckonbko Ha y4acTke 6epe3?y;

B] «Y Bonoau 6b1no 8 KpacHbIX KPYy>KKOB, @ CUHUX B 2 pa3a MeHb-
Lwe. Ckonbko CHMX KPY>XKoB Bbino y Bonogn?y;

r) «Bo aBope rynanun 4 yteHka v 8 upinnaT. Bo ckonbko pa3s 6onb-
e 6b1no UbInnAT, 4em yTaT? Bo ckonbko pas3 MeHbLLUe BbIno yTAT,
Yyem UbIMnaT?y;

o) «B kopobke nexano 8 uBeTHbIX KapaHaallen, Ux B 2 pasa
6onbLue, 4em nNpocTbix. CKOMbKO MPOCTLIX KapaHAaLLen nexarno
B KOPOBKEe?».

3. CoctaBbTe ABe 3aaa4du, B KOTOPbIX pacCcMaTpyBanoch 6bl OTHOLLIE-
HWe «BorbLUe BY U peLLeHre KOTopbIx MMeno Bbl BUL paBeHCTBa
15:3=5.

4. Pewwute 3apa4n, BbIGOP AENCTBUIN 060CHYMTE:

a) «MaraavH npogan 9 nopok, MOTOLMKIOB B 3 pa3a MeHbLLE,
4eM NIofoK, a Benocunenos B 5 pas 6onbLue, Yem nogok. Ckonbko
NOAoK, MOTOLMKIIOB W BENOCMNE0B Npodan MarasnH?y;

6) «B kHure 72 ctanuubl. JleHa npoynTana ctpanuy B 9 pas
MeHbLLIE, YEM VX COOEPXUTCA B 370N KHUre. CKonbKo CTpaHuL, e
0CTanock Npo4nTaTh?).

(=i NEJNIEHUWE C OCTATKOM

W3BecTHO, uTO unicAro 37 He peauTcd Ha 8. Ho cymiecTBYIOT umchaa
4 n 5, Takue, uTto 37 = 8 - 4 + 5. ToBOPAT, 4YTO AereHUe uucAa 37 Ha
8 BBITIOAHEHO C OCTATKOM, IPU 3TOM HAUAEHO HENOAHOe YacTHoe 4
M OCTaTOK 5.

Boobuie, pazgeaums ¢ ocmamkom yeaoe HeompuyameAbHOe YUCAO
Qa Ha@ HAMYPAAbHOE YUCAO b — 3mo 3HauumM Hallmu makue yeable He-
ompuyameAbHble YUCAG qu I, umo a=bqg+ru0<r<b.

OOpaTuM BHUMaHHEe Ha OCOOEHHOCTU OCTaTKa, KOTOPhIe BHITEKAIOT
U3 AQHHOTO oIlpepereHud. OCTaTOK eCTh HaTYPAaAbHOE UMCAO, MEHBIIIee
AEAUTEAS b, IO3TOMY IIPU AGACHUH [eABIX HEOTPULIATEABHBIX YXCeA Ha b
MOJKeT IIOAYUMUThCS BCero b pa3amuHblx ocratkos: 0, 1, 2, 3, ..., b — 1.
Hanpumep, Ipu AeA€HUU C OCTATKOM IIeABIX HEOTPUIIQTEABHBIX UUCEeA
Ha 5 Bo3MOKHEI ocTtatku: 0, 1, 2, 3, 4.
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Ecau a < b, TO IpU AeA€HUM a Ha b C OCTaTKOM HEIIOAHOEe YaCTHOe
g=0,aocratokr=a, T.e. a=0- b + a. Haupumep, IIpu AeA€HUN YUCAQ
7Ha 9umeem: 7=0-9+ 7

Bcerpa A MOXXKHO BBITIOAHUTH AeAeHHe a Ha b ¢ octaTkoM? OTBeT
Ha 3TOT BOIIPOC AQET CAeAyIolllee YTBEPIKAEHMe, KOTopoe IIpuMeM 6e3
AOKa3aTeAbCTBa.

AAs A1060r0 YyeAoro HeompuuyameAbHOTO YUCAQ @ U HAMYPAAbLHOI'O
qucaAa b cyujecmBytom yeAble HeompuuameAbHble YUCAA g U I, maKue, ¥mo
a=b - q+r npuuem 0 <r < b. I[lapa yeablx HEOMPUUAMEALHBLX YUCEA
(g, 1), obragarowas smum CBOUCMBOM, €JUHCMBEHHAA.

BrisicHUM, KaKOB TEOPETUKO-MHOXECTBEHHBIN CMBICA AeAeHUSd
C OCTaTKOM.

ITycth a = n(A) 1 MHOXKeCcTBO A pa30bUTO Ha MHOJKeCTBa A;, A, ...,

A, X Tak, 4TO MHOXeCTBa A, Ay, ..., A; PABHOMOIIHEI U COAEPIKAT
1o b 3AeMeHTOB, @ MHOXXeCTBO X COAEP)KUT MEHbIIIe SAeMEHTOB, UeM
Ka’kpoe U3 MHOXKECTB A, Ay, ..., Aq, "HanpumMmep, n(X) = r. Torpa a =

=bq + 1, Tae 0 < r < b. TakuM 00Opa3zoM, HEIOAHOE YaCTHOe q — 3TO
YHCAO PABHOMOIIHBIX TOAMHOKECTB (B Ka’KAOM U3 KOTOPBIX b 3AeMeH-
TOB) B pa30MeHNN MHOKeCTBa A, a OCTAaTOK I' — 3TO YUCAO SAEMEHTOB
B MHO>XecTBe X.

B HavaAbLHOM IITKOAE 3HAKOMCTBO C ACHMCTBUEM AEAEHUs C OCTATKOM
IIPOUCXOAUT Ha TEOPETUKO-MHOKECTBEHHOU OCHOBe. Vcmoab3yeTcs
TaKasl 3alllCh AeUCTBUS AeAeHUs ¢ ocTtaTKoM: 9 : 2 = 4 (ocT. 1). IToa-
YePKMBAETCS, UTO €CAU IIPU AEACHUU IIOAYyYaeTCsI OCTaTOK, TO OH BCer-
Ad MEeHbIIIe AeAuTeAs. PaccMaTpuBaeTCsl CAyYall AEAeHUS C OCTaTKOM
MEeHBIIIeT0 YMCAa Ha OOABIIIee.

Ba’kHOCTB AeAeHUs C OCTAaTKOM B TOM, YTO OHO AE€KHUT B OCHOBE
AATOPUTMA AEAEHUS MHOTO3HAYHBIX YMCEA.

BOMPOCHLI N SAOAHNA

1. BbinonHuTe geneHue ¢ octaTtkom: a) 42 Ha 5; 6) 82 Ha 9; B) 9
Ha 12.

2. Kakue octatku MOryT nony4uTsCs Npy AeNeHnn LerbIX HEoTpu-
LaTenbHbIX Ymcen Ha: a) 3; 6) 8; B) 357

3. Kakon Bug MMeeT 4ncno a, ecnv npu geneHmnn Ha 7 oHo gaet
B octatke: a) O; 6) 3; n) 6?

4. Tpwn geneHnn 228 Ha HEKOTOPOE YMCNo b B HaCTHOM MOSy4nIm
ymcno 8, a B octaTtke 4. Ha kakoe 4ucno genunu 2287?

5. Pazbente MHOXECTBO HaTypasbHbIX Yicen oT S o 23 Ha knacchbl
yucen, AakLLMX OQMHaKOBbIE OCTaTKM Npu aeneHun Ha 4. Ckonbko
KnaccoB nony4nnocb?
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6. Ha kakue knaccbl pa3bnBaeTcs MHOXECTBO LienbIx HEOTPU-
LaTenbHbIX YMCen B 3aBWCMMOCTU OT OCTATKOB, MOMy4aeMbIxX
npw geneHun Ha 67 HasoBuTe Mo ABa NpeacTaBUTENA KaXOoro
knacca.

7. MNpuBeauTte Npumepsbl 3apaHnii U3 y4ebHNKOB MaTemMaTuky Ans
HaYasnbHbIX KNaccoB, NMpy PELLEHNN KOTOPbIX yHaLLMecs BbInos-
HSAHOT [eNeHne C OCTaTKOM.

maBa 12

HATYPAJIbHOE YACJIO
KAK MEPA BEJTINYUHBI

W3BeCTHO, YTO YKCAQ BO3HUKAU U3 IOTPeOHOCTHU cUeTa U U3MepeHNUs,
HO €CAM AASL CUEeTA AOCTATOUYHO HATYPAABHBIX YHCEA, TO AAS U3MEPEHUS
BEAWYUH HY’KHBI U APyTHe 4HCAd. B AQHHOI rAaBe B KaueCTBe PE3yAb-
TaTa U3MEepEeHUsA BeAUUYNH OyAeM PacCMaTpUBATh TOABKO HAaTypPAABHEBIE
yrcaa. OnpepeArB HaTypaAbHOE YMCAO KaK MePY BEAMYHHBI, BLISICHUM,
KAQKOU CMBICA UMEIOT apuPMeTUYeCKre AeUCTBUA HaA TAKUMU YUCAAMU.
OTH 3HaHUSA HY’KHBI YIUTEAIO HQUaABHBIX KAQCCOB HE TOABKO AASL 000-
CHOBaHUA BBIOOpA AeMCTBUM NIPU PELIEHUHU 3aAa4 C BEAUUNMHAMH, HO U
AASI IOHUMAHUS ellle OAHOTO MOAXO0AQ K TPAKTOBKE HATYPAABHOTO YUCAQ,
CYIIEeCTBYIOILIEro B HAYaABHOM OOy4YeHHHU MAaTeMaTHKe.

(= CMbICJ1 HATYPAJIbHOI0 YMNCHA,
MOJNTYHEHHOIO B PE3VJIbTATE N3MEPEHIA
BEJIN4NHbI. CMbICJT1 CYMMbI 1 PASHOCTI

BoisscHsIsT CcMBICA HATYyPAABHOI'O YHMCAA KAaK Mephbl BEeAWYUHBI, BCe
paccyXpeHuda 6YA€M BeCTH Ha IIpuMepe OAHOI:I BEeAMYMWHBI — AAHWHBI
OTpe3Ka.

YTOYHUM CHavaAd IMOHSTHE «OTPE3OK COCTOUT U3 OTPE3KOBY.

CUumuTalOT, YTO OMPE30K X COCMOUM U3 OMPE3KOB X, Xy, ..., X, €CAU
OH SIBASICTCSI UX OOLeAUMHeHNeM M HHKAKUe ABa U3 HUX He UMEIOT
OOIIUX BHYTPEHHUX TOYEK, XOTS U MOTYT UMETH OOIINe KOHIIEL.

B 3TOM >Ke cAydae TOBOPSAT, YTO OTPE30K X pa3bum Ha ompe3Ku X,
Xo1 wooy Xp U IHAMIYT X = X; + X5 + ... + X,

ITycTh 3apaH OTPE30K X, ero AAMHY 0003HauuM X. BeibepeM 13 MHO-
JKeCTBa OTPE3KOB HEKOTOPHIN OTPE3OK €, HA30BEM €r0 EAUHUYHBIM OT-
PEe3KOM, a AAMHY 00O3HauuM OyKBOU E.
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EcAu OTpe3oK X COCTOUT U3 d OTPE3KOB, KaXKABIM M3 KOTOPHIX paBeH
€AVMHUYHOMY OTPe3Ky e, TO YMCAO a Ha3bIBAIOT YUCAEHHBIM 3HA4e-
HueM gauHbl X gaHHOIO ompe3Ka NIpU eAUHUIle AUHEL E, mau mepoti
gAuHbL X TIpU €AUHUIE AUHEI E.

IMumyT: X = a -E uau a = mg(X). Hanpumep, orpesok a (puc. 12.1)
cocTtouT u3 6 OTPe3KOB, PaBHBIX OTPE3KY e. ECAM AAMHY €AMHUYHOTO OT-
pe3Ka 0003HaYUTh OYKBOM E, a AAMHY OTpe3Ka X — OyKBOM X, TO MOKHO
HanucaTth, 4To X = 6E uau 6 = mg(X).

V3 paHHOTO OIIpeAeAeHUs MTOAydaeM, YTO HAMypPAaAbHOE YUCAO KAK
pe3yAbmam UsMepeHus gAUHbL OMpPe3Ka (UAU KaK Mepa gAUHbl OMpe3Ka)
NOKa3blBaem, U3 CKOAbKUX €gUHUYHBIX OMPEe3KOB COCMOUm OMpe3oK,
gAuHa xomoporo usmepaemcs. ITpu BEIOpaHHOM epAUHULIE AAUHEL E 3TO
YUCAO €AMHCTBEHHOE.

B cBs3u C TaKUM NIOAXOAOM K HAaTyPAAbBHOMY YHCAY CAEAdeM ABa
3aMevyaHUs:

1. ITpu mepexoae K APyrod epAUHUIle AAWHEBI UMCACHHOE 3HaYeHUe
AAVHBL 3aA@HHOTO OTPEe3Ka U3MEHSETCs, XOTS CaM OTPE30K OCTAeTCs
HeU3MeHHBIM. TakK, eCAM B KaueCcTBe eAUHMUIIBl AAMHEBI BEIOPATh AAUHY
oTpe3Ka e; (cM. puc. 12.1), To Mepa AAUHEL OTpe3Ka X 6YAeT paBHa UYMC-
Ay 3. 3anmcaTh 3To MOXKHO Tak: X = 3 - E;, uau mg; (X) = 3.

2. EcAM OTpe30K X COCTOUT U3 a OTPE3KOB, PABHEIX €, & OTPE30K
y — U3 b OTpe3KOB, PaBHBIX €, TO d = b TOTAQ ¥ TOABKO TOTAQ, KOTAQ
OTPEe3KU X U ¥ PABHHI.

AHAAOTMYHO MO’KHO HCTOAKOBATh CMBICA HATYPAABHOTO YHCAA U B
CBSI3U C U3MEpeHWeM ADPYTMX BeAnuuH. Tak, B 3amucu 3 cM? 4nucao 3
O3HaYaeT, 4To purypa F cOCTOUT U3 TpeX eAUHUYHBIX KBAAPATOB IIAO-
IIAABIO, paBHOM 1 cM2,

BrIgcHUM Teneph, KaKOM CMBICA UMEIOT CyMMa ¥ Pa3HOCTh HATypPaAb-
HBIX YHCEA, IIOAYYEHHEBIX B Pe3yAbTaTe U3MEepPEeHUsI BeAUYUH.

HeTpyaHO yOEAUTBCS B TOM, YTO €CAM OTPE30K X COCTOUT U3 OTPE3KOB
Y U Z U MAUHBI OTPE3KOB ¥ U Z BBIPA’KAIOTCS HAaTYPaAbHBIMU YHCAAMU,
TO Mepa AUHBI OTpe3Ka X paBHa CyMMe Mep AAUH €TO JacTel.

W3 sToro dakra crepyeT, YTO CyMMYy HAIMYPAABbHbIX YuceA a u b
MOJKHO paccMampuBamb KaK Mepy gAUHbl Ompe3Ka X, COCMOoSAW,ero
U3 Ompe3KOB y U Z, MepamMu gAUH KOMOPBIX ABASIOMCS QUCAd A U b:

a+b=mgY)+mgZ) =me(Y+ Z).
AHaAAOTHMYHEBIN CMBICA UMEeT CyMMa HaTypaAbHBIX YHCEA, IIOAyYeH-

HBIX B Pe3yAbTaTe U3MEPEHUA APYTUX IIOAOKUTEABHBIX CKAAAPHBIX
BEAWYHUH.
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a [MTokas>keM, KaK MCIIOAB3YETCSI AQHHBIN TTOA-
L ‘ X0A K 000CHOBAHUIO BEIOOPA AEMCTBUS CAOIKE-

e HUS IIPU pelleHNU 3apauu: «B capy coOpaau

e 7 KI' CMOPOAVHEI U 3 KI' MaAUHBI. CKOABKO BCETO
= KUAOTPAMMOB SITOA, COOPaAm? ».

Puc. 12.1 B 3apade ABe BEAUYHHBI — Macca CMOPOAU-

HBI 1 Macca MaAUHBL. V13BeCTHBI X YUCAEHHBIE
3HaueHUA. TpebyeTcsa HAUTU YUCAEHHOE 3HAUYeHHEe MACChl, KOTOpas
IIOAYYMTCS, €CAM AQHHBIE MACCHI CAOKHUTB. AASL 3TOTO, COTAACHO Pac-
CMOTPEHHOMY YTBEPJKAECHHIO, HAAO CAOKUATHh YHMCACHHBIE 3HAYEHUS
MacChl CMOPOAWHEI ¥ MacChl MAaAMHEL, T. €. IOAYYUTH BEIpaskeHue 7 + 3.
OTo MaTeMaTHu4yecKast MOAEAb AQHHOM 3aAaul. BEIYMCAYB 3HaUeHNeE BhI-
pa’keHus 7 + 3, IOAyYUM OTBET Ha BOIIPOC 3aAQYU.

HeTpyaHO TakXe yOeAUTHCS B TOM, UYTO €CAM OTPE30K X COCTOUT
U3 OTPE3KOB Yy U Z U AAMHBI OTPE3KOB X U Y BEIPAKAIOTCS HATyPaAb-
HBIMHU YHACAAQMU, TO Mepa AAWHBI OTPe3Ka Z PaBHA PA3HOCTH Mep AAVH
OTPE3KOB X U .

W3 aroro pakTa caepyeT, 9TO pa3HOCMb HAMYPAAbHbIX HUceA a u b
MOXKHO paccMampuBamb KAK Mepy gAUHbl MAKOI0 ompe3Ka zZ =X — Y,
umo z + y = X, eCAU Mepa gAUHbl OMPe3Ka X PABHA A, Mepd gAUHbl
ompe3Ka y paBHa b:

a—-b=mgX) - mg(Y) =mpg(X-Y).

AHAAOTUUYHBIN CMBICA UMeeT Pa3HOCTb HAaTYPAAbHBIX UMCEA, IIOAY-
YeHHBIX B Pe3yAbTaTe U3MePeHUs ADYTUX IOAOKUTEABHBIX CKAAIPHBIX
BEAUYNH.

BrIICHMM, KaK MCIIOAB3YeTCd AQHHBIN ITOAXOA K OOOCHOBAHMIO BHI-
Oopa ACUCTBUS BEIYMTAHUS IPU PELIeHUHN TeKCTOBBIX 3aAa4, HAalIpuMep,
Takoi: «Kynuam 7 Kr kaprodens u kanycTel. CKOABKO KMAOTPAMMOB
KapTodeas KyIUAH, €eCAU KAIlyCThI OBIAO 3 KI'?».

B 3apadue paccMaTpHUBaeTCs Macca OBOIIel, U3BECTHO ee UNCAEHHOe
3HaueHHe. JTa Macca CKAQABIBAETCS M3 MACChl KapTodeAas U MacChl
KaIlyCThl, YNCA€HHOE 3HaueHNUe KOTOPOU Tak’Ke U3BeCTHO. TpebyeTca
Y3HATh YNCAEHHOE 3HaUueHMe MacChl KapTodeasd. Tak Kak Maccy KapTo-
deasd MOKHO IIOAYUYUTH, BBIUUTAS U3 BCEM MACCHl KYIIA€HHBIX OBOIEU
MacCy KaIlyCThbl, TO YUCAEHHOe 3HaueHUe MacChl KapTodeAss HaXOAAT
AEUCTBHEM BBIUUTAHUSA: 7 — 3. BEIUMCAMB 3HaueHUE 3TOTO BhIPAsKeHU,
IIOAYYHUM OTBeT Ha BOIIPOC 33AQ4H.

C nOMOIIBIO CAOKEHUS UAYM BEIYUTAHUS PEIIalOTCS TaKKe TEKCTOBBIE
3@A@44, B KOTOPBIX BEAWYNHEI CBA3aHBI OTHOIIIEHUEM «OOABIIIE Ha» UAU
«MeHbIlle Ha». Hanpumep: «Kynuau 3 KT MOPKOBH, a KapTodeas Ha 2 Kr
0oablite. CKOABKO KMAOTPAMMOB KapTOdeAs KyIIUAU? ».
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B 3apade peub MAET O ABYX BeAWUYMHAX — 3Kr
Macce MOPKOBM U Macce KapTodgeas. Uuc- wm. N
A€HHOe 3HaueHUe MepPBOM MacChl U3BECTHO,

a YUCAE€HHOEe 3HaueHHe BTOPOU HAapAO HAUTH,
3Had, 4TO Kaprodearsa Ha 2 Kr OOAbIIe, yeM
MOPKOBH. Puc. 12.2

EcAn HOCTPOUTE BCIOMOTATEABHYIO MOAEAD
33pauu (puc. 12.2), To MOKHO Cpa3y YBUAETH,
4TO KapTOo(eas KyIIMAM CTOABKO K€, CKOABKO MOPKOBH, U €Ille 2 KT, T. €.
Macca KapToeass CKAaABIBAeTCS U3 ABYX Macc (3 Kr U 2 Kr), ¥ 4TOOHI
HAWTH ee YNCAEHHOe 3HaueHMHe, HaAO CAOKUTH UMCAEHHLIe 3HAaUeHUSs
Macc-caaraeMblX. [Toaygaem BeIpa>keHue 3 + 2, 3HaueHUe KOTOPOTo
u OypAeT OTBETOM Ha BOIIPOC 3aAauH.

BOMPOCHI N SAOAHNA

1. Kakow cmbicn MeeT HaTypanbHOe Y1Co 7, ECAM OHO NOMYYeHO
B pe3ynerate N3MepeHust:
a) onuHbI 0TPe3Ka;
6) maccol Tena?

2. 0b6bAcHMTE, NoYeMy CreayroLLmMe 3afa4dy PeLIaoTCs C MOMOLLbH0
CNOXEeHWs:
a) «Korpa n3 awmka B3anu 4 kr A6110K, To B HEM 0CTanoch 6 Kr.
Ckonbko kKnnorpaMmmoB 650K 6bINo B ALLMKe NepBoHaYanb-
HO?»;
6) «Ha noLums KodhTel M3pacxopoBany 2 M TKaHW, a Ha NnaTbe Ha
3 ™M 6onbLue. Ckonbko METPOB TKaHW M3pacxofoBany Ha nna-
Tbe?».

3. 06bAcHMTE, NoYeMy CrneayroLLmMe 3aa4dy PeLIaoTCs C NOMOLLbH0
BbIYUTAHUS:
a) «OT neHTbl gnnHom 5 M oTpesanu 2 M. CKonbko METPOB NEHTHI
0CTanocb?y;
6) «C nepBoro y4acTtka cobpanu 10 meLLKoB kapTodiens, a co BTo-
poro Ha 3 MeLLKa MeHbLLe. CKonbko MeLLKoB kapTodiens cobpani
CO BTOPOro y4acTka?».

