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Ot aBTOpOB

Hopozue cmapwernaccruru!

3ayMBIBANNCH JIU BB, IOYeMY B COBPEMEHHBIX KOMIIbIO-
TepaxX MCIOJL3YeTCA NBOMYHAA CHCTEMAa CUNCIeHHSI M MOK-
HO J¥ 3aMEHHTh e KakoH-ambo apyroii?

3HaeTe JU BRI, UTO TaKOe MAIIMHA THIOPHMHTA ¥ ITOUYEMY
3HAKOMCTBY ¢ He#l IpUJAIOT TaKoe BAXXHOE 3HAYeHUe B TeO-
PUH aJIropUTMOB?

Bnl, KOHeuHO, 3HAeTe, UTO [JIA 3AIMCH B KOMIIBIOTEpE
rpaduyecxoi HHGOPMAaLUY HCIONB3YEeTCH PACTPOBOE 1 BEK-
TOpHOe IpeAcTaBJeHKHe. A MOkHO g jobyio doTorpaduro
COXpaHHTh B KOMIBIOTEpE TaK, uTOObI ee mudpoBoe mpef-
cTapierne ObII0 abCOMIOTHO MOCHTUYHEIM OPUTHHATY?

A 13 Kakux 5JIeMeHTOB HOCTPOEH KOMIIBIOTED, BeAb H3BECT-
HO, UTO KOMIBIOTED 06pabaTsiBaeT TOJIBKO ABOMYHLBIE JAHHEIE,
HO IIPK 3TOM HBJIAETCS YHUBEPCAIBHBIM HCIIOIHUTEIeM?

o Karoro ypoBHs MOXKHO YAy4YIIaTh QJTOPUTMEI, Ha-
npuMep, COPTUPOBKH, YTOOH 0HU padoTany KaK MOXKHO GplI-
cTpee?

Ha 5T m MHOrue [pyrue Bolpocsl Brl HaiijjeTe OTBETHI B
AagHOM KHure. Kakaelil orBeT Ha MOLOGHBIX BOIIPOC — 3TO
PesyabTAT TeHMAILHOM JOTafKy U AJIUTEeNIbHOH paboTh yue-
HBIX TI0 paspadoTKe MaTeMaTUUECKON TeOPKUH, Ha OCHOBE KO-
TOpO# yZAJIOCE ODOCHORATL BEHIABUHYTOE MPETOJIOKEHYE.

Hamra kKHHTra — HOBBIH IpPOGHIBHO-OPHEHTHPOBAHHEBIN
Kypc «MaTemarmuecKHue OCHOBBI MH(POPMATHKH», KOTOPLIH
IIOMOXKeT BaM NPOJOJIKUTE ofpazoBanue B obracTu Marema-
THKH, MHPOPMAaTUKH ¥ HHOOPMALWOHHBIX TEXHOJOTHIH,

Ceropusi, B Hauane XXI Beka, yenoBeYeCTBO BXOAHUT B
HOBYIO IIMBHJINBALMI0 — IUBUAM3AINIO, CBAAHHYIO ¢ IIpO-
HUKHOBEHHEM KOMILIOTEPOB BO BCe c(ephbl KU3HeHedTeNb-
HOCTH UeJOBeKa. OTY IHUBUIMSAIMIO Ha3BIBAIOT HHGOpMA-
IIROHHOH, BHDPTYAABHON, KOMIILIOTEPHOI...

Brr 6yzere uTh B HOBOHM LMBHIH3AHUH ¥ ZOJMHE Ha-
VUUTBCS KUTH B Helt, He Tepad cebsd, oJp30BaTHCA ee 6ja-
raMu, HO He CTAHOBHUTHCA 3aBHCHUMBIMU OT HUX. MBI ybex-
JleHbI, YTO YeJoBEK MOJXKeT COXPaHuTh cebda xak homo sapi-
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ens, TOJBKO M3ydas OCHOBH (PYHOAMEHTAJBHBIX 3HAHUHA O
MUpe, KOTOPHIA ero oxkpysxkaer. Ocoboe 3HaueHMe B cOBpe-
MEHHBIX VCJIOBHAX IpmobpeTaeT Takasa y4eOHAA AWCIIUIIIH-
Ha, Kaxk mHpopMaruka. B JaHHON KHHUre MBI XOTHM IIOKa-
3aTh, KaK MAaTeMATHYEeCKHIl aIlllapaT UCIOJb3yeTCsd B HH-
dopmMaTuKe, KaKHe JOCTHXXKeHUA MaTeMaTHKH ITOBIHAIHN Ha
CTAHOBJIEHME ¥ pasBuUTHe HHOMDOPMATHKY ¢ OJHOM CTOPOHEI, a
¢ Jpyroi CTOPOHBI, KaKue 3aJaul MHGOPMATHUKH Jaj¥ TOJ-
YOK K IOABJEHUIO HOBHIX HAell ¥ MeTOHOB B MaTeMaTHKe.
9To B3aUMOBJIMAHNE ABYX HAYK IIPOAOIKaeTCs A0 CHX IOD.

MpsI xoTesiM BaM IIOKas3aTh, KaK CJOXKHO BHIABUI'AThH HO-
Bble TUIIOTE3HI, KaK YACTO VUeHble INIY JeCATHIETHAMH K
Jaxe CTOJIETHAMY K TeM pe3yJbTaTaM, KOTOphIe JJId Bac ce-
TOAHA IPHBBIYHBI H OUYEBUAHEL.

B 1noaroToBke 3TOM KHNUTHM Y4acTBOBAJI DONBIIIOH KOJJIEK-
TiB. Muorue upenogasatenu CYHI] MI'Y (busuko-marema-
THYecKoH MIKoJbI—HHTepHaTa uM. A, H. Koamoroposa) muc-
OJIB30BANH IIPeABAPUTENLHEIE BAPMAHTHEI KHUTM Ha CBOUX
3aHATUAX €O IOKOJLHUKAMH ¥ IPEJIOKHINA pasludHBIe
yayuiieHus. B HanumcaHuM KHUTY OOJIBIIYIO IOMOIUIL OKasa-
au Hamy xoiieru: B. B. Vcartiok (rnara 2), E. B. lllenun
(rnaBa 5), I0. E. Eropos (rnasa 6). Ms1 BeipakaeM HM TJIy-
fokyio 6marogapHocTh. MBI 0JarofapuM 3a BHHUMATEIBLHOE
IpoUTeHYe ¥ HAay4YHBbIe KOHCYJbTAIlMY IpelogaBsaTeseil da-
KyasTera BMuK MI'Y um. M. B. JlomorocoBa B. B. Anek-
ceera (ryiaBel 3 1 4) u A. . @anunna (raasa 6). U, xoHeuHO
JKe, MBI OJarofapHBI caMol MHOTOYMCJIEHHOHM rpynie Ha-
mux coaBropoB — yueHMKaM CYHI[ MI'V, xoTophle ciayma-
JIH JIEKIIUY II0 MaTepuajaM IJaB KHUTH, CAMBIMH IIePBBEIMU
pellaJyd Bce HAMM 3ajaddl MU CIpalIWBajd, CHpPAlIHUBAalH,
CIIpaIIMBAaJIH... €llie¢ BO BpeMdA HaNMCaHWs KHUTH.

Kuwnra, Ha Haur B3TAgR, OyxeT MHTepecHa ¥ II0JIe3HA TEM,
KTO MHTEpecyeTcs MareMaTHuKoR, HHHOpPMATHKOMH, GHUIHKOH.
Mger majeeMcsa, 4TO OHa IIOMOMeT BaM B BhIOOpe Oynmymieit
npodeccroHATBHON JeATedabHocTH. OJHAKO YMTATL M H3Y-
4aTk ee Oy[eT HEIPOCTO, XOTs MBI MaKCHMAaJbHO IEITAJIKCH
CTPYKTYPHUPOBATE MAaTEePHaJ, BKJIIOYWIM MHOTO KJIIIOCTPA-
uuit, mpumepos. He cTpairHo, eclii Bhl He CMOMKeTe paso-
6paTbcad B 4€M-TO IIPY HEePBOM YTEHWM, BOZMOYKHO, K COAEp-
JKAHUI0 HEKOTOPHIX maparpadoB BaM NPHUAETCS BepPHYTHLCH
nosxe. Ho, Kak roBopurcsi, JOPOTY OCHINT HAYIIHA.

Aemopwr
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Ot asTOopOB

Kak pa6oTtartb ¢ KHUromn

Kaunra «MaremaTnueckye OCHOBBI MHGOPMATHKHN» COCTO-
uT u3 6 riae, KOTOphle, BooOIe roBops, MOKHO YUTATDh H
u3y4yaTk B Jilo0oM mopsjgke. MarepHan HEKOTODHIX IJIaB
B3aMMOCBA3aH, i B TEKCTe €CThL COOTBETCTBYIOIINE CCRIIKH.

I'naBm cocToAaT U3 maparpagos, Iociie KaxA0ro naparpa-
¢a ecTb BONIPOCH! ¥ 3aJaHUA AJA CAMOCTOSTENbHO paboTkl,

B Texcre maparpados BaM 6YAYT BCTPeUATHECH BOIPOCH ¥
3a/jaHNUs, OTBETH Ha KOTOPBIe JaHbl TaM JKe. Bee aTu Bompo-
cul He OYeHb IIPOCThIe, HO HE CHEINNTe YUTaTh OTBETHl U pe-
UIeHHs1, DonpobyiiTe CHaYaia caMOCTOATEeJIbHO HAHTH OTBe-
TEI ¥ IIOCTABJCHHEIM nIpobiemaM.

B Texcre MHOTO PHUCYHKOB u Tabmyll, Kak IpaBuUJIO, OHHU

cofiep:xar obobmjalomuil MaTepuad B rpadudeckoM BHIE,

(X

Ka'KJplil pas crapaiiTecs HOHATD, 10YeMy LIPHBeJeH HMEHHO
3TOT PHCYHOK ¥ MMeHHO B TAKOM BHIe. Takasa pabora ¢ HJI-
JIIOCTPATHBHBEIM MATEPHAJIOM IIOMOYKET BAM JIydiie IOHATH
H3JaraeMsli MaTepral.

Hanbosee Ba)xHBIF MaTepmayl MBI BBRIJAEJVIN HABUTAIH-
OHHBIM 3HaKOM. JTOT 3HAK NOMO’KeT BaM OBICTPO HAXO-
IuTh Haubolee cyllecTBeHHble PaKThI, objerdur pabory
¢ KHHTOH.

TexcT KHWI'E HeIPOCTOHl, HEKOTODPHIe pasfejbl MJIW Ia-
parpadysl, ckopee Bcero, IpHAETCA UNTAThH HECKOJBKO pas,
IycTh Bac 9TO He cMyIlaeT, HMeHHO TaK HU3ydaeTcd Cepbes-
Hasd npodeccrHoHaJbHAA JHUTEpaTypa.

B rexcTe xypcusom BBEIgEJIEHEI BBOZUMBIE TEPMUHEL ¥ II0-
HATUA, BCe OHK BHECEHBI B IIPeIMETHBIH yKasarTesb, KOTO-
peI¥ HaxoguTca B KOHIe KHMUry. O6a3aTelbHO NCIONIb3yiHTe
€ro [Jjif NONCKa HY)KHBIX TEPMUHOB ¥ ONpeJesieHu#, 3T0 06-
JIerquT BaM pafoTy ¢ KHUTOH.

¥YcnexoB BaM, goporue pebaTa, B HM3yUeHHH KHUry!
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CucremMsl cumcijaeHud

Msbicns BeIpa)kaTh Bce YHCAAa HEMHOI'MMH
3HAKaMHK, HPpUAABaA KM, Kpome 3HAYeHHA II0
dbopMe, elnle 3HAYEHUE 10 MECTY, HACTOIBKO IIPO-
CTa, YTO MMEHHO ¥3-3a 9TOH HPOCTOTHL TPYLHO
HOHATH, HACKOJBKO OHa yVAUBHTEJIbHA. Kak He-
JIerko ObLIO IPHHATH K 3TOMY METOLY, MBI BHAUM
Ha IpHMepe BelnyaflinX FeHUeB I'pedecKod yue-
HocTH ApxuMega U ANOJJIOHUA, OT KOTOPRIX 9Ta
MBICJIb OCTAJach CKPHITOMH.

II1.C. Tanaac

Biames pasBuTOH KOMIIBIOTEPHOH TeopHelt,
KOMIIBIOTEpPHLIE CHEIMAJINCTH MHOTAA 3a0hIBAIOT
0 TOH POJIM, KOTOPYIO CBHIMPAJIX CHCTEMBI CYMCIIe-
HHUA B HCTOPHE KOMIILIOTEDOB.

A.II.Cmaxos

§ 1.1. Mo3uUMOHHbIe cUCTeMbI cyucneHnA. OCHOBHbIe
onpepeneHun

§ 1.2. EAMHCTBEeHHOCTL NpeAcTaBNeHUn YUcen B P-MUHbIX
CUCTEeMaxX CYUCNEHUSA

§ 1.3. NMpepcrasnenne NPoM3BONbHLIX YKCEN B NO3ULMUOHHLIX
cCUCTEeMaxX cCuMcneHus

§ 1.4. ApudpmeTnyeckne onepaunmn B P-MYHBLIX cUCTEMAX

cUncneHna

§ 1.5. MepeBon yucen u3a P-WYHOU CUCTEMbLI CuMCneHuA
B BECATUUHYIO

§ 1.6. NepeBoAa uMcen U3 OeCATUYHON CUCTEMbl CYUCTIEHMUSA

B P-uunyio

§ 1.7. CMewaHHLIe CUCTEMbI CHUCTIEHUA
§ 1.8. CucteMbl CUMCIIEHNst U apXUTEKTYPa KOMMLIOTEPOR
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I'nasa 1

epBble cueTHple Ipubopsl (abaxy, cuersl), HpooGpassl
COBpPEMEHHBIX KOMIBIOTEPOB, Hadalll co3faBaThecs 3a-
JOJITO L0 BO3HHKHOBEHHS M anrebpnl JIOTWKI, U TEO-
pum ajroputrmos. ¥Vl oIpemelsiomiyi0 Poiab B UX KOHCTPYK-
OUH HTpajy BBIOpPAHHBIE AJS HUX CHUCTEMBI CUMCIICHHd.
IIepsrle MeXaHMUYECKMe cUeTHBble MAMIMHEL (CyMMUpPYIO-
masa MamuHa Biesa ITackanss — 1642 r., cueTHad MalIuHa
Bunsrensma Jleitbguna — 1673 r., agaruTHYecKad MallrHa
Yapuasza Ba6Onmxa — 1848 r.) 6p11n paspaboTaHsl HA OCHO-
Be gecATHIHOH cucTeMbl cumcieHus. s peanusanum necs-
TV YCTOMYUBBIX COCTOSHUI UCIOJIb30BANUCE CIOMKHbBIE CHCTe-
MBI 3y0uaTBIX KoJlec. OTH MeXaHWYeCKHe MAIIMHBI OBLIN
OYeHb I'POMO3IKM, 3aHMMAaJM MHOro Mecrta. Tak, ecam Obl
IIPOEeKT AHaIuUTHYeCKOM MamuHE Babbumixa, Koropasa ABU-

- JIaCh MexXaHNn4eCKHM IPOTOTHUIIOM IIOABHBINUXCA COYCTHA CTO-

Jdetue 9BM, OnLir peanmszoBaH, TO IO pa3MepaMmM MallliHA
CpaBHAJIACH GBI C IOKOMOTHUBOM, ¥ UTOOLI IPUBECTH B JABHIKe-
Hue ee yCTPoOMCTBa, moHagobmica OBl MapoBoil gBUTraTelb.
IlpuuyuHaMe aToro GBLIM MeXaHMYECKUI IPHHIUII IIOCTpPOE-
HUs YCTPOHUCTB U UCIIOJIB30BaHME JeCATUUHON CHCTEMBI CYHC-
JeHUs, 3aTPYLHAIIIEH CO3AaHme IIPOCToMH 37IeMeHTHON 6ashl.

Yepes 63 roga nocie cmeptu bab6upmxa He-
menkuit crygeaT Koupan Ifyse mawan paboty
IO CO3JAHWIO MAUIWHBI, OCHOBAHHON HA NIPUH-
ouiax JedcTBHA AHAJINTHYECKON MaIUIWHBI
Ba66umxa. B 1937 r. mamuua Z1 6bl71a TOTOBA.
Paborana oHa Ha OCHOBE ABOMYHON CHCTEMEI
CUMC/IeHMA M ObINa UMCTO MeXaHMYeCKO#, Kak
y Ba66umxa. Ho ucnons3oBanue JBONYHONI CH-
CTeMEI COTBODHJIO YYJO -— MAaIllMHA& 3aHuMaaa

Kompaz Ilyse Bcero gBa KBaApaTHBIX MeTpa Ha CTOJe B KBap-
(1910-1985) rtupe usobperarend.

B coBpemeHHBIX KOMIIbIOTEpax BcA mMHGOOpPMAaIMA TaKMkKe
XpaHUTCA B Bule IocjefoBaTeNbHOCTel Hysneit u equan. Oxn-
HaKO JBOMYHAA CHCTeMa CUMCJEHHS B YHCTOM BHIe objagaer
PAJOM NIPUHIMINAIBHLIX HEJOCTATKOB, KOTOPBIE CTAHOBATCH
KPUTUYHBIMY B BeK OYpHOI'0O pasBUTUA KOMIILIOTEDHOU TeXHU-
KK. 'JIaBHBEIMM H3 3TUX HEJOCTATKOB SABJIAIOTCHI IIpobiieMa
IIpefCTaBIeHUs OTPHIATENbHBIX YHCEJ U «HyJeBad H30LITOY-
HOCTh» (T. €. OTCYTCTBHE H3OBLITOYHOCTH, M3 UEr0 BBITEKAET
HEBO3MOKHOCTE OIpeAeseHNs, IIPOMU3OILIO JIU UCKaKeHre HH-
¢opManuy 1pu ee nepegaue — cM. § 1.8). IlpakTrueckas mo-
TpeGHOCTH, B PENIeHHM STUX BOIPOCOB BBISHIBAET CETOZHs IIO-
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BBHIIIIEHHBIH HHTepec K cHocobaM HIpeAcTaBIeHHA HHPOPMA-
o7V B KOMIILIOTEPE W HOBEIM KOMIIBLIOTEPHBIM apuMeTHKaM.
Taxk, HanmpuMep, POEOHAUAJIBHUK Teopuy MHpopmanuu [[:x0H
¢on Heiiman mokasas TeopeMy O TOM, YTO TPOWUHadA CHCTeMa
CUMCieHns I03BoJisieT Haubosnee »(hdEKTHBHO CpeJU BCeX
OCHOBHBIX IIO3MI[MOHHBIX CHCTEM CUMCIIeHWUA «CBOPAYUBATH»
UHGpOPMAIUIO O BellleCTBEHHOM YUCJIE.

Kakwe e CHCTEMEl CUMCIeHUA paccMaTPUBAIOTCA MaTe-
MaTHKaMH ¥ WHXXeHepaM# B KadeCTBe «KOMIIBIOTEDHBIX»?
Kaxumu cBodicTBaMuM mokHa 0o6NafaTh CHUCTeMa CYHCIe-
HuA, IPpH IIOMOIIY KOoTopo# OyzeTr kogupoBaThca UHPopMa-
oA B KOMIOBIOTEPHBIX cucTeMax? Ml momeitaemcsa oTBe-
TUTE HA BTH K APYrHue BOIIPOCHI, CBABAHHBIE C CHCTEeMAMU
cuucnennd. Hamia safada — paccMOTpeTh IPMHIMINBI IIO-
CTPOEHUA TOBUIMOHHBIX CHCTEM CUMCIeHHH, MNO3HAKOMUTh-
cf ¢ HeKJIaCCH4eCKMMM (HeTPAIUIMOHHBEIMU) IMO3UIIHOHHDI-
MU CHCTEMaMM CUMCJIEHHS, C CHCTeMaMM CYMCJIeHHU:d, HC-
NOJb3YEMEIMH B KOMIIBIOTEpax.

Haunem ¢ moBTopeHusa 06a30BBIX OIpefleeHUH.

§ 1.1. MNo3nuNOHHDBbIE CUCTEMbI CHUCNEHUS.
OcHoBHblE onpepeneHns

Omnpenenenne 1. Cucmema cuucienus WA HYMeEPAyus — 3TO
crmocob sanucu (0603HaYeHHs) UHCel.

Onpenenenue 2. CHMBOJEBI, IIPH ITOMOITN KOTOPHIX BaIlXCHIBAIOT-
¢Sl 9HCJIa, HaSBIBAIOTCA YUPPAMU, a WX COBOKYIHOCTE —
angasumom cucTeMbl cumciaenusa. KomumdectBo nmudp, co-
CTaBIAOMINX anphaBUT, HABLIBAETCH €TO PA3MEPHOCMEIO.

Onpenenenne 3. CucreMa CUNCAGHHS HABBLIBAETCH NO3UYLOH-
HOll, ecliyu KOJWYeCTBeHHBIH 3KBUBAJIEHT UMD 3aBUCUT OT
ee IIOJNIOMKEHHUS B 3allCH HHCcJa.

B npuBryHOY HaM JeCATUYHOHN cCUCTeMe 3HadeHHe Jucia
obpasyercd caefyionuM obpasoM: 3HaUeHNA nudp YMHOXKA-
IOTCA Ha «Beca» COOTBeTCTBYIOLIKX PaspANOB K Bce IIOJyYeH-
Hble 3HAueHMsA cKaagbiBarorcd. Hanpumep, 5047 = 5:1000 +
+ 0-100 + 4:10 + 7-1. Takoii cmoco6 obpas3oBaHWA 3HAUYEHUA
qyclia Ha3bIBAETCA A0OUMUEHO-MYNbMUNLUKAMUGHbLM.

Onpenenenne 4. ITocaenoBaTeILHOCTE YHCE, KA/ 0e U3 KOTO-
PHIX 3aJaeT «BeC» COOTBETCTBYIOIIEro pas3psa, HasblBaeTCs
f0a3ucom TO3ZULHNOHHOH CHCTEMEI CUMCJIEHHUA.
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OCHOBHOE AOCTOMHCTBO NpaKTHUYeCKU Ji000it MOSHIIHOH-
HOM CHCTeMEI CUUCJIEHNI — BO3MOXKHOCTL 3aIlUCH IIPOU3-

P BOJIBHOI'O 4MCJIa IIPH MOMOILY OTPAHNYEHHOro KOJHIECT-
BA CHMBOJIOB.

Onpenesenne 5. II03HIIHOHHYIO CHCTEMY CUUCAEHUA HA3BIBA-
0T mpaduyuoHHoil, ecau ee Gasnc o6pasyloT UNEeHBI Ieo-
MeTPUYeCKO! NPOrpecCcHH, a 3HAUEHHUA NUPp ecTh ILiesble
HeOTPHIaTeJbHEIE YHCIA.

Tax, 6a3zuchl JeCATWYHOH, ABOUYHON YW BOCBMEPHUHON
CHCTEM CUMCJIeHHKA oOpasyloT NeoMeTpPUYeCKHe MMPOrpeccru
co 3HaMeHatenamu 10, 2 m 8 coorBeTcTBEeHHO. B 00IneM
Buge 0asuc TPagULIHOHHON CHCTEMBI CUMCIEHNA MOJKHO 3a-
.HCaTh TaK:

.. P83 p2 pl 1, p, P2 P3 .. P ..

Onpegenenyve 6. 3HaMenaTenr P reoMeTpHYecKO# IPOrpeccuH,
YiIeHBl KOTOpOoH 0o0pasyloT 6asuc TPajUIIMOHHON CHCTeMEL
CUMCJICHU A, Ha3bIBAETCA OCHOBQHUEM 3TOHM CHCTEMbI CUHCJIe-
Hua. TpagunuonHble CHCTEMBI CUUCIEHNSA ¢ OCHOBaHuWeM P
uHa4Ye Ha3BIBAIOT P-udHbiMU.

B P-punpix cucTeMaxX pa3MepHOCThL ajiaBHTa paBHa
OCHOBAHUIO CHCTEMBI CUHCIEHHA.

Tak, andapuT HecATHYHOU CUCTEMBI COCTABIAIOT IUd-
pe10,1,2,3,4,5,6,7,8,9. AnbaBuTOM IPOU3BOILHON
CHCTEeMBbI CUYHCIeHUA ¢ ocHoBaHueM P cayskar udmcia 0, 1,
v. » P—1, Kaxpgoe u3 KOTOPHIX AOJIKHO OBITH 3aIllMCAHO C
IIOMOII[BI0 OJHOI'O YVHUKAJIBLHOI'O CHMBOJA, Mjafuiell mud-
poii Bcerga asiasercd 0.

B knacc nmo3auImoOHHBIX CHCTEM CUHCIICHMS BXOLAT TaX-
JKe CHCTeMEBI, B KOTOPBIX 00 6a3KC He SBJIAETCA TeOMeT-
putdecKoil nporpeccrei, a nudPH eCcTh IeJble HeOTPUIla-
TeJbHBIE YHUCIa, Jubo 6asuc ABJASEeTCS reoMeTpHUecKoi
nporpeccueit, HO HuGPHL He ABISIOTCA EeJBIMI HEOTPHIA-
TeJIBHEIMH YHCJIAMH.

K mepBBIM MOXXHO OTHECTH (PAKMOPUAIbHYIO N QUOOHAY-
Yue6y CUCTEMBI CUHCIEHUA, KO BTOPBIM — YPAGHOGEULEHHbLE
cucTeMbl cuuciaeHuA. Taxue cucreMbl OyneM HA3LIBATE He-
mpaduyuontbimu. AnbasutoM PuOOHAUINEBOR CHCTEMEI AB-
naorca pudpsl 0 u 1, a ee 6a3UCOM — I10CJIELOBATENILHOCTD
yncen Pubomawum 1, 2, 3, 5, 8, 13, 21, 34, 55, 89 ... .
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Jleosapgo IImsancxuit Pubonauunm (1170-1250) —
WTANbAHCKUHE MaTeMaTHK. Biarogapsa ero kuure «Liber
Abaci» Eppona ysHana MHAO-apalCKy CHCTEMY YHCeI,
KOTOpasd Mo3fHee BEITECEWJIA DMMCKHe ducja

Basucom (paKTOPHAIBHON CHCTEMBI CUNCIEHUA ABJIAETCA
mociezoBatensHocTs 1!, 21, ..., nl, ... . B orHOIUEHUN anda-
BHTA 9TOH CUCTEMBI MOJKHO CAEIATh 3aMeYaHte: KOJIMIECTBO
nudp, UCIOIb3yeMbIX B Daspsjie, YBeIHYNBACTCA C POCTOM
HOMepa paspdAza.

B obmem ciyuae, eciiu CUCTeMAa CUYMCIEHUA YCTPOeHA Ta-
KuM o6pasoM, 4TO OCHOBAHUE KAK TAKOBOE B Hell OTCYTCTBY-
er, a fasuc npepcrapageT coboil OCIeNOBATEIBHOCT YNCET
s Py, Py, ..., P, ..., TO KONHMuecTBO N, nubp, HC-
NOJL3YEMBEIX B k-M Daspsje, onpelessieTcs Tak:

P :
%*l , ecan Py i P,;
N, = Pk (1.1)
~}1;_+l +1, B npoTHBHOM cJiydae.
k

3HaK «» 03HaAYaeT «AeJHUTCA HAIENO».

Iprmep 1. IlpuBesemM cBOZHyO Tabnunmy, XapaKTepHU3YIOIIYIO
HEKOTOphIe MOBHIIMOHHEIE CHUCTEMBI CUMCIIEHUS.

Cucrema OcHoBa- | PasmeproCcTH
CUMCIACHNA Hue andasuTa Hudps
OBonunasn 2 2 0,1
Tpouurnas 3 3 0,1,2
Bocemeprnunasn 8 8 0,1,2,3,4,5,6,7
UlecTHaguare- 16 16 0,1,2,3,4,5,6,7,
pPHYHAA 8,9A,B,CDEF
DaxTopuansuad Her |VBenuuwusaercs |1-it paspaa: 0,1
¢ pocToM HOMe- | 2-ii paspaz: 0, 1, 2
pa paspajga 3-it paspan: 0,1, 2, 3
Pubonauunesa Her 2 0,1
YpasHOBelIeHHAA 3 3 1,0,1
Tpomunaa (cMm. § 1.8)
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OcHoBanmeM P-MUHON CHCTeMBl CUHCIeHHS MOMKeT OBITH
aboe HaTypanbHoe 4uciao, Gonbuiee efumHUUEBI. CrcreMoil
CYNCJIeHNA ¢ MHUHUMAJBHBIM OCHOBAHHEM ABJIAETCS ABOUYU-
Had cucTeMa, BCe 4HCja B KOTOPOH 3allUCHIBAIOTCA C IIOMO-
me0 0 m 1.

IIpumep 2. IIpuBegeM 3anyvch HeKOTOPBIX JeCATHYHBIX YHCEJ B
PasIHYHBIX HETPAAHIHMOHHBIX [NOBHUHOHHBIX CHCTEMax

CUHUCJIEHNA.
Jdecaruunasn | Pakropuansgan | OubGoHauy4MeBa | YpaBHOBelICHHAR
cucremMa cucTeMa cucTeMa TPOMYHAS
caucIeHnA CYMCIeHU S CUNCIIeHM S cHcreMa
CUHCIeHUA
10 120 10010 101
— —
25 1001 1000101 1011
100 4020 1000010100 11101
O

MbI BUAMM, YTO IJIS ONMCAHWSA CHCTEMBI CUMCJIEHMSA WC-
MOJIB3VIOTCA IMMOHATUSA «6aA3UCY, «AAPABUM» , «OCHOBAHUEY .

Bompoc. Kaxoe muoxcecmeo noHamuli 00HOSHAYHO onpedensem

NO3UYUOHHYIO CUCTeMY CYUCIEHUA:
1) {6asuc, angasum, ochosanue};
2) {6asuc, angasum};

3) {6asuc}?

Omeem. OxasnslBaeTcd, YTO AJIS OQHOZHAYHOTO OIIPe/ieIeHuA IMo-
BWIMOHHON CHCTEMBl CUMCJIEHHUS, V KOTOPOH B KadecTBe
nudp HCHOAL3YIOTCH HaTypalpHble uncaa u 0, Heobxogumo
M JOCTATOYHO YKAa3aTh TOJBKO ee 0asuc: HocjIefoBaTeNhb-
HOCTB uumcen ..., Py, Py, ..., P, ... . Bce ocTanpHbIe KoMIO-
HEHTHEl CHCTEMbI ABJAIOTCH IIPOM3BOAHEIMU OT Daswmca. Ilo-
KasKeM 5TO.

PDopMyIUPOBKA HEOOXOAUMOTO YCIOBHA MMeeT BUL: €CIHU
3ajaHa IO3UIUOHHAA CHCTeMa CUMCIeHUdA, TO, CAef0BaATEb-
HO, 3agaH 6asuc. ITO0 yTBepKAEHUE OYeBHAHO CIefyeT U3
onpeneneEnyt 3 u 4.

DopMyIMPOBKA JOCTATOYHOIO YCJIOBUSA MMEET BWJ: €CIK
3azaH 6asuc, To 3agaHa IIO3ANHUOHHAA CHCTEMA CIUCHeHHU,

PaccmorpuMm oTmensHO ABa ciayvuad: 1) 6asuc asiaderca
TeOMeTPHUECKOH mIporpeccueii, 2) 6a3uc He ABIAeTCA reo-
MeTpuYecKoi mporpeccueit.
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P, k+1
B mepBoM cayuae oTHOmeHMEe — = nng Jwo6oro k mocro-
k
AHHO ¥ paBHO P — OCHOBaHUIO CUCTeMEI cUrcieHud. Koru-
yecTBO UUPp B andaBuTe TaKKe paBHO P, Tax KaK MaKCH-
MaJIbHOE UWCJIO0 eJUHUI, KOTOpPOe MOKHO 3alIKCATh B JI060M
paspaje, paBHO P—1, a MUHUMAaIBHBEIM YKCIOM aBaderca 0.

Bo BropoM cnyuae ocHOBaHHME B CHCTEME OTCYTCTBYeET,

a KoJudecTso NuUOD andaBuTa B KaXKAOM paspdAge olpene-
: nAerca mo 6asucy cornacHo dopmyse (1.1).

Ecnu :xe B kxauecTBe nuMp B cUCTeMe CUMCIEHUAA UCIIOJb-
3YIOTCH 9UCjia, OTJINYHBIe OT IelIblX HEOTPHUIlATENLHBIX, TO
O OolpelesleHMs CHCTEMBI CUNCJEHMs HeoOXOOHMO elle
onucaTh u ee andaBuUT. U

Bonpoc. Kakasa nocnedosameavhocmbs yucen moxcem ObiMmb UC-
noav308aHA 6 Kaiecmee 06a3uca NO3UYUOHHOU cucmembvl
cyucaenual

Omeem. IlocefoBaTEeJIbHOCTDh YHCE MOMKET ABIAAThLCA 6a3HCOM
MO3UIIMOHHON CHUCTEMBI CUMCIEHUA TOJNBKO TOrAd, KOIJa B
COOTBETCTBYIOIIEH 5ToMy 6a3KCy cHcTeMe MOoKeT OBITH Ipe-
CTaBJIeHO JI000e Yrciio (ecay CHCTEMAa IpelHa3HAYEHA TOJIb-
KO JJIA HyMepauuH MesblX HHCeJI, TO JI06oe Iejioe YHCo).

IOna mpeAcTaBieHWsA LENBIX YMCeJ JOCTATOYHO B3ATH
nM00yI0 0ECKOHEUHYI0 MOHOTOHHO BO3PACTAKOIIVIO YHUCIOBYIO
mocnefosareabrocts (Py, Py, ..., P, ...), HAUMHAIOIIYIOCA
¢ eguannst (P, =1). B xauecrse uudp k-ro paspaga sToit
CHCTEeMEBI CJe[yeT MCIOAB30BAaTh CHMBOJBLI, 0603HaUalolIue
auciaa 0, 1, 2, ..., N,—-1, rne N, Beruucisdercs 1o Gopmyie
(1.1). Yucaa 0 1 1 B ar060# U3 TaKKX CHCTEM IIPECTABJIA-
IOTCA COOTBeTCTBYOIMMH mubpamu. Ilyers uuciaa 2, ..., a
OpPeACTABAMEL B CHCTEeMe C OIIMcaHHBIM Gazmcom. Ilorkarkem,
YTO TOrAA M 4YHCIo a + 1 TaKoke IpeACcTaBUMO.

Ecnu mMnaamas nudpa uncia a Mexpire, 4eM N, — 1, 1o
B IIpe[CTaBJeHUN uucia a + 1 Bce crapiive IudpPHI COBIA-
aaioT ¢ nudpaMu ¢, a Maagnasg gudpa Ha eTHHUIY G0abIIe,
4yeM COOTBeTCTBYIOIadA nu¢ppa uuciaa a. Tak kax P, = 1, 1o,
COIVIACHO aIAWUTUBHO-MYJIbTUIIMKATHBHOMY NPHHIUNY IIO-
CTpOeHUs HOZOOHBIX CHCTeM, YHCIa ¢ M a + 1 B cucreme
¢ JaHHBIM 0a3uCcoOM B 3TOM Cllydyae AeHCTBHTEJIbHO OTJIHYa-
0TCA Ha eguHUNY. I[IycTh Telleps B IIPeACTABIeHUY YHCIA O
B paspagax 0, 1, 2, ..., i cTOAT MaKCUMAJLHO JOLYCTUMEIE
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uudpsl 5TUX paspAmoB, a nudpa B (i + 1)-M paspane MeHb-
me, yeM N, ,— 1. VBenuyum 3HaUeHHUe YUCJIA, COCTOANIETO
u3 uudp, croamwux B paspagax 0, 1, 2, ..., i uucna a, Ha
equHUNy. IlomyduBIeecs 4ucJIO MOXKHO ONEHHUTH CHU3Y U
CBEpPXY TaK:

P <1+ Ny=1+(N;- 1P +@qN,— )P,+ ... + (N, - 1)P,<

<Py+P,+P,+..+P, .

3ech OpM OLEHKe CHU3Y YYTeHO, UTO COTJIACHO GopMyJie
(1.1) Nyz P, NyP, 2 Py, ..., NP, > P, ,, a IIpu OLleHKE
CBEDXY MCIOJIB3YIOTCA CIeAYIOMKe N3 TOH ke HOpMYJIbI He-
P, k+1

paBeHcTBA N, — 1< . Taxum obpasom, nna ducna a + 1
k

OKa3BIBAETCA BO3MOMKHEIM Cllefylolllee IpeAcTaBiIeHHe:

nucpa B (i + 1)-m paspsafie dncia a ypeInuuBaeTca Ha efiu-

HUIY, a YHCJO

0 <1+ Ny-1+ (N;~1)P+ (Ny~1)P, +...+ (N-1)P, - P, <
< Py+P,+P,+..+P,

IpeACTaBIsIeTCA ¢ KCIONIb3OBAHMEM 3JeMeHTOoB Oasmca P,
P, ..., P,. 3ameTuM, 4TO €CJH AJNA JNIOGBIX COCEZHUX 3JIe-
MeHTOB 0asrca CIpaBefJIBO TOYHOE PaBeHCTBO N, = f”—‘i ,
k
To Bce Pl B npeAcrasienuu ¢ + 1 B paspagax 0,1, ..., 1
paBHbI 0. B sTOM ciyuae MOKHO I'OBOPHUTD M O eJMHCTBEHHO-
CTH IIpeJCTaBJIeHUA UKce]l B IO3UIIMOHHOM CHCTEME C COOT-
BeTcTBYIomUM GasmcoMm. CooTBeTCTBYIOIIAA TeopeMa moKa-
3aHa B CJIeAyIolleM naparpade. O

Bonpoc. Karue cumeonvt mozym Obimb UCNOAb306AHbL 6 Kade-

cmee yudp cucmemsvt ciucrenua?

Omeem. B xadecTBe Hudp CHCTEM CUHCIEHUS MOTYT OBITH HUC-

TOJIb30BaHBI J100ble CHMMBOJIBI, 9TO HAIJISALHO AEMOHCTDUDY-
IOT HaM ydeHble, 3aHMMalolijecd NCTOPUEH MaTeMaTUKU: Ba-
BUMJIOHAHE HCIIOJB30BANU KJIWHOBUJAHBEIE HUMpH! (y HEHX He
610 OymMaru, W «IWCanW» OHKM HA MATKUX IVIMHAHBIX [10-
ImIeYKax); KUTalibl UCHONB30BAIK MepPOrTU(bl; MBI HCIIOJb-
3yeM apabckue mudper. OFHAKO B MaTeMaTHKe IPHAePIKIBa-
I0TCA CJIeAVIOIINX JOTOBOPEHHOCTEH B OTHOINEHWM BHAA MC-
IIOJBE3YEeMBIX IUGp.
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Ecnau ocHOBamme cucrteMbl cuuciaesuda P mensmie 10, To
JJIs CHMBOJIBHOIO IIpeACTaBIeHus UMD B Hel, KAaK OpaBU-
JI0, HCIIOJNB3YIOTCsS mepBhle P pecaruuHblx nupp (ot 0 mo
P —1). HannpuMep, B IATepUYHONA CHCTeMe CUHCIeHUA OYAYT
ucnoab3oBaTbesa naAThk mudbp: 0, 1, 2, 3, 4.

Ona 10 < P < 37 B KauecTBe NEePBHIX JeCATH Hudp TaK-
JKe OOBIYHO HCIOJB3VIOT HX [JeCATHYHOE IIpeiCcTaBJIeHUE,
a IS OCTaJbHBIX Iudp — OYKBBI JIATUHCKOI'O ajdaBuTa.

Ona cucreM cuMcieHHs ¢ OCHOBaHMAMH, OonbmiuMu 36,
eIVHBIX IIPaBUJI ANA (HOPMEI 3anucy nudp He CYIIECTBYET.
B nanpHeimieM, ecau IpYW ONMMCAHUK IIPOMBBOJBHOM P-mu-
HOM CHCTeMBI CUMCJIeHHs BHUI ee nudp yxkasaH He 6yAeT, TO
MBI OyZeM CYHTATE, YTO IIE€PBHIEe HECATh IH(DP COBIAKAIOT
¢ OECATHYHBIMH, a cjegyiomue 26 — ¢ JaTHHCKHMH OYKBa-
mu. OcranpHBle UGPEL OyAeM 3aIUCEIBATh B BHIE UX Jecd-
TUYHBIX 3HAUYeHMH, 3aKJIOUeHHLIX B KBaApPaTHBIE CKOOKH.
Tak, [50] B cucTeMax CUYKNCIeHUA ¢ OCHOBAHUAMU, GOIbIIH-
mu 50, Oyger obosHadarh 51-10 1o cyeTy oT Hyaa nudpy.
MaxkcumansHYI0 DUGPY B IPOUBBOJIBHON P-UYHOM cucTeMe
cumcieHnsa Mbl 6yaem obo3navats [P — 1]. O

Bonpocsi n 3apaHna

1.

2.

ChopmynupyiiTe ompejeleHHEe aAAUTUBHO-MYJIbTUIIINKA-
THBHOM CHCTEMBEI CUNCIeHNA.

ChopmynupyiiTe Ipasua, 1o KOTOPHIM BRIUNCIAETCSH 3HAUE-
HHe YHCcJia B PUMCKOH ccTeMe cUuciIeHnd. fIBideTCA 1K OHA
aAINTUBHO-MYJIbTHILINKATHBHONR ?

CroJpKO UGP HYKHO 14 3aIUCH UHces B ABeHAAlaTepHd-
HOHM cHCTeMe CUMCJIeHU?

BepHo Jm 3amycaHbl YMCIa B CEMEPHUYHOM cHCTeMe CUHCJIe-
HuA: 2360, 35721, 6085127

IIpennoxxuTte cOGCTBEHHYIO KJIACCH(PUKAIINIO CHCTEM CUHCIe-
HUA.

IIpuaymaiiTe ¥ BRITUIINTE aIQABUT A8 IATHAECATePUIHOMR
CHCTEMBL CUHUCIIeHH .

OnuniuTre IOUIIMOHHYIO CHUCTEMY CUMCJIEHHUA, OCHOBAHHYIO
Ha PasiIo)KeHNH UMCJa [0 CTeleHAM IIPOCTHIX yuces. ABia-
eTcs JIM OHA aAAUTHBHO-MYJILTUIIINKATUBHOK?

P[[OI’\'.&)KI/ITE‘, YTO AJA P-UYHBIX CHCTEeM CUHCIeHN MUHIMAaJb-
HBIM OCHOBaHUEM SABJIAETCI YUCIC 2



20 Tnasa 1

§ 1.2. EAMHCTBEHHOCTb NpeAcTaB/IeHUus Yyucen
B P-U4HbIX cUCTEeMax CHMCIieHuna

B mpumepe 2 (§ 1.1) 6slny npHBefeHbl IIpeJCTaBleEUA YU-
cea 10, 25 1 100 B cucTeMax CUMCIIEHHA, OTJIUYHLIX OT Je-
CATUIHOU.

Bonpoc. MosxHo au amu wucra 3anucamb 6 YKa3AHHbIX cucme-
Max ewe u dpyzum cnocofom uru smo npedcmasaenue edun-
cmeenno?

Omeem. OxaspiBaeTcd, 4TO JO00e [eCATHYHOE YHCIO0 MOMKHO
ApeJCTABHUTL B JIIOOOH IOBUIMOHHOM CHUCTeME CUMCIEeHHH, a
A7 DeJsIBIX 4Yyces B GONBIIMHCTBE CHCTEM 5TO MOXKHO Cle-
JIaTh eAUHCTBeHHBEIM crrocobom. [lokaykeM aTO yTBepXAeHHE
[T HaTyPaJIbHBIX YHceN B P-MYHEIX CHCTeMax cyncaeHmns. [

Teopema 1. IlycTs P — NpousBOJIBHOE HATYPAILHOE YUCJIO0, OOIb-
mee eguHuIEl. CylllecTByeT ¥ €OWHCTBEHHO IpEJCTABIEHUE
moboro HaTypaJbHOro umcesia X B BRJE CTEIEHHOro pafa

X=apP' +a_P""+..+aP +a, (1.2)
rne 0<a, <P, 0<i<n,a =0.

Hoxazamenvcmeo

CymectroBanue. IoxkasaTensCTBO OCHOBAHO Ha METOZE IIO-
CTPOEHHS, T. e. OJISl TMPOUSBOJBHOIO HATYPAJBHOTO UHCIA
MBI IIPOCTO IIOCTpPOMIM IIpeAcraBieHme Buzma (1.2).

Tax kax uncia P°, PY, P?, P®, ... 06pazyioT MOHOTOHHO
BO3PACTAOIIYIO YMCIOBYIO IIOCTIEJ0BATEILHOCTD, TO CYILECT-
ByeT TaKoe HATYPAILHOE UYMCIO 7, UTO

P"< X < p™i. (1.3)

Pasgenum uHrepBat [P"; P"™*') ma P - 1 pasuyio wacts,
TOrAa rPaHULAMY MOJYUYEHHBEIX UHTEPBANIOB OKAKYTCA TUCIA
x,=1P", x,=2P" ..., xp=PP"= P! Tnuma xammoro
npomexyTra [x,; x,,.), tae k = 1, ..., P~ 1, pasna P".

M3 (1.3) n IpoBeIeHHOI'0 MOCTPOEHUA CIELYeT, UTO UHC-
7o X momaZeT B OAMH U3 MHTEPBANOB [x,; x,.,), T. €. cyue-
CTByeT TaKoe HarypajbHoe kK, 1 < kE < P, uTto

kP < X < (k + 1)P™. (1.3a)

Ilonoxknm a, = k < P. Torga a, # 0.
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Obo3HauuM pasHHIY MeJy uucioM X H JIeBOH I'paHU-
oefl x, COOTBETCTBYIOIEro MHTepBana Kak Y =X —a nP".
0 <Y < P" o mocTpoeHHIO.

Ecmn Y =0, 10 mocTpoeHHe B3aKOHYEHO, B IPOTHBHOM
ciydae, OISITL CpABHMBAA ViK€ BEJIMYMWHY Y ¢ UieHAMH BO3-
pacrampolieil nociesoBaTeasHOCTH 1, P, PZ, P3, ... P", Haii-
[eM Iesoe umcio m Takoe, utro P <Y < P™! 0 < m.

Hnsa womepoB m + 1 <i<n - 1 nmonoxkum a, = 0 (Ta-
KHX HOMepOB MOXKET M He OKasaThCdA, ecJIU m + 1 =n) u
BbluuCIuUM a, . [jd aToro, Kak U paHee, PasfeauM HH-

+ -
tepsai [P"; P™™') ma P ~ 1 paBHble wacT# AiuHON P™ u
OIpefieNuM, B KAKYIO U3 HUX IHOIAajaeT YUCIo Y, T. €. Cpeau
meaplx 3Hadenuit h: 0 < h < P Haiimem Taxoe, 4UTO

hP™ <Y(h + 1)P™. (1.3b)

Honoxmm a, =h <P u obosmasnm Z =Y - a,P".
W rax panee.

IIponecc o6a3arebHO 3aBEpPLINTCA, TaK Kak Ha KaxgoM
miare MEI CDAaBHHBAEM OCTABIIEECS YKCJIO BCE ¢ MEHBIIUM KO-
HEYHBIM KOJHYECTBOM Pa3JIHIHBIX HEOTPHUIATEILHBIX cTelle-
Hel yuciaa P. A Kaxk TOJNBKO Pe3yIbTaT 04epefHOT0 BHIUWTA-
HHA OKAXKeTCcA MeHbIle, UeM P, Mbl IIOJOXKHM @, PaBHBIM
€My, U [IOCTpOeHHe 3aKOHYIUTCH.

B pesynsrare moaydum, 4TO

n n—1
X = anP +an_1P +...+a1P+a0,

rae 0 < a,<P,0<i<n,a, #0.
ExmncreerHOCTh, I8 JOKa3aTesbCcTBA BOCIIOAB3yeMCA Me-
TOLOM OT IIPOTUBHOTIO.

IIpenmoioxuM, 4TO HEKOTOpOe HaTypaJbHOE UMCJO uMe-
eT ABa pas3NUYHBLIX IpeAcTaBieHHs Buga (1.2):

X, =aP +a, P+ .. +aP+a, (1.4a)

X,=b P"+b P+ .. +bP+b, (1.4b)

IToraxem, 4to ecnu m > n, To X, > X,. [lna noxasa-
TeJIbCTBA OLEHUM X, CHU3Y HAVMEHBLIINM BO3MOMKHEIM YHC-
aom (b, =1; b, _,=...=b,=b,=0)

X, 2 1P"+0P" 1+ ...+ 0P+0=P"
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Onmenum X, cBepxy HauGOJBIIMM BOZMOXKHBIM YHCIOM
(a,=..=a; = ay,=P-1)

n
X, < (P-1)P" + (P-1)P" 4. + (P-1)P + (P-1) =
- Pn+1 -1 < Pn+1.

3meck A BBIUMCIAEHUSA CYMMH MCIOJb30oBajack (opMmyna
CYMMBI JIEHOB KOHEYHOW reoMeTPHYeCKOHM IIPOTrPEcCHM.

Tak xax 1o npepnonoxenuro m>n + 1, ro X; < pril <X,,
T. e. X1 < X,. CiuegopatenpHo, ecnu X, = X,, T0 n =m.

IoraskeM, uto @, = b, . ONATH BOCHOJIBL3yeMCs METOAOM OT
nporusHoro. llyers a, > b, (mampumep, a, =b, + 1). Onernm
pasuocts X, — X, =P" - (@, ; - b, Pt~ - (ay — by).
dameHuM Bee g, (0 < i < n) Ha UX MaKCHMATIBHO BO3MOKHEIE

sHaveHud (P —1), a Bce b, (0 < i < n) — Ha MEHHMAJIBHO BO3-
MOCKHBIE 3Ha4yeHUA (HyJIm):

X, -X,2P" - (P-1)P" 1+ (P-1P" % +
+ ..+ @-1)=1.

9To mpoTUBOpeyuT TOMY, 4T0 X; = X,, CleZoBaTeNbHO,
a,=b,.

Ilycers cymecrsyer Taxoe k, uro a,=b,nipu k + 1<i<n=m,
HO a, # b,. CpaBHEUM umcIa

~ - no_ _ k1
Y1 = X1 a,P akﬂP

Y,=X,-bP"—..-b,, P¥.
Ilocne mpeobpasoBaHusA IoJIydaeM:
Y, =aPf + ...+ aP +a
Y, =bP" + ...+ b,P + b,

rge a, # b,. IloBTOpUB mpOBeleHHEIE DaHee PACCYXAEHHUA,
[OJy4uM, 410 Y, # Y,, U, Cle[0BaTelbHO, X, # X,

ITonyunau mIpoTHBOpEUHE ¢ HCXOAHBIM IPEAIIONIOYKEHNEM
0 paBeHCTBe Inpexncrasaenmit (1.4, a) u (1.4, b). Ciuenosa-
TeJIBHO, 4, = b, ipu 0 <i < n = m, T. e. IpeAcTaBNeHue BUta
(1.2) pna moboro HaTypaJbHOTO YHCJIA eJMHCTBEHHO.
Teopema doxasana.
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Ha ocHoBanmu Teopemb! 1 MOMHO yTBEPMKAATH, YTO JIO-
00oe HaTYpaJIbHOE YHCJI0 MOYKHO 3allMCATh B KAKOH yroj-
HO P-M4HOH cucTeMe CYMCIIeHUS, IPUYeM eTHHCTBEHHBIM
obpaszom.

Ipnmep 3. IlocTporM IIpeAcTaBieHMEe OeCATHYHOTO  YHCIIA

X = 3056 B BuJe cTeneHHLIX PAJOB IPHU PasJNYHBIX 3Hade-
HuaAx P.

1) P = 10.

OueBHAHO, 4TO 10 < 3056 < 104, CJIeIOBATENLHO, B IIpej-
crasaennu (1.2) n = 3.

PasgennB mHTEpBaAI {103; 104) Ha 9 paBHEIX YacTeil, HOJIY-
qum, aro 3-10° < 3056 < 4108, cliefoBaTesNbHo, ag = 3.

Y = 3056 — 3-10% = 56 u, rax kax 10 < 56 < 10%, r0 a, = 0.
Hanee momydaem 5-10 < 56 < 6-10, ciemoBarensHO, @, = 5.
OcraBmeeca uacao Z =Y — 510 = 56 — 50 = 6 < 10, caeno-
BaTEJBHO, @, = 6, U IOCTPOEHME 3aKOHYEHO.

B pesynstatre monygaem: 3056 = 3-10% + 510 + 6.

2) P = 16.

16% < 3056 < 163, CJIefoBaTeNbHO, B IpejcraBnenuu (1.2)
n=_2.

Pazpenvs mHTEpBAIL [162; 163) Ha 15 paBHEBIX WacTei, IOJy-
aum, uro 11167 < 3056 < 12-16%, cneposatensio, a, = 11.
Y = 3056 — 11-16% = 240. Ho 1516 <240 < 16, ciegozra-
TeNbHO, a,= 15.

N, rak xax 240 — 1516 = 0, TO mocTpoeHMe OKOHYEHO,
aa,=0.

B pesynnraTte monyuaem: 3056 = 11-16% + 15-16. O

ITpumep 4. Hecartmynoe uucio 14 MOKHO 3ammcaTh

B ZBOMYHOH CHCTEME KaK 1110, (14:1-23+1-22+1-21+O-2°);
B TPOMYHON CHCTEME KakK 112, (14=1-3%+1-314+2:3%;

B YeTBePUYHON CHCTEME KaK 32, (14=3-4'+2-4%;

B 14-puunoi cucreme kax 10, (14=1-14'+0-14%,

B cucremax cumcenenus ¢ ocuoBanueM, 66nsmuM 14, nagHoe
yucyo OyneT mpeacTaBIeHo OfHOM Hudpoii (aTo OyaeT OYKBa
JIaTHHCKOro ajpasuta E uiy HeKuil Apyroil cUMBOJI). O

B pasgesne maremaTtuku «Teopus uncen» AOKa3BEIBaeTCd,
4TO0 M JI00yI0 NPaBHIBHYIO0 ApPoOh MOKHO IpPEACTABHUTH B
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BUAE KOHEYHON MM OeCKOHEYHOH CYMMBI OTPHIATEJIbHBIX

" cremedeil jwoboro HaTypaiabHoro umciaa P > 1. Hanmpumep:

0,123 =110 + 211072 + 3-10°%= 0,1 + 0,02 + 0,003;

1_ 0,1(6) =110 + 6102 + 6102 + ... =

0,1 + 0,06 + 0,006 + ... ;

n—-38=0,1415... = 1110 ' + 4102+ 1-10 2 + 5107 + ... =
= 0,1+ 0,04 + 0,001 + 0,0005 + ...

Tax KaK IIPOM3BOJIBHOE HEOTPUIlATEIIBbHOE llel‘(’ICTBI/ITeiIb-

HO€ YHCJIO MOXXHO IIpeACTaBUTL B BUOEC CYMMEBI €ro IieJioy 1

npobHO# uacteit (Jrro6ad M3 HTHX HacTell MOXKET U OTCYTCT-
BOBaTh), TO IOJYyIeHHBIe Pe3yJbTATHI MOYXKHO 00OGIIUTE.

Onupepenenne 7. B P-uuHOM cucTeMe CUHCIeHUA J1000e HEOTPH-

IaTeJbHOe BellleCTBeHHOe UMCJIO MOJKHO 3allcaTh B BHUIeE:
n n—1 -1
a=a P + an_lP +..+aP+ta;+a P+

13 .
+a,P?+..= YaP,0<a <P, nz20, (1.5)
i=—0
roe P > 1 — ocHos8aHue TO3ZUIINOHHOM CHCTEME! CUNCIIeHNA,
a, — yu@pu. 4ucia a B P-u4HO# cucTeMe cYMCIeHUA.

OTpuuarejbHble YKcja B P-MYHBIX CHCTeMaX CUMCIeHUA
NIPeACTaBISAIOTCA ¢ IIOMOIIBIO 3HAKA «MHHYC» Ilepel BHIpa-
sxeHueMm BHZa (1.5) oma MoAyIs OTPUIATEJBHOTO YHCIA.
Hanee MBI OyZeM paccMaTpuBaTh TOJBKO IIOJIOKHTEJIbHBIE
Ypcia WM UX OpeAcTaBlIeHHe B P-MYHBIX cHCTeMaXx cuuce-
HHEA.

Bonpocsb! 1 3apaHns

1. ITocTpofiTe npexacraBieHme AecaTwaHoro uwciaa X = 3056

B BHJe CTeIeHHOro psaja opu P = 2.

2. Ilokasxure, 4To n1060€ HaTypajJbHOE UHUCIO MOXKET OBITH

NpeCcTaBJeHO B BHe CYMMEI PA3JIMYHBIX HEOTPHUIATEIbHEIX
cTelleHed yHuca 2.

3. Bo CKOJIBKO Pa3 YBeJUYUTCA IHCI0 325, ecau HPUIHCATDH

K HeMY CIIpaBa HOJb?

4. Kak nsMeHuTCA 3anuch P-uaHoi ZpobY ¢ HyJieBOH 1iesoil da-

CTBIO, €CJIM ee pasfenuThb Ha P2?
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5. BHIIOIHUTE IIyTeM DacCyKAeHUS CIeAyIolHe feiicTBUS, He
HCIIOJIB3Y S OIlepalluio JeJIeHud:
100000,:1000,; 201,:100,.

§ 1.3. NMpeacraBneHne NpPonN3BOJIbHBLIX YUCES
B NO3ULMOHHbIX CUCTEMAX CHUCNEHNS

Ha ocroBanum TeopeMbl 1 MBI MOX€M YTBepPIKAaTh, YTO JIIO-
6oe ducyio MOXKeT ObITH 3aIMCAHO B BHJAE CYMMLI CTelleHeil
yucaa P, roae P — HaTypaibHOe 4HCI0, Gosabiliee 1. BmecTte
C TeM, ecjy MBI B KadecTBe Oasyca HO3UIKOHHON CHCTEMBI
CUMCJIEHHSI BO3bMEM BO3PaCTAWIUYIO II0CIeLOBATEIbLHOCTD
cremeHell uywmcaa P m TeM caMBIM OJHOBHAYHO OIpeNeNM
P-nunylo cucTeMy CUMCJIeHHA, TO 3TO PasjioyKeHue IIo cTelle-
HIM uyucia P O6ymerT ABIATHCA IIpeAcTaBieHHEM TAaHHOTO
yucaa B P-HYHOI cucTeMe CUMCJIEHUS,

1.3.1. Pa3BepHyTasa U ceBepHyTas (bOpMb) 3anucm

Horopopumca IIpeAcTaBileHUde YUcIa B P-w4yHOM cucreMe
cuncieHusa B Bufe (1.5) Ha3weIBaTL paszeeprymoil Gopmoil 3a-
nucy umciaa (3ta opMa B OCHOBHOM HCIIOJIL3YETCA IIPH pe-
NIeHWH 3ajad).

OpyruM crocofoM 3alUCH IPOU3BOJIBHOrO YyHcia B IIO-
BMHUOHHOM CcHCTeMe CUNCJIEeHNA C OCHoBaHVeM P aBisdercd
TIoCJIefOBATeNbHOE IIepednceHne ero 3HaAYaluX udp, Ha-
YHHAA CO cTaplueil, IIpKU 3TOM Iiejas YacThb OTHeNAeTCA OT
npobHoit sanaToii. To ecTs pasnoxenuro suga (1.5) semge-
CTBEHHOTO 4YHNCJa @ IO CTelleHAM P CooTBeTCTBYyeT 3amKCh
BHA:

a=a,..a,a4,0_...0_... (1.6)

IIpencraBienme uwmcaa B P-w4HOH cucreMe CUMCIeHUS
B Bufe (1.6) Ha3wIBaeTCa c6eprYmMOL QopMOll 3aIIUCH YHUCIA.

Taxum ob6pasom, HATYpPaJbHOE YUCIO ¢ B P-WYHOU cHCTe-
Me CUHCJIeHUS MOKHO 3aIllcaTh ABYMS DABHO3HAUHBIME
crocobamu:

n n-1
a=a P +a P° +..+aP+ay,=aa, ..aa, (1.7)

ITpaBuabHYIO KOHeUHYIO P-MUHYIO P00k b MOXXHO 3alucaThb
CIEeNYIOIIUME cIIocob0aMM:
b=b Pl+b PP+ . +b P*-0,b

bgeb e (1.8)
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Ilpy wcnonp3oBaHuy pasBepHYTOH (OPMBI AJIA 3aMHCH
uncia B P-u4nHoil cucTeMe cyHUCjieHUA OcHOBaHue P u ero cre-
oeHH OOBIYHO 3alMCHIBAIOT B JECATHYHOM cHCTeMe, & IHUO-
P — B P-mumnoii. IIpy HMCIIONB30BaHUM CBEPHYTOH (OPMEI
nudpsl TaK)Ke 3anyChHIBalOT B P-HYHON CHcTeMe, a OCHOBa-
Hue P, sanmcanHOe B JeCATUIHON cucTeMe, IPHUIIACHIBAIOT K
Yuclly B KayecTBe ero HMxHero uugexca. Mckiioderne Mo-
JKeT COCTaBJATH JMIIb AeCATHYHASA CHCTeMa CUMCIeHUH,
Opy 3allUCH YHCeJ B KOTOPOH HHIEKC YaCTO OIyCKaeTcd.

1.3.2. NepeuncneHue HaTtypanbHbIX Yucen

Bonpoc. IIpednonosxum, wmo mbvt pabomaem 6 50-puunoil cuc-

menme cuucaenus. MoxHo AU MOALKO no c8eprYymMOL popme
yucaa A, He npous3sods HUKAGKUX 6biiucrenuil, onpede-
aumeo, 6orvwe 50 uau Hem OecAMUHLHbLI IKEUBALEHM HUC-
aa A?

Omeem. B o060t P-uuHO# cucTeMe CYMCIeHUdA HaTypaJbHbIe

yupcJia, MEeHBIINE ee OCHOBaHUA P, mpexcrasidmooTes ¢ IOMO-
mpi0 ofHOW umdpsl paHwo¥ cHcremsl. Jlna uUcen e,
60nbmMX WIKM paBHBIX P, TpebyloTcs yxe, mo KpaitHeit
Mepe, OBe nupphl. Camo uwHciao P B cUCTeMe CUHCISHMUSA
c ocHOoBaHMeM P 3anuceisaerca B Bufe 10,, 4To cresyer us
pasBepHyTOo#l QopMpl samucu uucia P B P-wuHON cucreMe:
P =1-P + 0. CnegoBatenpHO, €CJIH HUCI0 A 3alHCaHO HPH
IOMOIIM TOJBKO ONHOH HIUM@PDPBI, TO OHO MeHbie 50, ecau
4qucio umeer Buj 10,, TO OHO PAaBHO 50, B oCTaJNBHBEIX CJIY-
gasx yncao 6onapire 50, O

Wz oTBera Ha npempIAyIIHil BOIPOC HOHATHO, Kak B
P-yunoil cucTeMe CUNCHEHHA [epeducifaTh (BLIOWCLIBATDL
B Bo3pacTapIleM IOpAaKe) dxcaa, MeHbmKe P. CaMo 4ucio
P zanuceiBaerca B Buge 10,. lua nepeumcienwsa ducel,
ponpmux P, Bocmous3yemcs CAELYIOIUM aJITOPUTMOM, OIIH-
CHIBAIOIMM, Kak mo mapecTHON P-umyHo¥i dopme sanucH Ha-
TYPAIBHOI'O YHUCJIA @p HONYHYUTH B&IUCH CAeAYIOINero HaTy-
pasibHOrO 4HCIa ap + 1.

ANropuT™M nepedHcIeHAS HaTYPaJdbHBIX YHcelX B P-MaHEBIX
cHcTeMaX CUMCIeHUHA

1. Ecnu nocnennas (kpaiHAA clIpaBa) Luppa uKuciIa dp MeHb-

me P — 1, To B caenyomemM 0 DOPAJZKY HAaTYPaJbLHOM YHC-
Je Bce uuGpH, Kpome mociaeiHei, OyAyT copmagars ¢ mud-
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paM¥ 4HcJia Gp, a IOCHeAHAA nudpa yuciaa ap + 1 6yzer Ha
efUHUILY Goiblue mociefHeH OHUGPHI 4uciaa ap.

2. Ecnn nociegrasa uudpa 4ucia ap paBEa P — 1, 1o nocien-
HAA nudpa uuciaa ap + 1 6ymer passa 0, a ocTanbHEHIe
nudps 6YAYT npeacTaBIsaTh YHUCJIO0, COCTOAIlee M3 IMEePBBIX
nudp uucia ap (HauuHAA ¢ KpaliHell neBOH HMPPHl ¥ 3a-

. . KaHYMBadA IOpeAilocjefHe! copaBa), yBeJHYeHHoe Ha elU-

. HUIY IO NpaBuiaM 1-2 AaHHOTO aJITOPUTMA; €CJIU Ke IIep-
BBle IM(PHl B 3alUCH dp OTCYTCTBYIOT, TO YHCIO dp + 1
6yner paBHO 10,. AN

HOKa}KeM, KaK MepPeurcsIaTh: HaTypaJIbHEIE THUCIIA B pa3-
JJUYHBIX CHCTeMaX CYHCJI€HHA.

IIpumep 5. B geowuHoOM cucreme neppsie 16 uncen OyayT UMeTh
caeAyIOIIUN BUI:

= 12;

Il

(npasuno 2);

1
™o

!

= ON N
)

[y
(=]
[\

It

000,
001,
010,
011,

Il

N OO -1 Ot Wk
Il

= e e e e e e
oy
ot

ek et
—
o
(=]
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(nmpasuno 1);

(oBakIHl TIpUMEHEHHOE IIPABHIC 2);

(npasuno 1);

(upasuna 2 u 1);

(upasuno 1);

(TpMoKABI IPHMEHeHHOe NPaBHIo 2);

(upasuio 1);

(upasuaa 2 u 1);

(nmpaBuio 1);

(ZBaXKIHI HPHUMEHEHHOEe IIPABUJIO 2,
npasuiao 1);

13 =1101, (npasuino 1);

14 = 1110, (upasuia 2 u 1);

15 =1111, (mpaBuno 1);

16 = 10000, (ueTnIpesxAbl MPUMeHeHHOe HPABHJIO 2). O

IIpumep 6. IIpusenem (6e3 nOAPOOHBIX KOMMEHTAPHUEB) HEKOTO-
pble yuciaa B 16-pH4yHON cHCTeMe CUHCIeHUA:

10 = A 19 = 13,4

11 = By¢; 20 = 14,4

12 = Cies

13 = Dy¢; 31 = 1F 45

14 = E.; 32 = 20,4;

15 = Fy4;

16 = 10,; 255 = FF 4

17 =11, 256 = 100,,.

18 = 12,4 , |
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1.3.3. MNpeacTtasneHne 06bIKHOBEHHbIX JeCATUYHbIX
Apo6el B P-U4HbIX cucTeMax cHUCcneHms

B obmieM ciayduae s IpeicTaBIeHHA AeCATHYHOH Apobu
B P-nuHOI cucTeMe cumciieHuA Hal0 BOCIOJB30BAThCA CIIe-
IHATBHEIME AJropuTMaMu nepeBoja. OfHAKO IiIA HEKOTO-
PbIX BUJOB AECATHUYHBIX Apobell MBI MOXKeM yKasaTb uX
P-wuHOoe mpeAcTaBlieHNue, Haske He 3HAdA aJlOPUTMOB IIepe-
Bozia. Peun uner 06 o6vikHoBeHHbLX Opobax. OGBIKHOBEHHDIE
JIpo0OH 3aIIHUCEIBAIOTCA ¢ IIOMONIBIO OTHOUIEHUSA YHCIUTENA U
3HaMeHaTellsl, HauboapmIni oOUIKi esuTe] b KOTOPBIX pa-
Bed 1.

B mecaTuuHOi cucTeMe cumcCIeHHA OOBIKHOBEHHAA JpPOGH
OyZeT TOYHO IIPEACTABAMA KOHEZHOU APOOBIO, eciIM CyIecT-
BYEeT TaKoe HaTYpajbHOE YHCJO M, IPU YMHOXKEHUU Ha KO-
TOpOe 3HAMeHATeNA APo6K MOMKHO IIOMYUNTE HEKOTOPYIO Ha-
TYpasIbHYIO cremnedh uncaa 10. Ecam ke Taxkoro umcia He
CYOIECTBYeT, TO 3Ty Apo0b MOXKHO IIPeJCTaBUTHL TOJBKO
B BHuAe 0eCKOHEUYHON mepHoguYecKol gpolbu.

Bonpoc. Mosxcro au no eudy decamuinoil o0biikHo8eRHOU Opobu
onpederums, npedcmasuma JU OHG KOHEUHOU Opobbio
8 P-uunoii cucmeme cuucnenuda?

Omeem. [1a, 370 Bo3aMOHO. Bosee Toro, ana n060l OOBIKHO-
BEeHHOH JAecATHYHOIl [pobu, He dABJIAIOIelcd KOHEUHOH,
MOJKHO HAWTH CHCTEMY CUMCJIeHHS, B KOTOPOH oHa Oymer
mpefcTaBMMa KOHe4HOHR aApo6pio. W1 HaoGopor, mia snwoboit
O0BIKHOBEHHOM AecATHIHON qpobu, ABIAIONIelica KOHeTHOI
Apo0ObI0, MOMKHO YKa3aTh CHCTEMY CUKCJEHUS, B KOTODPOH
OHa He OyJeT npeacTaBuMa KOHEYHOM ApO6bIO. O

1
IIpnmep 7. M3BecTHO, 4TO HPABUJIBHYIO HECATHUYHYIO APOOL —

HeJb3dA 3amycaTh B BUAe KOHeUHON AecATHYHOHN npobm. Ox-
HAKO B TPOMYHOM M 9-pMymHOll CcHCTeMax CYUCIeHHA 3Ta
ApoOb OymeT samucaHa B BuAe KOHe4HOH P-w4HON Apobu.

B 3-uuHOI cHcTeMe CYMUCIEHHUA: 3 =0,1;;

. 1
B 9-pHYHOI cHCTeMe CUMCIeHMA: e 0,35.



CucreMbl CUHCIEHNA 29

Obuwee npasuno. Hecarnunas oObIKHOBEHHAA APobb Oyaer

TOYHO IIpeJCTaBUMa KOHeYHOH P-MYHOU Apobbio, eciu Cy-
@ IIECTBYeT TaKoe HATYPaJbHOE UHCJIO m, IIPH YMHOMKEHUN
Ha KOTOpOe 3HAaMEHATEeNAA APOoOK MOMKHO IONYIUTEH HEKOTO-
DYI0 HaTypaJbHYIO CTeneHs umciaa P. Ecim ke Taxoro
qycsia He CYIeCcTBYEeT, TO B P-WYHOU cucTeMe CUMCIeHUA
Ipobb oKa)keTcsa OeCKOHEUHOH IIePHOLMUECKOH.

HauHIf hakT cregyeT HelloCPeLCTBEHHO U3 PasBePHYTOHN
(opPMBI IIpeACTaBIEHNA JHCIA.

Kpome TOro, U3 pasBepHYTOTO IpefcTaBIeHUA EpPobHON
YacTH UWCJIA CleLyeT, YTo B Ji000il CHCTeMe CUKCIEHHA C
ocHOBaHMeM P BepHHI PaBeHCTBa

%:0,11,; %:0,0115 _1; =0,0...01,. (1.9)
P P o

AJTopuTM 3anHcH OOBIKHOBEHHOH JecATHYHON Opobu B BUIe
KOHe4Ho#l P-nuHO# apodu

Ilycts pna mamei#l gpobm cyimecTBYyeT Takoe HaTypalibHOe
YHCJIO M, UTO IPH YMHOeHHN 3HaMeHaTesd Ha m Iojyia-
eM k-10 creneHpb dmcia P.

1. YMHOXHM YHCIHTENs Apobu Ha m.

2. IlpepcraBuM pesynbTaT YMHOMKeHUA B P-uduHO# cHcTeMe
CUMC/IEHUA.

3. JlomoHUM YHCINTENb, ecau HoTpedbyercd, fo k uudp Hyad-
MU CcJjeBa.

4. Ilonyuennoe P-wuHoOe 4YMCJIO 3anumieM Iocie 3amaTtoi. OHo
sABJsieTcA KOHeuHOM P-muHOW Apo0nio mm UCXOOHO! OOBIK-
HOBEHHOH. JAN

5 .
IIpumep 8. 3anumem 6 B ABONYHON cHcTeMe. B 3HaMeHaTele

yIKe CTOUT HUeTBePTasd CTelleHb ABOMKK. llepeBeieM UMCIH-
TeJIb B JBOMYHYIO cucTeMy (5 = 101,) ¥ AONOJHUM HOTYUUE-
ureecst 4ucyao go yerblpex nudp: 0101, B pesyabraTe mosay-

quM: % = 0,0101,. d

1 .
IIpumep 9. 3anwuittem 18 B 6-puuHo¥# cucteMe. Eciu sHamenaTens

YMHOMHUTE HA 2, TO HOAYYUM 6. Torza YMHOMHM M MHCIH-
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Tenb Ha 2. Tak Kax B 3HaMmeHATeJle CTOHT BTOpas CTEleHb

OCHOBAHMS CHCTEMblI CYMCICHUA, TO IOCAe 3aMATOM MBI JOJ-
1

HBI 3anucath 02. B pesyaprare moaydum: — = 0,02, ;
18 O

Bomnpoe. Moxtno au onucannbiii cnocob npedecmagienus o6blk-

HOBeHHbLX JecamuyHblx Opobeii 6 P-uunbix cucmemax cuuc-
AeHUS UCnOoAb306amb Oaa peulenus obpammuoili 3adaqu?
Omeem. Tak Kak Bce P-NUHBIe CHCTEMbI PaBHOIIPABHEI, TO OIH-
CAHHBIN CIIoCO0 MpeACTaBIeHUS AeCATHUHBIX qpobeil B P-ud-
HOHM cHCTeMe CUMCIeHMA MOXKHO HCIIOJIb30BaTh U [JId pellle-
HuA oO6paTHOH 3agayy: OOBIKHOBEHHYIO P-HuHYI0 IpOOL 3a-
nxcaTh B AECATHYHON cHUCTeMe CUHCJIeHus, He IIPOU3BOIA

omepalyy JeJeHUA YUCAUTeNA Ha 3HaMeHAaTeb. O
11, .,
Ipumep 10. 3anumem 0,011, = —=— B JecATHYHON! CHcTeMe.
1000,

J1a Toro uTo0bl 3HAMeHaTe b, PaBHLIN ceifuac §3, OKasaJcs
CTeleHbIO JeCATH, er0 HYKHO JOMHOXKHUTE Ha 5°. Takum 06-
Pas3oM, MPOMBBOAA HeoOXOAWMbIe NeHCTBHA B ReCATHYHON
CHCTEME CUMCJEeHUS, MOJYUNM:
1, 3 3-5° 375
1000, 8 8.5 1000 O

Bonpocb! u 3apaHnna

1. Banumiute B passepHyToM BHjAe umcia 65, 10203,405.;
0,15A,,; 1AF1H,A9,,.

2. Kakoe u3 qucen 6onpme: 5,, uan 10,; 1000, unn 105?

3. CYILecTBYIOT JIX CUCTEMEL CUMCIIeHUS ¢ OCHOBaHUAMU P u @,
B KOTODBIX 12, > 21Q?

4. Ina pecaruvaHoro uucaa 371 Haiiagure ocHoBaHue P cucreMel
CUYICJeHUS, B KOTOPOH AaHHOEe 4UMCca0 GymeT mpencTaB/JIeHO
TeMH Ke JuppaMM, HO 3alIMCAHHLIMU B 00DATHOM IOpSAAKe,
T. €. 37110 =173,.

5. B KaKuX cucTeMax CUHCICHUA op T 5, #10,7

6. B kaxkux cucremax cuncierua 2, + 2, = 4 P?

7. Bo CKONBKO pa3 yBelm4MTCA YUCIO 32, C/IH CIIPaBa K HEMY
OpUNNCATE TPH HYIA?

8. [loxaxure, 4To B JI060H MO3UMUOHHON cUCTEMe CUMCIIEHUA C
ocHoBaHUEeM P > 3 uncio 121, ABIAETCHA HOJHEIM KBAAPATOM.
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9.
10.
11.
12.
13.

14.
15.

16.

17.

18.

19.

Sanumure B 6-pUYHOI cHCTeMe CUHUCIeHUS YUCJIO, ClIeIVIo-
miee 1o IOPAJKY 3a YHCJIOM 5.

Kaxoe uncio cienyer sa uncnom 111, , B 14-puunoit cucreme
cuncjeHua?

Kaxkoe ancio npegorecTByeT 4uCIy 1018 B 18-puuHoit cucre-
Me cuuciaeHuA?

BrinunivTe B IATEPUIHON CHCTEME CUMCICHUS Bce YeTHBIE
ypcJa 13 guamnasoHa ot 1 go 20.

HaHs! 4ucsa B 4eTBEPUYHOU CHCTEME CUKCIeHu OT 1 Ko 33,.
BrinnimunTe Bce HedeTHBIE UHCIA.,

3anumnmTe B CHCTEME CUKCIEHNs ¢ ocHoBaumeM 234 uncyo 235.
3anuninTe B CHCTEME CUMCJeHHA ¢ ocHoBaHMeM 240 umcna
241, 242, 243, 250, 251.

IlogcumTaiiTe KOTUYECTBO TPOMUHBIX UHCeN B AUAMA30HE OT
124 no 1000,.

HaszoBeM KpyribIMH BCce YUCIIa, 3alUChIBaeMEle OJHOH UG-
poil 1 HeCKONBKUMH HyJIAMYU (OBITH MOXKeT, ORHUM). Bhinu-
IINTEe BCe ABY3HAYHBIE M TPEX3HAUHBIE KPYIJIbIE YHCJIA B
5-pHUYHOM cHCcTeMe CUHUCIeHUA.

B xakux cucremax cuuciaeHua 10, ABnseTca HeUeTHHIM UHC-
nom?

Kax Oyzmer BHITVIAAETE B ABOUYHON CHCTeMe CUMCJIEHHUs Jecs-
Tru”oe gucyao 0,125?

§ 1.4. ApudpmeTunyeckmne onepauum B P-NYHbIX

cuncremax cHymcneHumna

Bo Bcex mo3MIIMOHHBIX CHCTEMAaX CYHCIeHHA apudMeTude-
CKHe OIlepalliyl BBINOJHAIOTCA II0 OJHMM M TeM Ke IIpaBU-
JIaM COTJIaCHO COOTBETCTBYIOIIMM TabJHMIIaM CJIOXKEHUA U
yMHOXKeHUA. g Bcex cHcTeM CUUCAGHUS CIPaBEJIMBEI
OIHU ¥ Te JKe 3aKOHEI apuGMeTUKN: KOMMYTATHBHEI, acCco-
IMATUBHLIN, JUCTPUOYTHUBHBIM, a TakxKe IpaBMa CJIOXKe-
HUSA, BLIYUTAHNSA, YMHOMXKEHUS K AejIeHHA CTOJOMKOM.

1.4.1. CnoxeHue

B P-wuuHO# cucreMe cUuciIeHmA Tabiauua CloKeHUA Ipef-
cTaBisgeT coboil pe3ynbTATHI CIOMKEeHUA KayKAoH Iu@PHI ajl-
dasuTa P-nuHON crcTeME! ¢ 11000 Apyroit nudpoil aToi xe
cucteMbl. CoctaBuTs moxobHyIo Tabnuny Herpyaro. Hambo-
Jiee IIPOCTBIMHU ABJIAIOTCA TAOJUIBI CIOKEHUA B JBOMUYHON U
TPOMYHOH CHCTEMAaX CUMCJIeHUA (MHAEKCH 2 U 3 ONYIIEeHHl).
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Ta6aIuusl CI0KeHHA JBOMYHOH M TPOMYHOH CHCTEM CYHCIEeHHA

+ 0 + 01 2.
1 =0 0 1 2

10 1 1 2 |10

2 2 |10 | 11

IIpuBeseM Tak:Ke TAOIUIy CIOKEHWA B IIeCTHAJIIIATe-
puuHON cucTeMe cuncienus (HuxHUA nHAekc 16 B 0bo3Ha-
YeHMM MIeCTHAAIATePUYHBIX 4YHceN B Tabiuile OIyIIeH).

Tabnuia CI0KeHMA IIeCTHAMIATEPHYHON CHCTEMbI CUMCICHUA

1172 314 516|789 |A B|C|D|E|F
2|13/4 | 5|6|7]/8|9 A BIC|ID|E|F]|10
3/4/5|6 |78 9 A|B|C|/DI/E{F]|10]11
415,6|7|8!9|A|B|C|D|E|F}|10]11 12
15|67/ 8]9/AB|C{D|E|F|[10/11}12]13
6|/ 7/8|19|A|B|C|D|E|F |10/11/12 /1314
7/8|9/A|B|C|D|E|F|10(11,12|13|14]15
8| 9/AB|C|D|E | F|10]11]12]13|14 15|16
9/A|B|C|D|E|F|10]11|12]13|14|15|16]17
JA|/B|C/D|E|F {10|11|12|13]14|15|16 17|18
JBI/C|D/E|F|10]11{12|13]14|15|16|17|18 19
C|{D|E|F |10]11|12}13|14(15)/16|17|18|19|1A
YD|E|F|10[11]12(13]14|15{16|17|18|19|1A|1B
E|F|10]11]12|13|14|15/16]17|18|19|1A|1B|1C
) F 11011121314 ]15]16|17|18|19]1A|1B|1C|1D
10111121314 ]15]16 17|18 |19|1A|1B|1C|1D|1E

HecnoxHO mOKasaThb, YTO €CJAM pe3yJabTaT CJIOXKEeHUA
AByxX nudp B P-MYHOH cucTeMe cuucaeHus Oogpme P — 1
(T. e. IONyUYeHHOE YHCJO LBY3HAYHOE), TO cTaplias mudpa
peasyibTata Bcerga paBHa 1. [leHCTBUTENBLHO, IPH CJIOXKe-
HUHM JBYX CAMBIX CTApIINX LUbp addaBHTa MBL MMeeM:
(P-1)+ (P -1)=2P - 2= =1[P-2],. Hanpumep, B deT-
BepHUYHOM cucreme cumcieHus: 3 + 3 = 12,.

CnepoBaTeNbHO, MPX CJAOXKEHUU CTOJOMKOM B JII0GOH cuc-
TeMe CYHCJCHUA B CIAeAVIOUINI pPaspAl MOXKeT IIepeXOoiUThb
TOJIBKO eIMHNIA, & Pe3yJAbTAT BBINIOJIHEHUA CJIOXKEHUA B JIIO-
6oMm paspapge Oymer Membine, dueM 2P (MaxkcuMyM
2P-1=1[P - 1], ¢ yueToM IepeHoca eAVHUIILI U3 IIPEeAbl-
Ayuaiero paspazga). To ecth pes3ysbTaT CIOKEHUS ABYX IOJIO-
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KUTeNbHBIX P-MuHbIX yncesa aubo mMeeT CTOJBKO »Ke 3Ha4a-
nmx gudp, 94T0 1 MAaKCHMaJIbHOEe M3 IBYX CJaraeMbIx, Jnbo
Ha OZHY IudPY Bosbile, HO 9TOH NUPPOHE MOXKeT OBITH TOJIb-
KO eJMHHIIA,

IIpumep 11. Crnoxenue cTOoNGHKOM B ABOMYHOM, TPOMYHOHN M
IHeCTHAAIATEPUYHON CHUCTeMax CUMCJICHMS.

101,01, 21, F2A:6
1,11, T 21 _* B9
111,00, 100,1; 101346 O

1.4.2. Bbiuntanue

Beruuranue M3 00JbIIEr0 YWCA MeHBLIIEro B P-H9IHON CHC-
TeMe CYMCJIeHHS MOYKHO IIPOHM3BOIHTE CTOJOMKOM aHAaJo-
I'MYHO BBIYHMTAHUIO B AECATHYHOM cucreMe. I{j1s BBINOJIHe-
HUA 9TOH omepanuy OymeM TaK)Ke HKCIIOJIL30BaTh Tabiaumy
CIOXKeHNst B P-MuHONW cHcTeMe CYHCJIEeHUA.

Ecnu HaM Heo6X0oAMMO BEIYECTHL M3 MUGDPEHL a nudpy b u
a>b, 1o B cTosib1e «b» TabJIUIIBI CIOMKEHNA UILleM UHKCJIO a.
Camas sneBasg nudpa B CTPOKE, B KOTOPOH pacClOJIOMKEHO
YHUCJIO0 @, B 6YAeT pesyasTaToM BEIUMTAHUS. Ecam ke a < b,
TO, 3aHHMAad eJHHHIY U3 JIeBOI'O paspAlha, MBI IIPHUAEM K
HeoOXOAMMOCTH BBIMONHEHUs CJEAVIOIIEero [AelCTBHA:
10, + a — b =1la, — b. lna aroro B croabue «b» Tabauusbl
CJIOMKEHUA MBI yiKe WIeM 4Hcio la,, neBas qudppa B COOT-
BETCTBYIOIEH CTPOKE ABJIAETCSA Pe3yIbTATOM BEIYUTAHUA.

IIpumep 12. Beiuuranue B ZBOMYHOHN, TPOMYHOH M IIeCTHAALA-
TEePUYHON CHCTEMaX CUHCJICeHUA.

101, 210; Al106
10,1, 71025 T 10246
10,1, 1013 90E;6 Ol

1.4.3. YMHOXeHne

JIna BBIOJIHEHUSA YMHOMKEHUA IBYX MHOTO3HAUHLIX YUCEN B
P-uunoil cucreMe cuUMCI€HMA HAAO UMeTh TAabGJIMIbI YMHO-
JKeHHUA M CJOMKEeHWs B BTOH cucTeMe.

IIpuBenem Tabauibl YMHOMEHUS AJIA ABOMYHOM, TPOUU-
HOW U MIECTHAAIATePHUYHON CHCTeM, OIYCKas HUYKHHe HH-
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AeKCHI, YKA3LIBAIOIiNe Ha MPHHAMIEKHOCTh K COOTBETCTBY-
IOIIell cucTeMe CUUCJIeHHS.

TaGauisl yMHOMKEHHA TBOMYHOH M TPOMYHOH CHCTEM CUMCIEHHSA

T 51 - o T T 3
0] 0 0 0] 0 0 Y
1.0 1 A0 1 2

2 0 2 i1

Taﬁmma YMHOXeHUA mecma,u;ua’repmoﬁ CHCTEMBbI CUHCJICHNA

X

4/5|6|7|/8|9|A|B|C|D|E|F

4 {56 | 7T 819/ AIBIC{DIE|F

8| |AJCiE|10;12]14/16|18 1A |1C|1E

C|F[12/15|18{1B|1E|21|24)|27|2A|2D

101418 [1C 20,24 |28 2C|30|3438,3C

14|19 |1E|23|28 2D |32 37|3C14146 4B

18|1E)|24 |[2A 30|36 |3C| 42|48 4E| 54 |5A

11C 123 |2A (31|38 |3F |46 |[4D| 54 |5B| 62 | 69

20|28130{38/4048 /50586068 |70|78

24|12D (36 |3F (48|51 |5A163|6C| 75 |7E| 87

28 132(3C|46!50|5A |64 |6E| 78|82 ,8C |96

2C |37 /4214D |58 |63 |6E| 79|84 | 8F |9A A5

30i3C |48 54,60 )6C|78|84]90[9C | A8|B4

34141 |4E|5B | 687582 |8F|9C|A9|B6|C3

3
3
6
9
C
F
12
15
18
1B
1E
21
24
27
2A

381461546270 |7E|8C|9A|A8|B6|C4|D2

o = (O[O |t | 3> [ |00 |~ | o |on i feo [no |- |t
-
)

1E 2D |3C |4B|5A 69|78 87|96 |A5|B4|C3|D2|El

IlpuBeseM mpuMeph! BHIIOTHEHUS YMHOMEHHUS B JBOHU-
HOH!, TPOMYHON U IIecTHaALlaTepHUYHOU cuereMax. JeicTBus

IIPOMBBOAATCS

oo NOpaBMIaM YMHOMKEHHMSA cToabuxoMm (mo-

CJIEAOBATENbHOE YMHOMeHMEe IU(DP BTOPOTO COMHOMHUTEIA

| Ha NepBBIA COMHOMXKHUTENb M CJIOXKeHHe IPOMEeKYTOYHLIX pe-
3yJbTATOB), NP 9STOM HCIOJL3YIOTCA COOTBETCTBYIOIIUE
TabauIBl YMHOMKEHHUA ¥ CJIOMeHHd.

Ipumep 13. YMHOXeHHMe B Pa3jIWYHBIX CHUCTeMaxX CYMCJIEHHUA.

10100,
X101,
101
101
1100100,

-+

YwmuaOxkenve Ha 0 He npomssoxurcA. Bee
OCTaBIINECH CIpaBa HYJH, He y4aCTBYIOLIHNE
B YMHOMEHWM, IPAINCHIBAIOTCS CIIpaBa K pe-
3yJAbTaTy YMHOXKEHHA.
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212;
% 12104
212
1201
12222
212
1111220,

FFA,356

x D,Es6

DFAEA
TCFB4 7
DDAF,5A,,

IIpu cnokernun croabuxom Tpex u Gosee cia-
raeMbIX OeHMCTBUSA CJOXKEHUA I1e1ecoobpasHo
IIPOU3BOSUTE IIOCIEAOBATEJIbHO, TAK KaK CJIOMK-

. Hbl€ BBIYHCJIEHUA B HeanBH‘{HOﬁ crcTeMe

CUMCIeHUA MOTYT NOPOAMTH OLIMOKH.

IIpu ymuOMKeHMM P-WUHBIX ApoGell KOJITYECTBO
undp B ZpobHOH UacTH pes3ysabTaTa PABHO CYM-
Me KOJXWYecTB UMD B APOOHEBIX 4aCTAX MHOMXKH-
Teslel (ecnu ofHa MiaM Oojlee KpalHUX CIIpPaBa
uudp pesyabTaTa OKAXKYTCA PABHBIMH HYJIO, TO
HX MOKHO OIIYCTHTh KaK HesHayamlue). [

BoasmokeH 1 gpyro#l HOoAXoJ K BBIIOJHEHUIO apudmeTu-
yecKkux onepanuil. MoxxHO mepeBecTH KayKIBI¥ M3 COMHO-
JKHUTeNIeH B JeCATHUHYIO CHCTEMY CUMCIEHHS, ITPOMU3BECTH
TpebyeMoe AelCTBUe B AECATHYHOM CHCTEME, a pPe3yJIbTaT
3amncaTh B UCXOMHOM P-UYHON cucTeMe cUHCIeHnA. AHalo-
TUYHBIM CIIOCOOOM MOJKHO TOCTYHATh W IIPH BHINOJNHEHWUU
oneparnuil CIOKeHUs M BBHIYUTAHUS.

1.4.4. lleneHue

Ilpu penemuu croadbuxom B P-MYHOHM cHcTeMe CUMCJICHUA
NPUXOJUTCA B KayecTBe IIPOMEXKYTOUHBIX BBIUYMCICHHUH BBI-
TOJMHATL JefCTBHUSA YMHOMKEHHS ¥ BBUMTAHUA, clefoBa-
TeJbHO, HCHOJB3YIOTCA TAGIHIIEI YMHOMKeHHUS 1 CI0XKEeHNS,

IIpumep 14. Hambostee IpocTo Ae/ieHMe OPraHM30BaTh B JBOHY-
HOHl cucTeMe, Tak KaK B Hell HeOOXOAMMO JHINL CPaBHUBATH
IBa YucJja MeXAy co00M M BHIUKMTATL M3 OONBIIEroc 4ducia

MeHbIIee.
11110, | 110,
110, 101,
110
110
0

O

ITpumep 15. [enenne croabuxoM B OIecTHAALATEPUIHOH CHCTe-
M€ CUMCJIeHHSA.
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_F12716 816
8 1E24,E6

71

~70
12
10

—170
0 O
OpHaxo pe3ynbTaT OejIeHUS He Bcerga ABJIAeTCH KOHed-
Ho#1 P-munoi Apobbio (MK UeanM yuceaom). Torpa npu ocy-
IMeCTBJIEHNH OIlepaliny [esJeHusa o0bIYHO Tpebyercsa BELIe-

JIUTH HeIepHoJNYecKylo 4acTh Apobu u ee mepmoj. Ilpoge-
MOHCTPHDPYEM 2TO Ha HECKOJLKHMX IpHMepax.

IIpumep 16. Jlenrenne B TPOMUHOMN CHCTEMe CUHCJIEHHUS.

10; | 23 Tax Kak pesyJbTaT IOCTeJHEero BEITUTAHNS
-2 1,(1); cosnan ¢ npegLIAYILKMM, TO BCe OCTAJIbHBIE IHQ-

10 pPHI apobGHOI [acTH pes3yabTaTa COBHALYT C IIO-
-2 ciaenHed HalgenHol mudpoii. IloBTropsiomancsa
1 nudpa obpasyeT Hepuoi TPOWYHOHR IpobH.

HenenAne B ABOMYHOY CHCTEMe CUHCJIEHHUA.

1010, |11,
-11 11,0101...; = 11,(01),

100
-11
100
—11
100
- 11

1

B sTom npumepe nepuon
IpobH COCTOUT H3 IBYX
nudp. Oaa onpegenesuns
neproga Apobu meeHUe BHITOJIHAETCA IO TEX
nop, mnoka He OyAeT 3aMeTHO IIOBTODEHUE
rpynnsl gudp B pesynsrare. TouHee, SOMIKHO
06HApY’KUTHCA, UTO HA KAKOM-TO dTale BI-
YYCJIEeHNH pe3yJbTaT IIOCHeJHEer0 BRIUNTAHUA
COBIIAJI € HEKHM INIPeSBIAVIIUM, BCTpeYaB-
UIUMCA paHee IIPU IIofcCYeTe UMeHHO ApPoOHOM
vactu. CiaegoraTensHO, Bee OCTajlbHble UG-
pBl Apo6HOII dacTH pesdyiabTaTa OYIYT IIOBTO-
pATBCA TaKUMU Ke rpynnamu. Ilosropsemas
rpynna u o6pasyer neprog apobu, B ZAHHOM
ciaydae IBOMUHOIM. O
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Bonpochbl U 3aaaHus

1.

2.

10

11.

IlopcuuTaiiTe CyMMy TPOMYHBIX 4Hcell B AuanazoHe ot 10, g0
1003, BKJIIOYad IpaHuLEbI Auanasoda. OTBeT 3alIUIIUTE B TPO-
HYHOM CHCTeMe CUMCJIeHUd.

HaliguTe cymMmmy mecTHaAIIATEPUYHLBIX YHCEJI:
F1+E2+D3+C4+Bb5+A6+6A+5B+4,C+
+3,D+ 2,E+ 1,F.

OTBeT 3anUIINTe B JeCATHYHON CHCTeMe CUMCIeHN .
Brinumnre Tabaunbl CI0XKEHUSA M YMHOMKeHHUA B JBeHANIA-
TEePUYHOH CHCTeMe CYMCIEHUA.

O61bsacHuTe, ToUueMy Jo6aa Tabiauiia cioXeHud (X YMHOXe-
HUS) CHUMMeTpHYHa OTHOCHUTEJLHO IVIABHOM auaroHaam (JIu-
HUH, IIPOBEJIeHHO M3 JI€BOTO BEPXHEro yrja TabaHIbl B ee
TIpaBBIM HUXKHUH Yroa).

Yucno, 3anncagHOe B JeCATHHHON CHCTeMe CHWCIEHUS,
oKaH4YmMBaeTcsa Ludpoit 5. ByneT au oHO AesauThed Ha D, ecyIn
€ro 3aIKcaTh B TPOMYHOM cHcTeMe CUUCIeHuA?

ByzyT nu cupaBefivBEl IPHU3HAKH JeJIUMOCTH HATYPAJbHBIX
Yucesa Ha 2, 3, 5, 9, 10, chopmynupoBaHHEbIe A1 ZeCATHIHOH
CHCTEMEBI CUMCJIeHHs, U B IPYTUX cucTeMax?

B kaxom cayuae npu npubaBiIeHUY eJUHNIILI K UUCIY B P-uu-
HOM cHCTeMe CUHCIeHUA KOJIUYIECTBO UMD B YKcIe-pe3yIbTa-
Te BO3PACTeT II0 CPABHEHUIO ¢ MCXOAHEIM ducaoM? Mosker jau
KOJIMYeCTEO HH(p Bo3pacTu Gosbile, YeM Ha OHY?
BrinosHHTE OIlepaIliH CIOKEHUA U BRIYUTAHNA HajA CIeyIo-
UMY IapaMy Yuce:

11010101, m 1110,; 1234, n 4321,; BABA,, u ABBA ;.
BrinosmHuTe onepanyo YMHOMKEHUA Hall CIeAVIONIMMHE IIapa-
MM YHCesI:

11010101, m 1110,; 4321, u 123,; ABBA |, u 10A,,.
BrimosHuTEe ONepanMio AeJICHHA HAX CJeIVIOIIMME IIapaMy
qucea:

10010000, 1 1100,; 4322 u 3,; AB06,, m A ,.

B crnepyromux mpumepax HafiguTe HPOIYILNEHHEIE UMD,
o00o3HaIeHHEIEe 3BHAKOM «*», OIIpe/le/INB BHAUAJE, B KAKOM CH-
cTeMe CUVICJIeHY A BBEIIIOJIHATCA ﬂeﬁCTBKﬂI
a) 2%*21 6) 5%*55 B) 21%02 1) 1%01

* 123% * %327 * %1212 e

%203 #16%4 *2%021 10100
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§ 1.5. Nepesop yncen us P-niHo cuctembl
CUHUCNIEHUNA B OECATUYHYIO

1.5.1. NepeBopA uenbix P-U4HbIX Yucen

Jamo 4nciao B P-M4HON cucTreMe CUHCICHUd A= a, 4, ;...a,4.
TpebyeTcd HOTYIUTH 3aUUCE 3TOTO UKCJIA B JeCATUYHONA CH-
creMe CUMciIeHuA. s pelieHNns 3aJavy OpelcTaBUM YHCIIO
B pasBepHyTOH (opMe: a = anP” + an_lP"_1 +...+ta,P+a,
(bopmyna (1.7)). Ona Toro dToOBl MHOJAYYHTH 3HAUEHUE
3TOr0 MHOTOUJEHA B MAeCATHYHON CHCTeMe CUHCIeHHud,
cregyet uucyao P u KoadpPHIUeHTE Npu cTeneHAX P (mud-
pBl P-MYHOTO YHWCiIa) 3allECATH B BUe HEeCATHYHBIX YHUCET
¥ BCe BEIYHCJIEHUA IIPOBECTH B ZecATHYHON cucteMe. [laH-
HEI cIIoc06 MOKHO cHOPMYJIHUPOBATE B BUJAE CIEeAVIOILETO
aJropHTMA.

AJaropurM nepeBoxa HeJBIX YyHcea M3 P-WUHOM cHCTEMbI
CYMC/IeHN B JeCATHYRYIO

1. Kaxxmaa mudpa P-vyHOro umMcjaa IePeBOAUTCA B HeCATHU-
HYIO CHUCTEMY.

2. TllonyJyeHHEIe YHUCIa HYMEPYIOTCA CIIpaBa HajleBO, HAaYyHAL C
HYJIA.

3. Yucmo P 1mepeBOAUTCA B HeCATHUHYIO CHCTEMY.

4. lecaTuuHOe UHUCIO, COOTBETCTBYWOILee KaMIOH P-maHOH
uudpe, yYMHOKaeTcs Ha P°, rme B — HoMep STOro 4ucJa
(1. 2), pesyabTaThl CKJIAABIBAIOTCH, IIPUUEM Bce apudMeTH-
yecKHe AefiCTBUA IPOBOASATCS B JECATUYIHOH CHCTeMe, A

IIpumep 17. Ilepesesem uncno BOF9,. B mecatuunyio cucremy
CUMCJIEHU A,

BOF9,¢ = [11,,][0][15,,1[9] =
=11, 163)+15,,16,,+9 = 45 305, O

IIpn BRIUMCIEHHY AeCATUYHOrO 3HaueHusa P-uuHoro 4mc-
Jia IO Pa3BepHYTOM (opMe yaoOHO HOMB30BATBCA CXEMOiL
TI'oprepa, koTopas IO3BOJAET NOAYIUTL pPe3yJabTaT ¢ HC-
IIOJb30BaHMEM MHUHUMAJBHOIO UHCIA apupMeTHIeCKHUX
ollepallil CHOMKEHUA W YMHOXeHHA/HeneHUA (omepallyd
BO3BEJICHUA B CTelleHb He HcHmoabsyercs). Cxema [opHepa
OCHOBaHa Ha CJIeAYIOIINX TOKAECTBEHHEBIX Ipeo0pasopBaHU-
AX HCXOJHOrO CTeIleHHOoro pAfa (MHOroWJIeHA):
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R=aP'+a, P +..+aP +a,=

=@P"  +a, P"? + ... +a,)P+a, =

= (@, P +a, PP+ . +a)P+a)P+ay=  (1.10)
((@,P" % +a, P+ ...+ a)P + a,)P + a)P+a, =
(...(((@,Pt+a, )P +a, ,)P+a, )P+ ...+ a)P+ a,

IIpumep 18. Ilpumenum cxemy I'opHepa gna mepeBoja B gecd-

THYHYIO CHCTEMY 4Mcia 2143..

2143, =25° + 155 + 45+ 3 =
= ((25 +1)5 + 4)5 + 3 = 208, O

3aganue. Ilodcuumaiime, ckonavKo onepayuil CAONCEHUA U YM-

HoMcenuA nompebyemca npu nepesode yucaa BOF9,4 6 de-
CAMUYHYIO cucmemy «8 100» U NPU UCNOAb30BAHUU CXeMbl
T'opnepa.

s 0sourroll cucTeMBl OIMCAHHBIN BHIIIE AJTOPUTM IIe-
peBoja umces U3 P-UYHOHM CHCTEMBI B HECATHYHYIO BBLIIJIA-
OUT ciaegyroomum obpasom.

AJITOPHTM TIePeBO/ia HEeNbIX THCe T M3 ABOMYHON CHCTeMbI
CUMCJIeHNS B NeCATHYHYIO

Oass Toro 4TOBBI II€PEBECTH UYMCJIO U3 ABOMYHON CHCTEMBI
CUHMCNeHNA B JECATHYHYIO, HAafO B JeCATHYHOH CHCTeMe
CUMCJIEHNS CJIOMKUTE BCe CTElleHW [BOEK, KOTOPhiE€ COOTBET-
CTBYIOT €JWHMIIAM B 3alKCH HCXOZHOI'O ABOMYHOTO YHCHA.
Hymepamus cremeHeil BefeTcs cipaBa HAJIEBO, HAYMHAS C
HyJIeBOH. A

Hpumep 19. IlepeBegeM OBOMYHOE YHCJIO 100711012 B Jecd-

THYHOE.
1001101, = 2° + 2% + 28 + 2° - 77 . O

IBomuHaa cucTeMa CUHUCICHNA MIMPOKO HUCIOJIL3YeTCH B
HHPOPMATHKE M BLIYWCINTEJIbHON TeXHUWKE, IO3TOMY
O4YeHp IIOJIE3HBEIM OKasblBaeTCs 3HaHHeE N0 KpadHel Mepe
IepBBIX IIECTHAAIIATH CTeIleHeM ITBOHMKH:

2% = 8; 27 = 128; 21 = 2048;  2'° =32 768;
2t =16; 2% = 256; 212 = 4096; 2% =65 536.
25 =32; 2°=512; 213 = 8192;

25 =164; 219=1024; 2'*=16 384;
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1.5.2. MepeBoa KOHEYHbIX P-U4HbIX apobei

Hdana npaBuijbHad KoHedYHad Apobp b B P-H4uHOH cHCTeMe
cuucjaeHns: b = O,b_lb_z...b_k. Tpebyercs HOJYIHUTE 3alluCh
3TOil ApoOH B AECATUYUHON CHCTeMe CYHCIeHHd.
Cmoco6 1

J1a peureHus 9TOM 3aa4Uy IPEeACTABUM zipoﬁb B pa3BepHYTOH
dopme b= b_lP_1 + b_zP—2 +...+b_ P" (bopmyna (1.8)).
Ja Toro uroOpl BHIUWMCINTH 3HAUeHHe MHOTOUIEHA B Jecd-
TUYHON cHCTEMe CUMCJIEHUA, cieayer uucao P u xoadbduu-
eHTBl MHOTrowIeHa (udphl P-muHoTO Ymcena) 3amucaTb B BUIe
JEeCATUYHBIX YHCeJ ¥ BCe BEIYUCJIEHUA IPDOBOLUTE B JeCATUY-
HOH cucTeMe. 3aIMIlieM 3TH IPaBMJa B BUJAE ajIlOPHUTMAa.

AJTOpHTM nepeBoda KoHeuHoH P-uuHOM Ipo6M B JeCATHUYHYIO

1. Ifenas 4acTs 4HcCJIa IEPEBOAUTCA B AECATHIHYIO CHCTEMY
orgensHo (cm. m. 1.5.1).

2. Kaxxpaa uuoppa Apo6HON UacTu P-MUHOTO HUCIA HEePEBOJUT-
¢ B JECATHUYHYIO CHCTEMY.

3. Ilony4yeHHEble YncIa HYMEPYIOTCS cJieBa Halpapo, HAUWHAA C
€IVHUIIEI.

4. Yucao P nmepeBoguTCA B AECATUYHYIO CHCTEMY.

5. [lecATHwuHOE YHCJIO, COOTBETCTBYIOIIEe KaxXao¥ P-mdHoi
nudpe, yMHOXKaeTcd Ha P, roe B — HoOMep ?TOrO 4MCIa,
pesyJbTaThl CKJAABIBAIOTCH, IIPHYEM Bce apupMeTHUecKHe
OeficTBUS IPOBOAATCA B IeCATHYHOMN CHCTEME. A

IIpumep 20. Ilepesesem uncio 0,BOF9, . B fecatuunyio cucremy
CUHCJIEHH .

0,BOF9, = 0,[11,,J[0]{15,,){9] = 11167 +15:16 >+9-16™* =
= 0,6912994384765625, .

3[ech, COrJIaCHO HMYHKTY 3 ajIropurMma, 4uciaa OLLIM HpOHY-
MepoBaHBI Tak: 11 — HoMep oguH (KosdhduImeHT npu P B
CTeIleHH MHUHYC OWH), 15 — HOMep TpH, 9 — HOMep 4eTwIpe,

O

IIpu BrIYMCIIEHUU AecATUYHOro 3HaueHHd P-muHOM Apo-
61 IO pasBepHYTOIl (popMe TaKiKe peKOMeHAyeTCA IIOJNb30-
BaTbCA cxemoii I'opnepa, 9TO MHHUMUBUDYET KOJINYIECTBO
HeoO0XoZuMBIX apudMeTUUecKuX neiicTeuii. s Toro aTobnt
HoNy4uTh cxeMy ['opHepa Jig BeIUMCIEHUA 3HaUeHUd P-wu-
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Holt Apo6u, BeInumeM nu@pH fpobu B npeAcTaBaeHuH (1.8)
B OGpaTHOM IOpAIKeE:

-k —k+1 -1
b PF+b, P+ L +b P
G P+ 1+b,, P2+ L+ )P

k+1
(b P2 + b, PP+ b )Pt b P =

-k+1

= (O P+ b DP T b, )P+ bo.)P '+
+ .+ b )P (1.11)

IIpumep 21. Brruncaum sHadenue ABonaHoi Apobu 0,1101,, uc-
nmoaesysa cxemy I'oprepa.

0,1101, = 1-27* + 0-27% + 1.272 + 127 =
= (((1-2° S 0)y27! +1)27! + 1)2t

(e

=(1,25:2 + 1):2 = (0,625 + 1):2 = 0,8125. o
Croco6 2

IIpencTaBuM KOHeuHYI0 P-muHyio Apo6r B BHAE OOBIKHO-
BeHHOHU mpobu. YucauTeneMm sToit gpodu ﬁyue'r 4YHCJIO, CTO-
Auree mocJje 3amATOl, a 3HaMeHaTeleM — P", rae n — Ko-
JHMYecTBO 3HAYAIMX UMD B ApobHOH 4aCTH. 3HaMeHaTe b
BalyMCHIBaeTCA B [JeCATHYHOM cucreme. [lasee umcaurens
sanumieM B A€CATHUYHOM CHCTeMe, ¥ MbI HOJIYIMM OOBIKHO-
BEeHHYI0 Apo6b B AecATHYHOH cucrteme. lIpH HeobXoxmmo-
CTH ee MOXXHO 3aIUCaTh B BUAe AecATHUHOM Apobu (koHed-
HOA WM IlepUoAWYecKOy, BHIAenAsd HeEIepUOJUYECKYIo
YacThb M NEepHO]).

IIpumep 22. IlepeBesem umCIIO 0,13, B feCATHIHYIO CHCTEMY
CUHCJIEHUA.

1345 _ 1855 _ 2y
153, 225, 255,

0,13,5 = = 0,08,,.

|

Bonpoc. B kaxux cayiasix uyenecoobpasno UCNOLb306AMb CNO-
cob1l, a 6 kakux — cnocob 2?

Omeem. Crioco6 2 Hanbosee adhdeKkTHBEH B cAYIadAX, KOTfa Cpe-
O IPOCTBIX AejnTejell OCHOBAHMSA CHCTEMBI cUMCIeHuA P
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cofieprKaTca Kakue-HUOYyAbL yuciaa, KpoMe 2 um 5, I COOTBET-
"CTBYIOIIYIO KOHEYHYI0 P-muHyI0 APo6L HEBOSMOMKHO Ipej-
CTaBUTH B BHJe KOHCUHOH JecATHIHOM Apobu. ||

IIpumep 23. Ilepepesem umcio 0,1A,, B JeCATHUHYIO CHCTEMY
CUMCIIeHNA,

1.5.3. NepeBop, nepuoaguyecknx P-nuHbix gpoodeii

CymrecTByeT HECKOJABKO cIIoco6oB IepeBoja OGecKOHewHOM
IeprogHYecKoi gpody B AeCATHUYHYIO CHCTEeMYy, IpUYeM BCe
OHM KacaloTCs JIMIIL NpeoOpa30oBaHUA IIepHoja, a HelepPHo-
JUYECKYI0 ZpoOHYIO YacTh M3 P-MYHOM CUCTEMBI CYHCIeHUA
B JECATHUHYIO CJeAyeT NepeBOJUTEH OTAeNbHO, MCIIONB3YS
OOUH H3 CIIOCODOB [/ KOHEUHBIX Apobeii.

Cnocob 1

Ilycrs HemepuoHuUecKas YacTh ¥ P-MIHOI Apobu OTCYyTCTBY-
eT u fpo6s umeet BuA a = 0,(a;ay...a;)p, T. €. @ — YHUCTO Ie-
pHogudecKas gpobb. YMHoaich 3Ty ApoOb Ha P T. e. IIepe-
OBHHEM 3aIfATyI0 Ha kB nosumuui BrpaBo. B pesyiabsrare MEI
MOJIYyYNM HeKOTOpoe 4ucjao b:

k
b = aP’ = a,a,...a,,(a,a,... a)p = a,a,...a, + a.

k
Orcroga mony4aem ypasHenue aP” = a + a,a,...a,, npeob-

a,ay...40,
pPasoBaB ero, HaXoguM a = ——“———=- . B pesynbraTe Anda 3a-

P* -

IIHCH YHCJIA ¢ MBI MOTYyYWIu OOBIKHOBEHHYIO Apol6h. 3HaMe-
HaTelk B Hell 3amucan B AecATUYHON CHCTeMe CUMCIeHUA.
IlepeBess nesoe P-maHOE YKCIO G,d,...Q, (IUCIUTEIE) B A€-
CATHYHYIO CHCTEMY, MBI ITOJNYYMM OOBIKHOBEHHYIO [polb, 3a-
NHUCAHHYI0 B JECATHYHOH crcreMe, PABHYIO HCXOJHOMY HHC-
ny a. IIpn Heo6XOoAMMOCTH ee MOIKHO II€PEBECTH B AECATH-
YHYIO EpOOb.

IIpumep 24. Ilycts a = 0,(1001),, Torza
b = 2%a = 1001 (1001)2 = a + 1001,.
Mzu1 nonydaem ypasueuue 16 = ¢ + 9, U3 KOTOpOro Haxo-

JUM: @ = i% =—==0,64,. a

5
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IIpu Hamuuuy HenepHOAWYIECKOH YACTH BBIYKUCIEHUA H3-
MeHATCH He3HauuTeabHO. llycTh mepuogudeckas P-wmuyHasa
npo6b mMeeT BUA: b = 0,clcz...cn(a1a2...ak)l,. Ob6o3HauMM de-
pes a ciepyiomyo Apobe: a = 0,(a,a,...a,),. Torga ucxonuyo
Ipobs MOXKHO BBIDASUTH depe3d a Tak: b = P 'a + 0,¢,¢y...c,
(caBuraeM Ilepuoj Ha n P-MYHEIX paspsagoB BIpPaBO W IIPH-
faBiaeM HemepHogWdecKyi0 dacTh). [lanee mepeBoAuMM OT-
A€JIBHO B IECATUYHYIO CHCTEMY KOHeUHYIO ApoGsk 0,¢,Cy...c, U
49UCTO IepuogudecKyio Apobe a = 0,(a,a,...a,)p.

Ipumep 25. 0,10(1001), = 27%0,(1001), + 0,1, =
-2
=27%0,6,,+0,1,=0,25,,0,6,, + 0,5,,=0,65,,.
0,00(1001), = 27%-0,(1001), = 27%:0,6,, = 0,15,
Henepuogudeckas yacTh mocjiefHei fJBOUIHON npobu cocTo-

UT U3 ABYX HyJe#, HO ee HeNb3d CUUTATH OTCYTCTBYIOINEH,
TaK KaK OHa ompefesseT COABUT IIepHOJA.

Croco6 2
3anunieM UCXOTHYIO 0eCKOHEUHYIO HePUOIUYECKYIo APOOh B
BHJE CJeAVIONIell 6eCKOHEYHOH CYyMMBI:
~n—k
0,c1c2...cn(a1a2..é:k)l, = O,clcz...cn3:— P a,a,...a, +
= i
+ P a,a,...a, + P a,a,...a;, + ...

3a UCKJIIUYeHNEeM HelepUOAUYeCcKo! YacTH AaHHOe BhIpa-
JKeHHe COOTBETCTBYET cyMMe 6eCKOHEeTHOM reoMeTpUUIeCKON
TIPOTPECCHU CO 3HAMEHaTeeM q = PF<in MePBEIM Y4JIeHOM

pTr . a,0a,...a,. Kax msBecTHO, cymMMa TaKoil mporpeccuu
KOHeUHA K paBHA:

P *aa,..a, _ @88, 1050y
1-pP* P,,+klpk—1 P".(PF-1)
pF

OcTaeTcd AUIODb 3aNKWCATh YUCAWTEID U 3HaMeHaTeNAb II0-
JIYIeHHOTO OTHOIICHUS B JeCATHUHOM CUCTEME CUHUCICHUS K
npubaBUTL K Pe3YJAbTATY HelepHOAUYECKYIO UacTh ApobH,
[IpeJBapUTEJIbLHO II€PEeBeAEHHYIO B JAeCATHYHYIO CHCTEMY.

IIpumep 26. IlepeBeileM JBOMYHYIO HePUOAMYECKYI0 IPO6H
0,10(1001), B necaTuynywo. [Ins 3Toro IpeJCTaBUM HUCXOM-
HYI0O ZpoObL B BHUAE:

0,10(1001), = 0,1, + 27%1001, + 27'%1001, + 27*1001, +...
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Jlerko yBUAETH, YTO claraeMble 5ToN 0eCKOHeYHOH cyM-
MBI, HQUUHAA CO BTOPOro, IMPefCTAaBALIOT coboil GeckoHeu-
HYIO TeOMeTPUYECKYIO IIPOIPECCHIO CO 3HaMeHaTeleM ¢ = 27
¥ IepPBBEIM 4jieHOM b = 2—6'10012. CyMmMa 3T0¥ GeCKOHeUHOH
27%.1001,

1-27
YHCIUTENb nonﬁyquHoﬂ BEJNYMHB! B JECATUYHYIO CHUCTEMY
cuncnerua: 2 1001, = 27%@2% + 1) = 27%9,

Torga 0,10(1001), = 0,1, + — 2 = 0,5+ = 0,65,.
4-2* -1 4-15 0

reoMeTpUUYeCcKoOil IIporpeccuu paBHA . Ileperegem

Bonpocbl u 3apanus

1.

L

TlepeBesuTe B HECATHUHYIO CHCTeMY CUUCJIEHHA ABOUUHEBIE
qpCaa:
1,;101,; 10000,; 1000101010,; 11001011,

. HepeBelm're B J€CATHYHYIO CUCTEMY CUMCIIeHNA YHCJIa, 3alll-

CaHHbIC B HHTGPH‘IHOﬁ CHCTeMe CYUCJIeHNH:
1,; 301,; 121234,

. HepeBe,rm're U3 JBOMYHOM CHCTEMBI CUUCJIEHHS B gecaATHUY-

Hyo 4ncia 0,0(0011), u 0,(001),. 3gecr B ckoOKax yKa3aHBI
MepHOALI 6eCKOHEUYHEIX ABOMUHEIX Ipobeii.

IlepeBenuTe CAEAYIOOIME UHUCIA B JECATUUHYIO CUCTEMY CUKC-
nenua: 123,; 123,4,; 203,5;; 0,(C)y-

. [TogcuuraiiTe KOITUYIECTRO UCIIOJIB3YEMEBIX OIIepaui (CIoxe-

HUA ¥ YMHOKeHUA) IPHY BHIUMCJIEHHH LeCATHYHOTO 3HaUe-
HHUA 4HCJa ABCDA916 IO pa3BepHYTOHU dopMe 3allUCH U IO
cxeme I'opaepa. BmecTo onepanny BoO3BeJeHUA B CTeleHb HC-
MMOJB3YIOTCA HECKOJBbKO ONepailuil YMHOXKeHUs.

. JlaHO gelicTBUTEJbHOE YHNCIO0 X, [[afiTe CJIOBECHYIO 3aIIUCh aJI-

rOpPUTMa, IO3BOJIAIOIIErO He 0oJlee ueM 3a UeThIpe YMHOMXe-
HUA ¥ YeThIpe CI0KEeHNA BLIUHUCINTD 3HAYEHNe CIIeYIOIIero
seipakenua: 2x? + 3x% + 4x2 + 5x + 6.

§ 1.6. NepeBop uncen N3 AECATUYHON CUCTEMBDI

CYMcCieHUs B P-N4Hyl0

1.6.1. [iBa cnoco6a nepesoaa uenblix Yyucen

Cnoco6 1. IlepeBoj pgenenmem Ha P ¢ ocTarkom.
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3annuieM 9McI0 a B P-UUHOR cucTeMe cUMC/IeHus B pasBep-
HyTOH dopme (1.7):

n n-1
a=apP +a P + ...+ aP +a,

rae a,, a,_,, ... a;, 4, IOKa HensBeCTHEI. Toraa, pasaesnus a
Ha P ¢ ocraTxomMm, roaydaeMm I[eJIoe WacTHoOe:

a,P" +a, P+ .. +a (1.12)

¥ a, B OCTaTKe, He IPEBBIIIAOIIEE P —1. Taxkum obpasoM,
MBI OIIpeZe NN TOoceHI0I0 Nudpy B P-uuHON 3alycH YiC-
na a. Paggenus nonyuernHoe uactHoe (1.12) sHoBE Ha P, 110-
JAy4UM B OCTaTKe 3Ha4deHHe a,. HoBoe wacTrOE: anP"'2 +
+ an_lP"— + ... + a, Taxum o6pasoM, MBI OIpeJeVIN
IpeAnocie HIo nudpy B P-uuHol 3anucu unciaa a. [Ipomon-
’KaeM 5TOT IIPOLECC, IIOKA YaCTHOEe IIPH IeJOUYMCJIeHHOM [e-
JIeHHH He CTaHeT paBHBIM HyJIo. Bojsee popmansuo JaHBbIN
cIrocob MOKHO 3alHMCcaThk B BUJE CIAEAYIOMIEr0 AJITOPUTMA.

AnropnTM nmepesoia LeJIOTO UMCIA M3 JECHTHYHOH CHCTEMBI
cuncjienns B P-uuHylo

1. esuM HCXOAHOE UMCJIO @ Ha P HallesIo B ecATUYHOM cucTe-
Me CUMCJIeHHS ¥ 3allMChIBaeM B KadecTBe HOBOI'O 3HAUYEHMA
JeCATUYHOTO YUCIA @ HeIYI0 YacTh Pe3yIbTaTa OT HeJICHUS.

2. OcTaToK OT AeJleHHA 3aMeHdeM Ha COOTBeTCTBYIOINYIO Iud-
Py B P-muHO¥ cucTeMe cuUMCIeHN M NPUIIKCHIBAEM €e CJeBa
K IOJy4eHHBIM paHee OubpaM P-U4HOI 3allMCH YUCIA «
(mepBagd nonyueHHad nudpa COOTBETCTBYET MJIALIIEMY pas-
pany).

3. BrimosHsieM IyHKTHL 1 ¥ 2, B0 TeX IIOD IIOKA YUCJIO 4 He cTa-
HeT paBHBEIM 0. : A

IIpumep 27. TlepeBeaem umcao 123 B TpouuHyio cHCTeMy CYHC-
JIeHHH.

123:3 =41 (0) B ckobkax yxasaHb! oCTaTKHK OT LEJO-
41:3=13 (2) YUCJIEHHOT0 AejIeHnA, KOTophle ABJIA-
13:3 = 4 8} I0TCA COOTBETCTBYIOIIUMY NP paMu B

4:3= 1 (1) TPOUYHOM IIpencTaBJIeHUM ducja.

1:3=0 (1)
Omeem: 123 = 111203.

llepeBeseM 2TO Ke UKCIO B LIECTHAAATEPHUHYIO CHCTEMY
CYHCJIEHU .



46 T'nrasa 1

123:16 =7 (11)
7:16 =0 (7)
3amennm uucio 11 ma mecTHagmarepuuHyo nudpy B.
Omeem: 123 = 7B . N

Cnoco6 2. 9ToT ciocob OCHOBaH HA BBIZjeIeHUM MaKCHMAJIbHOMI
CTeNleHM 4HHcJa P B HCXOZHOM TeCATHYHOM YHCIE,
3aMeHNM B pa3BepHYTOM Popme sanmen yucaa B P-wduHOHU
cucreMe Bce NM(PEI HA MaKCHMMaJIbHYIO (paBHYI0 P—-1) 1 1mo-
RaxceM, 9T0 ¥ B 9TOM CJIY4ae 4pCJI0 CTPOro MeHbIIe, 4eM
P™! OueBmaHO, 4TO TAKOE UMCIO TAKIKe He MeHbIIIe, YeM
P", Tak kKak a,> 1.

n n n-1
P < a P’ +a, P + ..+ aP+a,c<

(P-1)P" + (P-1)P" ! + ... + (P-1)P + (P-1) =
_ Pn+1 -1 < Pn+1.

IA

Ilocrnennee paBeHCTBO HOJYYeHO C HCIOAB30BaAaHUEM (POp-
MYJbl CyMMBI KOHEYHOT'0 UYHMCJa YJI€HOB IreoMeTpHYecKOoM
IIPOTPECCHHU.

M5 Haxoxk[eHus crapireil uudps (a,) B P-uunoit 3amy-
CH uguclia HeoOXOTUMO HAWTHU TaKyio CTEIeHb tmcna P, nna

KOTODO# BEINOJIHAIOTCA HepaBencTsa: P'< a< P*! 1. e. a,
6yleT paBHO HeJOif 9aCTH OT JeseHHS g Ha P". OCTaTKOM
K€ OT TaKoro JeJIeHHA ABISAeTcA UHUCHIO an_lP" . +

+a,P + a, 2 0. Obo3HauuM ero, Kak ¥ paHbIIe, d. Ecnn OHO
PaBHO HYJIIO, TO U BCe UUDHL &, _,, ... @, @, PaBHEI 0, U BEI-
4HCIeHUs 3aKaHYUBAKTCH, B IIPDOTHBHOM CJIVYae MbI OLATH
HIleM MaKCHMAJBHYIO CTeleHL kB yucia P, gnsa xoropoit
cOpaBelJjiuBO:

k n—1 k+1 n
P <a, P + .ot aP+ aOP < P

Torza n—1-k ciepyromux 3a a, undp 6yZyT DaBHBI
Hymo (mpx n — 1 = k HyneBnIe Im(ppm MeXAY a, U a, OTCYT-
CTBYIOT), & @, IOJIyuaeM B Pe3yubTaTe AeJIeHUs Han;eno a Ha
P”. TIoKka OCTATOK OT TAKOI'O AejeHUS He OKAKETCs PaBeH
HyJI0, 0yAeM HIpPoJoJKaTh ONMHCaHHEIE AelCTBHA.

3apanne. 3anuwume onucanHbiii cnocob 6 sude anzopumma.

IIpumep 28. IlepeBeaeM BTOPBIM chocoboM wucio 100 B aBomd-
HYIO CHCTEMY CUYHCJIEHUI.
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Hcuonbaysa Tabauny creneHeil JBOMKHK, 3alUlIeM HepPaBeH-
crea: 2% <100 < 2. CiemoBaTesqbHO, [ABOMUYHASA 3alllCh
gucyaa 100 6y;1e'r cocroaTs u3 7 uudp. Llenas gacTs oT feie-
aus 100 ma 2° paBHa 1, T.e. crapmad IJ;mppa HCKOMOTO
qHcIa paBHa 1. Oc'ra'rox ot menenusa 100 Ha 28 paBeH 36.
Tak xak 2° < 36 < 2° , TO ¥ BTOpas cjeBa Ludpa paBHA -
Huie. OcTaTok sxe or geneHus 36 Ha 28 paBeH 4 = 2%, 1. e.
TPeTha U UeTBepTad, a TaKiKe Iuecrad M ceAbpMas HUDDH B
asouuHo¥ 3ammeu umcaa 100 HyseBole.

Omeem: 100,, = 1100100, A

IIpumep 29. IlepeBesieM B IIECTHALIATEPUUHYIO CHCTEMY CUHC-
JeHnd uuciao 525.

Hcenonpaya TaGJmuy c'renenen yucna 16, sanmumeM Hepa-
pencrsa; 162 < 525 < 16°, CiaefoBaTeJbHO, 3allCh YHCIa
525 B mecTHaAUIATEPUYHOH cucTeMe OyZeT UMeTb TPH Lub-
pel. Pasgenum 525 ma 256, nmonyuum HacTHOe 2 B B OCTaTKe
13, TakuM o0pasoM, crapmias Iudpa B MeCTHAAATeDUIHON
sanucu — 2. B cuny Toro urto 13 < 167, Bropaa nudpa B
mIecTHaAATEPUYHOM IpefcTapjeHun paBHa 0, a miapamieit
nudpoit asiugerca [13], oma obosHayaerca cumpomoMm D.

Omeem: 525,, = 20D,. ]

3aMeTHM, UYTO BTOpPO¥M cIocod mepeBofa 3>hGMeKTHBEH
JIMIIL TOTHA, KOTAA HaM yiKe M3BeCTHBI 3Ha4YeHUA BCeX cTe-
neHed uucaa P, KoTopble He IPeBOCXOLAT MCXOLHOE YHCIIO,
Ho mpeumymniecTBO Takoro MeTOLa COCTOUT B €CTECTBEHHOM
OOpALKe 3aIlMCH IOJAYYHUBINNXCHA P-waHBIX UMD (cneBa Ha-
opaBo), 4To OBIBaeT Ba)XKHO IPKM IPOTpPaAaMMMPOBAHMM: OYe-
pefHas IHoJaydeHHad Oudpa cpasy Ke MOXKET BBIBOAMTHLCA
Ha neuaTts. B iepBoM ke criocobe nepesoja Bce HUPPLI HATO
IIpeABAPUTEJLHO 3alIOMHUTE AJIs HOCIeLYIOIIeld pacledaTKy
pesyabTaTa B HopAjKe, o0paTHOM HX NOJYYEHHIO.

1.6.2. NepeBoa KOHEYHbIX AECATUYHbIX p,poGeﬁ

B srom pasmesne MBI PaccMOTPHUM IIePeBOA TOJNBKO KOHEYHBIX
JeCATUIHBIX Apoleil.

Ecau B gpobu ecTs HeHyJeBad 1esad 9acTh, TO OHA Iiepe-
BOOWUTCA M3 NecSTUYHOM cucTeMbl B P-UYHYIO OTHeJIBHO.
Chopmynnpyem mpasuja mepesofa APoOHON dwacTH.
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Nana mpaBwibHas KOHeuHasd AecATHYHAA Apobs b. [omy-
CTHM, 4YTO B P-HYHOU cucTeMe Halla Jpo0bp b uMeeT B[

b=0,b 1b_z... ... (B8 P-uuHoii cHcTeMe [ApPoObL MOXKeT OKa-
3aTbcAd H 6eCR0HeqH0H) Heobxoaumo HaéiTy nudpsr b_;
b gy e s b_py oen

BanunleM JecATHYHYWO Apobek b B passepHyToil opme B
P-pqHo#l cucTeMe CUHCIeHHS:

b=b P+ b P2+ .+ b P+ L. (1.13)

VYmuoxuM neByro (camMo 4HCI0) H IPaBYIO YacTH BhIpa-
skeHuda (1.13) ma P. B mpaBoit 4acTH HOAYUNM:

b+ b P+ L+ b P (1.14)

3HA4UT, NepBas nudpa b_, ApobHOI YacTu 4ucia b B P-uyHoil
cHCTeMe paBHA IeJION YacTH pe3yiabTaTa YMHOMKEHUS JecaTHY-
HOH npobu b ma P. Ipobuyio qac'rb pesyJibTaTa YMHO}KeHI/IH
obosuHaunm yepes b, T.e. b=b 2P + ...+ b P very B
OIATH YMHOXKHUM IIOJIYUEHHOEe PaBEHCTBO Ha P, B peaym,'ra're
cripasa monyamM: b_, + b_ Pt + ...+ b_ P . u nenan
JacTh pesyiabTaTa B JeBoil uacT Oyxer pasHa b_, (BTOpas
uckomaa mubpa). ITOT mporecc HeOOXOAMMO IIPOAOJIKATH
JO Tex Iop, IOKa ApobHad YaCTh Pe3yIbTaTa YMHOXKEHUA
JneBoii wactu Ha P He OyjaeT pasHa HYJIO UIU He OyIeT Belle-
JIeH nepuoj U3 noproparomuxces uudp b_,. MHorga nmpouecc
MOKHO IIpepBaTh paHbille, KOTAa yiKe JOCTUTHYTa Heobxo-
AuMas MOYHOCMb Bbl4UCAEHULL.

ChopmynupyeM onucaHHBIe BBIIIE IDAaBUJIa IIePEBOAA Je-
CATUYHBIX Apobeil B P-uuHyio CUCTEMY B BHJe aJITrOpUTMAa.

AJropuTM nepesoja NpPaBWIbLHON KOHEYHOH JecATHYHON
Apoou B P-NYHYI0 CHCTEMY CUMCIEeHHA

1. VMHOxUM ncxofHOe UHcio Ha P (OCHOBaHHe CHCTEMbI CUMC-

JIeHusd), lead YacTh [IOJYUeHHOro Ipou3BeJeHNA ABIAETCH
mepBo# Iudpoil mocie 3amATOM B MCKOMOM YHCIe.

2. Ecnu apobHas dacThk MpousBefAeHNA He paBHa (0, yMHOXKUM ee

Ha P, menymo 4acTh MOJYUYeHHOTO YHCIA 3aMeHUM Ha nudpy B
P-munoil cucreMe u IPUNOAIIEM ee CIIpaBa K DPesyIbTaTy.

3. BelmosHAeM OVHKT 2 40 TeX IODP, IOKa ApobHas dacTs Ipo-

H3BeNeHUA He CTAHEeT PaBHOM HYJIIO MJIU He BBIJEJIUTCA Iie-
puorx (ZpobHaa YacTh OKasyKeTcs PAaBHOH yiKe mosyyasmieiics
paHee JPOOHON YacTH IPOU3BESEHUHA). AN
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Hpumep 30. Ilepesegem unciao 0,375 B ZBOMYHYIO CHCTEMY.

0,375:2 = 0,75{0 — mepBaa mudpa pesyapTara
0,75 -2=1,5 |1 — Bropaa uudpa pe3yaLTarTa
0,5 2=1,0 |1 — mocnexuas nudpa pesyabTara

Omeem: 0,375 = 0,011,
Ilepesemem umcso 0,515625 B YeTBEpUUHYIO CUCTEMY.

0,515625-4 = 2,0625 |2
0,0625 -4=10,25 0
0,25 -4 =1,0 1

Omeem: 0,515625 = 0,201,.

