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I'nasa 1
IIUDOPHI 1 - IUDPHBI

0O603HayeHHe YHuce

Jliony He eIMHCTBEHHBIE CO3JaHUs Ha 3eMile,
KOMY NpUHA/JIEXXUT 3HaHMe 0 yncax. JKuBOTHbIX
TaKXe MOXXHO Hay4YUTb pa3juyaTh KOJUYECTBO
00bekToB. EcTeCTBEHHO, HUKTO HE JyMAeT, YTO
XKUBOTHbIE OCO3HAHHO CUMUTAIOT, OJHAKO HECOM-
HEHHO TO, YTO OHM MOTYT pa3juyaTh YHCJA.

BoapuimucTBO M3 Hac, urpast B KapThl, HU-
KOTZIa He obpalaeT BHUMAHUs Ha MajleHbKUUI
HOMep B JieBoM BepxHeM yray. [laxke cpexnuii
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Atizex Asumos. YNCITIA

UTPOK B HeM 0COOeHHO He HyXxaaeTcs. B co-
MPOBOJIUTEIbHBIX OMMCAHUSX UTPBH B KapThl Bb
Tak)xe He Haiznete yucen. M ato Hukoro He Gec-
nokouT. O6GBIYHO MBI y3HAEM HYMEDAIMIO KapThl
C mepBOro B3risga U 6e3 mojcyeTa.

Pemaouuit MOMEHT B UCTOPUM YesIOBeye-
CTBa HACTYNHUJ TOIZQ, KOrAAa NPOCTHIX IIpUMe-
POB CTajlo HefocTaToyHo. HeTpyaHo 3ariasiHyTh
B NElIepy U yAOCTOBEPUTHCS, 4YTO 00a pebeH-
Ka Ha MeCTe, UJM B3TJSHYTh Ha INOJIKY C Ka-
MEHHBIMU TOMOPAMH, YTOOBI YBEPUTHCS B CO-
XpaHHOCTH Bcex 4YeTbipex. Ho moTpeboBanach
6onee cioxHass MHGOpMAIUs, M B KAKOH-TO
MOMEHT YeJIOBEK PELINJ, YTO HEOOXOAMMO HUC-
noJjb3oBath yucjaa. CkaxxeM, HaJl0o MOHUTHU K CO-
ceny ¥ cka3ath: «Ilocaymaii, cTapuk, Tel, CJIy-
4ailHO, He TpUOpaJ OIMH M3 MOUX KaMEHHBIX
TONOPOB, KOT/a MPOULJIbIA pa3 3aX0AUJ KO MHe
B nemepy?» U ecam cocex orBeyan: «I'ocrnoan
¢ To60ii, MoYeMy ThI TaK AYMaellb?» — MOX-
HO ObLI0 nmpuBecTH ciaenyomuii nosox: «Ilo-
cayuiai, Ipyxxuiie, y MeHsl 6bLIO YETHIPE TO-
1opa 0 TBOEro IPHUX0/a, a Mocje TOT0 KaK Thl
yllIeJi, OCTaJOCh TONIbKO Tpu». B 061eM, oka3a-
JIOCh, 4TO OY€HB YIOOHO, KOTa KaX10€e YUCJI0 MMe-
€T Ha3BaHMe.



LHHUPPbl K — LIUPPHI

HecoMueHHo, moHayasy ObLIO mpuAyMa-
HO BCEr0 HECKOJIbKO Ha3BaHMi, KOTOPHIX ObLIO
JOCTAaTOYHO, TOJBKO 4TOOBI 0600LIaTh POCTEM-
1y uHGopMaNUIO.

HexoTopbie NTPUMUTUBHBIE NIJIEMEHA JaXe
CErofiHs He MMEIOT Ha3BaHUM [JIs1 YUCEJ BbIIIE,
yeM JaBa UJaM TpHU. (ITO, KOHEYHO, HE O3HA-
4aeT, 4YTO OHM He 3HAIOT Oosbmux yucesa. Cka-
XEeM, OHU MOrJau Obl 0003HAYUTHL YUCJIO Ye-
ThIPE KAK «TPHU M €Ille OJNH».)

[TouTH BO BCex ciydyasix TEM He MEHee JJIsk
NEPBBIX JECSITU YHMCEJ CYHUIECTBYIOT CIEHalIb-
Hble Ha3BaHWS: OAVH, ABa, TPH, YETbIPE, IATh,
1IeCTh, CEMb, BOCEMb, AE€BATb U AECATD.

MoxHo u manpiie u300peTaTh Ha3BAHUSA
AJis yuces, OOJbIIMX AECATH, HO 3TO CO3Ja-
J0 661 cepbe3Hbie TpyaHocTU. Heserko 6b110
Obl 3alIOMHUTH ClieLMaJbHble Ha3BaHUA IJI
«COpPOKa TPeX», «CEMUIECSATH AEBSATU» U Ja-
nee no 6eckoneynHoctu. C gpyroit CTOPOHBHI,
Ha3BaHUe YyuceJ OT OAHOIrOo A0 AECSITH 3aIoM-
HUTH JIETKO, BEJIb Y HAC HA PYKaX NECATHb Majib-
1[e€B, a 3TO CBoeoOpa3Hasi BCTPOEHHAsA CUCTe-
Ma MaMATH.

Yei0BEK TOBOPUJ «YETHIPE» M TOKA3bIBAJ
YyeThIpe I1aJibl[a; TOBOPHUJ <«IIECTb» M IIOKa-



Atizex Asumos. YUCJIA

3bIBaJI IIeCThb najbleB. Cayiaomuii BUie naib-
Ibl ¥ JIETKO MOT NOHSTH TO, YTO MOJPa3yMeBal
cobeceHNK, naxke ecau 3a0bLa, YTO 03HAYAIOT
CJIOB2 «YETBIPE» U <IIECTh».

«Ianeu» mo-mateinu — «digitus», u He
CJy4allHO B aHTJIMHCKOM s3bIKe, KyJla 3TO CJIOBO
6b1JI0 TPHUBHECEHO M3 JIATMHCKOTO, Mpuobpe-
Jo HOBOe 3HaueHHe. «Digit» mo-anrauiicku
o3HayaeT uudpy. Takxke BIOJHE JOTUYHO U
TO, YTO BCE€ MepBBbIE JECSITh YUCEJ Ha3blBa-
oTcsa uudpamu, To ecth «digits», mMockoJb-
Ky B JPEBHOCTH 3TH JBAa NMOHSTHS, MaJbIlbl
M 4uciaa, 6b1u GaKTHYECKH UAEHTUYHBI.

MoxeT moka3aTbCsi, YTO CyHIECTBYIOT ca-
MOCTOSITE/NbHbIE Ha3BaHUA AJISA YKuces, 60Jb-
HIUX JeCcsATH, HO 9TO He Tak. SI3pIk co Bpe-
MeHeM TpaHchoOpMUpYeTCs, OJIHHU CJIOBA
CMEHSIOT Apyrue, ¥ MHOTAA IPU 3TOM Te-
psieTcsl IepBOHayajJbHOe 3HaueHHe cjaoB. UTo
03HayaeT CJAOBO «OJAUHHANUATHE»? ITO «OAUH»
Hajl <«IlaTb», TO €CTb OJMH CBEepPX MAECSTH.
«IlaTe» — 3TO ApeBHEpPyCcCKOoe 0603HAYEHHE
necsitka. [lo-aHrauiicku «OAMHHAALATb» —
«eleven». ITo cJ0BO NPHUILIO B aHITUHCKUM
U3 APEBHETePMAHCKOTIO, I/le OHO O3HAyaeT «Ha
OflUH 6OJIbIIE>.
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OHU®PHI U - LIMPPHI

HeTtpyaHo mpeacTaBuTh cebe Takyio Kap-
TuHy. OMH YeJOBEK MOKa3bIBaeT APYroMy ne-
cATH masblieB U gobGaBaset: «V eme oxuH».

TouHo Tak ke 6b170 06pPa30BaHO CJIOBO
«ABEHAJIaTh», TO €CTh «JBa» Hall «UaTb», «TPU-
HaJlaTbh», U Tak Jajee A0 ABaJLUATH, TO €CTh
00 <«JABYX HeCATKOB». B aHraIuickoM si3bike
BCe 0OCTOUT TOYHO Tak xe. /[BeHaAUaTh mo-
aHTIMICKN — <«twelve», 03HAa4YaeT «IBa CBEPX»,
TO ecThb JBa nocie gecsaTtu. [locse nBeHaxua-
TH Bce ynpouiaercsi. Thirteen, TpuHaauaTh — 3TO
«Tpu M jaecaTh», fourteen, 4eTbIpHAAUATH, —
3TO «4eThIpe U AecsATb», U TaK Jajee, 10 ABAM-
natu. [IBanuats, twenty — 3T0 mpoCcTO «JIBa
necatkay», thirty — «tpu aecstka», forty —
«4yeTblpe JecATKa», U Tak Aajee A0 CTa.

B pycckoMm s3blke MCKIIOYEHUEM SIBJSA-
€TCsl CJI0BO «COpPOK». Ilouemy MBI roBOpHUM
«COpPOK», a He «deTbipenecsaT»? /[eno B TOM,
4YTO B APEBHOCTH Ha Pycu cuutanu «copo-
KaMH», TI03TOMY JJisi YEThIPEX JECSATKOB OBLIO
BBeJleHO clenuaabHoe caoBo. ['oBopuny, yro
MockBa — ropos «COpoka COpPOKOB 1€pKBeil»,
To ecTb B MockBe Ob1s10 40 x 40, uau 1600
uepkBeil. B Te BpeMeHa mpu pacuerax HcC-
NOJIb30BaJU He TOJBKO MOHETHI, HO U LIKYPKH
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Arizex Asumos. YUCJIA

co6oseii. COpoK HMIKYPOK COCTaBJSAIU OJUH
«MeX», TOo ecTb yucao 40 ObIO TakKuUM Xe
TPAaHUYHBIM YHUCJIOM, KaK AECSTh, CTO, ThICAYA
U T. 1.

0O603Ha4yaeM YHCIa NAJbIlAMHU

MoOXHO JI1 MCIIOJIb30BATh NAMbIBI A 000-
3HaYeHus 4yuces, 6oapmux aecsitu? Hanpu-
Mep, KaK MOoKa3aTh Ha majplax yucyao 547 Kax-
TO S BUJEJ MOJIOJOTO 4YeJOBEKa, KOTOPHIi
cHayaja 6BICTPO-OBICTPO NATH pa3 MoKa3aj CBO-
€My MPUSTENI0 PACKPBITHIE JAJOHU C PACTO-
NbIPEHHBIMYU TAJbLIAMH, 2 IOTOM II0KA3aJ 4Ye-
ThIPE MAJbIIa, TO €CTh CHAYaJA MATh AECATKOB,
WU NATHAECAT, a 3aTEM YETbIPE, U BCEro 54.
Bce 3T0 mpekpacHo, 3a MCKJII0YEHUEM TOTO, YTO
HabJogaTeNb N0JKEH ObITh HAYeKy, YTOOBI He
IPOMYCTHTh OJHOrO MM HECKOJbKHX JECAT-
KoB. O6GbIYHO B TAKUX CJIydyasix MepecIpaim-
BaloT: «IlsTeaecsat yersipe, na?» A 3T0 3Ha-
YUT, YTO BCE MpPEIACTABJIEHHE C IEMOHCTpAIlHe
YHCJIa HA TaJIbIIaX ObLIO GECTIONEe3HBIM.

KoHeuHo, HAM He MPUXOAUTCS Pa3BUBATh
HaBBIKM CYETa HA MAJIbI[AX, B IIKOJIE Mbl U3Y-
YaeM COBCEM Jpyrue MeToAbl oOpaueHus c

12



OHUOPbI U - LIHPPHI

YyyucJaMH, 1 oHU ropa3zo a¢ddextuBHee. Ho ecan
OBl IPUILJIOCH CYUTATHh HA MAJIbLAX, Mbl MOLJIH
Obl, HAIIPUMEP, JOFOBOPUTHCA O CHeAyIOILeit
npouenaype cyetra. Koraa Mbl 1epXuM JagoHU
BHYTPb, TO YKCJIO BHITSIHYTHIX MAJIbLIEB YKa3bIBAET
Ha yucao aecsAtkoB. Korma sajjoHy moBepHyTHI
HapyXy, YMCJO MajJbLEB YKa3blBaeT Ha YUCJO
€M HHUII.

Torma To e 4uca0 54 MOXHO ObIIO Obl
[I0Ka3aTh Ha Majblax CJAEAYIOIHUM 06pasoM.
OnHy nafioHb AEPXKUTE BHYTPb, MOKA3bIBAS
OSTh NAaJbleB, a APYTyI0 — JAJOHBIO HApY-
XKy, MOKa3blBasi 4eThipe manbua. TakuM 00-
pa3oM, ABYMS XeCTaMH MOXHO H300pa3uTh
Jo6oe yucao ot 10 go 99.

BoT Mbl ¥ mo6panauch A0 JECATH AECAT-
KOB, TO ecTb 10 cTa. «CTo» — 3TO TOXE CJIOBO,
npumeaiiee u3 raybokoit xpesHocT. MBI Mo-
XKeM laxe u300pa3uTh AeCSITh AECITKOB, I10-
BEPHYB JIAJJOHM BHYTPb U MOKa3aB AECHATH
[aJbIEB.

A Kak 6bITb, KOT/JIa HY>)XHO U306pa3uTh OIHH-
HAJIaTh JECATKOB? JTO TOXE BO3MOXHO.

- lo6paBIIKCh 10 COTHH, MBI MPOIOJIKAEM
NEACTBOBATh TAKMM e 00pa3oM, KaK U PaHb-
we. Cienyloniee 3a COTHEH YUCJIO — 3TO «COTHSA

13



Atizex A3umos. YUCJIA

¥ OJMH», TO €CTh CTO OAUuH. UTO MOXeT OBITH
sicHee W mpoie? MBbl NpOA0JXKAaeM HAll MYTh
BIepe], IPOXOAUM pa3Hble YUCJIA, HAa3BAHUSA
KOTOPbIX 00pa3yloTcs MO TaKOi )Xe MPOCTOM
cxeMe, Hall[pUMEP «CTO U ABAaALATb TPHU» —
3TO «CTO ABAAIAaTh TPU», «CTO U CEMbAECHT
NEeBSATb» — 3TO «CTO CEMBJIECST NEeBATh», U
TaK BIJIOTh 0 «CTAa M J€BSHOCTA NEBATHY,
TO €CTh IO «CTa JEeBSIHOCTA AeBSITH». Tenepn
y Hac yXe JBe COTHHU, TO €CThb ABecTU. Ta-
KUM 06pa3oM, Mbl MOXeEM N06paThCs 10 «Je-
BSITU COTEH ¥ JI€BSIHOCTA JI€BSITH», TO €CTh 10
«JIEBATHCOT JIEBSIHOCTA AEBATU». 31€Ch YIOOHO
BBECTH NMPUHIMIHAJIbHO HOBOE Ha3BaHUE JJIA
YHCJIa, PABHOTO «JIECATH COTHSIM». JTO YHC-
JIO TIOJIYYHUJIO HA3BAHHWE «ThiCSAYa», €ro Mpo-
HUCXO0XIEHHE TOXE YXOAUT B IJ1yOb BEKOB.
Tenepb MOXXHO ONSTH MCIIOJb30BATH TOT
e MPUHIUI JJsi 0603HAYEHUS YHCEN TIPH T10-
MOLIX MaJbll€B U ABUTAThCs Aajbine. Mbl Mo-
’KeM, HanpuMep, TOTOBOPUTHCS, YTO KOTAA
majibilbl HallpaBJeHbl BHKU3, a JaJloHb 0obOpa-
HeHa HapyXy, TO KOJHUYECTBO MajbileB 000-
3HAYaeT KOJHMYECTBO THICSY, KOTZA MaJbLbl Ha-
npaBJieHbl BHU3, a JIaJJOHb 0OpalieHa BHYTPb,
TO KOJMYECTBO MaJbl[€B 0003HAYAET KOJIHYE-

14



OHU®PHI M — LIHUDPHI

cTtBO coTeH. Kora nasbusl HanpaBjeHbl BBEPX,
a JIaloHb oOpaleHa HapyXy, TO KOJHUYECTBO
naJjbileB 0603Ha4YaeT KOJMYECTBO AecATKOB. U
HaKOHell, KOTJa Najblbl HallPaBJEeHbl BBEPX,
a JlaloHb oOpalleHa BHYTPb, TO KOJUYECTBO
najbieB 0603HAYAET KOJUYECTBO €IMHHUIL.

[TosToMy, ecau MBI XOTUM MOKa3aTb Ha
NajbllaX YMCJIO «CEMb THICAY MATHCOT ABAJ-
1[aTh YEeTbIpE», Mbl MOXEM CH€JaTh 3TO B Ye-
TBIPE ABUXXEHUS: «CEMb MaJbl[eB BHU3, Ja-
NOHW BHYTpPb, 3aTeM INATh NajblleB BHU3
JIaIOHU HAPYyXYy, [Ba MaJjblla BBEPX, JAJAOHHU
BHYTpb, 3aT€M YeThIpe MaJjiblla BBEPX, JaL0-
HU HApYXy».

-\

Ha nanpuax nokasniBaeM uucio 7524

B 6bITy MBI MOYTH HUKOTAA HE UCIOJIb-
3yeM 4ucJja BblIIe ThHICSAYM, U MMOITOMY HU-
KaKMX HOBBIX HAa3BaHUM [ YUCET <«JeCSAThb
TBHICSY», «ABaAIaTh THICAY» U TaK Jajiee He
NOSIBUJIOCh HU B PYCCKOM, HU B aHIJIMHCKOM,

15



Atizex A3umos. YUCJIA

HY B OOJIBIIMHCTBE €BPOMENCKUX A3bIKOB. Beren
3a «JECSTbIO ThHICAYAMU» HAET «AECATh THICSY
OJIMH» W JiaJiee BILJIOTh J0 «IE€CATH ThICSY JIE€BS-
THCOT JIEBAHOCTA JEBSITU», @ 3aTEM — «OIWUHHA]-
LATh THICSY»... «ABAALATh THICSY»... CTO THICSY»
U Tak Jlajee.

I'peyeckue MaTeMaTUKHU MCIOJb30BATH CIIe-
[[MaJbHOEe Ha3BaHUe A/ aecsATH Thicsid. OHM
Ha3BaJIM 3TO YMCJIO «myrias» (OT HEro MpoM301LI-
JI0O COBPEMEHHOE CJIOBO «MHUDHAJbl», UJIH «He-
CMETHOE KOJIMYECTBO»), HO 3TO Ha3BaHHUE HC-
N0JIb30BAJIOCh TOJIBKO B Y3KOM KPYTy YYEHBIX
U HUKOTZa He ObLIO HIMPOKOYIIOTPEOUTETHHBIM.
Ha3BaHus A/ TaKUX YUCEJN, KAK «MHUJIMOH»
U «MUWIIHAp/», MOSABUJINCH TOJIBKO B 3MOXY IO-
3nHero CpeHEeBEKOBbsI, @ HA TPOTSKEHUN OOJb-
el YaCTH MCTOPUHU YesioBeyecTBa ObLIO 10C-
TATOYHO JBYX JIAJOHEH M JeCATH MabIleB, YTOOBI
0603HAaYUTh HEOOXONMMBIE YUCJIA.

CueTnl

41 oTHIOABL He yTBepXJalo, YTO MOSI CHUC-
TeMa 0603HayeHHusa GOJbIIMX YHMCEJ Ha Malb-
Hax Korga-iubo ucmnoab3oBasack. K tomy Mo-
MEHTY, KOT/Ia B OOUXO/ BOILLTH JECATKH, COTHH,

16



HOHU®PHI U — LITHUDPHI

THICSIYU U JECATKH THICSY, YEJOBEYECTBO YXKE
pacnoJjiarajo ya0O0HBIM HMHCTPYMEHTOM JJIst
NPOU3BEJEHUS PACYETOB, CBOEOOPA3ZHBIMU HC-
KYCCTBEHHBIMH TaJblaMU. ITO CYETHI, UJIH TO-
rpeyecku «abakar.

Camble MpPOCThIE CYETHI MPEACTABJISAIUA CO-
60if KOpOOKY C TOPU30OHTAJbHBIMU XKeJlobOKa-
MH, B KaXXIOM M3 KOTOPBIX JI€XaJo Mo je-
CSATh KaMEUIKOB OKPYTIJIOi (POPMBI, MJIH TaJbKH.
JlnuHa xenobkoB Obla OCTATOYHA, YTOOBI 3TH
KaMelIKH MepeJBUraTh CrpaBa HaJjeBo. Ta-
KMMH CYETaMH MOJb30Bajuch u B [[peBHei
I'peunu, u B /I[peBHem Pume, u B 6ojee mo-
3nuue BpeMmeHa. [lo-saThHIHU <«rajbkKa» —
«calculus», oT 3TOrO CI0BA M MPOM3ONLIO CJIOBO
«calculate», 4TO MO-aHrAUIICKM O3HAYaeT «BbI-
YUCJISATh.

[To3xe mosiBUNUCH CUeTHl APYTroil popmbl.
ITO nepeBsiHHAas paMKa C FOPU30HTAJbHBIMH
CTEPXKHSIMH, HAa KOTOPbI€ HACaX€HO IO IECAThb
IMCKOB, Ha3bIBaeMbIX KOCTAIMKaMH. CTepKeHb
JIOCTAaTOYHO AJIMHHBIN, U KOCTOYKH MOXHO Ie-
peaBurath. B nmpuHUUNeE KaXAblii CTepXKeHb —
3TO MOJeJb JIaloHei C JeCSThIO Majbl[aMH.
Ecnu BHayaje BCe KOCTOYKHM CABUHYTHI Ha-
JIEBO, TO, NEPEIBHUHYB OIHY KOCTOYKY Halpaso,

17



Atizex Asumos. YUCITA

Mbl UMUTHUPYEM TaKOM XeCT, KOra IoIHuMaeM
OJUH maJel.

A Tenepp JOroBOPUMCS, YTO HUXHHUU psf
KOCTOYEeK — ITO €JMHHUIIbI, HaJ HUM — JeCsT-
KU. Bpimme — coTHM, a Hajx COTHSIMM — ThICS-
yu. Teneps nonpobyeM HpeaCTaBUTb YUCTO 7524
npu nomouiu cuetoB. Ha HuxkHeM psiny Hano
NepeABUHYTHh HallpaBO 4 KOCTOYKH, Ha CJedy-
I0IeM — 2, HA CJIeAyIoleM — 5, ¥, HaKOHel,
Ha psly, pPacIlOJIOKEHHOM ellle Bbillie, — 7.

HHH—|  [H—
HHHE— [

| |

1 2

1 — cyertnl;
2 — cueTbl, HA KOTOPBIX OTJIOXKEHO YUCJI0 7524

PasymeeTcsi, ropa3no yanoOHee 0J1b30BaThCs
CYeTaMH, YeM MOKa3bIBaTh YMCJIA HA MaJblax.
[IpeumyiecTB y c4eTOB HECKOJIBKO, U OHU J0-

18



LHHU®PbI U — LIHUPPHI

CTaTOYHO cepbe3Hbie. Bo-nepBbiX, HET HEOO-
XOAMMOCTH 3aCOPSATHh NaMATb TeM, KaK HYyX-
HO pPacCHoOJIOXHMTH MaJbIBl U JAJOHHU, KOTAA
n306paxaelib KaKoe-To YucJao. Bo-BTOpHIX,
MOXXHO MOKa3aTh BCE YMCJO, JaXe €CJHU ITO
NeCSATKU UJIHU COTHU ThICAY, LEJTUKOM, a He IO
yactsaMm. He Hy)XHO 3alIOMUHATD, CKOJIBKO OBLIO
THICSIY, COTEH U AeCSATKOB. B-TpeTbux, Korzaa
I0JIb3y€IIbCA CYETAMH, MOXHO N006aBIAATH
CKOJIbKO YTOAHO PSIIOB M, TAKMM 00pa3om,
M306pa3uTh B NPUHIIUIIE CKOJb YTOAHO 060JIb-
moe yucao. Y HakoHell, CYeThl MO3BOJSAIOT
U300pa3uTh OJHOBPEMEHHO [BA YHCJA U BbI-
INOJHUTh C HUMM KaKue-TO JeHCTBHUS.

CuuraeM Ha cyeTax

YesoBexy elle B IOUCTOPUYECKUE BPEMEHA
OBLJIO HEOOXOAMMO CKJAAbIBAaTh U BBIYUTATD
yucaa. IIpeanosoxum, 4To Bb HpuobpeIn y
cocefla HECKOJIbKO HAKOHEYHUKOB AJIS CTPeJ U
BaM HY>HO 3HaTb, CKOJIbKO y BaC Telepb BCe-
ro B 3alace HAKOHEYHUKOB. VMn, ckakeM, Ballu
OBIIbI TIPUHECJIU 110 HECKOJIbKO STHAT — BbI JOJI-
XHbl 3HaTb, CKOJIbKO TOJIOB B BallleM CTaje
nocJje 3Toro npubaBaeHUs.
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Aiizex Asumos. YUCJIA

CaMBlii IPOCTO# €cOCO6 — MOCYHUTATH.
[IpeanonoxumM, y Bac 6bJI0 HSITh HAKOHEY-
HUKOB U BHl mpuobpenu eue aBa. Bol ckia-
AbIBaeTe UX BMeCTe, CYUTaeTe — M y Bac IO-
ny4aercsi ceMb. Ho mocrenenHno npuobperaercs
ONIBIT CYeTa, BBl yXe 3HaeTe, YTO MATh IJIIOC
IBa — 3TO CEMb.

OpnHako Hama nmaMsiThb He GecnpejesibHa,
¥ KOT/la HYXKHO CJIOXHUTH OOJIbLINE YKUCJIA, HA-
IpUMep ABaJllaTh TPU U MATHAECST YeThIpeE,
OTBeT HailTu yxe ropasno TpyaHee. [Ipeacrass-
Te cebe IpeBHEro MacTyxa, y KOTOpOro B CTajie
OBLJIO MATHAECST YEThIPE OBIIBI, @ TOTOM MPH-
6aBUJIOCH elfe ABaALAaTh TpU. VI BOT OH UX
JIOJITO ¥ HYJHO IIepecYuThiBaeT, COMBaeTCs, Ha-
YUHAET CHayaja, OnsTh COMBAETCS... U MPH-
XOJIHUT B SIPOCTh OT cO6CTBEHHOTrO Geccuus.
[Moxany#, oT 4yesoBeKa, 3aHMMAIOIIETOCS MO -
cyeTaMH IO TakOil MeTOAUKe, JTyyllle Iep>KaTbCsi
nojajabliie.

BoT TyT Ha moMoumb MOTYyT NPUHTHU cUe-
Thl. ITO OYEHb yA0OHOE MpUcnocobieHue, Ko-
TOpO€e IIOMOTaeT MOACYUTATh CYMMY 3THUX JBYX
4YHuces, He Jeslasi HUKaKHX 0COObIX HHTEJJIEeK-
TyaJbHBIX ycuauil. Tenepp coBceM He HYyX-
HO HaXOAUTHCS PSAJOM C 3TUMU IJIYNBIMH OB-
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LHU®PHI M - LITHDPHI

IIaMH, KOTOPbIE€ HE MOTYT CTOATh HA MECTE M
BCe BpeMs nepememaioTcsi. MoXxHO yiiTH B
JIOM U CYMTATh TaM.

Ecan HyxHO npuGaBUTH ABaALATh TPH K
NATUAECATH YEThIPEM, TO CHayaja Ha CYeTax
Ha HUXKHEM psilly, TO €CTh Ha PAAY €IMHHII,
Mbl OTKJaabiBaeM uyeToipe. Ha caenywoumem
psly, Ha PAAY HECIATKOB, — mATh. Temepb Ha
HUJXKHEM PsIy OTKJaJAbiBaeM elle TPH, a Ha
cnepyiomeM — aBa. VI B pe3yabTaTe mojyya-
eM cembaecsT ceMb. [IpaBna, mpu cyere cymma
HU pa3y He paBHSJIACh AECSITH WU OoJblle-
My 4HUCIy.

TouHo Tak xe 6e3 0coObIX MpobIEM MOXHO
CKJIaAbIBaTh U OYeHb GoJbiiue yncaa. Hampu-
Mep, HaM HYXHO CJIOXXKHMTh ABECTH MATHAECAT
TPHU THICAYM CTO ABEHAJALATh U CTO ABaAlaATh
IIECTh THICAY BOCEMbCOT TpUALATh OAuH. Vc-
N0JIb3ysi CYEThI, MBI JIETKO ONpPEAENUM CyM-
My, KOTOpasi paBHa TPUCTa CEMUMIECATU AEBATH
TBICSIYAM JIEBATHCOT copoka TpeM. OaHaKo 3Ta
JIETKOCTh OTYACTH ONPENENSIeTCS TEM, YTO HU
Ha OJHOM pSAY IpPH CJIOXEHHUH Mbl HE MOJY-
Yyaau 4yucia, 60JbUIero AeCATH.

A Teneps npexacrasbTe cebe, YTO HALO Ha
cyetax CJOXHTb ceMb M BoceMb. Kak Hu cTpaH-
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HO, 3TO Aa)e TPyAHeH, 4eM MOJYYUTb CyM-
MY OT CJIOXE€HHUS HECKOJBbKUX COTEH ThICSY,
4YTO MBI TOJIBKO YTO CHAEJIAJH.

ITocmoTpuTe Ha PUCYHOK.

HHHH—
i

it
HHHHHH—

i
i

Ilaz 1.

Ilaz 2.

Hlaz 3.

CknaapiBaeM 7 ¥ 8 Ha cuerax

Chavasa Ha HUXXHEM psNy Bbl IlepeBOJUTE
HallpaBo BOCeMb KOCTslIeK. Tenepp HYXHO
K HUM npubaBUThH €llle CEMb, HO y HAC Ha
HUXKHEM Psily CBOOOMHBI TOJHKO ABE KOCTSIL-
ku. Uto xe nenatn? Bce ouens npocrto. CHa-
yaja nepeaBuraite octapiivecs ase. Teneps
y Bac ecTh 1eJblil necsaTok. Bul nenaere 3a-
MeHY, IeCSITh KOCTSIIeK Ha HUXXHEM pALY 3a-
MeHsieTe Ha OfHY KOCTSIIKY Ha ciejyloueM
psily, TO €CThb OTKJaJbIBaeTe B PAAY AECAT-
KOB OAUH HecsAaToK. Tenepb Bbl MoOXeTe 3a-
KOHYUTH CJIOXEHUE, Belb PSAI €IUHUI] Y BaC
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cBo6ogeH. Ham HyXHO OBIJIO MEPEABUHYTH
ceMb KOoCTslIeK. /[Be MBI yXe ITepeBUHY IU.
3HauYMT, OCTAJIOCh EePeABUHYTH elle nsaThb. Ile-
pelBUTraeM MATh KOCTSAIIEK HA HUXKHEM PAAY
BJIEBO U TIOJIy4aeM pe3yJibTaT: OAUH JNEeCSITOK
U NATh €IUHHUL, TO €CTh NATHAALATH.

Takasi 3aMeHa JeCSITH KOCTSIIEK Ha OIHY
B CJle[lyIOIIeM BepXHeM Py TOAUTCSA IS BceX
psinoB. /lecATb 1eCATKOB MOXXHO 3aMEHUTH Ha
ONHY COTHIO, 1€CSATh COTE€H Ha OAHY ThICAYY
U Tak jajee.

Takum obpa3oM, Korga Mbl UCIOJb3yeEM
cYeTbl, HAM He HAaJ0 OTCYUTHIBATL OOJIbIIE
necatu koctamek. Ha camom gene goctaTtoyHo
CYUTATh N0 NATU. Beap ecsu BBl nmepeaBUHY-
J1 HanpaBo 6oJibllle MATH KOCTALIEK, HYX-
HO TOJIBKO MOJACYUTATh KOJUYECTBO KOCTHILIEK
B JIEBOM YacTH, UX Bcerga 6yaer MeHblIe IATH,
4TO6BI y3HATH, CKOJIBKO UX B MPaBOM 4YacTH.
CkaxeM, ecJIM CjIeBa OCTaJIach OJHA KOCTHIIKA,
3HAYUT, CIIPaBa UX AEBSTh.

Korma xocTsuek naTh UM MeHbIIe, HaM
JIETKO ONpENEeNUTh UX KOJUYECTBO C IEpPBO-
ro B3riasifa, He cuuTtas. IloaToMy onbBITHBIH
pPabOTHHUK, KOTOPOMY TIPUXOJUIOCH TOCTOSTHHO
CYUTATh HA CYETAX, MOT TIPOM3BOJUTDH ONEpaIUU
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Atizex A3umos. YUCJIA

CTIOXEHHUS U BBIYUTAHHUA C 6OJIBLION CKOpoC-
ThIO, TOpa3io ObICTpee, YEM ITO AeNAETCS IO
0ObIYHOU MeTOonMKe, HA Oymare, CKJIaAbIBas
M BbIYUTasA B cTOJAO6UK. CaMbIM BBIAAIOU[UM-
cs creuuasuctam mo pabore co cuetamu ynia-
BAJIOCh Ja)ke 0O0OTHATD JIEKTPUYECKHE HACTOIb-
Hble CYETHbl€ MAIIUHBIL.

Hcnonb3ys cueTsl, BBl JIETKO MOXXETe MOKa-
3aTh, YTO OT IepeMeHbl MECT CJaraeMblX CyM-
Ma He MeHsieTca. HeBaxHo, kakoe 4UCJIO BHI
nepBbIM BBICTAaBUJIM Ha cyeTax. Bel Moxete
CHayaja OTJOXHUTb CE€Mb, a IIOTOM BOCEMb, HJIH
Hao60pOT, CyMMa OCTAaHETCS TOU e CaMoii.
JTo nATHaAHaTh. Tak YTO 3aIOMHUTE 3TO
IIPaBUJIO XOPOIIEHBKO: OT IepeMeHbl MeCT CJia-
raeMbIX CyMMa He MEHSIETCS.

H3o6paxaeM uucia
npH NOMomH OYKB

WNTtak, Mbl BBISCHMJIM, KakKas IoJie3Hasi U
ynobHas Bewb — cyeTol. Ho Beab pe3yabTaTsl
BBIYMCJEHUH HAJ0 KaK-TO 3anucbiBaTb. U1 B
ApeBnem Basunone, u B [I[peBuem Erunte Be-
JINCh CUCTEMAaTUYECKHE 3aIIMCH HAJIOTOB, IIOAATEH,
3aIacoB, NMOCTYNUBUIMX B 3aKPOMa NpaBUTEJIEH,
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HHUOPbI M - LITHUPPHI

U MHororo apyroro. KoneuHno, MoxxHo 3anu-
ChIBaTh YMCJA CJOBAaMH, KaK 3TO CAEJAHO B Ha-
yaJie rJIaBbl, HAIPUMEDP ABECTHU NATbAECAT TPH
THICSIYM CTO JBEHAAIaTh. Takylo 3anuch MOX-
HO ObLJIO caenaTh Ha JIOOOM A3bIKEe, HO 9TO J0-
BOJIbHO YyTOMHTEJIbHO U Heymo6Ho. Ha momoris
HPUILIA COKPAIEHUS U 0003HAYEHUSI.

¥Yke B IpeBHOCTH MUCIBI UCMIOJIb30BAIU Pa3-
JIMYHbIE 3HAKU, CUMBOJIBI U OYKkBbI ajdaBuTa
IJIs 3alIUCH yKceJ. Mbl ¢ BAMH PAaCCMOTPHUM
cucteMy GYKBEHHBIX M300pa)keHUU YKCes, KO-
TOPYIO UCIOJb30BaNIN ApeBHUE puMiasHe. OHa
UCcnoJb3yeTcs A0 cux nop. PuMmckue uudps
Mbl MOXXEM yBHUETb Ha MaMSATHUKAX, HA 006-
IIECTBEHHBIX 3JaHUAX, HA nKdepbIaTAX YACOB,
B AMILJIOMaX U I00UJEHHBIX TPAMOTaX, TaK YTO
OHM BCEM HaM XOPOIIO 3HAKOMBL.

Ywucao oguH B PUMCKOM cucTeMe 0603Haya-
nock Kak I, aBa — II, Tpu — III, yernipe — IIII,
naTh — V (BO3MOXKHO, 3TO CXeMaTHYHOe M300pa-
JKEHHe JIAJIOHU C OTBEJAEHHBIM B CTOPOHY 6OJIb-
muM manbieM), mects — VI, cemp — VII, Bo-
ceMb — VIII, neBars - VIIII, gecars - X
(BO3MOXHO, 9TOT 3HAa4YOK 0003HAYAJ JBE JIAJOHU
C OTBEJEHHBIMU OOJIBLIIMMHU TMAJIbLAMY, OIHY C Hajb-
1[aMM, HATIPaBJIEHHBIMU BBEPX, APYIYIO — C Majlb-
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namMu BHU3). Jlajbiie wuger nsThaecaT — L,
cro — C, nmarecotr — D, ThicSIUa — M.

Tak yuca0 THICAYA AE€BATHCOT NATHAECAT
BOCEMb B PUMCKOM CHCTEME 3aMuCcH OYAET BbIT-
asapets kak MDCCCCLVIII (to ecth oana
TeICsiYa + OATBCOT + CcTO + CTO + CTO +
+ cTO + HNATHAECAT + NATh + OAUH + OAUH +
+ OIMH).

O6paTuTe BHUMaHHe, B PUMCKOI cucte-
Me 3alUCH YUCEJ OlpeleseHHbIIl CUMBOJ BCe-
raia o003Hayaa OAHO M TO € 4YHUCJO, He3a-
BHCHMO OT TOTO MeCTa B CTPOKE, KOTOpO€e OH
3anuman. Ckaxem, sMecto MDCCCCLVIII
moxxuo Hanucath CLCDIIVCMCI, u ato 6y-
JIEeT TO Xe camoe yucyao. ExuHcTBeHHass npu-
YKMHA, KOTOpasi 3aCTaBJisAjia MUCIOB pacroja-
raTb CMMBOJIbI B MOPsAAKe yObIBaHHWS CIIpaBa
HaJIeBO, — 3TO yAOOCTBO CYUTHIBAHUS YHCJIA.
[IpuMepHO Tak Xe, KaK NPU UrPe B OPUIK —
3HAYUMOCTb KapThl BCETAa OCTAETCS MOCTOSIH-
HOM, HO UTPOKHM PACKJIAABIBAIOT X B MOPS/I-
Ke yObIBaHHs CIIpaBa HaJeBO.

B Hamu AHU MCNOJB3YIOT HEMHOTO M3Me-
HEHHYIO0 CUCTEMY 0003HauYeHUsI. MeHbInii CUM-
BOJI CTaBAT nepea OOJBUIUM, KOr[a €ro HaJo
BbIYeCTb U3 Oosbmiero. Hanpumep, Mbl npu-
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OUOPHI U — HUDPHI

BBIKJIM YUCJIO YeTbipe 3amuchiBaTh Kak IV, a
ne IIII, a neBarbcoTr xak CM, a ve DCCCC.
IJTO yCcoBeplleHCTBOBaHUE JPEBHEPUMCKOU CHU-
CTEeMBl 3aMHCHU YHUCeJ ObIJIIO BBEIEHO YXeE B
Cpennue Beka C I[eJbI0 COKpAlleHUS 3aMu-
CH, U [IPEBHME PUMJISIHE UM HE MOJIb30BAJIHUCD.

Nrtak, B puMCKOii cucTeMe 3amucu 3Ha-
YeHUue CUMBOJIA He 3aBUCEJIO OT ero MOJIOXeHUs,
TO €CTh 3Ta CUCTeMa OTJIHUYAEeTCs OT CHCTe-
Mbl 0003HAYEHHUS HA CYETaX, rJe 3HAaUeHHEe YKC-
Jla 3aBUCHUT OT TOro, B KAKOM Psily OHO Ha-
XOIHTCS.

TeM He MeHee U B PUMCKOIf cucteme 060-
3HAYEHUS YUCeJ MOXHO IPOU3BOJUTDH AENCTBUS
ciaoxeHusi. Hanmpumep, HaM Haxo CJIOXHUTb
MDCCCCLVIII » MMCCCCLXXII. 3anu-
IleM HOBOE YKCJIO, 3alIUCAB 3HAKHU 000UX YHUCE
BMecTe. MBI noay4yum:

MMMDCCCCCCCCLLXXVIIIII.

Tenepb ynpocTuM 3TO BbIpa’KeHUE:

I[Iars ennuun uam IIIII - at0 V, a aBa
pa3a no natsaecart (LL) — ato cro (C).

IIpousBenemM 3aMeHy U MOJYYUM:

MMMDCCCCCCCCCXXVV.

Ho nBe nsitepku (VV) — 310 mecsts, a NATh

cored (CCCCC) — arto narscot (D). [Ipous-
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BeJIEM ellle OIHY 3aMeHYy M NOJY4YUM CJIeAYIOIUiA
pe3yJIbTar:
MMMDDCCCCXXX.

Ho nstbcot u nsatecor (DD) — 310 THI-
csiya (M), npoBoAMM MOCHENHIOID BO3MOX-
HYIO 3aMeHY M TOJiyyaeM OKOHYaTeJbHBbIH pe-
3yJIbTaT:

MMMMCCCCXXX,
TO €CTb YeThIpe THICSAYM YeTblpecTa TPUALATh.

He comHeBaliTech, ONBITHBIM MNHUCEl B
[peBuemM Pume MOr MOJIHUEHOCHO NpoOJeaTh
aty onepauuio. Ho ectp Macca apyrux, kpaiine
HEOOXOMMMBIX ONepaluil ¢ YHUCTaMH, KOTOPbIE
OYeHb JIETKO BBINOJHUTH Ha CYeTax M Kpaii-
He TPYAHO — MCIOJIb3ys PUMCKHEe HUQPBHI.

VIMeHHO OTCYTCTBHE pallMOHAJbHOU CHC-
TeMBbl 3alIUCH YHCEJ OCTAHOBUJIO pPa3BUTHE Ma-
TeMaTUKH B [IpeBHell I'penun, nockoJibKy rpe-
KU 3alMCBIBAJIA YUCJIA HE MEHee FPOMO3JKUM
U HeylnOOHBIM criocoboM, yueM pumisine. Ecan
OBl BeTMYAUIIUI MaTEMaTUK JPEBHOCTH Ap-
XUMeJ| Bjlajle]l COBpEMEHHOU CUCTEMOM 3amucu
yuceys, oH cMmor 6b 3amosro no HeioToHa
npuiitTu K uaee nuddepeHIINaIbHOTO UCYUC-
JIEHUs, a 9TO Ha BOCEMHAJIlaThb BEKOB YCKO-
puyio 66 MPOrpecc HayKH.
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B IX Beke Hamieid 3pbl KakoW-TO HUHIM-
ell, UMsi KOTOPOr0o He COXPaHHUJIOCh, pa3pa-
6oTan Ty CHCTEMY CUYMCIEHHS, KOTOPOH de-
JIOBEYECTBO MOJIb3YyeTCSs U B Hamu AHU. U3
Unaum sTa cucrtema pacnpoCcTpaHUIach Ha
Apabckuit Boctok, a apabbl NpuHECIH €€ B
EBpony. IloaTomy Hamu uudps U Ha3blBa-
I0TCS1 apaOCKUMH, XOTs IpaBUJibHeEe GbLIO Obl
Ha3blBaTbh UX MHAUNCKUMHU. UHAMiICKas cuc-
TeMa MPOCTO MOJEJUPOBaJa CUCTEMY H300-
pakeHUsI YUCeJ MPU HOMOIIM CYETOB, U 00
3TOM peyb MoHAeT HecKoJbKo no3xe. Cosep-
IIEHHO HEMOHSATHO, IOYEeMY 3TOTO OTKPBITHUS
NPUIILIOCH XAATh TaK JO0JITO, BEIb CYETHI ObLIH
n300peTeHsl 3aM0JIT0 A0 TOTO, KaK BOIIJIH B
obuxon apabckue HUPPHL.



I'nasa 2

HHUYTO - U1 HEYTO,
EIIIE MEHBIIIEE,

wm Kak Baskno
HMeTb CBOOOIHDIN psf

B ocHoBe MHAMHCKONW CHCTEMBI cyeTa —
uudpsl oT oaHOro 10 AeBATH. OHU BUIOU3ME-
HSJIUCh BO BpeMeHH, HO yxe k XVI Beky npu-
obpenn B EBpone coBpeMeHHBI NMPUBBIYHBI
Bux: 1, 2,3,4,5,6,7,8u9.

Kasaznoch 6b1, 31ecy HeT HUYero HoBoro. 1
ApEBHUE TPEKH, U JAPEBHUE UYydEH HCIOJb30-
BaJIM JIJISI YUCEJ pa3jinyHble cuMBoJibl. M y Tex
U y IpYrux nepBbie AeBsTh OykB andasuTa uc-
[0JIb30BAJMUCh AJIs1 0003HaYueHus yucesa ot 1 10
9. Caenyiomue aeBsiTh 6ykB 0603HAYaMU YHC-
Jla IeCATh, ABAALIATh, TPUALATH M TaK [Aajiee 10
nessiHocta. Cienymoouue aeBsiTh OYKB 0603Ha-
YajJd COTHM: CTO, IBECTH, TPUCTA U TaK Jajiee
1o AeBATUCOT. [[BaguaTth BocbMasi 6ykBa 060-
3Havasa ThicsAYy. TakuM o6pas3oM, ABaALATH
BOCbMH OYKB OBLJIO HOCTATOYHO JIsi 0603HAYE-
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HUS YUCJIOBOTO PSiZIa OT €MUHUIIBI 10 ThicsTyu. Kor-
na 6yxB anaBuTa OBLIO HENOCTATOYHO, N06ABIIS-
JIM ClleMajIibHble CUMBOJIBI UM U3MEHEHHOe Ha-
nucaHue OyKB.

OnHako MCNoJb30BaHUE OYKBEHHBIX 060-
3HaueHUIl MpUBOAUT K MyTaHHUile noHaTuil. Ha-
1puMep, yucao 15 B IpeBHEEBPEMCKOM Hamu-
CaHWM NpeACTaBsieT coboi mepsbie JBe OYyKBbI
B cJOBe «bOr», TO )K€ CaMOe OTHOCHUTCS U K CO-
YeTaHUSIM HEKOTOPBIX APYTUX OYKB.

C npyroii CTOpPOHBI, TIPU TAKOH CUCTEME KaX-
JIOMY CJIOBY MOJHO OBLIO IPUITUCATD OTIPEETIEH-
HOE YUCJIOBOE 3HAYEHHUE, YTO U ObLIO CAENAHO /IS
MHOTHMX cJoB B bubauu. Takas mporeaypa Ha-
3pIBaeTCs «rematpueil». Takum o6pa3om, MHO-
rUe CJI0Ba, BKJIOYasi UMEHA COOCTBEHHBIE, OJTY-
yaau ocoboe MHCTHYECKOE M OKKYJIbTHOE
TOJIKOBaHUE.

Haubosiee u3BeCTHBII TPUMEDP TAKOTO TOJI-
KOBaHUS CJIOB — 3TO MCMOJb30BaHHUE CJOBA
«3Bepb» B OTkpoBeHuu Moanna borociona
(To ecTb B AnokaJHIcuce), KOTOPOE COOTBET-
CTBOBAJIO q‘ncny 666. Cxopee Bcero, uMsi Ka-
KOTO-TO BJIACTUTEJSI, KOTOPOE B Te BpeMeHa
OMacHO OBLJIO NaXe MPOU3HOCHUTDh, TAKXKE CO-
ctaBasijio yuciao 666, eciu ero uszobpas3uth
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OyKBaMH [PEBHETPEYECKOTO UJIHU JPEBHEEBPEii-
ckoro andaButa. Bo3aMoXxHO, 3TUM BJIacTUTENEM
6b11 umnepatop Hepon. C Tex 1aBHUX MOP JIIOAH
yacTo 3amuGppoBbIBAIM MMEHA CBOMX BpParoB B
BHU/JIE YMCE.

B unauiickoii cucteme, B oTJIMYME OT JAPEB-
HeeBPEUCKON U JipeBHErpeYecKoit, ais o603Ha-
YyeHUsA BCeX BO3MOXHBIX 4YHCEJ HCII0JIb30Ba-
JIOCb BCero AeBsAThb HUQP, TaK XKe KaK U Ha
cyeTax, Ire Ha KaXJOM pSAYy OJHO M TO Xe
KOJIMYECTBO KOCTAIIEK. ITO OblJIO He0bXomu-
MO, 4TOOBI NpuAaTh HUPpaMm onpereseHHYIO
3HAYHUMOCTb B 3aBHCHMOCTH OT IOJIOXKEHHS, KO-
TOpOe OHM 3aHHMaJIU.

Hanpumep, ecaium Mbl XOTUM BBIJIOXHUTH
YUCJO ABAALATh TPHM Ha CYETaX, TO B HUXK-
HEeM psly, B PsAAYy €IMHUI, Mbl OTKJaJblBa-
€M TPHU KOCTSAIIKH, a B CJAeAyloleM psiay, B
pPSIly NEeCSATKOB, MBI OTKJaJbIBaeM J[Be€ KOC-
TamkKu. B uHANNCKON cUCTeMe 3TO YHCJIO 3a-
MUChbIBaeTcd KakK 23, 4, KOrjga Mbl €ro BUIUM,
Mbl Cpa3y NMOHHUMaeM, YTO JaHHOE YUCJIO CO-
CTOUT U3 ABYX NECATKOB M TpPeX eIUHUII.

CoOTBETCTBEHHO YKMCJIO TPUALATH B OyneT
3anucaHo xak 32, rae 3 — 3TO KOJHYECTBO
JIECATKOB, a 2 — KoauuyecTBO eaunuil. [lockosb-
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Ky 3HaYUMOCTb HUGPHI 3aBUCHUT OT MOJIOXKE-
HUs, To yucaa 32 u 23 — 3TO COBEPIIEHHO
pa3Hble YHUCJIA.

MaJsioBepoATHO, YTO XUTPOYMHBIE JAPEBHUE
rpeky He Morju pa3paboratb mogob6HOIM cuc-
TEMBI, Belb YJaJ0Ch K€ MM CAEJaTh MHOXe-
CTBO YPE3BBIYAHO BAXKHBIX OTKPBITHH B CaMbIX
pa3nbIXx obsactsax. HacTosmuMm npensTcTBUeM
IJISE HUX, a TaKXe JJsA BCeX OCTaJbHBIX, MO-
MUMO WHAMIIEB, HA MYTH Pa3BUTHUS METOAOB
cyeTa SIBUJIACh MpobJieMa CBOOOAHOrO psiia Ha
CYeTax.

[Tpenanosoxum, BaM HaZ0 BMECTO ABAALATH
Tpex u306pa3uTh yucao asectu Tpu. Ha cuerax
Bbl OTJIOXKMTE TPU KOCTSIIKUA B HH)XKHEM Py,
HEe OTJIOXKHMTE HU OJHOI B CJEAYIOIEM Py,
B psilly N€CSATKOB, U, HAKOHEL, B PSAAY COTEH
OTJIOXKHMTE JB€ KOCTSLIKH.

A kak 3amucaTh 3TO YMCJAO B MHAMMC-
Kot cucreme? J[BaauaTh TPH MbI 3aMHUCHI-
BaeM kKak 23, a YHUCJO JIBECTU TpH, Ka3sa-
JoCch GBI, OymeT BBITJASAETh TOYHO TAK XK€,
23, Tonbko Teneppb 2 OyneT 0603HAYATH YUCJIO
COTEH.

A Tenepp nepeiinem k ToicsiuaM. Kak oT-
JIOXKUTb HA CYETaX YUCJIO ABE THICAYU TPHU?
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TpH KOCTALIKH OTKJIAJABIBAEM B HUXKHEM PSILy,
HU OJHON B cjleaylomieM psAy, B psAy ne-
CATKOB, HA OJHOM B CJEAyIOLUIEM PSLY, B PSALY
COTEH, U, HaKOHEIl, B PSAAY ThICAY OTJOXUM
IIBe KOCTSIIIKH.

A xak 3amucaTh 3TO YHUCJO B MHAHIIC-
koii cucteme? Onsate 23?7 Tonabko Teneps
JABOMKa o3Hayajia Obl KOJMYECTBO Thicsad. Tak
4TO e, TPH Pa3HbIX YMCJa 3aMUCHIBAIOTCSH
OMMHAKOBHIM ob6pa3om? Het, 3anucsiBaioT-
Cs OHM I10-Pa3HOMY, M 3TO CTAJO BO3MOX-
HbIM MMeHHO 6jiaromaps T1aBHOMY YCOBep-
IIEHCTBOBAaHMIO, BBEJIEHHOMY B CUCTEMY CY€Ta
UHAMNIIaMU.

Kakx MoxHO 661710 661 M300pa3uTh 3TU TPU
yuciaa, 4ToObl OHHU pa3auyasuch? MoxHO
6bL10 OBI, CKaXkeM, CTaBUTh HaJ Kaxaou nud-
poil ompeneseHHOE KOJHUYECTBO TOYEK, KO-
TOpoe 0603Ha4yan0 Obl, K KAKOMY Pa3psidy OT-
HOCUTCA JaHHas uudpa, K COTHAM, ThICSYaM
unu pecsatkam. Hanpumep, ogHa Touyka — enu-
HUIIBI, JB€ — JECATKH, TPU — COTHHU, YE€ThI-
pe — THICAYH:
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Ho takas cucrtema 3anucu rpoMo3zika U He-
yno6Ha, 1 MHAUMCKAst CHCTEMA OCHOBaHA COBCEM
Ha ApYroM NpUHIHUIIE.

BenuvyalliiuM A0oCTUXEHUEM [PEBHUX UH-
AuiilleB CTaj0 BBEeJeHUE CIIEHNAJbHOTO CHM-
BOJIA /11 OTCYTCTBYIOLIEro pa3psiia, TO eCTb
AJisl TOTO psila Ha cyeTaX, HAa KOTOPOM He
nepeiBUHYTO HAalPaBO HU OAHOIN KOCTSIIIKH.
Apabbl Ha3pIBalM 3TOT CUMBOJ «Cudp», TO
€CTb NMYCTO#, B aHIJUMNCKOM sA3blKe Ha3Ba-
HUe TPaHCHOPMHUPOBATOCH B «3€PO» B pycC-
CKOM 53bIK€ 3TOT CHUMBOJ MOJYy4YHJ Ha3Ba-
Hue «Hoab». Ho ciaoBo «cudp» Takxe
NPUXUIOCh B pycckoM si3bike. OT Hero mpo-
U30LIIU cjaoBa «uudpar», «mudpp», «mudpo-
BAaTb».

Honpb ob6o3navaercs kak «0». Teneps aBe-
CTH TPH MOXHO 3anucaTh Kak 203, a nBe Thi-
csayu tpu — Kak 2003, aBecTm TpUALATh —
kak 230, a aBe Teicauu Tpuauats — kak 2030.
B kaxaoM ciaydyae Mbl 06003HaYaeM HOJIEM TOT
psil Ha cyeTax, Ha KOTOPOM He IepeBUHY-
Thl KOCTSIIKH.

(ABaauath TPU MOXHO 3aIUCATh TAKXe KaK
0023 uau 00023 uam maxe 000000023, Ho Tak
HUKOraa He aenaioT. [IpUHATO 3amuUCHIBATh

35



Atizex Asumos. YNCJIA

TOJIBKO II€PBbIN 110 BeJIMUMHE 3HAYAlUN pa3psia,
a Ha cuyeTax BCe PSI/bl Bblllie IEPBOI0 3HAYallero
IIpUPaBHEHbl K HYJIO).

23 203 2003

HHHH| NN
HHHHHE— |

2030 2300

Ha cuetax oT/10kKeHbl 4yucJa, coaepxaiue HOJIb

VimeHnHo uzobpereHune Takod nU@pbl, Kak
HOJIb, U CJeJIajI0 TaK Ha3biBaeMble apabCKue
UUdpPbl YA0OHBIMU U NPAKTUYHLIMU. ITO U3006-
peTeHue CTaJo MOUCTUHE PEBOJIOIMOHHBIM.
(CtpaHHO, 4TO U306peTEHUE «HYJISI», TO €CTh
«HUYET0», 0Ka3aJ0Ch CTOJb BaXKHbIM JUISI AaJb-
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Heifiero pa3sutus yejobeuyecTBa. Ho eme 60-
Jiee CTPAaHHO TO, YTO MHOTHE BeJIUKHE MaTe-
MaTUKHU APEBHOCTU TaK M He AOAYMAJUCh IO
3TOTO «HUYETO».)

IlepeHocuM cueTbl Ha Gymary

Koraa mbi cyuTaem, ucnosb3ys apabekue uud-
Pbl, TO TIEPBOE, YTO CJIEAYET CAeNaTh, — 3TO 3aIllOM-
HMTb CyMMBI YKCEJT OT HYJIs1 10 fieBsiTi. Kak Mbl yunm-
csa cuutath? CHavaja 3anmoMuHaeMm, yto 1 + 1 = 2,
2+3=54+5=9,6+ 7 =13 u tak nanee. Ouenp
BaKHO TakKXe yCBOUTb, yTo 0 + 0 = 0.

Korma Mbl cuuTaeM Ha cyeTax, 3alOMH-
HaTh HUYEero He Hajgo. Heo6XomuMo TOJIb-
KO HAaYYMTHCSA CYUTATh OT OJHOTrO O JAecCs-
ti. Ha 3TOM aTame nmpeumyiecTBa pacyeToB
IpU IIOMOINM YMCEJ, 3alIMCAHHBIX HA Oyma-
re, eme He3aMeTHbl. KaxeTcsi, 4To cYeTsl
ynobHee.

A Tenepb nMonpobyeM CIOXKHUTHb ABA 60Jb-
mux yucaa, Hanpumep 5894 u 2578. Bce, uTo
IJIsl 3TOTO HYXHO, — 3TO yMETh CKJIAAbIBATh
yucaa B npexenax aecsatu. CHavana pa3obb-
€M YKCJia Ha eIMHHUIIBI, NECATKH, COTHH U ThI-
CAYH, TO €CTb Ha Pa3psmbl.
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5000 1 800 m 90 u 4
nmoc 2000 m 500 m 70 u 8
7000 u 1300 u 160 u 12

Teneps pazobbem uncio 1300 na 1000 u 300,
160 Ha 100 u 60, a 12 Ha 10 u 2. Teneps Hano
NPOCTO MPUOABUTH THICSYU K ThICSYAM, COTHH
K COTHSIM, NIECSATKU K JecsATKaM. B pe3yibraTe
nosyyaeM: 8000 u 400 u 70 u 2, To ecTb 8472.

YnpomeHHo nmpouecc Ca0XKeHUSI MOXHO
U300pa3uTh TaK:

5894

nmoc 2578

8472
YnpomeHue 3akjgi0yaeTcss B TOM, YTO MBbI
He 3aIMCbIBaEM «HYJIU» U NEPEHOCUM <«EeJUHUIIBI»
B CJEeAYIOIINHA pa3psil, TO €CTh AECATKHU Iepe-

HOCHM B KOJIOHKY JIECSITKOB U TakK JaJiee.

BelunTtanue — 310 mpoiuecc, 06paTHeIit CJ10-
xeHuto. I[Ipeanosoxum, Hago U3 531 BbIUECTH
298. Mbl Takxe pa30bMBaeM YKCJa Ha Pa3psi/bl:

500 u 30 m 1
mMuHyc 200 u 90 u 8

Bruayane MoXeT moka3aTbhbCA, YTO HaM
npuaetrcss BolyuTath 8 M3 1, u 90 us 30.
Ho 3To He Tak, Mbl BeAb MOXEM 3aHITh
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ONUH NECSATOK M OJHY COTHIO U3 CJeaylo-
mux pa3psinos. [lepenumieM Tabauily B HOBOM
BUJE:
400 u 120 n 11
MHHYC 200 u 90u 8
200 u 30u 3

TakuMm obpa3omM, moayyaem orBeT: 233.

Korza MbI 1pon3BOJUM BBIYUTAHUE B CTOJI-
OUK, TO cJelyeM MMEHHO 3TOMY NMPHUHIHUIY,
xoTs ¢opma 3anucu 6osiee YIpoIeHHas.

