var a: byte;

begin

a:=0;
repeat
a+=1;:

until a=300;
writeln (a)

end.
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var a: real;
. Integer;

begin
a:=0; 1I:=1;
repeat

a+=0.1;: 1+=1;
until a=1;
writeln (i)
end.

© K.KO. lNonskos, E.A. EpémuH, 2013 http.//kpolyakov.spb.ru



KoMmnbroTepHas
apudpmMmeTmka

§ 26. OcobeHHOCTU NpeaAcTaBneHUsa Ymcen B
KOMNbIOTEpEe

§ 27. XpaHeHue B NnaMATU LUenblixX Yncen

§ 28. Onepauunu c LenbLIMU YUCNaMU

§ 29. XpaHeH/e B NaMATU BeLLeCTBEHHbIX Ynucen
§ 30. Onepauuun c BelwecTBeHHbIMU YUCIaMu
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KoMmnbroTepHas
apupmMeTuka

§ 26. OcobeHHOCTN
npencraBrieHUs Yucen B
KOMnbloTepe
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KomnbromepHas apugpmemuka, 10 Knacc

[lpepenbHble 3Ha4YeHUA Yncen

B maTtematuke Hem npegernbHbIX 3Ha4eHnn!

B KoMmnbloTEPE — KOHEYHOE YMCSIO AeTaneun, orpaHNYeHHoe
KONMYeCcTBO pas3psaos.

123  @umansor
0008—~9889 e
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KomnbromepHas apugpmemuka, 10 Knacc

[lpenenbHble 3Ha4YeHUA Yncen

cucTema cuymcneHuns
C OcHoBaHunem B

. =B" -1

K pa3ps0oe

[NepenonHeHne pa3psagHOU CETKU — 3TO CUTyauums, Korga
4YKCno, KOTOpoe TpebyeTcs CoOXpaHUTb, HE yMeLLaeTCcs B
NMeEILLLEMCA KONMMYecTBe pa3psaaoB BblHUCTIUTENBLHOIO
yCTpOWUCTBA.

© K.KO. lNonskos, E.A. EpémuH, 2013 http.//kpolyakov.spb.ru



KomnbromepHas apugpmemuka, 10 Knacc

BelwlecTBeHHbIe Yucna

8 8 8 B 9 Kakon ananasoH?
| 4
CUCTEMA CUYUCIIEHUSA C
OCHoBaHuem B
v I

Cmin — B_F

F pa3psi0os-8
opobHou Yacmu
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KomnbromepHas apugpmemuka, 10 Knacc

HeTOYHOCTbL NpeAacTaBrieHUs

e — (1123

0 He Bce BelLeCTBEHHbIE YMcna MOryT ObiThb
npeacTaBlieHbl B KOMMbOTEPE TOYHO!

1,3211 —,
1,3212 — 8%88
1,3214 — -
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KomnbromepHas apugpmemuka, 10 Knacc

CpaBHeHMe BeleCTBEeHHbIX Yucen

X =10° : ZY — 10_6} XPaHUTCHA HETOYHO!

ZX-Yzlj

HETOYHbIN pe3ynbraT!

03~0,1+0,1+0,1

O

X Y ~=1
X~Y

© K.FO. lNonsikos, E.A. EpémuH, 2013
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KomnbromepHas apugpmemuka, 10 Knacc

OnCKpeTHOCTb

1. LUenble yncna onUCKpeTHbI.
2. BelecTtBeHHbIE Yncna HenpepbIBHbI.
3. KomnbloTep paboTaeT TONMbKO C ANCKPETHBLIMWN AAHHBIMM.

0 [1ns XxpaHeHns BeLLLEeCTBEHHbIX YMNCEN
HYy>XHa AUCKpeTu3aums!

4. [lpu OnucKpeTnsaumm MoXeT NPoOUCXoauTb NoTep4d
NHpopmMaLun (UCKaXKeHne OaHHbIX).

5. bonbWwMHCTBO TPyAHOCTEN CBA3AHO C KOAMPOBAHMEM
BELLEeCTBEHHbIX YnCern.
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KoMmnbroTepHas
apudpmMmeTmka

§ 27. XpaHeHMe B NnaMATH
LenbIixX Yyncen
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KomnbromepHas apugpmemuca, 10 Knacc

Llenble yncna 6e3 3Haka (unsigned)

be33HakoBble AaHHble — He MOTYT ObITb oTpunuaTerbHbIMN.