IIepesemenm uncno 0,109375 B mecTHAALATEPUYHYIO CHUCTEMY.
0,109375-16 = 1,75 |1
0,75 .16 = 12,0 l 12,0 = Cye

Omeem: 0,109375 = 0,1C,,. O

IIpumep 31. IlepeBesem uncio 0,123 B IATEePUYHYIO CUCTEMY.
0,123'5 = 0,615 0
0,615-5 = 3,075 3
0,075-5 = 0,375 0
0,375'5 = 1,875 1
0,8755 = 4,375 | 4
I pobHas uacTs mocjeHero Ipou3BeeHus paBHa yiKe BCTpe-
yaBIIeiics paHee APOOHOM YacTH, CilIefoBaTeIbHO, IOCIeHAe
IBe nudpel 00pasyloT nepuoy NATePUYHOK Apobu.
Omeem: 0,123 = 0,030(14);. |

3apaunue. [Jokaxcume, wmo npu nepesode KOHeUHbIX OJecamui-
HbLx Opobeii 6 P-udnylo cucmemy CHUCACHUS MOMCHO NOLY-
yumb usu KomewHyw P-uunyio Opobv, uau nepuoduueckyio
Opobv (beckomneunyio Henepuoduueckyio Opobe noAyHUMb
Henb3s).

Bonpocbl v 3apganna

1. TlepeBeauTe AecATHYHOE YHCIO 52 B JBOMUYHYIO, BOCBMEPUY-
HyO 1 11-pUYHYIO CHCTEMBL CUNCACHU .

2. TepeseauTe uncao 2005 B cucTeMy CUYMCIeHNS C OCHOBAHU-
€M, PaBHBIM BallleMy BoapacTy. MokeT JI¢ B HOBOI cHCTeMe
CYHMCJIEHU S IOJVYHUBIIeeCs YMCJI0 ObITh APOOHBIM?

3. IlepeBesuTe CAeAyOIINe ACATUYHBIE APOOH B TPOMUYHYIO M
BOCBMEPHYHYIO CHCTEMBI cunciaenusa: 0,1; 0,3; 0,8.
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4. TpebyeTcs BuIGpaTh 5 PA3IHUHBLIX THPDb TaK, ITOOGHI ¢ UX II0-

MOII[BIO MOXXHO OBLIO B3BecuTh NI060% Irpys g0 30 Kr BRAIOYH-
TeJbHO IIPM YCJAOBHM, YTO THPH CTABATCA TOJALBKO HA OLHY
yarny BecoB. (9Ta 3ajada npusejeHa B KEHre JI. PuboHauun.
Ero Taxke uHTepecosancd JI. Ditnep.)

5. IlepeBeauTe B BOCEMEPHUUHYIO0 CHCTEMY CUKUC/IEHUS KOHETHYIO

ImecTHaAUaTepUIHyIo Apobs BF3,6, 4.

6. Haiigure 1999-10 qudpy mocae 3ansaTol B 4eTBepHUUHOH 3a-

MUCH fEeCATUUHOro uncaa 20,45.

§ 1.7. CmelnaHHbie CUCTEMbI CHUCTIeHNA

B mexoropmix cayuaax uucia, 3afaHHLIe B CHCTeMe CUUCIIe-
HHUA ¢ OCHOBaHMEM @, MPUXOAUTCA N300paKaTh ¢ IOMOIILIO
uudp Apyroi#t P-udHOH CHCTEMbI CUMCIEHUA.

Onpegenenue 8. CucreMbl CUNCAeHUA, B KOTOPHIX KasKIBIH KO-

5pOUIMeHT pPasNOoKeHUA uUmcAa Ho creneEaM @ (mudpa
@-UMYHOH CHCTEeMbl CUMCIEHNA) 3allickiBaeTcd B P-uuHON cH-
cTeMe CUHCJIEHHdA, Ha3BEIBAIOTCA cMewanHuimu., WHauve Ta-
KHe CHCTeMbl HABLIBAIOT P—Q-UuHbIMU.

Hanpumep, paHee IIMpPOKOe DPAacIpOCTpPaHeHWEe B BHIUMC-
JIATEJIbHOM TeXHHKe MMeJa HBOMYHO-AECATHYHAS CcHCTeMa.
B npouuHO-fZecATHYHOH cHcTEME CUYHUCIEHHS OCHOBAHMEM
CHCTeMBl CUMCJIeHNA sBiasdeTcda uucio 10, HO Bce gecaATHU-
HBle TUMPHE OTHEILHO KOTUPYIOTCH UeTHIPHMSA JBOMYHLIMU
IudpaMy ¥ B TAKOM BHJE SAIKUCBHIBAIOTCA TOCHELOBATENIbHO
apyr s3a apyrom. Tak, umcio 839,, B ABOMYHO-AECATHIHON
cucTeMe CUHCIEeHUA oyaer 3alIACHIBATLCH KaK
100000111001,,_,,. 3amMeTum, 4TO TaKOe IpeACTaABIeHUE 06-
Jafaer U3OLITOYHOCTHIO, IIOCKOJBLKY YeThIpe [ABOUYHEIE
uudps MOryT Koguposars He 10, a 16 pasnuuHEIX unces.

Oco6uIft mHTepec IpefcTapisdeT ciaydai, xKorga @ =P™,
The m — HaTypajabHoe Yucio. Jnd Takux cHcTeM BHE UUCIA
B P—-@Q-uuHOM cucTeMe COBNAZAET C BUAOM UHCIa B P-MYHO#
cucreme. Torga mepeBon umcesn U3 P-UYHOM CHCTEMBI CUMC-
JIeHUs B Q-NUHYIO ¥ Hao0OPOT MOXKeT IIPOU3BOAUTECS 110 00-
Jlee IPOCTHIM anaropurMaM (chopMyJIHDPYyEM M AOKaXKeM HX
IOKAa TOJBKO JJIA LeJBIX UYHCeJI).
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Teopema 2. 17151 Toro urobnl IIePeBECTH IIEJIOE UHCJIO M3 CHCTE-
MBI CYHCJIEHMS C OCHOBaHHEM P B cHCTeMy CYMCIEHHS C
ocHoBaHMeM @ = P™, rme m — HaTypajlbHOe UHCJIO, HOCTA-
TOYHO 3allMCh YKcja B P-UUHON cHcTeMe pasOuTh Ha I'PYIIIbI
no m Tu@pP, HauuHAaS ¢ IpaBoM UMD, ¥ KaXIVIO TaKYIO
IPYIIY 3aMeHUTh OAHOH LUPPON B Q-HUHOH CHCTEME.
Hanpumep: 10101, = 10/101 = 25, (P=2; @=8; m=3).

Jloxasamenvcmeo. 3anulieM HCXOAHOE UUCIO B PasBEPHYTOM
BHIE B CHCTeMaX CUMCIEeHHS C OCHOBaHUAMHN P u @:

2
ay + a,P + ayP° + ... +a, P" =
— by + 5@ + 5@ + ... + b, @™ (1.15)

IIpeo6pasyeM BhIpaskeHWe B JIeBOIl 4aCTH paBeHCTBA Clle-
nyromuM obpaszoM (pasofeM ero Ha IPYNINB IIO M YIEHOB U
samesuM P Ha Q):

(@, + a,P + ... + a_P"") +
+P™a, +a,, P+ .. +a,, P"H+P7()+ .=
=Q% gy + aP + ... +a, _P"H +
+Qa, + a, P+ ... ag, ;P"T) + Q%...) + ...
ITokamem, uTOo a060f MHOTOYIEH B CKOOKax CTpPOTro
MeHbIne Q. [aa aToro Kaxznyo nudpy P-uUdHOW CHCTEMBI

CYHCJICHUA @, 3aMeHMM Ha MaKCHMajbHYIo nudpy [P-1] an-
daBuTa 9TOM CHCTEMBI:

aytaP+..+a, _P’"‘ls(P~1)(1+P+p2 + P =

m
=(P- 1) L Q.
P-1

B mnpuBegeuHbIX mpeobpasoBaHMAX OblIa IPHMeHeHa
dopmysa CyMMBEI KOHEYHOT'O YHCJIa 3JIEMEHTOB TreoMeTpHUe-
CKOH IIporpeccHy €O 3HaMeHatejJeM P u IepBEIM UJIeHOM,
PaBHBIM eZUHUIIE.

ClefoBaTeIbHO, KK/l MHOTOYJEH B CKOOKax IIPH CTe-
neHax @ MOXKHO 3amucaTh B BHAe OFHOM mudphl Q-wdyHOHN
CUCTEMBI CUUCJIEHUA. B cHIy eZHUHCTBEHHOCTH IIPEeCTaBJIe-
HHUSA HATYPaJbHBIX 4YHCENl B JI000¥ cucTeMe CUYHCICHHA:

m—1 .
a, + aP +..+a, P = f)o,
e
merE T e T ay, P =b, mr o
Teopema doxasaua.

am+a
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Teopema 3. Ous Toro urobbl IlepeBecTH Hesoe YHCIO U3 CHCTe-
MBI CUMCJI€HUS ¢ OCHOBaHMeM @ = P™, rie m — HaTypaib-
HOe YHMCJO, B CHCTEMY CUMCICHHA ¢ ocHoBaumeMm P, meofxo-
OEMO KaKIyi0o Q-U4YHYyI0 Ludpy IiepeBeCTH B CHCTEMY C
ocHoBaHHeM P ¥ [IOIOJNHUTDH, €CJH 3TO HeoGXoAMMO, IIONY-
YeHHLIC YCIA CJEBa HYAAMM Tak, YToOH KasK[oe Ymesio, 3a
HMCKJIIOUYEHNEM CaMOI'0 JIeBOTO, COCTOAIO POBHO U3 m Ludp.

Hamnpumep:
13,6 = 111/0011 = 1110011, (P =2; @ = 16; m = 4).
Horasamenvcmeo. llpencraBuM Kavkayo nqudpy b, i =0, ..., 1,

(bopmyna (1.15)) B mpefcraBjieHUW MCXOLHOTO 4YHUCIa B
@-uyHOM cucTeMe CUMCIeHWA B P-MYHOH cmcTeMe CUMCe-
uusa. Tak xax bi < @ = = P™, To MaKcHMaJIbHOE KOJIUIEeCTBO
nupp B IMOJYUSHHOM IPeACTABIECHHH DaBHO M.

2 -1
by + Do P + b P  + .. + bo(m_l)P”‘ +

+ P™byy + by P+ b PP+ b, PP+ L

1(m-1)
Ilociie pacKpHITHSA CKOOOK B CHJIY €MHCTBEHHOCTH IIPEJ-
cTagileHHA YKces B P-M4HOM cHCTEMe CUMCIIEHHA IOIydaeM:

boo = Qo5 borp=ay - byg=a,; byy=a,.4; - .
Teopema Ookasana.

IIpumeyanue. AHaNOTHYHBIE YTBEDPKIEHUA CIPaBeJIMBLI TaK-
JKe ¥ /19 IPaBUJIBHBIX Apobeii. IlepeBon mpobHOIt yacTu U3
Q-uuHOH cucTeMbl B P-HYHYIO OCYILECTBIAETCA, KaK U [JJId
nensrx unces. Hesrauwamumu B fpobHOR uwacTH Teleph AB-
Jd10TCA IpaBble HYJW B P-WYHOM IIpeAcTaBIeHUM CcaMOH
npasoi nudpH ApobHON dacTH Q-muHoro umcja. Ilpm 06-
paTHOM e IepeBofe nudprl P-uuHO! Apobu rpynuupyoTcd
no m IMTYK cjeBa HalpaBo, HAYMHAA ¢ HePBOM IMUGPPEI 1IO-
cie sanAToll. Ecau mocnenHAs IpyINa COOEPKHUT MeHee M
nudp, TO K Hell Ko6ABIAIOT cIIpaBa COOTBETCTBYIOIee KOIU-
YecTBO HYJEH.

Ipumep 32. Ilepesemem aBowuHoe umciao 1010,00011011, B
BOCBEMEPHYHYIO CHCTEMY CUHCJICHUH.

s nBOMYHOE ¥ BOCBMEDHYHON CHCTEM CUMCJIEHUS BBIIIOJ-
HseTca cooTHollleHme @ = P™, a mmenzo 8 = 25, Crnenosa-
TeJIbHO, IPK IIepeBofe OyaeM PpYNIUPOBATH HUPPHI ABOWY-
HOTO 4yHcja 1o Tpu (B LeJIoM 4acTH — CIIpaBa HANEBO, B
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ApoGHON wacTM — cieBa Hampaso): 1/010,[000(110[11, =
= 12,0664 (nociepnsaa rpynma ABOMYHBIX Hudp Oblia jo-
IOJIHeHa HYyJIeM CIIpaBa).

Omeem: 1010,00011011, = 12,066,. O

IIpumep 33. Ilepesenem umcio A,1C,, us mecTHaLUATEPUIHON
CHCTEMBI CUMCJIEHHUS B YeTBEPHUYHYIO.

[ niecTHAZIATEPHYHON 1 quBepanon CHCTEM crmcneHnﬂ
BRITIOJIHAETCA COOTHOIIeHHe @ = P™, a pmeHHO 16 = 42, Tlo-
9TOMY 3aMeHUM KaX Ayl 16-puunyio nudpy ee 4-pPHIHBIM
npejCcTaBIeHUEM, 14 Yero HCIOJAb3yeM AeCATHUHYIO CHCTe-
My B KadecTBe LpOoMemxyTodHo#: A . = 10,5 = 22,; C .=
= 12, = 30,. Torza A,1C,4 = 22 ,/01[30, (nocne,umm HeaHa-
yamuy 0 MOH{HO OIIYCTHTB).

Omeem: A,1C,, = 22,013,. O

ITonyuenusie pe3yIbTATH /s CMEIIAHHBIX CHCTEM CUMC-
JeHus, Takux 910 P™ =Q, UMeoT pAjJ OpaKTHUECKHX IIpHU-
MeHeHHuH.

1. Apudmerudeckrie IeHCTBHA HAJL YHUCJIAME, SaIIMCAHHEI-
MK B OFHOM M3 TaKHX CHCTeM, BBl MOKETe BBIIIOJHATL B
Ipyroit cucreMe, ecau mocienHAa OoJsee yaoOHa g Bac.
Hanpumep, Borunciaenus B 100-muHO# cHCTeMe 3aMeHs-
IoTCs Ha JecATHYHYI apupmeruxy (100-munsle uumcia
epeBOAATCA B OECATHYHYIO CHCTEMY, a4 pPe3yJbTaT HpH
HeoOXoAuMoCTH MOXKeT OBITH cHOBa samucaH B 100-uu-
HOH), a gellcTBUA ¢ IIeCTHAALATEPUYHBIMU HJIK BOCHME-
PUYHBIMH YUHCJIAMH JIETKO 3aMEHSIOTCA Ha JBOMYHYIO
apupMeTHRY.

2. 3amMeHa cHCTEMBI CYHCJIEHUA C MEHLIIMM OCHOBaumeMm P
Ha cucreMy ¢ 60abIIMM ocHoBaHMeM @ = P™ oGecreumsa-
eT COKpallleHNe 3allMCH YHCJIa, YMeHbIIad KOJUYEeCTBO
nudp B m pas. Hanpumep, IpH HCIIONL30BAHUM JBOMY-
HOH CUCTeMBl CUMCJEHHA YHCJIa MOYKHO IPeACTaBJIATH
B 16-puuHoii, COKPATUB KOJKUYECTRO I[P B 3aIIHCH YHC-
na B 4 pasa (16 = 2%).

3. B HEKOTOpBIX CHAy4YasX yaaercsa cheiaTh 0OoJiee paimo-
HaJILHLIM pellleHMe 3aJavy lIepeBoja Yuces U3 OLHOH cu-
CTEMEL B APYIYIO, Jake eCJH HeOCPeACTBEHHO HX OCHO-
BaHUsA He CBs3aHBl cooTHomeHumeMm @ =P™. Hanpmmep,
IIpU IIepeBOJe 4uces U3 BOCBMEPHUYHOMN CHCTEMBI B IIECT-
HaJIaTepUYHYIO X Hao6opoT y,uo6Ho cnaqa.na nepenucarb
YPCJO B JBOMYHOM BHAe (8 = 2% u 2t = = 16).
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IIpumep 34. Ilepesexem qucio BF3,6,, B BocbmMepudHyio cucTe-
My CYHCJIeHWA:

BF3,6,, = 1011[1111/0011,0110, =
- 101/111/110/011,011, = 5763,3,. O

Bonpocbl u 3aaaHus

1. IlepeseguTe mecaTwdHble ymcia a = 645, b = 383 B gBOMu-
HYI0, BOCBMEPUYHYIO B IIeCTHAAUATEPHIHYIO CUCTEMBI CUIIC-
JICHHsA U 3AIOJHUATE CAEAYIOIIYIO TabIuIy:

Boipamese CucTeMa cuucClieHNs
10-tnunan | 16-puynasn | 8-pnunasn | 2-AuHan
a 645
b 383
a+b
a—b

2. Ilepesenute quciuo 1234,5678, B 27-pu4nylo cucreMy CUHC-
nenud, a 4ucio ABCD,EF, . — B BocbMepuUHYIO.

3. CymMmMy BOCBMEPHYHEIX umcen 17 + 1700 + 170 000 +
+ 17 000 000 + 1 700 000 000 mepesesu B mMecTHAAATEPHY-
HYIO cucreMy cumcienus. Hadifure B 3anmcu ducia, PaBHOTO
3TOH cyMMe, IIATYIO Py clleBa.

4. Bo CKOJBKO pa3 COKPATHTCS KOMWIecTBO LUGD B 3aIIUCH HHC-
JIa, ecJIY eT0 IlePeBeCTH U3 YeTBePUYHON CUCTEME] CUMCIEHUH
B 64-puunyio? A us gecatuuroii B 10 000-puunyio?

5. Brimuinure YeTBepUYHBIE IPeACTABACHNU A A BCeX Hugp ai-
(aBuTa MIeCTHAAUATEPUYHON CUCTEMBI CUKNCJIEHNA U IIepeBe-
aure yucino 12345678,9ABCDEF, ; B ueTsepuynylo cucremy,
He HUCIIONb3Ys ero ZBOMYHOE NPeACcTaBjIeHHue B KadecTse IIPo-
MeXXyTOYHOTO.

§ 1.8. CucTtemMbl cuncneHnsa n apxmrTekTypa
KOMIMbIOTEPOB

B xampoil obsacTy HAYKM X TeXHHUKH CYIIECTBYIOT QyHIA-
MEHTaJAbHbIC UAEeH UJIN NPHHIUILI, KOTODLIE OIIPEALIIAIOT €€
coflep)XaHlUe U pasBuTHe. B KOMObpOTEpPHOII HayKe poJIb Ta-
KUX (QyHOAMEHTAJIbHBIX HJel ChITpalM NPUHIHUIE, chop-
MYJIHPOBaHHBIE HE3ABHCHMO APYT OT APYra ABYMA KpPYyIHeH-
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mMUMH yueHbIME XX BeKa — aMepHUKaHCKUM Ma-
TeMaTHKOM H ¢usuxoMm :xonoMm QoH HeltmanoMm
U COBETCKHM HH)XKeHepoM K ydeHBIM Cepreem
Anexcangpopruem JleGeneBbIM.

IlenrpanbHOe MecTO cpefu «IpuHNHUIIOB Heil-

maHa—JleGeieBa», ONpeAeAKIINX aPXUTEKTYPY

=1 DBM, sanmMaeTr IpeajoykeHHe 00 MCHOJIB30BA-

Hox. pon HUN IBOMYHON CHCTEeMBI CUMCIEHN. ITO IpeLio-

(151(;331:1.1\{3?7) JKeHMe GBLIO 00YCJIOBJIEHO PAZOM OOCTOATENLCTB:

IPOCTOTOM BLINTOJHEHWA apUdMeTHUeCKUX oOIle-

panuil B IBOMYHOM CHCTeMe CUMCIIEHUHA; €€ <OIl-

TUM&JIBLHEIM» COIVIacOBaHMeM ¢ OyieBoi oru-

KOH; IIpOCTOTOM TeXHWYeCKOH pean3amuyl IBO-
HMYHOTO 3JeMeHTa maMATH (TpUrTepa).

OzHako Ha OIpefesJeHHOM JTalle DPa3BUTUA
KOMIBIOTEPDHOH TeXHWKHU OBLIO BHIABJIEHO, YTO
S KCIIOJL30BAHME KJIacCHUecKON IBOMYHOH CHCTe-
C. A. Jlebegep MBI CIMCICHHA JUISl IpeACTABICHUA unHbopMa-
(1902-1974) UMM B KOMIBIOTepe MMeeT CYIIeCTBEHHBIE HEJo-

craTku. IlepBEIM U3 HUX ABJAeTCA TAK HasbIBae-

Mad npoblema npedcmasAerHUs OMPUUAMENLbHLLX HUCeR.

Bropo#i HegmocTaTOK ABOMYHOM CHCTEMBI CUKCIIEHHUS IIOJY-

UpJI HasBaHUE HYAe60l U30biMOYHOCMU.

Kax m3BecTHO, OTpHIIaTeJbHBIE YMC/Ia HEIOCPEeACTBEHHO

He MOryT OBITh IIDEACTAaBJIEHAI B JBOMYHON CHUCTeMe CUHCcIIe-

HUS, UCIIONb3yOUed ToabKo ge nudper 0 u 1. Ilepen mo-

AyJeM OTPHIIATEJbHOI'O YHCJa HeOOXOLWMO CTaBUTH 3HAK

«MHHYC». DTO BJedeT 3a c000i HeoO0XOANMOCT: aHAJIHU3HPO-

BaTh 3HAKHK OIEPaHAOB IPH BHIIIOJTHEHWN apHPMeTHYECKHUX

omepamuil, 9T0 CHHKAET CKOPOCTH 06paboTky nHGOPMAUL.

Oasa Toro uTobbl He BEINOJHATE AHAJU3 OIEPaHIOB, OBLI

paspaboTaH M peasn30BaH ciocol IpeACcTaBIEHHS IeJbIX

OTPHUIIATEJILHEIX YHUCEJ B BHJe HOIOJHUTEJILHOTO Koma {CM.

riaBy 2), 4YTO CYIIeCTBEHHO YIIPOCTHJIO CXEMY BBIIOJIHEHUSA

apudmMeTHYeCKUX oIepanui, HO 3aTPYAHHUJIO BOCIPUATHE
3allHCH OTPHUIATEJbHBIX YUCEJI.
Bropoit HegocTaTOK IJBOMYHOM cHcTeMbl OCOGEHHO HENIPH-

TeH IIpX XPaHEeHUYU U Ilepefave ABOMYHLIX KOZOB. Hyesasa us-

OBITOYHOCT: (T. €. OTCYTCTBHE WU3OLITOYHOCTH) JBOWYHOT'O

NpeJCcTaBIeHNA O3HAYAET, UTO B CHCTeME CUHCIEHUA OTCYTCT-

ByeT MexXaHU3M OOHapyXKeHUA OomMNO0OK, KOTODphIe, K COXaJe-

HUI0, Hens30e)XKHO BOBHHUKAIOT B KOMIILIOTEDHBIX CHCTEMAaX IIOJ

BJIMSHUEM BHEUIHWX K BHYTPEHHUX (DaKTODOB.

[
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Cyres aTOM NpOGIEMEI COCTOMT B chexyiomeMm. IlyeTs B
Tpolecce Mepefavun MM XPAaHeHNA UHOQOPMALKH, IPeLCTas-
JIeHHOW, HallpuMep, ABOMYHBIM Kogom 10011010, nox Bana-
HUeM BHeIIHUX WJIN BHYTPEHHUX (DAaKTOPOB I1POUIOILIIO0 KC-
KakeHHe WHpoODMaUWy, X OHA IlepPelrIa B KOZOBYIO KOMOHM-
Hanuio 11010010 (uckakeHHBle DPaspAABl NOAYEPKHYTEI).
Ilockonpky xombuuanua 11010010 (kak m mro6oit Apyroit
JBOMYHBIN KOJ) ABIAETCH «Da3pellieHHOH» B ABOMYHON cHC-
TeMe CUNCIeHUud, To 6e3 JOIONHUTENLHBIX feilcTBUI HeBo3-
MOYKHO OIIpeJelINTh, IPOM3OILNI0 HCKa)keHue HHMOPMaLUU
unu Het. 14 pemtenus aTolf npobaeMsr MOKHO, HAIIDHEMED,
AJA Kaxporo 6alita (8 paspaoB ABOMYHOrO 4KC/IA) IOACYH-
THEIBATh KOJIHYECTBO eNWHUI, AN OJd rpynmsl 6aiiToB mof-
CYUTHIBATH KOHTPOJIBPHYIO CYMMY H T. A. B Jmiobom cayuae
JOJMHBI OBIThL MCHOJLSOBAHBI CHENMaJIbHbBIe MeTOAbI H30bI-
TOYHOT0 KOAMPOBAHUA, YTO 3aMeAIAeT paboTy KOMIbIOTEpa
¥ TpeGyeT NONOJHUTEJIbHOR IIaMATH.

B yciaoBuax, xorma desaoBeyecTBo Bee Gospile M Goibimie
3aBHCHT OT HAJEXKHOCTH pabOTHl KOMIIBIOTEPHBIX CHCTEM
(yupasieHns paKkeramu, CaMOJIeTAMM, ATOMHLIMU PEAKTODA-
MM, OaHKOBCKMME CHCT€MaMM), BOIpOC 006 »(P(peKTHUBHEIX
MexXaHHM3Max o6Hapy)xeHUa OMNOGOK BHIABHraeTCH Ha Iepef-
HU# nnaH. §SicHO, 4TO AJIA KOMIIBIOTEPOB, OCHOBAHHBIX HA
OBOWYHOI CHCTEMe CUMCIEHHS, He BCerga MOXKHO d(ddex-
THBHO peIlIaThb 3Ty mpobiaeMmy.

IMonriTka mpeomoseTs 3TH M APYTHe HENOCTATKH JBOKY-
HOM CHCTEeMBI CUMCJIeHHA CTHUMYJIMPOBAJIA HCIIOJIb30BaHME B
KOMIIBIOTEPAX APYTHX CHCTEM CUMCIEHUA ¥ pa3BuTHE cOOCT-
BE€HHO TEOPHH CHCTeM CUHCJIEHMS.

1.8.1. Ucnonb3oBaHue ypaBHOBELLEHHOW TPONYHOM

CHNCTEeMbI cHUCneHns

Jnsi mpeofoneHus HeNOCTATKOB MCIIOIL30BAHHA JBOMYHOM
CHCTEMBI JJIA KOAUPOBAHUA MHMOPMAaLNH yKe Ha 3Tame 3a-
POKAHUA KOMIIBIOTEPHOM 3PB! OBUI BHIIOMHEH DA IPOEKTOB
¥ CIeJIaHO HeCKOJBbKO MHTEPECHBIX MaTeMaTHUYECKHX OTKPLI-
TH, CBA3AHHBIX C CHCTEMaMHU cuuciaeHusd. [loxanyit, Haubo-
Jjlee MHTEPECHBIM IIPOEKTOM B 2TOM OTHOIUEHUH SBJAETCA
TPOMYHEIA KoMImbloTep «CeTyHL», paspaboranHeii B 1958 r.
B MoOCKOBCKOM rocyfapCcTBeHHOM yHUBepcuTeTe uM. M. B.
JlomoHocoBa mog pykosoacrBom H. II. Bpycenmnosa (Ceryub
— Ha3BaHWE DedYKHW, IpoTeKalomledl HemoZajeKy ot MIY).
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B 3BM «CeryHb» mpuMeHSIACH
ypaBHOBeIlleHHAd (CHMMeTpUYHAsA)
TPOMYHAsA CHCTeMa CUMCICHUSA JId
IpeCTaBJIeHUs UmMces, MCIOJIL30Ba-
HUEe KOTOpPOHl BiepBble B KCTOPHHU
KOMIIBIOTEPOB IIOCTABMJIO 3HAK pa-
BEHCTBa MeXKJY IIpeJCcTaBleHeM OT-
PUIIaTeJbHBIX M IIOJOKUTEJBHBIX
yyces, MHO3BOJHMIO OTKasaTbCs OT
PABIMIHBIX «YXUWIPEHW», UCIOJb3YEMBIX [/ IIpefcTaBie-
HUsA OTPHIATeNBHEIX UYHCes. ITO 00CTOATENLCTBO, a TaKiKe
WCIIONIb30BAHNE <«TPOMYHOM JIOTHKW» NpH paspaboTKe IIpo-
rpaMMHOTO ofecIieueHNA MPUBEJIO K CO3JAHMIO BECEMa COBep-
IIEHHON apXHUTeKTyPhl KOMIIBIOTEPA.

9BM «CeryHb» saBiIgerca HauboJsiee APKUM IPUMEPOM,
HOATBEPKJAIOMINM BAUAHHE CHCTEMBI CUMCIIeHUA Ha apXu-
TeKTYpy KoMIbioTepal

Onpenenenne 9. Crucrema cuncienud ¢ ocHoBanueM P = 3 u mud-
pamu 1, 0, 1, rne 1 o3HauaeT «MHHYC eAMHKILA» , HA3LIBAET-
CA YpasHOBEULEHHOU MPOULHOU NN CUMMEMPULHOU MPouY-
HO{l CHCTeMOH CYNWCJIeHHUd.

IIpumep 35. IlpuBenem npuMepHl 3allMCH HEKOTOPBIX YMCEJI B
YPaBHOBEIIEHHOY TPOWYHOM cucTeMe:

9BM «CeryHb»

IMonoxnTtens- | Hoaoxnreas- |Orpunarensnsie| OTpnuarens-
HbI¢ NeCATHY- ! Hble TDONYHBIE TPONMUHBIE HBIE AeCATHY-
HBIC YHCJaa YpaBHOBeIIEeH- YpPaBHOBENIE€H- HBIe Yxcjia
Hble YHCIa HBpIC ‘n_lc.na

1 1 1 -1

2 11 11 -2
3 10 10 -3
4 11 11 -4
5 111 111 -5
6 110 110 -6
7 111 111 ~7
8 101 101 -8
9 100 100 -9
10 101 101 -10
11 111 111 -11
12 110 110 -12
13 111 111 -13
14 1111 1111 -14
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VI3 mpuBeIeHHOr0o IpUMepa IOHATHO, II0YeMy 3Ta CHCTe-
Ma CYHCJeHNA HA3bIBAaeTCAd yPABHOBEINeHHON MJIM CHMMeT-
PHYHOH.

I'naBHas 0co6eHHOCTH, YpAaBHOBEIIEHHBIX CHCTEM CUMUCIIe-
HUs — IIpU BBIIOJHEHHH apupMeTHUeCKUX olepanuid He
HCHONB3YEeTCS <«IIPABUJIO 3HAKOBY.

1.8.2. Ucnonb3oBaHue pubBOHAYYINEBO CUCTEMBI

cHyucneHun

Ha 3ape KOMIIBIOTEPHOM 3phI OLLIO CIENAHO ellie ABa OTKPHI-
THA B 00JIaCTH IIOSHUIMOHHBIX CIIOCO0OB IIPEeACTaBJIeHUI YM-
cesl, KOTOPEIe, ONHAKO, MAJIOM3BECTHLI X B TOT IIepHOJ He
IPUBJIEKJIN 0cO00ro BHUMAHUA MaTeMaTUKOB M HHKEHEDOB.
Peur mpgeT o cpoiicrBax (UOOHAUUMEBOH CHCTEMBI CUHCJIE-
HUA ¥ CHCTeMBI CUMCJIEHHS 30JI0TOH IIPOIOPIIMH.

B mocnegnue gecarniaerna XX BeKa IPYIIION MaTeMaTH-
KOB IOZ pyKoBoACTBOM Ipodeccopa A. II. Craxora B CCCP
ObLIN MOJYyYeHBHI UPe3BLIYAMHO WMHTepecHble pe3yJIbTAThI,
CBA3aHHLIE C pellleHMeM Ipo6JieMBl HANeKHOCTH XpaHeHUsd,
06paboTKK M Ilepefadyy nHDOPMAIKN B KOMIBIOTEDHBIX CHC-
Temax. MaremMaTukaMy OBLIO IIPENJIOKEHO HCIIONB30BATH B
KauecTBe CHCTEMBI CUKCJIEHUs B KOMIbIOTepax pubomaudu-
ey cucremy. HamoMHMM, uTo asnaBUTOM 3TOH CHUCTEMBI AB-
asrorea mudpsr O u 1, a 6azucoMm — II0CIEeAOBATEIBHOCTE
gucen Pubonauun: 1, 2, 3, 5, 8, 13, 21, 34 ... .

OcHOBHOE IPEeHMMYIIecTBO KOHOB PuOOHAYYU AJNA MPaAK-
THYECKUX HPUMEHEeHHU! COCTOUT B UX «eCTECTBEHHOM» M306HI-
TOYHOCTH, KOTOpad MOXKeT OBITHb MCIIOJNB30BaHA AJA HeJei
KOHTPOJIA YHCJIOBEIX IIPeoOpasoBaHuit., ITa M3OBITOUHOCTH
nposasager ceba B cBOMCTBe MHOMKECTBEHHOCTH IIpeJCTaBJIe-
HHHE OJHOTO M Toro e uucia. Hanpumep, yucao 30 B kKoge
PuboHaYYM BMeeT HECKOJIbKO IIpeJcTaBJIeHHU:

30 = 1001101, = 1010001, = 111101 .

IIpu aTOoM pasauuHbIe KOAOBbIE IPEACTABIEHUA OJHOTO U
TOTO K€ YHCJIa MOT'YT ObITh IOJYYEHBI APYT M3 Apyra C IIO-
MOIIBIO CHEIHAJbHBIX (GUOOHAUIMEBEIX Ollepaluil ceepmKu
(011 - 100) u passepmiu (100 — 011), BEINOTHAEMBIX HaJ,
KOZOBBIM M300paskeHMeM uHciia. Ecam Hajk KOZOBBEIM H300-
paKeHHeM BBIIIOJIHUTH BCe BO3MOYKHBIE CBEPTKH, TO MBI
npuaeM K cnenuaabHOMY GuOoOHAYYMeBOMY M300pakeHUIO,
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Ha3bIBAEMOMY MUHUMAAbHOL (popmoil, B KOTOPOH HET ABYX
PALOM cTOSIIUX eguuull. Ecan »ke B KojoBOM M300pasKeHNH
BEIIIOJIHUTDH BCe BOBMOJKHBIE OIlepalliy pa3BEepPTKH, TO IIpU-
JeM K cnenuaJbHOMY (puOoHaYYueBOMY HU300paKeHHIO, Ha-
3bIBAEMOMY MAKCUMAAbHOU WA pPas3eepHymol Gopmoi,
B KOTOPOIl pPAAOM He BCTPEYAIOTCH ABa HYJd.

Arpanmns ¢uboHauuneBoii apubMeTHKH IIOKasal, dUYTO
OCHOBHBIMHU €ee OIlepaluAMM ABJSIOTCA ONEpAllMU CBEPTKH,
PasBepTKX 1 OCHOBaHHAA HAa HUX OIlepallyd NpHBeeHUsd
Kofa ®PuboHauul K MUHMMAJIBHOH (opMe.

ITH MaTeMaTH4YecKile pPe3yJjbTaThl CTAIM OCHOBOH s
IIPOEKTa CO3JaHUSA KOMIBIOTEDHBIX M M3MEpPUTeJIbHBIX CHC-
TeM Ha OCHOBe (DMOOHAUYMEBOM CHCTEMbl CUMCIEHWA.

IIpu paspaboTKe a/eMeHTHO# 6a3bl HOBOM KOMIIBIOTED-
HO! TEeXHHKH OCHOBHBIM ONEDAI[MOHHBLIM 3JIEMEHTOM CTaJo
YCTPOHCTBO HpUBeAeHUA Kona Pubonayyy ¥ MEHUMAIbHOH
dopme. IToO YCTPORCTBO peanu30BHIBAJIOCE Yeped RS-Tpurre-
pel ¥ noruueckme anemeHTsl 1 mw WJIW. Brinmm cozpmamse:
OIIBITHHIE O0pAasIbl MHUKPOCXEMBI, BEINOJHSAIONMIEH# CilenyIo-
mIye orepaiyy: 3aINch W YTeHWe JaHHBIX, CBEPTKAa, pas-
BepTKa, IepeMellleHne, NOIJIOMIeHNe, IIpUBeieHNe K MUHHU-
MaJBbHON ¢opMe, CYMMHPOBaHME, BLIYHTAHUE, DEBEPCHB-
HBIY CHBUT, JJOTHUYECKOe YMHOMXEHHe, JIOTUIECKOe CIOKEHHe
¥ CJIOXKeHUe II0 MOAYJIio 2.

OTuuuTeIbHO! OCOOEHHOCTBEI0O MUKPOCXEMBI ABJIAJOCH
HaJW4YWe KOHTPOJILHOTO BHIXOHa, Ha KOTOpoM ¢hopMHpoOBa-
sack MHpOpPMAaUMA O HEeNPaBUIBLHON paboTe MHUKPOCXEMEL.

Tagkum 06pa3oM, OCHOBHEIM pe3yJbTaTOM 9TOU paspaboT-
KK OBLIO CO3LaHUE IIepPBOI B MCTOPUM KOMIILIOTEDHOM Tex-
HUKH MHKDPOCXEMBI VI peajf3aliill caMOKOHTPOJIHUPYIOIe-
rocsa ®uboHAUYN-IIPOLIECCOPA CO CTONPOIEHTHOHN rapaHTHel
obHapy)keHua c6oeB, BOBHHKAWOINUX IpH IepeKJIIOUeHUU
TPUITEPOB.

H xora cosgars @uOOHAYYH-KOMIIBIOTED IO PA3HBIM LIPHU-
YUHAM IIOKa TaK ¥ He YAAJIOCH, TeOPETHYeCKNe OCHOBEL JaH-
HOT'O HAIIPaBJIEHUA IPEACTaBIAIOT HECOMHEHHBIN UHTEDEC U
MOTYT CTATh UCTOYHNKOM HOBBIX UAeM He TOJBKO B KOMIIBIO-
TepHO# ob6aacTH, Ho M B obnacTu mareMaTuku. OcobeHHO
adpeKTHBHBIM CUHTAETCs HCIoNb30BaHue «(puboHauyme-
BBIX» IIPEACTABIEHUII B UBMePUTEJIBHON TeXHMKe U Iudppo-
BOM 0OpaboTKe CHUI'HAJIOB.
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1.8.3. HeaBouuHbIe KOMNLIOTEPHBbIE apUPMETUKH

IIpn paspabGoTKe BBIYMCIHUTEILHON TeXHHKK Nepex Mare-
MaTHKaMH Bcerja CTOUT CIIOKHe#Imaa npobieMa — cosfaHue
3 GeKTUBHBIX (MX YaCTO HABBIBAIOT «IpeJelIbHBIME») &JTo-
PUTMOB BBIIIOJTHEHHA apU(PMeTHUeCKNX OIePalyil B KOMIIBIO-
Tepe. B paMKax pelieHusa 3To# OpobieMbl yUeHBIMU OBLIK
IpHAYMaHLl HOBbIE CHCTEMEI CUYMC/IeHMS M paspaboTaHbl
KOMIBIOTePHBIE apH(PMETHKHN Ha MX OCHOBE, KOTODbIe II03BO-
JIAIOT IIOCTPOMTDH BEIYMCIIMTENbHbLIE YCTPOMCTBA, OBICTpOAei-
CTBHE K HAJEeyKHOCTh KOTODPBIX IIPEBOCXOJAT BBIUUCIIUTENIH,
OCHOBaHHBIe Ha IBOWYHOH apudMmermke. K TakmM cmcreMam
CUHCJIEHUS MOYKHO OTHECTH HEIO3HIMOHHYIO CHCTEMY OCTa-
TOUYHBIX KJIACCOB, HEKOTODHIe HepapXmuecKue CHCTeMBL CUIHC-
JeHWd U Ap.

HepapxudecKkue CHCTEMBI CUHC/ICHHA KOHCTPYUPYIOTCA Ha
OCHOBe HIeH COeJVHEeHW:A IO3HIMOHHBIX ¥ HEINO3HIIMOHHBIX
CHCTEeM CUMCJeHUd, IIPH 3TOM OHH HOJIKHBI coueTaTh B cebe
TOJIOXKUTENbHDIE CTOPOHEI BKJIIOUEHHBIX B HUX CHCcTeM U OBITH
cBOOOZHBIMKM OT HMX HENOCTATKOB. IIPpMHIHI [IOCTPOEHHSH
HepapXrUUecKUX CHCTEM B IIeJIOM IIpocT. BeIOUpaeTcsa HeKOTo-
pas BHEIIHAA cucTeMa cuuciaeHud A ¢ aixdasuroM o. [udpsi
9TOHM CHCTeMBl 3aIIMCHIBAIOTCA B BHAe CJIOB (KOZOB) LPYToH
(BHyTpeHHel) cHcTeMBl cuucieHud B ¢ axdaeuToMm . B Kaue-
CTBe IIpUMepa TAKOH CUCTEeMBl MOKHO IPUBECTH H3BECTHYIO
BaM JBOMYHO-JECATHUHYIO CUCTEMY, IPIMEHAEeMYIO I Ipej-
CTaBJIeHMS [JeCATHYHBIX YMCeJ B HEeKOTOPHIX KOMIIbIOTEpaxX.

Cucrema ocrarounbix kjaccop (COK) — aTo Hemosmmu-
OHHAdA CHCTeMa CYMCJIEeHUs, 9Hucja B KOTOPOU IIpeacTaBJid-
IOTCA OCTATKAMM OT JeJeHUdA Ha BBIODaHHYIO CHCTEMY OCHO-
BaHui P, Py, ..., P, ¥ ABISAIOTCA B3aMMHO IIPOCTBIMHU YHKC-
gdamu. Omepaliyy CI0KeHUA, BRIYUTAHNA ¥ YMHOMKEHUSA Haj
yucnamMy B COK IIpOM3BOAATCA HE3aBHCHMO IIO KaXKIOMY
OCHOBaHHIO 0e3 IIEPEeHOCOB MeXKIY paspagaMu.

Taxwye omepanuu, KaK JejieHWe, cpaBHeHHe U AP., Tpeby-
joIiFe HHpOPMAaUK O BeJIMYKUHe Bcero uucia, 8 COK Bermo-
HATCA 1o 6ojiee CIOKHBIM asiropurtMaM. VI B 5TOM 3aKJIio-
YaeTcs CYILeCTBeHHBIN HeJOCTATOK JAHHOH CHCTeMBl CUMCIe-
HUA, COEPKUBAIOIINE ee IIMPOKOe IIPHMEHEHNEe B KadecTBe
KOMIIbIOTepHOM. OJHAKO CerofHA B COBPEeMEHHBIX KOMIIBIOTE-
pax mpu paboTe ¢ GOJBLIMME M CYHepOOJBIIAMH YHCIaMU
ucnonssyioT COK, u6o tonbko COK-apudMeTHKa IT03BOJIAET
IIOJIYUaTh pe3yJIbTAThl BBIUWCJIEHHH B pPEaJbHOM BpeMeHH.
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B rakmux cnyqaax B KauyecTBe ocHoBauuH COK GepyT Beamyu-
HEl, 61nskee K 2™ (m — p;Boanaﬂ | paspafHOCT: KOMMbBIOTe-
pa), Hampumep, 2™ — 1, 2™ 71, + 1 u 7. g Haumnas c
cepeJIMHEL IIPOIIJIOTO CTOJIETH yqem,le MHOTHX CTpaH Mmpa,
BKJIIOYaA ¥ HaUly, 3aHUMAIOTCA IPOOIeMOl IOBBIIIEHNHA CKO-
pocTH <«HeyAobOHBIX» omepaunuii B COK. Cama xe cucrema
OCTATOUHBIX KJIACCOB IPHMMEHAETCA B BBIYMCIWUTENIBHBIX CHC-
TeMax HOCTATOYHO HIMPOKO ViKe HeCKOJBKO AecATHJIEeTHI.

Bonpocbl n 3agaHus

1.

6.

7.

8.

Ilepeuncaure nepssle 14 HaTypaJbHBIX YHcel B huboHauqn-
eROH cHCTeMe CUHCJIeHUS B MUHHMAaJIbHOH hopme.
CtopMynupyiiTe npaBuia NepeducieHNs HATYPAJIbHBIX YU~
ces B puboHau4neBoil cucTeMe.

ChopmynupyiiTe npaBujia NepedunciieHna HATYPaIbHBIX 4H-
ceJ B TDOMYHOM ypaBHOBENIGHHOM cucTeMe CYMCIeHK.
CohopmynupyiiTe npaBmia cjloxKeHUs B HhrboHauuneBoi cuc-
TeMe CUUCICHUS.

ChopMynupyiiTe NpaBUia CI0KEeHNS B TPOMIHON ypaBHOBe-
IIeHHOW CHCTeMe CUHCJIeHH.

Ob6bacHUTE, IOYEMY CUCTEMBI CIHMCIEHNA, aHAJOTHYHbIE HC-
noaedyemoil B OBM «CeTyHb», Ha3LIBaIOT YPABHOBEUIEHHEI-
MH UM CUMMETPHUYHBIMH.

Hanumure ajaropuTM cocTaBieHHs TabiuLEBl CIOMEHHS B
P-muHOM cucTeMe CUUCIeHHUA.

Hanumure anropur™ coctapieHnsd Tabaulbl YMHOMEHUA B
P-uuHOH cHCTEME CUMCIEHH.,

3aksiioueHme

Ceroarsa MHOTMMH YUeHLIMY BBICKa3BIBAETCH YTBEDK/eHUE,
470 3MeMeHTHad 6a3a KOMIUBIOTEDHOM TeXHUKY, OCHOBAHHAA
Ha IBOMYHOM KOJAMPOBAHNM, CKOPO AOCTUTHET I'PDAHUILL CBO-
X BO3MOXKHOCTEH, 1 TOTAa, CKOpee BCero, AajbHelNlee pas-
BUTHe 3TOH 00JacTH HAYKH M TeXHUKU OyZeT cBA3aHO C HO-
BRIMH MaTeMaTHYeCKUMU Pe3yIbTaTaMM B 00J1aCTH KOAHpPO-
BaHuA uHpopmanuu. B XX Beke B TeOPHH UHMCEJI CHCTEMAM
CUNCIeHUs He YZessasJoch AOJKHOTO BHUMAHNA, ¥ B 9TOH
4YacTH AAaHHAd TeopHA He HAMHOTC VIJIa BIlepef IIO0 CpaBHe-
HUIO C IIePHOJOM CBOEro 3apoKAeHHdA. JTO OBLIO CBA3AHO
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¢ OTCYTCTBHEM CepPbe3HOM IOTPEeOHOCTH B KCIIOJB3OBAHUU
HOBEIX CHCTeM CYMCJIEHUS B IIPAKTHKe BBHIYUCIEHUH, KOTO-
pasa B TedyeHHe NOCJIETHUX CTOJIETUH Bcelleso yAOBJIeTBODH-
Jlach JEeCATHUYHOHM CHCTeMOH, a B IIOCIeJHYe NeCATUIETHI —
JBOMYHOHN cucTeMo#l (B MH(pOpDMATHKE).

CuTryanud pesKO M3MEHHJIACh B pe3yibTarTe IMOABIEHUA
CcOBpeMeHHBIX KOMIILIOTepoB. IMeHHO B HHpOpMaTHKe OHATH
MpOABHWJICA HHTepec K criocobaM IIpe[CTaBIeHUA YHCEJ U K
HOBBIM KOMIIBIOTEPHBIM apudmeTruram. [esao B ToMm, UTO,
KaK MBI y’Ke TOBODHJIM, KJaccHdecKas ABOMYHAS CHCTEMa
CUNCJIeHNs o6raZaeT PAAOM HPUHINNKAILHEIX HEJOCTATKOB,
TIaBHLIMHM M3 KOTODHIX ABJIAIOTCA IpobieMa NIpeACTaBIeHUS
OTPHUIATEJBHBIX HHCeN U HyJjeBasd U3OBITOYHOCTD.

B cBA3M ¢ 3THM U3y4YeHHE OCHOB IMOCTPOEHUS CHCTEM CUHC-
JICHHUs, CBOMCTB PasIMYHLIX CHCTEM CUMCJIeHUS IIPeJCTABJIIET
cerofHs He TOJIKO Hay4YHBIM, HO U IIPAKTUIECKUI MHTepeC.

B rnase «CucTeMbl CUMCIEHUS» BBI HOJYYUIHN IPELCTAB-
JleHHe 0 MHOroo0pasmp CHocobOB 3aIlMCH duces, HO3HAKO-
MUJIHUCH ¢ PA3JIUYHBIMY THUIIAMY MO3UIMOHHBIX CHCTEM CUHC-
JeHns (TPagUIMOHHBIMHK, WIN P-wuHpIMH, CMeIIaHHBLIMU,
HeTPaAUuIMOHHBIMI), OAPOOHO paccMoTpenun P-wyHBIE CHiC-
TeMBI CUMCIEHHUSA: CIOCOOBI IPEACTABIEHMS IPOM3BOJIBHBIX
ypcesl M apupMeTHUUIeCKHNe OllePalliy B P-WYUHEIX cHCTEMax
CUMCJIEHHSI, aJATOPUTMEI IIepPeBOoJia YHces U3 OJHOH CHUCTEMBbI
CUMCJIEHHSA B APYIYIO U T. 4. BBl MMes BO3MOKHOCTH paso-
6paTh Ha mpumepax O0JbIIOe KOMMYECTBO OCHOBHBIX THIIO-
BBIX 3a7]a4, B TOM UHCJe M BCTPEYaBIIMXCA HA BCTYIIMTEIb-
HBIX 3K3aMeHaXx II0 mH(popMaTHKe B By3bl. Ocoboe BHHMaHUE
OBLIO YAeNIeHO MECTY ¥ POJIM CHCTEeM CUYMCJIEHUS B COBpPeMeH-
HBIX KOMIBIOTepaX. Bbl y3Hanum 06 OCHOBHBIX HeJOCTATKAX
HCIIONb30BAHUS IBOMYHOM CHCTEMBI [Jis KOAMPOBAHUA HH-
dopmMaLy B KOMOBIOTEPax, O HPOEKTaX CO3NAHMS KOMIIBIO-
TEpOB, IOCTPOSHHBIX HAa MHEIX CIIOC0o0aX KOZUPOBAHMA, KOTO-
pBle TIO3BOJIAIOT PEMHuTH 3TH Ipobnembr (OBM «CeryHBb»,
upoexT PuGoHAIIN-KOMIBIOTEPA).

B zaknaroueHue X0TeJI0Ch GBI OTMETUTH, YTO HAYYHBIE HC-
cjefoBaHUsA B O0GJIACTH CHCTEM CUMCJIEHHUA IPOLOJIKAIOTCS.
MareMaTuKky, HaipuMep, U3y4YalOT Hera-IIO3UIUOHHLIE CHC-
TeMBl CUMCJIeHNS, OCHOBAHUAME KOTODBIX SBJSIOTCS IIeJIbIe
OTPHIIaTeJIbHBIe YHCJIA, a TAaKyKe CHCTEMBI ¢ OCHOBAaHHEM,
coepsKallliM MHUMYIO eqMHHNY U T. 1. He uckiarovueno, uro
KOMY-TO M3 Bac YAACTCS CKas3aTh CBOe CJIOBO B 9THX obJjac-
TAX MATEMaTHKH B MHGOPMAaTUKH.
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IIpeacraBiaenue umHGpOpPMAIUA
B KOMIIBIOTEpe

B cBoeil Guuapmoii apudmeruke JleibHHUI
BuAesn npoobpas TBopeHus. Emy npexcrasiua-
JIOCh, UTO eJWHULA NpeAcTaBideT GoKecTBeHHOE
Ha4asno, a HyJab — HeObITHe, ¥ YTO BHICIIEE CY-
IIECTBO CO3ZAET BCe cyiree U8 HeObITHA TOYHO Ta-
KuM ke o6pasoM, KaK eAUHUIA B HYJb B ero CH-
CcTeMe BEIPAXKalOT BCe YMCJIA.

II1.C. Jlannrac

OueHb JMErKo AeJaTh YAWBUTEIbHBIE OTKPLI-
THA, HO TPYAHO YCOBEPIUIEHCTBOBATE HX B TAKOH
CTEeIeHH, YTOOBl OHW IMOJYYUAH IIPAKTHUECKVIO
IEeHHOCTh.

T.A. 30ucon

§ 2.1. NpepcTasnenme Uenbix yucen

§ 2.2. MpeacTaBneHve BewleCTBEHHbLIX YUCES

§ 2.3. MpencTaBneHne TeKCTOBON WHpoOpMaL UK

§ 2.4. NMpepncrasnenune rpacuyeckoi u BugeonHgopmaymu
§ 2.5. NpepncTaBneHne 3ByKOBON UHhopMmaLuu

§ 2.6. MeToab cxaTua LU POBON MHMDOPMALIKUN
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koHna XX peKa, BeKa KOMIIBIOTeDH3allUH, YeoBede-

CTBO e)XeJHEeBHO IIOJIB3YeTCs [JBOMUYHOM CHCTEeMOM

CYMCJIEHNdA, TaK KaK BcA MHpopManus, o0pabarbiBae-
Mas COBPeMeHHBIMY KOMIIBIOTePaMH, IPeACTaBIeHA B ABO~
HYHOM BH[E.

Kaxgeiii perumcrp apudMeTHYECKOr0 YCTPOMCTBA KOM-
IBIOTEpA, KaXKaas A4eliKa NaMATH IpejcTaBideT cobol du-
3MYECKVIO CUCTEMY, COCTOAIYIO U3 HEKOTOPOTO YMCIa OJHO-
POAHBIX 3JIEMEHTOB, 00JIafaIoMIUX ABYMA YCTOMYUBBIMU CO-
CTOAHMAMH, OJHO H3 KOTODPBIX COOTBETCTBYeT HYJ0, a
apyroe — exmunne. Kaxxgplii Takol sjeMeHT CIYXHUT A
3amIucH OJHOTO K3 paspsanoB ABoMuHoro uyucia. IMeHHO mo-
3TOMY KaKABIH 5IeMeHT A4eMKM Ha3BIBAIOT paspsidom.

(k — 1)-it paspag 0-ii pa3pag

I T I L R S I I R

suefixa U3 k paspagos

Bul 3maere, 4TO BBIUMCINTENbHAA TeXHUKA BOIHUKIIA
KAaK Cpe/iCTBO ABTOMATUIAUUKN BHIYKCACHUN, UMEHHO IIOITO-
My IIepBBle KOMIIBIOTEDPHI Ha3bIBatuchk JBM — 3JIeKTpOH-
HO-BEIYHUCIUTENbHBIME MalIMHaAMKu. CerogHsA KOMIIBIOTEPEL
06pabaTeIBAlOT pasinyHbIe BUALI HHQOPMAIMH: YHCIOBYIO,
TeKCTOBYIO0, 3BYKOBYIO, rpadmueckyio. OZHAKO COBpeMeH-
HBIM KOMIIBIOTEP MOJKET XPaHUTh U 00pabaThlBATL TOJBKO
JucKpeTHYIO nabopManuio. ClregosaTeasHo, Ji000H BUX UH-
dopmanuy, moAJeXaImuii KoMIObIOTepHON 00paboTke, TeM
WJIM MHBIM CIIOCOOOM [IOJDKEeH OBITH 3aKOSHUPOBAH C IIOMO-
b0 KOHEYHOM IOCJIeNOBATENILHOCTH LEJBIX YHCeJ, KOTO-
pas 3aTeM IePeBOJUTCH B ABOUYHBIA BUA [ANA XPAHEHHT
B KOMIILIOTEDE.

B maHHOI ri1aBe MBI paccMOTPUM, KaKUM ofpaszoM pemia-
eTcsT mpobiema mnpeo6pasoBaHMs HMCXOLHOH HMHPOPMANUU
B KOMIILIOTEPHOE IIPeJCcTaBIeHHe I KaKIoro Buga nubop-
manpy. Byger mokasaHo, HAaCKOJIbKO TOYHO KOMIILIOTEDHOE
IpencTABJICHEE OTPaKaeT UCXOAHYIO HH(POPMALHIO, IpUYeM
CIIOBO «TOYHO» 3JeCh NPUMEHSAEeTCA He TOJBKO K YHCIaM
(TOYHOCTBH IIpeACTABJEHMs), HO U K APYIHM Buaam uHboOp-
Maluy. A MMeHHO, PacCMaTPUBAETCS CTEIeHb PealrcTHd-
HOCTH IepeXauy OTTEHKOB IIBeTa Ha MOHHTOpe, CTelleHb
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TpUOANKEHHOCTH BOCIIPOM3BOAYIMON MYSBIKM K eCTeCTBEH-
HOMY B3BYYaHHIO MY3LIKAJbHBIX MHCTPYMEHTOB HJIU TOJIOCY
JeJoBeKa U T. A. 3afada IepeBoJa MHGODMALM eCTeCTBEH-
HOT'O IPOHUCXOKIEHHA B KOMIBIOTEPHYIO Ha3bIBaeTCsd 3aja-
uell Juckpemusayuu NN K6AHMOBAHUSL. DTY 3afady HeoO-
XOAVMO pelIaTh AJs BceX BHUA0B uHpopMmanuu. CrocobsI gu-
CKPeTH3aluy AJA PasHBIX BUAOB WHMOPMAIVK Pa3JIHNUHEI,
HO MOAXOAHL K PeIlleHHIo 9TOM 3aJauy IOCTPOEHbI Ha OguHA-
KOBBIX IIPHUHIIUIIAX.

§ 2.1. NpeacraeneHne yenbix Yyncen

JIro60e 1es0e YNCI0 MOXKHO PacCMaTPHBAThL KaK BellieCTBEH-
HoOe, HO C HYJIEBOH APOOHOM YACTBHIO, T. €. MOXKHO ObLIO OBI
OTPaHUYUTLCS NIPEJCTaBJIeHNEM B KOMIBIOTeDEe BelllecTBeH-
HEBIX YKCeJI 1 peaiusanueit apudmMeTruecKUX AelcTBUH HaAX
HuMHu. OnHAKO A4 3G (PeKTUBHOTO UCIIOAb30BAHUSA IaMATH,
TIOBBIIIIEHNA CKOPOCTH BBINOJNHEHUs BBIYUCIEHUN U BBeje-
HHS Ollepalluyl JAeJIeHWs HaIeJjlo ¢ OCTATKOM Ilejible YHcJia
IPeACTaBIAIOTCA CIEIHAJbHO AJA HUX IpefHasHaYeHHBIMU
cmocobaMu.

Beenierne crnenmuanabHBIX CIOCODOB IIPeJCTABIEHUA IIe-
JIBIX YHCeJ ONPABAAHO TeM, UTO JOCTATOYHO YACTO B 3aja-
9ax, pemraeMblX C IIOMOILBIO KOMIIBIOTEpa, MHOTHE [eHCT-
BUS CBOAATCSA K OIepalUAM HaJ LeNbIM{ uuciamu. Hampu-
Mep, B 3ajadax SKOHOMHYECKOTO XapakKTepa [JaHHBIMU
CJIYKAT KOJHYECTBAa aKIUM, COTPYAHHKOB, feTajell, TpaHc-
IIOPTHBIX CPEICTB U T. [., II0 CBOEMY CMBICIY SBIAIONINECH
LeJBIME gncaaMu. Ilensle dmesa HCIONB3VIOTCH U I8 000-
3HAYEeHUA OATHl U BpeMeHHM, W IJId HyMepamuu paslIUdYHBIX
00BEeKTOB: 9JIeMEHTOB MACCUBOB, 3aluced B 6asax JaHHBIX,
MaUIMHHLIX aJpPecoB ¥ T. II.

J151 KOMIOBIOTEPHOTO MIPEACTABIEHUS LeNbIX YKucell o6bru-
HO HCIIOAb3yeTcA HECKOJBKO PAa3JIMYHBIX CIIOCOO0B IIpeiCTaB-
JIeHUs, OTJIMYAIOIINXCA APYT OT Apyra KOJIUYecTBOM paspd-
IOB M HaJIWYMEM WJIH OTCYTCTBHEM 3HAKOBOIO paspsna. Bes-
3HAKOBOE IIPEACTaBJIEHNE MOYKHO HCIIOJB30BATH TOJBKO [JJIS
HEOTPHIATEJbLHEIX [eJbIX 4YHceJi, OTPUIlATeJbHEBIE YNCJa
IpefCcTaBIAIOTCA TOJBKO B 3HAKOBOM BUZE.

ITpr Ge33HaKOBOM HpeJCTABJIEHHH BCE DA3PANBI A4elKU
OTBOAATCSA oA caMo Yucio. [Ipu mpejcTaBIeHUN CO 3HAKOM
caMBIil cTapIUIuil (JieBblil) pasdpA] OTBOJUTCA IIOJ] 3HAK YHC-
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Ja, OCTa/IbHEIe paspafbl — Mmon cobcTBenHo uwmeso. Ecnum
THCJIO NIOMOXKUTEILHOE, TO B 3BHAKOBLIH paspal IoMellaeTcs
0, ectu umeso orpuuarenbHoe — 1, OueBuiHO, B AYeiKax
OIHOI'0 ¥ TOTO XK€ pasMepa MOKHO IIPEACTABUTE OOJIBLILIKI
AUAanasoH LejblX HeOTPHUIlATeNbHEIX 4YKcell B 0e33HAKOBOM
IpeICTABICHNY, YeM 4ucel co 3HakoM. Hanpumep, B ogHom
batiTe (8 paspa/0B) MOMKHO 3aIUCATDH ITOJIOMKUTEIbLHBIE YHC-
na or 0 mo 255, a co BHaKOM — ToNBKO g0 127. IlosToMmy,
€CJIM M3BeCTHO 3apaHee, YTO HEKOTOpPasa YHCI0BAA BeIUYUNHA
BCeTZa ABJAeTCA HEOTPUILIATENLHOM, TO BHITOLHEE pacCMar-
puBaTh ee Kax 0e33HAKOBYVIO,

ToBopsT, uTO IEJBle YMCIa B KOMIIBIOTEPE XPAHATCS B
thopMmaTe ¢ QurcuposanHol 3anamoil.

2.1.1. MpepcrasneHune LenbiX NONOXKUTENIbHbLIX YNCEN

Hdna nmonyueHus KOMIIBIOTEDHOTO IpPeACTaBIeHMs 0Oe33Ha-
KOBOTO I[eJIOTO YHCJa B k-PaspAnHON Adelike IaMSITH JLO-
CTATOYHO IIePEBECTH eI'0 B ABOMYHYIO CUCTEMY CUMCIACHUS H
JOIOJHHUTEL IIOJYYeHHBIY peaysbTaT cjieBa HyIaAMH 10 k
paspAfoB. IIoHATHO, UTO CyIecTBYeT OrpaHMWYeHHe Ha
HUCIa, KOTOphIe MBI MOXKEM 3aIMCATE B KR-pPaspagHyIo
AYeNKY.

MaxcumanprHO IIpeACTaBHMOMY UHCHY COOTBETCTBYIOT
€IVHUIILI BO BCeX pas3pAlax sSTUeMKH (ABOMYHOE YHCJIO, CO-
croamiee ua k exuuun). [na k-paspAaHoro mpeAcTaBIeHUS
oxo 6yzneT paBHO 2" — 1. MuHuMAaIbHOE YHCJIO IPENCTABIIA-
eTCcs HyJsMU BO BCeX paspsajax A4YeMKM, OHO Bcerjga paBHO
uym1o. Huoke mpuBeeHBl MaKcuMabHBIe ducia 41 0e33Ha-
KOBOT'O IIPeJCTABJIeHUS IPHU PA3IWYHBIX 3HAa4YeHUSAX k:

KOJIM‘leCTBO Marccnmam-,noe qYHCJI0
pas3panos
8 255 (28 - 1)
16 65535 (2'° - 1)
32 4294967295 (2%% - 1)
64 18446744073709551615 (254 - 1)

Ilpu 3HaKOBOM HIpeACTABICHUMN IeJBIX YHCeJ BOSHUKAIOT
TaKHe IIOHATHA, KaK [PAMOH, oOpaTHBIA M HOIIOJHHUTEIb-
HBIA KOJABI.
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Onpenenenne 1. IIpencraprenne uncna B IPUBBIYHOM 4 Yesto-
BeKa (opMe «ZHaK—BeJIMYMHA», IpV KOTOpOH cTapIluil pas-
pan AYEHKH OTBOZUTCA IOJ 3HAK, ocTajJbHBle B — 1 pasps-
n0B — Noj OuGpH YKMCIa, Ha3bIBAETCA NPAMbiM KOOoM.

Hampumep, npsambie KOABI ABOMYHBEIX uymcea 11001, m
-11001, pna BocbmupaspaaHod adeiiku pasHB 00011001 n
10011001 coorpercTBeHHO. lIlonokuTeNBHBIC HeJble YMCIA
[PeJCTABNAITCA B KOMIIBIOTEDE C IOMOIILIO IPAMOTO KOAA.
IIpaMoH KOJ OTPHUATEJBLHOrO HEeJIOr0 4Kcia OTIHYAETCHA OT
IIPAMOTO KOJa COOTBETCTBYIOIETO IIOJIOMHUTENLHOI'O UHCIIA
COJIePIKUMBIM 3HAKOBOro paspazna. Ho BMecTo mpaMoro Koaa
[JIA TIPeJCTABJIEHUS OTPUILATEIBHEIX LEJBIX YUCeNl B KOMIIb-
I0Tepe UCNOoJIb3yeTcs OMOJHUTENbHEIN Ko (cM. 1. 2.1.2).

OTMeTHM, YTO MAKCHMAJBHOE IIOJOMKHTENIbHOE UHCIIO,
KOTOPO€ MO’KHO 3alIlcaTh B 3HAKOBOM IIPEJCTABIEHHH B k
paspazax, paBHo 2° ! — 1, 4To mpaKTHdecKH B ABa pasa
MeHbIIe MaKCHMAJIBLHOTO YHcia B 6e33HAKOBOM IIPEJCTaBIIe-
HUH B TeX Ke k paspajax.

Saganue. Onpedenume MAKCUMAALHOE NOAONCUMENbHOE LUCILO
8 60CbMUPA3PATHOM U ULeCTNHAOUAMUPAIPAOHOM 3HAKOBbLX
cnocobax npedcmasieHus Huced.

Pewenue. MaxcuMaJlbHOEe IOJIOKUTENbHOE UHCIO B 8 OuTax
paeso 127 (2 — 1), B 16 6utax — 32767 (2'° - 1). O

Ilpumep 1. Yucmo 53 = 110101, B BoCEMUDPA3PALHOM HpEICTAB-
JIEHUW UMeeT BHA:

lofof1j1foj1fof1]

3o ke yucyao 53 B 16 paspsajgax OyZeT 3alycaHO CJIEAYIO-
muM obpazoM:

lofofojofofofofojofo1]1]0o]1]0]1]

B ofomx ciayyasx HeBa)KHO, 3HAKOBOE MM O0e33HAKOBOE
MpeAcTaBJIeHHUE IIPH 3TOM UCIOJIB3YeTCH. O

Ipumep 2. qas aucaa 200 = 11001000, npencrasnenne B 8 pas-
psagax co 3HAKOM HEBO3MOXKHO, TaK KaK MaKCHMAaJLHOE [0-
MyCTHMOe YHUCJIO B TAKOM IIpefcTaBieHNN paBHO 127, a B 6es-
3HAKOBOM BOCBMHMPa3PAZHOM IIPEACTABIEHUY OHO XMeeT BU:

[1]17oJoJifJoJol0]

a
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2.1.2. MpepcTaBneHue uenbiX OTpUUaTeNbHbIX Yucen

I1q mpeacTaBieHMA B KOMIIBIOTEpPE IIEJBIX OTPHULATENBHEIX
4qrces UCIONB3YIOT AOIOTHUTENBHEI KOL, KOTOPHIM II03BOMI-
eT 3aMeHUTb apu(pMeTHUeCKYIO ONePAriHi0 BEIUNTAHUA Olepa-
oHed CHAOMeHHWdA, 4YTO CyIIeCTBEHHO YBEJIMUMBAET CKOPOCTD
BruuciaeHuil. Ilpesxze Wem BBOOWUTH OmIpefelleHUe [OIOJHU-
TeJILHOTO KOJa, CIejiaeM cieliyiollee BajKHOe 3aMedaHMe.

B k-paspsagHoil LeNOYMCIeHHON KOMIILIOTEPHOH apud-
MeTHke 2" = 0.

O0BACHUTD 9TO MOKHO TE€M, UTO IBOMYHASA 3alUCh YHCIa
2% cocrour uz ONHOM eqHHHUILLI B K HyJel, a B A9eliky us k
Pa3psfOB MOMKET YMeCTUTBhCH TOJIBKO kB mmbp, B JaHHOM
cJydae TOJNBKO £ HYyJe#. B TakoM ciyuae roBODAT, UTO 3HA-
qarmad eIMHHUIA BHIIJA 3a Npefesbl paspsagHON CeTKH.

Onpepenenne 2. k—paspanupiii donoanumenvrptil ko0 orpuna-

TEJIBLHOTO YUCIA M — 9TO BAlHCh B B PA3PALaX IOJOMKHU-
tenpHoOro uncna 2F — |m|, rge |m| — mogyns orpunarensuoro

wmena m, jm| < 2571
Pasbepemcs, UTO U 10 Uero JOHOJHUTEIbHEIN KO AOIOJI-

HAeT. JoNoAHUTEeILHBIH KO OTPULATEIBHOIO dWHCaa M —
9TO JOIOJIHEHMe MOIYJdA 3Toro ducjaa go 2° (MaIm X0 Hynd

B k-paspanmmoii apudmernre): (2F — |m|) + |m| = 2 = 0.

AnropurMm noaydeHHs JONOIHHTENLHOTO E-pPa3pagHOro KoAa
OTPMIATENABHOTO YHCIA

1.

2.

Moayne uucnaa UpefCTABHTH IPAMBIM KOJOM B B JBOMUHBIX
paspagax.

3HaveHMsa BCeX paspANOB UHBepmUposamb (BCe HYJIH 3aMe-
HUTL HA eJUHUIE], 4 efMHUANB — Ha HYJIH), MOJIYYUB, TAKUM
o0pasoM, k—paspaauHblii o6pamubiil K00 HMCXOMHOTO UHCIA.
K noayuensnomy ofpaTHOMY KOZY, TPaAKTyeMOMY KaK E—pas-
PanHOe HeoTpHUIlaTeIbHOE ABOMYHOE TUCJIO, IPUOABUTL efu-
HHULY. JAN

O6paTHbI# KOX ABIAETCH AOIONHeHNEM HCXOLHOTO JUCIa
zo umcaa 2F — 1, cocroamero us k nBOMUHBIX eAwHHL. Ilo-
sToMy IpubaBieHHe eAVMHHIBI K MHBEPTHPOBAHHOMY KOAY
TO3BOJISAET HOJIYINTE €ro MCKOMBIN JOIIOJTHUTEIBHBIN KOX,.
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IIpnmep 3. IlonyumM [ONMOJHUTENBLHBIA KOA 4ucaa —52 and
BOCBMH- U HIECTHAALATHPA3PAZHOH AYEeK.
g BOCBMUpPa3pARHOH AYeHKU:
0011 0100 — npamoit Kox umeaa |-52| = 52;
1100 1011 — oOpaTusiii Koj umcaa —5H2;
1100 1100 — pomonHUTENBHBIR KO 4nciaa —52.
Jla IIeCTHaZUATHPA3PASHOR SuelKu:
0000 0000 0011 0100 — npamoit xox uucia |-52|;
1111 1111 1100 1011 — obparTHbifi Kox umcaa —52;
1111 1111 1100 1100 — gomoIHUTENbHEIR KOX YHCaa —52.
n

Bompoc. Kaxoe MUHUMAAbHOE OMPUYGAMELbHOE YUCLO MONCHO
s3anucamv 6 k paspadax?

Omeem. ONUCAHHEBIH BhIIIE AJITOPUTM NTOJYUEHHA HOIOJHUTEIb-
HOIO KOA2 [T OTPULIATENBHOTO THCIIA SHAKOBYIO eIUHALY B
JIeBOM paspsazne obpasyer aBTOMAaTHYeCKM IIpH |m| < 2
Ecmn e 2871 < |m| < 2% To momsITKa peanMsaME AAHHOTO
aNrOPATMA IIpHBefleT K TOMY, YTO B JIeBOM paspane 6yger
HaxoAWUTbCH mudpa 0, COOTBETCTBYIOIIAA KOMIILIOTEDHOMY
IpeJCTABICHUIO IIOJOKHUTENbHBIX 4HCe], UTO HeBepHO.

IIpencrasum sHauenue 2F — |m| B caepyromem Bupe:
2F —|m| = 2571 + (2¥ - |m)).

3[echk NlepBoe ciaraeMmoe 2571 coorBercTByer eguHMIE B
JIeBOM 3HAKOBOM paspspne. To ecTh IpU IpeAcTaBJIeHUH OT-
pHUIIaTeNBHOI0 YHCJIA M OOIOJIHUTENLHEIM KOJOM B CaMOM
geBoM (3HaAKOBOM) paspsafe 3allUCHIBaeTCA 3HAK OTPHILA-
TeJIBbHOTO Yucia (eIMHHIIA), & B OCTAJBHEIX pa3pAjax —
ancno 2871 — |m|. CregosarensHo, MUHMMambHOE OTPHIA-
TeJIbHOE (MaKCHMAJbHOEe II0 MOAYJII0) UYMCJIO M, KOTODOE
MOXHO IIPeACTABUTH B B pa3pafax, PaBHO ~gk1 (sTO Orpa-
HIYeHHe M ObLJI0 IPUBEAEHO B OlIpefeleHuH 2). |

3aganue. ITocmpoiime @onorHumenvHbll 60CLMUPAIPATHBLIL
K00 dzna wucen —128, —127 u —0.

Pewenuye. OTBeTH IpuBeJeHbl B Tabiuile HUKeE:

Yucao -128 -127 -0

IIpamo# kog moayaa | 1000 0000 (01111111 {0000 0000
OGpaTtHBIi Kof 01111111 {10000000 11111111
Jonoaaureasnsii kog | 1000 0000 (1000 0001 | 0000 0000
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OTMetruM, 4TO A)a umcaa —128 npamoil xkox cosmajaer
¢ JTOIIOJHUTENLHEIM, & JONOJHUTEJIbERIN Kox uncia —0 cos-
nagaer ¢ oOLYHBIM HyJeM. IIpu npeobpasosanuu o6paTHOrO
Koga miA uucaa —0 B ero AOIOJIHUTENLHBIM KoJ IIpaBHja
O0OBIYHOM ABOMYHON apHbMeTUKY HapyIIaloTCA, a KMEHHO!:

1111 1111,+ 1 =1 0000 0000,=2*=0. 0

BoccTaHOBUTL MOAYJb MCXOSHOIO NECATHYHOTO OTPHILA-
TeJIBHOTO YHCJIA II0 ero JONOJHUTEeIbHOMY KOAY MOXKHO ABY-
Md crmocobaMu.

Cnoco6 1 (obpaTHas HemodYka IpeoOpas3oBaHWil): BBIUECTH
eIUHUIY M3 AOIIOJHUTEJHHOrO KOoZa, WHBEPTHUPOBATEH IOJY-
YeHHBIN KO U IlepeBeCTH IIOJy4eHHOe ABOMYHOE IIPeJCTaB-
JIeHWe 4Yucja B JecATHYHOe.

Cnoco6 2: 1o IpuBefeHHOMY BBINIe AJTOPUTMY IIOCTPOHUTH
JOIIOJHUTENbHBIN KoA AJIA MMEIOINerocs NONOJHUTENLHOTO
KOJa MCKOMOI0 YHCaa M IPEeACTABUTH Pe3yJIbTAT B AECSTUY-
HOM CHCTEMe CUHCIIeHUd.

IIpumep 4. ITonyyuM pecsiTUYHOe 3HAUYEHHEe 4UMCIa IO ero

JoNoNHUTEeAbHOMY Kogy 10010111,.
Cnocob 1:
1) 3 HOTOJHUTEJILHOrO KOJa BHIUTEM 1:
10010111 -1 =10010110 (monyumny oOpaTHLIN KOM);

2) vuBeprHpYeM moay4deHHBIH kox: 01101001 (moayuwmam
MOAYJIb OTPULATEILHOTO JYHCJIA);

3) nepeBefieM IOJNYYEeHHOe NBOMYHOE 3HAYEHHE B JECATHU-
HYIO CUCTEMY CUUCJIEHUA:
01101001, =2%+2°+2%+1=64+32+8 + 1 =105.

Omsem: —105.

Cnoco6 2:

1) uaBepTHpPyEM UMeRINUIICA JONOJHHUTENBHBIN  KOXI:
01101000;

2) mpubaBuM K pesyasrary 1: 01101000 + 1 = 01101001
(TONIyYUIN MOAY/IL OTPHUIATEJILHOTO UHCJIA);

3) mepeBefieM IOJNYYEHHOE NBOMYHOE 3HAYEHHE B JECATHUY-
HYIO CHCTEMY CUHCJICHWA:
01101001, =2°+2°+ 2% +1 =64+ 32+ 8 + 1 = 105.

Omeem: —105. O
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ITenrre uncaa co 3HAKOM, H?e,D;CTaBHMI:Ie B k paspdapax,
MIPHUHAJAIEXKAT JUAIA30HY [~ ~2k 1], KoTOpLEIH He AB-
JNAeTCA CHMMETPHYHEIM OTHOCHTeJIBHO 0. Oto ciregyer yuu-
TBEIBATH IIDH IIPOrpaMMUPOBaHHNM. ECJIH, HallppMep, H3Me-
HUTH 3HAK Yy HaAHOOJBIIEro II0 MOZYJIK OTPHIATEJLHOTO
YHCAA, TO IMOJYYEHHEIN Pe3yJbTaT OKaXKeTcd yKe He Hpel-
CTABHMBIM B TOM J’Ke YMCJI€ Pa3psafoB.

Huxe npuBefeHbl 3HA4YeHWs TPAHUL AHANA30HOB AJId
3HAKOBBIX IIPeACTaBJeHUN B sSuelKaxX ¢ PasJIHYHOMN paspsaf-

HOCTBIO:
Paspagsocts |  MHHEMMAaJbHOE YHCI0 MaxcuMaabHOE YHEI0
8 -128 127
16 —32768 32767
32 —2147483648 2147483647
64 —9223372036854775808 | 9223372036854775807

2.1.3. MNepeuncneHne Yyucen B LeNOYUCNEHHON
KOMMNbIOTEPHOW apudmMmeTnke

MEI BHIACHMIM, YTO B B—paspagHOM 3HAKOBOM MM Oes-
3HAKOBOM IIPEACTABJIEHHH IIeJBIX YHCe] KOJIWYEecTBO Ipe[-
CTaBHMEIX YMCeJ OTPAHKYeHO M 3aBucur or k. Ilpexncrasu-
MEIe YHCJIa MOYKHO IIeDEUHMCJIHNTH IO Bodpactauuoo. Hampu-
Mep, OJIA BOCBMHDPA3PSAHOrO 0e33HAKOBOI'0 NIpEeLCTaBJIeHUA
OOIYCTHUMBIE UHCJIA PACIIOJATaloTCsd Ha OTPEe3Ke CIeAVIONINM

obpasom:
—— -
0 1 2 255
s BOCEMUpPAa3pASHOrO 3HAKOBOI'O IIPELCTABJIEHUA:
—t At - —
-128 -127 -1 0 1 2 127

Ornuaxo B k—paspAgHO# KOMITBIOTEPHOH apr(MeTHKe 5TH
OTPe3KH MOXKHO 3aMKHYTL B KOJIbI[A M [IePEUHCIATH YHUCJIa
COOTBETCTBYIOILIET0 NPEeLCTABJCHUA IIO KPYIY.

Bce meable uncia n10060ro k—paspsamHOTO IPeACTABIEHU
MOXXHO 3a)HKCHPOBATH HA KOJIBIE 11O IIOPALKY, IIPUUEM p4-
AOM ¢ MaKCHMAJBHEIM YHCJIOM B TOM HJIH MHOM IpPeACTaBJE-
Huu OymeT HaXOOUTBCA MHHUMAJILHOe, HAIDHMeD:
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1 32767
255 127 0 32768 0 -32768
65535 -1
8-paspAgHoe 16-paspagsoe 16-paspagHoe
6e33HaKOBOE 6e33HaKOBOE 3HAKOBOE

HeificTBUTENBHO, Pe3yJbTaToM IpubaBJeHUA eIMHUIBI B
apudmeTuKe ¢ GUKCHPOBAHHBIM KOIWMUECTBOM PA3PALOB 5B-
JseTcs cleRyIollee O YaCOBOM CTpeJKe 3a MCXONHBIM 3Ha-
YeHUe Ha KOJIbIle, a4 Pe3yJIbTATOM BLIUYMTAHWUS €JUHHILI —
clefyiolliee 3HAYEHME IIO0 XOAY IIPOTHUB YACOBOM CTPEJIKH.
JaHub QakT OUeBUOEH, KPOMe CAydaeB mepexXxoJa oT MaK-
CHUMAaJIbHO HONYCTHMOTO YMCJIAa K MHHHMAJIBHOMY IIPH IIpH-
0apJIeHMY eJMHUIE] ¥ OT MUHUMAJLHOTO K MAKCHUMAJIBHOMY
OpY BEIYMTAHHWH.

IosicauM aTH cnydan. PaccMoTpuM BHauaJe 0e33HAKOBEIE
npejcraBieHud. MakcuMalbHO OOIYCTUMOE YHCIO B k—pas-
pagHOM 0e33HAKOBOM IpeiCTaBJIeHUY PABHO 2% ~ 1 u cocromT
U3 k eIVHUI B BONYHOM IIpeAcTaBiaeHEuu. Ilpu npubaBsienuu
K TAKOMY YHCJIY €JUHUILI MBI IIOJyIaeM 2% 4to B cBOIO OUe-
Pelb COOTBETCTBYET HYJIO B k-paspsamHoi apndmernxe. Bri-
YUTaHUE Ke U3 HyAd eJUHHILI ABjideTcid o0paTHOH omepa-
Iuel: BEIIMTaHNE €ZWHHUIILI MOKHO DACCMATPUBATH M KaK
npubaBieHne K HYII0 MUHYC eIWHHIBI, IO IIPABUJIAM JKe
k—paspagHO# apn@memxn «MHUHYC eIMHHUIA» — B3TO OOMOJI-
HeHWe e/INHULE! 1O 2% 1. e. ancio, KOTOpO€ IPHU CJIOXKEHUH C
equHUIEH mact 2. OtIeBn,qu, YTO TAKOBLIM ABJIAETCH UMCIIO
2" — 1, cocrodiiiee 3 k ABOMYHLIX eJHHHMII, 3HAYUT, B He33Ha-
KoBoM mpeactaBiaernu 0 + (1) = 2k — 1, uTo ABNSETCA MaK-
CHUMAJILHO TIPEACTABUMEIM UMCJIOM .

B snaxkoBom k—paspsagaEoM HpeACTaBJIeHI/II/I MaKCHUMAJIBHO
JOIYCTHMEIM SBJAETCA YHCIIO 2kt _1 (k — 1 gponuHas enu-
auna). IIpy yBeIWYeHUN TaKOro 4mucjaa Ha 1 MBI moaydaeM
25 wmm eIVHUILY B 3HAKOBOM OHTe M HYJH B OCTAILHLIX,
YTO COOTBETCTBYET OTPUIATENIHEHOMY UHCIY ¢ MAaKCHMAaJIbHO
BOBMOXXHEIM MOAyJeM. BbIumtaHue eIWHWIEI U3 TaKOTo

1 MaxTuuecknm omepanuu clOKeHH#, BHUMTAHAA M YMHOMKEHHA B k- -paspARHOM
0e33HAKOBOM IIPeACTABJIEHHH COOTBETCTEYIOT MATEMATHYECKOMY IOHATHIO
«apudMeTHUeCKHe oIepanyuu Ho Mogywo 2%» (cpaBHenue o Moxymo 2¥).
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Yypcyia MOYKHO IIPOBOJUTH IIO IIPABMJIAM OOBIYHOIN JBOMYHOM
apudpmeruru: 10..0-1=01...1= 2F -1,
251 BT

JoCcTOMHCTBOM paccMOTPeHHBIX (hOPMAaTOB IIpelCcTaBIeHUA
IleJIBIX UMCes ABJIfeTCd IIPOCTOTA pealusallui ajrOPUTMOB
apuMeTHYeCKUX ollepaluii (Hampumep, BEIYUTaHHue, byaro-
Japa UCIOJIb30BAHUIO JOIONHUTEILHOIO KOAA s IIpeficTaB-
JIeHUS OTPHLATENBHBIX UHMCEJ, CBOZUTCS K CJIOMKEHUIO).

2.1.4. OcobeHHOCTU peanu3auun apudMeTU4YEeCKNX
onepaunin B KOHE4YHOM Ynucne pas3psanos

IlenouncieHHasa apudMeTHKa B OTPAHUYEHHOM UHCTe Pa3ps-

OB HECKOJBKO OTIHYaeTcs oT 00bruHoi. Ilpu BEIIOJIHEHHUH

apuPMeTHYECKUX AENCTBHUI B IeJIOYKMCIEHHON k-paspamHon

apupMeTUKe BO3MOXKHO BOSHHKHOBEHME CJIEAVIOIIUX CHUTYa-
n¥H, He3HaHMe KOTOPBIX MOKeT IIPHBECTH K HeBepHOMY pe-
3YJbTATY IIPH BBIIOJHEHHM BEPHBIX AJTOPUTMOB:

e crapue (JeBble) UG P Pe3yabTAaTa, BEIXOAANINE 34 OT-
BeJeHHOE KOJHMYECTBO Pa3PsANOB, OKA3BIBAIOTCS YTEPAH-
HEBEIMH;

e IIDH CJOKEHUH NN YMHOMKEHHH [BYX IIOJIOMHUTEJIbHBIX
Yuces, UMEIOIIUX 3HAKOBOE IIPeJCTaBlIeHHe, MOXKHO IIO-
JYYUTh OTPUIlATE]bHOE YHCIIO, €CIH B Pe3yjabTaTe CJIO-
JKeHUst (VMHOKEHUA) B JIeBOM 3HAKOBOM OHUTe OKayKeTcH
eINHNILIA.

Ipumep 5. Bomonnnm ciaosxenne 100,, u 51, B 3HAKOBOM BOCHMHU-
pa3pATHOM IpefcTaBIeHMK. B oToM IIpeicTaBiIeHUN YHCIa
uMeoT caegyomui sua: 100, = 01100100, u 51, =
=0011 0011, Ilpm ciao)keHHMM BTMX UHCel IOJIYYUM
1001 0111,. Camas neBasa eqvHNMIA (SHAKOBBLA Paspsj) YKasbl-
BaeT Ha TO, UTO B 8 paspAfax 3alIicaHo OTPUIIATEILHOE UHCIIO.

Tak kak Bce OTpHIIATENLHEIE YHCJIA B MalIHE IIPEJCTaB-
JIAIOTCA AOIMOJHUTENBHLIM KOLOM, TO [JIA BOCCTAHOBJIEHUSA
MeCATUYHOrO 3HAUYEHUS 2TOr0 OTPHIATEIBLHOTO UUCIa HaXo
BOCIIOJIB30BATLCA AJTOPHTMOM IOJYUeHHS UCXOTHOTO YHCIIA
110 eTO JOIMOJHUTENILHOMY Kogy (cM. npuMmep 4). B pesynsra-
Te noaydyuM umcjgo —105.

Taxum pbpasoM, B BOCEMUPaspARHON 3HAKOBOM apudMe-

TuKe 100 + 51 = —105, 7. e. IPH CJIOKEHUN ABYX HOJOKH-
TEeJIbHBIX YHCeJ MBI IOJYUYUIHN OTPULATEIBHOE YHCIIO! O
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Bonpockl 1 3agasuns

1.

2.

10.

11.

O6ocuyiite 1menecoo0pa3HOCTE MPeACTABIeHUA 0cOORIM 00pa-
30M B KOMIBIOTepe IeIbIX YHCeI.

IlpuseauTe IpUMep YMHOXKEHUA B OTPAHNYSHHOM YHCJIE Pas-
PAM0B IBYX IIOJIOXKUTEJILHBIX YNCEJI, B Pe3yJIbTaTe KOTOPOTO
moJIy4aeTcs OTPHIIATeIbHOe YHCIIO.

ITepeuncauTe u 00bACHHATE BCe OIINOKHY, KOTOPBIE MOT'YT BO3-
HYKaTh DU BEINIOJHEHUH apupMeTHUYeCKHX ollepalluii Haj
LeJBIME YHUCJI8MHU B KOMIIBIOTEPHOH apudMeTHKe B OrPaHU-
YeHHOM YHCJIe Pa3pALOB.

IToxasxuTe, KaxuM o0pa3soM HCHOJbL30BAHME ROIIOJHHUTENb-
HOTO KOJa II03BOJIAET 3aMEeHUTL OIlepAaIlHI0 BRIYUTAHUSA OIle-
paiueil croxeHud.

B BocbMupaspAAHON dAdellke BaIMINNUTE AOIOJHUTEJIbHEIE
KOZBI CAeAVIOIINX ABOUYHBIX THCEJ:

a) —1010; 6) -1001; B) —11; r) -11011.

. MosxHO Ju 10 BUAY AOIIOJHHUTEJBHOTO KOoga YHUCJA CKa3aTh,

YeTHO OHO MJIM HeYeTHO?

. Haiizure gecaTUYHbBIEe 9KBUBAJIEHTEI OTPHIIATEJILHBIX YHCEJT,

3alMCAHHBIX B JONOJIHHUTEILHOM KOAe:
a) 11000100; 6) 11111001.

. Kaxue us uncen 43,4, 101010, 129, u —13510 MOXKHO CO-

XpaHUThH B ofHOM HaiiTe (B 8 paspagax)?

ITonyunTe 16-paspagHoe NpeicTaBlIeHNe CIeLYIOIINX YHCe:
a) 25; 6) —610.

Hna aucen A = 1110,, B = 1101, BBIIONHUTE CleyIOmINe

omepanyuu: A+ B;A-B;B-A;-A-A;-B-B;-A-B

(B BOCEMHPa3pASHOM 3HAKOBOM IIPEICTABIEHHAHN).

BrrumcauTe ¢ nomomsio MHKeHEepHOrO KaIbKyIATOPa (CTaH-

gaptHoe npuiokenre Windows) cieayiolnye BEIpaKeHI:
a) 111011101, - 1101110110,;

6) 1101101001, - 11000100100,.
Kak BBl MoKeTe 00BbACHUTE OJIYUEeHHBIE Pe3YIbTATEI?

§ 2.2. NpeacraBnenne BeLWECTBEHHbIX Yucen

BemlecTBeHHBIe UMcIa B KOMIBIOTEDE XPAHATCA B opmame
C naasalujeil 3anamoil, KOTOPLIA OomMMpaeTcd HA HOPMAJIH-
30BaHHYI0 (HOpPMY 3aIMCH YMCEJI.
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2.2.1. HopMmanu3oBaHHas 3anmcb Yncna

Ecnim TOpu IpeAcTABICHHMM IENBIX YKceJd B KOMIBIOTepe
OrpaHUYEHNEM MOJKeT CJAVKHUTD JUIIb BeJJMUNHA 3aIUChLIBA-
eMOro 4ncja, TO IPK 3alKCH BELIeCTBEHHOTO YHCIa pPedb
B IEePBYIO OYepefb HAET O TOYHOCTH ero IpejCTaBJIEeHUAd,
T. e. 0 KOJIWYecTBe 3HAUAIUX IUdp, KOTOpPHIe yAaeTcsa Co-
XPaHUTE B OTPAHMYEHHOM UKCJEe PaspsAmoB.

IIpumep 6. MonmycTum, MBI HMeeM KaJbKYJATOP, B KOTOPOM Ha
sKpaHe JHUCILIes IJA BHIBOZA UMCeJ eCTh TOJBKO 10 sHaKo-
MecT (BKJIOUasd 3HAK 9HCJIa ¥ 3amd-
TYIO MEeXKJY 1eJI0M ¥ ApOGHOH JacTs-
MK JecATHuHOro umciaa). Ecium Ham
Heo06xoAUMO paboTaTh ¢ YHCIAMH

-6392000000; -639,2;
-0,0000006392,

TO Ha LHUCILJIee HAIIETO KaJlbKyJIATO-
pa oTto0pa3uTh ygacTcs JHUUIb BTO-
poe u3 HUX (ImepBoe YHMCJIO 3aHuMaeT
11 smakomecTr, BTOpOoe — 6 3HaKO-
MmecT, Tperbe — 13 3HaKoMecT). O

Jra 3agadya MoKeT OBITH pellleHa, eCJIU YHCJa NIpeicTa-
BHUTh HECKOJIBKO MHaue. 3aberaa Biuepen, CKakeM, UTO I
npuMepa 6 MCKOMBIH cIlocob 3aIlkicy YKces] B KaIbKYJIATOpe
TaKOB &

-6.392E+9 —6.392E+02 -6.392E-07,

rae sHaK «E» unTaeTca Kak «YMHOMHUTH HA OECATH B CTEIle-
HU». Takaa sanmuch oTpaykaeT IKCNOHEHUUAAbHYIO (PopMy
3amucy 4Yucell.

Onpegenenune 3. Jlo60e UHCIO G B 3KCTOHEHUUANbHOL popme
IpefcTaBiseTca B Bufie @ = +mxP?, rne P — ocHoBaHue CHC-
TeMEl CUMCJIEHU, /M HA3LIBAETCS MAHMUCCOU Yucaa, § —
nopadxom 4dUCHA.

1 .
B kanpkynaTope, Kak ¥ Bo MHOI'MX KOMIBIOTEDHBIX IPOrpAMMAaX, BMECTO 3aIlATOR
I OTAeIeHUsA NPOGHOM YacTH OT LeI0H MCIOJIb3YyeTCa TOYKa. DTO COOTBETCTBYeT
SananHoM TpaguIMyY 3anucH P-MYHBIX Yncel.
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IIpumep 7. JInuuy orpesxa, paBroro 47,8 cM, B 9KCIOHEHIH-

aJbHOM (QopMe 3alNCKH MOXKHO IIPeJCTABHUTL TaK:

1) 478 x 107! cm = 478 mm

2) 4,78 x 10’ cm = 4,78 am;

3) 47,8 x 10° cm = 47,8 cm;

4) 0,478 x 10% e = 0,478 M. a

W3 sToro mpumepa BUIHO, YTO OJUHY OJHOTO M TOTO e
OTPe3Ka MOJKHO 3aIlHCATh C HCIOJIb30BAHKEM Pa3JMYHBIX
SKCIOHEHIMANbHBIX (opM. IJTa HEOAHO3HAYHOCTEH 3aIIKCH
MOJKeT [IPUBO/JUTE B OIIPeJesIeHHBIX CIyYasX K HeynoOCTBY.
W3 kypca anrebpbl M3BECTHO, 4TO eciad P (pUKCHPOBAHO M
1/P <m <1, To mpeacTaBieHNe YUCIa B OKCIIOHEHIMANBHONR
¢dopme emuHCTBeHHO. Tarkas ¢opMa SKCOOHEHIHANLHOIO
IpeACTABJICHUS HA3LIBAETCA HOPMAJIU308AHHOU (Gopmoil u
UCHOJNB3YETCA B KOMIBIOTEPE AJIA OJHOSHAYHOCTH IIPEICTaB-
JIEHUS BeIl[eCTBeHHBIX YHceJl.

H

Onpenencune 4. Hopmanruszosarnnas 3alKCh OTJIUYIHOTO OT HYJIA
BeIlleCTBEHHOI'O YHCJIA — BTO 3aIluch BUma @ = +m x P, rge
¢ — Dneynoe 4ucno (NOJNOKHUTENbHOE, OTPUIATENbHOe, MM
HOJIb), & M — IOpaBMILHAA P—wuHad gpobk, YV KOTOPOH Ilep-
Bas nudpa mocie 3a0ATON He paBHa HYJIIO, T. €. 1/P<m < 1.

3amMeTHM, YTO YHCJIO HOJb He MOXKeT OBITH BamHCaHO
B HOpDMAaJIM30BaHHO# opMe TaK, Kak oHa ObLia Ompe[eieHa.
IlosroMy OTHOCHTEJBHO HOPMAJH30BAHHON 3allHCH HYIA
OPUXOAUTCH NpuberaTh K 0COOBIM COIJIAINEHUAM. ¥ CJIOBHM-
cd, YTO 3GNUCb HYAA AEAAEMCA HOPMALUSOEAHHOLL, eCau U
MAHMUCCA, U NOPAJOK PAGHbL HYLIO.

B mopmanmsoBaHHOW ¢GopMe Bce UMCIA 3aNNCHIBAIOTCH
OOUHAKOBO B TOM CMBICJE, UTO 3alATas y HUX CTABHUTCA
B OJHOM M TOM JKe MecTe — Ilepef 1epBOil (camMo¥ JIeBOH)
gHavalleld uudpoi MaHTHCCHI. 3aMeTHM, YTO B JBOUYHON
cHUCTeMe CYMCIIeHUs IepBasd LUdpa MaHTHCCEI HODMAJX30-
BaHHOT'O UHCJa Bcerza paBHa 1 (3a HCKIIOUEHMEM dYHCIA
HOJE). Bennunna xe umcsa (T. €. ee IOPANOK) YKA3BIBAETCH
OTIENbHO, C IIOMOIIBI0 COOTBETCTBYIOLIEH CTEelleHH OCHOBAa-
HUS CHUCTEMEI CUMCJIeHMs, B KOTOPOM 3T0 4ucjo ObLI0 3arru-
CaHO M3Ha4dYalbHO. KosmuecTBO Iudp B MaHTHCCE MOMKET
0KAa3aThCA MEHBINE, YeM YWUCIO 3HAYAIIUX LUKNPP B HUCXOL-
HOM upcjie. HacTo B HOPMAJIM3OBAHHOHM 3almcu MaHTHCCA
P-uuHOro yucia sanucsiBaeTcsl B P—UYHOIN cucTeMe CUHCIe-
HUS, a NOPAJOK M caMo 4ucjio P — B JeCATUYHOI.
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IIpumep 8. IIpumBefeM NpUMephl HOPMAJH3aLWH UHCEN:

1)0 = 0,0 x 10° (BosmoxHas HOpManu3anua HyJId);

2) 3,1415926 = 0,31415926 x 10t (KouUecTBO 3HAYALIUX
nudp He H3MEHUJIOCH);

3) 1000 = 0,1 x 10* (KOMMYecTBO 3HAaYaIOUX UuDp yMEHL-
IIWJIOCE C YeTHIpeX RO OJHOH);

4) 0,123456789 = 0,123456789 x 10° (samaryro mepepsu-
raThk He HYXKHO); )

5) 0,0000107; = 0,107 x 87* (komudecTBo 3HAUATIHX AP
YMeHBIIMJIOCE ¢ CEMH OO TpPeX);

6) 1000,0001, = 0,10000001, x 24 (KOJMYECTBO 3HAUAIIUX
nudp YMEHBLIIUTH HEBO3MOXKHO);

7) AB,CDEF,; = 0,ABCDEF x 162 (¥XoJIMYeCTBO 3HAYAIUX
nudp YMEHLIIUTH HEBO3MOKHO). O

IIpu 3ammcy HOPMaIM30BAHHOIO UMCJIa B KOMIBIOTEDE
UM KaJbKVJIATOpe AJIS 3alUCH MaHTHCCH ¥ IOpAZKAa OTBO-
IUTCs 3apaHee (PMKCHMPOBAHHOE KOJHYECTBO Da3pAOB.

B KOMIIBIOTEPDHOM NIpelncTaBJIEHNN BEIeCTBEHHBIX 4YHCeJI
MaKCHMAaJbHO JONIYCTHMOE KOJINMYECTBO I.T.I’I[bp B MaHTHCCe

P omnpejessaeT TOYHOCTD, C KOTOpOfI MOKeT OBITh Ipencras-
JIEHO YHCJIO.

ITossicEuUM 5TO Ha NpuUMepe MKONBHOTO KaJIbKYJIATOpA,
KOTOPBIY IPOM3BOAUT BRIYHUCIEHUS B IeCATHIHON cucTeMe
cuypcaesus. IIycts oT0 6yaeT KanbKyJIsaTOP C JeCcATHIO
3HaKoOMeCcTaMU Ha AMCIIJee, MAaHTHCCA B HEM MMeeT YeThI-
pe mupH, NOPALOK — ABe. B oTiamume OT cTaHZAapTHOM
HOpMaJM3aluy, ¥ KaJIbKyJsATOPOB IlepBasg 3Hadamad
uudpa, ¢ KOTOPOH ¥ HauMHaeTCA MaHTHCcCa, u3obpakaer-
¢d mepen Toukoil. IlopAoK IPH »TOM COOTBETCTBEHHO
yMeHbplllaeTcs Ha efWHHNY. Takasa ¢popmMa 3anucu HoOpMa-
JHW30BAHHBIX YHCEJ II03BOJIAET 3KOHOMHUTL OIHO 3HaAKOMe-
CTO, TAK KaK BMECTO HYJA B IEeJOH 4acTH MBI IIOMelljaeM
3Hayaniyo nudpy.

IIpumep 9
1) Yucno 248,53786 B KajgpKyJjsTope TpeBpamjaeTcd B
+2.485E+02. IlepeBoga mocjlefHee YHUCJIO B IIPUBEITHOE

npejcTaBiIeHNe C¢ (PMKCHpPOBAHHON 3amATON, NHOJYIUM
+248,5.
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2) Yucno —2485378600,0 B KaIbKYIATOpE IIpeBpaIliaeTC B
-2.485E+09. Iepesoasa mociefHee YHUCIO B MPUBLEIYHOE
nmpeAcTaBjieHne ¢ (PHKCHPOBAHHON BamMATOH, IOJYYHM

-2485000000.
3) Yncno 0,00024853786 B KaJIbKyJIATOPEe HMeEET BHJ
+2.485E-04, T. e. pasuo unucay 0,0002485. O

CieloBaTeJIbHO, BCAKOE AECATHYHOE UMCIIO, COCTOAllee
He Gojiee ueM M3 YeThIpeX 3HAYAIIUX IudpP B HOPMAIHU3O-
BAaHHOM BH[JE, MOXXHO NIPEJCTABHUTEL B TAKOM KAJLKYJIATODE
TOYHO, & OCTAJIbHBEIe YHCId — ANIL UPUOIHKEHHO.

B mepeoM NyHKTe mpuMepa 9 IOTPEINHOCTL KAJNBKYJIA-
TOPHOTO MPE/JCTABIEHHS WMCXONHOTO YHCJIA COCTABUJIA
248,53786 — 248,5 = 0,03786. Bo BTOpOM IyHKTE HOTpeuI-
HOCTH paBHa 2485378600 — 2485000000 = 378600, a B
tpetreMm — 0,00024853786 — 0,0002485 = 0,00000003786.
Ecau 651 MaHTHCCA KaNbKyaATOpPa UMea 6oiabie mudp, mo-
rpemHOCTE 6bIna OBl MeHbIIe.

Onpenenenne 5. Moayns pasHOCTH MeXAY 3HAUEHHEM UKCIa X
¥ HeKHUM ero IpefcTaBjeHNeM X* (KOMIOBIOTEPHBIM, KalBKY-
JATOPHBIM) HABBIBAETCH AGCONIOMHOU NOZPEeULHOCMbIO IPef-
CTABJIEHUA X.

Hecmotrpa Ha TO, 94TO B abCONIOTHOM HCUMCIEHUH IIO-
TPEeIIHOCTh MOXeT OBRITh SHAUUTEJBHO OoJsbliie 1, oTHOCH-
TeJIbHO BeJHYHHLI CAMOI'0 YHCJIa ee IIOPSAA0K OCTAaeTCHd HeHU3-
MeHHBIM. OTHOCHTENbHAA MOTPENIHOCTD IIPeJCTaBIeHNUA Y-
cea B IpuMepe 9 paBHa:

0,03786,/248,53786 = 0,00015233...
378600/2485378600 = 0,00015233...
0,00000003786,/0,00024853786 = 0,00015233...

Onpepenenne 6. OmHocumenvHoll NOZPeULHOCMbIO IPEACTABIIE-
x—-x*
HUA X HA3LIBAIOT BeJIUYUHY .
x

Bonpoc. Kax evt dymaeme, umo Ham 0aem 3HaHue 8elUyUH ab-
COMIOMHOU U OMHOCUMENbHOU NOZPEULHOCMU NpU peuleHuu
peanvHbix 3aday Ha KoMnvlomepe?

Omeem. AGconioTHAA MOrPEHIHOCTh TOBODHUT O TOM, HA CKOJb-
K0 HOJYyYeHHBIH peayJbpTaT (HaIIpuMep, peayJabTar Ipes-
CTaB/JeHUd YUCJIa B KOMILIOTEPE) OTJINYAeTCA OT MCTUHHO-
TO pe3yJjbTaTa (B HallleM [pUMepe — OT CaMOT0 YUCJa).
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ITpu pemenny peanbHbIX 3aka4 3HAHNE 9TOH BeJWMUMHEL II0-
3BOJIAET OIEHHBATh, HACKOJBLKO HOCTOBEDPHBIA pe3yiabTaT
6nl1 mosydeH. EcaM ero TOYHOCTL HAac He YAOBJIETBODSET,
TO cJeZyeT BbIOGpaTh Apyroi# (6osee TOUHBIN) cmocob mpen-
CTABJIIEHUA UHCeJI.

OTHOCHTeIbHAA K€ IIOTPENIHOCTH IIOKA3LIBAET, CKOJBKO
BEpHBIX CTApIIXX 3HAYAIIWX LUQD COZEPKHUT pe3yJIbTar.
B npumepe 9 oTHOCHMTeNbHAA MOTPENIHOCTEH IPENCTAaBIEHUA
pasHBIX II0 BesnuuHe uucea pasHa 0,00015233... Takaa ort-
HOCHUTeNbHAas IOTPENIHOCTL O3HAYUAaeT, YTO MBI UMeeM TpU
fea3ycjIOBHO BepHEIe 3Haualiwe Nu@pLI pesyabrara. 3Hade-
HYEe OTHOCHUTEeJBbHOIl HOTPENIHOCTH HeIOCpPEe[CTBEHHO CBA3a-
HO C KOJHWYECTBOM PasPAA0B, OTBOLAUMBIX [JISl IPENCTaBIIE-
HYUA MaHTHCCH HOPMAaJIM30BAaHHOIO 4YHCJA.

Ha npaxTtrke 00BIMHO M3BeCTHA OTHOCHUTEJbHASA MOTpEII-
HOCTH IIpeCTaBJIeHNs UMCEJ, TAK KaK PaspagHOCTL MaHTHC-
cbl durcuposaHa. CilezoBaTesbHO, MOXKHO IIPENIIOJI0XKUTD,
CKOJIBKO BeDHBIX nudp comep:XUT pesyiabrar. Eciau us ka-
KKMX-TO aIpHOPHBIX coo0paskeHN M3BEeCTHO 3HaUeHVE BHI-
YMCIAEMON BEJUYUHHBI, TO MOYKHO OIleHUTH abCoIOTHYIO IIo-
TPeIHOoCTh pe3yabTaTa. O

B xoMmbpIOTEpHOH 3aIlMCH BEIECTBEHHBIX YHCeJ C IJaBa-
IomIeyl 3aIATON KOJHWYECTBO IHMP, OTBOAUMBIX IIOX 3a-
NHCh MOPAAKA, OIpelesseT, HACKOJBLKO Oosblme M Ha-
CKOJIPKO MaJIeHbKUe IIOJIOKUTEeNIbHEIe YKCIa MOTYT OBITE
IpeACTaBIeHbI.

IloxaskeM 9TO OIATH Ha IPHUMeEpE IIKOJIBHOI'O KAJIBKYJIda-
Topa. B dopMaTe Hameroc KaJbKyJATOpa IOPALOK HMEeT
aBe HudpPLI, W HaMOOJIbIIee YMCIO, KOTOPOe MOXKeT OBITH B
HeM IIpeAcTaBieHo, — 3T0 +9.999E+99. Ecau 681 Ham npu-
MLJIOCH 3allMcaTh 9TO YMCJ0 B popMarTe ¢ GUKCHUPOBAHHOI 3a-
naToil, oHo uMeno 6bl poBHO 100 nudp m0 3anaTol (UeTwIpe
OeBATKHN 1 96 Hyseil), T. e. 9TO U B CaMOM Jiejie OUeHb 00JIb-
IIoe YHCJO.

A camMoe MaJIeHBKOE TIOJIOMKHUTEJIBbHOE YHCJIO, KOTOpOe
MOJKHO BBECTH B HAIIEM KaJbKyJaarope, — 3ato +1.000E-99.
B dopmate ¢ pukcrpoBaHHOHN 3ansaToi OHO uMeeT 99 necs-
TAYHLIX 3HAKOB IIOCJE 3amIsTol, a uMeHHO 98 myJsell u emu-
HuOy. J9T0 OYeHb MaJjleHbKOoe umcio. TakuM obpasom, BeIpa-
JKas NOPALOK JIMIIb ABYMS HeCATHYHBIMU Uy(paMu, MOXKHO
3aluCBIBATh YHCJIa U3 OUYeHb IIMPOKOTO AHAIA30HA.
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2) Yucno —-2485378600,0 B KanbKyJIATOPE IpeBpaiiaeTcd B
-2.485E+09. IlepeBogsa mociexHee YHCIO B IPUBLIYHOE
npeAcTaBjeHNe ¢ (PUKCHpPOBAHHOM 3amATOM, MOIYIHM

—-2485000000.
3) Yucno 0,00024853786 B KaJILKYJIATOpPE HMeeT BHJ
+2.485E-04, T. e. pasuo uncay 0,0002485. |

CrnezoBaTesbHO, BCAKOE OeCATHYHOE YMCJO, COCToALllee
He OoJjlee 4eM M3 YeThIpeX 3Hadallux IH(p B HOPMAaIM30-
BAaHHOM BHJe, MOMKHO NpPefCTaBATh B TAKOM KalbKyJIATOpe
TOYHO, & OCTAJbHBIE YHCIA — JIHUIIL OPUOIIKEeHHO.

B nepBoM nyHKTe nmpuMepa 9 IOTpeIIHOCTL KalbKyJlsd-
TOPHOTO HpeJCTaBIeHUd MCXOAHOIO YHCAA COCTaBMJIa
248,53786 — 248,5 = 0,03786. Bo BTOpoM IYHKTe IIOrpell-
HOocTh paBHa 2485378600 — 2485000000 = 378600, a B
TpetheM — 0,00024853786 — 0,0002485 = 0,00000003786.
Ecau 651 MaHTHCCA KaJIbKYAATOpPa BMeia 6osbkine nudp, 1o-
rpenIHocTh Oblia GBI MeHbIIE,

Onpengenenne 5. Moxyns pasHOCTH MeXIy 3HaUeHWEM UUCIA X
U HEKUM ero IpeicTaBleHKeM x* (KOMObIOTePHLIM, KalbKy-
JIATOPHBIM) HA3BIBAETCA a6CONIOMHOU NO2PEULHOCTbIO TIDES-
CTaBJIEHUA X.

HecmoTpa Ha TO, 4TOo B abCOJIIOTHOM HCYUCJICHUH IIO-
TpELIHOCTh, MOKeT ObIThL 3HAUMTENbHO 6osbire 1, OTHOCH-
TeJILHO BeJIMUMHEI CAMOTO YHCJIA ee MOPAJOK OCTAeTCs HeUs-
MeHHBIM. OTHOCHTE/IBHAA IOrPeIIHOCTh HPEACTABIEHUA IU-
ceJ B mpumepe 9 paBHa:

0,03786,/248,53786 = 0,00015233...
378600/2485378600 = 0,00015233...
0,00000003786,/0,00024853786 = 0,00015233...

Onpegenenne 6. OmHuocumeavHoil nOzpeULHOCMEIO TIPEACTABIIE-
XxX—-x*
HHUA X Ha3bIBAKOT BeJIWYUHY [———|.
x

Bonpoc. Kax svt dymaeme, umo nam daem 3HAHUE GeULUH aD-
CONIOMHOU U OMHOCUMEAbHOIL NOZPEULHOCMU NPU pelleHul
Ppeanvubix 3adan Ha kKomnviomepe?

Omeem. AGCoONMIOTHAA MOTPENIHOCTh FOBODUT O TOM, HA CKOMLb-
KO TONYYeHHBIH pe3yasTaT (HAIPHUMED, DPe3yabTaT IIpej-
CTaBJIeHHA YHCJIa B KOMIbIOTEpPE) OTJINYAETCA OT UCTHUHHO-
ro pesyabTaTa (B HallleM IIPUMepPe — OT CaMOTO HHCJAa).
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IIpu pemieHuu peaJsbHBIX 3afay 3HaHUE 9TON BeIMUYNHEI 1O-
3BOJISET OLIEHHWBATh, HACKOJBLKO [JOCTOBEDHBIH pe3yanTaT
Op11 monyueH. Ecnu ero TOUHOCTL Hac He YAOBJIETBOPSET,
TO cyejyeT BeIGpaTh Apyroi (6ojsee TouHEBIN) crocob mpes-
CTaBJIEHUA ducel.

OTHOCUTEeNbHAS K€ IIOIPENIHOCTH IIOKA3EBIBAET, CKOJBKO
BepHBIX CTapIINX 3HAYAIDUX LIUbP COOEPKHUT pPe3yJabTarT.
B npumepe 9 oTHocHUTe/NIbHASA IIOTPEIIHOCTH IIpPeACTABICHUS
pasHEIX Ilo BesmuuHe umces passa 0,00015233... Taxkas or-
HOCHUTEJbHAsS IOTPEIIHOCTh O3HAYAET, UTO MBI MMeeM TpH
fe3yclOBHO BepHBIe 3Hauamue IudpPHl pedyibrara. 3Hade-
HMe OTHOCHTEJIbHOH IIOTPEIIHOCTH HeIIOCPeICTBEHHO CBA3A-
HO C KOJHMYECTBOM pas3psjoB, OTBOAUMEIX [INA IIpeAcTaBJe-
HUA MAHTHCCH HOPMAJIM30BAaHHOTO WHCJA,

Ha mpaxktrxe o6bpIYHO M3BECTHA OTHOCHTEJLHAA IOTPeII-
HOCTbH IpPeLCTABICHU YKUCeJI, TAaK KaK padpagHOCTh MAaHTHC-
cbl puKcupoBaHa., CiemoBaTelbHO, MOYKHO IIPEIIOJNIOMUTD,
CKOJIBKO BepHBIX IM(p cogepskuT pesyiabrar. Eciau U3 Ka-
KUX-TO AIIPHMOPHEIX coo0paskeHu# M3BECTHO 3HAYEHME BBI-
YHCIAEMOR BeJIUYNHEL, TO MOXXHO OLIeHUTDb abCoIIOTHYIO II0-
TPEIIHOCTD PE3YJIbTaTa. O

B KoMIBIOTEPHOH 3aIIMCH BeIIeCTBEeHHBIX YUCeN C IJIaBa-
IOIIeH 3alATON KOJIWYECTBO LMD, OTBOAMMEIX IIOL 3a-
KCh MOpPAAKAa, OIpefessdeT, HACKOJLKO Ooabliue W Ha-
CKOJIBKO MaJjieHbKUe IT0JIOKHTeJbHEIe YHCIa MOTYT OBITE
IpeACTaBIeHEL.

TloxaxkeMm 9TO OIATH Ha IPHMepE MIKOJIBHOI'O KANIbKYJIA-
Topa. B dopMaTe Haulero KajabKyJsATOpa MODPSAIOK KMeeT
oBe nudpsl, ¥ HaubOAbIIee YHCI0, KOTOPOe MOKeT ObITH B
HeM IIpeAcTaBjieHo, — 9T0 +9.999E+99. Ecau 611 HaMm mpu-
HIJIOCH 3alIMCaTh BTO YXCJO0 B (popMaTe ¢ PUKCHPOBAHHOM 3a-
nAToM, oHO HMeso 6bI poBHO 100 udp Ko sanAToR (deTHIpe
IeBATKH 1 96 HyJjel), T. e. 5TO H B cCAaMOM feJjie 0YeHb 00JIb-
Ioe YHCJO.

A caMoe MaJIeHBKOE TIOJIOMKHUTEJIBHOE YMCJIO, KOTOpOe
MOKHO BBECTH B HAIlleM KaJlbKyJaTope, — 510 +1.000E-99.
B ¢opmate ¢ puKkcupoBaHHOI 3ansaTod oHO MMeeT 99 peca-
TUYHLIX 3HAKOB IIOCJIe 3aIsATOil, a uMeHHO 98 Hynmeh u egm-
HuLy. JT0 OYeHb MaJleHbKOe umcio. Takum obpasoM, BhIpa-
sKasd IMOPANOK JIWIIb ABYyMSA AECATHUYHBIMY UudpaMu, MOMKHO
3aIlMCHIBATh YHMCJIa K3 OUYEeHb NIMPOKOTO AHAIa3oHA.
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IIupokuil puanazoH NOpPeCTABICHHA dJucel ¢ ILJIaBaic-
el 3anaToil HeoOXOAUM IPY PElleHNH HAYYHBIX W HHXKe-
HepHBIX 3afad, Takoe IpeAcTaBjeHUe HUUCesl He TOJIBKO IIO-
3BOJIsIeT COXPAHATEL B PaspAAHON ceTke GoJbiioe KOJIWYECT-
BO 3HaYalliux I_[I/I(i)p U TeM CcaMbIM IIOBBIIIIATHE TOYHOCTDL
BEIYVICJICHUH, HO TaKKe yIIpollaeT JeliCTBHUA HAL IOpPALKA-
MH ¥ MaHTHUCCAMU.

2.2.2. NpepcrasneHve BewWeCTBEHHbIX Yucen

B ¢opmaTe c nnasaioLen 3ansiTon

Kax u usa meapIx duces, IPH IIpeJCTaBleHUN BelleCTBEH-
HBIX 4KceJl B KOMIIbIOTEpe HCIIOIb3yeTCd dallle BCero ABOuY-
Hasl cHCTeMa CYKCIeHWs, CleJOoBaTelbHO, IIPelBapUTeIbHO
IeCATUYHOE YHCJIO AOJIKHO OBITH MepeBefieHO B JBOMYHYIO
CHCTEMY, & VK 3aTeM IIpeJ/iCTABJIEeHO B HODMAaJIM30BaHHOM
dopme ¢ P = 2.

Ilpu npepcraBieHUN HOPMAJIM30BAHHBIX YUCEJ UYACTH
PaspAgoB AYeHKM OTBOJUTCA [AJId 3aIlMCH OpALKA YuCa,
ocTajbHLIe PaspAmbl — AJA 3alucu MaHTHcCH. 1Io ogHOMY
paspAy B Kaxgo#H Ipyllle OTBOJUTCH A H300pakeHH:A
3HaKa NOpAAKa W 3HaKa MaHTHcchI. O TakoM IIpelcTaBlie-
HHUH FOBOPSAT, YTO YHCJIO 3aIIMCAaHO B hopmaTe ¢ naasanuell
3anamoit.

Hanpumep, MoHO IpeAcTaBUTE cebe Takoe paclipeneiie-
HUE pas3DAfoB A4YeMKW IaMATH:

DI ENC RS DY A D B A

IlepBuie ABa paspsAfa CAyKaT AN IPEJCTABIEHUS 3HAKOB
TopAKa (s ) u MaHTHCCH (S, ) cooTBeTcTBeHHO. Crefyroniue
k pa3pH,LIOB HCTIONB3YIOTCA OJIA IIPEeICTaBIeHUA abcoMIOTHOMN
BeJIMYMHBI OPAIKa YUCIa (), OCTAILHBIE N PA3PATOB — JIsd
IIpeacTaBjeHusa abCOJIOTHOM BeJIWMUYMHLBI MAHTHCCHI. B Kax-
IOM paspsge AYelKM MOYKeT XPAaHUTHCSA OJHO M3 ABYX 3HAUE-
Hu#: 0 manm 1.

Torpa n3obpakeHHOMY Ha CXeMe COCTOSHUIO AYedKU co-
OTBETCTBYET YHCJIO

— SIn.q.ﬁ 6_1_2_ .‘.l_’i_
(-1 2 (2+22+...+2n),

rae ¢ = (D7 (¥; 25 +b,_y 25 4 1by 24DB)).
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IIpm Takoil cucreme 3anucu HanbobIlIee 10 aGCOMIOTHON
BeJIUYHHE YHCJIO0, KOTOpOoe MOXeT OBITH IIPeJCTaBIeHO B Ma-

k
mruee, pasHo 22 7! (1 - 27"), a HauMeHbIIee 0 aBCOTIOTHOM

BeJIWYMHE  YHCJIO0,  OTJIMYHOE  OT  HyJdA,  PaBHO
92 -1 g-n _ 92" -n41

BemlecTBeHHBIX umces, TOYHO HPEACTABMMEIX B KOMIIBIO-
Tepe, KOHeuHoe umcso. OcTanbHble gucia aubo npubam-
JKAIOTCSA IIpefCTABMMBIMY, JIH0O OKa3BIBAIOTCA HeIpen-
cTaBUMEBIME. IlociegHee OTHOCHTCA K CJHMIIKOM O00JIb-
UM ¥ K CIUIIKOM MAJeHPKHM BeIl[eCTBEHHEIM YMCIIaM.

2.2.3. BoinonHeHue apudmMeTU4ECKMNX onepaumin

Haj BelweCTBeHHbIMM YUcJiaMnN

Wcnonp3osaHre B KOMIBLIOTEDPE IIPEACTABICHUS UHCeTI B
topMaTe ¢ niaBarmIlell 3anATON YCIIOKHAET BBIIIOJIHEHUE
apudMeTHUYeCKUX OIlepanuil.

Ilpu cromcenuu u eviyumaruu 4ucesl CHadala IIPOU3BO-
JUTCA IIOATOTOBUTENIbHAA Ollepaliusd, HasbIBaeMasd 8bipAsHU-
sanuem nopadxog. OHa COCTOUT B TOM, UTO MaHTHCCA YHCJa
¢ MEeHBIINM IIOPSAJKOM CIBUTAeTCH B CBOeM Auelike BIIPABO
Ha KOJMYEeCTBO DaspdALoB, PABHOE DA3HOCTH IOPALKOB HaH-
HBIX uyucel. [locse aTOM onepamuy OZHOMMEHHbLIE Pas3pPaLbl
MaHTHUCC OKa3bIBAIOTCH PAaCIOJOKEHHLIMH B OJHOMMEHHBIX
paspagax obeux fAdeeK, M TellePhb yoKe CIOKeHUe NI BLIYUU-
TaHWEe MAaHTHCC BBIIOJHAETCH LOCTATOYHO IIPOCTO, TAK Ke
Kak HaJ 4YucjaMé ¢ GUKCHUPOBAHHOI 3aIATOI.

IIycts @ = +0,m, x2%, b=+0,m, x 2% — aBa HopMma-

JU30BAHHEIX MBOMYHBIX UHCIA, U ¢, 2 ¢,. Pesympratom mx
CJIOXKEHMA MM BHIYUTAHUA OYZeT ABIATHCA CIIeAYIOIiee BbI-
paxxenue: ¢ =(0,m, +0,m, x 2% %) x 2%,

Ilocse omepanumii Ha/i HOPAAKAMU 1 MAHTHCCAMY MBI IIO-
Jy4aeM IOPAOK KM MaHTHCCY DPe3yJbTaTa, HO IOCJIemHAdA,
BOODIlle TOBOPSH, MOMKET He YAOBJIETBODPSATH OTPaHHYEHUAM,
HaKJIaABIBAeMBIM Ha MAHTHCCH HOPMAJIM30BAHHBIX YWCEJ.
Tak kak OT pesyabTaTa apudMeTHUECKHX OINEPAlUi B
KoMmnbpioTepe Tpebyercs, YTOOBI OH TaKike OBLII HOpPMAJIN30-
BAaHHBIM 4HCJIOM, HEOBXOAMMO JONOJHUTENBHOE IIpeobpaso-
BaHWe pe3ynbTaTa — HOpMaAusayus. B 3aBUCHMMOCTH OT Be-
JIMYMHEI [IOJYyYUBITelicad MAHTHUCCHL DE3VILTATa, OHA CABUTA-
€Tcs BIIPABO WJIM BJIEBO TaK, 4TOOBI ee IepBas 3HAUYAIAA
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Ouépa nomasa B NepBHIN paspsan mociae sansaroil. OgHOBpe-
MEHHO MOPANOK Pe3y/bTaTa YBEJIHUUMBAETCA WIN YMEHBIIa-
eTcsl Ha YMCJIO, PaBHOEe BeJUUYKHE CIBHUTA.

3aMeTuM, UYTO HAJ MAaHTHUCCAMHM B apH(pPMeTHUECKOM
yeTpoiicTBe MOTYT BEHINOJHATHCA BCe UeThIpe apudpMeTnde-
CKUX JeiCTBUA, a TaKkie ONepaly CEBHUIa, TOTAAa KaK HaJ
HOPAZKAMK IIPOM3BOAATCA TOJBKO HEHCTBUA CHOMKEHUsS H
BpluuTaHuA. OTpuIilaTesnbHLEIE MOPALKYA MOXKHO 3aIllNCHEIBATH
B JONOJHUTEJLHOM KOZAE IJIS TOTO, YTOOLI Olepalii0 BEIYH-
TAHUA CBECTH K OIEePAllUM CIOMEHUI.

B papge caydaes, make ecoim HEKOTODBIE [BA UHCJIA OBIIH
Ipe/cTaBiIeHL B opMare ¢ muaBarpoileil 3amaTol abGCcomioT-
HO TOYHO, Pe3yJbTAT BHINOJHEHUA HAJ HUMH apubmeTHde-
CKUX OIlepalliif dacTO MOMKET COJEepP’KaThb IIOrPEIIHOCTD,
a MHOTAA MOYKeT OBLIThL 3aBeIOMO HEBEDHEBIM.

ITossicauMm 6Gostee ToAPOOGHO OCODEHHOCTH BHIIOJHEHUS
apuMeTHUYECKHX Ollepalliii Haf BelleCTBeHHLIMM YHCJIaMH
Ha nmpuMepax. IIpu sTom 6ymeM CUMTATEL, YTO B 3AIUCH Be-
IIeCTBEHHOI'O YHCJIa C IJIaBaKollell 3anaToil OUH paspias OT-
BOZUTCS IOJ AeCATUYHHINA MOPALOK ¥ IATL PaspAnoB — II0I
NeCATHIHYI0O MAHTHCCY.

IIpumep 10. IIpeamosnosxkuM, 9TO TPeOYeTCHA CIOMKUTEL CAEAVIO-

mue uucna: 0,23619 x 10% u 0,71824 x 1071,
Tax Kax NOPAAKU y UMCEJ PAa3IWTHbI, TO Iepef CAOMKEeHUeM
IIPOM3BOAUTCH BLIpABHMBAHNE NOPAAKOB. YUKCIO C MeHb-
UM IIOPAJKOM IpeobpasyeTcs B UMCIO ¢ IIOPALKOM, pas-
HEIM IOPAAKY [PYTOro cjaraeMoro (MeHBIIMHA NOPALOK
«IIpUBOZUTCA» K Gonpmemy). B JaHHOM ciydae BTOpoe cla-
raemoe O0yzeT npeobpasosaro K suxy 0,00071824 x 102, mmo-
cJle 4ero BBITIONHSETCH CJOMeHHe,

10% x 0,23619

10% x 0,00071824

10% x 0,23690824
Pesynprar monyumam ¢ GOABIIMM YHCIOM paspdAgoB, UeM
BMeUIaeT A4eiiKa, II03TOMY OH OKDYIVIAeTCS K 3aIychIBaeT-
¢ B maMsaTH B Buge 0,23691 x 107, O

IIpumep 11. Brimonuum ciiosKeHue ABYX BellleCTBEeHHDBIX YHCEJ:

0,23619 x 10% u 0,91824 x 105,
Tax KaK HOPAAKH Yy 9THX YHCEJ OJWHAKOBEI, TO IIPOU3BO-
JUTHL ONEepalMio BLIPDABHMBAHWS IIODALKOB He Tpebyercd.
Onepannﬂ CJIOXEHHUA CBOOHUTCA K CIOXeHHIO MAaHTUCC.
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10® x 0,23619
10% x 0,91824

10° x 1,15443
Pesynprar — mHeHopmanmsoBaHHOe umcyao 1,15443 x 108.
TpebyeTcs BHIIOJIHUTE HOPMAIU3ALMIO IIYTEM CABUTa MAHTHUC-
CHL BIPaBO Ha OJUH paspsaj, a 3aTeM oKpyIJIeHue pe3y/IbTara,
TaK Kak B MaHTHCCe OyzeT ysKe IecTs nudp, a B A4eilke na-
MATH II0[, MAHTUCCY OTBEJEHO MX TOJLKO IATH.
Omeem: 0,11544 x 10°. O

IIpumep 12. BrimosHuM cioxeHHe ABYX BellleCTBEeHHBIX YMCeJL,

OOHO M3 KOTOpI:IX AOCTATOYHO 60)1]:11108 10 cpaBHeHI/IIO co
sropeim: 0,23619 x 10° u 0,91824 x 1072,

Tak Kak HOPANKH Yy 9THX UUCeJ pa3jinduHEBl, TO Tpebyercs
IIPOM3BECTU IIPeABAPUTEJBHYIO Ollepaliyi0 MX BLIDABHUBA-
HNA. HOCJIG BBIIIOJIHEHHNs BhIPpABHHBaAHUA IIOPAAKOB CKJla-
OBIBaThHCA OYAYT CileAYIOLINE YHCa:

10® x 0,23619

103 x 0,00000091824

10% x 0,23619091824
ITocie cnoyxeHMA B MaHTHCCE OKa3aJlock OoJiee IATH 3HAYA-
muX Uudp U OpH 3al¥cH B AYelKy IaMATH NIpou3oiijer
OKpyryieHHe pesyibTaTa o 0,23619 x 103. TTonyuusmeecsa
YKCJIO PAaBHO IIEPBOMY CJIaraeéMoOMy, T. €. IIpH BBIDaBHHBa-
HUH IIOPAAKOB BCe 3Hadalpue IU(MPHl MAHTHCCHL BTOPOTO
caaraemMoro morepaHsl. TakuM ob6pa3oM, MBI IIOJIYYHJIH pe-
3yNbTAT, HEBO3MOXKHBIN ¢ TOUYKH 3pPeHUs OOLIYHOH MaTeMa-
TuKu: @ + b = a npu b > 0. Ho B xoMIIsI0TepHOH apudmeTH-
Ke ¢ OrpaHMYEHHBEIM YHCJIOM paspsAloB TakoH pesyibTaT
BO3MOXKE€H, ¥ 00 9TOM HeoOXO0ZMMO IIOMHUTHL IIPH COCTABJIe-
HUH aJITOPUTMOB DeIlleHUA 3a4a4. M|

B BemjecTBeHHOM KOMIBIOTEPHOR apudMeTuKe ¢ orpaHHU-
YeHHBIM YMCJIOM pa3panoB 1 +e=1mopun 0 <e < 2™, rge
n — KOJHUYeCTBO Pa3panoB, OTBOLUMBIX [IJid IpeAcTaBie-
HHS MAaHTHCChl BEIeCTBEHHOI'O YHCJa.

Ilpm ymHoxncenuu ABYX I1eNbIX YHCEJI ¢ IJIABAIONIeH 3amsd-
TOH MX IOPALKH HeOOXOAMMO IIPOCTO CJIOXKHTH, & MAHTHC-
Cbl — IIEPEMHOXMUTH (IIpeJBapuTeIbHOE BHIDABHUBAHUE He
npomspogurcs). Ilpy desenun m3 MOPALKA LeJUMOI0 HAKO
BLIYECTh NOPAAOK AeJIUTeNd, 4 MAHTHUCCY HeJIMMOI'0 pasie-
JUTHh Ha MAHTHCCY AeJIHTead.
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PesysnbTaTaMy BHINOJHEHUA ONEpAlyil YMHOMEHNUI U Je-
JeHHA HOPMAIH30BAHHBIX YHcel a4 U b B apudMeTure c
OTpPaHHUYEHHBIM YHCJIOM paspAmoB OyayT:

d=a-b=(0,m,  0,my)x2%"%,

f=a:b=(0,m,:0,m,)x2% %,

IIpumep 13. BrinmosHHM YMHOMKEHHE JBYX Bel[eCTBEHHBLIX UU-

cem: 0,23000 x 10° u 0,95000 x 10°.

