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YBaxaembie cTapLuexnaccHukmn!

Bbl nepecrynunu nopor npoduibHON LWKOAB U Tenepb CMOTPUTE Ha CBOE
obpasosanue ¢ y4eToM BbiBopa ganbHeliwero npodeccnoHansHoro nytu. UHte-
pecbl U raybuHa NPOHUKHOBEHUA B NpeaMeT 3aBuUCAT OT BbiIBPaAHHOrO BaMu Ha-
npasnedus. Mostomy B y4ebHuKe maTtepuan npeacrtaBneH ABYyMS YPOBHAMU —
6a3oBuiM 1 nNpodunbHbiM. MaTtepnan NpopuNbHOrO YPOBHA fpeaHasHadyeH ans
Tex, KTO BblBpan maremMatndecknii 1 MHPOPMaLMOHHO-TEXHONOTUYECKUA Npodu-
AU VAN XO4ET K3ysaTb MHGPOPMATUKY KaK 3NEKTUBHBIN KYPC B paMKax UHOMO Mnpo-
¢duna. Maparpadbl, OTHOCSAWMNECS K 3TOMY YPOBHIO, 0003Ha4eHbl pPaMKOW
[§ 12]. Bnpoyem, Mbl HE UCKMIOYAEM, 4YTO OHW OYAYT MHTEPECHLI U TEM, KTO He
cobupaerca yrnybneHHo uaydatb nHpOpMaTUKY.

B y4ebHuke, KpOME TeOopeTu4eckoro matepuana, NpusoasTcs ONUCaHuN
nabopaTtopHbix paboT, KoTopbie Bbl Oyaete BLIMONHATL B KOMMLIOTEPHOM Knacce.
HeBo3moxHO oByyeHne n 6e3 camokoHTpons. Y1o6bl Bl MOraM OCYLWLECTBASATHL
ero, y4ebHuk coaepxut pasHoo6pasHble BONPOChl M 3aaaHus. BeinonHas 3apa-
HUSl, Bbl NPOBEPUTE, HACKONBKO XOPOLUO Bbl HAY4MAUCb NPUMEHATL NONY4YEHHbie
BamMu 3HaHus. Hekotopbie 3agaHus OygyT ans Bac NpOCTbIMU, APYrMe OKaXyTcs
cnoxnee. Camble TpyaHble (pasyMeeTcs, Ha Haw B3rNs4) 3anaHns NOMEeYeHbl
3HaKOM *, B KOHUE KaXaoi rnasbl MOMELWEH €€ KOHCNEKT, KOTOpLIt NpuasaH
obneryutb BamM NOBTOpPEHWE NPOMOEHHOIO, a Takke NpuBeAeHbl TecToBble 3ana-
HUSA, KOTOPbIE NO3BOAAT NPOBEPUTL, KaK BaMi YCBOEH MATEpPWan rnaBbi B LENOM.

B Hawe kHure, kak n B No6om yyeBHUKe, BaM BCTPETATCA HOBLIE TEPMMHBL.
Ons yno6cTBa OHn HaneanaHbl )KMprIM wpudptom. OnpegeneHns, CBONCTBA U

npaBuna 3akMiOYEHbl B PAMKY & orooe=>g  paiy NnOMEeveHbl CNesa 3HAKOM

3ayumBatb cBOACTBA U npaBuna HaVISYCTb coBceM Heobs3aTenLHO, HO BAXHO Mo-
HUMATb UX CMbICNT 1 YMETb NPUMEHATL Ha NPaKTUKe.

Ana BoinonHeHus naboparopHbix paboT Bam ByaeT HYXXeH HEe TONMLKO KOMIMb-
10TEP, HO ¥ KOMMNEKC NPOFPaMMHbLIX CPEACT8 — TaK CKasaTb, «KOMMbIOTEepHas
noaoaepxka» Haweid kHuru. OnmMcaHua 3TUX NPOrpPaMMHbIX CPEACTB NpUseaeHb
B yuebHuke. Ho B BauiemM Knacce MOryT MCnonNbL30BaTLCA NPOrpamMmbl, OTAKYAIO-
wmecs OT onucaHHbiX B y4ebHuke. B aToM cnydae yunreno OObSICHUT BaM, Kak
BbINONHATL NabopaTtopHbie PaboTbl.

Xenaem Bam ycnexoB B OCBOEHWW CaMOr0o COBpPEMeHHOro y4ebHoro kypca!
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B wkone Bbl u3yyaete pasnuyHble NPEOMETHL: MATeMaTUKy, GU3NKY, XMMUIO,
6uonoruio, uctopuio, MHGopMaTuKy 1 ap. Bce OHWM ManaraloT OCHOBbI COOTBET-
CTBYIOWIMX HayK. A 4To Takoe Hayka? B TonkoBom cnosape C. M. Oxerosa Bbl
HangeTe cnepylouwee onpeaeneHue:
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i Hayka — cuctema 3HaHuiA 0 3aKOHOMEPHOCTAX B passuTUM npupoabl, obue- f
; CTBAa WU MbILLNEHWS. g
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CucrteMa 3HaHWiA u3naraetcs B BuAe Teopuit. B ceBoo odvepegb, Teopus —
3TO MOAENb OKPYXaloLwel YenoBeka OeiCcTBUTEeNbHOCTU, NPUYEM MOLENb uaeanb-
Has. KoHeyHO, ONnA NOCTPOEHUS Teopun U ee NPOBEpPKW CO3[AaKTCA HE TONbKO
unoeanbHble, HO U MaTepuanbHblie mogenu. Ho marepuanbHble Mogenn — 3TO
cpeAcTBa MNONYYEHWUS Hay4HbIX 3HAHWIA, @ COBCTBEHHO Hayka — COBOKYMNHOCTb
naeanbHbiX MOOENnen.

OpgHO u3 rnaeHbix TpeboBaHU K CUCTEME HAy4yHbIX 3HaHUM — WX HEenpoTU-
BOPEYMBOCTb APYr APYry, a TakkKe NoATBEPXAEHUE HayyHbiX BbiIBOOOB MPAKTUKOWN,
AKCNEPUMEHTOM.

CoBpemeHHaa Hayka nogpaspensieTca Ha Oonbloe KONMYEeCTBO Hay4HbIX
obnacTeil, kaxgas U3 KOTOPbIX UMEET CBOWM 06LEeKT uccnenoBanus. Bl 3Haete,
4TO UHbOpMaTUKa WU3y4aeT 3aKOHOMEPHOCTW MPOTEeKaHUA WMHPOPMALMOHHLIX
npoueccoe B npupoge, obwecTse M TexHUYeckux cuctemax. Kak npaeuno, Ha-
yyHas obnactb NOApPasfenseTcs ewe Ha pag HayyYHbiX AUCUMNAWH B 3aBUCUMMOC-
TW OT KOHKPETHOro HanpasneHus uccnenosaHuii. B uHgopmartuke aTto uccneno-
BaHWA MeTOAOB asToMaTtuyeckoi obpaboTtku uwHdpopmaumm v cnocobos ee 3a-
WKWTLI, BAUAHUA WHDOPMaUMKM M MHPOPMALMOHHBLIX TEXHOMOrWAW Ha 06WecTBo
(coumanbHaa WHpOpMaTMKa), BO3IMOXHOCTEA KOMNLIOTEPHON TEXHUKW U T. 4.
B 5T0i1 rnaBe Mbl KpaTKO OXapakTepuayemM HEKOTOpble M3 yKasaHHbIX Hanpaene-
HUIA MHDOPMATUKW.

dyHaaMeHT noboi HayyHOW AUCUMNAUHBLI COCTaBARIOT NOHATUA, C NO-
MOLLIbIO KOTOPbIX ONUCBLIBAIOTCA 3aKOHOMEPHOCTU, COCTaBnsAoWMe CyLHOCTb Ha-
YYHOro 3HaHus. MoaToMy Ha4yuHaTb 3HAKOMCTBO C nOOA Hay4yHOW AuMcuMnan-
HO cneaoyer C OCBOEHUS OCHOBHLIX NMOHSATWIA, NPUCYLWMX OaHHOW oBnacTtu 3Ha-
HUS. BOT M Mbl Ha4YHeMm C onpefeneHus OCHOBHLIX MOHATUI WHPOPMAaTUKK.
C HeKOTOpbIMW U3 HUX Bbl 3HAKOMbI M3 Kypca MHPOPMaTUKK, KOTOPbLIA U3yyanu
B 8 u 9 knaccax.
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Wudopmaums

IIpeacraseTe cebe, 4TO BhI HUUETO HEe BUAWUTE, HUUETO HE CJIbI-
IIuTe, He OIIyHIaeTe HU 3alaxo0B, HH XO0JI0Ja, HU Telja, a BAOOGABOK
Bcsa nuima abconoTHO GesBrycuasA. JKusHB cpasy Obl moTepssia AJA Bac
CBOIO TIPHUBJIEKATENBHOCTb. Hu MY3BIKM, HHM KHHUT, HU IBETOYHBHIX apo-
MAaTOB... I BCe IIOTOMY, YTO BacC JIHMIIWUJIM IIOCTOAHHOTO HPHUTOKa MHGOP-
Mamuu, 6e3 KOTOPOro HEMBICIHNMO HOPMAJILHOE CYI[eCTBOBaHUE UYeJOBe-
Ka B OKDPYJKaoIIeM MHupe.

Iompo6Gyem pasobGparbcAd TWOAPOOHEee C TeM, YTO TakKoe HHDOP-
manua. MadopManusa — MNOHATHE BecbMa He mpocrtoe. Brl MoikeTe mo-
CMOTpPEeTh OAVWH M TOT Ke MyJAbTPHUIbM C BUAeOKaccersl, ¢ DVD-aucka,
¢ CD-gucka, mpocTo II0 TeJNeBU30PY B KoHme KoHIoB. WUndopmanus,
MoJIydeHHass BaM# OpU mpocMoTpe huiabMa, OyAeT OgHA M Ta JKe, HO
HAXOAUTCS OHA HA PasHBIX HOCHTENAX. Y B IpMHUUNIE HAM BCe PaBHO,
Ha KaKOM HOCHTeJIe HAXOZUTCSA MHPopManudA, JUMIL Obl ObLI0 KadecT-
BEHHOE ee BOCIpou3BeAeHHE (B TaHHOM cJiydae HYKHOTO (buabma).

U3 xypca @usuKy Bbl 3HAETE, UTO IIPeAMETHl BOKPYT HAC XapaKTe-
puUsyIOTCA HAJXWYNEM B HHX BelliecTBa u 3Heprum. Ho, KpoMe Bcero mpo-
yero, Jr000# mpeAMeT HeceT B cele elne W mHpopMmanmo. [axe cambiil
MaJeHbKMM KaMelieK, BaldlOl{uiica Ha AOpore, MOKHO 0ECKOHEYHO
N3y4aTh M HU3y4YaTh, mojaydad HHOOPMAIHIO O €r0 XMMHUIECKOM COCTa-
Be, PM3NYECKUX CBOMCTBAX MOPOABI, OCOGEHHOCTAX €ro 00pasoBaHUSA B
3€MHO# KOpe M T. 1.

1 Bce e, roBopa o6 mHbOpMAIMKM, MBI B IEPBYIO OUEepeAb HMeeM
B BUAY Te€ CBeAeHUs, KOTOPHe IIPeJOCTABAAIOT HaM TeJeBHUACHUE,
paauo, medarHbie usganusa. Madopmanua akKyMyJupPOBaHA B ThiCAYAX
HAYYHBIX TPYHAOB, COCTABJAAIOHNIMX OCHOBY HaIle#l LI HBUIN3AIUN.
WUudopmanus cocTasifgeT OCHOBY IHKOJBHBIX Y4eOHUKOB, 0e3 KOTOPHIX
TPYAHO CTATh OOPA30BAHHBIM UEJIOBEKOM.

Undpopmauus — 3TO ceeaeHusl, 3HaHUS 00 OKPYXAIOWEM 4YenoBeka Mupe u
0 camowm cebe.

Tax o6BIUHO pas3bACHAETCA NOHATHEe HMHOMOpMAUNN B I'yMaHWUTaD-
HBIX HaYKaX, e LeHTPAJbHBIM O0BHEeKTOM SABJIAETCS UYeJOBEK Kak
CYIEeCTBO COIMAJBHOE.

Ho ects m spyras ToYKa 3peHHUs HA TO, UTO TaKkoe MHbpopmamus.
ITouaGmiomaiiTe 3a moBefeHMEM JiO0OOT0 JKHBOTO OpraHuU3Ma: MYypaBbs,
muYenasl, ITHIL, co0aku. BuI ybeauTech, 4YTO OHM TOMKE BOCHPHUHHMAIOT
uHOpMAKIO 00 OKPY’KAIOIeM MHUPE M B COOTBETCTBHU C 3TOHM HHGOOD-
Malueli BBHICTPaMBaIOT CBOe moBejeHMe. BoJsiee Toro, oHEM O0MeEHHBAIOT-
ca uadopmanueii APyr ¢ APYroM: MYpPaBbH — C IIOMOILIbBIO YCUKOB; ITue-
JIBI — HMCHOOJHEHWEM OIpeAcTeHHLIX ABMKEHUI (HasbIBAEMBLIX OOBITHO
TaHIeM); ITUILI — IIeHWEeM, CBHCTOM, KapKaHbeM; cofaku — maem. [a
H Bbi, OTAaBasd NPHUKa3bl AOMAIIHUM JKMBOTHBIM, YBEPEHBI, YTO OHHU BOC-
NIPUHNMAIOT HepefaBaeMyi0 BaMX HMHGpOpMAaIMIo.
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JKuBrIe OpramusMbl OT HEXKHMBOM HNPUPOALI OTJINYAET UMEHHO HaJu-
ype y HUX IeJieHAIIPaBJIeHHON JeATeJLHOCTH, pealu3alus KOTopoit Gea
HCIOJIL30BAHUA MH(pOpMaIuM HEeBO3MOMKHa. MBI He IpeAmoJaraeM Ipu
9TOM, UTO 3TO 0643aTeIbHO OCO3HABaeMasd OeATeJabHOCTh. OHa MOMKer
OCYLIIECTBAATHCA U HHCTHHKTUBHO.

NudopMmanua Hy)XHa pasIMUYHLIM TEeXHWUYECKHM YCTpOiicTBaAM AJs
TOTO, YTOOBI TOYHO ¥ NPABHJILHO BBHINOJHATH NPEANUCAHHYIO YEIOBEKOM
pabory. BaykHO, YTO TaKHe YyCTpPOHCTBA MOTYT BHLIIOJHATH paboTy
aBTOMATHMYECKH, T.e. 0e3 BMeNiaTeJbCTBa uejioBeKa. IIlpu aToM OHHU
JOJIKHBL pearupoBaTh Ha BHeIlIHWe Bo3felicTBua. Eciau, HanpuMmep, 3To
CTaHOK aBTOMAaTHUYECKOH 00paboTku jAeTaseil, TO OH JOJIKEH KOHTPOJH-
pPoBaTh, HOCTYIHJIA K HEMY OuepefiHas 3aroTOBKa HJIHM HET, COOTBET-
CTByeT OHA Tpe0yeMbIM HCXOZHLIM IIapaMeTpaM WMAu HeT #U T. A. Ecan
3TO COBpPeMeHHBIH (oToanmapaTr, TO OH CIIOCO0eH IO VPOBHIO OCBEII[eH-
HOCTH aBTOMATHYECKH YCTAHOBHUTH BBIJEPIKKY M Auadparmy, T.e. Ipo-
AOJIXKUTEJILHOCTh BO3HEHCTBUA CBeTa Ha (OTOMIEHKY M ANAMETP OTKPBI-
TOr0 OTBEPCTHA B 00BeKTHBe. KaKoe OLI ABTOMATHYECKOE YCTPOIMCTBO
MbI HM B3AJIH, OHO TaK WJIHM MHAYE HCHOJb3yeT HHMOPMAIINIO, HOJydae-
MYIO OT YeJIOBEKA W OKpYKalomiell cpebl.

ChopMynupyeM Temeph e€lle OAHY TOUYKY S3peHHMSA Ha HOHATHE
uabDoOpManUH.

Mudopmauna — 370 TO, 4TO NO3BOASET XMBbIM OpraHn3mam, ux coobiie-
CTBaAM WM TEXHUYECKUM CUCTEMAaM pearMposaTh Ha OKPYXAIOLLYiO cpep.y,
obecneunBas UX UeNeHanpPaBAEHHYIO AEATENbHOCTb.

U AT
R Y

3aMeTHM, UTO IIeJI TeXHUYECKMM CHCTEMaM OIpeAesioT JIoAH,
KOTOpBIE 3TH CHCTEMBI CO3[aJH WM MCIOJIL3YIOT.

Teneps npefcTaBbTe cels IocepeArHe MYCTLIHU. BOKpPYyr Bac coBep-
IIeHHO POBHAA NMOBEPXHOCTH, He HA 4YeM rjasdy OocTaHOBUTHCA. CoOJHIEe
B S€HUTe, Ja’Ke TEHDb PaCHOJIOKHJIACH IPSAMO HmOA BaMmu. IIpomnuio Tpu
yaca. Huuero He msMeHmMJI0Ch, Kpome TeHH. OHA BBEITAHYJIACh B OIpe-
JeJIeHHYI0 CTOPOHY, M BBl ViK€ CIOCOOHBI OIPEAEeJHUTL CTOPOHLI CBETA.
Yro xe mpuBeso K moasjeHuio uHbpopmanuu? Ilosenenwue pasHoobpa-
3UA B OKPYXaoiiel o0CTaHOBKE.

Uudopmauna — 370 OTpaxeHue pasHoobpasus B CYWECTBYIOLIEM MUpe.

X 5

OrcyrcTBHue pasdHooGpasmsA, KOrja HEeOTJIMUYUMEI HUKaxKmne ABa Oo0HheK-
Ta, ABJICHUA WM IIpoIlecca, — 9TO B €CTh OTCYTCTBHE KaKo# Obl TO HU
610 mHGoOpManuu. Taxoit BecbMa OOHIMIEI B3IVIAA HA MOHATHE <«MHPOP-
Manus» IIPHUCYI] MHOTHM €CTeCTBEHHBIM H (QuIOCOPCKHM HAYKaM.
B srom yuebHmKe Gosblireii uyacThio Oyxer paccMarpuBaThcsa HHbopma-
us, KOTOpas BBRICTYHAET KaK 4YeJIoOBedecKoe 3HaHue.

OropBHUTECE HA MHHYTY OT yU4eOHHMKA M BBITJIAHUTE B OKHO. BH
YBUAUTE JOMa U Jiofieid, cojiame u HebO, JepeBbA M TPaBy U aBTOMATH-
YeCKH NepeKJIUYNTeCh Ha aHAAu3 MHGPOpMAIMU COBCEM APYIroro copra.
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OHa O4YeHb CHJILHO OTJHYAETCH OT OJHOOOPA3HEIX UYEPHBIX CTPOUYEK
¢ GykBaM¥, KaKWe Bbl BUAUTE B KHUTE.

HWadopmanusa, moayuaemMas U3 coolileHumii, 3anHCaHHEIX C IIO-
MOIIBI0 OYKB, OHGP ¥ 3HAKOB, HA3BIBAETCA CHMBOJBHOM; MHbOpManuid,
IoJay4aeMas ¢ IIOMOINBIO 3PHUTENBHBIX 00pasoB OKPYIKAIOIIEro MHpa,
Ha3bIBaeTCA BHAeoHH(popManuei (MIu BHU3yaasHOM MHbOpMamuei).

YesnoBek CO37aH NPUPOAOH KaK MONIHEIH «anmapars» mo mepepabor-
Ke BUAeoumH(popManuu. BcnmoMHHTE mocaoBULY «JIydinme OfWH pa3 yBH-
IeTh, 9YEM CTO pPas YCJBIIATh», TOYHO OTPAKAIOINYIO OTJIHYHE B BOCIPHA-
THH 3BYKOBOH HmH(popMamum oT BugeomHopmanuu. OZHAKO COBpPEeMeH-
Hasd OUBHIN3ANHA OKPYXHJIa Hac 6Ge3TOHHBIMH MOPAMM CHMBOJbLHOI
HHPOPMAIIHH, CIOCOOHBIMHM HOIVIOTHTEL JIO60r0 B CBOMX Ny4YMHAaX. dTO-
0Bl IOKOPHUTHL OKeaHBl CHMBOJIBHOM HMHMOPMAIIMH, HYXHBI «KOpabGim»,
cnocoOHEIE TIPEOJOJIETh OKEeaHCKHEe IpocTophl. MM M cTajJH KOMIBIO-
Tephl, WX, KAK WX HA3LIBAJH PaHbBIIE, 3JeKTPOHHO-BHIYHCJIHTEJIHHBIE
mMamuHbl (9BM).

O6paTuTe BHHMaHHe, 4TO MH(popManusa o0sg3aTeJbHO AOJKHA OBITH
Kak-To 3adukcupoBaHa. PesynbraTel ncciefoBanuii obnexaioreda B (op-
myael, Tabnunel, rpadpuxkn. I'eHermueckasa mHpopManua GUKcHpyeTcAa
B I'eHETHYECKOM KOJe, IpPeACTaBIAIIIEeM co00# II0CJIeZOBATEJIBHOCTH
aMuHOKMCIOT. OOHapy)KeHHe MeAOHOCOB IIepefaeTcs PHCYHKOM TaHIA
nues. Uadopmanua o gdagamadre MecTHOCTH (HUKCHUPYETCSA Ha IIaHAX
n xaprax. UHbopManuio, 3adUKCHPOBAHHYI0 KakuM-aubo cmocobom,
OyzeM HaseIBaTh MH(POPMAIMOHHBIM O00BEKTOM.

KoneuHo, KpoMe CHMBOJIbHOM, BH3YaJbHOH M 3BYKOBOM uHHGOp-
MaIlMH, eCTh W APYrHe BHALI IpeAcTaBleHHsa mHpopmanuu. MH(DpOpMa-
IHUI0 HeceT 3amaX; OCA3aHWe [NOCTABJIAET HAM TAKTHILHYI HH(popMa-
nmuio. Yepes BKYCOBBEIE pPeIleNTOPhHI MEI MOJYyYaeM HHPOpMAIHIO O Kade-
CTBe NHINU U I'OTOBHOCTH ee K ymnoTpebGneHuro. Ho uTob6bl COXpaHHUTH
uHpOpPMAUI0O W cHejaTh ee yAOOHOM ANA mepegadyd APYIHM JIOAAM,
YeJIOBEK MCIIOJIB3YeT IIPe)KJe BCEro CHMBOJBHYKI, BH3YAJIBHYIO H 3BY-
KOBYIO (DOpPMEI IIpeACTABJIeHUA HH(pOpMAIIHNH.

R R R R PR R SR
BOMPOCHI U 3AAAHMA

0 MpueeguTe npuMepbl ynotpeGneHus TepmuHa «uHdop-
Maums».

0 Hop6ept BuHep, oguH U3 OCHOBOMONOXHUKOB UHGOpMa-
TUKW Kak Hayku, rosopun o6 mHdopmaumm Tak: «MHPop-
Mauma — 910 0603HaYeHWe copepXaHws, MOMy4eHHOro
M3 BHELUHEro Mupa B npouecce Hawero npucnocobne-
HWA K HEMY HallMX OpraHoB 4yecTB». CpaBHWTE 3TO On-
pepjeneHne ¢ TEMW, KOTOpbIE MPUBELEHbLl B TeKCTe na-
parpada. 4to y HuX oBLWEero u 4em OHU PasNUYaTCA?

MoxeT nu, Ha Baw B3rnsg, ogHa v Ta Xe uHdopmauumsa
COAepXaTbCA B pasHbiX MHPOPMaLMOHHbIX 0ObekTax?

Kakyto nHdpopmaumio HasbiBaloT CMMBONBbHOW? YTO Takoe
BuaeonHdpopmauma? Hop6epT BuHep

© 0
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UndopmaumoHHbie npoueces

HenpouunTanHasa KHWra, KOHEUHO, COAEPKUT MHPOPMAIIHUIO, HO
OHa HMYEro He M3MEHUT HU B BaC, HH B OKpYy’KamwileM Mupe. 3ajzaua,
KOTOPYIO HHKTO HE peHIaeT, TOXKe COAep:KUT HHPOpPMAIIHIO, HO U OHA
HU Ha 4YTO He mosjauser. lpyroe geso, ecay KHUTA HPOUYUTaHA, 33Jada
peimeHa. 3HAUNT, He wHGOpPMAIMA caMa IO cebe, a Te OmpoOIiecchi, B KO-
TOPBIX OHA YYacCTBYeT M mpeodpasyeTcsi, HpeldCTaBIAIOT MHTepPeC B Iep-
BYIO Oouepenb. TaKue mpomecChl HA3HIBAIOT MH(OPMAIMOHHBIMHA,

B mpeavsigyinem naparpade Mbl 00CYyAMIiv, YTO MHPOPMAIIAA MOIKET
HCIOJIb30BATHCA TOJBKO TOTJA, KOTAa OHA OpeicTaBjieHa Kak mHQpopMa-
UOHHBIN 00BbexT. Hampumep, umHPOpMAIUA O TEILIOBOM COCTOSHUN
KaKoro-inbo MexXaHM3Ma MOKeT OTOOpa’KaThCs TepMOMETPOM B YHC-
JOBOM BHJAe (T.e. CHMBOJBHO), a MOMKeT M300paKaTbCA CaMOIINCIEM
B rpaduueckoMm Buiae. Hepeako NpuUXxoAUTCA IPeoOpasoBLIBATH OJHY
dopmy mnpencraBiaeHusa uHdopmaiuu B Apyryo. IIpoiecc, B KoTopom
upeobOpasyetcsa opMa TpeicTaBieHNA MHPOPMAIX, TOXKe OTHOCAT K WNH-
($hopMaITUOHHBIM.

UndopmaunoHHbIiA npouecc — 370 NMPOLECC, B X0Ae KOTOPOro U3MeHsieT-
ca copepxanune nHdopmaunn unu Gopma ee npeacTaBneHus.

R, AR

Kakx BbI 3HaeTe, K OCHOBHBIM BHAAM MH(POPMAIMOHHBIX IPOIECCOB
OTHOCATCHA IOJIyUYeHHUE, Iepeaua, xpaneane u o6paboTka madopMalnn.

IToayuenue ungopMayuu — 3TO peaausamus CIOCOGHOCTH K OTpa-
KEeHMIO Pa3INYHLIX CBOMCTB 00'beKTOB, ABJEHUIH M MPOIECCOB OKPY’Ka-
OIero Mupa. ¥y BBICIHINX KHBOTHBIX M UEJOBEKA HAJIA MOAYUYEHHUIA
nHbOpPMAIIMY KMMEIOTCS OPraHBl UYYBCTB, CIHCHMAJHM3UPOBAHHBIE MNJIfA
BOCTIpUATUA HUHpOpPMANUU OIpEeAeJeHHOTO BHAa. YeaoBeK CO3ZAJ
mpu6GOpPEl — MHUKPOCKOII M TEeJEeCKOIl, TePpMOMETPLI M TaXOMeTpPsl M Ap.,
MO3BOJIAKINNE M3BJIEKATh TY MHPOPMAIHMIO, KOTOpas HEAOCTYIIHA eMy
B HEIOCPEJCTBEHHBIX ONI[YIIEHUIX.

Ioayuyats uHGOPMALIMIO UYEJIOBEK M APYrue JKHBbLIe OPraHU3MBbI
MOTYT, He TOJBKO Habamomas OKPYJsKalouuili MuUp, HO U o0miasch ApPyT
Cc ZPYroM, 4 TaK)Ke M3 TeX WI¥ WHBIX HCTOYHHKOB mH(@popMmairuu. Ta-
Koe moJayueHme mHpOpMaIny IIPOHCXOJUT B pe3yJbTaTe MHPOPMAIMOH-
HOTO IMpoIiecca APYroro BHAa — IIpoIecca mepeaaur mHOOPMAINH.

ITepedaua ungopmayuu Bcerga OCyIEeCTBISETCA 1[I0 HEKOTOPOMY Ka-
HAJY CBA3H OT HCTOUHHKA WHpoOpManuM K ee npueMHUKY (puc. 1.1). Ka-
HaJ CBA3W MOMKHO YIOAOOHTH TPAHCIIOPTHOMY CPEACTBY, OCYIIECTBJISAIO-
IMeMy AOCTABKY HMHQPOPMAIMH OT MCTOUHMKA K HpueMHMKY. B mcropuu
YeJIOBeUeCTBA HMMEHHO MEXaHWYecKoe [ABIIKCHHE H0Jroe BpeMs OBLIO
HeIPEeMEeHHBLIM YYACTHMKOM mpoiiecca nepegauyum uHbopmanuu. Ilouto-
BBI€ KapeThl, IIOUYTOBBEIE BATOHBI IIOE3/0B, ABMAIIOUTA — BCE BTO KAHAJBI
nepegaun mHPOPMALNN, MCIOJABL3YIOINE MEXaHHYECKOe ABIIKEHHE.

Opnaxo g nepefauu mHPOPMAIMK JIOAM M3JAABHA NIPUMCHANIUN U
Opyrue puanyecKue MpPOIECChl. 3BYK M CBET JABHO IIOCTABJEHBI 4YeJIO-
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NCTOUHMK Kanancessan | [pueMHuk
nHdopmaumnn — 1 wndopmaLun

Puc. 1.1 Cxema nepegaun nidopmauumn

BeKOM Ha wuHGpopManuoHHYI0 cay:x0y. Hexoropnie adpukanckue
IJIeMeHa A0 CuX IIOp MCIOJL3YIOT cIelualbHble Gapabanpl (TaMTaMEI),
o0MeHMBasAChE COOOIIEHUAMH CO CKopocThio 3ByKa. Ha Pycu, rze jeca
racaT 3BYK, AJA MepeladyMd CPOUYHBIX COOOIEeHMH MCIOJB30BAJICA ABIM
KocTpoB. BeApb HM ofWH TOHel ¢ HOTPAHMYHONI 3aCTaBHI He ycmesa Obl
BOBpeM#A TPEAYHNPESUTL TOPOXKAaH 0 Habere KOUYEBHHKOB, YbW KOHU
ObILIM He MeHee OBICTPLIMU.

Ho ¢ OTKp®ITHEM pPaJWOBOJIH, & cCaMOe IJIaBHOe ¢ H300peTeHueM
YCTPOMCTB, CHOCOOHBIX WX TeHEPpUPOBATH W YJABJIWBATH, B Jejie IIEepe-
xauy MHGOpMAIWK OPOM3OHULIM PEeBOJIIOIIMOHHEBIE M3MeHeHUsA. Tenepp
CTajI0 BOBMOYKHBIM B CUHMTAHHBIE CeKYHALI IepefaBaTh MHGOPMAIIUIO HA
COTHU KUJIOMETPOB.

Xpanernue unpopmayuy Bcerga mpennosiaraetT Hajawuue (husmuecKo-
ro "ocurens. KaMenb, Ha KOTOPOM IIEPBOOBITHBIM YeJOBEKOM BEICEKA-
JWCh PUCYHKH, IMIUHAHBIe Tabaudyku BaBujoHa, OymMara, MarHuUTHas
JIeHTa, ONTHUYECKUIl AUCK — UeM IJiy0:Ke IIPOHWKAJ YEJOBEK B TaliHbBI
MaTepuu, TeM 0oJibllie MHPOPMALNY eMy YAaBaJOCh COXPAHATH B €UHU-
e obbeMa GhuU3UYEeCKOTO Teja. Bupouem, Oopsba ILjia He TOJBKO 3a yBe-
JHYeHne eMKOCTH HocuTensa uHGOpMAIlMK, HO WM 3a HAAEKHOCTL €€ CO-
xpaHenusa. Meroasl 3ammuTel nHGOPMAaOKUKH BO3HUKJIMW B TWIYOOKO# IpeB-
HOCTH, a ceiiuac 3TO OYPHO PasBHUBAIOIMAACA 00JaCTh WHMOPMATUKH.

Ob6pabomra (npeobpaszosanue) uHGOpMaAUUU TOXKE TOCTATOUYHO
IIHPOKO NoHMMaeMBIl mHboOpManuoHHBIH nponecc. Iloxg obpaborkoii
uHbopManuy MOHWMAIOT NOJNyUYeHWe HOBOI mMHMpoOpMaIuu U3 YiKEe HMe-
omelica win npeoGpasosanue (OPMBI IpeAcTaBjeHHs uubopManuu.

HetexTuB cobpaj yJAUKH KM yKasaj, KTO COBEPHIWJ OPECTYILIeHUeE.
MaTeMaTHK CONMOCTAaBHJI H3BECTHBIE €MY VTBEPIKIEHUA M JOKasaj HO-
By10 Teopemy. 1. 1. MeHeeeB Ha OCHOBe MHAOPMAINH O XUMUYECKUX
cBoiicTBax 3JIeMEHTOB cHOPMYJINPOBAJI IIEPUOAMUYECKUH 3aKOH. Bo Bcex
9THX IIpUMepax B peayJbTaTe o0paboTKM mHOMDOpMALHMHN HNOABUJIACH HO-
Bag mHpOpManmM.

O6paborkoii mHpOpMALIMK CIEAYeT HPHU3HATL M BBIUHCIIEHHE CYM-
MBI IBYX UHCEJ: Beb M3 ABYX WM3BECTHHIX HAaHHBIX IIOJy4YaeTcs HOBOeE,
Jo Toro HemaBecTHOe. O6paborkoit mHbDOpMAIUN SBJIAETCHA, HAIPUMED,
IepPeBOJ IPEAJIOKEHUS C PYCCKOTO A3bIKa HA MHOCTPAHHBIN.

Mesxay mpomeccamu o0paboTKu uMHGOPMANK, YKA3aHHBIMHU B ABYX
npemblayIiux absanax, CyIIecTBYeT pasHHuIla. [JaBHOe OTJIUYKE B TOM,
YTO AJisi POSBICKA MHPECTYIHHKA WU J0KA3aTeJbCTBAa HOBOH TeOpEMBI
HET M He MOXKeT OBITh YKasaHO KeCTKUX IpaBMJj, Kak JOJKHa obpala-
TBIBATHCA HCXOAHAA HHGopManma. Kax roBopaT, 4eJOBEK B 3THUX CIY-
yagx geHcTByeT 3Bpuctudecku. CruaaigbIBas ABa 4YMCIa, MBI yiKe PYKO-
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BOJCTBYEeMCS JKECTKO yKas3aHHBIMHU IpaBuiaaMu. Takyoo paboTy MOXKHO
OOPYUYHUTL TEXHUYECKOMY YCTPOMCTBY, KOTOpOe CHOCOGHO HOHMMATL H
HCHOOJHATE NPeANUCAHHYIO €My HMHCTPYKIIMIO. YCTPOMCTBa, yIpasise-
MbI€ C IIOMOINBI0 WHCTPYKI[MI M BRIIOJHAIOIINE CBOIO paboTy aBTOMAa-
THYeCKY, HA3BIBAIOT IPOTPAMMUDPYEMBIMH M TOBOPAT, YTO CBOIO paboTy
OHHU HcHONHAT (opMansHo. B yacTHOCTH, MOXKHO TOBOPHTBL M O (op-
ManbpHOH o00pabGoTke wuHGpopMmanmmu. HcooaHuTE b, IPOUIBOAMAILUN
Takyio oO6paboTKy, He HOJI)KEH BHHKATHL B CMEICJ BBEIMOJHSEMEIX UM
AedcTBuii; noaromy dopmanbHasa o0paboTka mHbOPManuy, KaK IIPaBuU-
J10, KacaeTca u3MeHeHud GHOPMBI €e IPEJCTABJICHUA, a HEe COAEPIKAHMNA.

Oanaxo, KakuMm Obl HH ObLI cmoco0 oOpabGoTku uHPOpPMALIMM —
dbopMaNBLHBIM HJIH YBPUCTHUYECKUM, CYIIEeCTBYeT HEYTO HMJAM HEKTO,
BBITIOJIHAOMIME 3Ty 00pabGoTKy. Ero oOnUHO HA3HIBAIOT MCHOJHHTEIEeM.

B undopmarure us Bcex GopMaIBHBEIX WCHOJHUTENEH ocofoe BHH-
MaHWe yJleadaeTcss KOMObBIOTEPY. JTO TEXHHUUYECKOE YCTPOHCTBO OBLIO
usobpeTeHO, YTOOHI B NEPBYIO OUepenb OOJIEIYUTH YEJIOBEKY BHINIQJIHE-
HHe BBIYHUCIHUTEJILHBIX pabor. PasBuTme MHPOpDMATHKHM H COBEpIIeH-
CTBOBaHUE TEXHUYECKOH 0aspl IPHUBEJO K MOHMMAHMIO, UTO KOMIIBIOTED
BOIIPEKH CBOEMY HaSBAHHWIO — BBLIYHCJHUTENb — ABAAETCA YHHUBEPCAJb-
HBIM HHCTPYMEHTOM 00paboTkm mHGOpMALHH.

TR
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BOHPOCbI M BAAAHMSI

@ Y10 Ha3biBaoOT MHPOPMAUMOHHEIM Npoueccom? HazosuTe OCHOBHLIE BuAL MHPOP-
MauMOHHBIX MPOoUeccos.

Sk TSR R SRR i

@ Huxe nepeyucneHo HeCKOAbKO NPOUECCOoB:
a) npousBogcTeo GeHauHa U3 HedTH;
6) namepeHue TeMnepaTypbl BO3AYXa;
B) Nepesoa eaviHuL, ANVHEI U3 METPOB B CaHTUMETPb!;
r) pswxeHve 3eman sokpyr ConHua;
4) doTorpadpuposaHne obBpaTHON CTOPOHbLI SlyHb;
€) Bbinnaska cranu;
X) NepeBoOn TEKCTa C aHTMIACKOrO A3biKa Ha PYCCKWUMA;
3) 3anNuChb peleHns mMaTemMaT4eckoil 3aaayun B TeTpaab;
W) ucnpasnexue ownbox B counHeHnu;
K) npurotoeneHne obega;
n) yBennyeHue pasMepoB Tena nNpu HarpeBaHwuu;
M) coCTaBneHne acTpPoNpPOrHo3a;
H) POTOCUHTES.

Bbigennte U3 NEpeyUcReHHbIX MPOLECCOB WHMOPMALMOHHBLIE W YKaXUTE, K KaKOMy
BUAY OHU OTHOCATCA. Pewexune odpopmute B Buae Tabnuub.

Mu(bqpmauuouuuﬁ npouecc

HenndopMaumnoHHbIiA
NMonyuyenue Nepenaua XpaHeHue OGpaborka npouecc
uHdopmauum | unbopmanun | tHpopmaunm | nunpopmauumn
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e MNpueegute NpuMepbl: NONyYeHUs, XpaHewus, nepepayn n obpabotkn uHbopmMaumu.

Q Mpuseaute npymepb MHGOPMAUVOHHBLIX MPOUECCOB, B KOTOPbLIX U3MEHAETCA:
a) cogepxaHne nHpopmMaumm;
6) dopma npeacraBneHus wnpopmauun.

6 Yenosek u3obpen MHOrO pasnunyHbix cnocobos xpaxenus undopmauuu. Kakue us
HUX Bbl Morau Gbl HA3BaTL?

0* Onupanct Ha u3BECTHbIE BaM cBeaeHua u3 Guonoruu, ykaxute, kakue OpMbl
npeacrasneHus nHGOPMaLIUM UCTIONL3YIOT XMUBOTHLIE ANt ee COXpaHeHWs 1 nepena-
uYM ApYrvMM XnBOTHuIM. [puBegute npumepbl Tex ¢GOpM, KOTOPLIE HE BCTPEeYaloTcs
B Y4ENOBEYECKOW npaKTuke.

7]

a) B 06bacHUTENbHOM TEKCTE YNOMUHAETCHA HECKONbKO NpnbopoB, U306pETeHHbIX Ye-
NOBEKOM ANA pacliMpeHns CBOUX BO3MOXHOCTEN no noaydexHnio nidopmaumn. fpu-
BeguTe Npumepb! ewe Kakux-Hubyab npubopos, CO3AaHHbIX QNS TON Xe uenu.

6) MpuBeauTe NpPUMEepPb! N3BNIGYEHUS XUBLIMU cyllecTBamn undopmaumm 06 OKpy-
Xawowe cpeae, KOTopbie HEBO3MOXHBLI Ais1 HYENOBEYECKUX OPraHOB YyBCTB.

B) Yenosek ans paclimpeHns CBOMX BO3MOXHOCTER Mo NoAyYeHUio nHdopmaumm uc-
MONL3YET He TOMBbKO NpubOoPLY, HO M CMOCOBHOCTY K 3TOMY XUBOTHLIX. lMpuseaute
APUMEPDL! TaKOro VUCNONb30BAHMS.