YenoBek, NPUBBIKIIUN CYUTATH HA cye-
TaX, CMOXEeT NMPOU3BECTU 3Ty ONEPALUIO I'0-
pa3no O6bicTpee, YeM CpPEeNHUIl YYEHUK, BbI-
YUCASIOUUN Pa3HOCTh 3TUX IBYX YHUCEJ Ha
6ymare. OaHako cyeTbl TPeOYIOT, KPOME BCErO
poYyero, HapabOTKH YMUCTO MEXaHMYECKHX Ha-
BBIKOB.

B T0 ke Bpems, Korga Mbl CYUTaeM B CTOJI-
OUK, Mbl 3aIIMChIBAEM BCE ITAlbl, M JIETKO IPO-
BEpUTH IPAaBUIBHOCTDH pacyeToB. Vcnonas3ys
CYeThl, 3TOTO cJenaTh Henab3si. MeTon mox-
cyeTa B CTOJIOMK HACTOJBKO Xe 3pPeKTUB-
Hee IOJCYeTa HAa CYeTaxX, HACKOJbKO U3006pa-
XKeHue yucen Ha cuetax 3ddexkTuBHee, YeM
NOKa3bIBaTh YMCJA Ha MaJblLaX.

39



Atizex A3umos. YUCJIA

IlepecexkaeM HyJeBYI0 OTMETKY

Kaxablii mnepBOKJIAaCCHUK, H3y4yaloUIUi
apudMeTUKy, 3HaeT, YTO CJIOXKHTb MOXHO JIO-
6bie nBa yucaa. OH TakXke 3HAET, YTO K BbI-
YUTAHUIO ITO IPABUJIO HE OTHOCUTCS.

MoxHo BbIYeCTb 5 M3 7 U NOJYYUTH 2.
MoxHo BpiyecTs 7 U3 7 ¥ moayyuts 0. A
MOJKHO JIM BbIYeCTb 8 u3 77

B [IpeBHeil I'peniun Ha 3TOT BOmpoC OTBe-
yajgu oTpuuarteabHo. Kak MoxHo mpousBecTu
neicTBYe, B pe3yJjbTaTe KOTOPOrO IOJy4aeTcst
MeHbllle, yeM HuUuyero? Bexp «Huyero» — aro
TNIOC/IeIHUH TIpesies], Aajblile UATH HeKy/a.

ITa ToYKa 3peHHsI TOPXKeCcTBOBaJja BILJIOTh
no 1500-x rogoB. A B HallM AHU KaXeTCs CO-
BepIIEHHO OYEBUJHBIM, YTO MOTYT CyIIeCTBO-
BaThb YHMCJa, MEHbIINE, YeM HUYEro, TO eCThb
MeHbIIIue HOJIS.

IIpeanonoxuM, y Bac eCTb Ce€Mb JOJJa-
pPOB, a TYT K BaM NOAXOJUT Balll NIPUATENb U
HallOMMHaeT O BallleM M0JITé B BOCEMb J0J-
napoB. Byay4yu 4yecTHBIM 4eslOBEKOM, BBl TYT
)Ke BO3BpaliaeTe eMy CeMb /0JIJ1apoB U FOBO-
pUTe IPUATENIO0, YTO BepHETe eMy OCTaTOK B
OIUH JOJIJIAp, KaK TOJBKO MOJYYUTE 3Ty CYMMY.

Teneps y Bac ocTajoCh MeHblIe, YeM HU-
yero, Be/lb N€HEer y BacC HeT, a, HAl[POTHUB, €CTh
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IOJIT B OAMH AoJjap. [lpyrumu cjioBamu, eciu
U3 CeMHU BBIYECTb BOCEMb, MBI MIOJIyYyaeM YHCJIO,
Ha eIMHUIy MeHbllee, yeM HoJb. UTO Xe TyT
TPYAHOTO UJIM HETIOHSITHOTO?

[Ipeamnosioxum, Bel coOOMpaeTech AOMTH [0
ropojia, KOTOpbIl HaXOAUTCA B CEMU KUJIOMET-
pax K I0OTy OT TOTO MecCTa, rle Bbl HaXOJAU-
tech. MTak, Bel uzaere Ha 10r. [Ipoxoaurte onux
KHJIOMETP, U BaM OCTaeTCsl MPOMNTHU elle IIeCTb,
NIPOXO/IMTE /IBA KUJIOMETPA, M BaM OCTAETCS elle
nsTe. [IpoxoauTte ceMb KHJIOMETPOB — U BOT
BbI Ha MecTe. [lo ropoga octanoch NpOUTH HOJIb
KUJIOMETPOB.

Ho BBI HacTOJIBKO paccestHHBI (WU HACTOJIb-
KO yNPSIMBI), YTO MPOAOJKAETe JBUraThCs AAJIb-
1ie ¥ IPOXOJAUTE ellle OAUH KUJIOMETp K IOTy.
WTak, BBl MpoIIJIM BOCEMb KUJIOMETPOB M OKa-
3aJIMCh HAa PACCTOSSHUHU B OJUH KUJIOMETP K IOTY
oT ropoaa. Utak, 1o ropoaa ObLIO CeMb KH-
JIOMETPOB, BBl NPOILJIX BOCEMb. 3JHAYUT, BBI II0-
JlyyaeTe yucao MeHble Hyas. KoHeuHo, BBl Mo-
XKeTe CKa3aTh, 4YTO pacCTOsSHUE HA4yaJo
yBeJn4YuBaThcsl cHOBa. Ho Benap Temepsb BbI BU-
raeTech B IIPOTUBOIIOJIO)KHOM HalnpaBJjeHuu. Pas-
B€ 9TO OJHO M TO Xe?

nst Toro 4yToOBI MPOSICHUTH CUTYaLHUIO, HA-
pucyeM BepPTHUKAJIbHYIO JMHUIO ¥ OTMETUM Ha Hel
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TOYKOM TOJIOXKEHUE ropojia. Ty TOYKY MbI Oy-
JIeM CYUTATh TOYKOH OTcYeTa MM HyJieM. Tenepb
HaHeCeM Ha MPSIMYIO 0 HeCKOJbKO PaBHBIX [le-
JIeHU# Bblllle U HUXKe HysleBod Touku. [IycTb kax-
JI0e JieJieHHe COOTBETCTBYET OTHOMY KUJIOMETPY.

Yucna Belme TOYKU oTcyeTa (TO €CTh K
ceBepy OT ropoja) OysieM Ha3biBaTh OOBIYHBIMU
(MM TIOJIOXKHUTENbHBIMH ), @ YHUCJIA HUXKE TOUKU
oTcyeTta (TO €CTh K 0Ty OT ropoaa) 6yaem
Ha3bIBaTh YUCJIAMU, MEHbIIUMHU HYJIS, UJIU OT-
pULIaTeJbHBIMU.

Teneps HaM OHAZOOUTCS CrIENUATBHBINA CHUM-
BOJI, KOTOPbI MOMOJXET Pa3JMYUTh MOJOXKHU-
TeJIbHBIE U OTpULIaTeNbHbIE Yncaa. OObIYHO ISt
3TOr0 MCMOJIB3YIOT CUCTEMY 0O0O3HAYEHUI, OC-
HOBaHHYIO Ha criocobe, KOTOPHIM MOJXHO IO-
JIYYUTb 3TO YKCJIO. JI1060€ MON0KUTETBHOE YUCTIO
MOJIy4YaeTCsi B pe3yJIbTaTe CI0XKEHUS APYTUX I0-
JIOXXKUTENbHBIX yucesn. CMMBOJIOM CJIOXeHUS sIB-
JISIETCS 3HAK «+», TI09TOMY TOJIOXUTENbHbIE YUC-
J1a obo3Havaiorca +1, +2, +3 u tak ganee. Camo
Ha3BaHUE <«IIOJIOXKUTEJTbHOE YUCJIO» TOBOPUT O
TOM, 4TO 3TO YUCJIO PEAIBHO CYIIECTBYET.

OTpuiuaTesbHble YHUCJAA MOJYYAIOTCS Kak
pe3yabTaT BbIYUTAHUS, CKaXXeM, IPU BBIUM-
taHu¥ (2 — 3) MBI HoJlyyaeM 4YUCJIO HA elH-
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Hully MeHbuie Hyss. Ero ob6o3nayalor —1. Ta-
KuM 00pa3oM, oTpULaTEIbHbIE YKCIa 0003Ha-
yaioT —1, —2, —3, u Tak nmanaeel.

To, 4To YKC/Ia, MEHBILIKE HYJIS, TOJYYUIH Ha-
3BaHME OTPHIIATENIbHBIX, HE CiydaiHo. [[axe korxa
MaTeMaTHKH OCBOMJIM OIepalliy C YUCIaMH, MeHb-
IMUMH HYJSI, Hal0 ObLIO MONYEPKHYTb, YTO ITH
YKCJIa HE CYIUECTBYIOT B JI€CTBUTEIbHOCTH.

( 4+ +10

*CJIO)KCHMC

ITosnoxuTtenbHbIE
yuciaa
AL
+
[}

L+ +1 Boiyutanue

OTpuuaresbHble
yuciaa
N\
1
-}

L +-10

! CuMBos (+) nepel MOJOXUTETbHBIM YHCJIOM NOSIBUJICS
rae-to B 1500-x roxax. B Te BReMeHa onepanuio cl0XeHUS
0603Haya/M KaK &, HarpuMep «2 ILTIoC 3» 3aNUChIBAIM Kak «2&3».
B ckoponucu 3HaYOK «&» MOCTENEHHO TPaHC(HOPMUPOBAJICS B
«(», a NOTOM B «+». UTO 3Ke KacaeTcst MPOUCXOXKIEHUS 3HAKA «—»,
TO Ha 3TOT CYeT CYIeCTBYET MHOXKECTBO Pa3JIMYHbIX TEOPHii, HO
HM OJHA U3 HUX He KaXKeTCsl JOCTaTOYHO yGenuTebHOIA.
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O6paTuTe BHUMaHKE, HOJIb HE SBJISETCS HU
NI0JIOKUTENbHBIM, HU OTPUIATEJbHBIM YHCJIOM.

Teneps y Hac BEpTUKAJIbHAST pa3MeYeH-
Has JUHUS, TO €CTh LIKajJa, U Mbl MOXEM HC-
[0JIb30BATh €€ JJIs OIEePalUil CJI0XKEHUS U BbI-
yuTaHUsA. [IOCKOJBKY MOJIOKHUTENbHBIE YHCTIA
YBEJUYMBAIOTCSA BBEPX IO IIKaje, a olepa-
MU CJIOXEHUS IOJOXUTEIbHbIX YUCEJ NPH-
BOJAAT K yBEJUYEHHUIO Yuces, OyseM CUMTATh,
4TO CJI0OXKEHHE — 3TO JABUXKEHHUE BBEPX IO
mkaje. Boluutanue — 310 onepanusi, IpOTHUBO-
I0JI0XKHAs CJI0XKEHHUIO, TI03TOMY BBIYUTAHUE —
3TO ABW)XEHHE BHM3 IO LIKAJE.

[IpeanosoxuM, HafoO CAOXKHUTH +2 U +5.
3anucath 3TO BBIpAXEHUE MOXHO CJEAyIO-
mumM ob6pasom: (+2) + (+5). Cxobku Ham
MOHAAO0OUIUCH 1O TOW NMPUYKMHE, YTO HEOO-
XOAMMO OTAEJUTH ILJIOC KaK 3HAK ONepaiuu
CJIOXKEHUSA OT IIJIIOCOB, 0603HAYAIOUIUX II0-
JIO)XKUTENbHBIE yKucaa. Ho mockosbKy Mbl mpH-
BBIKJM K TOMY, YTO OOBIYHO HMEEM J€JI0 C
MOJIOXKUTEJbHBIMHM YMCJIAaMH, TO YaCTO 3Ha-
KH <«+» Tmepea MOJOXHUTEJIbHBIMH YHUCTAMHU
npocTto onyckaioTt. Torga mosydaem: 2 + 5.
Heo6xoauMo CTaBUTh 3HAKU «+» mepen Io-
JIOXKHUTEJbHBIMH YHCJIAMH TOJBKO B T€X CJY-

44



HHUYTO — U HEYTO, EIIIE MEHBIIIEE

yasix, KOrjaa Hajo npuBJjedyb ocoboe BHUMA-
HUe K 3HAKy YHCJA.

Tenepp oT/MOXKHUM Ha Halllell HIKaJe JBa
nenenus BBepx. ITo yucyo 2. [IpubaBum emie
5 neneHuy U OCTAHOBUMCS Ha JE€JE€HUHU 7, TO
ectb 2 + 5 = 7. Mbl MOXeM HayaTb C 5 #
npubaBUTh nBa AeneHus. Mbl onsATh moJy-
yuM 7. TyT g eme pa3 Xxouy oOpaTUTh Balie
BHMMAaHHeE Ha TOT (PaKT, YTO OT I€pEMEHBI MeCT
CJIaraeMbIX CyMMa He MEHSEeTCH.

Teneps 3aitMeMcsi BeruuTanueM. [Ipeamno-
JIOXUM, Haxo BblyecTb 2 U3 5. OT ToYku 5
Ha IIKaJie Mbl OTKJIAAbIBa€M BHH3 JIBa JeJe-
HUSI U oKasbiBaemcs B Touyke 3. Takum 006-
pa3oMm, mojydaemM 5 — 2 = 3.

Tenepr HaM Hafo BHIACHUTb, Kak obpa-
HIAThCSI C OTPHUIIATEJbHBIMU YUCJIAMHU. Mox-
HO JI4 NMPOU3BOAMTb C HUMH TaKue Xe Jei-
CTBHSA, KaK M C TOJIOXKXHUTEJTbHBIMH YUCIAMH ?
Ecau na, To OHM OKaXyTCSI OYEeHb MOJE3HBI-
MM, HECMOTPS Ha TO YTO He SABJSIOTCS <«Ha-
CcTOAMUMMU» yncaaMu. U neiicTBUTENIbBHO, OT-
pUIlaTeJbHbIE YHCJA HALJW IIMpoyaiiiiee
NIpUMEHEeHHe He TOJbKO B HayKe U MH)XXeHEePHOH
IIPAaKTHUKE, HO ¥ B NOBCEJHEBHOMN 1€ATEIbHOCTH.
OHM NpPUMEHAIOTCI, HalpuMep, B Oyxrajire-
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puy, rae 3anacbl U JOXOJbI 0603Ha4alOTCA 10-
JJOXHUTEJbHBIMH YHUCJAMH, 4 paCXOAbl — OT-
PHLATEJIbHBIMHU.

IIpoBoaum onepanuu
C OTPHLATEJbHBIMH YHCJIAMH

Haunem c npoctoro npumepa. Onpenenum,
yeMy paBHO BbIpaxkeHue 2 — 5. OT Toyku +2
OTJIOXKUM BHU3 MATH JEJIEHUH, ABA [0 HYJS U
Tpu HUXe Hyass. OcTaHOBUMCSA Ha Touyke —3.
To ectb 2 — 5 = -3. A Tenepb oOpaTuTe BHU-
MaHue, 4To 2 — 5 coBceM He paBHO 5 — 2. Ecim
B CJIy4Yae CJOXKEHUS YMCes UX NOPSIAOK He uMe-
€T 3HaYeHUs, TO B CJy4yae BbIYUTAHUS BCe 06-
CTOUT mo-apyromy. [lopsinok yuces uMeer 3Ha-
YeHHe.

Tenepb mepeiiieM B OTPULIATENbHYIO 06-
nacth wkansl. [Ipeanosoxum, Hano K —2 mpu-
6aButh +5. (C 3TOro MOMEHTa U 10 KOHIA
3TOM raBbl Mbl OyJ€M CTAaBUTh 3HAKH «+»
nepej MOJOXHUTENbHBIMM YHUCJIAMHM U 3AKJIIO-
YaTh B CKOOKM KaK MOJIOXKHUTEJNbHBIE, TAK U
OTpHLATENbHbIE YUCJIA, YTOOBI HE MYTATh 3HAKU
nepea YMCJAaMHU CO 3HAKAMHU CJOXKEHHUS U BbI-
yuTaHus.) Tenepp Hamly 3aadyy MOXHO 3a-
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nucath Kak (—2) + (+5). UToOsl ee pemuTh, OT
TOYKH —2 BBEPX NMOJHUMEMCS Ha NSATh AeJeHUI
¥ OKaXKEMCS Ha TO4YKe +3.

EcTb 711 B 3TO# 3ajaue KaKOH-TO MPaKTH-
yecku#l cmbica? KoneuHno ects. I[IpeanoJo-
XXMM, y Bac eCTh AOJT 2 poJijapa, a Bbl 3a-
paboTtanu 5 goanapoB. TakuM oO6pa3om, mocie
TOro, Kak BBl OTJaAUTe AOJIT, y BaC OCTaHeT-
ca 3 moanapa.

MoxHO TakXe ABUTATHCS BHU3 MO OTPH-
HaTeJabHOM obsacTu mKaabl. [Ipeanonoxum,
HYXHO U3 —2 BBIYECTb J, uau (-2) — (+35).
OT Toyku —2 HA IIKaje OTJI0XUM BHHU3 MATH
neJeHUuN U okaxemcsa B Touke —7. Kakoi
NpaKTU4YeCKU# cMbIca y 3To# 3amauun? Ilpen-
MOJIOXKUM, y Bac OBbLJ H0JT 2 H0JJapa U BaM
NPUINJIOCH 3aHATH eme d. Temepb Bam JOJT
paBeH 7 JoJiTapaM.

Mbl BUAUM, YTO C OTPULATEJbHBIMH YHC-
JJaMH1 MOJXXHO NMPOBOAUTH TaKHe XKe ONepanuu
CJIOXXEHHUS] U BBIYUTAHUS, KAK U C TOJOXKH-
TEJbHBIMU.

[IpaBaa, Mbl elle OCBOUJIM He BCE ollepa-
nuu. K oTpunaTenbHbiM 4uciaM Mbl npubaB-
JISIIN TOJIBKO TOJIOXKHMTEJbHbIE YHUCJA U BBI-
YUTAJIM U3 OTPUIATEJbHBIX YUCEJ TOJBKO

47



Atizex Asumos. YUCJIA

MOJIOXKHUTENbHBIE. A KaK IelCTBOBATb, €CJIU HAJ0
CKJIaIbIBaTh OTPHIATENbHbIE YUCJIA UJIU U3 OT-
PHMLIATEIbHbIX YMCEJ BBIYMTATh OTPULIATENbHbBIE?

Ha npakTuke 3TO moXoXke Ha ONEpPALUH C
nonramu. [Ipeanosioxkum, ¢ Bac CIUCAIN JOJT
5 MmoJapoB, 3TO 0O3HAYAET TO XK€ CaMoe, KakK
ecau Obl Bl moayuusau 5 moanapos. C apy-
roif CTOPOHBI, €C/IM 1 KaKMM-TO 06pa3oM 3a-
CTaBJII0 Bac NMPHUHSATb OTBETCTBEHHOCTDb 3a 4Yeil-
TO JOJT B 5 J0JJapOB, 3TO TO Xe€ CaMOe€, YTO
3abpaTh y Bac 3T 5 n0sanapoB. To ecTh BbI-
4eCTh —5 — 3TO TO XK€ CaMoe, YTO NMPUOABUTH
+5. A npubaBUTh —5 — 3TO TO XK€ CaMOE, YTO
BBIYECTH +3.

ITO Mo3BOJIsET HAaM U30ABUTHCS OT ONEPALUN
BblYUTaHHUA. [leficTBUTENBHO, «O — 2» — 3TO TO
xe camoe, 4yto (+5) — (+2) uau corJacHo Ha-
memy npaBuay (+5) + (-2). I B Tom u B Apyrom
CJIyyae Mbl MIOJIy4aeM OJUH M TOT XK€ pPe3yJIbTarT.
Ot ToukHu +5 HA LIKAjie HAM HYXHO CIyCTHUTh-
Csl BHU3 HA JIBA JieJIEHUs, 1 Mbl oyyuMm +3. B
cayyae 5 — 2 3TO OYE€BHMIHO, BeIb BBHIYMTA-
HHME — ITO JBHXKEHHE BHUS3.

B cayyae (+5) + (-2) ato meHee oue-
BUIHO. MbI IpuOaBsieM YHCJIO0, a 9TO O3HAYa-
€T IBUXKEHUE BBEPX MO LIKajJe, HO Mbl MpH-
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HHUYTO - U HEYTO, EIIIE MEHBIIEE

0aBJjIsieM OTPHIIATEJbHOE YUCJIO, TO €CTh COBEp-
maeM obpaTHoe neiicTBUe, ¥ 3TH ABa (aKTOPa,
B3SIThi€ BMECTE, 03HAYAIOT, YTO HAM HAJIO0 ABHU-
raThCsl HE BBEPX ITO IIIKaJIe, 2 B 0OPaTHOM HAIpPaB-
JIEHHUH, TO €CTh BHU3.

Taxum 06pa3oM, Mbl ONATH MOJY4YaeM OT-
BeT +3.

[Touemy, COGCTBEHHO, HY)XHO 3aMEHSTH BbI-
YUTAaHHME CJIOXKEeHNeM? 3ayeM JIBUTaTbCS BBEPX
«B obOpaTHOM cMmbicie»? He mpoine a4 npo-
cto aBuratbcsi BHU3? [IpuumnHa 3akiaoyaert-
CS B TOM, UTO B CJIy4yae CJOXEHUS NOPSII0OK
cjaraeMbIX He MMeeT 3HA4YEeHHs], B TO XK€ BpPeMs
B CJlyyae BbIYMTAHUS OH OYEHb BAXKEH.

MBbl yrke BbISICHHIM paHbille, 4to (+5) — (+2) —
3TO COBCEM HE TO e camoe, 4yto (+2) — (+5).
B nepBom ciayyae orBer +3, a Bo BTopoM —3. C
apyroii croponsl, (—2) + (+5) u (+5) + (-2)
B pe3ysbTaTe naiot +3. Takum ob6pasom, nepe-
XO[sl Ha CJIOKEHUE U OTKa3bIBasiCh OT OIEpa-
LU BBIYUTAHUS, Mbl MOXKeM U306€eXKaTh Caydai-
HBIX OIIUOOK, CBSI3aHHBIX C NMEPECTAHOBKOU
CJIaraeMbiX.

AHaJIOrMYHO MOXXHO J€HCTBOBATh IPU BBIUU-
TaHUM OTpHUUATENbHOTO yMchaa. (+3) — (-2) -
3TO TO e camoe, 4To (+5) + (+2). 1 B ToM 1
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Atizex A3umos. YNUCITA

B IPYyrOM CJiy4yae MbI TMoJiy4aeMm oTBeT +7. Mubl
HayMHaeM C TOYKHU +5 U JBUraeMcsl «BHU3 B 00-
PaTHOM HaIpaBJIEHHH», TO €CTb BBEpPX. TOYHO TaK
)K€ Mbl Obl JIECTBOBaJIM, pellias BBIPAKEHUE
(+3) + (+2).

3aMeHy BBIYHTAHUS CJIOXKEHUEM YYEHUKHU
AKTHBHO UCIOJbB3YIOT, KOTJa HAYUHAIOT U3y-
yaTh aarebpy, ¥ MOITOMY 3Ta Omepalus Ha-
3bIBaeTCsl «ajqreOpanyeckuM ciaoxeHuem». Ha
CaMOM Jiejie 3TO He COBCEM CIpaBeaJuBO, I0-
CKOJIbKY TakKas onepauus, OYeBUIHO, SIBJIS-
ercsa apudMeTHYECKOi, a coBceM He ajreb-
PauyecKou.



I'naBa 3
B OBXO0/1 «CJIOKEHUS >

ILmoc 1 moJoC ¥ IWIOC H MOJI0C

[IpeanosioxxuM, MBI HApUCOBAJU KBaApaT
co ctopoHoil B 1 mwoiim. Takoil kBazpaT MOXHO
Ha3BaThb KBaJpPaTHbIM JIOHNMOM U HCIIOJIb30-
BaTh €ro Kak €JUHUIY IJIOIaLH.

Tenepp HapucyeM KBaApaT CO CTOPOHOH
2 moiiMa, 3aTeM pa3fieJUM KaXAyl0 CTOPOHY
II0M0JIaM U pa3je/idM KBaJpaT Ha 4eThIpe ya-
ctu. Kaxxnast yacte OGyzmet npeactaBisitb cOO0i
1 xBagpatnbiii qioiM. [Ipoaenaem Takylo ke orne-
palMio ¢ KBaJipaTOM CO CTOPOHOM 3 moiiMa,
HO Ha 3TOT pa3 KaXXAyl0 CTOPOHY pa3fie/luM Ha
TpH YacTu. B pe3ysbrate Mbl mosay4uMm 9 kBan-
PaToB IIOUIAZbI0 1 KBaZipaTHBIN I0MM KaXKAbIN.

3aTeM Takylo ke Olepaluio Npou3BeneM
C TNPSIMOYTOJIBHUKOM AJIMHOM 9 AI0IMOB U HIM-
punoit 6 mioiimoB. Ilocsne meneHuss Mbl Mo-
Ay4yuM 54 kBaapaTa miomanbio mo 1 kBazg-
paTHOMY fioiimy. Bce aTu neiicTBus mOKa3aHbI
Ha pHCYHKe.
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Atizex A3umos. YUCJIA

B kaxaoMm cnayvyae kBaapaTel no 1 kBaja-
PaTHOMY AIOMMY pacHoJIOXX€Hbl B TOPU30HTaNIb-
HBIX PsAIaX U BEPTUKAIbHBIX CTOJONAX.

1 2

1 1
31412
1

1]12]3}1
415]16]2
718191]3

KonuyecTBo kBagpatoB B CTOJ061E COOT-
BETCTBYET JJIMHE KBaJpaTa UJIU MPAMOYTOJib-
HUKa B AI0OMax, a KOJMYECTBO KBAaJpPaTOB B
pAny — IMPHUHE KBaJpaTa UJH NPAMOYIroJb-
HUKa B AI0lIMax.

B kBagpare niomanbio 2 KBaJpaTHbIX TIOU-
Ma B KaXK[[OM U3 [IBYX CTOJOLOB — 110 ABAa OfI-

52



B OBXO[ «CJIO>KEHHA>

HOAIOMMOBBIX KBajapara, 2 + 2 = 4. B Tpex-
MIOMMOBOM KBaJpaTe TPH CTOJOHMKA, COmEpPKa-
mye 1[0 TPU OAHOAIOWMOBBIX KBaaparTa,
3+ 3+ 3=09. B upsamoyroasHuke 6 x 9 Mmm
B KaxAoM U3 6 CTOJNOILOB COAEPKUTCS IO
9 onHOAIOIMOBBIX KBaApaToB, 9 + 9 + 9 + 9 +
+9 + 9 = 54. MoXHO POCYUTATH NPIMOY-
TOJIBHUK IO cTpokaM. B kaxzmo#t u3 9 ctpok
coiepXUTcs 1o 6 OAHOAIOWMOBBIX KBaJpaToB,
6+6+6+6+6+6+6+6+6=>54.

1 2 3 4 35 6
11 213]4]5]61}1

71819 (|10]11})12])2

13114151617 ]| 18}3

1920|214 | 2223 | 24}4

251261271 28|129130§5

31|32133]34|35]36]6

3713839140 41)42)7

43 | 44| 45]| 46 ) 47| 48 |8

49 |50 51]52|353]|354])9

IMaomaan

B obmeM Buae npoieaypa BblYMCIAEHUS
njoniagei reomerpuyeckux GuUryp 3akJio-
4aeTCcsl B MOBTOPHOM cJioXeHUH. B cayuae
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Atizex Asumos. YUCJIA

KBaJpaTOB M NPSIMOYTOJIbHUKOB TaKue BbI-
YUCJIeHUs MpenesbHO MPOCTH. B ciayyae Tpe-
YyTOJNbHUKOB U KPYrOB — HECKOJbKO CJIOXK-
Hee. B ciayyae niomaneid HenmpaBUJbHOMU
(GopMBbI 3TO yXKe NJOCTAaTOYHO CJOXKHAs MPO-
nenypa. OnqHako nJjomaau yMeJau BbIYHCISITH
enle B APEBHUX CEJTbCKOXO3SIMICTBEHHbIX 1IU-
Buan3anuax (He 6ymeM ceityac ob6CyxaaTh
Hallly BBICOKOTEXHOJIOTHYHYIO [{UBUTU3ALHIO).
Yxe B rny60oKoi#l ApEBHOCTH NPOU3BOIUIU
0o6Mepbl 3eMeIbHBIX YYaCTKOB U BBIYMCIISA-
JU UX NJOomAaAU, KaK MUHUMYM, IJs TOTO,
4TOOBl ONMpPENENUTh CYMMYy HaJora C y4yacT-
ka. (Y MeHs B0oOIIe eCTh MOJO3PEHUE, YTO
B JIPEBHOCTM MMEHHO HEOOXOAMMOCTH pac-
yeTa HaJIOro06J0XKEHHs, a HE YTO-IMO0 Apy-
roe, cnocob6cTBoBaia MHTEHCUBHOMY pa3BH-
THIO apu(PMeTHKH.)

Eciu Heo6X0AMMOCTbh MOBTOPHOTO CYeTa
crmoco6CcTBOBaa CO3aHMIO ONEpaINU CIOXe-
HUS, TO HEOOXOAUMOCTh MOBTOPHOTO CJIOXE-
HUS NpHUBeJa K BO3BHUKHOBEHUIO HOBOTO BHA
onepanui C YMCJIaMH.

HauneM c¢ Toro, yTo npuMeM HOBOe 0003Ha-
YeHUe W 3alullleM BbIpaXi€eHHe «IIeCcTb pa3 Io
neBsiTb» Kak 6 X 9. 3Ha4OK «X» Ha3bIBaeTCs 3HA-
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B OBXO[ «CJIO>KEHHA>

KOM YMHOXeHus. Takas 3anuch o3HayaeT, 4YTO
CKJIAJBIBAIOT J€BATH pa3 MO MIECTbh WU IIeCTh
pa3 mo neBsTh. Kak g yxe nokasan Ha mpejbl-
AyIIEM TIPUMEpPE U KaK Bbl MOXeETe yOenUuThCs
CaMOCTOSITENILHO, IIPOCYUTAB CBOI COOCTBEHHBIN
npuUMep, HEBAXXHO, KaKyl0 U3 ABYX ollepamui
Bbl caenaete: 6 X 9 =9 x 6.

Hcnonb3dysi 3T0 HOBoe HabaOIeHHE, MBI
MoxeM chopMyaupOBaTh obllee MPaBUIO JAJsE
BBIYUCJIEHHS IJIOL[AAU KBaZpaTa UJIU IPSIMO-
yroabuuka. [Inomans atux ¢uryp paBna npo-
U3BeJEHUI0 ANUHB Ha mupuHy. Ciaenylomuii
HeOoOXOAUMBIH 1ar — HAUTHU MPOCTOi crocob
OCyuUIecTBJIeHHs ollepauuii ymMmHoxXeHus. Ko-
HEYHO, MBI BCe€ria MOXeM BOCIO0JIb30BaThCs
MOBTOPHBIM CJIOXKEHHEM, HO Takoil cnocob He-
yaobeH u B ciydae 60abmux yucen Heapdex-
THUBEH.

CkaxeM, HaJl0 BBIYUCIUTD IJIOLIAAb MPS-
MOYTOJIbHOTO y4yacTka padMmepoM 129 ¢ytos
Ha 54 ¢yTta. Ham moHagmoOUTCSI TEPEMHOXHUTH
129 na 54 unm 54 na 129, 4T06HI MONYYUTH
OTBeT (B JaHHOM Clyyae yXXe B KBaJpaTHBIX
dyTax, a He B KBaZpaTHBIX AI0iiMax). ITO 03-
HayaeT, YTO HaM JuUOO HaJA0 MPOCYMMHPOBATh
CTO ABajgUaTh A€BATHh pa3 4UCI0 54, 1160, Ha-
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Atizex Asumos. YUCJIA

060pOT, NATHAECAT YEThIPE pa3a NPOCYMMU-
poBaTb yucyao 129. Y1 To u apyroe A0CTaTOYHO
YTOMHUTEJBHO.

WUnn apyro#t npumep: Ha 3TOT pa3 Top-
roBas caenka. [Ipeamosoxxum, HaM HAZO OIl-
JATUTh 254 MI0KHHBI KAKUX-TO NPEIMETOB, KO-
TOpBIe CTOSAIT 1O 72 1eHTa 3a AI0XUHY. B aTom
cly4ae HaM HPHUAETCS YMHOXHUTH 254 Ha 72,
TO €CTb ABECTH MATHAECAT YeTbipe pa3a Ipo-
cyMMupoOBaTh yucao 72. Takue 3afayu npu-
XOMMUTCS MOCTOSIHHO pellaTh B MOBCEJHEBHOH
XKHU3HU, IOITOMY HaM HeOOXOJAMMa MpocTask U
ad¢dexTUBHAA Npollelypa YMHOXEHHUS.

Oaun k oxHOMY

31ech Mbl CHOBA CTaJIKMBaeMCsi C HE00X0-
AUMOCTHIO 3ay4YUBATh YTO-TO Hau3ycTb. He-
06X0MMO TBEP/IO 3HATH TAOJIULY YMHOXEHUS,
KYZa BXOAAT BCE BO3MOXKHbIE KOMOUHAIIMY YU -
cenor 1 m no 9 x 9 BkaouutensHo. llkons-
HUKHM 3aTBEPXKHUBAIOT BbIpaxkeHUss U3 tabiu-
1bpl, Hanpumep 5 x 2 = 10, 7 x 8 = 56 u
Apyrue 10 TeX 1nop, noka uudpsl He MOJAE3YT
y HuX u3 ymeid. Ho 3aTo, kak TOJbBKO 3TOT
6apbep B34T, peOEHOK MOHUMAET, YTO TEIEPH
OH 3HAeT BCe, YTO HEOOXOAUMO AJS TOTO,
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B OBXO[, «CJIIOXKEHHA»

4TOOBI IEPEMHOXKATD JI06bIE CKOJIb YTOAHO GOJIb-
e 4Yucia.

Ouensp Takke Ba)XXHO YCBOUTD, YTO IPU yM-
HOXKEHHUHU JI0O0T0 YKMCJA HA HOJIb MBI BCEraa
noayyaeM Hosab. 3 X 0 = 0, 155 x 0 = 0,
14 856 734 x 0 = 0. 11 xoneyno, 0 x 0 = 0. 10
yTBEPXKIEHME JIETKO IPOBEPUTH Iy TEM CJIOXKEHUS.
Ecau MBI ckJIafibiBaeM NATh HYyJIel, MBI TIOJyYa-
€M HOJIb, €CJIM MbI CKJIafibiBaeM 155 HyJiel, Mbl
ONATH MOJIy4aeM HOJIb, H, CKOJIBKO ObI HyJIEi
Mbl HU CKJIA[bIBAJIK, B P€3yJIbTAaT€ MBI BCErAa
TIOJIYYUM HOJIb.

ITO 3HAYMT, YTO €CJU Bbl 3AMIOMHUIH, YTO
7 x 3 = 21, 1o BH serko nepemuoxure 70 Ha 3
umn 7 Ha 30. 70 x 3 = 210, 7 x 30 = 210. Ome-
palliid YMHOXEHHS HE BJIMSIOT HA HYJIM: €CJIM Bbl
npousBoaute yMHoxxeHue 70 x 30, To o6a HyJs
coxpansiorcst: 70 x 30 = 2100.

Unem pnanbme. HaM Hazo nepeMHOXUTH
4uCJIa, COCTOSIIIME U3 Pa3HbIX HUGP, OTIUYHBIX
oT Hynas. [nas 3TOro Mbl pa3oObeM YHUCJIO MO
pa3psiiaM, KaK Mbl 3TO YXe€ [eJlaJld NPH Olie-
pauuu caoxenusi. Hanpumep, Ham Hajgo HaiTu
npousBeeHne ot ymMmHoxenust 3965 x 7. (IIpous-
BelleHHEe — 3TO Pe3yJIbTAaT IIEPEMHOXKEHUST YHUCETT,
TaK )K€ KaKk CyMMa — 3TO Pe3yJbTaT CJOXEHUS.)
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Atizex A3umos. YUCJIIA

Yucao 3965 MOXHO mNpeAcTaBUTh Kak
3000 + 900 + 60 + 5.

Teneppb nerko Npou3BeCTH YMHOX€HUE, 110-
CKOJIBKY KaXX/10e U3 YHCEeJ COAEPXKHUT TOJbKO
Mo ONHOK 3Hayamel nudpe, a octaabHbiEe —

HYJH.
I
7

35

420

6 300
21 000
27 775

3000 u 900 u 60 u

L

HeBaXxxHO, B KaKOM NOpsA/Ke MPOMU3BO-
AUTh NMEPEMHOXEHUE. ITO MOXHO JesaTh
crpaBa HajieBO, CJi€Ba HampaBo U Bpa3OuB-
Ky. I menaio 3To Tak, KaK MeHS Hay4YUJIH
B IIKOJIe, TO eCTh cinpaBa HajseBo. Kpome
TOrO, B IIKOJIE HAC y4yaT He pa3buBaTh yuciIa
Ha pa3psAAbl U He obpamaTh BHUMaHUSA Ha
Hyau. Torma 3anuchp npeabayLiero npume-
pa 6yaet npouie:
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B OBXO/] «CIIOKEHHUA»

3 965
7

35
42
63
21

27 775

[IpeumymecTBa Takoi 3anucu npu oby-
YEeHUHU OYEBU/HBI: YYEHUK OBICTPO U JIETKO OC-
BalBaeT yMHOX€HHE U MOXeT OBICTpO mepe-
MHOXaTb O6osbiue yuciaa. Hemocratok nannoi
dbopMbl 3anucu Npu 0O6YYEHHUH COCTOUT B TOM,
4YTO y4YEHHUK BBINOJHSIET Ollepalluil YMHOXe-
HHUS YUCTO MEXaHUYECKU U 4acTO He mpen-
cTaBJsieT cebe, IOYEMY OH TaK CeJsal.

IToMuMO nCnOIL30BaHUS ITON COKpaAIIEHHOM
¢opMbl 3anKCH, MBI TaKXKe YYMMCSI IEPEMHOXXATh
HeKoTopble yKca B yme. Ho aTo Bce Bompocs! Tex-
HUKU YMHOXKEHUS], IPUHUHUI DU 3TOM OCTaeT-
Cs1 HEM3MEHHBIM.

Korna Hamo nepeMHOXHUTH Ba 4UCTa, KaX-
Jioe U3 KOTOPBIX OOJIblle IeCATH, BOBHUKAIOT He-
6oJIbILIE TOTIOTHUTEIbHBIE CIOKHOCTU. [Tpu 3TOM
Mbl pa3buBaeM 06a YMCIa Ha pa3psiAbl U mepe-
MHO’aeM KaXAyI0 YacTb OJHOIO YUCJa Ha Kax-
AYI0 4acTb Apyroro yucia. Takum obpasom, eciu
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Atizex A3umos. YUCJIIA

HAJI0 EPEMHOXHUTb 35 U 28, MBI fesaeM 3TO
1o cjexpymoomei cxeme (CTpeJKH Ha PUCYHKE IIO-
Ka3bIBAIOT NMOPSIAOK YMHOXXEHUSI, U3 TAaKOH CXeMBI,
[I0-BUJIIMOMY, TTOSIBUICS 3HAK YMHOXEHUS «X»)
30 u 5
L x|

x20u8

40

100

240

600

980
[Ipu mepeMHOXEHUH OOJBIIMX YHUCET MBI
UCIIOJIb3yeM TY K€ MeTOJUKY, HO Jlaxke yIpo-
I[eHHasl CXeMa YMHOXeHHUs, KOTOPOH Hac yyaT
B IIKOJIe, TpeOyeT 3HAYMTEIbHOIO BHUMAaHMA,
MHaye MOXKHO 3amyTaTsCs B pacyeTax. Bol Mo-
xKeTe y6equTbhCS B 9TOM Ha IPUBENEHHOM HIKE

npuMepe: 3 965

x 2 197
27 755
35 685
3 965
7 930
8 711 105
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B OBXO[], «CJIO>XKEHHWA»

KoHeuHO, ¥ Takol MeTOJl HE OYeHb MPOCT,
HO OH BCe€ XK€ ropa3io NMpakTHUYHEE, YeM II0-
BTOpHOe cjoxenue. [Ipeacrasbre cebe, B moc-
JIEHEM CJTy4ae HaM MPUILIOCH Obl CKJIANBIBATH
3965 + 3965 + 3965 + 3965 + 3965 + ... u
tak 2197 pas.

YMHOKeHHe Hao6opoT

B cnyuae cioxxeHusi IpOTUBOMOJIOXHBIM
NeUCTBUEM SIBJSIETCS BbHIYMTAHHE, A yM-
HOXXEHUS TaKXe €CTh NMPOTHUBOIMOJOXHOE
JNeiicTBUEe, KOTOPO€E HA3bIBAETCS JE€JIEHUE.
Ecnu yMHOXeHue — 3TO mocJjefoBaTesJbHOE
MHOTOKPAaTHOE CJIOXKE€HHUE, TO JeJleHhe — 3TO
MoCJeA0BaTEIbHOE MHOTOKPAaTHOE BBIYHU-
TaHUe.

[IpeanosioxuM, Bbl XOTHUTE pas3meauTb 15
Ha 3, 3To [elCTBUE 3aNHUChIBAETCA Kak
15 : 3, rae 3HaK «:» obo3nayaer jgejienne. OnuH
croco6 BBINOJHHUTbL ITO AENCTBUE — IOCHe-
poBaTeJbHO BbplyuTtaTh 3 u3 15. Tak,
15 -3 =12,12 - 3 =9, 9 - 3 = 6,
6 -3=3,3-3=0. Mo gobpaaucs 10
HYyJs1 32 NSTh AeUCTBUNA BbIYMTAHUSA, TO €CTh

15:3 =15.
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Atizex Asumos. YUCIIA

Ho Tak, KoHeYHO, HUKTO HUKOI/JA He JeJa-
er. BMecTo 3TOro UCnoyib3yIoT TY X€ METOAMKY,
4TO U B caydae yMHOXxeHus. Eciu Mbl nomenum
15 Ha 3, MBI MOJIy4UM KaKOe-TO YUCJIO, NoCce
IIEPEMHOXKEHUSI KOTOPOTO Ha 3 Mbl OINSATH HOJY-
yuM 15. Mbl npolyiy Buepes, BEPHYJIUCh Ha3al,
M OKa3aJaKch Ha nepBoHayasbHOM MecTe. (C aTum
MBI yXKe CTAIKUBAJIUCH NIPH CJIOXKEHUH U BbIYU-
TAHUHU, KOTOPbIE TaKXe SIBJASIOTCS 0OpaTHHIMH
npoueccamu. Ecmu 7 -4 =3, 103 + 4 = 7).

Takum o6pa3oM, Hailly 3aayy MOXHO cop-
MyJIMpPOBaTh Ciemyiomum oopasom. Ha kaxoe yuc-
JIO HYXXHO YMHOXHUTb 3, 4TOOBI MOJAYyYyUuTh 157
He coMHeBalOCh, YTO Bbl PEKPACHO IIOMHUTE
TabJIMIly YMHOXEHHUs, KOTOPYIO IIPOYHO BOUBa-
10T B rOJIOBY HIKOJbHHKOB C MJAAIIUX KJac-
COB, ¥ MO3TOMY Bbl ABTOMAaTU4YE€CKH BCIIOMHHA-
eTe, YTO JJs TOro, YTOOBI MOAy4YuTh 15, Hamo 3
YMHOXHUTDb Ha 3.

[Tockonbky 5 x 3 = 15, ciaemoBaTesbHO,
15:3=5u15:5=3. Onna u Ta Xe CTpOU-
Ka B Tabjuile yMHOXEHUs aeT OTBET HA JBE
3a7a4yy JeeHus.

O6paTuTe BHUMaHUe, NPU JeJIEHHUH, TAK
XK€ KaK ¥ NPH BHIYUTAHHUHU, MOPSIJOK YJIEHOB
B BBIPQ)XXEHHU MMeeT 3HayeHHe. 5 X 3 paBHO
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B OBXOJ «CJIOXKEHHA»

3 x 5, H0 15 : 5 "e paBuo 5 : 15. Hucio,
Haxojguieecs cjaeBa OT 3HAKa JeJIeHUs, Ha3bl-
BaeTCsd JEeJUMBIM; YUCJIO, HAXOAsIeecss CIpa-
Ba OT 3HaKa AeJEeHUs, Ha3bIBAETCA NEJIUTETIEM;
pe3yJabTaT JAejleHUusi Ha3biBA€TCS YACTHBIM.
Takum ob6Gpa3oM, B Bolpaxenuu 15 : 5 = 3
15 — 310 menuMmoe, 5 — 3TO AeNUTENDb, a 3 —
3TO YaCTHOE.

To, 4To AeneHne — 3TO OOPATHBIN IPOLECC,
a 3HayuT, HauboJiee CaOXHass apudmernyec-
Kasl omepamusi, 3HaeT KaXJAbli INKOJbHUK.

[IpeanosioxuM, BaM HYXHO Ppa3ieuTh
7715 na 5. [IpencrassisieTe, CKOJIBKO pa3 MpH-
IeTCs MOoCJeL0BaTeIbHO BBIYUTATh 5 U3 7715,
yT06bI M06paThCst A0 0 U MOJYYUTHh OTBET?
Tabsuua yMHOXEHUSI He JaeT OTBETA HA ITOT
Bomnpoc. Yrto xe mesnartb?

B aTOoM cayyae HaM ONSITh IOMOXET yM-
HoxeHue Ha 0. Bol 3Haere, yto 1 X 5 = 5,
caepoBatenbHo, 1000 x 5 = 5000. dto yuc-
JIO yXKe A0CTaTo4HO 6sm3ko xk 7715, HO oc-
taerca eme 2715. Pa3genuM aTo yMca0o Ha 5.
W3 Tabauubl yMHOXEHHUsS BBl 3HaeTe, 4YTO
5 x 5 = 25, 3nayur, 500 x 5 = 2500, u Temeppb
octaerca Toabko 215. IMoitaem panwiue. [Tockosn-
Ky 4 X 5 = 20, cnegoBatenpHo, 40 x 5 = 200.
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Y Hac octaercd Toabko 15. ITO ymucaO Jer-
KO JIeJIUTCS Ha 5, U MBI 3HAaE€M, YTO OTBET —
3TO 3.

Buayasne Ml ymHOXxuau 5 Ha 1000, 3a-
teMm Ha 500, 3ateM Ha 40 u, HakoHell, Ha 3.
CnoxuM Bce pe3dyabTaThl M noayuyum 1543.
IMockoabky 1543 x 5 = 7715, cnenoBaTeNb-
HO, 7715 : 5 = 1543, 310 U ecTb OTBET, TO
€CTb YaCTHOE.

1543

517715
5

27
25
21
20
15
15
0
3azaya geJeHUs Ha 4yucia, 6oapmue 10,
3HAYUTEJbHO CJIOXKHEE, IIOCKOJbKY B TabJu-
1le YMHOXEHHUS MaKCUMaJIbHbIA MHOXHUTEJb
paBeH 10. Ho mpuHuMn octaeTcs TeM Xxe ca-
MBIM, XOTSI HaM INPUXOAUTCSI CHayajga <«yra-
IbIBATh» OTBET, a IOTOM NPOBEPSATH, HACKOJBKO
OH IIPaBUJIbHBIN.
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B OBXO/[, «CJIIOXXEHHA»

(Tem He MeHee HAIIM IIKOJbHUKHU CTaJ-
KHUBAIOTCS C ropa3ao 6ojiee mpocToi 3amaveit,
yeM MaTeMaTUKH JAPEBHOCTHU, BeIb Y Hac —
apabckue nudpsl. B Te BpeMeHa, koraa apab-
ckux uudp enle He NPUMEHSH, ejeHue 60Jb-
MHAX YKUCEJ, UJIHN <«IJUHHOE JHejleHHe», ObLIo
HACTOSIIMM HCKYCCTBOM, AOCTYIHBIM JIMIIb
OYEHb ONMBITHHIM MAaTEMATUKAM.)

Pacnojoxenne 3HaKkoB

B Hayane aToil riaBBl S yXxe pacckasaj
BaM, KaK CKJaAblBaTh M BBHIYUTATh OTpPHLA-
TeJbHBlE YHCJIA.

Tenepp maBaiiTe pazbepemMcs ¢ yMHOXe-
HUEM U JleJIEHUEM.

[IpennonoxuM, HaM HYXKHO YMHOXUTb +3
Ha —4. Kak ato caesnats?

[agaiite paccMoTpuM Takoi cayyail. Tpu ue-
JIOBEKA 3aJIe37TM B IOJITH, U Y KaKIOro 10 4 J0J1-
Japa poara. Yemy pasen obmmii goar? J[1s toro
4TOOBI €r0 HAWTH, HAO CIOXKUTh BCE TPH H0Jra:
4 nonnapa + 4 poanapa + 4 poanapa = 12 pon-
JapoB. MBI ¢ BaMM pellinjiy, YTO CJIOXKEHHe Tpex
yuces 4 o6o3Havaercs kak 3 X 4. [TockobKy B
JIAQHHOM CJlyyae MBI TOBOPUM O J0JTe, Hepen
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4 CTOWUT 3HaK «—». MBI 3HaeM, 4TO OOLUI AOAT
paBeH 12 ponsapaM, Tak 4TO Telepb Halla 3a-
nadya umeet Bua 3 X (—4) = —12.

MBI nosyyu™m TOT Xe pe3yJbTaTt, eclau IO
YCJIOBHUIO 3aIa4¥ KaXKAbI U3 YETBIPEX YEJOBEK
uMeet jpoar mno 3 poJuapa. Jlpyrumu cijoBa-
M, (+4) x (-3) = —12. A 10CKOJBKY mops-
JIOK COMHOXHTeJeil 3HAaYeHUs He HMEeT, IOo-
aydaeMm (—4) x (+3) = —12 u (+4) x (-3) = -12.

JaBaiite 0606mumM pe3yabtatsl. [Ipu ne-
PEMHOXXEHUU OJHOTO MOJOXHUTEJbHOTO U OfI-
HOT'O OTPHLATEJbHOr0 YUCJIA pPe3yJbTaT BCe-
raa 6yaeT oTpuuaTebHbIM YrcaoM. YucaeHHas
BEeJIMYMHA OTBETa OymeT TOHW Xe camMol, Kak
U B Cly4yae IOJIOXKHUTENbHBIX 4yuces. [Ipous-
BeneHue (+4) x (+3) = +12. [IpucyrctBue
3HaKa «—» BJMSIET TOJbKO HAa 3HAaK, HO He
BJIUSIET HAa YUCJEHHYIO BEJTUYUHY.

A Kak MepeMHOXHTb ABa OTPULIATETbHBIX
yucna’?

K coxanenuio, Ha 9Ty TeMy OYeHb TPYA-
HO NPUAYMATh MOAXOASUINN IIPUMED U3 KU3HU.
Jlerko cebe mpeacTaBUTh JOJT B CyMMe 3 Mu
4 nonsnapa, HO COBEpPIIEHHO HEBO3MOXHO BO-
06pa3uth —4 uau -3 yenoBexa, KOTOpbIE 3a-
JIe37I1 B JOJITH.

66



B OBXO/[, «CJIOXKEHHWA»

[Toxanyit, Mbl moiigeM ApPYruM NyTeM.
B yMHOXeHUM npu U3MEHEHUU 3HaKa Of-
HOTO U3 MHOXMWTeJeld MeHseTcs 3HAaK Mpo-
u3BeneHus. Ecim Mbl MeHsieM 3HAaKH y 000uX
MHOJXHUTEeJeH, Mbl JOJKHBI IBaXJbl CMEHUTh
3HAK MPOM3BENEHUS, CHAYyala C MOJOXKHUTEb-
HOTO Ha OTPHUIIATEJIbHBIN, a 3aTeM HA06OPOT,
C OTPUUATEJBHOIO HA MOJOXHUTEJIbHBIH, TO
€CTh y Nmpou3BeJeHusi OyaeT nmepBoOHAYaANb-
HBbI 3HAaK.

CrenoBaTesibHO, BIIOJIHE JIOTUYHO, XOTS He-
MHOTO CTpaHHO, 4yTO (-3) X (—4) = +12.

[TonoxeHnue 3HaKa NpPU YMHOXEHUHU H3-
MeHsIeTC TaKuM 00pa3om:

MOJIOXXUTENBHOE YUCTIO X
NOJIOXKUTEbHOE YHUCIO =
MOJIOXKUTEJIbHOE YHUCJIO;
OTPHUIATEJIBHOE YHUCJIO X
MOJIOXKHUTENbHOE YUCIO =
OTpHULIATEJBHOE YHCJIO;
MOJIOXKHUTENIbHOE YHUCIO X
OTpULaTeJIbHOE YUCIO =
OTPHULIATEIbHOE YUCJIO;
OTpUIlaTEJIbHOE YHUCIIO X
OTPHULIATEJbHOE YHCJIO =
MOJIOKUTENTbHOE YHUCJIO.
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Wnaye roBops, nepemMHOXas ABa YUCJIA C
O/IMHAKOBBIMYM 3HAKaMH, MbI NOJIy4aeM I0JIO-
xkuTeabHoe yucao. IlepemHoxasi nBa uyucaa
C pa3HBIMU 3HAKaMHU, Mbl IOJIy4YaeM OTpHUIla-
TeJbHOE YUCJIO.

Takoe xe NMpaBUJIO CIPaBEeAJUBO U MJsI
IedCTBUS NPOTUBOIMOJOXHOTO YMHOXEHUIO —
0T ieJIeHus.

(+12):(+3)=+4;

(+12):(-3)=4;
(~12):(+3)=—4;
(~12):(-3)=+4.

Bbl nerko MoxeTe B 3TOM yOemUTbCS, MPO-
Befist oOpaTHbIe onepauuy yMHoXxeHus. Eciau B
K2XX/IOM U3 [IPMMEPOB, NPUBEEHHBIX BBIIIE, BbI
YMHOXHTE YAaCTHOE Ha JEJUTENb, TO NOJTYYUTE
neauMoe, U yOeauTech, YTO OHO MMEET TOT XKe
camblif 3Hak, HanpuMep (—3) x (—4) = (+12).

JlenuTb WM He JNeJHUTh?

[TockobKY MBI ONpPENENUIN IeIEHHE KaK
[0CJIEIOBATEIbHOE MHOTOKPATHOE BHIYMTAHHE,
B pe3yJibTaTe KOTOPOTO MOJYYaloT HOJb, OKa-
3BIBAETCS, YTO OHO HE BCEraa BO3MOXHO. [To-
npobyeM pa3genuTh 7 Ha 2.
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B OBXOJ, «CJIOXKEHHWA»

B pe3ysnbpTaTe NOBTOPHOTO BBIYUTAHUS MBI
noayyuMm 7 — 2 — 2 — 2 = 1, u 3aecb HaM NIpU-
JETCSI OCTAaHOBUTHCS. Ec/iM MBI BBIUTEM ellle
OHYy IBOWKY, MBI OKaXXeMcsi B 00JacTH OT-
puLaTeNbHBIX yKces. Jlaxe ecu Mbl IPU3HAEM
CYLIECTBOBAaHHME OTPUIIATETBHBIX YUCEJ, & IPEB-
HHEe O HUX He 3HaJH, Mbl HE MOXEM IpPOBO-
JAUTHh BbIYMTaHUE B 00JIACTH OTPULATENbHBIX
yuces. [IpeamosoxuM, Mbl JejlaeM elle He-
cKosibKO maroB: 1 — 2 = —1, caenyommii mar:
-1 —2= -3, 3ateMm -3 — 2 = -5, 4 Tak
no beckoneuydHoctu. I'me xe HAM OCTaHOBUTbL-
ca? IToxoxe, Hama cucrteMma gaja cOoi.

[TonpobyeM mnoiitTu Apyrum nytem. Bcrmom-
HUM 0 Tabiuue yMHOXeHusi. KoHeuyHo, MbI He
HalJileM TaM 4YKCJa, KOTOpPOoe MpH IepeMHOKEHU U
Ha 2 gact 7, H0 2 x 3 =6, a 2 x 4 = 8.

CienoBaTesibHO, €CJIM MBI OTIpeZieJisieM Jie-
JIEeHMEe KaK I0CJeJ0BaTeJbHOE BBIYUTAHME, TO
B KAaKHUX-TO CJydYasiX JleJleHue BO3MOXHO, a
B KaKMX-TO HeT.

[IpeBHUX IPEKOB U3yMJISAJIO 3TO CBOUCTBO
4yyces, U OHMU Jajdu eMy CBoeoOpasHOe TOJ-
KOBaHMUE.

Kakue yucna gendgrcs Ha 2, a Kakue He
nensarcsa? 1 He geautcs, 2 AeauTcs, 3 He
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neNuTCsA, 4 mneautcs, 5 He menutcs, 6 ne-
JUTCH...

Eute B npeBHUEe BpeMeHa YKCJa pa3aeUIu
Ha Te, KOTOpBIe AeJsITCS Ha 2, U Ha Te, KO-
Topble Ha 2 He nensTcs. MaremMatuku [[pes-
Hell ['penuu cyuTanu, 4To yMcaa 3aKJII0YAIOT
B cebe Muctuyeckuii cmeica. Ilo ux mpeacras-
JIeHUsIM, Te YUCJa, KOTOphle AeJNsAITCS Ha 2,
UMeIOT )XEHCKOe Hayajlo M SIBJASAIOTCS Hecya-
CTAUBBIMU. Te 4yucsa, KOTOPblE He AeNSATCS
Ha 2, TPEKU CYUTAJU MYXCKHMHU U CYACTJIU-
BbIMU. (YUTHTe, rpeyecKue MaTeMaTHKH OBLIU
UCKJIIOYUTENBHO MYXXYUHAMH U, KOHEYHO, BCe
cyacTbe MpUcBoUIHU cebe.)

B 006biIeHHOM XKH3HU J€TMMOCTh YKCJIa Ha
2 uMena 6osiblIOE 3HAYEHHE, MOCKOJbKY Ya-
CTO NMPUXOAUTOCH JEJUTh ONpe/ieleHHOe KO-
JINYECTBO NMPEIMETOB MEX/y IBYMS JIOAbMHU.
lenutp mo cnpaBeAMBOCTH — ITO JYy4IIUH
cnoco6 u3bexaTb CCOPBHI.

CambIit IpocTO# CrIOCOO CIIpaBeAJIUBOrO Jie-
Jexa B Te JajJieKue BpeMeHa, KOrJa JIOAM IJI0o-
X0 pa3bupanuch B apudMeTUKe, — ITO pas-
JIOXKHUTH TMPEAMETH B BE KY4YKH TakK, YTOOBI
KaXXJIOMy TMpeAMeTy B OJHOH CTOINKE COOTBET-
CTBOBaJ OAUH npeameT B aApyroil. Ilpeacra-
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BUM cebe 3TU MpeaMeTH B BUle PUIIEK, KO-
TOpPblE MOXXHO CKJIQJBIBAaTh B CTOJOUKHU (Kak
noxka3aHo Ha pucyHke). Ecau obuiee yucio
NpeAMeTOB AEJUTCS Ha 2, TO Mbl HOJY4YUM
ABa CTOJIOMKA M B KaXXJIOM — OAMHAKOBOE KO-
auyectBo ¢uiiek. Eciu BHavame y Hac 6bLI0
16 ¢duuiek, To MbI MOJYYHM J[Ba CTOJIOMKA OJH-
HAKOBOM BBICOTHI 1O 8 (puiek, moCKOJbKYy YHC-
Jo 16 meauTcsd Ha 2, TO €CTb ABJSIETCHA 4YeT-
HBIM YHCJIOM.

YeTHoe U HeYeTHOE

Ecau xe BHayaJsie y Hac Obio 17 duiex,
TO Mbl MOJIYYUM JBA CTOJIOMKA HEPABHOM BBI-
COTHI, B OIHOM OyzeT 8 ¢uiek, a B 1pyrom
Ha oAHy (umKy 60Jblie, HOCKOJIbKY YHCJIO
17 He menuTcd Ha 2, TO €CTb ABJASIETCS He-
YEeTHBIM YHCJIOM. [|eJTMMOCTh UM HEAETUMOCTH
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Ha ApPYrue€ 4ucja TaKXe IIOAYUHAETCA OIipe-
AE€JTE€HHbBIM 3aBUCUMOCTAM, HO ropa3ao 6oaee
CJOXHBIM, YEM pA3ACJCHUE YET — HEYET.

