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Or aBTOpOB

Hopozue cmaputexnaccnuru!

3aAyMBIBANNCEH JNA BHl, MOYEMY B COBPEMERHEX KOMIBIO-
rTepax HCIIOAB3YeTCs FBOMYHAN CHCTeMa CUMCIACHHA M MOMK-
HO Ju SaMeHuTH e Kakoli.inbo Apyroii?

BnaeTe AWM BH, UTO Takoe Mamvaz TRIOPHHTA H NoYeMy
3HAKOMCTBY ¢ Hell mpEAaloT Taxoe BaXKHOE 3HAGEHHE B TeO-
PEH ajropuTMOB?

Bil, KOHe4YHO, 3EAETe, YTO ANA SAIACH B KOMNBIOTEpe
rpajduyeckol nEGoOpPMATIAK HCOOIB3YeTCA PACTPOBOE U BEK-
TODHO® MpeAcTas/JeHRe. A MoxcHo JiE giobyio dororpadimo
COXPaHATh B KOMUBIOTEpe Tak, uTobnr ee undpoboe mpex-
cTapnen#e OMAo abcoMTHO HASHTHIHEM ODHIHHANY?

A H3 RaKUX 9JIeMeHTOE HoCTPoeH KOMIEIOTED, BeAL H3BecT-
HO, UT0 KOMIEIoTED o0pabaTHEAeT TONEKO ABOMYHEIC AAHHELE,
HO IMpH 3TOM SBJIAETCA YEUBEPCAJBHAIM HCHONHWTENCM?

Jlo kaxoro ypoBHA MOMKHO YAYYIIaTh AJFrOPHTMEL, HA-
npuMep, COPTHPOBKM, YTOOH OHR paboTand KaK MOHO OBi-
crpee?

Ha 31 m MHOTHe ApPYrue BONPOCH Bp! HaikzjeTe OTBeTH B
pannoil kiure. Kayxgrlit oreeT Ha NoAoGHHE BOHPOC — HTO
PesSYJIBETAT reHRAARHON JOTAZKA H AANTENIbHOM paboTH yue-
HEIX 10 paspaforke MaTeMAaTH4eCKOol TeOPHY, HA OCHORE KO-
Topoiil yaanock o0OCHOBATL EHABHHYTOS IPeAnoaoKedHe.

Hamna KHHra — HOBEIA DPOPHIERO-OPHMEeHTHPOBAHHEIN
Kypc «MaTeMaTRUeCKHEe OCHOBH HEQOPDMATHKH», KOTOPHIR
HOMOXeT BaM OpogolxnTh obpazoBanwe B o6aacTa MaTema-
THKH, MEQOPMATUKR ¥ MHGOPMADHORHHX TeXHomormii,

Cerogasa, B "Hagane XXI seka, uesopedecTBO BXOZUT B
HOBYIO NHBHIHIAONAID —— OUBRANSALNI0, CBASRHHAYIO ¢ IIpO-
HAKHOBCHHEM KOMILIOTEPOB BO BCe Cpephl KHAHEAEATE b~
HOCTH HejoBeK4. OTY UARANESAIHI0 HalHEBAKT HHGODMA-
HROHHON, BHPTYANLHOH, KOMIBIOTEPHOM...

B fynere xATh B HOBON IMBHINZAXEY H HOJMEE Ha-
VIHATLCH KUTh B Hell, Re Tepad cebd, NONL3OBATECH ee 0a-
raMM, HO He CTAHOBHMTAHCS 3ABACHMEIMM oT HEX. M=l yOes-
AeHH, YTO 9e/I0BeK MOJKeT COXPaHMTh ceba Kak homo sapi-
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ens, TONLKO H3ydYad OCHOBLI GYHIAAMeHTANBHLIX BHAHHH O
M¥Ipe, KOTOPHIHA ero okpy:xaer. Ocofoe 3RaueHHe B COBpe-
MEHBLIX YCJIOBAAX npuobpeTaer Taxasa yyefHad AMCIUILIN-
Ha, KaKk HHpopMarrKa. B fagHOH KHHTe ML XOTHM IOKa-
3aTh, KAX MaTeMATHIECKHH ANNAPAT HCIOIb3VeTCH B HH-
dopMarTHKe, XaKKe AOCTH)KCHIA MaTeMATHKH HOBINATAH Ha
CTAHOBJIEHHE ¥ pagsuTHe HHGOPMATHKH ¢ OAHON CTOPOHEL, &
¢ Jpyroil CTOPOHSLI, KaKHe 3a8A4N HAGOPMATHKH AAJIK TOJ-
90K K IIOGBJEHHEIC HOBLIX MIAeH H MeTOM0B B MATEMATHEE,
970 B3aMMOBNUAHHE EBYX HAVK OPOZOJIKAETCA A0 CAX HOP.

M XOTesIH BAM HIOKA3ATH, KAK CHOMHO BHIJBHTATEH HO-
Bhie THIIOTE3H, KAK YaCTO VIeHEe HUIN AeCATHACTHAMH H
JAa¥Ke CTONeTHAME K TeM pea3yJbTaTaM, KOTODEIe AJIA BAC Ce-
TOARA NPUBHIHB X OYEBHIHEI,

B moaroToBKe 3TOR XERTH yUYACTROBAJ GONMBIION KOJMICK-
Tup. MaOrHe Hpenogasarenn CYHII MTV (pusuko-MmaTema-
THyeckol mroasi-mRTepHATA MM. A. H. Konmorepoea) me-
NOJB3ORANH OPEABADHWTENbHEE BADHAHTH KHEPH HA CBOMX
BAHATHAX CO IIKONLHMKAMY ¥ IPe[JOAIH PAilAIRRIe
yayumeHHd. B Han@caRNH KEUrE 60JIBIIVIO TOMOINE OKA3A-
J% Ham¥ Koaneru: B. B. Yearok (rnasa 2), E. B. [eman
(rnaBa 5), 0. E. EropoB (raasa 6). M BHIpakaeM HM TIy-
fokyio GnarogapEocTh. MEI GiarofapumM 3a BHHMATEILHO®
NpovYTeHWe ¥ HAYYHEIe KOHCYALTAIMY NpemojapaTeneit da-
xKyapTeTa BMuK MI'V am. M. B. Jlomorocosa B. B. Anex-
ceepa (rnasH 3 |1 4) u A. H. ®anrda (rnaea 6). U, xoreudo
sKe, MBI GAaroAapHH caMoif MHoOrO4YHCcJ/IeEHOE rpynme Ea-
IIHX COABTOPOB — ydeRMKaM CYHIL MI'V, xoTophie ciayma-
B JeKUY o0 MATEepHAJaM IJIAB KHATH, CAMBMY OepBEIMUY
peliaNy BCe HANM 3A4AYH H COPANIRBAJIH, CHPAIIABAIH,
CIpAIIMBAJIN... €lhe BO BpeMsA HANHCAHKA KHHCH.

Kaura, Ha Banx Baraap, Gyaer mETepecHA ¥ IOAE3HA TEM,
KTC HHTepecyeTcHd MATEMATEKOHE, mHboOpMaTHKOMN, PHINKOH.
MH HageeMca, ITO OHA IOMOXeT BAM B BeIGope Gyzymieit
OpoPeccROHANFHOH AeATeNbHCOCTH. OZHAKO YMTATL K H3Y-
4aTh ee OyfeT HeIpPoCTo, XOTH ME MAKCHMAJBHO NEITAIHCE
CTPYKTYPHPOBATh MATEPHANK, BKIIOYHAM MHOTO MIIIOCTPAa-
uyii, npaMepos. He crpambo, ecii Bhi HE CMOXKETe paso-
Gpareca B 4€M-TO IIPE NEpBOM UTEeHNN, BO3MOMHO, K COAED-
JKAHMI0 HEeKOTOPHIX HaparpadoB B&M NDPHAETCA BEPHYTHCA
nosxe, Ho, KaK POBOPHMTCA, AOPOTY OCHIMT HMAyIIMiA.

Asmopu
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Kak paGotaTth ¢ KHMroit

Kaura «MareMaTauecKEe OCHOBE HHOOPMATHEKE» COCTO-
HT H3 6 rap, KOTOphie, BoOOIDe rosopd, MOXKHO YHTATE H
H3yvark B JXIOG0M mopsaxe. MarepHan HEKOTODHX TJIaB
B3AMMOCBASAH, K B TeKCTE €CTEH COOTBETCTBYIOIIAE CCRLIKH,

I'napel cocTOAT U3 HaparpadoE, Hocke EAIKAOTO IAparpa-
}a ecTh BOIPOCH E 38aHKA A8 CAMOCTOSTEAbHON paboTEL.

B rexcre naparpador saM SYAYT BCTPeYaTECH BOKPOCH B
3a/{aH¥N, OTEETH Ha KOTOPHE JAHE TAM JKe. Bee 3TH BOIIpo-
CH He O9Y¢HE IIPOCTHIe, HO He CHEeIIUTe YHTATH OTBETH K pe-
leRH#A, DonpobyfiTe CHAYANA CAMOCTOHTEIRHO HAMTE 0TBe-
TH K IOCTABAGHHEIM npoGiemans.

B TekcTe MHOIMO PHCYEKOB M TaGlum, Kak OpaBmaAO, OHU

. cogepxaT 0606IIAMUN MaTepuan B rpaduvdecKoM BHAE,

Ka)RZuil pas crapaiiTeck DOEATH, DOYeMY NpHUBeJeH HMeHHO
STOT PHCYHOK U MMeHHO B TaxoM Bmhe. Taxas paGora ¢ Hi-
JMIOCTPATHBHEIM MATEPHANOM IOMOXKET BAM Jyddle IIOHATB
H3JaracMEil MaTepzan. '

HaubBonee BamHHE MaTeDHAN MB BRASIHAIH HABHUTALH-
OHHBIM 3HAKOM. JTOT 3HAK NoMoxer BaM GrICTpo HaXo-
AUTh HAu(OJIee cYIeCTBeHHRE PAKTEI, ofaerdnT pabory
¢ xaurol. :

Texcr KHUIE HenpocTolf, HEKOTOpBHIe DASKENE HAH IIa-
parpadsl, cxopee Bcero, HPHAETCA IRTATE HEeCKOJABKO DPagz,
IIyCTh BAC DTO HE CMYINAeT, KMEHHO TAK M3ydaeTrcd Cepnes-
Had npodecCHOHANLHAA JUTEPATYDA.

B TekeTe Kypcugom BEACNCHE! BBOAHMBIE TE€PMHUYEL K IO~
HATHA, BCe OHHM BHECEHLI B NpeAMEeTHRIK yxasaTenb, KOTO-
PHIL HaXOAATCA B KoHOe KHRArA, O043aTeNEHO NCHOAL3YHTS
ero A9 NOACKA HYKHEIX TEPMIHOB ¥ ORpejedeHuil, sTo 00-
nergymT paM pafory ¢ XHuUrOH.

Ycrexor paM, Roporme pebaTsa, B MayueHHy KEUrm!



naea 1

CucreMsl cuucJIeHHsA

Mgricas Bmpa’xaTk BCe YHCAA EHeMHOIMMH
JHAKAME, OpPHAaBAd MM, KpoMe SHAYEHHA 1O
dopue, elne sHAYCHHE IO MECTY, HACTOJIBKO IIPO-
CT&, YTO HMEHHO H3-3a 3TOH IPOCTOTH TPYRHO
HOHATh, HACKOJBKG OHA VABBHTEeNbHA. Kax EHe-
JIeTKO OBLIO MPHHTA K 2TOMY MeTONY, MbI BAANM
Ha NpuMepe BelHYAfINX regEHeR rpedeckol yue-
HOCTH ApXxAMena H AUOJIIOHHS, OT KOTOPEIX STa
MBICD OCTANACH CKRPLITOH,

I1.C. Jlanaac

Bnages paspuTof HOMARWTEpHOM Teopmeif,
KOMOBIOTEPELIe CHOIRANNCTE KHOPAA 3a0EBAIOT
0 Tol poAH, KOTOPYIO CHITPANH CHCTEMHM CIHCIe-
HUA B HCTOPEHM KOMIBIOTEDOB.

A II.Cmaxos

§ 1.1. MoanumoHHbIe CHCTEMbI CYWCNeHKS. OCHOBHbLIE
onpeaenenusn

§ 1.2. EAMHCTBOHHOCTL NPOACTABNGHNA YMCen B P-MUHbIX
CHCTEMAX CYUCNEHKS

§ 1.3. NpeacTagnexsne NPOK3BONBHLIX YHCEN B NO3HLIMOHHBLIX
CUCTEMAX CYMCNEOHMS

§ 1.4. ApuhmeTHyeckne ONOPaunM B P-HYHBIX CHCTEMAX
CYMCREHNA

§ 1.5. Mepenon uKcon K3 P-HUHOW CHCTOMbI CUMCNOHMA
B AECATHYHYIO

§ 1.6. Nepepoa YuCen U3 AECATUYHON CHCTEMLI CUMCAIGHUSA
B P-nunyw

§ 1.7. Cmewantble CHCTOMbBI CYHCNOHUA
§ 1.8. Cucrembl CUNCNOHNA N APXUTEKTYPA KOMNLIOTEPOR
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Tanma 1

epBhle cUeTHEIe OpHOopH (afakn, cuersr), npeoGpaskl
COBpPeMeHHHIX KOMIBIOTEPOB, HAYAAM CO3/IABATHCA 3a-
JOJTO AC BOSHHKEOBEHHA WU ANTeOpEl JOTHAKH, B Teo-
PHME &ITOPUTMOE. F OIpefeNdiomyIo PoJdb B UX KOHCTPYX-
VM HTpafin BHIOPaHHBIE ANA HAX CHCTEME CYHCIEHES.
IfepBrie MeXaHWYeCKEe CUYSTHBIE MADIMHEEL (CYMMMPYIO-
mas MamuHa Biesa [Tackana — 1642 r., cueTHad MaimuHa
Buarrennms Jlelibuena — 1673 r., aHAIUTHYeCKAA MAIIEHA
Yapabsa Babbnmaxa — 1848 r.) 661 paspaborTanst Ha 0CHO-
Be JeCATHYHOH cHcTeMEl cuncieHusn. Mus peannsanum neca-
TH YCTORYNBLIX COCTOSHHE ACNONB30BANACE CIOKHBIE CHCTE-
Mb1 3y0uaTHX KoJec. OTH MeXAERYEeCKHe MAMMJHE ORI
OYeHP IpOMO3AKH, 3aHEMAN® MHOrC Mecra, Tak, ecom Om
mpoeKT AHanmATAYecKok mMammamM Bebduzixa, Koropas ABH-

- Jlack MeXaHHIeCcKNM NPOTOTHOOM OOABHBIONXCA ¢IYCTHA CTO-

nerue 9BM, 6min peasmsopaH, TO IO pa3MepaM MAaltAHA
CPRBHAAACKH GBI ¢ IOKOMOTHEOM, H YTODEI IPHBECTH B ABRMEe-
HpEe €e yCTpoiicTBa, MoHaZo0maca OB maposoif ABHraTeNb.
IMpruuaaMp aToro GRIAH MeXaHHMYecKHit OPHHITHO TocTpoe-
HHUA YCTPOHCTE M HCIOJb30BAHNE AeCATHYHOMR CHCTEMEL CUHC-
JeHUS, 3aTPYRAHAIIEeH co3fanrEe TPpocTol aneMeBTHOH 6ashl.

Yepes 63 roza nocie cMepTu Babiraxa He-
Menkui cryaeRET Koepan Ilyse mHauan pabory
o CO3ZAHWIO MAIIKHEI, OCHOBAHHOM HA HpPHH-
ouRax MAeHCTEBAA AHAJATHISCKON MaIIWHE
Bo6Ouama. B 19837 r. mampaa Z1 6b11a roToRA.
PaGoTana oHa Ha OCHOBE ABOMYHOE CHCTEMED
cumncieHuA ¥ GHIIA YHCTO MeXaHAYecKOH, Kak
y Babbugika. Ho nenons3osanne ABOHIHOH CH-
CTeMEl COTBOPHJNO UYA0 — MAIDVMHA 3AHWUMAIA

Kompag ITyse Bcero aBa KBaZpaTHHX METpa HA CTOJNE B KBAD-
(1910-1985) rmpe msobperarena.

B coppeMeHHEIX KOMIBIOTEpAX BeA RHGOPDMAIAA TaKKe
XpaumTes B BEAE NoclefopaTenbHOcTeR HyNeH n equapn,. On-
HAKO HBOMYHAA CHCTEMA CUMCIeHHA B uMcTOM BHAe obnagaer
PAZOM IPHHIANRANLHAIX HeAOCTATKOB, XOTOPHIE CTAHOBATCHA
KPpUTAYHEIMY B BeK GYPHOIO PASBATHA KOMIBKTEPHON TeXHN-
Ku. I'ITaBHEIMY H3 3THX HEAOCTATKOB SBIAIOTCHE IpodiIema
NpeACTABACHAA OTPHOATEIEHEIX THCEN ¥ «HyNeBasg HabHITOY-
HOCTE» (T. €, OICYTCTBHE HM3OBITOMHOCTH, H3 4ero BRITEKAeT
HeBO3MOXKHOCTE ONPefeieHNA, TPOHSOMUIO I HCKAKeHre HH-
¢opMaAIMH NP ee Depegade — cM. § 1.8). IIpaxTuueckas no-
TpeOHOCTE B peIicHHY 5THX BOIDOCOB BEISHIBACT CEMOXHA 10-
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BHINEHHBIH MHTepec K cHocofaM IpefcTadhiennd HAGOpMA-
I¥Y B KOMIBIOTePe M HOBBIM KOMIIEIOTOPHEIM ap¥(hMeTARaM,
Tak, HanpuMep, POSOHAYANLHUE Teopry HHGopMaunn J>xoH
¢on Heiliman goxasan TeopeMy 0 TOM, STO TPOMIHAHA CHCTEMA
cumceHNA Io3BonAeT Hambonee dh¢eKTHBHO cpefH BCex
OCHOBHEIX, IIOSHIHOHHEIX CHCTEM CYMCJIEHEA «CBOPAMHBATB»
AHPOPMAIMIO O BellleCTBEHHOM “HCJe.

Kaxue jxe CHCTeMH CIMCIeHHA PACCMATPUBAIOTCA MaTe-
MATHKAMHE ¥ HHXeHePAME B KAYeCTBe «KOMIILIOTEPHBIX» ?
KaxuMp cpoifcTBaME ao/MkHA 06JaJ8Th CACTEMA CUHCIS-
HRA, OpE NoMOUTE KoTopoll Gyaer roguposaTkca RHpOpMa-
OUA B KOMNBIOTEPHBIX cHcTeMaXx? MEI IONKTACMCH OTBe-
TATH H& 5TA H HPyTHe BOIOpPOCHI, CEABAHHEIE C CHCTeMaM¥y
cancaeHEda. Hama sagaga — paccMoTpeTh NPHEOHIE II0-
CTPOSHHIS MOZHIHBOHHEIX CHCTEM (THCICHHA, HOSHAKOMHTE-
A ¢ HeKJaccHYecKHMHU (HeTPAIMIAOHHLIMNA) MO3NIHOHHE-
MY CHCTeMaMH CUNCACHWHA, ¢ CHCTEMAMM cYHCICHMA, HC-
NOAB3YEMEIMH B KOMIIBIOTEpAX.

HauneM ¢ moBropeHHA (a30BHIX ONpeeIreHuii.

§ 1.1. MO3MLMOHHDBIS CUCTEMDBI CYUCNEHNA.
OcHOBHbIE onpeaeneHus

Onpenenemme 1. Cucmenxa ciucaenus ATA HYMePpayur — aTo
crmocof sanmew (obo3HAYEHES) IHCe.

Onpenexerme 2. CAMEOJIEL, OPH IOMOIIA KOTOPHX 3AIIHCHIBAIT-
cfl ¥HCJA, HASHIBAIOTCA WUGPAMU, A AX COBOKYIHOCTE —
axgasumom cUcTeMbl cuucaenua. Komudecrso nudp, co-
CTABARIOIUX AMPABHT, HABKIBAETCH €T0 PAIMEPROCMbIO,

Onpegenenne 3. CHcreMa cUMC/AeHHS HAZHBAGTCSA NO3ULLUOH-
Hoil, eclY KOJHYeCTBeHHBIA SKBUEANEHT WIMPE 3aBHUCHT OT
ee IIONOXM(CHHA B 3aIMCH dHCJIA.

B mpusryHOR HaM gecATAYHOH cHCTeMe 3HATeHHe QHCRa
ofpasyeTcd caenyiomaM ofpazoM: 3HAYEHHA UHHPD YMHONMA-
0TCA HA «Beca’» COOTBETCTBYNIIHX DEIPAACE H Bce TOIVYeH-
B¢ 3HAYCHHRS cKaafmsalored. Haopumep, 5047 = 51000 +
+ 0100 + 4:10 + 7-1. Takoit croco6 00pasCBAEES 3HAYEHUN
TACJAA HASHIBACTCA AGOFUMUSHO-MYALMUNAUKAMUGHLLM,

Onpenenenne 4. IlocaeZoBaTeNEHOCTS YHCEN, KAXKI0E H3 KOTO-

PHIX 3aJAeT ¢BeC» COOTBETCTBYIOLLIEro PA3PAZA, HASLIBAETCSH
fasucoM NOZAIMHOHHOK CHCTEMEl CHHCASHNA.
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OCHOBHO® AOCCTOMHCTBO NPAKTHYECKH Jio60it mMO3AIHAOH-
HOH CHCTeME CUHMCIeHAA — BOIMOXHOCTD SAMHACH IPOU3-

& | BOJNBHOTO UHMCAA OHPH HOMOIIY OYPAHMYEHHOrO KOJKYECT-
BA CHMBOJIOB.

Onpegesxenne 5. IIo3HEAOBEAYI0 CHCTEMY CUKCIeHHA HASHEBA-
0T mpaduyuonnoii, ecnu ce 6asuc o6pasylor WiIeHHK reo-
MeTPH4eCKOi IPOrpecCHH, a SHadeHHA nudp ecth IleJHe
HeOTPHIATENBHEIE THCIA.

Tak, Gasuch AecATHYHON, ABOMYHON U BoCHMepRIHOHN
CHCTEM CUHCAeHHA 06PasyloT reOMeTPHISCKHE MPOrpecCHH
co sHaMeHaTenaMu 10, 2 m 8 coorBercTBeHHO. B ofIem
BHZe 0asuc TPagMIHMOHHON CHCTeMLI CYHCAeHHMA MOKHO 3a-
.MHCATh TaK:

. P Pt pl 1, p, PR PR, .., P .

Onpegesnenwe 68, 3ramMenaTenr P reoMerprdecKoll IPOrpeccHH,
qneHH XoTopoii ofpasyT 6asmc TpAXMIMOHHOR CHCTeMb!
CIUCIICHNH, HASHBACTCH OCHOGAHUECM ITOH CHCTOME! CIHCNe-
Hrd. TpaguoMoHHEIe CHCTeMEl CIHCIEHNA ¢ OCHOBaHMeM P
HHAYEe BasHBalT P-uitnviMu.

B P.-puxelx cHcTeMaX pasMeDHOCTL akX(paBHT2 DpaBHA
OCHOBAHHMIO CHCTEME CYHCIeHYA.

Tar, andaeuT AecATHIHON cHCTeMEl COCTABAAIT LHb-
pu0, 1,2 3, 4,5, 6,7, 8,9 AnbasuroM NpoH3BOILHOH
CHCTeMEl c9HCc/eHUd ¢ ocHopanueM P caysxar wmena 0, 1,
w. s P-1, naxgoe 03 KOTOPRIX HO/KHO GHITE 3ADHCAHO C
MOMOIILIY OSHOrO YHHKAJLHOTO CHMBOJa, Muaguielt nudg-
poit Bcerga asxaaerca 0.

B Knacc OO3HOIHOHHEX CHCTEM CIHCREHHSR BXOAAT TaK-
JKe CHCTeMBI, B KOTOPHX Nnbo 6asuc He gpiAeTcs TeoMer-
pudeckoli nporpeccrelf, a mudPH eCTh LeiLe HeOTPHIA-
TesbHHE THCAR, Aubo Gasmc ABIAReTCA TEOMETPHULCKOR
mporpeccueif, HO HUMDE He ABAAKNTCH KeANMA HeOTPHILA-
TeJBHHME YUCIAME.

K nepBeIM MOXKHO OTHECTH (PEKMOPUGALHYI0 B PUOOHaY-
g6y CUCTeMEI CIUCASHRA, KO BTOPEHIM — YPaeHOGeUeHHbLE
CcHCTEeME! cuHciHeHNA, TaxHe cucTeMEl OyzeM HA3LIBATE He-
mpaduyuornsimu. AnbasaToM PrOCHATINEBOE CHCTEMEI AB-
nawres ouGpE O u 1, a ee GasucoM — DOCAEROBATENBLHOCTE
yucenr $mbonavuunm 1, 2, 3, 5, 8, 13, 21, 34, 55, 89 ....
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Jleosapao TIusamckuit Pdubomawan (1170-1250) —
ATANBAHCKMN MaTemMaTHk. Brarogapa ero xEmre <Liber
Abacis Eppona yssala wEA0-apabCKyIc CHCTEMY THCEJ,
KOTOpasa NO3AHee BHITECEANA PUMCKEE HCAA

BasucoM $aKTOPRANEROH CHCTEMA CHHCACHHUA ABIACTCA
neclegopaTensyHocTs 11, 21, ..., nl, ... . B orrOmenun anda-
BETA 5TOM CHCTEMEl MOXHO CACIATS 3aMeuaHNe: KOJMYECTEO
nudp, HCOOAL3YeMHX B PA3PANe, VECIMUHBACTCH C POCTOM
HOMEDA pAdpARa.

B ofmeM cayuae, ecAH CHCTEMA CUHACHCHRA YCTPOCHA Ta-
KEM o0pa3oM, 970 OCEOBAHAC KAK TAKOBOE B Hell oTCYyTCTBY-
eT, a §asnuc npeacraBraer cofoll MocHeNOBATENBHOCTS TACE
ey Py Py ooy P, .o, TO Konmuecrso N, mudp, uc-
TOJAL3YEMEX B k-M paapage, openenseTcd TAK:

Py i

P, ecint Py 1 Py

N, = (1.1)

[—I}"—“l] +1, B OpoTHBROM Ciydae.
)

SRaK «» OSHAUAET ¢ZEJIHTCH HALENO».

Opmmep 1. [IpueegeM cBoxHyio Tabamiy, XapakTepH3YIOLIYi0
HeKOTOphIe NOSHIMUOHEEIE CHCTEMEl CYACISHNA.

CucreMa Ocrona- | PasMepHOCTE
CUNCACHAR axe amp?;m udps
WEAaA 2 2 0,1
Tpowuraa 3 3 0,12
BoceMepuaBan 3 8 0,1,2,3,4,5,6,7
IllecTrannare- 16 16 0,1,2,38,4,5,6, 7,
MIEAR 8,9,A,BCDEF
DaKTOPHANLHAA Her [¥Benmuupaetca |l-it paspan: 0,1
¢ pocToM HOMe- | 2.% paspan;: 0, 1, 2
pa paspana 3-ii paspan: 0, 1, 2, 3
DuGorayanera Her 2 0,1
YpasrOoBeImIeHAAY 3 3 1,0,1
nunad (. 5 1.8)
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Ocnopanmem P-paroli cneTeMEL CUACNEHEA MOMKET OLITH
" mofioe HaTypanbHoe Hicio, Ooxbmee efmHEULL. CueremMoi
CYHCICHAS ¢ MEHMMAJNBHEIM OCHOBAHHEM ABIAETCH ABOHM-
HAH CHCTEMA, Bce HKCaA B KOTOPOi 2amMCHIBAIOTCH ¢ DOMO-
mbio 0 u 1.

IIpamep 2. IlpuBegem sanuch HeKOTODEIX AeCATHIHEIX IHCENT B
PASAIHYALIX HETPARUUUOHHLIX NOBHIHOHHBIX CHCTEMAX

Wty e

CUYHMICIeHH .
Hecarugnan | Paxropuansaags | Oubonawumepa | ¥YparnonemeHnas

cHCTEMA CHCTeMA CHCTEMA TPOHIHAA

CTNCASRHA CYHCIeHNA CYHCIeBUE cHCTeMa
CUHCIeRN

10 120 10010 101

25 1001 1000101 1011

100 4020 1000010100 11101

!

Mu snanM, uTO ZNA OOMCAHHA CUCTEMBI CUMCHeHHMS MC-
IOABL3YIOTCA MOHATHASA «0A3UCY, «AAPASUMY , OCHOBANHUECY .

Bonpoc. Karoe muoxcecmeo nonamuii 00H03HAYHO onpedeanem

ROGUYUOHHYID CUCMEMY CULCIEHUR.
1) {6asuc, ardasum, ocrnosanue};
2) {6azuc, ardpasum};

3) {6asuc)?

Omegem., OKa3EIBAETCH, YTO A7 OAHOSHATHOTO ONpPe/iesIeHAS O-
SUIIHOHHOHE cHCTEME! CYMCIGHHAA, ¥ KOTOpoil B KauecTpe
mEGp HeONL3YIOTCA HATYpaIbHEE JHcna B 0, Heofxoaumo
H HOCTATOYHO YKASATh TOJLKO ee 0A3UC: [OCNenoBATENb-
HOCTB qHCel ..., Py, Py, .0y Py ... . Bee OCTANBHEIE KOMIIO-
HEHTH CHCTeMSl ABNAKTCH NPOM3BOAHEIME OT basmca. ITo-
KayKeM 3TO.

PopMYAINPOBKA HeOGXOMHMOIC VCIOBHA HMeeT BUI: eClaK
3a8aHA MOSHITAOBHAA CHCTeMa CINCIeHHS, TO, CASAOBATE Ib-
HO, 3afaH 6asyc. ITO yTBepKACHHE OYeBHAHO ClelyeT U3
onpepencHuair 3 u 4.

DopMYyIHPOBKA JOCTATOYHOTD YCJIOBHA HMeeT BHEX: ecaM
sameH 0aspc, 10 3ajAHA MO3HIIHONHA CHCTeMA CIHCACHIT,

PaccMoTpaM oTAeABHO AZBa caywas: 1) Gasme #Bmsercs
reOMeTpHYeCKO# nporpeccheil, 2) 6a3mc He ABMsgeTCA eo-
METPHYECKO# OporpeccHei.
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P,
B mepBoM cayvae oTHOINeRHe —Si- P L ana moboro k mocro-
&
AHHO ¥ pasHo P — OCHOBAHHID CHCTeME ceHcneHHd, Koau-
gecTBO HHGP B andaBATEe TAKKe PaABHO P, TaAK KaKX MAKCH-
MAaJLECe YHCIO eAUENL, KOTOPOe MOMKHO SAIICATE B JIIofoM
paspaze, papEo P-1, a MUHUMAJBELIM ynclioM asigerca 0.

Bo BTOpPOM ¢ioyuae ocHOBAHME B CHCTEMe OTCYTCTBYET,

a KonugecTeo HED andarura B KA’KAOM paspsafe ompefe-
+ IAeTcd mo Basmucy corzacEo dopMyae (1.1).

Ecax #xe B KauecTBe ORGP B CHCTEMEe CUHCICEHRA HCIIOIh-
BYIOTCA YHCJIA, OTAWGHREE OT HENbiX HeOTPHIATEILHBIX, TO
Ana oupefelleHUA CHCTEME] CUHCAeHWS HeOOGXOAHUMO elle
OMHCATH U ee andpaBuT, 0

Bonpoc. Kaxas nocaedosamenvnocmb sucen moxcem GoiMe uc-
ROALIVEAHA 6 Kaiecmse 0a3UcAd NOUYUOHHKOL cucmeMvl
cutcaenus?

Omeem. 1IocNnefOBRTEILHOCTE THCE] MOMET ABNATHCA GasmcoMm
TMOSHINOHHON CHCTeMB! CUMCIGHHA TOABKO TOrja, KOI'la B
CCOTBRTCTBYIONel 3ToMy Gagucy cHcTeMe MOMKeT OMTE TIpeA-
crasjIeno moboe YRCIO (€CNH cCHCTeMA UPeAHASHAYSHA TONH-
KO Eid RyMepalliill Oe/AklX quces, To anboe ueloe TACAO).

HIna npeAcTaBieBUA HeNEIX 4YHCE] AOCTATOYHO B2ATH
Moty GeCKOHEUHYI0 MOBOTOEHO Boapacwamn:mo YHCIOBYIO
nocaegoparensaocts (Py, Py, ..., Py, ...), EaunHamINyiocs
¢ egmaunp (P, = 1). B xagecrse uudp k-ro paspaga 3Toit
CHECTEMEBI CIeflyeT HCmoJb30BaTh CHMBOJE, ofozHagalomine
wucna 0, 1, 2, ..., N.-1, rae N, Brraunciaerca no gopmyine
(1.1). Yuecna 0 2 1 B moboit ua -ra:cnx CHCTeM IpPeACTABAA-
IOTCH COOTBETCTBYIONIEMH uudpamu. Ilyers umena 2, ..., @
OpPeACTABAMEL B CHcTeMe ¢ ONTHCAHHEIM GasmcoMm. Iloranem,
uTO TOrAa M YHCAO ¢ + 1 TAK)XKe NPeACTABHMO.

Ecip muazgmasn nubpa wacia ¢ Mensme, sem N, — 1, 1o
B OPeACTABJNCRHE 4HCiIA ¢ + 1 Bce crapiminme IRGPH COBIA-
aaooT ¢ mrbpaMu ¢, a Mraanasa tAGpa Ha eZHENY Ocaboie,
yeM COOTBETCTBYIOWAR nudpa uucnka a. Tak Kax Po =1, To,
COTJIACHO AZSATUBHO-MVALTHOJIWKATEBHOMY NPHEIUIY IO-
CTPOeHHA HOZOOHEIX CHCTeM, UHcaa a m a + 1 B cHcTreMe
¢ NAHHEM 6A3HCOM B 9TOM CIydae AeHCTBUTENBHO OTIHYA-
oTCA Ha eguHRLOY. [IyeTs Tefleps B NIpeACTABICHNH THCIA G
B paspagax 0, 1, 2, ..., i cTOST MAKCHUMAXBLHO AOOYCTRMENR
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mrdpH 3TRX paspanos, a oudpa B (i + 1)-M paspage MeHb-
me, yeM N, ,— 1. YBeruunM snadeHde YHCIA, COCTOANIETO
B3 nudp, croamux B paspszax 0, 1, 2, ..., i uucaa 4, Ha
emguuanny. IlonyyuuBIieecs WHCAC MOXKHO ONEHNTEL CHH3Y M
CBEpXY Tax:

P S1+Ny=1+(N,=1)P, +(N,~ 1)Py+ ... + (N,~ DP,<
<Py+P +P,+..+P,,. _

8aecy OpH OLIEHKe CHE3Y YITEHO, WTo coraacHo dopmyne
(A1) NyzP,, NP, 2 Py, ..., NP, 2 P, a Ipu onlenKe
CBEpXy ECIOALIYIOTCH CJEAYIOIIEE B3 TOH e GOopMYasl He-
P, R+l
*
OKABLIBAGTCA BO3MOXKHEM cCJeAyioINee DOpeACTABIeHHUE:
nuodpa B (i + 1)-M paspage 4ecaa 4 yBeNAYNBACTCA HA eny-
HALY, & YHECI0 i

0 <1+ Ny-1 + (N,=DP+ (Ny=1)P, +..t (N1)P, ~ P, <
< Py+P,+P,+.+P,

. Taxam ofpazoM, Ana uucaa a + 1

pasencrea N, - 1<

OpexcTaBadeTCa ¢ HCOONB3OBAHNEM DJICMCEHTOB Gasdca PO’

Py, ..., P,. 3aMeTHM, UTO eCAH 1A JMIOOHX COCENHHX aje-
b, k+1

MeHTOB 0asmca CIpaBeAIABO TOYHOE paBeHCTBO N, = s

-

T0 BCce NubpE B OpegcraBreEun a + 1 B paspazax 0, 1, ..., 1
paBBEE 0. B 3TOM cIydIae MOXKHO FOBOPHTE K O eAUHCTBEHHO-
CTH NpeAcTaBReHAA YUcel B NOZHANOHHOHR CUCTEMe C COOT-
BeTcTBYIOiINM Gasmcom. COOTBETCTBYIOLIAS TEOpeMa A0Ka-
3aHA B CIeAYIONIeM 1aparpade.

Bonpoce., RKaxue cumsonvt mozym Ovimb UCROALIOBAHLE 8 Kaie-
cmse yudp cucmemvi cxucaeHus?

Omeaem. B kadecTBe OIAPpP CHCTeM CUHCISHHS MoryT OmT: me-
HOAB30BAHEL JII00bIe CHMBOJIE!, 3T HATVIAAHO AEMOHCTDEDY-
10T HEM Y9eHHe, 3aHEMAaloINHecd ECTOPMel MATEMATHEN: Ba-
BHJIOHSHEe HCOOJMB3CBAJR KJIHHOBHAHEE nudpr (v BEAX He
6rto OyMarm, ¥ «OWcanHs OHU HA MATKHX IIMHAHBIX JO-
HeYKAX); KETANIL HCOOABI0BATH HePOTIHQLI; MKl HCIOI5-
syeM apabcxue muppr. ONHAKO B MATeMATHKE NPHACPIKUEA-
0TCA CAeAYIOIINX NOTOBOPeHHOCTEH B OTHOINSHHMM BHAA HC-
Ioas3yeMEIX Hp.
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Eenyu ocHoBaHHe cHCTeME culciaesud P menpme 10, 10
IR CHMBONLHOIQ NpeACTABIeHEA Nudp B Hel, KAK IPABH-
710, ACOOAB3VIOTCH mepBhie P gecATHYBHX mudp (or 0 mo
P -1). Hanipumep, B nATepAIHONA cHCTeMe CIACHIeRAS GyayT
HcHnoabp3oBaThca narte mudp: 0, 1, 2, 3, 4.

Ona 10 < P < 37 B xauecTBe OePEHX AecATH NEBEQP TAK-
me OOBIYHO MCHOALIVIOT HX ZeCATHYHOE NpeAcTaBJIcHUe,
a AAA OCTANBHEIX HHGMDDP — BYKBH JaTHHCEOTO aldbdaBHTA.

JAna cHcTeM CHHCAGHHA ¢ OCHOBAHWAMN, GonpmirME 36,
€AUELIX OpaBmia AnA $opME sanmcH nudp He CyOIeCTEYeT.
B ganpHelinieM, ec/im OpH OONCAHAHM IpoM3BolbHON P-uu-
HOM CHCTeMEH CUHMCIeHHR BHJ ee nudp vkasaH He Gyger, To
MH §yZeM CYHTATh, MTO IepBHEe ZecATH IHudpP COBNAAAIT
¢ AeCATHIHEIMY, a clegyoomue 26 — ¢ JaTHHCKHMHE OyKBa-
mu. OcranbHee DupPH GyAeM SaIUCHEBATE B BUAEe UX Aecd-
TAYHHX 3HAYCHMH, SAKIIOYEHHHRIX B KBAJPATHEIE CKOOKH.
Tax, [60] B cEcTeMax cyECICHNSA C OCHOBAHAAME, G4mbIIE-
mB 50, 6yaer ofosHaduarek 51-10 mo cueTy or HyAs nudpy.
MakcaMansHY:0 Oudpy B MpouseonkuEol P-MYHOH cHCTeMe
cuHCAeHAa ME Oyaem obcagaxars [P — 1). O

Bonpock! U 3apaHus

1.

2.

ChopMmynmpyiiTe onpefedeHNe aALHTHEHO-MYJARTHIIEKA-
THABHOH CHCTEMB CUACACHHAA.

CiéopuynupyiiTe IpaBHa, OO KOTODEM BRYNCIACTCH 3HATE-
HHe YHUCAa B PUMCKOH cHCcTeMe caKBCeHAdA. ABaderca 1K 0HA
ANAATABHO-MYIbTAILIRKATABHOH 7

CKrONLKO nudP HYIKHO B8 SAIIACH YMCeN B ZEeHAANATEDHY-
HOH cHCTeME CINCIAECHHA T

. BepHo JIH 3alIHCABLI YHCA B COMQPH‘IHOﬁ CHCTeME CHHCIIe-

aus: 2360,, 35721, 608512, 7

. HpG.IIJIOJRKTG cOfCTBeHEYIO KIacCHPUKALIHIO CHCTEM CIHCIIe-

HHA.

TIpupymMaiiTe ¥ BEIMUICUTE ANPABUT A4 NATHACATePHYROM
CHCTeMEl CIMCIIeHNS.

. OoMmmpTe MOBHUMOHHYIO CHCTEMY CUECICEHA, OCHOBAHHYIO

HA PASJIOKEHNN JHUCJA [0 CTENeHAM OpPOCTHIX uHcenx. fABa-
eTCd JIE OHA AAANTHBHO-MYJIbTHIUIRKATHBHON?

. JoKaxHTe, IT0 AN P yyHHX cHCTeM CUHCACHHA MUHAMANb-

HEIM OCHOBAHUEM JBAAeTcHA qUCHe 2
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§ 1.2, EAVHCTBEHHOCTb NPEACTaBNIeHNs YNCen
B P-WuHbLIX cCUCTEMAaX CHUCTIeHNa

B mpumepe 2 (§ 1.1) 65ty npHBeAeHE NpeAcTARNCHAA IH-
cex 10, 256 1 100 B cucTeMax CUHCIEHHHA, OTIUYHLIX OT Ae-
CATHYHOK.

Bonpoc. MoX#HO A 3mU YRCAR 3GRUCAMY 6 YKA3AHHLIX cuche-
Max ewe u dpyeun cnocobom uiu amo npedemasaenue edun-
cmeenno?

Omeem. OxeanBaeTcd, 9T0 AKG0e HNECATHYHOE WHCIO MOMKHO
OpeACTABHTE B J000% MOIUNMONHON cHCTeMe CTHCACHES, &
ANA UeABX 9uces] B GONBHIMHCTRE CACTEM 3T0 MOXKHO Cle-
JIATH eMHHCTBeHHEIM cmocobom. JlokaxteM 3TO yTBepKAcHUE
INa HATYPAJIBHBIX HACeX B P-HUHKIX CHCTeMAX curcaenna. [

Teopema 1. IlycTs P — DPOH3BOALEOE HATYPANBHOE THCAO, 60IB-
mee eguAMNKE,. CymecTByeT M eJMHCTBEHHO IIPEACTABICHUE
moGoro HATYpaZkHOTO uMcia X B BHAe CTEHNeHHOrO paaa

X=aP +a Pl +..+aP+a, (1.2)
rae 0<a, <P,0<i<n,q,%0.

Horasamenvemeo

CyntecTBoBange. JIoKa3aTeNILCTBO OCHOBAHO HA METOZE MO-
CTPOEHEA, T. €. AJNA IPOUSBOJBHOTO HATYPANBHOTO YHMCHAA
MH NpOCTO HOCTpoMM lpeicraBxedme Buaa (1.2).

Tax Kax ¥pciIa P°, Pl, Pz, Ps, ... OBpasYI0T MOHOTOHHO
BOSPACTAIOLIYIO YHCIOBYI) OCHeA0BATENLHOCTS, TO CYIecT-
ByeT TaKoe HATYpaaLbHOE 4ACIO 7, IT0

P < X < P, 1.3)

Paszemm wrrepean [P"; P*Y) ma P - 1 pasuyio wacrs,
TOTAA PPAHANAMH NOXYUCHHEX MHTEPBATOB OKeXKYTCH GHCIa
x,=1P*, x,=2P"% .., xp=PP"=P"! Jumma xammoro
IpoMexyTKa [X,; X, ), rae k = 1, ..., P -1, pasHa P",

W3 (1.3) u npoBeAeHHEOro MOCTPOSHUA CEAYET, ITO UBC-
Jo X monafieT B OXUH B2 HETEPBANOB {x,; x,..), T. €. cyme-
CTBYeT TaKoe HatypajesHOe B, 1 < k < P, urvo

kP” < X < (k + P, (1.3q)
HonoxnM a, =k < P, Torpa a, # 0.
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Ofo3gaTMM DPASHHOY Me}Ay umcaoM X H JieRoil rpaHH-
Iell X, COOTBETCTBYMILIEro MHTepBana Kak Y =X - g P",
0 <Y < P* mo mocTpoeRHIO.

Ecma Y = 0, To mocTpoeHHe BAKOHYSHO, B IIPOTHBHOM
clyuae, OIATE CPABHMBAA YIKe Bemmnﬂy Ye JLIeHAMY BO3-
pacrasomeit mocaegoBaTeAsHOCTH 1, P, P P . P", Haii-
AeM mejoe ¥meao m Taxoe, 4To PT Y < P"er~1 0 <m.

Ansz goMepop m + 1 <i <n - 1 mogosxknm a, = 0 (Ta-
KHX HOMeDOE MOMET B He OKazaTeedA, eciu m+ 1=n)u
BHYACAUM 4,. A4 aTOro, KaKk W paHee, pa3feNuM HEH-

repsax [P™; P™*) ma P — 1 pasEmle wacrm anueo#t P™ u
OIpefelInM, B KAKYI0 A3 HEX MoNagaer aacio ¥, T. e. cpenn
menrrx sHadenmit h: 0 < h < P Haifigem Taxoe, 49TO

hP™ < Y(h + 1P™, (1.30)

Honoxum a,=h<P u obosgawam Z=Y - a P".
W rax panee.

Iponece obgsaTelIbHO 3aBEPHINTCH, TAK KAK HA KasKIoM
mare Mel CPABHHBACM ocTapulieecs THCIO Bce ¢ MEHHIIUM KO-
HeYHBIM KOJIHYeCTBOM Pa3JHYHEIX HeOTPHIATEABHBIX CTelle-
Hell yHcaa P. A KaK TOABKO Pe3yIABTAT QUEPeZHOrC BEIMHTA-
BHA OKAXKeTCA MeHbINe, WYeM P, MH MOJOXHM G, DABHEM

. eMy, H IoCTpoeHHe 3aKOHWHTCH.

B pesyanTare HOAYHHM, UTO

-1
X=aP ta P +..+aP+ay

rae 0 < g, <P, 0<i<n, an;eo.
EmvncrpeEHOCTE, 1A JOKAsaTENLCTBE BOCIONB3IyeMcHA Me-

TOROM OT OPOTHBHOTO.
IIpepnonoacaM, 9TO HEKOTOPOE HATYPANLEOS TUCHO HMe-
eT ABA PA3AHYHEIX HpeAcTaBieRHA Brfaa (1.2):

X1 = anPn + an_lpnhl + ..+ alp + ao, (1-4“)
X,=b,P"+b, P14+ .. +bP+b, (1.4b)

HoxasxkeM, ITO eCIH M > 1, TO X2 > Xl. HAna zokasa-
TeJIBCTBA OLEHAM X 2 CHH3Y HaNMEHLITAM BOSMOXHBIM 9HC-
aom b, =186, ,=...=b,=b,=0)

X,21'P"+0P" 1+ ... +0P+0=P"
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Onennm X, cBepxy HARGONBIINM BOZMOMHEIM THCIOM
(a,=..=a, = qy=P-1}):
X, < (P-DP* + (P-DP" .. + (P-1)P + (P-1) =
=Pn+1 - 1< P.‘H‘l.
3aechH ANA BLITHCNEHHH CYMME HCHOJILIOBAAACH dopMyna
CYMMH WIeHOB KOHe4YHOH reoMeTpAdecKOH IPOTPECcCHH,
Tax Kak Io mpexuoioxKermo m > 1 + 1, 0 X, < P*1< X,
7. &. X, <X,. CnegoBarensro, eciu X, =X,, 7o n=m.
IlokaskeM, uto a, = b_. OnaTH BOCHONL3YEMCA METOROM OT
TIPOTABHOIO. Ich'rb a >b, (nanpmep, a,=b, +1). Onermnm
BaMenmm Bee q, (0 < i < n) Ha AX MaKCHMAJNSHO BO3MOMKHEIE

sHavenus (P —1), a see b, (0 < i < n) — Ha MEHHMANBHO BO3-
MOMHNe 3HaYeHHA (HyaH):

~X,2P' - (P-1)P" 1+ P-1)P" P +
+(P-1)=1
9ro mporusopeunT ToMy, ure X, = X,, cresoBaTeiLHo,
a =b,.
Hycrbcymecrnye'rmoek Iro @, = bnpnk-l—lS;Sn m,
HO @, # b,. CpaBHNM uuCcIa

kL
Y1 = 1 = ﬂnPn Y aH]‘P‘
n .
Y, =X, - bP*—..-b, P,
IIocite mpeofpasoBaHUA HOJIYUAEM:
Y,=aP+..+apP +a,
Y, = bP* + ... + b,P + b,
rae a, # b,. [lopTopHB HpoBe/ieHALIE PaHee pacCyXKAeHHA,
monyunm, 9T0o Y, # Y,, U, caefosatensso, X, # X,.
Ioxyuanu npo'mnope!me ¢ ECXOSHBIM npe,qnonomennem
O paBeHCTBe npeacrasiaenuit (1.4, a) n (1.4, b). Cnenosa-
TeJBHO, 6, = b, ipu 0 <i < n = m, T. €. OpeAcTaBNIcHNEe BHAA

{1.2) pna moboro HATYPAALHOrO YHCAA eANHCTBEHHO.
Teopema doxasana. '
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Ha ocroBaHEER TeopeMEl 1 MOMKEHO yrBepRAATE, YTO JI0-
0oe HaTYpAIBHOE YHCIO MOMKHO 3allUCATE B KAKOH yrofi-

& | Ho P-MuHOi cHCTeMe CUHCIEHEA, HPUYeM eXUHCTBEHHEEIM
obpazon.

Tipamep 3. HocTporM IpeAcTABIEHRMEe JeCATHIHOrO HHCla

X = 3056 B BEAe cTeneHHLIX PANOB OPR PA3JIMYHKIX 3Haye-
~ BHAX P,

- 1P =10, .

O4eBHAHRG, 9TO 10® < 3056 < 10%, ¢/efOBATEJILHO, B IpeJ-
crapierng (1.2) n=3.

‘Pasnenup HETEPBAI {103; 10*) Ha 9 paBHEIX %acTeil, moay-
quM, 410 3-10° < 3066 < 4-10°, CHeIOBATeALHO, dg = 3.

Y = 3056 — 3:10% = 56 m, Tax Kax 10 < 56 < 10°, T0 4, = 0.

. Hanee nmomydaem 510 < 66 < 6:10, cregoparessro, @, = 5.
OcraBmieeca yacno Z =Y - 510 = 56 ~ 50 = 6 < 10, creno-
BATENILHO, @, = 6, M HOCTPOeHHEe 3aKOHYEHO.

B pesyxnsrare moxygsem: 3056 = 3-10% + 5-10 + 6.
2) P = 16.
162 < 8056 < 163, CleORATe/ILHO, B hIpescrapaenuu (1.2)
n=2.
Pasnenus uRTEpRaI [162; 16% ma 15 PABBEIX 3AacTeif, nomy-
M, wto 11-16% < 3056 < 12162, crenosarenswo, a, = 11.
Y = 3056 — 11-16% = 240. Ho 1516 <240 < 16%, cregora-
TenasEo, a,= 15.
A, Tax max 240 - 1516 = 0, TO pocTpoeHme OKOHYEHO,
aa,=0.
B pgaymm're nonydaen: 3056 = 11-16% + 15-16. O
ipumep 4. Hecarmyroe aucio 14 MOKHO IaIMCATH
B gBOWHOY cucTeMe Kax 1110, (14=1-2%+1-22+1-2'+0-2%;
B TpowaHo# cucreMe Kag 1125 (14=1-3*+1-3'+2:3%;
B YeTBepAURON cucTeMe Kak 32, (14=3-4'+2:4");
» 14-pramott cacreme xax 10, (14=1-141+0-14%,

B cueTeMax cuUBcIeHEA ¢ OCHOBaHMeM, 6onsmpm 14, ganHoe
qucno Oyaer npeacTaBieHo ogEol mudpoit (aTo 6yaeT O6yxea
aatrACKOre andasura E mnu Hexnit zpyroi ceMson). 0

B pasjgene MaTeMATEKE «TeopHA duced» NOKAIHIRACTCA,
wro m No6yo DPABMABEYI) ApPoSb MOMKHO UDeACTABHUTL B
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BHAe KOHeUHOH MR OecKOHEYHOH CYMME OTPHIUATENBLHEIX
© cremereil Moboro HATYpaNbHOrO umesaa P > 1. Hanpamep:

0,128 = 11107 + 2.1072 + 31078 = 0,1 + 0,02 + 0,003;

1 016)-110"+6102+610°+... =

= 0,1+ 0,06 + 0,006 + ... : |
n-8=0,1415... =110 + 4102+ 110 + 5107* + ... =
= 0,1+ 0,04 + 0,001 + 0,0005 + ...

‘Tak kax DpOH3BOJBHOE HEQTPHIATEABHOE AeHCTBHTENB-
HOe THCI0 MOMKHO NpPeJICTABUTE B BHAE CYMMBI €ro Liejoil H
Zpobroil gacreit (mofas U3 sTHX wacreil MOXKeT M OTCYTCT-
BOBATE), TO NOXy4IeHHEIe Pe3yALTATH MOXHO 060OIIETEH.

Onperenenne 7. B P-uuHoll ccTeMe cuncneHns aoloe HeOTDH-
NaTebHOE EBellleCTBeHHOE YHCI0 MOXKHO BAIIMCATL B BHAE:

—~1 -1
a=a P +a, P +..+a,Pta,ta P+

+ a_2P_2+ o = i“tpls 0<4,<P,n20, (1.5)

~ rre P > 1 — 0cHo8aHuUe NOSUIBOHHON CHCTEME CYMCICHAS,
@, — yugpy uncna ¢ B P-maHoft cucTeMe CIMCIEHHS,

OrpunarTelbHEIe 9UCHa B P-HUHKEX CHCTeMAX CIACTeHUR
TOPeACTABIAIOTCH ¢ IOMOINBIY 3HAKA «MHHYCs Ilepel BHIpa-
smeHrem BHAAa (1.5) Ans MOAVIA OTPMIUATENBHOTC THCJIA.
Hanee Mel 6yaeM paccMATPHBATSL TONLKO NONOMKATENLHEIE
qucia B UX OpeAcTaBieHHMe B P-MYHHX cHCTeMax CUHCHe-
HHA.

Bonpocul U 3apaHna

1. IlocrpoliTe npexcTaBieHHe HAecATHYHore 4qpcxa X = 3056
B BHAe CTENEHHOro paganpa P = 2,

2. Ilorkasxkure, uro mofice HATYPANLHOE YHCIO MOMET ORITE
TIPEJCTABAGHO B BUAE CYMMEl PASATHYHRIX HeOTPHIIATSIRERX
cTeneHe#d gAcHa 2.

3. Bo CKONBKO Da3 yBeaMUATCA HHCIO 325, ecau NPHOHCATD
K HeMY CIpPAaBa HOJb?

4. Kak usMeHHUTCA 3anich P-uuHoil Apo6H ¢ Hyneroi nenof ua-
CTEIO0, eCNA ee pasxennwTh Ha P27
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5. BHIOJXHATE NyTeM PACCY)XAGHAA CIeAyIONIEe NeficTBHA, He
HCIOJIB3YH ONEPATHIO ACICHAH:
100000,:1000,; 201,:100,.

§ 1.3. MpeAacTasneHne NPON3BOAbHLIX YMCeSn
B NO3ULMOHHDBIX CUCTEOMAX CHUUCHICHNA

Ha ocnobatizd TeopeMEl 1 MEI MOKEM YTBepIKAATH, ITO JIO-
Goe aHcAC MOXeT ORITH 3am#caHO B BHAEC CYMMEI CTeHeHeH
quena P, rge P — HaTypanbHOe YHCIO, ODoxbinee 1, BmeocTe
C TEM, £CAH MBI B KAuUecTBe 6asuca MOZHOHOHHOR CHCTEMEL
CYHCIeHNA BO3LMEM BO3PACTAICLIVIO NOCIeLOBATEALHOCTL
cTeneHe# uHcaa P 3 TeM caMEIM OfHOSHAYHEO ONpeAedNM
P-HYHYIO CHCTEMY CURCIEHHA, TO ?TO DasfioyKeHNe 0 CTelle-
HAM gacaa P Oyfer ABAATECA IpeAcTABACHHEeM IaHHOTO
uyuena B P-HUYHOH cHCTeMe CUHCJIeHHS,

1.3.1. PasBepHyTas ¥ csepliyfaa $opmMbI 3anNUcK

JoropopuMcA IpeAcTABeHHe uHcaa B P-uuroil cHeTeme
cuncreHus B sufe (1.5) HasHBaTh passeprymoii gopmoii 3a-
nucH yucnaa (3ta ¢popMa B OCHOBHOM MCHIONB3YeTCA ODH pe-
LIeHRN 3agax).

IpyruM cHocofoM 3anMcH IPOM3BOJLEOTO YHMCAA B IO-
SHIHOHHOHK cHCTeMe CUMCJIeHHSA ¢ OCHOBRHMNeM P aBjadercs
OoclefoBaTeNbHOe IePeTHCIeHRe eTo 3HavaAInX Tudp, Ha-
YHEAdA CO Crapimed, IPK 3TOM Ieaas 4YacTh OTAeAAeTcd OT
ApobHoH sansaToit. To ecTh pasnoxenuno suxa (1.5) peme-
CTBeHHOTO HYKCJA 4 OO cTemeHAM P cooTBeTcTByeT 3amuch
BHAA:

@=0,...0,800_;...0_y... (1.6)

IIpegcraBnenne uncaa B P-uvHOR cucreMe cuncienus
B Bufe (1.6) HaskIBaeTCH ceeprymoil hopMoil 3aTHCH YKCaA.
Taxam o6pasoM, HATYPaANEHOE YUCHO ¢ B P-B9HOI cHCTe-

Me CUHCJIeHMS MOXKEC R2alMCaTk ABYMSA DABHOZHAYHEIMM
cnocobaMH:

-1
a=apP' +a, P +..+aP+ay=aa_,.0a,. (1.7

IIpaBuIERYIO KoHeuRYIO P-HanyI0 gpobs b MoKHO 3anHCcaTh
CREAYIOIIMMY cnocobaMm:

b=b_ P l+b PR +b PF=0b_b,..b,. (L8)
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IIpE Henosn2opaHAM pasBepHYTOR GODMEI UIA 3amHCH
upcsaa B P-uaH0#E ccreMe cUMCIeHHs OcHoBaEHe F | ero cre-
mesy oOLIHO 3ADWCHIBAIOT B JeCATHIHOM cHCTeme, A mHD-
pu — B P-wauoit, IIpy McHoONb30BAHMN CBePHyTOH (opMEr
nudpH TakKe 3anMCEEalor B P-HUYROH cHcTeMe, A OCHOBA-
HuEe P, 3anAcaHBOe B JeCATHINON cHCTeMe, NIPHIACKIBAIOT K
quCTy B Ka49ecTBe ero HuKAero HHAexca. Heraodenrne Mo-
#eT COCTABASTE: JHMb AECATHIHAA CHCTeMa CIMCIOHNA,
OpA 38IHCH THCEeJ B KOTOPOll MHAEKC YACTO ONYCKAGTCH.

1.3.2. Nepeuncnenne HaTypansHbiX Yucen

Bonpoc. [Tpednonoxux, wmo mubt pabomaem 8 50-puvnoll cuc-
meMe cuucaenus. Moxcno au moavko no cgeprymoii gopme
yycag A, He Npoussodi HUKAKUX suivucrenuil, onpede-
Aumb, 6onvuwe 50 uru nem Becamuunviii 3KGUSEREHM HUC-
aq A?

Omsem. B nwoboit P-uunoil cucTeMe CUHCIeHHMd HATYPAILHEIO
Yuela, MeHbINKe ee OCEOBARAR P, NPeRCcTABAANTCA C HOMO-
mpi0 ofHO# wWHbpm gaHmoit cmcremml. daa Qucen e,
6Oxpmux maR paBHHX P, TpebyloTes yxe, nmo Kpaiimedt
Mepe, nse mudpe. Camo wucno P B cHCTeMe CYMCASHHA
¢ ocHOBARHMeM P sanuchipaetca B Buge 10,, 9T0 ciaexyer Ha
paseepEyTo#l GopMEl samucH uEcia P B P-uumo#l chcreme:
P < 1P + 0. Chnegorarensuo, CIA dHCH0 A 3aOFCAEC OpH
MOMODY TOMEKC OfHOM HR(PLI, To OHO MeHbime 50, ecau
qmeno umeet safg 10,, To 0HO paBHO 50, B OCTAJNLHEX CXY-
905X uBCHo Gonpare S0. . 0

Hs oreera Ha OpefRAYIIMHA BOIpoc IOHATHO, KAk B
P-yuBoil cHCTeMe CUIMCHEHES OePeINCIIATE (BHOXCHIBATD
B BOBPACTAIOIEM HMopAAKe) dBchxa, MeEbioue P, CaMo uncio
P aammchiBaerca B BuAe 10,. [lna nepevucneHns uucer,
6oapmux P, Boctionb3yeMcs CAeAYIOUIAM aATOPETMOM, OIH-
CHBAIOIMM, KaK To M3BecTHOR P.-muno#t dopMe sanucy na-
TYPAILEOTO THCIA ¢p MOAYINTH JAMKCH CAeAYIOMero HaTy-
pansHOrO QHcna ap + 1.

AnropuTM NepedncIeHRE ummm wncesk B P-womnix
CHCTeMAX CUHCAeHRA
1. Ecaxt mocaegnas (kpaiiasasa copasa) NHGpa qHcCAA Gp MEHL-

me P — 1, To B cAegyOmWeM N0 OOPAAKY HATYDAIRROM THC-
e pee nEdpLl, KpoMe mocxeAHeil, SyRyT coBmagaTs ¢ mud-
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paM# dHCJA dp, a NochegHAR xudpa uucaa ap + 1 Oyzer Ba
efHEHMNY Conbtie mocneAHe#dl nupprr dmciaa ap. :
2, Ecax nocneaHsa uudpa 9echa gp pasHa P — 1, TO mocaea-
BAA Dudpa dacaa ap + 1 Gymer pasHa 0, a OCTaNBHEIE
nudpri OYAZYT nNpeAcTaBAATh YHCIO, COCTOALEe U3 MePBRIX
nndp dmcia ap (Haunnad ¢ Kpaline#t nepodt nudpH n 3a-
. KaHUMBAadA IpeAnocaefHed cHpaBa), YBeJHIeEHOe HA eXH-
. HUDY IO OpaBEA&M 1—2 FAHHOTO AANOPHUTMA; eCHH Xe Imep-
BHle NMJPH B 3amECHA @p OTCYTCTBYIOT, TO YHCAC gp + 1
6yner pasaO 105, A
ITokaeM, Kak mepeTHCAATE HATYDAAREHE YHCAA B PAs-
ANYHHX CHCTEMAaX CIHECTeHHI.

IIpumep 5. B gsorgnoil cacTeMe neppble 16 aecen Syayr uMeThb
CIeRYIOMEE BHA:

1=1,

2=1 5 {npasnro 2);

3=11 {npasunc 1);

4= 1062 (ABasKAK NpEMeHeHHOe NMpaBuiIo 2);

5 =101, (mpasuno 1);
6 = 110, (upasana 2 u 1);
T=111 (upasmao 1);
8= 10062 {TpH:A¢AR HpAMeHeHHOe NpABHIO 2);
. 9=1001, (mpasmro 1);
10=1010, (npasmaa 2 m 1);
11 = 1011, (mpapuxo 1); ’
12 = 11002 (APasKALI NPEMeHEeHHOe MPeBMC 2,
opasaao 1); ’
13 = 1101, (mpasmro 1);
14 = 11.‘102 (opasmna 2 n 1);
15 = 1111 (opasano 1);
16 = 100062 (deTHpesKAL NpAMeHeHHoe mpasmio 2). O

IIpumep 6. Ilpunenem (He3 noApoGHEIX KOMMEHTAPHER) HEKOTO-
peie unuciaa B 16-prumoil cHeTeMe cUBCHeHUA:

10 = Ay 19 = 13,
6’ >
11-B,g 20 = 14,45
12=Cry
13 =Dy 81 = 1F, .
14 =E, ¢ 82 = 20,4
15 =F.o; -
6 -
16 =1d; 255 = FF, g
17 = 11,5 256 = 100,
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1.3.3. Npeacraenenne 0GHKHOBEHHBIX RECATUYHbLIX
ApoGei B P-U4HbIX CUCTOMAX CYHNCNOHNA

B ofmeM caydae AnA npeAcTABIEHHA AeCATHUYHOR ApoOH
B P-maA0il cHCcTeMe cHmCc/eHEHA HAAO BOCIHOJB30BATHCHA CIIE-
IHANBHEIME anTopaTMaMn mepeBofa. OgHAKO AN HEKOTO-
PHX BHAOB ZECATHYHBX Apobed MBI MoXeM yKasaTk HX
P-yunOe MpeAcTaB/leHMe, nayke He 3HAA AJTOPHUTMOB mepe-
Boa. Peur maer 06 obwiknosermbix dpobax. OBIKHOBEHHEIS
JpobH 3aNHCHBAKTCA ¢ TOMONIBI0 OTHOINERUA dnenurend U
sHaMeHaTend, Haubonpmuit SR AenuTeNb KOTOPHIX pa-
BeH 1.

B gecaTmuHO# cHCTeMe CHUCIeHNA OOLIKHOBEHHAA APOOh
6yZeT TOIEO NMPEACTABHMA KoKHetHOU APobBI0, €CAN CyllecT-
BYeT TaKOe¢ HATYDAIbLHOE YHCHO M, IPU YMHOKCHHER HA KO-
TOpOoe SHAMEHATEAA APo0H MOKHO [IOIYYHTE HEKOTOPYIO Ha-
TYpaNbHyIo creneHr qdcaa 10. Eciam me Takoro wmenaa He
CYIIeCTBYeT, TO 3Ty Apo6b MOMXKHO IIDEACTABHTEL TOJBKO
B BEZe (ecKOHETIHOH DepHomwIecKoit xpobH.

Bonpoc. Moxcro au no eudy decamuinoii obvikrosennoil dpodu
onpedeaums, npedcmasuma AU OHG KOHEYMOU Jpobbi
6 P-uunoit cucmene cuucaenus?

Omeem. Ma, 270 BO3MOskHO. Bosee Toro, misa awboil oGRKHO-
BEHHOH JecATHYHOH Apo6H, He sHABIACMelicA KOHEYWHOMH,
MOXHO HARTH CcHcTeMy CuHMCICHHS, B xoropoll oHa Gyder
npeAcTABAMA KoHewqHOR apo6eio. M1 Haobopor, pna mroGoit
OOBLIKHOBEHHOM AecaTHYHON ApoOH, ABNAMIeHcA KOHeUHON
Apo0BI0, MOMKHO VKa3aTh CHCTEMY CUMCIEHWA, B KOTCpOit
oHa He 6yAeT MpeACTABMMAE KOHEYHOH ApoObIo. o

Ipumep 7. HspecTHO, 9TO OPABHABEYIO AECATHYHYI0 Apobh %

HeJp3A 3a0UCATh B BAAe KOHeUHOH Fecarwmanoill apobmu. On-
HAKO B TPOMUHOH K 9-puumo¥ cHcTeMaxX CUUCIeHHA 5Ta
Apodb Gyaer sanucaHa B BROE KOoHedHOH P-m9YHOH xpobH.

B 3-u4aEoll cHCTeMe CUBCIEHHT: %= 0,1y;

B 9-pHunoii CHCTeMe COACTeRH: % =0,3,.
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O0uwee npasuao. Necatnasan o6sKHOBeHHAA APobE Gyzer

TOUHEC OpelcTABEME KORedIHOH P-punoét apobem, ecau cy-
# | IDeCTBYST TaKoe HATYPAABHOES THCAO M, IPE VMHOMEHHR
HA KOTOPOe SHaMeHATeAd APOOH MOYKHO MONYUNTE HEKOTO-
PYI0 HATYDANBLHYIC CTelleHb umcaa P. Ecam e Taxoro
uncxa He CyIecTsyer, To B P-wyHo#l cacTeMe cumcaenma
Opols ORakeTcA DecKOHeUHOH NepmomuvecKoOl.

Jagani ¢paxT cilexgyer HellocpeACTBEHHO U3 pAsBepHYTOHR
(OPMEL IpeAcCTABNEHNA THCA.

Kpome Toro, us pasBepHYTOro HpeACTaBieHMa APOOHOHR
9acTd 4HcAa CAefyeT, 9To B Jioboit cucreMe CUUCIEHESR ¢
ocHOBaHMeM P BepHEI paBeHCTBA

1 1 1
-_— O’IP; —_—= 0,01 Y arey —— = 0,0..-01 . (109)
2 £ k P
P P ? e

AropaTM 3amEcH OGLIKHOBeHHOH JecATHYHOH gpolu B BHxe
KoHeuHo#t P-HuHOH npobn

IIyers nna Hame# fipobH CYIODecTBYeT TaKOe HATYPAJIBHOE
YHCAQ M, UTO NPH YMHOXEHHH 3HaMcHaTels Ha m HoJgy4da-
eM k-0 cremeHL dmcna P.

1. ¥YMBEOXHEM YHCAHTENB Apo6GH Ha m.

2. [IpeacTaBuM peayabTAT YMHOXeHHAA B P-ugHoil cHeTeMe
CYHCIEeHNA.

3. JononanM YHCANTEND, eClN noTpebyerca, no k nudp Eyias-
MH CaeBa.

4. Tlonyuenuoe P-H9HOe IHMCIO 3aDAmeM Mocie sanaroi. OmHo
ABNAeTCA KOHewHON P- mmoﬁ ApoBBI0 mm HexonHol obLIK-
HOBEHHOMN. FaN

ITpumep 8. Saranrem -1% B ABOMYHOE cucTeMme. B sHaMenarene

VIKe CTOMT YeTBepTas creleHb ZBoHKE. IlepemeseM uMCHAH-

TeNk B ABOMYHYIO cHcTeMY (5 = 101,) ¥ AOIONMHEM ROXYIUE-
1leecs YHCIO A0 UeTHIpex Iudp: 01201 B pesyawraTe noay-

e .1% = 0,0101,. u|

Hpumep 9. BamuimeM _118_ B G-pmunoit cucreMe. Eeow agamenaTens

YMHOMKATS Ha 2, TO NOAYIHM 6%, Toraa yMEOXHEM B wHCIH-
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Tens HA 2. Tak Kaxk B gEAMeHaTesle CTOMT BTODad CTeleHb
OCHOBAHWS CHCTEMBI CYMCIeHAA, TO [OCHE 3a1moﬁ MBI A0~
JKHH 3amacaTh 02, B pesyasrare NOJAYUHM: 18 = 0,02,. El
Bonpoe. Moxcio au onucanusili cnocof npefcmasiesusn o0vix-
HOGeHHbLx Jecamuinbix dpobeil 6 P-uunbix cucmesmax cuuc-
ACHUA UCNOABIOSAMb JAA pewenus obpamnoit sadaxu?

Omeem. Tak xakx Bce P-UMHEE CHCTEME PaBHORPABHEI, TO OIHA-
CAHHEI ciocol mpeacTaABIeHNA HecaTHYHNIX apobeil B P-ma-
HOM cHCTeMe CUMCAeHHT MOMHO HCIONL30OBATE K JIJIA pelre-
Hug ofpaTHOH 3agayn: ofHKHOBeHHYIO P-mumy® AZpo0b 3a-
TACATD B JECATHUHON CHCTeMe CUMCHEHWHA, He NPOMIBOAA
ONepaliy AeleHHA YACAETENA HAa 3HAMERATE/b.

' 11

Ipumep 10. 3amumen 0,011, = ——2
prmep 2 7 1000, .

Jina roro uTofn 3HAMeHaTeNnb, PABHBIN cefidac gs, oxazancAa

CTeNeHLI0 JeCATH, eTo HYKHO NOMHOMNKHATE HA 5, Taxum 06-

PA30M, NPORSBOAA HeQOXOgPMEIe AeHCTBAA B AecATHIHON

CHCTeMe CUHACNeHHd, OOAYIAM:

kB
M, _3_35 _ 875 _gavs
1000, 8 g.5% 1000 Im|

B JMEeCATHYHO# cHeTEMe.

Bonpock U 3apnanua

1. SamuuminTe B passBepHYTOM BEfe uHcia 65, 10203,405.;
0,15A,; 1AF1H,A9,,.

2. Kaxoe u3 aucen 6oapme: 3,, mam 105; 1000, unu 105?

3. CymecTsyioT I CHCTEME] CUNCJICHRA ¢ OCHOBaHEAMY P u @,
B KOTOPRIX 12, > 21,7

4. Iing aecarrdgoro uncaa 371 naiigure ocaobaaAe P cHCTEMEL
CIUCAEHNA, B KOTOpoH ZaHHoe ¥Mcae 6yAeT NpemCTABICHC
TeMH Xe HubpaMy, HO 3JANACAHEHMY B 06paTHOM OPABKE,
T, . 371, = 173,.

5. B xaKkux cucreMax cuuciaeHusa 5, + 5, # 10,2

6. B karnax cucTemMax cumenenusn 2, + 2, = 4,7

7. Bo cKOIBKO Pa3 yBeAHmIMTCA THCA0 32,, €CAM CIIPaBa K HEMY
OpuUnAcaTh TpH Byna?

8. Joraxure, YTO B II0G0H MOSHIMOHHONR CHCTEME CUMCIIRHHES ¢
ocroBandeM P > 3 uncno 121, ABAsAETCs MOIHEIM KBAKPATOM.
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9. BanmumuTe B 6-puuHO# cMCcTeMe CUMCTOENA YACIO, CIEXYIO-
miee 100 IoPAAKY 38 MHCAOM 5.

10. Kaxoe uucao caenyer 3a uucaon 111, 3 14-puanoii cucreme
curcNeHusa?

11. Kaxoe ancao npeamectsyet wzcay 10,, B 18-puunoit cucre-
Me CUECAeHusn?

12. BunumnTe B DATEDUYHOH CHCTeMe CYMCIEHUA BCe JeTHEHIe
gucaa B3 aAxanasosa or 1 go 20.

13. Jlanx uucia B 9eTBePHYHRON CHCTeMe cuMcaeHnR oF 1 go 33,
BrinHIIATE BCe HEIETHEIE TACIA.

14. BanrmmuTe B cUCTeMe CIKHC/ICHNA ¢ ocHOBanMeM 234 yncmo 235,

15. 3ammmnTe B cCHCTEME CUMCASEMH ¢ ocHOBARHMeM 240 umcaa
241, 242, 243, 250, 251.

16. IToacunTaiiTe KOMAYECTBO TPOUHEIX YUCE] B MAAMASOHE OT
124 no 1000;.

17. HazoBeM KpYTAbIMH BCE TNC)IA, SANMCHBAEMEE 0gHOH Oud-
Poiit 1 HeCKONBKUMU HYJAAME (CHITE MoXeT, ogHHM). Brinl-
IOETe BCe ABYSHAUHEIC ¥ TPeXSHAUHRIE KPYIJEIE YHCIA B
$-pruEOH cHcTeMe CIHCAEHHA.

18. B KarmX cHCTeMAaX cuncIeHNa 10, ABAAeTCH HEYOTHLIM YHC-
nom?

19. Kax 6ygmer BRIIIAAETE B JBOAYHON CHCTeMe CUKCNIeHUA AecH-
TaqrOe gEeao 0,1257

§ 1.4. ApudmeTnueckue onepauvv B P-H'-Il-lblx
CUCTEeMax cCHUCNeHns

Bo Bcex NMOSHMIMOHHEIX CHCTeMaX CHHCICHUA apHbMeTHde-
CKEe ONepAIlMH BHIMOXHAKTCA IO OJHMM B TeM e IIpPaBH-
JAM COIVIACHO COCTBETCTBYIOIIMM TabiHuaM cJH0XeHHA H
yMHOMeHENs. [Id BCeX CHCTEM CUUC/IEHHS CIIpABEIJINBEH
OJHHE H Te 7Ke BAKOHH apAdMEeTHKH: KOMMYTATHBHEIA, acco-
OHATABHEH, XAcTpHOYTHBHENL, & Takie OIPaBHMA CAOXME-
HHUA, BRHUATAHHA, YMHOXM(CHHSI ¥ JeNeHHHA CTOAGHKOM.

1.4.1. Cnoxenwe

B P-ugBeit cHcTeMe camcaeHmns Tabiuma clmoxeHEA mpef-
erasasger coboil pesyabraTsl CROKeNNa KAKAONH mudpEl &II-
daBuTa P-uaHo# cucTeMEI ¢ a060& Apyroit oudpoit 3TOM Me
cacreMul. CocraBnts nogobByio Tabiuny serpyaHo. Hambo-
Jiee IIPOCTHIMME ABAAITCA TAGAHIA CH0/KeHAA B XBOMIHOH 1
TPORYHOCH CACTEMAX cuMciaeHUua (HHAeKCH 2 B 3 ONVILeHH).
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TabARUL CAOKCHAA TBOMIHOH H TPOMYHOM CHCTéM CUMCIeHMA

+ [0 | 17 + [0 e
0o 1 =0:|o0 |1 ]2
katia] 1 |10 112 [10

-2=] 2 |10]11

TIpuseneM Tak)ke TAa0IHIY CIOMKEHWA B IOeCTHAALATE-
PHMHONM cHcTeMe cuHCHeHHs (EmxHNE uaAekc 16 B oGosna-
. YeHHH UIeCTHAZUATEPMIHBIX uucen B TabiHne omymieH).

Tabnuya cHoEeHHs IMeCTAANUATEPHIHOH CHCTEMEI CUMCICHMS

+ 321328767819 |A|'B{C|'DIE|P

2(3[4|5[6(7|8/9;A|B|[C[D|E|F]|10

3|la4j5[6|7{8[9[A|B[C[D|E|FI10]11

4156 [7)|8|98(A|B|C[D{E|Fj10([11]12

516|789 |A|B[C|D|E|F[10}11[12[18
i 6 |7 (8|9 |A[BIC|D[E[F |10[11]12]13]i4
el 7|8 [ 9A|B|C[D|E|F|10[11]|12]13[14[15
S| 8 |0 [A/B|C|ID!E|F|10§11]12|18]14]15}{16
w8 9 |A|BIC[(D|E{F [10[11]|12]13[14]15]|16]17
O A|B|CID|E|F|10[11]12]13]|14]15]|16]17}18
i BlCIDJE|F[10j11]12({18]14]15/16/17([18}19
Bl C |D|E|F [10]11]12(13[14|15(16[17]|18/19]1A
el D |E|F [10]11]12]18[14]15{16[17[18|19[1A[1B
DY E|F(10[a1(12]18[14[15|16{17[18]19[1A[1B|1C
Ry F [10(11]12(13(14(16(16}17]18([19[1A[1B[1C[1D
(R 10(11722]18[14[15]16[17[18[19[1A[1B]1C[1D]1E

HecnosxHO IIOKASATH, YTC €CAM PEe3YJNBTAT CHAOMEHHA
AByX madp B P-muHoil cucTeMe CuMHCIeHUA Sompme P — 1
{T. . DOMyYeHHOE YHCJO ABY3HAYHOE), TO CTAPOIAA IH(ppa
pesyabTara Beerma papHg 1. JelicTBHTeaBbHO, NMpH CIOMKe-
HAR ABYX caMuX cTapommx Ondp anpaBHTa ME HMeeM:
(P-1)+(P—-1)=2P - 2 = = 1[P-2],. HanpuMep, B yer-
BepHIHOM cHCTeMe cumciaeHud: 3 + 3 =12,

CrneaopaTeNbHO, IPH CAOKEHHUH cTONOHKOM B Jofoil cuc-
TeMe CYHCJeHHA B CICAVIOWINH paspaAfl MOXeT IepeXOUTh
TONLKO CANHWIA, A PE3YALTAT BLIICIHOHEA CA0XKEHUA B JI0-
GoMm paspage Oymer MeHbIDe, weM 2P (MAKCEMYM
2P-1=1[P - l]P, ¢ YIeTOM HmepeHoca eIHHMUNEI B3 IIpegEl-
Aymero paspaza). To ecTs pesyALTAT CJIOMKEHAS EBYX IIOJIO-
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KHATIBENX P-HuHEX yHcen Anbo HMEeT CTONBKO Ke 3HATA-
mex oEdp, 4TO ¥ MAKCAMANLHOS U3 JBYX CASTaeMHX, aubo
Ha OZHY undpy Goasine, HO 3TOH nuGPOE MOKET GBITEH TOMD-
KO e€IHHALA.

IIpamep 11. Ciowxenue cTOA6EKOM B ABOMYIROH, TPOMYIHOA H
IMeCTHAJUATEDHIHON cHCTeMaX CUMCICHHA.

101,01, 21; F2A6
1,11, 21 * B9,
111,00, 100,1; 1013;¢ 0o

1.4.2. Boluntanue

Bridutanue us Gonbmero Iucna MeHbLuere B P-muHoit cHc-
TeMe CUNCIeHHA MOMKHO IPOH3BOAHTE CTOJOHKOM aHANO-
THYHO BRMHTAHHIO B AeCATHIHOH cucTeme. JEna BRIIONHe-
HHA 370 oHepamuH OymeM TakXe MCIQOIBIOBATH TAbIHOY
CcHOMeHNA B P-Mumoil cucTeMe cYHCIeHHA.

Ecnu naM Heo6Xoaume BHIYecTs B3 UMODH ¢ nudpy b m
a = b, To B cTonbne <«b» TabrHNEl CAOMEHNA HIleM MHCIO 4.
CaMan nmeBad Ou@pa B CTpOKe, B KOTOpPoH DacCOOAOIKEHO
9HCA0 @&, B HyAeT pesyABTATOM BHINTAHAA. Ecau ke a < b,
T0, 3aHAMAA eIAHHUNY H3 JeBOTO paspala, MH IPHAEM K
HeoOXOAMMOCTH BHIOOAHEHHES CJIEAYIOMEro ReHCTBHA:
10, + @ — b = 1ap ~ b. Inz aroro B crojabne ¢b» TabGanner
CIOMeHKA MBI yiKe HIleM 4ucao lg,, nepad padpa 8 cooT-
BeTCTBYIOIER CTpOKe ABNAETCH Pe3YABTATOM BRIMHTAHHA,

IIpaMep 12. BaduTagne B geoMyHOH, TPOHYHOH M IMecTHAZLA-
TEPHYHOH CHCTEMAX CUHCICEHA.

101, 210, Al0y6
- 10,1, 102, T 102,
—10,1; 101, ' 90E;e O

1.4.3. YMHOXoHMe

Jins BHIDONHEHNS YMHOXEHRA ABYX MHOIOSHAYHEIX YUCEN B
P-munoi cucreMe CUMCNEHHA HAKO HMeTh TAGIHIH YMHO-
JKEeHUA H CHOM(eHEA B 3TOH CHCTEME.

IIpuseneM Tabmunel YMHOKEHUS Nid ABOUIHONR, TpOMd-
HOHM M IIeCTHAZUATePHYHOHN CHCTeM, ONYCKAd HUEHAE HH-
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XeKCHl, YKAsHIBaiomue HA OPUHAANEHKHEOCTL K COOTBETCTBY-
HIolelt cHcTeMe CYMCIOHHNA. :

Tabmmisl YMHOZeHNA ABOMIHON H TPOMYHOR CHCTEM CUNCACHHA

Taﬁmma YMHOZEHRA INECTHANIATOPAIHOR CHCTOME! CYHCIOHHA

19|1E(23 (282D |32 [37|3C|41 (46 4B
1E|24 [2A130|36[3C |42 |48 4E|[ 54 [5A
23|2A131 |38 [3F |46 |4D{54 [5B[ 62 | 69
2830138140148 (50 |58160(68(70|78
2D(3613F 48161 [5A|683[6C| 75| TE| 87
32[3C|[46 | 50(bA[64 |6E|T8182)|8C) 96
37[42|4D | 5863 [6E| 79[ 84 | 8F |9A (A5
3C[48 1654160 ,6C[(78/84,90]19C | A8 B4
41 [4E|5B | 68875 (82 |8F19C | A9|B6|C3
46 (54,62 | 701 TE[8C|9AIAB(EB6|C4 | D2]
4B|5A169 (7818796 |A5|B4|C3|D2|E1

<Pl l2 3456778 9 A]BCIDIE[F:
1[2(3 516 |7([8|9!A BIC|D | E|F
46 A|C|E[10[12]14[16[18 [1A[IC[IE
69 F |12 15]18 [1B[1E[21|24] 27 [2A[2D
8|C 14[181C[ 20|24 |28 2C |30 34388 | 8C

A

C

E

(=
.-
[
W
€[00 oo [0 |2 [Bo | (e {4 (1= (1= (1=
SlERIBBIBIN|S|aim)a S| 0|

= | [ | | | [0 | oo |-~ | o |on [ oo fes
[
'
[
=

TipupeseM DpEMepH BHITOAHEHHSA YMHOMEHHS B ABOHY-
Hoit, TpouuHON N MIecTHAALATepHYHOHA crcTeMax. HelicTerA
OPOMSBOAATCA OO HPABMJIAM YMHOMEHHS CToAGmKOM (Io-
CHefOBATEARHOES YMHOMEHNe NAPP BTOPOTO COMEOKKTEN

' Ha DepPSHH COMHOMKHTENb H CHOKeHNe IPDOMeXKYTOUHRIX Do~
BYJLTATOB), IPH DTOM MCHOJILSYIOTCA COOTBeTCTRYIOILHE
TabAAOE] YMEOKERHS H CHAOKeHHA.,

Opumep 13. YMHOXKeHHe B PASAWYEMX CHCTeMAX CYHCACHHA.
10100; VYwunoxenne Ha 0 He npomspoaurc#. Bee

X 101, OCTABOIAECH cOpABA HYIN, HE YUACTBYIOLIME
101 B YMHO/X€HHH, IDANKCEIBAIOTCH CpaBa X pe-
+101 3yABTATY YMEOKEHHS.

1100100,



CHeTeMM, CUNCISHRA

35

212,
X 1210,
212
+1201
, 12222

-212
1111220,

FFA,3:6
X D,Eg;
DFAEA
*CFB4 7
DDAF,5A;3¢

IIpn cnokenu: cronbukoM Tpex u Hojee cla-
TaeMBIX OeHCTBHA CIOMeHMA Denecoolipaszo”
OpPOHSBOOHTE NOCACZOBATEAbHO, TAK KAK CHOMK-

. BEl€ BBHIYHCISHWA B HEIIPKBH‘IﬂOﬁ cHCTEME

CIHCASHAR MOTYT NOPCIHTE OIITHOKH.

IIpn ymMEOMeHEME P-HIHBIX Apofeil KOMHIeCTBO
nadp e gpobaol HacTH pesyabTATA PABHO CYM-
Mé KOXRdecTs WHAP B APOOHEIX YaCTHX MHOMNKE-
Tenxelf (ecam ogHa Mm Oosee KpalfHAX cipaps
urdp pesyaLTaTA OKAKYTCA DABHBIMH HYJTIO, TO
AX MOKHO ONYCTHTh Kak EesHadJamme). [

Boszmosker # apyToil DOAX0A K BHIOMHEHHI0 apudMeTH-
uyecKHX omepanmii. MoBO nepepecTH Ka)KAbIi M3 COMEO-
JKHTeNER B HecATHYHYID CHCTEMY CYHCJIEHHA, NPOHSBECTH
TpebyeMoe ZelicTEBHe B AecATHIHOH cHCcTeMe, & Pe3yIbTAT
BAOHCATE B HCXOAHOM P-MuHOH cHcTeMe cUMCAeHRA. AHAMO-
THYHEIM COOCOGOM MOMKHO IOCTYHATL M IPH BEIIONHEHEH
omepanHil clIoKeHHA M BRITUTAHHYA.

1.4.4. foneHne

IIpu nenenwwn croabuxoM B P-mumolt cucTeme cuuciaeHnsa
NPHXOAHUTCA B KAYeCTBe MPOMEKYTOUHEIX BEIIWCHEeHH BEI-
NOAHATEL NefCTBUA YMHMKEHNS M BEMMKUTAHWA, CIESOBA-
TeNBHO, HCOOAB3YVIOTCH TAGHNIH YMHOMKEHHS I CAOMEHNT.

IIpumep 14. Haubostee IpocTo ZeseHMe OPraHH3OBATEL B ABOHY-
EOl cucTeMe, TAK KAK B Heit HeoGXxomAMoO THME CPABHUBATE
KBa guCena Mexay cofolf B BRUYMTATE B3 GonLIIero wHCIA

MeHbLIee.

_11110; | 110,
110, 01,

“110
110
0

c

Ilpumep 15. Henenue cTonbuxoM s IMecTHAANATEDHIHON CHCTe-

Me CYHCeHHA.



_F1273 | 8
8 }_U_IEM,EW

M
70
12

B
0 0
OgHAKO Pe3syALTAT AefleHHA He BeeTAa ABNASTCA KOHeY-
Ho# P-maBol apobhio (MAM mexmyM IgcaoM). Torga mpn ocy-
IEeCTBACENH Ouepanmuu jJejeHEA o0ndHO Tpebyerca Bnife-
JIATE HeOepDHOAHTECKYIC 9acTh ApoOHn m ee mepmoa. IIpoze-
MOHCTPHPYEM 9TO HA HECKOJALKHX IPHMEpax.

Ilpumep 16. HNemenwe B TPOMUHOH cHCcTEMe CIMCIEHEA.

103 {23 - Tax xax pesyaBTAT TOCAeLHET0 BHITHTAHHA

-2 {1,1); copuan c OpPeARAYIINM, TO BCe OCTANLHEE INfD-
10 PH OpobHON 9ACTH DPe3YILTATA COBIAXYT C IIO-

-3 caenueli Haligenunoil mudpoii. ITopropawmedces
1 magpa ofpasyer nepHO[ TPOEIHO Apobn.

JeneHue B ABOHYHOH CHCTeMe CUHCISHHA.

1010, | i1, B »ToM npuMepe NePHOA
-11 11,0101...; = 11,{(01). ApobH cOCTOMT M3 OBYX

100 oudp. Ona onpenenenna
-1 nepuofa Apobu JeleAHe BHITOJHAETCA JO TeX
100 oop, nmoxa He GyZeT 3aMeTHO NOETOpeHHe
—11 rpynusl gudp B pesyasrare. TognRee, JOJKHO
7100 OBHAPYKHTHCH, YTO HA KAKOM-TO STaleé BEHI-
-11 qncaennit pesyabTAT HOCACAHET0 BEMIATAHHAA
i COBTIAJI ¢ HeKHM MHpPeAbAYIIAM, BCTPeYaB-

WIMMcd paHee OpH IIoACHeTe HMerEHO ApobHoit
gacTH. CAeAoRATENBHO, BCe OCTAJbEEIE UG-
pu gpofHolt YacTH pesyabTATA GYAYT HOBTO-
PATbCA TAXMMH e rpyonamiu. ITorTopsaeMasn
rpyana # ¢0pasyeT nepuos Apobn, B AAHHOM
cayuae IBOMUHOIR. O
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Bonpochl U 3alaHNA

l.

2‘

10‘

11,

Toacuuralire cyMmy TPORMIELIX THCET B Auanasore ot 10, no
100, Bra0UAd rPAHNLH AUANasoHa. OTBET 3aMMINHTE B TPO-
HYHOI CHCTEeMe CYHCIeHHH.

Haiignre cyMMy INECTHANNATEPATHHIX YHCET:
F,1+E24+D3+C4+B5+A6+6A+5B+4,C+
+3,D+2,E+1,F.

OTBeT SAIHIIUTE B HeCATHYHON cHCTeMe CYUMCIeHR.

. BRIDumuTe TAGHHIE CA0KeHHA H YMHOXeHHUS B ABeHAXOA-

TePUYHON CHCTEMe CIHMCIeHUA.

. OGBACHETe, HOYeMYy JI0aA Tabauna croxeHNs (I YMHOXKe-

HUA) CMMMeTPHYHA OTHOCUTENBLHO INIAapHOH guaromranm (JIm-
HUU, OPOBeAeHHCH M3 JIeBOT'0 BePXHErO ¥Tha TAGAHIN B ee
OpapH HIDKEAE yro).

Ypcno, SaUMCAHEOS B JeCATHYHON CMCTeMe CUHCIeHHH,
OKaHYMBaeTCA Hubpoit 5. Byaer An oHO AeNNTHCA HA B, ecnH
€T0 3ATHCATE B TPOMIROM CHCTeMe CIUCIeREA?

Byayr nu crpapefJIUELI IPUHAKY JeIMMOCTH HATYPANBHEIX
qyucea Ea 2, 3, 5, 9, 10, chopMynuzpoBaHHLIe 414 ZeCATHYEON
CHCTEME] CUBCIeRE, H B IPYTUX cHeTeMax?

. B KaKkoM ciryiae opu npuGaBiIeHAN eIUHANH K TECAY B P-u4-

HOM cHCTeMe CUHCIeHEA KOMKIeCcTREO NUDD B YHCIe-Pe3VAbTA-
Te BO3PACTET II0 CPABHEHAIO ¢ HCXOFHEIM HhcaoM? MoaeT nn
HOMHIECTBO UU(dP BOIPacTH Gonbloe, YeM HA ORHY?
BrInmonHaTe ONepanyy CIOMKeHEA ¥ BEIYHTAHKA HAJ Clegyio-
MPEMH ITApaMP TACE:

11010101, m 1110,; 1234, u 4321,; BABA . u ABBA ...
BrinosHANTE ONEpARHE0 YMHOKEHRA HAN CASKYIONIAMA IADa-
MH THCeT:

110101012 n 1110,; 4321 x 123,; AB]E’.A12 u 10A,,.
BrOoAHETe oNlepallHic AeJeHHS HaAZ CHeIVIOIIUMH NapaMi
qUcen:

100100002 u 1100,; 4322, = 3;; AB06,, 1 A, ,.

B cneayiomux mpaMepax HAKAWTE NPONYINeHHEE NUGPH,
ofo3BavieHERe 3HAKOM «¥*», OIIPeAie/ B BHAYAJIE, B KAKOM CH-
cTeMe CHHCAeHHA BHIIOAHAITCA JelicTBHA:

a) + 2%21  6) + 5%*35 B) + 21%02 1) +1*01
128* *327 *1212 1%*
*203 *16%4 *2+%021 10100
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§ 1.5. Nepesop uncen U3 P-UuHOW CNCTEMBDI
CYMCNEOHNS B AeCATHIRYIO

1.5.1. NepeBoa uenbix P-UYHLIX Yncen

Janmo wrciao B P-raBol cHCTeMe CYMCICHUA 6= 4,8, _,...8,8,.
TpebyeTca NoAYIATE 3aMHACH 3TOTO THCAA B AecATHYHOR oX-
¢Tene CUACIeHKA. Jlng pemeHns sajaun nge,uc‘raxnm aHesIo
B paspepHyTO#l Qopne: a =g, P +a P +..+aP+ta,
(bopmyna (1.7)). IOna Toro 4rofM HMOAYIATH 3HAYEHHE
9TOT0 MHOTOWICHA B JeCATHYHON cHcTeMe CYECHeHHI,
caegyet uucio P 1 roodduIneRTH MpH crenenax P (nud-
PH P-HYBOTO YHCAa) SAIHACATL B EMAe AeCATHIHHX UNCEN
! Bee BNYACJIEHEA NPOBECTH B AecATHYRON cacreMe. Han-
Bt cnocob MoXHO chopMyTHPOBATE B BHAE CAeAVIOIIEro
anTopHTMA.

AxropuTy HepeBoaa MeAnIX YHcen W3 P-HuHOH cHCTeMBI
CUNCACHANR B ACCATHIEYIO

1. Kaxxpas madpa P-magoro umMciasa IepeBOAUTCA B AecATH-
HYK0 CHCTEMY,

2. IlonydenHEle 9HCaa HYMEPYIOTCA CIIPABA HAJNCBO, HAYMHAA C
HYA4, :

3. Yneno P nepeBOAUTCA B ACCATAYHYIO CHCTOMY.

4, JecAaTHuHoe WHCAO, COOTBETCTBYIONee Kaxaol P-uamoit
mudpe, yMHOXaeTca Ha P, rie k — HOMep 3TOTO qucia
{(zm. 2), pesynbraThl CKAagbIBAIOTCS, IpAIEM Bce apudmMeTH-

YecKkne geficTERA OPOBOAATCA B JecATAYHON cHCcTeMe, A
Ipumep 17. Ilepepesem amcao BOF9,, B gecarwanyo cucTeMy
CURCIeHNA.
BOF9,, = [11,,l0][15,,1[9] =

= 11,y 1635+15,,°16,,+9 = 45 305,,. O

1Ip7 BEIMHCACHHE JeCATHYHOrO sHAYEHHA P-HuHOTO YMC-
Ja 0o pasBepHYTO# dopMe yAOOHO MOABROBATLCA CXEMOL
I'oprepa, KoTopad IOSBOAAET OONYIWTE pe3yAbTaT ¢ HC-
NOAB30BaHMEM MHHHMANBHOIG YHCHA AapPHPMeTHYeCKHX
oflepallMi CAOKEHUS M YMHOKCHAS/AedeHMA (omepalnsa
BO3BE/ICHHA B CTeIeHL He HcIodbsyerca). Cxema TopHepa
OCHOBAHA Ha CIefyIOOIHX TOXAECTREHHHIX IpeolpasopaHmn-
AX MCXOAHOTO CTeNeHHOTO PAAA (MHOrOWIeHa):
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R=aP"+a, P! +..+aP +a,=
=(@,P" +a,_P"? + ... +a,)Pta,-=
=W P +a PP+ .. +a)Pta)P+a,= (1.10)
=({@P P +a, P+ ..+ a)P + a)P + a)P+a, =

n-1

=(..(((eP +a, JP+a, )P+a, P+ ..+a)P+ a,

pumep 18. IIpumerum cxemy Ioprepa gz nepenona B jgecd-
THYHYIO CHCTeMYy 4Kciaa 2143,

2143, =258 +157 + 45+ 3 =
= (25 + 1)'5 + 4)5 + 3 = 298,,. |

Bapamne. IJodcuumaiime, cKOALKO ONEPAYUil CAONEHUR U YM-
HoXcenus nompebyemca npu nepesode yucra BO¥9,, & Oe-
CAMUNHYIO cCUCmeMy «8 A00» U NDU UCROALI08AHUY CXeMbi
TI'opnepa.

Jna deousrol cHCTEMBI ONHCAHHKI BHINE AJITOPATM He-
peBoja umces u3 P-Hunoil cHCTeMEI B ZeCATAYHYIO BRITJII-
EHT chaeAyromuM obpasoM.

AIrOpHETM HepeBoja NeALIX YHced H3 ABONUHON CHCTeMLI
CUHCACHHA B AGCATHIHYIO

st roro wrobnl mepeBecTH YHCIO H3 ABOMYHOHR cHCTeME
CUMCNeHNS B ReCATHYHYIO, HANO B JNeCATHEIHOR CHCTeMe
CUNC/ICHHS CNOXKUTE BCG CTENeHHU SBOSK, KOTOphie COOTBET-
CTBYIOT eIMHHIIAM B SaIlHCH HCXOZHOrO ABORYHOTO YHCHA.
Hymepanusa crenedeit BeflercA clpaBa HAIEBO, HATHHAN ¢

HyJIeBoif. D
Hpamep 19. IlepeBeaeM ABOHIROE THCIO 1001101, B geca-

THYHOE,
1001101, = 2° + 2% + 2% + 2% = 77, . a

JBOMIHAR CHCTEMA CIHCHeHES IIUPOKO MCNONB3YercH B
aaGOopPMATAKE M BHYHRCANTENLHON TEXHHKe, I03TOMY
O9YeHb IMONESHBIM OKa3LIBAETCA 3HAHMe 10 KpaiiHe# Mepe
NepBHIX IMeCTHANUATH CTeleHel NBOMKHM:

2} =8; 27 =128; 24 ~ 2048; 2'° =32 768;
2¢=16; 2° = 256; 2'%2 = 4096;  2'° = 65 536.
25=32; 2°=512; 2% =3192;

2°=64; 2%=1024; 2 =16 384;
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1.5.2. MNeperoa xoHeYHLIX P-wuHbix ApoGei

Jana npapunbHAd KoHedwHad Apobh b B P-uuHOo#l cucTeme
caucaeHnsa: b = 0,b_,b_,...b_,. Tpebyerca nosywuTs samuchk
3TOH ApofM B MecATHIHOHE CHCTeMe CUMCICHHI.

Cmoco6 1

Jna pemenun a'roﬁ 3ajadi Ipe/icTaBuM ;P)oﬁb B pasBepHYTOI
tdopme b=5b_ p1 +b._,P + ..+ b P (dopuyna (1.8)).
Jaa Toro Ll BRHYHCINTE 3HaTE€HHEe MHOTO'LIEHa B JecH-
THYHOH cEcTeMe CUHCIeHHNd, caenver uuciao P u xoadipuun-
€HTH MHOrouwIeHa (IidpH P-A9HOIO YHCIA) 38IACATE B BUAE
JeCATHYHEIX YHceJ H BCe BEMHCICHHA NPOBOANTE B AeCATHY-
Holi cHereMe. BanumIeM 2TH IPAaBUIA B BHAEe aATOPHTMA.

A.nropmu neperoga Koxeunoi P-uuHOl Apo6H B AecATHIHYHD

1. Ileaaa 4gacTE YHCAA HEPeBOAATCR B NECATHUHYIO CHCTEMY
orgenarno (cM. m. 1.5.1).

2. Kaxzan nudpa ApobHOHE acTH P-AYHOTO YHCAA NEPEEOAHT-
CA B JeCATHYHYIO CHCTEMY.

3. llonyuenHEle YMCAS HYMEPYIOTCH ClieBa HANPABO, HAYMHAASA C
eTUHHUIILL.

4. Yucno P neperoguTcd B AeCATHYHYK) CHCTEMY.

5. lecATAUROE WHCAO, COOTBETCTBYIONIee KaXkao¥ P-mumoii
omdpe, yMHOKaeTca HA P, rae 5 — HoMep 3TOro 4HCIa,
PE3YILTATH CHJIAAKIBAIOTCA, OPUYEM BCe APHPMeTHIeCKHMEe
AeficTBHA NIPOBOSEATCA B ReCATHIHOM cHCTeMe, A

IIpumep 20. Iepesepem uucao 0,BOFY, ; B ACCATHIHYIO CHCTEMY
CUHCIeHHA.

0,BOF9, = 0,[11,,0)15,,09] = 1116~ +15167°+9-167* =
= 0,6912994384765625,.

3pech, COrNACHO NMYHKTY 3 ANTOPHTMA, UMcAa ORIIM IDOHY-
MepoBaHH Tak: 11 — HoMep oamn (Koshduuunent npu P s
CTeIeHH MHHYC OZNH), 15 — HoMep TpH, & — HOMep YeThIpe.

|

IIpn BErUMCHeHRMA FECATHYHOTO 3HA4YeHHA P-waHo# Apo-
6n mo paspepHYTOH (opMe TaKyKe peKOMeBAYeTCH IOJIL3O-
BATBCH cxemoit I'opuepa, »TO MEHEMH3NDYET KOXMIECTRBO
HeoOXoAUMEIX apHdMeTHIeCKHX. gelicTBrit. aa Toro 110Gk
OONY9IHTE CXeMy I'opHepa [UI4 Beraucitedus aHaueHUua P-uy-
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Holi Apo6H, BEIIMIDeM OAQPH ApoGy B npeAcrasrennu (1.8)
B O0OpaTHOM mOpAjKe:

b PF+b PP+ L+ P
= (B P 10, PP+ L 4b P = B
= (P + b P+ L b )P b P =

= (B P b WP+ b P b P
+ o+ b P (1.11)

IIpnmep 21. Brrustcanm sHadenne asoranoli Apobnm 0,1101,, uc-
nojaesya cxemy Iopmepa.

0,1101, 12‘4+02 +122%2 4121 =
((12‘1+0)2 +1)27 + 1327t =

[[% N ]:2 +1]:2+1]:z =[(; ; +1] 2+1]:2 _

=(1,25:2 + 1%:2 = (0,625 + 1):2 = 0,8125. 0
Cmocob 2

lpexcrapumM KoHewuyro P-manylo Apo6r B BHAe OBHKEHO-
BeRHOIt Apo6n. YucanTeneM aTolt Apobu OyZer yrciao, cToO-
Allee mocie 3amAToM, a 3HaMeHaTenem — P", rae n — Ko-
ARdecTBO IHAYAIMUX IUbp B ApobHo# 4ACTH. SHAMEHATEND
3anmMcHIBaeTcs B AecATHuHOM cHcreme. Hanee wHcamTeNh
sanumeM B AeCATHYHOK CHCTeMe, B Mbl IIOXYIAM OORIKHO-
BeHHYI0 Apobb B JecaTmuHol cucreme. lIpE HeobxoamMo-
CTH ee MOXHO 32HHCATH B BUJe fecaruuaHolt Apobm (Konedq-
HOE wnam nDepuoaudecKol, BHenas HeENePHOZNIECKYIO
98C¢Th ¥ HepHOT).

Hpumep 22. IepeBefieM YHCIO 0,13, B ACCATHIHYIO CHCTEMY
CYHCICHHS.

0,1315 = 1315 - 1810 210 = 0’0810

152, 225, T 25,6

g

Bonpoc, B waxux cayiasx yerecoobpasxo UCROAL308ams cho-
co6l, a 8 kakux — cnocob 2¢

Omsem. Croco6 2 HauGonee ahdekTHEEH B CAYIAAX, KOTHA CPe-
A¥ NPOCTHX Eejntenell oCHOBAHMA CHCTEMHl cumcienma P
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cofepXKaTca Kaxkve-aubyne uuciaa, KpoMe 2 ¥ 5, B cooTBeT-

"CTBYIOOIYIO KOHeUHYI0 P-muayio Ipobb HeBO3SMOKHO Ipef-
CTABHATH B BEAE KOHSUHOI KecaTRaHoi Apobu. O

Hpumep 23. lepesesem wmeno 0,1A,; B fecATHIHYIO CHCTEMY
CYUCTCHKS.

1.5.3. Neperop nepuognueckux P-niHbix apobeii

CymecTsyeT HecKONBKO cmocoboB mepeBoja GeckoHEYHOR
nepuofuveckoll qpofy B AECATHIHYIO CHCTEMY, IIPHYEM BCe
OHH KacaloTcs JWINEb Npeofpa3oBaHNdA Iepuojia, a HemepHo-
JugecKyI0 ApobHYIO TacTh B3 P-WuHO} CECTEMEI CUHC/ISERR
B XeCATHYUHYIO CAeAyeT NepeBOJETH OTOENbHO, HCIOAL3YH
OOMH U3 CUocO00B NNA XKOHEYHEX Apofel.

Crnoceb 1

Ilyers BenepmoanYeckas wacTe ¥ P-manoit apolu oTcyTCTBY-
eT u xpobp mMeer BUA g = 0,(3,¢5...8,)p, T. €. @ — YNCTO Ne-
pHozudecKad Apodsk. ¥ MHOMKUM 3TY Apods HA P* 1. e. nepe-
ABMHEM BAIIATYI0 Ha k Hosgnuit BOparo. B pesyasTare ME
NOAYIAM HeKoTOpoe qEcao b!

b=aP* = 8,84...0,,(a,8,... G)p = 6,05...8, T 4.
Orcioga moxydaeM ypapHeHRe aP' =g+ @,d,...a;, Opeod-

alaz .. .a;,

Pa30BAB €ro, HAXOAUM g = T . B pesyaeTaTte gnda 3a-
IHECH YHCAA ¢ MBI MOAyIann o0BIKEOBeHHYIO APoSh. 3HaMe-
HaTeN:k B Hell 3aHCAR B AeCATHYHOE CHCTeMe CUHCIeHHS.
Teperens menoe P-uwdanoe YHCHO d,ay...q, (TUCAVTEND) B Ae-
CATHIHYIO CHCTEMY, MEI IONyIEM OORKHOBEHHYIO ApOlE, 3a-
HUCARHYIO B JeCATHYHOH cHCTEMe, DABHYIO ECXOAHOMY THC-

- xy a. IIpz BEeoGXORMMOCTH ee MOYKHO NEepeBecTH B AeCATH-

uHy Zpobb.
IOpamep 24. Ilycts a = 0,(1001),, Torza
b = 2%a = 1001,(1001), = a + 1001,
M monyuaem ypasheume 16'¢ = a + 9, U3 Koroporo Haxo-

9 3
m=a=g=g=0’6w- U
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IIpm Hamraur HemrepHoAMecKo#l IACTH BEINHCJICHMSA H3-
MeHATCH HesHaIATeAbHO. IlyeTe nepuofmueckas P-myrad
Apoby umeer BUA: b = 0,¢,0,...¢, (a,a,...0,)p. OB03HAUEM Ue-
pes & CReAYIOmYo xpobs: @ = 0,(a,a,...a,),. Toraa nexopuyio
ApoSE MOXHO BHIPASHTD depes @ Tak: b = P"a + 0,¢,¢,...c,
(caBETAEM NepuoA HA n P-WYHEIX paspAfoE BIpaBO M NMpH-
GaBnAeM HemepHozmiecKyio dacts). [anee mepesognM OT-
AeJIBHO B AIECATHUHYIO CHCTEMY KOHeTHYI0 APOGE 0,¢,¢,...¢, B
9HCTO NepHOZuYecKylo xpobh a = 0,(a,3,...0.)p.

Tpamep 25. 0,10(1001), = 2""-0,(1001)2 +0,1,=
-2
0,00(1001), = 2720,(1001), = 27%:0,6,, = 0,15,
Henepstoguueckad YacTh MocHe He FBOATHON APODE COCTO-

AT U3 ABYX HyJel, HO ee HeJb3d CIMTATHL OTCYTCTBYIOINEI,
TAK KAK OHA OIpefenadeT CABUI HEPHOAA.

Cnocob 2
SamHImeM HCXOZAHYIO GeCKOHEUHYK HePAOTHYECKYX Apobh B
BUfe caepyomiell GecKOHEUHOH CYyMMEL:
—n—k
0,clc2...cn(a1a2..£k)1, - O,t:lcz...cria ;I- P " "aa,..q, +
—n= —n
+ P" Taa,..8, + P Tayay...0, + ...

3a MCKAIOIeHWeM HemepHoAMYecKoll 9acTh gaHHOe BHIpA-
JMeHHe COOTBETCTBYET CYMMe &cnonfmoﬁ TeoMeTpHYeCKo#i
IIPOrPECCHH €O IHAMERATENEM ¢ = P <1 n nepBrIM 4i1eHOM

e

P * @,8,...0,. Kax H3BeCcTHO, cyMMa TAKOR RPOrpPeccHn
KOHeYHAa M paBHA:

-n-k
P i8p..dy _ @183...8;  _ (3185...8;

1-pP* prek PE-1 PP(P*-1
Pk
OcTaeTed AMINE 3aNMUCATD THCANTEb B SHAMEHATENH NO-
JY4eHHOr'0 OTHOIIOHNA B HeCATHYHON CECTEME CUHCACHAN H
npEGapHTE K Pe3YIRTATY HeOepUMOAHTIecKYI 4acThk ApolH,
IOpeABAPHTEALHO NepeBeAeHHYK) B JNeCATHIHYIO CHCTEMY.

llpmép 26. IlepeBpefieM [ABOHYHYI) [EePUOAHIECKYIC Apo0h
0,10(1001), B gecaTruuywo. JIna 9TOro IPeACTABHM HCXON-
Hyo aApobL B BEIE:

0,10(1001), = 0,1, + 2791001, + 27'%1001, + 2741001, +...



44 Tnasa 1

Jlerxo yempeTs, aro cnaraemuele 8Toit DecroHedHOH cyM-
MEI, HAYMHAA CO BTOPOrO, OPeZCTABAAKT coboil DeckoHew-
HYIO FeOMeTPHYecKY0 MPOTPeCcCHIC CO 3BHAMeHaTeseM ¢ = 2
M MepBHM YIeHOM b = 2’6'10012. CyMMa s7o¥ GecroxeuHoi
2-%.1001,
2-4

reoMeTpHYeCKol MpOTrpecCHE DABHA . [lepeBepem

UHCINTEND noglgqeanoﬁ BeJIUYMHEL B ZeCATUYHYIO CHCTEMY
cancierna: 2 -1001, = 2“5'(23 + 1) = 2759,

9 9
Torga 0,10(1001); =01, + ———— =0, + —— = 0,65,.
Aa 01 )2 2 4(24 -1) 4.15 “I)]

Bonpockl n 3apanus

1. IlepeBegnre B ASCATHYHYI0 CHCTEMY CUMCIEHNS ABOHUHEIS
JHCAA:

1,; 101,; 10000,; 1000101010,; 11001011,

2. MMepereauTe B ACCATHIHYIO CHCTEMY CIHCACHUA THCIA, 3aITH-
caHHEe B IATePHIHO CHCTEMe CYACIeHNSA:
1, 301,; 121234,.

3. IlepeBeauTe M3 ZBORYHON cACTeMbLl CYMCJeHHA B AeCATHY-
Hyto 1ncaa 0,0(0011), u 0,(001),. 3geck B cxo0KaX yKa3aHH
nepUoRr BecKOHeUHBIX ABOHUHEIX Apobeii.

4, TlepeBeguTe cIeAYIOEINE YACKHA B ASCATAIRYIO CHCTEMY CHHC-
merua: 123 ; 123,4; 203,54 0,(C) .

5. HNoxcunraiiTe KOAUIECTEO HCNONB3YEMEIX OEDAEH (CoMe-
HHA ¥ YMHOXKeHHH) IPH BEMNMCICRAH ASCATHMHOTO 3HaYe-
una aucna ABCDAY , no passepryTolt dopme sanncn u mo
cxeMe ['oprepa. BMecTo omepanin BosBe[JeHRA B CTeNeHD HC-
IOJB3VIOTCS HeCKOMBLKO ONepaluii YMHOKeHH,

6. Hamo geificreurensioe arciao x, MaliTe cI0BeCHYIO 3aHUCH AJI-
ropaTMY, NO3BONAKINETo He Gojlee YeM 38 HeTHpe YMHOMe-
HHUA A 9eTHIpe CA0KEeHNS BHYACIATh 3SHAYeHAES CAeLYIOIOero
pripascenna: 2x* + 3x3 + 4x2 + 5x + 6.

§ 1.6. Neperon Uncen n3 A8CATUHHONA CUCTEMBI
CYMCNeHMA B P-nyHylo '

1.6.1. fisa cnocoba nepesofa uenbIX Yyncen

Cnoco6 1. Ilepepon menermeM Ha P ¢ OCTATKOM.
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Sanumem yucao ¢ B P-EUHOR cHeTeMe cYRCIeRHA B PA3BEp-
ByTo#t dopme (1.7):

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

raea,, a, ;, ... a,, 3, NOKa Hem3BecTHH, Toran, pasaerus g
Ea P ¢ OCTaTKOM, IOAYIAeNM IleJioe YaCTHOe:

aPl4ra P24 . +a (1.12)
” 1

e
4 4, B OCTATKe, He mpesnimaromee P — 1, Taxmm obpasom,
ME ONIpeReTHUIHE NOCAeHI00 UHdPY B P-uuHo# 3aIHCH THC-
aa a. Pasgenvs noayderHoe gactHOE (1,.12) BHOBE Ha P, no-
JVIBEM B oc'ra'me sHauenue a,. HoBoe wacTHOE: g P
+a, P + ... + a, Taxmm ofpasom, MBI onpenemn
npefzocaeHIO0 quPppy B P-uanoil sanuenm ynena . Ilpogon-
AAeM STOT Mpoliect, MOK& TACTHOE NMPH IeJOTHCICHHOM Ae-
JEeHRHE He CTRHET paBHRIM Hyimo. Bonee popManrro gapsnii
enocoll MOMKHEO 3RIACATE B BHJE CASAVIOMETO ANTODHTMA.

AnropaTM TepPeBOxA LEIOTC MMCIA M3 ACCHTHIHON CHCTEMBE
cIHCcacHna B P-aaayo

1. JenmM BcxofHOe IMCIO ¢ HA P HaleJo B RecATHYHOH CHCTe-
Me CUHCIeHESA ¥ 3a0NMCHBASM B KadecTse HOBOTO 3EHATEHHAHA
AeCATHYHOre UUCAa @ UEeNYIO YacTh PeyyITaTa OT AedeHKEA.

2. QcTaToK OT JlelleHUA 3aMeHAeM HA COOTBETCTBYIOMIYIC mad-
py B P-miBOi# cHCTeMe CTHCIeHEA H RPBIKCHBAEM €€ CJIEBa
K IONY9eHHKM paHee Dudpam P-maHoil sanuce Tuciaa a
(meprad nonyieEHas KHGPaA COOTBETCTBYET MIANIIEMY pPAB-
PARY).

3. BrmonHAeM DVHKTH 1 B 2, Z0 TeX HOD TOKa IACIO ¢ He ¢Ta-

HeT paBHEHM 0, _ Fay
Tipumep 27. Ilepepesem uncne 123 B Tpouumyo crcremy cauc-
NeHHd.

123:3=41 (0 B crofxax YKA3aHB! OCTATKH OT NEJA0-
41:3=13 (2) YHCICHHOrO LeIeHMA, KOTOPEIE ABJIA-
13:3=4 (1) IOTCH COOTBETCTBYIOIOAMY UidpaMa B
43=1 (1) TPOMSHOM NPeZCTABIEHHN THCIA.
1:3=0 (1)
Omeem: 123 = 11120,.

IlepeBesieM 5TO XKe UHCIOC B mecmama-repmym CHCTeMY
CHHBCJIeHHnA.
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128:16 =7 (11)
"T:16=0 ()
SamennM gnceao 11 Ha mecTHagmaTepEYHYR nubpy B.
Omeem: 123 = TB,,. 0

Coocof 2. 3Tor cocol OCHOBAE HA BEifleJIeHUY MAKCAMANBHOM
cTeleHn Yucna P B HCXONHOM ZeCATHIHOM YHCIE.

3aMeHHM B PasBePHYTON GopMe samucy Yxcaa B P-uaiol
cucTeme Bee THHPHE Ha MaKCHMaJRHYIC (paBHyo P—1) n mo-
Ka.xcem, 9TO ¥ B 9TOM CIYUae YHCJAO CTPOrC MeHbIe, TeM
P**l, OueBmaHoO, UTO TaKOe WMCAO TAaEAe He MeHbIDe, 9eM
P", tax Kak a,> 1.

PP<aP +a, P + .. +aP+tax
< (P-1)P* + (P-1)P* + ... + (P-1)P + (P-1) =
= Pn-i-l - 1 < Pﬂ"'l.

Ilocnenuee paBeECTBO NOAYYEHO ¢ HCHOAL3OBAHHEM (op-
MYJBEI CyMMEBl KOHSUHOTO YHCHA WIEHOB reoMeTpHYecKoi
OpOrpeccHH.

Anz saxoxpenua crapitell undpu (2,) B P-mano# samm-
CH YHCJIA HeoOXoaRMO HANTE Taxkyio c-reneab uyucaa P, paa
KOTODOii BRIONHAIOTCH HepaBencTsa: P*< a < P**1 »T. €. @,
fyjer paBHO LesoH 9ACTH OT HedeHHA ¢ Ha P, Oc-ra-mou
Je OT TAKOTO JeleHHS ABAAeTcs dUCHO an_lP“ .+
+a,P + a, 2z 0. O6osHa%HM ero, KaK H paHbIIe, G. Ech OHO
PABEO HYJIO, TO N BCe BEPPHL G, _,, ... 4;, 4, PaBHH 0, 1 BHI-
YHC/IeEHA 3AKAHYABAIOTCS, B IIPOTHBHOM CJIydae MBI OOATH
HileM MaKCHMAJBLHYIO CTeleHL k qucaa P, ansa xoropoit

cpaBeTHEO:
PP<a, PV 4 L+ 6P + a Pt < P,

Torga n—1-k caepywoimux sa a, ungp GYAYT paBHH
Hymo (upu n — 1 = k aynesHe qmppu MEEAY &, A @) OTCYT-
CTBYIOT), & @, HONYIAEM B PEIYIBTATE AeICHUA Haneno a Ha

. IToka OCTATOK OT TAKOTO XeJIeHAA He OKAMKeTCA DPABEH
Hyio, GyaeM HOpPOAOIKATH ONACAHHEIC melicTBRA.

Saganme. 3anuwiume onucarRUWil cnocol 6 eude anzopumma.

IIpumMep 28. IlepeBegeM BTOPHIM cuocoﬁou qacao 100 B geony-
HYI0O CHCTeMY CUMCIeHMdA.
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chonbasya ':'aﬁJmuy cTeneHell NBOMKHM, SAIWINEM HepaBeH-
CTBa: < 100 < 2". Cnemoparensno, ABOMYEAA Sammch
qucna 100 Gy,qe'r cocToaTs N3 T oudp. llenas yacTe OT gene-
sma 100 ma 2° pasHa 1, T. e, crapmad n.nd)pa HCKOMOTI'O
TACHA panaa 1. Oc'ra'rorc or geneHus 100 =Ha 28 paBeH 36.
Tax kak 2° < 36 < 2%, ron BTOpAd cnena nrdpa panna enn-
HEOe. OcTarok #e or gexeras 36 Ha 25 paBeH 4 = 22, 7. e,
TPeTHA M UeTBEPTAA, A& TAKIKE IDecTad ¥ cefrMad nudpu B
ABouuHo#k zanwcE qucaa 100 Hyneswle.

Omsem: 100,, = 1100100,. |

IIpumep 29. IlepepefieM B MIeCTEAIEATEPEIHYI0 CHCTEMY CUHC-
JeRna auciao 525,

Henoneaya mabauuy cremenedt unena 16, sanmmem Hepa-
sedersa: 16° < 525 < 16°, CrepoBaTespHEO, BATHECEH YHCHR
525 B mecTHAATATEPHTHOR cAcTeMe GyHeT HMeTh TPR LaAd-
pul. Pagpenym 525 Ha 256, noayunM zacTEoe 2 ¥ B OCTaTKe
13, TaxmM ofpasoM, cTapmas oqudpa B MeCTHAXNATeDHIHOR
sauncy — 2. B cmay Toro wro 13 < 167, Bropaa umudpa B
LUIeCTHAAUATEPRUHOM OpeAcrapienun pasda 0, a muammed
nudpoit aenserea [13], ona obosHauaeTca cEMBOIOM D.
Omeem: 525,, = 20D, ;. O

JaMeTHM, uTC BTOpoH cmocol nepeBoia sddekTHBEH
JAIIB TOTAA, KOTAS BAM Y'Ke M3BECTHH 3HAYEHMA BCEX cTe-
neeell qucaa P, KoTophle Be IPeBOCXOMST HCXORHOR THCIO,
Ho npermymecTBo TAKOro METOEA COCTOMT B €CTECTBEHHOM
HOpAZKe Sallycy MOJYuYHBIIKXcA P-uwHBIX DU (cnepa na-
opaBo), 4T OHBaeT BaKHO IPH NPOTrpaMMHPOBAHMU: ode-
peAHan MoaydeHHas mubpa cpasy e MOKET BHIBONHTHCH
Ha nmeqats. B nepsom sme coocole nepesofia Bce MUMPPEL HAXO
[IpeABAPUTEILHO 3aOMHNTE AR DOCAEAYIONeH pacedaTki
pesyanTaTa B Dopsfke, ofpaTHOM HX NOJYICHHIO.

1.6.2. NepeBoa KOHOYHLIX ASCATHYHLIX p,pdﬁeﬁ

B sroM pasgesie MEI pacCMOTPRM IiepeBOJ TONBKO KOHOUHEIX
DeCATHYHEX ApoGeii.

Ecnm B fpo6H eCTH HeHYNeRas Le)ad 2acTh, TO OHA Iepe-
BOAWTCA K3 RecATHYHON cmcTeMEl B P-MAHYK OTHZENBHC.
ChopMynupyeM mpapmna mepesoga AZpo6GHo# wacTtu.
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Hana npasunbHas KoHeYHAR AeCATHYHAA Apods b, Romy-
CTEM, 4TO B P-HYHOH CHcTeMe HAma xpobs b uMeer BEZ
b=0,b_b_,...b,... (8 P-uunoli cucreme Apo0r MOMeT OKa-
sarbcs M OeckoHeunoii). HeofxomuMo maiite nmudpm b_,,
b oy vor s B_py oor o

23&]1![11!9]!: AecATHIHYI0 Apobp b B pasBepHyToil dopMe B
P-panoii cucTeMe CUHCAEHHSA:

b=b Pl + b P+ L b PR (1.13)

VMaosxaM Jesyn0 (CaMo YHCAO) K MPaBYI0 Z4CTH BEIpa-
mennd (1.13) sa P. B npapoil yacTH mOAYyIMM:

b, +b P+ .+ P, (1.14)

sHAvmT, Nepsad magpa b_, aApobuoit wacta yacna b B P-ganoit
cHCTeMe DABHA LEN0H YACTH PesyALTATA YMHOXKEHNA JeCcaThHd-
goti apobu b ma P, JipoGHYIO IACTh PesybTaTa YMHOMKeHHA
oGosaaumM gepes b, T. &, b=b_P 1+ .. + b P+ L u
OIATE YMHOKHM IONTYIeHHOe PaBeHCTBO Ha P. B pesyaprare
cnipasa moayanm: b_, + b_gP "t + ... + b_P**? ., u nenas
JacTh PesyasTATA B NeBol wacTH Oyzer paema b_, (BTopas
ncroMas Umbpa). SToT mponece HeoGXOAHMO IPOACIAATDH
A0 TeX mOp, NoKa ApolHAs YRCTH PE3YALTATA YMHOMEHHA
Aepoii wacTH Ha P ne 6yqer pagHa HyA Han He GyaeT BEIge-
JieH nepuox Ha mopropsaiomuxca uudp b_;. Waorxa npouece
MOJKHO OpepBaTh paHbile, Kolfa yiKe HOCTHIHYTa Heo0xo-
IHNMag MOYHOCId SWYUCACHIL.

ChopMympyeM oNNCAHAEE BHIIE NPAaBAa NePeBOfA fe-
CATHYHEIX gpolei B P-uaEyI0 CHCTEMY B BHE AJITOPHTMA,

AfropATM mepeBoja OPaABHALHON KOHOYHOH JecATHIHOH
gpobr B P-AUYHYI0 CHCTEMY CIMCAeHHA

1. YMuOXNM BCXOAHOE YHCHO Ha P (ocHOBaHHe CHCTEMEBI CUHC-
JIeHus), Henad T4CTEH GOJMYIeHHOr0 DPpoHsBefeHnsd ARIACTCH
nepBoit mugpoli Nocie 3amATOE B HCKOMOM YHCHE.

2, Ecym apofHan 9acThk NPOM3BeaeHUA He papHa 0, YMHOXHEM ee
Ha P, mexyo wacTb NOAYYeRHOIO YHCIa 38MeHHM Ha GudDy B
P-gyro#l cucTeMe M OpHIONIIEM €€ CIPaBa K Pe3yIBLTATY.

3. BHmosnsaeM ODyHKT 2 A0 TeX Hop, NoKa Apo6HAA 9acTh Mpo-
H3BefleHUA He CTAaHeT PABHOM HYJNIO MM Ee BEACAETCA Iie-
pHOE (ApobHAad JACTE ORAMKETCH PABHOIH yike monydasmelica
paHee ApoGHOM YacTH NPOUSBEACHUA). Ja
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Ipumep 30. Ilepesegem gmeno 0,375 B ABOHYHYI0 CHCTEMY.

0,375-2 = 0,75 |0 — neppaa oudpa pesyanTaTa
0,79 -2=1,5 |1 — sropan nudpa pesyasTaTa
0,6 2=1,0 |1 — mocnesuans mudgpa pesyabLTaTa

Omeem: 0,375 = 0,011,

TlepenepeM uncac 0,515625 B 4eTBepHUHYID CHCTEMY.
0,515625-4 = 2,0625 |2
0,0625 -4=0,25 |0
0,25 ‘4 =10 1

Omeem: 0,515625 = 0,201,

ITepepegem umcno 0,109375 B mecTHAAIATEPUUHYIO CHCTEMY.
0,100375-16 = 1,75 |1
0,75 ‘16 = 12,0 | 12, = Cie

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

Ipamep 31. IlepeBeaem uncyo 0,123 B naTepAYRYIO CHCTEMY.
0,1285=0,615 | O
0,615-56=3,075 | 38
0,075-5=0,375 | O
0,3756=1875 |1
0,875-5 ~ 4,875 | 4
JpofHAA YacTh DoCKeNHeTC IPOU3EeAe N PABHA ViKe BCTpe-
yasmeiica pagee ApoSHOHA YACTH, CISACBATEIBHO, HOCIETHEE
Iee On(ppH 006pa3yioT HepBos OATepAYHOH ApoGu.
Omeem: 0,123 = 0,030(14);. O

Bapaume, Joxawume, umo npu nepesode KoHeuHLxX decamun-
Hbix Opobeii 6 P-udHYI0 cucmeMy CHUCACHUA MONCHO NORY-
wumo URL KxoMeunylo P-uunyio dpobv, uiu nepuoduveckyio
Opobe (Geckonennyno Henepuoduueckyio Opolt noayLume
HeRwv3A).