78 =

cTapLumm ] 1 O MnagLwmnm
P 2
7 6 5 4 3 2 1 0 OuUTbI
0 | 1 1 1
cTapLum nonyo6auTt MnagLwWwun nonyoanT
cTapwas uudpa Mnagwas undpa
41 6 E1 6

1001110, = 4E,_ = ‘N’

12
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KomnbromepHas apugpmemuka, 10 Knacc

Llenblie yncna 6e3 3HakKa

13

X0 0 1 127 128 255
Xie 00, 01, 7F, 80, FF..
X, 00000000, 00000001, 01111111, 1000 0000, 1111 1111,
0
1111 1111 FFig
+ 0000 0001
1 0000 0000
4016 192 CO16
8016
0 64 1%8 192 255
| : | l T L
16 4016 8016 CO16 I:F16
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KomnbtomepHas apucpmemuka, 10 knace 14

Llenble yncna 6e3 3HaKa: Agnana3oH

K
X _ =27 -1
K X . X muribl OaHHbIX
min max
g 0 Scc byte (l1ackarib)

unsigned char (Cu)

word ([lackarib)

16 0 65535 unsigned short (Cu)

cardinal (Delphi)
unsigned int (Cu)

unsigned long
long (Cu++)

32 0 4 294 967 295

64 0 18 446 744 073 709 551 615
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KomnbromepHas apugpmemuka, 10 Knacc

Llenble yncna co 3Hakom

9 CKorbkKo MecTa TpebyeTcs anga xpaHeHust 3Haka?

Crtapwuun (3HaKOBbIN) OUT Yncra onpeaenseT ero 3Hak.

Ecnu oH paseH 0, yncno nonoxutenbHoe, ecnu 1, To

oTpuLaTenbHoe.
- 20
[1pamon Koa:
5= HM 1 0 0 1 1 1 0
1001110

-78=-1001110; M 1 0 0 1 1 1 0
J

iJ

Q ornepaunn C noJioxXnTesibHbIMAN U OTPpULATESIbHBbIMUA
YNCJ1aMU BbIMNOJTHAKOTCA no-pa3Homy!
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KomnbromepHas apugpmemuka, 10 knacc 16

Llenble yncna co 3HaKoMm

Noesi: «— 1» OOmMKHO ObITb NpeacTaBrieHo Tak, YTobbI Npu
CNOXEHUU ¢ Yncriom «1» nony4nts O.

9 Kak kogupyetca «-1»7?

1111 1111 -1 - 255
+ 0000 0001 1

1 0000 0000 256

[ns 8-OMTHbIX YMCen: Ko Yncna «—X» paBeH BOUYHOMY
Koay vucrna 256 — X (OororiHeHUe oo 256).

O

[Tpn K-OMTHOM KOAMPOBaAHUWN OOMOSIHUMESbHbIU KOA
yncna «—X» paBeH OBOUYHOMY Koay yucna 2K — X
(OononHeHue po 2X).
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KomnbromepHas apugpmemuca, 10 Knacc

Kak nocTpouTb AONONHUTESNbHbLIN KOA,?

Anroputm AO0: nepesecTtu 4mcno 25 — X'B ABONYHYIO
CUCTEMY CHUCIEHMUS.

17

Q onga sbluncrieHnn Tpebyetca K+171 paspsag

Anroputm A1:

1) nepesecTn yncro X B ABOUYHYIO CUCTEMY CHUCIIEHUS;

2) MOCTpOonUTb 06pamHkiUu KOO, BbINOMNHUB UHBEPCUH BCEX
butoB (3ameHnTb 0 Ha 1 n HAObOPOT);

3) K pesynberaTty gobasutb 1.

78 = 01001110,
10110001 <« uHBepcus
-78 - 10110010 +1
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KomnbromepHas apugpmemuca, 10 Knacc

Kak nocTpouTb AONONHUTESNbHbLIN KOA,?

Anroputm A2:
1) nepesecTtn yncro X-1B OBONYHYK CUCTEMY CHUCIEHUS;

2) BbIMNOSIHUTL MHBEPCUIO BCEX OUTOB.

