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DOOOOOOVIOOOINOOOIOIOOIOLOIOLILY

TOM Clliy4ae, eCJim OHUN YCBOEHbI TBOPYECKN.

A.H. Konmoropos

Hoporow apyr!

CeroaHs y Teba HeObbIUHLIWM YPOK MATEMATUKU,
CerogHs TbI elle pa3 ybeauwbca B TOM, 4TO
MATeMaTuKa He TONbKO UHTepecHa cama no cebe,
HO OHa HeobbivaHO nonesHa. B  xope
cerogHsawWwHero Yypoka Teba oxuaaetr 6onblwag
pagocTb  TBOpYeCTBA U  OFpOMHOe  norne
NPUNIOKEHUS MATEMATUYECKUX 3HGHUU U YMEHUW.

Xenaro tebe ycnexos u TBOpYECKUX
paaocteu Ha ypokel



Tema ypoka: «'eoMeTpuUecKasi Iporpeccus»

XXXRNN.

TbI yXe 3Haelb, Kakas nMOCNeAOBATeNbHOCTb HA3bIBAETCH
~® ApUPMeTUYECKOU nporpeccuen. HanomHto  Tebe  ee
® onpepeneHue: ApUPMETUYECKOW nporpeccuen HasbIBAeTCo
:I'lOCJ'Ie.D.OBClTeJ'leOCTb, KQXAbIA 4YneH KOTOPOW, HauyuHaa co

& BTOPOro, paseH npenblfylleMy uYneHy, CIIOXeHHOMY C OAHUM U
® TeM Xe YUCITOM.

— a. = a+d - qopmyna, 3aaarowas apupMeTUIecKyro

- nporpeccuio.

=

— CerofHa TbI MO3HAKOMMULWbLCA ele C OAHUM BUAOM

& NOCNeAoBaTenbHOCTU, KOTOpas Has3bIBAETCS  FeoMeTpuYecKom
® nporpeccuen. Ho B Hayane npouyuTam nereHay O LWAXMATHOMU
:ﬂ.ocxe. UTobbI NOHATL ee, BOBCE He HYXHO yMeTb Urpatb B
o WAXMATLI: AOCTATOMHO 3HATb, YTO Urpa MPOUCXOAUT Ha AOCKe,

= pasrparieHHou Ha 64 kneTku (NnonepemeHHO YepHble U benble)
-
-



DOOOOOOOOOOINIOOOOIOIOOOLOOIILOG

lLlaxmaTtHasa urpa 6brna npuaymaHa 8 MHAuK, w
Koraa uHAycckun uapb Lllepam nosHakomunca ¢
Helto, OH 6bIN BOCXULWEH ee OCTpoymmem U
pasHoobpasmem BO3IMOXHLIX B Heu MOSOXeHUMW.
Y3HaB, 4YTO OHa u3obpereHa OAHUM U3 ero
NOAAGHHBIX, LApb MpUKaA3an ero no3eaTb, YTOOLI
FIMYHO  HArpaguTb  3a  YAQYHYHO  BbIAYMKY.
N3obpeTtatenb, ero 3sanu CeTa, SBUNCAS K TPOHY
nogenutens. 3T0 6bIN CKPOMHO OAETbIU Y4YeHbIU,
NOSyYaBWUMN CPeACTBA K KU3HU OT CBOUX YYEHUKOB.
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POOOOOOIO0INDIDNONOIOIOIIIGY

-4 Xenaro  AOCTOUHO
BO3HarpaamuTtb Teba, Ceta, 3a
NPeKpacHyro Urpy, KOTOPYHO TbI
npuAayman, -ckasan uapeb.

Myapeu noknoHuncs.

-9 pocTatoyHo 6orat, YTobbl UCNOSNTHUTL camoe
CMenoe TBOe MNOoXesnaHwe, - MpoAoSIXan uapb. -
Hasoeu Harpaay, kotopaa Tebs yaoBneTBOpUT, U Thl
nonyuYuLlb ee.