(==f CMbICI1 NPON3BEAEHNA N HACTHOIO
HATYPAJIbHbIX YACEJ, MOJTYYHEHHbIX
B PE3VJIbTATE N3MEPEHIA BEJTNYNH

an/I paccCMOTpeHUN CMBICAA CYMMBI U PA3HOCTHU HATYPAABHBIX
quceA — Mep BeAru4YruH — OBIAO YCTA@HOBAEHO, YTO CAOXKEeHHEe TAKUX
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YKCEeA CBSI3aHO CO CAOKEHHEM BEAUUNH, @ BEIYUTaHNE — C BEIUUTAHUEM
BeAWYHH. /] ecTeCTBEHHO BO3HUKAET BOIIPOC: C KAKUM AEMCTBHEM HaA
BEAMYMHAMU CBSI3QHO YMHOJKEHHE M A€A€HHe HATyPAABHBIX UHCEA?
YTOOBI OTBETUTE HAa HETrO, IPOAHAAM3UPYEM 3apauy: «Kynuau 3 makera
MYKH 1O 2 KTI' B Ka’KAOM. CKOABKO KMAOTPAMMOB MYKHU KYTIHUAW ? ».

B aTOM 33paue peub UAET O Macce MyKH, KOTOpasi CHauaaa U3MepeHa
IlaKeTaMy, ¥ U3BECTHO YNCAEHHOe 3HaueHUe 3TOU MAcChl IIPU yKa3aH-
HOM epMHUIE Macchl. TpeOyeTcda HaWTH Pe3yAbTaT U3MEepPEeHUs TOM JKe
MacChl MyKH, HO y’Ke C IOMOIIBIO ADYTOY €AUHUIIBI — KUAOTPAMM, IIPA
YCAOBHH, 4TO | MaKeT — 3TO 2 KI' MYKH.

Paccy>xpeHUs, CBsI3aHHBIE C IOMCKOM YHCA€HHOTO 3HaUYeHUsT MacChl
MYKHU IIPU epAuHUIle | KT, MOSKHO IIPEACTaBUTh B TAKOM BUAE:

Jnak. =3 -mak. =3 (2kr)=3 -2 -Kr= (3 2)Kr.

BuauM, 94TO OTBET Ha BOIIPOC 3aAa4X HAXOAUTCS YMHOKEHHUEM B 9TO
OHO 0Ka3aA0Ch CBSI3aHHBIM C IIEPEXOAOM (B IIPOIecce M3MepeHUs MacChl)
OT OAHOM eAMHUIIBI MacChl K APYTOM, 60Aee MEeAKOH.

BooOmie, ecau HamypaAbHOe QUCAO @ — Mepa BeAUdUHbl X npu
eqguHuye BeAuuuHnl E, HamypaibHoe uucao b — mepa Beauuunsl E npu
eguHuue BeauuuHsl E|, mo npousBegenue a - b — smo mepa Beauuunbsl X
npu eguHuue gAunksl E;:

a - b =mg(X) - mg (E) = mg (X).

3agaua. O60CcHOBATH BLIOOP AENUCTBUSA NIPU pelUIeHUM 3aAauu:
«B opHOM KOpoOKe 6 pydek. CKOABKO PydeK B TpeX TaKUX KOpoO-
Kax?».

Pewenue. B 3apade peub MAET O KOAMYECTBE PydeK, KOTOPOe CHavana
u3MepeHo KOpoOKaMH, U N3BECTHO YHCAEHHOe 3HaueHNe 3TON BeAUYH-
HBI IPU YKa3aHHOU epuHUIle. TpebyeTcs HaWTU YUMCAEHHOe 3HaueHue
3TOM ’Ke BEAUYMHBI IPU HOBOW eAUHUIle — PYUYKa, IpUYeM U3BECTHO,
4TO KOpoOKa — 3T0 6 pyuek. Torpa 3 Kop. = 3 - kop. = 3 - (6 py4.) =
=3:(6-py4.)=(3-6)  pyd.= 18- pyu. = 18 pyu. Takum oOpa3om, 3apada
pelraeTcd IIpU MOMOINY A€WUCTBUS YMHOXKEHUS, IIOCKOABKY B HEH IIpU
U3MEPEHUU OCYIIECTBASIETCS IIEPEX0A OT OAHOM eAWHUIBl BEAUUYNHBI
(KOpobOKa) K Apyroi — pydkKa.

YTOOBl YCTAHOBUTH CMBICA YACTHOTO HATYPAABHBIX UHCEA, IIOAY-
YEeHHBIX B Pe3yAbTaTe M3MepeHMs BEeAWUYWH, BepHeMCs K pPaccMoTpe-
HUIO 33AQ4HU ITPO MYKY, KOTOPYIO HAAO PA3AOKUTH B MMAKETHI, IO 2 KT
B Ka’KABIM.

B 3apaue paccmaTpuBaeTcs Macca MyKH, KOTOpasl CHadaAa u3MepeHa
C IOMOIIIBIO €AMHUITBEI MacChl — 1 KT, ¥ M3BECTHO YHCAEHHOE 3HaueHue
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3TOM MacChI IPU YKa3aHHOU eAMHUIle MacChl. TpeOyeTcs HaliTU pe3yAb-
TaT U3MEPEHUST ITOM JKe MaCCHI, HO y7Ke C IIOMOIITBIO ADYTOM EAMHUITH —
TIaKeTa, IIpUYeM U3BECTHO, 9TO | makeT — 3TO 2 KI.

PaccykpeHns, cBA3aHHBIE C IIOMCKOM YHCA€HHOI'O 3HAUeHUSI Mac-
CBl MYKM IIPU HOBOU €AWHUIIEe — TIaKeT, MOJKHO IIPEACTAaBUTH B TAKOM
BUAE!

6 Kr=6-Kr = 6-(l-naKj=(6-lj-naK =
2 2
= (6:2)-1maK. = 3-mak. = 3 makx.

BuauM, UTO OTBET Ha BONIPOC 3aAa4M HAXOAUTCS AeAeHHEeM U UTO
OHO CBS3aHO C IIEPEXOAOM (B IIPOIlecce U3MepPeHUsl) OT OAHON eANHUITHI
MaccCHI K APyToM, 60Aee KPYITHOM.

Boo0O11e, ecau HamypaibHOe YUCAO @ — Mepa BeAuduHbl X npu egu-
Huye BeAuuuHbl E, a namypaabHOe yucAo b — mMepa HOBOU eguHUUbL
Beauuunkl E| npu equnruye Beauuunsl E, mo uacmnuoe a : b — smo mepa
BeAUuUuHbl X npu eguHuye BeAuduHsl E;:

a:b=mgX): mg(E)) = mg (X).

UTak, yMHOKeHIE U AeAeHYe HaTypPaAbHBIX YHCeA — Mep BeAUUYNH —
0OKa3aA0Ch CBS3aHHBIM C IEPEXOAOM OT OAHOM €AMHUITHI BEAMUNHBI
K APYTOU B IIpollecce U3MEepPEeHUs OAHOM U TOU K€ BeAUUMHHI.

BeIOOD AEMCTBUM YMHOKEHUS U ACA€HUS IIPU PELIEHUN TEKCTOBBIX
33Aa4 C BEAUYMHAMU MOJKHO OOOCHOBBIBAThH UHAUE, UCIIOAB3YS TOHATHE
YMHO’KEHUS BEeAWUUHB!I Ha HaTypPaAbHOE YHCAO.

PaccmoTpuM, Hanpumep, 3apauy: «Kymuau 3 makeTa MyKH, 1O 2 KT
B KaXXKAOM. CKOABKO KUAOIPAMMOB MYKH KyIHAU?». UTOOBI OTBETUTH
Ha BOIIPOC 33Aa4M, HAAO MAcCCy 2 KI' IOBTOPUTh CAAraeMbIM TPHU pasaq,
T.€. MacCy 2 KI' yMHOKUTBb Ha YACAO 3. UnMCAeHHOE 3HaYeHUe IIOAYUYEH-
HOM IIPM 3TOM BEAWUYMHBI HaXOAUM, YMHOXXUB YHCAEHHOE 3HaueHue
MacChl MyKH B OAHOM IlakeTe Ha 4ucAO 3. [IpousBepeHme 2 - 3 OypAeT
MaTeMaTUYeCKOM MOAEABIO AQHHOM 3aAauM. BLEIUMCAMB ero 3HaueHUe,
OypeM MMeTh OTBET Ha BOIIPOC 3aAauM.

C 5TuX NO3UNUI BEIOOP AEWUCTBHUS IIPU PEIIeHUN 374y «O KI' MyKHd
Pa3A0KUAM HA MAKETHI 10 2 KI' B KaXKABIU. CKOABKO IIOAYYUAOCH ITaKe-
TOB?» MO>KHO OOOCHOBATh Tak. B 3apaaue Hap0 y3HAThH, CKOABKO pa3 Macca
2 KT YKAQABIBAETCA B 6 KT, T. €. HAAO Maccy 6 KT pa3peAUThb Ha Maccy 2 K.
B pe3yabTaTe AOAJKHO IIOAYUMTHCS YHUCAO, KOTOPOE HaXOAUM, PA3AEAUB
YHCAEHHOEe 3HaueHMe OAHOU BEeAWUYMHEBI Ha YHMCAEHHOE 3HaueHUe ApPY-
roy. TakuM oOpa3oM, MOAydaeM dacTHoe 6 : 2. Ero 3HaueHUe U OypAeT
OTBETOM Ha BOIIPOC 3aAauM.
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HOABSYHCB OIIMCAHHBIM IIOAXOAOM K TPAKTOBKE YMHOJXEHUA U Ae-
A€HUS HATYPAABHBIX YHUCEeA, MOXXHO 000CHOBBLIBATH BBIGOp rAeI‘/JICTBI/IH
U IIPpU pelIeHUUr TEKCTOBBIX 3aAd4 C OTHOIIEHUAMU «OOABIIIE B»
1 «MEHBIIIEe B».

BOMPOCHI N SAOAHNA

1. Ob6vACHUTE pa3nuyHbIMK cnocobamu, NoYemy CrnegyoLLme 3a-
[a41 PeLLaoTCs C MOMOLLIbIO YMHOXEHUS:
a) «B ogHom kop3uHe S kr a6nok. Ckonbko K1MnorpaMmmoB 16110k
B TPEeX Takux KOp3unHax?y;
6) «3a oguH geHb Cala npoyunTeiBaeT 4 cTpaHuubl KHUMM. Ckonb-
KO cTpaHuL B KHure, ecnu Calua npoynTan ee 3a 6 gHen?».

2. 06bacHWTe pasnuyHbIMKU cnocobamu, noYemy cnegyroLme 3a-
[a4M PeLLatTCcs C NOMOLLbIO AENEHNS:
a) «Bocemb kunorpamMmoB BapeHbs Ha0 pasnoxuTb B HaHKm no
2 Kkr B kaxpyto. Ckonbko nony4ntca 6aHoK?y;
6) «Ha capoBom y4acTke nocagunm 15 KyCTOB CMOPOAWHGI MO
5 kycToB B Kaxpaom psgy. Ckonbko 6bino pagos?y.

maea 13

3AMNMNCBb LUENbIX HEOTPULIATEJTbHbIX
HYNCEN N ANTOPUATMbI OENCTBUN
HAOQ HAMW

YeAOBeKy MOCTOSIHHO NPUXOAUTCS UMETh AEAO C YMCAAMU, IIO3TO-
My HY>KHO yMeTb IPaBUABHO HA3bIBaTh M 3alIMCHEIBATH AIOOOE YUCAO,
ITPOM3BOAUTE AEWCTBHUS Hap duchaMu. Kak mpaBWAO, BCe YCIIEITHO
CIIPaBASIOTCS C 3TUM. [TomMoraeT 3pech ClIOCOO 3alUCU YUCEA, KOTOPHIN
B HACToOsIlee BpeMs HCIIOAB3yeTCs IIOBCEMECTHO U HOCUT Ha3BaHUe
gecamuuHOU cucmembl CHUCAEHUS.

W3yuyeHne 3TOM CHUCTeMBbl HaUMHAETCs B HAaYaAbHBIX KAACCaX, Y,
KOHEUYHO, YUUTEAIO HY’KHBI OIIpeAeAeHHble 3HaHUA B 3ToM oOaacTu. OH
AOAJKEH 3HATh Pa3AUYHBIE CITOCOOBI 3aITUCU YHUCEA, AATOPUTMEI apud-
MEeTHUYEeCKUX AeUCTBUM U uX o60ocHOBaHUe. [TpepraraeMblii MaTepruaa
AaeT TOT MUHUMYM, 6€3 KOTOPOTO HEBO3MOJKHO Pa300paThCs C Pa3Anuy-
HBIMU METOAMYECKUMU IIOAXOAAMHU K OOYIEHUIO MAQAIIINX ITKOABHUKOB
crroco6aM 3allicH YHUCEeA U BBIITOAHEHHUIO HaA HUMU A€MCTBUH.
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(< U3 NCTOPUW 3ANCKM HNCEN

IToHaTHe YncAa BOBHUKAO B TAyOOKOM APEBHOCTHU. TOTrAa JKe BO3HUKAQ
1 HeOOXOAMMOCTDL B Ha3bIBAaHUU U 3aMIUCH YHCEA.

SBBIK AAST HAMMEHOBAHMS, 3alUCH YUCEA U BBITTOAHEHUS AeMCTBUN
HaA HUMU Ha3bIBAIOT cucmemol CUluCAeHUsl.

HasbIBaTh unicAa M BECTU CUET AIOAHU HaYUYMAUCH ellle A0 TOSIBACHUSI
NMUCBMEHHOCTHU. B 3TOM UM IOMOTaAH, IPeKAE BCETO, ITAABIIEI PYK M HOT.
W3apeBae yIOTPEOASIACS ellle TAKOU BUA MHCTPYMEHTAABHOTI'O CUETa,
KaK AepeBsIHHBIE TIAAOYKM C 3apyOKaMy, IITHYPHL ¥ BEPEBKU C Y3AaMMU.
BepeBouHEBIe CUETHI C Y3eAKaMHU YIIOTPeOAIAUCE B Poccuu U BO MHOTHX
cTpaHax EBpoOITHI.

Cnoco0 «3amucu» 4uceA C MIOMOIBIO 3apyOOK UAM Y3A0B OBIA
He CAWUIIKOM YAOOHBEIM, TaK KaK AAS 3alIMCH OOABIINX YUCEA IIPUXO-
AUAOCH AEAATh MHOI'O 3apyOOK UAM Y3AOB, UTO 3aTPYAHSIAO HE TOABKO
3aIIUCh, HO U CPaBHEHUE YNCeA APYT C APYTOM, TPYAHO OBIAO BBITIOAHSITH
U AeMCTBUS Hap, HUMU. [103TOMYy BO3HUKAM MHBIE, OOAee 5KOHOMUYHEIE
3aIIMCH YHCEA: CYeT CTAaAM BECTU I'PYIIIaMU, COCTOIIUMU U3 OANHAKOBO-
To YKCAa 3AeMeHTOB. Hapsaay ¢ rpynmamu 1o 10 3aeMeHTOB BCTPEYaAHCh
rpynnsl 0o 5, 12, 20 aremeHTOB. Tak, cyeT ABapAlaTKaMU UCIIOAB30BAAU
AIOAM TIAeMeHU Mansd. « CAeAbI» TAKOTO CYeTa COXPAHUAUCH B AQTCKOM
U HEKOTOPBIX APYTUX €BPOIEeNCKUX s3bIKaxX. VIHOTAQ TPUMEHSIACS CUeT
IATKAMY, a TakKKe rpynnaMu 1no 12 snemeHntoB. B ApeBHeMm BaBunone
cuuTaAm rpynnamMu no 60 epanHUIl. ApeBHeBaBUAOHCKAS CHUCTeMa UC-
IIOAB3YeTCS AO CHUX IIOp IPU M3MEPEeHUM BPeMeHU M BEeAUYUHE! YTAOB
B MMHYTaX U CEKyHAAX.

HauboasblIllee paclipoCcTpaHeHUE IIOAYUYUAA AECATAYHASA CUCTEMA 3a-
NIUCH YMCeA. DTa CUCTeMQ, IIPUHATAs celfuac IIOYTH BCIOAY, OCHOBaHa
Ha I'PYHIINPOBAHUU AeCATKAMU U OepeT CBOe HayaAo0 OT cyeTa Ha I1aAb-
nax. AecsTUUHas CUCTeMa CUMCAeHMs Bo3HuKAa B UHANY B VI B. OpHaKO
BUA UHAUMCKUX ITMEPP 3HAUYUTEABHO OTAMYAETCS OT COBPEMEHHOM UX
3aIuCHu. B TeueHMe MHOIMX CTOAETHY, IepeX0OAd OT HapojAa K HapOAY,
CTapUHHBIE MTHAUWCKME IIM(PLI MHOTO pa3 N3MEHSIAUCH, TOKA IIPUHSAAN
COBpEeMEeHHYVIO (bopMmy.

[TepBBIMM 3aUMCTBOBAAU Y MHAMUIIEB HUMPHL U ACCATUYHYIO CU-
CTeMy CUMCAeHUsS apabbl. PacnpocTpaHeHUIo 3TOro crocoba 3annucu
YU CeA U IIPaBUA BBITTOAHEHUS apu(pMeTUIeCKUX AeMCTBUM Hap YMCAAMU
CIIOCOOCTBOBAaAA KHHUIa CPEAHEA3UaTCKOro y4eHOTO aab-Xope3mu «O0
WHAUMNCKOM cueTe», CoO3AaHHas UM B HauvaAe [X B.

EBponennsl TI03HaKOMUAUCE C AOCTUIKEHUSIMU UHAO-apabCKOM MaTe-
MaTuku B XI B. PaciiupeHnue TOProBAM HOBAEKAO 3@ COOOM 3HAUUTEABHOE
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YCAOKHEHHEe CYeTa, ITOSIBUAACh TOTPeOHOCTh B COBEPIIIEHCTBOBAHUU
MeTOAOB cueTa. [ToaToMy eBpolelicKue MaTeMaTUKU OOpPaTUAUCH
K TPyAaM IpeuecKuX M apabCKUX y4eHEIX, IepeBeArd UX Ha AQTUHCKUU
a3bIK. C A€CATUYHOU CUCTEMON CUUCAEHUS €BPOIIEUIIBI TIO3HAKOMUANCH
Jepes IIepeBOA KHUTU aab-Xope3Mu. B 1202 r. BeixopuT «KHura abaka»
A. ®ubonauyy, rae OBIAU BBEACHBI HHANMCKUE ITUGPH 1 HyAb. C XIII B.
HAUMHAEeTCs BHEAPEHUE AeCATUYHOU cucTteMbl, U K XVI B. oHa cTara
IIOBCEMECTHO UCIIOAB30BaThCA B CTpaHax 3anapHoN EBpormk.
PacnpocTpa"eHnio AecATUYHOU cucTeMBl B Poccuu cnocob6CTBO-
BaAd KHUTA NEPBOTO PYCCKOTI'O BBIAQIOIErOCS IIeAArora-MaTeMaTuKa
A. @.Maraunkoro «ApudmMeTnka, Cupeyb HayKa YUCAUTEAbHAs», BbI-
meatias B 1703 r. Ha cAaBIHCKOM s13bIKe. OHa SIBASIAACH SHITUKAOIIEAVEH
MaTeMaTHYeCKUX 3HaHUU TOro BpeMeHU. Bce BLIUYMCAEHNS B HEM IIpo-
BOAATCS IIPU IOMOIIY NP NHAMUCKOU HyMepalnuu. B « ApudMeTure»
BEIAEAEHO 0CO00€e AeHCTBHE «HyMepallud, UAU CUuCAeHUue»: «Hyme-
palus ecTb CYMCAeHMEe (Ha3blBaHUE) CAOBAMU BCEX YUCEA, KOTOPHIE
n300paykaeMbl OBITh MOI'YT A€CATBIO TAKMMU 3HaKamu: 1, 2, 3, 4, 5, 6, 7,
8, 9, 0. M3 HuUX AeBATH 3HAUAIINX; ITochepHsasd ke 0 (KoTopast nudgpoi
UAM HUYEM UMEHYeTCs), eCAM CTOUT OAHQ, TO caMa IIo ceOe 3HaueHHUS
He nMeeT. Koraa >ke oHa NPHUCOEAUHSETCS K KaKOM-HUOYAL 3HaYalleH,
TO YBEAHMYUBAET B AECATh pa3, Kak OyAeT MOKa3aHO B AAABHEUIIIEMY.
OpaHo3HauHBIe YricAa B KHUTe A. @. Marauiikoro Ha3bIBAIOTCSA «IIep-
CTaMU»; YUCAQ, COCTaBAEHHBIE U3 eAUHUI] U HyAeM, — «CyCTaBaMM»; BCe
OCTaAbHEBIE YMCAA — «COUYMHEHHUSAMM». TabAnIla ¢ Ha3BaHUSIMU KPYTABIX
YurceA AOBepeHa MarnuiikuM A0 umcAa ¢ 24 Hyaamu. B «Apudpmetuke»
B CTUXOTBOPHOM (hopMe MOAYEePKHYTO: «HHCAO eCTh O€CKOHEUHO...».
Pa3zandaroT no3uyuoHHble I HENO3UUUOHHbLE CUCINEMbL CHUCAEHUSL.
B mo3uIiMoHHBIX CHUCTeMaX OAWH M TOT K€ 3HaK MOXXeT 0003HauaTh
Pa3sAMYHBIE YMCAA B 3@aBUCUMOCTU OT MecCTa (IIO3UIUH), 3@aHUMaeMOTO
9THUM 3HAKOM B 3allCH UMCAA. Tak, IMIeCcTuAecATepUIHas BaBUAOHCKAS
¥ AECSITHUYHASA CUCTEMBI CUMCACHUS IBASIOTCS ITO3UITMOHHBIMHU.
Henos3uimoHHbBIe CUCTEMBI XapaKTepPU3YyIOTCSI TeM, UYTO Ka>*XABIM
3HaK (M3 COBOKYIIHOCTH 3HAKOB, IPUHATHIX B AQHHOM CUCTEME AAL
0003HAUEHUS YUCEA) BCETAQ 0003HAUAET OAHO U TO JK€ UMCAO, HEe3aBU-
CHMO OT MecCTa (IO3UITUH), 3aHUMaeMOT0 3TUM 3HAaKOM B 3allUCU YUCAQ.
[MTpuMepoM TaKOM CUCTEMEL MOJKET CAY’KUTH PUMCKAasl CUCTeMa, BO3HUK-
1asi B CpepHre BeKa. B aTol cucTteMe CUUCAEHUST UMEIOTCSI 3HAKU AAS
V3AOBBIX UMCEA: eAnHUIIa 0003HadaeTcd — I, mare — V, narbpecar — L,
cro — C, narecoT — D, Teicgya — M. Bce ocTanbHBIE YHCAQ TTOAYYAIOTCA
C IIOMOIIBIO ABYX apU(PMETUUECKUX OIIEPAIIUI: CAOJKEHUS ¥ BEIYUTAHUS.
BerunTaHue NPOU3BOAUTCS, €CAU 3HaK, COOTBETCTBYIOIIUM MeHbIIeMY
Y3A0BOMY YHCAY, CTOUT Ilepep 3HaKOM OOABIIIETO Y3A0BOTO umcAa. Ha-
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mpumep, IV — getbipe, XC — AEBSIHOCTO. 3aIUIIeM HECKOABKO UUCEA

B PUMCKOM HyMepanuu:

m 193 — 370 cTO (C) mAIOC AEBIHOCTO, T. €. CTO 0e3 pecaTu (XC), natoc
Tpu (III); crepoBaTeabHO, uricao 193 3anucsiBaetcst kak CXCIIT;

m 564 — aT0 TIATHLCOT (D) mAtoc matbaecaT (L) matoc pAecaTs (X) matoc
YeTwIpe, T. e. IITh 6e3 opHoro (IV). CAepoBaTeAbHO, 564 3aTUCHIBAET-
cs1 kak DLXIV;

m 2708 — 3T0 ABe ThIcTuu (MM) natoc nsaTheoT (D) matoc cto (C) matoc
cto (C) naroc nath (V) natoc Tpu (III). CaepoBaTeArbHO, ynucao 2 708
3anuceiBaeTca Tak: MMDCCVIILL

EcAnM 4MCAO COAEP’KUT HECKOABKO (HEMHOTI'O) TBICSY, TO AASL €ro
3aIlMCH B PUMCKOM HyMepaluu IOAB3YIOTCS IIOBTOpPeHUEeM 3HakKa M.
Boobi1ie ke umcAa 4eThIpeX-, MATH- U HIeCTU3HAauYHble 3alMCHIBAANCH
C IIOMOIIILI0 OYKBBI M (OT AQT. CAOBA mille — TBICSIYA), CAeBA OT KOTOPOU
3aTUChIBAAU THICSUH, @ CIpaBa — COTHU, AECATKHU, EAUHUITHL. Tak, 3alIUCh
CXXXIIImDCCCXLII aBasgeTcst 3anuchbio uncaa 133 842,

B Poccuu po XVII B. B OCHOBHOM yHOTPEOASIAACE CA@BIHCKASA HyMe-
panus, 6oaee CTPOMHAA U YAOOHAS, 4eM PUMCKas, HO TOJKe HEIlO3UIIU-
OHHas. B Hel umcaa M300pa>karrich OYKBaAMM CAABSIHCKOTO aAadaBHTa,
HaA KOTOPBIMU AAS OTAWYMS CTABUAM OCOOBIM 3HAK — TUTAO.