IIpu yMHOMeHNM ABYX BEIIeCTBeHHBIX UMCcel B IIPelACTaBiie-
HHU € IJIaBAIOIed 3amATo¥ HNOPSAKM CKJIAABIBAIOTCH, a
MAaHTHUCCH IIEPEMHOXKAIOTCA. B pesynbprare IOTYyYIHM:
0,21850 x 10'°. Bro umeno me yMeIiaeTcs B OTBEIEeHHBIN
(opmaT — B HamieM (opMarTe 0L IOPANOK OTBOAUTCA OOWUH
paspAz, a B [ONYIUBLIIEMCS YHCJIE IIOPALOK COREPIKUT IBe
urdpsl. BolmonHeHue onepallu¥l YMHOMKEHUS HAJ 3THUMH
YpCJaMK NPUBEET K MPeKpAallleHUI0 BHITTOJHEHUA IIporpaM-
MBI B CBA3U ¢ OMIMOKOH «NepenosHeHKe IOPATKas .,

IIpumep 14. BrimoJsHuM JeneHEue ABYX BelleCTBEHHBIX YHCE:

0,92000 x 10* u 0,30000 x 107,

IIpu penenwyu BemIeCTBEHHBIX 4YHCeJ B IIPEACTaBACHUH C
njapaiouledl 3amAToN MOPSAKH BBEIYMTAIOTCH, & MAHTHCCH
JelATcA OfHa Ha APYryIio. B HauleM IprMepe NpU AeeHUHN
MaHTHCC MBI HMeeM OeCKOHEYHYIO NepHOAUYeCKYIo Apobn
0,92:0,3 = 3,0(6). CnemoBarespHO, PHU 3aIIMCH MAHTYHCCHI
pe3yJabTaTa Npousoiiier ee oKpyrieHue. Ilocie HopMain3a-
nuy pe3yabTaT Oymer umerts Bug: 0,30667 x 1072, . O

2.2.4. OcobGeHHOCTH peannsalun BelecTBeHHO!

KOMMblOTEPHOW apudMeTrkn

Korga roBopaT o TOYHOCTH IIpenCTABJIEHHS BellleCTBEHHBIX
qHcesJ B KOMIIBIOTEepe, HAJ0 MOMHUTL CIenyiolnee: AeCATHY-
HOe YHCJI0, HMeIoIlee gake BCEro OAHY 3Hadallywo nudpy
nocJye 3anAaTol, Boolille TOBOPSA, HEBO3SMOMKHO IIPEACTABHUTD
TOYHO B (popmaTte ¢ miasaromeil sanatoi. O0bsicHsaeTCs 9TO
TeM, UYTO KOHeUHBIe NeCATHYHBIe APO6U 4acTO OKa3LIBAIOTCH
6eCKOHEUHBIMH IePHOAUYeCKUMH [JBOWYHEIMU ApPOOAMY.
Tax 0,1,, = 0,0(0011),, a 3Ha4uT, ¥ B HOPMAJIHUIOBAHHOM
BHUJie Takoe ABOWMYHOE YMCjA0 OyAeT uMMeThb OGeCKOHEUHYIO
MaHTUCCY ¥ He MOKeT OHIThH IpeAcTaBjieHO TouHo. IIpw 3a-
nucy HomobHO MaHTHCCH B A4eKY KOMIBIOTEpa UMCJIO0 He
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ycekaeTcsd, a okpyzasemcs. Eciu 1ion MaHTHCCY OTBENEHO I
paspanoB u (n+1)-a spavamasd nudpa JBOMUYHOM HOPMAJIM-
30BaHHOM MaHTHcchl paBHa 0, TO umbpLl, HauMHAA C
(n+1)-#, mpocTo or6pacriBaioTCH, ecau xe (n+1)-a mudpa
paBHa eAuHHIEe, TO K IeJOMY UMCJIY, COCTaBJIEHHOMY U3
TIePBLIX 7 SHaYaIluX nudp MaHTHCCHI, IpubaBiseTcs efu-
HHIA.

IIpumep 15. PaccMmorpum, Kak OygeT BBHITIALETh 3alMCh MaH-
THCCH (m) yucna @ = 0,1, Opn ABOWYHOE HOPMAaJIH3ALUK
LA PasINYHOTO KOJW4ecTBa OUT (1), OTBEeAeHHEIX IIOJ MAH-
THCCY.
a=0,1,,=0,0(0011), = 0,11(0011), x 273, 1. e. ManTHCCA
B HOpPMaJHM30BaHHOM uymciae ecTb 0,11(0011),.

TIpu n = 10 m = 1100110011 (ocransubie nudpL MaHTHC-
CBHl OTOPOIIEHEI B Pe3yJjbTarTe OKPYIVIEHM:).

IIpp n = 12 m = 110011001101 (mocaenHsia uudpa usMe-
Huaack ¢ 0 Ha 1 Ipu OKDyIJIeHUN).

IIpy n = 13 m = 1100110011010 (gBe mocaemHHMe LHGPPHI
N3MEeHMJINCH IpK npubaBiaeHny 1). O

OnumnreM cHUTyaluy, IPUBOJAINNE K HETOYHOCTH BbIUKC-
JIeHHil, KOTOPble MOTYT BO3HUKHYTD IIPH OllePaIllUaX CJOMe-
HAA ¥ BBEUWTAHHA B BeIeCTBEHHOW KOMIIBLIOTEDHOM
apudMeTUKeE.

1. IloTepa 3HaYAIIHX NUEPP MAHTHCCHI Y MEHBIIET0 M3 UHCEI
IPH BLIPABHMBAHMH IIOPAIKOB

IIpm ciroxeHVy M BRIUNTAHNM BeIleCTBeHHEIX YWceJ B XVI-
mieM cJydae YTepAHHBIMM OKa3blBAIOTCA BCe 3Hayal(ue
nudpsl MEeHLIIEero YKucjaa, u a + b = a, uro asiaderca abeypa-
HBIM C TOYKM SPEHUS MaTeMaTUKY, HO BOSMOKHHIM B
KOMIbIOTEePHOH apudMeTHKe ¢ OUPAHMYEHHLIM YHCJIOM pas-
pAgoB (cMm. mpumep 12).

2. IToTepa kpaiiHeil cripaBa 3Hayalei LuGPHI pe3yabTaTa IPH
CNOXKEeHUH MM BHIYMTAHHU

IIpy croxeHMN M BEIYMTAHUM JBYX YMCEJ KOJWIECTBO 3Ha-

Yamux Tudp MOKET YBeJINYUTHC JIUIIb HA OJHY, 9TO BIHA-

eT Ha TOYHOCTH, HO He Ha IPaBMJIBHOCTH De3yJbraTa.
IIpumep 16. IIpu ciokeHHU NATHAZUATHPASPAMHBIX MAaHTICC

0,111110000011111, + 0,100100100100100, =
= 1,100010101000011,
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KOJIMYeCTBO 3HaYammuX nudp craido paBHBIM 16, u mocie
OKPYIJIEHUS] ¥ HOPMAaJIU3alUH DPe3yabTaT O6yAeT BHINIALETH

rak: 0,110001010100010 x 2*. a

Topasgo xyse OOCTOMT [ges0 HPH BEIYNTAHHUYW OJIU3KHUX
IO MOAYJIIO ¥ HMEIOMINX OAMHAKOBEIN 3HaAK 4Kces (HIU CJO-
JKeHHH 4YHCceJl Pa3HOTI'o 3Haka). B aToM ciydae mocToBepHOH
MOXKEeT OCTaThCS BCET'O OFHA 3Hauamas nudpa, a ocTajdbHBIe
muGpe HOPMAaJIN30BAHHOM MaHTHCCHL (CKOpee BCEro HYJIH)
OKaXyTCHd HeJOCTOBEPHBIMH.

IIpumep 17. Ilycrs TpebyeTcs BBIYHMCIAWTL PasHOCTh UHCEN

0,(0011), n 0,001100110011,.

IIpousBegeM BHauajle BHIUMTAHHe «Ha Oymare». Ilpexcra-
BUM IIepBylo Jpobb (oHa nepuopMdYeckas) B BHIE
0,001100110011(0011),. Ilepex mepuwomom BhImHcamu 12
uupp, Tak Kak BTOpad JApobbp cozep:xuT 12 3Havammx
uudp. IIpoussenem BBEIUMTAHYE u MOJIYYHM:
0,000000000000(0011), = 0,(1100), x 27

IlepeBegem nmepuogmyUecKyo Apobb B AECATHUHVIO CHCTEMY
CUMCJIeHHUsI, KJIA 9TOTO BOCHOJb3yeMcA GHOPMYJIOH cyMMsI bec-

. . 1
KOHEYHO YGBIBaIOHJ;ePI TEOMETPHYCCKON ILIDOTPECCHHU C g = 5 n

1100,
= 5
=0,(1100), x 271 = 0,8 x 27!,

Hpn BBINIOJIHEHUU 9TOH Ke onnepanry BEIYHMTAHNA B KOM-
IBIOTEDPE IPU YCIIOBHUHU, UTO IO MAaHTHUCCY OTBegeHO 12 pas-
panos, noxyuyum: 0,110011001101, x 272 - 0,1100110011,
x 272 = 0,1, x 2718 1 x 27,

T. €. Y)Ke cTapiiada 3Hadallaa Im(bpa pe3yJpTaTa oxKasajach
HeBepHOMH. d

b Iomyumm: 0,(0011), - 0,001100110011, =

3. Boixox 3a rpaHHIy AONYCTHMOTO OMANa30Ha 3HAUYEHMH IIpH

HOPMAaJH3al[MH pe3yJjbTaTta
HaHHaa cuTyanus BOZHUKAET B cIydae, KOTAa MOPAIOK pe-
3yJIbTaTa OKasbIBaeTca JHO0 0OJbIlle MAKCHMAJIBHO BO3-
MOJKHOT'O  3Ha4YeHHda, Jubo  MeHbHIe  MEHHMAJILHO
BO3MOXKHOro. Takylo CHUTyaumuio pasjiumyHble KOMIIHISATOPEL
¥ OllepallMOHHEIE CHCTeMbI 00pabaThIBAIOT MO-PAZHOMY, HO
yallle BCEro BBITIOJIHEHWE IIPOrPaMMEI IIpepLIBAeTCH ¢ Co06-
meHueM 00 omrubkKe «apudMeTHIeCKOe IEepeloJHeHHEe>» .
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Hpm\aep 18. BLINOJHUM CJIOMKeHUe

0,1, x 2'¥" + 0,1, x 217 = 0,1, x 2'%8,
n ecnn MaKCI/IMaJII:HLII/I npeACTaBanﬁ HOpAAOK paBeH 127,
pesyIBTAT OKA3EIBAETCS He IPEJCTaBUMBIM. a

Onunrem cuTyanuM, INpuBOAllNNe K HETOYHOCTH BBIYMC-
JIeHuH IIPY BERIIIOJIHEHUNH YMHO)KGHI/IH/,D;EJIE‘HI/IH BenleCTBEH-
HEBEIX 4YHCeJI.

4. TlonydyeHne «He NPeACTABHMOTO»

IlagHAsA CHTyalls COOTBETCTBYET OIMCAHHOMY BBIIIE «apud-
METHYECKOMY IePeIlOIHeHNIO»; OZHako B 80-paspagHom
TIpeJCTaBIeHNY BellleCTBEHHEBIX ducell (& KMeHHO OH fABJIAET-
¢Sl OCHOBHEIM B COBPEMEHHBIX II€PCOHAJIBHBIX KOMIIBLIOTEpPAaX)
IMaIa30H JONYCTHMEIX IIOPAAKOB LOCTATOYHO BEJIUWK, YTOOHI
IIPOM3BOAUTE MPaKTHYeCKHe MI00ble BEIMUCIUTENbHEIe pabo-
Thl, ¥ BO3HUKHOBeHIE IIoL00HOH omubKM cKopee BCEro O3HA-
YaeT, YTO IIporpaMMa COCTaBjeHa HeBepHO.

5. IloTeps MaagnIMx 3HayamMux Oudp pesyiabrara
Bo-miepBrIX, IpY [IePEeMHOMKEHUM IBYX N-3HAYHLIX MAHTHCC
MOMKET IOJYYUTBCA YHCJIO, COCTOAIee M3 21 3HAYaIINX
uudp, TONLKO IIOJOBHHA M3 KOTOPHIX OyAeT coXpaHeHa B pe-
syapTaTe. IIpy onepanuy JejeHns KONWIeCcTBO udp B 4acT-
HOM MOXKeT OKasaTbCcd 0eCKOHEUYHBIM H JIMIIL IIepBEIe 71 U3
HUX OyayT coxpaHeHEI.

Bo-pToprix, npu omepally YMHOMKEeHHIS BO3MOMKHA MOTe-
pa n-i Maagmied 3Havainedl MudpL pesyabTaTa IpU CABUTE
MAHTHCCEL Ha ORWH DPas3pAx BieBo. CaMBIf IIpaBEBIM paspdf
MaHTHCCHl IPY STOM BaIlONHAETCA HYJIeM, a He O4YePeJHOH
sHauamie#l nudpod pesyiabTara IIePeMHOXEHUS MAHTHCC,
¢ OJHOBPEeMEHHHIM YMeHBbIIeHHeM IIOpAZKAa pes3yabTaTa Ha
efuHuIy. [l onepanuy e AejleHNA MOKeT IIOHaJ00uThCa
CABUT BIPABO BMeCTe C yBeIWYeHHeM IOPALKa pe3yibTara
Ha eJUHHUILY.

Taxum o6pasoM, y BeIeCTBEHHON apH(MMeTHKHK eCTh He-
CKOJbKO IMOTEHIIMAJLHO OIIACHBIX ocobeHHocTeil. Bce oHu
UMeIoT obIijee IMPOMCXOMKJACHYE, a MMEHHO, TOT (aKT, UTO
MAHTHCCA M OPALOK B IIPE/CTABJEHUY C IIJABAIOIIEN 3allsd-
TOM 3aHMMAaOT QUKCHDPOBAHHOE HHCJIO paspAnoB.

ITogBeseM uTOr BCceMYy CKasaHHOMY O KOMIILIOTEDHOH Be-
IIIeCTBeHHON apH(MeTHUKe:

a) yie Ha CTAAWM 3allMCH 4YNcesJ B KOMIIBIOTED BOSHHUKAIOT

OIINOKK OKPYIJIEHHS, KOTOPBIEe IIPU BBINOJHEHHH apud-

MeTHUEeCKHUX ANeHCTBHHI HapacTaloT,
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0) HayuYHe IIOrpelTHOCTeN OKPYIJIEHUA IIPUBOAUT K CIeyIo-
IeMy [IPaBWIy IPOrpaMMHPOBAHWA: HEPA3yMHO CDABHU-
BaTh B IporpaMMe [Ba BeIlleCTBEHHBIX YHCJIa Ha TOYHOE
paBeHCTBO (BMeCTO CPaBHEHMA Ha PaBEHCTBO IIpaBUJIbLHEE
Tpe6oBaTh, UTOOBI MOAYIb PASHOCTH CPABHUBAEMBIX YHCe]
He IPEeBOCXORMJ HEKOTOPOTO YHCJAa £, COOTBETCTBYIOIIETO
a0CcoMIOTHON HOTPENMIHOCTH IPEeACTABJICHUS);

B) B pea3yJIbTaTe BRIUMTAHNA BOSHMKAIOT HEeJOCTOBEPHbIe 3HAYA-
e IudpEL, KOTOPEIe MOTYT IIPMBECTH K CePbe3HOU IIoTepe
TOYHOCTH WM IIOJYYEHUWIO HEIPABUJILHOIO De3yibTaTa;

r) npubasieHNe WJIKX BBIYWTAHUE MAJOTO UKCIa MOXKeT HHU-
Kak He CKasaThCd HA De3YJbTaTe;

[) IoJIyueHMe O4YeHb GOJIBIINX UNCEJ MOXKeT BBIBBATH liepe-
ToJIHeHNe NOpAAKa, 4 OYeHb MajblX — OTpUIaTeJbHOe
nepeloiHeHNe, MM HMCYe3HOBeHMe Jucia (IIpeBpallleHne
B HYJb), 9TC MOXKeT IIPMBeCTH K aBapUMHOMY 3aBepilie-
HUIO IPOrpaMMEI.

Bonpocbl n 3apaHuns

1.

2.

3anumuTe CleAyIONIAe JeCATHYHEIEe YMCIa B HOPMaIN30BaH-
HOM BHJE:

a) 217,934; B) 10,0101; 6) 756321; r) 0,00200450.
IIpuBemuTe K HOPMAJIN30BAHHOMY BHUAY CJIeAVIOIIHE UMCiIA,
HWCHOJB3YA B KauecTBe P OCHOBAHMSA UX CHCTEM CUHCIeHMI:

a) —0,000001011101,;

6) 9876543210, ;

B) 123456789,ABCD,,.
CpaBHuTE ClefyIOIye YUCIA:

a) 318,4785 x 10° u 3,184785 x 10'%;

6) 218,4785 x 1072 m 21847,85 x 107%;

B) 0,1101, x 2% m 101, x 272,
CpaBHHUTe JUANa30H IPeACTAaBIeHNA YKCeJ ¢ IIJIaBaloniel 3a-
naroi B 32-paspagHoM dopmare (24 paspaja 418 MaHTUCCH
U 6 paspAIoB AJA MOAYJIA OPAAKA) C AUAIa30HOM IIpeACcTaB-
JIEHHS YHnceJI ¢ (PMKCUPOBAaHHOM 3aATON B TOM ke (popMmare.

Kaxopw mpenmMyiiecTBa KOMIBIOTEPHOTO IIPEACTABICHUS UH-
CeJl ¢ IIaBarollel 3amATON 10 CPABHEHUIO C UX IpeAcTaBJe-
HHeM ¢ PUKCUPOBAHHOM 3aNATON, KOTOPOEe MBI uallle BCETO
HCIIOAB3YeM B IIOBCESHEBHOM XU3HU?
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6.

7.

8.

9.

10.

IIponsBenuTte crenpyiomue apudpmMeTndyecKume AeHcTBUA Hal
JeCATUYHLIMY HODMAJM30BAHHBIMY YMCJIaM¥ COTJIACHO IIpa-
BHJIaM BellleCTBeHHON KOMIILIOTEDHOHN apubMeTHKH (B MaH-
THCCE JOJIAKHO BBITH COXpaHeHo 6 sHauamux nudp)!:

a) 0,397621 x 10° + 0,237900 x 10%;
6) 0,982563 x 102 — 0,745623 x 10%;
B) 0,235001 x 102 - 0,850000 x 10
r) 0,117800 x 10% : 0,235600 x 10°.
BHI’IOJIHI/ITe AeﬁCTBKe Haag MAaAaIIMHHBIMK KoJaMH YHucCes C

njaBapieit 3ansaToilt B8 32-paspamHoMm dopmare (cM. 3ajga-
Hue 4): X =A + B, rae A=125,75 u B =—-50.

IlepeuncauTe n 00BACHUTE BCe OMINOKI, KOTOPELIE MOTYT BO3-
HHKATE [IPY apuPMeTHUECKUX OlepalluAXx ¢ HOPpMAaJu30BaH-
HBIMH UHCJIaMH B OTPAaHHUYEHHOM UYHCJIe DA3PANOB.

VlsMennTe IOpALOK NPUBEeJeHHBIX HYKE NeHCTBUH TaK, UTO-
OBl He IPOMCXOAMJIO MEePEIONHEHNA IOPAAKA B AeCATHYHOM
KJIBLKYJIATOPE ¢ ABYMs pas3psAfaMHU IOJ HOPAI0K:

3.0E+60 : 4.0E+50 - 1.0E-30.

IlopGepuTe Takme 3HaUeHMS BellleCTBeHHEIX Yucea a, b u ¢,
4yT0o0BI IIPH BBHIUHCICHHUAX HA ONKUCAHHOM BBINIE HIKOJHBHOM
KaJbKYJIATOpE 3HAUEHUE DPe3yJbTaTa 3aBHCEJO0 OT IOpALKAa
CYMMHpPOBaHuA, T.e.a+b+c=c+b+a.

§ 2.3. NpepcraBneHne TeKCToBON MHGOpMaLUn

Beakui TeKCT COCTOUT U3 CUMB0108 — OYKB, HUPP, 3HAKOB
MPEeIVHAHWA U T. [., KOTOPLIE YeJIOBEK pasjInddeT II0 Hadep-
TaHuo. OAHAKO [JIA KOMIBIOTEPHOTO IIPEJCTABICHNA TEKCTO-
BO¥ MHGpOPMAIIUN TAKOH MeToX HeyHoOeH, a /I KOMIILIOTEp-
HOM 06paboTKM TEKCTOB M BOBCE HeEIpHEMJIeM. :

ITpumep 19. IlycTs B KOMIBIOTEPE COXpaHEHBI M306parKeHHA

IBYX IIOXOXKHX CJOB («KapaBaH» M «KapaBaii»):

IKAPABAH  Kapazajf

1 Hpn BBINNOJTHEHHH J3TOT'O 3aJaHUdA CJAeAyeT HOPMAaJH30BaTh MAaHTHCCY pe3yJbTara
COOTBETCTBYIOIIETO apmbme'rnqecxoro I[eﬁCTBH.ﬂ, a 3aTeéM OKDYIJHUTSE €ee.
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Yrobsl pPACIIONOKHUTL 39TH CJIOBa B andaBUTHOM NOPAJKe,
KOMIBIOTED AOJIKEH IIPOaHa/JIN3NPOBaTh, U3 KaKUX OYKB co-
CTOAT CJIOBa KM B KaKOHM IOCIeJ0BATEIBPHOCTH PACIIOJNOKEHEI
6ykBHl B cuopax. Ho omuHakoBele OyKBHEI 1300pakeHBl Ha
JBYX KapTHHKAaX II0-pa3sHOMYy. JTa 3ajada, Kak U 3ajada Ha-
XOoKJeHnA obImell JacTH ®THX ABYX CJIOB, HepaspellnMa B
TAKOM IIpeAcTaBieHuu. [eAcTBUTENbHO, 00MIasd JacTh 9THX
CJIOB [JoJiKHA OBITh M300paKeHHeM TeKcTa <«Kapasa». Ho
MOCKOJIBKY HMCXOAHBIE CIOBa 3alMCAHEI II0-PA3HOMY, TO CO-
OTBETCTBYIOI[Me HACTH HM300pa’KeHHIl Toxe BBIIVIALAT
MO-Pa3HOMY. A 970 3HAYWT, YTO €C/IX MBI BhibepeMm m300pa-
JKeHHMe TeKCTa «KapaBa» U3 IEePBOM KapTUHKH, TO OHO He
OyneT coBIafaTh ¢ COOTBETCTBYIOIIEH YacTBEI0 BTOPOro M300-
pasKeHHs. (]

IlockonbKy TEeKCT M3HAYATIBHO AUCKPETEH — OH COCTOHUT
U3 OTAENBHBIX CUMBOJIOB, — JJIA KOMIILIOTEPHOTO IIPeACTaB-
JIEHHA TEeKCTOBOM MH(pODMAIIMY HMCIOJb3YeTCSa APYroi cIo-
cob: Bce CHMBOJH Kodupyrmcsa UUCIAMK, U TeKCT IIpef-
cTaBjasgeTcA B BUIe Habopa ducenr — k0308 cuUMB0J08, €T0
cocTaBiaomux. [Ipy BHIBOZe TeKcTa HA 3KpaH MOHHTODA
WM IPUHTEP HeoOXOAMMO BOCCTAHOBUTE M300paKeHnuA Beex
CHMBOJIOB, COCTABJSAIOINWX JAaHHBIA TeKcT. s sToro mc-
TOJB3YIOTCA TaK HasbIBaeMble K0J08ble mabaAulbl CUMBO-
J108, B KOTOPBIX KaXKJOMY KOJAY CHMBOJIA CTABHUTCA B COOT-
BeTCTBUEe K300pa’keHHe CHMBOJIA.

Bce xogoBhIe Tabnumpl, HCIOJIb3yeMEIE B JIOOBIX KOMIIBIO-
Tepax M JIOOBIX OIIEPAIlMOHHLIX CHCTEeMaX, MNOAUNHAIOTCSH
MeXAYHAPOOHBIM CTaHZApTaM KOJUPOBaHUS CHMBOJIOB. Ha
3ape KOMIIBIOTEPHOH smoxu, xorga CIITA 6n1iu abcosifoTHRIM
JHIEPOM B 3TOH 00JIacTH, CTAHIAPTEI paspabaThIBaIuch AMe-
PUKAHCKVMM HAIMOHANBHBIM HMHCTHUTYTOM CTaHIapTHSAINH
(ANBSI); BmocyieficTBHU I pa3paboTKK X IPUHATHS KOMIIb-
IOTEPHEIX CTaHAapToB Oblia cosgana MekIyHapogHad opra-
Buganusa cranpgaprusanuu (ISO).

B mporpammmpoBarmm Haubosiee YACTO HCIIOJB3YIOTCS
0ZHOGANTOBEIE KOJUPOBKH: B HUX KOJ Ka’KJOro CHMBOJIA 3a-
HuMaeT poBHO 1 OaiiT, min 8 6uT. IIpu aTom obilee Kom4e-
CTBO pasm4aeMbIX CHMBOJIOB COCTABJSAET 28 = 256, a Koasl
CHMBOJIOB MMeOT 3HadeHus oT O go 255.

Onpenenenne 7. Hugopmayuornnoim obsemom Giroka nudopma-
UM Ha3bIBaeTcd KoJudecTBO OuT, 6ailT MM IPOM3BOAHBIX
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equHUL (KunobaiiT, merabaiT M T. A.), HEOOXOOUMBIX [JIs
3alMCcy 9TOro OJOKa HyTeM 3apaHee OTOBOPEHHOro cIocoba
OBOMYHOTO KOXWPOBAHUA.

3aaanmne. Ouyenume 6 6aiimax o0semM MmeKcmoeoil UHGOpMAyUU
8 «CospeMenHOM cno6ape UHOCMPAHHBLX cno6» u3 740
cmpaHuy, ecau Ha o0HOU cmpaHuuye pasmewaemcs 6 cped-
Hem 60 cmpox no 80 cumeonos (erxawuas npobenbt).

Pewenue. Bygem cuuTaTh, 9YTO IPH 3AIIHCH HCHOJIB3YETCH KOLH-
POBKa «OX¥H CUMBOJ — OAuH OaiiT». KonmdecTBo cuMBONIOB
BO BceM ciioBape pasuo 8060740 = 3 552 000. Cnenobareinn-
HO, 00BeM B GaiiTax paseH 3 552 000 Gaitr = 3 468,75 KbaiiT ~
~ 3,39 Mbaiir. O

OcHOBO¥ [IJig KOMIBIOTEDHBIX CTAHJApPTOB KOJMPOBAHUS
cuMBojoB rnocayxui ASCII (American Standard Code for
Information Interchange) — aMepUKaHCKMM CTaHAAPTHHIA
Koj mas obMeHa umH@opmanueil, paspaboTaHHel B 1960-x
rogax u npuMeHaeMslil B CIITA nna n106bIX BUAOB Iiepefadun
nHGOPMAaLKK, B TOM YHCJIe ¥ HeKOMIBLIOTEPHBIX (Teaerpad,
(baKCUMHIbHASA CBA3b U T. A.). B Hem mcmonsayerca 7-6mro-
BOe KOAHPOBaHME: 00miee KOJTHYeCTBO CHIMBOJIOB COCTABIIAET
2" = 128, u3 Hux nepsrie 32 cuMBOJa — YIPaBJIAOINHe, a
oCcTalbHble — «H300pa’KaeMble», T. €. NMeloliue rpadude-
cKoe u3obparkeHne. YIIPaBJIAIOIINe CUMBOJBI JOJKHBI BOC-
NPHHNMATHLCA YCTPOHUCTBOM BBIBOAA TEKCTA KaK KOMAaH[HI,

HarpuMep:
Kox HeiicTBne Anramniickoe
Ha3BaHHE
7 ITozaua cTaHapTHOTO 3BYKOBOI'O CUIHAJIa Beep
Vianenne IpeAbIAYyIIEro CUMBOIA Back Space (BS)
13 |Ilepesopn cTpoku Line Feed (LF)
26 |IIpusuak «KoHer TexcTOBOTO (haiiaa» End Of File (EOF)
27 | OTMeHa OIpeAbIAYIIEro BBOJAA Escape (Esc)

K umsobpaxkaembiM cumBojiaMm B ASCII orHocaTca 6YKBBI
a"rauicKoro anxgasuTa (IIPOMHCHBIE U CTPOUHEBIE), TUGDEI,
3HAKHU IpenVHaHuA M apupMeTHIecKUX ollepanuii, cKoOKHu
¥ HEKOTOpBIe CIlel[MajibHEIe CHMBOJEI. (PparMeHT KOAUDOB-
K ASCII npusesen B Tabn. 1.
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Tabruya 1
dparmMeHT KOOUPOBKH ASCII

Cumbos | Hecarmunprii | Jeonuneii | Cumpox | Jecaruunptii | [eonyHbIi
KO, KOJ, KOL, KO[,
IIpoGen 32 00100000 0 48 00110000
! 33 00100001 1 49 00110001
# 35 00100011 2 50 00110010
$ 36 00100100 3 51 00110011
* 42 00101010 4 52 00110100
+ 43 00101011 5 53 00110101
s 44 00101100 6 54 00110110
- 45 00101101 7 55 00110111
. 46 00101110 8 56 00111000
/ 47 00101111 9 57 00111001
A 65 01000001 N 78 01001110
B 66 01000010 0O 79 01001111
C 67 01000011 P 80 01010000
D 68 01000100 Q 81 01010001
E 69 01000101 R 82 01010010
F 70 01000110 S 83 01010011
G 71 01000111 T 84 01010100
H 72 01001000 U 85 01010101
I 73 01001001 v 86 01010110
J 74 01001010 \i2 87 01010111
K 75 01001011 X 88 01011000
L 76 01001100 Y 89 01011001
M 77 01001101 Z 90 01011010

Xora B ASCII cumBonnLI KoaupyooTea 7 6utamMu, B nami-
TH KOMIBIOTEPA IOA KAaMAbIA CHMBOJ OTBOJUTCS POBHO
1 GaiiT, mpH 3TOM KOJ CHMBOJIA IIOMeIaeTcd B MJIAMIIME
6MTHI, a cTapIuuil OMT He HCIOIB3yeTCH.

T'nasuslit HemocraTtok crapzapra ASCII zaxiadaercda
B TOM, YTO OH PACCYMUTAH Ha IIepefady TOJbKO aHTJINMCKOIO
TexkcTa. Co BpeMeHeM BO3HHKJIA HEOOXOAUMOCTL KOQUPOBa-
Husa ¥ HeaHramiickux O0yks. Bo MHOrux cTparax [Js 2TOro
cranw paspabareiBate pacwupenua ASCII-koduposku,
B KOTODPBIX NPUMEHSJINCE OAHOOANTOBEIe KOZLI CHMBOJIOB;
Opu 3TOM hepBbie 128 cHMBOJIOB KOJOBOH TabAMIEI cOBIA-
manm ¢ xogupoBkoit ASCII, a ocransunie (co 128-ro mo
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255-i1) HCHOABL3OBANUCL AN KOAUPOBAHMS OGVKB HAIMO-
HaJIbHOro andaBuWTa, CHMBOJIOB HAIWOHAJIBLHOM BaJIOTHI
u T. 0. H3-3a HecornacoBaHHOCTH 9TUX pas3paboTox mus
MHOTHMX A3BIKOB OBIJIO CO3ZaHO II0 HECKOJBKY BAPHAHTOB
KOLOBHIX Tabyui (HampuMep, AJIsd PYCCKOTO I3EIKa UX OKO-
Jo JecATKal).

BnocneacTsuu wucnospsoBaHuMe KOAOBBIX Tabaui ObLIO0
HECKOJIBKO YIOpAZOYeHO: Ka'KIOW KOJOBoH Tabmmume On1a0
IPHUCBOEHO ocoboe HasBaHue W HoMep. YKasaB KOZOBYIO Tab-
JHIY, aBTOMaTHYeCKK BEIOMDPAIOT M S3BIK, KOTOPHIM MOJKHO
TI0JB30BATLCA B JOIOJAHEHNEe K AHTIMHACKOMY; TOUHEe, BEI-
fupaerca To, Kak OyAYT MHTEPIIPETHPOBATHCA CHMBOJBL C
Kogmamu Gomee 127.

[na pycckoro sAsuika Hanbojiee paclPOCTPaHEHHBIMH sB-
JA1I0TCA ONHOGaliTOBBIie KOZOoBEIe Tabiauusl CP-866, Win-
dows-1251" u KOH-8. B uux nepsble 128 CHMBOJIOB COBIIA-

" garor ¢ ASCII-kogupoBKO#, a pycckre OYKBBI pasMeLleHE

' BO BTOPOX uYacTy TabJMIBI, OAHAKO KOJAbI PYCCKUX OYKB B
3TUX KOJAMpOBKaxX pasiauunbl! CpaBHUTE, HanpuMep, KOLHU-
posku KOW-8 (Koz O6mena HWrdopmanumeit 8-6uTOBELIH,
MexAyHapoxHoe Hassamue koi-8r) m Windows-1251, sro-
pBle IIOJOBUHBI KOTOPBHIX IpuWBeJeHH B Tabn. 2 u 3
COOTBETCTBEHHO.

Tabauya 2
Koaguposrka KOH-8

L]Jd L []

rla Fld T + w/ B
30 131 B2 | 13 134 133 135 137 133 133 130 1EA) 1wz | 183
E ] o (T | L] 2 {nosp J e |2 LRI
s 147 143 "3 1 151 152 133 154 155 113 17 B3 153

- v L B ]
Flelm|mlalninlt ol 0k
152 W3 154 155 66 T 153 183 170 kil e 173 74 i)

[ = — | L | L] L L
:{ E ‘[ i Ty WA | = - | T ‘”‘ r
173 173 120 131 182 133 124 %5 1#e 127 123 33 130 jil
0| a ulpjletp|lrix|min | x| n|mMm| H|O
12 133 134 135 135 137 122 183 200 201 202 | 203 { 204 | 208 205 { 207
njajple|lT|y{x]|B|b|b|{3iwlaflm]a]m»
208 | 203 | 2w an 2 213 214 215 21 21 215 213 220 22 222 | 223
I|A| B AIE|O|{T|XIH|IHA KNI M (6]
228 | 22% 226 | 227 223 | 283 2030 2N 232 | 283§ 224 | 23 2361 237 233 | 233
ni4g TIY X b | bl wi o b
249 231 282 | 243 284 245 245 247 248 242 250 23] 252 253 254 255

! Hmaye ara xoauposka obGosHauaerca cokpaienmeM CP-1251 (Code Page —
KOZoBag CTpanuna). :
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Tabruya 3
Koauporka Windows-1251
5 7 P By
Alal ,le]l,|-|F|E|l€|%|[Elcin|H]O]Y
128 i3 130 131 132 | 133 133 133 138 Rad) 138 33 W 141 142 43
a Pl el -l —lE | ™|E|>|06|nn]b|y
144 148 145 147 M3 143 150 151 152 153 154 155 56 157 153 B
P R = > ,
nbsel ¥y { bl 3] ¥ | b H §|E Rl&«] ~|sw| B A
b 161 152 183 154 165 168 187 163 %3 i) 171 12 173 174 175
cleim| 3] |p|9]<]&IN|RB|» 3 |H|a&]|A
1% 377 jic:] i3 180 18t 182 183 134 g 168 187 128 B3 $50 191
Al BT RIEIXK|3I HAIHAK A M HIO|D
132 133 134 138 136 137 133 133 | 2001 201 ] 202 203 | 204 205 | 206 | 207
PlCciTlY @ X{H9lwiWb|bl]b;3 |04
208 | 205 ] 210 2 212 | 213 2 215 218 217 218 213 230 | 221§ 2281 223
3 Bl riAaAjelxwiszsiniAlrxiaiM nHjoln
224 | 235 | 226 | 227 | 228 | 223} 2201 231} 232} 233§ 234 | 281 2361 237 | 238 | 233
plec] Ty |dixiu]vyjwjw|dp!b|bdb|]3]|w|a~a
240 | 241 242 243 | 244 | 245 | 24f | 247 | 248§ 243 | 280 251 2/2 253 | 254 | 255

Hecopnagenue KomoBeIX TabJHI{ IPHBOZUT K DAAY He-
npuaTHHIX 3¢gdeKTOoB, HAIpUMED, TAK KAaK OAWH ¥ TOT Xe
TeKcT (HeaHTNIHICKMIT) MMeeT pasjIMyYHOe KOMIIBIOTEDHOE
nmpeAcTaBieHKe B PAa3HBIX KOXMPOBKAaX, TO TeKCT, HabpaH-
HBI¥ B OgHOYM KOgHpPOBKe, OyaeT HeunTabeIbHBIM B ZPYroii!

IIpumep 20. Bor Tak 6yaeT BHINIALETH JeCATUYHBIA KO CJIOBA

«Juck» B pasHBIX KOLUPOBKAX!:

KOH-8 228 201 211 203
Windows—1251 196 232 241 234
CP-866 132 168 225 170 O

OnHO06aiiTOBEIEe KOAUPOBKH 00JanaioT OAHUM CePbe3HBIM
OIPAHHYEHHEM: KOJIMYECTBO pPAasJNYHBLIX KOZOB CHMBOJOB
B 9TUX KOAHUPOBKAX HEZOCTATOYHO BEJHKO, YTOOBI MOMKHO
OBLIIO MOJNIB30BATHCHA OJHOBPEMEHHO HeCKOJIBKUMY A3BIKaMH.
Ina ycrpaneHns storo orpagudenud B 1993 roxy 6511 pas-
paboTaH HOBBIA CTAHZAPT KOZWDOBAHWMA CHMBOJIOB, MOJY-
qUBIIKNH HassaHue Unicode, KOTOPBIH, IO 3aMBICJY €r0 paa-
paboTUYMKOB, TO3BOAKI ObI MCIIOJL30BATh B TEKCTaX JOOLIe
CHUMBOJIBEL JIOOBIX SA3BIKOB MHpA.

B Unicode Ha KoxmpoBaHue CUMEBOJIOB OTBoguTCst 31 6uT.
ITeperie 128 cumBoJioB (koger 0—~127) conagaior ¢ Tabaumei
ASCII; panee pasMerleHLI OCHOBHBIE a(paBUTHI COBpEeMeH-
HBIX ASBIKOB: OHM HOJHOCTBIO YMeENIAIOTCHA B IIePBOI dacTu
Tabaunel, UX KoAbl He ImpeBocxogar 65 536 (65 536 = 216).
A B menom cragapr Unicode omuchiBaeT ajdaBUTHI BCeX
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M3BECTHBIX, B TOM HHCJE M «MEDTBBIX», A3LIKOB; ZJIA SA3BI-
KOB, UMEIOIINX HECKOJBKO ajI(paBUTOB UJIM BAPDUAHTOB Ha-
nucanus (HaupuMep, ANOHCKUM ¥ WHAMNUCKUN), 3aKOAMpPO-
BaHBl BCe BapHaHTHI; B KoAWpPoBKY Unicode BHeceH®I Bce
MaTeMaTHYeCcKHe ¥ WHBIe Hay4Hble CHMBOJILHBIE o003HaUe-
HUS ¥ JaKe HEKOTOpble NPUAYMAHHbLIE A3BIKK (HAIPUMED,
NHCHEMEHHOCTH 371b(oB ¥ Mop/opa B3 anuUecKHX IPOH3Be-
gerunt [x. P. P. Tonkuera). Horernuansuas nagopmary-
oHHaa eMKoctbh 31-6mToBoro Unicode croas Benuka, 4TO
celuac MCHIOJIB3YVeTCS MeHee OTHOM TBHICAYHOM YacTH BO3-
MOXKHBEIX KOAOB CHMBOJOB!

B coBpeMeHHBIX KOMIIBIOTEPAX M ONEPAIlMOHHBIX CHCTE-
MAax MCIOJb3yeTcd YKopoueHHas, 16-6urosasa sepeusa Unico-
de, B KOTOpPYI0O BXOZAT BCe COBPeMeHHLIe anx(aBUTBHI; 9Ta
yacTsh Unicode HaspiBaeTca 6a30BO¥ MHOI'OS3BLIKOBOI CTPAHN-
meit (Base Multilingual Plane, BMP). B UNIX-momo6HEIX
OIepalMOHHEIX CHCTeMaX, rje pabora ¢ Unicode-rexcramu
HEBO3MOJKHA M3-32 O0COOEHHOCTEH apXHTEKTYDPBI, HCIIOJIL3Y-
10TCA 0cobble (POPMEI 9TOTO CTAHAAPTA, KOTOPhie HA3KIBAIOTCS
UTF (Unicode Transformation Form), B HUX CHUMBOJIEI KO-
pyioTcA IepeMeHHBIM KoaudecTsoM 6Oalitos. Hampumep, B
UTF-8 Koabl cMMBOJIOB 3aHMMAalOT OoT 1 jo 6 GaiiTos.

Bonpocbl n 3apaHns

1. Ha ueM OCHOBBIBaeTCH BO3MOYKHOCTE ABOMUYHOTO KOAWPOBA-
HUS TeKCTOBOM MHpopMarynu?

2. Ha ocHOBaHUY Yer0 MOYKHO YTBEDKAATh, UTO JJIA JATHHCKUX
OVKB IpUMeHseTCA ceMubUTOBOe KOLHUPOBaHMe?

3. BHas, uyro B Komuposke ASCII mecaATMuHBIE Ko KaskjoHi
CTPOYHOH JaTHHCKOM OGYKBEI Ha 32 0oJblile KOJa COOTBETCT-
BYIOIIeH IpOoNMCHON OYKBEL, IpeACcTaBbTe (bparMeHT 9Toi Ko-
IUPOoBOYHOM Tabamel B hopMaTe, OCHOBAHHOM Ha IIECTHAL-
LATepUYIHOM crcTeMe CIUCIIeHNn:

| Tof1T2[3[4[5[6[7[8[9[A[B[C[D[E[F]

!

0

R E RN IR LR |

AWI—VN
-
—
>
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. Mcionpaysa pes3yabTaT BHIIONHEHUA NIPeJLIAYINETO 3a0aHNsd,

OeKOAUPYITe CleyIiolee COOOIIeHNE, 3alICAHHOE B BOCHMHU-
6UTOBOM KOSHUPOBKeE:

01010101 01110000 00100000 00100110 00100000
01000100 01101111 01110111 01101110.

. Onpenenure BU KOANPOBKY YU OeKOAUPYHTE CIeLYIOIINE CO-

o0IeHNA:

a) 235 207 212 197 204 216 206 201 203 207 215;
6) 213 224 244 244 236 224 237.

. Ilera u KoJs uminyt gpyr Apyry 5I1eKTPoHHEIe muckMa. Of-

Haxxapl Ileta ormpasusn Kone nmesmo B Kozumporke Win-
dows-1251. Kons nuchbMo MOJIYYNII, HO IIPOYUTAJ €TI0 B KOITH-
posxke KOHU-8. Ionyuuncsa GeccMbICJIeHHBIH TeKCT, OJHO U3
UPeLIoKeHN KOTOPOro MMeJIo BUJ:

KYAIODb XMTHIIJIOHRX'D IHPEP AIHPS

OIIENAPIOBKEMIO A OHJIHbBI?Y BXAEK.
Kaxoe npenosxenue Gu1I0 B HCXOZHOM co0bImeHnn?

. Bo ckonbko pas ymeHsmuTca HMHGDOPMAIUOHHBIH 00BeM

CTPaHUIIBI TEeKCTa IPH ero mpeobpasoBaHWM M3 KOAUPOBKH
Unicode (Tabamua KogupoBKY cogepxuT 65 536 cuMBOJIOB)
B KogqupoBky Windows-1251 (rabauiia KOGZUPOBKH COAEPIKUT
256 cuMBOJIOB)?

. Byayr nu ynopsajsodeHs!l 110 andaBuTy GaMUJINM, 3aIIMCaH-

HbIe PYCCKUMU GYKBaMM, €CJIM UX COPTHPOBKY OCYIIECTBHATD
COIJIaCHO KOJaM CHMBOJIOB M3 KoxupoBkyu Windows-12517

. ITouemy B xogupoBke ASCII caBur, ¢ IOMOIIBIO KOTOPOTO II0

KOAY IPOMUCHOM aHIIMHACKOM OYKBBEL MOKHO IONYIUTL KOJ
COOTBETCTBYIOIIEH CTPOYHOM, paBeH 32, a He, HAIpUMep, 26
(B koguposkax KOM-8 u Windows-1251 aT0 ke ¢BOICTBO CO-
XpaHseTcs U IJA pycckux 6yxkB)?

§ 2.4. MNpeacTasneHue rpadpunyeckonn HpopmMmauunv

ITogaBaaioniyio vyacTs uHGOpMaALKK 06 OKDPYKAIOIeM MUpe
eJOBeK IOJYYaeT ¢ IIOMOLIbIO 3PEHUsS — IO OlleHKaM yue-
HBIX, JOJIA 3PUTEJIbHON MHGDOPMAIMK COCTABJIAET He MeHee
80% ofmero moroxa MHMOPMALNY, BOCIPHHIMAaeMOI0 BCe-
MK OpraHaMH YYBCTB. Ba)XKHOCTH 3peHUs 00YCIIOBJIEHA KCTO-
pHUYECKHM pasBHUTHEM YeJOBeKa Kak OHOJOTHYEeCKOro BH/A,
TOATOMY 3PUTeNLHBIE OPUAaHBI YeJOBeKa, W O0COOeHHO 3pu-
TeJlbHble LeHTPBL MO3Ta, IIPeKPacHo IPHCIocobIeHbl K obpa-
6oTKe mHpOpMALKK ¢ OOJABHION CKOPOCTHIO M B OOJBIINX
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obsemax. C mosaBieHueM KOMIIBIOTEPOB, CIIOCOOHBIX GBICTPO
obpabaTeiBaTh HHGOPMALHIO, ¥ HNX COBEePIIEHCTBOBAHUEM
y4eHbIe CTaNHU paspabaTeIBaTh KOMIBIOTEPHBEIE METOAEI Xpa-
HeHHsI U 00paboTKU M300paKeHMH.

2.4.1. OGiume noaxoabl K NpeacTaBneHnio
B KOMMNblOTepe UHPopMaLu eCTeCTBEHHOro
npoucxoXaeHus

Ina xpameHns 1 o6paboTKHM rpadudeCKo¥l M 3ByKOBOM HH-
dopManuy B KOMIbI0Tepe TPebyroTca 3HAUNTENbHEIE BEIUHC-
JINTeNbHbIE PECYpPCHl (MaMATh M IIPOIECCOPHOEe BpeMd), H,
KpoMe Toro, obpabarsiBaeMass MHGODMALUM e€CTeCTBEHHOI'O
TIPOMCXOMKACHUS NOJKHA OBITH mpeacTaBiIeHA B CIEIlHasIb-
HOM komnwviomeprom eude. I'maBuas mpobieMa paspaboTKu
TAKOTO IIPE/CTABICHUA 3aKI0YaeTcd B TOM, YTO KOMIILIOTEp
MOKeT o6pabaTsIBaTh ¥ XPAHUTH TOJBKO OTPaHUYeHHBIN 06D-
eM MH(QOpMAaLu¥, B TO BPeM#A Kak Jio0ble eCTeCTBeHHBIE CHUI-
HAJIBI — HOCHUTEJIU WH(pOpMaIuy, — HeIpeDLIBHBHI (HEAMCK-
PeTHEI) ¥ HeOTpaHWYEHEBI B IIPOCTPAHCTBE M BPeMEHH.

Husa npeobpa3oBanmusi <«eCTeCTBeHHON» WMHMoOpMalUM B
OUCKpeTHYIO (OpPMY ee IIOABepraiT OJuckpemusayuu u
KEAHMOGAHUIO.

Omnpenenenue 8. Juckpemusayueil (auri. discretisation) Ha3bI-
BAIOT MPOIEAYPY VCTPaHEHNs BpeMeHHOH U/HMIK IPOCTPaH-
CTBEHHOH HEIPepPHIBHOCTY eCTECTBEHHBIX CUTHAJOB, ABIAIO-
IIXCcHd HOCHTEJASMH HMHpOpPMAIHH.

IIpu npocmpancmeennoil ducikpemusayiiu 1300paKeHNA
ero pasbuBaloT Ha HebosblINe 06acTH, B IIpejesiax KOTOPHIX
XapaKTepPUCTHKY HM300paKEeHUA CUUTAIOT HEUM3MEeHHBLIMU.

Ilpumep 21. IIpocTpaHCTBeHHAA OUCKPETU3AINA H300paKeHud.
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Ilpu épemennoii duckpemusayuu BpeMsa pasbuBaiT Ha He-
0OJIbINIMEe MHTePBallbl, B IIpelieslaX KOTOPBIX XapaKTepHUCTH-
K{ IPHUPOSHBIX CHTHAJIOB, KAK M B IIPDOCTPAHCTBEHHOM CJIy-
yae, CUMTAIOT HEU3MEHHBIMHU.

HarpagaeiM mpuMepoM BpeMeHHOM OUCKPETU3ALUU MO-
TYT CAYKUTh KWHO ¥ TejeBuAeHMe. B Hux miio3ma 10o-
ABHIXHOTO M300parkKeHus cO3LaeTCs IyTeM ObICTpOM CMeHE!
kaxpos. IIpu sToM caMM KaAphl ABJIAITCH CTATHUUYECKUMN
usobpakenunamu. KoMIploTepHOe KOIWPOBaHKE BUJEOUH-
(popManuu TaKke OCHOBAHO Ha d(deKTe CMEHE! KaJp0OB, Ha
KOTOPBHIX M300pasKeHBI [MOCJeZoBaTebHLIE (aswl IBUKE-
HU4,

IIpumep 22, BpeMeHHAA AMCKPeTU3ald ABUKymieroca usobpa-
JKeHud,

TRREER

O

IIpumep 23. BpemeHHAS AUCKpeTHM3alllA S3BYKOBOT'O CHI'HAaJjIA.
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Bomnpoce. 3auem nyxua duckpemusayus u3obpaixenus?

Omeem. IlpocTpaHCTBO Henpepbvi6HO, a BTO O3HAYaeT, UTO
B J11000# ero obacTy colepsKUTCA GeCKOHeUHOe KOJIHNYIecT-
BO ToueK. ECaIM MBI XOTHM MOYHO COXparumbo usobpajie-
Hue, TO HAOJKHLI 3alOMHWHATL MHPODMAIHI0O O KaKjoi
TOUYKEe IIPOCTPaHCTBa (eCHM MBI KaKKe-TO TOUKY He YUUTHI-
BaeM, TO He CMOXKEM DPa3JIHYHUTE ABa M300paskeHUdA, KOTO-
pble OTANYAIOTCA APYT OT APYra TOJBKO B 9THUX TOUKAX).
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ITockonBKY TOUeK OeCKOHeYHO MHOIO, TO M KOMIBIOTEp-
HOe IpeIcTaBjeHMe AOJYKHO OBLIO OBl cOmep:KaTh Gecxo-
HEYHO MHOTI0 HHMOpPMALHH, U JJIA ero COXPaHeHudA MoTpe-
6oBajyioch OBl 0OeCKOHeUHOe KONHYEeCTBO IaMATH. A 3To
3HAUUT, KOMIIBIOTEPHLI B IPHUHITUIIE He MOrJM Ob HE 00pa-
fpaThiBaTh, HM XPaHUTL NoJo0HBIe m3oO6pakeHua! UTobbl
KOMIOBIOTEP MoOr paforaTh ¢ H300paKeHHAMY, Heobxoam-
MO OTPAHMYHTHCS 3alOMHHAaHMEM KOHEeYHOro KOJKN4YecTBa
06'beKTOB IpocTpaHcTBa (Toduek uau obiacreit). Juckpe-
mus3ayus ¥ ecTh CHoco0 BblAeJeHNMA KOHEYHOTO dHCJa
[IPOCTPAHCTBEHHBIX 3JI€MEHTOB, MHGMOpMAaIud O KOTOPHIX
6ymetr coxpaHeHa B KoMmmbioTepe. Mupopmanusa o6o Bcex
OCTAJIBHBIX 3JIeMeHTaX IPOCTPAHCTBA IIPY AUCKPETU3ALNHY
ympaiueaemcs!

C urdopMalUVOHHOK TOUKH 3pDeHEHNd rpadudeckoe u3obpa-
JKeHWe fABJAETCS COBOKYIHOCTBIO CBETOBBIX CHTHAJIOB Ha
ILJIOCKOCTH: OTHeNbHBIE CBETOBBIE CHIHAJBI Pa3jINualoTcs
MeCTOIIOJIO}KEeHNEM, IBETOBEIM OTTEHKOM M SPKOCTBIO.

liBeT M APKOCTL — XapaKTEePHCTHKH TOUeK H300paske-
HUs, AX MOXHO U3MepAmb, T. €. BBIDAXKaTh B Yucaax. Kak
IIBeT, TaK U SPKOCTH MOI'YT UBMeHATHbCA HEIPepHIBHO, IO-
9TOMY WX CHeAOBAJIO OBl BHIPAYKATE BEIleCTBEHHLIMHM UuCa-
mu. Ho B aToM ciyuae mX HEBO3MOKHO abCOJIOTHO TOYHO
IpeACTAaBUTH B KoMubioTepe. IloaToMy Bce mamepsaeMble He-
IpepLIBHBIE XapaKTePHUCTUKY (KaK, HallpuMep, APKOCTh TO-
yeK U306paskeHNd MY MI'HOBEHHad I'POMKOCTH 3BYKa) IOJ-
BepralnT KEAHMOSAHUID.

Onpenenenue 9. Keaumosanuem (aHra. quantisation uiu quan-
tization) HA3LIBAIOT IPOLEAYPY IpeoOpazoBaHUA HEIpPEPHIB-
HOIrO AuanasoHa BceX BO3MOMKHBIX BXOJHBIX 3HAYEHUH H3-
MepAeMOl BeJIWYHHLI B [JUCKDETHBIH HaOOp BBIXOIHBIX
3Ha4YeHUH.

OOBIYHO IPH KBAaHTOBAHHM JUAIla30H BOBMOJKHEIX 3Haue-
HUN u3MepAeMOHd BeJWYMHB! paszbupBaeTcd HA HECKOJBLKO
noaauanasoHoB. Ilpu UBMepeHUH OlIpefessieTcs MOAAHAIIA-
30H, B KOTOPBIA IIONAafaeT 3HAYeHHEe, W B KOMIBIOTEDE CO-
XpaHfAeTcsa TOJBKO HOMEp IOJAHAIla3oHa.

Ilpumep 24. KsanToBaHMe IIKalbl OTTEHKOB CEPOTO I{BETA.

B npapoit yactu pucyHka mzobpaskeHa IIKana zpadayuil ce-
Pozo uBera, or yepHOro Ao Gesoro. s wucaennozo onuca-
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HUA SPKOCTU IBeTa HaJ0 KaX-
IOMY OTTEHKY IIOCTABHTE B CO-
OTBETCTBHE Hekoe umcio. Kak
IIPaBUjIO, YEPHOMY LiBeTy IpH-
NHUCHIBAIOT HYJEBO¥ YpOBEHb
ApkocTH, OesroMy — emMHMY-
HBIIl, a IPOMEXYTOUYHBIM Ce-
PHIM TOHAM — [POOHBIE UHCJIA
B uHTepBajte or 0 go 1, BRIpa-
JKAIOIINE APKOCTDH OTTEHKA KaK
IOJII0 OT MAKCHUMAJLHOM &PKO-
CTH. Ty BeIWUYHHY MBI OyzeM
BHIDAYKATE B IPOLEHTaxX OT
MaKCHUMaIbLHOR SIPKOCTH, T. €. YePHHIX umeer 0% aprocTH,
Gensrt — 100%.

Taxoe onucauue BeTa HEIIPUTOAHO ANA HEeNOCPEACTREH-
HOTO KOMIIBIOTEPHOI'O IpefCcTaBIeHNA, TAK KaK BellleCTBeH-
HBle Yyc/ia HeOUCKPETHHI, AJNA TOUHOM 3anucK UX 3Hade-
HUH Hafo XPAaHUTH GecKoHeuHOe KoamyecTBo nudp! Crezo-
BATeJbLHO, HAAO TIIPOBECTH KBaHTOBaHHe, [JA dUero
IUAA30H 3HAYEHUI SPKOCTH pasbHBaoT Ha NOJAAMAIIAB0-
HEl, UJIH Ypo6éHu. B HameM mMpuMepe AuANa30H APKOCTH ce-
poro upera pasbusaeM Ha 6 ypoBHe#l DaBHONH IIMDHHBI:
0-# yposerb — 0-17% MaKCHUMAaJIbHON ApKOCTH, 1-# ypo-
BeHb — 17-33% wmakcuMaiabHOH sApxocTH M T. 4. Torza
VHTepBaJkl 3HAUYEHUH APKOCTH ¥ HOMEepA YPOBHeH CBA3aHBI
OPYT ¢ APyTOM IIPOCTHIM COOTHOIIEHUeM: E-il ypOoBeHb COOT-
BETCTBYET HHTEPBaIY

[ .199; (k+1)-@]
6 6

ITo BestMunHe APKOCTH JIETKO BEIYHUCIUTE HOMEP COOTBET-
cTBylomero ypoeHa: kB = [x-6/100] (3mecy kBajgpaTHEIe
cKOOKM O3HAUAIOT LelVIO YacTh Yucaa), T/ie X — BeJIMYMHAa
APKOCTH, ¥ — HOMeD YpPOBHI.

IlycTe sprocTh ceporo oTTeHKa cocrasiageT 70%. Ilpu

70 420
KBaHTOBAHWH || — -6 | =|—— | =4 | oT0 3HauYeHHUe IIOIANa-
100 100

eT B 4-if moxauanazon (67—83% ), mMosTOMy B KOMIBIOTEDE
9TOT OTTEHOK ceporo OyaeT 3aKOZWPOBAH IEJIBIM YHCJIOM 4.
O

6-ypoBHEBas HenpepriBrasg
mKasia mKana
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Tepe HeKOTOpo¥ nonu uHpopManuu. Tak, KOMIBIOTepHOE
e | uzobparkeHHMe KUBOMKUCHOIO IIOJIOTHA BCET[Aa OTJIMYAETCH
OT opuUrMHajka. A IuPPOBaA 3aIKUCh, MY3LIKAJIBHOTO IIPO-
U3BefleHNA KM KOHIlepTa (HalpHMep, HAa KOMIIAKT-IHC-
Ke) BCerfa OTJIMYAeTCA OT JKMBOrO 3BYUaHUd, Jarke ecu
pasiudre HeOIYyTHMO Ha cayX. CTemeHB pas/judud OpH-
rrHaja ¥ nudpoBOll KOINH OIpejenseT cylsexmusHoe
Kaiecmeo KOMIIBIOTEPHOIO IIPEeACTABJIEHU.,

' Hduckperusanya ¥ KBaHTOBaHNe BCerJa IPMBOOAT K MO-

W3-3a OGonbmuX pasMepoB 3BYKOBHIX, IpadHUecKHX U
Bugeo(}aitios 0OHM 0OYEHDb PEAKO XPAaHATCA B KOMIILIOTEDE B
HeyIaKOBaHHOM BUJe. [[na yMeHbIIeHNA UX pa3MepPOB HC-
HONB3YIOT cHcamue uH@opMayuu. YHUBEpPCAJIbHBIE, HIU
TaKk HaseIiBaeMble 00pamumbie AAZOPUMMbL cHamusd, HU-
KaK He HCIOJNBL3YIOT 3HAHMA O XapaxTepe obpabaTniBae-
Mol mEGOpPMAIMK M IIO3TOMY VIaKOBBIBAIOT €€ ZOCTATOY-
HO ciuabo.

Ona sdpdexTHBHOTO c)KaTHsA 3BYKOBOH M rpadmueckoit
nHbOpMaUKY OTHOCHTEJNLHO HeZAaBHO OBLIM paspaboTaHB!
clel{HajbHble AJITOPUTMBI, YUWTHIBAIOIIKE CIeNUuPUKY Ue-
JIOBEUECKOT'0 BOCHPHATHA 3BYKa M K3ob6parkeHmil. Xapak-
TepHOH 0COOEHHOCTHIO DTHX AJTOPHTMOB ABJISAETCH BOZMOMK-
HOCTBH DPEeryJINpyeMoro yaajleHuA MaJOBaKHOM (C TOYKH 3pe-
HHUA UeJOBEUECKOTO BOCHPUATHA) HHMDOPMAIWY, IO3TOMY
TaKye aJITOPHUTMBL CoKaTHA 0000IIeHHO HAaBBLIBAIOT AA20pUm-
Mamu ¢ pezyrupyemoll nomepeil ungopmayuu. 3a c4eT yaa-
JIeHUa YacTH HHbOpMAaIuM yAaeTcs NOOUTHCS OUeHB 00JIb-
IIO¥ CTeleHMW CKAaTHA JAHHBIX IIDH CYOBEKTUBHO He3HAUU-
TeJIbHOIH IOTepe KadecTBa.

AJropuTMBEI C Pperyaupyemoi morepell wmHbopManmn
' HeyHUBEPCANbHbLL, OHH HE MOI'YT WCIOJB30BATHCA I
® CXKaTHUsA JIOGBIX JAHHEIX, IIOCKOJBKY IIOJIHOE BOCCTAHOB-
JleHHe HCXOZHON MH(OPMaLMU He803MONCHO.

IIpu mpocTpaHCTBeHHOM AWCKpeTH3anuu K300pakeHHUH
TOJL3YIOTCH PACMPOSHIM U 6eKmMOpHbLIM TIPeACTaBIeHUeM
rpadudeckoii wuHpopManuu. PacTpoBoe IpeAcTaBIeHHE
MOXKHO OXapaKkTepHU30BATL KaK nomodyeiHoe npedcmasie-
Hue, a BEKTODHOe — KaK CMPYyKmMYypHoe npedcmasierue
n3obpakeHns.
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2.4.2. BexTOopHOe U pacTpoBOe npeacrasseHue
rpadunyeckon nndpopmaunmn

IToMuuTEe, KaK BHL PHCOBAJIH B AETCTBEe?

Touka, TOYKa, 3apmATas —
Brimna poskuia Kpusad.
ITanka, mangka, orypeyuk —
THonyuunca 4denoseuek!

Cnosa 3ToH IeTCKOH IMeceHKH OYeHb TOYHO XapaKTepHU3y-
I0T CYTH BEKTODHOI'O IpefcTaBiaeHUA rpaduuecKoil MHOOP-
Malumy.

Bexmoproe npedcmasénenue ONUCHIBAET, KaK IIOCTPOUTEH
HCXOAHOe u30o0paskeHre MIPHU IMOMOILNY CTAHAAPTHBEIX r'eoMerT-
puuecKuUX (Uryp H3 3apaHee ompejesieHHoro Habopa, Ha-
opuMep U3 OTPe3KOB W JVr.

o =0

I'eomeTpuyeckue GUIrypsl U3 CTAHAAPTHOTO Habopa Ha3bI-
BAIOT JNEMEHMAPHLIMU (PuUzYpaMU, WIW NPUMUMUEAMU
(aury. primitives). TlocTpoeHNe BeKTOPHOIO Lpe[CTaBlIeHUA
Ha3bIBaETCA 6exmopusayueil usobpaxenus. [Ipu spinonaye-
HUM BeKTOpH3alun nsobpaskeHne aHAIWIUDPYIOT, pasbuBa-
10T Ha IPUMXTHBEI, a 3aTeM COXPAHAIOT UX IapaMeTpHL: HO-
JIO’KeHHWe, pasMephl M IIBeT.

MHuorue Buabl n3obpaskeHUH II0 CBOEH mpupoZie XOPOIIo
CTPYKTYPHUPOBaHBI ¥ MO3TOMY O49eHb YAOOHEI AJIA BEKTOPH-
samuy: 3TOo rpaduKM, AUArpaMMBbI, depPTeKH, CXeMBI, ILjia-
HBI, KapPThl, CHUMBOJEBI, repObl ¥ (Jiaru, JOTrOTHIIL, BCEBO3-
MOXKHBIE CTHJIM30BaHHBIe M300pakeHN.

Ilpumep 25. JIro60ii uepTex COAEPIKUT OTPE3KH, OKPYKHOCTH,
ayru. Homosxenre kasKqoro oTpes3Ka Ha YepTerke MOKHO 3a-
IaTh KOOPAMHATAME ABYX TOYEK, ONIDeAeNAIOIIUMI €ro Ha-
YaJIo M KOHeI]; OKPY/KHOCTE — KOODAWHATAMM IeHTpa U
JUINHOM paguyca; Ayr'y — paguycoM, a TakyKe KOoopJAWHAaTa-
MY Hadaja ¥ KOHIla Ayru. Kpome Toro, Ajsa Ka'KOo¥ JUHUN
MOKHO YKa3aTh €€ THII: TOHKAasd, MTPUXIYVHKTHDHAA U T. [.
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Takxad HHGOPMAMA 0 YepTeKe BBOAUTCA B KOMIILIOTED KaK
obpIuHas OyxBeHHO-MpPoBasd u o0padaThiBaeTcd B JAJb-
HelilieM ClieqUaJbHBIMHY IPOTPaMMaMMU. O

B oTnuune or Xopolio CTPYKTYPHPOBAHHEIX M300paske-
HUH CYHIECTBYIOT M300paKeHna, KOTOphIe BoobIIe He HMEIOT
YeTKOH CTPYKTypel. K HHM oTHOcATcA ¢oTorpaduu, KUBO-
IHCHBIE IIOJIOTHA, PYKOIMCHBIe TEKCTHL U T. A. Taxme u306-
payKkeHHd KpaliHe HeyaoOHBI AJid BEeKTODPHU3AllVH.

s xpaHeHuMsA INOJZOGHBIX H300parKeHHil MCIOAL3YIOT
pacmposoe npedcmasnenue: Bce n3obpaxenue pasdbusaerca
HA MHOXKECTBO OYeHb MaJIEHbKHUX 3JIEMEHTOB, IpHYeM, B OT-
JIUYKe OT BeKTOPHOTO NMPEACTABJEHNA, pPasMephl 1 IOJIoXKe-
Hile BJIEMEHTOB 3aJaloTcs 3apaHee (@ priori) U COBEpHIEHHO
He BaBHCAT OT caMoro M3obpakeHHUs. B Ipegesax KasKIoro
TAKOTO 3JIeMEHTa H3o0parkeHHe CUHTAeTCA OJHODPOAHBIM,
T. €. UMEIOHIMM OJHH M TOT JKe I[BET.

Ilopaaok paséueHus n300pakeHus Ha d/€MeHTH Ha3bl-
BAeTCa PACMPOM, & CAMHU 3JIeMeHThl — nukceramu (pixel —
ab6peBuaTypa oT aHIVI. picture element — 3jeMeHT ®306-
paxkeHus). [Iukceanm — 3TO «aTOMEI» PacTpPOBOro H3o0pa-
JKeHHA, Ha MeHBIINe JacTH ero He Aeiadr. Kax npaswmio,
IHMKCeJH OYeHEL MAaJbl, TAK YTO UX OTOMXIEeCTBJIAIT C TOU-
kamu. IIpouenypa pasbueHns msoOpaskeHHA Ha ITUKCEIH
Ha3BEIBAeTCA pacmepusayuell UIN oyudposkoil mszobpaske-
HUS,

3ameTHM, YTO XpaHeHHEe PUCYHKa B BeKTOpHOM dopme
00BIYHO Ha HECKOJBbKO IMOPALKOB COKpPAIaeT HeoOXOAUMBIH
o0beM MaMSTH IO CPaBHEHHIO C pacTpoBoil Gopmoi mpen-
CTaBJIEHUSA.

Onpenenenue 10. Pacmp — coenmasbHBIM 06pa3oM OpPraHmso-
BaHHAA COB0KYNHOCMb nuikceneil, IPeCTABIAOMIAT M306-
paxenne. KoopguHarsl, dhopMa ¥ pasmep NHKceNeR 3aKaioT-
cA IpH OIpeZejeHHH pacTpa. VI3MeHAeMBIM aTpHOYTOM
nuKcesell sABIgeTCA IIBET.

B TexHHKe M KOMIOBIOTEPHOM rpadmKe yalle BCETro HC-
IIOJIb3YeTC NPAMOYzOAbHBLIL pacmp, B KOTOPOM NIHKCeIHN
COCTABJAAIOT IIPAMOYIOJBbHYIO MATPUILY, ee OCHOBHBIMH IIa-
paMeTpaMy SIBJAAKTCA pasMephbl pACTPOBOM MaTpuULBI, T. €.
KOJIM4YeCTBO CTONOLIOB M CTDPOK, COCTaBJIEHHBIX M3 NHHUKCE-
Jei.
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I'naBHOe mpemmyImecTBO NPAMOYTOJBHBIX DACTDOB 3a-
KJII04YaeTcsa B TOM, UTO IOJ0KeHHEe KaKOTo IINKCels Ha dK-
paHe (MM Ha H300pakeHMH) MOMKHO 6blLUCAUMb, 3HAA
TOJILKO pasMepbl pacTpoBOi MATPHILI ¥ JHHeIHHbIe pasMe-
PHI IUKceseit 6o naomuocmy pasmeu,enusi IUKcesaeH, Ko-
TOPYIO OOBIYHO M3MepAT B KOJUUECTBE TOUeK Ha AIOUM
(dpi, Dots Per Inch). [Isist 9T0TO JOCTATOYHO BBECTH IIPaBUIA
IepeuncaeHusa nukcesneli. HampuMep, B MOHHTOpax Iepco-
HaNBHBIX KOMIIBIOTEPOB IIMKCeJIH NepeunciAlTca cleBa Ha-
IPaBO M CBEPXY BHU3: CIIepBa HYMEDPYIOTCH BCe NUKCEIH B
BepXHell CTPOKe cjieBa HAIIpaBo, 3aTeM HyMepanus IPOJoJ-
JKaeTcsa Ha HIDKeJe)xallledl CTpOKe M T. [.

Taxk, HarpuMep, eclIu U3BECTHO, UTO (pororpadusa coxpa-
HeHa B hopmare JPEG ¢ pazmepamu 768 x 576, To aTo 3Ha-
YHT, YTO MaTpHUIla MHKCeded cocToMT w3 768 cTonbuoB u
576 crpok. OnepanoHHLIE CHCTEME] ¢ rpadHuiecKUM IIOJb-
30BaTeNbCKHUM HHTepdeiicoM (Takue Kax Windows, MacOS,
rpaduyeckas nojcucreMa X Window B UNIX u T. x.) open-
CTaBJAIOT 2KPaH [JUCIHNesd KaK pacTpoBoe IPAMOYTOJbHOe
uzobpaxenre HeKOTOporo pasMepa (Hampumep, 800 x 600
mwim 1024 x 768 nuxcemeii).

X
(0,0) 0 1 2 3 1021 1022 1023 (1023,0)
0 0 1 2 3 1021 1022 1023
R! 1024 | 1025) 1026| 1027 2045] 2046 2047
2 2048 2049 2050] 2051 3069 3070 3071
1 1 1 v T 1 ¥ 1
1 1 1 1 1 1 i
Y | | | | | i i
) ) 1 1 1 1 1
1 1 1 1 } 1 1
1 t 1 ] i 1 1
1 1 1 [ 1 1 )
1 1 1 = 1 1 1
767 | 785408 | 785409 785410| 785411 786429|786430| 786431
0, 767) (1023,767)

2.4.3. KBaHTOBaHMe LiBeTa

Kax Ob110 crasaHo BbIIIE, TpaduUecKyI0 HHGOPMAIHIO ec-
TECTBEHHOI'0 IPOMCXOMKAEHNA IIDX BBOJe B KOMIIBLIOTED He-
00X0A¥MO ITOZBEPTATh OllePAIUAM IPOCTPAHCTBEHHON JUCK-
peTU3allul U KBaHTOBAHHA IBeTA.
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KsarroBanue (xogmpoBanue) mBera 6asupyercs Ha Md-
memMamuiecKkomM ONnucCaHUU yeema, KOTOPOE, B CBOK Otue-
penb, omupaeTca Ha TOT (paKT, UTO L[BeTa MOXKHO U3MEPAMDb
U cpasrHugéambs. Hayunasd SUCHUIINIYHA, U3YUAOWIAA BOIDO-
Cbl H3MEPEeHHS I[BETOBBLIX XAapaKTEPUCTUK, HAa3BLIBAeTCA
Mempoaozueil ysema, WiIu Koropumempueii. JYenosex obia-
JlaeT OYeHb CJIOKHBIM IBETOBOCIDHATHEM, LOCTATOYHO 3a-
METUTh, YTO 3PDUTENbHEBIE IIEHTPHI MO3Ta ¥ HOBOPOIKIAEHHBIX
JeTeil B TeueHNE HECKOJbKUX MecAlneB (!) TOIBKO TPeHUDPY-
oTca BUAeTh. [loaToMy B MaTeMaTHdecKoe OIIMCaHUeE IIBETa
TOXKEe BeCcbMa HETPUBUAJIBHO.

VueHBIM L0JITOE BpeMs He YIAaBaJIOCh O0BbACHUTE IIpoilece
uBeroBocnpuAaTud. Jlo cepegunsl XVII Beka rocmogcTaopaa
YMOBDUTENbHAA Teopusa APUCTOTENA, COrJIacHO KOTOPOH Bce
1BeTa 06pa3yioTcd Ipu HOAMEIINBAHNY YePHOTO IBeTa K Ge-
JoMY.

IlepBrie cephbesHBIE PE3YJIBTATHL B 9TOM 00JIaCTH HOTYIMI
Wcaak HpioTOH, KOTOPHIH OMKCAJ COCTABHYIO IIpUpPOAY besio-
IO CBeTa W YCTAHOBUII, UTO CNEKMPALbHbLE Y6ema IABIAITCA
HepasnoNCUMbIMU ¥ UTO IYyTeM CMeIIeHHs CIeKTPaJIbHBIX
I[(BETOB MOJKHO CHHTE3MPOBAThL 6GesbIil IIBET M BCEBO3MOXK-
HBIe OTTEHKH JPYTruX IBeToB. HbI0TOH BEIAENWJ B CIEKTpe
feJsioro cBeTa ceMb HamboJylee 3aMeTHBIX CIEKTDPAJILHBIX I[Be-
TOB ¥ HasBaJl HMX OCHOBHbIMU — KpacHBIH, OpPaHIKEBBHI,
JKeNTHIN, 3€jIeHBIA, roay0oH, CMHUUA M (PHOIEeTOBBIM.

S ITpumepHO mojcTosNeTHUA cmycTd, B 1756

]

rogy, BBIJAIOIWINHACA PYCCKHM  yUeHBIN
M. B. JlomoHOCOB chopmyaupoBaja Tak Ha-
. 3LIBAEMYIO MPEXKOMNOHEHMHYID Meopur
ysema, o6006IIIUE OTPOMHBIN AMIINPHYECKUH
MaTepHall, HaKOIJIeHHBIN UM IpH paspabor-
.| xe TexHoONIOrMM UPOUBBOACTBA I[BETHOIO
cTekJa M Moz3amiku. Mcciaegys BOIIPOCH
OKpAalINBaHUA CTeKoJ, JlIoMoHOCOB OOHApY-

KM, UTO OJNA OPHAAHHA CTEKJIY JI060T0

M. B. JlomoHOCOB IBETOBOIO OTTEHKAa AOCTATOYHO MCIOJIB30-

(1711-1765) BarThb BCErO TPHX OCHOBHEIE KDAacK¥, CMEIIH-
Basgi WX B OIpelesleHHBIX IPOIOPIUAX.

CoycTss mpuMepHO CTOJIETHE BBIJAIOIIUKACA HeMeIKHI

yuensiii I'epmar I'paceman (1809—-1877) BBes B TPEXKOMIIO-

HEHTHYIO TEODMIO IIBeTa MaTeMaTHUYeCKHH annapar B popme

3axonos I'paccmana Aas affuTHBHOIO CHHTe3a IBera. Hau-

f0oJee BAXKHBIMHU U3 HUX ABJIAIOTCA CIeIVIONIIMe BA 3aK0OHA.
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3aKO0H TPEXMEpPHOCTH: ¢ TIOMOIIHIO TPeX NUHEeHHO He3aBUCHMBIX

L[BETOB MOJKHO OZHO3HAUHO BBEIPasuTh Jjioboi mper. lisera
CUHTAIOTCS JUHENHO He3aBUCUMBIMY, €C/IY HUKAKOM U3 HUX
HeJb3s HOJYYHUTH IYTEM CMELICHHA OCTAJIBHEIX.

3akoH HENPEPLIBHOCTH: IIPH HEIIPEPBIBHOM H3MEHEeHHH COCTaBa

I[BETOBOM CMeCH pPe3yJAbTHPYIOIUIl IIBeT TaKiKe MeHdercs
HempepsIBHO. K I060My I[BeTY MOKHO IOZ0OpaTh GeCKOHEU-
HO OJMBKHI IBET.

TpexKOMIIOHEHTHas TeOpUd I[IBeTa CTaJa OCHOBOH KOJIO-
PUMETDHUH, OZHAKO ODOCHOBAHME 3TOM TeOPHU IOABHIOCH
TONBKO Ha pybGexe XIX~-XX Bexos, mocje Toro, Kak Oblia
u3ydeHa (UBUOJIOTUA OPraHOB 3PeHHdd.

Konopumerpuueckue 3aKoHBI ['paccMaHa ycTaHaBJWBA-
0T ofmive CBOMCTBA MATEMATHUYECKUX MOJEJeR I[BeTa,
DaxTUYeCKY 3aKOHBI I'paccMaHa MOCTYIUPYIOT, YTO JIO-
6oMY LIBETY MOYKHO OJHO3HAYHBEIM 00pPa3oM IIOCTABHTE B
COOTBETCTBHME HEKOTOPYI0 TOYKY TPEeXMepHOro IIpo-
crpancTBa. TOYKH IIPOCTPAHCTBA, KOTOPLIE COOTBETCTBY-
0T IBeTaM, BOCIPHHUMAEMEIM UeJOBEUYECKUM TJIa3oM,
0o6pa3yoT B IIPOCTPAHCTBE HEKOTOPOe BEINYKJIOE TEJO.
AGCOJIIOTHO YepHOMY I[BETY BCEerfa COOTBETCTBYET TOUKa
{0, 0, 0}.

Taxum 06pa3oM, LBeTa MOXKHO PacCMaTPUBATh KaK TOU-
K¥ WJIM BEKTOPHI B TPeXMepPHOM I[BETOBOM IIPOCTDaHCTBE,
Kaxxgas mperoBas MOAe]b 3a4aeT B HEM HEKOTOPYIO CHCTe-
My KOODPAYHAT, B KOTOPOH OCHOBHLIE IIBeTa MOJENH UIPAIOT
poan 6a3suCHBIX BEKTOPOB. A KBaHTOBaHME IIBeTa, IO CYTH,
ABIAETCS SUCKPeTH3anuell IPOCTPAHCTBA IIBETOB.

B XKOMIOBIOTEDHON TeXHHKEe Yallleé BCero HCIOJIB3YIOTCH
cleAyIOIiye I[BeTOBble MOJEJIN:

¢ RGB (Red—Green—Blue, KpacHBIN—3eJIeHBIH—CUHUN).

e CMYK (Cyan—Magenta—Yellow—blacK, ronyboi—myp-
NYPHBIA—KeJThIH—4epPHBIH).

e HSB (Hue—Saturation—-Brightness, 1 BeTOBOHX oOTTe-
HOK—HAaCBIIIeHHOCTb—SAPKOCTB).

Y1065l HCKIOYHTE HEOJHOSHAYHOCTHL TPAKTOBAHMUS Tep-
MUHOB «APKOCMb», «HACHIULEHHOCMb», «U46emosoil omme-
HOK», IOACHUM HX.
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Aprocmb — 3TO XapaKTepHCTHKa I[BeTa, OlipedelleHue
KOTODPOM B OCHOBHOM COBIAaZaeT ¢ OLITOBLIM IIOHATHEM SIPKO-
cTH ¥ (pU3UYECKUM IMOHATHEM OCBEIeHHOCTH MJIH CBETHMO-
cTé. SIpro-KpacHBIH, KpaCHBII M TeMHO-KPacHBIII IBeTa
pasnnYalTcsa UMeHHO SPKOCTBIO.

C dusnvecKoi TOYKH 3peHust, ApKOCTh — 5TO KOJIHYECT-
BeHHas Mepa IIOTOKa CBeTOBOM YHEPTMM, M3NyYaeMoil UIn
OTpaykaeMoOH IpegMeTOM B CTOPOHY Halbawaatend. Tak, npu
SIPKOM COJHEYHOM CBeTe M B CYMEpPKaxX OOWH M TOT JXe IIBeT-
HO¥ DPHCYHOK BHIIVIAZUT IO-pa3dHoMy. IIpm 2TOM ILIBETOBEBIE
OTTeHKH He MEeHHIOTCH, PA3JUYHBIMH OKAa3bIBAIOTCA NHIID
APKOCTH IL[BETOB.

IIBeTOBO# OTTEHOK U HACHIIIEHHOCTL — 3TO JBe Apyrue
He3aBHCHMble XapaKTepUCTUKH IIBeTa.

Ilycrs v mac ects HaGop Kpacok pasHoro IBera. Cmele-
HUeM PasJNYHBIX KPACOK MeXIY co00¥ MBI 6yIeM IIOIy4aTh
HOBBIe IBeTa. Hampumep, ¢Mech PaBHOI'O KOJIMYECTBA KeJ-
TOM M cHHeH KpacOK JacT 3eJieHyio Kpacky. I]eemoeoii om-
meHOK, NI UBemo6oil moH paccMaTpuBaeMoro ofbeKTa cBd-
33aH CO CHEKTPAaJbHBEIM COCTABOM HM3JydyeHHd. llo mBeTOBOMY
TOHY O0'BEKTA MBI MOXKeM CYAUTH 06 OKpacke o0beKTa — CH-
Hel, 3eJIeHOM, KpacHO’ U T. J. OTgesIbHbIE YUACTKH BHAAMMO-
IO CIEKTPa BBHI3EIBAIOT OINYINEeHWEe PAa3JIMYHBIX IIBETOB.

Hacwiigennocmeb XapaKTepusyeT CTeIeHb «pasbaBieHus»
I[BETOBOrO TOHa OesbIM IBeToM. Hanpumep, ecim spKo-
KpacHywoo (HAChIIIEHHYIO) KpacKy pasbasurh 6esoif, To ee
IIBETOBOM OTTEHOK OCTAHETCS IIPEKHUM, UBMEHUTCH TOJIbKO
HACBIIIIEHHOCTh., POBHO TaK Ke KOPHUYHEBEBIN IIBET, JKeJIThII
M JUMOHHBIN MMeEIOT ONMH M TOT YK€ IBETOBOY OTTEHOK —
JKEeNTRIN, UX pasinyve 3aKJII0YaeTcd B HACBHIMIEHHOCTH IBe-
TOBOTO0 OTTeHKa. Hambospie#l HacCBIIIEHHOCTBIO o0Jazaer
CBET OT MOHOXPOMHOTO HMCTOYHHEKA.

OTrmeTuM, 4TO AJjis 6€sIoro M YepHOI'O I[BETOB HACLIIIEH-
HocTb cocrapideT 0%, T. e. aTH mBeTa He 00Ja7al0T HACHI-
IHeHHOCThI0. IMeHHO M03TOMY, ITOAMENINBAA UX K IBETHOM
KpacKe, Mbl MEHAEM €€ HACHII[eHHOCTb, a HE OTTEHOK.

2.4.4, UseToBas mogenb RGB

B monmenn RGB ocHosHbiMU ygemamu ABIAIOTCA KPACHbLLI,
3enenbiii 1 cunui. JanHaAa MojeJ b HUCIOJIb3yeTCA B OCHOB-
HOM IIpu OTOOpa'KeHUH rpadpudecKux u3o0pa’KeHHH Ha 9K-
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paHe MOHHTOpPa, TeJEeBU30Pa, COTOBOIO TejedoHA M T. .
CMelleHueM TpeX OCHOBHAHIX I[BeTOB CHUHTE3UDYIOTCA BCe
OCTAJbHEIE L[BETa, MX YCJOBHEIE APKOCTH (WHTEHCHBHOCTH)
337al0TCA BelllecTBeHHBIMYK umcaaMu oT 0 go 1 (suavenue 1
COOTBETCTBYET MaKCHUMAJLHOH APKOCTH COOTBETCTBYIOIETO
IBeTa, KOTOPYIO MOKeT u300pasuTh rpadpuyeckoe yCTpoHCT-
B0). Mogenry RGB onpegenger npocTpaHCTBO L[BETOB B BH/e
eIMHUYHOTO Ky0a C OCSMH «APKOCTh KPAacHON KOMIIOHEH-
TEI», «APKOCTH 3€JIEHOM KOMIIOHEHTHI» U «APKOCTH CHHeH

KOMIIOHEHTEL» .
(0.L.1) (LLD)
roayooi feTbiit
Bp
/i (1,0.1) 2
/ g
0.0,1) s 1
CHHHH ;o 4 T .
Sy ’ 4. Jlasas rpanauuid
. I o - ceporo
JInuus rpagauni - ! o
CHHe ~3eneHoro T ! R
7 g
/ v G
; ../" ________________
i 70,10 (1,1,0)
; 7 seneuniii KenThi
=
(0.0.0) 100) "R
YEpPHbIi KpacHBIH

XapakrepHasie ocobennocTn RGB-mopenn

e Jliobasa Touka Kyba (r, g, b) onpenensaer HEKOTOPLIIL 1IBET.

e Touxka (0, 0, 0) coorBeTcTBYeT YepHOMY IIBeTy, TOUKA
(1, 1, 1) — Genomy, a suruda (0, 0, 0) — (1, 1, 1) onuceisaer
BCe Tpajalliiyl Ceporo LBera: OT yepHOro po Gesoro.

e Ilpm geumxernnn no npamoi ot (0, 0, 0) uepes Touxry (r, g, b)
moiydyaeM Bce rpafaliy SpKOCTH LBera {r, g, b}, or camoi
TeMHOM fo camoit Apkoii. Hampumep, (1/4, 1/4, 0) — TeMHO-
KOpHYHeBRIH useT, (1/5, 1/;, 0) — Kopuunesrld, (3/,, 3/,, 0)
— JKeJITO-KOpHuHeBRI#, (1, 1, 0) — skenThIi.

e Ha rpanax xy6a {r = 0}, {g = 0} u {b = 0} pacmoso:KeHBI ca-
MbI€ HaCBHIIIEHHBIE I[BETA.

e Yem Ommke Touxa K ruaBHol gumarowanu (0, 0, 0) - (1, 1, 1),
TeM MeHee HACBIIIEeH COOTBETCTBYIOLIMI IIBET.

¥V uBeropoit mogenn RGB ects pusnonoruueckoe o6ocHo-
Baupe. YesnoBeuecKuil IJ1a3 COTEPIKUT UeThIPE THUIIA 3PUTEIH-
HBIX PElleIITOPOB: «IAJOYKU» (pelelTOPEl MHTEHCHBHOCTH) U
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TpH THIIA <«KoabGoueKk» (pelenTopsl ILBETOBLIX OTTEHKOB).
KonGoukwm kamporo tuma 4yBCTBUTENLHBI K CBETY B CBOEM
Y3KOM LHAlladoHe AJWH BOJH, AJd KOJ004YEK Das3HBIX THUIIOB
MaKCHMYMBbI YYBCTBUTEJBHOCTH IIPUXOAATCH Ha PasHble [JIH-
HBI BOJIH, AMANA30Hbl YYBCTBUTEABHOCTH YACTUIHO ITePeKPhI-
BAKOTCA:

OTHoCHTENBHAS CTIEKTPaTbHas HYBCTBITEIRHOCTh
YENOBEIECKOTO Tias3a

s -

Tun Koabouek Juanason Maxcumym
JJINH BOJIH YYBCTBHTEJIBHOCTH
Kpacuzie ot 760 xo 550 um ~610 M
3eneHnie ot 650 7o 450 um ~550 M
Cunne or 550 mo 380 HM ~450 am
O6muil cuexkTp or 760 mo 380 umM | 555 HM (ZHEBHOe 3peHUe)
BHINMOTO CBETa 510 EM (HO4YHOe 3peHHE)

HNAmenHO 61aromapsa HepaBHOMEDHOH CHEKTPaJbHOU UYB-
CTBHUTEJBHOCTH ¥ NMEePEKPBITHIO JUATIA30HOB YYBCTBHUTEIIBHO-
CTH 4eJioBeYecKuit a3 crocofeH pasimyarh OrPDOMHOE KO-
smdecTBO IBeToB (okoso 10 MuiH).

Ecnm HampaBuTh B IJIa3 COCTaBHOM CBETOBOM CHUrHAJ
¢ IPaBHUJILHO NOAOOPaHHBIM COOTHOIIEHUEM sApKocTel Kpac-
HOI'0, 3€JIEHOTO M CHHero LBEeTOB, TO 3pUTENbHBLIE LEHTPHI
MO3ra He CMOT'YT OTJIWYMTh IIOAMEHY K CHeJIalOT BBIBOH, UTO
HabmiopaeTca HY KHBIH 1BeT! TaKkoll MexaHHU3M CHHTe3a I[Be-
TOBBIX OTTEHKOB HCIIOJNB3YETCs BO BCeX COBPEMEHHEBIX THUIIAX
IIBETHBIX MOHHUTODOB, TEJE€BU30DPOB, AUCIJIEEB COTOBLIX Te-
J1ehOHOB.

Yrobul HCHONB30BaThk MaTeMaTudecKkyio RGB-mogens
OJIS PeajIbHOrO KOMIIBIOTEDHOI'O IIpeACTaBieHHs Ipadude-
CKoll mH(opManNu, HeoOXOTUMO IPOU3BECTH KE8AHMOBAHUE
Y8emogoz0 NpocmpaHcmea, T. e. HaWTH CIOCOO IIpeAcTas-
JIATH BellleCTBeHHBIE 3HAUEHUS SAPKOCTEH IBETOBHIX KOMIIO-
HeHT B AUCKDeTHOU (hopme.
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Haubosiee mpocroit croco6 AOOUTBCH 3TOr0 — IEPEeBECTH
BenlecTBeHHbIe yncia U3 HHTepBaia [0; 1) B MHTepBAJ LEsIbIX
auces or 0 7o N — 1 nyrem yMHOMEHHA Ha uesoe 4ucio N,
¢ mocyaeayiomuM okpyrieanem. Paxtudecku, uaTepsa [0; 1)
pasbuBaerca Ha N paBHBIX IOJUHTEPBATIOB BHJA:

—L—,g , i e {0, .., N -1}
N N

PazbueHn0 Ha NOZUHTEePBAJIBI
IIOABEPTAIT KAXKAYI0 M3 I BETOBBIX
oceit. KoamyecTBo moZuHTEPBAJIOB
Ha «KpacHOW», «3ejeHOW» ¥ «CH-
Heit» ocax (N, N, N,) moxer
OBITP PABIIMYHEIM, HO Yarie IpH-
HHUMaeTcHd, qToN N =N,=N.

TTocre RBaHTOBaHI/Iﬂ I{a}K,ZIBIPI
uBeT OpeAcTaBJderTca mpuadoil Ie-
JbIX  HeOTpHUIATeJbHBIX  4HCel
(2 kg, k), 0 <k < N, Yucna N,
06b1yHO BHIOMpAOT PABHBHIMU CTENEeHH [BOHKKH N,; = 2

a BenuuuHy M, paBHVIO cyMMe m, + m, + m,, Ha3LIBAIOT
2nyOunOll Yysema WUIHU 2AYOGUHOL ueemnocmu.

Huoxe npusesena Tabianna Hanbosee paciIpocTpaHeHHBIX
BH/EOPEXKHUMOB C YyKa3aHWeM KOJINYecTBa OTOOparkaeMBIX
ueetoe (tabu. 4).

Tabruya 4
KoanuectBo
Bupeopeayunm | I'ny6una usera oTo0pakaeMbIX BETOB
256 1BeTOB 8 2% = 256
High Color 16 2'% = 65 536
True Color 24 2%4= 16 777 216

IIpuMmep 26. B coBpemeHHBIX KOMIBIOTEPaX B BHAEODEKHME
TrueColor Ha XpaHenre HHpopMauuu o6 OZHOM I[BETOBOM
KOMIIOHeHTe HcIojb3yeTcsa 1 6aiT, A COXpaHEHUs I[BETa
TOYKK — 3 Oaiira: mr=mg:mb=8, Nr:Ngsz:28:256,
NN, N, = 2%%"% 16 777 216.

I'ny6ursr neernocTr 24 6uTa AJIA MOHHTOPOB BIIOJHE JO-
CTATOYHO, UTOOLI CO3AATH BUAMMOCTD HEIPEePBIBHOCTH IIKAa-
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Bl IBETOBBIX OTTeHKOB. OCOOEHHOCTH UeJIOBEYEeCKOro 3pe-
HUS TAKOBHI, UTO €CJIM HA DKPaHe MOHUTOPA M300pasuTh ABe
(purypsrl, nseTa KOTOPLIX IpH riiyOuHe UBeTa 24 O6ura oTan-
yarorcd He 6osiee ueM Ha 1 B Ka)K[0H IIBETOBON KOMIIOHEH-
Te, TO YeJIOBEK HE CMOYKEeT 3aMeTUTh PABHUILY. O

B rabn. 5 gna cramgapra TrueColor npuBefleHbl ABOWY-
Hble 3HAYEHNA YPOBHEH MHTEeHCHBHOCTH HEKOTOPHIX IIBETOB.

Tabruya 5

HuTeHcHBHOCTH OCHOBHBIX IIBETOB

Haspanne neera — ~ ”

Kpacnasiit 3eqeHbIH Cunaui
YepHBIH 00000000 | 00000000 | 00000000
KpacHbLH 11111111 | 00000000 | 00000000
3eJIeHBIH 00000000 | 11111111 | 00000000
CUHUN 00000000 | 00000000 | 11111111
roay6oit 00000000 | 11111111 | 11111111
IypIypHBIH 11111111 | 00000000 | 11111111
KeTHIH 11111111 | 11111111 | 00000000
Gennli 11111111 § 13111111 | 11111111

IIpnmep 27. B Bupeopexkume HighColor uBeT KaXAoll TOYKU
kopupyerca 16 Ouramm. Ha rny0uHy KDaCcHOTO ¥ CHHETO
oBeTa oTBOAuTCA 5 OuT, Ha riyGuHyY 3emeHOTO — 6 OMT:
m_=m,=39, m, = 6. CrnegoBaTelbHO, IIKAA APKOCTEN 3eje-
HOTO HBETa co,u;epmn’r B ABa pasa 6oibllle ypoBHeil, yem
OIKaiNkl APKOCTeH KPACHOTO ¥ CHHETo IBeToB. [I1d sKOHO-
MUY IaMATHA GUTH IBETOBBIX KOMIIOHEHT KasKJoH TOUKH 3a-
NHCBHIBAIOT B ABa baiiTa BMECTO Tpex. |

3amanue. ITodcuumaiime oGsem namamu, mpebyemuvlit das co-
Xpanenus u3o0paxenus 6cezo sxpana 0aa sudeopexrcuma
¢ pasmeponm sxpana 1024 x 768 nuxceneit u ¢ eaybuHoil yse-
ma 24 6uma.
Pewignue. DKpaH MOHWTOPA HpeficTaBndeT coboll IPAMOYTOIL-
HBIH pacTp, NO3TOMY CYMMapHOe KOJIW4eCTBO IHKCceJel pas-
Ho 1024 x 768 = 786 432 nukcesnei.
Jlns1 BumeoperkuMa ¢ riyousaoi nsera 24 6uta Tpebyercs
3 GailTa Ha KayKIABIM NIHKCeab, TaK yTo obImuit obbem Tpeby-
eMol maMATH coctaBUT 1024 - 768 3 = 2 359 296 Gair =
= 2,25 M6aiir. O
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Hna HemocpemcTBeHHOM umdpoBoi zammcu 1 ceKyHIBI
I[BETHOro Buaeousobpakenus 6Ge3 3Byka (25 Kagpoe pasme-
pom 1024 x 768 numkcesneil) norpedbyercs npumepso 60 M6
(25°1024-768-3 = 58 982 400 Ganit). [{ng samucu ABYyXYaco-
Boro ¢uiabMa Heobxoammo oxojyo 400 I'G.

2.4.5. UseToBas mogens CMYK

IIretoBpasa mogens CMYK rTaxsxe 6asupyercsa Ha TPeXKOMIIO-
HeHTHOY TeopHHY 1[BeTa, HO, B oTiamuue or Momenu RGB,
OCHOBHBIMU I[BETAMHU B Hell ABNAIOTCA 204Y060L, nypnypHbuLil
u sceambutii. Mogens CMYK HIMPOKO HCIIONB3YETCA B I[BET-
HO#l meuaru. Haspanve mogenu sBaderca abbpesmaTypoi
aHTJIMPCKWX Ha3BaHUM OCHOBHBIX IBeroB Cyan—-Magen-
ta—Yellow-blacK. (O npuuvue nobaBieHus UepHOIO IBETa
OyZeT CKasaHO HUIKe.)

Mopens CMYK npumeHserca B IIBETHBLIX IpHUHTepax 006-
IIero Ha3HaUeHUs U B IBeTHON o(CeTHOHN IeYaTH HUSKOTO 1
cpefiHero KadecTBa. EciaM paccMOTpeTh 10N MHUKDPOCKOIIOM
HBeTHHIE UJLTIOCTPAIMH B KaxkoH-HMOVIL KHHTe MJIM IIBET-
HOH ragere, TO MOXXHO YBHAeTb, UTO IIBeTHBIE (hparMeHTH
HanedaTaHbl OYeHb MAJEHBKMMU YAaCcTHYHO IepeKpPBIBAIO-
IMUMUCH OBeTHBIMM ToukaMu (odcerammu). OdceTsl XOPOLIO
3aMeTHBl Ha TIDaHUIAX IBETHLIX YYACTKOB I B MecTax
¢ GiegHOI OKpacKoil.

TsnaBa0M nprungoil noasnenuda mogenu CMYK asiasaerca
passiuyue B IPHHIUNAX GHOPMUPOBAHUA I[BETA IPKU €0 BOC-
IIPOM3BeJeHUY Ha MOHUTOPAaX M IIpM mevatu. KTo B meTcTBe
PHCOBAJ aKBapeJbHBIMH KPacKaMM MJIH I'yallblo, TOT 3HAeT,
YTO NIPU CMellleHNY KPacHO! M 3eJIeHOH KPAaCOK Moaydaercs
He Kejrad kKpacka (kaxk Ovuio 6s1 B Mogenu RGB), a tem-
HO-KOopuuHeBad. [lejslo B TOM, UTO IIPY BOCHPHUATHH IBETA
Cc 9KpaHa MOHUTOPA MBI BUAMM H3JIydaeMbIll CBeT, a IIPHU
IpU pacCMaTpPUBAaHUM KApTHUHKM, HapHCOBaHHON Ha OymMa-
re, — OTPa’KeHHBIH.

IImkcemun MOHMTOpA U3AYHAIOM COOCMEEHHDbLIL c8em; YTOOb
CO3/IaTh Ha SKpaHe OCHOBHOM IIBET, HAJO BKJIIOUUTE CYOIIeMeHT
oIlpeJleJieHHOTO TUMa (IMKCeIb MOHUTOPA COCTOUT U3 TPEX CY-
03IeMeHTOB: KPAaCHOTO, 3€JeHOro ¥ CHUHEro), a AJIA HOoAyUeHus
COCTaBHOT'O I[BeTa Hajlo JONOJIHUTENbHO BKIIOUUTE (T. €. doba-
6umb) cyO3JIeMEHTHI APYTOr0 THIIA, LIPH 3TOM CyMMAapHAs sp-
KOCTb IMKcensd BogpacreT. KeraTw, M3-3a TAKOIO IIPHHIUAIIA
dopmupoBaHus cocraBHoro usera RGB-mozens HaspisarorT ad-
dumuenoil ysemosoii modenvio (ot auri. add — noGaBITE).
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B ornmuue or monuTopa, 6ymara ompaxcaem nadarowuil
ceem, KOTODEIH OOBIYHO ABJISAETCA «0elIbIM»: APKOCTH Beex
ero IIBeTOBBIX COCTABJIAIOIINX paBHEI. HaHocuMeble Ha GyMma-
Ty KPacKU ABJIAIOTCA NOZA0WANUUMU c6emopurbmpamy —
OHH IIOTJIOHIAIOT Jy4YH OIpeHesIeHHOTO IBEeTa, a OCTAJIbHLIEe
OTPaYKaroT. BUAMMEIH IIBET KPACKH OlpefelsaeTcs TeMHU Jy-
YyaMH, KOTOpBIe He Oblau nozaoueHsbt. TakuMm ob6pasoM, Kpa-
CKU MOTYT TOJIBKO 8blylmamb, WIN 0CLabdrimb y6ema B OT-
pa*kaemoM moTokKe cseTa. Ilo aToil npuuune moxens CMYK
HasBIBAlOT cyfmpaxmusHoil yeemosoil modenvio (OT aHIII.
subtract — BBIYKUTATH).

Ocuosuple nsera mogenn CMYK momo6paHbl Tax, 4TOGBI
COOTBETCTRYIOII[MEe KPACKU IIOIVIOIANK CBET B JOCTATOUHO y3-
KOl oOjiacTH cHeKTpa: ronybas Kpacka CHJIBHO IIOIJIOIIAET
KPacHLIH CBeT, MypPIyPHAA — 3eJIeHBIN, a sKearad — CHHHUI.

Huxe nmoxasano, xak QOpMHDYIOTCHA IBeTA B MOAEJAX
RGB u CMYK (tounee, B ugeanpHoi mojenu CMY). Cuura-
eM, 4To Kpacku B mogeau CMYK naHeceHer Ha Gymary, oT
KOTODPOH, cOOCTBEHHO, M IPOMUCXOLUT OTpa)keHHe HeIIOIJIo-
IIeHHBIX Jy4deil.

RO R ’ —_— R gs RO
RGB G G( ) GE— G

B b B d B % B &>
Ilser Yepunit | Kpacubit | 3eseHnll Cunuit
CMYK

RO R —>
— [

RGB g% —_— g. —
IIlBet Tony6o#t | IlypnypHEIil
CMYK

B upeanpHOM ciiydae Tpex 1BeTOB (rosny06oro, IypomypHOTO
¥ JKeNTOro) ObLJIo OB BIIOJHE JOCTATOYHO AJ1A HGOopMUPOBAHNA
Ha Oymare jmoboro mpera. OgHAKO peasbHO CYIECTBYIOLIHE
KpacK® He HOeallbHBI, OHM He IIOTJIOU[AIOT LBETOBBIE KOMIIO-
HEHTEHI IIOJIHOCTBIO: eci¥ HaHecTH Ha OyMary Bce TPU KPacKu
¢ HauboJIbIel IJIOTHOCTBIO, TO BMeCTO YHCTOT0 YePHOTO I[Be-
Ta TOJIYYUTCS TeMHO-CepbIf. [ KOPPEKIUH IIBeTOBOI IaM-
MBI HCHOJB3yeTCs dYeTBepTas Kpacka — depHasd.
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IIpocrpancreo meeroB Momenu CMYK taxike ABisieTcs
eIMHUYHBIM Ky6oMm. SPKOCTH OCHOBHLIX KpAcoK (MJIH ILJIOT-
HOCTh 3aKpacKH) 3ajaloTcd BelleCTBEHHBIMH YHUCJIaMU
or 0 mo 1.
{100} {0,0,0)
C gmyﬁon Gemblit
/) {0,1,0}
Ly w
(1,1,0} ; ’nypnyprm 7
cuHHil Pl Mg Y=
P e wef... Jlunus rpamaumit
FE -7 “ceporo
! | R
Jluwus rpajatmit e ! : L’
cune-senexoro T ’.’ ,/.-’
4
- Ve
; ,.g'/‘{'ojm} """"" {0,0,1}
© 77 semensli JKENTHIA
! v
(L1} o Y
‘{Cprl H Kpacnmﬁ

Xapaxrepusie ocoberanoctu CMYK-momenn

Jlrobaa Touxa xyba (¢, m, y) onpenenseT HEKOTODPBIH
IIBeT.

Touka (0, 0, 0) coorBeTcTByeT OeJOMY IBETY, TOYKA
(1, 1, 1) — gepnomy, a aunauga (0, 0, 0) - (1, 1, 1) ouuce-
BaeT BCe I'pafallyy ceporo IBeTa: OT 6eIoro Ao YepHOTO.
IIpn gewmxenRmm no npamoit or (0, 0, 0) uepe3 TOuKy
(c, m, y) mnoayuaeM Bce TIpajanuy APKOCTH IBeTa
{c, m, y}, or camoit ApKO¥ 4O caMoO#l TEeMHOIl.

Yem O6amixe Touka K rIiaBHou amaromanu (0, 0, 0) —
(1, 1, 1), Tem MeHee HaCHIIIlEH COOTBETCTBYIOIINM I[BET.
Eecnm BCe TpHM KOOpAMHATH TOYKK (¢, M, J) HeHYNeBLle,
TO LBET HEeHACHIIIEHHBIH.

B mopean CMYK oTTeHKH Ceporo upeTa MOI'yT BOCIIPOHUS3-
BOJHMTHCA TyTeM jo0aBieHUA UePHOR KPAaCKH K OCHOBHO-
My Habopy IIBETOB.

KBanToBanue nsera 8 Mogenrn CMYK BrimosHdeTcs aHa-

JOTUMYHO KBaHTOBaHHIO B Mozaean RGB.

Kak yxe ynomunanocs B 1. 2.4.4, nperoBad MOJens

RGB cooTBeTcTByeT MexXaHU3MY CHHTE3a I[BETOB, MCIIOIL3Y-
eMOMY B MOHHTODaX. A IOCKOJBKY B COBPEMEHHEIX KOMIIb-
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0Tepax MMEHHO MOHUTOPHI ABJAIOTCA I'IABHEIM, Hambojee
4acTO KCIOJIB3YeMBIM YCTPOHMCTBOM BBIBOZA HHMOpMAINH,
TO IpaKTH4YeCKH Bce (popMaThl rpadudeckux GhanigoB xpa-
HAT n3obpaxenusa B RGB-upexcraBiennn, u JUIIL OYEHB
HeMHOT'Me rpadpudecKue GopMaTsl UCIOJL3VIOT APYIHe IBe-
TOBble Moflenu (Hanpumep, B popmare JPEG mcnonssyercsa
YUV-momens). UToBGBI BhbIBeCTH Ha sKpaH K300parKedud,
XpaHdmnuecd B TAKUX rpaduyuecKux (pailnax, mporpaMmaM
NPUXOAUTCA «HA JIeTy» BHIIIOJHATH IpeobpasoBanue rpadpu-
yeckux maHHbIXx B RGB-mpeacrasinenue.

Mogens CMYK cooTBeTcTBYeT MEeXaHN3MY CHHTE3a IIBe-
TOB, HCIOJB3YeMOMY B IpuHTepax. Korga rpadpuueckas
uH(popMaIud BEIBOAUTCA Ha NPUHTEP, IPUXOTUTCA BHIIIOJ-
HATH Npeo0pasoBanue H3o0paskeHusa us RGB-npexcrasie-
Hua B CMYK-npexcrasiaenune. O0bpIuHO 3Ta paboTa BBHIIOJI-
Haetrca cpegcrBaMu OC, mOCKOJBKY GOpMYyJEI IlepecyeTa
RGB —» CMYK mpocThI.

3aganne. Boisedume Gopmynvt cea3u mexmdy 3HAUEHUAMU UGe-
mosbtx kKomnonenm modeneii RGB u CMYK.

IHodckaska. ChoepBa IPeAIOJOMKHTE, UYTO KPACKH SBJISIOTCA
HIeaJbHBIMA, X IIODTOMY He HaJ0 OTAEeJHbHO HCIOJL30BATh
yepubl#t 1BeT (upeanusupoBaHHas wMozeab CMY, a =He
CMYK), u Ha OCHOBAHHM 3TOTO IIPEAIIOJOKEHUS BLIBEAUTE
dopmyinbl cBasu RGB & CMY. 3areM mnpeiIlonoKuTe, 4TO
GYHKIMA BHIYMCIEHUS WHTEHCUBHOCTH UEeDHON KpacKu due-
pes sproctn RGB-KOMIIOHEHT BaM YyiKe u3BecTHa (geJo
B TOM, UTO 3Ty (MYHKIWIO HEeBO3MOXXHO BBIBECTH aIllpHOPH,
TaK KaK OHa OoIpefeisercs OITHYECKMMHM CBOHCTBAMYU
peanbHBIX KpacuTeiyeil).

2.4.6. LiBeToBas moaenb HSB

IseroBas momens HSB (Hue—Saturation—Brightness) onu-
CBIBaeT L[BETOBOE IIPOCTPAHCTBO Uepe3 TaKMe XapaKTepPUCTH-
KK I[BeTa, KaK YBenoeoil ommeHOoK, HACLIUWEeHHOCMbL U AD-
Kocmb.

ITH NOHATUS OBLIIKM OMKCAHBLL B II. 2.4.3, HOIOJIHMM HX
Gosiee GopMaANBHBEIM OIIpelesieHUEM.

Onpegenernne 11. Jucmulii y6emosoit mon — OLUH U3 IIBETOB
CIHEKTPAJIBbHOI'O Pa3jIoKeHus cBeta. []gemosoli ommeHok —
C¢Mech YHCTOI'O IIBETOBOI'O TOHA C CEPBIM LBeTOM. HacbiuieH-
Hocmb Uéema, WIN CTeIIeHb YHUCTOTHI 1[BeTa — OJIA YHCTOI'O
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TOHA B I[BeTOBO¥ cMecH (ueM Oonpie ceporo, TeM MeHBIIE
HaCBHIIEHHOCTS). ApKrocmb XapaKkTepuayercs obiell cBeT0-
CTHI0O CMeEINIMBAaeMBIX ILBeTOB (4eM OoanIe 4epHOTO, TEM
MEHBbIIEe APKOCTH).

B mozenu HSB 1BeT omucHIBAeTCA TPOHKOM umces {IBe-
TOBOM OTTEHOK, IPKOCTh, HACHIOIEHHOCTL). PaccMOTPUM pAf,
IIBETOB: KpPAaCHBIYM, TeMHO-KPAacHBIN, KpPacHOBATO-UePHLII,
asBlil, PO3OBEIN, OeAHO-pO30BLIA. B Mogenu HSB sty nBe-
Ta — IPOMU3BOAHBIe OT KPACHOIO I{BETa M OTVIMYAIOTCS JPYT
OT ApYyra TOJBKO APKOCTHIO ¥ HACHINEHHOCTHIO KPACHOTO OT-
TeHKa. Takoe onucanre usera (B oTamume oT Monueneii RGB
n CMYK) oueHBL TOUHO mepejaer cybeekmusHOe 60CNPUS-
mue y6ema 4eJO0BEKOM, a He TeXHIUecKye 0cCOOEHHOCTH BOC-
IpoU3BeJeHNA IBeTOB. [JoZOOHBIE OIKMCAHMA IIMPOKO MC-
IOAB3YIOTCA BO BceX 0ODJIACTSAX MCKYCCTBA M IIPOMBBOMACTBA,
Te IPUXONUTCH MMETHL [eji0 ¢ LIBeTOM.

IIpocTparcTBO 1BeTOB Momenu HSB umeer dopmy Bio-
JKEeHHBIX KOHLEHTPUUYECKHX KOHYCOB ¢ o0miell BepmIMHON u
o01re#i ocbio cuMMeTpuHu. 1lBeTa ¢ 0OqMHAKOBOM HACHIIEHHO-
CTBIO PacllOJIOKeHEl HA KOHUYECKOH IIOBepXHOCTH C OIpene-
JIEHHBIM YIJIOM TIpM OCHOBaHMH. I{BeTa ¢ OfMHAKOBON ADPKO-
CTBHIO0 PACIIONIOMKEHEL II0 KPYT'Yy — CeUeHMI0 00'beMHOr0 KOHY-
ca IJIOCKOCTBIO, IePHeHAUKYIAPHOH ero ocu. [Ipm sTom
BepIIMHA KOHYyCa COOTBETCTBYeT uUepHOMY uBeTy. IIBera ¢
OAMHAKOBEIM OTTEHKOM PACIOJNOMKEHBl B IIOJYIJIOCKOCTH,
IpoxoAAmesl yepea OCh CHUMMETPUM KOHYCA.

Taxum obpasom, mpocrparctso HSB oprarmsosano cie-
ayiomum obpasom (puc. 2.1):

e 0CH KOHyCa — 5TO OCbh ADPKOCTH;
® 0OChb IIBETOBBIX OTTEHKOB — OKDY’KHOCTL B OCHOBAHUH KO-

HYyCa;

e HACBHIMIEHHOCTH I[IBeTa OUPeAeNAeTCA KaK Yrol MexXIy

OCBI0 CHMMETDUH KOHYCa ¥ JIYUYOM, [POXOAAIIAM Uepes

BepPIINHY KOHYCAa ¥ 3aJaHHYIO TOUKY.

Ock UBETOBBIX OTTEHKOB CTPOMTCH CJjaeAVIOMUM obpa-
30M: I[BeTa CHEKTpa, OT KPACHOI'O A0 (PHOJEeTOBOTO, M OT-
TEeHKH (PHOJIETOBO-KpacHOTO (KOTOPHIX HET B CIIEKTpe) pas-
MeNJalTca Ha OKPYXHOCTH. TOUKY, COOTBETCTBYIOLIYIO
YHUCTOMY KPACHOMY IIBETY, IPUHMUMAIOT 3a HOJIb HA KpYyro-
BO#l MIKaje I[BETOBHIX OTTeHKOB (puc. 2.2). Bee penuuunn
u3MepAT aubo B rpagycax (0°—360°), nubo B yCIOBHBIX
eqnanuax ot 0 xo 1. Ha ocu KoHyca pPacnofoKeHbl OTTeH-
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- JKENTHIH
3eJIeHBIH

OpAHIKeBBIN
rony6oi KpacHBIHA

TypIyPHBIH

Ocs /
I[BETOBBIX
OTTEHKOB

~ HacpIlIeHHOCTD

/ gepHBIT

Puc. 2.1. Igeraoroe mpacTpanctae mopena HSB

KU ceporo iBeta. Uem Onmyke ¥ Kpap KOHYCa, TeM HACHI-
IIeHHee I[BeTAa.
Yro6B1 HCIOJAL30BATE MaTeMaTHIecKyI0 Mofieas HSB nna
. KOMIOBIOTEPHOI'0 IIpefcTaBieHus rpadrIecKoill HHDopMa-
OUM, Hago, Kak u auasa mogeneit RGB u CMYK, npoBectn
K6anmosanue 46emogozo nNpocmpaHcmed, T. €. HelpephIB-
HO HBMEHseMBle 3HAUYeHHS KOMIIOHeHT ILBeTa NPeACTaBHTDb
B guckperHoit dopme. B OC Windows kaxkaas us HSB-xa-
PAKTEePUCTHK OINMCHIBAETCA OZHUM 0aiiTOM, T.e. IIKaa
3Ha4YeHHMH paspeyieHa Ha 256 ypoBHeil.

S3emneHpIi “Kemreiii 60°
120° B

. Kpacuziit
180° 0°
Crrnrit TIypity pbti
240° 300°

Prc. 2.2, Paspes KoHyca B IIOCKOCTH IOCTOSHHON APDKOCTH



118 I'napa 2

Bompoc. [[aa wezo k ysemosvim 0MMeHKAM HA U6emogoll uLKale
Oviiu Jobasrenb. ommenku GUOREMOB0-KpACHO20 ysema?

Omeem. IIpoxoasa CKBO3b NpU3MY WM TUPPAKIMOHHYIO PENIeT-
KY, CBETOBBIE JIYUH C pa3IUYHBIMH JJIMHAMHE BOJH OTKJIOHA-
I0TCA Ha pasHBle YIVIBL: OIpM3MBL U IUPPaKIUOHHEIE DellleT-
KM OCYILECTBJIAIOT NpocmpaHcmeenHoe pasdenenue ceema.
Ecau 3a nmpusMoil moctasuTh OeJBI 5KpaH, TO IpeJOMJeH-
HBII B Mpu3Me Jy4d 0ejloro cpeTa CO3JacT Ha 3KpaHe pas3Ho-
LBETHYIO IONOCY — creKTp. Kask/pill BeT clieKTpa SABJAET-
¢ MOHOXDOMHBIM (Kax M3JyJeHue Jaszepa) — OH CO3JaeTcsd
Ny4YaMH OIpeResIeHHON JJIuHB BOJIHBL. B CIIeKTpe IIpHCYTCT-
BYIOT I[BETOBBIE OTTEHKH OT KPacHOI'o 10 (GuoJeTOBOro, HO
HET IPOMEXXYTOYHBIX OTTEHKOB (ODHOJIETOBO-KPACHOTO, TakK
YTO CIEKTPAJILHEIE [BETa HeAb3d «3aMKHYTb» B HellPephIB-
HYI0 KPYroByK ock. O@HAKO B NPUPOAe TaKMe IBeTa €CThb,
HAIlpUMeD MAJIHUHOBLIHM, OYPUYPHEIA © T. . (HO OHU UMEIOT
IPUHIHAINAIBHO COCTABHOM XapakTep).

Pa3oMKHYTOCTL CHEKTpPAJbHONW IBeTOBOW ocu Obina AO-
cagHOI TOMEXOH Ha IIyTH CO3AaHMAS MaTeMaTHYecKOH Moje-
JI¥, IIOATOMY YVYeHBIe IIPOCTO A0OABUIM B IBETOBYIO IIKATYy
MHUMBIE «UYHCThIE OTTeHKH» (PHOJIETOBO-KPACHOI'O M TeM ca-
MBIM 3aMKHYJH ee. Macmrta® Ha IIBeTOBOH oc ObLi BeIOpaH
Tak, 4TOOBl CyOBeKTHBHO HauboJlee KOHTpPACTHLIE IBETa
OKA3aJINCh PacHoJIOKeHbl APYr HAIIDOTHUB Apyra Ha IIBeTO-
BOM Kpyre. 4

Bece Tpm paccmorpenmbie IiBetoBhie wmogjenu (RGB,
CMYK, HSB) onuchsiBarT 0JHO B TO e DeajbHO CYUIeCTBY-
omiee IBeTOBOe IpocTpaHcTBo. FIX B3auMMHBIA aHaiIH3 IIO-
3BOJISIET OTMETHTL CleAyioiee:

e B IBETOBOM IpocTpaHcTBe Mofenu HSB oueHb xopomio
BHUAHA cBA3b Mexay mogenamu RGB u CMYK: Ha nseto-
BOM Kpyre OCHOBHEIE I[BETA OTHOU MOJENH PacIONI0KEHEI
TOYHO HAIIPOTHB OCHOBHBIX I[BETOB APYIONM MOZEJIH;

e KpoMe TOro, €CJIM Ha I[BEeTOBOM KDPyTe OTMETUTh TOUKAMU
ocHOBHBIe 1BeTa RGB-mozenn, To oHR o0pa3yioT paBHO-
CTOPOHHMY TPEYIroJLHHUK, TO Ke CaMoe MOMKHO CKa3aTh U
oTHocuTeabHo Mojenn CMYK;

e 1nBera Moaenu HSB, xorophle He IIONAfarwT B 3TOT Tpe-
yroasHuk, B RGB-Moznenu 6ynyT HenpencraBuMel. To ke
caMoe MOXXHO CKasaTh ¥ OTHOCHTeJNbHO Mogean CMYK.
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Mogenr HSB nossosfieT NOpeCcTaBUTh (3aKOZUPOBATH)
' IPAKTHYEeCKH BCe I[BeTA, BOCIPHHUMAEMBIE YeJOBEKOM.
® Mogesu RGB um CMYK omucelBaloT BO3MOMKHOCTH
KOMIIBXOTEDHBIX YCTPOMCTE IIO BOCIIDOM3BEICHHIO IIBETa.
W oxaspiBaercsi, 4TO HEKOTOPHEIE I[BeTA B IPHHIHIE HE
MOryT OBITL BOCIPOM3BEeAeHBI Ha KOMIIBIOTEpE.

Bompoc. C kaxoil yeavio ocHo6Hbie yeema RGB-modeau pacnono-
JHCEeHbL Ha Ysemosoil ocu modeau HSB makx, wmo oHu obpa3sy-
10m pABHOCMOPOHHKUIL mpeyzorbHUK?

Omeem. PaBHOCTODOHHHUH TpPEYTOJNBHUK HMeeT HaKOOJBIIYIO
IJIOWIaAb CPeJH BCeX TPeYTOJLHUKOB, BIMCAHHELIX B 3aJaH-
HYIO OKPYXHOCTEL (HOKa’XKHUTe 3TO), T. €. IPH TaKOM BEIGOpe
OCHOBHBIX IBETOB KOJIMYECTBO BOCIIPOM3BOAMMEIX IIBETOB
npu nepexoze ot moaenau HSB k momenu RGB 6yner Makcu-
MaJILHBIM.

Bonpocbl 1 3apanus

1. ByzgeM cuuTaTh, 4TO Kay bl MHKCe/Ib YepHOo-6eoro usobpa-
JKeHUA KoZupyercs 1, ecsiu oH okpanreH, 1 0 — B IPOTUBHOM
ciaydae. Jlexogupyiite uepHo-6esoe nzobpakenue, onudpo-
BaHHOe ClIeAylomiuM o6pa3oM (Kaxxaad cTpoKa N300pakeHus
3aKOJUPOBAHA 34eCh YETBHIPEX3HAYHEIM IIleCTHAAIATepPUY-
HBIM YHCJIOM):

a) 0070 O0FC OOF7 OOFF 8078 C060 C0O70 FFF8 FFBS8
FF38 8E78 EOF0 TFEO;

6) 0100 0180 01CO 01EO0 01F0 O1lF8 01FC O1FE 0180
0180 7FFE 3FFC 1FF8 OFFO.

2. PaccuuraiiTe 06'5eM BHACONIAMATH, HeoOXoqUMOMH A1 XpaHe-
Hud rpadudeckoro nzobparkeHna, 3aHUMAIOIIEro BECh 9KPaH
MOHUTOpPa C paspemeHueM 640 x 480 M KoamdyecTBOM OTO-
OpakaeMBIX LBeTOB, PaBHBIM 65 536.

3. Ilogcuuraiite 06beM HHPOPMANINH, HepefaBaeMoOli OT BUAEO-
ajganrepa K MOHUTOPY B BuAeopeykrnMe 1024 x 768 nukceseit
¢ IyOuHON IiseTa 24 6MTa ¥ YacTOTOH OOHOBJIEHUA 3KpaHa
85 I';s.

4. Br1 xoture paboraTs ¢ pasperrenueM 1600 x 1200 nuxceneii,
uCcnons3ysa 16 777 216 useToB. B marasume npoaroTca BUAEO-
KapTel ¢ namarsio 512 Ko6aiir, 2 M6aiita, 4 M6afita u 64
Mobaiita. Kakue u3 Hux MOKHO KYHIUTD JJIA Barueil paGoTe?
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5.

6.

3aueM HY;KHBI BHACOKAaPTHI ¢ pasMepoM BUAeornamaTy 128 M6 u
pomee?

IIpu nevaTn 1BeTHOTO N300paKeHua Ha OyMare HCIIOIb3yeTCA
mopens CMYK. Tony0oil IBeT sSBAsAeTCA AOMOJHUTEILHEIM K
KpacHomy (morsiomiaeT ero Ha Gymare). CuHI IBeT moTIoma-
eTCA KeJTBIM, 4 3eJIeHBI — IyPIypHLIM. YepHEBIH UBET IIO-
Jy4aeTcsi, ecaI¥ HaHeCcTH Ha OyMmary Bce TPH IOIJIOIIAIOIIUX
uBeta. CKasaHHOe BhIIIe 3aHECEHO B TPY CTPOKY TabInIbI. 3a-
IOJIHUTE OCTaJIbHEIE CTPOKHY IIOC/IeAHero cToa6a TabamiLhl.

Tony6oii Kearsrit IIypuypusrit IBer
(HeT KpacHOro) | (mer cuHero) | (HeT 3eJIeHOrO)

0 0 0

0 0 1 IlypnypHsIf
0 1 0 Hearwiit

1 0 0 Tony6oit

0 1 1

1 0 0

1 1 0

1 1 1

§ 2.5. NpeacTtaBneHne 3ByKoBo nHpopmauumn

38yx — 5TO BOJHOBLIE KoJsiebaHusaA AaBJIeHUA B YIPYTO# cpe-
Ie (B BO3gVyXe, Boje, MeTalje M T. 4.). Jaa obosHayeHHA
3BYyKa YaCTO MCIOJBL3YVIOT TEPMHH <«36YK068Qs 60JHA».
OcHoBHbBIE ITapaMeTpHl JIOOBIX BOJH, M 3BYKOBEIX B TOM
YHCle, — YacToTa U aMILINTYyAa Kosebauwii. Yacmomy s3ey-
xa usMepdoT B reprax (I', KoxudyecTBo KoebaHUH B CEKYH-
ny). YenoBeueckoe yXo0 CIoco6HO BOCIPHHUMATD 3BYK B LIH-
POKOM JualladoHe YacToT, mpuMepHo oT 16 I'm no 20 xI'u. B
HETeXHWYeCKNX obnacTax (Hampumep, B MY3BIKE) BMECTO
TEPMHHEA «4YacTOTa» HEPENKO MCIOJBL3YIOT TEPMHH «TOH».
AMnnuTyRy 3BYKOBBIX KOJe(aHUII HaBBIBAIOT 36YKOBbLM
dagaenuem UMY CULOU 38YKA, T BEJINTNHA XapaKTepHUayeT
BOCIIPHHMMAaEMYIO 'POMKOCTE 3BYKa. AGCOJIOTHYIO BENUUNHY
3BYKOBOTO [JaBJEHUS HM3MepSIOT B eIWHMIAX XaBIeHMSA —
nackanax (I1a). Cameie cinabble, enBa paSJII/I‘II/IMI:Ie 3BYKH
UMEIOT aMILIUTYAY okoso 20 mixIla (2:10° Ha TaK HazblBae-
MBIH nopoz caviwiumocmu), Camele CUNBHEIE 3BYKH, eIlile He
BBIBOAAIIME CIYXOBEIE OPraHbl M3 CTPOS, MOI'YT MMeETh AMII-
autyny xo 200 Ila (rax HaspiBaeMbIil 601600 nopoe). Ms-za
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CTOJIb IIUPOKOr0 AUAalla30Ha 3HAUYeHUH (MaKcuMalbHOe U MU-
HUMAJIbHOE 3HauYeHUsi OTMHYaoTca Ha 6—7 mopazxos!) abeo-
JIOTHBIMY BeJWYMHAMY 3BYKOBOI'O JABJIEHHHA IIOJIB30BATHCS
KpaliHe Hey#oOHO, Ha IPAKTHKe OOBIYHO HCIIOJNB3YIOT J1023-
pupmuseckyo wrany deyubenos.

OTHOCHUTEIBHYIO CHJIY 3BYKA, MIN YPO6eHb 36YKaA, OIIpe-
NeA0T Kak JiorapudM OTHOIIeHMs abCoJIOTHOM BeJIWYWHBI
3BYKOBOIO AABJIE€HUA K BeJMYUHE IIOPOTa CIABIIINMOCTH, YM-
HOKEHHBII Ha HEKOTOPHIA IMOCTOSHHBIN KOo3(ppHIMEHT.
VpoBeHL 3BYKa U3MEPAIOT B OCOOBIX eguwHUIIAX — Jdeyule-
aax (obosHauatorca 05). Huke npuBopurca gopmyra pac-
YyeTa YPOBHS 3BYKa:

L = 201g(P_/P,),

rae L — ypoBeHb 3BYyKa (B AB), P, — mOpOr CABILINMOCTH

(2-10_5 Ila), P,, — pmaBienne uaMepsemoro 3syka (s lla).
JlorapupmMuueckasa MIKaaa genubesoB Ha IpaKTUKe BeCh-

Ma yroOHa, XOTs OHAYATY II0JIb30BAThCA el HeIIPUBLIYHO!:

e BeCh [WANa30H  CJABIIIMMBIX 3BYKOB  COCTaBJAET
0-140 nB: 0 1B — mopor casimumoctu, 140 1B — Goe-
BOJ IIOpOT;

e deJIOBEYECKOE YXO CIIOCOOHO YJIOBHUTL pasjidyive B I'DOM-
KOCTH, €CJIM 3BYKH OTJIMYAIOTCSA IO CUJle He MeHee, UYeM
Ha 10%, 4TO COOTBETCTBYET PAa3HUIE B YPOBHAX IPUMeED-
HO Ha 1 1B;

e [BYKDATHOE pas3jiiuie B aMILIUTYAe 3BYKOB COOTBETCTBY-
€T pasjuYuIo ypoBHel B 6 n0;

e ecJM YPOBHHM 3BYKOB oTimdaiorTcd Ha 20 gB, To amnauty-
Inel oTnmgaioresa B 10 pas, a pasauna B 40 b coorserct-
Byer 100-KpaTHOMY pPasyIMYUI0 B aMIJIUTYZaX.

lefIBe,lIeM HEKOTOpBbIC 3HaAYEeHNA ypOBHefI 3BYKa:

ITopor cABIIINMOCTH 0 nb
IlTopox aucTHEB, IMyM cJaboro BeTpa 10-20 1B
IlenoT (Ha 3agHel mapre) 20-30 ob
Pasrosop cpegueil rpoMKocTH (B Kabunere nupexTopa) | 50-60 1B
ABTOMArHCTpaJb C HETEHCHUBHBIM [BUIKEHUEM 80-90 n1Bb
ABuaapurarenn 120-130 1B
Boaesoi nopor ~140 1B
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2.5.1. MoHgTHe 3BYKO3anucu

38yKosanucy ~— 9TO IPOIECC COXPAHEHNS HHGPOPMAIHH O Ia-
paMeTpax 3BYKOBHIX BoJsiH, CIIOCOOBI XpaHeHU, WIN 3AlUCH,
8BYKa pa3fesdloTcs Ha aHaJoroBHle M Iuppossie. Ilpu aug-
102068011 3anucu HAa HOCHTENe pasMellaeTcs HellpPepbLIBHBIH
«CJIETIOK» 3BYKOBOH BOJHEI. Tak, Ha IPaMIIJIACTHHKE IIpOIIe-
YaThIBaeTCs HellpephIBHAs KaHaBKA, U3THOLI KOTOPOH IOBTO-
PHEIOT aMIIUTYAY M YacTOTY 3BYKa4, & Ha MarHHTHOM JIeHTe
IIapaMeTphl 3BYKa COXPaHAIOTCA B BUJAEe HaMarHM4YeHHOCTH
paboueil MOBEepPXHOCTH, CTelleHb HAMArHu4eHHOCTH HeIIpe-
PBEIBHO H3MEHseTCA, IOBTOPAA IlapaMeTpPhl 3BYKa.

B xoMmpoTepax NpuMeHSeTCH WCKIIOYNTENBHO Ludpo-
Bad (bopMa samucH 3BykKa. 1Ipu mudpoBoi salncK 3BYK He-
00XOAMMO ITOBEPIHYTH 8PeMEHH U OUucKkpemu3ayuu u K6au-
mosaHu: apaMeTpPhl 3BYKOBOI'O CHTHAja H3MEPAIOTCA He
HeNIPepHIBHO, a Uepes OIpefielIeHHEIE IPOMEKYTKY BpeMeHH
(BpemeHHAA AWCKpeTH3anXA); pPesYJbTATH H3MepeHHH 3a-
IIMCHIBAIOTCA B IUPPOBOM BUJE C OIPAHHYEHHON TOYHOCTHIO
(kBaHnTOBaHHE).

Boofme roepops, B KOMIBIOTeD MIPHXOAUT HE caM 3BYK,
a DBIeKTpUYeCKUiH CHTHAJI, CHHMAaeMEI#i ¢ Kaxoro-iau6o
ycTpoiicTBa: Hampumep, MHKpPodOH IpeobpasyeT 3BYKOBOE
JaBJleHHe B dJIeKTPUYecKHe KoJlebaHusa, KOTOpble B AaJbHEH-
meM u obpabareiBaloTcsa. K KOMIIBIOTEPY MOKHO ITOXKJIIO-
YNTh ¥ MaranTodoH, ¥ pafuo, U 3X0JOT — CJIOBOM, JioGoe
YCTPOMCTBO, BhIpaOaTHEIBAIOIIEE 3JIEKTPHYECKHE CHUTHAIEL.

IIndpoBas 3amMch BHOCUT ABOMHOE MCKAMEHHE B COXpa-
HAeMEbBIe IapaMeTphl CUT'HAJIA: BO-IEePBBIX, IPH AUCKPETH3A-
IUM TepAeTcHd uHpopMauud 06 HCTHHHOM H3MEeHEeHHN 3BYKa
MEXJIYy M3MEPeHNsAMH, & BO-BTOPHIX, IPH KBAHTOBAHHHU CO-

o Vicxonnniit curuait

* COXpaHXCMI)Ie 3Ha4YCHHA

Tepsiemas nupopmanus:
¢ 00 HCTHHHOM M3MCHEHUHU
BO BpEMEHH
o 00 UCTHHHBIX 3HAYCHHAX
AMTITHTYALI
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XPaHAIOTCHA He TOYHBIe NapaMeTpPHl, a TOJBLKO OJIU3KHEe K
HUM JVCKDeTHBIE 3HAYeHUA.

B xoMmmploTepax HCIOAB3YIOTCA TaK Ha3bIBaeMBle HM-
NIyJbCHO-KOLOBOE ¥ YAaCTOTHOE IIPEJCTABJIEHUS B3BYKOBOH
uHbopManuu, Aiasa o603HAYEHNA KOTODPHIX Hallle BCETo Hc-
IOJIB3YIOT HABBAHMA TEXHWYECKHUX CIIOCOGOB BOCIIpOM3Bee-
HUA 3BYKA: UMNYAbCHO-KO006aA MOOYAAYUA U 4ACMOMHAA
Mmo0ynrayus. 3gech Mbl PACCMOTPYM IIepBHI ¥3 HUX.

2.5.2. UmnynbcHO-KopOBas Moaynauna

HNmnynscHo-Komosasg monpyaanua (aura. Pulse Code Modu-
lation, PCM) sakimiouaeTcsa B TOM, YTO 3ByYKOoBadA MHGpOpMA-
U XPAaHHUTCH B BHAEe 3HAYEHUIN aMONUTYRBI, B3ATHIX
B ollpefesieHHbIe MOMEHTHl BpeMeHHU (T. e, U3MePeHud IIpo-
BOZATCA <«UMIIYJIbCAMH»).

Ilpu 3anucu 3ByKa B KOMIIbIOTED aMILIHTY AR H3MepdeTrca
Yepes paBHLIE HHTEPBAJILI BpeMeHH ¢ HEKOTOPOH JOCTATOUHO
0ONBIIOM YACTOTOM.

IIpu BocpousBeieHNN 3BYKA KOMIILIOTED MCIOJIB3YET CO-
XpaHeHHble 3HAYEHW [Js TOTO, YTOOLI BOCCTAHOBUTEL He-
IIPEPHIBHYIO (DOPMY BBIXOAHOTO CHUTHAJIA.

