Anrebpa n Ha4yana marematnyeckoro aHanusa 10 knacc

[lencTBUTENbHbIE
ymcna



copepkaHue

o/ HaTypaanble N uenbie 4Yncria

, PaunoHanbHble Yncna
, IppauuoHanbHblie Ynucna

, [lencTtBuTernbHbIE YnCcna



HaTtypanbHble yncna

*Yncna, koTopble NCNonb3yTcsa And cyeTa npeamMeTos: 1, 2, 3, ...

* N={1, 2, 3, ...} - MHOXXeCTBO HaTypalibHbIX Y1Cer.

* Cy|v||V|a N ripom3segeHune NtoodbIX ABYX HaTypalsibHbIX YNCET
ABJIAKOTCA HaATypalibHbIMU YHACI1aMN.



HasoBuTe 4ncna, npealwecrTeytolime
OAaHHOMY



BbinonHuTe oencreus

«13+57 «28:2+4
«24+16 *270:(33-3)+5
«47-23 «12-645

* 156-(24+22) «81:9+105:15
« 405+(95+10) 721

*509 *6:25-4-0



[1lennmMmocCTb
HaTypanbHbIX YACEN

g 08yx HamyparbHbIX 4ucern a u b ecnu
cywiecmesyem HamypalrbHOe YUC/0 @ makoe, 4mo
8bIMNOJIHAemMcs paseHcmao a = bq, mo 2080psim, 4mo
yucsio a éesiumcesi Ha 4ucisio b.

a:b=q

a — oeniumoe
b — dennumerne
q — YacmHoe

a:b - adenumcs Ha b 6e3 ocmamka



[Tpn3Hakn OenMMocCTH

st moa2o, ymobbl HamypasibHOe 4YucJsio 0esiusiIoCh

Ha 2: HeobxooumMo u odocmamoyHO, Ymobhbl nocrieOHsIs
uugbpa 4yucra oenusiachb Ha 2.

[lpumep: 56738 : 2 m.k. 8 i 2.

Ha 5: Heobxooumo u docmamo4yHo, Ymobbl nocrieOHsIS
uugpa yucna oenunacek Ha § (0 unu 5).

[lpumep: 56735 : 5 m.k. 5 ¢ b.

Ha 10: Heobxooumo u 0ocmamoyHo, 4mobbl uyugbpa
eduHuy, bbina 0.

[lpumep: 56730 i 10.




[Tpn3Hakm OenmmocTu

st moa2o, ymobbl HamypasibHOe 4YucJsio 0esiusiIoCh

Ha 4: Heobxoo0umo u docmamo4yHo, 4Ymobbi oernusiocb Ha 4
qucrio, obpasosaHHoOe 08yMSs NMOCIEOHUMU yugbpamu.

[lpumep: 56736 : 4, m.k. 36 : 4.

Ha 25: Heobxo0umo u docmamo4yHo, 4ymobbl 0ernusiocb Ha
25 qucro, obpa3zoeaHHoe 08yMS rocrieOHUMU uugpamu.

[lpumep: 56775 : 25, m.x. 75 : 28.

Ha 8: Heobxooumo u 0ocmamoyHo, Ymobkl Oernusrockb Ha 8
qucrio, obpasosaHHOE MpeMs rnocrieOHUMU uugpamu.

[lpumep: 56552 : 8 m.k. 552 : 8.




[Tpn3Hakm OenmmocTu

st mo2o, ymobbl HamypasibHOe 4YUucJi0 OesiusioCh

Ha 125: Heobxodumo u docmamoyHo, Ymobbl Oernusioch
Ha 125 w4ucrio, obpa3oeaHHOE mMpPeMS [10C/IIEOHUMU

uugbpamu.
[lpumep: 56375 : 125, m.k. 375 i 125.

Ha 3: Heobxooumo u docmamo4yHo, 4mobbl cymma €20
uugbp oernunack Ha 3.

[pumep: 56742 : 3, m.k. (5+6+7+4+2) : 3.