EcTecTBEeHHO, UTO TaKHe CUCTEMBI 3alTUCHU YHUCEA, KaK PUMCKasa UAU
CAABSHCKad, OBIAM yAOOHee, 4yeM 3apyOKU Ha OMpPKaXx, IOCKOABKY IIO-
3BOASIAM 3AITUCHIBATh OOABIIIHE urcAd. OAHAKO BBIIIOAHEHUE AEUCTBUU
HaA HUMM B TaKUX CHCTeMaX OBIAO BeChbMa CAOXKHBIM AeAoM. [ToaTomy
Ha CMeHy UM IIPHUIIAQ ASCATUYHAS CUCTEMa CUUCAEHHUS.

BOMPOCHLI N SAOAHNA

1. 3anuwwuTe B gecaTtnyHon cucteme cumcnenusa: XXVII, XXI, XLIV,
LXII, LXXVIII, XCV, CDXXIII, MCDVII, MCDXIX, MDCCCLXXI.

2. 3anuwmTe B pumMckon cucteme cumcnenusi: 24,117,468, 1 941,
1997, 2 000.

3AMUCb YNCEN B AECATUYHON CUCTEME
CYNCIIEHNS

Kak M3BeCTHO, B ACCATUYHON CUCTEME CUMCACHUS AAST 3aIIACH YHCEA
ucnoabsyercs 10 3HakoB (nudp): 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. VI3 Hux 00-
Pa3yIoTcsl KOHEUHbIe IIOCAEAOBATEABHOCTH, KOTOPBIE IBASIIOTCS KPaTKU-
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MU 3anucsiMu umceA. Hammpumep, TOCAEAOBATEABHOCTL 3745 sIBAsieTCS
KpaTKoH 3amuchbio uncaa 3 - 10° + 7 - 102+ 4 - 10 + 5.

Aecsamu4Hoil 3anuchi0 HAMYPAABHOI'0 YUCAA X HA3bIBAEMCs ero
npegcmasAenue B Buge: X = d, - 10"+ a,_ - 100 + ... + a; - 10 + qq,
rge Koagpguyuenms! a,, Q,_q, ..., d;, Ay npuHUMarom 3Hauenus 0, 1, 2,
3,456 78 9ua,=0.

Cymmy a,- 10° + a,_; - 10" + ... + @, - 10 + gy IPUHATO 3aIUCHIBATE
KpaTKo:

a, a,_q... a;d,.

B apI/ICpMeTI/IKe AOKAa3daHO, 4TO Aroboe HATypaAbHOE 9HCAO X MOKHO
IIPEeACTaBUTEL B BUAC!

x=qa, 10"+ a, - 10" + ...+ a;- 10 + a,, (1)

TA€ a,, A, 4, ..., 4, 4y OpuHUMaIOT 3HaueHus 0, 1, 2, 3, 4, 5, 6, 7, 8, 9,
U TaKas 3allCh eAMHCTBEHHaA.

Ecan HaTypaabHOE YHCAO X IPEACTABAEHO B BUAE X = a, - 107 +
+a, ;- 1071+ ... +a,- 10+ ay To uncaa 1, 10, 102, ..., 10" Ha3LIBAIOT pPaA3-
PAGHBIMU €JUHUU,AMU COOTBETCTBEHHO II€PBOr0, BTOPOTO, ..., (n+ 1)-TO
paspgaa, npudeM 10 eAMHHIT OAHOTO Pa3psiAa COCTABAIIOT OAHY EAUNHUITY
CAEAYIOIIETO BBICIIErO PaspsAd, T.€. OTHOILIEHUEe COCEAHUX Pa3psp0B
paBHO 10 — OCHOBAHUIO CUCTEMBI CYUCAEHUS.

Tpu nepBBHIX pa3psAa B 3alMCHU YHCAA COEAUHSIIOT B OAHY TPyNIy
U Ha3bIBAIOT NepBbIM KAACCOM, UAU KAACCOM eguHul,. B mepBhIl Kaacc
BXOASAT €AUHUITBI, AECITKU U COTHMU.

YeTBepTHIl, NATHIN U IIECTON pas3psAbl B 3alIMCH YMCAA OOPa3yloT
BMOPOU KAQCC — KAACC MblCA1. B HEro BXOAAT EAMHUIILI THICSTY, AECATKU
TBICAY U COTHU THICSY.

3aTeM CAeAyeT mpemull KAACC — KAACC MUAAUOHOB, COCTOSIIITUM TaK
JKe U3 TpeX pa3psIA0B: CEABMOTO, BOCBMOTO U A€BITOTO, T. €. U3 eAUHUI]
MHUAAMOHOB, AECSITKOB MUAAMOHOB U COTE€H MUAAUOHOB.

IMocaepyromue Tpu pas3psgpa TakKe 0Opas3yIOT HOBBIM KAACC M T.A.
BBIpereHTE KAACCOB €AMHMUII, THICSY, MUAAUOHOB U T. A. CO3AA€T YAOOCTBa
AAS 3@TIMCH U IIPOUTEHUS YHCeA.

B pecaTuuHOM cucTeMe BCeM YKMCAAM MOJKHO AQTh Ha3BaHUeE (UM).
OTO AOCTUTAeTCS CAEAYIOMUM 00pa3oM: UMeIOTCSd Ha3BaHUSA IIEPBBIX
AECSATHU UHMCeA, 3aTeM M3 HUX B COOTBETCTBUU C OTIPEAECAEHUEM AECS-
TUYHOM 3allMCU U IIyTeM IIpUOaBAEHUS ellle HEMHOIUX CAOB 00pa3sy-
IOTCS Ha3BaHUS IIOCAEAYIOIMIUX YMCeA. Tak, 4ucAa BTOPOTrO AeCATKa
(orU npeacraBasaroTca B BUAe 1 - 10 + ap) 00pasyroTcs U3 COeAUHEHU
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IIEePBbIX AECATU Ha3BaHUU M HECKOABKO M3MEHEeHHOTO CAOBa KAECATB»
(«ALTATBY):
B  OguHHaguamp — OAVH Ha AECATH,

B gBeHaguamb — ABA HA AECATH U T. A.

MokeT OBITh, €CTeCTBEHHee OBINO Obl TOBOPUTH «ABAa U AECSTHY,
HO HAITX ITPEAKU IIPEATIOUAN FOBOPUTH «ABa Ha AECSTH», UTO U COXpa-
HUAOCH B peyuH.

CAOBO «ABaAllaThb» 0603HAYaeT ABa AECITKaA.

Yrchaa TpeThero AecsaTKa (3To unucaa Buaa 2 - 10 + ap) HOAydaroT IyTeM
IpuOaBAEHHS K CAOBY «ABAAIIATh» HA3BAHUM YUCEA IIEPBOTO AECATKA!
ABAAIIATh OAWH, ABAAIIaTh ABa U T.A.

[Mpopoakas paree CcUeT, IIOAYUAIOT Ha3BaHUS YUCEA YeTBEPTOro,
MISITOTO, MMIECTOT0, CEALMOTO, BOCBMOTO, AEBSITOTO U AECSITOTO AECSITKOB.
Ha3zBanus 3Tux unucea oOpa3yloTcsd Tak Ke, KaK U B IIpeAeAax TpeThe-
IO AECATKA, TOABKO B TPEX CAyYasX IIOIBASIOTCSI HOBBIE CAOBA: COPOK
(AAT 0003HAUEHMST YeThIpeX AECSTKOB), AEBIHOCTO (AAS 0O0O3HAUEHUS
AEBSITHU AECITKOB) U CTO (AASI OOO3HAUEHUS AeCATH AecaTKoB). Hassa-
HUS YUCEA BTOPOU COTHU COCTABASIOTCS M3 CAOBA «CTO» M HA3BAHUU
YUCeA IIePBOTO U ITOCAEAYIOIIUX AECSITKOB. TaKUM IyTeM 0Opa3yroTCd
HaUMeHOBaHUSA: CTO OAMH, CTO ABQ, ..., CTO ABAAIATh U T.A. OTcuuTaB
HOBYIO COTHIO, OyA€M HMMeThb ABe COTHU, KOTOPHIE AN KPATKOCTH Ha-
3BIBAIOT «ABECTU». AAST IIOAYYEHUS YUCeA, OOABIINX ABYXCOT, CHOBA
BOCIIOAB3yeMCs Ha3BaHUSIMU YHUCEA IEPBOTO U IIOCAEAYIOIIUX ASCITKOB,
NIPUCOEAMHSIS UX K CAOBY «ABECTH». 3aTeM IIOAYYUM OCOOble Ha3BaHUS:
TPHUCTA, YeTHhIPEecTa, MIAThCOT U T.A., AO TeX MOp, MOKa He OTCUuTaeM
AECSITH COTEeH, KOTOphle HOCSAT Ha3BaHMe MmblCSa4d.

CueT 3a IIpepAeAaMU THICAYM BEAETCS TaK: NPUOABASS K Thicsiue
II0 epAUHUIle (ThICAYa OAWH, THICAYA ABA U T.A.), HOAYYUM ABE TBICAYH,
TPU TBHICAYU U T. A. KOTAQ JKe OTCUUTaeM THICSYY THICSY, TO 3TO YHUCAO I10-
AY4YHUT 0COO0e HauMeHOBaHNe — MUAAUOH. Aaree CUUTaeM MUAANOHAMU
AO TeX IIOp, TI0Ka He AOMAEM AO THICSYU MUAAMOHOB. [ToaydeHHOe HOBOe
YHCAO — THICSYa MUAAMOHOB — HOCHUT 0CO00€e Ha3BaHUe — MUAAUApPY.
MUAAMOH MUAAMOHOB Ha3bIBAETCSI OUAAUOHOM. B BELIYMCAEHUSIX MUAAU-
OH IIPUHATO 3aIMCEIBATE B BuAe 10% Muarmapa — 10° 6uarnon — 1012,
I'To aHaroruU MOKHO ITIOAYYUTE 3AIUCHU ellle OOABIINX YHCEA: MPUAAU-
on — 10", kBagpuaauon — 10" u T.p.

Takum o6pa3oM, AT TOTO YTOOBI Ha3BaTh BCe HATypPaAbHBEIE UHCAQ
B IIpeAeAax MUAAMAPAQ, TOTPeboBaAOCh TOABKO 16 pa3AMYHBIX CAOB:
OAVIH, ABQ, TPH, YeThIpe, IATh, IIECTh, CEMb, BOCEMb, AEBSITh, AECITh,
COPOK, AEBSIHOCTO, CTO, THICSTUa, MUAAMOH, MUAAUAPA. OCTaAbHBIE Ha-
3BAHUS YHMCEA (B IPEAeAaxX MUAAMAPAQ) 00pa3yroTcs U3 OCHOBHBIX.
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[TycTh x ¥ y — HaTypaAbHBIE YUCAQ, 3aIIUCh KOTOPBIX A@HA B AeCs-
THUYHOM CUCTEME CUUCACHUS:

X=a,-10°+a, ;- 10" + ...+ a,- 10 + qp;

y=b,-10"+ b, - 10™" + ..+ b, - 10 + by,

Toraa YMCAO X MEHBIIIEe YUCAQ ¥, €CAW BBEITOAHEHO OAHO M3 YCAOBUM:

a) n < m;
m, HO a,< by,
m, a,=b,, ..., ay= by, HO a;_; < b_;.

0) n
B) n

OTO yTBepKAeHHe IIpuMeM 6e3 A0Ka3aTeAbCTBa. [10AB3YACE UM,
AETKO BECTU CPaBHEHUE YHCEeA.

Hanpumep, ecan x = 3 456, a y = 3 467, TO X <y, TAK KaK YUCAO THICAY
U COTEH B 3allUCU OAMHAKOBOE, HO AECSITKOB B UHCA€ X MeHblIe, yeM
AECATKOB B UHCAE Y.

Bonpockl HauMeHOBaHUS M 3allUCH YMCEeA PACCMaTPUBAIOTCS B Ha-
YaABHOM Kypce MaTeMaTuK# B paspere «Hymeparusi». [1pu aTom pe-
CATUYHOMN 3alKCHI0 HATYPAABHOI'O YHCAA CUMTAIOT €r0 IIPEACTaBACHUEe
B BHUA€E CYMMEI pa3pgAHBIX caaraeMbeix. Hanpumep, 3 000 + 700 + 40 + 5
€CThb CyMMa pa3psAAHBIX CAaraeMbIX yucaa 3 745. IlpepcTaBaeHMe YKCcAa
B BUAE TaKUX CYMM YAO6HO AN €TO HAMMEHOBAHUA: TPU ThICAYU CeMb-
COT COPOK IISITh.
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BOMPOCHbI N SAOAHNA

3anuLmnTe 41Ccno B BUAE CYyMMbl Pa3psaaHbIX CraraeMblXx:
al4725;6)3370;8) 10255.
Kakwe 4n1cna npefncrasneHsl CneayoLLyMy CyMMaMu:

a)6-10%+5-10 +8; B)8-10%+10%+3-10+1:

6)7-10%+1-10; r) 10% + 102?

HanuvwuTe HambonbLUee Tpex3Ha4YHoe U ECATU3HAYHOE YMCna,
B KOTOPbIX BCE LUNhpbl PasfnyHbl.

CymMma umdhp ABy3Ha4HOro Y1cna pasHa 9, npuyem umdpa gecar-
KoB BABOE 6onbLue Lmdipbl eanHUL,. Hangute 310 Ymcno.
Kaxpas undpa natmaHayHoro 4ymncna Ha eguHuly 6onblue
npegblgyLlen, a cymma ero undp pasHa 30. Kakoe aTo umcno?
MnagLwmm LLKonbHUKaM NpegnoXxeHa 3agaqa: «3anuwm S YeTbl-
pex3Ha4HbIx Ymcen, ncnonbaysa undpsl 2, 5, 0, 6 (ogHa 1 Ta xe
Lmdppa He fomkHa NOBTOPSATLCA B 3anMcK Yicnaly. A ckonbko Bo-
06LLIe BCEBO3MOXHbIX YETLIPEX3HAYHbIX YACEN MOXHO 3anmcaTh,
ncnonb3ysa undpsl 2, 5, 0 n 6 Tak, 4Tobbl 0gHa 1 Ta Xe undpa
He noBTopsAnach B 3an1cu yucna?



ANFOPUTM CHOYKEHUNS

CAo’kReHHEe OAHO3HAUYHBIX YMCEA MOJKHO BBITTOAHUTH, OCHOBBLIBASICh
HA OIPEAEAEHUU 3TOT'O AEMCTBUS, HO YTOOBI BCIKUU pa3 He o0pallaThb-
Cs K OIIPEAEAEHNIO, BCe CYMMEI, KOTOPbIe ITIOAYYAIOTCS IIPU CAOKEHUU
OAHO3HAQYHBIX YMCEA, 3alIUCHIBAIOT B 0COOYIO TaOAUILY, Ha3bIBAEMYIO
mabAauuell CA0OKeHUs1 0OJHO3HAYHbIX HUCEeA, I 3aIIOMUHAIOT.

EcTecTBEHHO, CMBICA CAOKEHUSI COXPAHSIETCI U AASI MHOTO3HAUHBIX
4UCeA, HO IIPAaKTUYECKOEe BBIIIOAHEHUE CAOKEHUS IIPOUCXOAUT IO OCO-
ObIM npaBunraM. CyMMy MHOTO3HAQYHBIX YHCEA OOBIYHO HAXOAAT, BBI-
TIOAHSS CAOKeHUe cTOAOuKoM. Hampumep,

341
7238

7579

BeIgcHMM, KaKUM 06pa30M BO3HUKAET 3TOT aATOPUTM, KaK1e Teope-
THUYECKHe TOAOKEHHUS AeKAaT B er0 OCHOBE.

INpeacTraBuM craraemble 341 u 7 238 B BuAe CyMMEL CTeIIeHEeM AeCITU
C KO3 PUITUEHTAMMU:

341 +7238=(3-102+4-10+ 1)+ (7- 103+ 2- 102+ 3 - 10 + 8).

Packpoem CKOOKM B TIOAYy9E€HHOM BBIPa>KeHUM, IOMEHsIeM MeCTaMU
U CTPYHIHPYEM CAATaeMBbl€ TaK, YTOOBI €EAMHUIIBI OKA3aAUCh PSIAOM
C eAMHUIIAMU, ACCITKU — C AeCSITKaMU U T. A. Bce 9Tu mpeoGpa3oBanus
MOJKHO BBIIIOAHUTBH Ha OCHOBAHHUU COOTBETCTBYIOIINX CBOMCTB CAOJKE-
Husi. CBOMCTBO aCCOIIMAaTUBHOCTH paspelllaeT 3alliCaTh BhIpa’keHue
0e3 cKOOOK:

3-102+4-10+1+7-10°+2-10*+3-10+8.

Ha ocHOBaHMU CBOMCTBA KOMMYTATUBHOCTU IIOMEHSIEM MeCTaMu
craraembre: 7 - 10° +3 - 102+ 2 - 102+ 4 - 10+ 3 - 10 + 1 + 8. Coraac-
HO CBOMCTBY aCCOIMATUBHOCTHU IIPOU3BEAEM TPYIIHUPOBKY: 7 - 10° +
+(3-102+2-10% + (4-10+3-10) + (1 + 8). BeIHeceM 3a CKOOKU B IIep-
BOM BBHIAGAGHHOM Tpymie ducAao 10% a Bo Bropoit — 10. DTO MOKHO
CAEAAThb B COOTBETCTBUHU CO CBOMCTBOM AUCTPUOYTHUBHOCTH YMHOKEHUS
OTHOCHUTEABHO CAOKEHUS:

7-10%+ (3+2)-102+ (4+3)- 10+ (1 +8).

HNTtak, croxkenue gncen 341 u 7 238 cBeAOCH K CAOKEHHIO OAHO3HAU-
HBIX 9MCeA, N300pa’keHHBIX IIMPaMUu COOTBETCTBYIOIINX Pa3psAOB.
DTH CyMMBI HAXOAMM TI0 TabAuIie caokenwust: 7 - 10 +5- 102+ 7 - 10 +
+ 9. IToryueHHOE BBEIpA’KEHUE €CTh ACCATHUYHAs 3allUCh 4ucAa 7 579.
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Buaum, 9TO B OCHOBE AATOPUTMA CAOKEHHA MHOTO3HAUHBIX YHUCEA
AEXAT CAepAYIoIIe TeOpeTUu4YeCKue (baKTLIZ

®m  CIIoco0 3aIliCH YHUCEeA B ACCITUUYHON CUCTEeMEe CUMCACHUS;

® CBOMCTBA KOMMYTATUBHOCTU U aCCOIMATUBHOCTU CAOKEHU;
®  AUCTPUOYTUBHOCTb YMHOKEHUS OTHOCUTEABHO CAOKEHUS;

m  TAaOAMIIA CAOKEHHUS OAHO3HAUHBIX YKCEA.

HeTpyaHO yOEAUTBECS B TOM, UTO B CAydae CAOJKEHUS YHUCEA «C IIepe-
XOAOM Uepe3 AeCSATOK» TeOpeTHYeCKHe OCHOBBI aATOPHUTMAa CAOKEHHUS
OyAyT TeMHU XKe.