Hexoanmiii curuan Xpaunvag undopmatns  Bocnponssoanmelii CHIHAA

IIponmecc monyuenus nudpoBoil (GOpMEI 3ByKa Ha3BIBAIOT
oyu@posKoll. YCTpolcTBO, BHIIONHAIIee 0Iu(POBKY 3BYKA,
Ha3bIBAETCA AHAA020-YUPposvim npeobpaszosamenem (ALIII).
YerpolicTBo, BHINOJIHAIOIEe 0oOpaTHOe npeobpasoBaHme, U3
nugpoBoi GopMbl B AHAJIOTOBYIO, HARLIBAETCA UUPPO-AHANO-
zoevim npeobpasosamenem (IIAII). B coppeMeHHBIX KOMIIBIO-
Tepax OCHOBHAA 00paboOTKa 3BYKa BBHINOJHAETCS 36YKOSbIMU
kapmamu. Ilomumo AITII m ITATI 3ByxoBBIE KAPTHI COAEPKAT
CUZHAAbHBLL npoyeccop — CHENUANHM3NPOBAHHBIN MUKPO-
KOMIIBIOTED I 06paboTKU O POBAHHOTO 3BYKA, BBIIIOJIHS-
OIIUH 3HAYUTEIBbHYIO YAaCcTh DYTHHHBIX pacueToB Impu obpa-
00TKe 3BYKOB (CMellieHHEe 3BYKOB, HaJOXKeHHe celnddheKTos,
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pacueT (GOPMBI BHIXOAHOTO CHTHAka W T. II.; OEHTPAJbHBIHA
‘TIPOI[ECCOP He TPATUT BpeMsA Ha BLIOJHEHHe »TuX pabor).

Onpepenenne 12. MoMeHTEHI H3MepeHUA aMIJIUTYAbl HA3BIBAIOT
omcuemamu. JacToTy, ¢ KOTOPONl IIPOMSBOAAT KH3MeDeHU:
CUTHAJIa, HA3BIBAIOT yacmomoli Juckpemusayuu.

Keanmosanue 3ByKa 3aKjioouaeTcsa B ciefyronieM. CHa-
YaJia MT'HOBEHHBIE 3HAUYEHHS 3BYKOBOTO JABICHHA H3Meps-
I0TCA ¢ OTpaHMYEHHOM TOUHOCTBIO, 3aTeM, Kak M B ciydae
C KBAHTOBaHHEM IIBETOB, AWANA30H 3HAUEHHN aMIIUTYAEI
pasbuBaeTcsa Ha IoAypoBHU. Ilo M3MepeHHOMY 3Ha4eHUIO
oIpefesdeTcd IOLYPOBEeHb, B KOTODEIM II0OIajaeT 3HAUYEHUe,
M B KOMIBLIOTEPE COXPaHAeTcA TOJBKO €ro HoMmep. Koamue-
¢TBO OUT, MCIOJIB3YEMEIX JJIA 3aIlICH HOMEPOB NOLYpPOBHEH,
HasbIBaeTCHA 2AYOUHOU KOOUpPOBAHUS 36YKa.

Ecau cpaBHETE criocoOH npencTaBiieHnd rpaduyueckoil u
3BYKOBOH HMH(pOpMaINM, TO KMIOYJIbCHOE KOAMPOBAHUE 3BY-
Ka COOTBETCTBYET PACTPOBOMY IIDeACTaBJeHHIO M300parke-
HHUHA:

e CTPYKTypa 3ByKa (B rpadbuxe — usobpakeHusa) He aHa-
JIN3UpPYeETCs;

e BpeMsa (B rpadpuke — npOCTpch'rBo) alpruopu pa36n3ae'r-
cs Ha HeOosbInve o0JacTH; B IpefesiaXx 3THX obJaacTel
mapaMeTphl 3BYKa (M300pakeHMs) CUMTAIOTCH IIOCTONH-
HBIMH.

IIpu paccMOTpeHHH IpejcTaBieHHd Ipadudeckodl HH-
thopManum ynoMHHAJNOCh, YTO pacTpOBOe NDEACTABIEHME
nzobpaxkenna He TpeOyeT XpaHeHUs KOOPAWHAT OTAENLHBIX
NHKceJeH., AHAJOTMYHO, IPH COXPAaHEHHUHM HMIIYJIBCHOTO
npeAcTasjIeHNA 3BYKa HOCTATOYHO EIMHOMKIBI COXPAHHUTH
napaMerpsl OLMGPOBKU (IMTyOMHY KOAMPOBAHWA, YaCTOTY
OUCKDETH3AINKN ¥ JJUTEeJNbHOCTH 3BYKOBOIO (parmenra),
a 3aTeM COXPaHATH TOJHKO HOMEepa NOAYPOBHEM eJUHBIM IIO-
TOKOM.

YBequuuBaa 4acTOTY OUCKPETH3AIMU M IVIYOMHY KOIH-
POBaHMA, MOKHO 00Jiee TOYHO COXPAHUTL M BIOCJIEACTBHUIU
BOCCTaHOBUTHL (POPMY 3BYKOBOI'O CHTHasa. IIpum aToM yayd-
maeTcs cYyOBeKTUBHOE KAYecTBO Ol POBAHHOTO 3BYKa, OX-
HakKo yBeJHUHBaeTca o6beM COXpaHAeMBIX JaHHBEIX. Ilpm
MUGPPOBOH 3aIKCH 3BYKA B PABAHYHBLIX CIYYAAX MCIIOIbL3Y-
JOT pasHEBle 3HAUEeHHUS YacCTOThl AMCKDPETH3AIlMM M IIyOHHBI
KojupoBaHud. Hanpumep, B IUPPOBBIX AaBTOOTBETUHKAX
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HCIIONB3YIOT YacToTy guckperusanuy 8—-11 xI'u u 8 6ur mis
3aHMHCH aMIIUTYABI, & CTAHAAPT B3alMCH 3BYKa Ha KOM-
HaKT-ZUCKaX COOTBETCTBYET 4YacTOTe JOUCKDPETH3aLHH
44,1 k' 1 16 OuT Qig aMIUIATYLEl Ha KaXIBIH ayauo-Ka-
Hax (CTepeo3BYK — 2 KaHaja, MOHO — ONWH KaHaJ).

ITpumep 28. Onennm o0beM crepeoayguodaiiia B dopmare PCM
¢ rn1y6uHOM KoAmpoBaHuA 16 6MT M 4acTOTON OUCKpeTH3a-
nuu 44,1 k'O, KOTOPHIH XpaHUT 3BYKOBOH (QparMeHT AJIH-
TeJBLHOCTBIO 3BYUYaHUA 1 cexyHIa.

O0beM Taxoro 3BYKOBOI'O (hparmMeHTa paBeH:
16 6ur x 44100 I'm x 2 (xamanma) = 1 411 200 6ur =
=176 400 6anr ~ 172,3 Kbaiir. O

Bosuukaer BIIOJIHE eCTeCTBEHHEIH BOIIPOC: JO KaKoOM cTe-
IIeHN MOJKHO YMeHBIATh TapaMeTphl oG poBKHU (a 3HAUUT,
u obbeM ouMbpPOBAHHOTO 3BYKOBOrO (parmMeHTa), UTOOHI
TIpKM BOCCTAHOBJIEHMY 3BYK OCTaBAJICA NOCTATOYHO OJMB30K K
HCXOAHOMY?

B 1928 roxy amMepuKaHCKHUI WHiKeHep ¥ ydueHbl# ['appu
HaiikBucT BBICKA3aJ] YTBEPIKAEHHE, YTO YaCTOTA GUCKPETH-
3anyy ROJIKHa ObITh B ABa mau OoJsiee pasa BHIIIIE MaKCH-
MaJbHOM YacTOTHI H3MepseMmoro cursana. B 1933 rozy co-
BeTCKUH yueHbId B. A, KoTeIbHNKOB 1 HE3aBHCHMO OT HETO
amepukanckuil yuennli Kiuop Illennon chopmynupoBanm u
IOKa3aju TeopeMy, Gojlee CHIBHYIO, UeM yTBep:KIeHHe Haii-
KBHCTa, O TOM, IIpM KaKMX VCJIOBHAX M KaK II0 JUCKDETHBLIM
3HAYEHUAM MOYKHO BOCCTAHOBUTH (OpPMY HENPEPLIBHOIO CHT-
Haja. Ora TeopeMa B Poccum HaspiBaeTca Teopemoil Kortenb-
HUKOBa, Ha 3amane — Teopemoii Haltksucra—IllenHona; ects
y Hee H «HeHWTpabHOe» Ha3BaHWE — /meopema of omciemax.

KorenpHukos BiuaguMup AnekcaHAPOBHY
(1908 r. p.), akagemuk AH CCCP, obnacts HAyU-
HBIX HHTEPECOB — paauoTexHuKa. OCHOBHEIE
TPY/Abl MOCBALIEHE! TpobaeMaM COBEePIIEHCTBOBA-
HUA METOLOB pPAJMONpPHUeMa, H3YUEeHHIO IIoMex
paguonpueMy ¥ paspaborke MeToZoB GOpwOBI ¢
HUMH.

B. A. KoreinpHHKOB
Teopema HaifikBucra—HKorensnukopa—IlleHHOHA yTBeEp-

KOAET, YTO ecyy uMeeTca curHan U(t), CIeKTp KOTOpOro
OrpaHUYEH CBEPXY 4acTOTOH f, TO [ocje ero AUCKPeTU3ANHT
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c uactotoil F > 2-f popMy MCXOLHOI'O CUTHAJIA MOYKHO TOYHO
BOCCTAHOBUTEL 110 AHUCKPETHLIM 3HAaUeHMAM (OoTCYeTam), IIO
ciaenyiomen gopmye:

& sin(2nF(t — kAt))

Uty = 2, Utkar) 2nF(t — kAL)

k=~

toe At = 1/F — BpeMsa MeXIy OTCYeTaMH,
kAt — Bpemsa k-ro orcuera,
U(kAt) — 3HadeHme Ek-To OTCUETA.

Ilokasxem, moueMy dYacTOTAa JHCKPETH3ALHU [OJLKHA
OLITH KAK MHHMMYM BABOE BBIIIe YACTOTH CUTHaNa. [lomy-
ctuM, Ha Bxox AIIII 651y mogaH CHHYCOUAAJIBHBIN CUTHAJ,
m AIIl Brigan ero nudpoBoe mpexcraBieHue. Bompoc:
MOJKHO JI¥ OJHO3HAYHO OIIPEAENUTE (GOPMY BXOLHOTO CHT-
Haga?

OTBeT Ha IOCTABJIEHHBIN BBINIE BOIIPOC ITOJydYaeTcd VAPY-
YaOIMUA — pellieHre He eJUHCTBEHHO, JarKe CHHYCOHUAAJb-
HBIX CHTHA&JIOB, HMEOINX TaKoe IHdpoBoe IIpeAcTasiieHue,
HecKoabko. Tounee, MOAXOZAMINEe CUHYCOUARBL 00Pa3yIOT ABA
OeckoHeUYHEIX cemeidcTBa, Ha pwmc. 2.3 1m0 TOPUBOHTAJIBLHOMN
OCH OTKJIaJbIBAeTCH BPeMsd, II0 BEPTHKAIBLHON — aMILIUTYAA
CUTHAJIa; TOJICTHIEe BepPTHKAJbHBIE JIMHHUKM 0003HAYAIOT U3Me-
peHHBble 3HadueHUs; CIJIOIIHOU JWHHENl OTMeUeH CHHYCOM-
JaJIbHBIA CUTHAJ ¢ HU3KOH YaCTOTOM; INyHKTUPHON NHHMEH
OTMEUYEH CHUHYCOMAAJNbHBIM CUTHAaJI ¢ BBICOKOH YacTOTOM.
ITOT IpHMep NOKAa3EIBAET, UTO 10 OJHUM JUIIEL OTCYETAM MBI
IPUHIUIINAJIBEHO HE MOXKeM OIpPeNeNuTh XapaKTepHUCTHUKHU
BXOJHOTO CHUTHAJNA (3TO, KCTATH, ABJIAETCS CJIEICTBHEM TOIO,
YTO IIPU TUCKPETHU3AIMHN HelTPeDPBIBHEIX CUTHAJIOB Y&CThL HH-
thopmanum yrpaunBaercsa). OgHaKo ecim HoTpebOBATE, YTOOE!
YacToTa KCKOMOIrO CHI'HAJIa He IIPeBOCXOAMIA IIOJIOBHHEL Yac-
TOTHI AUCKPETH3AHNU, TO pelieHue OyAeT eIHNHCTBEHHBIM.

A A (ammuTyna)

Puc. 2.3
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Boobmie rosopa, Tounas (popMynaHpoBKa Teopembl Haii-
kBucTa—HKoTenpHUKOBA MPUMEHNMA TOJBKO K CHTHAJIAM C
HEeMSMEHHBIMY YACTOTHBIMY XapaKTePUCTHUKAMM U OecKo-
HeYHON IJIWTEeJBbHOCTHIO, TAK 4TO AAA onmbpOBKM peajb-
HBIX 3BYKOBRIX CHUTHAJIOB YacTOTy AMCKpeTHM3anuy BuIOHpa-
0T ¢ He(OJBIIINM 3alacoM.

IIpumep 29. IlpogeMoHCTpHpPYeM UCIOIL3OBAHNE TEOPEMBI
HaiikBuctra—KoTeNbHNKOBA Ha IPaKTHKeE.

CoToBrle TenedOHB M LUHQPOBBIE ABTOOTBETUUKHU IIPEH-
HasHaUYeHH! IJIA Iepefady/3aillcy rojioca YejoBeKa, CIeKTp
YACTOT KOTOPOTO AOCTATOUHO Y30K (He Hosee 3 xI'n), moaro-
MY B HHMX HCHOOJNL3YETCA HH3KAA YacTOTa LUCKDPETH3ALNH
(o6pruHO 8-—11 kI'1). 3BYKOBLIE KOMIAKT-ZHCKM (aHIJI.
Audio CD) npejgHasHaueHbl I 3alKcK B IuppoBoil popme
J1000TO 3BYKOBOT'O MaTepHaja C BEHICOKMM KadecTBoM. [ljisa
YeJIOBEYECKOTO yXa HauboIblIad CABIIINMAas JacToTa 3BYKa
cocraBiasieT oxono 20 kI'y. ITosTomy B crangapre Audio CD
NpUXOAUTCA KCHOONB30BATH YACTOTY AUMCKpermsanmy 44,1
k' (g0 Beero Ha 10% mnpeBoCXOmuT VEBOEHHYI0 HamboIb-
YO0 CABIMNMYIO 4acToTy). IIpnbophl ¢ HM3KOH wacTOoTOH
OUCKPEeTU3aluy B IPHHINIIE He CIIOCOOHE! 00eCIIeYnTh Kaye-
CTBO BOCIPOM3BEACHNA, KAKOe JaeT KOMIAKT-XUCK: IIOIpO-
OyiiTe sanucaTh MY3BIKY ¢ KOMIAKT-IHCKa HA aABTOOTBET-
YUK, a 3aTeM IIPOCIyIIaiTe ee — Pa3HUIA B KadecTse OyHeT
JIerKo ormyTuMal

2.5.3. ®opmar MIDI

B 80-x ropax mpomioro BeKa NOABWINCH 2JeKTPOHHBIE MY-
3BIKAJILHBIE HHCTPYMEHTHI ~— CHHTe3aTOPHI, CIIOCOOHEIE BOC-
IIPOU3BOLUTE He TOJBKO 3BYKH MHOTHX CYIIECTBYIOIHX MY-
BBIKAJILHBIX MHCTPYMEHTOB, HO ¥ aGCOJIIOTHO HOBBHIE 3BYKMU.
Brino paspaborano corsamieHue 0 CUCTeMe KOMaHJ YHUBeD-
CaJbHOTO CHHTE3ATOpa, IMONYyUMBIIee HA3BaHUe cmaHdapma
MIDI (aura. Musical Instrument Digital Interface). 3a-
IIMCh MYSBIKAJIBHOTO IIpousBeneHuA B hopmate MIDI — mo-
CJIeZOBATEJILHOCTD 3aKOAMPOBAHHLIX COOOIIEHNHE CHHTE3aTO-
py. Coobienue mMoxcer OBITH KOMAHAOMN (HAXKATH UJIH OTIYC-
TATH ONUpeJeNeHHYI0 KJABUINY, HN3MEHHTb BBICOTY MU
TeMOp 3BYdYaHMS), ONUCAHHEM IapaMeTpPOB BOCIDOM3Beje-
HuA (HanpuMep, CHJIBI JABIeHHs HA KJAABHATYpPY) WIH
VIPaBAAMUM coobmenreM (BKJIO4YEHWE NONMUGOHNYECKO-
TO peXxuMa, CMHXPOHUSHDYIoIlee coobmienue).
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MIDI-xomMaHIEI JeJaloT 3alKiCh MY3bIKalbHOU HHPOPMA-
Uy Oojlee KOMIAKTHON, UeM HMIOYJIbCHOE KOAHPOBaHIUe.
Ecnu cpaBHuTh CIlIoco0BI IpeAcTaBIeHHA TIpa@UUeCKOll u
3BYKOBOII MHGpOpMAIMK, TO 3aluch 3BYKa B Buie MIDI-
KOMaH/[ COOTBETCTBYET BEKTODHOMY IIDEJCTaBJIEHUIO U300-
paKeHHH.

3anucaHHble 3BYKOBble (hailabl MOIKHO DeJaKTHPOBATD,
T. €. BHIpPE3aTh, KOIMPOBATH M BCTABJATH (pParMeHThl U3
apyrux ¢aios. Kpome Toro, MOXHO yBeJINIUBATL HIU
YMeHBIIATE, I'DOMKOCTL, IPHMEHATH Da3JMYHBIE 3BYKOBBIE
3¢pdexTs (X0, YMeHBbIIeHHe HNIU yBeJIWdeHHe CKODOCTH
BOCIIPOU3BEeHHsI, BOCIIPOU3BeIeHUe B 0OPAaTHOM HaIIpasJie-
HUY ¥ 7P.), & TaKKe HaAKJIa#beIBaTh (aifinel IApyr Ha gpyra
(MuKwuposams).

2.5.4. NpuHLUMNbI KOMNLIOTEPHOrO BOCNPON3BeAeHUsA
3ByKa

Ilpu BocmpomsBezeHHM 3ByKa Ha KOMIIbIoTepe IH(PppoBoe
IpeACTaBJIeHHEe CUTHAJA IpeobpasyioT o0paTHO B aHAJIONOBYIO
HeIIpepBIBHYIO (hopMy. Kak yKe yIOMHHAJIOCH, pacdeT mapa-
METPOB BLIXOZHOIO CHIHAJIA BBITIOJIHAET CUTHAJILHBIN IIpolec-
COP, a TeHepaL[HI0 aAHAJOTOBOI'O JIEKTPHUYECKOr0 CHUI'HaJla BEI-
nonaser ITAIL (mudpo-aHAIOTOBEH IIpeoGpa3oBaTesh).

B coBpemenHOI nudpoBoil 3ByKOTeXHUKe (HaIIpuMmep,
B KOMIIBIOTEPHBIX 3BYKOBBIX KapTax) HUCIOJIbB3YIOT HECKOJIb-
KO MEeTONOB PEeKOHCTPYKIHU (OpPMBI aHAJIOTOBOTO CHIHAJA.
ITH MeTOABI CUJIBHO OTJINYAIOTCA IPYT OT Apyra Jaske Haesd-
MU, B3ATBHIMM 3a UX OCHOBY.

O6mzM B MeTOZaX PeKOHCTPYKIMHU (POpPMEBI CHTHAjA SAB-
JIAETCA TO, UTO IIM(PPOBOM CHTHAJ CIEPBA IIOLBEpraeTcs ne-
peduckpemusayuu — yBeIUIEHUIO YACTOTHL JUCKPETU3AIUYN
¥ ryOMHBI KBAaHTOBAHMS B HEeCKOJBKO pa3 (Hampumep, Io-
TOK 8BYKOBHIX AaHHBIX ¢ Audio CD c gacToToi guckperunsa-
nuu 44,1 xI'n, 1 roy6uHOM KBauTOBaHKUA 16 OUTOB, B 3BYKO-
BOIl kapTe mpeobpasyercd B IMOTOK € YACTOTONH AUCKpeTH3a-
nun 192 xI'm u roy6uHOl KBaHToBaHUA 24 6uTa).

s BuIUMCIACHMS aMILIUTY[ CHUTHAJIA BO BCTABJEHHBIX
HOBBIX OTCUeTaX HCIOJB3YIOTCA pAasJWYHBIe MaTeMaTH4e-
CKYe MeTOLbI, HAIIPUMED NOJAUHOMUALLHASL UHMEPRONAUUA.
CyThb 9TOr0 MeTo/la COCTOUT B TOM, UTO IIO U3BECTHBEIM 3Haye-
HAAM QyHKIUHR f(x) B JUCKPETHBIX MOMEHTaX BPeMEHT x5
Xgy «+»» X, MBI MOXK€M BOCCTAHOBUTDL €€ 3HAUeHHA B APYTUX
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TOYKaX X, T. €. II0 HECKOJBKMM IIOAPA] UAYIIUM OTCUETAM
MOKHO IIOCTPOHTEL WHTEPHOIANMOHHEIA MHOTOYIIEH, IIPOXO-
AALIME Yepes 3afaHHble TOUKHU (HAIPUMED, MHTEPIOIALY-
OHHEIM MHorounen Jlarpamia). Ilo «crapeiM» 3HaYeHHAM
OTCYETOB CUTHAJIA BRIYUCIAITCA KOdPIUIIMEeHTH MEOTOYIe-
Ha, X ¢ UX IIOMOUIBIO BRIYUCIAETCA AMILIUTYAA CHUTHAIA B

OTCYeTaX, KOTOPhle BCTABJISIOTCA IPH IHepeJUCKPeTU3allun
(pmc. 2.4).

. seeresnnes WHTEPHOTATAA
o ———— MHcxopubie oTcueTh

5 —— JJoGaBieHHBIe OTCUETHI

t tivl tivg 1
Puc. 2.4

Ilocne mepenuckperusanuy IHUDPOBOU CHUTHAM C IIOMO-
msio ITAIT npeobpasyercs B CTYHEeHYATHIN aAHAJOTOBLIM CHT-
HaJl. ITOT CTYIEeHYATHIA CUTHAJ IIPecTaBiaAeT cobol cyMMy
0KU/JaeMOI'0 BEIXOZHOTO CUTHAJIa M TaK HashbIBaeMOTo Ilapa-
BUTHOTO CHTHala JucKperusanuu. IlapasuTHBIE curHaI
UMeeT MaJIYI0 aMIUIMTYAY U OYEHb BRICOKVIO HacTOTy. Bri-
xomHo# curHal IJATI mpomyckaeTca 4uepes nponycKarOuuil
GQuabmp HU3KUX wacmom, KOTOPBIM NogaBJsAeT BBICOKOYAC-
TOTHBIE COCTABAAIOIIME CUTHaka. Takol TeXHHYeCKUH IpU-
eM [O03BOJdAeT JoOUThCA KaueCTBEHHOH pPEKOHCTPYKIHNHU
(opMBI aHANOTOBOTO CHUTHAJA IIPU IPOCTOH peanm3amuu
9JIEKTPOHHEIX cXeM (cM. puc. B llpumoxeHum).

Bonpocbl u 3apaHus

1.

2.

3.

Kaxum ob6pasoM mpoucxogut mpeofpazoBaEne HelIPePHIBHO-
I'0 3BYKOBOT'O CUTHAaJIA B AUCKPETHHIN udpoBoi Kog?
[TepeuncanTe JOCTOMHCTBA U HEOCTATKY ABYX CIIOCOGOB 3By-
KO3alucH: UMIyNbcHOM MoAyasanuu u MIDI.

MoxxHO 1m 3amucaTh ¢ IMOMOIIBI0 CHHTE3aTOPa BOKAIbHBIE
IIPpOUBBEACHUA?
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4. OuenuTe mHMOPMaNMOHHBIH 00BeM MoHOayAuOGanIa IJIH-
TeJLHOCTBIO 3By4aHua 1 MUHYTa, ecay INIyOMHA KBaHTOBA-
HUS ¥ 4aCTOTA GUCKPETH3ally 3BYKOBOT'O CUTHAJA DaBHBI
coorBeTcTBEHHO 16 6uT u 8 KI'L.

5. PaccunTaiiTe BpeMd 3By4aHHs MOHoayzmodaiiia, ecau npu
16-6uTHOM KOAMPOBAHMM M HacToTe JucKpeTtusanuu 32 k'
ero obbeMm paser 700 KoaiT.

§ 2.6. MeToabl cxaTtnsa umdpposoin uHbopmauum

XapakTepHOoil 0COGEHHOCTHIO OONBIIMHCTBA «KJaccuue-
CKHX» THIOB MHMOPMAIMH, C KOTOPHIMHM paboTaloT JIOAH,
ABJIAETCA MX U30blMOYHOCMLb.

IIpnmep 30. B pycckoM sA3bIKe CYII[eCTBYIOT CJIOBa, OJHO3HAYHO
IIPOYNTHIBAEMEIE B CIydae «IIOTEPH» HEKOTODHIX OykB. Ha-
npumep, C HT BPb, MOC _, II P _BO. Kpome Toro, nmmes
TEeKCT HAa PYCCKOM HA3BIKe C <«IIOTEPAHHBIMH» OYKBaMu, de-
JIOBEK, JOCTATOYHO XOPOIIO BJIAZEIOIIUN DYCCKUM S3ZBIKOM,
MOJKeT OJHO3HAUHO BOCCTaHOBHTL ero. Hampumep, BhI Oes
TpyAa HPOYMTAETE IpPeasoKeHlUe ¢ IPOnyIleHHBIMU OyKBa-
mu «JIm T uit UBa oB _ MeHa_jne B — B_J_KH_ PyC_KHH
X_Muk». ODHAKO eclIH 2TO IpejJoxKeHue OyJeT YUTaTh WHO-
CcTpaHeIl, e/lBa 3HAIOMIUI PYCCKUH ABBIK M PYCCKYIO HCTO-
PHIO, TO OH, CKOpPee BCEero, He CMOKeT ero MOHATL. MEI, HO-
CHTeJIY PYCCKOTO SI3BIKA, MOMKEM C JEeTKOCThIO BOCCTAHOBUTDH
OKOHYAHUSA, OPONVINeHHBIe OYKBBI B cJOTax, Hoxobpars
MOAXOOAIINe ciIoBa (M3 TeX, YTO HaAM M3BECTHEHI). A HHO-
CTpaHIly IPOCTO He ¢ YeM CPAaBHUBATH IOJydaeMyio HHGOD-
manuio. Takum obpasom, A HOCHUTENA A3bIKAa OOBIYHBIN
CBABHLIA TEKCT HA €ro POJHOM $S3BIKe COJAEPUT m30BITOU-
HYI0 HHPOPMAINIO — ee MOYKHO YIAJINUTh, HO CMBICJI TEKCTa
L7151 HETO COXPaHUTCH. O

IIpnmep 31. OgHMM M3 ONPUMepPOB IIPOSABIeHUA HU3OBITOUYHOCTH
HH(pOPMaIlUK M ee CXKATHA ABJAETCS HCIONL30BaHUE Mare-
MaTHYecKux obosnauvenuii. Hanpumep, cymma uucern 2, 4,
6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36,
38, 40 zamuceIiBaeTcA Tak:

2+4+6+8+10+12+14+16+ 18+ 20 + 22 +
+ 24 + 26 + 28 + 30 + 32 + 34 + 36 + 38 + 40.

Herpyzeo 3ameruTs, YTO 3Ta CyMMa COCTaBJieHa M3 BCEX
YeTHBIX uHcesa oT 2 xo 40. Mcroabp3ysa MaTeMaTHYeCKYIO HO-
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TAaHU, 3Ty CYMMY MOXHO 3allucaTb HaAMHOI'O Kopoue:
20

Zz-i. WTak, BRes HOBhIe O0O3HAYEHWA, MEL CYMEIH CO-
i=1

KPaTHTh 3alMCh MATEeMATHYECKOro BHIPAKEHUS, a 3HAUWT,
cacame ungopmayur. OgHako eciau nepBas dbopMa 3anucu
NOHATHA JI0060My, KTO YYHI a3bl MATEeMATHKH, TO BTOpag
IIOHATHA TOJBKO T€M, KTO 3HAEeT, KaK CIeAyeT UHmepnpemu-
poeampu 3Ty 3aMUCh.

IIpumep ¢ cyMMO# ITO3BOJIAET IPOAEMOHCTPHUPOBATD eIlle
OfHY OCOGEHHOCTh METOJOB CIKATHUA — CMeENneHb CHAMUus
BXOZHBIX JaHHBIX OPUHIAIKAJIBHO 3ABHCHUT OT CAMHUX CIKH-
MaeMBIX JaHHBIX. Tak, 4TOGLI BOCIIONB30OBAaThbCcA 0603HaUe-
HEeM CYMMEI, HaJO HaWTH (popMyJy, BHIPAKAKINYIO CKJIa-
IbIBAEMEIE YHCIIA Yepe3 MHAeKc cymmupoBanusa. M xora ka-
Kylo-Hubyde (opMyly MOMKHO BBIBECTH [AJA J0060H
KOHEYHOH IocJIefOBATENBbHOCTH (Hamp¥Mep, ¢ IIOMOIbIO MH-
TepnoJsinuoHHoi popmysnsl Jlarpan:ka), HO BOT KOMnaKm-
Hyto dopmyay nomobparh ypaerca galeko He scerga! Ilpu-
Mep «ILIOX0#» MOCJefOBaTEILHOCTH!

102 + 103 + 105 + 107 + 111 + 113 + 117 + 119 +
+ 123 + 129 + 131 + 137 + 141 + 143 + 147.

Kakoe 4HCIIO B JAHHOM PAAY ITOJAY49eHO IpubaBieHueM
100 x upocromy uuciay. YBBI, obmas (opmysa And Bcex
IMPOCTHIX YHCEN JO CHUX IIOD He HalijeHa, PAaBHO KaK He JOKa-
3aHO CyIIecTBOBAHHE WJIM OTCYTCTBHE TaKo#l (HopMYyJIbL
(npobieMa «reHepaTropa IIPOCTHIX uYmcesd»). Bupouem, gna
KOHEYHOTI'0 YIMCJIA MPOCTBIX YKCEJ MW JJIA IPOCTBIX YUCET C
0Cco60l CTPYKTYPOH GQOPMYJIIBI-reHepATOPLI CYILECTBYIOT.

Ianum GopMasbHOe OIpefeseHne U3OEITOUHOCTH HHPOD-
MaIuu.

Onpepenenne 13. KogupoBanue mHbOpMANUU ABIAeTCA u30bil-
MOYHbLM, eclIi KOJUYEeCTBO OUT B IOJYIEHHOM Koae GOJib-
e, 4eM 3TO HeoOXOAMMO [IJIsl OZHO3HAYHOrO JeKOIHpOBa-
HHUA HCXOAHOM WHQpOpPMALNU.

CremeHs M3OBLITOYHOCTH 3aBHCHUT OT THUIIa MHMoOpManum:
y BuAeomH(OpMAIlUN OHA B HECKOJbKO pas Ooiblle, ueM
y rpaduyecKoi nHGOpMAaINH, a cTeneHb N30BITOUHOCTH II0-
cjegHell B HeCKOJbKO pas 0oJjbllle, UeM TeKCTOBOI WHQpOP-
Manuu. Boolige, cTelleHb M30BITOYHOCTH €CTECTBEHHOH WH-
dopmanum gocrarouno Beamka. Knog HlerHoH, ucciaegoBap
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U30BITOYHOCTD JINTEPATYPHOI'O aHIVIMHCKOTO A3BIKA, YCTaHO-
BHJI, YTO OHa cocTaBiseT OKosio 50%. OTo0 ozHaudaeT, YTO
ecnu B aHTIMHCKOM TeKCTe Hayral CTEpPEeTh OKO0JIO II0J0BU-
HBI OYKB, TO IO OCTABIIMMCA GYKBAM UeJOBEK, 3HAIOIIUH
aHTINHCKUN A3LIK, [IOYTH HaBepHAKA CMOXET BOCCTAHO-
BUTE TeKcT. MI36LITOYHOCTL A3LIKA BBINIOJHAET OUYeHb BAXK-
Hyo GYHKOUIO — ofecIedYrBaeT YeJOBEKY HANEKHOCTH ee
BOCIIPHATHA, 0CODEHHO B HeOMaronpruATHEIX YCIAOBUAX (IIPO-
CMOTD TeJjlellepesiad IIPY HAJIWYNY IIOMEX, YTeHHe TEKCTOB B
VCI0BHAX HEJOCTATOUHOMN OCBel[eHHOCTH, DPasdTOBOD B BATO-
He MeTpo M T. IL.).

XpaHeHHe U Nepefada HHPopmanuu TpebyoT onpeseleH-
HOM 3aTpaTh! pecypcoB. CixaTue DaHHBIX (1Iepes COXPaHeHHU-
eM HJM Iepefadell IO KaHajlaM CBASH) IO3BOJAET YMEHb-
IINTh, 5TH 3aTparhl. Ha mpaktuxe Takwe 3arTpaThl MOXKHO
Jaxke BBIPASHUTE B NeHEXHOM sKBUBAJIEHTE: HAIIpUMeD, Ha
ckaunpanue U3 MHTepHETa CixaTOro MY3LIKATIBLHOTO (aiina
norpebyeTca MeHbIle BpeMeHH, a 3HAUMUT, IPUIETCHI MEHb-
Ile 3alJaTUTh JeHer 3a II0JL30BaHUEe MHTEepHETOM.

IlepBrie TeopeTmueckHe pPazpaloTKH B OOGJACTH CrKaTHA
uHpopManuu oTHOCATCS K KONy 1940-x romor, xorga 6elia
onyonukoBaga crathd K. Illeunoma «Martemaruueckas Teo-
PUA KOMMYHHKAITHAH».

2.6.1. Anropntmbl 06paTuMbIX MeTOAO0B

Bce MeToppl cikaTma MOYKHO IOAENHTH Ha ABA OOJBIIHX
Kiaacca. OfHU aIropUTMbI TOJNIBKO M3MEHSIOT CIoco6 Ipen-
CTaBJI€HNA BXOLHBIX JaHHBIX, IDUBOAA MX K (popMe, KOTO-
pas 6ojiee KOMIIAKTHO KOAKMPYyeTca. TaKkue ajropUTMBI IIPHU-
HATO HA3BLIBATE 00pAMUMbLMU, TIOCKOIBKY AJid HAX CYIIeCT-
BYIOT 00pamibie alzOpUMMbi, KOTODBIE MOTYT MOYHO
BOCCTAHOBHTE MCXOJHEBIC JaHHBIE U3 CIKATOro Maccuba. [py-
Tue aJITOPUTMBI BEIAENAI0T BO BXOAHBIX JAHHBIX CYIIECTBEH-
HyI0 MHQOPMAIMIO U TY YACTE, KOTOPOH MOXKHO ITpeHeGpeysn
¥ YAAJINUTH, TI0CIIe Yero OCTABHIMECH «CYIIEeCTBEHHBIE» JaH-
HEule IOABEpraioTca AajbHelllleMy cikaTuio. Takue aaropur-
MBI IPHHATO HA3ZBIBATEL AJITODUTMAMU C pezyrupyemoil no-
mepeil UHPOPMAYUU.

Onpenenenne 14. MeTon coxaTusa Ha3BIBaeTCsa 00pAmMuMblm,

€CJIM M3 NaHHBIX, IIOJYYEHHBIX IIPM CKATHU, MOXXHO TOYHO
BOCCTAHOBHTD HCXOAHHﬁ MaccuB JAHHBIX.
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O6paTtuMble MeTOABI MOXKHO IIPUMeHSTE AJIS CHKATUA JII0-
ObIX THIIOB JAHHBIX. XapaKTepPHBIMu ¢dopMaTaMu (paiiios,
XPaHAIINX CXaTyio 6e3 oTepb MHGOPMAIIMIO, HABJIAITCA:

e GIF, TIF, PCX, PNG — nqua rpapmyuecKux AaHHBIX;

o AVI — nmna BHUIeOJAaHHBIX;

e ZIP, ARJ, RAR, LZH, LH, CAB — gna no6bIx THIOB
IaHHBIX.

CymiecTByeT [gOCTAaTOYHO MHOIO OODAaTHMBIX METOJOB
CXKATUA JAaHHBIX, OQHAKO B UX OCHOBe JIEKHT CPABHUTEIBHO
HeboJBIIOe KOJNWIEeCTBO TEOPETHUECKHX AJTOPUTMOB, KOTO-
pbie MBI paccMoTpuM 6ojiee moxpobxO.

MeToA ynakoexku

CyTs Memoda ynaxkosku 3aKI049aeTCa B YMeHBIIEHNH KOJIH-
gecTBa 6T, OTBOAUMEIX I KOLUPOBAHKS CHMBOJIOB, €CIIH
B CXXHMaeMOM MAacCHBe [JaHHBIX LIPUCYTCTBYET TOJLKO He-
fospmIas JacTh HCIONB3yeMoOro andhaBuTa.

IIpumep 32. HonycTuMm, BXOZHOI TEKCT COCTOUT TOJBKO U3 Je-
CATUYHON 3aNMCH IeJBIX YKCeJ U 3HAKOB «MHHYC», paske-
JeHHBIX npobenamy (Hampumep, «280 — 1296 48 40 365
— 159 13 777»). MHOXeCTBO CHMBOJIOB, BCTPEUAIOIIUXCH B
TaKOM TeKCTe, COCTOUT Bcero u3 12 cumBoi0B (LH(PLL OT
«0» 0 «9», 3HaK «—» (MuHYyC) 1 1pobei). aa KOAUPOBAHUA
TaKoOro KOJHUYECTBA CHMBOJIOB JOCTATOYHO BCEr0 YeThIpex
6ur, mesjoro balTa AysA TOTO MHOrO. Eciy ymnaxkoBaTh KOABL
JaHHBIX CUMBOJIOB B 4 6uTa (HanpuMep, Tak: «0» — «0000»,
«1» > «0001», ... «9» > «1001», «—» — «1110», mpo-
besr — «1111»), To MOkHO 6yAeT KOGUPOBATL IO ABA CHM-
BOJIA BXOJHOTO TEKCTA OJHUM 0AHTOM B BHIXOLHOM MACCHBE.
B pesysbprare monyumM OBYKPATHOe ckaTHe BAHHEIX. Pop-
MaT 3aIlBCH Yucesl, IPH KOTOPOM UMCIIO 3aIlMChIBAETCA B Jie-
CATHYHOU CHCTeMe, a HHDPHI YKUciIa KOGUPYIOTCA 4-0UTOBEI-
MU KojaMu, HaspiBaeTca BCD-dopmartom (Binary Coded
Decimal, nnu pBOMYHO-ZeCcATHYHAA zamuch). BCD-popmar
HepefKO MCIONb3yeTCA B IIPOrPaMMHpPOBAHHUU AJd Xpaxe-
HUS IeJIBIX YHUCel, HanpuMep B 6a3ax gaHHBIX.

IIpumep 33. Bxogmuoit Texkcr «KOJI_OKOJIO KOJIOKOJIA» co-
JePoKUT Bcero 5 pasmuYHBIX CUMBOJIOB («K», «O», «JI»,
«A» u mpofei), caezoBaTeNbHO, KaXXIOBIA CHMBOJ MOXKET
OBITH 3aKOSUPOBAH TpeMs OHTaMHK. Bcero B MCXOAHOM TeK-
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cre 18 cumBon0B, Tak uyTo morpebyerca 18:3 = 54 Oura.
OKpyriuB 370 3HaYeHWe ¢ U3GLITKOM IO LeJIoro ducaa OaiT,
IIOJIVYUM pasMep C:KaToro maccuBa — Bcero 7 6aitr. Kood-
dunrenTt cxarua pased 18/7 = 2,(671428) =~ 2,6.

BaiiThl BLIXOAHBIX J2HHBIX Hymepauuna 61ron B Baiitax

szA 6!7]0‘1!2[}'4 5[9]7'01 J|4[5l6l7lo b|7|0|1|.‘|3|4|516 7|0H213l41516[710[1|21-‘I415[6—H
| ] [ | ] | | | | | ! | | | ] |

| |
I?lolﬂl_IOIKIOIJIO[_IKIOI I [

b 2 1:3]45

aAlo'klotalal
CRUMAEMBIH TEXCT (YKA3aHO, B KAKOE MECTO BBIXOIHOIO MACCHBA MOMNA1aeT KO KaXIoro CHMBOMA)

O

OnHO U3 NPeuMYIECTB MeTOLA YIAKOBKH 3aKJII0YAeTCs B
TOM, 4TO NI000H (QparMeHT C)KATHIX ZAHHBIX MOYKHO Pacia-
KOBaTh, COBEPIIEHHO He HCIIOJb3Yd HpeRdlecTBYIOINe AaH-
Hble. JleficTBUTENRHO, 3HAs HOMED TpebyeMoro cuMBoJsa N u
OINHY KOJOB CHMBOJIOB M, MOKHO BBIYHCINTL MECTOIOJO-
JKeHHe KOJa CHUMBOJIA B CXXATOM MacCHBe JaHHBIX:

e HoMep baiiTa, B KOTOpOM HadYuHaeTCs KOJ CHMBOJA, BEHI-
uynucnserca taxk: L = [M-N/8];

e HOMep mHepporo Oura koxa (B mpegeaax aroro balira)
K papeH ocratKy ot genemumsa M-N Ha 8.

MeTog ynaxkoBKM [aeT XOpOIIWE Pe3yJIbTAThl, TOJLKO
€CJIM MHOKECTBO HCIIOJIb3YEMBIX CHMBOJIOB HeBeJNKO. Ha-
IPUMeD, eCI¥ B TEeKCTE€ MCIOJB3YIOTCS TOJBKO IIPOINCHEIE
PyccKHe OVKBBI M 3HAKY NIPEIUHAHMSA, TO TEKCT MOXKeT ObITh
cxaT Beero Ha 25%: 33 pycexkue OyKBHL III0C IIpobes U 3Ha-
KW IPeNMHAHUA — HUTOro oxoso 40 cumBoioB. 1A UX Ko-
JupoBaHUA mocraTrodHo 6 6uT. IIpm ynakoBKe TEKCT YMeHb-

6 3
IMHUTCA 10 3 = 1 OT IepBOHAYAJILHOTO ofbeMa.

Anropntm Xacdodpmana

Cnaboe MecTo MeTofa YIAKOBKH 3aKJIIOUAeTCA B TOM, YTO
CHUMBOJIBI KOAUDPYIOTCA OHTOBBIMH IIOCJIEJOBATEIBHOCTAMH
OAHHAKOBOH JimHLI. Hanpumep, m060i TeKCT, COCTOAIIME
TONBKO M3 BYX OYKB «A» 1 «B», cokmMaeTca MeTo/[OM yIIa-
KOBKM B BoceMb pa3d. OgHaKo eciy K TaKOMy TeKCTy goba-
BUTH BCero JINIIL ofHy OykBy, Haumpumep «C», To cTemeHb
CXKaTHUA cpasy YMEHLIIUTCSA BEBOE, IPHUYEM He3aBHUCHMO OT
JJINHBI TeKCTa ¥ KOJIUYeCcTBa A00aBJIeHHBIX CEMBOJIOB «(C»!
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VaydamnieHus CTeMeHH CKATHSA MOXKHO JOCTHUYL, KOAWUPYS
YACTO BCTPEUAIOIIYeCs CYMBOJIEI KODOTKUMY KOAaMM, a pefl-
KO BCcTpeuarolmuecss — Oosiee AnmHHBIMKA. IMeHHO TakoBa
ufges mMerona, onybaukoBanHoro . Xadbdmanom (Huffman)
B 1952 r.

Wpest KOAMPOBAaHUA CHMBOJIOB KOJZAMu llepeMeHHOM Ajiu-
HBI OBLJIa BRICKA3aHa M TeopeTHUecKM npopaboTaHa aMepH-
kaHckuMu yueHpIMM K. Hlemmonom u P. M. ®@ano. HMmu
OBLJI IIPeJIOXKEeH AJITOPUTM IOCTPOEHU 3(P(PEeKTUBHBIX CHU-
MAIOIMIUX KOJOB IlepeMeHHOM panaumunl (anroputMm Illenmo-
Ha—®Pano), 0oJHAKO OH B HEKOTODPHIX CJIy4IafdX CTPOUJI Heoll-
THMaJIbHEIE KOJBI. AJaroputM XaddmaHa oOKasajcs IIpo-
CTHIM, OBICTPBIM ¥ OITHMAJNLHBIM: CpeiM AaJlTrOPUTMOB,
KOZUDVIOMINX KaXKIbIH CHMBOJI IIO0 OTAENBHOCTH ¥ LEJBIM
KOJIH4YecTBOM OHUT, OH ofecmeurBaeT HamwIydlilee coxaTHe.

Hasup Xadhdman pyxoBoiua KadeZpoil KOMIILIO-
TepHBIX HayK MaccaduyceTcKoro TeXHOJIOTHYEeCKOro
uncturyta (Massachusetts Institute of Technolo-
gy — MIT). Xora Xahdman Goabie HM3BeCTeH Kak
paspaboTyYuK MeTOoAa IIOCTPOeHMA MUHHMAJIbLHO-U3-
GBLITOYHBIX KOZOB, OH BHEC BaKHBIM BKJIAJ BO MHOMKe-
c¢TBO obyracTeil, CBA3AHHBIX ¢ MHGOPMATHKOM, B HaCT-
Il. Xadpdman HOCTH B JJEKTPOHHUKY.

(1925-1999)

AnroputMm XabdmaHa coxmMaeT JaHHBIE 38 JBa IIPOXoja:
Ha IIePBOM [POXOJe YHUTAIOTCA BCe BXOXHBIE JaHHBIE W IIOJ-
CUNUTHIBAIOTCA YACMOMbL 6CMpeiaemMocmu BCeX CUMBOJIOB.
3aTeM II0 STHM JaHHEIM CTPOUTCH Jepe60 Koduposanus
Xagpdmana, a 1o HeMy — KoIbI cuMBosoB. Ilocie aToro, Ha
BTOPOM IIPOXOZE, BXOJHBLIe NaHHBIE YHUTAIOTCA ellle pas Hu
IIpH 3TOM r'eHepHupyeTcA BBEIXOZHOM MacCHUB JaHHBIX.

BriuncieHre YacTOT BCTPeTaeMOCTH — TPHBHAJIBHAA
3ajada. PasbepeM IOCTpOeHHEe JepeBa KOAZUPOBaHHA
Xadbdmana.

Anropurm nocrpoenns aepesa Xadpdpmana

1. CumBoasl BxogHOTO andasuTa 06pasyioT CINCOK CBOOOTHEBIX
ysaoB. Kakapiil yses ¥MeeT BeC, PaBHBIN KOJIUYECTBY
BXOKJEeHMIH CHMBOJIa B MCXOIHOe coobieHle.

2. B cnucke BpIGHpaioTcA ABa CBOODOAZHEBIX y3JIa C HAUMEHBIIIH-
MH BecaMMu.
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3.

4,

Coapnaercs UX y3el-«pOANTESIb» ¢ BeCOM, PABHBIM CyMMe HUX
BECOB, OH COeJHHSAETCH C «JeTbMHU» AYTraMH.

OxHoi#l gyre, BEIXOAsALIEH M3 «POJUTENsd», CTABUTCA B COOT-
percTBue O6uT 1, mpyroit — 6ur O.

«Pogurens» go0aBasAeTCS B CIHCOK CBODOAHBIX Y3JIOB, a
IBOE ero «JeTei» yIAANAOTCA M3 STOTO CIHCKA.

IITaru, HaynHad co BTOPOTrO, IIOBTOPAIOTCH KO TEX IIOP, IIOKA
B CIINCKe CBOOOJTHBIX Y3JIOB He OCTaHeTCS TOJNLKO OJUH CBO-
fomubrit yzesn. OH 1 6ygeT CUNTAThCSA KOPHEM Jlepesa. A

IIyers v Hac mMeeTcA CIMCOK YaCTOT BCTPEUaEeMOCTH BCEX
CHMBOJIOB MCXOJHOTO TeKCTa. BEIMMINIEM KX BePTUKAJIBHO
B pAj B BuAe BepiumH Oyxyiiero rpada (cMm. npumep 34).
Brifepem aBe BepPHmIMHEI ¢ HAMMEHBIINMHK BecaMHu (OHH COOT-
BETCTBYIOT CHMBOJIAM C HAMMEHBLIINM KOJHUYECTBOM IIOBTO-
peruit). O6beMHUM STH BePIIKWHBEI — CO3JaIuM HOBYIO Bep-
IIVHY, OT KOTOpPO¥ IpoBefeM pebpa K BHIOPAHHBIM BEPIIH-
HaM ¢ HauMeHBIINMH BEeCAMH, a BeC HOBOHM BepIIHMHEI
3aflaguM PaBHBIM CyMMe MX BecoB. PaccraBuM Ha pebpax
rpacda uncna 0 u 1, HanipuMep Ha KaXJoM BepxHeM pebdpe O,
a Ha KaxJgoM HiKHeM — 1. YToOnl BeIOpanHbIe BEPIIHHEI
6oJlee He TIPOCMATPUBAINCEH, MBI COTPEM MX Beca (9To aHaJior
yhajieHusA BepHIMH U3 CIHIHCKa). IIPOJOJIKHM BBINOJHATH
obbeuHeHNe BEepIINH, KayKIbIH pas BeIOupas Hapy BeplluH
¢ HauMeHbBIINMH BecaMM, O TeX IIOp IIOKAa He OCTAHETCS Of-
Ha BepiinHa. OUeBUAHO, UTO BecC 9TOH BepuIMHBI OyAeT pa-
BeH AJWHE CKUMaeMOro MAcCHBA AAHHBIX.

IIpumep 34. ITocTtpoenue gepeBa XaddMaHa 1 npedUKCHEIX KO-

noB xna Tekcra «KOJI OKOJIO_KOJIOKOJIA»:

Temneps AnA onpelesieHNs KOJa KasKA0N KOHKPETHOH GYKBBI
Heo0XOAMMO IIPOCTO NPOHTH OT BEepIIMHEI AepeBa A0 9TOH
OYKBBI, BRIIMCHIBAA HYJIW W eSUHUIIH II0 MapIIPYTy CJIemo-
BaHuA. B HamieM IpuMepe CHMBOJEI IIOJYVUYAT CJieAVIOIIHE
KOJBI:
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0 00
K 01
J 10
npobe 110
A 111

ITocie Toro Kak KOABI CHMBOJIOB IIOCTPOEHBI, OCTaeTCA
CreHepHpoBaTh CXKATBI MACCHB [MAHHBIX, OJIA Yero HamIo
CHOBA IIPOYECTh BXOAHEBIEC JaHHBIe M KaKABIM CHMBOJ 3aMe-
HUATH Ha COOTBETCTBYIOILUI KO/.

B Hamem cayuae HemocpeJcTBeHHO KOZ TeKcTa Oyaer 3a-
HuMaTh 39 6uT, uau 5 6air. KosdppuuueHT cKaTUa paBeH
18/5 = 3,6. 7 |

1715 BOCCTAHOBJIEHHMA CKATHIX AAaHHBIX HEODOXOAMMO CHO-
Ba BOCIIOJIL30BaThCA JepeBoM XaddMaHa, TaK KaK KOA KakK-
IOT0 CHMBOJIA IpefAcTasiaser coboil IyTh B AepeBe Xahdma-
Ha QT BEPIIUHEI KO KOHETHQTQ Y313 AePeBa, COQTBETCTRYIO-
mero JaHHOMY cuMBoay. O6mfas cxeMmMa Ipollecca
BOCCTAHOBJIEHNS TAKOBA: CHELMAJIbHBIN MapKep yCTaHABIA-
BaeTca B BepIIMHY AepeBa XaddmaHa, ¥ CHKATHIL MaCCUB
OaHHBIX dKUTaeTcA HobuToBo. Ecnu auraeMblil 6uT paseH 0,
TO MapKep IepeMellaeTcA U3 BepIINHEI II0 BepXHeMY pebpy,
eciau 1, To nmo HuKHeMy. 3aTeM uuTaeTCHA CAEAYIOIIUH Our,
¥ MapKep CHOBa lepeMelriaercs, U T. A., IIOKa MapkKep He
momnazeT B OOWH M3 KOHEUHBIX y3JI0B AepeBa. B BoccraHas-
JINBaeMBI MacCHB 3aIIHUCHIBaeTCsl CHMBOJ, KOTOPOMY COOT-
BeTCTBYET 3TOT KOHEUHLIH y3eJsl, MapKep CHOBa IIOMeENIaeTcs
B BepPIINHY AepeBa, M IIPOIlecC II0BTODSIeTCA.

Kong Xaddmana spiasercsa npegukcHblm. JTO O3HA4aeT,
UTO KOF KaXKJ0ro CHMMBOJIA He sIBJIAETCA HAYalIOM KOJA Ka-
xoro-nmbo gpyroro cumsosa. Koxg XaddmaHa 0JHO3HAUHO
BOCCTAHOBUIM, JaiKe ecJu He cooblaeTcsa AMTHHA KojJa Kax-
JIOTO IepefaHHoro cuMBoa. ITogpo6Hee 06 3TOM BEI y3HaeTe
B raase 5. ITonyuarenio mepechliaioT TOIbKO gepeBo Xabd-
MaHa B KOMIIAKTHOM BHJE, a4 3aTeM BXOAHAsd IIOCjefoBa-
TEJILHOCTh KOZOB CHMBOJIOB JeKOAMPYeTcsd MM CaMOCTOA-
TeabHO 0e3 Kakoii-nmubo HOmoJHKTeIbHON HMHMOpMAaINH.

Anroputm RLE

B ocuoBy anroputmoB RLE (aurn. Bun-Length Encoding —
KOAUPOBaHMEe NyTeM ydeTa uucia IIOBTOPEHMM) IIOJOMKeH
IOPVHOWUII BHIABIEHUSA IOBTOPAIONIAXCA II0C/IEeJ0BATENBHO-
cTell JaHHBIX W 3aMEeHBl X IIPOCTOM CTPYKTYpPOM: HOBTODHA-
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O6maa cxema anropuTma LZT77 TakoBa (9T0 He TOYHOe

OI¥CaHye AJITOPUTMA):

BXOJHBIe MaHHBIe YHUTAIOTCS IIOCHELOBATENLHO, TeKyIlasa
MIO3HIMA YCIOBHO pa3bMBaeT MACCHB BXOJHBIX TAHHBIX
Ha NPOYMTAHHYIO M HEIPOUUTAHHYIO HacTH;

UL [EeMOYKY IIepPBBIX O6afiTOB HEIPpOYMTAHHOHM dYacCTH
Hijercd Haubonee AMUHHOE COBHAAeHMNe B HPOUYHTAHHON
qacT. Ec/IK coBmaZeHne HailleHo, TO COCTABIAETC KOM-
GuHanusa {cMelleHHue, AJIKUHA}, I'Ie CMeIleHIe YKa3bIBaeT,
Ha CKOJIbKO 0aliTOB HAJO CMECTHUTHCA HA3aJ OT TeKylleHd
MO3UIUY, YTOOLI HAMTH cOBIIaleHue, a AJIUHA — BTO JJIH-
Ha COBIafeHHUd;

ecny 3amuch KOMOMHALIMM {CMelleHWe, AJHHA} KOpode
COBHIAZEHHA, TO OHA 3alHUCHIBAETCA B BBIXOJHOM MacCCHUB,
a TeKymas DO3ULUsA liepeMelnaeTcss Bhepel (Ha JJIHHY
coBIIafaroIiel yacTu);

eCcJIN COBIIaJleHNe He 00HApPY:KeHO MM OHO KOpoue 3aIld-
cu koMbumHanum {cMelieHue, [JIHHA), TO B BBIXOJHOH
MacCHB KONHpPYeTCs TeKYIuMi 6alT, TeKyllas MO3UIHI
mepeMeliaeTcs BIepel Ha 1, M aHAIU3 IIOBTOpPSAETCA.

IIpumep 35. ®pasza KOJIOKOJI OKOJIO KOJIOKOJIBHMU saxo-
aupyerca agroputmom LZT77 kKax
KOJIO(—4,3) (—5,4)0 (-14,7)bHNA. (1

Obmaa cxema anropurMma LZ78 TakoBa (9TO He TOUHOE

OIlVICAHHE aJITOPUTMA):

aJTOPUTM BO BpeMs CXKATHUS TEKCTa CO3HAeT CIellualb-
HBIF CA068aDb NOSMOPAIOUUXCA YeNnouek, B CIoBape KaX-
IOH [elOYKe COOTBETCTBYEeT KOPOTKUM KOX;

OIS TEeNOYKM IIePBBIX OaWTOB HEIPOUYHTAHHONM YACTH
uiercsa Haubosee MIMHHOe COBIAZeHue B cioBape. Kog
COBIIafIcHUsI 3aIMCHLIBACTCA B BBIXOJHON MACCHUB, TyAa e
3aHOCHTCS MEePRLIN HECOBIIABINMY CHMBOJ, X TEKYINAA I10-
BUITHSA IlepeMellaeTcsa Blepel Ha AJUHY COBIaAeHuA + 1;

B CJoBapb HoDaBJISeTCA HOBOE CJIOBO: «COBIAJeHMe» +
+ «HeCcOBHABIIMY CHUMBOJ», M IpPOLECC IIOBTOPAETCA [0
TexX Iop, IOKa He OymeT ciKaT Bech BXOZHOH MacCHB.

Asropprmbl  Jlemnensa—3uBa  TeM JIydIlle  CKHMAIOT

TEKCT, yeM 0OJIbllle pasMep BXONHOTO MaccHBa. XapakKTep-
HO¥ 0cobeHHEOCTHIO 00paTHBIX anropuTMmoB LZ77 u LZ78 aB-
JseTcA TO, UTO, KpoMe CaMHX C)KATBhIX JaHHBIX, HUKAKOU
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JONOJHUTENbHOR nHpopManuu uM He Tpebyerca! Hauas pa-
foTaTh, 9TH AIrOPUTMEI IIO V)K€ pacllakoBaHHOI 4acTH BoOC-
CTaHaBIUBAIOT NH(GpOPMAIHNIO, He00X0AUMYIO AN PACIAKOB-
KU CJIeIYIOIIUX dacTed C/KaThIX JaHHBIX. [{14 cpaBHeHHA: B
anroputme XaddMmana BMecTe CO CHKATHIMHA JAaHHBIMHA Tpe-
f6yeTca coxpaHATH OepeBo XahdmaHa, nHadUe pACIAKOBKa
6yzeT HeBO3MOKHA.

IloyuuTenpHa HcTOPUA DA3BUTHA AaIrOPUTMOB Jlemie-
na—3uBa. 3us u JleMIleNb NPUAYMAIY ILJIOLOTBOPHEIE UAEN
C)KaTHUsA, ITOCTPOMJIN aJTOPHUTMBI M TIPOBEJIH TeOpeTUUecKoe
ncciefoBaHre ux adderTuBHocTH. Ho IoCKONBKY omyOiu-
KOBaHHEIE aJITOPUTMEL OBLIK OYeHb Hea(h(PeKTUBHO peasnso-
BaHEI (T. €. 3aIpOrPaMMUPOBAHEI), [LOJII0Oe BpeMs OHU He UC-
OJbL30BaNKCh Ha npakKTuke. Toasko cnycrd 6 jer, B 1984
rogy Teppu Bend (Terry Welch) cymern cymiecTBeHHO VIy4-
HINTH AJITOPUTM LZ78. 3Ta MoZuGUKaLMsa aJIropuTMa IoaIy-
yujga HasBanme LZW, oHA IIHPOKO HCIOAL3YeTCA B IIPO-
rpaMMax CXKaTus NaHHBIX. Anroput™M LZ77 »xpan csoero
yaca IeJBIX AecHaTh JeT — ToJbko B 1987 roay nmoasusnace
ero BHICOKO3(h(heKTHBHAA BepCcHdA, KoTopad paborasa B COT-
Hu (!) pas OnicTpee OpUTMHAJIBHOLO anropurMma. B Hacrosa-
Imiee BpeMdA CYIECTBYeT OKOJIO IIOJYCOTHH MOIM(pUKarui
oboux anropuTmoB. O606MIeHHO BCce OHU HA3LIBAIOTCA METO-
JaMU CXKaTUA CO CJIOBapeM. JTH aJTOPUTMBI OKasaluch Ha-
CTOJIBKO OBICTDHI U 3¢h(PeKTUBHEI, UTO cefuac 3aHMMAIOT JIU-
OUpYIOIlee MECTO CpeAX HCIOJb3yeMBIX Ha IIPaKTHKe ajro-
PUTMOB CIKATHA.

2.6.2. MeTogabl cXxaTus ¢ perynmpyemMoim rnotepen
nHpopmaunm

OmucanHble BRHIIIE AJITOPHUTMBI ABJIAIOTCA 00pATMMBIME: JIIO-
6011 MaccUB BXOZHBIX JAHHBIX IIPH paclaKoBKe BOCCTAHABJIH-
BaercA abCOJIOTHO TOUHO. IloaToMy oOpaTuMMEle aITrOPHUTMBI
MOIKHO OPUMEHATh ANA CKaThd wHopMauuu JTboro popa.
Ho, xak okasajoch, qid ayauo- u BuAeouH(MopManuu abco-
JIIOTHO TOYHOE BOCCTAHOBJIEHYE BOoBce Heobsa3arenbHo. IIpose-
OeHHble B KOoHIe XX BeKa HCCISHOBAHMUS ICUXO(PUIMOJIOTH-
YeCKMX XapaKTepHUCTHUK 3DeHud M ciayxa oOHapYyXWUIU paf
ocobeHHOCTEHl UeJI0OBEUECKOr0 BOCIIPHUATHUS, HCIOJIbL30BAHNE
KOTOPBIX IIO3BOJIAET CYHIECTBEHHO YBEJHUMBATL CTENEeHb
CoKaTHA 3BYKOBOM, rpaduueckodl m BUAeouMH(poOpMaIuHU,
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Hanpumep, 6B1J10 YCTAHOBJIEHO, UTO IVIa3 YeJOBeKa HaH-
6oJjiee UyBCTBUTEEH K 3€JIeHOMY IBeTY, YYBCTBUTEJILHOCTH
K KpacHOMY HIJKe IpEMepHO B 4 pa3a, a K CHHeMY — IIOYTH
B 10 pas! A 3710 03HaUaeT, UTO Ha XpPaHeHNe MHDOPMAINY O
KpacHOH M CUHeH! COCTABJAIOIIMNX I[BETA MOYKHO OBLI0 OBI OT-
BOAUTL MeHbIIe 6uT. Ho B GonpmuHCTBEe popMaToB Ipadu-
YecKUX (PaiyIoB 3TO He TAaK — I[BETOBbI€ KOMIOHEHTHI KOIH-
pyIOTCA OOZHHAKOBBIM KOJIHYeCTBOM OUT. ITOT IpUMep IMOKa-
3bIBAET, UTO TPaJUIHOHHBIE CIOCOOBI IIpeACTABJIeHHS
BHAeoHH(pOpManKUK 00JIaal0T 09eHb OOIBIION CTeleHbIO H3-
OBITOYHOCTH, IIPH YCJOBHUM, UTO PEUb HUJET O BOCIPOU3BeJe-
HUY BHAeoMH(bDOPMAIMK [Jd 4UeOBeKa.

Hna paspaboTky u crangapTusanuy 3p¢eKTUBHBIX MeTO-
JOB CXKaTHsA ayauo- ¥ BHAeOMH(pOpManmu Ha pydexe
1980-1990-x romos 6n11H co3faHbl I'pynna sxcnepToB 1o ¢o-
rTorpadbuueckuM nsobparkeHuam (Joint Photographic Experts
Group, cokp. JPEG) u I'pynma skcmepToB mmo BuAeousodpa-
sweuuam (Motion Picture Experts Group, cokp. MPEG).

K cepeaune 1990-x rozos Obnlnu pa3paboTaHEl CHELHAIE-
HbI€ BBICOK02((eKTNBHEIC METOLEL CIKATHA AYAHO- M BHUAEO-
nHbOpMAaLl¥¥M, VYUTHIBAIOIINE OCOOEHHOCTH YelIOBEYeCKOTO
clyxa ¥ 3peHHA. XapaKTepHOH 9epTOo# 9aTHX MeTOHO0B SBJIA-
e€TCA BO3MOYKHOCTL DETryJIHPYEeMOro yAaJeHHs MajIoBaXKHOM
(n1a yemoBedeckoro BocupuATuA) mHbopMaumuu. Ilostomy
TaKye AJITOPUTMBI CKaTuA 0000IeHHO Ha3LIBAIOT A1Z0pUm-
MaMU C pezyaupyemoii nomepeli uHGopmayuu, 3a cueT yga-
JIeHUs YacTH HHGMoODMauuy yhaeTcd AOOUTHCA OYeHb 6OJIb-
0¥t CTeIeHU CXKATHH HAHHBIX IPH CYOBEKTUBHO He3HAYH-
TeJBHOH IIOTepe KadecTBA AayAWO- ¥ BHUACOJAHHBIX.
AJTOPHUTMEL ¢ peryaupyeMoii morepeit nEGOpMaY HEYHHU-
BepcaJibHBI, OHYM He MOTYT UCIOJIB30BATHCH IJIA CXKATHA JIO-
OBIX BAHHBIX, IIOCKOJBKY IIOJHOE BOCCTAHOBJICHHE MCXO HOMR
nHGOPMALUU HEeB03MOMCHO.

Haub6osiee U3BECTHRIMH METOAAME CIKATUA C peryJHpye-
MOH moTepedl MHGOPMaAIHM ABIAIOTCA:

e JPEG — wmeron cxXaTud rpaduueCKuUxX JaHHBIX;
e MPEG — rpyunma MeToAOB CiKaTUS BHACONAHHBIX;
s MP3 — MeTonm caTud 3BYKOBHIX JaHHBIX.

9TH MeTOAbl HEIIPOCTHI B peaju3aly, B HUX HCIIONL3Y-
eTCdA JOCTATOYHO CJIOKHBIA MaTeMaTHYeCKWI ammapar, BbI-
XOASAOIUY 32 PaMKH IIKOJLHON IIPOTPaMMEL, II03TOMY Aajiee
Oyaer NIPHBeXEHO JHIbL 0030DPHOE OIMCAHNE METOLOB.
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Anroputm JPEG

Anropurm JPEG ucnoapayercsa Ad CKATHS CTAaTHUYECKHUX
usobpakenuii. IloMmuMo CoRMMaEeMOro M3OOPaKEeHU, ajro-
PUTMY IlepeZaeTcs TaKske JKejlaeMbINl Koo(QPHIIMEeHT cixa-
T — HTOT IlapaMeTp PeryJupyeT Ao mHpopMAaluy, Ko-
Topas OyheT ymajeHa IPH CiKATHH.

CoberBenHo cixatue JPEG ocymiecTBIfeTCA B HECKOJIBKO
9TAlloB: CIlepBa IBeTa NHKcesel neperogarca us RGB-npex-
ctasieHnd B YUV-npefcrasiedue (B COOTBETCTBYIOIEH eMy
nsetoBoit Momenm YCbCr mBeT mpepcTaBiafeTcsi KOMIIOHEH-
TaMH <«APKOCTb» Y, <«IIBETOPA3HOCTH 3€JeHLIM—KDPaCHBIH»
Cr u «IIBeTOpa3HOCTH 3ejeHBIH—cuHKI» Cb). 3aTeM B Kax-
IO BTOpPOH CTPOKE M KaXXZOM BTOPOM CTOJIOLE MATPHIIBI
nukKceseil nHpopManus o IBeTOBRIX KomnoneHTaX Cb u Cr
npocto ypandercs (1), 4TO MTHOBEHHO YMeHbIaeT ob6beM
manHBIX BABoe. OcTaBmMecs OaHHBIE IIOABEPraloTCSa Cle-
OUAaJIbHOM IIpolLieflype «CIIaKUBaHUA», TIPH KOTOpPO# 06beM
JAaHHBLIX He W3MeHAeTCsa, HO IOTeHIMAJbHAA CTelleHb HX
CIKMMAEeMOCTH DEe3KO yBeamuuBaeTcd. Ha sToM sTame yuu-
THIBAETCH JKeJaeMbli K0oGOUINeHT cokaTud. 3aTeM FaHHEIE
CKEMaIOTCH anropurMoM Xaddwmana.

Anroputm JPEG cmocofeH ynaxoBbIBaThH rpadudecxue
n300paKeHns B HECKOJIBKO JeCSATKOB pa3, IPKU 9TOM IOTEPH
KayecTBa CTAHOBATCS 3aMETHBIMM TOJBKO IPY O4YEHBb BLICO-
Knx KoddhHUIMeHTaX CYKaTH. '

Anroputm MP3

Anropurm MP3 (Tounoe nazBarve MPEG-1 Layer 3) sasnser-
ca dacteio craggapra MPEG u onuciiBaer cixaTHe ayRUOUH-
topmannm. ITomuMo crxmMaeMOro 3ByKOBOIO hparMeHTa aj-
TOPUATMY IlepefaeTcA TaK)Ke JKeJaeMbIH Oumpelim (aHri.
bitrate) — Komu4ecTBO OMT, MCIOJIL3YEeMBIX AAs KOTUPOBa-
HUSA ORHOM CeKyHIBI 3ByKa. OTOT NapaMeTp peryJaupyer
JOJNI0 MHGOPMAIUY, KoTopas OyjeT ymajeHa IpH CXKATHUH.

Cxxatne MP3 TakiKe OCYyLIeCTBIIAETCA B HECKOJBLKO dTa-
II0B: 3BYKOBOM (pparmeHT pasbusaercss Ha HeOOABIIHE
y4acTKU — ¢peitmul (aHri. frames), a B KaxgoM GdpeiMe
3BYK pasjiaraeTcd Ha COCTABJSAIOIIVe 3BYKOBBHIe KoieGaHMA,
KoTOopble B u3MKe Has3bIBaloT rapMoEukamMu. C TOYKH 3pe-
HUA MaTeMaTWKH, 3BVK pasjaraercd HA TPYINY CHHYCOH-
OanbHBIX KoJeOaHWH ¢ PA3HBEIMU YACTOTAMH ¥ aMILJIATYZA-
Mu. 3aTeM HadyuHaeTca ICHXOaKycTUUecKasi o6paboTka —
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yIajleHHe MAJIOBAXKHOM [JIf YeJIOBEUEeCKOI'0 BOCIHDPUATUA
3BYKOBOM HH(DOpMAaIUU, IIPH 3TOM YUYUTHIBAIOTCA pas3nd-
Hble ocobeHHOCTH cayxa. Jlemaemblil 6uTpedT onpenesider,
Kakue 3G ¢eKTs OYAYT YUUTHIBATECA IIPU CXKATUH, a TaKkKe
KOJIM4eCcTBO yIandeMmoil uabopmanuy. Ha mocienqnem stame
OCTaBIIIMeCs JaHHbIE CoKUMAIOTCA anropurMmoMm XaddmaHna.

Anroputm MP3 mosBossier coXMMAaThb 3BYKOBBIE (haribl
B HECKOJIBKO pas. IIpu aToM Zake caMbIi OoJibIIoN OUTpeHT
320 K6ur/c craggapra MP3 obecneunBaer yeThIpeXKpaTHOe
c)kaTue ayAuMoMHMOpMAIMK II0 CPAaBHEHUIO ¢ (opMaToM
Audio CD, npu TakoMm ke CyOBeKTHBHOM KadecTBe 3BYKa.
®opmar MP3 cran craggaproM Ae-(pakTo [Jd pacupocTpa-
HeHUs MY3BIKAJIBbHBIX (haiinoB uepes MHTepHeT.

Anroputmbel MPEG

Kak yxe ynomunanocs, MPEG — aTo 1esioe ceMelicTBO Me-
TOJOB CXKATHUA BUAEOJAHHBIX. B HMX MCHOJL3yeTCsd OYeHb
0OoJIbIIIOe KOJMYECTBO IIPHEMOB C)KATH, HaxKe KpaTKoe Ile-
pedncieHrne KOTOPBHIX 3aHsAJM0 6bI HECKOJbKO cTpaHuI. OHHU
OITKPAIOTCA Ha HECKOJbKO 0az0BBIX HMIel, a pasindaioTcsa
KOHKPETHOM peanusalyeil aJlrOpUTMOB.

OpHa M3 OCHOBHBIX MAEH CoKATHA BHOEO — METOI «OIOop-
HOTO Kajpa» — 3aKJI0YaeTcsa B TOM, YTOOBI COXPaHATH He Ije-
JIMKOM Kajpbl, a TOJbKO H3MeHeHHA KaapoB. Hampuwmep,
B (uabMe ecTh clieHa Oecebl repoeB B KoMHaTe. IIpu sTom ot
Kazapa K KaJpy MEHSIOTCA TOJBKO BBIPAKEHHUS JIHI, a 60Jb-
mas 4JacTh H300paskeHUsA HeNOABMIKHA. 3aKOANPOBAB IIep-
BBIM KaAp CIEHBI ¥ OTJINYHUA OCTAJLHBIX €e KaJpoB OT II€PBO-
0, MOYKHO IIOJIYYHTL OUeHb OOJILIIYIO CTeIeHb CoKaTHA.

Emie oxuHe cnoco6 yMeHBIIEHHMA Kogupyemoll mudbopma-
LIAY 3aKJIOYAETCSA B TOM, UTOOBI OBICTPO CMeHsAeMble y4acT-
KU M300paskeHNs KOOMPOBATh C KAYeCTBOM, KOTOpOoe HaMHO-
Iro HMXKe KadyeCcTBa CTATUUYHBIX YYACTKOB, — UYeJOBEUECKUH
IjIa3 He ycClleBaeT PAacCMOTPeTb HMX [eTaJIbHO.

Kpome Toro, ¢opmar MPEG mo3BossieT cOXpaHATh B OTHOM
thailyle HECKOJBKO TaK HAa3bIBaeMbBIX IIOTOKOB JAAaHHBIX. Tak, B
OCHOBHOM IIOTOKE MOYKHO COXPAaHUTH (HUJIbM, B APYroM — JIO-
TOTHII, B TPeTbeM — CYOTUTPHI, U T. 4. IIoTOKM ZAaHHBIX Ha-
KJaJbIBAlOTCA APYT Ha ApPyra TOJBKO IPU BOCIIPOM3BEJEeHUH.
Takoil crioco6 1m03BOJIsIET, HAIPHUMEDP, XPaHUTL CYOTUTPHI B
BH/Jie TEKCTa BMeCTO M300parkeHuii OYKB, JIOTOTUI COXPAHHUTH
BCero OJUH pa3, a He B KAXKIOM Kajape, ¥ T. II.
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PasnoBupnoctu ¢opmara MPEG orawuaiorca npyr oT
Ipyra IO BO3MOXKHOCTAM, KadeCTBY BOCIIPOM3BOINMOTO
u300pakeHNa M MaKCHMAaJbHON CTEIEHW CXKaTUd:
¢ MPEG-1 — ucmonsnsosaJicsa B mepBeix Video CD (VCD-I);
e MPEG-2 — wucnoasayerca B DVD m Super Video CD

(SVCD, VCD-II);

o MJPEG — dopmar coxarusi BHAEO, B KOTOPOM KAaMKABIH

Kagp cxxumaercsa mo merony JPEG;
¢ MPEG-4 — monynapbeiil 3pdeKTHBHBINA HopMaT crKaTHA

BUEO;

e DivX, XviD — yayumerHBle Moxudpuranuu dopmara

MPEG-4.

Bonpocbl n 3apaHns

1.

Hna meTofa VHAKOBKY IOJCUKTANTE KOG PHULUEHT CKATUSA
TeKCTa, COLeprKalllero TOJbKO IPOIHCHBIE aHTINMCKUe OYK-
BBI, Ipo0eJIibl ¥ 3HAKY ITpelnHaHuA (ToUKa, 3andrasd, feduc).

. [Ins MeToZa YIAKOBKH IOACUUTANTE KO3(QPUIHEHT CKATHA

TeKCTa, COAeP KAIero IPONKUCHLIE M CTPOUHEIE PyCCKUe OYK-
BHI, ITpofenbl, UUGMPH M 3HAKK IpPeNHHAaHUA (TOUKa, 3ald-
Tasg, geduc).

IIpuBenuTe MpUMepPHI AJITOPUTMOB CXKATHUA € IOTepel u Ges
nmoTepu HHPOPMALMH.

YTo mpousoiijer, eciu B ynakopanHoM MetonioM RLE coo6-
IIeHWH MPOIYCTUTHL OEUH OaiiT?

. KakoBa AJIMHa II0CJIenOBaTeJIbHOCTH, IIOCJIe KOAHPOBaAHUA

roTopot MeTonoM RLE nmonyumiocsk cienyiomniee:

11111111 11111111 11000000 00000001 00000010
11111111 00000000 ?

. Kax mago mocrynuts npu RLE-KoxupoBaHuy, eciau Kojude-

CTBO MAYIIUX IOAPAJ OAMHAKOBLIX 6alTOB Goabine 127 u He
oMeIaeTcs B 7 paspamos?

. IToctpoiiTe gepeBo XaddMaHa 1 BEIIUIINTE KOABI CMBOJIOB

I coobIenna
AHFBHCEHEHCEAHDCEEHHHCHHHDEGHGGEHCHH.

3aiioyeHue

B oT0ii raBe MBI TOAPOOHO PacCMOTpPENH CHOCOOBI KOMIIBIO-
TEPHOI'0 IIPeACTaBJIEeHHA UYHCJI0BOH MHQoOpMaluu, Koropas
OblIa IepPBBIM M JOJII'0€ BPeMs OCTABAIACh €IMHCTBEHHBLIM
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BHAOM MHGpopManuu, obpabaTeiBaeMOi Ha KOMIIbIOTEDPe. BEI
Y3HAIHU 0 crocobax IpefcTaBjeHNs eJbIX K BelleCTBeHHEIX
qmceJl, O3HAKOMUINCDH ¢ HOHATHEM JONOJHUTEIBLHOI0 KoJa
H, HajgeeMcda, CMOXKeTe OOBACHUTH, IOUEMY LeJIble OTPHUIIA-
TeJbHLIe YNCJIA IPEJCTABIAIOTCA B TAKOH «HCKYCCTBEHHOM »
dopme.

Ha crpanunax sTo#l ryiaBbl MBI IO3HAKOMUJIH Bac C HO-
CTOMHCTBAMH M HeJoCTATKaMHK (popMaTOB C IJaBamoIleil u
¢ puKCHUPOBaHHON! 3aIATOH, a TAKKEe ¢ 0COOEHHOCTAMMU Dea-
JIU3aUuY IeJOYMCICHHON M BeIleCTBeHHON apudMeTHUK B
OTpaHM4YEeHHOM 4YHCJe Da3pPapOB.

Br1 ysnanu o cnocofax KogupoBaHHSA TEKCTOBOH MHGOP-
MaluW, HO3HAKOMUIHNCE ¢ OCHOBHBIMHU NPUHIUIIAMHU JUCK-
peTH3auuy rpadguuecKoil u 3BYKOBOX mMubopManuu, IOJY-
qUIW TIpefCcTaBjIeHUe 00 aJropUTMAaX CXKATUA PASIMUHLIX
BUAOB MHOMOPMAILUHU.

Ms! nocTapanuch TOKa3aTh BaM, HACKOMBKO UHGOPMATH-
Ka CcBA3aHa ¢ APyTMMHU HaykKaMU: GUSHKOH, Omojoruei, ko-
nopuMeTpue#l ¥, KOHEYHO, MaTeMAaTHKOH.

KomnpioTep HA3BIBAIOT YHUBEPCAJIBLHON MamluHOM i
obpaboTku MH(MDOPMaLWY, IPY 3TOM NOAIEPKUBAIT YHUBED-
CcaJpHOCTh [JBOUYHOTO KoAMpoBauuA uHGopManmu. Ho ma-
BaliTe 3azymaeMcd, BCAKYIO JU HHGOPMAIUIO UeJIOBEK Ha-
VUMJICSH IIPEJCTABIATE B ABOMYHOM KOAE M BCAKYIO JY HH-
(popmanuio MoxeT obpabaTeiBaTh kKoMubioTep? YUTOo BEHI
MOXKeTe CKasarh, Hampumep, o6 ocsazareabHON mHMOpPMAa-
uun? Kak coXpadguTs B IBOMYHOM KOJe BCEBO3MOKHEIE 34-
naxu? ITOT OpUMEDP F'OBOPUT O TOM, UTO MBI HAXOLHMCSH enje
B caMOM Haualle 3Dbl IHGMPOBBIX TEeXHOJIOIHI.
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BBeneHue B ajredpy JOTHMKH

51, nmo xpaitHe# mMepe, fyMaJ, UTO IPOTHUBO-
pPeuuTh APYT APYTy MOI'YT TOJBKO BHICKA3bIBA-
Hus, IOCKOJbKY OHH Yepe3 YMO3aKJIIOUEHUS Be-
OYT K HOBHEIM BBICKA3bIBAHHUAM, U MHe KaXeTcd,
4T0 MHEHUe, 6yaTo caMy (aKThI M COGBITHIA MO-
TYT OKa3aThCs B IPOTUBODPEUUH DY C APYTOM,
ABJIAETCH KJACCHYeCKHM mnpuMepoM OGeccMbic-
JIAIIBI.

. T'uavbepm

§ 3.1. Anre6pa noruxu. MNoHsiTMe BbiCKa3biBaHUA

§ 3.2. Nornueckune onepauun. Tabnuubli KICTUHHOCTH

§ 3.3. Nornuyeckue thopmynbi. 3aKoHbl anredpbl NOrMKK
§ 3.4. MeToab! pelleHns NOTUYECKUX 3afay

§ 3.5. Anre6pa nepekntoyaTenbHbIX CXeM

§ 3.6. ByneBb! (pyHKUuM

§ 3.7. KaHoHuueckne hopMbl Noruyeckux opmyn.
Teopema o COH®

§ 3.8. MuHumunsauunn 6ynesbix PyHKUMIA B Kknacce
OV3BbIOHKTUBHbLIX HOPManbHbiX (hopM

§ 3.9. NMonHble cucteMbl GyneBbIX PyHKLUA
§ 3.10. 3neMeHTbl cxeMOTeXHUKHU. Jlornyeckue cxembl
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Aezebpa JO2UKU ABJIAEeTCA UacThIO, paspaenoM OypHO
passuBalOLIeics cerofHA HAYKU — JUCKPemHOL Mma-
memamuku. JUCKpeTHas# MaTeMaTHKa 3aHUMAaeTcs
W3YYeHHNeM CBOHCTB CTPYKTYDP KOHEUHOI'0 XapakTepa, KOTo-
phle BO3HMKAIOT KaK BHYTPM MaTeMaTHKH, TaK U B ee IIPU-
JOKEHHAX., 3aMeTHM, YTO KJjaccuueckKad MaTeMaTHKa, B
OCHOBHOM, 3aHUMAaeTcd U3YV4YeHHeM CBOMCTB 00BeKTOB He-
IPepPBIBHOTO XapaxTepa, XOTA caMoO [ejleHHe MaTeMaTUKU
HA KJACCHMYECKYI0 M AUCKPETHYI0 B 3HAUMUTEILHON Mepe
YCJIOBHO, IIOCKOJBKY MeXKAY HUMY IIDOMCXOAHT AKTHBHASA
UMPKYIANNA Uiel ¥ MeTOLOB, UacTo BO3HMKAaeT HeoOxomgu-
MOCThb MCCJIEIOBATh MOJesM, obaamaonite KaK AUCKPETHLI-
MH, TaK ¥ HeNPepHIBHEIMH CBOMCTBaMM. K UMCIy CTPYKTYD,
M3y4aeMbIX IHMCKPETHOM MaTeMaTHKOH, MOryT OBITH OTHECe-
HbI KOHeYHBIe I'DYIIIILI, KOHEeUHBIEe I'padbl, MaTeMaTHYeCcKHe
Mofmenn npeobpasoBaTesell MHDOPMALUK THNA KOHEUHBIX
aBTOMATOB MM MamuH ThIOpHMHTA U ID.
Maremaruaeckuil anmapat anre6psl JOTHKH IINPOKO KC-
moab3yeTcA B HHGOpPMAaTHKE, B YaCTHOCTH, B TAKKX ee pas-
feaax, Kak npoeKTupoBaEue IBM, Teopus aBTOMATOB, TEO-
PHS aJTOPUTMOB, Teopusa HHGOOPMALWH, IeJOYUCIeHHOE
IIpOTPpaMMUPOBaHKE H T. I.

§ 3.1. Anre6pa noruku. NMoHaTHE BbiICKa3biBaHUA

Aure6pa JIOTMKH ¥3y4aeT CBOMCTBA (DYHKIWHA, Y KOTOPBIX
¥ apTyMEHTHI, ¥ 3HaUeHWA IPHHANEeXKAT 3aJaHHOMY ABYX-
aJIEMEeHTHOMY MHOXKecTBY (Hampumep, {0, 1}). Mrorma smec-
TO TepMHHA <«ajredpa JOrHKH» YOOTPeOIAIOT TepMUH «ABY-
3HAYHAs JIOTHKa».

OTmoMm anrebpnl JIOTUKY IO IPAaBy CUHATAET-
cqd aHMImickul wMarematuk XIX crojerus
oxopmx Byab. IMeHHO OH HOCTPOUJ OLUH U3
paszesioB (hopMaIbHON JOTHKH B BUAe HEKOTO-
poit «asrebpel», aHAJOTWYHOH anrebpe uucesl,
HO He cBojAIelcsa K Hel. Anzefpa B LINPOKOM
CMBICJIE 3TOI'0 CJIOBAa — HAyKa o0 obImX olle-
panmax, aHaJOTUYHBIX CIOKEHWIO M YMHOMe-
HUIO, KOTOPBIEe MOTYT BEIIOJNHATHLCS HE TOJABKO

Ix. Byns Hax 4ucjJaMi, HO ¥ HAL APYTUMY MaTeMaTude-
(1815-1864) crumu obvexTaMu. CymiecTBYyIOT anrebpel Ha-
TYPaJbHBIX YHCEJ, MHOTOWIEHOB, BE€KTODOB,

MaTpHIl, MHOYKECTB U T. A.
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Boubmroit BKag B CTaHOBJIEHHE U PasBUTHE anrebpsl Jo-
UKy BHecIH ABrycryc ge Mopran (1806-1871), Yuneam
Crennu :xeBoHc (1835-1882), Ilnaror Cepreesuu Ilopen-
kuit (1846-1907), Yapas Cargepe [upc (1839-1914), Aug-
peit AugpeeBmu Mapkos (1903-1979), Aunpeir Huromae-
suu Koamoropos (1903-1987) u np.

Honroe Bpema anrebpa JOTUKK 6bl1a U3BECTHA LOCTATOY-
HO Y3KOMY KJIacCy clenuanucros. IIpomuto nmouru 100 ser
CO BpeMeHU co3aHus anreOpsl Joruky k. Bynem, nmpexne
yeMm B 1938 roxgy spigatomuiica amepHKaHCKHUHA MaTeMaTHK
u unxKenep Kaoxg Illenwon (1916-2001) moxasarn, 4yTo ai-
rebpa JIOTMKH IpPUMeHMMa [Jsd OUMCAHMUS CAMBIX DPadHO0G-
Pa3HBIX HPOLECCOB, B TOM UHCJIe (PYHKIUOHHDOBAHUSA De-
JeflHO-KOHTaKTHBIX M B3JIeKTDPOHHO-JIAMIIOBBIX CXeM.

WicciepopaHusa B anrebpe JOTUKY TECHO CBA3AHEI C H3Y-
YeHHeM BBICKa3BIBAHMH (XOTd BhICKA3hIBAHWE — IIPEIMeT
u3ydeHuA GopmanvHoit aczuku). C nOMOIIBIO BEICKa3bIBa-
HU¥ MBI yCTAHABIMBaeM CBOMCTBa, B3aUMOCBASK MEXAY
obbexTaMH. BrickasbIBaHNe UCTHHHO, €CNIYU OHO aJeKBATHO
oTobpaxaeT 2Ty CBf3b, B IPOTUBHOM CJIydae OHO JIOXHO.

IIpumepaMu BEICKa3bIBAHMI Ha eCTECTBEHHOM fA3BIKE fB-
JSI0TCA TpenoxKeHus «CerojHs cBeTUT CONHIEe» Mian «Tpa-
Ba pacrer». Kaxoe U3 5TUX BBICKA3HIBAHHUN XapaKTepuUsy-
eT CBOWCTBA MM COCTOSHYE KOHKDPETHOT0 00beKTa (B HalIeM
npuMepe MOTOABI U OKpYyKatoliero mppa). Kammoe us sTux
BLICKAB3LIBAHUN HECeT 3HAUEHWE «HCTHHA» HJIM <«JIOXKb».

Onxuaxo ompefesieHNe NCTHHHOCTH BLICKA3BIBAHUS AaJle-
KO He IpocToi Bompoc. Hanmpumep, BpICKasEIBaHue «ducio

1+22° = 4294967297 — mpocroe», MpuHazTexamee Dep-

ma (1601-1665), monroe BpeMs CYHUTATIOCH HCTHHHBIM,
noka B 1732 rogy 9itnep (1707-1783) He goKasamd, 4TO OHO
J0KHO. B mesoM, o60cHOBaHNe HCTHHHOCTH YJIN JIOXKHOCTH
IPOCTHIX BBICKASHLIBAHWI pellaeTcs BHe aareOphl JIOTUKH.
Hanpumep, HCTHHHOCTH WK JIOKHOCTH BBEICKA3BIBAHUA
«CyMMa yrioB TpeyroJbHUKA pasHa 180°» ycTaHaBIuMBaeT-
cd reoMeTpueil, npuyeM B recMeTpuu EBKJINIA 2TO BLICKA-
BBIBAHUE SBJIAETCSA UCTUHHBIM, a B reoMeTpuu Jlo6aueBCKO-
ro — JIOXHBIM.

YT0 2Ke ABISAETCA BHICKA3bIBaHVeM B (GOPMAaJILHON JIOTHKe?

Onpegenenue 1. Buickasviearnue — 3T0 A3bIKOBOe 00pasoBaHue,
B OTHOILIEHMY KOTOPOT'O MMEET CMBICJ I'OBOPUTE O €ro MCTHH-
HOCTH HJAH JOXHOCTH (Apucmomend).
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9To ciaoBecHOe ollpejesieHre, He ABIAOIIeecsa MaTeMaTH-
YeCKHM TOYHEIM, TOJBKO HA IEPBBIM BIIJIAL KakeTcd YIOB-
JeTBOpuTEabHBIM. OHO OTChIIaeT NIpobleMy oIpefesleHUd
BEICKA3BIBAaHUA K IpobiieMe olpelesleHUsA WCTUHHOCTH MIIU
JIOXKHOCTH JaHHOro HA3bIKOBOro obOpasoBaumdA. Ecam pac-
cMaTpuBaTh B KadecTBe BBICKa3bIBaHUil Jo0ble yTBepIH-
TeJILHBIE MPEeAJIOMKEeHUsA, TO 3TO OBICTPO IPHUBOAUT K IMapa-
JoKcaM M IpoTuBopeunsaM. Hampumep, IIpenIoKeHUIO
«Imo npedroreHue A6aiemca JOHHbLM» HEBO3MOKHO IIPHU-
NHUCATh HUKAKOTO 3HAYeHNS HCTHHHOCTHU 6e3 Toro, 4Tobsl He
noayuuTh mporuBopeume. lelicTBUTeNbHO, €ClIM IIPUHATS,
YTO IpeAIoKeHNe UCTHHHO, TO 9TO IIPOTUBOPEUUT €I'0 CMBbIC-
ay. Eciu 'Ke IPUHATH, UTO IIPeSJIoKeHHE JIOMKHO, TO OTCIOAR
cleayeT, UTO IPEAJO)KeHHe Ha caMoM Jejie MCTHHHOo. Kak
BHEHO, 3TOMY IDPeAJIOKEHHNIO0 OCMBICIEHHO HeJIb3s IIPUIIH-
caTh Kakoe-Tubo 3HAYEHMe MNCTUHHOCTH, CJIeZOBATEIBHO,
OHO He SBJIAETCS BBLICKABLIBAHHEM.

IIpuumHa sTOoT0 MAapajoKca JIEKUT B CMPYKMYype mOCTpo-
eHMA YKa3aHHOTO HPENJIOXEHHS: OHO CCblLldemcs HaA C60e
cobcmeennoe 3HayenHue, C IIOMOIIBIO OIpeJeJIeHHEIX Orpa-
HUYEeHUH Ha JONYCTHMBIe (POPMEI BBICKA3BIBAaHMH MOTYT
OBITEL YCTPaHEHBI TAKWe CCHLIKH Ha cels ¥, cliefoBaTelbHO,
ycTpaHeHBl BO3HMUKAIOIIHE OTCIOZA NapamoKCHI.

Omnpegenernne 2. Buvicrxasvi6aHue Ha3blBaeTcaA npocmuim (e
MeHMAaAPHbIM), eCIK HUKAKadA ero YacTh He ABJAeTCA BhICKa-
3bIBAaHHUEM.

BrickasriBaHMA MOTYT BBIpAXXaTbCSA ¢ IOMOIIBIO Mare-
MaTHYeCKHX, QPU3HUYECKUX, XHMHYECKHUX M IIPOYHX 3Ha-
K0B. M3 OBYX YHCJIOBBIX BHIPAKEHHH MOMKHO COCTABUTH
BBEICKa3bIBaHUE, COSJUHHUB MX 3HAKOM DPaBeHCTBa HUJIHU He-
paBeHcTBa. CaMu UMCIOBBIe BHIPAXKEHUSI BHICKAa3bLIBAHUA-
Mu He aBiaaTcA. He ABIAOTCA BHICKa3bIBAHMAMY M pa-
BEHCTBA HJIM HepaBeHCTBAa, COAepiKaille IepeMeHHEIe.
Hanpumep, npeanoxenue «x < 12» cTaHOBUTCHA BBICKA3HI-
BaHWeM [pH 3aMeHe IIepeMeHHON KaKMM-In60 KOHKpeT-
HBIM 3HaueHueM. IIpennoxeHus Tuma «x < 12» HA3BIBAIOT
npedukamamu.

Anrefpa JIOTHKHM OTBJIEKAETCHA OT CMEICJIOBOH COHEpPIKa-
TeJIBHOCTH BBICKA3BIBAHUM. MBI MOKeM JOrOBOPUTHCH, UTO
abcypaHOe II0 CMEBICJY BbICKa3bIBaHUEe «Kpokomuianl Jerta-
I0T» ABJIAETCA UCTUHHBIM, U ¢ 9TUM 3HAaYeHUeM BLHICKAa3bIBAa-
HEuA OyzeMm paborarh. Boilpoc o TOM, JeranT KPOKOLHUIEL
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HJIY HEeT, MOYKET BOJIHOBATH 300JI0T0B, HO HUKAK He MaTeMa-
THUKOB: M 3TOT IIOTpAcaomuil dakT Oe3pasiuueH. Beege-
HUe TAaKHX OUPaHHYEHHH JaeT BO3MOXXHOCTH HU3y4YaTh BEI-
CKashIBaHUA ajirebfpanyecKUIMY MeTOZAaMU, IIO3BOJISAET BBEC-
TH ollepalliy HaJ djeMeHTAPHBIMU BHICKa3EIBAHUAMU U C UX
IIOMOIIBIO CTPOHUTH UM H3YYATH COCTABHBIE BHICKA3BIBAHUA.
B undopmaruxe Andg TOYHOIO OIIpefesieHHA MOHATHA BBI-
CKa3bIBaHUA CTPOATCA OIDAHMUYEHHEIE CHCTeMBI (hOpPM BBI-
ckasnIBaHUY (hopManbHBIM A3LIK), KOTOPEIE MCHOJIB3YIOTCSA
IIPY ONKCAaHUY AJITOPUTMHYECKUX S3BIKOB, B MHMDOPMAINOH-
HBIX CHCTEMAax, AJIA CTPOroro (OpMaJLHOrO OIHNCAHUA aJTo-
PHUTMOB ¥ T. L.

| Aneebpa nozuru musydaer crpoerue (dbopMy, CTPYKTYDPY)
CJIO’KHBIX JIOTHYECKHMX BBICKaSBIBAHMI M CIOCOOHI ycTa-
HOBJIEHHS KX MCTHHHOCTH C IOMOIIBIO anredpavydecKux
MeTOIOB.

Bonpocbl n sapgaHus

1.

V3 gaHHABIX OpejioKeHNui BEIGepUTEe Te, KOTOPEIe ABJISAIOTCH
BLICKA3BIBAHUAMH, U 000CHYITe cBOi BEIGOD.

a) Konsa copocun: «Koropsiil uac?»

6) Kak mpoiitu B 6ubinuoTexy?

B) Kaprunel IImKacco canmikoMm abCcTpaKTHEI.

r) Pemenme 3agaum — WHDOPMAOHOHHBIR Ipoliecc.

o) HYwucio 2 aBnsercsa HeJIMTEJIEM YHCIa 7 B HEKOTOPOH cHC-
TeMe CYHCJIeHUS.

00BACHUTe, ToYeMy GOPMYJIHPOBKaA 000 TEOpeMbl ABJIA-

eTcsd BHLICKA3LIBAHHEM.

IIpuBepuTe 1o ABA MpPUMepPa UCTHUHHBIX X JIOXKHEIX BHICKAa3HI-
BaHui# U3 OHOJOTHY, reorpaduy, HHQOPMATHKY, MCTOPHUH,
MAaTeMAaTHKH, JUTEPATYDEI.

Hns AaHHBIX BBICKa3bIBAHUH BBIGepI/ITe HUCTHHHBIE.

a) I'opox xaxkapra — croamma UugoHe3mm.

6) Pemrenme 3agayu — wHGOPMAIIMOHHEIM Ipoliecc.

B) Yncao 2 aBisgeTcd JeJHTeNeM UHCIa 7 B HEKOTOPO# cHc-
TeMe CYUMCJIeHHUA.

r) MeH10o B IIiporpaMMe —— 9TO CIHCOK BO3MOJKHEIX BapUaH-
TOB.

I) Ons Bcex x ma obJyiacTy onpefesieHusd BHIPAXKEeHUS +x +1
BEpHO, 4TO x + 2 > 0.
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e) CkaHep — 3TO YCTPOMCTBO, KOTOpPOe MOXKET HAIledaTaThb
Ha 6ymare To, YTO U300parkeHo Ha DKpaHe KOMIIBIOTEDA.

%) II + VI > VIIL

3) Melp — YCTPOMCTBO BBOZA MHOMODPMAIMH.

5. B npuBeleHHBIX NpPEAJIOKEHUAX BMECTO MHOTOTOYUMH IIO-
CTaBbTe MOAXOLAIIME IO CMBICIIY CIIOBA « HEOBXOAMMO», «0-
CTATOYHO» , «HeOOXONMMO ¥ JOCTATOUHO» . [loMHuTe, UTO 1IO-
JIVYUBIINECA BHICKA3BIBAHUA JOKHEI OBITh HCTHHHBIMHU.

1) Hns Toro uTOGHI YmMCIO Aeauiaock Ha 4, .. UTODBI OHO
OBLTIO YeTHEBIM.

2) YTo06sI 4uCiIO geJnaoch Ha 3, ... YTOORI OHO Jenoch Ha 9.

3) Oas Toro uTobml umeso fgeamiock Ha 10, .. uTobBl OHO
OKaHYHMBAJIOCH HYJIEM.

4) Yrobpl mmpou3BeleHUE ABYX YHCeJ PABHAJIOCH HYJIO, ..
yTo6hl KaK[oe M3 HUX PaBHAJOCH HYJIO.

5) UToOnI mpou3BefeHMEe ABYX UYHCEJ DABHAIOCH HYIIO, ..
yTo6Bl XOTh OJHO M3 HUX PaBHAJOCH HYJII.

6) Ytobpl YMHOKHNTL CYMMY HECKOJBKHX 4YUCENI Ha Ka-
Koe-HUOYOb YHMCIIO, .. KAKAOE cjlaraeMoe YMHOXKUTH Ha
STO YKCJIO M IPOU3BEAEHUSA CIOXKUTH.

7) Yrobbl mpou3Be/ieHNe HEeCKOJNbKUX YHCes PasfelHUTh Ha
Kakoe-HNOYOb YHCIIO, ... PABKEINTDL HA 9TO YUCJIO TOJBKO
OZVH M3 COMHOMKHTeJeH M IOoNYy4YeHHOEe JacTHOe YMHO-
JKUTH HA OCTAJIBHBIC COMHOMKUTEJIH.

8) I Toro 4TOORI CyMMa ABYX H¥ces 6bIJIa YeTHBIM YUCIIOM,
.. YTOOBI KasKA0e U3 cjaraeMbIX ObLI0 UeTHBIM YHCJIOM.

9) IIna toro uTobwl umeso genuaock Ha 10, ... 9T0ObI OHO Ae-
JHUJIOCHL Ha H.

10) Insa rtoro 4robbl 9HCIO AeJHIOCE Ha 6, ... 9TOOLI OHO He-
Jujgoch Ha 2 W Ha 3.

11) Tina Toro uTobn!l umcio gejujaoch Ha 12, ... 9To6BI OHO Je-
Jujgoch Ha 2 m Ha 3.

12) Yro6bI YeThIPpeXyroJbHUK OBLT KBagpaToM, ... 9TOOBI BCe
€r0 CTOPOHBI OBLIITM PABHEL.

§ 3.2. Jlornueckue onepaunn. Tabnnubl
UCTUHHOCTHU

Voorpebnsgembie B OOBIYHONM pedYM CBASKU «H», <«HIN»,
«HE», «€CIH .., TO ..», «TOCJA ¥ TOJBKO TOTJA, KOTAA ..»
M T. I. II03BOJIAIOT M3 YKe 33JaHHBEIX BBICKA3BIBAHHUI CTpPO-
UTH HOBBIE CJIOKHBIE BBICKa3bIBaHuA. VICTHHHOCTL HJIH
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JIOKHOCTH IOJIYYaeMBIX TaKMM 00pa3oM BHICKA3LIBAHUI 3a-
BHCHT OT HCTHMHHOCTY U JIO’KHOCTH HCXOJHBIX BBLICKA3BIBA-
HUH ¥ COOTBETCTBYIOILIEH MPAKMOBKU CEA30K KAK JAozuye-
cKux onepayuii Had svickas3visaHuamu., [(na oboszHaueHUS
HUCTUHHOCTH, KaK MPaBUJIO, UCHOJb3YIOTCA CUMBOJBL «M» 1
«1», a gnsa 06o3HAYEHUA JOMKHOCTH — CHUMBOJBL «JI» # «0»,

Jloruueckas oniepanud IIOJMHOCTBIO MOXKeT OLITH OIIHCaHAa
Taﬁnnueﬁ HCTHHHOCTH, YRaSLIBammeﬁ, KaKie 3HaueHnd
IIPMHUMAaET CJ0KHOE BEICKa3blBaHMeE IIPH BCEX BO3MOMK-
HBIX 3HaA4YeHHAX IIPOCTHIX BBICKa3bIBaHUH.

B aﬂreépe JIOTHKH JIOTUYeCKMe CBA3KHN B COOTBETCTBYIO-
e UM JIOr'M4yeCKMe oliepallill IMEIT CIelluaJIbHbIe Ha3Ba-
HUA U 0603HAYAKOTCA claegyromuM 06pa30M:

Jornueckas ceaska | Hassanus gormueckoit onepauun | O6osHayeHns
He OTpuiiague, UHBEPCUL , '[ , =
¥, a, HO, XOTHA KoHDBIOHKIIMA, JOTHYECKoe &, A
YMHOXKEHHE
b7 474 L3 B0HEKIHI, HecTporasg v, +
AN3BIOHKIMA, JIOTHYECKOe
CHIOMKEHUe
nubo Pasgenunrensvrada (ctporas) @, A
IU3BIOHKIMS, UCKJIIOYaIolee
WNJIN, caoxkeHHe II0 MOAYJIIO 2
eciay ..., TO HMnaukanus, ciegoBaHHe =, >
TOTHA ¥ TOJABKO OKBHBAJIEHTHOCTD, S, ~, = o
TOrAa, KOrza 9KBYBAJIEHIINA, PABHO3HAYHOCTD

BBemem mepeurc/ieHHBIE JIOTHYeCKHe omepanuu Qop-
MaJbHBIM oO6pasoMm .

3.2.1. BrickasnsiBanve, COCTaBJIeHHOE U3 ABYX BBICKA3LIBAHUI ITy-

TeM O0BEAUHEHUS HX CBA3KOH «M», HABBLIBACTCA KOHBIOHK-
yuelk WJAH  JOzUYECKUM  YMHOMCeHuem. BrickaswiBad
KOHBIOHKIWIO, MBI YTBEPIKAaeM, YTO BHIIONHAITCA 00a co-
OBITUSA, O KOTOPHIX HAET PeYb B COCTABAAIOIINX BLICKA3bIBA-
Huax. Hanpumep, coobimad:

{He8aH06bL npuGesau HA UMY Yz0ab U 3AKYNuUAu O0posa HA
pacmonky kamuHay,

MBI BRIDa)KaeM B OJHOM BLICKASHLIBAHUH CBOe yOe)xkmeHue
B TOM, YTO IPOMIONLIKX 00a 3THX COOBLITHA.

! Bro Tem 6Gosee HeobXOAUMO, MHOTOMY YTO CBABKH, yIOOTpebiseMble B pedH,
HEOZHO3HAYHEL.
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Onpepenenmne 3. KoHsiOHKYUA — JOTHUYeCKAsd Ollepalyd, CTaBsA-
Iasg B COOTBETCTBHE KaKIABIM ABYM dJieMeHTapHBIM BBICKA-
3EIBAHMAM HOBOE BEICKa3biBaHUe, sBJSIONIeecd UCTUHHBEIM
TOrZla ¥ TOJILKO TOTHA, Korjga 00a MCXOXHBIX BHICKA3BIBAHUA
ucTuEHB . Jlormyeckas olepanua KOHBIOHKIMA OIpeess-
eTcd cjaeAylomied tabnuieil, KOTOPYIO Ha3hIBAOT mabauyeil

UCmuHHoOocmu.
p q p&q
0 0 0
0 1 0
1 0 0
1 1 1

PaccmoTpuM ABa BHICKA3BIBAHUA p = {3agmpa 6ydem mo-
pos} u q = {3asmpa 6ydem udmu crez}. OueBUIHO, HOBOE BbI-
cxaswiBauue p & g = {3asmpa 6ydem mopos, u 3aempa 6ydem
udmu cHez} MUCTHHHO TOJBKO B TOM Clydae, KOIZa OXHOBpe-
MEHHO HCTHHHBI BBICKA3EIBAHUA D U ¢, a MMEHHO, KOIla HcC-
THHHO, YTO 3aBTpa OyAeT M MOpo3, u cHer. BricKasbiBaHue
p & g 6yzmeT I0KHO BO BCeX OCTANBHBIX ClIydadx: OyEeT uatu
cHer, HO OygmeT orremens (T. e. He OyJgeT Moposa); Mopos 6y-
IeT, a cHer He OyzeT UATH; He OyJeT MOpo3a, U CHEr He OyxgeT
MATH.

B pycckoM s3bIKe KOHBIOHKIUZ COOTBETCTBYET He TOIb-
KO COIO3 «H», HO U APYrue pedueBble 000pOTHI, HAIPUMED
® CBA3KHU «a» HUIH <«HO».

3.2.2. BeickasnsiBaHIe, COCTOSIEe U3 ABYX BBHICKA3bIBAHUM, 00h-
eIVMHEHHLIX CBA3KOM «MJIK», Ha3bIBAeTCA OUIBIOHKYUEl HUIN
NOZUYECKUM CIONCeHUeM, Hecmpozol dussionKyueil. B BoI-
CKa3LIBAaHUAX, COAEPIKANIUX CBASKY «MJIH», YKasnlBaeTcs
Ha CYyILeCTBOBAHME NBYX BO3MOMKHLIX COOBLITHI, U3 KOTOPBIX
X0TA OBl OGHO HOJI3KHO OBITH ocyimectsiieno. Hampumep, co-
obuiad:

{ITemsa wumaem kHUzy uau neem uail},
MBI IMeeM B BHAY, YTO XOTs OBbI 4T0-1ub0 onuo Ileta gena-
er. IIpu sTom IleTa MOXKeT OAHOBPEMEHHO UMTATL KHUTLY U
IuTE Yait. VI B 9ToM ciydae IU3BIOHKIINA OyaeT MCTHHHA,

1 310 ompegesnenne merko pacnpoCTPaHAETCS HA CIydail n BRICKashIBaHMH (n > 2,
n — HaTypaJbHOE YHCJIO).
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Onpenenenne 4. /[u3sioHKyus — JOTUYECKasd OHepalms, KOTO-
pas KaXAbIM ABYM 9JIeMEHTAPHBHIM BHICKASHIBAHNAM CTaBUT
B COOTBETCTBHE HOBO€ BBICKa3bIBaHWe, #BJSAIOIIEECH JIOMK-
HBIM TOTZAA U TOJBKO TOr/A, Korja 00a MCXOZHBIX BEICKA3LI-
Bapua oxHE'. Jlorndeckasn omepaIis AUSBIOHKIMA OIpe-
geyAeTcsa cieAyiomieil Tabauilell MCTHHHOCTH:

p

q

==k
O = O
=l e ] <

M3 BIOHKINA UCTHHHA, KOTJA X0Td OBl OZHO B3 ABYX 006-
pasyoIIuX ee BBHICKa3bIBAHWHA HCTHHHO.

Paccmorpum aBa BrickaseiBaguA p = {Koaymb 6w 6 Hnu-
ouu} u q = {Koaym6 6vtn 6 Ezunme}. OueBUAHO, HOBOE BHI-
ckaspiBanme p v ¢ = {Koaym6 6vin 8 Hnouu uau Koaymb
6vin 6 Ezcunme} HCTUHHO KaK B clydae, ecau KoayM6 GbLI B
HNuanuu, Ho He 6bi1 B Erunre, TaK M B ciydae, ecJIH OH He
611 B Uaaun, Ho 611 B Erunre, a Taxk:ke B ciydae, eClIU OH
6611 1 B Uuauu, u B Erunrre. Ho 2To BRICKasbiBaHMe Oy/eT
J10KHO, ecan Konym6 He 611 Hu B MHaun, HE B Erunre.

Cor03 «uInM» MOMKeT IIPHMEHATHCS B pPedd U B JPYIOM,
«MCKJIIOYAIoNIeM» cMbIcie. Torga OH COOTBETCTBYET APYIo-
MY BBICKa3BIBAHHUIO — DAaseJUTeJIbHON, NI CTPOro#l JU3b-
IOHKIIUH.

3.2.3. BrickasnipaHue, 0o0pasoBaHHOe H3 [BYX BBICKA3BIBaHUM,
00 beSUHEHHBIX CBA3KOM «anbo» (TOUHee: «JIMOO TOJNBKO ...,
ubO TOJNBKO ...»), HaselBaeTcs pasfenumenvroii (cmpozoil)
dusswonryueil, ucknwovarowum HJIH, caoxwenuem no mody-
an 2.

B oramume or oOLIYHON OU3BIOHKUUK (CBA3KA «HIIH»),
B BBICKA3LIBAHWH, SABIAIOIIEMCA Pa3JeIUTeIbHON JU3BIOHK-
Lyed, Mbl YTBePXK/JaeM, UTO IPOU30IieT TOJIbKO OLHO COOBI-
Tue u3 AByX. Hanpmmep, coobruas:

{ITemsa cudum na mpubyme A aubo na mpubyue B},
MBI YTBepaKkaaeM, uTo IleTda cuaut nubo TONBKO Ha TpubyHe
A, mubo Tonpko Ha TpudyHe B.

! Bro ompemenenme, kak U TpegBIAYIee, PACHPOCTPaHAETCA Ha Cciaydail 7
BeICKashiBaHU#A (n > 2, n — HaTypaJbHOE YHCJIO).
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OHpenene}me 5. Cmpozas, 1y pa3ferumenvHas OU3BIOHKYUSL —
JIorUYecKad ollePalys, CTABAIasd B COOTBETCTBHE JBYM dJie-
MeHTAPHBEIM BBLICKa3BIBAHUAM HOBOE BBICKA3blBaHUe, ABJA-
ollleecss HCTHHHLIM TOTZA M TOJBKO TOTJa, KOTAA POBHO
OJHO U3 JBYX BBICKA3LIBAHUH ABIAETCA MCTHHHLIM. JIoru-
Yeckas oIepallysl PasfelNTeNlbHAA TUIBIOHKIUSA ONpeaess-
eTcs cleAyiomed Tabiuiell HCTHHHOCTH:

p q pogq
0 0 0
0 1 1
1 0 1
1 1 0

PaccMoTpuM ABa BBHICKaswiBauWA p = {Kowra oxomum-
ca 3a moiwanu} u ¢ = {Kowka cnum na dusane}. O4eBu-

HO, YTO HOBOe BBICKA3BIBaHHEe p @ ¢ HCTHHHO TOJBKO B
OBYX CIy4Yadx: KOrja KOIIKA OXOTHTCHA 3a MEBIIIAMH WJIHN
Korja KOMNIKa MUDPHO CIIUT. JTO BhICKA3EIBAHVE OYHeT JIOK-
HO, €CJIK KOIIKA He JlelaeT HU TOTO, HU APYIroro, T. €. KOI-
na o6a cobeITHA He mpoucxoaaT. Ho sTo BeIcKasnIBaHMe 0V-
IeT JOKHBLIM M TOTZa, KOrjga IpeAlojaraercsa, 4To oba co-
O6uITHA OyAyT IPOUCXOLUTL OJHOBPEMEHHO.

Bompoc. B c0MHOM 6bICKA3bIBAHUL UCNOLb306AHA CBA3KA
cuauy. Karxas amo Ousswonkyua: necmpozas uau cmpozas?

Omeem. B 1oTuKe CBASKAM «IKub60» U «HIW» IPHAAETCS PasHoe
3HayeHue, OOHAKO B PYCCKOM fA3LIKE CBA3KY «HJIH» HHOTJA
yHoTpebIaioT BMECTO CBASKH «Jub0». UTOOBI OmpenesiuThb
3HAUEHHUE CBASKU «WIK», HY)KHO IIPOAHATN3UPOBATE COAEp-
JKaHpe BBICKasblBaHUA IO cMBICIy. Hampumep, aHalu3 BbI-
ckaspiBaHua {Ilema cudum na mpubyne A unu Ha mpuly-
He B} ogHO3HAYHO YKaXKET Ha JOTHYECKYIO OIlepaliio pasje-
JUTeJbHAA MAUSBIOHKIWA, TaK KaK UYeJOBeK He MOYKeT
HaXO[WTh B IBYX Pa3HBIX MeCTaX OJHOBPEMEHHO. U

3.2.4. TIpemmoxxkeHue, oOpa3sOBaHHOEe U3 ABYX IPEATOKEHUM,
00 LeINHEeHHEIX CBABKOM «ECJH ..., TO ...», B TpAMMATHKe Ha-
3BIBAETCS YCJIOBHBIM IIPEeNJIOXKEHMNEM, 2 B JIOTUKE TaKoe BhI-
CKasblBaHme Ha3BIBAETCH UMNAUKAYUEll.

e e
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WMnaukamuio MBI MCHONB3YEM TOTLA, KOTJA XOTHM IIO-
Ka3aTb, YTC HEKOTOpoe cOOBITHE 3aBUCHUT OT APYIOro COOBI-
TuA. Hanpumep, mycth 4esloBek ckasan: «Ecau sasmpa 6y-
dem xopousas noezoda, mo s noidy eyaame». 3gech p = {3as-
mpa 6ydem xopowas nozoda} n q = { noiidy zyrsmuv}.
flcHo, 4TO UeNOBEK OKa)KeTCa JYKeIOM JIMIIL B TOM cJIydae,
ecJIVl IIOroja JeHCTBUTENLHO OKaMkeTcsA XOpoIleil, a TyiaaTs
OH He noiizer. Ecnu e moroga 6ymeT NI0XO0H, TO He3aBUCH-
MO OT TOTO, HOHAET OH I'YJATL MK HEeT, BO JLKHM ero Hejb3d
06BUHNTE: olellfaHue MOWTH TYAATH OH HaBak JIKUIIL IIpH
yCJIOBHY, UTO moroga OyaeT Xopoiei.

Onpenenenne 6. Hunaurxayus — JOTUYECKAasA OIlePAIIASH, CTABI-
mas B COOTBETCTBHE MBYM 2JeMeHTapHBIM BBHICKA3LIBAHUAM
HOBOE BBHICKa3LIBAHUE, ABIAIONIEECd JIOMKHBIM TOTAA U TOJb-
KO TOTZa, Korja ycaosue (nocvilka) — UCTUHHO, a caedcm-
sue (3arniouerue) — JI0XKHO. Jlormueckas onepanusd HMI-
JIUKallua 3afaercs cieayiomled tabauiieil MCTHHHOCTH:

p q p—4q
0 0 1
0 1 1
1 0 0
1 1 1

Mz BHAMM, 9TO MMIJIMKAIIUA 3aBeJOMO MCTHHHA, eciu
ycJoBuE p JIOKHO. [IpyruMu CJIOBaMu, U3 HEBEDHOTO YCJIO-
BHS MOXKET CJIeLOBAThH BCe, YTO yrofHo. Hampumep, BRICKa-
spiBanue {Ecau 2 > 3, mo kpoxoduavl nemaiwom} ABIAETCA
UCTHHHBIM.

IlogaBnaAromiee YuCI0 3aBUCUMOCTEH MeXIy COOBITHAME
MOJKHO OIMCATH C IIOMOIIBI0 MMILIUKAIINH.

IIpumep 1. McTuHHEBIM BHICKa3BIBaHUEM {EclU HAG KAHUKYAAX
Mol noedem ¢ Ilemepbype, mo nocemum Hcaarxuesckuii co-
0op} MBI yTBepaKgaeM, YTO B cjydae IIpUe3Ta HA KAHUKY-
nax B Ilerep6ypr UcaakueBckuit co6op MBI moceTuM 06s-
3aTeJbHO. O

B cooTBercTBRE C olpejelieHreM HMIUINKaLOWY HCTHHHBI
CJIeayioiiyie BBICKA3bBIBAHM A

a){Ecau 2 x 2 = 4, mo uepes CmoneHcK npomeiaem
Hnenp}.
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6) {Ecau uepes Cmonenci npomerxaem Ernuceil, mo 2 x 2 = 4}.

B) {Ecau uepes Cmonenck npomexaem Enuceii, mo 2 x 2 = 5}.

r) {Ecau 6ce yueHUKU Kalacca HANUUWYM KOHMPOLbRYIO Pa-
fomy no Quauke Ha OMAUYLHO, MO CAOHbL 8 AdpUuke Hu-
sym}.

) {Ecau uepez Cmonenck npomeraem EHuceil, mo ece yue-
HUKU KJAcCa HAnUWym KOHMPOAbHYIO pabomy no ¢usu-
Ke Ha OMAUYHO}.

OTMeTHM, 4TO BBICKA3HIBAHMA T') M [) ABISIOTCA HUCTHH-
HBIMY MMILIMKAILUAMA ¥ B TOM cjlydae, eClIl BEICKa3bIBaHUe
{6ce yuenuru xracca nanuwym wornmporvryo pabomy no
dusuke Ha OMAULHO} ABNSAETCA UCTUHHEIM, U B TOM CJlIydae,
€CJIN OHO ABJISIETCS JIOMKHBIM.

Crnepyioniye ABe MMIIIUKALMY ABIAIOTCA JIOXKHBIMHU, TAK
KaK B HUX IOCBUIKM HCTHHHBI, 8 3aKJIIOYEHUs JIOKHEL:

e) {Ecau 2 x 2 = 4, mo uepes CmoaeHnck npomerxaem EHu-
ceil}.

¥K) {Ecau uepes Cmonenck npomerxaem Jnenp, mo JIyHa
clenana usz mecmal.

Umnnukanud, o0pasoBaHHAs K3 BBICKa3LIBaHUN A u B,
MOXKeT OBITH 3alHCcaHa Ha eCTECTBEHHOM fA3BIKE IIPH IIO-
MONIIM CJHeAVIOIDNX nOpennosxeHuit: «Hcam A, To B»,
«A3 A cnepgyer B», «A Baeuer B».

Moker mOKA3aThCHA CTPAHHBIM, UYTO BHICKashblBaHUeE
«Ecnm A, To B» Bcerga MCTHHHO, €CIM MOCEIIKA (BHICKA3hI-
BaHHe A) jJoxxkHa. Ho 18 MaTeMaTuKa 9TO BIIOJHE ecTecT-
BeHHO. B caMom Zeje, MCXOAsS U3 JIOMKHOM IIOCELIKH, MOXKHO
IyTeM BEePHLIX PACCY:XIEHHUH MOJYYHTH KaK MCTHHHOe, TaK
U JIO)KHOE YTBepKIeHHE.

Homyctum, uro 1 = 2, torga u 2 = 1. Ckinageisas aTH pa-
BEHCTBA, IOJIYUYAM 3 = 3, T. €. U3 JIOKHOU IOCBLIKH IIyTEM
TOXKAECTBEHHBIX NpeoOpa3oBaHUM MEI IONYYUIN UCTHUHHOE
BBICKa3bLIBAHUE.

BoapmuHeTBO MaTeMaTHYECKHX TEOpeM SABISIOTCA HMII-
aukanuaMu. OqHAKO Te UMIIHKALONUK, B KOTOPBIX IIOCBIIKY
(yciioBus) ¥ 3akJIIOUEHNA (CIeACTBHUA) ABIAIOTCA IIPEAIOKE-
HuAMM 0e3 B3ayMHOH (10 CYIeCTBY) CBA3M, He MOI'YT HI-
paTs B HayKe BaXXHOH posu. OHHU ABJIAIOTCA OecIlJIOZHBIMU
IpeAoKeHUAMY, TAK KaK He BeAYT K BbIBogaM Doiee riy-
0oKOT0 COAepIKaHUA.
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B maTeMaTnKe HU OfHa TeopeMa He ABJISAETCA WMILIHKA-
I¥el, B KOTOPOH yclIOBHe M B3aKJIOUeHHe He ObLIN GBI

Py CBA3aHBI 110 cofepsxaHuio. [ocTaTOYHO YacTo B MaTeMa-
THYeCKHX TeopeMaX MMILIHKAIUK (POPMYIUPYIOTCA B BH-
e monbKOo Heobxo0uMmoz0 UIU MOAbKO J0CMAMOLH020
ycaosusa.

3.2.5. BrickasbiBanme, o0pa3oBaHHOe M3 JBYX BHICKA3bBIBAHUI
IIPY IIOMOIIM CBASKH «TOTAa M TOJLKO TOrZAA, KOTAa», B JIO-
THKe HAa3LIBACTCH IKBUBAJLEHMHOCMbI. DKBUBAJIEHTHOCTH
HUCHONB3YyeTCA B TeX CayJasnx, Korjga HeoOGX0oInMo BHIDA3UThL
B3aMMHYyI0 00ycioBieHHOCTs. Hanpumep, coobias:

{A noryuy nacnopm mozda u moavko mozda, kozda MmHe uc-
noanumes 14 nem},
9eJI0OBEK YTBep:KAaeT He TOJBKO TO, YTO IIOCIe Toro, Kak
eMy HcrnogHHUTCA 14 Jjer, OH IOJMYYNUT HAaCHopT, HO U TO, UTO
NaclOpT OH CMOJKET HOJYYUTDH TOJBKO IIOCJE TOr'O, KaK eMy
ucnonsurca 14 ier.

Onpenenenne 7. SxeusaIeHMHOCME — JOTUYECKas OIEPALMS,
CTaBsAM[as B COOTBETCTBHE JBYM 3JIeMeHTADHBIM BEICKARLIBA-
HUAM HOBOe, ABJAOIIeeCs HCTHHHBIM TOTZA M TOJIbKO TOr/Ia,
Korja o6a MCXOAHBIX BBICKA3bIBAHUA ONHOBPEMEHHO HCTHH-
HBI UM OGHOBPEMEHHO JIOKHBI. Jlormueckasa onepamnusa 9KBU-
BAaJIEHTHOCTh 3afaeTca cjaenyioiell tabanieil MCTUHHOCTHU:

p q P~q
0 0 1
0 1 0
1 0 0
1 1 1

Paccmorpum Bo3MOXKHBIE 3HAUEHUSA CJIOMKHOTO BBICKA3LI-
BaHWUs, ABIAIOIIETOCA SKBUBAJIEHTHOCTHIO! {YVuumens ymaep-
FHdaem, umo 5 6 wvemeepmu yueHuky oH nocmasum mozda u
monvko mozda, Kozda yueHUK noayyum 5 na 3aueme).

1) Vuennx monyumn 5 Ha sadere u 5 B YeTBEDPTH, T. €. VIH-
TeJIb BHIIIOJIHUI CBOe obeliaHue, cJIeL0BaTeJbHO, BBICKA-
3bIBaHMeE SABJSAETCA HCTHHHBIM.

2) Vuenuk He IOJYYHMJ HA 3a4eTe D, ¥ yIUTe]bh He IOCTABUI
eMy D5 B 4eTBepTH, T. €. YUHTeJb CBOe o0elIaHHe CHep-
’KaJi, BLICKAs3hIBaHMe ABIAETCA MCTHHHBIM.

3) Y4uenux He mosyuma Ha 3adeTe 5, HO yYMTeNIb IIOCTABUI
eMy 5 B 94eTBepTH, T. €. YUUTeNb CBOe ObellaHue He chep-
JKaJi, BBICKA3HIBaHHE ABIAETCHA JIOMKHBIM,



160 T'naBa 3

4) YueHHK NIOJYYHJI Ha 3adeTe 5, HO YyUHUTeJb He IIOCTABHII
eMy 5 B UeTBEepPTH, T. €. YUUTEJb CBoe obelllaHKe He CAep-
sKaJl, BbICKa3blBaHIe ABJIAETCA JOXKHBIM.

' B MaTeMaTHYeCKMX TeopeMaX SKBHBAJIEHTHOCTEL BhIPa-
H KaeTCH CBHAIKOU <«HeQOXOOUMQ WU IQCTATOUHGH .,

3.2.6. PaccMOTpeHHBIE BLIUIE OIepauuu OBLIMIM ABYMECTHBIMU
(6uHapHBIMY), T. €. BBIIIOJHAIUCH HaZ JBYMdA OllepaHKaMU
(BBICKABBIBAHNAMH). B anrebpe JormKky ompejeseHa K LIK-
pOKO IPUMeHdAeTCA U OAHOMecTHas (yHapHa#d) olepalHd
ompuuyaHue.

Onpeneneaue 8. Ompuyanue — Jorudeckas oliepalus, KOTopas

' KQKIOMY 9JIeMeHTapPHOMY BRICKA3LIBAHHIO CTABUT B COOTBET-
CcTBHe HOBOE€ BLICKA3bIBaHME, 3HAYEHWE KOTOPOTO IPOTHBOIO-
JOKHO HCXOoAHOMY. JlormuecKas omepalius OTpHUIaHUE 3a7a-
eTca clenyIomel Tabinumell MCTHHHOCTH:

=3I k-1

p
0
1

B pycckoMm a3bIKe AJId HOCTPOEHUS OTPHUIAHUA MCIIONb-
3yerTcd CBA3Ka <«HEBEPHO, 4TO». XOTHA CBA3KA «HEBePHO,
4yTo» M HE CBA3BIBAET ABYX KaKUX-IH00 BHICKa3bplBAHHHR
B OAHO, OHA TPAKTYeTCA JIOTHKAMH KaK JIOTHYeCKas cBA3KA,
TIOCKOJBKY, IIOCTABJIEeHHAA Mepel IIPOM3BOJILHLIM BEICKABHI-
BaHHeM, 00pasyeT U3 Hero HOBOeE.

IIpumep 2. OTpHuIlaHWeM BBICKa3bIBaHUA {V mena doma ecmb
rwomnviomep} O6yAeT BoicKasbiBaHue {Hesepro, umo y MeHA
doma ecmb KOMNblOmMep} WIH, YTO B PYCCKOM fA3BIKE TO XK€
camoe, {¥ mensa doma Hem Komnviomepa}. g

IIpumep 3. OTpuiianreM BHICKA3BIBAHUA {A He 3HAI0 Kopelickozo
A3biica} 0yner BoickaseiBanue {HegepHo, wmo 4 He 3HAI0 KO-
petickozo asvika) Un {A snaw Kopelickuil A3biK}. g

IIpnmep 4. OTpunanreM BbicKasbiBaHudA {Bce wrowu 11-x kadc-
c068 — OMAULHUKU} ABJIAeTCA BhICKassiBaHue {Hegepro, wmo
sce oHowu 11-x xaaccoe — omaunnuku} unm {He ece 1wHO-
wu 11-x Kraccoé — OMAUYHUKU} WIW LPYTHMH CIOBAMY,
{Hexomopbvie ionousu 11-x KAQCCO6 — He OMAULHUKU}. L



Baenenne B ajre6py JOTHEH 161

Ha mepBBIF B3IVIAL KajyKeTCHd, YTO IOCTPOUTH OTPHUIAHHE
K 3aJaHHOMY BEICKA3bLIBAHUIO AOCTATOUYHO IpocTo. OmHAKO
3TO He Tak.

IIpumep 5. Brickasripanue {Bce roHowu 11-x Kraccoe — He om-
AUYHUKU} He SBIseTcA OTPHUIAHNEM BLICKA3BIBaHUA {Bce
orowu 11-x waaccoe — omauunuxu). O0BbAcCHAETCH 3TO
cregyomuM ofpasom. BrickaswiBanme {Bce mnowu 11-x
Kaacco8 — omausHuxu} JoKHO. OTpUIlaHHEM K JOKHOMY
BBICKa3BIBAHUIO JOJKHO OBITH BHICKA3LIBAHNE, ABJIAIONIEEC
uctuuHBIM. Ho BeickaseiBanue {Bce onowu 11-x kaaccog —
He OMAUYHUKU} He SBIAeTCs HCTHUHHBIM, TaK Kak Cpefu
ONVMHHANATUKJIACCHUKOB €CTh KaK OTJIMYHHUKY, TaK U He
OTJIMYHHKH. O

IIpumep 6. dna BrickaswiBanud {Ha cmosanke cmosam KpacHble
«Huzyau»} cirepyioniue IpPeANOKeHUA OTPULAHUAMY HB-
JATBCA He OyAyT:

1) {Ha cmosnke cmoam He KpacHbie «Muzyau»};

2) {Ha cmoaurxe cmoum Genvtii «Mepcedec»};

3) {Kpachnbte «HRuzyau» cmoam He Ha cMoOsAHKe).
ITompob6yiiTe 3TOT IpUMEDP pa3obparTs CaMOCTOATENIBHO. O

IIpoaHanu3upoOBaB IpUBEJEHHbIE IPHMEDPHI, MOYKHO BBEI-
BECTH IIOJIe3HOE IIPABUJIO.

IIpaBHIO TOCTPOEHNA OTPUUAHNA K IPOCTOMY BHICKA3BIBAHUIO

IIpu nocTpoeHMU OTPHIAHKA K IPOCTOMY BBHICKA3BIBAHHIO
N0 UCIONb3YeTCs PeUeBOH 060POT «HeBepHO, YTO», 1U00 OT-
PHIlaHHME CTPOMTCS K CKa3yeMoOMYy, ToIja K CKasyeMoMy o-
faBiisgeTcd YACTHUIA «HE», IIPHU STOM CJIOBO «BCe» 3aMeHAeTCs
HA «HEeKOTOpbie» ¥ HaoOOopoT. A

B zaxaroyeHne IpHUBefeM CBOAHYIO TAOJIUIY MCTUHHOCTH
IJIsi BBeZEHHBIX JIOTHYECKHX OIepalluii.

p|q| p | p&q | pvg | p®q | pP—>q|p~q
o] o0 1 0 0 0 1 1
0] 1] 1 0 1 1 1 0
1ol o 0 1 1 0 0
1l1] o0 1 1 0 1 1
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Bonpochkl u 3agaHng

1.

B crexyiomux BBHICKA3BIBAHMAX BBILEINTE NPOCTHie, 0003Ha-
qUB Ka)KAoe UX HUX OVKBOIl; 3allMIINTe C IIOMOIIBIO OYKB U
3HAKOB JIOTHUECKHUX OoIepaluil KasK/oe COCTABHOE BHICKA3HI-
BaHHe,

a) Yucno 376 weTHOe M TpEeX3HATHOE,

6) 3umoil JeTH KaTaloTcsAd Ha KOHbKaX KMJIM HA JbDKAX.

B8) HoBmi#t rof Msl BCTPETHM Ha Aaue aubo Ha KpacHoil mio-
magu.

r) Hesepro, uto CoJHIle OBMMKETCS BOKDPYT 3eMJIH.

) Ecin 14 okrabpa 6yAeT COMHEUYHHIM, To 3uMa 6ygeT Tem-
JIOH,

e) 3eMiua mMeeT opMy UIapa, KOTODHIA U3 KOCMOCA KaKeT-
cA roayO6rIM.

) Ha ypoke MaTeMaTHKH CTapHIeKJaCCHUKM OTBEYaJIH HA
BOIIPOCHI VYHTE/IA, & TaKiKe IHCAJIH CaMOCTOATEeIbHYIO
pabory.

3) Ecnu Buepa 6110 BOCKpeceHbe, To [luMa Buepa He OblI B
HIKOJIe ¥ Bechb JAeHb IyJsd.

) Eciu cymMa uudp HaTypanbHOro dHCja ZeJuTca Ha 3, TO
YHCJI0 AeJauTCA Ha 3.

K) Yucino genwresa Ha 3 Torga U TOJNBKO TOrZa, KOTAA cyMMa
nudp yuciaa geauTcd Ha 3.