Ha 9: Heobxooumo u docmamo4yHo, 4mobbl cymMma ezo
uugbp oernunacek Ha 9.

[pumep: 56545 : 9, m.k. (5+6+7+4+5) : 9.




[Tpn3Hakm OenmmocTu

st mo2o ymobbl HamypaJsibHOe 4YucJio 0esiusiIoCh

Ha 11: Heobxooumo u docmamo4yHo, Ymobbl cymma e20
Uuugp, 83siMbIX CO 3HAKOM «+», cCmMOSAWUX Ha HEeYemHbIX
Mecmax, U cyMma uugp, 835MmbIX CO 3HaKOM «—,
cmMosiLUX Ha YemHbIX Mmecmax, oesnurnack Ha 11.

Moumep: 8637519 : 11, m.k. (9-1+5-7+3-6+8) : 11.

Ha 7 (Ha 13): Heobxooumo u 0ocmamo4Ho, 4Ymobkl cymma
yucers, obpa3syrouwux epaHu, 83MbIX CO 3HaKOM «+» OIS
He4YemHbIX 2paHeu U co 3HakoM «—» 051 YHemHbIX epaHed,
Oenunacek Ha 7 (Ha 13).

[oumep: 254 390 815 : 7, m.x. (815-390+254) : 7.




[leneHne c ocTaTKkom

Teopema 4. Ecniu HamyparnbHoe 4ucrio a bonbuwe HamypasibHO20 Yucria

b u a He Oenumcsa Ha b, mo cywecmeyem, U MOJ/IbKO OOHa, rnapa
HamyparibHbIX 4Yucesi q U r, ripudem r < b, makasi 4mo 6bINofHIemcsi

paseHCcmeo.
a=>bq+r
a — denumoe q — HerlosiHoe YyacmHoe
b — denumerib I — ocmamok

[lpumep: 37 :15=2 (ocm.7)
a=37, b=15 moeoa 37=15-2+7;
e0e q=2, r=7.

3ameyaHue. Ecniu a : b, mo MmoxxHo cyumamsb, Yymo r = 0.



[1lpocTble Yncna

Ecnu HamyparbHoe 4ucrio umeem moJsibko 0ea oeriumeris —
camo cebsi u 1, mo e2o Hasbi8arOM MPOCMbIM YUCJIOM.

2,3,5 7,11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59,
61, 67, 71, 73, 79, 83, 89, 97, 101, 103, 107, 109, 113, 127,
131, 137, 139, 149, 151, 157, 163, 167, 173, 179, 181, 191,
193, 197, 199, 211, 223, 227, 229, ... — npocmekle 4ucna.

Teopema 1. Jloboe, HamyparnebHoe 4yucrio a > 1 umeem xoms bbl OOUH
rnpocmou oernumerib.

Teopema 2. MHOXXecmeo rpocmaeix Yyuceri 6eCKOHEYHO.

Teopema 3. PaccmosiHue Mex0y 08yMsi COCEOHUMU rpocmbIMU Yucriamu
Moxem O6bimb 6ornbwe obo2o Harneped 3adaHHO20 HamyparibHO20
yucna.



CocTaBHble Yynucna

Ecnu HamypanebHoe 4ducrio umeem bonee dgyx oernumeried,
Mo e20 Ha3blearom coCcmaeHbIM YUCJIOM.

4, 6, 8, 10, 12, 14, 15, 16, 18, 20, 21, 22, 24, 25, 26, 27, 28,
30, 32, 33, 34, 35, 36, 38, 39, 40, 42, 44, 45, 46, 48, 49, 50,
51, 52, 54, 55, 56, 57, 58, 60, 62, 63, ... — cocmasHble yucria

1 He serisemcsi HU rnpocmsiM, HU cOCMmaeHbIM HYUCJIOM.

OcHoeHasi meopema apugpmemuku. Jlioboe HamypasibHoOe 4Yucrio (Kpome
1) nubo sensemcs rnpocmeiM, TUGO €20 MOXHO PasfioXumb Ha rpocmakle
MHOXKUMernu.