B o0meM BuAe aaropumm CAOKEHUSI HAMYPAAbHbLX YUCEA, 3allU-
CaAHHBIX B ACCATHYHOMN CHCTEeMe CUMCAeHUs, POPMYAUPYIOT TaK:

1) 3anuckiBarom Bmopoe caaraeMoe nog nepBbiM Mak, YmoObl coom-
BemcmaByloujue paspagbel HAXOgUAOCh gPyr NOg gpyrom;

2) ckaageiBarom eguHUybl NEPBOro pa3paga:

2a) ecau cymma MeHbWe gecamu, 3aNUChIBAIOM ee B Pa3pAag eguHuy
omBema u nepexogsam K cAegyrouemMy paspagy (gecsamkos);

26) ecau cymma eguHuy 60AbWE UAU PABHA gecsimu, Mo npegcmas-
Aftom ee B Buge dg + by =1 - 10 + ¢y, rge ¢y — OGHO3HAUHOE YUCAO; 3Q-
NUCKIBAIOM Cy B pa3pAg eguHuy omsema u npubasBAsom 1 K gecamkam
NepBOro cAQraeMoro, NOcAe 4ero nepexogam K paspagy gecsimkos;

3) noBmopsom me Xe gelicmBus ¢ geCAMKAMU, 3amemM — C COMHSA-
mu u m. g. Ilpoyecc 3akaruuBaemcs, KOrqga OKa3blBAOMCs CAOKEHHBIMU
uyugprl cmapwux pa3pagos. [Ipu smom ecau ux cymma 00Abule UAU PABHA
gecsimu, mo NPUNUChIBAIOM Bnepegu 060UX cAQraeMblx HyAU, yBeAuuu-
BQOmM HyAb nepeg NepBblM CAQraeMblM HA 1 U BHINOAHANOM CAOXKEHUE:
1+0=1.

3aMeTHM, 4TO B 3TOM AATOPUTME (KaK U B HEKOTOPBIX APYTHUX) AASI
KPATKOCTU YIOTPEOASIETCS TepMUH «I[Hdpa» BMECTO «OAHO3HAYHOE
4UCAO, U300pakaeMoe IU(ppom».

BOMPOCHI N SAOAHNA

1. Ha npumepe cnoxenus dncen 237 n 526 nokaxuTe, Kakune
TeopeTn4eckune CbaKTbI JiexxaTt B OCHOBE anropmtmMa CloxeHud
MHOI03Ha4HbIX YnCcern.

2. lpu n3y4eHUM anropuTMa CRoXeHNs TPEX3HaYHbIX YMCen B Ha-
YyanbHOW LLIKOME NocnefoBaTenbHO pacCMaTpUBaOTCSA Takue Crly-
Yyau cnoxenus: 231 +342; 425+ 135; 237 + 526; 529 +299.
KakoBbl 0COBEHHOCTM KaXX[0ro U3 aThx cryvaes?

3. Bbluncnute ycTHO 3Ha4eHWe BbIpaXXeHNI; UCNoMb30BaHHbIA NpU-
em obocHynTe:
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a)2746+7254+9876; 6)7238+8978+2 768,;
B)(4729+8473)+5271;r) 4232 + 7419 + 5768 +
+2 591;
0) (357 +768 +589)+(332+211 + 643).

4. Kakve paccyXAeHVs LLKONBLHUKOB Bl ByAeTe cuMTaTh NpaBunb-
HBbIMM MPU BbINOHEHWN 3a0aHNS:
a) MOXHO 11 YyTBEPXXAATb, HTO 3HA4YEHNSA CyMM B KaXKOOM CTonbuke

OAVHAaKOBBbI:

2459 +121 53075 +2 306
2458 +122 53076 +2 305
2457 +123 53006 +2 375

2456+ 124 53 306 + 2 075;

6) MOXHO N 3aMMcaTh 3Ha4YeHNA 3TUX CyMM B NOPSAAKe BO3pac-
TaHns:

4 583 + 321 4593 + 311 4573 +3317

ANFOPUTM BbIYUTAHUSA

BrlunTaHMe OAHO3HAQYHOTO YUCAA b M3 OAHO3HAUYHOI'O UAU ABY-
3HQYHOI'O YUCAQ @, He IIPEBHIIIAIoNnero 18, cBOAUTCS K IIOUCKY TaKOTo
4HMCAQ C, 4TO b + € = @, ¥ IPOUCXOAUT C YyUEeTOM TaOAUIIBI CAOKEHUS
OAHO3HAQUHBIX YUCEA.

Ecau xe uncaa a u b MHOTO3HaUHBIE U b < @, TO CMBICA A€HCTBUSI
BBIUMTAHUS OCTAETCS TEM JKe, UTO U AAS BHIYUTAHUSA B mpeperax 20,
HO TeXHHKa HaXOXXAEHHUS Pa3HOCTU CTAHOBUTCS MHOMW: Pa3HOCTH
MHOTO3HAUHBIX YMCEeA dallle BCero HaXOAAT, IPOU3BOAS BHEIYUCAEHUS
CTOAOHKOM IO OIIPEAEACHHOMY aATOPUTMY. BeIICHUM, KaKUM 00pa3zoM
BO3HUKAET 3TOT aATOPUTM, KaKHe TeopeThdecKue (PaKTEl AeXKaT B e€T0
OCHOBe.

Paccvorpum pasHoCTh uncen 485 u 231. Bocmoab3yeMcs IIPaBUAOM
3aIIMCH YHUCEA B ACCITUYHON CUCTeMe CUMCAEHUS U IIPEACTaBUM AQHHYIO
Pa3HOCTb B TaKOM BuAe: 485 — 231 = (4 - 102+ 8 - 10 + 5) — (2 - 10% +
+3-10+ 1). YToOBI BEIYECTH U3 uncAa 4 - 102+ 8- 10 + 5 cymmy 2 - 10% +
+3-10+ 1, AOCTAaTOYHO BBEIYECTH U3 HETO KAXKAOE CAAraeMoe 3TOM CyMMEI
OAHO 3a APYTHM, U TOTAQ!

(4-102+8-10+5)— (2-102+3-10+ 1) =

= (4-102+8-10+5) —-2-102-3-10 - 1.
I'ITO6BI BBIUECThb UWHCAO U3 CYMMI:)I, AOCTATOYHO BBIYECTH €Io
M3 KaKoTo-AubOO0 OAHOT'O CAaraemMmoro (60ABHI€1"O WA PABHOTO 3TOMY

uyncay). TTosTomy umcao 2 - 102 BeraTeM u3 caaraemoro 4 - 10% gucao
3 - 10 — u3 caaraemoro 8 - 10, a yuncro 1 — m3 craraemMoro 5, Toraa:
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(4-102+8-10+5)-2-102-3-10—-1=
=(4-102-2-10%) + (8-10-3-10) + (5 1).

BocnoardyeMcsi AUCTPUOYTUBHOCTBIO YMHOKEHUSI OTHOCUTEABHO
BBEIYMTAHUSA U BhIHeceM 3a ckobku 102 u 10. Torpa BeIpaskeHHe OypeT
UMETDb BUA,:

(4-2)- 102+ (8-3)- 10+ (5 1).

BuanuM, 9TO BBIUMTaHUE TPEX3HAYHOTO UYMcAa 231 U3 TpexX3HauHOTO
yncAa 485 cBeAOCH K BEIUUTAHUIO OAHO3HAUHBIX YHCEA, U300pa’KeHHBIX
nmdpaMu COOTBETCTBYIOUIUX Pa3psAOB B 3alIMCH 3aAaHHBIX TpPeX3Hau-
HBIX unceA. PasHoctu 4 — 2, 8 — 3 1 5 — 1 HaXOAUM II0 TaOAUIIE CAOKEe-
HUS ¥ TOAydYaeM BeipaxkeHue: 2 - 102 + 5 - 10 + 4, KoTOpoe SIBASIETCS
3aTMChIO YUCAA 254 B AECATUYHOMN CUCTEME CUUCAEeHU. TakuM 00pa3oM,
485 — 231 = 254. Bripaskenue (4 — 2) - 102+ (8 — 3) - 10 + (5 — 1) 3apaeT
IIPABUAO BEIUYUTAHUS, KOTOPOE OOBLIYHO BHITTOAHSIETCS CTOAOUKOM:

485
231

254

BuayM, 4TO BBEIUMTAHME MHOTO3HAYHOT'O YMCAA M3 MHOTO3HAYHOTO
OCHOBAHO:!

®m  Ha crrocobe 3aliCH YHMCAd B ACCITUYHOM CUCTeMe CUMCACHUS;
® [IPaBUAAX BEIUUTAHUS YUCAA U3 CYMMEI U CyMMEI U3 YHUCAQ;

®  CBOMCTBE AUCTPUOYTUBHOCTH YMHOYKEHUS OTHOCHUTEABHO BBIUMTA-
HUS,;

] Ta6AI/II_[e CAOJKeHHSA OAHO3HAUYHBIX YHCEA.

HeTpyaHO y6eAUTbHCS B TOM, UYTO €CAW B KaKOM-HUOYABL pa3psae
YMEHBIIIaeMOTO CTOUT OAHO3HAYHOE YKCAO, MEHBIIIee YWCAa B TOM JKe
pa3psiAe BEIYUTAEMOTO, TO B OCHOBE BEIYUTAHUS A€KAT Te JKe TeOPeTu-
yeckye (PaKkThl U TabAUIla CAOKEHUST OAHO3HAUHBIX YHCEA.

B 00111eM BUAE QArOpumM BbIHUMAHUS YUCEA B AeCITUIHON CHCTEME
CunCAeHUus POPMYAUPYIOT TaK:

1) 3anuckiBarom Brluumaemoe Nnog yMeHbWaeMblM MAK, WmMoObl COOM-
BemCmByoujue pa3pAagbl HAXOgUAUCh gPyT NOG gPYyIOM;

2a) ecau yugpa B paspage eguHUY, BHIMUMAEMOI0 He NpeBocxogum
coomBemcmByloujel Yugpbl yMEeHbWAEeMOro, Mo BHUUmMaom ee u3 yug-
Pbl YMEHbUIAEMOr0, 3aNUCHIBAIOM PA3HOCMb B PA3PAG egUHUL, UCKOMOTO
qucAQ, NOCAe Yero nepexogsim K CAegyroujeMy paspagy,

20) ecAu yugpa egurHuy BbIUUMaeMOoro 60Abllle eguHUul, YMeHbUIaeMo-
ro, m.e. by > ay, a yuppa gecAmkoOB yMEHbULAEMOI'0 OMAUYHA OM HYAA,
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mo yMeHbWAOM Yugpy gecsamxKoB YyMeHbWAeMOoro Ha 1, 0OgHOBpEMEeHHO
yBeAuuuBasa yugpy equHuy ymeHbuiaeMoro Ha 10, nocae uero Bhluumaiom
u3 uucaa 10 + a, uucAo by u 3anucklBaOmM pasHOCMb B pa3psage equHuy,
UCKOMOTI0 YUCAQ, gaAee Nepexogam K CAeqgyrou,eMy paspagy;

2B) ecAu yugpa eguHUU Bhluumaemoro 6oAbwe yugprl equHuy,
yMeHbUaeMoro, a Yugphbl, CMosiwjue B paspage gecaAmKoB, COmeH U m. g.
YMeHbWaeMOoro, paBHbl HyAl0, MO 6epym NepByI0 OMAUUHYIO OM HYAA
uu@py B yMeHbWAeMOM (nocAe paspsaga eqguHuy), yMeHbWalom ee Ha |1,
Bce yu@pbl B MAQGUUX PA3PAgax go pa3psaga gecsamKOB BKAIOUUMEABHO
yBeAuuusBarom Ha 9, a yugpy B paspsage equruy — Ha 10: Beiuumarom by
u3 10 + ay, 3anuckiBaiom pasHoCmMb B pa3page equHuly UCKOMOI'O QUCAQ
U nepexogsm K CAegyroweMmy pas3pagy;

3) B caegyrouwjeM paspage NOBMOPAOM ONUCAHHBLU NPOYECC;

4) BrRlUUMAHUE 3aKAHYUBAEMmMCs, KOrga Npou3Bogumcsi BbluumaHue
u3 cmapuero pa3paga yMeHbulaeMoro.

BOMPOCHLI N1 SAOAHNA

1. Ha npumepe HaxoxpgeHua pasHocTy vucen 469 n 246, 757
n 208 npounniocTpupynTe TEOPETUYECKE OCHOBLI anroputma
BbIYMTaHWS YUCEN CTONBMKOM.

2. BbinonHuTte BbIYMTaHWE, MCNOML3YA 3anNNCb CTONBMKOM 1 06b-
ACHASA KaXabIl LIar anroputma:

a) 84 072 -63 894; 6) 940235 - 32 849;
B] 935 204 - 326 435; r)653 481 -233 694.

3. CkonbKo MNATU3HAYHbIX YMCEN MOXHO 3anucaTb, UCMOoMb3ys
undopbl 1 1 O? Hemy paBHa pa3HOCTb MeXay HanbonbLUMM 1 Hau-
MEHBLLUM 13 3TWX NATU3HAYHbBIX Y1cen?

4. Ha3zosuTe cnocobbl NpoBepKY NPaBUIbHOCTY BbIYUTaAHUA MHOMO-
3Ha4HbIX YMCen 1 gaTe UM 060CHOBaHME.

5. Bbluncnute (ycTHO) 3Ha4YeHWE BblipaXeHUs, UCNONb30BaHHbIE
nprembl 060CHyMTE:

a)2 362 -(839+ 1 362); 6)(1241+576)-841;
B](7929+5027 +4 843)- (2027 + 3 843).

ANFOPUTM YMHOYKEHUS

YMHOXEeHUE OAHO3HAUHBIX YMCEA MOJKHO BBITIOAHUTH, OCHOBBIBASICh
Ha oIpepeAeHu’ 3TOoro AevcTBUsg. Ho 4TOOBI BCSAKMM pa3 He oOpalllaThCs
K OIIPEAEAEHUIO, BCe TPOU3BEACHUS OAHO3HAYHBIX YUCEA 3aITHUCHIBAIOT
B 0COOYIO TaOAMILY, Ha3bIBaEMYI0O mabdauueii yMHOKeHUst OGHO3HAYHbIX
quceA, ¥ 3alIOMUHAIOT.
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EcTecTBeHHO, UTO CMBICA YMHOYKEHUSI COXPAHSIETCS U AAS MHOTO-
3HAYHBIX YHUCEA, HO MEHSeTCSI TeXHUKAa BLIYUCAeHuU. [TpousBepeHe
MHOT'O3HAYHBIX YMCEA, KaK IIPABUAO, HAXOASAT, BBEITIOAHSISI YMHOKEHUE
CTOAOGHKOM IIO OIIPEAEAEHHOMY aATOPUTMY. BHISSCHUM, KakuM oOpa3zoM
BO3HUKAET 3TOT aATOPUTM, KaKHUe TeopeTrudyeckue (PaKkThl AeXKaT B ero
OCHOBe.

YMHO>XKUM, HallpuMep, CTOAOUKOM 428 Ha 263:

428
263
1284

+ 2568
856

112564

X

Bupum, 9TO AAG TOAyYEHMS OTBeTa HaM IIPUIIAOCH YMHOXUTE 428
Ha 3, 6 1 2, T.e. yMHOKUTH MHOTO3HAYHOE YMCAO Ha OAHO3HA4YHOE; HO,
YMHOKUB Ha 6, pe3yAbTaT 3allMCaAM I10-0COO0MY, IIOMECTUB eAUHUIIBI
yrcAa 2 568 mmop pecsaTkamu uncaa 1 284, Tak Kak yMHOKaAU Ha 60 u 11o-
AYUUAU YUCAO 25 680, HO HyAb B KOHIle 3anucu onycTuau. Cararaemoe
856 — 5TO pe3yAbTaT YMHOXXEHMHSI Ha ABe COTHH, T.e. dnucao 85 600.
Kpome Toro, HaM MPUIIAOCE HAUTU CYMMYy MHOTO3HAUHBIX YHCEA.

HTaKk, 9TOOBI BBITOAHSTH YMHOKEHME MHOTO3HAYHOTO YUCAd Ha MHO-
rO3HAYHOE, HEOOXOAMO YMEeTh!

®  YMHOXaTh MHOT'O3HAYHOE YKWCAO Ha OAHO3HAYHOE U Ha CTEeIlleHb Ae-
CcATY,;

B CKAAQABIBATH MHOTO3HAYHEIE YN CAQ.

CHayana pacCMOTPHUM YMHOKeHHe MHOT'O3HaUHOI'O YMCAA Ha OAHO-
3HauHOe. YMHOXUM, Hanpumep, 428 Ha 3. CorracHO NpaBUAY 3alIUCU
YnCeA B AECATUYHOMN CUCTeMe CUMCAeHUd, 428 MOXKHO IIPEACTaBUTH
B BuAe 4 - 102+ 2 - 10 + 8, u Torpa 428 - 3= (4 - 102+ 2 - 10 + 8) - 3.
Ha ocHOBaHUM AMCTPUOYTUBHOCTH YMHOKEHUS OTHOCUTEABHO CAOJKE-
Hust moAyauM: (4 - 3) - 102+ (2 - 3) - 10 + 8 - 3, @ Ha OCHOBAHUM CBOMCTBA
acCcOIMAaTUBHOCTU yMHOKeHust: (4 - 10%) - 3 + (2 - 10) - 3 + 8 - 3. TIpo-
U3BEAEHHUSI B CKOOKaxX MOTYT OBITh HalAEHHI II0 TaOAUIle YMHOXKEHUS
OAHO3HAYHBIX uymceA: 12 - 102 + 6 - 10 + 24. BupuM, 4TO YMHOKEHHE
MHOTO3HAYHOTO YMCAA Ha OAHO3HAYHOE CBEAOCH K YMHOKEHUIO OAHO-
3HAYHBIX uriceA. Ho 9TOOBI MOAYUYUTH OKOHYATEABHBLIN PE3YABTAT, HAAO
npeo6pa3oBarh BeipakeHue 12 - 10?2 + 6 - 10 + 24 — Kod(pDUIUEHTEI
nepep crenedaMu 10 AOAKHBL OBITH MeHbIIe 10. AAS 3TOTO IIpeAcTa-
BuUM uncao 12 B Bupe 1 - 10 + 2, a uncao 24 B Bupe 2 - 10 + 4. 3aTteM
B BeIpaKeHuH (1 - 10 +2) - 102+ 6 - 10 + (2 - 10 + 4) packpoeM CKOOKH:
1-10°+2-10°+6-10+ 2 - 10 + 4. Ha ocHOBaHMU aCCOITMATUBHOCTHU
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CAOKEHUI U AUCTPUOYTUBHOCTU YMHOXXEHUS OTHOCUTEABHO CAOXKe-
HUA crpynnupyeM caaraeMele 6 - 10 u 2 - 10 u BeiHeceM 10 3a CKOOKM:
1-10°+2-10%+ (6 +2) - 10 + 4. Cymma 6 + 2 eCTb CyMMa OAHO3HAYHBIX
YMCeA U MOJKeT OBITh HalaeHa 1o Tabaute caokenus: 1 - 10° + 2 - 102 +
+ 8 - 10 + 4. TToAnyueHHOEe BBIpa’KEHUE €CTh ACCATUYHAs 3allUCh YUCAQ
1284, T.e. 428 - 3 = 1284.

Taxkum oOpazomM, yMHOKeHV e MHOTO3HAYHOT'O YUCAA HA OAHO3HAUHOE
OCHOBAHO:
®  Ha 3aIUCU YHCEeA B AeCITUYHON CHUCTEME CUMCAEHUS;
®  CBOMCTBAaX CAOKEHMS U YMHOKEHU;
®  TaOAWIIAX CAOKEHUS M YMHOKEHHUSI OAHO3HAUYHBIX UYKCEA.

B obmiem Buae aaropumm yMHOXK€HUSI MHOTO3HAYHOIO 4UCAQ
X=0a,0a, .00y HA OGHO3HAYHOE YUCAO y (POPMYAUPYIOT TaK:

1) 3anuckiBarom BmMopoe YucA0 Nog NEpPBBIM;

2) ymHOXQ0Om yu@psl pa3paga equHuy YuCAd X HQ YUCAO Y.

2a) ecau npousBegeHue meHbuwle 10, mo 3anucklBaiom ero B pa3pag
eguHUuly omBemda U nepexogsm K cAegyroweMy pas3psagy (gecsimkos);

206) ecau npousBegeHnue 6oablie uAu paBHO 10, mo npegcmaBAsiiom
ero B Buge: 10q, + ¢y, rge ¢, — OGHO3HAYHOE HUCAO; 3aNUCHIBAIOM Cg
B pa3psAg eguHuy omBema U 3anOMUHAOM q; — NepeHoC B cAegyrowull
paspAag;

3) ymHOXaom yug@pbl paspaga gecsimkoB HA YUCAO Y, NpubaBAsaom
K NOAYUeHHOMY Npou3BegeHUl0 YUCAO (; U NOBMOPSAOM npouyecc, onu-
CAHHBIU B N. 2;

4) npouecc yMHOXXeHUA 3aKQHYUBAEMCs, KOrga OKAXXKemcsi yMHOXKeH-
HoU yugpa cmapwero paspsaga.

Kak n3BecTHO, yMHOKEHHE YHUCAA X HA YUCAO BUAQ 10 cBopUTCH
K IIPUNUCHIBAHUIO K ACCATAYHOU 3allUCU AQHHOI'O 4ncAa k Hyaeu. Ha-
mpuMep, 347 - 10°=(3-102+4-10+7)-10°=3-10°+4-10*+7 - 10° =
=3-10°+4-10*+7-10°+0- 102+ 0 - 10 + 0 = 347 000.

3aMeTuM elre, 9To yMHOKEHUE Ha 9ncAo y - 10X, rae y — opHO3HauHOE
YHCAO, CBOAUTCS K YMHOMKEHUIO Ha OAHO3HAYHOE YHMCAO Y ¥ Ha YMCAO 10K,
Hanpumep, 52 - 300 = 52 - (3 - 10%) = (52 - 3) - 102 = 156 - 10% = 15600.

PaccMoTpuM Tenlepb aATOPUTM YMHO’KEHUS MHOTO3HAUHOI'O YUCAQ
Ha MHOTro3HayHoe. OOpaTHUMCs CHavaAa K IpUMepy, C KOTOPOro Hauu-
HaAU, T.e. K mpousBepeHuio 428 - 263. [IpeacTtaBuM uncao 263 B BuAe
cymmHl 2 - 102 + 6 - 10 + 3 u 3anumeM npousBepeHue 428 - (2 - 10% +
+6-10+ 3). OHO, corrnacHO AUCTPUOYTUBHOCTHA YMHOKEHUS OTHOCUTEAD-
HO CAOKEHUSsI, paBHO 428 - (2 - 10%) + 428 - (6 - 10) + 428 - 3. OTcropa, Ipu-
MEHUB aCCOIMATUBHOE CBOMCTBO YMHOKEHWUS, TIOAyurM: (428 - 2) - 10% +
+ (428 - 6) - 10 + 428 - 3. BupuM, 94TO yMHOXeHHEe MHOTI'O3HAQYHOTO
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yrcAa 428 Ha MHOTO3HAUHOE YHUCAO 263 CBEAOCH K YMHOKEHHIO MHOTO-
3HAYHOTO YMcAd 428 Ha OAHO3HAYHBIE YHMCAA 2, 6 1 3, a TAK)Ke Ha CTe-
nenn 10.