Huxe npusefgena tabinna, jgeBasd KOJOHKA KOTOPOH comep-

JKHT OCHOBHBIE JIOIHYEeCKHe COI03BI (CBABKM), C IIOMOIIbBIO KO-

TOPHIX B €CTECTBEHHOM A3BIKE CTPOATCA CJIOMKHBIE BHICKA3HI-

BaHUA. 3AOJHUTE OPABYIO KOJIOHKY TabJMHILI HA3BaHUIMU

HauboJsiee IOAXOAAMINX JIOTUYECKHUX ONepaIuii.

B ecTecTBeHHOM A3BIKE B aoruxe

"
WY

Hegepno, yro

XoTH

B TOM H TOJBKO B TOM cJiydae
HO

a

Eciau ..., TOo

OZHAKO

TOFZa H TOJILKO TOTAa, KOTAa
JIubo ..., 1mmbo

Heo0XOoAMMO M JOCTATOYHO
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3.

B ectecTBennoM A3BIKe B noruke
Hs ... cnepyer...
.. BJ€Yer ...
.. PABHOCHJIBHO ...
.. HeOOXOIMMO ...
.. ZOCTATOUHO ...

IlocTpoiiTe oTpUNaHUA CASAYIOUINX BHICKA3LIBAHUM.

a) Cerogua B TeaTpe mieT omnepa «EpreHuit OHETHH».

6) Kaxpaeill OXOTHUK JKejlaeT 3HaTh, rje CUIUT (aszan.

B) Hucno 1 ects mpocToe 4HCIO.

r) Hucso 1 — cocrasHOE.

n) HarypanbHble umcesa, oKkamumBaomquecsa mudpoi 0, aAB-
JIAIOTCS IPOCTHIME YMCJIAMM.

e) HesepHo, 4TO umcyno 3 He sABIAeTCA AeIUTeNeM YHCIA
198.

&) Kona pemms Bce 3ajlaHMA KOHTPOJBHON DaBOTEI.

3) HesepHo, 9To a1060€ YKCII0, OKaHuuBaonieeca nudpoi 4,
geautca Ha 4.

u) Bo BcAKOI MmIKOJle HEKOTOphIe YUeHUKH KHTePecyHTCs
CIIOPTOM.

k) HexoTopsie MieKonmuTaiomue He KUBYT Ha CyIle.

fABnsatorca 1M OTPUIAHUAME APYT Apyra clefyloliue Naphl
npeAIoKeHun?

a) O — woi#t apyr. OE — wmoii Bpar.

0) Boapmioit gom. HeGonsimoit mom.

B) Boasmoit gom. MajleHbKUI HOM.

ry X > 2. X < 2.

IIycTs p = {Ane npasamesa yporxu mamemamuru}, a q = {Ane
Hpasamca ypoxu xumuu}. Beipasurte cienyiomue GopmMynsl
Ha eCTeCTBEHHOM fA3LIKE.

ap&q;, T1)pvg; x)p & g; K)p—q;
8)p&q; mpPpVg 3)pvag; m)p—q;
B)p & q; eypvg; 1) p&q; M)p—>q.

B MaTeMaTHYeCKHX TeopeMaxX HMILJIMKAIIVA BBIpasKaercs He
TOJBKO CBA3KON «ECJIH ..., TO». BRICKa3hIBaHUE «JJIA TOTO UTO-
OBI BBIIOJIHAJIOCH A, JOCTATOYHO, YTOGK! BBIIOIHANIOCH B» co-
OTBeTCTBYeT UMILIUKauuu (B — A). 3allMIINTE B CHMBOJIHKE
anrebpbl JIOTUKY MMILJIHKAIIWIO «[Jd TOFO UTOOBI BBIIIOJIHS-
JIoCh A, Heob6X0anuMO, YTOOBI BRIITOIHAIOCE B». '
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§ 3.3. Jlornueckme popmynbl. 3akoHbl anredpbl
NOrNKu

Maremaruku mox ciosom «anrefpa» ImofgpasyMeBalT HaAVKY,
KoTopasd m3ydaeT HeKre OObLeKTHI ¥ orepaly Hal HHUMH.
Hanpumep, mkonbHag anrebpa (anrebpa neMCTBHTENBHBIX
ypcesl) Ma3ydaeT JeficTBUTe/NbHBIE YHCJIA M ONepalluy Hax
HuMu. [IpegMeToM »Ke HaIllero M3y4YeHMs ABJSIOTCA BHICKA-
3BIBAHU, ONlepallyy HajJ HUMM, a TaKiXKe JOoTHUecKHue (PpyHK-
uun. B mpeppiaymiux maparpadax gnsa o6osHaUeHUSs BBHICKA-
3BIBAHUI MBI MCIIOJB30BaIn OYKBEI. Kak u B anrebpe peiict-
BUTEJBHBIX YHMCEJ, BBEJEM CJERVIOIINEe OIIpefeseHUd.

Onpepenenne 9. JTozuueckoil nepemennoli Ha3pIBaeTCA IlepeMeH-
Hafd, BHAUYeHHEM KOTOPO# MoXkeT OBITH J1i060e BEICKA3BIBA-
Hue. JloruuecKkre nepemMeHHbIE (fajee «IepeMeHHEIEe») 000-
3HAYAIOTCA JIATHHCKUMU OYKBAM#, MHOTAA CHAGKeHHBIMU
uHIeKCcaMM, Kak OObIuHbIe ajurebpanvecKue IiepeMeHHLIE:
X, Y, X Ypp X Y, @ T.IL

ITomarue sorudeckoit Gopmynbl saBiaAeTca dopMmantusa-
nyell MOHATHA CJIOMKHOTO BHICKA3bIBaHMWA. BBeleM ero WH-
AYKTUBHO. '

Onpepenenne 10. Jlozuueckoil ¢opmynoil ABnseTCA:

1) nobasi Jorndeckas IlepeMeHHad, a TaKXKe Kaxgad u3
ABYX JIOTMYECKUX KOHCTAHT — 0 (110%p) 1 1 (ucTUHA);

2) eciu A 1 B — dopmyinsl, To B 1 A*B — ToXke GOpPMYIIHI,
rge 3HaK «*» O3HaAYaeT JI00YIo U3 JOTHYeCKUX OMHADHEIX
onepanui.

Dopmysoll aBIAETCHA, HAIpHMep, CJAEAVIOIIee BEIpaKe-
aue: (x & y) - z. Kaxzgoit popmyne npu 3ajaHHBIX 3HaUe-
HHAX BXOAANIWX B Hee NEePEeMEeHHBIX IPHUIMCHIBAETCA OMHO
n3 OBYX 3HadeHH# — O mam 1.

Onpepenenne 11. @opmynsl A u B, 3aBUCAIINE OT OTHOTO U TOT'O
e Habopa IlepeMeHHBIX X, X,, X, .., X,, HA3LIBAIOT PABHO-
CUJLHBIMU NI IKEUBAJEHMHbIMU, eCTIE Ha Jo6oM Habope
BHAUEHUH IIEPEMEHHBIX X, X,, Xj; .., X, OHH MMEIOT OWHAa-
KOBHIe 3HaueHud. [[1s obo3HadYeHMSA paBHOCUJILHOCTH Gop-
MYJ UCHONBL3yeTcs 3HAK paBeHCTBa, Hampumep A = B.

B panpuefimem OyzeT HokasaHo, 4TO JI06yio dopMyay

MOYKHO npeofpa3oBaTh K PABHOCHJIBHOH eill, B KOTOPOH uc-
TOJIB3YIOTCA TOJLKO aKCHOMAaTU4eCKH BBefeHHbIe ollepPanuu

&, v ¥ oTpumaHue.
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Hna npeobpasoBanus ¢GopMysr B PaBHOCUJIEHBIE BAXKHYIO
POJIb UIPAIOT CAEAVIONNE PaBEHCTBA, OTPAKAKIe CBOKCT-
Ba JIOTHYEeCKHX OIllepaliii, KOTOpEIe II0 aHAJIOTMH C aareb-
poll BellleCTBEHHHIX umces OyZeM HasBIBATHL 3aKOHAMM:

1) 3aKOHBI KOMMYTATMBHOCTH
x&y=y & x,

XVYy=yvx
2) 3aKOHBI acCOUMATUBHOCTH

x&yY &z=x& (y & 2),

xvyvaz=xvyvaza)y

3) 3aKOHEI NOTIOMEeHHA (HYJIS M eIHMHMIIBI)
xvO0D=x,x&1=x;

4) 3aKk0HBI ANCTPMOYTHBHOCTH
x&Yvay=x&y v ix & 2),
xvy&z=(xvy & (xv 2);

5) 3aKOH HpOTHBOpeYnA

x & x =0
6) 3aKOH MCKJIIOYEHHOr0 TpPeThero
xvx=1;

7) 3aKOHBI mxeMrlo'ren'moc'm1
x& x=2x,xVvx=x

8) 3aKOH JBOHEOI0 OTPUI2HHA
X = x;

9) zaxonsl ge Moprana
t&y=xVy,
xVvy=x&y;

10) 3aKOHBI NOIJIOLIEHHHA
x v (x & y)=x,

x & (x vy =x

JI:0001 M3 3THX 3aKOHOB MOMXeT ObITH JIETKO AOKa3aH C Io-
MOIIIBIO TaGJINI[ UCTHHHOCTH.

Ilpumep 7. HoxaskeM mepBHIH 3aKoH Ae Mopraza ¢ HCIOJIb30BA-
HueM Tabaun HCTHHHOCTH. IlocTpouM TaGIHIY MCTHHHOCTH
OJiA JIeBOH M IIpaBOM dYacTell 3aKOHA.

! Or martumcxux ciop idem — ToT #e caMbii B potens — CHJIbHBINA; KOCJIOBHO -
PaBHOCHJIBHEIH.
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x y x&y | x&y x :l; ;vg
0 0 0 1 1 1 1
0 1 0 1 1 0 1
1 0 0 1 0 1 1
1 1 1 0 0 0 0

Tak KakK pe3yJbTHPYIOLINE CTOJOLEI COBIIAMN, TO (POPMYJIEI,
CTOAILINE B JIeBOH ¥ TPaBOM YacTAX 3aKOHA, PABHOCUJIBHEL. []

Jl1060# u3 3aKOHOB anreGphl JIOTMKU MOXKeT OBITH HOKa-
3aH IIyTeM JIOTHUYECKHX PacCyXIAeHHH.

IIpnmep 8. [loxaxkeMm mepBrIil 3aKXOH HOIJIOMEeHNS x v (x & ) = x
nyTeM JIOTHYeCKHX paccy»KAeHHi. [I1a sToro JocTaTouHO
noKas3aTh, UYTO ecJIM mpaBas 9acTh MCTHHHA, TO M JieBas
JacTh UCTHHHA, ¥ UTO €CJIX JieBad YacTb NCTHUHHA, TO U Ipa-
Bas YacThb MCTHHHA.

IlycTe McTHHHA IIpaBas 4acTh, T. €. x = 1, Torga B JeBOH
YacTH AUIBIOHKINA X v (x & Y) HCTUHHA 10 ONpPeeeHHI0
An3bloHKOUK. IlycTs mcTuHHA JeBad yacThb. Torga mo ompe-
JAeJIeHWIO OM3BIOHKIIMY NCTUHHA UaIu GopMyaa x, UIU (pop-
myna (x & y), unm o6e 3Tt GOpMYIEI OZHOBpeMeHHO. Eean x
J0¥KHa, Torda (x & y) moyKHA, caefoBaTeJbLHO, X MOMKET
OBITH TOJBKO UCTUHHOIM, O

Eme ognuM crocobom BEIBOZA 3aKOHOB SABJIAIOTCA mojcde-
cmeeHHble Npeolpas3osanus.

IIpumep 9. IlepBhlil 3aKOH MOIVIOMEHNA MOXKHO BEIBECTH IIPH IO-
MOIIIY 3aKOHOB MOTJIONIeHN eIUHUIIBI U TUCTPUOYTUBHOCTH

v &yY)=x&)vx&y)=x& (1 vy ==x. ]
Onpepenenne 12. ®opmyna A HasbIBaeTCa masmonozueil (UIn

TOX/JeCTBeHHO MCTHUHHOH), €ClIM OHA WCTHHHA NIPH JOOBIX
3HAUEHUAX CBOMX IepeMeHHEBIX.

Hpumep 10. TaBronorueit spaserca ¢GopMyaa X v X, BEIPaXkaio-
jad 3aKOH UCKJIIOYEHHOI'O TpeThero. D

B anrebpe joruKu AU3BIOHKIUIO ellle HAa3EIBAIOT JIOTHUe-
CKHM CJIOKeHHEM, & KOH'BIOHKIHNIO — JIOTHYECKUM YMHOMKe-
HueM. Eciu npoposxars aHATOTHIO MeXKAY JOTUIECKHMHY U
apuMeTUIeCKNMH OHEpAIlMAMHU, TO OIEepaIlud OTPUIIAHUSA
IO HEKOTOPHIM XapaKTEePHCTHKAM aHaJIOTHYHA VHADHOMY
MHUHYCY.
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IInsa morudecKux omepanuil YCTAHOBJICH CAeqyIOOUH IIO-
PAOOK BBIUMCHeHHi: 1) oTpuuanue; 2) KOHBIOHKIIUA;
3) BU3BIOHKIUA (cTporad U HecTporas); 4) UMIINKaLNA
M SKBHUBAJEHTHOCTD.

ITosToMy OpH 3aImHCH JOTHYECKUX HOPMYJI ¢ HCIOIb30Ba-
HUEM JTHX ollepanuit CKo6KM TpeGyeTcs pPacCTaBAATh TOJb-
KO [JIsl TOro, YTO6hI M3MEHUTE IIOPAOK BEIIIOJHEHHA Ollepa-
uuil, QUKCUPOBAHHBIA IO yMoJa4aHuio. Hanpumep, Bhipa-
xeHHe x v y & z TpakTyerca Kak x Vv (y & 2).

Bonpocs! 1 3agaHus

1.

2.

Kakue us PaACCMOTPEHHBIX JIOTHYECKNX 3aKOHOB aHaJIOI'4-
HEI 3aKOHaM a.nreﬁpm Yymcelsl, a KaKkue HeT?

IloxaxuTe BTOpOii 3aK0H Je Moprana ¢ NOMOIIbIO TabIuIL HC-
TUHHOCTH.

P aCCMOTpHTe ABa CJIOXXHBIX BBICKA3bBIBaAHNA:

= {ecsu OFHO ciiaraeMoe HeJUTCA Ha 3 M cCyMMa JeJuTca
Ha 3, To ¥ [Apyroe ciaraemMoe HeJHUTCA Ha 3};
= {ecnu opfHO clraraemoe JeJHTCA Ha 3, a ApPyroe He Je-
mzrrca Ha 3, TO CyMMa He AeJHTCA Ha 3}
Popmanu3yiTe 3TH BBICKA3BIBAHUA, [IOCTPOMTE TAaGIHIEL
HCTHHHOCTHY IJIS KaXKA0# M3 MONyUYeHHBIX GopMya u ybenu-
TeChb, YTO PE3YJLTHPYIOIINEe CTOJOLBI COBIIAZAIOT.

Dopmasina3yiiTe cleAyIOUIMe BHICKAa3bIBAHUA M HOCTPOMTE
U1 HUX TabGiuUbl KCTUHHOCTH:

= {ecsn BCe CTOPOHBI YETHIPEXYTOALHUKA DPABHEL ¥ OLUH
U3 ero yrijoB IPSAMOM, TO 3TOT YETHIPEXYTOJbHUK SABJSIETCH
KBagpaToM};
F, = {ecu Bce CTODOHBI Y€THIPEXYTOJbHUKA DABHEI, & OH He
ABJAETCS KBAAPaToOM, TO OAMH M3 €ro yrjoB He ABJdercsa
IPAMBIM}.
Ina onepanuil MMILIMKALMH, SKBUBAJEHTHOCTH M Pa3/esu-
TeJbHO! AU3BIOHKIMM TAKIKe MOXKeT OBITH COPMYIMPOBAH
PAM BaXXHBIX CBOMCTB. B 4acTHOCTH, Kaxk[as U3 3THX oIepa-
Ui MoKeT GBITh BHIpasKeHa 4epe3 KOHBIOHKI[HIO, JUSBIOHK-
U0 ¥ OTPUIlaHMe. YOGeqUTech B 9TOM, LOKA3aB CaMOCTOA-
TeJIbHO CJIeJYIOIIHe COOTHOIICHS:

a)a > b= avb;_ B
6)a~b=a&bvatk&hbd
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B)a@b=c_z_&b_va&b.
rNa >b=>b-> a
g a~b=(@—>>b & (B > a)

e)a®b=a~b
6. Haiipurte x, ecnu (x v a)v (xv a) =b.

7. Kaxue us caegyouux GOpMyJ IBASIOTCS TABTOJOTHIMMT?
a) a & a;
6) a > (b > a)
B) (¢ & b) > a.

8. Jloruueckas ¢opMysa Ha3BIBACTCA MOHOECMEEHHO JONCHOIL,
ecsIu oHa npuHUMAaeT 3HadeHue 0 Ha Bcex Habopax BXOAAIINX B
Hee IlepeMeHHBIX. YIpoctute hopmyny a & (a — b) & (a > b)
¥ TIOKaKHUTe, UYTO OHA TOKAeCTBEHHO JIOMKHA,

§ 3.4. MeToabl peweHus Norm4YeckKkmnx sapay

WMcxogHBIMY OaHHBIMK B JIOTHYECKMX 3aJauaxX HABJILIOTCH
BBICKA3bIBAHNA. JTH BLICKASLIBAHUNA M B3aUMOCBA3M MEXAY
HUMHY OBIBAIOT TAK CJIOKHEI, YTO pasobpaThca B HUX De3 HC-
TOJIH30BAHNA CIEIUAIbHBIX METOZOB AOCTAaTOYHO TPYAHO.

MHorme JOrf4ecKye 3afadd CBS3AHBEI C PACCMOTPEHHEM
HECKOJIBKNX KOHEUHBIX MHOJKECTB ¥ CBABeH Me)KIy MUX 2Je-
menTaMu. [y peneHUA TAaKUX 3a4a4 3a9acTyI0 Ipuberaior
K moMoIiny Tabaum uiau rpadoB, IPH 9TOM YCIENIHOCTL pe-
IIeHNA BO MHOTOM 3aBHUCHUT OT Y[JAaYHO BHIGDAHHOM CTPYKTY-
phl Tabnunsl uin rpada. Annapar ke ajare6psl JOTHKH II0-
3BOJIAET IOCTPOMTE (OPMAJIBHBIA YHUBEPCANbHBLI CIIOCOD
pellleHNA JIOTUYECKHUX 3ajkad.

@opMaabHBINH CIIOCOG pellleHHsA JOTMYECKHX 3amad

1. BeipesiuTh M3 yCIOBHS 3af4a9U djeMeHTapHEIe (IPOCTHIE)
BEICKABBIBAHMA U 0003HAYUTL MX OyKBaMu.

2. 3anucath ycJIOBHe 3aJadd Ha A3BIKe ajreOphl JOruMKH,
COeJUHUB IIPOCTEIE BBICKABBIBAHUSA B CJIOMKHBIE C IIOMO-
IIBIO JIOTHYEeCKUX OIlepamuii.

3. CocTaBUTH eIMHOE JOTUYUECKOE BEIPAXKeHNE JIs BCeX Tpe-
foBaHUM 3agaqm.

4. Vcnonb3ysa 3aK0HBI aiarebpsl JIOTHKHU, MOMNBITATLCA VIIPO-
CTUTH IOJTyUeHHOE BBIPAKEHNEe U BBIYUCIUTE BCE ero 3Ha-
YeHUA JM00 IIOCTPOUTH TAONHUIy MCTHHHOCTH [JA pac-
CMaTPHBAEMOTO BBIPaKeHHS.
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5. Bribpats pemenvie — Habop 3mayeHUH OPOCTHIX BBHICKA-
3BIBaHUM, IIPH KOTOPOM IIOCTPOEHHOE JIOTHYeCcKOe BhIpa-
JKeHue ABJAeTCA HCTUHHBIM.

6. IlpoBepuThb, YAOBJIETBOPSET JM IIOJIYYEHHOe pelleHHe
YCIIOBHIO 3aJa4Hl. AN

PacemoTpuM, Kak MOMKHO HCIIOJIB30BATL HAHHEIN CIIOCod
JJIA pellleHuA 3amad.

IIpnmep 11. 3agaua «YpPOKH JIOTUKH».

Ha Bompoc, KTo U3 Tpex y4allluxca U3ydat JIOTUKY, OBLI
IIoJIyuUeH OoTBeT: «Ecam wmaydas HmepBBIi, TO M3y4al H BTO-
po#i, HO HeBEpPHO, UTO €CJM M3ydaJ TPeTwui, TO u3ydJyanl Hu
BTOpOIi». KTO M3 ywanmxcs M3ydas JOTHUKY?

Pewenue. O6osnauum uepes P, P,, P, BbICKA3bIBAHUA, COCTOM-
e B TOM, UYTO COOTBETCTBEHHO HePBBIM, BTOPOM, TDeTHH
yuamuiicsa u3ydaam JOruKy. M3 ycIoBuA 3ajauy Cjiaegyer
MCTUHHOCTb BBICKasbIBaHUA (P} - P) & (P; —> B).

Bocnonb3yemcsa cooTHoIIeHueM a —> b = a v b (cm. § 3.3,
saflaHye D) M YIPOCTMM HCXOJHOe BHICKal3bIBaHUeE:

=(F1vP2)&P3&?2: ?1&P3&F2vP2&P3&1_’2.
BrickaspiBanue P, & Fz JIO3KHO, a CIeA0BaTeJbHO, JIOXKHO U
BbICKasbiBaHue P, & Py & P,. IlosTOoMy HOJIKHO OBITH HC-
TUHHBIM BhICKasbiBaHue P, & P, & P,, a 9T0 o3HaYaeT, 4TO
JIOTUKY HM3y4asi TPeTHi# ydaruiics, a IepPBBEI U BTOPOH He
H3YVUaH. O

Insa pemieHus cjeAyIOIel 3aKady COCTABUM JOTHYECKOE
BRIpAYKEHNe, YIOBJEeTBOPSAOIee BceM YCIOBUAM, 3aTeM 3a-
MOJHUM AJIA Hero TabJUIly MCTHHHOCTH. AHAJIHU3 HOJYYeH-
HOH TabGAHULBl UCTHUHHOCTH IIO3BOJIUT IIOJIYUYNUTL TpedyeMblit
pesyibTart.

IIpumep 12. Bapaua «Kto BuHOBaT? »

IIo oO6BuHeHUI0 B orpabisieHuu mepe] CYAOM IIPeACTANIH
Wsanos, Ilerpos, Cugopos. CiencTBHeM YCTAaHOBIEHO:
1) eciu IBaHoB He BuHOBeH uiu 1leTpoB BuHOBEH, To Cupmo-
POB BHHOBEH;
2) ecnan MBaHOB He BuMHOBeH, To CHIODOB He BHMHOBEH.
Bunaosen 1u HWBanon?
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Pewenue. PaccMOTpHM IIDOCTBIE BBICKA3BIBAHUA:

A = {/ipaHOB BWHOBeH},

B = {Ilerpoe BHHOBeH},

C = {CupopoB BUHOBEH}.
SamumiemM Ha A3LIKE ajre6phHl JOruKyM (aKkTHl, YCTAHOBIECH-
HBIe CJIe[CTBHEM:

(Av B) > C;

A - C.
O6osraunm F = (A v B) - C) & (A > C) — eauHoe Jormye-
CKOe BhIpa’KeHHe [JId BceX TpeboBaHMi sagauu. OHO UCTHH-
Ho. CocTaBUM [Jd Hero TabjuIy HCTHHHOCTH:

]

Y B C F
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1 1
1 1 0 0
1 1 1 1

Penrute gaEHYKO 3ajadyy — 3HAYUT YKa3aTh, NIPH KaKHX
3HAYEeHUAX A ITOJyUYeHHOe CJIOJKHOe BBICKasbiBaumme F uc-
THHHO. I 3TOr0 Heo0X0JUMO IIPOAHATUZNPOBATE BCE CTPO-
K1 Tabauuel ueTuHHocTH, e F = 1. M ecoim xoTa OBL B 0of-
HOM M3 TakKuX ciaydaeB A = 0 (IBaHOB He BUHOBEH), TO ¥
CIeACTBHA HEeJOCTATOYHO (HaKTOB AJA TOro, YTOOK 0OBH-
HUTh FBaHOBa B HpecTYILJIEHUH.

AHanus TabauIBI I0OKa3bIBAET, YTO BhICKa3bIlBaHue F uc-
THHHO TOJBKO B TeX CJayYaaX, Korga A MCTHHHO, T. e¢. UBa-
HOB B orpafJjieHNN BHHOBEH. ]

Wnorma, nis Toro 4robsl peminTh 3aja4y, HeT HeoOXOoLu-
MOCTH COCTABJATH €JHHOE JIOIMYEeCKOe BEIpaXKeHWe, YIOB-
JIETBOPAIOIIee BCeM YCIOBHAM 3aJadH, JOCTATOYHO IIOCTPO-
UTh TabJHIY MCTHHHOCTH, OTPAMKAIOIIYVIO KaXK[oe yCIOBHUe
3ajauy, M MPOAHATN3NPOBATEL ee.

IIpumep 13. PemnM TeKCTOBYIO 3a7ady, IIOCTPOUB COBMECTHYIO
TabMUIy UCTHHHOCTH [JIA YCJIOBHU 3aa9y U IPAHAIH3UPO-
BAaB €e.
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Tpu nmogpasmenenusa A, B, C ToproBoit pupmMel cTpeMn-
JIACh MOJIYYUTH II0 UTOraM rofa MaKCHMAaJbHYI0 IPHUOLLIL.
OKOHOMHUCTH BBICKA3aJIH CJAERYIOIINEe IIPEAIOIOXKeHHRA:

1) A monyyuT MakKCcUMAJbHYIO HPUOBLIBL TOABKO TOI'Aa, KOT-

la IoJydaT MakcuMaJbHyo nputwlis B u C,

2) JIn6o A u C mosiyuaT MaKCHMAaJbHYIO IPUOBLITL OGHOBpE-

MEeHHO, Jinb0o OZHOBPEMEHHO He IIoJIy4ar,

3) 14 Toro uTobsl nogpasaenedue C DOJYINIO MAKCUMAJb-

HYI0 OpudbLLIb, He0OXOAUMO, UTOOE ¥ B Iomyumio Mak-

CYMaJIbHYIO IIpHOBLIb.

ITo saBepIeHNH roja OKas3ajoch, YTO OTHO U3 TPeX IIpef-
IOJOKEeHHH JIOJKHO, a OCTAlbHbIe ABa HCTHHHLI. Kakue us

HAa3BAHHEIX LOApas/ieieHUH IoJIYIUId MaKCUMAIbHYIO IPH-
OBLIb?

Pewenue. PaccMoTpEM IIDOCTBIE BHICKA3BIBAHMS:
A = {A monyuuT MaKCHUMAaJbHYIO NPHUOBLIB},
B = {B moayuuT MakCUMaJbHYIO NPHUOLLIb},

C = {C monyuuT MaKCHMaJbHYI0 OPUOBLIb).
Sanuniem Ha A3bIKe aareGpHI JIOTMKY IPOrHO3HI, BHICKA3aH-
‘HbIe DKOHOMUCTAMU:

)F, =A->B &G
2)F2=A&C\/Z&U;
3) F;, = C > B.

Cocrasum Tabnuny ucTHHHOCTH Aasa F,, F,, F,.

Il

I

- mlolo|lolo|
o |lol=|~lolo|t
=l = L = R =2 o]
HOD—‘OOHOI—IQ‘?

mlo|olo|m|mlmm] ™
HHOI—‘D—!D—‘OHJF

Tenepp BcHOMHMM, YTO OAMH U3 HporHosos F,, F,, F, oka-
3aJICA IOMHBIM, & OCTAJIbHEIE IBA — UCTUHHBIMHU. JTA CHTY-
alusa COOTBETCTBYET UETBEPTOH CTPOKe TalJIHILEI.

Omeem: B 1 C nosryyaT MaKCcHMaJbHYIO NPUOHLIb. 1
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Eciyiz umesio mpocTHIX BRICKA3BIBAHUY B pellaeMoil 3agaue
GosbIe Tpex, TO TaGNUIA UCTHHHOCTH HacUUTEIBaeT 16, 32 u
6oJee CTPOK, 3aIOJHATD €€ BPYYHYIO AOCTATOYHO TPYAOEMKO.
VMeHMe 3alIOMHATE TaOJIHIY UCTHHHOCTH € IPHBJIeUYeHHEM
KOMIIBIOTEpPA IIOMOraeT IPeoJoJieTh 3TO HeyZoOCTBO.

Bonpocbl 1 3apaHus

1.

3agava «BaxoTHEIE MaXUHAINM» .

B HapymeHuZ OpaBuj o0MeHa BAIIOTHL II0J03PEBAIOTCH
yeThIpe paborEmka 6aHka — AHTHIOB (4), Bopucos (B),
IIBetkor (C) u Omurpues (D). N3BecTHO:

1) ectu A Hapymun npasusia oGMeHa BAJIOTH, TO U B Hapy-
LI, :

2) ecu B Hapymui, To 1 C HapyImuJ UIn A He HAPYILIHII;

3) ecaiz D He HApyIIWI, TO A HapymIui, a C He HAPYIIIWJ;

4) ecan D HapYIIWI, TO ¥ A HapyUIHI.

KTo us momospepaeMBIX HapYIIMJI HpaBuja of6MeHa Ba-
JIIOTEI?
3agmada «ILaTepo gpyseii».

IIarepo ppyseil pelIMau 3alHCATHCA B KPYIKOK JiobuTe-
aelt gJormyeckux 3agau: Augpeit (A4), Hukomait (), Buxrop
(V), I'puropnii (G), Amutpuit (D). Ho cTapocta KpyKKa mo-
CTaBHJI UM PsJ VCIOBHM: «BBl ZO/IKHBI MPUXOJUTE K HaM
TaK, YTOOHI:

1) ecnim A npuxoaut BMecte ¢ D, To N IoiKeH IPUCYTCTBO-
BaTh 00sA3aTENbHO;

2) ecim D orcyrcTByer, To N gomxkeH ObITh, a V OyCcThb He
TIPUXOHT;

3) A u V He MOT'YyT OJHOBDPEMEHHO HU HPUCYTCTBOBATH, HHU
OTCYTCTBOBATD;

4) ecsm mpngper D, To G mycTh He IPHUXOIUT;

5) eciim N orcyrcTByeT, TO D LOJI'KeH NIPHUCYTCTBOBATL, HO
9TO B TOM CJIydae, eCjI¥ He IIPUCYTCTByeT V; ecin e u V
IIPUCYTCTBYeT HPH OTCYyTCTBUH N, To D OpPHUXOAUTL He
JoJIKeH, a G HoJKeH IPHHATH».

B xakom cocraBe Apy3bA CMOTYT IPDHHTH Ha 3aHATHA
KpyXKKa?

Pemure noruveckyoo safavy, MCIOIb3YdA TOJBKO anrebpan-

YecKue IpeobpasoBaHUA JOTHUECKUX GOpMYII.

Bpayny, Hokorcy u CMHTY IpeabaBiIeHO 0OOBUHEHME B CO-
ydactun B orpabmenuy Gamka. IIOXMTHTeJM CKDBIIHNCE Ha
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nomxuaasiIeM ux asromobuse. Ha cneacrBuu Bpayn noxa-
3aJI, YTO NPECTYIHUWKYN CKPBHLINCH Ha CHHeM <«DBblonkes;
JKOHC CKasal, uTo aro 01 depHBIK «Kpaiiciep», a Cvur
yTBepKAan, uTo 3T0 O0BLI «Popx MycTanr» ¥ HEH B KOEM
cayyae He cuHu#. Crano M3BECTHO, 4YTO, JKejas 3alyTaThb
CJleACTBHE, KAXABIM M3 HUX YKasaj IpaBUIbHO JUO0 TOJIb-
KO MapKy MalluHbI, Ju60 TOJNBKO ee mpeT. Kakoro mpera u
KaKoll MapKu OblI aBTOMOOHIB?

Pemute mormueckyio sagauy, UCHONBL3YA TOJABKO anrebpau-
YecKHe IpeobpasoBaHMs JOTHIECKUX HOPMYII.

I1g TONAPHOH KCIeAUIWY U3 BOCHMU IIDETEHJEeHTOB A,
B,C, D, E, F, Gu H nago oro6paTh IIeCTePHIX CIEIVaTH-
cToB: OMOJIOTa, THIPOJIOra, CHHOIITUKA, PAfICTa, MeXaHUKA
¥ Bpada. ObasanHocTH GHMOJIOTAa MOrYT BHIOOAHATE E 1 G,
ruaposora — B u F, cuvontuka — F u G, pagucta — C u
D, mexaHuka — C u H, Bpada — A u D. XoTd HEeKOTODPEIE
OpeTeHJeHTH BIafeloT ABYM#A CIeINaJbHOCTAMHU, B 9KCIIe-
OUIUY KaKABIA CMOXKeT BBEIIOJHATHL TOJLKO OZHY o0d3aH-
HocTb. Koro u KeMm ciegyer B3ATh B 9KCIeIUINIO, ecal F He
MOXKeT exars 6e3 B, D — 6e3 C u 6e3 H, C He MOXeT exaThb
opHoBpeMeHHO ¢ G, a A Bmecte ¢ B?

Hanumyte nporpaMMy, KoTopad cTpPOUT TabiuIy MCTHHHO-
CTH IO 3aJaHHOM Jornueckor dopmyne. Mcnoawvayite Aas
STOr0 U3BECTHHIA BaM fABHIK IIPOTPAMMUEPOBAHHA HJIM BOC-
HOJIB3YHTECH 3JIEKTPOHHOM TabiniteH.

§ 3.5. Anre6pa nepexnio4aTesnbHbIX CXEM

OpryM 13 IPaKTHYeCKUX IMpUMeHeHU anre6phl JJOTUKY AB-
Jagercsa 06JacTh HapasIeEHO-IIOCIeI0BaTeIbHEIX IIePEKJIIO-
YaTeJbHBIX CXEM.

Onpenenenne 13. ITeperxarowamenvras cxema — 310 n3obpaske-

HYe HEKOTOPOTO YCTPOHCTBA, COAEPIKAILErO TOJILKO ABYXIIO-
3UIMOHHEIE IIePEeKJIIYATe U, KOTOPhIe MOTYT HAXOAUTLCA B
OOHOM M3 ABYX COCTOAHHUH: 3aMKHYTOe (TOK IIPOXOJNHT) KK
Pa3OMKHYTOe (TOK He IIPOXOAMT).

QueBHIHO, UTO COCTOAHME IEePEeKJII0UaTeNd MOKEO KOIH-
poBaTk yuciaaMu 1 u 0. BonrbIIKMHCTBO IepeKIIdYaTeJbHBIX
cxeM MOXKHO Pa30bHUTh Ha YUYaCTKH M3 IIOCIEN0BATEeNbHO HJIH
mapajIIeJIbHO COeAWHEHHBIX Iepekjiodareseil. Kampomy
IIepeKJII0UATENI0 IOCTAaBUM B COOTBETCTBHE JOTHUECKYIO IIe-
peMeHHYIO, IPUHUMAIONIYIO 3HaYeHNe «MCTHHA» ToTZa, KOor-
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fa NepeKaYares]s 3aMKHYT, U «J0XKb», €CJH HepeKIoda-

Tenb pa3oMKHYT. Ha cxemax mepekaodaTenu 6yaem o603Ha-

4yaTh TeMK JKe OyKBaMK, YTO ¥ COOTBETCTBYIOIIVIE UM

nepeMeHHEIE.
IIpu onmcaHWM IepeKJI04aTeJbHEX cXeM 6yxeM mpuiep-

SKUBATHCSH CIEAYIONMIUX COTJIAIIeHMH:

1. Bce meperinmiodarenu, paboramomniye Tak, 4YTO OHHM Bcerga
nub0 OJHOBPEMEHHO 3aMKHYTHI, U060 OZHOBpEMeHHO Dpa-
30MKHYTHI, 0003HAYAIOTCA OJHOH M TOH ke OyKBOM.

2. TlepekiouaTesaM, COeQUHEHHBIM IIapalIesIbHO, IMOCTABUAM
B COOTBETCTBHE ONEpalyi0 JUIBIOHKINH: TOK B 3TOH Ieny
(puc. 3.1, a) Oyger mpoTeKaTh WA IPU 3aMKHYTOM Ilepe-
Kiouarene A, Miau UpHU 3aMKHYTOM Tepeknouarene B, umu
[IpY BaMKHYTHIX HepekJoodaTesasx A u B oggoBpemeHHO.

A A
A B
— I S -
B A
A
a 0 8
Pne. 3.1

3. IlepexnouaTenam, COeJUHEHHLIM IIOCJIEA0BATEJIbHO, IIO-
CTABYM B COOTBETCTBHE OII€PAIMI0O KOHBIOHKIHHU: TOK B
uenu (puc. 3.1, 6) moTedeT TOJLKO TOTAA, KOTLA 3AMKHYT
mepeKJiodaTeNb A M 3aMKHYT Inepekjaiodarenb B.

4. JIpa nepexyo4areid, paboTaiolyue Tak, YTO OUH U3 HUX
BaMKHYT, KOT/la APYTOil pA3OMKHYT, X HA000pOT, OIHUCHI-
BaloTcsa popMysaMu A 1 A cOOTBeTCTBeHHO (puc. 3.1, 8).

Hpoqn'ra'rb HIepeKJIKYaTe/IbHYIO CXeMy — 3HauUuT OIIpe-
neJINTh, IIPOTEeKaeT II0 Hell TOK MJIN HET IIpu yKa3aHHBbIX
L] COCTOAHHUAX nepe}cmoqa’reﬂeﬁ.

Onpenenenue 14. [Ipe cxembl, cofep:Kallye OJHY U Te ke Iepe-
xiarodarenn A, B, ..., 6ygeM CUUTATE pPAGHbIMU, €CAU IPH
OIJHOM U TOM ’Ke COCTOAHUM MepeKJjIrouaTeseil obe cXeMbl Of-
HOBPEMEHHO IIPOIIYCKAIOT UM He IPOIIyCKAT ToK. Y3 AByx
paBHBEIX cxeM Oosee npocmoil OyaeM CUHTAThL TY, KOTOpAs
COIepP KUT MeHbIIe IepeKjrodaTreseil.

Kaxzoil mepekJiouyaTeIbHON cxeMe MOXKHO IIOCTABUTDL B
COOTBETCTBHE (DOPMYAY, MCTHHHYIO TOTAA M TOJBKO TOTAA,
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KOrZia cxeMa IIPOBOJUT TOK. B anrebpe rnepekjaooyaTelbHBIX
CXeM BBIIOJHAIOTCA BCe 3aKOHBI aiareOphl Joruku. B sTom
JOCTATOYHO OPOCTO YOEZUTHCHA, eCJaM HOCTPOUTL M IIPOUY-
TaTh COOTBETCTBYIOI[ME 3THM 3aKOHAM CXeMBI, & B3aTeM
CPaBHUTb CTOJIOEI] COCTOSHUSA KAKA0H CXeMBbl C Pe3yIbTHDY-
IOIIUM CTOJOLOM TaOJHIEBI MCTUHHOCTH JJIA COOTBETCTBYIO-
mel JIoTHYecKol (GopMYJIEL.

IIpumep 14. CocTaBuM GOPMYIy AJMA cXeMEl, u3obparKeHHOH Ha

PHUCYHKe.
A
C
B .__/_
D

Ilepexniouarenn A u B coeguueHsl napaiieilbHoO, CIefOBa-
TeJbHO, 9TOT YHACTOK CXEMBI OIMCHIBAETCH KaK JU3BIOHK-
nusa nepeMeHHEIX: A v B. [lajee ciepyeT mociefoBaTeibHOE
coefiiHeHNe ¢ mepekjawouaTtenem C: (4 v B) & C. Paccmor-
PEHHEIIl YYacTOK Il IapajijieJbHO COeSUHSETCH ¢ Ilepe-
kaouarenmem D: (Av B)&Cv D, O

Cunmes nepexawoiamenvuoil cxemb, — 3TO paspaboTka
CXeMEbI, YCIOBHsA paboTsl KOTOPO# 3aaHbl TabJInIel UCTHH-
HOCTW HJH CIOBECHBIM ONMCAaHHEM. YIpOoIleHUe (MUHUMU-
3allis) ODEepeKIoYaTeIbHON CXeMEBl CBORUTCH K YIIPOIEHUIO
COOTBETCTBYIOIEeH el popMysLI HA OCHOBaHMM 3aKOHOB aj-
TebpBl JIOTUKHU.

Bonpocbl U 3apanna

1. Kaxum ofpasoM MHTEePIPETUPYIOTCS 3JIEMEHTHI IlepeKJoda-
TeJBbHBIX CXEM C IIOMOINBIO O60BEKTOB M onepanuil anreGphi
Joruku? 3aloJHUTE CIENVIOIYIO TabJIuIy:

HepexaouaTeapbHad TEXHUKA Anrebpa JOrHKH
Iepexaiouarenas
IepexaroyaTens 3aMKHYT
IlepexsoyaTeab padoMKHYT
Coennnenue
ITocnenosaTebHOE COSHUHEHNHE
ITapannearHoe coelMHEHNE
CocTosiHHE TOKA
ITpoxoxxaeHne TOKA
OTKIIOYEHNE TOKA
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2.

Komucens coctouT u3 Tpex pALOBBIX UJIEHOB U IIpeiceaTend.
IlocTpoiiTe 31eKTPUUECKYIO Helb [/ TAWHOI'O TOJIOCOBAHUA,
€CJIM OHO IIPOU3BOJUTCH CIeYIOIIUM 00pa3oM: KaXKIbI# uieH
KOMUCCHM IIPH [OJIOCOBAHUU «3a» HAKMMaeT KHONKY. Jlam-
IIOYKA Ba)Kuraercd B clydadX, eclH TIpeajoKeHue Habpaso
OONBIIHMHCTBO I'OJIOCOB HJIM UHCJIO I'OJIOCOB «3a» U <«IIPOTHUBY»
pPaBHOE, HO 34 IIpeJIOYKEHHE «3a» IIOZAH IoJIoC IIpecefaTensd.

MoxHO 111 n300parKeHHYIO Ha DUCYHKe BIIeKTPUUECKYIO [IeNb
3aMeHHTH 6osiee MPOCTOM CXEMOH, COOTBETCTBYIOIER Popmy-
neXvyY &Z?

X Y

h<

MuHuUMU3NpPyiTe CIEAYOWIYIO MePEeKIIIOUYATeNBLHYIO CXeMY:

§ 3.6. Bynesbl pyHKUMUM

Kaxk 6p10 ckasamo Bellle, 3HAUEHME JIOTHYECKOI (POPMYJIEI
oupefesserTcd 3aJaHHBIMY 3HAYeHHAME BXOIJAIIHUX B (op-
MYyJy IepeMeHHHIX. TeM caMbIM Kaxkaasa (GopMyaa MOMKeT
PaccMaTpUBATLCH KaK CHOCO0 3afaHUA (PUHKUUU alzelpbl
JAOZUKU,

Onpenenenune 15. Jozuueckoii (6ynesoil) pynKryueil HABLIBAIOT

GYHKUMIO f(x),%y,..,X,), aPITYMEHTBI KOTOPOH X, X,, ., X,
(#esaBucuMEbIe HepeMeHHBIE) U caMa GQYHKIHA (3aBHCUMAad
nepeMeHHAasa) npuHuMaroT 3HadveHuda 0 mam 1. JlormdecKue
¢byHERUOYKM MoOryT OBITH 3afaHBI TAGNMYHBIM CIIOCOOOM MK
AHAJINTHYECKN — B BHJAE COOTBETCTBYIOIIUX (POPMYI.

B o6mem caydae OyneBa QyHKLHS OT n apryMeHTOB

ompejenAerca Kak orobpaxenme {0, 1}” — {0, 1}. O6bIu-
HO COBOKYIIHOCTh 3HAaUeHU N apryMeHTOB UHTEpPIPEeTUPY-
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IOT KaK CTPOKY HyJned u eguHHI (CMHAPHYIO CTPOKY) IJIH-
HbI n. CymiecTByeT poBHO 2" PABIUYHLIX GMHAPHBIX CTPOK
AnuHB n. Tax Kak Ha KayKI0H Takol CTpoKe HEKasd QYyHK-
LuA MOXKeT IPHHUMAaTL 3HadeHue 0 maum 1, To obmiee Ko-
JMYeCTBO Pa3JUYHBIX OVJIeBBIX (PYHKIUI OT N apryMeH-

n
TOB paBHO 22.

HOaa n = 2 cymectsyer 16 pasayyHbIX GYJIeBBHIX (PYHK-
IUH.

®
PaccmoTpum mx moppobwHo.

x Yy \f ifo \fs |fs |fs |fe |f7r |fs |fo |Fi0 |F11 |12 |F13 (F14 [F15 [f16
0 /00 (0 |0 |0 0 (OO0 O 21 |1 j1 |2 |1 |1 |1 |1
10 40 |0 |0 {1 /1 |1 j1 10 (O |0 |O0 |1 |1 |1 |1
10140 {0 |1 (1 jO0 |0 |1 |1 {0 |O |1 (1 |0 O |1 |1
111310 j1 j0 ;1 |0 41 jO }1 0 |1 |0 {1 {0 |1 (0 |1

fi(x, y) = 0 — xoHcranTa «10EB» (f(x, y) = 0);

fo(x, Y) = x & y — KOHBIOHKIMA;

f3(x, y) = x > y — oTpunanMe UMILIHKALVH;

fx, y) = x — DyHKIMA paBHA IIEPBOMY apryMeHTY;

fs(x, Y) =y > x — oTrpunauue o0paTHON HMIIJHUKAIIWY;

fe(x, y) =y — GyHKuuA paBHA BTOPOMY apryMeHTY;
fAx, y) = x ® y — pasmenuTenpHas (cTporad) TUIBIOHKLHA
(uckniovaroniee MJIW, cymma mo monynwo 2);

fg(x, y) =x v Yy — IU3BIOHKIHA;

fox, y) =x |’ Y — CTpejKa I'Impca1 (oTpumasEMe AUIBIOHK-
unn, NWJIN-HE);

f19(x, ¥) = X ~ Yy — OKBHBAJIEHTHOCTb;

fi1(x, y) = Yy — OTpHIlaHWe BTOPOI'O0 apryMeHTa;

flz(x, Y=y > x =x « y — obpaTHad MMILINKAIUA;
f13(%, ¥) = x — oTpHUIaHWe IepBOro apryMeHTa;

f14x, ¥) = x - Yy — uMmIEKaNuA;

fi5(x, y)=x | y — mrpux I_I_[e<1)q)epa2 (oTpuliaENe KOHBIOHK-
nuu, A-HE);
fi6(x;> ¥y) =1 — konucranra «uctuHa» (f(x, y) = 1).

Iy c. ITupc — aMepukaHCKUH puiIoCOd, JOTHK, MATEMATUK; HCCIeL0BAJ CBOHCTRA

(pymcunu xd y.

M. Hleddep — aMepUKAHCKHIH JIOPHK B MAaTEMAaTHK; YKa3as MOJHOTY QYHKIIHHA

x\y
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DYHKIINY, BEIpa)XeHHBIE C HCIIOJIB30BAHNEM OTHOM JIOTH-
YeCKOU OIlepalyy, Ha3bIBAIOTCS 110 UMEHU HTOH JIOTUYECKOH
onepanuu. Hanpuwmep, f,(x, y) = ¥ & y — KOHBIOHKLIHA.

C yBejln4yeHMeM 4YHCJa APTYMEHTOB KOJHMYECTBO JIOTHUE-
CKUX (PYHKIVH pes3ko BospacTaeT. [ng TpexX mepeMeHHBIX
cyiecTByeT 256 pasnuunsix 6yneBuix Gyakmuil. na deTsr-
pex mepeMeHHHIX — yike 65 536 ¢pyaknuit u 1. A. Ilyratsca
PeSKOro yBeJIMYeHHs KOoJIUYecTBa (GYHKIHUN He clefyeT, KaK
OymeT IOKasaHO HUKe, IpA HeoOxogumocTH Jobas 6yiaeBa
bysKINA, MOKeT OBITH BHIPasKeHa TOJbKO, HalpHMeD, de-
pe3 &, v ¥ oTpuUIIaHHe.

Bonpocbt n 3apasuns

1. CKOJNBKO CYILECTBYET AOrMUYeCKHX GYHKIMI OHOI ITepeMeH-
HOH?

2. CocraBbTe CBOLHYIO TAOMHITY BCeX JIOTMUECKHUX DYHKIMIH of-
HOH IepeMeHHOH. 3anuInuTe aHAJUTHYECK¥e BHIpAKeHUS
STHX GYHKIMH.

3. Ybemurecsh, 4TO ciaeAyiOIpue mecTb GYHKIUN TOXIEeCTBEH-
HEl, T. €. IPDUHUMAIOT OXWHAKOBLIE 3HAUEHUsI HAa OQUHAKO-
BBIX Habopax MepeMeHHBIX: :
fl(xl, Xgy Xg) = X5 & X, V Xy
fz(xl, Xgy Xg) = x5, & 1 v x; & xg;
fa(xl’ Xy Xg) = x5 v X, & x5 v 05 3
f4(x1’ Xy X3) =%y v X, & X3 & (x; V xl);_
f5(x1' Xy X X)) =%y v x; & x5 v, & x
fs(x1, Xy, X3) = X5 vV X; & Xg.

§ 3.7. KanHoHuyeckue popmMbl nornyeckmnx popmyn.
Teopema o CAHOD

Besakas norudeckas popmysia ompefensieT HEKOTOpyio OyJe-
W Gyarnuo. B To Xe BpeMsa ACHO, 4TO JJd BCAKOH Oyue-
BOK PYHKIHMH MOMHO 3alIxcaTh 6€CKOHEYHO MHOI'0 hopMyII,
ee npeacTaBagomux (cM. sagauue 3 k § 3.6). IlefictBurens-
HO, ecJIH uMeerca xoTda OBl oZHA GopMysaa, Brlparkalolas
6yneBy GYHKIHIO, TO, HCIOJIb3Ys TOX/eCTBeHHBIE IIpeobpa-
30BaHUHA, MOYKHO M3MEHHTH 5Ty (POPMYJY, MOCTPOUB CKOJb
YTOAHO CJIOXKHYI0 PaBHOCHUJIBHYIO (opMyJy.
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OnHa M3 OCHOBHBIX 3a7a4 aJreOphl JOTHKKM — HaXOMXK/Je-
HUe KaHOHUu4decKkux gopm (T.e. (popMyJ, MOCTPOEHHBIX IIO
ollpefieIeHHOMY IIPABIJIY, KAHOHY), a TaKke HauboJsee mpo-
CTEIX (opMyJI, mpefcTaBiIAOMUX OyIeBH QYHKIUH.

Onpepenenne 16. Eciu noruueckaa GyHKIUA BEIpAXKEHA Uepes
AU3BIOHKIINIO, KOH'BIOHKIHIO U OTPUIlaHNE IIeDEeMEeHHEBIX, TO
Takas (opMa Ipe/iCTAaBIeHUA HA3BIBAETCA HOPMAALHOIUL.

Cpegn HOPMaJBHEIX (GOPM BEIJENAIOT TaKle, B KOTOPBIX
QYHKIUH 3alKHCBIBAIOTCHA €IHMHCTBeHHBIM obpasom. Hx Ha-
3BIBAIOT COGEPULEHHbIMU.

IOHKMUBHbLX U HKOHBIOHKMUBHBLX COGEPUWLEHHBIX HOD-
o MaavHblx opm. B mX ocHOBe JsieXaT INOHATHA dleMeH-
TAPHOH OWSBIOHKIMH U 3JeMeHTapHOU KOHBIOHKIUU.

' Ocobyio pons B ajredpe JIOTUKH HIDAIOT Kadccbl 0uss-

Onpenenerane 17. PopMyIy HA3BIBAIOT AEMERNAPHOU KOHBIOHK-
yueil, ecJId OHA ABIAETCA KOHBIOHKIUEN OJHOH MIU He-
CKOJIBKMX [epeMeHHBIX, B3ATHIX C OTPHIlaHKeM MIM 6e3 oT-
punanua. OgHY NEepeMeHHVIO HJIH ee OTPHUIIaHWE CUYHTAIOT
00HOUNEHHOIL 3NeMEHLMAPHOIL KOHBIOHKYUELL.

Ipumep 15. GopMyIEL Xy, Xy, X; & X,, x; & x; & %, & x; ABIA-
I0TCHA JJIeMEeHTAPHBIMM KOH'BIOHKI[MAME; HePBBIe [Be u3
HUX — OJHOWIEHHLIMH. ]

Onpenenenne 18. ®opmyia HaspIBaeTcA OUIBIOHKMUEHOU HOP-
maavhoil gopmoti (JJHD), eciu oHa spideTcs JUIBIOHKOUEH
HEIIOBTOPAIOMINXCA JIEMEeHTAPHLIX KOHBIOHKNUM. [IH®D za-
HuChIBaIOTCA B BUAe A, v A, v .. v A , The Kaxaoe A —
aJleMeHTapHasi KOHBIOHKIIUA.

IIpumep 16. IlpuBesem ABe AU3BIOHKTHBHBIE HOPDMAaJbHBIE (Qop-

MBI X,V X, & X3, X,V X, & X, VX, O
Onpenenenne 19. Dopmyna A ot k mepemeHHBIX Ha3bIBAETCA CO-
sepuLeHHOlL OU3BIOHKMUBHOL Hopmaabhol dopmori (CAHD),

eCIIn:

1) A aBaserca JH®, B KoTopoil Kaxjad dIeMeHTapHAas
KOHBIOHKIIMA €CThb KOHBIOHKIHUA K IepeMeHHBIX
Xys Xgy wey Xp, IPHYEM Ha i-M MecTe 9TOH KOHBIOHKIHHU
crout aubo mepeMeHHas x;, nubo ee OTPHUILIAHUE;
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2) Bce seMeHTapHBIe KOHBIOHKIUM B Tako# JJH® nmomapuo
Pa3JIMYHBI.

Bapanme. Janot popmynvt A =x; & Xy v x1 & x93 B=1x, vV x5 & x3
uC=1x; & x5 v x5 & x5. Onpedenumsv, ABAAOMCA IU OHU
CHH® 0syx nepemenHHbLX.

Pewenue. @opmyna A apngerca CIHHD aAByX IepeMeHHBIX.
®opmynasl B u C ne apaaiorca CIAH®. Popmyia B 3aBucur
OT TpeX IepeMeHHBIX, HO KOJUYeCTBO IepeMeHHBIX B 3Je-
MEeHTapHBIX KOHBIOHKINAX MeHbIne TpexX. B dopmyne C me-
peMeHHAA X, ABAKABL BXOAWUT B OAHY U TY XKe dbJleMeHTap-
HYI0 KOHBIOHKIHIO. O

CopepureHHas AUSBIOHKTUBHASA HopMaidbHadA (opMa
npencraeiger coboil ¢hopMyiny, IOCTPOEHHYIO IIO CTPOTO
OIlpejleJIeHHEIM IIpaBMJIaM C TOYHOCTHIO JO MOPALKa cile-
TOBAHUSA 3JIEMEHTAPHBIX KOHBIOHKUUK (U3 BIOHKTUBHBIX
yjeHoB) B He#l. OHa dABisgeTCcA NPUMEPOM OJHO3HAYHOTO
upefcTaBiieHns OyneBoil GyHKIuE B BHAe POPMYyILHOU
(anrebpauveckoil) 3amucu.

Onpenenenne 20. Popmyna HasblBaeTcA IAeMERMAPHOL Juse-
IOHKUUell, eCcIH OHa ABIAETCA IU3BIOHKIUeH (ObITE MOXKeT,
OJHOUYJIeHHOH) IlepeMeHHBIX M OTPHUIAHHH IepeMeHHBIX.

IIpumep 17. IlpupeieM TpU dJeMeHTAPHEIC ANU3BIOHKIMHU:

Xyy Xy X; V X O

Onpenenenne 21. Popmyna HasbIBaeTCA KOHBIOHKMUBHOU HOpP-
manvroit gopmoit (KH®D), ecniu oHa aBIAeTCS KOHBIOHK-
uyeil HeMOBTOPAIOIMXCA 2JIeMEHTAPHBIX [JUIBIOHKIIWUHA.
KH® sanucriBaorca B BHIE A &A & .. & A, roe Kaxaoe

A, — sieMeHTapHas NUIBIOHKIHUA.

IIpumep 18. @opmyinsl
Xy Xyy Xy V Xy, (X, V X)) & X5, (x,V X,) & (x, v x))
ABIAIOTCA KOHBIOHKTUBHLIMI HOPMaJIbHBIME opMavu. [

Oupegenerne 22. Dopmyna A or k mepeMeHHBIX Ha3bIBAETCH CO-

6ePULEHHOl KOHBIOHKMUBHOU Hopmaabholl Gopmoit (CKHD),
ecuu:
1) A asunaerca KH®, B KoTopoll kKaxAasd sneMeHTapHasA
OUIBIOHKINS  €CTh JAWUSBIOHKIUA kK  IepeMeHHBIX
Xy, Xy -y X, IDHYEM HA i-M MeCTE 3TOH AUSBIOHKIUY CTOUT
nubo mepeMeHHadA X, NU0O ee OTPHIAHUE;
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2) Bce sJleMeHTapHEIe TUSBIOHKINHK B Takoi KH® momapmo
Pas3IHYHEL.

3agamme. Janor  gopmyast A= (x; Vv X,) & (x; v x3) u
B=(x; v x1) & (x4 v x3). Onpedenums, 261810MCA LU OHU
CEH®.

Pewenue. ®opmyna A apnaerca CKH®, a dopmyna B ue aBii-
erca CKH®, nmockoasKy nepeMeHHas X, ABAXXJABI BXOAUT B
NepBBEINl KOHBIOHKTUBHBIH WieH, KPOMe TOr'o, KOJHYECTBO
IIlepeMeHHBIX B Ka)KJOU 3jIeMeHTapHOM AUBBIOHKINHN MEHb-
Ile TPeX, B TO BpeMd KakK (GopMyJa 3aBHCHT OT TpeX Iepe-
MeHHBIX.

Bompoce. Beakyo au nozuieckyio QUHKYUI MONCHO npedcma-
8umb 6 O0HOU U3 pPACCMOMPEHHBLLX KAHOHUUECKUX coéep-
wenHblx opm?

Omeem. Ha, nio0yio 0yiaeBy GYHKINIO, HE PABHYIO TOMXKJECTBEH-
Ho 0 uau 1, moxkHo npefcraBuTsk B uge COAH® unu CKHO.
[asa o60CHOBAHUS 3TOTO YTBEPXKAEHUA HHMMKe OYAYT ZoKasa-
HEI COOTBETCTBYIOIME TEOPEMEL.

Teopema 1. Ilycts f(x,, X,, ..., X,) — OyneBa pyHKIHSA OT N He-
peMeHHBIX, He paBHAA TOXKAECTBEeHHO Hyao. Torga cymecr-
BYeT COBepIIeHHasd JUSHIOHKTHRHAd HopMaiabHas ¢opMma,
BoIpaskawiad byHKOuio f.

orazameavcmeo. CHavasIa JOKaKeM, UTO AJs BCAKOH OyneBoi
$YHKIUY [ OT N IepeMeHHBIX BLINIOJHAETCSA COOTHOIIEHNUE:

f(xy, Xoy ceey Xiy o0y X ) =%, & (X, X9y .0y 0, ceo, X ) Vv
1 2 i n i 1 2 n

v ox, & flxy, x5, .0y 1, 005 %), (3.1)
rge x; — aobasg U3 n nepeMeHHBIX.

@opmyny (3.1) Jerko HoJyIKTH, IOCAELOBATEIBHO IIOJ-
CTaBJIAd BMECTO IIEPEeMEHHOH X; BCe ee BO3MOMKHEIE 3Hade-
Hua (HOJIb U eNHHUIY):

f(xI’ xzv sy 0) [EXS] xn) = 1 & f(xly x29 vesy O’ soey xn) Vv

v 0 & flxg, x5 ..o 1, ..., x) = f(xy Xg5 ooy 0y oory x,)5
flxgs 95 co0y 1, 0, %)) = 0 & f(xl, Xgy veey 0, ey X)) v

v1& f(xl, Koy »eey 1, ..., xn) = flxg, xg5 o0 1, o0iy xn).

CoorHormerue (3.1) Do3BosIeT «BRIHOCUTE» [epeMEeHHYIO

x; 3a 3Hak QpyHKuMH. [locenoBaTeNBbHO BBIHOCH X, Xy oy
X, 32 3HaK QYHKIMH f, MBI IIOJIY4HM CIEAYIOUTYIO GopMyIIy:
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g Xgprens ) =%, & Xy & oo & X, & E, & (0, 0,..., 0, 0) v
VE &L, &..&%,  &x, &f(0,0,..,0,1) v
. (3.2)
v, &r&.. &x,_ &x, &f(1,1,...,1,0) v
v &x, & . & X &%, & (1,1, 1, 1)

Tax kKax npumeHeHUe IpeobpaszoBaHus (3.1) K Ka)KIoH
U3 epeMeHHEIX YReINUUBALT KOMNUIECTBO TUIBIOHKTHBHBIX
YIEHOB B ABa pasa, TO ANd GYHKIHHK N IepeMeHHBIX B (op-
myae (3.2) MbI uMeeM 2" [U3BIOHKTHUBHEIX 4ieHOB. [Ipuuem
KasKJBIH M3 HEX COOTBETCTBYET 3HaueHMIO GYHKIIUHM HA OX-
HoM m3 2" BO3MOXKXHBIX HAG0OpPOB 3HAUEHUIl N TepeMeHHEIX.
Ecmn ma HexoTopom Habope f = 0, TO Bechb COOTBETCTBYIO-
I IUSBIOHKTUBHBIA uwieH B (3.2) Takxe paseH 0, um
B IPefCTaBJIeHUY KaHHOUW GYHKIUK OH PaKTHYEeCKU He HY-
KeH. Ecim e f = 1, To B COOTBETCTBYIOIEM N3 BIOHKTHB-
HOM dieHe caMO 3HaYeHHe (PYHKIUM MOYKHO OIYCTHTB.
B pesynpraTe s mpomsBonbHOH GyneBol GyHKIUH [ MBI
noayauny GopMyJay, COCTOSNIYIO M3 7-YIEHHBLIX IIONAPHO
Pa3IUYHBIX 2J€MEHTAPDHLIX KOHBIOHKINY, O0bhegMHeHHBIX
IU3BIOHKIUAMHU, T. €. uckomad CIHH®P mocTpoeHa.
Teopema Odoxasana.

Ha ocHoBarumy TeopeMsl 1 MOMKHO IIPEAJIOMKHATD CIIEAYIO-
mui anzopumm nocmpoenus CIHD no mabruye ucmurHo-
cmu Qyurouu f.

Anropurm nocrpoernda CAH® mo Tabauue HCTHHHOCTH

1. B rabiume UCTUHHOCTU OTMeuaeM HaGOpHl HepeMeHHEBIX, Ha
KOTOPBIX 3HaueHUe GYyHKIUU [ paBHO eIMHUIIE.

2. 3anuceiBaeM A8 KaXKJOTO OTMeYeHHOIo Habopa KOH'BIOHK-
OWI0 BceX IlepeMeHHBIX cjlefyIoIuM o0pasoM: ecu 3Hade-
HUe HEKOTOpO! IlepeMeHHOH B »TOoM HabGope paBHO 1, TO
B KOHBIOHKIHIO BKJIOUAEM CaMy HepPEMEHHYIO, B IIPOTHB-
HOM cjJydae — ee OTpHIaHUe.

3. Bce mosyueHHbIe KOHBIOHKIMK CBA3BIBAeM OlEpaldAMH
A3 BIOHKIAM. A

Craepcreue. g g000# POPMYIBI MOXKHO HAWTH PABHOCHILHYIO
eit [JTHD.
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Horxazameavcmeo. Ecim GyneBa GyHKIUA He paBHA TOMXKIECT-
BeHHO HYJIIO, TO, COIJIaCHO AOKAa3aHHOM Teopeme 1, MOXXHO
noctpouts COH®, ee peanusyiomyio. Ilocrpoennas CIITHD
fABJIsgeTCA OfRHOM u3 umcKkoMbIX JJH®. Ecnu ke ganHas dop-
MyJjia paBHA TOMKIECTBEHHO HYJIO, TO B KaueCcTBe MCKOMOM
JH®D MoxHO B3ATH, HAIpUMED, 351 & x,. O

AHajioruyHO TeopeMe 1 ZoKasplBaeTCs CjefyIOmas Teo-
pema.

Teopema 2. Ilycts f(x;, %, ..., x,) — OyJsieBa GyHKUHMA n mepe-
MeHHBIX, He paBHas TOXKIECTBEHHO equHULe. Torga cyIecT-
BYET COBEpIIeHHAd KOHBIOHKTHBHAA HOpMaibHas ¢opma,
BeIpaskampmas QyHKIuio f.

Ha ocHOBaHUH TeOpeMBI 2 MOXXHO IIPEIJIOMKHUTh CJIeAVIO-
muit anzopumm nocmpoernus CRKH®P no mabruye ucmurHo-
cmu pyHroun f.

Anroput™ nocrpoesus CKH® no TaGanue HCTHHHOCTH

1. B Tabnuile HCTHHHOCTH OTMeuaeM HabOODHI IepeMeHHBIX, Ha
KOTOPBIX 3HadeHMe GQYHKLUU [ DPaBHO HYJIO.

2. SanuceiBaeM AJSA KaKIOr0 OTMEYeHHOro Habopa JH3BIOHK-
IHI0 BCeX MepeMeHHHIX CJexyoImmM o6pasoM: eciiu 3HAYe-
Hye HeKOTOpOH IlepeMeHHOI B aToM Habope pasuo 0, TO B
KOHBIOHKIIMIO BKJIIOYaeM CaMy IIepeMeHHYIO, B HIPOTHBHOM
cIydyae — ee OTDHUIlaHHe.

3. Bce monyyeHHBle AU3BIOHKIWUY CBA3BIBaeM OINEpallUAMH
KOH'BIOHKITUH. A

Caencteue. [[na x060i GhopMyJibl MOKHO HaliTH PABHOCHIBHYIO
eit KH®.

Hokxasameavcmeo. Ecnn OyineBa GyHKOuA He paBHaA TOMKIECT-
BEeHHO eJHHHIle, TO, COTTIACHO AOKA3aHHOU TeopeMe 2, MOMK-
Ho mnoctpouth CKH®, ee peanmsylomiyio. IlocTpoenmnas
CKH® sasnserca ogHoM m3 nckomelx KH®. Eciau xe gaH-
HadA dopMyJia paBHA TOXKAECTBEHHO eIHMHUIE, TO B KaUecTBe
ucxkomoit KH® moxxHO B34ATH, HAIPUMED, 51 VX, (]

HUs amropurmoB noctpoerusa CIH® u CKH® cuegyer,
' uTO ecaM Ha Oosbliel yacTu HabopoB 3HAUEHUN ITepeMeH-
® HBIX QyHKOUA paBHa 0, TO AJIaA nonaydeHusa ee HOPMYJIEL
npome noctpoutsh CHH®, B HOPOTHBHOM ciayyae —
CEH®.
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IIpumep 19. TpebGyerca mocTporTs GopMyny Aasd GYHKLUU
fx,, Xy Xg), 3aJaHHON TaOJIuIlell MCTHHHOCTH:

xy | %y | x5 |f(x1, X3, x3)

0 010 0

0 0 1 0

0 1 0 1

0 1 1 0

100 1 ]
1 0 1 1

1 1 0 0

1 1 1 0

Hcmons3ys onmcaHubIil BBIIIE aJrOPUTM, IIOCTPOUM LA Hee
COH®D:

flxy, x5, x4) = x4 &x, & xgvx, & xy & x5vx& x, & x5

|

IIpumep 20. BrlpasyuM QYHKIUIO UMIIUKAINA ¢ IOMOIILIO Olle-

pauuii OTpUIaHUA, AUBIOHKIVY U KOHBIOHKINU. Ina sTo-
TO 3anuieM TabIHIy HCTUHHOCTH QYHKIUY UMILINKALINA:

X1 | X9 | flxg, x9) = x; = x5
010 1
011 1
110 0
1 1 1

Tax kKax B Tabauile UCTUHHOCTH TOJBKO OAMH Habop mepe-
MeHHBIX, HA KOTOPOM DYHKIMSA npuHMMaeT 3HavueHHe O, TO
npoiie moctpouts CKHD,

Omeem: f(xy, Xg5) =Xy —> Xy = X, V X,. O

Bonpocbl n 3apgaHng

1. IIpuBeauTe TpPUMEPHI HECKOJNBKUX (PODPMYI, IIPELCTABIHAIO-
wux coboir CIITH®D.

2. IIlpuBeauTe NpHMephbl HECKONBKUX (POPMYJ, HpeACTaBIsIO-
mux coboit CKHD.

3. ITo 3aganuo# Tabauile UCTUHHOCTH HANAWUTE aHAJIUTHUYECKOE
IpejcTaBileHre JOTHIeCKUX PyHKUMi [ u f,:
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[o]

X3 Xy X3 i fa
JIOKDb JIOMKD JIOKD JIOMKD JOKDb
JOXKDb JIOWKD HNCTUHA JIOKD HNCTUHA
JIOKDb HNCTHHA JIOKD HCTUHA JIOKDb
JOXKDb ACTUHA | TCTUHA | UCTUHA | UICTUHA

VICTHUHA JIOKDB JIOKDb JIOKD UCTHUHA
NCTHUHA JIOKD NCTHUHA | UCTUHA | UCTHUHA
HNCTHUHA | UCTUHA JOXDb JIOXKD JOKD
HNCTUHA l NCTUHA | ICTHUHA | ICTUHA JIOKD

ITpoBepKy IpOKU3BEIUTE C IIOMOIIBIO 3JIeKTPOHHOM TaOIUIILI.

. C momompio OTPUIlAHNA, OUIBIOHKIWH ¥ KOHDIOHKIMM IIO-

cTpoiiTe HaubOJIEe IPOCTOE AHAIIMTUIECKOE IPEeCTABIEHUE I
(QYHKIINHA SKBUBAJIEHTHOCTE U Pa3Ie/nTelbHAA U3 BIOHKII.

. He mcnonssya Tabauinbl HCTHHHOCTH, mocrpoiite CIHD u

CKH®, BrIpaskatomue cienyionive QyHKIHUH:

1) f(xys %y X3), PaBHYIO 1 TOrha W TOIBKO TOTJA, KOraa
60JBINMHCTBO IepeMEeHHbIX PAaBHO 1;

2) f(x,, x4, x5, X,), paBHyI0 1 TOrJa U TONBKO TOTAQ, KOTAA
x, +x, + x5+ x, 2 3. 3necy umeercas B BUAY OOBIUHAsA
ajgrebpauueckas cyMMa.

. He ncnonbaya Tabiuny UCTUHHOCTH, TpeoGpasyiite B COHD

caenyomyo GyHKIHNO:
f(xy, %y %g) = %, & X, v X, & X,

. CaMocTOSATEIBHO IPOBEJUTE JOKA3ATEILCTBO TEOPEMEI 2.
. Kakwue us ciegyomux ¢popmya npeicrasiasoT coboit CIIHD,

a kaxue CKH®?

2) flx) = 1; _

6) f(x) = x & x;

B) f(x, y) = x & y; _

r) flx, y) =x&yvy; _

ﬂ)f(x’ y»Z)ZX&y&Z;

e)flx, y, 2) =x & yvaz B

X)) f(x, 1, 2) = (x &y &2)v(x &Yy & 2).

§ 3.8. Munumusauna 6yneBbix GyHKLUNA B Knacce

ON3BIOHKTUBHBIX HOPManbHbIX GOPM

PesynbraTsl, mONyUeHHBIE B IpeAbIAyiIeM aparpade, nMe-
T 6oabIIOe IPHUKJIAJHOEe 3HaUeHHe IPH IPOEKTUPOBAHNU
BBHIUMCJIUTENbHOR TexHUKH. Hak musBsecTHo, umHOpManms
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XpaHuTca u obpabaThiBaeTcs KOMILIOTEDAMH B JBOMYHOM
BHJe, T. €. B BUJe IlocjefoBaTeIbHOCTeHl HyJell M eTUHUIL.
Hnsa moboit omepanuy (HaTpuMep, CI0MKEHUA YHCe) UCXO-
HBEIMY JAHHBIMU M Pe3YJIBTATAME SABISIOTCS IOCIEL0BATEIb-
HOCTH HyJe# u eguHun. TakuM o6pasoM, GaKTHIECKH IIPO-
HCXOAHUT BBbIYKCJICHHe 3HA4YeHMH OyJaeBBIX (PYHKLIHUH (BOS-
MOYKHO, OYeHbL CJIOMKHBIX, C OOJBIIMM KOJHUYECTBOM
nepeMeHHBIX). TeopeMs: 1 1 2 roBopAT 0 TOM, 4YTO JHO6GYIO OY-
JIeBy PYHKIHMIO MOYKHO 3aIIMCATh B BH/e (POPMYJIBL ¢ UCIOJb-
30BaHMEM omepamuit -, & u v (B Buge CJH® unu CKHP),
IpUYeM CHeJATh 3TO MOXKHO II0 eINHOMY VHHBEPCATBLHOMY
ajgroputmy. CregoBaTesNbHO, €CIH Y HAaC MMEIOTCH BJIEKT-
POHHBIE JIOTHYECKHEe 3JIeMeHTHI (BeHTHJIH)l, peaiu3yIoiue
onepanun HE, A, AJIH, T0o, B34aB JOCTATOYHO MHOI'0 TaKMX
3JIeMEHTOB U COeJHHUB MX oIpeJeleHHBIM 00pa3oM, MBI MO-
JKEeM IIOCTPONTH MAIIMHY, BHINOJHAIOMIYIO 3aJaHHbIH Habop
Je#cTBUil HaA IBOUYHBIMM HAHHBLIMH.

Koneuno, xesiaTesbHO Bce OyjieBBl (DYHKIUK pPeaInU30-
BaTh TAK, YTOOLI IIPH 3TOM MCIIOJIB30BAJIOCE KAK MOMKHO
MeHbIIle JIOTHYEeCKMX 3jeMeHTOB. OJHaKo pasyMHO yMeTh
HaxoAuTh Hamnbojiee KOpoTKHe (opmbl 3anucu GyHKIWH B
HEKOTOPOM eZHHOM KJacce ¢opmys. Bosbmioe sHauyeHue B
3TOM CMBICJIe HMEIOT MuHUMaAbHbie [JHD.

Onpegenenne 23. [JU3BIOHKTHBHAS HODMaJbHAsA (hopMa Ha3bIBa-

eTCA MUHUMALLHOIL, €CJIM OHA COAEPIKUT HamMeHbIiee obilee
YHCJIO BXOXK/EHUH IIepeMeHHBIX II0 CPaBHEHHIO CO BCEeMU
paBHocmabHEIME el [JH®. Ilporecc HaxXoX[JeHHA MUHU-
mausHo# [ITH® HasbiBaeTca mMuHumusayueil B Kaacce JHO.

Crpours munumanvHbeie JH® uz CIIHD moxHO pasHEbI-
MH crocobaMu, HaupuMep HCIOJb3Yd TOMIECTBEHHEIE IIpe-
o0pas3oBaHUA.

IIpumep 21. Ucnonpsysa 3aKoH BUCTPUOYTHBHOCTH X 3aKOH IIOIJIO-

1

IIeHNA, BBITOJHUM MuHuMusamuio [[HO X, & X,V x, & EZ:
X &x, v, &x,=x &(x; vV X,)=x,. O
K coxanenuio, pia HaxoxJAeHuUd MuHHuMansHo# [JHD

HeobxommMo HepebpaTh BCe BO3MOIKHEIE CIIOCOOEBI IPUMEHE-

HHs OCHOBHBIX 3aKOHOB ayre0phI JIOTMKX K MCXOAHOI Gop-

myne. asa GyHKIHHE OoT 00JIBIIOrO YHucia IepeMeHHbIX 3TOT

IpollecCc OKA3hIBAETCS CJIUIIKOM TPYAOEMKMM, IarKe ecJu

IIPOBOANTDL ero ¢ HCIOJb30BaHNEM KOMIBIOTEpa.

Cm. § 3.10 «3neMeHTHI cXeMOTeXHUKH. JIoru4decKKe CXeMEI».
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Bonee sthheKTHBHEIM cITOCOO0M HAXO0XKIEHUSI MUHUMAJID-
HEX J[TH® asnderca memod MUHUMUSUDYIOUWUX Kapm.

Jna GyneBodt QYHKLMK I IePEMEHBHBIX COCTABHM CIEIY-
omyio tabnuny (kapry):

X1 | Xg [~ |%Xp-1| %p X)X | X3 Xg [~ |Xn-2%n Xp_1%Xp| e | X1 X2 X 1%,
Xy x2 o | Xp-1] Xp | X1X2 X1X3 | | Xp—2Xp|Xp-1%p| X1 XgeXpy 1%y
Xy | Xa [ ¥n-1| Xn [ X1¥g | X1X3 | r | Xp-2%n | Xp-1%n | | X1¥2-Xp1%p
X1 | Xg || Xpa| Xg | X1 X2} Xy Xg| e | Xp2Xp|Xp—1%n| | X1X2Xp-1 %

B nocneguem crosibiie KapThl IepevyrCciIeHbl BCe dJIeMEeH-
TapHble KOHBIOHKIUM, KOTOphle Moryr Bxozuth B CIHH®
OYHKIKM n IepeMeHHBIX (3HAKK KOHBIOHKIIUY g KPaTKO-
cTH omymieHBI). Karkziasa rakast sieMeHTapHAd KOHBIOHKIIUSA
COOTBETCTBYET OJHOMY M3 BO3MOYKHBIX HabOpOB 71 IlepeMeH-
HEIX B TaOJIMIle HCTHHHOCTH. B OCTAJNBHBIX CTONOIAX Kark-
JO¥ CTPOKM Ileped¥icjieHbl BCe BO3MOXKHBIE KOHBIOHKIWU
MEHBIILIET'0 pa3Mepa, IIOJYYEHHBIE H3 3JIEMEHTAPHOU KOHB-
IOHKI[UY IIOCIeTHero cToaOna MyTeM YAAJeHUA OT OLHOH A0
(n — 1) nepeMeHHEBIX.

IIpenmonoskuM, 4TO KOH'BIOHKIINA M3 IIOCTIETHEr0 CTOJ0-
ua k-# crpoku Tabsunsl He Bxoxut B CIIH®, BEIpakaiomyio
byuxnuio f(x;, Xy, .., X,), TOraa aobas KOHbIOHKIUA k-il
CTPOKH He BXOAUT HU B Kakyio JJH®D, Beiparkaoniyio QyHK-
nuo f. [JoraxeMm sT10. JleficTBUTEJbHO, €CIIN KOHBIOHKIUA
He Bxoaur B CIIH®, pripakaiomyio ¢byHKIMIO f, TO, corjac-
HO anroputmy noctpoerus CHH®, sHavenne QpyHKIUH Ha
arom HabGope paBHo 0. Ecim kKakad-TO KOHBIOHKIUSA k-#
CTPOKM Bonwia B Hexoropyio [[H® dyskmuu f, To Ha 3TOM
Habope QYHKIHA NOJUKHA OBITH paBHa& efmHHIE. MEI IIOJIY-
YHUJIH [IPOTHBOPEYNE ¢ [IePBOHAYAJIBHBIM IIPEAIIOJIOXKEHNEM,
Hcnons3ya goxasanHoe yTBEepPIKIeHNE, MOMXKHO IIPEILJIOKUTH
caenyomuil crocob mocrtpoeHmss MuHuMaabHOM [H® mo
MUHUMUSUPpYIOWEL rkapme.

Cnoco6 muanmusanuun [TH® meTon10M MMHHMHIMPYIOIIHX
KapTt

1. BeruepkHeMm u3 Tabaunbl (MHHEMMH3UDYIONIEH Kaprel) Bce
CTPOKH, B KOTOPBIX KOHBIOHKIHNA IIOCIEJHEro crToiblla He
Bxoxur B CIH® pyuruuu f.
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2. KOHBIOHKIINK «BLIYEPKHYTHIX CTPOK» BBIUEeDKHEM BO BCeX
OCTAJILHLIX CTPOKaX TabJIUIIEL.

Ecim B cTpoKe OCTaNNch KOHBIOHKIUM C Pa3IWYHBIM YHC-
JIOM COMHOMKHTEJNeH, TO KOHBIOHKINYN ¢ He MHHUMAaJIbHBIM
YHCJIOM COMHOMKHTeJe ocTaBjdeM TOJbKO TOrZa, Korja
OHHM BCTPEUYAIOTCS B APYTHX CTPOKAaX.

OTMeTHM KOHBIOHKIIMM, OCTABIINECHd eAWHCTBEHHBIMH Ha
cTpoke. BrluepkHeM CTPOKH, B KOTODBIX IPUCYTCTBYIOT Ta-
KHe e KOHBIOHKIIUH.

Bcemu BoaMokHEIME cIioco6amMu BEIGepeM K3 KaKLo# CTpo-
KM II0 OJHOH KOHBIOHKIHUM (M3 OCTABIIMXCH) M COCTABUM
Aaa rampgoro cayuasa [JHD.

N3 Bcex moctpoennwx [JH® BrifepeM MUHUMAJIBHYIO. 3a-
METHM, YTO MBI AOJIKHBI BBIIIOJTHHUTDH Iepebop pasiIMYHBIX
OJH® nna HaxoxgeHNMsa MUHHMMaIbHOM u3 Hux. OgHako B
OAaHHOM cJy4ae UHCJI0 BapHaHTOB Iepebopa, Kak NpaBuUIIO,
CYIIeCTBEHHO MeHbIIle BapMaHTOB Iiepefopa PaBHOCHJIBHBIX
OJH® uan ciocobor coxpamrenna CIHD. A

3

e

o

&

ITokaxeM, uTO, JeHCTBYSA B COOTBETCTBUHU C I. 1-6, MEI
nonyuyum JH®P, Beipaxaromyro yHKOuo f(x;, x,, ..., X,).
HeiicrBuTrensHo, nycTs F — JJTH®, nonydyernHas B i. 6. Tor-
Ja eciau f Ha KaKoM-To Habope paBHa 1, Tou F = 1. B camom
Jeje, eclIN 3TOMY HaGOpY COOTBETCTBYET j-A CTPOKA, TO XOTHA
6Bl OfHA KOHBIOHKINS M3 3TOH CTPOKHU OCTAJIach HEBBIUEPK-
HyTOH (B 3TOH MJH B JPYrux cTpokax) ¥ Bomia B JH®D.
Jli06asi KOHBIOHKIMA M3 3TOM CTPOKM Ha 3TOM Habope 3Ha-
YeHHH NpHHUMaeT 3HadeHre 1. CinegoBaTenbHO, U dopMya
F, comep:xamiad OSHY M3 TAKHMX KOHDBIOHKINM, IIpUHHIMAaeET
Ha 3ToM Habope 3HaueHme 1. Ecau sxe Ha kakoM-To Habope
f =0, To Ha aTOoM Habope Bce HEBHIYEPKHYTHIe KOHBIOHKIIUY
npuHEHUMAaloT sHadeHre 0, TaKk KaK Bce KOHBIOHKIMH, IIPH-
HUMaIIe Ha 3TOM Habope 3HadeHMe 1, yyKe BHIYEDKHYTHI
upy BeImosHenuu I. 2. CraegosarenbHo, JH®P, cocrasieH-
Hafd M3 OCTABHINXCSA HeBEIYEPKHYTHIX KOHBIOHKIUM, IPHHHU-
maer sHaueHme 0, T.e. F = 0.

Ipumep 22. IlycTk TpeOyeTcsd MHHMMH3UPOBATE (DYHKIUIO
f(x, Yy, 2) = X, %25 V X, X,X5 v XXXy V X XpKg.
CocTaBMM MHUHHMUSHPYIOIIVIO KapTy And GYHKIUH Tpex

nepemMeHHBIX. OTMETHM 3HAKOM «*» He Bomegmue B CIIHD
CTPOKH.
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Xy | xp | X3 | xxp | xyxg | Xpxg | xpxpxg | %
Xy | xg | X3 | xpxy | x5 | xpxy | xpxpxg

Xy | X2 | X3 | X¥1X2 | X1X3 XgXg | X1XpXg

Xy X9 53 X1Xg x1;3 5253 x1§2§3

Xy | Xp | Xz | XXy | XX | XgXg | X XXz | 7

Xy | X2 | X3 | X1X3 | X1X3 XpXg | X XpXg ¥

Xy | Xp | X3 | X1¥Xp | X1Xg |- XpX3o| X1XpXg

El X9 X3 X1Xg 5153 52;3 X1X9X3 *

ITocne medcTBuII B COOTBETCTBHMU ¢ H. 1—-3 B Tabuuile
OCTaHyTCH KOHBIOHKIIMM, HAXOAAN[MeCs B BbIAeJeHHBIX
Aveiixax TabaIMIBl. BrimosuuB 1. 4-6, noaydmMm MUHH-

Manpryi0 JH®: XX, Vv XX,
lNpakTuyeckune 3agaHus

1. IlocTpoiiTe OTPUIIAHKE K CI0KHOMY BHICKA3BIBAHHIO HA pyC-
ckoMm aAssike. (B § 1.3 6b110 mOKAa3aH0, KAK HEIIPOCTO IIOCTPO-
HTh OTPUIl@HUE K IIPOCTHIM BHICKA3LIBAHHAM.) BoaMOKHEBIHR
c11oco6 BBEITOJIHEHU S 3aJaHuA:

1) BEIgeIKMTE IPOCThIE BHICKASLIBAHYA B 0003HAULTE HX OYK-
BaMH;

2) sanuinuTe MCXONHOE MpPEeAoKeHWe Ha A3BIKe aiureOpHI
JIOTUKM, T. €. B BHJE JIOTHUUYECKOH (POPMYJIBI;

3) mocTpoiiTe TAOMIMLIY MCTHHHOCTH IIOJYUEHHOro JOTHYe-
CKOr0O BBIDAYKEHHU;

4) sanumuTe TabIUIy B3HAUEHUI IIPOTHUBOIOJIOMKHOTO IIO
CMBICJIY BBIDAKEH;

5) BocCTAHOBUTE II0O Hell MCKOMOe JIOTHYecKoe BhIparkeHue
(manpumep, B Bufe CIH® nnu CKH®D);

6) ecay BBI IOJIYUHUAYN UCKOMYIO popmyny B Buge CIH®P, To
MUHUMHA3UDPYHTE ee;

7) samuINTe HAa DYCCKOM sA3bIKE BHICKa3bIBaHUE, COOTBETCT-
BYIOII€e IIOJYUeHHOMY BBIpaKeHHIO.

Bapuaumut 3adanus

a) Eciu meHTpasibHbIe YIJIBI PABHEL, TO ¥ COOTBETCTBYIOIIUE
UM IYTH PaBHBI, & €CJIH COOTBETCTBYIOIUE IEHTPAJIbHBIM
yriiaM AYTW DaBHBI, TO ¥ IeHTPaJbHBIE YIVIBI PABHBI.

6) Eciiuz /iBe IIJIOCKOCTH B3aVMHO HEPHEeHIUKYIAADHLL X K OJ-
HOM W3 HUX IIPOBeleH IIePHeHIWKYIAD, HMeIuil o0-
LIYI0 TOYKY € APYI'oH MJIOCKOCTHIO, TO HTOT HepIeHAUKY-
JIAP BECh JIEXKKUT B 9TOM ILIOCKOCTH.
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B) Ecii1 cTOPOHEI OAHOTO YTIJIa COOTBETCTBEHHO IIepIIeHUKY-
JIAPHEI CTOPOHAM JPYIoro yrja, To Takue yIJIbL U DaB-
HBI, WX B CyMMe€ COCTABJAIOT [Ba IPAMBIX.

r) Ecsim nmupaMuga mepecedeHa IIOCKOCTBIO, IlapajeJlbHoN
OCHOBAHHIO, TO B CEYEHHUH IIOJydaeTCsd MHOTOYTOJIBHUK,
nofo0HBIY OCHOBaHUIO.

o) Has Toro 4TobBl OIUIATHTE IIpoe3k B OOII[eCTBEHHOM
TpaHCIIOPTe, HeoOXOAMMO HMETh HEKOTODYIO CYMMY [e-
Her M gocrarouHo umers 100 pyo.

e) Ua Toro, YTo HexkoTopad JoMaHas, BIMCAHHAA B OJHY
OKDPY’KHOCTh ¥ OIIHMCAHHAsg OKOJIO APYrofl OKPY/KHOCTH,
3aMKHYJach, cilegyeT, 4YTO M Jiobasd Takad JoMaHad
3aMKHETCS, a K3 TOTO, YTO HEKOTOopasa ogo0HasA JoMaHasa
He 3aMKHYJIACh, cjedyeT, UTO M Jobasd Takad JoMaHasd
He 3aMKHETCH.

2. Ilo BeImaHHOM BaM TaOJMHUIle HCTHHHOCTH OyJIeBOHl QYHKIINH
nocrpoiite CAH® u HafinuTe nisa Hee MEHHMaAbHYI0O JHD
JI00BIM YIOOHBIM BaM CHOCOOOM.

§ 3.9. MNonHblie cuctemobl 6yneBbIX GyHKUUIA

TeopeTHueCKHe Pe3yJILTATHI, H3JIOKEHHBIE B 3TOM Ilaparpa-
e, mMeloT BadkHOe 3HAUEHMe IPH paspaboTKe 3JeMEHTHOM
0a3bl BRIYMCJINTEJBHBIX MAIIHNH.

Onpenenenne 24. Cucrema 6ynesbix dyexumit {f,, f,, ..., f,} Ha-
3bIBAETCA NOJHOU, €CJI¥ NPOM3BOJbHAA OyieBa (PYHKIINA
MOKeT OBITH BBIpAsKeHa uepes QYHKIIUHK fio oo wes [pe

IMpumep 23. Ilosmoit aBiserca cucreMma byuxoui {—, &, vi}.
JeiicTBrTeNBHO, corsiacHO Teopemam 1 u 2 (cm. § 3.7), mro-
6aa Oyneera ¢yHKuua npeacraBuma B Bujge CIH® smbo
CKH®, B BoIpaKeHHM KaKJOH U3 KOTOPBHIX HCHOJB3YIOTCS
TOJBLKO YIOMSIHYTEIE B IpEMepe (DYHKITMH. O

IlonmoTy ApPyrMx cuCTEeM MOMKHO HOKAa3aTh C IIOMOIIBIO
CJIeAVIOLIEero YTBEPKIEeHHS.

Yreepxaenne. Ilycrs cucrema {f), f,, ..., f,} — monna m mro6as
u3 Gysxuuét f, fy .., f, Moxer OBHITH BbIpaskeHa depes
byHKIMY £, ..., &£, Torna cucrema {g;, ..., §,} TaKKe IOJIHA.

3apanue. Joxaxume, umo cucmema pynryuil {—, v} aersemcs
noaHou.
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Pewenue. [Ins [oKa3aTeJbCTBA BOCIONB3yeMcH CHOPMYIMPO-

BAHHBIM BHILIE yTBepKueHueM. [[eHcTBHUTENBLHO, MYCTH
fi(xy) = 5_1’ Foxy, X5) = 2y v X5, f3(%g, %) = Xy & Xy,
gl(xl) =Xy gz(x]_v x2) =XV Xy

Bripasum dyuxnuu f,, f,, f; 1epes g, &,:

fl(xl) = gl(xl)) fz(xl’ xz) = gg(xl, xg)a

f3(x1, xg) = Xy & Xy = XV Xy = gl(gg(gl(x]_)a gl(xz)))'
Il BRIpaXkeHUA KOHBIOHKIUY Yepe3 TUIBIOHKIIUIO U OTPHU-

yaHue OBIJI MCIOJB30BAH OLUH M3 3aKOHOB Je Moprana. Hc-
IMOJB3YsA BTOPOI M3 BTHX 3aKOHOB, MOXKHO J0OKAa3aTh IIOJHO-

Ty cuCTeMBI {—, &}. _ 0

Takum obpazom, m00aa (CKOMb YIrOAHO CI0XKHadA) GyieBa
byHKIMA MokeT ObITHL BhIpaskeHa uepes ABe GYHKIHHK
{—1, &} Hian {—1, V}.

Eme Gosee HeOXKMIAHHBIM MOXKeT IIOKA3aThCA TOT (aKT,
yTo J100yi0o 0yIeBy OYHKIHIO MOYKHO BBIPDABKUTH BCETO JIHIIb
yepes ogHY GyHKUMIO. pyrumu cioBaMu, cymiecTeyeT GyHK-
HMOHANBHO TOJIHAA CHCTeMa, COCTOAIad W3 OJHOH OyieBoit

OYHKHUH.

Onpepenernne 25. Jlormueckas Gyuknus wmpux Hlepgepa

(npyroe naspanue HU-HE) obosnauaercsa x, ] X, U 3ajjaercd
caeAyiome tabnmieil MCTHHHOCTH:

x X2 x| X3
0 0 1
0 1 1
1 0 1
1 1 0

Ipumep 24. Hoxraxem, uro pyuxnud mrpux Ileddepa asnaer-

ca noanoii. Iocrpoum ana nee CKH®, T. e. BrIpasuM ee ue-
pe3 KOHBIOHKIWIO, AW3BIOHKIIWIO U OTPUIaHUeE.

Xy | Xy =XV X, WIH X | x, = x1& x, (nocnenHsas popmyna
o0'bsICHAET Apyroe HaszsaHWe RaHHoON ¢(yHKmuH — H-HE).
Torga x; = x; & x; = x| %73

X,V Xy =X VX = H&E = Xy | X, = (x| x) | (x, | x,);

X ' Xy = (x1 l xz) , (x1 , xz)-

x & x, = & %,
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Taxum 06pa3oM, MbI BEIpA3UIN Yepe3 PpyHKnuo mrpux Uled-
tdepa dyurmuu {—, &, v}. CirexnoBaTesNbHO, CHCTEMA, COCTOS-
mas ToabKo us hyHKuuY urrpux Hleddepa, nonaa. O

Onpepesnenne 26. Jlorunueckasa qyuxnusa cmpeara Ilupca (opy-

roe nasBanue MJIM-HE) o6osnauaerca x,; ixz U 3agaeTcdA
cilenyomleil Tabnuieil MCTHHHOCTH:

xy Xy xdxy
0 0 1
0 1 0
1 0 0
1 1 0

MoskHO ZOKa3aTh, UTO M CHCTEMA, COCTOAIAA M3 OXHOM
dyHKnuN crpenka llupca, apiagerca ITOJHOH.

W3 npuBefeHHEIX BEIIIe pacCyXIeHUH clenyeT, UYTO eclHu
HAy4UThCA (QUBUUECKH NIPEeACTABIATEL JOTHYECKUN dIIeMeHT
(BeHTHNB), peaTUIVIOIIUH (DYHKIUIO, ABIANIVIOCT II0JI-
HOH, To n06aa Apyraa GyHKIuSA MOKeT OBITh peaJu30BaHA
B BHJe CXeMBI, COCTOAMel M3 OSUHAKOBBIX BeHTHJIeH, coe-
JVHEHHBIX [ANA KaXKA0H (QyHKIUH 0COOBIM oOpasoM.

Bonpocbl n 3apaHns

1.
2.

3.

4.

5.

6.

7.

Bripasure dyuxnun &, v, — uepes cmpeary Ilupca.
Hokamxure, uTo cucreMa YHKIHH, COCTOANIAS TOJbKO K3
GYHKLUWY OTPpULAHNA, He ABIAETCA [IOJIHOI.

Hokaxxure, uTo cucreMa GYHKIIMI, COCTOANIAA TOJIBKO U3
GYyHKI MY KOHBIOHKINA, He ABJIAeTCA IIOJHOH.

HMoxaxkure, uTo cucTteMa QyHKIui (&, v} He ABIgeTCA IOJN-
HOH.

Hcnonsaysa Bropoil 3akoH ge Mopraga, JOKaKUTe, ITO CHCTE-
Ma {—, &} noaHa.

Bripasure pyHKIUU & U v yepe3 —» U —, JOKA3aB TeM CaMbIM
IIOJIHOTY CHCTEMEL {—>, —}.

Kak ¢ nomompio Gyeknun uckiovaoiiee WJIW u ogHoll us
koHctrauT 0 may 1 (onpejennTe, KaKO# HMEHHO) MOXKHO BBI-
Pas3uTh JOTHUecKoe oTpuitanme?
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§ 3.10. AnemeHTbl CXeMOTexHuku. Jlornueckue
CXeMbl

JIr060e ycTpoHRCTBO KOMITBLIOTEPA, BRITIOJIHAIOIee apupMeTH-
YecKHe UM JOTHUeCKUe ollepallliy, MOXKET paccMaTpuBaTh-
cd Kak npeobpasosaTeilb ABOMYHON MHMOPMAIVN: 3HAYEHHA
BXOAHBIX [IepeMeHHBIX [AJ8 Hero — II0C/IeJ0BaTeIbHOCTE HY-
nedl ¥ eAMHNIl, a 3HAUEHMs BBIXOAHOY (PYHKIUM — HOBaH
JBOMYHAA [OCJegoBaTelbHOCTh. HeobxonuMele Ipeobpaso-
BaHMA MHGpoOpPMALXHN B O/JOKaX KOMIIPIOTEPA IPOM3BOAATCH
JIOTHYECKMMI YCTPOMCTBAMY JBYX THUIIOB: KOMOMHANMOHHBI-
MK CXeMaMHu ¥ LUGPOBBIMM aBTOMATaAMH C IIAMATBIO.

B xombunayuonHnoil cxeme HaOOp BHIXOAHBIX CUTHAJIOB B
1060 MOMEHT BpeMEeHU IIOJHOCTRIO olipejesderca HabopoM
BXOJHBIX CHUTHAJIOB.

Onpenenenne 27. [JucKpeTHEIHN Ipeobpa3oBaTeb, KOTOPBIN BBI-

JaeT mocje oO0paboTKM ABOMYHBIX CHI'HAJIOB 3HAUEHHE ONHOM

3 JOTMYeCKHX OIlePaluii, Ha3bIBAETCA JA0ZULCCKUM 3AEMEH-
mom (senmunem).

Hixe nmpuBejeHBI YCIOBHBIe 0003HAUEHNA (CXEMBI) JIOTH-

YeCKHX 23JIeMEHTOB, PeaJu3YIOIINX JIOTHUeCKOoe YMHOMXEHHEe,
JIOTUYEeCKOe CJIOXKEHHNEe M OTpHUIIaHHe.

a—& d—-l

b— b—

a 6 8

Jlornueckuit saemenT U (KOH'BIOHKTOP) Peasu3yeT OIle-
panuo JorndecKkoro ymuoxenus (puc. 3.2, a). Exunnna Ha
BBIXOZE 3TOTO 3JeMeHTa IIOABHUTCA TOTAA W TOJBKO TOTZA,
KOI'Zla Ha BCeX BXOZax OyIyT eIuHHILLI.

Jlornyecknit siement HJIA (;;nsmomc’ropl) peanusyer
OIePAIMIO JOTHYECKOro cIoKeHud (puc. 3.2, 6). Ecim xota
OBl Ha OOHOM BXoJe OyaeT eIHHHILA, TO Ha BEIXOZe 3JIeMeHTa
Takxe OyAeT egUHMIIA, MHAadYe Ha BBIXoZe OyaeT HOJb.

Jloruuyeckuit anement HE (uHBepTOp) peasusyer oliepa-
nuio orpunmaHud (puc. 3.2, 6). Ecinu Ha BXoge ajeMeHTa
HOJIb, TO Ha BBIXOJe eIWHHIIAa B HaobopoT.

1 3uak «1» Ha cxeMe 3/IeMeHTa — LaHb yeTapeBIeMy o603HadeHuIo onepanun VIJIH
«21» — peayastar onepanuu WJIH pased 1, ecsm cyMMa 3HadeHHH olepaHA0B
GosbIte uay paBHa 1.
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Ba30BEIMM B MHKDO3JIEKTPOHUKE SABJIAIOTCS TAKKe JIOTU-
yeckue aemeHTH H-HE u HJIM-HE, peanusyromue GyHK-
nuu mrpux lleddepa n crpenka Ilupca. X ycaoBHBIE 060-

—1& —
W3 oTgenpHBIX JIOTHYECKHX 3JIEMEHTOB MOXKHO COCTa-
BUTH, HAIPUMeED, YCTPOHCTRa, TPOUBBOAAIINe apudMeTHUe-

3HaAYEeHUA:

CKHe ollepalliyl HaA ABOMYHBIMM THCJIaMH.

Onpenenerne 28. S1eKTpoHHAA JOorHUYecKas CXeMa, BHIIOJIHAIO-
nlad CyMMMpOBaHNe ABOMYHBIX KOLOB, Has3blBaeTcd CYMMa-

mopom.

PaccMoTpuM cxeMy CIOKeHHS ABYX N-paspAfHBIX JBO-
WYHBIX 4YHCcell.

Taxum obpasom,

HOCTH:

§,up
IU# paspaxn.

IIpu cnoxenuu nudp i-ro paspaga ckia-
ZbBaOTCA a; U b, ¥ HUM npubaBisAeTcs
p, — mIpusHaxK Iepexoca u3 (i — 1)-ro
paspsaga. PesyiabpraTroMm cioskeHusa 6Gyner
-~ IPHU3HAK IIepPeHOCa B CIELYIO-

OMHOPA3PAAHBEIA [ABOMYHBIN CyMMa-
TOP — 3TO YCTPOHCTBO ¢ TpeMsa BXOJaMK M ABYMS BBIXOZA-
mu. Ero pabora onuceiBaercd ciaenyolleil Tabaumell ucTuH-

Bxoasr

Brixoant

RS

by

S

]
-

Pin1

0

Ptk et (it | O OO O
=l QIO |HR|IOIO

= O (O | O [ | O

= QICIHIO||HIO
== OO
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Brixoguble GYHKIUM MOXKHO BOCCTAHOBUTEH IO TabiuIle B
Bujge CIIH® unu CKH® u yIpoCTUTE ¢ MOMOMIBLIO TOMXKIECT-
BeHHEIX Ipeo0pasoBanuil. B pesynbsrare nipeo0pasoBaHM HC-
KoMBIe (DYHKIMN IproOpeTaioT, HallpuMeD, clae yVIOIUN BU:

Piy=a,&bva &p vb &p;
$; = (P va &b &p)&(a,vb vp). 3.3)

i

IlepBoe m3 coorHOwenuit (3.3) ABadeTca pelleHWEM 3aja-
HuA 5, . 1 K § 3.7. Bropoe us coorHomenni (3.3) BEIBeJEHO
u3 CAH® c yueToM yrxe UMEIOIIErocsd BHIPAKEHUA AJIA P, -

3ameTuM, 4TO QYHKUWH P, ; U §; MOXKHO BEIDA3UTH ADY-
ruMu (opMyJaMu, 4YTO, €CTECTBEHHO, NPHBEJET K JDPYIUM
JorndeckuM cxemam. Tak, Hanbojsee KopoTKoi Gopmysoit
Al S; ABIAETCA CIeAylomad: s; = a, @ bl. ® p;.

OmHOpPaspAAHEIA ABOMYHLIA CyMMAaTOp MOXKHO Deajll30-
BaTh CHaenyIOlleil cxemoil, uTo coorBercTBYeT (3.3):

ab,p,

,._1_.

1 Py

CrnokeHue n-paspagHBIX JBOUYHBIX YHCE] OCYIIECTB-
JIAeTCA ¢ [MOMOIIBI0 KOMOMHAIINY OZHOPASPALHEIX CYMMATO-
poB (yciOoBHOe of603HauUeHHe OITHOpas-
a, — SM s L_si PALHOrO CyMMaTopa IIPHBELEHO HA PHU-
b, — CYHKe cJeBa.) B 3saBucuMocTH oOT
P — crioco6a BBOJA/BBIBOAA HAHHBIX 1 Opra-

HHU3ALMK IIePEeHOCOB MHOrOpaspAgHEIe
CYMMATOPHL OBIBAIOT MOCJEHOBATEIBHOTO M NAPANIeILHOTO
NpUHOUIA AeHCcTBUA.

P P
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B yugposvix asmomamax ¢ namamero Ha6OP BBEIXOAHBIX
CHI'HAJIOB 3aBHCHT He TOJIBKO OT HabGopa BXOJHBIX CHI'HAJIOB,
HO U OT BHYTPEHHEro COCTOAHMA AaHHOTO ycTpoiicTBa. Ta-
KHe YCTPOMCTBA BCerja MMEIOT IaMATh.

Onpenenenue 29. Jlormdyeckuil sjneMeHT, CIOCOOHBIN XPaHUTH
OfMH paspdAf ABOHUHOTO YWCJA, HASEIBAIOT MpPU22ePOM.

Tpurrep 6611 ns3obperer B 1918 r. M. A. Boru-Bpyern-
yem (1888-1940). Cameiir npoctoit Tpurrep — RS. OH co-
crouT u3 AByx aneMenToB HJM-HE, BX0oasl 1 BEIXOABI KOTO-
PBIX cOeqHMHeHEI KOJIBIOM: BBEIXOJ IIEPBOTIO COeNHEH CO BXO-
[IOM BTOPOrO, BEIXOJ BTOPOTr0 — €O BXofoM mepsoro. Cxema
RS-tpurrepa:

R 1 3aeck: Bxox S (set) — ycTaHOBKaA TpHUTITe-

l‘ — @ pa B 1, Bxog R (reset) — ycTaHOBKa

Tpurrepa B 0.
i _
s @

IIpurnun pab6orer RS-Tpurrepa HJJIIOCTPHUDPYET CJIELVIO-
miad Tabauia MCTHHHOCTH:

Pexxnmsl paGoThl TpUITEpPa Bxoan1 Cocroanane Tpurrepa
R S Q

XpaHeHue npeabIgyLIETO 0 0 Q

COCTOAHUA

Vcranoska Tpurrepa B 1 0 1 1

YcranoBka Tpurrepa B 0 1 0 0

3anpeileHHOe COCTOAHIE 1 1 Heponyctumo

OOBIYHO HA BXOAHI MOCTYIAIOT CUIrHAIEI R=0u S =0, n
TPUITEp XPaHUT CTapoe cocToAHue. Eciu Ha Bxog S mocrty-
TIaeT Ha KOPOTKOe BpeMs CHT'Hal 1, TO TPUTITeD NEePEeXOAUT B
cocTosaune 1, u mocjie Toro, Kax curfaja S craxet paseH 0,
Tpurrep GygeT coxpaHATH cocrosauHue 1. IIpu momauve 1 Ha
BXox R Ttpurrep mepeiifer B cocroanue 0. Ilogaua Ha oba
BXOJa JIOTHYECKOH eJMHUIBI MOYKET IIPHMBECTH K HEONHO-
3HAYHOMY pe3yJbTaTy, [IO3TOMY TakKad KoMOuHaAIWA BXOJI-
HBEIX CHUTHAJIOB 3allpellleHa.



Bregenue B anre6py JOoruKn 197

Hna xpanenms 1 Oalita wuHbopManuu HeoOXOZMMO
8 Tpurrepos, miaa 1 xuiaobafita — 8 x 1024 tpurrepa. Ta-
KuM o6pasoM, ollepaTHBHAA IaMATH COBPEMEHHBIX KOMIIBIO-
TEPOB COAEPIKUT MMJLIMOHBI TPUITEPOB. B IeloM e KoM-
[IBIOTED COCTOUT M3 OUPOMHOI'O YMCJA JOTHMYECKHUX 3JIeMeH-
TOB, 00pa3yIoOUIUX BCEe €ro y3Jsl H IaMATh.

Bonpocbl n 3apaHnsa

1. IIpoananusupyiiTe cxeMy, IPHUBeJeHHYIO HA CleAYIOIIEM PH-
cyHKe, ¥ BeIDUIINTEe GopMyIy Aaa GyHKIuHA F:

&

L s
Ly

A

B

2. Cymrecteyet 16 jorudeckux 3JIeMeHTOB, HMEIOIIUX [Ba BXO-
na (16 sormdeckux GyHKIHHA OT ABYX epeMeHHEIX). Peanu-
3yiiTe MX CXeMBI C IIOMOIIBIO JIOTHUYeCKHX 3jaeMeHToB H,
HJIN, HE.

3. MoaxeT i IPOM3BOJIbHAA JIOrHUecKasa cxeMa ObITH ImocTpoe-
HA TOJBKO M3 JIOTHYECKHX 3JE€MEHTOB OZHOTO THIa?

4. TTocTpoiiTe cxeMy TpexpaspATHOro cyMMaropa m3 OfHODAas-
PALHBIX.

3aksiloHeHve

Urak, nogsejeM utoru. XIX Bex mogapmi HaM IJesJy BBI-
TaloIUXCsA MaTeMATHKOB, KOTOPBIM YAAJ0Ch IOCTPOUTH
CcTpORHBIN annapaT ajnre0Opsl JJOTUKUA. B mepBYyIO ouepesnsb 3TO
Mxopmx Bynws, Oracrec ge Moprau, Q:xopax BeHH.

CrpemutensHel XX BeK pacUIMPUJ TPAHMIBI IPaKTUde-
CKOI'0 NpHMeHeHHA TeOPeTHIeCKNX De3yJIbTaToB ajrebpsl
Joruku. B wacTHOCTH, ee MaTeMaTHYeCKHH alnmapaT LIXPO-
KO HCHoab3yeTrca B HHGOPMATHKe, IPH HNPOeKTHDPOBAHUM
KOMIIBIOTEDPOB, B TEOPHH QJITOPHTMOB, B IEJOYHCICHHOM
IPOrPAMMMPOBAHNY U T. A.
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IlosHakoMuBINNCE ¢ MATEPHAJIIOM JAaHHOH I'1aBbl, BBl 3Ha-
eTe Telepb OCHOBHBIE 3aKOHBI ajireOpEI JIOTMKM, CMOXKeTe
6e3 omuOKM OCTPOMUTH OTPHIlaHUEe K CJIOKHOMY BBICKAasbi-
BaHUIO, CPOPMYIUPOBAHHOMY Ha JIIOOOM HANMOHAIBHOM
sABBIKe, 3HaeTe, U3 CKOJbKHX BJIEMEHTOB COCTOUT CYMMATOP,
YTO TAKOoe TPUITep U 3a4eM HaM HYXHBI TaKHe HeoObIUHLIe
Joruueckue pyHKIUM, Kak crpenka [lupca u mrpux [Med-
depa.

Hapeemcsa, uro MbI 3auHTepecoBaay Bac anrebpoit soru-
KU — Ype3BHYaiHO KPacHBOH 06IaCTbI0 MaTeMaTHKH, IIPHU-
MeHeHHe KOTopo#l OyieT HaBepHAKa PACIIMDATHCH.
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JJIEMEHThI TEOPHH AJITOPHTMOB

IloraTe aaropuTMma ABIAsAeTCA HE TOJBKO
LEeHTPANBHBIM TIOHATHEM TEOPHH AaJIl'OPUTMOB,
He TOJIBbKO OAHHM 13 IVIaBHBIX HOHATHIN MaTeMa-
TUKH BOOOIlle, HO OZHUM H3 TJIABHLIX IIOHATHIH
coBpeMeHHOH Hayku. Bonee Toro, cerogus, ¢ Ha-
CTyILIeHHeM ®pbl HHGOPMATHKH, AJTOPHTME]
CTAaHOBATCA OZHUM H3 BaXXHeHIHUX (AaKTOpPOB
IMBUIN3AaI{HH.

B. A. Ycnencrkuil

Bnaro Besge m BCclooLy 3aBHCHT OT coOJIofe-
HUA OBYX YCJOBHI: 1) IpaBHILHOrO YyCTAHOBJIE-
HHA LeJHU BCAKOIO pofa eATeNbHOCTH U 2) OTBI-
CKaHHA COOTBETCTBYIOIIMX CPEJCTB, BeIVINHX K
3TOM Ilenu.

Apucmomens

§ 4.1. NoxaTne anroputma. CBONCTBA anNnropuTMOB

§ 4.2. YTouHeHMe noHsTHA anropuTMa. MawuHa TulopuHra

§ 4.3. MawwuHa MocTa KaK yTOYHEHWe NOHATUA anropuTma

§ 4.4. AnropuTMuyecku Hepa3lpelwuMbie 334344 U BbIYUCITUMbIE

pyHKLNU

§ 4.5. NoHATHE CNOXHOCTH anropuTMa
§ 4.6. AHanu3 anropuTMOB noucka
§ 4.7. AHanu3 anropuTMOB COPTUPOBKHU
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aHHAA IJlaBa 3HAKOMHT Bac ¢ OTHOCHUTEILHO HOBOH Ha-

VYHON AUCHMIIINHON — TeOpHeH aJrOPUTMOB. 3aMe-

THM CpPasy, YTO CHEIHAINCT B 00JIaCTH TEOPHUK AJTOPHUT-
MOB — 3TO IIpeXk/le BCero MaTeMAaTHK, YBePeHHO BIIafeloInit
anmaparoM TEOPHH MHOJKECTB, AHCKPEeTHOH MaTeMaTHKH,
BREICHIEH ajreOpnl. 3aposKaeHNe M PasBUTHE TEOPHU aJITOPHUT-
MOB CBA3aHO ¢ (HYHAAMEHTAJLHEIMM JOCTIDKEHHAMM BBIAAIO-
muxcsa MaremMatukoB: A. Teopurra (Anrnusa), A. Yépua
(CII1A), 9. Ilocra (CIIIA), Isx. don Heimana (CIIIA), A. A.
Mapgkosa (CCCP), II. C. HoBukora (CCCP), A. H. Koxmoro-
poBa (CCCP), T.C. Letitura (CCCP), IO. B. MaTusacesuua
(CCCP) u MHOruUX [OpYTHX.

T'nara mocmamena pasbACHEHHIO OHOI'O W3 OCHOBHBIX
NOHATHUH MaTeMaTHKKH W HHPOPMATHKM — IIOHATHUA ajaro-
puTMa; B Hell IIpociieKMBaeTCsl B3aVMOBIMIHHNE HAYYHBIX
OTKPBITHH MaTeMATHKY H HHPOPMATHKM B 0OJIACTH TEOPUH
aJITOPUTMOB.

§ 4.1. NonaTne anroputma. CeolicTBa anropuTMoB

Kaxxnoiii u3 Hac e)XeZHEBHO peIlaeT 3afaull pPasIHuHON
CJIOKHOCTH: KaK OhIcTpee ZoOpaThHCA B IIKOJY WX Ha pabo-
Ty B YCJOBHAX HEXBATKH BpeMeHM; B KAaKOM IIOPAAKE BbI-
TOJHATS Jeja, HaMeueHHbIe HA TeKVIIUM OeHb, u T. O. He-
KOTOpBie 3aJadyy HACTOJIBKO CJIOMKHEI, YTO TpebyioT Aau-
TeJbHBIX DPA3MBIIUIEHWH [id HaXOXJIeHHs pelleHUsd
(vHOTHA pelileHUe TaK M He yAaeTcd HAWTH), APYTHe 3akadu
MBI pelllaeM aBTOMAaTHYeCKH, TAK KAaK BRINOJHIAEM HX exke-
JHEBHO Ha IMPOTSYKEeHWM MHOTMX JeT (BBIKJIIOUWTL 3BeHS-
mui OyAUALHUAK; IIOYNCTHATL YTPOM 3y0Obl; IIO3BOHUTD APYTY
no tejedoHy). B GonpmuHCTBE ciydaeB pelleHue KasKAoH
3aflaul MOYKHO HOAPa3ZeJUTh HA IIPOCTHIE JTAIBL.

IIpnmep 1. 3amaua «3BOHOK ADPYTY IO TeseOHY» MOApPA3Hess-
eTcs Ha cienyiolue sTambl (IIary):

1. IlogaATs TenedoHHYIO TPYOKY.

2. Ecam yeaslmaln rygok, 7o HabpaTh HOMepP Apyra, MHade
KOHell pellleHHA 3aJaul ¢ OTPHIATEbHBIM Pe3yJIbTATOM
(TesepoH HeHCIIPaBeH).

3. OnpefenuTs THUN TYAKOB: «BLI3OB» WJIHN <«3aHATO». Eciu
«BEI30B», NepedTu K mary 4, eciayu <«3aHATO», [epedTH
K mary 6.

4. HNoxpaThbcsd BOCBMM BEISHBIBAIOIUX T'yIKOB.
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5. Ecinm 3a 2T0 BpeMa aboHeHT He IOJHAI TPYOKY, TO KOHeI]
pelleHUs 3a7auy ¢ OTPHULATENLHBIM pesyiabTaroM (abo-
HEeHT He 0TBe4YaeT), MHaye HAYaTh pa3roeop. 3agada «Ilo-
3BOHUTH APYTY» peldleHa YCIEeLIHO.

6. IlonoxuTs TeneoHHYIO TPYOKY; KOHEI PelleHUA 3aJa9n
€ OTPUIATEIbHBIM Pe3yJibTaToM (a0OHEHT 3aHHAT). O

ITocnemoparensHOCTD IIATOB, IPUBELEeHHAA B IpuMepe 1,
ABJIAETCA AJI20PUMMOM PELISHN 3a4a9N «3BOHOK APYTY IO
tenedony». Hcenoanumenv 9TOTO aATOPUTMa — UeJIOBEK.
O6BeKTH aIropuTMa — TejieoH U TeeOHHble CUTHAJILI.

s pemrenus ao6o# 3agayu Hafo 3HATE, UTO AAaHO H YTO
cJIefyeT IOJYYUTh, T. €. Y 3aJavy eCTh MCXOAHEBIe AaHHBIE
(Hekue 00BLEKTHI) U HCKOMBIE pe3yJbTaThl. na moayieHnd
Pe3YABLTATOB HEOOXOAMMO 3HATh CIOcO0 pelleHMA 3ajadwu,
T. €. pacmoJarars aaroputMom. B 6a3oBoM kypce nHGoOpMa-
THKY BBl 3HAKOMMJIHNCH C OCHOBAMM TEODHHM AJTOPUTMOB,
B 4aCTHOCTM, BBl 3HaeTe cIefyiollee HedhopMalbHOEe OIpese-
neHwe (IOHATHE) aJATOPHUTMA.

Onpenenenne 1. Anzopumm — 3To TOUYHad KOHedHas CHCTeMa
npeflIucannii, oIpee/AoNas cogepKanue 1 MOoPALOK Heil-
CTBUH MCHOJHUTENd HAI HEeKOTOPHIMH of0beKTamu (HCXOJ-
HBIMY ¥ IPOMEKYTOYHBIMY AAHHBIMM) AJ8 MONAy4YeHUus (IIO-
cjle KOHEUHOTO YHCJa ITaroB) MCKOMOIO pe3yJabTara.

IlpuBeieHHOE ONpexeneHHe He ABIIA-
eTcd oIpefelieHHEM B MaTeMaTHIeCKOM
CMBICJIE CJIOBA, 3TO ONMCAaHHE IIOHATHUS
aJToOpHTMa, PacKpBLIBAIOINEE €ro CYIII-
HocThb. OHO He gBAdAeTcE POPMATILHBIM
IOTOMY, 4YTO B HEM HCIOJL3YIOTCS Ta-
K¥e HeyTOYHAeMbIe IIOHATHS, KaK «CHuC-
TeMa IPeANNCaHuN», «TeHCTBUA UCIOJI-
HUTeNId», «00BeKT».

Ilonarme anropur™ma, SBJIAOIIEECS

Asts-Xopeamu dbyHEIaMeHTANBHEIM HOHATHEM MAaTeMa-
(780-850 u. 3.) — THKH ¥ HMHQPOPMATUKH, BO3HHUKJIO 3a-
y30eKCKHUH MaTeMaTHK JOJITO A0 IIOABJICHHA BBIYHUCJIIUTEJIIBHBIX
IX Beka; u3 eBponen-  MAallIWH.
3UPOBAHHOTO IIPOU3- IlepBoHAYATBHO IIOL CJOBOM <«aJro-
HOIIEHUA UMEHH PHUTM» IOHMMAJIHU CIOCOO BBITIOJTHEHUS
anb-X0pesMu BOSHUK apudMeTHUYECKUX AeUCTBUI HAL Hecs-
TEPMUH «QITOPUTM>  pyyppivu yncnaMy. B ganpHelmeM aTo
[IOHATHE CTAJN HUCIOJL30BATh AJA 0060-
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3HAYEeHHU JI000M Mocief0BaTeJLHOCTH AeiCTBUI, NPUBOAS-
el K pelIeHMIO ITOCTABJEeHHON 3ajauu.

IIpuBegeM mpUMePHI ABYX &JIOPHUTMOB, KOTOphle GyayT
BaM ITOJIE3HBI HA YPOKAaX MaTeMaTHKH.

Ilpumep 2. PaccMoTpuM croco( BBITMCHIBAHWA BCEX IIPOCTHIX
yycesl B MHTEpPBaje OT 1 7o Hexoroporo N. 3ToT crocod Ho-
CcUT HasBaHHe «Pewemo Opamoc@erna», MO0 UMeHN IApEBHe-
TPEUYECKOro y4eHOTO, BIepPBble NPeJJIOKUBIIETrO JaHHLIA aj-

TOPHUTM.

dpatochen (ox. 275-194 go H.3.) — OLUH U3
caMbIX PABHOCTOPOHHUX YUYeHBIX AaHTUYHOCTH.
OcoberHO mpociaaBuiIud OIparocheHa TPYAH IIO
acTPOHOMHUH, reorpadry 1 MaTeMaTHUKe, OLHAKO OH
YCHEeNIHO TPyZuiIcA H B obsacTe (UIOIOTHH,
O33UM, MY3bIKH U dunocodbun

Jlna 3TOro BEIIUIIEM HOAPAL BCe HATYDPAIBHBIE UMCJIA OT
1 no N. BossmeM mepBoe 4gucio, 6osabinee 1 (aTo 6ymer 2), n
3aYepKHEM KaK[0e BTOpOe UHCJO, HAUWHAA OTCYET CO CJe-
Ayioliero 3a ABOHKOM umcia. 3aTeM BO3bMEM IIEPBOE Hesa-
YepKHyTOe 4YHcio, boubiree 2 (910 Oynmer 3), M 3aduepKHEM
Kaxgoe TpeThe YHCJIO, HauWHAasA oTcueT ¢ uucaa 3 + 1 (pa-
Hee 3a4epKHYTHIE YHCIA YIACTBYIOT B oTcuere). [lasee BO3b-
MeM IlepBOe Hes3a4epPKHYTOoe YHCJO0, Oosbmee 3 (910 Oymer
5), M 3auyepKHeM KaK[Joe IIATOoe UUCJIO, HauMHAas OTCYeT C
yuciaa 5 + 1. Ilpogomkad Tax JelicTBOBATH, OCTAHOBHMCSH
TOT/a, KOT'JA HepPBOE He3auepPKHYTOe YHUCJIO OKaXeTcs 6oJb-

me\/ﬁ. O

B pesyabTaTe IpHMeHEHHS DTOIO AJNTOPUTMA He3adyepK-
HYTBIMH OCTAHYTCS BCe IPOCTHIE UHCA, He IPeBOCXOJAIINe
N, u Toapko OoHH. JOKaXuTe »TO CaAMOCTOATEILHO.

IIpumep 3. Jano BemlecTBeHHOe yucio P. TpeGyeTca BEIYNCIUTD
ero KBaJpaTHHIN KODeHb C 3afaHHOM TOUHOCTBLIO, HAIDUMEP
¢ m 3HaKaMH IIOCJIe 3aldaTol.

IIpaBMiIO BRIYMCIEHUSA KBAAPATHOTO KOPHA «B CTOJNOHK»

MOXKHO 3allicaTh B CJeyiouieM BHJE:

1. Banuce umcna P paspenurs Ha rpynnsl P, no 2 uudgpet
BI€BO ¥ BHpaBo oT saunaroit {P,P,..P,,P, ..P,}. 3ame-
THM, 4TO caMas jeBad u camad npasad rpynusl (P, u P))
MOTYT COCTOATD U3 ofHoM nudpsl. I'pynny P, B aTOM ciy-
Yae JONOJHHUTH AO ABYX mudp, npunucap 0 cmpasa.
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2.

3.
4,

7.
8.

9.

ITomoGpaTe Takyo LGPy X, KBaAPAT KOTOPOH He IIpeBoC-
xoauT P,. 3ammcars x B KavecTBe NePBOl LUM(pHI pe-
3yJbTara (MCKOMOI'0O YHCJA).

Berauenurs r = P, - xZ,

Ecnu nepacemorpenHbIX rpynn B uucie P 6osblie HET U

r=0 (T. e. MBI BHIYWCIWIM KOPeHL TOYHO), WJIH €CIU

r =0, HO TOYHOCTEH BLEIUMCIEHHUS HAC yeTpauBaeT (y HUCKO-

MOTroO YpcJa HOAYYEHO m 3HAKOB IOCcje 3allAToH), 12 Ko-

Hell ajJiropuTMa.

Ecnn HepaccMOTpeHHBIE TDYIINEL €CTh, UJIX TOYHOCTE EBI-

YHCJeHNA Hac He yCTpauWBaeT, TO K I JAOINCATh CIIPaBa

nudps odepeaHoil (P;) rpymusi; IONYYHBIIEECA UHCIO

o0o3HauuTh uepe3d b. Ilpyw aTOM BOBMOMKHEI ClelyIOliHe

BapHaHTHI:

5.1) ecnu ouepenHas rpynmna (P,) CTOMT B 3allMCH YHCJIA
TepBoH noese 3anAToH, TO FONKNCATL CIpaBa OT X Ae-
CATUYHYIO 3alIATYIO;

5.2) ecsix Bce I'PYNIH B 3aIMCH YHcia yxe obpaboraHs,
TO B KauecTBe odepefHoit rpynmsl P, B3arte «00»,
OpH 5TOM ecJM 4mcyo P OpLIO IeJBbIM, TO AOIKCATH
cnpaBa OT X HECATHYHYIO 3aflATYIO.

ITogo6paTte Takylo MakKcHMaJIbHYI ODudpy Yy, ITO

(2:x-10+ y)'y <b, Toe x' — 1esioe YHUCJIO, COBIIAJAI0-

Hiee 10 3amucH ¢ x 6e3 yyeTa gecaATHUHOMH sanaTon. Tor-

Ia y 6yzer odepefHOM Inudpoll MCKOMOro YMCIA.

Boraucaurs r=56 - (2:x'-10 + y)-y.

Ilpunucats y cmpaBa K pesyiabrary. llomyuausnreeca une-

0 0003HAUYUTL Uepe3 X.

Ilepeiitu K mary 4. 0

JIr060i1 aJropuTM CYIIECTBYET He caM Iio cebe, a IIpefHa-
3Ha4YeH MAJA ONpeAeNeHHOrO UcCnolHumens. AJNTOPHTM
OINICHLIBAETCH B KOMAHOAX UCNOAHUMENA, KOTOPBLIA 2TOT
anropuTM Oymer BHIMONHATBE. OO0BEKTH, HaJ KOTODBIMU
HCIIONMHUTENL MOMKeT coBepmiarh AelcTBuA, 06pasyioT
TaK Ha3HIBaeMyIo cpedy ucnoanumens. Hcxodnvie dan-
Hble u pesyavmambt M000r0 aaropHTMa Bcerga mpuHam-
JIeKaT cpefe TOTO HCIIOJHHUTENA, AJIS KOTOPOro IpegHAa-
3HAYEH aJTOPUTM.

3HaveHye CI0Ba «&JITOPHUTM» OUeHBb CXO0XKe CO 3HAaYeHHeM

CJIOB «pelenT», «MeToh», «crocob». OfHaxo mo6oil arro-
PHATM, B OTJIMUME OT pellellTa MM ciocoda, obasaTeasHo 06-
Jagaer cJIeLYIOIIMMH CBOMCTBAMH.
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1. Juckpemnocms. BrimonHeHmMe ajiropuTMa pasbuBaeTca
HAa IIOCJIeI0BATENbHOCTE 3aKOHYEeHHBIX [eMCcTBUH-IITaroB.
ToNBKO BHIIIOJIHUB OZHO AeHCTBHe, MOXKHO IIPUCTYIATh K
HMCIIOJHEHHUIO cleAyomero. IIpoussecTu Kamaoe OTHAENb-
HOe AeficTBHe HCHOJHUTEIO IPeLNUCHIBAET CIeiuaIbHOe
yKasaHWe B 3AIINCH aJjiTOPUTMa, HashbiBaeMoe KOMaHJIol.

2. Hemepmunuposantocms. Crocob pelieHud 3aJa4l OFHO-
3HAYHO OIIpejiejleH B BHUAe IOCIeLOBATEILHOCTH IIaros,
T. €. €CIIM AJITOPUTM MHOTOKDATHO HPUMEHAETCH K OJHO-
My M TOMY e Habopy MCXOZHBIX JAaHHBIX, TO KaKABIA
pas Moay4aloTcsa OGHH KU Te JKe IPOMEeXYTOUYHBIe Pe3ylib-
TaThl ¥ OLMH ¥ TOT K€ BBIXOEHOH pesyJbTart.

3. IlonamHocmb. AJNFOPHTM He [OJI’KeH COAEPIKaTh HMpef-
MHCAHMUM, CMBICT KOTODPHIX MOJKET BOCHPHUHHUMATHCA HC-
NOJHUTeeM HeOJHOSHAYHO, T. €. 3allCh AaJropuTMa
IOJI'KHAa OBITh HACTOJBKO YeTKOM M IOJHOH, YTOOLI y HC-
TIIOJHUTENA He BOBHUKAJIO NOTPeOHOCTH B IPDUHATHH Ka-
KUX-TH00 CaMOCTOATENBHBIX peIleHui.

AJII‘OpHTM BCerga paccHuTaH Ha BBIIIOJTHEHMNE <«Hepas-
MBIIIVIAIOII M » HCIIOJIHHTEJNEeM.

PaccMoTpuM U3BeCTHBIMI IpHUMEp <«OBITOBOIO» AJITOPHT-
Ma — ajaroputMm nepexoja yauunl: «Ilocmorpm Hanepo. Ecnu
MaIlpH HeT, JOWAW A0 cepeAWHB! yamubl. Ecim ecth, mopo-
YU, TIOKA OHM INpOoeayT M T. A.». IlpencraBoTe cebe cuTya-
I{I0: MAIlIMHA CJIeBa eCTh, HO OHA He eJeT — YV Hee MeHSAIOT
Kojieco. Ecnm BBl fyMaeTe, YTO HUCIIOMHUTENb JITOPHUTMA HOJI-
JKeH JKJaTh, TO Bbl IOHAJHK 3TOT ajaroputM. Eciau ke BB pe-
IIFUIN, 9TO YIHILY IEPEXOJUTh MOXKHO, CUATAaA aJI’OPUTM HOJ-
NpaBjeHHLIM B BHJY HeONPeABHAEHHBIX (II0 BailleMy MHEHHIO!)
OOCTOSITENILCTB, TO BBl H€ YCBOWIM IIOHATHE AJITOPHUTMA.

4. Pesyavmamugnocme. CofiepixartesbHasd ONpPeJeJeHHOCTD
pesyJbTaTa KaKAoro Iara U ajropuTMma B Ieiom. llpm
TOYHOM MKCIIOJTHEHHMM KOMAaHZ aJTOpUTMa IIpolecc LOJI-
JKeH IIPeKPaTHUThCA 34 KOHeYHOe YUCJAO0 IIarop, W IpH
STOM JOJKeH OBITH IIOJIyYeH OTBeT Ha BOIDOC 3aJauM.
B xadecTBe 0JHOI0 3 BOBMOXKXHBIX OTBETOB MOJKeT OBITH
U yCTaHOBJeHUe Toro ¢akTa, YTO 3ajada pelleHHUI He
HMeerT.

CBOIICTBO PEe3yJIbTATUBHOCTH COZEPIKUT B cebe CBOHCTBO

KOHeYHOCmuU — 3apeplieHue paboTHl aJITOPHTMA 3a KOHeU-

HOe YHCJIO IIAroB.
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5. Maccosocmp. AIropuT™M IPUTOLEH OIS pemieHus Ja000#
3aaul U3 HEKOTOpOoro Kjacca 3axad, T.e. ajJl'OPUTM
IpaBUJIBHO padoTaeT HA HEKOTOPOM MHOMKECTBE HKCXOJ-
HBIX JAHHBEIX, KOTOpOe HasheIBaeTcd 00JacThi0 IPHMEHH-
MOCTH aJT'OPUTMA.

IIponnniocTpupyem cBOHCTBA aJropuTMa Ha IPHUMEpE ajl-
TOPHATMa BBLIYHCAEHHSA KBAJPAaTHOTO KODHA «B CTOJOHK»
(mpumep 3).