I'pexu pa3siekalorcs

B obnactu gesnenus 6110 CAENAHO €lle OJHO
OTKDBITHE: HEKOTOPbIE YUCJA AEJSITCS HAIEJO
OoJsiee yeM Ha OJHO MeHbnee yucjio. Hanpu-
Mmep, 60 nenutcs Haueso Ha 2, 3, 4, 5, 6, 10,
12, 15, 20 u 30. Bce 3TH umMcaa Ha3BIBAIOTCS
nenutensmu yucaa 60. CiaexoBatenbHo, y YuCaa
60 ecTb mecsaTh pa3JMYHBIX MHOXHUTEJEH.

KpoMe Toro, ectsb elie aBa MHOXHUTENS,
0 KOTOpBIX SI TOBOPUJI BaM paHbiie. ITO equ-
Hulla ¥ camo yucjao 60. B koHue KOHIOB,
60 : 60 = 1, mockosbky Ja06OE YUCIO, HO-
leJeHHOe Ha camoe cebs1, naet eauuuiy. Jpy-
rod MHoXuteab — 310 1. [lelicTBUTENbHO,
60 : 1 = 60. JIioboe 4uca0, NMOJAEJEHHOE Ha
1, ocTaeTcsa HeM3MEHHBIM, TO ecTb 1 — 3To
YHUBEPCAJbHBIH MHOXHTEb.

[ToCKOJIbKY KaXI0€ YUCJIO AeauTcsi 6e3 oc-
TaTKa Ha eIMHUIY U Ha cebsi camoe, rpekw,
KOTOpbI€ C yZOBOJILCTBUEM peIlajii BCSIKUE [O-
JIOBOJIOMKH, CBSI3aHHBIE C MHOXXHMTEJISIMH, TIPO-
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B OBXO[, «CJIIOYKEHHSA»

CTO OoTOpachIiBAIM 3TU ABa MHOXUTENS. UTO XKe
MOXeT ObITh B HUX MHTEPECHOTO, €CJIU TaKUe
MHOXUTeH ecTb y Bcex yucen? (Kpome Toro,
Tenepb Mbl MOXEM CKa3aTbh, YTO Yy KaXJAOTO
YyCJa eCTh OTPUIIATEIbHbIE MHOXHUTeNU. Ha-
npumep, y uucaa 60 — ato -2, -3, -4, -5,
-6, —10, —12, —15, -20 u -30. Ho rpekam
OTpUILIATEIbHbIE YUCJIA HE OBbLIM M3BECTHBI, H,
KPOME TOTO, 3TU OTPUIIATEIbHbIe COMHOXUTEIH
(akTHYeCKM He NAIOT HAaM HMKAKOW HOBOW UH-
dbopmManuy, I03TOMY 3TH COMHOXKHUTENU MbI TaK-
&Ke He OyJeM paccMaTpHBaTh.)

Ecau y uyucaa 60 10 comHoxutesnei, To
ero cocejsiM IO YUCJIOBOH OCH HE TaK IO-
Be3sio. Hanpumep, y uyucaa 58 Ttosabko 2 co-
MHOXxMTeast, 2 u 29, y yucaa 62 — 2 u 31.
He3aBucumo OoT TOro, CKOJbKO COMHOXMHTeE-
Jieil MMeeT JaHHOEe YHUCJIO, €CJIH TaKhe COMHO-
KUTEJIU CYUIECTBYIOT, TAKO€ YMUCJO Ha3bIBa-
€TCS COCTaBHBIM, IOCKOJIBKY €ro MOXHO
COCTAaBUTb M3 APYTUX, MEHbIIUX YHUCEJ, Iie-
PEMHOXEHHBIX Mexay coboit. Tak, uncio 58 —
310 2 X 29, a ynuciao 62 — 3to 2 x 31.

Yucsao 60 6osee clI0XHOE, OCKOJBKY Y
HEro HECKOJbKO COMHOxuTened. Ero mox-
HO npeacTaBUTh Kak 2 X 30, Ho u yucao 30

73



Atizex Azumos. YUCJIA

SIBJISIETCS COCTABHBIM, M €r0 MOXHO IpejcTa-
BUTHh Kak 2 X 15, npuuem 15 Takxke cocTaB-
Hoe uyucJyo, paBHoe 3 X 5. Takum ob6pa3om,
Mbl uMeeMm 60 = 2 x 2 x 3 x 5.

Mbl He gesiaJ HUKAKHUX MOMBITOK pas-
6uThr Ha MHOXMTeau uyuciaa 2, 3 u 5. Jla
3TO U HEBO3MOXHO. TakUM Xe YHUCJIOM, y
KOTOPOTO HET APYTUX COMHOXHUTeEJEH, KpoMme
eAUHUUBH U cebsa camoro, aAsBaserca 29 u
31. Ipyrumu caoBaMu, MBl ¢ Bamu ybenu-
JIUCh, YTO CYHIECTBYIOT YHMCJA, KOTOPbiE He-
BO3MOJXHO pa3fenuTh 6e3 ocTaTka Ha Apyrue
COMHOXHTEJIHU, KPOME €IUHUIBI U CAMOTO
4yucJa.

Yucaa, KOTOpble HEBO3MOXHO Pa3OUTh Ha
COMHOXMTEU, HAa3bIBAIOTCSA IPOCTHIMM YHUC-
JaMH, B OTJMYME OT COCTABHBIX YHCEJ, KO-
TOpble Ha MHOXHUTEJU pa3buth MoxHo. Jlioau
4acTO BUAAT B YMCJAX KaKON-TO MUCTHYEC-
KW CMBICJ, U C 9TOU TOYKM 3PEHUS] MOTJIO
OBl MOKA3aThCsA, YTO UMEHHO MPOCTHIE YUCJIA
HOSIBUJIMCH MEPBBIMU, BeJlb JI0ObIE COCTABHbBIE
YUCJIA MOJIyYaloTCs NPU MEPEMHOXEHUHU TPO-
cThix yuces. CkaxeM, mocje TOro, Kak IO-
SBUJNCH 4YyuCcaa 2, 3 u 5, MOXHO COCTaBUTH
yucao 60, paBaoe 2 X 2 x 3 x 5.
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MosxeT nmoka3aThCsl, YTO €CJHU MBI NOHJIEM
BBEPX M0 YMCJIOBOM OCH, TO BO3MOXXHOCTb HaWTHU
clefyioliee MPOCTOe YUCJIO YMEHbIIAETCS U B
KOHIE KOHLOB KaKOe-TO NPOCTOE€ YHCJO CTa-
HET CaMbIM GOJIBITUM BO3MOXHBIM IIPOCTBIM YHC-
goM. Ho 3To He COOTBETCTBYeT AEHCTBUTEND-
HocTu. Eme 2200 net ToMy Ha3ax rped4eckuit
MaTeMaTHK JBKJIMJ J0Ka3aJ, YTO He CyIIeCTBYyeT
TAKOTrO CKOJIb YTOHO 6OJIBIIOr0 MPOCTOrO YHMCJIA,
JJIE KOTOPOTO HeJb3s ObLIO Obl HaiiTu ele
6osbiiee. To ecTh caMoOro 60JbIIOTO TPOCTO-
ro 4yucja B NPUHIUIIE HE CYL[ECTBYET.

Kak st yxe roBopuJ, rpeku JiOOUIH pas-
rajibiBaTh pa3Hble YHCJIOBBIE TOJOBOJOMKH U BbI-
UCKUBATh 3aKOHOMEPHOCTH. Hampumep, oHU BbI-
YUCISATU CYMMBI COMHOXMWTEJEeH, Ha 3TOT pa3
BKJIIOYAs] €UHMILY, IJISI Pa3HbIX YHCEJT U CMOT-
pesiu, 4TO XXe monyyaetcs. OHU BBIICHUIIH, YTO
CYMMBI COMHOXHTEJIEH MOTYT GBbITh MEHBIIE, KK
60JIbIlIE CAMOTO YKCJIA, UM PaBHBI CAMOMY YHC-
ay. Hanpumep, cymma comHoxureneid 10 (1,
2 u 5) paBHa Tosabko 8. Hucno 10 Ha3biBaet-
csl HemoJHBIM yucaoM. CyMMa COMHOXHUTeeH
yucaa 12 (1, 2, 3, 4 u 6) paBHa 16, T0 ecTh
oHa Gojble camMoro yuciaa. Takue yucia, Kak
12, Ha3bIBAIOTCS U3OBITOYHBIMM.
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Cymma coMmHoxwuTeseit yucaa 6 (1, 2 u 3)
paBHAa CaMOMY YHCJY, TO )X€ CaMO€ OTHOCHUT-
ca u x yucay 28 (1, 2, 4, u 7). Takue yuc-
Jla TPEKH Ha3bIBaJM COBEPIIEHHBIMH.

Ectb emre ogna 3a6aBHasi 3aKOHOMEPHOCTb.
Cymma comHoxuTteneir yucaa 220 (1, 2, 4,
5, 10, 11, 20, 22, 44, 55 n 110) paBHa 284,
U B TO Xe BpeMsi CyMMa COMHOXHUTeJeil yucia
284 (1, 2, 4, 71, 142) pasua 220. Takue
YUCJIa TPEKU HA3bIBAJHU COAPYXKECTBEHHBIMH
YUCJIAMHU.

Pa3nenenue yucesn Ha NMPOCTbie, COBEP-
IIeHHbIE, COAPYXXECTBEHHbIE U TAaK Jajlee He
uMeeT OOJIBIIONA IMPAKTUYECKON LEHHOCTH, HO
B TEYEHUE ThICAYEJETHUI YUCTOBbIe 3aKOHO-
MEPHOCTU BBI3bIBAJH BOCTOPr M JIOOOMBIT-
CTBO MaTeMaTUKOB. MIHTepec K HUM He yrac
M B HAlIU AHM.

CuuraeM u namepsiem

Jlo cux mop Mbl C BaMH HUMEJH [€Jo C
OOBIYHBIMHU YHCJIAMH, PU IOMOUIA KOTOPHIX
MOXHO NEePECYUTHIBATh Pa3JUYHbIE OOBEKTHI:
1, 2, 3... O4eHb 4aCTO HaM U He TpeOylOTCA
JIpyrue 4ucia.
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Hanpumep, nogoOHBIM YHUCTIOM MOXET ObITH
OIIPE/IEJIEHO KOJMUYECTBO MaJbYMKOB B KJACC-
HOM KomHaTe. B KOMHaTe MOXeT ObITh 4 MaJib-
YMKa, 5 MAJbYMKOB HJIM JIPYrO€ HHCJIO Majb-
yukoB. B si06oM caydyae 3TO OyAeT BIOJIHE
omnpenejseHHoe yucao. Ho B HUKAK HE MOXe-
Te 3asiBUTh. «Hy, 51 Bce TIIAaTENbHO MOACYUTAI,
U BBISICHMJIOCH, YTO B KOMHaTe Oojiblie yeM 4
MaJIbuMKa, HO MeHbIle yeM 5. §1 aymalo, ux Ka-
KOe-TO MPOMEXYTOYHOE YUCIIO, MEXAY 4 U I».

Ecnu BBl cYyuTaeTe Kakue-To 06HEKTHI, TO
MeXay 4 U 5 N7 BaC HET HUKAKUX APYTHX
yucen. B xomHarte aubo 4 Maabuuka, aubo
5, HO HET HHUKAKOr0 MPOMEXYTOYHOTO YHC-
na. Eciiu B KOMHATY, T/€ YK€ HAXOJIUTCS 5 Majlb-
YUKOB, BOWeT elle 1, TO B KOMHATe OKAaXEeTCs
6 ManbuMKOB, IpU4YeM poBHO 6, a He 0koJIO 6
UM 4yTOUYKY Gosibiie 6.

OmHAKO €CJIU Bbl IOMHTEPECYETECH, CKOJIBKO
BPEMEHU MAJbYUKH MOCBATUIU 3aHATUIM, BbI
MOJXKEeT€e MOJYYUTh NPUOIU3UTENbHBIA OTBET:
«OHHU 3aHMMaNUCh GOJIbIIE OTHOTrO 4Yaca, s He
yBEPEH, HO, IO-MOEMY, MEHbIIIE IBYX YaCOB».

B nmaHHOM cjiy4ae OTBET HE JIMIIEH CMBICJA,
IIOCKOJIbKY CYIIECTBYET OTPE30K BPEMEHH,
60/IbIIKIT OHOTO Yaca, HO MEHbIIHUI ABYX Ya-
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Atizex Asumos. YUCJIIA

coB. BpeMsa — 3TO TO, 4TO U3MeEpPAOT, a He
NepPeCYUTHIBAIOT.

[lepecyer n u3aMepeHue — 3TO pasHbie IPO-
ueccol. [Ipu mepecyere B UMeeTe A€JO C OT-
NeJbHBIMM, WU AUCKPETHbIMU OObekTamu. Te
YUCJa, KOTOPble Mbl C BaMU HM3ydyaju B Ha-
yaje KHUXKM, TaKXe SABJISIOTCS OTAeJbHbI-
MM, UJIM AMCKPETHBIMM, U OHM XOPONIO CO-
OTBETCTBYIOT JAUCKPETHBIM oObekTaM. Ilpu
PacCMOTPEHMH AUCKPETHBIX 0OBEKTOB HaM U He
HY’>KHbl HUKAKHe JAPyrue 4ucJa.

Ecan e HaM NPUXOANTES U3MEPATH YTO-
an60, 4YTO HE COCTOMUT U3 OTHAEJIbHBIX 00BEK-
TOB, 3ajlaya Cpa3y e yCJoxHseTcsa. Tenepb
Mbl MMEEM JE€JI0 C NPOTSXKEHHOCTHIO, UJIU C
KOHTUHYYMOM, TO €CTb C MPOAOJIKUTETbHOC-
ThIO BPEMEHHU KAaKOTO-TO IpoLecca WId AJIu-
HOU KakoW-HUOyAb JMHUU.

OO6bIYHbIE JUCKPETHbIE YUCJIA HE COOTBET-
CTBYIOT IPOTSKEHHBIM BeJUYUHAM, M HX
HeJIb3sl UCIIOJIb30BATh AJII U3MEPEHUS TAKUX
BEJIMYMH, HE PUCKYS AONYCTUTh HETOYHOCTD.

Jlna Toro 4Tobnl M36exaTb TAKOro HECo-
OTBETCTBUS, CJ€AyeT BCTABUTb B PAJA AUCK-
PETHBIX YHMCEJ KaKue-TO MPOMEXYTOYHbIE YHC-
aa. Korma Mbl 3TO caenaem, yucaa 1, 2, 3,
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B OBXOJ, «CJIOXKEHWA»

4... CTAaHOBSTCS TOJBKO Majoii yacThio Oec-
KOHEYHOH CHCTEMBI, KOTOpasi COOTBETCTBYeET
TaKUM IOHSTHUSIM, KaK BpeMs, NJIWHA, UIH JIO-
60My IpyroMy KOHTHHYYyMY.

Co cnenyiomeil rnaBbl Mbl HauHEM M3y-
4aTh TakHe YWCJa, BBISICHUM UX NPOUCXOXK-
IeHHe U OCBOMM IIpaBHJIa pacyeToB IpHU HO-
MOHIIY TaKUX 4YHUCeJ.



I'nasa 4
PA3BUTHBIE YUCJIA

JlenuM eaMHHIIBI

YesroBeyecTBO HE MOIJIO COTJIACUTHCS C OT-
paHUYeHUsIMU B Aesnenuu. Ilpennosnoxum, Haxo
pa3esquTh Ba sI0J0KA MEXIY YeTbIPbMS HeTb-
mu. CoBepiieHHO 6eCroie3HO OOBSICHSITDH UM,
4YTO TaKoe JieJleHHe HEBO3MOXHO, TOCKOJbKY
HeT TaKOro 4uCJa, KOTOpoe IOoCJje YMHOXe-
HUs Ha 4 pact 2. I HM oAHa MaTb Tak He
caenaer. OHa MONPOCTY pa3pexeT Kaxaoe U3
260K TONOJIaM U JAaCT KaXAOMYy M3 IeTei
N0J0OBUHY (MM HPUTOTOBUT M3 ITUX sI6JIOK
niope).

Caenys aToil cucteme, 4eJOBEYECTBO yxKe
IAaBHO HAay4YWJOCh pa3buBaTh OCHOBHbBIE €/U-
HUIBI M3MepeHusi Ha 6Gojiee MeJKWe U TPH-
CBaMBaTh 3THM HOBBIM €JUHHMIAM COOCTBEH-
Hble Ha3BaHus. Hanpumep, B aMepHKaHCKOM
cUCTeMe U3MepeHHsT 00beMa CyIIeCTBYET e/lU-
HUIlA, Ha3bIBaeMas KBapTa, eCJM KBapTy pas-
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PA3BUTBIE YHNCJIA

IEeJUTh MOIOJaM, MOJYYUM JIBE€ HOBBIE €lIHU-
HuULBl, NUHTBL. Ecau y Bac ecTp ABe KBapThl
MK1Ba, HA KOTOPOE MPETEHYIOT YeThIpe YeJio-
BeKa, TO KaXX/ABIH MOJY4YUT MO OAHOHN NMUHTE.

MoxHO aenuTp eAUHHUUBI M Ha 4YUCJA,
6osbmine 2. Hanpumep, 6ymenn (eme ogHa
aMepUKaHCKass Mepa 00beMa) MOXXHO pasje-
JUTHh Ha 4 meka, a nexk — Ha 8 kBapT. OauH
¢dyHT MOXHO pa3zeauTb Ha 16 yHuMiA, a
1 kBapTy Ha 32 xuakue yHuuu. Bce atu yucna
SIBJASIOTCSL Pe3yJbTATOM JeJIEeHUS KaKOU-TO
BeJIUYMHBI Ha [Be 4AaCTH, 3aTe€M KaXAYyI0O U3
3THX YacTeld CHOBA MEJUJIU MOMOJAaM M TakK
nasee.

MoxHo, HannpuMep, pa3aenuTs 1 KBapTy
MEXAy ABYMS JIOAbMHU, €CJAU KAXIOMY AaThb
no 16 xuakux yHuui (a 3to kak pa3 1 nmuHTA).
A ecnu Hajxo pa3fesuTb OOHY KBAapTy MEXIY
YeTBIPbMS JIIOABMH, TO KaXJOMY MOXHO AaTb
no 8 XUAKUX YHUMH (TO €CTb MO MOJIHH-
Tol). Ecau xe y Hac 8 4yenoBek, TO Kaxiao-
My AOCTaHeTCs No 4 XUAKHEe YHIUM (UIU 1O
1 mxunny).

Bce aT0 3ameuarespHO, HO YTO JeJaTh, €CAN
HaZo pa3fieJIMTh 4YTO-TO MeXAy Tpemsi? Mul He
MOXE€M pa3/leJIuTh KBapTy, B KOTOPYIO BXO-
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Atizex A3umos. YUCJIA

AT 32 yHUMH, HA TPH, NOCKOJbKY 32 He Je-
nutcst Ha 3. KBapty yno6HO aenuTh Mexumy
16 wau 32.

CaenoBaTenbHO, OBIJIO OBL MOJE3HO BBIO-
paTh KaKylo-HUOYAb €IUHULY, KOTOpas CO-
nepxaja 6bI MAKCUMaIbHOE KOJHYECTBO CO-
MHOXUTened. OAXHUM M3 TaKUX YHUCEJ
saBasiercs 12. B onnoMm ¢yte 12 gmoiimos,
12 TpolickuX YHUUH CONEPXUTCSA B TpOiic-
koM ¢yHTe, a 12 — 3TO, KaK U3BECTHO, JAIO-
XKHMHA.

O6paTuTe BHUMaHME HA TI0XXHHY, 3TO OYEHb
noJsiedHas eqununa. Ecau y Bac ecth qI0XKuU-
Ha 560K, BBl MOJXeETEe MOAENUTh UX HA JBE
rpynnsl no 6, Ha 3 rpynnsl no 4, Ha 4 TPYMIIbI
no 3, Ha 6 rpynn no 2, u Ha 12 rpynn no
onHoMmy. OueHp BaXxHO, yTo 12 genuTcs He
TOJIBKO Ha 2 ¥ 4, HO TakXe u Ha 3.

JI0)KHHBI paHbllle 4aCTO MCI0JIb30BaJU B
TOpProBJie, BeAb AIOXKHHY JIETKO pa3OUTh Ha
HECKOJIbKO 00Jiee MEJIKUX 4YacTeil pa3uyHbIMH
nytsamu. CymecTBoBaia Takxke eIWHULA, KO-
TOpast ABJSANACH JIOXKUHOMU AI0KHUH (3TO rpocc),
KoTopas paBHsiach 12 X 12 unu 144. Y yucaa
144 muoro comunoxurenein. dto 1, 2, 3, 4,
6, 8, 9, 12, 16, 18, 24, 36, 48 u 72.
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PA3BHUTBIE YHUCJIA

Takas cuctema ymo6Ha ¥ MPaKTUYHA, €€ Jier-
KO NMPUMEHATHh B MOBCEHEBHOU XXU3HH, U KO€-
KTO Jla’ke KajeeT O TOM, YTO B OCHOBE Hailel
cucteMnl ucuuciaenusa Jgaexur 10, a He 12.
Y uucaa 190 ecTp TOJBKO JBAa MHOXHUTEJISA, 3TO
2 u 5. Jlecatp He AeauTCs HU Ha 3, HU Ha 4.
EnuHcTBEeHHAss IpUYMUHA, IO KOTOPO B OCHO-
Be CHCTeMbI OKa3ajoch yucjao 10, — 310 TO, YTO
y Hac IO 5 maJjblleB HA KaXA0N pyke. A BOT
ecamn 6b1 ux 6b10 ObI 1O 6...

Y yucaa 10 ecTb OJJHO PEUMYIIECTBO Iie-
pex 12. Yucao 10 nenutcsa Ha 5, a 12 — HeT.
JlpeBHUE BaBUJIOHSIHE NBITAJUCh COEIUHUTD
B OJHOM YHCJe BCe JocTOMHcTBaA yucen 10
u 12. Takoe 4HCI0 TOJKHO JEJUTHCS HE TOJb-
ko Ha 2, 3, u 4, Ho u Ha 5. HauMenpmium
TaKUM 4yHucjJoM gBasgercd 60. To 4yucao uc-
noJsb3yeTcss ¥ B actpoHomuu. ['ox cocras-
aser 365 nHel M HecKoJbKo 4acoB. Iox —
3TO TO BpeMs, 3a kotopoe CoJsiHIle cOoBep-
maeT cBOH (kaxkyuuiicsi) KpyropBoi myTsh Io
HeOy OTHOCHTEJNbHO HEMOABHUXHBIX 3BE3..
Ecau nmonHbéi Kpyr pa3gejuTb Ha BeJIHYU-
Hy nyTH, koTopoe CoJiHIle IPOXOAUT 3a AeHb
(TO eCTh Ha «IyThb-A€Hb»). Mbl monyuum 365
noJieid Kpyra.
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Atizex A3umos. YUCJIA

Y BaBuJioHsiH rox paBHsiicst 360 auam (1160
OHM HENPAaBUJIbHO BBIYUCIIUJIN IPOAOIKUTEb-
HOCTb roja, u6o mpocto okpyrauau 365 po
360 nns ymobeTBa Bhrunciaenuit). C aTum guc-
JoM yao6Ho paboTtaTh, mockoabKy 360 — 3to
60 x 60. TToaTomy onu Hesuin HebecHyo chepy
U apyrue kpyru Ha 360 paBHBIX YacTei, KOTO-
pble MbI B HAIlIM THM Ha3bIBaeM rpaJlycaMu. 3aTeM
KaXX/JbIH Tpagyc oHU Aeauau Ha 60 yacTel, Ko-
TOpble MBI Ha3bIBA€M MHHYTaMH, a KaXAyI0 MU-
HyTy eume Ha 60 yacreii, Ha 60 cexyHA.

1
6_0- yaca = 1 MUH

1
1 30
—5— yaca = 12 MuH 1

N

yaca = 2 MHH

yaca = 15 MHH

— vyaca = 3 MHH
1

—yaca = 30 MuH 1
2 — yaca = 4 MuH
15
1 1
— yaca = 10 MuH — yaca = 20 MuH
6 3
1 1
— yaca = 6 MMH — yaca = 5 MHH

10
Yac, cocrosiiuumii u3 60 MUHYT.

MB!I 10 cuX nop npuAep>XKUBaeMCsi BaBUJIOH-
ckoii cucteMmbl. bosnee Toro, nockoabKy Bpems
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PA3BHUTBIE YHUCJIA

U3MEPSETCS 10 ABMXKEHUIO KPYMHBIX HEGECHBIX
TeJI Ha HeOOCKJIOHE, Halll Yac pasjesieH Ha 60 MUHYT,
a muHyTa — Ha 60 cexyHn.

IIpu noacyeTe BpeMeHM Mbl HAXOAMM TaKXKe
cJiefibl CUCTEMbBI, OCHOBaHHOI Ha 12. /leHp U HOYb
pa3nenieHbl Ha 12 yacoB. B apeBHOCTH, 10 TOTO
KaK ObLIM M300pETEHBI YAChl, JAJIMHA Yaca MeHs-
Jlach B 3aBHCUMOCTU OT BpPEMEHH rojia. 3uMoit
JIHEBHbIE 4achl ObLIN KOPOYE, YEM JIETOM, & HOYHBIE
IIMHHee. B HalIM THU TIPOAOJKUTENBHOCTD Yaca
NPUHATA MOCTOSTHHOM, MO3TOMY JIETOM CBETJIOE
BpeMs JJIUTCS IOJIbliIe, YEM 3UMOM, HOYHOE, Ha-
obopoT, — Kopoue.

Tem ne Menee Ha uudepbIaTe HAUIMX YACOB
TosbKO 12 yuces, u, ClAe0BaTEIbHO, Mbl OIIpe-
nensieM BpeMmsi Mexay 1 yacom Hoyu u 1 yacom
nus. (B apMuy npUHSITO CYMTATh BpeMs IOCJE
12 kak 13, 14 u Tak gajee 4acoB, HO OOBIYHO B
OBITY MBI HE HUCIIOJb3yeM TaKUX 0603HAYEHHUIA.)

YacTty eqMHHUIIBI
To, 4To OOBIYHBII YesIoBEK cheJsaj ¢ 0Oblu-
HbBIMM €IUHUI[AMU HM3MEPEHUs, CMOTYT cle-
JIATh MAaTEMAaTHUKUA CO CBOMMHU aOCTPAKTHBHIMH
YUCJIAMU.
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Atizex A3umos.

[ToueMy Obl He pa3nAeUTh €AMHUIY HA [[BE
paBHblE€ YacTH, Ha TPH, Ha YEeThIpe U TaK Ja-
nee? Jlns Toro 4tobbl Takoe JejieHue He ObLIo
Gecro/ie3HbIM, HaJI0 IPUCBOUTD 3THM YacCTSIM €Iu-
HHULBI COOCTBEHHBIE Ha3BaHHUA. 3aTeM Halo HANTH
YIOOHBI CUMBOJ IJIsi 9THX 4YacCTed eAMHHIIBL
U naxoHel, Hazo pa3paboraTh cHCTEMY, KOTO-
pasi MO3BOJIUT ONEPUPOBATh C ITUMHU YACTSIMU
U TIPOU3BOAUTH OObIYHBIE apUPMETHYECKHE OIle-
pamuu.

Hanee, ecau ¢ g0JAMH YHCET MOXHO Ma-
HUMYJUPOBATh TaK )K€, KaK C OOBIYHBIMHU YHC-
JIJaMH, 9TO O03HAyaeT, YTO YAaCTH YUCEJ MOX-
HO paccMaTpHBaTh KaK OOBIYHBIE YHCJIA KaK
B IIPAaKTUYECKOH, TaK U B TEOPETHYECKOI cepe
NpUMEHEHHUS.

Ha3Banus ans yacteid yuces MPUILIH U3
06bIIEHHOM peun. /[Be paBHBIE YAaCTH HA3bIBAIOT
nosioBUHaMH. YacTH, KOTOpbIe MOJyYaloTCs IPH
JeJEeHUH YHCJia Ha KaKoe-TO KOJIMYECTBO JO-
Jiell, Ha3bIBAaIOTCA B COOTBETCTBMM C KOJHYe-
CTBOM 3THUX JA0JIeil, TO eCTb TpeTbH, YeTBep-
Thi€, NMATHIE U TaK Jajiee.

[TosoBUHA — 3TO TO, YTO MOJIy4YyaeTCsi IpHU
JeJIeHUU eIMHUIbl Ha 2 yacTu. /lpyrumMu cio-
BaMH, 3T0 1 : 2. [Ipu TakoM Jae€HUU MBI He
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PA3BHUTHIE YHUCIIA

HOJTy4YUM OOBIYHOTO LIEJIOr0 4yucja, U GeccMbic-
JieHHo ero uckatb. HyxHO mpocto BbI6paTh 060-
3HayeHue AJISI AaHHOUW apudMeTUyecKod ore-

1
pauumn. TakuM 0003HAYEHHEM CTAJIO 2_ Ero

MOXXHO MPOYECTb KaK OAHA BTOpasi, WU IO-
noBuHa. Ecim Mbl genum 1 Ha 3, TO mosayua-
€M COOTBETCTBEHHO OJHY TPETbIO 4YacTb, WJH
oany TpeTb. Ecau genuM Ha 5, TO mosiyyaem
OIHy TSTYI0, M Tak Aajee. Mbl He mbITaeMcs

1 1 1
PELIUTD 3THU IIPUMEDBDI, 2— ’ ?, 5_ — 3TO IIPOCTO

00603HaYeHUA.

Kormza mbl roBopum, uto 1 : 3 = ;—, MBI
POCTO YTBEPXKAAEM, YTO <«€JUHMIIA, AEJIE€H-
Has Ha 3, paBHA eIUHMWIE, AEJEHHON Ha 3».

Jrto 3ByuuT obeckypaxuBaouie. Bol Mo-
XKeTe CIIPOCHUTh: a YTO TaKOe 3Ta €IUHUIUA,
KoTopylo Mbl AeiauM Ha 3?7 OTBeT coBCeM
NPOCT: a Kakas pa3HuIa, 4yto 310. Ecau Mb

1
MOXE€M MAHHUIIYJHUPOBATDH C BEJIUYUHOU 3_

KaK C OOBIYHBIM YUCJIOM, TO I3TOrO BIIOJIHE
AO0CTAaTOYHO.
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Atizex A3umos. HUCJIIA

ITH A0JU €IUHUIBI Ha3Baau ApobsmMu (oT
ci0Ba «aApobuth»). B oTaimume ot apobeit Te
4YUcJa, C KOTOPBIMU MBI MMeJHU JeJi0 paHb
e, Ha3bIBAIOTCS L EJIBIMH.

Tenepb paccMoTpuM, Kakue AEHCTBUS MOX-
HO OCYyUIECTBJSTb C Apo6simu. Hago Bbisic-
HUTH, KaK CKJIAAbIBAaTh U BHIYMTATH APOOH.

1 1
Hpennonoxch, HaM HaJd0 CJOXHUTb 3_ )51 3_

Ha cioBax 3To ouens jierko o6bsichuTh. OqHa
TPeTh M OJlHA TPeTb BMecCTe AAaAYT IBe TPEeTHU
(Tak >xe KakK OZHO $6JIOKO ILIIOC OXHO $6-
JIOKO PaBHO ABYM siGJIOKaMm).

3areM Ha/J0 peluTb, KaK 3alMucaTh 3T0 Aeil-
CTBME IpU NOMOIIM apupMeTHUYEeCKUX CHUMBO-

1
n0B. [lockonpKy opHa TpeTb — 3TO 3, JO-

T'MYHO NPEAIIOJOXHUTb, YTO ABE€ TPETHU — ITO

2
3 - Ho uto o3nauvaeT 3Ta BeauuuHa? Kax Mol

paszaenum 2 Ha 3? IIpeamonoxuM, y Hac aBa
Kycka mupora, a aered — Tpoe. Toraa kax-
AbI KyCOK MUpOTa AeJuM Ha 3, mojyyaem 6
MaJleHbKUX KycouykoB. Temepp kaxaoMy pe-

88



PA3BHUTBIE YHCJIA

6eHKy MOXHO JaTh IO [Ba Kycouyka. Takum

2
o6pa3om, kaxablii peGeHOK 1oJIyYaeT o 3 .
Paccyxaasi TakuM 00pa3oM, Mbl MOXEM
I0Ka3aTb, YTO pe3yJbTaT JIOOOro AEJEHUS] MO-
XKeT ObIThb mnpeacraBieH B Buae npobu. Co-
POK TPH NHMPOra, pPas3fesieHHbIE MEXAY CEMH-

43
AECATBIO TPEMA JIOAbMU, AAAYT pE3yabTaT 75 ,

43
TO €CTh KaXJIbI YeJIOBEK IIOJIYYHUT IIO '7_5 4ya-

CTH MnUupora.

BepheMcs k c0keHMIO U YMHOXEHUIO. MBI

1 1
[IOKa3aJI4, YEMY paBHO 3_ + 3_ , TAK)XX€E€ MOXHO
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Atizex A3umos. YUCJIA

r 1.1 2 _1

Mpn1 BoiBeu o6uiee mpaBuiio. Ilpu cioxe-
HUM M BHIYMTAHUM APOOGEH C OAUHAKOBBHIMHU
3HaMeHaTeNsAMU (3HaMeHaTeJeM Ha3bIBAETCS Ta
yacTh APoOH, KOTOpasi 3aMUCaHA TOJ YEPTOM)
HEOOXOAMMO BBIYECTh YMCJIHMTENb OAHOU APO-
OM U3 YUCJIUTENS IPYTOM.

To e mMpaBW/IO PacHPOCTPAHSETCS HA yM-
HOXXeHue Apo6M Ha IeJIoe YMCJI0. YMHOMXa-
€TCS TOJbKO YMcauTeab aApobu. [IpousBene-

18

1
HUE - Ha 6 paBHO =5 33 AelenHoe Ha 9,

2
PaBHO oo TouHo Tak xe, Kak ¢ s16JI0KaMU:
0HO 56JI0KO, YMHOX€HHOoe Ha 6, — 3ro 6 s16-
J0K, a 18 5610k, nmomeneHHblX Ha 9, — 3TO
2 sab6i0Ka.

B niporecce cioxeHNUss MOXET 0Ka3aThCs, 4TO

YUCJIUTENb JOCTUTHET BeJMYUHBI 3HAMEHaTesl.
H 1 + 1
anmpumep, 3 3 3~ 3

3
Yemy paBHO 3 ?
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PA3SBUTHIE YHUCJIA

O‘{eBI/II[HO, €CJIA Bbl pa3fie/INTE €AUHULY Ha
TPU 4YaCTH, a IMOTOM CJIOXKHTE CHOBa BCE€ 3TH
TPpH 4AaCTH, Bbl MOJAYYHUTE NNEPBOHAYATIBHOE YUCIIO,

3
TO ecTh eauHuuy. /lpyrumu ciosamu, 3 = 1,

U 3TO BBIPA)XXEHHE COOTBETCTBYET HalIEMY OIl-
peneneHuio apobu, To ecth 3 : 3 = 1.

2 4 27 109476
TouHo Tak Xxe ' 4° 271109476 PaBHBI

e€IHuHHUIE.

1
A 4TO, ecu HaM Hazxo 3 YMHOXHTb Ha 47?

4
Mu IIOJIYy4YUM OTBET § , @ 4YTO O3HaydaeT Ta-

4
Koe BbipaxkeHue? [[pobb 3 Moxer OBITH Tpen-

1

unu 13

1
cTaBjeHa B Buge 1 + 3 3

3 UJIN OJHA
HeJass U OfHA TPETh.

B mkojsie y4eHMKOB OOBIYHO IPUYYAOT K
TOMY, YTOObI BBLIENSATh MAaKCHMAJIbHO BO3MOX-

HyIO 1edylo yacTb u3 apobu. To ectb mpeBpa-

4 1 27 2
watb 3 B 1§, 5 B 53 1 tak ganee. OxHako

91



Atizex A3umos. YUCJIA

JenaTth 3TO npeo6pa3oBaHNe He Bceria Heo6Xo-
aumo. Ha camom nene apudmernyeckue 1eiicTBUS

4 27 1 1

C 3 U 5 NPOU3BOMTH ynoGuee, vem ¢ 13 u 13.

[To cymecTBy, B 6OJIBUIMHCTBE CJy4aeB
CTpEMJIEHNE BBIAEIUTH 1I€JAYI0 4YacTh APoOHU
BbI3BAHO TOJIKO IIPUPOJHBIM KOHCEPBATU3MOM,
a He CoOobpaxeHUsIMHU 1e1eCO0OpPa3HOCTH.

Jlpobu, Menbinue 1, To ectb ApobU, y KOTO-
PbIX YMCJIMTEb MEHbIllEe 3HAMEHATeJisi, Ha3biBa-
10T NpaBUJIbHBIMU JApobsiMmu. U Haobopor, apo-
Ou, y KOTOPBIX YUCIUTENh OOJIbIlIe 3HAMEHATES,
Ha3bIBAIOT HETPABHJIbHBIMH, TO €CTb JIa’Ke HAa3BaHUE
3TUX Apobei MMEeT OTTEHOK HEOMOOpeHHUsI.

Tem He MeHee He cieayeT 3a0bIBaTh, YTO
NeUCTBUSA CO BCEMU APOOSAMU NPOM3BOAAT 110
OJHUM ¥ TeM >xe npaBuiam. VY ¢ Maremaru-
YeCKOW TOYKU 3peHUss M Te U Apyrue Apobu
pPaBHBIM 06pa3oM NpaBUJIbHBIE.

3HaMeHaTeJb BCTyNaeT B HIPY

[SV) e,

Paccmotpum apobs 7. Ee BennuuHa paBHa

6
2,Ta1<1<a1<§=6:3=2.
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PA3BUTBIE YUCJIA

A uto nponaoﬁz[e'r, €CJIN YUCJINUTEJb U 3Ha-

6

12
MeHaTeJlb YMHOXHUTb Ha 27? 3 X 2= rE Oue-

BUJHO, BEJUYMHA ApoOM He M3MEHUJACh, TAK

12
KaK " TaKKe paBHO 2. MOXHO yMHOXUTD 4HC-

18

JIMTEJb U 3HaMeHaTeJdb HA 3 U INOJIYYHUTDb —g',

162
uau Ha 27 ¥ MOJYYHUTH g1’ AU Ha 101 u

MOJYYUTh 'g%g B xaxaoM u3 aTux ciayuyaesn
BeJIMYUHA APOOH, KOTOPYIO MBI MOJy4YaeM, pas-
IeJUB YUCAUTEIb Ha 3HAMEHaTeJb, paBHA 2.
ITO 03HAYaeT, YTO BeJUYMHA NApoOH He u3-
MEHHUJACh.

Takas xe 3aKOHOMEPHOCTb HabJIOAAETCS

U B ciayyae Apyrux apobeii. Eciu uuciaurens

120 o
U 3HAMeHaTes b npo6u€6- (paBHoii 2) pas-

30
neJUTb Ha 2 (pe3yJabTat @), win Ha 3 (pe-

40 30
3yJbTaT E)’ unu Ha 4 (pe3ynabTat E) U
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Atizex A3umos. YUCJIA

Tak Jajee, TO B KaXJAOM cJyyae BeJUYMHA

Apobu ocTaeTcs HEM3MEHHOW M paBHOM 2.
ITO NMPaBUJIO PACHPOCTPAHSIETCS TaKXe Ha

npobu, KOTOpble HE paBHbl LEJOMY YHCIY.

1
Ecsau yucauTesnp U 3HaMeHaTesNb APOOH 3 yM-

2

HOXHUTb Ha 2, MBI IIOJYy4YUM 6, TO €CTb Be€-

AuYrHa Apobu He u3meHuaach. VI B camoMm
neJsie, eCJU BBl pa3jesiuTe MUPOT Ha 3 4acTH
U BO3bMeTe OJHY U3 HUX WUJU pa3fieluTe ero
Ha 6 yacTeil U Bo3pbMeTe 2 yacTu, Bel B 060-
UX CJaydyasix MOJIyYUTe OAMHAKOBOE KOJHuye-

1 2

CTBO IIHpOra. CJIeIlOBaTeJIbHO, qyucJja § n E

UJI€EHTUYHBI.

Coopmynupyem obmee npasuso. Yucau-
TCJIb U 3HaMeHartesb JI060i APo6M MOXKHO yM-
HOXUTh WJIM Pa3/leJIUTh Ha OHO M TO Xe YHCJIO,
U IIPU ITOM BeJMYMHA Apo6M He H3MEHseT-
csi. DTO NPABUJIO OKa3bIBAETCS] OYEHb IOJIe3-
HeIM. HanpuMep, oHO mo3Bojsier B psiie CIy-
yaeB, HO He Bcerjaa, u3bexarh omepanuii ¢
OOJbIINMH YHCIAMH.
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PA3BHUTBIE YHUCJIA

Hanpumep, Mbl MOXeM pa3fejUTb 4YHUC-

126
JUTEJb U 3HAMEHaTeJb APOOH 189 HA 63 u

2
NOJYYUTh JPoOb 7, C KOTOPOU ropasfiio mpolie

Npou3BOAUTH pacyeThl. Eie oauH mpumep.

155

YucauTteapb U 3HaMeHaTedb ApobH 31 Mo-

)
XKeM pa3genuTh Ha 31 U MOJYyYHTh APOOH 1

HWJIM 5, MoCKoJAbKy 5 : 1 = 5.

B aTOM npuMepe Mbl BliepBble BCTPETUJIUCH
¢ Ipobbio, 3HaMeHaTenb KoTopoil paBeH 1. Ta-
Kve ApoOU WrpaioT BaXKHYIO POJIb NPH BBIYUC-
nenuwsix. Crelyer OMHHTD, YTO JI060€ YKMCJIO MOX-
HO pa3leiuTh Ha 1 M NpU ITOM €ero BeJUYMHA

509993
1
paBno 509993 u Tak nanee. CiemnoBaTeabHO, MBI
MOXKEM He pa3jesiiTh 4YucCja Ha Lejble U Apob-
Hble, MOCKOJIbKY KaXKJOe IIeJIoe YHUCIO MOXKHO
NpeACTaBUTh B BUE ApoOU co 3HameHaTeseM 1.

C takumu apo6siMu, 3HaMeHaTeslb KOTO-
pbiX paBeH 1, MOXHO NPOU3BOAUTH TE XK€

273
He u3MeHUTCsA. To ecTh —] PasHO 273;
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Atizex A3umos. YUCJTA

apudMeTUYECKUE NEUCTBUSA, YTO M CO BCe-

15 30

15
MH OCTAJbHBIMU APOOAMU: T + T =T

3 _ 12

1 1 1°
Bbl MoxeTe cipocuTh, Kakoi MPOK OT TOro,

YTO MbI MPEACTABUM LIEJI0€ YKUCJIO B BUE APOOH,
y KOTOpO#l moj 4epToil 6yAeT CTOATb €AVHU-
11a, Belb C 1IeJIbIM YHCJIOM paboTaTh yaobHee.
Ho nmeno B ToM, YTO npeicTaBjieHHE LIEJIOrO YHUC-
na B BuAe ApoOM JaeT HaM BO3MOXKHOCTb 3(-
(dexTUBHEE IPOM3BOANTH Pa3jIMyHbIE NEHCTBUA,
KOIr/la Mbl MMeeM [eJ0 OJHOBPEMEHHO U C Ie-
JBIMH, U C APOOHBIMU YHCJIAMHU.

1 1

Hpennonoxch, HaM HaJo CJIO)KI/ITbg u g

MpbI 3HaeM, YTO CKJIAAbIBATh MOXHO TOJIBKO T€
apobu, 3HaMeHaTeJU KOTOPbIX PaBHBI. 3HAYMT,
HAM HY>XHO HAay4YUTbCS TPUBOAUTH APO6H K Ta-
KOMY BHJY, KOTZa UX 3HAMEHATeJu pPaBHbHL. B
3TOM CJiy4ae HaM ONATb MPUTOAUTCSA TO, YTO
MOXXHO YMHOXaTb YMCJHUTENb M 3HAMEHATe]b
Apo6u Ha OAHO U TO Xe 4YHMCIA0 6e3 HU3MeHe-
HUS €€ BEJMYMHBI.
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PA3BHUTBIE YHCJIA

Cuayvana YMHOXHM YUCJUTEJIb U 3HAMCHaA-

1 )
Teab apobu 3 Ha 5. Ilonyunm 15 Belauuu-

Ha Ilp06l/l He H3MEeHHJACh. 3aTeM YMHOXHUM

1
YUCIUTENb U 3HAMEHATeNlb JpoOH 5 Ha 3. IMo-

3

MyYUM 5, ONATH BEIUYHHA apobu He u3lMe-

Hujaack. CiempoBaTelIbHO,

ol @

3
15

Wl —
W] —
Gl w

Tenepp monpo6yeM HPUMEHHUTH 3Ty CHC-
TEMY K CJIO0XEHHUIO YHCEJ, COAEPXKAIMX KaK
HeJayI0, TaK U APOOHYIO YacTH.

1 1
Ham "Hago cimoxurs 3 +§ + lz. CHaua-

Jla TmepeBejeM Bce ciaraembie B opMy Apo-
N 3 1 )

6eii U moMyYnM: 1t3t 1 Tenepb HaM Hamo

NpUBECTH Bce APOOM K o6lieMy 3HAMeHaTe-

JII0, IJIsi 9TOr0 MbI YMCJIMTENb U 3HAMEHATEJb

nepBoil Apobu yMHoxaeM Ha 12, BTOpo# —

Ha 4, a Tperbeid — Ha 3. B pe3yabraTte mno-
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Atizex Asumos. YUCIIA

JydaeM — 36 + 4 + 15 4YTO PaBHO E Ecau
12 12 12’ 12

Bbl XOTUTE U36ABUTHCS OT HENMPABUJIBHOU [JpO-

64, ee MOXHO NpPEBPATUThb B YHUCJO, COCTOS-

uee U3 1eJoi U APOOHOUN yacTeii:

55 48 7 7
VB VAE VIRV

Ilpo6u, MeHbIINE HYJIS

Bce mpaBusa, 103BOJSAIONIME NPOBOAUTH
omepamuu C ApoOSIMH, KOTOpbIE MBI C BaMu
TOJIbKO YTO M3Y4YMJIM, TAKX€ CIHpPaBeAJIMBBHI U
B cJydYae oTpullaTeJbHbIX uucen. Tak, -1 : 3

-1 1
MOXHO 3amucaTh Kak o, a al:(-3) kak =3-
ITockosbKy Kak MpHU JeJIeHNU OTPULIATEIbHOIO
YycJa Ha MOJIOXKHUTEJbHOE, TaK U TIPU JeJe-
HUM TOJIOXKUTEJBHOIO YUCJA HA OTPULIATE]b-
HOe B pe3yJbTaTe Mbl NOJIyYaeM OTPHUIATENb-
HBI€ YKMCJIA, B 0O0MX CJIYYasiX MbI [IOJYyYUM OTBET
B BHU/Ee OTpUIaTeJbHOro 4yucaa. To ecTh

(-1):3-= —? wimm 1 :(-3) = . 3HaK MuU-
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PA3BHTBIE YHCJIA

HYC MpH TaKOM HANUCAHUM OTHOCHUTCS KO BCEH
ApOOH LETMKOM, 2 HE OTAETBHO K YUCTUTEIIO UITH
3HAMEHATEJIIO.

C npyroii ctoponsl, (—1) : (-3) MoxHO

-1

3alMCaTh KaK T3, a TOCKOJbKY IpH [ele-
HUU OTPHMUATEJIBHOrO0 YHMCJA HA OTPHULATE]Ib-
HOE YHUCJO0 MBI MOJy4YaeM IMOJIOXUTEIbHOE

-1 1

YMCJI0, TO —5 MOXHO 3amUCaTh KaK +3.
CrnoxeHue U BbIYUTaHUE OTPULATEJIbHBIX
npobeil mpPOBOAAT MO TOH XXe CXeMe, YTO U

CJI0KeHHe, U BbIYHTAHHUE ITOJIOXKHUTEJ/IbHBIX ApPO-

1
6eii. Hanmpumep, uto Takoe 1 — 15? [Mpen-

craBuM o6a uyucjaa B Buie Apobeil u mouay-

1 4
YMM T - 3. [IpuBeneM apo6u k obuieMy 3Ha-

(1x3)
(Ux3)

4
MEHATEJI U MNOJYYUM §, TO €CTb



I'naBa 5
PA3BUBAEM HA JECATKH

H36eraem onepanuii aejleHus

[TponosxkaeM pa3bupatbes ¢ ApobsMu. Mbl
yKe BBISICHHJIM, KAK YMHOXaTh U AEJUTb ApoOU
Ha UeJible YMCia. A KaKk YMHOXHUTb Apobb Ha
Apobb Mau pasneautb Apobp Ha APoOH?

1
[IpeanosioxuM, HaM Ha10 pa3ie/uTh 3 Ha 2

yactu. Bce Tpu Tperpux yacTtu BMeCTe COCTa-
BAT equHuLyy. Ecau xaxayio u3 3THX 4YacTell pas-
JEJTUTD TIOMOJIaM, ToJy4YuM 6 yacTteil, KOTOpble
BMecTe Takxe cocTaBisaoT 1. [lockonbky kaxaas
M3 3TMX MEHBIIUX YacTeil COCTaBJSIET OJHY Ilie-
CTy10, MBI MOX€M YTBep>XAaTb, YTO OJHA BTO-
pasi OT OJHOH TpeTbeldl paBHA OJHOU IIECTOMH.
Paccyxaast TakuM >xe o6pa3oM, Mbl MOXKEM IIO-
Ka3aThb, YTO OJHA BTOPasi OT OJHOI 4eTBepTOil
paBHa OJHOW BOCbMOH, a OAHA TPeTbs OT Ol-
HOM YeTBEPTOH — COOTBETCTBEHHO OJHOHM [BEHA/-
LaToM.
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PASBHMBAEM HA JECATKH

JeiicTBusi ¢ 1pobsiMu ynoOHO 3aMUCHIBATH B
Takoi ¢opme:

1 1 T 1 1 1 1 1 1

—X — = —;, —X == —; — X — = —
3 2 6 4 2 8 3 4 12
MbI ucnosib3yeM 3HAK «X», TOCKOJBKY Mpa-
BUJIbHBIA OTBET MBI MOJIy4aeM MPH IMePEMHO-
XKeHUH 3HaMeHaTesel. A Kak OOCTOUT AeJio
¢ yucautensmMu? Ha mepBblil B3rjasg kaxet-
csl, YTO YHUCJIUTEJb He U3MEHSeTCs, HO Belb
1 x 1 = 1. [ToaToMy, YTOOBI OTBETHTH HA ITOT
BOIIPOC, HaJ0 BBISICHHUTb, KaK OOCTOUT A€o
C ApOOGSAMU, YHUCTUTED KOTOPBIX OTJIHYAETCS
ot 1. IlpeamosoxxuM, HaM HAAO pa3AeNUThb
10 Ha maTh paBHbIX yacTeil. Kaxngas dacTts
6yner paBHa omgHou msaTtoi oT 10. Ilockoub-
ky 10 : 5 = 2, c1enoBaTenbHO, OfHA MATAsT YaCTh
OT JecsiTH cocTaBiseT 2. BripaxkeHue «oaHa

1
nATad OT AeCATHU» 3allMCbIBAETCA KaK g x 10.

Tenepp nonpoGyeM mpencTaBUTb 3TO BbI-

1

paxenue B Buje aApobu. Bo mepsbhix, 3 Mo-

2
XeT ObITh mpeobGpa3oBaHa B To €CJH HHC-
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Atizex A3umos. YUCJTIA

JIUTEJIb U 3HaMeHaTeJb APOOH YMHOXHTH Ha

10
2. 3ateM 10 MOXHO NMpeACTaBUTb KAK ——, YM-

HOXXUTb YKUCJIUTEJb W 3HAMeHaTesJ b Ha 3 U IO-

30
NYYuTH .

1
Tenepp Mbl MOXeEM cKa3aTb, UYTO 3 X 10 —

2 30
9TO TO Xe CaMoe, 4TO E X ? . Tenepb, ec-
JIN Mbl MEPEMHOXHUM YHUCJIUTEJb Ha YHUCJIU-

TeJib ¥ 3HaMeHaTeJ/lb Ha 3HaMeHaTeJb, TO IO-
30 60
ayynM 2 x — x 3, TO ecTb 3., WIH 2, a
10 30
3TO MMEHHO TOT OTBET, KOTOPbI MbI OXHU[a-
JIU TOJIYYUTD.
Paccmotrpum apyroit npumep. [Ipeanoso-

1

1
KUM, TP MEPEMHOXEHHH 3 X - MbI Mepe-

4 6
BeJin 1pobu B 1o 1 17+ YMHOXHB YHCIUTE]b

U 3HaMeHaTeJdb COOTBETCTBEHHO Ha 4 U Ha 6
T 4 6 2
ernepp Mbl UMeeM:. — X — BH —, €CJIN
p 2 X12P 144
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PA3BMBAEM HA JECATKH

IpU MEepPpEMHOXEHHUU Mbl CJIEAYEM CXEME€ <«YUC-
JIUTEeJIb X YHUCJIUTEJIb», «3HAME€HAaTeJ/Ib X 3Ha-
MEHaATeJib» . Tenepb pa3aeJiMM 4UCJIUTEJIb U 3HA-

2 od o 1
—, Ha U 1 YyuM —
144’ 1y 6’
TO €CTb TOT OTBET, KOTOPbIii MbI CUMTaeM Bep-

1 1
HBIM pe3yJIbTaTOM IIPU MEePEMHOXEHHUH X .

3 2
TouyHO Tak >Xe MPOBOAAT Olepaluu JeJie-
HUsl. UucauTenb [eJUMOr0O AeJsAT Ha YUCJHU-

TeJib AeJInTeJid, a 3HaMeHaTeJlb J€JIUMOro — Ha

MeHaTeJIb OTB€Ta,

10 )
3HAMEHaTeNb NeJUTeNs. oo @ = = (10 : 5) :

2
: (21 : 7), nan 3 HO 3/1€Cb MOTYT BO3HHKHYTb

ocoxHeHusi. YTo aesaTh B OZHOM HUJIH 0OOMX
CJIy4asiX, €CJIM JieJIeHHe Haleslo HeBo3MoxkHO? Torzia
MO’KET OKa3aThCsl, YTO U YHUCJIUTEJIb, U 3HAMEHATEITh
6yAyT TPEACTaBJSITb OO0 Apo6H, TO eCTb MbI IO~
JIy4uM ApoOH BHYTPH APOGEN.

K cuyacTpio, Takoro JgejeHuss MOXHO W3-
6exaTs.

[laBaiiTe BepHeMcs K Hallled MpeablAyleil
3ajgauye, Koraga Mbl geauaud 10 Ha 5 paBHBIX
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Atizex A3umos. YUCJIA

yacteii. Mbl MOJyYuan OTBeT 2 B 06OUX CIy-

1
yasax, To ectb 10 : 5 u 10 x 3 Yucao 5
MOXHO MpeACTaBUTh B Buae Apobu %, a aTy

Apo6b MOXHO paccMaTpWBaThb Kak IMepeBep-

1
HYTYyIO Apo0b 5- Takue apobu, TO ecTh JBe

Apo6H, y KOTOPBIX YMCJIUTENb NEPBOU paBeH
3HaMeHaTeJl0 BTOPOii U, HA060POT, 3HaMeHaTeJIb
nepBOH Apo6U paBeH YHUCJIUTEJNI0 BTOPOH, Ha-

S
3bIBatOT o6paTHbiMU. OUYeBUAHO, 7 — oTo mepe-

- |

1 1
BepHyTas ApoOb 35, TO ecTb apobu - u  sB-

S
JIAI0TCS 06paTHBIMHU, TOYHO TaK ke OOpaTHBIMU

2 3 55 26

SABJSIOTCSA Apobu 3135 apobu % Y 53

Tak fajee. /lanee, ecaiu Mbl yTBepxXKAaeM, 4TO
npu AeneHuu 10 : 5 MBI mosyyaeM TOT Xe

1

pe3yJabTaT, YTO M NMpuU yMHOXeHuUu 10 x 3

3TO O3HavYaeT, B CBOIO ouepenb, 4YTO IIpU J€-
JIEHUHM Ha JAaHHO€ YHCJIO Mbl HOJYy4Ya€M Ta-

51
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PASBUBAEM HA JECATKH

KOH ’xe pe3yJjbTaT, KaK U NPU YMHOXKEHUHU

Ha uyucao, o6parHoe panHomy. (OG6paTuTe BHHU-

MaHWe, 4YTO TOJIbKO JeJIUTeJb MOXHO 3aMe-

HATh Ha OOpaTHOe YHCJIO, K AEJTMMOMY 3TO

He OTHOCHUTCSA.) PaHblime Mbl ¢ BaMu yxe yGe-
10 S 2

AMIUCD, YTO - @ — = 3. [Ipeanosoxum,

BMECTO JeJIeHUA Mbl IPDOBEJIX YMHOXEHHE Ha

10 7 70

obpaTHy0 ApOOB: 51 %5 " 105 Tenepp pas-

JA€eJIMM 4YHUCJINTEeJIb U 3HaMeHaTeJlb 3TOM APpo-

2
6u Ha 35. Mbl mosy4um 3» TO €CTb UMEHHO

TOT pe3yJibTaT, KOTOprﬁ U OXHAaJU MONTYUYUTD.

S 2
Tenepb MbI MOXeEM I104eJTUThb 7 Ha 7, He

oracasch MoJy4YduTb APOGU BHYTpU APOGEH, Io-
CKOJIbKY BMECTO /IeJIEHUS Mbl HPOBEAEM yMHO-
JKeHue Ha o0paTHyIo ApoOb.

S 2 5 3 15

7 13 T7 X 5 M HOJYYHM OTBET 7.

[Ipu nepemHoxxenuun apobeil cienyet MoOM-
HUTb, YTO MOPSTOK, B KOTOPOM IEpPEMHOXa-

10TCcs ApoOu, He uMeeT 3HayeHus. Hampumep,
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Atizex Asumos. YUCJTIA

10 7 10 7
7 X 5 = 9TO TO Xe€ caMoe, 4TO 5 X 21"

7
B nepBoM cityyae mbl nosydaem otBeT 10 x 51 % 5,

7
a Bo BTOpOoM — 10 x 5 % 21, HakoHell, B 000-

MX CNy4asiX MbI [OJTy4aeM pe3ysbTarT o=, WK

2
(mocne nenenus: Ha 35) 3

Crnenyet OTMETHTh, YTO BTOPOW BapuaHT

10 7
yno6Hee. B mepsom BapuaHTe Apobu T

HEBO3MOXXHO COKPaTUTb, BO BTOPOM Bapu-

10 7
aHTe leO6I/I ? U ﬁ JIETKO COKpallalTC.
10 2 7 1 )
5 — 3TO 1 a 21 — 9TO 3 TaKuM 00pa-

10 7
30M, BhIpakeHue — x o npeobpasoBajoch

-] N
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PA3BMBAEM HA JECATKH

YnobHee paboTaTh C MEHBIIMMHU YKUCJIAMH,
03TOMY OOBIYHO YMCJIUTENb U 3HAMEHATEJb
Apo6u JeNIAT Ha OJHO M TO e YMCJIO, He JeJias
HUKaKHX [ePecTaHOBOK.

7 17
Hanpumep, B NpUMepe Ty X g MOXHO pas-

JIeJIUTb YMUCJIUTENIb OJAHOM Apo6U U 3HAMeEHa-
TeJIb APYroi Ha onHO U To ke uucyo (7). Toraa
BbIpaXkeHWe yIpollaeTcs U npuobpeTaeT BUA:

1 17

X 7 Takoit npumep pemaetrcss ropas3zo
17
Jnerde, OTBET -, PUYEM, Pa3yMeeTCs, KaKUM

6bl METOZOM Mbl €ro HU pellajd, OH He H3-
MmeHsercsi. Ho BTopoit cmoco6, ¢ npusJeye-
HHEM COKpallleHUus ApoOeii, 3HAYMTEJIbHO JIeTYe.
[Ipuem «cokpaunieHusi» ApoGei Npu IepeMHO-
JKEHUU HACTOJbKO yA006eH, YTO MHOIrue yue-
HUKH MBITAIOTCS BHEJPUTb €r0 U INPU CJIOXe-
uun. Ho B 3ToM cayuae mpuem He paboTaerT.