B ob1ieM BuAe aAropumm yMHOXXEHUSl HUCAA X =a,d,_;...Q;dy
Ha 4ucao y =b,b,_;...b by HGOPMyAUPYIOT Tak:

1) 3anuchkiBaom MHOXuUumeAb X U NOg HUM — BMOPOU MHOXU-
meAb y;

2) yMHOXQI0m YUCAO X Ha MAQgWUl pa3pag by 1ucAa y u 3anuchlBarom
npousBegeHnue x - by nog wucAom y;

3) yMHOXalom QucA0 X Ha cAegyrowull paspag b, uucaa y u 3anuchl-
BaeMm npousBegeHue X - by, HO cO cgBUroM HQ OGUH Pa3psig BAEBO, UMO
coomBemcmByem YMHOXeHUO X - b; Ha 10;

4) npogoaKaiom BhINUCAEHUE NPpou3BegeHUll go BhIMUCAEHUA X - by;

5) noayuennnle k + 1 npou3Begenua CKAQghlBAOM.

HM3ygyeHme arToOpUTMa YMHOKEHHMS MHOTO3HAUYHBIX YHMCEA B Ha-
YaAbHOM Kypce MaTeMaTHKH, KaK IIPaBUAO, IIPOXOAUT B COOTBETCTBUU
C BLIAGAEHHBIMU 3TallaMU. Pasanmuus MMeloTcsl TOABKO B 3amucu. Ha-
IIpuMep, IpU OOOCHOBAHUM CAydasi YMHOXKEHUSI MHOI'O3HAUYHOTO YHUCAQ
Ha OAHO3HauHOe nuuryT: 428 - 3 =(400+20+8) - 3=400-3+20 -3 +
+8-3=1200 + 60 + 24 = 1284. OcHOBOM BBIITOAHEHHBIX IIPpeobpa3o-
BaHUM SIBASIIOTCS:

® [IpeACTaBAEHUE IIePBOI'O MHOKUTEAS B BUAE CYMMBI Pa3psIAHBIX CAa-
raeMbIX (T.e. 3alIUCh YUCAA B ACCATUYHOM CHUCTeMe CUNCAEHU);

® [IPAaBUAO YMHOKEHUS CYMMBI Ha UHCAO (MAM AUCTPUOYTHUBHOCTH
YMHOKEHHUS OTHOCUTEABHO CAOKEHUS);

B YMHOXEHUE «KPYTABIX» (T. €. OKAHYMBAIOIINXCA HYA}IMI/I) YUCeA
Ha OAHO3HAYHOE YHCAO, YTO CBOAUTCA K YMHOXXEHHIO OAHO3HAYHBIX
YU CEeA.

BOMPOCHI N SAOAHNA

1. Ha npumepe ymHoxeHust yicna 357 Ha 4 nponnnocTpupymnTe
TEOPETMNYECKMNE OCHOBbLI anropuUTMa YMHOXEHMSA MHOr03Ha4YHOro
yMcna Ha 0pHO3HAa4YHoe.

2. Hanpumepe ymHoxeHusa 452 Ha 186 npounntocTpupynTe Teope-
TUYECKME OCHOBbI anropyTMa YMHOXEHMA MHOr03Ha4HOMo YMcna
Ha MHOro3Ha4Hoe.

3. 06bAcHUTE, NoYemMy CnepyroLLmMe 3a4a4M PeLIaoTcs C MOMOLLbO
YMHOXEHWS YACEN U PELLNTE UX:

a) «B wkony npveesnu 56 nayek KHWM, N0 24 KHAMM B Kaxaom
nayke. CKoMbKO BCEro KHAT MPUBE3M B LLUKOSY?);
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6) «3emnsa npu obpaLleHnn Bokpyr ConHua 3a cyTkK NpoxoguT
npumepHo 2 505 624 km. Kakon nyTe npoxogunt 3emns 3a
365 gHen?y.

4. PelueHune 3afayv 3anvumTe B BUAE YUCMOBOro BbIpaXeHus,
a 3aTeM HaNaMTE ero 3Ha4YeHue:
a) «Ha anesaTop oTBE3NM 472 T 0BCa, pXu Ha 236 T 6onbLue,
YeM 0BCa, a NniueHnLpbl B 4 pasa bonbLue, 4em 0Bca U P> BMECTE.
CKOnbKO TOHH MLUEHNLbI OTBE3MW Ha 3neBaTop?y;
6) «Ctonsap narotoBnseT B AeHb 18 pam, a ero NoMoLLHMK — Ha
4 pambl MeHbLUe. CKobKO paM OHY M3roToBAT 3a 24 OHS, ecinv
KaxabI AeHb 6yayT paboTaTe BMECTE?).

ANFOPUTM [ENEHUS

Koraa peub UAeT 0 TEXHUKE AAEHUS UHMCEA, TO 3TOT IIPOIecC pac-
CMaTPUBAIOT KaK AENCTBUE AGACHUS C OCTATKOM: PA3AEAUTH IleA0e He-
OTPHUIIATEABHOE YHUCAO @ HA HATYPAABHOE YHUCAO b — 3TO 3HAUUT HAUTU
Takue IleAble HeOTpUIlaTeAbHBIE UNCAA q U I, UTO a = bq + I, IpuueM
0<r<hb.

BreIigcHUM CcHadaAa, KakK OCYIIEeCTBASIETCS AeAeHMe Ha OAHO3HAuHOe
uncnro. EcAM Ha OAHO3HAYHOE YHCAO AEASIT OAHO3HAUYHOE UAU ABY3HAu-
HOe (He mpeBbImarolee 81), To UCIOAB3yeTCd TaOAUIIa YMHOKEHUS
OAHO3HAUHBIX ynuceA. HanpuMep, 4acTHBEIM yuceA 54 U 9 OypeT 4mcAo
6, Tak KaK 9 - 6 = 54. EcAu >ke Hap0 pa3peruTsb 51 Ha 9, To HAXOAAT OAU-
>Kallllee K HeMy MeHBbIIlee YHCAO, KOTOPOe AEAUTCS Ha 9 — 3TO YHCAO
45, 1, CAepOBaTEABHO, HEIIOAHBIM YaCTHBIM IIPU AeAeHuU 51 Ha 9 OyaeT
4yurcAo 5. UToObI HAWTHU OCTATOK, HAapAO U3 51 BeruecTh 45 (51 — 45 = 6).
Takum obpa3zoM, 51 =9 - 5 + 6, T.e. npu pereHnu 51 Ha 9 nmoaydaerca
HEIIOAHO€ YaCTHOE 5 U OCTATOK, PaBHBIU 0. 3ancaTh 9TO MOKHO UHAUE,
HUCIIOAB3YSI AeA€HHE YTOAKOM:

51 |g
45 5
6

ByaeM Tenlepb AEAUTH TPEX3HAYHOE YMCAO Ha OAHO3HAYHOe, HAllpH-
Mep, 378 Ha 4. Pazpeants 378 Ha 4 — 3TO 3HQUUT HAUTU TaKoe HEIOA-
HOe YaCTHOE g U OCTATOK I, 4TO 378 = 4q + I, Ipu4YeM OCTaTOK I AOAKEH
YAOBAETBOPATE YCAOBHUIO 0 < 1 < b, @ HEIIOAHOE YaCTHOE ¢ — YCAOBUIO
49 <378 <4(qg+1).

OnpepeAnM, CKOABKO IIMGP OyAeT CopepsKaThCs B 3alIMCU YHCAQ §.
OAHO3HAUYHBIM YUCAO G OBITH HE MOJKET, TaK KaK TOTAQ IIPOU3BEAEHUE
4q Mo>XeT OBITH MAKCUMAaABHO PaBHO 36 ¥, 3HQUUT, He OYAYT BBIIIOA-
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HATHCS YCAOBUS, CPOPMYAUPOBaHHLIE BHIIIE A I' U q. EcAu uncao q
ABY3HauHOe, T.e. ecAn 10 < g < 100, To 40 < 4q < 400 u, chepOBaTEABHO,
40 < 378 < 400, uTo BepHO. 3HAYUT, YACTHOE YUCeA 378 U 4 — UYUCAO
ABY3HAUYHOE.

YroOsI HANTU UPPY ACCATKOB YaCTHOT'O, YMHOKUM IIOCAEAOBATEAD-
HO AeauTeab 4 Ha 20, 30, 40 u T.A. ITockoabKy 4 - 90 = 360, a 4 - 100 =
= 400 u 360 < 378 < 400, TO HEIOAHOE YACTHOE 3aKAIOUEHO MEXXKAY
yucaamu 90 u 100, T.e. g = 90 + g, Ho ToTrAa AOAKHBI BBHITIOAHSITHCS
HepaBeHcTBa: 4 - (90 + qo) <378 <4 - (90 + gy + 1), oTkypa 360 + 4q, <
<378 <360 + 4(qy + 1) 1 4q, < 18 < 4(qy + 1). Hucao q, (nudpy epuHUIL
YaCTHOTI'0), YAOBAETBOPSIOIee IOCAEAHEMY HePaBeHCTBY, MOKHO HaUTH
IIOAOOPOM, BOCIIOAB30BABIINCH TaOAMIIEN YMHOKeHUs. [ToaydaeM, 4TO
qo = 4 U, cAepoBaTeAbHO, HemoAHOe yacTHoe g = 90 + 4 = 94. OcTraTok
HAXOAWTCS BbEIUMTaHUeM: 378 =4 - 94 + 2.

WTaxk, npu pereHnu uyncaa 378 Ha 4 MOAydaeTCs HEIIOAHOE YaCTHOe
94 1 ocraTtok 2: 378 — 4 - 94 + 2.

OnucaHHBIN IPOLECC ABASIETCSI OCHOBOU AEAEHUS YTOAKOM:

3784
36 94
18

16

2

AHAAOTHUYHO BBEIIOAHSIETCSI AA€HMEe MHOTO3HAYHOI'O YMCAA Ha MHOTO-
3HauHoe. PazpeauM, Hanpumep, 4316 Ha 52. BRIIOAHUTEL 3TO AeAe-
HUe — 3HAUYUT HaUTU Takue IeAble HeOTpUIllaTeAbHbIE UMCAA q U I, UTO
4316 =52q + 1, 0 <r < 52, a HEIOAHOE YaCTHOE AOAJKHO YAOBAETBOPSATH
HepaBeHCTBY 52q < 4 316 < 52(q + 1).

OnpepeanM yncao nudp B yacTHOM q. O4eBUAHO, YaCTHOE 3a-
KAoueHO MeskAy uucaamu 10 u 100 (T.e. ¢ — ABY3HAUYHOE YUCAO), TaK
Kak 520 < 4 316 < 5 200. YTob6b! HaWTHU IUPPY AECATKOB YaCTHOTO,
YMHOJKHUM ITOCAEAOBATEABHO AeAuTeAb 52 Ha 20, 30, 40, 50 u T.A. Ilo-
CKOABKY 52 - 80 =4 160, a 52-90=4680 1 4 160 < 4 316 < 4 680, TO He-
IIOAHOE YaCTHOEe 3aKAUeHO Mexkay uncaamu 80 u 90, T.e. g = 80 + q,.
Ho Toraa AOAKHBI BEIIOAHATHECS HepaBeHCTBa: 52 - (80 + qp) <4 316 <
<52-(80+qgy+ 1); 4160 + 52, < 4316 < 4160 + 52 - (qy + 1); 52q, <
<156 < 52(qy + 1).

Yucao q, (1udpy eANHHUI], YaCTHOTO), YAOBAETBOPSIIOIIEe ITIOCAEAHEMY
HepaBeHCTBY, MOJKHO HauTH IopAOOpoM: 156 = 52 - 3, T.e. uMeeM cAyYal,
KoraAa octaTok paBeH 0. CaepOBaTEABHO, TIpU AeaeHuu 4 316 Ha 52 1o-
Ay4YaeTcst 4acTHoe 83.

[MTpuBeaeHHBIE PACCYKAEHHUS AeXKaT B OCHOBE AGAEHUS YTOAKOM:
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431652

416 83
156
156
0

O0o001eHneM Pa3ANYHBIX CAY4a€eB AGAEeHUS IeAOTO HEOTPUIIATEAD-
HOTI'O YMCAQ Q@ HA HAaTyPAABHOE YHUCAO b ABASETCA CAEAYIOIIUN aAropumm
geaenusl yTOAKOM:

1) ecau a = b, mo uwacmnuoe q = 1, ocmamoxk r = 0;

2) ecau a > b u uucAo0 paspagoB B HUCAAX A U b 0GUHAKOBO, MO 4aCmMHOe
q Haxogam nepebopoM, nocaegoBameAbHO yMHOXaa b va 1, 2, 3, 4, 5, 6,
7, 8, 9, max kak a < 10b. 9mom nepebop MOXHO yCKOpUMb, BHINOAHUB
geAeHUe C ocMamKoM yugp cmapuiux paspsgos uucea a u b;

3) ecau a > b u uucao pa3pagos B uucAe a 6oAblie, ueM B uucae b,
MO 3aNUCHIBAIOM geAuMoe d U CPaBa om Hero geaumeAb b, komophlil
omgeAslom om a yrOAKOM U Begym NOUCK YaCMHOro U 0OCmMamka B maxou
NocAegoBamMeAbHOCIU:

®  BBIgEAsiIOM B YUCAE d CMOABKO CMAPUIUX PA3PSgOB, CKOAbKO PA3psi-
goB Buucae b uau, ecau Heo6xogumo, Ha OGUH pa3psig 60AbUle, HO MAK,
4mo6Obl OHU 06PA30BAAU YUCAO d, O0AbWee ualu paBHoe b. [Tepebopom
Haxogsm uacmHoe g, uucea d; u b, nocregoBameAbHO yMHOXAA b HA
1,2, 3,4, 5 6,7 8 9. 3anuckiBarom q,; nog yroAkom (Huxe b);

®  ymHOXaiom b Ha g, U 3anucklBAlom NpousBegeHue NOg YUCAOM d MAK,
umo6rl MAGguul pa3psag uucad bq; 6pA HANUCAH NOG MAAGWUM pA3-
PSIgOM BblgEAeHHOIo HucAd d;

= npoBogam uepmy nog bq, u Haxogam pa3Hocmsb Iy =d; — bqy;

B 3QNUCKIBAIOM PA3HOCMb It NOG YUCAOM bQq;, NPUNUCHIBAOM CNpaBa
K Iy cmapwull paspsag u3 HeuUCNOAb30BAHHBIX PA3PSAGOB eAuMOro a
U CPABHUBAIOM NOAYYE€HHOE YUCAO dy C HUCAOM b;

m ecau d, > paBHO b, MO OMHOCUMEABHO HETO NOCMYNAIOM COTAACHO
n. 1 uau n. 2. YacmHoe q, 3anucklBa0m nocae qy;

m ecau d, < b, mo npunuchiBarom euje CMOALKO CAegYHOUUX PA3PAGOB,
CKOABKO Heob0xogumo, umoObbl NOAydumb nepBoe ducAo di;, 6oibuiee
uAu paBHoe b. B smoM cAyuae 3anuchblBAom NOcAe q; MaKoe JKe YUCAO
HyAel. 3amem omHOCumMeAbHO d; nocmynarom coraacHo nn. 1, 2.
Yacmuoe q, 3anuckiBarom nocae HyAel. Ecau npu ucnoAb30BaHUU
MAQguero pa3psaga YucAd a oKakemcsi, umo ds; < b, mo uacmnoe uucea
d; u b paBHO HyAI0, U 5MOM HYAb 3ANUCLIBAXOM NOCAEGHUM PA3PAGOM
K 4aCMHOMY, @ OCIMAMOK I = d.
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BOMPOCHI N SAOAHNA

1. He BbinonHAsa geneHus, onpegenvte YMCno Lngp YacTHOro
yncen:
a)486wun7;6)7 243 n238;

B)D 7921 27;r)43 126 n 543.

2. Ha npumepe genexus yncna 867 Ha 3 npounmtocTpmpynTe Teo-
PETUYECKNE OCHOBbI anropuTMa AENEHNS TPEX3HAYHOMO YMcna
Ha 0OHO3HAa4Hoe.

3. ObocHyiTe npoLecc AeneHns yronkom a Ha b, ecnu:
alJa=4066,b=38;6)a=4816,b="112.

4. Kak, He Bbl4MCnss, MOXHO YCTAHOBUTb, YTO AENEHNE BbIMOMHEHO
HenpaBWbHO, eCnu:

a)51054:127 =42;6) 405 945:135 =3077

5. He Bblumcnsaa 3HaYEHUI BbIPaXXEHWUI, MOCTaBLTE 3HAKM «>) UK
«<» TaK, 4TOBbI NONYYMNIMCL BEPHbIE HEPABEHCTBA:
a)1834:7..783:9;6)8554:91..7488:72;

B)] 137 532:146 .. 253 242:198;r) 7 248:6 ..
758 547:801.

6. O6bAcHWTE, NoYemMy NpY OeneHn p Ha k B YaCTHOM Mosy4aroTcs
Hynu, ecnu:
a)p=753,k=5;6)p=1560, k=6;8)p=84 800, k=4,
rNp=613,k=3;0)p=4086,k=2;e)p=4012,k=4.

7. He nponsBopas geneHuns, pa3benTe AaHHbIE BbIPaXXEHWs Ha Knac-
Cbl C MOMOLL|bIO OTHOLLUEHUA «MMETb B YaCTHOM OJHO U TO Xe
KONMW4YecTBO Lndpy:

a)20 700:300;6) 5 460:60;8) 30 720:40;
r) 20 300:700; o) 14 640:80; e) 1 500 : 300.

8. Hamgute 3Ha4eHve BblpaxeHus:
a)8919:9+114240:21;
6)1190-35360:34+271;

B)8631 -(99 +44 352 :63);

r)48 600 - (5045 -2040):243 - (86 043 :43 +504) - 200;

n)4880-(546+534):122-6390-(8004 -6 924)-213.
Mmasa 14

O PACLLULMPEHNN MHO>XECTBA
HATYPAJIbHbLIX YNCEN

BOABIIMHCTBO MPUMEHEHUN MAaTeMaTHKHU CBSI3aHO C U3MepeHueM
BeanunH. OAHAKO AAST 3TUX IleAel HaTypaAbHBIX YHMCEA HEAOCTATOYHO:!
He BCEerAa eAMHUIIa BEAUYWHBI YKAAABIBAETCS [IeAOe UMCAO Pa3 B U3-
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MepsgeMo¥ BeAuunHe. YHToOK B TaKOU
CUTYyaAlluH TOYHO BBEIPA3UTh PE3YABTAT U3-
MepeHUus1, HeOOXOAUMO PACHIUPUTh 3amac
4YMCEA 3a CYET BBEACHUS YUCEA, OTAUYHBIX
OT HaTypaAbHBIX. Ellle B TAyOOKOU Ap€eB-
HOCTU IIPU U3MEPEeHUU AAUH, IIAOUIAALH,
MacC U APYTUX BEeAWUYMH HaYaAU HUCIIOAb-
30BaTh APOGHBIE UMCAA — MOAYYHMAM Khacc  Puc. 14.1
PAUUOHAABHBIX YUCEA, @ B V B AO H. 3.
MaTeMaTuKaMu MIKOABI [Tudgaropa 6bIA0
YCTA@HOBAEHO, UTO CYIIECTBYIOT OTPe3KH, AAUHY KOTOPBIX IIPU BHI-
OpaHHOY eAUHNIe AAUHBI HeAb3sI BhIPa3UTh palliOHAABHBEIM YHCAOM.
[To3pHee, B CBA3U C pellleHUeM 3TOM IPOoOAeMbl, HOSIBUAUCE QUCAd
UppauyuoHaAbHble. PallmoHaAbHBIE M UpPpAIlMOHaAbHBIE YMCAA Ha3BaAU
geticmBumeAbHbiMU. CTpOroe onpejpeAeHue AeUCTBUTEABHOTO YMCAQ
1 0OOCHOBAHME €ro CBOUCTB OBIAO AQHO B XIX B. B3auMOCBSA3U MeXAY
MHO>KeCTBaMH HaTyPaAbHBIX, PAIIMOHAABHBIX U AeVCTBUTEABHBIX YHCEA
IIPEeACTaBAEHEI Ha puc. 14.1.

AeNCTBUTEABHBIE YHCAA — He IIOCAEAHUE B PAAY PA3AUYHBIX YHCEA.
INponecc, HaUaBUINICA C paCIINPEeHNUS MHOKECTBA HAaTYPAABHBIX UHCEA,
IIPOAOATKAETCS U B HACTOsAIIlee BpeMs — 3TOTO TpeOyeT pa3BUTHE pas-
AWYHBIX HAYK M CAMOU MATEMATHUKU.

3HAKOMCTBO y4YalllUXCs C APOOHBIMU YHMCAAMU IIPOUCXOAUT, KakK
IIPaBUAO, B HAYAABHBIX KAACCAX. 3aTeM MOHSITHE APOOU yTOUHSIEeTCS
U paclIupseTcs B CpepHeN MIKOAe. B CBS3M € 3TUM YUUTEAIO HeOOXOAU-
MO BAAAETH MOHATHEM APOOU U PAIlMOHAABHOTO YHCAQ, 3HATh ITpaBUAA
BBIIIOAHEHUS ACMCTBUN HaA PallMOHAABHBIMUM YMCAAMU, CBOMCTBA 3TUX
AEUCTBUU. Bce 3TO HY’)KHO He TOABKO AASL TOTO, YTOOBI MaTEMATUYECKUA
IrPaMOTHO BBECTU IIOHATUE APOOH M O0Oy4YaTh MAQAIINX IITKOALBHUKOB
BBEIIIOAHATH C HUMU AEMCTBUS, HO M, YTO He MeHee Ba’XHO, BUAETH
B3aMMOCBSA3M MHOJXXECTBa palMOHAAbHBIX YMCEA C MHOJKEeCTBOM Ha-
TYPaAbHBIX yrceA. be3d UX MOHMMaHUA HeAb3s PelIUTh IpobAeMy IIpe-
€MCTBEHHOCTH B OOy4eHUM MaTeMaTUKe B HAUAABHBIX U ITOCAEAYIOIINX
KAQCCaX IIKOABI.