[loumepbl: 210=2-3-5-7; b86=2-2-2-7.




HanbonbLwmnm odLwmm
genuntenb (HOL)

Haumu HOO yucen: 72 u 96.

Nenumenu qucna 72: 1, 2. 3,4, 6. 8. 9, 12, 18, 36, 72
Tlenumenu yucna 96: 1, 2. 3, 4, 6, 8. 12, 16,32, 48, 96

Cpedu Hux ecmb odurakossie: 1, 2, 3, 4, 6, 8, 9, 12,(24)

UNx Ha3biearom obwumu oertumensamu yucesn 72 u 96, a
Haubornbwee U3 HUX Hasblearom Haubosrbwum obwum
denumernem (HOL) qucen 72 u 96.

HO/ (72: 96) = 24



HanbonbLwmnm odLwmm
genuntenb (HOL)

Llea HamyparbHbIX Yucsia a u b Hasekieatom 83aUuMHO
rpocmbIMU Yucriamu, ecriu y Hux Hem obwux oenumernedu,
omnu4Hbix om 1, m.e. HOL(a, b) = 1.

[lpumep: 35 u 36 83aUMHO rnpocmelie 4Yucra,
m.k. HOL (35; 36) = 1.




HanmeHblLee obuiee
KpaTtHoe (HOK)

Haumu HOK yucen: 12 u 18.

Kpammbie qucra 12: 12, 24,48, 60, 72, 84, 96, 108, ...
Kpambie yucna 18: 18,3654, 72, 90, 108, 126, 144, ...

Cpedu Hux ecmb 0OUHAKO8hbIE: 72, 108, 144, ...

Vix Ha3bigarom obwumu kKpamHbimu qucern 12 u 18, a
HauMeHblWee U3 HUX Ha3blgarom HauMeHbW UM obuum
kpamHbiM (HOK) yucen 12 u 18.

HOK (12; 18) = 36
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3780=2%-3°-5-7

HO/] (3780; 7056)=
=22.32.7=252

HOK (3780; 7056)=
=2¢.3%.5.-72=
= 105840

NNWWMNDMNMNDNDD
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HaTtypanbHblie
N uenble Yyncna

1,2,3,4,5,6,7,8,9,10,11,12, ... -
ps10 HamyparsbHbix Yyucesn N unu (Z )

-1,-2,-3,-4,-5,-6,-7,-8,-9,-10,-11, ... -
pA0 MPOMUBOIONOXHbIX HamyparsibHbIM Yucen Z_

...,-5,-4,-3,-2,-1,0,1,2,3,4,5, ... —
ps10 uenbix yucenz (Z, uZ_u o)



Llenbie yncna

* HaTypanbHble yicna 1, 2, 3, ..., NPOTUBOMNOSOXHbIE UM YMcra Y
4yncno 0 0OpasyoT MHOXECTBO LIEMbIX YNCEN.

e7={...,-3,-2,-1,0, 1, 2, 3, ...} - MHOXXECTBO LIenbIX Yncen.

« CyMMa, pa3HOCTb 1 Npon3BeaeHne NobbiX ABYX LIENbIX YACEN
ABNAOTCS LieNnbIMU YNCHaMMU.

» YacTHOEe He Bcerga Lernoe 4ncno.

Nc/



Bbluncnurte

e5-(-12)
*(-10) - (-12)
*—36:6
o|—=71+1-12]
|35/ -1-53|
e—12+17

e—9+12
*—5+16
*35.(-2)
*16 - (-5)
*—36:(—6)



[1pobHblEe YMncna. BeinonHuTte gencreus

*2,01+ 30,77 #1417
2 4

«0,013 + 11,03
«25,9-10,7 3, 13
«10- 3,2 g8 ' 32
*2,97 - 100

J17_11
*6,3-0,01 TR
54,2 -3
«253:11 225
“6,7:0,1 > 4
67 : 100 10 3s



PaunoHanbHble Yyncna

* Llenble yncna, NonoXxntenbHble N oTpuLaTernbHble JpObHbIe
yncna obpasyroT MHOXECTBO paLlMOHanbHbIX YMCETT.