Maccosocms 3TOTO aJTOPHUTMA 3aKJIOUYAETCA B TOM, HTO
€T0 MOJKHO IPHMEHHUTL K JI000MY IOJOKUTEILHOMY PALRo-
HaJILHOMY uucay. [lanHBIl npolecc pasbuT Ha 1iary, T. €. OH
duckpemen. [JemepMuHUpOBaAHHOCMb ANTOPUTMa BBHITEKAET
U3 TOro, 9TO KaKJAasd KOMAaH[a BBHIIOJIHAETCS MCIOJHUTEIEM
OZHOBHAYHO M KasKAad KOMaHJa cHal)keHa YKasaHMEM, Ka-
KVI0 KOMaHAY BBINOJHATDL ciaexyiouleil. Ilonamnocmys anro-
putMa ofecneduBaeTCA TE€M, UTO, BO-IIEPBHIX, HCIIOJIHUTEJIO
WI3BECTHO, C Uero HAYWHATHh BLINOJHEHME aJITrOPHATMa
(c xomanaEl HOMeD 1), ¥, BO-BTOPBIX, YETKO OIMCAHO, KaKKe
¥3 JOIYCTUMEIX AeHCTBHI MCIIONHUTENA HaJo BHIIOJHATH Ha
KavkgoM miare. Pe3yabmamu6HOCMb alITOPUTMa COCTOUT B
TOM, UTO OH OIIpefesisieT IPOIECC, IPUBOIANINN K HaXOMXe-
HHIO KBaJPaTHOrO KOPHA C 3aJaHHOH TOYHOCTBIO BEIUHCIE-
HUR Aja 11000TO IIOJOMKUTENLHOrO PalHOHAIBHOTO HHCIA.

Bomnpoc. Boamoxcna au cumyayus, wmo cnocob pewernus 3adaiu
ecmb, HO OH He ABAAEMCA anrzopummom?

Omeem. He xax il cioco0, NPUBOAAIINH K DEIIEHUIO 3aa4H,
SIBNAeTCA AITOpUTMOM. Hamnpumep, onumIeM cJjegyIOnIui
cmocob (MeTon) NMpoBeAeHUSA NEPIEeHAUKYIApAa K IPAMOHA
MN, unpoxopsamiero 4yepe3 3aJaHHYI0O TOYKY A:

1. OTsnoxuTEL B 00e CTOPOHBI OT TOUKH A Ha npamoit MN
IUPKyJAeM OTPe3KM PaBHOM AnWHB ¢ kKoHUaMu B u C.

2. YBeIu4uUTH PAcTBOP UUPKYJIA A0 paguyca, B IOJTOPa-IBa
pasa Goiblero ANIMHBL OTPe3koB AB m AC.

3. IIpoBecTn yKasaHHBIM PaCcTBOPOM UHMPKYISA AYTH OKPYK-
HocTei ¢ nenTpamu B u C Tak, YTOOBI OHM OXBATHUJIN TOY-
Ky A u o0pasoBayy ABe TOUKH IiepecedeHUs APYT ¢ Apy-
rom (D un E).

4. Baare nuHEHKY, IPUIOKUTE ee K ToukaM D u E u coenqu-
HUTB UX OTPE3KOM.

IIpy npaBMILHOM HOCTPOEHHH OTPE3OK IIpoiieT depes
TOUKy A # OyJeT MCKOMBIM II€PIEHIMKYJIADPOM.
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VkasaHHBIH clocO0 paccYWTAaH HA HCIOJHUTENIA-UeJIOBe-
ka. IIpuMeHsaa ero, UejOBEeK, Pa3zyMeeTcs, IIOCTPOUT HCKO-

"MBbIH IMepneHIUKYJAp. Ho TeM He MeHee aToT cmocol ajro-

puTMOM He ABjageTcd. lIpexae Bcero oH He ofyagaeT CBOHU-
CTBOM [JeTepMEHUDOBaHHOCTH. Tak, B NyHkTe 1 Tpebyercsa
OT MCIIOJIHHTEJIA CcAeJaTh BBIOOD OTpe3Ka Npou3soibHOIl
OnuHBL (4718 mocTpoeHUs ToueK B M C MOMKHO IIPOBECTH
OKPYXKHOCTHh NIIPOM3BOJIBHOTO pagmyca r ¢ UeHTPOM B TOY-
Ke A). B nyukre 2 TpebyeTca cpenaTh BEIGOP OTpe3Ka, B
mosTopa-aBa pasa Ooibmiero ANMHBI O0TpeskoB AB um AC.
B nynkTe 3 Hago npoBecTH AYTH, KOTOPHIE TaKXKe OJHO3HAU-
HO He oIpejeseHBl. YesI0BeK-UCIIOJIHUTE b, IPUMEeHAIONINH
JaHHHIA cmoco0 K OJHMM M TeM K€ HCXONHBIM HaHHBIM
(upamoit MN m Touke A) MOBTOPHO, NOJYYUT HECOBIAAIO-
1iye IPOMEKYTOUHBbIE PE3YJIbTATEI. JTO IIPOTHBOPEUNT TPE-
6OBAHMIO JeTEPMUHUPOBAHHOCTH &JIrOPITMA.

Bonpoc. Cywecmeyrom au 3adaiu, Komopbvie wenosek, 80o0uie

2080ps, YMeem peuiams, He 3HASL NPU IMOM AAZOPUMM UX
pewenus?

Omeem. da, MOXHO IPUBECTH IPUMED H Takoi zagaun. Hampu-

Mep, IIepes 4eqoBeKoM JexxkaT ororpadmum xourek u codax.
YenoBeK HOJIKEH OIPEAEeNNTh, KOMEKa uam cobaka uszobpa-
JKeHa Ha KOHKDPeTHOo# dotorpaduu. Yenosek pemiaer aTy 3a-
Jlayy Ha MHTYHUTHBHOM YPOBHE C BBEICOKMM IIPOLIEHTOM IIpa-
BUJBHEIX 0TBeToB. Ho HammcaThk TOYHBIHA aJITOPUTM pelie-
HEA JaHHOH 3ajaddl cerofHs He IIPeJCTaBJIsieTcHd
BO3MOXKHBIM, TaK Kak opManu3anusa 3Toil mpobiieMsl upea-
BEIYAMHO CJIOJKHA M IIOKA IPAKTHUYECKH Hepeansyema. O

IIa,lII/IM YTOYHEHHOEe IIOHATHEe ajIropUTMa, KOTOpoe OIIATH
JKe He ABJAEeTCA olIpedesieHreM B MaTeMaTHu4eCKOM CMBbICIIe
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cjioBa, HO Gosee (OPMAJBLHO ONHCHIBAET IIOHATHE
"JITOPHTMA, PacKpHIBAIOIlee €ro CYIIHOCTb.

Onpenenenne 2. Anzopumm — 3TO KOHEUHAS CHCTEMA IIPABMI,
chopMyIUpOBaHHAA Ha A3bIKE UCIIOJHUTENA, KOTOpas ompe-
JlenseT IOCIeJOBATENLHOCTh IEPEX0oJa OT AOIYCTHMBIX HC-
XOJIHBIX JAaHHBIX K KOHEYHOMY DE3YJILTATY M KoTopas obia-
flaeT CBOMCTBAMH JAHCKPETHOCTH, AeTePMHHYDOBAHHOCTH,
Pe3yJIbTATHBHOCTH, KOHEYHOCTH M MAacCOBOCTH.

OTMeTHM, 4TO OJIA KaXKXOro MCIIOJAHUTEIS Ha-
60p ZONMYCTUMBIX AeHCTBUM BCeTZa OrpaHUUYEH —
He MOYKeT CYIIeCTBOBAThL MCIOJHUTENA, AT KO-
Toporo Jioboe AelcTBHE SABISAETCA AOMYCTHMBIM.
IlepedpasupoBanHoe paccyxjenue W. Kanta
o6ocuHOBbIBaeT chOPMYJIUPOBAHHOE YTBEPXKICHHE
caenyiomum obpasom: «Ecau 6vl Taxo# umcmon-
HUTEJb CYIIeCTBOBAJ, TO CPeIH ero HOIYCTUMBIX

H. Kaur gericTBH# 6B1IO0 OBI co3JaHMe TAKOro KaMHA, KO-
(1724-1804), TOpLIA OH He MOMKET IOAHATHL. Ho 3TO IPOTHBO-

HeMelKHH PeYUT AONYCTHMOCTH JeHCTBUSA «IOGHATH JI000H
dunocod KaMeHb» .

OrpanuueHre Ha Habop ZONYCTHUMEBIX JelicTBHII o3Haua-
eT, UTo JidA JI060TO HMCIOJIHUTENS MMEIOTCA 3aJadM, KOTOo-
pble HeJb3s PEIIUTh C ero IOMOIIBIO.

IIpu m3ydyeHUN aITrOPHUTMOB BAaXXHO Da3fesATh ABa HOHIA-
THA: 3ANUCH AA20pUMMa ¥ 6bLNOJHEHUe arzopumma. B yueb-
HO-HAY4YHOH JuTepaType TEPMUH «aJTOPUTM» HUCIHOJAbL3VETCH
KakK B IepPBOM, TaK X BO BTOpOM 3HaueHuH. Ilna Gosee der-
KOT'O M3JIOJKeHMs MBI OyJeM KOHKDETM3HpPOBATh yIoTpebie-
HUE 5TOr0 TepMHKHA.

B sakmouenre fagHOrO naparpada cesiaeM TPH BasKHBIX
3aMevYaHud.

1) CymiecTtByer MHOr0O pasHBIX CIOCODOB AJIA 3alHCH
(omucaHuWA) OOHOTO K TOTO Ke aJTOPUTMAa:

e TeKCcTOoBadA (popma 3amlucu;

e 3amuch B BHIe GJIOK-CXEMHI;

® 3aIuCh ajNropuTMa Ha KakKoM-JIu00 aJrOpHTMHUECKOM

ABBIKE;

e IpejcTaBieHHe JIrOPUTMA B BHIe MAaIIMHBI THIOpHMH-

ra miau MamuHb I[locta.

BriGop cmocoba 3amucH ajaropuTMa 3aBUCHT OT HECKONb-
kux npudud. Eciau ana Bac Hanbojee BayKHA HAIJIAZHOCTH
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3aNKCH aJrOpHUTMa, TO PA3YMHO HMCIOJIb30BATh OJIOK-CXEMY.
Ecnm anroputm HeOONBIIOH, TO er0 MOYKHO 3allHCATh B TeK-
cToBO opme. IIpu sTOM KOMaHABL MOTYT OBITH IPOHYMEPO-
BaHEBI (IpuMep 1) UM 3alMCAaHBl B BUJAE CIJIOOIHOTO TEKCTAa
(mpumep 2).

2) Bae 3aBUCHUMOCTH OT BbIOpaHHOM (OPMBI 3alIHUCH 3JIe-
MeHTapHBIe IIaru ajJropuTMa (KOMAaHIbI) IPH VKPYIHEHUU
00 BEeUHAIOTCA B AJITOPUTMIUEeCKUEe KOHCTPYKIUU: noc.iedo-
6amenvHble, 6emMBAUUECA, YUKAULECKUE, PEKYPCUBHBLE.
B 1969 romy 9xcrep B. [eiikcrpa B crathe «CTPYyKTYDPBI
JAHHBIX W JITOPUTMBI» JOKAa3aj, 4TO AJIA 3AIKMCH JIOOOro
aJropuTMa LOCTATOUHO TPEX OCHOBHBIX AJITOPUTMHYECKUX
KOHCTPYKIIMH: IIOCJIeN0BATEIbHEIX, BeTBAIINXCA, IUKIHYe-
CKHUX.

3) Ecau 3amaya mMeeT aJTrOpUTMHUUYECKOE pelIeHHe, TO
MOKHO IIPUAYMATh MHOMECTBO PasJMYHBIX CIIocobOB ee pe-
IIeHKus, T. €. Pa3JIMYHLIX aJropuTMoB. TeopHs ajIropuTMOB
npefocTaBideT alllapaT aHaIN3a PasJWYHBIX aJTOPUTMOB
pellleHMsI OZHOHM M TOH ’Ke 3agadul, Ha OCHOBE KOTOPOTO
MOKHO BHIOpaTh caMblll a(pheKTUBHBIN (HaMNIydIINil) ajaro-
PUTM.

Bonpocsl n 3apgaHus

1.

2.

ITouemy KyJIMHADHEII PeLellT IPUIOTOBJIEHNA TOPTA HEIb3d
cuntarh anropurMom? Kaxmmu cpodicTBAMH anropuTrMa He
obazaeT KYJINHADHBINA perent?

CocraBbTe aJrOPUTM CIOXKEHUA B CTOJOUK ABYX HATYpPab-
HBIX umcea. llpegmosaraercs, uTo omepanus CpPaBHeHUA
IBYX HAaTYPaJbHBIX YUCeJ AJId UYeJIOBeKa ABIAETCS BBIIIOJIHHU-
MOH.

IlepedopmyaupyiiTe criocod MpoBeeHUA MEPIEHANKYIAPA K
npsaMoil B 3aJaHHOM TOUKE TaK, YTOOLI OH CTaJ aJITOPUTMOM.
EcTo gBOe ITecOUHBIX YacoB: Ha 3 MUHYTHI ¥ Ha 8 MuHYT. [lia
IIPUTOTOBJIEHU S dJINKCHUPa feceMepTHs ero Hago BapUThH POB-
HO 7 MmuHyYT. Kak aTo cmenats?

IIpuagymaiiTe cucteMy KoMaHL ucmoaHuTeas «Koagye». 3a-
MUIIATE II0CJeH0BATEeJbHOCTh KOMAHJ 5TOT0 HCIOJHHUTEN
IJIsi IPUTOTOBJIEHHUA 3JIMKCHDA.

IIpuBeguTe mMpUMepbl AJNTOPUTMOB, NCHOJIbB3VIOMINX BETBSA-
[Ieca aJiTOPUTMHUYECKNEe KOHCTPYKI[UH,
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6.

7.
8.

9.

IIpuBesuTe mpUMepHl ANTrOPUTMOB, HUCIIONLIYIOMUX ITHKJIH-
YeCcKHe aJrOPUTMHUYECKHe KOHCTPYKIIHNN.

IIpuBenuTe NpHMMepLl PEKYPCHUBHBIX aJITOPUTMOB.

CocraBbTe B BUfe OJ0K-CXeMbl QJITOPUTM HaXOoXIeHUda dakx-
Topuasna gucyaa N.

HokaskuTe, 4TO IIpK IOMOLM anroputma «Pemrero dparoc-
(beHa» DeMCTBHUTENBHO MOXHO HAMTH BCE IPOCTHIE YHCJa U3
VKa3aHHOI'0 Jualla3oHa.

§ 4.2. YTouHeHue noHaTna anroputma. MawwuHa

TblOpUHra

OmpeneneHus aJropuTMa, IpuBefeHHble B § 4.1, He ABIA-
IOTCA CTPOTHMMH, TAK KaK B HHUX HCIIOJNL3VIOTCA He OIIpene-
JigeMble TOYHO TEepPMHHBI, HaIpuMep «IpaBuso». OIHaAKO
MaTeMaTHUKH AOCTATOUHO AOJrO IIOJNB30BAIKUCH HHTYUTHUB-
HBEIM TIOHSTHEM AaJTOPHUTMAa, 3AlMCHIBAs AJTOPUTMEL IIPH-
MepHO TakK, Kak B mpumepax 1 u 2. B pamkax mozo6HOro
ompezeneHusd OB CHOPMYIUPOBAHEL X YCIIEIIHO IPDUMEHA-
JINCh Ha IPaKTUKe aJTOPUTMEI JJs pellleHHd TaKUX 3ajad,
KaK HaXOMJeHre KOPHell KBaApaTHBIX U KyOMYecKHX ypas-
HeHU#, pellleHHWe CUCTeM JHHeHHBIX ypaBHeHHR (MeTof
Taycca) u mp.

4.2.1. Heo6X0AUMOCTb YTOUHEHUS NOHATUSR anropuTMa

ITocTenmeHHO MaTeMaTHUKHM IIOAXOAUAN K IIOCTAHOBKE U pe-
mreHuoo Bce 0OoJee CJHOMKHBIX 3aaad. Tak, Hampumep,
I'. Jleitounn 8 XVII Bexe meITanCcsa MOCTPOUTEH OOIME aro-
PUTM pellleHHA JI0OBIX MaTeMaTHueckux 3afad. B XX Beke
aTa uges npuobpesna H6osiee KOHKPETHYIO GOPMY: IIOCTPOUTH
AJTOPUTM IIPOBEPKH IIPABUJILHOCTH JIOO0M TeopeMbl IpH
n060i cucTeMe akcuoM. IlocTpoHTH TaKue aJrOPUTMBI HE
yIaBaJioCh, ¥ MaTeMATHKM BBIABHUHYJIX IIPEeAIIOJIOXKEHME: a
BAPYT AJIA TOTO WJIM MHOTO KJacca 3afad B IIPHHIIKIIE HEBO3-
MOXXHO IIOCTPOHUTHL aJropuTM peureHus? CiezoBaTelbHO,
eCJIH aJIrOPUTMA He CYIIeCTBYeT, TO OHY HIIYT TO, Yero HeT.

Ha ocHoBe 3TOro mpeanoIoXKe s BOSHUKIIO IIOHATHE AJ-
zopummuiecky Hepaspewumoil sadawu — 3afadu, Ajs KO-
TOpPOHl HEBO3MOXKHO IIOCTPOUTH IpoleAypy pemreHus. Ho
IJIs1 TOTO, YTOOBI IPEeKPATUTE ITONCKM PELIEeHUA 3aJaduM, OT-
HOCHTEeJIBHO KOTOPOM BBIABHHYTO IIPEAIIOJOXKEeHHEe O ee ajro-
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PHUTMUUECKON HepaspemIuMOCTH, Haj0 Ob1NO HAYUNThLCH Ma-
TeMaTHYeCKH CTPOTrO ZOKa3blBaTh (PaKT OTCYTCTBUSA COOTBET-
CTBYIOIIETO aJrOPUTMa. A 3TO BO3MOXKHO TOJNBKO B TOM
clyuyae, eCJIM CYIIeCTBYeT CTPOroe onpefie/ieHNe ajiropuTMa.
ITosToMy BO3HHKJA HOpobieMa: IIOCTPOUTb (hopMaIbHOE
ompefesieHNEe ajnropuTMa, aHAJNOIMYHOE M3BECTHOMY MHTYHU-
THBHOMY IIOHATHIO.

TTonbiTkM BRipaboTaThk (OpMAaJLHOE ONpefelieHHe ajiro-
putva upuBenn B 20—-30-x rogax XX Beka K BOBHUKHOBE-
HUIO meopuu anzopummog. B mepsoii monoBuHe XX BeKa
pasgsie MmaTeMaTuku (A. Teropuur, 3. Ilocr, A. H. Koamo-
ropos, A. A. MapkoB ¥ [p.) NPEIJIOXKUIN HECKOJBKO IIOJ-
XOZOB K GOpMaJbHOMY OIpPeReeHUI0 alrOPUTMAa: HOPMAaJlb-
HBIH ajaroputm MapkoBa, MamuHa TeoprHra, mammusa Ilo-
cra ¥ T. . B ganbHelimieM OBLIO IIOKA3aHO, YTO BCE DTH
olpefejleHNA SKBUBAJEHTHEI.

Mur paccMoTpuM ABa (HOPMaNbHBIX OIIpenesieHusA Aajro-
purtma, BBegeHHEIX J. Iloctom u A. TroopuHroM. 3THUMH Ma-
TeMaTHKaMU [Jd YTOUHEHUS IOHATUA AJIrOpHUTMA ObLIN
TIPEJJIOMKEHEl a6CMpaKmHuble blLUCAUMEeNbHbLe KOHCMPYK-
yuu, KOTOpLIe NO3Me OBIIW HA3BAHBI «MAITHHAMU .
A. TriopuHT onucasa cBoIO «MalunHy» B 1936 rogy. AHao-
THYHYIO KOHIEIIIUIO <«MAaIIMHBI» BBeJ Io3gHee, B 1937
ToAy, ¥ He3aBHUCHMO OT THIODHHra aMepHKAHCKHII MaTeMa-
Tux 9. Ilocrt.

ThIOpMHT IIDHU3HAH OJHUM M3 OCHOBaTeIel
HHGQOPDMATUKH H  TEOpHHM  HCKYCCTBEHHOTO
HHTEJJIEKTa, er0 CYNTAIOT MEPBBIM TEOPETUKOM
COBPEMEHHOTO IIPOrpaMMUpPOBaHUAA W, HAKOHeI],
IepBLIM B MHpe XakepoM. Mexkay npouyum, ero
«XaKepckas HAeATEeNHLHOCTh» BHECJIA BO BpeMs
BTODOI MHPOBOI BOMHBI CYIIIECTBEHHBII BKJIA/ B
mobely COIOBHEIX BOMCK HAaZL TepMaHCKHM
tdrorom, a oguH 13 KoJier ThIOPHUHTA OJHAMKIEI
ckasan: «f He Oepych YTBEpPIATb, UTO MBI
A. TooopuHr BBIMIpAIU BoiHy Grarozapa Teiopunrry. OfHAKO
(1912-1954) 6e3 Hero morau ObI ee ¥ IIPOUTPATH» .

¥V Anana TpiopuUHTa LEJIbI0O COBNAHUSA TaKOH abCTPaKTHOR
BoOoOpaXaeMoi MAIINHLI OBLIO IONyYeHNe BO3MOXKHOCTH O-
Kas3aTeJbCTBA CYIIECTBOBAHUA MJIK HECYIECTBOBAHUA aJlo-
PHTMOB DellleHMs Pas/IMYHBIX 3akad. PyKoBoACTBysAChH 3TOH
eJbi0, THIODMHT HMCKaJl KaKk MOXHO Dojee mpocTyio, «bef-
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HYIO» aJTOPUTMHYECKYVIO CXeMy, JUINbL Obl OHa Obija YHU-
BEPCAJBHOU.

IIpesxae uem MBI HaYHEM 3HAKOMUTHCA ¢ MamuHOH Toio-
puHTa, HEOOXOAMMO CHeJaTh ABa OOIIMX 3aMedYaHus OTHOCH-
TeJILHO O0BEKTOB, ¢ KOTOPHIMH DPalfoTalOT aJrOpUTMBEI.

3amevwanue 1. OqHON M3 NPUYMH PACILIBIBYATOCTH UHTYHUTHUBHO-
ro IMOHATHUA AJTOPUTMA ABJISeTCS pasHoobpasiie 00bEKTOR, C
KOTODPBIMYK pPaboTaloT aJrOPUTMBI. B BEIUMCIHUTENLHEIX ajl-
ropuTMax ob’beKTaMu ABJIAIOTCSA YKcaa. B aaropurMe max-
MAaTHOH UTPbl 00'bEKTAMHU ABJIAIOTCA QUIYDPEI U UX IOSUINK
Ha maxMatHoO# fJocke. B aaroputme dopMaTHPOBAHUS TeK-
cTa — CJIOBa HEKOTOPOTO fA3BIKA M IIpPaBWUja IIepeHoca CJIOB.
OaHaKo BO BCEeX BTHUX M APYTHUX CIYIAAX MOXKHO CUHTATH,
YTO aJITOPUTM MMeeT HeJio He ¢ O0beKTaMH peaJJbHOTO MHUDA,
a ¢ HeKOTOpPHIMH H3obparkeHMAMH 3TuX 00BbexToB. Hampu-
Mep, €CTh AJTOPHUTM CJIOMKEHHS ABYX IIEJIbIX ducey. Pe3yin-
TaTOM CJIOKEHHS YHCJIOBBIX 00beKTOB 26 u 22 Oyzer quciio-
Boil peayiastaTr 48. Ho MBI MOXKeM CUHMTATH, YTO O0BEKTOM
9TOr0 aJIFOPUTMA ABJIAETCS BXOAHAA MOCIeZOBATEILHOCTD,
cocToALIAA M3 IATH CHMBOJIOB: «26 + 22», a pesyabTaTroMm
SABJISIETCA NOCTeJOBATEJIbHOCTDb, COCTOAIAA U3 ABYX CHMBO-
JIOB: «48».

IIpm sTOM MBI MCXOAMM H3 TOrO, YTO MMeeTcs Habop H3
11 pasauunsix cumsoios {0, 1, 2, 3,4, 5,6, 7, 8, 9, +}. Hc-
moJib3yeMble CHMBOJEI OyAeM Ha3bIBaTh OyKeamMu, a UX Ha-
6op — aagasumom. B obmem ciaydae GykBaMU MOTYT CIy-
JKHTH JI0ObIe CHMBOJIBI, TpebyeTca TOJIbKO, YTOOBI OHM OBbLIHN
Pas’JIHYHEI MeXJy co60H ¥ YTOoOBI MX UHCJIO OBIIO KOHeY-
HEIM.

Onpegenenne 3. Jlio6asa KoHeUHas IIOCTIeROBATEILHOCTD OVKB U3
HEKOTOpOro aji(aBHTa Ha3BEIBAETCA CJ1060M B 3TOM ajdaBu-
te. KommuecTBo OyKB B C/I0Be HasblBaeTca OJUHOU CJOBA.
C0BO, B KOTOPOM HeT GYKB, Ha3LIBAETCS NYCMLbLM CIOBOM.

OHo yacTo u300parkaeTcd CHMBOJIOM <«A» HIH «a,».

0

TaK, aJITOPUTM CJIOKEeHHUS JABYX I€JIbIX YHCeJI nepepaﬁa-
ThIBAET CJIOBO, KOTOPOE COCTOUT M3 ABYX CJaraeMblX, pasje-
JIeHHBIX CHMBOJIOM «+», B CJOBO, n306paxcalomee CyMMYy.

CJIOBAMHM B PasIMYHBIX ajadaBHTaX. ITO II03BOJAET CUH-
e TaThb, YTO 00BbEKTaMH PabOTHl aJTOPUTMOB MOI'YyT OBITH
TOJIBKO CJIOBA.

' Nrak, 00BEKTHI peaJpHOTO0 MHPa MOXKHO H300pakaTh
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Onpenenenue 4. CroBo, XK KOTOPOMY IDUMEHSETCS AJTOPUTM,
Ha3LIBAETCA S6X00HLIM CJIOBOM; CJIOBO, IIOJIyIaeMoe B pe-
3ynpTaTe paboThl AJrOPUTMA, HasbiBaeTcA 6bix00Hbim. Co-
BOKVIIHOCTh CJIOB, K KOTOPBIM HPUMEHUM aJTOPUTM, HABEHI-
BaeTcd 001aCmbvi0 NPUMEHUMOCTU ALZOPUMMA.

K coxxaneHuio, Helb3s AOKA3aThb, YTO BCE BO3MOXKHEIE
06 BEKTHI MOYKHO OIHCATH CIOBAMH, TAK KaK CaMO INOHATHE
o6 beKTa He OBLIO GOPManLHO (TO eCTh CTPOTrO) OIIpefesIeHo.
Ho MO0XHO IIpoBepuTh, 4TO AJIA JH060T0 HAYrag B3ATOTO alj-
roputMma, paboTaroiero He Haf CJIOBAMH, €T0 O0BEKTHI MOX-
HO BHIPA3UTH TaK, YTO OHM CTAHOBATCS CJIOBAMH, a CYTh ai-
TOPUTMA OT JTOTO He MeHSAEeTCH.

3amewanue 2. Jlro6okt andaBUT MOXKHO 3aMeHHTH ApyruM. Ta-
KasA 3aMeHa HaswpIBaercs xoduposarnuem. Hampumep, nycTh
Kaxgo¥ 6yKBe U3 ImepBOro ai(aBHUTa CTABUTCSA B COOTBETCT-
BH€ KOJ, IPeACTaBAAIIINHE coboil cJIOBO BO BTOPOM andaBH-
Te. B KadgecTBe BTOpPOTO angaBuTa JOCTATOYHO MMeTh auda-
BUT U3 LBYX OykB, Tak kak Jioboe cjoBo u3 Ji06oro
andaBrUTa MOXKHO 3aKOZUPOBATH B ABYXOyKBeHHOM aicdaBu-
Te ¢ TapaHTHeH OJHO3HAUHOTO BOCCTAHOBJIEHUA MCXOIHOI'O
ciaoBa. CiuemoBarenbHO, JI000H aJITOPDHTM MOMKHO CBECTH
K aJroOpuTMy Haj cjaoBaMu B andasurte {0, 1}, a mepen mpu-
MeHeHHEM aJTrOpPHUTMa BXOAHOE CJIOBO CJIeIyeT 3aKOAUPO-
BaTh, NOCJe IPUMeHEeHUsd ajaropuTMa BHIXOJZHOE CJIOBO Hago
PacKogUpOBAaTD.

MBI (bOpMaJIbHO OIINCBIBa€M Oﬁ’beKTH-CJIOBa, HAX KOTO-

' Byaem cuurats, 4To anropuTMsl paboraioT co CI0BaMH, U
® PHIMH paboTaioT aaTrOPUTMEBI, B HEKOTOPOM andaBHTe.

4.2.2. Onucanne MawunHbl TolOpUHra

Haiiee nyga yTouHeHUs MOHATUSA aJlrOPUTMa cjenyer dop-
MaJIbHO OIIUCATH fellcTBUA Haf O0BEeKTAMU-CII0BAMY K IODS-
JOK BBIIIOJIHEHUS 9THX JelicTBUH. B xauecTBe Takoil ¢op-
MaJIBHOM CXeMBI MBI ¥ DACCMOTPHM MammuHy ThIOpHUHTA.

Bomnpoce. Ymo e npedcmaensem coboii mawuna Tviopunza?

Omeem. Mauinna TBIOPHHTa — DTO CTPOTOE MaTeMATHUYECKOe
IIOCTpOeHMe, MaTeMaTUUeCKH anmnapaT (aHaJOTHUYHBIH, Ha-
nmpuMmep, amnnaparty auddepeHnualbHBEIX ypaBHEHHI), CcO-
3IAaHHBINA [JIsl pellleHUd OIpefesIeHHBIX 3a4ad. ITOT MaTeMa-
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THYECKUH annapar Ol Ha3BaH «MamIMHOM» II0 TOI HpHYH-
He, YTO II0 OIHCAHUWI €ero COCTABIAIOLINX dYacTel u
GVHKOUOHAPOBAHUIO OH IIOX0K HA BBIUHMCIHTENBHVIO Ma-
muHy. IIpuHUUNWANLHOE OTIMYKMe MaIlMHB ThIOpHHra oT
BBIYUCIUTENBHBIX MAIINH COCTONT B TOM, YTO ee 3allOMKHAa-
foliee yCTPOMCTBO NpeAcTaBAfAeT co00i GeCKOHEUHYIO JIeHTY:
Y DPeaJIbHBIX BBIYKMCINTEIBHBIX MaIIMH 3aloMHHAloIIee
YCTPOHCTBO MOMeT OBITh KakK yrogHo GOABIIMM, HO 00sa3a-
TeNIbHO KoHeyHbIM. MamuHy TrhiopuHTa Helb3d peajnso-
BaTh KMeHHO M3-3a 0eCKOHEeYHOCTY ee JIeHThI. B 3TOM CMEIC-
Jle OHa MOIIlHee JII000# BBHIYKCIUTEIbHOM MAIllNHEI, d

B xaxpgo#l mamubae TriopuHra ecto ZBe YacTH:
1) neoeparuzenran B obe CTOPOHSBI JeHMA, pa3fejeHHAd HA

AYelKH;

2) asmomam (TONOBKA OJI CINTHIBAHUS /3allNCH, YVIIPABIIe-

Masd IIPorpaMMoiH).

C raxpoil mamuHoi TeIOpHHTa CBABAHEI 060 KOHEUHbIX
angasuma: andaBUT BXOAHLIX CHMBOJIOB A = {ao, Ayy oeoy

a,} u anpasur cocroanunit @ = {q,, ¢, .-, 4, }. (C pasupiMu
MamprHaMy THIODHHra MOTYT OBITH CBA3AHEL pasHble ajnda-
BUTH A u @.) Cocrosnue ¢, HasbIBaeTcA naccushvim. Cun-
TaeTcd, UTO eCIM MAIIMHA IIomajia B 3TO COCTOSHKE, TO OHA
3axoHumIAa CBOXO pabory. Cocroanue ¢, Ha3bIBAETCA HAXALb-
Huim. HaxonACk B 3TOM COCTOSHHM, MAIINHA HAUMHAET CBOIO
pabory.

BxopaHoe cnoBO pasmeniaeTcs Ha JIeHTE IO ORHOH GykBe
B PACIIOJIOMKeHHBIX NOJApPAA Adeilkax. CleBa M copasa OT
BXOAHOTI0 CJI0BA HaXOZATCH TONBLKO IIycThle Aueiku (B anda-
BUT A BCerga BXOAWUT «IycTas» OyKBa @, — OPU3HAK TOTO,
qT0 sAYeHKa IIycTa).

ABTOMaT MOXKET [BUraThcAd BAOJb JIEHTHI BJIEBO HIIH
BIIPABO, YNTATH COAEPIKUMOE AYeeK M 3allHNCHIBATEL B AUEHKHU
6yxBbl. HuKe cxeMaTHYHO HapucoBaHa MamuHa TeiopuHra,
aBTOMAT KOTOPOI 0603peBaeT MepBYI0 AUeHKY ¢ JaHHBIMU:

BRAERD

)

ABTOMAT KasKABIE pas «BUAUT» TOJBKO OJHY A4YeilKy.
B saBucuMOCTH OT TOTO, KAKYIO 6YKBY @, OH BUIUT, & TaKXe
B 3aBUCHMOCTH OT CBOETO COCTOAHUA ¢, aBTOMAT MOKeT BEI-
TIONHATL Cienyioniyie AeHCTBHA:
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e 3aIKcaTh HOBYIO GYKBY B 0003peBaeMyI0 SUYEHKY;
e BEINOJHUTE COABHT ITI0 JIEHTE HA OGHY SYelKY BIIpaBO/RBJie-

BO WJIM OCTAThCH HA MecTe;

e IlepelTH B HOBOE COCTOSHUE.

To ects y MamuHbl ThIOpHHTA €CTh TPH BHUAAa KOMaHZA.
Kax et pas n1a ouepegHol mapsl (q e a,) mauwinHa Teiopu-
Ta MOJKET BBIIIOJIHUTH OIIpefesIeHHYI0 KOMaHAY B COOTBETCT-
BHU C [IPOrpaMMOI.

IIporpamma Ans MamiuHb!l ThIOpUHTA IpeficTaBideT cofol
TabaMIy, B KaXXJ0M KJIeTKe KOTOpoil 3amucaHa KOMaHZA.

ao al e ai “os an
qo
q1
JI
qf ay II m
H
9p

Knerka (q a,) onpefesAeTcA ABYM:A HapaMeTpaMu — CHUM-
BOJIOM ampaBnTa ¥ coCcTOsIHKMeM MamuHbl. KoMaHzaa mmpencTas-
JdAer co0oil ykasaHme: KaKO¥ CHMBOJI 3aIlHCaTbh B TEKVIIVIO
AYEHKY, Ky[a IepeIBUHYTH TOJIOBKY UTEHUA /3alIUCH, B KaKOe
cocTosiHue repeiiTu mamune. 1 ofo3HaueHNna HapaBJIeHU A
JBIDKeHUS aBTOMAaTa HCIOJIbB3YeM OJHY M3 Tpex OYKB: «JI»
(BneBo), «II» (Bupaso) mnum «H» (HemomsusxeH).

Ilocsie BRITIOSTHEHHMST aBTOMATOM OUYePeZHOM KOMAHALI OH
IepexofUT B COCTOAHUE ¢,, (KOTOPOe MOYKET B YACTHOM CIIydae
COBIIAZIATH € IIPEXKHUM cocTOsAHKeM ¢,). Cienyiomyo KoMmanay
HY:KHO MCKaThb B M-H CTPoKe TabjaMIlLI Ha TE€pPECeUYeHHH CO
cronbuom a, (6YKBY a, aBTOMAT BUAWT IIOCJIE CABHIa).

Ecnu cnegutThk TOJILKO 3a JIEHTOH, He obpallias BHUMaHHUA
Ha& aBTOMAT, TO MBI YBUAHUM, UTO B PE3VJILTATe BHEIIOJIHEHNA
Kax 0l KOMaHIbl U3MEHAIOTCA CIOBA: KaKKue-To OYKBBI CTH-
paloTca M BMeCTO HHX OCTAlOTCA NYCThle A4YeKH, B Ka-
KHX-TO SA9efKaX IIOSBJAAIOTCA HOBBIe OYKBBHI.

Horosoprmcs, 4TO KOTJa JeHTa COOEPYKHUT BXOAHOE CJIO-
BO, TO aBTOMAT HAXOAUTCA HPOTHB KaKOH-TO AYEHAKH B CO-
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CTOAHMNY ¢,. B mpomecce paboTH aBTOMAT GyJeT mepecKaKu-
BaTh M3 OJHOM KJETKH IporpaMMsl (Tabiuubl) B ApPYrylo,
IIOKa He HOHJeT 40 KJETKH, B KOTOPOH 3alycaHo, 9TO aBTO-
MaT [JOJIKEH HEepPetTH B COCTOAHME (. JTa KJIeTKa HasblBa-
eTcs KJaemioil ocmanosa. Hoiinsa no ool Takoil KiIeTKH,
mamnHa TBIODHHTA 0CMAHAEAUBAEMCA.

Ecau xkaemok ocmanoéa B IporpamMMe HeT MM MallluHA
B Ipollecce paboTsl Ha HUX He IIONazaer, TO CUUTaeTcHd,
qT10 MainvHa TeIOpPUHTA HenpuMeHUME K JAaHHOMY BXO[-
HoMy cioBy. MamuHna ToropuHra npumenuma K BXOLHO-
MY CJIOBY TOJIBKO B TOM cJy4dae, eClIM, HauaB paboTy Haf
3THM BXOIHEIM CJIOBOM, OH& PAaHO HJIHM IIO3LHO AOHJET AO

ONHOM U3 KJIETOK OCTaHOBAa.

Bompoce. IIpocaescusas pabomy mawunvt ToviopuHza, Mol MOKeM

MOoabKO Y3Hamb, Umo OHa K OAHHOMY Ca08Y npuMeHUMA.
Ho ecau ona k¥ 0GHHOMY CRO8Y HENPUMEHUMA, MO MAKOe
npociexusarnue Huwezo He dacm, max kax 6 000U Mo-
MeHm BpeMeHU Mbl MoXeM Hadeambeca doumu 00 KAeMKU
ocmanoea. Kax sce ewitmu us amoit cumyayuu?

Omeem. HempuMeHIMOCTS MAIINHE THIODUHTA He MOYKET OBITH

BHIACHEHA MPAMBIM CIIOCOOOM; B HEIIDMMeHHMMOCTH MOXKHO
yOeaguTbCA TOJBKO IIYTEM KOCBEHHBIX paccyxpgenuii. Ha-
pUMep, €cjJX B porpaMMe HeT KJETKH OCTAHOBA, TO JaH-
Has MamuHa ToopuHra HeIpUMeHUMa HU K OZHOMY CJIOBY.
Wnu, sanpuMep, B HporpaMMe HeKo#l MamiuHel ThiopuHra ¢
andasuroM {0, 1} ecTs KIeTKa OCTAHOBA, HO MepPBasA CTPOKA
nporpaMMsl (TabMIEI) HMeeT CIeAYIOIMMWHA BHI:

ag 0 1
7 ao I ¢, 011 ¢, 11I¢q

Torza, uTo 66l aBTOMAT HU YBHEJ] HAa JIeHTe, OH HUUYero
He MeHsieT ¥ CABHUTaeTcs Ha Iar BIIPABO, OCTABASCH BCErZa
B COCTOSIHUH ¢,. A IIOCKOJIBKY JIEHTa OecKoHedHa, OH HUKOD-
Ja He OCTAaHOBUTCH. [l

4.2.3. Mpumepsbl MawmnH TblIOpUHra

HecMoTps Ha CBOe IPOCTOE YCTPOMCTBO, MaminHa ThiopuHTa
MOJKeT BBIIOJIHATHL BCe BO3MOXKHEIE IIPeobpasOBaHUA CJIOB,
peaynusys TeM CaMBIM BCE BO3MOXKHBIE &JITOPUTMEI.
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3apanne 1. Tpebyemcs nocmpoumsv mawuny Teiopurnza, xomo-
paa npubasasem edunuyy K 4uciy Ha aenme. Bxodnoe cno-
80 cocmoum U3 Yupp yenozo Gecamuinozo YUcaa, 3anUcCaH-
Hblx 8 nocaedosameJibHovle A4eilku Ha AeHme. B HavaavHbLil
MOMeHM MAWUHA HAX00UMCca Npomué camoil npagoil yug-
Pyl uucaa.

Pewenue. Mamuua moxHa NpuOaBUTL eIUHHUIY K IOCJeTHEH
uundpe unciaa. Ecau nmocneguas nudpa pasga 9, To ee HALO
sameHuTh Ha O ¥ npubaBuTh eIMHUNY K IIpeIbIAVINEH 1ub-
pe. IIporpamma gna gamHo# ManIuHb! THIOPHHTA MOKET BBI-
TVISeTh TaK:

ag 0 1 2 3 4 |..| 7 8 9
q1|1Hqgy1Hqy|2Hqy|3Hgy|4Hgy|5Hagg|...8Hqe|9H g |0 gy

B aroit mamune ThiopuHra ¢, — COCTOSAHUE M3MEHEHUS
nudpsl, ¢, — COCTOAHKE OCTAHOBA. Ecau B COCTOAHUH ¢, aB-
ToMaT BuguT mudpy 0..8, To oH 3aMeHdeT ee Ha 1..9 cooT-
BETCTBEHHO K IEPeXOAHT B COCTOSAHME (,, T. €. MAaIIHHA
ocraHaBauBaercda. Eciau ke oH BuguT nudpy 9, To 3aMeHseT
ee Ha 0, cABUTaeTCA BJIEBO, OCTABAACh B COCTOAHUH ¢. Tak
TPOJOJIKaeTCs 10 TeX IIOpP, IOKa aBTOMAaT He BCTPEeTUT Lud-
py Menblie 9. Ecnu :xe Bce nudpEI OBLIH paBHBI 9, TO OH 3a-
MeHMT UX HYJISMH, B TOM 4HKcje 3anumter ) Ha MecTe crap-
mey nudpsl, CABUHETCS BJIEBO U B IIYCTON KJIeTKe 3alMIIeT
1. 3aTem nepeiiieT B COCTOAHUE ¢, T. €. OCTAHOBUTCA. O

Jna xpaTKOCTH ¥ HATIAAHOCTH 3allVCHU IIPOTPaMMBI Ma-
muHbl THIOPUHTA MOKHO VCIOBHUTLCA IIE€PEXOX B COCTOSHUE
ocTaHoBa oOTMedaTh 3HakoM «!». Torma nporpamma us
3aganmua 1 OymeT BEITIIALETDh TaK:

a | 0 1 2 3 4 || 7 8 9

g |1H!|1H! | 2H!|3H!{4H! | 5H!|..|8H! | 9H!|0J¢q

3aganne 2. ITocmpoums mawuny Tviopuneza Oas nodcuema
Wmpuxo6, Komopsie pacnorazaiomces noopiad u obpasyiom
6xX00H0e C1060, npu amom mpebyemcsa cmepems 8ce Wmpu-
XU U 3anucamoe HA JAeHme UX KOAUUECmE0 8 Jecamuinoil
cucmeme.
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Pewenue. Bynem ¢opMupoBaTh MCKOMOE YKCJIO HA JIEHTE CIeBa

oT mMTpuXoB (6e3 mycToro CUMBOIA MEXIY UYHCIOM U IITPH-
xaMu). B HavanbHEIN MOMEHT MaliuHa TrropuHra 060o3pesa-
eT J1060if U3 IUTPUXOB M HAXOAUTCA B COCTOAHHUH .

damumreM aJrOpPUTM peIleHus 3ajadyd B TeKCTOBOIH
bopme.
1. HafiTy npaBelii KOHel ¢jloBa Ha JIEHTe.
2. Eciu cnoBo orkaHumBaeTcs MITPHUXOM, TO CTEDPETh ITOT
UITPUX, WHAUe OCTAHOBUTHL MAaUIVHY.
3. IlpubaBuTh K uMciy eJUHHLIY KU Iepedtnm K 1. 1.

B coorBeTcTBUM € 5THM aJITOPHUTMOM Ka)K,lIBIfI MOMEHT
BpEMEHH Ha JIeHTe HaXOOHUTCA CJIOBO BHAA

[ o (ol o [0 [ oo | /[ 7 [ [ /]

3pmecy b,b, ,...byb, — necaTwduHad 3aUKMCh YKUCAA CTEPTHIX
LITPUXOB, Cpady Iocje 3TOH 3alKucH HaXOJATCA eImie He
CTepThIe MITPHUXH.

BrimonHeHue anropuTMa IPOJOJIKAeTCsa KO TexX IIOp,
TIOKa He OYAeT CTepT caMBIi IIOCHeSHUH HITPUX, IIOCTe UeTo,
COIJIACHO YCJOBUIIO U3 M. 2, MamuHa TLIOpMHTA OCTAHOBUT-
cda. 3aMeTHM, YTO KaXKAbIM M3 TpeX IYHKTOB ajJrOPUTMAa MO-
JKeT OBITHL peaJIN30BAaH OOHUM COCTOSHMeM Maiuuubl Twio-
pUHTA:

e COCTOAHWE ¢; — ABTOMAT WINeT IPaBBIl KOHeI CJOBa;

® COCTOAHHE ¢, — ABTOMAT CTHPAeT MITPHX;

® COCTOAHWE ¢; — ABTOMAT HMIIET IPaBbli KOHeL 4ucia U
mpubasideT ¥ YHCIY eJUHHLY.

Huxe mpuBeseHa nporpaMMa MalIMHBL ThIODMHTA A
pemieHUA HOpeAjaraeMoN 3ajgadu.

a, 0 1 2 3 8 9 /

911001 gy| 0TI g, |11 ¢q |2T0¢; |3T1¢g, | .. |8T1¢q |91 g, | /IIqy
2|80 Hgy|O0Hgy | 1Hgy|2H gy |3 Hge| .. |8Hge|9H gy ag N gs
g3|111¢q, {111 g, |211 gy [31T g {411qy | ... |9T1q,|0JIgy| /JIgy

O

ITpoananusmpoBap nporpaMmsl Mamwua THIOpUHTa U3 3a-
zaHu# 1 u 2, MOXKHO cZeJlaTh BBIBOJ, UTO IIPOrpaMMa MalllH-
HEI ThIOpHHra 15 pelilleHNs CJIOXKHON 3aauM MOXKeT COCTO-
ATH U3 KoMIosunuil (06 befnHeHN) IporpaMm MaIuH Thio-
PHHTa Ui pelleHHsA 3JAeMeHTapHBIX II0A3aJad MCXONHOIO
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anropurMa. TakuM ’Ke MeTOJOM BBIeJIEHNA B UCXOJHOH 3a-
rade IOJ3a4a4 MBI IOJIb3yeMcs IIDM COCTaBJIeHUN aJIrOPHT-
MOB B IIPHUBBIYHOH Qi Hac allOPUTMUYECKOH cxeMe (3a-
IHCH AJNTOPUTMa B BHAEe OJOK-CXeMbI, B TEKCTOBOM BHJE
u T A).
BorarcTBo BOSMOMKHOCTEHl MaIllMHLI ThIODHHTA HPOABII-
eTcd B TOM, UTO €CJIX KaKHe-TO aJTOPUTMEI A u B peanu-
3yIOTCA MalIWHaMU THIODHHTA, TO MOKHO IIOCTPOUTH Ma-
muHel ThIOpUHTa, peaam3yioniye PasjaduHble KOMIIO3H-
nuu anroputmMoB A m B. Hampumep, «BBIIOJHUTE A,
3aTeM BBINOJHUTH B» mnm «Breimmonuuts A. Eciau B pe-
3yJbTaTe IOJMYIUIOCH CJIOBO «/ja», BRIIOJIHUTE B. B mpo-
TUBHOM CJIy4dae He BBLINOJHATH B» MM « BRIMOJIHATE IO-
ouepenHo A, B, moka B He gact orser O».

OueBHAHO, YTO TaKHe KOMIIOBUIMHU TaK)Ke ABJAIOTCA aJl-
ToOpHTMaMH, IIO3TOMY HX peajusanud IIOCPeACTBOM MAaIIM-
HBI ThIOpHHIA noATBepxjaeT, YTO KOHCTPYKIUA TLIOpI/IHI‘a
ABJISAETCA YHHBEDPCAJBHBLIM HCIIOJIHHTEJIeM.

4.2.4. dopmanbHOE ONUcaHue anropmrma.
MaTemaTuyeckoe onucaHue MaliuHbl TbiopuHra

OnuceiBasl pasauYHble aJTOPUTMBI A1 MainHel ThlopHHTA
1 JOKA3LIBAs Pealn3yeMOCTb BCEBOZMOMKHBIX KOMIIO3MIIUIA
anroputTMoB, TeIOPHHT yOeJUTEIBHO IIOKA3a] pasHooOpasue
BO3MOMKHOCTEH IIPEAJIOKEHHON MM KOHCTPYKIWH, YTO IIO-
3BOJIUJIO €My BBICTYIHTH CO CJEIYIOIIHMM TEe3HCOM.

Tesnc Triopunra. BeAxkuil aaropuT™M MosKeT GBITH peajH30BaH
cooTBeTCTBYIOIe MammHo# ThiopuHTa.

B resuce TriopuHra peyb MAET, ¢ OJHOH CTOPOHBI, O IIO-
HATHY aJrOpuTMa, KOTOpOe He SBJIAETCA TOYHBIM MaTeMa-
TU4ecKUM MMOHATHEM, C APYro¥ CTOPOHEI, O TOYMHOM MaTeMa-
THUeCKOM HOHSATUM —— MamuHe TbiopmHra. Hacrano speMda
HoKasaTh, YTO MamuHa THIODHHIa — MaTeMaTHYecKoe II0-
HATHE, T. €. OHA MOJKeT IOJYUYHUTL TOYHOEe MaTeMaTHYeCKoe
ompeneseHne.

Onpenenenue 5. Mawunoii Tviopurea (MT) HassIiBaeTca cHCTe-

Ma BUOa {A, aO’ Q1 qp qo: T’ ‘C},
rie A — KOHEYHOEe MHOXKeCTBO, HaseiBaeMoe aagasumom MT,
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a, € A — nycmaa 6yxea andasura,

§ — KOHevYHOe MHOKECTBO, 3JIEMEHTHI KOTODPOro
Ha3bIBalOTCA cocmoanuamu MT,

q, € @ — Hauarvnoe cocmoanue MT,

gy € @ — naccusHoe cocmosHue, WIN cocmosaHue
ocmanosa MT,

T = {JI, H, II} — mHoxecmeo. cdeuzoe MT,

T — npozpamma MT, T.e. 1: Ax Q\{g,} > AxT x Q.

Herpynao ybeputscs, 410 B 9TOM OHpeleeHUU DUTYDPH-
PYIOT TOJBKO MaTeMaTH4ecKHe U JIOTHYeCKHEe TEePMUHBI
(¥ CHMBOJIBI), HAIIPMMeD MHOKeCTBO, KOHEUHOe MHOMKe-
CTBO, 2JIeMeHT MHOJKECTBa, IIPHHAJJIEXHOCTb MHOMKECTBY,
npom3BefeHNe MHOXKecTB. Y1 AMKaKkue gpyrue, HeMaTeMaTH-
YeCKHe UJIN HeJloTHYecKye MOHATHS B IIPUBeJeHHOHN hopMmy-
JNPOBKEe He HCHOJIL3YIOTCH.

Tesuc TrioprHra ABJIAETCSI OCHOBHOU Zunomesoii meopuu
anzopummog 6 gpopme Toiopunza. OTHOBPEMEHHO 2TOT TE3UC
NPHUBOAUT K (GopMaJIbHOMY OIpefiesleHHIO ajrOpHTMA.

Onpepenenne 6. Anzopumm (1o TeIOPHUHTY) — IIporpaMMa i

mamuHbel ThiopuHra, IpUBOAAINAA K PeIIeHHI0 IOCTaBJIEH-
HOM 3azaum.

OCHOBHYIO THIIOTE3Y TEOPMH AaJTOPUTMOB HEBO3MOXKHO
JoKas3aTh, IIOTOMY YTO OHa OIlepHpyeT HedopMalbHBIM
nousaTreM anropurMma. OpHako o00CHOBaHKE THIIOTE3bI
ecTh: BCe aJTropUTMbl, IPHUAYMaHHBIE YEJIOBEUECTBOM B
TeyeHHe CTOJIETHH, AeHCTBUTEJIBHO MOI'YT OBITHL peajin3o-
BaHBI MamiyHaMHu ThIOpHHTAa.

Yr06H ONPOBEPTHYThL OCHOBHYIO T'UIIOTe3y, HeOoOXOLMMO
IpHUAyMaTh TaKOW ajropuUTM, KOTODHIM HEBO3MOYKHO OBLIO
OBl peanmz3oBaTh Ha MamuHe TelopuHra. Iloka Takoro ajro-
puTMa HeET.

Brimme MBI ¢ BaMM TOBODWIM, UTO KaKIBIA aJITOPUTM
npefHa3HAUeH AJIsA KaKOTO-TO KOHKDETHOrO HMCIOJIHUTENSd,
VY KaMKJI0ro MCIOJHUTENS eCTh CBOS CHCTeMa KOMAaH], ecTh
cBoOil Kpyr 3agad. TeIOpMHTOM e OBLT IIOCTPOEH YHUGED-
CAAbHBLIL UCNOJHUMEAb, KOTOPHIN MOMKeT PeIlIuTh JI06YIo
M3BECTHYIO 3ajady. OJTOT (PYHAAMEHTAJNBHBIA pe3yJabTaT
OBbLJI IIOJIYYEeH B TO BpeMs, KOTAA YHUBEPCAJbHBIX BEIYMCIIN-
TeJBHBIX MAIIMH ellle He cymiecTBoBajio. Bojiee Toro, cam
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$aKT mocTpoeHUs BoOOPaAKAEeMOro YHUBEPCAJILHOIO UCIION-
HHUTeJA IO3BOJIUI BHICKA3aTh NPEANONONKeHHe 0 eaecoold-
PA3HOCTH IIOCTPOEHUA YHHMBEPCAILHON BBIYMCIMTEILHOMN
MaIllMHBI, KOTOPas OBl MOIJIA pellaTh JOOLIe 3aJaduyl IpH
YCJIOBHY COOTBETCTBYVIOIErO KOAHPOBAHMS MCXOAHBIX JaH-
HBIX B paspaboTKU COOTBETCTBYIOUIEH IPOrpaMMbl JeHcT-
BUH HCIONHUTEJ.

Teauc TrropuHra Beerga OyaeT HaleleH B OyIyluee, Tak
KaK TellePh MOJXKHO AOKAa3bIBATH CYIeCTBOBAHWE HIU HeCy-
IleCTBOBaHKe AJIOPUTMOB AJS pellleHudA JIOBIX BOSHUKAIO-
mux 3agad. EcIM noHCK alTopHTMHUYECKOTo PellleHus Ha-
TaJIKNBaeTCAd HA OPENATCTBHE, TO MaTeMaTHKM IIBITAIOTCHA
HCIIOJIB30BATE 3TO IIPENSATCTBUe AJA JOKA3aTeJIbCTBA HeBO3-
MOYKHOCTH pelIeHHd, ONUPAaAChs Ha OCHOBHYIO THIIOTE3Y Teo-
PU¥ aJTOPUTMOB.

Bonpocbi u 3agaHunsa

1. Toxaxxure, 4TO JI060H andaBUT MOKHO 3aMeHHUTE ABYXOVK-
BEeHHEIM ajihaBUTOM.

2. IToxaxuTte, yTo MamuHa Triopuara 061a/aeT BCeMY CBOMCT-
BaMH aJI'OPUTMA.

3. BamumuTe NPOrpaMMy MAamIMHBI ThIOpHHTA U3 3aJaHUA 2 C
HCIIOJIL30BAHUEM 3HaKa «!» IIa 0603HaYeHUA Nepexola B co-
CTOsIHME OCTaHOBA.

4. IToctpoiite MamnHy THIOPDUHTA NJId pellleHUS CJAeIYIOMmeEH
3aauyn: BO BXOJAHOM CJIOBE BCE OYKBEI «a» 3aMeHUTH Ha GVK-
BBI «0».

§ 4.3. MawmHa lMocTa Kak yroyHeHue NoHATUS
anroputma

Iloutn omHOBpeMeHHO ¢ ThIOpUHrOM aMepuKaHCKUI Mare-
matuk IMuib IToet B 1937 roay npensoskui unyo aberpak-
THYI0O MAaIllHHYy, XapaKTePU3YIIIyioca emje Goiblieil mpoc-
ToTol, ueM MamIuHa TrlopwmHra. 3T0 cTporoe MareMaTmde-
CKOe IOCTPOeHHe OBLIO TaKXke IIpeAoKeHO B KadecTse
YTOUYHEHUS OOHATHS AJTOPHUTMA.

Onpenenenne 7. Anzopumm (nio Hocry) — mporpamma misa Ma-
muHel [locta, mpuBoAAIias K pellIeHHWIO IIOCTABIEHHON 3a-
Aaun.
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AMepukaHCKUN MaTeMaTUK u Joruk. VM monyyeH
pan dGyHIaMeHTaJbHBIX pPe3yJbTAaTOB B MaTeMaTHde-
CKOI1 JIOTMKe; OH OJHUM U3 IepPBHIX BBeJ (hopMaibHOe
olpefesieHNEe AJMOPUTMA B TEePMHUHAX <«abCTpakTHOH!
BBIYMCIUTENBHON MAIIIMHBI» ; KDOMe TOTO, IIePBHIM (0X-
HOBpeMeHHO ¢ A. A. MapKOBBIM) IIpuUBeJT JOKA3aTeNb-
CTBa AJTOPUTMUYECKON HEPa3PeINMMOCTH DAJA IIpob-
JIeM MaTeMaTH4ecKOH JOTUKU U anrebpsl u chopmynu-

9. TlocT poBaJX OCHOBHOH Te3MC TEOPHH  AJITODUTMOB 0O
(1897-1954) BOSMOXHOCTH OIUCATH 10001 KOHKPETHBIA aJITOPUTM

TOCPELCTBOM ATOrO OIpeAesleHUd.

Teanc Ilocra. Bcakuilt anropuTM npeicTaBUM B (popMe MAIIHHEL
ITocra.

9TOT Te3uC OJHOBPEeMEHHO ABadeTCA (OpMAaJbHEIM OIpeze-
JIeHueM AaJITOPHTMAa.

Teauc Ilocra sBaAsgercs rumoresoi. Ero HeBo3MOMKHO
CTPOTO LOKasaTh (Tak sKe, Kak U Te3uc ThIOPUHTA), HOTOMY
4T0 B HeM (QUTYPUPYeET, ¢ OLHOH CTOPOHEI, HHTYUTHUBHOE IIO-
HATHE «BCAKUIA aJITOPUTM», & ¢ IPYTOH CTOPOHEI — TOYHOE
nmouaTue «MammuHa Ilocta». B Teopuu amroputmMoB goxasa-
HO, aTo MammHa Ilocta u Mamuza ThiopHHra SKBUBAJIEHT-
HBI II0 CBOMM BO3MOXKHOCTSAM.

Bompoc. Tmo npedcmasasem coboit mawurna ITocma?

Omeem. B mamuHe Iloctra B siueiikax 0€CKOHEUHOM JIEHTHI MOMK-
HO 3amuchIBaTh Bcero asa 3Haxa: 0 m 1 (ctaBUTH METKY B
AYeld Ky WIHM CTUPATh METKY). JTO OTpaHWYeHre He BJIUAET
Ha ee YVHHUBEPCAJBHOCTH, TaK KakK J000i1 amdaBuT MOMKET
OBITE 3aKOJWPOBAH ABYMA 3HAKAMU.

Kpome snentsr B mamune [locra uMmeercsa KapeTka (TOJOBKA

YTeHUA/3aIicH), KoTopad:

e yMeeT ABUTATHCH BIlepeX, HAa3afd M CTOATH HA MeECTe;

e VyMeeT UHTATL COJEePKHMOEe, CTUPaTb M 3amuchIBAaTh 0
umm 1;

e VIPaBISAETCA NPOZPAMMOLL.

Kax u mamuna TeiopuHTra, MammuHa I[IocTa MoKeT HaxXo-
OUTHCS B PA3JIMYHBIX COCTOSHUAX, HO KAXKIOMY COCTOSHHIO
COOTBETCTBYET He CTPOKA COCTOSHUSA € KJIeTKAMH, A HEKOTO-
pas KOMaHZA OJHOTO M3 CJAEAYIONIVX IIeCTH THUIOB (B CHH-
Takcuce KOMaH], YKa3bIBaeTcsi HOMED CTPOKH, II03TOMY BCe
CTPOKH B IIporpaMMe IPOHYMEDOBAHBI):
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1. Banucate 1 (orMeTKy), MepedTH K i-ii CTpoKe IIporpam-
MBI.

2. Bamucats 0 (cTepeTs OTMETKY), HepeHTH K i-H CTpoKe
IIporpaMMBI.

3. BLINOJHUTE CABUT BIIEBO, IIepPelTH K i-II CTpOKe IIporpaMm-
MBI,

4. BLIDOJMHUTL COBUT BIIpaBO, IlepeliTm K i-ii CTPOKe IPO-
TPaMMBL.

5. Ocranos.

6. Ecam 0, To nmepeiiTi K i-# CTPOKe IIPOrPaMMBbl, MHAYE Ie-
pedTH K j-¥ CTpPOKe HpOrPaMMEI.

CocTogHMe MAIIUHBI — STO COCTOAHIE JICHTHI ¥ IIOJIOXKe-
HHue KapeTKH. [IpuBefeM CIIMCOK HeJONYCTHMBIX AeHCTBU,
BeIYIIMX K aBapuBHON OCTAHOBKE MAaIIWHLI:

e MONBITKA 3amucaTsh 1 (0TMETKY) B BallOMHEHHYIO AYEHKY;
» TIONBITKa CTEPETb OTMETKY B TYCTOM sAueiike;
® VX0 KapeTKH B 0OeCKOHEYHOCTH (BOOOIe IOBOp:HA, 3TO

TPYJHO Ha3BaTh OCTaHOBKOI, HO 6eccMBICIIeHHOE IIOBTO-

peHMe OAHHMX M TeX JKe HeWCTBUH — 3al{MKJINBaHHE —

HUYYTh He JIydIlle BhILIEIIEeDEUNCIeHHOrO).

«MammuHo#» 9Ta MaTemMaTHdecKasd KOHCTPYKIIMSA Ha3bI-
BaeTcs MOTOMY, YTO B Hell MCIIONb3YIOTCS HEKOTODhIE IIOHA-
THA peaJbHLIX MAlIHH — nAdMAmb, KoMarda v up. g

Mammnaa ITocTa, HecMOTPA Ha BHEIIHIOIO IIPOCTOTY, MO-
JKeT IIPOM3BOAHUTL pa3jiNyHble BEIYUCIEHUdA, JJIA Jero Hajxo
3a7aTh HavYaJbHOE COCTOAHME KAPETKH K IIpOrpaMMy, KOTO-
pas 9TH BLIYKCICHUA clesiaeT. YCIOBHMCH KaXIYIO CTPOKY
nporpaMMel o603Ha4YaTs HOMepoM. B kakjol cTpoke mpo-
TPAMMEL 3aUMCHIBACTCH POBHO OfHA KomaHfa. Komauanr mMa-
muHL OygeM o6o3HayaTh CIeAYIOLIHM obpazoM:

—> @ — Iar BIPaBO, MepelTH K CTPOKe ¢ HOMEDPOM &;

<« a — Iar BJeBO, NlepeiTH K CTPOKe C HOMEPOM a;

Va  — 3anmcaTs OTMETKY, IepedITH K CTPOKE ¢ HOMEPOM a;
X a  — crepeTb OTMETKY, IIePeHTH K CTPOKE C HOMEDPOM
? a; b — mpocMOTpeTsh sUelKy; ecliu B Adeiike HAXOAUTCA

0, To mepeiiTu K CTPOKe ¢ HOMEPOM 4, HHa4Ye —
K CTPOKe C HoMepOoM b;

-— OCTaHOB.

"

Bonpoc. Yem omaunarwomes cocmosanua 6 mawune Toviopunza om
cocmosnuil 6 mawurne ITocma?
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Omeem. B mamuHe TBIOpHHI‘a COCTOSAHHKE oIIpenesder, 4To Cie-
AyeT 3allucaTh B o6oape3aemy10 quimy oJIA KarKOgOoTo OIIpe-
AeJIeEHHOI'0 CHMBOJIa, 3ajaeT XapaKTep ABUKEHNA I'OJIOBKU
¥, HaKOHell, YKa3blBaeT HOBOE€ COCTOAHNE MallNHBbI.

B mamune Ilocra cocTosHme OmMCHIBAET MeCTOHAXOMKJe-
HWe KapeTKH N COCTOAHNE JIEHTHhI. O

ITpumep 4. Ha sleHTe npocTaBiIeHA OTMETKa B OGHOH-eUHCTBEH-
HOIl Auelike. KapeTka cTOMT Ha HEKOTOPOM PacCTORHUH cle-
Ba OT 9T0o¥ aAueiixku. HeobxogumMo ogBecTy KapeTKy K Adeii-
Ke, CTepeTh OTMETKY ¥ OCTAHOBUTH KapeTKy cJieBa OT Hee.

CHauaJia nonpobyeM OIHMCATEL AJTOPUTM OOBIUHBIM A3BI-
koM. IlockonbKy HaM M3BECTHO, UTO KapeTKa CTOWUT HAIDO-
THUB IIYCTOH A4YefKH, HO HEM3BeCTHO, CKOJIBKO IIaroB HYKHO
COBEPIINTD [0 HeIyCTON AUedKH, MBI MOXEM cpasy chejaTb
mIar BIIPaBO, IIPOBEPHUTH, 3allOJHEHA JIH A4elKa, IIocie Yero
THOBTOPATH 3TH AeiiCTBHUA IO TeX II0p, MOKA He HATKHEMCA Ha
3aOJIHEHHYIO A4eliKy. KaK TOJIbKO MBI ee HaleM, MbI BbI-
IOJIHUM OIlepanylo CTHpaHMs, IIocjle 4Yero HYXHO Oyzmer
JUIIL CMECTUTh KAPeTKY BJIEBO M OCTAHOBUTHL BBINIOJIHEHUE
IpOrpaMMBI.

IIporpamma gna mamunsl [locta:

1. - 2
1; 3

4
5

...T N.\g

Bonpocbl n 3agaHuns

1. HauanbHOe cocTosEue: TenTa MamuHbl ITocta mycra. Yo 6y-
JIeT HaXOOUTLCA Ha JIEHTe B peayapTaTe paboThl cieayromiel
IPOTPaMMBI?

1. v 2
2. > 3
3.« 1

2. N3BecTHO, UTO Ha JieHTe MammuHEl IlocTa HAXOOUTCS METKA.
Hanummre nporpaMmmy, KoTopas HAXOLUT ee.

3. Ha jreHTe MMeeTCA MaCCHB H3 1t OTMEeUeHHBIX AdeeK. KapeTka
0003peBaeT KpaiiHIOO JIeBYI0O OTMeTKY. CIpaBa OT JaHHOIO
MAaccUBa Ha PACCTOSAHMM B M AUeeK HaAXOOWUTCH ellje OgHAa OT-



224

T'naBa 4

meTKa. CocraBrTe Anda MamuHel [locTa nporpaMMmy, IPUABY-
TaloIIyIo JaHHLIA MacCHB K AaHHOHI Aueiike.

Ha nmenTe pacmosiosKeHbI Ba MacCHBa Pa3HoOM AauHLL. Kaper-
Ka o0ospeBaeT KpalHUil sJ1eMeHT ogHOTo u3 Hux. CocTaBbTe
UporpaMMy Ijd Mamuebl 1IocTa, CpaBHHUBAIOWMIYIO AJIMHBI
MACCHBOB U CTUPAIOIIYIO Gonbmnii u3 HUX. OTIeJIBHO IPOJY-
MaiiTe caydal, KOTZa JJIHMHBL MAacCHBOB DaBHBIL.

§ 4.4. AhropuTMnYEeCKn HepaspeLwmmbie 3agaun

M BbIYUCNINMble PYHKLUNMU

B mpepnipymiux naparpadax ObLIO BBeZEHO IIOHATHE ajro-
pUTMUUECKH HepaspemIuMoi 3aJajuu, [a U Halle Boobpaske-
Hue JOIIyCKaeT, YTO, HaBepHOe, CYIIeCTBYIOT 3a4a4yH, KOTO-
pbie HEBO3MOMKHO PEIINUTL. A UTO Ke IPeacTaBisaioT coboit
rakue sazaun? IlpuBeleM HECKOJBKO IPUMEPOB ajTOPHT-
MHYECKH HEePa3PenIrMbIX 3agad.

IIpnmep 5. B mauane XX Bexka HM3BeCTHLIH HeMeLKHNH MareMa-

Tuk Hasug I'mnsbepr B 1900 r. chopmynuposan 23 mareMa-
THUdecKue npobsemsr. CerofHa pemierue (Ja)e YaCTUIHOE)
Kakoh-nubo npobimembl ['minbepra paclieHHBaeTCA BO BCEM
MUpe Kax BEICIIee MaTeMaTH4decKoe mocTrxeHue. [lecsarad
npobrema 'unsbepra 0 AM0GaHTOBEIX YPaBHeHHAX (B YIPO-
IeHHOH (OPMYJIMPOBKE) 3BYUHT TaK:

Haro  mpomsBosbHOe  anrebpamdeckoe  ypaBHeHUeE
P(xl, X9y veovy X,) =0, 1R P — MHorquIeH C eJBIMU KO3(-
bunumenTamMu (HanpnMep, awc1 +bx2 +cx3 =0). Tpebyerca
BBIACHUTE, CYIIECTBYeT JIU V AAHHOTO YPABHEHHUSA pellleHue
B UeJIBIX YHCIIaX.

Wnasa dopmyaupoBKa: Tpedyercd BEIPaboOTATE alTrOPHUTM,
TO3BOJIAIOIMKUY AJ1g Jfo6oro guoaHTOBA YPaBHEHHUS BHISC-
HUTh, HMeeT J¥ OHO HEeJOYHCIEeHHOe PeIlleHHe.

Ero maspiBaroT HocaefHAM BCECTODOHHHUM MaTeMAaTU-
KOM ¥ CaMbIM 3aMedYaTe/JbHBIM YUHUTEJIeM MaTeMaTHKOB
XX Bexa. ByHgepKuH/I0M OH He OBLI, a OBLI TUINYHEIM
«KJIACCHAKOM», T. €. ['uanfepT moouepesHo cTapaacs 1o-
HATb KaXAyI0 06/1acTh MaTeMaTUKH Ha BCIO ee MIIYOGHHY
¥ PeUIUTH B Hell Te 3aJa4yy, KOTOPbIE €I'0 HHTEePEeCOBAJIH.

. Tunsbepr
(1862~1943)
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B 1970 r. coperckuii marematuk 0. B. MaTtuscesuu go-
Kas3ajJ HEeBO3MOXKHOCTH IIOCTPOEHUSA &JrOPUTMA [JIA pellle-
HUA 5TOHM 3ajadu.

3ameuanue. Eciu u3BeCcTHO, UTO pellleHHE B IIeJBIX UMC-
JIaxX €CThb, TO AJT'OPUTM OTHICKAHUS STOTO PEIIeHHs cyu,ecm-
syem. [

MaruaceBuy Opuit Bragumuposuu
(p. 1947), BocINTaHHMK LIKOJBI-MHTEPHATA UM.
A. H. Koxmoroposa. Yien-xoppecuorzesT PAH
¢ 1997 r., cuenmuagucT B 00JaCTH MaTeMaTHue-
CKOM JIOTMKH, TEOPUM AJrOPUTMOB, SUCKPETHOM
MaTeMaTHKH.

A
I0. B. Marusacesuu

IIpumep 6. Ilo onucanuioc aaropurMa A M apryMeHTy X HeoOXo-
VMO BBISCHUTDH, OCTAHOBUTCSH JIM aJITOPUTM A, eclIu X ABJIA-
eTcs BXOOHBIM ZaHHBIM. OTa 3ajada (ee Ha3wIBaIOT npolb.Je-
MO 0CMAHO0EA) ABJIASTCA AITOPUTMUYECKY HEPA3PEIIINMOH.
Hoxaxkem aTO.

s mokasaTesbeTBA BOCIIONB3YEMCS METOHOM «OT IIPO-
TUBHOro». IIyCcThb VHUBEDPCAJIBbHBLIM &JITOPUTM penIeHUs IIOo-
IOOHOM 3amauy cymiecTByeT. PacCMOTPHM KJacc ajJropuTMOB,
00pafaThIBaloIIX HEKOTOPHBIe TEKCThI, B TOM UHCJIe ¥ TeKCTHI
aJTOPUTMOB. B CHJIy CYIIeCTBOBAHUSA YHUBEDPCAJIBHOTO &JITO-
PHTMAa CYIIeCTBYeT X aJTOPUTM, KOTOPBIH IJIA aJITOPHUTMAa U3
VIOMSAHYTOr0 KJjacca oIpejesdeT, OCTAHOBUTCH JH OH Ha
cBoeM COGCTBEHHOM TEKCTe HMJIK HeT (apryMeHT X B 9TOM CJIY-
Yae — TEeKCT CAMOI'0 aJITOPUTMA M er0 MOXKHO He VKa3bIBaTh).
Hasoeem taxoit anropurm B. IToctpoum ciemyromuii anro-
purM C, BXOJZHBEIMH JAaHHBIMM IJI8 KOTOPOTO 6YAEeT ABIATHCA
TeKCT aaropuTMa A, o6pabaThIBalomiero CBOM TEKCT:

1. Beimonuuts anroputMm B Hag A.

2. Eciu anroputm B ompepenui, uTo A Ha CBOEM TEKCTe
OCTAHOBUTCS, TO IIEPeHTH K Iiary 1, B IIPOTHBHOM CJIY-
yae — K miary 3.

3. Koren anropurma C.

IIpumenum anroputm C K camomy cebe, T. €. BXOJHBIMHU
IaHHBIMU AJA Hero 6ygeT Texkct anroputMma C. Ilyers anro-
putM B onpegenui, uTo anroputM C oCTAHOBUTCS IIDH aHa-
Iu3e cBoero Texkcra. Ho Torga mociie BHINOJTHEHUA II. 2 MBI
CHOBa IepeiifeM K m. 1, T. e. Ha camom feye C B aTOM CIy-
Yae «3alUKINBaeTCA». IlycTh, Hao6opoT, anropurm B ompe-
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nenun 6eckoreurocTs anroputMma C. Ho Torza mocye BBIIION-
HeHuA I. 2 MBI HepeiigeM K 11. 3 ¥ anroputM C 3aBepIIHTCH.
Taxum obpasom, Tak HasblBaeMasa «Ipobiema camonpume-
HUMOCMU ANTOPUTMAa» HepaspelllmMa. 3HAYMUT, Hallle Ipej-
TOJIOKEeHNe O CYIIeCTBOBAHMH aJropuTMa B, pemiarouiero
Hally 3ajavy, HeBepHO. d

BaKHBIM IpaKTHYeCKHM CJIEICTBHEM AOKa3aHHOTO (dak-
Ta ABJIAETCA HEBO3MOXXHOCTDH CO3JAHUA YHHBEPCAJIBHOTO
(IpHUroZHOro AJsA 000 IIPOrpaMMBI) aJrOpUTMAa OTJIaf-
KH LpOrpaMMEL.

OpHako AJd KOHKDETHHIX AaJrOPHTMOB M HEKOTODBIX
KJIACCOB aJropuTMOB npobsieMy ocTaHOBa H/MJIH OTJagKH
COOTBeTCTBYIOIIel IpOrpaMMBl pelINT: MOXKHO. Tak, mas
OPOrPAMMBI, COCTOAINEH TONBKO M3 JHUHEHHBIX KOHCTPVK-
OUH, JeTKO MOKA3aTh, ITO OHA BCETZa 3aKOHUYMT CBOIO pabo-

Ty.

IIpumep 7. ChopmynupoBantasa Jleibuunem B XVII Bexe npob-

nemMa NpoepKU NpasuAbHOCMU AI00bLX MAMeMamuiecKux
ymeepicdeHuil TakKe SABJIAETCS aJTOPUTMMYECKH Hepaspe-
mumMoii. Besukuil HeMenKm#i MaTeMaTHK ¥ (QuiIocod
T. Jleitbunn (1646—1716) MeuyTasa 0 HOCTpOeHUHU 001Lero Me-
Toja pemeHuaA 000 MaTeMaTHdecKoil 3ajauu. JleAOHHUIY
He YAAJO0Ch IIOCTPOUTH TAKOI aJITOPHTM, OLHAKO OH CUNUTAJI,
YTO HACTYHHUT BpeMs, KoTJa ajiropurm Oyaer HaitgeH. Ilpo6-
JeMa, mocTaBjieHHaa JIeHOHHIIEM, IIOJYYHJa YTOYHEHHE B
BHJe OLHO¥ M3 BaKHENIIHNX IpobiieM MaTeMaTHu4ecKOo® Jo-
THKH — npobiemMbl pACNO3HA6AHUA Gbieodumocmu.,

Kax mMsBecTHO, B COBpeMEHHOM MaTeMaTHKe IIOYTH BCe
MaTeMaTHYeCKHe TEOPDHU CTPOATCA Ha aKCHOMATHYeCKOH
ocHoBe. CyTh COOTBETCTBYIOIIETO aKCHOMATHYECKOr0 METO-
Ja COCTOUT B CJeAVIOIIeM: BCe IpPeAJoyKeHHd (TeopeMEI)
JaHHOM TeOpHH HOJIy4aloTcda IIoCcpefcTBOM (opMaabHO-JIO-
THYECKOTO BEBIBOAA M3 HECKOJBKUX NpeAJIoKeHHH (aKcH-
OM), IPHHMMAaeMbIX B JaHHOM Teopuu Oe3 JOKas3aTeIbCTBA.
Panee apyrux 6blya oCyIlecTBJIeHA aKCHOMATH3aLWA reo-
MeTpHH.

IIyets v Hac ecTh mochlnika R u ciepcrBme S, 3anmcaH-
HbIe B BHJe cNOB (popMyNn) B HEKOTOPOM CHEMHATIBHOM AJl-
¢asure, cocroamemM u3 OYKB, CKOOOK, 3HAKOB MaTeMaTH4e-
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CKUX M JormdecKmx omepauuit m T. n. Ilpomecc BrIBoga
. cJaemcTBud S u3 mochiakm R MoKeT OLITh omMcaH B BHe
. Tponecca (POPMasJbHBEIX npeoOpas3soBaHWil CJOB; CUMTaeM,
9TO CHCTeMa AONYCTHMBIX Hpeo0pasoBaHUI ykasaHa, T. e.
IOCTPOEHO JIOTHYECKOe MCUYUCIIeHUE.
IIpoGieMy pacnosHaBalHUs BLIBOAVMMOCTH MOMKHO ctop-
- MyaupoBaTh clepyomum obpasom: Cyuwecmeyem au 0as
© Jobbix 0syx canoe (popmyn) R u S dedyxmuenas uenoika,
sedyuas om R x S? Pemenne noErMaeTca B CMBICIE CyIe-
CTBOBAaHUA AJTOPUTMA, AAIOIEro OTBeT Ha 3TOT BOIPOC AJIs
a106e1x cioB R u S.
HecMorpsa Ha fosirue ¥ yHOpHBIE YCHJINS MHOTHX KDYII-
HBIX CIEeIHAaJNCTOB, TPYAHOCTH, CBA3aHHBIE ¢ TaKHUM IO-
CTPOEHMEM, OKa3ajHCh HeIIPeoJoJMMBIMU. B pamMrax Teo-
puu anropuTMOB OB HOJYYEeH OTPUIATEILHBIN OTBET Ha BO-
npoc 06 aJrOpUTMHUYECKOI Pa3pelIIMOCTH 3Toi IIpobjeMbl.
B 1936 rony amepnkaHCKHH MaTeMaTHK Uépd mAoKasaj cie-
AYIOMIYI0 TeopeMmy.

Teopema Yépua. IIpobiema pacrio3sHapaHus BEIBOJUMOCTH aJro-
PUTMHUUYECKH HepaspemmnMma.

TeM caMBIM BBIACHHJIACH He TOJIBKO IIPUYUHa OesycIlem-

HOCTH BCEX IIPOLIJILIX IIONBITOK CO3ZAHUA COOTBETCTBYIOIE-

TO aJIrOpHTMAa, HO U JOKaszaHa 0eCCMBICJIEHHOCTHL AaJIbHEH-

IIINX MOIIBITOK. (|

Bonpoc. Kaxue memodst ucnoavayromces das 0oxasamenbemed
anzopummuyeckol. Hepaspeuwumocmu?

Omegem. OOBIYHO anropuTMMYecKasd HePa3perImMOCTh HOBBIX
3azay AOKasblBaeTcA Memodom cg8edeHus K ITAM 3agadaM
V3BECTHRIX AJITCOPUTMHYEeCKH HepaspeimiMbBIX 3agau. Tewm
caMBIM JOKa3bIBaeTCd, UTO ecyu OBl ObljIa paspellliMa HOBasd
3amava, TO MOKHO OBLIO OBl PEIUTHh M 3aBeJOMO Hepaspe-
mumMylo 3agady. IIpuMeHAsa MeTOX CBeZeHHs, OOBIYHO CCHI-
JIaIOTCA Ha MCKYCCTBEHHBIE 3aJaul, KOTODhle He NpenCcTaB-
JAI0T CAMOCTOATENLHOTO MHTEpeca, HO RJsI KOTOPHEIX JIETKO
HeMocpeACTBeHHO NOKAa3aTh UX HEPa3peIInMOCTh. O

Ho BepHeMCs BHOBBL K 3afadyaM, KOTOPBIE HMEIOT AJTO-
puUTMHYecKoe pelleHVe. B mpeapIAymux maparpadax Ml
IIoKas3ajl, YTO ecJU 3ajJadya HMeeT PelleHHe, TO MOXKHO Ha-
nucatbh U MamuHy Thiopunra, u Mamury Ilocra gna pemte-
HusA 2TOM 3aja4M. [Ipy 3ToM Ha BXOZHBIE JaHHBIE HAKJIAIEI-
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BaOTCA (OPMAJLHLIE OrpaHWYeHMdA (BXOZHEBIE CJIOBa KORM-
pyIOTCaS B HeKoTopoM aadaBuTe), & CaMH &aJIrOPUTMEI
CKOHCTPYMPOBAHL B DPAa3HBIX AJITOPUTMHUYECKHX MOJEIAX
(cxemax). BosHuKaeT BOIIPOC: MOYKHO JIX B IPUHIIUIIE TOBO-
PUTL 00 00IIMX CBOHMCTBAX aJTOPUTMOB IpU TaKOH KOHKpe-
TH3anun?

B Teopum aJIropHTMOB CTPOro AOKasaHO, uTo J060# as-
TODUTM, OIMCAHHBLIN B OJHOM MOZeNHU, MOKeT ObITh OIKCAH
u B Apyroii. Taxas B3auMHad CBOZUMOCTH aJITOPUTMHUE-
CKUX MoZeJjiell IT03BOJNKJA CO3LATh CHCTEeMY IOHATHI, He 3a-
BHUCALIYIO OT BbIOOpa KOHKDPeTHOH (popManusanuy MOHATUA
anroputMma. B ocHOBe 2TO¥ CHUCTeMEI JIE;KNUT IMIOHATHE 6bLHLUC-
AUMOL QYHKYUU.

3aMeTHM, YTO OTHOCHUTEJIBbHO KAaiKJOTO aJroputMa A
MOKHO CKa3aTh, YTO OH BBIYHUCIsET 3HauYeHue pyHknum F,
(peanusyer GyHKLUIO F,) IpK HEKOTOPBIX BHAYEHUAX BXOA-
HBIX BEJIUYHH.

Onpenenerne 8. Pynkyus, BEIYUCIAeMas HEKOTOPHIM aJTOPUT-
MOM, HAaBbLIBAETCA SblLUCAUMOL (yrKyUel (arzopummuye-
CKU 6bliUCAUMOLL).

Bpezmennoe moHATHE BRIYUCIUMON QYHKLIUM, TAK 2Ke, KAK U
TOHATHE aJTOPUTMA, ABJIAETCH HHTYUTHBHEIM.
DaKTUUYECKH AJTOPUTM — JTO ciocob 3ajaHms QyHK-
muy. OYHKOIHUY MOTYT 3afaBaThbesA UM APYTHMHE cliocobamu,
Haupumep Tabaumnei wian dopmynoil. OJHAKO CYIIECTBYIOT
¥ TakMe 3aJa4l, B KOTOPLIX CBS3b MEXIY BXOAHBIMH U BEI-
XOOHLIMH IIapaMeTpaM¥ HACTONLKO CJIOMHA, YTO HEJb3s CO-
CTaBUTL aJIFOPUTM IIpeobpasoBaHMst BXOAHBIX ZaHHEIX B pe-
sgyaprar. Takme GYHKOUK ABJIAIOTCA HEe BHIYMCIMMBIMU.

IIpumep 8. ‘PaccMoTpuM QYHKIHIO
1, ec1u B HeCATUYHOM DaB3JOKEHUH T eCTh OTPE3OK
h(n) = U3 N JeBATOK, OKPYKeHHBIN HeleBATKAMIH;
0 B mpoTHBHOM cJjyd4ae.
s KaXZoro KOHKPETHOTO N MOXMKHO HOACUYMTATEH 3Hade-
Hue pyuxnuu. OgHAKO HAM He M3BecTeH obImuil ciocol, mo-
3BONAOMUIA BEIYHUCIUTL 3HAYeHMEe (PYHKIUYM [Js IIPOU3-

BOJBHOTO 1. AHanua mepBHIX 800 3HAKOB Pa3IoxKeHua T IIO-
KaspIBaeT JUIIb, 4To A(n) = 1 gna n =0, 1, 2, 6. Ecau me

1 TIpumep npuseger B kHure B. A. Ycnenckoro «Mamuna ITocTas.



J1eMEeHTH! TEOPHH aJTrOPNTMOB 229

CyIecTBYeT OfIIero mpaBWja BBIYHCIEHHA 3TOH (GYHKIHMH,
TO He CYIECTBYET M AJTOPHTMA, PEATU3YIOIEro 5Ty (DyHK-
LU0, T. €. Pelllalonlero HOCTaBJICHHYIO IpobieMy.

IloHAaTna anropuTMa X BBIYUCINMOM QYHKIUM SBJISIOT-
cd, moxanyd, Hambosee (PyHIaMeHTAJbHBIMH MOHATHAME
uHGOPMaTUKK U MareMaTHKH. CHCTeMaTHYeCcKOe H3yYeHHe
aJITOPUTMOB ¥ Pa3JIWYHEIX MoJes el BeIYUCIeHUN IPUBEJIO K
COBZaHMI0 0CcO00H AUCHUIINHEI, TOTPAHUYHON MEXIY MaTe-
MaTHUKOM N MHPOPMATHKON — mMeopuu anzopummos, B Ko-
TOPOH BBIZiJIeH Da3fesl «Mmeopus SblyUCAUMOCMU» .

Teopusa BEIYUCIMMBIX (C IOMOINBI0 KOMILIOTEPOB) PYHK-
ouii mosBuaack B 30-e rogpl XX CTOJIeTHS, KOILa HUKAKHUX
KOMIILIOTEePOB eIme He Oblno. 1lepBble KOMNBIOTEPEI MOABH-
guck B 40-Xx rojgax, ¥ MX HOABJIEHNE CTAJI0 BO3MOKHBIM
UMeHHO OJarofapa LOCTHXKEHUAM TeOPHUM BBIYUCIHMOCTH.
Tak, B paMKaX T€ODHUH &JITOPUTMOB ObLiIO chOpPMYIUPOBAHO
IMOHSITHE BBEIUHNCINTENIBHON MAMIMHEL ¥ OBLIO ITOKA3aHO, UTO
OAA OCYULeCMEACHUA BCEEO03MONCHBLX NPeobpa308anuil uw-
gopmayuu eosce He 0ba3amenvHo cmpoums Kaxcduiil pas
CNEeyUQAIUSUPOBAHHbIE BbLILUCIUMENLbHbIE YCMPOicmaea: Bce
9TO MOJKHO ClleJIaTh Ha OJHOM YHUBEpcalbHOM ycmpoiicmee
IIPH IIOMOIIY HOAXOJsALel IporpaMMbl H COOTBETCTBYIOLIE-
ro KOZUpOBaHUS.

Bonpocbl n 3apaHnA

1.

2.

Cpasuure ompefieneHne GYHKIUU H3 Kypca MaTeMaTHKH C
onpeesleHNEM BBIYUCINMOH QYHKIMH. VKamurte oblljee
PasINYHOE.

IlpusesuTe HpUMep aJTOPUTMA, IPOrPAMMHAS Pealn3amus
KOTOpPOTO 3aTpyAHeHA.

Hcmonpaya paccyxAeHUA IpuMepa 6, TOKaRUTe, 4YTO HEBO3-
MOKHO CO3LaTh YHWBepPCAJbHBIM (OpUTomHBEIA Ana 1000
HpOI‘paMMH) AJITOPUTM OTJIAAKHU IIPOI'PaMMBI.

IIpusenuTe NpuMephl YHUBEPCAJIbHBIX UCHOJHUTEICH.

BrinumizTe XxpoHOJIOrH0 QyHLAMEeHTANbHBIX LZOCTHKEHUH (C
yxasaameM QaMUINH aBTOPOB M [JaT UX *KHU3HU) B 00JIACTH Te-
OPHH aJITOPUTMOB. JI/1d KaXKAOTO YIEHOI'0 BRIYHNCINTE, Ha Ka-
KOM Oy KM3HY OH BBIIOJHUJ paboTy, NPpUBEAIIYIO K QYH-
JaMeHTAJIBHBIM pesyJbTaTaM B TEODHMH AaJIMOPUTMOB.
IlonyuensHsie pe3yabTaThl IPEACTABbLTE B BUje TaGINAIbI.
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§ 4.5. MNoHATHE CNOXHOCTYN anropuTma

B npeamiayniux maparpagax ToOBOPUIOCH, UTO eCJIU 751 pe-
MIeHKA 3aJa9d CYIeCTBYeT OAUH AJTOPKUTM, TO MOYKHO IIPH-
IyMaTh ¥ MHOrO APYTHX aJTOPHUTMOB AJId PeIleHUA 3TO! Ke
3aa9M.

Bonpoc. Karoii anzopumm aywue nodxodum 0aa peuteHus KOH-
kpemuoi 3adavu? Ilo xakum wxpumepusam credyem 6bi6u-
pamv anRzZOpumMM U3 MHONCECMEA B03MONCHbLX?

Omeem. Kax npaBujo, MBI BBICKasbIBaeM CYKJeHMe 06 airo-
PHUTMe HA OCHOBE €ro OLEHKH WCIOJHHTEJEeM-YeJIOBEKOM.
AJTODHUTM KaKeTCS HAM CJIOKHEBIM, €CJIM JaKe IIOCIe BHU-
MAaTeJbHOI'O €ero N3y4eHUs MBI He MOXKeM IOH:ATH, UTO JKe OH
genaerT. MBI MOKeM Ha3BaTh AJTOPUTM CJOMKHEIM H 3aIlly-
TAHHBIM H3-3a TOrO, UTO OH 00jafaeT pasBeTBJIEHHOM JIOTH-
YeCKOH CTPYKTYPOH, cofepaxaliieif MHOTO TIPOBEPOK YCIOBHE
u mepexomoB. OfHAKO A1 KOMNOBIOTEPA BBIIOJIHEHHE IIPO-
rpaMMBbl, peaJU3yIoIlel TAKOU aJTOPUTM, He COCTABUT TPY-
Ja, TaK KaK OH BBIMIOJIHSET OZHY KOMAaHAY 3a APYIroi, U OJd
KOMIIBIOTEpa HeBAXKHO — Ollepaliyd JX 9T0 YMHOMKEHUA U
IIPOBEPKa YCJIOBUH.

Bosiee Toro, Mbl MOXKE€M HAIHCATL T'POMO3IAKHII ayro-
PHUTM, B KOTOPOM BBIIIMCAHBI HOAPSI IIOBTOPAIOIINECT dei-
cTBUA (0e3 HCIOIb30BaHUA LUKIMIECKOH CTPYKTYPHI). Of-
HAKO ¢ TOYKY 3PeHUS KOMIBIOTEPHOH pealHu3aluf IPaKTH-
YeCKM HeT HHUKaKo# pas3HMUIILI, HCIOJL30BAH JU B
nporpaMMe ollepaTop mukJia (Hampumep, 10 pas Ha sKpaH
BeIBOAUTCA cJI0BO «IIpmuBeT») mam 10 pas mociezoBaTeabHO
BEIIIMCAHBI OIlepaTOpbl BHIBOLA HA KpaH cioBa «IIpuseT».
Hostomy a4 oneHKY 3(PHEKTUBHOCTH aJTOPHTMOB BBEAEHO
TOHATHE CJOKHOCTH aJITOPUTMA. O

Onpepenenne 9. BuiuucaumenbHblM Npoyeccom, MOPOKIEHHBIM
aJITOPHUTMOM, HA3BEIBAETCH IIOCIE0BATEJbHOCTD IIaroB ajro-
pyUTMa, IPOHJEHHBRIX IIPHU HCIOJHEHWH 5TOTO AJTOPUTMA.

B pmajpHeiimeM 0yAeM MOHUMATD IIOL CJAONCHOCMbIO QLz0-
pumma KOJIUYIECTBO 3JIeMEHTAPHEBIX LEHCTBUH B BBIYMCIU-
TeJIBHOM IIPOIleCCe DTOrO aJITOPUTMAa, KaK QYHKIIHUIO OT HC-
XOOHBIX JAHHEIX.

OfpaTuTe BHMMaHHWE, NMEHHO B BBIYHCIUTEIHLHOM IIDPO-
mecce, a He B caMmoM ajroputMme. OueBUIHO, A CPABHEHUS
CJI0;KHOCTH Pa3HbIX aJrOPHUTMOB HeOoOGXOAKMO, YTOGHI CJIIOXK-
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HOCTh IOACUMTHIBAJACH B ONHHX H TeX e 3JIeMEHTAPHEIX
JeHCTBUAX.

Onpepenenve 10. BpemerHda CROMCHOCMb ALZOPUMMA — 3ITO
Bpema T, Heobxogumoe AJIA €r0 BBINOJHEHUS B 3aBUCHMO-
CTH OT MCXOJHHIX JaHHEIX. OHO PaBHO IIPOU3BEAEHUIO YHCIa
3JIeMeHTapHBIX AeficTBUI k Ha cpefHee BpeMs BHIIONHEHHA
onHoro gmerctBus t: T = kt.

ITockombKy ¢ 3aBHCHT OT HCIIOJHUTENS, PEAIHUBYIOIIETO
aJTOPHUTM, TO €CTECTBEHHO CYMTATH, YTO CJIOXKHOCTBL aJIro-
puTMa B IIepPBYIO Oouepennb OIpenessieTcs 3HadeHKeM k. Oue-
BHOHO, YTO B HambONbOIEH CTeleHM KOJHYECTBO OIepallnit
[IPH BHIIOJHEHUY aJATOPUTMA 3aBHCHUT OT KOJIUUecTBa o6pa-
faTeIBaeMEBIX BaHHBIX. [[eHCTBHTENBHO, [JJd YHOPALOYHUBA-
HHA no andasuty cuucka ms 100 dbamunuit Tpebyerca cy-
IecTBeHHO MeHLIIe oIlepamuii, 4eM AJIS YIOPAZOYMBAHUA
ciucka u3 100 000 damuanit. ITosTOMy CJIOXKHOCTH &lro-
pHTMAa BBIPAYKAIOT B BHJEe (MYHKIHAM OT o0BbeMa BXOLHBIX
JaHHBIX,

IIycers ects anroputM A. Jlna Hero cymiecTByeT ItapaMeTp
n, XapaxTepusyiommui o0bem obGpabaTsIBaeMEBIX AaNI'OPHUT-
MOM JaHHBIX, BTOT IIapaMeTp YacTO Ha3hIBAIOT PA3MEpPHO-
cmuio 3adavu. OGosHauuM depesd T(n) Bpems BBIIIOJTHEHUS
aJIrOPUTMA B XYJAIIEeM ciydae, depe3 [ — HeKyI0 GYHKIHIO
oT n.

Onpenenenune 11. Byaem ropoputs, utro T(n) agropurMa mMeeT
IOpPAAOK pocTa f(n), UIKN aJITOPUTM UMeeT meopemuiecKyio
caoxcnocmes O(f(n)) (dutaerca «o doabmoe oT f(n)»), eciu
ons T(n) BaitgeTcs Takasd KOHCTaHTa ¢, 4TO, HAUMHAA C He-
KOTOpPOro 1y, BbImojHserca ycaosue T(n) < cf(n). 3pecs
upepnoJaraercda, 4to QYHKIuA f(n) HeoTpumareibHa, IIO
KpaliHeil Mepe IIpH n 2 n,.

Tax, HanpuMep, aJirOPUTM, BEIIOIHAIOIINI TOJIBKO OIe-
pauyy 4TeHHUS JRHHBIX U 3aHECeHHdA UX B OIEPATHUBHYIO Ia-
MHATH, UM€eeT JAUHeHYI0 CI0XHOCTL O(n). AIropuT™M COpTH-
POBKHM METOLOM IIPIMOro Bbibopa, Kak 3TO 6y,u;e'r MMOKAa3aHo
HIDKe, UMeeT KeadpamuuHylo CIOMHOCTH O(n) TaK KaK
IIPH COPTUPOBKE JII0O0r0 MaccyuBa 9TOT aJITOPUTM 6yaeT BEI-
IOJHATD (n2 -~ n)/2 onepauuil cpaBHeHUA (IIPU 3TOM OIlepa-
Wil IIepecTaHOBOK BOOOIe MoskeT He OBITH, HampuMep, Ha
YIOpALOYeHHOM MaccHBe). A CJI0XXHOCThb aJITOPUTMa YMHO-
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JKeHHA Marpul (tabamm) pasMmepa n x n 6yger yxxe xKybuue-
cKoll O(n3), TaK KaK [IJd BBIYHCIEHHA KaXIOTO dJeMeHTa
PesyJabTHUpYIONIeH MaTpunbl TpeOyeTcss n YMHOMKeHUH M
n — 1 cioxeHui, a Bcero 3THX 3JE€MEHTOB n°.

g peuieHMa 3ajaum MOTyT ObITH paspaboTaHBI anro-
PHTMBI Pa3JINYHON CJIOMKHOCTH. JIOTHYHO BOCIIONB30BATHCA
JYYIINM Cpegu HHUX, T. €. UMEIOIIUM HAaMMEHBIIYIO CIIOMXK-
HOCTb.

Hapazgy co cioKHOCTHIO BayKHOI XapaKTepHUCTHKOHN aj-
ropuTMa sABJsaeTcd appexmusnocms. 1lon apdekTHBHOCTHIO
TNOHUMAETCA BLINOJIHEHHE CJeAylomiero TpeboBaHmMA: He
TONBKO BeCh AJTOPHUTM, HO M KAaKALIM IIar ero JOJIKHBI
OBITH TAKMMHK, YTOOBI MCIOJHUTENb OLLI CIOCOOEH BBIIOJI-
HUTh UX 3a pasyMHoe BpeMa. Hanpumep, ecaum aaropur,
BBIJAIOINKUH IIPOTHO3 IOrojsl Ha Oiauikaiimime CyTKH, OyaeT
BBIIIOJIHATHECA HeNEeNI0o, TO TAKOK ajTrOpUTM IPOCTO-HAIIPOC-
TO HUKOMY He HYKEH.

Ecnu MBI paccMarpuBaeM ajITOPUTMBI, pPealH3yIOIINecHd
Ha KOMIIBIOTEDPE, TO K TPeOOBAHHIO BLINOJHEHHUS 3a pa-
3yMHOe BpeMs IpubaBisercs TpeOOBaHHE BLIIOJHEHHUHA
B OrpaHMYeHHOM 00'beMe OIepATHUBHON HaMSATH.

WN3BecTHO, 9TO BO MHOIMX #A3BIKAX IPOrpaMM¥pPOBAHUA
HeT ollepali¥ BO3BeleHHUs B cTemeHb (x"), cieZoBaTeNLHO,
aIrOpUTM BO3BeJEeHHA B IeJYyI0 CTelieHb HNPOIrPaMMHUCTY
HaJ0 peaju30BBLIBATH CaMOCTOATeabHO. Omepanus Bo3Befe-
HUA B cTelleHb BhIpaXkaeTcs deped onepanuyl YMHOMKEHUA; C
POCTOM IIOKa3aTess CTelleHM, eCTeCTBeHHO, PACTET KoJn4e-
CTBO OIlepalu¥ YMHOMKEeHHNA, KOTOpPhIe IIPH BBLIIOJHEHUY 3a-
HUMAaIOT JOCTATOYHO HOJro BpeMsd mporneccopa. Ilpu peann-
3alM¥ aJTOPUTMA BO3BEJEHHA B CTEIEHb «B JIOO» HaOo BbI-
noJgHUTE (n — 1) omepanuio ymHOKeHHsA. CyuiecrsByer Ju
0osiee OBICTPBIN YHUBEDCAJBLHBIA CIIOCO6?

MeToa GBICTPOro BBIUYMCIEHHS HATYyPaJbHOU CTEIIeHH N
BellleCTBEHHOT'0 YHCa X

1.
2.

3.

9ror MeTox ObLI omMcaH ele Ao HamelH spel B peBHedt Un-
I,

3amucars 7 B IBOWMYHOM CHCTeMe CUYMCJIeHUd.

3aMeHUTh B 3TOil 3amucu Kaxxkayio 1 mapou OykB KX, a
Kaxaeii 0 — Oyksou K.

BriuepkHyTh KpaliHIOW JeByio napy KX.
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4. Ilony4yeHHaa CTPOKa, YUTaeMasd CjeBa HaIpaBo, JaeT Ipa-
BUJIO GLICTDOrO BHIYMCJIEHMSA X, eciu OYKBY K paccMaTpu-
BaTh KaK OIepalui0 BO3BeAeHHA pesyjbTaTa B KBaapar,
a 6ykBy X — Kak onepallyio YMHOXeHHUsS pe3yjapTaTa Ha X.
B madane pesysbTaT paBeH X. A

IIpumep 9. BosBect: x B cremens n = 100.

1. IlepeBecTn umMca0 n B ABOMYHYIO CHCTEMY CUKCJIEHUS:
n =100,, = 1100100,,.

2. IlocTtpours mocnegorarensuocts KXKXKKKXKK.

3. BeruepkuyTs KX cneBa > KXKKKXKEK.

4. BoluncinTe MCKOMOE 3HAUeHUe:

. BO3BECTH X B KBajgpar = xz,

. YMHOMXHTH Pe3yJbTaT Ha X = x3,

: BO3BECTH pe3yJbTaT B KBajgpaTr — x®,

K
X
K
K: BosBecTH pesyiabTaT B KBagparT = x'2,
K
X
K
K

: BO3BECTU pe3yJbTAT B KBaApaT —> x4,
. YMHOMKHTH pedysibTaT Ha X = x°°,
. BO3BECTH peayibTaT B KBajpar —> x°,

100
. BO3BeCTH pe3yJabTaT B KBagpaT — X .

Taxum 06pa3aoM, MBI BHIUHCJIMIN COTYIO CTelleHb HHUCJIa X
BCeTo 3a 8 YMHOXeHXil. OTOT MeToJ AOCTATOYHO 3(hPeKTUB-
HEIH, ¥ OH He TpebyeT KOIOIHHUTEJIbHOH OllepaTUBHON maMs-
TH AJS XpaHeHWs IPOMEXYTOYHBIX pesyabraToB. OmHaKO
3aMeTHM, UTO dTOT METO, He BCeTAa caMbIil OLICTDHI. O

Cama omepanus YMHOMKeHUA Dealmsyercd B IIpolleccope
He «B jJ00», a uepes 3 (heKTHBHBIE PeKYPCUBHEIE AJT'OPHT-
MBI. MBI »Xe PacCMOTPHM aJITOPHUTM <«OBICTPOro» yMHOMKe-
HHUdA, KOTODHIH Obln mM3BecTeH eme B IlpesHeM Ermmnre, ero
TAK)Ke HABHIBAIOT «PYCCKMM» HJIM «KPECTBAHCKHM» METO-
IOM, Ha KOHKDETHOM IIpHMepe.

Hpumep 10. Ymuoxum 23 Ha 43 «PYCCKMM» METOHOM.

23 x 43 |(geuernoe) | IlepBrlit cTo0en COCTOUT U3 PE3yJIBTATOB
46 21 |(HeueTHoe) |IIOCIELOBATEJIBHOI0 YMHOXKEHUSA IIEPBOTO

92 10 coMmuoxnTena (23) Ha 2.
184 5 |(ueuermoe) | BTOPO# cronber npezcTaBiaaeT coboi
368 o Pe3yIbTaThl [IOCIEA0BATEILHOTO

HEeJOYHUCTIEeHHOro fAejleHNA BTOPOTro

736 1 |(ueuerioe) comHOxkuTeNa (43) na 2
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PesyabTaT paBed cyMMe 4pcell IepBOro croiabua, pSAgOM ¢
KOTOPBIMHM BO BTODPOM CTOJIOIlE CTOAT HeUeTHBIE YHCJIA.
Omeem: 23 x 43 =23 + 46 + 184 + 736 = 989. O

Bonpocb! n 3apaHna

1.

IlogcumTaiiTe CHOXKHOCTL AJNTOPHTMAa NEePEMHOMEHHS IBYX
HATYPAJbHBIX YHUCEJ CTOJOMKOM IIDH VCJIOBHH, YTO OJHO M3
Yyupces COCTOUT M3 N JeCATUYHBIX Hudp, a BTopoe — U3 m
OeCATUYHBIX Iudp.

IlogcuuTaiite CI0XHOCTD AJITOPUTMA YMHOKEHUS ABYX HATY-
PAJIBHBIX YHCEJI «PYCCKHM» METOJOM IPH YCIOBUHU, UTO OAHO
¥3 YUCEeJ COCTOMT U3 i ecATHYHEIX Iudp, a BTOpoe — U3 m
JecATUYHBIX HUPP.

IlpueesnTe UpHMEpHl AJIOPHTMOB, HMMEIOMUAX JHHEHHYIO
CIIOKHOCTE.

IIycTs Ana Hekortoporo anroput™a T(n) = an? + bn + d, rae
a>0, b, d — or1uuHEIe OT HYJd KOHCTAHTHl. JloKauTe, 9T0
TAKO# aJrOPUTM HMeeT ca0xHOCTE O(n?). Ilna atoro mozabe-
pYTE HEOTPUIIATEILHYIO KOHCTAHTY € TaK, 9T0, HAYKNHAS C He-
kotoporo n,, T(n) < cn?.

§ 4.6. AHanu3 anropuMTMoOB Nomucka

B »rom naparpade MuI OygeM paccMaTpHBATh KiacCHUYECKHe
3a/a4M IOMCKA, aHAJM3NPOBATH AJIFOPHUTMEI, PEayH3YIOIIVe
3TH 3afa4yH, T. e. ¥3YUATh CBOMCTBA aJIropuTMOB. 13 60IbIII0-
ro MHOXKEeCTBa aJITODUTMOB IIOMCKA MBI PACCMOTDPHMM TOJBKO
JBa aJrOpUTMa, NpefHA3HAUEeHHBIX [JIS pelIeHus 3TOH Boc-
TpebOBaHHOH 3ajaydu.

PaccmaTpuBad pasaudHbie aITOPUTMEL PelIeHHUS OSHOH U
TOM ’Ke 3aJaumy, MOJIEBHO MPOAHAJU3UPOBATDH, CKOJIBKO BEI-
YNCAUTENbHBIX PECypPCcOB oHU TpebyioT (BpeMs paboTsi, Iia-
MATE), ¥ BHIOpaTh Haubosee adpdbexTrBHEIN. OgHaKO BHAaYa-
Jle Hago AOTOBOPHUTHCA, KaxKas MOZeJb BHIYHCIeHUit 6yaer
HCIOJNB30BAaTLCA. DyAeM cuuTaTh, UTO HAIIH AJITOPUTMEL
BLIIIOMHAIOTCA HAa OOBIYHOH OLHOIPOIIECCOPHOM MaIlIWuHe
C OPOMBBOJNLHEIM HOCTYIIOM K IIaMATH (JaHHEBIM).
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B anropmrMax momcka CymiecTByeT ABe BO3MOMKHOCTH
OKOHUYaHUA paborpl: JUO0 IIOUCK OKalajuca YyOoauHbM,
T. €. IO3BOJIMJ ONpPeLeJUTH IOJOXKeHHe COOTBETCTBYIO-
miero siaeMeHTa, JubGO OH OKalaycsa HeydauHbiM, T. €. IO-
Kasaj, 4TO HeoOXOAMMOTro 3JIEMEHTAa B JaHHOM oObeme
unHpopManuyu HerT.

XoTa [easio MOKUCKA ABIAETCHA 3HAUEHHE dJIeMeHTa, aj-
TOPUTMBI IOMCKA B CAy4Yae YAaUHOTO OKOHYAHUA BBIJAIOT
MeCTOIIOJIOMKEeHNE HCKOMOrO 3JIeMeHTa, HampuMep HOMED
3JIEMEHTa B MacCHBe. :

B xauecTBe KpuTepHsd OHEHKH aJTrOPHTMa MbI Oy[eM mc-
TIOJIB30BATh TAKVIO XapPaKTEePHUCTHKY, KaK CAONCHOCMb.

4.6.1. NMocnepoBaTenbHbit NONCK B HEYNOPAAOYEHHOM

Maccuee

CoopmynupyeM aJropuTM IOCTIEL0BATEJHLEOTO IIONCKa B He-
VHOPALOYEHHOH Iocje0BaTeabHOCTH (HEeyIOpAZOYeHHOM
maccuBe). O4eBHIHO, UTO STOT aJITOPUTM MOIKHO IIDUMEHATH
W OJIs IONCKA B VIOPSJOUYEeHHOM Maccuse.

AJII‘O])HTM II0CJIe0BaTEeJbHOTO IIONCKA B HEYHOPAZOUEeHHOM
Maccuse

1.
2.
3.
4.

Hmeerca maccus g[l..n], tpebyeTca HailTu 271eMeHT MacCH-
Ba, paBHBLIH P.

YcrasHoBuTs I = 1.

Ecnu a; = P, aaroputM OKOHUEH yAadHO.

VBeauuuts i Ha 1.

Ecam i <n, 1o nepeiiTy k 1ary 2. B npoTuBHOM ciydae aji-
TOPHTM OKOHYEH HeyOAdHO. A

C10XKHOCTH AJITOPUTMOB IOHCKA €CTECTBEHHO OIEHHWBATH
10 YMCJIY CPAaBHEHHUH 3JIeMEHTOB MacCHBa € KHCKOMBIM
syeMeHTOM. B xyameM ciayuae (McKoMbIi asemenT P cro-
HT HA MOCcJeLHeM MECTe WX OTCYTCTBYET) CJIOXKHOCTD ajl-
roputMa OymeT paBHa n.

Yenoxuum sagauy. Ilyers mam Tpebyercsa HalTH MUHU-
MaJIbHBIA 3JIeMeHT B HeyIopagodeHHoOM MmaccuBe. OxasbIBa-
€TCH, YTO 3TOT aJTOPUTM TaKiKe uMeeT JUHEUHYIO CIOK-
HOCTb, ¥ JJId IIOMCKA MUHUM&JIBHOIO (MaKCHMaJIbHOIO) 3JIe-
MeHTa B HeylOpPAJO4YeHHOM MaccuBe noTpebyerca n — 1
cpasHeHu#. IlpuBeseM 3TOT aJropUTM B TEKCTOBOH (popMe
U B Buze OJIOK-CXEMBEl.
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AJII‘OpHTM IIOHCKa MHHHMAJbLHOTO
9JIeMeHTa B HeYIIOPAZXOYSeHHOM
Maccuse

1.
2.
3.

. ¥YBesinyuThL I Ha 1.

min = a,.

Veranosuts @ = 1.

Ecam i < n, To nmepeittu K mary 4,
MHaye AITODUTM OKOHYEH (MUHU-
MAJILHBIH 3JIEMeHT paBeH min).

Ecam a; < min, TO IpUCBOUTH

min 3Ha4YeHUeE q;.

IlepeitiTu K mary 3. JAN

Eme Gosee ycnomuum sagauy. IlycTs HaMm TpebyeTcsa
Ha#fiTy B HEYIOPSAJOYEHHOM MACCHBe MaKCHUMAaJBHBIY U MU-
HIMAaJBHBIM 3JIeMeHTHl OZHOBPeMeHHO. MOMKHO CKODpeKTH-
POBATEL BHILICIPHUBEJCHHEIM aNTOpHUTM CleAyiomiuMm obpa-
30M:

1. min = a,, max = a,.

2. YcranoBuTth i = 1.

3. Ecim i < n, To nepeiiTi K mary 4, pHa4e aJropuTM OKOH-
yeH (MaKCUMAJIBHBIN M MHHUMAJbLHBIN 2JIeMEeHTHI DABHBI
COOTBETCTBEHHO min m max).

4. VBenuunthb i Ha 1.

5. Ecin a; < min, To min OpuUCBOMTL 3HadYeHUe 4.

6. Ecnu a; > max, TO max OPUCBOUTH 3HAYEHUE 4.

7. IlepetiT K mary 3.

CroxHOCTE 3TOrO aixropurMa papHa 2(n —1). 3agaguMca
BOIIPOCOM, MOJKHO JIX HAIICATEH AJITOPUTM C MeHbIIEH CII0XK-
HocTpiOo. OKasbipaeTca, MOKHO HANMCATEH AJITOPHUTM, CIOXK-

n
HOCTB KOTOoporo 6ygeTr paBHa 3 - {E .

AddeKTHBHBIIA AITOPHUTM IIOHCKA B HEYIIOPATOUCHHOM
MACCHBE MAaKCHMAaJpHOT0 ¥ MHHMMAJILHOrO 3JI1eMeHTOB
OTHOBPEMEeHHO

1.
2.

n
PasbuTh MaccuB Ha Hapbl (IOJTYINM [—jl nap, IpH HeYeTHOM
n — ILIIOC ellle ONWH SJIeMEHT).

VuopAZoUYUTS 10 BO3PACTAHUIO KaKAYIO Napy (IPH BBIIIOJ-

n .
HEeHHH 9TOro Iara OyJeT BBIIIOJIHEHO [EJ cpaeHeHuit). Torga
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B MaCCHBe Ha BCexX HeUeTHBIX MecCTax 6}7116'1‘ CTOATHP MUHMU-
MaJbHOE IJA TJaHHOU mapel YHUCJIO, & Ha BCeX YeTHBRIX MecC-
TaX — MaKCHIMaJgbHOE.

w

HaiiTn MMHEMaJIbHOE YHCJIO, OCYINECTBJAS MOUCK TONBLKO
Cpefy B3JIEMEHTOB, CTOAIIMX Ha HEYeTHHIX MecTaxX. lIpu
9TOM, €CJIM Y Hac eCTh HeIOoJHAad [apa, TO B KadecTBe Ha-
YaNbHOTO BHAYEHHUs IepeMeHHOH min B3AThH 3HaYEHHe dJie-
MeHTa HeIIoJHOHN mapsl (IpH BBIIOJHEHHUHU 3TOTo Iara 6ymeT

n .
BBIIIOJIHEHO {E} CpaBHBHI/IK).

4. HaifizeM MaxcuMaJIbHOE YHCJIO, OCYIIECTBIIAA MOHNCK TOJIBKO
cpely 5JIEMEHTOB, CTOAIIMX Ha UeTHBIX MecTax. Ilpm aToMm
ecay y Hac eCTh HeHIOJIHAfA Iiapa, TO B KadecTse HAYAJIBHOTO
3HaYeHUsA IIepeMeHHOU max B3ATh 3HaUeHHe sJieMeHTa He-
monHOH mapbl (TP¥ BBINOJHEHHHM OSTOro Iara OyHEer

n .
BBITIOJIHEHO [EZ} CpaBHEHWUI). A

. n
Bcero cpaBHeHu#l B AaHHOM ajiTOpuTMe 3 - {5}

4.6.2. AnroputMm GMHaAPHOIro NONCKa B YNOPAAO0YEHHOM
maccuse

IIycTe HaM TpebGyerca HAWTHU d7eMeHT B BOMBIIOM YIOpPALO-
YeHHOM MaccuBe HHGpOpMAIMM, KOTOPasl PacIIoJo)KeHa B
OIlepaTHBHOI NaMATU KoMnbioTepa. [lnd pemesus sToi 3a-
Jaun paspaboTaHbl 3ddeKTHBHBIE aNTOPUTMbI, HamboIee
- pacIIpoCTpaHeHHBIM U3 HUX ABJAETCA aA2opummMm OUHAPHO20
(dsouuno20) noucka, ero WHOTZA HA3BIBAIOT J0zapumuie-
CKUM NOUCKOM, Unu Memaodom dererHus nonoaam (duxomo-
mueil).

OcHoBHas uies GMHADHOTO IIOMCKA JOBOJLHO IIPOCTA, Je-
TaJW K€ HeTPUBUAJLHLI, ¥ NPABUILHO pafoTalomuil anro-
PHUTM yIaeTcd HaIlMCaTh ZaleKo He ¢ IepBoro pasa. OgHa us
HauboJiee TONYAAPHBIX pealusalUi 9TOro ajJropuTMa HC-
NOaL3YeT ABA YKasatend ([ ¥ u), COOTBETCTBYIONMINE HUKHeH
U BepxXHe# rpaHuiam noucka. C IOMOIIBIO 3TOro aaropuTMa
HUIIeTCs 9JIeMeHT k£ B YIOPAZOYeHHOM II0 BO3PACTAHMIO Mac-
CHBe @, COAEeDKAIEeM N 3JIEMEeHTOB.
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AJII‘OpHTM 6nnapnoro MONCKAa B YIIOPAJOYEHHOM MacCHBe

1.
2.

3.

4.
5,

HauanpHas ycranoBra: [ =1, u =n.

Ecam u < I, To anroputM OKOHUEH HeyXadHO. B MpoTHUBHOM
ciydae HailTu cepefuHy umHTepBana [[; u]. B aTor MoMeHT
MBI 3HaeM, 4YTO ecji k eCThb B MACCHBe, TO BHIIIOJIHAITCA He-
paBeHcTBa q; < k < a,. YcraHoBuTh i = [(I + u)/2]. Teneps i
YKasbsIBaeT NMIPHMEPHO B CepeIHMHY pacCMaTpHUBaeMOM dacTH
MaccuBa.

Ecnu k < a;, TO nepeiitu K mary 4, ecnau k > a;, To IepedTH
K mary 5, eciu kB = q;, aITOPUTM OKOHYEH yIadHO.
YcramoBuThk u = i —1 u nepeiitu K mary 2.

Yeranosuth [ =i + 1 u mepeiitu K wary 2. FAN

IIIar 3 anropurMa 6MHAPHOI'O IIOHCKA BBIIONHSIETCA IIO-
panka log,n pas, T. e. HaHHBIA AJTOPUTM KMeeT Jora-
PUGMHYECKYIO CIOMKHOCTE IO YHCJIY CpPaBHEHHII.

Bonpocbl n 3agaHuns

1.

2.

IIpuBeguTe IpHMepEI 38724, B KOTOPEIX HEOOXOAMMO BBIIIOJI-
HATH NOUCK NMHGoOpManuy B 6osbnIoMm obbeMe AaHHEIX.

IIpm peanusanumy MoucKa B HEYIIOPAZOYeHHOM MacCHBe IpPH-
MEHSIOT CJIeAYIONINi IpueM. MacCHB YBeITMYUBAIOT Ha OAUH
SJIEMEHT, [IPHCBAXBAs YTOMY dJIEMEHTY 3HaUeHNe HMCKOMOTO
asnemeHTa. KaKoil BBINTDHIMI IPY 5TOM MEI MOKeM IMOJAYIUTE?
Hna noucka sjieMeHTa B YIIOPALOYEeHHOM MacCHUBe OBLT IpuMe-
HeH aJI'OpUTM OWMHapHOrO IIONCKa. B XyAIIeM ciydae ajro-
puTM 5 pas BHINOJHSI mar 3 (OCyIIecTBIA] cpaBHeHuA). Ka-
KOe MaKCHUMaJIbHOE KOJIHMIEeCTBO 3JIEMEHTOB MOMKeT COLEPIKAaTh
TaKoH maccus?

IIpoueaypa JBOMYHOIO IIOMCKA HAIIIA HCKOMBIA 3JIEMEHT B
YIIOPAXOYEHHOM MACCHBE 3a ABe UTepanuy (I1ar 3 BLIIOIHAICH
2 paza). CKOJIBKO BCETO 3JIEMEHTOB MOJKET COIep KaTh MacCHB,
ecJIM HalIeHHBIN 3JIeMeHT CTOKMT B MaccHBe Ha 23-M mecte?

§ 4.7. AHann3 anropuTMoOB COPTUPOBKH

CopTupoBKa — OLMH U3 Haubosee pacIpoCTpaHeHHBIX IIPO-
IleccoB coBpeMeHHOH ofpaborku panHbIX. Copmuposkoil Ha-
3bIBaETCA paclpefelieHHe 3JIeMeHTOB MHOJYKECTBA IO T'PYI-
IIaM B COOTBETCTBHH C OIIpeJeleHHBIMU OpaBuiaaMu. Hampu-
Mep, COPTHPOBKA JJeMEHTOB MacCHBa, B pesyjbrare
KOTOpPOH IIoJIyuaeTcs MacCHUB, KajsKABIM 3JIeMeHT KOTOporo,
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Ha4YMHAasA CO BTOPOro, He 6GoJibllle CTOAIIErO OT HETO CJIEBA,
Ha3bIBAETCH COPMUPOBKOI MO HeGo3PACMAHUK.

B pgamnoit rnase Mpl 6ygeM paccMaTPHBATDL TOJBKO TaK Ha-
3BIBAEMBIE GHYMPEeHHUEe COPTUPOBKM. AJTOPHUTME BHYTDEH-
Hell COPTHUPOBKH NPHUMEHAIOTCHA [Jd IePeyIopAROUYMBAHUSA
JaHHBIX, KOTODHIE IIOJHOCTBIO paclojaraloTca B ONEpaTHB-
HOU (BHyTpeHHel) mamsaTH. B sToM Ciaydyae MBI HMeeM TaK
HaBBIBAaeMHIH npamMoil (HPOM3BOJIBHEIR) Jocmyn K aleMeHTaM
MaccuBa. B oriiudue oT BHYTpeHHe# COPTHPOBKH, CYIUECTBY-
€T BHELIHAA COPTUPOBKA, &JITOPUTMEI TaK0H COPTHUPOBKH HC-
MOJIL3YIOT IIAMATH HA BHEIIHNUX HOCHUTeNAX (HalpuMep, cOp-
THPOBKA AAHHBIX € IOCJIEeNOBATENILHBIM MAOCTYIIOM, XpaHd-
muXcA B (palinax Ha JKECTKOM AICKE).

CrocoGoB COPTHPOBKHU O4YeHb MHOTO, HX MOXKHO pasOHTb
Ha rPYINbl B 3aBUCKHMOCTH OT HEH, JIeXKallleil B UX OCHOBE.

PaccmoTpuM KM mpoaHANIHU3UPYeM HECKOJNBKO alTOPHUTMOB
COPTHPOBKHM [JIs DellleHuA cilenyiomed sazadu. Jad omgHo-
MepHBIH MaccHB IeJnlXx uuces. Tpebyerca oTcopTHpOBaTh
€ro Tak, 4ToOBl Bce 2J1eMeHTHI ObLIYM PaciooKeHbl B MOPAL-
Ke HeybmiBanus: af[i] < a[i +1],i=1, 2, ..., n— 1.

4.7.1. O6MeHHasa COPTUPOBKA METOLOM «My3bipbKa»

PaccmarTpusaeMuIi HHXKE AJTOPUTM OTHOCUTCH K OOMEHHBIM
coprupoBkaM. CBoe HasBaHHE «COPTHPOBKa METOAOM «IIy-
3LIPBKA» OH HOJYYMJ HA OCHOBE CJIeLYIOIel AcCOoIUAaIyy:
ecan MBI OyAeM COPTHPOBATH 3THM aJICOPUTMOM MAacCHB II0
yOLIBAaHWIO, TO MUHWMAJBHBIA 3JIeMEHT «BCIJBIBAET», a
«TsMKeJible» 3JIeMeHTH! OIIYCKAIOTCs Ha OJHY IO3UIHIO K Ha-
Yajly MaccuBa HPH KayK[IOM Illare aJilTOpPUTMA.

Anropurm 06MeHHOI COPTHPOBKH METOAOM «IIy3BIPBKa»

AJITOPHTM HAYMHAETCA €O CpaBHeHHH 1-TO ¥ 2-ro 3J1eMeHTOB
MaccuBa. Ecin 37eMeHThI PACIIONOKeHE! He 110 IOPAAKY, TO
OHM MEHAIOTCA MeCTaMH. ITOT MpoLeCC HOBTOPAETCA CO 2-M
¥ 3-M, 3-M ¥ 4-M 1 T. 4. 3JIeMeHTaM#, IoKka napa ((n—1)-it u
n-it anemenT) He 6yxeT oGpaborana. 3a OSWH IIPOCMOTP Mac-
cuBa caMbIil OOJBINOH 3JeMeHT BcTaHeT Ha crapilee (n-e)
MecTto. [anee aaropuT™m momropsiercs, IpUYeM Ha p-M HPO-
CMOTpe YK€ TOJILKO IIepBhie (11 — p) 5JIEMEeHTOB CPABHUBAIOT-
CA CO CBOMMHK MpABEIMM cocefsamu. ECIH NIPH odepeqHOM
IpPOCMOTpEe NepPecTaHOBOK He OBLIO MM P = N, TO &JITOPUTM
OKOHYEeH. A
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Oasa Toro 4ToOBI OMEHUTH CJIOMKHOCTE STOI'0 AJIrOpHTMA,
MBI JOJDKHEL IIOACYHTATE KOJIUYECTBO JeficTBUM, BHIIIOIHAE-
MEBIX IIPH COPTHPOBKE MAacCHBa pasMepHOCTBIO n. Llpm fo-
CTaTOYHO GOJIBIIOM N MBI MOJKeM IIpeHeOpedusr BceMU AeHCT-
BUAMH, KpoMe AeHCTBUII CPaBHEHUS 3JIEMEHTOB MemXAy COo-
6ol 1 ImepecTaHOBKH [IBYX 2JIeMEHTOB MacCHBA.

Horopopumca o0paboTKy 3JIEMEHTOB HEYIOPAZOUEHHOM
YacTH MacCHBa BO BpeMsdA OZHOI'O IIDOCMOTDA Ha3BIBATDL UMe-
payueil anropuTMa.

ITogcunTaemM KOJMYeCcTBO omepamuil cpaBHEeHUHN M IIPHU-
cBamBaHUY (OZHA IePecTAHOBKA Pean3yeTcs TpeMs olepa-
IUAMY IPUCBAMBAHUA) AJIsA CIydas, KOTZa Ha BXOX aJro-
PUTMa IOZAETCS Y>Ke OTCOPTHPOBAHHBIN MACCHUB.

IIpumep 11. Jau maccus {1 2 3 4 5}. K Hemy mpuMeHeH aJjiro-
PUTM COPTHPOBKHY «Iy3bIpbkoM». CpesaHo 4 cpaBHeHHA,
0 mepectanoBok. ITocne mepBoro e NIPocMOTPa MaccuBa ai-
TOPUTM 3aKOHYUJ CBOIO paboTy. O

O4ueBUHO, UTO MAKCHMAJIbHOE KOJUUECTBO CPABHEHUH U
IEPEeCTAaHOBOK OYZeT BBINIOJIHEHO B cjydae, KOIZa Ha BXOJ
aJropuTMa nojaeTcAa OOPATHO YHIOPANOYEHHEBIN MAacCCHB.

IIpumep 12. Tau maccus {5 4 3 2 1}.

1-s wrepamusa: {4 3 2 1 5} (4 cpapHeHus, 4 MepecTAHOBKH).
2-a utepamusi: {3 2 1 4 5} (3 cpaBHeHHUA, 3 IEPECTAHOBKH).
3-a urepanus: {2 1 3 4 5} (2 cpaBHeHusA, 2 mePECTAHOBKH).
4-g nrepamusa: {1 2 3 4 5} (1 cpaBHeHme, 1 mepecTaHOBKA).
Anroputm paboTy 3akoH4UMI. Brijio caenago 4+ 3+ 2+ 1=
= 10 cpasHeHui#l 1 10 nepecTaHOBOK. U

B oburem ciaydae ama oOMeHHOH COPTHPOBKH METOLOM
«IIy3BIPbKAa» BEPHBI CJeNYIOHe OLeHKH:

KoamyecTso cpaBHeHUH KoandecTso npyucsanBanui
MHHUMAJIbHOE | MaKCHMAaJIbHOE | MEHUMAJIBHOE MAKCHMAaJIbHOE
n-1 n—1+n—-2+np-3+ 0 3(n—-1+n-2+n-3+
+...+1=n(n-1)/2 +...+1) = 3n(n-1)/2

' Anropurm COPTHPOBKH «IY3BIPEKOM»> MMEeT KBaJpaTH-
HYI0 CJOXHOCTE O(nc).

CopTUPOBKA METONOM «IIY3LIPhKAa» JIETKO 3aIllOMUHAETCA.
Ho sToT MeTOA COPTHMPOBKM Ha IIPAKTHKE B TOM BHAE, KaK
651710 pACCKA3aHO, He HCIOAB3YeTCA. ITOMY €CTh HECKOIBKO
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OPUYMH, B YaCTHOCTHM MHOIO Pa3 IPHXOAUTCA IIPOCMATPHU-
BaTh MaccuB, W, KaK CJleICTBHe, IPOrpaMMa paboTaeT LOJ-
ro. Ha ocHOBe amropurMa COPTHPOBKM METOAOM <«IIY3BIPH-
Ka» MOXXHO IIOCTPOMTH MHOI'0 VIVYIIEHHBIX MOAU(PUKAIIH,
HaIIpUMeD, ecJIM Ha Kakoi-Iubo uTepanuu mnepsble k Iap He
y4YacTBOBAJIHM B o0MeHe, TO Ha CJeLYIOIIelN HTepaliliyl IIPO-
CMOTP MOXXHO Haumuath ¢ (k + 2)-ro sjmementa.

4.7.2. CopTupoBka Bbibopom

JlaHHas cOPTUPOBKA TaK)Ke OTHOCHUTCH K oOMeHHBIM. IIpwBe-
JleM CHa4aja ajJTroPHTM 3TOM COPTHPOBKU B TEKCTOBOH hopMe.

HaxoauTca HamGoJBIINH 3JIEMEHT B MaCCHBe M3 n 3je-
MenToB. 1lycTs ero mecto umeer HoMep max. OH MeHsAeTCS
MeCcTaMH ¢ 2JIEMEHTOM, CTOSAIIMM Ha n-M MecTe, IIPHU YCJIO-
BHHU, UTO 7 * max. V3 OCTaBHIUXCA HEYIOPAJZOUEeHHBIMH
{(n — 1) nepBLIX 2/IeMEHTOB CHOBA BhIAeJseTcA HANOONLIINH
U MeHSeTCHa MecTaMH C 3JIeMeHTOM, CTOAIUM Ha (n — 1)-Mm
MecTe U T. A. AJTOPUTM 3aKaH4UNBaeT CBOWO paboTy, Korja
3JIeMeHTHI, cToAlue Ha 1-M u 2-M MecTax B MaccHuBe, OyOyT
YIOpALOYEHEI (4JId 3TOTO MOHaZobuTca n — 1 urepanusa ail-
ropuTMa). AHAJOrMYHO HAHHBIM AJITOPHUTM MOXKHO IIpHUMe-
HATb ¥ K HauMeHLIINM 3JIeMeHTaM.

3anunieM 3TOT ajJIropuTM 0ojee IOAPOOHO ¢ PasOHMBKON
no maram. IIpu onmcarum 6yAeM HCIOJIb30BATE CJAEAYIOIINE
obozHaueHUA:

e a[l.n] — ucxomHbI# Maccus;
e r — KOJMYECTBO 3JIEMEHTOB B HEYIODAJOYEHHOHM HacTu
MaccuBa.

AJropuT™M COPTHPOBKHM BHIGOPOM

1.

2.

3.
4.

HTonoxure r = n.

HatiTu Haumbonpinii aeMeHT B Maccuse a[l..r]. Ero mecro
0003HAUNM Wepes max.

Ecnu max = r u a[max] # a[r], To IOMeHAT, MeCTAMH dJIe-
MeHTHl a[max] u a[r].

IlepegBHHYTL rpaHunbl YIOPALOUEHHON M HEYIOPAMOUYEH-
HOU dJacTed Maccusa: r = r — 1. IlepBrie r snemeHToB O6YAYT
06pasoBBIBATL HEYMOPAZOUEHHYIO uacTh MaccuBa. Ilocmen-
HYEe N — I 3JeMeHTOB — VIODPAJOUEHHYIO II0 BO3PACTAHUIO
JacTh MaccHBa.

.Ecmm r = 1, To ajropmuTMm OKOHYEH, HHade NepelTH

K miary 2. A
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1A OUeHKH CJIOKHOCTH AJTOPMTMAa COPTHPOBKK BEIGO-
poM, KakK M JJjis aJIrOPDUTMA COPTHUPOBKHM <«IIY3BIPBKOM»,
TOJCINTAEM KOJHUUIECTBO ollepalluil cpaBHeHUsl M IlepecTa-
HOBOK. '

IIpumep 13. BHauane paccMoTpuM caydail, KOTha Ha BXOX aJro-
pUTMA IofaeTcs yiKe OTCOPTUPOBAaHHEIM Maccus {1 2 3 4 5}.
1.4 urepanua: 4 cpaBHeHus, 0 mepecTaHOBOK.
2-a urepanuda: 3 cpaBHeHus, 0 IlepecTAHOBOK.
3-a urepanuda: 2 cpaBHeHusa, 0 IepecTaHOBOK.
4. urepanud: 1 cpaBHeHue, 0 nepecTaHOBOK.
AJTOpPHTM OKOH4YeH. Buino caenano 4 + 3 + 2 + 1 = 10 cpas-
Heuuil 1 0 mepecTaHOBOK. 1

. IIpnumep 14. PaccmoTpum cay4aif, Korja Ha BXOJ aJIIOPHTMA II0-
nmaercs obpaTHO yrmopAamodeHHHBIN MaccuB {5 4 3 2 1}.
Ilocme 1-it mrepanuu monyyum: {1 4 3 2 5} (4 cpaBHeHuUs,
1 mepecTaHOBKA).