7 17

CymmMma apobeii To T 29 — 2TO coBceM He TO
1 17

Ke camoe, 4TO0 o + . CymMma mepBoro
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Atizex Asumos. YNCJIA

1239

513
BbIpaXKE€HUs paBHA o5, @ BTOPOTO — .

490

TpynHocTs 3akiuaeTcss B TOM, UYTO HpHU
CJIO)KeHUH HeoOXOAMMO HpUBeCTU Apobu K 06-
neMy 3HaMeHaresno. B faHHOM ciyyae 3TO MOX-
HO cJeslaTh, YMHOXHUB UYHUCJIUTEJb U 3HaMeHa-
TeJb MepBOil aApobu Ha 49, a yuciaUTENh H
3HaMeHaTeJsib BTOpoil Apobu — Ha 10. Toraa Mer

. 3 170
Oy4uM oo 490~ [RaK TOJIbKO Bbl MpHBe

Ju apobu K oblieMy 3HaMeHaTeJsl0, COKpalle-
HUe ApoOu TepsieT BCSIKUI CMbICJ, TIOTOMY 4YTO
OHO MpHUBEJET K TOMY, YTO 3HaMeHaTeJu Apo-
6eit omsaTh OynyT pasyiMyaTbcsi, TO €CTb CJIO-
JKeHHe CTAHOBHUTCS HEBO3MOXXHBIM. Tak uTo mpu
CJIO)KeHUH Apobeii CoBeTyI0 BaM 3a6bIThb O CO-
KpaleHHnH.

Crpoum apoOH cTpOro B psfg

Hapmo ckaszaTh, 4To ¢ Apo6siMU He Bce-
raa yaobuo paborats. Kak 6b1 HUM 3amucasu

1
apo6s, 1 1/2, unu 17, uau 1'/,, ona Ha-
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PASBMBAEM HA JECATKH

pylaeT CTPOMHOCTb U JIOTUYHOCTb MO3ULH-
OHHOM 3alUCHU 4YHCEJ.

3
Ckaxem, 4yncyio 31432 MOJHO pacnucaTrhb

NpU [OMOIIX MMO3ULIUOHHBIX BEJTUYUH. ITO TPU
TBICSAYM TJIIOC OJHA COTHS NJIIOC YeThbipe Je-
CSITKa IJIIOC TPU €AWHHUIIBI U TJIOC TPH YeT-
BepThix. [loka MbI He HO6paMCh [0 3TOH 3JI0-
1I0JIyuyHOU Jpobu, Bce ObLIO JoruyHo. Ilpum
nepexojie cjeBa HAMpaBO Kakaas cjejyilolias
MO3ULIMS PaBHA OJHOU AecATONH mpeiblAyllei.

1
Apyrumu caosamu, 1000 x o - 100;

1 1
100xm=10;10xm=1.

Bce mpekpacHo, HO Mo4YeMy HYXXHO OCTa-
HaBauBaTbca Ha enunuile? [louemy ObI He mpo-
JOJDKUTh 3TOT PsAA JaJjblie HamnpaBo, B 06-
JIaCTh, MEHBIIYIO €IUHUIIbI?

1 1
Ou 6yzeT BbIrISAAETh BOT Tak: 1 x 0" 100

1 1 1 1 1 1

10 X 10 ~ 1000 100 * 10 ~ 1000 X Tak Aa-
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Atizex Asumos. YUCIIA

nee. Takum o6pas3oM, eciu MPOAJUM TO3H-
LIAOHHBIA psifi B 06JIaCTb YHCeJ, MEHbIIUX elU-
HHUIIBI, Mbl MOJYYUM J€CSTbie, COTble, ThICSY-
Hbie U TaK Jajee.

1
Temepp paccMoTpuM ApoGH 5- Econ mer

YMHOXHM YUCJIUTENb U 3HaMeHaTeslb HAa OJHO
U TO >Ke YHCJO, B JAHHOM cJlyyae Ha O, Be-
JUYHUHA APOOU TMpPHU 3TOM He M3MeHUTCs. B

1 5
pe3yabTaTe MOMYYUM 5 = 4. JTo O3Haua-

1
eT, 4TO 4YUCJI0, nogobHOoe 552— , MOXHO Mpej-

S
CTaBUTb B BHUJE SSW, HIN 55,5, WU MATb-

JeCcAT MATHb LeJbIX U NATh JecATbiX. Mbl onsiTh
MOJIYYHUJIA MMO3UIMOHHOE YHUCJIO, HO TeNepb y
Hac ecTb Apo6Hasi 4acTb, OTAeJieHHas OT le-
Jou yactu 3anatoi. Yucao 55,5 MO3UIMOH-
HOE, W €ero MOXXHO MNpOYeCTb KaK MIThb [Je-
CATKOB ILJIIOC HATh €ANHUIL IIJIOC NATh AeCSThIX.

3 .
PaccmoTtpum emie oaHy ApoOb, e Ecau Mb1

YMHOXHUM YHUCJIHUTEJb U 3HaAME€HATEJb Ha OAHO
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PA3BUBAEM HA JECATKH

U TO Ke YUCJIO, B JAaHHOM CJIyyae yke Ha 25,
NpU 3TOM BeJUYMHA APOOU He HU3MeHUTCcs. B

3 75 70 )

pe3yJabTaTte MnoJay4YuM Z = 1_0—(-)’ WJIu m + m’

7 S
w75+ 100 ITO O3HAYaeT, YTO YHUCJIO, MO-

75
m,
i 55,75, WiIn NATbAECAT IIATH 1eJIbIX U CeMb-
JIeCAT TATb COTbIX. Mbl ONSTb MOJYYUJIH TO-
3UIIMOHHOE YMCJIO, M Telepb y Hac ecTb APOO-
Has 4acTh, OTAeJeHHasA OT LIeJION 4acTu 3arsiTOU.
Yucao 55,75 MO3UIMOHHOE, U €r0 MOXXHO MHpPO-
4eCTh KaK NSTbh JAECATKOB IJIIOC MATh €AUHHUIL
IJIIOC CEMb JECATHIX IJIIOC NSITh COTBIX.
[pob6u, mpeacraB/ieHHble B BHAe OIpene-
JIEHHOTO KOJIMYeCTBA JECATHIX, MU COTBIX, UJIU
TBHICIYHBIX W TaK Jajee, TO eCTb B BUAE TO-
3UIIMOHHOTrO YKCJa, HAa3bIBAIOTCS JEeCATUYHBIMU.
3ansATtasi, oTAe sOIAs 1EJYI0 4acTb OT Apo6-
HOM, Ha3bIBaeTCsA JECATHUYHOHN 3amsiTOM.
JlecaTuuHyo ApoOb, MEHBUIYIO € TUHUILBI,
MOXXHO 6bLTO 6B 3anmucaTh kKak 7. Ho cyme-
CTByeT peajibHas BO3MOXHOCTb TOTO, YTO B
npollecce BBIYMCJIEHUH 3HAK 3amnsATON IOTe-

3
n06HOe 55, MOXHO NpPEACTaBUTb B BUIE 95
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Atisex Asumos. YUCIIA

pseTcs u Apo6b IPEBPATUTCA B 1€JIOE YHUC-
no. IToatomy BbI6panu Takyio dopMmy 3amnu-
CHM, KOTrJa OTCYTCTByloLasl lesiasg 4acTb 3a-
MeHsIeTCS HyJieM, ¥ Hama ApoOb nmpuobperaeT
Bua 0,7 (To ecThb HOJIb €AUHHIl TJIOC CEMb
JIeCSATbIX, HO MOXKHO CKa3aTh MPOCTO CeMb Jecs-

7
ThiX). Kpome Toro, 75 MoxHo samucars xax 0,70,

niau 0,700, nau 0,7000, wnu 0,700000000000.
Jlo6aByieHne cOTOro, THICAYHOTO, AECATUTHI-
CAYHOTO M TaK JaJjiee 3HAKOB IIOCJie IOCJie-
JAHEro 3Havallero 4ucaa B AeCATHYHOU Apobu
He U3MeHsSeT €€ BeJIUYHUHBI.

OcHOBHOE NMPEUMYIIECTBO JECATHYHBIX
apobei 3akjYaeTcss B TOM, YTO CJIOXEHUE
¥ BbIYUTAHHUE MOXXHO NMPOU3BOAUTb, He 1Yy-
Mast o ApoOHO# YacTH, U OMEPUPOBATH C
JPO6GHBIM YHCJIOM KaK C LieJbiM. MOXHO BOC-
H0oJb30BaThCcs U cueTaMu. [lasa 3TOoro psan
eJJMHUI] HAJJ0 PACIOJIOXHUTb MOCEPEIUHE Cye-
TOB, BBepX HAYT PAAbl AEeCATKOB, COTEH,
ThICSIY W TaK jJajiee, a BHHU3 JeCsSThie, CO-
Thie, ThICA4YHbIe M Tak gajee. Ha takux cue-
TaX MOXHO CKJIaJblBaThb U BHIYUTATb U COTHH,
M COThbie, U THICAYM, U THICAUYHBIE U Tak
pajee.
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JIECATKHU ThbICAY m|=.=
toicsik |

COTHH

JECATKH W
enunnust |
necsatoie | I

coTble m'—

ThICSYHbIE W
JECATHTBICAYIIbIE mm.|=

Cuerbl /1 1€CATUYHBIX ApOoOeit

Te xe IpaBuJia ClpaBeJJIMBbI IIPpHU NOACYE-
TdX Ha 6yMare. Hpel[l'IOJIO)KI/IM, HaJd0 CJ/JIOXKHUTDb

1 3
15 + 12, COXpaHss BbIpakeHue B OOBIYHBIX

npobsx. CHavyasa Halo NPUBECTH APOOH K BULY

3 7

5 t 3 3aTeM NPUBOAMM HMX K obuieMy 3Ha-
6,7 33t

MeHaTeno , + 7, 4TO PaBHO &, WIH .

A Tenepb NpPOBEAEM CJIOXKEHHE B AECATHY-
HBIX JIpOOsX.

11

13
5 = 1,5, a il 1,75.
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Atizex A3umos. YUCIIA

HpOBelIeM CJIOKEeHUue B CTOJI6I/IKZ
1,50
+ 1,75
325

OO6paTuTe BHUMaHUE, Mbl 3aMCAJIU YUCJIO
1,5 B Buze 1,50 moTomy, 4TO y BTOPOTO YMCJa
ecTbh 3Havyamas 1udpa B paspsne coroix. Ecau
MBI 3TOTO He C/ejIaeM, TO BO3HUKAET OMACHOCTh
omnOKMA U3 3a HEMPaBUJIbHOMU 3aMHMCH:

1,5
+ 1,75

B necsiTHYHBIX APO6GSIX MbI MOJYYUJIH OTBET

2 b)

3,25, wm 3 IIOC 15 TLTIOC o5 Ecnu temepsn

1
IPOBECTHU CJIOXKEHUE, MbI TIOJYyYuM 37, TO eCTb

TOT OTBET, KOTOPbIi MbI IPU3HAJIU TIPABUIbHBIM.

Ha mpakTuke HeT HMKaKOil HEOOGXOAMMO-
CTHM TEePeCKaKUBaTh OT JECATUYHBIX Apobeit K
06b1uHbIM Ap06siM. OCBOUB OfHAXKIbH AEHCTBUS
C AeCATUYHBIMHU APOGAMHU, BBl CMOXETE C UX
IOMOIIBIO HPOBOJAUTb BCE pacyeThl OBICTPO M
OTHOCHTEJIBHO JIETKO.
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PA3BMBAEM HA JECATKH

AMepHKaHCKMIi 3IpaBbIii CMBICT
H aMepHKaHCKasi 0eCCMbICIHIA

[IpumMepoM TOTO, HACKOJIbKO yAOOHA U 3¢-
(exTHBHA JeCATEPUYHAS CUCTEMA, SIBJISIETCS aMe-
pUKaHcKas JeHexxHas cucTema. OHa sBisieTCA
JlecsiITepUYHOU MO cBoell nmpupone. PaccMoTpum
ee, HAUMHAS C CaMbIX MEJIKUX MOHET, JaBHO BbI-
wemuux u3 obpamenus. 10 muneit paBHb 1
uenty, 10 uentoB paBubl 1 paiimy, 10 gaiimMoB
paBHbl 1 posnapy, 10 posnapoB paBHBI OJHO-
my uray. (Ha camoM nese HU MWW, HA UTIJIBI
NPAaKTUYECKU He UCHOJb3YIOTCS, HO HaM Cei-
yac BaxkeH npuHuum.) Wriom (uau oprom)
paHbllle Ha3bIBaJU 30JI0TYI0 MOHETY HOMMHA-
sgom B 10 monnapos, koTopylo yekanuiau B Co-
enuneHHbix Illtatax. Ha3zBanue MoHeTa mouy-
yusa Osarogapsi OpJy, CHMBOJIY CTpPaHbl,
nzobpaxxeHHOMY Ha peBepce. B Benukobpura-
HUH 30J10Tass MOHeTa Ha3bIBaJiaCh COBEPEHOM,
MIOCKOJIbKY Ha Heit 6b1JI0 n300paskeHrne MOHApXa,
cyBepeHa. Ceifyac 30710Tble MOHETBI BBIILIA U3
obpaieHns, ¥ Ha3BaHUS <«HUTJI» U «COBEPEH»
TaK)Xe IOCTeNeHHO 3a0bIBAlOTCA. A paHblie
UMeJIM XOX/eHUEe He TOJIbKO WMIJIbl, HO U JBOW-
Hble urasl (20 gosnapoB 30J0TOM), MOJIOBHH-
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Atisex Azumos. YNICJIA

KM UIJI0B (5 I0JIapOB 30JI0TOM) U YETBEPTUHKU
urJioB (2,5 poJiapa 30J0TOM).

[lecaTepuuHass cucTeMa pacrnpoCTpaHs-
eTcsi Ha Oosbmue cymmbl. Tak, eauHuLa
C-HoyTt — 310 100 monnapos, a rpaua — 1000
NOJJIapOB.

Banaromapsi Tako#l cucteMe Bce JeHEXHbIe
CYMMBI MOXXHO BCerjla pacnucaTbh B BUJE Je-
cATUYHBIX Apobeit. Eciu y Bac B kapmate 13,26
noJjnapa, 3HAYMT, Bbl uMmeeTe 1 necsaTupo.-
napoBbiii 6aHkHOT, 3 6aHKHOTA 10 1 Hosa-
Py, 2 pecsATbIX AoJIIapa, TO eCTh 2 fAaiiMa, H
6 coTwIXx noJsisapa, TO eCTh 6 LIEHTOB.

Ho, B0o3MOXHO, y Bac Apyrue KymIOpbI
u MoHeTbl. Hanpumep, 1 nmarugonnapoBas
Kynwopa, 1 kynopa B 2 poJijapa, oiHa OJ-
HOJ0JIJIapOBasl KyMmiopa, d MmoJjyaoJjaapos, 9
MOHET MO 4YeTBEePTH JoJiiapa, 4 pAaima, 2 HU-
kenss U 1 medHHu. OQHAKO HOMHHAJNBI BCEX
3TUX CTPAHHBIX MOHET BCerja 3amuCchiBaIOT-
cs B Bue AecaTHUHbIX ApobGei. IMongonna-
pa HUKOTAA He 3amuchiBaeTcs kKak $1/2, a
toabko kak $0,5. YUerBepTb mosnapa Bce-
raa 3amuchiBaetcsa kak $0,25; gaiim kax
$0,10, vukean kak $0,05 u, HakoHeL, MEHHN
kak $0,01.
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PA3BMBAEM HA JECATKH

(MosxHO 3anuchIiBaTh HOMHUHAJIbBI HEe B J0JI-
jJapax, a B LlEHTaxX, HO U B 9TOM cJyuyae Jie-
csITepuYHas cucTeMa COXpaHsAeTcs.)

Mbl Bce Tak MPUBBIKJIN K YIOOCTBY ze-
CSATepUYHOU CHUCTEMBI MPH JAE€HEXHBIX ollepa-
LUAX, YTO yKe He 3aAyMbiBaeMcs 00 aTOM.
OnHako Takasi CUCTeMa CyIllecTBOBaJja He Bce-
rna. Crapas GpuTaHcKas JeHeXHas CUCTe-
Ma OblJla OCHOBaHa Ha APYTUX NPUHIMIAX.
Camoii Menkoid MoHeTO# Obin (apTusr, 4
¢daprunra cocraBasau 1 neHHu, 12 meHcoB
coctaBiasian 1 musaauHr, a 20 WIHUJIJTUHTOB
— 1 dyHT. AHrIM4YaHaM MPUXOAUJTOCH HeJer-
KO, KOT/Ia HaJo ObLJI0 3aHUMAThCS JAeHEXKHbIMH
noacyetamu. Kak ciaoxutp 4 ¢pynTa, 8 mmiu-
JIMHTOB, 2 neHca U 15 dyuTOB, 19 MWIKMAIUHTOB
u 11 mercoB? (OTBeT coctaBUT 20 dhyHTOB,
8 WHAAKHTOB, 1 NeHHHW, HO A He cobupa-
I0Ch OOBSICHATH, KaK S MOACYMUTAJ ITY CyM-
my). B cBoe BpeMsi 6pPUTAHCKUM IIKOJbHHU-
KaM MPUXOAUJOCH TPATUTh YHMY BpPEMEHH AJis
TOro, 4TOOBl HAYYUTHCH OMEPHPOBATH C Je-
HEeXHbIMU equHUIIaMU. B To xe Bpems ame-
PUKAHCKME IIKOJbHUKH HAaYMHAJHU JIETKO OC-
BauBaTh apu(METUKY, KaK TOJbKO K HUM B
PYKH romnajaau rnepBbie MOHETKH.
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OnHako 1 B AMepHKe JOCTATOYHO HGeccMbic-
JUIB B TOM, YTO KacaeTCsl eIWHUL U3Mepe-
HUS, NpaBja, He JeHEeXHbIX, a eAUMHUIl U3Me-
peHus NJuHbI, Beca U o6bema. BosbuMHCTBO
CTpaH Mupa, 3a uckaoyenueM CoelnHEHHBIX
[IITaToB U ele HECKOJbKUX TOCYAAPCTB, yXe
JaBHO Iepellsio Ha METPUYECKYIO CUCTEeMYy Mep
U BecoB, npuHaTywo eue B 1791 rony Bo Opan-
1197078

MeTpuueckass cuctema sBiAsieTCS JAecs-
TepuyHoii. PaccMoTpuM ans mpumepa eiu-
HULBI AJuHbl. OCHOBHAas eJMHHUIA JJUHBl B
MeTpHYeCKOil cucteme — 3To MeTp (KOTO-
poiit paBed 39,37 nwoiima). OT 3TOH eAMHUIbI
U noJjydusa Ha3BaHue Bcsa cucrtema. (Cirao-
BO «MeTp» IMpHUIJIO K HaM H3 JIAaTbIHU
(metrum), rae oHO O3HayaeT <«U3MePSAThb».
[IpucTaBku 451 pa3aUYHbIX eJUHUL JJIHHBI,
O KOTOPBIX 51 pacCKa)Xy HHUXe, TakXe HPU-
AW U3 JaTbIHU U rpeueckoro. I'peueckue
MPUCTABKH HCHOJb3YIOT AJsi 0603HAYEHUS
eAuHUI, OoNbIIMX MeTpa (leKa — [ecsTh,
TeKTO — CTO U KUJIO — Thicsiya), a JaTUHC-
KHe — AJs eIWHWL, MeHblle MeTpa (AeUH,
CaHTH U MHUJJIH — 3TO COOTBETCTBEHHO Je-
CATb, CTO W ThiCSYA).
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JlecsiTb METPOB COCTaBJSIOT J€KaMeTp, Je-
CATb JAeKaMeTpOB — OAUH TEeKTOMETp, a Je-
CSTb T€EKTOMETPOB — OAUH KUJoMeTp. MoxHO
NOUTH B CTOpPOHY yMeHblieHus. OaHa aecs-
Tas 4acTb MeTpa — 3TO OAHUH JAelMMeTp, OJHA
necsiTasl yacTh AellMMeTpa — 3TO OAUH CaH-
TUMETpP, a OJHAa JAecsATas 4acThb CAHTHUMET-
pa — 3TO OAWMH MHUJIJIUMETP.

ITO 03HAYAET, YTO €CJHU KaKoe-TO paccTo-
siHWe paBHO 2 KUJIOMETpaM, 5 reKTOMeTpaM,
1 nexametpy, 7 MeTpaM, 8 neuumeTpam, 2 caH-
THMeTpaM U 9 MUJIMMeTpaM, 3HaYuT, 3TO pac-
ctosinue paBHO 2517,829 metpa. C Takumwu
MepaMHu MPOCTO MPOBOAUTH JIIOObIE BHIUKCIIE-
Hus. CkaxeM, eCiM y Bac ecTb JBa 00bEKTa,
OIUH IJUHOK 2 MeTpa, 8 AenUuMeTpoB U 9 caH-
THUMETPOB, a APYTroi AJUHONU O MeTpOB, 5 ze-
LIMMETPOB U 5 CAaHTHUMETPOB, TO obmas AJau-
Ha ABYX 00beKTOB cocTtaBuUT 2,89 + 5,55 uau
8,44 meTpa, WM, 4TO TO Xe camoe, 8 MeT-
poB, 4 neuuMmeTpa U 4 cCaHTHUMeTpa.

A Tenepb naBaliTe CPaBHUM 3Ty CHUCTe-
MYy C aHTJIMUMCKOU M aMEpPUKAHCKOU cucre-
MO u3MepeHus AauHbl. OCHOBHAS eqMHU-
la B 3TOH cucTeMe — A0OHM. 12 n0HMOB
coctaBaswt 1 ¢yr. 3 ¢yra cocraBagmor

119



Atzex Azumos. YUCIIA

1
1 spa. 55 apla cocTaBJisieT oguH poj, 40 ponoB

paBHbl 1 depronry, a 8 ¢pepyoHroB — ato 1
MUJSA. DTO, pa3yMeeTcs, CJIMUIKOM CJIOX-
HO, U poabl u ¢GepJIOHTH B HAUIU AHHU Tpak-
THUYECKHU HE MCMOJIb3YIOTCs. Bbiso npuuns-

1
to, 4to 1760 sApaoB (55 x 40 x 8)

coctaBasioT 1 muaw. [lonpobyiiTe ka Temepp
HOACYUTATDh, YeMY OyaeT PaBHATHCS CyMMa
1 munau n 1632 apaos naoc 2 Munu u 854
apaa. OTBetr: 4 Mmuau u 762 spaa. UnTte-
pecHo, gorajgaeTech JU Bbl, KaK S MOJYYUJI
3Ty CYMMY ¥ CMOJXe€Te JIU HOBTOPUTb MOH
pacueTsl.

Tenepb mepeiinemM Kk 60jiee MEJTKUM eIH-
Huunam. [Tonpobyem cioxutp 3 apaa 2 ¢yra
8 moiiMoB u 5 sipaoB 2 ¢yTa u 7 AOHMOB.
OTtBet: 9 sapaoB 2 dyrta u 3 amwiima. Kak s
3TO COCYMTAN?

AMepHUKaHCKUM WIKOJbHUKAM HMPUXOAUTCSH
TPAaTHTb YUMY BPEMEHH Ha TO, YTOObI HAYYHUTHCS
o6pamarbcsi ¢ 3TUM pa3HoO6pa3ueM eIUHHUI] U3-
MepeHus. A Bellb, IOMUMO €AWHUI] JJIUHBI, €CTh
ellle eUHUIIBI 0OBbeMa, Beca, IJIOMAAN, U KaxKaas
U3 3THX CUCTEM HM3MEpEeHUS BKJIOYaeT Maccy
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CJIOXHBIX U G6ECCMBICTIEHHBIX 3JIEMEHTOB. Pa3y-
MeeTcsl, LIKOJIbHUKM HUKOTJa TOJIKOM U He 3Ha-
10T BCEX 3THX €UHUI] U COOTHOLIEHUH MeXay
HUMM.

Hetam B Poccuu ropaszgo serve. Y Hac
IPUHSATA MeTpUYecKas CUCTeMa, C KOTOPOH HeT
HUKAKHX XJIOMOT.

[Touemy xe B Coeannennnbix Illtatax u Be-
JIUKOOPDUTAHHUM HE MEPEXOAT Ha YAOOHYIO MeT-
puyeckylo cucteMy Mep? Bo-mepBbix, B HalIu
JIHU 3TO MOTpebyeT 3HAYUTENbHBIX KAMKTAJIO-
BJIOKEHUH, MOCKOJIbKY BC€ CTAHKU, UHCTPY-
MEHTBI U CUCTEMbI KOHCTPYUPOBAHUS MPUIETCS
NepeBOJUTh HAa HOBYIO CUCTEMY HM3MEPEHUM.
Ho ocHoBHOe mpenstcTBHe — 3TO IPUBEPXKEH-
HOCTb TpaauuusM. JIloAu HEOXOTHO OTKa3bl-
BAaIOTCS OT NMPUBBIYHBIX CTEPEOTHUIIOB, U JJIs
TOTO, YTOOBI CKJIOHUTh MX Ha CTOPOHY HOBOM
cHUCTeMBI, HOTpeboBanuch O6bl MPUHYAUTENb-
Hble MepbI CO CTOPOHBI MPaBUTENbCTBA. A Gpu-
TaHLBl U aMePUKAHIbl He NMPUBBIKJIU K MPHU-
HYXXAEHUIO. ITO TOXe TpaAUuLHUs.

B To e BpeMs ¥ OpUTaHCKHEe, U aMe-
PUKAHCKHe yyeHble yXXe NABHO MepeulJd Ha
MeTpuuyeckyio cuctemy. Ilpuyem B Amepu-
Ke ee MHOTAa MPUMEHSIOT CAaMbIM HEOXHAAH-
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HbIM o6pa3oM. Hampumep, Korga 3KoHOMH-
cTaM ¥ OAaHKOBCKUM PaOOTHUKAM MPUXOAUTCS
MPOBOAUTH OMEpald ¢ OOJbIIUMMH CyMMa-
MU JleHeT, OHW IIYTJWBO HA3bIBAIOT UX «KU-
nobakcamu» (ca0Bo «bakc», obo3HayamwIIee
JnoJijap, MPUILJIO B Pa3rOBOPHYIO pedyb U3
CJieHTa UTPOKOB B MOKep). MusinoHbl 6akcoB
aHaJOTMYHO Ha3biBaIOT «Merabakcamu». (I'pe-
YeCcKoe CJIOBO «Mera» O3HayaeT «OOJIbIION».
B MeTpuueckoil cucteMe 3TO CJI0BO 00603HA-
YyaeT MUJIJIUOH.)

OnpenensieM nosoxeHue
JeCATHYHOTO 3HAKa

S1 nymaro, BB COTJIACUTECh CO MHOM B TOM,
4TO CHCTeMa JeCATHYHBIX ApoOei mogobHa paio
Ha 3eMJie, 0COOEHHO eCJIM ee CPaBHUTb C CHUC-
TeMou 0ObluHBIX Apobeit. Ho kak y soboro pas
Ha 3emJjie ecTb 0OOpOTHasi CTOpOHA, Tak U Y
CUCTEMBI JeCATUYHBIX ApoOeit ecTh CBOU HEMO-
cratku. Hanpumep, Heo6X0AMMO OuYeHb TILA-
TeJIbHO CJIEJIUTh 3a MOJIOKEHUEM JeCATUYHOM
3anAToOu.

Hanpumep, paccMOTPUM HpPUMEDP YMHOXe-
uua: 0,2 x 0,2.
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Bbl MoXeTe morpo6oBaTh PEMINTb 3TOT HPH-
Mep IO aHAJIOTHUHU CO CJOXeHueM: 2 + 2 = 4,
Takxke 2 x 2 = 4, TOraa, TIOCKOJbKY
0,2 + 0,2 = 0,4. Boamoxuo, u 0,2 x 0,2 = 0,47

Het, aToro se moxet ObITh, U g ceiyac
JIOKaXXy BaM 3TO.

[lepeiinemM o6paTHO K OOBIKHOBEHHBIM APO-
65M, C KOTOPBIMU MbI HayYHJHUCh TaK XOPO-

2
mo obpamartscs. 0,2 = 10 Tenepbp mepeMHoO-

2 2 4

KUM leO6I/I 10 CTapOnu METOJHUKE!: E E = m

(4YucIMTEeNb YMHOXa€eM Ha YHUCJIUTENb, 3HA

4
MeHaTeJlb Ha 3HaMeHaTelb). A 100 B Aecd-

THYHBIX Apo6sax — 3To 0,04. CiegoBaTenbHO,
0,2 x 0,2 orHioap He paBHo 0,4. 0,2 x 0,2 =
= 0,04. MbI MOXXeM pelIuTh ellle HECKOJIbKO MpH-
MEPOB Ha YMHOXKEHHUE JAeCATHYHBIX Apobeit, 3ame-
HSIS UX Ha SKBUBAJIEHTbI B OObIYHBIX apobsix. Hanpw-
mep: 0,82 x 0,21 = 0,1772, 2 0,82 x 2,1 = 1,772.
(3TO MOXHO TPOBEPUTH CJAEAYIOIMUM 0OPa3OM:

82 21 1722 82 21 1722

—_— x — =

100 * 100 ~ 10000’ 2100

X —I = —

10 1000 -
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Tenepb Mbl MOXeM cHOPMYJHUPOBATH 00-
uiee MPaBUJIO: IPU MEePEMHOXEHUU AecsATUY-
HBIX Apobeii KoauuecTBO HUp crnpaBa OT Ae-
CATUYHOM 3amATON B OTBETE PaBHO 00uIEMY
KOJUYEeCTBY 1UDP crpaBa OT AeCATUYHOH 3a-
NATOW B NMEepPEeMHOXAaeMbIX YMCIaX.

Tak, npu ymuHoxenun 0,2 x 0,2 obGiugee
KOJIMYeCTBO 1IU(DP clpaBa OT AeCATUYHOM 3a-
HOSITON B NMEPEMHOXKaeMbIX 4YHMCJaX PaBHO 2,
U 3TOo o3HauaeT, uto 0,2 x 0,2 = 0,04 (HOJB
crpaBa OT JeCATUYHOUN 3anmsiTON Takke SBJS-
eTcs 3Havauleir unudpoi).

EcTecTBeHHO, YTO €cJU OAUH U3 COMHO-
KUTeJel SABJSAETCS 11eJIbIM YUCJIOM, TO OH He
BJIUSET HA MOJIOXKEeHWe AeCATUYHOU 3amsiTON.
[TonoxeHne necATUYHOU 3amsiTOW B NMPOU3-
BefieHUH OyaeT TakMM Xe, KAK U B TOM CO-
MHOXHUTeJe, KOTOPbIA SIBJASETCS AeCATUYHOUN
Apob6bo.

To ectp 0,2 x 2 = 0,4; 1,5 x 5 = 7,5
a 1,1 x 154 = 169,4.

ITH pe3yJbTaTbl COOTBETCTBYIOT IPABUJIY YM-
HOXEeHHs, ¥ B JI0OOOM cliyyae KOJUYECTBO LUPP
CrpaBa OT AECSITUYHOMN 3alITONH B OTBETE paB-
HO o0meMy KojndecTBY Ludp crpaBa OT ze-
CSITUYHOM 3aMsATOU B MepPEeMHOKaeMbIX YHCTIaX.
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Onpenesntb MoJOXKeHUe NeCATUYHOU 3a-
HSITOH B ciyyae JAeJ€HUS MOXHO MO aHaJo-
TMYHON MeTOAMWKe, AeUCTBYS B OOpAaTHOM MO-
psinke. Ho o6bIYHO Mpu AeI€eHUH MPOLEAYPY
CTapalTcs YIPOCTUTb U HPUBOAAT AEJUTEJD
WJIM 3HaMeHaTeJb (€CJu AeJieHUue MPOBOIAAT
C MOMOMIbI0O OGBIYHBIX APO6Gel) K BUAY Lie-
JIOrO 4HucJa, He COAepXKallero 3HaYalux Yu-
ceJ cIpaBa IocJie 3ansiTOM.

[Ipeanonoxum, Ham Hago 1,82 paspenuThb
Ha 0,2. ITo BhIpakeHUe MOXKHO 3alucaTh Kak
1,82
0,2
xKaeM yucauTenab u 3HamenaTesb Ha 10. Toraa
1,82 x 10 (B COOTBETCTBUHU C HPaBHJIOM OII-
pelesieHUs TMOJIOXKEHUS NeCIATUYHOTO 3HAKA)
paBso 18,20, uau 18,2, NoCKONBKY HOJB, CTO-
AIUNA cOpaBa IOCJe TMocjedHel 3Hayalleu
uudpbl, He U3MeHseT BeJIMUMHBI YUCJIA U, CJie-
JI0BaTeJIbHO, €T0 MOXKHO OMyCTUTh. TOUHO TaK e
0,2 x 10 = 2,0, unu npocto 2 (IIOCKOJBKY 2
IJIIOC HOJIb AeCSTBhIX PaBHO 2).

CrnenoBaTeJ ibHO, ApOOb MOKHO 3alMHUCaTh

. He uamensas BennuuHbl Apobu, yMHO-

’

18,2
KaK T, U Tenepb 3HaMEHaTeJb ABJAETCA

E€JIbIM 4YHUCJIOM, CJie0BaTeJIbHO, IPU JE€JI€HUHU
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Atizex Asumos. YUCJIA

MOJIOXKeHHe JeCATUYHOro 3HaKa IHocJe 3ams-
TOW He MeHsieTCs, TaKk Ke Kak M B Cclyuae
nNenenusi. Paz B yucauTesie OJHA 3Hadauias
nudpa cnpaBa nocJe 3angToi, TO U pe3yJib-
TaT AOJKEH HMMeTb OJHY 3Hauallyo HUPpy

" 18,2
CIIpaBa MOCAEe 3aMATOH, TO €CTh —— = 9,1.

OcBouB JesieHHe AeCITHYHBIX APOOEN, Mb
CMOX€eM MepeBOAUTh O6GbIYHbIE APO6U B Je-
caruuHbie. [Ipeanonoxum, HaM HYXHO Hall-

. 1
T A€CATUYHDbIM 3KBHUBAJIEHT AJIA E . MbI MO-

1,000

, a
40
3aTeM Hnpou3dBecTH AejeHHe. [lockoabky MbI
JeJUM Ha I[eJloe YUCJIO0, TO HOJIOXKEeHHe Je-
CATUYHOH 3ansAiToil He MeHsieTcs. IIpoBenem
IesieHue:

KEeM NpeACTaBUTDb 3TY Ilp06b B BHU/€E

025
401,000
80

200

200

0
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PASBUBAEM HA JECATKHU

Taxum o6pa3om, Mbl MMOKa3aju, 4TO Je-

. 1
CATHYHDIA SKBUBANEHT o paBeH 0,025. 3To

MOXHO npoBeputhb, nepeseas 0,025 B 06bru-
HYI0 Ip00b.

2 5 20 5
’ 25 = — + rYrR - t —
0,025 = 756 * To00’ "™ Too0 T To00
UJIn HJIN eCJIN HpOI/I3BeCTI/I AesieHue, To

1000’

1
MMOoJy4yuM E’ KaK Mbl H IpeanoJarajii.

Ilepeasuraem
NEeCATHYHYIO 3ansTylo

BepueMcs k nmpumepam ymMmHOXxeHus Ha 10.
B npeapiaymux nmaparpadax Mbl YMHOXaJu
1,82 Ha 10 u nonyuunu 18,2. O6paTtute BHU-
MaHHUe, 4yTO yMHoxeHUe Ha 10 dakTuyeckH
NPOCTO CBOAMUTCS K TOMY, YTO MbI Mepeme-
njaeM 3HaK JeCITUYHON 3amsATON HA eqUHU-
1y BrnpaBo. TouHO Tak ke ymHOXxeHue Ha 100
CBOJUTCS K MepeMelleHNI0 3HaKa AeCSITUYHOM
3amsITON Ha ABe eAWHHUIIBI BIPABO, a YMHO-
)keHue Ha 1000 — cOOTBETCTBEHHO HA TPH €1HU-
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Atizex A3umos. YUCJIA

HULBI. B 3TOM BbI Jlerko cMoxxeTe yOeaAuThb-
CS CaMOCTOSITEJIBHO.

Jlenenue Ha 10 cBoaUTCH K AecTBUIO, 00-
PaTHOMY YMHOXKEHUIO, B IaHHOM CJIy4ae K Ie-
peMeleHNI0 3HaKa AeCATUYHON 3amATON Ha
OAHY eAWHHLY BJeBO, AeseHue Ha 100 — Ha
JBe eIWHUIIBI BJeBo, a AejseHue Ha 1000 —
COOTBETCTBEHHO HAa TPU €JMHUIIBI BJIEBO.

IMockoabky 1,82 : 10 corsacHo nmpaBuiy
obpaTtHbix apobeit paBHo Takxe 1,82 x 0,1,
4TO, B CBOIO ouepesab, paBHO 0,182. Takoit xe
OTBET Mbl OBl MOJYYHJH, €CJU OB COTJACHO
NIpaBUJy NepeMelleHUs AeCATUYHOU 3ansATou
nepelIBUHYJM 3AMATYI0 HA OJMH 3HAK BJIEBO.

[TockosbKy YMHOXEHHE WU JAeJIeHUEe Ha
10 DpUBOAUT MPOCTO K CABUTY MOJOXKEHUS
NEeCATUYHOM 3ansATOM, YAOOHO MeperTH K Mpo-
IEHTaM.

[laBHO CTaJI0O MPUBBIYHBIM, YTO JIIOAA WU
OpraHU3allM¥, KOTOPbIE MPENOCTABASIOT J€HbIU
B JI0JIT, TIOJYy4YaloT 0OpPaTHO TTOMHUMO OAOJIKEH-
HOU CyMMBI OTIpeJieIEeHHYI0 J0OABOYHYIO CYMMY
B OIJIATy 3a MpeJoCTaBJieHHEe KpeauTa. ITa
CyMMa MOJIYYHJIa Ha3BaHHUE <MPOIEHT».

JTa cyMMa MpeaoCcTaBJsieTCs] B KayecTBe
KOMIIEHCALlUH 33 TO, YTO KPEJUTOP OCTAETCs
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PASBMBAEM HA JECATKH

Ha Kakoe TO BpeMsi 6e3 CBOUX JeHEer, KpoMme
TOTO, OHA SIBJISIeTCS KOMIIeHCal[Ueld pUCKa He
MOJIyYUTh CBOMX JAeHer Ha3ax. Hampumep, ua-
CTHOE JIMLO UJU OPraHU3alMs MOTYT HOINpPO-
cuThb 6 [0JIJIaPOB TOJOBBIX MPOLEHTOB 3a KaX-
abie onoyxkensbie 100 goanapos.

[Tockonbky O4YEHb YACTO 3TU «HPOLEHTHI»
BBIYMCJISIIOTCS M3 pacyeTa Ha kaxapie 100 mon-
JnapoB (CJIOBO «IMPOIEHT» HPUILJIO K HaM HU3
JIATUHCKOTO s3blKa, Tle «per cent» o3Hayaer
«Ha COTHIO»).

OO6bIuHO TpHU MOACYETE AOXOAOB, HALIEHOK
U KOMHUCCHOHHBIX, a TakXe MHOTUX APYTHX
napamMeTpOB UCHOJb3YIOT NPOLEHTHI.

OpuH nmpoueHT — 310 (pakTuyecku 1 posap

1 o
Ha xaxasie 100, To ectp 100" Y1oObl HAUTH OOUH

MPOLIEHT OT JII0OOTO YKMCIIa, HYKHO MEPeBUHYTD
[I0JIOKEHNeEe AeCATUYHOI 3ansaToi Ha ABe eAUHU-
upl BieBo. Tak, 1 nmpoueHt ot 1350 noJssnapoB
paBer 13,50 mosmapa. Cymma, cocTaBJsiolas
6 mpouenToB or 1350, momkHa paBHATHCA 6 X

1
x (755) * 1350 = 6 x 13,50, mma 81,00.
ﬂeCHTb IMPOLEHTOB KOMHUCCHOHHBIX COCTAB-

10 1
T T+ 51 H Hu T b —.
JIA10 100 OT UCXOAHOTO 4YHCJia, TO €CT 10
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Atizex Asumos. YUCJIA

B aToM ciyyae necsTuyHas 3amnsTasi MepeaBH-
raeTcs Ha OoAWH 3HaK BiaeBo. A 10 mpoueH-
TOB KOMUCCHOHHBIX cOCTaBAT 135 noJnapos.
NHoraa npu moacyetrax HMpOIEHTOB BO3-
HUKAIOT HekoTopbie mnpobsemsl. Hampumep,
1 mpoieHT KOMUCCUOHHBIX OT CyMMBbI 675,37
nonnapa coctaButT 6,7537 mosnapa. s mpax-
THYECKHX leJIell He HYKHO GoJible ABYX 3Ha-
KOB IOcCJie JeCATHYHOU 3amsaATOH, U OCTalb-
Hble UUPpbl okpyrasiorca. [locae okpyriaenus
KOMUCCUOHHBbIE paBHbI 6,75. Bce 3T cooTHO-
IIEHUsI XOPOIIO paboTaT NP AeCITHYHOM Je-
HEeXHOU cucteMe. [l cTapoil GpUTaHCKOM Je-
HEXXHOU CHCTEMBI MPOLIEHTHbIE UCYNCIEHUS HE
oueHb ypob6ubl. He ouenb mpocto Haiitu 10
npoiueHToB oT 135 ¢yHTOB 10 WIHUIAITUHTOB.
ITo Mmoum moncyeram, 3to 13 pyHToB 11 wIma-
JIMHTOB, MOHPO6GYHTE COCYUTATD U BHI.

Hecsarnunbie apoou 6e3 KOHIa

B nmecatuuHoii cucTeMe BO3HHKAaeT MHOTO ce-
PbE3HBIX HpO6JIeM U IIOMHMO OIlpeae/IEeHUuda Mo-
JIOXKEHUA NECATHYHOI'O 3HaKa. I[eJIO B TOM, 4TO
HEKOTOpbIe IlpO6I/I HEBO3MOXHO NpPEeACTABUTL B
BUja€e 0OBIYHBIX JNECATUYHbIX SKBHBAJIEHTOB.
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PASBMBAEM HA JECATKH

1
PaccmoTpumM, Hampumep, 3 [Monpobyem

HpeJACTaBUTh €€ B BHUJAE AECATHUYHON ApoOH.

s TOro 4TO6B BBHIYUCIUTD COOTBETCTBYIO

YO AJECATUYHYIO Ilp06b, HaAO0 3aIIHUCaTb 3

1,00000000
——5 U NPOBECTHU JiesieHue cieny-

0IKUM 00pa3oM:

- | ©
()

HeTt cMmbicsia mponoykaTh feseHue Jajib-
e, Bbl yXKe yO6eJUJIUCh, YTO €er0 MOXXHO IpO-

JOJIXKaThb OECKOHEeYHO.

1
I[CCHTI/I‘-IHbIﬁ 3KBHBAJIEHT AJ4 5 — 9TO

0,3333333333... u Tak maunee.
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Atizex Asumos. YNCJIA

B kauectBe cjdeAyllIero nmpuMepa BO3bMeEM

1
06p —.
aAp 7
1,00000000

Hpeﬂ.CTaBI/IM €€ B BHJ€E _7_ n IIpo-

BeaeM fgeserue. (ITy omepauuio si MOJHOC-
ThIO A0Bepsito yutaTeno.) [loayyaem cieny-
IO AeCATUYHBIH 3KBUBAJIEHT:

1
7 = 0,142857142857142857142857... u Tak
nanee. Ob6pamao Baule BHUMaHHE Ha TO, YTO

1
AECATUYHBIM 3KBHUBAJIEHTOM 7 aBasieTca 6ec-

KOH€YHad Mepuoandeckasa AeCATHYHaA Ilp06b.
IICCHTI/I‘{HbIﬁ SKBUBAJIEHT sABJISeTCS 60eCKOHeY-

1
HO! Apo0bI0 Kak B cilyyae 3, TaK U B CJy-

1 1
yae 7, HO B CJjiy4yae § Mbl UMeeM GeCKOHedu-

1
Hoe moBTopeHHe UGPH 3, a B cayyae 7 -

6ecCKOHEeUYHOe MOBTOPEHHUE IMOCJEeA0BATENbBHO-
ctu uudp 142857.
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PA3BUBAEM HA JECATKH

ITO NpuUMepbl MEPUOAMIECKUX AECATHY-
HBbIX Apobeil.

[To cymecTBy, BCe AecCATHYHBIE APO6OH
MOXHO paccMaTpUBaTb KaK GECKOHEYHbIe me-
pUOAMYECKHE, MOCKOJbKY B KOHIlE JI06O0MH
KOHEYHOU AeCcATHYHOMN Apo6HU MOXKHO MOCTa-
BUTh GECKOHEYHOE KOJIMYECTBO HYJed U ee
3HaueHWue NPH 3TOM He u3MeHutcsi. Hampu-

1
M€p, NECATUYHBIM IKBUBAJEHT 5 pPaBE€H 0,5

Ho 3TO uyMcC/O MOXHO HpeACTaBUTb B BHE
0,5000000000000 ¢ 6eckOHEYHO MOBTOPSIOIMIUM-
cs HyJIeM.

WHora 6ecKOHEYHO MOBTOPSIONLYIOCS KDY
B MEPUOAUYECKOMN AeCcATUYHOU Apobu 0603Ha-

1
YaloT TOYKOMH, mocraBjieHHOW cBepxy. Tak, 3

L] 1 L]
MOXHO 0003HauuTh Kak 0,3, a 5 Kak 0,50. Eciun

NIepUOMYECKH TTOBTOPSIETCS IPyTINa YUCeJ, ee 3aK-
JIOYAIOT B CKOOKM M TOYKY CTaBAT Hajl OXHOM
u3 uudp aTOH [PYIIIBI. Tax,
1
7 = 0,(142857).
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Arizex Azumos. YUCJIA

JleiictBuTeabHO, J10OYI0 ApOoOb MOXHO
NpeACTaBUTh B BUAe 6ECKOHEUHOTO AeCsATUY-
HOTO 3KBHMBaJjeHTa (maxe eciu 3Toi Gecko-
He4YHO ToBTOpsouieics uudpoi 6yaer 0), u,
Hao6opoT, ai0b6asgs 6eCKOHeYHas NMepuoauyiec-
Kasg ApoOb MOXeT ObITh MpeJcTaBjieHa B BUZE
KOHEYHOM HeJeCATHYHOI ApobH, TO eCTh B BUIE
COOTHOUIEHUS 1[€JIbIX YUCEJI.

Y Bac, KOHEYHO, BO3HUK BOIIPOC: a Kak orle-
pUpOBaTh ¢ OECKOHEUHBIMU TMEPUOIUYECKUMH
NECATUYHBIMM APOOSIMU TIPH apu(PMeTHYECKUX
neiictBusAx. MoXxHO, HalpuMep, UCHOJb30BaTh
HeleCATUYHbIA 9KBUBAJEHT, CKaXkeM, BMECTO

0,333333... ucnosb30BaTh % Ho npu peue-
HUHU CJIOXKHBIX HayUHBIX U MHXKeHEePHBIX 3ajady,
KaK HU CTPaHHO, 6eCKOHeYHble IepuHoanYec-
Kue JecATHYHble Apo6U He CO3JaI0T HUKAKUX 3aT-
pyaHeHuit. OIHAKO CyLeCTBYIOT APYTUe CJIOX-
Hble B OOpaleHuH, HO HeOoOXOoAUMble MpPH
pelleHUH Cepbe3HbIX MPOoOJeM YUCIA, U O HUX
s BaM pacCKaxy B CJeyOIUX TJaBax.



I'nasa 6
GOOPMA YUCEJ

Eme HEeMHOro rpeyecKkux pa3BJjie4YeHHH

I'peueckre MaTeMaTHKU 3aHMMAJIUCh B OC-
HOBHOM reoMeTpHueil ¥ MHOTO BPEMEHH IpO-
BOJWJIM MOJCYUTHIBAsI KOJHUYECTBO TOYEK, pac-
MOJIOKEHHBIX HA MJIOCKOCTU B GOpMe pa3yiny-
HbIX reomeTpuyeckux ¢uryp. KoauuectBo T0-
4yeK, KOTOpble COCTaBJSIIOT TPEYrOJbHHUK, Ha-
3bIBAIOT TPeyTrOJbHbBIMHU YHCJIaMMU.

TpeyFOJIbeIe U KBaJpaTHbli€ YUCJIa
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Auzex Asumos. YNCJTIA

Mo HO npeacTaBUTh cebe CBEPXMHKPOCKO-
MUYeCKU# TPeyrojbHUK, COCTOSUIAN U3 OJHOU
TOYkH. TpH TOUKH Takke 0Opa3ylOT TPEYyroJib-
HUK, Y KOTOPOTO IO JBE TOYKH Ha KaXXAOU CTO-
pote. Illects Touek 0Opa3yioT yxe 6oJbLIMIA Tpe-
YTOJIbHUK, y KOTOPOTO 0 TPW TOYKU HA KAXKAOM
CTOPOHE, a NeCSITh TOUYEK — TPEYTrOJbHUK, ¥ KO-
TOPOTO M0 YeThipe TOYKU HAa KaXKJOW CTOpPOHE.

MosHo 3anucatb TPeyroJibHble YUCJA B S
1, 3, 6, 10, 15, 21, 28, 36, 45, 55 u Tak naiee.
Kaxxnoe cienyroiee TpeyrojibHOe YUCIO 0Opa3yeT
TPeYroJIbHUK, Y KOTOPOTO HAa KaXXI0W CTOPOHE
Ha OHY TOYKY 6GoJibiiie. Psii TpeyrosbHbIX YKrces
MO’KHO MPOAOJIXKATh 6ECKOHEUHO.

OO6paTtuTe BHUMaHHE, PSA TPEYTOJbHBIX M-
cesl oOpasyeT oIpe/ieJIEeHHY0 3aBUCUMOCTb. Ilep-
BOe YHUCJO paBHO 1, cieaylollee paBHO 3, TO
ectb 1 + 2, 3aTtem uzaer 6, Toectp 1 + 2 + 3,
datem 10, To ectp 1 + 2 + 3 + 4, 3atem 15,
Toectb 1 + 2 + 3 + 4 + 5, u Tak gasee.
3anoMHUB 3Ty 3aBUCHUMOCTb, BBl CMOXETE IPO-
JOJIXKATh PSAA TPEYTOJIbHBIX YUCEJ CKOJIb YTOA-
HO JI0JITO, HE COCTaBJIsI TPEYTOJbHUKOB U He
nepecuuTbiBasgs TOYKH. OnpeneauTb, siBIASET-
Csl JIU IAaHHOE€ YHUCJIO TPEYyroJibHbIM WUJIU HET,
MO’HO, NpPeACTaBUB €ro B BHAE psAja, MoA00-
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®OPMA YHMCEN

HOTO MpUBeAeHHOMY Bbilie. Eciu unciao Mox-
HO MNpeJACTaBUTh B BHAE CYMMbI YHUCEJN, TIAe
KaXK/I0€e CJIeAyIolee YUCI0 Ha eAUHUIy GoJiblire
NpeabIAYIIEro, a MepBoe YKCJIO SIBISETCH eIu-
HUIlell, TO 3TO YKUCJO — TPEYroJibHOE.

Jliobasi rpymnma 4uces, KOTOpas MOXKET
ObITH MpeAcTaBjieHa B BUIE MOCJeJ0BaTesb-
HOCTH, MOAYUHSAOUIENCS KaKOMY-TO MpaBUIy,
obpasyet psa.

Yucia, IBASOMIMECS KOJTMYECTBOM TOYEK,
U3 KOTOPBIX MOXHO COCTaBUTbh KBajapaT, TOXe
MOXHO TpeACTaBUTh B Buae psaga. Kak u B
MPOIUILJIbIA pa3, OAHY TOYKY MOXKHO paccMmart-
PUBAaTh KaK CBEPXMUKPOCKOTIUYECKUN YeThI-
pexyrojibHUK. YeTbipe TOUKH Takxke o6pasy-
I0T YeThIPEXyTOJbHUK, Y KOTOPOrO MO JABe
TOYKH Ha KaxkJ0# cTopoHe. [[eBATh Touek 00-
pa3yloT yxe OOJbIIMN YEeTHIPEXYTOJbHUK, Y
KOTOPOTO [0 TPM TOYKHM Ha KaXa0# cTopo-
He, a MIeCTHAALATh TOYEK — YeThIPEXYTroJib-
HUK, Y KOTOPOTO MO 4YeThbipe TOYKH Ha KaxX-
N0l CTOpOHE.

MoxHO 3anucaTh 4eThIPEXyTroJibHbIE YHCIA
B pax: 1,9, 16, 25, 36, 49 u Tak ganee. Kax-
J0€ cJiefyiollee YeThIPeXyTroibHOe Yucao obpa-
3yeT 4YeThIPEXyTrOJbHHUK, ¥ KOTOPOTO Ha KaX-
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Atisex A3umos. YUCIIA

J0# CTOpPOHE Ha OfHY TOYKY Gosbiue. Psjg ue-
THIPEXYTOJBHBIX YMCEJI MOXKHO MPOAOJIXKATh Oec-
KOHEYHO.

[IpoaHanu3upoBaB 4yKCIa, COCTABISIONINE PSIZ
YeTbIPEXYTOJIbHBIX YUCEeJ, Mbl YBUJUM, YTO OHU
TOXe MOAYMHSIOTCS ONpeie/leHHONW 3aBUCHUMOC-
td. Haudem c 1. 31ech HeT BapuaHTOB, eANHU-
1a — 3to npocto eauuuna. Ho yxe 4 = 1 + 3,
pnanee 9=1+3+5 16=1+3+5+7mu
Tak Jajee.

Takum 06pa3oM, Kaxaoe YUCJIO SBISET-
csl CyMMOWU IOcCJe0oBaTeJbHbIX HEYETHBIX Y-
ceJ, mepBoe U3 KOTOPHIX €JUHUIIA.

CooTHouleHre MexAy YHUCJIaMH TPeyrojb-
HOTO U KBaAPaTHOTO PSI/IOB MOKa3aHO Ha M-
arpamme.

o 1 1 43 +5 47 +9 +11
o0 2  ololele|e|e
XX o ooooe
XXX LI
0e0000 XL
©e00000 000000
OO

CooTHolllenust B pAAax TpEyroJIbHbIX
M KBaJIpaTHbBIX 4YHCeJl
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OOPMA YMCEJ

Y rpekoB ObIJI Take psii MEHTAroHajb-
HbIX YHCEJ, KOTOpbie MpeACTaBJIE€Hbl Ha PHU-
CYHKe. JDTOT Pl MOXXHO paccMaTpuUBaTh Kak
HEKHUI CUHTE3 TPEYTOJbHBIX U YETHIPEXYTOJb-
HbIX psAAoB. Ecau Mbl MOCTPOMM HECKOJb-
KO MSATHYTOJbHUKOB TAaKUM Xe 00pa3oM, Kak
CTPOUJIM TPEYTOJbHUKU U YETHIPEXYTOJbHU-
KH, TO MOJYYUM YHCJIOBOU psna Buzaa 1, 5,
12, 22, 35, 51, 70 u Tak nanee. ITO psn
4uceJ, KOTOPble MOJYYaAlT CJOXEHUEM YH-
ceJl, OTAMYAIUXCSA APYT OT ApPyra Ha TPH.
[TepBbiii uneH psga — aTo equHula. Bropoii —
S, toectb 1 + (1 +3) =1+ 4. Tperuit — 12,
Toectb 1 + 4+ (4+3)=1+ 4+ 7, ueTBep-
TN — 22, TOectb 1 + 4 + 7 + 10, u Tak ga-
nee.

[TeHTaroHayibHbIE YKCIa

139



Atizex Asumos. YUCJIA

['pexn u3obpenu u Apyrue reoMeTpuyec-
kue ¢Guryps, MoaenUpyOI[He YHCIOBBIE
psasl. Uucaa, coctaBasionine Takue 1mocJe-
D0BaTeJbHOCTH, HA3bBIBAOTCS (GUTYPHBIMU.
HekoTopbie ¢purypHbie 4Yucjaa MoAeTUPYIOTCS
yXe He MJIOCKUMHU (PUrypamMu, Kak TPeyroJib-
HUK ¥ KBajapaT, a 0ObeMHBIMH, HalpuUMep
ky6amu. Takue ky6bl TPyAHO M306Pa3uUTh Ha
PUCYHKEe, HO eCJI1 Bbl BHUMATEJIbHO MOCMOT-
pUTE Ha YUCJOBOM psAMA, BbI CMOXETE COCTa-
BUTbh cebe Kakoe-TO MpeACTaBIeHHE O KY-
6uvyeckod ¢urype wu3 Touek. Cepus
Kybuueckux uucea — sto psag 1, 8, 27, 64,
125 u Tak ganee.

Psg KyOMYeCKUX YKMces TakKe MpeACTaB-
JaseT coO0U psAJ CYMM HEYETHBIX 4YMCeJl, MpaB-
3, 3TH CyMMbl He HAauYMHAIOTCS C €AUHUIIBI.
[TepBoiii uneH psaga — 3to 1, BTopodt — 8 uiau
3 + 5; tperuit — ato 27 unm 7 + 9 + 11;
yeTBepThIit — 3TO 64 uam 13 + 15 + 17 +
+ 19. Kaxaas rpymnma 4yuces, KOTOpbie HaJ0
CYMMHUPOBATb, HAUMHAETCSA C HEYETHOTO YHC-
Ja, cJeAyollero 3a TeM, KOTOpPOe 3aBepuia-
JIO IpeAbIAYHIYI0 CYMMY, 2 KOJHYECTBO CJa-
raeMblX B KaXXJO¥ CJieAyIOUIed CyMMe Ha OJHO
60JiblIe, Y4€M B MpeAbIAYINEH.
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POPMA YUCEJ

. AT

i Ve

Ky6wt

BockanuareabHblii 3HaK |

Bce psinbl, KOTOPbIE MBI 10 CHX MOP pac-
CMaTpUBaJii, COCTABJSIOTCSA MPH MOMOIIHA MO-
BTOPHbBIX ornepauwuii caoxenus. Ho cymectsyor
M JApyTHe BUIbl PS0B, HAapUMEP PsAl, KO-
TOPBI COCTaBJIsIETCSl TPU MOMOIIM MOBTOP-
HOTO YMHOXEHHUS.

[IpeanoyoxuM, y Bac eCTb 4YeThipe pas-
HOLIBETHbIe OYCHHBI, KOTOpble HaJ0 HAHU3ATh.
CKOJIbKO pa3jIM4HbIX IBETOBBIX COYETAHMUI
MOHO COCTaBUTb U3 3TUX OYCHH?

[IpeamnosoxuM, y HacC KpacHas, KeJTasi, ro-
nybas u 3eneHass OycuHbl (Ha camoM jejie Qs
3TOrO mpumepa nopouLtu Obi Ja0bbe 1BeTa). Ha-
yaTh PAA MOKHO C JiIOOOTO 1BeTa, 3HAYUT, y HAC
eCTb YeThIpe BO3MOXHbIX BapuHaHTa. Beibupaem
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OJHY U3 HUX, TOTZAa HaM HaJ0 HAaHU3aTb elle
TPH, CJIefOBaTeJbHO, ¥ HAC ecTb 4 X 3, uau 12
BO3MOXHbIX BapuaHToB. OcTasoch eie aBe Oy-
CHHBI, ¥ Bbl MOXKeTe HAHU3aTh WJIU OAHY M3 ABYX
ocraBmuxcsd 6ycuH, 4TO AaeT HaM 4 X 3 X 2,
Win 24 BO3MOXHBIX BapuaHTa. Temepb y Hac
oCTajach TOJBKO OJHa OyCHHA, CJIeJ0BaTeIbHO,
y Hac ecTb 4 X 3 X 2 X 1, uau 24 BO3MOXHBIX
BapuaHTa. Ha pucyHke npencraBieHbl Bce BO3-
MOXKHBIE 24 BapHaHTa L[BETOBBIX KOMOWHAIIMIA.