Ceta monuan.

-He poben, - oboapun ero uapb. - BbIckaxu csoe
XenaHue. S He noxanero HUYero, YTobbr UCMOMHUTD
ero.

-Benuka pobpota 1BOS, Nnosenutens. Ho aan cpok

obaymatb oTBeT. 3aBTpa g coobuly Tebe MoK
npocbby.



DOOOOOOOOOOINIOOOOIOIOOOLOOIILOG

Koraa Ha ppyron peHb Ceta CHOBA 4BUNICA K

CTyneHaM TpoHa, OH yausun uapsa becnpumepHom
CKPOMHOCTbIO CBOEW MpOChOBLI.

-TTosenuTtenb, - ckasan Ceta, - NPUKAXM BbIAATD

MHe 3a MepBYHO KIeTKy LWaxXmMaTHOU AOCKU OfJHO
nweHUYHoe 3epHo.

-TTpocTOe nweHuYHoe 3epHO? - U3YMUICA Lapb.

-fla, nosenutenb. 3a BTOPYO KIMETKY MPUKAXU
BbIAATH 2 3epHa, 3a TpeTbho - 4, 3a YeTBepTyHo - 8, 3a
natyro - 16, 3a LIJeCTYI-O -32...




DOOOOOODOOIDOOOOIOIOOOLOOIOYG

-floBonbHO, - € pasapaxeHuem npepsasn ero uapb. -
TbI nonyuuws cBou 3epHa 3a Bce 64 KNeTku AO0CKM,
COrNacHO TBOEMY XenaHUHo:
6onblie NpoTUB MpeAabldylen. Ho 3HaM, YTo npocbba
TBOA HepoCTOMHA Mmoen LWeapoctu. Tlpoca Takyro

HUYTOXHYHO

Harpaay,

Tbl

30 KaXAyro BABOe

HENMoO4YTUTEJ1bHO

npeHebperaelwb moen MUNocTbro. CTynau. Cnyru mou
BbIHeCyT Tebe TBOU MeloK C NnieHULewn.

Ceta ynbIbHyncCA

XUTPO, NOKUHYN
Agopel U cTan
AOXUAATHCS y

BOpPOT ABOpL.
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DOOOOOOOOOOINIOOOOIOIOOOLOOIILOG

TTouemy Tak xuTpo ynbrbHyncs Cera?

TTpas nu 6bIN UHAYCCKUU LApb, cumuTas npocbby CeTbl HUUTOXHOW,
noJsiaras, YTo BCe 3epHa MLeHULI YMeCTATCS B OAUH MeLLOK?

O6 3TOM TbI Y3Haelb YyTOYKY Mo3xe.

A cenvac nonoapobHee paccMOTpUM MOCTeAOBATENbHOCTb Yucen,
COOTBETCTBYHOLUUX KONUYECTBY 3epeH MLeHULbI, ecsivi, KaKk Momnpocun
CeTa, 30 KAXAYHO Cneayrollyro KNeTKy HyXHO AaTb BABOe 6orblie, Yem
61110 B NpeAbIAyLLei.

TTonyuaetca nocneposarenbHocTh: 1,2, 4, 8,16, 32, 64,....

(3anuwm ee B TeTpaab)

HeTpyaHo 3amMeTUTb, UTO UreHbl 3TOU MOC1ef0BATENIbHOCTU, HaYMHas
CO BTOPOro, MONyYanucb MyTeM YMHOXeHUs NpefbIAyluero 4YfieHa Ha
OAHO U TO Xe Yncrno 2.

3anuwu elwe oaHy nocneposartenbHocTb: 2, 6, 18, 54,162, ...

YneHbl 3TOM nocnenosaTesnibHOCTU, HAYMHAS CO BTOPOro, NMosy4aroTcs
nyTem YMHOXeHUs npeablayllero Ha 3.