Ilocne 2-%t mrepanuu nonyuum: {1 2 3 4 5} (3 cpaBHeHHA,
1 mepecTaHoOBKa).

Ilocne 3-71 ureparuu moayumm: {1 2 3 4 5} (2 cpasHexns,
0 mepecTaHOBOK).

Ilocne 4-it mrepauuu noaygum: {1 2 3 4 5} (1 cpaBHeHue,
0 mepecTaHOBOK).

AjropuT™m oxoHueH. Brino cgesano 4 + 3 + 2 + 1 = 10 cpas-
HeHHUH K 2 IepecTaHOBKH. O

MaxcuMaNsHOe KOJMMYIECTRBO IIePecTaAHOBOK Ha HEKOTOPOM
MaccuBe JauHBL N 6ymer pasHOo N — 1, IpH 3TOM YHCIO
cpaBHeHHU# Bcerga OymeT OZHMM M TeM e.

IIpumep 15. Ilycre gan maccus {3 4 5 1 2}.
Ilocne 1-# mrepanum monyumm {3 4 2 1 5} (4 cpaBHeHUsd,
1 mepecraHOBKa).
Ilocne 2-#1 mrepammu momyuuMm {3 1 2 4 5} (3 cpasHeHus,
1 mepecraHOBKaA).
Ilocne 3-#1 wreparmum monyuuMm {2 1 8 4 5} (2 cpasueHns,
1 nepecTtanoBKa).
ITocne 4-i1 mrepanun nmoayuum {1 2 3 4 5} (1 cpasueHmue,
1 mepecTaHOBKA).
AsroputMm okondeH. Briso cxenaro 4 + 3 + 2 + 1 = 10 cpas-
HeHH# 1 4 epecTAHOBKH. |

B obmiem caydae n1s o6MeHHOH COPTHPOBKM MeTOJ BBIOO-
pa BepHHBI CIAEAYIOIINE OLECHKW:
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Konngecrso cpasnennit Koauuecrso npuceausanuii
B atoboM ciyiae MUHAMAJbHOE | MRKCHMAJIBHOE
n-1+n-2+n-3+..+1=n(n-1)/2 0 3(n-1)

AJITODUTM COPTHPOBKX BBIGOPOM HMMeeT KBaJpaTUIHYIO
CJIOYKHOCTDH O(nz) OTHOCHTEJIBHO Ollepaluii cpasHeHUA U
JIMHEWHYIO CJI0KHOCTE O(71) OTHOCHTENLHO OIlepanuii me-
PeCTaHOBKH.

ITonyuue omeHKY CIOXXKHOCTH, MBI MOXKeM CHeJaTh BEI-
BOL, 4YTO [NAaHHBIK AJTOPHTM IieJiecoobpa3sHO NPHMEHATD,
eciIi onepanusa obMeHa HAJ 9JleMEeHTAMM MAacCHBa TPYHEOEM-
Ka, HAIIpEMeEpP ec/IH 3JIeMEeHTOM MAaCCHBa ABJIAETCS 3aIlUCh C
OOJBINMM YHCJIOM IMOJei.

4.7.3. CopTuposka BCTaBKamMm

CopTupoBKa BHIGOPOM M COPTHPOBKA «IIY3BIPBKOM» OTHO-
cATCA K OOMEHHBIM COPTHDOBKAM C Y6bi6aiowum ULGZOM.
[eiicTBUTENILHO, IOCHE BHIMOMHEHUA KarKJ0H WTepanuyl aj-
TOPHUTMa KOJMYECTBO 3JIeMEeHTOB B HEOTCODTUPOBAHHON dac-
TH YMeHbIIaeTcs Ha eguHHLY. COPTHPOBKA BCTABKAME IO-
CTpoeHa Ha MHOM IIPHHIHUIE.

AJTOpUTM COPTHPOBKM BCTaBKAMM

Brauase yoopsagounBaioTCcs ABa IEPBBIX 2JeMeHTa MacCcHBa.
OHH 00pasyoT HadYaJbHOE YIOPSLOYEHHOE MHOXKECTBO S.
Ilanee Ha KaxgoM miare OepeTrcs CIeyIOUIUil 10 IOPALKY
5JeMeHT ¥ BCTABJAETCA B Y)Ke YIOPAJ0YeHHOe MHOXKeCTBO
S Tax, 4TOORI CjleBa OT HErO BCe 3J1eMeHTH! Obliin He Goiabine,
a cmpaBa — He MeHbme oOpabarbiBaemoro. MecTo s
BCTaBKM TEKVIIero sjieMeHTa B YyHOPAZOUYeHHOE MHOXKECTBO
S umercd MeTOAOM JeJjIeHHS IIomojaM. AJITOPUTM COPTH-
POBKH 3aKaHYMBaeT CBOIO pabory, KOrha 3JIeMeHT, IlePBOHAa-
YaJILHO CTOANIWI HA n-M MecTe, 6yIeT BCTaBJIeH Ha COOTBET-
cTByomiee eMy MecTo. (UMeHHO TakuM 00pasoM UIDOKU
00BIYHO YIOPALOUNBAIOT CBOM KAaDTHI.) A

Onsa anropurtMa COPTUPOBKH BCTABKAMMU BEDHBI CJIELVIO-
IIye OLEHKH:
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Konnuectso cpaBHeHHH KouaudecTBo IpUcBauBaHUi
(npu peanusanuu GuHAPHOTO
IIOUCKA)
B JiroboM cayzae MUHH- MaKCHMAalbHOe
1+ 2+ [logy3] + 1 + [log, 4]+ | ManbHOE
+1+...+ [logs(n—1)]+ 1= 0 3+4+5+...+n+1=
~n—1+logy(n—1)! = nlog,n =(n+4)n-1)/2

|

AJITOpPUTM COPTHPOBKY BCTaBKaMU HMMeeT KBaAPATUUHYIO
CJIOKHOCTE O(n”) mo uMeay IPHCBAMBAHUN U CJIOKHOCTD
O(nlog,n) mo umcny cpaBHEHHH.

Bce paccMoTpeHHBIE BEIIIE alNTOPUTMBL COPTUPOBKM HMe-
10T KBaAPaTUIHYIO CIOKHOCTD, IO KpaiiHeil Mepe IO OJHOMY
¥3 IIapaMeTpOB.

Bompoc: Moxcno au u do kaxozo npedena yayiwamo aizopumm

pewenus 3a0aiu copmuposku?

Omeem. Bonee s¢pdekTUBHBIE AJITOPUTMEL COPTUPOBKH CYIIECT-

ByrooT. CIoKHOCTH IONOGHLIX YHUBEDPCAJIBHBIX AJl'GPUTMOB
cocTapaaer O(nlog,n) mo Kax oMy U3 mapaMeTpOB. O

1A penteEusa ofHOI U TOH ke 3aJauy BO3MOMKHBI caMble
pasHBble NMOAXOABI, aHATIU3 AJITOPUTMOB COPTHPOBKYU BCKPHI-
BaeT CYIIHOCTD IOHATHUSA CIOKHOCTH aJTOPUTMOB, 4 CpaBHe-
HUe pasHBIX aJITOPUTMOB COPTHPOBKHU AaeT GoraTwlil MarTe-
praj [ias TOHCKa NyTeHdl CcOBEPIIEHCTBOBAHWA peLIeHUH
aroii 3agaum. IlouTu Bce aaropUTMBI COPTHPOBKH MPENCTAB-
JIAIOT HeCOMHEHHBIN IIpaKTH4YeCcKU¥ mHTepec. [aske, Kasa-
JIoCE OB, He CIUIIKOM 3(h(eKTHBHLIE IIPAMBIE METOLEI, H Te
B paAfe CAydaeB MOTYT OBITHL C YCIEXOM NpHMeHeHBI. 1lpu
9TOM, K COXKaJeHHI (MJIM K CYacThiol), peKoMeHJauuyd Ha
Bce cJOyYUaM KMU3HU JaTh Henb3d. UToOLI BeIOpaTh CaMBbIi
NOAXOAANINI [JIA peliaeMod 3aJadyd ajropuTM, HeoOXOoOu-
Mbl 3HAHUs, MHTYHMIIUA, TBOPYECTBO W OIILIT.

4.7.4. CopTMpoBKa CIIMSHNEM

PaccmoTpeHHEBIE alropuUTMBI COPTHPOBOK BCTaBKaMH, BBIOO-
POM, «Iy3BIDBKOM» SBJAIOTCA MPUMePaAMHU AJITOPUTMA, Lell-
CTBYIOLIEro II0 IIaram: B OTCOPTHPOBAHHVIO 4ACTh A06aBIA-
IOTCH HOBBIE 3JIEMEHTHI OOWH 3a OPYIHM.

PaccMoTpuM anropHTM, OCHOBAHHBIN Ha OpPyroM IIOLXO-
Je. OH OoCHOBaH Ha HCIOJB30BAHUM MeETOHA «pa3fendad Hu
BJIACTBYl».
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MHorue ajJropuTMEI II0 CBOEM IPHUPOJAE PEKYDPCUBHEL: pe-
asg HEeKOTOPYIO 3aJlauy, OHHM BBISHIBAIOT camMux ceba nns
pemleHus ee nopsamad. Mpaeda mMeroma «pas3fendAl M BiacT-
BY#» COCTOUT Kak pas B 3ToM. CHauaJjia 3afada pasbuBaercs
Ha HECKOJIBKO IIofi3ajgad MEHBIIero pasMepa. 3aTeM 5TH 3a-
Jayy pelIaloTcA ¢ IOMOIILIO PeKypCHUBHOI'O BrI3oBa. Hako-
Hell, UX pellleHus KOMOMHUDPYIOTCA M HMONyUYaeTcs DellleHue
HCXOAHOM 3amayi.

[ 3aady COPTHPOBKH 3TH TPH STAlla BRITIALAT CIEAY-
omuM obpasoM.

1. Cravyana MBI pa3buBaeM MacCUB Ha ABe IOJOBHUHBI.

2. 3aTeM cOpTHPYEM KaKIYI0 U3 IIOJIOBHH OTHEJLHO.

3. Ilocoe 3TOro coefuHAEM IBa YIOPAAOUYEHHBIX MaCCHBA

HOJIOBUHHOT'O pasMepa B OJMH.

PexypcupHoe pasbueHMe 3afaudl Ha MeHBbIINe IIOA3aLadM
IIPOUCXOOUT N0 TeX IIOP, IIOKa pasMep MaccHBa He JOHAET X0
eIVHUIIEL: JII000# MacCuB OJIUHEI 1 MOXKHO CUMTaTh YIIOPAIO-
YEeHHEIM.

IIpoiiecc COpTHPOBKK CIUSHMEM I[IOKAasaH Ha PHCYHKe.

OTcopTHpOBaHHBIY MaccuB

|122345661

Cansune

\ Crnusiane

Cnuanue Cnuauue

Hcexoauslil MaccuB

Bompoc. Kakx ouyenumb 6pems paGomvt peKYPCUBHO20 QJIZO-
pumma?

Omeem. Bpemsi paboThl aaropUTMa CKJIaJbIBAeTCH U3 BpeMeHH,
3aTPauMBaeMOI'0 Ha PEKYPCHUBHEBIE BHEI30BBI, KOTOPOE MOYKHO
BHIPA3UTh Uepe3 HeKoe PpeKYpPpeHTHoe cooTHoineHue. Hanee
clegyeT OLIEHUTH BpeMs PaboThl, MCXOAA U3 IIOJYYEHHOrO
COOTHOLIEHHX .
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IIpeanomosxxum, 4To aJTrOPMTM KaXKABIN pa3 pasbuBaer
3aaduy pasMepa n Ha @ noAsajad, KasKAasd U3 KOTOPBIX HMe-
eT pasMepHOCTb B b pas MeHbINYI0. ByseM cuuraTts, 4TO pas-
6uenne TpebyeT BpeMeHM D(n), a coeJuHeHHe MOJYYeHHBIX
pemennit — C(n). Torpa naa BpemeHu paboThl ajropuTMa
T(n) posydaeM cleAyIOIiee PEeKYPPEHTHOE COOTHOIIEHWE
(8 xynmeMm cayuae): T(n) = aT(n/b) + D(n) + C(n). 3to co-
OTHOIIIEHYE BLIMOJHAETCA AJIA JOCTATOUHO OOIBITNX 7, KOT-
Ja 3agajdy uMeeT CMEBIC] pa3buBaTh Ha mopsagauu. g ma-
JIeHBKHX 7, KOrja Takoe pasfleHune Uy HeBOSMOXKHO, MIH
He HYKHO, IPUMMEHAETCA KakoH-HUOYAL IPAMOM MeToj DPe-
mrerusa. IIocKoNMbKY 1 OrpaHMYeHO (3a4a4a MOXKET COCTOATh
B COPTHUPOBKE O4YeHb OOJIBIION0 MAacCHBa, HO OH BCe DaBHO
KOHeueH), BpeMaA paboTHl Takike He IPeBOCXOAUT HEKOTOPOH
KOHCTAHTHI. O

IIpumep 16. IloacumTaeM CJIOXKHOCTL aJTOPUTMa COPTHUPOBKU
CAUsIHNEeM OTHOCHUTENBLHO Oollepalnii cpaBHeHWs. I[as mpo-
cToTHl OyZeM CcYHTaTh, UTO pasMep MacCHBa e€CTh CTeIreHb
aBoiikM. Torza Ha KaKJOM Ilare COPTHUPYEMbIHl MacCHB fe-
aurcsa nomnosaMm. Pasbuernwe Ha yacTu (BBIUHCIeHKE T'DaHU-
bl copTUpyeMoro maccusa) Tpebyer Bpemenu O(1). Cnus-
HHUEe ABYX OTCOPTHPOBAHHEBIX YacTell B MacCHB 00JbIeH
pasmepHocTH nn — BpemeHHu O(n). Torma MBI moydaeMm cJe-
Aylolllee PEKYPPEHTHOE COOTHOINEHWEe [JId BBIYHCICHHA
CJIOYKHOCTH AJTOPHUTMa COPTHPOBKH CIANIHHEM:

oQ), eciun =1,

T(n) =
2T(n/2) + O(n), ecmu n > 1.

Jro cooTHoweHe Biever T'(n) = O(nlog,n). Beisog aToro
paBeHcTBa npuBelfeH B KHuUTe T. Kopmena m ap. «Ajropur-
MBI: IIOCTPOEHME U AHANH3».

CiefoBaTelbHO, [Jd GOJNBIINX N COPTHPOBKA CHAHUAHUEM
a((peKkTUBHEE PACCMOTPEHHEIX 2paHee aJITOPUTMOB COPTUPOB-
KU, UMEIOIINUX cJA0XKHOCTE O(n”)

B sakgarouenme »sToro maparpada CKa)KeM HECKOJIBKO
CJIOB O IOJIb3e OBICTPHIX aJTOPHTMOB. acTo pasHHIla MeXX-
IV TJIOXWM ¥ XOPOIINM ajJITOpuUTMamu Gojee CyIecTBeHHA,
YeM pasHHIA MeXXIY OBICTPBIM M MeIJeHHLIM KOMIILIOTE-
pamu. IIpuBeseM IpuMep, aHATOTHUYHBIN OIIMCAHHOMY B TOMH
'Ke KHHre Kopwmemna.
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IIpumep 17. TpebyeTca OTCOPTHPOBATHL MACCHUB M3 MUJIJIHOHA

quces. Uro ObicTpee — COPTHPOBATE €ro IPAMEIM BEIOOPOM
Ha KoMIIbioTepe, BeImoaHsiomeMm 100 miaH omepamuil B ce-
KYHIY, WM CINSAHMEM Ha KOMIBIOTepe, BBINOJIHAOIEM
1 mnH omepanui B ceKyHAy? s cCOPTUPOBKU 71 UMCes BEI-
fopom TpeGyeTcsa TOJIBKO n°/2 omepanuil cpaBHeHUs. Aro-
PUTM COPTHPOBKH ciuaHueM TpebyeT nlog,n omepanui
CpaBHEHHUSA.

ITpu copruposke 1 MuH uKcea BBIOODOM HOJaydaeM:
1/2-(10%)? onepanuit
108 omepanuii B CEKYHIY

= 5000 cexynp ~ 83 MHHYTHIL.

IIpu copTHpOBKE 3TOr'0 K€ MACCHBa YHCEJ CIAUSHUEM IIo-
IydJaeM:

10° -log, 10® omeparuit

= 20 cexyupg = 1/3 muuyrsr.
108 onepanuil B CeKYHAY

BriBox: paspaborka addeKTHBHBIX AITOPHTMOB He MeHee
BayKHa, 4eM paspaboTka GBICTPOHN BIEKTPOHUKH.

Bonpocsl u 3aaaHun

1.

2.

3.

4.

Kaxue u3 onmcagHbIX BIIIEe 0OMEHHEBIX aJICOPUTMOB padoTa-
10T OBICTPO HA IOYTH YIOPALOYeHHOM Maccuse?

VKaKuTe, KAKOM MACCHUB HAJo IIOJATH HAa BXOJ aJTOPHUTMa
cOpTUPOBKH BeTaBKaMy (N = 5), 4TOGHI KOJIMUIECTBO BHIIIOJI-
HeHHBIX DPUCBanBaHU¥ OB1JI0 MAKCHMAIBHBIM,

Ha Bxoj anropurMa BCTABKAMU ITofaeTca MaccuB {34 5 1 2}.
Pacnumnre, Kax M3MeHAeTCA MACCHB B IIPOILECCE BBIMOJIHE-
HU S aJTOPUTMA, AHAJOIMYHO IIpuMepaMm 13-15.

Tpebyerca yHOpsAIOYUTE IO BeCy B BO3PACTAIOIeM HODAZKe
N Henpo3padHEIX 02HOK € HaeM, HMed B CBOEM Daclopsxe-
HUY TOJIBKO YamiedHble Beckl Oe3 rups. Hanumure ranbosee
o deKTUBHBIN aJTOPUTM PEIIeHUs 9TOM 3aka4u.

Teszuc Yépua ropOpUT O TOM, UTO KJIACC BEIYUCIUMBIX QYHK-
LU coBIAZAeT ¢ KJIACCOM PEeKYDPCHUBHBIX MYHKINI. 3alumy-
Te OAWMH M3 OOMeHHBIX aJTOPUTMOB COPTHPOBKH B BU/Ee De-
KYPCHBHOT'O aJropuTMa.

IIpunymatite a¢peKTUBHBIN aJITOPUTM OJHOBPEMEHHOTO II0-
HCKa JBYX CaMBbIX MAJIEHbKMX HJIM CAMBIX GOJIBIINX 3JIeMeH-
TOB B HEYHOPALOUeHHOM MacCHBe.
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3akniovyeHme

Hayunble oTKpBITUSA, HOBBEIE HAEW He BO3HHMKAIOT CAMH IIO
cefe, OHH POXKAAIOTCA B OTBET Ha CIPOC, HEYJOBJETBODEH-
Hyio noTpebnocTb. Kax TOJNBKO MaTeMaTWMKM BHICKa3anu
IpeAIONoKeHNe, YTO HeKOTOpbie 3afiadu, OBITH MOXeT, He
uMeloT pemieHuA (ITO caMo IO cebe ABJIANOCL OIpelesieH-
HBIM HAYYHBIM ZOCTHYKEHHEM), MaTeMaTUUeCcKye Nccae0Ba-
HHUA B JaHHOU 00J1acTU BBIILJIM HA HOBBLIM py0esk: a MOXKHO
JIM CTPOro JOKa3aTh, UYTO paccMaTpHBaeMas 3ajadya He uMe-
eT aJirOPUTMHUUYECKOTO pemieHMA? B gannom ciaydae moayde-
HYe OTBETa Ha 3TOT BOIIPOC OYeHb 3HAUHMMO: MOYKHO IIepe-
cTaTh TPATUTL YCHUIIUA X BPeMA Ha OTBHICKAHME Pe3yJbTaTa,
KOTOPBIY HeJb3s HalTH.

3ajava IOKasaTelbCTBA AJTOPUTMHYECKOW Hepaspeu-
MOCTH IpMBejla K IIOSBJIEHUIO APYIOH 3ajaddl — IIOCTpoOe-
HHUA (QOPMAaNbHOTO OIpelelieHHA anropurMma. MaTeMaTHKHU
OYeHb ZOJITO II0JL30BAJINCh MHTYUTHBHBIM IOHATHEM AaJiro-
puTMa, ¥ OHO MX ycTpamBaio. Ho aia cTpororo gokasaresib-
CTBa HECYIIECTBOBAHUS AJITOPHTMA HALO 3HATH, HECYIECT-
BoBaHMe 4ero Mbl fokassiBaeM. A. Teiopunrom u 9. IlocToMm
ObIyIM IIPeJIOKEeHB]I (POpMaibHLIE OIIPefesIeHUA aJITOPUTMOB
B BYJe a0CTPAKTHBIX BEIYUCIMTENLHBIX KOHCTpYKuwmit. [lo-
CTATOYHO IIpOCTHIE IIO CBOEM CYTH, 3TH MaTeMaTHudYecKue
KOHCTPYKIIMM, Ha3BaHHBEIE B JajJbHeHINeM «MaIlHHAMH»,
OKa3aJIUCh VHUBEPCATIbHBIMU BRIUYHCINTENAMY, HA KOTOPHIX
MOXKHO OBLITIO peasn30BaTh JI000# M3BECTHHIM B MaTeMAaTHKe
anropuT™M. anbHelInue ucciefoBaHUWS B 00JIaCTH TEOPHUH
ANTOPUTMOB NIPUBENYN K MOHATHIO BEIYUCANMOA QYHKUUU K
BEIYHCJIHMOCTH KaK TaKOBOMH.

Bonee Toro, HekOoTOpHle HAeH K3 AoKazanHON A. Tbio-
purroM B 1936 r. TeopeMBl O CYyII[eCTBOBAHUN YHHBEPCAID-
HOTO BBIYHCJINUTENA OBLIXM HKCIIOJb30BAHLI B JajbHeHIIeM
(8 1940-x rozax) IpH IOCTPOEHUM IIEPBOIC KOMIIBIOTEPA,
a cam A. ToropuHT OBIT OTZHUM U3 €ro PaspaboTUMKOB.

MuI IpocIeAUIH EeNOYKY 3apoKIeHNs IpobjeM U X pe-
IeHWui, KOTOpLIe JIETJIX B OCHOBY I€JI0T0 pasjiesia MaTeMaTH-
KU 0oJ HazsaHueM «Teopusa alropuTMoB», HOKA3aiw, 10 Ka-
KOMY KPHTEPHIO U3 HECKOJIBKUX aJITOPUTMOB pellleHus 3aja-
4y cJaegyeT BeIOMpATh Jydinui. OCHOBHBIC IOHATHS TEOPHH
AITOPUTMOB HOCTOMHBI BHMMAaHMA KaK MaTeMaTHKOB, TakK U
cllenMaaNCcToB B 00JacTH HHGOpMATHKHN. K TakyuM NOHATHAM
cleyeT OTHeCTH IMOHATHUA AJITODHTMAa M BBIYHCIUMON (PYHK-
UM, HDOHATHE CJOKHOCTH aJrOPUTMA U DAL APYTHX.



NnaBa 5

OcHOBBI Teopuun uHH(POPMAINHU

§ 5.1.
§ 5.2.

§ 5.3.
§ 5.4.

§ 5.5.
§5.6.

PaspuTne mMaTeMaTHKU BHOBL IOATBEpP:KIa-
eT, UTO JejieHHe HAYKH Ha TeOPEeTHYECKYIO HacTh
¥ OPUKJIAZHYIO HenpaBoMmepHo. Hayka enmua, u
MOJKHO TOBOPHTSB JIMIIL O caMO HayKe U €e BO3-
MOKHBEIX IPHICKEHHAX.

H.H. Bozoawbos, M. A. Jlaepermuoes

MoHaTue nHgpopmaumn. Konnuectso uHopmauum.
EQuHMLblI M3MepeHns MHdopMauum

®dopmyna XapTnu onpegeneHna Konunvecrsa
wHopmMaumn

NpumeHeHue dopmynbl XapTnu

3akoH aaanTUBHOCTU MH(opmauun. AndaBUTHBLIA
noaxoa K U3MepeHuo mHpopmauum

Nudopmauma v BeposTHOCTL. ®opmyna LlleHHoHa

OnTumManbHoe KogupoBaHue MH(popMaLUU u ee
CITOXHOCTL
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etopud uHGOPMAIMKM — CPAaBHHUTEILHO MOJOZOH pa3-

JesJ MaTeMaTHKH — cHopMUPOBaIack KaKk HayKa BO

BTOpOil mosioprHe XX BeKa. ToJ40OK K 3apoKAeHUIO
3TOH HAYKH JAJM IONLITKH HAXOXKAEHUA ONTHMAJbHEIX pe-
IIeHHH HpPaKTUYEeCKMX TeXHMYECKHX 3a7ad, B 00JacTH Ko-
JUpOBaHUA M Iepefauu uHpopManuu. [Imoxmepamu Teopuu
uHpopManuu mo npasy cumraioT Kioma Ilemnona (CIIIA),
A. H. Koaxmoroposa (CCCP), P. Xaprau (CIIA).

§ 5.1. Nonsatue uudpopmaunn. Konnyectso

nHbopmauun. EquHNUbI U3SMepeHus
nHopmaymmn

B pasHOM riaBe MBI BO3BpamiaeMcs K NOHATHIO MHGopMa-
IIMHM, YKe HeoJHOKPAaTHO BCTpedaBIIeMycCd pamHee.

WUndopmanusa — OfHO u3 PYyHAAMEHTAJIbHBIX TOHATHN
COBPEMEHHOM HayKH HApARY C TAKMMH IIOHATHAMY, Kak
«BeMIeCTBO» M «dHeprud». Crporoe onpegeyieHue 3TOMY TeD-
MHHY JaTbh HeBO3MOXKHO. C TOUKY 3peHus yeaoBeka MHODOD-
Manusa — 3TO céedeHus, obrajalonie TAaKUMU XapaKTepH-
CTUKaMM, KaK IIOHATHOCTbH, NOCTOBEPHOCTH, HOBHU3HA U aK-
TYaJIbHOCTEL (I€HHOCTB).

Hanpumep, TenedoHHEBIH CHPABOYHHUK OOBIYHO XpPaHUT
uHpopManuio o0 aboHeHTaX I'OPOACKOHN TenedOHHOH CeTH.
OnHaKo eciy MBI BOBBMeM TenePOHHBIN cIpaBoYHUK I'. Mo-
ckBel 3a 1965 ron, To cBefeHusA, B HeM cojep:kamiuecd, 0y-
IyT II0 KpaliHell Mepe He JOCTOBEDHEI (3a mpomeguire ¢ Mo-
MeHTa BBIIYCKAa CIIPABOYHUKA rOJbl U3MEeHHUJINCH HOMepa Te-
JjeoHOB MHOTMX abOHEHTOB, MHOTHEe yUpeXAeHUu:
OKas3aJNCh YIpPasZHeHHBIMM, MarasMHbl — 3aKPBITBIMH U
7. 1.). CiregosaTrenbHo, AaA abOHEHTa MOCKOBCKOHM FOpOJ-
ckoii Tenedoruoi cetu XXI Bexa mEDOpManmu TaKoK cipa-
BOYHHK IIOUTH HE COLEDXKUT.

B pasHBIX Haykax CYIIeCTBYIOT Das/IHYHBIe (pOopMasabHBIE
TIOXOABI K OIIpeJeseHMI0 MOHATUA HHpopMmanmu. B uedOD-
MaTHKe Hac IpeXkJe BCEero HHTEPeCYIOT ABa OIIpeleseHUsd:
chOpMUPOBABITIEECA B MaTeMaTHYeCKOl Teopuu mHGpopMaimu
¥ IOpHMeHseMoe B computer science (JaHHEYIO OTPacib HAYIHO-
T'0 3HaHUsA OOBIYHO IIEPEBOJAT HA PYCCKMIl A3BIK KaK UHQOp-
MAMUKQ, OTHAKO TIOCIeRHA ABjdeTcs 6osee INPOKNM IIOHS-
THEM, TAK KaK BKJIOYaeT B ceba ¥ KUOepHETHKY, X MOZEIUPO-
BaHMe, ¥ Ty JKe Teopuio MH(pOPMAIMH, X MHOILoe APyToe).
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Onpenenenne 1. CoracHo aMepHKaHCKOMY YY€HOMY ¥ HHKEHe-
py Knony llennony, ungopmayui — 910 CHATAA Heonpede-
JeHHOCMb.

HTenHoHn BeDBRIe BBEJI TAKYI0 TPAKTOBKY B TEOPHH CBS-
au. Ilo3gHee oHA HallJIa IPUMeHEeHNe BO BCceX 006JacTaX Hay-
K¥, Tlie UTpaeT poib nepejiadya UHHOpMALINY B CAMOM IIIMPO-
KOM CMEICJIe 3TOI'O CJIOBA, B YaCTHOCTH B MaTeMaTHUYeCKO#
TeopH¥ WHQpopMaIuK, GOJBIIVIO POJb B CTAHOBIEHNH KOTO-
PO¥ cBHITpaj M BeJIWKHHA POCCHHCKMH YUeHBIH-MaTeMaTHK
A. H. Koxmoropos.

Cornacuo IHlenHoHy, WHQGOPMATHBHOCTL COOOIIEHUA Xa-
paxTepmsyerca cofepikamielici B HeM ROJAE3HOU uH@opma-
yueii, T. e. TON 9acCTBHIO COOOIIEHMA, KOTOPass CHUMAET I10JI-
HOCTBIO MJIX YMEHbBIIAET CYIeCTBOBABIIYIO JO0 €e IIOIyIeHU
HeonpedeseHHOCMb KaKoH-Tu6O CUTyaINU.

Onpepenernne 2. Benwuvnna HeonpedenenHocmu HEKOTOPOTO CO-
OBITHS -— 5TO KOJHYECTBO BOBMOKHEIX Pe3yJbTAaTOB (HCXO-
IOB) HAHHOTO COOBITHA.

Takoil mogxoxn K ompefelIeHHI0 HH(pOPMaINM HA3BIBAIOT
codeprcamenvruim. Tak, HaIpUMep, HeollPeleIeHHOCTh IO-
rofel Ha 3aBTpa OOBIYHO 3aKJjIYaeTcd B JUAla3oHe TeMIle-
PaTypH BO3AyXa X BO3MOKHOCTH BBITALEHU 0cagKoB. I1pu-
YeM B pasHOe BPEMS roja AMANA30H BOSMOMKHBIX HCXOJOB
IaHHOTO COOBITHA pasjWueH H Kojebnercsa B paiiome 16
OKMaeMBIX pe3yJbTATOB [Js1 3HaUeHHs JHEBHON TeMmuepa-
TYPBI ¥ Tpex-deThipeX — [IJd ocafkoB (6e3 ocafkoB, KparT-
KOBpeMeHHbIe NOMKAM, JUBEHbL ¢ rpajoMm u T. I.). IlosgHee
MBI IIOKaXKeM, KaKoe KOJINYeCTBO HHGOPMAIY HECeT JOCTO-
BEPHBIH IIPOTHO3 IIOTOXEL.
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Bonpoc. 3asucum au xoauvecmeo ungopmayuy om mozo, Kmo
U Kakx Qukrcupyem HeonpedeleHHOCMb COOMEEMCMEYHULLl
cumyayuu?

Omeem. ¥V pasHbIX Ji0Jeil HeollpeJeJeHHOCTh 3HAHUA O HEKOTO-
poM IpepMeTe MOMKeT pasjuuyaThbed. Tak, HeoIpeJeseH-
HOCTEL 3HAHMA 0 morofe B MocKBe Y PANOBOTO aMepPHKaHIIA U
POCCHICKOr0 CHHOITHKA MOXKET PasjiNdaThCs KapAHHAJb-
Ho. ITosTomy conepikaTeabHBIN IMOAXON K TPaKTOBKe IOHA-
TUsA HMHPOPMAIHMK UACTO ABIAeTcA cybsexmuéHhbim. Eciu
JKe UMCJIO BO3MOJKHBIX MCXONOB COOBITHSA He B3aBHUCHUT OT
CYKIeHUN pasAWUYHBIX JdoJell, To mojydaeMasa undopMa-
IUA 0 HACTYILJIEHHHM OJHOT'O U3 BOBMOMKHBIX HCXOZOB ABJA-
ercs obsexkmuenoil. IlpuMepom Tako#l MH(POPMAIHNK ABJIA-
eTcs coobImenye o pe3yiabTare najeHusd MoL0poIIeHHOM MOo-
HeTHI MJIN UTPAJIBHOTO KyOmKa. O

Bmecre ¢ TeM, Bcaxoe coolblinenue (Jio6ble JaHHBIE) MOXK-
HO 3aKOAMPOBATH C IIOMOINBIO KOHEYHOM IIOCJIeJ0BaTEeNIb-
HOCTH CHMBOJIOB HekKoroporo aidasurta. C TOUKH 3peHHA
MHOOPMATHKH HOCHUTEIAMU HHpOpPMANUY ABIAIOTCA JTIOOBIe
TIOCJIeIOBATEIbHOCTH CHMBOJIOB, KOTOPEIE XPAHAMCA, nepe-
daromcsa U obpabambvléalomces ¢ IOMOIIBIO KOMIIBIOTepa.

Onpenenenune 3. Corinacro Koamoroposy, wxonuwecmeo ungop-
Mayuy, cogepskanieiica B IIOCJIELOBATEJIBHOCTH CHMBOJIOB,
oIpefensaeTcsi MHHMMaJIbHO BOSMOXKHBIM KOJHIECTBOM IBO-
WYHBIX 3HAKOB, HeOOXOAMMBLIX /s KOAMPOBAHUS 3TOH IO-
CJIeIOBATENILHOCTH 0e30THOCUTEIBHO K COREpP)KaHWIo IIpej-
CTaBJIEHHOI'O €10 COOOIIeHud.

HaHHBIA DOAXOX K OIpeleseHuio HHbOp-
MAalMK HAaSBIBAIOT aagasumubim. IIpu sToM
UisE KOOMpPOBaHMA Hambojiee 4acTO MCIIOJb-
3yeTcA OBOMYHBIN andaBUT, COCTOAMINN M3
HYJIA ¥ €IUHUIBI, 9TO TAK Ha3bIBAEMOEe JBO-
HYHOE KOogMpoBaHue HMHPopMamuu. CMBICI
cOOOIIeHNa TP 9TOM MOXKET OBITh YYTeH
JIMIIb Ha 3Talle BEIGOpa MCXOAHOro ayithaBu-
Ta IJIS ero 3amyicu Jubo He y4TeH BooOIIe.
B uwacTHOCTH, COOOINEHMA, 3aIMCAHHBIE Ha
€CTeCTBEHHOM A3bIKe C IIOMOIIBIO COOTBET-
cTByIomero ancdaBuTa (HampuMmep, ceiuac
BBI 4xTaeTe cooOIIeHe Ha PYCCKOM A3BIKe,
3aIMCaHHOe C IOMOIIBIO PYCCKOTO Ke auda-

A. H. Koxmoropos
(1903-1987)
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BHTA), KOZUPYIOTCA 0e3 yueTa MX CMEBICJIOBOTO COAEP KaHMU.
Tago#l MOAXOH SABJISETCA 00BEKMUBHbBLM.

Ha mepsoiit Baranan, onpegenennsd 1 u 3 Kaxyrcd cyile-
CTBEHHO PasMuUYHBIMH. TeM He MeHee HuKe OyaeT moKasa-
HO, UYTO OHM XODOIIO COTJIACYIOTCH APYT € ADPYIOM.

XoTa nHGOPMAIKIO HEIb3A CTPOT'O ONpPEeJelInTh, ee MOXK-
HO U3Meputh. BepHee, MOXKHO 3aJaThb UKWCIOM KOJHYECTBO
uadopManuy, NoZo0HO TOMY, Kak MOXKHO 38aTh UHCIIOM
paccTosiHMe, BpeMsA, MaccCy, TeMIepaTypy ¥ T. . dTo6HI
CTaHJapTU3UPOBATh M3MepeHMe KojJIndecTBa MHboOpManuu,
IOTOBOPDUJINCH 3a eIMHUIY HU3MepeHUs Opath 6um (OT aHT-
nuiickoro binary digit).

Onpenenenne 4. Ilpu andaBuTHOM mOAXode 00uH 6um — 3TO
KOJIWYeCcTBO MH(MOPMAIINK, KOTOPOe MOKHO IIepefaTh B CO-
o0IIenny, COCTOAIleM H3 OZHOI'O JBOMYHOTO 3HaKa
(0 unu 1). C TOuK¥ 3peHNd CoMep:KaTelbLHOTO IIOAX0Na ONUH
6um — 9TO KOJIMUECTBO MHPOPMALIUY, YMEHbINIAIOIIee HEOll-
pefieIeHHOCT: 3HAHMSA O IIpeAMeTe B ABa pasa.

Copmep:xaTenbHBIA IIOAXOJ OTBeYaeT Ha BOIIPOC, KakKoe
KOJIMYECTBO «HOBOH» HMH(MODMALMK MBI IOJAyYaeM U3 C000-
menusa. Tak, cooOIeHre 0 TOM, UTO NOAGPOIIeHHAs MOHeTa
ymaja «peIIKoi» BBepX, HeceT B
cebe oguH O6ut mHpopMmanuu. B ca-
MOM Jejie, HeolpelejeHHOCTEH 3Ha-
HudA O pes3yabTaTe NaJeHUA MOHETHI
3aKJaHUaliack B ABYX BO3MOKHBIX
ucxogax. IHocne Toro KaKk KOHKpeT-
HBIM MCXOJ CTajJ U3BECTeH, HeoIpe-
IeJeHHOCTh YMEHBIINJIACH B ABa pasa, UTO M COOTBETCTBYET
ogHOMy Oury uubopmauuu. Ho Beanr pesyibraT nageHUA
MOHETHI KaK pas MOMKHO 3aKOAMPOBATL OAHUM M3 IBYX CUM-
BOJIOB (HampuMmep, mcroab3ya Bee Te :xe 0 u 1). Takum o0-
pasoM, HECMOTPS Ha pasnm4due B TPAKTOBKAX, MMOHATHE OKUTa
ABJSETCA COIVIACOBAHHBIM [JIA PA3JMYHBIX IIOAXOZOB.

Ha npaxTuke damie ucronn3yercs 0oslee KpymnHaa eJUHU-
na — 6aiim, pasHaa 8 6mram. Tak, oguu OallT HGOPMaNH
MOKHO IIepefaTh C HOMOIILIO OJHOTO CHMMBONA KOZVWPOBKH
ASCII (cm. § 2.3). HcnoabayooTca TaKKe CIeLYIOLIHe IIpOo-
U3BOAHBIE eOWHUILI U3MEDPeHuA MHGMOpMALWN:

1 kminobaiir (1 K6) = 2'° Gaiir = 1024 6aitr;

1 merabaitr (1 M6) = 2°° Gaiir = 1024 K6;

1 rurabaiir (1 I'6) = 2°° Gaitr = 1024 MG;

1 tepa6aiit (1 T6) = 2*° 6aiir = 1024 T6.
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I'napa 5

st BOIpocoB XpaHeHus ¥ Nepejadu mHbopMauuy Gojee
BayKHLIM ABJISETCS He KOJIMYecTBO HHPOPMALHHK, a ee 06heM.

Onpegenenne 5. Hrugopmayuonnvim 006emom cooblieHna HA3EI-

BaeTcd KOJHMYECTBO ABOMYHLIX CHMBOJIOB, KOTODPOE HCIOJIb-
3yercda O KOAHUPOBAHUS 3TOr0 COOOIIEHMS.

B oTsMume OT OIpejeeHHs KOIUYeCm8a UHPOpMauuu
(ompegenenne 3), B KaHHOM cjy4ae He Tpebyercsa, UTOOBI
YHCJIO JBOUYHBIX CHMBOJIOB OBLIO MWHHMAJBHO BO3MOMK-
HeiM. PasMep TekcTOBEIX (haiinoB, B KOTOPBIX coo0IIeHMe Ha
anrnuiickoM sAsbIKe 3anucano B ASCII-konupoBke, xapakre-
pusyetr HMeHHO HHGODPMAUNOHHBIN 06’ beM COOTBETCTBYIOIE-
ro TeKcTa, a He KOJIHMYecTBO MHpopMamuu B HeM, Jayke B
cMbIcje aldaBUTHOTO MOAXo4a. IIpH ONTHMAaNIBEHOM KOTHPO-
BaHHU, peYb O KOTOPOM IOHAET HUIKE, MOHATUA KOJIHIEeCTBA
uHbopManuu ¥ MHGOPMAMOHHOTO 06beMa COBIAJAIOT.

Bonpochk! U 3apaHns

1.

4.

5.

Pacckaknre, Kak BBl TOHMMaeTe TepMHUH <«HHGODMAIUA».
Yro obmiero 1 KaKoBEI PA3/IMYXAA MEXKAY GBITOBOM MOHSATHEM
3TOro TePMHUHA U ero HayYHBIMHU TPaAKTOBKAMU?

IIpuBeguTe IpuMep, Korga andaBBTHBINA NOAXOA K TPAKTOB-
Ke IIOHATHA UH(POPMAaLIUY OKA3LIBAETCA CYOBEKTHBHEIM.
IIpn urpe B KOCTH HCIONB3YIOTCA OBA MIPAJNBHBIX KyOHKa,
rpaHy KOTOPHIX NOMEYeHBbI UHCJIAMH OT OZHOTO HO IIECTH.
B uem saxmiodaeTcs HeonpeAeieHHOCTh 3HaHUA 0 ODpocaHuu
omgHOro Kybuka? A IByX KYOMKOB OGHOBPEMEHHO?

Cxonbko rurabaiiT cogepxurca B 218 kunobaitTax? Cronbko
MerabaiiT cogepxurca B 220 xunoburax?

BcmomuuTe pasnmuHbIe JKM3HEHHBIE CHUTYaIlUW, IIPH KOTO-
PEIX MBI HOJTYIaeM POBHO OZUH OHT MHDOPMALHH.

§ 5.2. ®opmyna XapTnu onpegeneHus KonmyecTea

uHpopmMmaum

IIpomecc usmepeHNA KoamdecTBa NHOOPMAIMY MOYXKHO 06D~
ACHUTL Ha IIpUMepe H3BECTHOH WIDHI B yragbiBaHue. Co-
IJIaCHO IIPABHUJIAM 3TOH KUIDHI, OJMH U3 YIACTHUKOB AOJMKEH
OTTafaTh peaMeT (HMIM OJHO U3 BOBMOYKHEBIX COCTOSHUN He-
KOTOpPOTO IpeaMeTa), KOTOPBIH 3ajyMajl KTO-TO JpPYTroil.
Ilpu »ToM gomyckaeTcs TOJBKO JABa BHJA OTBETOB: «Za» H
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«HeT». B maHHOM ciyuae OTBET Ha OJHMH BOIPOC HeceT OGUH
our mHGOpPMAIIMK, TaK KaK H3 JBYX BO3MOXKHEBEIX HCXOIOB
BEIOMpaeTCa OJMH.

3amauga 1. IIpednonoxcum, wumo 6 kaacce Haxodamca 32 yweHu-
Ka, U yuumenv pewun cnpocums 00Hoz0 u3 nux. Karxoe mu-
HUMAALHO 603MONHOE KOJAUYECME0 60Npocos Ham Hado 3a-
dame yuumenio, wmobvl HagepHAKa onpedeaumy, K020 UMeH-
HO OH pewun cnpocumbuv?

Pewenue. Cnocob 1. Ecnu B kiacce 4 paga napr, ¥ OHU 3allojIHe-
HbI DABHOMEDHO, TO CHadajla 3aJajuM VUIHTeJIO BOIpPOC:
«CupuT A 3afyMaHHBIM yYeHUK Ha IIapTe B IIEPBOM HJIH
BTOPOM pAAy?» Ilony4unB OTBET «Ja» UIU «HET», MBI COKpa-
THEM KOJHYECTBO «II0f03pPeBaeMBIX» Ao 16. BroprsiM BoOIpo-
COM MOJKHO OIIPeJeJIUTh KOHKPETHBIN DAX, Ha KOTOPOM CH-
JUT MCKOMBIM IMIKOJLHUK, COKPATHB BHIOOD [0 8 desoBeX.
Hanee 6yxgeM mocTynaTrh aHaJoTWIHO. [locie xaxaoro oTBe-
Ta UHCJIO «IIOL03PEeBaeMBIX» COKpamaeTcss BABoe. Ilocie
YeTBEPTOro BOIIpOca BEIGOD ocTaHeTCH clieslaTh U3 ABYX yde-
HHUKOB. OTO MOKHO OCYIIECTBHUTbH, 3aJaB IATHIM BOIpoOC.
HaHHEIZ crocod IIOKMCKa, KaK yiKe TOBOPMJIOCH B IIpeAbILY-
miel TJiaBe, HOCHT Ha3BaHMEe MeTOJa AejleHWA momoaaM (Iu-

XOTOMHH).
3amucaB NOJNYYeHHLIE OTBETHI W 3aMeHHB BCe OTBETHI
«Ja» eIUHAUAMMY, & «HeT» — HYJAMH, MBI IOJYyINM c000-

LleHKe B BHJAE IIOCJIeHOBATEIbHOCTH M3 IIATH JBOUYHBIX
ouop.

Cnoco6 2. OtragpiBaTh IIKOJBLHHKA MOXKHO OBIJIO H
no-apyromy. IIpucBouM KaxJoMy IIKOJBLHUKY HoMeD oT 0
Io 31. 3anumniemMm HoMepa B JBOUUHOM cHCTeMe CUUCJIEHUSI.
Cample OJVMHHBIe HOMEpAa COCTOAT M3 HOATH [JBOMYHBIX
nudp. JormoaHuM ocTanbHEIE HOMepa [0 IATH Ludp caesa
Hynamu. [lajsee BOIPOCHI YUIUTEJNI0 MOKHO 3aJaBaTh TAK:
«BepHo su, 4TO mepBasd cjeBa Mudpa B HOMepe 3aYMaHHO-
TO V4eHHKa paBHa eguHUIe?», «BepHO s1m, uTO BTOpad
nudpa B HOMepe 3aJYMaHHOTO VUeHMKA paBHA eZUHHUIE?»
u 1. 5. Ilpexgmonoxmm, YTO OTBEeTHI Ha BONPOCH. OBLIH:
«HeT», «Ja», «HeT», «HeT», «JAa». Torga Mul cpas3y olpeze-
auM, YTO HOMep 3arafaHHoro yyexmka — 01001, = 9.

B obeux mpouesypax onpefeseHus 3araflaHHOrO VIeHUKA
OJAMHA IIOJy4aeMoTo COOOIeHus paBHA IATH ABOUYHBIM
CHMMBOJIaM, T. €. B pe3yJbTare YyraAblBaHUs MBI IIOJIy4aeM 5
OuT mHpOpMAaIHL. O
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MEI yBUeAN, YTO AJS OTTaIbIBaHUA 38 yMAaHHOI'O YIeHU-
Ka #3 32 IIKOJbHUKOB dOCMAamoiHo 3a1aTh 5 BOIIPOCOB VKa-
3aHHOTO BEIIIE Buga. Ho eciu 3a1aBaTh BOIIPOCHI HE JIYYIIIM
o6pa3zoM, MOKET CIVIHTBHCA TAK, YTO HeobXonumo He 5, a,
CKaxxeM, 7 BompocoB. Kazajoch 651, UTO TaK Kak KaXXIBIX BO-
IIpoc IOoAPa3yMeBaeT OJUH U3 ABYX BO3MOMKHBIX OTBETOB, TO,
TIOJIVYUB OTBETH! Ha II€pPBBIE 5 BOIIPOCOB, MBI BCErJa IIOIYYNM
5 our mabpopmanuu. OJHAKO 3TO He BCEra CIPaBeIJIHBO.
Kak xe mpoucxoauT <«HeZoCTada» MHEOPMAITUH?

Ieso B TOM, YTO IIPHX HepasyMHOM BBIOOpE BOIIPOCOB MO-
JKeT MOJIVIUTHCA TaK, UYTO KaKkue-JIN00 JBa BOIIpoca, OTBET Ha
KayK/IbIA U3 KOTOPBIX HeceT OAuH OuT mudopManuu, B cyMMe
colepyKaT MeHBIle ABYX OuT mHpopManuu. 3TO BO3MOIKHO,
€CJIF OTBEeT Ha MEePBBIH BOIIPOC MOJHOCTHIO WM YACTHYHO CO-
Jep:KUT oTBeT Ha BTopoi. Hampmmep, eciu cHavuana CIpo-
CUTb, He paBHA JIM IlepBad Iudpa B HOMepe YIeHHKA HYJIIO, a
IIOTOM -— He paBHAa JM OHA €IUHNIIe, TO BTOPOI OTBeT He HO-
6aBJIAeT POBHO HUKAaKOHN MHGbopManuu, 1 obiee KOJIHUIECTBO
uHbOpMALlUKX B JBYX OTBETaX pPaBHO OZHOMY OuTy, a He
ayMm. OTciofla HampallNBaeTCA CIAETVIOIIHHM BBIBOJ.

Konnuecrso mubopmaluy, HeoOXozuMoe AJs yrajgbiBa-
HUs OJHOTO M3 HCXOJOB, MOXKHO H3MEPHUTH UMCJIOM BO-

® IIPOCOB, KOTOpPEIe TpeGyeTesa 3aJaTh npu Hauboaee payuo-
HAAbHOU maxmuke 3a0A6AHUA BONPOCOS.

B pesyibrate IpUXOANM K CIEAVIOMIEMY OIPelesIeHHIO.

Onpenpenenne 6. [11s Toro 4TodbI H3MepPHUTh KOJIHUECTBO HHPOD-
Maluy B COOOIIeHNH, HAXO 3aKOJHpPOBAThH coolIileHHe B
BHJAe IIOCJe[0oBaTeJbHOCTH HYJIeH M efWHUI, Haubolee pa-
YUOHAAbHbIM CNOCOO0M, IIO3BONSIONIMM IIONYIUTL CAMYI0
Kopomkyio nocaedogamenvbHocmb. [uHA IIOXYyIeHHON IIO-
CJIeIOBATeJbHOCTH HYJeW U eIUHUI, U ABJIAETCA Mepoll KO-
auvecmea UHgopmayuu B GuTax.

Bomnpoc. ITycme daa koduposanus 6cex 603MONCHbLX UCX0006 He-
KOmopozo cobbimus OblAU UCNOIb306AHbL 080UUHbLE NOCTLE-
dosameavnocmu Oaunvt k. O3uauaem au 3mo, ¥mo Koauye-
cmeo uH@opMayuu 6 cooduweHUY 0 Hacmynienuu o0H020 U3
ucxodos danroz0 cobvimus paséHo k?

Omeem. Bepuemcs K 3azade 1 B ciaydae, KOrjga Hago BHIOMpaTh
3a[yMaHHOTO YUeHUKa VKe cpeau 24 dejoBeK. B saToM ciy-
yae HaM HOHamoOuUTcs He MeHbIne 4 u He Dosbine 5 Bompo-
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COB, eCJU [AeliCTBOBATH METOAOM IejleHMs moroJsaM. llocie
TPETBHEro BOIIPOCA ¥ HAC OCTAHETCS TPoe «II0AO3PeBAEMBIX».
VIx MOKHO pasfenauTb Ha IPYOIY W3 OFZHOTO W TPYIIY K3
IBYX yueHWKOB. Torma mocie UeTBEPTOr0 BOIPOCA MBI AuG0
cpasy HaiiZeM HYKHOIO IIKOJBbHUKA, JHU60 Npujerca 3aja-
BaTh IMATHIA BOIIPOC.

IlonmpobyeM IeiicTBOBATE BTOPLIM CIIocoB0OM. 3aKOAUPYEM
HOMepa 24 IIKOJIbHUKOB NBOMYHBIMH HoMepamu ot 00000,
mo 10111,. ComepHUT 1M 3aKOAMPOBAHHLIM HOMeD b 6UT MH-
dopmamun? Her, He coBceMm Tak. [lnmHa KOJOBOU IIOCIIERO-
BAaTeJILHOCTH 3[eCh Ta JKe, YTO ¥ PAHbIIe, HO UHCIO Pa3aInd-
HBIX HOMEPOB MeHbIle. [foaTomMy, HalpuMep, eclIu MBI Y3HA-
eM, UTO cTapiiasg nudpa HoMepa paBHa 1, TO BOIpPOC O
BTOPOI cieBa mudpe 3afaBaTh He npuperca (00bACHUTE IIO-
4eMy), ¥ MBI CyMeeM OIIpeesnTh HOMep MCKOMOTO YIeHUKa,
samaB 4 Bompoca, a He 5. 3HAYUT, KOJIMUECTBO NH(OpMa-
uu, Tpedbyemoil, 4To6bl BHIOpPATL 3aTyMaHHOTO VIEHHKA U3
24 yenoBek, 60JabIe 4 6T 1 MeHbBIIIe 5 OUT. O

A kaxoe KoamuecTBo uHpopMamuu TtpebyeTcs, UTOOBI
yrajaTh OOUH 3aAVMaHHBIN IIpeaMeT U3 N pas3JINdHBIX IIpe-
metos? Ilycte N = 2k, Torga, medicTBYS MeTOLOM JeJIeHUS
IIOII0JIaM, MBI MOXKEM OIIpelesIUTh 3aLyMaHHBIU IIPEeIMET C
HOMOIIIBI0 £ BOIIPOCOB. 1IpM 3TOM KOJMMUECTBO IIOJIydaeMOU
uadopmanuu H cocrasaser k 6ur. To ecTh B JaHHOM cay4iae
H =k = log,N. Huxe Mbl IIOKQ)KEM, 4TO aTa HOpMysIa, HO-
cAmias Haspanue gopmynvi Xapmau, cipaBeAInBa Jasd Jio-
6oro HatypaapHOro N.

Jemma 1. Yncao pasiuiyHBIX OBOMYHBIX CJIOB AJMWHBI kB pas-
Ho 2°.

Horxasameavcmeo. [JokaskeM JaHHOEe YTBep:KIEHWe HHAVKIIMEH
o ayiuHe ImociegoparTesbHOCTH k. [ua k = 1 yTBepiKAeHHUe
OUYeBUIHO. IIyCTh yiKe HOKa3aHo, UTO YHUCJIO ABOMYHLIX CJIOB

OJIUHLBL k paBHO 2%, Bee JBOMYHBIE cJjloBa OJWHEI B + 1 #me-
JIATCA Ha ABA THUIA: HaYMHAIOIIYeCsd ¢ HYJIsS U HauMHAIOIHe-
CH C eTMHUIILI. BEITUIIIEM Bce CJI0Ba IJIMHBI k, B CHJIY IIpef-
TIOJIOXKEeHUA MHAYKIHNU uX 2k, [TpununieM K KaXXAOMY U3
HUX cjeBa Hoab. HuiKe BBIIHMILIEM BCe CJI0Ba AJNWHEBI B CHOBa
¥ OPpUNOUIIEeM K HMM cjeBa eJUHHIIY. Tak MBI 3alllCAIH BCe
ciaoBa aauHel k + 1. Takum o6p2130M/é ‘II/ICJIO nocne,aosafrenb-
HocTe¥ mnuHbl kB + 1 paBHO 2k + 2F = okt

Jemma dorazana.
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Omnpegenenne 7. [Jeouunobim koduposanuem MHOXecTBa N Ha3bl-
BaeTCa oToOpaskeHme, CTaBdAlllee B COOTBETCTBHE KaXAOMY
3JIeMeHTy MHOKecTBa N ero JBOMYHBIN KOJ: IIOCTIeL0BATENb-
HOCTL HyJel m emmuuli. Kommposamue HassIBaeTca 00HO-
3HAYHBLIM, €CTH KOJBI PasJUIHbIX 8JIeMeHTOB MHOXecTBa N
PasINYHBI.

Jlemma 2. MuoxxecTBO N JoIycKaeT OqHO3HAUHOE ABOUYHOE KO-
ANpoBaHHe C ZIUHAMHK KOHOB, He IPeBOCXOAAINNMU k, B TOM
¥ TOJBLKO B TOM cJyuae, KOrJa 9HC/Io 57eMeHTOB MHOMecTsa
N He [IpeBOCXOIHUT 2k,

Horazamenvcmeso. OFHO MHOKECTBO MOYKHO OJHO3HAYHO OTO-
6pasuTh B APYyroe MHOXKECTBO, TONBKO €CJIY YHCJIO 3JeMeH-
TOB IIePBOr0 MHOJKECTBa He IIPEBLIIMIAET YHCIA DIeMEHTOR
BTOpOro MHOXecTBa. Tak kKak mo seMMe 1 YUCI0 IBOMYHBIX
CJIOB IJHNHBI kB DPaBHO Zk, TO AOKa3hblBaeMoOe YTBEDPIKACHUE
CIIpaBeaIuEo.

Jemma dorasana.

Corsacuo nemMam 1 u 2, AnuHA KoJa IIPH ABOWYHOM KO-
OIUPOBAHUM OJHOI'O CHMBOJA H3 aldaBUTa MOWHOCMU
N = 2F (To ecTs andapuTa, COCTOALUIETO POBHO U3 N pasaud-
HEIX CHMBOJIOB) paBHa k. 3TO mo3BondeT AaBaThb 3P (PeKTHB-
HEIE OIeHKY Ha MUHUMAJILHO HeOOXOMUMEBIH o0beM IaMaTy
KOMIBIOTEepa [J1s 3allOMUHAHUA Da3JIMYHOTO PoAa TAHHBIX,
Tax, KogupoBaHMe COOOUIEHUH Ha aHTJIMHCKOM A3BIKE MOXK-
HO OCYIIECTBJIATH C ITIOMOIIbI0 ajadaBUTa, COCTOAILNETO M3
32 =2° PasIUYHBIX CUMBOJIOB (K 26 jJaTnHCKMM OyKBaM He-
006xoauMo [HO0ABUTHL CHUMBOJ mpoGesd, TOYKY, IAIATYI0O M
ellle TPU CHUMBOJIA IIO KejaHHI0). OMWHE CUMBOJ IIPY PAaBHO-
MEpPHOM ABOMYHOM KOJHUPOBAHWUM (OJUHAKOBOIM IJUHE OBO-
MYHOTO CJIOBa IJIA KaXXAOTO cUMEBona ajndasura) Toraa Oy-
JeT 3aHMMAaTh 5 OuT maMATH, a He 8, Kak npum ASCII-
KOJAMPOBAHUY TEKCTOBOM WMHGpopMaIuM BooOdIie.

3agaua 2. Paccumompun caedyouyno npobiemy Koduposanus pe-
3yALMAamoé zon0coganus. Ilycmev umeromes mpu sapuanma
ZOJIOCOBAHUA! «3a», «NLPOMUE», «8o3depixcanca». Tpedyemces
3axoduposams pe3yibmamol Z0AOCOEAHUA, COOePHAUUECA
6 N Ooanemensax.

Pewenue. PesyapraThl MOKHO OBLIO 6L KOSUPOBATE C IIOMOIIBIO
ABYXOUTOBBIX ciioB, HanpuMep 11, 00, 01. [Ipu sTom KoM-
oupanua 10 octaercsa Heucnoab30BaHHOHU. [Ipm TakoM Ko-
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nupoBaHUU N peayJILTATOB I'OJOCOBAHUA 3aiiMyT 00beMm 2N
out nmamaTH. s Toro 4TobBl YAYUINUTE 3TOT pe3yJibTar,
OyzeMm KonupoBaTh 6a0KM M3 TpeXx OossereHeil. Torma ume-
JI0 BAPUAHTOB T'OJIOCOBAHMA M TPOUKHM OlojleTeHell pas-
HAeTca 3-3°3 = 27 < 2°, T. e. B JAaHHOM CJIy4ae BO3MOMKHO
nsTHOUTOBOE KommpoBaHme. Tak Kak YUCJIO TPOEK PaBHO
N/3, a kaxXIaa m3 HUX 3a@iMeT 5 OMUT maMATH, TO AJIA Xpa-
HeHUdA IoHajgobuTca yxxe HN/3 6uUT IaMATH.

Ho u sTOT pE3ynbTaT MOMKHO YIYUILIWTB, €CJIU COCTABUTH
fioku U3 D OroJteTeHed. B aToM ciydae WMCJIO UCXOLOB I'o-
JIOCOBaHUA N71d GiIoKa cocTaBisaer 3° = 243 < 256 = 2° u ero
MOJKHO 3alrcarh B oguH 0aiiT. Takum obGpasoM, Ha OioJlie-
TeHL mpugercd 8/5 6uTa mAMATH.

Paccmorpum Teneps KogupoBanue 6roeTeHel, o0befNHEH-
HBIX B OioKM o m HITYK. IlycTh HaTypajlbHOe kB TaKOBO,
uro 2% < 3™ < 2F1, Torga MBI MOKeM KOZHPOBATL PE3YJb-
TATHL TOJIOCOBAHUsS, NOTpaTHB Ha OloijereHb He 06ojee
(k + 1)/m 6ut, HO He MeHee k/m OuT (mocjefHee — IO JIeM-
Me 2). OueBuaHO, UTO OJOUYHOEe KOZMPOBAHIE C DOCTOM m
JaeT pes3yiabTaThl, CKOJbL YIOAHO OIM3KHEe K ONTHMAaJILHOMY
KOAVPOBAHUIO. ]

BriBon, ¥ KoTopoMy MBI NPHUUIIKM IPHU DPelleHWH 3ajha-
Uy 2, II03BOJIET HaM BLEIBECTH CJIEAVIONIYIO (popMyIy, Ha3bl-
BaeMy (opMmysaon XapTJiad.

P. Xaptau (1888—-1970); obnacTs HayIHBIX UHTEpPE-
COB: pAJUOdIeKTPOHHKA, Teopuda uHGOPMAIIHH.
IleperiM BBes nmoHartne nHMOPMaLHU KaK IepeMeH-
HOM BeNWUYMHBLI ¥ MONLITAJICSA BBECTH MEPY KoJude-
cTBa MH(pOpMAILIUU.

®opmyaa Xaprian

Konnyecrso undopmalinu, KoTopoe BMeIlaeT OWH CHMBOJ
N-snevenTroro andasuTa, paBHO log,N

ITo-gpyromy sTo e yTBep)KIeHUE MOMKHO CHOPMYIHPO-
BaTh Tak. HonudecTBo mHGpOpPMAIXX, IOJYYCHHOE IIPDH BHI-
fope ommoro mpeamera m3 N paBHO3HAaUYHBIX IIPEeIMETOB,
pasno log,N. To ecTb UMEHHO Takoe KOJUYECTBO HH(pOpMAa-
UKy HeoOXOoAMMO 4 yCTPAaHeHUA HeollpeleJeHHOCTU u3 N
PaBHO3HAYHBIX BApPHAHTOB.
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Hokazamenvcemeo. [Ina andasura ud N pasiIUdHBIX CHMBOJIOB

MOMKHO cocTaBuTb N BceX BOSMOKHBIX CIOB JJIHHEL m (Ko0-
KasbplBaeTca aHajorwuuo jgemme 1), IlyeTs kB Taxoso, 4TO

o2F <« N™ < 2R (5.1)

To ecTh KOJHYECTBO MHMPOpPMALUK, cofepakalneeca B Of-
HOM CHMBOJIe 2TOro ajadaBHUTa, 3aKJIIYEHO MeXAY k/m u
(k+ 1)/m. Jlorapudpmupysa HepaseHcTBa (5.1), moaydaeM:

k < mlog,N <k + 1. (5.2)

Paspenns HepaBencTBa (5.2) Ha m, JelaeM BBIBOJ, UTO
PA3HOCTL MEXKIY KOJNUYECTBOM HHPOPMALKK, KOTOPOE HeceT
OZMH cuMBOJ N-3IeMeHTHOro anpasura, u log,N He npesoc-
xopuT 1/m pnd jgoboro m. SHAUUT, IPH ONTHMAJIBHOM BO-
WYHOM KOXUPOBAHHY TAKOT0 CHMBOJA (KOTOPOe IIPH POCTE
m MOCTHXKHMO C KAaKOW YIOAHO TOYHOCTBIO) CPeIHAA IJIHHA
coBa cOCTaBUT log,N.

Ina MoKasareNbCTBa YTBED/KAEHUA BO BTOpo# (opmynu-
POBKe GyAeM OTrabIBaTh OfMH IpeaMeT 13 N BO3MOKHEIX He
ONWH pPas3, a m, WIN OTTamLIBaThL HAbOp M3 m IpeiMeToB,
KaKALIM M3 KOTOPBIX IMPHHAICKHUT MHOXKeCTBY N pasiud-
HEIX, HO PABHOBHAYHBIX IIpeaMeToB. T0orja aHajloTH4YHO pe-
IIeHHIO 3aJa4M 2 CpelHee UMCJIO BOIIPOCOB, HEOOXOANMOe AJIs
OTrafLIBAaHUSA OIHOI'O IIpeaMeTa us Habopa, Oymer OTIMYATh-
ca or log,N He Gosee dem Ha 1/m.

Dopmyra Xapmau Joxasana.

Bonpocbl U 3agaHns

1.

B 6ubnoTexe 16 cTemnaxeil, B KaX/A0M CTeJNIaKe 8 II0J0K.
Kaxoe xonmuecTBo mH(pOpManuy HeceT COOOIIeHHE O TOM,
YTO Hy»KHAs RHUATA HAXOMUTCA Ha YyeTBepTOH monke?

Brina monyuena temerpamma: «BerpeualiTe BaroH 7 Imoesn
Ne 32». Kaxoe xosudecTBO HHOOpPMALMY IONIYyUHJI agpecar,
€CJIM W3BECTHO, UTO B JTOT Topoj IIpuXofAT 4 moesja, a
B KXKJOM II0e3/ie B cpeqHeM 16 BaroHoB?

Crouapko uHQOPMALMHY MOJYYUT yueHUK, ecau B 10-00 yBu-
IHUT cooDIeHre O TOM, UTO KJIACCHLIZ Yac cocTonTcs B 14 ua-
COB, IIPH YCJIOBUU, UTO B HTOT IeHE BCerja ObIBaeT KJIACCHBIN
gac? Oreer obocHyliTe.

TTogemy muOecTBO ASCII-cuMBOIOB 06pasyer ajidaBuUT, Co-
cToAIIuYM uMeHHo U3 256 cuMBo0oB? CKOJIBKO BOIIPOCOB HAZIO
3a1aTh, 4TOOLI OTragaTh OGUH U3 CUMBOJIOB 9TOTO andasuTa?
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5.

B xrnacce deThlpe pAfa mapT IO YeThLIpe MAPTH B KaKAOM
pany. Kaxpaa napra unmeet JBa Mecta. Bee mecra Ha maprax
3all0/THEHD! VUeHUuKaMy. YUYHTeNnb 3ayMai OAHOro U3 HUX.
Kakxoe xommuecTso nHGOPMAIIMY MBI HOAVUIHM, eClIH 3a1a-
LM ABA CIAeJYIOIIMX BOIIPOCA W HMOJIVUMM HA HEX IOJIOMKHU-
TeJIbHBIA OTBET?

Bompocsr:

CuanTt 11 3aiyMaHHBIH YIeHNK Ha IepBBIX OBYX paAfax?
Cugur 1y 3agyMaHHBIM YYeHHK Ha TepBOM MJIM BTODPOMH
napre?

Bepro snu, 4TO g4 n00060T0 M NPH OpraHM3AllMU B 3ajade 2
m-6JI09HOTO KOJUPOB&HUA PE3YIBTATOB rojlocoBanud (m + 1)-
f10YHOe KOOUpPOBaHME Beeraa OJIHKe K ONTHMAILHOMY, YeM
m-6o4HoOe?

. Hokaxure, yTo mua andasuTa U3 N pasIudHBIX CHMBOJIOB

MOXKHO cOCTABHTE N™ BcexX BOBMOMHEIX CI0B JUHHEI 1.

§ 5.3. MpumeHeHne dopmynbl Xaptnun

®opmyna XapTiau yToUHAET JaHHOe paHee OIpeflesleHue Ko-
JIr4YecTBa NHMOPMAOUN ¥ JaeT HaM TPAKTOBKY HeEIleJIoTO Ko-
JimdecTBa HHQopManuu. 3aMeTHM, UTO AJs Joboro andasu-
T4 MOYKHO BBIOpAThH CBOI €AMHULY H3MepeHusa HHPopMa-
OHY, TAKYIO YTO KOJAMYECTBO MHPOpMaUHK, CogepIKalleecs
B J1060M COODI[eHNY, 3AIIMCAHHOM C IIOMOIIBIO 5TOTO K€ ajl-
thaBura, 6ymer BHIPAKATHCS LEJABIM UMCJIOM.

IIpumep 1. B safage 2 u3 IpeABIYINero naparpada mmuia peds o

KOIAMPOBAHMHN Pe3yNbTATOB IOJIOCOBAHMS. 1IpM 3TOM Kajk-
OB 0I0JIJIeTeHb COZEP KAl B cebe OQUH M3 TPeX BO3ZMOMHELIX
UCXO00B TOJOCOBaHUA. Ecau 3a efununy naMepeHns KOJIu-
yecTBa MH(PODPMALMNHN IPHHATL KOJMYECTBO HHGPOPMAIMH,
KOTOpOe MOXKHO IlepefaTh OJHUM CHMBOJIOM TPeXCHMBOJIb-
Horo angaBuTa (Hanpumep, «+», «—», «0»), uTO COOTBETCT-
BYeT YMEHBIICHNIO HeOIPeAeJeHHOCTH B TPH pasa, TO KaK-
AOulil GronseTeHs OyZeT colep)kalbh POBHO OJHY TaKyio
eIMHNIY KOINUeCcTBa HH(POPMAIUH.

B gopmyne Xapmau nozapudm moxcno opams no nwobo-
MY OCHOBQAHUNW, BTO PABHOCHUJIBHRO BLIOODY eQWHHIBI H3-
MepeHUdA KoJInuduecTBa HMHMOPMAaLIAH.
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IIpumep 2. Beegennas B npumepe 1 egury-
Ia H3MepeHMHA KojuuecTsa HHMopMa-
oy yaobHa ¥ IIpK aHaIuae pes3ysbTa-
TOB B3BeIlIMBAaHHUS Ha IBYXUAIIeUHBIX
Becax. Kak MB3BECTHO, KaAoe TaKoe ,
B3BeIlIMBAaHNe MOKeT IIPUBECTH K OLHO- =
MV U3 TpeX Pe3yJIbTATOB: TdAKeJee OKa-
3BIBaeTCs I'PY3 Ha JeBOH yalile BeCOB, TAMKeJjee I'Dy3 Ha IIpa-
BOH dYallle WM Bechl HAXOJATCA B paBHOBecuu. B mandom
cjIydae pesyJIbTaTOM OJHOI'O B3BEIINBAHUSA MOXKeET ABJIATHCS
KoIm4ecTBO HH@popManuu, Ooiblmee, wem Our — log,3.
IlycTs v Hac umeerca N MOHET, OGHA U3 KOTOPHIX (aybIIN-
Bag (Jerde ocTambHBIX). k B3BeIIMBaHMI AaroT klog,3 OuT
uHGOpMAMKM U He MOTLYT CHSATL HeOoUpeNeleHHOCTH, OOJIb-
myio, 4eM log,3", mosTomy AnA onpefeeHUA (aTbpLINBOK
MOHETEI IIOoTpedyeTcd He MeHee logzN /log,3 = k B3pemuBa-
HUH. 37eck B — KoJudYecTBO nHbopMaluIuy B efUHUIIAX, BBeE-
IEeHHBIX B npuMepe 1. O

Tax, HanpuMep, IPU IOUCKE OTHOM (oJiee JIeTKOM MOHETH!
cpemu 27 MOHeT Ham ToTpeGyerca He meHee log,27/log,3 =
= 3 B3BeIIUBaHUII.

UsBecTHO, uTO Ta 3ajava Kak pa3 ¥ paspelllXMa POBHO
3a TpH B3BeINMBAHUA.

IIpumep 3. 3ajava noucka PpasbuiBoi MOHETHl CTAHOBUTCA 0o-
Jee CIO0XKHOM, ecnu 3apaHee HEHM3BECTHO, Jerde OHA UM Ts-
JKeJjiee OCTAJIBHBIX MOHeT. B aToM ciydae 4YHCIIO Pa3JIMIHBIX
HCXOJL0B M3HAUYaJNbHO paBHO 2N (Ka'kgad MOHETA MOMKeT
OKasarbca (anpmnBOH U OBITE KaK Jjierde OCTANIBHBIX, TaK 1
TaXeJee)., SHAUUT, A8 PellleHUs 3aJady IOHAZoOHUTCA He
menee log,2N/log,3 BaspemmBanuii. TakuM o6pasoM, 3a TPU
B3BEIIMBAHUS MBI Telepb CMOXKeM HKCccJleloBaTh He Oosiee
13 momer (2N < 27). |

Ilomck aJITOPUTMa pelleHn:da TaKO#l 3a7a4U CJI0KEeH U LA
MEHBHIETO YHCJIa MOHET.

3aganue. Ilonpobyitme pewums amy 3adaxy camMOCMOAMELbHO
Ons 12 monem, u 6vl ybedumecs, XmMO MO COBCeM He Npo-
cmo, a nopoil 6000We Kaxiemcs He603MONCHbLM.

Pewenue. 11 pelleHUd 3a4a9W HYKHO HCIOJL30BATL TAKYIO
omepanmio, Kak IrepekJajibiBaHe MOHETHL C OJHOH Jalllk Be-
COB Ha Apyryio. Beenem ciepyromue obosHadeHuda. MoHeTy,
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N

0003HAYECHHYIO BHAKOM «+», BO BpeMA TeKYIIero B3BeIlINBAa-
HHUA clenyeT IIOJOKUTH Ha BeCkl, IPUYeM eCJIH OHa Ha Becax
yoKe OpLua, TO Ha TY ;Ke CaMVIO Jally, Ha KOTOPOH aTa MOHe-
Ta HAXOOHMJACH BO BpeMs CBOETO IPeABIAYIIEr0 B3BEHIVBA-
Hug. MoHery, 0003HAUEHHYIO 3HAKOM «—», CleayeT Ilepeo-
AUTH HA TPOTUBOUONOKHYIO Ay BECOB [I0 OTHOUICHUIO K
TOI, Ha KOTOPOHM OHA HAXOAMJIACH., 3aMETUM, UTQ eCJIH MO-
HeTa Ha Becax elle He ObLja, TO 3HAK «—» K Hell IpUMeHeH
65ITh He MoskeT. HaxoHel, MOHeTwI, 0603HaUYeHHbIE 3HAKOM
«0», B ouepeHOM B3BEIIMBAHUK He YIaCTBYIOT.
CocraBuM TabJIMIy IIyTE€M BEIIHCBIBAHUA BCEX BO3MOMK-
HBIX BAPHMAHTOB PACIOJOMKEHUA CHUMBOJIOB «+», «—» I «0» B
cToabmax, COOTBETCTBYIOIIMX MoHeTaM. HemomycrtmMmble Ba-
PHAHTEI: 3HAK «—» DACIOJIOXKEH BHIIIE 3HaKa «+t». Kammeri
crosber; OMMCBHIBAET MECTOHAXOMKIEHUE COOTBeTCTBYIOIei
eMy MOHETHI BO BpeMs KaKIOTO M3 TpeX B3BeIIUBAHUH.

34 5 6 78 9 10 11 12 13 14
4

2

+ 4+ + + + + + 0 0 0 0 O mnepeoe B3BeIUMBaHUE
+ + - - 0 0 0 + + + 0 0 BropoeB3BeIIUBaHUE
-0+ -0+ -0 + - 0 + — rTpeThe B3BelINBAHHE

Tax Kak PasflUYHBEIX BapHAHTOB IIOJIYYMIOCH 14, a MBI
pemraeMm sagady mua 12 MOHeT, TO 13 IOJTYIeHHOH TabINIBI
BBIUEPKHEM [Ba cToabma Tak, 4ToOBI B KaKJOH M3 Tpex
CTPOK KOJUYECTBO HEHYJIEeBBIX 3JIEMEHTOB OKa3ajoCh UeT-
HBIM (Belb OECCMBICIIEHHO BO BpeMsA OJHOTO B3BEIIHMBAHUA
KJIacTh Ha UAallld BECOB PasHoe YMCJ0 MOHET). JTO MOTYT
ObITh, HanpuMep, 4-i1 u 14-# croabusl. Teneps OyneM BaBe-
II¥BATL 12 MOHET TaK, KaK 9TO0 3alllcaHo B ocTaBuIuxca 12
cTonbiax. TO ecTh B IIEPBOM B3BeIIMBAHHU OYyAYT y4acTBO-
BaTh 8 NPOU3BOJBHEIX MOHET. Bo BTopoM 3 MOHETEHI CleLyeT
¢ BecoB yOpaTh, 2 — NEePeJOKUTH Ha IPOTHBOIIOIOKHEEIE TI0
OTHOIIIEHNIO K IIEPBOMY B3BEIIMBAHHUIO YAlllll BECOB U 3 MO-
HeThl IOJIOJKUTH HAa Bechl BIiepBhie (Ha CBOOOLHBIE MecTa
TaK, 4TOOBI Ha KaKA0Y M3 Yalll BHOBHL OKa3ajloch o 4 MoHe-
Te1). CormacHO cxeMe IIDOBeJeM M TpeThe B3BEIIUBAaHIE,
OIATE pacrojiaras Ha KaKZOW uaine BecOB II0 4 MOHETEHI.

PesynpTaT KaXA0T0 B3BEIIUBAHASA B OTJEJIbHOCTH HUKAK
He aHaJIM3upPyeTcs, a IpocTo s3amuckiBaeTcd. IIpu aToM pas-
HOBecHe Ha Becax Bcerja KOAMpyeTcA HyJeM, BIepBble BO3-
HHKIllee HEPABHOBECHOE COCTOSHHE — B3HAKOM <ILJIIOC».
Ecum mpu cilenyrolieM B3BeIINBAHWA BECHl OTKJIOHATCH OT
PaBHOBeCHs B TY 2Ke CAMYIO CTOPOHY, TO Pe3yJbTaT TAKOro
B3BEIIMBAHUAA TAKIKe KOJUPYeTCA ILIIOCOM, & eClIu B APYIYIO
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CTOPOHY, TO MHHycoM. HanpuMep, cleAyioliie pe3yIbTaATEI
B3BEIIHUBAHUN «=<<» H «=>>» KOIuUpPyioTcad Karg «O0-++»,
a Pe3yNbTATHI «<=>» U «>=<» — Kak «+0—». Tak Kax MbI
He 3HaeM, Jlerde MK TdAMeJee OCTANLHBEIX MOHET OKaKeTcs
tanpimrBas MOHETa, TO HAM BAXHO, KaK U3MEHAJIOCh COCTO-
AHME BECOB OT B3BeINIVBAHWA K B3BEIIHBAHHNIO, & He TO, Ka-
Kas MMEHHO dJallla OKAas3blBajach THMKesee, a Kakas Jerde,
ITosToMy nmBa Ha IIEPBHIM B3IJIAL PAa3JHUHBIX pPe3yJILTATAa
TpeX B3BEIIWBAHHUH B 9TOM CJIyIae KOJUPYIOTCS OZUHAKOBO.

ITocie momo®OHONM 3ammcy Pe3VJIbTATOB B3BEIIHNBAHUNI
dansmuBasg MOHeTa Yoke pakTHUECKU olipefeeHa. Ko oka-
3bIBAETCA Ta, KOTOPOH COOTBETCTBYET TAKOM Ke cTOJGell B
Tabaule, Kak YU SaKOAUPOBAHHBIA HaMH pPe3yJLTAT TpPex
B3BeIIMBaHUMU. 14 IepBoro IpuMepa 3TO MOHeTa, KOTopasd
y4acTBOBajia BO B3BEIIMBAHMAX II0 CXeMe, VKA3aHHOU B
10-m croabite Tabiuunei, a Mud BToporo — B 8-m. B camom
feJie, COCTOSAHIVE BECOB B Halllell 3ajaue MeHSIeTCH B 3aBUCH-
MOCTH OT TOTO, TJe OKa3blBaeTcs (palbIlmpBad MOHETa BO
BpeMs KaxXJoro M3 BapemmuBaHuii. IlosToMy MoHeTa, «IIOBe-
JeHNe» KOTOPOH COIJIacyeTCs ¢ 3alllICAHHBIM pPe3ylbTaTOM
B3BEIIUBAHUM, TAKOI pe3yabTaT W ONUpelesierT.

AHanms Tabiunbl MOKA3BIBAET, YTO AHAJOIWYHO I9TY 3a-
Jady MOYKHO pemutb ¥ ang 13 moHetr. [na storo crmenyer
VCKJIIUHTL U3 PACCMOTPeHU:A JNI000H He cozepikaluil Hy-
Jed cTonbell, HAIpXMep, BCe TOT »Ke 4eTBepPTHIH. B ocrais-
HOM BCe Ae¥CTBUA OCTAITCH HeM3MeHHBIMH. [logxonm K pe-
IIEeHUIO 3aJauyl He UBMEHUTCA O1d Jboro sHadveHus N, HO

3aMeTHM, 4To AJd N = 2 3azada HepaspemuMma., d

B rnase 4 npuBeneHo HECKOJBKO Pa3JUYHBIX AJTOPUT-
MOB COPTHMPOBKH MACCHBOB, KOJHWUECTBO Ollepalyii cpaBHe-
HUS B KOTOPBIX 1A XYyAIIEro caydas pa3iudHo. HekoTopble
M3 HUX ABJA0TcA 6ojee 9pIHEeKTUBHEIMY IO YUCIY IPOU3BO-
IVMBIX CDaBHEHUH.

Bonpoc. Kaxosa cA0MHOCMb AA20PUMMOE COPMUPOSKU, ONMU-
MAJNBHBIX N0 HUCAY CpAGHeHUil?

Omeem. OTBeT 1 Ha 3TOT BOIIPOC MOXKeT HaTh TeOpua MHGPOpMa-
LHH.

OTcopTHPOBATEL IPOMBBOJIBHEIN MACCUB C TOYKHU 3PEHUI Te-
opuu wWHpOPMAIMK — OTO BHAYUUT HAUTH OJHY U3
N!'=1-2-3-.. N nepecraHOBOK Bcex N 3JIeMeHTOB JaHHO-
1o MaccuBa. CpaBHEHU:A 3/IeMEHTOB MEKIy CO0OIl B JAHHOM
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ciydae COOTBETCTBYIOT 3aJaBacMBLIM BOIIPOCAM C BO3MOIKHBI-
MM BapMaHTaMU OTBeTa «Ja» UIH «HeT». Torga mo dgopmyiie
XapTiu 414 COPTHPOBKHY 9/1€MEHTOB B XyAUIEM CiIy4ae IoTpe-
Oyerca mony4uTh He MeHee log,N! 6uT uHGpoOpMalMH, T. e.
IIPOM3BECTH He MeHee log,N! ontepauuii cpaBHEHNA 3JI€MEHTOB
Mesxay coboi. I1a omenky sHauenma N! npu Gonbmmux N B
MaTeMaTHKe IPHMeHSI0T Qopmyny Crupaunra:

N!=z2rNNVe™V,

To ecTh onTHMAaJbHAS COPTHPOBKA B XYAIIEM ciydae OymeT
IpousBofZuTh OKoJo (N + 0,5)log,N + 0,5log,2n — Nlog,e
cpaBHeHu#l. Takum obpasoM, 3(qheKTHBHbLIE II0 YHUCIY CpaB-
HeHW# COPTMPOBKH (BBIMONHANMe mopaaka Nlog,N cpas-
HeHUH) efICTBUTEIbHO aCHMIITOTHUYECKHM ONTHMAaJbHBI. [lis
KaXKJOTO 3HAUYeHHA N B OTHEJLHOCTH MOJKHO IIOCTPOUTH aJl-
TOPUTM COPTHPOBKM, KOJIMYECTBO CPaBHEHUI B KOTOpoM Oy-
JeT MPaKTHUYeCKY COBIALATH C TeopeTHudeckKoll oreHKol. Tak,
MacCUB, COCTOAIINI U3 D 3I€MEHTOB, AeHCTBUTEIHFHO MOYKHO
ynopsifounTh 3a He Oomee dwem 7 cpasHeHHE (log,5! =
= log,120 ~ 7). Jlobomy ke YHHUBEPCATILHOMY AaIrOPUTMY
COPTUPOBKM AJISI PelleHrd 9TOH 3aJaul B HEKOTOPBIX CJIyYa-
AX MOXKeT morpeboBaTbea chenaTh 8 cpaBHeHuil. IlomobGHbIe
OITHMAJIBHBIE AJTOPUTMEI MOYKHO TIOCTPOHTH Iuidg Jiioboro N,
He npesocxopdAmero 11. Ina N = 12 Haurydmiuil BO3MOKHBIN
aJITOPUTM COPTHPOBKM B XYAIIEM CJIydae BhIIONHAEeT 30 cpas-
HeHul, a [log212!] + 1 = 29. [lanpHelnmue UCCIeJOBaHUA NaH-
HOTO BOIIpOCA 3aTPYAHEHB! B CUJIY BBIYMCINUTENILHON TPYJOEM-
KOCTH IIOCTPOEHM A OIITHMAIBLHOIO aJIFOPUTMA COPTHPOBKK. []

Bonpocbl u 3apaHuva

1.

2.

O6macHUTE, KaK, HCIOAL3YA hopMyry XapTiaHu, MOXKHO cpa-
3y H3MepHTh JI00YyI0, HampuMep rpaduuecKyio, uHbopMa-
nuio B HaiiTax, a He B OuTax?

B amkere mpepiaraiorTcsa ciaeAVIOI[HE BapHaHTBHI OTBeTa Ha
BOIIPOC O CTEIeHU BJafeHWUSA aHTJINHACKUM A3LIKOM: «He BJa-
Jeio», «UUTal CO CJI0BApeM», «MOry OOBACHATHCA», «BJja-
JIel0 XOPOIIOo», «MOTY IIePeBOLUTL CHHXPOHHO» . Kakoe koJiu-
YeCcTBO MH(POPMALY HEeCeT OTBET Ha JaHHBIN NYHKT aHKeTHI?
ITpepgnosxuTre pasiuyHble cIOCOOBI KOZVMPOBAHUSA OTBETOB HA
9TOT BOIIPOC AHKETHI, IPH YCJIOBHHU, UTO oOpaboTke moxJe-
¥KUT O0JIBIIIOE KOJUYECTBO MOL00OHBIX aHKET.
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3.

&

B HeKOTOPHIX KAPTOYHEIX UI'PAX MCIONb3yeTCsa Koaofa us 32
kapr. IlpugymaiiTe KapTouHBl POKYC, B pesyibTaTe KOTOPO-
ro BeAYINWI, 3a4aB HeDONBbIIOe KOJIUYECTBO BOIIPOCOB, OIIpe-
IessfeT 3arafaHHYIO 3PUTENAMHU Kapry. Kaxkoe KOJIWYeCTBO
uHpopManuy HeoOX0JUMO ¢ TOUKH 3peHK A TeopuH HHMopMa-
nuu, yTobbl oTragath Kapry? Kakoe KonmduecTBo MHGpOpPMAa-
MY HeCyT OTBeTHI Ha 3aJaHHLIE BOIIPOCHI?

JoxaxuTe, 4YTO rapaHTHPOBAHHO HAWTH ONHY (aJbUINBYIO
moHeTy cpegu 1000 momer, ecniu m3BecTHO, YTO OHAa Jerye,
MeHbIle 4YeM 3a 7 B3BeIIMBAHUN HeJbad.

O6bacHUTEe ¢ TOUKM 3peHHH Teopun MHGOPMALKMY, IOYEMY
sajauy moucka ¢ajablI¥BO¥ MOHeTH! M3 ABYX HMEIOIUXCH
MOHeT PeIluTh HeJb3d, €CAM HEU3BECTHO, Jerde HAM TAXe-
Jiee OHA HACTOAIIleH MOHETHI.

BriBeamre dopMysy IS HMCIA B3BEIIMBAHHI, HeoOXoLu-
MBIX AJIs1 TapaHTHPOBAHHOTO HaXOyKAeHUA (aabmuBoil Mo-
HeT:I cpeayi N MOHET, eCJIN HEeM3BEeCTHO, JleTde WIH TaKellee
OHAa OCTaJLHEIX MOHET.

Onupasch Ha MaTeMaTHYeCKYIO TeOpHIo HHPOPMAIINH, OIIpe-
JeJuTe, ABJSETCS JIX aITOPUTM ZBOMUYHOTrO IMOMCKA, OIMCAH-
HBIH B IpegeIayIiedl riase, ONTHMAILHBIM.

§ 5.4. 3akoH agaAMTUBHOCTU MHDOPMALUN.

AndaBuTtHbIA NOAXOA K Mamepeﬂmo
nHpopmaummn

IIyeTs HaM Temeprs HeOOXOAMMO OTrajaTh Cpasy ABa He3aBHU-
CHMBIX IIpPeAMeTa X; ¥ X,, PO KOTOPHIE M3BECTHO, YTO X,
OPUHALIERUT MHOKeCTBY X, comepkameMy N, aiemeH-
TOB, & X, IPUHA/JIEKNT MHOXKECTBY X,, cop;epxcamemy N,
3JIeMEeHTOB. BIOJHE HONMYCTHMO CYHMTATL, YTO MBI ,u;ombeI
yragaTte napy (x,, ¥,) Bo MHOXecTBe X BCeX BO3MOXHEIX
nap (x;, x,), rae x; € X, a x, € X,. Torga no dopmyie
Xaprau pja yragblBaHUA 3afyMaHHON Iapbhl HeoOXOAMMO
sagatk log,N,N, BOIPOCOB, T. €. IOJYYUTSH log,N,N, 6ur
vHpopManuu. Bmecre ¢ TeM, BIEMEHTHI X; U X, MOJKHO yra-
ABIBaTH HesaBucuMoO. [l yrafslsanua x, HaM IOHaAo6HUTCA
log,N, Bompocos, a Ans yrageieanusa x, — log,N,. Bcero
Ipu 3TOM moHafgoburca log,N; + log,N, Bonpocos (6uT uH-
topmanum).
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Mbr mony4YMiaM ABa BHIpaXKeHHA [JiA OJHOTO M TOrO Ke
KosudectBa HMAGopMainuu. CorysacHo OCHOBHOMY Jorapudg-
MHAYEeCKOMY TOXAeCTBY, 06e BeIWYMHBl DABHBI:

log,N\N, = log,N; + log,N,.

IlepedopMynipoBaR JaHHOE TOXAECTBO B TePMMHAX KO-
JNUYecTBa MHPOPMAaLIUY, MEI NTOJIy4aeM CIeAYIOMINNA 3aK0H.

3akoH axanTHBHOCTH MHGopMmanuu. KonudecTBo HHPOpMaAN UK
H(x,, x,), Heobxoaumoe A1a yCTaHOBJEHUA Hapsl (x,, x,),
paBHO cyMMe KoawdecTB mHbopmanuu H(x,) u H(x,), me-
00XOOMMBIX [JIs HEe3aBHCHMOIO YCTAHOBAEHHA 3JIEMEHTOB
X, B X,

H(x,, x,) = H(x,) + H(x,). (5.3)

IIpumep 4. Vcmonwsys 3akoH afgAMTUBHOCTH
uHbopManun ¥ popmyny XapTiu, HOACIHU-
TaeM, Kaxoe KoiauuecTBo mHbOpManuu He-
ceT JOCTOBEePHEBIN IIPOTHO3 IOTOJEL.

TIpeamnmono MM, 4TO IPOTHO3 HOTOABI Ha
caeAyIOIINH LeHb 3aKJIIYaeTcs B IIpeJcKa-
3aHUHU JHeBHOH TeMIepaTyphl (0OBIYHO BbI-
6op gemaerca U3 16 BO3MOIKHBIX A JaH-
HOro ce3oHa 3HA4YeHMWII) M OJHOrO U3
YeThIpex 3HaYeHH# 06JIa4HOCTH (COJHEYHO,
TepeMeHHasA oDs1avHOCTD, IacMypHO,
LOXKIB).

ITonyuaeMoe Ipy 5TOM KOJHYECTBO MHGPOPMAaNWK PaBHO
log,16 + log,4 =4 + 2 = 6 Gur. d

BaxkoH affUTHBHOCTH HMHGPOPMAIIUHN CHpaBeIHB U NpPU
ajndaBUTHOM NOAXOJe K H3MepeHWI0 HHGODMALUH.

HanomuuM, 4To KoampoBanume uUHPpopManuu (coobmie-
HUH) B paMKax aagasumHozo nodxoda OCYLIeCTBIIAETCA
crenyomumM obpasoM. [uia 3anucu coobileHHH olpefeseH-
HOTO BHJa BBOAUWTCA CBOU angasum (Habop cuMB0OI0B). Ko-
JIMYECTBO PA3JIWYHLIX CHMBOJIOB B ajdaBure N HasbpIBaeTcd
ero mougHocmsvio. AnpasuT BEOAHUTCA Tak, 4TOOHI Ji000e co-
ofII[eHre HMHTEPEeCYIOIero Hac BUAa MOXKHO 6bLno OBl samu-
caTh TOJBKO C TIOMOINBIO KOHEUHOM II0CJIe0BATENIBLHOCTH
CHMBOJIOB AAHHOTO ajadaBuTa.
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Ompenenenne 8. KonmdecTBo MHPOpPMAIMM, COdeprKalleecsd B
OJHOM CHIMBOJIE, HA3bIBaeTCH €0 URPOPMAUUOHHbLIM EeCOM.
Cornacuo ¢opmysne Xaptiau, 3TOT Bec paBeH log,N.

B § 5.2 yaxe Obln npupeleH IpUMep MUHMMAJIBLHOTO aji-
¢aBuTa, ¢ TOMOIILI KOTOPOTO MOXHO 3alllCHIBATE IIPAKTH-
YeCKH NPOM3BOJIbHBLIE COODIIeHWA Ha aHIIHUHCKOM fA3BIKe.
Ho norarue andasuTa BoBCce He 00A3aTEILHO CBA3aHO C aJl-
(haBUTAMM €CTECTBEHHEIX A3LIKOB (RHTTIMIICKOTO, PYCCKOTO,
Kopelickoro ¥ T. &.). Tak, ojia 3allNCH 4Y¥ces B IO3WUIIUOH-
HBIX CHCTEeMaX CYMCIeHMs HCIOoJIb3yeTcsa aiadaBUT, MOII-
HOCTBH KOTOpDOT'O paBHA OCHOBAHUWIO CHCTEMBI CUHCIeHUuAaA P
(cMm. rnaBy 1). HbOpMaIMOEHEIN Bec CHMBOJA TAaKOTO aJl-
tbasuTa (uudpsr) pasen log,P. [l 3anucy mosa 4eJ0BeKa B
aHKeTaxX o0BIYHO HCIIOJNBL3YEeTCS ABYXCHMBOJBHEIN anhaBuT
(«M», «K» UIN «m», «f»). A 179 KOZUpPOBaHUSA Pa3IIMYHBIX
COCTOAHWI OOGJAYHOCTH MOJKHO MCIIONB30BATH deThIpe DRK-
CHPOBAHHBIX PHCYHKA, KaKABIH K3 KOTODHIX OyaeT Ipen-
CTaBJIATEL co00H cuMBOJ ¢ KHOOPMAIIOHHLIM BECOM 10g24 =2
UT.4 KT I

CornacHo 3aKOHY AAAUTHBHOCTH HMHGMODMALNK, MOXKHO
YTBEP¥KIaTh, YTO AJIA XpaHEHUA OBYX IPOU3BOJBHBEIX CHM-
BOJIOB OJHOTO ¥ TOTO ke ajdaButa MouiHOCTH N moTpebyert-
ca He MeHee log,N + log,N = 2log,N Gut namaru. To ecTs
KOJIMYeCTBO HMHOMOpMAIMHK, coiep:Kaileecsl B COOOIIeHMH,
cOCTOsAIlleM M3 M CHMBOJIOB OZHOTO U TOrO ’Ke andaBHUTa,

paBHO mlogzN .

IIpumvep 5. OpHa CcTpaHMIOA XYAOMKECTBEHHOTO IIPO3AMYECKOTo
IIpou3BeNeHNs Ha AHIINMUCKOM dA3BIKe MOXKeT CONepKaTh
oxoi0 2400 cUMBOJIOB, BKJIOUas pasfelnTesIbHble IPODesnl
Mexny caoBaMu. Torga ansa shb@heKTHBHOTO XpaHEHMA IIO0-
JOOHOM cCTpaHWUIBI TEKCTAa B KOMIBIOTEPe IOHALOOHUTCA
2400-log,32 6ur = 12000 6ur = 1500 6aiiT namATH BMeCTo
2400 6aiit npu ASCII-npefcTaBIeHUN TEKCTOBON UHPOPMA-
I[HH. O

IIpnmep 6. /113 KOMOBIOTePHOM 3allCH CTOJETHHX Hab/II0ZeHuH
0 norofe, Kacaimomuxcsa obiaaunoctu B MockBe, morpebyercs
oxkono 2-(75-365 + 25-366) 6ur = 73050 Gur mamar:.
CTonbKo e BOIIPOCOB HaM IPHUAETCA 3afaTh CHUHONTHKY,
4yTo6bl y3HaATh COCTOSAHME ODJIAUHOCTH BO BCE AHH paccMar-
PHBAEMOrO CTOJIETHA. . 4
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Bonpocsl n 3apgaHusa

1.

2

it

BrinonnuTe yupaxkuenne 2 K § 5.2, UCIONB3YA 3aK0OH amgu-
TUBHOCTHU HHpoOpMaIuH.

Onpefenute KoJaudecTBO KHHGpOpMallMM B cBoell amuiun
Op¥ YCJIOBUHM, UTO AJd KoaupoBaHusd dammianii 6yaer uc-
II07Ib30BAThECA 32-CHMBOJIBHBIN ay(aBHUT,

AndaBUT HEKOTOPOI'O A3BIKA COCTOUT M3 32 cuMBOJOB. 3a
CKOJIBKO CEKVHJ MEI CMOJXeM nepenaTh Tekcr u3 1600 onTu-
MaJIBHO 3aKOZUPOBAHHEIX CHMBOJIOB 3TOr0 ajidaBHTa, €CIH
CKOPOCTB Tlepefiaun coctaBiaaeT 100 6aiiT B cexyHAY?

B reuenue 5 cexyHz 6b1710 mepegaHo coobIeHne, 065eM KOTo-
poro coctapuy 375 6aiit. Kakos pasmep andasura, ¢ IoMo-
B0 KOTOPOTO 3aIIMCaHO COOOIIIeHNe, eCIl CKOPOCTE Iepea-
un coctaBuia 200 CHMBOJIOB B CEKYHIY?

IIpH; UrPe B KOCTH HCTIONLAYIOT 2 OGUHAKOBHIX KyOuKa, rpa-
HH KOTOPHIX [I0MeYeHE! unciaamu oT 1 go 6. Ckombko nHGOD-
MAaI¥H HeceT cOODUIeHMe O TOM, UTO IIPH BpocaHyy ABYX Ky-
OMKOB B cyMMe BbINano 12 ouxkoB?

B s3bIKe HEKOTOPOro IIeMeHK Bcero 16 pasmmuHBIX GYKB.
Bce cioBa cocToaT 13 5 6YKB, BCero pa3jinyYHBIX CAOB B A3bIKe
8000. CKOIBKO KOMIILIOTEPHOM MaMATH 3aBeloMO HOTpeby-
eTcA OJIA XpaHeHHsd BceX CJIOB TOTO A3bIKa?

§ 5.5. Undopmauusa n sepoatTHocTb. Popmyna

LLleHHOHA

s onpeneneHusa KOJIUIECTBA HHGOPMAINY AaleKO He BCer-
Ila BOZMOYKHO MCIIONB30BaTh popmyny Xaprau. Ee npumensa-

| I0T JINIIb B YACTHOM CJIydae, Korga BeI6OD JI060ro sjJIeMeHTa

M3 MHOXKECTBA, cojep:kaniero N »JjIeMeHTOB, PaBHO3ZHAUeH.
Winn, npu andaBuTHOM IOAXOIe, BCE CHMBOJLL aldaBuTa
BCTPEYAIOTCA B COODIIEHUAX, 3ANNCAHHBIX C IIOMOIIBIO 3TOTO
ajdaBuTa, OZMHAKOBO dacTo. OmHAKO B JeHCTBUTENBHOCTHU
Tak OBbIBaeT JaJjIeKO He Bcerza. B ToM UHCJie M CHMBOJIBI aj-
(haBHUTOB eCTeCTBEHHBIX A3LIKOB B COOOIIEHHAX NOABJIAIOTCH
¢ pa3HoOM YacToToil.

Jlemma 3. Ilycrs Hamr amgaBUT COCTOMT M3 ABYX CHMBOJIOB

(a m b), HO MHOeCTBO CHMBOJIOB COODIIEHHA COLEPIKHUT n
JK3eMILIAPOB CAMBOJIA ¢ M /M 3K3eMILIAPOB cuMsoia b. Tor-
Ja, ecIu HaM BCTPeTHUTCH CHMBOJI @, MBI IOJIYyYaeM
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log,(m + n) — log,n GuT uHEGOPMALVH, & B CiIy4ae BCTPeqH
cumona b — log,(m+ n) - log,m Gur undopmanum.
Hoxaszamenvcmeo. PaccMOTpUM HOBHIN andaBHUT U3 n + m CHM-
BOJIOB: @y, Ay, wey Gy by, by, ooy b . B HOBOM andaBuTe Kax-
IBIH CMMBOJI BCTPEUAETCA VIKe C PABHOM YACTOTOHM U €ro HH-
GopManMOHHBIA BeC BRIpaxkaeTcd (opmynoit log,(n + m).
Ecin npu BCTpeue HEKOTOPOTO @; MbI ObI PacIO3HABATH €T0
VHHUKaJIBHOCTb, TO Mbl Obl mosnydwiau log,n 6ut uHGOpPMAa-
IyH, TaK KaKk Takux cHMEBoJOB 1. Ho Bce cumBonl @; ogu-
HAKOBBI, ¥ HAM He Ba’XHO, KAKOW MMEHHO CHMBOJ d; HaM
BCTpeTHJICH, U OIIPelessATh 3TO MBI He 6yaem. [losaToMy B pe-
3yJbTaTe OTOKJECTBJICHUsA BCEX CUMBOJIOB @; MBI HEAOIOJY-
yaeM (Tepsaem) log,n Gur mHbODMALKHU, eCIH BCTpedaeTcs
.OQMH U3 CEMBOJIOB a. CilefoBaTENbHO, IOIYIeHHOE KOJIHYe-
cTBO MH(poOpMauuu paBHO log,(m + n) — log,n 6ur. Anano-
TUYHO, MH TepseM log,m OuT mH(pOpPManMH, eclu BCTpPeYa-
eTcsa cUMBOJ b.
Jdemma Odoxasana.

W3 memMer 3 caengyer, UTO AJS BCEX CHMBOJIOB HAINEro
andasuTa B cymme Tepaerca nlog,n + mlog,m 6ut uudop-
Manuu. B pesyiabrare HEQOPMAIMOHHEIHA BeC OAHOIO CHMBO-
Ja B cpeJHeM BhIpaxkaerca (HOpMyJIO:

H =log,(m+n) - n logyn — m log, m =
n+m n+
n n+m m n+m
= log, + log, .
n+m n n+m

Hasosem wacmomoii 6cmpeuaemozo cuMBOJIa @ B HEKOTO-
POM MHOJKeCTBe CHMBOJIOB BeJU4IUHY p = n /N, rae N — 06-
Iee KOJIHYIECTBO CMMBOJIOB B MHOXKECTBE, & N1, — KOJIUYeCT-
BO CHMBOJIOB @ B 3TOM K€ MHOXKeCTBe.

Torga 4acToTa p; MOABJEHMS CHMBOJIA @ B HAIlleM MHO-
JKecTBe paBHa n/(n + m). AHanoru4so p, = m/(n + m). Ilpn
aToM p; + p, = 1. B 9TUX TepMHUHAX CPeAHUI WHDOPMAIHOH-
HBIH BeC CHMBOJIa ABYXCHMBOJIBHOTO andaBuTa BeIpaskaercs
dopmyoi

H = p,log,(1/p;) + p,log,(1/p,).

9ro ¥ ecTs gopmyaa IllenHona ansa andaBUTa, COCTOSA-
mero U3 JBYX CHMBOJOB.

IlycTe y Hac ecTh MCTOUHHUK MH(pOPMALUY, KOTOPHIH BbI-
JaeT IIOCNIeJOBaTeJbHOCTE CUMBOJIOB HeKOTOporo aladasura,
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IIPX 9TOM pa3Hble CHMBOJIBI MOTYT HOABIATECA C PA3HOHM 4a-
croroii. O6o3HaUUM n(a) KOJTMIECTBO CHMBOJIOB @ cpeiu N
CYIMBOJIOB IIOCJI€LOBATE/JILHOCTH.

Onpenenenne 9. Ecnu npy yBernueHUN AJHHLI I0CJTeL0BATEh-
HOCTH n Besm4umHAa n(a)/N cTpeMuUTCA K HEKOTOPOMY UYHUCIY
P,y TO 3TO UHCJIO HABBIBAETCA 6EPOAMHOCMbI0 IOABJICHUA
CHMBOJIA @ M3 JAHHOINO HCTOYHHKA.

JInsa KOHEYHBIX TOCJefOoBATeJILHOCTEH IOHATHE BEepPOsT-
HOCTH IIPOCTO COBHAJAET C IMOHATHEM YacTOThHl IIOABJEHUS
OAHHOT'O CHMBOJIA CPeJH MHOKeCTBA CHMBOJIOB IIOCJIeLOBa-
TeJBHOCTH. BriBemem Temeps dopmyay lllennona gnsa ciy-
vyass N-CUMBOJBLHOTO ajdaBuTa.

®dopmyaa llennona

IIycte MBI mMeem andaBuT, cocToamuil m3 N CHMBOJIOB,
C YACTOTHOH XapaKTepUCTHUKOHN Py, Py, .., Py, TA€ p; BHIpA-
JKaeT BePOATHOCTD IOABJIEHUA i-I'0 CHMBOJIA, TAK 4YTO BCE Be-
POSITHOCTH HEOTPHIIATEJBHBI M HX CYMMa paBHa eIWHUIE.
Tornpa cpeagunit HHGOPMAIIMOHHEIA BeC CHMBOJIA TAKOTO aJi-
¢aBura BRIpasKkaeTcsa GopMysoi

H =p,log,(1/p;) + pylogy(1/py) + ... + pylog,(1/py). (5.4)

pag gy AoKasamenvcmeo. ia N = 2 dopMmyna yxKe JO-
P KasaHa. IlycTh dopMmysa BepHa Ans J0O00TO aj-
¢dasura, cocroamiero us N — 1 cumposa. Otoxzae-
CTBHM ABa IIOCJAEJHUX CHMBOJIA Hairero aixdaBH-
Ta. BeposTHOCTL IOABJIEHUA JIO6OTO M3 ITHUX
ABYX CHMBOJIOB paBHa (py_, + py). Toraa Mm
uMeeM axdaBUT, cocTosAlui u3 N — 1 cuMBoJa,
K. IIlegmon H, 0O IIPEAIOJIOXEHUIO, CPeAHNH HHGOPMAIHOH-
(1916-2001) HBII Bec OyAeT BHIpAKaThCA TaK:

H=p110g2(1/p1) +p210g2(1/p2) + .t pN_ZIOgg(]-/PN_g) +
+ @y t pN)]-ng(l/(pN—l + PN))- (5.9)

OmpegenuM, KaK 9acTO CpefH ABYX OTOXXAECTBJIEHHBIX
CHMBOJIOB OyAeT MOABIATHCA KaKAbIM M3 HHX B OTAEJIbLHO-
ctu. Takue 4acTOTHEI HABOBEM OMHOCUMENLHBIMU BEPOAMHO-
cmsAMU TIOABJIEHNA KaXA0ro U3 IBYX CHMBO0JIOB. OHH paBHH

An-1 = pN—l/(pN—l + PN) H{gy = PN/(PN_1 + PN)-
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CornacHo memme 3, IIPpHN OTOXKOECTBJIEHNN MBI IIOTEPAIH

In-1108,1/qy_; + qylog,1/qy

OuT nHPOPMALMK Ha KaKIbIH M3 OTOMKIECTBIEHHBIX CUMBO-
JIOB, a UX [OMIA CPefid BCeX CHMBOJIOB COCTAaBaAET Py _; + py.
CnenoBaTe bEHO, B CpegHEM HA OJWH CHMBOJ IIOTEDSHO

Pyn-qlog,1/qy_ + pylog,1/qy Gur.

Ecau npubaBuUTH IIOAYy4YeHHOE BhIpa)keHHe K (opmyie
(5.5), To mocye HeCJIOXHBIX Ipeobpa3oBaHWil MBI X IIOJY-
ynMm dopmyny Hlemnona.

Popmyna llennona dorkasaua.

Cporo dopmyny Illemnon BeiBenr B 1948 roxy. OpgHaxo
emre B XIX Beke aHaJIOTHUYHYIO QOPMYIY IOJYUHI BOJbII-
maH. OH uckan ee Kak GopMyny s sHmpo-
nuu, Korga 3aHuUMalica mpobieMaMM CTaTH-
CTHUECKOH (QUBMKH. JHTPOIHUS PHU3NUeCKOH
CHCTEMEL CIYXHUT Mepoil HeynopadoieHHOo-
cmu cucreMbl. C TOYKM 3DeHHs TEOPHHU WH-
dopMany MOMKHO CUHTaTh, YTO SHTPONIHUS
CHCTEMBI ABJIAETCA Mepoil HeonpedelleHHO-
CMmu COCMOAHUS dNeMeHmMO8 cucmembt, Ha-
IIpUMep COCTOSHMSA MOJIEKYJI rasa, obpasyio-
X CUCTEMY. JTa HHTepIpeTallud II03BOJIA-
€T JIeTKO IIOHATL, modeMy BoJbIIMaH IIONYUYHJ TAKYIO Ke
dopmyny, kaxyio IllegHor moayyua A MHGOPMaLUH.

JI. Boasnman
(1844-1906)

Bonpoc. Coznacyrwomea au mexncdy coboit gopmynret Xapmau
u Illennona?

Omeem. YToOBI OTBETHUTH HA STOT BOIPOC, NIPUMMEHUM QOpMYyIy
Illenrona K andaBHUTY, CHMBOJBI KOTOPOTO B COOOIEHHAX
paBHOBEPOATHEL. To ecTb p, =p, = ... =py = 1/N. Toraa dop-
myna lllemHoHa mpumer BUA

H = (1/N)log,N + (1/N)log,N + ... + (1/N)log,N = log,N,
T. €. COBOAJET ¢ opmyoit XapTiiu. O
Bonpoc. Bcezda au omeem «0a» uau «Hem» (a 6 anpasumunom

nodxode — 00UH cuMB0L O8YXCUMBOALHOZO aApasuma) co-
Oepacum poeHO 00un Gum uHpopmayuu?

Omeem. PaccmorpuMm dopmyay Ilennona B cayuae N = 2. Ecian
BEPOATHOCTH OJHOI'0 OTBeTa paBHa p, To gpyroro — (1 — p).
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Torga ¢opmyny IllemHOHA MOYKHO paccMaTpUBATL KaK
byHKIMIO OAHOM IIepeMeHHOM:

H(p) = plog,1/p + (1 - p)log,1/(1 - p).

Hccnenya npoussognyio 3Toil GYHKIMH, HECIOMKHO JOKa-
3aTh, 4TO MakcuMyM H(p) Ha orpeske [0, 1] paser 1 u goctu-
raercd npu p = 1/2. CnegoBareasHo, ofuH OUT nHpOPMALTH
MBI [OJIy4aeM TOJBKO B TOM CJIydae, KOTJAa OTBETHl «ha» U
«HeT» paBHOBepoATHH. Tak, coobileHre o ToM, uro 6yTepO-
POA, yIaJl MacjioM BHU3, HeceT B cebe MeHee OJHOIO OMTa MH-
dopmanuu (kKax useecTHO, 6yTepOpPOA CO CTOJIA HA IIOJ IPaK-
THYEeCKH BCET/A HafaeT MacjoM BHHU3). Bojee Toro, ecim MsI
6ymeM Opocatk 6yTepOpod HECKOJBKO Pa3, a pesyjbTaThl Ha-
X 9KCIEPUMEeHTOB GyleM 3anuchiBaTh ¢ moMoisio 0 u 1,
TO ¥ B CPESHEM OAWH CHMBOJI IOJYYEHHOTO IBOHMYHOTO KOAA
OyzmeT HeCTH MeHee ofHOTO 6xTa MHMDOPMAIIH. O

W3 BrimeckasaHHOTO clefyeT OYeHb BayKHEIN pes3yibTarT.
KopupoBarue ¢ yueToM BepOATHOCTE! IOABJIEHUS pasjimd-
HBIX CHMBOJIOB B COOOIIEHNH MOKHO cAejaTh 06ojiee 9KOHOM-
HBIM, HEXEJIM KOAMPOBAHNE, OCYIIECTBIEHHOE B IIPEAIIOJIO-
JKEHUM PABHOM YaCTOTHI MX IIOABJIEHUA.

OHHBIA BeC CHMBOJIOB TOT'0 MJIK MHOTO aJI(baBI/ITa UJIN K-
® mponuio pacnpeaeﬂeuuﬂ qacToT IIOABJIECHHA CHMBOJIOB
COOTBETCTBYIOIILEI'O ambaBnTa.

' @opmysaa llleHHOHa IOKa3bIBaeT cpefHMU HMHGOPMALU-

Heno ofcTouT mpoilre, ecjiX HAC UHTEpecyeT KOJWIECTBO
nHGOpMAaIlMK, KOTOPOe HeceT TOT WJW HHOH CHUMBOJ B OT-
IeJBbHOCTH (MK JKe, UTO TO JKe caMoe, KOJHYEeCTBO BOIIPO-
COB, KOTOpOe IpMAETCA 3a4aTh, YTOOLI OTTafaTh IIPEIMeT,
BEPOATHOCTL HAXO0MKJEHHS KOTOPOI'O B AAHHOM MHOMKECTBE
u3BecTHa). IIpuuyeM npu BHIBOAE COOTRETCTBYIOIEH (GopMy-
JIBI UICIIOJIL3VIOTCS Te 2Ke cooOpakeHWs, YTO U IIPH BHIBOJAE
bopmyner IllenHoHa.

IIyers B Hamem MHOMKecTBe HaxoguTca N IpesMeToOB.
IIpu sToM MHTepecyIOUIUN HAC IpeAMET SBIAETCA OJHUM U3
m < N ogWHaKOBBLIX IIpeAMeTOB. TO ecTh BEeDPOATHOCTEH €ro
noABnaeHUA ectb p = m/N. Eciu Kax bl IpeAMeT HaIlero
MHO’KeCTBa CUMTATH YHHUKANLHEIM, TO 10 ¢dopMysne XapTiu
ero MOMKHO yrajaTh B cpeaHeM 3a log,N Bompocos. Ho B
JaHHOM cJilydae, yragas Jio00i 13 HHTepecyIOMUX HAC Ipe-
MeTOB, Mbl 3afaAuM Ha log,m BOIPOCOB MeHbIIe, TAK Kak
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He OyfeM ompefesiATb, KAKOH MMeHHO JK3eMILIAD HAM IIOo-
nancs. O6mee YHCIO BOIPOCOB NIpH 3TOM OYJeT BRIPAKATDH-
ca tpopMyIoH

log,N - log,m = log,N/m = log,1/p. (5.6)

®opmyaa (5.6) BepHa U B ciIyuae, ecqu Bce N IpegMeTOB
BO MHOJXeCTBe YHUKaJNbHB! (T. e, mMeeTcs N pasINUHBIX
IpefMeTOB), HO BEPOATHOCTH HX IIOABJACHHUA pPa3IHYHEL,
s BeiBoAa GOPMYNBI B 3TOM ClAy4ae MCHOJL3YIOTCA Te XKe
paccyxJeHud, YTO U IIPH AOKA3aTesJLCTBe JIeMMBI 3.

3amaua 3. B pesyavmame mrozonremhux HabA0OeHUl yyumens
UH@OPMAMUKY 3HAem, LMo Y NON0BUHbL €20 YYeHUKO8 Umo-
2060li ommemroil 3a zod 6ydem «yemeepxa», y 1/4 yuenu-
K08 — «namepka», Yy 1/8 — «mpoiika», a ocmanvHbie Yue-
HUKU NO PASHbLM NPULUHAM OKAHCYMCA HeammecnosaHHbl-
mu. Rawoe roauuecmeo ungopmayuu Mvl NORYLUM NOCRe
mozo, KaK Y3HaeM, KAKYIO UMEHHO OMMemKYy NOAYHUL Yye-
HuK?

Pewenue. Popmyna (5.6) TOBOPHT O TOM, 4YTO BCe 3aBUCHT OT
KOHKDEeTHOH oTMeTKH. EcaM 3TO «ueTBepKa», TO MLl IOJY-
uuMm Beero log,1/(1/2) = log,2 = 1 6ur undopmanuu. Qi
«IATePKH» KONIMYeCTBO MHGOPManuu pasHo log,1/(1/4) =
= log,4 = 2 6uram. U «Tpoiika», u HeyNOBIETBOPUTEIbHEIH
PesysbTaT KaXKJBIA B OTAeJIbHOCTH HecyT Io log,1/(1/8) =
= log,8 = 3 6ura uHdpopmanuu. KoHeuHO e, «TpOKHKa»
cama no cebe 3gect HY npu UeM! BaxxHo TONMBKO, HACKOMBKO
YacTO YV Y4eHHKOB BCTpedYaeTCd HMMEHHO TaKas OTMETKa.
IIpuuem dyem Gojiee pefKoil ABIAETCA OTMETKa, TeM GoabIIe
uadpOpManKK HeceT COOOIMIEHNE O TOM, YTO IIOJIydeHa HMeH-
HO OHa. U

Pemute samauy 3 MokHO Oblmo u 6e3 HMCIOJL30BAHHUA
dopmynst (5.6). IlycTe oTMeTKA YueHUKa HaM HeM3BECTHA U
MBI XOTUM €ee ONpelesuTh, 33/laBas eMy BOIPOCH], II0JApa3y-
MeBalIlfe OTBeT «Ja» UIu <«HeT». CHayana pasyMHO CIpO-
CHTb, He IOJYYHJ AU YUYeHHK orMerky <«4». Eciam ato He
TaK, TO Jajiee HMeeT CMBICH CIPOCUTH PO <«IIATEPKY».
B cnyuae Heygauy mocJaeSHUM TPeTLUM BOIIPOCOM MBI YTOU-
HUM, OKa3ajcd JHU YyYeHHK aTTeCTOBAHHLIM BooOme. Ilops-
JOK BOIPOCOB 3Jech He ciydaeH. MakTHYECKN MBI OIpeje-
JAeM NOAMHOMKECTBO, K KOTOPOMY IIPHHAAJIEIKHT YUYEHUK
COIJIacHO CBOeH oTMeTKe {BCero Takux moaMHOMKecTB 4). ITo-
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cjle MOJYUYeHUs OTBeTa Ha KaXKABIN CjleAyIoNIuil BOIpPoOC KO-
JUYECTBO VYAIIUXCA, CpeAy KOTOPBIX MOMKeT HaXOJUThCA
Halll yYeHUK, YMeHbIIaeTcsa B JBa pas3a, 9TO COOTBETCTBYET
NOJIYyUeHUIO0 OZHOTO OMTa HMH(pOpMAaIuu.

IIpumep 7. 3nas npubausuTeSbHEIE YaCTOTH, ¢ KOTOPHIMU
BCTpeualoTca GYKBEI DycCKoro ajidasuta (B Tabianume Huxe
TIpuBefieHLl CpeJHUE OKPYIVIEHHBIE YACTOTHl YHOTpebieHUsA
OyKB PYCCKOTO S3BIKA U CHMBOJIA «Ipofes» Ha KaKIVIO THI-
cAYYy CHMBOJIOB TE€KCTAa HA PYCCKOM ASBIKE), MOXKHO Ooiee
TOYHO, YeM IPH HCIOJAb30BAHUM al(paBUTHOTO MOAXOAA, HE
VYUTHIBAOIIET0 BEPOATHOCTH IOABJIEHUS DABIUYHBIX CHM-
BOJIOB, OTBETHTH HA BOIIPOC, CKOJLKO MHGPOPMAINY HECET TO
WX MHOE CJIOBO, HAIIpHMED Bamia GbaMuIud.

Byksa |mpobGen| o leél a |ulT|H |c|p|Blalxk|Miag|ln|y
Yactota| 175 190172162 |62!53{53|5440|3835(28/26|25(23|2
Byksa q Bl | 3 |bb| O (P |y |#|x|k|lo|m|n|m|>
YacToTa 18 16/1614114113]12/10/9| 716641313

—

Do

Oaa xopupoBanud (GaMHJIMH MBI MOKEM MCIONL30BATD
32-cMMBOJBHEIA aldaBUT (OTOKAECTBUB OYKBBI «€» U «€»).
Kak yke OblI0 MOKaz3aHO BEHIIIE, I8 KOZUDPOBAHUSA OJHOTO
CHMBOJIa Takoro aixpasura gocrarogno 5 6ur. To ecTsh, Ha-
npuMep, ¢amunua Beaor Hecer 25 O6uT HEHMQOPMAIWH CO-
riacHo andaBuTHOMY noaxoxy. C yueToM HacTOTHHIX Xa-
PaKTepHCTHK OYKB pyccKoro angaBHUTA M 3aKOHA aJJUTHUB-
HOCTH HH(pOpPMaIMK HHGOOPMATHBHOCTEL 3TOH JKe daMuiuun
pasHa 23 6utam (uam okoyo 21,5, eciu ydecThb, 4To npober
B HamucaHWM QAMUINYA He HCIONbL3yeTcs).

MoOKHO OPEeNJOXKHUTh APYrOM IMOAXOR K M3MEDPEeHNIO HMH-
dbopmanuy, ecan OTHEEJHLHO KOJHPOBATh KOPeHb (HaMUINUH,
a OTAeJbHO — ee OKoHuanme. Torma mMoxHO 0GOHTHCEH U
MeHBIIUM KonudecTBOoM 6uT. Tak, OKOHUYaHHE «OB» BCTpE-
yaeTcd KaK MHHMMYM B IIOJIOBUHE MYXXCKUX haMUJIHI poc-
CHSAH, T. €. HeceT Bcero oguH OuT mubopmanuu. KopeHb
«Ben» BcTpeuaeTcA, MpeAmoJIOKUM, OAUH pasd Ha 128 da-
munuii. To ecTh ANA ero KOAMPOBAHMSA LOCTATOYHO 7 OHT.
Torga obmuit kKox g4 daMuauy BesoB TeopeTHYeCKU MO-
JKeT 3aHMMAaTh BCero oamH OaiT!

Hakonen, MOXHO IIpOCTO y3HATh, KaK 4acTO BCTpedaeT-
ca ¢pamuaua besoB cpepm poccuilckux pamMunuit, m mox-
CYUNTATE €e HHGPOPMAIMOHHBIA Bec. EcIM mpenoykeHHEIe
BhIIie UQPHI OTHOCUTEJNHLHO YACTOTEL yHOTpebaeHus B da-
MHUJIHAAX KOPHs «DBes» ¥ OKOHYaHWA «OB» BEpHEHI, TO HH-
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GopManNOHHEIH Bec haMHJINH B HEJIOM 3aKJII0YeH Mex Iy 7
u 8 burTamu. O

IIpumep 8. B urpe «Ilose uygec» MHOrAA paspellaeTcs OTKPHITH

IIPOX3BOJIBHYIO OYKBY cioBa. Kakyio Ho3UIHIO CJIeLyeT BBI-
opars? CyuTaeTcsa, YTO UCKOMOE CJIOBO COJEDXKHUTCS B UMe-
IoUIeMcs y Hac cioBape.

CAM [ TA

BriGepem u3 cioBaps BCe CI0BA, COCTOAIINE M3 TOTO Ke
qncnaa OYKB, YTO U OTrafblBaeMoe CJIOBO, ¥ ¥ KOTODBHIX Ha
MecTax YXKe pasraJaHHBIX HaMM paHee OVKB CTOHAT Te XKe
6ykBBI. [I1a Kasxg0¥ M3 HEOTKPBITHIX IIO3UINK HOLCUNTAEM
SHTPOINIO paclipefesieHUs HYacTOT IIOSBJIEHUS B 3TOH IIO3H-
¥y pasaudHbIX OYKB. Torga oTKpheIBaTh ciaenyeT GYKBY B
TOH IOBMIIUY, 3HTPONMA KOTOPOI MaKCcHMAaJIbHA.,

Bonpocsl M 3agaHus

1.

2.

3.

OnpenenuTe KOJMMYECTBO MH(POPMALUK B CBOeH (GaMIIMH 110
TabJIKlle YaCTOT BCTPEYAeMOCTH PYCCKUX GYKB (M. mpuMep 7).

IIpu; urpe B KOCTH HCIOJBIYIOT 2 OTMHAKOBHIX KYOHMKA, I'pa-
HY KOTOPHIX IIOMeYeHEI yucaamMu ot 1 go 6. Ckoabko uudop-
MAaIluy HeceT coolllleHue 0 TOM, YTO npy OpocaHuM IBYX KY-
0MKOB B cyMMe BBIITAO 4 ouKa?

B ypue HaxonaTca 8 6esblx U 24 4epHBIX mapa. Kakoe Koan-
YecTBO MH(POPMAIIMY HeceT CoObIIeHMNe O TOM, UYTO U3 YPHBI
Jocrany Geasld map? A uepHEIH map?

Coob1iieHue 0 TOM, YTO HallfeH IIBETOK CHPEHHU ¢ D JenecTKa-
MH, HeceT 7 6MT nHopManuu. Kax yacto BCTpedarwTcs IO-
IOOHEBIe IIBETHI HA BeTKAX CHpeHu?

1 peMOHTa IIKOJBI MCIOJAB30BAIN OeIyIO, CHHIOI M KeJl-
TYIO KpacKH. MlapacxozoBany ofuHaK0BOe KOJIHIeCTBO Hestoi
u cunelt kpacky. CoolIIeHIe 0 TOM, YTO 3aKOHYMJIACh DaHKA
06esnoil Kpacky, Hecer 2 Outa mHbopmanuu. CuHell KpacKu
uspacxogoBany 8 6aHoK. CKONBEKO 0AHOK 2KeJITOM KPacKH M3-
PacxooBasu HA PEMOHT IIKOJIBI?

ITocrpoiite rpaduk pyuxmun H(p) = log,1/p Ha nnTepBae
(0, 1]. Kaxue BbIBOABI MOXKHO CHeJIaTh IIPH KCCIIeJOBAHUK
aToro rpadpuka?
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7.

B ynpasxnennu 6 us § 5.4 6bL1 oNIMicaH CIOBaph A3LIKA HEKOE-
ro mieMeHH. CxojnpkKo mapOpPMAIIM Ha CaMOM [ejie HeceT
ATOT CJ0Baph, ecan 16 OYKB, ¢ IIOMOIILI0 KOTOPHIX 3aIIMCAHE]
BCe CJIOBA ®TOTO IIJIEMEHH, BCTPEUAIOTCA B CJI0OBape €O CIeny-
IOMYMH YacTOTHRIMM xXapakTepucturamu: 1/4, 1/8, 1/16,
1/32,1/32,1/8,1/32,1/16,1/64,1/64,1/16,1/16,1/32,
1/32,1/32, 1/32?

§ 5.6. OnTumanbHoe KogupoBaHue UHpOpMaLuu

M ee CNNOXHOCTbL

OpHo#t M3 Ba)KHEHIIMX 3aJa4 COBPEeMeHHOM MHMOpPMATH-
KH, Kax yKe OblJIO IIOKa3aHO B rjaBe 2, ABIAETCA KOZUPO-
BanMe MH(popMauuy Hambosee KOPOTKHM o0pazoM.

CaencrBueM u3 popmyssl IlleHHOHA ABIAETCA TO, UTO HE
CYIIeCTBYeT YHUBEDPCAJBLHOrO cIiocoba II0CHMBOJIBHOTO
KOAWPOBAHNA MIPOM3BOJLHOrO hailjaa ¢ 4ACTOTHBRIMM Xa-
PAKTEePUCTHKAMM BCTPEYAIOIIMXCA B HEM CHMBOJIOB
Py5 Pys -s P> KOTODBIH obecrieunBaj OBl CIKaTHe KO BeJIU-
YUHB MeHBIel, yeM

Dpylogy(1/py) + pylogy(1/py) + ... + pylogy(1/py)

61T Ha OAWH CHMBOJI.

OTMeTHM, YTO €CJM WCCJIelOBaTbh KaKIbBIH ¢(aitm B OT-
IEeJIbHOCTH, TO B Ka’KAOM KOHKPETHOM cjyuae 6GoJjiee aKO-
HOMHEIZ cmoco6 KOAWPOBAHHA NPHAYMATHL MOMKHO, HAIPH-
mep anroputM RLE (cMm. rnaBy 2). IIpu aTom Ha cerogHsmi-
HWH  JeHb  paspaboTaHbl  VHUBEpCAJbBHBIE  CIIOCOOBI
KOOUPOBaHMA HUHGMOpMAUWM, HaIpHUMep, aaroputm Xad-
¢dMaHa MIH apUOMeTHIECKOr0 KOZUPOBAHMNA, KOTOPEIe IJId
MpOMBBOJIBHOrO (daiina cTpoaT Koj, OIM3KUA K ONTHMAJb-
Hoil onenke IlleHHOHAa.

Paccmotpum maero mocTpoeHuA 0FHOTO U3 YHUBEPCAIBHBIX
aJTOPUTMOB KOZWUDOBaHMA., Tak Kak pasJIWdHble CHMBOJBI
BCTPEUYAIOTCA B TEKCTE C PA3IMYHOM YaCTOTOH, TO €CTECTBEHHO
KOZWPOBaTh UX TaK, YTOORI Te, KOTOPLIE BCTpeUAlOTCA uallle,
KoaupoBajauch Hojlee KOPOTKO, a Te, KOTOPEHIE BCTPEYAIOTCS
pe’ke, KOTMPOBAINCE qauHHee. Ho ecau Mbl mMeeM HepaBHO-
MepHBIA KoA (pasHBle CHMBOJIBI 3aKOLWPOBaHBI IIOCJIENOBA-
TeJILHOCTSIMY PasHOW AJIMHEI), TO BOBHUKAaeT NpobiemMa: Kak
[IOHATH, Tfle KOHYMJICA KO ONHOTO CHMBOJIa M HadasjcA KOJ
apyroro? 9ty mpobieMy MOMKHO pellaTh ABYMSA CIIOCOGAMM:
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1) sakoaupoBaHHAA IOCIEIOBATEIBFHOCTL UMeeT B {AINHA
KoJa, KoA}{AnuHa Koja, KOA}...{IJ1uHa Kojma, Kox}. Tak
YCTPOEHBI, HanmpuMep, Kofasl Rice u enbTa-KoABI;

2) MOXHO IIOCTPOHTEH TaK Ha3bBIBAEMBIHN npedurcHbiil K0J:
B HeM He TpebyeTcs yKasbhIBaTh JJIHHY KOJA, HO KOABI ITO-
JAYYAOTCA HECKOJBKO AJIHee.

HanoMHHM, 4T0 KO HA3HIBACTCA IPe(UKCHBIM, €CIH KOZ

OAHOTO CHMBOJIa He MOXKeT ObITh HaYaAJIOM KOZa JApPYyroro

CHMBOJIA,

IIpumep 9. IlycTs MCXOAHEIHA (Al COCTONT TOJBKO U3 CHMBOJIOB
A, B, C u D. Ilpu srom umeetcst 64 6yxBur A, 32 6YKBH B,
16 6y C u 16 6ykB D. IlockoabKy andapBuT B ZAHHOM CJY-
qae COCTOMT M3 YeThipeX CHMBOJIOB, KaKIBIMl CHMBOJ MOMK-
HO 6B17I0 OB 3aKOAMPOBATH ABYMA OuTaMu u Bech daila mo-
MecTUTh B 256 Omr. Ecim ke MBI 3aKOOUpPYeM CHMBOJI A
HyJeBBIM OHUTOM, B — mocjemoBaTelbHOCTHIO OMTOB 10, a
cuMBONEL C M D coOTBETCTBEHHO IIOCJeLOBATEILHOCTAMM
110 u 111, To dadir coskmercs go 64 + 2-32 + 3-16 + 3-16 =
224 6ur. IlpaBma, HaM MAONOJHHTEJBHO IPHUAETCA THE-TO
XPaHUTH KOJOBYIO TaOIHIy, YKA3HIBAIOIIYIO, KAKHE CHMBO-
JIBl UMEI0T KaKWue KOXEL.