Bonpocbl v 3analna

1. IlepereguTe AecATHYHOE THCHO 52 B ABOHUHYIO, BOCHEMEpPHY-
HY H 11-pHYHYIO CHCTeMB CIUC/IeHKA.

2. IlepeseauTe aucao 2005 B cucTeMy CYUCIeHUSA ¢ OCHOBAHH-
€M, PABHHIM BALIEMY BO3pacTy. MoeT K B HOBOM CHCTeMe
CUHCJeHUS MOAYIHBINeeCH THCAO OBITE FpoOHEm?

3. [lepereauTe CAEAYIOMIKE ACCATHUYHBIE APoGH B TPOMYHYIO H
BOCEMEPHYHYW0 CHCTeME cancaeansd: 0,1; 0,3; 0,8.
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4, Tpebyerca paIfpath 5 pasAUUHLIX 'MPL Tak, ITOGH ¢ BX 10-

MOIIILI0 MO HO ORUIO B3BecUTE 10001 rpys Ao 30 Kr BRIIOUN-
TeJbHO NMPH YCJAOBHHM, YTO THPH CTABHTCH TOINLKO HA ORRY
uamy Becos. (9Ta saada npuseaena B kHure JI. Oubonavum.
Eio raxaxe uaTepecopanca JI. Oitnep.)

5. IlepesesnTe B BOCKMEDPHIHYIO CHCTEMY CIHCIHASA KOHETHYIO

mecTHaznATepHIHYI Apo6s BF3,6, ..

6. Haiiaure 1999-10 nudpy mocre 3ansTold B YeTBePHUIHOH 3a-

IUCH JeCATHIHOTO qucaa 20,45, .

§ 1.7. CMewanHblie CUCTEMBI CUWCNeHNA

B HeXOTOPHMX CIy9IafdX YUcHA, 38/19HHEIe B CHCTEMe CIHCIe-
HES ¢ OCHOBAHMEM @, MPHXONMTCA H306PAIKATE ¢ IIOMOIHIO
undp Apyroit P-HuHOR CHCTEeMH CUBCACHUA.

Onpepexerne 8, CrcTeMEI cuncieHRs, B KOTOPHIX KaXAHE Ko-

»POUETAERT DASAOKEBWNA YHCAR IO cTeneEdaM @ (nudpa
Q-raEOH cucTEME! CUNCHCHUA) 3aOHcHBAeTCH B P-HyHOH CH-
cTeMe CUYWUC/AeHHS, HASHIBAIOTCA cMewtanuvimy. Huaue Ta-
KHe CHCTEMEl HASLIBAIOT P-Q-uvhviMmi.

Happumep, padee MIAEPOK0e PACNPOCTPaileHHe B BHIYUC-
JATeNLAOH TeXHHKe AMENA ABOHYHO-AECATHIHAA CHACTEMA.
B geongHO-KecATAYSHON cHeTeMe CUHCHCHMS OCHOBAHMEM
CHCTEME CUHMCJHCHHA SBiasgercia uucho 10, Ho Bce aecarwu-
Hite TADPE! OTASILHO KOAAPYIOTCS JeTHIDEMSA SBOMYHLIMU
nrgppaMy ¥ B TAKOM BEJS JAIIRCHBATCH NOCIeROBATENBHO
Apyr 3a gpyroM. Tak, umciao 839,, 3 ABOMUHO-ZecATHIHOK
cEcTeMe CURCICHAA Oynaet 3aIIHCHIBATLCR KaK
100000111001,,_,,. 3aMeTuM, HTO TaKOe MpeAcTaBIeHKE 06-
najeer H3OHTOTHOCTBIO, IOCKOABKY WYeTHipe AKBONYHEIE
nudps MOryT KogupoBaTk He 10, & 16 pasaugHEIX arce.

Ocobriit wmTepec nmpeacraBiafeT cryvai, xorga @ =pP",
TZe m — HarypaabHoe TacHo. A TAKAX CHCTeM BHE TUCAA
B P—-@-maHOf cHcTeMe coBnAZaeT ¢ BRAOM 4HCA4 B P-mIHOM
cHcreMe. Toras nepepog uHceNl M3 P-uxHON cHcTeMEI CUMC-
NeHKa B Q-AUHYI0 ¥ Bao60poT MOMKeT NPORSBOARTECH It Go-
Nee NMpoCTRIM aaropuTrMaM (chopMyXIEpYeM H ACKANKEM HX
IOKA TOABKO ANA LeJLIX JHCEN).
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Teopema 2. Iz Toro yTo0H HEPeBECTH LENIOe UHCIO U3 CHCTe-
MBH CHUHCJACHHS ¢ OCHOBaHMeM P B CHCTeMy CYHCIeHHA C
ocHOBaHMeM Q = P™, rme m — HaTypaibHOe YHCIO, AOCTA-
TOYHO 3aIECE YHCAa B P-HYHOH cHCTeMe pas6tuTh HA TPYHIE
mo m nudp, HAYRHAR ¢ OpaBol DHMPH, H KOKIVIO TAKYIO
Irpynny 3aMeHuTh ofHOE UHPpod B Q-HUHOH cHCTEME.
Haopumep: 10101, = 10101 = 25, (P=2; @ =8; m=3).

Hoxasamenvemso. 3anuOoieM HCXOAEOCE THCIO B PasBEePDHYTOM
BEAE B CHACTeMaX CYHCJACEHA ¢ ocHOBaHMAMH P m @:

ap + a, P + asz + ...+ a,,ij"1 =
= by + 5,@ + b,Q° + ... + b, Q™. 1.15)

IIpeofpasyeM BHIpakeHHe B JIeBOH JaCTH PABEHCTRBA CJIe-

gyomupam obpazom (pasofeM ero Ha rpy:mu 0o m 9ICHOB U
saMennM P™ mHa Q)

(@, + aP + ... + a, P +

+P™a, +a,, P+..+ag P"H+PT)E =
= Qo(ao +apP + ..+ am_lP”"l) +

+ Q@a, + 6, P+ . 6y, P+ Q)+

ToxaxeM, wro moboil MHOTOUWIEH B CKODKAX CTPOTO
MeHpIIe Q. lna store kKa)kayw nubpy P-UMHOH cCHCTEMEI
CUMCIICENA ¢, SAMCHEM HA MAKCUMAJILHYI0 nudpy [P-1} an-
daprTa 21r0fl CHCTEMEI:

g+ aP+..+a, Pl<(P-11+P+P +... +P™ )=

i)
-e-n2=loq.
P-1
B npmeefeHHHX npeofpasopanmax O6wlia NIpAMeHeHA
dopMyRa CYMME! KOHEeYHOTO IHUC/IA 3JIeMeHTOB MeOMeTpHIe-
CKOH HOPOTpPeCCEH CO 3HaMeHaveneM P ¥ IepBEIM LIEHOM,
PABHLIM eRMHHOE.
CileA0BATENBHEO, KAMKALIA MHOT'OYNEH B cKOOKAX HpH cTe-
meHAX & MOXXHO 3AOMCATE B BOAe ONHOM NIubDH Q-HuHOl
CHCTEMH CYHCHeHHA. B CHAY eIHECTBeHHOCTHE IPeICTABIE-

HHA HATYPANBLHEIX YHCEN B A1060# cucTeme camCaeHWs:
m—1 .

ao + al.P + bew + am_‘lP = ]l.’og

g, +a, P+ . +a, P =b urz

Teopema doxasana.
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Teopema 3. lna Toro IToOH NEpeBECTE HEX0S TACAO M3 CHCTE-
MEI cudciIeRMsa ¢ ocEOBaHmeM @ = P™, rge m — HaTypais-
HOe YHCJIO, B CHCTEMY CUHNCAeHHd ¢ ocHOoBanmneM P, Heofxo-
JHEMO KAamAyio Q-HUHy Ladpy nepeBecTH B CHCTeMY C
OCHOBalMeM P # JAOLONHATH, ecind 2TO HEOOXOZHMMO, MONXY-
YOHHEIE YNCIA CAERa BYASME TaK, YTODH Ramaoe YHCHO, 34
HACKJI09eHAEeM CaMOTC JIeBOT'o, COCTOSNI0 POBEO U3 m LHGD.

Hanopuwmep:
136 = 1110011 = 1110011, (P=2; @ =16; m = 4).

Horxasamenvcmeo. 1lpeacTasuM Kaxayio nadpy b, i =0, ..., By
(bopmyna (1.15)) B mpexcrasieHHE HCXOAHOrC umMCXa B
Q-A9E0# CHCTeMe cuHclAeEWA B P-M9YHOE cHcTeMe cUmCe-
Hua. Tak xax b, < Q == P™, 70 MaKCHMaJIBLHO® KOJIMIeCTBO
oadp B NOJAYYEHHOM IpPEACTABJEHMH DABHO M.

boo + borP + booP? + s + By P+
+ PM(byg + by P+ bypPP + o+ by (PP L

Tlocne pacKpHTHA CKODOK B CHAY eMHCTBEHHOCTH IpeA-
cTapleHRa qucea B P-uuHo# cucTeMe CUMCICHAT HOMYIaeM:

Teopema doxasana.

IIpumevanue. AHaNOrdYIHEIE YTBeDIKACHUN CHPABEIINBLR TaK-
e ¥ LA NPABHABHEIX Apobeil. llepepox qpobHOil wacTH H3
Q-yanol cHcTeME B P-AIHYIO OCYINECTBIACTCH, KaK B 214
nennrx uncesn. Hezpamamumu B ApoOHON wacTH Temepn AB-
RE0TCA Opapele EyAR B P-mgHOM OpeAcTABIeHUM caMoB
npasoit THPPH ApobHOM W&CTH Q-MYHOTO uMcaa. Ilpm 06-
PaTHOM e nepesofe nudpst P-waHol Zpoba rpynnupyIeTCH
0o m INTYE CJE€Ba HAODABO, HAYHHAA ¢ IIepBOi mAGpEL 1o-
cne sanaTofl. Ecan mochegnad rpynna collep:XET MeHee M
nadp, To K Hell Z06GABNAIOT CIPABA COOTRETCTBYIOMISS KOIH-

~ 9ecTBo EyXel.

IIpumep 32. Ilepepepem apomwsrHoe umeao 1010,00011011, B
BOCBEMEPHYHYI0 CHCTEMY CYHCAeRHA,

Hna aponyHoM ¥ BOCEMEDPHYHOM CHCTeM CUMCIICHHMA BEIIOJ-
HseTcs cooTHoIueHme @ = P™, a mmenno 8 = 28, Caepoma-

TeIsHO, IPYU Hepepofe 6VaeM I'PYNIUPOBATE ORPPH ABOMI-
HOTO 9YHCIAa OO0 TPH (B Hedolf YacTH — CHOpPABAa HAJIEBO, B
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ApoGHO# wacTH — chepa Hampapo): 1/010,[000{110]11, =
= 12,066, (mocnmepuas rpynona ABOMYELIX Iubp Onina go-
nojiHeHA HYyJeM CIpapa).

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

IIpumep 33. Ilepesenem wmeno A,1C,, us mecTHAALATEPUIHOH
CHCTEMEl CUMC/AeHUS B YeTBEPMIHYIO.

Jnda mecTHAAUATEpAIHON A JeTBEPHIHON CHCTEM CICTEHUA
' BLHONHAETCA COOTHOIIeHHe Q = P™, a pmenno 16 = 42, Io-
BTOMY 3aMeHMM Kaxayie 16-pudnyic oudpy ee 4-pHIHbIM
npeICcTaBICHHEM, ANA 9er0 HCMONB3YeM ACCATHIHYIO CHCTe-
My B KaYeCTBe IPOMeXyToqHoM: A, = 10, = 224, Cie=
= 12,, = 30,. Torza A,1C,; = 22,/01/30, (WocTeARHH Heama-
qamni-i 0 MOJ!CHO ONYCTHTE).
Omeem: A,1C,, = 22,013,. 0

TlonydeHHBEe Pe3YILTATEL A/IA CMENIAHHEIX CHCTeM CIHC-
JIGHER, TAKAX 970 P™ = Q, UMeI0T PAj DpaKTHUeCKWX NpH-
MeHeRHH.

1. ApundmeTudeckye AedcTBHA HaJ QYUCIAMHA, 3ANACAHHKI-
M7 B OZHOI B3 TaKHX CHCTEM, BH MOM(eTe BHIIOAHATL B
OPpYyTo#l cucTeMe, ecin mocjesHaas Gosee ynoOHA A4 Bac,
Haupmmep, perapcnesna B 100-munoi cucTeMe 3aMeHs-
IoTcA Ha FecATH4HYo apupmernry (100-wumwpie 9ucia
nepeBOAATCA B JeCATHIHYH CHUCTEMY, & De3yJLTAT IIPH
meobxoamMocTH MOMeT OHIT: CHOBa 3ammcad B 100-mu-
Ho#), a AeficTEHA ¢ IMeCTHAZOATEDHYHEIMHEA KIH BOCHME-
PUYIHEIMM 9YHCIAMH JIeTKO BAMEH{I0OTCA HA FBOHIRYIO
aprdMeTHRY.

2. BaMeHA CHCTeMBI CIHCACHHA ¢ MEHBIINIM OCHOBAHHeM P
Ha CHCTeMy ¢ 60aBIIMM ocHoBaHMeMm @ = P™ ofecneunmsa-
eT CoKpameHMe JalMCH YHCAA, YMeHbIZAd KOMHYLCTBO
nudp B m pas. HanpuMmep, OIpH HCOONL30BAHAHM ABOHY-
HOH CHCTeMH CYHCAeHHMA YHCIAZ MOMHO NPeRCTABIATH
B 16-puuHoii, corcpa'ms KOJIMYeCTBO MUPP B 3aNMCH quc-
na B 4 pasa (16 = 2! ).

3. B HeKOTODHIX CAY4YafX YAAETCA CIeJaTh Golee parmo-
HANBHEIM PeIIeHNe 38091 NepeBoga Iuces B3 OgHO cH-
CTeMEL.B APYryI, fasKe eCIE HemOCpPeACTBEHHO HX OCHO-
BAaEM# He CBASAHBI COOTHomeHHem Q=P". Hampumep,
IpH HepeBoje IHUCes] N3 BOChbMepPHYHOH CHCTEeMEI B IIECT-
HAZUATEpHMYHYIO H HaoGopoT wl;oﬁno CHATATA Iepenvcars
YHC/O B ABOMYHOM BHAe (S = 2°n 2t- 16).
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Ipumep 34. Ileperepenm qucao BF3,6,, B socoMeprdHyio cuCTe-
‘ My CYHCHEHHMA:

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

Bonpocul U 3aAaHKA

1. IlepeBeauTe mecATHYHIeE GYHCHa g = 645, b = 383 B ABOMY-
HYI0, BOCBMEDHYHYIO 1 MIeCTHAALATePRIHYIO CHCTEMEl CIHC-
JIeHHA U 3AI0MHATE cAeAVIomyn Tabmny:

Bsx o CrcTeoMa caMCIeHNA
F 10-taunan | 16-paunag | 8-prasas | 2-aman
a 645
b 383
atb
a—b

2. TTepepepute Tncno 1234,5678, 8 27-puunyio cucremMy cadc-
nenus, a uncno ABCD,EF,, — B BocBMepuaayIO.

3. Cymmy BochMepHMYHHWX uHcen 17 -+ 1700+ 170 000 +
+ 17 000 000 + 1 700 000 000 nepeseny B MeCTHARLATEDHY -
HVI0 CUCTeMY camclIeHda. Haliaure B 3aucy 9ncaa, pasHOro
710l cYMMe, IATYIC IHPpY caera.

4. Bo cKOALKO pas COKPATATCH KOMATECTBO HKbp B 3aIACH THC-
Ja, eclIU eTo NEPEBOCTH U3 YeTBEPHYHOH CHCTEMEL CURCICHAA
B 64-prunyo? A n3 gecaruanoi B 10 000-puanyio?

§. BHnIUImuTe YeTEEPHYHEIE OpeACTARICHIN AA BeeX nudp an-
dasuTa DIecTEARIATePHYHORE CACTEMEI CIACIEHAA A HepeBe-
Anre uncno 12345678,9ABCDEF, ; B 4eTBepHUHYIO CHCTEMY,
He UCIOIBIYS ero FBOMYHOe NpeJcTaBlleHHe B KadecTEe TIPo-
MeRKYyTOYHOID,

§ 1.8. CncreMbl CYUCNECHNA M apXMTEKTYpa
KOMIMbIOTEPOB

B xaxgoii obracTu HAYKHN ¥ TeXHHKH CYIIECTBYIOT GYHAR-
MeHTARbHEE BACH WA NPAHSKIE, XOTOPHe ONpefensiioT ee
COREpIKAHMe M hasBuTHe. B xoMnepoTepHON HayKe posab Ta-
Kux dyagaMeHTANBHEX UAed CHITPATH NPHEDENEL, cdop-
MyJMPOBaHHEE He3aBHCHMO APYT OT APYra ABYMA KpynHeii-
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muMe yoeHsMeE XX Beka — aMepHKAHCKHM MAa-
TeMATHEOM ¥ duskkoM JxonoM dox HeliMarom
¥ COBeTCKAM HHKeHepoM M YyueHEHIM Cepreem
AnexcanapoenueM JleGegepniM,

IlenTpantEoe MeCTO CpeiH <MpEHNKNOB Hed-
mana—JleGefieBas, OOpelendAIONINX APXATEKTYPY
9BM, sanuMaer mpefioieHHe o Hcmoarzosa-
EHH ABOHYUEOQI CHCTEMB CUNCACHHA. DTO IpejiIo-
eHMe ORIN0 OBYCIIOBIEHO PANOM OGCTOATENRCTB:
OpocTOoTOH BHMONHEHHS apAdMeTHISCKHX oOle-
paumii B ABOMUHON CHCTeMe CIHMCHIEHUSA; € «0H-
TUMAALHEIM» corfacopanmeM ¢ Oymepol JOrH-
KOll; mpOCTOTOM TEXHMYECKOH peaawsanydd ABO-
FYHOTO »NeMEeHTA NaMSATH (TPHrrepa).

OpRaxo HA ONpeAeNeHHOM 2Talle DPASBUTHA
KOMIEITEDHOH TeXHUKH OBLIO BHIABIEHO, YTO
KCIONB30BAHNEe KIaccHueckoll aBoduHOR cHeTe-

c. A JIeneB MH CYMCIEHMS A IPeACTABJICHHA HHBOPMA-
(1902-1974) LWH B KOMIBIOTEDe MMeeT CYINeCTBeRHEIE Heo-

£

craTEM. IlepBHIM M3 HHX gBadeTcd TAK HaskBae-
Mas npobrema npedcmasieHus OMPUUAMERLHLIX YUCER.
Bropoit HepocraTok ABOMYHOH cMCeTeMBl CYHCACEHA IONY-
YU HABBARHMeE HYAc60l U3loimoxHocmu.

Kax n3BeCTHO, OTPHIATEJBEHEE THCIA HEIOCPEACTBEEHO
He MoryT GRITH IIpefCcTABNEHH B ABOMYHON CHCTeMe CUHMCIIe-
HES, KCIOAB3Yomel ToapKo Aee mudpb 0 m 1. Tlepen mo-
OyiieM OTPHOATENBHOTO THCIH HeoOXOAHMO CTABATH 3HAK
«MHHYC»., 370 BReYeT 328 cofolt HeoGxoaUMOCTs aRANHBUPO-
BATE 3HAKH ONEPAHAOB NPH BHINOAHEHHMH apndMermdecKEX
onepanuii, YTO CHEMKAST CKOPOCTE 06paGoTKH HEGOPMAIIHA.
Jdna Toro 4robikl He BHUOAHATE AHAJIA3 ONEPaHKOB, Onia
paspaloTaH M peayA30BAH CIoco$ IPeACTABIEHMS IeahX
OTPHIATENLHEIX YHCeJ B BHAEe AONMOJHETSIBHOTO Koja (CM.
rnasy 2), ITO CYHIECTESHHO YIPOCTH/O CXeMY BRIOOJIHeHHS
apudMeTHYeCKMX onepanmii, Ho 3aTPYAHKIAO BOCIHPHATHE
3aNHCH OTPURATEASHBIX WHCEN. .

Bropoii HepocTATOR JBOUYHOR cHCTeMBI 0CO0EHHRO HENPHA-
TeH NpH XPAHSHNN ¥ Nepejade ABOMIHHX Koxos. Hynepaa ma-
OEITOMHOCTE (T. €, OTCYTCTBHE H3OHITOYEOCTH) ABOEHOLO
OpeACTAB/ISHUA 0IHAMAET, UTO B CHCTEME CYHCICHHA CTCYTCT-
BYeT MexXaHwaM O0HApYMeHHEA OmMEGOK, KOTOPHE, K COMale-
HHIO, EenabeKHO BOSHAKAIOT B KOMINBIOTEPHEIX CHUCTeMAX IOA
BIMARHEM BHOIIHNX M BHYTPeHHHX GaKTOpPOB.
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Cyrs aroli mpobneMEl COCTOMT B crefyiomem. Ilyers B
Tpolecce Nepefayul WK XpaHeHNH ¥RGOPMATRER, NpeACTaB-
JeHHOI, HAIpHMED, ABOMYHEM Kogonm 10011010, nox Bara-
HHEM BHeIIHAX HJIA BHEYTPEHHHX (haKTOpPOB NMPOH3OMIIC MC-
Kaxkenne WHQOpPMANHMA, X OHA NePelllla B KoZOBYI0 KoMOH-
Haumo 11010010 (uckarceHHrle paspaAl OOAYEPKHYTEL).
Tlocxkoapky woMOenanua 11010010 (xax u axoGokt Apyro
ABOMYHKH K0J) ABNACTCH «DA3pelieHHOH» B ABOMYHON chC-
TeMe CIHCIeHn, TO 03 ACIONHUTENBHBIX ZeiicTBUH HeBO3-
MOXHO ONIPeAeNHTH, NMPOMIOOIIO HCKAXKeHNe WHHOPMAIHH
nam ger. Ona pemienna arolt npobreMer MOKEO, HRIDEMED,
Ana Kaxporo 6aiita (8 paspaRos ABOMIHOrO UEC)A) MOACHH-
THERATH KONAIECTBO eJWHEIN, NAY ANA rpynnM GaiiTos moa-
CYATLIBATL KOHTPOJBHYIO CYMMY X T. A. B moboM cayuae
AOMMHEE OHThL UCHONLIOBAHE CHENMANbRLIE MeTONH H30ni-
TOYHOTO KOXHPOBAHKA, ITO 3aMefadeT paGoTy KOMOBIOTEpA
A TpebyerT XODONHUTEARHOH HaMATH. :

B ycnopmax, xorga uesoBeyecTno Bee Goxbille m Goxsimte
3aBHCHT OT HAAEKHOCTH pPaboTHl KOMIBIOTEPHHX CHCTeM
(yOpasieHHS PAKETAMH, CAMOAETAMY, ATOMHEIMHA DEAKTODA-
MH, GAHKOBCKHMM cHCTeMaMu), Bompoc of 3p@PeKTHBHMX
MeXaHusMax 00HADPYKeHHA OMNGOK BRABHTaeTCH HA Mepes-
HUE Wwiad. SIcHO, 9TO AAA KOMNLIOTePOB, OCHOBAHHEIX HA
ABOMYHORA CHCTeMe CYMCIeHHY, He BcerAa MOXKHO 3dodex-
TABHO peIlaTh 3Ty npobiemy.

IToneiTka DpeoAONeTh PTE M APYIMe HEXOCTATKU ABOMY-
HO# CHCTeMBI CUMCJIeANA CTHMYJIAPOBANA HCIONB30BAHHE B
KOMIIBIOTePaX APYTHX CHCTEM CYHCAeHMd B PasBHTHe cofeT-
BeHHO TeOPHH CHCTEM CUHCICHRA.

1.8.1. Vicnonb3sosanme ypaBHOBEWSHHO! TPONYHOM
CHMCTEMbI CYUCNIOHNR

Jng npeomoseHMs HEAOCTATKOB HCMONL30BAHHS ABOMYHOM
CHACTEME! AJIA KOAWpOBAHESA HHGOPMALAN y:Ke Ha HTame 3a-
POACHUA KOMILIOTEPHOH 9PH 61l BRIIONHEH PASl TPOEKTOB
H CIeJaHO HeCKOJIbKO MHTEPEeCHRIX MATEMATUILCKHEX OTKDHI-
THH, CBASAHHKIX € CHCTeMAMB cunciaerud. [loxanyi, HanGo-
Jiee HHTePECHBIM IIPOSKTOM B TOM OTHOIIeHHH ABIAeTcH
TPORYHKE KomubloTep «CeTyab», paspaoranusn: B 1958 r.
B MockoeckoM rocyaapcTBeHHOM YHuUBepcmTere mm. M. B.
JiomonocoBa nop pyxosoacreom H. II. Bpycernoera (Cerynn
— HA3BAHHWE pedYKn, HporeKaiomeil memogamexky ot MI'V),
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] B 9BM «CeryHp» npuUMeHSACH

YDaBHOBeIleHHAS (CHMMeTPHYHASH)

# TpoHYHAs CcHCTeMaA CYHCJICHMA A8

NPeACTABICHUS YUCeN, HCIOJIL30BA-

"l HHe KOTOpOX BuepBhle B KCTOPHE

¥} KOMIBLIOTEPOB TIOCTABHJIO 3HAK pa-

- BEHCTBA MEAY MpeECTABICHHEM OT-

BBM «Cerymss PHOATEABPHBIX M IIOJAOMKHTEIBHEIX

YHCeN, DOSBOJIAIO OTKA3ATHCH OT

PESNINYHEX ¢YXWIpPeRuiis, ACOOJIL3YeMLIX ANNA HpeACcTABIe-

HUA OTPHLATeARHRIX JHCeN. JT0 06CTOATENBCTEO, A TAKIKe

HCIONB30OBAHHE ¢TPOMIHOM JIOTHKH* Opn paspaboTke Ipo-

rpaMMHOTO ofecneueHHA NPUBEJIC K COSAAHMIO BechMa COBep-
mIeHHOH APXHTEKTYPH KOMIIBIOTEDA.

9BM «CeryHb» aBasderca Hanbonee APKAM OPHMEPOM,

. TOATEEPRAKIOOINM BIEAHHE CHCTEMH CUMCACHHMA Ha apxm-

TeKTypPy KoMOobiorepal

Onpenenenme 9. CrcreMa cancnesna ¢ ocHopaHReM P = 3 & mud-
pamu 1, 0, 1, rze 1 osHAUACT ¢«MUHYC eAHEUIA», HABLIBAET-
Cf YPASHOBEULCHHOU MPOUYHOU WIE CUMMEMPULHOT mpouy-
HO{l CHCTeMOM CUMCACHUA.

IIpamep 35. IIpuBeaem NpEMepH 3ANMHCH HEKOTODPHIX YHCeNX B
VPABHOBRINeHHO TpOW4HOH cHcTeMe;

Honoxurens- | Hoaomuteas- |Orpunareasusie| OTpHmaTens-
HME AGCATHED- | HEle TPORUHBIO TPONIHEIE HEE JeCHTHY-
HLI¢ YHCJIA | FPABHOBCNICH- | YPABHOBSINCH- | HEle uBCJIA
HEIE THCIAR Hele THCIA
1 1 1 -1
2 11 11 -2
3 10 10 -3
4 11 11 -4
5 111 111 ot
6 110 110 -6
7 111 111 -7
8 101 101 -8
9 100 100 -9
10 101 _101 -10
11 111 il1 -11
12 110 110 -12
13 111 111 -13
14 1111 1111 -14




58 Taasa 1

¥z npeBeseRHOrG OpUMEDa NOHATHO, DOTEMY 3Ta CHCTe-
"MA CYNCJEBHA HABKIEAETCA YPABHOBEIeHHOH MM CHAMMET-
PHYHOH,

I'naBHAS 0COGEHHOCTH YPABHOBEHIEHHBIX CHCTEM CUMCIIe-
EHA — IpH BHIOONHEHUE apHGMeTHIecKHX ollepanui He
HCIONAB3YeT s sIPABIIO 3HAKOB».

1.8.2. Ucnonb3aosanne puboHaYIueBOH CUCTEMBI |
cuMcneHma

Ha 3ape KOMIBI0TepHOM PH ORLIOC CAENAHO ellle ABA OTKPH-
THA B OGJACTH IOSHIMOHHEIX CHOC000B OpefcTaBieHNA TH-
ceJl, KOTOPHe, OXHAKO, MAJOUIBECTHEI B B TOT NEpHOR He
TMPHUBJISKAN 0coB0r0 BHAMAHM A MATEMATHKOB H MHIKEHEDOB,
Peur Baer o ¢boficreax $puboHATIHEBOH cHCTEMH! CIHCIe-
HHA B CHCTEeMH CIHCAeHHS 30J0TOH NpOOOPLEEH.

B nmocnezgnme gecarunerra XX Bexa rpynnodl MareMata-
KOB 08 PYKOBOZCTEOM Npodeccopa A, II. Craxora B CCCP
Onimm moayd4eHH YpesBHIYANHO MHTOpPEeCERe DeayJIbLTATHI,
CBASAHHEIE ¢ pellleHEeM OpolieMEl HaZeKHOCTH XpaHeHHEST,
ofpaboTke 7 nepeasyd MHGOPMAGEH B KOMOBLIOTEDHREIX CHC-
TeMaXx. MaTeMaTHKAME GEIJIC OPepIoKeH0 KCIIOAB30BATHL B
KavecTBe CHCTEMEI CIHC/ACHUHA B KoMupoTepax ¢ubonavan-
eBy cncrenmy. Hanonmamm, gro andasnroM 3Toil cHCTEMET AB-
aawoTeda mudps: 0 1 1, a 6asMcOM — IIOCAeAOBRATEILHOCTE
qucen Oubomaaam: 1, 2, 3, 5, 8, 13, 21, 34 ... .

OcHOBHOe DpeEMyImIecTBCe Koo PmfoHauuM ANS NPak-
TAYeCKHX NPUMeHeHUH COCTONT B MX +eCTECTBOHHOME» U30H-
TOIHOCTH, KOTOpAd MoxerT OBITH MCIOZBR30BAHA ANA LeJel
KOHTPOJIA YMCIOBRIX mpeofpasopanuit. Jra HAOGHITOUHOCTH
npoasasner ceGa B cBOiCcTBEe MHOMKECTBeHHOCTH NIpeAcTaBie-
Hu# oxHOrO M TOTO e wucaa. Hanpumep, unciao 30 B kofe
PuboHAYTH EMeeT HeCKOMbBKO IIPeACTABIeHMIE:

30 = 1001101, = 1010001, = 111101,

Ilpu aTOM pasiIuIHALIe KOAOBBIC IPeACTABICHAA OQHOTO H
TOro Xe JHCaa MOI'YT ObIT: NOJNYYEHRI APYT H3 ADYTA © IO-
MOINBK CHEMMANBENX $uboHAYIHEBEIX onepaluil ceepmiuy
(011 - 100) u passepmru (100 — 011), BumosadeMbIX Haj
KOHOBEIM HM3o0parkeRHeM YHciIa. Eemam HARX KoZORHIM H300-
‘paskeHHeM BEIOOJHUTH BCE BO3MOXKHEIE CBePTKH, TO MH
npHgeM K cOennajbHOMY (HOCHAYYHMeBOMY H300parkeHHIO,



CacreMnl CUNCACHRSR . 59

HASEIBAEMOMY MUHUMAALHOL (opmoli, B KoTOpoft HeT ABYX
PSAOM CTOAIINX eArHEI. Ecan xe B KOZOBOM H3oHparkeHHH
BHIIOJIHKTEL BCe BOSMOMKHBEE ONepallHH PasBepTKH, TO IpH-
OeM K coeHHalbHoMY (rboHATIHeBOMY H300paKeHHI, Ha-
3BIBAEMOMY MAKCUMAALNOL HIN paseeprymoii Qopmoil,
B KoTopoft pagoM He BeTpEHMAlOrcs ABA HYA4.

Anamus dubonauumeBoii apmpMeTHKH LOOKA3aN, YTO
OCHOBHHEIMU €€ ONepAINMAMHE ABASIOTCH ONepAlWH CBePTKH,
PA3BEDTKH M OCHORAHHAA HA HUX ONepallud LOPHBEZeHHSA
KoAa Oubomauur K MEHEBEMAIBHOHK dopme.

OTHE MaTeMaTHYeCKHe Pe3yALTATRL CTAMH OCHOBON pax
OPOEKTA COSOAHMA KOMILIOTEPHLIX M HIMEpPHTEJNRHHMX CHC-
TeM Ha OCHOBe GHOOHAUYKEROI CHCTeMHE CYHCAEHHA.

IIpu paspabGorke smeMeHTHO! 6aspl HOBOM KOMIBIOTED-
HOM TEeXHMKE OCHOBHHIM OII€PAIIHOHHEIM 2JI6MEETOM CTAJI0
YCTPORCTBO HNpEBEAeRHA Koga PuboHaYYN K MARMMANLHOMR
dopme. Jto yerpoicTBO peasns3oBLBanoCch Yepes RS-Tpurre-
pel ¥ norpueckue sdeMeHTH KM u HNJIN. Bminu cospauwm
OIOEITHREIE OOpasitl MEKPOCXEMEI, BRINOXHIIOMEN CcleZyio-
INe onepalHM: SAINCh M STeHue AaHHKX, CBEPTKA, pas-
BepPTKA, NepeMEeH[eHEe, NOTJIONIEHES, MPUBEAEHAC K MIHM-
ManbHOM GopMe, CYMMHPOBAHHNE, BEIYATAHHE, DPEBePCHE-
"I CHBAT, JIOTHYECKOE YMHOKEHHE, JJOTHIECKOe CIAOMKeHHe

» K CHOMEHHe N0 MOAYIN 2.

: OrnmuauTenbHOR 0CcoGeHHOCTEI0 MHEKPOCXEMH ABRIAIOCH
HAJMAIWe KOHTPOJBHOTO BEIXOAA, HA KOTOPOM QopMHpoBA-
nach, MHEGQOPMAIIMA O HeIPABHABEOHR pafoTe MEKPOCKeMEL.

TaxuMm o6pasoM, OCHOBHEIM Pe3yABTATOM 2Toit paspabor-
KU OHIJIO cO3ZaHME [IePBOM B MCTOPHH KOMIBIOTEDHOHR Tex-
HAKH MEKPOCXeME IJif peaJH3alyl CAMOKOHTPONUpPYIOIIe-
roca OuboEauIE-OpoLeccopa ¢o CTONPONEHTHOR rapaHTAei
obHapy:KeHnA c6oeB, BOSHHKAKILHX NpPH NepeRAYedHH
TPHEITEPOB.

H xo1a coazaTs @EOCHATIN-KOMIBIOTEP II0 PASHEIM IIPH-
YHHAM IOKA TAK H He YVAANOCH, TeOpeTHIeCKHe OCHOBLI JAH-
HOTO HAIIPABJeHHSA MPeACTABIAKT HECOMHEHHEII WHTEPEC H
MOTYT CTATh BHCTOYHHKOM HOBEIX HASH He TOALKO B KOMIBIO-

" TepEO# obyacTH, Ho U B o0AacTH MateMaTHKHA. OcofeHHO
s(ppeRTHBREM CUHTASTCH HCnoab3oBande «puHOGOHAYYHE-
BBIX# OPEACTABICHHIN B H3MEPHTeNbHOH TeXHHKe H DU{ppo-
BOH 00paboTKe CHTHANIOB.
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1.8.3. HeasoUYHbLI® KOMMLIOTepHEIe apuMeTHKH

IIpu paspaGoTKe BHYHCIMTENbHON TeXHHKH HePef Mare-
MATHKAMHE BCETZla CTOAT CJAOKHefman npobieMa — cosgaHue
3PeRTUBERIX (MX YACTO HASLIBAIOT ¢OpelelbHEIMH») ajro-
PHTMOB BRIIOJHEeHHA ADH(MEeTHYeCKHX oIepandii B KOMNBLIO-
Tepe. B paMrax pemieHMA »Toil mpofieMEl ydeHBIMM ObLIH
OpPHAYMAHE HOBEHIe CHCTEMEl CIHCIeHnd H paspaboTaEh
KOMObIOTEpHREIEe ApHGMETHKHE HA HX 0CHOBe, KOTOPhIe IO3BO-
JIAIOT MOCTPOMTE BRYHCIIETeNIEHEIE YCTpoieTBa, GnlcTponeii-
CTBHe H HAAESKHOCTH KOTOPEIX IPeBOCXOAAT BRIYHCIIHTENH,
OCHOBAaHHEIE Ha ABOMYHOH apudmernwe. K Taxmm cueremam
CUHC/IEHNS MO/RHO OTHeCTH HEeIOZHOHOHHYI0 CHCTEMY OCTA-
TOYHEIX KJIACCOB, HEKOTOPHE EePAPXAYEeCKHEe CHCTEMBI CIAC-
JeHEA B Ap.

Hepapxmueckne cucTeMbl CUEC/ICHHS KOHCTPYHPYIOTCA Ha
OCHOBe HIeH COeQUHeHWS NOBRIHOHHKX M HETOSHIHOHHEEIX
CHCTeM CUHC/AeHHA, OPH 3TOM OHHM JOJUXKHH cOveTaTh B cele
TOJOKATeNEHEIe CTOPOHN PKAKYERHEIX B HUX CHCTeM KB GHTH
cBOBOZHEIME OT HX HeAOCTATKOB. IIpHHIINI [OCTPOSHHS
HepAPXUIeCKHX CHCTEM B IIeJIOM IpocT. BhiOmpaerca HeKOTO-
paa BHEIDHAA cHeTeMa CUncilennsa A ¢ andapuroM o. IIndpe
STOH CHCTEMBI JAIMCHIBAIOTCA B BHAe CIAOB (KOZOE) Ipyroi
(BRYTpeEHeil) cucTeMEl cuncresus B ¢ andaruToM . B Kave-
CTBe OpHMepAa TAKOH CHCTeMEBl MOKHO IPHBECTH HIBECTHYIO
BAM ABOMMHO-JECATHIRYIO CHCTEMY, IPDMMeHAEMYIO JId TpeA-
CTABJICHHA ASCATHYHBIX 9ACEN B HOKOTOPHIX KOMIBIOTEPAX.

Cucrema ocraTousnx kxaccop (COK) — aTo Eemosmmum-
OHHAA CHCTEMA CUHCICHHA, YHCIA B KOTOPOH IpeacTaBJIA-
JOTCA OCTATKAMM OT JEJEHUS HA BHOPaHHYIO CHCTEMY OCHO-
paumii Py, P,, ..., P, ® ABAAIOTCA B3AEMHO MPOCTHIMU YHC-
aamMu. Onepannu cnomemm, BEIIETAHASR ¥ YMHOKEHII Hax
uyucnaMu B COK NpoH3EOmATCA He3apHCHEMO TI0 KaXKAOMY
OCHOBAHHMIO 6e3 NePeHOCOB MeKAY paspAZaMH.

Takpe onepany, Kax JeleHHe, cPaABHeEHe M ED., Tpeby-
omune ¥HGpOPMADUH ¢ BeIWIHHe Beero uncaa, B COK Brmon-
HAIOTCA 100 Oonee cnoxkHBIM anropurMaM. H B sToM saxumo-
YAeTCH CYINeCTBEHHNI HefOCTATOK AAHHOK CHCTOMEI cuMcie-
HHUA, CASPKUBAIIINAE ee IMIHpPoKoe NPUMEHEHUEe B KayecTBe
KOMIEBIOTepHOM, OfHAKO CErOAHA B COBPEeMEHHEIX KOMIILIOTE-
pax npu pabore ¢ COJBIIEMA M CyHepOONBIIEME JIHCIAME
ucnonssyior COK, 6o Tomeko COK-apudMeTURa TOIBOIAET
MOAYIATE PesdyLTAThl BRMMHUCIEHEHE B PpealbHOM BpEeMeHH.
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B rakux caygaAx B kavecTse ocHoBapmil COK GepyT seamun-
Hul, Grnskue ¥ 2™ (m — ABOMWHAS Paspa,qnoc-n. KOMORIOTE-
pa), HanpuMep, 271 - 1, 2™, 2™ 1 + 1 n r. x. Haguras c
CEPEAUNEL HPOLI/IOTO CTOJNeTHA VIEHBIE MHOTHX CTDAH MEpA,
BKJIIOYAS ¥ HAITY, 3aHEMAITCS NpodieMoli NOBRINeHHA CKO-
pocTH «HeyAOOHEXs onepanmi B COK. CaMa e cHcTeMa
OCTATOYHHIX KIACCOB ODHMERASTCA B BEIYHCINTENBHEIX CHC-
TeMax AOCTATOMHO IIHMPOKC YiKe HeCKONBKO AeCATHICTHH,

Bonpockl VU 3anaHvna

1. IlepeuncnnTe neperle 14 HATYPAABHEIX THCeA B $HbOHAYIH-
eBOii cHCcTeMe CUAC/IeHAA B MEHHMANILHOH Gopme.

2. CthopmyrupyitTe NpaBNaa NepedrCIeHN] HATYPATbHEIX YH-
cen1 B hubomayumenoil cucTeMe,

3. ChopMynupyiiTe Hpasuia NepedncleEnd HATYDAJILHHX 9H-
cell B TPONYIECH ypaPHOBENIPHHON CHCTEMe CINCIeHNA. '

4. ChopMymmpyiiTe NpaBRia caoxeEna B prboHaTIHeBOH CHC-
TeMe CIHCIeHNnA.

5. ChopMysupyiire IpABMIA CAOKEHUA B TPOUIHON YpaBHOBe-
IMeRHOH cHCTeMe CUHCHeEHA.

6. O6pacAnTe, MOYeMY CHCTEMEl CUHCIeEHA, AHAJIOTEIHEIE He-
nonbsyemoil B DBM «CeryHbs, HAIKBAIT YPABHOBELICHHEI-
MU HJIHA CHMMeTDAYHEIME.

7. Hanunmmte ajgropaTM cocTaBieHna TAONUIE! CAOXKeHHA B
P-wqroill cHcTeMe cOACIeHAA.

8. HanmuoiuTe SATOPHTM COCTABACHHSA TaGAHNOL YMHOMKEHUA B
P-panoi cucTeMe cIUCHEHNA,

SaxmovyeHne

Ceronna MHOTEMHE y9eHRIME BRICKAZHIBAETCH YVTBEPKAEHHe,
YTO DJIeMeHTEad 6a3a KOMObIOTEPHON TeXHWKHA, OCHOBARHASA
Ha JBOMYHOM KOJAVPOBAHHM, CKOPG AOCTHTHET I'DAHMIILL CBO-
HX BOSMOMKHOCTei, I TOTAa, CKOpee BCero, AaibHelimee paa-
BATHE 3rokt o6saAcTR HAYKM M TeXHRKH GyAeT CBA3AHO C HO-
BHIMM MATeMATHYECKHMH Pe3yJILTATAMH B 001a8CTH KOZHDO-
BaHmA uHbopManuy. B XX pexe p TeOpHH TMceNX cHCcTEMAM
CYHCIEHEA Be YEeAANoch AOJKHOrC BHUMAHEA, W B 2Toil
9acTH faHHAA TeOpHda He HAMEOIC yINJa BIllepef o cpaBHEe-
HHIO C IIEPHOJIOM CBOEro 3ApOMKJeHHHA. ITo OHUIO CBA3ZAHO
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¢ OTCYTCTBHEM CephesHOM IoTPe6HOCTH B HCIIONB3OBAHWHA
HOBHIX CHCTEM CYUCJEHHHA B MPAKTHKE BHTHCA€HHH, KOTO-
pas B TedeHHAe MOCHCAHUX CTOJETHH BCEleo YAOBJICTBOPH-
JACHE JeCATHYHOHN cHCTeMOk, A B MOCHeAHEe AeCATHIETHA —
ZBOMYHOH cucreMoii (B HHpOpMATHKE).

CHTYaIHd pesKo H3MEHHJIACh B DESYNETATe NOABJICHASR
COBDEMeHHEIX KOMIBIOTepoB. HMenno B mEpOpPMATHKE OIATh
TIpoABHJICA HHTEpeC K crocobaM IpeZiCTABIEHHSA WHCEN H X
HOBHIM XKOMIBIOTEDHHIM apHUbMeTHKaM. Hdeno B ToM, uTO,
KAK M VKe TOBODHIH, KJIACCHUECKAS ABOMYHAA CHCTEMA
CcUHeIeHUA ofrazaeT pAAOM NPAHIANHEATEERX HEAOCTATKOB,
TIABEBMH U3 KOTOPHX AWIAIOTCH HpobieMa Hpe/CcTaB/ICHEA
OTPHUATENLHEIX YHCed M HyNeBasg H3ORTOTHOCTE.

B cBA3H ¢ »THM H3Y4eHNe OCHOB IICCTPOSHNA CHCTEM CIHC-
JIeHHH, CBOMCTE PARAMYHEIX CHCTEM CUMCHICHHS OPefCTABASET
CETOAHS He TOMLKO HAYYHEIN, HO M UPaXTHYeCKH: HHTepeC.

B riase «CHCTeMH CUMCIeHUSs B HOAYYHIM HPEACTaB-
AeHAe 0 MHOTOOOPASHH CIOCOGOB 3aIIHCH UHCe], BO3HAKO-
MHEAMCE ¢ PA3MTHIHEIMH THIAMA ODOALUMOHEEIX CHCTeM CYHC-
NeHnda (TPAAMIMOHHEIME, WM P-WUHEIME, CMeNIaHHBKIMH,
HeTpaJANUOHHEIMA), TOAPOGEC paceMoTpesm P-EIHEERe CHC-
TeMBl CUMCAGHHA: Crocobsl MpefCTaBNeHrEsa TPOHIBOABHBIX
uHncen M apHpMeTHZeCKHe ONePAIHA B P-HYHEIX CHCTEMAX
CUACHEeHHUS, JTOPATMEL NePeBOJA TACSH U3 OFHOH CHCTEMME
CUNCJICHHSA E APYTYIO H T. 4. BBl HMeNH BO3MOMKHOCTD paso-
6path Ha mpEMepax Gosbmoe KOAMYECTBO OCHOBHBIX THIO-
BHIX 38J2T, B TOM YHCHA€ H BCTPEUABIIMXCA HA BCTYIHTENAL-
HHX 3K3aMeHaX 1o EaGopMaTaKe B BysH. Ocofoe BHIMAHHE
OLIIO Y/ieNeB0C MECTY B POJE CECTEM CINCHeHuA B COBPEMEeHR-
HEIX KOMOBIOTepax. Bel y3HaIH 00 OCHOBHRIX HEJOCTATKAX
HCIONB30BAHAA ABOWYHON CHCTeMBI ANA KOAVDOBAHUSA HH-
$opMaIEH B KOMOBIOTEPAX, O IPCEKTAX CO3ZAHMSA KOMITHIO-
TepPOB, HOCTPOSHHEX HA MHEIX cIiocobax XoAMpPOBAHRMA, KOTO-
pHe Do3BOAAKT pemnTh 5>TH npofitemn (9BM «CetyHbs,
BpoeKT PEGOHAYIN-KOMIBIOTEDA).

B sarkamouenfie XoTenock 651 OTMETHTE, UTO HAYYHHIC HC-
CHeJOBSENA B OOMACTH CHCTeM CYMCIEHUA NPOAOIKAIOTCH.
MareMaTHKH, HAIDHMEpP, H3YYAIOT HEra-HO3HIUOHHEIEe CHC-
TeMEl CUHCJACHHA, OCHOBAHHAMHE KOTOPHX ABAAIOTCA LeiLle
OTPHOATEABHLIE YHCAA, & TAKYKE CHCTEeMEl ¢ OCHOBAHNMEM,
colepxalIuM MAHMYIC efnHNDY ¥ 1. A. He uckmogeno, 4To
KOMY-TO H3 BaC YAACTCA CK&3aTh CEOe CIOBO B THX obiac-
TAX MATEeMaTHKH H HHGOPMATHKH.
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IIpeacraBiaenue nmadopMalun
B KOMIIBIOTEpE

B cpoeit Gunapuo#t apudmerure Jle#GHMI
BAfea mpoolpaz TBOpeHMA. EmMy npegcrasas-
Joch, UTO eAWHULA NpefcTaBIAeT GoiRecTBEHHOR
HAYA&JNO0, A HyJIb — HelbTHe, H 9TO BLICINES CY-
IOEeCTEO CO3AAET BCe Cyimee Ha HeORITHA TOYHO Ta-
KHEM ke 00pa3oM, KaK eq¥HRIA M HYJAb B ero cH-
CTEME BRIDEIKAIOT BCe HHCIA.

II.C. Jansac

CueHy JerKo AeNaTh YAMBHTeJILHBEE OTKDPLI-
THH, HO TPYAHO YCOBEPOIeHCTBOBATE HX B TAKOH
CTENEeHN, YTOGEl OHM IOJYINAHN IDAKTHICCKYIO

UeHHACTD.
T.A. Sducon

§ 2.1. MNpeacraenenne UeNbLIX YKcen

§ 2.2. Npeacraenenne BeweCTBEHHEIX YMCON

§ 2.3. NpeacTaBnenne TeKCTOBON WHOPMALIUK

§ 2.4. NpencraBneHne rpaduyeckon M BUAGOHHPOPMALAN
§ 2.5. NMpencrasnenne 3BYKOBOH WD OPMaLUK

§ 2.6. MeTonn! cxatua UM POBOIH WHPOPMALIUK
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koAna XX BeKa, BeKA KOMOBITEDH3ANUH, TejOBeYe-

CTBO eMeAHEBHO IOAL3VeTCA HABOHYHOH CcHCTeMOR

cUBCcIeHMs, TAK Kak Bca HHEBopManiis, obpabaTHBae-
Mad COBPeMeHHLIMH KOMILIOTePaMH, NDEACTABICHA B JBO-
EYHOM BHAE.

Kaxxaeiit permcTp apHpMeTHHeCcKOro VCTpOHCTBA KOM-
NBIOTEDPA, KayKIan Adeiika naMATH npefcrasaser cobolt du-
3UYEeCKYVID CHCTEMY, COCTOANMIYIO H3 HeKOTOpPOro THCaa OfHO-
POAHHIX 37I€MEeHTOB, 06agaromux AByMs ycroiiumuBEIME CO-
CTOSHHSAME, OfHO H3 KOTOPHIX COOTBeTCTBYeT HYW0, a
Apyroe — egmEupe. Kasxawi rakoit sieMeHT CayXuT Ana
BAIIMCH OAHOTO M3 PA3PAAOB ABORYHOI0 udcas. HAMenro mo-
BTOMY KaXKNLI dJIeMeRT A4eiiKH HABWBAIOT PA3PAIOM.

(k — 1)-i1 paspan 0-it p?apax
| I R T O L P Y P 1 1 ]
L J———_

szefia ua k paapspmos

Bur 3HAaeTe, WTO BRUHCIARTENRHAA TeXHHKA BOSHEKIA
KAK CPefCTBO ABTOMATHIAUMN BEINHCIeHNH, HMEHHO M0ITO-
MY HepBlie KOMIOBIOTEPH Haskpanuck IBM — 21eKTpoR-
HO-BEIIHCHIHTENLHMME MAIIHEAMH. CerogHA KOMIBLIOTEPH
00palaTEIBAI0T PASINIHEEE BHAB HHEQOPMAIHN: YHCIOBYIO,
TeKCTOBYIO, 3BYKOBYK, rpadmieckyio. OFHAKO CoBpeMeH-
HEIHl KOMOBIOTED MOMKeT XPAHHTH U oOpabaTHEATE TONBKO
AMCEDPeTHYO undopManuio. Cneaoparensno, mobol Bux UH-
GopManun, TOANSHAMUNE KOMORIOTepHOR of6paborke, TeM
MIH HHHM cHOCOGOM A0/KeH ORITH 3AaKOXHMPOBAH C IIOMO-
MBI KOHeYHOH ImOCTefOBATENBRHOCTH IEJILIX YHCEN, KOTO-
pad 38TeM NEepeBOAMTCH B ABOMIHBI BUA ANA XDAHCHUA
B KOMIIBIOTEDE.

B aaBHo# rIaBe ME PacCMOTPHM, KakuM ofpasoM peia-
erca npobreMa mpeofpazoBaHHs HCXofHOHR HHpOpPMANHH
B KOMOBIOTEpPHOE IPeACTABICHHE ANA KaXKA0ro Buga Hadop-
Manup. Byaer nokasaHo, HRCKOJILKO TOYHO KOMUBIOTEDHOE
TIpeACTABJCHUE OTPAMXKAET ACXOAHYIO AHGOPMAIAK, TPHYEM
CIIOBO <«TOYHO» 3A€CH HPHMEHSeTCH He TONBKO K THCIAM
(TogHoCTE TMpeACTABAERMANA), HO ¥ K APYIHM Bugam mHOP-
Maupyd. A HMEHHO, PACCMATDHBRETCH CTOIIeHL DPealuCcTHY-
HOCTH Nepefadyl OTTEHKOB WIBETA Ha MOHHETODE, CTeNeHb
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TPMOIEKeHEOCTH BOCOPOH3BOLUMON MYSHKH K €cTeCTBeH-
HOMY 3BYYAHHIO MY3HIKAJLHBIX MHCTPYMEHTOR MJIU TOJOCY
yeJOBeKa H T. 4. 3a4a4R NepeBoAs WHGOPMALNA eCTeCTBEeH-
HOI'O NMPONCXOMASHHA B KOMIBIOTEPHYIO HASLIBAETCA 3a]a-
uell duckpemusayuu WK K6aHMoEaHUR. ITY 3a7ady Heol-
XOMMO pemmaTh AJIA BceX BHAOB HHpopManud. Cocobr1 fu-
CKDETHIANWE AJA PasHLHIX BHAOB EAGODMaINH PA3IHIHEL,
HO MOAXOAH K PellleHuIo »Toil 3aaaYH TOCTPOeHE Ha OFHHA-
KOBHX HPHHIHIAX.

§ 2.1. NpeacraBneHne UeNbIX YACen

JIxoGoe ejoe YHCNO MOMKHO PACCMATPHERATE KAK BelleCTREH-
HOoe, HO ¢ HyJeBo# Apo0HOR dacTeio, T. €. MOMKHO Onuto 6m
OTDAHAYNTHECH IPEACTABICHAEM B KOMIBIOTEDPE BEIIEeCTBEH-
BRIX YHCEN B peaNHn3aumneil apudMeTHIecKHX AcHCTEHI HAJ
HEMA. OpHaro ana spdeXTABHOrC HCNOALIOBAHAA TAMATH,

' TOBRIIIEHHUE CKOPCCTH BHIIOJAHeHHS BHTHCIACHHN H BBeZe-
HYA OHepaliy AeleHHS HAOeNO ¢ OCTATKOM Iejhle THcia
NPeACTABAAIRTCA CHCEKEANBHO AMA HUX OpefHABHATeHELIMH
cHoocobaMu.

BeesieHHe CcHelBaJBEHX CHocO00B IOpeNCTABJICHHAA Ie-
AKX YHCceJ ONPAaBJAHO TeM, YTO AOCTATOYHC dacTO B 3aja-
98X, pellaeMBIX ¢ HOMCINEI KOMNBIOTEDA, MHOTHE HelfcT-
BUA CROGATCA K OIlepallMaM HaZ UelbIME Suciaamz. Hanpnm-
Mep, B 387aYaX SKOHOMHYeCKOr0 XapaKTepa NaEHEIMH
CAYAT KOAHYeCTBA aKIMi, COTPYAHHKOB, gerameil, TpaHec-
TOPTHHX CPelNCTE H T. A., IO CBOEMY CMEICIY ABIAKIHECH
UeJRIMH SHcejaaMu. Llentle THCA& MCMOAB3YIOTCH M Aua ofo-
3HAYeHUA AATH W BpeMeHH, U AAA HYMeDanuH pasimdHBIX
00BeKTOB: 9JIeMEHTOR MaCcCHBOB, sanmcefl B 0azax AaHHHX,
MADIRHHEIX AAPECOB H T. II.

g KOMIBIOTEPHOTO MpeACTABTeRA HekbIX YHces obry-
HO UCHOAL3YeTCH HeCKOABKO PASIMYHBIX CHOCOBOE MIPEACTAR-
JIeHNs, CINRYAIINUXCA APYT OT Apyra KOMHMYeCTBOM DA3pH-
AOB U HAMUYMEM WM OTCYTCTBHEM 3HAKOBOIQ paspana. Bes-
SHAKOROE MPEACTABICHAEC MOKHO HCIONB30BATH TONBKO AJA
HeOTPHUATONBHEIX DeNHIX uuces]l, OTPHUATEABLHEIE YHCIAA
NPeACTABRAIOTCA TOJABKO B 3HAKOBOM BHUAE.

IIpm Ge33sHAKOBOM IPEHCTABJICHWUH BCe Paspambl AYeHKM
OTBOZATCA NOJ camMo wracao. Ilpu npeacTaBIeHUH CO BHAKOM
caMulil cTapmmil (JMersiit) paspas OTBOAMTCA IIOR 3HAK dHC-
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Za, OCTaJIbHLIe PASPARBI — NOA cobeTBeHHO 4Heno. Ecmm
HHCAO NONOKUTENRHOe, TO B 3HAKOBHI paspAf nNoMeIiaeTcd
0, ecan gucso oTpEIaTensHoe — 1. QueBHAHO, B AueifKax
OJHOTC H TOrO JXe pasMepa MO'KHC IPeAcTABATE GobInui
AMAIA30H OeAnX HEeCTPHUATeNBHEIX 3ncen B OeszHaKoBOM
HpeACTABNEHAY, YeM YHcen co saaxoM. Hampumep, B oqHOM
Gafire (8 paspafoB) MOKHO SaMUCATh NONOMATENLHEE HHUC-
aa ot 0 mo 255, a co 3EakoM — TOABKO g0 127. flosTomy,
€CHH M3BECTHO 3apaHee, YTO HeKOTOPAS UHCICBAA BEINUMHA
BCETAA ABJAAETCA HEOTPMUATENbHOR, TO BHITOLHEE DACCMAT-
prBaTE ee Kak 0e33HAKOBYIO,

T'oBopAT, 4TO mexble YHCIa B KOMIOLIOTEpe XPAHATCH B
dopmare ¢ Qpuxcuposannoii sanamoil.

2.1.1. Npeacrasnexme LeNbIX NONOXUTONBHLIX YUCen

Jna nonyueHnnda KOMIOBLIOTEDHOTO NpPefCTaBIeHEA 0e3sHa-
KOBOrO IL[eJNOr0 IUCHa B R-DaspARHOR Ayelike maMATH Zo-
CTATOTHO [I€peBeCTH €0 B IBOHUHYIO CHCTeMy CIUCIAEHHA H
AOMOJHMUTE HIOJIYYeHHHH De3yabTaT cleBa HYJAAME A0 &
paspsfoe. IIoHATHO, YTC CYMHECTBYeT OrpaHHdeHUe HA
HHCHA, KOTOphle MEl MOJKEM S3alHCaTh B R-pASPARHYIO
TUeRRY,

MakcEManbHO MNPEACTRBHMOMY MHCHY COOTBETCTBYIOT
eIMHUNE BC BCEX Paspafax suedKH (ABOMYHOE YHCIO, CO-
-crofAmee u3 k engHENn). (N8 k-paspAgHOTO NPeACTABACHHA
ono Gyner pasHO 2% - 1. MerumansHOE THCTO npeAcTaBIA-
eTcA HyAAMU BO BCEX DASPANaX Ad9eifflKE, OHO BCEr[a PABHO
Bym10. Huxe IpEBeieHE MAKCHMAJLEEIE YUCAA A1 fessHa-
KOBOI'C IDEACTABJICHHA OPH PASIMIHEIX 3HAYEHHAX kK:

Koanwectso MaxcEMAaILHOE TACAO
paspanos
8 255 (2° - 1)
16 65535 (2'° - 1)
32 4294967295 (2% - 1)
64 18446744073709551615 (2% - 1)

IIpy 3EaKOBOM OPEeACTABICHAE MENBIX YHceNl BOSHUKAIOT
TaKkle NOHATHA, KaK NpaAMoii, O6paTHHE H AOINCAHUTEIH-
EB KOAHL.
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Onpexenexne 1. Ilpeacrasnenne Yncha B IPHRBLIYHONR Ang Yeo-
Beka GopMe s3HAK—BeIHYIHMHA», DA KOTOpoit cTapminii pas- -
pAx AYEHKHA OTBOAUTCA MOA 3HAK, OCTANBHEIE k — 1 paspa-
ZOB — oA NudpH UKCAa, HAHKIBACTCA RPIMbIM Kodox.

Hanpnmep, TpaMBe KOAHM ABOMUYHBIX uncen 11001, u
-11001, ana BocsMupaspaARHOil Adeiiky papaw 00011001 n
10011061 COOTBEeTCTBEHHO. IIOM0MKHTENBHEIe IeJRle HKCIA
NpeACTABIAITCH B KOMIBIOTEDE ¢ MOMOLIBIO NMPIMOro KOHA.
IIpamMoii Ko OTPHUATENBHOTO LENAOrO MHUCAA OTAHYaeTCH OT
IPAMOTD KOHA COOTBETCTBYIOIIETO LIOJIOMKHUTEIBLHOTC UHMCHA
COREPKEMBIM 3HAKOBOro paspaga. Ho BMecTo mpaMoro Koga
AA OpencTARNeHUA OTPEUATeNBERX LEeJbIX YMce)] B KOMIIE-
10Tepe MCNONB3yeTeA AONOAHATeNsHER Kop (eM. . 2.1.2).

OTMETHM, YTO MAKCHMAJILHOE MOJOMHTENHHOE UHCIO,
KOTOPOE MOXHO 3alUCATE B 3HAKOBOM IpeicrableHMHA B K
paspanax, papHo 2 k1 1, uro EpaKTHYeCKH B ABA pasa .
MeHEIIe MAKCHMaJbHOrC Unciaa B GessHaxonoM TpepcTaBe-
HAH B Tex ke k paspaaax.

3apamme. Onpederume MAKCUMAALHOE NROROMCUMENLHOL RUCAO
6 60COMUPAIPATHOM U ULECTRHAIYAMUPAIDATHOM SHAIOGHIX
cnocofax npedcmasienui Hucen,

Pewenue. MaxcuManpHOe DOJOKHTEIbHOE MHCAC B 8 6Gurax
papzo 127 (27 - 1), B 16 6mrax — 32767 (2'° - 1), |

IIprmep 1. Incao 53 = 110101, B BOCEMUPAIPAZHOM IpeCTAB-
JIcHAW BMeeT BHUA:

{olo[1f1lo]ifof1}

Iro e umcyo 53 B 16 paspdanax GyzeT 3alHCAHO CNERYIO-
muM obpazom:

|olojofofofo]Jofofojo[1j1]0]1[0]1]

B ofomx cayzagx HeBA)KHO, 3HAKCBOE HAN Oe3sHanoBoe
OpeJcTaBIeHRe IPY 3TOM HCIOAb3YeTCH. ll

- Upnmep 2. s ancaa 200 = 11001000, opeacTasienue B 8 pas-
PARAX cO 3HAKOM HeBO3MOIKHO, TAK KAK MAKCHUMAJILEOE AC-
OYCTAMOE YMCIO B TAKOM IIpeJCT2BIeENN pasHo 127, a B Gea-
3HAKOBOM BOCOMHUPA3PATHOM IPEACTABJICHAY OHO MMeeT BUA:

O
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2.1.2. TipeacTaBneHMe LenbiX OTPULATONIbHBIX YMCeN

Jns npeAcTaBNeBHA B KOMIIBIOTEPE HEALIX OTPHUATENBHBIX
qpces MCHONBIYIOT AONONHEMTENLHELA KoK, KOTODEIH HO3BOA-
€T 3AMeHWTS APHPMETHYECKYIC ONEPaNUi0 BEITETAHUSA Omepa-
el CHOMeHHA, 4UTO CYIIeCTREHHO YBENMYHBAET CHKOPOCTD
seraucienuii. ITpesge geM BBOZATE ONPeAeSeHHE NOTIONHE-
TeJLHOTO KOZa, CHejaaeM cAeAVIOOIee BaXKHOE 3aMedaHWe.

B k-paapmmou nenouncienHod KoOMIbIOTePHOE aprd-
mernke 2" = 0.

OfBACHATE 9T0 MOXHO TeM, ITO JBOHYHAA SAIIUCH THCAA
2% cocronr us onuo#t exunuNy H k HyNed, a B agelixy us &
PaspaAOB MOXET YMECTHThCA TOJNBKO B nmudp, B paHHOM
cnydae TOABKO k myaeli. B TakoM cayuae roBOPAT, ITO ZHA-
walnas efMHENA BHINA 38 HpeAeNb PaspPASHONH CETKH.

Onpepenenne 2, k—paszpanunii donoxnumenvhniii xod orpama-
TEeALHOT'O UMCIA M — 5TO SAMMCH B k DASPAKAX IONOMKH-
reassoro amena 2° — |ml, rae lm| — Moayan orpunaTenshoro
wmeaa m, jm| < 287

Pasbepemes, 9To ¥ [0 Hero ZONMOAHETeNALHEEIE Ko Aomoa-
HAeT. JONOJHUTENLHEE KO OTPHIATSNLHONO UMCIA M —
5TC AONONHEHHe MOAYJA dTol'o qucxra go 2° (wm .n;o HYAA

B k-paspagHoll apupmernke): (2% ~ |m)) + jm| = 2* = 0.

AATOPHTM NOAYYCHHA AONOIHNTEALHOTO k-pASPAAHOTO KOJA
OTPHIATEABEOTO THCIAA

1. Moayap qucaa MPeACTABATE: NPAMEIM KOAOM B kB ZBOMYHEIX
paspanax.

2. 3HaweHHUA BCEX DASPAAOE UHSBepMuposamb (BCe HYNM saMe-
EHTH HA €IUHNNE, 4 ARHUIL — HA HYJH), HOIYYUB, TAKEM
obpasoM, k-paspagsilii ofpamubiil x0d HCXORHOTC YHCIHA.

3. K nmony4yenHoMy 06paTHOMY KORY, TPAKTYEeMOMY K&K R—pas-
PAZHOE HeOTPHIATENbHOS ZBOHYHOE YHCJI0, OPEGABHTE JH-
HHUDY. . AN

OfpaTHEIA KOX ABASETCH KOTOAHeHUEM ACXOAHOIO THCAR
20 aucna 2% — 1, cocTosmere U8 & OBOEIHHIX eAMHHIE, 1lo-
STOMY OpubaBieHMe eAMAKIH K AHBePTHDPOBAHHOMY KOAY
TO3BOJIAET NOJAYIHTE €70 HCKOMBIE JORONHATEILHED KOA.
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Ipavep 3. IonyuuM AONMONHUTeNBHEIH Kop umcaa ~52 pna

BOCHMH- H IIeCTHAALUATHDA3DAAHON Adeex,
Jina BOCBMHDPAIPAXHON AYEHKH: '
0011 0100 — mpamoit kox wmena |-52| = 52;
1100 1011 — ofpaTHmt Koz wHcaa —52;
1100 1100 — pomonsurensHEt Kog umcaa —52,
Ans nlecTHaANATHPA3PARHOHR AdeRKM:
0000 0000 0011 0100 — npamoit xox umeiaa |[~52);
1111 1111 1100 1011 — obpaTHeil xox wmcaa —52;
1111 1111 1100 1100 — EmononEETeABHEIN KOg YHCAR —52.
O

Bonpoc. Kaxoe munuMarvHoe OMPUUAMERbHOE HUCRO MONHO

sanucamb 6 k paspadax? -

Omeem. Ouucannniil BEIIIe ANPOPUTM MONYUCHHA AOMOTHHTENB-

HOT'0 KOASA. JUIA OTPHIATENLHOTO YHCIa SHAKOBYIO

neBoM paspagse ofpasyeT apToMaTHYeck:m mpm |m| < 2% 1.
Eecnu me 277" < |m| < 2, To mONBITKA PEATHBAINHM AAHHOIO
ANTOPHTMA NpPHBEAET K TOMY, ITO B JieBoM paspage Gyaer
HaxXOZUThCA nEQpa 0, COOTBETCTBYIOMIAA KOMIBIOTEDHOMY
NPeACTABIEHNRI0 NOIOMKHTONBHBIX 4HCES, YITO HEBEPHO.

1

IIpencTapum znavenne 2° — |m| B caegymomenm eugme:

2% — |m] = 2¥1 + (2% — |m)).

3aecrk NepBoe craraeMoe 251 COOTBETCTEYeT AMEBHLE B

JNeBOM 3HAKOBOM paspamge. To ecTh mpH NpeACTABICHAF OT-
PHIATEABHOTO TACHA M AONOIHUTENLEEIM KOHOM B CAMOM
JiepoM (3HAKOBOM) paspAfe JANKCHBAETCH SEAK OTPHIA-
TeIBHOTQ YHeHa (eAHHNIOA), & B OCTAIBEHX pa3pAfax —
gmeno 2¥ ¢ — |m|. CrepomaTensHo, MHHHMANBHOE OTPHIA-
TeJbHOS (MAKCHMAJBHOS IO MOAYAI) YHCAO 72, KOTOpoe
MOXHO OPefCTABATh B B paspagax, paBHo —2° — (aT0 orpa-

HUYeHHe U OBLI0 IPABSHEeRO B OINpefeseHuR 2).

O

dapanwe, ITocmpoiime GonorHumenvHbLl GOCOMUPAIPAOHDLL
Kod daa uucen —i28, —-127 u -0.

Pewenye. OrbeTHl mpuBeeHH B Tabanie HAKe:

Tncao -128 -127 -0

Hpamoit wox mogyaa | 1000 0000 |0111 1111 0000 0000
OGpaTHRE Kox 0111 1111 {10000000 (1111 13111
Donomaaremsasd koy | 1000 0000 | 1000 0001 [ 0000 0000
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OrmeTHM, aT0 gias wucaa —128 npamolt xoa coemajaer
¢ AOTMONHUTEALHEIM, & AONOIHATENLHEIA Kog uncaa —0 coB-
mazaer ¢ oSeYHHM HyaeM. IIpm npeobpasopanmu ofpaTHOrO
Koga anasa uacas —0 B ero OONOAHHTeNBHEIH KOJ IPABEIA
OOBMHOM ABOMIHOM apudMeTHEH HAPYIIAIOTCA, & HMEHHO:

1111 1111, + 1 = 1 6000 0000, = 2* = 0. a

BoccTaHOBHTE MOAYJAP KCXOAHOTO FECHATHIHOIO OTPHIA-
TeABHOTO THCAA IO €ro SONONHUTENHHOMY KOAY MOXKHO OBY-
MA cOocobaMH.

Crocof 1 (oBpaTHas nenodxa OpeobpasoBaHMil): BHIYECTD
eIMHHIY M3 AOOOIHATENHHOrO KONA, HHBEPTHPOBATE IIOMNY-
YeHHM KO M NePeBeCTH NOJyYeHHOe NBOMYHOE NPEACTAB-
JeHKe¢ YHCAA B AeCATHIHOE.

Cnocol 2: o UpHBeieHHOMY BHIOIE AJCOPHTMY IOCTPONTE
AOMONERTENBHHI KoA ANA HMeIOINercca AOMOMHUTEILHOTO
KOAa ECKOMOrO YHCJA U NPeJCTABHTE Pe3YIbTAT B AeCATHI-
HOH cHCTeMe CUMCIeHMs.

IIpumep 4. [TonyuuM pecaTHYHOe S3HAYCHHe UHUCAA I[I0 ero

AoIoIHWTeIPHOMY Kogy 10010111,.
Cnocot I:
1) n3 AOOONHUTENRHOTO KOZa BhIITEeM 1:
10010111 - 1 = 10010110 {(moxy<snz o6paTHRIA KOR);
2) mHBepTHEPYeM noayueHHRHA kom: 01101001 (monyuman
MOAYJb OTPANATEJLHOTO THCNA);
3) mepeBefieM NOAYYeHHOEe ABOMIHOE 3HaYeHUe B AeCATHY-
HYI) CHCTEMY CUHCIeHHHA:
01101001, =2°+2°+ 2%+ 1=64 + 32+ 8 + 1=105.
Omeaem: —105.

Cnoco6 2:
1) mABepTHpYEM HMeIOHiicA JODOJAHWUTENBHHIH KoX:
01101000;

2) npmbasum K pesyapTaTy 1: 01101000 + 1 = 01101001
(DOAyUUIN MOAYJIE OTDHIATEJSHOTO THCIA);

3) mepeBefieM NOAYYEHHOe ABOMYHOE 3HAYMEHHME B HECATHY-
HYIO CHCTEeMY CYHCJICHUAN:
01101001,=2°+2°+22+1=64 + 82 +8 + 1 = 105.

Omeem: —105. O
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Ilensie 9Hena CO 3HAKOM, n]fe,nc-ramue B k paspagax,
NPHAAAJIENAT ANAKAZ0HY [——2 - 1), xoTopLiit Be AB-
NAeTCd CHMMETPHYHBIM o'rnocm'enbso 0. Dro caegyer yun-
THIBATH OPH OporpammupoBaEny. Ecau, HaupuMep, HaMe-
HETH 3HAK ¥ HauOOALMEro mo MOAYIK OTPHIATENLHOTO
YHCAA, TO HOAYISHHEIA pPe3yJBTAT ORAKETCA yie He Hpen-
CTABHMEIM B TOM ’Ke YHC/e paspagos.

Hnxe npuBeaeHn! 3RaveHWA TPaHUl, JUANAZ0HOB AN
SHAKOBBEIX NPefCTABJeHW B S9eifiKaX ¢ pasiIu4Holl paspan-

HOCTBIO:
Paspammocrs | MuuaMaapHOS THCAO MakcHMAIBHOS YHERO
8 -128 127
16 -32768 32767
32 —2147483648 2147483647
64 —0223372036854775808 | 9223372036854775807

2.1.3. NepeuncneHne YNCen B LLBNOYUCIEHHOW
KOMNbIOTOPHOH apudmMeTHKe

Mgl BRIAcHMNE, 9TO B R—paspAgHOM 3HaKOBOM nan Ges-
BHAKOBOM LOPeACTABICHHHA NeJbrX THCEeJI KOJMUYecTBO IIpef-
CTABHUMEIX “HCeJ OTPaHHYeHC M 3apmcAT oT k. IIpeacrasy-
Mble YHCIA MOXKHO IepeqdHCIHTE O Bo3pacTaHuio. Hampn-
Mep, AAA BOCBMHPA3PAZHOrC 0e3dsHAKOBOTC OPEACTABIAEHHA
AONMYCTHMEIe YHC/IA PACIONATAIOTCA HA OTpPe3Ke CASXYIONIHM

obpazon: :
—— - —
0 1 2 265
Ana BOCBMEDPA3PARHOrO 3HAKOBOTO IPE/CTABJICHUA:
—_ o —t— o —
-128 -127 -1 0 1 2 127

OpHakc B k—paspAAECH KOMNILIOTepHOR aprdMeTEKE 3TH
OTPesKH MOKHO 3AMKHYTH B KOJILDA B NepedHCIATh: YUcaa
COOTBETCTBYIOMIETD MPEACTABICHAA 1O KPYTY.

Bce nensie uucaa moboro k—paspagHOro NpeAcTABICHHA
MO HO 3a¢dHKCHEDOBATE HA KOJbIE 10 NOPAARY, IpAYeM pi-
Z0M ¢ MAKCHMAJBHEIM IMCJI0M B TOM EJXH HHOM IIPeaCTABIIE-
HEm GyZeT HaAXOAMTEHCSA MHHHMANLHOS, HALPHMep:
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1
H 82767
32768 >
255 ssssaO O 32768

8-paspagHoe 16-paspansoe
feazHAKOROR fe33RAK0BOG monoe

JIeHiCTBATENEHO, PE3YALTATOM NpuOaBACHAA CAMHHUIH B
aprdMeTHKe ¢ PUKCHAPOBAHHLIM KOIMAIECTEOM pPAspanoB AB-
AgeTcA clexzyolee Mo YACOBO cTpesaKe 3a MCXOAHEIM 3HA-
YeHHe HA KOJBIE, a4 PeSYNBTATOM BHIYMTAHUA €IMHHIEL —
clefyIoNlee 3HAYSHHE IIO XOAY HPOTHE YACOBOM CTpEeNKH.
Jlagnrit GbarT oueBHOER, KPpOMe CAVIASE NepeXofa OT MaK-
CHMAJBHO JONYCTHMOrO YHCAA K MHHEMAILHOMY IpH OpH-
fapJeENH 6QAHULOE H OT MEHAMAJIBHOTO K MAKCHMAILHOMY
IDH BHIYHTAHUH,

IloacuemM aTi coysan, PaceMoTpRM BHAYALe Oe32HAKOBLIE
nmpeAcraBiaeHus. MakcHManpEO FONYCTHMOE IHCI0 B k—pas-
paxHOM Ge33HAKOBOM INpefICTABNeHHA paBHO 2° ~ 1 B cocToHT
¥3 R eAWHVD, B FBOAYHOM NpeAcTaBicENH. [Ipn npubasienuu
K TAKOMY YHCJIY eMHHUANE ME moaysaeM 27, 4To B CBOIO ode-
PeZE: COOTBOTCTEBYeT HYMIO E R-paspanuoii apndmernxe. Bri-
YHTAHHE e M3 HYJIA eJAHWIL ABJIAeTcA obpaTHOR omepa-
OHel: BRYHTAHEAe efEHANEI MOKHO PACCMATDHBATE M KaK
npubapiieHEe K HYJAI0 MHHYC eQHHHUIA, MO NpPaBHIaM Ke
k—paspagaoit apudMeTHEH «MHHYC SAKHHIA» — 3TO HOMOI-
HeHHe eamHNE 3o 2°, T, e, THCA0, KOTOPOE NPH CHOMEHNN ¢
equHumeil gacr 2°. OUeBMABO, YTO TAKOBEIM SBJIAETCH HYHCIO

— 1, cocToamee H3 k ZBOUMYHEIX ¢ZHUHHL, SHAYHT, B DessHa-
KoBoM npeacTaBiaeEuy 0 + (1) = P 1, uTo ABRAsAETCA MAK-
CHMAJILHO NIPeACTABHMEIM YMCIIOM .

B seaxkosomM k—paspagHoM I eJCTABJIEHIY MAKCIMAIILHO
AOIMYCTHMEIM AeaAeTca 1@cao 2° ~ — 1 (k — 1 xponanasn enu-
mma) IIpm yBenm4eHHA TAKOTO YHCIA Ha 1 MBI HOJy4YacM
2t wm eMMHANY B 3HAKOBOM 0HTe M HYJH B OCTAJbLHBIX,
qT0 coorse'rc'rnyer OTPHUIATENHPHOMY HYHCIY ¢ MAKCHMAJILHO
BOSMOMKHEIM MofgyjieM. BEIMUTAHHEe eAEHHUUEL K3 TAKOTO

1 GaxTeveckn onepanum cAoMKeHMA, BRMATAHHA ¥ YMHOMEHNA B k-paspaguon
GezaanoBoM IpPeACTARIGHHE COOTBETCTBYIOT MATEMATHYECKOMY HOHATHI
«ApH@METHIeCKHE ONePAMHE Mo MOXYXio 2% (cpaBHeHNMe o MoEymo 2
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2.1

qUCIA MOKHO OPOBOAHTS IO NPABHIAM OOEITHON ABOMYHON
apupmermkm: 10..0-1=01...1 =2 -1,
231 231

JlocTOMHCTBOM DacCMOTPEHHEIX OPMATOB IPeACTABICHHA
HeJEIX 9ucesl ABIIeTCA IMPCCTOTA PesfHSAINHA AJTCPHTMOB
apupmMeTHIecKHX onmepanmit (Hanpamep, BEIMETaHNe, Garo-
Japa HCNONL30OBRHE AOICJHHTEILHOrO KOJA JJIA OPefCTaB-
JIeHHA OTPHOATEJNBHHIX YHCe], CBOAUTCA K CHAQMKEeHHIO).

4. OcoGennocTn peanuzaunn apnpmeTUIecKnux
onepaumMii B KOHeYHOM YUCNe paspsanos

Ilenourcnesaad ApHHMeTHKA B OTDAHUYEHHOM THCIE pasps-

JOB HECKONBKO OTIUYAeTCHA oT 00rryHoit. Ilpm BRIODOIHEHHH

apadMeTHYCCKUX AeHCTEHHA B HeXOTHCIeHHON k-paspsagHoit

apudMeTHKe BOIMOMKHO BOSHEKHOBEHHE CJSAYVICIINX CHTYAa-

@i, He3HAHWE KOTOPHIX MOXKeT IPHBECTH K HeBepPHOMY pe-

BYJALTATY IOPH EHIOOJHEEHM BeDHRIX AJrOPHTMOB:

e cTapmme (IeBHe) UHGHPH Pes3ybTATA, BEIXOAAINNE 38 0T-
BEAeHECR KONHYEeCTEO PASPAMNOB, OKASBIBAIOTCS YTeDSH-
EEIMH;

e DOPH CAGKEHWE WA YMHOMKEHHHE ZEBYX HMOJOMHTENLHLIX
YHCed, HMEIOIHX 3HAKOBOE npep;c'ramlenue, MOXHO IIO-
JIY9IATE OTPHOATENRHOE IHUCIO, €CAH B Pe3YJLTaTe Cio-
#eHnA (YMHOMXeHHA) B IeBOM 3HAKOBoM OHTe OKayKeTcd
eIuHNIA.

Hprmep 5. Bumonunm cirosxenue 100, u 51, B 3HaK0BOM BOCEME-

PaspASHOM IpeACTABNICHHH. B 9roM MpeAcTaBIeHMH WHCHA
umeior cuepyiommit sua: 100, = 01100100, »n 51, =
=0011 0011, IlpH CUGWKEHHH STHX W|HMCEX IOJIYIAM
1001 0111,. Caman nepas eqUHMIA (SHAKOBEIA Pa3PAA) YKAsH-
BaeT Ha TO, UT0 B 8 paspazax SanncaHd OTPHIATENBHOR THCIO,

Tax Kar Bce OTPUIATENLHEIE YACAA B MAIDHHE NPeACTAB-
NS0T AOMOMHUTEABHEIM KOKOM, TO AJA BOCCTAHOBJICHHA
ReCATHYHOrO 3HAYEHUS 3TOr0 OTPHIATENBHOTO YMACAa HAZO
BOCHOJLB0BATLCA AJATCPHTMOM IIOAYUeHES HCXOZHOTO TUCA
IO ero JONOJHKTEIbHOMY KOZY (cM. mpamep 4). B peayasta-
Te noayamm wucro —1056.

Taxum p6pasoM, B BOCBMEDASPALHON 3HAKOBOHA apuadme-
THEe 100 + 51 = —105, T. e. OpH CJ0EHAN JBYX MOJOMKH-
TeJLHEIX YHCeJl MH MOJYIHIA OTPHUATEAbHCE THCIO! O
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Bonpocu W 3aaHMs

1. Obocuyitre nenecooﬁpasnoc'rb apeacTaBIeHHA ocobrIM obpa-
30M B KOMIBIOTepe IeJNBIX THCE,

2. IlpABeuTe NPpEMEp YMHOKCHUA B OTPAHRYCHHOM YHCe pPas-
PAAOB ABYX IOJOKHTENAEHEIX HHEce], B pe3yJALTaTe KOTOPOro
IOJIYIAETCH OTPRUIATEAbBHOS YHCIIO.

3. Ilepeuncanre x 0OBACHATE BCe OIUOKHA, KOTOPHE MOTYT EO3-
HUKATS IIPH BEIIOJHeHWH ApH{PMeTHIECKHX OIepaluii Bax
UeJLMY TUCAAMA B KOMIOBIOTEPHOH apAdMeTEEKe B OTPAHM-
YeHHOM YHCJIE PA3PAZOB.

4. IlokaxuTe, KakuM oGpPA30M HCHOJMB30OBAHHE IONONHETEIb-
HOTO KOJA IO3BOJIAET 3aMEeHUTh ONEPANHIO BRUUTAHNAS OIle-
paliuei cnoAteHRA.

5. B BocemupaspagHoil adeiixe sanmmpTe ,qononﬂn'rem,nme
KOAS! CASAVIOWIRX ABCHIHEIX TUCETT:

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

6. MoxHO 1 O BRAY AOMOAHUTENBHOTO KOAA THCAA CKASAT,
YeTHO OHO KAH He9eTHO? _

7. Haiigure AecATHYHBIE SKBHBAJICHTE OTPANATSILHEIX IHCEN,
38MUCAHERIX B AOHOIHMTEILHOM KOZe:

a) 11000100; 6) 11111001,

8. Kaxkpe u3 uucen 4313, 101010, 129,, n -135,, moxHO co-
XpaHHETE B ogEoM Gaitre (B 8 paspagax 3

9. ITonyunre 16-paspasHoe NPeACTABICHHEE CACAYIONIAX TACEN:

a) 25; 6) —610.

10. Mna wucen A = 1110,, B = 1101, BHIOIHETE CAAYOIINE
otiepanuu: A+ B;A-B;B-A;-A-A;-B-B;-A-B
(B BOCHMHPASPAAHOM 3HAKOROM IPeACTABICHNA).

11. Bruuncaute ¢ noMemse HEMceHePHOrO KaNbRYAATORA (CTaH-
maprHoe npuaoxkenne Windows) crnegyiomue BHpaReHna:

a) 111011101, - 1101110110,;
6) 110110100i - 110001001602.
Kax BEI MOKeTe ACHHETDH NOJYYECEHRI® PesyJIBTATH 7

§ 2.2. MpepcraBneHve BeWSCTBEHHbIX Yucen

BemecTbeEHEe YHCIA B KOMOLIOTEPE XPAHATCA B QopMame
¢ naaeawiyeil sanamoil, KOTOPHIL oMApPAGTCA HA HOPMAIH-
30BAHHYIO GOpMYy SalMCH HHCeN.
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2.2.1. HopManusoBaHHas sanmuchb Yucna

Ecay Npn IpejcTARTeHAM IEIHX UYHCEX B KOMNBIOTEpe
OrpaHUYEHNEM MOMCeT CAYXKUTH AUIOb BeJITIAHA 3aMHCHEBA-
eMOTO 9HCAa, TO NPH 3AIllUCE BemeCTBeHHOTO YHNCAA pedb
B HePBYI0 OUepeAb WJeT O TOYHOCTH e€ro IpeACcTaBlIeHWsd,
T. 8. 0 KOJUJeCcTEe 3HaYaOEX nudp, KOTOphe YAaeTCH CO-
XPAHHTD B OTPAHEIEHHOM WHCJe Pa3psiOB.

IIpamep 6. HomycTuM, MBI HMeeM KAALKYAATOP, B KOTOPOM Ha
sKpaHe AHCIIed AJA BEHBOJA THUCEX eCTh TONBKO 10 3Eako-
MecT {BKAOYAS SHAK YHCIAA B 38I- .

TYI0 MeJHAY Mexoi H Apobuoi TacTa-
MHA ZecATHYHOro duciaa). Ecan Ham
HeobxoauMo paboTATh ¢ YHECIAAMN

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

TO Ha JECIUIee HAIIETO KAABKYIATO- Ll o
pa oToGpasuTe yigacTca IHIIL BTO- Mal *”‘.I Jr |
Poe u3 BEX (IepBoe THCIO 3aHNMAET —- . — SEEE
11 spaxoMecT, BTOpoe — 6 3HAKO-

MecT, TpeThe — 13 sHAKOMeCT). 0

Pra sagaua MoKer OHITH pellieHA, eCJIM YHCIA IIpefcTa-
BHUTh HECKOJBKO BHAYe. 3aferad Brepel, CKaeM, 9TO A1
npme]pa 6 mexomBill crocod sanmcH gHced B KANBKYIATOpE
TAKOB

~-6.392E+9 -6.392E+02 -6.392E-07,

The 3Eax «E» uMTaeTCA KaK ¢ YMHOMHATE HA AeCATEH B CTeHe-
HH». Takag samnch OTpaxkaeT SKCROHEHUUAALHYIO bopmMy
3aIHUCH YHCel.

Onpepenenne 3. Jio6oe UNCI0 @ B SKCNOHEHUUAABNOU PODME
OpeAcTaBAAeTCA B BuAe @ = tmxPY, rae P — ocEOBaHUE cHc-
TeMEI CYNCTIEHHA, M HA3LIBACTCA MOHMuccoil YMcaa, ¢ —
nopadiom 4YHCIA.

lp KANBKYRATOPE, KAK H BO MHOI'HX KOMIOLIOTEDELIX MpOrpaAMMAX, BMECTO JanAToR
A8 oTAeneHHA ApobHON JACTH oT MEa0H ACIOAEIYETCH TOYKA. DTO COOTRETCTRYET
sanaguol TpAZHOAYN 3aNHCH P-HYHNX YHCe.
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IIpumep 7. Inuny orpeska, paBaore 47,8 cM, B 5KCHOHEROH-
AJMIBHOE (hopMe 3alECH MOKHO LDPEACTABHTEL TAK: '
1) 478 x 107" cM = 478 Mm;
2) 4,78 x 10! cm = 4,78 mu;
3) 47,8 x 10° cM = 47,8 cm;
4) 0,478 x 10% cm = 0,478 m. O
Hs sroro npumepa BEAHO, YTO ATHHY OZHOTO M TOTO XKe
OTPE3KA MOJMKHO 3AIMCATH C HCHOJbL3IOBAHHEM pAa3IHYHLIX
SKCIOHEHUHUANBHEIX (opM. JTA HEOZKHO3HAYHOCTL B3AIMCH
MOXKET IIPUBOAUTE B ONpeJelleHERX CIAYHaiIx K HeyRoGCcTRY.
Hz xypca anrefpri uspecTHO, 9TO ecin P dEKCEpOBAHO B
1/P <m < 1, To OpeAcTaABRIeHHAS TUCIA B SKCHOHEHIWANBRON
dopMe eAMECTBeHHO. Takam ¢opMa IKCIHOHEENHANHHOTO
NpeACTABJACHAA HASLIBAETCH HOPMAAUIOGAHMOU (PopMoi H
HMCHOOJB3YETCH B KOMIBIOTEpe ANA ORHOZHAYHOCTH OpeJCTaB-
JIEHNA BeljecTBeHHLIX THCO.

Onpenenenne 4. Hopmaauzosarnas 3aulck OTHMYHONO OT HYAA
BelleCTROHHOIO YNCXA — 2TO 3amuch BAKA ¢ = tm x PY, rae
g — mexoe Yueno (NONOKHTENBHOE, OTPHIATEILHOS, MM
HOJIB), & m — NpaBUAbHAfd P-wmanad Apofs, ¥ KOTOPoH mep-
BAA OudDa DoCIe 3a0AToN He paBHa EYII0, T. €. 1 /P <m < 1.

BamerTnM, YTO TIHUCAO HOAL He MOXeT OLITH 3aODNCAHO

B HOpMAJIH3IOBAHHOHK dopMe TAK, KAk OHA GHLIA ONpexesiena.

. HoaToMy OTHOCATENIBHO HOPMANHZOBAHHON 3a0HCH HyAd
MPHEXOZKTCH DPUOEraTs K 0CcODBIM COrJAlleERAM. ¥ CIOBEM-
€8/, 9TO 3aRUCH HYASL ASARCMCA HOPMARLUIOBGHHONL, ecAy U
Manmucea, u nopadox pasHbl HYRO.

B mopMmanm3oBagHO# QopMe BCe WHCIA 3aNHUCHIBAIOTCA
OZURAKOBO B TOM CMEICJe, 9TO 2ANATAS ¥ HHUX CTABHTCA
B OJHOM H TOM JKe MecTe — Iliepex mepBoit (camMoil Jepoi)
saavamel nudgpoid MaHTHCCH., 3aMeTHM, MTO B ABOMUHOR
CHCTEMe CYHCIeHHA NepBad NU(pa MAHTHCCH HOPMAJIH3O-
BAHEOTO YHCIA Beerda paBHA 1 (3a MCKIIOUeHHEM dHCIA
HoNs). Beauanna e yucna (T. e, ¢e MOPAAOK) YEASHIBACTCH
OTHEeNLEC, ¢ MOMOIIBI0 COOTEBETCTEYIOIIeH CTeleHH OCHOBA-
HUA CHCTeMSI CUMCIASHAA, B KOTOPOH 510 gucio 6rlro samH-
caHO msHadanbHO. KosmwetTBO IMdP B MAHTHCCE MOMKET
OXA3ATECA MeHBIIe, YeM YACTO 3HAYAImEX Iudp B HCXOH-
HoM ypcae. Yacro B HOPpMAIHIOBAHHON 3anmcH MAHTHCCA
P-gyqHOrO MHUCHA 3aMNCHIBaeTCA B P—HaHoil ceTeMe cumcae-
HHA, & ODOPAJOK H CaMO 4YMCa0 P — B AecATHYHOM.
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]Iplmep 8. IIpHBeAeM HPHMEPH nopmanmamm THCes:

1)0 = 0,0 x 10° (rosmoxHAS nogmannaanna HYyJa4);

2) 3,1415926 = 0,31415926 x 10" (xomauecTBO SHAYANIHUX
oudp He MEMEHUIOCh);

3) 1000 = 0,1 % 10* (KONMHYEecTBO 3HAYAIIAX DHE(PP YMEHb-
MIKAOCE ¢ YeThHIpeX RO OAHOM);

4) 0,123456789 = 0,123456789 x 10° (zamarymo Tepessa-
raTh BEe HYKHO);

5) 0,0000107, = 0,107, x 874 (komuuecrso anaqamux uadp
yuem.mnuocz. c ceun Ao Tpex);

6) 1000,0001, = 0,10000001, x 2* (xomriecTso sHaTamMx
uuGp YMEeHBIIMThL HEBO3MOFCHO);

7) AB,CDEF,, = 0,ABCDEF, , x 16? (xomgecrso sEauamux
orEdp YMeHBIIRTEL HEBO3MOKHO), O

TIlpn samMCH HOPMAJMMSOBAHHOIC UNCAA B KOMIBIOTEDE
A KaJBKYAATOpEe AJIA 3aNHCH MAHTHCCH H MOPARKA OTBO-
IUTCH sapaHee PUKCAPOBAHHOE KOJHYECTBO PA3PAZOB.

MaKCHMANBHO JONYCTHMOe KOJMNYeCTEC ORGP B MARTHCCE
¢ | OODpefiesaeT TOYHOCTD, ¢ KOTOPOH MoyeT OHITH MpeACTaB-
JIEEO THUCJIO.

' B KOMIBIOTEpHOM NMPEACTABJICHAN BeIIeCTBOHHEIX THCO

TloAcHEM 2TO He HpPHMepe ITKOJBHOIO KAILKYJATODA,
KOTOpHI IPOASBOAUT BEYACACHAA B AeCATHIHOH cHCcTEME
cgucaeHna. IIyerek 9T0 6ymeT KAALKYAATOP € AECATHIO
SHAKOMECTAMYE HAa AHCIlIee, MAHTHCCA B HEM MMeeT YeTH-
pe udphl, DIOPAROK — ABe. B oTawame OT cTamgaprHOk
HODMAJIM3aNNH, ¥ KAJIBKYJATOPOB IeDBAS S3HadYamas
nudpa, ¢ XKOTOpo#d H HAYMHAETCA MaHTHCCA, H306pakaeT-
¢s mepes Toukoi. Ilopsaox HpPM 9TOM COOTBETCTBEHHO
yMespIDaeTcH Ha eZMHEHIOY. Takaa ¢opMa 3amucu HopMa-
AM30BAHHEIX YHCe] MO3POAAET SKOHOMHTEL ORHO 3HAKOME-
€TO, TAX KaK BMeCTO HYJA B Iejoil 9acTH MH TOMeIaeM
SHAYAINYIO DEDPY.

Ipumep 9
1) Uneno 248.53786 B mmynmope IPeBpAmAeTcA B
+2.485E+02. ITeperoaa mociexmnee YMUCHQ B NPUBEIMHOE

mpeicTaBAeHMe ¢ (HKCHPOBAHHOR sanmATol, NOAYHHM
+248,5.
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2) Ymeno —2485378600,0 B KATEKYAIATOpPE MPEBPAIIACTCA B
-2.485E+09. Iepepoga mocAcfiHee UUCIAO B UPHABEIIHOL
npeAcTaBiedMe ¢ GHUKCHpoBapHof 3amAToNl, NIOAYHHM

—-2485000000.
3) Yucno 0,00024853786 B KaabKyJaATOpe WMeeT BHJ
+2.485E-04, T. e. pasHo uncay 0,0002485, 0O

CnenoBaTelrHO, BCAKOe FECATHIHOS YHCNO, COCTOAIIee
He Gonee WeM H3 UeTHIpEX IHAYAINHX AP B EOPMATHIO-
BAHHOM BHJE, MOMHO IPeACTABET: B TaKOM KaJbKYAATOpe
TOYHO, & OCTAJbHHE YHCAA — AANL UpHOAMXeHHO.

B nepBoM IYHKTe NpHMepa 9 IOrpellHOCT: KaABKYAdA-
TOPHOT'O DOPeACTABAeHHA MCXOZHOLO YHUCHA COCTABUIA
248,53786 — 248,5 = 0,03786. Bo BTOopoM OYHKTE IOTpelI-
HOCTE paBHa 2485378600 - 2485000000 = 378600, a B
TpeTeeM — 0,00024853786 —~ 0,0002485 = 0,00000003786.
Ecnn 65 ManTHCCA KAXBKYAATOPA HMena foxpmie mudp, mo-
rpemuocTs Guiiia 66f MeHBINE.

Onpenenenne 5. Moayar pasEOCTH MeXAY 3HaAYeHUEM YHCIA X
¥ HeKUM eI'0 IpeAcTasieHneM Xx¥* (KOMOBIOTEDHBIM, KAJTBKY-
ASTOPHLIM) HASEIBACTCS AOCORIDMHOLE NOZPeUtHOCItSI0 Opef-
CTABJIEHHA X.

HecMorps Aa TO, 410 B aGCONIOTHOM HCYNCIEHEM IO-
TPEelHOCTE MOXeT OuITh SHAYETENABHO Goabme 1, OTHOCH-
TEJIFHO BeJIMYEHE CAMOre YHCAA ee TIODAAOK OCTAETCHA HEeHM3-
MeHHEM, QTHOCHTeNbHAA NOTPEITHOCTS NIPecTABICHAA Yn-
ces B ppMepe 9 paBHA:

0,03786/248,53786 = 0,00015233...

378600/2485378600 = 0,00015233...

0,00000003786/0,00024853786 = 0, 00015233...

Onpeaenenne 6. OmuocumenbHOil nozpewtHocmyvio MpefcTaABIe-
x-—-x*

X

HHA X HAIHPBAOT BeJHIHHY

Bonpoc. Karx evi dymaeme, umo nax daem 3Hanue SeaUNUH ab-
CORNMHOU U OMHOCUMENLHOU NOZPEUWHOCTIU NPU PeuileHul
peanvHbix 3adayw Ma xomnvlomepe?

Omeem. AGCoMOTHAA NOTPEIIROCTEh TOBOPHUT O TOM, HA CKOAb-
K0 OONydeHHHH peayiapTar (HAODDEMED, PesyJabLTAT Ipeg-
CTaBACHAA THCIA B KOMObLIOTEpE) OTANYaeTCA OT HCTHHHO-
ro pesyasTara (B HaOoleM OpMMepe — OT CAMOTO HHCIA).
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. TIp® permmeHHE peaJbHBIX 38484 SHAHKE 9TOM BeJIWIMHHI 1O~

3BOJIACT OEeHHMBATH, HACKOABKO AOCTOBEPHHI peayiasTaT
6l monydeH. EcM ero TOYHOCTE Hac He YAOBJIETBOpHET,
To cAepyeT BEIOpaTs Apyrol (Gonee TO‘IHHﬁ) cnocob npe,q-
CTABJIEHUS qmcel,

OTHOCETeNLEAA e NMOTPEIIHOCTh IOKA&3EIBACT, CKOJBKO
BEPHHIX CTAPIIMX SHAYAIIAX LIHGP COAEPKHT pPEsYJLTAT.
B npumMepe 9 oTHOCHETEeNBEAA HOTPEIIHOCTE IPeXCTABICHARA
pasHEIX o BesmdHEe yacen paeEa 0,00015233... Taxkaa or-
HOCUTEALHAA IOTPEITHOCTh O3HAYAET, UYTO MHI MMEeM TPH
CezyciI0BHO BepHHe EaYaInWe HudpH pe3yasTaTa. 3HAYE-
HEe OTHOCHTEJIFHOH IIOrPelIHCCTH HeNOCPeACTBEHHC CBA3A-
HO ¢ KOJMHYeCTBOM Pa3PAJNOB, OTBOAUMEIX AAS IpeAcCTABIe-

HHAA MA&HTHCCE HOPMAJMH3OBAHHOI'C 4YHCJH.

Ha npaxTrke o0BMHO H3BECTHA OTHOCHTEALHAS DOTperl-
HOCTE IPeACTARJSHNA YUCeN, TAK KAK PaspARHOCTH MaHTHC-
CH $uKcHpoBaHa. Clef0BaTENBHO, MOMKHO IPeRIONCHKHUTD,
CKOJNIBKO BEPHHIX LEDP COAep:HAT pesyawTaT. ECIM H3 Ka-
KHX-TO ANPHOPHEIX COOOpAMKeHMH M3BECTHC SHAYUEHUE BEHI-
YHCASeMON BeIMYHHE, TO MOMHO OLLeHHTh aGCOMIOTHYIO II0-
TpeIiHOCTE Pe3YILTATA, O

B KOMNBIOTEePHOH 3alMCH BeIleCTBeHHRIX THCell ¢ IJIABAa-
omeH 2anATol KOMHYecTBO IR)P, OTBOOAUMEIX IIOJ 3a-
nuChk NOpPAAKa, ONpefenser, HACKONBKC GOXLIOHe W Ha-
CKOJIBKO MaJeHbKUe TONOMKHATEALEEIe YHCAa MOTYT OBITE
NpeACTABeHH. '

IToxaxeM 3TO ONATH HA& NPEMepe ITKOILHOTO KANBKYASA-
Topa. B dopMare Hamero KaABKYJIATOPA NOPALOK HMeeT
gee oudpL, € HarboJdbIIee THUCIC, KOTOPOe MOMXET OHTE B
HeM IOpeACTaBIeHC, — 5To +8.999E+99, Ecau 6n Ham npu-
INJIOCh SAIACATE BTO YHCAO B hopmare ¢ Gurcupopadnoii 3a-
oaTo#, oHo BMexo Our posre 100 mudp fo sanarod (IeTHpe
BeBATKE H 96 Hyne#), T. €. 5T0 X B caMoOM Hejie 09eHb 00Jb-
moe IAcO.

A caMOe MAZEHBKOE IIOJIOKHTENBHOE dMCI0, KOTOpoe
MOMKHO BEECTH B HAILIEM KaJMbKyJiaTope, — 210 +1.000E-99,
B ¢opmaTe ¢ puKcHpPOBAHHOM 3ansaTOl oHO HMeeT 99 zeca-
THYHEIX 3HAKOB NIOCHEe BAOATOH, a MMeHEC 98 Hysell ¥ ean-
#Huny. 9To OUEeHb MaJeHBKOe ameno. Tarum ofpasoMm, BRIpa-
Aad NOPANOK JIAIIL NBYM:a ReCATHYHRMA QudpaAMA, MOIKHO
3aNBCHIBATE YHCJAA U3 OVYeH: OIHPOKOTO ANANAZ0OHA.
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2) Ymcno -2485378600,0 B kanpkynsTOpe NpeRpalllacTeA B
-2.485E+09. IlepeBoaa mocaefHee YHCIO B OPHUBRIYIHOE
npeAcCTABAECHNe ¢ OGUKCHpoBaHHOH 3andToM, NOAYIHM

—2485000000.
3) Yacno 0,00024853786 B KaAbKYJATOPE NMeeT BHA
+2.485E-04, T. e, pasHo wacay 0,0002485. I

CneoBATENBHO, BCAKOe AECATHYHOE IHCIO, COCToAIllee
He GoJee uweM M3 WeTHIpex 3Hagal[ux nudp B HOPMANIHSZO-
BAHHOM BHAE, MOXKHO ODEACTABUTE B TAKOM KANBXKYIATODE
TOYHO, & OCTANBHEIE HHCIAA — JNHOIE HOPpROXHKeHHO,

B nepBOM NYHKTe OpEMepa 9 IIOTPEelIHCCTH KANLKYJIA-
TODHOTO HPEXCTABJGHMS ECXOAHOTO YHCAS COCTABHIA
248,63786 — 248,56 = 0,03786. Bo propoM IVHKTe OOrpenl-
HOCTH pasHa 2485378600 — 2485000000 = 373600, a B
TperbeM — 0,00024853786 — 0,0002485 = 0,00000003786.
Ecnnr 651 MAaRTHCCA KAIBKYAATOpA BMena Gonpme nnbp, mo-
rpemBocTh Gplna 6EI MeHRIIE,

Onpegexenne 5. Mogyns pasHOCTH MeXAY 3HAYCHWEM THCNA X
M HeKNM eT'0 OPeACTABJCENEM x* (KOMOBIOTePHRM, KAaJbKY-
JNATOPHEIM) HASEIBRETCHA @OCORIOMMNOI ROZPEULHOCMLI0 Pef-
CTaBICHASA X,

HecmoTpa Ha TO, 94T0 B AGCONIOTHOM MCUUCIEHAR IIO-
TpemIHOCTh MOMKeT OHTE 3pAaumTeAbHO Goapmie 1, oTHOCH-
TeAbHO BEXHIMHBI CAMOI'O YHCIA €€ HODARCK OCTACTCH HEH3-
MeHBELIM. OTHOCHTe/IEFEAA MOTPRIIHOCTH NPEACTABICHES YH-
ceJl B IpHMepe 9 paBHa:

0,03786,/248,53786 = 0,00015233...

378600/2485378600 = 0,00015233...

0,00000003786/0,00024853786 = 0,00015233...

Onpegexenne 6. OmuocumenvHoil noepeUiHOCMbIO TPEACTABIS-
x—-x%*

HAA X HASHBHIOT BeJINYHHY

Bonpoc. Kax sv dymaeme, wumo nax daem snanue seauvun ao-
COROMHOE U4 OMHBOCUMENbHON ROZPEUWLHOCTNU NPU PelieHuy
Ppearvnbix 3adav Ha komnvromepe?

Omeem. AGCONIOTEAA NOrPEIMIHOCTH I'OBOPHT O TOM, HA CKORb-
X0 DONYYEeRHBEIN pesyabTaT (ERaIpBMep, PesyaAbTaAT Hpej-
CTABJICHAA YUCAA B KOMIBLIOTEpe) OTIHYAETCA OT HCTHHHO-
TO pesyAbTaTA (B HAIeM HOpUMepe — OT CAMOrC 4mHcja).
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Ilps pemeHHY peaJBbHBIX 3afaY 3HAHKE 9T0N BEIUMHHEL 0O~
3BOJIIeT OLeHHBATh, HACKONBKO HZOCTOBEDHEIN pesyinLTAT
6nin monyuer. Ecam eroc TOYHOCTE HaC He YAOBICTBOPAET,
T0 cnegyer BHOpaTek Apyroi#l (Gomee Toqnma) coocol npe,q-
CTABNEHHA HHCEN.

OTHOCHTENLHAA JKe NOIPEOIHOCTE NOKABHIBAET, CHONBKO
BePHEIX CTAPIOHX 3HAYAIIKX UHMP COAEPXKHT Pe3yAsLTAT.
B nprMepe 9 oTHOCHTeAbHAA IOrPEMIHOCTE IPeACTABNSHUA
Pa3HRIX IO BeJIHYHHe unce) pasHa 0,00015233... Takas or-
HOCHTeNBHAS MOTPEIIHOCTE ORHAYAET, UTO MH HMeeM TpH
6eaycOBHO BepHEle 3HAUAINWe LUGPH pesyawTaTa. 3HAYe-
HHe OTEOCUTeABHON IOTPeNIHOCTH HeNOCPeACTBEHHO CBA3A-
HO ¢ KOJIMYECTBOM DPA3PAIOB, OTBOAUMEIX ANA IpelcTaBie-
EHA MAHTACCH HODMAJIMIOBAHHOIO THCIA.

Ha mpakTiie o6EIYHO U3BeCTHA OTHOCHUTENLHAS NOTpell-
HOCTDH NPEACTABICHRA TUCEN, TAK KaK PA3PASHOCTH MaHTHC-
cH puKcEpoBaHA. ClefOBATENbHO, MOKHO IPEAIONIOKATE,
CKOJBKO BepPHEIX IXEDP coflep:KAT pesysabTAT. EcaM H3 Ka-
KHAX-TO ANPHOPHEX COoOOpaAKemHil M3IBeCTHO SHAYEHME BhI-
THCIAEMOR BEINIHELI, TO MOMKHC ONSHATE AGCONIOTHYIO HO-
TPeIDHOCTDH Pe3yJILTATA. O

B xoMIOpOTEpDHOH 3alHCH BellleCTBeHHEIX YHCEN ¢ ILIABA-
0INell BANATOH KOMAYecTBO NMdp, OTBOOUMEIX NOT 3a-
OECh TODAAKA, ONpeAeadeT, HACKONLKO (ONLIIMe B Ha-
CKOJIBKO MAJIEHLEWE MONOKETeIBHEe YHCIA MOTYT OHTE
NPEACTABASHEL. '

Tloxaxkem 3T0 OHATL HA NPAMEDe MIKOILHOIO KAJIBKYA-
Topa. B dopMaTe HADIEro KAJLKYJAATOpA NOPSACK MMeeT
ABe TUPPH, W Hauboapmee YHCI0, KOTOpOe MOMeET OHTL B
HeM IpencTaBleHo, — 3To +9.999E+99. Ecry 61 HaMm npo-
IIJIOCE BAIICATE 9TO YHCAO0 B (popMaTe ¢ BUKCEPOBAaHHOH 24~
nAaroit, oHO HMeao Gul poBEC 100 oudp Ao sanaTol (TeTHpe
HeBATER ¥ 96 Hyneil), T. e, 3T0 H B CAMOM Jene 09eEb G0k~
1Ioe 4HCIO.

A caMoe MaNeHBKOE DOROKHTENBHOE YHCIO, KOTOpOe
MOMHO BBECTH B HAINEM KaiabKyJaarope, — 510 +1.000E-09,
B dopmaTe ¢ dExcnpOBaHHOR sansToll oHO HMeer 99 meca-
TAYHEIX 3HAKOB Nocke 3amaroil, a umeEeo 98 Hynell u enm-
HHELY. DT0 OYeHb MaJeHbKoe umchao. Taxkum ofpasoM, BEIpa-
ag MOPAJZOK AVINE ABYMSA AECATHSERIMH IEPPaMu, MOMKHO
BAIMUCHLIBATL YHCAA W3 OYEHL OIAPOKOTO AHATASOHA.
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IMupoxuii FuAT&30H NPEACTABICHHS JHCEJS C ILIABAIG-
meii 3anaToi HeoOX0ZUM NPY PelleHNN HAYIHEIX H HEHXMKe-
HepELIX 3agad. Taxoe mpeAcTaBIeHHE UNCeN] HE TOABKC IO-
3BOJIAET COXPAHATH B paspafnoi ceTke Gonbmoe KOAHYECT-
BO SHAYAMMX DUp B Tem CaMBIM [IOBLIIATE TOYHOCTDL
BRIYHCJEHEH, HO TaKKe VIpoIaeT neﬁc'rnna HajJ HOPSAAKA-
MM ¥ MAHTHCCAME.

2.2.2. NpencrasneHve BOLECTBOHHBIX YUcen
B popMmaTe ¢ NNABAOIGA 3anaTON

Kak m 18 mexslX 4YKceN, OPH IPeJCTARJCHMA BEHOIeCTBEH-
HEIX 9HCejl B KOMMOBIOTepe ACIOIL3YETCA YAINE BCETO ABOMI-
Haf CHCTeMA CUMCACHUSA, CIEA0BATENBHO, NPEABAPUTEALHO
JECATHYHOe YUCA0 AOMKHO OBITH IepeBefieHC B JBOHUHYIO
CHCTEMY, & VX 38TeM IIpeAcTapjleHC B HOPMAIR3OBAHRHO
dopMe ¢ P = 2.

IIpn npeacrapleHAN HOPMANHM3CBAHHRIX 4YHCEN %acTh
PaspaA0oB AUEHKH OTBOAHTCS AJNA 3AUKCH NMOPAAKA IHCIA,
OCTAJbHBIE PaspaAmsl — AJIA SAIMCH MaHTHCCH. Ilo ogEOMY
PaspsIAY B KAa)KAOH rpymnnme OTBOZHUTCE AiA H300paKeHHSR
SHAKA IOPAZXA M 3HAKA MABTHCCH. O TAKOM IIpeicTAEBJe-
HHMH roBOPAT, 9T0 UYHCJIO BANKCAHO B GopMaTe ¢ naasamwuiell
sanamoit.

Hanpemep, Mo)xHO mpefcTaBUTE cefe Taxoe paclipenese-
HEe PaspAXOE AYeHKH MaMATH:

Galelalal Toalalel Jemle]

Ilepenie ABa paspaAs CAYKAT IS DPEACTABICHUSA 3HAKCE
HOPATKA, (s ) 1 MaHTHCCH (3,,) COOTBETCTBEHHO. Corexyioimue
k paaps.qon HCIOAB3YIOTCA AN MPeACTARIeHUA aSCOMIOTHOMN
BEJIMYMHEI HOPAAKE IucaAza (¢), OCTAIBHEIE I DASPANOB — ANIA
npejacTaBIeHES A0COMOTHONR BENWYWHE! MAETHCCHI. B Kax-
oM paspage SIeKH MOYKET XPAENTECS OHO H3 ABYX 3HAYe-
auit: 0 mwim 1.

Torga n3obparkeHHOMY HA CX6Me COCTOAHHID AYCHKH CO-
OTBETCTBYET JHCAC

e .00 (81 Y2 G
-0 -2 (2+22+...+2ﬂ),

rae ¢ = (-1, -2* 1 1b, 252 4. 40, 240).
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IIpm Taxoii cucTeMe sanucu Hanboaenmiee Mo aGCoNIOTHOR
BEJHYHEHE THCJI0, KOTOPOe MOXKeT GBITH IPeJCTABJICHO B Ma-

3
mEre, pasHo 22 ! . (1 — 2°"), a HAMMeREIIee O AGCOMIOTHOM

BeJINYHNHe THACNAO, OTAHYHOE oT HYyJIA, PaBHO
92" -1 g-n _ 9-2"-n+1

BemecTseEHNX THcEN, TOYEO NPEACTABMMEIX B KOMIIBIO-
Tepe, KOHeuUHOe aucio. OcTanbHbie YHCNA Aubo OprOIR-
JKArTCH UpeACTABEMRIME, JEGO OKR3HBAIOTCA HeIpeh-
cTaBUMEIME. IlociefHee OTHOCHTCA K CAMIMKOM O00Jb-
IIXM B K CAMITKOM MAJIeHBKEM BellleCTBeHELIM YHCIaM.

2.2.3. BuinonHeHue apudpmeTuvecKux onepauui

LTS

Haj BeLluecTBOHHBIMK YUClaMn

HeoomesoBague B KOMINBIOTEPE IOPeACTARNCHUA HHCedX B
¢opMaTe ¢ mnaBatell sanATOR yemoHseT BHIIONHeHHe
apadMeTHEIeCKHUX onepanmmii.

IIpn croxceruu U ebdLMAHUL TACE]I cCHAYANa IPOH3BO-
JaTcH MOATOTOBHTEJbHAA ONiepallnd, HassIBaeMad 6bipasH:-
saHuem nopadkos. OHA COCTOUT B TOM, YTO MAHTHCCA TUCIA
¢ MEHRHINM MOPAAKOM CABHIAeTCH B ¢Boell aAdelike BIpPaBo
HA KOJHYSCTBO DASPAAOB, DABHOS PASHOCTH HOPAAKOB HAH-
HHMX uyucell. Ilocle »Toll olepallid OMHOMMEHHEIE PaspARN
MAaHTHCC OKA3HBAITCHA PACIHONCKEHEHHIMU B OZHOHMEHHEIX
paspagax obenXx AgeeK, U TEIEPE YiKe CIOKEHAS BN BLIYK-
TAHHAE MAHTUCC BEITONHACTCH ZOCTATOYHO IPOCTO, TAK HKe
Kayx Haf YHCHaMe ¢ (PKCAPOBAHHON 3ATIATOM.

Ilycte ¢ = +0,m, x 2%, b=+0,m, x 2" — gsa HOpMa-

AHIOBAHHBIX ABOHYHBIX THCJA, H qﬂ 2 qb' PeBYJIBTaTOM ax
CJIOMKEHAA MM BEIYNTAHUSA GyAeT ABIATHCA CIIEAYIOIIee Bhi-
paxxerme: ¢ = (0,m, +0,m; x 29 "% )x 2%,

Tlocne onepanmuit HaM NOPAAKAME H MAHTHCCAMMY MBI O-
nygaeM HODAJOK B MAHTHACCY PE3YIALTATA, HO OOCIeIHAA,
BoolIIe roBOpA, MOYKET He YAOBJIETBODATH OrPAHMUYEHUAM,
BaKJIaALIBAEMEIM HA MAETHCCH HOPMAJIASOBAHHBIX YHCE.
Tax Kak OT pesyAbTATA apE(METHYecKHX oIepanmi B
xoMnsloTepe Tpebyerca, YTOSH OH Takxe Ol HOPMAaIH30-
BAHEBIM HHCIOM, HE0OXOZNMO AOMONHATENBHOE Tpeofpaso-
BAHDE Pe3VILTATA — HOPMAAU3AyUA. B 3aBUCHMOCTH OT Be-
JIMMUHH NOJyIRBINeiicd MAHTACCH De3YJAbTATR, OHA CABHTA-
eTCHd BIPABO HJH BJEBO TaK, ITOOH ee IepEad IHAYAINASA
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udpa NONana B NepBHH paspal mocie sanAToil. OpEoBpE-
MEHHO DOPANOK DPESYNBTATA YBEJIHYHBACTCA EJIHA YMEeHBINA-
€Tcda HA 9HCI0, PABHOE BEJHYHEE CHABHIA.

3aMeTHM, TTO HAK MAETHCCAMM B apH(pMeTHYECKOM
YCTPOiiCTRe MOTYT BEIIOJHATHCA BCE HeTHpe ApHpMeTHIe-
CKHX Ze#iCTBHA, a4 TAKKe ONepamMH CABHIA, TOrZA KAK Haj
HOpANKAMH IPOHSBOAATCA TOJABKO AelicTBAA CNOXKEHHA H
BeMATaHHA, OTpUIATENRHEe HOPDAZKE MOMKHO SANKCHEIBATH
B JOLONRUTENLHOM KOAE ANA TOTO, 3TOOHl ollepaKic BEIYL-
TAHUA CBECTH K ONePALHHA CJIOMKOHHA.

B page caytaes, gasKe eCaX HEKOTOPEIE ABA YHECHa HBIIH
OpefcTABIEHE B (popMare ¢ maapaionleil sanmroit abconror-
HO TOYHO, PE3YILTAT BEIMONHEEUS HAX HEMHE apHdMeTHe-
CKMX ONepammil YacTo MOMKET COAEPMKATh NOTPEOIHOCTE,
& HHOrAA MOYKeT OBITH B3ABEIOMO HEBEDHEIM.

IToscaum Gosmee moAapobEO 0CcOOEHEOCTH BHIOOJIHERHST
apE(pMeTHYecKHX Olepalwil HAR BelleCTBeHEAIMM TACIAMA
Ha npuMepax. IIpu srom OyaeM CUETAETH, 4TO B SAMHCH Be-
IecTBEHHOTO THCIA ¢ NVIABAIOImel 3anAToil OAUH paspag oT-
BOAATCA OOH KECATHIHHE NOPAJOK H OATE DASPANOE — 1104
HeCATHIHYI0 MAHTHACCY.

TIpumep 10. IIpeanonoxum, aTo TpeOyeTca CIOKATL CREXVIO-
mue umena: 0,23619 x 10° z 0,71824 x 107,
Tak Kax HOPARKH ¥ TUCEJ PA3AIWUHEL, TO Nepeli CACKEeHIeM
NPOU3BOAHTCHA BHIDABHMBAHFE UOPARKOEB., JHCI0 ¢ MeHb-
IDAM OOPAZKOM OpeobpasyeTca B IHUCAG C IOPIZKOM, PaB-
HEIM IIOPAAKY APYTOTO CJRATAEMOTO (MEEBIINK NOPAJOK
«OpABORUTCA» K GomsmeMy). B ganuoM ciyzae Bropoe ¢aa-
raemoe GyzeT npeobpasosado k saxy 0,00071824 x 102, mo-
CJie 9ere BHIIONHAESTCH CIOKEHHE,
10° x 0,23619
* 10% x 0,00071824
10* x 0,23690824
Pesynprar momyauau ¢ GOABIIMM 4HCIOM pPa3pHaAOB, UeM
BMemaeT A9eiiKa, IMO3TOMY OH OKPYIAHETCH H 3AIMCHIBAET-
ca & gaMATE B Buge 0,23691 x 10°, [}

IIpumep 11, Brnonuau ciroxeHre ABYX BeIleCTBeHHBIX YHCEM:
0,23619 x 10°® u 0,91824 x 10
Tak KoK IDOPAAKH ¥ 9THX YHCEJ OFAHAKOBH, TO IPOMU3BO-

AUTh ONEpalliic BHPABHUBAHAS IODANKOB He TDebyercs.
Onepanusa CJIOKEHHS CBOARTCH K CHOMEHHI0 MAHTHCC.
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10% x 0,23619
* 10® x 0,91824

10% x 1,15443
PesyaeTaT — HeHOpMATH3oBaHHOe THCA0 1,15443 x 10%,
Tpebyerca BRIOOIHNTE HOPMAIHBAIIHIC HYTEM CABUra. MAHTHC-
CHl BOPABO HA OAMH pASPAA, A 3aTeM OKPYIIEEHe Pesy/IbTaTa,
TaK Kak B MaATHcce (yZeT yxie mecTs uudp, a B Avelike na-
MATH BOX MAHTHCCY OTBEOEHO HX TOJLKO ITATH.
Omaem: 0,11544 x 10°, |

IIpumep 12. BelmoaHUM cao:KeHEE ABYX BeINEeCTReHHBIX YHCElN,
OfHO H3 KOTOPEIX AOCTATOYHO {OBINOe IO CPABHEHHIO GO
sroprm: 0,23619 x 10° n 0,91824 x 1073,

Taxk KaK HOPAAKM ¥ 3THX YHCeJl PaslAWYHH, T0 Tpebyerca
IPOW3BECTHA IMPEeABADHTENBHYI) OIePallI0 MX BHPABHHBA-
ung. IIocae BEIMOJMHeHHA BEIPABHEEAHNA IIOPAAKOB CHKJIA-
OHBATECS OYAYT CAeRYIOIIHe HUCIa:
10° x 0,23619
T 10° x 0,00000091824

10° x 0,23619091824
ITocse COMEHUs B MAHTHCCE OKA3ANIOch GoJlee MATH 3HaYa-
mux oudp B OpH sanucey B Avellxy maMaTe npomsoiifer
. 8
OKPYTJIeHHe pesyiabTaTa A0 0,23619 x 10°. Ilonyuusimeecsa
YHCO PABHO HePEOMY CJIaraeMoMy, T. €, IIPM BHIPABHUBA-
HHH TODPAAKOE BCe 3HAYAIIHe NUPPH MAHTHCCHL BTOPOrO
CJIATAEMOro NoTepAHH. TakHM o6pazoM, ME DOJIYVINIH pe-
3VJIBTAT, HEBOZMOIKHEIN ¢ TOUKY 3peHMR 00RIuHOd MaTeMa-
Takn: ¢ + b= a opu b > 0. Ho B KomnsloTeprolt apudmeTH-
KEe € OTPAHNYEHHEIM 4YHCJIOM PA3pPAf0B TAKOH pPe3yJLTAT
BOSMOJKEH, ¥ 00 3TOM Heo0X0AWMC NOMHETE IIPHA COCTABIE-
HYHA ANTOPATMOR PellleHHAA 3ajad. a

B pemjecTBeHHOH KOMIBLITEPHOR apadMeTHKe ¢ OTPAHA-
JeHHHIM YHUC0M paspagos 1 +e=1npr 0 < < 27", rge

¢ | 7 — KonudecTBO PAIPANOB, OTBOAMMEIX [JIS MpeACTABe-
HHA MAHTHCCH SellleCTBEHHOI'O WHCIA.

Iipu ymnoacenuu ABYX GeablX HCE ¢ IVIABAIMICH 3and-
TO¥ MX OOPAAKH HeoOXOZHMO IpPOCTO CICKHETH, 4 MAHTHUC-
CEl — NepPeMHOXRTE: (IpefBapmTellbHOS BEHDABHUBAHNE He
npomzpoguTea). Ilpn denrenuy M3 HOPpARKA AeJUMOro HAID
BRIYECTh HOPAAOK OeaHTes]d, A MAHTHCCY ASIAMONC pasje-
JETh HA MAHTHACCY AeJHTeNd.
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PesynbTaraMe BRIOAHeHHNS ONepAlnil YMHEOMKEENA & ge-
JeHHA HOPMAJM3OBAHHEIX 4WHcel ¢ H b B apudmeruxe ¢
OTPREMYEHHEM 4YHCAOM Paspaxos OyayT:

d=a-b=(0,m, 0,my)x2u*+®,
f=a:b=0m, :0,m,)x2% %,

IIpamep 13. BROOMHAM YMHO)KEHUE ABYX BeI[eCTBEHHLIX UH-
cea: 0,23000 x 10° m 0,95000 x 10,

Ipu yMHOXKeEHN ABYX BEIECTBEHHRX YHUCEJX B NpeACTaBie-
HAY ¢ OA8BAIODIel 3amATOd MOPAZKY CKAAZBIBAIOTCH, a
MAHTHCCH EPeMHOKAIOTCA. B pesyabTaTe HDOAYIHM:
0,21850 x 10", Bro umcno He yMemaercs B oTsegemmbt
dopMaT — B HameM GopMaTe TON HOPAXOK OTBOARTCA OFWH
Paspan, a4 B HONYIABIMIEMCS 9HCHe NMOPSAIOK CONEPXHAT ABe
unatpe. BeioNHeHne OHepPSMM YMHOYMKEHMT HAJ STHMKE
YHCAaMIP NpABeART K MPEeKPAIeEHI0 BHNCAHCHRA IIPOTPAM-
MH B CBASH ¢ CIIMOKOI «OeperofiHeHHe OPAAKAY, O

TIprmep 14. BoimoxauM AeseHHe ABYX BeIIeCTBEHHEIX YMUCEJ:
0,92000 x 10* u 0,30000 x 10°,

IIpm AeneHNH BelleCTBEHHHX %Hce] B NPEACTABISHHM C
nrasamed sanarofl IOpPAAKH BEYHTAIOTCH, & MABTHCCH
JensaTcsa OAHa Ha APYTYIe. B HamieM mpuMepe Upm AelieHHN
MaHTHCC MBE HEMeeM GeCKOHETHYIO HepHOIirdecKyro Apolh
0,92:0,3 = 3,0(6). Caenoearenss0, IPH SAIECE MAHTHCCH
pesyasTaTa Dpousoiiger ee oxpyrienue. Ilocae HopManu3a-
ouy pesyasTar Gyger uMeTs BHE: 0,30667 x 1072, . O

2.2.4. OcoGeHHOCTH peann3aium BeLecTBeHHoN
KOMMBIOTEPHON apndpMeTUKn

Koraa rosopar o TOYHOCTH NpencTaBieHAA BelleCTBeHHEIX
qEces] B KOMIBIOTEPR, HAAO MOMHUTD CICAYIOIee: KeCaTHY-
BOE YHCIO0, MMelocliee AgKe Beero omHy sHaYamylo mudpy
nocne sandATod, BoOOIe roBOPA, HEBOSMOXKHEO IPEACTABATD
TOYHO B (popmate ¢ Orasalomedt sauatod. O6bAcHIeTCH BTO
TeM, YTO KOHeUHHE JecATHYHEE APoOH J8CTO OKASHLIBAKTCSH
6eCrOHEUNNMH HePHOZUYSCKNMH ABOMYHEIMU Fpobamu.
Tax 0,1,, = 0,0(0011),, a agaquUT, B B HOPMAIUIOBARHOM
BUie TARKOEe JBOBWHOE WHCAO GyZer HMeTh GeCKOHEUHYIO
MAHTHCCY H He MoxKeT OHITEL NpefcTasiedo TouHo. IIpn sa-
nHcH HojobROA MaATHCCH B AYefiKy KOMUBKTEpPA YHCIO He
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yecexaeTcd, a oxpyeanemesn. Bexn noxy MAETHCCY OTBEIEHO 7
paspanoB u (n+1l)-a spavamas nrdpa SFBOHYHON HOpMAaNH-
30BaHHOH MaHTHCCH paBHa 0, To umbpm, HaguEAA ¢
(nt+1)-#i, npocro orGpackBaloTcst, ecan ke (n+1l)-a nndpa
PABHA efHHMLE, TO K ILEJIOMY HHCJIY, COCTABICHHOMY H3
TepPBRIX N 3HAYAWHX nudp MasETHCCH, OIpHOaBIAeTCHE egn-
HEOA,

IIpumep 15. PaccMOTPHEM, KaK 0yaeT BRriaxers 3amuch MaH-
THccH (m) uvcaa ¢ = 0,1,, NpH ABOMYHOE HOPMANHIANEH
IJIA PAsIKYHODe KoJAHYecTBA OUT (R), OTBeAeHHEIX MOX MAaH-
THCCY.

a = 0,1,, = 0,0(0011), = 0,11(0011), x 2‘3, T. €. MAHTHCCA
B HOpMANM30BaHHOM uucie ects 0,11(0011),.