(S TMOHATUE APOBA

[TycTe TpebyeTcss U3MEPUTh AAUHY OTpe3Ka X C IIOMOIILI0 eAMHNY-
HOTrO oTpe3kKa e (puc. 14.2). [lpu u3aMepeHnn 0Ka3aAoCh, YTO OTPE30K
X COCTOUT U3 TPeX OTPE3KOB, PABHHIX €, ¥ OTPe3Ka, KOTOPBIM KOpode
oTpe3kKa e. B 3ToM cayuae pAMHA OTpe3Ka X He MOJKeT OBITh BEIpakeHa
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Puc. 14.2

HaTypaAbHBEIM uncAOM. OAHAKO, €CAM OTPe30K e pa30uTh Ha 4 paBHEBIE
YaCTH, TO OTPE30K X OKAXKETCHA COCTOAIIUM U3 14 OTpe3KOB, PaBHBIX
YeTBEPTOU YacTH OTpe3Ka e. M Toraa, roBopsa 0 AAMHE OTpe3Ka X, MBI
AOAKHBI YKa3aTh ABa 4hcAa: 4 U 14 (4eTBepTas 4acThb OTPE3Ka e YKAa-
ABIBAEeTCA B OTpe3Ke TOUHO 14 pa3s). [To3TOMy yCAOBUAMCH AAUHY OT-

14
pe3Ka X 3allUCBIBATh B BUAE IE , TAe E — AAVIHA €AMHUYHOTO OTpe3-

14
Ka e, a CUMBOA e Ha3BIBATh APOOBIO.

B o0O1eM Buae OHATHE APOOM MOJKHO OIIPEAEAUTH TaK.

ITycTb A@HBI OTPE30OK X U €eAMHUYHBIN OTPE30K e, AAMHA KoTtoporo E.
EcAm OTpe30oK X COCTOUT M3 M OTPE3KOB, PaBHBIX N-M 4aCTU OTpe3Ka

m
e, TO AMUHA OTpe3Ka X MOJKeT OBITh IIpeACTaBAeHa B Bupe — - E | Tae
n

m
CHMBOA — Ha3BIBAIOT gPO0bIO (1 UUTAIOT «3M DHHBIXY).
n

m
B zamnucn ApO6I/I — UYHCAd M U NN — HATyYpPAAbHBIE€ YUCAQ, Il HA3BI-
n

BAlOT YWUCAUIMEAEM, N — 3HAMEHAIMEAEM ApO6I/I.
m o
ApOGb — HA3BIBAIOT NPABUABHOU, €CAU €€ YNCAUTEADb MEHbIIE 3Ha-
n

MeHaTeAs], U HeNPABUABHOU, €CAU €€ YHUCAUTEADL OOABIIIEe 3HAMEHATeAs
HUAM PaBEH eMy.

BepreMcsa K pucyHKy 14.2, Ha KOTOPOM IIOKa3aHO, YTO YeTBepTas
YacTb OTPe3Ka € YAOJKUAACh B OTpe3Ke X TouHO 14 pa3. O4eBHAHO, 3TO
He eAMHCTBEHHBIM BapUaHT BEIOOpA TAaKOM 4aCTH OTpe3Ka e, KOTopas
YKAQABIBAETCSA B OTPE3KE X IIeA0€e YHUCAO Pa3. MOJKHO B3SITh BOCBMYIO
YaCcTb OTPE3Ka e, TOTAQ OTPE30K X OyAeT COCTOSITh U3 28 TAaKMX dacTen

28
U €TO AAMHA OYAET BBEIPAKaThCA APOOBIO re MO>XHO B34Tb IIIECTHAA-
IATyIO Y4aCTh OTPE3Ka e, TOTAQ OTPE30K X OyAET COCTOSATH M3 50 TaKux

. 56
4acTel U ero AAMHA OYAEeT BBIPa’kaThCd APOOBIO 16
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Boo06111e, AAMHA OAHOTO ¥ TOTO Ke OTpPe3Ka X ITPU 3aAaHHOM eAMHIY-
HOM OTpe3Ke € MOYKeT BBIPakaThCs PAa3AUYHBIMU APOOSIMH, IPUUYEM

m
€CAU AAMHA BhIpa’keHa ApOOBbI0 — , TO OHa MOJKeT OLITh BhIpa’keHa
n

. mk
U A1000M APOOBIO BUAA —k, rae k — HaTypaabHOE YHCAO.
n

m
ABe ApoOu — u P HA3bIBAIOT PABHbIMU, €CAU M = IP.
n

q

m
Ecau ApoOu paBHBI, TO IUITYT — =
n

QT

W3 ompepereHUs paBHBIX Apobeli BhITeKaeT OCHOBHOE CBOUCIBO
gpobu:

ecAu YucAumeAb U 3HAMeHameAb gpoou YMHOXUMb UAU pPA3geAumsb
HQ OGHO U MO JXe HAmypaAbHOE YUCAO, MO NoAynumcs gpobb, paBHAA
gaHHOU.

Ha aTOoM CcBOMCTBe OCHOBAHBI COKpallleHue ApOOeU U MpUBEACHUE
Apobeil K 00111eMy 3HaMeHaTeAIO.

Cokpawjenue gpobeli — 3TO 3aMeHa AQHHOM ApOOU APYTOM, paBHOM
AAQHHOM, HO C MEHBIIIUM YUCAUTEAEM U 3HaMeHaTeAeM.

Ecau yucaumeab u 3HaMeHameAb gpoobu OGHOBPEMEHHO geAsAmcs
MOABKO HQ eguruuy, mo gpobb Ha3blBaOm Hecokpamumoti. Hanpumep,

5
— — HeCOKpaTumasa ApOGI:, TaK KakK ee YMCAUTEAb U 3HAMEHATEADb

AENATCSA OAHOBPEMEHHO TOABKO Ha epAUHUITY.
HpUBegeHue gpoﬁeﬁ K oﬁmemy 3HAMeHameArO — 3TO 3aMeHd AAHHBIX
,A,p06e151 PaBHLBIMY UM ApOGHMI/I, HMMEeIIINMHU OAMMHAKOBEIE 3BHAMEHATEAN.

., m p
OO01muM 3HaMeHaTeAeM ABYX ApoOell — 1 — gBAdeTCs o0lilee KpaTHOe
n

q

YKCEeA N U ¢, @ HAMMEHBUIUM OOIIUM 3HaMeHaTeAeM — WX HauMeHblIee
KpaTHoe.

BOMPOCHLI N SAOAHNA

1. 13BecTHO, 4TO AnvHa 0Tpeska X Npy eAVHNYHOM OTPE3KE € Bbl-

paxaeTcs Apobbto % . Kak morna nonyuntbcs Takas opobe npu

N3MepeHUN OnvHbl oTpeska x? CyLIecTBYHOT N apyrue opobu,
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BblpaXkaroLume OnnHy 0TpPesKa X Npy TOM XXe edVHUYHOM OTpe3-
Ke e?

2. Bbibepute eguHMLY OnNMHbLI 1 NOCTPOMTE OTPE30K, A/IMHA KOTOPOro
BblpaXkaeTcs ApobbHo:

al E; 6) ﬂ; B)ﬂ.
4 3 7
3. Kak yctaHoBuUTb, paBHbIJ'IM Lpobu:
]ﬂ 23, 6] 7 72 o
27° 108

(831 9 3 5 12
4. HawmHoxecTse gpoben {—,—,—,—,——,— 38[4aH0 OTHOLLEe-
4’512 1525 6

Hue paBeHcTBa. [locTponTe rpad 3Toro oTHoweHWsA. KakoBbl
ocobeHHocTw aToro rpada? C 4yem oHW CBA3aHbI?

MONOXXWUTENbHBIE PALIMOHATLHBIE YNCTA

OTHoI1IeHUe PaBEHCTBA ABAsIETCSI OTHOIIIEHMEM 3KBHUBAANCHTHOCTHU
Ha MHO>XeCTBe Ap06e151, IIO3TOMY OHO IIOPOXXAAQET Ha HEM KAACChI 9KBU-
BaAeHTHOCTU. B KAa’>XAOM TAaKOM KAACCe COAePIKATCA PaBHBIE MEXAY

1234
coboti Apobu. HampuMep, MHOKReCTBO Apobeit {— 27678 — 3TO OAUH
. 123 4 .
KAACC, MHOXKECTBO ApobGen 3692 3TO APYTOM KAACC M T. A.

Apo6u 0AHOTO KAaccCa BEIPa’KaloT BEAUUYWHY OAHOTO U TOTO JKe 00b-
exTa. Ho oHa AOAKHA TPEACTaBASITECS EAMHCTBEHHEBIM YHCAOM. [ToaToMy
CUYWTAIOT, YTO PaBHBIE ADOOU — BTO PA3AUYHBIE 3AMIUCH OAHOTO U TOTO
>Ke ITOAOKUTEABHOTO PAIfMOHAABHOTO YHCAA.

IHoaroKumeAbHBIM PAUUOHAABHBIM YUCAOM HA3BIBAIOT KAACC PaB-
HBIX ApOOel, a KakAasa ApoOBb, IIPUHAAAEIKAIIAA 3TOMY KAACCY, €CTh
3aINUChH (IPEACTaBAEHUE) 3TOTO YHCAQ.

9
Hanpumep, o pApobu 0 MBI AOAJKHBI TOBOPUTH, YTO OHA SIBASIETCS

3allMChI0 HEKOTOPOI'0 PAaITMOHAABHOT'O YHMCAAQ. OAH&KO YacCTO AAA KpaT-

9
KOCTH T'OBOPSIT: E — 9TO PallMOHAABHOE YUCAO.
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MHOeCTBO BCeX ITOAOKUTEABHBIX PallMOHAABHBIX YUCEA IIPUHATO
0003HauaTh CUMBOAOM Q,.

BEIICHMM, KaK OIIPEAEASTIOT apudMeTHUYeCKUe AeHUCTBUS C IIOAOKH-
TEABHBIMU PAIIMOHAABHBIMHW YHMCAAMMU.

EcAmM MOAOKUTEABHOE PAITMOHAABHOE YHUCAO @ TTPEACTABAEHO APOGBIO

m
— , @ MOAOKUTEABHOE palluOHAABHOE YUCAO b — APOOBIO P , TO UX
n n

CyMMOIl Ha3bIBAIOT YUCAO A + b, KOTOpPOe IIPEACTABASIETCS APOOBIO
m+p

n
Takum 0Opa3oM, IO OIIPEAEAEHUIO,

m.p_mtp M
n n n

B olpepeAneHUN CYMMBI PADUOHAABHBIX YHMCEA MCIIOAB30OBAHO UX
MIpeACTaBAEHUE B BUAE ApoOel C OAMHAKOBBIMY 3HAMEHATEASIMU.

Ecam uncha a u b mpepCTaBAEHBI APOOSIMU C pa3HbIMM 3HaMeHaTe-
ASIMU, TO CHa4YaAd HAAO IIPUBECTH X K OAHOMY 3HAMEHATEAIO, a 3aTeM
IIPUMEHATH IIpaBuAO (1).

CAoXeHUe NOAOKUMEAbHBIX DAUUOHAABHbIX YUCEA KOMMYMAMUBHO
U accoyuamuBHO.

m
Ecan moaoRuUTEABHOE YHCAO d opeACTaBAEHO ApO6BIO —, d IIOAO-
n

KUTEABHOE PAIlMOHAABHOE UYHCAO b — ApPOOBIO B, TO UX Nnpous-
q

BegeHueM Ha3bIBAIOT YUCAO ab, KOTOPOe MPEACTaBASIETCS APOOBIO
m-p
n-q

TakuM 06pa3oM, IO ONIPEAEACHUTO,

m m
mp_mp (2)
n g nq
YMHOXeHUe NoAOKUMEeAbHbIX PAUUOHAABHbIX YUCEA KOMMYMAMUBHO,
accoyuamuBHO U guCmMpuOyMUBHO OMHOCUMEABHO CAOXKEHUS.

OnpeAeAeHHe CAOXKEeHUd TTIOANOKUTEABHBIX PAITMOHAABHBIX YNCEA AQEeT
BO3MO>XHOCTbh HAXOAUTH OTHOIIIEHNWE «MEHBIIEe» Ha MHO>XeCTBEe Q+.
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HYCTI: a 1 b — TOAORUTEABHBIE palimOHAABHBIE YHMCAQ. CunTaror,
YTO YUCAO b MEHbUWIE UNCAQ d, €CAU CyIleCTBYeT TaKOe ITIOAOJKUTEADB-
HO€ PAITMOHAABHOE YHCAO C, 4TO a = b+ c.

B aTOM >Xe cAydae CUMTAIOT, UTO YHUCAO a OOAblle yucAa b. [TumryT
b<a(a>Dhb).

OTHollIeHNe «MeHBbIIIe» 00AaAAEeT PSIAOM CBOUCMB, KOTOPBIE IIPUBO-
AUM 0e3 AOKa3aTeAbCTBA:

1) oTHOImMEeHUe «MeHBbIIe» Ha MHOXeCcTBe Q, aHTUCHUMMETPUYHO
U TPAH3UTHUBHO, T.€. SIBASETCS OTHOIIEHHEM IOPsAKAE, @ MHOXKe-
cTBO Q, — YNopsAgoueHHbIM MHOXECMBOM,;

m
2) ecAm pallMOHAAbHBIE UHCAA @ U b IPeACTaBAEHBI APOOSIMU —
n

n P (T.e. ApOOSMU, UMEIOIINMU OANMHAKOBBIE 3HaMeHAaTeAH), TO a < b
n

B TOM M TOABKO TOM CAydYae, KOTAd m < p;

3) B MHOJKECTBE IOAOKUTEABHBIX PAIlMOHAABHBIX YHCEA HET Hau-
MEHBIIIETO YUCAQ;

4) MeXXAy AIOOBIMU ABYMS Pa3AWYHBIMHU uMcAaMu a U b u3 Q. 3a-
KAIOYeHO OeCKOHEYHO MHOI'O YHCEA 3TOTO JKe MHOKEeCTBA (3TO CBOMCTBO
HAa3BbIBAIOT CBOUCMBOM naomHocmu MHOoXecmBa Q,);

5) B MHOKeCTBe IOAOKUTEABHBIX PAIlMOHAABHBIX YHUCEA HET Hau-
OOABIIIETO YKCAQ.

BrrunTaHue MOAOKUTEABHBIX PAIJMOHAABHBIX YHMCEA OIPEAEASIeTCs
KakK ollepanusi, 0OpaTHast CAOJKEHHUIO, T. €. 3TO TaKas Ollepalnus, KOTopast
YAOBAETBOPSET YCAOBHIO: @ — b = ¢ morga u moAbKo morga, Korga
a=b+c

Pasrocmb a — b noAoKUMEAbHbIX PAUUOHAABHBLX YUCEA Cyw,ecmByem
morga u moAbKo morga, korga b < a. Ecau pa3znocms a — b cywiecmsyem,
mo OHAa eguHCIMBEHHA.

Hcnoab3yst onpepereHre U yCAOBHE CYILeCTBOBAHUS PA3HOCTH,
MOJKHO IIOAYYUTB IPABUAO BEIYUTAHUS TOAOKUTEABHBIX PAITTOHAABHBIX

m
qucen, IIpepACTaBACHHBIX ApO65[MI/I — u B , TaAe m < p.
n n

m m-—
m_p_m-p 3)

n n n
AereHre TOAOKUTEABHBIX PAIMOHAABHEBIX YHCEA OIIPEAEASIETCST KaK
omepanus, oopaTHasi YMHOMKEHUIO, T.€. 3TO TakKas olepalus, KoTopas

YAOBAETBOPSET YCAOBHUIO: d : b = ¢ morga u moAbKo morga, Korga
a = bc.
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M3 aToro OIIpeAeNeHUA U ITPAaBUAQ HAXOXACHUA ITPOU3BEACHU T10-
AOKUTEABHBIX PATMOHAABHBIX Y CEA MOXXHO IIOAYUYUTH ITPABUAO AEACHU S

m
IIOAOXKUTEABHBIX PAIIMOHAABHBIX YHCEA, IIPEACTABACHHBIX ApO6F{MI/I —
n

I/IBZ

q

==L 4
np

SRS
SIS

W3 aToro IIpaBUAA CACAYET, UTO UACIHO€ NOAOXKUIMEAbHbIX pAyuo-
HOABHBIX HUCEA BCerga cyujecmasyemn.

BOMPOCHI N SAOAHNA

12
1. PaumoHaneHoe 41cno npegcrasneHo opobbio 26" MoyxeT nv oHo

84 42
6bITb NPeACcTaBneHo Apobblo ——; Apobbro — ?
182 78
2. BblumcnuTe 3HayYeHWsA cnepyloLmMX BbIpaXeHW, 3anmcaB nx
B BM[E HECOKPaTUMbIX Apoben (BbINONHEHHbIE Npeobpa3oBaHma

obocHywTe):
17 2 3 7 2 1 31 (3 39
al =+—+=; 6) —=+—+—; B) —+| —=+—1|.
7 21 7 10 15 30 80 (16 80
3. CpaBHuTe vucna:
7 11 8 8 9 7 13 17
al—mM—; 6= —: B — N —: ) — n —.
15 15 9 M 40 30 24 36

4. Haipute 3Ha4YEHVA CNEQYHOLLNX BbIPaXEHWNI:

73 (11 1), 26 19 7, 3(9 38
al —- ;B Y/—— — B) = .
15 3 11 21 38 5

10 59

+_
15 5



Paspen V

FTEEOMETPNYECKWE ®UT'YPLI
N BEJINYNHbI

Ipu u3yuyeHUN HAYAABHOT'O Kypca MaTEMATHKU Y IITKOABHUKOB AOASKHBI
OBITH C(HOPMUPOBAHEL IPEACTABACHUS O IIPOCTEUIINX FeOMEeTPUIeCKUX
dopmax, TpruoOpeTeHbl HauaAbHbIe HaBBIKY N300paskeHNUsI TeoMeTpruye-
CKUX (PUTYD ¥ YMEHUS U3MePSITh AAUHEL U ITAoiaau. Ho uro6e! opranu-
30BaTh YCIIEIIHYIO AeITEABHOCTD AeTel II0 OBAAACHHUIO FeOMeTPHUYeCKUM
MaTepuaAOM, YUUTEAIO HYKHBI COOTBETCTBYIOIIVE 3HAHUS U yMeHUS:
OH AOAKEH 3HaTh UCTOPHIO BO3HMKHOBEHUS U PA3BUTHUS FeOMETPUH,
OCHOBHEIE CBOMCTBA TeOMETPUIECKUX (DUTYD, U3yIaeMbIX B HAUaAbHOM
Kypce MaTeMaTHKH, YMEThb UX IIOCTPOUTE.

naesa 15
OCHOBHbIE TEOMETPVNYECKWVE ®OPMbI

(s U3 NCTOPUN BOSHNKHOBEHNA N PASBUTUA
FEOMETPUN

leomeTpus 3apoaurach B ApeBHeM Erunre kak Habop ITpaBUA peliie-
HU4 IPAKTUYECKUX 3aAa4, BOSHUKABIINUX B CTPOUTEABCTBE, IIPHU paclpe-
AEAEHHUH 3eMEeABHBIX YIaCTKOB, M3MEPEHNN IAOIAAEH, 060 HEMOB H T. A,
CBHUAETEABCTBOM 3TOMY CAY>KAT €TUIIeTCKUE THPaMHUABI, IIOCTPOEHHEIE
okoA0 4 800 AeT Ha3ap C BEIIOAHEHUEM CAOKHBIX ¥ TOUHBIX T€OMeTPH-
YeCcKUX pacyeToB. Ho 0co6eHHO Ba)KHOY ObIAa 3aAada paclpereAreHUs
3eMeABHBIX HAAEAOB. OTUM 3aHUMAAUCEH CIIeIIaAbHBIE AIOAU — 3eMAe-
Mepbl, KOTOPBIX I'PEKM Ha3bIBAAU TapIlIeAOHANITaMH, T. €. HATATUBATEASIMU
BEPEeBOK, TaK KaK IPU paCIpeAeAeHUN 36 MAU UCTIOAB30BAaAUCH BEPEBKU.
Ho 4TOoO5BI 3HATH, 'A€ ¥ KaK UX HATATUBATh, HAAO OBIAO UMETh IIAAH I10-
Aelt. Tak IpakTHUuecKasl 3apada paclpepeAeHUsT 3eMeAbHBIX YUaCTKOB
IIpUBeAd K BO3HUKHOBEHUNIO HAyKU TeOMEeTPUMN.
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OOmupHBIE CBEAEHUS O CBOMCTBaxX (PUI'Yp, HAKOIIA€HHBIE erull-
TAHaMM, OBIAM 3aMMCTBOBAHBI rpekaMu. [Ipousouiro sto B VII—V
BB. AO H.3. A TaK KaK 0COOEHHO Ba>KHOU 3ajpauel OBIAO 3eMAeMepue,
TO I'PEKM HAa3BaAU HAyKy O PUT'ypax reOMeTpUeN (OT Iped. reoCc — 3eMAS
U Mempuo — U3Mepsio).

MHorue reomMeTpruueckre IOHITUS BOZHUKAU B pe3yAbTaTe MHOTO-
KpaTHBIX HAOAIOAEHUM pearbHBIX IIPEAMETOB TOM AU MHOU (POPMHBI,
T.e. B IIpollecce MO3HAHUSA OKPYKAIOUIero MUpa AIOAU 3HAKOMUANCH
U C IPOCTEUIINMU TreoMeTpudeckuMu popmaMu. OBAAAEHUIO ITUM
3HAHHUEM CIIOCOOCTBOBAAU CAEAYIOIIHNE (PAKTOPHI: IIPOU3BOACTBO OPY-
AU TPYAQ, UMEIOIINX CPaBHUTEABHO IIPABHUABHYIO reOMeTPUYeCKYIo
dopMy, CTPOUTEABCTBO JKUABS, IIIUTHE OAEKABI, U3TOTOBAEHHE IIOCYAHI,
YKpallleHUH.

OrpoMHOe BAUSIHUE Ha pa3BUTHE TeOMEeTPHUUECKUX IIPEACTaBACHUU
OKa3aAM CUCTeMaTH4eCKHe aCTPOHOMUYECKIEe HaOAIOAEHHS, UYTO IIPUBEAO
K BO3HUKHOBEHHUIO IIOHATHUH IIapa, OKPY’KHOCTH, YIAQ, YTAOBOU MEPHL.