> X > ¢ > 3 > wxa (1)

> 3 > c > xx3c¢ (2)

K > ¢ > X > 3 > kex3  (3)
> 3 > X > ke3k  (4)

> 3 > x> c > x3xkc (5)

> ¢ > x > xk3cx (6)

> K > ¢ > 3 > xke3 (7)

> 3 > c > xk3c (8)

X > C > K > 3 > xcxk3 (9)
> 3 > K > xc3K (10)

> 3 > K > ¢ > x3kc (11)

> c > K > x3kc (12)

> K > x > 3 >  ckx3 (13)

> 3 > x> cox3 (14)

c > X > K > 3 > cxk3(15)
> 3 > K > cx3k (16)

> 3 > K > x > c3xk (17)

> X > K > c3xkk (18)

> K > X > c >  3rxc (19)

> ¢ > x > 3kcx (20)

3 > X > K > c > 3xkkKc (21)
> ¢ > K > 3xck (22)

> ¢ > K > x > 3ckk (23)

> x > K > 3ckK (24)
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Mbil BUAMM, YTO YUCJIO 24 MOXKHO IpeAcTa-
BUTb Kak mpousBenenue 4 x 3 x 2 x 1. Uc-
HOJIb3YSl TAKOM e MOJAXOMA, MbI MOXXEM COCYH-
TaTh BO3MOKHbIE BAPHAHThI KOMOMHAIIMI M3 ceMU
OycHH pa3IMyHbIX [[BeTOB. KosyecTBo Takux Bapu-
AHTOB cocTaBysieT 7 X 6 X 5 x 4 X 3 x 2 x 1,
nin 5040. Takoii ke pacyeT MOXHO MPOBECTH
U 1715 10060ro Apyroro Kojaudectsa 6ycuH.

[TocnenoBaTeNbHOCTb, COCTaBJIEHHAS TeEpe-
MHOXEHHEM I0CJIe[0BaTeJbHbIX YHCeJ, Ha3bl-
Baercs ¢akropuanom. Hanpumep, BbipaxeHune
«4 X 3 X 2 x 1» Ha3biBaeTcsl «pakTOpHald 4»,
0 caMOMYy OOJIbIIIOMY YKCJY B 3TOH MOCJEN0-
BaTEJIbHOCTU COMHOXHUTeseld. ToUHO Tak ke psif
7% 6x5x%x4x3x 2x 1 Ha3biBaeTcad «pak-
topuan 7». O6biuHO A1 0603HaueHUs GaKToO-
pHaJia MCIOJb3YIOT BOCKJIUIIATEAbHBIN 3HaK. Tak,
«paxrtopuan 4» — ato 4!, a «bakropuan 7» —
310 7! Mcnonb3oBanue BOCKIMIATELHOTO 3HAKA
BIIOJIHE 0OOCHOBAHHO — BOCKJIMLATENbHBIN 3HAK
CBUJETEIbCTBYET O TOM, YTO YHCJA B MOCJe-
JI0BaTEIbHOCTH YBEJIMYUBAIOTCS OYEHb OBICTPO.
Pan 1!, 2!, 3!, 4! u tak manee — 3TO TO Xe
camoe, uto 1, 2, 6, 24, 120, 720, 5040, 40 320,
362 880 m Tak majnee. /[BaAuarteiii 4J€H 3TOrO
psina, wim 20!, paBen 2 432 932 008 176 640 000.
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KBazapatsl, KyObl M Tak aaJjee

Temnepp, ecan Mbl ONSATH BEpHEMCS K Tpe-
YTOJIbHBIM U KBaJPAaTHbIM 4YHMCJAM, MbI JIer-
KO ybeauMcsi B TOM, 4TO Hapsay C 3aKOHO-
MEPHBIMU COOTHOLIEHUSIMU, BKJIOYAIHMU
Omnepaluu CJ0XKEeHUS, CYyIeCTBYIOT 3aKOHOMep-
Hble COOTHOLIEHWS Ha OCHOBE YMHOXEHHUS.

BepHeMcsa B TpeTbio rjaBy, Ile g paccka-
3biBaJl BaM O TOM, KaK OMNpeAesuTh IJI0IaAb
kBajpaTa. Hazeloch, Bbl IOMHUTE, YTO IJIOIIANb
KBajZipaTa cO CTOPOHOU, paBHOU 1 (Hampumep,
OAHOMY CaHTUMeTDPY, OAHOMY MeTpPYy WUJU JIO-
60ii Ipyroil eANHUIIBI U3MEPEHHUS [JJIMHBI), PAaBHA
1 x 1, To ecTb eAMHUILIE TJIOLIAAU, OAHOMY KBaJ-
PaTHOMY CaHTHUMETPY, OTHOMY KBaJI[PAaTHOMY Me€T-
Py WJIM KBaApaTy JOOOMH APYroil eIUHUIIbI U3-
MepeHus AauHbL [lnomanb KBaapaTa co CTOpOHOM
2 paBHa 2 X 2 = 4. Tenepsb, eciu Mbl pac-
CMOTPUM CepHIO KBaJ[paTOB CO CTOPOHAMH, PaB-
ueiMu 1, 2, 3, 4, 5, 6, 7 u Tak ganee, TO UX
maomaan OyaAyT paBHbI COOTBETCTBEHHO 1, 4,
9, 16, 25, 36, 49 u Tak nmaiee.

ConocTaBuB 3TOT psifi ¢ TEMU psAlaMU, KO-
TOpble Mbl pacCMaTpPUBaju B NpeAbIAYIINX pa3-
lenax 3TOW rJiaBbl, BBl YBUAUTE, 4TO Hepen
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HaMu PAA KBaJpaTHBIX YHCEJ, KOTOPbIHA 3a-
nucaH He B mpexHeM Buae 1, 1 + 3,
1+3+5 16,1 +3 + 5 + 7 u Tak naiee,
a B Buze npousBegenus 1 x 1, 2 x 2, 3 x 3,
4 x 4,5 %x 5,7 x 7 u Tak panee.

Tenepb paccMOTpUM Kyb, TO eCTb Tpex-
MepHYIO GUTYpy, ¥ KOTOPOH eCTh AJHMHA, UIH-
pHHA U BBICOTA, MPUYEM BCE OHU PABHBI MEXIY
co6oii. [Ipumepom Ky6OB 17151 Bac MOTYT OBbITDH
KYOHKHU I/ KaKOW-HUOYAb HACTOJBHOU HUTPBHI
uiau urpajbubie KocTu. O6beM Kyba BbIYMC-
JsieTcsl MepeMHOXKEHUEeM [JHWHBI, MHPUHBI U
BHICOTHI. /lOKa3aThb 3TO MOXHO C IOMOIILbIO
TOW Xe METOAMKHU, KOTOPOH MbI MOJb30BATUCH
B TpeThel TrjiaBe, BHIYMC/AS IJIOWAAb KBaj-
paTa WM IMPSIMOYTOJbHUKA, KOTAA MEPEMHO-
XKaJu IJMHY U UIAPHUHY.

O6beMm Kyba CO CTOPOHOM, PaBHOU eaM-
HUIIE, PABEH COOTBETCTBEHHO OJHOM KYOMUYECKO
enmaune (1 x 1 x 1 = 1). O6beMm kyba co
CTOPOHO#, paBHOW 2, paBeH COOTBETCTBEHHO
2 X 2 x 2 =8, uIK BOCbMH KYONYECKUM eJu-
HULaM. MOXHO MPOAOJIKUTH TaKHe BBHIYUC-
JIEHWs!, ¥ TOT/A MbI MOJIY4uM, 4TO 06beM KyOOB
co croponamu 1, 2, 3, 4, 5, 6, 7 u Tak najee
paBeH cooTBeTcTBeHHO 1, 8, 27, 64, 125, 216
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U Tak Jajee. JTH YUCJAa MOXHO MPEICTaBUTh
BBuge 1 x 1 x1;2x 2x2;3x 3 x 3;
4 X 4 X 4,5 x5%x5 6x 6 x 6 u tak
nanee.

U xBaapaTsl, U KyObl JIETKO MPEACTABUTD,
TaK KaK Mbl YaCTO BCTpeyaeM Takue (UTryphl
B 00bIieHHOH xu3HU. Ho MOXHO OTOHTH OT
reoOMeTpUYEeCKUX MpeACTaBJIE€HUNH U COCTABUTD
YUCJIOBOW psA, TOe KaXJ0e YUCJIO SBJsSeTCS
NpOu3BeeHUEM YeThipeX, MATH, WU UIECTH,
Uan J10O60TO APyroro KOJWUYECTBa OAMHAKO-
BbIX COMHOXMTeEJIEH.

IMocnenoBatenpHOE MEpeMHOXKEHUE OJHOTO
M TOTO e 4ucJa Ha cebs caMoe SBJSeTcs olle-
paiuei, KoTopass OYeHb YaCcTO MCIOJIb3YeTCS B
MaTemaTuke. B cBoe BpeMsi, koraa Mbl paccMmar-
PUBAJIM MOBTOPHbIEe MHOTOKpPATHbIE ONepaIuu
CJIOXKEHUS, Mbl BBEJIM HOBOE MOHSTHE U HOBYIO
MaTeMaTHYeCKYI0O OMepalnuio — YMHOXEeHHeE.
Hanmpumep, mMbi 3ameHunsan 6 + 6 + 6 + 6
Ha 6 X 4. TouyHO TaK Xe 4acTO HMCIOJIb3ye-
MyI0 omepanuio yMHoxeHus 6 X 6 x 6 x 6
MOJXXHO KpaTKO 3amucaTh MPH HOMOIIU HO-
BOTO CHMBOJIA, CTENIEHHOrO BbhIpaxkeHus: 64.

Yto o3HauaeTr 6%? ToabKo TO, 4YTO MBI Ie-
peMHOaeM uyucao 6 Ha camMo cebs yeTbipe
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pasa, uan 6 x 6 x 6 x 6. Yucno 10° — 3to0
10 x 10 x 10 x 10 x 10, a 32 — 3t0 3 x 3.

Mo:kHo 3amucaTh psij KBaJpaTOB 4YHUCEJ
(12, 22) 32, 42, 52, 6%, 7? u Tak nanee) U psn
ky6oB uucen (13, 23, 33, 43, 53, 63, 73 u Tak
najee).

Yuciao, koTopoe HabpaHO MeJKuM wpud-
TOM CIpaBa BBEPXY OT OCHOBHOIO 4HcCJa, Ha-
3bIBaeTCd IOKa3aTejeM CTeleHH, HJIH 3KCIIO-
HeHTOU. Yucyao, coaepskaiiee 3KCIOHEHTY,
Ha3bIBAETCH SKCIIOHEHIIMAJAbHBIM YHcIoM. Yuc-
JIO, KOTOpPOe BO3BOJST B CTeleHb, TO €CTh
YMHOXalT caMO Ha cebsi, Ha3bIBalOT OCHO-
BaHHEM 9KCIIOHEHI[MAJbHOTO yucja. B Bbipa-
)KeHuHu 6% yucao 6 — 3TO ocHOBaHHe, 4 — IK-
CIIOHEHTA.

[ToBTOpHOE MEepeMHOXKEHHEe YucIa Ha ca-
Moe cebsl Ha3bIBaeTCsl BO3BEJAEHHEM B CTeleHb.
Tak, 6% — 3To mIeCTh B YETBEPTOU CTEINEHH,
a"HainornyHo 10° — 3TO gecATh B MATOH cTe-
neHd. MoOXXHO TakXke CKa3aTb MPOCTO: MIECTh
B YeTBepTO# uau aecsaTp B msaAtoit. 3?2 u 33
MOXHO Ha3BaThb KaK TPHM BO BTOPOH WJIU TPHU
B TpeTbei, HO yalie, cJeAysl rpedyeckoi Tpa-
JIULMM, UX HA3bIBAIOT TPU B KBaJpaTe UJIH TPHU
B Kybe.
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Kak 006o0iiTuCh 6€3 YMHOMKEHHUS?

JKCIOHEeHIMaJbHbI€ YHCJA OTKPHIBAIOT
60JbIIME BO3MOYXHOCTH, OHM MO3BOJIAIOT HaM
npeobpa3oBaTh yMHOXEHHE B CJOXEHHE, a
CKJIQZIbIBAaTh TOPA3/0 Jierye, YeM YMHOXaTh.

Hamnpumep, Ham Hago yMHOXHUTb 16 Ha 64.
[IpousBeneHne OT YMHOXEHUSI 3THX ABYX UHU-
cen paBHo 1024. Ho 16 - 3to 4 x A4,
a 64 — 910 4 X 4 X 4. To ectp 16 Ha
64 =4 X 4 X 4 X 4 X 4, yto Takxke paBHO 1024.

Yucao 16 MOKHO MpeICTaBUTDh TAK)Ke B BUJE
2 X 2x2x2 a64dKak 2 x 2x 2 x 2x
X 2 X 2, U ecIi IPOU3BECTH YMHOXEHUE, MBI
onaTh noayuum 1024.

A Temepb MCHOJIb3yeM 3KCIOHEHIMATbHbBIE
BoipaxkeHus. 16 = 42, uaum 24, 64 = 43, unu
26, B To xe Bpems 1024 = 6* = 45 wuau 2'°.

CnenoBaTesibHO, Hallly 3aJa4y MOXHO 3a-
nucaTh Mmo-gpyromy: 4% x 43 = 45 umam 24 x
x 26 = 210 y kaxapiii pa3 Mbl oxydaem 1024.

Mpbr MOXXeM peluTh psifi aHAJIOTHYHBIX MTPU-
MEpPOB U YBHUAMWM, YTO KaKABIH pa3 MpaBHJIO
CJIOXKEHUS MoKa3aTesed CTeleHu, WU 3KCIIO-
HEHT, MIPU YMHOXXEHUH CIIPaBeJJUBO, pa3yMe-
eTcsi, P TOM YCJIOBHUH, YTO OCHOBAaHHUS KOM-
NJIEKCHBIX COMHOJXHUTEJEH PaBHBI.
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Takum 06pa3oM, Mbl MOXEM, He TPOM3BO-
IS YMHOXEHWs, cpa3y CKasaTb, yTo 24 x 2% X
x 214 =220 3 84 x 87 = 7308.

ITO MpaBUJIO CIpaBeAJIMBO TaKXe U HPH
JleJIeHuH, HO B 3TOM CJIy4ae 3KCIOHEHTa Je-
JINTEJIS BbIUMTAETCA U3 3KCIOHEHTH JAeJUMOro.
Takum obpasom, 2° : 23 = 22 yT0 B 00OBIY-
HbIX yucaax paBHo 32 : 8 = 4, 1o ecTp 22.

C mepBOro B3rjs/la MOXET IOKa3aTbCs, YTO
TAKOH MeToJ He oueHb yaobeH, Beib CHauyaja
HaJ0 MpeACTaBUTb YHUCJIO B 3KCIOHEHIUAJb-
HOU ¢popme. HeTpyaHo mpeacTaBUTh B TakKoi
dopme yucaa 8 u 16, To ectp 23 u 24, HO Kak
3To caenaTh ¢ yucaamu 7 u 17? Wau kak no-
CTymaTh B Te€X CJyuasiX, KOTJa YUCJIO MOXKHO
MpeACTaBUTh B 9KCIOHEHLIHAJbHOW opme, HO
OCHOBAaHHS 3KCIMOHEHI[UAIbHBIX BbIPAKEHUN 4H-
cen cuabHO pasnuvarorcsa. Hampumep, 8 X 9 —
310 23 X 3%, U B 3TOM cjy4yae Mbl HE MOXeM
cymMMHpOBaTh 3kcrnoHeHThl. Hu 2° u Hu 3° He
ABJIAIOTCA OTBETOM, OTBET TaKXe He JIEXHUT B
UHTEepBaje MeXIy 3TUMHU ABYMS UHUCJIAMH.

Toraa cTout U BoOOIE BO3UTHCH C 3TUM
MeTooM? Be3ycinoBHO cTouT. OH AaeT Orpom-
Hble NPEUMYIIECTBa, 0OCOOEHHO MPHU CIOXKHBIX
U TPYAOEMKHUX BBIYUCJIEHHSX.
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[lns Toro 4to6bl Jerde ObIIO ABUTaTbhCA
Janblie, AaBaiite moapobHee pacCMOTPUM II0O-
HSATHE 3KCIIOHEHTHI U TONpobyeM AaTh eii boJiee
0000111eHHOE TOJIKOBaHUE.

Jlo cUX mOp MBI CYUTAJH, YTO IKCIHOHEH-
Ta — 3TO KOJHUYECTBO OJAMHAKOBBIX COMHO-
XuTeneil. B aToM ciayyae MUHUMaJibHAsA Be-
JUYHUHA 3KCIOHEeHTH — 3T0 2. OgHaKo ecau
MbI TIPOU3BOJAUM OTEPALHNIO AeJIeHUsI YHCe,
WY BBIUYMTAHUS 3KCIIOHEHT, TO MOXEM IIO-
JYYUTHh TaKXKe YKUCJIO MeHblue 2, 3HAaYUT, CTa-
poe ofnpejeieHre Hac 6oJblle He MOXET yc-
TPOUTbD.

BosBpamaeMcs K HyJIIO
H ONyCKaeMcsl HUXKe

Hanpumep, 16 : 8 = 2. Ilockosabky
16 = 24 a 8 = 23, cienoBaTenbHO, AeNeHUEe MOXK-
HO B 9KCIIOHEHI[MAJbHOM BHjE 3alucaTh Kak
24: 23 = 2, HO eci Mbl Oy/JeM BbIYMTATh 3K-
crioHeHTHl, To 2% : 23 = 2! Takum ob6pa3som,
HaM MPUXOAUTCS MPHU3HATh, 4TO 2 U 2' — 3TO
OLHO U TO e, cJeloBaTeJbHO, 2! = 2.

To xe mpaBuUJO MPUMEHHUMO U K J06O-
MY IPYrOMY 3KCHOHEHIIMAJIbHOMY YHUCJY, TAKUM
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o6pa3oM, MOXHO cHOPMYJIUPOBATH MPABUJIO
B obmeM Buze: a10060e 4UCJI0, BO3BEAEHHOE
B MEPBYIO CTeMeHb, OcTaeTcsi 6e3 U3MEHEeHMUs.
To ects 5! = 5, 27' = 27 u Tak najee.

Ho panbiie Bce cTaHOBUTCA cioxHee. Yemy
paBHo 8 : 8? KoneuHo, egunuite. Ho 8 = 23,
caenoBatenbHo 23 : 23 = 1. Ho ecau MbI BbIU-
TEM 3KCHOHEHTBHI, MOJYYUM HOJb 23 : 23 = 20,
3HauuT au sto, uto 2° = 1? Kaxercsa, Tak
OHO HU €CTh.

ITOT BBIBOJ, BO3MOXHO, MPHUBEJ Bac B
usymiaenue. Eme MOXHO Kak-TO TMOHSTH
CMBICJI BbIpakeHus 2! = 2, XOTS BbIpakeHue
«OJIHO YMCJIO IBa, YMHOXEHHOEe caMo Ha ceOs»
3BYYHMT AOCTAaTOYHO cTpaHHO. Ho BbIpakeHue
2° o3HA4YaeT «HHU OAHOrO YMCJA ABA, YMHO-
JKEHHOTO caMo Ha cebsi», TO eCTh KaxeTcs Jo-
rMYHBIM, 4yTOOb 2° paBHsIOCH HYJI0. Bo3MoOX-
HO, 3TO U JIOTMYHO, HO MaTeMaTHUKU OTHIOAb
He CJeJYyIOT NmpaBujaM OOBIYHON MOBCEAHEB-
HOUl joruku. Bac aTo mokupyer? Matema-
THKHA PYKOBOACTBYIOTCA OOLIMMH 3aKOHOMEP-
HOCTAMH H HeOOXOAUMOCTHIO B3aUMHOM
COBMECTHUMOCTH MOCTyaaToB. IHpIMHU cJiOBa-
MM, MaTEMAaTUKU MOTYT HNPHHSATb CaMble He-
BEPOSITHbIE MPaBUJa, KOTOpbie ¢ 0OBIBATEb-

151



Atizex A3umos. YUCJIA

CKOM TOYKH 3pEeHHs MOTYT MOKa3aTbCs MPO-
cto 6e3ymubpiMu. Ho aTu mpaBuJa He HOJIXK-
HBI IPOTUBOPEYHUTH OJHO APYTOMY, Kakue Obl
pe3yJbTaTbl HY moayuajuch. IIpaBuio cio-
JKeHUs M BbIYMTAHUS IKCIIOHEHT paboTaer Ha-
CTOJIKO XOPOUIO, YTO €CJU AJisi TOTO, YTOObI
ero NpUMeHATh, Heobxoaumo, 4yTobnl 2° = 1,
3HAYUT, TAaK U JOJKHO ObITb. MBI IIPOCTO HPH-
HUMaeM, 4To yTBepxaeHue 2° = 1 BepHO.

Ecnau mbl 6ynem He 2° nenuts Ha 23, a 6°
O6ynem aeauTb Ha 63, TO ONATH MOJYYUM, YTO
6° = 1. Mbl MOXeM MpPOBEPUTb OJHO YHCJIO
3a APYruM, W KaxkIbplii pa3 Oyaem mosydartsb
OZMH ¥ TOT Ke pe3yJIbTaT: JIo60e YUCJIO B CTe-
neau 0 paBHO 1.

IToiinem manpuie. Ilpu nenenuu 64 Ha 128

64
MBI TOJTyYaeM OTBET oo, WIH - . B skcrmo-
HeH1MaabHOU popmMe Hama 3agava npuobpe-
1

taeT Takoi Buxm: 2%: 27. OtBetr 27, uau 7

“ 1
WUJIM, B 3KCIOHEHIIUANbHOU (opMe, (5)‘.

Ananoruyso 32 : 128 = (%). B skcmno-

HeHIIMaJbHOM (opMe Hama 3agava npuobpe-
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o 14 1
TaeT Takoi BUA: 2°: 27. OtBeT 272, uan T

o 1
WJH, B 3KCHOHEHIMAaJbHOU (opMe, (2—)2.

MoxHO nMpuUBeCTH ellle MHOXECTBO NMPUMEPOB,
M KaXXJblii pa3 Mbl O6OHAPYXXUM, 4YTO OTpHLA-
TeJIbHASl 3KCIOHEHTA CTAHOBUTCS TMOJIOXKHUTEIb-
HOH mpu nepexoje k o6paTHoMy uucay. Jlpy-

1 1
ruMu cjaoBamu, 47 = ( T ), a 103 = (W 3,
ITO MpaBUJIO CIpPaBeAJUBO AJs JIOObIX YH-

1
cea. 64 = r3 )4

S Mory mpuBecTH BaM HECKOJIbKO NMpPH-
MepOB, KOTOpble POJAEMOHCTPUPYIOT, YTO TaKOe
TOJIKOBAaHWE MOHSATUS «3KCIOHEHTa» HeNpo-
THBOpeuYuBO. /[aBaiiTe mMpoBepUM, PaBHBI JIH

1 1
BbipaxkeHuss 6% u ( ' )4? Boipaxenue ( T )

MO>HO npenctaBuTh B Buge 1 : 6% Ho 1 paBHa
6°, TakumM o6pa3oM, Hallle BbIpa’KeHUe MPU-
obpetaer Bua 6°— 6%, BbluuTaeM 3KCHOHEH-
Thl U mojaydaeM 64, Kak M cJIeA0BAJO OXH-
JaTh.
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A xak pokasaTh, 4yTo 6° AEHCTBUTEIBHO
paBio 1? Kak 1o Bamemy, uYeMy paBHO

1 1
— ? . — =
36 x 36 ! 310 o4eHb mpocTo: 36 x 36 1, ato

He BbI3bIBaeT HUKakux comHenuil. Ho 36 = 62, Torna

1
36
npuobpetaet Bug 6% x 62, U €CiK MBI CJIOKHUM 3K-
CIIOHEHTBI, TO mosyuum 6° To ecTh 1.

PasyMeeTcsi, Haulu nmpuMepbl, CTPOro TOBO-
psi, He SIBJSIIOTCS JOKa3aTeJsbcTBaMU. MaTeMa-
TAKA Has3BaJiM Obl WX MPOCTO KPYTOBHIMU
paccyxaeHusiMi. (BoT nmpumep Takoro kpyroBoro
JoKa3aTesibcTBa. Bbl yTBepxkaaere: «Koukoii Ha-
3bIBaeTCs JI060€ KUBOTHOE, KOTOPOE MSIYKaeT»,
U OTCI0Ja JieJiaeTe BBIBOA: «/KMBOTHOE, KOTOpOe
MsiyKaeT, Ha3bIBaeTCs KOIIKOW».) TeM He MeHee
3T NPUMePHI JeMOHCTPUPYIOT, YTO CUCTEMA Olle-
pauuil ¢ 3KCIMIOHEHTAMU SIBAS€TCS JIOTUYHOM.

Mb1 MOXeM NMpPOAEeMOHCTPUPOBATh 3TO U
NpYTUM IyTeM, HalilpuMep COCTAaBUB MepeyeHb
HEKOTOPBIX 3KCHOHEHIIHaJbHbIX unces. Hau-
HEM C WJIJIOCTPAllMM XOPOIIO M3BECTHOTrO OIl-
peneyeHusl YuceJs, KOTOpble MepPeMHOXAITCS
caMu Ha cebs.

1 1
- 2 -2 —_
(36),u11146 . Tenepb BbIpaxenue 36 x 36
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26 —
25 =
24:

2% =
22=

NN NN

X X X X X

2x 2x2x2x2=64
2x 2x2x2-= 32
2x 2x 2= 16
2 x 2= 8
2 = 4

Tenepp nmepeMHOXHM JieBbIi U HpaBbIi
CTOJIOUKYU 3TUX BbIPAXXEHUUH, OMYCTUB CPe.-
HUH CTONIOUK, TO €CTh IBONKH, IEPEMHOKEHHbIE
caMu Ha ce6si. Mbl BUAUM, YTO IPHU yMEHb-
HIeHWH MOoKa3aTeJsl CTelleHW Ha eUHUIy pe-
3yJIbTaT YMeHbIIAEeTCs BABOE.

JaBaiiTe MpoAOJKUM 3TOT CTOJOUK BHU3,
B HAallpaBJe€HUU YMEHbIIEHUS 3KCIIOHEHTHI, U

HOJTYyYHM:

21= 2
20= 1
2% -

Bbl BHAUTE, YTO, KOTZia 9KCIIOHEHTAa MEHbIIEe
2, cpabaThiBaeT Ta e camMasi 3aBHCHMOCTb,
IpUYEM AHAJOTUYHOE NPABUJIO CIPABEATHUBO
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Atizex A3umos. YUCJIA

npu J1060M OCHOBAHHUM 3KCIIOHEHIIMATbHOTO
BbIpaxkeHusi. Bbl MoXeTe Jlerko mokasaThb, YTO
B CJIyyae 3KCIOHEHUHAJbHOTO YHCJA C OCHO-
BaHUWeM 3 yMeHblIeHWe 3KCIMOHEHTHl Ha 1 mpu-
BOAUT K YMEHBUIEHHUIO pe3yJibTaTa B TPU pasa,
a B cJlyyae 3KCIIOHEHUHAJbHOIO 4YUCJA C OC-
HOBaHUeM 6 yMeHblIeHUEe 3KCIIOHEHTH Ha 1
IPUBOAMUT K YMEHbUIEHHWIO pe3yJibTaTa B IIECTh
pa3. Ho npu nwo6om ocHoBaHuM obiiee mpa-
BUJIO OyAeT cIpaBeaUuBO.

Bce BpieckazaHHoe O3HaAyaeT, 4TO y Hac
PacCUIUPSAIOTCS BO3MOXHOCTU AJISI 3aMEHbI YM-
HOXEeHUS Ha cJoxeHHe. Temepb Mbl MOXeM

1
MePeMHOXUTb —= Ha 1024 npu momomu 3K-

CIIOHEHT, OJHAaKO Mbl IIOKa elle He BBbIACHHU-

JU, KaK MOXHO IepeMHOXHUTb 7 u 17.
Tenepp Mbl 3HaeM, 4TO OBIBAIOT KakK IO-

JIOXKHUTeJbHblE, TAK U OTPHIlaTeJbHble 3KCIIO-

HEHTBI, H yMeeM ¢ HUMU o0pamarbes. A 6bl-

BaIOT J1M ApoOHbIe 3KcIoHeHThI? IIpexae yem
BBISCHUTb, YTO Takoe APOOGHAas 3KCIOHEHTA,
naBaiiTe pasbepeMcs ¢ JelcTBUEM, 0OpPaTHBIM
BO3BEJIEHUIO B CTEIEHb.



I'naBa 7

JOKAIIBIBAEMCS
10 KOPHEM

Cnyckaemcs OoT BBICOKHX
CTeneHed K HH3KHM

Mbi ¢ Bamu yxke ysicHUJIH cebe, YTO Kax-
JOMY MaTeMaTHYeCKOMY AEUCTBHIO COOTBET-
CTBYET aHaJIOTMYHOE, HO 0OpaTHOE 10 Hampas-
JIEHUIO JelicTBUe.

Jl7is coxeHust TaKMM OOPATHBIM JeHCTBUEM
SIBJISIETCS] BBIYMUTAHUE, AJIA YMHOXEHHUS — Jie-
neune. Tenepb monpobyeM BBISCHUTDb, KaKOe
NeiCTBHE SIBJSETCS OOpaTHBIM [Jisi BO3Bele-
Hus B cTenedb. [lockonbky Bo3BeneHHe B cTe-
IeHb — 3TO MHOTOKPaTHOE YMHOXeEHHe, TO, Oue-
BUJHO,  OOpaTHBIM  JelCTBHEM Oyner
MHOTOKpPaTHOE JleJIEHHUE.

Hanpumep, 32 MoXxHO pa3aeanTp Ha 2
U rionyyutsb 16, 3aTem 16 pasmenuts Ha 2 U mO-
ayuuTb 8; 3aTeM 8 paszenuTb Ha 2 U MOJY-
4uTh 4; 3aTeM 4 pa3fesUuTh HA 2 U MOJYYHUTH
2; HaKoOHell, 3aTeM 2 pa3JeJuTb HA 2 U MO-
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Aiizex Azumos. YUCJIA

ayuutbh 1. B kpaTkoiél ¢dopMe 3TU NeUCTBUS
MOJKHO 3amucaTh Kak 32 :2:2:2:2:2=1.
(Kak u B cayuae aeJjieHusi, KOTOPOe MbI U3Y-
yaJii B TPeTbel rjaBe, Hala 3ajavya 3aKJlo-
yajnacb B ToM, 4To6bl go6patbcsa n0 1.) Ilo-
CKOJIbKY MbI MPOWM3BENU JejieHue 5 pa3 H
nobpanucek 10 1, TO MOXKHO CKa3aTh, YTO 2 —
3TO KOpeHb NATOW cTenmeHU U3 32.

Ecau Mbl paccMoTpum uucyo 81, To yBu-
auM, uto 81 : 3 : 3 : 3 : 3 =1, Takum obpa-
30M, 3 ABJIAETCS KOPHEM 4YeTBEPTOH CTele-
Hu u3 81. (Ilouemy, co6CTBEHHO, KOpHEM?
OTkyaa B35J0Ch 3TO CJIOBO? IJTO MOXHO
06bSICHUTH TaKUM o6pa3oMm: yucao 32 pac-
TeT U3 OCHOBaHUA 2, a 81 — U3 OCHOBaHHUA
3 Tak Xe, KaK pacTeHHe Npou3pacTaeT U3 KOp-
Hew.)

Takasi maTeMaTu4eckas onepauus o603Ha-
yaetcs kak ./ . Ha pazuHoo6pasue xopHei

yKa3blBaeT YUCJO B BepXHEW JIeBOM 4aCTHU KOP-
Hg. Tak, KopeHb MATOM cTerneHu U3 32 MOXHO

3amucaTh Kak 332, KOpeHb 4YeTBEPTOH cTe-
nmein u3 81 MOXHO 3amucaTh Kak 4#/81.

3Havyox ./ Ha3piBaeTCs 3HAKOM pajuKana, a
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JOOKAIIBIBAEMCS 0O KOPHEU

4yHucJa, coAeprkaliue KOPHU, Ha3bpIBAlOTCA pa-
nukanaMu. CJI0BO «pauKad» MPHUIULIO K HaM
U3 JIATBIHH, Tle OHO O3Ha4aeT MPOCTO «KO-
peHb».

Mbi penko BcTpeuyaeMcsi ¢ KOPHSIMU BbICO-
KUX CTeleHel, yalle BCero MpuxoJUuTcsl UMeTb
JIeJIO C omepaiusiMu, 0OpaTHHIMUA BO3BeJEHUIO
BO BTODYIO CTeleHb, TO eCTh B KBaapaT. 13-
BJle4eHUEe KODHS BTOPOW CTeIleHW Ha3bIBaET-
cs U3BJIeYeHHeM KBaJpaTHOTO KOpHSA, a ¥
Ha3blBaeTCs KBaJAPaTHbBIM KOpHEM, HpUYeM
JIBOMKa cJieBa 4acTO omyckaeTcs. B naibHeii-
meM moja 3HauykoMm . 6e3 uudps B Bepx-
HEM JIEBOM YyTJy Mbl Bceraa Oyiem uMeThb B
BUAY KBaJpaTHbI KOPEHb.

Yto ke Takoe KBaApaTHbIA KOPEHb U3 YUC-
na? 25 — 310 KBaApar 5, TaKUM 06pa3oM, MOX-
HO CKa3aTh, YTO 5 — 3TO KBAAPATHBIA KOPEHb
u3 25, uau 25 = 5. [losatoMy caenyeT ro-
BOPHUTH «ISAThb — 3TO KOpeHb BTOPOW CTele-
HU U3 25», HO 06bIYHO ymoTpebasioT ¢op-
MYJUPOBKY «KBaJpaTHbId KopeHb». (TouHO
TaK € KOPeHb TPeTbel CTeNMeHW Ha3bIBAIOT KY-
OUYECKMM KODHEM.)
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Atizex Asumos. YUCIIA

Crnenywomas npobieMa 3aKJII04aeTCS B TOM,
4YTOObI BBISICHUTH, KaK HAaWTU KOPEHb TaKOii-
TO M3 HEKOEero 4mcJja. 3Aecb MOXHO UATH MY-
TeM OT MpOoTUBONOJOXHOrO. IIpeamonoxum,
Mbl 3HaeM, 4To 2°= 25, 3TO O3HAYaeT, YTO
ecau 32 mAThb pa3 pas3deauTb HaA 2, TO pe-
syJabTatoM Gyaer 1. (Ecam Mbl BO3BeIH YHCJIO
B KaKyI0-TO CT€NEeHb, HETPYAHO MOUTH B 06-
paTHOM HOpsiKe.)

Ha npakrtuke apudmMeTnyecKkuii MeTox OIm-
peleseHUss KOPHeH 3akJj04yaeTcs B cepuu 06-
patHbix aeiictBuii. [lonpo6yem u3sBieub KBal-
paTHbIii KopeHb U3 625. CxeMa BbIYUCTEHUM
Oyaet caeayolei:

25
625

4

451225

25

0
[TepByio nu¢gpy orsera, 2, Mbl MojaydyaeM
nonb6opoM. Mbl 3HaeM, uTo 2 x 2 = 4, 3TO
Gauxaiilee BO3MOXKHOE 4YHCJIO, MeHbluee 6,
nockoabky 3 x 3 = 9, uto 6osabe 6. 3aTem
IPOBOJMM BbIUMTAHUE M BBIHOCUM [JBe HUD-
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JOKAIIBIBAEMCS 1O KOPHEN

pbl BMECTO OJHOW, KaK 3TO NPHUHSTO MpPHU
06b14HOM JesieHuH B cToa6uK. (Ecau 6b1 MbI
U3BJieKaJu Ky6uuyeCKUil KOpeHb, Mbl BBIHO-
cuau 6bl TpU UUGPBI, B ciaydyae KOPHS YeT-
BEPTOil cTernmeHU — 4veTbipe UU@PBI U TaK Aa-
nee.) Utob6bl moay4yuTh ciaeaymoulyio uudpy,
Hajgo pasgeautb 225 Ha 45. LHuppy 45 BH
noJyyaete, yaBauBas nepsyio 1udpy orse-
Ta, 4To AaeT Bam 4. Bropas uudpa goaxHa
ObITh paBHA BTOPOI nudpe Bamero oTBeTa,
TakuM 06pa3oM, ee TOXKe MOXXHO HAWTHU MOJI-
60poM, Tak, 4TOObI MOJYYUTb YUCJO, GIMKAN-
wee k 225. lHudpa 5 noaxoaut Haubosee Toy-
HO, TaK Kak 5 x 45 = 225.

ITOT Hpolecc MOXKeT NOKa3aTbCsl BaM OYeHb
TPYAHBIM, U Bbl OyJeTe COBEDPIIEHHO TMPAaBBHI.
BplunciaTh KOpHU yKces apu@dMeTHYecKHM CIIo-
co60M OYE€Hb TPYAHO, HO pe3yJbTaTbl OKa3bl-
BalOTCsl MOJIE3HbIMU IPU Pa3JMYHBbIX pacyeTax.

PaccmotpuMm caenyomuii npumep. Uemy

paBeH +2? Kakoe umci0 Hago BO3BECTH B
KBaJpaT, YTOObI MOAY4YUTH 27

Mbr MOXXeM cpa3y onpelenuTh, YTO Cpeau
1eJblX YHuceJ TaKOTO 4YHCJa HeT, Belb
1 x1=1,a2 x 2 = 4. IlepBoe yuciao
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Atizex Asumos. YUCJIA

CJAMIIKOM Majio, a BTOPOe CJUUIKOM BeJH-
ko. CnenoBaTesibHO, OTBET O6yaeT APOOHBIM
YHCJIOM.

A MoxeT U Boo6lIe CyllecTBOBaTb KBaj-
paTHBI KOpeHb B BUJe Apo6HOro uucaa? [lo-
yemy xe HeT? CorJylacHo HalleMy omnpejeJe-

. 2
HUIO dKCIOHEHI[MaJbHbIX BbIpaxkeHui (1 3 )2 —

2 2 24
3TO 13 X 13, U OTBETOM ABJISIETCS 4UCIO 195 .

24
A 370, B CcBOIO oyepeiab, O3HAYyaerT, qTo,/ig

2
paBeH 15. Temepb Mbl ybeauIHuCh, YTO HeE

TOJIbKO KBaJAPaTHBI KOPEHb MOXET ObITh ApO06-
HbIM YHCJIOM, HO M KBaJpaT YMCJA TaKXe MO-
xeT 6bITh Apo6HBIM uucaoM. I B o6oux ciy-
yasgx CIIpaBeAJIUBbI Te K€ MMpaBuUJa, YTO U B
cJyyae 1eJIbIX YHUCeJl.

Kpome Toro, ciyyaitHO oka3ajoch, YTO YHUCJIO

2
13, Oyay4yu YMHOXEHHBIM Ha cebs camoe, JaeT

pe3ysbTat, 6au3kuil k 2. OTc0Aa caenyer, uyTo
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JNOKATIBIBAEMCSI O KOPHEU

2 1
13 6JIU3KO K /2. Tonbxoig OoTAesseT Hac OT
24
MCKOMOTO OTBeTa, Tak Kak (11— )2 — 3TO 125,

25
HaM HYXHO MOJYYUTb yuciao 1— 55 TO €CTb 2.

Ho MoxxHO mosyyuTh U 60J1€e TOUHBIH OT-

41
BeT. Eciv MOMHOXHUTH APOOHOE YHMCIO 1100

Ha cebs camoe, Mbl moayuum 1 4YTO TO-

881
10 000’
pa3ao O6auxke K 2. MoxeT mokasaTbCs, 4TO,
ecau jJenaTh 6ojiee TOYHbBIE BBIYMCJIEHUS, MbI
pPaHO WJIM MO3JHO HaWJeM TOYHOe 3HadYeHHUe
ApPOOHOTO YKCJIa, KOTOPOE SABJSETCS KOPHEM
KBaJIPAaTHbIM M3 2, XOTS, BO3MOXHO, 3TO 6y-
JeT OYEeHb CJIOXKHOE YHUCJO.

Ho Tak iu 3To, BOT B YeM BOIpPOC.

CpaBHUBaeM JMHUH

BrepBble MOMCKOM KOpPHS KBaJpaTHOTO W3
2 3aHsAJUCH elle MaTeMaTuku /[peBHeir I'pe-
uuu. Kak s Bam yxe roBopuJi, OHU B mep-
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Atizex Asumos. YUCIIA

BYIO ouepelb ObLIM reoMeTpaMu, KX UHTEPECo-
BAaJIM COOTHOUIEHUS AJIUH OTPE3KOB TreoMeT-
puueckux ¢uryp. Hanpumep, ecan nposectn
AWaroHajb B MPSIMOYTOJIbHUKE, KaK IOKa3a-
HO Ha PUCYHKE, TO B KAKOM COOTHOIIEHUH Oy-
AyT HAXOAWTHCS AJUHA NHATOHAJH U AJTUHBI
CTOPOH mnpsiMmoyrojbHuka? O4eBUAHO, YTO JHU-
aroHajib JJIMHHee, HO HAacKoJbKO? J[peBHUE
IrpeKH XOTeJu HAWTHU OTBET Ha 3TOT BOIMIPOC.

[IpearosoxuM, Mbl CDaBHUBA€EM /IBa OTPe3Ka.
JlnvHa OAHOTO M3 HUX 2 CM, a AJIMHA JPYyTo-
ro — 1 cm. CienoBaTesqbHO, MBI MOXeEM CKa-
3aTh, YTO MJHUHBI OTPE3KOB COOTHOCATCS Kak 2
Kk 1, uIu oaMH OTpPe30K B /Ba pa3a AJUHHEe
apyroro. JlnvHa oJHOTO U3 OTPE3KOB 4 cM, a
IJIMHA APYroro — 2 cM, TO MOXHO CKa3aTh, YTO
IJIUHBI OTPE3KOB COOTHOCATCS Kak 4 k 2.

B o6oux ciyyasix AJMHA OJHOTO U3 OTPE3KOB
BABOe OoJiblie AJWHBI Apyroro otpeska. C
TOYKHU 3pEeHUs] MaTeMaTHKa, COOTHOLIEeHUe Be-
JUYUH TMPEeACTaBJAseT ropas3no OoJbIIHi WH-
Tepec, yeM ux abcosoTHbe 3HaueHus. He Tak
BAaXKHO, YTO B OJHOM CJIy4yae AJIMHBI PaBHHI 4
u 2 cM, a B apyrom 48 u 24 cm. MatemaTuk
B 060uX cayyasgx oO6paTUT BHMUMaHHEe Ha TO,
4TO JJIMHA OJHOTO OTpe3Ka BABOe GoJiblile IJIH-
HbI IPyroro, TO €CTh COOTHOCSATCS Kak 2 K 1.
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JOKAITBIBAEMCSA /1O KOPHEW

Hpﬂmoyron bHHK C JHAroHajablo

Camoe yno6HOe — mpeJcTaBUTh COOTHOIe-
HUe BeJIMYUH B Buae apob6bu. Ecam aiauHa ox-
HOrO OTpe3ka paBHa 2 CcM, a AJIMHA [PYroro —

2
1 cM, 3HaUYUT, UX COOTHOIIEHUE PABHO 1

Ecau pnuna onHoro otpe3ka paBHa 48 cM,
a JJIMHa APYroro 24 cM, 3Ha4YUT, UX COOTHO-

48 2
lleHue paBHO =, WJIH T, €CJIM Mbl pa3sje-

24’ 1’
auM obe yactu Ha 24.
Jlpobs, npeacrapsiomas coboii OTHOLIEHUE
ABYX OJHOTHIIHBIX BEJIMYHUH, HA3bIBAETCS CO-

oTHOIEeHHEM. (DTUMHU BeJIMIMHAMHU MOTYT ObITDH
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Atisex Asumos. YUCIIA

U JAJIMHBI OTPE3KOB, U 00bEMbI COCYIOB, U Beca
JBYX YeJIOBEK U TaK Jajiee.)

Pa3syMeeTcsi, COOTHOLIEHHE MOXET He ObITb
TakuM mpocThiM, Kak 2 : 1. [Ipeamonoxum,
IJAHA OJHOTO OTpe3Ka paBHA OAHOMY CaH-

9
TUMETPY, a AIMHA APYroro — 174 caHTHMeTpa.

12

Toraa cooTHoueHHWe PaBHO —19 JTO BBIpA-

)K€HWEe MOXHO YINPOCTUTH, YMHOXXUB BEPXHIOIO
u HUxkHOK© yacTu Ha 10. Torga moayuum, 4to

19
COOTHOLIEHHE paBHO E‘

CooTtHomeHue J0O6BIX JBYX YHCEJ, BbIpa-
XKEHHBIX JAPOOHBIMM YHMCJIAMHU, MOXKET OBITh
IpEeACTaBAEHO KaK OTHOIIEHHWE ABYX IEJIbIX
yuces. Hampumep, y Hac ecThb ABa OTpe3Ka,

4
AJIHHA OJHOIo M3 HHUX — 2ﬁ CAHTUMETDPA, a

13
IJIMHA pyroro — 13 cautumeTpa. CooTHoO-

HmIeHnue 3TUX ABYX OTPE3KOB MOXKHO HNpeAcCTa-
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JOOKAITBIBAEMCS 1O KOPHEU

4

17
BUTb B BHUE Ilp06l/[ 13 - Ecnau mb YMHOXHUM
15

YUCJUTEIb U 3HaMeHaTeJb 3TOU Imyramiuie CJ0X-

" 1
HO# apobu Ha 127 5 TO MOJy4HM TO Xe CO-

285
OTHOWEHNE B BUAE LEMBIX YUCET, TO €CTb oo

(Topasmo mpoiie 661710 661 BOCIOJIB30BATHCS
necaTUYHBIMU Apo6samu, HO B JIpeBHelt I'pe-
LMK OHU He GbLJIM M3BECTHbI. A €CJIM MbI IOC-
JielyeM 110 TOMY e IyTH, TI0 KOTOPOMY JPeBHHE
MaTeMaTHKH I103HaBaJ{ MUP, Hallle IyTelleCTBHe
OyneT 3HAYUTEJbHO MHTEpPECHee.)

Tenepb MOXXHO BEpHYTbCS K HaumeMmy Mps-
MoyroaibHUKY. Hac uHTepecyeT cOOTHOUIeHHE
JAJIAH CTOPOH MPSAMOYTrOJIbHHKA U AJHWH JAua-
rOHAJIK, TO €CTb MBI PelllaeM Ty K€ 3a7ayy, YyTo
¥ TPeYecKre MaTeMaTHKU B ApeBHOCTH. [Tockosb-
Ky HpSAMOYTOJIbHHK Pa3/iesisieTCss AHaroHajbio
Ha JBe abCOJNIOTHO CHMMETPHUYHbIE YACTH, MbI
MOX€eM YIPOCTHTb 3a4auyy ¥ OTOPOCHUTb OAHY
MOJOBUHY (UTYDbI, TPEANOJ0XUM, JieByl0. Y
HAC OCTaJICS TaK Ha3bIBAEMblil MPSIMOYTOJbHBIN
TPEYTOJbHHUK.
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Atizex Azumos. YUCJIA

Q4
&
&
$

&

IIpsiMoOyTO/IBbHBIA TPEYTOJBHHUK C TUIIOTEHY30E

Emie 3a MHOro cTosieTnii 10 HalIMX JHE erwi-
TSIHe Ha OCHOBe MPAKTHYECKOTO OIbITA YCTaHO-
BUJIM, YTO €CJIM OJJHA CTOPOHA MPSIMOYTOJIbHOTO
TpPeyroJbHUKa paBHa 3 eIWHHUIAM, a Apyras —
4 egVHMLIAM, TO JJIMHA THIIOTEHY3bl COCTABUT
eMHUIL. B 3TOM cily4yae cOOTHOIIEHNE TUIOTEHY3bI

. )
1 OJIHOH W3 CTOPOH PaBHO — A 6oJsiee IJIMH-

o 5 o
HOH CTOPOHBI M = AJIA 6osiee KOPOTKOIA.

I'pexkn mogomn k 3agade ¢ 6onee obmmUx
no3unuii. UM BakHO 6bLJIO HAWTH 3aKOHOMeEP-
HOCTb, TO €CTb COOTHOIlEeHHe AJHUH CTOPOH Mps-
MOYTOJIbHUKA U AJMH AUATOHAJH AJsS J1060-
ro NPSAMOYTOJIbHOTO TpeyroJibHHUKA.
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JOKAITBIBAEMCS 10 KOPHEN

Kak rnacut uctopusi, BeJMKUU TpedyecKui
matemMaTtuk Iludarop Takyio 3akOHOMEPHOCTH
oTKpbL1. OH yCTaHOBWJI, YTO JJIs1 JIIOOOTO MPSIMO-
YTOJIbHOTO TPEYTOJIbHHUKA BEPHO CJefyollee YT-
BepXKJAeHue: CyMMa KBaJpaTOB CTOPOH paBHA
KBaJpaTy TUMNOTEHY3bl. JTO YTBEPXKAEHHE MO-
Jyuynsio Ha3zBaHue TeopeMbl IIudaropa. Teopema
JI0 CUX TIOp HOCUT UMS BEJIUKOTO TPeKa, XOTs
Teriepb Mbl 3HaeM, 4to eie 3a 600 set go [uda-
ropa JIpeBHUM KUTai1[aM yxe ObLIO U3BECTHO 3TO
COOTHOLIEHUE.

[IpoBepuM TeopeMy AJisi TPEYroJbHUKA CO
ctoposamu 3 u 4. KBaapar oagHo#t u3 cro-
poH paBedH 3 x 3 = 9, KkBagpaT ApPyroi cTo-
poHbl paBeH 4 x 4 = 16. Cymma kBaJgpaToB
paBHa: 9 + 16 = 25, To ecTb KBaAgpar rumno-
TEHY3bl PaBEH 25, cJeJ0OBaTeJbHO, THIIOTEHY3a
paBHa 9.

PaccMoTpuMm Apyroil TpeyrojbHUK CO CTO-
poHamMu 5 u 12.

CyMMa KBaapaToB CTOPOH 3TOTO Tpey-
TOJIbHUKA paBHAa & x 5 + 12 x 12 = 25 + 144 =
= 169. CnenoBatenbno, 169 — 3to KBagpar ru-

MoTeHy3bl. Toraa rurnoTeHys3a paBHa /169, WU
13, mockoabky 13 x 13 = 169.
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Atizex Asumos. YUCIIA

ﬂ]’lfl 9TOro TpeyroJibHuKa COOTHOILIEHHUE T'u-

13
IIOTEHY3bl K CTODOHE PABHO ? A KOpPOT-

o 13 o
KOU CTOPOHBI H -13 AJada JJAUHHOW CTOPOHBI.

25A

416

N
-~ lw e

A
9
Teopema ITudaropa
Ucnonbsys teopemy Iludaropa, MoxxHo Haii-
TH COOTHOIIEHHE TUIIOTEHY3bI U JI000# U3 CTOPOH
n1060r0 NMPSAMOYTOJIBHOTO TpeyroJibHuKa. Ma-

TemMaTuku [[peBHeil I'peunn MOraum B3JOXHYTh
CIOKOHMHO, 3aiaya 6bina peureHa. CaMoe rJaB-
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JOKAITBIBAEMCS 1O KOPHEHN

HOE 3aKJII0YaJIOCh B TOM, YTO TEOPEMa PacHpoCcTpa-
HSJIAaCh HA BCe NMPSIMOYTOJIbHbIE TPEYTOJIbHUKH,
B TOM YHCJIe, pa3yMeeTCsl, © Ha PaBHOCTOPOH-
HUe, TO ecThb Ha MPSIMOYTOJIbHbIE TPEYTOJIbHU-
KH, Y KOTOPbIX 06e CTOPOHBI paBHbIL. A Hac ceifuac
MHTEPECYIOT MMEHHO TaKHue TPEeYroJbHHUKH.
OnuH U3 HUX NpeACTaBJIeH Ha PUCYHKE.

1

PaBHOCTOPOHHUI NIPSIMOYTOJIbHBIM TPEYTOJbHUK

MaxkcumanbHO yNpOCTHUM 3ajayy U Tpen-
MOJIOKUM, 4YTO CTOPOHBI TPEYTrOJIbHUKA PaBHBI
1. Torna xBaapaT cTtopoHbl paBed 1 X 1, a cymma
KkBaJpaToB cTopoH paBHa 1 X 1 + 1 x 1=2. Co-
riaacHo TeopeMme Iludaropa kBaapaT rHNOTEHY3bI
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Atizex Asumos. YUCIIA

PaBEH 2, da TUIIOTEHYy3a paBHa COOTBETCTBEH-

HO? .
Kazasocp 6b1, Tenmepb rpekaM 0CTajoch cle-
JaTb coBceM HemHoro. Hazmo 6bL1o0 TOJMIBKO Haui-

TH Takylo ApoOb, KOTOopas ABAANach OBl 2,
a MOTOM MpeJCTaBUTb ee B BHUJE COOTHOIle-
HUS LleJIbIX 4YucCeJ, U MOXHO Ipa3fHOBaTb IO-
6eny. Ho Bce okasanoch ropasfio CaoxHee.

Jlpo0Ou, KOTOpbIX HE CyHIeCTBYeT
PaHee B 3TOU rjaBe Mbl C BaMH IMOKa3a-
2
JIU, 4TO 13 6113K0 K 2. Ecau 661 OHO TOYHO

paBHSJIOCH 2, 3ajaua Obia Obl pemena. Torzaa

12

COOTHOIIEHHE —2 , KOTOPOe MOXHO NpeBpa-
1

7
THTb B COOTHOILIEHHE IeJIbIX 4YHCeJ g, yM-

HOXMB BEPXHIOIO M HUJXKHIOW 4acTH Apobu Ha
5, u 6bp1710 OBI UCKOMOW BEJIUUYMUHOMN.

2
Ho, x coxanenuro, 13 He ABJASeTCd TOou-

HOI BeJWYUHON +2. Bosee TouHBI OTBerT,
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JOKAITBIBAEMCS 1O KOPHEW

141 a aM COOTHO 141 E 6
100,lIeTHM oTHowenue oo . Eme 60nb

el TOYHOCTU MbI JOCTUTAeM, KOTJa MpPUpaB-

207

HUBaeM.?2 K 1500.

B atom cayuyae cooTHO-

707
IeHue B LeJIbIX Yyucaax Oyner paBHO 300" Ho

207
" 1%5 He SIBJISE€TCS TOYHBIM 3HaYeHHEM KOp-

H4 KBaApaTHOIroO U3 2. Tpeqecxne MaTeMaTHu-
KU HOTPAaTHJN MacCCy BDEMEHHU U CHJI, 4TOOBI

BbIYHUCJIUTb TOYHOE€ 3HAYEHHE \/i, HO 3TO UM
TaK U He yJaJoCh. OHu He cMoOrJu npeacra-

N

BUTDH COOTHOU.ICHI/IGT B BHJ€ COOTHOILIEHHUA

LeJIBIX YHCe.

HakoHell, BeJuKHil rpeyecKuii MaTeMaTHK
EBkana mpokasaj, 4To, Kak Obl HU yBeJUYHU-
BajlaCb TOYHOCTb MOACYETOB, MOJYYUTh TOUHOE

3HaueHue~2 HeBo3MOXHO. He cymecTByeT Takoi

npobu, Kkotopas, 6yaydyd Bo3BeleHa B KBal-
pat, aact B pe3dyJsbtate 2. ['oBopsT, uTO Hep-
BbIM K 3TOMY 3ak.jioueHuio npumena [luda-
rop, HO 3TOT HeOODbSICHUMBINA (PAKT HACTOJIBKO
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Atizex Azumos. YUCJIA

MOPa3uJl YYEHOTO, YTO OH TMOKJISJICS CaM M B3
CO CBOHUX YYEHUKOB KJSITBY XPaHUTb 3TO OT-
KpbiThe B TaHe. OHAKO, BO3MOXHO, 3TH CBe-
JIeHUSl He COOTBETCTBYIOT A€HCTBUTEJIbHOCTH.

N/

Ho ecaun yucio - He MOXeT ObITb npeJ-

CTaBJIEHO B BH/I€ COOTHOUIEHHUA L€JIbIX YHUCEJI, TO

¥ HHKakKasi ApoOb, coiepskalas 2, Hanpnmepg
4
WIH 77, TaKke He MOXeT ObITH MpelCTaBIeHA

B BH/l€ COOTHOUIEHUS 1[€JIBIX YUCEJ, TOCKOJbKY
BCe Takue ApobOHM MOryT ObITb Mpeobpa3oBaHbl B

N7

- YMHOKEHHOE Ha Kakoe HuOyab uucio. Tak,

£=£x1.I/IJII/I$XZ= V2

2—, 4TO MOX-
2 1 2 1
HO Mpeo6pa3oBaTh, YMHOXUB BEPXHIO M HUXK-

4
HIOI0O YacTH Ha /2, ¥ MOJY4YUTh R (He cune-

ayet 336bIBaTb, 4YTO HE€3aBHUCHUMO OT TOro, 4TO

Hpe/ICTaBjsieT co00i YMCIO /2, €CIH Mbl YMHO-

KUM €ro Ha +2, TO MoJaydyum 2.)
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JOOKAITBIBAEMCA 1O KOPHEN

[TockoabKY YKMCIO+2 HeJb3si MPeACTaBUTD

B BH/le COOTHOLIEHHS LleJIbIX YHCeJ, OHO IO-
JY4YUJIO Ha3BaHMe UPPALUOHAJBHOTO YHUCJA.
C npyroii CTOPOHBI, Bce YUCJIA, KOTOPbIe MOXKHO
IpeJCTaBUTh B BHJAE COOTHOLIEHUS I[€JIbIX
yyceJs, Ha3bIBAOTCSA pallMOHAJIbHBIMU. Panu-
OHAJIbHBIMH SIBJISIIOTCS BCE liesible M ApPOOHbIe
4ycsa, KaK MOJIOKUTeJbHbIe, TaK U OTpHUIla-
TeJIbHBIE.

Kak oxazasoch, 60JBIIMHCTBO KBaAPAaTHBIX
KOPHel SBJSAIOTCS WPPALMOHAJIbHBIMHU YHC-
Jamu. PannoHasnbHble KBaJipaTHbie KOPDHU €CTb
TOJIbKO y TeX 4YHCeJ, BXOAAWMUX B psSJ KBal-
pPaTHBIX YHCeJ, O KOTOPbIX Mbl FOBOPHJH B
ecTOH rjaBe. JTHU YKMCJIa Ha3bIBAlOTCHA TaK-
XKe UJeaTbHbIMU KBaZipaTaMu. PannoHaabHBIMU
YHCJaMU SBJSIIOTCS TakXe APOOH, COCTaBJIeH-
Hble U3 3TUX HAeaJbHbIX KBajgpaToB. Hamnpu-

, 7
MeEp, 15 ABJAETCA pallUOHAJNbHBIM YHUCJIOM,

7 16 4 1

1— T a—— = — 1—
TaK Kak 41g 7% 5, W g
KOpeHb KBajapaTHbii u3 16, a 3 — KopeHb
KBaApaTHbI u3 9).

(4 — 3to
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Atizex Azumos. YUCJIA

Tot dakT, yTO MHOTHE KBaApaTHbIE KOPHU
SIBJISIIOTCSL MPPALlMOHAJIbHBIMKA YMCJIAMHU, HUC-
KOJIbKO He yMaJisieT uX 3HaY€HHs, B YaCTHO-

CTH, YHCJIO/2 OYeHb Y4aCTO MCIOJb3yeTCs B pas-
JIMYHBIX WHXKEHEPHBIX M HAyYHbIX pacyerax. JTO
YHCJIO MOXKHO BBIYMCJHUTD C TOM TOYHOCTBIO, KO-
TOpas HeoOXOoAMMa B KaXX[J0M KOHKPETHOM CJIy-
yae. Croco6 BbluMcIeHUsS ObLI ONMMCcaH paHee
B 3TOii IJIaBe, ¥ Bbl MOXeETE IOJY4YUTh 3TO YUCIIO
C TaKUM KOJIMYECTBOM 3HAKOB IOCJE 3aMsSITOH,
Ha KOTOpPOEe Y Bac XBAaTHUT TEpPIEHUS.