@ CyuwiecTsyeT nereHga 0 TOM, KaK ApeBHErpevYeckuii yyeHblit ApxuMen, OTKPLIB 3aKOH
O BbiTankuBalowWwel cune XnakocTn (OH 3HaKOM Bam #3 Kypca dusnku), BOCKANKHYN:
«3dBpukal» OT 3TOro cnosa NPOU3OLWNW BbIPAKEHUA «3BPUCTUHECKOE DELlleHue»
n «3BpucTndeckan obpaboTtka uxdopmauum». BHesanHoe O3apeHue, UHTYWTVIBHOE
noHMMaHune cyty npobniemMbl U ee pellieHne — BOT LUMPOKOE TONKOBaHWE CNOB «3B-
pucTryeckoe peleHne». bonee yakoe ux 3HayeHue — oTbicKaHue pelueHus 6es ocy-
LWEeCTBNeHusi nonHoro nepebopa BCex BO3MOXHLIX BapuaHTOB. Ans KOHKPETHOW Cu-
Tyaumm ganeko He BCeraa MOXHO TOYHO CKasaTb, Npou3BOAMTCS B [AHHOW cutya-
umn dopmanvHas unn aspucTudeckana obpaborka nHdpopmauuu. 3TO 3aBUCUT, B
YaCTHOCTW, OT 3HaHWI Toro, KTo seder obpabotky uHpopmauun. Fpoccemeicrep,
HanpuMep, B LLENIOM psife LuaxMaTHbIX cuTyauuit MoXeT AelcTBOBaTb (OPManbHO,
ONMPasiCb Ha 3HaHWEe LaXMaTHON Teopuu, B TO BpEMS Kak LWaXMaTHOMY HOBUYKY MOY-
TN HEMPEpBLIBHO NPUXOANTCH PYKOBOOCTBOBATBCA MHTYMUMEN.

a) B npusegeHHbIX HUXe NpuMepax yKaxute NpenMyllleCTBEeHHbIA, Ha Baiwl B3rasg,
Bua o6paboTkn nudopmaumm — GopmManbHbiii MAN IBPUCTUHECKWMIA:

o. pelieHMe mMaTemMaTu4ecKkoi 3agaun;

e n3MepeHne Temnepartypbl y 60AbHOrO;

o ONpeAeneHne O4epegHOro xoha B CepeauHe LaxMarHOi naptuu;

o HaxoXaeHve sHaueHus GyHkuMM f(x) = x% — sin2x + In(x + 1) B Touke x = 0.

6) BcnomHuTe €BOIO 00LINHYIO eXedHeBHYIO AeaTenbHOCTb No 06pabotke uHdopmMma-
umn. C kakum suaom obpabotkn — GpopmanbHbEIM AW IBPUCTUHECKUM — BaM 60ob-
we npuxoauTcs UMeTb Aeno? PaccMoTpuTe C TOi Xe TOouku 3peHUs Bawy y4eGHyio
BEATENbHOCTb Ha YPOKax MO pasHbiM npegMeTam.

Q Mpu nepegade nHdoOpmMaLMK KaHan CBA3N MOXeT ObiTb NoABepPXeH BO3/ENCTBUAM,
B pes3ynbTate KOTopbiX nepegasaemas uHdopmauusa 6yaer uckaxeHa. Takue soageit-
CTBUSt HA3LIBAIOTCA NOMEXaMMW U MOFYT BO3HWKATb B CUAY TEXHUYECKUX NPUYWH,
a uHOrga co3[asaThCA CReLUManbHO C uenbio AesunHdopmauumn.

a) MNpuseaute nNpuMepbl NOMEX, KOTOPbLIE MOrYyT BO3HUKaTh B Cuny HnUandeckux oco-
6eHHOCTEN TOFO MW MHOTO KaHana CBA3W.

6) B «Ckaske o0 uape CanvaHe...» A.C. ywikuH OnucbiBaeT Npouecc nepenayu wx-
dopmaumy OT XeHbl Lapio 1 06paTHO OTNPABKOM rFOHUA C COOTBETCTBYIOWMMK CO-
obwennamn. Kakue nomexu aToro KaHana CBA3W ONUCaHbl NOITOM?
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@3 fi3bIK KAGK CpPepAcTBo coxpauenuu " nepenauu
nupopmaumum

B §1 MBI OTMETHIM, YTO OZHHM K3 CIOCOOOB, IIO3BOJISAIOMIHX
¢duKcHpoBaThL HHPOPMAIIHIO, ABJIAETCA €e IPEeACTaBJIeHNe B CHMBOJIBHOM
puze. CaMo moOfABIEHHE CHMBOJBLHON HH(POpPMAIMH CBA3AHO ¢ GOpMHpPO-
BaHMEM uejioBedecKoil peuu. IIepBOGBHITHBIN UYEJIOBEK KAXKIOMY HOBOMY
npeaMeTy KX SABJIEHHI0O NPUAYMBIBAJT HMsA. YeM riy6ike UeJIOBEK IIO-
3HABAJI OKPYKAIOIMNH MHUD, TeM OoJjiblne uMeH emy TpeGoBaysock. Ho ue-
JIOBEK CIIOocO0eH NPOM3HOCHTL M PasjMYaTh HA CIYX He TaK YK MHOIO
3ByKOB-(poHeM. UToOBI mosyuuTs HeoOXoamMoe pasHooOpasue MMeH, OH
HavaJa KOMGMHHPOBATH 3BYKH IPYr C APYroM, Iojgydas cjoBa. Tax Io-
ABHJIACH YJIEHODAa3AeJbHAA pedb, a BIOCJHEACTBHHM — HOHChbMEHHOCTbD.
B mX OCHOBe JIe’KHT IeHHAJIbHAA HJed KOHEYHOro ajdaBuTa, T.€. HEKO-
TOpOoro (MKCHPOBAHHOI'0 YIOPAZOYEHHOro Habopa 3HAKOB, U3 KOTOPOTrO
MOXXHO COCTABJATH KAaK YTOAHO MHOTO.CJOB. B mH(pOpMaTHKE CJIOBOM
OPHUHSTO HA3EIBATH JIOOYIO MOCJEJOBATEJHLHOCTH CHMBOJIOB 3aJaHHOIO
andasuta. COBOKYIHOCTh CJIOB, MCIOJb3YeMBIX AJIfA 3amlMcH HHGOpMAa-
IMH B pPAMKAaX KaKoW-1ub0 mpeAMeTHOM 06JacT, ¥ HA3HLIBAIOT A3BIKOM.

B cBoeli mpakTHKe YeJIOBEK HC-
MmOJIL3yeT caMble pasHOOGpasHbIe
aselku. Ilpexxne Bcero sTo A3BIKH
YCTHOM ¥ mHCbMeHHON peuun. [lo-
BOJIBHO YACTO HMCIIOJIB3YIOTCA ASBIKH
pasIuYHBIX yKasartenei. K Takmm
OTHOCHATCs, HANpHUMep, 3HAKH HO-
poskHOro pmBH KeHHs (puc. 1.2).
Puc. 1.2 3HaKu JOPOXHOIO ABUXEHMS Kpome TOro, 4enmoBex HCIONb3YeT
e PaA A3BIKOB Ipo(decCHOHANBHOTO

HasHaueHus. Coa OTHOCATCA SA3HI-

a) y= f(x) KX MaTeMaTHudYeCKHX H XHMHYeCKHX
dopmys, 0603HAUEHUA, NPUHATHIE

6) NaOH + HCl = NaCl + H,0 B anexkTpoHuKe (puc. 1.3) u 1. 1.
B ecTecTBeHHBIX A3BIKAX UeJO-

_?T_;E* BeUEeCKOro OOI[eHMA Taxkue A3BIKU
HA3BIBAIOT KOMMYHHMKATHBHEIMH —

CMBICJI CJIOBa HEPEAKO BaBHCHUT OT
ero OKpYKeHHud, HJIH, KaKk ro-
BOpPAT, OT KOHTeKcra. CpaBHUTEe
CMEICJI CJIOBA <«COIIPOTHBJIEHHE» B
IBYX CHIEeZVIOIIUX IPeIJIOEeHUAX:
«ConpoTHBIeHNEe HACTYIIAIOIIEH ap-
MUH YCHJIHJIOCh» ¥ «IJJIEKTpHYec-
Kafd Ielb MMeeT COIPOTHUBIEHUE
Puc. 1.3 Mpumepsl (ppas A3bIKOB BeauuuHOM 1 Om». B mepBom ciy-
martematuku (a), xumum (6), Yyae COIPOTHUBJIEHHE — 3TO BECHBMA
3NEKTPOHUKK (B) obmiee u, OBITE MOXKET, BeCbMa pas-
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HOPOZHOE BO3ZleHCTBUE Ha HPOTHBHUKA, BO BTOPOM CJAyYae COIPOTHUBIIE-
HUe — 9TO yKasaHue Ha (husHUecKoe CBOMCTBO 3JEKTPHYECKOH IeIH.

HNmMeHHO HEOOHO3HAYHOCTH CMBICJA CJIOBA, €TI0 3aBUCHMOCTEL OT KOH-
TEeKCTa IIO3BOJISIET IHMCATEJSIM CO3[aBaTh XY/AOMKEeCTBEHHBIE IeJeBPbI.
Ona mopoxJaeT accomMalui, BO3JAEHCTBYeT Ha SMOINU YUTATENA,
TIO3BOJISET KOHTEKCTHBLIMHM CBA3AMH CO3aBaTh IEJOCTHYIO KapTHUHYy M3
MO3aWKH OTHEJBHBIX CJIOB.

Ho Takas HeogHO3HAYHOCTEH CMBICJIA HE TOAUTCSH, KOTAA HEOOXOMH-
MO OOMCAaTh KakKoe-JIn00 ABJEHHE B HAYUYHBIX HeJaax. B aToM ciyuae 3a
Ka’sKABIM CJIOBOM 3aKpeIllserTcs OJHO CMLICJIOBOe 3HaueHue. IIpoiece
3aKpeIJIeHNs 3a CJAOBOM OJHOTO CMEBICJIA HasbiBaeTca (ropMaimsammeit.
A #3BIK, B KOTOPOM KalKI0O€ CJIOBO MMeEET e¢AWHCTBEHHOE 3HaueHue, Ha-
3pIBaeTrcd (¢opMaan30BaHHBIM. fIBBIK JII000# HayKu ABAAeTca dopMa-
JM30BAHHBIM.

Bompocsl cooTHeceHHU CIOBY €ro SHAYEHWA ¥ CMBICJIA COCTABIAIOT
ceMaHTHKY a3biKa. OfHAKO, KpoMe TIPo0JieMbl COOTHECEHHUSI CJOBY TOTO
UM WHOTO 3HaYEHUs, eCTh elle mpobdjeMa o0pa3oBaHUA CAMHUX CJIOB —
CHHTAKCHC #3bIKA.

Co BpemeHeM JIOAW OOHAPYIKUJIHM, YTO OLIBAIOT MHOMKECTBA, COXEp-
skamue O€CKOHEeYHO MHOTO 3JIEMEHTOB, HAIIpHMEpP MHOMKECTBO HATy-
PajdbHBIX uuces. KamkAoMy 2JIEeMEHTY HYIKHO COIIOCTABMTL 0603HAYAIO-
ujee ero caoBo. Ho 6eCcKOHeUHBIH CIIMCOK CJIOB HE COCTABUINL, HYMKHO
OpuAyMaTh 4YTO-TO WHOe. Brpouem, M AJjs KOHEYHOrO, HO JOCTATOYHO
0ONBIIOTO MHOMKECTBA MMEHOBAHHE KaKAOTO0 O0BEKTAa MOMKET OKa3aTh-
cd HempocTol 3amadeii (K IpuMepy, oOpasoBaHMe HasBaHUI opraHudvec-
KUX COEIWHEHWH B XuMuu). PellleHre BO3HHKAIOIEH 3AeCh HIPoOJJeMbl
6bLI0 HAWAEHO JIOABMH JABHO: MOYKHO 3aJaTh IIpaBuja 00pasoBaHUS
cjioB. B ABHOM BuAe 5Ty MBICJIL HEPBLIM BBICKAa3aj, IO-BUANMOMY,
Apxumen B cBoeM TpakTare «HcuucieHne nmecKa». B HeM OH H3JI0MKNI
CUCTEMY WMEHOBAHWS KAKWX YIrOAHO OOJBIINX HATYPAJLHBIX YMCEJI.

Pemerue nipobseMbl TMEHOBAHMSA 3JIEMEHTOB 6eCKOHEYHOI'0 MHOMKE-
CTBa MBI KaK pa3 ¥ IPOMJIIOCTPHUPYEM Ha XOPOUIO 3HAKOMOM BAM MHO-
JKecTBe HaTypaJbHBEIX uucei. Hecars mudpp 0, 1, 2, ..., 9 — sT0 ax-
daBuT, U KayKkJoe HATypajlbHOE UYHCJIO 0003HAYaeTcA CJIOBOM, 3alIMCaH-
HBIM 3HaKaMu 3Toro aji)aBuTa. 3anych TEPBBIX AEBATH HATYPAILHBIX
quceJ — 9TO CaMHU 3HAKM JaHHOro ajdaBuTa. 3aluCh BCEX IOCIEAYIO-
OIUX 4Yucesl MOJYYaeTcd II0 €AUHOMY (XOPOIINO M3BECTHOMY) MpaBHIY.
Bor owmo.

Ilyetes nna umciia n yke MMeeTCs 3alMCh VKABAHHBIMY IHUQPaMMH.
Ecnu nocneguaa nudpa oramyHa oT 9, TO A MOJYYEHUA 3AMINUCH CJie-
AyIOUIero 4Yucjaa n + 1 HYyKHO 3Ty IOCHAeNHIONn Hu(dpy 3aMEeHHTL cie-
Ayooieil mo aadaBuUTy, a BCce Jpyrue Hudpsl OCTABUTH 6e3 M3MECHCHM.
Ecau xe mocnenueit nmudpoit yncaa n sBiaserca 9, To oHa 3aMeHAETCS
Ha 0, 1 ecsiy B cTapIIuX paspafax nudpsl OTCYTCTBYIOT, TO MEpPes 3TUM
0 nuierca 1, B IPOTHUBHOM cJlydae IO YK€ OIHUCAHHOMY IIPABHAY Me-
HAOTCA nudpH B GoJjiee cTapiiux paspsnax.

IlpaBuia, cornacHo KOTOPHIM M3 3HAKOB ajpaBuTa o00pasyloTcs
CJI0Ba JAHHOIO s3HIKA, HA3BEIBAIOTCA TPaMMATHKONM 2TOoro sswika. Tax
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YTO NpUBEAEHHOE BEIllIe IPABMJIO — 5TO 'PAMMATHKa AeCATHYIHOH HY-
Mepanuu. fASHIK JeCATHYHOH HyMepamHUH — 3TO MHOIKECTBO 3amuceit
BCeX HATYpPaJbHBIX uucelsi. UToOGBI 3amuCcHIBATL YMCJIOBYIO MHGpOpMAa-
OWI0, BEIPpAKAEMYI0 Apo0AMHU, aj(aBuT MPUXOAUTCA PaACHIMPHUTH, Ho0a-
BHUB B Hero 3HaK JAPoOHOI UepTH WM AeCATHYHOH 3amaToil (MHOTZA
BMECTO 3alsiTO¥ HCHOJIb3yeTcA TOYKa). COOTBETCTBYIOIUM 00pasoM MO-
AnbunupyeTcsa U IpaMMAaTHKa S3bIKA.

BosnukHOBEHNE HEKOTODHIX aJIPaBUTOB OBLJIO IIPOZHUKTOBAHO HEOO-
XOAUMOCTBIO IIPUBJIEYeHUA TeXHUYECKHX CPEeACTB IJA Nepexadyu uHbOp-
manuna. OgHEM M3 IPHMeEpPOB Takoro andasuTa sABjAAeTcAa azbyka Mop-
3e, u300peTeHHaA N Iepefauu TejierpadHEIX coobineHu#. B Hell KaxX-
Ablil sHAK OOBIYHOTO ajipaBUTa KOAUDPYeTCs HAGOpPOM ToueK H Tupe (UTO
COOTBETCTBYeT Iiepedade KOPOTKHX M AJUHHBIX 3JeKTPOMarHUTHBIX
umnyabcoB). Hanpumep, B pycckoii Bepcuu a3dyxkum Mopse OykBa «A»
KOoAupyercsa coueTanmeMm ¢ —, GykBa «C» — coueTaHMeM ® e e ¥ T. 1.

HcnonnsoBanue ajadaBUTA, COCTOAILNETO N3 ABYX CHMBOJIOB, OKasa-
JIOCh ¢ TEXHHMUYECKON TOYKHW 3peHHa Hambojsiee ymoOHBIM. Hanwuuwe TOKa
WM €r0 OTCYTCTBHE, HAJIWYNe HAMarHNYEHHOCTH MJIM €e OTCYTCTBHE,
HaJu4ue CBETA WJIN €ro OTCYTCTBHE — JiBa XOPOIIO Pa3JIMYHUMBIX CO-
CTOAHUSA KOAMPYIOT ABa CHMMBoJIa ajdaButa. MH B JajabHeiiiileM oObIu-
HO OyZeM CYHTaTbh, YTO ABYXCHMBOJBLHBIA ajipasuT coctonT m3 0 m 1.
B npoTHBHOM cAyYae COCTaB ABYXCHMBOJIbHOTO ajiaBmra GyZeT Orosa-
PHUBaThCA CIEIUATBLHO.

BONPOCH! U 3ANAHMS

0 B yeMm 3akniovaetca npouecc dopmannzaumm ssbika?

g Y10 Ha3bIBAIOT rPamMMaTMKON f3bika?

6 HaHbl cnosa: kaptodens, kabayok, MOPKOBb, KapaHaail, Kanycrta. Ykaxure, Kakoe v3
3TUX CNOB AULLIHEE, €CU PYKOBOACTBOBATLCH:
a) cemMaHTU4eCcKuM NoAxoaoM;  6) CUHTAKCUMHECKUM MOLXOAOM.

Q Ana kaxnon 3anucy U3 NPUBEOEHHBIX HUXKE YKaXUTE, Ha KakOM fA3bike OHa caena-

Ha — KOMMYHUKATUBHOM unn dopmanusosaHHOM. MonbiTakTech onpenennTb 06-
AacTb NpUMEHeHNa KaXkaoro m3 “crnonb30BaHHLIX A3LIKOB:

a) Buixoxy oanH s Ha gopory. X) CH

6) To be or not to be.

8) 2KOH + H,S0, = K,S0, + 2H,0. HC CH

r) Canana kanywa no Hanyuwke v ysasuna 6GyTasky,

n sonut: «Kanywara, kanywarodku! Byraskal» HC CH

o) (a+ b)® = a® + 2ab + b2

e) F = ma. CH

3) PRINT X.

n)* Konmyectso BellecTsa, BLIAENAIOWErOCA Ha DNEKTPOAax, MPsMoO nponopuno-
HaNbHO KOMWUHECTBY 9NEKTPUYECTBA, NPOXOSSALLIEro Yepe3 aNeKTPonuT.

K)* ECAim x; M x, — KOPHW ypaBHeHwus x> + px +q =10, TO x, + x, = —p
H XX, = ¢q.
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6* B 6GonbluMHCTBE A3LIKOB CAOBa — MOCNEAOBATENLHOCTA 3HAKOB (CReBa Hanpaso,
cnpasa Haneso, CBepxy BHU3). N B MHPOpMaTUKE CAOBO — 3TO TOXE nocnesosa-
TEeAbLHOCTb CMMBOAOB andasurta, 3anncaHHas NoO eBPONEnCKoW Tpaguuum cneea
HanpaBo. OgHAKO B HEKOTOPLIX A3bLIKAX WUCMOAL3YETCH NAaHapHOe uAu Aaxe npo-
CTPaAHCTBEHHOE pacnonoxeHue andaBuTHbIX 3HAKOB. Bcem n3BeCTHbIl npuMep nna-
HapHOrO PaCNONOXEHUst 3HAKOB — 3anuCb MENOAUU HOTAMMUI CaMm HOTHBLIA 3HaK He-
ceT uHpopMaLnIo TOAbKO O OANTENBHOCTU 3BYHAHWS HOTHI, & €ro pacnonoXxeHue
Ha HOTHOM cTaHe — uHpOPMaLMIO O BbICOTE 3ByKa. lpuBeauTte ewe npumeps! nna-
HaPHbIX R3LIKOB, UCNONL3YEMbIX YENOBEKOM.

()| Yumepcansmocts aBOMUHOTO KOAMPOBAHMS

B mpezpigymiem maparpacde MBI OTMETHJIH, YTO C TEXHHYECKOMH
TOYKH SpeHUuA yAOOHO HMeTh hesio ¢ mH(popManmeil, 3aKOZHUPOBAHHOH
cUMBOJIaMU JiBoWuyHOTrO ajipaBuTa. KOMIOBIOTEp KaK TeXHHYECKOE YCT-
poiicTBo obOpabaTeiBaeT MHGOPMAINIO, TOKEe 3ANMHCAHHYIO B ABOMYHOM
andasure. O6CyauM, Kax Ke OCHOBHEIE BHAH HH(POPMaAIMHN — CHM-
BOJIbHAs, BUSyaJbHasaA M 3BYKOBaA — MOTYT OBITh 3aIHCAHBI BCEro
JIWUINb ABYMS CHMBOJIAMH.

IIpome Bcero zemo o6CTOMUT ¢ CHMBOJBLHOM mH(poOpManneii. OHa yixe
OpeACTABJIEHA 3aIIMCLI0 B HEKoTopoM aiadasuTe. IIoaTOMy AOCTATOYHO
KaXXJBIH CHMBOJI 3TOr0O ajaBUTa 3aKOAMPOBATH HEKOTOPHIM CJIOBOM B
IBYXCHUMBOJBHOM ajpasure. CI0B, COCTOAINX M3 OAHOTO CHMBOJIA Ta-
Koro ajdasnuTa, TOABKO 2. IByXCHMMBOJBHBIX CJIOB y:Ke 4 — 310 00,
01, 10 u 11. Ecau paccMaTpHUBATE MOCAEAOBATEILHOCTHL M3 UYETHIPEX
CHMBOJIOB, TO 3TOrO JOCTATOYHO AJifg 3amnucu 16 ciaoB. B maTmHCKOM
andasure 26 6yxB, a IATHCUMBOJBHEIX c¢jioB 13 0 m 1 — 32, 1. e. goc-
TATOYHO, YTOOHI KaKJoll OGYKBe JIATHHCKOrO aji)aBUTA NMPHCBOUTHL CBOM
OATU3HAYHEIN KOX.

Ho Bear OGYKBHI GHIBAIOT He TOJBKO CTPOUHBIE, HO ¥ IIPOIHCHEIE.
Yrobel MX pasindyaTb, TpebyeTcA HOMOJHHUTEJLHBIH CHMBOJI B KOJe€.
A Beib ecTh eile HUGPH, 3HAKH OPEONVHAHHA M apUPMEeTHUYECKHUX
melcTBHI, cnenmasibHbie sHaKU (Hanpumep, %, Nt) m, KOHE4YHO, 0c060
HONMYJAPHBIN BO BCeX TEKCTaX CHMBOJI <«IIPOGes».

CoB U3 ceMM CHMMBOJIOB XBaTaeT AJIA TOTO, UTOOBI 3aKOAHPOBATH CO-
0o0I1ieENA HEe TOJBKO HA AHIJIMACKOM, HO M HA XOpPOIIEM PYCCKOM $3biI-
Ke. Mmenno TaxkoB oreuectBerHbIii Kog KOM-7. Coxpammerne KOH po-
AUJOCh M3 NIEePBBIX OYKB CJIOBOCOYETAHUs «KOA oOMena mHGbpopMammein».

Yro6pl He YyIOTPEGIATH AJHHHBIN 000POT «IIOCJAELOBATEJIBHOCTD H3
CTOJILKMX-TO 3HAKOB, KaKAbIHl #3 KOTOPEIX HYJb MU eAUHHIIA», JIOIHN
HOTOBOPHMJINCH NOABJIEHHE OAHOTO TAKOrO 3SHAKa B NOCJIeAOBATEIBLHOCTH
Ha3eiBaTh OmroM (oT amrawmiickoro Blnary digiT — pBouwunas mudpa).
Tenepp Mo0:XKHO cKasaTb, uTo KOM-7 — ar0 cemubumnoe KORUpPOBAHNE
PYCCKOSSHIYHBIX COODIIeHMI.

B GoAbHMIMHCTBE MEPBHIX KOMIIBIOTEPOB MCIIOJb30BAJICA CeMHOHUT-
HBIH KoA. OaHAKO ¢ pasBUTHeM TeXHHKH 3TO CTajo HeyAoOHO. HoBbiil
Kox OBLI yyKe BOCHBbMHOMTHBIM M OCHOBHIBAJICS Ha aMEPHKAHCKOM CTAaH-
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JapTHoM KoJe wuHbopmainuoaHoro oo6mesa (ASCII — American
Standard Code for Information Interchange).

IlocnenoBaTeisHOCTE BOCBMHU OHMTOB HOTOBOPHJINICH HAZBIBATH CJIO-
BoM Oaiit. Ho u ogmu GaiiT oKa)ercsa Maj, ecjam TpebyeTcs OUEeHUTh,
CKOJIPKO MeCTa B NAaMATH KOMOBIOTEpA 3aHUMAET, CKa)XeM, AeCATOK
cTpaHun TeKcTa. [loaToMy OBLIM BBefeHBLI 00Jiee KPYIHEBIE €MMHWITHI —
Knjaobair (o6osnauermne KoaiiT), merabaitr (MoGaiit), ruraéaiur (I'6aiit),
repabaiit (T6aiiT) u 1. 5. COOTHOIEHNA MeXAY HUMH TaKOBbI:

1 Kbéaiit = 1024 6ajit;

1 Mo6aiir = 1024 Ko6aiit;
1 I'caitT = 1024 M6aiiT;
1 T6aiir = 1024 T'GaiiT.

KomeuyHO, B COBpEeMEHHOM MHPE, ONYTAHHOM KOMIBIOTEPHBIMHU
ceTAMH, JlaXKe BOCHbMHUOWTHOTO KOAMPOBAHUS HENOCTATOYHO: €CTh JKe
apabckuit andaBuT, ABa ANOHCKHX, XUHAN, MATEMATHYECKAS CHMBOJIH-
Ka u T.a. IloaTromy OBl BBeZeH HOBBINI CTAHZAPT CHMBOJBLHOTO KOJU-
poBauusa — UNICODE, rae xakAbiii cUMBOJ KOAHPYETCH yKe ABYMS
GatiTtamu.

W3 pacckasaHHOTO fACHO, YTO KOMOBIOTEP OKAa3aJCSA XOPOIIO HpH-
CHOCOOJIEHHBIM [Jid O0palGoTKM CHMBOJILHOM mnudopMalinm, IpHE 3TOM
HEBAayKHO, TEKCTOBasA OHa WAU uucijosasg. OgHAKO IIOCMOTPHM HAa IIPO-
Iecc MOJIyYeHHUSA ¥ BOCOPHUATHS MHPOPMAIMH C PYroii TOUKM 3peHusd.
B TexcTe ues0OBEeK MOMKET He 3aMETUTH HEIPABHJILHO YIOTPEeOIEHHYIO
6ykBy (KTO M3 Bac He Aejas HWOXOOHBIX OmKGOK!), HO, KaK HpasBWJjo,
pearupyeT Ha Mejibuaililivie M3MeHEHHA BULUMON eMy KaptuHku. He
CAYy4YalHO Ha HEKOTOPHIX 0CO00 OIIacHBIX IIPOMU3BOACTBAX IJifA OIEPATO-
POB BBIBOAAT Ha SKPaH He TOJHKO HNOKA3aHWA JATUNKOB, HO W m306pa-
JeHNe 4YeJIOBEYeCKOro JINIla, KOTOpOe TaK WJM HHadYe OoToOpaxaer,
B KaKO¥ CTeleHM HOPMAJbHO IIPOTEKAET TPOU3BOACTBEHHLIN IIpoliecc.
Onepatop HamHOro GhICTpEEe pearupyeT Ha M3MeHeHUe JIHIla, 4eM Ha
0e3TuKUe TTOKA3aHUA AAaTIYUKOB.

CoBpeMeHHHBIH KOMOBIOTED IIOKA OCTAETCHA YCTPOMCTBOM, 00paGaThI-
BAOIIUM JHINb MHPOPMALHIO, 3aKOAMPOBAHHYIO ABOUYHBLIM KOJOM.
Iosromy um BmaeomuHGOPMAINIO HAJAO0 HPEACTABHTL B ABOMYHO 3aKONU-
poBanHOM Buze. IlocTymaloT Tak.

HycTe peub ujger o uepHO-OesioMm pucyHKe. lIpescraBuM ero mso6-
Da)XeHHBIM Ha IPAMOYTroJbHOM Jincre Oymarm (puc. 1.4, a). Pa3o6s-
eM 9TOT JAHMCT Ha KBaJPaTHKH C JOCTATOYHO MAaJEHBKON CTOPOHOH
(puc. 1.4, 6). A Temeppr NPO KaKABIN KBaAPATHK MBI MOMKEM CKa-
3aTh, €CTh B HEM KaKas-TO YaCTh DHCYHKA WJIHN HeT. B mepBom ciy-
Jae IpHUcCBamBaeM KBaApaTHKY Kox 1, Bo Bropom — Koz 0. IIpobGeras
0o BCeM KBaApaTHMKaM, HANIpHMep, CJeBa HAIPABO M 3aTeM IIepexo-
If IO CTPOKaM CBEPXY BHM3, MBI TOJyYaeM ABOWYHBIN KO PHCYHKA
(puc. 1.4, 8). BoccranoBieHue pPHUCYHKAa, T.e€. AEKOAUPOBaHWE, IIOKA-
3aHO Ha pucyHke 1.4, 2.

KoHeuHO, pPe3yAbTaT JeKOAUPOBAHUS IIOYTH HABEPHSIKA He COBIAZAET
¢ HCXOAHBIM pHcyHKOM. Ho zyia Toro MBI M BHIGHpAaN pasMepsl KBaApa-
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Puc. 1.4 Cxema KkogupoBaHua pUCYHKa ONA 3anvCKU ero B Namatv KoMnbloTepa

THKOB JOCTATOYHO MAaJEeHbKHWMH, YTOOBI MCKayKeHUs ObLIM He3HAYHUTENb-
HeiMu. KpoMe TOro, Kax BBl 3HaeTe M3 OHOJIOTHM M (QHM3UKH, M UYeJOBe-
YeCKHH rias, U Ja000il ApYyroi ONTHYEeCKW mpuOOpP MMeeT OrpaHWYeH-
HYI0 paspelamlnyi CIOCOOHOCTH B BOCIPHATHH H300pa’keHHs, T.e. me-
pecTaeT pasjindaTh COCEAHHE YVUACTKH KAK PasMYHbIE, €CJIM UX PasMepsl
MEHBIIE HEKOTOPOM BeJMYMHBI. B 3TOM CciIyyae OTAeNbHBIE KBAAPATHKH
B BOCIIPUATHH UYeJOBEKa OIATH CAHMBAIOTCA B HENpepBIBHOE IIeJioe.

A xax O6bITH, ecnu TpebyeTcss 3aKOAMPOBATH IBETHOM PHUCYHOK?
Beas TaM [y ONMHCAHWsA I[BeTa KBaJpaTHKa ABOMYHBLIM KOAMPOBaHHEM
He ofoiiTuck. W 3mecs mpupoja CHOBA MOACKA3bIBAET pPEIIEHUE.

Xopomo H3BECTHO, 4TO JIO00H IBET MOXKeT OBITH IOJYYEeH Kak
CMeCh TpPeX OCHOBHBIX IIBETOB — KPACHOI'O, CHHero u sejenoro. 3 Ta6-
aunsl 1.1 BRI JIErKO OompefenuTe, KaKue IOJy4YaloTCH I[BeTa IIPH TaKOM
cMeIlIMBaHUM; B Heil 1 o3HavaeT HajJudue AaHHOro nsera, 0 — ero or-
CYTCTBHE.

Tabnunuya 1.1

i‘ Kpacﬁ;au‘i Cuuuﬁm ﬁenauuﬁ 1 _I.I.Ber _:
0 0 0 ! depmin

0 ‘ 0 1 : 3eneHbiit f
E 0 1 0 E CuHuiA 5
! 1 0 0 i KpacHblii 3
foo0 g 1 1 - BupI030BbIii
: 1 i 0 1 XKentoiid <
{ 1 1 0 . ®vonetosbilt :
1 1 1 i Benbiii !

3Iechk MBI MMeeM TOJIBKO ABe rpazanup spxoctu — 1 wmiam 0. Ho

OBET MOXET HMeTh Pa3HYIO CTelleHb APKOCTH; Torga IOdABHTCA H COOT-
BETCTBYIOIH,Hﬁ OTTEHOK IIoJIy4aeMOoOr'o IBeTa.



18
I/ITaR, eCan y HaC TOJBPKO JAB€ rpajanyii ApKOCTH, KoAHDPyeMEbIe
Omu 1, TO MBI MOME€M IOJYYHUTH BCero JHHIb 8 Pa3JinYHBIX IIBETOB.

A ecam rpajainuii Gasg KajKAOro OCHOBHOrO mseTa Gyaer, Hampumep, 64,
TO HETPYAHO IOJACYHUTATH, UTO PASIIMUYHBIX I[BETOB IIOJYYHTCS

642 = 262 144.

Yucno 64 yanoOHO TeM, UTO OHO ABJASETCS CTEIeHbIO uncyaa 2, a UMeH-
HO IIIeCTO¥ CTemeHblo, IO3TOMY YKa3aHHOE UMCJI0 rpajanuii Kozupyer-
cA WIeCTUOUTOBBIMY MOCIEAOBATEAbHOCTAMY, U, SHAUYUT, AJISA KOAHUDOBA-
HuA 262 144 nBeroB moTpebyercs 18 Gur.

B orauume or rpadmueckoil mHdopMamuy, KOZHUPOBaHHE 3BYKa
OKa3ajJ0oCh AOBOJBHO-TaK# HpocThIM. C XIX Bexa H3BeCTHBI YCTPOIH-
CTBa&, KOTODHIEe YJIABJHBAIOT 3BYKOBBIE BOJHHI M mnpeobGpasyoT HuX
B 9JeKTPUYECKUIl TOK. YCTPO#CTBA 9TH HAIBIBAIOTCA MHKPOPOHAMH.
TouHO TaKO! Ke HeIPEpPHIBHBIN, MO-APYIOMY AHAJOIOBBIM, CUTHAJA MO-
JaeTcsd WM B 3BYKOBHIE YCHUJIHMTENH, 4 3aTEM HA AUHAMHKH — [JIs BOC-
IpPOU3BEACHNA 3BYKA. 33a4a COCTOHUT B TOM, YTOOBI MPUAYMAaTh CIIOCO0
KOJHUPOBAHMA C NOMOINBIO YHCEJ aHAJOrOBOr0O CHrHAJa, HaIpHMEpP
n300pasKeHHOTO Ha pUCyHKe 1.5.

Odaa aToro AOCTATOYHO HECKOJIBKO pas (HECKOJBKO HECATHKOB, CO-
T€H, THICAY pa3) B CEKYHAY H3MEPATH BEJIHUYNHY aHAJOTOBOrO CHUT'HAJA
H KogupoBaTh ee. PakTuuecKH MBI pasbuBaeM IJIOCKOCTH BePTHKAJb-
HBIMM ¥ TOPHW30HTAJBHLIMH JHUHUAMHU ¥ NOPUOIMIKEHHO CUHUTaeM, 4TO
rpaduK OPOXOZUT B TOUHOCTH Uepes y3JIbl IIOJNYUYHMBIIEHCA CETKH, 3a-
MeHAsd IUIaBHYIO JMHHWIO JoMaHO# (puc. 1.6).

Pasbuenne BepTHKAJBHBIMU JUHUAMH HA3LIBAETCH SHUCKpEeTH3auM-
eii (II0 BpeMeHW) AaHAJIOTOBOI'O CHIHAJIA M XapaKTepHU3yeTCA YacCTOTOM
aucKpernsanmuu. [[Jia peasJbHOro mpoiiecca 3TO 03HAUaeT, KaK YacTO MEI
N3MepAEeM BeJMYMHY aHAJOrOBOI'O CHIHAJA.

OOBIYHO A/1A KOAWMPOBAHMSA 3BYKA BBIOMPAIOT OAHY #U3 TPEX YaCTOT —
44,1 KT'u, 22,05 KTy uan 11,025 KI'u. IlepBas u3 3TMX 4acToT COOT-
BETCTBYET MY3bIKE, 3alIMCHIBA€MOM OCBIYHO Ha KOMIIAKT-AUCK. BeJludymHa
aHAJIOTOBOIO CUTHaJIa U3Mepserca B 3ToM ciaydae 44 100 pas B cekyH-
ny. ECTeCTBEHHO, UTO B CJy4Yae CTEPEO3BYUAHUS OTHEJbHO KOAHUPYETCH
JeBbId M mpaBbiii KaHajJ. BosBpamjasck K PHUCYHKY 1.6, MOXHO cKa-
3aTh, YTO PACCTOAHNE MEKAY BEPTHKAJBHBIMK JHHUAMM COOTBETCTBYET

A0oJie CEKYHARBI.

44100
U Uk
\ Y/
\’\/\ A
r t
Puc. 1.5 UsobpaxeHue aHaNOroBoro Puc. 1.6 Oundposka aHanorosoro

curHana B suae rpagpuxa curnana
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Baxuo m pasOueHHe TOPH3OHTAJNLHBIMH JHHHAMH. deM Meabye
CeTKa, TeM KadYeCTBeHHee MBI NPHUOJHM3UM pPe3yJAbTAT KOAHPOBAHUA
K aHAJIOTOBOMY CHUTHAJy. I'OpH3OHTAJbHAA PasOGHMBKA HASLIBAETCH KBaH-
ToBaHHEM (II0 YPOBHIO).

OOBLIYHO MPUMEHSEeTCA BCEro /iBa ero Tuma — 8-0utHoe wiau 16-6mt-
Hoe. B mepBoM ciyuae MBI mosiydyaeM 256 pasjnYHBIX 3HAYCHHIN HANpHA-
JKEHUs, BO BTOPOM — YyiKe M3BecTHBIe BaM 65 536 sHauenwmii. UHBIMU
CJIOBAMHM, MHTEPBAJ OT HYJEBOI'O A0 MaKCHMAaJLHOrO HaIpAKeHHS pas-
6uBaerca anbo Ha 256, ambo ma 65 536 ypoBHeii.

8-0nTHOEe KBAHTOBAHME YaCTO NPHMEHAETCA IJA OLHU(MPOBKH OOBLIY-
HO# peum (B WaCTHOCTH, TejedOHHOro pasroBopa) M pajguonepenad Ha
KOPOTKHX BOJIHaX; 16-6uTHOe — Jia onu@poBKH MY3HIKU U YKB-
paguomepenad.

3aMeTHM, uTO IMpeoOpasoBaHUE AHAJOTOBOTO CUTHAJIA B IUGMPOBOH
¢opMaT Bcerja COIPAXKEHO ¢ HEKOTOPHIM HMCKaXeHUeM HMCXOXHOTO CHT-
HaJa. VIMEeHHO HO3TOMY HEKOTODEHIE€ LEHUTENH MYSBIKH A0 CHX IIOp
MPEAIIOYUTAIOT KOMIIAKT-ZUCKaM AOOpHIe CTAphie IIJIACTHHKH.

IlogcumTaem, CKONBKO OyZeT 3aHHMATh B KHJIO0AHTax OfHa MHUHY-
TAa 3aO0¥CH Ha MYSHBIKAJBHOM KOMOAaKT-AuckKe. Ilpm 16-6utHOM KOZH-
poBaHUM cUrHaJja norpebdyercs 2 OailiTa Ha 3alKUCh 3HAUYEHUA HAIPSAKe-
Huda. Ilockoabky curHaa Mepserca 44 100 pas B cexkyHay, norpebyercsa
2 X 44 100 = 88 200 GaiiTt KaxayI0 cCeKyHAy uau npumepHo 86,1 Kobaii-
Ta. 3a MUHYTY 3TO cocTaBHT 86,1 X 60 = 5166 KobaiiTr mau npumepHO
5,05 Mo6aitr. Ilockoasxky curHan crepeodoHmUYECKHUil, 5TO 3HAUYECHHE
HY)KHO yMHOXHUTH Ha 2. IIpoBejA elje HECKOJBKO AHAJOTHYHBIX BHI-
YyucJIeHuH, moayumM Tabauny 1.2, B KoTopoil yKasaHo, KaKo# o6meM
fymeT saHMMATh 3aKOJHUPOBAaHHAA TaKMM O0OpasoM OJHA MHUHYTA 3BYKO-
BO#l mHDOpPMAaIIUA.