IIpu n = 10 m = 1100110011 (ocTansene nudp MaxrTHCc-
¢H oTGpoIIeHH B pesyJIbTATe OKPYTVIEEHA).

IIpa n = 12 m = 110011001101 {nocnepgass onudpa A3Me-
Hmaack ¢ 0 8a 1 Opm OKDYITeHEM).

IIpu n = 13 m = 1100110011010 (g8e nmocnegawe nEPPLL
H3MeHHANCH Opu npubasienry 1). O

OnpmeM cHUTyammy, HPRBOAAINHUE K HeTOYHOCTH BHIYHC-
NeHNH, KOTOPbIe MOTYT BO3EHKHYTE IPH ONePaRAX CAOMNe-
EAA ¥ BHYETAHAA B BOIIECTBOHHON KOMIBIOTEpHOM
apudMeTHEKe.

1. MioTepa 3HAYAIINX UH@PP MAHTHCCH ¥ MOHLUIErec H3 THCEN
UPH BHPABHWEAHHH IIOPHAKOB

ITpm croseHMH M BHITHTAEHA BeIGeCTBeHHHX WHCeJI B XYA-
mleM Cay9ae YTepPAHHEIMH OKASHBAIOTCA BCE 3HAYAIIHE
mudpLl MEHBINETO 9UCAa, 1 @ + b = g, uTo ABngerca abcyph-
BHIM ¢ TOYKE SPEHWS MATEMATHKH, HO BOSMOJXHEIM B
KOMIBIOTEpHON apudMeTHKe ¢ OTPAENYCHHLIM YHCIOM pas-
panoe (cM. nmpumep 12).

2. Ilorepa kpasideit cupasa sgagaleil AMPPLI pe3ynLTATa ITPH
COMEHME HIH BEIYHRTAHNE

IIpu cno)XeHHH M BRIYHTAHEA JBYX UHNCEN KOAUUECTBO 3HA-

gamux NEGp MOKET VEBEJINYUTHCH JHUIL HA OLHY, 3TO BAMA-

€T HA TOYHOCThH, HO He HA HOPABEJBHOCTE Pe3YJILTATA.
IIpumep 16. IIpH CIOXEHNH NATHAZDATADPASDAAHEIX MAHTHUCC

0,111110000011111, + 0,100100100100100, =
= 1,100010101000011,
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KOJIMYeCTBO 3HAMAIIHX ImEpp cTamo pasHEEM 16, m mocae
OKDYIVIEHMA ¥ HOPMANHIALUUY Pe3yAbTaT OyAeT BRIIVIAZETH

rak: 0,110001010100010 x 21, 0]

Topasgo xyke OGCTOAT Aej0 IPA BRGATAHME OIHMIKUX
N0 MOAYIIO M EMEIOAX OAHAAKOBEIY 3HAK wKces (KIK CNo-
JKeHEH YHCeNl pasHOro 3Haka). B 9ToM cinydae JocTOBepHOiH
MOMKET OCTATHCA BCErO OXHA 3HAYAIAA DA(PA, & OCTAJALHEIE
nEQGpH HOPMATHSOBAHHON MAHTHCCH (CKOpee BCEro HYJIH)
OKAKYTCA HeJOCTOBePHBIMH,

IIpumep 17. Ilycre TpebyeTca BHYHCAMTS PAIHOCTH HACEJ]
0,(0011), = 0,001100110011,.
ITpouspeseM BHavYajle BRHIYMTaHHe «Ha Oymares. Ilpegcra-
BEM NepBYI0 ApodE (0HA DepHOZHYecKas) B BHAE
0,001100110011(0011),. Ilepes nepmozoM BHIMcany 12

orpp, Tak Kak BTopada Apobpr cogepxmr 12 sHavammx
undp. Hponsserem BEIYUTAHHE n OONYYEM:

0,000000000000(0011), = 0,(1100), x 274,

IlepeBeaeM meprogmIecKylo Apolhk B ASCATHTIHYIO CHCTEMY
CYHCIIeHHA, RIS 9TOTO BOCTIONB3yeMcHa GopMynol cyMMH Gec-
KOHEYHO YOMIBAIOIIEH NeoMeTPHYecKON IIPOTPeccHH ¢ g = 1 u

2
___110‘02‘ Homyqam: l:),(O{}],],)2 - 0,0‘011001100112 =

b

. =0,1100), x 271 = 0,8 x 27!,

IIpr BHINONHEHUHY STOH JKe ONEPARVA BEIYETAHEHAA B KOM-
TBIOTePe MPH YCIOBHMH, 9TO MOA MAaHTHCCY OTBeAeHdo 12 pas-
papos, noxywum: 0,110011001101, x 272 - 0,1100110011,
x 82=01, x 278 =1 x 2714
T, €. YoKe CTApIIAA 3HaIamad IuGpa pesyabTaTa OKasanach
HeBepHOIL. O

3. Beixopn 3a rpaHENY AOOYCTHMOTO JHANA30HA FHAUCHHH mpu
HOPMaJHIAIHH Pe3yILTATA
JaHgHas cHTyallHA BOZHHMEAET B CIyHuae, KOTfa NOPSACK pe-
S3YABTATA OKASHIBASTCA JAHGO 6GOJbIIe MAKCHMAALHEO BO3-
MOMKHOTO  3HAYeHMs, Julo MeHbIne  MAEAMAIBHO
BOBMOXKHOPO., TakKylo CHTYAIMIG PASHHYHEE KOMIHASTOPH
M ONepPAINOHHEE CHCTeMLl 06pabaThiBaioT mo-pasHOMY, HO
Yalle BCero BRHIOOJHEHME INPOTrpaMMEI IDEPHBaeTcs ¢ coob-
eHHeM 06 omubre ¢apudMeTHISCKOEe HEPEIIOSHEHHES.
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l'[pllMep 18. BrImoinEM CIOXKeHHe

0,1, x 2'%7 + 0,1, x 27 = 0,1, x 2'%,
H ec.rm Marccuua.nmuﬁ npe,qcrasmuﬁ nopanox pasex 127,
PeSYIBbTAT OKASKIBACTCE He NIPOACTABAMEIM.

Onumen cuTyalum, DIpUBOAGINMe K HeTOUHOCTH BBIYUC-
AeHA# NPA BHUOJHEHHHM YMHOMEHNHA/ZSNIeHHA BeleCTBEH-
EHX THCeN.

4. Tlomywesne sHe NPeACTEBHMOTOS

JlagHAA CHTYALMA COOTBETCTBYET ONUCAEHOMY BHINIE «apHd-
MeTHYeCKOMY IepenojHeHHI0s; OZHaxo B S0-paspsgHoM
OpeAcTABAEHAY BeIIeCTEeHHRX WHce (A EMeHHO OH ABRMAET-
CH OCHOBHAIM B COBPEMEHHBX NePCOHANBHEIX KOMIBIOTEPAX)
AAANAS0H JONYCTHMEIX IOPAAKOB HOCTATOYHO BEAHMK, YTOOEI
OPOM3BOAUTH OPAKTHYECKHe JIO0Ke BLIYMCIATENbHEIe pado-
THI, K BOSHMKHOBeHMe mogobHoi omubkm ckopee Becero o3Ha-
9AeT, UTO NpOrpaMMa COCTABJEHR HEBEpHO.

5. NoTepa Maamuex s3Havamux mudp pesyabTaTa
Bo-nepsax, OIpH NePEeMHOEKEHEN ABYX N-SHAYHEIX MaHTHCC
MOMCET IIOAYUYETHCS YHCA0, COCTOAIee W3 2n BHAYAIMX
nudp, TOMLKO NOKOBKMHA U3 KOTOPHIX GyZeT coxpaHeHa B pe-
syabTaTe. Ilpu onepanuy feleHus XoawdecTBO NuGP B 9acT-
HOM MOMKET 0Ka3aThcqd GeCKOHCWHEIM M JIMIIL II€PBHIE It A3
HAX OYAYT coXpaHeHLI.

Bo-BTODHX, IpH ONlepalqry YMHOXKeHNsS BO3MOJKHA IIOTe-
P= n-#1 Muagmueii sHauame# UudPH pesyabTaTa Opid CABHUIe
MaHTHCCHL HA OAUH Pa3paj baeBo. CaMEIil UpaBLIA paspax
MAHTHCCEI OIPH S3TOM 3ATONHIACTCHA HyAeM, A He odepemHoil
spagamel THGPOHX pesyILTATA NepeMHOMKEHHHE MAaHTHCC,
¢ OJHOBPeMeHHEIM YMeHBINeHWeM IOpAAKA pe3yAbTaTa Ha
eqEHELNY. [INA omepanny e JeleHHI MoXeT NoHafobuThes
COBAT BPOPABO BMeCTe C YBeAWYCHUeM IOPALKA pe3yAbTATA
Ha eIMHHIY.

Taxum obpasoM, ¥ BemecTBeHHOR apudMeTEKE eCThL He-
CKOJNBKO HOTEHIHUAJILHO OIIACHBIX ocobemHocTeil. Bee omm
uMeT o0llee HMPOMCXOMKAEHUE, & UMEHHO, TOT (PaKT, ITO
MAHTACCA B HOPAAOK B DpeAcTaBleHNHM ¢ maaBaromed 3ana-
TO¥ 3aHHMAIOT GUKCAPOBAHHOS YHCIO DA3pPANOB.

ITopBemeM RTOT BCEMY CKABAHHOMY 0 KOMHOBIOTEDEOH Be-
mecTBeHRON apRbMeTHKe:

a) yKe Ha CTAZWM 3aOHCH UYHCEA B KOMIEBIOTEDP BOSHUKAIOT
oIIu0KE OKPYIVIeHMs1, KOTOPHe IPH BEINMONHEHHA &pHY-

MeTHYecKHX XefeTBHIl HADACTAIOT;
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6) EanEIAe MorpemHocTet OKPYIAeHHA IPABCIHT K CAeRYI0-
meMy OPABANY OPOTPAMMHADOBAHKA: Hepa3yMHO CDABHH-
BATH B OpOrpaMMe ABa BOINECTBEHHEIX 4YNCIA HA TOYHOE
paBeHCTEC (BEMECTO CPpABHSHWA HA PAaBEHCTBO NPABHILHee
TpeboBaTh, YTOOH MOAYJAL PASHOCTH CPABHHBAEMBIX YHCe
He TIPeBOCXORHII HeKOTOPOrO HHCJAA £, COOTBETCTBYIOILETC
abcoMIOTHON DOTPRIIHOCTH NPeECTABICHHA);

B) B pesyJibTaTe BRIUMTAHNSA BOSHMKAIOT HEJOCTOBEePHBIe SHAYA-
mye IHOPH, KOTOPEIe MOTYT IPHBECTH K cephesHOl moTepe
TOYIHOCTH WIK NOAYYSHHAK HeIPABHABHOTO pesyAbTaTa;

1) npubasneHMe MIN BHUYMTaHAE MAJOTO THCIA MOXKET HU-
KaK He CKASATLCH HA PESYIABTATE;

I) moxy<eENe 09eHb GONBIIMX 9HCeN MOKeT BHI3BATH Oepe-
NoJEEHAe NOPAAKS, 4 0YeHb MAAHX — OTPHIATENbHOE
nepenoadeHNe, AN NCICIHOBeHAe TACHa (IpeEDLaMmieHKe
B BYJE), PTO MOXET OPHBECTH K aBAPDWHAHOMY 3aBeplle-
HUK OpOTPAMMEI.

Bonpocel v 3apanuns

1. SanyinuTe cASZYIOMUE AecATHIHEE THCHA B HOPMAIARORAH-
HOM BHAE:
a) 217,934; B) 10,0101; 6) 75321; r) 0,00200450.
2. IIpuBeguTe K HOPMAIR3OBARHOMY BHIY CAeIYIOIIAE 4KCIA,
HACHOABL3VA B KauecTBe P OCHOBAHMS MX CHCTEM CUHCACHHA:
a) -0,000001011101,;
0) 9876543210
B) 123456789,&3CD13.
3. CpaBHnTe CIegyioniae 9ucaa:

a) 318,4785 x 10° u 3,184785 x 10'%;
6) 218,4785 x 107 m 21847,85 x 107%;
B) 0,1101, x 2% 1 101, x 272,
4. CparHHTe AUANA30H IPeACTABICHNA YKCe] ¢ IVIABAIONIEH 3a-
nAaToil B 32-paspagaoM popmare (24 paspaga ansa MAHTHACCH
u 6 paspaRop I8 MOSYIR DOPAAKA) ¢ FUATA30HOM IPeACTAR-
JeHUA Yucen ¢ PUKCHPOBARHOM 3anaToli B ToM #e (hopuMare,

5. KakoRH NperMYyIiecTBA KOMIIEIOTEPHOTO OIpeACcTABICHAA EH-
ceJI ¢ MIABAKINe 3anATON 0O CPABHEEHHK ¢ HX IpeACTaBIe-
HAeM ¢ PAKCHPOBAHHON 3anATONH, KOTOpOe MEL Jalile BCETO
HCHOABE3YeM B IOBCEXHEBHOM KH3Hu?
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6.

7.

8.

90

10.

IIporzeemnTe crepymmpEe apadMeTm=ecKNe AelicTBES Haj
JeCATHUYHLIMU HOPMANHIOBAHHEIMY UMCIAMY COTIACHO NIpPa-
BAJIAM BelleCTBeHHOH KOMNIBIOTePHOH apHdMeTHKH (B MaH-
THCCE JOMKHO BRITH coxpaneHo 6 sEavamux Budp) :

a) 0,397621 x 103 + 0,287900 x 10%;
6) 0,982563 x 10° - 0,745623 x 10%;
B) 0,235001 x 10° - 0,850000 x 103
r) 0,117800 x 10% : 0,235600 = 103,
BunosauTe AeiicTBME HAS MAINMWEHLIMA KOAaMH YHCeT C

naaparomeit sansaroil B 32-paspaguoM dopmare (cM. 3aaa-
Hue d4): X=A+ B, e A=125,75 1 B=-50,

Tlepedrcnarre B 00BACHETE BCe OIUMOKH, KOTOPEIE MOTYT BO3-
HEKATH OPH apHdMeTHIeCKHX ONePANEAX ¢ HOPMANIN30BaH-
HEIMH THACIAMHEA B OTPAHAICHHOM QHCIe PazpamoB.

VizMenuTe HOPAAOK NIPHBE/IEEARIX HIKe AeifcTRUI TaK, HTO-
61 He TPOMCXOAMNIC NMEePENOJIHeHHS NOPAAKA B AeCATHYHOM
KANLKYIATODE ¢ ABYMS PaspAfaME MOJ nopsmorc.

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

IIopGepuTe TAKHE 3HAYEHMS BEIIECTBEHHEIX Uucea &, b H ¢,
9700b IPH BHYHCASHHAX EA ONHCAHHOM BEOIE IMKOJLHOM
KaJlpKYJATODE SHAYEHMe De3VIALTATA 3ABHCEJIC OT HMOPHAKA
CYMMUpPOBaHHA, T.e.a+b+exc+b+aea.

§ 2.3. MpepcraBnexHne TeKCToOBOW MHPOPMaLK

Beaxmit TeKCT COCTOUT U3 cuMson0oe — BYKB, nudp, SHAKOB
OpeqMHAHNA H T. J., KOTOPEIE YeJI0BCK PAsJIHdaeT o Hadep-
Tapeo. OAHAKO ANE KOMOBLIOTEPHOTO HPeACTABNCHHA TEKCTO-
BOH MEQOPMANAY TAKOA MeToA HeyAoOeH, a and xomubm'rep-
Hoil o0pafOTKH TEKCTOE M BOBCE HeIpHeMJIeM.

Npavep 19. IIyeTs B KOMOLIOTEPE COXPaAHEEH H300paKeHAA

ABYX MOXOMHX CNOB (+KApABAE» M «KApaBaiir):

ICAPABAH  Kapasajf

! IIpn sumomuennu sTovo sajsEEA cAeyeT HOPMANHZOBATE MAHNTHOCY DE3yALTATA
COOTBETCTEYIOIIEre apN¢MEeTAUECKOTO AeHeTBI, A 3aTeM OKPYT/IHTE ee.
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Yrobm PpacmoNoXATh: 3TH CHOBA B an(paBETHOM NOPAAKe,
KOMNOEBITED JOKEH NPoaHATASAPOBATE, 3 KAKHX OYKB co-
CTOAT CJHOBA H B KAKOH IOCIeA0BATE/BRGCTE PACONOMCHL]
6yxBrl B cnoBax. Ho ogudaroBHe OYKBH H300pakeHLI Ha,
ABYX KADTHHK&X IO-pA3HOMY. JTa 3afaua, Kax ¥ safavTa Ha-
X0oEAeHEAA ofmell JacTH STHX ABYX CIO0B, HepaspeliMMa B
TaxoM OpefcTapienen. HelicTeMTenpHC, 00MIaA JaCTh ITEX
cJI0B pomHA OhITh M3ofpameHmeM TeKcTa <Kapapas. Ho
HOCKOJBKY HCXOAHBIE CJOBA SANIECAHE NO-PASHOMY, TO CO-
OTBETCTBYIONINE UACTH MSOODAKEHMIX TOXEe BHIIVIAZAT
NO-PAIHOMY. A ITO SHAUAT, 9TO eCAH Mul Bhifepem maofpa-
JeHPe TeKCTAa <KapaBas K3 UEPBOil KAPTUHKHK, TO OHO He
fyaeT coBIAZATE ¢ COOTBETCTBYIOMeH YacThI0 BTOPOrO H306-
paKeHHA. _ O

‘TocKoasKy TEKCT MIHAMAREEC ANCKPETEE — OH COCTOHT
H3 OTAGILHEIX CEMBOJOB, — I8 KOMIBIOTEPHOTO NIPEACTAB-
JIeHHA TexcTOROM MHEGOPMATHNA HCIIOAB3YETCA APYTOH cmo-
col: Bce CHMBOJEL KOJUPYIOMCR dUCAaMM, B TEKCT IIpes-
cTaBIAETCA B BuAe Halopa dHceNl — Kkodos cuUME0i08, €T0
cocTapnAmEX. IIpE BRBOZEe TeKeTa Ha 2KpaH MOHHTOPA
UM TPUHTEP HeoOXOAEMO BOCCTAHOBHUTL H3o0pareHua BCeX
CHMBOJICB, COCTARNSIOMMAX A2HHKIYN TexcT, Haa storo me-
HONBBYIOTCA TAK HASHBaeMBle Kodoabie mabauyst cumMeo-
108, B KOTOPHX KMXKAOMY KORY CHMBOJA CTABHTCA B COOT-
BeTCTBHe M3clpaKeHMe CHMBOJA.

’ Bce kozoBHe TabamEil, ACOOAB3yeMEle B TIOORIX KOMIHIO-
Tepax M JOOOKIX ONEPADMOHELIX CHCTEMAX, NOAUYNHAIOTCH
MeXAYHADOAHEM CTAHAADTAM KOZHPOBAHMA CHEMBOIOBR. Ha
sape KOMNBIOTePHOH snoxH, KorAa CIIA 6s11m abconOTHRIM
JRACPOM B 2Tol o0IACTH, CTAHZADPTH paspadaTHBaRCs: AMe-
PHKAHCKUM HADHOHAJBRHHIM WHCTHTYTOM CTAHAADTHU3ANHH
(ANSI); suocseacTERH AAa paspaboTKM A OPHHATHA KOMIb-
IOTEPHEIX, CTAHAAPTOB ORLIA cosfana MexayHapogHad opra-
HAsAUAA cTaHgapTusacuu (ISO).

B mporpamMupoBaHnNH Hau(onee HacTo HCIOMB3YIOTCA
opuo0ANiTOBNe KOAEDPOBKH: B KX KOJ K& IOTO CUMBOJIA, 3a-
HuMaeT poBEO 1 badr, mim 8 Gur. llpH 3ToM ofinlee Komuye-
CTBO pasimdaeMBIX CHMBOJIOB COCTABAAET 28 = 256, a xoam
CHMEBOIOB KMeIoT 3HadeHua or 0 mgo 256.

Onpegenenne 7. Hugoprayuontuwum obsvesmon G6aoxa uudopMa-
UMHE HA3EIBAETCS KOJAMYeCTBO OT, 6ailT MIM IpPOM3BOXHEIX
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ennEnL {kunobailr, MerabailT m T. 7.), HeobxomgUMEIX ANA
SAIACH 3TOrO GJIOKA HyTeM 3apaAHee OrOBODEHEOTO cuocofa
JBORYHOTO KOZMPOBAHHS,

Bagaane, Ouenume & Oaiimax o0seM MeKCMOGOIL UHpopMayuL
8 ¢CogpeMeRHOM CROSAPE UHOCMPAHHBIX CcR08» u3 740
CRIDAHUY, ecAU HA 000U cmpanuye pasMmewsaemcs 6 cped-
Hem 60 cmpox no 80 cumeonos (exnowas npobGervt).

Pewenue. ByxeM camTarh, Y10 OPH 3AIUCH HCIONbL3YeTCd KOAH-
POBKA «OANH CUMBOJ — OFWH Gaitrs . KonmiecTBo cHMBONOB
B0 BceM cioBape pagHo 80 - 60- 740 = 3 552 000, CneaoBartens-
HO, 00BeM 3 BaitTax paseH 3 552 000 Gadtr = 3 468,75 Koaiir »
= 3,39 MG6aitr. O

OcHoBOM AN KOMNIBIOTEPHEIX CTAEAADPTOB KOAWPOBAHUA
cumpoqaop nocay:xna ASCII (American Standard Code for
Information Interchange) — amepurancknii craBgapTHEH
Koj ana ofMena muopManuell, paspaboranssrii B 1960-x
rojax u npumensemMui B CIIIA ana mobHX BEAOB Bepeady
HHbODMAINE, B TOM YHCJAe B HEKOMNEIOTEPHEIX (Texerpad,
{axcEMHIBEAA CBA3E U T. [.). B HeM ncnonssyercd 7-6mTO-
BO€ KOANpoBaEHe: ob1iee KOIUYECTBO CHMBOJIOB COCTABNIAET
27 = 128, us Bux nepshie 32 cuMBONa — YOPABRIAROOINE, &
OCTATbHEIe — «H300pAXKAEMEIEs, T. 8. HMeIoOIue Irpaduye-
cxoe usobparkenne, YpapiaomMe CEMBOIR JOMKHE BOC-
NPUHEMATLCA YCTPOMCTBOM BREIBORA TEKCTA KAK KOMAHAR,
HarpuMep:

Kox HeiicTBHE ABrimiicKkoe
HA3BAHHC
7 Ilogaga cTAHAAPTHOTO IBYKOBOTO CHTHANA Beep
8 YaaneHHe NPeALIAYINETO CHMBOAA Back Space (BS)
13 |[Ilepesop cTpoku Line Feed (LF)
26 |Ilpusuak «Komer TexcroBoro gaiiias End Of File (EOF)
27 | OTMeHs DpeALAYINErd EBOAA Escape (Esc)

K uszobpakaeMpiM cumsoaam B ASCII orHocATCA OYKBR
aErmMiickoro andasuTa (LIPONHACHLe H CTPOUYHEIR), OHDPH,
3HAKHM OpeOMHAHNSA M apHpMeTHIeCKHX ollepanmil, cKobKH
K HeKOTOpEIe cllenmaibaEe cCHMBOJEI, {PparMeHT KOAHPOB-
xn ASCIH npmeegen B Taba. 1. .
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Tabruya 1
®parment kogupoBra ASCII
Cumpoxn | Hecarmuustii| porunssii | CuviBos | Hecaruauntil | Tnowansrit
KOK KoR, KOX KO,
TpoGen 32 00100000 0 48 00110000
! 33 00100001 1 49 00110001
# 35 00100011 2 50 00110010
$ 36 00100100 3 51 00110011
* 42 001010190 4 52 00110100
+ 43 00101011 5 53 00110101
s 44 00101100 i] 54 00110110
- 45 00101101 7 55 00110111
. 46 00101110 8 56 00111000
/ 47 00101111 9 57 00111001
A 65 01000001 N 73 01001110
B 66 01000010 0 9 01001111
C 67 01000011 P 80 01010000
D 68 01000100 Q 81 41010001
E 89 01000101 R 82 01010010
F 70 01000110 8 83 01010011
G T1 01000111 T B84 01010100
H 73 01001000 U 85 01010101
I 73 01001001 v 36 01010110
J 74 01001010 W 87 01010111
K 75 01001011 X 88 01011000
L 76 01001100 Y 89 01011001
M i 01001101 2 %0 01011010

Xora B ASCII caMBonL KOAKpYIOTCA 7T BETAME, B mamsA-
TH KOMOBIOTEPA HOK KauisIfi CHUMBOJ OTBOAETCH POBHO
1 GaiiT, NpH 3TOM KOJ CHAMBOJA NOMEmRETCA B MJAANIHE
GUTE, & ¢Tapliud GHT Be memonbayeTcd.

Tnapuriit zepocraror crampapra ASCII serkmwodaercs
B TOM, YTO OH PACCYHMTAE HA MepeAaYy TOJBKO AHTARHKCKOro
TekcTa. Co BpeMeHeM BOSEHKAA HeoGXofuMOCTh KOAKPOBA-
HyA ¥ Hearrar#ckux 6ykB. Bo MHOrEX cTpaHax And 3TOro
cramy paspabarTeiBares pactiupenus ASCII-xodupoexu,
B KOTODBIX NPHMEHAAHCH OABOGAMTOBEIe KOAN CHMEOJOB;
IpH 3TOM Nepkhie 128 cHMBONOB KOHOBO# TaGauINM coBma-
ganu ¢ Koauposroit ASCII, a ocranpnbie (co 128-ro mo
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255-11) HCIONB30BANNCE ANA KOAUPOBAHHA OyKB Hammo-
HAJNBHOTO andaBHTA, CHMBOJOE HANWOHAJLHOHN BANIOTH
n T.n. Hs-3a HecornacoBaHHOCTH 9THX Daspaborok mgas
MHOMIX HIBIKOB OBIJIO CO3LAHC IO HECKOJBHKY BADHAHTOB
KOAOBHIX TabaHD (nanpmuep, B PYCCKOTO A3HIKA HX OKO-
Jo gecaTHal).

BrocneacTeuu mCIOAB3OBAHWE KOMOBHX Tabmmm OwLIO
HeCKOJBKO YVHOPAEOYeHO: KaXA0H KomoBol Tabmume Onlmo
TIPHCBOEHO ocoboe HASBAHKE H HOMep. YKasas KOKOBYIC Tab-
JHIY, ABTOMATEYECKH BRIOHpPAIOT ¥ A3HIK, KOTOPEIM MOMHO
MONBL3IOBATLCH B AONOAREHHAEe K aHTNHIICkOMY; TOYHEe, BH-
6upaeTca TO, Kax GYAYT HHTePIpPeTHPOBATHCH CHMBOJH C
xKogamu Gomee 127,

Jna pyccKoro Asuka Haubolee paCIpPOCTPAHOHHEIME AB-
ATI0TCH J{noﬁaﬁ-ronme KopoBule Tabmmusr CP-866, Win-
dows-1251" u KOM-8. B Hux nepsre 128 cuMposoR conna-

" matoT ¢ ASCII-kogupoBKO#, a pycckrHe OYKBH pasMellleEH
" BO BTOPOH uacTH TAGAMOE, OXHAKO KOALI PYCCKHX GYKB B

9THX KOXMpPOBKaxX pasamaekl! CpaBEXTEe, BaIpAMED, KOAH-
poexkr KOH-8 (Kopg O6mMema WrdopMmamumeit 8-6uroBpri,
MesKAyHAPOXHOe HazsaHHe Kkoi-8r) m Windows-1251, mro-
PHe IOJAOBHHE KOTODHIX npnne,qenm B 1A61.2 ®H 3
COOTBETCTBEHHO. -

Tabruya 2
Konuposra KOH-8

-l Hlefa [ [ PEIAI S LI AL
o ed | mo| i | we | wofisa] wsdowel sl ] ol wan | s | us |
BIRIR | r|a]elT =2 mpld|[2]+]*
g | ws ] ub | our | usbus b wol m ] we | wolmef wsfomel x| walms
=Th{e[elolela n|n (Ll L2 a2t
o | wi | we i wol wel as {we] we|we|wel|lmlmimeiug|mel s
FlREIATE{L A [slulw[EtE 2 sid{xI®
ﬂs__m HE | 113 0noe | ™ L] | a4 | 155 b ke 0t LI ) [l
wla|lbflulp|le|d|r|(x|mMiB{cxin]{m{n]o
03 | won g oadsos | me | tor | wal wol goof o1 goo ) 2631 204 so5 { soe§ cor
n A p C T b4 » ] b bl 3 1] 3 il b | b
| 208 | 200§ 2w | 2y | w2 |2 | 2w | st ew §oaw ] aw |20 | o0 on | a2 20
wials|ly|lale|(w|jrifx|nw|(A[K|N|M|H]|O
s2a { o5l eoe | aee [ g | 2us b 200} 2ot w2 lans | one | aos] aoe| oor | oow | 200 |
N{AIP[C|TIYIHK|Bi{b|/bl|3|W|D|W]|HY|Db
24l | 28t alj-—ﬂe 240 | 238 | a5 | 24T ] M3 | 229 ZL-EL 52| 23 | ¥ tﬂé

! Maaue 37a xosuposka obosHAMAETCS COKPANIEETEN CP-1251 (Code Page —
KOZORAK CTPAHHEA),
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. Tabruya 3
Koauposra Windows-1251

Atal ., (2] j~|F]t[€|X%|Ejcin|n]|O
| e 2y | 190 | B 0y | e s | 136 | WY E s | 1E WO W1 | WZE K
i i L] ' ”» P - ——— E- ™ é ) & ﬁ 6 {‘
we dwsfuslwiluoius o) oo lmolmelos] o) mrlomh
w| glBI S| [ {t[s|Efe[b|«xl~|mw|®][A
o | t61 ] wa b sl e | ves ] e | srdwaf s | st ) mfoAa)walomal ors
i 5] " |p)%] 1€ m|b]»|3|B]a|A
S fom | malfre | ot we1 | 2] W] el ) w3 L M6 | i) 8 | 9| 130 ¢ W
AIS|B{F|{RIE|XI 3| NW|HIK|(BRIM|H|OIN]
s {3 ] usadses | o | war | vs f 0o | 200 ] 204} 208 | po3} 304 ) 205 | 204 | zor |
PlCiTIiVIi[X{LU|Y) s h|bljb|3{0O[AH
208 | gos| w0 | gnd s ow [an | pelowgaw]ow | ol ool annd e} om)
alb6lefripleiwm|a{uwin|cinim|unlaeln
224 [ 2as | aoel ogr | 208 f 2ae [ 200 oo | 200 2o f gna | s0s | 208 o0t | o9e | 300 ]
ple|lT|yldpixiufvy|w{m|b» | s b|3]{w;n
Lol fpeel s jan ) e p el Ml i e l il i) 2ol o L)

Hecopnagenue xoZoBRIX TAOGNHI, ODHEOJET K PHAAY He-
upEATHRX 3pderToB, HaupuMeD, TaK KAK ONHH M TOT XKe
TeKCT (HeaRrIMACKHIN) HEMeeT PAINYEHOE KOMIIBIOTEDHOE
mpeAcTAB/CHAE B PAsHEIX KOAMPOBKAX, TO TeKcT, Balpan-
BN 8 OAHON KOAUPOBKe, 6yAeT HeunTabe IbHLIM B ApYyroit!

IIpumep 20. Bor rax Gyfer BHIIAAZETh AecATEYHEIN KO CJI0Ba
«lacks B pASHEIX KOAMPOBHAX:

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

OaHeGaiiToBEIe KOARPOBKE 081aMaioT OAHHM CeDPLe3HEIM
OTDAHMYEHHEM: KOIUYECTBO PA3NMIHKX KOZOB CHMEOJOB
B 3THX KOFHPOBKAX HEAOCTATOYHO BEJIMKOC, YTOGH MOMKEHO
OBLIO NONBE30BATECA OAHOBPEMEHHO HECKOALKHUMH SSEIKAMH,
Jna yerpaneHna sToro orpagmuennd B 1993 rogy Geun pas-
paboTaH HOBHH CTAHAAPT KOAMPOBAHAA CHMBONOE, IOJIY-
yuBIIni Hassanue Unicode, KoTophi, 1O 3aMEICAY ero pas-
paboTunkoB, MO3BOAKA OBl MCIOAB30BATH B TeKCTaxX JNio0nie
CHMBOJIH JAIO0BIX A3BRIKOB MHpA.

B Unicode Ba kogupopaEue cAMBOMIOB OTBOZATCSE 31 GHT,
Ileperie 128 cimeoaos (koael 0—127) cosmagaior ¢ TabaEnei
ASCH; panee pasMermeHBI OCHOBHEI® adbaBHTH COBpPEMeEH-
HEIX A3HIKOB: OHH IOJHOCTRI0 YMEIIAKTCA B NEPBOA NacTH
Tabaunel, X KOAH He mpeBocxopar 65 536 (65 536 = 216).
A B nenom cragaapr Unicode onicuipaeT amdaBHTH Beex
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HM3BECTHEIX, B TOM THCJEe H $MEePTBHIX»>, S3LIKOB; JJIA H3hi-
KOB, HMeOIMHX HecKOJXbKO a(aBUTOB MM BAPDHAHTOB Ha-
nucaEud (HaupuMep, SNOHCKER I HEAHACKEIA), 3aKOXRpO-
BAHE! BCe BADPHAHTH, B KoaupoBKY Unicode BHeceHEI Bee
MaTeMATHYecKHe B WHEIe HAYVUHHE CHMBOJABHEE ob0ZHATE-
HUA ¥ fA'Ke HeKOTOphie MDHAYMAHERE ASEIKH (HAIpuMeD,
NUCEMEHEOCTH 5ab{poB @ MopAopa B3 3MHUECKAX OpPCH3Be-
Aenuit Ix. P. P. Tonmkuena). Horenuuanruan nagopMany-
oHHasn eMkocTk 31-0uroBoro Unicode ctone Benmxa, 4TO
ceiiaac UCHONbB3YeTCA MeHee ONHOME THCAYHOW TACTE BO3-
MOXKHBIX KOZCB CHMBOJOB!

B coBpeMeRHLIX KOMIBIOTEpAX B OUEPAIMOHHHIX CHCTe-
MaxX HCHOJB3YeTCA YKODOueHHasA, 16-6uropas sepcua Unico-
de, B KOTOpYI0 BXOAAT BCe COBPEMEHHEIe AABHTHI; 3T4
uacThk Unicode Hasmisaerca 6a30Bo# MEHOTOSSHKOBOH CTPANN-
neit (Base Multilingual Plane, BMP). B UNIX-noaoSgEIX
OlepanMOHHHX CHCTeMax, rae pabora c Unicode-TexcraMm
HeBOZMOXKHE M3-38 ocofeHnocTell apXHTEKTYPH, HCTIOABLIY-
1Tca 0cobbIe $POPMEL 9TOTO CTAHAAPTA, KOTOPEIe HashIBAIOTCA
UTF (Unicode Transformation Form), B HEX CHMBOJIE KOZH-
PYIOTCA TepeMeHHHM KOJAMYecTEOM Oakron. Hanpumep, B
UTF-8 xoAr CHMBOMOB 3aHEMAKT ot 1 mo 6 Oaiitom.

Bonpocw U 3aaaHng

1. Ha yeM OCHOBHIBaeTCS BO3SMOMXHOCTE ABOMYHOI'O KOAHPOB&-
HEA TeKcToBoll uRpopManuu?

2. Ha 0CHOBAHUH Yero MOKHO YTBEPKARTE, ITO AIA JeTHHCKHX
OYKB IpUMeHAETCA CeMEGHATOBOE KOZUPOBaHue?

3. Buag, 9yro B XoZupoBKe ASCI] mecaTwunni Kon xamjol
CTpouHOM NatWHCKOH 6YKBE Ha 32 Gonbore Koga COOTBETCT-
ByIoIe#l mponucHOM 6YKBH, IpeAcTaBbTe (PpArMeHT dToi KO-
AuRpoBouHol TaGAUGE B opMaTe, OCHOBAHHOM HA MICCTHAN-
IaTePHIHOH CHCTEMe CTHCAeHHA:

[ Tol1{273[4[5[6][7[8[9]A[B]CID[E[F]
:

0

-!GUHFWIN

— WHIN
e
-
»
i




96

Taama 2

4.

Hcnoap3ya pesyabTaT BHIOIHEHNA NPeABIAYINEro 3aaaHu,
AEKOARPYiiTe creAyOmee coOObiNeRne, 3aTHCAHEOe B BOCHMHE-
GnToBOH KOKHpPOBKE:
01010101 01110000 00100000 00100110 00100000
01000100 01101111 01110111 01101110.
Onpezennre BUA KOAEPOBKHE H AeKOAMDYiiTe cleAyomme co-
obnyerun:
a) 285 207 212 197 204 216 206 201 203 207 215;
6) 213 224 244 244 236 224 237.
Teta u Koas nmmyT Apyr ApYyrY 2AeKTPOoHEERIe muchMa. On-
raxgul Ilera ornpasun Kose mucesMo B KogmpoBke Win-
dows-1251. Koag nHCEMO DONYIRI, HO IPOIHETAJ €TC B KOAH-
posxe KOH-8. ITonyunnca GecCMEICIeHHEIA TeKCT, OAEC HS
OpesacHkeRnil KOTOPOro AMeI0 BAA:
xJAIOL XMTHILJIIORX'E JIHPEP AIITP3
OHEAAPIOBKEMIO A OHJ/IHBI?Y BXAEK,
Kaxoe npegnoxense 61370 B HCXO0ZHOM coobmeHuu?

. Bo croaIBKO pa3 yMeHBIHTCH HHPODMAUMOHHHIA ofbeM

CTPAEMIEI TEKCTA OPE erc npeofpasoBaHdN M3 KOABDOBKH
Unicode (Tabauna KoaupoRKu comepxur 65 536 cumpomor)
B KoaupoBKY Windows-1251 (rabimua K0ZEPOBKH COAEDHKUT
256 caMsonoE)?

. ByEyT 1 ynopspgodeHH o anbasury PaMAINR, 3aICaH-

Hble PYCCKUMH GyKBaMH, €CIH HX COPTHPOBKY OCYILECTBHTD
COTJIACHO KOJAM CHMBOJIOB M3 KOZUPOBKH Windows-12517?

, TTogemy B xogupoeke ASCII caBur, ¢ MOMOLILIO KOTOPOro O

KOAY MpOOHCHOH aHTAMHACKON OYKBE MOKEO HOAYYHTS KON
COOTEBeTCTRYIOMISH CTPO4UHOM, paBeH 32, a He, HampuMep, 26
(B xognpoprax KOH-8 u Windows-1251 10 e cpoiicTBo cO-
XpardeTca ¥ 5ia pycckux 6yxs)?

§ 2.4. NMpeacTasneHue rpapuueckoit thdopmMmauumn

Tfogasamonryio yacTs rRPopMaHH of OKDPYKAIOIIEM MHDE
Yes0BeK MOJYIaeT ¢ IOMOIIBI 3peHEUa — HO ONeHKaM yde-
HHX, AONHA 3pHTeALHO# HHEDOpMAIUE COCTABNAET He MeHee
80% ofmero moToxa MEGOPMALNY, BOCHPAHIMAEMOTO BCe-
ME OpraHaMH UYBCTB. BasKHOCTH 3peHAd 06YCIIOBIeHA HCTO-
PEYECKEM pasBHATHEM YeloBexa Kak GHONOrAYecKoTO BHAA,
TOITOMY SPUTENLHEIE OPraHEL 4YeJ0BeKa, W OCOfeRHO 3pH-
TeJbHBIe UeHTPH MO3TA, IPeKpacHo npucrocobieHER K ofpa-
0oTke mHbOoDManEH ¢ foabmIo#l CKOPOCTLI® B B GONBINHAX
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obpemax. C DoABreHHeM KOMOBIOTEPOB, CIIOCOGHEIX GHICTPO
ofpabaTHBaTh HHGODMAOMNIO, W MX COBEPIICHCTBOBAHWEM
y9YeHEIe CTAMH paspabaTHIBATh KOMIOBIOTEPHBe METOAL Xpa-
Hesud B obpaboTKn H2obpaKeHH.

2.4.1. OGiyue NOAXOARL! K TPOACTABNSHUIO
B KOMMNbLIOTEPe NHOOPMaLMKN eCTECTBEHHOro
APOVCXOXOEeHUSs

Jna xpanenna g o6paGoTKR rpaduvecKod I 3BYKOBOR HH-
$opMaNY B KOMIObIOTEpe TpeGyioTcs SHAYNTENbEEIe BREIYHC-
JHMTeNbHEI¢ PECYPCH (IAMATL H NpoHdecCOpHOe BpeMd), H,
KpoMme Toro, ofpabaTsiBacMas MHGOPMANEHA ecCTeCTBEHHOTO
MPOHCXOMACHUA AOMKHA OBITH NPEACTABJEHA B CIICIMANB-
HOM roxnblomeprox ceude. InaBHaa mpobieMa paspaboTHu
TAKOTO NpeacTABJICHNA SAKTIOYRETCA B TOM, 9ITO KOMIBIOTED
MoxeT o0pabaTLBaTh ¥ XPAHMTE TOABKO OrPAHHYEHHEIH 00b-
eM gHpopMaIm#A, B TO BpeMs KaK /o0ble eCTeCTBeHHBIE CHT-
HAJE — HOCHTEIHR HHGOPMAIINY, — HEeOpePHEBHH (HeIHCK-
PeTHEI) M HeOrpaHWYeHbl B IPOCTDAHCTBE H BDeMEHH.

dna npeobpasoBaHmA <eCTeCTBCHAOH» HHPOPMALUH B
BUCKDEeTHY0 ¢opMy e¢e HNOABepraioT JUCKPEeMu3GuUUU H
K8aAHMosarulo. .

Onpenenenue 8. Juckpemusayueii (aura. discretisation) Ha3bl-
BAlOT MPOUEAYPY VCTPAHEEHA BPpeMeHHOH H/MaM IpocTpaH-
CTBeHHOU HeNPepPHIBHOCTH eCTECTBEHHBIX CHUTHAJIOB, ABIAK-
IIBXCA HOCHTEeNAMH HHPOPMAINH.

Iipu npocmparcmeennoii Suckpemuaayuu u300paKeHnA
ero pasbuBaloT Ea HeGOMEIIHe 0071aCTH, B IpefenaX KOTOPRIX
XAPAKTEPHCTHKH R30OPAKEHNA CUNTAIOT HOHIMEHHLIMH.

IIpamep 21. IIpocTpaHCTBEeHEAA ANCKPETHIAIUA H300paKeHNA.

=
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ITpu epemerndii Ouckpemusayuy BpeMa pasbubaroT Ha He-
GoNbInge MHATEPBAJEl, B OpeAesax KOTOPHIX XaparTepUCTH-
K¥ NPMPOAHLIX CHTHANOB, KAK H B IIPOCTPAHCTBEHHOM Cly-
gae, CINTAIOT HeMSMEHHBEIMH,

HarnagamsM OpuMepoM BpeMeHHON ZHCKpeTHIAODHRE MO-
TYT CAYKHTh KKHO M TelneBHAeHNe. B Hux mIOSHA 1O-
JBHXKHOTC H306pameHnd cosfaerca nyrem OEICTPOR cMeHkl
kazxpos, [Ipz sToM caMm Kagphl SBASIOTCH CTATHYMECKHEMH
usobpakeHusME. KoMIesoTepHoe KOAMPOBAHHE BHACOHH-
dopMALEH TAKKE OCHOBAHO Ha d(hpeKTe CMeHE KaJpoE, Ha
KOTOPHX B300paskeHRl HoCheZoBATeNbLHBe (ashr ABHIKe-
HAA, :

IIpumep 22, BpeMeHEAR JUCKPeTHIANMA ABIKYIIerocs usobpa-
KeHud.

ol T Al el

O

HOpumep 23. BpemeHdds AUCKpeTH3aHN: SBYKOBOI'V CHTHAJA.

Bompoc. Saxem nyxicna duckpemusayusr usobpaxcernua?

Omeéem. IlpocTpaHCTBO Henpepovisio, a 3TO O3HAMAET, WUTO
B noboit ero obnacry cogepxnrea GecKoHedHOe KOJXBILRCT-
BO ToueK, ECAH MHE XOTHM MOYHO COXpanums usodpane-
Hue, TO BROJKHH 3aNOMMEATL HHQOPMANMIo 0 Kaxpol
TOYKe HPOCTPAHCTEA {(eCHM ME KaXme-T0 TOXKE He YUUTHI-
BaeM, TO He CMOMeM Da3JIRYRTE ABa Eaobpaked:#, KoTo-
PHe OTARTAIOTCA JPYP OT APYra TOJABKQ B 3THX TOUKAX).
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IMockoNBKY TOYEK GeCKOHETHO MHOro, TO M KOMIBIOTED-
HOe IpeAcTaBiIeRHe AOMKHO ORNO 6ul cojepixars Gecko-
HeYHO MHOTO HHbopManuy, X AJ4A ero cCoOXpaHeHEd TOTpe-
Gopanock OH GeckoHedHOe KOJAHISCTRBO IIAMATE. A 5TO
3HAYAT, KOMOBIOTep:l B IPAHANUIIE He MOIIH 661 HU ofpa-
6aTHBATH, HH XPAHHETE NoAo0HEHe maobpaxennal YTobx
KoMUBKTEP Mor paforaTh ¢ mzolpaxenusMu, Heolxomm-
MO OTPAHMYHTHECA 3alOMHHAHAEM KOHETHOrO KOJIHIECTBA
06'BEKTOB NpocTpaHcTBa (Touexk uam obnacreii). Jucikpe-
misauus H eCcThb coocob BEIZEeNCHNS HKOHEYHOIC YHCIA
OpOCTPAHCTBEHHEIX 3JEMEHTOB, HHPOPMALEA O KOTOPHX
6yaeT coxpaHeHAa B KoMnoepTepe. udopMmanma ofo Bcex
OCTRJIBHHX 3JIeMeETAX OPOCTPAECTBA IPH ANCKPeTHBAIHE
ymparueaemcsl

C mEQOpMAIAOHEOH TOYKY 3peHNs rpaduyeckoe usobpa-
JKeHHe SBASETCH COBOKYIHOCTHIO CBeTOBHX CHIHAJIOB HA
ILTOCKOCTH: OTHEJBHLIE CBeTOBHE CHIMHAIHR pPasIHyaloTes
MECTONIONOKeHNEeM, IBETOBHIM OTTEHKOM M APKOCTBIO.

IlpeTr B ApKOCTE — XAPAKTEPHCTHKH TOYeK Haobpae-
HUSA, AX MOKHO U3MepAmb, T. €. BHPaKaTh B uuciaax. Kax
IBET, TAK & APKOCTL MOI'YT HSMeHATHCA HEOPESPHIBHO, IIO-
PTOMY HX CAeTOBANO OLI BHIPAMNCATH BEeIIECTBEHHRIMNA YHCaA-
mME. Ho B 9TOoM ciyduae KX HeBO3ZMOMXKHO alCcoJIOTHO TOYHO
IpeCTABATh B KOMIBIOTepe. 1l0oaTOMY Bce maMepAeMble He-
IpepHEBHELIC XapaKTepUCTHEY (KaK, HANIPNMep, APKOCTh TO-
Yex M3oGpaskeHdsa MaH MIrHOBEeHHAA FPOMKOCTD 3BYKA) OA-
BEPTaXIT KEAHMOBAHUID.

Omnpepnenenne 9. Keanmosaruenm (aura. guantisation unu quan-
tization) HASHIBAIOT MPOULAYPY HpeobpasOBAHNS HenpepLIB-
HOT) AHANA30HA BCeX BOSMOXKHEIX BXOJHHIX 3HAYEHNH Ha-
MepAeMoOli BeIHYWHEI B AHCKpPeTHLIN HaAGOpP BRIXOJHEIX
SHATCHHAH.

O0LYHEO HIpH KBAHTOBAHMY AHAIIA30H BOSMOKHEIX 3HATE-
Huii Hamepsemoll BeJMUMHN pasbHBaeTcA HA HECKOJIBKO
noaauanasoHoB. Ilpn M3MepeHUH olpegeisiercd NOZAHANA-
30H, B KOTOPHil OOMajaeT sHAYeHWEe, H B KOMILIOTEpe CO-
XpafsaeTca TOABKO HOMEpP IOAMMAINIAZOHA.

Ipumep 24. KBauToBaHHWe MIKAJILI OTTCHKOB CEPOTO IBETA.

B npawoit yacTn pucyHka H3obpaskeHa mMKaia 2padayuil ce-
Pozo uBera, oT YepHOTO A0 Benoro. [na suciennozo onuca-
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HUA APKOCTH LBeTa Hafo Kaxk-
AOMY OTTeHKY IOCTABATH B CO-
OTBETCTBHE Hekoe wmcyo. Kax
TPABNJIO, YEPHOMY UBeTY IPH-
NHCHBAIOT HYJAEBO# YpPOBEHE
ApKoCTH, GeyoMy — eIHHRY-
HH, & NPOMEKYTOYHHIM Ce-
PEIM TOHAM — HpoGHEEe YHCHAA
B HHTepBaae oT 0 mo 1, suipa-
JKAIOTIEE ADKOCTh OTTEHKS KAk
JOII0 OT MAKCHMAJGHOH SPKO-
CTH. 3Ty BenuumEy Mt GyaeM
BHPRKATL B IPONEHTAX OT
MAKCHMAALHOM SPKOCTH, T. €. YepHbIEk nMeer 0% apkocTh,
enmit — 100%.

Taxoe onHCaAWe NBeTA HEMPUIOAHO KA HeNOCPeKCTRER-
EOT'0 KOMIILIOTEPHOI'O IIPeACTABNERKRA, TaK KaK BellleCTBEeH-
HEIE Y@ACNA HeIRCKPETHH, ANA TOYHOHR 3aMHCH WX 3HAYE-
HEH Haf0 XpaHUTH GecKoBeuUHOe KoamaecTBo nudp! Caego-
BATeNBRHO, HAZO MPOBECTH KBaHTOBAHMe, AN dHero
AVATIASOH SHAWeHHH SIPKOCTH Das3CHBaKT HA IOAAHAIABO-
HBEl, UNH Yposhyu. B HameM NpHMepe TUANASOH SPKOCTH ce-
poro npera pasfusacM HAa 6 ypoBHell paBHON MIMPRHH:
0-& yposens — 0-17% maxcumanpgoll apxocrn, 1-it ypo-
peHE — 17-83% MaKCHMANBHOH APKOCTH M T, 4. Torga
AHTepBATH 3HAYCHHH APKOCTH M EOMepA YPOBHEH CBA3AHE
JAPYT ¢ ApYTOM NPOCTHM COOTHOIIEEHeM: k- ypOBEHE COOT-
BETCTBYET HHTEpPBANY

[ 100 100]

Henpeprirray
IKaa

A (kD)2
g D5

TTo BeMMYMHE APKOCTH JETKO BHITHCIHTL EOMEpP COOTBeT-
cTByOmere yposHa: k = [x-6/100] (agech KBagpaTHEe
cKOOKK ODHAYAIOT NENIYI0 YACTh YWCJa), TAe X — BeTWIHHA
ApKoCcTH, # — HOMeD YDOBHAH.

Ilycre AprocTe cepore OTTEHKA coctabageT 70%. Ilpm

KBaHTOBAHME ﬂ-6 _ | 220 = 4 | pT0 3HAYCHHe IONAZA,
100 100
eT B 4-i moxzmanazon (67-83%), mMOsTOMY B KOMIBIOTEDE

3TOT OTTEHOK ceporo GyZeT 3aKOAMPOBAR IeJLM YAcHoM 4.
[
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J¥icKpernaannas i KBABTOBaHWEe BCEIAa INPHMBOAAT K 110-

Tepe HeKOTOPOH Rony MAEGOpMannl. TaK, KOMOLTepHOE
& | n300parkeHMe KUBONWCHOTO MOJOTHA BCETAA OTIHYAETCS
OT OPHTHHAaNA. A MHPPOBAA 3AUHCE MYILIKAILHOTO IPO-
U3BEJICHUA WAH KOHIepTa (Hanpumep, HA KOMIIAKT-ZHC-
Ke) BCerja OTRYACTCS OT 3KHBOrO 3BYIaHUSA, Zaxe eclH
PasIHYNe HeONMIyTHMO Ba CAYX. CTeleHb PASIHINA OPH-
THHANA B UUPPOBOE KONHE ONpeAenser cylsexmucHoe
KG4ecmeo KOMIIBIOTEPHOTO IPeACTABICHNA,

H3-3a 60oNBIONX pasMepoB 3BYKOBBIX, MpadHMuecKHX H
BEgeodaiiioB OHN O¥eHD PEAKO XPAHATCA B KOMIBIOTEPE B
HEeYNAKOBZHEOM BMZe. JI1a YMEHBIIeHAA HX PAZMEDOB HC-
IOXLSYIOT cxamue uH@oOpMayuy. YHEEBePCANBHLIE, WIN
TAK HAa3HBAEMEIC O0pDamuMbie aR20PUmMMY cKamus, HA-
KaKk He HCIOJB3YIT 3HAHHA O XapaKTepe oOpabGaTriBae-
Mot mHGOPMAHH M IO3TOMY VIAKOBHIBRIOT €@ JOCTATOY-
HO caabo.

Ina sdpdeKTHBHOrO CIHATEA 3BYKOBOK M rpacdmieckoit
HHEGOPMANMH OTHOCHTENLEO HeJaBHo ORHIIM paspaloraBH
COeqHAJIGHEEIE AJAPOPHTMEl, YUMTHBaOImKE coenuduKy ue-
JIOBEYeCKOro BOCHPHATHA 3BYKA R HaolparxerHil. Xapax-
TepHOH 0cOGeHHOCTBIC STHX AATOPHTMOE ABIAECTCA BOSMOMK-
HOCTH PEeryJlHpyeMOro YAAAeHRA MANOBACHOM (C TOUKH 3pe-
HAA 49eI0BeYecKOre BOCOPHATHA) WHEPOPMAUVH, MOSTOMY
TaKHe aJATrOPHTMEH CKATHA 0000IIeHEO HASKIBAIOT GAZopum-
Mamu ¢ pesyrupyemoli nomepeii ungopmayuu. 3a cuer yga-
NleHAs 4acTW HAQOpMAIEM yaaerTed ZoOHTHECA OUEeHB GOJB-
moil cTemeHH CXKATHA JAHHHX OpH CYOSeKTHBHO He3HAYH-
TelbHOH MoTepe KadecTBa.

HEYHUGEPCARLHL, OHE HEe MOTYT HCIOJB30BATHCHA AAA
e | cxaTHA MOOHX RAHHHX, IOCKONEKY MONHOE BOCCTAHOB-
JIeHMe HCXOAHOK MHGOPMAIMAE HEB80IMONCHO.

' ANTOpHTMH ¢ peryaImpyeMo#t moTepe#t uEGopManuy

IIpu npocTpaHCTEEHHOM IHCKPeTHIALMH uU300paskeRENl
TIONB3YIOTCH PACMpoSniM H GeKMOPHLIM TPeACTaABIeHHeM
rpadpudecxoit wuHpopManun. PacrpoBoe OpeZcTaBleHHe
MOXHO OXAPAKTEPREZOBATE KAK ROMOYewHoe npedcmaene-
Hue, 8 BeKTOPHO® — KaK CmpyKmyproe npedcmaeiaenue
Hsobpame Hd.
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2.4.2. BeKTopHO® 1 pacTpoBo€ NpeacTasneHme

rpadpuueckonl nupopMmaunn
IToMEHTE, KAK BH PHCOBAIHE B AeTCTBe?

Touxa, TOMKA, 3apgaTad —
Bpomna poKHOAa KpHUBad.
Ilanka, manxa, orypeMHK —
Honyunnca venoseuex!

CnoBa 3T0H NeTCKOH NeceHKH 0YeHEb TOUHO XapaKTepPH3Y-
T CYTE BeKTOPHOIO NpeAcTABIeHna rpadmdecKoid HEPOp-
MAaITHm.

Bexmoproe npedcmaenenie OnMMCHIBAET, KAK TOCTPOKETH
HCXOAHOE M300parKeHMe IIPH NTOMOIIY CTAHRAAPTHEIX FeoMeT-
PHYecKHX HIYpP H3 3apaHee ompefeaeHHoro Habopa, Ha-
npHMep B3 OTPesKoB M AYI.

Ou

I'eoMmeTprvecKkne GATYpH A3 CTaHAAPTHOrO Habopa HA3BI-
BAIOT JREMCHMADHLIMU (QUZYPAMU, HAW NPUMUMUEAMU
{anrn. primitives). TlocTpoeHHe BeKTOPHOIO HPEeRCTABICHUA
HasuiBaeTCA sexmopusayuel nsobparkenns. JIpn BHnoxme-
HEH BeKTODHSAUMA H300paskeHMe aEA&IMIHPYIOT, pasbmsa-
10T HA IIPUMETHBE], a4 3aTeM COXPANAIOT HX NApAMeTDH: LO-
JOMKeHHS, DasMePH K IBeT.

Msorme smaRI HaobpakeHHE mo cBoell IpHpoAe XOPOIIIO
CTPYKTYPHPOBAHE M [OSTOMY O4eHb YOOOGHHI JNf BEKTODH-
SAONH: 9TO IPaHKH, AMATPAMMEI, TepPTeKH, CXeMEI, ILIA-
HBl, KAPTH, CUMBOJEL, Tepful u duary, JIOTOTHIK, BCEBO3-
MOKHBE CTHWIN30BAHHBIe H306pAKEHAA.

IIpuMep 25. JIxoGoil geprexx COASPIKAT OTPE3KH, OKPYKHOCTH,

ayru. Honomenne KASKNOTO OTPESKA HA YePTEIKe MOMKHO 34-
AATE KOODAMHATAME ABYX TOYEK, ONpeAeRdIOLIHMH €TI0 HA-
Yajo U KOHel; OKPYRHOCTE — KOODEHHATAMM ISHTDA H
Jnunoll paguyca; AyTY -— PAZHYCOM, a TaKKe KOOPAHMHATA-
ME HASAJA B KOHIA AyTu. Kpoxe Tore, Ana Kamgod IHHEHY
MOMXCHO VE224Th €¢ THI: TOHKAA, IITPUXIYHKTADHAA B T. I.
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Tarxasa HEbOPMAaINA ¢ IepTeike BBOAUTCA B KOMIILIOTED KaK
ofmuaan OykBeHHO-IMGpoBad B 06pabaTEIBACTCA B JAMb-
HeRmeM cnenUaTbHHMHA OPOrPAMMAaME. O

B oTnmume oT XOPOINO CTPYKTYPHPOBAHHELX H30{paske-
Huil CYIIecTRYIOT E300paXkeHHdA, KOTOP:Ie Boo0Ime He EMeIOT
ueTKOH C¢TPYKTypH. K HuM oTHOCATCA dororpadme, KuBO-
EHCHEIe IIOZOTHA, PYKOINCHEIE TEKCTH ¥ T. 5. Taxkme H300-
paxieHAd KpaiiHe HeyAOOHER ANA BeKTOPH3aIMH,

Jns Xpanenma Dogo0HHEIX B300paXeHNH HCIOMB3YIOT
pacmposoe npedcmasnerue: Bce n3obpakenne pasbupaerca
HA MHOMKECTBO 04eHb MAJICHBKHX 97eMeHTOB, IPHYeM, B OT-
IN4Re OT BeKTOPHOTO NPeECTABIeHKA, PasMepEl B MOJoMe-
H¥e 3/IeMEeHTOB 3aK8I0TCA 3apaHee (@ priori) H cOBepIIeHHO
He 3aBHCAT OT caMoro m3ofpameHnsa. B mpejgeaax Kaxmoro
TAKOTO 2JieMeHTa H3obpaKeEHe CUHTaeTCA OXHOPOAHEIM,
T, 6. AMEIOHIEM OAHH H TOT JKe IIBeT.

Tlopagok pasbmeHus u300paKeHHsS Ha PeMEHTH HASHI-
BAETCA PACMPOM, & CAME BJIEMEHTH — RuKcessmu (pixel —
ab6peBnarypa oT anri. picture element -— aneMeHT ®306-
pakenns). IIMKceaM — 2TO0 ¢ATOMEI» PACTPOBOrc M306pa-
WEeHNA, HA MEHBIUHME IACTH ero He AeddT. Kak nmpaBmio,
OAKCEeNH OYEeHE MAJH, TAK YTO HX OTOMAECTBAAIOT ¢ TOU-
rkaMu. ITponeaypa pasbuerna HzofpamkeHHd HA HHKCEIH
HASEIBAETCA pacmepusayuell UAn oyudposxoii nsobpaie-
HHS,

SamernM, YT0o XpaneHMe PHCYHKA B BeXTOpHOM thopme
OBEIYHO HA HECKOJABKO NOPHAKOE COKPAMIACT EeoGXORHMELH
ofben DAaMATH HO CPABHEHUIO ¢ pacTpoBoi dopmolt npea-
CTABJIEHHA.

Onpenencame 10. Pacmp — coenmansHEIM 00pasoM OPraEH3o-
BaHHAA COSOKYNNOCMb NuKCceAeil, IpeAcTaBindomas mAz06-
paxenve, KooparHatir, GopMa X pasMep DEKceNel sagatoT-
¢4 IOpH omnpefeieHMH pacTpa. HsMenseMmM arpmyToM
nuKcenell ARIgeTcA LBET.

B TexsuKe M KoOMNBIOTepHOM rpaduke gallle BCErd He-
NOJABSYeTCH NPAMOY2OAbHBIL pacmp, B KOTOPOM LINKCEIH
COCTABJAKT NPAMOYTLOJSHYID MATDHMILY, ee OCHOBHBIMH Ia-
paMeTpaMH ABAAIOTCA PAa3Mephl PACTPOROH MATPHOH, T. €.
KOJEYeCTBO CTONOMOB ¥ CTPOK, COCTABNEHHRIX H3 IIHKCe-
Jeit,
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I'naBHOE NPeMMYImecTBO NPAMOYrOJBHHX pACTDOB 3a-
KII0YACTCH B TOM, UTO NCAOKEHNE KAKAOTre NUKCeNd HA BK-
paHe (Eam Ha H300pKeHNE) MOXKHO SuNUCAUMb, SHAA
TONBKO pasMephl pacTposoil MATPHIM X JHHeHHEe pasMe-
PH nukcenei mato RiomHOCMS PA3MEUCHUR THKCeNeH, KO-
TOpPYIC OOMYHO H3MEpAINT B KOJHJYECTRBE TOYEK Ha MIOHM
(dpi, Dots Per Inch). Hasa s1oro A0CTATOYHO BEECTH NPABHIE,
Tmepednciaedusa OuKceneil. HanpuMep, B MOHETOPAaX IIepco-
HANHHLIX KOMIILIOTEPOB IIMKCENH HepeInciaAioTcd cleBa Ha-
HPaBo H CBepPXY BHH3: CIePBAa HYMepYIOTCH BCe IAKCENH B
BepxHeil ¢TpOKe CiieBa HAPaBo, 3aTeM HyMepanmsa IPoACHA-
JKaeTcs HA BHKesexamed c¢rpoxe u T. A.

Tax, HAIpHUMep, €CIH H3BECTHO, YTO (oTorpadma coxpa-
nena B popmare JPEG ¢ pasmepamu 768 x 576, To sTO SHa-
9mT, YTO MATPHLA NHECeNed cocTomT M3 TH8 cronbmor H
576 crpor. OuepanuoaHkle CHCTEMH ¢ rpapHIecKUM IIONb-
30BaTeABCKEM HHTepeiicoM (TakRe Kax Windows, MacOS,
rpadmaeckaa nmogcucreMa X Window 8 UNIX u 7. x.) mpex-
CTABJIAIOT PKPaAH AUCHJEeA KAK PACTPOBOe IIPAMOYTOAbHOE
nsobpaxkenme HekoToporo pasmepa (Hampmmep, 800 x 600
uar 1024 x 768 nnxceneit).

X
0,00 ) i 2 3 102 1022 1023 {1023,0)
1] 0 1 2 3 1021] 1022 1023
_l 1024 1025] 1026| 1027 2045} 2046 2047
2 2048 2049| 2050 2051 3069 3070 3071
1 1 1 ) e ---l 1
! ! ' ' :
Y : : ' ' !
i 1 [ [} 1
[ ] [ 1
[ [}
Y e - [}
767 | 785408 | 785409 785410| 785411 786429|786430| 786431
(0, 767) (1023,767)

2.4.3. KsaHToBaHve LgeTa

Kax 6bu10 cKasaHo BHIIe, IpadEYecKy0 HFHPOPMATHIC ec-
TECTBEHHOTO NMPONCXOKACHHA IPH BBOAe B KOMIILIOTED He-
ofX0Z¥MO TIOSBEPraTh ollepPANRAM HPOCTPAHCTBCHHON SHCK-
peTH3allin M KBAHTOBAHWS IBeTA.
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KparToBaHHe (KOTHpOBAHEE) ILBeTa GazHpyercs HA M-
MmeMamuieckoMd OnuUCGHUU yeema, KoTopoe, B CEOIO OUe-
Ppelis, oMUpbaeTed Ha TOT PAKT, UTO UBETA MOIKHO LU3MEPAMD
% cpasrusame. Hayunas AUCIWNNVAA, B3YIAKOMas BOIPO-
chl HM3MepeHHA NBeTOBRIX XAPAKTEPHCTHK, HASEIBASTCH
Memporozueii yeema, AAN Koaopumempueii, Jenosek o6xa-
ZaeT OYeHL CHOKBHIM IBETOBOCIPHATHEM, NOCTATOYHO 3&-
METHATS, YTO 3PATEIbHEE HEHTPE M03ra ¥ HOBOPOXKICHEEIX
fieTeil B TeUeHHe HeCKOJABKHX Mecaues (1) TOALKO TPeHHAPY-
OTCHA BHOECTE. HDSTDM’Y H MaATEeMATHYECHKOEe OIIRCAHME IIBeTA
TCXKe BeCEMA HeTPHBHAIBHO.

VdeHRM AOATOe BpeMd He YAaBaaochk 0GBACEATE MPOLECe
nserosocnpuaTEd. o cepeaunnr XVII Bexa rocnofcreoBana
YMO3PATENLHAA TeOpHa ApHeToTeNd, COrNacHo KOTopoit Bee
nBeTa o0pasyiTca NpPH NOAMEIINBAHHY MePHOrO IBeTa K be-
IOMY.

IlepBrie cepbe3Hble PE3YNBTATH B 9T0H OOMACTH MOJYINI
Heaax HexoToH, KOTOPHH OIMRCANT COCTARHYIO IPHPpORY Oeno-
ro CBeTa N YCTAHOBMII, UTO CREXMpPArbHbie Yy6ema ABNAITCA
Hepa3noNCUMbIXY M ITO IyTeM CMeIIeHUd CIeKTPAIBHBIX
IReTOR MOXKHO CHHTe3HPOBaTh OeXsill IPeT W BCEBO3MONK-
HEI€ OTTEHKH APYrUX mEeToB. HEIOTOH BHAEKRI B CISKTpe
feaoro cBeTa ceMb HaHbOMee 3aMeTHHIX COEKTPAILHEIX I(Be-
TOB ¥ HA3BAJ HMX OCHOSHWMU — KDRCHEIH, ODAHIKEBHI,
JKeNTHHA, seneHHH, ronybol, cnanf#t ¥ QHOMEeTOBLIA.

IIpuMepHO mMojcTONETHA cOyeTHA, B 1756
rogy, BHAAImuicA PpycCREEA  y4eHHIH
M. B. JloMoHOCOE ¢HOPMYAKPORAT TAX Ha-
BHBAEMYI) MPEXKOMIOHERTMEYIO meopul
yeema, o0OOIUINE OIPOMHEIN aMIOHMPHYECKHIH
MATepHal, HAXOIJNICHHKIH UM OpH paspabor-
Ke TeXHOJOIMH DPOH3BOACTBA IIEETHOTO
cTekns B Mosamxkd. Hceenexzyd BoIpochl
OKPAIIABAHESA CTeK0Js, JIoMoHOCOB 06HADY-
re——p—— U, 9TO ANA NPHAAEHA CTeKay moboro
M. B. JIoMOHEOCOB IBEeTOBROTC OTTEHKA MTOCTATOYHO HCIOOJAL3O-

(1711-1765) BATE BCETrC TDHA OCHOBHBEIE KPACKH, CMEIIN-
Bad AX B ONpeHeJeHHEIX NpONnopHAax.

Coycra mpuMepHO CTONETHe BHAAIRIIEACA HeMeIIKMA

yieHHH Pepman 'paccMar (1809-1877) EEex B TPeXKOMIIO-

HEHTHYIO TeOPHIO IIBeTa MaTeMaTHUecKnl ammapat B GhopMe

3aioros I'pacexana Znd agIHTEBEOrO CHHTe3a Iisera. Han-

0oJiee BAKHBIMH M3 HMX ABIANTCA CACLVIOLIIHEe JBA 3aK0OHA.
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3aKO0M TPEXMEPHOCTM: ¢ TOMOINHIC TPEX JMHeKHO HE3ABHCHMHX

LIBETOB MOXKHO OJHOSHAYHO BBIpasHTh jaiobo#t nper. Lisera
CYHMTAIOTCA JIHHEHHO HeSaBHCHEMEIMH, ecIK HUKaKoll U3 HUX
Helb3A HNOJYIUTE NMYTeM CMeOIeHUS OCTAJILHEIX.

3axon HeIIPePLIBHOCTH. NIPH HENPeDRIBHOM H3MEHeHHH COCTABA

IBeTOBOM CMeCE pe3yAbTHPYIOIEIl IBEeT TaKKe MeHAeTCH
HenpepHBHO. K mi060oMy 1uBeTy M0KHO mofobpaTs GeckoHey-
HO OJM3KHMM LBeT.

TpexKoMIOHEHTHAS TeOpPHA OBeTa CTANA OCHOBOM KoOJIO-
pHUMeTpHE, OJHAKO 0fOCHOBAHHEe 3ITOH TEeODHH HOABHIOCH
Toabko Ha pybee XIX~XX sexos, mocae Toro, Kax 6uina
H3yueHa (PUBHOIOrHA OPraHoB 3peHHd.

KonopemerpnuecKde 3akoxnl ['paccMaHa ycranaBIABa-
0T ofmne coficTBA MareMATHUCCKUX Momenel mBeta.
OuKTEIeCKE 3aKOHH ['paccMaHa HOCTYARPYIIT, ITO AK0-
oMy UBETY MOXHO ONHOZHATHEM 00pa30oM OCTABETE B
COOTBETCTBHE HEKOTOPYIC TOUYKY TDeXMepHOro Opo-
crparcTBa. TOYKH IPOCTPAHCTEA, KOTODEIE COOTBETCTBY-
0T I(BeTAM, BOCHDHHAMAEMEIM TeI0BEYECKHM IJIA30M,
ofpasyoT B IpocTpaHCTBE HEKOTOPOE BHIIYKAOE TeJO.
;{Aﬁconmno 9epHOMY IBeTY BCerga COOTBETCTRYET TOTKA
0, 0, 0}.

TakEM 06pasoM, LBeTA MOYKHO PACCMATPMBATL KAK TOU- -
KM HMJIH BeKTOpPHl B TPeXMePHOM IBEeTOBOM IPOCTDAHCTEE,
Kaxpgaa npeTopas MOfeIb 3ajaer B HeM HeKOTOPYIO CHCTe-
MY KOOPZUHAT, B KOTOPOil OCHOBHEIE IBETA MOMEJNHA HIPAIOT
ponb GasHCHLIX BEKTOPOB. A KBAHTOBAHME I[BETA, IO CYTH,
ABIAeTCS OHCKpeTHsaumuedl NpocTpaEcTEA LBETOB.

B KoMNLioTepHOH TeXHEKe Walke ECero HUCIOAB3YIOTCH
cleAyIOMe IBETOBEIE MOZCJIH:

¢ RGB (Red—-Green—Blue, xpacHpIA—-3eNleHBIH—cHEMIA),

e CMYK (Cyan—Magenta-Yellow—blacK, roayGoiti—myp-
OYPHMH-¥HeATEHA—JePHED).

s HSB (Hue—Saturation—Brightness, nBerToBof oTTe-
HOK—HACKIMEHHOCTh—APKOCTE).

Iro6H HCKAIIUTE HeOAHOSHAYHOCTh TPAKTOBAHHA Tep-
MEHOB «APKOCMbY, «HOCHILEHHOCMbY, «UBemosoit omme-
HOKY, MOACHUM KX.
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Aprxocmy — 3T0O XAPAKTEPHCTHKA I[BETA, oOpedesicHMe
KOTOPO# B OCHOBHOM COBIIAZAeT ¢ GHITOBHM NOHATHEM APKO-

+  CTH B (HBUYECKHM MOHATHEM OCBEIIEHEOCTH WA CBETHMO-
crn. SIpro-KpacHH, KpacHMI H TeMHO-KPACHHII OBeTa
PAsIHYAlTC HMEeHHO APKOCTDLIO.

- C ¢pusuaecKko TOYKH 3peHEA, APKOCTD — 9TC KONMMYECT-
BeHHAA Mepa HOTOKA CBeTOROI SHeprHH, H3AyIaeMoH HIK
oTpaykaeMoil IpeAMeTOM B CTOPOHY Habioaarensa. Tak, upu
APKOM CONHETHOM CEBeTe M B CYMepRAX OAMH H TOT e IBeT-
HO#l PHCYHOK BHII'ASAMT IO-pasHOMY. IIpH 9TOM LIBETOBEHIE
OTTeHKR He MeHHIOTCH, PA3AUYHHIMH OKA3HIBANTCA JMHIIL
SAPKOCTH IIBETOB.

Hgeropoft 0TT¢HOK U HACEIMIEHHOCTL — 3TO EBe APYIrHe
He3ABACHMEIE XApAKTePACTHKH IIBETA. '

IIyers ¥ Hac ecTsh HAGOD Kpacok pasgoro npeera. Cmelme-
HHAeM Pa3AIHEIX KPACOK MEKAY cobolt MuI GyaeM moaydaThb
HOBHIe IBeTa. HampmMmep, cMech PAaBEOTO KOJHJIECTBA JKEJN-
TOM B CHHe KpacOK XacT seJleHyro Kpacry. IJeemosoli om-
meHoK, HIH Y6emo6oli mox pacCMATPABAeMOTO 00BeKTA CBA-
38H €O CIEKTPAJBHEIM COCTABOM H3NydeHUHA, Ilo mBeroBOMYy
TOHY O0BeKTA ME MOXKEM CYAMTE 00 OKpacke obbexkTa — CH-
Heji, sefleHOH, KpacHOH M T. K. OTAeJBEHLIE YYACTKH BHAAMO-
TO CHEKTPA BHISHBAKT OIIYIICHWEe PA3IMIHKX ILBETOB. _

Hacviiyennocmy XApAKTEPHAIYET CTelleHb «pastaBieBuas
nBeToBOre ToHa OeneiM neerToM. Hamopumep, ecam ApKo-
KpacHYIO (HACHIOEHHYIO) KpacKy pasGasurp Genoit, To ee
IBETOBOH OTTEHOK OCTAHETCA IPEKHEM, HSMEHHTCH TOABKO
HACHIOIEEHOCTL. POBHO TAK e KODHYHESHIA LIEeT, sKeJITHIR
¥ JIAMOHELIH AMEIOT OQ¥H H TOT Ke IBeTOBOH OTTeHOR —
JKENTRIA, X PA3IAYHEe 38KAI0YaeTcd B HACEINeHHOCTH LBe-
ToBoro orrenxa. Hambonsoiell RacHIMeHHOCTHIO 06M8AAET
CBeT OT MOHOXPOMHOIO HCTOYHHKA.

OrMermM, uTO Ana Geloro ¥ YepHOrC NBETOB HACHINEH-
HOCTh cocTapaser 0%, T. e. TH HBeTa He 00aafaI0T HACH-
OIeHHOCTRI0. IMeHHO MO3TOMY, IOAMENINBAS AX K IBETHOH
Kpacke, Mh MEHAEM ee EACHIIEHHOCTb, & He OTTEHOK.

2.4.4. LipeToBan moaens RGB

B mozenn RGB ocxosrbimi ysemamu ABIAAIOTCA KPAcHbiil,
3enenvili M cunuii. JIagEAA MOAENDb HCIOIBAYETCH B OCHEOB-
HOM Opu oToGpakeHAm rpadpuIecKHX H300paKeHuii Ha BK-
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PaHe MOHHMTOpA, TeAEBHM30pa, coToBOrO TeaedoHa # T, O.
CumenieHMeM TpexX OCHOBHBIX IIBeTOB CHHTeSHPYIOTCH BCe
OCTAJMBHEIEe IBETA, BEX YCJIOBHbIE SPKOCTH (HETeHCHBHOCTH)
3a7810TCA BelllecTBeHHEIMHE TucIaME oT 0 xo 1 (3mavernue 1
COOTBETCTBYET MAKCHMAJNBHOE APKOCTH COOTBETCTEYIOLIErO
IBeTa, KOTOPYIO MosKeT H306pasATe rpadpuIeckoe YETPOHGT-
80). Mozenrs RGB onpesender IPoCTPAHCTEO UBETOB B BRAe
eMUHNIHOTO Kyba ¢ OCAMH <APKOCTh KPACHON KOMIIOHeH-
TEI», ¢APKOCTh 3eNeHOH KOMIOHEHTHI» M <APKOCTH CHHeH
KOMIOHEHTH ». '

0,L1) (1.L1)
oty Ooi (T3]
)
0.0.1)
cunil ..., Muung rpanauni
" ceporo
avas rpamausit
cHie-3eReRoTo
(1,1,0)
Acearsiii
(0,0.0)
qepHLi

Xapakrepunie ocolennocTn RGB-mopem

o Jhofas rouka Kyba (r, £, b) onpemesnaer HexoTOpPHH OBeT.

e Touxka (0, 0, 0) coorBeTCTEYET WEPHOMY UBeTY, TOYKA
(1, 1, 1) — Gesxomy, a muauxn (0, 0, 0) - (1, 1, 1) onHcrBaeT
BCE TPAjanUl ceporo UBETA: OT WepHOro Fo Beoro.

¢ [Ipm zemxeEHH no opamoi or (0, 0, 0) vepes Touky (7, g, b)
TONY9IaEeM BCce TPAJAIME APKOCTH Ipera {r, £, b}, oT camoit
TeMHOH Ao caMoit Apkoit. HampuMep, (1/4, /4, 0) — TeMuo-
KOPHYHEBHI uBeT, (1/2, 1/, 0) — Kopwiness, (3/,, 3/,, 0)
— xenro-xopuaHeBwrit, (I, 1, 0) — smenrsiit.

s Ha rpanax ky6a {r = 0}, {# = 0} u {b = 0} pacmomos;kexH ca-
MBI¢ HACHIIHEHHEBIE LBETA.

o Yen Gnmxe Touxa K raasrolf praroraan (0, 0, 00-(1, 1, 1),
TeM MeHee HACBIIEH COOTBETCTBYIOHMIME LBerT.

¥ nperosoit mogenu RGB ecThb dHsHONOrEYecKoe 060CHO-
BagHe. Yemogeyeckyil TV1a3 CONEPIKHT MeTHpe THIA 3PHUTCIE-
HEIX PeenToPOB; «OANOYKHY (PenenTODE HHTEHCHBHOCTH) H
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. TPH THOA <«Konbodexs (PeLeNTODEl IIEETOBRIX OTTEHKOB).
KonfourH Kaxxporo TRIA YYBCTBHTENLHE K CBeTY B CBOEM
Y3KOM FUalladoHe AAMH BOJH, AIa KOoX(oTeK PAsHEX THIIOB
MaKCHMYMB! TYBCTBHTCIBHOCTA OPHXORATCH Ha PasHEle NJTU-
HEI BOJH, AHATA30OHE! IYBCTBUTEALHOCTH JACTUYHO NEPeKPEI-

BajoTCA:
OTHOCHTENLHAY CTICKTPAAEHAA TYBCTBHTEMEHOCTE
1 YEROBLICCKOTO TT1A38
| =
pr
-
g
Tun xonGouex Jdnanason Makxcamym
JABE BOAE YYBCTBETIbHOCTH
Kpacrnie ot 760 xo 550 M ~610 HM
Benenne or 650 g0 450 an ~550 HM
Cunne ot 550 fo 380 um ~450 EM
O0mm# cuextp | or 760 go 380 um | 555 aM (AHeBHOE 3peHMe)
BHAMMOT'O CBETA 510 amM (HOYHOe 3peHHe}

Hmenno Grarofapa HepABHOMEpPHOH CNeKTPafBHOH MYB-
CTBHTENEHOCTH H IMEePEKPHITHI JAANAZ0HOB TYBCTBHTEILHO-
¢TH qenoBedecKuit rias cumocoleR pasnm4ATE OTPOMHOE KO-
nE9ecTso nBeToB (oxono 10 MuH). '

Ecxe HanpasuTh, B IJIa3 COCTABHOHR CBeTOBOH CHTHAN
¢ IPABWILEO NOKOGPAHHKM COOTHOINEHHReM fApKocTed Kpac-
HOTO, 3€JIeHOL0 H CHHETO LBETOB, TO 3PHTEABHHEe mMeHTPH
MO3r8 He CMOTYT OTAHIATE NOAMeHY B CReAAIOT BLIBOA, YUTO
EaGIOaaeTca HYKERE neeT! Takoit MexaHA3M CAHTESA 1LEE-
TOBEIX OTTEEKOB HCIOJAB3YETCA BO BCeX COBPeMEHHEIX THNAX
IBeTHRIX MOHHTOPOB, TeJAEBU3ODOE, ANCIIESE COTOBLIX Te-
sied)oHOB,

Yrobnl HCOOAL30BATE MaTeMaTrdeckyio RGB-mozens
AAs PEAIBHOTO KOMIBKTEDHOI'O HpejficTaBIeHHA rpadude-
cKoif mEGOpMATEH, HeOOXOMAMO OIPOH3BECTH KEXHMOBGHUE
yeemosoz0 npocmMpaHCcmead, T. e. HallTH cmocod npexpcras-
JISThH BelOeCTEeHHEIE SHAYeHHs APKOCTeH IBeTOBEIX KOMIIO-
HeHT B AuckpeTHOH ¢opMe,
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Haufonee mpoctoii cmocof ZoOHTLCH TOr0 — HEPEBECTH
BellleCTBCHHBIE Uncsa 3 HHTepsasa [0; 1) B HATEpBAT mENEIX
amcen ot 0 g0 N— 1 myrem yMHOMEHHA Ha neaoe 4ucio N,
¢ IoceRyIonMM oKpyriiearem. MakTHYeCKH, HRTepsa [0; 1)
pasfuBaercst Ha N paBHHIX IOAUHTEPBAJIOEB BRAA:

i;“l], i€ {0, . N = 1),
NN

Pasbuennc Ha OOXHEETEPBANE
IIOABEPraloT KAMAYIO H3 BeTOBRIX
oceit. KoanyecTBe NOAHHTEPBAJIOB
Ha «KpacHOll», «zeneRolis ¥ «CEH-
He#» ocax (N, N N,) momxer
OHTEP PasIAYHEIM, 0 gapme OpH-
HAMAETCH, ITO N N =N,=N.

Ilocae Knan'roaanna xcam,mﬁ
nBeT Opencrasiaserca mpuadoii Ue-
JEIX  HEOTPHOATeABHRX  THCEI
(hr,k k), 0 <k, < N, Yucna N,
oﬁmﬂo Bmﬁnpm pABHRIMH CTeHeHE ABodkm N, = 2™,

a BenmIuAy M, papHyio cymMMe m, + mg + m,, HASEIBAIOT
zaybunolt yeema nad zayburoil ueemuocmu

Hmxe npuBefena Tabanga Haubostee pacopocTpaHeHHBIX
BHACOPEXMMOE C YKA3RHHEM KOJHYeCTBA OTOOparkaeMbIX
uperop (Tati. 4).

Tabauya 4
KoanuectBO
Bupeopemuy | Tiy6uma usera | . 6000 aommix meeTon
256 upetos 8 28 =256
High Color 16 2! = 65 536
True Color 24 2%= 16 777 216

Ilpamep 26. B coBpemMeRHEHIX KOMIOEBIOTEDAX B BHAeOPeRKHMe
TrueColor ma xpaneume mEboOpManuu o6 ogHOH mHBeToBOM
KOMITOHeHTe HCIoibayercda 1 GafiT, Nad coxpaEeHWA IBETa
TOIKH — 3 GaliTa: mr--*mg=mb=8,N,=Ng=Nb=23=25G,
N,°N,- N, = 2% = 16 777 216.

T'ny6ueH neerHOCcTE 24 GHTa ANA MOHUTOPOB BOOXHE JO-
CTATOYHO, YTOOHL CO3LATE BHIAMMOCTL HeNPEePHIBHOCTH IIKA-
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ALl OBETOBHIX OTTeHKOB. OcofeHHOCTN 4YeNOREHeCKOro ape-
HUSA TAKOBbI, ITO €CJIH EA 3KpaHe MOHATODa M3obpasnTs ABe
¢$arypsI, BeTa KOTOPHMX Op¥ rayGrHe neera 24 Gura oTan-
ualTCcI He Gojiee weM Ha 1 B KayXZo¥ MPBeTOBOH KOMIIOHSH-
Te, TO UEJOBEK He CMOXKET 3aAMeTHTDL DASHILY. O

B ta6n. 5 gna craupapra TrueColor npaBeficHK ABOAI-
HEIe 3HAYEHAA YpoBHeH HETeECHBHOCTH HEKOTOPRIX I[BETOR.

Tabruua 5

H o nBeTa HuregcnsHoCTh OCHOBHBX LBETOR

Kpacasmi | Seaemsiil Cumnit
YepHH 00000000 | 00000000 | 00000000
KPacHELA 11111111 | 00000000 | 00000000
senenbi 00000000 | 11111111 | CO000000
CHHHH 00000000 | 00000000 | 11111111
roayboit 00000000 | 11111111 11111111
IypoypHsI 11111113 | 00000000 | 11111111
SReNTHHE 11111111 | 11111111 | 00000000
Gemnraii 11111111 | 11111111 ; 11111111

IIpamep 27. B muaecopexxume HighColor uBer KamzRoil TOYKH
kopgupyercst 16 Omtamuy, Ha rayfuEy KDacHOTO W CHMHErO
mBsera orpoxmTca O O6HT, Ha rybuHy sexeHoro -— 6 OuT:
m_=m, =5, m, = 6. CnepopaTensEO, IXKAA APKOcTeH sese-
HOTO IBeTa conepmn'r B ABa pasa Goneme ypoBmeil, wem
mMKansl spkocrefl Xpacaoro m cHEEre nseTop. [ind sxoHO-
MU naMaTH GETH BeTOBBIX KOMIOEEHT Kaxaolk TOUKH 3a-
OMCHIBAIOT B ABa 6aiiTa BMeCTO Tpex. a

dagaume. IJodcrumalime oGsex namamu, mpebyembiii iz co-
XPGHERUS U300PANeRus 6cez0 sxpana Oaa eudeopemcura
¢ pasmeponm sxpana 1024 x 768 nurcereil u ¢ eayOunoi yee-
ma 24 Guma, B
Pewienue. Oxpas MoBWTOPa npeAcTapnser coboft mpamoyronn-
HEI! pactp, ORTOMY CyMMapHOE KOJHIeCTBO IHKCenel pas-
Ho 1024 x 768 = 786 432 pukceneit. '
Hna supeopeskuMa ¢ raybusoi nseta 24 6ura tpefyerca
3 Galira Ha Kaxueil NuKkcens, Tax 9To obmmil ofbeM Tpeby-
eMoit mamAaTH cocraBuT 10247683 = 2 359 296 Gait =
= 2,256 M6aiir, O
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HOna memocpegcTBeHHO® mEPPoBOR zammca 1 cexyEAR
IBeTHOro BHAeousobpakenra 6e3 sByka (25 Kagpos pasMe-
pom 1024 x 768 nmkcemeii) norpefyerca mpumepno 60 M6
(25:1024-768:3 = 58 982 400 6airr). [lng sanucH xByx4aco-
BOoTO huneMa Heobxogmmo oxono 400 I'6.

2.4.5. UeeToBas moaens CMYK

IIBeroBas mosesns CMYK raxske 6asupyeTcd Ha TPEXKOMIIO-
HEHTHOK TeOpHH 1BeTa, HO, B oTimune oT Mojennm RGB,
OCHOBHBLIMY IIBETAMH B Hell ABIAOTCA 20aY00it, nypnyprbiil
n xeamuiii. Mogear CMYK mHpPOKO HCIIOILEYETCA B IBET-
"ol nedarm. HaspaHue Mojenu apasercs abbpesmaTypoil
AHTJIMHCKUX HASBAHHNA OCHOBHHIX uBetos Cyan—Magen-
ta—Yellow—blacK. (O npramue #elapieHus YepHOIO OBETA
6ymeT cKA3aHO HUMKE.)

Mogens CMYK npnuensaercs B OBeTHRIX IpHATepax 06-
Were Ha3HAYeHAS ¥ B BReTHOH obceTHOH mevyaT HU3KOTC B
cpefHere kavectBa. Kcau paceMoTpeTs moj MAKPOCKONOM
HBeTHEE M/LUTIOCTPALNE B KaKOH-HMOYAL KHEIe MIH TIBET-
HOH raseTe, TO MOXXHO YBHAETh, 4TO IBETHHIE (parMeHTHl
HAMeYATAHH 09eHb MANCHBXKEMW JYACTHYIHO IepeKpPHIBA-
WEMNCA GReTHRIMMK ToIraMy (odceramu). OdiceThl X0polIo
3aMeTHR! Ha TPaHADAX ITBETHHIX YYACTKOB M B MeECTAX
¢ OmeguOl OKpAacKOH.

Taasaol npuunsoi noaenenna mogenn CMYK asaderca
pasiHY¥e B IPEHOHIAX GOPMAPOBARAA IBETA OPH €0 BOC-
OPOR3BeReHEH HA MOHNTOPAX M IpH megard. KTo B AercTRe
PHCOBAJ aKBapeIbHBIMH KPACKAMM MJIM I'VAIIBIO, TOT 3HAET,
9T0 NPK CMeIeHRY KPAcHOR ¥ 3eleHOH Kpacok HONydaeTes
He KenTad Kpacka (Kak 6suro 6l B Mogenu RGB), a TeM-
HO-KOpH4HeBadA. Jleso B TOM, YTO IIPM BOCODHATHH LBETA
C SKpaHA MOHHTOpA MBI BHAMM M3NyIAeMEIE CBeT, & OpPE
IIpH pacCMATPHBAREN KApTHHKM, HADUCOBAHHEOH Hs OymMa-
re, — OTpaKeHHEI.

IIpKcems MOHUTODA U3RYYAIONM COOCMEeHHbLE caem; ITOOH
CO3AATH Ha SKpaHe OCHOBHOMH LEeT, HAZIO BRIIOIUTE Cy0aleMeHT
onpefeeHEOTe THIA (IMKCENE MOHHTOPA COCTOUT H3 Tpex Cy-
GaeMeHTOR; KPACcROI'O, 2eIeH0ro @ CHHET0), a AIdA TOIyYeHHsA
COCTABHOI'C IIEETA HATO SOINOJHNTENLHO BRMOYMTE (T. e. doda-
éums) cyOoNeMeETH APYTOro THNR, OPH 3TOM CYMMADHAS SAp-
KOCTb NHKcenlA BozpacTeT. KcraTw, #s-3a TAKOTO IPHHIMIIA
cdopMHEpoBaENs cocraBHore nsera RGB-Mogems Hasmmsalor ad-
dumueoil ysemoeoii xodervro (ot aari. add — pobasnars).
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B oTanume or MoEnTOpa, 6yMara ompaxcaem nadaouuil
cgent, KOTOPLHIN oOMHEO ABAsAeTCH <«0elbIM»: APKOCTH BCexX
ero IBeTOBLIX COCTABAAIOMMX paBHK. HanocuMeie Ha Oyma-
Iy KPACKH IBAAIOTCH NO2A0WAIOWUMY Céemoduibmparuy —
OHE HOTJICIOAICT JIVYH ONpPene/IeHHOrO IBeTa, & OCTANLHEIS
OTpasKaloT. BHAMMEIR IBET KpacKH OUpefiedeTcA TEMH Jy-
YaMe, KOTOphIE He Obiilt nozaoulersi, TakuM o6pasoM, Kpa-
CK# MOTYT TOJBKO SbIYNMAMY, IWIH 0CAa0aAmb Yyéema B OT-
paxaeMoM noToxe cpera. 1lo 2T0i mpwamHe Mofens CMYK
HA3LIBAIOT cyOmpaKmusHoi ysemosoit Modervio (orT aHriI.
subtraci — BBIYATATE).

OcHoBHule npera Mofenn CMYK mogofpamel Tax, YTOHEL
COOTBETCTBYIOIINE KPACKK IOTJIONIANK CBET B HOCTATOUHO y3-
Ko#l ofnacTH cmeKTpa: r'oayéafd KpacKs CHABEC LOTAOHMIAET
KPacHEHIA ceer, MYPOYPHAS — BeJICHEH, 4 MeNTas — CHHUIL.

Huxe moxasaso, Kax GOPMUPYIOTCA IBeTa B MOAENAX
RGB r CMYK (rounee, B uaeanbHol Mofena CMY). Cuura-
eM, 4ro Kpackn B mogenu CMYK HameceHsr Ha 6yMary, or
KOTOpPOit, cODCTBEHHD, M IPOMCXOAHT OTpaieHHe HEIOTJIo-

INeHHEIX JyJei.
Rg Ra
Gigg—r G
B B~

SeneHHH Cuunit

B npeansHOM Ciydae TpeX IBeToR (ronyboro, OypnypHOTO
H xeaATore) 6e110 OBl BIIONHE NOCTATOYHO A HopPMUAPOBaHNS
Ha G6ymare no6ore msera. OZHAKO pPeanlbHO CYIIECTBYIONIHE
KPacKH He HASAJHHEBI, OHM He NOTJIOINAIOT LBETOBHE KOMIIO-
HeHTEI IOJHOCTRI0: ecad HaHeCTH Ha GyMary Bce TpH Kpacku
¢ HauGoAbme mIOTHOCTRIO, TO EMeCTO YHCTOrO YepPHOTC IBe-
TA IIOAYIHTCH TeMHO-cephIii. [Ind KoppeKuuH LBeTCROM Tam-
MEL HMCIONB3VETCA UeTBepTas Kpacka — dvepHasl.



114

Taara 2

IIpocTpancreo nperor Mogeam CMYK taxixe dpisercs

eJRHNYHEIM Ky6oM, SIPKOCTH OCHOBHEIX Kpacok (RAM ILIOT-
HOCTB mpacnn) 3AZAIOTCS BelUeCTBEHHEIMH JHCJIAMHN

or 0 oo 1.
11,0,0} ' £0,0,0%
¢ Joybolt Gemsit
“;': {0’1’0} ,.»,
{]tlso} f- : nyp“ypmﬁ .'”
cuHui P Mg M~
P - ... JIHAA rpaKamm
; : ,.-’ * cgporo
Jnnns rpagami - VA
cune-3enenoro oo
[} ,|’
J'. a,} ————————————
AT (00,13
;o7 3emeH KCATHH
g
{LL1} oLy Yy
HEpHbIK KpacHi

Xaparrepapie ocofemnocrn CMYK-momean

Jiobaa Troaxa xyba (¢, m, y) onpefenseT HeKoTOpHH

BT,

Touxa (0, 0, 0) coorseTcrByeT GenoMy nBery, TOUKA
(1, 1, 1) — wepnomy, a aunnsa (0, 0, 0) ~ (1, 1, 1) onncr-
BAET BCe IPASAIAY CepOro nBeTa; oT 6eoro A0 YepHOTo,
Ilpr memxenun mo npamo#t or (0, 0, 0) wepes Toury
(c, m, y¥) DomyuseM Bce TIpPajalEM HAPKOCTH ILBeTa
{e, m, y}, or camolt spkroix A0 caMoii TeMHOH.

Jem Onmxe Toyka Kk raaBHoit amaroHanu (0, 0, 0) —
(1, 1, 1), TeM MeHee HACKIDIEH COOTBETCTBYIOINVII IBET.
Ecnu Bce TpM KOODAMHATH TOUKE (¢, M, ¥) HeHYNeBhIe,
TO HBeT HeHachlIeHHEIE,

B mozesm CMYK oTTeHKH ceporo 1(BeTa MOTYT BOCTIPORS-
BOAUTLCA NyTeM [oCaBAeHKA MePHOR KPACKH K OCHOBHO-
My HabGopy HBeToB.

Kpanroranue npera B Mogenn CMYK BhmonaseTcsa aHa-

JIOTEYHO KBAHTOBAENID B Mojgear RGEB.

Kak yxe ynomumamocs B II. 2.4.4, meBerosas MojeiIn

RGB cooTBeTcTBYeT MeXaHU3MY CHHTE3A IBETOB, HCHOILBY-
€MOMY B MOHHTODAX. A NOCKOZBKY B COBPEMCHHEIX KOMIIE-
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0Tepax HMeHHO MOHHTOPHEI ABAAIOTCA IABHEIM, HamboJee
YacTO HCHOJB3YVEMEIM yeTpolicTEOM BHBoga mHbOpMANWH,
TO TPaKTHYSCKK Bce GopMaTH rpadbmyueckix daitios xpa-
uar maobpaxenma B RGB-npeacrasieHHH, X JAIEL OYeHB
HeMHOrHAe rpagudecKkne GopMaTH HCOOAR3VIOT APYyIHe LBe-
TOBHE MOAenH (HanpuMep, B bopmate JPEG ucnoansyeres
YUV-mozens). Yrobnl BriBecTHM Ha dKpaH K3o0paykeHmA,
XpaHdnOuecs B TAKHX rpadpudeckux ¢aiinax, mporpaMmam
NpPEXOAATCA HA JIeTYs BHIONHATEL Dpeofpazopadne rpadH-
gecKkux aaHHERIX B RGB-npeacrasienne.

Mogeas CMYK coOTBETCTRBYET MEXAHN3MY CHHTe3a IIBe-
TOB, HCHOJAB3yeMOMY B mpuaTepax. Korga rpadjuueckas
nHGOPMALHA BHBOAUTCH HA NPHATEP, NPHXOTUTCH BHINOJ-
HATH npeobpasosanue HaobpaxeHus m3 RGB-mpeacranie-
Bra 8 CMYK-npegcrasaenne. OGEaHO sra paGoTa BeIION-
HdAerca cpeacTBamm OC, mocKOABKY (POPMYIH IepecHeTa
RGB » CMYK npocTH.

3apanmne. Buigedume Gopmyant ceasu Juelmay FHAYEHUAMU YBe-
moswix KoMnonenm modereii RGB u CMYK,

ITodcxasxa. Crepsa OPefUONCKHTE, HUTO KPACKH SABIAIOTCH
NAEAJbHEIMH, B II02TOMY He HANO OTASJNBHO HCIIOIB30BATH
yepHEi# IBeT (MEeanusMpoBaHHAaA Mojeas CMY, a Be
CMYK), 1 Ha OCHOBAHYH 2TOrC NPEANONCKEHNS BEIBOTUTE
dopmyanl ceasd RGB < CMY. 3areM npeanonomxure, 4TO
¢$VHKIES BEIYHCACHNS WHTeHCHMBEOCTH UePHOH KpacKm de-
Pe3 aproctH RGB-kKoMmoReHT BaM yXe u3BecTHA (Heso
B TOM, UTO 3TY QYHKIHI0 HEBOZMOJKHO BEIBECTH ANpHOPH,
TAK KaK OHA OIpeleAdercd OITHYeCKMMH cCBoOHCTEAMY
peansREX KpacHTeneil).

2.4.6, UiseToBan moaens HSB

Iserosaa mogens HSB (Hue—Saturation—-Brightness) omma-
CHBaeT IBeTOBCE HIDOCTPAHCTRO Hepe3 TAKHe XapaKTepPHCTH-
KH OBeTa, KaK Y6emo6oil omimenoK, HachiujeHRocms U ap-
Kocmo.

DTE nonaTns OBLAM OMMCAHH B I. 2.4.3, ZONONHMM HX
G6onee $OpPMANBLHBIM Oflpe/leicEHEM.

Onpenenenne 11. Jucmotii usemogoii mox — OOHH A3 IBETOB
CHeKTPAILEOTO DasioxeHHda cBetTa. [leemosoii ommenox —
CMeCh YHCTOTO IBETOBOCO TOHA ¢ CEPEIM IIBETOM. Hacuu;eu—
HOCMb Ueema, WIK CTENIeHb THCTOTH NBETA — AO0JIS YUCTOrO
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TORA B IBETOBOE cMecm (IeM onsine Ceporo, TeM MeHBIIe
HACBIRIEHHOCTD). Aprocme XapaKTepusyercsa obielt ceeTio-
CTHI0 CMEIIHBAGMLIX NBeTcB (9eM Ooanmie uepHOTO, TEM
MeHbIle APKOCTH).

B mozenn HSB uBeT omuchiBaeTca Tpoiikok uncen {npe-
TOBOM OTTEHOK, APKOCTH, HACHIMIEHHOCTE}. PACCMOTDEM pax
IBeTOB: KpDACHHIY, TeMHO-KpACHEIY, KpacHOBATO-9IepHEIH,
aJBil, po3oBEId, Gaeano-posopril. B Mogenu HSB st npe-
Ta — MOPOHSBOAHEE OT KPA&CHOTO LIBETA M OTIHYAIOTCA APYT
OT APYTA TOALKO APKOCTHIO H HACHIZEeHHOCTHIO KPACHOTO OT-
TeEKa, Taxoe cnmcanmne gaera (B oTIHYMe oT Mopeneii RGB
m CMYK) odeHb TOUHO mepepfaeT cyfsekmueHo¢ 80CnPUR-
mue ysema Jel0BEKOM, A He TeXHWIeCKHe 0cODRHAOCTH BOC-
upoAsBejeHUA OBeTOB. [loZo0HLIe OoNHMCAHMA IIMPOKO HC-
TMONABIVIOTCA BO BCeX O0NACTAX HCKYCCTBA H IMPOMBBOACTBA,
Toe NPUXOAHATCH AMETH JeN0 ¢ BBeTOM,

IlpocTpancTao nperoRr Mofenwm HSB umeer dopmy Bio-
JKeHHEIX KOHIEHTPUIeCKHX KOHYCOB ¢ o8mei Bepmueoii a
obmeit ockio cuMMeTpuH. 1lBeTa ¢ OFUHAKOBOH HACKHIOEHHO-
CTHI0 PACOJIO¥eHHN HA KOHH4eCKOH IOBEPXHOCTH C Ompexe-
JIEHHHM YI7I0M UpY ocHOBaHU®. IiBeTa ¢ ofEHAKOBOM ADPKO-
CTBIO PACIIOJIOMEHE] IO KPYI'Y — CedeHNI0 00BeMHOTO KOHY-
ca IJIOCKOCTHIO, MePHEHAWKYAAPHOA ero ocH. Ilpm aToM
BepUINHA KOHYCA COOTEBETCTBYeT depHOMY meeTy. LIBera ¢
OANHAKOBHIM OTTeHKOM DACIIONOXKEHBl B HOAYIACCKOCTH,
TIpoxoAdAieil yepes OCh CUMMETPAH KOHYCA.

Taxum obpasoM, mpocrpascrso HSB oprammsosamo cie-
Ayiomem obpasoMm (pupe. 2.1):
® OCEH KOHyCA — 3TO OChH APKOCTH;
¢ 0Ch I[BETOBHIX OTTeHKOB — OKPYRHOCTE B OCHOBAHHE KO-

HYCA;
¢ HACHIIIEHHOCTH LBETa ONPEAeNAETCH KAK Yroid MeXAY

OCBI0 CHMMETDHH KOHYCH M JIYYOM, UDOXOARLIMM uepes

BePILMEY KOHYCA M 3AJAHHYI0 TOUKY.

Och IBETORKIX OTTEHKOB CTPOHTCH CHeAYIOMUM ofpa-
30M: IBETA CHOEKTPA, OT KDPACHOTO A0 (PHOMETOBOTO, H OT-
TeHKH DHOJIeTORO-KPACHOTO (KOTOPHIX HET B CHEGKTPE) pas-
MeIgaioTcsl Ha OKPYKHOCTH. TOURY, COOTBETCTBYIOIOVIO
UHCTOMY KPACHOMY IIBETY, IPHHAEMAIOT 3a HOJb HA KDPYTO-
Bol mMIKalle MBETOBHX OTTeHKOB (pnuc. 2.2). Bee pemumunnm
HsMepAwnT auGo B rpagycax (0°-360°), am6o B ycaorHHIX
eapganax or O o 1. Ha ocH KoRyca pacnmofoskeHH OTTeH-
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e ITHIH
seneHHH “

roayfoit

" HacpXeHHOCTD

/ gepHBH
Puc. 2.1. I[zeroroe npocrpascree mogena HSB

KM ceporo npera. Jem Gamdke X xpam KOHYca, TeM HaCH-
LIeHHee IIBETH.
1061l KCIOJIB30BATh MaTeMaTHYecKkyIo Mogenr HSB ana
- KOMOBIOTEePHOI'0 INPEACTABNeHMA rpadrdeckolt mHGopMa-
ouM, HaAo, Kak ¥ aaa mogenedt RGB u CMYK, mposecrn
KBAHMOSANUE YEEMOBVZ0 NPOCMPaHcH8d, T. &, HeIPepPHIB-
© HO M3MEHACMBI¢ 3HATEHAA KOMIOHEeHT LBeTA NPeNCTABHTH
B gucKpeTHO# dopme. B OC Windows raxnaa n3 HSB-xa-
PAKTEPHCTHE OHMCHIBACTCA OFHEM OaiiToM, T. e. IIKATA
3HaueHME pasgeseHa Ha 256 yposgeii.

3enetrrit Remmsit 60°

Curgrit " Tlypuypibtii
240° 300¢

Pre. 2.2. Paspes KoHycA B ILTOCKOCTH NOCTOAHHON ADKOCTH
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Bonpoc. Jas «wezo Kk y6emosvin OMMERKAM HE YBEMOGOH WKaAe
Goinu dobasaenvt ommeniu QUOAEMOBO-KPACHOZ0 yeema?

Omaem. IIpoxoaa ¢cKBO3L NpuaMy M ARGPAKINOHHAYIO pellleT-
KY, CBETOBHIE JIYYH ¢ PAZIAYHEIMA JTAHAME BOJH OTKIIOHA-
IOTCR H4 PASHEIC YIALl: DIpE3ME H AHOPAKIHOHHEE PelleT-
KH OCYMIECTEISIOT npocmpaHcmeennoe pasdeaenue ceema.
Ecnu 3a npusMot nocrasuTh Ge)blil 9KpaH, 10 MpelOMIISH-
HHIit B npusMe ayg Gesoro cBeTa COSAACT Ha SKpaHe DASHO-
UBeTHYIO MONOCY — CHeKTp. Kaxcabili BeT CHeKTpa ABAACT-
¢ MOHOXPOMHEIM (KaK H3Jy9eHHE Jasepa) — OH co3jaeTcd
Ay4aMHE OnpeNeNIeHHON AJMIHHK BOAHHE. B cnexTpe mpuacyTer-
BYIOT HBeTOBRe OTTeHKH OT KpacHoro Ao duonerosore, HO
HeT NPOMERYTOYHHIX OTTEHKOB (GHMOIETOBO-KPACEOI'O, TakK
YTO COEKTPAJLHBIE OBETA Helb3A «3aMKHYTH> B HempephIB-
HYO KDYTOBYI0 och. OnHako B OPUpoJe TaKHe IIBETA €CTh,
HAIDHME) MANMHOBHH, MYPRXYPHEIA K T. 8. (HO OHK UMET
OPEHIMOHAIBEO COCTABHOM XapakTtep).

PasoMKHYTOCTh CHeKTPAJABHON IBETOBOK ocu 6HIA Ho-
cagHON MOMexXoHd Ha NYTH COZaHANA MATeMaTHdeckoit Moge-
M, ONORTOMY Y4eHble IPocTO AODABAIE B IBETORYIO LIKANY
MHHMEIe ¢9HCTHE OTTeHKH» (PHOJIeTOBO-KpacHOro H TeM Ca-
MBIM 3aMKHYJIH ee. Macmral Ha IBeTOBOH ocH 6HIN BRIOpAE
TaK, 4YTOOE cYOLeRTHBHO HaNGOAee KOHTDACTHEIE IBETA
OKABANNCEH PACHONOIKeHL EPYr HANDPOTHB Apyra Ha 1BETO-
BOM Kpyre.

Bece Tpu paccMorpenHme nBseroBhie mogenam (RGB,
CMYK, HSB) onECHBAIOT OXHC U TO XKe PeajIbHO ¢YIIeCTBY-
oNee OBeTOBOEe NpocTpaHcTeo. VX BaamMHBIN aHaan3 mo-
SBOAAST OTMETUTH CHORYIOMISe:

- & B OBETOBOM npocTparHcTBe Mofenm HSB oveHr xopomnro
BHAHA cBA3L Mexxkay moaenamu RGB v CMYK: ma oBero-
BOM KpyTe OCHOBHEIE OBeTA OFHOM MOAeNH PacIoiIOKEeHE
TOYHO HAIIPOTAEB OCHOBHEIX WEETOB APYTOil MOZeNH;

e KpOMe TOrO, €CJIE Ha IBETOBOM KPyTe OTMETHTE TOTKAMH
ocHOBHEIE uBera RGB-mopgemm, To oHR ofpasyoT paBHO-
CTOPOHHHH TPEYroXBHHK, TO JKE CAMOe MOMKHO CKA3aTh A
oTHOCHTeNbHO Mojenm CMYK;

e upera Moaenn HSB, xoropile He momapalT B 3TOT Tpe-
yroaeaRk, B RGB-Mogenu 6yayT HenpencrapuMel. To e
caMOe MOAHO CKa3aTh U OTHOCHTENBHO Mogenn CMYK.
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Mozens HSB mo3ponfeT NpPeACTABHETH (3aKOAUPOBATEH)
NPAKTA9ECKE BCe [BeTA, BOCOPHHEMAEMEIE UeJIOBEKOM.
Mozesm RGB um CMYK onaceBalOT BO3MOMKHOCTH
KOMIIBIOTEPHEIX YCTPOMCTE IO BOCIPOM3BEJCHHIO IBETA.
1 oxasnBaerca, 4To HEKOTOPHE IBeTa B NpHHDUIE He
MOryT OHITHL BoCHpOMSBEAEHH! HA KOMIBIOTEpE.

Bompoc. C xaxoii yexvio ocrosHue ysema RGB-uoderu pacnoro-

JCeHbt Ha YBemosoli ocu Modeau HSB max, xmo oxu obpasy-

M PABHOCMOPOHKHUL mpeyzorbrlK?

Omeem. PapsocTopoHHMH TpPEeYTOJLHUK HMeeT HAMGOILIIYIO

OJIOMIAAE CPERM BCeX TPEeYroJbHUKOB, BIMCAHHEIX B 3aJaH-

' HYI0 OKPYXHOCTH (IOKAXKHTE 3TO), T. e. IPH TAKoM BEtSope

OCHOBHHIX LEeTOB KONATECTBO BOCHPOH3BOAMMEIX IBETOB
upx nepexope or Moaenu HSB k Mozenn RGB 6yaer MakrcH-
MAJTLHEIM.

Bonpocsul U 3apanns

1

ByzemM capraTh, UTO KaXKANH THKCENE YepEo-Geloro H3obpa-

JKeHUSA KoZHpyeres 1, ecsH oH okpanieH, u 0 — B IPOTHBHOM

crydae. dexoqupyiite depHo-Gesnoe msobparkeHre, orudpo-

BaHHOE CIEAYICIIAM o0pasoM (KayKaad cTpoKa u3zobpaxeEns

B3aKOAMPOBAHA 3/eCh YETHIPEXSHAYHEIM I[MeCTHANIATEPHEY-

HBIM YHCAOM):

a) 0070 0OOFC 00F7T OOFF 8078 C060 COTO FFF8 FFB8
FFr38 8E78 EOF0 TFEO;

6) 0100 0180 01C0 01EQ 01F0 01F8 01FC Q1FE 0180
0180 7FFE 3FFC 1FF8 OFFO.

PaccuutaiiTe 06sem BHACONAMATH, Heobxomumol (1A Xpare-

HEA rpaduaeckore H300parxeHRA, 3aENMAIOIIET) BeCh SKPays

MOHHTOPA ¢ paspemenmeM 640 x 480 E koamuecTBOM OTO-

6pakaeMHIX IBeTOB, pABHHM 65 536,

TlogcuuraiitTe 06bem AEGOpMAONRE, DepeaaBaeMOil 0T BAAEO-
aganTepa K MOHMTODPY B BHAeopekHMe 1024 x 768 murceneii
¢ raybueEocd msera 24 6HTa M YACTOTOH 00HOBNCHHS SKpPaHA
86 I'o.

Bz xotuTe paforats ¢ paspemermeM 1600 x 1200 muxcenei,
Henonssya 16 777 216 nperop. B MarasiHe IpoAgioTCa BUALO-
Raprhl ¢ naMarteio 512 Kobaiir, 2 Mo6aitra, 4 Mo6aiita u 64
M6aitra. Kakue u3 HEX MOM¥HO KYIHTE 415 sameil pafoTer?
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5.

6.

SaveM Hy»¥HbI BHACOKAPTH ¢ PasMepoM BEAeonaMaTy 128 M6 n
Gonee?

IIpm nmevaTH OBeTHOre H300pakeHNd Ha OyMare HCIIONBEYeTCA
mogens CMYK. Tony6oit uper ABIgeTcH JOUMOJMHETEILHEIM K
xpacHoMY (Doraomaet ero aa Oymare). Cunuii neer morinoma-
eTCHA KEITEIM, 4 3eJIeHR — NypuypHLIM. YepHEL nBeT ne-
Iy98eTcA, ecIE HaHecTH HA OyMary Bee TpPH NOIIOIMAIOIOWX
gpera. CrazaHHOE BHIOle 3aHEeCeHO B TPH CTPOKH TalauLsI. 3a-
MOJIHATE OCTAJIBHEIE CTPOKY HOC/AegHero cToabna Tabausl.

Toxyboii Kearsrit ITypoypaer# per
{HeT kpacHoro) | (mer cuHero) | (Mer seneHOro)
Ilypnyprsiii
JRearni
Tonyboii

Ll L Ll =0 [ =1 { N { -}
| | = o |
L (=2 (=1 Ll =1 (=0 L 0~

§ 2.5. Npeactasnenune 3syKoBoH MHGoOpPMaurn

3syx — »To BONHOBME Konebanua JapjleHnsd B YOPYToi cpe-
Ae (B Bosgyxe, BOAe, MeTanie H T. A.). Jna obospadenns

3BYKA YACTO HCHOALIYIOT TEPMUH <¢3SYHO08GS SOLHEY .

OcHoBHEIe nmapaMeTpel JIOOLIX BOMH, M 3BYKOBHX B TOM
YHcse, — 9ACTOTA B AMILIHTYAa Kojgebamuit. Yacmomy sey-
Kka usMepaoT B repuax (T'n, KoxpdecTeo KoJefaHni B CeXyH-
Xy). Yenopedgeckoe yxo cxoco6HO BOCIPHHEMMATE 3BYK B HIH-
POXOM AuaUascHe YACTOT, MpaMepHO oT 16 I'm mo 20 kI'u. B
HeTeXHMYeCKHX ofnacTgx (HATIpMMeED, B MYSBIKE) BMECTO
TEPMIHA ¢98CTOTa» HEPeAKO HCIOJB3YIOT TEPMHH <«TOH»>,

AMONINTYAY 3BYKOBHIX KoJMeOaHWH HASHBAIOT 36YKO6bLIM
dasrenueM WV CurQl 36YKdA, ITA BENWINHA XAPAKTEPHIYET
BOCHPAHHMAEMYIC I'DOMEOCTE 3BYKA. AGCOMIOTHYIO BeIHIUHY
SEYKOBOT'O AABNEHUS HSMepAKT B eAUHMUAX TABJIEHHA —
mackanax (Ia). CaMrie cnabere, egea pasnmm.le SBYKA
HMeT aMIARTYLy oxoao 20 Mulla (2 107° I1a, Tax HasniBae-
MBI nopoz caviuumocmu). Camele CHILHEle 3BYKH, €H(e He
BHEBOIANIHE CAYXOBEIe OPraHbi M2 CTPOA, MOI'YT MMETh AMII-
aaryay Ao 200 Ila (Tax HasmBaeMBIA Goseeoii nopoz). Ua-3a
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CTOJb IEPOKOrD AHANA30HA SHAYCHAH (MAKCHMANILHEOS H MH-
HIMAJXBHOe SHa4YeHHS OTIHYalTCd Ha 6—7 mopagkosl) aGeo-
JIOTHEIMM BONMIMHAMW S3BYKOBOTC RABNCHUSA IOJNB3OBATHCSI
KpaliHe HeymoOHO, Ha IPaKTHEKe OOBIIHO MCHONBLIYIOT 102G
pudnurecxyo wraay deyubenros.

OTHOCHTENBEYIC CHAY 3BYKA, WA YPOGeHb 368yKa, OLIpe-
ReNAI0T KaK JorapudM orHOmMeHNA abcoioTHOH BeTMYNHE
3BYKOBOTC DaBJI€HMA K BeJIHIUHE IIOpOTA CABIUIAMOCTH, YM-
HOMKEHHEII Ha HEKOTOPHIH NOCTOSHHEIE KoaddummesT.
¥YpoBeHb 3BYKA H3MepaAT B ocOOBIX efMHUIAX — deyube-
Xax (obossaqatorca 0B). Hume npneopurca opMyna pac-
YeTa YPOBHA 3BYKA:

L = 20g(®,_/P_),

rae L yposem. 3ByKa (B AB), P_ — NOPOT CABININMOCTH

(210 I[a), — JaBaCHHE nsmepaemoro spyra (B Ila).
JIorapntbmecnaa IOKaJIA BelubesICB HE NPAKTAKE BeCh-

Ma yao6Ha, XOTA MOHAYATY IOJB3CBATHCH el HeMPWBEITHO:

e BeCh [AHANA20H CJAHIIEMEIX 3BYKOE  COCTABJASET
0-140 aB: 0 1B — nopor eammmamocTy, 140 2B — Gone-
BOH mopor;

e YeJoBevecKOe YX0 cIocolHO VIOBATH pasJmdHe B IDOM-
KOCTH, eCJIH 3BYKHA OTAHYAIOTCS IO cHle He MeHee, YeM
sa 10%, ¥T0 COOTBETCTRYET PASHHIIC B YPOBHAX IIPHMeED-
"o Ha 1 aB;

® JABYKPATHOE pasivune B AMIUIUTYIE 3BYKOB COOTBETCTBY-
er PAsNIMIUIO YPOoBHel B 6 z6;

® eCJH YPOBHH 3BYKOB oTamuaores Ha 20 5B, To aMnanTy-
Oel oragaeTea B 10 pagz, a pasanua B 40 1B cooTeeTeT-
Byer 100-KpaTHOMY PasIAvui0 B AMIUIATYAAX.

TIpuBeZeM HeKoTCpDHIE BHAYEHUH YPOBHEH 3BYKSa:

ITopor cAMMAMOCTH 0 b

IlTopox AHcTHeE, IDYM caaloro BeTpa 10-20 nB
IllenoT {(Ha 2aguell napre} 20-30 B
Pasrosop cpefHeil rpoMKocTa (B KabuHere AupexTops) | 50-60 oB
ABTOMATHCTDPAIE ¢ AETeHCHBHEIM ABARCHAEM 80-90 nB

| ABHATBATATENR 120-130 gB |
Boaesoii nopor =140 oB
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2.5.1. NMoHnATHe 3BYKO3aNUCKH

3syrosanuce — 9T0 Mponece cOXpaHeHNs HHGOPMATHNE O IIA-
paMerpax 3BYKOBHIX BosH, Cnocobbl XpaHeHUs, BN 3ALNMCH,
SBYKa DasHeNAIOTCA Ha aHAJOTOBHEe W Iugpossie, LIpa axa-
JRO20B0I 3anucu HA HOCHATeNe PA3MeInaeTcA HempephIBHSIMH
+CJIENIOK» 3BYKOBOK BONMHE. Tak, Ha rpaMIIACTHHKE Ipoie-
YATEIBAETCA HellpepPRIBHAS KAHABKA, H3IMUOH KOTOPOH IOBTO-
DAIOT AMIJAMTYAY H YaCTOTY 3BYK8, 4 HA MATHETHOH JeHTe
mapaMeTpsl 3BYKa COXPAHAIOTCA B BHAE HAMATHUYEHHOCTH
paboveil HDOBEPXHOCTH, CTeleHh HAMATHWYEeHHOCTH HeIpe-
PHIBHO H3MEHSeTCA, HOBTOPAA NADAMETPHl SBYKA.

B roMmpioOTepaX NPHUMeHAETCH MCKINYHTEABEC TEQPO-
Baa ¢opMa 3anucH 3Bykra. I[Ipe nzdposoil saumcH 3BYK He-
00X0ANNMO IOABEPIHYTD BPEMEHKIT OUcCKpemu3auu u KeaH-
MOBAHUII0: TTADAMETPE 3BYKOBOI0 CHCHAJNA HIMEDAITCA He
HenpepHIEHO, & YePes ONpelleIcHHEE TPOMeRYTKH BpeMenn
(BpeMeHH{A MHCKPETUIANAA); PeSYJBTATH H3MepeHH# 3a-
MHCHEAKTCS B DUPPOBOM BHEJE ¢ OIDAHNIeHHOH TOTHOCTHIO
{xBanToBaHEE).

Boofme ropopa, B KOMIBIOTEp NPUXOAMT He CAM 3BYK,
4 3SJeKTpHYecKuil CHTrHa®, CHEMaeMH# ¢ Kaxoro-ambo
VeTpoOiicTBA: HANDHMEp, MHMEDODOH IpeolpasyeT 3BYKOBOS
JasijieHUe B dJeKTpHIecKHe KojteGaanst, KoTopkle B JanbHel-
meM U ofpafaTeBaTcd. K KoMOLIoTepy MOKHO HOOAKIIO-
4UTh ¥ MATHHTOQOH, B PafHo, U 3XOJOT — CJIOBOM, JioDoe
yerpolicTeo, BHIpafaTHBAWINEe dIEKTPHUYECKHe CHIHAEHL

IIudpopan sanmck BHOCHT ABOHHOE ACKAKeHHe B COXpa-
HAEMEIe NAPAMEeTPHl CHIHANA: BO-IePBLIX, IPE AUCKDETH3A-
1K TepaeTcad HHGOPMALuA 06 ACTHHHOM M3MeHeHHH 3BYKA
MeXAyY HIMepeHUAMH, & BO-BTODPMX, OPHM KBAHTOBAHMH CO-

S

"""'—--o CoxpaHAcMBIC IHAICHHA

Tepaeman sudopmannn:
* 00 UCTHHHOM H3MCHEHH
BO BpeMeHH
» 00 HCTHHHBIX 3HAYCHIAX
AMTITHTYAL!
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XPaHAITCA He TOYHEE NAPAMETDHl, a8 TOABKO OMH3KHEe K
HEM AUCKPeTHHe 3HAUYeHHA.

B koMneioTepax HCHONB3YIOTCH TAK HASKIBACMEIC FM-
OYALBCHO-KOLOBOf M TACTOTHOE IpPefeTABNEEHE 3BYKOBOH
nHbopManyn, A1A o6osHAYEHNA KOTOPHX Ualle BCETO HC-
TONB3YIOT Ha3SBAHUA TeXHHYECKHX cNoco(OB BOCIPOHM3BeAe-
HHNS 3BYKA! UMNYALCHO-KOTOBAR MOOYAAUUR K YACMOMKAA
Modyrayua. 3hech MEl PACCMOTPHM NepBHIHl M3 HHX.

2.5.2. MMNyNbCHO-KOAOBas MOAYNAUNS

HNunynscHo-rOf0BAA Monynannsa (arria. Pulse Code Modu-
lation, PCM) sakiiouaeTca B TOM, 4T0 3BVKOBafA HHpODMAa-
OuA XPpaHATCS B BUAe SHAYeHHH aMOJIHUTYAB, B3ATHX
B ompefesleHHEIC MOMEHTH BpeMeHH (T. €, M3MepeHHA Ipo-
BOAATCH «UMIOYABCAMHA®).

Ilpu zamitcn 3BYKA B KOMIBIOTEP aMILAHTYAR HSMEPASTCA
Yepes paBHEle HHTEPBAABI Bpemenn ¢ HeKOTODOi HOCTATOYHO
fonrmoi wactoroit.

IIpn socnpor3BeeHHA 3BYKA KOMIIBIOTEP HCIIONbL3YeT CO-
XpaHeHHLe 3HAYHHA [OAA TOTQ, YTOGHL BOCCTAHOBHUTL He-
IpEPHBHYI0 QOPMY BHIXOZHOTO CHIHAJA.

Hexoaneii curnan Xpaunman andopsainy  Bocopowspoaumstdl curian

Tipoumecc momyuenua nudposol QOpMEI SBYKA HASHIBARIOT
ouughposkoll. YeTpolicTBo, BHTMIONHAIOMEee OLMpPOBRY 3EYKA,
HASHIBRETCH @HAA020-yudposuin npeodpaszosamener (ALIID).
Yerpoiicrso, BHIIOAHAKINEe o0paTHOe npeoOpazoBaHme, 13
nahpoRoH POPME B AHAIOTOBYIO, HA3LBAETCH YUPPO-GHAAO-
206tim npeobpasosamenex (IIAIL). B coBpeMEeHHLIX KOMIILIO-
Tepax OCHOBEAA 0OpafoTKA 3BYKZ BHINONHAETCS 3IBYKOSLIMU
xapmanu. Ilomumo AIIII 1 ITATI 3BYKOBRIE KADTEI COAEPAKAT
CUZHAAGHUIL npoyeccop — CHEGUHANRZHPOBAHHEIL MUKPO-
KOMUBIOTED s 06pafoTKH OUMPPOBAHEOrO 3BYKA, BEIIONIHA-
IOWHH SHAYMTEARHYI0 YACTh DYTHHHEIX DacdeToB upd ofpa-
60TKe 3BYKOB (CMelIlleHHe 3BYKOB, HANQKeRHe cuelpdeKrTos,
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pacuer GOPMEI BHIXONHOTO CHUTHANA M T. II.; OEHTPARLHLIA
'Aponeccop He TPATHT BpeMs HA BHIDOJHeHHe 9THX pabor).

Onpeneneane 12. MoMeHTE H3MeDeHNA aAMOANTYALI EASEIBAIOT
omcyemamit. dacToTy, ¢ KOTOPOH ITPOH3BOJAT H3MepeHUA
CUTHANMA, HASHIBAIOT “acmomoit duckpemusayuu.