TTpuBeaeHHbIE NpUMepbI NOCeA0BATENbHOCTEN 9BN[HOTCS
reoMeTpU4eCKUMU NpOrpecCcUsIMuU.

A Tenepb Nonpobyn cpOpMynMpoBaTb U 3aNUCATb OnpeaeneHue

reomeTpuYecKomn nporpeccuun. 3amevaHue: YneHbl NpPorpecCUU AOSKHbI
6bLITb OTNUYHBL OT Hyna!




TTpoeepb cebs!

npefeneHue: fleomeTpuyeckon nporpeccuen HasbiBaeTcs
NocneaoBaresibHOCTb OTSAIUYHBLIX OT HYJ1S YMCen, KaXAbI
UrnieH KOTOpPOW, HaYUHAsA CO BTOPOTrO, paBeH NpeabIiayluemMy
UnieHy, YMHOXeHHOMY Ha OAHO U TO Xe Yncro.

O6o3Hauum, Hanpumep, yepes (b ) - reometpudeckyro
anporpeccuro, Toraa no onpeaeneHuo b = b -q, rae b 20,
®n - HATypasnbHOE YUNCNO, q - HEKOTOpOe YUCHO.
= W3 onpeaeneHns reoMeTpuYeckol nporpeccun cneayer,
=4TO OTHOWeHUe Noboro ee uneHa, HAYUHas CO BTOPOro, K
“*npeablaylliemy YneHy pasHo g, T.e.

bn+1/ bn =9

Yucno q Ha3bIBAOT 3HAMEHaTerleM reomeTpudecKou
*nporpeccun. OvesmnaHo, uto q z 0.
Hanpumep, 4TobbI HAUTU 3HAMEHATENb FeOMeTPUYECKoU
nporpeccum, npeactasneHHou B nererae: 1, 2, 4, 8, 16,...,
HYXHO: 2 pa3aenuTb Ha 1, unu 4 pasgenutb Ha 2 U T.4., T.e.
q=2
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POOOOOODOORINOIIOIOIOIOOLOIOILIVLOGY

BrznonHu camocrosaTtenbHo:
Hawtu 3HameHaTenb reomeTpuyeckomn nNporpeccumn:
a) 3; 6;12; 24;...
6) 3; 3; 3,3, ..
)1, 0,1; 0,01; 0,001....

q=?




DOOOOOODOOIDOOOOIOIOOOLOOIOYG

TTposepb cebs!

a)q=2
6)q=1
B)q=0,1

Owwnbok Het? Monogeu!
Ecnu ectb HenpasunbHbIE OTBETHI, 06pPATUCH K YUUTENHO.
TTo aHanorum ¢ apumPMeTUYecKou nporpeccuen,
BEIBOAUTCA  OPMYJSid N-FTO  UrfieHa FeoOMeTpUYeCcKou
nporpeccum.

TTycTtb b, - MepBbIv YNeH reomMeTpuleckon nporpeccuu, q -
3HaMeHaTenb, TorAaa:

b,=b,q

2
b3: bZ'q:(be)'q:dl-qz
b4: b3'q:(b1-q2).q:b1.q3
b5: e ereereeeeereareea— b1 . q4

TTpoaonXu 3Ty LEenNOYKy paccyxaeHu B TeTpaau
U BbIpasu b uyepes b, u q.



DOOOOOOOOOOINIOOOOIOIOOOLOOIILOG

TTposepb cebs!
-h ¢ An-1 _ _ 7
b =b,* q""" -popmyna n-ro yneHa reomeTpuyecKkou
nporpeccuu.
3Ta POpMysia UCMNONb3yeTca Ang pelueHUs MHOTUX
3aaa4. PaccmoTpy npumepbl pelieHUsS HeKOoTOpbIX
3aAa9.
1. B reometpuueckoun nporpeccum (b, ) nssecTHer
b,=-2wnq=3,Hautn: b,, b,, b,.
PeweHue:

2.HanTtu naTbIN UneH reoMeTpuyeckou nporpeccum

(b):-20; 40; ... Haigem 3HameHaTenb, Ana 3TOro
HyxHo 40 pa3aenutb Ha -20, nonyuyuTca q = -2.
PeweHue:

5 = bl. q4 = -20 e« (-2)4 =-20-16 = -320



DOOOOOOOOOOINIOOOOIOIOOOLOOIILOG

BeznonHu camocrtosatenbHO:

B reometpudeckon nporpeccumn (X ) HaUTu:
a) X, ecnu X, = 16; q= 3
6) x,, ecnu x, = 3/4. q=2/3.

B) X,,, ecnn x, = 48; q = -1.




DOOOOOODOOIDOOOOIOIOOOLOOIOYG

TTposepb cebs!

a) X, = 1
6) x,=1/3
B) X,, = -48

Ecnu TbI ucnerTeIBan 3arpyaHeHus, obpatuch K
yuutenio.

Ntak, npocbba myaporo Cetbl nomorna Tebe
MNOHATb onpepeneHue reomeTpulvecKou

nporpeccuun, U Tenepb HACTANO Bpems Y3HATb YTO-
Xe 6bIno aanble....



DOOOOOOOOOOINIOOOOIOIOOOLOOIILOG

3a obenpom uapb BCnomHun o6 usobpetartene
WwaxmaT U nocnan ysHatb, yHec nu Ceta CBOKO
XANKyH Harpagy.

-TTosenutensb, - 661N OTBET, - NpUKasaHUe Teoe
UCNOoSHgeTCA. TTpuasopHbIe MATEMATUKU
UCUYUCAFOT YUCIIO CneayembIX 3epeH.

Llapb Haxmypunca. OH He npuUBBLIK, YTO6LI
nogesieHUs ero UCNOSTHANMUCH TaK MeaNIUTesbHO.

Beuepom, oTxoms Ko CHy, uapb elue pas
OCBeJOMUNCA, AaBHO U CeTa CO CBOUM MELLKOM
NweHULbI NOKUHYN orpady ABopua.

-ﬂosenmenb, - OTBETUSIU eMY, - MATEMATUKU

TBOU TPpYyAATCA be3 yctanam mu HaperTca eule A0
pacceeTa 3aKOH4YUTb NoAacHerT.



-
- YTpoM uUaprO  AOSIOKUNU, UTO  CTApLUUHA

SNPUABOPHLIX  MATEMATUKOB  MPOCUT  BLIC/YLWIATH
=BAXHOE AOHeceHue.

= Llapb npukasan sesecTu ero.

= -llpexde Yem CKaxelb O TBOeM Aene, - 06baBUN
=llepam, - g xenaro ycneIwarb, BbIAAHA SIX, HAKOHeL,
=«CeTe Ta HUUTOXHAA HaArpaga, KOTOpYyHO OH cebe

*ha3Hauyun.

-

- -Papy  3t0r0 4 w |
= OCMenuncs 9BUTbCa nepea
= TO6OW B CTOMb paHHUM uac,

oTBeTUN  CTapuK. - Mebr
£O6pOCOBECTHO UCUHUCAUNU
BCE  KOMUYeCTBO  3epeH,
KOTOpoe Xenaer nosy4uTb
Ceta. Yucno 310 TOK
BeJSIUKO.....
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Voo oo

-Kak 6bI BEenNUKO OHO HU 6bINO, - HAAMEHHO
= fiepebust  uapb, - KUTHULBI MOU He OCKyAetoT.
= Harpaaa obewaHa 1 AonxHa 6b1Tb BEIAGHA..