Tabnuya 1.2
Tun curksana
YacToTa 16 6uT, cTepeo 16 6UT, MOHO 8 6uT, MOHO
auckpetTuauum
44,1 Ky, 10,1 M6aiT 5,05 Mb6atit 2,52 Mbawt
22,05 Kl'y, 5,05 Mb6auT 2,52 Mb6ait 1,26 M6ant
11,025 Ky, 2,52 Mbaiir 1,26 Mb6ait 630 Kbait

061eM, obecrmeunBaION{Nil caMOe BRICOKOE KaueCTBO, COOTBETCTBYIO-
Imee 3amMCH HA MY3BIKAJBHOM KOMIIAKT-AHCKE, BBIAEJEH KHUDHBIM
mpudpTom. O6BbeM, JOCTATOUHBIH AJs 3amucH TeseOHHOrO pasroBopa,
BbifleJIeH KypcHBOM. B uUacTHOCTH, MMEHHO TaKoii o6beM IaMATH Tpe-
6yeTcsa aBTOOTBETUYMKY, NPOrpaMMHO YCTAHOBJEHHOMY Ha BallleM
KOMIIBIOTEpE, JJf 3allNICH BXOAMAIINX 3BOHKOB HpAMO B daiii.

OrpoMHELI#i pasMep moaydaeMbix (aiiioB ZOCTATOYHO LOJTrOoe BpeMsi
OBLII CEepBbe3HBIM INPEIATCTBUEM AJA HEPECHIIKN MY3LIKH II0 3JeKTPOH-
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HO# mouTe ¥ pasMemieHus ee B MHTepHere. I[loaToMy GBLIO Ipeasoxe-
HO HECKOJIbKO cII0ocO00B UX yMmeHbIleHusi. Tak, GONBIIUHCTBO JIOIeH He
CIBIIIAT OYeHb BBICOKHE 3BYKH, U WHMOpPMamued 0 TAKMX 3BYKaxX BIOJ-
He MOKHO IOKepTBOBaTh. KpoMe TOro, 4elOBeK BOCIPHHUMMAET 3BYKH
¢ 9hdeKTOM «IOCIEe3BYy4YaHUSI», T.e. JayKe IIOCje NMpeKpaljeHhs I'POM-
KOro 3ByKa OH kKak Obl caernmur ero. Crano OBITH, HAYANO THXUX 3BY-
KOBBIX (hparMeHTOB, CJEAYIOLIMX 34 IPDOMKHMH, TOXKE€ MOMKHO HCKJIIO-
4uTh. M TAKHX CHUTyanHil HOBOJBLHO MHOTIO.

CrnemoBaTenbHO, 3HAS 3AKOHBI BOCIPHUATHSA 3BYKA YEJOBEKOM, MOK-
HO ciacamb WHGOPMAIWIO, YMEHBIIHB pasmep ¢daiira ¢ My3bIKaJIbHOM
unHbDoOpManmueil B HECKOJILKO pa3. KoHeuHO, KadyecTBO MY3BLIKH IIOCJIE Ta-
KOl omepanuy YXYAIIUTCS, HO, BO-IIEPBLIX, AJA OOJBITHHCTBA JIOAEH
aTo0 OyfeT NMpPaKTHYeCKH HEe3aMeTHO, BO-BTODPBIX, 3a4acTyIO 3TO eJUH-
CTBEHHBIH croco0 mepenaBaTh Takue (haijiel 10 KOMOBLIOTEDHBIM CETSAM,
a B-TPeTBHX, BOBCE He BCE PABHO, CKOJBKO MY3BIKH MOYKXHO Pa3MeCTHUTh
B IaMATH MY3BIKAJIBHOTO IIJIeepa — Ha OAWH 4Yac WJIX Ha gecaTth! Pa-
OU TAKOTO MOJYKHO COTJIACHTBHCA M HA HEKOTOpOoe YXVAIIeHHe KadecTBa.
HauGonee monmynsapHBIME GOpMaTaMH CHKATHIX MY3BIKAJIBHBIX (DaljaoB
ceifuac sBasioTca dopmatet MP3 1 WMA. Kcratu, G0ABIIHHCTBO IU(-
POBBIX TeJiIe)OHHEBEIX ABTOOTBETUYHKOB (0 KOTOPHIX MEI I'OBOPHJIHM BEIIIE)
u nu@pPOBBIX ZUKTOMOHOB KaK pas o0pabaTHIBAIOT 3BYK C IEJBIO CHKa-
THA HHQOPMAIIHKA B NaMSATH.

A SR T TR T T TR T

BOMPOCHI U 3AJ.'IAH MSI

0 Kakoe koadpduumeHt nepecuera GaitoB B kmnobaiitel; kunobaiitos B MerabaiTol?
A koadduumeHT nepecyeta 6uToB B 6aitTul? Ckonbko GalToB B ogHOM merabaiTe?

0 MocuuTaiite, ckonbko NpUMEPHO GaliT COAEPXUT OgHA CTpaHuua Bawero yyebHuka.
Belpasute nonyyeHHoe uvcno B kunobGaiitax.

e Mycts ctpenka T osHayaeT nepemelueHue Ha OaHy KneTky Beepx, ctpenka | oasHa-
4YaeT nepemelleHre Ha OfHY KNeTKy BHWU3, CTpefnka <« — MepeMeLleHMe Ha OfHYy
KNEeTKy BNeBO, CTPefika — — MepeMelleHre Ha OAHYy KIeTKy Bnpaso.

a) 3akoaupyiiTe NOCNeAOBaTENbHOCTLIO CTPENOK KpaTyailumii MapLupyT M3 Knetku A
B KNeTky B Ha knetyaTom none ¢ neperopogkamu, u3obpaxeHHOM Ha pucyHke 1.7, a.

a) 18] 9
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H 21 Undopmarnka kax Hayka

(32 oavH x04 MOXHO NEPeMecTUTbLCH POBHO Ha OAHY KNETKy, Mpy 9TOM 3anpeiua-
€TCA NpoXoanTb «CKBO3b» NEPEropoaku.)

6) 3akoanpyiiTe NOCAEAOBATENLHOCTLIO CTPEoK fyTb U3 LEHTPa OO0 BbIXxoAa B Na-
6upuHTe, n306paxeHHOM Ha pucyHke 1.7, 6.

B) Ckonbko 6UT coaepXut cooblieHre 0 MaplipyTe n3 Knetkn A B Knetky B, 0 Ko-
TOpOM LNa pedb B 3aaaHuu a? A B 3apaHuu 67

Kak nonyyaetcs sipko-6enbift LUBET Ha 9KpaHe LBETHOro MoHUTOpa?
Y710 Takoe AUCKpPEeTM3auvs aHanoroBoro curHana?

Mo Tabnuue 1.2 onpenenute, BO CKOSILKO pa3 ob6bem daiiia CO 3BYKOBOI 3anuchio
Boicllero kadectsa 6onbwe obbema ¢aitna ¢ 3annucblo Ha AUKTOMOH.

© 000

Ha vem ocHOBLIBaeTCs CxXatne 3BYKOBbIX dannos?

575 i ‘Undpopmaunontoe mopenmposaHune

Axagemurx A.II. EpiiioB, KoTopoMy MmMKOJIbHadA HHPOPMATHKA
o0Aa3aHa cBOUM cyHlecTBOBaHHMeM, nucaj: «Kax camocrosTesbHas Hay-
Ka mHGpOpMAaTHKA BCTYHAaeT B IIpaBa TOrZAAa, KOTZa B paMKaxX COOTBET-
CTBYIOIe!l YaCTHOM HaYKU CTpoUTCA HHGPOPMAIMOHHAS MOAENbL TOTO
WM WHOTO (parmMeHTa AelCTBUTENbHOCTH... IlosTomMy uH(pOpPMAaINOH-
Hafd MOJeJNib BBICTYHAET KAK CPEACTBO CONPAKEHHS MHMOPMATHKH C ITH-
MU HAYKAMED».

Camo cioBO «MOAeNb» HpUNLIO0 U3 PpaHIuy, TAe IEePBOHAYAIHLHO
0o3Ha4daJi0 ofpaszel], AAOUINH HATIALHOE MNPEACTABJICHWE O KaKOM-JI0O
o0beKTe MM sIBJeHNU. Y cerogHs MHOTHE MOMEJNU, HCIOJb3yeMble ue-
JIOBEKOM, HalleJeHBI Ha AEMOHCTPAIIHIO TOrO, UTO, OLITL MOXKET, HE Tak
JeTKO yBHIAeTH B mpupoze. K mpumepy, rnobdyc Aaetr HaM HaTJAXHOE
mpeAcTaBieHue 0 3eMie, a MAKeT KPHUCTAJLINYECKOH DEIIeTKH — O CTpoe-
HUY BemecTBa. Vgyuasa Kypc MHPOPMaTUKA B TPEeALIAYIUX KJaccaxX, BEI
MOSHAKOMIJINCH C COBPEMEHHBIM IIOHATHEM MOJEJIU.

. MopenupoBaHuem HasbiBaiOT 3aMeHy 0AHOro obGbekra, npouecca unu
SIBNEHNA ApYyruM OOBEKTOM WKW NPOLECCOM, COXPaHAIOLIMM CYLLECTBEHHbIE
. CBOWCTBa MCXOpHOro obbexTa, npouecca WA ABNEHWUA, C LEeNbio U3y4eHus
. 3TUX CBOWCTB, MPOrHO3VIPOBAHMUA BO3MOXHbLIX U3MEHEHUM U Ha 3TOWM OCHOBeE
MCNONL30BaHMs NX B AEATENLHOCTM YenoBeka. CaMm 3ameHsAwmii 06bekT unm

NPOLUECC Ha3biBaIOT MOAENbLIo.

Kaxue mMeHHO CBOHCTBA MOKHBI IPHUCYTCTBOBATL B MOJENH, OIpe-
JeIAeTCs MeJAMM MOJEJHPOBAHMA, T.€. TeM, AJA PelIeHus KaKuX 3a-
Iad IPeAIoJiaraeTcd MCHOOJL30BaATh AAHHYIO MoAeab. B Tabaume 1.3
IIpUBEAEHBbl HEKOTOPHIE MOZEJH, O KOTODEIX Bl HABEPHAKA YIKE€ HMeeTre
mpeAcTaBJIeHHE.
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Tabnnua 1.3
N2 Moaenvpyembin 3aua-1a, ONA peweHna
n/n o6bexT M KOTOPOM OcCyllecTBAAETCS Moaensb
npouecc MOoaenmnpoBaHue
3emHas
1 NOBEPXHOCTL Buibop mMapLupyta osvxeHus KapTta
MexaHuam Narotoenexne Yeptex
Yenosek BemoHcTpauns ogexabl MaHekeH
NaneHTndpukauma kak rpax-
4 | Yenosek [A3HWHA CTPaHI Macnopt
YcraHosnenne npodeccuno- | Arrecrar, aunaom
5 | Henosek o
HanbHOW KBanuoUKaunmn Wn CBUOETENLCTBO
MpepcrasneHne ncropmm
6 | Yenosek KU3HM Buorpagus
AswxeHune N3yyeHne 3aBMcuMOCTU Bbl- | Dopmyna
7 | Tena, 6poiueH- COTHl NosieTa Tena o7 Bpeme- gt
HOro BBepX HU nonera h =ho+ vot — 5=
. dopmyna
8 PagvoakTusHbeii | N3yyeHne 3aBMCUMOCTH Mac- _t
pacnag Cbl BelwiecTsa OT BPEMEHU m=my- 2 to
9 5328;?)*)::53%' Buibop BpemeHn u noeapa | PacnucaHwe
CTaHLMN ONs noesnkun OBUXEHUR noe3nos
10 PaGoTa YnpasneHue AOPOXHLIM OBU- ég;ggﬂ;%ggi?ﬁ:
ceetodopa XeHnem HasIoB
dopmyna, nokasbl-
Balowan, CKOAbKO U
N3yyeHne XMMUYECKOro co- | Kakux aTtoMoB CO-
11| Bewectso CTaBa BelecTsa ASpXMUTCA B MOneKy-
ne BewecrtBa, Ha-
npumep H,0

Ecam MBI paccCMOTpMM NPUBEAEHHBIA CIMCOK MoOzejei, TO yBHUAUM,

YT0 OHM BeCchbMa pa3HooOpasHel. HekoTophie U3 HUX ABAAIOTCA dH3HUYec-
KMMH KONMAMH MOJEAHUpPYeMbIX 00BeKTOB (Hampumep, MaHEKeH), ApY-
THe — CJIOBECHHIM onmcaHmeM (Hanmpumep, Suorpadusa). Ho ocobyo possb
UIpaioT MOJAENH, B KOTOPBIX MOAENIHPYEMEI# OOBEKT OIMCHIBAETCA C IIO-
MOIIBIO CHCTEMEI IIapaMeTPOB M CBA3el MexxAy Humu. CaMH mapaMeTphl
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¥ CBA3H MEXAY HHMH OIIVMCBIBAIOTCA Ha MNMOAXOogdAIleM Q)OpMaJIIfKSOBaHHOM
A3bIKe, HEPpEeAKO C IPpHMeHeHHueM MaTeMaTHIeCKOH CHMBOJHKH.

SETAT LSS DA T T SR = S TR TS R T R R T T R RN ey

MOD.eJ'Ib npeacraenawoian o6LEKT, Npouecc M saBneHue cbopmanmsoBaH-
! HBIM ONMMCaHWEM MapamMeTpoB U CBA3ER Mexay HUMKU, HalbiBaeTCA MHGOP-
' MaLMOHHON MOoAenbio.

TR I T TR P Y T LR Y

IO T S M R R T T RS WIS T TS TR

RS L s e S S e e A R TR AR

-
£ MH(DOpMaUMOHHaﬂ MOLleﬂb B KOTOpPO# napameprl ¥ cBa3n Mexu.y HUMN |
. BoipaXeHb! B MartemMaTtudeckoir (opme, Ha3LIBaeTC MaTeMaTU4ecKon

: MOAeJ'IbIO

I
i

i

£ VlHd)opmaumouuaﬂ Mop.enb B KOTOpOM napamepri ¥ CBA3N Mexny HUMW Bbi-
* paXeHbl KOMMAEKCOM MPOrpamMMm, peannsoBaHHbiX Ha KOMMbIoTepe, HasbiBa- |
: eTcsl xomnblo'repuou MOAeJ'IbIO ;
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ITocrpoenue naDOPMALIIOHHON MOAEIM HPOXOAUT HECKOJIBLKO STAIMOB:
 BeifiesieHNEe (DAKTOPOB, CYILECTBEHHBIX AJIS AOCTHIKEHHSA TOM Ie-
JIA, AJI KOTOPOH IPOM3BOZUTCS MOCTPOEHHE MOZEJIH;
olpejesieHNe CPEACTB Peajn3aluy MOJEJIH, T.e. A3bIKA U HCIOJ-
HUTEJN;

onucaHue (PaKTOPOB ¢ IMOMOIILI0 HMapamMeTpoB ((opMaiu3amuna);
yCTaHOBJIEHHE CBfA3eH MeXXIy mapaMeTpaMu;

e IIPOBEPKA IIOJYYEHHOH MOZEJH Ha aZeKBaTHOCTb.

AEeKBATHOCTh MOJEAHM O03HAYAET, YTO IeJb MOAEJHPOBaHMUA JO-
CTHUTHYT& ¥ JaHHAS MOJEJb IPH pelleHHH ¢ ee IIOMOINBLIO 3ahad ompe-
JeJeHHOTO KJacca gaeT YAOBJIETBOPHUTEJLHEIA OTBeT. B uacTHOCTH,
aJeKBaTHOCTh MOZEeJIM O3HAa4YaeT, UTO IPH ee MOCTPOEHMU AelcTBUTENb-
HO OBIIKM YUYTeHBI BCe CYILEeCTBeHHEIe ¢daKTOpH. BrickasmiBaHme: «I'aan-
Ko Ob1y10 Ha Gymare, na 3a0GeLIM IIPO OBPATH, 4 MO HUM XOJHTh» — YiKe
JaBHO IIPEBPATHJIOCH U3 YTBEDKICHUA O HEANeKBATHOCTH IOCTPOeHHOH
MOZeNn¥ AJIA BhIOOpa MapuIpyTa B IOCJOBHIY O HEeIPABUJILHO BhIJAEJIEH-
HBX (axKTopax MOAEJHPOBAHUSA B IiejioM. HenmpaBHALHO IIPOBeJEHHAN
dopmanusanna MM HEBEPHO YCTAHOBJIEGHHBIE CBA3H ME)JY mapaMerpa-
MH TOXe CAejIaloT MOAeJb HeIPUIOAHON AJIA HCIOJb30BAHNA, HO B 3TOM
ciaydyae OOGBIYHO roBOpAT 00 OMHOOYHOCTH BHYTPH CaMOH MoAeawu.
K npumepy, npn paspaGoTKe KOMIILIOTEpPHOII MoOAen# BHOJHE BO3MOMXK-
HBI OIIHOKM aJroOpUTMU3ANHNN WX IporpamMmupoBanud. OHu ycTpaHs-
I0TCA ¢ IOMOINBI0O TECTHPOBAHUI.

AZeKBaTHOCTL MOJENIH MOYKHO HPOBEPHTH TOJBKO €e COIJIacoBaH-
HOCTHIO C OOIMMH TEOpPEeTHUYECKHMH IOJOYKEeHHUAMH H 3KCIepHMEHTAaJb-
HBIMM JaHHBIMH. II0oTOMY Ha 3aKJAIYUTEJbHOH CTAAHM IOCTPOEHHUS
MOJIeJIA BCErJa IPOBOLAT 9KCHEPHMEHT, MOATBEPIKAAIOINUN MM OIPO-
BEPraliui aZeKBATHOCTH CO3LAHHOM MOAeJH. JTOT 3KCHEPHMMEHT MO-
sKeT OBITH HATYPHBIM, T. €. BOCIIPOH3BOJATCS peajibHbBIe YCJIOBHUS K CpPaB-
HHEBAIOTCS Pe3yJILTATHI, MOJyUYeHHEIe (GM3NUeCKHM HOyTeM, C pea3yJhTaTa-
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MU, IOJYYEHHBIMH C NOMOIIbI0 MoAedu. KOHeUHO, ecau peub uieT
0 IOCTPOEHUM MOJeNU Kojie0aHui MafATHHUKA NN Ja)ke IOJieTa CHADSI-
Ia, TO MOYXHO IIPOBECTH HATYPHBIH sKcmepumeHT. Ho yesoBeK HaumHa-
€T pacmoJjaraTs CPeACTBAMM TaKOH paspyHIMTEJbHOH CHJB M CTAaBUTH
nepes co0o TaKHe 3aJaduM TIJIOOAJHLHOTO BMEIATEJNLCTBA B IIPHPOAY,
YTO HATYPHBIE BKCIEPHUMEHTHl MOIYT IPUBECTH K KaTacTpPobUUeCKUM
nocaeacTBusaM. HBIHe Ha CMeHY HATYDHBIM SKCIEPHMEHTAM IIPUIILIN
KOMIIBIOTEPHBIE, KOTOPHIE IIO3BOJAIOT NPEACKasaTh OIACHLIE MOCJIEN-
CTBUA TeX WJIM HWHBIX AedcTBUii dejioBeKa. KOHeUHO, HaJ0 BCE PaBHO
YMeTh OPOBEPATH, JAIOT JIM HCIOJbB3YEeMble B 3TUX 9KCIEPUMEHTAX
KOMIBIOTEPHBbIE MOJAEAN AaAeKBATHYIO KapTUHY. PaspaGoTKol MeToHOB
IPOBEPKY AAEKBATHOCTH 3aHNMAETCH COBpeMeHHasi wHGOpMaTHKA.

B mocienymomux raaBax BbI OyneTe MMeTh AeJjI0 ¢ pPasHOOOpasHBI-
Mu uHPOPMAI{MOHHBIMHU MoJeasMu. HekKoTopsle Mogeaum Oypere
KOHCTDPYHPOBATH CAMH M CaAMOCTOATEJBHO IIPOBEPSTH UX aJEKBATHOCTD.

BOMNPOCHI U 3AAHNA
Y70 O3Ha4YaeT TEPMUH «MOAENNPOBaAHKE»?
Y10 Takoe moaenb o6bekTa, npouecca unu ABNeHUs?

Y7o Takoe MHGOPMAUMOHHAs Modens? Yem uHbOPMaLMOHHAS MOenb OTAUHAETCS
OT APYrUX BUOOB MOAEnein?

Kakaa moaesnb HasblBaeTCA MaTemMaTUdeckomn? YkaxuTe, Kakue ua mopenen, nepe-
YUCNEeHHbIX B TabGnuue 1.3, aBnAI0TCA MaTeMaTUYECKUMN.

Y10 Takoe KOMMbIOTEPHAA Mogenb?
Mepeuncnute atansl NOCTPOEHUS UHPOPMALMOHHOU MOZENN.
B yem COCTOUT CBOUCTBO afeKBaTHOCTM mMopenun? .

Kakue ¢akTopbl y4TEeHb! B MOAENU BEPTUKANBHOIO ABWXeHua Tena (cm. Tabn. 1.3)?
Kakumun napameTtpamu 31 $hakTopb ONMCaHbI?

Kakue dakropb! yyTeHbl B nacnopre Kak mopemm (cMm. Tabn. 1.3)? Kakumn napamer-
pamu 3t dakTops GOPMannM30BaHbI?

©O 0000 © 000

‘ - CHMCTeMHBIA NOAXOA B MOAENUPOBAHUU

IlpeacraBbrTe, UTO y Bac AOMa MOABUJICA HOBBIA KHMIKHBIHN
miad. Emje HemaBHO OH OBLI IPOCTO HAGOPOM JOCOK, PYYEK, ABEPHBIX
neTresnb, CTEKOJ, BUHTOB. A Tellepb CTOUT, FOTOBHIHA IPHHATE KHHUMKHBIE
coxpoBumia. HaGop Bcex uyacTeil ocTajcsa NMPeXHMUM, HO Teleph Kakaasd
JeTajib HAILa CBOE€ MECTO B COOTBETCTBHUHM C TEMH CBA3AMHU, KOTOPHIE
IpeANUCAHbl 3THM JAeTaNaAM AusaiiHmepoM. Biarogapsa aTuM CBA3AM
Ha0op 5J1eMEeHTOB CTaJji 00JIafaTh HOBBIM CBOICTBOM. IloaBienme HOBO-
TO cBOiicTBa OJjlarofiaps peaymsanuu CBA3ed MeXIY 3JIEMEHTaMM Ha3bI-
BaeTcsd CHCTEMHBIM 3¢ (eKToM WU, TMO-APYrOMY, IMEPAKEHTHOCTHIO.
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He Toapxo KumxHBIH miKad, HO M MHOrue peadbHbie 00'LEKTHI
MO’KHO NPEACTABUTh KAK COBOKYIOHOCTDL 3JIEMEHTOB, CBASAHHBIX MEXKAY
cob0ii Tak, 4TO MMEEeT MECTO CHUCTEeMHBIH 3(hdeKT: HMUKaKad YacTh IO
OTAEJIBLHOCTH He 00JIaJaeT TeM CBOWCTBOM, KOTOPHIM 00JaZaeT IeJioCT-
HBIH 00BeKT. B TakoM ciydyae roBOpPSAT, 4YTO OOBEKT NIPeACTaBISIET
coboii cucremy. Bupouem, cucTemoii MoOKeT OBITh He TOJIBKO OOBEKT,
HO M TPOIECC, €CJH MbI PACCMATPHUBAEM ero KakK COeJHHEHHEe YacTelt,
B Pe3yJbTaTe KOTOPOTO BO3HUKAET CBOMCTBO, He MpHUCYyilee HUKAKOM ero
yacTd. K IIpumMepy, IPOIlecC AOCTABKU IIHCEM OT OTIPABUTENS K ajpe-
cary IIPeACTaBJAET CO0O0l OpPraHM3aIMio NMYHKTOB IpHUeMa IHCEM, COD-
THPOBKY MHCEM IO y3JIaM CBs3Y, TPAHCIOPTUPOBKY IIHCEM OT Y3JIOB
CBA3HW OTIpasuTelieli Ha y3Ibl CBA3SHU aJpecaToB W, HAKOHEN, AOCTABKY
nuceM azpecaTram.

PaccMoTpenure 00'beKTa WM TIPOIecca KaK CHCTEMbi OKa3aJloCh BeCh-
Ma NPOAYKTHUBHBIM METOAOM HCCJAEHOBAHHA U KoHCTpymposauusa. Cohop-
myaupoBauusiii 8 1950 rogy amepuxanckuM Gmogorom JI. hpor Bepra-
JAaHbU 3TOT METOA NOJYYUJI HA3BAaHHE CHCTEMHOTO IIOAXOAa W 3aTeM
pasBUBAJICA B CAMBIX PAa3JHMUYHBIX HampaBiaenuax. o Bepraanandwu
6MOJIOTY M3Yy4Yajayu BUABI JKUBBIX OPraHM3MOB IO OTAENLHOCTH, 4 BBIAC-
HUJIOCH, UTO KUBOH MHUP — 9TO He mpocTO HaGOp Pa3jUYHBIX BHJOB,
a BecbMa TOHKOE€ M CJIOXKHOe MX B3ammojeicrasme. JlasnHeiilliee pasBu-
THe OMOJIOTHN HPHUBENO K HOABJICHHUIO ITOHATUS 5SKOJOTHYECKOH cucre-
MEI, KOTOpPOE II03BOJISIET CTABHUTh W PeIllaTh BOIPOCH 00 YCTOHYHWBOM CY-
IECTBOBAHWM NPUPOAHBLIX COOOIIIECTSB.

TocymapecTBeHHOE YCTpPOHMCTBO JIIOOOr0 OOIIECTBA TAKIKe IIPEACTaB-
aser coboii cucremy. g JeMOKpaTHYECKOTro OOIecTBa XapaKTepHBI
TAaKHE er0 COCTABHBIE YacTH, KaK 3aKOHOJAaTelbHAs BJACTH, HCIIOJHHU-
TeJbHAS BJACTh M CyAeOHAs BJacTh. Kakgas M3 9THX BeTBed BJACTH
caMa IIPeICTABIAET CJAOKHYIO CHUCTEMY IIOJHTHYECKHX OpPraHoOB, Bsau-
MOZeHCTBME KOTODBLIX OmpejesgeTcs KOHCTUTYIIMEH rocymapcTsa.

OpHoii 13 cHoKHeHIINX CHCTEeM fABJsdeTcA YeJOoBeK. B HeM coueTa-
IOTCA QUsMUYecKue, MHTEIJICKTYAJbHEIe, HPAaBCTBEHHLIE M AYXOBHLIE Ka-
yecTBa. HM OAHO W3 3THX KAauyeCTB, B3ATOE B OTJEJbHOCTH, HE MOJYKET
IIOJIHOIIEHHO OXAapAaKTePHU30BATL UeJOBeKa. V Hayka IIOKa He B COCTOS-
HUU JaTh (HOpMaIU30BaHHOE OIKCAHHWE CBA3ei MexAay HuMH. JIumib Xy-
JOKECTBEHHOH JHUTepaType IIOJ CIJIY CO3JaTh LEJOCTHBIN 00pas.

BosbMmuTte si060e MpefjiosKeHNe PYCCKOTO A3BIKA. «BBIXOKY OZUH
A Ha jgopory», — Hamumcaa M. IO. JlepmorTOB. Kakmgoe cjoBo aToro
TIPeAJIOKEHHUA — 5JIEMEHT CUCTEMbI, TPAMMATHUYECKY CBASAHHEIN C APY-
rumu ciaoBamu. IIpasza, cucreMHuLIH addeKT 34ech obecmeuuBaeTca He
TOJIBKO T'DaMMAaTHUKOMH.

A remephb mpezcTaBbTe cebe, UTO BEI coOMpaeTech HAMETHUTH Mapli-
pyT Oyamyuiero moxoza. Ilepexs BaMu gBe MOZeJaW MECTHOCTHM — Kapra
u Habop dororpadpuii. Cxopee BCEro, Bl IPEAIIOUTETE BOCIOJIL30BATHCA
KapToif, XOTA M He0ecHoJie3HO 3HATh, KAK BEITVIAAAT MeECTa, KOTODHIE
BaM IPEACTOUT HpoHTH. B uem pasauune MexAy 3THMH Mojgenamu? Ha
KapTe OTYETJIMBO BBIJEJIEHBI OCHOBHBIE 5JI€MEHTHI MECTHOCTH — PEKH,
JOpOTH, IPOCEKM, OBparn — U IIOKa3aHO, KAK OHM MeXJy coboii cBA3a-
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Hel. PagrasagsiBas dororpaduio, Bam ca-

BENOPYCCKAR

. MHM IPHUXOAUTCHA BBIAENATEL 3TU dJIeMeH-
AP ewkAGHAR / Tl ¥ CBA3H Mexxay HuMH. Kapra — 3TO0
Hilcigpacd | “‘ ~ %““mmam CHCTeMHas MoJeNb, a (ororpadpusa Her.
EaexAn @ Ilpr MOZeNHpPOBAHHMH JIIOAHA OOBIYHO
m&\ \‘"m"“"'f&‘ﬁ\ 7 Y.@ IPeAIOYUTAIOT UMETh [eJI0 C MOAENAMH,
CMONE ox01

ot sramnGs . KOTODBIE SABJISAIOTCA CHCTEMaMU.
samontinisa 1L Jas onmmcaHUA CHCTEM YaCTO HCIONb-
i m,,,,, mr}ﬁc 3yeTcA HX IPEACTaBJIeHHE B BUZe rpada.
7/ \ I'pap — 5TO COBOKYIHOCTH TOYEK, HA3bI-

BaeMbIX BePIIMHAMM, U JIMHUH, COeIUHA-
IOIUX HEKOTOphIe U3 BEPIIMH. OTH JIH-
HHAH YKasbIBAIOT HA BBISBJIEHHBIE CBASH
MeKY dJIeMEeHTaMH CHCTEMEI, KOTOpEIe M300pakeHEl BepImuHaAMHu. Ecian
Ha JIMHWAX, COEUHANIININX BEPIOMHEI, YKa3aHO HampaBjJeHHe, TO rpad
Ha3bIBAETCA OPHEHTHPOBAaHHBIM (COKpAIeHHO oprpacgom), a JUHUU Ha-
3BIBAIOTCA €ro ayraMmu. B oO0braHOM rpage, T. e. HEOPUEHTHPOBAHHOM, JIU-
HUH, COeAMHJAIOIINE BePIINHEI, HA3hIBAIOTCA pedpaMu.

Yro e MBI JesaeM, Korjga maoOpakaeM cucTeMy B Buue rpada?
fAcHO, UTO MBI TeM CaMEIM CTPOMM HHGOPMAIHOHHYIO MOJAENIEL HCXOXHO-
ro o6beKTa, BRIZENAA B HEM B KAUeCTBE CYI[eCTBeHHOI WHbopMamuu
cBOMCTBO OBITE cucTeMmoil. TunuuHas MHGOPMAIHMOHHAA MOZEJb, BHIIOJ-
HeHHasg B Bufe rpada, — cxema merponoautTeHa (puc. 1.8).

Hepenko oxosio xasaoro pebpa rpada mam Kaaou ayru oprpada
IIPOCTABJIEHO YUCJIO, XapaKTePH3YIOIIee CBA3b MEXIY COOTBETCTBYIOIIH-
MH BepIIMHAMH. OTO MOXKeT OBITH PACCTOSHME, ecau rpad maobparkaeT
Kakymo-n1ubo TPaHCHOPTHYIO CEeTh, HJIM MOIIHOCTH IOTOKA BOALI, €CJIH
rpad mzobpaxkaer Kakyo-1ubo cucreMy BomocHab:keHusi. I'pad ¢ mome-
YeHHBIMU pebpaMu HaseIBaeTCs HaArpyxeHHsIM. Oprpad ¢ moMedYeHHEBI-
Mu pefpaMy HasbIBaeTCA CeThK. PellleHMe 3aZaud, MOZEIHPYeMOi Ha-
rpy’KeHHBIM rpa¢oM MM CEeThI0, CBOAUTCS, KaK IPaBHJO, K HAXOXKIe-
HHUIO ONTUMA&JIBHOIO B TOM HMJY HHOM CMEICJIe MapIIpPyTa, BeAYIIEro OT
OZHOM BEpPIIMHEI K APYIoOii.

BopoueMm, pefpa MaM Ayrd MOryT OBITE OMEUYEHBI HE YMUCJIAMH,
a Kargoi-nmu6o apyroil mHopMammeil o cBA3H Mexay BepmuHamu. Ha
pucyske 1.9 B BUAe ceTH IpPeACTABICHO IpPEAJIOKeHHe «BBIXOXY ogumH
A Ha gopory». CeTh TaKoro Tuma Ha3bIBAIOT ceMaHTHYEeCKOHl — OHa OT-
pa’xaeT CMBICJIOBEIE CBA3HM MEXIAY CIIOBAMH.

Puc. 1.8 Cxema MOCKOBCKOro
MeTpononuTeHa

yTO Aenain? >
9 O BLIXOXY Eﬁ-— Ha fopory
KTO? ¢ CKONbKO?
OavH

Puc. 1.9 CemaHTHyeckaa CeTb NpeanoXxeHus
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BOMPOCH! U 3AAAHMNA

@ Y10 Takoe cuctema? YTo Ha3bLIBAOT CUCTEMHLIM NOAXOA0M?

@ B dyem cocrtont cuctemHbin acdhdekr? Mpuseante npuMepsl NPOABAEHNA CUCTEMHO-
ro addekra.

9 MNpeacTtasbTe HMXenepedYncneHHbie 06bekTbl KaK CUCTEMBI:
a) aBTopydka; 6) oom; B) 4achl; ) Benocunea.
Ykaxute ANA Kaxgoih CUCTEMBI, YTO B Hell ABNAETCS INEeMEHTaMM U KaKoBbl CBSI-

31 Mexay aneMeHtTamu. B yem npossBaseTcs CUCTEMHbIR ahEdeKT ANns Kaxaon
n3 cuctem?

Q Cuctema moxeT ObiTe MaTepmanbHOi (KHWXHbIN wikad), abcTpakTHOR (rocyaap-
CTBEHHOE YCTPOWCTBO) WAM CMELIEHHOW, T. €. COCTOSIUEN 4aCTUYHO M3 MaTepuasb-
HbIX OOGBEKTOB, YaCTUYHO U3 abCTPaKTHLIX (WKONa — LIKONLHOE 34aHvie, pacnucaHue
ypokoB u T. A.). Mpueeaute apyrue npuMepbl CUCTEM:
2) MmaTepuanbholX; 6) aBCTpakTHbIX; B) CMELIAHHbLIX.

MpepcTaBbTe WKONLHYIO BUBANOTEKY KaK CMeLaHHylo cucteMy. KakoBel B Hell maTepu-
anbHble ¥ HeMaTepuanbHble 06BeKTHI? 3a CYeT Yero JOCTUraeTca cUucTemMHblil addekT?

O61enpr3HaHHbIM AOCTMXKEHUEM HAYKK ABANETCA NEpUoanyecKkas cuctema aN1emMeH-
ToB . N. Menpeneesa. B 4yem nposBUACA 30eCb CUCTEMHBIN addekT?

00

Ans kaxaoro rpaga, usobpaxeHHoro Ha pucyHke 1.10, HasoBute cucteMmy, KoTopas
AaHHbiM rpadoM npepcrTasneHa.

¥ [ooue] ?

Csstocnas

I Hoxxka “ Hoxka ” Hoxka ” Hoxxka l Iﬂpononx"Bnanmmnp CB.” Oner I

Puc. 1.10

0 MNpuBepute npumeps 06LEKTOB WM NPOUECCOB, ANA KOTOPLIX UHOOPMALMOHHYIO
Mofent yaoGHO KOHCTPYWpOBaTh B Buae rpacda.

Q JKCNeauTopy HYXHO pa3BesTy Tosapbl C onNToBoK 6a3bi No ns- 7
TM Mara3uHam. Cxema nyTeil BO3MOXHOFO Npoes3aa K mMarasu-
HaMm C ykasaHueM BpeMeHu, 3aTpayvMBaemoro Ha aopory, npu- 5
BeAeHa B Buae HarpyxeHHoro rpada Ha pucydke 1.11. (Byk~
samn OB o6o03HadeHa ontoBaa 6aza.) Hahpute nanbonee 8
GLICTPLIA NYTL, NO3BOASAIOWMNIA IKCNeanTopy nobbiBatb B kKax- OB
OOM MarasuHe:
a) echu akCcneauTop Mnocfe 3Toro He AOSKEH BO3BPALLATLCH
Ha Gaay;

6) ecnu TpebyeTcs, 4TOBEI aKCNEAUTOP BEPHYACS Ha 6aay. Puc. 1.11

5 6
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@ N306pasute CEMaHTUHECKON CEeTbi0 CMLICNOBLIE CBA3W CNOB B Creayiolwnx npeano-
KEeHUSIX:

a) Otroeopuna pouwia 30a0Tas 6epe30BbiM, BECENbIM A3LIKOM.

6) He oGewairte gese loHOW nioGoOBWU BEYHOW Ha 3emne.

8) B TOT roa oCeHHsin noroga cTosna AONro Ha asope.

r) U3swectBy 3s0KO B 3TOM CyEeTHOM CBETE.

n) Mpsika ApycuT NyCUKKU U Ha APYCbKY OAHOMO NycuKa TpaTtut nonaonroTuka.

e) Mnokas Kyaapa wTeno kyanaHyna Gokpa v KyonauyuT MOXPACTEHbKOTro BokpeHka.

%) BeicTpebaHbl OOCTPAXHYTLCS M AYTOW YEPHYLUEHbKON O6BATHO XNIONHYT NO MOop-
rasam.

JJjisg Toro urodnl (GOpPMANBHBIN MCHOJHUTENH MOT BBLINOJHUTH
Ty WU HWHYI0 paboTy, eMy HY)XKHa HMHCTPYKUHSA. B 3TOH HMHCTPYKIUH
YKa3BIBaeTCA, KaKMe AEHCTBUS M B KAKOM IopAjKe TpebyeTcs HCIOJ-
HUTb, YTOOBI ImpeofpasoBaTh MCXOAHBIC AAHHBIE B pe3yabraT. MBI yike
obcyxaanu, uto GOPMANLHLIN HCIOJHUTEIb HE BHHKAET B CMBICJI HC-
IOJIHAEMBIX UM JeicTBuil, He 3aJaeTcs BOIPOCAMM, 3aUeM OH JTO Jeja-
eT U HeJb3A JIU CAejaaTh Jyuine. IlosTomMy Kaykaoe neiicTBHUe MOJIIKHO
OBITL COOOIIEeHO MCIOJIHUTEJIO0 TaK, YTOOLI OH HOHAJ €r0o OAHO3HAYHO
¥ MOT HUCHOJHUTE. B MHCTPYKIIUK JOJMKHBI YKA3LIBATHECA TOJBKO HOIIYC-
TUMBIE AefiCTBUS NJAaHHOTO HCIOJHUTENS, a cCaMa HHCTPYKIUA HOUIIeTCH
Ha ¢opmanamsopanHoM A3biKe (cM. § 3). B HeKoTOpwIX cayuadx Tpeby-
eTcs, 4TOOBl He TOJBLKO CMBICA KaXKIAOro cJioBa OBLI ompeneneH OAHO-
3HAYHO, HO M CAMH CJIOBA JOJIKHEI CTPOUTHCA IIO0 CTPOTHM (POPMAaJILHBIM
npaBuWJjaM, T.e. TPAMMATHKA fA3BIKAa ToKe ObLia Ol (opManmsoBaHa.
Taxkoii s3bIK Ha3BIBAIOT (popMANBHBEIM. K GopMaJbHBEIM SA3LIKAM OTHO-
CcATCHA A3LIKM NPOrPAMMMPOBAHUNSA U, BOOOHIE, BCE A3BIKU YIPaBJICHUSA
aBTOMATHUYECKMMHU ycTpoiicTBamMu. Ho u 4esioBeK B CBOeil JesTeJbHOC-
TH UCHOJB3yeT (GpopMaibHEIe SI3BIKN, HAIIPUMED S3BIK 3allNCH HATYpPaJb-
HBIX YHCeJl B JECATUYHON cHcTeMe CUHCICHUA.

HNucrpykunsa, yKaspIBaoNas NCIONHHUTENIO, KaKKe AeiicTBUA U B Ka-
KOM IOpsjfiKe OH AOJKEH BBLINOJHUTDL, M 3alWcaHHasd Ha (opMaIbHOM
SA3BIKE HTOTO HCIIOJHHUTEJNd, HasbiBaeTcaA mporpammoii. OgHaKo Hamuca-
HHUIO NpOrpaMMbi O0BIYHO TIpEZIiecTBYeT paspaboTKa ajropuTMa.

oz o B ———

: ANropMTMOM Ha3bLIBAETCA NOCNEA0BaTENbHOCTL ASNCTBUM, BOMYCTUMBIX AAS
¢ HEKOTOPOTO WUCMONHUTENS, KOTOpas NPUBOOUT K OnpeaeneHHOMY pesynbTarty.