Ksanmoeanue 3ByKa 3axgiouaerca B caegyomem. CHa-
Jajia MTHOBeHHHE 3HAYeHHA 3BYKOBOIC NABJCHHA HIMepPA-
IOTCA ¢ OrPpAHNYEHHOH TOMHOCTHIO, 3aTeM, KAK H B Ciydae
¢ KBAHTOBAHWEM IBETOB, AWANA3OH 3HAYCHUE AMIUIUTYAR
pasOuBaeTcA Ha HOAYPOBHH. Ilo HaMepeHHOMY JHAYEHHIO
oImpejendeTca NOAYPOBEHD, B KOTOPHIH II0Ia/aeT 3HAICHNUE,
A B KOMOBIOTEepe COXPARAETCS TOJBKO ero HoMep. Konmdge-
¢TBO OHT, HCIOJIF3YeMEIX AJIA 3a0UCH HOMEpPOR no,uyponneu,
HaskIBaeTcA 2aybunoli Koduposgrua 3esyxa.

Ecnu ¢cpaBHATL cnocoOH npeAcTaBreHEA rpaduyeckoli n
3BYKOBOK mEdopManmm, TO AMOYJABCHOE KOOUDOBAHWE 3BY-
KA COOTBETCTBYeT PacTPOBOMY HPpeAcTABAeHMI) mE3obpaske-
HHEMH:

* CTPYKTYDA 3ByKAa (B rpadmxe — nsoﬁpaxcenna) He aHa-
JHSHAPYETC;

» BpeMa (B rpadpuke — npoc'rpanc'rno) anpuopn pasﬁlmae'r-
ca Ha Helonpnme ob6xacTH; B NpefenaX 3THX ofnacreit
napaMeTpH 3RYKa (usobpaikeHHMA) CUMTAITCA NMOCTOAH-
HEIMH.

IIpz paccMOTPeHEM UPEACTABNEHUA rpadEIecKod HH-
dopManNN YIOMHHANOCH, YTO PACTPOBOE IIpefCcTaBICHHE
n3o0paxkegua He TpeSyeT XPaHeHUT KOOPAUHEAT OTAeNLHBIX
OHKceNell. AHANOIWIHO, IPH COXPAHERHH HMIYIBCHOTO
OpejcTaB/ieHNs 3BYKA HKOCTATOYHO eZWHOMKAN COXPAHHTH
HapaMeTp:l omudpoBKR (rIy0HEY HKOSHPOBAHHS, YacTOTY
AHCKPeTH3AIKH ¥ [JMTEALHOCTE BBYKOBOTO (parMeHTa),
A 3aTeM COXPaHATHL TOJBKO HOMepa NOAYPOBHEH efMHEIM [0-
TOKOM,

YBesH4HBasd TACTOTY OMCKPETH3AUHM U rny0HHY KoAH-
poBaBHA, MOXHC Oojlee TOYHO COXPAEHTE H BHOCAEACTBEH
BOCCTAHOBATh (OPMY IBYKOBOrO cHrHana. Ilpu aroM yiyd-
maeTcA cy0BeKTHBHOE KAYeCTBO OUM{POBAHHOTO 3BYKA, Of-
HAKO YBeJRUUEBaeTCA o0keM COXpaHAeMHX Zamumx. Ilpu
mmrdpoBofl 3amucH 3EYKA B PARMNMHHY CAYYASX HCOOAL3Y-
10T pasHEle 3EATEHHAS YACTOTHl SUCKPETHIANME W IIYOHHE
KoZ¥upoBaEMA, Hampumep, B LTHUPPOBLIX ABTCOTBETIMKAX
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HCIOABIYIOT 9aCTOTY AucKpeTusanun 8~11 xI'g u 8 6T pis
BAHHCH aMILUIHTYALI, 8 CTAHZAPT 3aIIMCH 3BYKA HA KOM-
NaKT-ZUCKAX  COOTBETCTBYET UACTOTe HAMCKPeTH3almH
44,1 ¥'n u 16 6uT And AMIUIATYOEL HE KAMAEE ayAHO-KA-
HaA (CTepeo3ByK — 2 KAHAJA, MOHO — ONHH KaHAaJ),

ITpumep 28. Ouenrm ofBem cTepeoayzuodaiina B popmare PCM
¢ roybuscl KogupoBarud 16 6MT m uwacToTOM AMCKpeTH3a-
oun 44,1 xI'n, Koroprlt XpaanNT 3BYKOBOH GparMeHT NIH-
TeJARROCTRIC 3BYYAHHA 1 cexyHES.

O0BeM TAKOTO 3BYKOBOTO (parMeHRTa paBeH:
16 6mr x 44100 I'm x 2 (kaHasa) = 1 411 200 6mr =
=176 400 Baitr ~ 172,3 Kbaiir. O

BosapkaeT BOOJMHE eCTECTBeHHEIH BONPOC: N0 KaKoM cTe-
TIEeHN MOXHO YMeHBOIATE NapaMeTpHl OHUPPOBKA (a 3HAYAT,
B ofbeM OUMPPOBAHHOTC 3IBYKOBOTOG {(hparMeHTa), YTOOEHL
IIDE BOCCTAHOBJIEHNH SBYK OCTABAJICS AOCTATOYHO OJIN30K K
HeXOAHOMY?

B 1928 rogy aMepuraHCKMN HHxenep wm ydeHul Iappu
Ha#ixpracT BRICKA3AN YTBePHTEEAe, 4TO YACTOTA AHCKPETH-
san| poacHa OLITE B ZBA - -HAH fBosiee passa BHIINe MaKCH-
MAaNBHOR YacTOTH HeMepAeMore cuMraaia. B 1933 rogy co-
Berckuit yuerelil B. A. KoTeRHEKOE B He2aBHCHMO OT EeTo
amepuxkadgckmi yaeHmt Knog IHlemHoH chopMyAEpoBaNH H
AOKA3AIH TeopeMy, Goslee CHIBHYIO, eM yTeepiaeEMe Haii-
KBHCTa, 0 TOM, IIPH KAKHMX YCJAORHAX M KaK IO AUCKPeTHBIM
SHAYCHMAM MOYKHO BOCCTAHOBUTE (hOPMY HENPEPHIBHOTC CHT-
Bana. 9ra Teopema B Poccux Hasnibaercs Teopemoll Korems-
HUEKOBa, Ha Banane — TeopeMoil Halirnsucra—IllenHoHA; ecTh
¥ Hee ¥ «HeliTpATBEOE» HASBAHNE — MeopeMa 00 omcyemax.

Koreasuukos BrnagaMup AneKcaHIpoBRY
(1908 r. p.), axagenmmr AH CCCP, ofnacTs Aays-
HEX MHTEDPECOB — pagmoTexdHuKa. CHEOBHLIe
TPYABL TOCBAmEEN npobaeMaM cOBePIHEeHCTEOBA-
HAS MeTOAOB pANMONpPHEMA, H3YYeHHIO HOMeX
paguonpreMy ¥ paspaborke MeTOROB GOPBOH ¢
HUMH.

B. A. KoTearHBKOE

Teopema Haiixsucra—Korensaukopa-~IlleHnona yreep-
MAAET, ITO ecNU BMeeTcA cHrHasx U(E), cmekTp KoToporo
OTpaHUYEH CBEPXY HACTOTOM f, TO IOCJe ero JUCKPeTHSALNA
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¢ 4acToTo# F > 2'f bopMy HCXOOHOT'O CATEANA MOMKHO TOYHO
BOCCTAHOBHTE 10 AHCKPeTHHIM 3Ha4YeHHAM (orcderaM), IO

caepyomell gopMyne:
Ue) = S kA

k:-ﬂ

sin(2rF(t — kAL)
2nF(t ~ kAY)

rhe Af = 1/F — BpeMsa MeXIy OTCYETAMH,
kAt — BpeMma k-ro orcuerta,
U(kAt) — sHatdeHHe R-ro OTCYETA.

IMokaxem, NMOYEMY YacTOTAa AHCKPETHIARUHA [AOHXKHA
ObIT: KAK MEHRMYM BABO€ BHINIE IaCTOTH CHErHajda. Homy-
ceteM, Ha Bxox AL 631n mogaH CHBEYCOUNANLHELH CUTHAN,
u AIIIl Brigan ero uubpoBoe mpeacTasieHHe. Bompoc:
MOMRHO JE OZHO3HAYHC ONpPefeluTh GopMy BXOAHOrO CHD-
Hana?

OTBer Ha DocTABJEHHEIE BRIMIE BOUpOC OOJAYUAeTCH VAPY-
qaINHi — pellieHHe He ¢MHHCTBEHHO, GAXKe CHHYCOAKAD-
HRIX CATHAJIOB, IMEIOIIKX Takoe mubpoBoe IpeACTABICHEE,
HecKOABKC, TouHee, NOZXOAAINNE CHHYCOHAR 00PAayIOT X8R
OeckoHeuHHIX cemeiictBa. Ha puc. 2.3 mo ropmsoHTanbHO
OCH OTKAAJBIBAETCA BpeMdA, N0 BePTHKANBHEON — aMIImTyAA
CHTHAJIA; TOJCTEIE BEPTHKAJNBELIEe JHENH 0003HATAIOT N3Me-
PeHHEe 3Ha4YeHNA; CIAOMIHCH JHHAEH OTMeYeH CHHYCOH-
JaJPHBIA CHUIHAZK ¢ HM3KOH JacToTol; NyAKTHpHO# JMHMed

~ OTMeYeH CHHYCOMAANBELIA CHTHAJN ¢ BHICOKOH wacToTOM.

OToT IpEMep DOKA3EBAET, YTO N0 OAHKMM JHIDE OTCUSTAM ME
OPpUHIHONANGHO He MOXKeM ONPENendTh XAPAKTePHCTHKY
BXOZHOTO CUIrHAJA (2T0, KCTATH, ABJIACTCA CISACTBHEM TOIO,
YTO IPA AUCKDETHIAMAN HeI[PePRIBHLIX CHIHAJOB MACTH HH-
dopManuy yrpaunsaeTcs). Oanaxo ecan norpebopars, uTobn
YaCTOTA MCKOMOI'C CHTHAJIA He IIPEBOCXOAH/IA IIOJXOBUHEL Jac-
TOTH AUCKpETH3alldi, TO pemleHMe OGyaeT eAMHCTBEHHBIM.

Puc. 2.8
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Boobme rosopa, Tousad (popMyAHpoBRKa Teopemnl Hail-
KBrCTA—KOTeNbHEKOBA NPHMEHNMA TONBHKO K CHTHANAM €
HeHSMEHHBEIMH YACTOTHREIMH XaPAKTePHCTHEAMH M OecKo-
HewHOH IIATeJBHOCTHIY, TAK UTO A8 OLHDPOBKH peaib-
HEIX 3BYKOBRIX CHTHAJIOB YacTOTY RACKpeTH3almme BROHpa-
0T ¢ HeOOJBIEM 3alaCOM.

Tpamep 29. HpogeMoHCTPEpYEM HCHOONL30OBAHAE TEOPEME
Haidikpncra—KoTeIbENK0OBA Ha OPAKTHKE.

Corosrie TenedoHR H UEGPOBEHE ABTOOTBETUMKH IPef-
Ha3HAYeHH! AJIA HepeAadl/SAlMCH ToJI0Ccs JeJ0BeKA, COSKTD
YACTOT KOTOPOTO ZOCTATOYHC V30K (He Gonee 3 KI'm), moato-
My B HHX HCOOAB3YeTCA HH3KAR UACTOTA FHCKPETHIRIHH
(o6rrano 8-11 kT'h). 3BBYKOBHeE KOMOAKT-SUCKE (&HDI.
Audio CD) npeaaazaaqenH AN 3a0HCH B OadpoBoil dopnMe
#1060T0 3BYKOBOTO MATepPHAJA ¢ BRCOKHM KadecTRoM. [lia
9eJI0BEUEeCKOr0 VXa HaROOMBIIAA CARIOMMEA YACTOTA 3BYKA
cocraBuseT oxono 20 kT, [losTromy B crangapre Audio CD
NPEXOABTCA HCOOAB30BATL HACTOTY FUcKpermsammu 44,1
KI'm (uro Beero Ha 10% nmpesocxofnT yABOSHHYIO HAMGONB-
Y0 CARIDHMYI qacTory). IIpuboprl ¢ HMRKOH wacToToli
OUCKPETH3AIEHA B IPMHINIe He CIocO6HE ofecIeYnTh Kade-
CTBO BOCHPOH3BEIeHHA, KAKOe JaeT KOMIAKT-IHCK: IONpO-
OyiiTe BANMMCATE MYSHKY ¢ KOMIOAKT-TACKA HA ABTOOTBET-
Y@K, 8 34TeM OPOCIyIIaiTe ee — PASHHNA B KadecTse DyzeT

JerKo OnTyTHMA!
2.5.3. ®opmar MIDI

B 80-x rogax EpopuIoro BEKA OOABHIWCE SJEKTPOHHEIE MY-
SHIKAbHEE HECTPYMEHTHL — CHHTE3ATODHI, cmocobHEIE BoC-
OPON3BOSHUTE Be TOABKC 3BYKH MHOTHX CYIIECTBYIOIEX MY-
SLIKANLHEX MHCTPYMEHTOB, HO M a6COAI0THO HOBHE 3BYKH.
Brimo paspaboTaHo corjameHne ¢ CHCTeMe KOMAHJ YHEBED-
CAJIPHOTC CHHTESATOPA, NOJYIABIICE HASBAEHE CMEHIAPMA
MIDI (aurn. Musical Instrument Digital Interface). Ba-
NHCH MYSHKANBHOrO NpouskeleHus B dopmare MIDI — r1o-
CIeAORATeNIBHOCT: 3aK0OAUPOBAHARX cooBIendil cCUHTe3ATO-
py. Coobizeune MoKeT 65ITE KOMAHKOH (HAXATE MIH OTTIVC-
THTHh ONOpPEXeNeHHYI KIABAIYY, HSMEEHTE BHICOTY HIA
Tenbp 3BY4YAaHHA), ONWCAHHEM NaPAMETPOR BOCIpOM3Beze-
HUA (HampuMep, CHAW [ABNEHHS HA KIABMATYDY) HAH
ynpapasiomuM coofinesnes (BKAOTICEAe NoandoORRYecKo-
0 pemmMa, CHEXPOHU3mpYiommee coolmeRude).
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MIDI-koMaHALL AeSAIOT 3ANHECE MY3KEKANLHON nEbOpMA-

© mEA Goflee KOMIOAKTHOM, WeM HMAOYJIBCHOe KOAWPOBAHHAE,

Ecan cpaBauTE crocobnl mpeicTaBleHHA IpadHYecKod H
3BYKOBOH mHpOpDMANMHK, TO 3anmmch 3ByKa B BHZe MIDI-
KOM&HJZ COOTEETCTBYET BeKTOPHOMY IDEACTABACHKIO M300-
paskeHmit.

SanucaHERle 3BYKOREIe (ailikl MOXKHO pPeJaKTHPOBATE,
T. €. BHNpe3aTh, KOOHPOBATL W BCTABIATH (PpParMeHTH! H3
apyrux daiinor., Kpome Tore, MoKHO yBeAWIUBATEL HIU
YMEHbIDATE I'POMKOCTE, NPHMEHATs Pa3jIEYHEIEe 3BYKOBLIe
odxpeKTH (X0, YMEHpIIEHHe MM YBeJHNUYeHHe CKOPOCTH
BOCHPOH3EeJe N, BOCIPOA3BeieHNe B O0DATHOM HaIpas/e-
BYE ¥ 7Ap.), & TARKYKe HAKJIAZLEBATL daiinel Apyr Ha Apyra
{(Muriuposams).

2.5.4. NpuHUUNBI KOMNLIOTOPHOrO BOCNPOU3BEAEHUR

asyKa

Ilpr BocOpoMsBefiecHMH 3BYKA Ba KOMIBIOTepe IHdppoBoe
TIpeficTaB/ICHAE CHTHAJKA NMpecbpasyrT o0paTHO B AHANOTOBYIO
HempepnBEYI0 dopmy. Kak y:ke YIOMHHAIOCH, pacueT mapa-
MeTPOB BRIXOZHOTO CATHAJA BHIIOJIHAET CHIHAILHBINL Ipomec-
COP, A FeEePAIHI0 AHAJIOTOBOIO MeKTPHYECKOTO CHTHAIA BEI-
noaraer ITAIL (mudpo-aHaNOTOBEH mpeobpa3oRaTent).

B cospemennoil nudpoBoll 2BYKOTeXHUEe (Hapmpumep,
B KEOMIBIOTEPHHX 3BYKOBHX KapTaX) HCHOJAB3VIOT HeCKONb-
KO METOHZOE PEeKOHCTPYRUIHAH GOPME aHAIOPOBOTG CHIHAJA.
OTH MeTOAEI CHABHO OTNHYAKTCA APYT OT APYTra AaKe Hied-
MH, BSATHIMH 34 X OCHOBY.

O6mEM B MeTOlaX PEKOHCTPYKIHH (GOpMEl CHTHANA AB-
AAETCA TC, YTO THGPOROI CUTHAN cHEpDBA IOABEPraeTcs ne-
peduckpemusayiu — yBEIMYEHNIO JACTOTH SUCKDETHSATHH
H PIy0MEB KBAHTOBAHHA B HECKOJBKO bas (Hampumep, mo-
TOK 3BYKOBHIX AAaHHEIX ¢ Audio CD ¢ 9acToTOl ZACKPETH3a-
ouy 44,1 xI'n 1 roy6enok keanrosanusa 16 6HTOR, B 3BYKO-
BOif KapTe mpeobpasyercA B HOTOK ¢ 94CTOTON ZUCKpeTH3A-
nuu 192 xI'o 7 roySasolt kpanTopagus 24 6ura).

JU1a BEIMHCACHHUS AMILINTYE CHTHAJA BO BCTABIGHHRIX
HOBEIX OTCHUeTAX HCOOJILIVIOTCA PasJIAYHELIE MATeMaTH4e-
CKHE MeTOIH, HATIDAMED NOJUHOMUARLHAL UHMEDNOARYUSL.
CyThL 3TOrO MeTOAA COCTOHMT B TOM, YTO IO H3BECTHEIM 3HAYE-
HHAM QYHKIMY f(x) B AUCKPETHHIX MOMEHTAX BDEMeHT X,
X5 «es X, MH MOJKEM BOCCTAHOBETH e€ 3HAMEHMA B APYTHMX
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TOYKAX X, T. €. 00 HeCKOJALKMM IOAPAA HAYVIINM OTCUCTAM
MOKHO IIOCTPOETEL MHTePHOJANMOHHEIH MHOIOYIEH, IPOX0-
AAmUE depes s3afaHHBIe TOUKRA (HaNpuMep, MHTEPIOXALY-
OHHBEIA MHOrOWIeRn Jlarpam:ka). Ilo «crapuM» 3HadeHHAM
OTCYETOB CHI'HAJIA BRIYHCASIOTCA K0P (pHIHeHTE MEOTODIe-
Ha, H ¢ HX NOMOMEI0 BRIYMCAAETCA AMIUIMTYAA CHTHAJAA B

OTCYeTaX, KOTOPhie BCTABJANTCA IPY HepefECKpPeTH3AIUN
(pmec. 2.4).

YA
Yi+l Sl O
Vis2 o IS HUsrepnonsnas

TE0 Y R + I

. - —— WcxonEsIe OTCOeTH
———— JHoGasneHEble OTCUETH
Vi
=
t ti+l tiw 1

Puc. 24

Ilocae mepeauckpermsanuu DAGMPOBOR CHTHAN ¢ MOMO-
mwsK ITATT opecfpazyercda B CTYHEeHIATEN AHANOMOBHIY CHAT-
HaJ. DTOT CTYIeHYAaTHIA CATHAN OpefcTaBser cobofi cyMmy
OMHAAEMOT0 BERIXOAHOTO CHTHAJIA B TAK HASHEBASMOIC OApa-
SUTHOTO CHTHAJIA JUCKpeTH3anw®. IlapalKTHHI CcHrHAI
HMEeeT MAJYI0 AMOAMTYAY B OYeHb BRICOKYIO HacToTy. Br-
xopro curaan ITATI aponyckaeTcs depes nponycraiowjuil
duabmp nusKux vacmom, KOTOPHIH NoAABIAET BEICOKOYAC-
TOTHHE COCTaBAgmue careana. Taxkoll TexEHvYeckui npn-
€M TO3BOJACT AOOMTHCH KAYCCTBEHHOH peROHCTPYKIMH
dopMEl AHANOTOBOTO CHTHANA OPH npocrodl peanulaluMp
3JIeKTPOHHHX cXeM {cM. puc. B [Ipunoxennm).

Bonpocb » 3aaanns

1.
2.

3.

Kaxmm o6pasoM mpomcxoanT npeobpasopasie HeIPEPHBHO-
I'C 38YKOBOr'0 CHT'HAJA B AMCKPETHENA udpoBoi Kog?
IlepeuncrnuTe ZOCTOMHCTEA K HELOCTATKE ABYX CIOCOGOB 3BY-
KOSaLGHUCH: EMNYAbCHOH Mogynanmn u MIDI,

MoxkHO JN 3ammcaTs; ¢ MOMOMIBIO CHHTE3aTOPA BOKANBHEIE
OpON3BEeACHHA?
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4. Ouerure urdopmanmonnsilt ofreM Monoayzuodaiina Amu-
TEJBHOCTBIO 3BydaBRMa 1 MuHYTa, eciam riayOHHa KBAHTOBA-
HEA H YacTOTA BHCKpeTHSAllHH 3By:conoro CHTHAJIA DPABHRI
cooTBeTcTBEHHO 16 6T 1 8 KI'I. :

5. PaccunTaiiTe BpeMa 3ByuaHNA MOHOayaHodaiina, ecian npn
16-0HTHOM KOANPOBAHKH M YacToTe Auckpermaanum 32 Kkl
ero ofveem panen 700 K6aiit.

§ 2.6. MeToabl cxatna U poBoit nHpopmaunu

XapaxkTepHoil ocoGeHHOCTEI0 OONBIMMHCTBA <«KJaccHYe-
CKMX» THIOB AHGOPMANMH, C KOTOPHIMH pafoTaior nioxwm,
ABAAETCA MX U3TLIMOYHOCMb.

IIpumep 30. B pycckoM s3hIKe CYIIECTBYIOT C0BA, OAHO3ZHAYUHO
NMPOUNTHIBACMEIE B CIVUae <¢IoTepH» HeKOTOPHX Oyke. Ha-
npumep, C_HT _BPb, MOC_, I_P_BO. Kpome Toro, uMes
TeKCT HA PYCCKOM S3BIKE ¢ <IIOTEDAHERIMN» CYKBAMH, de-

- JIOBeK, AOCTATOYHO XOPOII0 BIAZEIOIHAN PYCCKEM ASKIKOM,
MOMEeT OREOZHAYHO BOCCTAHOBHTE erc. Haupummep, BH Ges
TpYAs NMPOYHTAETe Npe/JoiKeHre ¢ NPONYIMeRHEHMHA GyKBa-
Mmu ¢JIm_r_wmit IBa_oB__ MeHA_Je B — B_JI_KH_ pyc_KHHA
X_MHEK». OIHAKO eCIH 9T0 HpeANoxKeEne OyAeT YHTATH HHO-
CTpaHell, eABa 3HAIOIIUR PYCCKWl A3BIK ¥ PYCCKYIO ACTO-
PHIO, TO OH, CKOpDee BCero, He CMOMKeT ero IoHATh. Mul, Ho-

| CHTeNH PYCCKOTO S3HKA, MOXKEM ¢ JeTKoCThIO BOCCTAHOBUTE
OKOHYAHHNA, IpPONVIIeHHHe GYKBE B cA0Tax, IoxoOpaTe

. mopxopAmme cnoBa (B3 TeX, YTO HaM M3BECTHHI). A HHO-
CTpaHLOY OpOCTC He ¢ YeM CPABHHEBATE HOJIYYAEMYI0 HHPOD-

- Mamuro. TakuM ofpasoM, A4 HOCHTeNd A3KIKE OORIYHEIE
CBASHKH TeKCT HA ero POAHOM fA3HIKe COZePXUT HIOHTOU-
-HyI0 RHEGOPMATHID — €e MOXXHO YAAJHTE, HO CMEICT TeKCTAa
ONIA Hero COXpaHHTCH. O

IIpamep 31. OpEEM B3 OPUMEPOB NPOABNeHEA H3OEITOYHOCTH
HHDOPMANAE A ee CHKATHS ABAALTCS HCHONEICBAHHE Mare-
MaTwdeckax obosHauenmit. Hanpumep, cymMMa umcern 2, 4,
681012141618202224262830323436
38, 40 samHCHBaeTCA TaK: -

2+4+6+8+10+12+14+16+18+20+22+
+24+26+ 28+ 30+ 32+ 34 + 36 + 38 + 40,

Herpyano sameTHTE, ¥TO 3T& CYMMAa COCTABNeHa M3 BCeX
YeTHHX YHces oT 2 o 40. Hemoabsysa MATEMATHIECKYI) HO-
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TANHIO, Ty CYMMY MOMGHO SaOHCATL HAMEOTO Kopode:

2-i. Hrarx, BReA HOBEie ODOSHAYCHMA, MEl CYMENTH CO-
i=1
KPATHTP 3ANACH MATEeMATHYECKOrQ BHIDAMKEHUS, & SHAIHAT,
cxcams ungopmayuo. QEaK0 ecsH NepBas GopMa samucn
NOHATHA ANGOMY, KTO VUHJI 43h] MATEMATHAKH, TO BTOpas
TIIOHATHA TOABKO TEM, KTO 3HAET, KaK CHeAYeT unmepnpemu-
posamp 2Ty 3aIKCh.

IIpumep ¢ cymMofi mosBoIAeT MPOAEMOHCTPHROBATD €lIfe
OAHY OCOGEHHOCTD METOZOB CIKATHA — CMEN€Hb CHAMUR
BXOJHELX JAHHHEIX OPHHIMIRANALHO 3ABACHAT OT CAMHX CXKH-
MaeMbIX AsHENX. Takg, 4Tolm BOCIOIRIOBATHECA OO03HAYE-
HEeM CYMMEI, Hafo HaiTm ¢opMyiy, BHPa’kalomMylo CKJa-
JABLIBAGMEIE YHCIIA Yepe3 HHAeKC cyMmmaposarnd. H xora xa-
Kyw-Hubyde GoOpMyIry MOMKHEO BEIBeCTH xZnda moboi
KOHeYHOH Ioc/IeZ0BaATENbHOCTH (BANpHMeD, ¢ NOMOIIBIO MH-
TepnonasguonHod dopMyasl Jlarpanxa), HO BOT KoMnakm-
Hyo dopMyny MoxoGpats yRaeTca Zadeko He seerpal ITpm-
Mep <¢ILIoxoif» MOCHEAOBATEIBHOCTH:

102 + 103 + 105 + 107 + 111 + 113 + 117 + 119 +
+ 123 + 129 + 131 + 137 + 141 + 143 + 147,

Kaxxnoe unciao B AAHHOM PAAY nojxydeso npubapnenmem
100 K mpocromy uHchy. YBH, ofmas dopmyna Aas Bcex
NPOCTEREX YHCeN KO CHX IOP He HaligeHA, PABHO KAK HE JOKA-
3aHO CYIIeCTBOBAHHME HJIM OTCYTCTBHE TaKOH (opMyIH
(nmpofimeMa «reHepaTopa IPOCTHIX udceins»). Bopouem, puna
KOHETHOT'0 YHCAA HPOCTHIX THCeN HIM A1 MPOCTLIX JHCces ©
ocoboil CTPYRTYpoi OPMYNHI-TeHePATODHl CYIIECTBYIOT.

HaguM dopmanbHoe onpefencHue B3burrotnocT mHGOP-
MAIAH.

Ompegenenme 13. Koamposanue mEDQopMALHNN ABJseTCS U3I0bL-
MOYHLIMN, eCIE KOJMHUYECTBO GHT B mOAYIeHHOM Koje 6OJIb-
mIe, YeM 9T0 HeoDXOZHUMO IJIf ONHOSHAYHOTO AeKOAMPOBA-
HUR HMCXOAROH HAQOpMaIuH.

Crenens H30HTOYHOCTH 3ABHCHT OT THIA KHbopMalmu:
V BHAcOMH(OPMALMH OHA B HeCKOXbKO pa3s Doxbime, yem
y rpaguyeckoit nEGQOpPMAINH, 8 CTeNeHb H3OLITOYHOCTH 1IO-
clieHeH B HeCKOJBKO pa3 Goabmme, 9eM TeKCTOBoH mubOD-
manve. Boobule, creneHr R30HEITOYHOCTH eCTeCTBeHHOM HMH-
dbopmManum gocravouno seanka. Kiaog lllennon, uccrenosas
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MIOBITOYROCTD AUTEPATYPHOTO SHIMIHHCKOrO A8HKA, YCTAHO-
BEJ, 9TO OHA COCTABAAEeT OKoac 50%. D10 o3HauaeT, YTO
eClIE B aHETANIACKOM TeKCTe Hayraf CTepeTh OKOA0 IOACBY-
HH OYyKB, TO IO OCTABIIMMCA OYKBAM UeNOBeK, SHAKIIHNA
anrnmiicku A3KMK, NOYTH HaBepEAKA CMOMKET BOCCTAHO-
BHTE TeKCT. MI30RMTOTHOCT: ABKIKS BRIOOJIHAET O0UEHb BAK-
HY1I0 OYHRIOHIC — obecTIeUdBaeT YeJOBEKY HAKLMHOCTD €@
BOCHPHATHA, OCOBERHO B HeOMaronpAATERX YCIOBYAX (Hpo-
CMOTD TeJellePesiad IPH HAMUYYY NOMEX, UYTeHWe TeKCTOB B
VCIOBHAX HeACCTATOYHOH OCBeNmIeHHOCTH, PA3TOBOD B BATO-
He MeTpO B T. IL).

XpaHeHHe H Nepegada AHGopManuy TpebyioT onpeaeen-
Ho¥X saTpaThl pecypcoB. C:xaTue AaHHBIX (IIepen coXpaHeHH-
€M NJH Oepefaueil Ho KaHalaMm CBASH) IOSBOJIACT YMEHb-
mmrrs 9TH 3aTparel. Ha mpakTuie TakHe 3aTpaThl MOKHO
Jaxke BHIPASHTh B JACHE’KHOM KBHBAJCHTE: HATIPHMED, Ha
cxadmBaHMe U3 MHTepEeTaA CIKATOTO My3HIKANBEOTO Galina
norpebyeTcs MeHbIle BpeMeHH, a 3EAYHT, IPHUAETCA MEHDH-

. Ile 3AOA&THTE HeHer 3a IoAL3oBaHne HHTBPHSTOM.

IlepBHie TeOpeTHdecKHe Da3paloTKE B OOJIACTH CIKATHSA
BHGOPMARMA OTEOCATEA K KOHIY 1940-x romoB, korga Gruia
onybanxoBana ¢tathd K. lllewnona «MaTemaruueckas Teo-

PHf KOMMyHRKAaInils,

2.6.1. Anroputmn oGpaTUMBIX METOAOB

Bce MeToamI cxATHA MOXHO DOAEJHTL Ea ABa OGOJLDIRX
Kaacca. OZHH 8ATOPHTME! TOXBKO M3MeHAIT cmocob mpex-
CTABJIeENH BXOOHEIX JAHHLIX, OPHBOAA MX K {popMe, KOTO-
pas Gonee KOMIAKTHO KORHPYeTcd. Takue ayropATMEL IpH-
HATO HASHIBATE OfpamuMbiMil, MOCKOIBEY AAA HHX CYIIECT-
BYIOT oOpamibie GAZODUMMbL, KOTOPHE MOTYT MOYHO
BOCCTAHOBHTE HCXOAHEE JaHHEIE U3 CXRaToro Maccuna. py-
THe AJIrOpMTME BHAEJAIOT BC BXOAHLIX JAHHEIX CYINECTBeH-
Hy10 FHGOPMALRIO B TY YACTE, KOTOPOH MOomHO npeHebpeysn
1 YAAJIATE, NOCHe Yero OoCTABMIMECA «CYIIeCTReHHEIe» JaH-
Hiie HoABEPraloTCa fanbHelmemy cxaTaio. Taxue aaropuT-
MLl NPHEATO HASLIBATE AITODHTMAMU C Pezyaupyemoi no-
mepeii unpopmayuy.

Onpenencare 14. Meros c:RaTha HEILIBACTCA 00pQRMUMbIM,

€CIM H3 AAHHEIX, NONYYEeEHHIX IPH C/KATHH, MOKHO TOYHO
BOCCTAHOBUTE MCXOAHRIA MACCHB AAHHEIX.
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O0paTHMEIe MeTOAR MOXKHO IPAMEHATE IR CHKATUS JIO-
OHIX THIIOB AaHHEIX. XapaKTepHBIMY dopMaraME aiiios,
XpaEAMMUX cKarTylo Ges moTeps HHEDOPMALKIO, ABAZIOTCA:
s GIF, TIF, PCX, PNG — pgas rpa@HYecKMX AAHHBIX;
¢ AVI — mna BRAeONAHHHX;
¢ ZIP, ARJ, RAR, LZH, LH, CAB — ansa awo6Lix THIOB

OAHHEIX.

CymecTByeT ZROCTATOYHO MHOI'O OGDATHMEIX MeTOJOB
CHATHA AAHHHIX, OHAKO B X OCHOBe JIEHT CPDABHUTEIBED
HeOoMBIIOe KOJMYECTBO TEOPeTHYECKAX AATOPHTMOB, KOTO-
PHEe ME paccMoTpumM Gomlee moapoSHo. '

MeTon ynaKoBKM

CyTs Memoda ynaxoeiy 30KI0YALTCH B YMEHLINeHAH KOMH-
gectsa 0BT, OTBOAMMEIX AIA KOAHPOBAHHA CHMBOJOB, eClHE
B CXHAMaEeMOM MAOCCHBE HAHHBIX HPHCYTCTBYET TOABKO He-
Gonpmasa 94ACTH HCIOONB3IYVeMoro aldapnTa.

IIpamep 32. JooyeTHM, BXOZHOH TEKCT COCTOHMT TONLKO U3 Je-
CATHAIHONA 3ARNCH TeJLIX THCEN K SHAKOEB ¢MUHYC», Dasfe-
JeHHKX npoberamu (Hanmpumep, ¢280 — 1296 48 40 365
- 159 13 777»). MHO¥XECTBO CHMBOJOB, BCTPEIAIOIIUMXCHA B
TAKOM TeKCTe, COCTOUT Beero M3 12 cumposos (mmdpsl oT
«0» fo «9», 3HAK «—» (MuHyc) H nmpoen). aa KogEpoBaHUsA
TAKOr0 KOJAHIECTEA CHMBOJIOB HOCTATOMHO BCETO YeTHIPEX
6uT, menoro Gaitra gna sroro MHEOro. Eciu ynakoBaTh KOS
JAaHEBIX CHMBOJIOB B 4 6uTa (HanpuMep, tax: ¢«0» — «0000s,
«1» > «0001», ... ¢9» - ¢1001», «—» — «1110», mOpo-
G6er — «1111»), 10 MoXKHO GyfeT KOZHPOBATH IO ABA CHM-
BOJIA BXOZHOTO TEKCTA OLHMM OafTOM B BEIXOZHOM MACCHEBE.
B pesyapraTe DOJXYIEM ZBYKPATHOE C}XATHe ZAHHEIX. Dop-
MAaT 3anNCH duces, IPK KOTORPOM THCN0 3aNKCHIBAETCH B Je-
CATHYHOR CHCTEME, a UKGDH YHCIa KOAUDPYIOTCH 4-OHTOBEI-
MHE komamm, HasmBaeTca BCD-dopmarom (Binary Coded
Decimal, nnu AROMYHO-FeCATHYHAA sanncek). BCD-dopmar
HePEeAKO UCTONb3YeTCd B NPOrPAMMHDPOBREHUE AAA XpaHe-
HHRS IeJLX IAcCe], HAMPHMeD B 0asax AaHHBIX.

Ipumep 33. Bxoauoit rexer «KOJI_OKOQJIO_KOJIOKOJIA» co-
BePXKHT BCero 5 pasimuHHX cHMBonoB («K», «O», «JI»,
«As u npoBes), caegoBaTelNbHO, KQKALIET CHMBOJ MOMKET
OHITE 3aKOSUPOBAH TpeMa OMTAME. Beero B MCXOAHOM TeK-
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cre 18 cumsonos, Taxk gro morpebyerca 18-3 = 54 Omra.
OKpyraue 2710 sHAYEHUE ¢ H3OLITKOM JO NEesoTe YHeaa Galir,
NOJMYYEM PasMep C:KAaTOro MaccHBa — Beero 7 Oaily. Koad-
dunuenT caxarua paseH 18/7 = 2,(571428) ~ 2,6,

BaiTE! BEIXSIHBIX ARHHEIX Hyu,epamu Guves & Saiirax

213|4)s]eirhodi 2|3 als el v R0t1|2a]aslaf7hol2dz]alals]e|rh0]L]|2|3]|4]5]6|71C 1|23 HS16ETR0 1 233 a)5]6]7

| ] ] i ] H | H | | [ ] ] ] | | | i |
IKIOIJlf_IoiKIOIJII I_'K'O'J]'OIKIOI,H]A—I

CaxnmaeMuTi TERCT (YKA3aHO, B KAKDE MECTO BEKOZHOTO MACCHRA TIOTIANALT FOI KANGION0 CHMBONG)

0

OxHO ¥3 TpeAMYINecTs MeTOAA YIAKOBKE 3AKIIOUACTCA B
ToM, 9T0 Joboll dparMeHT ciKaTHX AAaHHEIX MOMKHO pacha-
KOBATH, COBEPINIEHHO HE HCOOALIYA NMpeIIIeCTBYIOIIAS AAH-
HHe. HeficTBUTeNbHO, 3HA HOMEp TpebGyeMoro cumBona N n
ANEHY KOJOB CAMBOJOER M, MOKHO BEMMECIHTE MeCTOIOJO-
JKeHHe KOJa CHMBOJA B CXKATOM MACCHBE JAHHEIX:

» HoMep GajiTa, B KOTOPOM HAYHBAETCH KOJ CHAMBONA, BHI-

. uncnaerca tak: L = [M-N/8];

e HOMep mepsoro Oura koza (B mpegenax aroro OaiiTa)
K paseH ocratky oT jgenenma M-N ma 8.

MeTon ymakoBEM faeT XOpomme PpesyAbLTATHI, TONBKO
eC/IH MHOXXECTBO HCHOJIb3YeMEIX CAMBOJOEB HeBeJnko. Ha-
TNIPHMeD, €CJIM B TeKCTe HCHOABL3YIOTCA TOABKO NMPOUACHEIE
PyccKkHe GYKBE ¥ 3HAKH NPeNXHARESA, TO TEKCT MOXeT 6LITh
cxKar Beero Ha 25% : 33 pycckme 6yxBy mmoc npodes U 3HA-
KM OpeIWHAHEA — HTOre okouo 40 camsonaor. Hias ux ko-
AEpoBaHusA KocTaToxHo 6 OuT. IIpH YOaKOBKE TEKCT YMEHB-

WETCA AO g = % OT mepBOHAYAALHOTO ofbeMa.

Anroputm Xaddmana

Cnaboe MeCcTO MeTOAA YIAKOBKM 3aKJIKUYAETCH B TOM, ITO
CHMBOJIH KOAMPYIOTCA OHTOBEIMH IIOCJIEJ0BATEIHLEOCTAMA
ofuHaKoBOM ZAuHE. Hanpmmep, aoboit TeKer, cocToamymii
TOJIBLKO B3 ABYX GYKE «A» U «B», coXEMaeTCa MeTONOM YIA-
KOBKH B BOCEME pa3. OgHaKe eC/ K TAKOMY TeKCTy goba-
BHTL BCeTO JHMIOb OBHY OyKBY, Haupumep «C», To cremeHB
CHKATHS CPasy YMeHBIIHTCH BABOE, IPHYEM HE3aBACHAMO OT
RJIHHE TeKCTA H KOILUTecTBA J00aBAeHEEIX CHMBONOB «C»!
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il
(1925-1999)

K

VAVIIIeHNA CTeleHr CHATAA MOXKHO AOCTHIL, KORHPYA
Y&CTO BCTPeTAOIgecd CAMBONR KOPDOTKAME KONaMY, 4 pef-
KO BeTpeuafonimecd — OoJiee JEHHMME. MMeHHEO TAKOBa
Hjed MeToxa, onmybaukosanHoro 1. Xaddmanom (Huffman)
B 1952 r.

- HURefl KOZUPOBAEUA CHMBOAOB KOKAMM NepeMeHHONK Jnu-
HH OLlia BRICKA3aHa H TeopeTduecKy mpopaboraRa amepn-
KaHcKEaMH yieHEIMH K. HIemmonom m P. M. ®ano. Hmu
OBLI DpeJJICIKeH AJITOPHTM NOCTPOeHAA 9PHeKTHEHBIX CKA-
MAalmUX KOAOB NepeMeHHolt AnmHEL (anrcputm IIlemno-
Ea—PanHo), GIHAKO OH B HEKOTOPHIX CAYYIAAX CTPOMI Heon-
THEMaJNbEEeE Kogsl. Anropatm Xaddmana oxasanca Ipo-
CTEIM, ORICTDHIM B ONTHMANBHLIM: CpPefH AJTOPHTMOB,
KOAUPYIOIOMX K&XANA CHMBOJ 20 OTReABHOCTH M IEJILIM
KonudecTBOM ORT, OH ofecnmeumBaeT HaHAYUIIee ciKaTHe.

Hosup XadhdMar pyxosogmun kadenpoil KoMublio-
TeDHBIX HAVK MaccauyceTcKoro TeXHOJIOIEIecKor)
uHctETYTA (Massachusetts Institute of Technole-
2y — MIT). Xora Xaddpman Ooabime H3BECTeH Kak
paspaGoTINK MeToZa NOCTPOEHEHMA MUBRAMAIBLHO-U3-
. DBITOYHBX KOLOB, OH BHeC BAXKHBIN BKIAJ BEO MHOMN(E-
- crBo ofnacTeli, CRASAHHLIX ¢ HHGOPMATHKOK, B TACT-
Mag HOCTH B DJIEKTDOHUKY.

Anropara Xaddmana c:xumaeT JaHHEE 38 JBa NPOXOAA:
HA NepBOM NPOX0Je YHTAIOTCA BCe BXOAHLIE ZaHHBIE ¥ IOA-
CYHTHIBAIOTCA YACHONbL 6CMPEYaeMocmi BCeX CHMBOJOB.
BaTeM mo PTHM JAHHEIM CTPOHTCA depeso woduposanus
Xaggmana, a 0o HeMy — Kofsl cuMBoaos. Ilocne sTor0, Ha
BTOPOM IIpOXOfe, BXOZHBIe AaHHEIE THUTAIOTCH €I(e Da3 H
IIPH 9TOM PeHEepPHPYeTCA BHIXOZHOH MacCHB JAHHBIX.

BrluncaeAne 9acTOT BCTPeYA€MOCTH -~— TPHUBHAABHAA
sajava. PasbepeM DnocTpoeEMe JepeBd KOAHPOBAHMA
Xadbodmana. -

AnropurM nocrpoenns aepesa Xaddmana

1.

2,

CuMBONK BXOAROTO afdaBuTa 06pPA3YIOT CIHCOK CBODOMHEIX
ysnoB, Kayxapifi ysen HMeer Bec, PABHEI KOXWYECTBY
BXOMAEHWH CHMBOJA B HCXOAHOE cooGIIeHHe,

B comcke BHOEpaoTea ABA CBOGOSHBEIX V38 ¢ HAERMEHBIIE-
MU BeCaMH.
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. CosfaeTcr HX yaen-«poARTeNb» C BECOM, PABHEM CYyMMe HX
BECOB, OH COSAHHAETCH C «JeTHMH» NYIaMH.

. Ongoil gyre, BHNXOAAIEH B3 «POJHTENA», CTABUTCA B COOT-
BercTede 6mT 1, Apyrod — Omr 0.

. «PomuTenns» pgobaBigeTca B cOECOK CBODOTHEIX yaJoB, A
IBOE €T0 e¢OeTeils YAANSIOTCA M3 PTCTO CHHACKA,

. Ilarm, HauuHAA ¢O BTOPOTO, NOBTOPAKITCA AC TeX IOp, HOKa
B CIIMCKe ¢BOGOZHKIX Y3/10B He OCTaHETCA TOJBKO OJHH CBO-
Gogaeni yaen. OH H 6ygeT CUUTATLCA KOPHEM AepeBa. A

(= T > B -

IIyers ¥y Hac HMeeTed CIHCOK YACTOT BCTPEIAEMOCTH ECEX
CHMBOJIOE MCXOZHOI'C TEKCTA., DHIONIIeM KX BepPTHKAJILHO
B pAA B BHAe BepmiH Gyayimqero rpada (cM. nmpumep 34).
Brifepem ase BePIIMHEL ¢ HANMEHBIIAME BecaMa (OHA COOT-
BETCTBYIOT CHMBOJIAM ¢ HAMMEHBIIHM KOJHYeCTBCM MOBTO-
pexnii). O6beARHNM 9TH BEPIIHHK — COSEAAAM HOBYH) Bep-
IIEHY, OT KoTopoit npopefieM pefpa X BEIOpAHHBEIM BepIIn-
HaM ¢ HAWMeHBIIHNME BecaMH, 4 BeC HOBOH BepIINHH
BAFAAUM PDABHEIM CyMMe MX BecoB. PaccTapaM EHa pefpax
rpada uucnaa 0 ¥ 1, HanpuMep Ha KamAoM BepxXHeM peGpe 0,
a Ha xaxgoMm HaxHEeM — 1. HUro6m BRIGpAHHEE BEepPUIHHH
GoJee He IPOCMATPHEAJNCEH, MBI COTPEM HX Beca (9TO AEAJIOT
VAANeHEA BePHIFH M3 coHcka). IIpoAo/uM EBHHOOJIHATEH
ofLeAuHeHEe BePIIMH, KA AR pas BeIbNpad napy BepiIeH
¢ HAFMEBLIIMMH BeCAMME, N0 TEX HOP IIOKA He OCTAHETCH Of-
Ha BepminHa. OueBRAHO, UTO Bec 9ToM BepmmHE Gyher pa-
BeH AiHHE C)XHMAEMOTO MACCHBA A2HHHX.

IIpumMep 34. IlocTpoenre Aepera XaduhpMana K DpedUKCHEX KO-
JoB aa Tekcra «KOJI_OKOJMO KOJOKOJMAs:

Tenmeps Ans oOpefe/ieHEA KOAA KAMAIOM KOHKPeTHOR GYKBEL
HeoOXOAEMO OpPOCTO NPOHTH OT BEPIIMEL AepeBa A0 STOH
OVKBH!, BEIIHCHIBAA HY/JH ¥ eZAHADH II0 MAPOIPYTY CHeAo-
BaHMA. B HameM npuMepe CEMEOJB IONYUAT CIEAYIOIHE
KOEL:
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L] 00
K_ 01
J1 10
npobea 110
A 111

ITocne TOTO KAk KOAHL CHMBOJIOB NOCTPOEHLI, OCTAETCHA
CreHepHUPOBATE CIKATHIH MACCHE AAHHEIX, ANA 4er) HaRo
CHOBA MPOYECTH BXOAHSIe ZaHHKeE M KKK CHMBOJA 3aMe-
HETh Ha COOTBETCTRYIOIIHHA KOZ.

B HamemM cayiae HeIOCpeACTBEHHO KOf TeKcTa Oyaer aa-
HEMAaTL 39 Omr, muu 5 Gaiit, KoapdPunueET c:XaTHSA paBeH
18/5 = 3,6. O

g BOCCTAHOBICHAS CHKATHIX AaHHEIX HeoOxogmMmo CHO-
BA BOCTOONBL3OBATECA NepeBoM XaddMaHa, TaKk KaK KOJ KawK-
JOTo CHMBOJA mpeAcrapafer cofoi MyTh B Aepere Xadhma-
HA 0T BePINURK A0 KOHeMHOTO Y213 ACDERR, COOTBETCTRYIO-
mere [HBAaHHEOMY cCcHMBoOny. Ofoax cXemMa Impolecca
BOCCT2HOBJICHHUA TAKOBA: CHeIMANLHELIE MapKeD YCTAHABIA-
BaeTCd B BepIIMHY fepepa XagdMaHA, ¥ CKATEIA MACCHB
DAHHBEIX YMTaeTcH mobuToBo. Ecny dAATaeMulE OmT pasen 0,
TO MapKep IepeMelaeTcs K3 BepIIHHE 110 BepXHeMy pebpy,
ecau 1, To no AMKHeMy. 3aTem gwraeTcd crefyIOMMH 6UT,
B Mapeep CHOBA mepeMemaercda, Z T. K., I0KA MADKeD He
nonazeT B OAMH U3 KOHEYHHIX Y3J0B JiepeBa. B BoccTamas-
JIMBAeMEIA MACCHE SAIIECEIBAETCA CHMBOJX, KOTOPOMY COOT-
BeTCTBYET 9TOT KOHETHRIH y3es, Mapkep CHOBa IOMeMlaeTCH
B BEPIIHHY JepeBa, M IPOLOEcC MOBTOPAETCA.

Kox Xadpdmana ABaAeTcA npeuicHbim. ITO O3Hauaer,
YTQ KOZ KAAAOTO CHMBOJA He ABAACTCA HAYAJIOM KOZa Ka-
xoro-mbo Azpyroro cumpona. Koxg XabdMana ogHOZHauHO
BOCCTAHOBHM, Fa)Ke ecJIH He co0o0mAaeTcH JIHHA KOAa KaX-
ZOTo NepegaHHoOro cuMBoja. IloapobHee 06 3TOM BEI y3HaeTe
B raape 5. ITonyuaTemio mepeculiaioT TOJAbKO AepeBo Xadup-
MaHAa B KOMOAKTHOM BHie, a 3aTeéM BXONHAA IOCAEXOBA-
TeTBHOCTE KOLOB CHMBOJIOB OeKOAHPYETCH HM CAMOCTOSR-
TenbHO Oes Kakxoit-nrbGo gomoaEmrelbHOH WEGOpManHH.

Anroputm RLE

B ocHOBY anroputmoB RLE (aurn. Run-Length Encoding —
KOZHPOBAHWE NIyTeM V9IeTAa 4YHcJaA I[OBTOPeHRH) NosaokKeH
NPEAOHN BHABJEHAA NOBTOPAIOMPXCA MOCAeJOBARTEALHO-
cTefl JAHHEIX X 3aMeHS! UX NpocTolt CTPYKTYpoOil: nmosropa-
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Obfman cxema anropmrma LZ77 Taxosa (3T0 He TOYHOE

OOMCcaHUe AJIMCPHATMA):

BXORHEI® JAHHEIE SATAIOTCH IOCHENOBATENEHO, TeKYIIAS
MO3EUUA YCJAOBHO pasOHBaeT MacCHE BXOMHEIX XAHHEIX
HAa OPOYHTAHAYIO H HEIXPDOUUTAHHYI HUACTH,

ANA Henoyky InepBHX O6aliToB HeNpouHTAHHOR dTacTH
HineTca Haubollee ZAHHHOE COBOAAECHHE B HPOYHTAHHOH
qacTH. EciH coBnafeBne BaiifeHo, TO COCTABAAETCH KOM-
6unanusa {cMeInende, ZAKHA}, IAe CMellleHAe YKa3HIBaeT,
HA CKONBKO OAUTOR HANO CMECTHTECS HA3AJA OT TeKYyIlei
HO3HAIMN, TTOOK HARTA COBIafeHNe, a JINHA — 3TO AJH-
HA COBMAACHAH}

ecAA 3amuch KoMOmHamuM {CMemieHWe, AJTMHA} KOpOde
COBHAAEHHESH, TO OHA BANECHIBACTCA B BRIXOJHOH MacCHE,
a TeKyIlas MO3HLINA HepeMelllaeTcs Blepes (Ha NIHHY
COBNANANINEH YACTH);

eclIn COBIIafieHHe He 00HADYHeHO HIU OHO KOpoYe Salid-
¢y KoMbmuHamum {cMeLleHWe, AAHWEA}, TO B BRIXOXHOX
MACCHB KOOHpYeTca TeKYIIHH 6aiiT, Texkymiad mosuIHA
nepeMelaeTCA BHepef Ha 1, ¥ aEANWS3 IOBTOPseTCd.

IIpumep 35. ®pasa KOJIOKOJI_QKOJIO ROJIOROJIBHH 38K0-
Fupyercs aiaropuTMmom LZT7T kai
KOJIO(-4,3)_(—5,4)0_(—14,)bHH. O

O6oras cxeMa anropuTMa LZY8 Taxosa (9T0o He TOUHOe

. ONHACAEHE AJTOPHTMA):

AJTOPHTM BO BpeMSA CHATHA TEHKCTA CO3AAET CHellHalb-
HH c108apt NOSMOPpANWUXCR Yenoierx, B CI0BADe KaK-
OOl IelouYKe COOTBETCTBYeT KOPOTHUE KOZA;

InA TenoYKy TMepPBHX OaliTOB HeNmpOUYHTAHHOM YacTH
umeTca Hawmbosee AINHHOEe COBOAZEHHe B ciaobape. Kox
COBNAfeHEs 3AIHCHIBACTCA B BRIXOAHOM MACCHB, TYAa XKe
3aHOCUATCA NEPBLI HECOBIABIIMIH CHMEBOJ, M TeKYINaS IO-
3HOHA DepeMeliaeTca BIlepen Ha AMUHEY coBOageHHd + 1;
B CJI0BAPH A0oDAaBiAAeTCA HOBOE CIOBO: «COBHSAeHHMe» -+
+ ¢«HecOBHABIUEH CHMBOJI», M MpPOIecc MOBTOPHETCH 1O
Tex I0p, DOKAa He OyZeT coXaT Bech BXOAHOH MaccHE.

AnropprMp  Jemmens—3mBa TeM JAydIDe CKEMAIOT

TeKCT, YeM OO0JAbLIIe paZMep BXONHCTO Maccuea. XapaxTep-
Ho# ocobeHHOCTEIO o6paTHEX ajropuTMoB LZ77 u LZ78 ab-
JfeTCA TO, 4TO, KPOMe CAMMX CHXCATHIX AAHHLIX, HUKAKOH
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JonosHETEeAbHON HHbopManun uM He Tpebyerca! Hauas pa-
6oTaTh, TH AJNTOPHTMEL IO YiKe PACHAKOBAHHON 9ACTH BOC-
CTAHABIMBAIOT HEPOpPMANHIO, HeolXOoAUMYI0 ANA PACIAKOB-
KH CeQVIOIEX 9acTelt CoKATHIX SABHHX. {4 cpaBHeHENA: B
anroputT™e Xaddmana BMecTe CO CKATHIMK ZAHHHIME Tpe-
6yerca coxpamaTs gepeso XadodmaHna, mHade pacmakoBKa
OyzZeT HeBO3MOMKHA,

IloyauTentus HCTOPHS DARBATHS AIropHTMoB JleMme-
na—3usa. 3us ¥ JleMIeab NPEAYMAIN IJIOAOTBOPHEEIE HAEHN
CORATHSA, NOCTPORNY ANTOPHETME H HPOBENH TeOpeTHUeCKOe
HceaegosaEde nxX apdexTHBHOCTE. HOo mOCKONBKY onydim-
KOBAHHHE AJTOPHTME GRLIE 0%eHs HeoqubeKTHBHO peaspn3o-
BaHH (T. €. 3ANPOrpAMMHEDORAHEL), AOJATOE BpeMS OHW He HC-
MOJBL3OBAJINCH, HE DpaxkTHre, Toneko cnyerda 6 ner, B 1984
rogy Teppu Bema (Terry Welch) cymMen cyiuecTBeEHO YAYY-
IIRTE aAropuTM LZ78, STa MoAMdpHKATHS SATOpUTMA IOXY-
quna Haspamme LZW, oBa nmpoxo HenoansyeTcs B NIpo-
TPAMMAX CXaTHA JasHEX. AnropeT™ LZT77T »kzam ceoero
yaca LeA X JecaTs IeT — ToABKO B 1987 roay mogpunacs
ero BHCOKoabdheKTHBHAA BepcHA, KoTopasa paboTana B coT-
mE (!) pas GricTpee OPHIHHANBHOTO aNrOpHTMa. B HactodA-
Ilee BpeMdA CYIIECTBYET OKONO NOJYCOTHE MOANbMKammi
obonx anropuTMos. 0Go0meHHO Bee OHR HASHLIBAIOTCH MeETO-
AAME CXATHSA CO $A0OBAPeM. JTH aJTOPHTMH OKa3alnch Ha-
CTONBKO ORICTPH B 3dpeKTHBHEI, 4TO ceiuac 3aHAMAIOT JIN-
AUPYIONIee MeCTO CpeAd HCHOJMb3yeMHBX Ha IIPaKTHKe airo-
PHUTMOB CHEATHA.

2.6.2. MeToan cXaTMs ¢ perynupyemoii norepei
uHOpMaun

OnucaHHANe BRIIIE AATOPHTME SBAAKTCA 00DATUMEIMHA: JIO-
Golt MacCHB BXOZHBIX JAHHHX IPH paclaKoBKe BOCCTAHABIA-
BaerTca abcoarTHC TOIHO. IlosToMy ofpPaTHMBIC aNTOPHTMEL
MOXKHO MPEMEHATE AJ1d CHATHH HH$popManum xwboro poza.
Ho, xar oxs3aloch, AAA ayEHO- M BUAeoHHbopManum abco-
JAFOTHO TOYMEOCe BOCCTAHOBACENEe BoECce HeobasareasHo. Ilpobe-
AeBHEIe B KoHIEe XX BeK2 MCCHeHOBAHNA DCHX0PHIMONOrR-
YeCKHX XAPAKTePHCTHK 3peHHA K cAvXa oOHapymHIN paz
ocofeHHOCTeH Ye70BeMeCKOTO BOCIOPAATHA, ACHOJIL30OBAHHE
KOTOPRIX DOO3BOAAET CYLOIECTEEHHO YBEJHAUMEBATE CTENEeHL
CXATAA 3BYKOBOA, rpadprdecrol B BHReonHbopMADEH.
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Hanpuwmep, (M0 yCTAEOBJICHO, MTO IVIa3 deloBekKa HAW-
Gosee TYBCTRHTENISH K SeJIGHOMY HOBETY, YYBCTBHTENLHOCTE
K KpacHOMY HM€ HpAMEDHO B 4 pas3sa, & K CHHeMY — HOYTH
B 10 pas! A 3T0 03HAYAET, YTO Ha XpaHeHHe HHGOPMAOHNH ©
KPACHOI ¥ CHHel COCTABNAIONINX NBETA MOMXHO OBIIO ORI OT-
BoAMTL MeHBIIe 6uT. Ho B GompmrmACTBE dopMaTos rpadn-
qecKHX Gafios 5TO He TAK — IBeTOBEIE KOMIIOHEHTH KOKH-
PYIOTCA ORHHAKOBHRM KOJMYECTBOM OHT. ITOT IpHMEp HOKA-
SHIBaeT, YT0 TPAaAUOROHHME CHOocoOH IpPeACTABICHHA
BUAcOUHMOPMATEK o0NagaloT odeH: Goabloll ¢cTeNeHBI 13-
GEITOIHOCTH, IPH YCAOBHH, %TO Pedib HAET O BOCHpPONSBEHe-
HHHE BUAeOMHDODMATERA AN UYeJoBEeKAa.

JAna paspaboTkn ¥ cTagsapTHIanmy SqupeXTHRABIX METO-
AOB CXCATUA AYEWQ- E BafeomHbopManmm Ha Ppylexe
1980-1990-x rogor 65Ln1A cozgaHH I'pynna sxcmepToB mo $o-
rorpaduuecknm nzoSpasceanam (Joint Photographic Experts
Group, coxp. JPEG) n I'pynoa sxcoepToR me Bugeousobpa-
xeamam (Motion Picture Experts Group, cokp. MPEG).

K cepeaune 1990-x rofios OHIN paspaBoTaRsl COEMHANE-
HEIe BRICOKOXp e THBHEIE METOAE CXKATAA AYEAO- A BAREO-
HEGOPMAIIAN, YIHTHLIBAIOMINE OCOOEHHOCTH Yel0BEeYeCKOro
CAyxa U 3peHUA. XapaKTepHOH IepToil aTHX MeTONOB ABJI-
eTCA BO3MOMKHOCTE PeryJAHpPYEeMOTo YAAJAeHHA MajoBajKHoi
(ana wenoBeveckoro BocnpHaTEs) mEGopManuu. Ilostomy
TAKHE AJATOPHTMEL CoxaTHA ob00IHeRHO HASHBAIOT GAZOPUM:
MaMU C pezyRupyemoii nomepeil undopmauuu, 3a cIeT yoa-
JeHMA 9acTH MHpopMauum yaaercsa aodHMThHCA odeHb GOJDB-
mroit CTemeHE CXEATHA AAHHHX OPA CYOLeKTHBHO HesHAYN-
TeJhHON nHoTepe KAavyecTBa AayOEO- H BHACONAHHEIX.
AArOPHTMEL ¢ peryaupyeMoii morepeil mHGODPMATIN HeYHH-
BepCcaslbHSI, OHU He MOTYT HCIOJB3OBATHCH AJA CHKATHA JII0-
OHIX JAHHBIX, DOCKOABSKY IIOJHOE BOCCTAHOEICHNE HCXOAHOM
NHGOPMAINY HEB03MONHO,

Haw6onee HSBECTHHIME METOAAMY CIKATHA ¢ PeryJHpYe-
MOH mnoTepeil HMHEGODMAIEN ABAAIOTCA:

e JPEG — MeTom cRaTEA rpaduyecKNX AAHHBIX;
¢ MPEG — rpynoa MeTOOB CHEATMA BHACONAHHERIX;
s MP3 — meTon caTER 3BYKOBHIX AAHHEHIX.

IrH MeTOAHX HEOPOCTH B PEANM3ANONAY, B HHX HCHONB3Y-
e€TCA ROCTATOYHO CIOMKHBIN MATeMATHUYECKHWI ANINAPAT, BEHI-
XOZSImuiA 38 PAMEMN IIKOALHOH IporpaMmsl, NOSTOMY Aajee
Oyger npuBeneHO NHME 0030pHOE ONMCAHHE METOZOB.
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Anroput™ JPEG

- Anropury JPEG Hcnoaesyercda IIs C)KATHA CTATHYECKHX
usobparkennit, IToMuMo CIKEMAaeMoro m300paieHEd, 4Jro-
PHTMY HepeAseTcd TakXKe MKejlaeMBil KoodpuIMeHT cxka-
THA — 3TOT NapaMeTp PeryJHpYeT Xoaio WHbopMannm, Ko-
Topad OygeT yAAaseHA ODH CKATHH.

CoberBerHO cixate JPEG ocymecTsnaeTcs B HECKOILKO
3TAIIOB: CIIePE& OBeTA MHAKCeNel nepeponarca U3 RGB-npea-
CTABJIEHHA E Y UV-npeAcrapjieHHe (B COOTBETCTEYIOIICH eMy
neeToBoil Mogenm YCbCr mBeT mpeicTaBlseTcs KOMIOHEH-
TaMH ¢«APKOCTH» ¥, «IBETOPAZHOCTE 3eNeHBIR—KpacHLI»
Cr ¥ <IBeTOPASHOCTD 3eleRBIH—cuHHNA» Cb). SareM B KaXK-
Joit BrOopolf cTpoKe M Ka)KZOM BTOpoM cTonbme MATpHITH
nHEKcexek HHGopManusd 0 UBeTOBHIX kommonenTtax Cb u Cr
mpocro yAanaerca (1), 4T0 MTHOBEHHO YMeHBIDAeT o0BeM
JAEHEIX BiBoe. OcTaBIIMecd JaHHEIe NOXBEPTAOTCA Clie-
UHAIbHON ODponeAype ¢CrAXKUBABAG», IPH KOTOpoil ofbem
OaHHHX He H3MeHAETCA, HO IMOTEHUHAJBHAA CTeNeHbh HX
CHHUMACMOCTH Pe3Ke yBenngHBiercd. Ha aToM srame yam-
THIBAETCH JKeNaeMuli KoxhdunmeaT cxaTua. 3aTeM NaHHEIE
cRuMaTea anropaTMoM Xadhdmana.

Anroputa JPEG cnocobeH ynaxosmBaTh rpadmdeckme
n300pakeHAA B HECKONLKO JeCATKOB pas, NIPE »TOM IOTePHR
KAYECTBA CTAHOBATCA 3AMETHHIMM TOILK(O NPH OYEHb BHICO-
Kux xoaddeEmmeHTAX CHKATHA. '

Anroputm MP3

Anroprrm MP3 (Toumoe HaspaHEe MPEG-1 Layer 3) spnser-
ca JacThio cTanzapTa MPEG ¥ omucniBaeT CATHe AYAUOHH-
tbopmanmy. ITommaMo CHEMAEMOrO 3BYKOBOIO (parMeHTa &I-
TOPUTMY IlepefiaeTcs TAKKe KeJaeMulll OSumpeiim (amri.
bitrate) — KoMUIeCTBO OHUT, MCHOAB3YEMEIX AAS KOZHUPORA-
HHUA OfHOE CeKYHARl 3BYK&. OTOT NapaMeTp peTyIHpYeT
JIOJI0 ME(POpManmuy, KoTopas OyAeT yAameHA OpPH CiKATHH.

Cxate MP3 Tak@ke OCVIISCTB/IAETCE B HeCKOALKC JTA-
noB: 3BYKOBoM ¢parmeHT pasbEsaeTcss Ha HeGoasmme
VIACTEH ~— (Ppeiimul (aurn. frames), a 8 KaxxioMm ¢peiiMe
3BYK PasjaTaeTCA HA COCTABAAICIONe 3BYKOBHe Konebanud,
KOTODHe B duaHnKe HASHISAIOT rapMoHEKAME. C TOYKH 3pe-
HAA MATEMATHKH, 3BYK PasaaraeTcs HA IDYIOIY CHHYCOH-
RasIbHEX rOoAefaHHil ¢ PABHEIME TacTOTAME H AMILIMTYZA-
MH, 3aTeM HaYWHASTCA NCAXOAKyCTHYecKasi ofpaforxa —
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YAaIeHHe MAJOBAXKHOM [ANA 4YeJOBEYeCKOr0 BOCIPHATHA
3BYKOBot MEQOpMAIIMY, OPH TOM YUHTHBAIOTCA Pa3jiHy-
HHe ocofeHHOCTH ciyxa. emaeMeld 6ATpediT onpefendaer,
Kaxuze 3ddeKTH GYAYT YINTHEATECA IPH CKATHH, & TAKMKe
KoaudecTBO yaanAaemoi nadopmanuy. Ha nocliegneM aTame
OCTABLIHECA AaHHEIE CUMaloTca anropurMom Xaddmana.

Anropurm MP3 nosponsdeT C:KHMATE 3BYKOBHe (ainn
B HecKonbxo pas. IIpu sToM xae caMmeril Sonsirofl Gurpeitr
320 Kour/c craagapra MP3 ofecneunBaeT YeTHpexKpaTHOE
cKaTne ayAEoHAGOPMALNAE OO0 CPABHEHHIO ¢ (bopMaToM
Audio CD, nmpu TaxoM e cyO'BeKTHEHOM KadecTBe 3BVHA.
@opmar MP3 cran cranpaproM ge-bakro fas pacnpocTpa-
HeHEA MYIHKILEHKX (aiinop wepez aTepHeT.

Anroputmel MPEG

Kax yxe ynomuHandocs, MPEG — 210 nelloe ceMeiicTBO Me-
TONOB CIATHAA BHACOJAHHHIX. B HAX McHONB3yeTCA OYEHB
GoJsIIOe KOJHYECTEBO IPHEMOB CHKATHA, faxe KpaTKoe Ie-
peTMcAeRAe KOTOPRIX 3aHAN0 Obi HecKoabro crpadann. Oy
ONUPAITCA Ha HeCKONBKO 0a3oBRIX Mzell, & pasnmgalorTcs
KOHKpPeTHOH peanusaliveil aJropHTMOB.

OgHA U3 OCHOBHEIX HAeil CXKATHA BEIEO — METOH «OIop-
EOro Kazpar» — JAKIIOYAETCA B TOM, aTobR COXpPaHATH HE 1ie-
JUKOM KajpH, a TOIBKO H3MeHeHHMA Kagpop. Hampuwmep,
B $nanbme eeTh cnera Becegrl repoeB B KomuaTe. IIpn sTom oT
Kagpa K KAAPY MEHAIOTCH TOJBKO BHPpaKeHHA JHI, a G0Nb-
oasg YacTh H3obpaKeEHs HeDOABMIKHA. JAKOAHPOBAB Iiep-
BRI KAXD CIEHK ¥ OTIIAYNA OCTAJABHLK €€ KajApoB OT MEepBo-
o, MOKHO IOJIYIHTH ¢4eHEb GONBIIVIO CTeleHb CHKATHA.

Eme oape coocof yMeHBIDeHHA KOAEpyeMoH HHbOpMAa-
LMK 3aKJI09aeTca B TOM, YTOOH GHICTPO cMeHAeMble YUacT-
KH nsoﬁpamenna KOANPOBATE ¢ KAYECTBOM, KOTOpOe HAMHO-
Io HE)Ke KaJeCTBa CTATHYHHIX YIACTKOB, — 4eJOBevecKHi
TJIas He yClOeBaeT PACCMOTDeTh HX HeTANBHO.

Kpose Toro, diopmat MPEG 1108BOJIAET COXPAHATE B OZHOM
¢aiine HeCKOMBKO TAK HABHIBAGMHIX IOTOKOB JAaHHEIX. Tak, B
OCHOBHOM WOTOKE MOXKHO COXPAHHUTH PHJIBM, B APYTOM — JIO-
TOTHN, B TPETbEM — CYOTHTPHI, M T. 5. IloToOKH AaHHBIX Ha-
KIANLIBAIOTCA ADYT HA APYTA TOAbLKO IIPH BOCOPOM3BEEHIIH.
Taxo#t criocod mosBosiser, HADPHEMED, XPAHATL CYOTHTPHL B
BHAE TeKcTa BMecTo H300paskeHmit OykB, JIOTOTHN COXpPaHATH
BCero OAHH pa3, 4 He B KaXKAOM Kajpe, H T. O.
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PasroBuzaocT ¢opmara MPEG oramgamoTca ApPyT OT
ApPyra II0 BO3MOMKHOCTAM, KAYeCTBY BOCIPOH3BOAHMOLO
u3o0pakeHNd ¥ MAKCHMAAbEOH CTeHEHH CXKATHA:
¢ MPEG-1 — ucmoansopajica B mepBuix Video CD (VCD-I);
e MPEG-2 — wucmomssyerca B DVD m Super Video CD

(SVCD, VCD-II);
¢ MJPEG — tdopMaT c:KaTHA BHAEO, B KOTOPOM KayKARIH

kaZp ckamaerTcd 10 Meroay JPEG;

o MPEG-4 — monynapeslit aphekTHBHEI GopMaT coKaTHA

BHIEO;

e DivX, XviD — yayummeHHHe MoZHpHUKanup dopmMara

MPEG-4,

Bonpochbl u 3apnanusa

lt

7.

JAna MeToAa VIAKOBKY MOACYUTANTe KOaPOHLITeHT CHATHA
TeKCTa, COAePIKAIler? TOABKO NIPONHCHEEe aHTIHicKAe GyK-
BHI, Ipo0eJEl H 3EaKA NPeIAHAHRA (TOIKA, JANATAH, Aeduc).

. Ana meroga ynaxoBky noacamralire xosddunmenT coxaTHa

TeKCTa, cofepiKaliere MPOINCHEE B CTPOUHEIE PyccKue OYK-
BRI, npoGensl, DNPPH H 3HAKH NpeNUMHAEXA (To4ka, 3aA0dA-
Tas, geduc).

. IIpuBesHATE NPEMEPH SJITCPHTMOB CXKATHS ¢ morepeil n Ges

norepnr uHGOpMALAY,

. YTo npousoiiAeT, ecNH B YIAKOBAHHOM MeTOAOM RLE co00-

HIeHWH UPONYCTHTE OZUH OaiiT?
Kaxosa JJHHA IIOCAeNOBATEJIBRHOCTH, HOOCHEe KOAHPOBAHHA
KoTopoit MeTorom RLE nmoayunnocs caegyiomniee:

111131111 11111111 11000000 00000001 00000010
11111111 00000000 ?

. Kar mago nocrynutk npE RLE-KoAupoRaHNM, eCIN KOANYe-

CTEBO HAYIIMX OOAPAA OONEAKOBHIX GaitTop Gonsine 127 i He
ooMelnaeTcs B 7 paspazor?

IToctpoiiTe gepero XadpMana ¥ BHIUIIHTE KOOK CHMBOJOR
ang cooboieHns
AHFBHCEHEHCEAHDCEEHHHCHHHDEGHGGEHCHH.

3aknyeHue

B aToii raase MB DOAPOGHEC PACCMOTDENN CHOCOOL KOMIIBIO-
TepHOI'0 HPEACTABICHUA UHCICBOH HMHpOpMaIMY, KOTOPasd
6blNAa MepBRIM M AOATCE BPEMSA OCTABANACE eAHMECTBEHHBIM
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BRAOM nHbopManuK, oGpabaTrBaeMOil Ha KoMORIOTepe. B
V3HAIR O crnocobax MpelcTaBIeHNd MelHX I BenleCTBeHHRIX
YHCE, HOSHAKOMHIHNCH ¢ DOHATHEM JONMONHHTENREOTD Koga
H, HageeMcsl, CMOXKeTe 00BACHUTE, NOYeMY Lenkle OTPHIA-
Te bHEIe THC/IA IPEACTABIAIOTCA B TAKOH ¢« MCKYCCTBEHHOMH»
dopue.

Ha crpaHHnax 3To# rvaBH MH IIO3HAKOMHJIM Bac C BO-
CTOEHCTBAMH H HefgocTaTHaMp (oOpMaTOB ¢ NIaBalOINel H
¢ puKCHpOBAHHOHR 3aATOH, a TaKMKe ¢ OCODEHHOCTAMMN pea-
IHzAORY OeJdodRcleHHOA ¥ pemjecTBeHHOoH apmdMeTHk B
OTPAHMYEHHOM YHCHie PaspaxoB.

Bu y3gan® 0 coocofax KoAUDPOBAHHA TeKCTOBOH MEQOP-
MAIMA, [OZHAKOMHEIUCE ¢ OCHOBHBIME NPHHEORIAME JHCK-
PeTE3aLAY TpajpHEYecKoll T 2BYXOBOH HrbopManuy, IOIY-
TANN OpefcTaBleRne 00 AJTOPHTMAX CKATHS PASIMIHLIX
BHAOE MHGOPMAIHH,

Mz ocTAPANWCE TOKA3ATE BAM, BacKOIbKO BudopMaTH-
Ka CBABAHA ¢ APYTAMH HaykKaMM: uamkoi, 6mosormeit, xKo-
NOPEMeTPUeil ¥, KOHEYHO, MaTeMaTHXOH.

KoMnroTep HASHIBAIOT YHHBEPCAJIHHOH MaimEHON AiA
o0paboTKkn MHpOpMANUY, IPH ITOM IOAYEPKHBAIOT YHHBEP-
CAJIPHOCTD JBOMYHOTO KOZEpPOBAHMA HEdQopmanuz. Heo pa-
nafire samymaeMcHd, BCAKYIO J¥ HHPOPMANMUIO JeJICBEK HA-
VYHJICE TIPeACTABNATE B ZBOMYHOM KOZE H BCAKYIO IR HH-
dopManuo Moxer obpabaTmeat: KoMusworep? YrTo sH
MO)KeTe CKa3aTh, HaOpuMmep, o6 ocAzaTenpHo$r #ARGOpMA-
oun? Kag COXpAHHUTE B ABOHYHOM KOHE BCEBO3MOKHLIE 3A-
naxu? JToT Np¥Mep MOEOPAT O TOM, YTCO MBI HAXOARMCA ele
B caMOM HadajJe 3pb UHGPOBEIX TEXHOJOTHMH.
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BBenenne B ajare0py JOTHKH

A, no xpaiires Mepe, IYMaJ, ITO NPOTHEBO-
PevuHTh APy APYTY MOT'YT TOJNBKO BHICKASHBA-
HIA, DOCKOALKY OHHU Yepes YMO3aKJIOYeHEH Be-
AYT K EOBBIM BHICKASHIBAHMAM, H MHe Ka)KeTcd,
4yTo MEHeHRe, OYATO caME PaKTHI K cOOLRITHA MO-

TYT OKASATLCA B HPOTHBOPEYMM APYT ¢ ADYTOM,
ABNAETCA KJIAcCAIecKHM npuMepoM GeccMulc-

JIMIHL.
. Turvbepm

§ 3.1. AnreGpa normiy. ModaTHe BhiCKa3biBAHKA

§ 3.2. Normyeckue onepauun. TaGnNMLbI HCTUHHOCTH

§ 3.3. Nornyeckme gpopmynbl. 3aKOHbL! anrebpbl NOrMKN
§ 3.4. MeToabl peleHns NOTHYECKHX 3anay

§ 3.5. Anreipa nepexnioyaTenLHLIX CXeM

§ 3.6. ByneBbt (hyHKUMH

§ 3.7. KanoHuveckue hopMBEI NOrMYECKAX HOPMYN.
Teopema o COH®

§ 3.8. Muinmnzauua Syneebix (PyHKUWIH B Knacce
ANIBIOHKTHEHDIX HOPMANLHBIX thOopM

§ 3.9. MNonHbie cMcTembl SyneBbix ynkumi
§ 3.10. DneMenTbI CXOMOTeXHUKH. Jlornueckne CXoMbl
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Aze0pa ROUKU ABIASTCA WUACTHIO, pasgenoM GypHO
pasBuBalOmIefics cerofHA HAYKH —— Juckpemnoil ma-
mexmamuku. JJuckpeTEaa MaTeMaTAKa 3aHUMAaeTCHA
H3VYeHHeM CBOHCTB CTPYKTYP KOHEUHOIO XapaxTepa, KOTo-
PpHl¢ BOSHEKAIOT KAK BHYTDHM MATEeMATHKH, TAK M B ¢ IOPHA-
NOKEHUAX. BaMeTHM, UTO KIACCHUYECKAS MATEMATHKA, B
OCHOEHOM, 32HEMAETCH H3y4YeEWeM cBOHCTB 0GBEKTOBR He-
NDepEIBHOTO XApaKTepa, XOTA CAMO AelleHHe MATeMATHKH
HA8 KJI2CCHYEeCKYI0 B JWCKPETHYI0 B SHAYATENHHOH Mepe
VCJACBHO, NMOCKONBKY MeIy HAMHM IDOUCXOLAT AKTHBHAS
OHPKYIALINA HAeH H MeTOZOB, SACTO BOSHHKAST HeoOXopmu-
MOCTE HCCASHOBATH MOAEH, 00/aa0mue KaKk AHCKPeTHE-
MY, TAK N HeNpPePHEHHME cBoHcTBaME. K uncay cTpykTyp,
B3YUAaeMEIX MHCKPeTHON MaTeMaTHKOM, MOryT OuITH OTHECe-
HEl KOHeYHEIe TPYINIH, XKOBeYHEe rpadnl, MaTeMaTHYecKHe
MogenH CpecOpazosarenell MEHbOpMAIEA THOA KOHEYHEIX
ABTOMATOB KM MAMHAE TEIOPHAra I Ap.
Maremarudeckait annapar aarefpH JOrEXH WHAPOKC HC-
moneayercAa B HEMDOpPMaTEKE, B WACTHOCTH, B TAKEX ee pas-
Jenax, KaK npoeKTupopadne DBM, TeopHA aBTOMATOB, Teo-
PHS AJMTOPUTMOEB, TeopHA HHOOPMANMNH, IeNoYHCASHHOE

NnporpaMMEpoBaHHe M T. A.

§ 3.1. Anre6pa noruku. NMoHsTue BLICKa3biBaHUA

Anredpa JIOTHKE B3yQaeT CBOHCTEA YHKOMH, ¥ KOTOPHRIX
M apryMeHThi, H 3HAUeHNA IPHHAANEeXKAT 3aJaHHOMY IBYX-
sNMeMeHTHOMY MHOMecTBY (Hampumep, {0, 1}). Hroraa smec-
TO TepMEHA <anrefpa JOTHKE» YIOTPeSAAIOT TEDMEH sIBY-
SHAYHAHA JIOTHKAa».

OrnoM anre0pH JIOTHKY IO NPABY CUATAET-
cd aHrARiAcKER MaremaTsx XIX cromerus
Hxopmx Byab. MMeHHO OB DOCTPOM OORH K3
pasgenoB ¢opMaNLHONR JOTAKA B BHAS HEKOTO-
poit «anre6prr», aHAMOrHYHON anrefpe Tuced,
HO He cBOAAMIeHcA K Hed. Anzefpa B IHPOKOM
CMEBICJIE 3TOTO CJAOBA — Hayka o6 ofIHX olle-
pamNAX, AHAJNOTHIHEIX CIOKEHHI0 M YMEOMKE-
EHI0, KOTOpEIe MOTYT BHIIOJHATHCH HE TOABLKO

Hdx. Byns HaA YHCJAAMH, HO H EaJ ADYTEME MaTeMarmde-
(1815-1864) cxumm obmerTamm. CymecTBYIOT anrefprl Ha-
TYPANBHEIX YHNCEJN, MHOTOWIEHOB, BEKTOPOB,

MATpHH, MHOXECTB H T. 1.
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Boapmoit BNaz B cTaHOBNeHNe H PA3BETHEe anrebpsr Jgo-
THEH BHecau Asrycrye xe Moprae (1806-1871), Ymmam
Crennu Mxesonc (1835-1882), Ilnaror Cepreesuu Ilopen-
knit (1846-1907), Yapns Cangepc Hupc (1839-1914), Anz-
peit Auppeesru Mapxros (1903—1979), Annpeit Huxonae-
B4 Koamoropos (1903-1987) u ap.

Hoxaroe BpeMsa anreGpa JOruKHy 6L H3BECTHA TOCTATOU-
HO Y3KOMY KJaccy chenmaapceros. IIpomimo moara 100 ser
€O BPEMEHN CO3AaHuA anrebpu gormxe Jx. ByneMm, mpexze
ueM B 1938 roay smpaommiics aMepHKAHCKHEN MATEMATHE
n nHxeHep Kaox Illennon (1916—2001) mokxasan, 4ro ai-
refpa JIOTHKE IPMMEHHMA AN ONMCAHHA CAMBIX pa3E00b-
PASEHX IPOIIECCOB, B TOM uHciIe GYyHKIHOHHDOBAHEA De-
Je#fHO-KOHTAKTHEIX H SJIeKTPOHHO-JAMIIOBEIX CXEM.

Hecnegopanna B anrefpe JOrEKE TeCHO CBAAHH ¢ A3Y-
9eHENeM BLEICKASHIBAHMN (X0TA BICKadhlBAHHe — IpeaMeT
H3y4eHHS QopmarvMoii rozuxy). C MOMOINBIO BHICKASHIBA-
HE# MEl YCTAHABAMBAEM CBOHCTBA, B3AMMOCBASH MEELY
ofbexTaMn. BEICKAa3RIBAHHE MCTRHEHO, €CJIHA OHO ANEKBATHO
orobpakaeT 9TY CBA3b, B DPOTABHOM ¢JIy1ae OHO JOKHO.

ITpumMepamu BRHCKASHIBAHAN HA eCTECTBEHHOM A3HIKE IB-
nsroTea opeanoxenus «Cerogua cpeTHT CONHNe» HaH ¢Tpa-
Ba pacreTs. Kaykgoe U3 5THX BHCKAZHBAHHH XapaKTepHay-
€T CBOMCTEA HJIM COCTOAHME KOHKPeTHOTO 005eKTa (B HalleM
IpHMepe HNOrcAbl B OKpyxaromero mmpa). Kaxzoe us oTuX
BLICKASEIBAHHEIY HeceT 3HAYCHHE <«HCTHHA® HIH <¢JOMKDb».

O,rmazco openeJIieENEe MCTHHHOCTH BRICKAZRBAHHA A4S
KO He OpocToi Bompoc. Hanpumep, BHICKASEBaAHKe ¢Uncuo
1+ 225 = 4294967 297 — npocroes, npHEaAIeKamee Dep-
Ma (1601-1665), aonroe BpeMs CYHTANOCh HCTHHHEIM,
noxa B 1732 rogy Oitnep (1707-1783) He JoKa3aI, 9TC OHO
JoxHEo. B nenoM, o60cHOBAHME HCTEHHOCTHE MIH JIOHHOCTH
TMPOCTHIX BHICKASLIBAEMI pelnaeTcda BHe aare6pH JIOTHKH.
Hanopamep, HCTHEHOCTE HIH JIOKHOCTH BRHICKASLIBAHHA
«CyMMa yriaos TpeyrorbHEKS paBEa 180°» yeTaHaBIHBAeT-
cd reoMerpueli, IpuIeM B reomeTpun EBKIMAS 5TC BHCKA-
SMEaHHe ABISETCA ACTHHHEIM, a B reoMeTpuH JloGageBeko-
70 ~— JNOWHRM.

10 e ABIAETCH BHICKAILIBAHHMEM B q:opmamoﬁ Jormee?

Onpenenenne 1. Boickasviganite — 910 ASHIKOBOE 06pa3opanne,

B OTHOLIEHRH KOTOPOI'c HMEeT CMEIC TOBOPHATE O €I'0 HCTHH-
HOCTH HIH JOWHOCTH (Apucmomens).
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970 CcIOBeCHOE ONpefeNeHHEe, He ABAIONIEECS MATeMATH-
YeCKH TOYHLIM, TOABKC Ha MepBHIE Barnaz xaxercs yHoB-
NeTBopETeNbHLIM. OHO OTCHUIAET NpolieMy ompeAeneHHA
BHICKASRIEARAA K mpobiieMe onpefeseHNA HCTHEHOCTH HJIN
JNIOKHOCTH JAaHHOTO HIBIKOBOTO obpazopaHus. Ecam pac-
CMATPHBATH B KA49eCTBe BhICKasmiBaHuit mobrie yrsepam-
TeJibHEeE OPeET0XKeHAA, TO 5To OBICTPO DIPMBOZAT K OApa-
OOKCAM W NPOTHBROpeYMAM. Hampumep, NpelloKeHHIO
«Imo npedroerue ABAREMCS A0 HHM> HEBO3ZMOMKHO I1pH-
HHCATH HEKAKOrO 3HA4eHANA NCTHRHEOCTH Oe3 Toro, 9TobkHl He
HOAYIHTE OpoTHEopeude, lelicTsHTeRBHO, eCIH NPHHATSH,
TTO OpeAAOEKeHRe ACTEHHO, TO 9T0 MPOTHBOPEYKT erQ CMBIC-
ay. Eciu :ke IpHHATE, 4TO OpefIoiKeHEe JOKEO, TO OTCIONA
clefyeT, YTO OpeAJoKeHHe Ha CaMOM Helle MCTHHHO. Kak
BHEHO, 9TOMY IPEAICKEEHI0 OCMEICECHHO Helb3d NpANM-
caTh Kaxoe-nubo 3HATeHWe MCTHHHOCTH, CJIeZOBATEIBHO,
OHO HE ABJIHETCHA BHEHICKAIBIBAHHEM.

ITpuauHa 2TOrO NApajoKca JAeSKHT B cmpyKmype nocTpo-
€HEA YKASAHHOTO OPEIOKeHHEA: OHO CCWAdemcR HG Cé0e
cofcmeennoe sHa4enue, C IOMOOIBIO ONpefeNeHHHX Orpa-
HHYeHHH HA JOHYCTEMEE (POPME BHICKASHBAHHHA MOr'YT
OBITE YCTpaHeHH TAKHe CCHIIKH Ha ceba H, cAeROBATEJIEHO,
YcTpaHeHE BOSHHKAKOUINE OTCIOfA HapagCKCHL.

Onpepenenne 2. Buickaswséarnue Ha3HIBAETCHA Rpocmuis (2Re-
MEHMAPHLIM), eCIE HEKAKAA ero 4acTh He ARIAETCS BHICKA-
SHBAHHeM.

BHCKABHIBAHAA MOTYT BEIPAXKATHECA C NOMOINLIC MATE-
MATHYECKHX, (HUIMYeCKHX, XAMIYECKAX H IOIPOYHX 3HA-
K0B. 3 ABYX YHACHOBEIX BEHIpAKEHHHA MOKHO COCTABHUTH
BEICKASLIBAHEE, COSJWHHAB MX SHAKOM DPABEHCTBA HJIH HE-
paBeHcTBA. CAMH TUHCIOBEI€ BHIPAJKEHNHA BHICKA3HBAHHA-
MH He #BJAAOTCA. He ABNAKTCA BHICKASHBAHHNAMY M pa-
E€HCTBA HNJIH HepaBeHCTBA, Cofep:Kaine IepeMeHHEIe.
Hanpumep, npegnoxeHne ¢«x < 12» cTAHOBHTCA BHICKA3H-
BaHHeM IpH 3aMeHe IepeMeHEOR KaAKHM-IH6C KOHKDeT-
HHM 3EadeHneM. Ilpeaacskenns Tunsa «x < 12» HASEIBAIOT
npedurxamamu.

Anrefpa JICTHEA OTBICKAETCH OT CMEICJIOBOH COAEpIKA-
TeJBHOCTH BHCKA3HBaHHA, MHE MoOMeM HOTOBOPDHTECH, YTO
abcypAHOe MO CMEICHY EBBICKASEIBaHNE «KpOKOZHMIE JeTa-
10T» SABJIAETCA ACTHHHLIM, H C 9THM 3RAYEHHEM BHICKAZLIBA-
HEA OGyaeM paborars. Bompoc o TOM, JeTaT KPOKOAHJK
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HJIHA HeT, MOXXeT BOJIHOBATE 300JI0TOB, HO HHKAK He MaTeMa-

THKOB: HM 5TOT HOTpacalommil ¢daxt GespasnmieH. Baege-
HEEe TAKUX OrpaEHYeHnil faeT BOZMOXKHOCTH HM3YIaTh BH-
CKa3HBaHUA anrebpamrdecKMMH MeTOAaMM, IO3BOJNAET BBeC-
TH ONEPallNM HAJ BAeMeBTAPHEIME BEICKASLIBAHNAME B C HX
HIOMOINBIO CTPOHTh M H3YYATH COCTABHBIE BLICKAJILIBAHHASA.
B madopMarHKe Ans TOTHOro onpedeleHMS DOHATHA BH-
CKAJBEIBAHHS CTPOATCHA OrpAHAYEHHBIE CHCTEMHBI GOPM BEI-
CKasEBaHAY (GOPMANLHELIA ASEIK), KOTOPEIE MCHOJIB3YIOTCA
IIPH ONMHCAHUH AJITOPETMHYECKEAX ASHIKOB, B HEHGOpMaLnoH-
HEIX CHCTEMAX, AAS CTPOTOTO (popumnoro ONMCAHNS AJTO-
PHTMOB ¥ T. J.

Anzefpa nozurku maydaeT crpoerme (GopMy, CTPYKTYDY)
CHOMKHRIX JOTMYeCKEX BHCKASHEBAHHEHA M cOoCOGH ycTa-

HOBJIGHHSA HX MCTHHHOCTH ¢ NOMOINHI0 aiarefpamdecKmx
MeTOAOE,

Bonpochl ¥ 3aaaHUR

1.

H3 aaHENX OpefnosKeHnH BRIGePATE Te, KOTOPLIE ABIAIOTCH
BHICKASHIBAHHAME, H 00OCHYIiTe cBOH BHIOCP.

a) Kona cupocen: ¢Koropuiii gac?»

6) Kak mpo¥tu B 6mbauorexy?

B) Kaprurel ITmkacco eammiom afeTpaxTHBI.

r) Pemenne zagaur — EEPOPMANACHHEIR npoliecc.

) Yucno 2 apageTcA geNNTeNeM THCIA 7 B HeKOTOpOH cHC-
TeMe CYHCAeHHS.

O6nsacEuTe, MoYeMy JopMynrpoBKa Jioboik 'reopemu ABNA-

eTCs BEICKASBIBAHHEM,

[IpuseguTe o0 ABA DPpAMEPA ACTHEHEIX ¥ JIOXKHEIX BEICKA3HI-

Bapu# u3 OHoMOruH, reorpaduH, UHGOPMATHKY, HCTOPHE,

MATEMATHIH, TATEPATYPEL

H3 faHHEX BHCKA2BIBAHUI BRIGepHTE UCTHHHES,

a) Fopox Mxaxapra — croanza HHAOHeSHA.

0) Pemenue sagayu — HBEQOPMAIHOHHBIA IpOIECC.

B) Yncno 2 ABAdeTCA AEJIATENIEM YHCHA 7 B HEKOTOPOR CHC-
Teme CIHCACHAA. -

r) Menio B OporpaMMe — 3T0 COECOK BOSMOXMKHHIX BapHaH-
TOB. '

n) Hua Beex x ma obNacTH ONPeRe/NEHRS BREIPAKEHAS +/ X + 1
BepHO, TG X + 2 > O,
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e) CraHep -— 3T0 YCTpPoHCTBO, KOTOPOe MOKET HAICUATATD
Ha §ymare To, 9To H300pa’KeHO Ha sKpaHe KOMIOLIOTEDA.

=) II + VI > VIIIL

3) Memme — ycerpolicTeo BBOA2 HH(boOpManyH.

5. B mpuBefieHHEEIX NPeANOMKeHMAX BMECTO MHOTOTOUMII mo-
CTaBhTE HOAXOAAINUE IO CMBICAY CIOBA +HeoOXOAMMO», ¢H0-
CTATOYHO», ¢HeoOX0ARMO I JocTaTouEO» . IloMHHNTE, WTO NIO-
AYIARIIAECH BEICKAZRIBAHAA AOMKHE! GLITH MCTUHHBIMH.

1) Ona Toro wrol6H 4mcio Aexuaock Ha 4, .. 4T0OHl OHO
OBLIO UETHEIM.

2) Yrobst auesio genmwnoes Ha 3, ... ITOGE 0HO Fesunaochk Ha 9.

3) Oaa roro arobu wmcao genmnaock Ha 10, .. arofel oHO
OKRHIHBAJIOCH HYJIEM.

4) Yrobrt mpomsBeAeHHe KBYX YHCEJI DABHAJOCH HYID, ..
qToBH KaMA0e H3 EMX PaBHANOCL HYJIIO.

5) Urobnr mpomspefeHHe ABYX UHCeNI DABHANOCH HYIIO, ..
9T00K XOTER OZHO H3 HEX PABHAJIOCH HYIK.

6) YtofE VMHOMKHTE CYMMY HECKONBKHX HYHCeJ HA Ka-
KOoe-EUOYAL YHCHAO, .. KAMK[AOE CIATAEMOe YMHOMKHUTL Ha
3TO YHCJAO M INPOHSBEHEEMHA CHOKHTE.

7) Yrobrr upouseeferEAe HECKOAPKHX YECEN PASHeNHTE HA
Kakoe-AAGYRE 9HCHO, ... PABZENHUTE HA 2TO YHCJIO TOJBKO
OHVH M3 COMHOMKWTeNed W NOAYYeHHOE YACTHOE YMHO-
JKHTH HA OCTANBHEIE COMHOXHTENH.

8) IIna Toro aTobEl cyMMa ABYX THCe] (BIiA TeTHERIM THUCIOM,
we TTODBI KAMKIOE U3 CRATACMEX GHIIO 9eTHEIM TACIIOM.

9) Tna roro yrobH yucno aenunock Ha 10, ... 910681 0HO Ae-
JAuI0CEL Ha 5.

10) Ona roro arobu wueno peaunacck Ha 6, ... 9706w 0HO Ae-
neEnock Ha 2 W HA 3.

11) Dxa roro urofst umenao Aenuaocch Ha 12, ... wTolsl 0HO Ze-
aunoce BHa 2 M ga 3.

12) YrobH 9eTHpeXyTOJALHEK GBI KBAAPATOM, ... 9TO0RI BCe
€ro CTOPOHEI OLLIE pPABHEI.

§ 3.2. NNornueckue onepaunn. Tabnuubl
UCTUHHOCTM

¥oorpebaneMile B ODHYHOH PeTIH CBASKH +«M», <HIHA3?,
<HE», ¢@CHAH .., TO ..», «TO[AA H TONBKO TOTAA, KOIKA ..»
H T. II. HIOSBOJAIOT N3 YiKe BANAHHEEX BHICKAZKBaHHE CTPO-
HTE HOEBHe CJAOKHLIe BHICKASEIBAaHHA., HCTHHHOCTE MHIH
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JOXHOCTE NMOJYUACMEIX TAKHM 06pa3oM BHICKASLIBAHR 3a-
BHCHT OT MCTHHHOCTH H JIOKHOCTH HMCXOAHHIX BEICKA3bLIBA-
HRA H COOTBETCTBYIOIIEH MPAKMOSKU CEA3GK KaK Aozuve-
ckux onepauuii Had swicxaszviegnuamu, IIna obozHavenusn
HCTHHHOCTH, KAK ODABHJIO, MCHOAB3YVIOTCHA CHMEBOIEL «H»
41», a gna o6o3AAYERHUS JIOMKHOCTH — CHAMBONEL «JI» H «0s,

Jlornueckas onepamus MOJHOCTHIO MOMET ORITEL OMECAHA
rabnuneit HCTUHHOCTH, YKAsKIBAIOMeH, KaKHe SHATCHASA
UPAEAMAET CIOMHOe BHCKA3LIBAHUE NPH BceX BO3MOMK-
HEIX SHAYCHMAX NMPOCTHIX BHCKASHIBAEHIA.

B anrefpe JOTEKE JOIMYeCKAe CBASKR W COOTBETCTBYIO-
oque HM JOoTR9eCKHe oNepaliy AMEINT COeDNAaJbHEIS HASBA-
HES B O00ZHAYAKTCHA CHSZVIOMIMM 06pagon:

Jorpueckad cegska | Hazpamma gormgeckoi onepaunn | O6ozEavenng
He OTrprusasye, BHBEPCHSA _’ ‘| s —
f, 8, HO, X0TH KoHBIOEKIIMSA, JOTHIECKOe &, , A
YMHOMCHHE
HAs Husrornonra, recTporat v, +
REIBIOHEKIUA, TOTMYeCKoe
CAOXKeHNe
aabo ’ Pazgennrensuas (cTporan) B, A
ANIBIOHRIHEA, HCRIIOIAIOMee
HJIN, cnoxenne o Monymwo 2
ecaH ..., TO HMnauxanysa, clefoBapue =, —>
TOrAA ¥ TONLKO IKBUBANEHTHOCTD, &, =,
TOraa, KOraa SKBHBAJICHITHA, DABHOSHAYHOCTE

BeeaeM mnepeuncAcHHEIE HOTAYECKAe ONEPALIMHE PHOp-
MAJBHEIM 00pasoM .

3.2.1. BrHcraznIpande, COCTABNEHHOE H3 ABYX BRHICKA3HIRAHUI my-
TeM o0BeUHEHAA HMX CBASKOH «H», HASHIBAGTCH KONBIOHK-
yuell WM  RozuvecKUM  YMHONXeHuex. BrickasbiBag
KOH'BIHKOEIO, MBI YTECPIXKaeM, 4YT0 BHIOAHAITCH 00a co-

»  OHITHA, ¢ KOTOPHX HAET Dedh B COCTABAAIGINAX BHICKAZHIBA-
Huax, Hanpamep, coobumas:

{Heaanoevs npusesau HA 3uMY Y207b U 3aKYNUAU poea HA
Pacmonky KaMuHa},

MBI BHIpAXKS&EM B OAHOM BBHICKASHIBAHMH CBOe yOexxgeHMe
B TOM, 9TO OpPOH3ONLIE 00a 3THX COGHITEA.

1 300 Tem Gomes HeoDXORNMO, IIOTOMY HTO CBASKH, yOoTpebameMile T peuH,
HeOXHOBHATHEL,
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Onpenenenue 3. Korsionxyus — noruyeckas OIepanus, CTABA-
A% B COOTBETCTBHE KaXXKIALIM ZBYM JIeMeHTAPEMM BHICKA-
AEIBAHMAM HOBOE BEICKS3BIBAHNE, JBAAICIICECR MCTHHHEIM
TOrga M TOALKO TOTAA, KOTAA 00a HCXOAHEIX BEHICKA3HBAHUS
mcruEns. JIorHuecKasd omepanna KOHBIOHEKIUA OIpeess-
erca clenyiomell Tadnumel, KOTOPYIO HASHIBAIOT malauyei:
UCMUHHOCT:

- [ | O™
Tt | 2 et | 0 [y
~|o|lo|e| e

PaccMOTpHM ABa BHICKASHIBAHUA p = {3asmpa Sydem mo-
pos} a q = {Baempa Gydem udmu crez}. OdeBHAHO, HOBOE BHI-
cxaspiBanue p & g = {3aempa 6ydem mopos, u saempa Oydem
udmu cHez} ECTAHHO TOJIBKO B TOM CIyZae, KOTAR OFHOBpe-
MEHHO MCTHHEH] BRICKASHBAHAA P A ¢, a HMeHHO, KOTAa He-
THHHO, YTO 3ABRTPa GyAeT m Mopo3, B cHer. BrIcKasnIBaHme
P & ¢ 6yzer moKHO BO BCEX OCTANBHBIX caydaax: OyzeT uarm
cHer, Bo OyzeT oTTement (T. e. He GyAeT MOpo3a); Mopo3 Oy-
JeT, & CHer He Gyzer uATH; He OyaeT Mopoaa, U CHeT He Oyner
HATH.

B pycckoM Asbike KOHBIOHKINH COOTBETCTBYET HE TOJMb-
KO COI03 «M», HO M APYTAe PedeBkle OGOPOTH, EAIPHMeED
& CBA3IKE <a» HIH «HOQ»,

3.2.2. BHcKa3siBaHEE, COCTOAIee A3 ABVX BHICKA3BIBAHHI, 06'b-
eMEHCeHHBIX CBARKON ¢HIH», HASBIBACTCH JUIBIORKLLCL NITH
ROZUNECKUM CRONCEHUEM, Hecmpozoli Jussionxyueil. B BuI-
CKA3LIBAHUAX, COJAEPKANINX CBA3KY <HIH», VKA3HIBAGTCH
HA CYIIEeCTBOBAHEE JABYX BOSMOKHERIX COOBITHI, M3 KOTOPEIX
x0T OHl ogHO AonacHO OBHITH ocymecTBaeHo. Hampumep, co-
obmaa:

{ITema wumaem KHUzY uUAU Nbem Uail},
ME MMeeM B BHAY, 4TO XOTH OB IT0-NHGO oano Ilers zexna-
er. IIpu 3Tom IleTa MO:KeT OZEOBPeMeHHO TMTATH KHUTY I
nnATh 9aii. ¥ B oTOM caydae AHIBLIOHKIES ODyoeT HCTHHHA,

1 9y0 onmpegenenne nerko pacnpocTpaNSeTcAa Ha cAyuall n nucka.amam(k (n>2,
R — HETYPARLHOE THCIO),
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Onpepenenne 4. /Ju3sonKyus — Noruieckas ONePAIHA, KOTO-
Paf KAXKIHM ABRYM SeMOETAPHLIM PRICKASHIBAHHAM CTABAT
B COOTBETCTEHE HOBOe BEICKASHIBAHWE, ABIAIOIICSCA JOK-
HEIM TOFAA ¥ TOJLKO TOrAa, Korfa 00a MCXOAHKIX BHICKAIHI-
papuA T0xHH'. Jlorudeckad onepaIUA ANIHIOHKIHUA OIpe-
HenseTcss ciaegyiomleit rabauieil MCTHEEOCTH:

p q rvy
0 0 0
0 1 1
1 0 1
1 1 1

JA3BIOHKIUA NCTEARA, KOTAR X0TS OB OAHO H3 ABYX 06-
PA3YIOINAX €¢ BEICKASLIBAHWI MCTHHHO.

Pacemorpum Apa BrickaswiBanud p = {Koxym6 6vix ¢ Hu-
duu} u g = {Koaymb 6wn 8 Ezunme}, OueBufHO, HOBO® BHI-
crasuiBaH®e p v ¢ = {Koaymb Guia 6 Hniuuw uzu Koaymb
Owia 6 Ezunme} ACTHHHO KaK B cxydae, ecan Koaymb 6uin B
Nuaauu, Ho He 6L B Erpnre, TaK B B CIy9ae, eClW OH He
6x1t B MEAMA, Ao ORI B ErunTe, a TaxKe B caygae, eclii OH
661 M B Maane, 1 B Eruore. Ho sTo BrickazmBaHpe GyAer
noxuo, ecxn Koaymb me 651 an 8 Wazun, su 8 Ermore.

Col03 <«HIHA* MOMET NPHMEHATHCA B PeYH M B JPYTOM,
epcKRMOYameMs cMeicae. Torga oE cOOTBETCTBYET ApPYro-
My BHICKASHIBAHUIO — DA3AEIATENLECH, HIIH CTPOroil AA3H-
IOHKIINH,

3.2.3. Brucraswpanue, ofpasosagHoe A3 JBYX BHICKA3LIBAHWI,
o0BeAMHEHHEIX CBIsKOH «Hbor» (Tounee: «1UGO TOMBKO ...,
aub0 TOABKC ...»), HABHIBAETCH pasdeiumervnoil (cmpozoit)
dussonxyuell, ucxmovawwum HJIH, croweruem no mody-
A0 2.

B ornuuse oT OSLIYHON AMIBIOHKOUHR (CBASKA «HIHM»),
B BHCKS3HIBARHHN, ABIAIONMIEMCA PaAsJeIHTeALHONR AHSBIOHK-
nuel, ME YyTBepHAAEM, YTO IPOH30HAET TOMBKO ONHO COOBI-
TEe M3 AByXx. Hampumep, coobmiad:

{ITema cudum na mpubywe A aubo Ha mpubyne B},
ME YTBep#ZaeM, uTo Ilers cupmr aube TOARKO Ha TpubyHe
A, mubo Toapxo Ha TpHOYHe B.

1 310 ompefenmenme, Kok H DpeLAYiee, PACTPOCTPAlderTcH BAR cCaydall »
. BHIckastieagmii (n > 2, n — HaTypanbHEoe 1HuCA0).
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Onpenenelme 5. Cmpozas, LMK pasdenumenvhas OussionKuus —
JIOTHYeCKasd ONEePAIAd, CTABALIAA B COOTBETCTBHE ABYM 37e-
MeHTAPHLIM BHICKASHIBAHMAM HOBOE BEICKA3LIBAEHE, ABJIA-
oieecad HCTHEHERIM TOrAA H TOJNBKO TOrAA, KOrZa POBHO
OJHO M3 ABYX BLICKABLIBAHMH ABASETCS MCTHHHEIM, Jlorm-
YecKad ONepAnEA PasieJHTENbHAA THIBIOHKIIHA OHPGEBJIH-
eTca cleayiomel Tabiuume#l MCTHHHOCTH:

r g pog
0 0 0
¢ 1 1
1 0 1
1 1 0

PaccMoTpHM ABA BhICKASHBaHEA p = {Kowxa oxomum-
ca 3a Mwwamu} u ¢ = {Kowka cnum na dusane}. OueBEz-
HO, 9TO HOBOE BEICKA3LIBAHEE p © ¢ HMCTHHHO TOJIBKO B
ABYX CAYIadX: KOTAA KOLIIKA OXOTHTCH 3& MEIMIAMYA MIH
KOTA& KOIIRA MUPHEO CIHT. OTO BHICKA3HIBaHHNe GYZeT JIOMK-
HO, €CJIH KOLIKA He JAeJIaeT HHU TOrC, HE APYroro, T. €. Kor-
Jaa ofa coburTug He npomcxoasT. Ho »To BHCKasuIBanne §y-
JeT JIOMHBIM H TOTAA, KOTAa HpeAmoJaraeTcs, 9ro oda co-
6rrTa GYAYT NPOMCXOAUTHL ONHOBPEMEHHO.

Bonmpoe. B caoMHOM 6biCKASHIGAHUL UCROAIVSAHA CBAIKA
«cuaur. Kaxas amo Qussionkyus Hecmpozan uru cmpozas?

Omegem. B noreke CBASKAM <JIHOC» K <UIHA» NPHJAETCH PASHOE
3HAYEHHUE, OAHAKO B PYCCKOM A3LEIKEe CBA3KY «HJIM» MHOTAA
YHOTpeGadI0oT BMeCTo CBASKH «NHG0». U1obH onpemenuts
3sHAUEHNE CBASKH <HJIH», HY)XHO IPOAHAINZHPOBATL COAEP-
JAHAE BHICKASBIBAHMA N0 cMEICTY. Hanpumep, aHaIna BH-
cxasuBaEua {{Iema cudum na mpubyne A unu na mpuby-
#e B} OOHOZHAYHO YKAJKET HA JOTEIeCKYIO ONepaluio pasge-
JUTeAbHAS ZUSBIOHKIUA, TAK KAK YeJOBEK HE MOMKeT
HaXOZMTH B ABYX DABBHIX MeCTAX OGHOBPEMEHEHO. a

3.2.4. TIpepnoskenme, oOpPABOBAHHOE M3 ABYX IpPeAIoKeHUIT,
O beAMHEHHBIX CBASKOM 4eCXH ..., TO ..», B TpPaMMATHKe Ha-
SEBASTCH YCHOBHBIM ODEANIOXCHHEM, A B JOI'HKe TaKOe BEI-
CKasHBAHNE HA3IKIBAGTCH UMNAUKQUUelL.

b e amr e s
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NMmnnuxanmic ME MCHONB3YeM TOTAA, KOTAA XOTHM ITo-
KasaTh, YT0 HEKOTOpoe cOOLITHE 3aBHCHT OT APYTOro cobmi-
tad. Hanpumep, nycrs vesoBek ckasai: «Ecau sasmpa Oy-
dem xopowas nozoda, mo s noidy syrsmey . 38eck p = {3as-
mpa Oydem xopowas nozoda} n g = {A noiildy zyrsms}.
Heno, aTo YenoBeK OKAKeTCH JIKENOM JKIIL B TOM CIydae,
€CNH NOToA2 AeHCTBHUTENBHO OKa:KeTcA Xopomield, a TyaaTh
OE He noitzer. Ecau e morofa GyReT nuoxoff, To He3aBUCH-
MO OT TOro, MoiileT OH PYJATE WM HET, BO JIKHK €ro Hejab3a
o6BMHNTL: ofemaHuWe NOATH TYNATH OH NABAN JHMB NPK
yenoBHHW, uTO moroga OGyaer xopormeit.

Onpenenenne 6. Hunauxauyus — norreeckas omepanis, cTapd-
1Iad B COOTBETCTBHE ABYM 2JI€MEHTADHAIM BEICKASHIBAHEAM
HCOBCE BHCKAIKEBAHWE, ABASIOMEECT JOKHLIM TOTEA B TOIE-
KO Torga, KOrga ycrosue (noceinika) — HMCTUHEO, a caredem-
aue (saxaoyenue) — n0AHO, JIOTHIeCcKAd ONEPAINA HMI-
NIRKAINS 3afaeTcd CaexviomeR Talianmeit neTHHEOCTA:

P q pP—a
0 0 1
0 1 1
1 0 0
1 1 1

Mu BEARM, 9T0 AMIDIMKAIAS 38BeOMO HCTHHHA, eCHK
yeJoBHE P JIOWMHO. HPYrUMH CAOBaMH, H3 HEBEDHOTO YCJO-
BHHA MOJKET CJIeORATE BCe, UTO YrogEe. Hampumep, BHICKa-
supanue {Ecau 2 > 3, mo xpoxoduast nemaom} ABLAETCS
HCTHHHEIM.

Hopapnaolllee YUCAO 3ABHCHUMOCTEH MeAY COOLITHAME
MOMHO OBHCATH ¢ MOMOITHI HMIIHKAIMH,

IIpumep 1. McTRRHLIM BHICKaskBaHueM {Eciu HG KQHUKYAGX
Mbl noedex @ ITemepbype, mo nocemum Heaarxueeckuii co-
fop} MBI yTBepKAAEM, UTO B ¢lyYae IPUe3Aa HA KAHHKY-
nax B IlerepSypr HcaaxkmeBckuii cobop MH moceTHM 068-
3aTeNBHO. O

B cooTBeTCTBHH ¢ ONpefeeHNeM HMIIBKALNHE HCTHHHH
CAeAVIOIINEe BHICKA3HLIBAEHAS

a){Ecau 2 x 2 = 4, mo uepes CmoAeHck npomexaem
Hnenp}.
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6) {Ecru wepes CMonenck npomerxaem Ernuceit, mo 2 x 2 = 4),

B) {Ecau vepes CMonenck npomexaem Enuceii, mo 2 x 2 = 5},

r) {Ecau 6ce yueHUKY KAGCCE HATUWLYM KORMPOALRYIO pa-
Gomy no usixe na OMAUYHO, MO CAOKLL 6 Appuke Hu-
sym}.

B) {Ecau uepes Cmonencrk npomexaem Enuceii, mo ace yie-
HUKU KAGCCE HARUULYM KORMPORBHYIO palomy no puau-
Xe Ha OmAuUvHOo),

OTMeTRM, 4TO BHICKASHIBAHMA [) M A) ABIAIOTCA HCTHH-
HLIME MMILTHKaIEAMH K B TOM cJIydae, eC/IH BEHICKAR3LIBAHNE
{6ce yuenuru waacca nanuwwym xonmporvuyw pabomy no
dusuKe HE OMALIKO) ABNAETCA NCTHHHEKM, X B TOM CIyvae,
€CAM OHO ABJACTCA JOKHEIM.

Crepyiomue ABe UMIUTAKAIMHE ABASIOTCA JIOXKHEIMHY, TAK
KAK B HHX NOCKUIKH HCTHHHW, 8 3AKIIYeHHA JOMHEL

e) {Ecau 2 x 2 = 4, mo wepez Cuoaenck npomexaem Enu-
ceit}.

) {Ecau uepes Cmoxrenck npomexaem Huenp, mo Myna
cdenane us mecmay.

Mmnmuxannda, ofpasoBanaAs B3 BHICKasLIBaHW A u B,
Mo:ReT OHITH JRIDHCAHA HA eCTECTEEHHOM SA3LIKE IPH HO-
MOIIY CHefYIOOIMX Dpepno;eHnmil; «Ecam A, To Bo,
«Ha A cregyer B», +A Bneuer B».

Moxxer DnokazaThed CTPAHHBIM, 4YTO BRICKAIKEBAHHE

«Ecnu A, To By Beerja HCTHHHO, BCHIE NMOCKIIKA (BRICKAZKI-

BaKne A) noxua. Ho ana MaTeMATHKA 9TO BHOJHE eCTecT-
BeRHO. B caMoM Aese, MCXOOA M3 JOMHOMN HOCLLIKH, MOKHO
IIyTeM BePHBIX pACCYXOeHMI HOMYIHTH KAk MCTHHHOE, TAK
H AOXKHOe YTBepHAeHME,

Homyctum, gro 1 = 2, Torga v 2 = 1, CKaageBad oTH pa-

. BEHCTBR, MONYIEM 3 = 3, T. €. U3 JIOWHOH NOCH/IKH IIyTeM

TOXIECTBEHHEIX NpeobpasoBanmil MW NOAYIHIN HCTHHHOE
BHICKA3BIBaHAE.

BoarmuABRCTBO MATeMATHIECKHX TeOpeM ABNAOTCH HMI-
JAKanmAMH. OgHAKO Te HMIINKADRHK, B KOTOPHIX IOCHIIKH
(yenosra) H 3aRIIOeHRA (CeICTRAA) ABNAITCE TMPeAJIOXKe-
HHsaMBE Ges B3apMHON ([0 CYIIeCTBY) CBASH, He MOTYT HI-
PaTh B BayKe BaXHOH ponu. OHU ABARZIOTCA GecILTONHEIME
TmpeANoMeHRAMY, TAK KAK He BoAYT K BHBoaaMm Ooflee riy-
foxoro cofgep:KaHuA.
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B mareMaTHKe HE ofHA TeopeMsa He ABIAETCS HMILIHKA-
Ipell, B KOTOPOH yclOBHe M 3akJlouYeHHMe He OmIIN O

& | c¢BAzaE No cogep:xaumo. JIOCTATOYHO JACTO B MATEMA-
THYECKHX TecpeMaX HMINIMKAIMH PODMYJINPYIOTCA B BH-
A€ MORLKG HeoOxoduMoz0 WIH MOALKO G0CMaAmMoiHozo
ycaosuA.

3.2.5. BrckassiBagne, o0pasoBaHHOe M3 ABYX PBHICKA3EIBAHMIL
TIP¥ NOMOIIH CBASKH <TOTAR ¥ TOALKC TOIAA, KOTOas, B JIO-
TAKEe HAShIBASTCH SKEUSAACHMHOCHLI0. DKBHB&ICHTHOCTD
BCHONBEYeTCA B TEX CAYHaAX, Koraa HeobOXoauMO BLDASATE
B3AUMHYI obycnomnensocTe. HanpmuMmep, coofmias: '

{A noayuy nacnopm mozda u moavko moaaa, Kxozda MHe uc-
noanumes 14 zem}, :

WeNOBeX YTBEDIKABET HE TOABKO TO, TTO TOCHe TOro, KAK
eMy UCHOJIEHTCS 14 smer, OH IOJYIUT NACHOPT, HO M TO, 4TO
[aCIIOPT O CMOKeT NOAYIHTL TONBKO NOCKE TOrO, KK eMy
HCOONEHTCE 14 Jer.

Onpenenenne 7. JxsusGIEHMROCs — JNOTHYECKAR ONEpAINA,
CTABAINASK B COOTBETCTBME ABYM 3eMeHTADHHIM BEICKaSHIBA-
HEAM HOEO®, ABJIAKIINeCCS HCTHHHLIM TOTHA B TOJNBKO TOTAA,
HoOTga Oﬁa HCXOMHRIX BRMCKAIBIBAHWA OAHOBPEMCHHO HCTHH-
Hb! AN OXHOBPEMEHHO JOKHEL, JIormueckas onepanuA SKBH-
BAJIEHTHOCTE 3aJaeTcA chaenyiomeit Tabmmie#l meTHHEHOCTH:

P q r-q
0 0 1
0 1 0
1 0 0
1 1 i

PaceMOTPHM BOBMOMCHEI® BHAYEHWS CJOMKHOTO BHICKASH-
BAHNA, ABJIAIONIErocs 3KBUBANICHTHOCTLIO! {Vuumens ymeep-
adaem, umo 5 8 wemeepmu yueHuky ox nocmasum mozda u
moavko mozda, xoeda yuenur noaywum 5 Ha saveme}.

1) ¥Yaenux moxy«ma 5 Ha sadyeTe ® H B IETBEPTH, T. €. yIH-
TeN: BHOOAHUN ¢Boe ofelianne, ¢IeZOBATENLHO, BRICKA-
3BEIBAHHE ABAHETCA BCTHEHBIM.

2) Y4enux Ee mOMyInaI Ha gaveTe §, W yIMTeNXb He IOCTABHI
eMy 5 B 4eTBepTH, T. 8. YUHTeab CBOe obemjaEHe chep-
YAJ, BLICKABHBOHNE ABARCTCA NCTHHHEIM,

3) YueHRK He MOJYYHN Ha 3a9eTe 5§, HO VUUTENL MOCTABHI
eMy 5 B 9eTBeprTH, T. €, YINTLNAL cBOE Obemlanme He caep-
KaJi, BHICKASEIBAHYE ABIACTCH JIOMHLIM.
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4) VueHNK IIONYINJI Ha 3adeTe 5§, HO yIHETENb He MOCTABRIL
eMy 5 B HeTBEPTH, T. €. YYHTENE CBoe ofelllaAue He chep-
KAk, BRICKA3HIBAHHE ABJIAETCH JOMCHEIM.

B MaTeMATHYeCKHUX TeopeMaX 3KBHBAJeHTHOCTE BEIDa-
WASTCH CBEIKOW ﬁHGOﬁKOH,KMO B FOCTATOYUHG» .

38.2.6. PacCMOTpeHHEIE BHIIE OnEpamuH ObLIE JBYMECTHRIMHE
(6uEapHLIME), T. €. BHIOJHINNCE Hall ABYMA ONepaHAAMY
(BpIcKASBIBAEHAMYE). B anrefpe JorwKd ompejieneHa ® ILIN-
POKO IPMMEHAeTCA M OAHOMecTHas (VHApDHAA) omepanad
ompuyaHue.

Onpeneneaue 8. Ompuyanue — jorvdecKkad onepanasa, XKOTOPas

' KaxRAOMY 371eMeHTAPHOMY BHICKAZHBAHMIO CTABUT B COOTBET-
CTBHe HOBOe BHICKARLIBAHME, SHAMEHUEe KOTOPOTO IPOTHBOIO-
JIOKHO ACXOZHOMY. JlormuecKad onmepalns OTpHIaHHe 3aAa-
eTca ¢lleAvIOIOeH TabNHNe#l MCTHHHOCTH:

P K
0 1
1 0

B pycckoM asHEKe ANd HOCTPOSHEHA OTPHIAHEA HCIOMIb-
ayercd CBA3KA <HEBEPHO, 4T0». XOTH CBA3KA <«HepepPHO,
uyro» M He CBASHIBAeT ABYX KaKNX-JIN60 BLICKA3HIBAHUN
B OAHO, OHA TPAKTYETCA JOTHKAMH KaK JIOTHUeCKad CBASKA,
TOCKOJIBKY, MOCTARMEHHAR IIepeA POE3BOJLHEIM BRICKAZEI-
BaHHEM, 00pA3YeT H3 Hero HOBOE,

IIpumep 2. OrpunmaEmeM BHICKasHBaHEA {V Mens Goma ecmb
rxomnviomep} GymeT BricKasHBaHue {Hesepro, umo y MeHR
doma ecmb KoMnbviomep} WIH, 9TO B PYCCKOM ASBIKe TO 3Ke
caMoe, {¥ Mensa SoMa Hem KoMnviomepa}. 0O

IIpamep 3. OTpuuaHneM BHCKasHBAHAA { Ke 3HaW0 Kopeiick020
Azbika} 6yaer BeickaskBanue {Hesepio, wmo 4 He 3Haio Ko
peiicko20 asvikal nan {7 snaw xopeiicxuil asvix}. O

Opumep 4. OTpuuanveM BHICKasHBaEudA {Bee onoww 11-x xrac-
c06 — OmMAUXHUKL} ABNAeTCA BRICKassBaERe {Heeepro, wmo
sce wnowy 11-x kagccos — omausnuru} unn {He sce wHO-
wu 11-x Kaaccos — OMAUYHUKU)} WA APYTHME CIOBAME,
{Hexomopvie 1onowu 11-x Kaaccos — ne oMAUSHUKLY). 0
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Ha nepemi B3rIaf KaxkeTcd, YTO IOCTPOMTH OTPULAHHE
K 3aJaHHOMY BEICKASHIBAHMIO ZOCTATOYHO HPocTo. OgHaKO
2TO He TAK.

IIpumep 5. Buickassiranre {Bce orowiu 11-x waaccos — we om-

AUYHUKU} He SBAAETCA OTPHUAHHEM BrICKA3hIBaHES {Bce
ionown 11-x xraccos — omauvnuwu), ObbacEgeTca 3TO
caeayomuM ob6pasom. BrickaswsiBaRue {Bce wxowu 11-x
KAQCCO8 — OMAUYHUKU) NoKEO. OTPHNAHHEM K JKHOMY
BRICKA3RBABHIO SO/IKHO OHITH BHICKA3KIBAEHE, ABAAILGICECA
"AeruHHEM, Ho srcxassisaaue {Bee onowt 11-x kagceos —
He OMAUMHUKU} He ABRASTCA MCTHHHEIM, TAK KAK CPeAH
OENHHARIATHKAACCHEKOB €CTh KAK OTANIEHKH, TAK H He

. OTNHYHHKH. O

HOpumep 6. Ina seickaswBaBua {(Ha cmoanxe cmosam xpackvie

«Muzyrus} crnegyomue OpeanoxReans OTPUDAHHAMU HB-
aaTecs Be Oymyr:

1) {Ha cmosKrke cmoam He KpacHbie «Kuzyrius};

2) {Ha cmoanxe cmoum Oenutit sMepcedecsr};

3) {Kpacnuie «Ruzyru» cmoam He HG CMOARKKeE}.
ITonpo6yiire aToT mpuMep pasoGpaTh CaMOCTOATENBHO. Hl

poaHanA3HpPOBAE NPHBeKEHHEE IIPEMepPhl, MOMHO BEI-
BECTH IIOJNIE3HOE IIPABHIO.

IIpaBHIO FOCTPOSHHAA OTPHUAHNA K NPOCTOMY BRICKA3BIBAHHIO

IIpa MOCTPOSHKM OTPHIAHKUA K IPOCTOMY BHICKASKRIBAHUIO
Jnb AcIonb3yeTCA pedeBoil 06opoT +HeBepHO, YTo», JubO OT-

pHIOAHHMe CTPOMTCA K CKASYeMOMY, TOTZA K CKA3YEeMOMY AO-
GaBiAeTcA JacTHIA <He», IIPH STOM CJIOBO «BCe» 3aMeHAeTCH
HA ¢HeKOTOpHe» H HaolopoT. A

B 3axmi09eHne NpHBEefeM CEOTHYVIO TabMHULY UCTHEHHOCTH
ANA BBEeAeHHBIX JIOTHUECKUX OIlepamuii,

pla| P |p&qg| pva | pDg|p~g|p~¢q
o] o] 1 0 0 0 1 1
01 1 0 1 1 1 0
1/0] o 0 1 1 0 0
11| o 1 1 0 1 1
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B clexyiommx BHICKASHBAHHAX BHIACIATE NpPoCTHEe, 0003HA- -
4EB KaxkJoe HX HUX OYKBOi; saIMmIATe ¢ NOMOMbIO OYKB &
3HAKOB AOTUYECKHX onepanuﬁ Kaac.qoe COCTaBHOE BHICKASHI-
BaHMe. :

a) Yacno 376 yeTHoe M TPEXIHAYHOE.

0) 3aMoil ZeTH KATAKTCA HA KOHBKAX WA Ha JLDKAX.

B) HoBmlil rof Mul BCTpeTHEM Ha fAade Jubo Ha KpacHoi mwiro-
magu. ' -

r) HeBepno, ur0 CoNBIEe ABMIKETCHE BOKPYr 3eMAH.

&) Ecnu 14 okratpa 6y,ue'r COJIHETHEIM, TO 3HMa OyfeT Tem- -
JoH. '

e) 3eMna umeer dopmy mapa, Ro'ropmﬁ H3 KOCMOCa KameT-

cd TOAyOHM.

%) Ha ypoxe MaTeMATHKE CTAPINEKJACCHUKE OTBEYANA Ha

BOHPOCH ytnrrena, A TaKMe HHCAAHE CAMOCTONTeILHYIO
pabory.

3) Ecau Buepa 6run0 nocicpecen:be, 10 Jlmma puepa He GHA B
mMKoJe U Bech AeHb I'YIIAI.

7) Bcmu cymma mudp BaTypaapHOro ©Hcaa feauTed Ha 3 TO
YHCAO AeJAMTCA HA 3.

K) Uncno aennrea Ha 3 TOIAA M TOJALKO TOTAA, KOTAA OYMMB.
nudp Gmcna AeRwTCA Ha 3,

Huxe nmpasegena Talanna, jepad KOMOHKA xo'ropoﬁ cogep-

JKMT OCHOBHEI® JJOTHYeCKHE COXOSH (CBAIKH), © IIOMOINEIC KO-

TOPEIX B €CTECTBEHHOM ASHIKE CTPOATCR CHOMHEIC BHICKAJKI-

BaRMSA. BAOONHATEe OPARYIO KOJOHKY TAGMHNEI HASBAHMAMY

' nanﬁonee RNOZXORAMMR JOTAICCKEX onepalum

B oCTeCTREHHOM S3HKe " ‘B norare
n ) .
BN
_HesepHo, 110
Xo0TH .
B TOM M TOJBKO B TOM CAyIae
| HO '
| a_
Ecnn ..., To
OFHAKO
TOIZA H TORLXO TOTAR, KOraa
JIubo ..., Anbo -

EeO0XOAHMO B ZOCTATOUHO




Beenenne B aarebpy JorEKN 163

3.

4.

B ecTecTnenitoM A3RIKe B noraxe
Ha ... caegyer...
ver BIEETET ...
v+ PABHOCHAIBHO ...
e HEOOXOXHNO ...

“e 500'1‘&1'0‘!!!0 =

IIocTpofiTe 0OTPUNAHASA CAEAYIONIAX BHCKASHIBaHAIN.

a) Cerogaa B TeaTpe mpeT onepa <«EpreHuit OHerus».