B pmamHOM ciydae mpepnosxeHHBIE kox 0, 10, 110, 111
AsnAeTca npepuKcHbBIM, Bosee Toro, Aas mob0oro YeThpex-
CHMBOJIBbHOTO ajdaBuTa ¢ 4acTOTaMM BCTpedyaeMoctTu 1/2,
1/4, 1/8, 1/8 paccMmoTpeHHBIH cII0CO0 KOAUPOBAHUA SABJIA-
eTCd ONTHMAJBHEIM, TAK KaK KajKIbIH CHMBOJ KOSHUPYETCA
ABOMUYHOM IIOCIEeNOBATEIbHOCTBIO NJIMHBI, COBIIAJAIOIIEH C
HMHDOPMAIIMOHHBIM BeCOM KaXJOT0 CUMBOJIA B OTACJIHHOCTH.
To ecTh B JaHHOM CJIydae LOCTUTHYTA HYKHAA TeopeTHde-
cKas TPaHUIlA CHKATHA. |

npedmxduuﬁ kon XadpdpmaHa

Jnsa upousBonbHOro ajdasuTa OLHUM K3 Hanbosee mpu-
MeHUMEIX aJIlTOPHUTMOB IIOCTPOEHUA IIPe@MKCHOrO0 KOja,
OJIMBKOTO K ONTHUMAJILHOMY, SBJIAETCA YK€ N3BeCTHBIA BaM
aneopumm Xappmana. JokaxeM, UTO KOJ, IIOCTPOSHHBIMN
C er'o IIOMOINBIO, ABJIAeTCA NPe(PUKCHEIM.

IIpuBeseM KOHCTPYKTHBHOE AOKAa3aTesLCTBO. HCIH TekcT
COAEPKUT BCEro ABa CHMBOJIA, TO OGUH U3 HUX KOZUDPYeTCS
HyJleM, a BTopoili — eamuuuneil. Ilpeanonoxum, 4TO MJId aJ-
daBuTa, cocrodllero us N CHMBOJOB, Kox Xaddbmana yxe
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noctpoeH. Paccmorpum andasur, cocroammuii us N + 1 cum-
BosnoB. OToxxAecTBMM ABa HaulboJiee peAKO BCTPEHAIOILMXCH
CUMBOJIa 2TOTO ajpaBuTa ¥ IOCTpoumM Ko XaddmaHa 1id
Iony4uBIIeroca N-cCuMBOIBHOTO aidasura. Ecnu b,b,...b,
kog Xaddmana g1 «CKI€eHHOTO» CUMBOJIA, TO, He nameﬂaa
KOJIOB OCTAJbHLIX CHMBOJIOB, OIPEEIMM KOBl «CIMMIINX-
Ccsl» CHMBOJIOB Kak b,b,...b,0 u b,b,..b,1. Tak xak mocenosa-
TEJIBHOCTE b, b,...b, He HBJIHETCH HAYaJOM HUKAKOTO APYTOro
Xoza CHMBOJIa Hamero angasuTa, TO NOCTPOEHHBINA KOI AB-
aderca IpePHUKCHBIM.

Ipumep 10. ITocTpoum kox Xapdmara gira andasuTa, cOCTOA-
I[ero U3 ImATH CHMBOJIOB a, b, ¢, d, e ¢ wactoramu 0,37(a),
0,22(b), 0,16(c), 0,14(d), 0,11(e). Oroxnectnasa d 1 e, Io-
aygaem 0,37(a), 0,25(de), 0,22(b), 0,16(¢). O6bemunas b u
¢, umeem 0,38(bc), 0,37(a), 0,25(de). Barem 0,62(ade),
0,38(bc). ConocraBuM ade kof U, bc — xox 1. Bosspamascs
K IpeArociefHeMy IIary, PaciiellyM CUMBOJI ade Ha a U de
¢ xogamu 00 u 01. 3arem cumBoOI be pacmiengerca Ha b u ¢
¢ xogamu 10 u 11. Hakonen, pacmenus de, HOIyYHM AJIs
ucxogHoro andasura ciegyomue koasl: 00(a), 10(b), 11(c),
010(d), 011(e). |

Kosdpdbunuent cxarusa HHOOPMaLUY MOXKeT ObITh CYyIIe-
CTBEHHO yBeJIMYeH 3a CUET VUeTa 3aBUCHMOCTH IIOSBJIEHUSA
CJefyIOMmEero cMMBOJa B ciaoBe. Tak, HampuMep, BepOAT-
HOCTH TMOSABJEHNA COTJIACHOU GYKBLI B TeKyIlieil MOSHIIMH CY-
IIecTBEHHO BO3PACTaeT, eclI Ha NpeAbIAYINel IIO3NIINHT CTO-
uT riacHag 6yxBa. HoBas maes mocuMBOJBHOTO KOIUPOBA-
HUA BaKJOYaeTcsa B CIEAYIOIIEM: OJd KaKJoTO CHMBOJIA
andasuTa MBI BEIUHCAAEM paclipegesieHVe CUMBOJOB, HEIIO-
CPeiCTBEHHO 3a HEM clefyoomux, W ans xaAOro Takoro
pacrpefelleHUA MBI IIOCTPOMM CBO¥ Kox Xaddmana.

Hpyro#t crnocob cxatua Galnos ocHoBaH Ha aHaluae
CAOJMCHOCMU COAepsKaillelicsa B HMX mubopMmanuu. Tak, Io-
cienosarenbHOocTh 01010101010101 aBiseTca MeHee CIOMXK-
Ho#, dem 1001110000, Tax xaK MepBYI0 U3 HUX MOMKHO 3a-
MeHUTH Ha 0ojiee KOPOTKYIO, HO IIOCTPOEHHYIO IO APYIHUM
npasuiam: 7(01) = 111,(01), a nyru coxpamerus BTOpOH
HOCJeZOBATENLHOCTH He OUeBUAHEBI, Mnea anamusa CIJIOKHO-
CTH KoZupyeMol MH(POPMaIKM JIEXKHUT B OCHOBE aJITOPUTMOB
RLE, LZ (cm. rnaBy 2).

DopMaIbHOE IOHATHE CIOXXHOCTH BBEEHO, B YACTHOCTH,
A. H. KosMoropoBsim.
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Onpexenenne 10. Caoxcnocmsv obsexma uau asrenus (o Kon-
MOropoBy) — 3TO MHHHMAJIBHOE UHCJIO ABOMYHBIX 3HAKOB
(HanpuMep, HyJae# U eJUHHUI), IOCAEOBATEABHOCTHIO KOTO-
PBIX MOKHO OHHCATH (3aKOAMPOBATH) BCIO HH(POpMAaLUo 00
o0beKTe (ABJIeHUH), JOCTATOYHOE AJIA ero JalbHeHmIero Boc-
nponseefieHnd (AEeKOAMPOBAHUA).

Ilpumep 11. fABaserca au qucao © = 3,14159256... cmoxHBIM?
Kak um cTpanHo, HeT. [{na 3TOro 4mCcja CYIECTBYeT IIPO-
cTOe OIHMcaHue:

n = Jauna a000i okpyxcHocmu/ee duamemp.
B sToM coobmIeHNH, KOTOpoe MOXXHO 3aKOIWPOBATH M C IIO-
MOIIBLI0 ABOMYHOTO KOJa, COAEPKMTCA HHopMamua cpasy
060 Bcex mudpax 3TOrO YHMCIA, YTO HEBO3ZMOJKHO OCYIIECT-
BUTE IIyTEeM UX IOCJeAOBATEJIHHOIO BEINIUCHIBAHN.

Bonpoc. Moxno nu onpedeaums, ¥mo nocmpoenuuviii ko0 0ns
KOHKpemHoil Nocaedo8amenbHOCMU — MUHUMALbHbLE?
Omeem. YBEI, HeT. B riase 4 6b1yI0 pacckasaHo o6 anropurMuyde-
CKH HepaspelIHMbIX IpobieMax, OfHOU U3 KOTOPBIX ABJIAET-
ca npobiema camonpuMernMocTi. OCHOBBIBasICH Ha TeopeMe
0 CaMOIPMMEHMMOCTH, MOYKHO [JOKasaTh, UYTO HEBOZMOXKHO
HOCTPOUTL VHUBEPCAJBHEIN aJIrOPUTM, ONpelessiomuii Mu-
HHMAJBLHOCTD TOM MIJIH MHOM JBOMYHON IIOCIefOBATEIHLHOCTH,
OmHMCHIBAIONIE 00BEKT, He roBopsa yake o0 ajnropurme IIO-
CTPOEHMA TAKO# MUHNMAJLHON ABOMYHOU IIOCJIeZoBaTEILHO-
CTH 119 00BEeKTOB BooOIIe. ITO He 03HAYaAeT, UTO HUA AJIA Ka-
Koro o0beKTa MHHUMAJIBLHYIO I[0CJIeIOBATEJLHOCTH ITOCTPO-
UTh Hejab3d. OTO BHAYUT, 9YTO B OOJBIINHCTBE CJIVIAeB
HEBOBMOXKHO [0Ka3aTh MUHUMAJIBHOCTb IOCTPOEHHOHN IIOCTe-
JOBaTelbHOCTH. PAKTUYIECKH 3TO 03HAYAET, YTO JIOTHMYECKHNM
IyTeM Hejb3:A YCTAHOBHTDH IeHHOCTEL MH(pOpPMALMY, comeprKa-
mieiics B coobimennu. McexiloueHne COCTaBIAIOT, HampuMep,
MOCIe0BATENBHOCTH, COCTOAIINE U3 OJHOTO ABOMYHOIO 3HA-
Ka (KoZoBas 3allNCh pPesynbTaTa NajeHud MoHeThl), OueBHA-
HO, YTO UX COKPATHUTH YK€ HeBOZMOXKHO. O

Bonpochbi n 3apaHuna

1. fIBnserca nu azbyxa Mopse npuMepoM NpedUKCHOTO Koga?

2. YeTbIpeXCUMBOJILHBIH al(aBUT HMeeT CiefyolOee dYacTOT-
Hoe pacnpegenenne: 0,1; 0,2; 0,3; 0,4. IToctpoiite Koy Xad-
dMaHa I 3aucH cooOIeHUH ¢ TOMOIIBIO 3TOI0 aI(aBHUTA.
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3.

IlocTpoitire xoxm Xadhdmana ausa 16-OykseHHOro andasura
€ 9aCTOTHBEIMHU XapaKTePUCTHKAME, YKA3aHHLIMY B 3aJaHUHN
7 npepsiaymiero maparpada. I[logcurTas HTPOIUIO JAHHOTO
pacnpefeseHus, OTBETHTE Ha BOIIPOC, ABJAETCA JIU IOJTyIeH-
HBIN KOJ ONTHMAJBLHLIM.

B § 5.6 roBopuTca, uTo ecau AJuHA Qailna HEBEJNKA, & CHM-
BOJIBI BCTPEHUAIOTCHA IPUMEPHO C OJUHAKOBON UaCTOTOM, TO
KonmposaHue no Xabdmany He IpuBeIeT K coxaTHIo daiiia.
A nna ¢aiinoB 60aBIIOr0 pasMepa ¢ CYIMIeCTBeHHO Pa3IMIHEBI-
MM YaCTOTHBIMM XaPaKTEPHCTHKAMM CHMBOJIOB BBIUTDBIII
MOsKeT OBITH 3HAYMUTENLHBIM. [JoaTBepauTe (HMIM OIpPOBEPT-
HUTe) JaHHOE BBICKA3LIBAHNE UYNCIeHHLIM MOLeIHPOBAHUEM.

Hanumure nporpaMmy, HO3BOJIAIOIIYI0 KOAUPOBATh U KEKO-
puposarth 110 Xadhdmany dhaliab ¢ B3BeCTHEIMH YaCTOTHEIMHU
xapakrepuctTuxamMu. CpaBHUTe pabory Ballell IporpaMMEl ¢
pe3yJabTaTaMU C3KaTHUA Tex e (HaiiJoB ¢ IOMOLILIO CTAHJAPT-
HBIX apxuBaTopoB. HasoBuTe nmpeuMyliecTBa H HeLOCTaTKH
OIITHUMAJBHOI'0 NPe(dUKCHOTO KoJa.

B riaBe 2 paccxasbIBaIoCh O COBPEMEHHEBIX CIIocobax KOMIIb-
IOTEPHOTO XPpaHeHWA B3BYKOBOH, rpad@MuecKoll U BHAEOHUH-
dopmanun. O6wsacuuTe, mouemy 3¢hPeKTUBHOTO YMeHBbIIIe-
HUA pazMepa COOTBETCTBYIOIINX (aliyloB MOMKHO ZOOUTHCA
TOJBKO IIPM HeKOTOPOH noTepe MHGOPMAaIUH.

3aksoyeHue

B sroit rnase BLI MOBHAKOMMIINCEH C OCHOBAMH MarTeMaTHde-
CKO¥ TeopU¥ MHGpODPMAIINY. ¥Y3HAIM HeCKOJIbKO COIJIacOBaH-
HBEIX MOAXOAOB K H3MEPEHHI0 KOJHYeCTBa HH(PODPMAIUH.
®@opmynsl Xaprau u IlleHHoHa, U3yUeHHbIe B JaHHOU IJa-
Be, NOMOI'YT BaM NOPABUJIBHO BBIUMCIATH KOJUUYECTBO HH-
popmanuy B pasiIMUHBIX ciaydaax. Hapeemcs, 4To BBEI CMO-
JKeTe NIPUMEHATh MX Ha IIPaKTHKe BO BCEBO3MOJKHBIX FKU3-
HEHHBIX CHTyaIlllax.

OnapuM u3 Hanbosiee 3HAYMMBIX IIPHMEHEHUH MaTeMaTH-
YeCKOH Teopuy WHPOPMAIMH ABJIAETCS CO3JaHHEe CI0OCOOOB
sanucy nHGopManuy, 6IUBKHUX K OITHMAaJLHOMY KOOUPOBA-
HHUIO, 0 KOTOPOM OBLIIO pacCcKasaHo B MaTepHaiax yueOHUKA.
Koauposanue no XapdbmaHy, n3ydeHHOEe BaAMU, [eMOHCTPHU-
pyeT OOHH K3 TAKMUX CIIOCODBOB.
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Taara 5

Onpepnenenye Ca0KHOCTH O0hexkTa MM ABIeHUA o Koi-
MOr'OPOBY NO3BOJIAET MOHATL OCHOBBEI BCeX COBPEMEHHEIX aJl-
TOPHTMOB CXKaTHA. A TeopHd HHPOPMAUMH B LEIOM 00bAC-
HfAET, [I0YeMy HeBO3MOXKHO 0e3 IroTepu HEKOTODPOH [0JHM WH-
opmanuu cKaThb TOT HIM wHOH (hattn g0 pasmepa,
MeHBIIIero OmnpefeNeHHON BenuduHbl. Taxum obpasoMm, cTa-
HOBUTCA fCHO, YTO 3(PpdeKTHBHOe XpaHeHNEe 3BYKOBO, I'pa-
¢udeckoll ¥ BUAeOHMHMDOPMALUY, INHPOKO PACIPOCTPAHEHHOE
B Hacrosmlee Bpems (dpopmaTtsl MPEG, JPEG u T. 11.), HeBo3-
MOXHO OpPraHu30BaTh 0e3 HEKOTOpOH ITOTeDH KadecTsa.

Ecnu narHas TemMa Bac 3aMHTepecoBaja, TO B MaTepHa-
JIaX yueDHMKa MOKHO HalTH Hemano npobieM, Tpebyrommux
bosee JeTasIBLHOI'O UCCNEJOBAHUS ¢ IIOMOIILIO METOAOB MATe-
MaTH4IeCKoi Teopuu mEbOpManuu. ITonpobyiiTe OPHAYMATh
ONTHMAaJIbHBIE CTPATeTrHH IOBEJeHUA B TeX HJIX HWHBIX Tele-
BHSHOHHBIX MTpaxX WM IoCTapanTech m300pecTH CBOI cob-
CTBEHHBIN CII0cob coxaTua MHMOpMaiuu, 3anporpaMMupyi-
Te ero W CPABHUTE ¢ M3BECTHBIMM NIPOrpaMMaMHK-apXUBATO-
pamu. TBopuTe, U y Bac Bce Hojayuurtes!



fnaBa 6

MaremaTnyeckKne OCHOBBI
BBIYMCINTEJIHbHOM IreoMeTpHu
K KOMIBIOTEPHOUI rpacduxu

TeomeTpusa ecTb MCKYCCTBO IPABUJILHO Dac-
CY’KJaTh Ha HelPAaBMJILHBIX dePTeXKax.

. Iloua

C rex mop, kak EBkang Hanucais csou «Idje-
MEHTEHI FeOMEeTpHI» , He HAlIJIOCh HUKOI'0, KTO Obl
UX OTBEPT... B 3THX «JJIeMeHTaX...» CONepPKUTCS
HenpeJoKHas HCTUHA, ¢ KOTOPOH pasym, pas mo-
3HaB ee, HE MOXKeT HEe COIVIACHTBCH.

II. I'accendu

§ 6.1. KoopaAnHaTb! M BEKTOpbI Ha NNOCKOCTH
§ 6.2. Cnocobbl onNUcaHNA NUHUA Ha NMIIOCKOCTH

§ 6.3. 3apauM KOMNbLOTEPHOW TpachUKU Ha B3aUMHOe
pacnonoxeHue Touyex n guryp

§ 6.4. MHOTOYFONbLHUKH
§ 6.5. leomeTpuueckne o6beKTbl B NPOCTPAHCTBE
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Ioa BBl MI'DaeTe B KOMIBIOTEDHBIE WIPBI, CMOTPUTE
PeKJIaMHEBIE DOJHKH HJIN CTAaHOBUTECH CBUAETEISMU
rubenun «TuraHnka» Ha dKpaHe KuWHeMarorpada, To

HEBOJIBHO IIOIDYIKAeTeCh B BONNIeOHBIH MUD KOMIBIOTEDHOMH
rpaduky. 3aKayn KOMIBIOTEPHOHN IrpaduKHU BOBHUKJIM OTHO-
CHTEeJbHO HefaBHO — B cepefune 80-x rofoB npoiraoro cro-
JeTHs BMecCTe C IOABJeHHeM rpadudeckux pucniees. [la-
paljelIbHO C COBEpDIICHCTBOBAHWEM alllapaTHBbIX CPeLCTB
pocia 1 CJI0KHOCTL MaTeMaTHIeCKHUX 3a/a4, PelleHue KOTo-
PHIX CTAHOBHJIOCH IIPH 3TOM BO3MOXKHEIM. Hactoamyio pe-
Bosironuio cpegu 3D-urp (or amraumiickoro 3-dimensional)
npousees Doom. ErTo Tak HasbIBaeMBIH «IBHIKOK» IIOJNYUHJ
OIMPOKoe pacIpocTpaHeHHe cpefu pPaspaboTUNKOB KOMIIBIO-
TEPHBIX UTD, T. €. «CTAJ BaacTureneM gyM» ©. Ilpm cozga-
HUAU IO0Z06HEIX IIeleBPOB KOMIBIOTEPHOH IrpadUKyl JOJIKHBI
CONTHCH BOEJHMHO MAaCTeDPCTBO XYJOKHWKA, UCKYCCTBO IIpO-
rpaMMHCTA ¥ 3HAHUA MaTeMaTHKAa.

BoavmuucTeo npobnem KoMnbioTepHON rpadmKM pelra-
eTcs ¢ IIOMOII[BI0 METOHOB BEIYMNCIWTEILHONW I'€OMETDHH.
KoMmnblorepraa rpaduka saHEMaeTca IIpeACcTaBIeHHEM Das-
JIMYHBIX JIUHWH ¥ reoOMeTpHUUeCKUX (GUryp, HO caM KOMILIO-
Tep, KaK y»Ke OBLIO MOKa3aHO BRIIIe, MOXKeT obpadaThIBaThL
TOJIPKC YHCJIOBYI0 MHGMODPMAIMIO, IIOPTOMY B IIePBYIO O4e-
peib MBI OOKHBI HAYYUTHCH ONMMCHIBATH DasiaWYHBIE I'eo-
MeTpHudyeckne 0OBEeKTHI (OPMYyIaMHU, T. €. IPeJCTaBIATE HUX
aHaJIUTHYeCKM. ITH NpOOJeMBI DeIraloTcs B MaTeMaTUKe
B paMKax pasfesa «AHaluTUdecKas reoMeTpus». B Hacros-
mie# IJ1aBe MBI PACCMOTPHUM Te M3 HUX, KOTOpHIe He Tpebyior
IpUBJeUeHUA alllapaTa BLICIIEH MAaTeMaTHKH.

Pazgen mmdopmMaTHKH, M3YYAOIMINA aJNrOpHTMEBI Delie-
HIA 38724 aHAJTUTHYECKON reOMeTpuy, HA3EIBAETCH 6blYUC-
aumenvrHoll zeomempueii. OGHOR U3 ee 3amay ABJIAETCA IIO-
JIyd4eHNe aHAJIHUTHYECKHX QOpMYJ 1 anropuTMoB obpaborku
TeoMeTpH4YeCKNX GUIYyp B BHe, YAOOHOM KMEHHO A
KOMIIbIOTepHO# peanusauuu. Kax «He Bce HOTYPTH OLHHA-
KOBO IIOJIE3HBI», TaK K He BCAKOE MaTeMaTHUecKoe OIluca-
HWE reoMeTpHYecKuX O0BEeKTOB MOXKeT OBLITH IIPH 3TOM HC-
TI0JIB30BAHO.

3azauy AaHAJWUTHYECKOTO OIMCAHHS TIeOMETPHUUYECKHX
00BEKTOB BOZHMKAIOT He TOJABKO B KOMIIBIOTEPHOH rpaduxe,
HO ¥ IpU IPOEKTHPOBAHUH MHTErpajbHHIX CXeM, TeXHUue-
CKHUX ycTpo#cTB u Ap. NMeTs feno ¢ reoMeTpueil IPHXONUT-
¢ ¥ Mapy Jjpoboro ropona. Benr mepes HMM MOXKeT BCTaThb
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no6ad U3 CIeAyIOMINUX 3afad: KaK PasgeluTh ropoj Ha paii-
OHBI IIPYMEPHC PaBHOH IJIOHIAAH M C OAWHAKOBBIM YUCJIOM
JKHUTeNell, Ile IOCTPOUTH HOBEIM KYJIBTYPHBIH IEHTDP, a
rge — XMMWYeCKHMH 3aBOX M T. &. U T. I. OTBeTHl Ha 9TH U
MHOI'Mie APYTHe BOIPOCHL TOXKE€ MOYKET AAaTh BBIYUCIHUTEND-
Had TeOMeTPUs.

HcxopHBIMM ZaHHBIMM B 3afiadyax IMOAOGHOIO poja MOTYT
OBITH MHOYKECTBO TOYEK, HabOp OTPE3SKOB MKW MHOTOYIOJb-
HUKOB H T. II. PeayipraToM gBiaseTca Jub0 oTBeT HA Ka-
KOH-TO BOIpoc (THIA «II€PECeKAIOTCs JK IIPOEKIMM 3TUX
065eKTOB» ; IIoAo0HAaA npobJIeMa IOCTOAHHO BOZHHKAeT KaK
pa3 npu IPOrpaMMUPOBAHME KOMIBLIOTEDPHEIX HIP), JHGO
KaKoH-TO IeoMeTpUYecKUil o0beKT (HampuMep, HAHUMEHb-
mMu# BHINYKIBIE MHOTOYTOJNBHHK, COAepalluil 3afaHHBIE
TOYKH; Ha IOpaKTHKe 3Ta 3ajada MOXKeT COOTBETCTBOBATH
IIPOEKTUPOBAHUIO KOJIBbIEBOH JOPOTH BOKPYI' HACEJIEHHOIO
IIVHKTA).

Ienr Hacrosmedl TIaBhl — IOKAa3aThb TaAKMe IOAXOALI K
PelleHNUIO TeOMETPHYECKUX 3a/au, KOTODbIe IO3BOJSIOT IO-
CTaTOYHO OBICTPO M MAKCHMAJIBHO IPOCTO HOJYYaTh perie-
HUsA OOJNBIINHCTBA 3J€MEHTapHLIX 3a4a4Y BEIUMCIHTEIbHOR
reoMeTpHH.

§ 6.1. KoopaguHaTtb! M BEKTOPbI HA NNOCKOCTH

Jn1a Toro uTOGBI reoMeTpUuecKHe o0pashl IepeBecTH HA
sI3BIK (hOPMYJI, B IIEPBYIO odepelb HeoOXOAMMO BBECTH CHC-
Temy KoopamuaT (CK). B aHaluTwmYecKoil reomMeTpuMl HC-
TIoNb3yIOTCA pagnuuHble CK Ha IJIOCKOCTH M B IPOCTPAHCT-
Be, HO MBI Oyzem paboraTh ¢ IIPAMOYIOJLHOM [AeKapTOBOH
CK. O0uienpraATO BEIOWPATh KOOPAWHATHLIE OCH TaK, UTO-
OBI IOBOPOT Ha yroJ ©/2, IpH KOTOPOM ochk Ox coBMelllaeTcsa
¢ ocpio Oy, OPOUCXOZUI IPOTHUB UACOBOH cTpeaku. Takyro
CK masmiBaloT npasoil. B panpHediueM mogpasyMesaeTcs,
gro Hama CK mpasas. B raxoit CK nampasjierue nosopoTa
IIPOTHB YaCOBOM CTPEJKU HA3BIBAETCS NOJONCUMELbHbLM.
Tenepdk € KaMJO¥M TOYKON Ha INIOCKOCTH OyAyT CBSI3aHBL
IBa YUCJIa — KOOPAMHATHI 2TOH TouKHM B JaHHou CK, u reo-
MeTpHIecKHe 00BbeKTEI MOI'YT IOJYYUTH AHAJIUTHYECKOEe BBI-
paxxenne. Tak, uToOBI 3aJaTh OTPe3OK, AOCTATOYHO YKa3aTh
KOOPAMHATEL ero KOHIOB. lIpaMyo MOXKHO 3amaTh, yKasas
Ilapy ee TO4Y€K, JM00 KOODAMHATAMHU OJHOI ee TOUKHU U BeK-
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TOPOM, XapaKTepH3YIOIIMM HalpaBieHHe dTOR mpAMoil
B T. 1. OCHOBHEIM MHCTDYMEHTOM IIPH pellleHuHN 3agad Aasd
Hac OyayT BeKTOpbl. HamoMHNM HEKOTOpBIE CBELEHUA O HUX.

Onpenenenne 1. OTpesok AB, v KOTOPOTO TOUYKY A CUMTAIOT Ha-

yajioM (TOUKOM MPUJIOMKEHHs), a TOUKY B — KOHIIOM, HAa3bI-
BaroT sexmopom AB u oboszuauaror nmmbo AB, 1ubo xupHO#
CTPOYHON JATHHCKOM O6yKBoil, Hanpumep a. Ilna obosuaue-
HUA JIUHBI BeKTopa (T. €. AJMHEl COOTBETCTBYIOIIETO OTPEe3-
Ka) 6yzieM MOJIb30BAThCA CHMBOJIOM MOAYJA (Hanpumep, |al).
JBa BeKTOpa HA3LIBAIOTCH PAGHbLLIMU, €CJIU OHH COBMEIIAIOT-
cf mapajjelbHBIM IepeHOCOM.

Iyctb Touku A ¥ B mMeroT KOOpAMHATHL (X, Y,) (%5, Yy)

coorBeTcTBeHHO. Koopaunatamu BexkTopa AB HasmiBaercd
mapa uucern (x, — x;, y, — y,). Haobopor, eciu BexTop a
¥MeeT KOOPAUHATHI (4., ay) U MpHJIOXKeH K To4kKe (x;, y,), TO
JIerKO BBIYUCJIMTL KOODAMHATEI (X,, Y,) €ro KoHua:
x2=x1+ax, y2=y1+ay.
Ilnusa BekTopa AB (o6osnauaerca | AB |) no reopeme Iu-
daropa pasHa /(x, — xl)2 +(ys — y1)2 . PaBeHCTBO ABYX Bek-

TOpoB a = (a,, a)u b=(b, b,) SKBUBATEHTHO PABEHCTBY HX
COOTBETCTBYIOIIIMX KOODIAWHAT:

a, = bx, a, = by.

Jlio6as ynopamoueHHas mapa qucel (X, J) MOKeT TaKKe
paccMaTpuBaThCAd KaK BeKTOp. I'eoMeTpUdYecKM BEKTOP
(x, y) — 9TO HaIIpaBJeHHBIH OTPE30K, HAUMHAIOMIUKACA B
Touke (0, 0) u 3akaHumBalomuiica B Touke (x, y). Bek-
TOD, 38laHHBIX JBYMSA CBOMMHU KOOpAMHATaMH (x, y), Ha-
3BIBAIOT C60000HbIM 6exmopom. BceMm BeKTOpam, 3ajgaH-
HBEIM KOODAVHaATaMH Hauajla M KOHIIAa ¥ PDaBHEIM MeXIY
coGoi, COOTBETCTBYET OZMH H TOT xe CBOOOIHBIH BEKTOP.
Il1s1 TaKoT0 BeKTOPA He oIpejesieHa TOUKA IPUIOKeHuA.

BeKTOpLI MOJKHO CKJaAbIBATH M YMHOXaTb Ha YHCIA.
CrnoxeHne BEKTOPOB IIPOM3BOAMTCA IIO IIPDABUJIY TPEyIroJib-

" HAKa WK II0 IpaBuiy Dapajienorpamma (puc. 6.1). Iog

PasHOCTBI0O BEKTOPOB a W b IMOHMMAaT CYMMY BeKTOpa a
¥ BEKTODAa, IPOTHUBOIOJIOKHOIO BeKTopy b (T. e. cosmagao-
IIero ¢ HUM II0 JJIMHE, HO NMPOTHBOIIOJOXKHO HAIpaBJIeHHO-
ro). Ilpy ymMHOMKEHMH BeKTOpa a Ha YHCIO ! IoaydaeTcs
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a+b

Puc. 6.1

BEKTOp, uMeromud anuny [t|(af; ero manpasnenue cosmanaer
C HANpABNCHHeM a, ecu ¢ > 0, ¥ IPOTHBONOIOKHO eMy,
ecam ¢ < 0.,

Onepauns ymmosenns sexropa Ha unciosymo KOHCTAHTY
A8ET BOBMOMHOCTL BBECTH IMOHSATHE KOJINHeADHOCTH U He-
KOJITHHEAPHOCTH BEKTOPOB.

Onpenexenne 2. iza BeKTopa a M b wasrisaiorca KOARUHeapHbL-
MU (COHATIPABIEHHBIMH HJIH IPOTHEBOIIOJIOKHO HAllpaBJIeH-
HEIMU), €CNHM XOTA ObI OOHH U3 HUX MOXET OBITh BRIDaXKeH
4Yepe3 ApPyroi B Bupe dopMyns b = t.a. IIpn stom 6ymem

c4MTaTh, 4YTO — = £,
a

Bripasum BBefennbIe OIepanuy Hag BeKTOPAMY Hepes ux
KoopamnHatel. Ecnu ecnm a = (a,, ay) ub= ®.. by), TO
a+b=(ax+bx,ay+by), a—b:(ax—bx,ay—by)
u tas=(ta, t-ay).

Ormerum eme, uro BEKTOD, COHAIIPABIEHHEINR C ZaHHLIM
BEKTODOM a M MMM 3a[aHHYIO AMHHY [, MOXKHO BEIpa-

3UTH CIeAYIOIMUM 06pa3oMm: m a. B pansueiimem Mur Heoq-
a

HOKpaTHO 6y,z:eM 9THM HOJB30BATHCA.

Bonpoc. ITycme nam usgecmuo, wmo AB/AC < 0. Ymo evt Moxce-
Me CKas3amy 0 63AUMHOM PACTIONONCEHUL MOoYek A,Buc?

Omeem. Us UpWBEJCHHOrO BBIIE HEPABEHCTBA _taenyer, w4ro
BeKTOpPEI AB u AC KoinuHeapHnl u AB = ¢ “AC, rpe t < 0,
ITO OBHA4AeT, YTO TouKku A, B u C nerxar Ha ORHOM IIpAMOoif,
U BeKTOPRI AB 1 AC oTJo0eHEI oT OJHOY TOYKH A B IpOTH-
BOIIOJIOXXHEIX HalpaBJIeHHIX. CaenoBatensro, Touxa A4 je-
KHUT Mexay B u C, O
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Oupenenerue 3. CranspHuim npouseedenuem 08Yx HEHYIEEbLX

eéexmopog a = (a_, a ) ub=(,b ) HassIBaeTcsd 4ucio (a, b) =

= |a}-[b]-cos @, rae ¢ — yrox Mexcny 3THMH BeKTOpaMu. B Ko-
OpAMHATAX OHO BhIUMCIseTcsa Tak: (a,b) = ab, + ayby.

Bomnpoc. Kax MO¥#HO UCNObL306amb CKALAPHOE npouseéedenue
a4 xapaxKmepucmuru yzaa mexdy eexmopamu?

Omeem. VI3 npuBefeHHBIX B ompeneiaeHnu 3 GoOPMyI clenyer,
YTO ABA HEHYJIEBBIX BEKTOpa IIePIEeHAVWKYJIADHEI TOTAA U
TOJLKO TOTA2, KOTHKA HX CKajJdpHOe IIpOU3BefeHHe DaBHO
Hymo (cos 1/2 = 0). Tax kak cos ¢ IOJNOCKUTETCH IJIA OCTPBIX
VYIJIOB ¥ OTPHIATEJIeH OJIA TYIBIX, YTOJI MeXX/[y BeKTOpaMu
OCTPBIH (TYIOil) B TOM ¥ TOJBKO TOM Cjaydae, KOTJA UX CKa-
JIAApHOE IPOM3BeieHNEe IOJOMKUTEIBHO (OTPUIIATEeILHO), O

IIyers a mb — gBa HEeHYJIeBHIX BEKTOPA, OTJIOKEHHEIE OT
OfHON TOYKM. B IIKOJBHOM Kypce TeoMeTPHM IOA YIIOM
MeXXIy BEeKTOpaMM IIOHHMAaeTcd MeHBIUMH M3 ABYX YIJIOB
MEXAY Jy4aMK, Ha KOTODPHIX JieKaT BeXTODH! a u b. 3Haue-
HIe TAKOr0 YIJIa Beerja HaXoZuTcA B mpoMexyTke [0; ).

IIns BeIUMCIeHWIT dacTo Oojiee YAOOHBIM OKAa3BIBaeTCH
MOHATHE OPUEHMUPOEAHH020 Y2Aa, T. €. yIia, yIATHBa-
OIIero MOPAZOK IepeduncieHud BeKTopoB. OpmeHTHDO-
BAHHBIA yroJ 1o aGCoaIoTHOM BelImIHe paBeH O0BIYHOMY
yIiIy Mexay BekropaMi. OpueHTHPOBAHHBIN Yrol MeXIY
BEeKTOPaMH a U b II0JI0KUTEIbHBI, eCIN II0BOPOT OT BEK-
TOpa a K BeKTopy b coBepmiaeTca B IIOJOKHUTEILHOM Ha-
npasiennu (B mameit CK mpoTus 4acoBOH CTPelKH), H
OTpHUIATENLHLIN B IPOTHBHOM CJIIydae.

B cBA3U ¢ 5THM TOBOPAT TaKyKe, ITO Iapa BEKTopoBa u b
nonoxumenvrno (ompuyamenvho) opuenmuposana. OpueH-
THPOBAHHBIHN yIoJl MOKeT IPUHKMMATL 3HAYeHUd OT —T O T.
Ha puc. 6.2 opueHTHpOBaHHBIE YIJIbI, HapuMep, MeXAY
BexTopamu OA u OB u mexay sexkropamu OB u OA paBHEI
IO MOAYJIO, HO IIePBBEIA M3 HHX OTDUIlATEIbHEBIH, a BTO-
po¥l — IOJIOKUTEIBHBIN.

Bonpoc. Kak, 3has koopOunamb, 6eKmopos, Hallmu yzon mexcdy
Humu?

Omseem. QueBugHEIN cr1ocob cieayeT U3 GopMyJIH IS CKAIAD-
HOTO IIpousBefeHud: cos ¢ = (a, b)/(la-b)). Oxrako npu atom
TMONYy4YHUTCS 3HAUEHKHE HEOPHEeHTHPOBAHHOTO yrjia ¥ YacTs
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C

Puc. 6.2

uHbopManuu (BO3IMOKHO, IoNe3Had) Oyaer HaMK ITOoTepAHA.
Kpome Toro, mcnonpszopanue 370 GOPMyNBI AJid IporpaM-
MHPOBaHMsA He Bcerga yamobmo. Hampumep, B aspike Ilac-
KaJjb, KaK ¥ B pAJe ZPYIUX SA3BIKOB IPOrPaMMHPOBAHAA, U3
0o0paTHBIX TPHUIOHOMETpPUUECKUX OYHKUIUI pealn3oBaHA
TOJNBKO QyHKIUA arctg ¢. Mpl IoKaskeM, KaKk HaliTu yroxa
wHAaye, IIOCJle TOTO KaK ITO3HAKOMHUMCSA C OPHeHTHPOBAHHOM |
IJI0I{AAbI0 TPEYTOJbHIKA. ]

OpmeHTHDPOBaHHAA ILIOMIALEL TPEYrOJIBHHMKA — 39TO €r0
ofpIYHAaA NIOHIadb, cHabKeHHad 3HAKOM. 3HAK y OPDHEHTH-
poBaHHOU Iomanu TpeyroapHuUKa ABC TakoHl e, KaK ¥
OPHEHTHPOBAHHOrO yria mexay Bektopamu AB u AC. To
ecTh ee 3HAK 32aBMCHUT OT IOpPAAKA IepeyuncieBusd BepIIKH.
Ecan BepmIMHBI TpeyrolbHUKA IIePEUUCIAIOTCA IPOTUB dYa-
COBOM CTPENKH, OPHeHTHPOBAHHAA ILIOINANDL IIOJOXKUTEJb-
Ha, & €CJH II0 YacOBOM CTpejKe — OoTpHIaTrejbHa., Ha
puc. 6.2 TpeyroasHuK ABC — npamoyronbHblil. Ero opues-
THPOBaHHAA ILIOmanb paBHA |JAB[AC|/2. DTy ke Bemmuumy
MOKHO BBIMUCJIHTL APyruM cmocobom. Ilycte O — mpoms-
BOJBbHAA TOYKa IUIOCKOCTH. Ha HaIleM pHCYHKe IJIOIIAAb
TpeyroiabHuKa ABC mosyumTcd, €CJM K3 IJIOmMIamu Tpe-
yroabEuKa OBC BBIYeCTh MIOIMAAL TpeyroapHuUKa OAB u
npubaBuTs mnromans Tpeyroabuuka OCA. Taxum obpasom,
HYXHO IIPOCTO CJIOXKHTL OPHEHTHWPOBaHHBIE IJIOINAAM Tpe-
yronsEuKOB OAB, OBC 1 OCA. 9710 npasuio paboTaer npu
jqoboM BBIGOpe Touxku O.

ITocMoTpuM, Kak BRIPAa3UTH OPMEHTHPOBAHHYIO MJIOINALL
TpeyTroJbHUKA B KoopauHaTax. IIycTs S — opueHTHpPOBaH-
Hag IUIOIIaAL TpeyroabHuKka OAB, TOCTPOEHHOIO Ha BEKTO-
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pax a = (a,, ay) ub=(, by). BrrumenuMm ee x4 KOHKDeT-
HOTO pacIoNoXeHus BekTopoB (puc. 6.3). Beaumuuna S
37ech TOJOKHUTeabHa (rmapa BekTopoB OA u OB monoxu-
TeJbHO OPHEHTHpOBaHA). [IoCTPOMM Halll TPEYTONBHUK O
napannerorpamma OACB umnomanu 2S (3gece OC =
OA + OB). Torga niomaznb IPAMOYTONbLHAKA 0C,CC, pasHa
loc,oc,| = (a, + b.)a, + b,). BuecTe ¢ TeM ee MOXHO BhIpa-
auts Tax: 28 + 25, + 35, + 25, = 25 + a,a, + b,b, + 2b.a,
(3mecs S, S,, S3 — obbIUHEIE HEOPHEHTHPOBAHHbIE IIOLIA-
Iu). PackphiBE CKOOKM B IIePBOM BBIPAXKEBWH AJA ILIONM[aAH
IPAMOYTOJbHUKA M BeIpasuB 2S U3 paBeHCTBA ABYX IIpejn-
CTaBJIeHUH, IOJYIHM:
28 = axby - b.a,. (6.1)
Herpyznuao ybesurbcd, 94To ¥ IPH SPYFUX BapHAHTaX pac-
noJioxKeHnd BeKTOpoB dopmyna (6.1) Takxe ocTaercsa cupa-
pegauBoii. OHa IOKaswpiBaeT, UTO ODHMEHTHPOBaHHAdA ILJIO-
Waghk Napajie/iorpaMMa, I[IOCTPOEHHOI'O Ha BeKTOpax
a=(, ay) ub=(, by), paBHa axby -~ bxay (a obpIuHAA IITO-
oAb — MOAYJIO 3TOH e BeJWYHWHEL: Iaxby - bxay|).

y
C, c
atbh, ¢------~- 1I ——————————————————
1
S
i 1 i
S| |
[} ]
B | !
3 S S '
Sy
1
t
s, /U 1:
S 1A !
i 1
1 i
i 1
t S3 |
S
o e
] 1 1
0
a, a,+b, x
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Onpenenenve 4. Benvauna a b — b, @, Ha3BIBAETCA KOCHLM (MK

ncegfocKanapHbim) npou36e0euuem éexmopoé a u b.

Jna Kocoro nmpousBegeHHuA MBI O6yZem yioTpebasrs o6o-
3HaueHUe [a, b]. Bamerum, 4YTO B ZaJbHEeHIEM IIPH OIpeze-
JIeHUH OIlepallMil HAJ BeKTOPAMH B IIPOCTPAHCTBE MBI 6yaeM
KCIIOJIB30BATE 3TO ’Ke 0603HaYeHUe B HECKOJBKO APYTroM
cmeIcae. HasBanue paccmaTpuBaemoil 35ech BeTHYUHE] CBS-
3aHO CO CBoMcTBOM Kocoi cumMerpuum: [a, b] = —[b, a].

Tak Kax HeopHMEHTHPOBAHHAS ILIOMALb HAPAJLIETOTPAM-
Ma, IOCTPOEHHOro Ha BeKTopax a u b, pasHa |al|b|-|sing)|,
a 3HAK Sin (@ coOBHIAjaeT cO B3HAKOM OPHUEHTHDPOBAHHOTO
yraa ¢, To [a, b] = |a|b|sing. Benruuuna [a, b] Gombime
HYJIf, ecIM TIapa BEKTOPOB a ¥ b MOJI0kKUTeIEHO OPHEHTH-
poBaHa M MeHBbINe HYJIA B MPOTHBHOM ciyuae. Kocoe mpo-
¥3BefeHUe HeHYJeBHX BeKTODOB DaBHO HYJIIO TOTAa W

TOJIBKO TOTAA, KOT/ia OHH KOJIIMHeapHsl (sin 0 =sin 7= 0).

Tenepb, Kak u obelljanyl, HalJeM B KOODOWHATAX YTOJ
MeXAY ABYMA BeKTOpaMH. IIycThb ¢ — OpHEHTHPOBAHHEBIHN
YTOJI MeXJy HeHYJeBbIMH BeKTopaMu a = (a,, ay) ub =

=(b,, by). ConocraBisaa ¢opMyJIbl 418 CKAJIAPHOIO U KOCOTO
MPOUBBEEHUS 3THX BEKTODPOB, MMEEM

tgo = [a, b]/(a, b) = (a,b, — b.a)/(ab, + ab,).

3Has TaHTeHC yrja MeyKAy BeKTopaMMu, MBI Jerko Hai-
IeM YroJl MeXXAy IPAMBIMH, Ha KOTOPBIX JIeKaT a u b: OH
paseH [arctg([a, b]/(a, . YTobbI TONYYUTH OPHEHTUPOBAH-
HBIA YTOJI MeXKAY BEKTOPaMM, OCTAJIOCH BBIACHUTE, OCTPHIH
OH HMJM TYIOO#. ITO MBI OIpEJeIuM II0 3HAKY CKaJIAPHOTO
TPOUBBEJCHUSA. YUTEM ellle, YTO 3HAK OpPHEHTHUPOBAHHOTO
yIJIa CcOBIIajaeT CO 3HAKOM KOCOI'0 IpomsBefeHUs. Torza
OKOHYATEJILHO HMeeM:

/2, ecsm (a, b) =0, [a, b] > 0;
-n/2, ecau (a, b) = 0, [a, b] < 0;
¢ =< arctg([a, b]/(a, b)), ecau (a, b) > 0; (6.2)

arctg([a, b]/(a, b)) + n, ecxau (a, b) <0, [a, b] >0;
arctg(a, b]/(a, b)) — n, ecxu(a, b) <0, [a, b] <0.

Benuuuna o6bryHOro yriia paBHa MOAYJIIO 3HAYEHUA OPH-
€HTHPOBaHHOIO yrIJia.
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OTmMeTHM, UTO BCe CKasaHHOe 00 OPHEeHTHPOBAHHBIX YI-
Jax ¥ IJoIagax oTHocuiaock K nmpaBoi CK. Moxer ¢raThb-
¢, 4YTO AJIs KOHKPEeTHOH 3azaum ymobHee BBECTH JIEBYIO
CK. K mpumepy, KOOpAMHATHI HUKCeJell Ha 3KpaHe MOHH-
ropa gamTcss mMeHHO B JjeBoil CK (ochk abcumcc cMOTPHUT
BIIPaBO, OCh OpAMHAT — BHU3). IIpm TakoMm BEIGOpe oceil
MMOJIOYKHUTEJLHEIM ABJIAETCA IOBOPOT N0 %ACO60L cmpenke.
C 3Toi mompaBKO¥ BCe BHILIEHBJIOKEHHOE IPUMEHHMO H
¥ Jaesoit CK.

Bonpochbl 1 3agaHusa

1.

L

C xaxkMMU HOBBIMM HOHATHAMHU, He U3BECTHBIMU BaM U3 Kyp-
ca reoMeTpPHM, Bbl MO3HAKOMUJINCH IPU U3YUEHUU HAHHOTO
naparpaga?

BrmumuTte dbopmyiinl, aHanoruyasie (6.2), gaa ompegesie-
HUS HeOPUEeHTHPOBAHHOIO yIVIa MEXKJY ABYMS BeKTOPaMH,
3HAUeHUe KOTOPOTo JIeXUT B AuanasoHe [0; «].

IlycTh TpH TOUKHM HA IJIOCKOCTH 3aJaHBI CBOMMHK KOOpPAHMHA-
taMu. VIcmosb3ya cKalsdpHOe U IICeBIOCKaNIApHOe IIpOu3Be-
LeHWMe BeKTOPOB, OOpa30BaHHBLIX YKa3aHHBIMM TOYKAMH,
chopMyIUpPYHTE AJTOPUTM OIIpeJesIeHNsI OSHOTO U3 CIIeLYIO-
IINX B3aMMHBIX PACIOJOXKEHUH JaHHEIX TOYEK:

a) Bce TPH TOYKH COBIIAZLAIOT;

6) coBIaaloT POBHO [[Be TOUKWU;

B) TPM TOYKH Da3JIMYHBEI ¥ JexXaT Ha OJHON IIPAMOH;

I) TPH TOYKHK 00pasyloT NPAMOYIOJBHEIN TPeyIroJbHHK;

I) TP TOYKH 00pas3yIOT OCTPOYTOJBHEIN TPEYrOJbHUK;

€) TPH TOYKHM 00pasyioT TYIOYIOJbHBIH TPEYTOJbHUK.

§ 6.2. CnocoOb! onucaHuna TMHUA Ha NNIOCKOCTHU

6.2.1. O6wee ypaBHeHue NpPSIMON

B mxonpHO# MaTeMaTHKe AJA OINMCAHUSA IIPAMOI Ha ILJIOC-
KOCTH HCHoJb3yeTcsa (opmyia
y=Fkx + b, Toe kE = tg o, b = y(0).

37ech 0. — YroJ HAaKJIOHA ONMHKCEIBaeMoM IIpsaMoll K ocu Ox.
Iror crnocol ommcaHWA Ha3bIBAETCH GOPMYIONL C Y2A08blM
roagppuyuenmom. OHa IpocTa M NMOHSATHA, OHAKO He OIIN-
cbIBaeT OpsAMEIe, mapasrenbHble ocu Oy. JaHHBIE caydait
MOXXHO 0B1JI0 6Bl YUYHUTHIBATH OTAEJBHO, HO IIPH IPOrpaMMH-
pOBaHHU 3TO OYeHL HeyzoOHo. IloaTomy BoIBemem obIee
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ypaBHeHNe NIPAMOM, WMCIOJNB3yeMOe B aHAJHTHYECKON reo-
MeTpUH.

ITycTer ma npamo# 3ajgaHBI ABe HeCOBIAZAIONINE TOYKH:
P, ¢ xooppuHatamu (xy, y,) 1 P, c KoOpAXHATAMYU (9 yy)-
CooTBeTCTBEHHO BEKTOp C HAa4a/JIOM B TOYKe P; M KOHIOM B
TouKe P, HMeeT KOODAMHATHL (X, — X Yp .:yl)' Ecnu
P(x, y) — npousBosbHaa TOUKA HA HauIedl IpAMOHE, TO KOOD-
AuHaTHl BekTopa P, P paBuul (x — x,, y —y,). C nomomesio Ko-

COr'o IIpOM3BEeLeHNA YCIOBKe KOJJINHEeapHOCTH BeKTOpoB Py P
u PP, MOXHO BBIDasuTh TaK:

[P,P, PP]=(x — x )y, — y;) — (4 — Y )(x, — x,) = 0, mm

(y2 - yl)x + (x]_ - xz)y + xl(y]_ - yz) + yl(xz - xl) =0.(6.3)

Bropoe us ypasnenuit (6.3) nepenuireM crenyiomum ob-
pasoMm:

ax + by + ¢ = 0, (6.4)

Toe @ =Y, — Y, b=2x; — x5, ¢ = x,(y; — Yy) + yy(x, = xy)-
Ypasuenue (6.4) u HocuT HasBaHUe 00U,€20 YPABHEHUA NPA-
Mmoii, VITak, BCAKYIO IPAMYIO MOYKHO 3aJaTh ypaBHEHUEM
Buga (6.4). Huoxe MBI moxarkeM, 4To ¥ HaoOopoT, IpH JIIO-
051X 3HaUeHUAX KodpduuuenTos (Kpome a = b = 0) ypasHe-
HHe TaKOro BHJa 3afaeT Ha IIJIOCKOCTH HEKOTOPYIO IPAMYIO.
A Tak’xe pacCMOTPHUM Te€OMETPHUYECKMIl CMEICI ero Koahdu-
OWEeHTOB.

IIpu nporpaMmmupoBaHuy nepByo us dopmya (6.3) Henbssa
HCHOJIb30BaTh B (popMe OTHOIIeHHA (x, — x,)/(x — x) =
= (y, — ¥y)/(¥y — y,), TAK Kak, BO-NePBBIX, faxe eClIu Bce
KOODAWHATH 3alaHHEIX TOUEK IleJble, KaK 5To ObIBaeT B
KOMIILIOTEPHOH rpaduKe, 0cOOEHHOCTH pPeausanuy olie-
panuHy JeJeHUA B BEIECTBEHHON apHdMeTHKe He II03BO-
AT ¢ TIOMOIIBI0 YKA3aHHOTO COOTHOIIEHUA IIPOBEPUTH
OPHHAJIEXKHOCTh, TOH MJIM WHOM TOUKM JAHHOHN IIPAMOI,
BO-BTOPHIX, ecau Touka P cosnager ¢ P, nporpamma 6y-
JeT IpepBaHa B CHMJY JAejeHUS Ha HOJb.

Onpenenenne 5. J1060#1 HeHYJeBOW BeKTOpP, OPTOTOHAJBLHBIM
npaMmoil (T. e. OPTOTOHANBHEIN HAIPABAAONIEMY BeKTOPY
npsAMOil), Ha3bIBAETCA HOPMAAbLI0 K ITOM IIPAMOH.

ITyery sajannas Touka P, IpAMO# HMeeT KOODAMHATHI
(xg> Yo)> & HEKOTOPHI# BEKTOP HOPMAJM N K Hell — KOOpAH-
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HaTHI (a, b). Ecmu P(x, y) — npousBoJbHAA TOYKA Ha Hallell
IpSMOHM, TO KOOPAMHATEI BeKTOpa Fy P paBHEL (X — X, Y — Y,)-
Teneps ckanApHOe IPOK3Be/IeHNEe OPTOTOHAJBHEIX BEKTOPOB
(n, PyP) M0oHO BBIPa3UTH TAK:

(n, BP) = a(x - x5) + by — yp) = 0. (6.5)

OueBuaHO, uTO ypaBHeHHE (6.5) TaKk)Ke HECJIOKHO HpHUBeEC-
TH K BuAy (6.4). Toraa craHOBUTCA MOHATHO, YTO KO3hduIy-
eHTEHI a 1 b u3 ypapHeHu4 (6.4) npeacTaBagaioT cob60i KOOPAH-
HATHL OJ{HOT'0 M3 BEeKTOPOB HOPMAaJ¥ K ONMCHLIBAEMOH FAHHBIM
ypaBHeHHeM Ipamoii. OTcioga clelyeT, 4TO IpH JIOOLIX 3HA-
YeHUAX KospdunueHToB a, b u ¢ (kpome a = b = 0) ypasHe-
aue (6.4) sagaet npamyio. Eo 6yger mpamas, NeplIeHIUKY-
JspHas BeKTopy (a, b) u nmpoxomamas uepes TOUKY, YbH KO-
opauHaTH yaoeiaerBopsioT (6.4). Ilpu a # O Takoil Toukoi
O6ynmer, Hampumep, Touka (—c/a, 0), npu a =0 — Touka
(0, —c/b).

3amMeTHM, UTO B OOILIeM ypaBHeHHH IpAMO# KoabdHIu- -
€HTH a, b ¥ ¢ 3aBHCAT OT AJIMHBI BeKTOpPa HOpPMaJH, T. €.
OIpPeJeAI0TCA ¢ TOUHOCTHIO 10 MHOXKUTead. Eciu B KadecT-
Be BEKTOpa HOpMAaJM MEI BHIOepeM BeKTOp eIWHMYHOM AJIH-
HBI, TO MBI IPHJAEeM K HOPDMHPOBAHHOMY YPaBHEHHIO IIps-
MO,

6.2.2. HopmupoBaHHOEe ypaBHeHUE NPAMON

Yepes Hayanmo KoopiuHAT (Touka () mpoBegeM IpPAMYIO,
NepHIeHANKYJIAPHYIO Hallell mpamoil L, TOUKY UX mepecede-
HuaA obosHauuM deped M, muuny orpeska OM o0603HAYUM
yepe3 r (puc. 6.4). Ha mocTpoeHHOH npAMOil BO3EMEM BeK-
TOP N eAWHUYHON [JIHUHEI, HallpaBJIeHWe KOTOPOI'O COBIIaZa-
eT ¢ HampaBieHueM OM (eciau Hamia npaMas L IpoxXogur
Yyepes HadaJlo KOOPAWMHAT, TO MOXKHO BBIOpaTh Jioboe u3
ABYX HaIpaBJIeHWI).

ITonpo6Gyem BHIpasuTh Ofllee ypaBHEHNe Halled NMPAMOLR
yepe3 ABa IlapaMeTpa: r — AJIHHY BeKTopa OM wu yroJa 0
MeXXy BeKTOpoM N ¥ ocbio Ox. A 9TOTO BOCHOAL3YEMCH
JBYMSA HOCTATOYHO OYEBUIHLIMH (HaAKTAMH.

1) Tak kak |n| =1, TO ero KOOpAWHATHI MOXXHO IIpeAcCTa-
BUTH B Buje n = (cos 0, sin 0).
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y
L
n
M
.
9 X
0 \
Pnc. 6.4

2) IlpoussoabHasa Touka P(x, y) TpHHAIIEKUT Hailel
npsaMo# L Torga m TOJIBKO TOTAAa, KOTHAa
OP-cos(n, OP) = r.
Torma, ¢ ogHOH CTODPOHEI,
(n, OP) = xcos® + ysin,
a ¢ Opyroil CTOPOHBI
(n, OP) = |n}{OP|-cos(n, OP) = r, Tak kax n| = 1.
Taxum obpasom, xcos8 + ysind = r unm
xcosO+ysin6-r=0. (6.6)

IonyueHHOE ypaBHEHHNe HOCHUT Ha3BaHWe HOPMUDOEAHHO-
20 ypasuenus npamoil. [lanHOE ypaBHEHUE ONpPeIesdaeT Ipa-
MVIO Bcero ABYMs IapaMeTpaMH: YIJIOM HaKJoHa 6 K ocu Ox
BeKTOpa HOpMaJjH, IIPOBEAEHHOr0 M3 Hayajia KOODAMHAT B
HaTIpaBJieHuM Halleil mpAMo# L, ¥ paccTosdHMeM 7 OT Hada-
Ja KOOpAHHAT A0 HalleHd HpAMOH.

BrramcanTs BeMUUHE 7 1 0 110 061eMy YPaBHEHHUIO IIPH-
MO¥ MOXKHO ciemyoomuMm obpasoM.

1. Mobremca, yT0o6B Kod(dduUnKEHT ¢ B 00IlleM ypaBHe-
HHUH OpAMOi# OBl OTpMIATEeIbHEIM. EciIu M3HAYaIbHO
9TO He TaK, YMHOMKHM HCXOJHOe ypaBHenue Ha —1.

2. Pagpiesiim Bce WiIeHBl YPaBHEHUS Ha BEJIHUUHY va? + b2,
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TeM caMBIM IIOJIYYKM:
a b c
x + Y- l¢] =0.
Va? +b? a® +b? a? +b?
a b . c
3nech —— =c¢080, ———— =sin0, L =r.
a? +b? a? +b? a? +b?

6.2.3. MapameTpuyeckme ypasHeHuUs NpsaMoi, nyva,

oTpe3Ka

VpaBHeHHe NPAMOI, IPOXOAAIell uepe3 HeCOBIIAZAIOIIME
TOYKY P,(x;, Y;) ¥ Py(x,, Y,), MOKHO 3allKCHIBATE U B IIapa-
MeTpudeckoM Buze. JI1060l BeKTOp, IPMJIOKEHHBIH K TOUKE
P, n 3axaHYUBaOIINiics B IPOUSBOIbHOK TouKe P(x, ), Je-
JKaImmel Ha To#l Ke NMpAMOH’, IO onpefAeseHNI0 2 MOXKHO IIO-
Ay4uTh u3 PP, myrem yMHOMeHHMA Ha HEKOTOpoOe BelllecT-
BEHHOE YHCJO f: L .
PP, =t -PP,.
Torpa Ansa KakAo# U3 KOODAMHAT B OTHAEJIBHOCTH CIIpa-
BeIJINBO:

(x - xl) = t(xg - xl) uy - yl) = t(yz - yl)'

BripasuB orcioga x ¥ y, IOJyYaeM CHCTEMY IIapaMeTpH-
HeCKHUX YDaBHEHUN, KOTOPOH YAOBJIETBOPSAIOT KOODPJUHATEI
Kaskgou Toukm P(x, y) Hamell mpsamoii:

x =x; + Hxy ~ xy),

{y =Yy, + Yy, - Yy
Haobopor, ecsm koopauHaThl (X, y) TOYKH P yIOBIETBO-
paioT cootHomenuaM (6.7), sextop PP xoyimmeapen PP,

(6.7)

M, 3HAYUT, TOUKa P JeXuT Ha npamoH P,P,. Takum obpa-
30M, cHCTeMa ypaBHeHMH (6.7), rge mapamerp t mpoberaer
BCIO JeHCTBUTENBHYIO OCh, 3ajaeT mpamyio PP,

9JTa e cHcTeMa, HO CO BBEJEeHHLIMU OI'DAHHWYEHUSAMH Ha
3HaveHHUd ¢, 6yner sagasarh U OTpe3ok P,P,, u ayu P P,,
HAUMHAIOUIUACA B TOUKe P ¥ IPOXOJAIINY Yepesd TOUKY P,
He copmnajaromyio ¢ P,. Koopaunara x orpeska P, P, meHa-
eTca B juanasoHe [x;; x,], a y — B gmanasoxne [y,; y,]. Cie-
JoBaTeJbHO, ¢t € [0; 1]. Ilna Bcex Touex P(x, y), mpuHagie-
wamux ayyy P,P,, Bekrop PP coHanpaBieH C BeKTOPOM

P,P,. To ects gna ayua t e [0; o).



MareMaTH4eCKHe OCHOBBI BBIYHCIHUTEJbHOH TeOMETPHK 297

6.2.4. Cnoco6bl onNUcaHnNsa OKPY)XXHOCTHU

HsBecTHO, uTO TOukKa M(X, y) IPUHAAJIEKUT OKPYHKHOCTH C
IIEHTPOM B TOUKe M (x,, J,) ¥ PajUycoM r TOr[a U TONBKO
TOTAa, KOrja paccrosuue MexaAy M, u M pasHo r. 3anucas
dopMyny ANA BHIYHCIEHHS KBaJpaTa PAacCCTOAHUA MeXIy
ABYMA TOYKAMM, MBI IpHAEM K CJIeAVIOIIeMY YpPaBHEHUIO
OKDYIXHOCTH:

(x = x)? +(y —y)’ =1 (6.8)

Ha npaxTuKe OKa3biBaeTCHA IIOJIe3HBIM 3HAHHE TaKXKe U
mapaMeTpUYEeCKUX YpaBHeHHMH OKpY:KHocTH. O6paruMcs
cHAYajJa K OKPYMKHOCTH € LIEHTDPOM B Hayaje KOODLHUHAT.
Ecnu obosHauuTes Kak ¢ yrojl MeXAy paiuyc-BekropoM OM
(smecs M(x, y) — IpOU3BOJBHAH TOYKA OKDYXHOCTH) U
ocbio Ox, OTCUMTHIBAEMBIH IIPOTHB YacOBO¥ CTPEJKH, TO
OYEeBHIHO, YTO

x =rcost, y = rsint.

3HauuT, AJA IPONSBOJBLHON OKPYXXKHOCTH IlapaMeTpude-
CKHe ypaBHeHHMsA OYAYT BBRINVIALETH TaK:

x =x, + rcost, y =y, + rsint. (6.9)

VpaBHenus, asajgoruunsie (6.9), ucmoassyiorca p[aa
ONUCAHUSA TAKMX KPHBBIX, KaK IWKJIOUJA, IIHUIUKJIOUIA,
TUMIOUMKJIONA ¥ MHOTUX JPYIHX, IINPOKO IPUMEHSIEMBIX B
KOMIBIOTEPHOH rpaduKe Aad IIOJYIEHHUS Pa3IUYHBIX Y30-
poe (puc. 6.5). MMeHHO ¢ HOMONIBIO IapaMETPHUYECKUX
YpaBHEHUI JOCTATOYHO IIPOCTO 3alIpOrpaMMUPOBATE DPHCO-
BaHMe IOAOOHBIX KPHBBIX Ha IrpaduuyecKoM 3KpaHe.

Puc. 6.5. TunonukiIona 1 3IHIAKIONAA



298

T'nasa 6

Bonpocbi 1 3apaHns

1.

i

Hcxoma u3 reoMeTpuYecKoro cMeicjia Koo pHuIueHTOR HOD-
MHPOBAHHOTO ypaBHeHHA mpamoi (6.6), BEiBeguTe ypaBHE-
HHe IpAMOM, TapajlyeJbHol JaHHOK U HaXozsalleiica OT Hee
Ha 33IaHHOM PACCTOAHUH I

IlokasxuTe, YTO BEIpAXKEHHE ]xlcos 6+y,sinf - r| nna npoua-
BOJIBHON TOYKH IJIOCKOCTH (X, ¥;) o0603HauaeT paccTosHMe
OT 2TO# TOYKH HO OPAMOI xcos 6 + ysinb - r=0.
Hcnonwsysa (6.7), cocTapbTe M PEIIUTE CHCTEMY JHHEHHBIX
VPaBHEHUH A HaXOMIeHNA TOUKHY llepecedeHud ABYX Ipd-
MBIX. C IIOMOLIBIO peIIeHHs dTOM 2Ke cHUcTeMHl chopmynu-
pyiiTe, KaK MOXKHO OIIpeflesIUTh, IepeceKafoTca JH COOTBET-
CTBYIOIIHE OTPe3KH (JIy4du).

Haiinure B cIpaBOYHOM INTEpPATYDe ITapaMeTPUUIeCKUe YpaBHe-
HUS IUKJIONOBI, SIHIMKIIONALI ¥ THIIONUKIoNALL. C IoMOonIbio
JIF060r0 M3BECTHOTO BAM A3BIKa IPOrpaMMIPOBAHMS MIIH JIeK-
TPOHHOM TabIHIEI HOTYINTe H300Pa’KeHMa BAHHBIX KDPHUBBIX.
Hcenenyiite ux nIpu pasindHBIX 3HAYCHUAX [1apaMeTpOR.

§ 6.3. 3apauu KOMNbIOTEPHOU rpadukn

Ha B3aUMHOE pacrnosioXXeHue Touek n ouryp

6.3.1. NMpamas, nepneHaUKYNsapHas AaHHOM

v rnpoxoasuias 4epe3 3afaHHYIO TOYKY

B xomneioTepHO# rpadrmke YacTo BO3BEMKAaeT Heobxomm-
MOCTBH BOCCTAHOBHUTH KBaApaT, CTOPOHBEI KOTOpOT'o He 06s3a-
TeJILHO NAPAaNJIeNbHLI OCAM KOODAMHAT, II0 OZHOM M3 €ero
cropor. Il permeHma »roii 3ajadydl HaZO YMETL CTPOHTH
IPAMYIO, NEePIUEeHAUKYIAPHYIO JAHHOR M UPOXOAAIIVIO Ue-
pes 3aZaHHYIO TOYKY.

Ilycrs sajanHas Touka P MCKOMO¥ IpAMOI UMeeT Koop-
AuHATH (X, Y,). Ecam P(x, y) — mpomssosbHaa TOYKa Ha
TOM iKe IpAMON, TO KOODAMHATHI BeKkTopa FyP paBHH

(x— x5 Y — Yy). OTOT BEKTOp NEPHEHAUKYIAPEH BEKTODY
PP, rne Pi(x;, y;) u Py(x,, y,) — TOUKHN Ha UCXOLHOH Nps-
Mo, Torga ckajnapHOe IPON3BeJeHNe OPTOrOHANBHEIX BEK-
ropos (P P, FyP) MOXHO BHIDA3UTEL TakK:

(g —x)x = x) + Yy — Y)Y — Yp) =0 mam

(xz - xl)x + (yz - yl)y + (xl - xz)xo + (y1 - yg)yo =0. (6.10)
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Ecau ke HcxogHas npsaMasd 3ajaHa KoadduIimeHTaME a,
b ¥ ¢ cBOEro ypaBHeHHUd, TO JIeTKO 3aMeTUTh, ITO BEKTOD ee
HOpMAJH ¢ KoopAuHaTaM¥ (@, b) KoJIuHeapeH BekTopy Py P.

Torpa, 3amMcHIBasg KOCOe MPOH3BefeHNe 3THX BEKTODPOB, IIO-
JIYy4uM:

bx — x) — aly — y,) = 0. (6.11)

6.3.2. PacnonoxeHue ToOYKM OTHOCUTE/IbHO NPSAMOWA,
nyLsa unm oTpeska

B nepByio ouepeasb, B 3TOH 3aJaue Hac HHTepecyeT NPHUHAJ-
JIEXKHOCTh BAaHHOHM Touku P(x, y) YyKasaHHOMY reoMeTpuye-
CKOMY 00BeKTYy, YPaBHEHHE KOTOPOT'0 HaM u3BecTHO (yimbo
MOXeT OBIThH JIerKO mojy4eHO). UTOOBI OTBETHTH Ha BTOT
BOIIPOC AJId IPAMOMH, JOCTATOYHO IMOACTABUTH KOODAUHATEI
3aaHHOH TOYKM B ypaBHeHHe IIpAMOH, HalpuMep BHIA
(6.4). PaBeHcTBO HYJIO 3HAUEHUS IOJYYEHHOTO BRIpaXKe-
HUA (J1d BelleCTBEHHBEIX KOOpAWHAT MJIX K03()PHUIIHEeHTOB
ypaBHEHUA IPOBEPKY Ha PaBEHCTBO HYJIIO HEOOXOIUMO OCY-
IIEeCTBJATH ¢ YUETOM IIOTDEeIIHOCTH) O3Ha4daeT, YTO TOUYKa
NPpUHAMJIEKHUT HaHHOM npamoii. Ecnu 3HauyeHMe BbIpaXke-
HHA MeHBbIIe HYJA, TO TOUKA JIEXHUT B OJHOH IIOJYIJIOCKO-
CTH OT IIPAMOI, ecau OoJbmie HyaAa — B APyroi. Eciu Ham
sajannl P (x,, y,) 1 Py(x,, y,) — ABe TOUKM HaIleH Hps-
MOH, TO 3aIlMllleM BHIpasKeHMe JJI KOCOTO IIPOU3BeJeHHA
BeKkTOpoB P|P, m P,P. Ero 3HaK OIpefesiseT OPMEHTAIIHIO

9TO#l mapsl BeKTOPOB, HMHa4Ye TIOBOpA, IPHHAIIENKHOCTH
TOYKM P ofHO# W3 MOJYIIJIOCKOCTEeH (a paBEeHCTBO HYJIIO —
NPUHAAJNIEIKHOCTh IPAMOii).

Ecau npamas 3afiaHa ABYMA CBOMMH TOYKaMHM, TO IJIA
' OIIpeJe/IeHH A PAaCIOJIOMKEeHNA TOYKM IIJIOCKOCTH OTHOCH-
® TeJIbHO 3TOH IPAMOI YpaBHeHHe NPAMOM BLIOIUCLIBATD He
HYKHO.

B ciyuae mpoBepKM HPHMHAAJIEKHOCTH TOYKH JIyIy IPH
paBencrBe [P P,, P,P] uymo (3gecy P, — Hadajo Jsyuya,
a P, — mo6as Touka, OpUHAJJIEXKAIIAA JIyqy) IONEe3HO BhHI-
YHCJUTh M CKaJAPHOEe IIPOM3BeJleHNe ITUX e BEeKTOPOB.
Ecan oHo MeHbIIe HyssA, TO P, JI&XHT Ha IPAMOHA Mexay P,
u P, cuepoBarenbHO, P JNyUy He NIpHHALIEKHUT. ITOGHI
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B QHAJOTHYHOM cHUTyanuu ybOeAHUTbCA B NPHUHAAIEHKHOCTH
Touku P oTpesky P,P,, HeoGX0Z¥MO BEIYMCINUTE ellje ¥ 3Ha-
4eHHMe cKalapHoro npoussenenus (P, P, P,P). Ecnu ono me-

OTPHIATENBHO, TO TOYKA P JIEKHT Ha OoTpe3Ke.

Ilogo6HBIE 3aJadyM B KOMOBIOTepHOH IpaduKe IpPUXO-
OWUTCHA pelllaThk AJA TOYKM rpaduyecKoro sKpaHa U JMHUHR
(OTPe3KoOB), ONMCHIBAIONIUX I'PAHUIBI T€X MJIU MHEIX 00beK-
TOB.

Bompoc. Kax onpederumbe, Ha KaKOM pAcCmMOAHUU Haxofumca

s3adaunas mouka P om onpedenennoii npamou, ayua uau
ompesra?

Omeem. PopMyna JIjid PACCTOAHUA OT TOYKHU A0 IPAMOM MOINY-

.qaeTcda U3 COHOCTaB.TIeHHﬂ ABYX c110co00B BHIUHMCIEHUS IIJIO-

magu rpeyronsauka: S = 1/2P PP, P, = 1/2[PP,, PP2]|
(puc. 6.6). To ecTe paccTogrme ot Touku P no npamoi, 3a-
RaHHO# KOOpAWUHATaMu To4uek P, u P,, MOXKHO NIOACYUTATE
KaK OTHOIIeHHe MOAYJsA KOCOI‘O IpPOU3BEIeHNA BEKTOPOB

PP, u PP, x AnuHe oTpeska P P, O
p
h
A
Py P, Py
Pxuc. 6.6

Ina myga uiam OoTpe3ka VKaBaHHBIK cIIoco6 HaXOMAeHHA
paccToAHMA HYXKHO CJIerKa NoAKoppexTHpoBaTh. Touka P,
(puc. 6.6) npuuagnexur aydy PP, B TOM U TOJBKO TOM
cayuae, KOrja CKalApHOe nponsse,qenne (PIPZ, P1P) > 0.
Ina orpeska P;P,, KOHeYHO, HYKHO ellle X BHIIOTHEHHE
yenosuga (P Py, P, P) > 0. Torga npumennma dbopmyaa pac-
CTOAHUA OT TOUKH RO mpamoi. B mpoTuBHOM ciydae pac-
CcTOAHME OT TOYKH A0 Jy4da (oTpe3ka) OyaeT paBHO paccTod-
HWIO OT TOYKHU O Hadaia Jiyua (Jo 6aumkallliero KOHILA OT-
peska).
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6.3.3. BzanmHoe pacnonoxeHune npsMbIX, OTPE3KoB,
nyyen

HNaunble 3aa4M 04eHb YACTO BCTPEYAIOTCH B KOMIBIOTEPHOM
rpabuke. B wacTHOCTH, HPH IIPOrpaMMMPOBAHUHA KOMIIBIO-
TepHBIX urp. Hanpmmep, ecau Tpebyercd IpoaHaIH3UPO-
BaTh, HACKOJBKO YIAYHO UI'POK IIPOM3BEJl BEICTpPENI U3 TOTO
UJIY HHOTO OPYXHA.

Jlerxo BHIACHUTD, IepeceKaloTCd JK ABe IpAMble HIH Ia-
pannenbHEl. HanoMHUM ellle pas, YTO yCJAOBUe KOJIMHeap-
HOCTH [OBYX BEKTODOB — 3TO PABEHCTBO HYJII0 HX KOCOTO
npoussefieHusi. Ecin npAMble 3ajaHbl YPABHEHUAME @ X +
+by+tc,=0mnax+byy+c,=0, T0 yRobHO nepeiT K uUx
HOpMasaM N, = (a,, b;) u n, = (a,, b,). Toraa ycaosue xoi-
JUHeapHOCTH HopMaJiel (a 3Ha4YUT, M Napajje]IbHOCTH IpPH-
MbBIX): [ny, n,] = a;b, = a,b, = 0. Ecan npaMsle 3afaHbl na-
paM# TOYEK, TO TAKHM e CIIoco6oM IIpoBepAeTca KOJNINHe-
apHOCTL HAIPABJAAIONIMX BEKTOpPOB. I[IpoBepka Hamuyus
IepecedeHUa IPAMON M OTpe3Ka HPOM3BOAUTCA IIyTeM aHa-
J¥3a B3aMMHOI'0 DPACIOJIOMKEHHS KOHIOB OTPe3Ka OTHOCH-
TeJIBHO NpPAMOM, Kak 3To OHLIO IokaszaHo B I. 6.3.2.

Ilycrs mpamas a,x + bly te = 0 1 0Tpe3oK IepeceKarT-
cA B ogHOM Touke. HaiizeM ee, mpegBapHUTeJBHO BBIIINCAB
ypaBHeHMe NIpAMOH a,x + b,y + ¢, = 0, mpoxogsmenr yepes
KOHIBI oTpeska P, (x,, y,) u Py(x,, y,). 114 aToro focraTod-
HO PEHNINTH CHCTeMY ABYX JHHeHHBIX ypaBHeHWI, Kaxjoe
M3 KOTODHIX OpeAcTaBiser co6oil ypaBHeHHE COOTBETCTBYIO-
miei MpAMOI OTHOCHTEJBHO X M Y

(b, — byey)/(aby, — azby);
y = (a,c; — a,c,)/(ab, — ayb,).
Bomnpoc. Kakx nposepums Haauvue nepecevenus 06yx ompe3xoe?
Omeem. TIpoBepUTh HaNTWYHe NepPeceyeHHs ABYX OTPe3KOB (a B
KOMIBIOTepHOH Ipadmke HAC B OCHOBHOM MHTepecyeT JHIIb
caM GaKT IepecedeHNA) HECIOKHO OIIATEH XK€ C HCIOJIB30Ba-
HUeM Kocoro npoussefeHus. IlycTs nepBelil oTpe3oK 3afaH
Toukamu P, u P,, a Bropoii — Py u P,. O6osHaumm x,, | ¥
X, — MaKCHMaJbHYIO ¥ MUHUMAJbHYIO U3 IIePBBIX KOOD-
AVIHAT [IePBOrO OTPe3Ka, X, o U X . o — TO JKe JJII BTOPOTO
oTpeska. a4 BTOpOH KOODAMHATHEI AHAJOTHYHO HMeEeM:
ymaxl’ Ymin1® Ymaxz u ymin2‘

x

(6.12)

1
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VuoMmsaryTele 0TPe3KH HepeceKaroTcs TOTKa, KorAa OfHO-
BpEeMEeHHO BEBIINOJHSIOTCA CHAegyIoUIUe TPH YCIOBUA:
1) mepecexaioTcs OrpaHHYHUBAOIINE NX HPAMOYTOJLHHUKH,

T. e. xmaxl Z xmin2’ xmax2 2 xminl’ ymaxl 2 Yming 8

ymaxz Ymin1?
2) xocrle npoussenenud [P P, P P] u [P P, P, P,] umeror

pasHble 3Haku, Tounee [P P;, P P] - [PP,, PP,] <0
3) [P, P3P,] " [P3F,, P3Py] < O

Ilocienqaue ABa ycJIOBHSA O3HAYUAIOT, UYTO KOHIBEI OFHOTIO
OTpes3Ka JIe)KaT 0 pasHbIE CTOPOHEI OT HIPAMOM, KOTOPOH
OPHUHAMIEKUT ApYyroidl orpesok (cMm. m. 6.3.2). A mepBoe
yCJIOBMe HCKJIIOYaeT M3 CIel[MaJIbHOTO PACCMOTDPEHHS CIY-
yall paBeHCTBA HYJIO BCEX YeTHIPeX KOCHIX IPOM3BeJeHUH,
IpPH KOTOPOM OTpPe3KH JIeXKAaT Ha OJHOM UPAMOH M MOLYT
KaK IepeceKaThCs, TaK U HeT. d

Ecnu e dakT HAIWYINUA NepecedeHUs HAMU yCTAHOBJIEH,
TO AJIf OTPE3KOB, HAXOAANIMXCA HA NepeceKalonIuXcs mps-
MEIX, TOYKa IlepecedeHnd UINETCs TaK Ke, KaK U B Ipeabl-
Iymell sagade. [lia oTpe3koB OXHOM IpAMOM HX Iiepecede-
HUe (TOUKA MJIM OTPE30K) HIIETCA IyTeM HoJcueTa 3Haue-
HHUA HECKOJBKHX CKAJAPHBIX IPOH3BeIeHWI.

J71s IpoBEPKYU HAJNYNA NepecedeHus ABYX aydei P P, u
P,P, cienyerT u3y4NTh B3aMMHOE DACIIOJIOKEHHE COOTBETCT-
BYIO]:LIH npaMeix. PaBeHCTBO HYJII0 KOCOTO IIPOM3BeAeHHSA
[P P,, P;P,] o3HauaeT HNPHHAAJEKHOCTE Jydel Iapasiess-

HBIM OpaMbiM. Ecim aTH npAMble pPasiMyYHBI, TO BEKTODHI
PP u u PP, HeKOIIMHEAPHE! U, SHAYHMT, KOCOe IPOHM3BE/Ie-

Hue [P1P3, P,P,] ornuuno oT Hynsa. B aToM cryuae nyunm mHe

mepecekatorca. Korga aydu jexaT Ha OgHOH OpaAMOH, ¢ mo-
MOIIBIO BHAKA CKaJspHoro npousseienus (PP, P;P,) MOX-

HO IIOHATh, B OJHY WJIU B pasHbIe CTOPOHLI OHM HAaIIpaBJie-
Hbl. B mepBoM cayuae cKajasapHOe mpousBeleHue GYHAET IIo-
JIOKUTEJIbHLEIM, @ BO BTODOM — OTPHIATENBHBIM. YTOGHI
ONpeleIUTh, KaKol M3 OBYX COHAIIPABJIEHHBIX Jyueil ABIA-
eTca MX NepecedeHHeM, MOIKHO HOJACYNUTATH 3HAUYEHHE CKa-
JSIPHOTO TIPOU3BeAEeHM A (PIPZ, P, F;). Ecau oHo 6oasuie

HyJsl, TO IlepecevyeHueM sBiseTcs ayd P,P,, B IPOTUBHOM
ciydae — ay4 P,P,. B ciy4ae IPOTHBOIONI0KHOK HANIPaB-
JIEHHOCTH Jydell MX IepecedeHue — Jnbo OTpesox PP,
M TOrAa Ha4ajo Jioboro M3 ABYX JyUell JIeXKUT BHYTPH ApY-
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roro Jjyda: (TJ{P;, m) > 0, nu6o opma Touka P, = Py

(m, f’@) = (0, 1ubo OHO IyCTO: (171172, }ﬁ) < 0.
Haxownerr, ecI¥ IpAMBIE PP, u P,P, nepecexaroTcs B Of-

Ho#t Touke M: ([P F;, P;P,] # 0), To HANTH 3Ty TOUKY MOXKHO

Tak XKe, Kak B . 6.3.2. 3arem cieAyeT NpoBepUTh, uT0 M
NPUHALIEKUT KAKIOMY M3 JIyYeH:
(PP, PM) = 0 u (P3P, PM) > 0.

6.3.4. BaauMmHoe pacnonoxXxeHme oKPY)KHOCTU U NPAMON

I[IpaMas moseT IlepeceKaTh OKPYXKHOCTH B ABYX TOYKaX,
KacaTbcd ee MJK He HMETh ¢ OKPYKHOCTBIO OOOINX TOUEK.
9T; cayyam Jierko ompelendmnTcd. [ocrarogHOo HaNTH
paccTodHHe OT HIEeHTPa OKDYXXHOCTH OO0 ZAaHHOH IpAMOH
(o ¢opmyse pacCTOAHMA OT TOYKM [0 NpPAMOH, CM.
1. 6.3.2). Ecau 3T0 paccrosguue (o6o3HauuM ero !) Menbmie
pagmyca OKPY:KHOCTH r, IpAMas IlepPeceKaeT OKPYXKHOCTD
B [BYX TOYKaX, €CJIH DaBHO eMy, TO IpaMasd KacaeTcd
OKPY’KHOCTH, a eclIH OHC 6GoJbile paguyca, TO OOIIMX TO-
YyeK HeT. B IocJeJHEM CIy4yae Hac MOXKeT MHTepPecoBaTh
paccToaHue OT NpaAMOB go okpyxHOCTH. OHO paBHO [ — T
Bonee cnosHoil ABIfeTcA 3ajada HoHcKa oOmIMX TOUEK
IpAMOM M OKPYKHOCTH.

3apaua. ITycmos okpyscHocme umeem yenmp 6 mouke O(xg, Yo) U
paduyc r. Tpebyemca Hauimu ypasHeHUe KACAMELbHLLX K
Hell, npoxodawux uwepes mouky P(xy, y,).

Pewenue. 3necs Bo3aMOMKHEI TpH caydada. Ecan IOPll <r,t0 P,
JIHKUT BHYTPHM OKPYKHOCTH, U KacaTeNbHBIX, IIPOXOAAIINX
Yepes Hee, He cyllecTByeT. Eciau |OP1| =r, 1o P, JexHNT Ha
oxkpyxuocTH. Torga y ucKoMoil kacaTeJILHOM HaM M3BeCTHEI
TOuKa P, 1 HopMalb P,0, u ee ypaBHeHHe JeI'KO BBINKCEIBA-
erca (cM. n. 6.2.1). Hakonen, B cryuae OP; > r To4eK Kaca-
HudA ABe, ¥, 0603HAYNB OJHY K3 HUX P,, MBI KEMeeM IpPsMO-
yronpHBI# TpeyronbHuK OP,P, (puc. 6.7).

Me1 6yfieM HCKATh KOODAMHATEI @ = X, — X; K b =y, — y,
BekTOpa P, P;. [IJINHEI CTOPOH IPAMOYIOJIBHOI'O TPEYTOJIbHHU-

xa OP,P, jerxo Haxonsarcs. BeinuineM cKalfpHOe IPOU3Be-
AeHue BekTopoB PP, u PO:

(P1P2’_I715) = |P1P2]‘|P10|'COS ¢ = !PJ_PQ'Z'
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Puc. 6.7

T'eomeTpuueckuil CMBICH KOCOTO IpOoM3BejeHuna [FF,,
P\ P)] — yaBoenHas miomans Tpeyroabauka P P, P, B3aras

CO 3HAKOM <«ILIIOC» OJIA ONXHON U3 TOUeK KACAHUS U ¢ MUHY-
COM — I APYTOM:

[PO, PiB;] = +|OP,}{P,P,.

3amuceiBad 9TH XKe IPOUBBeAEeHNA B KOODAWHATAX, IOTY-
YUM CHCTEMY JMHEWHHIX YpaBHEHHIH OTHOCUTENBHO @ U b:

(xo — x)-a + (y,~y,)b= |P1P2|2,
(xg = x,)b = (yy— y,)-a=%|OP,P,P,|. (6.13)

Takyio cucTeMy PelINTh yKe HecJI0xkHO. Jlanee [10 TOUKe
P,(x, y,) u nanpasnaomemy Bextopy PP, = (a, b) Bhmm-
cHIBaeTCA ypaBHeHMe KacaTelbHoil. 3ajada pelnena. Eciau
e HaM tpebyerca ele HAWTH ¥ KOODAWMHATHI TOYKH Kaca-
HHA, TO 3TO MOXKHO CJeJlaTh, UCHOJIb3yA KOODAMHATEI TOYKH
P, u HailneHHEle KOODAMHATEI BekTopa P P,.

K pemenuro sroii sXe 3amaum eCcTh MOAXOM, IPDH KOTOPOM
He NPUXOAUTCH PeulaTh Ja)ke CHCTeMy JHHeHHBIX yDaBHe-
Huil. OnycTuM u3 BepMHEL P, IpAMOro yria Beicoty P,P,
(cm. puc. 6.7). U3 mopobusa TpeyroannROB P,P,OuP,PrPp,
Ha/eM JJIMHB! OTPe3KoB P P, u PyP,: [P Py| = [P P/ lOPll
|PsP,| = |P,P,}OP,)/lOP,|. Tenepb HoC/IeA0BaTEbHO HAXO0-
A¥M KOOPAMHATHL BeKTopa P P;, Toukm Py(xg, y5) #, Hako-

Hel, NCIIONIB3YA ¥VI3BeCTHbLIEC KOOPOHUHATHIL BEKTOpa
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n=(y,~ Y, x; — X,), NepOeHIUKyJIApHOro mpamoit P, P,
KoOpAWHATHE Touku P,: PPy = PP, |P,P,|/|P O];
Xy =%, + (PBy),, Y3 = y; + (BiF3); PPy = n|PyP,|/Inf;
x2=x3+(P3P2)x,y2=y3+(P3P2)y. O

IIycte Temeph IpsiMas M OKPYXKHOCTH IIEPECEKAIOTCH B
IBYyx Toukax (puc. 6.8). KoopaunaThl »Tux TOUYeK MOXKHO
HallTH IO ciaegypomeMy anroputMmy. Haiinem BeKTOp n HOp-
Man¥ K OpaMoil. OTiIoKUM B HaIPaBJIeHHM 3TOTO BEKTOPA

BeKTOp OA pumas! [. BEIuMCANM paccTosdHUe IAPII = lAP2] =

v r? —1%. Ot Toukn A BAOJIb IPAMOM OTJIOXKHMM B 06e CTOpO-
HBI BeKTOPHI JIuHBL [AP|. X KOHIBI afyT HaM JBe HCKO-
Mble TOUKM P, u P,. Kaapléi U8 MIarop sToro ajropurMa B
OTHENLHOCTH HAMH Y2Ke paccMaTpUBAJICA paHee. 3aMeTUM
TOJIBKO, YUTO HA IIEPBOM Iare HeOOXONMMO IIPABUJILHO BBHI-
OpaTh OOHO W3 ABYX BO3MOXKHEIX HAIIPDABIEHMH HOPMAIH K
npamoii. [Ins 9Toro ZOCTATOYHO IPOBEPHUTH, UTO CKAIAPHOE
npoussefenue (n, OM) > 0, raze M — npomsBoJbHaA TOUKa
IpAMOH.

Puc. 6.8

6.3.5. BsauMHoe pacnosoXxeHne ABYX OKPY)XHOCTEW

JBe pasinyuHbEIe OKPYXXHOCTH TAKXKe MOTYT IIepeceKaThCd B
IBYX TOYKaX, KacaTbCd APYT APYyra WIN He HMeTh OOIMHX
ToueKk. B mociegHeM ciydae JMOO OAHa M3 OKPYKHOCTEH
pacmoyiaraeTcsa BHYTpU IpPyro¥ (Ha3oBeM Takue OKPYIKHO-
CTH BJIO}KEHHbIMH), Ju00 KakAad N3 OKPYKHOCTEH JIeXHUT
BHe [pYyrou.
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IIpoBsepka Hajgmumsa IepecedeHHs MJIN KacaHHA aHAJO-
THYHO LIpeALIAYIIEH B3ajade OCYIIeCTBJAETCSA IIyTeM CPaB-
HEHHsd pacCTOSHHA MeXAY IeHTpaMH OKpyKHocTeit (obo-
3HayuM ero [l) m umx pagumycamu. Ecum [> r,tr, nim
I< |r1 - rzl, TO OKPYKHOCTH 00IIUX TOUeK He uMeioT. Bropoe
YCJIOBHE KAaK pa3 B 0003Ha4aeT BJIOKEHHOCTh OTHON OKPYK-
HOCTH B Apyrywo. IIpy 3aMeHe 3Haka JI000TO M3 3THX ABYX
HepaBEeHCTB Ha PaBEHCTBO MBI IIOJIVUMM CJy4ail KacaHusd
OKpYy)KHOCTEH (BHEILHero MJIM BHYTpeHHero). Ecmum xe
Ir, =1yl <I<r, +r, TO OKPYXKHOCTH MMEIOT DOBHO JBE TOY-
KU IepecedyeHus.

KoopamHaThl TOUKM KACAHUA OKPYKHOCTEH HAaWTU OUeHb
npocto. Begb LeHTPEHI orcpyochPc'reﬁ 0,(x4, yy) 1 Oy(xy, y,)
3a1aI0T NPAMYIO, Ha KOTOPOH JI€KMT M TOUYKa KaCaHudA
P(x3, y;). Bynem cumrars, uro Touka O, ABJIAETCA LUEHTPOM
OKpy:HOCTH Gosbmuero paguyca. Toraa sexTop O P coHalpas-

JieH ¢ BekTopoM 0,0, . [InmHEl 060UX BEKTOPOB TaKKe U3BecT-

HBl. Wckomble xoopauHaTHl paBHEI (x; + (x, — x)r /L, y, +
+ (y, - y,)r /D). IIpoepsTe, 4TO ecnu ry < ry, TO B CIydae
BJIOXKEHHOCTH OKDYKHOCTeH IoJyueHHas popMynaa HYKIa-
eTcd B KOPPEeKTHDOBKE.

IIpp momcke KOOpPAWHAT ABYX TOYEK IiepecedeHus
OKDYIKHOCTEH BOCIIOJB3yeMCd MEXaHH3MOM, YoKe OIIMCAaH-
HEIM B 0. 6.3.4. Paccmorpum rtpeyromsEuk 0,0,P
(puc. 6.9). B HeM HaM HM3BECTHEI JJHHBI BCeX TPeX CTOPOH
(ry > ryu l). IlpoBesem B TpeyroasHEKe BrICOTY PP. B mo-
JAy4MBLUEMCS NIPAMOYTOJIBHOM TpeyroabHuke O, P P Hensse-
CTHHI ANMHE KaTeToB. Haitgem O,P,, 3anucae TeopeMy Ko-
CUHYCOB asa Tpeyronbuuka O,0,P:

rg =rf +12 ~2rcoso =1 +1% - 21|0,P,

Orcroga |0,P| = (i +1% - 1f)/2l. Ilo Teopeme Ilmparopa

|P,P|= \/rf —|O,P,|?. Temeps mociefoBaTeNbHO HAXOLKM:
e Bextop O, P = |0,P/1;
e TOYKy P, no mssecTHoH Touke O, u BekTopy O,F;;

® BEKTOp I = (y, — Yy, X¥; — X,), NEPIEHANKYIAPHBIH OIOZ;
BexTOp PyP = |P P} n/n;

e HAKOHeI, TOYKY P 10 M3BeCTHOH TouKe P, M BeKTopy
PoP. )
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Puc. 6.9

3aMeHUB B HOCHEAHEM AeHCTBUM BEKTOD N HA IPOTHUBOIIO-
JIOKHBIN, ITOJYYNM U BTOPYIO TOYKY IlepecedeHNs OKPYXKHO-
cTe.

Bonpocbl n 3aganua

1.

2.

Hayuurecr onpefenaTh B3AMMHOE DacHOJIOXKEHUE ABYX TO-
YeK OTHOCHATENLHO OTHOHN NPAMOIL.

IIycrs u3BecTHO, 4TO ABa OTPE3Ka, 3aJaHHbIe CBOUMY KOHIIa-
MH, JIe)KaT Ha ofgHoi npaMoil. Ilo 3HadyeHNAM KaKuX CKadAp-
HBLIX IPOM3BeAEHUN MOKHO OIIPeleINTh, lIePeceKaloTCs OHU
Uy HeT?

PemnTe cucremy JuHEHHBIX ypaBHeHNH (6.13) ia HaxomxIe-
HUSA HaIpaBJIAIONIero BEKTopa KacaTelbHOH K OKPY>KHOCTH.
ITycTs BexTOpRL Fy Py (x4, y,) 1 By Py (x,, Y,) IPUTIOXKEHBI K TOY-
ke Py(x,, y,)- Haitnure ypaBHeHue 6uccekTpucs yria PP P,.
Ha miane MmecTHOCTH 60710T0 0603HAUEHO OKPYXHOCTBIO, KO-
OpPAMHATEHL IIeHTPa KOTOpPOil U paguyc usBecTHHI. CocTaBbTe
aJTOPUTM HAXOMKAEHUSA IIHHBEI KpaTdafIrero OyTH MeXIY
IBYMS TOUKAMH IIJIOCKOCTH, €CJIM 60JI0TO HenpoxoauMo (obe
TOYKU HAX0AATcA BHe 60J10Ta).

§ 6.4. MHOTOyronbHuKun

IIpaxTuecku na060 00BEeKT Ha TrpadHUeCKOM >SKpaHe
KOMIIBIOTEPa IIPeACTABIAETCHA.C MOMOLIBIO BBIIYKJIOTO MJIH
HeBBINIYKJIOTO MHOTOYTONbHUKA. [Ipu aHanmse nomoOHEIX
00BEKTOB ¥ IIPOrPAMMUPOBAHMY WX B3aMMOAEHCTBUSA BO3-
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HUKAaeT MHOJKECTBO PpasiIWYHBIX 3aJad BBIYHCIUTENLHOMH
reomerpuu. Paccmorpum Hambosee Ba)XHBIe U3 HUX.

6.4.1. Mpoeepka BbiNYKNOCT MHOIrOYro/ibHUKa

OueBuAHO, YTO OGOJBLIIMHCTBO 3a8Ja4 BBLIYKMCJIHTENLHON Teo-
MeTPHH, CBASAHHBIX C MHOIOYIOJbHHKAMH, UMeIT Oojee
IPOCTOE pellleHHe B cIydae MX BBHIOYKJIOCTH. Iloatomy cHa-
Yaja HayYyuMcA IIPOBEPATEL A8 MHOTOYTOJIbHHMKA HMEHHO
3TO CBOMCTBO.

BrInyxJ0ocTE MHOTOYTOJNBHHAKA ¢ BepIIMHAMU P, P,y ..,
P, nepeuncieHHBIME B HOPAJKe ero o6xXofa, Jerko Ipose-
PHUTb, €CJAM BBEIYUHCJNUTL 3HAKKM KOCHIX IIPOM3BeAeHU
(PP 1, Py P2} i=1, .., n(3peco P, ectb P,a P, , —
P,, T. e. npu mporpaMMHpOBaHWH yA00HO A00aBUTHL mOcie
TOYKM P ABe IMIIHWE TOYKH, COBHAJAIOIINE C TOUKAMHU P,
u P, cooTBercTBEHHO). ¥V BBHIIYKJIOTO MHOTOYTONBHMKA 3Ha-
KN YKazaHHBIX [Ipom3BefeHUui JHO0 BCe HEIOJNOXKMUTENbHDI,
aub0o Bce HEOTPHUATE/LHB! (T. €. 3HAKM HEHYJIEBBIX IIPOU3-
BeJlenuii cosnagaoT). Ecay MBI 3HaeM HanpaBieHHe o6xona,
TO 3HAK KOCBHIX IIPOM3BEJEHHUI AJId BRIDYKJIOTO MHOTOYIOJIb-
HUKA OlIpeJelieH: NMpK o0X0Je IO YacoBOI CTpeslKe BCe KO-
CBIe OPOM3BefeHUA HEIOJOKUTEIbHEI, A [IPOTHB YaCOBROMH
CTPEJIKY — HEOTPHIlaTeJbHBI.

6.4.2. Nposepka NpUHagNEXHOCTU TOYKN BHYTPEHHel
06nacT MHOTOYronbHuka

3agava. ITycmv M — Hexomopasa mouka naockocmu. Tpebyem-
ca onpedenumb ee mecmoraxoxcdenue OMHOCUMENbHO 3AMKK-
HYmMoil K0MaHOU, AGAAINULENUCA ZPAHUYCL BLINYKI020 MHOZ0-

Y2OoRbHUKA.
Pewenue. Ilycrs 3agaHHble CBOMMM KOODPAHHATAMM BePHIMHBI
MHOTOYrolbHUKA P, P,, ..., P, IlepeYnC/IeH ! B IOPALKE eTO0

o6xoza npoTuB JacoBoil crpenku. Torga, ecau Touka M je-
JKUT BHYTPM MHOTOYTOJBHUKA, TO OPHEHTHPOBAHHBIN yroJ
MexAy Bektopamu P,M u P, P, , nna nroboro i oTpuiaTesieH.
IlosTromy HaM [JOCTATOYHO NOACYUTATH 3HAUEHUA KOCBIX
npoussegenuit [P,M, PP, ], i=1, 2, .., n; s3gech, Kak u
BI. 6.4.1, TouKa P ., coBnajaer ¢ Toukoil P,. Ecau Bce mo-
JyYEHHBIe [P 3TOM S3Ha4YeHUA OTPHULATEIbHBI, TO TOYKA
M — BuyrpenHas. Ecin e OFHO U3 HUX PABHO HYJIO, & BCe

OCTaJIbHBle OTPHIATeNBHEI, TO M NOPUHANIEKHUT rpaHuie
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MHOTOYTOJNBHUKA (ybeguTech, 9TO IPOCTO PABEHCTBA HYJIIO
OXHOTO U3 3HAUEHW# HeJocTaTOYHO). B mmpoTuBHOM XKe ciay-
qae TouKa M JIeKUT BHe Halllero MHOTOYTOJILHHUKA. O

Paccmorpum Temepp npou360abHbili MHOTOYTOJIBHUK.
ITpoBegeM ropM3OHTANBHEIA Jy4 M3 TOuKH M, Hampumep,
BieBo. Tak Kak JioMaHasA OTpaHKMYEHA, TO BCErga JEerkKo yKa-
3aTh Ha 9TOM Jy4de TOUYKY P(x, y), 3aBeJOMO JIeKaIllylo BHE
MHOTOYTOJILHUKA, o0pasoBaHHOIO jJoMaHo#. [lanee moxcuu-
TaeM KOJHMUIEeCTBO IlepecedeHMHl orpesdka PM c¢ rpaHumnei
MHOTOYTOJBHHMKA, PacCMOTPEB ero IiepeceueHye ¢ KarKIbIM
W3 3BeHbEB JIOMaHOK. Ecu xonudecTBO TaKUX lepecedeHUH
PaBHO HYJIIO MJIM YeTHO, TO ToUKa M JIe)KMT BHe MHOTO-
YrOJILHUKA, B IPOTUBHOM ciliydae — BHYTPM HeEro.

Ha camom pesne 9T0T aNropUTM HYKIAETCA B YTOUHEHUH.
IIpm moxcuere KonuuecTBa IepecedueHuil orpeska PM co
3BeHBAMHM JOMAaHOM A KaXKAOro M3 IepeceueHMil BajKHO
VI OCTOBEPUTHCA, UTO OTPE30K AeHCTBUTENBLHO IepeceK JIo-
MaHyI0, a He IPOCTO KacaeTcd Hee. IIpM 3TOM BO3MOYKHEI
clenyiomue ocobnle caydam:

a) OJHO U3 3BEHbEB JIOMaHOH IeJIMKOM COZEDPIKUTCA BHYTPHU
oTtpeska PM;

6) 3BeHO JOMaHOI KacaeTca oTpe3ska PM;

B) Touka M JeXKHUT Ha OAHOM H3 3BEHLEB JIOMAHOM.

B mocnemmem cayuae M HpUHAJIEKHUT I'PAHUIE MHOIO-
VroJILHUKA ¥ B IIoficuete o0mero yucia nepeceueHunil Heobxo-
JUMOCTH HeT. [{JIA ABYX IepPBBIX CIy4YaeB IOCTYIUM CJEAYIO-
oM obpasoMm. B ciydae a) mepecedenme GyaeM HTHOPHDO-
BaThb. A B ciaydae 6) HONOJHUTEJIbHO HPOBEPHM, <«HHMKHUM»
WX «BepPXHHM» KOHIIOM 3BEHO JIOMaHOI KacaeTcsd OTpesKa
PM. Ecnu TOUKOH KacaHUA ABJAESTCH «HIKHHWHE» KOHeIl 3Be-
Ha, TO IlepecedcHe NTHOPUPYeTCH, a eC/IK « BEpXHUII», TO 3a-
cunThiBaeTca. C y4eTOM 3TOrO COIVIAIIEHWS KacaHHe OTPe3Ka
PM rpaHHMIBE] MHOTOYTOJIBHUKA B OJHUX TOYKaxX UIHOPHPYET-
ca (kak K TpebyeTcs ¢ TOUKH 3DEHUA QJITOPUTMA), a4 B IPYTHX
TOYKaX CUMUTAeTCA HBaKABI, UTO, OJHAKO, He M3MEHAET 1eT-
HOCTH YHCJIa lIepeceueHM, a TONBLKO OHA BAXKHA IIPH IIOUCKE
oTBeTa Ha BOIIPOC NaHHOM 3amauu. Eciu ixe oTpesox ge#cT-
BHTEJILHO IIepeceKaeT JIOMAHVIO B €€ BepIIIHHe, TO MO Halile-
MYy COIVIALIEHHIO YMCJIO IepecedeHNH KaK pas3 yYBeIHdnTCsS Ha
eguHHULY (IlepecedyeHne ¢ BepXHUM pebpom 3acuurano He 6y-
gOeT, a ¢ HKHUM — Oyaer). Hanpumep, Ha puc. 6.10 xosu-
YecTBO IIepecedYeHU A1 BepXHell U3 mcciaeAyeMBIX TOUYEK
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O6ymer paBHO YeThIpeM (KacaHye 3aCYMTAHO JBAKAEI), a OIa
HIDKHe# TOUKH — TpeM (KacaHue He YUYTEHO, a IepecedeHHe
B BepIIMHe JIOMaHO! YYTEHO OJUH paa).

Puec. 6.10

6.4.3. Boiuucnexue nnowagm npocToro
MHOroyrosibHUKa

ITox mpocThIM MBI HOHMMAaeM Takoil MHOTOYTOJIBHUK, I'PAHHU-
Ia KOTOpOro He HMeeT CaMOKAaCaHWH M caMollepecedeHHH.
IIycte Bepmunn P,, P,, ..., P, IpoCTOr0 MHOTOYrOJBLHMKA
IepeuynceHsl B Iopagke ob6xoga ero rpaHumnsl. Iliomans
NPOU3BOJIBLHOIO MPOCTON0 MHOTOYIOJIBHUKA € BepIIMHAMH
P, P,, .., P, nepeduciieHHKIMH B [OPAAKe ero 06xoma Ipo-
THB YacOBOM CTpeJKHK, PaBHA OPHEHTHPOBAHHON ILIOMIaAM
MHOTOYTOJIBHHKA (OIIpefiesIeHHOR BhIMIe AJd TPEYrobHAKA).
B amaiguTydecKoil reoMeTpHu NOKAas3uIBaeTCd, YTO MMOCHE[-
HAA OpeAcTaBideT co60H CYMMY OPMEHTHPOBAHHEIX IIJIOUIA-
Ae#l TpeyrolsHUKOB, 00pa3oBaHHEBIX BekTopamu OP, n OP, ,,
i=1,2, .., n,rae Toyka P ., coBmajaer ¢ TOUKOH P,,a0 —
pou3BOJbHas TouyKa (puc. 6.11).

Jas BoIaMclIeHMs OOLIYHOM ILIOIIALM MHOIOYI'OJILHHKA
HYXHO B3ATH MOAYJb OPHEHTMPOBAHHOMN ILJIOIIALM:

s=1
2

Y IOP,, 0P 1], (6.14)
i=1

rae monaraerca P, , = P,. B xadectse Touku O B HeKoTo-
pEIX 3ajadax ObIBaeT pa3syMHO BHIOpATL OZHY U3 BepUIWH
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0
Puc. 6.11

MHOI'OYTOJIbHHKA. ECJIX Ke B KadecTBe TOYKK O B3ATL HAUYAa-
J0 KoopauHaT, To (opmyna (6.14) sanumiercs B APyrom
BMe, TaKxKe ynoOHOM AJIA NpPOrpaMMEPOBAHUSI:

S = 1/2l(x,y, — Xoy1) + (X435 = X3¥y) + o + (X, — X)) =
=1/2x,(y, — y,) + 2y —¥y) + ot x,(y; — ) (6.15)
rae (x;, y,) — KOOpAMHATH TOYKH P,.

Bonpochl 1 3agaHns

1.

Brmnumute Bce GopMyIE, HEOOXOIMMBIE JJIsI peATU3AIKUH pe-
WIeHnA 3a0a4¥ 13 1. 6.4.2 IpoBepKM IPUHANICKHOCTH TOUKK
BHYTpeHHe# 001aCTH IPOU3BOJIBHOT'C MHOTOYTOJILHIKA.
OTpesok, coeIUHAOUINN JBe He COCEAHHE BEPIIUHEI MHOTO-
YroJIbHUKA, HashIBaeTCA ero guaroHanbio. CocraBbTe alro-
PHUTM IIPOBEDKH IPUHAAJIEKHOCTH AWATOHAJIM BHYTpEHHeH
06J1aCTH COOTBETCTRYIONIET'O HEBBITYKI0TO MHOTOYTOJBHUKA.
Brinykioil 060/m09KO#l HEKOTOPOTO 3aJaHHOTC MHOMECTBa
TOYEeK Ha3bIBaeTCHd BBINYKJBIII MHOTOYTOJbHHEK, BCE BEPIIH-
HBI KOTOPOrO ABAAIOTCH TOYKAMH HCXOTHOTO MEoXKecTBa. Co-
CTaBbTE AJI'OPHTM TIOCTPOEHUA BLHINYKJIOX 0D0JOYKH 3amaH-
HOT'O KOHeYHOI'0O MHOKECTBA TOIEK.

CocTaBbTe aJITOPUTM HAXOXKAEHUS PACCTOSHUA OT TOYKHK [0
IPOCTOTO MHOTOYTOJIbHIKA Ha IIJIOCKOCTH, €CJIX MHOIOYTOJIb-
HUK 3a/laH OyTeM liepeuHcIeHus KOODAUHAT eT0 BepIINH B
nopsake nx o0xola IPOTUEB YaCOBOM CTPEJIKH.
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§ 6.5. FeomeTpuyeckue 06bEKTbl B NPOCTPAHCTBE

HecMmorpa Ha TO 4TO 3KpaH KOMIILIOTEPa SABJISAETCA YaCTHIO
IIJIOCKOCTH, ¥, COOTBETCTBEHHO, KOMIIBLIOTEPHAs rpadura
omepupyeT IBYMEPHBIMH H300paKeHHAMH, HAMOOJBIINR
a¢peKT B KOMNIBIOTEDHBIX HMIDaX, PeKJIaMHBIX POJHKaX U
PasyIMYHBIX Npe3eHTAUWAX LOCTUraeTcA IIPH CO3JaHHHM Ha
gucninee apdexTa TpexMepHOCTH. JlocTUraeTcss 3TO PA3IHU-
HBIMH cloco6aMH, B YacTHOCTH IIyTEM IMPOEKTHPOBAHUA
TpeXMepPHBIX 06 beKTOB Ha IIJIOCKOCTEL C YUETOM MX B3aMMHO-
TO pacHoJIoOKeHHd B IIPOCTPAHCTBe M OCBeldleHHOCTH. Ho
HpexkJe 4eM paccMaTpHBaTh IOA00HEBIE 3amaduyl, HAYIHMCH
aHAJIUTUYECKHU OIKCHIBATE OOBEKTHI TPEXMEPHOTO MEpA.

6.5.1. OcHoBHble dopMynbi

B nexaproBoli cucTeMe KOODAWHAT TOUKA B TPEXMEPHOM
IIPOCTPAHCTBE IIPe/CTaBIAeTCs YIOPAZOIeHHON TPOHKOH Be-
IeCTBeHHEIX duce (X, ¥, 2). COOTBETCTBEHHO U IIPOU3BOJIb-
HBEI BEKTOD @ B TPEXMePHOM IIPOCTPAHCTBE MOJKHO OXapakK-

TEPH30BaTh TPeMd KoopAuHATaMu (a , a,, a,). Jnuna Taxo-
ro BeKTOpa paBHa ai +a§ +a§.

Byaem cumraTh cucTeMy KOOPAMHAT B IIPOCTPAHCTBE IIpa-
BOIi, ecqM CHCTeMBI KoopauHAT xOy, yOz n z0x aBAdgOTCA

IIPaBBIMH (COOTBETCTBYIONIEE OIIPEe/ICHHE IJIA CUCTEMBL KO-
OpAMHAT Ha IJOCKOCTH cM. B § 6.1).

Onpenenenne 6. Cransaprvim npoussedeHuem ABYX BEKTOPOB
a=(a, a, a)ub=(, by, b,) HassiBaerca gucio (a, b), ko-
TOpoe B KOODAMHATAX BBIYUCIAETCSI IO GopMyJie

(a, b):ax-bx+ay-by+az-b2. (6.16)

XoTa MBL BBeJIM MOHATHE CKAJAPHOTO IPON3BEJeHHUA I
IpaBoil JeKapTOBOH CHCTEMbI KOODAUHAT, OHO CIIPABEJINBO
os1 11060M NeKapTOBOM CHCTeMBI KOODAHMHAT.

Onpenesnenne 7. HeHynepoil BeKTOp, NepIeHANKYISPHEBIA 3a-
OaHHOU IIJIOCKOCTH, HA3BIBAeTCA HOPMALLIO K He.

Onpenenenne 8. BexmopHvim npousgedernuem ai00bIX IBYX BeK-
TOPOB a ¥ b HazkIBaeTcA BeKTOP € = [a, b], feKapTOBLI KOOP-
JHUHATBEL KOTOPOI'0 OIpefeasioTca (GopMyoi

[2,b]=(a,b,~a,b,a b —asb,a b —ab). (6.17)
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Bexropuoe npousseneHye (BEKTOpP €) XapaKTepHU3yeTCA
cJIeflyIOIMUM o0pasoM:
1) BEKTOp € OPTOrOHAJIEH KaXZOMY U3 BEeKTODOB a 1 b;
2) BEKTOp ¢ HaIpaBJIeH TAK, YTO TPOika BEKTOPOB a, b, ¢
ABJISAETCA IIPABOM;
3) pirHA BeKTOpa ¢ paBHA IPOU3BeIeHUIO JJIMH BEKTODPOB
a ¥ b Ha cuHyc yria MexXay HUMH, T. e.

el =[a, b]| = al{b] sino.

CgoiictBa 1)—3) ompemendioT BEeKTOpP C B IIPOCTPAaHCTBe
B 11060 meKapTOBOil crcTeMe KOOPAMHAT IIPAaBOA OPHeHTa-
UUN OSHO3HAUHO.

IlpuBeneM And IpuMepa NOKa3aTelbCTBO IEePBOI'O CBOI-
ctBa. UTo6BI ZOKa3aTh, YTO BEKTOp ¢ = [a, b] mepnerauKy-
NApeH ILIOCKOCTH, OIpejiedeMoiil BeKTopaMu a u b, mocra-
TOUYHO NTIOKA3aTh, 9TO CKaIApPHEIE IIpou3BeieHus (a, [a, b]) u
(b, [a, b]) paBHEI Hy110. [I/1 IEPBOT0O U3 HUX MBI IMeeM:

(a, [a, b)) = ax(ay-bz - az-by) + ay(az- b, —a b))+

+ a,(a, by - a, b) = 0.

Bropoe paBeHCTBO NpoBepsAeTcsa AHAIOTHUYHO.

B3auMHOe pacmnosiokeHHe BeKTOPOB a M b 1 BEeKTOPHOTO
npousBefeHNA IOKaszaHo Ha puc. 6.12.

[a,b] b B
0 A
b,al}
Puc. 6.12

Tpeyronsauk OAB opUeHTHPOBAH OJOMHTEJNbHO, €CJIN
Ha Hero cCMOTpPETh B IIPOCTPAHCTBe M3 KOHIIa BeKTopa [a, b].
BekTop HOpMa/I¥, HMEOIIUN TaKyIO Ke JINHY, HO IIPOTUBO-
[0JIOXKHOe HampaBlieHue, ompefgeidercd kak [b, al.

B aHaIMTHUYECKOH reOMETPHM YAacTO HMCIOJB3YIOTCA TaK-
JKe cIefVIONIue CBOHMCTBA BEKTOPHOI'O NPOU3BeJCHUA:

1) [a, b] = _[b’ al;

2) [a; + ay, b] = [a,, b] + [a,, b];
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3) [(Aa), b] = A[a, b];

4) [a, a] = 0.

W3 gByx mocimegHuX CBOHCTB CleJyeT, UTO BEKTODHOE
IIpoM3BeJeHNe ABYX JOOKIX KOMNNHEapHEIX BEKTOPOB PAaBHO
HYJIeBOMY BEKTODY.

BaMeTHUM, UTO €CJH BEKTOPHI & U b JIexKaT B ILIOCKOCTH
xQ0y, To ANVHA BEKTOpPA MX BeKTOPHOTO NPOM3BeleHUdA paB-
Ha MOZYJII0O MX KOCOIO NPOH3BeJeHNA:

[a, b] = |ax-by —a,b

VMeHHO 10O3TOMY paHee MBI HCIOJIb30BANHM A KOCOTO
npousBeeHusa o0o3HaUeHHWe, IPHHATOE [JIA BEKTOPHOTO
IPOUBBEJeHH .

xl'

6.5.2. OnpeneneHve nepecevyeHusi NPAMOWX NIMHUN

n TpeyrosibHuka B NpocrpaHcTee

IIyeTrs Ham TpebyeTcs ompenesinTs, IPOXOAUT JU IpAMas
J¥MHUAA B IPOCTPAHCTBE CKBO3bL TPEYrOJAbHHUK. Pelnenwne Ta-
KoM 3ajauyl MMeeT Ba’kHOe 3HaUeHUE B TPEeXMEPHOU KOMIIb-
I0TepHO¥ rpaduke, B YaCTHOCTH IIPH HCCIeT0BAHUN mpobJe-
MBI 3aTOpaKMBaHUA O0BbeKTaMM APYr Apyra. PaccMorpum
OLHH M3 IOAXONOB K ee PelieHMIO.

Onpenenenne 9. IIpoexyueil Ha3BIBAETCH OTPAXKeHKe IIPOCTPAH-

cTBa (oJiee BRICOKOro NOPAAKa HA IIPOCTPAHCTBO Gosiee HH3-
Koro nopAzka (B HameM caydae — TDeXMEPHOIO Ha AByMep-
HOe).

MeTo HpPOEKIMK WACTO HCIONL3YeTCHA AJSA 3aMeHBl HC-
XOOHOM samauy Ha 3akady «MeHbIIell pa3MepHOCTH», T. e.
peliaeTca 3afaua B OpocTpaHcTBe Oosiee HM3KOTO HMOPSAKa,
Ine HaM yKe M3BEeCTHBI CIOCOOLI ee perreHud.

IIycts Ham TpebyeTcs OHNpene/nTh, IPOXOAUT J¥ HaHHAA
fecxoHeuHas MpAMAA JUHNUA Yepel3 3aJaHHBIN TPEYTONLHUK
P1P2P3. Buauajye BLIYMCINM KOOPAWHATHL TOUYKH &, B KOTO-
poii GeckomeuHasd NpAMAas JHUHHA lepeceKaeT IJIOCKOCTh, B
KOTOPOH JIEXKHUT TPEYroJLHHUK. 3aTeM BBINIOJHUM OPTOTO-
HaJbHOE IpoenupoBaHue TpeyronsHuxka P,P,P, u TOYKH @
Ha IIocKocTh xQy. Iag 3TOoro [NOCTATOYHO IPUPABHATH
2-KoOpAuMHATH TO4ueK P, P,, P, v @ Hymwo. Ilpu sToMm Mul
moJsiydaeM TpeyroabHUK PP, P; n TouKy @'. 3ajaua, bKBUBa-

JIeHTHAsA MCXOLHOM, — B JBYMEpPHOM IIPOCTPAHCTBE Olpene-
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JIUTD, IPUHAANEHKUT JIU TOYKa @' TpeyroibHUKY PP P;, —
yake Oblia pemreHa HaMu B 6.4.2.

IIpy npoenmupoBamuy HHOTJA, B Pe3yjbTaTe IIOTEPH HH-
topmalyy, BOSHUKAET HeOAHO3HAUHAA CUTYaIldA, KOIAa MbI
He CMO’KeM OTBETHTE Ha IIOCTABIEHHBIN BoIpoc. 1lponcxomut
3TO TOT[a, KOTJAa TPEYroJLHUK IIpoelUpyeTcs B OTPE3OK Ha
mnockocty. Takum o6pasom, 4TOOBI MCIIOIB30BATH ONMCAH-
HBIH BBHIIIIE QJTOPUTM pPeIleHWs 3aJa4du, Ilepef IIpOeIMpOBa-
HreM HeoOXOAMMO BEIIOJHHUTL IPOBEPKY Ha BBRIDOXKJEHUE.
Eciu BeKTOp HOPMAJIK TPEYTOJbHUKAE IePHeHAUKYISAPEH OCH
Z (a 5TO W eCThb YCIOBHE BHIPOXK/IEHHA), TO IIPOEIpOBaHUE
OyaeM BHIIOJHATEL Ha IIocKocTh yOz. Ecin u oHa oKameTca
BBIPOXKJIEHHOMR, TO OyAeM HCIIONB30BATEH IIPOEKIMIO Ha IJIOC-
Kocth 20x. ITOCKONBKY BEKTOp HOPMAIHM He MOKeT ObITh
neprneHJUKYJIApEeH ONHOBPEMEHHO BCeM TPeM ocAM, 110 Kpaii-
Hell Mepe OfHA M3 HPOEKIHUIl OKaXeTcs HEeBBIPOXKJEHHOM.

6.5.3. BpauieHue TO4KM BOKPYr 3aaaHHO NpamMon
B NMPOCTpPaHcTBE

Bam HaBepHAKA IPHXOAHUIOCH HAOJIOLATE 32 OGHUM K3
BIEYATASIOUX 2PPEeKTOB TPEeXMEePHO KOMILIOTePHOH rpa-
$uKHM — BpallleHVeM BBINYKJLIX WX HEBBINYKJBIX MHOTO-
TpagHUKOB B nmpocTpaHcTBe. HacKOJIBKO CIOXKHO Deaan3so-
BaTek Nomo6Hoe BpamieHre? Ecim MBI HaydMMCA Bpamiarh
TpeGyeMBIM 06pa3oM OJHY TOUKY, TO, OPTAHHU30BaB COOTBET-
CTBYIOIllee ABMIKEHMe BCeX BEepIIMH MHOTOTDAHHUKA, He-
CJIOKHO OymeT foOMTHCA HYKHOTrO pesyibTara M AJ1d MHOTO-
TPaHHHUKA B II€JIOM.

IIycte TpebyeTrcsa HOBEPHYTH TOUKY C KOOpDAHHATAMH
Ay(xy Yg» 2p) OTHOCHTENBHO OCH, 3aJaHHOW €JUHMYHBIM
BeKTOPOM (X, Y, 2,), IPOXOAAIINM Yepe3 Hadaao KoopAu-
HaT, Ha yrox ¢. O6osrauum uepes A,(x,, J;, Z,) OPTOroHab-
HYI0 IPOEKLHUIO TOYKH A, Ha OCh BpallleHHdA (pHc. 6.13).
Toura A; 1 BEeKTOD N ONPeJeIsdoT IIJIOCKOCTE P, mepueHAH-
KyJadapHy10 ocu BpameHna. Takum obpas3omM, 3allada CBOJUT-
cA4 K HAXOX/IEeHUIO KOOPAMHAT TOYKH A,, IpUHaJJeKaIlen
P, raxoit uto LAAA; = 0.

Onsa pemieHns 3ToH 3agauyu OyAeT IMOCTPOeHa HOBasA CHC-
TeMa KOODAWHAT, B KOTOPOI KOODAMHATHI TOYKH A; OIpefe-
JFI0TCA ZOCTATOYHO IIPOCTO, & 3aTeM HalleHHbIe KOODAUHA-
Tl OYAYT HepeBeleHLI B MCXONHYIO CHCTEMY KOOpDAWHAT.
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Taazsa 6

n
A, A,
¢ A
Yy
0]
x
Puc. 6.13

HafizeM OpPTOrOHANBbHYIO NPOEKLHUIO A, (X,, Y,, 2;) TOIKH
A, Ha och BpameHusa. BexTop A, A, OPTOroHaJIeH BEKTOPY
n, IO3TOMY MX CKaJdgpHOe NIpom3BefeHMe paBHO O:

x(xg—x,) Ty (Yo —y,) +2,(25—2,)=0. (6.18)

Bumecre ¢ Tem BexTop OA; (X, ¥, 2;) KOJINHEAPEH BeK-
TOpPY N, IO3TOMY

X, = h-xn; yp=hy,; z,=hz, (6.19)

Bnecs |k| = |0A,|. Hoacrasnas (6.19) B (6.18) u yunTeBaz

TO, YTO BEKTOP N MMeeT eSWHWYHYIO QJIHHY, HaigeM 3HAYe-
Hue h:

h=(x,xy+y, y, + zn-zo)/(x,z, +y+2l) =

=(x, %y + Y, Yy T 2,°2;)-

Teneps u3 (6.19) MbI 3HaeM KOOpAWHATHI A,, cirefoBa-
TEeNIBHO, M cAM BeKTOp A, A,, B MOXXeM BLIIMCIUTE ero JJIn-
HY r. PazgenuB sToT BeKTOD Ha ero SJINHY, HOJYIHM BEKTOD
a(xa, Yg» 2,) EAMHUYHOM IJIMHBL.

BBe,qu HOBYIO J€KapPTOBY IIPaBYIO CHCTEMY KOOp,ZIKHaT c
LeHTpPOM B Touke O Tax:

1. HampaBuM ock 2’ BAOJL OCH, 3afaBaeMoil BeKTOpoM n (6a-
3UCHBIH BEKTOD, KOTOPHIA ME 0603EHaYMM K', Ipu sTOM
COBLIAZET C BEeKTOPOM n).

2. HanpaBuM och x' B HallpaBleHum BexTopa Aj;A, (obo-

3HAYUM COOTBETCTBYIONIUI 6a3uCHBIN BeKTOD i', B HallleM
cilydae OH COBIAJAaeT ¢ BEKTOPOM a IO IIOCTPOEHMUIO).
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3. BeraucinM KOopAMHATHL HAIIPABISIOIIEr0 BEKTOPa OCH Y
U3 YCIOBHA NPaBoil OPTOTOHAJNBLHOH TpoiiKu 6asmca:
j, = [kl’ l’] = (yn.za 2 Y zn'xa TX 20 XYy T yn'xa)‘
To ecTh KoopawHATHI 0A3UCHBIX BeKTOPOB HOBOMH cuCTe-
MBI Yepe3 KOODAHMHATHEI CTApPOM MOYKHO BHIPA3UTH CIeAVIO-
muM obpasoM:
3! —_— u‘ c. .
I'=axi+y+ 2.k,
- . — . M . — . - - — .
V=W 2,2,y )i+ (2 x, —x,°2)i + (x,y,~y,x,)k, (6.20)
’ — o. -‘ -
kK=x1i+y+ 2k
KoopauuaTsl HCKOMOM TOYKH A; B HOBOM CHCTeMe KOOD-

IUHAT PaBHEL (r coS ¢, rsin @, k) (cM. ypaBHeHHe OKDYKHO-
ctu (6.9)).

OA, =x;i+y;j+zk=rcosei +rsingj + kK. (6.21)
TloxcraBasas B npaByio dacTh (6.21) Belpakenusa (6.20),

IIOJIYYIHM KOODAHHATEL HCKOMOI TOUKHK B M3HAYaJLHOM CHC-
TeMe KOOpAHNHAaT:

x, =rcosox, +rsino(y,z, — z,y,) + hx;
y, =rcosQy,+rsino(—x, z,+z x)+ hy,; (6.22)
2z, =rcoso z, +rsine(x,y, — y,x;) + hz,.

Bonpochbl n 3apaHuns

1.
2.

3.

IIpoeepsoTe, 9to (b, [a, b]) = 0 fua MIO6GLIX BeKTOPOB a 1 b.
JdoxaxuTe, 4TO ecI¥ BeKTOPH & U b nekaT B my1ockoct xOy,
TO AAUHA HX BeKTOPHOTO IIPOM3BEJCHUS PABHA MOZYIIO HX
KOCOTO IIPOM3BejieHus: [a, b]| = Iax-by - ay-bxl.
Mogubunupyiite anroput™ u3 o. 6.5.3 tak, 4Tobe OH 3¢-
dbexTHBHO paboTai B ciiy4ae HeOOGXOANMOCTH IIOBOPOTA OTHO-
CHTEJILHO 3a/aHHOMN OCH Ha 3aJaHHBIH YroJ cpasy HeCcKOJb-
KHX TOYEK.

CocTaBbTe QJITOPUTM OLpe/ejeHUA BUANMOCTH JIUHUH, C II0-
MOIIIBI0 KOTOPHIX KM300pa’kaeTrcs OPTOroHajbHAsa NPOeKIMA
BEIIIYKJIOTO MHOIOTPAHHNKA Ha IJIOCKOCTh XOy.

Ha n1060M n3BeCTHOM BaM A3bIKe IPOTrPaMMHUPOBAHKA HAIIH-
IIKTe NPOrpaMMy BpalleHus MHOTOIDAHHMKA OTHOCHUTEIBHO
HEKOTOpoH ocH.
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FnaBa 6

3akjioueHue

B manmHO#l riiaBe BRI HO3HAKOMMJINCEH ¢ 6A30BHIMH NMOHATHA-
MH BBIYHCIHTENLHOH TeOMETpHH, Ha OCHOBE KOTOpPOH IIO-
CTpoeHO OOJIBIIIMHCTBO ajlropuTMOB KOMIBIOTEpPHO! rpadu-
K#. MuI HafieeMcA, UTO, UCIIONb3YsA HOBBIE JJIA Bac IOHATHA
KOCOro ¥ BeKTOPHOI'O IIpOM3BeZeHNI ABYX BEeKTODOB, a TakK-
JKe HM3BECTHOIO M3 Kypca reoMeTDHU CKaJIdgpHOro IIpou3Be-
JeHHnsd, Bbl HAYYWIHUCH pellaTh OOJBIIMHCTBO NIPENJIOKEH-
HEIX 3aJadY BBIYHCINTEJBHON TeOMeTDHM AOCTATOYHO IIPO-
CTBIM CIIOCOOOM.

Hcnonpsyss coBpeMeHHBIE NPOTPaMMHBIE CpeACTBa, BHI
CMOXKeTe peajii30BaTh MHOTI'YME U3 PACCMOTPEHHBIX AJITOPUT-
MOB, B TOM 4YHCJie B B caydae pellleHHA peaJbHBIX 3aj1ad.
Hayuaurecr npuMeHATH HpeNIOKEeHHBIE METOALI PpeIIeHUd
reoMeTPHYECKHX 3aJad M B IOBCceAHeBHOM xu3Hu. Hanpu-
Mep, 3ajada BBEIYKUCJIEHUA IJIONIAAW 3€MeJLHOT'O YYacTKa
CJI0KHOM (OpPMEI yKe He JOJI>KHAa BBISHIBATL YV Bac 3aTpPyI-
HEeHUH.

MHorue anaropuTMbl BBIYHMCIHTENLHONM TIeOMeTpUH U
KOMIIBIOTEPHOH rpaMKH JOCTATOUYHO CJIOKHBI U IIPOROJIKA-
10T B HacTodAllee BpeMs Pa3BUBATbCA ¥ COBEPILIEHCTBOBATH-
caA. MBI XZeM OTKDHITHH B 3TOo# obsacTu M oT Bac!
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ypasHoBerenHaa 13, 16, 58
P-yynas 14
Cxxatue wabopManum 101
Cranapuoe npouseeneHmne 312
Cnoso aadasura 211
BXojHoe 212
BhIxogHOe 212
nauHa 211
CioxxBocTh anropurma 230
BpemeHHasa 231
Teoperudeckas 231
CroxHocTh o0beKTa (ABieHNA) 280
CosepiieHHas HopMaJbHadA Gopma
JusbploEKTUBHas (CIOHP) 179
KounbHKTHBHag (CKH®D) 180
CoprupoBra 238
BHYTpeHHAA 239
BcTaBkaMu 243
BbIOOpOM 241
o0MeHHas METOZOM «Iy3nIipbKa» 239
ciuaaueM 244
Cnoco6 muamMusannu JHD 187
Cpena ucnonuurens 203
Cranzapt
MIDI 127
woxupoBanua ASCII 91
cxkatua MP3 143
Crpenka IImpca 192



IIpexmeTHDINH yKasaTess 327

Cymmarop 194
Cxema T'opuepa 39, 41 -

T
Tabnauua
ncrua"octu 154-157, 159-161
xoxuposauua ASCII 92
xozupoBanua KOHU-8 93
xogupoBanua Windows-1251 94
CIOMKEeHHMA B ABOMUHOM cucreme 32
CIIOKeHHS B TPOWYHOH cucreMe 32
CNOXXeHHUA B IlleCTHAAIlATePUUIHON cucTeme 32
YMHOMEHWUA B LBOMYHOMN cmcreme 34
YMHOXeHUsA B TPOMYHOHN cucTeMe 34
YMHOXeHUA B IIeCTHaZUATEPUYHON cucreMe 35
YACTOTHI BCTPEUAEMOCTH CHMBOJIOB 135
TaBronorus 166
Tesuc
ITocra 221
Tplopunra 218
Teopema
Korenpauxopa—Haiiksucra—Illersona 125
o CIH® 181
o CKH® 183
0 IPefCTaBJIeHNH IIPOMBBOJBHOTO HATYPAJBLHOTO UMCIa B BUJE CTe-
negHoOro paga 20
0 B3aMMOCBA3M P-MYHLIX M Q-WYHBIX CHCTEeM CYHCIEGHHA, TAe
P=@Q" 51
Yépua 227
TourOCTH, BHIUMCIEHHH 48
TpexxoMInoHeHTHaA Teopusa npera 105
Tpurrep 196

b4
Yron
MeXXAy BexTopamm 288
ODPHMEHTHPOBAHHEIN 288, 291
YHuBepCaNbHEIA HcHoAHHTENb 219
Vpasuenne
OKpY>KHOCTH 297
IpAMOH
obmee 293
HOpMHpoBaHHOe 295
napaMerpudeckoe 296
Vcnopne, umnukanua 153, 157

(]
Dopma zamMcH UMCeN
HopManu3oBaHHag 76



328 IlpenmeTHEIH yKazaTeldh

pasBepuyTas 25, 26
cpepHyTas 25, 26

dopMa MpeACTaBIeHUS JOrHIecKol hyHKIINA
OU3BIOHKTHBHAA HopMmanbHag ([JH®P) 179
KaHoHMYecKas 179
KOH'BIOHKTHBHAA HopManbHaa (KH®) 180
HopMaJsabHas 179
coBepIlneHHas 179
COBepIlIeHHAA JU3BIOBKTUBHAA HopMaigbHaa (CHH®D) 179
coBepIleHHAd KOHBIOHKTHBHAA HopManpHaa (CKH®) 180
@opmMansHaa Joruka 149
Popmyna
Jornyeckas 164
Crupnusnra 265
Xaprau 259-261
Hlennona 270, 271

0
ITAII (uuédpo-anaiorossiit npeobpasosarens) 123
ITperoBoit oTTEHOK, maK uBeToBoi ToH 107
IIBeToBasA Mozesb

CMYK 112, 115

HSB 115

RGB 106, 107

agguTuBHas 112

cybrpakTuBHas 113
Oudpa cucreMsl cuucaeHumA 24

q
YacroTa
BcTpeyaeMocTu 270
OUCKpeTU3anuu 124
Yuerwiit nBetoBoit ToH 115

I
Mitpux Illeddepa 191

9
OuTponus 272
OddexTHBHOCTL anropuTma 232

b
fApkoctrs 107, 116
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