78 -1=77=01001101,
-78 - 10110010 <« nHBepcus

Anroputm A3:

1) nepesecTn yncro X B ABOUNYHYIO CUCTEMY CHUCIIEHUS;

2) BbIMOMHUTb MHBEPCUIO BCEX CTapLUMX OUTOB Yncria, Kpome
Magwen egnHnubl U Hynen nocne Hee.

78 = 01001110,
-78 - 10110010 <« nHBepcCwHH
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KomnbromepHas apugpmemuka, 10 Knacc

Llenble yncna co 3Hakom

19

X1 -128 —-127 -1 0 127

Xig 80, 81, FF., 00, 7F.,
X, 10000000, 10000001, ... 11111111, 0000 0000, 01111111,

80
16 7F16
Co, 64140,
6
FF, 1

-128 —64 -101 64 127
| : : | : : i >

80, CO1 FF 01 . 40, 7F ¢

© K.1O. Monskos, E.A. Epémun, 2083 http://kpolyakov.spb.ru



KomnbromepHas apugpmemuka, 10 Knacc

Llenble yucna co 3HakKomM: Anana3oH

_ AK-l
Xmin o _2
K X . X
min max
8 — 128 127
16 — 32768 32767

32 -2147483648 2147 483 647

64 — 2% 253 -1
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X =21

max

muribl OaHHbIX

shortInt (Delphi)
char (Cu)

smallInt (Delphi)
short (Cu)

integer (Delphi)
int (Cu)

int64 (Delphi)

long long (Cu)

20



KoMmnbroTepHas
apupmMeTuka

§ 28. Onepauuu c uenbiMu
yucrnamm
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KomnbromepHas apugpmemuca, 10 Knacc

CnoXxeHue v BblMUTaHue

Onepau,mm C NorioxumtesibHbiM U OTpUUaTeEribHbIMIA
YnCIlaMUu BbITNOJTHAKOTCA MO OANHAKOBbIM aJ'IFOpI/ITMaM!

+ O 0000 0101
-9 1111 0111

-4 -~ 1111 1100

0 BbluntaHne = cnoxeHue ¢ JONONMHUTESNbHbIM KOOOM
BbldMTaemMoro!
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KomnbromepHas apuchmemuka, 10 knacc 23

[lepenonHeHue
+0 01100000 96
NOMONHUTENbHbIN 0/00100001 33
o 0]1000001
S’ S 3HaKOBbIN OUT
+1 10100000 -96
1111011111 -33
1{0111111
S’S

0 Ecnun 6uTt S He coBnanaet ¢ butom S’,
NPON30LLSIO NEPENONHEHUE U pe3ynbTaT HEBEPHbIW.
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KomnbtomepHas apucpmemuka, 10 knace 24

YMHOXeHue
x 00001001 9 x 11110111 -9
00000101 5 00000101 5
00001001 11110111
+ 00000000 + 00000000
00001001 11110111

0000101101 -45 10011010011 --45

GYMHOH(eHVIe BbIMOJIHAETCA C NOMOLLBLI CNOXEHUA U
casura.
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KomnbromepHas apugpmemuka, 10 Knacc

[Topa3psagHble norn4yecKkmne onepauumn

Mopa3psioHble onepaunmn BbiMONMHATCS
C oTAeNbHbIMM DUTaMKM Ymcna un He
BIUSAIOT Ha OCTalbHbIE.

CnoxeHne — 310 nopaspsgHas
onepauuna?

Onepauusa «HE» (vHBepcusa, not):

perncTp

R 1/ 0011|010

not R o/ 1/1]0]0|1 0 1

© K.KO. lNonskos, E.A. EpémuH, 2013 http.//kpolyakov.spb.ru
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KomnbromepHas apuchmemuka, 10 knacc 26

JNlornyeckasa onepauua «M» (and, &)

Akl WS Macka — KoHCTaHTa, KoTopas
D onpegensieT obnacTtb
o B — o NPUMEHEHUS NIOrYECKON
1 B 0 onepaum Kk butam
01— 0 MHOFOpPa3pPsAHOro Yncha.
1 —1\— 1 AA and 6C =7
7 6 5 4 3 2 1 0

DandM001010002816

C nomoubto onepauum «M» MOXHO cOpoCcUTb
(yCTaHOBWUTb B HOJb) OUTLI, 4NA KOTOPLIX Macka paBHa 0!
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KomnbromepHas apugpmemuka, 10 Knacc

Nornyeckas onepaumsi «UNW» (or, |)

D DorM
0 0
1 1
0 1
1 1

AA16 or 6C16 =?