6) Kaxxpablii OXOTHUK JKeJaeT 3HATH, A€ CHAUT (dazaH.

B) Yucno 1 ecTs mpocToe YHCIO.

T} Ynucao 1 — cocrashoe.

A) HatypanbHHe u@cia, okaHuMBaolnueca nudppoit 0, aB-
JATCI NMPOCTHEIME YHCAAMH.

e) HeBepHo, uTO 9uci0 3 He ABAAETCA AcHHTeNeM YHCIA
198.

x) Koxst permms Bce 3afiaHMA KOHTpoAbHOI paGoTEL

3) Hesepuo, TT0 110600 YHC0, OKAHIABAIOIIeECE MADPOH 4,
AenmTca Ha 4,

n) Bo BCAKON IIKoJe HEKOTOpHe VWeHUKH HHTEPeCYIOTCH
COOPTOM. '

¥} HexoTophle MJIGKOMHTAKINHE He XKWBYT HA CyIIe.

HBnsA10TCA M OTPHOAHUMAMHE ZPYT Zpyra cAeRYIOIIHEe NMaphl
TpeANOoKeHHA?

a) O — Mol gpyr. OB — mofi mpar,

6) Boapmoit gom. HeGonsimoft AoM.

B) Boapmoit gom. Manenrkmit oM.

X>2 X<2

IIyeTs p = {Ane npasames yporu mameMamuruy, a ¢ = {Ane

Hpaeamces ypoxu xumuu). BripasuTte caeayomee hopnysl
Ha eCTeCTBEHHOM fA3HIKe,

ajp&q,  Dprpvg =wp&y; K)p—g;
S)p&q; mMpPveg  3)pvg; mp—q;
B)p&yq; epvy  wp&y ®)p—q.
B MaTeMaTHUeCKHX TeopeMaX MMIDIMKAINKA BEIPAKASTCA He
TONBLKO CBASKOHN «eciN ..., To» . BHICKasLIBAHHE ¢« TOTO YTO-
6Bl BEIICJHAJIOCE A, LOCTATOYHO, 9T06E BHIOIHANOCE By co-
OTBETCTBYET BMIUIHKAIHY (B — A). 3allMIINTe B CHMBONMHUKE

anrefpnl JOrHKH AMOAHKAIIAIO «IJA TOTO ITOOR BHITOJHS-
JA0Ch A, HeoOX0aUMO, YTOOR BHIOAHAIOCE B,
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§ 3.3. NNornvweckne hopmynut. 3akoHbl anrebGpbl
NOTUKH

MareMatuku Dop cIoBoM «aymelpas IOAPA3YMEBAIOT HAYKY,
KoTopad M3yJaeT HeKHe o0beKTHI M oHepanuy HajJ HUMH.
Hanopumep, mKonbHas anrebpa (anreGpa AeiicTBHTeNBHEIX
YHcea) H3y4aeT AeHCTBHTENLHLIC YHCIA M OINEPAITNA HAaX
mumH. [IpeaMeToM Jxe HAaIlero M3ydeHAA SBASIOTCA BHICKA-
SHIBAHAA, oflepauli HAJ HHMH, & TaK)Ke JOTHIecKHe (YHK-
mun. B mpepnaymax naparpadax gnda o60sHaueHRS BEICKA-
SHIBAHMH MH UCIIONB30BATH OyrBEI. Kax 1 B anrebpe geict-
BHTENBHBIX 4YHACEJI, BBENEM CieAVIONIAe onpeneneHHsd.

Onpenenenne 9. Jozuxeckoii nepemeroll HAZKBACTCA epeMeH-
HadA, BHAYeHHeM KOoTopoll Mo:KeT OHTE AI000e BRICKAZHIBA-
Hue. Jloruyeckue nepeMeHHEIe (fajee «IepeMeHHEIe*) obo-
SHATAOTCH JAATMHCKEME OYKBAMH, HHOTAA CHaOKeHHEIMM
MBIeKCAMH, KAK OOMUYHRIe airebpandeckHe IIepeMeHHEIE:
X Y Xy Yyp X Y, B T.IL

ITomaTue Jdoruyeckoil GopMyIaH ABIAeTeS dopMammnsa-
uueil TOHATHA CAOMKHONC BEICKAIEIBARMS. BBefleM ero HE-
AYKTHBHO. '

Onpenenenne 10. Jozuveckoli gopmyaoii asnaercsa:
1) nmofasa noruueckas MepeMeHHAN, A TAKKE KaKaada H3

ABYX NOTHYeCKUX KOHCTAHT — 0 (oks) 1 1 (meTnna);
2)ecin A u B — dopmynss, To B ¥ A*B — Tome dopMyiIH,

rie 3HAK +*» o3HAdaeT AO0YI0 H3 JOTHYECKUX OHHADHEIX

olepammii,

Dopmynol ABNAeTCA, HAIPHMED, CASKYIOIEe BEIPANKe-
uue: (x & y) - 2. Kaxaol dopmMysne npy safaaHLEIX 3HAYE-
HHAX BXOAAIINX B Hee IIePeMeHHEIX IIPHIIMCHIBASTCHA ONHO
B3 ABYX 3HadeHHMH — 0 maum 1.

Onpenenenne 11. ®opuyne A m B, 3aBHCAIINE 0T OJHOTC A TOTO
ie HabOpa NMepeMeHHHIX X,, X, Xg; ., X,, HA3HBAKOT PAsHO-
CURbHBIMI AAHN 3K6USAACHMHbIMY, eCTH Ha TI000M Habope
SHAYEHUI MEPEMEHHBIX X, Xj, Xz -y X, OHE HMEIOT OAHHA-
KoBHIe 3HauYeHHA. JLns oldospadeHnA paBHOCHABHOCTH (HOp-
MYJI MCOONB3YEeTCS 3HAK PABeHCTBA, Hanpumep A = B.

B panpheitmieM 6yaer moxasafo, 4To Jobyio Gopmyny
MOMKHO mpeoOpasoBaTh ¥ PaBHOCHJABHON eil, B KOTOpoO# Mc-
HNOJB3VIOTCA TOJABKO AKCHOMATAYECKH BBEIeHHEIC onepal:mn
&, v ¥ orpHnmaHMe.
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Ina npeoBpasoBauna GopMysn B PABEOCHIBHEIe BAKHYIO
POAEL UIpajoT CASAVIONKE PABEHCTEA, OTDANKAIOMAE CBOKCT-
Ba JIOTHYCCKWX omepanui, KOTOpLIe M0 8HAJOrMHA ¢ aared-
poil BeljeCTBEHHHNX 4mceJ OyAeM HasHBATHL JAKOHAME:

1) 3aKOHLI KOMMYTATHMBHOCTH
*x&y=y & x,

XVY=yv

2) 3aKOHBI ACCONUATHBHOCTH
&Y &z=x&(y & 2),
xvyyvez=xviyvay

8) 3aKOHEI MOrAOImeHHA (AYNA M egHHHMIEI)
xvl=x,x&l=x;

4) 3aK0HB OECTPAGYTHBHOCTH
x&(yva=(x&y vix &2),
xvy&a=(xvy &(xv2);

5) 3aKOH HPOTHBOPCIRA

x & x=0;
6) 38KOH MCKIIOUEHHOTO TPETHEro
*xrvx=1;

7) 3aKOHLI BICMNOTEHTHOCTH®

x & x=x,xvr=25x
8) 3aK0oH JBOHHOTO OTPHOAHMA

=

T =x;

9} saaxonr1 ge Moprana
x&y=xvy,
Ivy=x&y;

10) 3ax0oHH NOYTAOIICHHES
xvix&y==x
x&xvy=u=x

JIo6o#t 13 THX 3aKOHOB MOMKeT OBITEL JIerKC AOKA3aH C IIO-
Momibio TafauO HCTUHHOCTH.

IIpumep 7. HokaskeMm mepBHit 3akoH e MopraHa ¢ NCHOJIb30BA-
HxeM Tabman mcrnarocTH. [Hocrponx TabAAIY HCTHHHOCTH
AnA neBoll ®m npapoil yacTelt 3aKoHa.

1 OT paTHHCKEX cnNoOB idem — TOT e CaMHE H potens — cHABALI; ZOCHOBHO -
PABHOCHALHEL.



166 ' Tnasa 8

x v &y |x&y| = ¥y |=vy
0 0 L) 1 1 1 1
0 1 0 1 1 0 1
1 0 Y 1 0 1 1
1 1 1 0 0 0 0

Tax Kax pesyARTHDYIOIIUe CTOAGIE! COBNALA, T0 GOPMYIEI,
CTOAINHE B JIepo# ¥ NpaBoit 4ACTAX 38KOHA, PABHOCHNBHEL, [

Jwboit 3 saxoHOB asre6pHl JoraxkyM MokeT GHTL ZoKa-
3aH NYTeM JIOTATECKUX DacCyRKIeHHI.

Hpumep 8. JokaxxeM Nepsbiit 3aKOH Noriomennus x v (x & y) = x
myTeM JOTHYeCKHX paccy:xaeHmit. Nna aToro AOCTATOUHO
OOK&3AaTh, YTO eCAM NpABAA 9HCTH HCTHHHA, TO H JeBas
9ACTH HCTHHHA, ¥ YTO €CJIN JeBafA YACTL HCTMHEA, TO H IIpa-
Bad 9ACTH HCTHHHA,

IIyerr merwHEA npaBas 4acTs, T. €. X = 1, Torna B JepBoit
YACTH AUSHIOHKIHA X Vv (x & ¥) HCTHHHA NO ONpeAeNeHnIo
OE3bIOHKOwH, [IycTs HCTHHHA JeBasdg 9ACTE. Toraa 1o oope-
AeIeHAI0 AN3BIOHKLENA ACTHRHHA MIH GopMyaa x, UaH dop-
myna (x & y), uan obe 3T GOPMYIH OXHOBpeMeHno. Ecm x
n0kHA, Torda (x & y) NOKHA, CHEACBATEILHO, X MOMKeT
GHITH TOJMBKO UCTHHHOM, O

Eme omENM cmocofoM BHBOAA SAKOHOB ABAAIOTCH Mowncde-
CmeenRble Npeodpaszveantii.

IIpumep 9. IlepBriit 3aK0H MOTACIIEHER MOXKHO BEHIBECTH NPE [O-
MOIIM 3aKOHOB NOrAOMIEHUA eAHHHIIN H ANCTPAGYTHBHOCTH:
xvix&yY=x&l)vx&yY)=x&(1l vy =x [
Onpepencame 12, ®opuyna A HasHBaeTcd masmonozuett (Aan

TOXRECTEeHHO MCTHHHON), €C/lM OHA HCTHHEA IpH MIOOGEIX
3HAYEHEAX CBOHX NE€PEMEHHBIX.

Hpnmep 10. TasTonormeit apageTcs GopMyIa X v X, BHIPAKAIO-
I0adA 3aK0H UCKII0YEeHHOTO TPeThero. (]

B anrefpe NorMEKR AHZBIOHKIHIO elle HASHIBAIOT JOrHIe-
CKUM CHIOMCHMEM, & KORBIOHKIHIQ — JOTHYSCKHEM YMHOMKe-
HEeM. Ecay npoaoakaTs aHANOTHIO MeXKAY JOPHYSCKHMHA H
apupMeTHIeCKHMH ONepaltHAMH, TO ONepalAd OTPHGARHS
00 HEKOTODHIM XapDARKTEPHCTHKAM AHANOTHYHA VHAPHOMY
MHHYCY.
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IIna norudeckmx omepampit YCTAHOBIECH CICAYIOMAA HO-
PAAOK BHUuciaeruit: 1) orpunanue; 2) KOHBIOEKDN;
3) AU3BIOHKOUA (CTPOTAE E HecTporad); 4) EMOAAKALHA
H 9KBEBANEHTHOCTE.

IlosroMy npn 3anucH JOTHYECKEX (GOPMYJ ¢ ECOOAB3OBA~
HEeM 3THX onepanu¥ ckobKE TpeGyeTca PacCTaBAATH TOMb-
KO A4 TOTO, YTO0H E3MEHATH DOPAACK BEIIOJHEHHS Oonepa-
ouit, uxcnpopamEHi no ymoadauwmio. Hampmmep, BEIpa-
¥eHne X v y¥ & z TpakTyerca Kak x v (¥ & 2).

Bonpocsl X1 3anaHnA

1
2.

3.

Kakye H3 DAaCCMOTDEHEHIX JOTHYECKHX 3AKOHOB AHAJNOIHMY-
EH 3aX0HAM AnTelpn THCEN, 4 KAKHE HeT?

JoxaxuTe BTOpOH 3aK0H ,ne Mopranua ¢ moMoIslo Tabmn He- .

THHHOCTH.
P accuo'rpn're ABA -CAOXKHEIX BEICKASEIBAHUA

= {ecaH OZHO CAaraeMoe AeJAHTCH HA 3 M CyMMA JAeSUTCA
na 3, TO B Apyroe ciraraeMoe JeJIATCA Ha 3};

= {ecqm OXHO CclaraeMoe AeAMTCA Ha 3, a Apyroe He Ae-
.rm'rcaHaS TO CyMMa He AeNATCA Ha 3}.

PopMann3viiTe ?TE BECKAIHIBAHKA, NOCTpoiiTe TAOAAMEL
MCTHHHOCTH AAA KaKACH A3 moryIeHHRNX dopMya u ybean-
Tech, YTO PeSYARTHPYIOI{Ae CTOX0NEI COBIIAZAIOT.
PopManH3YHTE CACAYIOIMENEe BHICKASHBAHKA M IOCTpoiiTe
ANA HEX TAaGNIHUBI HMCTHHHEOCTH

= {ecnn BCe CTOPOHEI YeTHIPeXYTOMBHUKA PABRHE M OTHUH
H3 ero YTJIOE NpAMOM, TO 9TOT YeTHIPeXYIOJBHEK ABISAeTCS
KBaJ[paToM};
F, = {ecsut BCe CTOPOHE! UeTHPEXYIOJLHEKA PABHEL, 4 OH He
ABIIAETCA KBAApPATOM, TO OZHH M3 €ro yIVIOB He SBIAETCA
IpAMEBIM}.
Ana onepanyuil AMIIAKAINE, 3KXBEBAJIEHTHOCTH B pAs/e/n-
TeARHON AUSTIOHKINN TAKME MOXeT OBTE ¢POopMYAHPOBAH
pPAa BAXKHEIX cBolicTB. B YaCcTHOCTH, KaXKaad U3 9THX OoIepa-
nEil MoKeT OEITh BHPRKEHA Jeped KORBIOHKOKIO, AUBIOHK-
OFI0 B OTPEIAHHE. YOSAWTECh B HTOM, ZOKAZAB CAMOCTOS-
TeJBHEO CAeAVIOIINe COOTHOMIeHHA:

a)a->b=avb
Oa~b=a&bvak&l
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Bla®b=a&bva&bd
na—->b=b->a
Na~b=(@-—>b&®d->a)

8. Haiigpre x, ecam (xva)v{xv @) =5

7. Kaxye n3 caeayiomux GopMya ABAAIOTCH TABTOJOrAAMHA?
a)a&a;
6)a—> (> a)
B) (¢ & b) - a.

8. Jloredeckan PopMyna HASBIBACTCH MoNCecmMEeHHO RONCHOLL,
ecJIH OHa OpARWMAaeT 3Hadesne (0 Ha BceX HABopaX BXOBAOINX B

Hee IepeMeHHBIX. Yrpocture dopmyny a & (a - b) & (@ > b)
H NOKAKHATE, TTO 0HA TOXKASCTBEHHO JOKHA.

§ 3.4. MeToan pelweHns NOrnYecKmx sanay

HceXoAERIME AaHHRIMHM B JIOTHYSCKHX 3ajadax SBIAIOTCH
BRICKASHIBAHNA, JTH BHICKASHIBAHNA W B3aMMOCBAZH MEEILY
BHMH OHBAIOT TAK CHOXKHEI, YTO pasclpaTeca B HEX §e3 He-
TOAB30BAHUA CHEIHANLHEIX METOA0B AOCTATOYHO TPYXHO.

Muorne JormdecKHe 3aA84H CBA3AHH ¢ PACCMOTPEHHAEM
HEeCKOJBKEX KOHEeMHEIX MHOMECTE A CBA3ell MeXAYy HX aje-
MerTaMH. {74 peleHUA TAKHX 384449 3a9aCTYIO OPHGeraioT
K DoMomu Tadiann HAH rpadoB, OpDA TOM YCHEIIHOCTH pe-
nieHUA BO MHOIOM S8BHCHT OT YAAYHC BRIOPAHHOH CTPYKTY-
pH rabaunel BAR rpada. AXuapar xe anrTefps JTOTHKHA Io-
3BOJIAET HOCTPORTL (DODPMAABHEIN YHUGEPCAABHBLE CIIOCOD
pelleHHMA JOTMYEeCKHX 3anad.

PopMaasHMH coocol pemeHHd JOTHYSCKHX 38434

1. BefeaBTEh H3 YCIOBUA 38A4%H DIeMEeHTAPHEe (IPOCTHIE)
BEICKASHBAHEA ¥ O003HAYUTE mX GyxpaMu.

2. SanucaTh ycroBMe 3aRa9H HA ASBIKEe aNreSpH JOTHKH,
COENMHHB NIPOCTEIe BEHICKA3HIBAHMA B CA0KHEIE ¢ IOMO-
B0 JOTHIeCKHX Omepammi,

3. CocTaBHTEL elMHOE JIOTHYeCKOe BEIpAKeHne I BeeX Tpe-
fopaHHMI 3agAqH.

4. Ucnonbays 3aK0HE aarefipsl IOTAKA, ODONLITATLCH YOPO-
CTHTH ODONYYeHHOe BEIpAXeHWe H BEIYIMCIHTE BCe ero 3HA-
9eHHA aubo NocTpoHTh TabAHIy ACTHHHOCTH ANA Pac-
CMaTPHBAeMOTO BHIDAasKeHHA.
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5. Beifpare pemrenime — Habop 3BaYeHWH OPOCTHIX BHICKA-
BEIBAHUH, IIPH KOTOPOM HOCTPOEHHOE JIOTHYECKOe BHIDA-
JKeHHe ABIACTCA HMCTHHHEIM,

6. IlpoBepHTh, YAOBNETEODAET JH HOJIVIEHHOe pellleHHe
VCJOBHIO 3aAaYN. AN

PaccMOTPHM, KAK MOHO HCOOJB30BATH AAHHEIA cIocob
OIS PellleHHa safad.

IIpnMep 11. Bagaup <YpOKH JIOTHKH».

Ha ponpoc, XTo B3 Tpex ygammxcs M3y4asa JOTHKY, O
nmosydeH oreeT: «Ecam msygan mepshii, To M3ydan ¥ BTO-
poii, HO HeBepHO, WTO €CHM H3ydaJ] TPeTH#, TO H3yual B
BTOpOit». KTO M3 yuaDimxcs uaydaj JOTHKY?

Pewenue. O6osHauuM uepes P,, P,, P, BEICKASKHIBARUA, COCTOH-
miye B TOM, UTO COOTBETCTBEHHO MEDBBIA, BTOPO#, TpeTHit
yuammiicd H3yYany JOrHKy. Vs ycmoBHS 3aAaud CAeAyeT
HMCTHHHOCTD BLICKasHBAHEA (P, » B)&(F — B).

Bocnonpayenmca cooTHOmeRneM @ ~> b =a v b (eMm. § 8.3,
safaHMe $) H YIOPOCTHM NCXOAHOE BRICKASHIBAHME:

P, ->P)&EB, > P) =B vE)&(BVvE)=
Brickagnisaaue P, & Fz JIOKHO, 8 CIeAOBATENbHO, JOMKHO I
BHICKasuBaHMe P, & P; & P,. IlosroMy AOKHO GLITH Mc-
TAHAKM BhicKaseBaHue P, & P, & P,, a 270 osHauaer, uTo
JOTHKY H3y4aA TpeTHH ydaImuiics, a NepBLid B BTOPOR He
FSVYAJIH. O

Ina penieauns caeayionleil aagaun COCTABAM JIOrHMdecKoe
BHIDAKeHAE, YAOBRIETBODAIOIIee BceM VCJIOBHAM, 3aTeM 3a-
NoRHEM ANA Hero TAOAMOY HCTHHHOCTH. AHAIHN3 HOXYyIEH-
HOR TAOGAHUN MCTHHHOCTH MO3BOJNT DOIYVIHTE TpeSyeMEiil
pesyabTAaT.

Ilpnmep 12, Bagaua «Kro BHHOBAT? »

IIo o6BmHeHHI0 B OorpaljeHHM Tepen CYAOM IPEACTANH
Heanes, Ilerpos, Cugopor. CreacTBHEM YCTAHOBIEHO:
1) ecim HBanoB He BHHOBeH Wi IleTpeB BHHOBeH, TO CAgo-
POB BHHOBEH;
- 2) ecim UBanoe He BRmHOBeH, To CHIOPOB He BMHOBEH.
Brnosen iu Heanop?
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Pewenue, PaceMOTPHM IDOCTEIE BLICKAIBIBAHUA:
A = {HpaHOB BHHOBeH},
B = {Iletpop BHHOBeH},
C = {CupopoB BHHOBeH}. L
~ SanunieM HA A3KIKE AIre0pnl JorExH GAKTH, yCTAHOBICH-
EBl® C/IeACTBHEM:
(AvB)->C
A-C. : :
Otosuagnm F = (4 v B) - C) & (A - C) — eamuoe normye-
CKOe BEIpRIKEHHEe ANg BeeX rpebopannii sagayn. OHO HCTHH-
#o. CocraBuM ANE Hero TAGANOY MCTHHHOCTH:

Ll L Ll Ll =11 (= [-1}

GG N =AL-

o | it et [ s | | €Yy

- -—ojo|e|o |-

PemruTe AaHHYIO 38484y — 3HATHT YKA34Th, IPH KaKHX
SHAYECHHAX A DONYYeHHOe CIOMHOE BRICKaswBaHMe F HC-
ruEHO. [ aroro HeofX0 UMO IPOAHANNSEPOBATE BCE CTPO-
K# TAGANIE UcTUHHOCTH, rie F = 1. U ecan xora 6ul B 0F-
HOM I3 TakHX caydaes A = 0 (Hpamop He BHHOBEH), TO ¥
CAeNCTBHA HeZOCTATOUHO GAKTOB AAsd TOro, 4Tobm OOBH-
BuTs FIBAHOEA B OPEeCTYILUICHHAH.

Anamus TabJUOE NOKA3HBAeT, UYTO BHICKasbiBarne F wmc-
THHHO TOJLKO B TeX cny4asX, KOorga A meTAHHO, T. ¢. Hpa-
HOB B orpableHHN BUHOBEH, 0

Haorga, ana Toro 4Telhl peIIuTs 3aJaTy, HeT HeobXonu-
MOCTH COCTABJATH eAWHOE JOrHdYecKoe BBIpAXKEHHE, VEOB-
JIeTBOPAIOIICS BCEM YCJIOBUAM 38Ja9H, AOCTATOYHO ooCcTpO-
ATE TAONHIY RCTHHHOCTH, OTPAMKAIINVIO KAMIOE YCIOBHE
sayady, ¥ NPOAHATHINPOBATE ee,

IIpamep 13. PeniaM TexcToBYIO 38589y, DOCTPOME COBMECTHYIO
TabAULy HCTEHHOCTH ANA YCIOBHEA 38890 N IPAHATHSHPO-
BaB €e.
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Tpr noapasgenenua A, B, C Toproeoil pupMLl cTpeMH-
JIHCH TOMYIRTH IO HTOTAM roAa MAKCHMANRHYIO TpHOBUIE.
OKOHOMHCTH BHICKA3AJH CAeAYIOIHE OpeANONOKeHA;

1) A nonyunr MaxcHMANBLHYI0 OPHGHIIL TOJLKO TOTAA, KOT-

Jia OoJaydaT MaKCHAMadbHyio nNputuas B u C,

2) JImbo A u C mosyqaT MakcEMaAsHYIO HpHOLIIE OJHOBDE-

MeHHo, Ju60 OZHOBPEMEHHO He IIOJYHAT,

3) Ana roro 9To6H nozpazpenerre C IOIYINNAO MAKCHMAIb-

"y OpECGHIL, HeoGxoaEMo, uTolsl M B momyunnzo Mak-

CHMAJIEHYI0 TIPHOLIIL.

IIo 3aBepllleHNH TOAA OKA3AJI0CH, ITO OZHO H3 TpeX Npes-
noAOKeHEH JNOMKHO, 4 OCTANLHBIC ABa HCTHHHH. Kakue m3
HAZBAHHELX HOApA3KeNeHHN MoayqIaas MaKCHMAIbHYIO IIPH-
Oab?

Peutenue., PaccMoTpuM IPOCTHG BHICKASHIBAHMNA:
A = {A DOAYIAT MAKCHMAJIDHYIO NPBOHIIb),
B = {B mony4uT MAKCEMAJBHYIC OPAGHIb},
C = {C mony4nT MAKCUMAJBHYIO MPUOHLIB).
Sanumem HA A3EKEe AJAreGpPH JOrAEM NPOTHOZK, BEICKAZAH-
‘HbI€ 9KOHOMHBCTaMH.

LHF,=A->B&C;
) F,=A&CVvA&T;
38) F, =C —» B,
CocrasaM Tabnuuy uctEHHOCTH Aua F,, F,, F,.

AlBlc]|Fr{F|F
0 |l o] o | 1] 1]1
o o[ 1] 1o} e
o [ 1 ol 1 [ 1] 1
o [1 1110
100 |o o1
it [ o[ 1 ]Jo0o]1]o
1| 1[0 o0 1
1 [ 1 [ 11 [1

Teneps BcnoMHMM, 94TO OAMH m3 nporHosos F,, F,, F; oka-
SAJICH JIOWKHBIM, A OCTAJIEHEIE B8 — MCTHHHLEIMU, JT& CATY-
alnsg COOTBETCTBYeT UeTBepTO#f cTpoke TabaIuOEL.

Omsem: B 1 C monydaT MaKCHM&IBEVIC IPHOLING. (H
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Ecauz uneno NIpocTHX BHCKASHBAHWE B pemaeMol saaade
Gonpoie Tpex, To TAGMNIA MCTHEHOCTH HAcUATEBaeT 16, 32 1
Gonee CTPOK, ANONHATE ¢ BPYIHYIO AOCT4TOYHO TPYAOEMKO,
VMeRRe 3aM0MBATE TAGAHAOY HCTHHHOCTH C HpHBJIeYeHHeM
KOMITBIOTEpA MOMOTAET IpeoNoJieTh 3T0 HeyxobcTBo.

Bonpocu U 3apaHus

1.

Baxsua «BaaloTHEIe MAXHHALIRH» .

B napymeEum mpaBun ofMeEHa BAJNKTHI HOAC3PEBAIOTCH
veTHpe pabormmkxa Ganka — AHTHOOB (A4), Bopucos (B),
Hzeerror (C) u qumurpuer (D). HaBectHO:

1) ecim A Rapymnn npasuiaa ofMeHa BAMIOTHL, TO B B Hapy-
IIMIT;

2) ec;z B gapymmni, To B C Hapymma mmA He HapyIoum;

3) ecmt D e HEapymma, 10 A HAPYIIKI, a C He HApYIIIAN;

4) ecaim D papymmuia, T0 M A HapymuA.

Kro w3 mogospesaeMEIX HADYIIMI OpaBHiaa oOMeHA Ba-
moTH?

Bagada «HaTepo gpyaeiir,

IIarepo apysell pemnan 3amMCATECA B KPYXOK JobuTe-
Jeii Jorudeckux 3agaw: Amapeit (4), Hzxonad (N), Buxrop
V), I'paropuit (), Ouurpnit (D). Ho crapoera Kpy:XKa 0o-
CTABMJ MM PR YclaoBHil: «BH ZONKHB IPAXOAAT: K HAM
TaK, 9TOOLL:

1) ecnu A npuxoanT BMecte ¢ D, To N HommeH NPHCYTCTBO-
BaTEk O0A3ATEIHHO;

2) ecnx D orcyrerayer, T0 N goxeH Gunith, A V myeTs He
OPHXOAHT;

3) A m V He MOrYT OAHOBpeMeHHO HE IPHCYTCTBOBATB, HE
OTCYTCTBOBATD;

4) ecmm mpuper D, To G nycTs He NPHXOAWT;

5) ecia N oTcyTeTByeT, TO D ROHEH NPHUCYTCTBOBATE, HO
9TO B TOM CIIydIae, €CAN He XpHCYTCTBYeT V; ecliE Ke m V'
TIPHCYTCTBYeT HPH OTCYTCTBHH N, To D npmExopmTs He
JommeH, a G AZomMKeH OpPHATH».

B kaxom cocrase ,qpyam CMOTYT HOpPWHATH HA 3IAHATHA
KpyXKa?

. Pemmre JOrUYeCKYHO 38429y, ACIOAL3YA TOABKO airebpam-

YJeCKHe npeoﬁpaaonama JIOTHYECKHX hOpMYyII.

Bpayry, H:oncy B CMHTY NpeABABJIeHO 0GBAHEHNE B CO-
ydJacTiu B orpabnenun Gankxa. IIoXWTHTeNM CKPHIHAChL HA
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noZxugasmeM ux apromobuse. Ha cremereur Bpayn noka-
sajl, WTo NPeCTYIHUKH CKPBUINCE HA CHHeM «DBrioHEKe»;
JsxoHC cKasan, aro 9Te Onin YepHult «Kpaitcneps, a Cvur
YTBeDHAAN, ITO 370 OBl «Popxm MycTaar» E HA B KoeM
caygae He cmHHE, Cranoe H3BecTHO, YTO, Kejad ZAaHyTATH
CleACTBHE, KUKIEIA M3 BHX YEASAA DPABHJILHO Au60 TOMEB-
KO MapKy MaIMEH, AH60 TOARKO ee IpeT. Kakxoro mpera B
Kako#l MapkMm ORI SBTOMOOUIB?

Pemnre JOrHuecKyo 3afady, ACHOAB3YA TOALKO ajrebpan-
yecKHe IpeolGpa3oBaHMs JOTHISCKUX PopMyII.

Jlna monapHOM YKCNeARNNE H3 BOCHEMH OpeTeHAeHTOB A,
B,C,D,E, F, G e H aago oro0paTs MIeCTePHIX CIeLHAIN-
cToB: GMoNora, rAAPOJIOTA, CHHOOTHKS, PAAHCTA, MEXAHAKA
um Bpada, ObasannmocTn 6mosora Moryr BHNOJMHAT: E u G,
rupponora — B u F, cunontaka — F 1 G, pagucra — C m
D, mexanuka — C m H, Bpava — A m D. Xora mexoroptie
NpeTeHAeHTH BAAACIOT EBYM#A COENEANLHOCTAMHE, B 9KCIE-
ORIHE KAKALIA CMOXKeT BHIONHATE TOJLKO OfHY o0A3aH-
HocTh. Koro M KeM ciegyeT B3ATH B sKCHeAHONIO, ecau F He
MoxeT exark 6es B, D — Ges C u Ges H, C He MoxKeT eXaTh
opgHOBpeMenso ¢ (, a A Bmecre ¢ B?

HanumuTe nporpaMMy, KoTopag cTPOUT TAOIALY NCTAHHO-
¢ [0 3afaHHOR Jormdeckol ¢opmyne. Henonnsylite ansa
STOr0 BSBECTHEIH BAM HOKK NPOTPAMMEPCBAHHA HJIH BOC-
NoAs»3yiTeCh SIAeKTPOHHON Tabiunei.

§ 3.5. Anre6pa nepexnoyaTenbHbIX CXeM

OfuuM A3 NPAKTAYECKHX NpHMeHeHAN anreGphl TOMKH AB-
JAsieTcA o6JacTh NAPAJILILHO-IOCIEE0BATENLHEIX NEPEKAI0-
qaTe/IbHBIX CXEeM.

Onpenenenue 13. ITepexaouamenvnas cxeda — 10 m3obpaxke-

HYe HeKOTOPOT'O YCTpo#icTBa, CONSPIKAINETO TOIRKO ABYXIIO-
SMIAOHHEIE NEPEKAIOTATENM, KOTOpPhie MOTYT HAXOJHUTECA B
ORHOM H3 ABYX COCTOAHHWE: saMrHyTOe (TOK npoxo,mn'r) HIIN
pasoMKHYTOe (TOK He HNPOXOAHT),

O4eBUAHO, YTO COCTOAHME IEePERIIOUATENT MOKHO KOEH-
poBaTh ducaanu 1 ¥ 0. BoapmmHCTEO NepPeKIIOIaATeNIbHEIX
CXeM MOXKHO PAas0HTh HA YYACTKE M3 OOCRENOBATENBHC HIIH
OApaNlelbHO COEOAHEHHEIX NepekmiodaTeneit. Kaxaomy
flepeKJIIOYATENI0 IOCTABEM B COOTBETCTBHE JIOTHYECKYIO Oe-
peMeHHYIO, IPHHEMAKINYIC 35aTeHAC «HCTHHA» TOI'ZA, KOT-
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Za TePeKJII0IaTeNnb 3aMKHYT, ¥ «JOKb», eC/A IepeKIoda-

Tensb pasoMKHYT. Ha cxemax mepekaiouaTenn 6yaem o6osHa-

Yark TeMm Ke OyKBaMEH, 9TO H COOTBETCTBYIOILHME WM

nepeMeHHEIe.

. Tlp: onHCcaHMM mepeKJioYaTeJbHHX cxeM fyxeM mpugep-

MUBATLCH CHEAYIOUWIUK COrJAIICHIH:

1. Bee meperaoqarenn, paforajoliide TAK, UTO OHM Beerfa
aafo OZHOBpeMeHHO 3aMKHYTH, aAn00 OXHOBpEMeHHO DAa-
SOMKEYTH, 0003HaYaOTCA OAHOA ¥ Tolt e GyxBoi.

2. IlepexouaTenaM, coeqUHEeHHRIM IIAPALIEABHO, MOCTABUM
B COOTBETCTBHE OINEDAnHI0 IUIBIOHKINM: TOK B 9TOH Lenw
(puc. 3.1, g) Gyner NpoTeKaTh WA OpH 3aMEKHYTOM IIepe-
KIotaTene A, HAy OpA 3aMKHYTOM HepekniouaTene B, wnn
NpH 3aMKHYTHIX NePeKI0IaTelax A ¥ B oad0BpeMeHHO.

A _

e

\'-'b-

- | 2 |
B

a . ]

Pre. 3.1

3. IlepekNOMATENAM, COSTHHEHERM IOCAELOBATEALHO, TO-
CTABMM B COOTBETCTBHe OIepPalHi0 KOHBIOHKIWH: TOK B
uenH (prc. 3.1, 6) moTeyeT TOABLKO TOTAA, KOTAA 3AMKHYT
NepexadaTent A B 3aMKEYT mepekaodarens B.

4. Opa nepexmogaTenn, paGoramonue Tak, YT0 OFHH U3 HEX
3AMKHYT, KOTAA APYTOil pa3OMKHYT, B HaoGopoT, OMKCKHI-
salorca dopMynaMu A 1 A cooTBeTcTBEeHEO (puc. 3.1, 8).

> XM

IIpodBTATE NEPeXJYATeABHYI0 CXeMy — 3HAYRT OIpe-
ZeJqdTh, OPOTEKAET MO HeH TOK WJH EeT IpH YKASAHHBIX
COCTOAHHAX HeperJvaTeNrei.

Onpenencune 14. [IBe cxeMul, cofep:raniae OARN K Te ke Iepe-
Kapodareny A, B, .., 6yaeM CUHTATE P@eHbiMU, eCAH IpQ
OAHOM ¥ TOM K€ COCTOSHHM NepPeKIouaTeNeil 0be cxeMEI Of-
HOBPEMeHEC UPOIyCKAIOT MK He mponyckaior ToK. Yz asyx
paBEEX cxeM Gomee npocmoil 6yaeM camATars TY, KOTODAS
COAEPKHT MeHbOIe mepekjiodaTeinef.

Kaxgoll mepexmoqaTensHoll CXeMe MOMKHO IOCTABUTH B
COOTBETCTBHE GOPMYJIY, HCTHHHYIO TOr'fa M TOABKO TOrAA,



Beefenue B anrelpy BOTHER 175

KOTA& cXeMa IpOBOAAT TOK. B anrefpe mepeKIHYaTeLHEIX
CXeM BBITOJAHANOTCA BCe 3aKOHHK aarebpm jormem. B sroMm
JOCTATOYHO MpocTo Y0eMHTLECHA, eCM NOCTPOHTH B OpPOUM-
TaTh COOTBETCTBYIOIIME 2THM S3AKOHAM CcXeMH, a4 3&aTeM
CPABHUTE cTojbel, cOCTOAHMA Kakaoi CXeMEl ¢ pe3yIbTHPY-
HOMEY CTOMOLOM TafMANE HCTHHHOCTH NS coornerc-rnym-
mell normuecKot GopMyIEI,

Hpuamep 14, CocraBumM HOPMYNY AMA CXEME, nsoﬁpamem{oﬁ Ha
PHCYHKe,

~ c
B/ __/- JE—
L

Ilepexmouaresn A m B coeAuEeHH NapanieibHo, CAeHOBA-
TeALEO, YFOT YUACTOR CNEMEBl ONUCHIBARTCH KAK JMABIOHK-
ouda nepeMeHHEX: A v B. [Ianee clleayeT mocneA0BATEILHOE
coefuHenne ¢ mepexmogatenem C: (A v B) & C. Pacemor-
PeHHMNT YYACTOK LENH NapajielbHO COefUHIETCH ¢ mepe-
kmogareeM D: (AvB)&CvD. O

_ Cunmes nepexansamervroll cxeMbl — 310 paspaboTHa
cXeMbl, YCIOBHA pafoTnl KoTopoil saanul Tabnmned MeTHH-
HOCTH HNAH CHOBECHBIM ONMCAHHEM. YHpoleHUe (MEHIMM-
SANHAA) HePeKIIYATeAbHOE ¢XeMH CBOZETCH K YIPOUIeHWIO

' COOTBETCTBYIOMeH eii GOopMYy/AH Ha OCHOBAHHMN 3aKOHOB a1-
reﬁpu JIOTHKH,

Bonpocu M 3aga|-mn

1. Kaxnum o06pasoM MHTEPIPETHDPYIOTCS 3JEMeBTR epPeKIIda-
TeNbHHX CXeM ¢ NOMOIBI0 00beKTOB B onepanuit anrefpu
-JIOrRKE? 3anonunre CAeAVIONIYIO TabanIy:

__TepexmoqaTeasHasd TOXHEKS Anre6pa JoTHER
ITepexnioMaTeas
TleperAIONATENL 3AMEHYT
IlepexalouaTEAE PASONKEYT
Coenpaenye .
TlocnenoraTenbHOE COSAMHCHYE
IlapannensHoe coeAlHEHAE
CocTogHNE TOKR .
ITpoxomaenne TOKA
OTrRAIOYeHHe TORA
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. KoMuccus cocTouT B3 Tpex PAAOBHIX WICHOR U IPeACeZaTeNs.

TlocTpoiiTe 5IeKTPHYMECKYIO Dellb AIA TAKRHOTO TONOCOBAHBA,
€CJIH OHO IPOUSBOAMTCH CASXAYIOMEM 00pasoM: KAy wien
KOMHCCH# NPH TOJIOCOBAHUM +33» Ha)XHMaeT KHONMKY. JlaM-
ICYKA BaKEraeTcd B CAYYAAX, eCiH Ipeljioxenue Habparo
GONBIIMHCTEBO TOJIOCOB MK YHCIO I'OJIOCOB ¢38» M <¢IIPOTHE»
PABHOe, HO 34 IpeJIOYKeHAe «3as IEOJAH ToJIoC IpeJceaaTe I,

. MoXHO s H306payKeHHYI0 HA PECYHEE 3JIeKTPUIECK VIO Ielb

saMeHRTh Gostee BpocToi cXeMoi, cooTBeTCTBYIOmElH Popmy-
meXvyY &2Z?

Y
% z

[

. MusMMusupyfiTe CASAYOMIYIO MePEKI0YaTeLHYIO CXeMYy:

Z
£ T,
X b2

§ 3.6. Gynesb GyHKUMM

Kak OpJI0 CKAa2aHO BHIIE, 3HAYEHHE JIOTMIecKol dopMysnl
onpefeisercd 3aJAHHEIMA 3HAYCHHAMH BXOAAIIUX B dop-
Myny mepeMeHHBIX. TeM caMHM EKaxaas POopMyaa MoxeT
paccMaTpuBaTECA KaK CHocof 3afaBEA (UHKUUU anzebpoi
AOSUKU,

Onpenenenne 15. Jozuneckoii (Gynesoil) (ynryueis Ra3EIBAIOT

GYBROHIO f(X),X,5..,%,), APTYMEHTH KOTOPOR X, X5 «., X,
(BezaBHCcEMBIe OepeMeHHBIE) I caMa GYHKIHA (saBHCHMAasg
nepeMeHHAA) NPHHHMAIOT 3HAYeHHA 0 man 1. Jlormueckue
dyrxman MoryT OBITE 3afaHEl TAGIHYHEIM CHOCOGOM HAE
AHAJNHTHIECKE — B BHAE COOTBETCTBYIOIMX JOPMYII.

B ofmeM caydae GyneBa PYHELHS OT N APryYMeHTOB
ompefenserca Kak orobpamenne {0, 1}" — {0, 1}. O6rIu-
HO COBOKYIHOCTh 3HAHEHHN 1 apryMeHTOB HHTEPIPETHDY-
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OT KaK CTPOKY Hyned u equHHI (6MEAPHYIO CTPOKY) AJIH-
HH . CYymecTByeT poBHO 2" pASIMYHHX GHHAPHLX CTPOK
Anune n. Tax Kak Ha Kax Aol Takol cTpoke HeKad GyHK-
OEd MOXET NPHHMMaT: 3HaweHnue 0 pam 1, To ofimee Ko-
ANYECTBO PA3NANHHX GyaeBHX QPYHKOHE oT 7 apryMeH-

Hd
ToB paBHO 2.

Ina n = 2 cymecrsyer 16 pasauyHbX G6yneBHX QYHK-
Jiazit i

¢ PacemoTpum ux mogpofHO.

x fL ife |fs B |fs [Ts |Fx ifs [fo |f10 |11 (f1s |fha (F1a i | fra |
0|0i0 |0 |0 |O |0 (OO [0 |1 |1 J1 j2 |1 [t |1 |1
0110 (0 |0 |0 |1 |1 (1 )1 |0 |0 (O (O (1 (Y |1 |1
11010 |0 {1 |1 |0 O |1 |1 |0 |0 |1 (1 |0 {0 (1 |1
1 (1 (0 j1 10 |1 0 31 |0 J1 10 j1 {0 11 ¢ 1 |0 |1

fi(x, ¥) =0 — KoHcranTa «yOEB» (f(x, ¥y) = 0);

%, ¥) = x & y — xomBIOHKUMA;

fo(%, Y¥) = x > y — orpunasve RMILTAKALUN;

fx, y) = x — QYHRIAA paBHA IepPBOMY apryMenRTY;

fs(%, ¥) =y > x — orpunanme o6paTHON HMIIHKAINY;

fgl%, ¥) =y — dyHEKIMA paBHA BTOPOMY apryMeHTy;

f{%, y) = x © y — paspesmrespHan (CTPOras) AUSHIOHKIKA
(ucxamouapnee VIV, cymMa mo Mopynmo 2);

fa®, ¥) =x v ¥ — AMIBIOHKOHA;

folx, y) =x | y — crpenxa anca (oTpHODaEWe AMIBIOHK-
wru, HIIA-HE);

fm(x, Y)=x ~ I} — SKBHBaJeHTHOCTE;

fi(%s ¥} = ¥ — OTPHIaHHe BTOPOTO apryMeHTa;

fi%, W=y > x = x « y — obparuad AMIIMKANNAS;

f13(%; ¥) = x — oTpunmaHWe NePBOTO APTYMEHTA;

fie: ) =% > y — EMILTAKAONS;

f1s%, ¥) = x| y — mrpux Illeddepa’ (oTpHIAHEE KOHBIOHK-
ouu, N1-HE);

fi6{%s ¥) = 1 — KoHCTamTa «mCTHHa» (f(x, y) = 1).

1y ¢ I[npc mepmwncxnﬁ danocod, JOrAK, MATEMATHK; HCeleROBAN CBOHCTRA

2 % M IIIe(m)ep — AMEPHKABCKHALN JOrHK M MATENATHK; YKASAN NoJHOTY dyHRIAR
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PYyEKINA, BEpasKeHHELE ¢ HCIOAb30OBAHNEeM ONHOH JorH-
YecKo#l onepauyn, HA3HBAJOTCA IO MMeHH DTOM JIoruvueckoi
onepanuu. HaupaMep, fo(x, ¥) =% & y — KOHBIORKINA.

C yBeludYeHMeM 4YHCAA APryMeHTOCB KOJHYECTBO JIOTHUeE-
CcKUX $YHKOEH peaxo BospacTaer. JInsA Tpex IepeMeHHEIX
cymlecTByerT 256 pasnmuneix 6ynesnix GyEKInE. 1A 9eThI-
pex nepeMeBHEIX — yKe 65 536 pyarnuit u 7. . IlyraTeca
Peskoro yBelHYeHHs KoaudecTsa GyHKIUA He CleAyeT, Kax
OyJeT NOKasaHo HMXe, IPA HeoOXogMMocTH nobaa Gynesa
dyvaRINA, Moer GHTE BHIpAXKEHA TOALKO, HAIIPHMEp, Je-

pes &, v U oTPHIAHUE,
Bonpockl 1 3aanvs S

- 1. CRoaBKO cymefm;yét norggecKEx GyRKIAHE ofHOM IepeMeH-
Hoi#t? '

.2. CocraRpTe CBOAHYIO TAOJAIY BCeX NOTHYeCKNX GYRKIUE OX-
HOE mepeMeHHOH. 3aDMmpMTe AHAJRTHYECKMe BHIpaKeHHS
aTHX hymrmmAk. -

- 3. V6epnarecy, UTO CIEAYIONMAS mecTs HYEKIHA TOXKAeCTBEH-

°  HH, T. €. IPHHAMAIOT OANEAKOBEIe SHAYEHNS HA o,qmlaxo-
BHIX naﬁopax nepeMeHHEIX .
filxy, xg, xg) —_x3 & :n:1 v X5 .
fs(x]_ X3 x3) = Xy V xl & X3 V 0
f“(:\:1 Xos X)) =%, v, & x5 & (xy v xl),

. )'5(11:1 Xg, xs x,‘) =%y vV X, & x5 v x4 & X4

§ 3.7. Kanonnyeckune ¢opr| AOTNYECKMX q)oplwy.n.
Teopema o CAHD . . -

. Beakras norudeckas dpopmyaa onpe,qe.nae'r nei:o'mpym 6yne-
W OyEEOuB. B TO e BpeMa ACHO, UTO ANA BeAKoH Gyme-
BOM (PYHKINH MOMHO 3aIACATE GecROHEYHO MHOTO dopMyil,
€@ mpeacTasaAomuX {cM. 3agaame 3 ¥ § 3.68). He#cTruTeNE-
HO, eCNIH HMeeTcd Xord Ok ogEa GopMyna, BrIpaXalcoiag
Gynepy QpyHKIHIO, TO, HCHOOABIYA TOMAECTBEHHBIE Opeobpa-
B0BAHNHA, MOHO HUSMEHUTE 3TY ODPMYAY, HOCTPOHB CKOIB
YTONHO CNOKHYIO PABHOCHJBLHYIO GopMyny.
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Onna K3 OCHOBHHEIX 33489 anreSphl JOIHKH — HaXoMK/e-
HEe Kanowuveckux @opx {(T. e, GopMys, NOCTPOCHHBIX 1O
onpefeeHHOMY NPABIIY, KAHOHY), a TaKk:xe Hanbonee mpo-
CTHIX GopMya, npepcTasnsomux GyIeBN QyHKIHEM.

Onpegenenne 16. Ecanr normdeckas GVEKIHA BRPAMREHs deped
AU3BIOHKIMP, KOHBIOHKIMIO M OTPHI[AHNe NlePeMeEHEIX, TO
TaKkad GopmMa OpeACTABICHUA HASHEBACTCE HODMOALHOW.

Cpean HOpPMANBHHIX POPM BHIAENHIOT TAKHE, B KOTOPHIX
OYHKIUN 3aNBCHBAIOTCS eAMHCTBeHERIM ofpasoM. Mx Ha-
SBEIBAKOT COGEPULEHHbLMIL.

Ocobyo pons B anrelpe JIOTMKM MIDalOT Kiaccbt Ouss-

IOHKMUGHWX 1 KONBIOHKMUGHBIX COBEPUIEHHBIX HOD-
o | manvreix gopm. B MX OCHOBe nekaT NOHATHA BIeMEH-

TAPHOH AMSBIOHKIHUA K 9IeMEeHTAPHOH KOHBIOHKIMHA.

Onpenenerne 17. DopMyNy HASLIBAIOT IAEMEHIMADHOU KOHBIOKK-
Yueit, ecn OHA ABIAETCA KOHBIOHKIUeH oxROE mauM He-
CKOJBKHUX MepeMeHHEBIX, B3ATHIX ¢ OTPHUaHKeM MIH bes or-
punanus. OZHY NepeMeHHYIO MJIH ee OTPHOSHNE CIHTAIOT
OOHOUAEHHOI 2REMEHMAPHOL KOHTIONKYUECL.

Ipumep 15. DopMYIH X,, X, X, & x,, %, & x; & x, & x, apaa-
0TCA 3MeMeHTADHHIMH KOHBIOHKIUAMHA; HepBLIC ABe H3
HUX — OJHOYJICHHBIMA,

Onpenexenme 18. QopMyna HasHBaeTca JUIBIOHKMUSHOU HOD-
Maavholl gopmoii (IHD), ecim oHA ABAACTCH AUSBIOHKIHEH
HeNOBTOPAIOIIAXCH dIEeMEeHTAPHBX KOHBIOHKOwH. [JHI 3a-
mHcHBaloTcA B BuAe A, v A, v .. v A, Tle Kamnoe A, —
9JIeMEHTAPHAS KOHBIOHKIHA.

IIpamep 16. IlpaBeaem gBe AUIBIORKTHBHBIE HOPMAAbHEE QOP-
MEL X, v X, & Xy, X, v X, & X VL O

Onpeneneane 19, Popmyna A or k nepeMeHHBIX HasHBACTCA C0-
eepuiennoil Jusswonkmuenoi: ropuaaerol gopmoit (COHD),
ecaIn:

1) A apnserca JHI®, B xoTopoit xamjad sJIeMeHTapEAasd
KOHBOHKIOMA €CTh KOHBIHKLHA £ DepeMeHHEIX
X1y Xy oes ¥, OPHYEM HA {-M MeCTe ITOH KOHBIOBKIEH
cTOBT anGo mepeMeHHan x,, qubo ee OTPHIAAMNE;
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2) Bce dSJeMeHTapHEe KOHBIOHKIUHN B Takol JTHID monapHo
PasAAYHEL.

3ananme. Janot Gopuyssi A=x & Xav X, & xp; B=x, v 2, & x5
nC=ux, & x; v 2y & x5. Onpedeaumso, A6AROMCA AU OHU
CHHP dsyx nepeMmennvix.

Pewenue. Dopmyna A asigerca CIHH® ABYyX nepeMeEHLIX.
Dopmynsl B u C Be asaawTea CAHP. Popmyna B zaBucAT
0T TpeX mepeMeHHHIX, HO KOJHYeCTBO NepeMeHHEIX B aJe-
MeHTAPHHX KOHBIOHKIAAX MeHbme TpeX. B (opmyne C me-
peMeHHAA X, ABA'KAEl BXOAHT B OXHY H Ty Ke dJeMeHTap-
HY10 KOHBIOHKILHIO, O

CoBeplLileHHAA ZHSHIOHKTHBHAZ HOpPManbHaa Gopma
npexcrasngeT coboil GopMyny, IOCTPOEHHYIO IO CTPOTO
OImpejleNIeHHEM IPABHJIAM ¢ TOUHOCTHIC A0 HOPREKA ¢JIe-
JOBAHAA 3JIeMeHTAPHHX KOBBIOBKUNA (AR BIOHKTHBHEIX
qireHOB) B Hedt, OHa SBAACTCA OPpAMEPOM ONHOZHATHOTO
upeacrasaesns Oyaesoft dyExnmm B BHAe dopMynnHOR
(anrebpamgeckoit) sanucuH.

Qupegenerne 20. QopMynn Ha3EBACTCA IAeMeHMAapHOl Juss-
OHKKUeDR, ecIE 0BA ABIACTCA AMSBIOHKIREH (6EITH MOXKeT,
OFHOYJeHHOH) MePeMeHHEIX M OTPHIAHRN NePeMEBHEIX.

Hpumep 17. IIpuBeseM TpU 3JIeMeHTAPEHE ANSBIOHKIHNM:
L Xy Xy Xy V Xy O -

Onpegenerne 21. DopMyna Ha3HBaeTCs XKONBIOHKMUBHON HOP-
Manvuol Qopmoil (KHQD), eciim ona ABNASTCRE KOHTBIOHK-
el HEODOBTOPHAIINHUXCS JIeMeHTAPERX AHBIOHKIHA.
KH® sanucusalored B Bufe A, & A, & .. & A, rae kamgoe
A, — »reMeHTapHAA AUIBIOHKINA.

IIpumep 18. ®opmynn
Koy Xpo Xy V Xp, (X, v X)) & x,, (X, X)) & (x, v x))
ABJIAITCH KONBIOHKTABHEIME HOPMATGHHMHE dopMavm. [

Onpegenenne 22. Dopmyna A or k NepeMeHARIX HA3LIBASTCH €O-

éepiternoil KoHBIOHKMUEHOU HopMarvioll dopaoii (CKHD),
€CJIH:
1) A asaserca KH®, B xoTopoil kKaxJgas 3/MleMeHTapHAA
AUFBICHKINA €CTh JAIBIBHKOHASE K  NepeMeHHLIX
Xys Xgy ey Xy, IPHYEM HA -M MECTe 9TOH ANIBIOHKIUY CTONUT
an6o nepeMeHHAd X, NGO ee OTPHIAHME;
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2) Bce 3NeMeHTADHEE AMIBIOHKIMN B Takod KH® nonapuo
PA3IHYHEL

3anamme. Janvt opuyant A=(x, VX)) & (x;vxy) u
B=(x; v %) & (x5 v x;3). Onpederume, aganiomes au onu
CKH®.

Pewenue. @opmyna A apnaerca CKH®D, a popmyna B e anna-
erca CKH®, nocKoIbKy NepeMeRHAS X, ABAXKAH BXOZUT B
NepBEIfl KOEBIOHKTHBHLEIE wWieH, KpoOMe TOro, KOJIMYecTBO
nepeMeHHEIX B Kayaolt snemeHTapHO# AUBLIOHKIMM MeHL-
Ile TPeX, B TO BpeMA Kak GopMyJsa 3aBHCHT OT Tpex Iepe-
MeHHEIX,

Bonpoc. Beakyro au nozuveckyio QUHKYUIO MOMHO npedcma-
8umb 8 00HOl U3 PACCMOMPEHHUIX KAMOHUYECKUX C06eD-
wennmx popm?

Omaem. Ja, moGyio GyneBy GYEKIUIO, Bé PABHYIO TOKAECTBEH-
Ho 0 man 1, moxHO npeferasmrs B Buje CITH® nmu CKH.
Jna oSoCHOBAHAA 3TOTO YTREPKAGHUA HAXe OYAYT morasa-
HE COOTBeTCTEYIOIOHE TEOPeMH. 0

Teopema 1. IIycrs f(x,, X, ..., x,) — GyneBa dyHKUAA OT 1t He-
PeMeHHEIX, He PABHAA TOXRAeCTBeHHO HyNI0. Toraa cymecT-
BYeT COBepIIeHHEAS AMIBIOHKTHBHAA HOpManbHAA dopMa,

BHpakaoman byEkmuio f.

Hoxazameavemeo, CHavana AoxameM, ITO AAA BeAKOH Gyaepoi
PYEERLUMA [ OT 1 HepeMeBARIX BHINOJHIETCH COOTHONICHNE:

f(xl’ xz, ey xi’ sesy xﬂv) = .x—‘ & f(xl’ xz, reng 0, anny xu) v
v x, & f(x;, 5 .0y 1, .00p %), (3.1)
rae x; — mobad H3 n IepPeMeHHEIX.

@opuyay (3.1) nerxo mMoJyHHTh, IOCAEHKOBATENEHO HOZ-
CTaBJAA BMECTO NePOMEHHOH Xx; BCe €6 BOIMOJMKHEIC 3HATE-
nEa (HOAL U eAMHULY): -

f(xl, ng anay 0’ tany xn) = 1 & f(xl, ng hay 0, ey xn) v

v O&f(x,, g veos 1y ooy %)) & f(X), Xpy o0y 0, 00y XD
f(xlg ng “tey 1, ey xﬂ) = 0 & f(xl, ng rary 0, reny xﬂ) A4

v 1&flxg, x5y o0y 1, oy x,) = flx), X5 o5 1, 000y X)),

CoorHomeHme (3.1) nosBosiseT «BHIHOCHTL? HePeMEHHYID

x, 38 3HAK GyREKIuH. IlocneloBATENEHO BEIHOCH Xy, ¥y o)
X, 38 SHAK QYHKOHM f, ME HOXYIAM CIEAYIOIYI GopMyTy:
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flxg, Xg5eens 2,) =%, & 3'62 &..& 3_:;71& En& f0,0,...,0,0) v

v &x&.. &x, _ &x, &f(0,0,..,0,1) v

... (3.2)

v, &n&. &x &% &f(1,1,..,1,0) v
v &x&.. &x  &x &f(1,1,.,1,1).

Tak xax npumeHeHHe Npeobpasopamms (3.1) Kk Kammoi

U3 NepeMeHERX YReARIHBACT KOAHYSCTEC SHSBIOEKTHBHEIX
WICHOB B ABA pasa, TO ANA GYHKIUHM N NepeMeHHHX B dop-
myie (3.2) Ml aMeem 2" XUBHIOEKTHBHLIX 4iIeHOB. [Ipuaenm
KaKAEIE M3 HEX COOTBeTCTBYET 3HadeHHIO PYHKIUH HA Of-
soM u3 2" BoaMOMHEX EHAGOPOR SHAYEHMI NI HepeMeHHEIX.
Ecnp Ha HexkoTopoM Habope f = 0, TO BeCk COOTBETCTBYIO-
muik USBIORKTURHKE wieH B (3.2) Takxke pasen 0, m
B OpefcTABICHNN FaHEOM GYERIAA 0H daKTHYecKH He Hy-
sgeH. BEcan e f = 1, T0 B COOTBETCTEYIOIEM AMSBIOHKTHE-
HOM YieHe caMo aHAYeHHe GQYHKIEH MOXKHO OHYCTHTH.
B pesyneTare ans npoussonbHolt Gynepoi dyeERUME f MBI
monyauau GopMys Iy, COCTOAINYIC M3 R-YJISHHHX INONAPHO
PASIHMYRHX SICMEHTAPHENX KOWBHICEXINH, ofbeldnenHuIx
AASBEIOHKORAME, T. €. mckoMas CIHP mocTpoeHa.
Teopema doxasana.

Ha ocHopanum TeopeMH 1 MOMHO NPeAJICKHTE CIeXVIO-
mmit arzopumM nocmpoenus CIH® no mabauye ucmunro-
cmue Gyaxouu f.

AnropurM noctpoernd CTH® no rabamiie ACTHHHOCTH

1. B rabauue HCTHHHOCTH oTMeuaeM HAGODH IMepeMeHHHX, Ha
KOTOPHIX 3HadeHmwe PYHKIMM [ parHO eAHHHILe.

2. 3anuchHBACM AIA KAXKAOro OTMeIEHHOTO Ha(opa KOHBIOHK-
nH©0 BeeX MepeMeHHHX CAeYIommMM ofpasoM: eciH sHave-
H¥e HeKoTOpoill MepeMeHHON B 3TOM Halope paBHO 1, TO
B KONBIOHKIYIIO BKJIKYAEM CaMy NepeMeREyW, B NPOTHUB-
HOM caydae — ee¢ OTPHIAHHE,

3. Bce mnoayueHHHEe KOHBIOHKINHM CEA3HBAEM ONEPAIlHAME
AU BIORKIIHH. Fay

Cnencrsme. ina moboll GopMy s MoXHO HAUTE PABHOCHILHYK
eit THO.
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Hoxazameavcemeo. Ecom Gynesa GyHKIES He paBHA TOMRAECT-
BeHHO HYJIIO, TO, COLACHO AOKA3AHHON TeopeMe 1, MoXXHO
noctponTe CITH®D, ee peanmsyiomyo. llocrpoennaa CIITH®
ABNAeTCcA ofHON B3 mcxoMHX JHP. Ecnu xe gannas dop-
MyJa PaBHA TOMCAECTBEHHO HYJIO, TO B Ka4eCTBe UCKOMOR

OHOD MoxHO B3ATH, HADPHUMED, :t:1 &x;. - a
Amanoruyno TeopeMe 1 ZoKasniBaeTCH CiAegyIOmMAsa Teo-
pema.,

Teopema 2. Ilycts f(x,, X5 .y X,) — OyNeBa GpyHKIAS 1 Depe-
MeHHHX, He¢ PaPRAA TOM/ASCTBEHHO efuENNe. Torga cyiecr-
BYeT COBePIIeHHAA KOHBIOHKTHBHAA HOPMAJRBHASA tpopma,
BHpaRanmad dyrromo f.

Ha 0cHOBAHEH TeOpPeMBl 2 MOXXHO NPefIOKETE CIeNYI0-
it axzopumm nocmpoenus CKHP® no mabauye ucmunno-
cmu pyaxnud f,

AaroprT™ nocrpoerns CKH® mo TaGauue ACTHHHOCTH |

1. B Tafimane ECTHHHOCTH OTMedaeM HaGOPH HepeMEeHHEIX, HA
KOTOPHX 3HA4YeHMe PYHKUEM [ PABHO HYIIO.

2. 3anucmpsaeM LIA KaMEA0OTO OTMedeHHOro HaGopa AHSBIOHK-
IHMIO BCeX MepeMeNHKX CAeAYIOIIMM o6pasoM: ecH 3Have-
Hie HEeKOTOpoi mepeMeHHOH B 3ToM Habope paBHO 0, TO B
KOHBIOHKIIHMIC BKIIOYAEM CAMY [epeMEHHYI0, B IMPOTHBHOM
cAyIae — ee OTpPHLAHUE.

3. Bce MONYYeHHEE AU3BIOHKOWN CBASEIBAEM ONEPALUAMH
KOH'BIOHKIHH,

Caepctsne. [[na moboit GopMyabl MOXKHEO HaflTH PABHOCHIBHYIO
eft KH®.

Hoxasamenvemeo. Ecnu OGynepa QyHKUIUA He DABHA TOKZECT-
BOHHO €TEHHIE, TO, COTIACHO NOXA3aHHOK TeopeMme 2, MOXK-
Ho moctpoutk CKH®, ee peanusyiomyio. IlocTpoeruas
CKHQ® apngerca ozaol u3 mexomunx KH®. Ecne xe maH-
Has (pOpPMYJIa PABHA TOMKIECTBEHHO eSUHAIE, TC B KAYeCTEE
ucxomoit KHID MOXHO B3ATE, HAIPAMED, El v X, a

Ha anropurMos moctpoenma CIOHP u CKH® caepyer,
' 9T0 ecau Ha Gonbineil yacT HaGOPOB SHAMEHKH epemMen-
o| EbIX bymErius passa 0, To And TOXYYeHNA ee HopMyaH
npome nocrpoutk CIHH®P, B ODpPOTHBHOM cCIywyae —
CKH®,
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Ipxmep 19. TpefyercA NOCTPORTH (opMyny AnA DYEKIEH
f(x,, x,, x,), saRARHOE TAGMULEN HCTHHHOCTH:

xy | %3 | 2 [Fxy, 23, 23)

0100 Q

ciof1l 0

¢[1]0 1

0|11 H

1|00 1 .
11011 1

1|11]0 0

1 1 1 (1]

Henoarsys ONACAHHEIR BRIl ANTOPHTM, IOCTPOHM I3 Hee
CIOH®:

[y %90 Xg) =%, & X, & Xy v, & X, & X, v, & X, & X,

O

IIpumep 20. Brpazum GyEKOEID AMINIAKANNA ¢ IOMOIIBIO OIe-

panHil OTPHIAHMSA, AASBIOHKIWA A KOHBIOHKNUA. Ixg 5T0-
T0 3anAIeM TAOANITY HCTRHHOCTH GYHKIUY AMIIHKALAA:

Al
it
"

g | Xy, X2)=%; - x;

- O
[~ -1
-

Tax kax B Ta6AMOe ECTHHHOCTH TOJBRKO ORMH HafOp mHepe-
MeHHBIX, HA KOTOPOM DYHKIFA NpUHUMaeT 3HaveHne O, To
npoige nocrponthk CKH®,

Omsem: f(x,, X)) =% > X,= %,V x,. O

Bonpoch 1 3apaHuna

1. IIpuBeguTe NpUMepH HECKONBKHUX (HOPMYN, IPeICTABIAIO-
mux coboiit CITHD. .

2. [ipuBeanaTe UPHUMeEpPH] HeCKOABKEX (opPMYX, IpefCcTaBIgIo-
mux coboii CKHOD. )

3. Ho saganEo0} TaGAHINE ECTHHHOCTH HANAWTe aHAIKTHYECKOES
OpeAcCTaBieRAe JOrAIeCKHX GyHRIME [, u f,:
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xy X3 X3 fi fa
JOHD JOXKE JIOXKb JOXKD JJOED
JOWKE JOXKE HCTHHA JOHE NCTUHA
JIOKD HCTHEA JOXED HCTHHA JIOHED
JOXKE HCOTHHA | HCTHHA | HCTHHA | HCTHHA
HCTHHA JIOHDB JIOXKB JIOHE HCTHHA
HCTHHA JIOKD HBCTHHA | HCTHHA | HCTHUHA
HCTHHA | HCTHHA JOXRB JOKE JJOXKD
HCTHHA | B’CTHUHA | HCTHHA | BCTHHA JIOKDB

IIpoBepky MpoM3BeAUTe C IOMOILILIC 3IeKTPOHHOI TaONUIL,
4. C moMompbio OTPHIIAHHSA, AWUSBIOHKIHAN H KOHBIOHKIHH IIO-

crpoiire Haubosee MPOCTOe AHAMHTHYECKOE IIPEACTABNCHIE 11

(DYHKIIHIL 9XBABANEETHOCTS H PA3JENATTHHAA AR HLIOHKITNA.
5. He ucmons3ya TabaumBl ECTHHHOCTE, nocrpoiite CIH®D m

CKHQ, pnpaxanmme caegviomue byaxkmun:

1) f(x,, %5 %3), paBHYI0 1 TOrAa U TOXBKO TOTAA, KOTAA
SONLIIVHCTBC TlepeMeHHBEIX PABHO 1;

2) f(x,, x4, x4, X,), PABHYIO 1 TOIAA K TOJALKO TOTAR, KOTAA
X, +x,+ x5+ x, 23, 3neck AMeercs B BUAY OOHUHAS
aarebSpamdeckas CyMMa,

6. He mcnonn3ys Tabauny HCTUHEOCTH, Npeobpasyiite B COIHP

CIEAYIOINYIO QYHKIHIO: _

flxy, x5 %) = 2, & x, v X, & x.
7. CaMoCTOATENBHO IPOBEAHTE ZOKABATENBCTBO TEOPEMH 2.
8. Kaxne n3 crepyiomux dopMya npeacrasnaiot coboin CAHD,

a xaxne CKH®?

a)f(x)y=1;

6) fx) = x & x;

B) fix, ) = x & y; _

Nfx, y) =x&yvy _

B fx, y,2) =x&y&z;

e)flx, y, ) =x&yvz -

w)fix, 9, )=(x&y&2)vix &y &2).

§ 3.8. MuumMusaunsa Synesbix GyHKLMIA B Knacce
AWIBIOHKTUBHBIX HOPManbHLIX GOPM

PeaynbTaTh, N0JIyIeHHBIe B OpeAuAyIIeM Haparpade, HMe-
T (oNbIIOe NMPUKJIAJHOES 3HAYMEHHE IPA OPOSKTAPOBAHHH
BHIYUCAATENLHON TeXHUKH. Kak m3secrso, uadopManms
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XPAHHUTCA H 00pafaTHBaeTcd KOMIBIOTEPAME B ABOMTHOM
BHfe, T. €. B BHAe HOCJeAoBaATeNbHOCTeH HyJsed B eguHMI.
Jna moGoit omepankn (RanprMep, CIOMKEeHUA THCET) NCXOA-
HEIMH ZaHEBIMH ¥ Pe3YJIBTATAMH SBAAKTCA NMOCTIeR0BATEND-
HOCTH HyJe#k u exuaun. Taxum obpasoM, paxkTHYeCKH mpo-
ACXOAAT BHYUCACHHe 3HA9eHMH OyneBmx ¢yHrDuil (Bos-
| MOXHO, OYeHL CJHOMHEIX, C OONBIINM KOJIHIECTBOM.
TnepeMeHHEIX)}. TeopeMer 1 1 2 ropopar 0 TOM, UTC M6V OY-
AeBY GQYHKIHIO MOXKHO 3AHCATE B BEAS GOPMYAH ¢ HCIOAE-
sopaHEeM omepauuit —, & u v (8 Buae CAHD nxun CKHD),
npudeM CACNATE 3IT0 MOMKHO IIO eAHHOMY YEHBEDCRIBHOMY
anropuTMy. CrhefoBATENbHO, €CIH Yy HAC MMEIOTCA 2JeKT-
. PORHHe JOTHYeCKHe 3NeMeHTH (BeHTHIH) , PeaiHsyIOm[He
- - onepanun HE, H, HJIH, 1o, B3AB AOCTATOYRO MHOT'O TAKHX
SJIEMEHTOB H COONHHEWB MX onpefeieHHLIM 06pazom, MBI MO-
JKeM IOCTPOUTH MAINWHY, BEIOJHIIONIYIO mamﬁ Habop
AelicTewit HAax ABOYINEIMY ZAHHLEIMH.

Koneuno, xeiarentHo Bee GyleBH QYHKOHNH DealMso-
BATH TAK, YTOOH OpK ITOM HCIOJBIOBANOCH KAK MOMKHO
MeHbIe ' JIOTHYEeCKHX 371eMeHTOB. OfHAKO PasyMHO YMeTh
HAX0AUTE HauOGodee kopoTkuMe dopMrl zanmcH PYRKOHN B
HEKOTOPOM eXMHOM Knacce ¢opMys. Boasmoe 3HAYeHHE B
9TOM CMBIC/Ie HMEIT MUHUMasvubie JJTHP,

Onpegencrue 23. IU3BLIORKTHBHAS HOPMAJBHAA GopMa HA3KIEBA-
eTCH MUHUMARbHOIL, 6CIIH OHA CONCPRNT BaNMeHEOIee of1Iee
. IHCAO0 BXOXHeHHH NDepeMeHHHX IO CPABHEHHMIO €O BCeME
paBROCHAEHEIME eff JH®D. Ilpomect HAXOMACHUS MuHA-
MansHolk THOD nasusaerca sunumuzayuei: B knacee JTHD,

Crpours MpHEManbHEe JHD us CHD MoHO pasHbI-
MH cuoco0aMU, HAIIpUMeD HCHONB3YA TOXKAECTBeHHEIe Ipe-
obpasoBaHMs,

IIpamep 21. Henosnsaya 3aK0H ZACTPHOYTHBHOCTH B 3aK0H ITOTVIO-
IeBns, momwﬂ@ X, &%, v x, & 52:

X, &x,vx, &x,=x &(x,vx)=x,.

K comanenuo, JIA HAXOMAeHUA Munmmansmoidl MHD
Heo0XoAEMO mepefpaT: Bce BOBMOMKHEIE cIOCOOH NpUMeHe-
HHAA OCHOBHBILX 38KOHOB a.nreﬁpm JOTHENR K !ICXO,II;HOﬁ Q)op-
myne. Maa dysxoni or 60jabIIOr0 IHUCIA NePeMEHHEIX 3TOT

Iponece OKASHIBAETCA CAHIIKOM TPYAOEMKHM, HaskKe eCJM
NpPOBOAXTE €ro ¢ HCROARIOBAHHEM KOMOBIOTEpAa.

1 Cu. § 3.10 «DneMenTH cxeMoTexHHKH. JIOTHYeCKA® CXeMEL,.
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Bosee 3hpeKTHEHEIM cIIOCOG0OM HAXOXKICHUA MAHHAMANL-
Bux JIH® apnserca memod MURUMUSUDYIOWUX Kapm.

Jns Gynesoft yHKUAN 1 DepeMeHHEIX COCTABUM cXeny-
fomyio Tabuuny (kapry):

Ly | X [ |Xp-a| Kp [ X)X | XyXg o | Xp_0Xn | Xp1%p| = [ X1 X300 Xp-1%0

Xy | Xg || Xp-1 n | %1%z | X3Xg | - | Xp—0Xp{Xp-1Xpn |~ | X1X2 X1 Xy

X1 | ¥z || ®na| ¥n [ %1%z | ¥1¥g | - [¥5-2%n | ¥p-1¥n| | X1 X2 Xp-1%n

vue | ves e - - e ey e er

Xy | Xg [ [Xpey| Xy | X Ko Xy Xg| oo | Xp-ghp | Xp-p 8y | = | X1 X530 Xp1 %y

B mocregmem cronfme xaprThl HepedRCICHEl BCE DIIeMEH-
TAPHKeE KOHBIOHKIMH, KOTODEEe MoOryT BXoguTk B CITHOD
dyEEDINA n mepeMeHHHX (3HAKN KOHBIOHKIIHH ANd KPATKO-
CTH OonymeHkl). Kaskaas Takasa saeMeRTAPHAS KOHBIOBKIINSE
COOTBETCTBYeT OFHOMY M3 BO3MOMKHEIX HAGOpPOB n mepeMeH-
HEIX B TaGIHUe UCTHHHEOCTH., B OCTANBHEIX CTOJNOEAX Kaik-
Oolt CTpPOKE IepedHC/HeHEl BCe BOSMOMKHEIS KOHBIOHKIHA
MEEBIIEre pasMepa, MOAYIeHHES H3 3/MeMeHTapHOH KOHD:-
IOHKHHH IocleSHero cTonGHa NyTeM YAAIeHHA OT OXHOH RO
{(n — 1) nepeMeHHEIX.

TIpeAmonoXkKAM, YTO KOH'BIOHKIAA U3 DOCHeRHEro cToxb-
ga k-it cTpoxy Tabaunn He BxozuT B CITH®, BRIpaamniyio

- yEEDEIO f(X), X5, ., X,), TOTAR mMOban KOHBIOEKIUA K-
CTPOKH He BXOAHT HE B Kakyw JIH®, supamanomyn GyHK-
maw f. HoraxeMm 370, HeflcTBHTENBEOC, €C/IH KOHBIOHKIHA
He BxoznT B CTH®M, Brpaxkalcmylo $yHKOEIO f, TO, COraac-
HO aaropurny mocrpoerus CIHD, sHagenne $HyHKIIUN Ha
sroM Habope paeHO 0. Ecam kKakaa-TO KOHBIOHKOHS ki
C¢TPOKH Bomuia B Hekoropyo NHE dbyaxuuum f, To Ha sTOM
Habope QyHKIWA AoakHA OHTH paBEA eguEWNe. MH Doxy-
YMJIH NPOTABOPEYRe ¢ MePBOHAYANLHEIM IPeANOACKeHHEM,
Hcenonssya AoKasaHHOe YTBepXAeEde, MOMHO NPe/IOKKETE
crepywmui cmocob nocTpoeHma mMuHMMansHod JHE mo
MUHUMUIUDYIOUWLED Kapme.

Cnoco$ muanmuazanun JTHD MeToqoM MEEHMEZHPYIONMX
KapT
1. BpruepkHeM B3 Tabawiiu (MEHREMEIADYIOMIed KapTH) Bce
CTPOKH, B KOTOPHIX KOHBIOHKIHA MOocAeAHero cronboa mHe
exoaur B COHYP $yERIHE [,
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2. KoHBIOHKINE ¢BHYEPKHYTHIX CTPOK» BHUEpDKHEM Bo BCexX
OCTAJNILHEIX CTPOKaX TaGIHITEHL,

3. Ecam B CTPOKE OCTANHCH KOHBLIOHKIUH ¢ PAa3IMIHBEIM 9HC-
JIOM COMHOXHTeNell, TO KOHBIHKINY ¢ He MHHAMAIBHBIM
YHCAOM COMHOMKHUTENeH OCTapideM TOJBKO TOrJa, KOrga
OHH BCTPEYalOTCA B APYTHX CTPOKAaX.

4. OTMeTHM KOHTLIOHKIMH, OCTABIINECH CANHCTBCHHBIMH H&
crpoke. BEluepKHeM CTPOKH, B KOTOPHIX HPUCYTCTBYHT Ta-
KHe Xe KOHBICHKIUH.

5. BeenMu BOSMOMEHRME cHocofaMy BrifiepeM H3 XaKIoit cTpo-
KH 00 OZHOH KOHBOEHKIMHN (M3 OCTABIIMXCH) H COCTABIAM
BnA Raxporo cayuaa JJHD,

6. Ua Bcex mocrpoenHmx JH® prifepeM MHHUMANbLHYIO. 3a-
MeTHM, NTC Mbl AOJI'KHE BHIOJHHATE Iepebop pasnAIRBIX
JAHE® ana HaxoxAeHHS MEHEEMATbHOR B3 Emx. OpEaxo B
AAHHOM CIy4Yae YMCIO0 BApHMAHTOR mepefopa, Kak IpaBHIO,
CYIIeCTBEHHO MeHBIle BApHAHTOR Hepefiopa PABHOCHJABHEIX
JH® nnu criocobos coxpamenns CITHD. A

IlorameM, 470, AeliCTBYS B COOTBeTCTEBHH ¢ O. 1-6, Mu
noayuum JTH®, supaxaromyro dyrrnuio flx;, x,, .., x,).
Heiicremrensro, nycTs F — NH®, noxydennas s 1. 6. Tor-
Ba ecnu f Ha KakoM-To Halope paBHa 1, Tou F = 1. B camom
Jelne, eClH 3TOMY HADOPY COOTRETCTBYeT j-S CTPOKA, TO XOTH
OBl OfHA KOHBIOHKIHSA A3 370K CTPOKH OCTANACH HEBRIEPK-
AyTo# (B 9TOit maM B ApPYrmx crpokax) m somua B JTHD.
Jio6aa KONBIOHKIHMSA K3 9Toi CTpoxH Ha 9ToM Habope 3Ha-
qeHAH NpHEUMAaeT sHadeHHe 1. CaepopaTenrHo, u GopMyIa
F, cogepmaiaag oHY U3 TAKAX KOHBIOHKOMIH, IpUHUMAeT
Ha aToM Habope sHagenme 1. Ecan jKe Ha KaKOM-TO Habope
f =0, 1o Ha aToM Halope Bee HeREUEPKHYTHE KOHBIOBKINY
NPHHUMAIOT 3HadeHHe ), Tagk KAk Bce KOBBIOHKIMH, IpH-
HUMaloIIMe Ha 2TOM Habope 3HaYeHHe 1, yiHe BRYEPKHYTH
npu BHmonxenud 1. 2. CnegosarensHo, JHIPD, cocraBnen-
HaA U3 OCTABIIMYCA HEPEMYEPKHYTHX KOHBIOHKINA, IpHHH-
Maer sHadenue 0, T.e. F =0,

Hpumep 22. IlycTs TpeGyercds MEHHMM3NDPOBATE QGYHKIMIO
f(x, ¥, 2) = X, %525 V X, X505 V X XpXg V X, XpXg.
CocTaBAM MEHMMESMPYIOIGYIO KAPTY AAA GYVHKIUE Tpex
nepeMeHEsIX. OTMETHM 3HAKOM «*+ He Bomegmme B CITHD
CTPOKH.
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Xy | Xa | X3 | ©yxp | X1%3

xy xz 23 XXy

2y | X | x5 [Bxyxy | xy%g

x| X3 | X X% | %%y

‘;1 k) X3 X1Xg xX1%3

;1 2 53 X1%3 X1Xg

El 52 xg X Xq Elx 3

;1 ;2 Es Xixa X1%3 XaXg ESESESY *

Mocne pedicTeuit B cooTBeTeTBMM ¢ II. 1-3 B TabiaHLe
OCTAHYTCA KOHBIOHKINA, HAXOAANINeCA B BHIAeIeHHHIX
aqgefirax rabaunel. Bononuee m. 4-6, noayIMM MAHH-

MaapHyo JH®: XX, v X,%,.
MpaxTuieckne aagaNua

1. TlocTpoiiTe OTPALAHHE K CAOKEOMY BEICKA3HBAHAIO HA PyC-
ckoM gakike. (B § 1.3 6rin0 moxasato, Kak HEOPOCTO TOCTRO-
HTh OTPUNAHME K DPOCTHIM BRHICKASHIBAHUAM. ) BoaMomkBERHT
ctiocod BRIIOAHEHUA 3ATAHMIA:

1) BrigennTe HpPOCTHie BRICKASHBAHKA B 0003HAYLTE HX OyK-
BAMHE;

2) sanAmnuTe HCXORHOE NPeANCHeHMe HA SA3HKe anreGpH
JOTHKH, T. €. B BHAS JIOTHUeCKOM GopMYIEL;

3) noctpoiiTe TaONAMLY HCTHHHOCTH NOTYYeHHOre JOTHYe-
CKOT'0 BRIPAKEeHNST;

4) sanwminTe TAOAHDY SHAUEHHE NPOTHBONOJIOMKHOTC HO
CMBICJY BEIpAMeHNA;

5) BocCTAHOBHTE IO Hel MCKOMOe JoTyudeckoe BRIPAXKCGHHE
(maupumep, 3 suge CIH® nmm CKHE®);

6) ecotm BBI HOXYIHIH ECKOMYIO dopmyay B Bme CIOH®D, o
MUHEMH3HUDYHTE ee;

T) sauHmuTe EA PYCCKOM S3bIKe BRICKAZBIBAHUE, COOTBeTCT-
BYOIIee OOJY4YeEHOMY BEIPAYKeHMNIO.

Bapuanmut sadanus

a) Ec/¥ DeHTPAlbHEIS YTJIEI PABHE, TO X COOTBETCTBYIOUIUE
HM AYTH PABHEIL, & eCIH COOTBETCTBYIOMEE HEHTPAIBHBIM
yriaM AYTH DABHBI, TO M OeHTPANEBHBIe VTR DABHHL

6) Ecnu pee IIOCKOCTH B3AAMHC IepHeHIRKYAAPHEL H K Of-
Holf M3 HMX IIpoBeAeH NEPOECHIVKYIAD, HMeiommit ob-
Oy TOYKY C APYrofl NIOCKOCTHK), TO STOT NepHeHIHKY-
AAp BeCh NEXKUT B »T0H ILJIOCKOCTH.
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B) EC/IE CTOPOHEL OFHOTO YTJIA COOTBETCTBEHEO NEDNEHRRKY-
ASAPHEI CTOPOHAM APYTOTO YIVIA, TO TAKHE YIVIBI MJIH DAB-
HH, HIH B CYMMe COCTABAAIT ABA NPAMBIX.

r) Ecar nmupamaga nepecedesa IIOCKGCTEHIC, NapallelbEOH
OCHOBAHHIO, TO B CeYEHHMH IIONYYIAeTCAd MHOTOYTOJLHEK,
NogoGHHE OCHOBAHHIO,

A} Hna Toro 4TOOHI OIVIATHTER HPOe3h B OOIIeCTBEHEOM
TpaHCIOPTe, HEOOXOZHMO HMeETH ReKOTOPYID CYMMY Xe-
Her U ZOCTATOUHO HMeTh 100 py6.

e) Ha Toro, 4roc HekoTOopasA JoMAHAA, BOMCAHHAA B ONHY
OKPYKHOCTP H OIIHCAHHAA OKOJO APYTOd OKDPYXHHOCTH,
B3aMKHYJZACH, cJefyeT, YTC H Jilad Takad JoMaHas
3aMKHeTes, 4 B3 TOTO, ¥T0 HEKOTopaa noAcDHAA JoMagasn
He 3aMKHYJach, cIeJyeT, 9TO K Jiobad Takad JoMaHas
He 30MKHeTCH. '

2. o smpanHEOE Bam TaGiarne meTEEEOCTH GyNeBod PyHKIHA

nocrpoitre COAHD 1 na#iaure Ans Hee MEHNManeayio HH®
noOpIM yEo6HEEIM BaM coocoboM.

§ 3.9. MonHble cucTembl 6ynesbix GYHKUNIA

TeopeTHIeCKHe Pe3yAbTATH, HINOKEHHEE B 2TOM IAPArpa-
e, EMe10T BaXKHOE 3HAYSHNE NPH paszpaboTke sNeMeHTHON
6askl BHYHUCAMTEIFHEIX MANIMH.

Oupenenenue 24. Cucrema Synesnx yarmmi {f;, £, .., f,} Ba-
3HBAETCA NOAHOIL, eciAu NPOMIBOJALHAA GyaeBa QyHKINA

MoxerT OBITHL BHpAXKeHA depes QYHEIAE fv fz, e fn.

IIpamep 23. IIoanolk asngerca cmcrema yaromi {—, &, v}
JeitcTeurensno, cornacHo Teopemam 1 a 2 (em. § 3.7), a10-
Oast Oynepa GyHKIEA npeacrapuma B buge CIOIH® nubo
CKHQ, B BLIpaReHHH KaKACH H3 KOTOPHX HCIONL3YIOTCA
TOJABKO YOOMAHYThIC B MpHMepe QYHKIINN. O

IlonHoTY APYrHX cHCTeM MOKHO AOKA3aTh ¢ [OMOIILI
CJIEAYIONIETO YTBEPKACHES,

¥reepxnenme. Ilycrs crcrema {f), f,, ..., f,} — momua m moGas
u3 qysxupit f, f,, .., f, Moxer GBITH BHpakeHA Wepe3
$YHKLHH &,, .., £, Toraa cacrema {g,, ..., g, } TaK3e IOJIHA.

3aganne. Jorancume, wmo cucmema pyuryuir {-, v} g6asemes
NORHOU.
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Pewenue. Ina noxasaTelBCTBA BOCHONB3YeMcE chHOPMYIHPO-
BAHEHM BHINE yTBepXueHHeM. HelCTEHTENRHEO, NYCTDL
f]_(xl) = xly fz(xp xz) =XV Xy fa(xp xg) = xl & xzs
gy(%)) = x4, 85(%y, %p) = Xy V X,

ButpasuM dyEkumz f|, f,, f; aepes g,, &,
fi(x)) = &%), F(xys xy) = 8y(%4, X5),
foxy, %) = %, & x5 = Xy v X, = g,(2,(8;(x), g,(x ).

- JIAR BHIpaskeHUA KOHBIOHKINAY Yepes AUSBIOHKIONIO H OTPH-
maHue GHUL ACIOAB3OBAH OXMH X3 3aKOHOB Ae Moprana. He--
MONB3Ys BTOPOH M3 2THX SAKOHOB, MOMKHO ZOKA3aTH TIOJIHO-
TY CHCTeMH {—, &}. - ) o 0

TaxmrM ofpasomM, a06az (cKoAs YToano ciaoKRan) Syseba
byarnuAa moxer OLITH BRIpDAKEHA depes ABe q:ymcnmr
{_h &} ann {""r V} :

- Eme Gonee HeOXMIAHHELIM MOMKET INOKASATECH TOT me'r,
yto Jrobyio GyneBY QVHEODE MOYCHO BEIDASHTE BCEro JNOIL
depes opHy Gyrrumo. Hpyramn crosamu, cymecTsyer QyHK-
HBEOBANLAO MOJIHAS CHCTeMA, COCTOSINAS M3 OfHo# Synemoit
byaxouy.

Omnpepenenne 25. JIomqecxaa dyvaknaa wmpux Hedgepa

: (gpyroe massanue H-HE) ofosmauaerca x, :r:2 - mae'rca
cnegy:omen Taﬁ.nxmeﬁ MCTHHHOCTH:

!

x;lxz
1

i-tl-toﬁ..‘."
o |m|oi®

-1
1
0

Hpmep 24. Jloxamem, YTO PyHKOEA MTPHUX IIIeQJQ)epa mmae'r-
cxt monHoi. Hocrpoun ana see CKH®, T. e. sripasum ee ge-
Pe3 KOHBIOHKIHIO, AHIBIOHKGWI0 H OTPHHAHME.

%, | %, =%, v X, 5mm x, | x, = 2, & x5 (nocnexHAs HOPMYIa
ofbAcHAeT Apyroe Hassamue AaHHOK ymkmum — H-HE).
Toraa % = %, & #; = x| #y;

X VX=X VR = H&E, = :al:llau:2 = (2, | %) | (xy | 2%
x, & Xy = 21 & x5 =21 |25 = (x| %) | (x| %)
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TaxuM o6pasoM, MEi BRHPASHIN Yeped PYHKIMIO mirpux [ed-
depa dyakmuu {-, &, v}. ClefoBaTeNBHO, CHCTEMA, COCTON-
mas ToabKoe B3 dbyaxmm mrrpux [Meddepa, nosma. d

Onpegenenme 26. Jlormueckaa dyskuns cmpeaxa Iupca (apy-
roe massanue HJIH-HE) ofosmauaerca x, ¢x2 H 3agaeTcs
crexyiomes TabAUNel MOTHHHOCTH:

*1 X x1¢xz
0 Y 1
0 1 0
1 0 0
1 1 0

MoxHO AOKA3ATH, UTO W CHCTEMA, COCTOSINAA H3 OXHOI
¢vERDNN crpenka Iimpca, asngerca momdHOH.

Hs npupegeHHEIX BHILe PACCYRACHAR CIERYeT, UTO eCIH
EAYIUTECA (UFHYECKH HOpPeACTABAATEL JOTAYeCKHH 2/eMeHT
(BeHTHARL), peaRNMAVIIOHH (YHENUIO, ABRIAIIYIOCA DOJ-
Holt, TO mobas ApYras OYHKUAS MoxeT OBITH PeaTH30BaHA
B BHJE CXeMEI, COCTOoAmell N3 OZHHEAROBRIX BeETANEH, coe-
AUHEHHEX AJA KaxAol GyHKNEE ocobhIM ofpasom.

Bonpocol u 3anaHus

1. Bripasure dyaxuun &, v, — depes empeaxy Hupca.

2. Horkamure, uyTo cucTeMa GyHKIUE, COCTOAWIAS TOALKO H3
$YHEOMH OTPHUSHEA, He ABadeTcd MOJIHOMN,

3. DokaxkuTe, YTO cCECTEeMA HYHKIMHA, cocToAmAas TOJABLKO H3
dbyEKOENn KOFBIOHKIINA, Ke ABIAeTCH IOJIHOH,

4. JoxaxmuTe, 4TC cEcTeMAa HyHKUMEA {&, v} He asadeTca mon-
HoiX,

5. Heoonsaya BTOPpo 3aK0H Je Mopraga, JOKaXKKTe, 9T0 CHCTE-
Ma {—, &} nonua.

6. BeipasaTe pyEREVH & B v Yepes — K —, A0KAZAB TEM CAMEIM
IOJIHOTY CHCTeMEL {—, —}. .

7. Kak ¢ nomompio $yrrmen nexawngawmee NI u ogmoii nz
xoHcTaHT Q unn 1 (oopegennTe, KaKOH MMEHHO) MOMKHO BEI-
PA3UTE JOrHYecKoe OTPREUAHAE?
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§ 3.10. InemeHTHI CxemMoTexHnku. Jlornyeckue
CXeMbl

Jwboe yerpolicTBO ROMIBIOTEPA, BHIIORHAIOMee apu(pMeTH-
YecKMe WK JOTAYecKHAe ONEPANE, MOMKET PAcCMATDHBATE-
¢a Kak npeofpazceaTens SEORYHON HHPOPMAIINN: SHAaTeHAH
BXOAHBIX IIepeMeHRHX I8 Hero — moCHefOBaATeIBHOCTD HY-
nedl M eAWHWI, & 3HAMCHHS BRIXOZHOW PYyHAKIEM — HOBAA
ABOMUYHAS OOCHeAOBaTeNbHOCTE. HeobxommMele mpeobpaso-
BaHUst WAGOPMANHH B 6JoKax kKoMmbloTepa MPOHUIBONATCA
JIOMM9eCKUMHE YCTPOHACTBAMHE ABYX THIIOB: KOMOHHANMONHE-
ME cXeMAMH ¥ DHPPOBEIMEM ABTOMATAMH C NaMATHIO.

B rombunayuonnoil cxeme Habop BHIXOAHHX CHTHAJOB B
J060H MOMeHT BpeMeHE IICAHOCTRI0 onpeiedeTca HalopoM
BXOAHRIX CHI'HAJIOB.

Onpenenenne 27, duckpeTHHI DpeolpasoBaTessh, KOTODEIH BhI-

AaeT mocae o6paboTHU ZBOMYHEIX CUTHAJOB 3HaUeHHe OAHOH

H3 JIOTHYEeCKHEX OIepaImil, HAZKIBAGTCSH A0ZUYECKUM INeMEH-
mom {(Genmuien).

Hmmxe npusefeHbI YeIOBHLIE 0603RATeHNA (CXEMEI) JIOTH-

HeCKHX 92JeMeHTOR, PeaNMHIYIONNX JIOTHYeCKoe YMHOKeHHE,
JIOTHUYeCKOe CHNOMKEeHHEe H OTPDHLAHHE.

a—& a—ij1
b-— b—

a (] a

Joraueckmii aneMedT H (KOHBIOHKTOD) DealHayeT Qme-
panuio Jormdeckoro ymaoxkenus (puc. 3.2, ¢). Exunnna ga
BHIXOJe 9TOr0 2JeMeHTA MOABHTCA TOTAa M TGABKO TOraa,
KOTlA HA BceX BXoZax 6yAyT eIuHHITEL

Jornueckrit sneMedT HJIH (am3®HOEKTOD ) peanmayeTr
OTEPAIHIO JIOTHYECKOTO CIOMenna (puc. 3.2, 6). Ecmm xota
6r Ha ogHOM BXofe Oy/eT eAUHNLIA, TO HA BHIX0Ae 3JIeMEeHTA
Takxe 6yder eAMHHMIA, HHAYE HA BhIxoge OyaeT HOIE.

Jloruyeckmit anement HE (MEBepTOp) pPeanmsyer omepa-
nuo orpunaHua (puc. 3.2, ¢). Ecam Ha BXoje 3JeMeHTa
HOJL, TO Ha BRIXOAE eJHHHIA M HaobOpOT.

1 3aak «1+ Ha cXeMe 3NeMeNTa — JAHE YeTapeBieNy 0§osgatenmio onepanny WITH
¢«=le — peayasTar onepanen HJIH pasen 1, ecny cyMMa HaveHW onmepaHfon
Goxpie uan pasea 1.



194

Taana 3

Ba3oBLIMKU B MUKPOSJIEKTPOHHKE ABIAIOTCA TAK)Ke JIOTH-
geckme anemeRTH H-HE 1 HAHR-HE, peanrusyiomue ¢yHK-
ou wrrpux Illepdepa i crpeaxa IIupea. Mx yenosHEle 060-

SHaYeBHA:

=1

Ha oTZenBHHMX JIOrHYECKHX 9JIeMEETOB MOXCHO COCTA-
BHUTH, BARpDHMED, YCTpoRCTER, DPOMSBOAHIIIHEe apudMeTHIe-
CKKe ONePAIMN HAJ ABOMIHBIMU UHCIZMH,

Onpegenenne 28. dnexTpoEHAT JOrKYecKas cXeMa, BHIIONHAI-
Iafd CYMMHDOBAHEE ABORYHHX KOZOB, HAshIBACTCH CYMMA-

mopox.

Paccmo'rpnm CXeMy CIOKeHHA ABYX N-pPa3pagHEIX ABO-

HYHEHX YHCelN.

an- (X ai . ..alao

1Ipn cnoxenuu oadp i-ro paspAza cKja-
AmBaoTea ¢, ¥ b, x auM nprbasnserca

+ byee b;|--biby p, — mpusmax mepemoca s (i — 1)-ro

s .8 l s I 3.8 paspaga. PeayabraToM ciaokerEna Gyner
L ‘ e $; M p;,; — NPHUSBAK NepPeHOCA B CIeLYIO-

muif paspaz.

TarkuMm o6pasoM, ONHOPASPAAHEIE ABOWUYHHEIE cyMMa-
TOpP — 8TO yorpofteTBO ¢ TpeMs BXOZAME I IBYMS BHIXOHAA-
Mu. Ero patora onncusaerca cireayiomeit rabmunet nerun-

HOCTH:
Bxomst Brxoasa
a; b; P §; Pin1
0 0 0 0 0
0 0 1 I 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 1] 1
1 1 0 0 1
1 1 1 1 1
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Buxopsaple GyEKIMH MOMKHO BOCCTAHOBHATSH IO TAGIHIE B
prge CIH® ynmr CKH® p vOpOCTHTE ¢ HOMOIILI0 TOXEECT-
BeHHEIX npeobpasoBaumii. B pesyibTare npeobpasoBaHmil uC-
KoMBIe GYHKOHE NpEoOheTaloT, HATIPHMep, CIeLVIOOIHE BUA:

Py =, &bve&pvb&p; 3
8, =@y, va,&b&p)&a,vbvp). (3.3)

IlepBoe u3 coorHomieREil (3.3) ABAdeTcA pelmemmeM 3aja-
HHA 5, 0, 1 x § 3.7. Bropoe u3 coorHomenmii (3.3) BHBeqeHO
n3 CITH® ¢ yueToM yie HMEIOIIErocs BLIPAXKEHHA AL D, ;.

SaMeTHM, YTO PYHKIHNH P, U §; MOXKHO BRIPA3ATE ADY-
ruME GOopMYAAMHE, UTC, €CTECTECHHO, NpHBeNeT K JPYTHM
JoradecKEM cxemaM. Tak, Hanbomee Koporkoil dopmyioci
And §; ABAAeTCA caegyiomadn: s, = 4, @ b, @ p,.

OauopaspAAHEIY IBOMYHBIE CYMMATOD MOMKHO Peanmuso-
BaTh caexyiomeil cxemoif, uro cooreercTByeT (3.3):

a,b, p,

nf o
i —
i

CrosxeRue n-paspAAHBIX JEOMIHEIX YHCE)I OCYIOECTE-
NAETCS ¢ NOMOISI0 KOMOHHATIAN OZHOPASPALHBIX CYMMATO-

SN peB (YcmoBHOe of03HadeHHE OFHOpA3-
i 8 |—s, PpAAHOTO CYMMaTOpa HPHBEASHO HA PH-
b, — cyHKe cJeBa.) B saBHCHMOCTH oOT
P — PP % onocoba sBOKS/BBIBONA AAHHEIX ¥ OpTra-
HHM3ALAN NePeHOCOB MHOTOpaspafHLIe
CYMMATODEI GRIBAIOT MOCJIENOBATEJBHOTO M HAPAJLIENBHOTO
NPHHOHANS ACHCTBAA.
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B yugpoebix asmomamax ¢ naxims0 Habop BHXOTHLIX
CHI'HAJIOB 3aBHCHUT He TOJNbKO OT Habopa BXOAHEIX CHI'HAJIOB,
HO H OT BHYTPEHHETO COCTOSHEA JaHHOTO yerpoiicTsa. Ta-
KHe ycrpolicTBa BCerjga MMeOT NAMATH.

Onpegenerne 29. Jlornueckuid »AeMeHT, cIOCODHHIH XpaHuUThH
OZHMH PAspAN KBOMYHOTO JHCISA, HASEIBAIOT MPU22ZEPOM.

Tpurrep 6111 naofperer B 1918 r. M. A, Bouu-Bpyesn-
yeM {1888~1940). Camniit npocroit Tpurrep — RS. OE co-
crouT 13 apyx 3neMeHTOB MJIH-HE, BX0ALI B BRIXOIEI KOTO-
DHIX cOeAHHEHH KOJBIOM: BHIXOJA IePBOTO COeUHEH CO BXO-
[iI0M BTOPOTO, BEIXOR BTOPOr0 — €O BXOAOM Iepboro. Cxema
RS-rpurrepa:

R Bpeck: Bxox S (set) — ycTAHOBKA TPHATTE-
"__B——Q pa B 1, BXxog R (reset) — ycraHoBKa

TpErTEPA B 0.
ke

Tprunun paborel RS-Tpurrepa RIIIOCTPUDYET CIZVIO-
masa TabIHIa MCTHHHOCTH:

Pemumu paGoThl TPETTEpa Bxoaw CocToAHMe TPUITOPS
: R s Q
XpaHeHHe TPeRBLAYILETO 0 0 Q
COCTONHUA

¥ceraHOBKA TPHITEDA B 1 0 H 1
YceraHopKa TpHrrepa B { 1 0 0
SanpemenHoe COCTOTHES 1 1 HegonycTamo

O6rIuHO HA BXOALI NOCTYNAOT cABAMH R =018 =0, n
TPHITEP XPAHUT cTapoe cocroanve. Eciu Ha Bxog S mocTy-
TaeT Ha KODOTKOe BPpeMa curHan 1, To TPHITeD NePeXoZuT B
cocToRHEMe 1, M mocJie TOoro, KAK CHTHAR S craHeT paseH O,
TpHrrep Gyfer coxpaunaTh cocroanue 1. IIpu mozaue 1 Ha
BXofA R tpurrep mepeiifier B cocrosaue 0. Ilogswa Ha ofa
BXOAA JIOTHYECKOH eAMHHIE MOXMKET NPUBECTH K HEOLHO-
3HAYHOMY Pe3yAbTATy, NOITOMY TaKasg KOMOHHaOWA BXOX-
HLIX CHrHAJIOB 3AlpeIneHa.
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Hna xpanvenua 1 OafiTa wumbopManum Heobxoammo
8 Tpurrepos, ana 1 kmnofafita — 8 x 1024 rpurrepa. Ta-
KHM 00pasoM, onepaTHBHAA DAMATH COBPeMEHHEIX KOMIIBIO-
TEePOB CONePIKHAT MUANHOBL: TpATTEepoB. B memoMm xe xoMm-
NBIOTEP COCTORT M3 OUPOMHOTC MHCIA JOTHYECKHX 3/IeMeH-
T0B, 05pasyIOIINX BCe ero VSR K NaMATh.

Bonpocb! un 3ananusa

1. IIpcanannsupyiiTe cxeMy, IPEBEJICHHYI0 HA CACAVIOIIEM DH-
CYHKe, B BHOUDETe GopMyay Aura yarous F:

-

&
A'-ll—

1 F

L

2. CymecrryeT 16 NOTHYSCKEX SeMeHTOB, HMEIOUX ABa BXO-
Ja (16 noryaeckux PyHEKIMA OT ABYX OepeMeHENX). Peann-
ayiiTe UX cXeMBl ¢ [IOMOIbLIO JOTHYEeCKHX snemeHToB M,
HJIH, HE.

3. MoxeT 1H IPOK3BOABHAA JOTHYeCKAA cXeMa GuITH mocrpoe-
HA TOJNBKO M3 JIOrHYECKHX 3IeMEHTOB OZHOTO THHA?

4. IlocTpoiiTe cxeMy TpPexXpaspAZHOre CYMMATOPA M3 OSHODAR-
PAXHLIX. .

JaKioveHve

Urar, moasenem wrorn. XIX rex nogapmi HAM IJIedAY BBI-
JAIOMUXCA MATEMATHKOB, KOTOPHIM YAQJ0Ch HOCTPOMTL
CTPORHEI annapaT aarefGphl JOruKK. B mepByioc odepessh 910
Mxopmx Byap, Oracrec ge Mopran, Hxopmx Benn.

CrpemaTtenepaeni XX peK DACIHAPHJ IPpAHHALS HPAKTHIE-
CKOTO OPUMeHeHHA TeopeTHUYECKUX pe3yARTATOB ajlreGphl
JOTMHKE. B 4acTHOCTH, ee MATEeMATHIeCKEH allapaT LIHpo-
KO HCOONB3yeTcsa B EE(QOpPMATHKE, LUpH OPOSKTHPOBAHUE
KOMOBIOTEPOB, B TEOPHH ANPOPHTMOB, B LEICUUCIEHHOM
OPOTPAMMEBPOBARHE U T. A.
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Io3HaAKOMHUBIONCE ¢ MATEPHATIOM AAHHOHR rAaBLI, BH 3HA-
erTe Teleph OCHOBHEIE 3aKOHEI aareOphl NOTMKH, CMOMeTe
0e3 ommMOKHY TOCTPOMTEH OTPANAHUE K CI0MHOMY BHICKASHI-
BAHMI, ChOPMYIHPOBAHHOMY HAa M0OOM HANHEOHAIBHOM
#A3LIKe, BHAETE, N3 CKOJABKHX 3JeMEeHTOR COCTOHT CYMMATOp,
UTO TaKoe TPHUITEP B 3adeM HAM HY)XKHH TaKk#Ae HeoORUIHLIe
Jorgueckye yHKnmA, Kak crpenka IIupea u mrpux Iled-
tdepa. ’ .

HageeMca, uTo MBl saMETepecoBany Bac ajarebpoil nmoru-
K4 — upespniuaiiHo KpacHBo# 061acThio MaTeMaTNKH, IIpH-
MeHeHHe KOTopol OymeT HABepRAKA PACIIHDATHCH.
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JJIEMEHTHI TEOPHH AJTOPHUTMOB

TlonsTRe AJATOPUTMA ABAAETCA HEe TOABKO
OeHTPAMRERIM TIOHATHEM TEOPHH AJAPOPHTMOE,
He TOJMBKO OJHAM K3 T'JIABHAIX HOHATEI MaTeMa-
TAKY BoOOImMe, HO OFHNMM W3 INIABELIX NIOHATHAN
coBpeMeHHol HayrH. Bonee Toro, cerosud, ¢ Ha-
CTynNeHEeM »pbhl HHGODMATHKH, aJrOPATMEL
CTAHOBATCHA OAHMM M3 BakHeHAmux GaxTopoB
OABIIA3AINE.

B. A. ¥Yenenewuil

Bnaro Bezfle B BCIOZY 3ABMCHT OT cobjofe-
Hud ABYX yeaosuit: 1) mpaBHALEOrO YCTAHOBIE-
EUA OeJH BCAKOTO POAs AeATERALHOCTH H 2) OTH-
CKAHESA COOTBETCTBYIOIIMX CPEACTB, BeNVIONX K
oTOl memm.

Apucmomens

§ 4.1. NonaTne anropuTma. CBORCTEA aANrOPUTMOB

§ 4.2. YTouHeHN® NOHATHA anropuTMa. MawmHa ThiOpHHra

§ 4.3. Mawuna NocTa KaK YTOYHOHWO NOHATHA ANTOPWTMA

§ 4.4, ANropuTMMHECKH Hepa3peIUMBIe 3a8a4M K BLIYUCNHMBIG

PyHKUNM

§ 4.5. NMouATHE CNOXHOCTH ANropHTMa
§ 4.6. Avanu3s anropuTMOB noMcka
§ 4.7. Ananu3 anropuTMOB COPTHPOBKA
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aHHAs I71aBa 3HAKOMHKT BAC ¢ OTHOCHTEABLHO HOBOH Ha-

VUHOH JHCHHIANHON — TeopHeH alTrOPHTMOE. 3amMe-

THM Cpasy, IT0 CHeIUaJncT B 00IacTH TEOPHH aAropHT-
MOB — HTO Ipek/ie Beero MATeMATHE, YBePeHHO BIaferommii
annapaToM TeODHH MHOMCECTB, AUCKDETHOM MATEMATHEH,
BHIcIIeil anreGphI. 3aposeHHe ¥ DASBATHE TEODHE ANNOPHT-
MOB CBASAHO ¢ (VHARMEHTAJBHEIME AOCTIIKEHHAMH BHIFAN-
muxca MareMaTnxes: A. Triopumara (A=rans), A. Yépua
{CIIIA), 3. ITocra (CLIA), x. dou Hedimana (CIITA), A. A.
Mapkoea (CCCP), II. C. Hosuxora {CCCP), A. H. Kosmoro-
pora (CCCP), I C.Hefitura (CCCP), I0. B. Marnacesuua
(CCCP) ¥ MHOTMX ApDYI'HX.

I'naBa mocBamleHa PA’BLACHeHUI0 OZHOIC M3 OCHOBHEIX
NOHATH MaTeMATHMKH X MEGDODMATUKE — IOHATHS aaro-
puTMa; B He#t Ipocae:XHBAeTCH BILMMOBIASHAE HAYIHRIX
OTEPHITHAE MATEMATHKE H RHpOpDMATHKH B 00JACTH TeocpanA
JITOPATMOB.

§ 4.1. NonaTue anropuTma. CeoACTBa aNrOPUTMOB

Kawpaet m3 Hac eKeZHEBHO peIIAST 38JATH DalIAYHOH
CAOXKHOCTH: Kak GrcTpee gofparThca B mKoay BEIM Ha pabo-
TY B YCIOBHAX HEXBATKH BpPeMeHN; B KAKOM IOOPAJKE BEHI-
NOJHATE Aesa, HaMeUeHHEIe HA TeRKyINUid AeHb, n T. 4. He-
KOTOPHEe 34adM HACTOJMBKO CNOMKHBI, 4TC TpebywoT Enu-
TEJBPHEIX PpAsSMBINJICEHNH ANA HaXOXKAEHAA pelleHHA
{mHOrZA pelleHHe TAK M He VAAETCH HAWTH), ADYTHEe 3a484A
MBI peillaeM ABTOMATHYECKH, TAK KA BBIOOJHAEM HX €3Ke-
AHEBHO HA NPOTIKEHHN MHOTHX JeT (EHIKIIOYATEL 3BeHA-
it 6yIRARHAK; DOYNCTUTE YTPOM 3yOhl; IOZBOHHUTE ZPYIrY
oo renegoHy). B GoiRIIMHCTEBE CIyYaeB pelIeHKe KAXKAOH
BAJAYA MOMKHO HOAPA3FEHTL Ha OPOCTHIe TSI,

IIpumep 1. 3agaqa «3B0HOK APYTY IO TejnedoHY» NMOZpasfend-
eTcd HA CJeIVIOImHEe STANE (IIaru):

1. TlograTes TexedoHRYIO TPYOKRY.

2. Ecim yeaelman ryaox, To HabpaTs HOMep ApPYra, HHade
KOHel| pellleHuA 3aJa98 ¢ OTPHIATEALHEIM PesyALTATOM
{TenedoH HemCIpaBeH). '

3. OnpepenuTe THN TYOKOB: ¢BEI30B*» HJAH «38HATO». Ecam
+«BHI3OB», llepeiiTd K wiary 4, ecly «3aHATO», mepedTH
K 1mary 6.

4, HoxpaTbca BOCHMHA BEISHEIBAIOIIHX TYAKOB.
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5. Ecxu 2a 910 Bpema aboHeAT He IOFHAL TpyOKY, TO KOHEI
PellleBUsA 38189H ¢ OTPHOATENLHBIM pe3yibTaToM (abo-
HeHT He QTBe98eT), HEaYe HAYATE Paarosop. 3agads <llo-
3BOHHMTEH ADYTYy» pelleHa YCIeIEo.

6. IlomoxuTe TenedoHHyI0 TPYOKY; KOHEll pellleHUs 3aJaH
¢ OTPUOATENBHEM peayabTaToM (aboxeHT 3ansaT). O

IlocnegoBaTenbHOCTD IDAaTOB, IPHBEACHEAR B IPEMepe 1,
ABJACTCHA GRZ0PUMMOM DeIlleHHA 3afa9l «+3BOHOK APYTY OO
Tesiedory». Hcnoanumensy aTOTO anropuTMa — wWejaoBeK.
Q6BekThI anroprTMa — TejletdhoH B TeneoHHEe CHTHAIEL,

Ona pemterua nobolk sagauy HAXO 3HATE, ITO ZAHO B 4TC
cAeOyeT NOJNY9YHTh, T. €. ¥ BAJRYM eCTh UCXOZHEIE EAHHEIE
(GeKne OGBEKTH) B MCKOMEle pe3yabTaTH. dns noaydesns
peayasTaTOB HeoOXoAMMO 3HaATEH CHOCOD pellleHHA 3aZadH,
T. €. PacnoJaraTs ajJropaTMoM. B GazoBoM Kypce uHpOpMa-
THKY BH 3HAKOMEJHCH C OCHOBAMI TEOPHM ANTOPHMTMOB,
B UACTHOCTH, BHL 3HAeTE CHAeAyI0INee HedpopManrHoe onpege-
neHAe (IOHATHE) AJNTOPHUTMA.

Onpenenxemme 1. Arzopumm — 5TO TOYHAA KOHEUHAA CHCTEMA

npefnucagnii, oApegeldoman COfep:KaBEHe U NOPAAOK Aeil-
CTBEH HCHONHATENd HAN HEeKOTODHIMHA olbeKTaMy (ACXOZ-

HHMY ¥ TPOMEXYTOUHEMA JAHELIMM) I NOAyYeHnsa (10-
¢Jle KOEeYHOTC YHCJI& IIATOB) HCKOMODO De3yIbTaTA.

IlpnBegenHoOe ONpedeseEne He ABIA-
€TCA ompefesicHHEeM B MATEMATHYECKOM
CMEICTIE CJI0BA, 9TC OIMHCAHHE TNIOHATHA
anropETMa, pacKpHBalomee ere CyIn-
Hoers., OHO He ABNSeTCH (POPMANEHEIM
IOTOMY, 4TC B HEM HCIOAB3YIOTCA Ta-
KH@e HeYTOIBACMBIO IIOHATHAA, KAK ¢CHC-
TeMa IPeAIHCARHENE», ¢AeHcTEBEA ACIOI-
HUTENAr, +00BeKT».

IlonaTe anropHTMAa, ABIAIOOIEECH

Ane-Xopeans dvEAAMEeHTANLHRIM IORATHEM MaTeMa-
(780-850 1. 3.) — THKH # HHEQOPMATHKK, BOSHHKJO 3a-

yabeKCKH MaTeMaTHK AWINO A0 NMOABIEHEA BRIYHCARTEABHHX

IX Bera; H3 eRpoNeH-
BHPOBAHHOT'C IIPOR3-
HOIN¢HHA AMeHH
ans-Xope3sMH BOSHHK
TEPMHEE ¢aAlrOpHTM»

MAIINH.

IleppoHAYANELEC IOJ CIOBOM <&Jro-
PHTM» IOHHMAJHN CHOCO0 BHINONEEHUS
apudMeTHUeCKHX AeHACTBUHA HAA Aecd-
THIEEIMH YucaaMu. B gagpmeiimem sto
MOHATHE CTANH HCIONL30BATE AAA obo-
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sHaYeHAA M0G0 NocienoBATeARHOCTH AeicTamit, IpUBOA-
med K peNIeHEI0 IOCTABJCHHOHN 3a/aud.

IIpnBefeM mpUMepH ABYX AJTOPHETMOB, KOTOpHe OyayT
BAM ITOJe3HEl HA YPOKAX MATEeMaTHKH.

HOpnamep 2. PaccMoTpEM cHoco0 BRINHCHBAHWA BCeX HPOCTHX
upcen B BATepBate o 1 go Hexkoroporo N. Dror cnocob HO-
cUT HazBaHUe sPewemo dpamocpenar, 1o UMOHH ApeBHe-
I'PevdecKoro y9eHOT0, Blepbhle BPeAAOMKHBINeTO AaHHEHN aj-
TOPUTM.

Bpatochern (ox. 275-194 Ko H. 3.) — oAuE H3
CAMEIX PASHOCTOROHHMX YYeHHX AHTHYHOCTH.
QOcoBeERc @npocaasann IJparcchena TPyAH 1O
ACTPOHOMIH, reorpad¥y B MATeMATHKE, OAHAKC OH
yCOemHO TPYAHMACA H B obnactu (QuIonorum,
NO3I3HH, MYSNEH I bunocodun

Jas »roro BHIIHINEM OOZPAJ BCe HATYPAJNbHEBIE YHCHAA OT
1 go N. Boasmem mepeoe uncno, Gonbmee 1 (aTo Gyzer 2), m
SaYePKHEM KAMA0e BTOPO® YHCJIO, HAMHHAS OTCYeT CO cJe-
AVIOIIerc 3a gBoiKoM uMcia. 3aTeM BOZEMEM IepBoe Hesa-
YepRHEYTOS IHCI0, Gonbmee 2 (310 Gymer 3), B 3adepKHeM
Kaixgoe TpeThe THCIC, HAYAHAA oTcdeT ¢ wmcaa 3 + 1 (pa-
Hee 3a4epKHYTHIC YHCJIA YIACTBYIOT B oTcdere). [amee Bo3b-
MeM NlepBoe He3adepKHyToe dHcHo, Gomsmee 3 (310 Oyamer
5), ¥ 3aUepKHeM Ka¥Joe HATOe YMCHO, HAYMHAA OTCYET ¢
uncsta 5 + 1. IIpogonsxaa Tak AeiCTBOBATH, OCTAHOBHMCH
TOrAA, KOTAA IIepBoe He3adePKREYTOe YHCIO OKAXeTCH 00MIb-
e -JP_J . 1

B pesyabrare NPUMeHEHUA 9TOrO AJNTOPHTMA He3aqepK-
EYTHIMH OCTAHYTCA BCe IIPOCTHIE IHCJAA, He IPEBOCXONMIINE
N, u Tonbko oHM, JIOKa)KHTe 3TO CAMOCTOSTENBHO.

IIpumep 3. Mano semecTBeHHOE YKcao P. TpeGyerca BEMaHCAUTD
ero KpaJpaTHHIH! KOpeHb ¢ 3afaHHON TOYHOCTHIO, HAIDHMED
¢ m SHAKAMH NOCJde BaOATOI,

IIpaseso BEMMCIeHUA KBAAPATHOTO KOPHA «B CTONGMK»

MOJKHO SAIIHNCATE B CJIeAYyIOmieM BHAE:

1. 3annce uucaa P pasfennTs Ha Fpyund P, mo 2 nudpsl
BJI€BO H BHPABO OT 3anAToi {P Pz‘“Pk"Pk-l-l' PT} 3ame-
THM, 9TO CaMas JIeBad ¥ camad npasad rpyous: (P, u P,)
MOI'yT COCTOATE U3 ofHoN nudpsl. I'pyooy P_B mu cay-

" Yae AOMONHHTH X0 ABYX OHip, IPHUHCAB 3 CIpaBa.
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2‘

IlopobpaTs Taxyo DadpY X, KBAAPAT KOTODOR He TIpeBOC-
xogur P,. Banmcars x B KadecTpeé OePBOA uudpHI pe-
syabTara (MCKOMOIO 4HCNA).

BuramcaeTs r =P, — x%

Ecim HepaccMOTpEHHEIX TPYNN & 4Hcne P Gonbmie HeT n

r=0 (T. e. MBI BHYNCAHAH KopeHb TOYHO), HIK ecy:

r + 0, HO TOYHOCTE: BHIYKCJIEHEA HAC YCTPAHBaET (¥ HCKO-

MOTO 4uCJIa MOTYIeHO m 3HAKOB mOCHe 3anaroil), 12 Ko-

Hell &JATOPHUTMA.

Ecin HepaccMOTpeHHEBE TPYNOLE €CTh, BAA TOYHOCTH BEI-

YNCNeHAS HAC HE YCTPAMBAET, TO K I ZONHCATL CIOpabBa

nmudprl odepegmoil (P} rpymnel; NOAyIABIIEECA YHCIO

obosHAHTE vepes b. 1IpK 2TOM BOBMOMHE!I CIeZYIOUIHE

BADHARTEL:

5.1) ecnm ovepepHasn Tpynna (P;) CTOHT B SAIIACH TACKA
TEPROH TOCHe AMATONR, TO SONHECATH CIPABA OT X Fe-
CATHYHYID 3ALUATYIO;

5.2) ecaK Bce IPYNNH B 3AIMCH UHCAA YKe 0OpabOoTaHH,
TO B KauecTBe odepeZHol rpymnm P, B3aTth «00»,
HpH 9TOM €cJH umeao P Gro IeaniM, TO JONKCATD
cIOpaBa OT X AECATHYHYIO 3alATYIO.

Ilopgo6paTE TAKYI0 MaKCHMANBHYX Iadpy Yy, UTO

@-x 10+ y) -y s b, rae x' — Heice TUCIO0, COBNANAND-

Olee IIo SallCcH ¢ x $e3 yueTa AecsaTWwIHoOH sanaroi. Tor-

Ja y Oyner odepensHON mudpoil MCKOMOro 3HCA.

Bermaucavrs r=50-(2-x+10 + y)' y.

Ilpanucars ¥ cOpaBa K peayasTaTy. HomrymBmieecs que-

no oDOogHATHTE 4depes X.

. epeitra K mary 4. 0

Joboil aIropHTM CYIIeCTBYeT He ¢aM 1o ceGe, a IpeAHa-
3HA4YEeH ANA ONPENeNCHHOTO UCROAHUMEAR. ANTOPATM
ONNCHIBALTCHA B KOMAHOGX UCTLORHUMERR, KOTOPRU HTOT
anroput™ Oyer BEINONHATH. OOGHLEKTH, HAX KOTOPHMH
HCIOJHATENbP MOXET coBepIlaTh AeHCTBHA, ofpasyor
TAK HASHIBAEMYIO cpedy ucnornumersr. Hexodnvie dan-
Hbie U pe3yrvmamut JIOG0TO aAToPHTMa BCerxa IMpHHAK-
JIEIKAT CPefie TOr0 MCIOJHRTENdA, ANA KOTOPOTO NpeAHa-
3HaYeH &JITOPHUTM.

BHaveHde CAOBA +AJITOPUTM» OUYeHB CXOXKe cO 3HaYeHHeM

CJIOB epemenT», ¢MEeTOX», <cmocob»., OgHakxo moboii axro-
PYTM, B OTAMYHE OT pemenTa uaAy crocoba, obasarensno 06-
nafaeT CIeAVIOIIUMH CBOMCTBAMH.
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1. Juexpemuocmy. BuimonneHne anropwTMa pastnBaercs
HA IOCNeNOBATEILHOCTE 3aKOHYEHHRIX AelcTBHHA-IIATOB.
Tonpko BROOHHNB 0ZHO AeHcTBHe, MOKHO OPHCTYHNATE K
HCHOJAHeHA caenyiomero. IIporssecTt KamXgoe 0Taeb-
Hoe JAeiiCTBHe MCIOJHNTeAX NpeANNChBAeT CIeEaNbHOS
YKa3aHWe B 3aNBCHE ANTOPATMS, HASKBASMOC KOMAHIOIL.

2. Jemepmunuposanrnocms. Criocol permmeHMsa 3agadu OFHO-
SHAYHO OmpefelieH B BHAe HOOCIEAOBATEIHFHOCTH IIATOB,
T. €. €CIN ANTOPHTM MHOTOKPATHO NPUMEHACTCH K OZHO-
My H TOMY #e Hab0opy HCXOZHEIX ZeHHHX, TO KamIbrit
pas HOAYYAIOTCH ORHH U Te JKe OPOMeXYTOUHEIe pes3yib-
TaThl ¥ OZHMH M TOT K€ BBIXOZHOM pes3yJbTarT.

3. ITouamuocme. ARTOPHTM He OOJMCH COASPIHATE Hpex-
OMCHAHAN, CMHECJA KOTOPHX MOM(ET BOCIPHHAMATEHCA HC-
NOJNHATEeNeM HeOZHOSHAYHO, T. €. BJAIlHCH AJTOPHTME
AOJIKEA OHTEH HACTONBKO YeTKOR M moaroM, 4To6H Yy HC-
IONHUTENA He BOSHHKANO NoTpe6HOCTH B IPHEATHR Ka-
KHEX-THGO CAMOCTOATENBHEX penreHmil.

AIrOpUTM BCeras pAcCUUTAH HA BHIIOJHEHHE <Hepas-
MEIITAIOIUM» HCIOIHETEIEM.,

PaccmMoTpAM E3BeCTHEIE UpHMep +«OREITOBOTOs AATOPHT-
Ma — QITOPATM Hepexofa YAHHE: <IlocMoTpE Halepo. Bcam
MalOWH HeT, Joiaw zZo cepeAWHR! yaune. Ecmy ecTe, mope-
AU, NOKA OHHA OpOenyT M T. A.». IlpegcraseTe cefe cuTya-
IAK: MAINIHA CJIE€BA eCTh, HO OHA HE €JeT — Y Hee MeHTIOT
Kojeco. Ecrm BeI gyMaeTe, 9T0 UCOONHUTENE AJATOPHTMA HOX-
KeH KIaTh, TO BH HORMAIH 3TOT AAropuTM. Ecam ke BH pe-
HIMIH, 9T0 YAy HepeXOOHTE MOXKHO, CUATAA AJATOPHTM BOA-
TpaB/eHEHEIM B BEAY HeHpPeABHACHHEX (II0 BAmIeMY MHeHHIO!)
OOCTOATENHCTB, TO BH He YCBOMIM TOHATHE AJTODUTMA.

4. Pezyavmamusiocms. Coep/RaTe bHad ONpefeNeHHOCTh
PesyJIbTATA KaXKAOrO IIara M JrOpUTMa B meaom. IIpr
TOYHOM HCIIOXHEHMH KOMAHA AJTOPHTMA TIpouecc g0J-
JKeH IPeKDATHTHCH 38 KOHEUYHOe WWCAC IIAroB, H HpH
3TOM AoiteR OBTH HOJYISH OTBeT HA BONpPOC 34Ja4H.
B KadecTse OAHOTC H3 BOZMOMHEIX OTBETOB MOMKeT OBITH
M YCTAHOBJAeHWEe TOro dakra, 9T0 3azada penreHHil He
HMeer.

CpoiicTBO pesyNbTATHBHCCTH COJepXKUT B cefe cBolicTno
KoHeyHOCMU -— 3ABepOIcHHe PabOoTHI ANTOPHTMA 38 KOHeY-
HOe YHCAO HIArOB.
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b. Maccosocms. AAropuTM IPDATOZEH A4 pelleHus aobol
3g/a4n M3 HEeKOTOpPOro Kiacca 3afad, T. €., AJTOPUTM
IpaBUAbLEO paboTaeT Ha HEKOTOPOM MHOXKeCTBe HMCXOA-
HEIX SAHHHIX, KOTOpOe HadmBaeTcd 00JacTBIO DpHIMEHM-
MOCTH &JIrOPHTMA.

HpornmocTpupyeM ¢cBoficTBA AMrOPUTMA Ha TPUMEDe ajl-
TOPHTM& BHIYACHEHHS KBAAPATHOTO KOPHA «B CTOROHK:
(mpumep 3). .

Maccosoems 2Toro aNropATMa 3AKIICIAETCH B TOM, UTO
€T0 MOXKHC IPEMEHAT: K AH60MY DOXCKETEILHOMY PaINo-
HanbpHOMY uMcay. Jamwsi nponecc pasbuT Ha ward, T. €. 04
Jucicpemen. emepmunuposannocmy AATCPHTMA BAITEKAET
H3 TOTO, YTO KaMIaa KOMAHAA BHIIONHASTCA MCIOIHRTETEM
OFHOSHAYHO M KAXAAA KOMaHfAa cHAG)EHA YKASAHWEM, Kb-
KYI0 KOMAHAY BHIOJHATE caegyoimeit. onamunocmy anro-
PETMa 00eCIeINBAETCH TEM, 9TO, BO-IEPBHX, MCIONHATEIIO
HM3BeCTHO, C 4ero HAYHMHATE BHIIONHEHHMe ITOPHTME
{c xoMasE HOMep 1), &, BO-BTODRIX, YETKO OIHACAHO, KaKHe
H3 JOUYCTHMEIX geAcTEREA HCMONIANTENR HAZO BEINOAHATE HA
KaXxAoM Imare. PeayabmamuceHocmy ITOPHTMA COCTOHAT B
TOM, 9TO OH OTpefesIAeT TpOIece, IPHBOSAIINE K HaXomxse-
HAK KBAJPATHOIC KODHA € 3AZAHEOH TOYHOCTHIO BEITHACTE-
HEH AA8 M1060TC GOAOKHTEALHOIO PANUMCHANBHOTO JHCHA.

Bonpoc, BoamoxRa Au cumyayua, wmo chocol pewlenus 3adaiy
eCcmy, HO OH He AGAREMCR Ane0pUMMOM?