- He B TBOEGU BRNACTU, NOBenUTENb, UCMONHATH
= noaobHbie xenaHua. Bo scex ambapax TBOUX HerT
& TAKOro Yucna 3epeH, kotopoe notpebosan Ceta. Het
=ero u B XMTHULAX Lenloro uapcTea. He Halaetcs
= TAKOrO YNCIA 3epeH U Ha BCeM NPOCTPaHCTBE 3eMru.
S W ecnu xenaelwb HenpemeHHO BLIAATL O6ELGHHYHO
= Harpaay, T0 NPUKAXU NPeBpaTUTb 3eMHbIe LapcTea B
= MAXOTHbIE MOSS, MPUKAXWU OCYLUINTL MOPS U OKEaHBI,
= MPUKAXM pacToOnUTb JbAbl U CHera, MOKpbIBArOLMeE
< Aanekue cesepHsIe NyCTLIHW.

i
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DOOOOOODOONDOOOOIOIOOOLOLOIOYG

HYCTb BCe l'lpOCTpClHCTBO nXx 6y.D.€T cnjaouwb
3acedHo nweHmueﬁ. N Bce TO, YTO pOAUTCA Ha 3TUux
nonax, NMPUKAXU OTAATb Cere. TOFJJ.C( OH nonyvuT
CBOHO HC(FpCUJ.y...
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C nsymreHmem BHUMAN Lapb CJI0OBAM CTapla.
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- Hasoeu mHe 370 YyaosuLHOE Yucno, ckasan oH
pasaymbu.



DOOOOOODOOIDOOOOIOIOOOLOOIOYG

18 446 744 073 709 551 615

YeTbIpeCTa COpOK WecCTb KBaAPUSIbOHOB
CeMbCOT COPOK YeTbIpe TPUNIUOHA
cembaecaT Tpu bUNNUoHa cemMbCoT

[eBATb MUNNTMOHOB NATLCOT NATbAECAT

OAHA ThICAYA WeCTbCOT NATHAALATb, O

nosenurtensb!



&
=« Taxkoea nereHaa. [denctButenbHO nNu 6bLINO TO, YTO

=
S0ecCb pacckasaHo, HewsBeCTHO, - HO 4TO Harpaaa, o
MOTOPON FOBOPUT NpelaHue, AO0JIXHA 6bIna BbIPpA3UTLCA

IlMeHHO TAKMUM  YUCJTOM B 3TOM Tbl CAM MOXellb

-ayb6eanTbHCS.
= ®daKkTUuecku, uMcno 3epeH, O KOTOPLIX WAET peub,

;BrgeTcas cymmou 64  uneHoB reomeTpuvecKou
Jiporpeccun, nepebIi  uneH KoTopoi paseH 1, a

#®HameHatesb paseH 2. O603HAYUM 3Ty CyMMmy Yepe3s S:

: S = 1+2+2%+23+2% . +2024263

» YMHOXKUM obe 4acTU 3anUCAHHOrO paBeHCTBA Ha
“ZHameHatenb Nporpeccum 2, NonyYUm:
® 25 = 2+42%+23+42% ....+2%

S BbIutem MouneHHoO U3 BTOPOro paBeHCTBa MepBoe U
#IpoBeaeM ynpoleHus: 25 - S = (( 2+2%+23+2%  +25%) -
T1+2+2%+23+2% .. +2°7)

d

S=2%-1

.......



DOOOOOOOOOOINIOOOOIOIOOOLOOIILOG

S=204-1
3HaUUT, noAcCYeT 3epeH CBoAUTCA K
nepemHoxeHuro 64 ppoek. [Ona obneryeHus
BLIKNAAOK 3ameHum 204 = (210)6. 24 =
=1024 - 1024 -1024- 1024 -1024- 1024- 16 =
=1048576 1048576 -1048576 16 - 1
U NONYYUM UCKOMOE YUCTIO 3epeH:

18 446 744 073 709 551 615

Macca Takoro yvcna 3epeH bonble TpUNNIUOHA
TOHH.

NHAycCckuU Lapb He B COCTOSHUM 6bIN BbIAATH
noao6bHow Harpaabl.

Ho 6yab OoH cuneH B martematuke, OH 6bI He
nonan BNpocak...