Hanpumep, 4ucio2 MOXHO ONpeaeauTh
C TOYHOCTBHIO O IMIECTH AECATUYHBIX 3HAKOB:

V2 = 1,414214. Orta BesunHa He OYEHb CUJIBHO
OTJINYAeTCs1 OT UCTUHHOTO 3HAYEeHHS, TOCKOJIbKY
1,414214 x 1,414214 = 2,000001237796. 3ToT
OTBET OTJIMYaeTcs OT 2 Ha BEJUYHMHY, eBa Ipe-
BBIUIAIOIYI0 OJHY MUIIHOHHYIO. [loaTomy 3Ha-

yeHue 2, paBHoe 1,414214, cuuraeTcsi BIOJTHE
IpUEMJEeMbIM [Jsi pelleHus OOJbIIMHCTBA
NpakTU4YeCcKUX 3aAay. B Tom cayudae, koraa
TpebyeTcsa 60JiblIasi TOYHOCTb, HETPYJAHO IO-
JYYUTh CTOJIBKO 3Havamux uudp mocrae
3angaToi, CKOJIbKO HeoOXOAMMO B JaHHOM
ciIydae.
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JOOKAITBIBAEMCA 1O KOPHEW

OpHako ecau Bbl IPOSIBUTE PEAKOCTHOE YyII-
PSIMCTBO M TONpofyeTe U3BJIEKAaTb KBaAPATHBIA KO-

peHb M3 YHCJIAa+2 [0 TeX Mop, MoKa He Ao6be-
TeCh TOYHOTO PE3YJIbTATa, Bbl HUKOTA He 3aKOHYUTE
cBoeil paboThL. 310 GeckoHeuHbIit mpoiecc. CKOTBKO
6bl IECATUYHDBIX 3HAKOB OCJIE 3aIMSTON! BbI HU TIO-
JIyYWUJIH, BCETIA OCTAHETCS ellle HECKOJIBKO.
ItoT GaKT MOXeET HOpa3uTh BacC TakK

1
Xe CHJIbHO, KaK W IpEBpalll€HUE § B bGec-

KOHEeUHYI0 AecsiTuuHyio apobs 0,333333333...

1
M Tak 06eCKOHEYHO WU IpeBpalleHue 7 B

0,142857142857142857... u Taxk manee 6ecko-
HeyHo. Ha mepBbIil B3I MOXET 1OKa3aThCH,
4TO 3TH GECKOHEYHbIE JeCSTUYHbie APOOU U HP-
PalMOHAIbHBIE KBAJIPATHbIE KOPHU — 3TO SIBJIEHUS
OIHOTO TOpsKa, HO 3TO COBCeM He Tak. Benb
y 9TUX 6eCKOHEeYHbIX APo6eil ecTb APOOHBIN K-
BHBAJIEHT, B TO BpPeMsl KaK y+2 TaKOro 3KBU-
BaJieHTa HeT. A moyeMmy, coOcTBeHHO? [leso B

1 1
TOM, YTO AE€CATHYHbLIM 3KBHUBAJEHTOM § nu 7, a

TakXXe 6ECKOHEYHOTO YHCJIa APYTUX Apobeii siB-
JSIIOTCS TIepHOANYECcKie GeCKOHEYHble APOOH.
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Atizex Asumos. YUCJIA

B To xe BpeMs neCATHYHDBINA 3KBUBAJIEHT /2
SBJISeTCS HelepUoauYecKod apo6pio. ITO yT-
Bep K/JeHHe CIIPaBeIJUBO TaKXKe JJis JI060ro up-
PallMOHAJNbHOTO YHCJIA.

[IpobsiemMa 3ak/04aercss B TOM, 4TO JiroOasi Jie-
cATHYHast JpoOb, KOTOpast ABJASAETCS MPUOIKEHHbIM
3HaYEeHWEM KOPHS KBaJPaTHOTO U3 2, MPeJCTaB-
JsieT cob6oii Hermepuoandyeckyo apodb. Kak gase-
KO Mbl HU TIPOIBMHEMCSI B pacyeTax, Jirobasi ApoOb,
KOTOPYIO MBI MOJY4YHM, OyIeT HEeMmepruoanIecKoil.

[IpeacraBbTe cebe Apobb C OTPOMHBIM
KOJINYEeCTBOM HelepuoAuvYecKux nudp mocie 3a-
naroit. Ecau BaApyr nmocsie MUJIMOHHON LU (p-
pPbl BCS TOCJEeNOBATEJIbHOCTb JEeCATHUYHBIX
3HAKOB MNOBTOPHUTCSA, 3HAYUT, AECATUYHASA
Apo6b — mepuOAMYECKas U AJiS Hee Cylle-
CTByeT 3KBUBAJIEHT B BUJ€ OTHOUIEHHS Ile-
abix yucen. Ecam y Apo6u ¢ OTpPOMHBIM KO-
JNYeCcTBOM (MHJIJIHAPIAB HJIN MHUJJIUOHBDI)
HelepUoANYEeCKUX AeCATUYHBIX 3HAKOB B Ka-
KOU-TO MOMEHT MOsSBJsIeTcsA 6€CKOHEYHas ce-
pusi MOBTOpSIIUXCA 1UUpp, HaAIpuMmep
...55555555555..., 3TO TakXxe O3HadaeT, YTO
AaHHas ApoOb — MmepuoArYecKasl M IJs Hee
CYyLIeCTBYET 3KBUBAJIEHT B BHJ€ OTHOIIEHHS
1[eJIBIX YHCeJI.
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JOKAITBIBAEMCSI IO KOPHEU

OpHako B cjlyyae MPpPallMOHATbHBIX YHUCE]
UX JleCSITHYHble 3KBUBAJIEHTHI TMIOJTHOCTBIO Helle-
pHoAuYecKkue U He MOTYT IPeBPaTUThCA B Ie-
puozxHYecKHe.

(PasymMmeertcs, BbI MOXeTe 3aJaTh MHe clle-
Ay BONPOC: «A KTO MOXeT 3HaTh U CKa-
3aTb HaBEepPHSKAa, YTO MPOUCXOAHUT C APOOBIO,
CKaXkeM, 1TocJie TPUJTMOHHOTO 3Haka? KTo Moxker
rapaHTHpPOBaTh, YTO APOOb He CTaHET MEPHO-
auyeckoit?» CyIiecTBYIOT crocoObl HEOPOBEP-
XKHMO [10Ka3aTh, YTO MPPallIOHAJbHbIE YHCJA
SIBJISIIOTCSl HeMepUuoJUYeCKUMHU, HO TaKue J0-
Ka3aTeJbCTBA TPEOYIOT CI0XKHOTO MaTeMaThuyec-
KOro ammnapaTa, I0O3TOMY MBI He CMOXEeM pa-
300paTh ux B Hameil kHmxke. Ho eciau Obi
BIPYT OKa3ajocCh, YTO HUPPALHOHAIBHOE YUCJIO
CTAaHOBUTCSI MEPHOAMYECKON APOOBIO, 3TO 03-
Hayaso OBl MOJHBII KPaX OCHOB MaTeMaTHyec-
kux Hayk. I Ha camMoM zeJsie 3TO BpsJ JU BO3-
MOZKHO.)

CyurectBoBaHue apooeit

Tenepp paccMOTpUM cieayloliee Bbipa-
xeHue: (24)%2. Takasa 3amuch o3HaAyaeT, 4YTO
24 cnenyet Bo3BecTH B kBazapaT. Yuciao 24—
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Arizex Azumos. YUCJIA

3T0 2 x 2 x 2 x 2, unu 16. Janee, 16 B
kBaaparte — 3To 16 x 16, uau 256. Takum
o6pasom, (24)2 = 256. Ho 256 — 310 Tak-
Ke 2 x 2 x 2 x 2 x 2x 2 x 2 x 2, uiu
28 CnepoBatenbHo, (24)? = 28

Ecsu Bbl mpousBeeTe mogobHbie AeHCTBUS
C Pa3JIUYHBIMUA 3KCIOHEHI[MAJbHBIMHA BbIPA-
KEHHSMH, Pa3uyalouUMUucsa Kak OCHOBaHU-
€M, TaK ¥ MoKa3aTejleM CTeleHH, Bbl CMOXe-
Te y6eAUThCS, YTO CYLECTBYET NMPaBUJIo, obliee
JJIsI BCEX SKCIIOHEHIIMAJIbHbIX BbIPAXKEHU: PHU
BO3BeJ€HUH 3KCIIOHEHIIMAJIbHOTO YUCJA B CTe-
HeHb MMOKa3aTeJHu CTeNeHH MepPEMHOXAIOTCA.
JTo 03HayaeT, YTO, He NMPOU3BOJS PACYETOB,
Mbl BCerja MOXeM CcKa3aTh cjeayollee:
(35)2 = 31 a (78)7 = 75 u tak manee.

Ecau aTo yTBepkJaeHUe BEpPHO, TO, O4e-
BUJHO, OHO 6y/JeT BEpHO U A APOGHOTO MO-

1
KazaTess cTerneHu. PaccMoTpuM umcio (2°)2.
Chenys npaBuly nepeMHOXXEHHUS] 3KCIIOHEHT, IO-

1
ayuum (2)? = 22 lanee, nockoabky 2¢ = 16, a

22 = 4, To MBI MOXEM YTBEpXAaTh, 4TO

1

162 = 4.
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JOKATIBIBAEMCS 4O KOPHEU

Ho MbI Takxe 3HaeM, 4To 4 — 3TO KBa-
paTHBI KopeHb U3 16, 3HAYUT, BO3BeJEeHUE

1
4YUCJjia B CTeHeHbE PaBHOCWUJ/TIbHO HU3BJIEYEHUIO

U3 3TOrO YMCcja KBaApaTHOTro KopH:. [lpyrumu

1
CJIOBaMHM, 162 = /16 .

Hanee, cnenyst sToMy mpaBUJly, MOXHO yT-

[ 1
BepkJaTh, uTo 16° = 316 ,16° =416 u Tak ga-

Jnee. Tenepb MbI BBeJIM B 00MX01 ApOOHDbIE K-
CIIOHEHTBI, O KOTOPBIX 51 06ella] BaM paccKasaTh

ele B 1ecToi riaaBe. O6paTuTe BHUMaHME, 2
HEBO3MOJXHO INpPEACTaBUTh B BUJE KOHEUHOI
Apo6H, HO MOXXHO — B BHJI€ 3KCIOHEHI[MAJIb-

HOTO BBIPA)XKEHHsI C JPOOHOI 3KCIIOHEHTOH.
YTo xe o3HauaeT ApoOHAS IKCIIOHEHTa?

3
Hamnpumep, BoipaxxeHue 16 — 3TO TO Xe ca-

1
Moe, 4yTo (16°)?, HOCKOJBKY 3 X . Cne-

N | =
N W

3
JIOBaTeJbHO,162 = V16° .

Wnu, obo6uiasi, MOXXHO CKa3aThb, YTO B CJIY-
yae APOOGHOH 3KCIOHEHTHI OCHOBaHHWE BO3BO-
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Atizex Asumos. YUCJIA

AMTCS B CTelleHb, PAaBHYIO YHCJHUTEJI0 3KC-
MOHEHTbI, U U3 Hero M3BJIEKAETCS KOpPeHb, PaB-
HBIH 3HAMeHaTeJ 0 3KCIOHEHTHI.
567

CunenoBaTesnbHO, 2% — 3TO KOpeHb 235-i
CTelleHU U3 2, BO3BeJAeHHbIX B 567-10 cTerneHb.

OueBHAHO, Takue APOOHBIE 3KCIIOHEHTHI
O4YeHb TPOMO3AKH. A HeJb3s JIM MeperTHu Ha
necsaTHYHbie ApoOu? Beab Mbl MOMHHUM, 4TO

1 1
5~ 310 0,5, TaKk YTO BMECTO 42 MOXHO Ha-

nucath 4%, Jliobas necaTUYHAA 3KCIIOHEHTa
uMeeT cBoe 3Hauenue. Hanpumep, 2%!"5— 3ro

207 207
2% | MOCKOJbKY 5,175 = %0 B cBoro oue-

207
peab, YUCJO 2 [OoJy4YaeTcCss IpU BO3BEJEHUHU

2 B ctenedb 207 ¥ uM3BJIeYEHUN U3 MOJTyYeH-
HOTO pe3yJibraTa KopHsa 40-i crenenn. (MosxHO
MOMEHSITh MecTaMH onepauuu. Ecau Mbl cHa-
yaja u3BjaeyeM U3 2 KopeHb 40-i cTeneHu,
a 3aTeM BO3BeJleM 3TOT MPOMEXYTOYHBIH pe-
3yabTtaT B 207-10 cTeneHb, Mbl IOJYyYUM TOT
e OKOHYaTeJIbHbI pe3yJ/ibTaT. JTO yTBEPXK-
JleHue BbI JIETKO MOXeTe MPOBEPUTh HaA 60-
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JOKATIBIBAEMCSI O KOPHEU

Jlee IPOCTOM NpUMepe, HalpUMep Ha BbIpa-

3
x)eHuu 42 KpazapaTHbiii kopeHb U3 4°— 3TO

J64, uTo paBHO 8. B To xe Bpems Kky6 4
paBeH 23, 4TO Takxe PaBHO 8.

207
3HavyeHUe BbIPAXEHUsI2% (uau Ja1060TO0

JPYTOTO BBIPAXXE€HUS, I'le 3KCIIOHEHTa SBJIS-
eTcs LeJbiM, APOOHBIM, NeCATUYHBIM, I0JIO-
XKUTEJbHBIM WUJIHU OTPHULATEJbHBIM YHUCJIIOM)
MOXeT GbITh BbIYMCJIEHO MPH MOMOIIH CO-
OTBETCTBYIOIIUX MaTeMaTHYECKUX METOOB.
[Ipu 3TOM BaM He MPULLIOCH Gbl JBECTU CEMb
pa3 mepeMHOXaTb 2 MJHM MCKaTb MYyTeM MOC-
JleoBaTeJbHBIX NPHOJIUKEHUN KOPEeHb COPO-

207
KOBOM cTermeHu.2% = 36,126.

JTa BeJlUYUHA NPpUOIU3UTENbHASA, TMO-

207
CKOJIbKY 2% sBJsieTCS HppPalUOHANbHBIM

YUCJIOM, KAK H 6ONBUINHCTBO Bblpa)KeHI/Iﬁ
C I.[pOéHbIMI/I HJIN JECATHUYHDBIMH 3KCIIOHEH-

207
TaMU. JleCATUYHBIA 3KBHUBAJEHT 24 — 3TO

6eckoHeuHas Hemepuoaudeckasi Apobb, HO
MBI BCErJa MOXEeM IMOJYyYUTh CTOJBKO Je-
CATUYHBIX 3HAKOB IOCJIe 3aMSATOM, CKOJIb-
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Atizex Asumos. YUCJIA

Ko TpebyeTcsa B cooTBeTCTBUH ¢ TpeboBa-
HUSIMHU 110 TOYHOCTH KOHKPETHBIX BBIYHC-
JeHun.

Wcnonb3ys nwoboe 4yucjao B BUAe OCHO-
BaHMs 3KCIHOHEHIIMAJTbHOTO BbIpAaXXKEHHsI, MBI
MOXEM COCTaBUTbh COOTBETCTBYIOIlee 3KCIO-
HEHIIMaJbHOE BBIPAXKeHUe AJisl JI060TO Npy-
roro yucjaa. Temepb Mbl MOXKe€M BEPHYTbCSH
K Moei 3agaue 06 ymHoxeHuu 7 X 17, ko-
TOpasi BO3HHUKJIA Y HAC enle B MIECTOH ria-
Be. Yncao 7 MOXHO mpeacTaBuTh Kak 2281
kak 3'"7 uam kak 5'?! (cymecTBYIOT cHelu-
aJibHbi€ METOJbI JJIsi BBIYMCJIEHUS 3KCIIOHEH-
I[MAJbHBIX YKBUBAJIEHTOB), B TO XKe BpeMs
17 paBuo 2% 3258 ygyu 5176, Temepp 3ana-
4y YMHOXEHHUS MOXHO CBECTH K CJIOXEHHIO:
7 X 17 - 22,81 X 24.08= 22,81+4,08 = 26,89’ UIA
31.77)( 32.58 = 34.35, Uin 51,21 X 51.76 = 52,97. Bce
aTH uymuchaa, 268 3435 5297 ppubnusurtenn-
HO paBHBI MexXAy c0o00i ¥ MpUOIU3UTENDb-
HO paBHH 119, 3TO U ecTb oTBeT.

KoHeuHo, 6b1710 6bI TOpa3/0 mpoiie IPoCTo
HepEMHOXHUTb 7 X 17 BMecTO TOrO, YTOGHI
HaXOJUTh 3HAYEHUS IKCIOHEHIHAJbHbIX BbI-
paxenui. Kpome Toro, BMecTo TOYHOro ort-
BeTa Mbl MOJYYUM HpubauxeHHbIH. OqHa-
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JOKAITBIBAEMCSI IO KOPHEU

KO MOCMOTPHUM, 4TO 6yaeT manbiuie. BoaMox-
HO, 3TOT METOJ OKa)KeTcs He3aMeHuMbIM. O6-
paTUM BHMMaHHUEe HAa OCHOBAHUS 3KCIOHEH-
UMaJbHBIX BbipakeHuii. Mbl BoiGpanu 2, 3
U 5. A mouyemy He BbiOpaTh umciao 10, Beab
10 — 370 ocHOBa Halledl CUCTeMbI CYeTa.



I'naBa 8

OYEHDb BOJIBHIOE
U OYEHDb MAJIEHBKOE

Eme oaHO mpeuMMyecTBO
yucaa 10

OnHo¥t U3 MPUYMH, 3aCTaBUBLIENH yYEHbIX Ha-
CTOMYHUBO BBOJAUTH IKCIOHEHIIMATIbHbIE YHUCJIA B
MPaKTHKY, SBUJIaCh HEOOXOAUMOCTb paboTaTh
C OYeHb OOJIBIIUMHU WU OYEHb MaJleHbKUMHU
yrcaamu. Hanpumep, Macca 3eMiid paBHa Mpu-
6sim3uteasHo 6000000000000000000000000000
rpaMM, a Macca aToMa BoAOpoJa —
0,00000000000000000000000166 rpamma.

Bbl, KOHe4YHO, 3aMeTUJIY, YTO NpU TAKOU 3a-
IUCU HETPYAHO MOTEPSTh OJUH WUJIU HECKOJIBKO
Hysnei. B mpouecce paboTsl yueHbie pazpabo-
TaJu MeTOJ BbIPAKeHUS YHCeJ, KOTAa 4acThb
4Kc/a SABJSETCS OOBIYHBIM YHCJIOM, A YacCTh —
3KcnoHeHHanbHbIM. OCHOBOU 3KCIOHEHLINAJb-
HOU 4YacTu siBasieTcs yucyio 10 (B KoHILe mpe-
AbIAYIIEN TJaBbl S HAMeKaJ Ha 3Ty BO3MOX-
HOCTbH).
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OYEHDb BOJIBIIOE U OYEHb MAJIEHBKOE

Yucio 10, Bo3BeeHHOE B CTEIIEHb, TI03BOJISET
IpeJCTaBUTh B Y10OHOU opme Kak 0ueHb 60JIb-
e, Tak ¥ O4eHb MajleHbKHe YHcja. ITO BUI-
HO M3 NMPHUBEJAEHHON HMXKe TabJHIIbI, KOTOPYIO
Bbl MOJXKETe MPOBEPUTH, MPOU3BEJS CaMOCTOS-
TeJIbHbIE PACYETHI.

1000000 = 108

100000 = 10° 0,1 =10"
10000 = 104 0,01 = 1072
1000 = 10° 0,001 = 1073
100 = 102 0,0001 = 10
10 = 10! 0,00001 = 107
1 =10° 0,000001 = 10°°

Jast Toro yto6sl yOeAUTHCS B TOM, YTO
yucyao 10 xopouro BOuUcCbhiBaeTCsS B Hally CHU-
cTeMy cYeTa, pacCMOTpUM 4ucjao 4372,654.
Pa3zobbeM ero Ha pa3psiibl ¥ MOJTYYUM 4 Thi-
csi4u, 3 COTHHU, 7 NECATKOB, 2 eIUHHULBI, 6
NecsSThiX, O COTHIX MU 4 ThicsSuHble. Temeps
BcnoMHuM, uto 1000 = 103 100 = 102
10 = 10'u Tak majee, U 3amulIeM YUCJIO
4372,654 xak (4 x 103 + (3 x 10?) +
+ (7 x 10) + (2 x 10% + (6 x 10°!) +
+ (5 x 10°%) + (4 x 10°%).
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Atizex Asumos. YUCJIA

TakuM 06pa3oM, Mbl 3amucaiud Ha Oymare
Te Omepaluu, KOTOPbIE YXe ThICSIYH JIET Mpo-
U3BOJST Ha cueTax. Ecau psa eIuHMIl HA cye-
TaxX MOMETUTb KaK «HOJb», PAABI, PaCIoJo-
XKEeHHble BhILIE psjaa eIuHHI], 0O003HaYaeM
kak 1, 2, 3 4 Tak nanee, a psAbl, pacrno-
JIOXKEHHbIe HHXKe psAaa eJUHHIl, COOTBET-
cTBeHHO obo3Hayaem kak -1, -2, -3, 10
KaXJABIH PSAl COOTBETCTBYET IOKA3aTeslo CTe-
nmeHu yucaa 10.

Bce nosoxeHus apupMeTHKH, KOTOpbIE
Mbl M3y4ajid, MCIOJb3ys apabckue 4yucIia,
MOXHO JIETKO OOBSICHUTD MPHU IMOMOIIN 3THUX
cTeneHel, yero oO6bIYHO He AeJalT B UIKO-
Jax.

Mbl OTpaTUM HEMHOrO BPEMEHH Ha TO,
4TOOB Pa306paThCs C 3KCMOHEHI[UATbHBIMUA
YyucJIaMH, ¥ B OyaylleM 3TO 3HAYUTENbHO 006-
JIETYUT HaM PaboTy C YHMCIAMHU.

BHauase paccMOTPUM MOJOXKHUTEJbHbIE
cternedu yucaa 10. 3amMeTum, 4YTO B AaH-
HOM CJiy4ae 3KCIIOHEHTa paBHa KOJHUYECTBY
HyJei obbpiuHoro yuciaa. Takum obpasom,
ecau yucyo Hynaei B 1 000 000 paBHO 1mecTH,
TO 3KCIHOHeHIHaJdbHass popma 3TOro 4uc-
aa 1068,
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HUOPbI M — LIHMDPLI

10000 (10 |HHHHHI—| +«
1000 (10) |HHH—| +3
100 (10°) | =] 2
10 (10) |HHHHN—| +
o) || o
10 (10 |HHEHHH—]| -
10 10 | HHHHHHH—| -
Too0 (10 [N -
ouoo (10" | A -4

Cuertsl, psAABl KOTOPbIX 0003HAYEHbI B COOTBETCTBUU
¢ nokasartesem crenesu 10

Temnepb, Koraa HaM MOHATOOUTCS BHIPA3UTH
B 9KCIIOHEHIIMAIbHOU GopMe 4HCIIO, cocTosIee
He TOJIbKO W3 €IMHUIl U HYyJIel, HY>KHO 3amu-
caTh ero B BU/E BbIPaXKeHHs, BKJIovaoiiero 10
B Kakoii-To ctemeHu. Hampumep, mMacca 3eM-
JIM, KaK Mbl BBISICHWJIA B Hayaje TJIaBbl, paB-
Ha 6 000 000 000 000 000 000 000 000 000
rpaMM. ITO YUCJIO MOXHO HPEACTaBUTb KakK 6 X
x 1 000 000 000 000 000 000 000 000 000
rpamm. Termepp camoe 60JibllIOE YHUCJIO B BbI-
Pa’KeHUU COCTOMT U3 eJUHUIIBI U OOJIBLUIOrO KO-
JiMYecTBa HyJel, TO eCTb ero MOXHO MpeJcTa-
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Atizex Asumos. YUCJIA

BUTH B BuZle cTerneHu. [IoCKONbKY KOJHUYECTBO
HyJied paBHO 27, TO YUCJO MOXKHO 3alUCaTh B
dopme 10%. Temepp Maccy 3eMan MONKHO
HpeiCTaBUTh B 3KCIIOHEHI[HMATbHOM BHZE Kak
6 x 10?7 rpamm.

JKCcrnoHeHHMaJbHast GopMa BbIPaKeHUS
6OJIbLIINX YHCEN MPEAOCTABJSIET ABA OYEBU-
HBIX MpeumyuniecTBa. Bo-mepBbiX, Takas 3a-
INUCh OYeHb KOMIIAKTHA, a BO-BTOPBIX, ee Ipo-
e MPOYeCTb — HEeT HEOOXOJUMOCTH CYMTATh
OTPOMHO€ KOJU4YeCTBO HYJIEH.

Jlnst 0603HaYeHHs] MaJIbIX YHCEJ UCIIOJb3Y-
10T 10 B oTpuuiaTesbHOM creneHu. Kak BUAHO U3
Tab/mLpbl, yrciio 10, BO3BeEHHOE B OTPHUIIATEIbHbIE
CTeIleHH, MpeACTaBiseT co60i OObIYHbIE YUCIIA,
JAecSITUYHBIE IPO6H, COCTOSAIINE U3 OINpeesieH-
HOro Habopa HyJieit, PacroJIOKEHHBIX TpaBee Je-
CATUYHOTO 3HAKa M 3aKAaHYMBAIOIUXCS eANHULIEH.
YucneHHoe 3HaYeHNe OTPULIATEIBHON 3KCIIOHEHTHI
PaBHO KOJIMYECTBY HYyJIel IocJe 3amsiTo ILITIOC
1. Hanmpumep, yucao 0,000001 umeer nsAthb Hy-
Jiei TocJie 3arsITOH, cjleJoBaTeJbHO, B 3KCHOHEH-
uaabHOi dopme oHO Oyaer 3amucaro kak 1076,

Macca atoma BoAOpPOZa MOXET OBIThH
BhIpakeHa B BHJAe Mpou3dBeieHuss 1,66 x
x 0,000000000000000000000001 rpamma. (Ecan
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OYEHDb BOJIBIIOE 1 OYEHb MAJIEHBKOE

BBl NPOU3BeAeTe ONepalUi0 YMHOXEHUs, TO
MOJIYyYUTe Ty BEJUUYUHY, KOTOpas MpuBeJeHa
B HauyaJsie rjasbl.) BTopoil coMHOXUTeNb Npea-
ctaBisieT co6oii 10 B OTpULIaTENbHOU CTEIEHH,
OHO CcOJepXUT 23 HYJs cIpaBa OT JeCcsATUY-
HOTO 3Haka. Takum 0O6pa3oM, B 3KCIHOHEH-
HaJIbHOM (hopMe OHO OYyAeT 3aMMCaHO Kak
10-%4. Macca atoma Bogopoxaa B 1,66 pasa
6oJIbllIe 3TOM BEJUYUHBI, CJIeIOBATEIbHO, MAcCa
Bozopojaa paBHa 1,66 x 10-%4

‘lncna, OTJIHYHBIC€ OT AE€CATH

[Tocne Toro xak Mbl HayYHJHNCh HUCIOJIb-
30BaTh YKCJA B IKCIIOHEHIHUANbHOU dopMe Ha
ocuoBe 10, Ham OyneT jierko pasobpaTbcsi B
3KCIOHEHIMaJIbHOU (OpMe Ha OCHOBE JAPYTUX
yucesn. B Havasne Haumel KHUXKH S yXe pac-
CKa3bplBaJl BaM O TOM, YTO B psilie cJyyaeB
yno6Ho ucmosab3oBaTh yucao 12 smecto 10,
IIOCKOJIbKY y umcja 12 GoJibllle MHOXHUTEJEH,
yeM y uuciaa 10. (¥ uucna 12 ects u apy-
rve MpeuMyllecTBa, IOMUMO 6OJIBUIOTO KOJIK-
yecTBa COMHOXUTenel.) /[peBHue Jg0au OI-
penensnu BpeMsi no ayHe. Kaxnabie 29 unu
30 nHeil BcxoauJa HOBasl JIyHa W, CJielOBa-
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Auzex Asumos. YUCJIIA

TeJbHO, HAYMHAJICSI HOBBIM Mecsal. Takux Mme-
csAllEeB B roAy, TO €CTb B IEPHOJ OT OAHOM
BECHBI 0 Apyroi, 6bi0 12, TouHee, 12 me-

1
csleB U 112 AHs. JTO npupaaso uyucay 12

orpefie/iIeHHOe Marn4eckoe 3HayeHue, a B JpeB-
HOCTH 3TO OBIJIO OYEeHb BAaXHO AJd YeJloBe-
ka. CymecTtByeT 12 3HaKOB 30[MaKa, B KaX-
aoM u3 kotopbeix CosHile npebbIBaeT 110
OJHOMY MecCsIy IpPU CBOEM KaXXylleMcs Bpa-
HleHUU BOKpPYT 3eMyu. Yucao 3HaKOB 30H-
aKa HauljIo0 CBOe OTpakeHHe M B 3eMHBIX Je-
aax. I9to 12 niaemen W3paunsg u 12 cBATHIX
arocTOJIOB.

Ecau MBI XOTUM HcHoJb30BaTh 12 Kak oc-
HOBY JIJISL CYETHON CHCTEMBI, HAM MMOHAA0OUTCS
JABEHAALATh Pa3HbIX UM(}p, BKIOYAS HOJb.
dtumu uudpamu y Hac 6yayt 0, 1, 2, 3, 4,
5,6,7,8 9, @u #. 5 ucnonab3yi CUMBO-
Jbl @ u # nna 0603HAYEHUSI TeX YHUCEJ, KO-
TOpbiE B JECATHYHOM cUcTeMe 0003HAYAIOTCH
kak 10 u 11.

Yucno 222 B fecITEPUYHONA CHUCTEME, TO €CTD
B cucTeMe, ocHoBaHHOM Ha 10, MOXHO 3amucaTth
Kak (2 x 10%) + (2 x 10Y) + (2 x 10%). Ta-
KO€e XK€ YHCJO B JABEeHaJllaTepPUYHOU CHUCTe-
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OYEHbDb BOJIBIIOE 1 OYEHb MAJIEHBKOE

Meé MOJKHO TepeBeCTH B AeCSITEPUYHYIO CUCTe-
My, 3alMcaB ero ciefaywomum obpasom: (2 X
x 122) + (2 x 12Y) + (2 x 129). IIpoBeaem
nozacyeTsl ¥ moayuuM: 288 + 24 + 2, uau 314.
Jlpyrumu cioBamu, yuciao 222 B cucTeMme, Oc-
HOBaHHOM Ha 12, TO ecTb B JBeHaALIATEPUYHOU
cucTeme, paBHO yucay 314 B cucTeMe, OCHOBAaHHOM
Ha 10, To ecTb B AecATEpUYHON CHCTeMe.

B nBenaaunatepruyHoOil cCUCTEMe YUCJIO MOXHO
3anucaTh, CKaxkeM, Kak 3#4. 3TO 3KBUBaJIEHTHO
(3 x 122) + (# x 12Y) + (4 x 129. Mm c
BaMU paHee YCJOBMUJHCH, 4TO # paBHO 11 B
necsITEPUYHON cUCTeMe, CJIe0BaTeJNbHO, TMMO-
ayyaem 432 + 132 + 4, unu 568 B necsre-
PUYHOH cHUCTeMe.

B kayecTBe OCHOBaHHS AJIsI CUCTEMBI CYeTa
MOXHO BbOpaTh u 4Ywuciao wMenbie 10.
Bo3sbmeM uncio 7, Toraa cuctema Oyaer Ha-
3bIBaThCs ceMepuyHOM. Torna HaM Hy>KHO TOJIb-
ko 7 cumBoJioB: 0, 1, 2, 3, 4, 5 u 6. Yucno
435 B ceMepHYHOI cuCcTeMe JJis TlepeBojia B Je-
CATEPUYHYI0 MOXHO 3amucath Kak (4 x 7%) +
+ (3 x 7Y + (5 x 7°, uto paBuo 196 + 21 +
+ 5, uau 222 B necATepUYHON CHUCTEME.

ITOT MeTOJ MO3BOJISIET ePEeBECTH YK CJIO
M3 OJTHOH CHCTeMbI cyeTa B JIOOYIO APYrylo,
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Atizex Azumos. YUCJIA

IpuyeM OH NMPUMEHUM Jaxe A1 AeCATHYHBIX
apobei.

Boipaxenue 0,15 B nBeHagllaTepPUYHON CH-
cTeMe MOXeT ObITh HpejcTaBjieHO Kak (1 x

1
x 127) + (5 x 12%), nmm (35 + ), 4TO

144

17
paBHO m B [[eCHTepPI‘IHOﬁ cucteme. B ce-

MEPUYHOM CHCTEME TO e CaMoe Bbipa’keHHe
MOXHO mpeacTaBuTh Kak (1 x 71) + (5 x 72),

I/IJm(—1-+i) 4TO aBHOEB ecsaTepuu-
7 497 p 49 B AccATEDH

HOU cucteMe.

Tenepb naBaiTe BHIICHHUM, KaK OIpeje-
JIUTh, CKOJbKO OT/€JbHbIX CUMBOJIOB HEOO-
XOAUMO JJis KaXXJOW OTAEeJbHOH CHCTEMBI
cueta. IlepBoe uucsao, ans koroporo Tpeby-
eTcsl ABa cuMmBoJsa, — 3to 10 (B n060ii cuc-
teme). [lnsa Bcex umces, menbmnx 10, Tpe-
O6yroTcs OTAeJbHbIE W pa3Hble CUMBOJIbL. Bce
yucJaa, 6ospumre 10, MOXHO 3amucaThb, UCIIOJIb-
3ysi KOMOMHAIIMUA CMBOJIOB YHCeJ, MEHbUINX
10. ITo MpaBWJIO, OYEBUAHO, CIIPABEATNBO AJIsl
NecATEPUYHOU CHUCTEMBbI, C KOTOPOA MBI Tak
XOpOIIO 3HAKOMBI. MOXHO 0XHAATh, YTO B
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OYEHD BOJIbIIOE ¥ OYEHb MAJIEHBKOE

ApYTHUX CHUCTEMax 3TO NPaBUJIO TOXe CIpa-
BeIJUBO (B 4eM MbI MOXeM Yyb6eauTbcsi Ha
MpaKTUKe).

Xopo1o, Ternepb AaBalTe BBISICHUM, YEMY
paBHO 3HaueHHWe BbipaxkeHus 10, Hampumep,
B ABeHaAlatepuyHoit cucteme. OHO paBHO
(1 x 1271 + (0 x 12%, uau 12 + 0, uau 12
B /leCATepUYHOU cucTeMe. AHAJIOTUYHO B ce-
MepU4YHO#l cucteMe BbipaxkeHue 10 paBHO
(1 x7Y+ (0 x7%, um?7+ 0, unu 7.
Mo>xHO nmpoBecTH aHAJOTUYHbIE ONepalUu U
IJisi APYTUX CUCTEM, U MBI CKOpO ybeaumcs,
4YTO B CHCTEME, OCHOBAHHOI Ha KakoM-J1ubo
yucJse, BoipaxeHue 10 cooTBeTCTByeT UMeEH-
HO 3ToMy uucay. (B mecsatepuunoit cucteme
10, ectecTBeHHO, paBHo 10.)

B nBenaaunaTtepuyHOl cucTeMe HaM HYX-
Hbl OTJeJibHble UUQPBI JJs KaXA0TO YHCJA,
Menburero 12, to ectp 12 paszauyabix nudp,
BKJIlOYAsl HOJb. B ceMepuuHOil cucteMe Ham
HY>KHBI OTZeJIbHbIe IUDPBI AT KaKJOTO YHCJIA,
MeHbLIero 7, To ecTb 7 pa3auyHbix UUGDP,
BKJOYasi HOJb. JTO MPaBUJO CIPaBEIJIUBO
sl Bcex cueTHbXx cucTeM. CkaxeMm, B cuc-
TeMe cYyeTa, OCHOBaHHOU Ha 28, HaM HOHa-
n06sATCs 28 pasnuuHbIX UMEP, BKAKYAsA HOJb.
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Atizex Asumos. YUCJIA

YT0o6BI TOMOYB BaM IIyOKe pa3oOpaThCs B
3THX MpPaBUJIAX, i IPUBOXY TabJIUIy CUMBOJIOB
IS TIEPBBIX TPU/LIATH YKCEJT B IBEHAILIATEPUYHOMN
CUCTEME, B CEMEPUYHOU CHUCTEME U B TaK XO-
POILIO HaM 3HAKOMOM JecsiTepUYHOM cuUcTeMe.

Cemepuunass | [lecatepuyHass | /IBeHaalaTepuyHas
cucTteMa cucTeMa cucreMa

1 1 1

2 2 2

3 3 3

4 4 4

S S )

6 6 6
10 7 7
11 8 8
12 9 9
13 10 @)
14 11 #
15 12 10
16 13 11
20 14 12
21 15 13
22 16 14
23 17 15
24 18 16
25 19 17
26 20 18
30 21 19
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LHH®Pbl U - LIUPPBI

CeMepuuHast | [lecsatepuynas | /lBeHaguatepuyHas
cucreMa cucreMa cucrema
31 22 1@
32 23 1#
33 24 20
34 25 21
35 26 22
36 27 23
40 28 24
41 29 25
42 30 26

Cunraem npu noMomu
€IUHHIL H HyJeH

Jlna KaXkJol CYeTHOH CHCTEMbl MOXHO CO-
CTaBUTb TAGJHULbI CIOXEHUS U APYrux apud-
MeTHUYeCKHuX JeHcTBUiA. B nBeHanlaTepuyHO cH-
cteme 5 + 8 = 11, a 3 x 4 = 10. B ceMepuuHoii
cucteMe 3 + 6 = 12, a 5 x 3 = 21. Ham sT0
MOXET MMOKa3aThCS CTPAHHBIM, MMOCKOJbKY MbI
He HCIoJib3yeM monobHbie cucteMbl. Ho ecau
MbI TMIPOBOJAMUM BCE pacueThl B paMKax OJHOM
M3 TaKUX CHCTEM, MBI BUIHMM, YTO CHUCTEMA TaKXe
OTBeYaeT IOCTaBJEHHBIM 1lessIM. YeloBe4ecTBO
OCTAHOBHUJIOCH HA JEeCATEPUYHON CUCTEeMe TI0 TOH
NPOCTOM NMpUYMHE, YTO HA PyKax Yy YeJOBeKa
JecsiTh TaJiblleB, a BOBCe He MOTOMY, YTO 3Ta
cucrema 6oJjiee JIOTMYHA, 4yeM Jiobass apyras.
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Atizex Asumos. YUCJIA

OaHako B OTAENbHBIX CJIyYasiX U AJ KOHKpeT-
HBIX LleJIell MOXKeT OKa3aTbCs, YTO KaKas-TO CHUC-
TeMa cueTa siBJIsieTcsi ropaszio 6osiee PyHKIMOHATb-
HOWM, HeXeJu Jpyrue. ITO CIPaBelIUBO B CIyyae
CUCTEMBI, OCHOBAaHHOH Ha 2, TO eCTb ABOUYHOH CH-
CTEMBI.

Beipaxxenue 10 B ABOMYHON CHCTE€Me PaBHO
2 B necsatepu4yHoii cucteme. CiieqoBaTesbHO,
B TaKOH cHcTeMe TOJIbKO ABe uudpss, 0 u 1.
Ha npeapiaymunx cTpaHUIax MpUBEJEHbl CUM-
BOJIBI [JIs TEePBBIX YHCeJ TaKOW CHCTEMBbI U
COOTBETCTBYIONINE 3KBUBAJEHTHI ]eCATEePUYHOM
CHUCTEMBI.

[lepeBoa umMcaa U3 ABOMYHOU CUCTEMBI B Jie-
CATEPUYHYIO He COCTaBJseT TpyAa. PaccMoTpum,
HanpuMep, Boipaxkenue 11001 B ABonuyHOM cuc-
teme. OHO skBuBaseHTHO (1 X 24) + (1 x 23) +
+ (0 x 22) + (0 x 21) + (1 x 20), unu
16 + 8 + 0 + 0 + 1, uau 25, 4To COOTBET-
CTBYET SKBUBAJIEHTY, IIpUBEJEHHOMY B TabJiulIie.

Hsonunas | Jecsitepuunas | [IBouunast | [lecsarepuyHast

cucreMa cucTema cucTeMa cucTeMa
1 1 1001 9
10 2 1010 10

11 3 1011 1
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OYEHDb BOJIBIIOE 1 OYEHb MAJIEHBKOE

JBoununas | [lecatepuunas | [[souunast | [lecsatepuunas
cHcTeMa cHcTeMa cHCTeMa CHUCTeMa
100 4 1100 12
101 5 1101 13
110 6 1110 14
111 7 1111 15
1000 7 10000 16
10001 17 11000 24
10010 18 11001 25
10011 19 11010 26
10100 20 11011 27
10101 21 11100 28
10110 22 11101 29
10111 23 11110 30

IJTOT MPOLIECC MOXHO YHPOCTUTH, €CJH
NPUHSATH BO BHUMaHUeE, YTO YHMCJO 2, BO3Be-
JIeHHOe B CTeleHb, YMHOXaeTcs anbo Ha 0,
¥ TOraa pe3yjabTaT Toxe OyaeT paBeH HYJIIO
M ero MOXHO He Y4YMUTHIBaTh, Aub0 Ha 1, u
TOrZia 3TO MPOCTO 2, BO3BeJleHHOE B KaKYyIo-
TO CTEIlEeHb.

Takum 06pa3oM, Mbl MOXKEM IPOCTABUTD
NOPSAAKOBBIA HOMED CIIpaBa HajeBO, KaK 3TO
MOKa3aHO HUWXXe MaJIeHbKMMHU Hudpamu:

) 11001

43210

199



Atizex Asumos. YNCJIA

Kaxxpoe MajleHbKOe YHCIO0 — 3TO CTeleHb
yucaa 2, ompeaensieMasi MojoxkeHueM LuQ-
pbl B 4HCJIe, IPEJCTaBJIeHHOM B JJBOMYHOW CHU-
cteme. CienyeT y4YUTbIBAaTh TOJIbKO Te MOKa-
3aTeJIN CTEeMEeHU, KOTOPbIe CTOSIT POTUB eIUHHUIL.
[TokasaTenu, CTOsIIIKE MTPOTUB HYJEeW, MOXKHO
omyckatb. Mlcronb3ys Takoi MOAX0M, MOXKHO 3a-
nucath yucyao 11001 kak 24 + 23 + 20, uau 16
+ 8 + 1, uan 25.

Boabime uncia, Takue xak 1 110 010 100 001 001,
MOXHO MepeBOJUTb B NECATEPUUHYIO CUCTe-
My TakuM e oOpa3oM.
1110010100O0O01O00O01
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

[TockosbKy eAMHHUIIAM COOTBETCTBYIOT MO3U-
uuu 0, 3, 8, 10, 13, 14 u 15, To yucao Gyzaer
paBHATbCca 215 + 214 + 213 + 210 + 28 +
+ 23 + 20, uau 32, 768 + 16, 384 + 8, 192 +
+ 1, 024 + 256 + 8 + 1, unau 58, 633.

O6paTHbIi MepeBoJ M3 NBOMYHOMH CHCTe-
Mbl B J€CATEPUYHYI0O HE OYEHDb CJIOXKEH, HO
6onee anutenen. [Ipeamonoxum, yncao 1562
BBIPAXKEHO B JeCATEPUUYHOI cucTeme. B nBo-
UUYHYI0 CUCTEMY €ro MOXHO IepeBecTH cJie-
AyomumM o6pasom:
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OYEHDb BOJIBIIOE 1 OYEHb MAJIEHBKOE

Haubosbiiee 4uCI0, COOTBETCTBYIOIEE
IBOHKe, BO3BEJAEHHOU B CTelleHb, U MeHblllee
1562, — ato 210 (mau 1024). Ecau Mbl BbIu-
teM 1024 u3 1562, y Hac octaHercst 538. Te-
riepb HauOOJIbIlIee YHUCIIO, COOTBETCTBYIOLIEE TBOM-
Ke, BO3BEJleHHON B cTeleHb, 1 MeHbluee 538, —
10 29 (unu 512). Ilocse BHIYUTAHUS 3TOH
Besin4uHbl U3 338 y Hac ocraercs 26. bau-
XKailllee ¥ MeHblllee YUCJIO Tenepb — 24 (WU
16). IMocne Bpruntanusa ocraerca 10. Teneps
Oauxaitmee yucao — 3to 23 (uau 8). Iocae
BblunuTaHus ocraercsa 2 uaum 20. Takum 06-
pasoMm, 1562 = 210 + 29 + 24 + 23 + 21.

Tenepb Hago TOJBKO NMPaBUJIbHO paccTa-
BUTb 110 MECTaM I10Ka3aTeJu CTeNeHU CIpaBa
HajneBo. Exununs 6yayT crosats Ha 1, 3, 4, 9
u 10-i nosuuusax. Ha octanbHbIX mO3ULUSAX
MbI [I0CTaBUM HyJU. Takum oOpa3oM, Mbl 10-
aydyaem yucyao 11 000 011 010, xBoMYHBIN 9KBU-
BaJieHT yucaa 1562 B necsiTepUYHON CUCTEMe.

B 1BOMYHOI cCHUCTEMe OYeHb IpPOCThbie Tab-
JIUIBI CJIOXKEHUS] U YMHOXEHHUS:

0+0=0 0+1=1 1+1=10
0x0=20 O0x1=20 1x1=

N sTo Bech cnucok.
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Atizex Asumos. YNCJIA

Takum 06pa3oM, B IBOUYHOHN cHUCTeMeE:

11
+11
10

10
110

)41

11
x11
11
A1
1001

[TpaBUIBLHOCTD 3TUX BBIYUCJIEHHI MOXHO, TPU
JKeJIAaHWH, TIPOBEPUTDb, YYUTHIBAsSA, YTO yucaa 11,
110 1 1001 B 1BOMYHOI cUCTeMe PaBHbI COOTBET-
CTBeHHO 3, 6 U 9 B AecsiTepUYHON cucTeMe.

Teneps npeacrtaBbTe cebe, UYTO y Bac eCTh
cyeTHasl 3JIeKTPOHHas MamuHa ¢ Habopom
nepeksoyaTeseil (HallpuMep, NOJyIIPOBOAHU-
KoBbIX). Kaxablii mepekjioyaTesnb MOXeT
HaXOAUTbCSA B ONHOW M3 ABYX MO3ULUH —
«BKJIIOYEHO» (KOrja TOK MPOXOAMUT uyepe3 Iie-
pekJIloyaTesib) WU <«BBIKJIIOYEHO» (KOraa TOK
He MPOXOAMUT 4Yepe3 NepeKJyaTesb).
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Tenepp mnpeanoJyoxXuM, 4YTO MOJIOXKEHUE
«BKJIIOYEHO» COOTBeTCTBYeT 1, a moJioxeHuUe
«BBIKJIIOYEHO» cooTBeTcTBYeT 0. B atom cay-
Yyae CUEeTHYI0O MAIIUHY MOXHO CIIPOEKTUPOBATH
TaKuM 06pa3oM, 4YTOObI NepeKJlYeHrne eK-
TPUYECKOTO CHUTHaja Pa3JIMYHbIMU IepeKJIo-
YaTesIMU NOAYUHSIJIOCh TPAaBUJIAM CJIOXEHMUS,
YMHOXEHUSI U APYTUM AeHUCTBUSIM C €QUHH-
I[aMU U HYJISMU B ABOUYHOU cUCTeMe.

Takass MamuHa GyzeT Tak ObICTPO TMPOM3-
BOAUTH TNepeKJi0YeHre U NPOU3BOJAUTH BBIYMC-
JIEHUSI C TaKOH CKOPOCTBIO, YTO CMOXET BbIIOJI-
HUTb 3a CYUTAHble CEKYHIbl TaKOH 00beM
BbIYUCJIEHUI, Ha KOTOPBIi 4esoBeKy 1notpebo-
BaJOCh Obl He MeHbIle MeCsIIa.

Onnaxko, paccMaTpuBasi pa3jUyHble CUCTEMBbI
CYyeTa, Mbl CUJIBHO YKJIOHUJIUCh OT OCHOBHOH TeMbI
Hameil kHUTd. Temepbp Mbl BO3BpalaeMcsi K
JlecsITepUYHOI cUcTeMe, U BCS JajibHelliass UH-
¢dbopmanus 6yaeT nojpaHa UMEHHO B A€CSTEPUYHOM
cucTeMme.

/KoHriupyeM 3KkCOHEeHTaMH

st Toro 4TOo6BI 4ETKO YSICHUTD cebe, Ka-
KUe NeHCTBUSI MOXHO TNPOU3BOJAUTH C 3IKC-
IMOHEHIIMaJbHbBIMHM YHcJaMHU Ha ocHoBe 10,
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HayHeM paboTaTh C OTHOCHUTEJIbHO HEOOJb-
HIMMU YHMCJIaMM, a2 He C TaKUMU OTPOMHBI-
MM, KaK Macca 3eMJiM, 0 KOTOPO# LIjia peyub
B HavaJjie TJIaBBbl.

[IpeanosioxkuM, HaM HagO BBIPA3UTh B IK-
clloHeHUMaabHOU dopMme yucao 3200. Msr Mo-
K€M HCII0JIb30BaTh TOJIBKO IleJibie YHUCJia, MO-
3TOMy pasobbem uucao 3200 caeayomum
obpazom: (3 x 1000) + (2 x 100) unu (3 X
x 103) + (2 x 102). Ho ropasago ymobGuee B
TeX CJIy4asiX, KOrJa 3TO BO3MOXHO, 110J1b30BaThCSI
OAHOU KCIIOHEHTOHU. DTOr0 MOXKHO AOOUTHCS,
UCTIOJNIb3YsI AecsaT4Hblie Apobu. IIpeacrabum 3200
B Buze 3,2 x 1000 (MoxeTe caMOCTOSITETbHO
IIPOM3BECTU YMHOXEHHUE U TIPOBEPUTH IIPABUJIb-
HOCTb 3TOro yTBepxzaeHus) uau 3,2 x 103.

MoxHo, KoHeuyHo, npeacTtaButh 3200 kak
32 x 100, yTOo B 3KCHOHEHIHANbHOU (dopme
nact 32 x 102 MoxHo BbI6paTh TaKOH BapH-
anT: 3200 = 0,32 x 1000 uau 0,32 x 10% Bce
3TH BbIPAXKEHUS MAEHTUYHBbL. ITOT (aKT MOXKHO
MOATBEPAUTD, IIPOU3BE/s ONepallMd YMHOXe-
HUs. J[J1s1 KaXXJ10T0 OTAEeJbHOrO CJy4Yasi Mbl I110-
ayuuM 3200. Ho aTtoT ¢pakT MOXHO moATBep-
IUTHb, HE TIPOU3BOAS OlePalMil YMHOXEHHUS.
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IIpeamnosioxum, Hago yMHOXHUTb 40 Ha 50.
40 x 50 = 2000.

Teneps pa3genum oauH U3 COMHOXUTeJEN Ha
2, a npyroii yMHOXXuM Ha 2. [lomyyaem 20 x 100,
win 80 x 25. 1 B TOM M B ApyroMm ciyyae pe-
3ysbTarT onuH U TOT ke, 2000. IIpeamnonoxum,
Mbl YMHOXKaeM OJIMH U3 COMHOXxuTesel Ha 10, a
apyroit nenuM Ha 10. Toraa mei nonmyyaem 4 x
x 500 mnm 400 x 5. 1 B TOM U B APYroM cJiy-
yae pe3yJibTaT oAUH U TOT e, 2000.

JApyrumMu cjoBamMu, NMpU NEPEMHOXEHUU
IBYX 4yMceJ UX IIpOU3BeJleHHe He MeHseTcs,
ecJii OUH M3 COMHOXMUTeJed YMHOXHUTb Ha
KaKoe-TO YMCJIO, 2 APYrod pa3fesuTh Ha 3TO
XKe camMoe 4HUCJO.

Teneps paccmoTpuMm npoussenerue 3,2 x 103,
Ymuoxum 3,2 Ha 10 u pasgenum 103 Ha 10.
Kak MbI yxe 3HaeM, Ipou3BeieHHe OT 3TOrO He
U3MEHUTCS.

3,2 x 10 = 32. Pazgenum 10% na 10 (uuam,
4TO OZHO M TO Xe, yMHOXxuM Ha 10') u mo-
ayyum 102 Tenepb mpou3BeneHHE BHITJISIIUT
kak 32 x 10?%, npu 3TOM ero BeJUYMHA He U3-
MEHSIETCS.
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Ms moxeMm paszenutsh 3,2 Ha 10 (mo-
ayyaeMm 0,32) u ymuoxutp 10° Ha 10 (10%).
B pesyabraTte mosyyaem 0,32 x 104, npu
3TOM BeJMYMHA TaKXe He U3MEHMJIACh.

Mubi BuauM, yto BoipaxeHus 0,32 x 104,
32 x 102 3,2 x 103 gBASAIOTCS OJHUM U TeM
ke ynucyaoM. Toraa kakoi CMbICT MEHSITh OJHY
dopmy Ha apyryw? C TOYKH 3pEeHUS] KOPpEK-
THOCTH PAacyeTOB HUKAaKOTO CMbICJa HET, a BOT
C TOYKH 3peHHUsi ynobcTBa NpoBeAeHUs BbIYUC-
Jeuuit — 6e3ycioBHO ecThb. IlesecoobpasHo uc-
10J1b30BaTh Takyio GOPMY 3KCIIOHEHIINATbHOTO
BBIDA)XEHUS, KOrJa He3KCIIOHEeHUHaJbHas
yactb sBJjsercs yuciaom ot 1 go 10. B cay-
yae 32 x 10? He’KCIIOHEHIIMATbHAS YACTh OOJIb-
we 10, B cayyae 0,32 x 10* HeskcnoHeHuu-
anpHas yacTh MeHbine 1. B cayuae 3,2 x 103
He3KCIIOHeH[MaJbHAsT YaCTb HAXONUTCS MeX-
ay 1 u 10, u 210 Kak pa3 Ta popma BbIpaxe-
HUsI, KOTOpasi OOBIYHO UCIOJIb3YETCS.

Jlnst yucesn, MEHbIIUX eJUHULIBI, 3TO Ipa-
BUJIO TaKXe CIpPaBeIJMBO, 32 UCKJIIOYEHU-
eM JeTajieil, KacaloU[UXCs 3KCIIOHEeHUUAb-
Ho#l yacTu. Hanmpumep, paccMoTpuM 4ucJo
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0,0054. Ero MmoxHo 3anucath kak 54 x 0,0001
uau kak 5,4 x 0,001. Kaxagoe U3 3TUX BbI-
pakeHUU 1ocje NepeMHOXEeHHUS AacT OAUH
u tot xe pesynabtat, 0,0054. B akcnoHnen-
[MaJbHON (GopMe 3TO BBITJASAAUT Kak 94 X
x 1074, 5,4 x 103 unu 0,54 x 10°2.

ITH BbIpaXeHUS TaKXXe dKBUBAJEHTHBI.
Kak 4 B mpeapiaylieM NpUMepe, Mbl MO-
)KeM YMHOXHUTb 5,4 Ha 10, 1073 pasgenuts
Ha 10. [Jenenune 103 Ha 10 paBHOLEHHO yM-
HoxeHHIO Ha 107!, /[esieHre paBHOIEHHO Bbi-
YUTAaHUIO OJHOrO IOKa3aTejasl CTelNeHUu U3
apyroro (-3 — 1 = —-4), to ectp 1073 pas-
nenuth Ha 10 paBHo 10 3! mam 1074 Ta-
KUM 00pa3oM, Mbl IIpeBPATHJIM BbIpakeHHE
54 x 103 B 54 x 104, He U3MEHUB ero Be-
JUYHUHBI.

[Ipu nmomouu aHAJIOTHYHBIX HPOLEAYP MbI
MoxeM npeBpaTtuth 3,4 X 1072 B 0,54 x 10
2, He U3MeHHUB ero Besu4yuHbl. Ho Ha mpak-
THKe IpeANoYTUTeSbHEe UCII0Jb30BaTh BbI-
paxenue 5,4 X 1073 mnockoabky B 3TOM
cJy4yae HedKCIIOHEeHI[MaIbHasl YaCTh HAXOJAUTCS
mexay 1 u 10.
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IIpoaoaskaem >KOHIJIMPOBATh
9KCNOHEHTaMH

K 3skcrnoHeHIMaJbHbIM YHMCJaM MPUMEHHU-
Mbl T€ )K€ NpaBHJa, KaK U K OOBIYHBIM YMC-
JaM.

B onepauusix cioxxeHUs ¥ BbIYMTAHUS y4ya-
CTBYIOT TOJIbKO HEIKCIIOHEHI[MAJIbHbIE COCTAB-
asomue yucen. Hanpumep, npu cioxeHUu
2,3 x 10" u 4,2 x 10* nonyuyaem 6,5 x 104
(IlpoBepbTe 3TO yTBepxKaeHUEe, TpeoOpa3oBaB
3KCIIOHEHI[MaJIbHbIe BBIPA)XXEHHUs B HEIKCIIO-
HeHuuanpubie: 23 000 u 42 000. CnoxusB ux,
Bbl nmosyyute 65 000. Takyio xe omepanuio
MOXHO OCYIIECTBUTb CO BCEMU NPHUMepaMH,
KOTOpbIe 5 NpUBeJ B 3TOi riaae. TakuMm 06-
pa3oM, Bbl HE TOJBKO Hay4YMTeCh 0OpamaThb-
CSl C 9KCIIOHEHIIMAJbHBIMHU BBIPaKEHUSIMH, HO
U Ha MpakTHKe cMoOXxeTe yOeauTbcs, 4TO He
006s13aTE€IbHO BEPUTH BCEMY, YTO BaM TOBO-
PAT, JaXke eCJU 3TO «4YTO-TO» HaleyaTaHo B
Tunorpadumu.)

Cymma yucen 8,7 x 104 u 3,9 x 10¢ paB-
Ha 12,6 x 10%. OTBeT MOXHO OCTaBUTb B 3TOM
BHUJIe, XOTSI HEIKCIIOHEHI[MaIbHAs 4aCTh GoJIbIie
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10. MoxHO Tak)e NpU IOMOUIA oOlepanui
YMHOXXEHUSI—IeJIEHUs, OTIMCAaHHBIX BbIlle, TIPH-
BECTH BbIpakeHue K 6osiee yno6HOMY BHAY:
1,26 x 10°. 3TOT OTBET TaKOi Xe MpaBUJIb-
HBIM, KaK U NpeABbIAYyIIUH.

A Kak mocTynarthb, KOTJa y YMCes pa3jidya-
eTcsl 9KCIOHeHIWa bHast 4acTh? Yemy Oymer
paBHa cymma 1,87 x 10 u 9 x 10?? [Insa Toro
4TOOBI IPOBECTH CJIOXKEHHE, OTpebyeTcst Npu-
BecTH oba yMcia K TaKOMY BHAY, Koraa obe
3KCIIOHEHIIMaIbHble YAaCTHU OAMHAKOBbI. Hampu-
mep, 1,87 x 10 mMoxHO mnpeobpa3oBaTh B
187 x 10% Torga MOXXHO NPOBECTH CJIOXKEHHE:
(9 x 102) + (187 x 10%) = (9 + 187) x 10? =
= 196 x 102 MoOXHO NOWTU APYTUM NyTEM U
npespatuth 9 x 102 B 0,09 x 104 Torama mo-
ayyum (0,09 x 10%) + (1,87 x 10%) = (0,09 +
+ 1,87) x 104 = 1,96 x 104

TakuM o6pa3oM, MbI MOJYYUJIH ABA OT-
Beta: 196 x 10?2 u 1,96 x 104 ItU ABa BHI-
pakeHHWs PAaBHOLIEHHBI, HO HUCIIOJIb30BaTh Ipej-
IIOYTUTEJNBHO BTOPOE.

C 3KCHOHEHUHUAaJTbHbBIMH YMCJIAMHU TaKXe
MOJXXHO NMPOU3BOAUTH OIlepallUM BbHIYUTAHUS.
Ha mnpakTuke, OJHaKO, 3KCIOHEHIMAJTbHOU
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¢dopMoii peako MOJB3YIOTCS MPU BHIMOJIHE-
HUU OTlepalMid CJOXEHHUs U BbIYMTAHMS, MO-
CKOJIbKY ynobOHee CKJaabiBaTb M BBIYUTATH
0oObIYHbIE YMCIa. A BOT NPH ONMEpalUSIX yM-
HOXKEHHUS U JIeJIEHUsI 9KCIIOHEHIIMaIbHbie YMCIIa
He3aMeHUMBbI. [IpeanosoxuM, HafLo MepeMHO-
*uTb 6000 Ha 0,008. 3TO B 06mIEM-TO He-
TPYAHO CAE€JaTh B CTOJOUK:
6000
x 0,008
480,000

B naHHOM mpuUMepe eJUHCTBEHHYIO TPYA-
HOCTb IIPEACTaBJIsIET onepanus ¢ HyasMu. HyxHo
BHUMATEJIbHO OTCJIEAUTH NOJOXEHHe AeCITHY-
HOH 3anlsITOM.