Omeem. He xaxabiii cnocol, NpUBOAAMIMA K PEIIeHNIO 384049H,
ABNASTCH ANTODWTMOM. Hanmpumep, omEMIeM CAeAYIORIMA
cmocof (MeTon) HIpoBeAcHHSA NEPHeHAUKYIAPA K OPAMON
MN, npoxoasmero 4Wepesd 38aHHYID TOYKY A;

1. OrnoxuTE B 06€ CTOPOHH OT TOUKH A Ha mpamoit MN
LUPKYAeM OTpe3KH PaBHOH ANMHE ¢ KoHuamu B u C.

2. YBenIHNYHTE PACTROD HHPKYAA A0 PAAKYCS, B IOJTODA-BA
pasa Gonarmero ANUEEL OTpeskoB AB m AC,

3. IlpopecTH YKA3AEHEHIM PacTBROPOM LHUDPKYJIS AYTA CKPYIK-
HocTell ¢ neHTpamk B u C Tak, qrobbi OHA OXBATHIH TOY-
Ky A u o0pazoBaiam ABe TOYKH [epecedeHHs ADPYT C ApYy-
oM (D n E).

4. Baars AuHelIRY, NpRIOKETE ¢ee K ToukaM D u E u coenn-
HYUTH HX OTPE3KOM.

IIpn npaBMIIEHOM HOCTPORHUE OTPE3OK IpoilJeT depes

ToIKy A B SymeT MCKOMEIM NePHeHIUKYIAAPOM.
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Vrasamupil coocof paccunTan HA MCIONHUTEAA-deJI0BE-
xa. IlpEMeHad ero, 4YeJIOBeK, pasyMeeTes, HOCTPOAT HCKO-
" MEIH mepHeHAUKYAAP. Ho TeM He MeHee 3ToT cmocod aaro-
pETMOM He ApnseTcd. IIpe:xAe pcero oH He ofnagaer ¢cBol-
CTBOM JeTepMEHMpoBaAHoCcTH. Tak, B myaxre 1 Tpebyerca
OT HCHOAHUTEeNd cAeNaTh BHIDOP OTDe3sKa NPoOU38ORLHOU
AawEE (anA moctpoenus Tozek B m C MoMEO NIpOBecTH
OKPYKHOCTh NPOU3BONLHOTO PAjHyca r ¢ IeHTPOM B TO9Y-
re A). B nyEKTe 2 Tpefyerca cHmesaTh BEIGOP OTpeska, B
TONTOpPa-ARA pasa GoJsOIeTO ATHHH OTpeskoB AB m AC,
B nyuxTe 3 HaZo NPOBECTH AVTH, KOTOPEIE TaK/Ke OMHOZHAY-
HO He oOpefeneRH. YenoBeK-HCIOJIHNTENE, IPEMEeBAIGITHE
ZAHHEIA coocof K OJHEM W TeM e WCXOJHBIM JAHHEIM
{upaMoit MN u TouKe A) NOBTOPHO, DOJAYUHT HECOBIANAK-
IMe POMEXYTOYHIE Pe3YILTATH. ITo HPOTHBOpETHT Tpe-
GoBaHHIG AEeTePMARUPOBAHEOCTH ANTOPATMA. 0

Bompoc. Cywecmayiom xu 3adaxu, Komopbie verosex, 8ooluse

£080DR, YMeen PEULAMb, He SHAR NPU IMOM AAZOPUMM UX
peuwtenua?

Omsem. Ja, MO’KHO NPpUBeCTH GPHMeED ¥ TaKoi sagaun. Hanpn-

Mep, Hepe; IeA0BeKOM Jexar doTorpadbun Kolrek n cobak.
Yenorek AoiiceH opeleRnTh, KOIKA HIH cobara uaodpa-
JeHa HA KoHKpeTHOo# dororpadun. Yenosex pemaer sTy 3a-
Aaqy HA MHTYATHBHOM YpOBHe ¢ BEICOKMM NIPOUEHTOM Hpa-
BANBHHIX oTBeToB. HOo HamMcaTh TOYHEIH ANTOPHTM peme-
HAY [JaHHOB 3ajauM  cerogHA He  OpeACTaBJSeTcA
BO3MOMHEIM, TAK Kak dopMannsanmsa 9Tol npobieMest upes-
BBIUAAHO CI0KHA M HOKA IPAKTAYECKN Hepeandayema., [

aauM yTouHeHEOe MOHATHE AJIrOPHTMA, KOTOpPOe OMATH
e He ABJIAeTCH OmpefesieHNEM B MATEMATAYECKOM CMEICHe
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cioBa, HO Oonee GOPMANBHO ONHCHBRET MOHATHE
AATOPUTMA, PACKPHIBAICILGE €r0 CYIMHOCTDH.

Ounpenencane 2. AzzopumM — 9TC KOHETHAS CHCTEM& IDABHII,
chopMyIMpoBaNHag Ha A3EIKE HCHCIHATENA, KOTOPAs oOpe-
JiesIAeT DOCAeOBATENFHOCTE NepexXoia o7 ACHYCTHMBEIX He-
XOAHHEIX AAHENIX K KOHeYHOMY Pe3yAbTATY H KoTopas ofia-
JaeT cpoficTBAME AHCKPETHOCTH, AeTePMHEAPOBAHHOCTH,
PE3YARTATHBHOCTH, KOHETHOCTH W MACCOBOCTH.

OTMeTHM, 4TO ANd KasA0To HCIONHHTENA Ha-
6op mONYCTAMEIX AeitcTBUI Beeraa orpaHUYer —
He MOXeT CYIIeCTBOBATL KCHOJHUTENHd, TN% KO-
roporo Jxoboe AeficTBHE ABIASTCH JONYCTHMEIM.
Tepeppasaposarnaoe paccyxgenue W. Karrta
060CHOBRIBaeT CPOPMYIEPOBAEHCE YTEEPXKACHHE
cregviolouM obpasoM: «Ecmu O Taxol Hemosm-

’ HHTENE CYIIEeCTBOBAJ, TO CPeU eT0 MONYCTHMEIX
H. Kasr ZeficTenit Onlno OH cO3AAHUE TAKOTO KAMEA, KO-
(1724-1804), TopLIL OH He MOMET HOAHATL. Ho 9T0 MPOTHEBO-

HEMOIKAA  pewyT ONYCTHMOCTH AeHCTEMA ¢HNOARATS Jioboi
maocod  gamenss.

OrpagmueHme Ha HAGOpP JOOYCTHMBIX ZelcTBEH osHAdA-
€T, 9T0 ANA NI00Te HCIOAHATEN HMEOTed 3agady, KOoTO-
PEIe HeJB3A PEIINTEH € erc NOMOINBID.

IIpm M3y4YeRHH ANrCPHUTMOB BAXKHO PR3feNNTR ABa MOHA-
THA: 3GRUCY, AZ0PUMMA U 6biNOAHERUe arzopumMma. B yueb-
HO-HAYYHON ANTepaType TePMUH <AJATOPUTM» HCIOAB3YeTCH
KaK B OePBOM, TAK H BO BTOPOM 3HaveHnu. Jxa Gonee der-
KOTO HM3JOKeHRst MH GyaeM KOHKDPEeTHM3HpPOBATH YHOTpelie-
HHUe TOI0 TepMHEA,

B 3ak/II07eHNe AAHHOTO naparpada cesaeM TPH BAXKHEIX
3aMeYaHNA,

1) CymecTByeTr MHOrO PASHEIX crocofoB AJjA 3a0HCH
(ommcaHUA) OAHOrC M TOFO JKe ANTOPATMA:

s TeKcToBad ¢opMa 3aAIACH;

& 3alucs B BUZe GJIOK-CXEMEI;

¢ 3BANWCH ANTOPHUTMA HA KAKOM-JIH60 AJTOPUTMHYECKOM

SA3LIKe;

e [peAcTABeHHE MITODHTMA B BHAe MAamAHE THIODHH-

ra maug MammHE! Ilocra.

Buifop cmocofa 3amucH SNTOPUTMa 34BHCHT 0T HECKONB-
KHX npuduH. Ecan Aa4 Bac Ham(osee BAMKHA HAMASZAHOCTb
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BAMHCH AJIIOPHTMA, TO PA3YMHO MCIONL30BATE GIOK-cXeMy.
Eenz anroprTM HeGoABIION, TO Q0 MOXKHO 3AIHCATH B TeK-
cToBOMH popme. IIpw sToM KOMAEAEI MOIYT OLITH IPOHYMEPO-
BaHH (npEMep 1) wim 3apncadEl B BHAEe CLUIICIIHOTO TEKCTA
(rpmmep 2).

2) Bre 3aBHCHMOCTH 0T BHIGpanuoil ¢opMLl SalHACHE aje-
MeETAPERIe HIAI'M AJFOPHTMA (KOMAHARI) IIPH YKPYIHEHEHH
00 BeIMHAITCA B AJTOPUTMAYECKNEe KOHCTPYKIHA: nocaedo-
eamenbHbie, SeMEAUUCCH, UUKAUYECKUE, PEeKYpPCUBHbBIE.
B 1969 rogy Dacrep B. Heiikcrpa B craThe «CTPYyRTYDH
JAHHEIX ¥ QITODATME» AOKA3aJ], 9TO ANA 3alHCKH J060ro
ANnropaATMa AOCTATOYHO TpeX OCHOBHEIX AJNTOPHTMHYECKHX
KOHCTPYKIMIA: ImocaeRoBATeNbHELIX, BeTBAMIAXCH, THKJIHYe-
CKHX.

3) Ecau 3ajaua uMeeT alropaTMHJYecKoe pelleHHe, TO
MOKHO IPHEAYMATL MHOKECTEO PA3MIATHHIX CIOCOGOB ee pe-
IIeHHEdA, T. €. PASJIMIHLIX AJTOPHTMOE. TeopnA aaropmTMOB
OpeAocTABIAAET ANNAPAT AHANH3A DPASIAHYHEIX SJITOPHTMOB
pedieEns OFHOM H TOH ke aajagH, Ha OCHOBE KOTOPOTO
MOKHO BHIGpATH caMblil 3((peKTHBHRA (HaunIyImHEii) airo-
puTM.

Bonpocel u 3aganvs

1. IloveMy KYJIHNHAPHBIA penenT IpHUIoTOBNCHUA TOPTA Helb3d
caaTaTh axropurMoM? KaKMMM cBOHCTBAMH AJITOPATMA He
ofnagaeT KYIMHAPHMI penent?

2. Cocraspre aATOPUTM CIAOKEHNA B CTONOHE ABYX HATYDAIL-
HHX uucesn. IIpegnoiaraeTcs, 9ro onepalld CPaBRHEEHS
ABYX HATYPAJBHEIX YHCe] 014 TeJIOBeKA ABAACTCH BEIIOIHE-
MOi.

8. HepedopMyanpyiiTe coocob DposeAeEHA NEPIEHARKYIADA K
npAMoi B 38AHEOHE TOIKE TAK, YTOOK OH CTAM ANTOPUTMOM .

4. EcTb ABOE NeCOYHHIX 1ACOB: E& 3 MPHEYTH U Ha 8 MuuyT. Jina
NPATOTOBIEeHUA SIMKCHPA GeccMepTHS ero HAKO BADHTE POR-
Ho 7 MuBYT. Kax sT0 cienars?

IIpuaymaliTe cucTeMy KOMAHA ucmoaHuTe s ¢Kongym». 3a-
DHIIATE NOCAELOBATEABHOCT, KOMAH[ 5TOIO HCIOMHHTENA
AN OPUTOTOBICENA SIAKCADPA,

5. [IpHBeAnTe MPHMEPH KIrOPMTMOB, HCHOIBIYIOIIAX BeTBA-

OIHecH aNTropUTMHYeCKHe KOHCTDYKIMA.
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6. HDHBB}IH'I‘E [OPHEMEDEL ANTOPHTMOB, HCHOABIYVIOIINX ITHKJIH-
YeCKHe aMTOPHTMHYeCKHe KOHCTPYKIOHN.

7. TipuBefRTe MPAMEPH PeKYPCHBHHKX AITOPUTMOB.

8. CocraBbTe B BHAe GII0K-CXeMBl aNTOPHTM HaX0xKjeHEA dak-
Topnaga aacaa N,

9. HokaxxuTe, 4T0 HpH moMomy aaropurMa «Pemero Dparoc-
dbeHa» NelICTBATETHHO MOXHO HANTH BCe DPOCTHIE THCAA A3
YKa38HHOIO ANAMIA30HA.

§ 4.2. YTouHeHMe NnoHATUA anroputma. Mawuna
TeiOpUHra

OnpepeseHus ANrOpuUTMAa, NpubefeHusle B § 4.1, He aBaA-
IOTCH CTPOTEMH, TAK KAK B HAX ECIOOJBIYIOTCA He OINpege-
JAfeMEe TOYHO TEPMHHEI, HAIPHMED <HpaBmio». OxHaKo
MATEMATEKE JAOCTATOTHO AOArD IONB30OBANHUCH MHTYHTHE-
HBIM NOBATHEM AJTOPHTMA, SAINNCHEBAH ANTOPHTMEL TIpH-
MepHO TaK, Kakx B mpumepax 1 m 2. B pamxax nogo6Horo
onpefegeHEs 651N chOPMYINPOBAHK A YCNEIIHC IPHMeHA-
JINCH Ha IpaKTHKe AJTOPHTMH ANA pPelIeHHA TAKAX 33484,
KaK HaX0xJeHHe KopHell KBaApaTHHIX A KyOMJeCcKAX ypas-
HeHHUil, pelleHEe cUCTeM IHHeHHBIX YypaBHeruit (meron
Taycca) = gp. '

4.2.1. Heo6x0AKMOCTbL YTOMHEHUA NOHATUSA anropuTMa

ITocTemeEHO MaTEeMATHKH NoAXOAHAH K IMIOCTAHOBKE H De-
meHUro bee Oomee enoxHEEX sanad. Takg, HanpuMmep,
I. Jeibunu 8 XVII Beke OHTANCA INOCTPOMTE OGImMiE anro-
PHTM permmeHRA JIOORX MaTeMaTEIecKHX 387349, B XX Beke
aTa Eaed oprobpena 6oiee KOBKPETHYH0 HOPMY: HOCTPOHTH
AJTOPETM IPOBEPKH HNPaBMIBHOCTH JMIOG0H TeopeMsl mpH
ao6oii cucTreme axcuoM. IIOCTPOHTE TaKHe AJTODHTMEI He
YAABaJIOCH, M MATEMATHKH BHABHHYJIH IOpeAIOJNOXKEHWE: a
BAPYT AJE TOTC HIH HHOIO KIacca 3aAa9 B IPHHIIATIE HEBOB-
MOXHO HOCTPOMTE AITOPHTM pelenmal CremopaTensHo,
eCIH aJropHTMA HE CYIOECTEYET, TO OHN HHIVT TO, Yer'c HeT.

Ha ocHOBe 9T0r0 UpeAICNoKeHHA BOSHAKAO IOHATHE Q-
zopummunecky nepaspewsumoil sadayu — 3agavdy, ANA KO-
TOpPOH HEBOSMOJXHO HOCTPOMTE IpoleAYpPY pemreHus. Ho
A TOTe, 9TOOR NpeKpPATATE IONCKH PellleHEA 3aJa4H, OT-
HOCHTEAbHO KOTOPO#A BRIABHHYTO IPeAIIONOKeHHe O ee airo-
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PETMIYECKOH HePasPeHIIMOCTH, HARO ObUIO HAYYNTLCS Ma-
TeMaTHYeCKH CTPOTO AOKASHIBATE (PAKT OTCYTCTBHA COOTBET-
CTBYIOIIETO ANrOpHTMA. A 3TO BO3MOXKHO TONBKO B TOM
chyuae, eClIA CYIIECTBYeT CTPOTOE onpeAeNieHHe AJITOpHTMA.
IToaToMy EBOSHEHEKJIa2 NpoSreMa: DOCTPOHTH (PopMaNbHOS
onpefiefleRVe AATOPHTMA, AHAJNOIHYHOE M3BECTHOMY WETYH-
THBHOMY NOHSITHIO.

IlonmTiE BeipaboTaTs GOpMATBHOE ONpefiesIeHye AJTo-
purma npusenu B 20-30-x rogax XX Bexa K BOZHHKHOBe-
HHUID meopuu aazopummos, B nmeppoii monosune XX Beka
pasune MareMaTHKH (A. Teiopuar, 2. ITocr, A. H. Koamo-
ropoB, A, A. MapKoB K ApP.) NPeLJIOKRIA HECKONbKO IOJ-
X0f0B K (POpPManbHOMY ONpefesleHNi0 ANTOPETMA: HOPMAND-
Huiil anropurm Mapropa, Mamusaa Teopurra, Mamaaa Ilo-
¢Ta ¥ 7. A. B ganbHelimem OniZIc MOKA3aHO, UTO BCE DTH
OnpegeNeHusa SKBUBaNeHTHEL.

Mu paccMoTpHM ABa POPMANLERX oNpPefeleHKA AJIT0-
PuTMS, BBegeHHEIX 3. Ilocrom 7 A. TrlopHHErOM. STHMY Ma-
TeMATAKAME JNd YTOYHEHAA OOHATHR alropuTMa OLLIR
OpeAioKeHH albcmpaKmHble 6bIYUCAUMEAbHbIE KOHCMPYK-
yut, KOTOpHie NOSKe OHAH HASBAHE 4MAIIHHAMM?.
A. TeOPHHED onMCcan CBOI «MammHy» B 1936 rogy. Amamo-
THYHY® KOHUSNNWIC <MAUIMHEI» BBeJ No3gHee, B 1937
TOAY, ¥ HezasHcuMo oT THIOPHHra aMepHEaHCKHE MaTeMma-
Tuarx 9. Ilocr.

THIODAAr TPHSHAH OJHMM N3 OCHOBATENIeH
AHDOPMATHKA H TeOPHHM HCKYCCTBRHHOT'O
MHTeJANeKTH, eT0 CYHTAIOT NIEPEHM TEOPETHKOM
COBPEMOHHOTO IPOTPAMMHPOBAHAA U, HAKOHEN,
mepBLIM B MEpe XarxepoM. MexAy OpoinM, ero
«XaKepPCKAR AeATONLHOCTh» BHECHIA BO BpeMd
BTOpOii MUDOBOH BOMKHK CYIeCTBeHHEE BRAAT B
nobeny CcoIOSHRIX BOMHCK HAJ repMaHCKHM
&1oTOM, & ofME B3 Koaaer ThIOPHHTA OXHAMIE
ckasan: «J Be Oepych YTBepXAATH, UTO MH
A. TpiopuHr BHUTrpann poiiny Gnarogeps Teiopuary. Qgraxo
(1912-1954) 6e3 Hero Morymm 6K 6e X IPOHTPATEHY.

¥ Anana Thi0pHHIa @b CO3AAHNA TAKOH abcTpaKTHOR
BoObpataeMoll MATITAHET GRI7I0 NOAYUEHREe BOSMOMKHOCTH [O-
Ka3aTeJIbCTBA CYOIECTBOBAHHA HJIHA HeCYyIeCTBOBAHHA AJI0-
PHTMOB DeIneHHA DasAHUHLIX saxad. PykoBogcTRysach 3Tl
DeJei0, THIOPHHr HCKaN KAk MOXKHO Goxee mpocTyio, sDeg-
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HYIO» AJATOPUTMHEYECKYIO cXeMy, aumb 65l oma OpiNa YHH-
BepCcaNbHOH. '

IIpexxae wenM MHl HAYHeM SHAKOMHATLCA ¢ MamIHHON Trio-
pHHTA, Heo0OXOANMO CReNaATE: ABa oOmMAY 3aMevaHMA OTHOCH-
TeNbHO 0OBEKTOB, ¢ KOTODPBIMH DaGoTAlT AATOPHTMEL

Sameuagnue 1. OgHoll M3 OpHIAH PACILIHIBIATOCTH NHTYHRTUEHO-
IO DIOHATHSA ANTOPATMA AEBAAECTCA pasacobpasHe o0ReKTOR, €
KOTODPHIME paboTAIOT &JATCPETMEL. B BHNMHCIWTENRHRIX ai-
ropuT™Max o0BeRTaMU ABAAITCA YHMcaa. B aaropurMe max-
MATHOE HTPH OBEKTAME ABIAIOTCA PUTYPH ¥ X IOZHIAA
Ha maxmaraoil gocke. B axropurme dopMATEDOBAHMA TEK-
€Ta — CIJIOBA HEKOTOPOrO A3BIKA M NpaBUia NePeHOCA CIOB,
OpHaKo BO BCeX PTHX H APYTHX CIy4HadX MOMKHO CIHTATH,
YTO aJATOPUTM KMeeT feJIo He ¢ O0beKTAME PealbHOTC MHpa,
4 ¢ HeKOTOPHIMM H300pakeHUAMH 3THX obbexkToB. Hampu-
Mep, €CTh ANTOPUTM CROKeHHA ABYX HeHX qHcel. Pesyas-
TATOM CIOKeHHA THCHAOBHX o0beKkTOR 26 U 22 Gymer uuncno-
Boit pesynsTar 48. Ho ML MoMeM CUHTATE, YTO O0OBEKTOM
PTOro ANTOPUTMA ABIAETCA BXOAHAS NOCHEAOBATENILHOCTH,
COCTOALAA M3 HATH CHMBOJOB: «26 + 22», a pesyALTATOM
ABXACTCH MOCREAOBATENLHOCTD, COCTOALIAA U3 ABYX CHMBO-
JoB: +48».

- Hpm 3ToM ME! HCXOANM M3 TOrO, 4TO HMeeTCs Habop ma
11 pasnuunnix cumsonos {0, 1, 2, 3, 4, 5,6, 7, 8, 9, +}. He-
nonb3yeMble CHMBONE! OyAeM HaskIBaTh §yxsamu, a HX Ha-
Gop — aagasumon. B obmiem cayuae GykraMu MOTYT CIy-
HATE A0O0KEe CAMBOJIL, TPebyeTea TONLKO, YTOGH OHH BHIIKN
PRSAMYHE MexAY cofoil ¥ uTofm HUX uucho OLA0 KOHeY-
HBIM.

Onpeneaenne 3. Jliobaa xoHeUHAS NOCIEAOBATENbHOCTS OYKB M3
HEKOTOPOTO AZ(ABKTA HASHBAECTCA CA060M B 3TOM 8J(ABH-
Te. KonugecTtso GyKB B CiI0Be HASEIBAeTCH JAUHOU CIOBA.
Cs080, B XOTOPOM HeT GYKB, HASHBAETCA NYCMLIM CIOBOM.
Ono wacTo M300pAXKAETCA CHMBOIOM <A» UMM «@».

Tak, aqroprTM CIOKEHNA ABYX IeIkX 4ucel mepepada-
TEIBAET CJAOBO, KOTOPOE COCTOMT M3 ABYX CIATAEMBIX, pasge-
JeHHBEIX CAMBOJIOM <«+», B ClI0BO, H300pakaliee CyMMY.

Hrak, o0BexTsl peasbHOTO MHDa MOXKHO HM300paxaTs
CJIOBAMYE B PA3IHMYHEIX andaBATAX. JTO HO3BOJNAET CUH-

o | TaTh, 9TO OOBEeKTAME DPabOTH ANTOPUTMOB MOTYT GHITH
TOXBKO CJIOBA.



212 T'nana 4

Onpenenenme 4. C1oBo, ¥ KOTOPOMY NIPHMeHsAeTCR AJNrOPHTM,
HasbIBACTCA 6X00HbM CJIOBOM; CJAOBO, TONYydYaeMoe B pe-
synbTaTe paboTHl WITOPDHTMAa, HASHIBaeTea 6bixodnbvim. Co-
BOKYIOHOCTE CJIOB, K KOTOPRIM HPAMEHAM AJIFOPATM, HASHI-
BaeTc O0RACMbI0 NPUMERUMOCTIU GRZOPUMMA.

K comanenuio, He/lb3s AOKA3aTh, YTO BCe BOSMOXKHEIE
O'BEeKTEI MOXKHO OIHMCATH CIOBAME, TAK KAK CAMO LOHATHE
o0BekTa He GBUI0 HOPMANBHEO (TO €CTH CTPOrC) OUIPEAeIeHO,
Ho Mo:XHO IPOBEPHTE, UTO AJIA J000TO Hayraj B3ATOTO aj-
ropuT™a, paGoTalomero He Haj CIOBAMY, €10 OOLEKTEL MOK-
HO BHIDA3KETH TAK, 9TO OHE CTAHOBATCH CIOBAMH, a CYTE ai-
TOPHTMA OT BTOrO Hé MeHAETCH.

Jamevanue 2. JIoboi anbaBAT MOMHO 3aMeHuT: Kpyram. Ta-
KasA saMeHa HaskIBaeTc# Kodupoearuem. Hanpmmep, OycTh
Kaxaoit 0yKBe U3 IIepBoro andaBHTA CTABHTCH B COOTBETCT-
BHE KOX, MpeAcTABASIONIKE cobolt ¢JI0BO BO BTOPOM andaBu-
Te. B kadecTBe BTOpOrO andapuTa ZFOCTATOUHO HMETE ada-
BUT H3 ABYX OYKEB, Tak Kax nwboe ciaoBo mz mioboro
andaBuTa MOMKHO 3AKOAUPORATE B ABYXGYKEeHHOM andaBn-
Te ¢ rapaHTHeH OJNHOSHAYHOTO BOCCTAHOBNEHKS HCXOJHOTO
cnoBa. CnepoBaTenbHO, JH000H ANTOPHTM MOMKHO CBECTH
K QJITOPUTMY Haj caoBaMu B andasure {0, 1}, a nepex npu-
MeHEHHEeM &ITOPATMA EBXOAHOE CAOBO CIe[yeT 3aKORHpO-
BATh, NOCHe IPNMEHEHAS AJAFOPHTMA BEIXOZHOE CAOBO HAJAO
PACKOAHPOBATE,

BygeM ¢4ATATE, 9TC AATOPATMEL paGoTAIOT CO CTIOBAME, H
MBI QOPMANLHO ONHACHIBASM OOBLEKTH-CIOBR, HAJL KOTO-
& | pHME pafoTaioT aATOPUTMEI, B HeKOTOpPOM andaBHTe.

4.2.2. Onucanne MawmHn TeIOPUHra

Janee AnA yTOUHeHHA NOHATHA AJATOPHTMA Cleayer dop-
MAJNLEO OTUCATE BeficTREA HaJ o0BeKTAME-CIOBAME M HOPA-
IOK BHIIOJIHeHHA STHX AeiicTBHil. B xauecTse Taroit dop-
MANBHOH CcXeMH MBE ¥ PAcCMOTPHM MAINMHY THIOPDHHTA.

Bompoc. Ymo swe npedcmasanem coboii mawuna Tviopuneza?

Omeem. Mammna TRIOPHHTa — 9TO CTPOroe MaTeMAaTHiecKoe
NOCTPOSHNe, MaTeMaTHYeCKHE annapaT (aHANMOTHYHHIL, Ha-
npuMep, anmapary auddbepeEIMANLHEIX YPaBHeHHH), co-
BHARHEIA fNs pellleHHUA ONpefeleHHLIX 3aJad. JTOT MATEMA-
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THYeCKHH AIapaT ObT HASBAE ¢MaIlMHO#» mo To# mpuun-
He, {TC N0 OOHCAHUK €Io COCTABNAKIIEX yYacTelt M
($YHKORORAPOBAHMNMIO OH IIOX0 HA BHIUUCIHTEJLHYIO Ma-
mezHy. HpHHIHNHANEHEOE OTIHYHe Mamwah TrIOpHHra or
BHIMHCIUTENLHEIX MAIIHE COCTOMUT B TOM, ITO ee 2alOMEHa-
0mIee YeTPoficTRO HpeACTARAALT coboi GecKOREIRYIO NERTY:
Y DpeaJBERX BHYHCIHETEIbHEIX MAIMIHHE 3aIOoMEHAIOLee
yCTPOHCTBO MOXceT OMTH KAk yrogno Gonsmmum, HO ofsa3a-
TeABHO KoHeyHmM. Mamwmy ToiopuHra HeNssd PeasH3o-
BAThF AMEHHO M3-38 0eCKOHEUHOCTH ee JeHTHL. B 3TOM ¢MEIC-
Jle OHA MomHee /060 BEYECINTeILHON MalTHHBL. O

. B xampo# mammue Toiopusra €CTB ABe HaCTH:

1) neozparunennan B obe CTOPOHE Rerma, pasfeleHHAT HA
aveirn:

2) aemomam (ToNloBKA ANA CIATHIBAHUS /3ANNCH, YIPABIAe-

Maa IpoTrpaMMoN),

C gampoil matmmaol TeIODHHrA CBASAHEN 068G KOHELHLIX
arpacuma: andaBET BXOAHNX CEMBOJIOB A = {a,, @;, ...,
a,) w andasyr cocroanuk Q = {gy, ¢;» - ¢p}. (C pazanMun
MamuHaMy THIOPHHTa MOTYT OBLIThH CBASAHEE pPasHEIE anda-
BUTH A m Q.) CocToanMe ¢, HABKIBAETCH NACCUEHHM. CUR-
TaETCH, ITO €CAM MAINWHA IONAJA B 3TO COCTOSHHE, TO OHA
saKomunza cBoto pabory, Cocroanme ¢, HASLIBACTCE HAYAXL-
Hoia. Haxopacs B 3ToM COCTOAHNM, MAIINHA KAUUHAET CBOI0
pabory.

BxogHoe CIOBO pPazMeINacTCaA Ha JIeHTe N0 oJHOH Oyxee
B pacCHOONOMXOHHEIX mozpas aAuveidikax. Ciaesa m copasa OT
BXOSHOTO C/A0BA HAX0ZATCH TONBKC NYCTRe A4eiiny (B anda-
BUT A BCerfia BXOAMT enycTass Oyxba @, — IPHSHAK TOTO,
uTO0 A4YeifKa mycTa).

ABTOMAT MOMET IBHIAThCH BAOAL JEHTH BJIEBO HNH
BIPABO, YHTATE COACPEHMOE gyeeK M 3ANHCEIBATE B AYefKH
6yxBE. Huxe cxeMaTHuHo HapKHCcOBaHA MamrmHa TrIOpHHTA,
ABTOMAT KoTOpoil 0fo3pesaeT mepByIo A9eHKY ¢ ZAHHEIMH:

]

ABTOMAT KAXKABA pas «BUAAT: TOABKO OJHY AYCHKY.
B saBncAMOCTH OT TOro, KaKyir OYKBY @, OH BUART, & TaKkKe
B BABUCHMOCTH OT CBOETO COCTOAHUS ¢;, ABTOMAT MOMET BHI-
NOJIHATL cHleAyionlre aedicThms:
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e 3aNHCATH HOBYI0 GYKBY B 0003peBAaeMYI AYeHKY;

¢ BHIIOJHHTE COBHT 10 JIeHTe Ha OOHY A4eiiky BIPaBO,/Bie-
BO HJIH OCTATBCH HA Mecre;

e IepeliTm B HOBOEe COCTOAHHE.

To ecTh ¥ MalmHHK TEIOPHHTA eCTh TPH BHJA KOMAHJ.
Kaxpsrit pas an4a odepessol Dapst (¢;, ¢,) MAIINHA TeIOpUH-
TR MOJMKET BRIMOJHHUTE OHPeAeJIeHEYI0 KOMAHTY B CCOTBETCT-
BHY ¢ OporpaMmoii.

IIporpamMma Aaa MamnHE THIOPHHra NpeACTABASET cofoii
raburny, B KoKAod KJIeTKe KoTopoi# sammcaHa KoMaHAA.

ao a; n; a; ave a,,
do
ki1
J
7] Qy I m
H
9

Kaerra (q » @) oIpefiengeTca ABYMA APAMOTDAMM — CIM-
BOJIOM aml:anma H cocTOSHMeM MammmAEl. KoMarpa npeacras-
Jader cobolf yrasaHwme: KAXOHM CHMBOJA 3AIHCATL B TEKYIIVIO
AdefiKy, KYAA HePeIBAHYTh FOJIOBKY UTCHHA /3AIIECH, B KAKOE
COCTOAHNE Iepeiitn Mamwse. na ofosHadeENs HADPABICHHA
ABHVKEHWA ABTOMATR NCHOJNB3YEM OAHY H3 TpeX OyKEB: +JI»
(BreBo), <II» (Bupaso) mmx «Hs (HemogsmmeH).

IMocae BRIONHEHMA ABTOMATOM OUYEpEeNHOH KOMAHALI OH
TePeXOfUT B COCTOAHME g, (KOTOPOe MOXKET B HaCTHOM Ciryuae
COBOAAATD ¢ IIPeXKHAM COCTOAHHAEM g;). Cneaylomyo KOMaHAY
HYAHO HCKATh B M-i cTpoke TACNHIA Ha IepecedeHmH CO
cronbuom @, ((yxBy a, aBTOMAT BHIMT LOCJE C/BHIA).

Ec/y caeauTs TOALKO 38 JEHTOR, He oOpamiad BHUMAHUA
Ha ABTOMAT, TO MLI YBHAHM, UTO B PE3YJILTATE BHIOOJHEHUA
Kaxgod KOMaHAK HSMORAIOTCA CI0BA: KaKHe-TO GYKBEHI CTH-
paloTea H BMeCTO HHX OCTANOTCA NYCThHle AdYeHKH, B Ka-
KEX-TO A9eifkaX DOgBJIAIOTeA HOBHE GYHBHL.

JorosopaMcd, 9TO KOrZA JEHTA COZEDKHT BXOAHOE CJO-
BO, TO ABTOMAT HAXCAHTCA MPOTHE KAKof-TO A4eHKH B co-
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CTOAHME ¢;. B nponecce paGoThl aBromar 6yaeT mepecKaxu-
BaTL H3 OZHON KJeTKM HpOrpaMMEl (TaCaMIUE) B APYTYI,
ImoKa He JolfeT 0 KJIETKH, B KOTOPOH 3amucaHo, 9To ABTO-
MaT AC/KEeH NepeiiTn B COCTOAHEE ¢,. DTa KIeTKa HASLIBA-
eTca Kaemioil ocmanosa. Holkaa go moboii Takoll KIeTKE,
mantueEa THIOpEHTA oCcMaEHAsAUBdemCR.

Ecne xaemox ocmanosa B NpOTrpaMMe HeT MM MAIIKNHA
B npolecce paborsl Ha HUX He Nonajaer, TC cOUTaeTCA,
910 MamuHa TelopHHTa HenpuMeHuMa K JaHHOMY BXOJ-
HoMy caosy. Mamnuna TsIOpHATA NpUMeHUME K BXOZHO-
MY CJOBY TOJIBKO B TOM CHIyvae, eCiaH, Hauap pabory Hax
9THM BXONHHM CJIOBOM, OHA PAHO MU NO3ZHO ZOHIET X0
OOHOM M3 KJeTOK OCTaHOBA.

Bompoc. IIpocxexcusas pabomy Mawunbvt Toiopurnza, Mot MONEM
MOABKO Y3HAMb, TMO OHG K OGHHOMY CROBY RPUMERUMA.
Ho ecau ona k 0GHHOMY CROSY HENDUMEHUMG, MO NMAKOe
npocreNUBAHUEC HUNez0 He dacm, max xax 6 niobolt Mo-
MEHM GDEMENU Mbi MOXCeM Hadesmbes doiimu do kaemxu
ocmanoéa. Kax xe eviitmu us amoii cumyayuu?

Omeem. HenpuMeHUMOCTE MamuHEl THIOpUHra He M0XeT GBITH
BHICHEHA NPAMHM cnocofoM; B HENPAMEEHMOCTH MOXKHO
y0eauTECA TOABKC IYTEM KOCBEHHHIX pacey:rmenmii. Ha-
NpPHEMep, ecJAH B NporpaMsMe HeT KAeTKH OCTAHOBA, TO AAH-
Has MamuHa TrIOPHATA HeNPUMEHHMa HM K OJHOMY CIOBY.
Hnu, HanpuMep, B mporpaMme HeKolt MammeHel TelopHEra ©
andasutom {0, 1} ecTh KJIeTKA OCTAHOBA, HO DePBAL CTPOKA
nporpaMMHE (Tal0JHMOE) UMeeT CHEAVIOIGHE BRI

ag 0 1
n| ellg 0Ilg 11 ¢,

Torga, 9To GBI ABTOMAT HH VEHJENX HA JeHTE, OR HUYETO
He MeHseT M CABHIaeTcHA Ha IIar BIPaBO, OCTABASICH BCETAA
B COCTOSIHME ¢,. A NOCKOABKY NeHTa OeCKOHEUHA, OH HHUKOT-
o He OCTAHOBHTCH. O

4.2.3. NMpumept malumH ToioprHra

HecMoTps Ha CBOe IPOCTOE YCTPOUCTEO, MamuHa THIOPHHDA.
MOKeT BRINOJEATH Bce BOSMOMKHEIe NpeobpasoBaHUA CIOB,
PeanM3ys TeM CAMBIM BCE€ BO3SMOMKHBIE AJITOPHTMEL.
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3a.qamle 1. Tpebyemca nocmpoums mawuny Tviopunza, Komo-

paa npubasasem edunuyy K HUCAY RG Renme. Bxodnoe cao-
60 COCTROUM. U3 KUPP BeR020 PeCAMULHOZO HUCAR, IANUCAH~
Hbulx @ nociedosamenvhbie Avelixu Ha renme. B navarvrbiic
MOMeHm MAWUHG Haxodumca npomus caMmoii npasoit yug-
Dy wucaa.

Pewenue. Mamuaa pomacHa npnb2BHTE eANHEROY K mociaeaHedk

nudpe uucaa. Ecar nocneaess nadpa pasHa 9, To ee HAAO
3aMeHUTEL Ha 0 M OpuGABKTH eAMHKLY K OpeguayIneil nmad-
pe. [IporpamMma ana gannofl MammMHL THIOPEHra MOMKET BEI-
TAAAeTh TaK:

4 | 0 1 2 3 4 || 7 8 9

q

1Hgy|1H g2 Hgp|3Hqp|4HG[6Hgy).. |18Hg9Hg |0 g

B sroit Mammue TeiopHMEra ¢, — COCTOSAHME M3MeHEHNA
nudpHl, ¢, -—— COCTOAHNE ocTanoBa. Ecsu B cOCTOARAN ¢, 8B~
TomaT BAguT adpy 0..8, To oH zaMeHdeT ee Ha 1..9 cooT-
BETCTBEHHO K HEPEXOAHT B COCTOAHME ¢, T. €. MAIIMHA
OCTaAHABNUBaeTes. Eenm sxe 0H BEIHT nudpy 9, To 3ameraer
ee Ha 0, cABATACTCHA BJIeBO, OCTABAACE B COCTOSHHAM ¢,. Tax
OPOAOIDKEETCH KO TEX MOP, HOK& ABTOMAT He BCTPeTHT LEd-
py mersme 9. Ecan xe Bee madpu 65LH pasH: 9, TO OH 38-
MEeHHT HX HYIAMH, B TOM Jucae sanumeT () Ha MecTe ¢rap-

. meit gEGPH, CABHHETCA BIeBO @ B OYCTOH KJAeTKe 3anniier

1. 3areM nepefifleT B COCTOAHHE ¢, T. €. OCTAHOBATCH. 0

Jins KpaTKOCTH H HArAAMHOCTH 3aNHCH NPOTPAMME! Ma-
meEHE THIOPHHETA MOXKHO YCAOBATECA IEPeXofd B cOCTOAHME
OCTAHOB& OTMeuaTh aHakoM <!». Torza nporpamma us
aagagHa 1 OyaeT BHIIIAJETH TaK:

a | 0 [ 1 | 2 [ 38 | 4 |.] 7] 8] o

41

1H!|[1H!|2H!|3H!|4H!|5H!|..|8H!|9H! |0l g

Sapamne 2. ITocmpoumws mawuny Tviopunza Oaa nodcwema

Wmpuxo6, xomopeie pacnoirazaiomci nodpad u obpasyom
8X00H0€e CROG0, NPU 3MOM MpebYemes cmepems 6ce ULmPU-
XU u 3anucams HG Aewme ux Koauvecmso 6 decamuunoil
CclUcmeme.
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Petzenue. BygeM $HopMHPOBATE HCKOMOE YHCJIO HA JeHTe CHERa

oT ITpuxoB (6e3 NyCTOr0 CHMBOJA MEXAY YHCAOM W IITDH-

xamn), B savaneurt MoMeHT MammeAa Taiopmara ofospepa-

er mofolf M3 MUTPHXOB ¥ HAXOAMUTCH B COCTOAHMYK ¢.
danmmeM ANPOPUTM PpeEIleHHSA 3aja<E B TEKCTOBOH

dopme.

1. HajiTe npeBsrit xoHell C/I0BA HA JIeHTe.

2. EcIM cJIOBO OKAHYMEBAETCH INTPHXOM, TO CTEPeTh 9TOT
TITPHX, HHAYe OCTAHOBHTL MALINHY.

3. IIpubaBuTe K ancay eSHHNLY H mepeidty k m. 1.

" B COOTBETCTBHH ¢ 9THM AJTOPHTMOM KAKABLE MOMEET
BpeMeHH Ha JIeETe HAXOAEBTCS CIOBC BHAA

Lbs [onsf o [Oa [B0 Y 7 7 [ ] /]

3peck bbb, ...b,b, — AecATHIHAA 3aMMCE YMCIA CTEPTHIX
LITPHXOB, CP&s3y Iociae 2ToH 3alACH HaXOoZATcd eme He
CTEpTHIe MITPUXHE.

BumnonueRHe AaJrOpHTMA TIPOAONAAETCA A0 TeX IOP,
noKa "e OyAeT cTepT CAMEIH MocAeAHMI MITPHX, MOCHe Yero,
COTVIACHO YCIOBHIO M3 II. 2, MamuHa TrIOpHEra ocTAHOBMT-
¢, 3aMeTHM, 4TO KaKAN U3 TpeX DTYAKTOB aJTODUTMA MO-
sxeT OHITE pealmsoBaH OZHUM COCTOARHeM MAaMHH Thio-
pusHra;

e COCTOAHMEe ¢, — ABTOMAT HINeT IPaBEIA KOHEIN CJOBA;

® COCTOSHHE ¢, — ABTOMAT CTHDAET IITPEX;

® COCTOAHWE ¢, — ABTOMAT MIIET NPaBHI KOHEN Yucia u
nprbapiger K YHCAY eTUHULY.

Hmxe npusefens nporpaMmMa MamuHE TeIOpUHra AnA
perteEusa npeAaaracMoii saaadu,

a0 0 1 2 3 |.] 8 9 /

gl q,(0Tig, |110g (211¢,|8T1¢gy | ... [811¢|9T0g| /Tiqg

92

o Hgo|OHg, |1Hgy[2Hge |3Hgg| .. [8Hgy|9Hg|apJl

1Hq |11 g 211¢g; |8l qyjdilqyi.. [9T1q |0Jlgs| /Jlgs

O

IIpocapanrsHpoBAE NpOrpaMMEl MAIMMKEH THIOPRHra U3 3a-
panui 1 1 2, MOYKHO ¢1eNaTh BHEO], IT0 IPOTPAMMA MAIIH-
HH Te¥0OpHHTA Al penleRHs CI0XHOM 3aa%d MOMKET COCTO-
ATH B2 KoMIo3dHUil (06bepmHeHwIT) MporpaMmM MaInuHe Trio-
PEHTA I pelleANs SASMEHTADHHIX IOA3aZAT HCXOXHOTO
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ajgropurMa. Taxnam e MeToAOM BHACACHHA B HCXOAHOR 3a-
Jlade ITOA3a8ad Mil DONBIYeMCH IPH COCTABICHHE ANTOPHT-
MOB B IPHBHIYHOH AJNA HAc IPCPNTMHEYECKOR cxeMe (3a-
uHch ANTOPHUTM2 B BHAe OMOK-CX¢MBI, B TEKCTOBOM BHJE
HT K

BoraTcTBo BOSMOMKHOCTeI MANINHSI THIOPHEra LIPOABIIA-
eTcA B TOM, 9TO €CJH KaKHe-TO JNTOPATMEL A u B pealn-
syloTca MamEHAMiA THIOPHETA, TO MOXKHO IIOCTPOUTD Ma-
mYEN TrIOpUHTra, peanmusyioliye DA3IdIEBEe KOMIIO3H-
oun anropuTMos A m B, Hanpumep, «Bunonsmrs A,
gateM BHEIIOTHUTE B» uae «Brumonanth A. Ecam B pe-
syAbTaTe NOAYIHIOCH CAOBO €/ia*, BEIIOJHKTS B, B npo-
THEHOM C/JAVIAe He BHOOIHATE B» uanu + BHOOIHATE 1O-
ouepenHo A, B, moxka B He macT oreer 0».

QueBHAHO, YTO TAKHe KOMIIOSHIUHE TAKKe ABIAIOTCE &JI-
TOPHTMAME, NOSTOMY HX DealH3anmusA IOCPeACTBOM MAIIN-
HbI THIODHHTA DOATBEPXAAET, ITO KOHCTPYKUAA THIOpPHHra
SB/IAeTCA YHHBEPCAJIBEHIM MCIOIHHUTEIeM,

4.2.4. QopmanbHOS ONUMCaAHUE anTopMTMa.
MareMaTuvecKkoe onucaine MalinHp ThiopuHra

OnuchiBAA DA3IMYHEIE RIATOPHTMEL 1A MamEHE ThIOpHHTA
H KOKASHBAA peaE3yeMOCTE BCEBOSMOMEBX KOMOOSAIHIA
anropwTMoB, TEIOPHHD ybenaTeqEHO MOKA3AJ pasHOOOpasHe
BOBMORHOCTER NPeAJIOMKEBHOH MM HKOHCTPYHIMH, 9TO TO-
3BOJIHJI0 EMY BHCTYINTEL CO CHeAYIOIMM TEe3HCOM.

Tesnc Toiopunra. Beaxuil anroputM Moxer OHITH pealH3OBAH
coorsercTBYIOmel MammHo#t ThiopuHra.

B rezuce TropuHra peas mAer, ¢ OAHON CTOPOHH, O ITO-
HATAR aJIrOpUTMa, KOTOpoe He ABAdeTcd TOYHLIM MaTeMa-
TH9eCKHM IOHATHEM, ¢ APYro#d CTOPOHK, 0 TOYHOM MAaTeMa-
TH9ecKOM DOHATHM — MamwuHe Thloprara. Hacrano speMa
IOKA3ATE, 9TO Mammua ThIOpHHra — MATOMATHUeCKOe IIO-
HATHE, T. €. OH& MOKeT HOAYIHTH TOUHOE MATEMATHISCKOP
onpeneneHue.

Onpegenenne 5. Mawunoii Tviopunza (MT) HasHBaeTca CHCTe-

Ma BHAA {A: ao? Q! Qp Q(p Ts t},
rae A — KOHeTHOEe MHOMKECTBO, HashBaeMoe aagdasumon MT,
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a, € A — nycmas byxea anpaBuTa,

@ — KOHEYHEOe MHOEeCTBO, DIEMEHTHl KOTOPOTo
HasHBaloTca cocmosnuamu MT,

¢, € @ — HavarvHoe cocmosnue MT,

¢o € @ — naccueHoe cocmosrue, ANH cocmosnue
ocmanosa MT,

T = {1, H, IT} — xnoxmecmaso. cdsuzoe MT,

T — npozpamra MT, T.e. TAxQ\[g} > Ax T x Q.

HeTtpyano y6eamrecst, 970 B 9TOM ONpeAe/eHAR GHUATYDH-
PYIOT TOJIBKO MAaTeMaTHYeCKHe H JIOTHYeCKHe TePMHHLI
(M CHMBOJLI), HAOPHMED MHOKECTBO, KOHEYHOE MEOMKE-
CTBO, 9J¢MeHT MHOMKECTBA, IPAHAIJICHKHOCT: MHOMECTBY,
npod3sBeleHUe MHOXKECTB. VI HmKaxde npyrme, HeMaTeMaTH-
JecKHe WIH HeJOTHYeCKHe HOHATHA B OpHABeAeHHON GopMy-
JUPOBKE He HCNOAbIYIOTCH.

Tesnc TeIOPHHTA ABAACTCA OCHOBHOI 2unome3soil meopuu
aazopummos 8 gopme Toviopunza. OFHOBPEMEHHO JTOT TEIKC
NPHBOZUT X (PopMANLHOMY OHmpefleNeHHI0 AJTOPHTMA.

Onpenenemme 6. Arcopumm (mo TrioOpRETY) — nNporpaMMa AnA

MamuEH TbLiopHHEra, OPABOSAINAA K DeIleHHI0 HOCTARIEH-
HO# asgaum. ’

OCHOBHYIO THNOTe3Y TEOPHH AITODRTMOB HEBO3MOMKHO
AOK&3aTh, NOTOMY 49TO OHA OHEpHpPyeT HedopMarbHEIM
ODoEATHeM aaropuTMa. Opmakxo o6GocHOBaHHEe THNOTE3H
eCTh: BCE AJITOPHMTMEl, NPHUAYMAHHEIE YeJ0BEYECTBOM B
TeveHHEe CTOJIeTHH, AelCTBHTEIbHO MOTYT OHITEL pPeajH3o-
BAHHI MAITWHAMH TLIOpHHTA.

Yro6E: ONPEBEPrEYTE OCHOBHYIO IMIOTe3Y, HeOGXOZHMO
IPUAYMATH TAKOM ANTOPHTM, KOTODHIH HeBO3MOMKHO OmIIO
61 peanuzoEaTH Ha MamuHe Trropunra, Hoka Taxoro anro-
PHTMA HeT,

Brime MH ¢ BaMH TOBOPHIM, 4YTO KAMAHIA AJTOPHTM
npefHasHAYeH AAA KAKOTO-TO KOHKPETHOTO MCIOJAEHTENT,
¥ KaKACTO MCIOJHHTENA eCTh CBOA CHCTeMa KOMAaH/, €cTh
cBoit Kpyr 3ajad. THIOPHHroM e OHT NOCTPOEH YHUBEP-
CARbHYII UCROAHLMENb, KOTODBIH MOMET PeIDHTH JIO6YI0
M3BeCTHYIO 3ajady. OTOT (yHAAMEHTANLHEIA pesyabTaT
OB HQONYYeH B TO BpeMs1, KOT[la YHHBEDCANILEEIX BEIYHACIIH-
TeNIBHEIX MAIlWH ellle He cymecrBoBano. Bosee Toro, cam
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thaxT DocTpoeHEA BoOGPAIKAEMOr0 YHUBEPCAJIBHOI'O HCII0I-
HUTEAS MO3BOJNEA BHCKASATE GPeANCHOKEHVE O IeAecooh-
Pa3BOCTE IOCTPOEHHA YHHBEPCANBLHOR BHYHCIRTEABHOMK
MAIIHHB, KOTOPas OB MOPJIA pelliaTh JO0NEe 39 IpH
YCAOBEH COOTBETCTEYICHEIC KONHPOBAHUA HCXOMHBIX JaH-
HEIX ¥ paspafoTKK COOTBeTCTBYIOINeH NporpaMMul meicrt-
BUH HCOOAHHUTENA.

Tesnc TriopuHra Bcerga Gyser HauedeH B OyAyiNee, Tak
KaK Temepb MOXKHO JOKASKIBATH CYNIECTBOBAHME MM Hecy-
TMeCTBOBAHUE AJIrOPUTMOB AJS pPelieHMd JIOOLIX BOSHUKA-
omx 3agad. ECHH NOHCK ANTOPHTMHYeCKOro pelleHMs Ha-
TAJKHBACTCA HA OpeNATCTBHE, TO MaTeMATHKM NEITAKTCH
HCOOJIL30BATE 9TO MPENATCTEHe ANH JOKASATSNALCTBS HEBO3-
MOXCHOCTH peHIeHHA, OMNPAACH HA CCHOBHYIO rm:to’reay Teo-
PEH ANTOPHUTMOR.

Bonpocoh 1 3anaHns

1. MoxaxnuTe, 9T0 A000# anbdasnT MOXKHO 3aMEHHTE ABYXOYK-
BEHHEIM aJIPABHTOM.

2. IToxaxuTre, aTo MampEa Trlopurra obnagaer BceNy cBolicT-
BaMH aJIopHUTMA.

3. BanumrATe HPOrPaMMY MAITHEL THIODHETa H3 3afaHEA 2 ¢
HCIIONBL30BAHEEM 3HAKA «!» A1 06osHAYEHM A IEPEXOAA B CO-
CTOSHHE OCTAHOBA.

4. IToctpokire Mamunuy THIOPHHETA AN pellleHAA CleAyiomeit
327849 BO BXOXHOM CJIOBE BCE GYKBH «a» 3aMEHHTD HA OYK-
BE] ¢6».

§ 4.3. Mawmna MocTa KaKk YTO4MHEeHMEe NOHATHS
anroputma

Iloutn ozHoBpeMeHHO ¢ THIOPHHIOM aMepHKAHCKME MaTe-
MaTak Ivaas [locr B 1937 roay npeanoxen nuyro aberpax-
THYI0 MAITHHY, XapaKTePH3YIOMYKcs eme Goabmed mpoe-
ToTOl, YeM MammHa TriopwHra. Dro crporoe MaremaTHve-
cKoe TOocTpoeHHe OBLIO TAKKe OPeAACHEeRO B XKadecTme
YTOUYHCHHA OOBATHA AJATCDHTMA.

Onpegenenne 7, Arzopumx (t1o Ilocty) — nmporpamma ana Ma-
meHs IlocTa, OPHBOAAIMAA K pemIeHNIO MOCTABACHHON 3a-
JOTH.
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AmepEKaucKHi MaTeMaTHK M AOrMK., HM 1oxayuen
Pal GyHAaMEeHTANIBHLIX Pe3YILTATOB B MaTeMATHUe-
CHKOM JIOTHXKe; OH OEHHM M3 MEPBEX BBeX GOpPMaILHOE
onpefeseHre AJNTOPHTMA B TepMHHAX <«abeTpaxTHOI
BHUHCINTeNbEO! MAINMHEI; KPOMe TOTO, OepPEEIM (0F-
HOBpPeMeHHO ¢ A, A. MapKOBHIM) OpHEBeN AOKA3ATENb-
i CTEA GATOPHTMuYecKoH HepaspemmmocTh pafa Opob-
ACM MATeMATHYecHod JOruKy 1 anrelpe B chopMynn-

3. TlocT PoBaJ OCHOBHOE Te3HC TEODHH AJIODUTMOB O
(1897-1954) BOSMOKHOCTH ONMCATE JIODOH KOBKpeTHHH AXrOpHTM
IOCPegCTBOM 3JITOIO OHOpelesleHH.

Teanc Iloera. Beakuil arropuT™ opeacTaesuM B opmMe MANTAHEL
IIocra.

9roT TesHC OJHOBPEMEHHO ABAZeTCH HOPMAILHEIM OIpefe-
JIEHHEM AJTOPHTMI.

Teauwc IlocTas apaAercs rEmoTesol, ET0 HeBOZMOMKHO
CTPOTO ZOKa3aTh (TRK Ke, Kax W Teawc THIOPHHTA), JOTOMY
4710 B HeM $UTrypHEpYyeT, ¢ 0AHOH CTOPOHK, HETYUTHRHOE IO-

 HATHe «BCAKMI ANTOPHTM?, & ¢ APYTOi CTOPOHKE — TOYHOE
NOHATHe «ManmmHAa JlocTa». B TeopmE aarcpuTMOB ACKASA-
HO, 370 MamkHAa Ilocta B Mamwna TEOPHHTA 3KBHBAJIEHT-
HEL IO CBOHEM BOSMOMCHOCTHAM.

Bonpoc. Ymo npedcmasiaem coboit mawuna Iocma?

Omeem. B mamuge Ilocra B Aveiikax GecKOHEUHOHE JeHTH MOMK-
HO 3aIIHCHIBATE Beere ABa sHaxa: 0 m 1 (cTaBHATL METKY B
A9efiKy WIKM CTHUPATE MeTKY). JTO OrpaHMueHHe He BIHAET
Ha ee VHHBePCAJNBHOCTh, TaK Kak dioboil amdaBuT MOMXKeT
OHITE BAKOAMPOBAHR ABYMA SHAKAMH.

Kpome nenTi B Mammuee llocTa EMeeTes KapeTka (TOJOBKa

YTeHHA/3ANACH), KOTOpAS:

e YyMeeT ABUTATHECA BIepeA, Ha3alk H CTOATH HA MeECTe;

e YMeeT THUTATH COZeP:KHMOe, CTHPAT: M 3aNUCHIBATL 0
R’IN 1;

¢ YODARIAETCHA NpozpamMMoil.

Kax u Mammea Trioprara, Mammaa [TocTa MoKeT HAXo0-
IATHCHA B PABNEYHEIX COCTORHUAX, HO KAXKIOMY COCTOSHHIO
COOTBETCTBYET He CTPOKA COCTOAHUSA € KJIeTKAMH, & HEKOTO-
pad KOMAaHAa ONHOTO K3 CAeXVIOLIEX IIECTH THUIOB (B CHH-
TAKCUCE KOMARJ VKASHIBAETCH HOMED CTPOKH, IIO3TOMY Bee
CTPOKH B IporpaMme NPOHYMEPOBAHH):
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1. Banucars 1 (oTMeTKY), nepediTk K {-#f cTpoke nmporpam-

2. Bamucats 0 (cTepers OTMeTKY), mepefite K i-if cTpoke
NMpPOTPAMMEL.

3. BUNOIHUTE ¢ABHET BAeBO, HepelTH K i-i c'rpoxe nporpam-
MEI. .

4. BLINOMHNUTEL CEBEr BIpPaBo, epeHTH K i-H CTPOKe IPO-
TPaMMEL.

5. OcTaBOEB.

6. BEcin 0, 1o mepefiTn K i-# CTpOKe IPOrpaMMEl, HHa4e ne-
peiiTH K j-it CTpOKe HpPOTDAMMEL.

CocToaHrEe MAIIMHLI — 3TO COCTOSHME JICHTH H IMOJNOKe-
HHe KapeTKH. [IpHBeneM ¢IHCOK HeIONMYCTHMBIX HeiicTBHI,
BEAVIONX K ABApPHEHOE oCTAHOBKE MANIHHEL:
¢ IMONEITKA 3alHcaTh 1 (OTMETKY) B 3ANOIHEHHY SUedKY;
v TIONHTKA CTEPETh UTHMETKY B MYCTOl duelike;
® YXOA KapeTKE B 0eckoHeuHOCTH (BooOmie rosopd, 9TO

TPYAHO HA3BATh OCTAHOBKON, HO OecCMEICIIERHOe IIOBTO-

PeHMe OJHHMX H TeX JKe AeHMCTBEN — JanuKINBaHHE —

HHYYTh He Jy4lie BHOICIepeTHCIeHHOrO).

- «Mammuoits 3Ta MaTeMATHEIeCKAA KOHCTPYKIIMA HAJLI-
BaeTcA MOTOMY, 4TO B Hell ACHONL3YIOTCH HEKOTODhIe MOHA-
THA PEANbHRX MAINME — RAMAMb, KOMAKRIG B ID. O

Mamunua ITocTa, HEecMOTPA HA BHEIIHIOW HPOCTOTY, MO-
JKeT NPOH3BOAHTE PA3JIHYHEIE BEIIHCIACHHA, AIA Uero Hajo
3amaTh HAYAJIBHOE COCTOAHAE KAPETKH H IPOTrpaMMy, KOTo-
Pad 3TH BHMHCICHEA CASRACT. Y CIOBHMCH KAXKAVIO CTPOKY
NpoTrpaMMH 0503HAYATE HOMepoM. B xaxjo# crpokxe mpo-
TPAMMEL 3ANKCHBACTCE DOBHO OfHA KoMaHAa, KoManant me-
muHE OygeM o00zHAaYaTL CAEXYIOIGHM ofpasoM:

~» @ — mAar BIIPaRo, NepefiTH K CTPOKe ¢ HOMEPOM a;

< 4@ — IAar BJeBo, NepelTH K CTPOKE C HOMEPOM 4;

Va  — 3anHMCcATH OTMETKY, TepefiTH K cTpoKe ¢ HOMepOM 4;
Xa — creperh OTMETKY, IePeliTH K CTPOKe ¢ HOMEPOM 4,

? @; b — npocMoTperh AYelKyY; ecqm B AveliKe HAXOAATCH
0, To mepeliTa K chorce ¢ HOMepOoM 4, mHAYEe —
K CTpOKe ¢ HoMepoM b

I — OCTQHOB.

Bompoce. Yex omaunaiomes cocmoanus é xawune Tolopunza om
cocmoanuii 8 mauune ITocma?
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Omeem. B mammmae TpIOpDUHIA COCTOAHME ONPeHeadeT, ITO CIe-
gyer zaumcaTth B 0003peBaeMyH A9elKY AI4 KaXXAoro omnpe-
AeACHHOTO CHMBOJIA, 38/8eT XAPAKTEP ABHXCHES T'OJOBKH
H, BAKOHell, YKA3KBAET HOBOE COCTOAHKE MAINMHEL,

B mamzne ITocta cocTOAHME OIHMCHIBAET MECTOHAXOMEe-
HH#e KAPETKY ¥ COCTOSHUE JIeHTEL, O

Ifpzmep 4. Ha seETe npocTaBieHa OTMETHKA B OAEOH-efUHCTBEH-
HOHI Adeiike. Kaperka cTONT Ha HEKOTOPCM PACCTOREHA Clle-
Ba OT 9T0it Aveitru. Heobxoammo noapecTd KapeTKy K guei-
Ke, CTepeTh OTMeTKY M OCTAHOBHTE KADeTKY CJIEBA OT Hee.

Caavasia nompofyeM on#carh ANTOPATM OOHMHEIM ASH-
koM. ITockoibky HAaM MBEECTHO, YTO KAPETKA CTOMT HAIPO-
THB NycTo# A9eiKy, HO HEMIBECTHO, CKOJLKO HIATOB HYKHO
COBEPIIHTH [0 HeIyCTON AYeiika, MEI MOMKEM CDPa3y cllesiaTh
[IarT BIIPABO, IPOBEPHTE, 3ANCIHEHA JU AYEiKa, IOCAe Jero
NOBTOPATE 9TH AeHCTBHA A0 TeX IIOP, MOKA He HATKHEMCA HA
samoHeHHYIo Aveiiky. Kak TOABKO MEI ee HafzieM, MEI Bhi-
NOJHUM OHepANHIO CTUDAHKH, Nocie Wero HyxHO 6Gymer
JIMIE CMECTHTEL KAPeTKY BJIEBO M OCTRHOBHTH BHIIOJHEHHE
TIEPOTPAMMEL.

Ilporpamma ans mammHEl ITocTa:

1.2

2.71; 8

3. X 4

4. « 5

5.1

Bonpocobl U 3agaHuns

1. Hagamroe cocTosnue: JeETa MamuHE Ilocta mycra. Yro Gy-
JeT HAXOZATHCA HA JIeHTe B pesyabTaTe paboTm caexyiomeik
OpOTpaMMEL?

1.v2
2, > 3
3.« 1

2. AapecTHO, 9TO HA JieHTe MAIIEHEI IlocTa HAXOAUTCH METKA.
Hammmyre mporpaMsmy, KOTOPAR HAXONET ee.

3. Ha eHTe HMeeTCA MACCHB H3 /1 OTMeYeHHHX adeek. KapeTka
obospeBaeT KpafiHIOI AeBYI0 OTMeTKY. ClIpaBa OT Aa&HHOIQ
MacCHBA HA PACCTOHSHHNH B M AveeK HAXOANTCA ellie OIHA OT-



224 Tmama 4

MeTKa. CocTakrTe And MamuHb! [locTa iporpaMMy, TpApBU-
raomyio SaHHEE MACCHE K AaHHOHR aAudeiike.

4. Ha nenTe pacnosoxeHs ABa MACCHBA PasHo# AnHESL. Kaper-
Ka o0o3peBaeT KpalHMil 31eMeHT ogHOTO M3 HBX. CocTapbTe
nporpaMMy Aad Mamndeel IlocTa, CPaBHMBAIOIIYIO ATHHEL
MACCHBOB H CTHPAOINYIC GoapmEil B3 HuX. JTASNIEHO NPCAY-
MaiiTe caygall, Korga ANMHK MACCABOB PABHEL

§ 4.4. AnropuTMNYECKU Hepa3peLIMMbIe 3ana4u
M BHIMUCNINMBI® DYHKLAN

B npearigymux naparpadax 6510 BBeJeHO IHOHATHE aJITC-
PHTMUYeCKH HepaspellUMOR 3afaqH, A& K HaIlie BooOpake-
Hie KONMYCKAeT, WTC, HABePHOE, CYIIeCTBYIOT 3aJavd, KOTO-
Pbie HEBOSMOXKHO DEIINTH. A WTO e MPeACTaBIAIT cobof
Takne sagaun? IIpEBefeM HeCKOJBKO INPHMEPOB AJCOPHAT-
MHAYECKY HepaspemuMEIX 3apxad.

Hpumep 5. B mauyane XX Bexa U3BeCTHRIA HeMenrmi maTeMa-
Tk Hasmp laxpbept & 1900 r. ehopmyamporan 23 MaTeMa-
Trueckue npobaemel. Cerogus permenme (Zayke YacTHYHOE)
rakoli-nuto npoGneMH I'annbepra pacleHHBAETCHE BO BCEM
MAPpe Kax BHCIIee MaTeMaTHdeckoe HoCTMweHne. HecAras
npobaema I'masbepra o AnobaHTOBLHIX YPaBHEERAX (B yOpo-
WeHHOH GOPMYAHPOBKe) 3BYMUT TaK:

Jaxo nOpomseoiabHoe  adarebpamyeckoe  ypasHEHHe
P(x,, x5y +0uy x,) = 0, rie P — MHOMOWIEH C OEJHIMH KO-
dunrenTamMy (HanpuaMep, axf +bx§ +cx§ = (). Tpebyerca

BRISICHHTE, CYIECTBYET JH ¥ AAHHOIC YPABHEHHA pelIeHuMe
B LENEIX YHCIEX.

Haaa ¢popmyanpoBka: Tpebyerca BpaboTaTs alropUTM,
IMOSBOJAIIUHA AnA Moboro JRodaHTOBA YPABHEHHS BLISC-
HHTH, HMEET JY OHO IEJOUNCIEHHOE DeIIeHye.

Ero EasHEAIT NOCIEAHHEM BCECTOPOHHHM MATEMATH-
« KOM ¥ CAMBIM 3aMedareJbHEIM YIHYTeNeM MATeMATHKOB
© XX Bexa. ByHZeprUHAOM OH He GBUI, a BT THIIMYAEIM
. 4RIacCHKOM#, T. €, 'manlepT moouepefHO CTAPANCA [O-
: HATh RARAVIO 00JA2CTE MATEMATHMKE HA. BCIO ee [IVOHRY
¥ pelINTH B Hell T€ 38AAYH, KOTOPEIE €ro HHTEPECOBATY.

J. Tnupbepr
(1862-1943)
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B 1970 r. coBercknit MaTematuk ). B. Matusacesna go-
Ka3a7d HeROSMOXKHOCTh NMOCTPOeHHA AATOPETMA FJS pelle-
HUA 3TOH 3aAadH,

Samevarue. Ecau H3BeCTHO, 9TO pellleHEe B OeAbBIX THC-
JIaX €CTh, TO ANTODHTM OTHICKAHMASA 9TOrc DRIIeHNS cyiyecm-
eyem.

MaTtnacepEa IOpuit BraguMHpoBHY
(p. 1947), BocnHTAHEUK IIKOAB-HHTEPHATA WM.
A. H. Kommoroposa. *Inen-xoppecnoagert PAH
¢ 1997 r., cnemuanecT B o0J8CTH MATEMATHYE-
CKOlt JOTHKR, TEOPHH ANTOPHTMOB, ZHCKpeTHOH
MATEMATHKE.

10. B. Marracesnyu

IIpumep 6. Ilo onmmMcaEn® AATOPUTMA A U ApryMeHTY X HeoOxo-
OEMO BEIACEHTE, OCTAHOBATCA JIE ANTOPETM A, eclK x ABIA-
eTcd BXOOTHEIM ZaHHEIM. DTa sagada (ee HAZKIBAKT npobie-
MO OCIMQH064) ABIRETCH AITOPETMATECKN HePASPEIIUMOM.
Hoxaxem aTo.

A ZOKa3aTeNbeTBA BOCHOOABIYEMCA METONOM 40T HPO-
THBHOrO». IIVCTE VHHEEpPCAJNBHBIN ANTrOpPUTM pedieHnA IIo-
FobGHOH 3agauyu cymecTEyeT. PaccMOTPHM KIACC ANTCPHTMOB,
06 pabaTHBAIHX HEKOTOPEIE TeKCTH, B TOM YHUCAe ¥ TeKCTH
anropuT™oB. B cHIY CYIleCTBOBAENA YHEBEPCAJIBHOTO AJTO-
PHTMa CYLUECTBYeT H AJNTOPHTM, KOTOPHA NI alropMTMa H3
YIOMAHYTOIO KJAcCa OIpejendeT, OCTAHOBHTCA JH OH Ha
CBoEM COGCTBEHHOM TEKCTe RIH HeT (apryMeHT X B 9TOM CJIIy-
9ae — TEKCT CAMOT0 AJATOPHTMA H €rc MOXXKHO He YKASEIBATD).
HasopeM taxoit anropatM B. IocTpouM caegyiommil anro-
puTM €, BXOEHEIMHE JAHHEIMH ANA KOTOpoTo GYAeT ABNATHCA
TeKCT anropuTMa A, ob6pabaTRIBAIOINETC CBOH TEKCT:

1. BemoaanTs anroput™ B Haag A.

2. Ecan asroputM B ompesenui, utro A Ha CBOEM TEKCTe
OCTAHOBHTCS, TO IepeliTR K mary 1, B IPOTHBHOM CIIY-
qae — K mary 3.

3. Komeny anropuTMma C.

IIpumenrm anropatM C K camoMmy cefe, T. €. BXOZHBIMH

OasHBIMM A4 Hero 6yzer Texcr anroputma C. Ilycts anre-

puTM B onpepgennun, uTo anropuT™ C OCTAHOBHTCH IIPH AHA-

J|3e cBoero TeKcra. Ho Toraa mocsie BHIIOAHEHUS II. 2 MED

cHOBa IepefizeM K m. 1, T. e. Ha caMoM fiesie C B 3TOM CXIy-

yae ¢ganuKIABacTcA». IIyeTs, HaoGopor, anroparM B onpe-
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pennn GeckoHeuHocTs anropurMa C. Ho Torga mocae seimon-
HeHER U, 2 MH nepeiifeM K 0. 3 ¥ alropuT™ C 3aBepIIHTCA.
Taxum ofpasom, Tax HasmBaeMas <mpobneMa camonpune-
HuMocmu aNTOPHTMAa» HepaspelllMMa. 3HAYUMT, Halle YIpen-
TMONOXeHAe O CYIMEeCTBOBAHHMHE AJITOPHTMS& B, peliammiero

HAIIy 38344y, HEBepHO.

| Ta ABAAETCA HEBOSMOMKHOCTHL CO3AAHUA YHEHBEPCAILHOIO
o | (mpurogzoro ana moGol mPOrpAMMLI) AJTOPATMA OTIAK-
KH LPOrpAMMEL. _

' ' BaXHEIM ODAKTHYOCKHM CJEACTBHEM AOKABAHHOTO (dak-

OpHaKo AIS KOHKPETHHIX ANTOPHTMOB H HEKOTOPHIX
KJIACCOR AJTOPHUTMOB IpoleMy OCTAHOBA H/HAH OTAAAKH
COOTBeTCTRYIOIICH NMporpaMMyl pemiuThk MoOXHO, Tak, ana
OPOYpAMMEL, COCTOAINS TONBKO M3 AUEEHHHX KOHCTPYK-
o\, TerKo HOKA3ATH, 9TO OHA BCEDAA 3AKOHUYHAT cBoiwo pabo-

TY.

IIpamep 7. Chopmynupopannas Jleiibunmem B XVII Bexe npod-
REMQ NPOBEPKYU RPASUALHOCIU RIODLIX MAMEMAMUYECKUX
ymaeepidenuii TaK)Ke SBIAETCH AITOPHTMETSCKH Hepaspe-
muMod. Benukuil mememxmit MaTeMaTHK ® (duIocod
T. Netioumn (1646~1716) MeuTAn 0 HOCTpOEHNA 0010 Me-
Tona pemmeHnA Joobol MaTemaTHdYeckol sagage. Je#AbHuny
HE YAAJI0CH DOCTPOUTE TAKOH SJIFOPHTM, ONHAKO OH CIATAN,
9TO HACTYIHT BPeM:, Korja anroprr™ Oyuaer Haiigen. ITpos-
NeMa, Docrasiednan JleAOHUIEM, NOJYYNIA YTOUYHCHAE B
BHAE ONROM M3 BaXHeAIIMX npobieM MaTeMaTHuecKod Jio-
THEH — npofreMbvi PACROIRAGAHUA Gvigodurocmu.

Kax H3BeCTHO, B COBpeMeHHOH MareMaTHHe IIOUTH Bee
MaTeMATHYeCKHe TeOPHH CTpOSTCA HA aKCHOMATHYeCKOH
ocHOBe. CYTH COOTBETCTEYIOINETC AKCHOMATHYCCKOrO METO- -
Ja COCTOHT B C/AeAYIINeM: BCe NpeINOKeHHd (TeopeME)
JaHHOM TeOPHH HOAVYaOTCA HOCPEACTEOM HOPMAJLHO-JIO- -
THYCCKOTO BHIBOAA H3 HeCKOJIBKHX NpegnoKeHUi (axcu-
OM), IPMEXMAEMKIX B ZaHHON TeopuH: Ged NOoKAa3aTeIRCTBA.
Papee Apyrux OHLIA OCYIIECTBICHA AKCHOMATHSAIHSA Teo-
MeTpHH.

IlyeTs v Hac eers mocmnxa R U ciuegcrsue S, sammcad-
HHe B BEAe ¢n0B (dopMyn) B HeKOTOPOM CHEHANLHOM AJ-
daeuTe, cocToameM H3 OYKE, ckobfox, 3HAKOB MaTeMaTHYe-
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CKHX M JoTHYecKmX onepanwii ¥ T. . Ilpoumecc BHIBORA
:  cleAcTBHA S M3 NOCHAKH R momer GRTL ommcan B BHIe
. npomecca dopManbHHMX npeobpasopaRu# cnop; cumraem,
9T0 CHCTEMa JAONYCTHMHIX NpeofpasopaHmit ykasaHa, T. e.
HOCTPOSHO JIOTHUecKoe HCYHCHECHHE,
IIpoGreMy pacnosHaBaHBA BMBOZMMOCTH MOXHO cdhop-
- MYJHAPOBATE chepylomuM obpasom: Cyujecmseyem au OAR
- mobux deyx caoe (Qopmys) R u S dedyxmuenan yenovxa,
sedywan om R x ST PelneHre DOHNMAETCH B ¢CMBICJIE CYIe-
CTBOBAHWSA AJTOPHTMA, AAIOOIEr0 OTBET Ha STOT BONIPOC AN
mobex cno R u 8.
HecMoTps Ha KOArEe ¥ VIOPHHE YCAIMA MHOMEX KDyI-
HHX CHEHEANINCTOB, TPYAHOCTH, CBA3RHERE ¢ TAKHAM KO-
CTPOSH¥EM, OKA3AJHACH HeIpeoJOoAMMEME, B paMKax Teo-
PME aJTOPHTMOB GHUI NOJAY9eH OTPHIOATSNLHLIA OTBET HA BO-
npoc off ANTOPATMHIECKOH PaspelImMOCTHE 3Tol MpobneMEl.
B 1936 rogy aMepuKaECKUEA MaTeMaTHK Yépu aokasan cje-
AYIOIIYIO TeopeMy.

Teopema Yépua, IIpo6rema pacmosHABAHAA BHIBOXAMOCTH &NIO-
PHTMWIECKH HEPA3DCIIHMA,
TeM caMHM BHACHHJACH He TOABKO MpHunHA Geaycmeln-
HOCTH BCeX NPOOUIHX MONMTOK CO3KAHKUA COOTBETCTBYIONMIe-
I'o aATOPHTMA, HO U /I0ORa3aHa GeCCMBICAGHHOCTh AAJbHeH-
IIHMX NONEITOK. (W

Bonpoe. Kaxue memodun ucnoavsyromes das aonasame.ubcmsa
arzopummureckoll Hepapeutumocmu?

Omeéem. OOHYEO ANTOPHUTMHUYECKAA HepPaspellmMOCTh HOBHX
38787 AOKAIHIBAETCA MemodoM ceedenui K 9THM 3agadaM
H3BeCTHHIX AAMCPHTMHYECKH HepaspeIIEMEIX safau. Tem
CAMEIM AOKABEIBAETCHA, ITO ecAH OB 61lia paspelInMa ROBaA
3afaya, TO MOXKHO OEHUIO OB PEIINTH B 3aReJOMO Hepaspe-
myMyo 3agady. IlpuMenss MeTod cBeAeHHA, OGHIHO CCHI-
JIAIOTCA HA HCKYCCTBEHHBIE 38Ja4H, KOTOPHe He HPeACTAB-
JAAKT CAMOCTOATEIARHOI'0O HHTEPECA, HO AJIH KOTOPRIX JJETKO
HeDOCPeICTBEHHO ZOKASATE HX HEPA3PeIMHMOCTE. 0

Ho BepEeMCH BHOBL K 38JA9AM, KOTODEIE HMEIOT AArO-
PHTMHYECKOE pemleHHe. B HpemnAVIINX naparpadax MEI
OOKasalid, YTo €CAH 3aada MMeeT pelleHde, TO MOMKHO HA-
nEcaTh B Mamury Teopusra, ® Mamuey [locra ans peme-
Hnga sTo# 3agaun. [Ipm roM HA BXOAHEE JaHHLIe HAKJIAAE-
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BAIOTCA (HOPMAJILHEIe OTPAHHYEHHA (BXOZHEI® CJOBA KOKHU-
PYIOTCH B HekoTOpoM andaBuTe), a CaMH AJrOPHTMH
CKOHCTPYHPOBAHE B PA3SHLIX ajIrOPHTMUYEeCKHX MOASIAX
(cxXeMax). BosHuKaeT BOOPOC: MOYKEC JF B IDHHINIE TOBO-
PUTE 06 O0IMX CBOHCTBAX ANTOPHTMOB IPH TAKOM KOEKpe-
TN ?

B TeopHE ANTOPUTMOB CTPOTO NOKAZAHO, UTC JIOGOH an-
TOPHTM, OUUCAHHEIN B OXHOM MOZenH, MoXxeT ORITH OHHCAH
# B Apyroii. Tawas BsadMHAsS CBOAMMOCTE AATODHTMMIde-
CKHX MOZeJeil IO3BOMAMNA COAATE CHCTEMY HOHATHH, HE 3a-
BHCAOIVIO OT BRIGOpa KOHEpeTHol HopMalHsaluB ODOHATHS
aaropaTMa. B ocHOBe aTo# CHCTeMEl JLXKHUT HOHATHE 8bLYUC:
Aumoil Pynwyuu.

SameTHM, 9TCO OTHOCHTEABHO KAMKJAOTO aATOpHTMR A
MOYKHO CKa3aTh, YTO OH BEIIHUCAAET 3HAavYeHWe dysKnum F,
(peanusyer pyHEOHMIC F,) OPY HEKOTOPHIX 3HAYEHUAX BXOA-
HHX BeJAYHH.

Onpenenenue 8. Pyrryua, BHITACIAeMAA HEKOTOPLIM AJTODHT-
MOM, HASHEBaeTCH SWYUCAUMOU (pyHnKuUell (arzopummuie-
cKu ebiyucauMoil).

BeeneHHOe NOEATHE BRMACIHMON QPYEKINH, TAK e, KAK K
HOOHATAE AJTOPHETMA, ABISETCA HETYHTHBHEIM.
DakTHIeCKH AJNTOPHATM — 3TQ CcHocol 3agamua GyHK-
une. PYEKGHHA MOI'YT 3aJaBATHCS W APYTEME cmocofamMw,
HanpuMep Tabmmned wian dopmyinol. OZHAKC CYIECTBYIOT
H TaxHe 38084H, B KOTODEIX CBA3IL MeXAY BXOTHEIMHA H BEI-
XOOHBEIMH OD&pAMETPAMA HACTOJNBKO CACMKHA, YTO HEAB3A CO-
CTABUTE ANTOPHTM IpeobpasoBaHysA BXOAHHIX JSHHEIX B pe-
aynbeTaT. Takre HYVHKIAE ABIATCH He BRINHCIEMBIMHE.

Tlpamep 8. PaccMoTpuM (YyHKORI

1, ec¥ B AECATAYHOM PASTONEHUM T eCTh OTPE3OK
h(n) = U3 n ZeBATOK, OKPY)XeHHHIH HeleBATHAMH,

0 B NpoTHEBHOM cAY'ae.
Jna Kampaore KOHKPETHOT® N MOKHO OONCYMTATE SHAYE-
Hue GyEKkouR. OxHaKe HAM He AsBecTeH obmmit coocod, 1o-
SBONAIIIME BEIMUCARTE 3HAYeHME (PYHKIMN ANd NIpoOHs-
BOJBHOTO 1. AHANHN3 NepBHX 800 3HAKOB pazIoXeHHS T 110-
KaskBaeT JAmb, 4ro A(n)y =1 gnan =0, 1, 2, 6. Ecin He

1 Tipumep npueegen » kaare B, A, Yenenckore «Mammsa Tloctas.
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cymecTBYeT O0LIero NMpaBUia BREITUCICHHS 3TON DYHKIEH,
TO HE CYINeCTBYET M ANTOPHTMA, PEANHIVIOIEro »TY GvHK-
IUIO, T. €. PelIAIOIIero NOCTABJIEHHYIO mpofieMy. O

IlopaTua anropuTMa B BRUHCIUMON DYHKIMH ABAAIOT-
CH, MoXxKanayill, Haubolee PYHIAMEHTANBHEIMH NOHATHIME
HHDOPMATHKH M MaTeMaTHKH. CHCTeMaTHYecKoe H3yUeHEE
ANTOPHUTMOB Y PASNEYHLIX Mofeleil BRUUcTesEiH IPHELNO K
CO3AAHEI0 0co00l AUCIEILINHEL, DOTPAEHYHON MeXKIY Mare-
MATEKOR m HHQOPDMATHKON — mMeopuu anzopumMmos, B Ko-
TOPOH BHeJieH DASZENl «IecDUf GbiNUCAUMOCTIUS.

TeopHaA BEYHCIEMEIX (¢ IOMOINSI0 KOMNLIOTEPOR) HYHK-
urit noaeunack B 30-e rogur XX cTONETAN, KOTAA HEKAKHX
KOMIObIOTepoR emle He Onino. Ileperle KOMOBIOTEDHL NOSABE-
aack B 40-x roaax, M BX HOOABICHHE CTAJNO BOIMOYKHBIM
HMeRHO Gaarofapa ACCTHKEHHAM TeOpPHMH BHIHCIHMOCTH.
Tak, B pAMK&X TeOPHM AJTOPHTMOB OHLIO ChOPMYAUPOBAHO
IOHATHE BEMHCINTEABHON MADIMHE ¥ 6RO IOKA3AHO, ITO
ORR oCyecmEAEHUR 8CEBO3MONCHBIX NPeolpas3oeanuil un-
popManuu Gosce He 00A3AMERLRO cmpoums Kancdutii pas
CREYUQRUITUPOSAHHBIE GWMLUCTUMEAbHE Ycmpolicmea: Bee
3TO MOYKHO CHEJATH HA ONHOM YHUBEPCARLHOM Yempoilicmae
NpE HoMOINY Hoaxopalmeit mporpaMMsl H coo'rBe'rc'rnylome-
o KOTUPOBAHMSA.

Bonpocel U 3apaHne

1. Cpaseure onpeAeseHne QYHKOHEHE N3 Kypca MATEMATHKH ¢
onpeAesneHNeM BLIMHCANMOE PYHKIEE. VEaxuTe ofmiee u
PasIHYIHOE.

2. IlpuBepnaTe NpHMED AJTOPHTMA, DIPOIPAMMHAA DEATHNIAMMUA
KOTOpOTC 3aTpPyIHeHA.

3. Hcnonpaya paccy:RAeHud npuMepa 6, foxaxnTe, 4TO HEBO3-
MOXHO COZAATh VHEBEDCANLHEIN (mpurozmeiif mns moboil
IPOrPAMMEL) AJNTOPUTM OTIAAZKH IPOTPAMMEI.

4. TlpuseanTe NPAMEDE YVHHBEPCANBHEIX HCHOXHUTEEIH,

8. Baimamure XpoHOMOTHI0 PYHAAMEHTANBHBIX ZOCTHEeHHH (C
yxazagHeM paMuIHil aBTOPOE H AaT X AH3HN) B 00JJACTH Te-
OPHH ANrOPHTMOB. I KAk L0TO YIeHOTQ BRIYACIHTE, HA Ka-
KOM I'OAY 'KHM3HW OH BHINOJHHA pabory, OpuBeAlIyIo K ¢yH-
ZaMEHTANRHBIM Ppe3yJNbTaTaM B TEOPMH AJrOpUTMOB.
Tonyuennne pesyIbTATH OPEACTABLTE B BUje TAGKHIEL.
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§ 4.5. MNoHaTHE CNOXHOCTU anropuTma

B npeangymux naparpagax oBOPHIOCH, UTO eClIH st pe-
IIeHHS 3aZaYH CYIECTBYeT OAWH AJNTOPHETM, TO MOYKHO IPH-
AYMAaTHL ¥ MHOTQ APYTHX AATOPHTMOB AJIfA pPelieHnd 9Toil Ke
3a7a9H.

Bomnpoec. Kaxoit anzopumm aysute nodxodum OAR peuieRus KOH-
xpemnoii 3adavu? ITo xawxum xpumepuam credyem eéviOu-
PGMb GRZOPUMM U3 MHONECTNER B03MONHLIXE

Omeem. Kax npaBmio, MH BHCKasHEBaeM cY)XAeHHe 00 aiaro-
PHTMe HA OCHOBE €r0 OUEHKH HCHOAHATEAEM-YeJIOCBeKOM.
AJNTOpDHTM KaKeTCH HAM CJHOKHEIM, eCJIK JasKe IIoCJde BHH-
MATENLHOTO ero H3VIeHNA ME He MoeM IOHSATh, YTO Xe OH
Aenaer. MH MO)XeM Ha3SBATh AATOPHTM CHOMHKM H 3a1Iy-
TAHHEIM H3-34 TOPO, YTO OH obNafAeT pasBeTBACHHOH JOTH-
TeCKOH CTPYKTYDOM, cogZepaxanieit MEOTO IPOBEPOK YCIOBHE
® mepexopoB. OaHaKC ANd KOMOBIOTepPA BHIIOJIHeHRHE IIPO-
TpamMmMbl, peanmsylomeit Taxolt anropuaTM, Ee COCTABAT TRY-
A4, TaK Kax OH BHIIOJHACT OfHY KOMAHAY 32 NPYroi, B AaA
KOMIILIOTEPA HEBAYKHO — ONCPATNA JX 2T0 YMHOMEHHA HIA
OpoOBEPKA YCIOBHA.

Bonee Toro, M MOMEM HANWCATE TPDOMO3AKHIA AIrO-
PHTM, B KOTOPOM BHIMHCAHE NONDAA IOBTODAIOINEECH Aeii-
cTBuA (6e3 MCHOAL3VBAHEA LRKJIHIECKOH CTPYKTYDHL). On-
HaKO ¢ TOYKH 3PeHHA KOMUBICTePHON peaH3alNA IMpPaKTH-
YeCKE HeT HHKaKOH pasHEOLI, HCOOJAL30BAH JHA B
IporpaMMe omepaTop HUKJIA (Hampumep, 10 pas Ea sxpaH
BHEBORHUTCA ¢0BC «IIpuBer») mau 10 pas mocrenosaTesbHO
BEININCAHEL OIepaTCPsl BHIBOAA Ea SKpAHR croBa <IIpueeTs».
HoaToMy BnA oneHKEH 3 GeKTHBHOCTH AITOPATMOB BEEIEHO
TICHATHE CJCHKHOCTH aJrOpPHTMA. 0

Ompenenenne 9. BuiiucaumenvHvidt npoyeccom, MOPOKACHHEIM
ANTOPUTMOM, HASHIBAGTCA IOCHENOBATENLHOCTD IIATOB AJITO-
paTMa, NPORAZEHHEIX NPH HCIOJHEEMH STOT0 AJTOPKTMA.

B mpansneiimem GyaeM DOHEMATE NON CRONCHOCHLBIO GAZ0-
pumMa KOIUMYeCTBO SJAeMeHTAPHHIX AellcTeHil B BRIMHCAHU-
TeJEHOM NpoOIecce 9TOro ajiropuTMa, KAK QYHROHID OT HC-
XOAHKX AAaHHEIX.

OfpaTaTe BEHEMAHHE, MMEHHO B BBIYMCIHTEILHOM IPO-
mecce, & He B CAMOM aNropHTMe. OdeRnARO, ANA CPABHCHHA
CJIOMHOCTH DASHHIX SJFOPUTMOE HEOOXOARMO, YTOGHI CHOMK-
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HOCTh DOACSYTHIBAJIACH B ONHHX H TeX Ke a.uemen*rapnux
HAefACTBHAX.

Onpeaenense 10. Bpemenwuds cRONROCIIL GAZOPUMMG — 3TO
Bpema T, HeobXomumoe A ero BHIOJHEHHA B 33aBHCAMO-
CTH OT HCXOJHHX JaHEEX. OHO PABHO MPONBEeASHAK TACIA,
3JIeMeHTAPHLIX AeiicTBHiIl k Ha cpefHee BpeMA BERINOJTHEHES
ofHoro pekersms t: T = kt.

Hocxonpky ¢ 3aBACHT OT HCHONHHUTENH, PeaTU3YIONIEro
ANTOPMYM, TO ECTECTBEHHO CYHMTATE, UTO CHOMHOCTE AJNro-
pPETMA 3 NEPBYIC oUYepeflb ONpeAenseTca sHATeHHeM k. Ode-
BHIHO, UTO B HauboJeOiedl cTeneH¥ KOAMIeCTBG OHepamHii
[PH BHIIOJHEHWH AJTOPUTMA 3ABKCHMT OT KOJH4ecTBa obpa-
faTrBacMEIX AaRHEX. HeficTBMTEensHO, AAA YIOPSZOYHBA-
B4 no andasury cumcka uz 100 damuauit tpebyerca cy-
INeCTBeHHO MeHLINE ONepATWi, TeM ZAd YOOPAKOIUBAHUA
crcka u3 100 000 damuamit, ITo2ToMYy CHOKHOCTE ajiro-
pETMA BHIPUKAIOT B BAJAe (QYHKIHME oT ofBbeMa BXOAHBIX
JaHBLY,

IIycre ecTh anropeT™ A. Ilna Hero CymIeCTBYeT IAPAMETD
n, xapaKTepEsylomuit ofmeM ofpabarsiBaeMEBIX ANTOPHT-
MOM HMAaHHBIX, 3TOT HapaMeTp TACTO HASHBAT PAG3IMEPHO-
emuio 3adayu. OGosHaauM depes T'(n) BpeMa BEITOTHEHWS
ANTOPHTMA B XYAIIeM cAywdae, uepes f — HeKYO QyHKIHIO
oT n.

Onpenenernne 11. Byaem roBopuTs, wro T(n) aZropurMa IMeeT
IOPAAOK pocTa f(n), HIR aANTOpDETM HMEeT MeopemuiecKyno
caoxcroemy O(f(n)) (mmTaeTCa «0 Goxbmoe or f(n)»), ecan
ana T(r) HaiigeTea rakad KoHCTAHTA ¢, 9TC, HAUUHAS ¢ He-
KOTOpOTo 7, BHIOXHAeTca ycuosme T(n) < cf(n). 3pecy
npeanoJgaraercd, Ir0 GyHKOEA f(n) HeorpAmaTeabHA, IO
Kpafineit Mepe IpH 1 2 R

Tak, HEanpAMep, aATOPHTM, BHIIOXHAIOIINE TOJALKO ome-
Danun ITeHndA NAHHHX W 3aHeCeHHs? MY B OIePATHBHYK IA-
MATH, HMeeT AUHeHYI0 cioxHocTy O(n). AnroputM copTn-
POBKH MeTOAOM OpAMOro BHGopa, Kak »To GyZer moKasaHo
HEXe, HMeeT Ke8adpamuunylo CIOXHOCTH O(nz), TaK KAaK
IIPH COPTHPOBKe Jo00roe MaccHBa 3TOT RITOPHETM OyAer BH-
noaaare (r° — n)/2 onepaumit cpapHeHEHA (PN 9TOM Omepa-
nuil nepecTaHOBOK BOOSINEe Moxier He OLITH, HAIIPHMeEP, HA
YIOPAZOIEHHOM MACCHBe), A CIOKHOCTE AJTOPHTMA YMHO-
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MeHUA Marpun (rabéamg) pasMepa n x n GygeT yxe xybute-
cKoil O(na), TAK KAK JJIfA BEYACASHHA KAXKIOTO 2JIEMEeHTA
DPeSYALTHPYIOMeH MaTpEON Tpefyerca n YMHOXMCHWH H
n — 1 cnomxennii, a BCcero STUX 3NeMeHTOB Nn°.

JIna penieHMa 3ajaul MoryT OHTE paspaloTaHBI ajro-
PHETME pasamdnoil ciomnocTd. JIoTHYHO BOCHONLIOBATLCA
IyYIIMM CpeAH HuX, T. . AMEIIMEM HAMMEHBRMIYIO CIOMK-
HOCTB,

Hapazy co CI0MHOCTBIO BAXKHOH XapaKTepHCTHKOHN aj-
TOPUTMA fApiAeTcA spexmuanocme. Iloa »bdeKTHRHOCTEIO
HOHHMaeTcA BHINOJHeHHe CHeAYIOmere TpeboBaHHA: He
TOABKO Bech AJTOPHTM, HO M KaIHI# IIAr ero JOJKHE
OBITH TAKMMH, YTOOH MCHOJMHHTEN:L O cHocobeH BLILIOA-
HUTE HX 3a& DasyMHoe BpeMsa. Hanpnmep, ecas anropuTM,
BHAAKIONY IPOrHO3 morogsi Ha Gnmxafimme cyTKH, GyHer
BRITONHATECH HEREN0, TO TAKOH AJITOPATM TPOCTO-HATPOC-
TO HAKOMY He HYXKEH,

Ecnun Mul paccMaTpaBaeM ANTMOpUTMH, PeanUsyOIHecd
' HA KOMIBIOTePe, TO K TPeOOBAHMIO BHIIONHCHMUS 38 pa-

BYMHOe BpeMsa npnbaBnsgerca TpefoBaHHe BHIIOIHEHUHA
B OrpAHHIeHHOM ofbeMe ONEpPATHBHOM mamMaTH.

HapecTHO, 9T0 BO MHOIHX H3HKAX IPOrpDAMMHAPOBAHHA
HeT OliePALHH BOBBEAeHHA B CTeNneHH (x"), CAefOBATENLHO,
@ATOPUTM BO3BEAEHAA B LEAyK CTeleHb NIPOTpaMMHCTY
HANO PEATHSOBHIBATE CAMOCTOATeAbHO. Omepanuna BosBege-
HHA B CTelleHb BHIPAXKAETCH Tepes ONepPalnH YMHOKeHRHT; ¢
POCTOM NOKASATENH CTeNeHH, eCTeCTReHHO, PacTeT KOoJaUde-
CTBO oNepaguli YMHOKeHHdA, KOTOPEle IPE BHIOJHeHUN 34-
HHMAIOT AOCTATOTHO JOATC BpeMA npomeccopa. Ilpu peann-
SallHY &JIFOPHTMA BOIBENEeHHSA B CTelleHb «B J00» HaZo BH-
oonEETE (B — 1) omepanmio ymHOKeHRA, CyurecTeByeT JH
Gomee OBICTPHIE VHUBEPCANBHBEIA cmocob?

MeTon 6EICTpOTO BEIMHCICHAA HATYPATBHON CTENEHH i
BEeIeCTRCHHOI'O YHCIR X

BroTr Meroa OB OMNCAH enle %o Bammed spel B JIpepreit Hi-
Uy,

1, BamucaT: n B ABOMYHOH CcHCTeMe CHMCICHHA.

2. BaMeENTH B 3TOi sammcE Kaxxayio 1 mapoil 6yke KX, a
Kaxpes 0 — Oyxson K.

3. BruepKHYTE KpaiiHII0 Jepyio mapy KX,
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4. TlonygeHHAA CTpoKA, YHTAaeMad cJeBa HaNpaso, AaeT Ipa-
BHJO OLICTPOTO BRIMHCHCHHA X, ecil O6ykBy K paccMarTpm-
BATh KAaK ONEpANHIO BOSBeACHHA pe3yjabTaTa B KBagpar,
a 6yrBy X — Kak onepanuio yMHOKEHASA Pe3yAbTATA HA X.
B Hauane peayJabTaT paBeH X, A

Ipumep 9. Boseecrn x B cremens n = 100.

1. IlepeBecTd 4YWMcno 7 B NBOMYHYI0 CHCTEMY CUHCIEHHS;
r = 100,, = 1100100,.
. TlocTporTs nocnegosarensuocts KXKXKKKXEK.

2
3. Boraepkay™s KX cnesa > RXEKKXKAK,
4. BeIIACAATE HCKOMOE 3HAYeHHE:

K: BospecTH x B KBagpar = x2,

X! YMHOXKVTL PesyJbTAT HA X — %3,
K: pozBecTE pesyaBTAT B KBAAPAT => X
K: BO3BECTH pesynbTar B KBaADAT => X
K: Bo3BecTH pesyabTAT B KBagpaT => X
X: YMHOKHTH PelyIALTAT HA X = x25
K: BogBeCTH pe3ydLTAT B KBAADAT = X
K: BospecTH pesyabTar B KBAagpaT = x ..

LR R

50
?

Taxrm 06pa3oM, ME BRYHUCIAIN COTYIO CTeNeHE IUACHAA X
BCEro 3a 8 YMHOXKeHHI. 3TOT MeTOA ZOCTATOMHO apdeKTHE-
HHI#, 1 0H He TpelyeT JZONMOJIHETENLHOI oNepaTHBHON maM4-
TH IIA XpaHeHRS DPOMeXKYTOYHHEIX pesyabTaros. OpRako
FAMETHM, 9TO HTOT METOJ He BCerSa camerii GRICTpLINA. 0

Cama omepauns YMHOMKEHUS DEaJMBYeTCA B IpoIleccope
He «B J00», a 9epes »ddexTRBHLEIE DEKYPCHBHEIE ANT'OPAT-
MH. M Xe paccMOTPMM AITOPHTM +OHICTpPOro» yMHOMe-
HHA, KOTOpHI# GELI M3BecTeH emle B JlpesHem Ermnre, ero
TAK)X€ HASHBAIOT «PYCCKHM» HIH <4KpeCTbAHCKHM» METO-
JOM, Ha KOHKPeTHOM IpHMepe.

Hpamep 10. ¥YMEOoKUM 23 Ha 43 <pycCKMM» METOAOM.

23 % 43 |(meqerHoe) |I[lepBrni cTonben coCTORT U3 PeIyALTATOR
46 21 |{HedeTHOe) | TOCHEACBATENLHOrC YMHOXKEHHS NEPBOro

92 10 comHoxATenn (23) Ha 2.
184 5 |(mevernoe) | BTOPO# cronben npeacrasnaer coboit
368 2 == PesyAbTATH NGCHAEAOBATEILHOrO

OeMCYUCIeHHEOTD ZeIeHAA BTOPOro
coMHEOxETend (43) Ha 2

736 1 |(uewermoe)
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PesynLTaT paBeH cyMMe THCeNd Depsoro cronbna, pHAOM ¢
KOTOPBIMHM BO BTOPOM CTOJOIE CTOAT HeUeTHhIE YHCAA.,
Omeem: 28 x 43 = 28 + 46 + 184 + 736 = 989. : a

Bonpocul n 3agaHnusa

1. IlogcuuTaiiTe CAOMNKHOCT: ANTOPHTMA NeDEeMHOMEHHS AEVX
HATYPAJBHHX unce] CTOIOGHKOM IIPH YCIOBHE, YTO ONHO H3
YHced COCTOMUT H3 I AecATHYHEIX NHdp, a BTOpoe — H3 m
JecATHIHRIX TUPD.

2. IlogcupraiiTe CAOKHOCTE ANTOPHTMA YMHOMKEOHUST IBYX HATY-
PANBHEIX YHCEN ¢PYCCKHM$ MeTOAOM IPH YCAOBHE, ITO OfHO
H3 TACEN COCTOMT H3 R JeCATHYERIX Ludp, 4 BTOpoe — H3 M
ReCHTHUBEBIX THDD.

3. [IpuBeauTe OPHUMEPH AJITOPATMOB, HMMeHOMHAYX JHHeHHYIO
CIIOHHOCTE.

4. Tlyers ana Hexoroporo anroput™a T(n) = an? + bn + d, Tae
a >0, b, d — ormuuakie o HYAA KOEeTARTH. JJOKAKHTE, YTO
raxoll anropuT™ uMeeT caoxkEocTs O(n?), IIna atoro mozbe-
PHTE HCOTDANATENLEYI0 KOHCTAHTY ¢ T4k, YT0, HAYNHAS C He-
KOTOpOrO 1y, T(n) < cn?.

§ 4.6. Ananu3a anropuTMoB NONCKa

B sroM naparpade MH GyfeM PACCMATPHBATE KiaccHiecKue
3aJIa9¥ IOHCKA, RHAJH3HPOBAT: AlrOPHTMLI, PEANN3yIOLINe
2TH 38AYH, T. &, HAYIATH CBOKCTEA AMropETMOB. H3 Goablxo-
IO MHOYKECTBA QJITOPHTMOB IIOMCKA MKl DACCMOTDHM TOABLKO
OBa ANTOPHTMA, NPEAHASHAYCHHBLIX AAA PelleHns »Toik BoC-
TpeboBaHHON 3afavH.

PaccMmaTpuBas pasiMaELie AlTOPUTME PellleHUA OXHON &
Toit e 3afAYM, NMOKE3R0 NMPOAHATHINDPOBATE, CKOJIBLKO BH-
YACINTENBHHR PecypcoB oHE Tpebyror (Bpema paborw, nma-
MATH), B BHOpaTh HanGonee abbekTnBHEENT. OfHAKO BHAYA-
Jle HaA0 AOTOBOPDHTBECHA, KAKA® MOAedL BEIHCAeHHE Oyner
ACHONL30BATLCA. DyAeM CUBTATh, WTO HAMM AJNTOPETMEI
BHITOAHAKTCH Ha OOHYHOH OJHOIPONeCCOpPHOH MaImmHe
¢ NPOMIBONBHHM IOCTYIOM K DAaMATH (KaHHbLIM).
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B anropMTMaxX NOMCKA CYIIECTBYET EBE BO3MOMCHOCTH
OKOHIAHHA paborel: JHGO IOHCK OKa3aJCH YOaUHbIM,
T. €. IOSBOJIEJ ONpeAeNUTEH HOJOKEeHHE COOTBETCTBYIO-
LIeTo 3JIeMeHTa, Iubo oH oKasanca HeydauHbiM, T. €. IOo-
Kazal, 9T0 HeoOXOAHMOrO 3JcMeHTAa B AaHHOM o0beMme
uHpOpMATIRE HeT.

XoTa menrio NOMCKaA ABRNACTCH IHAYCHHE 3JIeMeHTa, al-
POPUTMEl IIOMCKA B CJAYYae YAAYHONO OKOHYAHUS BHAAKT
MeCTONIONIOXKeHHe HCKOMOI'C 3JIeMeHTAa, HANpHMep HOMep
37IEMEHTA B MacCHBe. :

B kauecTBe KpUTepEA OHEHKH AJTOPHTMA MH SyAeM Hc-
IIONB30OBATh TAKYIO XADAKTEPHCTHKY, KAK CROMHOCMb.

4.6.1. MocneposaTenbHbiit NOMCK B HEYNOPAACHEOHHOM

Maccuee

ChopMynEpyeM ANTOPHTM HOCHEA0BATANLHOTO HOACKA B He-
VOOPANOYEEHON IIOCHAEEOBATENBPHOCTH (HEeYIOPAZCUYCHHOM
MaccHBe). O9eBEIHO, 9TO 9TOT AJNTOPDHTM MOJKHO IDVMEHATE
B OAA O0UCKA B YHOPAACIEHHOM MACCHEE.

Am'opm DoCASNOBATENIHHOTO MMOMCKA B HEYHNODATOYEHHOM
MACCHBE

1.
2.
3.
4.

Hwmeerca maccue a[l..n], TpebyeTca HallTH a7MeMeHT MAaccH-
BA, paBHHIE P.

¥YeranosnTs § = 1.

Ecne a; = P, aJropuTM OKOEYEH yAA9HO.

Vpenmaurs i B 1.

Ecnm i <1, T0 nepedTH K mary 2. B IpoTHBEOM caytae an-
TOPHTM OKOHYEH HeyAAYHO, A

C10:HOCTE ANrOPHTMOB IOHCKA ECTECTBEHHO OLCHHBATE
oo 9JHCIY Cp&BHBHHﬁ IEMEHTOB MacCHBA ¢ HCHKOMBIM
ayteMenToM. B XyameM cinyqgae {(HCKoMHlil siement P cro-
HT HA IOCJIefHEeM MecTe MAH OTCYTCTBYeT) CAOKHOCTE all-
ropuTma Gyaer pasHa n.

VenoxmunM sagauy. IIyeTs maM TpebyeTca HaiTHE MHHH-
MAJMBHBIA 3JIeMeHT B HeymopagodeHHoM MaccHee. OKaskiBa-
eTCHA, TTQ HTOT ANTOPHUTM TaKKe HMeeT JWHEHHYIO CIOMK-
HOCTH, M ANd NONCKA MHHHMAILHOTO (MAaKCHMAJILHOTO) 2JIe-
MeHTS B HeYNOPAROYSHHOM MaccHBe morpefyerca n — 1
cpaBHennili. {IprBegeM TOT AArOPHTM B TeKcToBOH tdhopme
H B BUAe OIOK-CXEME!.
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ANTOpHTM NOHCEA MHHHMAJLHOTO
3JIéeMeHTA B HeYIOPAZOUCHHOM
MACCHBe

1. min = a,.

2. Yerasosuts i = 1.

3. Ecnu i < n, To nepefiT X mary 4,
HHa4Ye AITCPHTM OKOHYeH (MUHH-
MAXLHEIE 9/IeMeHT paBeH min).

4. VeequumTh i Ha 1.

5. Ecam a;, < min, TO DOpUCBOUTH
min 3HaYeHHE &;.

6. IlepeitTH K mary 3. A

Eme Gonee ycmoxumm sagaTy. IIycTe Ham TpebGyerca

HRHTH B HEYNODAJZOYEHHOM MACCHBe MAKCUMAIBLHEIE B MU-

HUMAJNbHLIE SIIeMEeHTH OZHOBpeMeHHO. MOMEO CKOppPeKTH-

PoBaTh: BHILENIPHBeASHHLIN aITOPHTM ciaezyiomuM obpa-

30M:

1. min = a,, max = a,.

2. Yera"oputs 1 = 1.

3. Ecam i < n, 7o nepe#iTy K mary 4, uHave ajiropuT™M 0KOH-
geln (MaKCHUMANBHEINA B MPHEMAJMLHLIH 2JeMeHTE DABHH
COOTBETCTBEHHO Min B max).

4, ¥YepenuunTs i Ha 1.

5. Ecmm a; < min, T0 min OpUCBONTH 3HAYEHHE a,.

6. Ecau a; > max, T0 max HPUCBOUTH 3HAYEHUE @,

7. IlepeiiTy K mary 3.

CiIo#HOCTE 9TOTO aAropuTMa pasHa 2(n - 1). 3agagwmaca

BOMPOCOM, MOXKHO JIM HAIINCATH AJITOPHTM ¢ MeHbINeH cloX-

HocTeE. OKa3EIBaeTCS, MOKHO HANUCATE AJITOPHTM, CHOMK-

=4

HOCTE KoToporo 6yzer paBHa 3 - % X

3¢ derTrsHLIH ANTOPATM NOHCKA B HeYIOPATOYSHHOM
MACCHBEe MAKCHMAJILHOTO H MEHHMAJLHOTO 3JIeMeHTOB
OTHOBDEeMeHHO

1. PasfuTs MacCHB Ha Baph (MoayIuM |:_r5:| nap, OpY HeyerHOM
n — IMI0C ellle OOHH 3JeMeHT).
2. VOopazoIuTs N0 BOSPACTAHMIO KAXKAYIO Hapy (IpH BHITOJ-

HeHER 370T0 OIara GygeT BRIDOJIHEHO [g] cpaeHenmii). Torga
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B MACCHEe HA BCeX HedeTHRIX MeCTaX GY.EGT CTOATE MHAHH-
MAaJbHOe ANA ZaHHON mADEI WHCJC, & Ha BeeX YeTHEIX Mec-
Tax — MaKCHMAJABHOE.

HaiitTe MMHAMaNLHOe IUCIA0, OCYINECTBIAA NOHCK TOJABKO
cpeon BJIeMeHTOB, CTOAMMX Ha HeIeTHHIX mecraX. Ilpn
3TOM, €C/IH ¥ HAC eCTh EeIIOJIHAR NIapa, TO B KAYECTBE Ha-
YanbECTO 3HAYeHUd NepeMeHEOH min B3ATH SHAYeHHe aNe-
MeHTA HeTIONHOH mapH (NpH BHNIOGJHEHUH »TOTO Luara 6yaer

n o
BHITIOJAHEHO [E] cpaBHeHRH).

HaifizeM MakCcHMAaJIbHCE YHCIO, OCYIIECTRIAA HOHCK TOABKO
cpenoy 2IeMeHTOR, CTOANINX HA WeTHHRIX MecTax. IIpm sromM
ecy ¥ HAC eCTh HemoJNHAaA Iapa, TO B Ka9eCTBe HAUANBHOTO
SHAYEHHA NepeMeHHOH Mmax B3ATE 3HAUeHHe 3/eMEHTA He-
monEC# mapH (OpH BRUGAHeHHWH »Toro miara Oyzer

BHITOJHEHO [-’23] CpaRHeHHi1). FaX

Beero cpapsesmii B JAHEOM AJNTODWUTME 3[%]

4.6.2, Anroputm GMHaPHOTo NONCKA B YNOPAAOYSHHOM

MacCcnee

IIycre HaM TpeGyerca HaliTi sneMeHT B OoabmioM ymopago-
9eEHOM MaccHBe HHpopmallh, KOTOpaa pacmoyciKeHa B
oHepaTUBHO# nmaMATH KoMObloTepa. na pemenus 3Toil 3a-
Aauu paapaboTaRbl 3hdeKTHRHEIE ANTOPATME!, Hambonxee

- PacIpoCTpAHEeHELRIM H3 HHX ABAACTCHE aa2opumMm ﬁuuapuozo

(@sounno20) noucra, ero MHOTZA HAZHBAIOT Aozapudamiie-
CKUM NOUCKOM, Un¥ Memodom denerusn nonoaam (Juxomo-
Muett).

OcHoBHAS EEes GHHAPHOTO IOMCKA AOBOJABHO NPOCTa, Ae-
TAJK 7K€ HeTPMBWMAJLHE, H HpPABMILEO pafoTaomuil axro-
PHATM yAaeTcd HAODHCATH JAJEKOo He ¢ itepBoro pasa. OnHa us
HamboJiee NOMyNAPHEIX pealiM3anuil 9Toro aaropurMa Hc-
IOAL3YeT ABA YKazaTens (I ¥ i), COOTBETOTBYIOMNAS HIDKHeH
H BepXHeR rpaHanaM noucka, C 1oMOIIBI0 STOro ANropATMA
HIIeTCa JIeMeHT £ B YIODAXOIeHHOM HC BOIPACTAHHIO MAac-
CHUBe @, CORePXHAIIEM 7L 3AEMEHTOB.
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AnropurM GHHAPHOrO NONCKA B YOOPAOUeHHOM MACCHEO

1. Havanwaaga yeradoeka: [=1, u=n.

2. Ecam u < I, TO anropaTM okOHYUER HeyAauHO. B mpoTEBEOM
cayduae HaiiTh cepepmuy mATepBaia [I; u}. B sror mMomMeRT
MEI 3HaeM, 4TO ecJU k ecTh B MACCHEBe, TO BHIIIONHAKTCA He-
paBeHCTBa 4; < k < a,. YcraHoBETs i = [(I + u)/2]. Teneps i
VKA3HIBACT NPAMEPHO B CEPeAUHY PACCMATPUBACMOR HacTH
MAaccHBa.

3. Ecan k < @, TO NepeiiTn K mary 4, ecau k > @, To nepeliTH
K 1Dary 5, ecnm k = g;, AATOPATM OKOHYEH YAAYHO.

4, YeraHoBuTh ¥ = i — 1 ¥ mepeiiTH K miary 2.

5. YeramoeuTk [ =i + 1 4 nepeiiTH K mary 2. A

IMar 3 aaropuTMa GHHAPHOTO NOECKS BHIIONHKETCH IO-
pazka log,n pas, T. e, AAHHEI aNrOPUTM MMeeT JOTA-
PHGMUYECKYIO CHOMKHOCTE IO IACAY CPaPHeHHIL,

Bonpocol U 3apaHnn

- 1. IIpubegure IpUMepEL 344AY, B KOTOPHX HeOBXOAMMO BRINOX-
© HATH noucK rEGOpMannn B fonbiroM ofbeMe HAHHEIX.

2. IIpu peanuzallHy MIOHMCKA B HEYIOPAAZOUCHHOM MACCHBe IIpU-
MEHAIT cAeXVIOUIHIt npEeM. MaccHE YEeTHUHBAKT HA OAHH
9JIeMEeHT, IPECBAKBAA STOMY H/IeMeHTY S3HaUYeHUe HCKOMOIO
sneMeHTa. Karoil BHUIPHII P 5TOM MEI MOXKeM MOAYIHTE?

3. Mna noncka s7eMeATa B YIOPSAOeHEOM MacCHBe ORI MpuMe-
HeR anropuTM OmHAPHOrC HoHMCKa. B XyamieM ciydae anro-
PATM 5 pa3 BHINOAHAJN miar 3 (ocymecTBAan cpakHeHnA). Ka-
K0€ MAaKCHMAJILEOE KOJIHIECTBO JIEMEHTOB MOMKET CORePIKATE
Taxoii Maccup?

4, TIpomeaypa ABOEMEOTO IOHCHA HAIINA HCKOMEIH 97IeMeHT B
YIOPANOIEHHOM MACCHBE 38 JBe HTepANWH (Inar 3 BRNOMHENCA
2 pasa). CKOJBKO BCETO JIEMEHTOB MOKET COAEPKATE MACCHB,
ec/IF HAMIeHEEI 9JIEMeHT CTOMT B Maccuse Ha 23-M Mecte?

§ 4.7. AHanu3 anropuTMoOB COPTUPOEBKMN

CopTHpoBKa — 0AZuH E3 Haubosee pacHpoCTPAHEHHEIX IIpO-
Ieccos coBpeMeHHoH o6paborkn ganHerx. Copmupogkoil Ha-
' BHIBAETCA pacupefesleHHe 3JIeMeHTOR MHOMKECTBA IO IpPyI-
TIaM B COOTEETCTBHME C ONpeAeeHHIMH NpasnaaMa. Hanpr-
Mep, COPTHpPOBKA 3JIeMEHTOB MACCHBA, B Ppe3yILTATe
KOTODOH HOJSydIaeTCH MACCHB, K&KOBIA ajeMeHT KOTOpOro,
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Ha4YKHHag co BTOpOro, He Gosbllle CTOSMEro OT HETO cleBa,
HA3BIBACTCH COPMUPOGKOI NO HEEO3PACMAHUI.

B aannHO% riase Mu GygeM paccMaTpPHBATE TOJBKO TAK HA-
3LIBaEMBIC SHYMPEHHUE COPTEPOBKU, AJITODATMBI BHYTpPEH-
Hell COPTAPOBKE HPHMEHAIOTCH A NePeyHOPAXOYMBAHHA
AAEHBIX, KOTOPHIE IOJHOCTBIO PACHIOJATAIOTCA B ONEDATHB-
HOH (BHYTpeHHeil) namMarm. B asToM cay9ae MLl HMeeM Tak
HASHIBaeMEIR npamol (TPON3BOABHE) Jocmyn K sleMeHTaM
MaccHBa. B oTauume or EHyTpeHRHeH COPTHPDOBKH, CYILECTBY-
€T BHEIIHAS COPTHPORKA, AJITOPHUTMEL TAK0H COPTHPOBKH HC-
TONL3YIOT NaMATH HA BHENIHMX HOoCcHTeNdaX (HApuMep, cop-
THPOBKA AAHHBIX C NOCTEAOBATENBEHIM AOCTYNOM, XpPaHA-
mmxcA B painax HA JKECTKOM AMCKE).

Coocof0B COPTHPOBKH OYeHb MBOTO, HX MOMXHO pasture
Ha I'PYOOL B SABUCHMOCTH OT HeH, NeXalllell B HX OCHOBe.

PacemoTpud B npoaRanH3upyeM HeCKOJIBKO ANTOPHATMOB
COPTHUPOBKE AJIfl DeIDeHHs CileRyiomieil sagaqdd. Jam oxHo-
MepHEI MACCHE OeAnIXx Tmceld. Tpelyercda OTCOPTHDOBATH
€r0 TAK, 9TODH BCe dIeMeHTh! ORLIA pacmoNeyKeHEl B MOPAL-
Ke HeyOmBamua: afi] < afi+1),i=1, 2, ..., n - 1.

, 4.7.1. Oﬁueunasi COPTUPOBKA METOOM «Iy3bipbKa»

PaccMaTpupaeME HUMKe AJMTOPHTM OTHOCHTCH K ofMeHHEIM
copTHpoBKaM. CBoe HASBAHHE ¢COPTHMPOBKA METOAOM «¢IIy-
SHIPbK&+ OH NOJYHHJ Ha OCHOBe CIEAVIOIEeH accommanum:
ecan ME OyfeM cOPTHPOBATEH 9THM AJIMOPATMOM MACCHB IO
yOLIBAHMIO, TO MHHAMAJNBERIE 3JIeMEHT ¢BCIJEBAETs, & °
+TS)KeILes BIIEMOHTH ONYCKAKTCA HA OJHY NOSAOMIO K HA- -
Yajqy MacCHBa OPH KAXKAOM INare AJNTOPHTMA.

" AnropuT™M 00MeHHOM COPTHPOBKH MeTOAOM «IMy3LIpbKas
AnropaTM HAMEHAETCA CO cpasnérma 1-ro ¥ 2-ro s7eMeHTOB

Maccuba. Ecan seMeHTH pacIioNoskeEsl He 0 HOPAAKY, TO
OHM MEHSIOTCHA MEeCTAaMH. JTOT IMponece HOBTOPAETCA CO 2-M
Hu 3-M, 3-M ¥ 4-M E T. . BNéMeHTAMH, I0oKa napa ((n—1)-if =
n-# anement) He Oyaer o6paborana. 3a ofHH IPOCMOTP MAc-

. cuBa camerii Gonpmoil sseMeBT BCTAHET HA CcTapiiee (n-e)

Mecto. Jlanee anropurM mosropaerTcd, IPHYEM Ha p-M Opo-
CMOTPe Ve TOABKO IepBhie (n — p) pIeMEeHTOB CPABHHBAIOT-
¢ GO CBOHME HpPABEIMH COCEXAMH. ECIH IpH O9epefHOM
NPOCMOTpe MePecTAHOBOK He OLIIC WIH P = 1, TO ANTOPATM
OKOHYOH, g : A



Tnasa 4

Jna Tore 4YToSH OMEHHETE CIOMHOCTE YTOTC AJIOPHTMA,
MEH ZOJDKHE NOACIHTATE KONHYeCTBO Aeiersui, BHmoanse-
MHX OpPE COPTHPOBKE MacCHBA pasMepHocTBIO 1. Ilpm Ao-
CTATOYHO GONBINOM I ME MOKeM npeHeGpetdh BCeMH AeHCT-
BHRMHK, KpoMe AeHCTEMI CPDABHEHUS IJMEMEHTOB MEXIY CO-
601 I mDepecTaHOBKH JBYX 9JEMEHTOB MaccHBA.

Horosopumca of6paboTKy sieMeHTOB HeyIOPAZOIEHHOHR
YacTH MaccHBa BO BpeMd OAHOIO MpOCMOTpA HABHIEATL UlMe-
payueil anropuTMa.

ITopcapTaeM kKoamdecTso omepanmit cpaBHEeHMH ® IpH-
CBAMBAHHI (0AHA DepecTAHOBKA PeaJHsyeTcd TpeMd omepa-
UBEAMY OpACBAHBAHHA) AAA cIy$ad, KOTAa HA BXOJ ajro-
PUTMa IOZ2ETCA YiKe OTCOPTHPOBAHHBIA MACCHE.

f[pmuep 11. Mau maccns {1 2 3 4 5}. K BeMy OprEMeHeH airo-

PETM COPTUPOBKM <«IOY3BIPuKOM3». Cpmeyano 4 CpaBHeHHA,
0 nepecradonoK. Ilocne nepBoro ke IPOCMOTPA MACCHBA &JI-
TOPHMTM 3aKOHTIII CBOIO paGoTy, O

QueBHIEO, YTO MAKCHMAJALHOE KOJMHMYECTBO CPABHEEHMIT I
HepecTaRoBOKX OVAeT BLINOAHEHO B CAYYae, KOTPAa Ha BXOZ
ANTOPUTMA NOAACTCH OOPATHO YOOPANOUEHHBIH MACCHS.

IIpumep 12. Har maccas {5 4 3 2 1}.

1-a urepagua: {4 3 2 1 5} (4 cpapuenus, 4 nepecTAHOBKR).
2-a nutepanua: {8 2 1 4 5} (3 cpaBuenns, 3 mepecTAHOBKIL).
3-a nrepanmsa: {2 1 3 4 5} (2 cpaBuennd, 2 nmepecTAHOBKM).
4-g urepanns: {1 2 3 4 5} (1 cpasnenne, 1 nepecTa”HOBKA).
Anroputm paboTy SAKOHYHN. Briso cienano 4+ 3+ 2+ 1=
= 10 cpapHenuit H 10 nepecTanoBoK. ) O

B obmeM ciyiae Ay OOMeHHOH COPTHPOEKH MeETOROM
¢IIY3LIPbKA» BEDHH CJIEAYIONIHE OIeHKH:

Komtuectso cpapHeRnit KonHuecTEO EpMcBaRBARNN
MEEMMAILHOE | MaKCHMAAbHOE | MHHHMANbLHOE MAKCAMANBHOE
n—1 n—-1+n-2+n-3+ o IHn-1+n-2+n-3+
+...+1=n{n-1)/2 T...+1) = 8n(n-1)/2 |

ATOpHTM copwnpom:zn «ITY3BIPHHOM» UMEET KBAAPATHY-
HYIO CIORHOCTE (n°).

COPTHPOBKA METOAOM «HYSHIPBKA» JIETKC 3AIOMHHAETCH.
Ho 3TOT MeTOA COPTHAPOBKH HA NPAKTHKe B TOM BHAe, KAK
OHLTO PACCKABAHO, He HCIOMB3YeTCd, FTOMY eCTh HECKONBKO
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NPHYFH, B YACTHOCTH MHOIC PA3 IPHXOAWTCA IPOCMATDH-
BATh MAacCHB, H, KaK CIeJCTBue, IporpaMms paboraeT moj-
ro. Ha ocHOBe aJIropuTMA COPTHPOBKHM METOAOM <IIy3hIDB-
Ko MOMKHO NOCTPOHTE MHOIO YIVYIIEHHBIX MogubEKamunii,
HAIPEMeEp, €cJH Ha KAKOHK-THO0 HTepalul nepsre k map me
yIacTBOBANHK E ofMeHe, TO Ha CleAyiomei HTepamEH Ipo-
CMOTD MOXHO HaguHATH ¢ (B + 2)-r0 diIeMeHTS.

4.7.2. CopTmpoaxa sbGopom

Jlagaan cOPTUPOBKA TAKME OTHOCHTCE K ofMeHRHEIM. LIpuEBe-
JeM CHAYHJIA AITOPHTM T0H COPTUPOBKH B TeKcTOBOK dopMe.

Haxogutca HauBoabpmmil sieMeHT B MaccHBe H3 11 Hle-
MeBTOB. IIyers ero MecTo EMeeT HOMep max. OH MeBaeTcs
MECTAME ¢ 9JjeMeETOM, CTOAMIEM Ha n-M MecTe, NIPH YCJo-
BAM, 49TO N ¥ max. 3 OCTABIIHXCA HeyIOPAACUYEHHLIMH
{(n — 1) nepBuX 27eMeHTOB CHOEA BRIAeNACTCA HaRGOIBIINHI
U MeHAETCH MECTAMH C HJIeMEHTOM, crodAnuMm Ha (n — l)-m
MecTe M T. A, AJTODHTM 33KAHUHBAeT cBOIc pafoTy, Koras
2JIeMeHTHI, CTOAMMe Ha 1-M B 2-M MetTax B MaccHBe, BYAYT
yuopagodeHE (aus sToro noHaRobHTea n — 1 urepanua an-
ropHuTMAa). AHAJOTMYIEO AAHHHIE AJTOPHTM MOMKHO NpHMe-
HATh B K BaUMeHLIIEM 3JIeMeHTaM.

3anoHmeM »TOT AAropHTM Golee moapobHo ¢ pasbHBKOIA
no maram. IIpa omacaEnn 6yAeM HCIOIL30BATE CASAYIOIIAE
ofo3BAYeHET:
e a[l.n] — ucxogamit MaccHB;
¢ I — KOIHYECTRBO 2IEMEHTOB B HEYIODAAOYEHHOH 4aCTH

MaccHusa.

AnropuTM COPTHPOBKH BLIGOpOM

1. Tlonoxmre r = n.

2. Haiity Hambonpmmnii aneMenT B Maccuse a[l..r]. Ero mMecro
oB03HAYMM 4epes max.

3. Ecma max # r B g[max] # afr], To NOMeHATs, MeCTAMHU dJ1e-
MeHTH a[max] & a[r].

4. HepesBRHYTL IPAHALL! VIOPAAOUEHHOM ¥ HeyHODAROUECH-
Hoit yacTtell Maceusa: r = r — 1. IlepBrie r sanmemMeaToB OYAYT
obpasoBEIBATH HEYNOPAZOUEHHYIO 4acTh Maccusa. Ilocrien-
HUe N — I 3JEeMEeHTOB — YNOPALOIEHHYIC TI0 BOZPACTAHMIO
JaCTH MACCHEA.

5.Ecam r = 1, To aXropuTM OKOHYCH, HHade mepeittn
K mary 2. A
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Jnf ONeHKH CACKHOCTH AJATOPMTMA COPTHPOBKHA Bhifo-
poM, KAK M A SATOPHTMA COPTHPOBKH <«OYSBIPBKOM>»,
TOACTTAEM KOIMIECTHEO oneparmﬁ cpannenna " nepecra-
HOBOK.

IIpumep 13. Baauane paceMoTpumM c.uyqaii KOT/ja Ha BXOA airo-
PATMA IOAALTCH Yie OTCOPTHpoBaHHEERE Maceus {1 2 3 4 5}.
1-a urepamua: 4 cpasHennsa, 0 mepecTAHOBOK.
2-7 mrepanua: 3 cpaBEeRAA, (0 IIepecTAHOBOK.
3-a #wrepanuma: 2 cpapHeHRA, ( MHepecTaHOBOK.
4.1 mrepamua: 1 cpasHeHHWe, (3 NmepecTaHOBOK.
AnropuT™ OKOBYeH. Brino cgenano 4 + 3 + 2 + 1 = 10 cpas-
.HeEH# K () IepecTaAHOBOK. O

. IIpuwep 14. PaccMoTpuM cayuail, Koraa Ha BXoZ AITOPETMA Io-

Aaerca ofpaTHO ynmopamoueHHEIH MaccmB {5 4 3 2 1},

Hocne 1-#t wrepapun nonyaam: {1 4 3 2 5} (4 cpasHenHus,

1 mepecTaHOBKA).

Iocne 2-# mrepamum monyqauM: {1 2 3 4 5} (3 cpannerma,

1 mepecraHOBKA).

Tlocne 3-if wrepamsm moxyunm: {1 2 3 4 5} (2 cpannenns,

0 mepecTaHOBOK).

llocne 4-it wrepanme moxyunm: {1 2 3 4 5} (1 cpapHeEmne,

{0 nmepecTAHOBOK).