PazButne 3eMaeMepust, 0000IIeHre HAKOIIAEHHOTO OITBITa HaOAIOAE-
HUY IIPUBEAO K CO3AQHUIO TPAKTUUECKUX IIPABUA U3MePEeHUS 36 MeAbHBIX
YYaCTKOB, HaXOKAEHUS IAOIIaAel 1 00beMOB IPOCTEeNIIUX QUryp,
CTPOUTEABHBIX HOPM U Ap. Tak, OPMYABI AAS BEIUUCAEHUS IIAOLIAAEH
3eMeABHBIX YYaCTKOB, UMeIINUX (POPMY TPEyTrOABHUKA, TPAleluy,
BCTPEYAIOTCS Y APEBHUX eTUNTAH, BaBUAOHSAH. K XVII—XVI BB. A0 H. 3.
OBIAU YCTAHOBAEHHI TaKUe (PAKTHL, KaK TeopeMa I Iudaropa, BEIpaskeHUe
A TIOACUeTa oObeMa IIapa U MHoTHe Apyrue. Ho BBICTyTIaAn OHU He Kak
AOTHYECKU AOKa3aHHbIE YTBEPKAEHMS, a KaK BEIBOABI U3 OILITA.

TakuM 00pa3oM, reoMeTpHs BO3HMKAA KaK IPUKAAAHASA HayKa, Kak
coOpaHue IPaBUA, HEOOXOAUMEIX AAS PelIeHUS MPAaKTUYeCKUX 3aAay,
TAKUX KaK CpaBHeHUe (PUTYDP, HAXOKAEHUE FeOMeTPUYEeCKUX BEAUYNH,
a TAK’Ke AAS IIPOCTEUIINX TeOMETPUUYECKUX ITIOCTPOESHUM.

[MpakTHyecKue IIpaBUAA IIOCTEIIEHHO IPUBOAUANCE B CUCTeMy. Kpome
TOTO, OAHM IIPaBUAA CTAaAW BBEIBOAUTBLCI M3 APYTUX U OOOCHOBBIBATHCS
IIOCPEACTBOM PACCy>KAeHUN. BOBHMKAO AOKa3aTeAbCTBO, IPAaBUAA CTAAU
IIpeBpAlIaThCA B TEOPEMBI, KOTOPEIE AOKA3bIBAAMCE O3 IIPSIMBIX CCBIAOK
Ha OIBIT. BOOOIIle, COBEPIIEHCTBOBaHNE reOMETPUUECKUX 3HAHUH IIIAO
TI0 IIyTH UX OTAEAEHUS OT OIIbITa — B Pe3yAbTaTe IIPeAMETOM reOMeTpHUU
CTaAU He peaAbHBIE, a HAeaAbHBIEe (DUTYPHI, T. €. (PUTYPHL, ABASIONINECT
obpa3aMu IpeAMEeTOB, B KOTOPBIX abCTparupyroTcsa OT BCero, KpoMe
dopmMmel. boaee TOro, 3TH PUTYPHL CTAAM AOIIOAHATHCS CBOMCTBAMHU,
KOTOPBIMU PeaAbHEIE IPEAMETHl He oOAaparoT. Hanpumep, nougaTue
MIPsMOY, BO3HUKIIIEE KaK OTPa’KeHME TAKOI'O CBOMCTBA PEeAaAbHBIX IIPEA-
METOB, KaK MPOTSIKeHHOCTb, OBIAO AOIIOAHEHO IIPEACTAaBAEHUEM O ee
OEeCKOHEUHOCTH.
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[ToAayueHMe HOBBIX reOMeTPUUECKUX YTBEPKAEHUU C ITOMOIILIO
paccy>KAeHuU OTHOCUTCS K VI B. A0 H. 3. U CBA3aHO C MIMeHeM ApeBHe-
rpedeckoro MaTeMaTuka Qasreca. CIUTAIOT, YTO UM AOKa3aHBI CBOKCTBA
PaBHOOEAPEHHOI'O TPEYTOABHIUKA, PABEHCTBO BEPTUKAABHBIX YTAOB U PSIA,
APYTHUX (DAKTOB.

K 1III B. AO H. 5. reOMeTpPHUSL CTAHOBUTCS ACAYKTUBHOU HAYKOU, OAHO-
BpeMeHHO pelllasg MHOTHe IIpaKTU4YeCKUe 3apauu: AaeT TOYHO 000-
CHOBAHHBIE IIPABUAA AAS TIOCTPOEHUSA (PUTYP C 3aAaHHBIMU CBOMCTBA-
MU, IIO3BOASIET PA3AMUYHBEIMU CIIOCOOAMU CPaBHUBATE (QUTYPHI, IO OA-
HUM CBOMCTBAM (DUTYPHI A€AATh BEIBOABL O APYTHX e€e CBOMCTBAX
U T.A.

OCHOBHBIE AOCTV>XEeHUS B 00AACTH MaTeMaTUKU ObIAU CUCTEMaTU3U-
poBaHbI OKOAO 300 AeT A0 H. 3. 'pedeCcKUM yueHBIM EBKAUAOM U M3A0-
>KeHBI B ero 3HaMeHUTOM TpyAe «Hauana», coctosmiem u3 13 KHUr. 310
COUMHEHUE SIBASIETCS IEPBBIM AOIIEAIIIUM AO HAaC CTPOTUM AOTUYECKUM
nocrpoenneM reomerpun. «Hauara» EBKAMAQ OCTaBUAY TAYOOKHI CAEA,
B UCTOPUU U B TeUeHUEe MHOTHUX BEKOB CAY’KUAW 00pas3loM Hay4dHOT'O
U3AOKEHUS MaTeMaTUKU.

IMTocae III B. A0 H. 3. reOMeTpHUsT pa3BUBaAaCh MEAAEHHO — Tpebo-
BAAWCh HOBBIE UAEU U METOABI, HEOOXOAUMO OBIAO pPa3BUTHUE MOHATUS
4ncAa U aAreOphl. [TepBhie 11aru B 3TOM HAIlIPAaBAECHUU OBIAU CAEAQHBI
B ApeBHel I'penun, a 3ateM B UHAUM, TAe ObIA@ OTKPBITA AECATUYHASA
CHCTeMa CUUCAeHUs. B reoMeTpuy HOBBIE UAEU U METOALI IIOSIBUAMCH
B XVII B. [ IpuHapreskarrd OHU PPaHITy3CKOMY PUAOCODY U MaTEMATUKY
Pene Aekapty. B cBoeM counHeHnu «leoMeTpusi» OH BIIEPBBIE OIIMCAA
MeTOA KOOPAMHAT Ha IPSIMOM U Ha MAOCKOCTH, YCTAHOBUB TEM CaMbIM
B3aUMOCBSI3b T€OMEeTPUHU C aATeOpOI.

Ba>kHBIM HallpaBA€HUEM B Pa3BUTUU I'eOMETPUU OBbIA IIOUCK AOTU-
YyecKM 0e3yIpeyHOro IIOCTPOEHUS IreoMeTpUr. DTHU IIOUCKU IPUBEAU
He TOABKO K OTKPBITUIO HOBBIX CBOMCTB reOMeTPUUYeCKUX (pUTyp, HO U
OTKPBITHIO TeOMETPUY, OTAMYHOM OT reOMEeTPUH, OIIUCAHHOM EBKATIAOM.
[TepBBIM, KTO IOCTPOUA HOBYIO reoMeTputo, ObIA H. M. AobGaueBCcKuU,
npodeccop KazaHCKOro YHUBEPCUTETA.

B konne XIX B. HeMenkuil mateMaTuk A, [MABOEepT TOABEA UTOT UC-
CAEAOBaHUSM B 00AACTU AOTHUUECKHU CTPOTOTO ITIOCTPOEHNST EBKAMAOBOH
TeoOMeTpuH.

B eBKAWAOBOM reOMeTpUU U3Y4alrOT CBOMCTBA PUI'YP, CBSI3aHHELE
C MOHATUIMU AUHBI, BEAUYUHEI YTAQ, IAOLIAAN U 0ObeMa. Takue CBOM-
CTBa (DUTYpP HA3BbIBAIOTCA Mempuueckumu. B coBpeMeHHOU reoMeTpUu
HU3y4aroT U pApyrue cBoicTBa puryp. Tak, B XX B. HAYaAOCh CUCTEMATHU-
yecKoe M3ydeHHe MONOAOrudecKuXx CBOMCTB reoOMeTPUUECKUX (PUTYP,
T.e. TAKUX CBOMCTB, KOTOPhIE COXPAHSIIOTCS IIPU AIOOBIX AedpopMaIiusix
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(coRaTHUM, pacIMpeHny, UCKa>KeHUH pa3MepoB U POPMBI PUTYPHI), TTPO-
U3BOAUMEBIX 0e3 paspbIBOB U CKAEUMBAHUM.

OCHOBHbIE FEOMETPUYECKVE ®OPMBI.
MNOHATUE FEOMETPUYECKOW ®UTYPbI

KpaTtkuif 5KCKypC B UCTOPHIO BO3HUKHOBEHUS U Pa3BUTHS TeOMETPUH
IIOKa3aAa, YTO TeOMEeTPUST — 3TO pasjpen MaTeMaTHKHY, U3y4daloui IIpo-
CTPaHCTBEHHBIE (DOPMBI I X OTHOIIEHUS.

BaskueriI1Iel TPOCTPAHCTBEHHOM (DOPMOU ABASIETCSA reoMempuieckoe
meAao, a OAHUM M3 BUAOB IIPOCTPAHCTBEHHBIX OTHOIIIEHUN — B3aUMHOE
pacroAOKeHVe reOMeTPUIECKUX TeA.

B okpykaromieM Hac MHpe BCTPeUaroTCs Pa3AMYHEBIE TeAd: AOMQ,
AEpeBbsi, MOCTHI U T. A. Koraa TOBOPST O TeOMETPUYECKOM TEAE, TO TEM
CaMbIM ITIOAYEPKUBAIOT, YTO HAC HE MHTEPECYIOT (PU3NUecKre CBOUCTBA
OKpPY’KaIoINX TeA (Macca, IIBET, MaTepPHaA U Ap.), B rTeOMEeTPUU paccMa-
TPUBAIOT AMIIBL UX POPMY U pa3Mephl. ADYTUMH CAOBaAMH, B reoMempuu
paccmampuBalom my 4acmb NPOCMPAHCMBA, KOMOPYIO COOMBENMCMBY-
oujee meao 3aHumMaem.

leoMmeTpudecKkoe TEAO UMEET TPU U3MepeHMs. YCAOBHO X Ha3bIBAIOT
MAVHQ, IIIMPYHA ¥ BBICOTA (MAU TOAITWHA). KcTaTi, TpoCTpPaHCTBO, B KO-
TOPOM MBI JKMBEM, TaK)Ke UMeeT TPY U3MEPEHUs], ¥ er0 Ha3hIBalOT TPEX-
MepHBIM. [TprMepaMu reoMeTpUYeCKUX TeA, U3y9aeMbIX B ITKOABHOM
KypCe MaTeMaTHKH, SIBASIOTCS MHOTOTPAHHUKU (IPU3MEI, TUPAMUARI),
TeAd BpallleHus (UAMHAPHI, KOHYCHI, IIIapkl).

Bcskoe reomeTpudeckoe TeAO UMeeT noBepxHocmb. OHa IIPEACTaB-
AgeT coO0M rpaHuIly (0OOAOUKY) 3TOTO TEAQ, ¥ TOTAQ O TEOMETPUUYECKOM
TeAae MOJKHO CKa3aTh, 9YTO 3TO YaCThb TPOCTPAHCTBA, OTPaHNYEeHHAas I10-
BEPXHOCTBIO.

[MToBepXHOCTH FTEOMETPUYECKOIO TEAA AGAUT BCE MPOCTPAHCTBO Ha ABE
YaCTHU: BHYTPEHHIOIO M BHEIITHIOIO II0 OTHOLIEHHUIO K 3TOMY TeAy. UTOOBI
IIONACThb U3 AIOOOM TOUKM, HAaXOAMIIENCs BHYTPHU TeAd, BO BHEIIHIOIO
06AacTh, HEOOXOAUMO TIepecedb TOBEPXHOCTH TEAA.

IToBepxHOCTE, OTpaHUYMBAIONIASA II1ap, Ha3bIBaeTca cpepoll. Y BCcexX
APYTHX U3BECTHBIX M3 MMKOABHOTO Kypca FeOMeTPHUYECKUX TeA IT0BepX-
HOCTH CIIeIIMaAbHBIX Ha3BaHUN He UMEIOT: TOBOPST O IIOBEPXHOCTH Ky0a4,
OOKOBOU U ITOAHOU MOBEPXHOCTU TUPAMUADBL, ITUAUHAPA U T. A.

[ToBepXHOCTEL UMeeT TOABKO ABA U3MEPEeHUSI: AAUHY U LIUPHUHY.
U nosTomy MOHATHE TOBEPXHOCTH SIBASIETCSI MATEMATUIECKON abCTpak-
IMeH, TOCKOABKY B PEAaABHOCTH HET ITPEAMETOB, He MMEIOIINX TOAIINHEIL.
W roBops, 4TO ABUCT OyMaru AU MBIABHAS IIA€HKA IBAIIOTCSA IIOBEPXHO-
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CTSIMH, UM€EIOT B BUAY, YTO UX TOAIIMHA HUYTOKHO MaAad 10 CPABHEHUIO
C APYTHIMM pa3MepaMU IIpeAMeTa.

IToBepxHOCTH, KOTOPBIE N3Y4YalOT B TeOMEeTPUN, MHOTOOOPA3HEL: II1-
AMHAPUUYECKHE, KOHnUeckue, cheprudeckue u Ap. Ho ocoboe BHUMaHMe
YAEASIIOT IIOBEPXHOCTH, KOTOPYIO Ha3bIBAIOT NAOCKOCHBIO U CBOMCTBA
KOTOPOU U3y4aloT. B reoMeTpruu MAOCKOCTD IPEACTABASIIOT O€CKOHEUHOMN
BO BCeX HalpaBAeHUAX. [INOCKOCTE ABASETCS MAeaAU3alluel POBHOU
IIOBEPXHOCTHU BOABI, IOBEPXHOCTHU CTOAQ, IIOAQ, OKOHHOT'O CTEKAQ.

Ilpu nepeceueHnU ABYX MOBEPXHOCTEHN ITOAyuYaeTcd AunHus. OHa
He UMeeT TOAIUIUHBI U IIUPUHBL, Y HEee AUIIIb OAHO U3MEPEHUE — AAMHA.
Takum 0Opa3zoM, AUHUS — IIOHATHE a0CTPAKTHOE.

PazanyaroT KpuBble 1 npsimble AuHuU. [IpsiMble AMHUN 00pPa3yIOTCS
IIpU IlepeCcedeHUN ABYX IAOCKOCTeN. KpuBas AMHUS MOKET IOAYUUTHCS
IIpU IIepeceYyeHnU NAOCKOCTU U ITUANHAPUYECKON MOBEPXHOCTH.

INpamasg aBageTca npearn3aniell TOHKOM HaTAHYTOM HUTH, Kpas CTO-
AQ IPAMOYTOABHOU (POPMEL 1o IpAMOM pacIpocTpaHaeTcs Ay4Y CBeTa.
IIpsiMBIe IPOBOAATCS HA AMCTE OyMaru AU AOCKE C IIOMOIIIBLIO AMHEUKU.
XoTs n3006paskeHus NPSIMBIX OIPaHUYEHB], UX CAeAyeT IIPEACTaBASITh
cebe HeOTPaHUYEHHO IIPOAOAKEHHBIMU B 00€ CTOPOHBI.

INpu nepeceueHun AByX AMHUU oOpa3yeTcsad mouka. OHa MOJKeT
OBITH 1 HE OAHA.

Touka aBASeTCA UAeAAU3AIUEN TAKMX OOBEKTOB, pa3MepaMu KOTO-
PBIX B OIIPEAEACHHOM CUTyAllud MOJKHO IIpeHeOpeub. [eoMeTpuyecKas
TOUYKa pa3MepoB He UMeeT.

Touka MOJKeT AeKaThb Ha AQHHOU IIPSIMOM, B 3TOM CAydae TOBOPST TaK-
JKe, YTO TOYKA IPUHAAAESKUT IIPSIMOMN MAU UTO IIPSIMasd IPOXOAUT Yepes
TOUKY; @ MOJKET U He AeXKaTh Ha Hell, B 3TOM CAy4ae rOBOPSAT, YTO TOYKA
He IIPUHAAAEKUT NPAMOU UAM UTO IIpSIMasi He IIPOXOAUT 4epes3 TOUKY.

Ecam Touka A AeKUT Ha IPSIMOM @, TO 3TO MOYKHO 3alllcaTh TakK:
A € a. Ecan Touka B He A€KUT Ha NIPSIMOM @, TO 3TO MOJKHO 3aIIHCaTh
Tak: B ¢ a.

Ecau ABe IIpsIMBIE UMEIOT OAHY OOIIYIO TOYKY, TO TOBOPST, YTO IIPs-
MBI€e IIEPEeCEeKAlOTCd B 3TOM TOUKeE.

HTak, AaHO OIlMCaHuEe OCHOBHBIX (DOPM, KOTOPBIE U3yYalOTCS B Ieo-
MeTPUM — 3TO reOMeTpUYeCcKoe TeAO, IIOBEPXHOCTh, AUHUS U TOUKaA.
CMBICA 3TUX IIOHATHUY MOJKHO PAaCKPHITh MHAaU€e, €CAU U3MEHUTD IIOPSIAOK
UX PAaCCMOTPEHUs M Ha4yaThb C TOUKU.

MO>KHO CUUTaTh, YTO MOYKA — 3TO HEKOe MeCTO B IIPOCTPAHCTBE,
HeUTO, He UMelolllee pa3MepoB. [1pu ABM>XKeHUN TOYKa OyAeT ONMUCEIBATh
AUHUI0 — TPAEKTOPHUIO ABUJKEHUSA TOUKU. Hanpumep, OKPy>KHOCTG I10-
Ay4aeTcs B pe3yAbTaTe ABUKEHUSI TOUKU — OCTPUS KapaHAAIQ, eCAR
IIPU ee IIOCTPOEHNUM UCIOAB3YeTCsI IIUPKYAD.
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EcAu AMHHIO IIEeAUKOM IIepeMelllaTh B MPOCTPAHCTBE, TO OOAACTD,
obOpa3yeMas Ipu 3ToM, OyAeT NOBEPXHOCMbIO.
Bce Touku reomempuueckoro meaa MOXHO IIOAYYUTH, IlepeMelas
B IIPOCTPAHCTBE ITOBEPXHOCTE.
TaxkuMm 00pa3oM, IpU AQHHOM IOPSIAKE PACCMOTPEHUSI OCHOBHBIX
reoMeTpuYecKux (opM IIOAydaeM, 4To:
®  MOYKa — 3TO TO, YTO He MeeT YacTel U pa3MepoB;
®  AUHUSA TOAyYaeTCs IPU ABUJKEHUM TOYKU M UMeeT OAHO M3Mepe-
HHUEe — AAUHY;
= noBepxXHOCMb 00OpasyeTcs NPU ABUJKEHUU AWHUM U UMeeT ABa U3-
MepeHUs — AUHY U HINPUHY;
®m  reomempuieckKoe meAo 3alOAHSETCS IIOBEPXHOCTSIMHU U UMeeT TPU
U3MEPEeHUs: AAUHY, IIUPUHY U BEICOTY.

Haps{,A,y C OCHOBHBIMU IeOMeTpHuiYeCKUMU q)OpMaMI/I B reomeTpuun
HCIIOAB3YEeTCd IIOHSITHEe I‘eOMeTpH‘IeCKOfI CbI/II'YpBI.

TIeomempuueckas ¢purypa — 3T0 4aCTh IIOBEPXHOCTH, OTPaHUUYEeHHAs
AMHHEH.

Kak 4acTh MOBEPXHOCTU TeoMeTpHUYecKass PUrypa UMeeT ABA U3-
MepeHusi. OHa MOXXeT OBITh IIAOCKOM, @ MOXXeT U He OBLITh IIAOCKOU.
IIpuMepoM reomeTpudecKOu (PUIypHl, KOTOPAs HE SIBASIETCS IIAOCKOU,
MOJKEeT CAY’KHUThb YacCTh MIOBEPXHOCTHU Ha cepe. [Thockumu dpurypamu
SIBASIOTCS NIPsIMasi, OTPE30K, Ay4, TPEYTOABHUK, IIPIMOYTOABHUK U AD.

B reomMeTpum CUYUTAIOT, YTO AFOOO€ TeOMEeTPUUYECKOe TEAO, ITIOBePX-
HOCTb, AWHUS, AFO0ast reoMeTprudecKast (OUrypa COCTOUT U3 TOYEK, UAU
IIpeACTaBASeT COOOM MHOJKECTBO TOUEK.

Tak Kak Ar00as reoMeTpudeckas PuUrypa eCTb MHOXKECTBO TOUYEK,
TO MO>XHO TOBOPHUTH O TOM, UTO OAHA (pUrypa BKAIOUEHA B APYTYIO (MAT
COAEPIKUTCA B APYTOM), MOJKHO pacCcMaTpuBaTh OObepMHEHUe, Ilepe-
cedyeHHe U PA3HOCTb PULYD.

PazanualoT BbinykAble U HeBbinyKAble purypsl. Ourypa Has3blBa-
€TCS BBIITYKAOM, €CAM OHA BMeCTe C AFOOBIMHU ABYMSI CBOUMHU TOYKAMU
COAEP’KUT TaKKe COEAUHSIOMINY UX OTPE30K.

BBITYKABIMU (DUTYPAMU SBASIOTCS, HAlIpUMep, IAOCKOCTh, IIpsiMasd,
AyY, OTPE30K.

BOMPOCHI N SAOAHNA

1. TpoBeaute NpAMYIO 1 OTMETLTE TOYKU A 1 B, npuHagnexalyme
aton npsamon. OTMeTbTe TOYKY, HE MpUHAaQNEeXaLlyo 4aHHON
npsamown. CoenanTe 3anvcu, UCnonb3ys CUMBON €.

2. MoryT n1 gBe npsiMble UMETL ABe 06LUMe TOHKN?
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3. Haveptute Ha nucte Bymarun ny4, 0TPE30K, Yron, NoMaHyto,
NPSAMOYrOfbHWUK, KBaApaT, TPEeYrofbHUK, OKPYXHOCTb. Kakmumun
cBovcTBamu obnagatoT aTn dmrypel? Kak ux onpefensitoT B Ha-
YyanbHOM Kypce MaTemMaTukmn?

4. Haveptute Ha nucTe 6ymarv NpsiMoyronbHbIi napannenenuneq
N TpeyronbHyo NnpamMuay. Kak onpenensoT 3Tm reoMeTpu4eckme
Tena?

masa 16
FTEOMETPUNYECKWE BENMN4YHbI

leomeTpruecKUMU BeAMYNHAMU SIBASIIOTCS: AAMHA AMHUU (OTPE3Ka,
AOMA@HOM, AYTH KPUBOII), IAOIIAAL (DUTYPHI (IOBEPXHOCTH), OOBEM TEAQ,
BeAWYNHA yTAQ.