Pasnnume MexAy NOHATUAMM AJTOPHTMAa M OpOrpaMMbl BeChbMa
ToHKOe. [JiA moncka omnboK B mMpPOrpaMMe eCTh CIEIUaJbHBIM TepMUH
ornaaxa. OTJagKa B KadeCTBE COCTABHOM uyacTH o06s3aTebHO BKJIOYA-
eT B ce0s mouck OmmnOGOK, AONMYINEHHBIX MMEHHO B 3anucu KOMAaHJ.
Taxme omNOKY NPUHSATO HA3KIBATH CHMHTAKCHUYECKHMH, IIOCKOJLKY OHH
BbI3BAHBI HAPYIIEHHEM I'pPaMMAaTHKM fA3LIKA, HOHMMAaeMOI'0 MCIOJHU-
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TeaeM. OmMMUGKKH APYroro BAAA MOI'YT BBISBATH PEAKIIHI0 HCIIOJHUTEJLA
«He Mory uCmonHuUTB»; TaKue OIMUOKH HA3BIBAIOTCA CEeMaHTHYE-
CKMMH — HCIOJHHUTEJbL NOHMMAaeT CMbICHI OTAAHHON eMy KOMAaHJHI,
HO HCIIOJIHEHME ee 10 KAaKWM-TO IPUYMHAM HEBO3MOXKHO. Hampuwmep,
BHI IIpejJjiaraeTe HCHOJNHUTENIO PasfeJuTh OJHO UHCJIO Ha ApPyroe, a Je-
JATENb OKAa3ajica HYJeM.

OO0BIYHO AJITOPUTMEI MUIMYTCA TaK, 4TOOBI OHM ObLIYM MOHATHBI Ue-
Jgoeexky. I Mbl OyZieM 3amuCBIBATH AJITOPUTMBI HA OOLIYHOM pPYCCKOM
as3pike. Ilpy sTOM KasKABIH W3 Bac MOMET NPUMEHATL KaKue-JIubo co-
KpallleHnsa CJOB M BOOOINe 3aMeHATh OXHU CJOBa APYyruMu. BaKHO
TOJILKO, YTOOBI 33 3THMMH CJOBAMHU CTOSAJM AEHCTBHA, MOIMYCTHMLIE AJA
IaHHOTO HCHOoJHUTeNAA. CaMOoro MCHOJHUTENSA YAOOHO TPEACTaBIATH Ce-
0e KaK yCTpOUCTBO YIpPABJCHUS, COSJHHEHHOE ¢ HAGOPOM HHCTPYMEH-
TOB. ¥YCTPOHCTBO YIIpaBJeHNA BOCHPHHUMAET U aHAJU3ZUPYET aJITOPUTM,
a 3aTeM OPTraHH3yeT €ro BBINMOJHEHUE, KOMAHAYS COOTBETCTBYIOIIMMM
uHCTpyMeHTaMu. OT ucHoaHuTesaA TpebyeTcd JHMINL YETKOE BEHITIOJHE-
HYE KaXKJOoTO AeiiCTBHA, BXOAAINEro B aaroputT™m. MBI He JOIKHBI 00~
ACHSATH €My, AJIA KaKHX Iejell TpeJHa3HAYAETCH aJTOpPUTM.

XoTsa HabGOp AOHMYCTHMBIX AeHCTBHIl Yy Ka)KJOr0o UCIOJHUTEIA CBOM,
crroco6pl opraHmsanuu Ae#CTBHI A BCeX HCHOJHUTENEH OJUHAKOBEI.
JJis HaraaaHOTO IpeACTaBJIeHNA (GopM opranmusauuu AeiicTBUil HmoJes-
Hbl TaK Ha3bIBaeMLIE CXEMbI aJropuTMoB (0Jokx-cxemsr). B cxeme aj-
TOPUTMOB KaXKJasd KOMAaHAA Ha BBIMOJHEHHE KaKOoro-jimbo aeiicTBUA
MOMEeINAeTCsI B MPSAMOYTOJLHHAK, BOIPOC O TOM, BBIMOJHAETCA JUA HEKO-
TOpOe YCJIOBHE, — B poMO, a yKasaHue Ha BBOJA H BbLIBOJ JaHHBIX —
B Iapajenenuiiefl. BJIOKHW COEAUHSIOT OTPE3KaAMU WJH OTPe3KaMu
CO CTpPEeAKaM¥, IIOKa3bIBAaA OUEPETHOCTHh BBINOJHEeHUA AelicTBHUii. Ecau
Ha TAaKOM OTpe3Ke CTPEeJiKa OTCYyTCTBYeT, TO OJIOK, PaCIIOJOMKEHHLIN Hu-
JKe, MOJI?KEH BBIMMONHATHLCA TOo3Ke. B tabaurne 1.4 mpexacraBieHsl ¢op-
MbI OpPraHu3amuy AeHCTBUIL B aJIrOpUTMax, cmoco0bl MX 3aluCH B aj-
ropuUTMax M M300PAYKEHMA B BHJAE CXeMbl AJIFOPUTMA.

B Kpyrabix cKoOKax €O 3BE3J0YKAMHM 3aIHCAHBI KOMMEHTApUH, KO-
TOphIE TIOMOTAIOT UEJOBEKY, UUTAONEMY AJTOPUTM, NMOHATH, KaK 3TOT
anropuTMm paboTaer.

Hanomuum, 9To gna xpanenus uuadopmamuu, odpabaThiBaeMoOil
C TOMOUIBIO TOTO HJIHM WHOTO aJITOPUTMAa, HCIOJb3YIOTCA HepeMeHHbIC.
YV kamxpoil mepeMeHHOW 00si3aTeJbHO ecThb MM#A. VMMeHa TO3BOJAIOT
OfHW IepeMeHHbIe OTJANYATH OT APYTHX M YKA3BIBATH UCIIOJHUTENIO,
U3 KaKOHW IepeMeHHOH eMy HYKHO B3ATh mHoOpManuio ajasa oopabort-
KM ¥ B KaKyi0 IIOMECTUTH Pe3yabTar.

Kakue mMeHa MOXHO ymoTpebaATh, 3aBUCHUT OT HMCIOJHUTEJIA.
BoapUIMHCTBO KOMOBIOTEPHBIX HCIOJHHUTEICH IIOHUMAaeT MMEHa, COCTO-
Amue U3 OYKB WM Iu@p MINX TOJBKO M3 OYKB (TaK YTO HHKAKUX damMu-
JUN ¥ OTUECTB Y NEPEMEHHBLIX HET).

HNudpopmanusa, KoTopasd XpPaHUTCA B IIEPEMEHHOM, HA3LIBAETCA €€
3HAYEHHEM.

Camoe Ba)kHOe JeiicTBHe Haj II€peMEHHOIl COCTOUT B TOM, 4TO eii
MOJKHO TIPHCBOUTH TO WU MHOE 3HaueHue, UTOOBI 3TO CAENATH, HCHIOJIb-



gSO

Tabmmua 1.4

Cnoco6 opranusauum

3anuck B anroputMme

Cxema anroputma

Aencrenin
JinHenHbIn { omeparop; I
omeparop;
I
}
|
BeTtBneHue Ecnu (ycnosue), 10
(B HenonHon ¢dopme) { omeparop; na HeT
omepaTop;
}
BeTtsnexne Ecnu (ycnosue), 10
(B nonHoit dopme) { omeparop;
oIepaTop; na HeT
}
nHave
{ omeparop;
omeparop;

}

Livkn B dopme «noka»

Adenarb noka (ycnosue)
{ omeparop;
oneparop;

} (* xoney yuxaa *)

B
x
e

Linkn co cuetunkom

Oenatb OT k:= a 0o b
C Warom c¢
{ omepatop;
omepaTop;

} (* woney yuxaa *)
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3yI0T omeparop mpHcBauBaHua. Ero mMer Oyzem 00603HA4YATh CHMBOJIOM
« := ». Hanpumep, ecaiu S — HMA HEKOTOPOH IIepeMeHHO#, TO
AelicTBUe TPHCBAMBaHUA S 3HAUeHUs 1 3aIIMCHIBAETCS TaK:

S:=1;.

CneBa OT 3HaKa « := » BCerja YKasbIBAeTCA UM IepeMeHHO, Ko-
TOpoi#i OyZeT IIPHCBOEHO HEKOTOpOoe 3HaueHMEe, a cIopaBa IHUIIETCH BHI-
pasKeHHe, COCTOfAIllee M3 KOHCTAHT ¥ MMEH IIepeMeHHBIX, CBA3SAHHBIX
3HAKaMH OIepanuii, JOIYCTHUMEIX IJf ZAHHOTO HCIOJHHUTeNs. B BhIpa-
JKeHHM MOTYT IPHCYTCTBOBATHh CKOOKM, yKa3HIBAIOIue HA H3MeHEHHe
€CTEeCTBEHHOr'0 TOPSAKa AeiCTBHIi.

CuMBOJI onepanuyl NPHCBAUBAHHA OYAEeM HCIIOJIB30BATH M IIPHU 3amu-
CH 3aroJioBKa HHUKJa co cueTyukoM (cMm. tadu. 1.4). Cnesa oTr Hero
3amucaHa IepeMeHHad, KOTOPYIO Ha3bIBalOT HMapaMeTpoM Iukjaa. VIMen-
HO II0 er0 3HAUYEeHHIO HCIOJHUTENb ONpeAesifieT, Halo JIk ellle pas BhI-
NOJHATH TEJIO IUKJIA: ecyii 3HAaYeHUe mapaMerpa 00Jbille TOro 4uCja,
KOTOpOe CTOHT IOCJIe CJOBa AO, TO TEJIO HCIOJHATHLCA He Gyzer, a Oy-
JeT UCIOJHATHCA KOMaHZa, ciexyiomiad 3a nuxjaoMm. Ilociae xamzmoro
NCIOJIHEHNA Tejla IUKJIA K TeKylieMy 3HAUEeHHIO llapaMeTpa IpubaBis-
eTCH YHCJIO, KOTOpOoe YKasaHo Kak war. Ecam miar orcyTcTByeT, TO aB-
TOMATHYECKH CUHTAETCH, UTO OH paBeH 1.

ANropuTMEI AJA BBHIDOJHEHHSA JgeilicTBUH HaA YHCJIAMK 3aBUCAT
OT TOro, Kakme 3To uyucija. Hanpumep, AecATHYHBIe JPOOH CKJIAZBI-
BAIOTCA COBCEM He TaK, KaK oObIikHOBeHHEIe. IloaTomMy (dopmans-
HBIH KMCIIOJHHTEIb JOJIKEeH 3HATh, C UHCJAMHW KaKOro BHAA OH Oyzer
UMeTh HeJO.

IlpaBna, B ajaroputTMe PeZKO IPHCYTCTBYIOT camMu umcjaa. OObItdHO
B HEM HCHIOJB3YIOTCA IepeMeHHBIe, KOTOpPhI€, CJOBHO IIyCTas Tapa,
BCerJla TOTOBHI NPHHATL B cebd umcaa Ha BpeMenHOe xpaneHue., Ho
HHKTO He XPaHUT MOACOJHEYHOE MACAO B GYMasKHBIX IIaKeTax WJIH ca-
xap B ceTKax. KaxxaoMy BHUAY HOPOAYKTa — CBO# THN Taphl. Takie u
C mepeMEeHHBIMHU: KaXKAOMY BHAY YHCeJ — CBOH THN NepeMeHHBIX.
IIpesxne Bcero MCHOJIL3YIOTCS LeJbie N BellleCTBeHHLIe THHOEI. [lna 06-
pPaboTKH TEeKCTOBOH WMHGPOPMAIIMK UCHOJB3YIOTCS CHMBOJBHBIC THUBI, a
IUIsi BHIIOJTHEHHUSA JIOTMYECKHMX OHNepallyii — JoruvYecKue, uiau GyJieBhl.

IIpucrynas K HaHMCAaHHMIO IIPOTrPaMMBI, MBI O0A3aHEI COOOIMUTH HC-
HOJIHATEJIO, KAKOB THII MCIOJIL3YEMEBIX B HEl mepeMeHHBIX. Ty HHODOp-
MaIO#I0 3aUCHIBAIOT ¢ MOMOINBIO CHEIIMANLHON KOHCTPYKIIMH, HAa3HIBA-
eMoil 00bAIBJIeHUEM NEePEeMEeHHBIX.

B Ttabnune 1.5 mpuBefeHBI OOBIYHO MCHIOJb3yeMbie 0003HAUEHUS
onepanuii. OCHOBHBEIC CTOCOOLI ONHMCAHUA TIEPEeMEHHBIX B a3niKax QBasic
u Pascal mMoxkHO HaliTu Ha dopsamax ydyeOHHKA.

AJsropuTMEl MOT'YT 006JaZaTh HEKOTOPHIMH cBoilicTBaMu. llepeumc-
JUM OCHOBHLIC M3 HHUX.

IIpesxne Bcero HasoBeM AHUCKPETHOCTb. [IVMCKPETHOCTH aATOPHUTMA
O3HAYAEeT, YTO OH MCHOJHSETCS IO maraMm: Kaxkaoe JeiicTBue, Ipexy-
CMOTPEHHOE AJIrOPMTMOM, HCIOJHAETCH TOJBKO IIOCJEe TOT'O, KaK 3aKOH-
YUJIOCH HMCHOJHEHMEe IIpeABIAVIIEro.
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Tabnuua 1.5
Onepauun Bbipa- Tunsl onepaHpos Tun pesynebtarta
xXeHue

O6a uenbie Uenwin
Cnoxenue A+ B

XoTa O6bl 0guH BewlecTBeHHbI | BeujecTBeHHbIN

Ob6a uensie Uenbiit
YMHOXEHne A*B

XoTta 6bi OAVH BeLIECTBEHHLIN BeluectTBeHHbiln

Ob6a uenbie Uenwiiz
BolyutaHne A—B

XoTta 6bi oOMH BELECTBEHHbLI | BellecTBeHHbIn
Aenexne A/B Lensih nn BewecTBEeHHbIN BewecTBeHHbI
Llenoce . .
fenenmne A div B | Ob6a uenbie Lienwiit
Ocrarok
npu uenom A mod B | O6a uenble Henoin
AeneHnn
Lenas 4yactb INT(A) Uenbii nnm BeLECTBEHHbIN Uenwbiin
KopeHb o o .
KBaMPATHBIA sqrt(4) Uenbith nnu BeLWECTBEHHbIN BeluecTBeHHbIA

Jpyroe ¢BoiicTBO IPHUHATO HA3LIBATH JEeTEPMHHHPOBAHHOCTHIO. OHO
03Ha4YaeT, 4TO KaxJoe ZelcTBHEe JOJYKHO IOHMMATLCS HCIOJHUTEIEM
B CTPOTO OIIpE/ICJISHHOM CMBICJE M OJHO3HAYHO OIpPEeAEATH IIpeodpaso-
BaHMe MAHHBIX, IIOJYYEHHBIX HA IIPEAIHNECTBYIOIIMX IIArax ajiropurMa.
IIpu MHOTrOKpATHOM IpHUMEHEHUHN AJITOPUTMA K OAHUM U TE€M JKe HauaJb-
HBIM JAHHBIM JOJI’KEH BCer[a IOJYyYaThCH OJMH M TOT YK€ pesysbTar.

Tperse CBOMCTBO — pe3yJdbTATHBHOCTH ajiroputva. OHO o3Hauaer,
YTO BHIMOJIHEHHWE aJIropuTMa 00a3aTeJbHO AOJIKHO IPHBOAWUTL K €ro
3aBepineHN0. HBIMY cJI0BaMM, MOCJE HPUMEHEHHUSA aJirOpuTMa MBI IIO-
JyuaeM Jaub0 OIpefesieHHBIN pe3yabTaT, Jubo coolImeHNre 0 HeBO3MOXK-
HOCTH peIleHud.

CBoiicTBO pe3yJIbTATHBHOCTYH AJNI'OPUTMA B I[eJIOM OOBIYHO OZHOBDE-
MEHHO HOJApPa3yMeBaeT W KOHEUYHOCTh AJTOPUTMA, T. €. 3aBepIIeHHUE ero
paboTHEl 3a KOHEYHOE YHNCJIO Iaros (OpHM 5TOM KOJHUYECTBO IIaros
MOJKeT OBITh 3apaHee HEHM3BECTHHIM M Pa3JNYHBIM AJIA PAasHBIX HAYaJb-
HBIX CHUTYAI[Hi).

Heo6x0oAMMBIM TPH3HAKOM AaJropuUTMa ABJSIETCHA HCIOJb30BAHWE
B HEM TOJBKO JOUMYCTHUMBIX AeHCTBUH HUCIOJHUTEJA. ITO CBOHCTBO HeE-
PelKO HA3BIBAIOT MOHATHOCTBIO aJAroputrMa. TepMHH <«IOHATHOCTH»
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IOBOJIBHO €CTECTBEHEH, MOCKOJbKY peaKIud HCIOJHUTeJss Ha 3alu-
CaHHOE B AJTOPUTMe AeiCcTBHE, He ABJIAIOIIEECH NOIYCTUMBIM, BCerjga
onHa: «He momumalo».

AJNTOpUTMBL B MKHUSHHU JIIOAEH HOABUJINCH, HAMHOTO PaHBINIE KOMIIb-
oTepos. HeKoTophle M3 HUX HABCErAA VINJAM U3 HPAKTUKHN YeJOBEKa.
Hukro, HanmpuMep, ceiivac He MPOUSBOAUT AEHCTBHA C APOOAMH IIO TEM
aJrOPUTMAM, KOTOPEIE NPUMEHAJHCH JPEBHUMU erunrtsHamu. IIpyrue,
CTOND JKe JaBHO M300peTeHHbIe AJITOPUTMLI U CETOAHS WUTPAOT BASKHYIO
poub. BoT ofuH M3 TAKUX AJITOPUTMOB, KOTOPHIM Ha3LIBAETCHA AJTOPHUT-
moMm EBkaupga. On mpegHasHaueH AJA BREIUMCJAEHHS HAMOOJbIIero obime-
TO JAeJWTeNsi ABYX HaTYpPaJbHBIX YHCEJ.

Anroputm HO[
uen: m, n;
{ Sanpocutb m;
SanpocuTtb n;
Adenarb noka (He (m = n))
{Ecom (m >n)10 {m :=m — n; }
mHavye { n:=n — m; }

Coobuntb m;
}

9TOT aJIrOpPUTM IIO3BOJIAET PEIINTh He OAHY KOHKPETHYIO 3ahady,
manpuMep Hatitum HOJ umcen 178 357 u 1 049 254, a mob0yro 3agavuy Ta-
Koro Tuma. CsoificTBO aJIropuTMa, COCTOSINEe B BO3SMOXKHOCTH €T0 IIpH-
MEHEHNS K PellIeHMIO PA3JINYHLIX OFHOTUIIHBLIX 3aJatd, HaSLIBAETCHA Mac-
COBOCTBIO.

Hapgo cxasars, uTo BOBCe He Ka)KAbI# anroputMm obss3aH o6aajaThb
BCeMM YKasaHHBIMH cBoficTBamMu. IIpefcraBumM, 4TO Ji000i1 aJIrOpuTM
HoJiKeH OBITH KOHEUHEBIM, T. €. 3aBeplIaTh paboTy 3a KOHEYHOE YUCJIO
IaroB. A ecjay 5TO AJIOPHTM YIUpaBJIeHWA KOCMHYECKOIl craHumei
WM TePMOAZEpPHbIM peakTopoM? MomeHT npexpaleHus pabGoThl auro-
puTMa — 3TO MOMEHT KaTacTpo@bl.

Brnpouem, He Hazo o6pamaThcsi K CTONL JaJIEeKMM OT Ballei mpax-
THKY nNpuMepamM. KaKzasa omepamuMoHHAS CHCTeMAa Ha BAaIlleM KOMIb-
I0Tepe — 3TO0 0OECKOHEYHO MWCIOJHAEMBIi aJroOpUTM. B TOT MOMEHT,
KOTja OIepanuoHHAsA CHCTeMa IpeKparur paboTy, Balll KOMIbIOTED
cTaHeT OecmoJieseH. MOMHO cKasaTh, UTO BCe aJTOPUTMBI ympasJiie-
HUA 00BeKTaMM B pexXHUMe peajibHOTO BpeMeHM MOryT OBITH O€CKO-
HEUHLIMHA.

He Bce anropuTMbl 00JIaal0OT W CBOMCTBOM MaccoBoctu. WHorza
ObIBaeT HY)XeH aJTOPUTM [Jd pPelieHHs OZHOH, HO OUeHb TPYHOEMKOH
sagaun. K nmpumepy, Hy)KHO BbluucsiuTh mepeble 100 000 szaxor mocne
sanaToil AAa uucaa W. Be3 KoMOeiOTepa 37ech He 000iTHCH, a 3HAYWT,
HyXeH M anropurMm. Taxoii aaropurM OBLI COCTaBJeH, 3ajavda OwlLiaa pe-
miena. BpAj Ju 9TOT aIropuTM MOXKET HPUTOAUTHCA AJA KaKoH-HUOYIH
ApPyro#i 3ajmadu.

2—Tein, 10 k.



Bonp

©

A6 396 6800000 O OO0

&

R N—
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Kakoin a3bik Ha3biBaeTca GopmanbHbLIM?

Y7o Takoe anroputm? YTto Takoe nporpamma?

Jiobrie nu peicTeng MOTYT OpPUCYTCTBOBaATL B aaropuime, npepHasHadYeHHoOM ansa
haHHOro ucrnonHutens?

Y710 B UCTOpUM yenoBevecTBa NOABUAOCHL, NO BaleMy MHEHWIO, paHbilie: NUCbMEH-~
HOCTb MM anropuTMbI?

HyxHbi N kKoMMmeHTapun GopmManbHOMY UCNOAHKUTENIO?

Kakvie obwme CBOACTBA anrOpMTMOB Bbl MOXETE HA3BaTh?

Kak 3anucbiBaeTca BeTBneHUE B NonHOK dopme? A B8 HENOAHOWU?
Korna uenecoobpasHo npumMeHsTb onepatop uukna?

Y10 Takoe Teno uwkna?

Kak Bbl gymaeTe, ana 4ero cayxar onepatopHbie ckoOku B onepartopax Adenartb
noka n Ecnu ... 10 ...7? Noyemy oHn oguHakosbie ana o6oux onepatopos?

Ang 4ero HyXHO umA nepemMexHoi? YTo Ha3LIBAIOT 3HAYEHUEM MEePEeMEHHON?
C nOMOLLBIO KaKOW onepaummn MOXHO NPUAaTb MNY U3MEHUTL 3Ha4YeHne NepemMeHHoOn?

Ana 4ero HyxeH Tvn nepemeHHoOn? Kak ucnoaHuress y3HaeT, C NepemMeHHbIMW Ka-
KOTO TMNa eMy NPUAETCA UMEeTb [en0 NPU MCMONHEeHUU [aHHOro anroputMa?

MepeuncnuTte U3BECTHbIE BaM TUMbl NEPEMEHHbIX.
Yro Takoe otnagka nporpamMmebi?

a) Kakyio owmbKy HasbiBalOT CMHTaKCUHECKOW, a Kakylo — cemMaHTudeckoin? Kakue
1“3 3TUX BUJOB OWKBOK OTHOCKTCA K MporpamMMe, a Kakue — K anroputmam?

6) MoryT nu GbiTb B anropuTMe uan nporpamme apyrue oWnGKU, HEXENN CUHTaKCH-
Yeckue u ceMaHTuyeckue? Ecnu aa, 70 Kak Gbl Bbl UX Hassann?

C Kakumn anroputmamu Bbl NMO3HAKOMUWUCE, 3aHUMAaNChb:
a) PYCCKUM SAI3LIKOM;

6) NHOCTPaHHLIM A3LIKOM;

B) MaTemMaTuko;

r) nuTepaTtypoi;

A) xumueit;

e) dn3kyneTypon;

%) nHdopmMaTnkoin?

Ucnonuute anroputMm, n3o0OpaxeHHbIA Cxemoi anroputma Ha pucyHke 1.12, npu
pasHbiX 3HavyeHusx a, b, ¢. Onpenenute, Ana Yero NpeaHasHa4yeH 3TOT anropuUTM.

Mycto paaH otpe3ok AB. Onpepenute, OiA pPelleHnsl Kakon 3ajauu npeaHasHaveH
cnenyiowmnin anroputm:

MocTaBuTs HOXKY LMPKYAS B TOYKY A.

YcTtaHoBUTL pacTBOP UMPKYAS pasHbLIM AnnHE OoTpeska AB.

MpoBecTu OKPYXHOCTb.

MNocTasuTs HOXKY UMPKYRSA B TO4Ky B.

MpoBeCTU OKPYXHOCTH.

MNposecTn NpaMyIo Yepe3 TOUKU NEePECEUYEHUs OKPYXHOCTEN.
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3anpocutb
a,b,c
aa
HeT
CoobuwmTtb a
Coobumtb b Coobwmts ¢
Puc. 1.12

@, Yemy 6yayT pasHbl @ U b NOCAE BLINOAHEHUN KAXOOrO U3 CNEAYIOWMX anropuT-
MOB? CKONbKO pa3 GyAeT BLINOAHATBCS TENO UMKNa B KAXAOM U3 HUX?

8) AnropurMm N 3

a) Anropurm Ne 1
uen: a, b; uen: a, b;
{ a = -5; { a :=-8;
b = -2; b= -1;
Aenatb noka a + b < a*b enath nNoxka a < b
{ a := 2%q; { Ecnm b < 8 10
b:i=0b+1; {a:=a-b
} (* KoHney Yuraa *) b:=0b+ 2;
} (* xoney anzopumma *) }
6) Anropurm Ne 2 "—"{uf,= .t 2
uen: a, b; b :._. b - a.’
{ a := 25; } . ’
b= 1; * *
Denarb noka a — b > a*b } } (* woney yuxaza *)
{ a :=a+ 10;
b := —-38%b;
(* xoney yuxaa *)
} (* xoney anzopumma *)
@ Onpegenute, CKONLKO Pa3 UCMNOAHSIETCS TERO LUUKAA B KAXAOM U3 YKa3aHHbLIX HUXEe
chny4aes:
a) flenarb oT £ := -1 809 6) denatb ot k2 := -5 o -8
€ warom 2 ¢ warom -1

{ neiicteHme; { ZzeiicrBue;

) )

2%



| 36

B) Qenatb oT k :=-1p0 7 ry Aenatb oT k£ := 1 po 3
¢ warom 2 € warom 3
{ neiicrBue; { meiicrBue;

} '

@ a) B poan dopmansHOro MCNonHWTena BouinonHuTe anroputm Eeknuaa (c. 33) ans
nap wmcen 6 n 4, 9 u 12, 8 u 24.
6)* Ham BoBCe He xo4eTcsl, 4ToObl Bbl owylany ceba Tonbko GopmancHBIMU UCNO-
Hutensmu. Moatomy nocTapaiitecb oBocHOBaTL, 4TO asroput™ EBkanpa peicteu-
TenbHo Bbiducnset HOA. (C oBe 1. Mone3Ho BOCNONL30BATLHCA TakuM CBOWNCTBOM
AN HaTypanbHbiX Yucen a v b: ecan a > b, 7o HOL (a, b) = HOL (a — b, b). KoHeu-
HO, 3TO CBOWCTBO TOXe HyXaaeTcs B 060CHOBaHUW.)
8)* MocTapaiTecb OOBLACHUTL, MOYEMY anroputm EBKAMBA KOHeweH npu NObIX
AOMYCTUMbIX HauafbHBIX 3HAYEHUSX aPryMeHTOB.

@ WcnonuuTe cnepyiowmin anroputM npy pasHbiX 3HAYEHUsX v (B 3anucu 3Toro anro-
putma LEN (v) o6o3HauyaeT onepartop, BbIHUCNAOWNIA KONMUHECTBO CUMBOJIOB B 3HauYe-
HUKX CUMBONLHOWM NepemMeHHoN v; YacTb (a, b, ¢) — oneparTop, KOTOPbLIA B 3HA4EHUN
CUMBOJIbHO NEPEMEHHON a BLIOGNNAET 4acCTb, HAYMHAIOWYIOCS C CUMBOAA, 3aHWMa-
lowero b-e Mecto, U CoaepXawylo ¢ CUMBOSIOB).

Anroputm Ne 4
CUM: v, w;
uen: a, b;
{ Sanpocure v;
a := LEN (v);
w:="";
Ddenatb ot b := 1 a0 a
{ w:=w+ Yacts (v,a+1-b,1)
(* xoney yuxaa *)
Coobuwuts w;
} (* xoney anzopumma *)

§8 DopmanvHbiii UCNIONTHUTENb: ABTOMAT

YesoBeK BechbMa IIpeEyCIea B CO3JaHUM PasHOOOpasHBIX YCT-
pO#CTB, BHINOJHSAIOIINX TY WM HHYIO padoTy B COOTBETCTBHM C UETKOH
uHeTpyKuueii. IIpu sToM oH y:Ke He 0063aH IOCTOAHHO HAXOAUTHCSH
OKOJIO 3TOr0 yCTpoiicTBa, 4TOObLI yHpaBisATh MM. B 3TOM ciydyae T'OBO-
PAT, YTO YCTPOUCTBO BLIMOJIHAET paboTy aBTOMATHUYECKH, a4 CaMO TaKoe
YCTPOHCTBO Ha3LIBAIOT AaBTOMATOM.

B peanpHO# KM3HHM aBTOMATH OBIBAIOT OYEHHb PASHBIMU. ITO MO-
JKeT OBITH ABTOMAT IIO0 Hpojake OHMJIETOB HA MOe3Aa IPUTOPOAHOrO CO-
oblenusi, NI aBTOMAT TO pacdacoBKe TOTOBOM NPOAYKINM, MJIKU aB-
TOMAT [0 U3rOTOBJIEHUIO KAKHX-JIHNOO0 AeTajiell. ABTOMATHI IIOCJIEZHETO
BHUJ]a HEPEAKO HA3LIBAIOT NMPOMBINIJACHHBIMH poGoTaMu.

C Toukm 3peHMsa MHPOPMATHKM COBEPINEHHO BCE PaBHO, U3 UYEro
cliejiaH aBTOMAT. BalKHO JIMIIL TO, YTO OH BOCHPUHUMAET HEKOTODHIE
cUTHANBl KaK KOMAaHALI M IO KaKJ0o# KOMAaHZe BBINOJIHAET HEKOTOpOe
AelficTBUe, IMepexoAs M3 OFHOTO cocToAHUA B Apyroe. IlosTomMy MOMKHO
CUMTaTh, YTO KaXKJAbI!i aBTOMAT OIIHMCHIBAETCS HAOOPOM BO3MOKHBIX CO-



E 37 Undopmaruka Kak Hayka

CTOSAHUM, COUCKOM JONYyCTH- Tabnuya 1.6
MBIX KOMAHJ ¥ IEPEeYUCICHU- Coctonnve

eM TOro, U3 KAKOT0 COCTOSAHMUSA @ s an

B KaKoOe IepexXoguT aBTOMAT |KomaHpa

OO0k BO3AEHCTBUEM KaXJOu 2 % | 9m_1] ... q
KomaHAbl. Hanpumep, eciau m m
KOMaHA TOJBKO JBe, TO HX b qq Am qs
MOJKHO 0003HAUYNTh OYKBaAMu

(manpumep, a u b) uwmn pud- Ta6nuua 1.7
paMu, COCTOAHHSA aBTOMAaTa —

OYKBaAME ¢y, G35 -vs (> 2 TI€- CocrosHue ¢
PETNCIATh BADUAHTHI IEPEXOMA | komapna % 92 93 4
3 OJHOTO COCTOSIHUS B APYyroe

MOXXHO C IIOMOUILIO TaGJIHIbI a 92 44 44 44
(wampumep, Takoi, Kak Tabiu- b a; s q, s
na 1.6).

B kierke, crosmeil Ha
nepeceueHny CTPOKU MU CTOJIO-
Ia, YKasplBaeTcsd TO COCTOSA-
HHE, B KOTOpOoe MepexXOoquT as-
TOMAT, HAXOAWBIIHICA B CO-
CTOAHUHU, KOTOpOe VKa3aHo
B 3aroJIOBKE TOTO K€ CTOJIOIA,
¥ TOJIyUYWBUINE KOMaHAY, YKa-
3aHHYIO B 3aroJIOBKe TOil e
crpoku. KasKaomMy sCHO, 4TO
Takad Ta0auma nOpencTaBIsd- a
eT co6oif UHGOPMANHUOHHYIO Puc. 1.13
MOJienb peaJIbHOTO aBTOMATAa.

ABTOMAT MOXXHO OIIMCATE M APYyroii MHGOPMAIHOHHON MOJEJILI0 —
oprpadom. Bepmmuamm oprpada SBIAIOTCSA COCTOAHHUS aBTOMATA, AY-
ramMm — IIepexohbl M3 OZHOTO COCTOAHMA B Apyroe. Ha kaskzaon ayre
uMeeTCs OTMETKAa, MOKA3LIBAKINAA, II0 KaKoi KoMaHAe OCYINecTBJIdeT-
ca mepexon. Torma asBToMaT, ONMCaHHBIN Tabauileil 1.7, uzobpasutcsa
TaK, KaK DOKa3aHo Ha pucyuke 1.13.

OpgHo M3 COCTOAHMI HasbHIBAeTCs HaYaJLHLIM — HMMEHHO B HeM Ha-
XOAUTCS aBTOMAT A0 Hauajia paboThl. [JoroBopummcsa HaYaJbHOE COCTOM-
Hue Bcerga o0o3HaUaTh ¢,. HeKOTOphIe N3 COCTOAHMII ABIAIOTCA 3aKJIO-
YUTEeJbHBIMHA — MNPHBEJeHHE aBTOMaTa B 3TO COCTOAHUE ABJAETCA
LIeBI0 YIIPaBJeHWSA aBTOMATOM C IOMOINBIO TOW WMJAM MHOM IIOCJIeAOBAa-
TEeJbHOCTH KoMamHj. Hampumep, ecjJH 3TO aBTOMAT IIO IIPOJaKe ejes-
HOZOPOXKHEIX OMJIETOB, TO B HAYAJBbHOM COCTOAHMH aBTOMAT OXHIAeT,
YTO B MOHETOIIPUEMHHUK HAYHYT IOCTYIIaTh MOHETHI. KOHEUHBIX COCTOHA-
HHUI ABa: BhIZaua OujeTa u BO3BpaT JAeHer. Kpome TOro, mmeimoTcsa Mpo-

MEXYTOUYHBIE COCTOAHUA -— IIOoJACUYEeT CYMMBI AeHer, NOJAaHHBIX B aBTO-
MaT K 3TOMY MOMEHTY. I{OMaH,ZILI, epesoaANIieé aBTOMAT HW3 OOHOTO
COCTOAAHUA B Apyroe, — 39TO ONYCKaHMWe MOHETHI B MOHETOINIPDHEMHUK,

HaXaTHe KHOIIKHW BblJa4yn 6myieTa MM Ha)XaTHe KHOIKH BO3BpaTa JeHer.
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9(K) 1 9> O6osHauaTh TOT GaKT, 4TO JaHHOE
Ay > COCTOAHME KOHEUYHoe, OyaeM OVK-
Bo K B ckoOKax oKoJio obo3maue-
HHUA JAHHOTO cocTosaHms. Hampwu-

1 mep, gx(K).
Ilenrso ynpaBjeHus aBTOMa-
0 0 TOM #ABJIETCSA BbIJa¥a €My TaKoi
Puc. 1.14 IOCAEef0BATEJbHOCTH KOMAaHJ, KO-

Topas IEePeBOAUT ero M3 HaYajb-
HOrO COCTOAHHA B KaKoe-iTu6o KoHeuHoe. IIOCKOJBKY Ka)KAasd KOMAHAA
ob6oznauyeHa GyxBoOii, To HaOOp KOMaHZ, MOHMMAEMbIX JAaHHLIM aBTOMA-
TOM, MOYKHO CUHTATH HEeKOTOpHIM ajdaBuroM A. Torga mociaezoBarenb-
HOCTL KOMaHJ OyZeT 3alMCHIBATHCA KaK CJOBO B 3ToM aJdasure. Ha-
npuMep, cI0BO aba mepeBOZUT aBTOMAT, OHNHCAHHBIN Tabauneit 1.7, u3
HAYaJbHOTO COCTOAHMS ¢; B COCTOSIHHE (,.

MHOKECTBO BCE€X TeX CJIOB, KOTOPHIE IIEPEBOAAT ABTOMAT M3 Ha-
YaJIbHOT'O COCTOSHHSI B OAHO M3 KOHEUYHBIX COCTOAHWILI, o6pasyeT HeKMii
¢opManbpHBIA A3BIK. ITOT A3BIK HA3HIBAETCA A3BIKOM, PACIIO3HABAEMBIM
JAaHHBIM aBTOMATOM. Eciu s HEKOTOPOro A3bIKA CYINECTBYET XOTH OBl
OMH ABTOMAT, KOTOPHI!l STOT SASBIK PACIO3HAET, TO TaKO A3LIK HA3BI-
BalOT pacHoO3HABAaEMBbIM.

Ha pucyske 1.14 uaobOparkeH aBTOMAT, HMeIOOIMil ZBa cocTodA-
Hua — ¢,(K) 1 ¢, u NMOHuUMAaIOMUH# ABe KOMaHJbI, KOTOphle 06o3Haye-
#Hbl mudpamu 0 u 1. Jlerko coo6pasuTh, YTO paclIo3HaBaeMbiii STUM aB-
TOMATOM SA3BIK COCTOMT M3 Te€X M TOJLKO TeX CJOB, KOTOpBIE COAEPIKaT
YeTHOE KOJHMUYECTBO eAUHHI, M J06oe KoaudecTBo Hyjdeil. UHEIMU cio-
BaMH, STOT aBTOMAT OHpexeifeT, YeTHA JI cyMMa nudp B Yuciae, 3a-
HNUCAHHOM B ABOMYHOI cHCTeMe CUMCJACHHS.

Hsrix, pacriosHaBaeMBII KaKHUM-JIN00 aBTOMATOM, KOHEUYHO, SABJfA-
eTcd (oOpMaJN30BAHHBIM: ¥ HEro TOYHO OIIPEJeJIeHO 3HAUeHMe KaiKAOro
CcJOBa — IIEpeBOJ aBTOMATA M3 HAYAJLHOTO COCTOSHHUS B 3aJaHHOe KO-
HeuyHOoe. CIemMaJHCTHI IO ABTOMATAM YCTAHOBMJIN, UTO AJA KaXAOTO
pacmosHaBaeMOro ssblKa cylecTsyer ¢dopMajibHasd I'paMMaTHKA, 3ajfa-
IOlas 3TOT A3BIK. TeM CaMBIM Ka)XILIil PACIO3HABAEMBIH SA3BIK SABJIA-
erca QOPMAJILHBEIM. JTH I'PAMMATUKHY JETJIM B OCHOBY BCEX HEIHE CyIIe-
CTBYIOIIMX ASBIKOB HPOrpPaAMMHUPOBAHUA.

M s R A

%

BOMPOCH! U 3AAAHUA
Kakumn asyma nHOpMaLMOHHEIMU Mogensimu moxeT BGbiTb NpeacTasneH asToMar?
Y70 Takoe A3biK, pacno3HaBaeMbli AaHHBIM aBTOMAaTOM?

Kakoli A3bIk Ha3bIBAETCA Pacno3HaBaeMbiM?

Ans aBTomara, u3obpaxeHHOro Ha pucyhske 1.13, onpegenuTte, B KaKOM COCTORHWUA
OH ByaeT HaxoauMTbCA NOCAE UCNOMHEHUS NOCRefOBATENLHOCTU KOMaHA:

a) abba; 6) ababbabbb; B) babaabaaa;

o000
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r)* a”b", roe 3anucb a” o3HavaerT, 4To Tabnuya 1.8
NoBT .
6ykBa a NOBTOpeHa n pa3s CocTonnme
Ona aBTOoMaTa, n306paxeHHOro Ha q, qs qs(K)
pucyHke 1.14, coctaBbTe onucaHwe Komanpa
B ¢opme Tabnvubl.
bopme “ a % | @ | @
MocTtpoiite B Bupe rpada uHdopma-
UNOHHYIO MOAENb aBToMaTta, 3afQaHHO- b Uf1 qz q3

ro Tabnuueit 1.8.

Kakoli a3blk Hap ABYXCUMBOSibHbIM andasutoM {0, 1} pacnosHaeTca aBTOMaToM,
n306paxeHHbIM Ha pucyHke 1.157?

Kakoit sa3bik Hag ABYXCUMBObHLIM andasutom {a, b} pacno3HaeTca aBTOMAaTOM,
3apaHHbIM Tabnuuen 1.8?

U306pa3ute B Buae rpacda uHOOPMALUOHHYID MOOENb aBTomara, KOTopbih Obl
pacnosxasan sa3eik Hag andasutom {0, 1}, cocroswmii N3 BCcex cCnoBs, coaepXxalimx
POBHO 5 noapsa Maywux eavHuu,.

N306pasute B Buge rpada nHbOPMaUMOHHYI0O MOLesib aBTOMaTa, KOTopbiit Gbl pac-
nosnasan s3blk Hag andasutom {0, 1}, cocronwmiA N3 Bcex cCNOB, COAEPXALLUX POB-
HO 5 eguHnuL.