D/l1 0|10, 1|01 O A.A16

DorM 1 1 1 0|1 1 1 0 EE

16

C nomoubto onepauum «JTN» MoxHO 3anucaTtb
eanHnLY B BUThbI, Ans KOTOPbIX Macka paBHa 1!
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KomnbromepHas apugpmemuka, 10 Knacc

Onepauua «ucknrovawuwee UIMN» (xor, *)

D D xor M
0) 0
1 1
0) 1
1 0)

AR,

=
¢ XOr 6C16 :

7 6 5 4 3 2 1 0
D| 1/ 0/ 1/0]|1 0 1 0| AA_

DxorM| 1|1 000|110/ Ce6

16

C nomoLubto onepauun «mcknrodatowee NITN» MoxHO
NHBEPTUPOBATb OUTbI, ANA KOTOPbIX Macka paBHa 1!
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KomnbromepHas apuchmemuka, 10 knacc 29

buTtoBble nornvyeckune onepauumn (utor)

IRAAARER
00 0 0 1 1 /11 : ” 1
7 6 s 4 3 2 1 0 ) OTKMIOYUTL NaMnoYkn 2 n 1, He
N Tporas ocTanbHbIe
AESENENEY o o BN R =R and F9_
| |
F 9. 2) BKIHOYUTb NaMrnoykn 7 v 4

R = R or 9016

3) N3AMEHUTb COCTOSIHNE

916 06 namMmnoyek 5,4 n 2
7 6 5 4 3 2 1 0
0/0/1 1/ 0 1 00 R = R xor 34
| |
316 416
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KomnbromepHas apugpmemuka, 10 knacc 30

LLindppoBaHue ¢ NoMoOLbIO xOr
Upesa: (A xor B) xor B = A

0 Onepauus «mckntodarwee UIMN» obpamuma, To eCcTb
ee NOBTOPHOE NPMMEHEHNE BOCCTAHABNMBAET UCXOAHOE
3Ha4yeHue!

TekcT: 2*2=4

Koabl cMMBONoOB:
'2' = 3216 = 001100102
%1 = 2A16 = 001010102
'=' = 3D16 = 001111012
'4' = 3416 = 001101002
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KomnbromepHas apugpmemuca, 10 Knacc

LLindppoBaHue ¢ NoMoOLbIO xOr

Macka: 23 = 1716 = 000101112
'2' 3216 XOr 1716 = 25

%' 2A16 XOor 1716
= 3D16 XOr 1716

3D

I
N
i

4" 3416 XOr 1716 = 23

UcxooHbIN TeKeT: 2*2=4
3awmndpoBaHHbIN TEKCT: $=%*#

PacwudpoBka:

'3 _)2516 XO0ox 1716
= —>3D16 XO0x 1716
1 g !

= 2A16 Xor 1716

i u
w N W
OpPN

'#' -23  xorl7 = 34

© K.FO. lNonsikos, E.A. EpémuH, 2013
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KomnbromepHas apugpmemuka, 10 Knacc

Nlornyeckuun casur

BneBo:

ont C
nepeHoca OO0

BnpaBo:

111(0/1/|1

NN

01

0

JENENCIEN] ©

Cu:

N=N<<1;
N=N>1;

© K.FO. lNonsikos, E.A. EpémuH, 2013

Nackanb: shift left l

N :=Nshl 1l;
N :=Nshr 1;

shift fight |
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KomnbromepHas apugpmemuka, 10 Knacc

Nlornyeckuun casur

BneBo:
0/ 0/0|0}1]/1/0|0 0/0/0{1/1]0
12 24
BnpaBo:
0/ 0/0j0}1|/1/0|0 0 0/0(0]|0]|1
12 6

9 Ecnn yncno HeyeTHoe?

INNornyecknn cosur BneBo (BNpaBo) — 3TO ObICTPLIN
cnocob yMmHoOXeHusa (aeneHmns 6es3 octaTka)
NOSTIOXKNTENBHOIO Yncra Ha 2.