Axropmm okorged. Brino cxenano 4 + 3 + 2 + 1 = 10 cpas-

HeHH#A H 2 TepecTAEOBKH. O
MaxcumanpHoe KOJHYECTRO IePeCTAHOBOK Ha HEKOTODOM

MaccuBe EnwHBI N G6yger paBHoO N — 1, npm sroM THCHO

cpapHeHH#t Bceraa OymeT OAREM H TeM Ke.

IIpumep 15. IIycrs gam maccus {3 4 5 1 2.

Hocie 1-% nrepanunm monyumm {3 4 21 5} (4 CpaBHEHHH,
I mepecranoska),

Iloce 2-i mrepanuy noxyuuM {8 1 2 4 5} (3 cpanmennms,
1 mepecTaHOBKA).

Ilocse 3-#i uTepanmm WONYIHM {2 1 8 4 5} (2 cpaprenns,
1 nepecrasoska).

Iocne 4-ii wrepanwm moxyuum {1 2 8 4 5} (1 cpasmenne,
1 mepecraHoBKa). .
"AnTopHTM OKoHYeH. BHIO caenanmo 4 + 8 + 2 + 1 = 10 cpae-
HeHUI ¥ 4 TepecTAHOBKA. a

B o6meM crydae Ang o6MerHO# COPTHPOBKH MeTOA BLIGO-
P& BepHHI CAEAYIIOUE OUSHKH:
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Konuueerso cpasgennit KoawwecTo npucaansamvit
B AwloN ciryaae MUHHMATLHCS | MARCHMANTBHOS
n-1+n-2+n-3+4..+1=n(n-1)/2 0 3(n-1)

CHAOXKHOCTL ((n”) OTHOCATENRHO ONePATMH CpPABHEHMA K
o | AMHEURYIO croxmEOCTE O(n) OTHOCHTENALHO Omepanui me-
PECTAHOBKH.

' AJITODHTM COPTHPOBKH BHOOPOM HMeeT KBafpaTUIHYIO

TlonyYuE OmEHKY CAOMHOCTH, ME MOYKEM CAeJATE BH-
BOX, UTO HNAHHLIA AJNTCOPHTM LeixecoofpasHo IpHMeHATE,
ecan onepanma o0MeHA HAM JEMEHTAMH MACCHBA TPYAOSM-
K4, HAIpEMeP eC/IH IeMeHTOM MACcCHBA ABJAAETCH 3aluch ©
GOABIIUM HCIOM TIOJNel.

4.7.3. CopTupoexa ecrTagKkaMm

CopTnpoBka BEIGOPOM ¥ COPTHPOBKA <«NY3HPLKOM» OTHO-
cATCA X OOMGHHKIM COPTHDOBKAM C YObSGIOWUM WLAGZOM.
HekcTBHTERLHEC, BOCHE BHNOXHSHNS KAXKA0H KTePANYH &I
ropUTMA KOJAHYECTBO 3JI6MEHTOB B HEOTCOPTHPOBaHHOM uac-
TH YMeHbHOIAeTcH Ha eAHHULNY. COPTHPOBKA BCTABKAMH IO-
CTPOEHA Ha HHOM IIPMHOAIE.

AJTOPHTM COPTAPOBKH BCTABKAMH

Bragase ynopagodHBAaKTCA ABA MEPBEX 3JIeMeHTA MACCHBA,
O ofpasyioT HAYANBHOS YIOPSHOYEHHOEe MHOMECTBO S,
Hamee Ha xaxxAoM mare Geperca caemylomiA IO MOPAZKY
P/EMEHT ¥ BCTABJSETCH B YKe YIIOPSAO4YeHHOE MHOMKECTBO
8 Tak, 9TobHI ceBA OT HEro BCe »eMeHTH OLLIH He GoabIe,
a copaBa — He MeHsme obpabaTmiBaeMoro. MecTo paa
BCTABKH TeKVINero 3JeMeBTa B YIIOPALOYSHHOe MHOIKECTBO
S HOleTcA MeTOAOM AelleHES HONOAaM. AJTOpUTM COPTH-
POBKH 3aKaHYHBAET CBOIO padoTy, Koraa dJeMeHT, IIePBOHA-
YaNbHO CTOSINNA HA R-M MecTe, 6yAeT BCTABISH HA COOTBET-
crByomee emMy Mecro. (VimemHo TakmM o6pasoM MIpox:m
OOEIYHO YHODAAOUNBAIOT CBOM KAPTHL.)

JLIa anropHTMa COPTHPOBKHM BCTABKAMM BepPHHI CIeAYH0-
IBEe ONeHKH:
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KoapuecTso cpasaennii EKouangecTRo OpRCEARBAERI
(npu peanuzanuyn GUHADHOTO
TIOACKA)
B JrioBom cayzae MUHRBA- MaKCAMATBHOS
1+ 2 + flogz3] + 1 + [log, 4]+ | MansHOe
+1+...+ [logz(n-1)] + 1= 0 3+4+5+...+n+1=
=n—1+loga(n—1) = nlog.n =(n+4)n-1)/2

AJTOPHTM COPTHPOBKY BCTABKAMH HMeeT KBAAPATAYHYIO
CIOXHOCTE O(n°) 0 UNCNY TPHCBAMBAHUN ¥ CIOMKECCTE

8| Of(nlog,n) no umcny cpasEeHui.

Bce paccMOTpeHEEHR® BHILIE ATTOPHTMEI COPTHPOBKH EMe-
T KEaJPATAIHYIO CROMKHOCTD, IO KpaiiHell Mepe IO OfHOMY
U3 [apaMeTpPOB.

Boupoc: Moxcro au u 0o kaxoee npedena yayiuwiamy a.ueopumx
Dpewenus sadavu copmuposxu?

Omeaen. Bonee a¢hdeKTHRHE® AITOPATME COPTHPOBKH CYIIeCT-
BYHOT, CI0XKHOCTL NOSOSHEIX YHHBEDPCANLHEIX AJTOPMTMOB
cocrapaaer O(nlog,n) oo kakAOMY A3 TapaMeTpoB. O

[aa penteHNA OAHOH I TOH e 3aJaYM BOSMOIKHEl CAMEIE
PasHEEe OOAXOZLI, AHANEZ AATMOPATMOE COPTEPOBKN BCKPH-
BaeT ¢YIIEOCTh DOBATUA CAOKHOCTH ANTOPUTMOR, A CpaBHEe-
HWe PasHEIX AJTOPHTMOB COPTMPOBKHU RXaeT GoraThlit maTe-
pHan ANA NOHCKA OyTedl coBepIIeHCTBOBAHUA PpelleEHH
a7oii sagagr. IlogTu Bee AJITOPHTMEL COPTAPOBKY HpeACTAB-
AAT0T HeCOMHeHHEIN NMpakrTedecKHii uHTepec. Haxe, kxaza-
JI0CEH ORI, He cinmioM 2dipeKTARHEIS IPAMEIE METOAH, H Te
B pAje CIyIaeB MOIyT OhiTh C yelleXoM NpUMeneRH. llpu
9TOM, K COXAIECHMIO (MAM K CYACTHIOl), PeKOMEHZALUM Ha
BCE CAYIAM KM3HH JATH Hejb3d. dTob6u BHIOpaTh cAMEH
DOAXOAALINE NNA pemraeMoll safadd anropuT™, Heobxozu-
MH 3HAHWMSH, WHTYHOESA, TBOPYECTBC H ONLIT.

4.7.4. CopTMpPOBKa CUAHNEM

PaccMoTpeHHEIe AAIOPHTMEL COPTHPOBOK BCTABKAMU, BEIGO-
POM, «IIYSHPRKOM» ABJAIOTCA OPHMePaMH ANTOPATMA, Aeil-
CTBYIOLIErO [0 OIaTaM; B OTCOPTHPOBAHHYIO 1ACTE AoGaBiaA-
10TCA HOBHE SJeMEHTH OSHH 58 APYIHUM.

PaccMoTpHM aJirOpDATM, OCHOBAHHBIH Ha IDYyroM HOKXO-
Je. OH oCHOBAH HA MCIOOALICBAHUM MeTOAA ¢pasfenfaid u
BAACTBYI».
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MEHOrue aJTOPUTME IO cBoeil NMPHEpoAe PeKYPCHBHEL pe-
IIag HeKOTCPYIO 3ajlady, OHH BRISHIBAIOT caMUX c¢eba Ana
peureHnA ee mogsamad. Haea MeToma «paspmenAail H Biaact-
Byii» COCTONT Kak pas B 3ToM. CHauaJa 3agaqa pasbupaeTca
Ha HECKONBKO NOA3ANAY MEHbLIIEro pasMepa. 3aTeM 3TH 3a-
BaSH PemIalTCA ¢ MOMOIIBI PEeKyDPCHEBHOTO BaI3uBa. Hako-
Hell, UX PeilleHrs KoMOMHHEDYIOTCA H NMOJYyYaeTCA pPelieEne
uexoxsolt aamadam,

J7xa safgadd COPTAPOBKH STH TPH 3Talla BRIMIARAT CICAY-
omaM ofpasoM.

1. CHauana Mu pasfEBaeM MaccHB Ha fiBe IOJOBHHEL.

2. 3aTeM cOpTHpYeM K&KAVIO U3 HOJOBHH OTAENBLHO.

3. Ilocne 3roro coeAHHAEM B YIOPAAOUYCHELIX MACCHBA

IOJIOBHHHOTO Pa3Mepa B OAHH.

PerypcueHoOe pasOueHRme 3agaqy Ha MeHBIIWE NOA3afavdnA
TIPOMCXOOHT A0 TeX NOp, IOKA pasMep MACCHBA He AoifgeT mo
eAMHENEL: JIO00H MaccHB ATUHE 1 MOMHO CIATATE YOODAAROD-
YeHEERIM.

Hponece COPTHPOBKE CAHAHMeM IIOKA3RE HA DHCYHKe.

OTcopTRPORARHEY Maccus

1 2 2 3 45 6 6

L N

4 1 2 8 6

H 5/@“‘5\ :;"ii ﬁ

HexoAHEIH MaccHB

Bompoc. Rax oyenumv epemi padomut pexypclieénozo aazo-
pumma?

Omeem. BpeMa paloTH aAropuETMa CKAALLIBAETCH M3 BPeMeHH,
3aTpavYHBAEMOr0 HA PEKYPCEBHEIE BEI3OBH, KOTOPOe MOMKHO
BRIPASHTDL Uepes HeKoe PeKyppeHTHOe cooTHomeHne. Haree

cneayeT OIeHHTEL EpeMdA p&ﬁDTH, HCXO0AA H3 ITONXYYEeHHOI'O
COOTHOOIEHNA.
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IlpeanonoxuM, 9TO ANTODHTM KA pas pasbusaer
34189y pasMepa i Ha ¢ IOA3AAad, KaKIad N3 KOTOPHX HMe-
eT pasMepHOCT: B b pas MeEbIyI0. ByAeM cadTaTe, 9TO pas-
Onenne Tpebyer Bpemerm D(n), & coefnHeH¥e DONYICHERIX
pemenuit — C(n). Toraa una Bpemenn paGOTH ANTOPHUTMA
T(n) uonyuseM crefyriee PeKYPPeHTHOE COOTHOIIeHWE
(B xyamem cayaae): T(n) = aT(n/b) + D(n) + C(n). 3ro co-
OTHOINEHHE BHHIONHAETCA AN AOCTATOYHO GONBIIMX N, KO-
Za 3aJa9y MMeeT CMHCH pasbuears HA mopsagaqdd. s Ma-
JNIeHBKHX N, KOTZA TaKoe pasbuenue Hid HeBOSMOXKHO, HAH
He HYXHO, OpEMEHACTCH KaKOH-HAOyAE: HNpAMO#t MeTon pe-
mesna. IIocKONBRY 7 orpaHndeno (3agada MOMKET COCTORTH
B COPTHPOBKe OUeHE GOJIBIOIO MAaCCHBA, HO OH BCEe PaBHO
KOHe4eH), BpeMdA paGoTH TaK¥e He OPeBOCXOIHUT HeKOTOPOi
KOHCTAHTHL,

l'Iplmep 16. IloacaaTaeM CIOXKHOCTH AJIPOPHTMA COPTHPOBKE
CINAHUESM OTHOCHTeABHO ONepaluil cpaBHeHHA, !na mpo-
CTOTH GyAeM CYMTATB, YTO pPasMep MACCHBA €CTL CTeNeHb
Apoiiky. Torga Ea Ka)XKOM IIare COPTHPYEMEIH MeCCHB Fe-
nrres nononaM. Paszfuesne Ha gacTA (BEIYBCACHWE IpAHU-
Is! COPTHpYeMoOro Maccupa) TpeOyer BpeMeny O(1). Cnua-
HAE ABYX OTCOPTHPOBAHHEIX dacTell B MaccHB Gojplneit
pasMepHocTH n — BpeMeHH O(n). Torga M DoayuaeM cle-
AVIOIlee PeKYPPeHTHOe COOTHOIIGHMe JJIA BHIYHCICHHS
CJIOKHOCTH AJTOPHTMA COPTHPOBKE CJANSHHEM:

T(n) = {O(l)! ecimn =1,
2T7(n/2) + O(n), ecnt n > 1.

9ro cooTHOWeHNe Bieger T'(n) = O(nlog,n). Busog aToro
paBeHCTBA NpHBeRer B KHHre T. Kopmena m ap. «Anropnr-
MEI! OOCTPOSHHE H AHANHAIS.

CrnegoBaTenbno, Aaa SOALIINX 71 COPTEPOBKE CAMAHHEM
addexTuBaCE PACCMOTDEHHBIX 2palstee AJITOPHTMOB COPTUPOE-
KM, KMeOOIHX cAokHeeTs O(n).

B sakmioveHme »Toro maparpaga CKaskeM HECKOIBKO
CJIOB © NOJB3e GEICTPHIX A/ITOPATMOE. “IacTO PasHANSE M-
Ay IUVIOXHEM U XOPOIIHM AJTCepHTMamMm GoJjiee CYLIeCTBEHHA,
WeM DPasHALA MEKAY OLICTPDEIM H MeAJeHHHM KOMILIOTE-
pamu. IIprBeseM npAMep, AHANOFAYHELIN OMMACAHHOMY B TOH
e xkupre Kopmena,



DneMeHTS! TOOPAR ANTOPRTMOS 247

Ipamep 17. Tpebyerca OTCOPTEPOBATh MACCHB M3 MHJLIECHA

ynces. Yro GucTpee -— COPTEPOBATE €r0 NPAMEM BROOPOM
HA KOMUOEIOTEpe, BHNOAHAImMeM 100 MaH onepanmii B ce-
KYHAY, WIH CIAAHAEEM HA KOMOBITEPe, BEIIONHAIIEM
1 man otepapmii B celcyn,qg? Jna copTHPOBKH 1t YHCE] BLI-
GopoM Tpebyerca TOABKO n°/2 onepanuit cpaBHeHHA. ANro-

© PUTM COPTMpOBKW ciuanweMm TpeGyer nlog,n omeparmit

CpaBHeRMA.
IIpu copTupopke 1 MAH uHcesX BHIGOpOM HOJyuacM:

1/2-(10°%)? onepanmit
10® omepanmii B ceKyHAY _
TIpH cOpTHPOBKe 2TOTO e MACCEBA YHCE] CAMAHHEM HO-
nygaeM: :
10° -log, 10° onepammi
10° onepanwmit B cexynmy

Brmsog: paspaborka sbdekTHBHEIX AJTOPHTMOB He MeHee
BAXKHA, 9eM paspaboTka OnicTpolt HNEKTPOHHMKE.

= 5000 cexysn = 83 MAHYTH.

azocexynnmlfsmmym.'ﬂ

Bonpocyt M 3apaHua

1.
2.

Kaxue u3 onNCcaEHLIX BhINre 00MeHHEIX AXropATMOE pabora-
10T OBICTPO HA TIOYTH YOODAKOYCHHOM Maccnse?
YEasHTe, KAKOH MACCHB HAZO HOAATH HA BXOX AATOPHTMA
COPTUPOBKH BeTaskaMm (N = 5), wTOGH KOIUYECTBO BHITONA-
HEeHEHX NPHCBaRBABAHE OELIO MAKCHMAILHEIM,

. Ha BXOf anropurMa BCTABKAMM HogaeTcd Maccus {34 51 2}.

Pacanurnre, kax N3MEeHAETCA MACCHB B IpoIecce BEIIOXHE-
HYA AJITOPETMA, AHAJOTHYHO NpHMepaM 13-15.

TpebyeTca YIOPAZOIATE IO BECY B BOZPACTAIOIIEM HOPHAAKE
N HenpospasHEX GaHOK ¢ 9aeM, HMesd B CBOEM pacmopssce-
HHUE TOABKC YANIeIHEIe Bech Oead rups. Hanumute Hanbosgee
addekTHBHEI aNTOPDATM peIieEns >To# 3agaun.

. Teame Yépya roBOPHT O TOM, YTO KJIACC BRIYHCAMMEIX QVHK-

LE# cOBUALAET ¢ KJAACCOM PEKYPCHBHEIX QYHEINIE, 3anuin-
Te OAMH A3 OOMeHHEX AJITOPHTMOE COPTHPOBKH B BHIe pe-
KYPCHBHOT'O ANTCOPHUTMA.

IMpugymaiite addeKTHBHHA aIropUTM OAHOBPEMEHHOTO 110-
MCHKA OBYX CAMEBEIX MANCHBRKHX HJIH CAMBIX GONBIIEX DITeMeH-
TOB B HEYIOPAJOIeHHOM MACCHBE.
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JaknioJyeHue

Hayuniie oTKDHITHA, HOBBIE HJeX He BOZHAKAIOT CAMA IO
cebe, OHE POKAAIOTCA B OTBET Ha COPOC, HeYAOBAETBOPEH-
Hy0 norpebmocTb. Kak TOnNBKO MaTeMaTHKK BHICKA3AAHR
MpeAnOaOKeHNe, 1T0 HEKOTOPHE 3afavyd, GLITh Moer, He
HMelOT pelieHnA (YToO caMo no cebe ABAANCCH OHpejeseH-
HEIM HAYYHBIM JOCTHKeHHeM), MATeMATHYECKHE HCCIe 0B~
HHS B JaHHON o0JMIAaCTH BRIIIIM HA HOBBLIA py0OerK: a MOMHO
AW CTPOrO AOKA3ATH, UTO PACCMATPHEBaeMasd 344648 He MMe-
eT aATOPATMHYECKOTC pemenua? B fanEoM cayuse noayde-
HEe OTBETA Ea 9TOT BOIPOC OYEHDb ZHAYMMO: MOKHO Iepe-
CTATEH TPATHTH VCHJIMSA ¥ BpeMA Ha OTEICKAHHE Pe3yJLTATA,
KOTOPHIH Hejlh3d HaMTH.

‘ Sagaua noKA3ATENHCTBA ANTOPUTMHYECKOH HepagpelIn-
MOCTH NPHBENAa K HOABICHAI) APYIod sagadH — mocTpoe-
HEA $opMAaNRHOTO ONpefeNcHHA ANFOPHTMA. MaTeMaTHKH
OYeHb JONAI'0 MOJB30OBANHCH HHTYHTMBHEIM HOHATAEM AJTO-
PHTMa, ¥ OHO HX ycrpamsaio. Ho gna cTpororo foKasarens-
CTBA RECYIECTBOBAHHSA ANTOPUTMA HAAO 3HATH, HeCYIIECT-
BOBAHHe IeTo ME Aoka3nBaeM. A. Teiopuarom 1 J. ITocToM
Orim npeanoxeHH GopMagbHEIE ONMpPejeNcHAA AJITOPETMOB
B Bufe AGCTPAKTHEIX BEIUMCIUTENBHHX KOEBCTpYKUuE., Ho-
CTATOYHO TpOCTHIE IO CBORH CYTH, »TH MaTeMaTHYecKHe
KOHCTPYKOUH, HASBAHHEIE B JasbHeHIIeM «MaIONHAMAY,
OKA38JIMCEh YHABEPCANLHEIME BRIYNCIATEAAMH, HA KOTOPEIX
MO3HO OHJIO peann30EaTE J060Y HSReCTHEII B MaTeMATHKE
anropurM. JanbHeilnne McCaefOBAHMA B OGJACTH TEOPHE
ANTOPHTMOR NMPHBEJIE K TORATHIO BRUKeIuMoll dyaxkmau n
BEIYHCIHMOCTH KAaK TAKOBOM.

Bonee Toro, HeKoTOpRIe KMAeH H3 JoxasaHHod A. Thio-
puaroM B 1936 r. TeopeMEl 0 CymIECTBOBAHMH YHHEEPCAID-
HOr0 BHUHCAATENA OHUIM HCNOJB3OBAHL B AafNbHeHIIeM
(8 1940-x ropax) OpH NOCTDOSHHH NePROIC KOMUEBIOTEPA,
o caM A. TeropHHT GBI OZHHM H3 ero paspaboTUYMROB.

MBI IPOCHeAUAR HENOYKY IapoXkieHNd NpoblieM w HX pe-
ImeEHit, KOTOPAIE JIEPIK B OCHOBY LEJIOro pasfesa MATeMaTH-
KM oA HazBaHWEM «TeopHdA ANropHTMOB», IIOKAZAIN, IO Ka-
KOMY KPHTEDHIO B3 HeCKOJBKHMX AJITOPATMOR peIleHHs 3a78-
9 chaeAyeT BROHDAT: Ayemmit. OCHOEHEIE [ICHATUS TeOpPHUH
AJIrOpPATMOB AOCTCHHEI BHEMAGHKMA KaK MATEeMATHKOB, TaK K
CHeAANACTOE B 06acTH HHGOpMaTHER. K TakaM moEATHAM
cAeAyeT OTHeCTH IIOHATHA AJTOPATMA M BRYNCIEMOR PyHK-
VN, TICHATHe CJOXKHOCTA RITOPHTMA M PAX APYTHX.
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OcHOBBI Teopnn MHGOPMAIUH

§ 5.1.
§5.2.

§53.
§ 5.4.

§ 5.5.
§5.6.

PassuTHe MATEeMATHKM BHOBL HOATBEDKIA-
€T, UTO feieHHe HAVKH HA TeOPEeTHILCKYIO YacTh
¥ MPHRJAKHYIO HeIpapoMepHO. Hayka emmma, n
MOKHO FOBODHTS JIHIOb 0 caMoll HayKe U ee BO3-
MOMREHX DPUNOKEHHAX.

H. H. Bozorwbos, M. A. JIaapewmves

MonaTe mHgopmaumn. Konuvectso undopmaumn.
EanHuubl maMepeHus MHpopMaLmi

Gopmyna XapTnu onpefenetHnA KonuyecTea
HHdOopMaunn

Tlpumenenne hopmynil XapTnn

3aKOH anAuTUBHOCTH MHdopMauMun. AndaBUTHLIN
noaxoA K U3MEeREHHK WH(POPMAaLIMK

Wndopmauna v BepoaTHOCThL. dopmyna tleHHoHa

OnTHManLHOS KOANPOBAHNEG MH(POPMALIMN U e
CROXHOCTD
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op¥d HEPOPMAUNH — CPABHHTEIREC MOJOZ0H pas-

Jen MATEMATHKHE — cHOpPMHPOBANACE KaK HAYKA BO

Bropoil nonosuHe XX Bexa. Toaqok K 3aposAeHMIO

aT0H HAVEM AaUIE DONLITKH HAXORACHHUA OUTHMAIBHEIX De-

IeEHE MPAKTHYECKHX TeXHHYECKHX 3ajgad, B o0yacTu Ko-

AEpPOBAHNA H Nepefaud uHbopMauvu. IIHoHepaMm Teopmu:

uEhOPMAINK MO Npasy cuurawr Kiroza [leunona (CIILA),
A. H. Koamoroposa (CCCP), P. Xaprmm (CIIA).

§ 5.1. Noxatue uxpopmaumm. Konnvectso
nibopmaumn. EAMHULBLI M3MOpeHUS
uHdpopmMmanmm

B jgaHHOH riaBe ME BOSBpAIAE€MCS K NOHATHIO HHbOpMAa-
HH, Ve HEeOAHOKPATHO BCTPEIABIIEMYCH paiHee,

UndopManma — ofEo %3 yHAAMCHTANLELIX NOHATHH
COBpPEMCHHON HAYKH HADAKY ¢ TAKAMH ITOHATAAMH, Kax
«BEIIECTBO» ¥ <«3Heprus» . UTporoe onpeaenenue STOMY Tep-
MUHY BATE HOBO3MOMNHO, C TOUKH 3peHHA Jenopeka MHbOD-
MAanuA — 2To ceedenun, odyajaiomye TAKUMHA XapaKTepH-
CTHKAMA, XAK DOHSTHOCTH, AOCTOBEPHOCTh, HOBH3HA H AK-
TYAIEHOCTE (INeHHOCTE).

Haupumep, TenedoHEHI COPABOTHMK OOEIIHO XpaHAT
BHpopManwic of aGoHeHTax TOpPOACKON TexedoHHOHR cerH.
Onuaxo ecan MB BO3bMeN TeNedOHHENE ctipaBogHUK r. Mo-
CKBH! 3a 1965 rox, To cBegenud, B HeM cogepxamuecs, 6y-
OyT 1o Kpaitaeil Mmepe He ZOCTOBEPHEI (3a OpomefIIne ¢ MO-
MeHTA BBRIIOYCEA COPABOIHHKA I'OARI HAMEHHIACE HOMepa Te-
JedoHOB MHOTHMX 400HEHTOB, MHOTHe yYpeuXIeHES
OKA3a/IACH VIIPA3AHeHERME, MArasHHEl — 38KPEITHIMH
7. &.). CiegoBaTenbEO, ANA abOHEHT2 MOCKOBCKOY ropoj-
ckol Tenetdorsoil ceru XXI pexa HEGopManmm Takol# copa-
BOYHHK IIOYTH HE€ CODEDEHT.

B pasHBIX BAYKAX CYImECTEYIOT DPAsNHYHEIe (HopMATLHBIE
NOAXORE K ONpefeleHUIO TOHATHA HabopMauuu. B medop-

MaTHKe HAC IIpeskAe BCEr0 HHTEPeCYIT ABA OIpeAeNeHH:T:
cthopMMpOBABIIeECA B MaTeMaTHIeCKoH Teopmu mHGpopManym

¥ npUMeHIeMoe B computer science (RAHHYIO OTDACAEL HAYTIHO-
TO aHaHuA O0BIYHO HEPLBOAT HA DYCCKHAY ASHK KaK uHpop-
MamuKkd, OTHAKC TOCHETHASA ABAgeTcA DoMlee IIAPOKHUM MORA-
THEM, TaK KaK BKAKUYAeT B cefa ¥ kubepHeTHKY, U MOACIRpPO-
BaHMEe, H TY e TeOPHI0 HH(pOPMaOHH, B MHOTOe Zpyroe).
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Onpegenenne 1. CornacHo aMepUKAHCKOMY YICHOMY B HHKeHe-
py Knoxy Hlennony, undopMoyus — 270 CHATAR Meonpede-
AeHHOCMY.

IITennor BHepBHIe BEel TAKYIO TPAKTOBKY B TEODHH CBH-
am. [oaaHee oHa Hamia TPEMeHEHHe BO BeeX 06aacTaAX HaY-
KH, T[le ATpaeT poib Nepefada HAGOPMALME B CAMOM IIUPO-
KOM CMEICRe 3TOTO CJIOBA, B YACTHOCTH B MaTeMaTH4eCcKo#
TeopHnn HHGOpPMALHAHN, COJBLUIVIO POJEL B CTAHOBIEHWH KOTO-
po#l cHITpan H BelHKRH POCCHECKHIl yueHmIN-MaTeMATHK
A. H. Koamoropos.

CorsiacHo IlennoRy, MEGOPMATABHOCTE coobltenma Xa-
pakTepmayeTesd COHepikamielica B HeM noJAe3noil uHpopma-
yueil, 7. e. TOE YacThIO COO0IMEHHA, KOTOpPAS CHUMAET II0A-
HOCTRIO MM YMEHBIIAET CYRIeCTBOBABIIYIO A0 €0 IOAYHIeHHA
Heonpederennocmy Kaxoi-mubo cuTyamuA.

Onpegenenne 2. Benwuwna Heonpederennocmy HEKOTOPOTO co-
OBITHA -— 3TC KOJHYECTBO BOBMOMKHEIX Pe3yIbTATOB (ACXO-
_ BOB) FaHHOTC COGEITHA.

Takoii moaxop K ompegencHA0 NHGOPMAIUY HASHIBAIOT
codepxucamenviviM. Tax, HaTpuMeD, HeonpeAeeHHOCTD IO-
TOOEL Ha 38BTP& OGEIMHO 3aKIKYACTCH B AUANIAZOHE TeMIle-
PATYPH BOSAYXA H BOZMOKHOCTH BEINAEHUA O0CARKOB, IIpH-
9eM B PASHOEe BpeMd rofa ZHAIasoH BOSMOMKHBIX HCXOAOB
JaEHOTO CODLITHS pasiuued ¥ KoaebmeTcA B paiioHe 16
OKHAAEMEIX DPe3VJABTATOB ANA SHAaUCHMHA KHEBHOH TeMIlepa-
TYPH B TpeX-veTHpPeX — ANA ocaikoB (fes 0cagKoB, KpaT-
KOBpEMeHHEIe HOXKAM, JHBeHL ¢ rpagoM H T. I.). Ilosauee
MBI IOK&KeM, KaKoe KOJHYeCTRC HHPOPMaIM HeceT JOCTO-
BepDHEIH IIDOTHO3 IIOTONEHL.
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Bompoe. 3geucum Ay Koauwecmsao unQopMayuL om mozo, KMo
u xax Qurcupyem neonpederennocmb coomeememasyriyeil
cumyayuu?

Omeem. V pasHEIX Miofefi HeonpeneJeHHOCTE SHAHHA O HEKOTO-
POM @OpefMeTe MOJeT pasaByarhca. Tak, HeompeacseH-
HOCTH 3HAHUA O morofie B Mockse v pAAOBOro aMepHKANIA H
POCCHIICKOT0 CHHONTHKA MOXKeT PA3IHYaThCA KApAHHANE-
Ho. IlosToMy copep:kaTeNBHER DOKXON K TPAKTOBHE IIOHA-
TAS WHPOPMALHAHA 9TACTO SABIAeTcA cybsexmusghbixn. Ecian
Me IHCHO BOSMOKHBIX HCXO0A0B COOHITHA He 3ABHCHT OT
CY:EeHEH pA3NAYAEIX JWAell, To noayuaeMad WHDODMA-
IHME 0 HACTYIICEAH OZHOTO H3 BO3MOMHEIX HCXO/0B ARIA-.
eTcal ofsekmuenoil. IipuMepoM Takoll MHpoOpManAE ABIA-
eTca coolIoeHEe O PesyabTaTe NajleHHd HoAOpomIeHEON MoO-
HeTH HJIH ATpaJbHOTO KyOHKa. O

BMmecre ¢ TeM, Besxoe coo0menne (Mo0ke RaEHEE) MOMK-
HO 3aKOAMPOBATE ¢ IIOMOINBI0 KOHEYHOH HOCHeROBATENEL-
HOCTH CUMBOJIOB HEKOTOpOTO ajxdasuta, C TOYKH 3peHUA
HHGOPMATHEN HOCHTeNAMH HEGOPMALUY ABNAITCA A0
HOCHAS/ICBATeILHOCTH CEMBOJIOB, KOTODEIE XPARAMCR, nepe-
dawomea 1 ofpabamuléaiomes ¢ IOMOIBI0 KOMIBIOTERA.

Onpepenerne 3. CornacHo Konmoroposy, roauiecmeo ungop-
Mayuy, cogeprkapielicA B mOCHeAOBATENEHOCTH CHAMBOJOB,
onpefedercd MAHAMAIBLHO BOSMOMHEBIM KOJXHUECTBOM JBO-
HYHBEIX BHAKOB, HeOOXOIMMMEIX ANd KOZHADPOBaHHS 3TOoH mo-
CICAOBATEILHOCTH GE3OTHOCHUTENBHO K COJeDIKAHKI0 Ipex-
CTABJCHHOTC €10 COOQIIeHus.

JaHBEH TOAX0K K ONMpefe/IeHHI0 HHGOD-
MAIIMH Ha3HBAalOT aigasumubia, IIpn sToM
JJIA KOZHDOBAHAA HaHbGogee IACTO HCHOJIE-
3yeTCa ABOMYHEIR andabBHT, COCTOANINH 3
HYJA B eMMHUOEL, 5TO TAK HASEIBAEMOE ABO-
HYHO? KOoAWNpoBaEWe HHpopManmnu. CMbIca
coo0MIeHMs NPE STOM MOMKET OHTHL YITeH
JHIIE HA ?TAlle BEIGOpA HCXOTHOTO altaBy-
Ta XA ero samucH Jubo He yaTeH BooOmIe.
B gacTHOCTH, cOO0INeHHA, 3aNHCABELIe HA
€CTeCTBEeHHOM #ASLIKe ¢ IOMOILBIO COOTBET-
CTRYIOImEero andasura (Hampumep, ceiuac
BB THTaeTe coobOIeBHe HA PYCCKOM H3LIKe,

A. H. KoaMoropos  zappcanmoe ¢ mOMOIBIO KOTO e ajda-
(1903-1987) pyee ¢
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BHUTA), KOZEpYyIoTed fe3 yyeTa MX CMLICJIOBOTO cozepKanmd.
Tako# TOAXOZ ABAACTCA ODBEKMUBHLIM,

Ha nepsmiil Barnag, onpegeneand 1 B 3 KaxyTes cyie-
CTBeHHO DasITHYHEIMHK. TeM He MeHee Huixe (ydeT HOKAa3a-
HC, 4T0 OHHM XOPOIUO COFVIARCYIOTCA ZPYT € HAPYTOM.

XoTa mHGOPMALA0 HeAB3A CTPOTO ONPeAeTUTE, 8¢ MOXK-
HO usMepnTs. BepHee, MOXKHO 38JATH WHCIOM KOINYECTBO
mudopManuy, NoR00OHO TOMY, KAK MOMKHO 3afaTh YECJAOM
paccTodAHHe, BpeMHA, MacCCy, TeMIOepaTypy #@ T. n. drTobm
CTAHAAPTAZHPOBATE H3MepeHHe KOAKMYecTBa KMEGDOPMAINI,
JOTOBOPHINCE 38 eJHHULY HaMepeHEs OpaTth Oum (oT aHr-
Jmiickoro binary digit).

Onpenenenne 4. Ilpn andpapuatHOM mOAXofe odun fum — 3TO
KOJIMecTBO MHPOPMANNM, KOTOPOE MOMKHO IepefaThk B CO-
00IIeHHH, COCTOSMIEM H3 OZHOTO JBOMYHOTO SHAKA
(0 mnu 1), C TOYKE 3peHRA CONePIKATENBHOTC HOAXORA ONHH
fum — 970 KoANYecTBO MHGODMALEY, YMeHbINAONIee HEON-
PefeJeHHOCTh 3HAHHA O IpeAMeTe B AB& pas3a.

Cofiep:RaTeIbHEIA DOAXOA OTBeYaeT HAa BONPOC, KaKoe
KOJIUYEeCTEQ <HOBOH» naGOPMATAU Ml HodydaeM H3 coob-
meHuA. Tax, coofnjeHue o TOM, 9T0 NOZ0POMEHEAA MOHETA
Vhaja <¢pemKoii» BRepX, HeceT B
cefe oxuH OmT rudopmanyn. B ca-
MOM Zeje, HeOoOpegeAeHHOCTh SHA-
HHEA O Pe3yAbTATE HATeHNA MOHETHI
3AKIOYANACE B JBYX BOSMOMKHEIX
mcxoaax. Ilocoe TOro KaK KOEKpeT-
Hil¥l MCXOJ CTAT M3BeCTeH, Heompe-
JeleHHOCTs YMEHBINNIACH B ABa pPasa, YITO M COOTBETCTBYET
ofHOMY OuTy mEQopManu¥. Ho Bexn pesyabTaT nafesnd
MOHETH KAk pas MOXKHO 3aKOAMPOBATH OAHAM U3 JBYX CUM-
BOJIOB (HampuMep, HCIOAB3YA Bce Te ke O u 1). Taxum ofb-
PasoM, HECMOTDA Ha PASIMYHKE B TPAKTOBKAX, NOEATHAE OHTA
SBJIAETCHA COIVIACOBAHHHIM A DASAHYHBEIX HOXXOACE.

Ha nparTrke dame HenoNe3yeTcd Golee KpYIHAA eIHHA-
na — Oaiim, papaaa 8 6mram. Tax, oguH Gair mEGOpManHa
MOKHO HepefiaTh ¢ MOMOINBI) OJHOTO CHMEOJKA KOXMDOBKY
ASCII (cm, § 2.3). HemonsayioTca TaKIKe cAeAyOIIHe Ipo-
H3BOAHBIC eOMHEILL uane emm nmpopmannn

1 xunobaiit (1 Ké) = = 1024 Oaiir;
1 meradaiir (1 M6) = 2 6an'r = 1024 K6;
1 rurabaitr (1 I'6) = 2% Gaitr = 1024 MS;

- 1 Tepabaiir (1 T6) = 2% Gair = 1024 T®6.
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Jna BoIpOCOE XpaHeHUs U Mepefads HHGopManuy Gonee
BAKHLIM ABJIAETCA He KOJHYeCTBO HHPOpMALNH, a ee o0beM.

Onpepencnne 5. Hrugoprayuonnvin o6semon cooSmeHAS HASHI-
BAeTCA KOJHYECTBO ABOMYHLIX CHMBOJOB, KOTOPOE HCIIONb-
ayerca ANA KOGHPOBAHHS 3TOr0 coobmieHHnA.

B orindue OT oNpeAeNeHES KORUNECMSEQ UHopmayul
(onpegencuue 3), B gaEHEOM chydae He Tpebyerca, 4TOOE
YHCAC JBOMYHHX CHMBOJOB OHJ/IO MMHEAMAJIBHO BO3MOXK-
HeiM. PasMep TeKCTOBHIX ailiios, B KOTOPHIX coofiiienne Ba
AHTIHACKOM AsbiKe 3ammcano B ASCII-koauposre, xapaxTe-
pH3yeT IMeHHO BHPOPMAIHOHHEH o6heM COOTBETCTBYIONLE-
I'o TEKCTAa, & He KOJMHMecTBO MHPOpMamEH B HeM, Aa)ke B
cMEICTe andasATHOrO HOZX0Ae. IIpH onTHMARRHOM KORUPO-
BaHAH, PeYb O KOTOPOM NOHAeT HAME, HOHATHA KOJIUIECTBA
AHGOPMAIMA ¥ BEPOPMAIAOHHOTO 0(0/BeMA COBIIAJAIOT.

Bonpochl U 3apanus

+ 1. Pacexaxknre, Kak BH IMOHUMAETE TePMUH <«HEMDOpPMATULS.
Yro ofiero B KAKOBH DA3HINA MeXKAY ORTOROM MOHATHEM
STOTO TEePMHHA M eT0 HAYUHHIMU TPAKTOBKAMN?

2. IIpuBeguTe NpUMeD, KOTAA ANPABATHRIYE OOAXON K TPAKTOR-
Ke NOHATHA HEQOPMALINH OKASHBAeTCH CYOBeKTHBHLIM.

8. IIpu urpe B KOCTH HCNOAL3VIOTCA IBA MIPAJMLHEIX KYOHKA,
TPaHM KOTODHIX OOMEYeHKl YHCIAMHM OT OZHOTO OO IUECTH.
B weM sarmouseTcs HeonpeAedeHHOCTh 3HAHHUS o Gpocannu
ogaOro KyGuKa? A (Byx KyOHKOB OMHOBpPEMEHHO?

4. Cxonpko rurabaitt cogepaxnrea B 218 kunobaitTax? CroxpKo
merabaiiT cogepskurea B 220 xpmnoburax?

5. BemoMEEMTE DASAMYHBIE KH3HeHHHS CHTYALLMH, IIpH KOTO-
PHIX MEl HOTY4aeM POBHO OguH CHT BHPOpMAIHH.

§ 5.2. ®opmyna XapTnn onpeaeneHnn KONUYeCTea
uHPopmaLun

IIponecc H3sMepeRHA KOAHYecTBa WHMOPMAIIMY MOMXKHO 00'b-
ACHHTL HA IOpHMepDe M3IBeCTHONH HIpm B yraampanpe. Co-
TVIACHO IPABHJIAM STOH MTDEI, OAMH H3 YIACTHHKOB AOJNEH
OTTAAATH NpeaMeT (MIH OHOC H3 BOSMOXKHEIX COCTOAHUIT He-
KOTOpPOro IpeAMeTa), KOTOpuiil 3agvMan KTo-To apyroii.
Ilpn sToM gomyckaeTcA TOABKO ABa BHJAA OTBETOB: <Jas H
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<HeT». B naEHOM cayiae OTBET Ba OZHH BONIPCC HECeT OAHE
6T mEGOPMATAR, TAK KaK H3 ABYX BOSMOMKHBIX MCXOLOB
BHIOHpaeTca OJUH.

3amaua 1. IIpednoanoxcum, umo 8 xaacce naxodames 32 yuenu-
Ka, u yiumenb peutun cnpocumdy odnozo u3 nux. Raxoe xmu-
HUMAALHO 603MONHOE KORLUYECME0 BONPOCO8 HAM Halo 3a-
damb yyumernw, wmolbt HABEPHAKE onpedesums, KOZ0 UMER-
HO OH pewun cnpocums?

Pewenue. Crocob 1. Ecnu B knacce 4 paga OapT, ¥ OEHA 3ATI0THE-
HH PABHOMEDHO, TO CHAYANA 3aJAJHEM VIHTEHI0 BOIPOC:
«CHENT 1M 33AYMAEHHYE y9eHEK HA OAPTe B IEPECM HJHA
BTOPOM pAAY?» II0AVIAE OTBET ¢Aa» HAHM ¢HET#, MEL COKpa-
THM KOJHMECTBO <II0OZO3peBaeMEX» Ao 16. Bropnm sompo-
COM MOXKHO ONpefe/NTh KOHKPeTHEIA PAX, HA KOTOPOM CH-
ANT MCKOMBIN DIKONBHHEK, COKPATHB BHOOp Zc 8 wesoBex.
Hanee Gygem mocTyHAT AHANOTHUYREO. Iloce KaMAOTo OTBe-
TA YHCIO <+I0/03DEBAEMEIXs COKpamaerTcs BABoe. Iloche
YeTBePTOro BOmpoca BHGOD oCTaHeTCH CHeNATH U3 ABYX y4e-
HAKOB. 9TC MOMHO OCYIIECTBATL, 34088 IATHR BOOpOC.
JamEi coocol Homeka, KAK YiKe TOBOPEJAOCE B HpeABLiAy-

" mei rAABe, EOCHT HASBAHKE MOTORA AeJIeHHA nonoxaMm (Au-
XOTOMHH).

3anMcaB NoxydeHHEIe OTBETHL M 3AMEHHE BCE OTBETH
«fa» SAMHANAMH, & ¢HeT» — HYJAAMH, MH DOAYVSHM ¢000-
Hi€HEe B BHAE NOCHSHOBATENBHOCTH M3 IATH ABOMYHNX
nEdp. :

Cnocolf 2. OTragmisaTh IMKCIBHNKA MOMHO OMIO ©
no-apyromMy. IIpucBoRM KAXAOMY IDKOJIBHAKY HoMep oT 0
Ao 31. SanumemM EOMepa B ABOHUHOR CHCTeMe CUMCIEHHA.
CaMmpe [OAHHHEEe HOMEpA COCTOAT M3 NATH ABOXYHLIX
nudp. JomoJHENM OcTaNbHEIE HOMEDA A0 NATH nudp ciesa
HyaaMa. Jlanee BOOpPOCH YYHTENI0 MOYKHO 3AJABATH TAK:
«BepHo s\, 4TO neppad ciaepa mEdpa B HOMepe 3aTyMAHHO-
ro y9eHHKS DaBEa eAuHHNe?», «BepHo sm, 4TO BTOpPA’d
nEdpa B HoOMepe 3afYMaHHOTC VYeHHKA pPapHA efuHHNE?»
7 7. A. IlpeanonosXuM, 9T0 OTBeTE HA BOIPOCH OHLIME:
JHETH, ¢JIA», «HET», ¢HeTs, «na». Torga ME cpazy onpene-
NAM, YTO HOMEDP 3arafaHHOTC y4eHHKa — 01001, = 9.

B obeux npomesypax onpefe eHHA ZaTafAHEOTO VISHHKA
AMIUHA TOXyYaeMoroe coollneHMA paBHA NATH JBOHYHEIM
CHMBOJIAM, T. €. B Pe3YJILTATe YraALIBAHUA ME noaydaeM 5
6ar mHpOPMATME. 0
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Mui yEngend, uTo Ans OTT4ABBAHAI SaJYMAHHOIO YIeHH-
Ka H3 32 MIKOJALHHKOB JocmamoyHo 380aTh 5 BOIPOCOS YKA-
3aHHOTO Beie BAAA., Ho ec)IH 3agasaTh BONIPOCH He JIVYIIAM
o0pasoM, MOXKeT CAYIHTBCA TAK, 4TO Heo0xozumo He 5, a,
cKazkeM, 7 Bonpocos. Kazanochk OB, UTO TAK KaK KX OB Bo-
TIpoc HOApASyMeBaeT OJMH U3 ABYX BO3MOMKHBIX OTBETOB, TO,
IIOAYYME OTBETH! HA IIEPELIe 5 BOEPCCOB, MBI BCETAA IIONYIHM
5 dur muEdopManui. OEHAKO TO He BCEIGA CIPaBeANHBO.
Kak ®e IpOHCXOZNT <HeZoCcTada» MHpopManmm?

Hdeno B ToM, 9TO NpA HepA3YMHOM EBbIGOpE BOIPOCOB MO-
JKeT NONYIATHECA TAK, YTO KaKHe-TaGo ABA BOIPOCA, OTBET HA
KAABIA B3 KOTOPBIX HeceT oAuH OuT madopMalyl, B CyMMe
COAEPXAT MeHbINe ABYX 6mT MHpopMAUMH. DTO BO3MOXKHO,
ecay OTBeT Ha HePBHIi BOIDOC MONHOCTHI0 MIH YACTHYIHO CO-
JEPHUT orBeT Ha Bropoft. Hanpumep, ecity cHavana crpo-
CHThH, HE PABHA JIW IePBaA NU(ppa B HOMEPe YIeHNKA HYOIO, a
IOTOM -~ He PABHA JHM OHA €QMHHIE, TO BTOPOH OTBET He JO-
6aB/feT POBHO EAKAKOR MHbOPMAIMH, M 00IIee KOIEIECTBO
HEpOPMAIAE B ABYX OTBETAX paBHO OFHoMYy OmTY, a He
aeyM. OTcioas HADpPamIABAETCS CASAYIOIIHE BEIBOA.

' KomnvecTeo HHPOpMaUmE, HeoOxozumoe AN yTaSHIBA-

HHA OZHOTQ H3 HCXOA0B, MOKHO HSMEPHTH YHCIOM BO-

H OpocoB, KOTOPEIe TpeGyeTcs safaThk npu Hauloree payiio-
HaRLHOI makmuke 380a8CHUA GONPOCOS.

B pesynprate OPUXOAEM K CHEAVIONIEMY OODeAeNeHAI0.

Onpegenenne 8. Mns Toro 4rolsl HaMepuTs KOAHYECTBO HHBOD-
MalEH B COODIIeHMM, HAAC SAKOQHPOBATE COOOLmICEHe B
BHAe TIOCJIEZOBATENLHOCTE EYJell H efWHEN Hauloree pa-
YUOHQALHULM cnocofoM, TNOSBOMAIIOEM IOAYIHTD CAMYI0
Kxopomikyio nocaedosamervrocms, IJIMHA IOJIydeHHOA mO-
CIeA0BATEJBHOCTH HYJeH H eIMHUL, I ABIATCA Mepoli Ko
Aluvecmea UHGopMauuu B OATAX.

Bonpoc. ITycmb dns koduposanus ecex 603MONCHBX UCXx0F08 He-
Komopozo cofvimusn OeiIli UCROALIOSAHBL 680!1"”1!3&8 nocae-
dosamenvrocmu daunst k. Osnauaem au amo, ¥mo Koiuve-
cmeao UHGOPMALUY 8 cOoSUWeHUY 0 HACTLYNACHUL 08HOZ0 U3
ucxodos dannozo cobuumus paeno k?

Omeem. Bepaemcst K 2ajade 1 B caygae, KoTHa Haao BHOHpPATE

3aAYMAHHODMO YUeHHKa YiKe cpeay 24 venoBex. B aToM cay-
Yyae HAM DOHAZOOATCHA He MeHbIIe 4 H He Soarme 5 Bompo-
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COB, ECIH AeHCTBOBATH METOAOM HeJeHHA momosaMm. Ilocie
TpeTherc BONPOCA ¥ HAC OCTAHETCA TDPOe <HOJO3PEBAEMBIX ¥,
Hx M0:KHO pasienuTh Ha rpynnmy H3 ogHOT'O W TPYRUY H3
OBYX yueHHKO0B. Torga mocie 9eTBePTOro BOIpOca MEI Aub0
cpasy HafifieM HYKHOro IIKOJABHUKA, JU00 mpuAeTcHa 3aja-
BaTh IATHIA BOIPOC.

TlompofyeM AeiCTBOBATH BTOPHIM CIIOCO0OM. 3aKOfUpyeM
HOoMepa 24 IIKOJEHEUKOB ABOMYHLIME Homepamu or 00000,
20 10111,. CopepsxuT Ju 3aKORUpPOBaHHLINR HOMep b OuT HH-
dopmanun? Her, He coBceM Tak. [NHMHa KOZOBOH HOCHeno-
BaTeJAbLHOCTH 3JeCh Ta 2Ke, UTO I PAaHBINE, HO THCIO PA3KNY-
HBIX HOMepoB MeHbIIe. IloaTOMYy, HANPUMED, 6CHH MBI Y3HA-
eM, 4T¢ crapaiad nudpa HoMepa pasHa 1, To Boupoc o
BTOPO# cieBa LHPe 3afaBaTh He NpHAeTcA (obbaAcHUTE IO-
YeMy), M MEI CYMEeeM OIPeAeAT, HOMeD HCKOMOTo YIeHHKa,
3a4aB 4 Bompoca, & He D. 3HAYAT, KOAMIECTBO MHGOpMAa-
nun, TpefyeMoil, gTobk BHOpDATE 3afyMaHHODPO YUOHHKA H3
24 venopek, Oonpme 4 6uT ¥ MeHbIIe 5 GHIT. 0

A kakKoe KOJIHYecTBO HHpOpMAnMR TpebyeTcs, 9TODOHI
YrajaTh ofUH 38AYMAHHRH IpeaMeT H3 N PASTHYHBIX pex-
mereB? Ilyeres N = 2k, Torza, ZeHCTEYH MeTOAOM OeleHHA
TNOIOOKEM, MEL MOMXKEeM ONpeAeHTh 3afyMaHHBIN IpeaMeT C
NOMOUIBI0 £ BOMPOCOB. IIpE 3TOM KOAWTIECTBC HOoXydaemMoil
uadopmanuu H cocrapaser k 6ur. To ecTh B ZaHHOM caydae
H =k = log,N. Huxe MBI DOKaKeM, 4TO 2Ta dopMmysa, HO-
CAmMAA HA3BAHWE popmyssi Xapmau, cupaBseAnuBa gIs Ji0-
Goro marypameHOro N.

Jemma 1, Ymcno pasnMIHBIX JBOMIHLIX CJIOB AJHHEL E pap-
HO 2°,

Howasameavemeo, JoraxeMm JaHHOE YTBepXIeHVE HHAyKIMeIl
o AaHHE DOCHeXoBaTeNbHOCTH k. Ius k = 1 yTRep#geHue
ouepupHo. IlycTs Viite HOKA3AHO, YTO YHCHO AROMYHAEX CJIOB

JNUEN %k paBHO 2%, Bee ABOWYIHEIE CJIOBA ANUEEL k + 1 ge-
IATCA HA ABA TANA: HAYAHAIIAECA ¢ HYJIA H HAUAHAIOITAE-
¢d ¢ egUHHIE. Broumen BCE C/IOBA JIHHEI k, B caay upeg-
OOJIOKeHHA HHAVEUIMH HX 2%, IIpunammeM K KaxAOMY H2
HUX cJeka HoNb. HHXe BRIHUICM Bce ¢IOBA JAWHEL k CHOBA
H OpHnnmenM K HEM cleBa efHHENRY. Taxk MBI 3ATHCATH BCE
caoBa AnaHel k 4+ 1. Taxum oﬁpasomi WCNO nocne,qonarenb-
HOCTel MymmHel k + 1 pasHO 2k 4 oF = g%

Jdemma doxasana.
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Onpepenenne 7. Jeouunstn Koduposanuem MEONecTBA N Ha3EI-
BaeTcAd oTo0pasKeHHe, CTapAllee B COOTBETCTBEEC KAKLOMY
PIEMEHTY MHOXeCTBa, N ero JBOMYHEIH KoI: NOCASA0BATeND-
HOCTH HyiIell m eguumn. Koaupohanue HAILIBAeTCHA oFHO-
3HAYHbIM, eCTIN KOARI PA3IHYHEX. 3JIEMeHTOB MHOMKeCTBa N
PARIMYHE.

Jlemma 2, MuosecTro N foOycKaeT ORHOIHAUHOE ABOHTHOE KO-
AHPOBAHME C AARHAMU KGOB, He IPeBOCXOAAMAME &, B TOM
H TONRKO B TOM chyqae, KOrha 4HCIO0 5/leMeHTOB MHOXEECTRA
N He mpesocxogmr 2.

Horxasamenvemso. O5HO MHOMKECTBO MOKEO OJHOIH&YHO OTO-
6pasuTh B APYTOS MHOMKeCTBO, TONBKO eCJH WHCIO HJIeMeH-
TOB NMEDBOTO MHOMKECTBA HE NPEBHLIIAET YHCIA 3IeMEHTOR
BTOpOTO MHO¥ecTBR. TaK Kak mo neMMe 1 quCa0 ABOMYHLIX
CNIOB FAHHEL kB paBHO 2°, TO AOKasHBaeMOe YTReD:KAcHHe
cIlpaBeauBo.

Jemna dorxasand.

Coryacao demMam 1 u 2, AnHHA KOZA IIPR ABOMYHOM KO-
JHEDOBAHMH OAHOr0 CHMBOJNA 43 albaBRHTa MOWHOCHU
N=2F (T¢ ecTh andasdATa, COCTOAILETO POBHO M3 N pasiandy-
HEIX CEMEOJIOB) paBHa k. DTo nosBoader AaBaTh 3dpeKTHE-
HEIEe ONEHKE HAa MHHHMAJALHO HeoOXoAAMEIN ofneM HaMATKH
KOMIIBIOTEPA OJA 3aNOMXHAHNA DasJUYMHOYO poAs JAHHHIX.
Tax, xogUpoBaHENe COOOILIEHMI HA AHTIHACKOM ABRIKE MOMK-
HO ocymec-rnna'rb ¢ TOMOWILX &iadasuTa, COCTOHINErO M3
32 = 2° pasnmuHLIX cHMBOIOE (K 26 TATHHCKUM GYKBaM He-
obxogAMo AobaBATHL CHMBOA mpobena, TOYRY, 3aOATVIO W
elle TPH CHMBOJA IO XeJaHU0). O4¥H CHMEBOJ IPH DARHO-
MEPHOM AQBEOHMYHOM KOAYUPOBAHKU (OZUHAKOBOM INHHE ABO-
HIHOrO CHOBA [JIS KaXKaoro cuMBoJa axbasura) Torsa Gy-
JeT 3aHEMATE 5 OMT maMATH, a He 8, Kayx npu ASCII-
KOAMDOBAHAE TeKCTOBOH HHPpOpMamunA Boobime,

3agavua 2. Pacesnompunm credywiygyo npobaemy coduposanus pe-
ayrvmamoe zorocosanus. Ifycme umeromesa mpu sapuanma
Z0MIOCOBAHUA. «33», «Npomuay, «gozdepiwancas. Tpebyemesa
3axoduposams pesyabmMambl 20R0C08QHUA, codepicauiuecs
8 N GuorzemeHax,

Pewenue. PeayapTaTel Mo3KHO ORLII0 6L KOAUPOBATE ¢ MOMOILILIO |

JBYXOHTOBHIX cnoB, HaupuMep 11, 00, 01. Ilpu aroM KoM-
6mpanng 10 ocraercs HemcmonssopadgloM. IIpm TaxkoM Ko-
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AHPOBANAHR N pesyJILTATOB I'OJOCOBAHWA 3aiiMyT obpeM 2N
Our maMmard. das roro 9TobH YAYyQIIUTE 9TOT pesyiLTaT,
GyneM KommpoBaTh OJ0KH M2 Tpex GrooanmeTeHel, Torzma ume-
710 BADMAHTOB T'OJIOCOBAHHUA AJIA TPOHKH OKneTeneil pas-
HaeTca 3-3:8 = 27 < 25, 1. e. B JaHHOM CIyd9ae BO3MOMKHO
nareburosce KoaupoBaame. Tak kax wTHCIO TPOEK pasHO
N/3, a rawpaa w3 HUX saiMer 5 64T NaMATH, To ANA Xpa-
HeHMA IoHajgobmrca yxke HN/3 6mT maMATH.

Ho m aTOT pesynpTaT MOMKEQ VJIYUIIATH, €CHH COCTABHTH
Gmokd n3 5 6wnnereneil. B aToM coydae WUCIO HCXOAOB I'o-
JOCOBAHEA IAa 610Ka cocraBager 3° = 243 < 256 = 2% 1 ero
MOHO 3aIuCaTh B oauH Gair. Taxum oGpasom, Ha Gwonne-
TeHEL OpHAeTca 8/5 6ATa mamaTH.

PaccmorpuM Tenmeph KogupoBaHue GloNneTeHell, obbeAHEH-
HeIX B ONOKH mo m mMTYK. IlycTh HaTypanbHoe k TAKOBO,
uro 2F < 3™ < 2%, Toraa MBI MOMeM KOEHPOBATH Pe3yih-
TATH TOJOCOBAHHA, TOTPATHB Ha OloJimeTed: He Ooiee
{(k + 1)/m buT, 5O He MeHee k/m OmT (mocjeiHee — MO JeM-
Me 2). OueBmpHo, YTe DHo4UHOE KOZHPOBAHHE C DOCTOM m
IaeT peayibTaTHl, CKOMbL YTOZHO GIN3KHE K ONTHMAILHOMY
KOOUPOBAHUIO. ]

Brion, K KOTOPOMY MEI IpHINIH OPH PellleHMRA 3aja-
g 2, MO3BOJNAET EAM BEIBECTH CJAEAVIOIIYIO POpMYyTy, Ha3HI-
Baemyio dopMynon Xaprid.

P. Xaprnu (1888-1970); ofnacTh HAYYHEIX HHTepe-
COB: DPASHODIEKTPOHHKA, TeGDEA WHGOPMAIIEH.
IlepBriM BBen noHATHEe HHGDOPMANAN KAK HepeMeR-
HOH BeNUYHHH M NONBITANICH BBeCTH Mepy KoJmde-
¢TBa HAGOpPMAILNM.

®opmyna Xaprau

Konmuuecrso uaGopMAIIHA, KOTCPOE BMEIACT OAWE CHMBOX
N-anemerTHOrO andasnra, passo log,N.

Ilo-gpyromMy aTo e yTBep¥AeEHEe MOMXHO chopMyampo-
Bats Tax. Konnuecrso mudopManun, OJIYYeEHOE IPH Bh-
Gope opHorc mpeaMera M3 N paBHOSHAYHRIX IpPeJMeTCE,
paBzo log,N. To ecTh uMEeHHO TaKOE KOJNKYECTBO UHGOPMA-
OV HeoOXOAMMO AJ9 yeTpAHeHU: HeonpeAeJIeRROCTH A3 N
PABHOSHAYHBIX, BAPHAHTOB.
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Horasameavemao. Ina andasrra 3 N pasiIHUYHBIX CHMBOJIOB
MOKHO COCTABUTE N BCceX BOSMOXKHBIX CJIOB JJIHEH m (fo-
KasklBaeTcd aHANOrWYHO jJemme 1). IIycTek % TakoBo, 1TO

2% < N™ < 2FL, S R §)

To ecTs KOAHIECTBO MAGOpMANUY, coAepxalleecid B of-
HOM CHMBONe 3TOr0 andaBHTa, 3aKIIEHO MeXAY k/m m
(k+ 1)/m. JlorapupmMupysa HepaBeHcTBa (d.1), moaydaeM:

kE < mlog,N <k + 1. (5.2)

Pazgenne HepapeHcTBa (5.2) Ha m, AeaaeM BHIEBOA, 49TO
PASHOCTE MEXKIY KOJMHYSCTBOM RHGOPMAIHE, KOTOPOe HECeT
oZuH cuMBoX N-pjeMeETHOTO andasura, K log,N He npepoc-
xoauT 1/m ans awboro m. 3Ea4nT, IPH ONTEMAILHOM JBO-
HYHOM KOAMPOBAHHM TAKOI0 CHMEBOJA (KOTODOoe NPH pOCTe
m JOCTHXXEMO ¢ KaKoH YIoAHO TOYHOCTEK) CPpeNHAA IJIAHA
ciaoBa cocrasur log,N.

Jna poxasaTelRCTBA YTEEDPRAGHUA BO BTOpOoH dopmMynn-
POBKe §yIeM OTTAARBATE OAKE NpeaMeT B3 N BOSMOXKEHBLX He
OfMH pas, & M, MAH OTTafHEaTk Habop M3 m OpeiMeTOB,
KK U3 KOTOPHX OPHHALICKAT MHEOMKECTBY N Dpasimd-
HEX, HO PaBHOSHAYHBIX IDPeMeTOB. 10THA aHAJOTHIHO pe-
NICHWIO 3afadd 2 cpefHee YHCIO BONPOCOB, HeOOXOANMOe ANa
OTrafbIBaHNA OJHOr0 mpesMeTa u3 HaGopa, Oyzer oTAMIATH-
¢ or log,N me Goynee uem Ha 1/m.

Popmyra Xapmau doxasana.

Bonpoch 1 3anaHnea

1. B 6nbanorere 16 cTemnaxeil, B Ka:xI0M CTe/LIaKe 8 HOMOK.
Kaxoe xonmgecTBo MAGODMAINHE EeceT coobIeHHe o TOM,
qTO HY)XHad KHUIa HAXOANTCA Ha 4eTBepToi mouake?

2. Brlna moaydera TeJerpamma: <BerpedaifiTe BaroH 7 moesg
Ne 32». Kakoe koiudecTBo HHbOPMATUH MONYIMA afpecar,
eCJIH H3BEeCTHO, 9TO B 3TOT ropof NPHXOOAT 4 moeafa, a
B KAKIOM IDoeafe B cpefHeM 16 BaroHOB?

3. Croneko updopMAnEHE DOXYIAT YIEHHEK, ecan B 10-00 yBu-
AHUT cOOBIIeHNe O TOM, YTO KJaccHBIH Tac cocTouTca B 14 ya-
COB, TPH YCJIOBHMH, ITO B 3TOT JeHL BCerja GhIBaeT KJACCHEIN
gac? Oreer obocHyliTe.

4, Tlogemy MEOKecTBG ASCII-cuMposoB o6pasyer andaBHT, co-
croAIKN IMeaHO BB 256 cuMBonoB? CHONEKO BOIPOCOE HARO
3aJaTh, ITOHL] OTraIaTh COMY B3 CHMBOJOB 3TOTC anbasnTa?
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5.

B xnacce weTmipe pAfa NApT IO YETEIpE OAPTHI B KaiKAOM
pany. Kaxpas mapra uMeer aApa MecTa. Bee MecTa Ha mapTax
3aIlOJIHEHB! YICHAKAMHA. YUYUTENb 3aAyMAN GAHOIC U3 HAX.
Kakoe xonmuecTs0 HEQODMAIIMA MBI NMOAYINM, eClIH 3a7a-
BAM IBA CREAYICIIHX BOMPOCA M HMOJYYHM HA HEX HMOJICKM-
TelIbRELIH OTBET?

Boupocu:

Cuant nv 38 5yMaHHHE YIeHNEK Ha epBHIX ABYX pazax?
CuauT AM 3aayMaHHHIA Y4YeHEMK Ha NepBoH MJAM BTODOH
napre?

Bepro au, 9To AnA 06oro m IpH OpraEM3anyd B 3agade 2
m-0JICMHOTO KOZUPOBAHUS Pe3YABTATOB I'OJ0COBAaHUA (m + 1)-
fmounoe KOZUPOBAHYE Beerga OiMiKe K ONTHMANEHOMY, YeM
m-onounoe?

HoxaxnaTe, 9To ANA andaBHTA W3 N pasjMYHEX CHMBOJOB
MOXHO COCTABUTE N Beex BOBMOMNEX CI0B AUAEL 7.

§ 5.3. MNpumenenve dopmynsl Xaptaun

Popmyna XapTiay yrouHIeT JAHHOE paHEe ONPEAeIcHHEEe KO-
IHYecTBa MHPOPMALNH B ZALT HAM TPAKTOBKY HEIeJoro Ko-
NTHYecTBa HHpoOpPMADNHE. 3aMeTHM, YTO Jid M0Horo andasu-
T8 MOXXHO BHOpDaTe CBOI0 eOUHENLY H3MepeHHA HHPOpMa-
OuY, TAKYK WTO KOJMHYecTBO WH(OpMAaIAK, cogepixameecs
B niofoM co00menuy, 3aNECAHHOM ¢ IOMOIIBI0 3TOTO XKe aJ1-
dapnra, 6yAer BHpaKATHCH LENABIM THCIOM.

IIpumep 1. B sagaue 2 i3 mpeAbAYIIers naparpada mna peds o

KOAWPOBAHWH Pe3YILTATOB IOJIOCOBANMA., LIp® 3TOM KaK-
Al G30/L/IeTEHD COAERKANT B cebe OQUH M3 TpeX BOSMOMHAEIX
HMCXOAOB TojI0coBaHEA., EciM 3a eMEHUNY HE3MEpeHMA KOJIU-
HYecTBa EH(POPMANMA IPHHATH KONIAYECTEC HMHGPOPMALIMH,
KOTOpOe MOXKHO IIepefaTh OAHMM CHMBOJIOM TPEXCHAMBOJE-
Horo aadapuTa (HanpmMep, ¢+», «—», «0»), UTo cooTBeTCT-
BYeT YMeHBIIeHHWIO HEOIPeNeTeHHOCTH B TPH Pasa, TO KaXx-
Autil OronneTeHs GydeT colep:KaTs POBHO OJHY TAKYIO
eINHHLOY KOJUIecTBA HHPOPMAIHH. O

B gopmyne Xapmau nozapugm moxmno 6pambv no niobo-
MY OCHOBAHUIO, STO PABHOCHJIBLEO BHIGOPY eIHHHMIEL H3-
MepeHMA KOJHYecTEA HHGDODMAIHH,
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IIpamep 2, Beeaennaa B npumepe 1 eqwan-
IIa H3MepeHHA KojudecTa HEbOpMA-
uuH yaobHa M NMPH aEAAM3e pPe3yJILTA-
TOB B3BeIIMBAAMA Ha IBYXYAIeUHEIX
Becax, KaK HW3BecTHO, KaKgoe Taroe
BSBCIIYBAHKME MOKET IIPHBECTH K OJHO-
MY U3 TPeX PeayiLTATOB: TAMENEE OKa-
3HIBAETCHA I'DY3 HA JIEBOM Yallle BeCOB, THEXejee FPys Ha mpa-
Boil yalle MW BeCH HaXoZATCA B papHOoBecy®. B mamnoM
ciIy9ae pe3yaAbTATOM GJHOIO B3BCLINBAHKA MOKET ABIATRECA
KoXHdecTBO WHpopManwm, Gompllee, dem 6ur — log,3.
Ilyers v Hac uMeercd N MoHET, OHA K3 KOTOPEIX GaNLiIm-
Bad (Jerde oCTANRHHIX). k Ba3BemmBamuiz AaioT klog,3 Gur
HHEbOpMAlEK M He MOTYT CHATH HeonpefeseHHOCTh, 601b-
myio, deM log,3", mosToMy IS ompefiefleHHs (aTsIIABOK
MOHeTHl mOTpefyeTca He MeHee logzN /log,3 = k BapemmBa-
HAH. 37eck & — KoaHYecTBO ZHQOpMamuy B eAHHHNAX, BBE-
JeHHHX B mpamMepe 1.

Tax, HaIpUMep, IPH NOACKEe OAHOM GoJlee JeTKol MORETH!
cpexa 27 mMoHeT Ham moTpeGyerca me memee log,27/log,8 =
= 3 B3BelIUBAHHH,

HsBecTHo, 9TO 9Ta 3a7a9a KaX pPa3 @ paspellnMa POBHO
3a TpH B3BeIIMBAHIA,

YIpumep 3. 3amata noncka $HajsLmIMECH MOHeTH CTaHOBHTCA §o-
Jlee CHIO¥KHOH, eCcIN 3apaHee HeHM3BECTHO, JeIde OHa MJIM Ti-
JKesee OCTAJGHBEIX MOHeT. B 2TOM ciygae dMCI0 Pa3IUSHEIX
HCXO/0B H3HSYAABRHO PABHO ZN (KaKIZaA MOHeTa MOMKeET
oKasarscd panpmusoil H OHIT: KAk jlerde OCTANBHAIX, TAK H
TaXenee), 3JHATUT, OIS pelucHEA 3849 NOHAFOOHUTCH He
menee log,2N/log,3 Bespemnpanmii. TakuM ofpasom, 3a TPH
BSBELIEBAHNA MEl Teneph CMOJKeM HCCAeHOBATH He Donee
13 momer (2N < 27). O

Tlonck anropyTMa pemIeHHA TAKOM 3a0a4H CIOKEH H ANA
MeHBINeT'C THCJAa MOHET.

3apanue. [Tonpobyiime pewtums smy sadaxy CAMOCMOAMEAbHO
dan 12 monem, u 6ot ybedumecs, Mo Imo COBCEM He npo-
cmo, a nopoii éoobuse KaxNemcsa Heso3MONCHLIAM.

Pewenue. Inga pemeRNd 3afa9¥ HYKHO ECHOAB3OBATE TAKYIO
OIEPAnAI0, KAK NMepekJIafhBaERe MOHETH! C OQHOK JalllK Be-
cOB Ha Apyryic. BeegeM chegyromue obosHazenusa. MceHeTy,
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ODOZHAYEHHYIC 3HAKOM <«+», BO BpeMs TeKYIUEro B3BeIIHBA-
HHESA cJIexyeT MOJOKHTE Ha BeCkhl, IPHYeM eclH OHAa Ha Becax
yixe GBl7a, TO Ha TY JKe CAMYIO Yamy, Ha KOTOPOH 5Ta MOHe-
TAa HAXOJWJACHE BO BPeMs CBCETO NpPeAbIAYIIerc B3BEIINBa-
HEsS. MoHery, 0603EaYeHHYIC SHAKOM «—», CIeZyeT Iepeio-
JKHTE HA DPOTHBOIGNOKHEYIO YAy BECOB N0 OTHOIISHWIO K
Tol, Ha KOTCPOH OHA HAXOAWIACL, J8MeTHM, 9TO eCJAH Mo-
HeTa Ha Becax emje He ORLIA, TO 3HAK «—» K Hell MDHMeHeH
OBITH He MoKeT. HaxoHell, MOHeTH!, 000O3HAYCHHEIE 3HAKOM
<0», B ouepeJHOM B3BENIMBAHME He YYACTBYIOT.
CocTaBuM TabIUIy OVTeM BHMACHIBAHAA BCEX BO3MOIMK-
HBIX B&DHAHTOB PACIIONOXKEHH A CHMBOJOB ¢+», ¢«—» U «0» B
cToMGOax, cOOTBETCTBYIOIIAX MoHeTaMm. HeZomycTuMEe Ba-
PHMAHETHI: BHAK ¢<—» DacloJOXeH BHIINE 3HaKa ¢+». Kamanit
cTonfell ONMCLIBAET MECTOHAXOMAEGHHE COOTBETCTRYIOMmMEH
eMy MOHETH EO BpDeMS KAYKZOTO M3 TpeX B3IBeHINBAHHH.
4 5 6 78 9 1011 12 13 14
+ + + 0 ¢ 0 0 O neppoeBaBeIUHBAHHEE

- ¢ + + + 0 (¢ Bropoe BEBeIIHBaHEHE
¢ + - 0 + - rpeThe B3BEIIABAHHE

I ++p
o+ oo
S+
+ o+
| =

+_

Tak xax PS3THYHEX BADMAHTOB DOJAyYMIoch 14, a MBI
pelaeM 3a7avy ANd 12 MOHeT, TO U3 MOAYIeHHOR TaGAMINEI
BHYEpPKHEM ABa CToafLa Tak, YTOOR B KaKAOH H3 Tpex
CTPOK KOJHYECTBO HeHVJIEBHX 9/1¢MEHTOB OKA3AJIOCH TET-
HEIM (Befh GeccMBICHE€HHO BO BPeMs OAHOrO B3BeIMBAHHA
KJACTE HA HAIIM BeCOE DasHOe YMGI0 MOHET). 3TO MOTYT
6bITE, HanpEMep, 4-# 1 14-# cronbusl, Temeps 6yaem BaBe-
mUEATH 12 MOHET TaK, K8K 9TC 3aIIMCaHO B ocTapmuxes 12
cronbiax. To ecTh B epBOM B3BeluuBaHWM §yAyT yIacTEO-
BaTh 8 NIPOM3BOABHEIX MOHET. Bo BropoM 3 MOHETH CIeXyeT
€ BecoB yOpaTh, 2 — MepesoKMTh Ha IPOTHBOHOJOKHEIE MO
OTHOUIEHHIC ¥ MePBOMY B3BEIIMBAHAK UAITH BeCOB H 3 MO-
HeTH HOJOKHTE HA BeCH BIOepBele (Ha CBOGONHEIe MecTa
TaK, 4rofbl Ho KAKAOH M3 4am BHOBR OKAa3aNoch 10 4 MOHe-
Ts1). CornacHO cXeme IIpoBedeM M TpPeThe B3BEITUBAHHAR,
ONATE PACHOJIATAd HA KAUKAOH uarme BecOB IO 4 MOHETHL

PesynpTaT KasKAOro B3BCIIMBAHKS B OTAENILHOCTH HEKAK
He aHAINSHPYETCH, a MPOCTo 3amuchiBaeTcd. IIpH 3TOM paB-
HOBecHe HA BecaX Beerfa KoAupyeTcd HYJNEeM, BIeDBHE BO3-
HHKIIee HEPABHOBECHOS COCTOAHHE — B3HAKOM <ILIKCH.
Ecay npn clepyolieM B3BEIIUBAHHE BeChl OTKJIOHATCHA OT
PABHOBECHSA B TV e CAMYIO CTOPOHY, TO Pe3yJbTaT TaKoro
BSBEIINBAHWA TAKMKE KOTHPYETCH ILIIOCOM, 4 eClIH B OPYTYIO
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CTOPOHY, TO MuEycoM, Hanmpumep, clegyicmmue pea3yiaLTATE
BSBEIIMBAHUN «=<<» H ¢«=>>» KOEUpPyoTCcA Kag «0++»,
& PESYJBTATHEL ¢<=>» H ¢>=<» — Kak «+{0—». Tax Kax MH
He 3HAeM, Jerde MK TAXellee OCTANEHEIX MOHET OKaKeTcs
daapMEans MOHETa, TO HAM BAXKHO, KAK M3MeHAIOCh COCTO-
#iHHe BecOB OT B3BEIMMBAEAA K B3BEIIHBAHHIO, & HE TO, Ka-
Kas EMeHHO JaIla OKaseBaJach THAMXKeNdee, a KaKad Jerde.
IlosToMy fBa HA NEpPBHE BBIVIAR DAsSANYHERIX PesyiLTATA
TpeX BIBEIIUBAHAH B 5TOM CIYIae KOGAPYIOTCA OAHHAKOBO.

ITocne nmomo®HOH sanmncH PesYALTATOE EB3BEINEBAHHNR
dansumBag MOHeTa yake GaKTHYCSCKH onpefeaeHA. E10 oka-
3LIBAGTCA TA, KOTOPOR COOTRETCTBYET TaKOM Ke cTonbel B
Tafinle, KeK H SaKoIUPOBAHHHIE HaMMP DesyIBTAT Tpex
B3BemMBaHKN. JII4 WepBOro IpEMepsa 3T0 MOHETa, KOTOPAd
YIACTBOBANA BO B3BEIIHBAHHMAX IO CXEMe, VKasaHAOH B
10-m cTonbme TabXHIEr, a A4 BTOporo — B 8-M. B camom
Oedte, COCTOAHME BeCcOB B Hamrell 3a7ade MeHSeTCS B SaBHCH-
MOCTH OT TOTrO, T/le OKA3EBaercs (GalbIIMBag MOHETA BO
BpeMA KaKAOT0 U3 B3pemmbanuil. [TosroMmy Monera, ¢Imose-
JEHHE» KOTOPGH COTAacyeTcst ¢ SAlIMCAHHBIM Pe3yJIBTATOM
B3ReIINBAHAN, TAxol Pe3yALTAT H OHpefesndeT.

Ananuz Ta6AUIE MOKASHIBAET, YTO AHAJIOIMYHO 2TV 34-
Aady MOMXHO pellinThk K Ansg 13 momer. /Ina storo caexyer
VCKIIOYATL B3 PACCMOTpeHUA MIcHoid He copep:Kammil Hy-
JNeif cronell, HApMMep, BCE TOT Ke YeTBePTHIL. B ocTanms-
HOM Bce AefiCcTBHA OCTAIOTCA HEM3IMEHHRIMH. IIoaxox ¥ pe-
MeHMIO 3aJadd He H3MeRATed ANs amoboro sEaveHns N, Ho

3aMeTHM, 4yTo A N = 2 3afaua HepaspemuMa, |

B rnase 4 npEBefileHO HECKOALKO PA3NHUYHLIX ATCPHT-
MOB COPTHDOBKH MACCHBOE, KOJHYeCTBO ¢HEPALHH CpakBHe-
HUS B KOTOPHIX JJIfA XYAMEro ¢iayuad pasnuuHo. HekoToprie
M3 HUX SBIAAITCA Gosee 3pheKTHBERMA [0 YHCIY HPOH3RBO-
AMMEIX CpABHEHAH.

Bonpoc. Kaxoea croxrocmbs aQrzopummos COpmMUPOSKU, ORmMu-
MAADHLLX NO YUCAY cpasHenui?

Omeem. OTBeT ¥ Ha 3TOT BOIPOC MOXKeT AATH TeOpHA HHGpOpMA-
OHH.

OTCOpPTHPOBATE NPOHIBONLHEIR MACCHE ¢ TOUKH 3peHUA Te-
opHH mHDODMADEA — $T¢ SHAYAT HAHTH OZHY K3
Nl=1-2-3-.. ' N nepecradorok Bcex N 3JIEeMEHTOB AAHHO-
ro Maccusa, CpaBHeHHS 9/IeMEHTOB MeXay ¢oGoH B AAaHHOM
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CJIy4ae COOTBETCTBYIOT 3AAABAECMEIM BOIPOCAM ¢ BO3MOMCHEI-
MH BAPUMAHTAMH OTBETA «Jas WK <HeT», Toraa mo dopMyre
Xaprnu Zna COPTHPOBKHE 9JIEMEHTOR B XyAUWIEM CIyYae NoTpe-
Oyerca DOJYYHTL He MeHee logzN ! our undopmamum, T, e,
MPOU3BECTH He Menee log, N1 onepanyrii CpABHEHNA 91eMEHTOB
Mexpy coboil, Ins onenxm suauenma N1 npu Goapmux N B
MaTeMATHKe NPEMeHANRT GopMynry CTHpABETa:

Ntz JorNNVe ¥,

To ecTs omTEMaNsHAA COPTHPOBKA B XymmmeM ciyuae Gyner
EPOH3BORBTH OKoIo (N + 0,5)log,N + 0,5log,2n — Nlog,e
cpapHeHuid. TaxuMm ofpasoM, addeKTHBHbIE IO YHCHY CpPaB-
HeHPil COPTHPOBKHE (BRIDOIEAIOIEEe mopsixxa Nlog,N cpas-
HeHHM) AeACTBRTENBHO ACHMIITOTHYECKH ONTHMAJBERL, g
KRKEOTO 3HAYeHHA N B OTHEMBHOCTH MOXKHO IOCTPOMTE AJ-
TODUTM COPTHMPOBKH, KOJIAYECTBO CDABHEEHHH B KOTOpOoM 6y-
JeT OPAKTHIECKE COBOARATE ¢ Teoperndeckol omenkoit. Tax,
MACCHB, COCTOANIEA A3 5 2JIeMeHTOB, AEHCTBATENHHO MOXKHO
ynopapouwrs 3a He Gonee wem 7 cpapHemmit (log,b! =
= log,120 = 7). JhioGoMy ke yHMBEPCANLHOMY AJIrOPHTMY
COPTHPOBKHY AAd pellleHrs 3ToH 3afaum B HEKOTOPEIX CAyYa-
ax Momer norpefosarsca cpenars 8 cpaBHeHMi. Ilogobible
OUTHMANEHEIe RATOPHTMB MOMKHO IOCTPOHTE AnA awoboro N,
He npesocxozamero 11, IIna N = 12 gampyamnit BoaMomcHbIt
&JITOPETM COPTEPOBKH B XyAOIEM CiIydae BuintoxHaeT 30 cpas-
Henwif, a [log,121] + 1 = 29. [laneEefimue uCCAAOBAHNA AAR-
HOTO BOOPOCA 3ATPYIHEHS! B CHAY BRMHCIUTEABHON ThyaoceM-
KOCTH IOCTPOEHHA ONTHMAJBLHOTO ANrOPATMA COPTHpoBKY. [

Bonpocbl n 3apanns

1. O6pacenTe, KAk, BHCIONL3YS dopmyny XapTiH, MOMKHO cpa-
38y H3MepHTH A0VI0, HaIpHMep TpadHIecKyio, HHGOPMAa-
nuio B falitax, a ge B 6urax?

2. B ankeTre mpeanaraiorcd cAeAyIONiNe BApMAHTLI OTBETA HA
BOIIPOC O CTENeHH BAAJeHHA aHIMHACKKUM A3BIKOM: ¢HE BJIA-
Oelo», <YHTAIO CO CJOBApPEM», ¢MOry OOBACHATHECA», «BJIA-
Jiel0 X0poIIos, +MOTY IepeBOTNTH CHHXpoRHO» . Kakoe Koun-
YecTBO HEGOPMAIIAE HeceT OTBET Ha JAHHLIN DYHKT AHKEeTHI?
IIpepnoxxure pasauuEbe CIOCOGE KOAWPORAHAA OTBETOB Ha
9TOT BOIPOC AHKETHl, IPH YCJIOBHM, 9To 06paboTke nogie-
AT G0IRIHOE KOJMEYECTBO MoA0GHEIX aHKeT.
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3.

B HeROTODHIX KAPTOIHEIX HTPAX MCOOAB3YETCA Koao/a Ha 32
xapr. IlpriymaliTe kapTouemil Pokyc, B pesyaAbTaTe KOTOPO-
ro BeAyINEiH, 3aas HeSONBIIOe KOJHYECTBO BOIPOCOR, ONIpe-
ZelfeT 3aTANSHHYIO SPHTeNSMH KapTy., Kakoe xoamyecTso
HEQOpPMaOEE Eeo0XoAnMO ¢ TOUKY 3peHAA TeoPHH HHDOPMA-
muy, YTobH oTragars KapTy? Kaxoe KoauuecTBO BHGOPMA-
IIUY HECYT OTBETH Ba 38JaHHEIE RONPOCH?

JoramuTe, YTO MAPAHTEPOBAHEC HaiiTH OfHY GalbIIHBYIO
MoHeTy cpexu 1000 MoHeT, ecnm maBeCcTHO, UTC OHA Jerye,
MeHblile YEM 38 7 B3BeIMMBAHRY HeanLss.

ObracHMTe ¢ TOYKE SpeHMS TEOPHM HEGQOpManUM, mOYEMY
3afady moucKe (PaJBIIABOM MOEeETH B3 ABYX HMEIOIUXCH
MOHeT PeIINTh HeJIb3d, eCJH HEeH3BeCTHO, Jerde HIA TAXKe-
Jee OHA HACTOSALISM MOHETHI.

BuBeaure dopMyny Anst umcna BSBeIMBAHEAN, HeoLOXOAM-
MHIX [#ig rapaETHPOBAHHOICO HAXOXKZeHMNSR (daiabinupok Mo-
HeTH cpead N MOHeT, ec/IH HeH3ReCcTHO, Jerde MIH TaEelee
OHA OCTAJBHEIX MOHET.

Onmupasch Ha MATEMATHYECKYIO TeOPHIC REGODMALAN, ONpe-
JeJnTe, ABAACTCH JH AAPCPETM ABOMYHOTO IIOHCKA, OMMCAH-
HHI B npegryiell ruase, ONTHMANBHLIM.

§ 5.4. 3akoH apaAMTNBHOCTU MHDOPMaLIK.

AndaBUTHLIA NOAXOA K U3MEPOHUIO
nHpopMaun ‘

IIyers BaM Tenmepk HeOOXOAMMO OTTANATH CPA3y ABA HESABH-
CHMEIX NPeAMEeTA X; M X,, PO KOTOPHE H3BECTHO, 4TO X,
OPRHAIERNT MHOMecTBY X, copgepsxamemy N, snemen-
TOB, & X, ODHHAANEKUT MHOKECTBY X,, cofepxameny N,
2/IeMeHTOB. BoosEe JONMYCTHMO CYETATE, YTO MB HONKHEBI
yragare napy (x,, X,) o MHOXecrse X BCeX BOBMOMKHEIX
map (x,, x,), rre x; € X,, a ¥, ¢ X,. Toraa mo Gopmyne
Xaprau ana yrageBaHUSA 3aJYMAHBON NapH HeoOxoAmMOo
sagath log,N N, Bompocos, T. e. moayauTs log,N,N, Sur
rHGopManuy. BuMecre ¢ TeM, 371eMeHTEL Xy K X, MOXHO yra-
ALIBATH HesaBmcEMO. A yragblsaHHA X, HAM IoHafo6UTCA
log,N, Bompocos, a aas yraguiBanma x, — log,N,. Beero
npu oroM noHaaoburea log,N; + log,N, sonpocos (6mT mH-
dopManun),
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Mb mONy9HAN ABA BEIPAYKEHNA AJAA OAHOTO H TOro iXe
KoauvecTea MAGOpMauum. Cornacso OCHOBHOMY Jorapud:
MHYECKOMY TOXAECTBY, 00¢ BEJIHIRHEI PABHKIL

log,N\N, = log,N, + log,N,.

TlepedopMyAUpPOBAB FAHEHOR TOKAECTBO B TEPMHHAR KO-
H9eCcTBA NEGOPMALIUY, MBI TTONyIaeM CAeAYICIINEA 3aK0H.

3aronm aXARTREROCTH HHbopmeaudn. KoanzecTBo EEQOpMAIIAN
H(x,, x,), BeobxognmMoe A1 yCTAHOBIEHRA HapH (X,, X,),
paBHO cymMme KonudecTe magopmanmn H(x,) z H(x,), me-
O0OXOAAMEIX A He3aBHCHMOI® YCTAHOBJACHHS 3JIEMEHTOB

X, B X,

1 2

H(x,, x,) = H(x;) + H(x,). ' (5.3)

Iipumep 4. Hcooansya szarkon azaNTUBHOCTH
nHbpopManuH ¥ dopmyny XapTau, MOACIH-
TaeM, KaKoe KoJMiecTBo REQOPMANBY He-
ceT AOCTOBePHEIH MpPOrHO3 MOTOXEL.

IIpepmomo:xuM, 9T0 NpoOrdo3 NOTOAN HA
cIeAyiommit TeHs 3aKA04YaeTcd B HpeacKa-
SAHNH JHeBHO# TeMmepaTyphl (06RMHO BEHI-
Gop Aenaerca B3 16 BO3MOMKHEIX And KaH-
HOrQ Cce30HA 3HAYEHHHE) W OAHOTO H3
YeTHIpeX BHAYeHHMHE ofaaTHOCTH (CONHEYHO,
nepeMeHHas  objavEOCTD, IACMYPHO,

&)
2

ELLELLY

hIn Ta th Tg B T T

o)A

p I

AOMHEB)
TTonygaeMoe Opy sTOM KOJMUYecTBO MHGOPMANNE DABHO
logzlﬁ + log,d =4+ 2 = 6 6ur. a

BakoH aAAUTHBHOCTH MHPOPMAUWE CHpABSANNE H IpH
anpaRHTHOM DOAXO0Ze K H3MepeHE: HHGODMANWH.

HanoMaumM, 9To KoampoBaEme HH(bpopManue (coobmre-
HuEil) B paMKax aapasumuozo nodxoda ocymecTBidercs
caepyiomuyM obpasoM. [Ina samucu coofimenvit onpeaeneH-
HOTO BHAs BEOAKTCA ¢Boi axdpasum (Habop cumponos). Ko-
JMYECTEQ PaSAAYHBIX CHMBOJIOB E addaspre N HasmBaerca
ero Mowgrocmuio. Andapur pBOAATCA TaK, YTOOH soboe co-
ofmeHMe MHTEPECYIOMEro EAC BHAA MOXHO OHUIO GH 3amu-
CaTh TOJABRKO ¢ NOMOINLI0 KOHEUHOR NOCIeA0BATEALHOCTH
CHMBOQJIOB AAHHOTO amnjpaBHTa.
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Onpenenenne 8. Konuuecree MHpOpPMANME, COAepKamieecd B
OXHOM CHMBOJIe, HASHIBACTCA €TI0 UHGOPMAUUOHHLIM SECOM,
CornacHo Qopmyme XapTad, 3TOT BeCc paBeH log,N.

B § 5.2 ymxe Onn npuBefileH UPEMeD MUHAMAJILHOTO aJ-
dapuTa, ¢ TOMOIIEIO KOTOPOTO MOXHO BATIECHIBATE IPAKTH-
YeCKH IPOH3BOABHEIE COOOINEHWA HA AHTVIMACKOM SA3HKE,
Ho noearme andapuTa pobce He 06A8aTeNBHO CBAZAHO ¢ &Jl-
GaBUTAMHE eCTeCTBEHHEX #SHIKOB (AHMIHACKOro, pyccKoro,
Kopeiicsoro B T. A.). Tak, AAA 3a0ACE 4Eces] B NOSHIXHOH-
HHX CHCTEMAX CYMCIeHH:A HCOOAbL3yeTcH axdaRuT, Mony-
HOCTL KOTOPOTC PaBHA OCHOBAHMIO CACTEMEl cUHcieHua P
(cM. raasy 1). MrdopManuoEAHHA Bec CHMBONA TAKOTO &JI-
dapnra (nndper) pasen log,P. lna 3anucy noja 4eI0BEKA B
aHKeTaX of0nIHO MCHOAR3YeTCHA ABYXCHMBOALEEIHA audasut
(eM», «2¢» HIA «ms, «I3). A an8 xogUpOBAHKMA Pa3IMIHEIX
COCTOSIHUI O0AAMHOCTH MOMHO HCIIOAB30BATEL HeTHIpe $mK-
CHDOBAHHEIX PHCYHKA, KaXKOHH H3 KOTODHIX §ygeT upen-
CTaBAATH OGO CEMEON ¢ HRGOPMATMOHHEIM BecoM log,4 = 2
MHT.X AT I

CornacHo 3aKOHY aAAWNTHEBHOCTH AHMOPMANONH, MOMKEHO
YTEOPHIATE, 9TO AAS XpaHEHHS ABYX HPOM3BOIbLHHEIX CHAM-
BOJOB OGHOIC K TOTO ke andasnuTa MomEocTR N noTpebyer-
¢a Be Meree log,N + log,N = 2log,N 6nr namarn. To ects
KOJMHIEeCTBO HEHGODMALHH, cofep:Kamieecad B CoOCHieHHMH,
coCTOAINEM M3 /7 CHMBOJIOE OQHOTO B TOTO Ke ampamwa,

pasHO mlog,N.

IIpemep 5. Oana cTpanmOa XYHOMECTBEHHOTO NPOAMYECKOIO
NMpOU3EEeZeENA HA AHIHHCKOM d3LIKe MOXMKET COReDMATHL
oxoao 2400 cUMBOJIOB, BKAOYAH pasAeAuTeNbHbe HPOoDe
Mmexgy caosaMia. Torga nna >bPeXTHUEHONO XpaHEeHHMS ilo-
ZOOHOM CTPAHMIN TeKCTA B KOMIEBIOTepe mnomaxoburcsa
2400-log,82 6ur = 12000 6nr = 1600 Gaitr maMaTu BMecTo
2400 6am- npa ASCI-npefcTapneHBH TEKCTOBOM lmtbopua-
procy @ O

IIpsmep 6. /Ina KOMIBIOTEPHOI 3AIECH CTOJETEAX HaGozeHwik
0 TOrohe, Kacaiomuxed obnaunocTd B MockBe, norpebyeres
okojio 2:(75:-365 + 25-366) 6utr = 73050 6ur maMaTuH.
Cronexo e BODPOCOB HAM IPAJETCA B3AJATH CHUHONTHKY,
gT065! y3HATE COCTOZENEe OOJAUYHOCTHE BO BCE QHHM PACCMAT-
PHBAEMOro CTOJETHA. -
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Bonpochl U 3apaHuA

1. BunonHuTe ynpakuesne 2 K § 5.2, MCIONESYA 3AKOH aIH-
THEHOCTE HRPOPMAIWH,

2. OmpepienuTe KoaudecTso HEGOpPMaNEH B cBoell daMnian
OpH YCIOBHH, ITC ANA KOARpOBAEMA daMminii Gyzer mc-
[OJb3OBATHCA 32-CAMBOJBHEIA andaBaT.

3. AndabuT HeKOTOPOr0 A3HIKA COCTOMUT M3 32 cuMBoJoB. 3a
CKOJBKO CeKYHJ MBI CMOXKeM mepeaarh Texcr s 1600 ontn-
MaJbBHO 3AKOAHPOBAHHEIX CHMBOJOB 9TOI'0 andaBHTa, €ClIE
CKOPOCTE Iepegaun cocTasager 100 6aiT B cekyany?

4. B Tegenne 5 cexyH7 O6B10 mepegaHo co0dienne, 00BEM KOTO-

" poro cocraBux 375 Gaitr. Kaxos pasmep andasura, ¢ moMo-

{610 KOTOPOr0 3aMHCAHO0 COOGHIeHEe, eClIn CKOPOCTH Lepesa-
qm| coctasmia 200 cHMBOJIOB B CeRyHAY?

5. TIps BETpe B KOCTH HCOOALSYIOT 2 ORKHAKOBHMX KyOmKa, rpa-
HE KOTOPHIX MoMevYeHH Yacnamu oT 1 go 6. Cxomsko urdG0Op-
MAIHE HeceT coo0meHHe 0 TOM, UTO IpK BpocaRHM ABYX KY-
0HKOB B cyMme BHTAN0 12 oaxos?

6. B #3KKe HEKOTOPOro IUIeMeHH: Bcero 16 pasnuaHRIX GYKB.
Bee cnoBa cocTOAT 13 5 6YKS, BCErs PASANYHEIX CJIOB B S3LIKe
8000, Croapko KOMNBIOTePHOI maMATH 3aBefoMO HoTpeby-
€TCA /1A XpaHeHNA BCeX CIOB HTOTO A3BIKAT

§ 5.5. Undopmauna u BePOATHOCTL. Popmyna
LLeHHOHa

na onpefeseHNA KOMUYecTBa HHpopMalyy AaeX0 He Beer-
lia BOSMOXKHO HCNOAL30BaTE dopmyny Xapraa. Ee npumers-

. 10T JMOIb B YACTHOM CAydae, KOTAa BRGOD moboro ajleMeETa
H3 MHOXGECTBA, Cofepiamero N »ieMeHToB, DPABHOIHAYUEH.
Hnu, npu andapuTHOM IDOAXOAe, BCe CHMBOXRL andasdaTa
BCTPETAITCA B COO0MICHAAX, 3aIMMCAHHEIX ¢ IOMOIDLIO STOrO
andaBuTa, OOHEAKGEO HacTo. OAHAKO B ZeHCTEMTENBHOCTH
Tak GHIBAET AAJIGKC He BCErga. B TOM “IMCJe M CHMBOJBI aJl-
($aBETOB ecTeCTBEHHEIX ASBIKOB B coODIIEANAX NOABIAITCA
¢ pasEOH YACTOTOMN.

Jlemma 3. Ilyere Haiu amdpaBHT COCTORT K3 JABYX CHMBOIOR
(a 1 b), BO MHOMECTBO CHMBOJIOB COOOIIEHMA COZEPIKHUT N
AKIEMILIAPOB CHMBOJA @ M M 3K3eMILIAPOB cEMBOJa b, Tor-
An, eCAM HAM BCTPeTUTCH CHMBON &, Ml MNOAVIAEM
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log,(m + n) — log,n 6uT uARGOPMANUR, & B CIYyTIae BCTPETH
caMpona b — log,(m+ n) - log,m Gmr mEGOpPManuH.
Hoxasamenvemeo. Paccmorpun HOBHE andaseT U3 n + m cuM-
BOJOB: Gy, Gy, oy &ps by, by, o5 b, B HOBOM andaBRTE KaK-
MBIt CHMBOJL BCTPEIAETCA YIKe ¢ PABHOH YACTOTOM ¥ ero HMH-
¢bopmanuoHRLIA Bec BhIpaxkaerca popMysol log,(n + m).
Ecan npu BeTpede HEKOTOPOTO @, MK O PACIOSHABAIH €T0
VHEKANBHOCTE, TO MH 66l moaytman log,n 6ur mEdopMa-
IOHH, TAK KAK TakuxX CHMBOJXOB 7. Ho BCe CHMBOJIEL @, OAR-
HAKOBH, B HAM He BAJKHO, KAKOH EMeHHC CHMBOJI 4, HaM
BCTpeTHJICA, M OPeAesIATh 3T0 Mi He GyaeM. [TosToMy B pe-
3ynBTATE OTOKACCTBICHNA BCEX CHMBOJIOB ¢, MEI HEAOMONLY-
qaeM (TepAem) log,n Omr MHGOPMALMH, eCiM BCTPEHACTCH
. OAMH U3 CEMBOJIOB @. ClleoBATeNLHO, MONYIeHHOE KOJIHYE-
¢rBo nHGopManun paeHo log,(m + n) — log,n Gmr. Anamo-
TEIHO, MH TepaeM log,m GUT MHpOPMANRH, ecH BCTpPeda-
erca cuMBoX b.
Jdemma Oorxasana.

Hz neMMu 3 caepyer, YTO AJNHA BCeX CEMBOJIOB HAINETO
andasuTa B cyMme Tepaerca nlog,n + mlog,m 6nr uudop-
Mmanuu. B peayasrare ua¢opMAaIHOHHEIA Bec OAHOIC CEMBO-
Ja B cpellHeM BHIpaskaeTca dopMmynoii:

n

H =logys(m +n) - log, n — m log, m =
n+m n+m
__n log2n+m+ m Iog‘zn"'m.
n+m n n+m m

HazoBeM uwgcmomoii 6cmpeiaemozo CHAMBOIA @ B HEKOTO-
POM MBEOJKeCTBe CAMBOJIOB BeIMIMEY p = n, /N, rae N — of-
miee KOJIMIeCTBO CHMBOJIOB B MHOJKOCTE®, & 11, — KONMYEeCT-
BO CHMBOJIOB G B 3TOM JKe MHOJKeCTEe.

Toraa 9acToTa p; NOABNEHHA CHMBOJLA ¢ B HAIIEM MHO-
#ecrse paBHA n/(n + m). ARanorn4uHo p, = m/(n + m). Ilpn
3TOM P, + p, = 1. B 2THX TepMHEAaX cpeAHMi mHGOPMANIOE-
HEII] BeC CHMBOJIA JBYXCHMBOJIBHOTO ATPARATA BHPAKALTCS
dopMyno

H= Pllogz(lfpl) + Pglogz(lfpz)°

310 B ecTk gopmyra lllennona pna andapura, cOCTonA-
Iero ¥3 ABYX CHMBOJIOSB.

IIycTs ¥ Hac eCTh HCTOMHUK EHGOPMALMN, KOTOPELA BhI-
AaeT DOCTEeR0BATEABHOCTE CHMBOJIOB HEKOTOPOro ajldapuTa,
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IIpH 3TOM pasHEle CEMBOJIB MOTYT HOABAATHCA ¢ PAsHON 4a-
croToll. O603BaYMM 7(@) KOJHYECTBO CHMBOJOB 4 cpenm N
CHUMBOJIOB I1OC/E€TOBATEALHOCTH,

Onpenenenne 9. Ecnn mpu yseaHyueEMA JUIEHE IOCASAOBATENE-
HOCTE 1t BeauumHa n{g)/N cTpeMBETCa K HEKOTOPOMY YHCAY
P,y TO 3TO UMCIO HABKIBACTCHE 6EDOAMHOCMbIC TNOABACHUA
CAMBOJIA ¢ A3 JAHHOTO HCTOYHHKA.

Jn8 KOHeWHHX MoCaeAoBATENbLHOCTe# mOHATHE BEpPOAT-
HOCTH IIDOCTO COBIMAZAET ¢ MOHATHEM YACTOTHL IOABJICHMSE
RAdHOrO CHMBOJA CpefH MHOMKECTBA CHMBOJXOB NOCHeHoBA-
TeabHOCTH. BEIBeZeM Teneps dopMyay Idenmona ana cny-
yag N-CAMBOJBEOTO aa(aBATA.

Popmyana lllemnorsa

Iycre mMb1 mmeeMm anbasuT, cocroamult ua N CHUMBOJIOB,
¢ JACTOTHO! XapaKTePUCTUKOM Py, Py, w, Py TAE P, BEHIDA-
aeT BepOATHOCTE NOABJICHHA i-I'0 CEMBOJIA, TAK YTC BCO Be-
POSATHOCTH HEOTPRUATENARHBI H HX CYMMA DABEA eARHHALS,
Torza cpenERil MHGOPMATHOHHERIA Be¢ CHMEBOJI4 TAKOrO aj-
dasuTa BHIpaKaeTea dopMmynoit

H=p,log,(1/p,) + pylog,(1/p,) + ... + plog,(1/p)). (5.4)

Hoxaszameavcemeo. Ona N = 2 dopuyna yxe go-
KasaHa. 1lyers GopMyna BepHa Ana Jwoboro an-
daBATa, cocroamero us N — 1 cuMBoaa. OToscpge-
CTBHM JBA HNOCAEAHHX CHMBOJA HAOIErQ ajJ(aBH-
Ta. BepoaATHOCTE NOABIEHER NIOGOTO H3 STHX
ABYX CHMBONOB paBH& (Py_; + py). Torza Mm

BMeeM andasur, cocrosinuit us N — 1 cHMBoJIA,
K. Mlesgor B A0 OPEIOONOMEHMIO, cpeiHNi HEGOPMALAOR-
(1916-2001) HHI Bec OyAeT BHPAMKATBCA TaK:

H=p,log,(1/p)) + p,logy(1/p,} + ... + py plog,(1/py p) +
+ @n-i + Pyog(1/(py.y + P))- - (8.9)
OnpesemnM, KaX 4YACTO CPeAH ABYX OTOMAECTBICHHBIX
CEMBOJIOB 6YyZeT HOABAAThCH KeKZBH M3 HAX B OTHEABHO-

cTi. TakKe JacTOTH HABOREM OMHOCUMEALHMMY 8epoimuo-
CMAMU TTOABJMeHAA KAXKAOTO K3 [BYX CHMBOIO0B. OHH PaBHEL

y-1 = P/ Py + PoHgy = PN/(PN_l + pp)e
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Corsacro 7eMme 3, OPHA OTOMKIECTBACHNAN MBI IOTEDANN

In-110821/y.4 + aylog,l/qy

6uT uERGOpMANHE HA KAXXAHIE B3 OTOKACCTRICHHBIX CHMBO-
JI0B, & HX [0/ CPEIH BCEX CAMBOJIOB COCTABAACT Py_y + Py
CnemoBarefbHO, B CPeSHOM HA OAWH CHMEOJ IIOTEDSIHO

Py-1108,1/qy_4 + pylog,l/q, Gur.

Ecnn npubaBuTE NonyderHOe BHpaXKeHHMe K (opmyne
(5.5), To mocne HecMOXKHHX IpeolpasoBaHUil MEl H TOJY-
waM dopmyny Ilemnona.

Popmyna lennorna Soxaszana.

Csoro dopmyny Illennon Bmsex B 1948 rogy. Opmmaxo
eme B XIX Beke amamormumyc dopMyry nonyqnn Bonsn-
MaH. OH BCKa) ee Kak GOPMYAY RiId IHMPO- :
nuu, Korga saEAMa’icA mpoflreMaMH CTATH-
cTHdecKod dusmru. JAETponMA dHsHYecKOR
CHCTEMEl CIY)KHT Mepoii HeynopadoierHo-
cmu cucTeMHEl. C TOYKHA 3peHHS TCOPEH HH-
opMAUHNN MOXKHO CYHTATB, UTO JIHTPONEA §
CHCTeMLI HBISAETCR Mepoii Heonpedenrenno- ¥
CMU COCMOSHUAL SNEMEHMO6 CUCmeNbl, HA- o Bornsmean
OprMep cOCTOAHHNA MOJeKYJ rasa, obpasyio- (f84 4-1906)
MUK CHCTeMY. STa HETePUpeTANES IIO3BONA-
€T JIerK0 NOHATH, IoYeMy BONBIMAH IOAYYMI TAKYI0 Ke
dopMyny, kaxkyw lllegHoH MOAVIMIA ANA HHOOPManAN.

Bonpoc. Cozaacyiomesr au mewxdy coboit popmyawt Xapmau
u Ilfennona?

Omaeent, YTo6H OTBETHTE HA HTOT BOINPOC, IPAMEHEM (GOPMYIY
IllerHoHa ¥ ambaBuTy, CHMBOIE KOTOPOTO B coolmenmax
PABROBEPOATHH. TO ecTh py = p, = ... = py = 1/N. Toraa pop-
myzna IlenHoHna npHMer BHA

= (1/N)log,N + (1/N)log,N + ... + (1/N)log,N = log,N,
T, e, COBnager ¢ dopmynoll Xaprmm. _ O

Bonpoc. Beezda au omseem «0a» uzu «nem» (@ 6 arpasumuom
nodxode —— UK cuMEOR JsYXCUMBONLHO20 arpasuma) co-
depmcum poeno odun Oum ungopmayuu?

Omeem. PaccemorpuM dopmyny Hlegraora B caygae N = 2. Ecan
BeDOATHOCTE OJHOrO OTBETA PABHA p, TO Apyrore — (1 — p).
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Torpa dopmyny IleHHOHS MOMKHO pPacCMaTPUBATE R&K
dbyuxnmo oxHONR mepeMeHHOM!

H(p) = plog,1/p + (1 — p)log,1/(1 - p).

Hccnexya nporssoaayic sTol GYHKIN, HeCJOXKHO JOKA-
38Tb, 9TO MAKCHMYM H(p) Ha otpeske [0, 1] paBer 1 1 gocTH-
raerea npu p = 1/2. CregopaTelsHO, OAMH OHT HHPOpMaOHN
MEI DONYYAEM TOJBKO B TOM CJYyuae, KOT[a OTBETH «Ja» U
«HeT» DARBHOBEpPOATHH. Tak, cooflenne o TomM, 9ro Oyreps-
POA YIAA MacioM BHH3, Hecer B cede MeHee ogHore SUTA EH-
dopMannu (Kax m3secTHO, GyTepbpoA CO CTONA HA HOJ NpaK-
THYeCKH BCETHA OaFAeT MACIOM BHES). Boxee Toro, ecim Ml
OynmemM Gpocars Gyrepbpoa HeckoXbKO pas, a pedyiFTATHI HA-
OIHX PKCHEpPUMeHTOR OydeM SaNWCHBATE ¢ moMomsio 0 | 1,
TO B B CPeAHEM OFZNH CHMBOJA DOJIYICHHOTO JEOATHOIC KOAS,
GygeT HeCTH MeHee OZROTC SuTa MEdQODMALUH. O

Hz BRIMIecKa3agHOTO caeiyeT OYeHb BRIKHEIE PesynbTar.
KozmposaEne ¢ yIeToM BepOATHOCTEH MOABAEHMSA DA3AMY-
HEIX CEMEOJIOB B COOOIMENAH MOXKHO COenaTEs 0olee BKOHOM-
HHM, HeKeld KOAWPOBAEHE, OCYINECTRJeHHOE B IPEHIIONO-
JeHHMH pPABHON YACTOTEI AX DOABACHERA.

PopMyna lllenHoHA NOKA3HEBAeT CpefHUH HHEPOPMAIH-
OHHHNI BEC CHMBOJIOE TOTO NJIH MHOro ANdaBHTa HIH 5H-

® mponuo pacnpedeaeHus HUA&CTOT NOSRIEHUA CHMBOJOB
COOTEETCTRYIOImMero ajacdaBHuTa.

Jesno oficToHT mpoIme, ecAE HAC HHTEPECYeT KOJNMICCTBO
mHGOPMATEA, KOTOpOe HeceT TOT BJIM HHOH CHMBOJ B OT-
ZeabHOCTH (RJIH jXe, ITO TO e CAMOe, KOJMYecTEO BOIpo-
COB, KOTOpO€ NpHAeTCA B84aTh, UTODRI OTTAJATE IpeaMeT,
BEPOATHOCTh HAXOKACHHS KOTODPOTO B AAHHOM MHOKECTBE
ussecTHA). IIpuyeM npRE BEBOAE COOTEETCTBYIOMEH dopmy-
JH HCIOOJB3YIOTCA Te JKe CoofpaiKeHHsd, YTO H IPH BHIBOjAE
dopmynn Ilenmona.

IIyeTe B HallleM MHOXKeCTBe HaxXoguTcss N OpeaMeTOB.
IIpu sTOM HMHTEpPeCYIOMMIA HAC IPEEMET ABIACTCA ONHUM U3
m = N OAMHAKOBEIX IPEAMETOB. 10 ecTh BePORTHOCTE €ro
HOgBNeHHA ecTh p = m/N. Ecim xamaeni mpeaMeT HamleTo
MHOKECTBA CIHTATh YHHKRILHEIM, TO IO thopmyne XapTan
ero MOXHO yrajgark B cpegHem 3a log,N Bompocos. Ho B
JAHHOM CcIydae, yraaaB mohof N3 HETepecYIOIIME HAC Hpea-
MeTOB, MBIl 3aZaikMM Ha log,m BONIPOCOB MeHbIIe, TAK Kak
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He OyReM onpenenaTh, KAKOK UMeHHO PK3eMILIIP HAM IO-
nancd. Ofmee TUCI0 BOOPOCOB IpH 9TOM 6YIeT BRIPAKATE-
ca dopMynoi o

log,N — log,m = log,N/m = log,1/p. (5.6)

Dopmyaa (5.6) BepHA U B CAy4ae, ecA Bce N MpeAMeTOB
BO MEOMECTBe YHHKAIBHH (T. €. mMeeTca N pasiMuERX
NpeAMETOR), HO BEPOATHOCTH HX HOABJCHHA PRIIMIHEH.

Hna BuBoAa GOPMYNH B 3TOM CAyuae HCHOALIYIOTCA Te XKe
PaccyKIeHHA, 4TO B UPH AOKASATEJLCTBE JEMMELD 3.

3anaua 3. B pesyaviname Muozoremuux HabA0OeHus ywumens
UHOOPMAMUKY 3HAEN, YMO Y NOADBUHY €20 YUERUKOS Umo-
2080l omMemxol 3a zod Oydem «yemeeprar, y 1/4 yuenu-
K08 — «namepKar, y 1/8 — empoiixa», a ocmarvrbie yue-
HUKU 1O PASHUM NPUNUHGM OKAHCYMER HEAMmMeCosaGHHbL-
xu. Kaxoe xoauwecmeo ungopMayuu Mol NORYSUN ROCAE
mozo, KaK YsHaem, KGKYI0 UMEHNO OMMEMKY RORYIUA Yye-
Huk?
Pewenue. Popuyna (5.6) rosopuT 0 TOM, 4UTO BCe 3AaBHCHT OT
" KOHKpeTHOH orMeTKH. Ecam 270 sueTBepKas, TO MH IOJIY-
gam Beero log,1/(1/2) = log,2 = 1 6ar madopmanur. daa
«OATEPKH» KOJMdecTBO HEQOPManum paswo log,l/(1/4) =
= log,4 = 2 6uram. U «Tpoiixas, 1 HeyAOBNETBOPATEIbHEIN
PesyanLTaT KayAsIA B OTAENBHOCTH EecyT Ho log,1/(1/8) =
= log,8 = 3 6mra uEpopManum. KoHewHo e, «Tpoitkas
cama oo cebe ageck BA npH JeM! BaxxHo TONLRKO, HACKOALKO
YacTO ¥ YUEHUKOB BCTPevaeTCds HMEBHO TAKAA OTMETKa.
IIpauem yem Gonee peakoil ABIAETCA OTMETKA, TeM GONbIme
uAGOpMAallHE HeceT cOO6IIeHAe O TOM, YTO NOJYIeHA AMeH-
HO OHA, : O

Pemwuret 3agauy 3 MoKHO Ohuro M {3 MCHOJB3OBAHUS
dopmynet (5.6). IIycTs OTMOTKA YueHUKS HAM HeH3BECTHA H
ME XOTHM ee OIpefe/]nTDh, 3aA4Bad My BOIIPOCH, TIOAPA3Y-
MeBaImiRe OTBET ¢Aa» HAH <HeT», CHAYANA DASYMHO CIOpO-
CHTB, HE DIOAYIWJ A YYEHHK OTMeTKY ¢4». Ecanu 310 ne
TaK, TO Jajee HMeeT CMBICH CIPOCATER HpPO <«HATEPKY».
B cayqae Heygaum oocneHUM TPeTHHM BOMPOCOM MELI YTOY-
HHUM, OKasaycda JX YYeHMK ATTeCTOBAHHEIM Boobme. Ilops-
AOK BOOpPOCOB 3hech He CaydaeH. (DaKTHUECKH MBI OIIpefe-
JAEM NOAMHOMECTBO, K KOTODOMY NDHHAIENMHT VICHHK

_ COTUIACHO CBOeH oTMeTKe (BCEro TAKEX MogMHOMXKecTs 4). Tlo-
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cle MOAYIeHHA OTBeTA Ha KaKANN crexyromuit soompoc xo-
JHIeCTEO YVYAIMUXCHA, cpefd KOTOPHEIX MOMET HAXONHTHLCH
Halll yIeHHK, YMEeHBIIACTCA B ABA pasa, YTO COOTBETCTBYET
IOJAYYeHWIo OgHOTO SHUTA HHpopManwa.

Ipumep 7. 3Hada DpuOGAHSHTEALHEIE YACTOTH, ¢ KOTOPHIMH
BCTpeualoTea OYKBH pycckoro aadasura (B Tabnaume Hmke
npuBefeHLl CpeXHMe OKPYIJIeHHHEe YACTOTHL ymorpebnenms
6yKxB pyccKoro ASHIKA U CHMEBOJIa «Mpobess» HA KaXAYI0 TH-
CHIY CHMBOJIOB TeKCTA HA DYCCKOM A3HIKe), MO)XHO Domee
TOYHO, YoM NPH HCNOJAB30BAHMM anaBHUTHOTO DOZXONA, He
YHMUTHBAIOIIETO BePOATHOCTH NOABJICHUsS DASIHYHEIX CHM-
BOJIOB, OTBETHTH HAa BOIIPOC, CKOIBKO HHMOPMANAE HECeT TO
MK HHOE CJIOBO, HAlpHMep Ballla paMmIms.

igpofeal o leél a ' plrlglel!plplalxlmialoly
175 |90]/72162(62(53153|54/40|38(36(28/26/25(23(21
2 |wlaglbp|lblrla|lf|x|mlo/lmolm|s!d]
18 116(16)14114/13{12/10/ 9 7 (6 (674 [3(3i2 |

Jaa xopmpoBaHAA GAMPIEH MEI MOMEM UCNONL3OBATH
32-crMBoabHEEA andgasuT (0OTOAIECTBHB OYKBEI ¢<€» U <é»),
Kax yaxe OBIJIO IOKa3aHO BHIOIE, ANA KONMDOBAHNA OFHOTO
CHMBOJIa Tagkoro andasuTa goctaTouno 5 6mr. To ecrs, Ha-
npuMep, damunna Bemor Hecer 25 6uT MEdoOpManmm co-
TaacHC aIhAaBHTHOMY HoAXony. C yieroM HacTOTHMX Xa-
PAKTePHCTEK OVKE PYCCKOre al(aBHTa H 3a8KOHA AXTATHB-
HOCTH HHbopMaIUE HHPOPMATHBHOCTE 9ToH e daMBAIRHA
papHa 23 6utaM (unm okoio 21,5, eciu ydecTs, 9To mpobes
B HAOMCAHNH QaMHINA He HCHOMBLIYETCH).

MoxHO DpeAIOXRATL APYIoH MOZXOA K H3MEepPeEHIO HH-
dopManHn, eclIl OTEEARHO KOANPOBATH KODEHb (haMAJIAH,
8 OTAeNBHO — ee OKOHYaHHMe., Torga mMoxHO 00OATHCL H
MeHBIINM KOJAN4YecTBOM O6muT. Tak, OKOHYAHMEe «0B» BCTpe-
qaeTcd KAK MEHMMYM B IOJOBHHE MYXXCKHX (paMHAHHA poc-
CHAH, T.e. HeceT Bcero oguH 6mT mudopManuu. KopeHs
«Ben»s BeTpewaeTes, NpeamosiodaM, ofuH pas Ha 128 da-
muanii. To ecTes A8 ero KOGAPOBAHHA HZOCTATOUHO ¢ OHT.
Toraa ofwnit xox ana pamMuane Benop TeopeTHYeCcKH MO-
HeT 3aHHMATE BCero oxuu Gajrr!

HaxoHell, MG#HO NIPOCTO Y3HATE, KAK YaCTC BCTpedaeT-
ca ¢amunua Besnos cpepgm poccuiickHX damunui, m noa-
CIHTATE ee HMEbopManmHOoHHHI Bec. Ecim mpemmomxeHHEe
BHIne nudpst OTHOCHTENLHO TACTOTH yHoTpebacHna B da-
MHIKMAX KOpHA «Bef» M OKOHJAHASR «0B» BepHH, TO MH-
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dopManHoHARIH Bec GaMUIRY B MEJ0M 38KIIOYER MOKZY 7T
B 8 GuramMu. O

ITIpumep 8. B urpe «Iloxe uyaéc» mHEOrAA paspelaeTcs OTKPHTL
HPOH3BOJALAYIY GYKBY cacka. Kakyo Ho3MINIO CAEZYET BEHI-
Opares? CunTaeTcd, YTO HCKOMOE C/IOBO COACDIKMTCE B HMe-
I0MIeMesa ¥ HAC CJOBape.

g

BrepeM m3 craoBaps Bece CIIOBA, COCTOMAIIME U3 TOTO Ke
gHena 6YKB, 9TO H OTTA5HBAeMOe CAOBQ, B ¥ KOTOPHX HA

. MeCTax yKe pasrafaHHBIX HaMH paHee GYKB cTOAT Te iKe
OVKBH. [[1A KamA0H U3 HeOTKPHTHX NOSHIAI ImojcauTaeM
PETPOIINIC PACIpeRelleHE HacTOT IOABNCHUS B 3TOH IIO3H-
oy pasamaHeIXx Oyxp. Torza OTKpHIBATE cieayeT GYHBY B
TOH MOBHIIHA, PHTPCIHNS KOTOPoHk MaKcAMATbHA, B

Bonpocol M 3apaHua

1. OnpesennTe KOAUYECTBO HAGOPMADHM B CBOEH (PAMMINH HO
rabmiIe YAcTOT BCTPEYASMOCTHE PYCCKHX 6YRE (CM. mpuMep 7).

2. Ilpnt ¥TPe B KOCTH ACHOIBIYIOT 2 OMABAKOBBIX KyOmMKa, rpa-
HE KOTOPHX NOMeYeHHE YncAaMu oT 1 ao 6. Croarke nadop-
MAIVE HeceT coolileRue 0 TOM, 9TO NpH SPOCAHNY ABYX KY-
OMKOR B cyMMe BRIEANO 4 ouykra?

3. B ypue Baxoaarca 8 Genulx B 24 yepHuxX mapa. Kakoe Koau-
4YecTBO EHQOpMAIIHHA HeceT coOfIOeHMe O TOM, ITO H3 YPHEI
ZocTany Genwlil map? A depHbri map?

4. Coofmenye 0 TOM, 9T0 HallfieH LBETOK CHPEHK ¢ 5 JiemecTKa-
MH, HeceT 7 6uT uHGopMamun. Kak yacTo BCTpeYANTCA IO-
AOOHEIE IIBEeTH HA BETKAX CHPeHET

5. Ina peMOHTa IIKONK NCHMIL30BATH Gestyio, CHEIOK H JKeJ-
Tvio Kpack#. HapacxoaoBaH oZREAKOBOE KONHZECTBO Deoi
H cEHell Xpackl. Cooblenue 0 TOM, 9TO 3AKOHYHAACh DaHKA
Genok Kpackuy, Hecer 2 Gura nHbpopmanum. CuHell KpacKy
Hapacxoforany 8 Ganok. CroNbKO GAHOK HeaTOM KpacKH HU3-
PACXOZOBANH HA PEeMOHT NIKOJEI? _

6. ITocrpoitre rpadmk pyExumn H(p) = log,1/p Ba naTepsane
{0, 1]. Kaxue BRIBOARI MOJKHO CAejIaTh NPE HCCICAOBAHAE
sToro rpadbura?
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70

B ympaxuernum 6 u3 § 5.4 GhuT onican coBaps S3HKa HEKOe-
ro maeMeHRn. CKoapko mHGOPMAINHM HA CAMOM Jejie HECeT

" aTOT CNOBADE, ecin 16 GYKB, ¢ NOMOITEI0 KOTOPRIX 3ATHCAHE]

BCe CJIOBA 3TOTO IJeMeHHM, BCTPEYAIOTCA B CJIOBApE €O CAexy-
OIUMA 98cTOTHREIME XapakTepucTuraMm: 1/4, 1/8, 1/16,
1/82,1/32,1/8,1/32,1/16,1/64, 1/64, 1/16,1/16, 1/32,
1/32,1/32,1/32?

§ 5.6. OnTumanbHoe KogupoBaHne nHPpopmaLn

N 88 CNOXHOCTDL

Opnoft |3 BasHeRAIAX 3a7a9 cospeMenHod maGOPMATH-
KH, KaK y»Xe OBLZIO IOKASAHO B IJiaBe 2, ABAAETCH KOZHPO-
BaHWe AHpOpMALHA Hambogee KOpPOTKHM ofpasoM.

CaepcreueM n3 dopnynu Ileanona asnsgercs To, 4TO He
CYIGEeCTBYeT YHHBEPCANBHOTO cHocofa NOCHMEBONBHOIC
KOJHPOBAHEA NPOHUSBOJBHOIO daiina ¢ JacTOTHHIMU XA-
PAKTEPUCTUKAMHU BCTPEHANIIHNXCE B HeM CHMBOJOB
D1> Pos «rs P> KOTOPHIE 0GecnednBal OHI CokaTHe RO BeJH-
UYHUHE MeHbIOeH, dyem

pilog,(1/p,) + pylog,(1/p,) + ... + pylog,(1/py)

6uT Ha OAMH CHMEOJ,

OrMeTRM, 9TO ecatm HeCHeZOBATL KM ALl dakn B oT-
EeNBHOCTH, TO B KAXKAOM KOHKperHOM ciydae Gonee sKo-
HOMHHH cmocod KOAWPOBAHAA NPUAVMATE MOM(HO, HAIPH-
mep anropeT™ RLE (cM. raasy 2). Ilpm aToM HA ceromHsam-
HAN  AeH:  paspaloTAHEl  VHUBCPCANLHEIE  CIOCODH
KOmApoBaHuA RHPOpPMADVK, HAIpHMep, ainroput™ Xad-
dmana man ApHPMeTHUCSCKOT0 KOAHPOBAHKA, KOTOPEe IS
Ipom3BoAbHOTO daitia cTpodT Koa, GAH3KKE X ODTHMANL-
HO#l omeBKe IllenEOHA.

PaccMoTpriMd BAe0 HOCTPOEHESA OSHOTO H3 YHHBepPCAJIBHERIX
ATOPATMOB KOZWDOBAHHA, TAK KAK PA3NIAYHEE CHMBOJEL
BCTPEYAIOTCA B TEKCTE ¢ PASIHIHOHA IACTOTOH, TO ECTECTBEEHO
KOZHMPOBATE EX TAK, YTOOHEL Te, KOTOPEE BCTPeYAloTCs dallle,
KomupoBaanck Gonee KOPOTKO, a Te, KOTOPEIe BCTPeHAIOTCA
peXxe, KOTUPORANKCE ZMHHHee, Ho ecrm MEI MMeeM HepaBHO-
MepHHIi Kopj (pasHEe CHMBONH 3aKOMPOBAHEI ITOCIeAOBA-
TeJEHOCTIMHA PA3HOH AJAMHE), TO BOSHOKAET NpobieMa: KaK
TMOHATS, TAe KOHYWICH X0 OABOrO CAMBOJA ¥ HAYAJICA KOX
gpyroro? Dry npobreMy MOMHO DetllaTe NTBYMA cHocobaMu:
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1) saxoAMpoOBAHHAS IOCIEKOBATEABHOCT: HMeeT BUA {AMmHAa
Koja, Kog{AnmHA Kopa, xoa)...WIEHA Kopa, Koa}. Tak
YCTpOeHH, Hanpmmep, Koabl Rice u [JeapTa-Kojbl;

2) MOXHO HNOCTPOHTH TAK HA3HIBAEMBINH npedurchbiil kod:
B HeM He TpelyeTcd YKA3HBATD SIAHY KOJA, HO KOAHI IO~
JY9aloTCA HeCKOJBKO ATHHEE.

HanoMuuM, UT0 KOX HASHEBAETCA IPehHUKCHEIM, 6CIH KOX

OAHOTO CHMBOJA He MoeT OhTh HAYANOM KOZa APYTOTO

CHMBOJIA.

IIpumep 9. IlycTs HeXofHEIH Al COCTOUT TOMLKO B3 CHMBOJIOB
A, B, C n D. IIpu »rom umeerca 64 6yknur A, 32 6yxsu B,
16 6yEs C n 16 6yxe D. [Tockoasky andhasuT B ZAHHOM CIV-
yae COCTOMT M3 YeTHIPeX CAMBOJIOB, KAMKARIM CHMBOI MOXK-
Ho OBLIO ORI BaKoAMpOBATh ABYyMA OHTaMu U Bech daila mo-
MecTHTE B 256 6mT. Ecam sxe MBI 3aKOZMpYeM CHMBOX A
HyJeBHIM GmToM, B — nocneaoparenbHOCTBIO GuTOR 10, a
cuMBoxii C m D COOTBEeTCTBEHHO HOCHSAOBATENBHOCTAMH
110w 111, To daitn commerea go 64 + 2.32 + 316 + 316 =
224 omr. IIpaBja, MaM ZODOAHETENBHO IPHAETCA THE-TO
XPaHHTE KOAOBYIO TaONmily, yKAsHIBAIOIYI0, KAKHE CAMBO-
JIEl UMEIOT KaKue KOAEL

B aammom ciyuae npepnoxceHHEIE kogx 0, 10, 110, 111
ABngeTca mpeduKcHEIM. Bojee Toro, Ana moboro 4eThpex-
CHMBOJEHOTO anbaBHTa ¢ YACTOTEMH BeTpedaeMocT: 1/2,
1/4, 1/8, 1/8 paccMoTpesnulil cnocob KoAHpPOBAHEA ABNA-
eTcA ONTUMANBHEM, TARK KAK KajXABH CHMBON KOIHDYeTCH
JBOHYHOH IOCHEROBATENLHOCTHI0 JJIHHEI, COBIAZANOINEH C
AHPOPMATHOHHEIM BeCOM KAXKAOTO CHMBOJIA B OTASILHOCTH.
To ecTh B AAHHOM CJIYuAe KOCTHIHYTA HIDKHAHA TeopeTHde-
CKadA IPAHMIIA CHATHS. O

npecbuxduuﬁ xon Xaddmana

Ansa npouspospHOrO andaBATA OSHUM K3 HaubGojee mpH-
MEHUMBX AJTOPHTMOB IIOCTDOEEXAd HOpedHKCHOre Koua,
GIH3KOr0o K ONTHMAJNBHOMY, ABMAETCH Ve H3BeCTHHIE Bam
arzopumm Xapdrana. Hokanxem, 4To Kof, HOCTPOSHHBIH
¢ ero DoMOOIBI0, ABIAETCH HOpehPAKCHEIM.