A Tenepsb nonpobyem MpPOBECTH YMHOXEHUE,
UCII0JIb3YST 3KCNOHEHIUANbHYI0 ¢GOpPMY BbIpa-
xeHUs: yuces. [lepeBeneM yucia B 9KCIIOHEH-
nuaabHyo ¢gopmy: 6000 = 6 x 104 0,008 = 8 x
x 1073, IlepemHoxuM 3td yucaa: 6 x 10* x 8 x
x 1073. 6 x 8 = 48; zarem 10% x 1073 = 10"
(CxnanpiBaeM akcnoHeHTo 4 + (—-3) = 1.) Ilo-
ayyaeM otseT: 48 x 10!, unu, B 6osee ynob-
Hoit ¢opme, 48 x 102, unu B Buge OOBIYHOTO
yucaa 480.
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Kak Mbl BUAUM, MCIIOJIb3YsI 3KCIIOHEHIIU-
asbHyl0 (GopMy, Mbl 3HAYMTEJIbHO YIpoOIla-
eM 3aa4y YMHOXeHHsI, 0COOEHHO B TOM CJIy-
yae, KOTla MUMeeM JeJi0 C OYeHb OOJbIIMMHU
U OYEeHb MaJIeHbKMMH YHMCJAMHU.

[IpeamnosioxxuM, HaO0 PEUIUTbh TAKYI0 3a-
nauyy. CKOJIbKO aTOMOB BOJOPOJAA COXEPXa-
Joch Obl B 3eMJie, ecau Obl OHa COCTOSIIAa TOJIb-
KO U3 3TUX aTOMOB BOAOPOA.

Macca 3emau paBHa
6 000 000 000 000 000 000 000 000 000
rpaMM, a Macca aToMa BoAOpoAa  —
0,00000000000000000000000166 rpamma. Ytobb
HalTH KOJIMYECTBO aTOMOB BOZIOPO/A, HAJI0 Maccy
3eMiM pa3mesMTh Ha MacCy aToMa BOAOPOAA, TO
ectb 6 000 000 000 000 000 000 000 000 000
paszaesauts Ha 0,00000000000000000000000166.
Pa3zymMeeTcsi, BbI MOXeTe NpOJeaaTh 3Ty NPO-
LEeAYPY, eCJIU 3aX0OTHUTE, HO, IOy, pa3yMHee
nepelTH K 3KCMOHEHIMAaJbHOU (opMe.

[Ipu KCMO/Ib30BaHUM KCIIOHEHIIMAIBHBIX BbI-
paxxeHUu i 3agaya cpasy YIPOLIAETCS:
(6 x 107) : (1,66 x 10-%*). Tak xe, Kak U B
c/lydyae YMHOXEHHS, MOXHO TIOIeJIUTh OAHY He-
SKCIIOHEHI[UAIbHYIO YacTh Ha APYyryl0. Takum o6-
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pa3oM, noaydaeM yactHoe 6 : 1,66 = 3,6 (npu-
OJIMKEHHO, HO JIOCTATOYHO JJIS JaHHOW 3a1ayn),
B TO xe Bpems 10?7 : 10 = 105'). Takum oGpa-
30M, KOJIMYECTBO aTOMOB Bozopozaa B 3emiie (ecau
Obl OHa COCTOsIa M3 OJHUX aTOMOB BOAOPOJAA U
uMesia Gbl Ty Maccy, KOTOPYIO UMeeT ceiyac) pas-
Hs1och 6b1 3,6 x 1051). Mym B Bizie 0ObIMHOTO YKMCIIA
3 600 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000
rpamM, ec/iit Obl TIPOCTO TIEPEMHOMKILIM [Ba OOBIYHBIX
4KCcJIa, KaK 9TO Jead B NPeIbIAYIINX pa3/esax.

He npexacraBisieT TpPYAHOCTH TaKXXe BO3-
BeJeHHe B CTelleHb 9KCIOHEHIIHAJbHbIX BbI-
pPakeHM M M3BJeYeHHEe U3 HUX KopHsa. Tak,
(9 x 102 paBHo 9% x (10%)2% uyTto paBHO
81 x (102 nnu 81 x 108, uamu 8,1 x 10° Touno
TaK )Ke MOXXHO M3BJieub KopeHb U3 (9 x 10%).

Kopenb kBagpaTHbiii U3 9 x 10%(\9x10%) pa-
BeH.9 x 410*,uamu 3 x 102

IMoanocTbiO nepexoauM Ha IKCIIOHEHThI

EcTp emie HesicHble MOMEHTHI IIpU UCIIO0JIb-
30BaHUU 3KCIOHEHIUATbHOU (l)OprI 3alin-
cu yucen. Ecnu Mbl uMeeM €10 ¢ 4yucJa-
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MU ¢ 60JbIINM KOJIMYECTBOM HYJIei, Bce J0-
ctratoyHo npocto. Ho npeamosoxum, 4To
Hajao nepeMHOXUTbh 6837 u 1822. Ecau mbr
3amnuuieM 3TH YUCIA B 3KCIOHEHIUAJNbHON
dopme, To monyyum: 6,837 x 10°u 1,822 x
x 103. TlepeMHOXHUTb IKCIOHEHI[HATIbHbIE Ya-
CTH HECJIOXHO, a BOT 4YTO JeJjaTh ¢ YUcCJa-
Mu 6,837 u 1,822? Mbl CTOJKHYJHCH C TOM
XKe 3amadeil, kKak U TpU IepPeMHOXEHUH
60JIbIIUX YHCEJ, C TOH TOJBKO PasHUIEN,
4YTO HA/JO CJEJUTDb 32 MOJOXKEHHEM JIeCSATUY-
HOTO 3Haka. /[pyruMu cjaoBaMHu, HaM HYX-
HO IpeJCTaBUTh YMUCJO B Takou ¢opme, 4TO-
O6bl HEIKCIOHEHIMaJbHasl 4YacCThb ObIIAa Kak
MOXHO kopode uiau paBHsnach 1. [Tockonbky
peyb UAET O AeCSATEPUYHOU cUcTeMe, HaAM
NOHAAO00SATCS JeCsATHYHbIE DKCIOHEHTHI,
KOTOpble Mbl 06CYX/Jajid B KOHIE CeAbMOii
rJIaBBHI.

Teneps naBaiiTe moapo6HEe PacCMOTPUM
akcnoHeHTsl Ha ocHoBe 10. Hauynem c
10° = 1 u 10! = 10. A 4yeMy paBHBI
akcroHeHTor Mexay 0 u 1?7 Hanpuwmep,

1
10% = 10? = 10, 4yTO NPUOIUZUTEIBHO PABHO
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3,162278. Takum xe cmocobom (HO ¢ 60Jib-
MIUMU CJIOXKHOCTSIMH) MOXHO IMOJYYUTh 3Ha-
yenue 10 B ctenenu ot 0 o 1. ITU Besu-
YMHBI NOACYUTAHBI U COOPaHbl B CIENHATbHBIX
CpaBOYHHUKaX B Buae Tabuaun. B Hamei
KHU)KKe IpUBeJeHa KpaTkKas Tabiuia 3Hade-
HU# uyuciaa 10, BO3BeeHHOTO B pa3JiUYHbie
CTeIeHH.

[TockonbKy B IaHHOM cJiyyae OCHOBaHU-
eM Bcerga siBasercs uucyao 10, To B tabau-
ax OOBIYHO MPHUBOASTCS TOJbHKO IOKa3aTe-
JIX CTENEeHU, TO eCThb IKCIOHEeHThl. OTaebHO
3alMCaHHas 9KCIIOHEHTa Ha3biBaeTcs Jiorapug-
MOM, 3HauyeHHEe IKCIIOHEHIIHAJbHOTO BbIpaXke-
HUS B BUJe OOBIYHOTO YKMCJA Ha3biBaeTCsA aH-
tuiaorapudmoM. Hanpumep, B BbIpaxeHUU
102 = 100 cupaBeasuBbI ciaeayouie 0603Ha-
YEeHMUS:

2 — gorapucpm 100,
a 100 — anTunorapupm 2.
Tabauua, npuBeneHHass HUXe, B KOTOPOM
IIpuBeeHbl aHTUJOTapudMbl AJS psiga Jio-

rapu¢MoB, Ha3biBaeTcst Tabuuiei aHTUJIOra-
pudmoB.
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Kparkas tabauua antwiorapapmMoB

JxcnoneHuaibaoe | Jlorapudm Anrtunorapubm
BbIpakeHHe
1000 0,0 1,000
10%1 0,1 1,259
1092 0,2 1,585
1003 0,3 1,995
1004 0,4 2,512
1005 0,5 3,162
1006 0,6 3,981
1007 0,7 5,012
1008 0,8 6,310
1009 0,9 7,943
10"0 1,0 10,000

B Tab.mie npuBeaeHbl NPUOIMKEHHbIE 3HA-
YeHUs aHTHJIOTapU(GMOB, 1a U HEBO3MOXXHO HPU-
BECTU TOYHBIE 3HAYEHHs], IOTOMY 4YTO OHHU Cy-
I[ECTBYIOT TOJIbKO AJIsl TaKUX uuces, kak 10°9,
10'° u Tak manee. OQHAKO BEJIUYUHY AHTHUJIO-
rapu¢Ma MOXXHO BBIYHCJIUTD C TAKOH TOUHOCTbHIO
(TO ecThb A0 TAaKOTrO AECATUYHOTO 3HAKa), KOTO-
pasi TpeObyeTcsi B JaHHOM KOHKDETHOM CJiydae.

Ecau Mbl moiizem B oOpaTHOM Hampas-
JIEHUH, Mbl MOXeM Jjaboe uncao ot 1 go 10
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npeactaBuTh kKak 10 B Kakoi-TO cTelmeHH.
JpyrumMu cioBaMu, IJsl KaXXAOTO Yucja NPHU
MOMOIIM COOTBETCTBYIOIMX METOAUK (KOTO-
pbie Mbl He OyaeM o6CyXaaTh B Halled KHUX-
Ke) MOXXHO BBIYHUCJUTH 9KBUBAJEHTHBIH JIO-
rapupm.

Huxe npuBoauTcs KpaTkas tabauua Jo-
rapudmoB ais psna obbiuHbiX uucen. [loxa-
po6Hbie Tabauubl JOrapudMOB, B KOTOPBIX
MOJXKHO HaWTH Jorapudm aast awboOro yuc-
Jla, colepxKarcsl B psfie CIIPaBOYHHUKOB.

Tabaunsbl sjorapudMoB yxKe COCTABJIEHBI,
U HUKOMY OoJiblile He HYXHO 3aHMMAaThCs
CaMOCTOSITEJIbHBIMU TOACYETAMU. ITa TPYIO-
eMkasi pabota yxe nposaesaHa. EAuHCTBeH-
HOe, YTO HeOOXOAUMO clesiaTh Telepb, — ITO
HalTH HY)XHOe 3HaueHue B Tabuuie Jjorapud-
MoB. Bo3bMeM Hayran kakoe-HUOyAb YKCIIO,
Hanpumep 3,2, u Haiigem no Tabauie, nNpu-
BeJleHHOUN HHUXe, 3HaueHUe yorapudpma. Jlo-
rapudm 3,2 paBen 0,5051. Eme oauH npu-
Mep u3 Tabauusl: gorapudm 2,4 pases 0,3802.
(Pazymeercs, 3T0 npubIMXeHHbIE 3HAYEHUS
Jorapu¢MoB.)
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Manas Tabauuna aorapudpmoB

Yucno Jlorapudm Yucno Jlorapupm
1,0 0,0000 3,4 0,5315
1,1 0,0414 3,5 0,5441
1,2 0,0792 3,6 0,5563
1,3 0,1139 3,7 0,5682
1,4 0,1461 3,8 0,5798
1,5 0,1761 3,9 0,5911
1,6 0,2041 4,0 0,6021
1,7 0,2304 4,1 0,6128
1,8 0,2553 4,2 0,6232
1,9 0,2788 4,3 0,6335
2,0 0,3010 4,4 0,6435
2,1 0,3222 4,5 0,6532
2,2 0,3424 4,6 0,6628
2,3 0,3617 4,7 0,6721
2,4 0,3802 4,8 0,6812
2,5 0,3979 4,9 0,6902
2,6 0,4150 5,0 0,6990
2,7 0,4314 35,1 0,7076
2,8 0,4472 5,2 0,7160
2,9 0,4624 5,3 0,7243
3,0 0,4771 5,4 0,7324
3,1 0,4914 3,9 0,7404
3,2 0,5051 3,6 0,7482
3,3 0,5185 3,7 0,7559
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Yucrao Jlorapudpm Yucno Jlorapupm
5,8 0,7634 8,0 0,9031
5,9 0,7709 8,1 0,9085
6,0 0,7782 8,2 0,9138
6,1 0,7853 8,3 0,9191
6,2 0,7924 8,4 0,9243
6,3 0,7993 8,5 0,9294
6,4 0,8062 8,6 0,9345
6,5 0,8129 8,7 0,9395
6,6 0,8195 8,8 0,9445
6,7 0,8261 8,9 0,9494
6,8 0,8325 9,0 0,9542
6,9 0,8388 9,1 0,9590
7,0 0,8451 9,2 0,9638
71 0,8513 9,3 0,9685
7,2 0,8573 9,4 0,9731
7,3 0,8633 9,5 0,9777
7,4 0,8692 9,6 0,9823
7,5 0,8751 9,7 0,9868
7,6 0,8808 9,8 0,9912
7,7 0,8865 9,9 0,9956
7,8 0,8921 10,0 1,0000
7,9 0,8976

Teneps, Koraa y Hac eCTb 3Ha4eHUs1 Jorapud-
MOB, TO €CTb 9KCIIOHEHT, MOKHO MX HCIOJIb30-
BaTh NPH ONEPANUSIX YMHOXEHHUS U JeeHHUs.
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Mbi 3HaeM, 4TO IPU YMHOXXEHUHU MOKa3aTeau
CTeNeHH CYMMHUPYIOTCS, 3HAYUT, YTOOBI mepe-
MHOXHUTD 3,2 U 2,4, A0OCTAaTOYHO CJOXHUTb UX
gorapudmsl, 0,5051 u 0,3802, cymma KOTOpPBIX
paBHa 0,8853. ITo MoKa TOJbKO IKCIIOHEHTA,
TO €CTb YHCJO, KOTOPOE MBI HIEM, — 3TO
100853, Tenepp Hafo onsATh 06PATUTHCSA K TAb-
Jyie aHTUgorapudMoB U HAWTHU aHTUJIOTA-
pudm 0,8853. It1o 7,68. Takum obpasom,
3,2 x 2,4 = 7,68.

Ecau xe mbt xoTuM nogesuts 3,2 Ha 2,4, no-
crtatouno Bbiyectsh 0,3802 u3 0,5051, uro pas-
Ho 0,1249. AHTusOorapudm™ 3TOrO YMCIa paBeH
1,333, 4TO U ABAAETCSA OTBETOM.

A Temepb BepHeMCs K NPHMepPY, C KOTO-
poro MbI HayaJau 3TOT pasdgen: 6837 x 1822,
[Ipeo6padyeM 3TH YHMCJa B 9KCIOHEHIIUAJb-
Hylo ¢opmy u moayyuMm (6,837 x 103) X
x (1822 x 10%). Jlorapupm 10°® — aTo mpo-
cTo 3, TaKk Kak Jorapudm uyucia — 3TO CTe-
neHb, B KOTOPYIO Haao Bo3BecTtH 10, 4ToOBI
NOJIYYUTHh AAHHOE YKMCJIO0. A AJIsT TOTO YTOOBI
nonyuuth 103, oueBuaHo, Hagzo 10 Bo3BecTH
B TPeThIO cTeneHb. TOYHO Tak ke jorapudpm
10'? paBen 12, a sorapudpm 10-'* paBen — 14.
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Jlorapudm ymucna 6,837 Hago Mckath B TaO-
auie gorapupMoB 6osiee noapoOHOIA, YeM Ta,
KOoTOpass npuBeneHa B KHHXKe. OH paBeH
0,83487. Torma norapudpm 6,837 x 103 pa-
BeH 0,83487 + 3 (BcnoMHHUTE, IPU I1€PEMHO-
XKEeHUU 4YHUCeJ Mbl CYMMHpyeM HUX Jorapud-
Mbl), uaun 3,83487.

TouHO Tak xe 10 TabauIe HaXOAUM JIO-
rapudpm 1,822, kotopsiit paBen 0,26055, Ta-
kuMm ob6pasom, sorapudm 1,822 x 103 pasen
0,26055 + 3, uau 3,26055.

YT106bl IEPEMHOXHUTDb yncaa 6837 u 1822,
HYXKHO CJIOXXMTb UX JIoTapudMbl, a 3aTeM Haii-
TH aHTUJIOorapudm cymmbol. TakuM ob6pa3om,
gorapudM Npou3BeAeHUs ITHUX YUCEJ PaBeH
3,83487 + 3,26055, uau 7,09542. 3to 4uc-
JIO MOXHO npeactaBuTh Kak 0,09542 + 7. [le-
CSITUYHAsT 4YacTh 4YHUCJIA, B JAaHHOM cJyyae
0,09542, Ha3pIBaeTCs MAaHTHUCCOM, a Leaas, B
NaHHOM cJiyyae 7, — XapaKTepUCTUKOM.

AxTHyorapudM yucia — 3TO MPOCTO YUCJIIO
10, Bo3BeneHHOEe B 3Ty cTeleHb. AHTUJIOra-
pudm 0,09542 (onpeneneHHbiit 110 Tabsauie)
paBen 1,246, a antunorapupm 7 — sto 107
[Ipu nepexoze ot Jjorapudma K aHTHJIOTA-
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pudMy cloXeHUe 3aMeHsIeTCS YMHOXEeHUEM.
Takum o6pasoM, anTuorapucdm pasen 1,246 x
x 107. Unau B 0ObIYHOMN, HEIKCIIOHEHIIUAb-
Hoi ¢opme 12 460 000.

Ecau BBl npocto nmepemHoxurte 6837 Ha
1822 B ctonbuk, To moayuute 12 457 014.
OnHako He ciaenyeT 3a0bIBaTh, 4TO Jorapud-
Mbl — 3TO HPHUOJMKEHHbIE BEJIMYUHBI, TAaK YTO
U pe3yJbTaT Mbl MOX€M IOJYYUTh TOJIBKO C
onpeneJeHHbIM IIPUOIHKEHUEM.

Yro6s1 pazaenutb 6837 Ha 1822, Hago BbI-
4yecTh Jiorapu¢M BTOPOro yucjia u3 jorapudma
nepsoro, unu 3,83487 — 3,26055 = 0,57432.
Antunorapudm aToro yucaa pased 3,752. ITo
U ecTb UCKOMBIN oTBeT. Eciiu Bbl BBINIOJHU-
Te AeJieHHe B CTOJOUK, TO moJjyuute 6Gosee
TouHOoe BbipaxeHue: 3,75192. Ho kak mbl yxe
3HaeM, jorapudmMbl — 3TO NPUOJIUKEHHbIE Be-
JIUYHUHBL.

Bo3MoxHO, Tako#l MeTOA pacyeTa IO-
Ka3aJjcsi BaM TPOMO3AKUM U HeaddeKkTuB-
HBIM, BeAb Majo TOTO, YTO MbI IlOoJiy4aeM
npubJMKeHHbIH pe3yabTaT, HO HaZO elile
HUCKaTh OTBETHI B ABYX Tabsuunax. He npo-
e Ju NPOU3BECTH YMHOXEHHE B CTOJI-
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6uk? OmHAaKO NMPU MHXKEHEPHBIX M Hayu-
HBIX pacyeTax 4acTO AOCTAaTOYHO TOW TOU-
HOCTH, KOTOPYIO JaeT METOXA Jiorapudmos.
B TO e BpeMsi 4acTO NPUXOAUTCS MPOBO-
AUTh MHOTOKDaTHbie OIEpalHUU AeJeHUS U
YMHOXEHHUs, U MeToJ JorapupMoB OKa3bl-
BaeTcs NMpPOCTO He3aMeHUM. [Ipeamnosoxum,
Hajo pemuTh Takoil mpumep: (194,768 x
x 0,045 x 19,2%) : (1,558 x 35,4).

BaM noHago6UTCSA HOBOJIBHO MHOTO Bpe-
MeHH, YTOOBI TPOBECTH BCce HEOOXOAUMbIE
omnepanuM AeJeHUss U YMHOXEHHS, a UCIIOJIb-
3ysi MeToxA Jsiorapu¢dpMoB, €CJid Bbl XOPOIIO
ocBousu mpaBuia paboTel ¢ jgorapudmu-
4eCKUMU TabJMIAaMH, MOXHO PEIIUTh 3TOT
npumep o4yeHb ObicTpo. HyxHo O6ymer He-
CKOJIbKO pa3 3arjasiHyTh B TaGJHUIBI M NMPO-
BECTH HECKOJIbKO OTiepallhil CJI0KEeHUST U BbI-
YHUTAHUSA.

Ilanee, ecqiu 1O yC/JIOBHMSM Balieil 3a-
laYyd BaM JOCTAaTOYHO MNOJYYHUTh OTBET C
ompejaeJeHHbIM NMPUOJUKEHUEM — a B UH-
XKEeHEPHBIX MU HAYYHBIX PacyeTax MUMEHHO
3TO0 U TpebyeTcsi, — MeToA JOrapupMoB
NaeT AOTOJHUTEJIbHOE IIPEUMYIIECTBO, MO-
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CKOJIbKY OH 3HAYMTEJIbHO COKpallaeT Bpe-
Msi, He0OXO0MUMOe 1Jisi TPOBEAEHUS] BbIYKC-
JeHUH.

HoBbie cueThi

Kaoy k cokpameHUI0O BpeMeHHM BBIYUC-
JIeHUl MbI HaiigeM, ecaum oOpaTUM BHHUMa-
HUe Ha XapakTep JorapupMUYeCcKON 3aBU-
cumoctu. Jlorapudpm 1,0 pasen 0,0000,
aorapupm 2,0 pasen 0,3010, a sorapudm
3,0 paBen 0,4771. Ilpu yBesuyeHUU yucaa
oT 1 g0 2 BeauuyuHa jorapudpma yBeauyu-
Baetcsa Ha 0,3010; npu yBeqMYeHUH 4YHUCJA
OoT 2 1o 3 BeaMuyMHa Jorapudma yBeauyu-
Baetrcs Ha 0,1761. Jlorapudm 4,0 paBeH
0,6020, yto o3HavaeTt yBenuyenue Ha 0,1249.
[Ipu yBenuuenuu yucaa ot 9,0 no 10 no-
rapudm yBenuuubaetcs ¢ 0,9542 no 1,0000,
To ecTb Toabko Ha 0,0458. [Ipu mepexoxe
or 19 k 20 sorapudpm yBesUYUBAETCS C
1,2788 no 1,3010, To ectp ToabKO Ha 0,0222.

Tenepp HaHeceM Ha OJMH Kpail JIMHEHKU 3Ha-
4yeHUsI JIorapu(MOB, pacroioKUB UX PaBHOMEPHO,
a Ha IpYroy Kpail — COOTBETCTBYIOUINE 3TUM JIO-
rapudmam umucaa (aHTUIOTAPUGMBI).
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AnTHnorapugmsl
3 5 7.9 15 25 40 60 80 100
2 & 6 8 10 20 30 50 70 90
0 5 10 15 20
Jlorapudmsl

Jlorapudmuyeckas Iikaia

Mbi BUAUMM, YTO OObIYHBIE YMCJIA PACIO-
JIaraloTcs Bce 60Jsiee 4acTo ¢ yBeJUYEeHHEM YHUC-
Ja. ITo oTpaxaeT TOT (aKT, YTO C yBeJHUYe-
HUEeM 4YMCJIa CKOPOCTh yBesJHuyeHus jorapudpma
CHMKaeTcs.

[ITkasa, Ha KOTOPOH YMCJIa PACIOJIOXEHBI
He PaBHOMEDPHO, 2 COOTBETCTBEHHO BeJIMYMHAM
ux jJorapudmMoB, Ha3bIBaeTcs Jorapudmuyec-
KON mkanoi. JTa jorapudmuyeckas IKaua
CTajla OCHOBO# 11 U300peTeHUsi OHOTO OYEHb
II0JIe3HOr0 MHCTPYMEHTA [JIs1 BBIYUCJIEHUH —
JorapudpmMuyeckoir JHMHekH, KoTopas ele
COBCeM HelaBHO Obia HeOOXOAMMa KaXAOMY
HHXEHePY, A0 TeX IOp NMOoKa Ha CMeHY eil He
NPUILIY KaJbKYJISITOPbl U KOMIIBIOTEDHI.

JIuHelka ycTpoeHa cjaeaymoiuM ob6pa3om.
Ecnu nBe o6biuHbie JIMHEHKH, Ha KOTOPbIE Ha-
HeceHbl Jiorapu¢MUyecKkue MIKaJbl, JBUTaTh
APYT OTHOCHUTEJbHO APYTa, MOXHO NPOBOIUTH
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olepaluy CJOXXEHUS] M BIYUTAHHUS, a II0CKOJIb-
Ky IIKaJabl Ha JUHelikax jJorapudmMuyeckue,
3TO O3HayaeT, YTO MbI CKJaJblBaeM HJIH BbI-
YyyTaeM JIorapudMsl YUcCes, TO eCTb I1epeMHO-
XKaeM WJM JeJUM CaMU YHUCJa.
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IMoaBuxxHast orapudmudeckast IIKaga

Hanpumep, HaM HaZo NepPeMHOXHUTb 2 U
3. Kak noka3aHo Ha pUCYHKe, yCTaHaBJIMBa-
€M MOABMXXHYIO YacCTh JUHEHKU TakK, YTOOBI
nesenve 1 Ha Hell coBmaso c aejgeHueMm 3 Ha
HENOABMXKHOM 4acTH. 3aTeM MepeBOAUM B3TJISIA
Ha JiejieHde 2 Ha NMOABMXXHOW YacTU U CMOT-
PHUM, IPOTHUB KaKOT0 JAeJIeHUSI Ha HEeNOABU)XXHOU
4aCTH OHO YCTAaHOBHMJOCb. MBI BUAMM, 4YTO
ato 6. To ectp sorapupm 3 + norapudpm
2 = norapudpmy 6, a 3 x 2 = 6.

Ha cnenyomem pucyHke nmokasaH 3CKHU3
HacTosulei jorapumMuieckoil JUHENRKH C He-
CKOJIbKUMM IIKajJaMH. Takasl JuMHeika Mo3Bo-
JisieT OBICTPO pelaTh pa3HOOOpa3Hbie 3a4a4Yu
U TIPOU3BOAMTH CJOXHBIE PacyeTbl, TOUHOCTh
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KOTOPBIX 3aBUCHT OT pa3Mepa AeJIeHUH HIKaJ.
DakTHyeckH Takas JIMHEHKa NpencTaBJseT Co-
60t KOMNaKTHYI0 Tabauuy Jorapudmos.

—

OnHako KaXJ0e HOBOE€ AOCTHXKEHHE OObIY-
HO COINPOBOXAAeTCcs KaKUMHU-TO IOTEPSIMU.
TouyHo Tak ke aeno OOCTOUT U B clydae C
Jorapudmuueckoil nuHeitkoit. JIuneiika no-
3BoJIsieT ropasno ObicTpee U yaobHee Mpo-
M3BOAUTHb BBIYMCJIEHHUS, HO €CTb U IOTepH.
[Ipu ucnosnb3zoBauuu tTabauil sorapudmMoB Bam
He HaJl0 CaMUM OIllpeJeJisiTh IOJIOXKeHHe Je-
CSITUYHOU 3aMsITOMH, OHO yXe yKa3aHo B Tab-
aune. IIpu pacyetrax Ha JMHelKe BaM IIpH-
IeTcsl olpenessiThb MOJOXEHUe AeCSITUYHOH
3aNsATON CaMOCTOSITEJIbHO.

st Toro 4To6bBI ONpPENETUTDb MOJ0XKEHUE
NEeCATUYHOU 3ansToil, Heo6xoaumo rpy6o oie-
HUTb OTBeT peliaeMoi 3agayu. Hanpumep, Mbl
BBIUMCJISIEM BbIpaXKeHUEe, KOTOPOe paccMaTpu-
BaJIM paHee B 3TOH rjaBe:
(194,768 x 0,045 x 19,22) : (1,558 x 35,4).
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HpOI/I3BelIeM OKpyTrJieHHue 4YUcCeJl 3TOTrO0 BbI-

1
paxenus u moaydum: (200 x S5 x 20%) :

1
: (13 x 35), uro pasHo (4000 : 50), nam

80. 310 03HayaeT, YTO OTBET, KOTOPBIA MbI
IOJIyYUM, TOYHO pellasi NpUBeJeHHOE BbIIle
BbIpaXKeHUe, OyzeT HaXOMUThCS OJIMKe K YMCIIY
80, nexenu k 8 unu 800. Takum obpasom,
MbI OLIEHUJIU TMOJIOXKEHUEe NeCATHYHOU 3ams-
TOW, WJM, APYTUMH CJIOBaAMHU, «IOPSAAOK Be-
JUYMHBI» OyaylIero oTseTa.

Teneps, ucnosnb3ys JorapudMUYECKyIO JIH-
HelKy, MOXHO BbBIIIOJIHMUTb yYKa3aHHbIe Jeil-
cTBUsA. B pe3ynbTaTe Mbl monyyaem orBet 587,
a TOCKOJIbKY Mbl 3HaeM, YTO OTBET [JOJIXKEeH
HaxoauTbcs Onuxe Kk 80, yueM xk 8 uau 800,
TO AECSATUYHYIO 3ANSATYIO MOXHO CMEJIO CTa-
BUTb 10CJIe BTOpPOil 3Havameid nudpsl cie-
Ba, TO ecThb nosy4aem 58,7. Bce pacuers npu
IIOMOIIY Jiorapu(pMUyecKoil JIMHEeNKH, BKIII0Yas
onpeneseHUe MOPSAAKA BEJIUYUHBI, 3aHSIU Y
MeHs Bcero 35 CeKyH[, XOTS s1 CUMTAJ He TO-
pomsich, YTOOBI He HajesaTh OMUOOK.
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Ecau pewarts 3TOT npumep, NPOU3BOAST yM-
HOXeEeHUe M JeJieHHue B CTOJOUK, MOXHO IO-
Jy4yuTh GoJsiee TOUHBIM OTBeT. S mpoaenan 3T
BbluKcienus u noayyuna 58,6. Ho B nponec-
ce pacyeToB S JOIYCTHJ ABe OMHUOKH, KOTO-
pble MHe NPHUIULJIOCh UCIPABJSATh, U BCETO MHE
notrpeboBasoch 20 muuayT. He Mory ckasats,
4TO NpolleAypa AOCTaBUJIA MHE yIOBOJbCTBUE.
CHavasa s1 0OOHApYXKUJ PacXOXAeHHE C pe-
3yJIbTaTaMH pacyeTa Io JMHelKe, a 3aTeM ObLI
BBIHYX/IeH NIPOBEPUTHh KaXKABIH 3Tal pacuyeta
U CPaBHUTb €ro C pe3yJbTaTaMH, MOJyYeH-
HbIMU Ha JIHUHeEHKe.

CoBpeMeHHble KapMaHHbIe KaJbKYJSTOPHI
1 KOMIIBIOTEpHI, pa3yMeercs, eule 6osiee yI-
pPOCTUJIM Bce BO3MOXHbIe pacueTsl. Ho s1 uHoOr-
Ja IyMalo, YTO eCJIM COBPEMEeHHBbIN YyYeHbIH —
3TO HOBOE BOILJIOU[EHHE YYEHOTO APEBHOCTH,
TO KapMaHHBIH KaJbKyJsITOp — 3TO IPOCTO
HOBOe BOILJIOLIeHHEe APEBHUX CYETOB.



I'naBa 9

OT YHUCJIOBON OCHU
K YHUCJIOBOM IIJIOCKOCTH

BBoaum uuciao «i»

Jlo cux mop mpu o6CYXA€HUU KBaApPaTHBIX
KOpHeH s cTapaTe/jibHO u3beraj ymoMHUHaHUS
06 oTpulaTeJbHBIX YUCJIaX. Hanpumep, s ro-

BOpHUJ, YTO4 = 2, nmoToMy uto 2 x 2 = 4,
Ho TouHO Tak e cHpaBeAJIMBO BBIPAXKEHUE

V4 = -2, notomy uto (-2) x (-2) = 4. (Ha-
Jle10Ch, BbI He 3a6bLIU, YTO IPHU NMEpPEMHOXe-
HUM [IByX OTPHULIATEJIbHbIX YMCEJ MbI MOJIyya-
€M I10JIOXKUTEJbHOE YMCJIO.)

CrnenoBaresibHO, y 4ucJa 4 ecTh ABa KBaJ-
PaTHBIX KOPHS, BbIpakeHHe MOXHO 3alucaTh

caenyiomum obpasom: V4 = *2. CumBoJI <«+»
0603HaYaeT «MJH IJIIOC, U MHUHYC».

Ho ecau o6a uucina, + 2 u —2, ABJAAIOT-
Ccsl KOPHSIMM KBaJpPaTHBIMU U3 4, TO KaKoe

229



Arizex Asumos. YUCIIA

Ke YyucJao OyneT KOpHEM KBaJpaTHBIM U3 —4?
Koneyno, +2 x -2 = -4, vo +2 u -2 —
3TO He OAHO U TO Xe. Tak 4TO mepeMHOXe-
HUe 3TUX ABYX Pa3HbIX YUCeJ He SIBJSeTCS
BO3BeJeHHeM B KBaJpar.

OueBHUAHO, YTO CpeU MOJOXUTEJIbHBIX U
OTpULIATEJIbHBIX YHCEJ He CyHIeCTBYeT TaKo-
ro, Kotopoe, 6yayyu BO3BeAE€HO B KBaJparT,
najno 6b1 —4 wau ai060e Jpyroe oTpUIlaTesb-
HOe YHUCJI0, HO JaBaiTe NMPOSIBUM YyIOPCTBO,
nonpobyeM HaiiTU MoAXxoJsiniee YUCJO U pe-
IIUTb 3Ty 3azayy.

Jlyis Hayasa ynmpocTUM 3a/Jady, HacKoJib-

KO 3TO BO3MOXHO. JI1060e yucso, ckaxeM V64
MOXHO Pa30UThb Ha MHOXHUTEJU M 3alUCATh

B Buge J(6x4) . 1o BBIpaXKeHHUE MOXXHO AaJib-

me npeobpasoBath BV16 x 4. Ilpu atom

OKOHYaTeJ/JIbHbBIM OTBET He MeHsAeTcsa. V64 = 8

u V16 x V4 = 4 x 2 = 8.

Mbl MOXeM pelIUTh elle CKOJbKO Yroj-
HO IOJO6HBIX IPUMEPOB, U BCerja 3To Mpa-
BUJIO OyneT cripaBensinBo. To ecTb eciu YUCIIO0
pa36UTb Ha MHOXUTEJIM, TO KBaJApPaTHbIA KO-
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peHb U3 3TOro yucjaa 6yaer paBeH Npou3Be-
JE€HUIO KBaJpaTHbIX KOpDHEH COMHOXHUTeJeH.
ITO yTBepXJAeHHe CIpaBeJJUBO U AJS UP-

panvoHanbHbiX yucen Hanpumep, V15 =5 x
x V3. MOXHO 3arjsiHyTh B CIelHajbHbie Ta6-

JIMIBI MU HaWTH TaM 15, paBHbIil 3,872983.

B cBoio oqepenb,s/g = 2,236068,v3 = 1,732051

(koHE4HO, 3TO NpHbIIKeHHbIe 3HaYeHus ). [Ipu
nepemHoxenuu 2,236068 x 1,732051 moay-
yaem 3,872983, To ecTpb MBI AOKas3ajH, 4YTO

ViIs =5 x 3.

OTaMYHO, TOrAa MBI MOXEeM IPEeANOXUTh
Takyio cxemy. JIioboe OTpUIIaTEIbHOE YUCIO
PaBHO TMpPOU3BEAEHHUI0O COOTBETCTBYIOUIETO
HOJIOXKUTeJbHOrO 4Yucaa Ha —1. JIpyrumu
caoBaMu, —64 = 64 x (—1); —276 = 276 x (-1);
-1,98 = 1,98 x (-1) u Tak nanee.

KBagpatssiii kopeHb U3 1060ro 4ucsia, Ha-
npuMmep u3 —172, MoxHO pa36UTh Ha COMHO-

xutenan:v-172 =172 x J-1. Cuegosateib-

HO, eCJIM MBI HalJeM KBaJpaTHbIH KOpEHb
u3 —1, MBIl CMOXeM HaWTH KBaJpaTHBIA KO-
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peHb JI060ro oTpUnaTeIbHOro Yncaa. Ho Tyt

MbI ONSITb CTAJKHBAaeMCs C Hepa3peumuMoi,

Kasasocb Obl, 3amauei:
I1x1=1;(-1)x (1) =1

He cymecTByeT Takoro umucja, KOTopoe
npu NepeMHOXeHUH Ha cebs camoe 1ajo
661 —1.

CrienoBaTesibHO, €IMHCTBEHHOE, YTO MBI MO-
K€M caesaTb, — 3TO NPUAYMAThb TaKOe YMC-
J0, MBI MOXEM JOTOBOPUTHCS, YTO CHUMBOJI
# obo3Havaer, 4TO # X # paBHO OTpHUIATEJb-
HoMmy uyucay. Toraa #1 X #1 = —1. 310 BHI-
pa)keHHe CIIpaBeJIMBO 110 OIIpeAesieHHIo, a T10-
CKOJIbKY OHO He IPOTHUBOPEYUT HU OAHOMY
U3 MaTeMaTH4YeCKMX IMOCTyJaTOB, TO HET
HMUKAaKUX OCHOBaHUIl, 4TOOBI €ro He HCIOJIb-
30BaTh.

PasyMeeTcs, Takoe YHMCJIO SIBJSIETCS He-
peasbHBIM, BOOOpa)xxaeMbiM. MBbI Jilerko Mo-
xKeM cebe TmpeaAcTaBUTb, 4yTo Takoe +$1 u
-$1. +$1 — 3710 moxox B $1, a -$1 — 3T10O
pacxox B $1. Ho xak npeacraButh cebe #13$?
MaTtemMaTHKH, KOTOpbie NEPBBIMU CTaJH pa-
60TaTh C 3TUMU HOBBIMHM YMCJAMHU, Ha3BaIU
UX MHUMBIMH. B OT/iMUMEe OT MHUMBIX YHCET
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OT YHUCJIOBON OCU K YHUCJIOBOM IUIOCKOCTH

0bbIuHbIE OTPHUIIATEJbHbIE U MOJOXHTENbHbIE
YyycJja, KaK palMOHaJbHbie, TaK U UpPpaLUO-
HaJIbHble, Ha3bIBAIOTCS AEHUCTBUTEJIbHBIMHU.
MaTteMaTUKH He CTaJld H300peTaTh AJs
3TMX YHCeJ HOBOTO 3HaKa, HamoxobOue 3HaAKa
+ MJIM —, XOTS MHE KaXeTcCs, 3TO OblIo Obl
nesecoo6pa3no. Bmecto aToro oHu o6o3Ha-

ynuan V-1 6YKBEHHBIM CUMBOJIOM «i». J[pyrumu

caoBamu, i x i = -1, uauv-1 = i. Kpome
TOro, —i x —i Takxe paBHsSeTCS i%, TO ecTb

—1. MBI TakXe AOJIKHBI 3alUCaTbvy-1 = —i.
U nocnennee, —i x i = —i2= —(-1) = 1.
Tenepp Mbl JIETKO MOXX€M H3BJIeYb KBaj-

paTHBIN KOpeHb U3 JIIOOOro OTPUIIATETbHOTO

yuCcIa.

Bennuuna V-4 paBHaV4 x V-1, mam +2 x
X 1, YTO MOXHO INPOCTO 3alUcaTb Kak *2i.

TouYHO Tak Xe BeJUYMHa v-64 paBHa 64 x
x V-1, uaM *8 x i, YTO MOXHO NMPOCTO 3a-
nucatb Kak *+8i, a BequunHav-15 paBHa V15 x

x ~-1, wam £3,8729832 x i, 4TO MOXKHO MPOCTO
3anucarh kak +3,8729832i.
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Yucaa 1 KOOPAHHATHI O KOMNAcy

OpnHako Tenepb y Hac eCTb OTJIMYHBIN IO-
BOJA AJss1 Bo3MyileHUusi. Uto 6bl TaM HU To-
BOPUJIM, KaK Obl HU YCJIaBJIMBAJUCh, COBEP-
IIEHHO HEIOHSITHO, YTO TaKoe 3THU MHUMBIE
4yycaa, Kak MOXHO UX cebe MpeaCTaBUTD.

Ha camom gene Takoe 4MCJIO JOJIXKHO
0603HaYaTh TO, YTO Mbl €My IPHUMHUCAIH, TO,
0 YeM MBI ycJjoOBUJUCH 3apaHee. He Hazno
3a6bIBaTh, YTO YMCJA — 3ITO M306peTeHHE Ye-
JIoBeKa M MX LeJb — 006JierYuTh MO3HAHUE
BcesenHoOll, a cO CBOUMM CO3aHUSIMU 4Ye-
JIOBEK BIIpaBe NMOCTYyHaTh TaK, KaK CYUTAET
HY KHBIM.

BcrnoMHUM, YTO y ApeBHUX TPEKOB He
OblI0 OoTpULaTe bHBIX yuces. Jas Hux —1
Oblla He MeHee TaUHCTBEHHA U HEINOHSTHA,

yeM A1s Hac V-1, KOrAa MBI HPUCTYINHUJIU
K M3y4YeHUI0 MHUMBIX yuces. OOpaTUBIIUCH
K OTPHMIIaTEJbHBIM YHCJIaM, Mbl MCIOJb30-
BaJIM YUCJOBYIO OCb, HA KOTOPOil BBEpPX OT
HyJIeBOi OTMETKM pPacloJiarajuch IMOJIOXHU-
TeJbHblEe YHCJIa, 2 BHU3 — OTpHUIIATEJbHbBIE
(cM. rnaBy 2).
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OT YUCJIOBOHM OCHU K YHUCJIIOBOH IUIOCKOCTH

Takast cxema cpaboTajia B npouLisiii pas,
nornpobyeM ucrnoJib3oBaTh ee u ceityac. [Ipo-
BelleM yepe3 HYJeByIO OTMETKY ellle OAHY JIU-
HUIO, NEePIEeHAUKYJISIPHYIO IePBON YUCIOBOM
ocu. CnipaBa OTJIOXXKUM Yyepe3 paBHble UHTED-
Baianl +1i, +2i, +31, +4i, +5i, +6i, ..., a ciue-
Ba —1i, -2i, -3i, —4i, -5i, —5i... MsI noay-
YUJIU [B€ YUCJIOBblE OCHM:

YucaoBbie ocH 151 ﬂeﬁCTBHTeJIbeIX U MHUMBIX YHCEJ
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Tenepb Mbl MOXeM MpeACTaBUTH cebe, YTO
O03HayaeT CUMBOJI «i». PaHbille MbI ¢ BaMH ycC-
JIOBUJIMCB, YyTO +1 — 310 1 KM Ha ceBep, a —1 —
aTto 1 kM Ha for. Tenepp ycjs0BUMCS Takxe, UTO
+1i — 3T0 1 KM Ha BOCTOK, a —1i — 3T0 1 KM
Ha 3anaa. (J3TO cCOBceM He O3HayaeT, YTO MHHU-
Mble YKc/Ia 0003HAYaIOT KaKMe-TO PacCTOSHHUA. Y
MHHMMBIX YHCEJ HET NeACTBUTEIbHOTO 3HAYEHMUsI,
HO IpeAJIoXKeHHasi cXeMa IIOMOXKET HaM JIydile
pa3o6paThCsi B aOCTPAKTHBIX MOHSITHUSX M COOT-
HOIIIEHUSIX Ha KOHKPETHBIX NMpPUMEPax.)

Hanpumep, BMECTO 3HAKOB «+» M «—» MbI
MO’KeM HCII0Jb30BaTh OyKBeHHbiEe 0603HAYEHUS
CTOPOH CBeTa, KaK Ha KoMIlace. Y CJIOBUMCS, YTO
MOJIOKUTEJIbHBIE JeHCTBUTENbHbIE YUCTIA — 3TO
N-yucsa, oTpuLaTe/IbHbIE 1€HCTBUTEIbHbIE YHC-
Jla — 3TO S-4HCJIa, IOJOXHUTEeJIbHbIE MHUMbIE
yycjaa — 3To0 W-4uca, a OTpULaTeibHbie MHU-
Mble yMcya — 310 E-uucia.

B Hameit cxeMe coBceM He HY)XHO HCIIOJIb-
30BaTh CTPAaHHbIA TEPMHH «MHHUMOE YHCJIO»,
IIOCKOJIBKY y Hac BCe CTOPOHBI CBeTa — pe-
asbHbl. Ho y 3Toro tepmMuHa rayb6okue uc-
TOpUYecCKUe KOPHHU, U Telepb, MOXKaayi, 1o-
3JHOBATO MEHSITb Ha3BaHHUeE.
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OT YUCJIOBOW OCHU K YHUCJIIOBOH IUIOCKOCTH

Tenepsb, UCTIONIB3YST «YUCTA 110 KOMIACY»,
Mbl MOXEM CO3[aTh CBOIO COOCTBEHHYIO ca-
MOJOCTAaTOYHYIO CUCTEMY pacyeToB (CO3JaHUe
TakoH 3(p(peKTUBHON CUCTEMBI — 3TO LieJib MHO-
rux MaTeMaTukoB). Tabiuna yMHOXEHHUS B
Halei cuctemMe OyneT MMEeTh TaKOW BHUA:
NJN=N SJN=Ss EJN=E WIJN=W
NJS=S SJS=N EJS=W WJS=E
NJE=E SJE=W EJE=S WJE=N
NJW=Ww SJW=E EJW=N WJWwW=s
N(+1)

X N =
W(—i) E(+i)

S(-1)
YMHoxaeM Ha N BpaillendeM B HanpasJjenuu (°
N(+1)

W(-i) <\’ E(+i)

X E = 90°

S(-1)
YmHoxaeM Ha E Bpamenuem Ha 90°
[0 4acOBOH CTpeJike
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M xoTs Hama Tabjauna MMeeT AOBOJIbLHO
CTPaHHBIA BHUJ, Y Hee eCTb MPOCTOEe reoMeT-
pUYeckoe TOJKOBaHMe, KOTOpOe IIpeicTaBJie-
HO HUXKe Ha PUCYHKaX.

51 coBceM He yTBepXkaaw0, YTO TOJIbKO Halia
cUCTeMa CIpaBelJuBa, MOT'YyT CYLeCTBOBAaThb
U Jpyrue cUCTeMbl, B TaKOi Xe Mepe cIpa-
BeAsIMBble M HarjsiaHble. [IpocTo npeanoxeH-
Hasi cucTeMa ya00Ha U MCIOJIb3yeTCs.

HoBgbie ToukH no KoMmacy

Pa3 yx Mbl 3aTOBOPUJIM O ceBepe, I0re, 3a-
mase U BOCTOKe, TO cjeayeT BCIOMHHUTb U O
TaKMX HalpaBJIeHUsX, KaK ceBepo-3aliaj, Iro-
BOCTOK M Tak aajyiee. [lockosbky pe3ysbTaTr yM-
HOXEHUSI NeHCTBUTEJbHBIX YMCeJl Ha MHUMbIE
HUKOTrZIa He OyZeT JIOXKUThCS HU HA OAHY U3
oceii (ceBep—IOr WM BOCTOK—3amnax). A Kak
00OCTOSIT Zej1a CO CIOXKeHHeM, HallpuMep, YeMy
paBHa cymMma 1 + i? YdyeHble-MaTeMaTUKU He
YIOCY>KUJIKUCH TIPEIIONKUTD Cllel[MabHbI CUMBOJI
JUUIST 9TOTO BbIPa)X€HUSs, IO3TOMY €ro OCTaBJIsI-
10T B Buze 1 + i, HO B Halleil cuctemMe KOOp-
AUHAT €r0 MOXHO NPeACTaBUTb HAIJISIHO.
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N(+1)

A
NP

[ X S = 180° caBHr
S(-1)

W(-i)

YMHoxeHHe Ha S Bpamaet och Ha 180°
Ex S=W
Sx S=N
Wx S=E
Nx S=8S

N(+1)

W(—i) E(+1)

|__X W = 270° caBur
S(-1)

YmHuoxenve Ha W Bpaiaer ocb Ha 270°

Ex W=N
Sx W=E
WxW-=S
Nx W=W
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Atizex Azumos. YNUCJIA

N = noJI0XKHUTENbHOE AEHCTBUTENIBHOE YKCIO, HanpuMep +1.
E = nonoxurensHoe MHIMOE YKCJIO, HAalpuMep +i.
S = orpuuarenbHOe AeCTBUTENBHOE YUCIO0, HarpuMep —1.
W = oTpHlaTe/lbHOe MHMMOE YMCJIO, HaTIpUMep —i.

Tenepp maBaiiTe CHOBa IIOCTPOUM [IBE OCH,
HO BMECTO TOrO, YTOObI MMPOCTABJISATh 3HAYEHUSI
NPOTUB KaXXAOrO AeJeHUs, Ha 3TOT pa3 Ipo-
BelleM Yepe3 KaxKJoe JejieHue HOBYIO JIMHUIO.

[Ipennonoxxum, yepe3 Kax/0e JejieHue Ha Bep-
TUKAJIbHOU OCH, TO €CTb Ha OCU AeHCTBUTEJIbHBIX
4yces, Mbl IIPOBOJJUM TOPU3OHTAJIBHYIO JIMHUIO.
[TpoBoaum suHUIO Yepe3 neneHue +1, U Ha Bce
IPOTSDKEHHOCTH 3TOM JIMHUU 3HA4YeHUe NeHCTBH-
TeJIbHOTO yHucja paBHO +1. Cremywolnyio ropu-
30HTAJIbHYIO JIMHUIO IIPOBOAMM Yepe3 +2, U Ha
BCell IPOTSIXKEHHOCTH 3TOM JIMHUU 3HAYeHUe Jeil-
CTBUTeJIbHOTO yuciaa paBHO +2. Ciaenyiolryio ro-
PU3OHTAJIBHYIO JIMHUIO IIPOBOAMM Yepe3 —3, U
Ha BCei MPOTSXKEHHOCTH 3TOU JIMHUM 3HAYEHHE
feicTBUTeNbHOrO uucja paBHo —3. Takux nu-
HUU MOXHO IIPOBECTH CKOJIb YTOJHO MHOTO.

Takyio xe mpoueaypy MOXXHO OCYLIeCTBUTh
U C TOPU30HTAJIBHOMN OCBIO, TO €CTh C OCbI0O MHHU-
MbIX yucesn. Yepe3 kaxjaoe aejieHUEe HA TOpH-
30HTAJIbHOU OCH, TO €CTh Ha OCH MHUMBIX YH-
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OT YUCJIOBOM OCH K YUCIOBOM IUIOCKOCTH

ceJsi, Mbl IPOBOAUM BePTUKAJIbHYIO JUHUIO. Tak
e, Kak U B IPOLILJOM cJiyyae Ha Bceil mpo-
TSDKEHHOCTH JIMHUM, IIPOBEZIEHHO! yepe3 ejieHue
+1i, 3HayeHHMe MHUMOTO YyMcJa paBHO +1i; Ha
BCell IPOTSKEHHOCTHU JIMHUY, IPOBeIEHHOH Yepe3
neneHue +2i, 3HayeHMe MHUMOTO 4HUcCJja PaBHO
+2i; a Ha Bced NPOTSIX)KEHHOCTU JIMHUHU, NIPO-
BeJleHHOHN 4epe3 JaejieHUe —di, 3HaUeHHe MHHU-
MOrO 4YMCJIa PaBHO —Ji.

Teneps MbI MOJYYHIH CBOEOOPA3HBIi 11a6JIOH
IIaXMaTHON NOCKHM, Ha KOTOPOM IJIsl KaxKJOoH
JIUHMH, COOTBETCTBYIOI[ed MHUMOMY 4HUCJY, Cy-

3+3i

N
hA
=

o ™S

ans

@ 1+i

7-3i¢

KoMniekcHble yucaa
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HIecTByeT JIMHUS, COOTBETCTBYIOIAs AeiCTBU-
TEJIbHOMY YMCJy, U Ha060pOT, IPUYEM 3TH JIU-
HUU TlepeceKaloTcs.

Tenepp Mbl CMOXXeM HaliTU OTBeT Ha BOII-
poc, yemy paBHa cymma 1 + i. HucJio, coort-
BeTcTBywilee 1 + i, — 3TO TOYKa Iepeceye-
HUs JuHMHA +1 ¥ +i Ha Hamem mabJjoHe.
[TockoJIbKY PacCTOSHHUS MeXIy AeJleHUSIMHU
Ha 00eux ocsAx oAMHaKoBbI, 1 + i mpexcras-
JasieT coOOi 4YMCIO B HampaBJIeHUH CEBEPO-
BocToK. TouHo Tak ke u 2 + 2i, 3 + 3i, 4 +
+ 4i u Tak na’nee.

Yucao, nomobHoe uucay 1 - i, MOXHO
npeactaButh Kak +1 + (—i), u oHo GyzneT Ha
HalleM I1abjoHe MpPeACTaBasITh COO0N TOYKY
nepeceyeHus: npsiMpix +1 U —i, To ecTb B Ha-
IpaBJieHUU CceBepo-3amaa. ToOYHO TakK xXe
-1 + i— 2TO WOro-BocTOK, a —1 — i — 3rto
I0r0-3amnaj.

[pyrue HanpaB/ieHUsI MOXKHO TpeACTaBUTb
TaKMMH 4YucJIaMH, Kak 15 + 2i, -7- 3i u
tak panee. Ilo cyTu mena, kaxzaasi ToOuka Ha
HameM mabsoHe (KOTOPBIMA, KaK Bbl yXe J0-
rajajuch, MOXHO pacClIMpsITh OECKOHEYHO)
npeacrtasjseT cob60i KaKoe-TO YMCJO, KOTO-
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poe sSBASIeTCSI CYMMOU AeNCTBUTEJBHOTO U
MHUMoOro uucia. boJsee Toro, nojsoxeHue TOUKU
Ha ma6joHe MOXXeT COOTBETCTBOBATb BbIpaA-
XKEHMIO, COAEePXKAIEMY NECATHUYHYIO APOOb HJIH
UppalMoOHaJIbHOE 4HUCI0, Hanpumep 9,54 +

+ 0,015, unu 247 + -5V2i.

Yucsa, moxobHbIe T€M, YTO MPeACTABIIEHBI
BblllIe, COCTOSIIHE U3 JeHCTBUTEIbHON U MHUMOH
yacTeil, Ha3pIBalOTCSA KOMIIJIEKCHBIMU. JIo6oe
JNefcTBUTEbHOE UM MHHUMOE YMCJIO MOXET
ObITH MPEACTABIEHO B BUJE KOMILIEKCHOTO, TO
ecTb 42 = 42 + 0i, a 51 = 0 + 5i.

KoMnekcHble yucaa NpeacTaBisilOT UH-
Tepec He TOJIbKO IJI1 UHXEHEPOB M yYeHBIX,
OHM TIPE/ICTABJISIIOT U YUCTO NPAKTUYECKUN UH-
Tepec B OObIJ€HHOHN >XU3HM, MOCKOJIbKY, B OT-
Jiyye OT OGBIYHBIX YHMCeJI, YKA3bIBAIOMMUX TOJIb-
KO BeJUYHUHY, OHHU YKa3blBAIOT TaKXe H
HamnpaBJieHUE.

[IpuBenemM npuMep, KOTOPBIN MPOAEMOH-
CTpUpYeT BaM pOJib KOMIJIEKCHbIX uMcesa. Pac-
CMOTpUM Takoe ¢u3nyeckoe MOHSATHE, KaK
cuna. Cusa MoXeT mpeAcTaBasITh COO0U TOJ-
Kamollee ycujue WU TsHyulee ycuaue. Tou-
Kalollee ycujue — 3TO NOJOXUTeJbHasl Be-
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JUYMHA, TAHyllee — oTpuiaTteabHas. Kpome
TOr0, CUJa MOXET U3MEHSATbCA II0 BEeJHYM-
He. TakuM 06pa3oM, Mbl MOXEM HCIOJIb30-
BaTb [JIsI BEJMYMUHBI CUJIBI AEHCTBUTEJbHbIE
qucIa.

Ho, kpome Toro, cuia MoXeT ObIThb. Ha-
npaBjieHa B pa3HbIX HampaBjeHUsx. U Tou-
Kamoliee ycHjiue, U TSHYILIee YCHJIUE MOTYT
ObITh HampaB/ieHbl BBEPX, BHU3, BOOK M Tak
najiee. BoIpasuTh BEJUYUHY CHJIbI C YYETOM
HaMpaBJIEeHUS MOXHO NPHU TOMOIIM KOMILJIEK-
cHbIX uyHuces. Takum ob6pa3om, YMCJIO i, KO-
TOpOoe GOJIbIIMHCTBY JIOA€EH, He CBA3aHHBIX C
MaTEeMaTUKOM, MPeACTaBJIseTCs TAMHCTBEHHBIM,
HO COBEPILUEHHO 6EeCIo/Ie3HbIM MIOHATHEM, UMEET
POCTOE MpaKTHYecKoe nmpumMeHenue. Hampu-
Mep, B 006J1aCTH 3JIEKTPOHMKM HUKaKas Ma-
TeMaTH4ecKass 00paboTKa JaHHbIX HEBO3MOXHA
06e3 MpUMeHEeHUS KOMIIJIEKCHBIX uuces. Be-
JUYUHA IEPEMEHHOTO TOKAa MEHSIeTCs KakK II0
BeJIMYMHE, TaK M 10 HANpPaBJIEHUIO, U NS ee
ONMCaHUsA HeoOXOAMMO HCIO0Jb30BATh KOMII-
JIEKCHbIE YHCJIa.

KoMnjiekcHble 4ucIa MOXHO CKJaJbiBaTh
U BBIYMTATH 110 TAaKUM € NpaBUJaM, KakK
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oObIYHbIE YMCIA, IPUYEM AEHCTBUTEIbHBIE U
MHUMbIE YUCJIA CKJIAABIBAIOTCS U BBIYUTAIOTCS
otaenbHo. Hanpumep, ecaun k (+2 — 4i) npu-
6aButhb (-5 + 7i), To moayuyum (-3 + 3i).
Ecnu us (+2 - 4i) otusare (-5 + 7i), TO
noanyuum (-7 + 11i). (3to MoxHO mpoje-
MOHCTPUPOBATh Ha HalleM IabJyioHe, TaK Kak
0ObIYHOE CJIO)KEHUE U BbIYMTAHHE MOXHO IO-
Ka3aTb Ha ocu ceBep—ior. /[ymaio, uTo Te-
nepb Bbl CMOXeTe 3TO cAesaTh CaMOCTOsI-
TeJIbHO.)

BoT npu yMHOXeHUU KOMIIJIEKCHBIX YHU-
ceJl MbI CTOJIKHEMCSI C GOJIbIIMMH TPYAHOCTSI-
MU, YeM B CJIy4ae YMHOXEHUsS NelCTBUTEb-
HbIX yucesn. IIpu ymHoxeHuu 35 Ha 28, kak
s BaM yXe OODBSICHUJ B TPeTheil ryiaBe, Mbl
pa3buBaeM ymc/a Ha pa3psiabl, TO €CTb 35 =
=30 + 5, 28 = 20 + 8. 3arem uucsa mnepe-
MHOXAIOTCS, KaXxJoe cjlaraeMoe OAHOH yYac-
TH Ha KaXKI0e cJaraeMoe Jpyroi 4acrtu, a pe-
3yJbTAThl YMHOXEHHS CKJIAJbIBAIOTCS.

TouHO Tak e NMPOU3BOASAT OIEPALUIO YM-
HOXEHHUS C KOMIUIEKCHBIMH uuciaaMu. s
TOro 4Ytobbl yMHOXUTH (3 + 5i) Ha (6 + i),
HY>XHO COCTaBUTb TaKYyI0 CXeMY:
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o

18 + 30i + 3i +5i?