-
» Brisenem Tenepb OpMySly CYMMBI h  MepBbIX

S UYneHoB NPoU3BOJILHOW FeOMeTPUYECKOU Nporpeccuum.
= Bocnonb3syemcs tem xe npuemom, C NOMOLbHO
< KOTOpOTo 6bIN1a BEIYMCIIEHa CYMMA 3epeH.
= TlycTb AaHa reomeTpudeckas nporpeccus (b, ).
= O603HauMm cymmy n - nepBbIX ee YneHos Yepes S,
S,=b,+b,+by+....+b  +b . (1)
YMHOXUM 0be yacTu 3TOro paBeHCTBA Ha q:
S,'q=b;q+Db, q+d q+ ..... +b-q

NOSYyYUM: Sn-q = b2 + b + b * o +bn +d-q (2)

Berutem noyneHHo us (2) paBeHCTBO (1) u npuBeaem
® NOAO6HbIE UneHbr : S -q- S, = (b,+b,+b,+...+b +b -q) -
S (b*by*by+...#b ) = b q b, N S(q 1) b q b

2 5.=(b;g-b)/(q-1)
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Hoayuniam ¢opmMyidy cyMMBI N IEPBbIX 4YJIEHOB
reOMeTPpUYECKOM  MPOrpeccuu, B Koropoii q # 1,
eCclin
q = 1, TO Bce YieHBbI MPOrpecCUU PABHBI MMEPBOMY UYJICHY
HS =mneb.Ecmu B gopmyiay BvecTo b moacTraBuTh
BbIpa:keHue b q"!, moxy4um :

S. =b,(q"-D/(q-1),q#1.

Haijigem, HanmpuMep, CyMMY I€pPBbIX BOCbBMH 4JIEHOB
reoMeTpuieckou mporpeccuu (b ), B koropou b, =3 ;
q=-2.

Se=b,(@°-1)(q-1)=3((-2°-D/N(-2-1) =
=3- 255/(-3) = -255

BbInoJiHM caMOCTOSATEIBHO:
IlepBbId YIeH reOMEeTPUUYECKOU MPOrpeccuy paBeH 2, a
= 3HaMeHaTeJb paBeH 3. Haltm cymMmy MepBbIX IIECTH
* yJIeHOB 3TOM NMPOTrPEeCCHH.

PODOOOOORNOOOOOOOIOOOLOLOILOGG



TTposepb cebs!

S,=b,(q®°-1)/(q-1)=2(3°-1)/(3-1)=2-728 /2=728
Monoaeu!
NTak, 6naroaapsa mnoyuuTenbHOUW UCTOpUU C LIAXMATHOMU
@ AOCKOU, TbI Y3HAN U OTKpbIN ANna ceba MHOroO HOBOro WU
= nonesHoro. Tlepea Tobow BOMPOCHI, HA KOTOpbIE Tbl AOSIKEH
“*® 0TBETUTb B KOHLIE YPOKa:
: 1)Kakasa  uucnoeas  nocneposatesnibHOCTb  Ha3bIBAeTCH

= TEOMeTpUYeCcKon nporpeccuen?

XXXRNN.

® 2) Kakoe Yncno Ha3bIBAeTCA 3HameHaresem
® reOMeTpUYecKkou nporpeccum?

- o o C

o 3)T10 Kakou opmyne MOXHO Hautn N-u YneH

s FeOMeTpUYecKomn nporpeccumn?

- 4) TTo Kakou opmyrie MOXHO HAUTU CYMMY N MepBbIX
: UrieHOB FreoMeTpUYecKou Nporpeccumn, ecnm U3BeCTHbI:

Py a) NepBbIN YneH, N- YneH n 3HameHatenb;

#  6)nepBbI YneH U 3HaMeHaTeslb reoMeTpUYecKom

: nporpeccuun?

- TToaymau u oteets!



Cnacubo 3a ypox!
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