W3o6pasute B Buge rpada nHOOPMALMOHHYIO MOOENb aBToMaTa, KOTop.lil Bbi pac-
nosHasan A3blk Hap andasutoM {0, 1}, cocTosLMi U3 BCEX CROB, HAYMHAIOLLMXCA
C eauHulpl (T. €. 3TOT aBTOMaT OTAMYAET HaTyPaNbHbLIE YUCHA, 3anvCaHHbie B ABOWY-
HOM CUCTEME CHUCAIEHKS, OT MPOU3BOJIBbHLIX NocneaosaTenbHocTeN cumeonos 0 v 1).
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§9| YnuBepcanbHbiii UCNOAHUTEND

HaBepHo, Kazpiii, KTO HMeJ AeJO C KOMILIOTEPOM, BHJIEJI,
a BO3MOXKHO, M CaM WUIpaJ B KaKyi0-iu00 KOMILIOTEPHYIO Urpy. Ha ak-
paHe ofHU OGBEKTHI B BUJE JKHMBBIX CYIIECTB WJIXA TEXHUYECKHX YCTPOCTB
NOAYMHAITCA KOMaHAaM HTIPaloIlero, Apyrue — YOpPaBAAIOTCA KOMINb-
1oTrepoM. Bce ot 00BeKTHI — (OpMaIbHBIE VCHOJHUTENH, KaKAbLIX CO
cBOMM HaBGopoM HONMYCTHMHBIX AeiicTBuii. TOIbKO O0BEKTH 3TH HE pPeaib-
HBle, & UMUTUDyeMble KomibloTepoM. Ilosydaercsa, 4YTO € HOMOIIIBIO
OAHOTO (DOPMAJBHOTO MCIOJHUTENS MMUTHDPYIOTCHA APYTrHe.
ITonritaeMca chopMyaIHpOBaTH, YTO SHAYMUT OLUH HCIOJHHTEIb
HMHUTHPYETCA C IOMOINbGI0 Apyroro. I'oBopsaT, uTo GoOpMaJbHBEIN HCIOJ-
HUTeJb A UMHUTUPYET (DOPMAJBHOIO HCIOJHUTeNAs B, ecan:
¢ KQXKIAOMY OOBEKTY, HaJi KOTOPHIM BBINOJHAET AEHCTBHA HCIOJJIHH-
Tesns B, OHO3HAYHO COOTBETCTBYET O0BEKT, HAL KOTODPHIM BBIIIOJ-
HAET AeHCTBUSA UCIOJHUTENb A (MMHUTAINA CPEABLl MCHOJHUTEA);
* RAMKAOMY HOIYCTHMOMY JNEeMCTBHUIO MCIOJHUTENs B HAX TeM HJIN
MHBIM O0O'BEKTOM CpeJbl OJHO3HAYHO COMOCTABJEHO HOIIYCTHMOE



JeiicTBHe MCIIOJIHHUTENA A HaJ COOTBETCTBYIOIIHMM OGBEKTOM €ro
cpeibl (MMHUTAIINA NEHACTBHIT);

¢ Ka)KJad MHCTPYKIIHS, COCTABJECHHAS MJIs MCIONHHUTENSA B ¥ mpu-

BOAANIAA IPH ee MCIOOJHEHHH K OIDeJeJIeHHOMY Ppe3yJbTAaTy
(T. e. K OIIpeJleIEHHOMY COCTOAHHIO CPeAbl MCIIOJHUTENSA U ero ca-
MOro), MoskeT OBITh mpeobpas3oBaHa MMHUTAIHEH ZOIYCTHMBIX
JeHcTBMH B HMHCTPYKIOWIO AJS HCOOJHHUTENS A, HCIOJHEHHeE
KOTOpPO# IIPMBOAUT K COOTBETCTBYIOIIEMY pe3yJbTaTy B cpeje
HCIOJHUTENA A.

BrnpoueM, NpeANoONOMKEeHHME, YTO Y HCHOJHUTEeNell A u B pasHas
cpena, B KOTOPO#l OHM CYIIECTBYIOT, He IPHHIVONAJILHO ¢ HMHpoOpMAaIy-
OHHOM TOUYKM 3peHHA. Hanpumep, HCIONHHUTEeNbL A HMeeT JeJ0 C YHC-
JaMH, a uchnojiHuTenb B npeobpasyer rpadbuyeckue msobparkenus. Ho
BEHI yXXe 3HaeTe, 4TO (PaKTHUYECKH B KAXKAOM U3 9THUX CJYUaEB PeUb UIET
0 mpeo6pa3oBaHUHM IOAXOAAIIHUM 06pasoM B3aKOAMPOBAHHON HMHPOpPMA-
nuu. Bosee TOro, MOMKHO CUMTATH, YTO HCIOJB3YETCHA ONUH K TOT Ke
JBOMYHBIN KOJ, T. €. CpeJa MCIOJHHUTENEeH IPOoCTO OQHHAKOBA — HHGOP-
Manus, IpeAcTaBleHHadA B (opMe 3aKOLHPOBAHHOIO COOOIIEHHA.

OxuH M3 Ba)KHEHIIMX BOIPOCOB TEOPETHYECKOH MHPOPMATHUKHU 3BY-
YHUT TaK: CYIIeCTBYeT JIHX (POPMANbHBIA MCIOJHUTENb, C IIOMOIIBI KOTO-
POro MOYXHO MMHUTHPOBATH Jiioboro dopmanssoro ucnonautena? Taxoro
HCIIOJIHUTEJIA €CTECTBEHHO HA3BATH YHHBEpPCAJBHBIM. JIETKO IOHATE, YTO
KaK (pHU3HYeCKOoe YCTPOHCTBO YHUBEPCAJILHBIA HCIOJHUTENL HE CYILIEeCT-
ByeT: BeAb HHGPOpPMAIMA MOKET KOAHPOBATHCH KAK YrOAHO MAJIWHHBIMU
coobmieEnaMHu, a 060l pusuuecKUi HOCHUTENbh KoHeueH. Eciau ke Bec-
TH pedb 06 yHHBEpCAJIbHOM HCIIOJIHUTENEe KaK HASAJILHOM OOBEKTe, TO
OKa3bIBaETCA, YTO OTBET Ha 3aJaHHEIA BOIIPOC IOJIOXKHTeNeH. M mosy-
YeH OH OBLI MOYTH OZHOBPEMEHHO M HE3aBHCHMO ABYMS BEIAAIOIIUMMCSH
yuensiMu — A. Teropuarom (B 1936 roay) u 3. Iloctom (B 1937 roay).
IlpepnoxeHHbIe MU HCIOJHHUTENN OTJIHYAIUCH APYr OT ApPyra, HO OKa-
8aJI0Ch, YTO OHH MOI'YT MMHTHDPOBATH IDPYT
Apyra, a IJIaBHOE — HMHTHPOBATh BooOImIEe
ao0oro opManbHOrO HCIOJIHUTEN.

YHIBepCATbHOI'0 HCIOJHUTENA IIPHHATO
Ha3LIBATH MAIIHHOM H JaBaTh UM MMEHA HX
n3obperateneii. Tak 4YTO YHHBEPCAJbLHOIO
UCHOJIHUTeNA, npuaymansHoro A. Teiopusn-
TOM, HAa3EIBAIOT MamuHOK ThIOpHHra, HCIIOJ-
HUTeNndA, omucagHoro 3J. Ilocrom, — wmamm-
ol Ilocra. Ilosxke HmOABHMAMNCE M Apyrue
yHHUBepcaJbHbIE HCIOJHHUTENH, HaIpUMep
mammuaa MHUHCKOTO.

HWrak, MOKHO CUMTAThH, YTO YV HAC uMe-
eTcA cooD0IIeHVe, 3aIMCAHHOE B HEKOTOPOM
andasuTe, n ero Tpebyerca mpeoOpasoBaThb
B apyroe coobmenme. HammcaTs HHCTPYK-
Oouio GOpMANLHOMY MCHOJHUTENIO AJS 00-
A. TolopuHr paboTK¥ KOHKPETHOH Mmaphkl COOOINeHu# —
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neno Hexutrpoe. Ho B yiKe 3HaeTe, UTO peaJbHBIN HHTEpeC HIpelCTaB-
JAAT UHCTPYKOHU (T.e. aJTOPUTMBI), IO3BOJAIOINUE DpeHIaTh IeJbId
KJIacc OAHOTHIHEBIX 3aZlad — TAK HA3BIBAEMOE CBOMCTBO MACCOBOCTH aJi-
roputma. Hampumep, Takas s3agaua: K Jo60My COOOIIEHHIO IIPHUIIUCATD
cIpaBa ellle OAMH 3apaHee 3aJaHHBIN cuMBoJ. Eciau mocienoBaTelib-
HOCTH OJMHAKOBBEIX CHMBOJIOB BBICTYIIAE€T KOJOM HATYPAJbHOTO YHCJIA
(KoJIMYeCTBO CHMBOJIOB B IOCHEJOBATEJILHOCTH U €CTh KOJMpyeMoe Ha-
TYypaJibHOE UYHCJIO), TO (paKTHUYECKH peub HAeT O CO3ZAHUM aJropuTM™Ma
yBeJanueHus yucja Ha 1.

CumnraoT, 4T0 coolIeHne 3allMCaHO Ha JeHTy. Bojee Toro, ymob-
HO TPEeACTABAATL cebe 3Ty JICHTY Pas3fesIeHHON Ha OAMHAKOBBIE KJIET-
KM, B KaXKJO#l M3 KOTOPHIX 3alMCAH POBHO OAMH CHMBOJ COOOIieHuS.
IockonbKy COOGMIeHHA MOrYyT OBITH KAK YrOZHO AJNUHHBIMY, TO JIEHTY
IOTOBOPUMCHA IIPEACTABIATE cebe GecKoneuHoil. IlycThle KaeTKHU OyaeM
CYMTATDH 3ANOJHEHHBbIMYU CHMMBOJIOM «Ipobein». Tem cambiM MBI O0BLSABHU-
Jau, 4To J1000# aadaBUT, KOTOPLIH OyAeT MCIOJb30BATHLCA HAMHU IJd
3alMCHU COOOIIeHUIl Ha 5TOi JieHTe, 00S3aTENbHO COAEPIKUT mnpobei.
Horosopumca o6o3HauaThb ero a,. OcranbHble CHMBOIBI ajaBuTa, HUC-
MOJIL3yeMOro [Js 3allcHu cOoO0HieHu# Ha JieHTY, OyJeM o0003Ha4aTh
as, ay, ..., a,. Eciin Ham TpebyeTca 3amucaTh 3aJady BBIYUCJIEHHMS CyM-
MBI ABYX UHCeJ, TO aJ(aBUT MOYKHO B3ATh TaKHM: ay; 1; 2; 3;4; 5; 6;
7;8;9;0;,; +; =. Sannuch Ha JIeHTe MOYKET BBITJIANETH, HAIIPUMED, TaK,
KaK IOKasaHO Ha pucysxe 1.16.

M= He GyZeM Ha JeHTe B IIYCTHIX KJETKaX IUcaTh CHMBOJ Gy, IIOZ-
pasymesasa ero tam. Kpome TOro, JOTOBOPHMCS, YTO NEPBHIA CHMBOJ
CcoO00mmIieHUs, OTIUYHBIA OoT mpobesa, Bcerga CTOUT B OJAHOM M TOH ke
KJeTKe; Ha pucyHKe 1.16 oma oTmeuena cTpelKoii. ITY KJAETKY OyaeMm
Ha3bIBATH HAYAJLHOH.

Coobimienne, sanucanHoe Ha JeHTe, 00pabaThriBaeTcss HEKUM YCTPOH-
CTBOM, M pe3yJIbTAT CHOBA 3aIIMCHIBAETCS HA JIEHTY. IIOCKOJNBKY uCIIOJI-
HUTEJbs (POPMANBHBIN, OH He BHMKAeT B CMEICJI COOOIIEHMA, a II0 coc-
TABJIEHHON AJis HEero MHCTPYKIMH 3aMeHseT OAHHW CHMBOJbI Ha APYrue.
Hac me uHTepecyeT, Kak (PU3UUYECKH OCYII[ECTBJIAETCA TaKas 3aMeHa,
MO3TOMY MOXKHO HPEeJCTABUTH, UTO BJOJb JIEHTHI ABHUKETCS HEKUU
aBTOMAT, KOTOPBIH CYMTHIBAET CMMBOJI M3 KJIETKH HAa JIeHTe, 00pabaThi-
BaeT MOJYUYEHHYI0 WHGPOPMAIIHIO, MeyaTaeT B KJETKe JPYrodl CHMBOJ
(ecsm 3TO IpeANHCAHO MHCTPYKIUEH) M CABUTAETCA K COCeTHEN KJIETKe
BIPABO HJH BJIEBO.

Bur yxxe 3Haere, uTO Ka)KJLI aBTOMAT OIIMCLIBaeTcAa HabopoMm
cocToauauii. IIpuHATO 0003HAYATE COCTOSAHNA YKasaHHOTO CUHUTHIBAIOMIE-
IedaTalollero apromMara 6yKBaMu ¢y, Gq5 ¢35 ---» - 1IpH 3TOM OZHO CO-
cTosiHMe ocoboe — 9TO MIpeKpailleHre paboThI, TaKk HA3LIBAEMOE COCTOSA-
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Hue ocraHoBa. Ero o6osnauaior g,. Kpome Toro, npu BKJIIOYEHUH aBTO-
MaTa, T.e. B Hauaje paGoThl, OH BCeria HaXOLHUTCS B OJHOM H TOM JKe
COCTOSIHMY, KOTOpoe MBI OyZieM 0603Ha4YaTh ¢,, ¥ pacmoJjaraeTcsa HaIpo-
THB HAYaJbHOH KJIETKH.

Taxum obpazoM, mamuea TrlopuHTra GopMaJbHO OIUCHIBAETCA Ha-
Gopom AByx andaButoB: A = {a,, @y, ..., @,} U Q = {qqy, G1> F2s +++» Tp}-
AndaBuT A HaspIBaeTCA BHEITHHM ¥ CIY)KHAT AJIA 3alMCH UCXOAHBIX CO-
obmenuii, anbaBuT @ HA3HIBAeTC BHYTPEHHHM 1 OIHCHIBAeT Habop
COCTOAHUI CUYNTHIBAIOMe-IedaTalomero ycrpoiicrsa. M3obpaxxars Mma-
mury TeplopuHra 0ygeM Tak, Kak Ha pucyHKe 1.17. Ha aToM pHCYHKe
n300pakeH MOMEHT pPalbOThI, KOTAA CUMTHIBAIOIIE-TIEYATAIOIIee YCTPOii-
C¢TBO 0003peBaeT TPeThI0 KJETKY OT Ha4daJNbHOH (B HEHl K 5TOMYy MOMEH-
Ty OKAasaJICsI CHMBOJ a83) ¥ HaXOAUTCA B COCTOSHHUU (.

HUrak, gonycrumele aeiicTBuNSA MaliuHBI ThHIOpUMHra TAKOBBI:

s 3aMMCATh KaKOH#-AmG0 CHMBOJ BHEIIHero ajxdaBHUTa B CEKI[HIO
JIeHTE! (CHMBOJI, GEIBIIME TaM JO TOTO, 3aTHUPAETCH);

¢ CMECTHTBCSA B COCENHIOI CEKI[HIO;

s CMEHHTBH COCTOSIHMe Ha OJHO H3 O0003HAYEeHHEBIX CHMMBOJIOM BHYT-
peHHero ajiasura.

B 3TOM mepedMCIeHuH B KaXKAOL CTPOKE YKAa3aHO He OZHO AelicTBHUeE,
a rpynmna geidcTBHil OZHOTO BHAA — JAeHCTBUI «3anmmcaTh CHMBOJI BHEIN-
Hero ajipaBUTa» CTOJbKO, CKOJLKO 3THMX CHMMBOJIOB, CMECTHTHCH B CO-
CeIHIOI CEKIMI0 MOJKHO BIIPABO, 4 MOYKHO BJIeBO, geiicTBuii mo mame-
HEHWIO COCTOSIHUA CTOABKO, CKOJBKO 3THX COCTOAHHHA (T.e. CKOJIBKO
CHMBOJIOB BHYTPEHHEro ajdaBura).

Tenepp HajgO CKa3aTh, KaK 3aNMCHIBAIOTCA KOMAHALI HA BBITIOJHE-
HHMe YKasaHHBIX JeiicTBuil. Kaxkgada KoMaHAA MalIMHBLL COJEPKHUT HeE
GoJiee omHOrO AeiicTBHA M3 KaXMOH Irpynnel Ae#icTBUH M UMeeT BHUX

yKkasaHue yKa3aHue / yKasaHue
O 3anucu cumeona 0 nepemMeuleHnin Malntel 0O cMeHe COCTOAHUA

DaKTHYECKN KOMAHAL BHITVIALAT TaK:

allg; — B oGospeBaemylo CeKIIMIO 3allMCaTh @;, CMECTUTHCA BHpa-
BO (x ciepyiomieil cexuuu) u mepeiiTu B COCTOAHUE g3

a,JIg; — B 0603peBaeMyio CEKIMIO 3AIHCATD &, ¢MeCTHTHCH BIEBO
u nepen'm B COCTOSIHHE (;;

ain — B oﬁospenaemym CEeKIIUIO 3amMcaTh a;, OCTATBCA Ha MeCTe
u nepen'm B COCTOSIHHE ¢;.
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Tabnnua 1.9
| LA CocrosHue
A_ MalmHbl @
" ql ven q §] cos q,,
M Brewnnin
’ andasut A
Q. 2y
| — Q al
Puc. 1.18
0 a; a,llg,
nepaunuoHHO-N0M-
yeckuin 6NoK MallUMHbI ves
TolopuHra a
m

[na ocymiecTBaeHHus AeiicTBuii MamyHa ThHOpPHUHra uMeeT omepa-
IMOHHO-JIOTMYeCKui OJIoK. ¥ aToro 0J0Ka ecTh ABA BX0Ja: 4Yepe3 OZUH
M3 HUX IIoCTyIaeT MHGpopManusa O TOM, KaKoii CHMBOJI CTOUT B 0003pe-
BaeMoil siyeiike, 4Yepes Apyroii — mHGOPMaAIMA O TOM, B KAKOM COCTOS-
HHAM HAXOAWTCS MAIllMHA Ha JAaHHOM Iare cBoeii paboTel. dta MHOMOD-
MAIMA OJHOSHAYHO ONpeAesfeT, KaKyi0 MMeHHO KOMaHAY CJIeZYeT BHI-
NOJMHUTh MamiuHe. IIOCKOJBbKY KOMaHAa MOKET COAep:KaTh yKasaHue
HA BBHIIIOJIHEHHE Tpex JHeHicTBMII — 3amMCH CHMBOJIa Ha JIEHTY, cCMe-
MEeHNsA B CMeHH COCTOSHHS, OINEePAWOHHO-JIOTHYECKHH OJIOK mMeer
TPH BBIXOJA: 3alNMCh CHMBOJA A, cmeineHue M u cMeHa cocToaHus @
(puc. 1.18).

ITockoAbKy y 3TOro GJIOKA BCErO JHIOb IBa BXOla, €r0 PeaKi[uio Ha
CHUMEBOJIBI, IIOJaBaeMbieé Ha HHX, YAOOHO HpPeACTABUTH B BHAE IPIMO-
YroAbHON TaOaunpl, B KOTOPOil CTPOKH M CTOJOIBI HOMEYeHB CHMBOJIA-
MM BHEIIHEro M BHYTPeHHEro aji¢aBHTOB COOTBeTCTBeHHO (Tabia. 1.9).
B kJjeTKmM TabaMObI 3aINCHIBAIOTCA KOMaHZBI. Eciam MammHa HaXOZUT-
csl HaIPDOTUB KJIETKHU, T'Ae HaIWUCaAHO @;, & ee COCTOAHHEe IPH 3TOM €CTh
gj> TO BBIIOJHAETCA KOMaH/a, CTOSAIIAA HA NEPECeYeHUN CTPOKHU, OTMe-
YEHHOH CHMBOJIOM @;, U CTOJI0Ia, OTMEYEHHOTO CHMBOJIOM (;.

Ity Tabnuny HASHIBAIOT (PYHKIMOHAJLHON CXeMOM JaHHOM MaIu-
HBI; OHA-TO M BBHINIOJHSET POJIb WHCTPYKIHH (IPOTPAMMBI) AJIsi MAHIN-
HHl ThlopuHra. I3 Hee, B 4aCTHOCTH, BHAHO, KaKOBLI BHEIIHUN U BHYT-
pPeHHHUI andaBuUTHl MaNIMHEI. .

IIycTs, K IpuMepy, Ha JIeHTe 3alucaHa MOCHIef0BATEIBLHOCTL U3 He-
KOTOPOTO KOJIMYECTBA OZHOrO M TOro Ke cuMBoJja *, Torza GyHKIHO-
HaJLHadA cXeMa, OpusBefieHHad B Tabampe 1.10, 3za-

craBifieT MAmIKHY THIODUHTA YBEJMYNThL HA OLHY Ta6nmua 1.10
KOJIMYECTBO 3BE3J0YEK B 3TOH ITOC]IEZOBATENILHOCTH. Q
Jdoxasars, uTo mMamuHA ThHIOpHHra fABIsieTCS | A |

YHHBepCAJbHLEIM MCIOJHHUTENeM, Heab3sa. Tak xKe, "
HAIIpUMep, KAaK HeJb3sd AOKAa3aTh 3aKOH COXpaHe- 2o Hygo
Hus sHepruu B dusuxe. Ho mpakTuKa COCTaBJICHUA . 1

aJITOPUTMOB NOKA3LIBAET, YTO JI006YI0 3aja4yy, KOTO- %
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PYIO CerofHs yMeeT DENIATL UYeJIOBEK, MOMKHO 3alporpaMMHpPOBATh
Ha Mamnue ToiopuHra. TOT SKCIePHMEHTANbHBIN (PaKT, HasbIBAeMBIH
TeaucoMm TrOpuHTa, GOPMYJAHUPYIOT TaK: AJA 3aJavu CYIIECTBYET
aJTOPUTM pelleHWA TOrJa M TOJLKO TOrJa, KOrja HMEeTcs OAXOAA-
maa Mmamuea ToiopMHTa, MOCPEACTBOM KOTOPOIl MOIKHO PeIIuTh 3Ty
3ajgavy.

BOMPOCHI U 3AAAHUA
Kakoii ¢popmanbHbIii UCMIONHUTENb HA3LIBAETCA YHUBEPCANbHLIM?
Yro Takoe mawwuHa ToiopuHra?

Yem opHa MalumHa TelOpuHra oTnu4aeTcs oT Apyron?

Y710 Ha3bIBaAIOT PYHKLMOHANLHOM CXeMOW MalinHbl TelOpUHra?

BepHo nn, 4TO MawwuHa TolOpUHIa C HaNMCaHHOM Ans Hee dYHKUMOHANBLHOM Cxemon
ABNAETCA KOHEYHbIM aBTOMaToMm?

N306pas3uTte B BUAE NOCNeaoBaTEAbHOCTN PUCYHKOB, KaK MU3MEHSETCA uHopmaums
Ha neHTe nNpu pabote MailunHbl TulopuHra, onucanHoin tabanuen 1.10.

© © 00006

Cnepys dyHkumoHansHoW cxeme, onucaHHoW Tabnuuein 1.10, mawmna TelopuHra
NPUNUCHIBAET K 334aHHONM MOCNefoBaTENbHOCTU 3BE304EK elle OfHY 3BEe3[04KY
cnesa. CoctaBbTe YHKUMOHANBHYIO CXemy, COMflacHO KOTOpo# 3Bespouka Oyaer
NPUNUCHIBATLCS CNPaBa OT 33[aHHOW NOCNeaoBaTeflbHOCTU.

©

MycTb BHewWwHWiA andaBuT cocTout n3 cumsona a, v undp 0, 1, 2, ..., 9. Ha nenty
3anuncbiBaeTCca HatypanbHoe uucno. Mpuaymalite mawunHy ThlOpuHra u CocTaBbTe
ona Hee (YHKUMOHANBHYIO CXEMy, COFNacHO KOTOPO paHHoe unicno 6ynet ysenn-
YeHo Ha 1.

- OcHOBHbBbIE HanpasneHus UHPOPMATUKM

HadopMATHKY OIPENeJAIOT KaK HAYKY, U3yHalouiyi uHOOD-
ManHOHHbIE NPOIECCH, a TaKMKe WMHCTPYMEHTHI, IpUMeHAeMble AJd
MOJIYUEeHHUA, XpaHeHHudA, mepeiaum m oOpaborTkm muHopmamnmu., Ha Ha-
YaJbHOM 3Talle PasBUTHA MHGDOPMATHKY OCHOBHBIE OO0BEMBI XPAHWMON
u oOpabaTeiBaeMoii uHGoOpMamuu OBIIM NPEACTABJIEHBI TEeKCTaMH,
3a(pMKCUPOBAHHBIMH Ha OyMa’KHBIX HOCHUTeNnsX. B aTo Bpemsa mHbOpMa-
THKA CIAYKHJA TeOPeTHUEeCKOI OCHOBOM OMOJIMOTEUHOTO Aeja — YBeJIu-
YHBAIOUHNECS TeMIBI POCTA HAYYHO-TeXHUYECKO! M CcOInalbHON MHOOD-
manuy tpebGoBasin paspaboTKM HAYYHO OGOCHOBAHHEBIX METOZOB CUCTE-
MaTH3anuu NHPOpMAIUM, IO03BOJAKNIUX CO3ZaBaTh CpPeJCTBa ee
addeKTHBHOTO TOMCKa U 00paboTKu.

ITouckom mudopMalinn 006 OKpPY:KAWOINeM MHpPe N ee 00pabGOTKOH
3aHUMAIOTCA BCe HAyKH. 9TO, OQHAKO, He 03HAUaeT, 4TO MHPOpPMATHKA
BKJIDUAETCA B 3TH HAYKM KaK HX COCTaBHAsd YacThb WJIH, HA060POT, UTO
IpyrHe HaYKM TO#l WMJIM MHOU CBOEll CTOPOHOI BXOAZAT B MH(POPMATHKY.
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Poap urdopMaTukm B cmcTeMe HayK 6amM3Ka K pPOAM MATEMATUKH —
ofecreunBaThH METOAAMH HCCJeIOBaHUA M o0paborku mHbpopmanuu. Ho
Ao unsobpereHusa OBM, HbIHe MMEHYEMBIX KOMIILIOTEPAMH, 3Ta POJIb
OblIa He CTOJIb 3HAUMTEJILHA.

Bul, KOHeUHO, 3HaeTe, 4TO IepBble OBM, cosgamunie B 50-e ronnl
IPOLIJIOTO CTOJIETHA, NMpeJHABHAYAJINUCH AJIA pacyeTOB B ANepHOH ¢dumsu-
Ke B KocMuuecKoil TexHuKe. OfHaKo chepa mpHMeHEeHUA KOMIIBLIOTEPOB
OpICcTpO pacinupsanach. IlociemoBaTelbHOEe W aKTHBHOE BHelpeHune 3BM
B 00JiacTh YIIpaBJIeHUA KM SKOHOMHUKY IIPHBEJIO K CO3JAaHUIO HOBOI OT-
paciyu — CPeACTB M METOJOB aBTOMaTHUuecKoili o6paboTku mHpOpMA-
nuu. IIpw sToM OKasanoch, UTO 37leCh, KaK M B MaTeMaTHKe, CO3Ja-
BaeMble CPEJCTBA W METOAbl NMOAYWHSIOTCA HEKOTOPHIM OOmINM 3a-
KOHOMEPHOCTAM, He 3aBUCHAMINMM OT KOHKPETHOH HPUPOALI 3akau, IJsd
pelieHuA KOTOPBIX OHM HCHOJL3YIOTCA. KOHEeUYHO, Oco3HaHMe 3TOoil
O0IHOCTY NMPOMCXOAMJIO HE Ha IIyCTOM MECT€ — OHO OBLIO HOATOTOB-
JeHO Pa3BUTHEM KHOEPHETUKH, MATeMATHYECKOI JIOTUKH, Teopuii ¢op-
MaJIbHBLIX ASBIKOB M aaroputmoB. UmMenHo B KubepHeTHKe OBLIO chop-
MYJUPOBAHO MOJIOMKEHYE O €NHMHCTBE 3aKOHOB IPOTEeKaHUA wHpOpMA-
IMUOHHBLIX IIPOHECCOB B JKUBOH NpuUpoje, obiiecTBe u TexuHuke. Cama
xubepHEeTHKA KAaK CAMOCTOATEJbHAA HayKa 00 OOIIHMX 3aKOHAX yIpas-
JeHUA B JKUBBHIX, TeXHHYECKHMX M COHUANBHBIX CHCTEMaX BO3HHKJA B
cepeauue XX BeKa Osarozapsa paboTe Ipynnbl YUEHBIX PA3HBIX HAIPAB-
JeHul (MaTeMaTWKHM, JUHTBHCTHI, HeWPODHUEMOJOTH U Ap.) MOA PYKO-
BogcrBoM H. Bumepa. B 30-e roabl MpOIIAOro CTOJETHS TPYAaMH
JI. 9epua, A. Toropunra, 9. ITocta GbLIM 3a70KeHBI OCHOBBI TE€OPHHU aJi-
TOPUTMOB, IIOKasaBlled, YTO HE3aBUCHUMO OT HPOUCXOKIeHuA uHOOp-
Mallu¥ OCHOBBI €€ aBTOMATH3HPOBAHHOMN 00paboTKu eAuHbI. IIpobGaeMbl
nepegauy WHGOPMAIIMK IO TEXHUYECKHM CHCTEMaM CBsisu Ge3 HCKaKe-
HUil, BLISBAHHBIX IIOMEXaMM, a TakyKe 3afadyM 3aIlMUTHl HHbOpPMAIIUHA
OT HECAHKIMOHWPOBAHHOTO NPOHUKHOBEHHUS M MCIOJIL30BaHUA IIpuUBE-
JHU K TIy0OOKUM MCCJIeJOBAHHMAM B TeOPHHM KOJOB M METOAOB HIn(pOBAa-
HUA. TH UCCIEeAOBaHUA, B YJaCTHOCTH, HOKAa3aJi, YTO K BOIPOCY O KO-
audecTBe nHbDOpPMAINH HAAO MOAXOLUTEL HE TOJBKO C COAEPKaTeILHOMH,
HO B ¢ GOPMASBLHO-TEXHOJOTHYECKOH TOYKM 3pEHU.

B cBo10 ouepenb, YpesBEIYANHO BAYKHON OKa3BIBAETCS COHEPIHATEIIb-
Hasg TOYKA 3PEHUA, KOTOPYIO YACTO HA3LIBAIOT JIOTMKO-CEMAHTHUYECKOMA.
B stom cayuae nHbOpPMaAInA pacCMaTpUBaeTCs KaK sHaHWe, IpAYEeM Ta-
KOe, KOTOPOE HCHOJb3yeTcA AJIA OPMEHTHPOBKH B OKpYy:Kaloiieii meiict-
BUTEJBHOCTH, NPUHSATHUA PEIIeHHI, YOpaBJeHUA M CaMOYyIpaBJICHHA.
BmectTe ¢ KOMOLIOTEPHOM TEeXHMKOM 9TO HampaBieHHe WHOOPMATUKK
YaCcTO BBICTyHAeT KaK HH(MOPMAIMOHHOe MOZeJHpPOBaHHWE, O KOTOPOM
myaa peuyb B § 5. Cpeau pasHOoOOpasHbIX HMHGOPMAIMOHHBIX MOAejeil
ocoboe MeCTO 3aHMMAIOT TAaK HA3LIBAeMLBI€ CHCTEMBbI MCKYCCTBEHHOTO
uaTeJLIeKTa. Takue cucTeMbl HAa OCHOBe mMelomeiica mHPOpPMamuy MO-
JeJINPYIOT NPUHATHE YEeJIOBEKOM pemenuii. OGHMM U3 NPHUMEPOB CUCTEM
HCKYCCTBEHHOTO HMHTEJIICKTa ABJAAIOTCA JKCIEPTHHIe cHcTeMbi. Hamnpu-
Mep, K 9KCHEPTHBHIM CHCTEMAM OTHOCATCA KOMIBIOTEPHBIE IIPOTPaMMBI
MEJUIMHCKON AMATHOCTHKH.
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Bypuasa maboOpMaTH3alUsA OOIECTBA CONPOBOMKAACTCHA TEM, UTO HH-
dopManOHHBIe IPOLECCHI BCe OOJIBIIIe M GONBIIE IIPOTEKAIOT B 3JIEKT-
ponHOM BHje. UadopMauoOHHBIE PECYPCHI ITIO0aAbHBIX KOMIIBIOTEPHBIX
ceTell, JUUYHAA NepenNcKa M0 3JeKTPOHHOH IouTe, 3JEKTPOHHHIe GaH-
KOBCKHEe ONIepauuy, AUCTAHIHOHHOE KOMIBIOTEPHOE YHOpaBJCHHE IIpO-
MBIILIEHHEIME 00BeKTaMu — Bce 3TO TpebyeT obecneueHusA Ge3omacHO-
ctu. PaspaboTKa cpeicTB 3alUTHl MHPOPMALuM, MHPEACTABJICHHOM B
3JIEKTPOHHOM BHJle, — OAHO H3 NPUOPUTETHHIX HANIpABJICHHUI cOBpeMeH-
Holi mHbopMaruku., HamoMHNM, 4TO corjacHo craThe 20 PegepanbHO-
ro saxkosa o6 mHGoOpMamuu, nEGOpMaATHIAIINK ¥ 3ainuTe HHbOPMALIUHA,
npuaaroro l'ocyzapcresennoit [Iymoit Poceniickoii Peaepannn, «meaaMu
3aIUTHl SABJIAIOTCA:
— HpefOTBpAallleHHEe YTeYKH, XHUINEeHWSA, YTPaThl, HCKAaKeHUs, IOALeI-
Ku ueEMOpMaADNH;
— HOpemoTBpallieHNe HECAHKIHMOHVWPOBAHHBIX JeiicTBHiI IO YHHUYTOMe-
HUI0, MOZM(DUKANMNHN, MCKAXKEHHIO, KONHPOBAHHNIO, GJIOKMPOBAHHIO
undpopmManyy; npefoTBpallieHue APYyTruX GopM He3aKOHHOTO BMeMia-
TeJbCTBa B MHGPOPMAIlMOHHBIE pecypchl M MHGDOPMAIMOHHBIE CHCTE-
MBL...».
Taxoe mMUPOKOe ITOHMMaHWE TEPMHHA «3alIUTA MH(pOpMALIMU» CTa-
BHT Iepej, pa3paGoTYMKaMM BechbMa pas3HOOOpasHbie 3aja4d — OT CO-
3fgaHua 3(hGeKTUBHLIX IPOrpaMM-apXHBATODOB, IO3BOJIAIINNX CO3Za-
BaTh KOMIIAKTHBI€ De3epPBHBIE BEPCHHU AOKYMEHTOB M IIPOTPAMMHOTO
obecrieueHMA, KO KOJJEKTHBHEIX, B TOM YKCJI€ CETEBBIX, AHTUBUPYCHBIX
cpencrts. HamoMHMM, 4YTO KOMIBIOTEPHEIM BUPYCOM HA3BIBaeTcA IIPO-
rpaMma, CHOoCoOHAas K CaMOBOCHPDOM3BEIEHHIO (BO3MOYKHO, B M3MEHEH-
HOM BHJ€) ¥ IPOU3BOAAIIAA HECAHKIMOHNPOBAHHEBIE IOJbL30BATEIEM H3-
MeHeHusa B MHpoOpManuM, XpaHdailelicd B KOMIIBIOTepe.
BaxxHyio posib B NpefOTBpAILlEHHY HECAHKIMOHMUPOBAHHOIO AOCTY-
na ¥ NCKa'KeHuA MH(MOpMALMH UTPAIOT COBPEeMeHHbIe METOALI KOMIIbLIO-
TepHOil Kpunrorpadmuu -— 3JEKTPOHHAS MOANUCH (HIOATBEPKIAIOIEAS
aBTOPCTBO NOKYMEHTA), SJEKTPOHHEBIE BOJAMAHBIE 3HAKM (IOATBEpKIAl0-
mue NOAJNUHHOCTDL rpadudeckux dhaiisioB), OZHOCTOPOHHee IN(POBAHUE
(mopaTBEpIKAAIOIEe IMOAJIHHHOCTE TEKCTOBOTO 3J€KTPOHHOIO LOKYMEH-
Ta), mudpoBaHUE C OTKPHITHIM KJrouom (obecreumBaroiiee KOHpHIEH-
IHUANBHOCTE O0IIEeHHA B CEeTAX MAaCCOBBIX KOMMYHUKAUMA) M T. H.
ITopBOoAA mTOr, HA30B€M OCHOBHLIC HAIpaBjieHWsa HHOMOPMATHKHU
KaK HayKu:
+ paspaboTKa MojeJiell HPOIeCCOB M ABJIEHHUM peandpHOTO MUpa AJIdA
HoJiyuYeHusa MHDOpMAINMN O 3aKOHOMEPHOCTAX MX BO3HUKHOBEHHUA
H pas3BUTHSA;

e paspaboTKa aJroOpHMTMOB M HPOTPaMM AJA KOMIOBIOTEPHOM peaju-
3aiuy Mojeseill, OpraHM3aliuA KOMIBLIOTEPHOTO 3KCIepHMEHTa
C MOZeJAMH;

¢ OPTaHU3AIUS IO0JIL30BATENbCKOr0 HHTepdelica B KOMIbIOTEPHOMI

nNporpaMMHOH cpeze;

s OPraHU3AIHUA CETEeBHIX CTPYKTYD HepelauM, XpaHeHHS M IIOHNCKa

unHbopMauuy;
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¢ OpraHH3anusa XpaHeHWs M moMcKa mHpopManuu B 6asax AaHHBIX;

s pa3paboTKa CHCTEeM HCKYCCTBEHHOI'O MHTEJJIEKTA ¥ CO3JaHME Ha
MX OCHOBe MHGMOPMAIOHHBIX TEXHOJIOTHI;

¢ paspaboTKa CPeACTB 3aIuThl wHbOpMaMK, NPEeACTABIEHHOH B diie-
KTPOHHOM BHJAE;

« paspaboTKa KOMIOBIOTEpHOH# TEeXHUKH M TEXHOJOTHH, obecmevym-
BaIOIINX PasBUTHE YKA3aHHBIX BbINIe HAIPABICHWIH.

BOMPOCH! M 3AJAHUS

0 Y710 uasy4aeTt uHpopmMaTUKa Kak Hayka?

e Mpuseante NpuMeps U3BECTHLIX BaM MHOOPMALMOHHBIX MOAENEeN, NPUMEHSIEMbIX:
a) 4N NO3HaHUs NpUPOaL;
6) ana npeackasaHus NPUPOAHLIX ABNEHWIA;
B) Q19 yNpasneHns nponssoaCcTBOM;
r) Bns OueHKU NOAMTU4EeCKOW 06CTaHOBKKM B CTpaHe.

MNpusepute NpuMepbl N3BECTHLIX BaM CETEBLIX PECYPCOB roucka uHpopmaumu.
Kakue HanpapneHusi passutus annapatHeIiX CpeacTs uHdopMaTMsauum Bbl MOXETE
Ha3BaTL?

KakoBbl OCHOBHbIE Lilenu 3awuntel nHdopmaumm?

Y10 Takoe KOMMbLIOTEPHLIN BUPYC? Kakue aHTMBMPYCHbIE NpOrpaMMHbLIe CPeacTea
BaM M3BECTHbLI?

MNepeuncanTe OCHOBHbLIE UHGMOPMALMOHHBIE TEXHONOMUW, YOOBRETBOpPSiOWmMe UHdOp-
MaUMOHHLIM NOTpeGHOCTAM Yenoseka u obliecTsa.

© 00 00

utoru rmasbl | 1

WudbopManua — 3TO TO, YTO IIO3BOJISET JKMBBIM OPraHM3MaM, HX
cooflliecTBAM MJIXM TeXHHUECKHM CHCTEMaM pearmpoBaTh Ha BO3Jei-
CTBHe OKpY:Kaiolieil cpeAbl, ofecrednBass HX IleJA€HAIDPABICHHYIO LedA-
TeJbHOCTE. BoJsiee o6uiuii B3rJIAL Ha NOHATHE MHODOPDMAINH COCTOUT
B TOM, YTO MHGMOpMAIHA — 3TO OTPaKeHHe pasHooOpasms B CyIecT-
BylomieM mMupe. B o6iacTax HayKH, M3YJalOIIUX B OCHOBHOM YeJIOBEKAa
u of6iecTBo, mox HHGOpMaIMell IPHUHATO HOHMMATh 3HAHHA 06 OKpY-
JKaIoIeM 4YeJIOBEKa MHpPe M O camoM cele.

Wuadbopmanusa cyiiecTByeT TOJBKO Oyaydum saduKcHpoBaHHOH# Ha
TOM HMJHM HHOM HOCHTeJe. 3apHMKCHUPOBAHHYI0O KaxuM-aubo crocoboM
HHPOPMAIIMIO HA3BIBAIOT HHPOPMALMNOHHBIM O00BEKTOM.