CrtpenkaMu NOKa3aHO, KaK MePEMHOXKAIOTCS
COCTaBHbIe YaCTU KOMILJIIEKCHBIX uMces. B co-
OTBETCTBUU CO CXEMOM:

3x 6=18,3xi=23i,35ix6=30iu
5i x i = 5i’= -5, mockosabky i?paBHOo —1.

/lBa 13 NIPOMEXYTOYHBIX Pe3yJbTaTOB SIB-
JNSI0TCS NeHCTBUTEJbHBIMU 4YHCJIAMU, U HUX
MOXHO CJIOXUTb, TO ecTb 18 — 5 = 13. [Ipy-
rUe JABe COCTaBJSIOIIUE SIBJISIOTCS MHUMBI-
MM YUCJIAaMH, U UX TaKXKe MOXHO CJOXUTh:
30i + 3i = 33i. Takum o6pa3oM, pe3yJbTa-
TOM YMHOXEHHUS SIBJISIeTCS] KOMILJIEKCHOE YMCIIO
13 + 33i.

HApyrue apudMeTuyeckue onepamuu Tak-
e MOXXHO IpPOJEeMOHCTPUPOBATH IPU IOMO-
I[M aHAJOrMYHOM cxeMbl. Takum o6pa3om, Mbl
BUMM, YTO C KOMIJIEKCHBIMU YUCJIAMH MOXHO
paboTaTh 1O TeM e MpaBUJIaM, YTO U C 0ObIY-
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HbIMH YHUCJIaMH, a 3HAYUT, KOMIIJIEKCHbIE YHCJIa
6oJibllle HE SBJISIOTCS AJid HaC TaMWHCTBEHHbIMHU
H HEIIOCTUXKXHUMbIMH.

JdokanbiBaemMcs 10 KOpPHEH.
¥Yxoaum aaiabme Briayonb

O6s1acTb KOMILIEKCHBIX YHMCEJI JaeT BO3MOX-
HOCTb PaCCMOTPETb HEKOTOPbIE CJIOXKHBIE CIIyYyau
IpU U3BJIEYEHUH KOPHEH cTerneHu Oosiblie 2.

Mbi ¢ BaMu yke 3HaeM, 4yTo++1 paBeH +1

unu —1,J-1 paBeH + i mam —i.
A 4yeMy paBeH KOPEeHb YeTBepTOH CTeleHH
u3 +1 (¥+1)? OueBugno, uto (+1) x (+1) x

(+1) x (+1) = +1, T0o ecTb +1 — 3TO OAMH U3
KopHell yeTBepToil ctenenu u3 +1. TouHo Tak
xe (-1) x (1) x (-1) x (-1) = +1, TO ecTh
+1 — 3TO TaKXXe OIMH U3 KOpHEH YeTBEpTOil CTe-
nenn u3 +1. Ho MbI eme He nepe6paiu Bce Ba-
puanThl. Kak HacueT BbIpaxkeHus (+i) x (+i) x
x (+i) x (+i)? Pe3sysbrar nepeMHoXeHUA (—i) X
x (—i) — aro —1. CaemoBatesnbHoO, (—i) x (i) x
x (i) x (-i) = (-1) x (=1) = +1. 3710 03Ha-
4yaeT, YTO +i — 3TO TPETUH KOpeHb YeTBepTOil
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crenenu u3 +1. TouHO Tak ke MbI MOXEM IIO-
Ka3aTh, YTO —i — ITO YeTBepPThbIil KOPEHb YeT-
BepTOil cTeneHu u3s +1.

CenoBaTesbHO, Hallla 3aJa4ya MMeeT CJIe-
ayomuit orBet: (¥-1) = +1, -1, +i, —i. Touno

Tak e Mbl MOXEM I0Ka3aTb, uto (¥-1) pa-

BeH +vJ+i, —/+i,+J/-i uaum —-i, To ecTb 3Ta
3ajlaya UMeeT YeTbipe PaBHOLEHHBIX pelIeHHs.

A 4To xe Takoe ++i ? OTBeT npocT. (+i) —
3TO TaKoe YMCJIO0, KOTopoe, GyaAy4n yMHOXe-
HO Ha cebs camoe, naet i. [oatomy (+v+i) x
x (+V+1) = +i. CnenoBatesibHO, (+v+i) x (—v+i)x
x (+) x () = (+1i) x (+1i) = —1.
CnenoBaTenbHO, (+V+i ) ABASETCA OLHUM
U3 KOpHeil uerBepToil crenenu us (—1), apy-
TUMHU KODHSMHM SBISIOTCH —V+i,+J/-i 1 —J-i.

TouyHo TakuM >Xxe 06pa3oM MOXHO MOKa-
3aTh, 4YTO JI060E YUCJIO UMEET YeTbipe KOp-
HSI YeTBepPTOil CTeneHHU.

Mpbl noka3zanu, YTO KaXxJoe YUCJIO UMeeT
/B2 KBAaJIpaTHbIX KOPHS U YeTbIpe KODHS YeT-
BepToOii cTenedu. MoxHO IpeaIoNoXuTh TaKxe,
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OT 4YUCJIOBOH OCU K YHUCJIOBOU IUIOCKOCTHU

4YTO KaXKJ0€e YMCJIO MMeeT TPU KOPHS TpeTbei
CTelleHH, NSATh KOPHeH NSATON CTelleHH, LIecThb
KOpHeH 1IeCTON CTelneHU, COPOK NATb KOp-
Hell COPOK NSTOH CTelneHU U Tak gajee. ITO
yTBepKaeHue abCoIOTHO BEPHO, HO YTOOBI €ro
JI0Ka3aThb, MOTpebyeTcsl CJIOXKHBIH MaTeMaTHU-
yeCKMi amnmapaT, KOTOPbIM Mbl He BJajeeM,
II03TOMY IIOKa IIpUMEM €ero Ha Bepy.

[IpaBaa, Mbl MOXEM NPOBEPUTb 3TO YTBEP-
XKAeHUe IJIsI KOPHSI TpeTbed cTemneHu. Yemy,
HarpuMep, paBeH KOpeHb KyOuuyeckuit u3 1, win
(¥+1)? Bo nepsbix, (+1) x (+1) x (+1) = +1,
TO ecTb +1 ABJSIETCS OAHUM U3 KYyOHMUYECKHUX
KOopHeit u3 1.

A yeMy paBHBI ocTaJjbHbie aABa? Ilepeii-
neM B 06J1aCTb OTPHI[ATEJIbHBIX YHCEI.

(1) x (-1) x (1) = (+1) x (-1) = -1

TakuMm o6pa3oMm, —1 He SBASETCS KOPHEM
Ky6udeckuM u3 1. Bosee Toro, MoXxHo noka-
3aTb, YTO HU OJHO AEeHCTBUTEJIbHOE YUCJIO, a
TaKxe HU ogHO MHUMoe (6yab TO —i wau +i),
BO3Be/JIEHHOE B TPETHIO CTelleHb, HE JaeT B pe-
3yabrate +1.

3Ha4YuUT, KOPEHb BCETO OJUH, a APYTUX ABYX
MpoCcTO HeT?

-
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ITU ABa KOPHA CYIECTBYIOT, HO B o6Ja-
CTU KOMIIJIEKCHBIX 4yuces. Sl mpocTo mpuse-
Ay MX 3HaYeHHUs, a Bbl CMOXeTe NPOBEPHUTD,
YeMy PaBHbI 3TH YHCJIA, BO3BeJeHHbIe B KYO.

OcranbHble ABa KOpDHsS KyOHM4YeCKHUX U3

1 1
+1—310 (-5 + Eﬁ) (—— - —ﬁ) Na-
BaiiTe NpPOBEPUM 3TO yTBepXIEHHE.

Ecin (—— + -V ) — omuH U3 Ky6uuec-

o 1T 1=

KHMX KOpHeil +1, TO 3TO 3HA4UT, YTO (—5 + 5\/31)
1 1 1 1 1

= —J3i _2 + =3 L
mm(2+2«/1)x(2 2,/1),((2

1
+ 5@ ) paBHO 1. YMHOXeHHE MOXXHO IPOH3-

BECTU 110 TOM METOAMKe, KOTOpasA OIIMCaHa BBIIIIE.

11
—= 4+ =43
2 2‘/_'

LX<
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OT 4YHCJIOBON OCH K YUUIOBOU IUIOCKOCTH

IIBa IIPpOMEXXYTOUYHBIX MHHUMBIX pe3yJ/bTaTa

1 =
MOXHO CJIOXKHUTb, CyMMa 4YMCeJ (—Zﬁ) "

1 & 1 = 3.
(—Z@) paBHa (—55 ). Uto kacaetcsa 212,

. 3
TO 3TO A€EUCTBUTEJIbHOE YUCJIO, PaBHOE ——.

4

Tenepb cn0XkuM ABa JeACTBUTEJNbHBIX COCTaB-
1 3 1

JISIOUIUX 3TOTO BbIpaXKeHHs: 1" "y

1
TakuM 00pa3oM, pe3yJibTaT YMHOXEHHS -3~

1
—J3i
NG
JToT pe3yJabTaT HYyXHO CHOBAa YMHOXHUTb
Ha (—— + —J—)
1 1
— = — =3
2 ZJ_I
1 1
—— + =B
2 2J_
L SR N R T
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/IBe MHUMbIe COCTaBJISAIOIIME 3TOTO BbIPA-

1 = 1 =
KEeHUs (—Zx/§;) u (—Z«/?;) B CyMMe JaioT
0, Tak 4YTO MMM MOXHO npeHebpeub. Yucio

3. .
le ABJAE€TCA NEUCTBHUTEJbHbIM YHCJIOM, TAK

. 3. 3 3
Kak i2= -1, To ecTb Zl2= 1 Jlo6baBuM K 1

. . 1
OCTaBIIMIACS POMEXYTOUHBIA Pe3ynbTat, M

nonyyum 1. Urak, (—% + %«/5 )} paBHo 1.

ToyHO Tak ke MOXHO BO3BECTU B TPETbIO

1 1 =
cTeleHb 4YHCJIO (—5 - 5«/5 ).
1 1 1 1 1
= = =3 ——  — 43 .
(-5 = W) x (=5 = 5¥8) x (=

- 3B - L

ToyHo Tak e MOXHO NoKa3aTb, YTO y YMC-
Ja —1 ecTb TpU KOPHS TpeTbell cTeleHH, ABa
M3 KOTOPBIX KOMILIEKCHbIE, [I0 TPU KyOUvYecKux
KOPDHSI U y yucesa i U —i.
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OT YHCJIOBOW OCH K YUCJIOBOHM IUIOCKOCTH

M He TOABKO 1

Ha HameMm «imaxmaTHOM» 11abJjioHe MOXKHO
1U306pa3uTh TaKXXe TPETbIO JIUHHIO, UJIH OCh,
Tak, 4ToObI TOMUMO HallpaBJEHHUI ceBep, IOT,
3amajg 4 BOCTOK Yy Hac NMOSIBUJIMCH HallpaBJie-
HHUSI «BHYTPb» M «HapyxXy». Takum oOGpa3om,
Hallla «IIaxMaTHas JOCKa» M3 IJIOCKOU u-
ryphl npeBpaifaeTcsi B o6bemuyio durypy. Te-
mepb TOYHO TaK Xe, KAK B CBO€ BPeMS MBI
MOJIYYUJU CETKY Ha IJIOCKOCTHU, Mbl MOXEM
COCTaBUTb MO3aMKy U3 KyOHMKOB.

TpeTbsi 0OCb COCTOMT M3 TMIIEPMHUMBIX YHU-
ces, KoTopbie ob6o3HavaTcsa OykBoit j. Ha
TUIIEPMHUMOM OCH TaK)Xe UMeeTCs MOJIOXU-
TeJbHas U OTPHUIaTeJbHAs 06jacTH, rae, co-
OTBETCTBEHHO, PACIlOJI0XKEHbI IIOJOXUTEJbHbIE
(+1j, +2j, +3j, +4j, +5j, +6j u 1. 1.) U oT-
puuarenbubie (—-1j, -2j, -3j, -4j, -95j,
-6j u 1. n.).

Teneppb yucsa pacnosiaraloTcsi B IpocTpaH-
CTBe, Ha TOYKaX IepecevyeHUs II0CKOCTel ce-
Bep—IOT, 3aMaJ—BOCTOK U «BHYTPb» U <«Ha-
pyxy». [Ipu nepeceueHuun 3TuUX NJIOCKOCTeH
obpa3syiorcst KyObl, IPUHIUI TOT XK€, YTO U
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npu o6pa3oBaHUU KBAJPAaTOB HA HAIlEM <«MIaX-
MaTHOM mabione». Kaxnaas Touka Takoro npo-
CTPaHCTBAa MMeeT COOCTBEHHbIE KOODAUHATHI,
KOTOpbl€e SIBJSIOTCS FMIIEePKOMIIJIEKCHBIM YMC-
JIOM.

Ham nerko nmpeactaButh cebe TPU OCH B
IPOCTPAHCTBE, MIOCKOJIbKY 3TO NMPUBBIYHbIE TPU
M3MepeHUs: AJUHA, WKMpUHA U BbicoTa. On-
HAaKO MaTeMaTHKHU ONEPUPYIOT C OOJBIIUM KO-
JudecTBOM u3Mepenuit. ViHoraa oHu paboraot
naxke B TaKMX CUCTeMax, rae TOYHOe KOJH-
4ecTBO oceil He onpeneneHo. Toraa ropopst
06 «n-MepHOM IPOCTPAHCTBE», '€ N — 3TO
nwoboe yuco.



I'zrasa 10
BECKOHEYHOCTbH

Kaxabplii, KTo HauMHaeT AyMaTb O YUC-
JnaXx, Heu30eXHO HNPUXOAUT K BBIBOAY, YTO
CyIlecTByeT OrPOMHOE KOJUYeCTBO YHUCEJ, U
COBepIIeHHO HENOHSTHO, KAaK MOXXHO ero BbI-
pa3uTb. Ha nmomomb npuxoauT noa3usi. Mul
MOXEM CKa3aTh, YTO YHUCEJ TaK >Xe MHOTO,
KaK MeCYMHOK B IYCTbIHe, KaK KalleJib BOJbI
B OKeaHe MJIM KaK MepLaloiuX 3Be3] Ha Hebe.
Ho ans maTemaTMKa Takue CpaBHeHHs Oec-
noJsie3aHbl. C TOYKM 3peHUsS] MaTeMATUKa, MbI
MOXeM K JoboMy uyucay npubaBUTh eau-
HHUIY U TOJIYyYUTb CJeaylolllee YUCJIO, 3aTeM
K MOJyYEeHHOMY 4YHUCIAYy HpUOABUTH €IUHU-
ny u tak gasee. [lockoabky B MaTeMaTUKe
HeT HUKAaKMX OTpaHMYeHUH AJs olepaunuid
CJI0XKEHHUS, MOXHO CJIOXMTb JIoOble JBa YUC-
Jla, M, CJAeJ0BaTeJbHO, 3TOT Hpolecc bec-
KoHeueH. Takum 06pa3oM, MbI MOXEM B3SThb
CKOJIb YTOAHO 60JibllIoe YKUCJI0, MTPUOABUTDH
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Atizex Asumos. YUCJIA

K HEMYy eJMHMIY M MOJYYHUTh elle Gosbiee.
MbI MOXeM mpencTaBuTh cebe 4HCIIO, TIPO-
TSI)KEHHOCTb KOTOPOTO PaBHa PAacCTOSIHHUIO 0
najbHeld 3Be31bl, HO U K HEMY MOXHO IpHU-
6aBUTh €IMHHUILY U TOJYyYUTH ellle OoJibliee
YU CJIO0.

[TocnenoBaTeIbHOCTD I€JIBIX YHUCEJ, 3AMH-
CaHHBbIX B nopsifke 1, 2, 3..., npeacTassier co-
60i1 6€6CKOHEYHOCTb, TO €CTh HE4YTO, He UMe-
jolilee KoHIIa. To ecTh, Koraa Mbel numeMm 1, 2,
3...,, 9To o3HauaeT «1, 2, 3 u nanee 6eckoHeu-
HO».

TouyHO TakUM Xe 0OpPa3oM MBI MOXEM
3amucaTh psA LEJNbIX OTPUIATEJbHBIX YH-
cer: —1, -2, -3..., yto Oynger O3HayaTh
«—1, -2, -3 u panee 6eCKOHEYHO» WUJIU PSA
NOJIOXKUTEJNbHBIX UJIM OTPULATENbHBIX MHHU-
MbIX 4ucena: +1i, +2i, +3i ... uan -1i,
-2i, -3i...

A Temnepb gaBaiiTe 3amuliieM APYroi psin
yuceJs, psia YeTHBIX yuces: 2, 4, 6, 8 u Tak
nanee. CKObKO CyLIeCTBYeT YETHBIX 4Uces?

C ToYykM 3peHUsT OOBIYHOrO 3APaABOro
CMbICJIa MOXHO 6bI10 ObI CKa3aTh, UTO YeT-
HBIX YMCeJ BABOE MeHblle, YeM BCeX I[eJIbIX
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4yyceJ, BMeCTe B3SITHIX, IIOCKOJbKY II€Jibie
yKucaa AeNSATCS Ha yeTHbie U HeuyeTHbie. CKa-
€M, U3 MepPBbIX NECSATH YUCEeJ NSATh — YeT-
Hble, a OATh — HEYEeTHHIE.

Ho sT0 He Tak. Beabp KOMMYECTBO LEJbIX
yyceal OECKOHEYHO, U Mbl HE MOXEM TOBO-
DUTb O «II0JOBHUHE GECKOHEYHOCTUY.

PaccMOTpUM psia YETHBIX YHUCET C APY-
roil Touku 3penus. Kakoe 6bl CKOJIb yrOmAHO
6oJblIIOE YHUCJIO Mbl HU BbibepeM, K HeMy
BCerja MOXHO NpUOABUTh 2 U NMOJAYYHUTH
yucJyo eue 6osabinee. JJaxxe eciu Mbl mpen-
cTaBUM cebe THUTaHTCKOe 4YeTHOe YMCJIO,
Hudps KOTOPOTO NMPOTSHYJAUCH A0 CaMOii
AajJbHell 3Be3lbl, MBI U K HEMY CMOXEM
npubaBuTh 2 U NOJYYUTHh elile Ooiabluee
4HCIIO.

To e caMoe MOXHO cKa3aTb O psiie He-
yeTtHbIX umucen 1, 3, 5, 7... u o psaxe yuces,
KpaTHBIX 5, To ecThb 5, 10, 15, 20, 25..., nu o
pse 4HCeJ, KPaTHbIX MUJIJIHOHY, TO eCTb
1 000 000, 2 000 000, 3 000 000... Bce atu
psaabl GECKOHEYHBI, U, MpeACTaBasAs cebe Ta-
KHe pSAIbl, BBl COCTaBJisieTe NpeACTaBIeHUe O
NOHATUU «OECKOHEYHOCTb».
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Cuer 6e3 cuera

TeMm He MeHee Moe OObBSICHEHHE MOXKET
Bac He yJOBJeTBOpPUTb. Beap kaxercs Ha-
CTOJIbKO OYEBUHBIM, UYTO YETHBIX YHCEJ AO0J-
XHO OBbITb BJABOE MEHbIlEe, YeM IeJbIX YHU-
ces BooOie, MycTh Aaxe HUX 4YuUcao Oyner
OECKOHEYHO, a YHuceJ, KPaTHbIX MHJIJHOHY,
JOJIXKHO OBITH B MHUJIJIMOH pa3 MeHbllle, 4eM
BCeX IeJIbIX YHCeJl.

Ho naneko He Bceraa To, 4YTO KaXkeTcsl oye-
BUJIHBIM, COOTBeTCTBYeT uctuHe. Kaszanocs 6bl,
OYEBUJHO, YTO, €CJU YeJIOBEK CTOUT JHULOM
K ceBepy, ero cnuHa obpameHa k tory. Kro
e cTaHeT Bo3paxkaTh NpPoTUB 3Toro? Ho ecsn
oH cTtouT Ha lOXxHOM moJioce, TO 3TO HE CO-
OTBETCTBYeT UCTHHe. W ero juio, 1 ero cluHa
O6yayT obpaiieHbl Ha CeBep.

JlaBaiiTe Bce-Taku pasbepeMcsi ¢ 4HCa-
Mu. /laBaiiTe BbISCHHUM, KaKO€ COOTHOIIEHHE
CYyLIeCTBYeT MeXIy YEeTHbIMU YUCJTIAaMU U BCEM
KOJIMYECTBOM IieJibix uuces. Kak xe 3To cae-
J1aTh, Beb LIEJIbIX YKMces OeCKOHEeYHOe KOJIH-
yecTBO? TeMm He MeHee METOA IJIsI TAKOTO MOJ-
cyeTa CyllecTBYeT.
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Kak MbI 06bIYHO cuMTaeM 00beKThI? Mbl
IPUITACHIBAEM KaXA0My 0ObEKTY OlpeeeHHOe
YHCJIO M3 BO3pacTalolleil mocjenoBaTeIbHOC-
TH 1eJabIX uyuces. [lepBbiii 06beKT — 0OBEKT
HOMEp OJUH, BTOPOH — HOMEp [IBa U TaK Jajee.
Ecau mocieguuii 06beKT OKa3biBaeTcss 0ObeK-
TOM HOMEp AecsTb, 3HAYUT, Y HAC BCero Je-
CSATb 0OBEKTOB.

A MOXHO JIM CUMTaTh, HE MOJIb3YsICh YUC-
JamMu? ITO IOYTU TO K€ camMoe, YTO CIpPO-
CUTb: «A MOXHO JIM CYUTATh, HE CUMUTAA?»
Kak HM cTpaHHO, 3TO BO3MOJXHO.

[IpeactaBuM cebe, YTO BOKPYT HAC CTOMUT
TOJINIa KPUYALIUX AETHIIeK, KOTOPbIM MbI J0JI-
XKHBI pa3aaTh JeneHIbl. Mbl He 3HaeM HH
CKOJIBKO JleTell TpeOyeT JieJeHI[0B, HU CKOJIbKO
JeneHoB y Hac B kopoOke. Ho nenatp He-
4yero, 1 Mbl HaUMHAEM pa3laBaTh JeJEeHIbl —
IO OXHOMY KaxxaoMy Maubimy. Eciu k Tomy
MOMEHTY, Koraa Kopobka omycTeeT, KaXXAblii
MaJiblil 6yeT cocaTh BKYCHBIH JiefieHell, 3HaYMT,
KOJIMYECTBO JIEAEHIIOB PaBHSJIOCh KOJMYECTBY
nereil. Eciu x ToMy MOMeEHTY, KOrla Mbl Oza-
PUM BCeX MaJjblllieil JieleHlaMHU, Y Hac B KO-
poOKe ellle OCTAaHYTCS JI€JAE€HIIbI, 3HAYUT, KO-
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JIMYECTBO JIeJeHI0B 00Jbllle KOJIUYECTBa Je-
ted. Ecau xe, HanmpoTHB, y Hac He XBaTUT
JIeJIEHIIOB Ha BceX, 3TO OymeT 03HayaTh, 4YTO
aeteil 60Jiblie, YeM JI€JEHIOB.

Takoit MeTox moacyeTa, 3aK/JAIOYAOIUINACT B
CpaBHEHUM I10CJIeI0BATENbHbIX PSiAOB (OAUH Jie-
JeHell IPOTUB OAHOTO pebeHKa, UK OIHO YETHOE
YUCJIO TIPOTUB OJHOTO IIEJOr0 YMCJA), MOMO-
JKeT BbISICHUTb, PaBHBI JIU JBa psiia YUCes, U
€cJM OHM He paBHBI, TO KakKou psig OoJbile.

Hanuinem psa uesbix yuces, a MojJ HUM
pPSii YEeTHBIX YMCeJ:

1 2 3 4 5

=2}
]
(o)
©

10...

2 4 6 8 10 12 14 16 18  20..

Mpbl BUAUM, YTO AJIS KaXKJOrO LIEJIOr0 YKMCJIa
HAIIJIOCh YETHOE YMCJIO, IIPUYEM ero MOXKHO II0-
JIYYUTh, YMHOXKUB COOTBETCTBYIOIIIEE 1[€I0€ YUCTIO
Ha 2.

Mbl BUAHUM, 4YTO, KaK Obl MHOrO YHCeJ
MBI HM HAIMCaJIH, KAXAOMY I€JIOMY YHUCIY
COOTBETCTBYET OIpe/ie/IEeHHOE YeTHOE YHCJIO
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1, Hao60pOT, KaXAOMY YETHOMY YHCIY CO-
OTBETCTBYET OllpefieJieHHOe 1esloe 4YUucao (To
eCTb KaXXAOMYy pebeHKy AOCTaeTcs IO OIHO-
MYy JieJeHIY).

UYro xe 3T0 03HayaeT? MoxxeM JIM MBI yT-
BepXkAaTh, YTO KOJIMYECTBO YETHBIX YUCEJ paB-
HO KoJIMuyecTBY leJbix yicen? He coBcem Tak.
lesno B TOM, 4TO, KOraa peub Uaer o 6ecko-
HEYHOCTH, Mbl He MOXeM CKa3aTb, YTO OJHa
6eCKOHEYHOCTb paBHa ApPYroil GecKoOHe4YHOC-
Ti. Ho MBI MOXeM yTBepxaaTb, 4TO UMeeT-
Csl COOTBETCTBHE OJMH B OAUH MeXAYy IOC-
JIelOBaTeJbHOCTBIO LEeJIbIX 4YMceJa M Iocie-
A0BaTeJbHOCTbIO YETHBIX YHCeJ, TO ecTb IOcC-
JIeZIOBaTEIbHOCTb YETHBIX YHCeJI SIBJSIeTCS B3a-
MMHO OJHO3HAYHOH C IOC/IeJ0BaTeJbHOCTBIO
I[eJBIX YUCeJ. ITO O3HAyaeT, YTO €CJU MBI
COIIOCTaBUM IIOCJIEIOBATEJbHOCTD LeJIbIX YH-
ceJl C TOCJeN0BaTeJbHOCTbIO YETHBIX YMCEI,
TO JJIS KaXKIOIO I[eJIOTO YMCjIa HailaeTcs cBoe
YeTHOE YMCJIO0 U Hao6O0pOT.

ToyHO Tak e MBI MOXEM CPaBHUTb IIOC-
JIeloBaTeJIbHOCTU LieJIbIX YMCeJ U YMceJl, KpaT-
HBIX MUJUIMOHY. [IJ151 KaXkKA0TO 1eJI0r0 YMCsIa MOX-
HO HanucaTb COOTBETCTBYIOIee YUCJIO, KPaTHOe
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MUJIJTUOHY, KOTOPO€E MBI IOJYYUM YMHOXEHHU-
eM JIaHHOTrO 1[eJIoro Yucja Ha MUJIMoH. s 1
ato 6yaer 1 000 000, nyis 6 aTo Gyner 6 000 000,
a aua 234 — 234 000 000. To ectb MOXXHO CKa-
3aTh, YTO KaXXAOMY LIE€JIOMY YHUCIY COOTBETCTBYET
YUCJI0, KPaTHOE MUJUTMOHY, WM YTO 3TH JBE II0C-
JIeIOBATEIbHOCTU COOTBETCTBYIOT APYT APYTY «OIUH
B OJMH» WJH SIBJISIOTCS B3aUMHO OJHO3HAYHbI-
Mu. Jlo6as nocjaea0BaTeIbHOCTb YHUCEN, B3aUM-
HO OJJHO3HAYHAas C T0CJIeJOBATEJIbHOCTBIO I[€JIbIX
yuceJl, Ha3biBaeTcs: cyeTHOH. [locsenoBaTelbHOCTD
L[eJIBIX YMCeJT TaK)Ke Ha3bIBAeTCSI CUETHOIA.

beckoHeyHOCTH B MaJIOM

Korpaa pedyb 3aXOaUT O 6eCKOHe‘{HOM, B Ha-
meM Boo6pa>1<eH1/m BO3HHUKaeT HEYTO OrpoM-
HO€ U BE4YHO€, HEIIOHATHOE H, HO)K&JIyﬁ, 6ec-
ImoJjie3Hoe.

OJIHaKO, JAaxKe ecju Mbl HMeeM [eJIo C Ma-
JIBIMU YHUCJIaMH, COBEPHIEHHO HEOXHUJAAaHHO B
HallleM I10Ji€ 3p€HHUSI BHOBb BO3HHUKAET IMOHATHE
«b6EeCKOHEYHOCTh». Hpezmonoxmm, HaM HaJao

1
pa3A€eganThb 1 Ha ﬁ Mbl MOMHUM IIpaBUJIO
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0oOpaTHBIX BEJIMYUH U 3HAEM, YTO pa3aeaUTh

1
YHUCJIO Ha Ta — 3TO BC€ PABHO YTO YMHOXHUTb

ero Ha 10. Takum ob6pasom, 1 : T% = 10,

R S 1
1: 100 100, a 1 : 1000 1000.

To ecTb 4eM MeHbllIe JeTUTENb NMPH OM-
HOM U TOM e JeJUMMOM, TeM 6oJibllle YacT-
HOE OT JeJIeHHS.

U neiicTBUTENbHO, €CJU JAEJUTb €JUHU-
uy uau jgoboe Apyroe 4MCJIO Ha PSA YHCEJ,
1oCJieIOBaTeJbHO yOBIBAIOUIMX, TO €CTh CTa-
HOBSIII[MXCS BCe MeHbllle U MeHbllle, MbI IO-
JAy4uM psaj ydcen (4acTHBIX OT JeJIeHHUs), KO-
TOpble CTAaHOBATCA Bce Oojblne U Goublie.
A xorjga geuMTeNb CTAHOBUTCS OECKOHEYHO
MaJIOil BeJIMYUHOIN, TO YaCTHOE OT JAeJIeHUS
npeBpaimaercsi B 6eCKkoHe4YHO 6OJIbIIyIO Be-
JUYMHY.

Bbl MOXeTe CIIPOCHUTb: YTO XK€ 3TO TaKoe
«6eCKOHEeYHO MaJjiasg BeJaudyuHa» ? KoHeuyHo, ca-
MOH MaJioi BeJMYMHOH siBJAsseTcs HoJab. Ho
MaJiasi BeJIUYMHA MOJXET IpPeACTaBiasATh coO0M
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le06b. CK&)KEM, — 39TO MaJiasd BE€JIHWYHHa,

1
10
! 1
100 ele MeHblle, 1000
1 H
100000 — €IIe MEHbIE. € CyIlecTBYyeT Ipe-

— elje MeHblle, a

feyia, 10 KOTOPOTO MOXXHO YMEHbIIATh BeJH-
yuHbl. Ho kak 6bl Bbl HU yBeJUYUBAJU KO-
JIMYeCTBO HYyJIell B 3HaMeHaTeJsie, Bbl HUKOTAA
He JocTUTHeTe Hysasi. TakuM o6pa3oM, KOI-
12 Bbl JeJINTe eqUHULY WK Kakoe Jubo apyroe
YUCJIO Ha 10CJIel0BaTeJbHOCTb 6ECKOHEYHO BO3-
pacTalUIMX YHCeJ, Bbl MOJyYyaeTe IOCIeN0-
BaTeJIbHOCTb OECKOHEYHO YObIBAOUIMX YHCEJ.
Korapa nenurenb craHoBUTCSI 6€CKOHEYHO 60JIb-
IIUM YHUCJIOM, YACTHOE CTAaHOBUTCSI OECKOHEYHO
MaJIbIM.

O6paTuTe BHUMaHHE, YTO Mbi HE MOXEM
JleJIUTh YUCJIAa HAa HOJb. JTa olepanus B Ma-
TeMaTHKe He paccMaTpUBaeTcsl, U NMPUYUHA
oyeHb nmpocta. CkaxxeMm, Kakoe 4acTHOE MbI
nosyyuM ot genenus: 6 va 0? [Ipyrumu cio-
BaMH, Ha KaKoe 4YHUCJO HaJlo yMHOXUTb (), yTo-
6b1 monyyuTh 6? Takoro yucia HeT, 3HAYHT,
onepanus 6 : 0 HeBo3amoxHa. JIlo6oe yuco,
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HOHUOPHI U — TUDPPDI

YyMHOXX€HHOE Ha HOJIb, JaeT HOJb. JTO O3Ha-
4YaeT, YTO Mbl HE MOXXEM HU OJHO YMCJIO pas-
JeJUTh Ha HOJIb.

[IpoMexyTok MeXaAy ABYMS 4YHCJIaMHU,
CKaXkeM, MeXJy eJUHUIled U IBOUKOU, MOX-
HO pa3leJUuTh Ha J1I0060e KOJMYECTBO JOJei,
Ha MMWJLJIMOH, TPUJIJIMOH U TakK JaJyiee, 6eCKo-
HeyHo. To ke caMoe MOXHO IpoJesiaTh U
C MEeHbIIUM HUHTEPBAJIOM, CKaXXeM, C UHTep-

1 1
BAJIOM MEXIY o M 5 HIH Mexay 0,0000001
u 0,00000001.

MaTteMaTUKHU A0Ka3aJH, 4YTO BCE BO3MOX-
Hble 1po6U (TO eCTh BCe PAllMOHAIbHbIE YHMCJIA)
MOXXHO PacIOJIOXHUTh TaKUM 06pa3oM, 4TOOBI
HOJIYYUTb B3aUMHO OJHO3HAYHYIO IOCJIeJ0Ba-
TEJIbHOCTDb MO OTHOILIEHHUIO K TOCJIe0BaTE/Ib-
HOCTHU LIeJIBIX YMCeJI.

A kaxporo nesnoro yucnaa 6yaer cy-
IeCTBOBAaTh COOTBETCTBYOmasi Apob6b, U, Ha-
obopor, He MoxeT ObTh apobu 6e3
COOTBETCTBYIOLIEro LeJyoro yuciaa. Takum o6-
pa3oM, MOCJIeJ0BaTEeJbHOCTU BCEX BO3MOX-
HbIX Ap0o6eil ABASIOTCS CYETHBIMU IOCJIEO-
BaTEeJbHOCTSIMH.

265



Atizex A3umos. YUCJIA

Bce 6anxe, H OaMxke, U Oauxe

PaccMoTpuM 6eCKOHEYHYIO TOCJIE0BATEb-
HOCTb ApO0ei:

L e L
2’ 4’ 8’ 167 32’ 64’ 128’ 256’ 512...

O6paTuTe BHUMaHHME Ha TO, YTO Kaxkaas
cienyponiass 1po6b paBHA IOJOBUHE IpeJbl-
nylled, MOCKOJbKY 3HaMeHaTeJb KaXXAbli pa3

ynBauBaetcs. (Ecau B3sTh nobywo npobs u

1
pa3aenuTh ee Ha 2, HallpUMep oz ! 2, TO 3TO

TO Xe€ CcaMoe, 4YTO YMHOXHTb €€ Ha , TO

N | =

1 1 1

ecTbog ! 2 =18 X 3 @ 2TO 3HAYHT, YTO

3HaMeHaTeJlb YABAaUBaeTCs.)

XoTs1 1po6M NOCTOSIHHO YMEHbBINAIOTCSI, 3Ta
10CJIeJ0BaTeTIbHOCTh TaKXe sBJsieTcsl 6ecKo-
HEYHOil, BeAb JOOYI0 CKOJb YrOAHO MaJyio
Apobb M3 3TOU I10CTeL0BATEIBHOCTU MOXHO
pa3fieIUTh Ha JBa U NOJYYUTb elle MeHb-
mwyio. 3HaMeHaTeJb Apobu yBenuyuBaetcs: 6ec-
KOHEYHO, HO caMa Apo6b HUKOTJA He JocC-
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BECKOHEYHOCTb

TUTHET HYJsI, MOCKOJIbKY IJiS 3TOro Hajuo,
yTOoOBl 3HAMEHaTelb AOCTUr OECKOHEYHOCTH,
a 3TO HEBO3MOXHO.

A Tenepb naBalTe BBISICHUM, YeMY paBHa
CyMMa 3TOil 6eCKOHeYHOI IocJeJ0BaTebHO-
ctu. C TOYKM 3peHHUs] NPOCTOTO 3APaBOro
CMbICJIa MOXET M0Ka3aTbCsl, YTO CyMMa Ta-
KOH IIocJieJoBAaTEJIbHOCTH JOJIXKHA ObITh 6ec-
KOHe4HO Gosbimoi BesmnunHod. Ho Mbr yxe
3HaeM, HaCKOJbKO 0OMaHYUB ObIBaeT TaK Ha-
3bIBA€MBbIH «37]paBbId CMBICT».

1 43—2

<%

Q0=

e |

1 1
Cuavana k - mnpubaBisieM —, MOJy4yaeM

2
3 3 1 7
1’ 3aTeéM K 4 IIprUoaBJIsAEM 8’ nojgay4dyaem 8’
T 1 15
3aTeM K 8 NNpUuoaBJIdaA€M 16’ noay4yaeM 16’
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31

1
npubasisieM 3y T0Ty4yaeM 35 M TaK Jajee.

O6paTuTe BHUMaHHe, YTO 4yeM 6oJiblle YJie-
HOB I10CJIEZI0OBATEIbHOCTH Mbl A06aBJseM, TEM
6sv>Ke cyMMa 1oOcCJieJ0BaTeJbHOCTH NPUGIH-
xkaetcsi kK 1. Kornpa Mbl ckiaabiBaeM nepBbie

ABa 4YJieHa pAaa, A0 €IHHHIbI OCTAETCsA

W | -

npubaBJisieM cJeAyIOUUA YJeH, U 00 eIUHU-

1

bl OCTaeTCA g, U TaK jJajiee MOXHO JAOUTH

10 OJTHON MUJIIMOHHON HJIU 10 OJHOU TpUJI-
JIMOHHOM, HO eIUHUIIA TaK HUKOTAA U He Oyner
AOCTUTHYTA.

Marematuku Tak ¢GOpMyJIUPYIOT 3TO I0OJIO-
xkeHne: «CymMMa 6eCKOHEUHOH IIOCJIe0BaTe b-

.1 1 1
HOCTU apobeit 3 3 8 npubInX)aeTcsa K
eqUHUIle, KOTOpasl SIBJSIETCS IpelesioM CyMMBbI
NAaHHOHN IIOCJIeN0BaTeIbHOCTU».
IJTO NpUMep CXOoAsleics Mocje 0BaTesb-
HOCTH, TO €CTb IIOCJIeJOBAaTEJIbHOCTH, COCTOS-

el u3 6eCKOHEeYHOro 4ucJa 4YJI€eHOB, CyMMa
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KOTOPbIX MpuOIMXKaeTcs K KaKOMy-J160 KO-
HEYHOMY YMCJY KaK K Ipejesy.

Eme B /IpeBHeit I'peniuu MateMaTUKH 06-
HapyXUJIU cXoAsmuecss 6eckoOHeuUHble 1ocJe-
JI0BaTEJIbHOCTH, HO OHH OBLIM CTOJIb TIOPAXKEHBDI
TE€M, YTO KOJIUYECTBO 4JIEHOB IIOCJIe[0OBaTeJIb-
HOCTU 6€CKOHEYHO, YTO [aXke He MOTJH NpeJ-
MOJIOXKUTh, YTO CyMMa TaKUX IOCJIe10BaTeb-
HOCTEH MoXeT ObiThb He OecKOHeYHOH
BeJUYNHON. I'peveckuilt MaTeMaTuk U QuIo-
cod 3eHOH MOCTaBUJ PsA 3a4a4, Ha3blBaeMbIX
napagokcaMH, KOTOpbIe, Ka3ajaoch 6bl, ONPO-
BEPraloT COBepIIeHHO OYeBHUJHbIE NOCTYJIAThI.
OauH U3 ero mapaJoKCOB CJYXHUJ JOKa3a-
TEJbCTBOM TOrO, YTO JBUXKE€HHUE B IPUHILU-
1le HEBO3MOXHO. JTH MapaJoKChl CYUTAIUCH
Hepa3pelmMMbIMM Ha NMPOTSI)KEHUU CTOJIETHIA,
10 TeX MOop, MOKa He BBISICHUJIACH IIpaBAa O
CXOasAmUXCcsl 6eCKOHEYHbIX IOCJIe0BaTETbHO-
CTSX.

CaMbIit 3HaMEeHUTHIN Mapagokc 3eHOHa
Ha3biBaeTcsa «AXuJJ U yepemnaxa». [peBHe-
rpeyeckuil repoil AXuJJ cjaBUJICS Kak Ipe-
KpacHbIi 6eryH, a yepemnaxa MU3BeCTHa TeM,
4YTO NepeJBUTaeTCs Ype3BbIYallHO Me[JIeH-
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HO. TeM He MeHee 3eHOH NPOJAEMOHCTPU-
poOBaJ, YTO AXMJIJT HUKOTJa He CMOXeT J10r-
HaTh 4Yepemaxy B COpPEBHOBAaHUM mo Oery,
ecJIM M3HAYaJbHO y Yepenaxu 6ynper mpe-
UMYIEeCTBO.

[IpeanonoxuMm, 4yTo Axuan 6eraet B je-
CATb pa3 6bIcTpee yepenaxu, HO K Hayajy Co-
pPEBHOBaHHUI y yepenaxu OyaeT NPeUMYIECTBO
B 100 sspaoB. B HeckoJbkO NPBIKKOB AXHUILT
npeonosieet pacctosinue B 100 sipaoB, HO 3a
3TO BpeMsl 4Yepelaxa, KOTOpas ABUraeTcs B
necsTb pa3 MeajeHHee Axuina (4YTO OYeHb
HeIlJIOXO AJis1 yepenaxu), npoitaer 10 spaos.
Axunn npoberaetr u 3tu 10 spaoB, HO yepe-
naxa ypaansiercs oT Hero Ha 1 sapa. Toraa
Axunn npoberaet OnUH SpA, HO Yepelaxa yja-

1
JIA€TCA OT HEro Ha ﬁ ApAa, U TaK apaJjnee a0

6eCKOHEYHOCTH.

Bot BUAKMTE, YTO MPOUCXOAUT. AXHUJLI MPO-
N0JKaeT JBMXKEHME, HO M Yeperaxa JBHXXeTCs,
U Axuan He MoXxeT ee norHath. M Gojee Toro,
HOBTOPSISL 3TO PacCy’XAeHue JJsi APYroro mep-
BOHa4YaJbHOTO pa3pbiBa MEXAY 4yepemnaxoil u
AXHUII0M, MBI MOXEM CKa3aTb, YTO, KaKUM
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6bI MaJbIM HU ObIIO MU3HAYaJbHOE IIPEUMY-
necTBo yepenaxu, 6yap 3To oauH ¢GyT UaH
OAUH JAI0OUM, HUYEro He M3MEeHUTCHA. AXHJIn
HUKOT[Ia He CMOXeT JOOUThCSI HUKAKOro Ipe-
UMylllecTBa, a 3TO, B CBOIO ouepe/b, O3Ha-
YyaeT HEBO3MOXHOCTh JBUXXKEHUS BooOlLIe.

KoHeuHo, Bbl IpeKpacHoO 3HaeTe, YTO AXHUJLI
MOJXKEeT JOTrHaTb 4Yepelnaxy U JABUXKeHUEe BO3-
MOXXHO, CJIeIOBAaTeJIbHO, /10Ka3aTeJbCTBO 3e-
HOHa HeceT B ceGe NPOTUBOpeYUE, TO €CTb SB-
JisieTCsI MapafioKCoOM.

A Temepp paccMOTpPUM MOAPOOGHO 3amaydy
3eHoHa. I'ne omubKka B ero paccyxaeHUsIX?
[peanosoxuM, AXuan 6€XKHUT CO CKOPOCTHIO
10 spnoB B cekyHAy, a uyepelaxa ABHXeTCS
co ckopocTbio 1 sApa B cekyHAy. AXUJJI IpoO-
6eraet nepsbie 100 spaoB 3a 10 cekyna. 3a
3TO BpeMsi yepemnaxa npoxoauT 10 spaoB. Axusn
npeonosneBaetr 10 ApaoB 3a OAHY CeKyHAY, a
yepernaxa 3a 3T0 BpeMsl IpoxoauT 1 spa. Axumn
npeoaoJjieet 3ToT sipA 3a 0,1 cekyHasl, a ye-
penaxa ynaautcst oT Hero Ha 0,1 spaa.

WHbIMU ciiOBaMH, BpeMs, KOTOpOe HYyX-
HO AXUJJIY AJiT TOTO, YTOObI JOTHATH Yepe-
naxy, npeiactaBisier co60il y6bpIBaoIyo mo-
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caenposatesbHocts 100, 10, 1, 0,1, 0,01, 0,001,
0,0001, 0,00001...

CKOJIbKO BpeMeHHU MOHaA06UTCS AXUILTY
AJIS TOrO, 4YTOOBI MPEOAOJETh OECKOHEYHYIO
1I0CJIeIOBATEIbHOCTh YMEHBIIAIOUIMXCS PaccTo-
SIHUI? 3€HOH CYMTAJ, YTO Pa3 YHUCJIO YJIE€HOB
B II0CJIE/IOBATEIbHOCTH GECKOHEYHO, TO U CyMMa
n0/KHa 6bITh 6eckoHeuHoi. OH He Mor cebe
MpeACTaBUThb, YTO IOCJ€J0BATEIbHOCTD Oec-
KOHEYHOT0 KOJIMYEeCTBA YUCEJ MOXET ObITh CXO-
Asieiics 1 UMeTb KOHEYHYIO CYMMY.

HanpumMep, eciu Mbl CJI0XHUM INepBble 1Ba
YyjieHa T0C/Ie/J0BaTeIbHOCTY 3€HOHA, MbI IOJIY-
yum 11, cymMmMa mepBbIX TpexX 4ieHOB paBHa 11,1,
nepBpix uyerbipex — 11,11, mepBbIX HSATH —
11,111, nepBoix mectu 11,1111. A ecsu npen-
CTaBUTb cebe CyMMy BCero 6eCKOHEeYyHOro psiaa,
To MbI mostyyuMm 11,11111111111111111... U Tak
10 6eCKOHEeYHOCTH.

A 4yto Takoe 11,111111111...? I3To ne-

" 1
CATUYHbIKN 3KBHUBAJIEHT YHCJIA 116 . Ecnu mne-

1
peaecn&“g B JECATUYHYIO APOOb, MBI MO-

ayuyuM kak pa3s 11,11111111111111111...
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Takum 06p330M, CyMMa I10CJjIeA0BaTEJb-
1
HOCTH B 3aJaye 3eHOHAa COCTaBJsET “6

CEeKyHabl. JTO TO caMoe BpeMs, KOTOpoe
noHazo6uTCsT AXHUJNY, YTOOBI MPEOa0eTh
BCe IMOCJIeI0BaTeJbHO yObIBAOU[UE PACCTO-
SIHUSI, HA KOTOpble yAaJsieTcss OT Hero 4ye-
penaxa. A 3TO 3HAQYUT, BO-NEPBBIX, YTO
AXUNT B KOHIle KOHI[OB JOTOHHUT Yepelma-
Xy, BO-BTOPbIX, YTO JBUXXEHUE BO3MOXHO,
HY a B-TPeTbHUX, YTO U MBI MOXEM HaKO-
Hell paccaabuThes.

[TocsienoBaTEIbHOCTH MOTYT CTPEMHUTHCS
K Ipeaesy, KOTOPbIH sIBJAsieTCSI OeCKOHeYHOMH
IeCATUYHON ApO6bIO, IpUYEM He NOBTOPSIO-
meiicsi. Takue mocse0BaTeIbHOCTH MOXHO CO-
CTaBJISATb JJIsI OTOOpa)XkeHUsI UPPalMOHAJbHBIX
yuces. [IpubaBsisisi Bce HOBble U HOBbIE YJie-
HbI K TaKOil 1ocjie[0BaTeJIbHOCTU, MbI Bce 6Jid-
XKe MOAXOAMM K BeJMYUHE MPPAlMOHATbHO-
ro 4MCJa, XOTS HHUKOrJIa He CMOXEM ee
noctuub. Takue XXe cxonsiudecs: MOCJeI0Ba-
TeJIbHOCTHU UCIOJIb3YIOT JJIs ONpe/esieHUus up-
pallMOHAJIbHBIX YHCEJ, HAIPUMEP TaKHX, Kak
JorapudMsl.
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Boapmuii, yeM 6ecCKOHEYHbIH

Ho Bce nn 6eCKOHEYHOCTU GECKOHEUHBDI
oanMHakoBo? MOXHO JiM TpeacTaBUTh cebe Oec-
KOHEYHYIO0 I10CJIe0BaTeIbHOCTb, KOTOPasi He
6bl1a 661 cueTHON OGECKOHEYHOM mocjenoBa-
TEJIbHOCTHU ILIEJIbIX YUCEe?

la, B o6bmem, Bo3moxHo. IIpeacrasbre
cebe JTMHUIO C JeJEHUSIMHU Yepe3 paBHble MH-
TepBaJibl, 0603HAYAOI[UMHU YHCJIa, K TaKOH
JUHUM MBI 06pamainch HECKOJbKO pa3 Mo
Mepe M3JI0XKEeHHUs] MaTepuasa B Halllel KHU-
re. A temeps npeacraBbTe cebe, YTO BCEe MH-
TEPBaJIbl MEXAY YUCIaMH Pa3bUThI Ha BCe BO3-
MOXHBbIe 1pOOU. TO ecThb UHTEPBAJNbl MEXIY
HeJbIMH YHUCJIAMH IJIOTHO HaIlOJHEHBI Tpe-
THbUMH JOJISIMH, CEIbMbIMH JOJISIMH, ThICSY-
HbIMM, MUJIJIMOHHBIMU U Tak aajee. TeM He
MeHee Ha MPSIMOM OCTaHYTCA TOYKH, KOTO-
pbIM He O6yIeT COOTBETCTBOBATh KaKasi-nubo
apobb, naxe B TOM ciydae, ecau aApobeit 6yaer
6ecKoHEeYHOe KOJUYecTBO. BecmomuuTe uppa-
IIMOHAJIbHBIE YKCJIA.

Hanpumep, kopeHp KBaapaTHBIl U3 2 He
MMeeT TOYKM Ha JMHUU Apobeil, MOTOMY 4TO
€ro HeBO3MOXXHO MPEeNCTaBUTh B BUIAE [APO-
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BECKOHEYHOCTbD

6u. Tem MeHee Ha JIMHUU OH CYIIeCTBYeT.
[IpeactaBbTe cebe KBaapaT CO CTOPOHOI OT
OIHOTO 1IeJIOTO YHCJa A0 Apyroro (Kak Ha pH-

CYHKe).

N2 B amumy

1 B AMVHY

N2 B nauny
Het apo6n B 3To0it Touke

JAuaroHanp 3TOro KBajpaTa paBHa KOPHIO
KBaJ[paTHOMY U3 2, U eCJU OTPe30K, pPaBHbII
IJIMHE 3TOW AUAroHajau OTJOXHUTbH HA JUHUU
OT HYJIEBOH TOYKHU, TO OH 3aKOHYUTCS HA TOY-
Ke, PaBHOW KOPHIO KBaJpaTHOMY U3 2, KO-
TOPOH He COOTBETCTBYeT HU oaHa aApobb. Ha
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3TOM TOYKe HM OAHA APOoOb MPOCTO HE MO-
XKeT HaxoAuTbcsa. Ha JMHUU TakXkKe MOXHO
OTMETHTD JII060€E JPYroe UppanroHaabHOE YHC-
JIO, U ONSATb-TaKM 3TOH TOYKe He OymeT co-
OTBETCTBOBATb HU OAHA APOObD.

Kakoii e BbIBOA MOXHO caenaTh U3 Bce-
ro ckazaHHoro? Eciu Ha JUHUM OTMeYeHBI
TOYKAMU BCe pallMOHaJIbHbIe YHUCJIA, OCTAaHeTCS
TeM He MeHee 6ECKOHEYHOe YHCJIO TOYeK, CO-
OTBETCTBYIOIMX UPPALMOHAJbHBIM YHUCJIAM.
Bonee Toro, aBe ToukH, COOTBETCTBYyOUIUE
palMOHAJbHBIM YMCJIaM, HUKOTAA He OyayT
HaXoAUTbCsS psaoM. MaTteMaTUKU AOKas3asH,
4TO MeXAy HMMH Bcerjga Oyaer mo Kpaii-
Heil Mepe TOYKa, COOTBETCTBYyWIass HUppa-
nMoOHaJbHOMY uyucay. M HaobopoT, Mexay
ABYMSI MPPAallMOHAJbHBIMM YUCJAMHU Bcerpa
Oymet mo KpailiHeil Mepe OJHO palMOHAaJb-
Hoe uucyao. Eciu xe Ha auHum OyayT Ha-
HeceHbl BCe pal[MOHaJbHble U MPPALlMOHAJb-
Hble YMCJa, 3TO O3HAayaeT, YTO MCIOJIb30BaHbI
Bce Touku. [locmenoBaTesbHOCTD NEHUCTBU-
TeJbHBIX YHUCeJ, Kyaa BXOASAT KaK paluo-
HaJIbHbIE, TAK U HpPpaAlMOHAJbHbIE YHCJIA, 06-
pa3dyeT «KOHTHUHYYM».
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A kxak O0OCTOUT nen0 C AeHCTBUTEJIbHBI-
MU 4yucaaMH? SBJsseTCcs JIM MOCJenoBaTesb-
HOCTb JIeICTBUTEJbHBIX YHCEJ CYETHOHU C IOocC-
JIEeJOBATEJbHOCTbIO I1IEJIBIX 4YHCeJ, KaK |
MOCJIEI0BATEIbHOCTh BCEX PAI[MOHAJbHbBIX YHU-
cen? Hert, He aBastercst. bolno nmokasaHo, 4To,
KakK ObI MbIl HM CTapaJMCh PaCIOJOXHUTb JAeii-
CTBUTEJIbHbIE YMCJIAa TaKUM 06pa3oM, 4TOOBI
ONHOMY JNeHACTBUTEJBbHOMY YUCJIY COOTBETCTBO-
BaJI0O OJHO I[eJioe, BCe PaBHO OoCTaHeTcs Oec-
KOHEYHOEe KOJIMYECTBO CBOOOAHBIX J€ACTBUTEIb-
HBIX YHCe.

beckoHeYyHOCTb JE€MCTBUTENbHBIX 4YHCEN
o6o3nayaioT C (OT JaTMHCKOrO «continuums» ).
C — ato beckoHe4HOCTH Gosiee OOIIUPHAS, He-
XKeJu cyeTHass 6eCKOHEYHOCTb, TaK Kak bec-
KOHEYHOH IMoc/e0BaTeIbHOCTH LEJbIX YHCE
HEeJOCTATOYHO, YTOObI COCYUUTATh OECKOHEUHYIO
MI0CJIEIOBATENbHOCTD J€MCTBUTENbHBIX YHCEI.

Mo>xHO NpOBepUTb, SIBJISIIOTCS JIX JPYTHe BUIbI
OECKOHEYHbIX MOCJIEe0BATEIbHOCTEN CUETHBIMH II0
OTHOLIEHMIO K OECKOHEYHOMH I10Cje10BaTeIbHOC-
TH JedcTBUTeNbHbIX yuces. Hampumep, nocie-
JIOBaTeJIbHOCTb BCeX KOMILIEKCHBIX YUces (TO ecTh
BCe TOYKM Ha IJIOCKOCTH, a He TOJbKO TOYKU Ha
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NPSIMOi1) SIBJISIETCS CYETHOU 10 OTHOUIEHHUIO K
MOCJIEI0BATEIbHOCTH BCeX AEHCTBUTEbHBIX M-
cesa. TouHo Tak e U GeCKOHeyHasi MOCJeNOBa-
TeJIbHOCTh TUIIEPKOMILIEKCHBIX 4Mcesl (TO ecTb
BCe TOYKM B NPOCTpPaHCTBe BcesneHHOil, KOTOPYIO
MbI TOXKE CYUTAEM B JAHHOM cjlyyae GecKoHeu-
HOM) SIBJISIETCSI CUETHOUM 110 OTHOILEHUIO K I0C-
JIeZIoBaTeJIbHOCTU BCeX AEeHCTBUTENbHBIX YHUCEIL.

BeckoHeuHbie 0€CKOHEYHOCTH

B 1896 roay matrematuk [[xxopax Kah-
TOP BBIABUHYJI TEOPUIO «TPAaHCHUHUTHBIX YU-
ceji», COrJIaCHO KOTOPOii cyuiecTByeT 6ecko-
HeYHOe KOJMYeCTBO OeCKOHEYHOCTel Pa3HOro
poxa. dTu 6eCKOHEYHOCTH OH 0603HAYUI OYK-
BOH «aned» apeBHeeBpeiickoro ajdaBuTa.
Kaxnayio Takyio 6ecCKOHEYHOCTb 0003Hayanu
IpU NMOMOIIM IIPABOTO HUXKHETO MHAEKCca NpHU
6ykBe «aned»:

R,K,XK, X ...
[lepBast 6eCKOHEYHOCTH Ha3bIBaeTCs «aned-

HOJIb» U COOTBETCTBYET 6eCKOHEYHOM mocie-
JO0BAaTeJbHOCTH ILEJbIX 4YHucead. ITO O3Haya-
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BECKOHEYHOCTb

€T, YTO 6€CKOHEYHOCTb, C OTIUMCAHUS KOTOPOM
s Hayaj 3Ty IJIaBy, MOXeT OBITh caMO# Ma-
JIol U3 cyiecTByOIUX 6eckoHeyHocTel. [ py-
TMMU CJOBaMH, 0 CHUX NOp He OTKpPHITA Ta-
Kas 6ecKoHeuHas MOCJIEeA0BaTEJbHOCTb YEro
Obl TO HU OBbIIO, KOTOpas He Oblaa ObI cYyeT-
HOU C MOCJIeN0BAaTEJbHOCTHIO HEJNbIX YHCEJ
10 TOM MPUYUHE, YTO OCTAJUCH Obl JHUIIHUE
1eJibie YUCJIA.

Cuuraercs, 4YTO cjenyIomasi 1o MopsaKy Moc-
JIel0BaTeIbHOCT, <«aned-oaun» (R, ), mpeacras-
nsiet coboit C, uin 6€CKOHEYHOCTb KOHTHHYY-
Ma, HO 3TO IOJIOXKEHHeE elle He ObLIO J0Ka3aHO.
Hukomy He yaanoch o6HapyXKUTh O6eCKOHEYHOI
0CJIEZIOBATEABHOCTH Yero 6l TO HU 6bLIO B MPO-
MexyTKe Mexay <aned-Homb» (X)) u C, HO HUK-
TO TAKXKE U He JI0Ka3aJl, YTO CYIeCTBOBaHHE TaKOU
6eCKOHEYHOCTH HEBO3MOXHO.

BeckoHe4HOCTh KOJIMYECTBa pa3HoobOpas-
HBIX KPUBBIX, KOTOPble MOXXHO HapHCOBaTh Ha
IJIOCKOCTH, MOXET ObITb 6EeCKOHEYHOCTHIO
«anedp-nsa» (R,).

YT0 Xe KacaeTcsl CJAeAYOIUX MO MOPS-
Ky 6€CKOHEYHOCTEeM, TO IJIsT HUX MOKa He ObLIO
HailZ1eHO COOTBETCTBUSI.
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Atizex Asumos. YUCJIA

Tem He MeHee yxe cyuiecTByeT KOHIIel-
st 6ECKOHEYHOTro pa3HooOpa3ust GecKoHey-
HOCTEeH, KOTOPOe HauMHaeTCs ¢ OObIYHOI bec-
KOHEYHOH I0cJiel0BaTeJbHOCTH LeJIbIX YMcel,
HaUMeHbIlIei U3 BO3MOXHBIX GECKOHEYHOCTEH.

Takum o6pa3oMm, 4yeysoBeK, Ha 3ape pas-
BUTHUSI HayuyuBLIMHcs pa3nuyath 1 U 2, my-
TeM nmpob6 ¥ omubOK ABUTAJCS K BEepUIMHAM
NO3HAaHMS M B HAlIM AHU MOXeT OeccTpami-
HO OIIepUPOBATh TaKMMU NOHSATUSIMH, KaK MHO-
roobpa3uie 6eCKOHEYHOCTEH.

B n1060#f kHUTE, IOCBSIIEHHON JOCTHUXe-
HUSIM YeJIOBeYeCTBa, He CJelyeT MUCAaTh CJIOBO
«KOHel», 100 KOHIIa He CYIIecTByeT, a Mpo-
necc nosHanus 6eckoneyen. HyxHO cTaBUTh

3HaK
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