Ka>xp0l reoMeTpruueCKOM BeAMYUHE MOJKHO IIOCTQBUTH B COOTBET-
CTBUE MOAOKUTEABHOE AEMCTBUTEABHOE YMCAO, KOTOPOEe Ha3bIBAETCH
ee YUCAEHHBIM 3HaueHueM, uau Mepoii. [Iponecc HaXOKAEHUST 3TOTO
YLICAA Ha3bIBAETCS U3MepeHUEeM BeAUUUHbI.

B reomeTpuu npe>kAe BCEro U3y4aroT TO YUCAO, KOTOPOe ITOAYYaeTCs
B pe3yAbTaTe U3MepeHUs BEAUUUHE], T.e. MePy BeAUUNHEI IIPU BEIOpAH-
HOM eAVHUIIE BEeAUYHUHEL [103TOMY 4acTO 3TO YUCAO HA3BIBAIOT AAMHOM,
MIAOIIAABIO, 00BeMOM. OTHOCUTEABHO 3TOTO YHCAQ PeIlaoT pa3AndyHbIe
TeopeTHu4YeCKUe 3aAa4H, B YaCTHOCTH, KAKUM TPeOOBAHUIM OHO AOAKHO
YAOBAETBOPSITH KaK Mepa BEeAUUNHBI, CYIIIeCTBYET AU OHO, KaKMM 00pa3oM
€T0 MO>KHO OIIpeAeAUTh. BooOI1le, TpaBrAa U3MepeHUs reOMeTPUIeCKIX
BEAWYHH U UX 0OOCHOBaHMEe — Ba’KHeMIIasd 3apada TeOMeTpUHU.

Bomnpocsl, cBSI3aHHBIE C U3MEePEHUEM IeOMeTPUUECKUX BEAUUNH,
AOCTAQTOYHO TPYAHBI, IO3TOMY PACCMOTPUM HX B HEOOABIIOM O0BEME,
0CcO00 BEIAEAUB Te, KOTOPBIE HEIIOCPEACTBEHHO CBSI3AHBI C U3yUYEHUEM
BEeAWYUH B HAYaABHOU IITKOAE.

OMVHA OTPE3KA W BENINYMHA VITIA

TTousarue AAVHEBEI OTPE3Ka U ee U3MepeHusd OLIAU Y>Ke UCIIOAB3OBAHBI
HEOAHOKPATHO, B YaCTHOCTH, IIPY PACCMOTPEHNN HAaTYPaAbLHOTO YKMCAA
KaK Mepbl BeAUUnHbI. B 3TOM noppaszaese 0000IIUM IIpeACTaBACHUS
O AAMHE OTpe3Ka Kak PeOMeTpI/I‘IeCKOfl BeAUYHHE.

A/lllHOii ompe3Kd HA3bIBAIOT IMIOAOKUTEABHYIO BEANYNHY, OIIpeAe-
ACHHYIO AN KAaJKAOTO OTPe3Ka U OGAaAaIOH_IYIO CACAYIOIIMU CBOM-
CTBAMM:
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B DaBHBIC OTPE3KU UMEIOT paBHbIEe AAVMHEIL,

B eCAM OTPE30K COCTOUT M3 KOHEUHOI'O YHCAA OTPE3KOB, TO €T0 AAU-
Ha paBHA CyMMe AAWH 3THUX OTPE3KOB;

B CyHoieCTBYyeT OTPe30K, AATHA KOTOPOT'O paBHA 1.

ITycTe 3apaH OTPE3OK X, ero pAAUHY 0003HauuM depe3 X. Beibepem
U3 MHO>KeCTBa OTPEe3KOB HEKOTOPHIM OTPE3OK e, Ha30BeM ero eAMHUY-
HBIM OTPEe3KOM, a AAUHY 0003HauuM OyKBOI E.

W3MepeHme AAMHEL OTPe3Ka X COCTOUT B CPaBHEHUM €TI0 AAUHEL C AAU-
HOM OTpe3Ka, IPUHATOTO 3@ eAUHUITY. Pe3yAbTaTOM M3MepeHUsI AAWHEL
OTPe3Ka X ABASETCS IOAOKUTEABHOE ACHCTBUTEABHOE YHCAO @, KOTOPOe
Ha3BIBAIOT YMCAEHHBIM 3HaUeHNEM AWHEL X OTpe3Ka X Ipu epuHuIle E,
HUAM IIPOCTO AAMHOU OTpes3Ka. [TumyT: a = mg(X) nau X =a - e.

INoayuaeMoe IIpu U3MePEeHUN AMUHEBL OTPe3Ka YHMCAO OOAAAQET PSIAOM
CBOUCIMB:

1) mpu BLIOpaHHOM EAMHUITE AAUHBI AAMHA ATOOOTO OTpe3Ka BhIpasKa-
€TCS IIOAOKUTEABHBIM A€WCTBUTEABHBIM UMCAOM, T.€. mg(X) > 0, u pArg
Ka’kA0T'0 MMOAOKUTEABHOTO AEMICTBUTEABHOTO YMCAA €CTh OTPE30K, AAMHA
KOTOPOTO BBIpa’KaeTcsl 3TUM YHUCAOM;

2) ecAu ABa OTpe3Ka paBHBI, TO UMCAeHHBIEe 3HAUEHUS UX AUH TaKoKe
PaBHBI, U OOPATHO: €CAU YUCAeHHBIEe 3HaUeHUs ABYX OTPE3KOB PAaBHHI,
TO PABHBI U CaMU OTPE3KY, T.€. X = ¥ < Mg(X) = mg(Y);

3) ecAu AQHHBIM OTPE30K COCTOUT M3 HECKOABKUX OTPE3KOB, TO YUC-
AE€HHOE 3HaueHUeE ero AAUHBI DABHO CYMMe YHCACHHBIX 3HAQUEeHUU AAVH
cAaraeMBIX OTPEe3KOB, U 0OpaTHO: €CAM UMCAeHHOe 3HaueHue AAMHBI
OTpe3Ka PaBHO CyMMe UMCAEHHBIX 3HaUeHHUN HEeCKOABKUX OTPE3KOB,
TO CaM OTPEe30K COCTOUT M3 3TUX OTPE3KOB, T.€. Z = X + y & mg(Z) =
= m(X) + mg(Y);

4) ecAu AAVHBI OTPE3KOB X M Y TAKOBHI, UTO Y = aX, TAe€ @ — IIOAOXKHU-
TEeABHOE A€MCTBUTEABHOE YHCAO U AAMHA U3MEPEHA C IIOMOIIBIO €ANHU-
sl E, TO AAST HAXOKAEHUS YUCAEHHOTO 3HaUeHUS AAUHBI OTpe3Ka Y npu
epuHUIle E, AOCTQTOYHO YKUCAO @ YMHOJKUTH Ha YMCA€HHOe 3HaueHUe
MUHBI OTpe3Ka X IIpu epuHuIiie e, T.e. Y=a - X < mg(Y) = a - mg(X);

5) Ipu 3aMeHe eAMHUITBI AAUHBI YUCAEHHOE 3HaUeHNE AMVHBI YBEAU-
YMBAETCS (YMEHBIIIAeTCsI) BO CTOABKO Pa3, BO CKOABKO HOBAsl eAMHUIA
MeHbIlle (OOAbIIIE) CTAPOU, T.€. €CAU My (X) U Myy(X) — YUCAEHHBIE
3HAUEHUS AMVHBI OTpe3Ka X IIpU eAuHUIlax AAUHBL E; 1 E,, TO BBIIOA-
HSETCS PABEHCTBO Mpy(X) = mg(X) - mgy(E,).

BeauuuRnoil yraa Ha3bIBaIOT IIOAOKUTEABHYIO BEANUUHY, OIIPEACACH-
HYIO AAST Ka’KAOTO YTAA U OOAQAQIOINTYIO CBOMCTBAMU:

B DaBHBbIE€ YTABI UMEIOT PaBHBI€ BEAMYUHEL,;
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B eCAM YyI'OA COCTOUT U3 KOHEUYHOI'O YMCAQ YIT'AOB, TO €O BeANYUHA
paBHA CyMMe BEeANYUH 3TUX YTAOB,;
B CyLlieCTBYeT YIOA, BeAndYHHa KOTOPOT'O paBHA 1.

W3MmepeHre BeAMYHHEI yTA@ A COCTOUT B CPaBHEHUU €r0 BeAMYMHEI
C BEAMYMHOM YTAQ, IPUHATOU 3a eAUHUITY. Pe3yABTaTOM 3TOTO CpaBHEHUS
SABASIETCS IIOAOJKUTEABHOE AEMCTBUTEABHOE YHCAO, KOTOPOE HAa3bIBAIOT
YQUCAEHHbIM 3HAQUeHUeM BeAUHUHbl YTAQd A TIpU BBIOPAHHOU €AUHUILIE BEAU-
YUHBI YTAQ, UAU Mepoll BEAUYUHBL YTAQ A, UAH IIPOCTO BeAUdUuHoU yraa A.

[MoarygyaeMoe Ipu U3MEPEHUN BEAUUYNHEBI YTAQ IIOAOKUTEABHOE Aeli-
CTBUTEABHOE UMCAO OOAAAQeT CBOMCTBAMU, aHAAOTUUYHBIMU CBOUCTBaAM
MAWHEI OTpe3Ka. Heo0X0ANMO TOABKO yUeCTh, YTO BEAMYMHA YTAA 3aAaHa
Ha MHOJKECTBE IINOCKHUX YTAOB.

Ha npakTuke 3a eAMHUIY BEAMYHWHEL YTAQ IPUHUMAIOT IPAAYC — %
YacThb IpsMoro yraa. OAMH rpapyc 3alMuCchIBaloOT Tak: 1°. BeanunHa npsi-
Moro yraa paBHa 90°, BeAnunHa pa3BepHyToro — 180°.

3aMeTHUM, YTO YaCTO BMECTO «BEAWYHHA yTAa» FOBOPAT «yroa». Ha-
IIpuMep, BMECTO «BEAWYMHA yrAa paBHA 45 rpapycamM» rOBOPST, YTO
«yTOA paBeH 45 rpapycam».

Ha npakTuKe BeAMYMHEBI YTAOB M3MePSIIOT C IIOMOIITBIO TPAHCIIOPTUPA.
ANt GoAee TOUHBIX U3MepPeHUM MOAB3YIOTCSI U APYTUMU IIPUOOpPaMU.

BOMPOCHI N SAOAHNA

1. OtmeTbTe Ha NpsMoN Tpy paBHbIx oTpeska: AB, BC n CD. Hemy
6yneT paBHa AfIMHA KaXXOoro 13 aTux 0TPE3KOB, ECNW 38 eAVHILY
OnunHbl BygeT BolbpaHa AnvHa oTpeska:

a) AB; 6) AC; B) AD?

2. [OnuHy cTona n3mepsinv cHavana B CaHTUMEeTpax, NoToM B feum-
meTpax. B nepsom cny4ae nony4nnu Ymicno Ha 108 6onbLue, 4em
BO BTOpOM. Hemy paBHa gnuHa ctona?

3. Vbl a1 B — cMexHble. HemMy paBeH KaxabI U3 HUX, ECR:

a) oavH 13 Hux BonbLue gpyroro Ha 60°; 6) oanH 13 HYX BonbLue
Lpyroro B Tpu pa3a?

NOWAQL GUTYPbI
1 OBbEM FEOMETPVYECKOrO TEMA

Ka>KABIlT 4eAOBEK IPEACTABASIET, UTO TAKOE MAOIIIAAb KOMHATHL, IIAO-
I[aAb Y4aCTKa 3€MAH, IIAOIIAAb IIOBEPXHOCTH, KOTOPYIO HAAO ITIOKPACUTh.
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OH Tak’Ke NOHUMAET, UTO €CAU 3eMeAbHbIe YUaCTKUA OAUHAKOBHI, TO IIAO-
1IaAW WX PaBHBI; YTO MAONIAAL KBAPTUPHI CKAQABIBAETCS M3 IIAOIIAAU
KOMHAT U MAOIAAU APYTUX ee IIOMeIleHUH.

OTO OOBIAGHHOE NIPEACTABACHHUE O IAOIIAAU UCIOAB3YeTCH IIPU ee
OIIpeAEAeHUM B TeOMEeTPHH, TAe TOBOPST O MAoIaau dpurypsl. Ho reo-
MeTpHuuecKue (pUryphl yCTPOEHE! II0-Pa3HOMY, U ITIO3TOMY, KOIAQ TOBOPSAT
O IIAOIIAAH, BBIAEASIOT OIIPEAEAEHHBIN Kaacce uryp. Hanpumep, pac-
CMATPUBAIOT IAOIIAAY MHOTOYTOABHEIX (DUTYP UAM IIAOIIAAN KPUBOAH-
HEUHBIX (DUTYD U T.A.

Ecau roBopsar, uro durypa F cocmoum (cocraBaeHa) u3 uryp F;
u F,, To UM€IOT B BHAY, YTO OHA SIBASIETCS UX OObeAMHEHNeM U Y HUX HeT
00ILIUX BHYTPEHHUX TOUeK. B 3TOM JKe CUTyalluu roBOPST, 4YTO pUrypa
F pazowurta Ha durypsl! F, u F,. Hannpumep, o durype F, nu306pa>keHHOH!
Ha puc. 16.1, MOKHO CKa3aTh, UYTO OHA COCTaBAeHa u3 puryp F, u F, uay,
4TO OHA pa3bura Ha purypsl F; u F,.

IThouwragbio ¢purypst Ha3BIBAIOT MTOAOKUTEABHYIO BEAUUNHY,
ONIPEAEAEHHYIO AN KaXXAOU (PUTYPHI M 00AaAAQIOIIYI0 CBOMCTBA-
MU:

®  paBHbIe (PUTYPHI UMEIOT PaBHLIE IIAOIIAAH;

®  ecAH (pUrypa COCTOUT U3 KOHEUHOTO YHCAa (PUTYP, TO €€ IIAOIIaAb
paBHa CyMMe WX IIAOITAAEH;

®  CylIecTByeT (purypa, mAoliapb KOTOpou paBHa 1.

V3MepeHue naouaau GUrypel F COCTOUT B CpPaBHEHUU €€ MAOIIaAU
C TIAOIIIaABIO KBaApaTa CO CTOPOHOM, paBHOMU epmHUIlE AAUHBL. O060-
3HAUMM IIAOIIAAb KBappaTa OykBoul E. Pe3yapTaTOM 3TOrO CpaBHEHUSI
SIBASIETCSI TIOAOJKUTEABHOE AEMCTBUTEABHOE UncAO Sg(F), KoTopoe Ha-
3BIBAIOT YUCAEHHbIM 3HA4eHUeM naowagu ¢gurypsl F Ipu BEIOPAHHOU
epuHUIe mAaowapu E, mam mepot naowagu ¢purypst F, UAA IIPOCTO
naowagnlo gurypst F.

[Moayuyaemoe IpU M3MEPEHUM MAOMIAAU (PUTYPHI YUCAO OOAQAAET
CBOMCTBAMH, aHAAOTUUYHBIMU CBOMCTBAM AAMHEBI OTpe3ka. Heobxopumo
TOABKO Y4€CThb, YTO IIAOIIAAb 3aAaHa Ha MHOXKECTBE IIAOCKUX (PUTYD.

Qurypsl, IAOUIAAM KOTOPBIX PaBHEI, HA3bIBAIOT PABHOBEAUKUMU.

IMromaae purypsl F MOKHO HAWUTU C IIOMOIIBIO NaAemKu — KBa-
APATHOU CETKU, HAHECEHHOM Ha MPOo3pavyHbiil MaTepuai. AArHA CTOPO-
HBI KBAAPATa 3TOM CETKUA IPUHUMAETCS 32 EAMHUILY AAUHEL, d IIAOIIAAb
KBaApaTa — 3a eAMHUITY NAOLIaAU. [TaneTKy HaKAQABIBAIOT Ha AQHHYIO
durypy F 1 IOACUUTHIBAIOT YUCAO KBAAPATOB (M), KOTOPHIE A€KAT BHY-
Tpu PUrypsl F, 1 4UCAO KBAAPATOB (), 4epe3 KOTOPBIE IIPOXOAUT KOH-
Typ durypsl (puc. 16.2). 3aTeM BTOpOe UHCAO AEAST IIOIIOAAM U IIPU-
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Puc. 16.1 Puc. 16.2

6aBASIIOT K ITepBOMY. [ToAydeHHYIO CyMMYy CUUTAIOT MAOMIAALIO (PUTYDEI

F,T.e. S(F)=m +§ (en.?).

Tak, B 4aCTHOCTH, U3MEPSIOT IAOIAAN (PUTYP B HaUYaABHOM Kypce
MaTeMaTUuKU.

ITareTKa MO3BOASIET OCYIIECTBUTE IPAMOE U3MePEHUE NIAOILIAAU PU-
rypbl F, HO HaXOKAEHHUE MAOIIAAU PUTYPBL TAKUM CIIOCOOOM He BCEraa
YAOOHO.

APyTUM cIIOCOOOM HAXOKAEHUS IAOIIAAU (MUTYPHI ABASIETCS UC-
IIOAB30BaHME TOTOBBIX (POPMYA — 3TO TaK Ha3bIBAE€MBIM KOCBEHHBIN
CIIOCO0O BBIYMCAEHUS MAOIAAU PUTYPHL. V3 IIKOABHOTO Kypca MaTeMa-
THUKU U3BECTHO, YTO:

® nAowaghb KBAgpAma PaBHA KBAAPATy AAMHEL €r0 CTOPOHEL, T. €. S = a2,
TAe a — AAUHA CTOPOHEI KBAAPATa;

®  NAOWAgh NPAMOYTOABHUKA PaBHA TPOU3BEAECHUIO AAWH €T0 CMEKHBIX
CTOPOH, T.e. S=a - b, rAe a U b — AAUHBI CMEXHBIX CTOPOH IIPSIMO-
YTOABLHUKA;

® niowagb NAPAALEAOTPAMMA PaBHa IIPOM3BEAECHHUIO €T0 CTOPOHEI
Ha BBICOTY, IPOBEAEHHYIO K 3TOM CTOPOHE, T.e. S=a - h,, TAe a — AAU-
Ha CTOPOHHI; h, — BBICOTA MapasAeAOTPaMMa, IPOBEAEHHAasA K 3TOMU
CTOpPOHE;

B naowagb mpeyroAbHUKa paBHA IIOAOBUHE IIPOM3BEACHUA €TI0 OCHO-

1
BaHUS Ha BBHICOTY, T.€. S :§a~ha.

O6bemM reomempuiecKoro mead — TMOAOKUTEAbHAsT BEAUUNHA,
OIpepAeAeHHasl AAS Ka’KAOT'O TeAd U 0OAAAAIoIIas CAEAYIOUIMMU
CBOMCTBaMU:

®  paBHbIE TeAd UMEIOT PaBHBIE OOLEMEL;
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B eCAHM TeAO COCTOUT M3 KOHEUYHOI'O YHCAA TeA, TO ero ob6beM PpaBeH
CyMMe ux OG'LQMOB;

®  CyILIEeCTBYeT TeAO, 0ObEM KOTOPOTO paBeH 1.

I/ISMepeHI/Ie obbeMa Teaa F COCTOUT B CpaBHEHUHU ero ob6beMa ¢ 00B-

€MOM Ky0a, peOpo KOTOPOTO PaBHO eAuHUIle AAUHBEL. O003HaYUM 00BbEM
€AMHUYHOTO KyOa OyKBOM e. Pe3yAbTaTOM 3TOTO CPABHEHUS SIBASIETCS
IIOAOKUTEABHOE AEUCTBUTEABHOE YUCAO V, (F), KOTOpOe Ha3bIBAIOT qUC-
AEHHbIM 3HaueHueM obbema meaa F npu equHuye obbema e, AU Mepol
ob6bema meaa F, uau npocto o6bemom meaa F

OTO YMCAO 0OAAAAET CBOMCTBAMHY, aHAAOTUYHBIMU CBOMCTBAM AAMHBI

oTpe3ka. Heo6X0AMMO TOABKO yUeCThb, YTO OOBEM 3aAaH Ha MHOJKECTBE
reOMEeTPUYECKUX TeA (IPOCTPAHCTBEHHEBIX PUTYD).

,A.Aﬂ BBLIYMCAEHUS 00HEeMOB reoMeTpUuYeCKUX TeA, KaK IIPABUAO, IIOABL-

3yroTcsa popMyaamu. IIpuBepeM HEKOTOPBIE U3 HUX:

06beM NPAMOYTOABHOTO NApdAAeAenunegad MOXKeT OBITh HaWAeH
o oopmyae: V=abc, rae a, b 1 ¢ — AAUHELI pebep 3TOTo TapasreAe-
TUTIEAQ, BEIXOASANINX U3 OAHOU BEPIIIMHEI;

06beM NPOU3BOALHOU NPU3Mbl OIIPEAEASIOT IIo popmyae: V = S, h,
rpe Sy — IAOIaAb OCHOBAHMSA NIPU3MBL; h — ee BBEICOTa (paccTos-
HHEe MEeXKAY IINOCKOCTSIMU OCHOBAHUM);

1
06beM nupamughbl BEIYUCASIOT IO popmyae: V = ESOCHh, TAE Syen —

TIAOIIIaAb OCHOBAHUS MMPAaMUABL; h — ee BBICOTa;
00beM QUAUHgGPA HAaX0AAT 1To popMmyae: V=S, h, tae S,.,, — IAOIIaAb
OCHOBAaHUS [TUAWHADPQ; h — ero BBICOTS;

1
00beM KOHyCa OIIPEAEASIOT 110 popMmyae: V= 3 Socill TAE Sy — IIAO-
1IIaAb OCHOBAHUS KOHYCa; h — ero BEICOTq;
3
00beM wapa HaxopAT 1o (opmyae: V = 1 nR3, rae R — paamyc

mapa.

BOMPOCHI N SAOAHNA

1. MNnowaps NPAMoyronbHUKa pasHa 12 cM2, BnvHbLI ero CTOPOH
BbIPaXarTCs HaTypanbHbIMU Yncnamu. CKonbKo pasnnyHbIX nps-
MOYrOSIbHNKOB MOXHO MOCTPOUTL COrNacHO 3TVM YCNOBUAM?

2. lNpamble a n b napannensHbl. Tovka B aBMXeTca no npamon
b, 3aHMMas nonoxexus By, By, Bg, ..., a To4kn A n C octatoTcA
HenoaBWXHbIMW. PasHoBenvku nn TpeyronsHukn AB,C, ABoC,
ABgC, ..?
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