PauunoHarnbHble Yyncna

m
PavunoHanbHble Yyucna — 3To Ynucna snga —,

n
roe m — uernoe Ynucrno, a n — HatypanbHoe.

Q - MHO>KEecmeo palUuoHarllbHbIX HUCelrl.
Jlroboe pauyuoHaribHoe 4ucsio MOXHO 3arnucame 8 esuode

KOHEeYHoU oecsimuyHou Opobu unu 8 aude beckoHe4YHoU
oecssmuyHou riepuoouyeckou opobu.

[Tpumepsi: 25_8= 0,17(857142); %= 0,(285714);

6 = 6,000... = 6,(0); 7,432 = 7,432000... = 7,432(0).



PauunoHarnbHble Yyncna

BepHo u obpamHoe ymeep>XOeHUe:
Jliobyto 6eCcKOHeUYHyt0 OecsImuYHyro rnepuodu4yecKyro 0pobb
MOXXHO rpedcmasume 8 sude 0bbIKHOBEHHOU OpobuU.

[loumepbi: 0,3333... =0,(3) = %;

0,3181818... = 0,3(18) = .

22



PauunoHarnbHble Yyncna

3arnucameb 8 sude 0bbIKHOBEHHOU OpPobu BECKOHEYHYIO
0ecsmMuUYHyo rnepuoouY4eckyro opobsb :

[Toumep (1 crnocob):

[lycmb x =1,(23) = 1,23232323...
YmHuoxum x Ha 100, ymobsbi 3arismas rnepemecmursiachb

8rpaeo Ha 0OUH nepuoo:
_100x = 123,232323...

x= 1,232323...
100x — x = 122,000000...
T.e. 99x =122, omKyda x = 122

99



PauunoHarnbHble Yyncna

3arnucameb 8 sude 0bbIKHOBEHHOU OpPobu BECKOHEYHYIO
0ecsmMuUYHyo rnepuoouY4eckyro opobsb :

[Toumep (2 crnocob):

[lycmb 1,(23) = 1,232323... =1 + 0,23 + 0,0023 + 0,000023 + ...
Paccmompum amy cymmy 1 u cymmbl 6eCKOHeYHO ybbiearouwiel
2ceomempuyeckou npoepeccuu: S =1+ S ,20e S, =b_ /(1-q) -
gopmyrna cymMmbl b6ecKoHedyHO ybbigaroweu ripozspeccuu co
3HameHamernem q = 0,01, u nepebim YyneHom b = 0,23:

S, = =023 23
soq. o 1-001 99
- - 23 122

99 99



MppaunoHanbHble
ymucna

MppaLunoHanbHbIM YACIOM Ha3blBalOT OECKOHEYHYHO
OECATUYHYIO Henepuoandeckyo Apobb.

TepMUHbI «payuoHaribHOe YUC/Io», «UppauuoHaribHOe YUCIIO»
rpoucxo0sim om JlamuHCKo2o crioea ratio — pasym
(byksaribHbIU repesold: «palyuoHasrlbHoe 4YUC/IO — pa3yMHoe
YUCIIO», «UppayUoHariIbHoOe YUCIIO — Hepa3yMHOE YUCII0»).

[loumepsbi:

0,1234567891011121314...
= 3,1415926535897932...
e = 2,7182818284590452...
V11 = 3,31662479035539...




[lencTBuTEnbHbIE YMCTIa

« ObbeanHeHne paunoHalribHbIX U NppauMnNOHalribHbIX YNCEI
Ha3bIBalOT AEUCTBUTENBbHbLIMU YNCTAMN.

* MHOXXeCTBO AeNUCTBUTENBHbIX Yncen obo3HayaoT cCMMBOSIOM R.

 [TloGoe oencTBuTenbHOE YNCIO - DecKoHeYHas AecATuYHas
Opo0b.

NcZc(QcR



MHoOXecTBa uncern