9 Ecnu ynucrno otpuuaTtenbHoe?

© K.KO. lNonskos, E.A. EpémuH, 2013 http.//kpolyakov.spb.ru
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KomnbromepHas apugpmemuca, 10 Knacc

ApudmeTnyecknum casur (Bnpaso)

-12/1/1(1/1/0/1]/0|0
ISNOONNNSSN, N C
-6 /1/1/1/1/1|/0/1]|0
9 Ecnn yuncrno HeveTHoe?
NMpumepbl:
20 — 10 -20 —-10 ApndMeTU4eCKnin caBur
15 — 7 -15 — -8 BNpPaBOo — AerieHne Ha 2
11 — 5 11 — -6 HaLerno ¢ oKpyrrneHmem
«BHU3» (K brivxkaviuemy
3 —1 -3 — -2
MEHbLLEMY Lieriomy).
1 -0 -1 — -1

© K.KO. lNonskos, E.A. EpémuH, 2013 http.//kpolyakov.spb.ru
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KomnbromepHas apugpmemuka, 10 Knacc

Linknuyeckuun coBur

BneBo:

BnpaBo:

O

Linknnyecknun casur npegHasHavyeH ang
nocrnegoBaTenbHOro NpocmoTpa buto 6e3
noTepu OdaHHbIX.
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KomnbromepHas apuchmemuka, 10 knacc 36
NMpumep

3apava: B uenoun nepemerHon N (32 6uTa) 3akogmpoBaHa
nHpopmauns o usete nukcensa B RGB:
31 24 23 16 15 87 0
g R | G B

3anucatb B repemMmeHHble R, G, B coctaBnsoLwme uBeTa.

BapuaHT 1:

1. OBbHynnTb BCe OUTHI, Kpome G.
Macka anga sblaeneHus G: OOOOFFOO16

2. COoBuHYTH BrpaBo TakK, YTobbl yncrio G nepeaBuHYNOCH B
Mniagwmm 6anT.

Cu: G=(N & OXFF00) >> 8;
Nackanb: G.=(N and $FF00) shr 8;
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KomnbromepHas apuchmemuka, 10 knacc 37
NMpumep

31 24 23 16 15 87 0

g R G B

1. CaBuHYTb BNpaBo TakK, 4Tobbl Yucno G nepeaBuHYNoOChH B
Mniaawunm 0anr.

BapuaHT 2:

2. OBHyNuTb BCe bUThI, Kpome G.
Macka ong BblaeneHunsa G: 000000FF .

Cu: G=(N>>8) & OXFF;
Nackanb: G.=(N shr 8) and $FF;

9 Kak PeEWNTDb, NCMNOJIb3yA TOJIbKO caBurn?
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KomnbromepHas apugpmemuka, 10 Knacc

NMpumep

31 24 23 16 15

87

Cu: p=

B =

NMackanb: R:=
B:=
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KoMmnbroTepHas
apupmMeTuka

§ 29. XpaHeHUue B naMATH
BelleCTBeHHbIX Yucen

© K.KO. lNonskos, E.A. EpémuH, 2013 http.//kpolyakov.spb.ru
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KomnbromepHas apuchmemuka, 10 knacc 40

XpaHeHue BelweCTBEeHHbIX Yucen
C doukcupoBaHHOM 3anaTom (B nepBbix IBM):

uenasi Yyactb  ApobHasi 4YacTb

0,000000000000012345 123450000000000000,0

N MarneHbKMX YNCcen HYXHO
MacLiTabmnpoBarue

C nnasawolien 3anaTou

A=+7-B° 1234510 1.2345-10"7

BTOMAaTU4eCcKoe MagLuTabnpoBaHue):

3HaK nopagok P 3Ha4yalwlagd 4yacTtb Z

NONIOXXEeHune LMdpbI Ymcna
3anaToun
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KomnbromepHas apuchmemuka, 10 knacc 41

XpaHeHue BelweCTBEeHHbIX Yucen
TeopeTnyeckm onTumMaribHbIU BapuaHT (uenas Yactb = 0):