Hubopmanua npoasideT ceba B TeX WIN HHHX MHODOPMAMOHHBIX
npoueccax. K ocHOBHEIM MH(pOPMAIMOHHBEIM IpoLeccaM OTHOCATCH IIO-
AyJyeHne mHpoOpManuH, ee XpaHeHHe, mepezaua u obGpaborka. Hayka,
u3yyamoias NHPOPMAanHOHHBIE IPOIEeCChl, a TaKsKe MHCTPYMEHThI, IIpH-
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MeHAEMbIe AJIA IIOJYyUYeHUsi, XpaHeHusd, nepegadynu u oopaboTku mHDOD-
MalK, HasbIBaeTcsad MHAOOPMATHUKOM.

OcHoBHLIMN GOopMaMH IpeAcCTaBICHUSA MHGOpMAINK, KOTOpas MO-
JKEeT B IIOCAEAYIONUIeM 00pabaThIBaThCA TeXHUYECKUMM CPEICTBAMU, SIBJIS-
IOTCA CHMBOJIbHASI, BHU3yaJibHAaA U 3BYKoBad. CuMBOJIbHaAA MHGpoOpMANMsa
IpeACTABIAETCS B BHAEe COOOIeHUI, 3aIMCAHHBIX HA HEKOTODOM SISBIKE.

SI8BIK — 3TO COBOKYIIHOCTH CJIOB, COCTABJIEHHBLIX N3 CHMBOJIOB He-
Kotoporo andaBura. COBOKYIIHOCTD IIPABUJI COCTABJIEHUSA CJIOB U3 CUM-
BOJIOB al()aBUTa HasLIBaeTCs IpaMMATHUKON A3bIKa. FI3BEIK HasbIBaeTCs
GOpMaSIn30BAHHLIM, €CJM 34 KaKALIM CJIOBOM 3aKpEILIEHO POBHO OJHO
3HaueHNe. POPMAIM30BAHHBIN A3BIK, B KOTOPOM rpaMMaTHKa TaKKe
¢dopMmasinsoBaHa, HasbpiBaeTCA (DOPMAJIBLHBIM.

Ina aBromaTusanuu MHOOPMAIMMOHHBIX HPOIecCOB mMHpOpMaNua
Kogupyercss. F3-3a TEXHUYECKOTO YyAOOCTBA KOAUPOBAHUE OOBIYHO OCY-
IIEeCTBJASETCS B ABYXCHUMBOJBHOM ajipaBUTe — JABOMYHOE KOAWPOBaHHE.
[Jisi IBOMYHOro KOAWPOBAHUA BHU3YaJbHOW M 3BYKOBOII uMHGOpPMALUH
MIpUMeHAeTCsA IPOIecC AUCKPETHU3aNNN, MIN OUMU(PPOBKHU.

Jna nonydeHusi, o0paboOTKI, COXpaHEHUs M IepefAadyn 3HAHUS de-
JIOBEK NPHMEHSIeT MOAEeJHNPOBaHNEe, T.e. 3aMeHAeT OAWH OO0BEKT, IIPO-
Hecc WM ABJIEHHE APYTUM, HO COXPAHMAIOUIMM CBOICTBA MCXOJHOTO 005-
eKTa, Npolecca UM ABJIEHUs, CYyIleCTBeHHbIe A PellleHusa IMOCTABJICH-
Hol 3amaum. Ilpu sToM 3aMeHSIOIHNI OGBEKT WA MPOLHECC Ha3bIBaeTCSa
MOJEeNIbI0 MCXOAHOTO.

Oco0slit KJacc MOAeJieii COCTaBJIAIOT MHPOPMAIHMOHHBLIE MOJEJIU.
HWnadopmanmonnoii HasblBaeTcA MOJENb, OIPeACTaBIAAIONaa 00beKT, TIPo-
Hecc WM sIBJeHHe HaOOpOoM mapaMeTPOB U CBA3el MeKIy HUMMH.

Hepenko o6mexT unm mpoiecc npencrasisaer coboil cucreMy, T. €. CO-
BOKYIIHOCTEL CBA3AHHBIX MeEXAy co00if 3/1eMeHTOB, IpUYEeM peajim3alius
3TUX CBA3el 00ecleuYuBaeT HAJWYUE HOBOTO KAYECTBA, KOTOPOrO HET
IPpU PACCMOTPEHWM 3JIEMEHTOB IO OTAeJNbHOCTH. IlosiBJIeHMe HOBOTO Ka-
YyecTBa HASBIBAIOT CHCTEMHLIM 3(Q(HEeKTOM HIM SMEPAIKEHTHOCTBHIO.

Y AOGHBIM CcIOCO0OM MPEeACTABJIEHUS CUCTEMBI ABJAETCSA ee m300pa-
JKeHue B Buze rpada mam oprpada.

O6paboTka, iy npeobpasoBaHmue, WHGOPMAIUN — BTO U3MEHEHUe
comep:kannsa wiau dopmer mubopManmoHHOTO 00BeKTa. OO6paboTrka uH-
dopManuu MOKET OCYIIECTBJIATHCA IBPUCTHUYECKH UMAN (HOpPMaJBHO.
B mepBOM ciyuae HCIOJHUTE)b, MPOU3BOAANINI 00paboTKY, BHHKaeT
B cMBIca oOpabaTpiBaeMol mH(MpOPMAIM M CAMOCTOATEJNLHO IMPUHUMAET
pellieHuss 0 HeJaAaX u cmocobax ee mpeobOpasoBaHusi. Bo BTOpoM ciiyuae
HCIOJHUTEb CJeAYyeT IPeANUCAHUAM COCTABJEHHOH IJisi HErO MHCTPYK-
IHHW, He BHUKAas B CMBICJ BBLINOJHAEMBLIX MM JeiicTBuii. PopManbHAS
o6paGorra HH(POPMAUUU BBHINOJHAETCS ABTOMATHYECKM M IOTOMY MO-
sKeT OBITH HMOpPYYeHa TeXHUYECKOMY YCTPOMCTBY.

HMNucTpyKiins, BLIDONHEeHHAsA B (popMe YKasaHusA IIOCJIeA0BATEILHOCH
TH JeHcTBUH, KOTOpHle HANJIEXKUT UCHOMHUTH (POPMaNbHOMY HKCIIOJIHU-
TeJII0, Ha3bIBaeTCsA AJTOPUTMOM. B ajropmrtMe AOJKHBI IPUCYTCTBOBATH
TOJBKO Te JeHdCTBUsA, KOTOpbIe AOIYCTUMEI A JAHHOTO MCIOJHUTENA.
JTO CBOMCTBO aJropuTMa HA3BIBAETCHA IMOHSATHOCTHIO.
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AaropuTMel 00BIYHO 06/1aZAI0T U PAJAOM APYTHX CBOMCTB: JeTepMH-
HYUPOBAHHOCTHIO, KOHEUHOCTHIO, PE3yJIbTAaTHBHOCTHIO, MacCOBOCTBIO.

IIpu cocraBieHHN aJTOPUTMAa UCIOJAB3YIOTCA KOHCTPYKIMH BeETBJIE-
HuA (B HOJHOM MJIM HENMOJHO# (opMme), muKga (B dhopMe «IOKa» HUIH
€O CUETYMKOM), OOpallleHMsT K BCIIOMOTATEJHLHOMY aJTOPUTMY WJIH HOJ-
nporpaMmme-QyHKITAN.

YTo6RI OAMH U TOT K€ AJTOPUTM MOMKHO OBLIO MCHOJBL30BATH AJA
pPasIMYHBIX MCXOAHBIX OaHHBIX, a TaKiKe 4YTOOBI B mpoliecce HCIIOJHe-
HUS aJTOPUTMA IIepefaBaTh MHGOPMAIMIO OT OXHOMH oIepaluy K ApPY-
roii, MCHOJB3YyIOTCA IEepeMeHHBIe. ¥ KaxJAoll IepeMeHHO# ecThb HMd,
TO3BOJAIONIEE OJHY IEPEMEHHYIO OTAMYATh OT APYroil M yKashIBATH
B aJITOPUTME, U3 KaKoH mepeMeHHOH MHGpOPMAIIMIO HYYKHO B3ATH Ha 00-
PaboTKy M B KaKyI0 HepeMeHHYI0 IIOMEeCTHUTH pesdyJbTar. Bropas xapak-
TepuctuKa nepemMeHHoii — ee Tumn. OH YKashiBaeT HCIOJNHUTENIO, KaK
JOJIKHA BBLINOJHATHCA Ta MK WHAsS Oolepalusa HaA AAHHLIMH, XpaHs-
muMmuca B nepemennoii. Cama mudopMalnsg, KOTOpasg XPAHUTCHA B Ie-
pEeMeHHOI, HAa3bIBAeTCA ee 3HaUeHMeM. B fA3BIKaX MIPOrpaMMUPOBAHUSA
O0BLIYHO HCIOJBL3YIOTCSA YHCJIOBbie THILI HEJBINl M BelleCTBEHHBIN; JIO-
rudyeckuii Tun (6yJjeBblil); CHMBOJBHBIA THO (CTPOKOBBIM).

OcHoBHOe HeHcTBHe, KOTOpPO€ COBEpIaeTCA HaJ HepeMEeHHON, —
3TO IpucBamBaHMe el 3HaueHwusi. OHa 0003HAUAETCA TPU IIOMOINYM CHM-
BOJIA «i=».

AnropuTM, 3anuCaHHBIA HA SA3bIKE WCIOJHUTENA, Has3bIBaeTcH
nporpammoii. Ilouck ommubox B mporpaMMe HasbIBAeTCA €€ OTJAaLKOH.
Omubra MOXKeT OBITH CHHTAKCHUYECKOH, T.e. BLI3BAHHON HeNpPaBUJIb-
HBIM ynoTpebJjieHHeM CJIOB M KOHCTPYKIIMI s3bIKA IPOTrPaMMHPOBAHMA,
U ceMaHTHYEeCKOH — Ha Hee (opMaJbHBLIN HCHOJHUTENb DearupyeTt
OTKA30M BLINOJIHUTH NPEANNCAHHOEe eMy JeicTBue.

NPOBEPb CEBS

Yactb 1. IIpu BHOOJHEHWM NPeIJIOKeHHBIX HIDKE 3aJaHUI 3aMUIINTe
y ceba B rerpagu wudp 3agaHus M HOMEp HPABUALHOTO OTBeTa. 1l0 OKOHYA-
HUU paboTHl CcBephTe MOJYYMBIIYIOCS YV Bac 3alUCh C KJO4YaMu Ha c. 269.

A1l. HadbopmanunoHHblii 00beM coobineHusa paBeH 256 ouram. B 6Gafitax o6pem
TOT'O JKe COOOIIeHUWs DAaBeH:

1) 8; 2) 5; 3) 32; 4) 64.

A2. B coobmienun «Mudpopmaruxa — MO# nroGUMMEBIH MpeAMeT» KaKABIA CHUM-
BoJ Kopupyercs B cucreme UNICODE. UudopMarinosHbIil 00BHeM 9TOTO CO-
OOIIeHus:

1) 528 6ur; 2y 66 oOur; {8y 528 xmaobaiit; #y 66 xumobGairT.

A3. [Ina naru GYKB JATHHCKOrO ajdaBuTa 3afaHBI NX ABOMYHBIE KOABI:
a—001, b»—10, ¢ — 100, d — 101, e — O1.
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JBouuHoii crpoxoit 1010011010101 saxozupoBaHa CHAEAYIOINAA IIOCIENO-
BATEJLHOCTh M3 HIATH OYKB:

Ay bbecd; 2y dbabd;  i8) dabde;  i4) bedde.

A4. U3 natu OyksB a, b, ¢, d, e naTuHCKOro ajigaBUTa U3BECTHHI JBONYHLIE KO-
ABL Tpex OYKB:
a— 001, d— 101, e — O1.
Kpome Toro, m3BecTHO, 4YTO ABOMYHOI cTpokoit 01001011101001010 3axo-
AUpOBaHa MOCIeROBaTeNbHOCTE becdab. Torga mocaemoBaTensHocTh abede
KOZHMpYeTCa KaK:

“1¥ 0011010010101; 2% 00101001110101;
8) 01010110101101; '4y 00110101001101.

AS5. Jlns1 00paboTKH 3BYKOBOM MHGMOPMALMM KOMIILIOTEPOM 3Ta uHGpOpManuA:
1), MmogenupyeTtcs; .2}, dopmanusyercs; ,8) ANCKpeTHU3UPYeTCH;
4% B nyuxTax 1—3 Her nmpaBWIbHON GOPMYJIHMPOBKH.

A6. CgoiicTBO MOJeJH COOTBETCTBOBATH TEOPETHUYECKHM BO33PEHHUAM M HAGAIO-
JEeHNAM NPAKTHKYN HA3HIBAETCH:
1)} CHCTEeMHOCTHIO; -2¥. nHGOPMATHUBHOCTHIO; 3); amexBaTHOCTHIO;
4} cpeAu BApMAHTOB, VKA3AaHHLIX B HMyHKTaX 1—38, HeT nmpaBuIbHOHN Qop-
MYJIADPOBKH.

A7. JounycrumocTh AeHCTBUA AJS HMCIOJHHUTENA -— 3TO:

‘1) mpaBo WCHONHHUTENS BBHIIOJIHUTHL JTO AeHCcTBHE;

°‘2), yMeHMe UCIIOJIHUTENIA BBINOJHUTH 3TO AeHiCTBHE;

B¥ Heo6XOAMMOCTD AJIfi HCIIOJHHUTENA BBINOJIHUTHL 3TO AEHUCTBHE;
4¥ B myukrax 1—38 Her DpaBHABHON GOPMYIUPOBKH.

A8. JI:060ii alropuTM COCTOHUT H3:
‘1¥ mpasmJ, IO KOTOPHIM MOKHO AEHCTBOBATH MCIOJHUTENIO;
2¥ anropuTMHMYECKHX KOHCTPYKUHH, MOHATHHIX HCIIOJIHUTEIIO;
‘B nonycTuMbix Ae#cTBUT MCIOJHUTENA;
-4): B nyHKTax 1—38 HeT npaBMIbHOH GOPMYJINPOBKH.

A9. KoneunocTep anroputMa o3HadyaeT, 4TO:

“1¥ Ka Bl HIar aJTrOPHUTMA COBEPIIAETCH 38 KOHEYHOE BpeMs;

2y ucnosHeHMe AJTOPUTMA 3aBEPHIAETCH IIOCJIEe KOHEYHOTO UYMCJia IIAroB;
8), ucnoiHeHHe AJrOPHUTMA MPHUBOLUAT K IOJYYEHHUIO HEOGXOJHMOrO pe-
3yJbTATA;

4y B nyuxrax 1—3 HeT npaBUILHON DOPMYIHUPOBKH.

A10. Iluxkn — aTo ajaropuTMHUeCKas KOHCTPYKIMS, B KOTOPO# NIpexycMaTpu-
BaeTecs:
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Al1.

A12.

A13.

Undopmaruka Kak Hayka

1). BLIGOp AN MCOOJHEHMA OAHOrO M3 ABYX GIOKOB AeUCTBUIA;

2) BHIGOD HMCMIOJHATH WU HE HCIOJHATH HEKOTODHIH Gnok AeiicTBmil;
3). moBTOpeHHMe WCHOJHEHHUSA HEKOTOpOoro Gioxa aeiicTBmii;

4} B myuxTax 1—3 mer UpaBUIBHOU (POPMYIHUDPOBKH.

BeTBjieHUEe B 1oJHO# (opme obeciieduBaeT:

1). BeIGOp AJIA WICHIOJNHEHUA ONHOTO K3 ABYX GJIOKOB AeiicTBHH;

2) BHI6OD MCHONHATH WIN HEe WCIOJHATL HEKOTOPHIH 610K ARelicTBumii;
3) mOBTOpeHMe HCHOJHEHWA HEeKOTOporo GJioKa JeiicTBHIA;

4) B nmyHKTax 1—3 Her mpaBWIbHON GOPMYJIHPOBKH.

@opmaﬂbﬁme nmapamMeTpsbl BCIIOMOraTeJIbHOTO ajIropuTrMa — 3TO:

1% IIepeMeHHbIe, HCIOJb3yeMble BO BCIIOMOraTeJbHOM aJIT'OPHTME;

21 apryMeHThI BCIIOMOTaTeJIbHOTO ajJilrOpHUTMAa,;

3} NepeMeHHbIe, YKa3aHHbI€ B 3aroJiOBKe BCIIOMOraTejJlbHOr'o ajirOpuTMa;
4}‘ KOJINYEeCTBO IIepeMeHHbBIX B 3aroJIOBKe BCIOMOraTe/JIbHOIO ajaropurMma.

Hwmerorca aBe KyuKK KaMHe#, B OZHOH M3 KOTOpHIX 13 mITYK, a B Opy-
roit 17. UcnonHuTEeb MMeeT ABA AONYCTHMBIX AeHcTBHA:

8) B3ATh M3 IIepBOH KYUYKH 2 KaMHSA ¥ HEPeJOKUTh UX BO BTODYIO;

6) B3ATH M3 BTOPO# KYYKHM 5 KaMHeil ¥ IepesoKHTh HUX B IEPBYIO

U yMeeT NPOBePATh, OCTANUCH JHU B Ky4YKe KaMHU,

WcnosHuUTENAb BHIIIOJHAET AJTOPHUTM:

Denatb noka (B mepBoif KyuKe €CThb KaMHU) M (BO BTOpO#l KyuUKe €CTh

KaMHH)
{B3saTs u3 mepBoi KYYKH 2 KAMHS M MEPEJOKHUTL MX BO BTOPYIO;
BaaTs M3 BTOpo# Kyuku 5 KaMHeil U IepPeIOKHTh UX B MEPBYIO;}

Yepes HECKOJABKO IIATOB HCIOJHUTENbL IPEKpPaTHa paboTy, MOTOMY YTO:
1) KoHumMIMCH KaMHM B 1epBO# KyuKe;

'2) KOHUYMJIKMCHh KAMHHM BO BTODPOH KYyYKe;

'8) He MOXeT HCIOJHHUTH JOIYCTHMOe AeiicTBHe a;

4} He MOJKeT WUCHIOJHUTH AONYCTUMOe AeiicTsue 6.

A14. 3HaueHusa mepeMeHHBIX Y U 2 MOCJEe UCHOJHEHUSA aIrOPUTMAa, M300parkeH-

HOTO cxeMmoOi#l Ha pucyHke 1.19, TaxoBsi:
1y y=2, z=1; 2y y=-8, z2=1;
Yyy=2, z=2; 4y y=-8, 2=86.

A15. Ha pucynke 1.20 msobparkeHa 6GJOK-cXeMa aJIrOpPHUTMA.

3HaueHusa MEepeMEHHBIX @ U b Nnocje HCIOJHEHUSA ITOTO AJITOPUTMA:

1} a=-144, b= 112; 2 a=1, b=5; 8y a=-29, b=11;
‘4). He COBIAZAIOT HM C OZHOHN mapoil sHaueHull, YKA3aHHHIX B INYHKTAX
1—3.
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| a:=3;
b:=-11
x:=-4;
y:=2
———»
na a>xtd HeT
yi=x*y a=brzta

2i=xx*xy
z:=3*2/(z+x)

zZ2 = 3*x/(x+y)

b:=axz-b

I
—

Puc. 1:20

Puc. 1.19

3anpocutb
a

—axz+1

a:= a*2—1
. 2+ 1 e 2+

Puc. 1.21
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A16.

A17.

A18.

A19.

Unpopmaruka xak Hayka

ITocsne uMcnoJHeHUS aJiTOPHUTMa, H300pPaKeHHOTO CXeMOH Ha DUCYH-
ke 1.21, nepemenHasi a moJsiyumya 3HaueHue 1.
3HayeHUe, IPHUCBOSHHOE MEPEMEHHOH a B peadyJsibTarTe MCIIOJHEHUSA MepBO-

ro omeparopa ajJropuTMa:
1) o6asatensHO GBLIO paBHO 1; ‘2¥ Morgo ObITh paBHO —1;

3) o6sasarenbHo GbLIO paBHO 2; 4¥ HenbsA yKasaTb OFHO3HAUHO.

Han ¢parMeHT ajgropurma:

a:=1;

b= -1;

Denatb noka a + b > a * b
{a: b+ 1;

b:=2=*a

}

Teno nmukaa O6yzeT MCHOJTHEHO:
1) O pas; 2y 1 pas; 3) 3 pasa; 4). Gosee 3 pas.

Han anropurm:
Anroputm

cum: A; uen: X, K, M
{ Sanpocutb A;

X = 0
Ecnn (acts (A, 2, 1) = Yacts (4, 6, 1)) T0
{ ODenatb oT K := 1 go LEN@4) - 2

{g,ena M=K+1g_LEN(A)—1
{ E

}

{X =X + 15 )

}
}

ITocne ero wucnonmenusa muepemennaa X uMeeT 3Hauenme 4. 3HaudeHHe,
IIPMCBOEHHOE TIePEMEHHOl A MOocJie HUCIIOJHEHHUS MEPBOro oliepaTropa B Te-
Je anaTOpUTMa, MOIJIO GBITH:

1) BAJIEHTHUHA; 2). TAJIUHA;  3). UPUHA; 4y MAPHHA.

Han anropuTm:

Anroputm
uen: M;
{ Sanpocutb M;
Ecnm (M < 0) 10 { M := —M; }
genar noka (M -1)«s(M-8)>0
+ ’

||
<
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KoanuecTBO TexX IEJOUYMUCAEHHBIX 3HAYeHUi M, Mpu KOTOPHIX JaHHBLIA aji-
TOPHUTM KOHEYEH, PaBHO:
¥ 1; B 9 3y 17;
4) mpyromy, He)Kejm B myHKTax 1—38, umciy.

A20. au aaropuTm:
Anroputm
uen: K, M;
{ Sanpocurte K;
Sanpocure M;

denatb noka (K mod 2 = 0 yau M mod 2 = 0)
{ Ecom (K mod 2 = 0) 10 { =M+ K/2;} }
Ecim (M mod 2 =0)10{ K := K + M/2; }

}

Ilpn BBemeHubIX 3HaueHHAX K m M HCHOOJHEHHME AJITOPATMA 3aBEpIIM-
Jioch yepe3 KOHeuHoe uucjo miaroB. Torga K u M:

1}, mMorsm GEiTs paBHBL 12 U 6 COOTBeTCTBEHHO;
2y mornu GuiTh paBHe 5 u 10 COOTBETCTBEHHO;
:8¥ moruum GbiTh paBHBI 9 U 10 COOTBETCTBEHHO;
4y noyKHBI UMETh WHbIC 3HAUYEHNs, UeM yKasaHHbBle B MyHKTax 1—3.

YacTtb 2. IIpu BHNONHEHUN NPEAJOKEHHBIX HUKe 3afJaHUil SamHINHTe
y ceGa B TeTpaau mindp 3afaHuA W OTBET B BUjE IIOCJIEAOBATEIbHOCTH CHUMBO-
JoB. Ilo oxoHUaHuM pPabGoOTHI CBepbTe MOJYYHBHIYIOCS V BAC 3alHCh C KJOYa-
MH Ha c. 269.

B1. llenenanpaBiieHHaA 3aMeHa OLHOrO O6beKTa APYTHM, COXPAHAIOIOHUM CY-
HIiecTBeHHbie CBOHCTBA MCXOLHOrO 00bEKTA, HA3HLIBAETCA .

B2. 3akonunTe mpenyokenue: «JJig opraHWsanyu NOBTOpPeHUs OJOKa peiict-
BUil UCMIOAB3YETCA AJATOPUTMHUYECKAS KOHCTPYKIMA, KOTOPAA HA3LIBAETCH

».

B3. [{an anropmrMm:

Anroputm
uen: X;
{ 3anpocure X;
Ecnu (X < 150) n (X > 75)) 10
{ Benatb noka X mod 2 = 0
{ X = X/2; }
}
uHaw
{ X=X+ 2
Ecmm (X <10)10 { X := X - 3;}



B4.

B5.

B6.

Nudopmarnka kak Hayka

}
Coobunts X;
!

ITocae ucmoJHeHHsd 9TOro aaroputMma GeLI0 coobmeno uuciao 9. Kaxoe umc-
70 6B17I0 TmpHucBoeHO mepemenHoir X mo KomMamje Sanpocutb X?

Jan anropuTMm:

Anroputm
cum: A; uen: X, K, M;

{ Sanpocurb A;
M := LEN(A);
Benatbor K:=1ag0 M -1
{ A:=A + Yacts (4, M - K, 1);
}
}

Huxe mpuBefeHbl YETHIPE YTBEPIKICHUA:
Ilocsie BBIMOJIHEHHSA ITOr0 AJTOPUTMA B NEePEMEHHON A OKasKeTCs:

4) crnoso B 2 pasa Gosbmiell AJMHBI, YeM HCXOXHOE;

2) cnoBo, OgMHAKOBO YHUTaeMoe CJeBa HAIpaBo M CIpaBa HAJEBO;

#8) cmoBO, B KOTOPOM KaKAblil CHMBOJ 00sA3aTENLHO BCTpedaeTca He Me-
Hee JBYX pas;

4) cnoBO, B KOTOPOM XOTS OBl OfMH CHMBOJ BCTPEYAETCA HEUeTHOe UHC-

JIo pas.

3anuinuTe B DOPAAKE BOo3pacTaHusa 6es mpobesioB HOMEpa BEPHBIX YTBEDIK-
JeHUi.

3aKoHYNUTE npeaaoKeHnue: «Y9T06HI UBMEHUTD 3HAUCHUE nepeMeHHoﬁ, HYX-
HO HCHOJIB30BATH OIlepanuio ».

YxaxuTre CJI0BO, KOTOpPOe HAJO IOCTABHTH BMECTO IPOIYCKAa B CHEAYIOIEEM
npennoxenun: «na xpaHeaus u o6paboTKM TEeKCTOBOU MHDOpPMaIUU HC-

TIOJb3yeTcs THIO HDEePeMerHOH».




O6cyxpasa B § 1 noHaTua nupopmaumm M MHHOPMALMOHHLIX NPOLECCOB, Mbl
CMOTpPenu Ha Hux kak 6bl CO CTOPOHbl. Ha camom pene uyenosBek eaga NU He
rnasHas ¢urypa B MHGOPMauUMOHHOW KapTuHe mupa. MIMeHHO 4Yenoeek caenan
nHdopmauunio rnobansHeiM pecypcoMm. JlioGoii apyroii XuBoi opraHuam, nioboe
XWBOTHOE CcOo0OLWEecTBO0 BOCNPUHUMAET, akkymynupyeT u notpebnser uHdpop-
MauuiO, OTHOCALLYIOCA K TOMY Y3KOMY MWPKY, KOTOPbIA HEnoCPeACTBEHHO ero
oKpyxaeT. JIMwb YeNOBEYECTBO B XOOE CBOEr0 Pa3BUTUS HEMPEPBLIBHO PaclUMps-
€T 1 cepy CBOEr0 BMEWATENLCTBA, U CPepy CBOUX MHPOPMALMOHHBLIX UHTEpE-
coB. OHO MbITAaeTCs 3arnfAHyTb B MUKPOMUP M B KOCMUYECKME Oanu, y3HaTb CBOE
ganekoe npownoe u npeackasarbs 6yaywee. JoGbiBaeMas 4enoBekKoM WHGOpP-
Mauus npespawiaeTcsl B CBOM 0COOblii BUO, — B 3HaHWe, KOTOPOE MNO3BOAWMNO
NI0ASM CO30aTh MalUWHbI, B3fBLUME Ha cebs TaxecTb PpU3M4eckoro Tpyaa, Bbl-
pawmBatbe ypoxaw, cnocobHbIE NPOKOPMUTL HEMPEPLIBHO PacTyLEe No YUCNEeH-
HOCTU HaceneHwe 3emnu, co3aaTb UCKYCCTBEHHYIO cpedy o6uTaHua — Tennble
AomMa n ogexay.

Bonee Toro, 4enoBe4yecTBO NMPUAYMano, Kak COXPaHATb W NepepaBaTb 3Ha-
HWUSI OT MOKOMIEHUS K MOoKoneHwio. MepeknapblBas Ha NAeYu MawuH GU3NHECKMWIA
TpyA, BCce Gonbwe n Gonblie noaen crtano NpodecCUoHanbHO 3aHUMaTbCA
WCKNIOYUTENBHO AEATENLHOCTLIO, CBA3aHHON ¢ 0bpaboTkoit uHdopmauun. U no-
SIBfIEHWE KOMMbIOTEPOB, B3ABLIMX HA cebs MHOrMe MHGPOPMALMOHHBbIE PYHKUMM,
He TONbKO HEe YMEHbWWNO apmMuio PaboTHUKOB «UMHGOPMALMOHHOIO PpPOoHTa»,
HO, ckopee, HaobopoT, NULWbE NPUYMHOXUNO ee. [locTaTo4YHO ckasaTb, YTO B pas-
BUTBIX CTPaHax 4YUCNo NoAei, 3aHaTbix B MHOOPMauuoHHOW chepe, cocTaBnseT
B HacToswee epems Gonee 60% TpynaocnocobHOro HaceneHus (Ons CpaBHEHWs
CKaXkeM, 4TO B CE/IbCKOM XO35INCTBE 3aHATO He bonee 4%, a B NPOMBbILLAEHHOC-
™ — 0Kkono 18%). MoOCTOAHHO pacTeT «yaenbHbld BeC» WHDOPMAaLMOHHOW COo-
cTaensiowen B npodecCUoHanbLHOM OeATENbHOCTU U TeX NI0Aei, KoTopble pa-
6oTaloT He B MHGOPMaLMoHHOI chepe. O TOM, Kakve MHPOPMAUUOHHbLIE 3aaa-
41 06bLIMHO NPUXOAUTCH pelaTbh NIOSM B NOBCEAHEBHOW U NPodecCUOHanbHOM
[EeATeNbHOCTU M Kak ANs 3TOro MUCMofb3yeTcs KOMMbIOTEpP, paccKa3blBaeTcs
B 3TOIn rnaee.
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@m UndopmauuorHbie 3aaa4YM M STANbLI UX pewieHus

)

JIiogy ekeZHEBHO PEIIAIOT MHOrO PAsHOOGPasHBIX 3aJad: YTO
NOJAPUTL APYTY Ha JeHb POMKICHMUS W KAK BBIBECTH CTPAHY U3 9KOHO-
MHUYEeCKOoro Kpusuca? YeMm Jydllie KOPMHUTh PLIGOK B AOMAIIIHEM axKBa-
puyMe M Kak y0epeub MJAaHETy OT 3KOJIOTrMUecKoil KartacTpodbi? Kax
OPraHu30BaTh BeCeJbli INKOJLHBIM Beuep M UTO HAA0 CHEJATh, YTOOBI
YAYYHIATD JKU3Hb B CBOEM IOpojie, IOcejaKe, AepeBHe? ITH 3afadu Cco-
BCEM HE MOXOXKM Ha 3aJadu, COoAeprralnvecd B y4eOHUKAX II0 MaTeMa-
THKe, QUsHKe, XUMHUHU U APYTHM IpeAMETaM.

PasnoobOpasme 3anau, BOSHHKAIOIHX Iepe] 4YeJOBEKOM M OOIIecT-
BOM, orpomuO. Kak Xe uesoBeK pemmaer Takme sagauu? OH oTGupaeTt
HYJKHYI0 MHQOpMAIHMIO, a 3aTeM, MCIOJb3yA HMeEIOIfHecH V Hero 3Ha-
HHA, IpeobpasdyeT MCXOAHYIO mH(pOpMAIMIO B OTBET K 3ajgade. BoT TyT-
TO ¥ OKa3BIBAIOTCA HYXHBIMW 3HAHNA, KOTOPHIE HAKOILJIEHHEI UyejoBede-
CTBOM 32 THICAYEJETHA CBOEr0 PasBUTHS M YaCTUYKY KOTOPHIX BBl HOJY-
YaeTe, N3ydad IMKOJbHBIE FUCHHUIINHBEL. VM XOTs CKasaHHOe HA MEepPBBIHA
B3TJVIAL Ka)keTcs OOIIMMHK CJIOBAMH, MOMKHO CHEJATh BAXKHBIN BEIBOJ:
npedxcde wem onepuposamsv C PeabHblMU 00BeKmamu C Ueavio peulums
peanvuyio 3adauy, uenoeex onepupyem ¢ ungopmayueir 06 smux o0s-
exmax, peulas nocaedosamensvHo yeasvlil pad ur@OPpMAUUOHHBLLX 3a0aU.

IlepBas mHGpoOpMamMOHHANA 3a7adYa HA YKA3aHHOM HOYTH COCTOMUT
B TOM, 4TOOBI OIPEHEeNNTh, KaKyio nH(popMannio 00 MCXOAHBIX 00BbeKTax
HeoOXOAMMO MMETh M KaK ee moJayuuTh. CONpPOBOXKIAAOINUI pelleHue
aTol 3asaun MHGOPMAIMOHHLIN IIpoilecC — MHOJydYeHue MHGMOPMAIIMIM.

PaccmorpuM Taxkyr samauy: Ha MebeabHoU (abpure HYXKHO IO-
KDBITh JIAKOM CTOJIEIIHHUIBEI M3TOTOBJICHHLIX CTOJOB. KOHEUHO, MOIKHO
HayvaTh pelllaTh 3Ty 3ajady, He IOAyMaB, — Oepemrs 0aHOUYKY C JaKOM
¥ Jakupyeris. Ho Torma HeT HMKAKOH YBEPEHHOCTH, UTO JIAK He 3aKOH-
YHTCSA paHblile, yeM OyJeT peillela IPOM3BOJICTBEHHAA 3a7adya.

ITosromy chHauasa periaroT APYIyio safady — OIPEAEJHUTH, CKOJIb-
KO moTpebyeTca JaKa, YTOOBI IIOKPBITH UM BCE M3TOTOBJIEHHEIE CTOJEHI-
Hunpl. M pemaioT 3Ty 3afady y/Ke He Te paboume, KOTOphie OYAYT
PealbHBIM JIAKOM IIOKPBIBATH PeEalIbHbIE CTOJICHIHWUILI, a PaGoOTHUKHU
ILJIAHOBOTO OTHAeJa — 3JAech TpebyeTcsa He caM Jak, a WHbpopMauus
o ero pacxofe. Bor Tak s3azaua crajia uHGOPMAIMOHHOMN.

KaskgomMy siCHO, KaK pelluTh TAKyi0 HHPOPMaANWOHHYIO 3azady.
Has1 aTOro Hago 3HATH IUIOMIAAh KAXKAOU CTOJEINHMIBI, PACXOJ JaKa Ha
eAUHUIIY IJIOINAAM M KOJMWYECTBO H3TOTOBJIEHHBIX crojeinnui. Ilepe-
MHOKHB 9TH TPH YHCJAA, MBI U OyAeM MMeTh MCKOMYI0 Bejquuuny. IIpas-
Ia, Telepb BOSHUKAET BOIPOC, KAK Y3HATH, KAKYIO ILIOUIAAbL HMEeT CTO-
JeinHulia. Eciu oHa MpaAMOYroJbHasd, TO HafO0 M3MEPUTH €€ AJIHUHY U -
PUHY, a 3aTE€M BOCIIOJb30BATHCA (POPMYJION IJIOMALY IPAMOYTOJbHUKA.
Ecau ona Kpyriaas, TO CleAyeT M3MEPUTH €€ UaMEeTP M BOCIOJb30BaTh-
ca dopMynoil MOIIAAM Kpyra.

Ve Ha 3TOM IIPOCTOM IpUMEpe BUIHO, UYTO IOCJE PEIIeHHs Iiep-
BO¥ MHGPOPMAIIMOHHON 3aJaull — MOJYUYUTHh HHPOPMAIINIO 00 MCXOAHBIX
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00'beKTax — HNPUXOAUTCH PEIIaTh CJASAVIOINYI MHAPOPMAIMOHHYIO 3aka-
Yy — HCHOJbL3ys 3HAHNA (B JaHHOM ciy4dae 3HaHWe MOPMYJBI AJd IJIO-
Hiagyu TPAMOYIOJbHUKA WMIM AJA IUIOWALW Kpyra), mnpeoGpasoBHIBATH
uMelomyioca uadopmManuio B nHGopMannio o6 0)KHJaeMBIX PesyabTaTax
peliieHuA peajibHOH 3ajaun. SHAHHA — 9TO TOKE, KOHEYHO, HH(popMa-
IIHAA; OHA XPAHWTCA B HAlNEH MAMATH, B CIPABOYHUKAX, B MHCTPYKIHAX
II0 NIPMMEHEHHUIO U T. K. U B HY)XHBI!I MOMEHT HM3BJeKaeTca (T.e. mepe-
LaeTcsA) U3 CBOEro XPAHUJIHINA.
Ho BO3MOKHO, UTO CTOJEIIHHIIA uMeeT 0ojee NPHUUYIJIMBYIO (op-
My, HeXXejiu IPAMOYroJbHUK uau Kpyr. Huxaxkoil roroBoi ¢opMyJibl
INs BBIYMCJAEHUSA €e ILJIOMIAAM MOXKET MmpocTo He Obith. Torza mocTy-
IHM TaK: HaJIbeM JIaAK B MEPHBIA CTAKaH U 3aTeM JIAKOM U3 3TOro CTa-
KaHa MOKPOeM CTOJIEIIHUILY. Pa3HOCTL MeKAY HadaJbHBIM M KOHEUHBIM
VPOBHAMH JIaKa B CTaKaHEe YKaKeT HaM Pacxoj Jjaka. 9to um OyAer HH-
dopMmanua o6 mcXogHOM OOTLEKTE.
Yro Xe MBI CAEJIAJIM B 3TOM CJy4dae, 4TOOBI MOJYYHUTH HCXOAHYIO
nHbopManuio? MBI HpoBeay 3KCIEPUMEHT. BIpoueM, eciiii CIPOCUTDH,
KakK OBLIM MOJYYeHBI AJHHA WU INHNPHHA NPAMOYTOJBLHOM CTOJEIHHIIHLI,
TO OTBeT OyZeT Taxkoil iKe: YKCIEePHUMEHTAJLHO.
PaccMoTpeHHas HaMH 3ajaya O4YeHb mpocra. Hepeaxo, OAHaKO,
BCTPEUAIOTCS TAKHe 3aJa4dl, CaAMO pellieHre KOTOPLIX IIPeACTABJSET CO-
001 BecbMa BakHYI0 mHbopmanuio. Torga ara uHbOpPMaUaA TEePEXOAUT
B 3HAHHUA, T.€. COXPAHAETCA B HEKOTOPOM OGOGIIEHHOM M CHCTEeMaTH-
3UPOBAHHOM BHJE, FOTOBAs K MPHMEHEHHIO B CXOXKHX CHTyanmax. Msr
B TOCJeAYIOIMMUX rjaaBax OyaeM mOAPOOHO 00CYXKJaTh, KaK IIpeJCTaBJie-
HBI 3HAHUSA B YeJIOBEUECKOM COOOIecTsBe.
HUrax, ¢ xakoil Obl peajbHO#l 3ajaueil HM IPUXOLUJIOCH HNMETDH
IeJI0 4YeJIOBEeKY, ee peIleHHe COHmPOBOKIAEeTCA WHOOPMAIIMOHHONK [gesi-
TeJbHOCTBIO, COCTOALIeil M3 TpeX HTAliOB:
= HA IIEPBOM 3Talle ONpefesercd, KaKyi0 MCXOAHYI0 MHGPOPMAILLHIO
Heo0XO0AMMO MIMETh AJIA pellleHUs 3aJaYy U KaK ee IMOJYYUTh;

= Ha BTOPOM 3Talle NMPHBJICKAIOTCS 3HAHWUA, ITO3BOJIAIOIINE CBASATH
HCXOAHYI0 MHAPOPMAIIMIO C pPe3yJabTaTaMM H OHPEHEeJNTh, Kax
HMMEHHO IIOJYYUTH TpebyeMbiii pe3yabTar;

s Ha TpeTheM 3Tale HMCXOAHAas MHPOpMAIIUS H3BJIEKAETCA M Ipeod-

pasyeTcda B pe3yJbTUPYIONIYIO MHPOPMAIIHIO.

Ha mepBRIX ABYX 3Tamax, Kaxk IIPABMJIO, OCYIHECTBISAETCA AHAJIMU3
vHbOpMaLKK, a HA TPEeThEM —— CHHTE3 HOBOW MH(}popMalnn.