TIpuBeneM KOHCTPYKTHEBHOE AOKA3ATENHCTBO. ECIH TeKCT
COBEPIKUAT BCero ABa CHMBOJIR, TO ORHH M3 HUX KOAHPYeTCH
HyJNeM, a BTOpo#l —— exmmuunnei. IlpeanonoxumM, YTO ANA aJ-
aBATA, CcCoCTOAINEro M3 N CHMBOJIOB, Kog Xaddmana yixe
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OCTpOeH. PaccMoTpHM aagpaBET, cocTodmuit u3 N + 1 cum-
BOJIOB., OTOXAecTBHM Aba Hambojee DEAKO BCTPEUAIOIIMXCSH
CHMBOJIA 3TOTO andapuTa M NOCTpoMM Koj Xaddbmana ans
noxyyuBlrerocs N-cuMBOLLHOTO aldaBuTa. Ecrm blbz'"bk —_
xox XabdMmana fud «CKIeeHHOTO» CHMBOJA, TO, He N3MEHAR
KOJOB OCTANBHKIX CHMBOJIOB, OIP&JeNMM KOALl ¢CHMIIIIEX-
CcA» CUMBOSOB Kak by b,..0,0 & bb,..b,1. Tax xax nocresona-
TeABHOCTH b,b,...b, He ABNAETCA HAYAIOM HHKAKOTO APYTOTO
Kofa CHMBOJA Hallero andasuTa, TO NOCTPOSHHHMN KOJ AB-
ngercs HpedHUKCHEIM,

Hpamep 10. ITocTponm xon Xadbdmara pna axdaseTa, COCTOR-
HIero M3 IATHE CHMBOJOR 4, b, ¢, d, e ¢ TacToramm 0,37(a),
0,22(b), 0,16(c), 0,14(d), 0,11(¢). Oroxpecrnnasn d u e, 1o-
ayqeem 0,37(a), 0,25(de), 0,22(b), 0,16(c). O6vexunas b u
¢, nmeem 0,38(bc), 0,37(a), 0,25(de). Barem 0,62(ade),

. 0,38(bc). Conocrasenm ade ko 0, bc — xogx 1. Bosspammancek
K npegnociaefEeMy IIATY, paciielum cMMBOX ade Ha a H de
¢ xoxaMme 00 r 01. Barem camsos be pacmennserca Ha b H ¢
¢ xogamu 10 n 11, Haxonen, pacmenns de, moaysam nias
HCcXofiHCTC ANdaBATa cAeRyIEe Kokl 00(a), 10(b), 11(c),
010(d), 011(e). 0

Koasddunuent cxxatrd REGQOPManny MoxeT GRITH cymme-
CTBEHHO YBEJNYEH 2a CYeT YIeTA 3aBHCAMOCTH IOXBJIEHUS
CAEAYIOMEro CUMBONa B cNOBe. Tax, HanpuMep, BEpOAT-
HOCTH IOABJEHRNA coriacHOi 6YKBLI B Tekymiell mosHOIRY cy-
IeCTBEHHO BO3PACTAET, €CH Ha NpeALIAYINe] TO3RIHAN CTO-
BT raacHas 6yxea. Hobad Bfied NoCEAMBOMEEOTO KOAMPOBA-
BEA BAKJAIOYAETCH B CHeZYIOIMIEM: I KAMAOro CHMBOJNA
andasrTA MB BHYHCIAEM PaclnpenesieHile CHMBOJIOB, HEIO-
CPeACTBEHHC 3a HEM CHeAYIWWX. M xnsa kakaoro Taxoro
pacupezeneHNd MH MOCTPOMM CBoi koa Xaddmana.

JHpyroit cimocob cxxatrua dadknop ocHOBSH Ha aHAJNH3e
CROXCHOCMU cofepaaledica B BHX wHbopManue. Tak, mo-
cregosareapHocTs 01010101010101 asasercs meHee croMk-
Ho¥, uem 1001110000, Tax kKaK DepByK M3 HAX MOXKHO 38-
MeHETh Ha Gosiee KOPOTKYIO, HO MOCTPOEHHEYIO IO APYTHM
mpasmaam; 7(01) = 111,(01), a zyTe corpamiernsa BTopolt
HOCAeA0BATENBHOCTA Be OUeBHAHEI, Hpesa aHAJK3a CIOMKHO-
CTH KOoZApyeMoil NEQOPMALINHY J&IKAT B OCEOBE AJTOPHUTMOR
RLE, LZ {(cM. rnaey 2).

PopMATEHOS [IORATHE CIOMKHOCTH BBEeH), B YACTHOCTH,
A. H. KosmMoropossiM,
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Onpezenenne 10. Caoxnocme obsexma uau sexenua (no Kon-
MOTOPOBY) — 5T0 MHEMMAJNHGHOS YUCJI0 ABOHMYHEY 3IHAKOB
(HanpyMep, HyJae# ¥ efUHNL), NOCASAOBATERLHOCTRIO KOTO-
PHIX MOMKHO ONHCATE (3RKOAHPOBATH) BCIo mHDOpManuic of
o6peKTe (IBACHAN), JOCTATOYHOR AJIA €0 AaJbHedAmero Boc-
npousBefeHAs (AEKOZMPOBAHMA),

Npumep 11. fAsnaerca ax qucao © = 3,14159256... caoxapM?
Kak BU cTpaEHO, Her. Jaa 2TOro 4MCIa CYIIECTEYeT IIPO-
CTOR OIMECAHUE: '

7 = Qauna aw0boit oxpyrcrocmu/ee duamemp.
B sToM cooBmeHnn, KOTOpOoe MOXKHO 3AKOAMPORATL M ¢ IIO-
MOIBI0 ABOHYHOTC KOAQ, COAEDKMTCA MEQODMATUA Cpasy
060 Becex mUppax ITOTO YHUCAA, ITO HEBOZMOMKHO OCYIIecT-
BHTBH IYTEM HX DOCHASAOBATENBHOIO BRIINCHBAHNA, |

Bonpoc. Moxro au onpederums, wmo nocmpoennviil xod daa
KoMKpemHOll NOcAedo6amerbHOCIIE — MUHUMARLHGLEL?

Omesem, ¥Be1, Her, B riaee 4 6pI10 pacckasaHoe o aaropaTMHEye-
CKY HepaspeIINMEIX OpobaeMax, OZHOH A3 KOTOPBIX ABAAET-
cs npofiureMa caMonpEMeEUMOcTH. OCHOBHIBAACH HA TEOpEeMe
0 CaMONPHMEHHMOCTH, MOMCHO JOKASATH, YTO HEBOZMOKHO
IOCTPOUTE YHUBEPCANLHELE AlTOpPUTM, onpedesramomuit Mu-
HEHMAJILHOCTS TOH HAHA WHOH AROMYHON ITOCIeNOBATEIRHOCTH,
OIMHUCHBAIIIEH o0BEKT, He T'OBOPA YiKe 06 anropur™me II0-
CTPOeHNA TAKOM MEHAMAIRHOH ABOMYHOM HOCHefOBATENLHO-
CTH Ans1 00BEKTOB Boobule. DTO He 03HAYAET, ITO HY LA Ka-
KOre O0LeKTa MHHAMANLHEYI0 ITOCHeAOBATEILHOCTE ITOCTPO-
ATE HeAb3d. ITO SHAYAT, 4YTO B OOJABIIMHCTEE CIY4YACE
HeBO3MOMKHO AOKA3ATh MUHMMAJLHOCTE NOCTPOEHHOH Iocie-
JAOBRTeAbHOCTHE, PAKTHISCKHE 9TO 03HAYAET, ITO JOTHYECKEM
MyTeM Helb3s YCTAHOBHTE NeHHOCTh HHRQODMAITHE, COAepKa-
medica B coobmeHmz. HckmioueHAe COCTABAAIOT, EaNpUMeD,
TOCeAOBATEIBHOCTH, COCTOANINE W3 OZHOTO ABOWYHOLO 3HA-
Ka (KOZOBasg 34HFCH Pe3yNbTATA NajeHHA MoHeTH), OueBni-
HO, ITO X COKPATUTEH YIke HeBO3MOXKEHO, O

Bonpockl n 3apalns

1. Apnaerca au asbyxa Mopse npaMepoM npeprKCHOro Koga?

2. YeTHpeXCUMBOJLERHA ANDABUT MMeeT CleAyIOmMee YACTOT-
noe pacupenenenue: 0,1; 0,2; 0,3; 0,4. ITocTpolite Kox Xad-
dbMaHa 11a 3aHCH coolmeRnit ¢ MOMOIIEIO 3TOr'0 aXdaBHTd.
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3. Ilocrpoiire xoxg Xadpdmana ana 16-Gyxpenroro andasura
€ YACTOTHERIMH XAPAKTEPHCTEKAME, YKASAHHLIMYE B 3aJJAHMHA
7 npepriaymero naparpada. [logcunTas SHTPONKIC ZAHHOTO
pacupezesieHKA, OTBETHTE HA BOIPOC, ABIAACTCH JHN HOTYIeH-
HEIH XO0[ ONTHMAJIBLELIM,

4. B § 5.6 roBopuTea, aTo ecnnt JiuuHA Gaiina HeBeJHKa, & CAM-
BOJIEl BCTPEUAIOTCH IPUMEPHO ¢ OAUHAKOBOH YacTOTOM, TO
KopupoBaHHe o XadPpMaEy He IPHBEAeT K caTHIO daiina.
A ana daiinor 6oMEIIOT0 pa3Mepa ¢ CYH[eCTBeHHO PASIHYHE -
MH YACTOTHEHIMM XaPAKTEPHCTHKAMH CHMBOJOE BEIMI'DHII
MoxeT OMTE 3aagureNbHEM. [loaTEepauTe (MAH ONpOBEpT-
HUTe) JAHHOE BEICKASKIBAHME YHCICHHEIM MOASIAPOBAHNEM .

6. Hanwmurte nporpaMMy, NO3BONAKINYI0 KOFHPOBATE H JeKO-
aupoBats 0o Xadpdmany dbaifink ¢ H3BeCTHEIMY TACTOTHEIMA
XapaxkTepHcTHEaMH. CpapanuTe paGotry Ballell NporpaMMH ¢
DPE3YIBTATAMY CIKATHSA TeX JKE (HAiiIoB ¢ IOMOIMEIC CTAEKADT-
HHIX apXuBaTopoB. HasoBmre nmpermMymecTBa B HEAOCTATKH
ONTHUMAIBHOI'O NpedHKCHOTO KOAA.

8. B rinaee 2 paccKa3BIBANOCH O COBPEMEHHEIX CIIocofax KOMIb-
JOTEPHOTO XpaEEHHWA 3BYKOBOH, rpadmdeckoll M BHAeOHH-
dopmanun. O6LacEuTe, nouemy 3hPeKTABHOrC yMeHSLINe-
HASA pasMepa cOOTBeTCTBYIOHDIEX (ailon MOMXHO AOOGHTHCA
TOJABKO OPH HeKeTopoil morepe nEGOpMaTH.

3axknouenue

B ar0il rnase BEl HOSHAKOMHAKCE ¢ OCHOBAMH MaTeMATHIE-
ckoil Teopud mHMOPMANMY. Y3IHAIA HeCKOJIBKO COIJIACOBAH-
HEIX [OOAXON0B K H3MEPeHHI? KOJIMYeCTBA HHPOPMAIHAH.
Dopuyns Xaprau B IlerHoHA, H3VYeHHEIe B AAHHOU Ila-
Be, OOMOIYT BAM IPABHABLHO BHEMHCIATH KOJNHUYECTBO HH-
tdopMalNd B pasNHEUYHBIX cIyuasx. HageeMca, 9To Bl ¢MO-
¥eTe NMPUMEHATH MX HA LUPAKTHEKE BO BCRBOSMOMKHEIX JKHS3-
BeHHHIX CHTYAIHAX.

OpuyM 13 HanGosiee 3HAYHMEIX NPEMeHEHHN MaTeMaTH-
gecKoiil Teopum mEGOPMALME sABIAeTCA CO3RAHUe crmocofoB
sanucen HdopManun, (IHIKAX K OOTHMANLHOMY KOAHDOBA-
HHIO, 0 KOTOPOM OBUIO paccKasaHO B MaTepPHANAX yIe0HHKA.
Kopmporauue no XadpMany, HsyUeHHOE BAMH, JeMOHCTPH-
PYeT OFMH M3 TAKHAX cIocoboB.



T'naxa

Onpesenenme CHOMHOCTE 00bexTa Win Apxenns mo Koxa-
MOTOPOBY N03BOAAET MOMATL OCHOBH BCeX COBPEMEHHRIX AJ-
TOPHTMOB C/KaTHA. A Teopud WHQODMAUHME B HeAoM ofiedac-
HAeT, NOYeMy HeBOSMOKRHO 0e3 oTepH HeXOTOPOH Aony MH-
dopManuy c:kaTb TOT MHAR weEOH dalln xo pasMepa,
MeHLmEro onpepencHHoll Bemeauwrr. TaxuMm ofpaszoM, cra-
HOBMTCE HCHO, 4T0 3ddeKTHBHOe XpaHeHHe 3BYKOBO, rpa-
hHIecKOR B BUASOHEGOPMAITINA, MUPOKO PACHPOCTPAHOHHOS
B "Hacrosmee BpeMa (popmate MPEG, JPEG u T. 1.), HeBO3-
MOKHO OPTaHM30BATE 0e3 HeKOTOopOd MOoTepH KAYeCTBa.

. Ecnm panEas TeMa Bac 38MHTepecoBAJa, TO B MaTepHa-

Jax y1eOHHKA MOKEO HailTH Hemaio npobieM, TpeGylormux
bontee FeTAILHOIO HCCASZOBARNUS ¢ TIOMOIIBI0 METOROB MATE~
MaTR4ecKod Teopuy EEpopManmu, ITompobyiiTe TpHAyMaTh
ONTHMAaNBHLIE CTPATETHA HOBefleEHA 3 TeX MIM HHHIX Teje-
BHSHOHHEIX MTDAX HIK IOCTAPadiTecs m3ofpecTH cRolt cob-
CTBERHMH crocol c:xaTHa HHbOpMATEY, 3aNpOrpaMMHpYH-
Te ero M CPAaBHHTE ¢ MSBECTHRIMM NPOIPAMMAMH-2PXHBATO-
pamn. TBopure, 1 y Bac Bce HojgyamrTcal
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MareMaTnyecKue OCHOBBI
BLIYMCJINTEJbHOM IreOMeTPHH
H_KOMIBIOTEpHOM rpadHKH

TeoMeTpus ecTh MCKYCCTBO IPABMABRHO pac-
CYJRAATD> BA HEOPABHALHEIX JePTeKAX.

. Iloia

C Tex nop, xax Epxnup HauHCAT CBOK +JXe-
MeHTH TeOMeTpPHH», He HAIIOCH HAKOrg, KTo O
HX OTBEpr.. B 3THX ¢3JeMeHTAX...» COREPIRATCH

| HempenoMHAX HCTHHA, ¢ KOTODOH pasymM, pas mo-
3HAB e, He MOMKET He COMVIACHTHLCA,

II. Paccendu

§ 6.1. KoopauHaTbl N BeKTOpPLI Ha NNOCKOCTH
§ 6.2. CnocoGb! ONUCAHNA NMUHUHA Ha NNOCKOCTH

§ 6.3. 3apaum KOMNLICTEPHOW rpathuxM Ha B3auMHOe
pPacnonNOXeHMe TOUSK W (uryp

§ 6.4, MHOTOYTONBHUKM
§ 6.5. NTeomerTpuyecKne obL8KTH B NPOCTPAHCTES



Tnaza 8

IAa BRI HIpRETe B KOMIOLIOTEPHEE HTPH, CMOTDHTe
PeKJaMHEIe DOMHKY HMIN CTAHOBHTECH CBUJETENIaMMA
rafenu «THTaEUKa» HA PKpaHe KBHeMmarorpada, To

HEBOJBHO IIOTPYMKAaeTech B BONMIeSHNA MAD KOMNLIOTEPHOM
rpadHEN. 3agady KOMIOLKOTePHOH rpadUKKE BOSEUKIA OTHO-
CHTeMBHO HeTAREO — B cepeguiie 80-X roaoB Npouziaoro ¢ro-
JIeTHA BMecTe ¢ MOABICEHEM rpadmIecKuX mucILIeeB. [la-
DaNNeNIBHO ¢ COBEpPIICHCTBOBAHEEM AIMIAPATERX CPEACTB
pociia B CI0KHOCTE MATeMATHIECKHX 3agad, pelticHHe KOTo-
PHIX CTAHOBMAOCH IIPH STOM BO3SMOJKHEIM. Hacroamyio pe-
Boaronuio cpemu 3D-mrp (or amramiickoro 3-dimensional)
nponseesr Doom. Ero Tax HassBaeMHH «IBEMKOK» MOJYIHI
OHPOKoe PacHpPOCTPaAHEeHHRe CPeEH paspaboTarKoB KOMITEIO-
TepHEIX ATP, T. €. «CTAN BlacTuTeneM ayMm» ©. Ilpu cozga-
HUHA NOZOGHEIX mIefeBPOB KOMIBIOTEPHOM rpad UKy JTOMKHED
COMTHCEL BORZMHO MACTEPCTEO XVAOKEHAKA, HCKYCCTBO NPO-
rpaMMECTA U 3HAHHAA MATeMATHKA.

BoarmmucTeo mpobiaeM KOMOLIOTepHOH Ipadukm peura-
eTcs ¢ DOMON(BI0 METOACE BEIYMCINTEIRHOH TeOMEeTPHH.
KoMnbwTepHasd rpadrra 3aHAMASTCS IPEACTABICHEEM Das3-
JIAMHEIX JIAHAHA ¥ reoMeTpHYecKHX GHTYD, HO caM KOMIIBIC-
Tep, KaK y:Ke OBRLIO DOKA3AHO Bhimle, MoeT 06pabaThiRaTh
TOABKC YHCAOBYI0 HMHPOpPMANMNID, HOPTOMY E NEPBYK Odye-
PeAB MEI ZO/KHE HAYIHTHCH OORCHIBATh PASAUYIEEIS I'eo-
MeTpEYecKue o0BeKTH GopMyaaMH, T. €. IPeAcTABAATs UX
AHAMATHIECKH. OJTH TpobieME pelllaloTCA B MaTeMaTHKe
B paMKax pasfena «AHAIUTHIeCKAS reoMeTpus». B HacToa-
el raaBe ME PACCMOTPHM Te U3 EMX, KOTOpPHe He Tpebyior
TNPABASIEeHHA ANNAPATA BHICINEH MaTeMATHKH,

Pasnen mrGOPMATHAKH, H3YYAONINE AATOPHTMEHL penre-
HAA 3434 KRHANATAYECKOH reOMeTpHN, HABEIBACTCS Sbitiic-
AUMeRbHOU zeomempueil. OTHOH us ee 3aNad ABRIAETCH IMO-
Ay%eHRe AHAMNTHYECKHX POpPMYT ¥ anropuRTMOB 0GpaboTn
TeoMeTpHIeCKEX (Uryp B BHAe, VAOGHOM EMeHHO I1d
KOMOBKTEepHOH peanmsanus. Kakx «He Bce HOTypTH OAHHA-
KOBO HOJe3HEI», TAK H He BCAKOe MaTeMaTHYeCKOe ONHCA-
HAE FeoMeTPHYeCKHX Oo0BEeKTOR MO)KEeT OBRTL IDH 3TOM HC-
IOABLIOBAHO, :

SaayE AHANUTHYECKOTO ONECAHAS DeOMeTPHYeCKHX
00'b€KTOB BOZHMKAIOT B¢ TONBKO B KOMIOBIOTepHOA rpadmrke,
HO M OpH IDPOEKTHPOBAHHA HHTETPANBHEIX CXeM, TeXHYe-
CKHX ycTpoiicTs B ap. Hvete geso ¢ reoMerpueft npuxoaur-
cf B Mpy Awboro ropoaa. Bear mepel HHUM MOXMeT BECTATE
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nofas B3 caezyOmMEX 3afa4: KAK Pa3AeMTs: ropox Ha pail-
OHBLI IPMMEPHO PABHOH LIOIIANYM M ¢ OSHHAKOBRIM MHCIOM
muTeneH, rAe NOCTPORTh HOBHHE KyAbTYPHHIA LEHTP, &
rgje — XUM#MecKHil 3aBoJ H T. A. H T. I. OTBeTHl Ea 9TH E
MHOrMe IPYTHe BOIDOCH TOMKE MOMKET OATH BHEIMHCIHTENb-
Has reoMeTDRS. '

HcxoaRsIMA AARAKME B 3aJ848X NOZOGHOTO poga MOTYT
6BITH MHOMECTBO TOYeK, HAGOp OTPE3KOB WM MHOTOYIOJb-
HHKOB B T. II. PeayJpTaToM aBAAeTCcH Aubo OTBeT HA Ka-
KOil-T0 BONIpOC (THIA ¢MePeCexalOTCH JH IDOeKIHUH STHX
0bberToB» ; IoROOEAA NpobieMa MOCTOSHHO BOSHHKAST KAK
pas OPU OPOrPAMMEPOBAHNR KOMILIOTEDHEIX HIp), aHGO
KaKoH-TO reoMeTpHYecKHi o0LeKT (HanmpumMep, HAMMEHB-
oM# BENYKABI MHOTOYTOJNBHMK, COZEDM AN 3alaHHEIe
TOYKH; Ha OPAKTHKe 974 3848493 MOXET CCOTBeTCTBOBATH
IIPOSKTHPOBAHKIO KOJLIEBONH AOPOTH BOXPYT HACENEHHOrO
OVHKTA).

Hexr nacrogmeii IIABM -- HOKASATE TAKHe NOAXOAH K
PeIZeENI0 TeoMRTPHIECKHAX 3afaY, KOTOPHIe HO3BONAKT A0-
CTAaTOYHO GRCTPO M MAKCHMAJIBHO HPOCTO NONYIRTL pele-
HAA GONBIIMHCTEA 9JeMeHTADHLIX 3aja4 BHRIYHCJIHTENBHOM
reoMeTpHH.

§ 6.1. KoopauHaTh! M BEKTOPLI HA NNOCKOCTH

- Jdaag Toro urofH reomerpmdeckue ofpashl mepeBecTH HA
ASHEK (GOpMYJI, B HepPBYI0 O9epeAlb HeoGX0AAMO BBECTH CHC-
TeMy koopAuEAT (CK). B aganmTEgecKol reoMeTpHMH HC-
noabsyloTed paznmyasie CK Ha IIOCKOCTH K B IPOCTPAHCT-
Be, HO MH Oygem paforaThk ¢ DPAMOYTONEEOM AeKapPTOBOH
CK. ObmenppaaTo BEIGRPATE KOODANHATHLIE OCH TaK, UTO-
65 IOBOPOT Ha Yroa 7/ 2, IPHE KOTOPOM och Ox coBMeaeTcs
¢ oceio Oy, mpoucxogu/ HPOTHE kdacoBo#t cTpeaku. Taxyro
CK EasuiBalorT npaeoii. B manbHe#lleM DoapazymeBaeTcH,
yro Hama CK npasas, B Taxoit CK manpasnenmne nosopota
TPOTHB 9A8COBOM CTPENKH HASBIBACTCA ROJOMUMERLHBLM.

Tenepk ¢ xamAcH TOUKOMN Ha IVIOCKOCTH GYAYT CBASAHEL
HBa 9ucHa — KOOPAMHATEI 3TOH TOYKE B AaHEO#l CK, 1 reo-
MeTpHIecKHe OOBReKTEI MOTIYT DOAYIHTE AHATTMTHYECKOE BEI-
paxenne. Tak, 910051 3a%aTh OTPE3OK, HOCTATOYHO VKAZATH
KOODAVEBATH ero KoHIOB. IIpaMyio MoXHO sajarh, yKasap
nmapy ee TO4YeK, MHb0 KOODAMHATAME OAHON ee TOUKK M BEK-
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TOPOM, XADAKTePHIYIOINMM HANpaB/IeHHe BJTOi npaMoi
A T. i. OCHOBHEIM HHCTPYMeHTOM IIPH DelleHHH samad A

.Hac 6yxyT BeKTOpHl. HamoMHENM HeKOTOpPHE CBeIeHAS O HAX.

Onpenenenne 1. O1pesox AB, y KOTOPOrO TOUKY A CUMTAIOT HA-

' mapa wucen {(x, -

YoM (TOUIK0¥E OpHIIOXKeHHA), A TOUKY B — KoHOOM, HA3H-
BapT geikmoposm AB m ofoznayalor mbo AB, aubo xupHoi
cTpounoit AaTHHCKOH Oykeol, Hanpumep a. Ilna ofosHave-
HUA AIHAE BeKTOPa (T. £. AJMUEL] COOTBETCTBYIOWIETO OTPE3-
Ka) Gy/ieM TOIL30BATHCA CHMBOIOM MOAYJA (Hampuwmep, |a|).
JBa BeKTOpA HASHIBAIOTCA PAGHLIMI, €CJIA OHE COBMEIAIOT-
¢ NapaJUIeIBHHM IepPeHOCOM,

ITyets Toukm A 7 B mMeioT KOOPAMHATH (X}, ¥;) B (x5, Yy)
COOTBETCTBEHHO, Roop,zmna-rm BeKTOpa AB HasmBaercd

- y,). Haobopor, ecnm pexTOp 2

UMeeT KOOPAAHATEL (la a ) H OpRJIOXKEeR K TOUKe (xl, yl),
Jerko BHURCIETD rcoopnnnam (x4, ¥,) ero xoHua:

Xp=%,ta, Y= ta,
Ilausa pexTopa AB (o6osnauaercs | AB |) mo Teopeie ITn-
daropa paBHa \/(xz - x1)3 +{yy - yl)2 . PaBeHCTRO ABYX Bek-

TOpOB a = (4., ay) gb=(, by) AKBHEBAJEHTHO DABEHCTBY HX
COOTBETCTBYIOIIAX KOOPAHHAT:

a =b, a, = by.
JIxo6an ynopagodeHHas mapa Yucen (X, ¥) MOMET TaKkKe
paccMaTpHBAThCA KaK BeKTop. 'eoMeTpudeckm BexTop
(x, y) — 270 HampapJeHHLIHA OTPe30K, HATMHAIOMAKCA B
roure (0, 0) u sakamamBalomuiica B Touke (x, y). Bek-
Top, 3A/IAHHEI ABYMA CEOHMH KOODHHMHATAME (X, ), Ha-
SHIBAIOT C60000HbIM eexmopoM. BeceM BeKTOpam, sajaH-
HHM KOODAHHATAMHE HAYANA M KOHIA H PABHRIM MERAY
coboil, COOTBETCTBYeT OARH M TOT e CBOGOAHNH BEKTOP.
Jlna Takoro BeKTOpa He onpefeleHa TOUKA IPUI0KEHHS,

BeKTOPH MOMCHO CKIAZBIBATE H YMHOMATHD HA UHCIA.
CioxeHre BEeKTOPOB IIPOM3BOAWTCS IO IPABHIY TPeyTONb-

" HIKa MJAHM IO NPABHNY mnapainenorpamua (pme. 6.1). Ilog

PasHOCTEI0 BEKTOPOB a M b moHMMAaroT CyMMY BeKTopa a
H BeKTOPA, IPOTHBOMOIOXKHOTO BeKTOopy b (T. e. copnagao-
Imjero ¢ HAM 0O JJIMHE, HO NPOTHBONOJOKHO HANDABJICeHHO-
ro). IIpn yMHOMKeHWH BexTOpa & HA& IHCAO ! HONyUaeTCH



Pnrc. 6.1

BeKTop, EMeromuil zrury [¢af; ero manparnenne cosmagaer
¢ HaOpABJNEHWEM &, eciu f > 0, H NPOTHROMOAOMKHO eMy,
€CAH t < 0, |

Onepanus ymaoxenus BOKTOpA Ha YHCIIOBYIO KOHCTAHTY
A8eT BOBMOXXHOCTH BBECTH HOESTHe KONJIMHEAPHOCTH | He-
KOJIMHEAPHOCTY BEXTODOB.

Oupenenenue 2. iza Bexropa a u b HABHIBAIOTCR KOARUHEAPHb-
MU (CORANDABNCHHEIMH MK IPOTHBONOIOMHEO HANPABJICH-
HEIMY), eCNH X074 65 OAHHE M3 HAX MOMeT OBITH BHIpeH
9epes Apyroit B BEze dopMyns b = ta. Hpn srom Gygem

CIMTATL, YTO — = f,
a

Bripasum peefenntie OHm€pANNH HAK BeKTOPAMY Yepes EX
Koopzaunarit. Ecnu ecnm a = (a,. a)unb=(, b)), 7o
a+b=(ax+bx,ay+by), a-b=(, -2, a, - b)
u ta=(ta, t-ay).

Ormerum eme, uro BerTOp, COHATIDAB/ICHHRIR ¢ AAHFRM
BEKTOPOM & M HMeIOmHY 38ARHHYI0 JIKHY [, MOKHO BHIpa-

SHTH CHeAYIOIHM obpasom: ’-!-I-a. B ramsHefimeM Mur Heofm-
&

HOKpaTHO OyAeM 5THM MOML30BATHCA.

Bonpoc, ITycms nam ussecmuo, wmo AB/AC < 0. Tmo ovt xome

Me CKAa3aMy ¢ 6IGUMHOM PACTIORONEHUL MOYek A,BucC?

Omeem. W3 ppmsegennoro sime HEPABEHCTBA _cJaexyer, yTo
BeKTOPH AB m AC xonnuneapun m AB = ¢ “AC, rme t < 0,
9TO O3HATAET, UTO TOUKY A, B i C Nexar Ba ORHOK mpsiMoit,
H BeKTOPE AB 1 AC oTinomenw or OAROH TOYKH A B mpoTHE-
BOIONOAHEIX HARNDABACHHAX, CaeposaTensno, Trouxa 4 me-
HAT MexXAY Bu C, (]
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Onpenencmme 3. Cxanaprum npouseedernuem 06Yx HeHYyreewvix
éexmopoe a = (a_, ay) ub=0, by) HAZKIBAECTCHE YACAO (a, b) =
= |a}b|-cos ¢, rae ¢ — yrom Memtily oTHME BeKTOpaMu. B xo-
opAmHATaX OHO BerAmcnderca Tak: (a,b) = ab, + ab,.

Bompoc. Karx MoocHo UCnorvaosamb CKGAAPHOE npouseedenue
daa xapaxmepucmuxu yzag mendy eexmopamuf

Omesem. U3 npuBeaeRHLIX B onpejgeseHun 3 opMyn caeayer,
YT0 ABAa HERYJEBHMX BeXTOpPA NEPHeHZMKYIAPHHE TOTAA K
TONLKO TOTAZ, KOTAA HX CRajJAPHOE NpONSBeKEHHMEe DABHO
uyaw (cos n/2 = 0), Tak xak cos ¢ DONOKHATEICH AIA OCTPHIX
YIJIOB ¥ OTPHLATEJCH A TYOBRIX, YTONI MEXKAY BeKTopaMu
OCTPHI (Tyno#i) B TOM H TONBKO TOM CAYYae, KOTAA MX CKa-
JIApHOe IPOoM3BeAeHAe TON0KETENLHO (OTPHOATSHABHO). a

IIvers a ¥ b — [BA HEeHYNEBHX BEKTODA, OTIOXKEHHEE OT
ofEOE TOUKM. B IDKOALHOM KyDCE TROMETDHM IOA Yriaom
Me)XAy BEKTOpaMM IIOHMMAeTcA MEHBOIMH H3 ABYX YTIIOB
MeXAY JTySaMK, Ha KOTOPEIX JeJKAT BeXTODH a ¥ b. Bmage-

HHe TAKOro yrJla BcerJla HaxofmTeA B npoMexxyrke [0; ).

Haa BhuMcaeHuil uwacTo Gofee yACOHHIM OKA3EIBaeTCA
TMIOHATHE OPUEHMUPOSAHNO20 Y2RA, T. @, YTIR, YIUTHEA-
0Iero HOpSAOK NepevncjeHAs BekTOpoB. OpHeHTHpO-
BANHBIHA YT0J N0 a6CONI0THOH BeJHINHe paBeH OOEMMHOMY
Yray MeXXAY BeKkTopaMu. OpneHTHPOBAHHBIH YTOMX MeXKAY

. BEKTOPAMH a U b IION0KATENALHEA, eC/IH IOBOPOT OT BeK-
TOpa 8 K BeKTOpY b coBepimiaeTca B NONOMKHTEILHOM Ha-
opasneHur (¢ Eamei CK mporus gacomoid cTpenkH), B
OTPHIATENRHEI B IIPOTHBHOM Caydae.

B cBd3HU ¢ 3THM POBOPAT TAKKE, UTO HAPA BeKTOpoB a M b
NONOMHCUMERLHO (OMPUUAMENLHO) Opuermuposana. Opren-
TAPOBAHHHIN yToj MOMeT IPUHAMATE 3HAYEHAA OT —T A0 7.
Ha pue. 6.2 opmeHTRpOBAHHMKE YTAH, HAIPHMED, MeXIY
BeKkTopamu O4 u OB m Mexay pexTopamn OB u OA paBHE
0 MOZYAH, HO HepBEIH HE HHMX OTpDHUATeNLHEIA, a BTO-
POl — MONOYKHTeNBLHEIE.

Bonpoc. Kak, snaa Koopdunamut 6eKmopos, Hatimu yzon mexdy
numu?

Omeem. QueBugHEIH crocod crenyer B3 QOPMYIH AAH CKANAD-
HOTO MpoM3BefeHma: cos P =(a, b)/(a|[b). OzHaKo np: sTom
MONYIATCA 3IHAYCHHE HEOPHeHTHPOBAHHOTO yTJia M UACTH
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c

Puc. 6.2

uHbopManma (BOSMOXKHO, DOJNesHAR) OyAeT HAME IOTepAHA.
KpoMe Toro, HCIIONR3OBAHAE 2TOH GOPMYNH AAS HpOrpaM-
MHApPOBAHHA He Beerma yao6mo. Hampmmep, B aAsmke Ilac-
HANE, KaK ¥ B DAAe APYTEX A3BIKOB NDOrpaMMHDOBAHEA, K3
OOpATHHIX TDHroOHOMeTpHiecKMX <JyERONE peaanzoBaHa
ToJXBKO dyHROua arcig ¢. MEI moxkamem, Kax HaliTH Yol
FHAYE, MOCNe TOTO KaK NOSEAKOMUMCS ¢ OPHeHTHPOBAHHOK
ILIOIEAABIO TPEYTOMLHUKA. 1

OpreRTHPOBAHEAS IUIOINAAE TDEYTONBHHKA — 3TO ET0
ofprynas niaomans, cHaKeHEAA SHAKOM. JHAK ¥ ODHEHTH-
posaHEHO# Oaomaam tpeyroxsrEka ABC Tako#d e, Kak y
CPHMEeHTHPOBAHHOTG YIjIa MexAy Bekropamm AB m AC. To
€CTh €€ SHAK SaBHCKT OT HOPAAKA HepeuycieHMs BepINKH.
Ecar BepIIAHH TPeyroJbHEKA OepedMCAAIOTCA IpOTHB da-
COBOH CTPENKE, OPHEHTHPOBAHHAA ILIOMIANE TOJOHSHATENb-
Ha, a ecIM OO YacoBoM cTpenxe — oTpHuaresbHA. Ha
puc. 6.2 Tpeyroasark ABC — npaMmoyronakHei. Ero opres-
THPOBAHHAN IIomaxs pasHa |[ABHACI/2. Dty xe Besmuauny
MOKHO BEIYACAHMTE APYrHM cnocobom. Ilvers O — mpowus-
BONBHAA TOYKA ILIOCKOCTE. Ha HamleM DHCYHEe IIOIIAAH
TpeyrobENKa ABC NONYYHTCH, eClIM HS NACLIAAW Tpe-
yroabERka OBC pRIYecTs IIOIIAAL TpeyTONBHHKA OAB 1
npabasaTe Mnomans TpeyroasHEra OCA. Takum obpasom,
HYKHO NPOCTO CIIOXKHTh OPHEeHTHDOBAHHEIE IIOMIAAH Tpe-
yromeEukos OAB, OBC n OCA, Bro npasuno patoTaeT npu
mobon EBeifope Tourm O.

HocMoTpuM, KAK BHIDASHTE OPHEETHPORANHYIO IJIOIIALL
TpPeyTONBHUKSA B Koopamuarax. IIyery § — opmenTnpoBaH-
Has IIOMIAAE TpeyroasEuKa OAB, HOCTPOHHOTO Ha BeKTO-
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pax a= (a8, ) ub = (b,, b). Bermmcarm ee 417 KOHKpeET-
HOTO PacnoNAOKeHHA nemopon (pac. 6.3). Benwuura S
3Aeck NONOKHTeNbHA (1apa BeKTOPOB OA u OB nonoxu-
TeJbHO OPMEHTWpOBaHa). [OCTPOMM HAII TPeYTONBHHK A0
napamnesorpaMma OQACB unnmomagu 25 (3gecs o¢ =
OA + OB). Torga nnomazs npaMoyroxsanxa OC,CC, pasua
loc,Hoc,) = (a, + b, )a, + b, ). BuecTe c Tem ee MoHO Bripa-
auTs Tax: 25 + 25, + 45, + 28, = 2S + a8, + b} + 2.a,
(3mece S;, Sy, Sg — oﬁmue Heopnemponannue naoma-
An). PacKpEHE CKOGKH B NMepBOM BRIPAXKEHHH AJA mIONIagm
OpAMOYTONBHAKS ¥ BRIpasuB 2S5 B3 paBeRCTBA JBYX Ipen-
CTABNeHEHN, MOMYIAM:
28 = ab, - ba, (6.1)
HerpyaHa0 y0equUTECA, YTO ¥ IPH APYPHX BapHaHTAX pac-
TIOJIOMKEeHUA BeKTopoB dopmyaa (6.1) Takme ocraeTca cupa-
BeanuBoi. OHA TOKA3HIBAeT, YTO ODHEHTHPOBAHHAA IUIO-
mam. NAPWISJAOrpAMMA, ITOCTPOEHEOIC HAa BEKTOpax
=(@,a)ub=(b,b) pasaaab -b.a, (aoﬁmna.ﬂlmo-

!I(ﬂ.!th __ Seonymio sToK e BeNMIMHLL a5 )
¥
C, c
g th, fp-===-=-- B e ek el
1
] 8, ;
s : :
3 A | r
1 ]
B ] 1
byfmmmmmmm ' S ;
S:
1
E
s, / N/ . ___ _E
s 1A '
i ]
1 ]
1 ]
S
8, : v
: ' G
O "
e, a+b, *
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Ounpepenenne 4. Bernuuna a b, — b e, HazkBaerca xocwim (MK

L

ncesdocKanAPHbIN) RPousGederHueM 8eKmopos & H b.

Jna xocoro mpoussefeHHns ME 6vAeM ynmorpebnsts obo-
sHaveHue [a, b). 3aMeTnM, UTO B ZasbHeiimeM NPHA ompefe-
JIEHUM OTIepAIUii HAA BeKTOPAMHE B HPOCTPAHCTBe MK 6yaeM
HCION530BATE 9TO e ofo3HAYEeHHEe B HECKONBKO ApPyroMm
cuabicae. Hassagme pacemaTpruBaemoit sfech BeIMIMHE CBA-

8aHO €O cBolicTBoM Kocoil cummerpmm: [a, b] = —[b, a).

Taxk kak HeOpDHEHTHPOBAHHAHA IJIONIAAL HAPAJLIENOrDAM-
Ma, HOCTPOEHHOro Ha BeKkTopax a H b, pasma |a|lbl|sing),
a 3HAK $in ¢ coBHAZAeT €O JHAKOM OPMEHTHMPOBAHHOTO
yraa ¢, To [a, b] = |a}/blsing. Benwrauna [a, b] Gonbie
HyZf, cAR NAPa BEKTOPOR 8 ¥ b IMOJIOKHTeNLHO OPHEHTH-
POBaHA 1 MeHBIOe HyAA B NPOTHEHOM cayiuae. Kocoe npo-
n3BejeHe HeHYJAeBWX BEKTOPOB DABHO HYMNI0 TOTAR ¥

TOJILKO TOTEA, KOTAR OHY KOANHHeaPpHH! (sin 0 = gin x = 0).

Temeps, Kak M obemxamm, HalfeM B KOOPZUHATAX YIoJa
MeXXAY ABYMSA BeKTOpaMH. IlycT: ¢ — OpHEeHTHPOBAHHEIN
YTONI MEXAY HeHyZeBLIME BeKTOpaM: a = (4., ay) nh=
= (b, by). ConocraBiasasa GopMyast LIS CKAIAPHOTO B KOCOTO
NPOXSEe/leHNA 3THX BEKTODPOB, MMeeM

tgo = [a, bl/(a, b) = (@,b, - ba)/(@,b, + ab).

BHAS TAHIeHC yria Me;KXY BeKTOPAMM, MEI Jerko HAa-
JeM YTOJ MeXXAy NPAMEMEA, HA KOTOPHX JeKar a u b: oE
paseH [arctg([a, b]/(a, b))|. YTobm NOAYATL OPHEHTHPOBAH-
HBEIA YTOJ MEXKAYV BEKTOPAMH, OCTAJIOCH BHIACHHTE, OCTPHI
OH MMM TYNOH. 3T0 MK ONpedelHM L0 SHAKY CKALAPHOTO
OponseEefleHNA. YUTEM elne, UT0 3HAK OPHEHTHPOBAHHOTO
yraa coBmagaeT co SHAKOM KOCOTO NpoH3BeseHEs. Toraa
OKOHYATEJLHO HMMeeM:

n/2, ecau(a, h)=0,[a,b] > 0;
-n/2, ecau (a, b)=0, [a,b] <0
¢ =< arctg([a, b]/(a, b)), ecan (a, b) > 0; (6.2)

arctg([a, b)/(a, D))+, ecau(a,b)<0,[a,b]20;
arctg({a, b])/(a, b)) — n, ecm(a,b)<0,[a,b]<0.

BenmauHa oSHYHOTO YIIa PABHA MOAYIIC 3HAYCHHA OpH-
€HTHPOBAHHOTO YTJA.
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OTMeTHM, 9TO Bce CKA3AHHOS 06 OPMEeHTHPOBAHHHX YT-
Jax U IIOmMALAX OTHocHIock K npasoit CK. Mosxer ¢Tars-
cf, ITO AAA KOHKDeTHOH 3azaum yjgobHee BBecTH JeBYIO
CK. K npumMepy, KOOPAUHATH LDHEKCeJeH HA dKpade MOHW-
Topa gatores mMeHro B JeBoil CK (ock abemmec cMoTpHT
BUpaBo, OCh OpEMHAT — BHH3). IIpm TakoMm BriGope oceii
MONOKUTENLHEM ABIAETCS IIOBOPOT N0 YGCO60L cmperxe.
C sTolf monmpaBxoi BCe BEIIIEHSICKeHHOe IPHMeHHMO H
K aepoit CK.

Bonpocht u 3agaHuA

1. C RAKMMHE HOBEIMH TOHATHIME, He HEReCTHRIMH BAM U3 KYP-
cA reOMETPHH, BH NOIEAKOMHIECEH ODH H3YYCHWHA AAHHOTO
naparpada?

2. Beommmre dopayist, apasornunnte (6.2), Ana onpegene-
HUA HeOPHCHTHPOBAHHOTO VIVIAa MeKAY HBYMS BeKTOPaMHE,
SEAYeHHEe KOTOPOTO JEXNUT B FranasoHe [0; ).

3. IlycTe TPH TOUKH Ha INTOCKOCTE 3aAaHE CEOMMH KCOPAMHA-
TaMmn. Mcnoaesysa cKaXgpHoe H HNCeBROCKANAPHOS NIPOHU3Be-
JeHHe BeKTOPOB, OOPA3OBAHHEIX VKA3aHHBIME TOIKaAME,
chopMyIHpYiTe ANTOPUTM ONpefie/IeHHA ONQHOTO U3 CIeAYIO-
IOHX B3AEMHBEIX pRCJIOJIODICEHI{ﬁ JAHHBIX TOTEK:

a) Bce TPH TOMKH COBUAAAIOT;

6) coBDARST POBEC ABe TOUKH;

B) TPH TOYKH Pas3JHYHH ¥ JeXAT Ha OZHOH npamMoii;
T) TPH TOYKH OGpasyioT NpAMOYTOAREHIE TPeyroJbHUK;
B) TPE TOUKH 05pasyioT OCTPOYTOJNBHEIH TPeYIroALHEK;
€) TPH TOUKH 00pasyoT TYHOYIONBHHHA TPeVIOABHHK.

§ 6.2. CnocoGpi oNnucaHMA NUHMIA Ha NNOCKOCTH

6.2.1. O6uee ypaBHeHMNe NPAMOIA

B mroasHOR MaTeMaTHEe MJIA ONHCAHHA NpAMol Ha maoc-
KOCTH HcHnonssyerca hopMmyna
y=kx + b, rae k = tg o, b = y(0). .

3meck 0. — YTOJ HAKJIOHA ONHCHBASMOHR mpsamoil x ocu Ox.
OToT cmocol omMCcAHMA HA3BIBAETCH (POPMYAGE € YeRO06HLM
roapuyuenmon. OHa OPoCTA M HOHATHA, OFHAKO He OIIH-
CHIBaeT OpAMEle, napamnensabte ocu Oy. Hanueni caygai
MOXHO 6bin10 OBl VUMTHBATE OTASNBHO, HO P OpOrpaMMH-
poBaHEH 3T0 O4eHb HeydoOHo. Iloaromy EBEIBegeM o06mee
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YPaBHEHMNe IPAMOH, HCAQIB3YEMOE B AHAJNWNTHYECKOH reo-
MeTpHH. :

IIyers Ha mpaMoi 3agaHBl ABe HECOBHANAIOMME TOIKH:
P, ¢ xoopaunaTamu (x,, y,) # P, ¢ KOOPAUHATAME (Xy, ¥,).
CooTBETCTBERHO BEKTOD ¢ HAUANOM B TOUKe P, M KOHIOM B
TouKe P, WMeeT KOOPAMHATH (x,—X,;, ¥, ~—¥,). Ecau
P(x, y} — npon3BoNbHAA TOTKA HA Halel npaMoi, TO Koop-
AMHATH BeKkTOpa Py P pasmH (x - x;, ¥ ~ ¥,). C nomomsio Ko-
€Or'o NpoU3BeAeHAA YCAOBKE KOJANHHEeapHOCTH BeKTopos P P
n PP, MOXHO BLIDA3UTH TAK:

[AP, PP =(x - x )y, - ¥,) — ¢ — y; X%, ~ x,) =0, mmm

Wy — y)x + (x; — 2y + x,(y; — yp) + ¥y(x, — x)) = 0.(6.3)

Bropoe u3 ypasnesuit (6.3) nepenmurem crezyiomunM o6-
pasomM:

ax +by+c=0, (6.4)

TRe @ = Yy — ¥y, b = %, = x5, ¢ = x,(y; — Y) + Yy, ~ xy).
VpasHeHHe (6.4) B HOCHT HazBaHUe 0fl4ez0 YpesHeHUR NPA-
Moii. ¥Tax, BCAKYI0 IPEMYIO MOXKHO 3aJaTh ypaBdeHMeM
Bega (6.4). Hume Ml nokamemMm, 9To ¥ HaobopoT, IpH Jio-
Oux sEaveHHAX KoodpuuuenTos (kpoMe a = b = () ypasEHe-
HHe TAKOTO BHAA 38%aeT HA INIOCKOCTH HEKOTOPYIO NMPAMYIO.
A Takrxe PACCMOTPHM reoMeTpHuecknii cMuic ero Koahdn-
OUeHTOB.

IIpu nporpaMMHpOBAHEY Nepeyio u3 GopMya (6.3) Henbsd
HCIONBI0BATE B GopMe oTHoweHna (x; — X,)/(x — x,) =
= ¥y — ¥,)/(y — Y1), TAK KaK, BO-MEePBHIX, Aa%Ke eCu Bee
KOODAMHATH 3aaHHEIX TOUeK IeNEle, Kak 2To OGEIBaeT B
KOMIOsIOTepHOU rpaduke, ocobeHHOCTH pealus3ally Olle-
pazmRH felleHHUR B BelllectBeHHCOA apHbMeTHKe He IO5BO-
JAT ¢ ODOMOMBI0 YHEABAHHOTO COOTHOIIEHMA INIPOBEPHTH
OPHHANJIERHCCTE TOE MM WEOH TOUKH HaHHON HpAMOH,
BO-BTOPEIX, ecxm Touka P cosnager ¢ P,, nporpamma Oy-

ZeT InpepBaHA B CHAY HeleHHA Ha HOMAb.

Onpepenenne 5. Jlw6oft menynenoll BexTOp, OPTOTOHANLHEIA

nopamMoil (T. e. OpPTOTCHANLHLIM HAIPABIAIOOEMY BeKTODY
npaMoil), HASLIBACTCA HOPMAALI K 9TOR IIPAMOM.

IIycrs sagamsas Touka P, apsMoil TMeeT KOODIHHATH
(%4> ¥¢)» & HEKOTODEIH BEKTOP HOPMAJAM N K Hell — Koopan-
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HaTH (a, b). Ecam P(x, y) — ODponsBOALHAA TOYKA HA Haumei
OpaMoft, TO KOOPARHATH BexTopa Fy P pasBEI (x — X4, ¥ — 1)
Teneph cKaIAPHOe OpoR3Be/ieHAe OPTOTOHAZBLHEIX BEKTOPOB
(n, PyP) MOXHO BLIDASHTHL TaK: :

@ FoP) = alx - x) + by - y;) = 0. @.5)

Ogesraro, 9To ypaeHeHHe (6.5) TaK)ke HecJI0XKHO HpPABEC-
TH K BuAY (6.4). Torga cTAROBATCA NOHATHO, UYTO Ko3dhdmma-
'eHTH a ¥ b u3 ypapRerus (6.4) npeacTasnaioT coboif Koopau-
HATH OAHOTO U3 BEKTOPOE HOPMAJH K ONHCHIBAEMOR AAaEHHEM
ypapHeEmeMm npaMoit. OTciofa cnegyer, 9To upH JICOEIX 3Ha-
YeHHAX KosdpdunuenTos a4, b u ¢ (xpome ¢ = b = 0) ypasne-
Hte (6.4) sagaer npamyw. Ex Gyxer npaMas, NnepuneHinky-
JAPHAA BeKTOPY (4, b) B npoxogamast depes TOIKY, YBH KO-
opauHATH yAoBnersopaoT (6.4). Ilpr a = 0 Takoif Touxo#t
6yner, mampmamep, Touka (—¢/a, 0), opx ¢ =0 — TouKa
{0, —c/b).

3amernM, UTO B Oo6IeM ypaBHeHHH npamoi roadduom- -
€HTH ¢, b ¥ ¢ 32BHCAT OT ANKHE BeKTOPA HOPMAasH, T. e.
OIPefeNAIOTCH ¢ TOTHOCTHI} KO MHOKUTeNd. Ecnu B KavecT-
Be BEKTOpPa HOPMAIH MEI BhfepeM BeKTOp efHHHIHOH AMH-
B, TO MH IOpHjeM K HOPMHPOBAHHOMY YPABHEHHMIO Opd-
Moit.

6.2.2. HopMHPOBaHHOE YPABHEHNE NPAMONH

YJepez Hadano KeopZmHaAT {Touka () npomefeM NpaAMYyIo,
NepIeHARKYAAPAYIO Hamel npamoi L, Toaky HX nepecede-
HUA ofosHauuM depes M, znuny orpeska OM obGozHagmm
gepes r (puc. 6.4). Ha nocTpoeEHOA IpAMOIl BO3EMEM BEK-
TOP N efUHNIHONK IIHHE, HallpapBJieEue KOTOPOTO COBIANA-
eT ¢ HanpapleHueM OM (ecnm mama npamana L npoxommr
Yepe3 HA4YA4I0 KOOPAMHAT, TO MOMKHO BHIOpaTh nioboe H3
ABYX HaIIpaBaeHHii).

TlonpoGyem BhIpasuTh ofmiee ypaBHeHHMe Hameif mpamoit
gepes ABA HAPAMETPA: r — NJIHHAY BeKTopa OM u yroxm 0
MeXIY BeKTOpoM n 71 ocklo Ox. IIna sroro-Bocnoab3yemMes
ABYM# NOCTATOYHO OYEBMAHHME (aKTaMu,

1) Tax kak [n| = 1, TO ero KOOPAMHATE MOXXHO NPEACTA-
BUTE B BHEAe N = (cos O, sin ).
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AN

Pac. 6.4

2) IIponapospEaa Touxka P(x, y) DpmHEaAIeXAT Hamei
opamoft L TOrAa M TOJNBKC TOTAR, KOTAA
-O_ﬁ-oos(n, 55) = T.
Toraa, ¢ oguHo¥ CTOPOHE,
(n, OP) = xcos9 + ysin®,
a ¢ ApYroid cTOpoOHH
(n, OP) = [n}{OP|-cos(n, OP) = r, rak Kax |n} = 1.
Taxum obpasom, x cos8® + y8ind = r unu
xco80+ysinb-r=0. - (6.6)

Honyuyennoe ypaBHeHHe HOCHT HA3BAHWE HOPMUPOEAHNHO-
20 ypaerenua npamoii. [lagHOE ypaBHEeHWe onpefesadeT npd-
MYIO BCErO IBYMSA NapaMeTpaMH; YIIOM HAKJIOHA O K ocH Ox
BEKTOpPA HODMAJM, IMPOBeAeHHOTO H3 HayaJa KOODAHEAT B
HaupapJeHHH Halmel opamoil L, M paccTosHEMEM I OT Hada-
A8 KOODRUHAT A0 Hamedl nmpamoi.

BrgucauTs BexAanAs r ¥ § no o61ieMy YpaABHEHHIO IIps-
MOH MOXXHO CHeAyIoIIHEM ofpasoM,

1. JlobremMcA, qT0b6H KoodduOoEeET ¢ B ofllleM ypapHe-
HHY Opamoil O orprnaTeldbHEM. Ecay BsHauanbHo
9T0 He TAK, YMHOXHM HMCXOXHOe ypaBHeHue Ha —1.

2. Pasfie/MM Bee WICHH YPaBHeHUs HA BeIMuuny va’ + b%.
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TeM caMEIM IOJYIHM:

8 . b, d
Ja? +82  Var+b? g + b2
3neck 2 _cos® b =8ind

d _
Ja? +b? 'wlaz +b? ’ va? +b?

6.2.3. NapameTpuyeckne ypasHeHUAa NpaAMoOii, nyya,

oTpeska

Vpasuenne np:moﬁ npoxo,t:suueﬁ Yepes HecOBHAJAIOIIMeE
To4Ku P,(x;, ¥,) u P il %o ¥5), MOMHO 3AIIUCHBATE M B IADA-
MeTPEIECKOM BHJE. i BeKTOP, NPHICKEHHEE K TOIKe
P, n sakaHYMBAKOIIKACA B IPOUSBONBLHON TouRE P(X, y), ne-
mameﬁ Ha TO! )KXe NMpPAMOI, IO OOpefe/leHNI0 2 MOXHO IO-
AYZHTH U3 Ple nyTeM YMHOXEHHS HA HEeKoTOpoe Bellfect-
BeHHOe uucjo i .
P P]_ =t P1~Pz .

Torga ana xKaxgoldl M3 KOODAUHAT B OTAGNBHOCTH CIpa-

BEIJIABO:
(x-x)=tx, ~x) Ay -y)=Uy, -y

BripasuB OTCIOAS X H Y, NOAYUaeM CHCTEMY IIADAMETDH-
YeCKHX YPABHeHHH, KOTOPOH VAOBIAETBOPAIOT KOODAUHATEL
xaxgolt Touxkm P(x, y) Hamel mpaAMoii:

x=xy + Hx, = x,),

{y =y, + Wy, - yy)- 6.7)

Hao6opor, ecian Kooparaarsl (X, ¥) TOUKH P yAoBIETBO-
paor cootHomennaM (6.7), sexkrop PP romwizHeapeH Ple

W, 3HAYHT, TOYKa P JeXNT Ha DpAMoi Ple. Taxum o6pa-
30M, cHcTeMa ypaBHeHHH (6.7), rae napamerp ¢ npoberaer
BCIO fleHCTBUTENBEYIO OCh, 3aJaer mpamyio PP,

Dra xe cHcTeMa, HO ¢O BBeACHHMMHA OFPAHATCHHAME Ha
3HAvueHHA t, OyAeT sajaBaTh U oTpesok P,P,, m syqa P,P,,
HagYHHEaoINRica B TOUKe Pl K NPOX0ASINUI Jepes TOIKY Pz’
He copnagaiomyo ¢ P,. Koopaueara x oTpeska P, P, MeRa-
erca B AuanasoHe [x; x,], a y — B amanasome [y,; y,]. Cie-
BoBaTesqbHO, ¢ € [0; 1]. Jina peex Touex P(x, y), OpEHAfIe-
xamux aydy P P,, Bexrop P\ P coHAnpaBNeH ¢ BeKTOPOM

BP,. To ectp ana syaa i € [0; ).
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6.2.4. Cnocobhl onMcaHns OKPYXHOCTH

H3BecTRO, 4TO Touka M(x, ) IPHHALICKNT OKPY>KHOCTH ¢
LeHTPoM B Touke My (x,, ¥,) ¥ PafimycoM r TOLKA H TOXLKO
TOTRA, KOTAA paccTosHAe Mexay M, u M papno r. 3anucas
topMyny AR BRIYMCHEHHA KBafpaTA PACcCTOAHHA MemAy
ABYMSA TOYKAMH, MBL OPHAEM K CHeAVIOIIEeMY YVPABHEHHIO
OKPYXHOCTH:

(x-x)* + (@ -y’ ="~ (6.8)

Ha ppakTixe oKaspisaeTCs MOJESHLIM SHAHNE TAKMe U
DapaMeTpHYecKWX YpaBHeHHIN OXpyxHocTH. ObOparmmMca
CHAYANA X OKPYKEHOCTH ¢ LEHTPOM B Hadajle KOODAWHAT.
Ecxu ofo3HASATE KAk { yrod MeXRIY paguyc-BekTopoM OM
(sgece M(x, y} — DpPOM3BOJARHAA TOYKA OKPY)KHOCTH) H
ocklo Ox, OTCIATHBAECMBIA OPOTHE wacosoil cTpeikmE, TO
OYEeBHAHO, 4TO

x =rcost, y = raint.

3HAUAT, KNS ODPOUIBONBHON OKPYKHOCTH IapaMeTpHYe-
CKHe YpABHEHHA OyAyT BEINAAAETE TAK:

x = x5 + rcost, y = y, + rsint. (6.9)

Ypasaenusa, aHadorHyHue (6.9), ucmonssywrca AnsA
OIMMCAHUA TAKHMX KPHUBHIX, KAK IHKJOHIA, SIHIMKJIOHAA,
TUNONHMKIOKAA H MHOTHX APYIUX, IIEPOKO NpHMeHIeMEX B
KoMObIOTepHOH rpaduke AAA DOAYYEHHS PA3AHYHHX Y30~
poe (puc. 6.5). VIMeHHO ¢ NOMOMBK NapaMeTPHYECKHX

ypaBHEeHHURt AOCTATOYHO MPOCTO IANPOTPAMMMPOBATE PHCO-
BaHME NOAOOHHX KPHBHX HAa IpadudeckoM sKpaHe.

16,

Pauc. 6.5. MoK IoAIs M AMHIHKIOHAR
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Bornpochl U 3aaaHua

1. Hexoasa B3 reoMeTpRIeCcKoro cMbicas K03 dHIHeHTOR HOP-
MHEpPOBAHEOTrO ypapHeHHs npamo#i (6.6), prmBeguTe ypaBHe-
HEe IpAMoii, mapannesbHOH AABHON ¥ Haxoaamieiica or Hee
H& 38ZaHHOM PACCTOAHRM I,

2. Moxaxmre, TTo BRIpaXkeHne [x,co8 0 + y,8in 6 — r| ana npowma-
BONbHOR TOIKM ITocKOCTH (X, ¥,) 0D03HaYaeT paccTodHMe
OT 5TOM TOYKH Ao UpAMOoi xcosb + ysin® —r=0,

3. Hcnoapaya (6.7), cocTaspTe H PeINNTe CHCTEMY JHHEHHBIX
YPABHEHUH ANA BAXOMReRUA TOUKH Hepecedernns ABYX Upsa-
MHX. C IOMOMIBIO pelIeHHd oTO# e cHcTeMH chopMynn-
PY#iTe, Kax MOMKEO OOpPEACNUTE, NEPECEKAIOTCH A COOTBET-
CTBYIONIHE OTPe3KH (1yan).

4. Hadigmre B copaBoaHO# SATEpaTYPE TapaMeTPHIeCKHe YPaBHe-
HHA HUKAOUAE, STHIVEICHAR B THHOTREJIONAL. C NoMOIIEI0
JIOGOre H3BECTHOIV BAM SA3BIKA ITPOTPAMMUDPOBAHNS KA 9JICK-
rpoRHOH TabIHIE! HosyInTe HaobpakeHna AaHHBIX KPABLIX.
Hccnenyiire #X IpK pasnudIHbIX SEAYCHMAX MapaMeTPOR.

§ 6.3. 3anauu KOMNLIOTEPHOI rpaduKu
Ha B3aMMHO® PacNosIOXeHne ToueK u Guryp

6.3.1. Npamasn, nepnenankynapHas AanHoi
M NPOXOARLAN Yepes 3aAAHHYIO TOUKY

B xomnniorepHoid rpaduke 4acTO BOSHHKaeT EeobGxomu-
MOCThH BOCCTAHOBHTH KBRJpaT, CTOPOHE KOTOpOro He 0HA3a-
TeJRHO NAPAAAECNBHE OCAM KOODRWHAT, [0 OAHOH M3 ero
cropor. Jlna pemeHna 9roii 3afa<H HAKO YMETh CTPOATH

- OpAMYI0, HePHEHAVKYAAPHYIO AAHHOA M NPOXOAAIIYIC Te-
pes 3ajaHHyIo TOMKY. -

IIycrs 3apanHan ToYKa P, nckoMolt npauoﬁ HAMeeT ROOD-
AuHaTH (%4, ¥,). Ecan P(x, y) — IpOMsBONLHAH TOUKA EHa
TOH e NpAMON, TO KOODXMHATEL BekTopa FoP paBHE
(X=2x5 ¥ — Yo)- DTOT BeKTOp NePUEHAMKYNAPEH BEKTOPY
PPy, rge Py(x,, ¥;) 1 Py(x,, y,) — TOUKN Ha mcXoAHOH Opa-
moit. Torga cKaIApPEOe OPOU3BSACHEE OPTOrOHANEARIX BekK-
ropos (P F;, PyP) MoxxEO BHNDASETSH TaK:

(% ~ 2 Xx ~ %) + ¥y — Yy — ¥p) =0 mm
(g = 2,)x + (g — Yy + (xy ~ Xxg + (¥, — Y)y = 0. (6.10)



MaTemaTideckne oCEOBA BEMNECIATENH0N MeoMeTpRR 299

Ecnu xe Mexoanan npAMad 3afaHs KoahPHNEEHETAMA 4,
b K ¢ cBOEro ypaBHeHHA, TO JETKO 3aMeTHTh, ITO BEKTOD ee
HOPMAJIH ¢ KoopAREaTamMy (@, b) KoANHHeapeH BekTopy B, P.

Toraa, 3amMCKHEAA Kocoe MPOH3IBe/eHHEe HTHX BEeKTOPOR, NO-
AYIHM:

blx —x)) —aly — ¥y, = 0. (6.11)

6.3.2. PacnonoxeHne ToMKM OTHOCHUTENILHO NPAMO,
ny4a unu oTpeska

B mepsyio ouepeas, B 9ToH 3afade HaC HHTEpECYeT HpUHAZ-
JeHOCTh JaHHOH TouKE P(x, ) yRasamFHOMY reoMeTpHYe-
CKOMY 00BeKTY, YPaRHeHHe KOTOPOro HaM H3BecTHO (Mubo
MOXeT GHTHL Jerko DoayueHo). UToOH OTBETHTH HA STOT
BOIpoc AN OpaAMoit, JOCTATOYHO IOACTABUTE KOODAMHATH
sagaHHOM TOUKHM B ypaBHeHHe HpAMOH, HaupuMep BHAA
(6.4). PaBeHCTBO HYNIO 3HAYEHUA NOJYUEHHOrO BEIpAMKe-
HHA (AN BellleCTBeHHHX KOOPAHMHAT MK Ko3ddHnueHToB
YDABHEHHNA NPOBEPKY Ha PABEHCTEO HYMIO HeobXoqMMO oCy-
WIECTBAATL ¢ YUeTOM IOTPELIHOCTH) O3HAYAeT, YT TOUKA
npAHAZAeKNT AaHHOR npamoil. Ecau sHadeHHe BHIpaKe-
HEA MeHbIle HYJIH, TO TOUKA JACKHT B OAHON IIOJIYILIOCKO-
CTH OT npamMoit, ecan Goabnre HYAS — B Apyroi. Ecin HaM
sapann P (x,, y,) u Py(x,, y,) — ABe TOUKH Hameid Ops-
MOM, TO 3AIIAIIEM BEIpAJKEHHE AJIH KOCOTO IHPOH3BeAeHHS
BekTopoB Pi P, n P P. Ero 3sHak ompefeiseT OPHMeHTAIHIO

9TOH NAapsl BeKTOPOB, EHAYe COEBOPA, OPHHAIJIEACHOCTH
TouxH P opHolt M3 moaynaockocTeil (& paBeHCTBO HYJD —
OPHHAJIEKHOCTE OPAMOH),

OTIpefiesIeHUsT PACIIONONKEHU TOYKH ILUIOCKOCTH OTHOCH-
e | TeasHo srolt mpaMolt ypapHenue MpAMO# BHIMMCHIBATD He
HYXKHO.

' Ecau npaMad 3afaHA ABYMA cBOMMA TOYKAMH, TO MJIA

B cayvuae IpoBepKM HPHHAIJIEKHOCTH TOYKH JyIy IPH
paseHctse [PF,, P\P] nymo (3gecs P, — Hauano ayda,
a P, — mofas TOIKA, OPHHAXNEHKANANL TYTY) KOJNE3HO BH-
YHCIHETEP H CKAJNAPHOC NPOM3IBeAEHHEe 3THX XKe BEKTOPOB.

- EcAM OHO MeHbIIe HYyJHA, TO P1 JeXXHT Ha IpAMOM MeXAY Pz
B P, cnepopaTensHo, P sy9y He NpUHALMEe:KHT. “ITO6H
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B AHAJNOTHHHOA CHTyanuu yGex#TscA B NPHEALICHHOCTH
Touxu P orpesky P, P,, HeoGXOAHNMO BLHIYHCINTE eIne ¥ 3Ha-
9eHHe CKaNapHoro npoussenerna (B, P, P, P). Ecax oHo He-

OTPHIATEARHO, TO TOYKAa P MeXHT Ha OTPeskKe.

TTogofHEIe 3adau B KOMNLIOTepHOHR rpadHke npexo-
AUTCH PeIlaTh ANA TOYKM rpadMdecKoro SKpaHA W JIMHEK
{oTpesxoB), OMUCHIBAIOIMX IPABHIN TeX RJIH MHEX o0BeK-
TOB,

Bonpoc. Kax onpedeaume, Ha KaxoM paccmosrul Haxodumca
sadannas mouxka P om onpedenennoli npamoil, ayva uru
ompeska?

Omeem, GopMyna Ans PacCTOABHHA OT TOYKA A0 NpAMoil noxy-
. 4AOTCA K3 COMOCTABJCHUA ABYX CI0CO00B BLIYHCIEHHSA ILNO-
mazu rpeyronsauka: § = 1/2{P PP, P,| = 1/2|[PP,, PF,]
{pmc. 6.6). To ecTh paccTosaHme oT ToukE P A0 npamoi, za-
AARHO® KOOpAMEATAMM TO4YeK P, u P,, MOKHO DOACYHUTATE
KaK OTHONICHHe MOAYNR mocoro IpON3BeieHUA BeKTODOB
PP, m PP, k anune oTpesra P, P,

Pnuc. 6.6

Jing xay4ua uam OTPe3KAa YKASAHHHI crocold HaxoxAeHEA
DACCTOAHAH HYMKHO CJIeTKA HOAKOPPeKTHpoBaTh. Touke P,
(pmc. 6.6) npuuaanemur aydy PP, B TOM H TOJILKO TOM
cay4ae, KOTAA CKAIADHOe NPOHM3BeAcHHE (Ple, P1P) = 0.
Ina orpeska P P,, KOHeYHO, HYXHO elll¢ M BEINCIHeHHE
yenosua (P Py, P,P) > 0. Toraa npumenmma bopMya pac- -
CTOAHWA OT TOYKH A0 HpaAMoil. B npoTHBHOM tydae pac-

CTOAHHE OT TOYKRHM A0 Jyda (oTpe3ka) GyAeT paBHO paceTod-
HEIO OT TOUYKH A0 Hadana nyda (o 6aAnxaiIIero KOHua oT-

PezKa).
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6.3.3. BaaumHoe pacnonoxeHne NpaMuiX, 0TPe3Kos,
nyvei

Hanane 3aJayun 0YeHDb YACTO BCTPEYAIOTCH B KOMIBIOTEPROA
rpadpuke. B 9acTHOCTH, OPH HPOrpaMMHPOBAHEYA KOMIBIO-
repHEX Hrp. Hanpumep, ecan Tpefyercs IpoaHAIA3HAPO-
BATH, HACKONBKO YAAYHO UIPOK NMPOM3BE/I BEICTPEN H3 TOTO
HJIH HHOTO OPYWKRSL.

Jlerko BLIACHHUTE, NepeceKAlOTC JIM ABe OPAMbIe AN Oa-
pantentEs. HamoMHREM ele pas, 4TO YCIOBEe KoJimHeap-
HOCTH ZBYX BEKTODOB — JTO PABeHCTBO HYJNIO HX KOCOro
npouspefilenns. Ecin MpaMEe 3ataHL YPABHOHHAMY ¢, x +
+bhyte = 0na2x+b Y + ¢, = 0, To yaobHO mepeiTH K AX
HOpMAanAM n, = (a;, b,) ¥ n, = (a,, by). Toraa ycnosue Koiu-
Jmneapnoc-rn nopmaneﬁ (a saHauwT, M mApaJLIeSLHOCTH IpA-
Mux): [ry, 8,] = a;b, — a,b, = 0. Ecim npamMble 3ajaHK Na-
paM# TOYEK, TO TAKHAM e ciocofoM mpopepAeTes KOJIVHe-
APHOCTH HANPABAAIOMIEX BeKTOpoB. IIpoBepKa HANHYHSA
mepecedeHHEA OpAMOH B OTpPe3KA HPOUIBOAHUTCHA HYTEM AHA-
U348 B3ARMHOTO PACHOOJNOKEHMA KOHIOOB OTPE3KA OTHOCH-
TeJBHO NMpAMOM, Kak 370 GHAO HoKaszaHO B Im. 6.3.2.

ITycts npamasn ¢,x + b,y + ¢, = 0 1 oTpe3oK mepecexaloT-
ca B ofHOM Touke. Haiinem ee, mpeZsapHTeNLHO BLIIACAB
ypaBHeHme npamMoit a,x + by + ¢, = 0, Dpoxogsameit yepes
KOHIH OTPe3HA P1(x1s ¥y nzP yz) JIna aT0TO AOCTATOU-
HO PeOINTL CUCTEMY ABYX meém.rx YpABHEHHI, Kampgoe
H3 KOTOPHIX IpeAcTaBildeT cofolf ypasHeHH® COOTBETCTBYIO-
mell IpAMOH OTHOCHTENBHO X H Y

x = (bjcy — bye,)/(agb, — azd;);
Bonpoc. Kak nposepumb Haauvue nepecevenui dsyx ompesnoe?
Omaem. IIpoBepHTE HANHYNe NepecevyeHEs ABYX OTPe3KOE (A B
KOMOBIOTEepHOMH rpadKe Hac B OCHOBHOM MHTepecyeT JHIDb
caM (PaKT IepecedeHHA) HECHAOMKHO OIATE JKe ¢ HCIONB30BA-
HHeM K0CoT0 NpoHaBemeHud. Ilyers nepsrpli oTpesok 3afaH
- Touxamu P, u P,, a propoit — P, u P, Obosmaumm x, ., ¥
X, — MABKCHMAJBHYIO ¥ MUHEMAIBHYIO U3 NEePBHIX KOOP-
AHMHAT [ePBOTO OTPe3KA, X, .0 B X, , — TO Ke AJIA BTOPOro
orpeska. Iaa BTOpPOR KOOPAHHATHL AHAJOTHYHO HMeeM:
Yimas1® ¥min1? Ymazz B Yminz:

(6.12)
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YIoMAHYTEIE OTPE3KH HepeceKaloTeH TOrAa, KOrKa OfRO-

" BpeMeHHO BHIOOJIHAWTCH CHeAVIONlde TPH YCAOBHA:

1) mepeceKaloTCA OTPAHMYMBAIOINNE MX IPAMOYTOAbPHUKH,
T- € Xpax1 = ¥min2> ¥mazz 2 Fmintr Ymaxy 2 Yminz ¥
ymxz 2 ymiui;

2) xocule nmponspegerun (AP, A B] n [P P,, P,P,] nmeior
pasurre sHaxn, Tounee [P\ F;, PP - [AP,, PP} <0

3) [BA, BP,] [BF, BP] <0.

‘Hocaeanne ABa YCJIOBHA O3HAYAIOT, 9TO KOHIIW OXHOTO
OTPesKa JIeJKAT IO DASHEE CTOPOHH OT IpsSMoif, KoTopoii
NpHHAAMEXKHT Apyrod orpesok {cM. m. 6.3.2). A mnepsoe
YCI0BEe HCKIIOUMAET H3 COEHEAILHOTO DACCMOTPERHA CIY-
gaii PABEHCTEA HYNIO BCeX YeTHIPeX KOCHX OPOH3BefeHHI,
PR KOTOPOM OTPe3KHW JIEHAT HA& ONHOM OPAMOI W MOLyT
KaK IePeceKaTbesd, TAK A HeT, O

Ecan ke haxT ANMINA Hepecedenms HAMY YCTAHOBNCH,
TO AN OTPE3KOB, HAXOAAIIWXCH HA OEpPeCceKalnIExcd HpA-
MEIX, TOUKA MepecedeHds HIGETCA TAK e, KAK H B HpPeAH-
Eymeil sagage,. IIna orpeskos opmoii mpaMoll BX mepecege-
HEe (TOUKA MK OTPESOK) HINeTcHd NMyTeM HoAcdueTa 3HATe-
HEA HEeCKONBKMX CKANAPHEIX OpOM3BeJeHmH.

Ji7n4 IpoBepKE HANMIHA NepPeceTeHuA ABYX ayued P P, n
P,P, cneayeT M3Y4HTh B3AHMHOS PACIONONKEHHE COOTBETCT-
BYIOIKX NPAMHX. PaBeHCTBO HYNI0 KOCOTO IPOM3BEACHES
[P.P;, P,P,] osHAuAeT DPHHANIEXHOCTE Nydeil mapasiens-
BEIM mpAMEIM. Ecin 2TH npaAMble PasAHTHM, TO BeKTODH
PP u Ple HEKOJNJIMHEADHE H, 3HAYHT, KOCOe HpousBeje-
mue [P,P;, P,P;] otauuno ot Hynd. B aroM cayuae Tyun He
nepecexarorca. Koraa ayen snexar Ha ogHoll npamoit, ¢ mo-
MOINBK SHAKA cKaAApHOTo nponssefeHus (PP, P P,) MoX-
HO IDOHATE, B OAHY HAHW B PasHEE CTOPOHH OHH HAIIPaBJe-
HH. B mmeppoM caydae CKaJsApHOe OpOH3BeAcEHe OYAET no-
JOWHTEAPHMM, & BO BTODOM — OTPHOATEXBHHM. YTOOHL
OMPeAEINTE, KAKOH B3 ABYX COHAMpABNEHHRIX Ay4eil ABJIA-
eTCA KX NepecedeHmeM, MOMKHO MOACIATATL 3HAYCHHE CKa-
" napHoro mnpomseegenMa (PP, P\F;). Ecim ono Gombue
HYJLA, TO NepecedenueM ABAReTCA Ay1 PyP,, B IPOTABHOM
cayqae — ay4 P, P,. B cnygae DpoTHBONONONKHEOK Halpas-
JIeHHOCTH JydYed MX mepecevenue — nuGo orpesok P,P,,
H TOrja HaYANo Joboro U3 ABYX Jydeil JIeXKNT BHYTDHE APY-
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roro nywa: (PP, PF;) > 0, mbo oxHa Touka P, = Py

(P,P;, P,B;) = 0, mubo omo mycro: (PF;, B,F;) < 0.
Haxonmern, eciu npamete P, P, u PP, uepecerarorca B oz-

HO#t Touke M: ([P P;, P,F,;]+ 0), To HAHTHA 3Ty TOUKY MOXXHO

TAK e, KAK B . 6.3.2. BaTem cneAyer npoBepHTh, uTOo M
OPMHAMIEKAT KAXRIOMY H3 Jydei:
(Ple} P]_M) z0n (P3P4, P]_M) 2 0.

6.3.4. BaanMHoe pacnonoXxeHue oKPYXHOCTH U NPpAIMOR

HpamMaa MoMeT NepeceKkaTb OKPYKHOCTH B ABYX TOYKAX,
KacaTbcd ee MIH He HMeTE ¢ OKPYKHOCTRIO OOIINX TOYEK.
JTH cayuaE JjieTKO ompefenziorcd. JlocTaTouEO HalTH
paccToAHUe OT LEeHTPA OKPYMHOCTH A0 AaHHOW npamol
{mo dopmyse paccToaHMA OT TOYKH A0 NOpamoik, cM.
n. 6.3.2). Ecma 310 paccrognue (ofosraanM ero [) MeRbIIe
paAEyca OKPYKHOCTH r, NIpAMAas MepeceKaeT OKPYXHOCTD
B JABYX TOUKAX, €CAW PaBHO €My, TO HpIMAH Xacaercs
OKPY/KHOCTH, & €CJR OHO JoJbmIe paguyca, To ofmux To-
yeK HeT. B mocsieAHeM CJAyuae HAC MOMKeT HHTEPeCOBATh K
paccTogHEHe OT NpAMOR K0 OKpyxHOCTH. OHO paBHO I — 1\
Bonee crnoxHoil aBageTcA 3afada OONcKa ofmmAx TouUeK
OpAMON W OKPYHKHOCTH.

3agaga. ITycmo oxpyxcnocms uneem yenmp 8 mouke O(x,, yo) @
paduyc r. Tpefyemca Halimu ypasHerUe KACAMEALHHX K
Hell, npoxodawux vepes mouxy Pi(xy, V)

Pewenue. 3necy BO3MOXKHB TPH crydasd. Ecim |0P1| <r, 10 P,
JIeYKHUT BHYTPH OKPYIKHOCTH, ¥ KacaTeJbHLEIX, IPOXOAAINX
qepes Hee, He cymecTByeT. Ecin |OP1| =r, T0 P, nexur Ha
oKpyxHocTE. Toras y uckoMoil kacaTeAbHOM! HAM M3BeCTHE
Touka P, u HopMaas P O, 1 ee ypapHeHUe Jerko BHANCHIBA-
eTca (cM. m. 6.2.1). Hakonexn, B cnyuae OP, > r ToqeK kaca-
HHA ABe, n, 0003HAYHNE OAHY K3 HRX P,, MK IMeeM OpAMO-
yronpHEIA TpeyronbHuk OP,P, (puc. %.7).

M= 6yaeM mCKATh KOOPAMEATH @ = X, ~ X, B b=y, — y,
BeKTopa P P;. JINUHEL ¢CTOPOH OPAMOYTONBHOIO TPEYroIbEH-
ka OP,P, serro HaxoZATcA. BomueM CKAIIPHOe IPOHIBE-
Aenue BexTopos PP, m FO:: '

(ﬂ;' -1-’;5) = ]PrP 2I'IP1Oi'°°5 9= IPrP zlz-
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Puc. 6.7

I'eomerpuyvecknil cMHECH Kocoro OpousBemeHma [AF,,
P P,] — yABOeRH&s IJIOIIaZs TPeyroasruKa PP P, , Baaras
€O 3BAKOM <IIIIOC» ANd OFHOH ¥S TOYEK KACAHUS W ¢ MREY-
COM — I NPYToi:

[1_)1_5' F1-!_'.";] = 0P QHP]P 2‘-

SanucHBag 3TH )Ke HPOUSBEACHESA B KOODAAHATAX, IOLY-
YHM CHCTEMY JMHEHHHNX YPABHEEHA OTHOCHTeNBEO @& M b:

{ (xo - xll‘a + (yo = yl)'b= |P1P 2|2’

Taky1io cACTeMy PEOINTh Y)Ke HecaoxHo. Jlajee mo TouKe
P(xy, y,) & Haupasaawmmemy BexTopy PP, = (a, b) pumnu-
CHIBACTCH YDABHEHWE KacaTenbHOR. Bagava peimnena. Ecaum
xe HaM Tpebyercd eme HARTH ¥ KOODAMHATEI TOYKH Kaca-
HHA, TO 9T0 MOXKHO CAEAATH, ACHOAL3Y S KOOPAHHATE TOYKH
P, v HalieHEhe KoopAMHATE BekTopa B P,.

K pememmo sTolf e 3axa9m ecTH BOEXOA, IIPH KOTOPOM
He NPUXOAUTCH PEIIaATh Aaske CHCTeMY NHHeMHHIX ypaBHe-
BHHiA. OnycTHM U3 BepmMHE P, NpaMore yria esicory PP,
(cu. puc. 6.7). M3 nopobua Tpeyroavaukos P, P,Ou P.P.P,
HalifleM ATUHES 0TPeskos P, Py i PyPy: |P Pyl =P P, /lOP |;
|PP,| = |P,P,}OP,)/|OP,|. Temeps mocnegoparenbEc Haxo-
A¥MM KOOPAMHATH BekTopa P\P;, Toukm P,(x,, y,) #, Bako-
HEN, HUCUOMBIYA  H3BeCTHHE KOODAHHATHL  BEKTOpDa
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n=(y, - ¥, ¥; — %), NepUEHAUKYAApHOTO mpAMoR P P,,
KOODAMHATH ToukE P,: PP; = PPy |P1P3|/],P10|

%= % + BB, ¥y = ¥y + BB BBy = niPyP/ln);
Xy =x3 + (BB),, y,=y3 + (BF), O

IIyeTr Temepp NpAMAadA M OKPYKHOCTH IEPeCeKAIOTCH B
OByX Toukax (puc. 6.8). KoopauHATH 2THX TOYEK MOKHO
HaliTH DO cAeAyiolieMy anroputmy. Haiinem sexTop n Hop-
Many K NpAMO#. OrnoXUM B HAIIPABNEHWH 2TOTO BEKTOPA
BexTOp OA Aymuit [. Brrunenum paccroaume |AP)| = |AP,| =
=r? —12. Or TouxH A BSO/EL NPAMOI OT/I0MMUM B 06e CTOPO-
HH BeKTOPH JJIAHLL IAP1|- Wx KOHOH JaayT HAM ABE HCKO-
mule TOUKE P, B P,. Kasxapiii u3 marop a10To alroputrMa B
OT[EeNLHOCTH HAMM Y:Ke PaccMaTpHBAUICA paHee, 3aMeTHUM
TOJIBKO, YTO HA OePBOM INare HeoOXOAMMO ODABHIEHO BH-
OpaTe OfHO H3 ABYX BO3MOKHEIX HallpapieHM# HOPMAJIH K
npamoit. 1A sToro AOCTATOUHO IPOBEPHTH, UTO CKANADHOS
nponseeaenre (n, OM) > 0, rge M — ppomsBoibHAA TOYKA
OpAMOH.

Pnc. 6.8

6.3.5. BaaumHoe pacnonoXeHne ABYX OKPYXHOCTe

JiBe pasIHA9HEIe OKPYMHOCTH TAKKE MOTYT NEPECeKATHCH B
OBYX TOYKAX, KACATHCH OPYT APYra MM He UMeTh obIEX
ToueK. B mocnesHem caydae aubo OAHA H3 OKPYXKHOCTeH
pacmionaraeTca BHYTPH APYTro# (HasoBeM TAKHe OKPYXKHO-
CTH BJOXKEHHHIMH), NEO0 KaXAad M3 OKPY)KHOCTEH JIeXKUT

BHE APYTOH.
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IIpopepka HAMMYMA HepeceveHHS WM KACAHUA aHAJIO-
TEYHO NpeABIAVINek 3ajade OCYINECTBAAETCH NIYTeM CpaB-
HeHHHA DACCTOAHHA MeXIy NeHTPaMH oKpyxHocTed (0o6o-
spagaM ero !} m ux pagmycamz. Ecam I>r +r, unm
i< Irl - rzl, TO OKPYIKHOCTH OOMUX TodeK He HMeT. Bropoe
YCIOBHe KaK pas H 0603HAYACT BIOKEEHOCTH OSHOR OKDPYXK-
HOCTH B Apyryw. [Ipm 3aMeHe 3Haka JI060T0 B3 STHX ABYX
HEepPABSHCTB Ha PABEHCTBO Mbl IONYIAM CIYVSAH KacaHHA
OKPYVXHOCTell (BHeIIHero HAM EBHyTPeHHero). Ecmm e
fry—r| << ry + ry TO OKPYMHOCTH HMEIOT POBHO ABE TOY-
KN IepecedeHnd.

KoopaanarThl TOUKH KACAHMA OKPY:KHOCTeH HaliTu OveHE
npocro. Bexp meRTPH okpyxEocTell O,(x,, ¥,) B O4(x,, ¥,)
3aIAI0T OPAMYIO, HA KOTOPOH JeKHT H TOUKAa KACAHHG
P(xs, V¥y)- Bynem cusrarh, 4To TouKa O ABAAETCA LEHTPOM
OKPY:KROCTE OosbImerc paguyca. Torga sexrop O P coHanpas-
JeH ¢ BexropoM 0,0, . JInuHEL O6OMX BEKTOPOB TAKKe HIBECT-

HH. Hexomuie xoopAMMATHL paBEE (X, + (x, — x)r /L y, +
+ (y, = yr /). Ilposepbre, IT0 ecau 7 < Iy, TO B CAyUAE
WIOESHHOCTH OKPYKHOCTEA moaydeHHAA GopMyaa Hy:xKaa-
ercd B KOPPeKTHPOBKE.

Ilpm noHcke KOOPAMHAT [ABYX TOYEK IlepeceveHHA
OKPYHHOCTel BOCHONE3yeMCH MeXaHH3MOM, Y3e OIHCAH-
HHM B O. 6.8.4. PaccMorpmM Tpeyromamx O,0,P
(puc. 6.9). B neM HaM M3BeCTHBHI AAMHEI BCeX TPeX CTOPOH
(ry > ry u I). IIposeneM B TpeyroabRHKe BrcOTY PP,. B no-
AYYHBIIEMCA OPAMOYTOABROM Tpeyroabiuke O P P Heusse-
CTHBI AIKHEL KaTeTop. Haligem O,P,, 3anucae TeopeMy Ko-
CHHYCOB Ana Tpeyroassuxa 0,0,P:

8 =r} +1* —2Arcosg=r} +1* - 21|0,P,).

Orciona |0\ Py = +1* -rf) /2L Tlo Teopeme Iludaropa

|Py P = Jrf -|0,Py|%. Teneps mocaeacBATENBHO HAXOXHM:

sexrop O, B, = |O,P /L '

TouKy P, mo mamecTHOM Touke O, U BekTOPY O F);

BEKTOD 1t = (Y, ~ ¥, X; — X,), NePULHANKYAAPREH O,0,;

Bexrop By P = |[PoP| n/n;

) %onen, TOUKY P IO M3BeCTHOHA TOuUKe P; M BEeKTOpY
N
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P
rl rs
0, Py 0
! s
Puc. 6.9

3aMeHHNE B NOCAe/iHEM ZefiCTEBAM BEKTOD N HA IPOTHBOTIIO-
JOMHBIN, TOXYYNM U BTOPYIO TOUKY IIepecedeHNT CKPYIKHO-
crelf.

Bonpoch n 3aganun

1.

2.

HayqauTecr onpefelaTh BSAMMHAOCE DACHOJIOMLeHH® ABYX TO-
geK OTHOCHTENBHO OFHOH HpAMOLH.

IlycTe M3BECTHO, 9TO ABA OTPe3Ka, 30A4HELE CBOMMH KOHOA-
ME, Te;XaT Ha ogHo# npaMoi. JTo 3sHaueHHAM KaKHX cKanap-
HBIX OTPONSBeJeHNd MOXHO ONpeSeinTh, OepeceKaloTea OHA
HAA HeT?

Peumure cacTeMy nHHelHLIX YpaBHeHHI (6.13) Ana naxoxge-
HYA BAOPABASIOMEro BEKTODA KACATENBHOA K OKPYXKHOCTH.
IIyets BexTOPH Fo Py (x, y,) 1 By P; (%5, y,) IPAIIOHKEHH K TOY-
Ke Py(x,, y,). Haligure ypasHeRue 6uccekTpuck yria P PP,
Ha niaHe MecTrHOCTH GoN0TO 0003HATEHO OKPYRHOCTEIO, KO-
OPAHIHATHI LIeHTPa KOTOPOX M pagmyc mM3BecTHH. CocTaBbTe
AMTOPHTM HAXOXKACHEA AMWHKM KpATYAllIero OyTH MeXAY
ABYMSA TOUKAMHE ILTOCKOCTH, ecNHU BOXOTO HenpoXxomuMo (obe
TOYKH HAXOAATCHK BHe GooTa).

§ 6.4. MHOroyronbHuKm

IIpaxTaveckm xawo6oll o06beKkT Ha rpaduuecKoM SKpame
KOMOBIOTEPA NPEACTABASETCA.¢ NOMOIIBI0 BEOIYKAOIO MU
HeBHOYKAOTG MHOTOYTOABHEMEKA. IIpy amanmse nogoGHEIX
O0BEKTOR M IPOTPAMMEDPOBAHHAN KX B3aMMOJACHCTBMA BO3-
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HHKAeT MHOKeCTBO pPAaSAMYHEIX 38784 BHYNCIHTEALHOH
reoMerpun. PaccmorpuM Hanbosee BayKHEE M3 HHX.

6.4.1. NpoBepka BLINYKIOCTA MHOTOYrofibHUKa

OxeBuiao, 4ro GOASUIMHCTBO 23a88% BRIYHCAATENHHOH Teo-
MeTPHH, CBASAHHRIX ¢ MHOrOYTOJBHHKAMH, HMeT Gonee
NPOCTOe pelIeHMe B CAYYA¢ UX BuOykiaocTH. Ilosromy cha-
Yana HayIAMcd IPOBEPATH AMA MHOIOVIORLHAKA HMEHHO
»T0 cBofficTBO.

Brinyxi0cTh MHOTOYTONEHEKA ¢ BepIIAHAMEA P, Py ey
P_, nepedncieEHHME B NOpAAKe ero obxofa, Jerko mpose-
PHTH, eCJH BHYUCAATE SHAKA KOCHKIX IIpoM3BefeHm
[PiP 1, P y1 P2} i=1, ., n(3RecH P, ectb P, a P, o —

B P,, 7. e. upm mporpaMMmEpoBaHHE YAoOHO NOGABHTEL HOCie
TOYKH P, xBe AMIMHEAC TOUKH, COBHAjAOINeE € TOTKAME P,
u P, COOTBeTCTBEHHO). ¥ BHIIYKJIOTO MHOTOYTONBHMKA 3na-
EH yxaaannux npousBefeRnil AAGO BCe HONOAOXKMTEALHE,
au00 Bce HOOTPHNATEARHH (T. €. SHAKHM HEHYJIEBHIX ITPOM3-
BeAeHHY cosnagaior). Ecam ME 3HaeM HampasmeHue obxoga,
TO 3HAK KOCHX NpoHusBeZeHHul AnA BHOVKIOIO MHOFOYI'OXL-
HUKA ONpefereH: Npu 06XoZe MO “ACOBOH cTpelke Boe KO-
CHI® IPOM3BeNeHMA HONONOKMTENHHE, a IPOTHB 4ACOROH
CTPENKH — HeOTPHIATEAbHEL.

6.4.2. Mposepka NPUHAZNIXHOCTH TONKW BHYTPOHHEH
- obnacTn MHOroyronsHuKa

3agaua. [Tycme M — nexomopaa moyka nrocrkocmu. Tpebyem-
€8 onpedenumo ee MeCmMORAX0NTeHUe OMHOCUMERBHO IAMK-
RYmMol RoMaroll, R6AAWUCRCA ZPARUYEl BUNYKR020 MHO20-
yeoxvruKa,

Pewenue, IlycTeh 3nAaHHEE CBOMMY KOOPAMHATAMM BePIIHHL
MHOTOYroNbHEEA P, P,, ..., P, IIePEUACHCHE B IOPANKE €ro
ofxofa npoTHE qaconoﬁ c'rpem Torma, ecnm Touka M ne-
JKAT BEYTDH MHOIOYTOJBHHKA, TO ODHEHTHPOBAHHLIA YTOJI
MeXAy BexropaMmu P, M u PP, ., nna moboro i oTpunaTenes.
IlosroMy HAM JOCTATOYHO NOZCYHTATL 3HAUEHHUA KOCHIX
npoussegenuit [P,M, P,P,,,],i=1, 2, .., n; sfech, kak u
‘B U. 6.4.1, Touxa P, coBnagaer ¢ ToaKo# P,. Ecaux Bce mo-
NYdeHHEE OPH JTOM 3HAYEHES o‘rppm;a-remu, TO TOMKA
M — BuyrpeHHan. Ecin #e OAHO K3 HUX PABHO HYJNIO, & BCe
OCTAIBHEIE OTPHUATENBHE, TO M OpMHAZNEKNT rpaHume
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MHOMOYIOAbEAKA (Y0emuTech, WTO IPOCTO PABCHCTBA HYIIO
OJHOrO H3 3HAYeHHH HeJocTATOTHO). B mpoTHBHOM e cay-
Yae TOUKA M JeHUT BHe HAINEIO MHOTOYTOJILHHKA, a

PaccMoTpAM Tenepp RPOU3B0ALHHII MHOTOYTOJLHHAK.
IpoBegeM ropusoHTanbELE JAy4Y B3 Touxkm M, HanpuMep,
BaeBo. Tax xakx JoMaHAd OrpAHKYEHA, TO BCETAA JETKO yKA-
3aTh HA 9TOM JIyde TOUKY P(x, y), S2BEIOMO JeMAMYK BHe
MHoroyroabHmKa, ofpasosagHoro foMaHoi. [lazee mopecan-
TAEM KOJHYeCTBO IepecedeHMit orpesxa PM ¢ rpanmuneit
MHOPOYTFONBHHKA, PACCMOTPER €r0 IepecedeHMe ¢ KAXKAHM
B3 8BeHBeB JoMaHoE. EcAM KOJAMTeCTRO TAKHEX nepecegennit
PABHO EYAI MJH YeTHO, TO Todka A JemMUT BHe MHOIO-
YroJNILHMKA, B OIPOTHBHOM CIY4ae — BHYTPH HeEro.

Ha camMoM Zelle 9TOT alTODHTM HYXFAETCA B YTOUHEHUH.
IIpn noacueTe KOJNE4YecTBA mepecedenmil orpeska PM co
ABCHBAME JIOMAHOH AN KaX(IOTe ®3 IlepecedeHHI BamHO
VACCTOBEPHTHCS, YTC OTPe30K AeiiCTBHTENLHO Hmepecex JIo-
MAHYI), 8 He IpOCTO KacaeTcd Hee. IIpH 3TOM ROBMOXKHEH
caexyiolOve ocobmle CAydam:

a) OHO N3 SBEHBEB JIOMAHOH Ie/JHKOM CORePXHTCA BHYTPHA
oTpesxa PM;

6) sBeno AoMAaHON KacaeTca oTpeska PM;

B) Touka M JeXAT Ha OSHOM M3 3BEHEEE JoMAaHOk.

B nocneaneMm cayuae M ppEHAANEXUT IpaHHUe MHOTO-
YroABHHKA H B NojcdeTe o0mere Jacia DepecedeHHil HeolXo-
AAMOCTH HeT. I ABYX MepPBHX CAy4NeB IIOCTYIUM CAeAYI0-
oM ofpasoM. B cayduae a) mepecedenns 6yAeM HTHOPHEpPO-
BaTh. A B cay4ae ) AONOIHATENLHO NPOBEPHM, ¢HHAHUM»
HIH <BePXHHMs KOHIIOM 3BeHO JOMAHOH KACAeTCH OTPEe3KA
PM. Ecm Tour0il KacaEHA ABMACTCH <HIKHEN» KOHell 3Be-
Ha, TO nepecedeHne UTHOPEPYETCA, & eC/IH . ¢«BepXHuUils, TO 3a-
cuATHBaeTCH. C YIeTOM 3TOrC COTJIAlIeHAA KACAHHEE OTPE3Ka
PM rpaHHIE MHOTOYVIOJBHEKA B ONHUX TOYKAX HTHOPHPYET-
¢g {(KaK B TpefyeTcs ¢ TOYKH SPeHHA AJNrCPHETMA), & B APYTHX
TOUKAX CUHMTASTCA SBAXKAHI, UTO, ONHAKO, He A3MEHJET deT-
HOCTH YHCJA IEPeceveRni{, A TONLKO OHA BXKHA NPH IIOHCKE
OTBeTA Ha BONIpoc ZAHHOHN 3azaun. Eciu jxe oTpesok geiicT-
BHTEJIBHO IepeceKaeT JOMAaHYIO B €€ BEPOIAHE, TCO IO HAIIE-
MY COTJIAIIEHMIO GHCIC MepecedeHMi KAK DA YBEeIHIATCA HA
equHALY (MepecedeHre ¢ BepxHAM peGpom zacamrano He §y-
JeT, & ¢ HIKEAM — Oyzer). Hanmpumep, Ha pre. 6.10 koam-
qecTBO HepeceTeHNME ANA BepXHelt M3 HcCIeAyeMBIX TOUEK
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GyzeT paBHO YeTHIpeM (KacaHue 3acIHTAHO JBAaXIBI), a MNIA
HHOKHell TOUKK — TpeM (KacanHe He YUTeHO, a HepecedeHHe
B BepIIMHe JIOMAHON YUTEHO OfHH pas).

Pne. 6.10

6.4.3. BorvucneHute naowiagm npocToro
MHOIOYTONbLHUKA

ITox mpoeTEIM MEI HOERMMAEM TAKOM MHOTOYT'OJISEHK, PPAHH-
Ia KOTOPOre HE MMeeT CaMOKacaHuil M caMomepecevueHHI.
IIycrs Bepmgaw P,, P,, .., P, NPOCTOr0 MHOTOYTONBHHKA
HepeTrCIeHE B mopsapke o6xoga ero rpapunkl. Ilnomiags
HPOH3BONLHOTO IIPOCTOTO MHOMOYTOIRHHAKA C BepHIMEAMHA
P, P, .., P, NepedncieRHEMY B HOPAARKe ero 06xona npo-
THE YACOROM CTPeNKH, DaBHA OPHEHTHMPOBAHHOM ONomlagn
MHOTOYTOABHEKA (0pefiesIeHHOI Baillie AN TPEYTOIEHAKA).
B anamuTHYecKOl TeoMeTPHE AOKA3HBASTCH, YTO IOCHeH-
HAA NpeACTABIAeT co00R CYMMY OpHEHTHPOBARHEIX ILIOUIA-
Ael TPeYTONLHUKOB, 06pasosaHaLIX BeKkTOpAMy OP, u OP,,,
i=1,2, .., n,rae rouxa P, cosnajaer ¢ rouxoli P, a 0 —
npoM3BoNLHAS TouKa (pmc. 6.11).

Hna BerancieHus o0wIHON DACMAAN MEOTOYIONBHEKA
HYXHO B3ATL MOAYAL ODHEHTHMPOBAHHOM ILNOLIAZM:

3 0P, ’OP‘*‘4 . (6.14)

s=1
21:1

rae nonarserca P,,, = P,. B kauecrpe Touky O B HeKoTO-
peix 3agagax UOniBaeT pasymH0 BHIGpATL OfHY H2 BepLIMH



MaTeMaTHYeCEHS OCEOBLI BAIACIHTSILEON reoMeTpun - 311

P, Py
PS
Pl
Pﬁ
¥
Pac. 6.11

MHOroyroiabHuKa, Ecnu ixe B KavecTBe TOUKH O B3ATE HAYA-
no Koopamuar, To dopmyna (6.14) sammmerca B Apyrom

. BHNe, TaKmxe ynoSHOM Ais8 HPOTPAMMMDOBAHMWA:

8 = 1/20(xy, — %341) + (X435~ Xgyp) + oo + (x4, — 2 ¥ =
= 1/2|x1(y2 = yn) + xz(ys = 9‘1) + .+ xn(yl - yu.q)ls (6.15)
rae (x;, ¥) — xoOpEMHATH TOUKE P,

Bonpocw M 3agaHusa

1.

BunumpTe Bce HOPMYIN, ReoDXOAMEIe A pealNB3anyy pe-
meHyA 3aaa4H U3 0. 6.4.2 IpoBepku NPRHAAIEKHOCTH TOUKK
BHYTpeHHe} o6iacTE HPONSBOJILHOI0 MEOTOYTONLHUKR,

. Orpesox, cOeARHAIOMINN NBe He COCeAHNEe BepIIWMHEl MHOrO-

VrOJLHEKA, HABHIBAETCH ero pmaroHansnio, CocTaBbTe aAro-
PUTM OPOBeDKE NPUHARIESKHOCTH AHATOHANH BHYTDeHHEH
06712CTH COOTBETCTRYIOMETO HEBEIMYKIOT0 MHOTOYTONLHAKA,
Bumyxnoit 060/109K0# HeKOTOPOro 3aZaHHOTO MEOMKECTBa
TO%eK HASHBAETCA BHIYKJILIK MHOTOYTOJIBHHK, BCEe BEeDIIN-
HBI KOTOPOre ABAAIOTCA TOYKAMH HCXOMTHOTO MEOKeCTBa. Co-
CTABLTE AATOPHUTM MOCTPOCHAA BRINYKAOH 000oMOUKE 3aiaH-
HOTO KOHETHOTO MHOKECTBA TOUEK.

4, CocTaBppTe ANTOPATM HAXOMAEHA PRCCTOSHAHA OT TOUKH 0

OPOCTOro MHOTOYTOJLEHKA HA TIJIOCKOCTH, ECIH MHEOIOYTOMNE-
HUK 3afaH ODYTeM llepedHCcIeHNI KOODAWHAT €T0 BepPIOWH B
nopagre HX odXoAa NPOTHE YACOBOH CTPENKH.
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§ 6.5. l’eomeTrpuveckne 06bEKTbI B NPOCTPaHCTBE

HecMoTps Ha TO 4TO 9KPAH KOMNOBIOTEPA ABAAECTCA YACTHLIO
OAOCKOCTH, M, COOTBETCTBEHHO, KOMIILIOTEDHAA Trpadura
ONepHpYyeT ABYMepPHHIMEM mnszofpajxkenuaMu, BamGoasmmii
apdeKT B KOMILIOTEDHEIX HTPAX, PeKJIAMHHIX PONHKAX 4
PASNIMYHHX IPEe3CHTANHAAX AOCTHTAGTCA NPH CO3TAHMM Ha
aucnnee »fdexTa TpexmMepHOCTH. JOCTHIAETCH 3TO DASIHY-
HEIMH coocofaMi, B T4CTHOCTH OyTeM NPOeKTEPOBAHHUA
TpexXMepHEIX 00'BeKTOB Ha IIJOCKOCTD ¢ YUYeTOM HX B3aHMHO-
ro pacmoloKeRds B IPOCTPAHCTBe H OcBedleHHocTH. Ho
HpeKAe 9eM PacCMATPHBATH LOROOHEIe 3AKAYM, HAYIRMCHA
AHATHTHYECKH ONHCHWBATH OBEKTH TPEXMEpPHOTO MHpA.

6.5.1. OcHoBHbIe pOpMYNb

B AexaproBoil cAcTeMe KOOPAHEHAT TOYKA B TPEXMEDHOM
NPOCTPAHCTBE NPeACTABAAETCH YIOPAZOUeHHOH Tpofikol Be-
ImecTBeHHEIX qucel (X, ¥, 2). COOTBeTCTBEHHO K IIPOH3BOJIL-
HEIf BEXTOD & B TPeXMEepHOM DPOCTPAHCTBE MOMKHO OXADAK-

TePUIOBATH TPeMA KOODAUHATAMY (4., a,, a.). Aauna raxo-
ro Bexropa paBHa JaZ +a2 +al.

ByaeM CUHTATE CHCTEMY KOODAMHAT B IPOCTPAHCTEE NpA-
Boil, ecnd cHCTEME KoopamHAT X0y, yOz v z0x asnsawTes
IpaBEIMH (COOTBETCTBYIOINEE ONpeAe/eHHEe [ CHCTEMbE Ko-
OpAMHAT HA IIOCKOCTH cM. B § 6.1).

Onmpenenenne 6. mepnum npousaedeHueM ABYX BEKTOPOB
a=(a, a, a)ub=(, b, b,) masuiBaeTcs amcno (a, b), xo-
TOpOe B rcoopma-rax ancnae'rca oo dopmyne

(a,b)=a b + a, by +a, b, (6.16)

XoTa ME BBe/IM NOHATHE CKAJSAPHOrC IPON3BEASHNA AMNA
NPaBoi AeXAPTOBOM CHCTEMEl KOODAMHAT, OHO CHpaBeNIKBO
InA 6o AeKapTOBOH CHCTEME KOODAHHAT.

Onpenenenne 7. Hemymesoil BeKTOp, NepPNeBAHKYJIAPHEIN 38-
AAHHON IIOCKOCTH, HABHBAETCH HOPMAXLIO K Heil.

Onpeaeneune 8. Bexmopruim npoussedenuenm mobBIX ABYX BeK-
TOpPOB A H b HaskIBaeTCA BeKTOP € = [a, b], AeKAPTOBKI KOOP-
AMHATHEL KOTODOro ONpeAeNdioTea dopmynoit

[a,b]=(ay°b a-b,a b —-a:b,a, b ay'bx). 6.17)

z x "2
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B

BekTOpHOe DpoHsBexeHHe (BEKTOpP €) XapaKTepmayerca
cAeNYIOIDHM o0pasoM:

1) BeKTOD ¢ OPTOroRAJeH KaXA0MY H3 BEKTODOB a 1 b;

2) BEXTOD ¢ HaOpPABJeH TAK, YTO Tpoifka BEKTOPOB a, b, ¢
ABAAETCHA IPABOR;

3) ANHES BeKTOPA ¢ PABHA& IPOH3IReeHII0 JJIHE BEKTOPOB
a 1 b Ea cHHyC yria MeXJAy HHMHU, T. e.
o = lfa, bll = [alb sing.

CepoiictBa 1)-3) onpesensioT BeKTOp ¢ B MPOCTPAHCTBE
B mofolt gekapToBoi cHcTeMe KOODAMHAT IIPaB0il opHeRTa-
AN OFHOIHAYHO. '

IIpuBegem AXa OpuUMepa AOKABATEABCTBC IICPBOrC CBOH-
crBa. UToOEI JOKA3ATH, UTO BeKTOP ¢ = [a, b] nepneHAUKY-
nApeH MAOCKOCTH, ollpexessaeMoil BexTopaMu a u b, nocra-
TOYHO MOKA34Th, 9YTO CKANADHLIe Mpor3seAeHud (a, [a, b)) x
(b, [a, b]) paBEm Hy)n0. JIJI2 MePBOro M3 HUX MBI HMeeM:

(a, [a, b)) = ax(ay- b, — a, by) +afa;b, ~a b))+
+ afa,; b, - a, by = 0.

Bropoe papeHCTBO NPOBEpPSAETCA AHAJIOTHIHO.

Ba3auMEOe pacnoio:KeHHe BeKTOPOB & H b H BexTOpHOTO
NpoM3Be/icHNA MOKasaHo Ha puc. 6.12.

[a,b] b B

[b,al}

Puc. 6.12

Tpeyroasupk OAB OpPHEHTHPOBAH NOJNOKHTEILHO, eCH
HA HerO CMOTpeTh B OPOCTPAHCTEE M3 KOHIZ BeKTopa [a, b].
BexrTop HopMaiH, AmMelomuit TaKyI0 e AIHEY, HO IPOTHBO-
OoJIOKHOE HAnpasiieHMe, onpeAendercs Kak [b, al.

B aHaTHTHIeCKON reoMeTDHH 4aCTO MCHONLIVIOTCH TaK-
se CASXYIOINHE CROHCTRA BEKTOPHOrO IDOH3BefeHUI:

1) [a, b] = —[b, a];
2) [a, + a,, b] = [a,, b] + [a,, b];
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8) [(ra), b] = A[a, b];

4} [8., a] = 0 '

H3 apyx nocriegHHX cBoOHCTB clegyeT, 9TO BEKTOpHOe
TponsBefeHNHe ABYX JIOOHX KOIUIHHEADHEEX BeKTOPOB DABHO

EYJeBOMY BEKTODY.
BaMmeTHM, TTO €C/E BEKTODH a4 H b JeXar B ILIOCKOCTH

xOy, TO AMEHA BEKTOPDA HX BOeKTODHOTO NIPOH3BEAEHHA DaB-
Ha MOAYAI) HX KOCOTO NpOH3BefeHHA:

lfa, bY = |a,b, — a,b,}.
HMeHHEO U02TOMY paHee Ml HCHONB30BANM AJNA KOCOTO

nponsseeHns 06os3HAYeHEe, GPHHATOe JAS BeKTOPHOLO
HPOUSBEACHAS.

6.5.2. OnpeneneHne NEpEeceueHns NPAMONR NUHUK

W TPOYIOALHUKA B NPOCTPAHCTRE

Ilycers gaM TpebyeTcs OHpeAeNTE, HPOXOAAT I NPAMAT
JUHHA B OPOCTPAHCTBE CKBO3L TPEYTONLHAK. PelneHde Ta-
HoH 3aAs9y HMeeT BAXKHOe 3HAYEHHAE B TPEXMEPEOH KOMML-
10TepHOX rpadEKe, B YACTHOCTE HPH ACCICKOBAHME IIpolie-
MBIl 2ATOPAKEBAHHAA OOBLERTAMH IPYT Epyra. PaccMoTpaM
OFMHE W3 HOAXOAOB K €€ DelleHuIo.

Onpepenemne 9. Iipoexyueil HasHBaeTCH OTpAKeHAe IIPOCTPAH-

cTBa (osee BRICOKOIO MOPAAKA HA IDOCTPAHCTBO (ollee HE3-
Koro nopaxka (s RamieM carydae — Tpexmepnoro HAa gByMep-
Hoe).

Meroa DpoeKI¥E JACTO ACHONL3IYETCH AAH 3aMeHE HC-
XOZHOR 3amav¥ Ha 3aKady +MeHbINeH DasMepHOCTE*, T. e,
pemaerca safavya B UpocTpaEcThe Gosee HMZKOTO MOPSAKA,
IAe HaM y>Ke HSBeCTEH cIocolnt ee perreHus.

ITycte Ham Tpefyercs ONpeAesAnTs, BPOXOAUT X JAHEAR
GecroHeyHAR TpAMAs JUHEA Uepes 3ajaHHLIE TDEYPONBEHK
P P,P,. Brauane snramcuns KOODAMHATHL TOUKU Q, B KoTO-
poﬁ 6ec1conetmaa nNpAMAA THHHUA NEPeceKaeT MIOCKOCTD, B
KOTOPOH JICMKAT TPeYyroNbHHUK. 3aTeM BRIOOMHHNM OPTOro-
HaJbHOE NPoeNAEPOBANAE TPEYTONBREKA PP, P, B TOUKHK @
Ha maockocTs xQy. I8 3TOr0 AOCTATOYHO NPHPABHATH

© 2-KOOPAMHATHI TodeK P, P,, P, n @ Aynn. [Ipu sToM MH

noaydaeM TpeyrodrbEUK P[P P; n Touky Q'. Bafava, sKpuBa-
JleHTHAY MCXOAHON, — B ABYMePHOM NpOCTpAHCTBEE Ofpefe-
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JIATH, OPAHAANEHKAT IH TodKa Q" Tpeyroasunky PP P, —
yxe Goina pemena mamu B 6.4.2.

IIpy npoenMpoBaHMK MHOTJA, B Pe3yibTaTe INOTEPH HH-
dopmanuH, BOZHUKAET HEOZHOSHAUEAA CHTYAILMA, KOTAa MEL
He CMOKEeM OTBETHTH HAa HOCTABNEHHEIL Bonpoc. IIporcxoanT
370 TOTAA, KOTHA TPeYToABHHEK OpOELUPYETCH B OTPE3OK HA
mnockocTd. Taxmm o6pasoM, 9TOGH HUCMONL3OBATL OHHMCAH-
HEHIi BEIIIe ANTOPHTM peIleHUA 3ajaqdi, nepei IpoellMpoBa-
HHeM HeolOXOAHMC BHIOOAHEATE IPOBEPKY HA BLIPOMKIEHHE.
Ecxp BeKTOP HOPMATE TPEYTOALHHUKA [IePHEHARKYILAPCH OCH
Z (a 9TO H eCTh YCJIOBHe BHIPOJKAEHHHA), TO NPOSHAPOBAHHE
GyzeM BHIIOOJHATH BA IUIOCKOCTh y0z. Ecal u oHa oxaskerca
BHIpOKAeHEOH#, TO OyaeM HcnoNb30BATH OPOEKIHI0 HA ILIOC- -
xocTe 20x. IloCKONLKY BEKTOp HODMATH He MokeT GLITH
HepneHARKYAIpeH OAHOBPEMEHHO BCeM TPEeM OCAM, 1o Kpaii-
Hell Mepe OfHA H3 IpOSKIHE OKAM(ETCH HEBRIPDOMKACHHOMN.

6.5.3. Bpameuue TOUKW BOKPYT 3afantion NPAMON
B NPOCTpaHCTBe

BaM BaBepHAKA DPEXOAWIOCH HAGAIOZATEL 34 OAHHM H3
BHeYATIAOMNX 3HpPeKTOB TPeXMepPHOK KoMIbioTepROMH rpa-
{uKM — BpamesneM BHIOYKJIHX MK HEeBHIOYKJILIX MHOTO-
FPaEHNKOB B mpocTpaHcTBe. HacKoJBKO CIOMKHO pPeajHso-
BATE HON0BHOe BpameHne? Ecanm ME HaydHMMCHA BPAIIATE
TpeGyeMuM olpazoM OZHY TOYKY, TQ, OPrAHH30BAB COOTEET-
CTRYIOIlce ABH/KeHHEe BCeX BepIIMH MHOTOTPAHHMKA, He-
cnoHOo GyAeT AOOHTHCA HYIKHOTO PesyAbTATA B AJIS MIOrO-
TpaHHHKS B HEJOM.

IIycry TpefyeTca HOBePHYTh TOYKY ¢ KOODANHATAMH
Ay(xys Yp» 2,) OTHOCHTENBHO OCH, SafAHHOH CAMHMIHBIM
BeKkTOpoM DX, ¥, 2,), TPOXOAAIOMNM IePe3 HAYALO KOOPAH-
HaT, Ha yroi ¢. OGosnauuM wepes 4,(x,, I, 2;) OPTOroHAND-
HYK® IOPOeKOMIO TOUKHE A, Ha ock BpameHus (puc. 6.13).
Toura Ay ¥ BeKTOP I OHPERSNAIOT MIOCKOCTD P, mepoensu-
KYAAPHYI0 ocH BpameHns. TakuM ofpasoM, 3afada CBOAKT-
CH K HAXOM(AeHHIO KOODAWHAT TOUKE A,, MPUHaANexamel
P, Takxoit uro LAAA = 9. '

JIna pemienus ol 3agavyu (ymeT HOCTpOeHA HOBAA CHC-
TeMa KOODAMEAT, B KOTOPoil KOODAWHATHE TOIKH A, olipese-
AAIOTCH OCTATOTHO HPOCTO, A 3aTeM HalXeHHbIe KOODAHHA-
TH 6YAYT nepenedleHbl B ECXOZHYIO CHCTeMY KOOPAHHAT.
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Pnc. 6.13

Haftger OPTOTOHANBHYIO MIPOGKIMIO A,(X,, ¥;s 2)) TOUKE
A, Ha och BpameHHs. BekTop A, A, OPTOrcHANEH BEKTOPY

1, HOSTONY HUX CKARSPHOe OpoM3BeAcHue paBHO 0:
2o =)+ y Y~y t2,(2,2,)=0. {6.18)
BuecTe ¢ TeM BeKTOD 07; (x4 ¥ ;) KOATHHEADEH Bek-
TOPY N, HODTOMY
x,=hx; y=hy,; z,=hz, - (6.19)

Bnecs |h| = [0A,). Hoacrapasa (6.19)  (6.18) n yuurnBas
TO, YTO BEKTOD N KMeeT eIHHWYHYIO LIKHY, HaliaeM sHAZe-
HHe h:

B= (x5 + Yy + 2,20/ + Y3 +23) =

=X, X + Y, Yy T 2, %)

Temepr u3 (6.19) MEI 3HaeM KOODAMHATH A,, clefoBa-
TENbHO, H CAM BeKTOP A, A, ¥ MO)KeM BEITACIKTDH ero AaH-
Hy r. Pasfe/UB 2TOT BeKTOP Ba eI0 AJIMHY, HOAYIHM BeKTOD
a(x,, ¥,, z,) eARHNYBOR ANHMHEL

ﬁne,qem HOBYI0 AeKAPTOBY HPaBYK CHACTEMY KOOPAXHAT C
HeRTpOM B Touke O Tak: -

1. Hanpasmm ock 2’ BAOAS ocH, 3agaBaeMoil BexTopoM n (6a-

SACHEI BeKTOP, KOoTOPHE MH olfosHEauHM K', OpH 2TOM
COBIAACT C BEKTOPOM N).

2. HanmpasmM ock X' B HAaNPaBAe¢HAH BekTOpAa A,A, (0bo-

SHATHM COOTBeTCTEYIOMINY SasHcHLIL BeKTOD i', B HADIeM
caydae OH COBIAJAET ¢ BeKTOPOM & OO MOCTPOEHHIO),
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3. BErMcIuM KoopAMHATHL HAIIPABITIOWIETO BEKTOPA OCH ¥
U3 YCROBRSA OpaBoft OpTOTOHANALHOH Tpoliky GasHca:
i' = [k" i'] = (y n% " Y T Xy T X T XY, T Y n.xa)'
To ecTh KOOPAXMHATH (GABMCHEIX BeKTOPOB HOBOH cHCTe-
MH dYeped KOODAMHATHEI CTA&POH MOMXHO BEIDASHTH CHEZVIO-
muM ofpasom:
i=x1+y+ 2k
V=W, 2,2,y i+ (2 x, — x 20+ (x4, ¥, %)k, (6.20)
K =x1d+yj+ 2k
KoopanHATH ACKOMOW TOYKE A, B HOBOH CHCTeME KOOD-
OAHAT PABHE (rcos ¢, rsing, h) (cM. ypapHeHHE OKPYHCHO-
ctH (6.9)).
OA, =xpi+ y;j+ 2z, k=rcosgi +rsingj + ik, (6.21)

Ilopcrasnas B mpaByio 4acTh (6.21) eipamerus (6.20),
DOAYINM KOOPAKHATH HCKOMOM TOUKH B HIHAYAILHON CHC-
TeMe KOOPXAHHAT:

x, =reosox, + rsing (y,z, - 2,7y,) + hx;
y, =rcosey,+treine(-x z, +z x)+ by, (6.22)
2, =rcogg z, +rsine(x,y, -y, x,) + bz,

Bonpoce: U 3apanus

1. IIposepsTe, uTo (b, [2, b]) = 0 Ana m06LIX BeKTOpPoB a ¥ b.

2. ToxaxmTe, 9T0 €CAE BeKTODH a ¥ b AemkaT B nrockoeTH X0y,
TO ANMHA MX BeKTOPHOTO IPOHIBEJACHNA PABHA MOAYIIO HX
Kocoro npoussenerus: [[a, b) =la, b, - a b .

3. Mogupuouapyiite arropuT™ us . 6.5.3 Tax, robe on ad-
dexTHBHO paboTan B caydae EeoSXOZNMOCTH GOBOPOTA OTHO-
CHTeJILEC 3a/JaHHOR OCH HA 3aJAHHEI yroa cpasy HeCKOJNb-
KHBX TOYeK.

4. CocTaBbTE AATOPDHTM CNIpefieNeHnsd BHAAMOCTE AHHIH, ¢ Ho-
MOIIBIO KOTODHIX H305pAMAETCA OPTOrOHANbHAA IPOEKIHA
BRUTYKJIOI0 MHOMOTPAHRHKA Ha IEIOCKOCTE: XxOy.

5. Ha mo6oM R3BeCTHOM BAM SASHIKE IPOrPAMMHPOBANMAT HAOK-
IHHTe NPOrpaMMy BpAIeHNA MHEOTOIPDAHHEKA OTHOCHTENEHO
HeKOTopoH ocH.



" 318 Taama 6

SaxnioveHne

B zaHHOH rtape BE IOZHAKOMHNNCEH ¢ GA30BEIMH ITOHATHI-
MM BHYHCAWTEJIBHOH reoMeTpH®, HA OCHOBE KOTOPOH mo-
cTpoeno BONBMEHCTEY SATOPHTMOE KOMOBIOTepPHOH rpadH-
KA. M HageeMcH, 9To, HCOOAB3YA HOBHE A BAC IOHATHA
KOCOT0 M BEKTOPHOrO HPON3BeAeHNAH NBYX BEKTOPOB, & TaK-
e ASBeCTHOrO U3 KYpCA FeOMeTpPHH CKAJSpPHOTO HpOH3Be-
JAcHHAHA, BH HAYIMIWCH pemaTk GOABIIMHCTBO DPeAIoXeH-
HHX 387a¥ BEHYHCIAATENBHOH TeOMeTPMH AOCTATOYHO NpPO-
CTEIM CITOCOOOM.

Henonesya coBpeMeHHEIe NpPOTPAMMEEE CpPeAcTB&, BH
CMOJKETE PeAVIM3OBATH MHOTHE H3 PACCMOTPEHHEIX AJITODWT-
MOE, B TOM 4HCJIe M B CAydae pellleRUd pPealbHRIX 3A5AT.

- HaygIETech NMPEMEHATHh OPEANOKEHHBIE MEeTOALl pelleHms
reoMeTpHYeCKEX 38889 H B IOBcefHeBHOH kmsHW. Hanpn-
Mep, 38aYA BHUMCIECHHA NNOMAZY 3eMeNbHOTO VIACTKA
CAOXKHOE (OPME YiXe He AC/OKHA BHISHBATE V BAC 3ATPYA-
HeHnH,

MHaoTHE @ITOPHTME BHYHCAATENRHON TIeoMeTpPHMH H
KOMIBIOTEPHOM rpadMKA JOCTATOTIHO CACKER H OPOZOIAKA-
I0T B HACTOAMIEE BPeMA PAZBMBATECH ¥ COBEPIICHCTROBATSH-
cA. Mu XaeM OTKPHITHA B 9ToH ofiacTe ¥ oT Bac!
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PasmeprocTe angaserta 13

Peaspap 64

Pactp 103

C

CeoficTBa aXropHTMa
AeTepMuREHHpOoPaHHOCTE 204, 205
SuckpetHOCTE 204
xoHeuHocTs 204
MaccoBocTs 200
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noEaTHOCTE 204
pesyasTaTHBHOCTE 204
Cucrema Koguposku 91-93
CucreMa KOOPZHHAT
npasaa 285
nesag 292
CucreMma cancnenna 13
AAMMTHBHO-MYILTHUONHKATHBHAA 13
BOChbMepHYHad 15
XBom4HaaA 16
HeTpaRHUHOHHE2A 15
nosuouonHaa 13
Gasuc 14, 17
ocEOoBaEMe 14, 24
nudpu 16, 19
cMemensrea P-Q-uwanaa 51
TpaanNKOHHEAA 14
daxTopnansHag 15, 16
duboaauymepa 15, 16, 58, 59
mMecTHAAUATepHYHAA 15
vpasHoBemeRHnas 13, 16, 58
P-vanaa 14
Cacatue mRGopMaunn 101
Cranapuoe npouseefenue 312
Crnopo andaemra 211
BxogHoe 212
BHXOAEOe 212
nanaa 211
CrosxHoeTs aaroputva 230
BpeMeEHAn 231
TeopeTHUecKad 231
CrnoxBocTe 0ofbexTa (ABAeHRA) 280
CopepmeHHA:7 HOPMAaXhEAA GopMa
rusproEETHREAS (CITHD) 179
KonbsloARTUEHAA (CKHD) 180
Copreposka 238
BHYTpeHHAR 239
Berapkamu 243
BHbopoM 241
ofMeEHAR METOROM <IYSHIpEKAs 239
camAEHeM 244
Coccol muHrMmzamer HOHE 187
Cpena menonuurens 208
Crangapr
MIDI 127
xoxupoBanna ASCII 91
cxaraa MP3 143

Orpenxa ITapca 192
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Cynmarop 194
Cxema Topuepa 39, 41 -

T
Tabanaua
neruneoctdy 154157, 159-161
xozuporarua ASCII 92
xopupoeanns KOH-8 93
rogupoeanaa Windows-1251 94
CAOMKEHHA B AsouuHOM cHcreme 32
CHOMEeHER B TPOHYUHOK cHMcTeMe 32
CHOMeHUN B IOOCTHAAIATEDHYHON cucTeme 32
VYMEOMEHAS B KBOMYHON cmcreme 34
YMHOKeHuA B TpOMuHOM cHcTeMe 34
YMHOXOHUA B INeCTEAAUATEPUYEOH chcTeMe 356
QACTOTH BCTpedaeMOCTH cEMEBONOB 135
Tasronoras 166
Tesuc ’
ITocra 221
Triopuara 218
Teopena
Koreneargopa—Halikencra—Ilennora 125
c CAH® 181
o CKHQ 183
© OpeACTARJICHHE IPOASBOABHOTO HATYDPANLHOTO THCIA B BHAe CTe-
[eEROro paga 20
0 B3AaAMOCBASH P-HURHX M Q-HUHEIX CcHCTeM CYACHeHHHA, TAe
P=g" 51
Yépua 227
TourocTs BMUNCACHHE 48
TpexroMmoHenTHAA Teopua npera 105
Tparrep 196

L4
¥ron
Mexray sexTopaMm 288
OPHeRTHpPOBAHHKE 288, 291
YHHBepCcANbHRE McmoaERTENE 219
Ypasrenue
okpymuoCcTH 297
npamMoit
obmee 293
HopMHpoBaHHOR 290
napaMeTpmaeckoe 296
VYenoene, uMnanxkanas 163, 157

o
PDopua 3aTHCH THCEN
HOPMANTHIOBAHHAA T6
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passepHyTaz 25, 26
¢BepHEyYTaa 25, 26

$opMa mpefcTABNeERA NOrHYeckol dyuxOun
AMBOEKTABEAA popmarbHad (ITHD) 179
KaHoHMwecKaa 179
KONBHOHKTEBHAS HopMafibHaa (KHD) 180
Hopmanshasng 179
cosepienras 179
CcoBepIUeHHAs AMIBIOHKTHBAAA HopManpHas (CIHTD) 179
coBepIHeHHAH KOHBIOHKTHBHAA HopManemas (CEH®P) 180
QopManTbHAaA JOTHEa 149
$opuyna
aorudeckan 164
Crupauara 265
Xaprnu 259-261
HOlennora 270, 271

I }
LIAT] (muédpo-apanoropuii npecbpasosarens) 123
HperoBoit oTTeHOK, wnH nperopoit ToH 107
IIperosan Momeiab

CMYK 112, 115

HSB 115

RGEB 106, 107

apureeHar 112

cyOrpaKkTBRHAs 113
IIudpa crecTeMul cupcaerna 24

q
YacroTa
BeTpeyaeMocTH 270
MucKpernsanun 124
Unereiil nsetopoil Tor 115

m
Mtpux Illehdepa 191
2

BuTpomna 272
SdxherTHBEOCTE anropuryma 232

A
fApkoeres 107, 116
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