0,0012345 = 0,12345-102
12,345 = 0,12345-102 8%88)(108
B v

cerga 0

OCHOBaHME CUCTEMDI

|
Q OOWH paspsa pacxogyeTcs BnycTyo! e

JKOHOMHbIN BapuaHT (uenas 4Yactb ot 1 oo B):
0,0012345 = 1,2345-103 8888 8
12,345 = 1,2345-10° X 10

@) NoBbILLEHME TOYHOCTW NPV KOHEYHOM YKCHe
pa3psaaoB
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KomnbromepHas apugpmemuca, 10 Knacc

Hopmanu3sauus

HopmanusoBaHHas ¢popma: 3Havawlas 4actb Z
yOoOBNETBOPSIET ycnoBuio 1 < Z < B, rae B — OCHOBaHue
cucTembl cunucnenus (ctaHgapt IEEE 754).

NMpumep:
17,25
5,375
7,625
27,875 =
13,5 =
0,125 =

10001,01, = 1,000101, -2*

Bcerna 1, €e MOXXHO
HE XpaHUTb B NaMATH!
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KomnbromepHas apugpmemuka, 10 Knacc

Yncno obbI4HOM TOYHOCTMU (Ssingle)

3HaAK

NopsiAoK

3Ha4vallaga 4YacTb

-17,25

single: 4 banta = 32
3130

-10001,01,

23 22

= -1,000101, 2%

-

11 0/0/0/|1

0

1

0

0

00/0/006/00/0O0|0|O0

p=(4)+ 127 =131=10000011,

ans single
171/0/0/0/0/0 170/00(1/0/1/0/{0/0/0/00/0/OlO|O|O|0O|0O]0
& A D DN DN M

A Vo A VT A A Vo

C 1 8 A 0 0 0
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I1nana3oH BelleCTBEeHHbIX Yucern

YNCJ10 AECATUYHbIX pPa3Mep

Tn Afanason 3Hadawmx uncdp  (banT)
single 1,4-10% -3,4-10%® 7-8 4
double 4,9-103% - 1,8-10°% 15-16 8
extended 3,6-1074%1 - 1,2-10493% 19-20 10

Extended — Tvn anga BbIMUCNEHUN B conpoLieccope, egnHuLa
B 3Ha4Yallen 4YacTun He CKpbIBaETCH.

Single, double — TONbKO ANA XpaHEHMUS.
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KoMmnbroTepHas
apudpmMmeTmka

§ 30. Onepauunu ¢ BeleCTBEHHbLIMN
yucnamm
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CnoXxeHue v BblMUTaHue

0 Kak criokuTb ABa Yyncna c nnaBaroLlemn 3andaTon?
1,2345-107° + 1,2345-10° = ?
[Mpumep:
7,25=111,01,=1,1101, -2
1,75=1,11,=1,11_-2° \
1) nopsaku BeipaBHMBAKOTCS 00 OOonbLUero

1,75=0,0111, -22
2) 3Hadallue 4YacTu CKiyaabiBaloTCs (MU BblYUTAOTCA)

1,1101
+0,0111 9
[Toyemy nopsaku
BblpaBHMUBAIOT 00

10,0100,
3) pe3yanyHopM Nn3yeTcs GOnbLLLIEro?

10,01, -22'=1,001, -23

N DN
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YMHOXeHue n aerneHve

0 Kak yMHOXWUTb OBa 4Yncna c nrnasaroLlen 3andaton?
1,2345-107° - 1,2345-10° =7

9 Hano nu BblpaBHUBATL

nopsaaKn?

[Mpumep:

10,101, 2% =1,0101, -23
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KoHen dpunbma

NMNOJNIAKOB KoHcTaHTUH KOpbeBUuvY
O.T.H., ydutenb MHoOpMaTUKK
[[BOY COLLU Ne 163, r. CaHkT-lleTepObypr
Kpolyakov@mail.ru

EPEMWH EBreHnn AnekcaHgpoBu
K.3p.-M.H., AOUEHT Kadpeapbl MynsTUMeaNNHOW
avaaktnkm n UTO TIFTTTY, r. MNepmb
eremin@pspu.ac.ru
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UCTOYHMKKN nnnrocTpauum

1. aBTOpCKue matepuarbl
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