OGOpaTuM BHMMaHWe ellle HA OAHY 0cOoGeHHOCTh MHbOpMAauu, ¢ KO-
TOpOo# omepupyer uesoBeK. Bea Takas mHpopMamusa MOXKeT OBITH pas-
JejeHa Ha ABa Buja. MHboOpMamus OSHOTO BHAA OIMNCBHIBAET O0'BEKTHI,
ABJEHUSA, IPOIECCH], YKA3HIBAA Ha MX CBOMCTBA M OTHOIIEHHA MEXIY
HuUMHu. UHGOpMAamuA APYroro BHAA OIpefejseT JelCcTBHA, KOTOPHIEe
OOJIXHEI OBITH IIPOM3BEJEHHI AJfA NpeobpasoBaHHA OAHUX OGHEKTOB
B ADYyrHe, OJA H3MEHEHHs XOoJa IpPoIliecca, AJs BOSHUKHOBEHUSA WJIH,
Hao0opoT, NpPeZOTBpAllleHUA TOr0 MJIHM HHOro sABJeHuA. WMHDpOopMAIMIo
IepBOr0 BHAA HA3BIBAIOT AeKJapaTHBHONH, MHGOPMAOHWIO BTOPOTO BH-
Ja — mpoueaypHoii. MudopManua BuAa «3eMJis BpallaeTci BOKPYT
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Conuna» u «Boga samepsaer npu Temneparype 0 °C» — gekjapaTuBHas,
a nHbopManua BuAa «4IToOLI KOOGBITHL OrOHL, HAZO GHICTPO TEpeThb APYT
0 Apyra [Be ILIOTHO IIpHIKAThIE CyXue JEpPeBAHHBIC MAJOUKH» U « UT0OOBI
moMMaTh PHIOKY, HaJO Ha KPIOYOK HACAAUTL IPUMAaHKY, 3a0pOCHUTH yZAou-
Ky B BOAY, IIOJOKAATH, NOKa PHIOKA KJIOHET, BLITAIIJUTL 3alielIMBIIYIO-
¢ 3a KPIOUYOK PRIOKY» — InpoleaypHas. Horaa AeKJapaTHBHYIO MHOMOD-
MAaI}IioO JIETKO NPEBPATUTH B HPOIEAYPHYIO 1, Hao00pOT, NMPOIEeAYPHYIO
IIPEeBPATUTH B JeKJapaTHBHYIO. CKaKeM, JeKJIapaTUBHYO MHMOPMAIIHIO
«Ilnonrage NpPAMOYroJbHAKA DaBHA IPOUSBEAEHUIO €r0 JJMHBI HA IIH-
PUHY» KajXAbIN M3 Bac CIOCcOo0eH IIOUTH MIHOBEHHO IIpeo0pasoBaTh B IPO-
mexypHyio: «Yrobpl HafTH WJIOWIAAb IIPAMOYIOJbHUKA, HAA0 M3MEPUTH
ero AJUHY U IIUDPHUHY, a 3aTeM IIOJy4eHHbIC BeJIUUYNHBLI IEePEMHOMKUTE» .
Ho muOraa ato czejaTs He TAK-TO MPOCTO; BHI YOEAUTECH B 3TOM, BEI-
NOJIHASA 3aJaHUsA K AaHHOMY naparpady. A mHOTZAa TaKoe cAesIaTh Ipoc-
TO HEBO3MOXKHO B CHJIY CAaMOI'0 XapaKTepa ZeKJapaTHBHOH uHboOpmMa-
uuu. Hanpumep, AexkaapaTuBHyio uHbopMmanmio «Ilepmon obpaiieHus
3eman Bokpyr ConHna cocraBiadeT npuMepao 365 ¢ ueTBepTHIO CYTOK»
B OpoleARypHyio madopManuio mpeodOpasoBaTs TPYLHO.

e SRS R e S ek

BOMPOCH! 1 SALAHUS

0 a) NpviBeanTe nNpuMepbl, NOKasLIBAIOWME, KaK pelleHne peansHow 3aaadv conpo-
BOXAAETCSH COOTBETCTBYIOWIMMU MHDOPMALMOHHEIMU NPOLECCaMu. YKaxuTe, Kak
B 3TUX NpUMepax pPeanusyetcs TPU BblAEAEHHLIX WHGOPMALMOHHLIX 3Tana pelue-
HUS 3a8aun.

6) Ana kaxgoro vu3 MHPOPMAUMOHHLIX 3TaNoB npuBeauTe NPUMEpPbl NPUMEHeHUs
3HaHUA Ha OaHHOM 3Tane peLleHus 3apa4n.

g a) Ha kakoM U3 MHGOPMAUMOHHBLIX 3TANOB PelieHus 3a4auv o peantHoMm obbekTe
Heof6xoAMMa 3KCNEepPUMEHTaNbHas AeATENbHOCTL?

6) Ha Bcex nu MHGOPMAaLMOHHLIX 3Tanax pelieHns 3agaun MoxeT noTpebosaTbea
aKCMepuUMeHTanbHas AeATeNbHOCTL? [na 2Tanos, rae Takas gesTensHoCTb, No sa-
LWeMy MHEHUIO, MOXEeT 0Ka3aTbCA HeoBX0AMMOi, NOATBEPANTE CBOIO TOUKY 3PEHUn
npuMepamu; ans Tex aTanoB, rae, Ha Ball B3rNAf, 9KCMEPUMEHT HMKoraa He Tpe-
6yeTca, nocrapaiitece 060CHOBATL CBOK TOHKY 3PEHUS.

Kakas wHdOpMauus Ha3biBaeTCH AEKNapaTUBHON, a Kakas — NpoueaypHOiA?

o0

Ans kaxporo u3 NpuBEAEeHHbIX HUXE YTBEPXAESHWIA yKaxute, MHMOPMaUMIO Kakoro
BuOa — [EKNapaTuBHOrO WA NPOLEAYPHOro — OHO NpeacTasnseT:

a) B rpamm-monekyne mioboro sewiectsa comepxutca 6,022 -10% monekyn (wicno
ABoraapo).

6) YTobb! CcnoXuTe ABe OBLIKHOBEHHLIE APOGU, HYXHO WX NPUBECTU K obuleMy 3Ha-
MeHaTenio, KOTopbiii Haao 3anucaTbh 3HAMEHATeNneM PesynbTara, 3aTeM CAOXUTL Mo-
NYYUBLUMECH YUCAUTENN WU 3anncaTtb MNOAYYMBLLYIOCA CYMMY B YUCAUTENb pesynbrarta.

8) 3akoH OMa: cufia TOKa, TEeKYWEro No NPOBORHUKY, NPAMO MPONOPLUOHANBHA Na-
OEHVIO HaNPSXeHWs Ha KOHUAxX NPOBOAHWMKA W 06GpaTHO MPONOPUMOHanbHa ero Cco-
NPOTHBAEHUIO.

r) Kucnota n ocHoBaHue pearvpyioT ¢ ofpasoBaHneM CoAu W BOAbI.



A) Ecnu Ha Teno He gencTeyeT cuna, TO OHO COXPaHAET COCTOAHME MOKOS Wnn pas-
HOMEPHOIo NPAMOANHENHOTO ABUXEHNS.

e) YToGb! HaWTV BANHY TMNOTEHY3b! NPSMOYrOALHOrO TPEYrOJIbHUKA, HAAO W3BAEeYb
KBaAPAaTHLINE KOPEHb M3 CyMMb! KBAZpaToB KaTeTOB.

X) Yron nagenns siyya CBETA Ha NOBEPXHOCTb PaBEH YFIy OTPaXeHwus.

@ a) PaccMmoTpuM ellle pa3d MpUMEpPbl YTBEPXAEHWIA, 3anUCaHHbIX B OBLACHUTENIbHOM
TekcTe: «3emna Bpailaetcs Bokpyr ConHua», «Boaa 3amepsaeT npu Temnepatype
0°C», «4706b1 AO6LITL OFOHL, HAnO BLICTPO TepeTh APYr O Apyra ABe fJIOTHO npu-
Xatbie Cyxue AepeBsiHHbie nanouyku», «41obbl notimMate pbibKy, HaAO Ha KPIOYOK
HacaauTb NpMMaHKy, 3abpocuTb YAOYKY B BOAY, NOOOXAATb, NOKA PblGKa KMOHET,
BbITAWNTL 3ALENUBLLYIOCA 33 KPIOYOK PbiGKy».

Ana yrBepxaeHnin AeknapatuBHOIO BUAA YKaxuTe, Kakue U3 HUX AonyckaloT npeob-
pasoBaHWe K NpouesypHOMY, a Ans YTBEPXACHUIA NMPOUSAYPHOro Buaa ykaxuTe 4o-
nyckaolme npeobpazosaHne K gexiapaTtuBHOMY U BbINOAHUTE 3TU NPeobpPasoBaHus.
6) ina yTBepxXaeHWn n3 3agaHuna 4, KOTOpLie UMEKT AeKnapaTuBHbIA xapakrtep,
BbiAeNUTe Te, KOTopbklie MOXHO npecbpasoBaTth B npoueaypHyio nigopmaumio, n 3a-
nuwuTe nNpeobpasoBaHHbIe YTBEPXAEHUS.

B) [ns yTBEpXAEHU n3 3an0aHus 4, KOTOPbIe UMEIOT NPOUEAYPHLIR Xapakrep, Bbiae-
mTe Te, KOTOpbIE MOXHO npeobpasosaTe B AeknapatnsHyilo nHbOpMaumio, 1 3anu-
wuTe npeobpasoBaHHbLIe YTBEPXASHNUS.

r) Mpuseaute cBOW NpuMepbl AeKNapaTUBHON U NpoueaypHol uHdopmauumn, nocra-
paiTecb, 4To6blI cpean npuimepos Gblnv yTBEpPXAEHWS Kak npeobpasyemsle U3 op-
HOFO Buaa B APYroi, Tak U He npeobpasyemebie.

gm MpumeneHnue xomnbioTEpa ANs peiueHus npocreuu.mx
1 mHpopmauMoHHBIX 30804

Bnepsrie xomMnreioTep (HaspiBaBmIuiica Torga emge IBM) mpo-
ABUJI celsA He KaK MHCTPYMEHT OBICTPBHIX BBHIUMCJIEHUH, a KaK MHCTPYMEHT
AJis o6paboTKyM GonbIINX 00BeMOB HMH(POpPMAIMY B CBA3SH C CO3JAaHHEM
KOMIIBIOTEPHEBIX 6a3 AaHHBIX M CHCTEM YIIpaBJeHUs MMM, XOTA CaMo Lo-
HaTHe «0asa JaHHBIX» B IINPOKOM CMBIC/IE HEe CBA3aHO C HOHATHEM
«KOMIbIOTEep». Beap Hepeaxo 6asy AAHHBIX ONPENENIAT KaK IEHTPAJIH-
30BaHHOE XpaHMJIHINEG JAHHBIX, B KOTOPOM O0ecIedyeHO XpaHeHHe, Iep-
BHYHAA o0paboTka W momMck uubopMammu. B sTomM cMmbicie aobad Kap-
TOTEKa HMJIM JajKe KaTajior HAa OYyMasXKHOM HOCHTEJE TOXXe NIPeACTABAAIOT
coboit 6a3pl AaHHBIX. HO MMEHHO CO3JaHHEe KOMIBIOTEDHBIX XPAaHMJIMII
CHUCTEMATU3UPOBAHHON HH(MOPMAIUK IIPH 00A34TEIBHOM HAJIMUYUH IIPO-
TpaMM, NOSBOJAIOINUX MaHUNOYJIWUPOBATH ¢ 9TOH MHGQpoOpMalmeii, npuse-
JIO K TOABJECHHUIO TepMHHA «0asza AaHHBIX». CioBa «0asa JaHHBIX» O6Y-
AYT HEPeAKO MOABJIATHCA B IMOCIEAYIOIIeM TEeKCTe YYeOHUKA, IIOITOMY
MBI OyZeM IIOJIBS0OBATHCA OOIIENMPUHATHIM AJAsA HUX cokpainenuem BlI.
KakoBo sxe HasHauenme 6ashl JaHHBIX? Pemienme Karkux mHbOpMA-
IIMOHHBIX 3a7ay IPU3BaHA OOCHYXKHMBATH 3Ta MHOOPMAIMOHHAS TEXHO-
norusa? OTBeT, KOHEYHO, FACEH: XpaHeHNe U MOMCK mHpopmaruu. Taxoi
IONCK CHCTEMAa ympaBieHud 0aszoii maHEBIX (coxpamenno CYBJ/I) mpo-
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M3BOAMT II0O 3ANIPOCY, KOTOPHIH MOJL30BaTe b afApecyeT uMelonieiica B ero
pacrops:KeHnn 0ase JaHHBIX. MOXKHO CKa3aTh, YTO OCHOBHAA (PYHKIUA
6assl JaHHLIX — BBIJABATH OTBETHI Ha IOCTYHAIOIUEe 3ampochkl. Eciau
cucreMa ynpaBjieHus 0a30il JAaHHBIX He yMeeT OTBEYATh Ha 3alpocChl,
TO BCe ee OCTaJIbHBIe (PYHKUMH 0eCCMBICIEHHEI.

Yro Taxoe sampoc, MBI OOCYZHMM HECKOJBLKO IIO3JKe, a ceiiyac pac-
CMOTPHUM, Karkue ObIBaioT 6ashl JAHHBIX M KAKOBBLI MX BO3MOMKHOCTH.

Kaxxnas 6asa DaHHBIX IMpeAHasHauYeHa AJIA PEIIeHHs ONpeAeeHHOro
Kjacca 3agad. s Kamaoro Kiacca 3aJjady XapakTepeH cBOM Habop 06B-
eKTOB ¥ uX Npu3HakoB. IIosTomMy u coorBeTcTByIomue Bl 6yayT pasauy-
HeIMH — opHa BJl Hy:xXHa, uyTOOBI pasbICKaTh HYMKHYIO KHUTY, M COBCEM
Ipyras Inas obyeruenus paGoTwl auperTopa mikoJbl. Hame eciu B pas-
HBIX 0azaxX OOBEKTHI M OAMHAKOBBI, HAOOPHI HYYKHBIX HNPU3HAKOB MOTYT
OKa3aThCA pasHeIME, Hampumep, OBOIIEBOAA HMHTEPECYIOT YPOXKAMHOCTS,
CPOKH TIOoceBa U yOOPKU OBOINEH, noBapa — KaJIOPUIHOCTH OBOIIEH U pe-
HeNThl OBOIIHBLIX OJIOZA, 4 AUPEKTOPA OBOIIEXPAHUJIHUIA — YCAOBUA
XpaHeHHudA (TeMIepaTypa, BAAXKHOCTD, IpelesibHAasA JINTEJILHOCTL XpaHe-
HUA ¥ T.1.). s NCTOPUKA BAXKHBI HCTOPUUECKWE CBeJeHMsS O CTpaHax,
Iaa reorpada — reorpaduueckKue, AJAA 3KOHOMUCTA — 3KOHOMHYECKHE.

Kax xe npeactrasnensl B B/l cBegenusa o6 o6wexTax? OOBIUHO 3TH
CBEeJleHUA SABIAOTCA 3HAUYEHUAMH TeX MIPU3HAKOB, KOTOpPBIE, KaK MBI
BUAeNU, O0OBABJIEHBI CYINECTBEHHBIMH AJA BceX O0BEKTOB TOI 06asbl
JaHHBIX, ¢ KOTOpPOil MMeeT JeJi0o IOJIbL30BaTedb. B Teopuu 6a3 JaHHBIX
NPHU3HAKYN O00'beKTOB Has3biBalOT arpubyramu. Iis xHUr HabopoM TaKHUX
aTpubyTOB SBAAIOTCS Ha3BaHNEe KHUTH, UMA aBTOpa, ol U3JaHUA, U3-
ZaTeNbCTBO U T. Z. g paGOTHUKOB HEKOTOPOTO NPEAIPUATUS ATPUOy-
TamMu OyayT daMmiIng, UMA, JOJKHOCTb, 3apalboTHasa mjaTa, JOMaUIHWH
agpec, gomamnuuii Tesedon um T.n. Ho ans Tex xe awooaeil B 6ase maH-
HBIX TOJUKJIUHWUKH YACTh aTpPHUOGYTOB, KOHEUHO, COXPAHUTCH, HO IIOSBAT-
CcA ¥ HOBBIE, HAIPUMeP KAaKMMHM 00Jie3HAMN GoJies JaHHBIH 4YeJIOBEK.

9To HeOOJBIIOE OOCY)KAEHHE TOr0, YTO TaKoe 0a3a JaHHBIX, IIOKA-
3pIBaeT, uTo Jiobaa Bl npexacrasaser coboii nHPOPMAIHOHHYIO MOAEIb,
B KOTOPO#l IlapaMeTpaMH SBJAIOTCA aTpubyThl 00bekToB. Takme Moze-
JYU TNPUHATO HashIBaTh (paxrorpadmueckumMu, a camm 6as3bl JaHHBIX —
nHbDOPMATHOHHBIMH CHCTEMAMM.

Cefiuac B Mupe CO3JaHBLI COTHM ThIcAY 0a3 ZaHHBIX. OHH HCOOJB-
3yioTcA B OubiamoTekax M OOJMBLHUIAX, B T'HAPOMETEOIEHTPAaxX W Ha 3a-
BOJlaX, B MaraswHax ¥ IJIAHHPYIOIHUX OPraHM3aluAX, B 0aHKax W JacT-
HBIX dupMmax. Tematruueckue 6asnhl JAHHBIX AJAA Y3KUX CHEIUAUCTOB
Ha3BIBAIOT 6AaHKAMH JAHHBIX. JTO MOMeT ObiThL 0aHK AAHHLIX IO MUK-
pomporieccopaM, 0aHK 1O JEKAPCTBEHHLIM CpefcTBaM, OaHK IIyOJMKa-
nuit B obsacty sigepHOWl (PUSMKHM H T. II.

B mamreii crpaHe AefcTBYIOT ZecaTKY OaHKOB maHHBIX. Ilomanyit,
caMblii OOJNBINION M3 HUX — O0aHK FAaHHBIX POCCHIICKOTO WHCTHUTYTA Ha-
VUHOHM U TexHMYecKoi wmadopmalinu. B meM cozep:kurca Goaee 6 MiaH
ouGauorpa@uUecKNX CBEJEHUIA 0 KHHUrax 4 CTAThbAX MNPAKTHUYECKH II0
BCEM OTpacasaM sHaHuii. TOT, KTO HOKyHaeT aBUaOUJIETHI, IMOJb3YyeTCH
ycJayraMu Apyroro KpymHOro 0aHKa JaHHBLIX HAIeH CTpaHbl — CHUCTEMOM
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«Cupena». C moMoOn{spi0 KOMOLIOTEpa KAaCCHP CBA3BIBACTCA C IEHTPADL-
HOI Gosbpiroii OBM, Haxoaameiica 3a ThHICAYA KHJIOMETPOB OT HEro, Io-
JIy4YaeT CBEJEHUA O HAJUYMM MECT Ha JaHHBI#A pelic U MeyaTaeT OHJET.

NHTEepHET TaKiKe COAEPIKHUT O0JIBIIOEe KOJHMUYECTBO CaMBIX pPasH0006-
pasHBIX 6a3 JaHHBLIX. ITO U OOMeAOCTYIIHEIE Da3kl NAHHBIX, X 0asbl JaH-
HBIX cyTry0o cnenuanbpHOTO HasHaueHus. Ilouck B IHTepHeTe OCYIIECTB-
JSIeTCs ¢ IIOMOINBIO IIOMCKOBLIX cHcTeM. Cpelu pPYCCKOASLIYHBIX IIOMC-
KOBEIX CHUCTEM JIMJEpaMy MOXKXHO HA3BATh

fAndex (http://yandex.ru),
Google (http://google.ru),
Rambler (http://www.rambler.ru).

Hceno, uro maa abdexTuBHON 00paboTKM HHGOPMAIMM, HPEACTAB-
aeunoii B Bll, xpaHsamuecss B Hed AaHHBLIE NOJUKHBI ObITH CrpyHIHpPO-
BaHBI B COOTBETCTBHM C TOM HMJIM HHOHM CTPYKTypoOii aTpubyroB. B saBu-
CHMOCTH OT CI0Oc00a CTPYKTYPHPOBAHHMA PasANYAIOT HECKOJBbKO BHJAOB
0as JAHHEBIX: MepapXHUYeCKHe, CeTeBble M Pesi(MOHHbBIE.

B uepapxuyeckux 0asax HaHHBIX aTPuOyTHI COMOAUYMHEHLI MEXKIY
coboil Tak, YTO JaHHBIe 00pas3yioT APEBOBHAHYIO CTPYKTYPY. ITa CTPYK-
Typa 3aMMCTBOBaHA H3 O€CKOMIBIOTEPHBLIX AHAJOTOB — PA3JUYHBIX
KAaTaJIoroB, CIPaBOYHMKOB M T. . CKa)eM, aBTOPCKMH KaTajlor KHWT.
B mem ruaeHbIil aTpulyT — daMuIuA aBTOpa, CIeAyOmuii aTpubyT mo
3HAYMMOCTH — HaBBaHHWe KHUTH, CHACAYIOUIHIl, K IPUMEPY, H3JaTelb-
CTBO, JaJiee — IoJ M3JaHUs MU T. . TeM caMbIM 3allICH B TAKOM KaTta-
Aore O6yayT yHOpPSAAOYEHBI cCHavaja B ajJ(PaBUTHOM IOpPAJLKE aBTOPOB,

RJIsT OGHOTO aBTOpa — B aJ(PaBUTHOM TOpAAKe Ha3BaHUIl, 3aTeM IJadA
ORXHOrO Ha3BaHUA — B aJ(haBUTHOM HOPAAKEe H3ZATENIBCTB, HAKOHEII,
AsTOp |—» AbBakoB
HassaHune |—» AGCONIOTHLIA NOTOK OTHOCUTENBHLIN NOTOK
UspatensctBO |—| Anbda Beta bera Famma

fon —> 1995 1997 1994 2000 1999 1989 2000
Puc. 2.1
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IJIA OFHOTO HM3ZaTeNbCTBa — HO rogam uszanusi. Ha pucynke 2.1 mo-
Kas3aHo, KaK BBIMVIAAUT COOTBETCTBYIOUIAsA CTPYKTypa 3aluceil.

Koneuno, ecnu TpeGyerca HaiiTHM Bce mpousBeZennsa AbGakoBa HiIn
JI000T0 JPYyroro mucaTtelis, TO 9TO CAeJaTh HecaoxuHo. OgHako HalTH
B Taxko¥ CTPYKType, HaOmpuMep, BCe HU3JaHUA, BHEINYIIeHHbie M3AATENb-
cTBOM «AJbda», OyaeT y)ke He TaK Jerko. s moAo6HBIX melei co-
CTaBJAAIOT Apyroi kKarajor. OZHAKO XPaHUTh MHOTO PasjMYHBIX KaTa-
JIOTOB, T. €. HEPAPXHUYECKH OPraHM30BAHHEIX CIOKMCKOB, HAKJAJHO Jake
AJI KOMOBIOTEPOB ¢ OOJBLINOI HaMATHIO.

CereBasa 6asa JaHHBIX OpeACTaBJsIeT co00oil Gojsee OBLIYIO CTPYKTY-
Py, Hexkenm Hepapxmyeckasd 06asa: B Hell 5JeMeHTH CBA3aHBI IIPOU3-
BOJBHBIM oOpasoMm. Kaykarlii s1eMeHT MOJKeT ObITH CBSI3aH C IPOHU3BOJIb-
HBIM KOJHMYECTBOM J[APYTHX 3JIEMEHTOB M3 pas3HBIX ypoBHeil. CeTeByio
0asy JaHHBIX YAOOHO IPOEKTHPOBATH, HO TPYAHO peajin3oBaTh B Hel
yOpaBjieHue TakK, 4YTOO0bl 5((heKTHBHO OCYINECTBJAICA HOMCK HYIKHOH
nadhopmanun.

Penanunonssie 0asbl JaHHBIX Ha CEeTOZHAMIHHI JeHb — OAHH N3
HanuboJjiee pacOopoCTpaHEHHBLIX BHAOB KOMIIbIOTEpPHBIX 6a3 AAHHBIX.
B Takoif 6ase Ka)KAas 3anuch HNPEACTABAAET COOO YIMOPALOUEHHEIN Ha-
6op 3HaueHmit arpubGyros. Hampumep, B TOM iKe mpuMepe ¢ KHHUTAMH
OJiHA 3aIMCh BBITJIAAUAT TAK:

AbGaxos, AOGCOJIOTHBIN MOTOK, Bera, 1994.

Bee taxkue sanucyu ymoOHO HPeACTABJATL NOAMHCAHHLIMHU ONHA HOJ
Apyroit B Buae Tabanubl. Kaxxaeiii cronbeln B Takoil Tabanuiie — 3To He-
KOTOPBI# aTpubGyT, a B COOTBETCTBYIOHIYVIO KJIETKY 3aHECEHO 3HAYEHHUE
atoro arpubyra. Hanmpumep, B Tabauue 2.1 npeacrasiena mHpopMmanusa
0 KHHUTaX.

PenaumonHas 6asa HAHHBIX — 3TO COBOKYIHOCTH MOAOGHBIX TaGIMII
(o ToM, moueMy ee HA3BRIBAIOT PEJIANMNOHHON, MBI IIOroBOpHMM B § 34).
BaxHO npH 3TOM, UTO MEXKAY TaGAHMHAMH MOTYT OBITH YCTAHOBJIEHBI CBS-
3¥, YKaseIBAIOIINE HAa COBHAJIEHNE MHOYKECTBA 3HAYEHHUH AJIs PasHBIX ar-
pubyToB. 3TO MOSBOJIAET NMPH HNOHCKE HYXKHOH MHMDOpMAUHM IIePEeXOfuTh
OT OZHO# TabjauUpl K APYroi, moJydas OTBETHl HA TaKHe 3ampoCHI,
KOTOpHIe HeJb3s MHOJYYHUTH C MCIOJHB30BAHMEM TOJBKO ONHOM TaGiamirsi.

Yto6bI MOJYUYNUTH U3 TAKOH Gaskl HYXHYIO HHPOPMAIMIO, COCTABJIA-
IOT 3alpOC, B KOTOPOM YKAashIBAIOT M3BECTHHIC IOJIL30BATENIO 3HAUCHHA
aTpubyTOB M OTMEUYAIOT, KaKylo mHPOpmanuio Tpebyercss MOJNYydHUTh,
T, €. 3HAUYEHNUA KaKWUX arpubyTOB BHIBECTH Ha 3KPaH KOMIBLIOTEpA.

Hanpumep, eciu HY)XKHO Y3HATh, KaKHe IPOM3BEACHHUA Ie4YaTa
B H3jaTejbcTBe «Asnbda» nucareab AGaKkoB, TO AJs arpubyToB Aeémop
u Hzdameabcmeo 3apaoTcs 3HaueHumsa AbGaxkoB u Ainsda coorser-
CTBEHHO (MOXKHO CUMTATh, UTO 3HAYCHHUS 3THX aTpubyTOB COCAMHEHEI
COI030M U), a4 B KayeCcTBe 3alpalInBaeMoOro ATPHOyTa HAXO OTMETHTH
Haszeanue.

HomycTuMm, BB pashiCKHBaeTe IpOU3BeJeHHE, NPO KOTOpOoe JIMIIb
IIOMHHTE, YTO TO JIH aBTOpP y Hero AGaKoB, TO JIM M3HABaJIOCh OHO B M3-
AareybeTBe «Anbdas. Toraa cocrasjfercs 3a0poc, B KOTOPOM 3HAUYECHHS
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Tabnnua 2.1
AsTop HassaHue UsparenscTBO Fon
ABakos ABCONIOTHBLINA NOTOK Anbda 1995
AbGakos ABCONIOTHBIA NOTOK Anbda 1997
Abakos ABCONIOTHBIN NOTOK Beta 1994
AbaxoB ABCONIOTHBI NOTOK Beta 2000
Abakos OTHOCUTENBHLIA NOTOK beta 1999
AbakoB OTHOCUTENbHLIA NMOTOK Famma 1989
Abakos OTHOCUTENbHBIA NOTOK ramma 2000
bakos BeuHbith nonet Tay 1904

atpubyroB Aemop u Hadamenvcmaeo coefUHAIOTCA COI030M uau. He-
KOTOPbIe M3 3aIpalIMBAEMbIX aTPUOYTOB MOTYT OBITH OOBABJIEHLI 004-
3aTeJIbHO MpHCYyTcTBYyIOmuMH. Hanpumep, jamo0as KHATA BCEerAa HMeeT
Kaxkoe-HNOyAkr Ha3BaHUe.

Hag pamnpiMu, xpassamumucs B B, MOXXHO BBIMOJHATH HEKOTO-
prie omepanmu. OnHO#i M3 TAaKMX ouepanuil ABIAAETCH COPTHPOBKA.
Mooxkso maTh ykasanwe CYBJI pacmoJIO:KHTE CTPOKM B TaGJIMIIe IO BO3-
PACTaHHUI0O WJIM YOBIBAHWIO 3HAUYEHWH 3aJaHHOrO 4YHCJIOBOI'O aTpubyTa
au6o B amdaBUTHOM IOpPALKE, ecau aTpulGyT mMMeeT CHMBOJIbHBIA THII.

ITpaBusia cocrasjieHUsA BalPOCOB M BHIIIOJNHEHUSA Omepanmuil Hax
OAHHBIMH V KaKkJgoil 0asbl JaHHBIX, pasyMeeTcd, CBOHM; OGBIYHO OHH
ONINCHIBAIOTCA B HMHCTPYKIHM Iojn3oBaredto. C oxuoit m3 CYB]I Bu
MO3HAKOMUTECH, BEINONHAA JabopaTopHyo pabory 4.

BOMNPOCHI N 3AJJAHMA
@ Y710 Takoe 6asa paHHeIX? Y710 Takoe CYBL?
@ Kak sbl aymaete, 4fis 4ero npegHasHadeHa onepauns coptuposku 8 BO?

6 B nyHKTax 3TOr0 3aaHvs ykasaHbot Hassanua 623 [aHHbiX, KOTOpbIe npeanonaraet-
cs co3parth. [nsa kaxgon n3 npoektupyembix 6a3 Hazosute aTpubyTbl, KOTOPbIE Bbl
npeanoxunu 6bi UMeTb B 9ToM Bl. Ykaxute Takke ana kaxaon uad B, kakyio cTpyk-
TYPY — Mepapxu4ecKylo, PEensuMOHHYI0 Unn ceTeByio — YMeCcTHee BCero, No Batue-
MYy MHEHWIO, ONA Hee UCNOoAb30BaTh!
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a) B4 «MouToBbIE MapKku»;

6) B4l «MeTannbl»;

B) B, «CtpaHbl EBponbi»;

r) B, «OpraHuyeckne KUCROTbLI»;

n) b «Bopoembl ...» (BMECTO MHOrOTOMMA NOCTaBbTe Ha3BaHWE Baweit obnacTty,
kpas unu pecnybnauku).

6 Mpeanoxute kakylo-nuGo NONesHyio, Ha Baw Barnsg, 6asy AaHHLIX WU yKaXwuTe BXO-
Asiume B ee cocTtas aTpubyTol.

@ MNycTs npoexTupyetca Bl «KynuHapHbie peuenTol». Kakylo CTPYKTYpPY — nepapxu4ec-
KYIO, PEeNnALMOHHYI0O NAN CETEBYI0D — YMECTHEEe BCEero, no Ballemy MHEHUIO, UCNonb-
30Bath Ans Takon BA? MpueBegute aprymeHTsl B NOAAEPXKY CBOEH TOYKU 3peHUs.

0 B B «Osepa» xpaHaTcs cneayiowme ceegeHna o6 o3epax mupa:
s Ha3BaHwe osepa — aTpubyt Hassanue;
= naowans, k8. km — atpubyt Mnowans;
MakcumarnbHaa rnybuHa, M — artpubyt Faybuna;
KOHTUHEHT, Ha KOTOPOM PacronOXeHO JaHHOe 03epo — aTpubyt KOHTUHEHT,
BbICOTa Haj ypPOBHEM MOps, M — atpubyTt BeicoTa;
- NPOUCXOXAEHUE (TEKTOHUYECKOe, naryHa, BynkaHW4Yeckoe, 3anpyaHoe, NedHWUKo-
BOe, kapctosoe) — aTpubyT lpoucxoxgenue;
s HANMYMe unnu OTCyTCcTBME cToka — aTtpubyt CTOK.
B sanpoce k aroi BJ] ykassiBaloTcs HassaHue atpubyta u 3HaYeHUs, MO KOTOPLIM
TpebyeTca npoBecT nouck. Hanpumep, 4toGbl HaWTK BCe 03epa C raybuHoi 60nb-
we 100 M, cocTasnsieTca 3anpoc
Fny6una > 100,
a ans HaxoxaeHus adpukaHCKux o3ep, HE MMEILMX CToKa, noTpebyeTcs 3anpoc
Konrturnenr = Adppuka u Crok = Her.
CocraBbTe 3anpochbl, NO3BOASAIOLLME HAWTU:
a) Bce o3epa-kapauku (Nnowass mexbtue 100 km?);
6) Bce o3epa ¢ nnowaabio Gonee 10000 kM2 1 rnyburolt Gonee 500 M;
B) BCe 03epa, PacnonoxeHHole Bbile 500 M, Kpome adppPUKaHCKNX;
r) BCe amepukaHckue osepa.
@ Kako#i sanpoc B[, «Osepa» (cm. 3apaHve 6) Hapo chopMynupoBaTh, 4TOGbI Bbi-
SICHUTB:
a) Bce N1 03epa NeQHUKOBOro npoucxoxacHua mensvue 100 m;
6) Bce nu o3epa menbye 100 M UMEIOT NIeQHUKOBOE MPOUCXOXAeHUe?

]

s

i

m

0 OpHaxabi WKONbHUK peliunn sBocnonb3osateca BA, «Osepa» (cMm. 3asaHue 6), 4Tobbl
HaliTn Bce adpukaHcKue v ascTpanuitickme osepa. TyT Nogowen 3/0YMBILLIEHHNK
u BLICTPO COCTaBuA cnegylowumii 3anpoc:

KonruneHt = Adprika u KoHTUHEHT = ABCTpanus.
B Bl He okasanocb 03ep, yOOBNETBOPSIOWMX 3TOMY 3anpocy. O6bscHUTE nouye-

My. Kakoit 3anpoc Hago cocTaBuTb, YTOObI NMONYHUTL HYXHYIO LUKOALHUKY WHGOP-
maumio?

0 Cnpoektupyiite dakTorpadmyeckyio MO Bawero knacca. [ns atoro Hago onpe-
nenutb atpnbyThl, NO 3HAYEHVSAM KOTOPLIX OyayT Pa3biCKMBATLCS OTBETHI HA Pasfivy-
Hble 3anpocb! — O AOMallHEM agpece, O pooutensx, 06 ycrnesaemocTu, 06 uHTe-
pecax u T.n. CoctaBbTe NOAXOAALWNIA, Ha 8all B3rnsg, CNNCok atpubyTtos.

3—Teiin, 10 xx.
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@ BuinonHue 3apanue 9, Bbl yKasanu CywleCTBEeHHble napamMeTpbl UHPOPMAUNOHHON
momenwn Bawero knacca. OHu ctaHyT aTpubytamu Toil 6asul gaHHbix «Knacc», koTo-
pyio Bbl 6yaete co3pgasarh, BeINONHasS naGopatopHyio paboTty 4. Huxe chopmynunpo-
BaHbl BOMPOCHI, HA KOTOpbLIE AOJMXHA yMETb OTBe4YaTb npoekTupyeman Bamu 6asa
paHHbiX. NpoBepbTe, AOCTATOMHO sk ANs 3TOro Tex atpubyToB, KOTOPLIE Bbl YXE Bbl-
penunun, n, ecnn Het, aobasbTe HepoCTaloLWme:

a) Y Koro neHbs poxpeHns B mae?

6) KTo xuBeT Ha Tol Xe ynuue, rae pacrnonoxeHa wkona?

8) KT0 cambiit mnapwunit yaeHuk B knacce?

r) Y xoro goma ectb coGaka?

A) KTo 13 mManbumkoB kacca camblid cTapumit?

e) KTo nocewaer CnoptuBHele cekunn?

X) Y koro nepeoro B Tekyuwem y4ebHoM rogy Obin geHb poxaeHus?
3) KTo 13 manbynkoB 3aHMMaeTCs B MEPBOA NOATpynne MHOCTPAHHOTO A3bIKa?
u) Umeiotca an B knacce ogHodaMunblibl?

K) UmeioTca nu B knacce Bpatbs U CecTpbl?

n) Y koro B knacce umeotcs 6pates nnm cectpel?

§13 JKCNEepUMEeHT KaK cnocob nosHaHuna, B
Komnsiorepras o6pa6oTka pesynsraros akcnepumeHra

HabaogeHne mo mpaBy cUUTAETCS OZHUM H3 KPaeyrojlbHBIX
KaMHei#l B mpouecce IO3HAHUA OKpyskaoiiero mupa. Habmiozaa za a¢-
heKTaMu, MOBTOPAIOIIMMMUCSA B OJHHX M TeX JKe YCJIOBHUAX, YEJIOBEK 00-
HAPYKHUBaJI 3aKOHOMEPHBIE CBASH MEXXAY SABJEeHHAMH. VIHOTZa 3TH 3aK0-
HOMEPHOCTH He BRIXOIAT 38 PAaMKH HAPOAHBEIX HpHUMeT (Hanpumep, APKO-
KpacHBII 3aKAT — K BeTPY Ha ciaeayionmii geHp). Ho m HaydHEBIE
OTKPBITUA HEPEAKO OCHOBAHLI MMEHHO Ha HaOmogeHuUsaXx. MHOrojeTHHe
acTpoHoMuyecKkue Halimogenns Tuxo Bpare jersu B ocHOBY chopmyin-
poBaHHEIX M. KemlmepoM 3aKOHOB ABM:KeHHA niaaHer. CayuaiiHo mposs-
JeHHasa (QOTOILIACTHMHKA IPHBEJA K OTKPBHITHIO PEHTTEHOBCKUX JIyueii.
A Bor kak onmchiBaeT Maitka Papaneil cBoe OTKPBHITHE SABJCHUSA 3JIEKT-
POMAaTHUTHON MHAYKINMU: «f1 B3I NMUINHAPUUECKHH MarHUTHBIA GpYCOK
M BBeJ OAWH €r0 KOHeH B IIPOCBET CIIUpAIX M3 MeAHOI IIPOBOJIOKH, CO-
eJUHEHHOI ¢ raarBaHoMeTpoM. IToToM s GBEICTPBHIM ABHYKEHHEM BTOJKHYJI
MATHHT BHYTPh CHHPAJM HA BCIO €r0o AJWHY, W CTpeJKa rajbBaHOMETpa
KayHyJack. 3aTeM s TaK ke OBICTPO BBITAIMJ MArHUT M3 CIHPAJIH,
U CTpeaKa OIATh KauyHyJach, HO B IPOTHBONOJIOXKHYIO CTOpPOoHY. Kaua-
HHA CTPEJKH MOBTOPSJINCH BCAKUIN pa3, KAK MACrHUT BTAJKHBAJICA HJN
BBHITAJIKHBAJICA. JTO 3HAYUT, YTO BJAEKTPHUYECKAdA BOJHA BO3HHUKAET TOJb-
KO IPH ABM)KEHWM MArHHUTA, a He B CHJIY CBOICTB, NPHUCYIIHUX €My B IO-
Koe». Ifoyemy cnmpajp, mMoueMy ABHIKEHHE MArHUTA — 9TO YAEH T'eHus
OpeAyraAbiBaTh, NPH KaKHX YCJIOBHAX YZACTCSA OOHAPYIKHUTHL HMCKOMBIN
athdexr. XoTd HenUITHe HATOMHHTH, YTO OT MOMEHTa, KOrZa Y4YeHbIH
IIOCTABUJI mepex co0oil 3aZady «IpPeBPaTHTh MArHETH3M B 3JIEKTPHUYECT-
BO», JO OTKPLITHA MM 3JIEKTPOMATHUTHON MHAYKHHH mnpouuio 10 jer.
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B coBpeMeHHON HAyKe SKCIEPMMEHT 3aHMMAET BayKHOE MECTO, JJIA
ero IpoBeZleHusi HepeJKo TpebyeTcA CJIOXKHAS anmapaTypa, ero XoJ KOHT-
pPONIMPYETCA C IOMOIILI0 KOMOBIOTEPA, a AAsd 06pabGoTKM IIOJyYeHHBIX
B 9KCIIEpMMEHTE pPe3yJbTATOB HCIOJIL3YIOTCA KOMIBIOTEPHLIE TEXHOJO-
rii. BOT 0O HEKOTOPHIX MeTOojax 00paboTKU pe3yJbTAaTOB SKCIEPHUMEHTA
¥ moiijeT pedb B AaHHOM mnaparpade. PacckasbiBaTh 0 HUX MBI OyAeM Ha
IpHMepax OIBITOB, KOTOPbIe BhI HPOBOMJIN HA YPOKax (PH3MKH.

Hami mepsrIfi onsIT 6yAeT oTHocHUTheA K 3axoHy Oma. Cam I'.OMm
npuines K ero ¢GopMyJupOBKe M3 CJAeAyOHledl aHAmOruu. IJeKTpHue-
CKHIl TOK — 9TO HaNpaBJEHHOE ABUJKeHHe (TOK) 3apsAKeHHBIX YacCTHII.
I'.Om ynozoOui moTOK 3THX YAaCTHI[ BOJE B PeKe, pacXxol KOTOpoi B egu-
HUIy BpeMeHH TeM 0oJibine, ueM GoJibille pasHOCTH YPOBHEI, OIpelensio-
mas camMo CYIeCTBOBAHWE TEUCHHA, W UEeM MeEHbIIe Hperpaj Ha ee WIy-
. PopMyJIHPOBKA 3aKOHA BceM usBecTHa. Ecam o00o3HauuTh uepes I
CUJIy TOKa, depe3 U masieHuWe HAUPAKEHHUd HA y4acTKe Iieny, a uepes R
conpoTuBjieHue, TO 3aKoH OMma zanmmrercsa ¢popmysoit I = B

IlpeacraBere cebss Ha mecte I'. Oma, ToABKO 4TO cHOPMYJINPOBAB-
mero 3akoH. Ilepeg HaMu CTOHMT 3ajada IPOBEPHUTH €ro JKCIEPHMEH-
TaJbHO. Kak pemuth oty sazauy? BecmomHuM (cMm. § §), 4TO Ha miepBOM
aTale HYXHO OIUPEAeNHTh, YTO OyJeT CAYXKHUTHh MCXOAHOI MHoOpMAaIn-
eii. MBI MOXXeM HENMOCPeACTBEHHO U3MEPHTH HAIPAKEeHWe M CHUJIY TOKAa,
rorga 3HaueHusa BeauumH U u I jagyr HaM HCXOAHYI0 HMHGpOpMammio.
I'mmoTesa — MMEHHO OHA BBICTYHAET 3AECH B POJIM 3HAHUA, NIPUMEHde-
MOT0 Ha BTOPOM JTalle pellleHusA 3aJa4H, — YTBEPKIaeT, YTO OTHOIIE-
HUe 3TUX BEJHYHH JOJIKHO OBITH IOCTOAHHBEIM JJIf KamIOoro (pHUKCHUpO-
BAHHOTO 00paslia NPOBOAHHUKA 3JIEKTPHUUECKOr0 TOKa. Temeps ACHO, Kak
IPOBOAUTH SKCIIEPMMEHT (BOT MBI M IIepellIH K TPeTheMy 3TAIly pelile-
Hu#A 3agaun): OepeTcA HECKOJLKO Pas3JIMYHBIX IPOBOZHUKOB, HA UX KOH-
LB IOAAETCA DPA3JIUYHOe HAIIPAXKEeHUe M 3aMepseTcsa CHJIa dJEeKTpHudec-
KOI'O TOKa, TEKYIIEro II0 JAHHOMY NPOBOZHUKY. Ec/m OTHOIIeHWe HAIps-
JKeHHMSI K CHJIe TOKAa MEHAeTCs JHINL IIPH 3aMeHe OJNHOrO IPOBOZHHKA
IPYTHEM, TO THIOTE3y MOYKHO CUMTATH NMOATBEP)KACHHOH, a 3HAYEHHEe OT-
HOUIeHHA KaK pas ¥ NPHUHATH 38 BeJIHUYUHY COMNPOTHUBJEHHA KAHHOTO
IPOBOAHUKA.

IlycTs AZIA HEKOTOPOrO IIPOBOAHHKA IOJYUYNUIN 9KCIHEPHUMEHTAJb-
Hble JaHHBIE, IIPeACTABJIEHHEIe B Tabiuile 2.2.

Tabnvua 2.2

U,B 3 4,5 6 7,56 9 10,5 12 13,56 15

I, A} 0,031 | 0,045 }{ 0,055 | 0,074 | 0,092 | 0,106 | 0,119 | 0,138 | 0,148

0,0103|0,0100|0,0091,0,0099(0,0102|0,01010,0099|0,0102|0,0099

~a

B Tperneil cTpoke TAOAMILI MBI HOACUHUTANHA HMCKOMOE OTHOIIIEHHE.
Bujio, 4TO OHO AEHCTBUTENBHO MPAKTUYECKH NOCTOAHHO. OTKJIOHEHUA

3*
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JIETKO OGBACHUMEI — HHN B KAKOM SKCIIEpHMMEHTEe HeJb3si COBEpIIeHHO
TOYHO HPOWSBECTH H3MEPEHHd, Ja M CBOMCTBA NPOBOAHUKA IIOABEDIKE-
HbI BJAUSAHWIO DasAWYHBIX (DaKTOPOB: HEMHOI'O H3MEHIJach TeMIepary-
Pa MAHM KavyecTBO KOHTAKTOB ¥ T. II.

Ho kxakoil ke IpUHATHL BEJUYNHY BNaMepsAeMoro conporusieHusn? o-
BOJBHO 4acTo OepyT cpenHee apu(pMeTHUYECKOE IIOJYYEHHBIX PE3yJIbTATOB.
Opsaxo Teopus omuGOK I'OBOPHUT, 4TO 6oJjiee MPABUJILHO MOCTYIWUTHL MHA-
ye. Hamecem Haliy sKCIEpHMEHTAJLHEIC AaHHbIe Ha rpaduk (puc. 2.2).

Ha sTom rpaduke BHAHO, UTO HOJYyUYEeHHBIE B 3KCIEPMMEHTE 3HaUe-
HUSA NPaKTHYIEeCKHU TOYHO JIOXKATCA HA HEKOTOpYyIo mpamyio. Ee yriosoit

I 1
KoapdunmuestT k paBeH T T. e. corjacHo 3axomy Oma k = B Tem

caMbIM Iepej HaMH CTOUT 3ajaua HAHTH IIPAMYIO, KOTOpPaA HAMJIYYIIUM
00pasoM NIpPOXOJHWT Uepe3 JSKCIEpUMeHTaJLHBIe TouKU. Taxkasa 3ajaua
MO’KeT BOSHUKHYTH He TOJBKO IIPH M3MEPEHUU COIPOTHUBJIEHUA IIPOBOJ-
HUKa, II09TOMY YIAEAUM eif OTjAeJbHOe BHMMAaHWe, OTJOXHUB HAa BpeMsAa
obcy:raeHrne (PU3MUIECKOM CTOPOHEI MpPOOJEMEI.

HNrax, mycTh IpU 3HAUEHUAX MIepPEeMEHHON X, YKa3aHHBIX B Iep-
BO# cTpoKe Tabauusl 2.3, mOJYYEHBI COOTBETCTBYIOINWE 3HAYEHMSI
IepeMeHHOH Yy, U MBI IPERIIOJIaTa€M, YTO 9TH IiepeMeHHBbie CBA3aHbI

3aBHCHMOCTBIO Y = kx.

Tabmua 2.3 WcxkoMass npsaMas BbIGHpaeTcsa

TaK, 4TOOBI TOYKHU, COOTBETCTBYIO-

X | X1 | X2 | e [Xp-a]| Xn yie YKCIEPUMEHTAJBHBIM JAHHBIM,
HAXOOWJIHNCHh KakK MOMKHO Oamixe

y | v | Y2 | oo |Unoal| U K IpaAMOH#, m3obparkalolieil 3aBu-
cuMOCTh Yy = kx. Bpaa iu MOXHO
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OKHUIATH, UYTO HPAMYIO VIACTCHA PACIOJIOKUTH TaK, YTOOLI BCE TOUYKHY OKAa-
3aJIHCh OAMHAKOBO GJM3KMMU K MCKoMO# npamoi. IloatoMy B KauecTBe
KpuTepHsa OJM30CTH BHIOMPAIOT CYMMY KBaJpaTOB OTKJIOHEHWN 3KcIle-
PUMEHTAJBHBEIX TO4YEK OT mpAMoi (Ha pucyHKe 2.3 KakJoe Takoe OT-
KJIOHEeHNEe H300pa'keH0 BEPTHUKAJNBHBIM OTDPE3KOM).

3anuiieM YKasaHHYIO BeJIWIUHY (DOpPMYJI0i#

W, - kx1)2 + (yy — kx2)2 + .o+ W, — kxn—1)2 +(y, - kxn)2 =
= g:l(yi - kxi)z-

B Hell eJuHCTBEHHON HEM3BECTHOH BEANYNHON ABJIsgeTCA k, TaK UTO
MOXKXHO CUYHTATH, YTO MBI MMeeM HAejio ¢ GYHKIueH, apryMeHTOM KOTO-
poii aBiadgerca k. Ham TpebyeTcss HalTH MUHUMYM 3TO# GYyHKIUHU.
PackpoeM CKOOKM M IepenuiieM BRIpa)KeHHE TaK, YTOOBI sCHO OBLIO,
Kakoil Buj mMeeT ZaHHAA (PYHKIIHS:

F(k) = (3, 2Dk - 203, xy)k+ (3 ).

Teneps BuaHo, uto F(E) — xBagparnuHasa (pyHKOHA BHAA
ak® + bk + ¢, rae

n 2 n n 2
a=3%x,b=-2Yxy,c=Xy,.
i=1 i=1 i=1

3aMeTHM, 4YTO CTApUIuii K09GhPHUIUEeHT HOJYUYMBINErocs KBaApPaTHOTO
TpexujeHa Bcerga moJiokmreneH. Takasa GyHKOHS, KaKk BaM H3BECTHO
u3 Kypca MaTeMaTHKH, IPHHVMAaeT HauMeHbIIee 3HAUEeHHE IIPHU

2 YA

Yn |
Ito 3HauUeHWEe kK ¥ MpUHUMAaeT- y,_;1

ca 3a HMCKomoe. MeToj, IOCPEACT-
BOM KOTOporo ObLIO HaiifileHO 3Ha-
yeHue Kod(pduiueHTa OPOIOPIUO-
HAJbHOCTH, HAaA3BIBAIOT METOAOM
HaNMEHBIINX KBaJpaToOB.
BepryBuincek K 3ajade O BbI-
YUCJIEHUN COIPOTHUBJIEHUS, MBI

MOXKEeM HaIHucaTb, YTO Ya 1
nwrt
i ke LU, + LU, +...+ LU,
2 2 2 : ; . . . .
R U/ +U;+...+ U, Ol x, PR i X, 1%, X

JNIeKTPOHHYIO TaGanuIly AJA BhI-
YHCJEHHA CONPOTUBJEHUSA 1o arToii Puc. 2.3



Hampaxenue, Ciuna 108, | g2 1%U  |SUM(C2:C11)/SUM(D2:D11)
<U;> <I,> A2+2 | A2«B2
<Uy> <I,> A3~2 | A3+B3
<U,o> <I,9> Al11~2| Al11+%Bl11

dopmMyJie MOXKHO 3aIOJHUTH TaK, KaK IIOKa3aHo B Tabaune 2.4; B dueii-
ke El Brrumciaserca comporusieHue R.

BeruucieHusa ¢ IOMOINBIO 3JAEKTPOHHOH TabamMOLI BBl HpOBejeTe,
BHINOJIHAA JabopaTopHyl pabory 6. A ceifuac oGCyZuM OLUH H3 BO3-
MOJKHBIX BAPHUAHTOB IIPOBEJEHUS JKCIEPUMEHTa IO M3MEPEHUIO COIPO-
TUBJCHUS.

Hepegko gnasa Toro, 4To6bl TOUHEE YCTAHOBHUTH PEe3YJbLTAT dKCIEPHU-
MEHTa, ero IMOBTOPAIOT IPH OAHUX M TeX iKe ycaoBuax. Ilycrs u y Hac
MIPOBEAEHO 71 OIBITOB IIPW OJHOM M TOM JKe SHaUYeHWM HanpsaxeHuda U.
Iloxazaumsa aMmepmeTpa IPHM 3TOM BCE PABHO MOTJIM IIOJYUHTHCH pas-
augesIMu. Torga ana kB Mbl mOJyYaeM CJaeZyOInyio (GopMyJay:

LU+ILU+...+IU _ 1 £1_ I_2 I_n _ kB +kyt+...+k,
nU?® nl\U U U n ’

re 4depe3 k, 000O3HauYeHO OTHOIIEHWE CHJIBI TOKA K HAaXEHWIO HAIPA-

JKEHUd, HMOJIydaeMoe B OHmEITe ¢ HOMepoMmM m. OKasajloch, YTO B 9TOM

caydae KoahduuueHT k£ paBeH cpegHeMy apudMernuecKoMy Koaddunu-

€HTOB, BBIYHCJIEHHLIX II0 Pe3yJIbTaTaM KajiKJOro U3 OILITOB.

OO0muii sKe BBIBOJ MOMKHO C(PODMYJHPOBATE TaK: €CAU 8 IKcCnepu-
Menme He U3MEeHAIMCA YCA08UA €20 nposdedeHus, mo 01 uzmepsemol
8eNlUYUHbL 8 Kayecmee pe3ysbmama HYNCHO 83Amb cpedree apugpme-
muuecKoe pe3ynbmamos écex NnpoeedeHHbLX ONvlmoe.

IIo MeToAy HaMMeHBLIIMX KBAAPATOB MOJKHO Pa3bICKUBATHL U APY-
rue JIMHNU, KOTOphle OyAYT ZOCTATOYHO YAOBJIETBOPUTEJNHHO OIIUCHIBATH
3KCNEPUMEHTATILHO BBLIABJEHHBIE 3aBUcHMOCTH. Eciau peub HMIAET O JH-
HellHO!l, HO He NPAMO IPOIOPIUOHANBHOM 3aBUCHMOCTH, T.€. 3aBIH-
cuMoCTH BHza ax + b, rae b # 0, To kKosdhduLMeHTH a U b OyayT
BBIYUCIATHECA KaK pellleHNe CHUCTEMbl YPaBHEHMIL:

n 2 n n
axx +b3x = Xxy,
i=1 i=1 i=1

n n
aYx, +nb=3xy,.
i=1 i=1
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Eciu peus uMIeT 0 KBaApaTHJYHON BaBHCHMOCTH ax’ + bx + ¢, To
K03(hIHUIUEHTHI a, b U ¢ NOJNYYAIOTCA KaK pelleHue cileaymolneil cucre-
Mbl YPaBHEHU:

(& .4 z .3 .2 .2
aYx, +bY¥Xx +ecyx = Xxvy,
i=1 i=1 i=1 i=1

n 3 n 2 n
dayx; +bYx +tcXx
i=1 i=1 i=1

n
IEA/N
i=1

n 2 n n
ayx, +byx +nec= Yy,.
i=1

L\ =1 i=1

AHAJIOTUYHO MOMKHO BBIUMCAATH KODDUIMEHTH AJIA IIPEJCTABICHNS
SKCIIEPUMEHTAJIBHBIX JAHHBIX MHOTOUJeHaMH 0ojiee BBHICOKHMX CTEIEHEH.

IIpeumyintecTBO MeTOZa HAWMMEHBIINX KBAaAPaTOB Nepex APYruMH
MeTOJaMM COCTOMT B TOM, UTO HMEETCS IIPOCTOHM BBIUMCJINTEJIbHBINR aJ-
TOPUTM JAJA HaxOoXAeHUA KoadhdumuerToB GYyHKINM, HPHOJHIKAIOMEH
TabJUYHO 3aJaHHYI (YHKIIHIO, — HYKHO PEIINTh JIETKO COCTaBJIfAe-
MYyI0 cucteMy ypaBHeHuit. EcTh u Apyras OpMYWHA TOTO, UTO METOJ
HAMMEeHBIITNX KBaJpaToB aKTHMBHO MCHOJAL3YeTCSA Ipu o0paboTKe dKCIIE-
PUMEHTaNBHEIX JaHHBIX. OHA COCTOMT B TOM, UYTO OINHMOKM HMSMEpeHWI,
KaK OpaBuUJIO, IIOJYMHEHBI TaK HA3BIBAEMOMY 3aKOHY OOJBIIHX YHUCEJ:
omuOKY ¢ GONBIIMME 3HAYCHHAMHM BCTPEYAIOTCS HAMHOTO peXke OIIH-
00K ¢ MaJIeHBKUMM 3HAUEHUAMH. MONKHO MaTeMATHYECKH JOKAa3aTh,
YTO B HTOM CJIy4Yae HMEHHO MEeTOJ, HAaMMEHBIINX KBaJAPATOB HAeT TY
TEOPETHUYECKYIO KPUBYIO, KOTOpas HOJIKHA Oblia GBI MOJYUYHUTHCH, €CJIH
OBl 3MEpPEHUs MPOM3BOAWUIINCH A0COJIOTHO TOYHO.

BOMPOCH! U 3AZLAHUS

0 B yem coCTOUT MeToA HauMEHbLUUX KBAAPATOB? B kakmx cayyasx uenecoobpasHo
ero npumeHeHne?

e Kak gonxHa Bbirfisaets GopMyna ANs HaXOXAEHUs CONPOTUBASHUS HEKOTOPOro Guk-
CUPOBAHHOIO NPOBOAHUKA, eChn 6Lt B SKCnepnMeHTe 3agaBannu cuny Toka, a CcooT-
BETCTBYIOUWEE NAAEHUE HANPSKEHUS Ha KOHLAX NPOBOQHUKA U3Mepsanun?

6 Bo Bpems nogbema Ha BO3OYWHOM Wape nNpousBOauNNCh U3MEPEHUS TeMNepaTypbl

C Uenblo YCTAHOBMEHUS 3aBUCUMOCTWU TEMNnepaTyps! OT BbiCOTbI Hap YPOBHEM MOpPS.
BOT AaHHbLIe 3TUX U3MEpPEeHuit:

Bricora, kM 1,2 18;2225(3,0]|3,3]3,8

Temneparypa, °C | 15 | 11 8 6 3 1 | -2

Mpeanonaras, 4T0 3aBUCMMOCTb 3a0a€TCA NMHENHON dyHkumen ax + b, NOAFOTOBbL-
Te 3anofiIHeHUe JNEKTPOHHOW Tabnuubl ANA HaxoXaeHus KoaddPUUMeHToB a v b no
METO4Yy HauMEHLLUUX KBaapaTos.



-

Q” MonbiTanTecb 060CHOBATL METO/I HAMMEHDLLIMX KBAAPATOB AN HaxoXaeHusi Koadhdu-
LMEHTOB B CAy4ae rmnoTesk! O NUHENHON 3aBUCUMOCTU MEXAY N3MEepseMbiMiA BESu-
YnHaMun.

514 Anroputm xak ¢opma oprauusaquu npoueaypHoO#n
urnpopmaymn ,

B § 11 mb1 ob6cyaunau, uro mHbopManms, KOTOpPOil paciojara-
€T 4Y4eJIOBEeK, MOKeT OBITh JeKJapaTHBHOW HIN OpolieAypHoii. Hamowm-
HAM, 4YTO NpoleAypHada MHpopManus YKasbiBaeT, KaK HWMEHHO IIOJY-
yuTh TpebyeMbiil pesynbTar. Hambonee mpocToil cmocol IpeACcTaBIeHUS
Takoil mHbopManuu — 3TO yKasaHMe TOMY, KTO OyZeT peuaTh 3aAadvy,
IIOCJIeOBATEIPHOCTH HNeHCTBHUI, HPUBOTANIMX K JOCTHIKEHWIO IEJIH.
B § 7 MbpI BaM HATIOMHWJIM, YTO OPraHM30BAHHYIO IIOCJEHOBATEJBHOCTH
JOIYCTUMBIX JAJIA UCIOJHUTENA NeHCTBUI, IPHUBOZALIYIO K OHpeesieH-
HOMY PpesyJbTATy, HasHIBAIOT AJIrOPHTMOM.

Bor npumep mpeicTaBieHMA NpoueZypHo# mHdoOpMAIMM, CIIHMCAH-
HBI HAMU ¢ YIIAKOBKH dYas:

ST R S W BRI

Kak npurorosutb xopoumu vaii:

SO -

T

¢ chnmme CBEXYIO BOOY.
> ONONOCHUTE 3aBapPOUHbLIM YalHUK KPYTbIM KWUMSATKOM.
= [lonoxute 4aii B 3aBapOYHLIA HYallHUK M3 pacyeTa oaHa 4anHas
JIOXKA Ha Yauwlky M cpa3y Xe 3anenTte KANATKOM.
+ Yepes 3 MUHYTHI pasMetuainTe.
s Jlo6aBbTe caxap MO BKYCY.

IlocMoTpeB Ha MAYKy 4Yasg C APYrOHM CTOPOHBI, MbI OOHADYIKUJIUA TOT
JKe aJITOPUTM, 3aNMCAHHLEIA Ha aHTJAHNACKOM fA3BIKE:

How to make a good tea:

S R AR RIS

= Bring fresh water to boul

= Warm teapot by rinsing out with hot water.

= Put one teaspoonful of tea per cup into the teapot and pour
immediately the boiling water into the tea.

« Stir the tea after 3 minutes.

« Add sugar to taste.

Hu y Koro He BOSHUKAET COMHEHMi, YTO 3TO OUH H TOT K€ AJIro-
purM. TOJXBKO OZHA €T0 3amWCh CAEJIaHA IJsi WCIOJHUTENSA, IIOHUMAIO-
IMEro AHIVIMACKUN ABBIK, a Apyrad — AJfA PYCCKOTOBOPAILIETO HCIIOJ-



NupopmaumnoHHOn AeaTenbHOCTb Yenoseka
¥ MCNONb30OBAHME B HEW KOMMNbLIOTEPHbIX TEXHOJNOMUM

HUTeNsd. SICHO, UTO KayKAbIii M3 HMCHOJHUTENEH OyZeT BHIMONHATH OAHU
U Te JKe AeHCTBHUfA, W MOITOMY, Habmmozas 3a UX paboToii, MBI HEe CMO-
JKeM OTJIMYHUTE OJHOTO OT JApyroro. bBojee Toro, Mo)XHO CHATb Ha BU-
IEOKACCeTy BCe MAHHNYJAAIMH OPHW HCIOJHEHHH aJTOPHUTMa, a 3aTeMm
NOKa3aTh JIIOOOMY JKHuUTeNo 3eMJjiu, U eMy OyAeT siCHO, KaK 3aBapuBaThb
gaii. I coBepllieHHO He BaXKHO, KaKoil A3LIK IMOHHMAaET 3TOT KHUTEJNb!
JIoisa Hac JKe BajsKeH BBIBOJ[, YTO OAWH H TOT e AJTOPUTM MOXKeT OBITH
3amIMcaH pasHLIMM cIocob0aMu: B BHAE TEKCTa, CXeMO# ajJropmrma,
byHKIMOHANBEON cxXeMoil Aas mamuHbl ThiOpMHTa ¥ T. . 3anuch aj-
rOpPUTMA Ha A3BIKE, HOHATHOM (HOPMAJIBLHOMY MCIIOIHUTEII0, HA3BIBAET-
cd IporpaMMO.

fcHO, UTO anropuTM, 3alHCAHHBIN Ha NadKe 4asd, IpeiHasHa4YeH
AN YeJOBeKa. YelOBeKy BOOOINe HEPEAKO MPUXOAUTCA HCHOJIHATH
pasauuHnie aaropuTmMbl. Ho ropasgo mpuATHee MOPYYHUTH TAKYIO pa-
60Ty KaKOMYy-HHOYAb ABTOMATUYECKOMY YCTPOHCTBY, T. €. opMaJabHO-
MYy HCIOJHHUTEJI0. Dojlee Toro, Hepeiko ¢opMaibHBLIA HCIOJHUTENID
CIIPABUTCHA C AJITOPUTMOM TOPas3fo JyUliile YejIOBeKa — YeJIOBEK MOKeT
OTBJIEULCS M HETOYHO BBINOJHHUTL IPEANUCAHHOe AEHCTBHE, MOMKET BO-
o0I1e 3aAyMAThCS, CTOUT JIM MCIOJHATH AAHHEBIA AJITOPUTM, a MOJKET
HAYATH ero MoAu(UINPOBaTh, U TOTAA €CTh PHCK, UTO MCIOJHEHHE aJ-
FOpHTMa BOOOIle HMUKOTZA He 3aKOHUYUTCA. A Bce IOTOMY, UTO YeJio-
BeK, HAallOMHUM, SBJIseTca He (OopMaNbHBIM, 4 9BPHCTHUYECKMM HCIIOJ-
HHUTEJIEM.

3aT0 B YMEHHMH# COCTABJATH AJTrOPUTMBI Ha CETONHSIIHWYM JeHb
HUKaxKoH (QOpMaJILHBLIA WHCHOJHUTEJIbL HE MOMET IPEB30HTH dYesOBEKa.
CyIecTBYIOT AJATOPUTMbBI, IMIO3BOJAAIOIHE AJASA HEKOTOPBIX KJACCOB
3a7aY aBTOMATHYECKH CTPOHUTH aJTOPHUTMBI pellleHus, HO 3TH KJACCHI
3aJa4y BecbMa y3KHe. JIIoAM MPHUAYMAJH METOALI, 00Jerdyamolinue coa-
gaHue aaroputTMmoB. OJHMM #3 TaKUX METOJAOB SABASETCS METOH Iouia-
roBoil meraamszanuu. IIpoaeMOHCTpUPYEM 3TOT MeTOJ HA CJeAyioieil
sajaue.

Emie ¢ 5 Kjacca BBl 3HaeTe, 4TO Ji000e HATypajJIbHOE 4UCIIO, 60JIB-
miee 1, MOXXHO IIpeACTABUTL B BHUAE IIpPOU3B %leHK&I c'reneHen pasyuud-
HBIX IpOCTHIX umcen. Cxaem, 720 = 2%-3%-51, 32 = 25, 71 = 71L.
Tpebyerca cocTaBUTH AJTOPUTM, KOTOPBIN AAS Ram}mro HaTypaJILHOI‘O
n > 1 ykaseiBaj OBl BCe HPOCThIe MHOKHTEJIN, BXOAJAIME B TaKOE pas-
JIOJKeHue, W IOKasaTeJu CTelleHeil, ¢ KOTOPHIMHM OHH IIPHCYTCTBYIOT
B 3TOM DPa3JOKeHWH. IIepBbhIM IMIATOM AOJIKHO OBITH OIpeZelieHue XOTH
Obl OZHOTO HPOCTOTO MHOMKHUTEJNH, AEJAIIEer0o JaHHOe 4ucjo n. Hanbiie
OyTh Pas3sABaVBaeTCA: MOXKHO IOIBITATHCA OIpeJeNHTh IIOKasaTesb CTe-
HeHy, B KOTOPOH yiKe HalJEeHHBIA IIPOCTOM MHOXKHUTENL BXOAHUT B pasiio-
JKEeHHe 4YNCJa 71, MW HOUBITAThCA HAWTH CJHeNYIOHHil IIPOCTON MHOMH-
TeJb, a TOJLKO MOTOM, Korja OYAyT Ha#ifleHbI Bce IIPOCTHIE MHOMUTE-
JM, OJA KaMJOro M3 HAX HAWTH MOKAas3aTeNb CTEeNeHH, C KOTOPBIM OH
BXOAUT B pasjioyKeHme uyucia n. Ha pucynke 2.4 B BuJe cXeMbl M300-
pakeHbl ABa cmocofa pellleHHA 9TOH 3azadi.

Tenepr npoBefeM AETAMUIAIUIO IMOJYUSHHBIX aJroputmos. Iiaa pe-
IIIeHNA IIOCTABJICHHOHN 3aJayM HYXHO HAYUYNUTHCS PeIlaTh ABe IpPYrue:



a) | 6) |
Haitu nepBbi HainTtn nepssiii
NPOCTON MHOXUTENb p, NPOCTON MHOXUTENb P,
| |
HaiATu cTeneHb Hau‘/'lmvcnenylou.mﬁ
BXOXAEHUA P, NPOCTOM MHOXUTENb Py

| T
_ ~ 1
Hantu cnegyiowui

o Haith nocnegHnin
NPOCTON MHOXUTENL P, nNpocToii MHO)KﬂTeJ'Ib P

Hantn cteneHs .
Haittu cTeneHb

BXOXAEHUSA
A P2 BXOXAEHUA p,
T
e I
Hatity nocneaHvin Hatmn cTeneHs
NPOCTO# MHOXUTENb P, BXOX[EHNS Py
| T
_ ]
Hantu ctenexb Hai
BXOXAEHWS D, anATn cTeneHsL
BXOX[EHWS P,

Puc. 2.4 Monck pasnoxeHus HaTypaibHOro 4ucna Ha NPoV3BEAEHNE NPOCThIX MHOXWTE-
neit: a) 1-iA BapvaHT nowarosoil aetanusaunu; 6) 2-i BapuMaHT NOWAarosoOW
aeranusaunn

HaXOAUTH MIPOCTON MHOMKHTENH 3aAaHHOI0 HATYPAJIBHOTO YKUCJA I M BbI-
YUCJIATH IIOKa3aTelb CTENEeHH, ¢ KOTOPO# OH BXOZUT B PA3JIOXKEHUE UUC-
Ja n. A NOCKOABKY KOJHYECTBO DasMXYHBIX IPOCTBHIX MHOMKHTeJEH 3a-
paHee HEM3BECTHO, TO NMPHAETCS BOCIIOJb30BATHECA KOHCTPYKITMElH IfMKJIa
B dopme Denatb noka. Byaem mgasmee pacCMaTpHBaTh HEpPBHIH CIocob pe-
menunsa. IIpeobpasyeM yxe cospamsblit anroputMm (puc. 2.4, a) B cxemy,
n3o0paskeHHy0 Ha pucyHKe 2.5. B aT0l cXeMe ajiropuTMa ABaKALI YIOT-
pebien GiI0OK, m3o0pasKeHHBIN Ha pucyHKe 2.6.

A3 xypca mHGOPMATHKM, KOTOPHIM BRI H3YyUYaJHd B IPEIIISCTBYIO-
HIUX KJiaccaxX, BaM M3BeCTHO, UTO TaK ofo3Hauyaercs ofparienue K BCIIO-
MOTAaTeJBbHOMY AJrOPUTMYy HJAM mojgmporpamme. W B HallleM cjaydae AJs
TOTO, UTOGHI JaHHAS CXeMa AJropuTMa mpuodpesia HONHONEHHBIH BUJ,
B KaxxJBIH Takoil 6JIOK HaZo 3amucaTh HMA BCIIOMOTATeJIbHOI'O aJrOpuT-
Ma ¥ yKas3aTh ero opMajbHEIE IIapaMeTpPhi: apryMeHTHI ¥ De3yJIbTATHI.
IloMck HaMMEHBINEro MPOCTOrO0 MHOMKMTEJA HATYPaJbHOTO YHUCAa N
MOYKHO 3aIucaTh CJIeAYIOIIHM BCIOMOTATENLHBIM AJTOPUTMOM:
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Anroputm IlpocToii MHOMKUTEND
(apr: n; pes: p)
uen: n, p;
{p:=2
Denatb noka n mod p# 0
§ p:=p+1;

}

Yro6sl 00paTUTHCH K BCIIOMOTa-
TEJILHOMY aJITOPUTMY, HaJO B KOMaH-
Jle BBI30Ba yKas3aTh MMeHa daxTuuec-
KHX IepeMeHHBIX (MJaH 3HAYEHUd), C
KOTOpPBIMH OyZeT HCIOJHATHCSA BCIO-
MoraTeJbHEBIH axropuTMm. Hampuwmep,
o KOMaHAe

Beizeate IIpocroiimMHOMXHTEH
(15, m);

nepeMeHHOo# m Oy/leT OPUCBOEHO 3HA-
yeHue 3.

Hepeako BcmomorartenbHBINR ai-
TOPHUTM, MMEIOHINI B KadecTBe pe-
3yJpTatTa TOJABKO OAMH (opManbHBIN
napamMeTrp, yao6HO odhOpPMUTHL B BHAE
noanporpaMmei-byakuun. [ia sanu-
CaHHOI'O BBIIIIE BCIIOMOTATEJLHOTO aJI-
roputMa 9To OyZeT BBIIVIAJETH TaK:

Dyuxuns Ilpocroit MHOKUTESH
(apr: n): uen
uen: p;
{p:=2
Denars noka n mod p# 0
{p=p+1

L ——

}

3meck 3sHa4 — HMMsA BHYTpPeHHe
nmepeMeHHOM, npeasHA3HAYCHHON AJNHA
XpaHeHUs 3HaYeHUs QYHRIHUH. A 4TO-
bl BOCIIOJIL30OBATHCHA IOAIIPOrpaMMoii-
dyHKIHNel, AOCTATOYHO HANHNCATD

m := IIpocroii mHOXKHTENH (15); .

YTo6H 32BEepPIINTH COCTABJICHUE
aJIrOPUTMA, HYIKHO eIlleé COCTABHUTH
aJITOPUTM HAXOMMICHUS MOKAa3aTess
CTelleH#, B KOTOPO# AAaHHBIA MHOMKH-

auv = p;

3anpocutb n

Hantun
npocTon
MHOXUTENb p

Haiitn
CTeneHb s
BXOXJEHUS D

n:=n/p

CoobuwumTb
DS

S

Puc. 2.5

Puc. 2.6
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TEJIb BXOAUT B DPA3JIOKEHUE YHicia 1. Bel cocTaBUTE 9TOT AJTOPUTM, BBI-
HmoJMHAA 3ajanue 3.

YMeHUe peliaTh MHOTHE 3a/aYdl 9BPUCTHYECKH, T.e€. He UMes HU-
KaKoro ajrOpuTMa, — YpPEe3BHIYAMHO BaKHAA CIIOCOOHOCTH UeJOoBeKa.
Hanpumep, 3amauy ompeaesieHus, KTO uU300paskeH Ha (dororpadbun
cobaka MM KOIIKA, YEeJIOBEK periaeT C BHICOKMM IIPOIEHTOM IIPABUJIb-
HBIX OTBeTOB. OAHAKO HUKAKOro aJIOPUTMA, NO3BOJIAIOINEr0 PEIIHTh
TaKyIO 33/1avyy, Ha CeTrOAHAIIHUN AeHb HeT. CauiikoMm caabbl HaItl BO3-
MOKHOCTH (hopMasmsanuy 9Toil 3ajauyl, U HOCTPOEHVE aJeKBATHOHN WH-
(hopMaIMOHHON MOAEJH IIOKa HEBO3MOYKHO.

Mosxer moxasaThcd, 4TOo npobiema CO3JaHuA ajAropuTMa IJs pe-
mieHus 38Jauyu yOupaeTcs HMEHHO B HeyMeHue [0 IIOPLl A0 BPEeMEHH
¢dhopmanins30BaTh CTOSIMIYIO Iepejy HaMH 3ajady. Peub, KOHEYHO, MIET
O TaxK Ha3bIBaeMoOli MaccoBoi#i 3amaude, T.e. O IeJIOM MHOXXeCTBE OJHO-
TUIHBIX 3a7a4, [OJd pPellleHns KOTOPBIX IMPHUMEHSETCS OLHH #U TOT Ke
anroputMm. OKasbIBaeTCs, YTO 3TO He TakK.

HeTpyAHO AOKasaTh, YTO HE CYIIECTBYET AJNrOPUTMA, IIPUTOAHOTO
AJA peureHus J06o# 3agaum. J[OKasaTeJLCTBO IPOBEAEM B ABa 3Tama.

Ilepeviii aman. JokaxeM, YTO AJA JIOGOT0 UCIOJIHUTENS CYIIecT-
BYeT 3ajjadya, KOTOPYIO OH peHiuTh He MOXKeT. lIpeamonosKkum, 4TO aTO
He TaK: IIYCTh €CTh WMCIIOJHUTEJNb, KOTOPEI MOJKET IIOCPEICTBOM CBO-
UX JOONYCTUMBIX AEWCTBMI pemiuTh JoOyio 3azauy. IlocraBum mepen
HUM 3aJa4dy cO3JAaTh KaMe€Hb, KOTOPHIM OH HE MOJKET IIOGHATH. A Te-
nepb, KOTAa OH 9TOT KaMeHb CO3[aJi, IOCTABUM IepeJ HHM APYrYyIO 3a-
Jaqyy — MOZHATH 3TOT KaMeHb. Hanmio mpormBopeune. 3HAYUT, HaIlle
OpeInoJIOXKEeHNe HEeBEePHO, M, CJeAOBATENbHO, AJIA JIOGOT0 HCIOJNHUTE-
as (B ToMm umcie (GOPpMaJIbHOrO) CYIIECTBYeT 3ajada, KOTOPYIO OH pe-
MIUTh He MOJKET.

IlpuBegenHOe paccykJeHne — mnepedpasUpoOBAaHHBIH apryMeHT
BeJIMKOTO HeMenxoro ¢dumocoda U. Kanra, xusiiero B r. Keaurcbepre
¢ 1724 mo 1804 rox, xKoTophiii OH mpMBEJ B J0KAa3aTeJbLCTBO TOI'O, 4YTO
Bor me MoKeT OBITL BCEMOrYIIUM.

Bmopoii aman. IlpegnosioXum, 4YTO CYIHECTBYeT AJArOPUTM, IIPH-
TOAHBIN AJjid pelieHus Jao0oi 3azaumu. Torga STOT aNTrOpPUTM NpemHAa-
3HAaUeH JJid HEKOTOPOTO POPMAJBLHOro HCIOoAHUTENsA. HO nemosHuTesns,
BOODY KEHHBIN NJaHHBIM aJIFOPMTMOM, CIIOCOOEH PeInTh Jo0yio 3azady,
YTO HEBO3MOXKHO. IlosyuenHoe mpoTuBOpeyne IIOKa3LIBaeT, UTO CAEIAH-
HOE TPeJITIoJIOKEeHne HEBEPHO.

Hrak, He cyHIeCTBYeT aJIrOPWTMa, pemIammiero jaio0Obwle sagauu. Ho
3TO ellie He JaeT OTBeTa Ha chOpMYJHPOBAHHBIH BEIIlIE BOIPOC: HE B TOM
J¥ IPUYUHA OTCYTCTBHSA AJATrOPUTMA AJIA PEIleHNd TOH WMJIM MHON Mac-
COBOIl 3ajauu, YTO MBI He MOXeM ee opManuzoBath? OTpHOaTeNbHBIH
OTBET MBI y:Ke aHOHCHPOBaJIH. Telleph MBI MOKeM NPHBECTH IpUMEP
APYTOi 3amadn.

PaccmoTpuM MHOMKECTBO AJITOPHTMOB, NIpeAHASHAYEHHBIX IJA 00-
paboTKM CHMBOJILHON IIepeMeHHO# X (T.e. B KadeCTBe BXOAHOTO JaH-
HOTO AJSA aJI'OPHTMAa BBICTYNAeT HEKOTOpHI# TekcT). IIpexcrasum
BCE 3THU AaJOPHUTMBlI 3AIIMCAHHBIMH HA KaxKOM-JAu060 sA3bIKe Iporpam-
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MMHpPOBaHHA. 3aa9a COCTOUT B TOM, UTOOHI IO TEKCTY aJrOpuTMa ¥ 3HA-
YeHHWIO X y3HaTh, 3aKOHUHUT JIHM aJTOPHTM pPaloTy 38 KOHEUHOe YHC-
JIO IIATOB.

OxaspIBaeTcA, UTO AJIA 9TOM 3aJjauM He CYIECTBYET AJITOPUTMA ee
peiieausa. JloxkaikeM aTO, paccykJasg M Ha 9TOT Pa3 OT IIPOTUBHOIO.

IlycTs cyimecTByeT ajirOPUTM pelIeHHsA 9TOH 3ajgauum. Haszoeem ero
anroputTMoM A. Yepes B 0003HAUNM IPOM3BOJIbHBLIN AJTOPUTM M3 YKa-
3aHHOrO MHOJKECTBa aJI'OPUTMOB. BXOZHBIMYM JAHHBIMH JJIA aJTOPHUT-
Ma A CAy)XaT TeKCT aJropuTMa B m sSHaueHHe CHMMBOJBHOMN II€pEeMEH-
HOU x. JloroBopuMcCsl, UTO B pesyJbTaTe CBOeii paGoThI airoputM A
IPpHCBANBAET HEKOTOPOI mepeMeHHOU z 3Hadenme 1, ecam ajaroputm B
3aKaHUYMBaeT paboTy Ha TEKCTe X 3a KOHEYHOE YMKCJO ILATOB, W 3HaUe-
Hue 0 B IIPOTHBHOM CJIyYae.

WupiMu ciioBamMu, ajITOPUTM A BHEIIVIAZUT TaK:

Anroputm A (apr: B, x; pe3: z)
cum: B, x;
uen: z;
{ 3anpocurh B;

SanpocuTtb x;
Ecnu (aaroputv B 3akaHuYmBaeT paGoTy Ha TEKCTe X 3a KOHEUHOE YHCJIO

11aros) 10
{z:=1;}
nHave
{z:=0;}

}

PaccMoTpM MHOMKECTBO aJrOPHUTMOB, KOTOpPbIe B KadecTBe HAO-
OyCTHUMOI'0 3HAUYEeHUs X OepyT CBOoe ONHMCaHHEe Ha YKa3aHHOM $A3bIKe
nporpammupoBanausa. Iloctpoum anroputm C, ODpUHANJIEXKAIIHI 3TOMY
KJIacey:

Anropntm C
cum: B, x;
uen: z;
{ 3anpocurts B;
SanpocuTtb x;
z:=1;
Qdenartb noka z = 1
{ BwizBarb A(B, x, 2);
!
}

BamycTuM cocraBjeHuniii HaMu aiaroputM C Ha wmcnoaHeHune. Ha
sampoc 3HaueHum# B m x BBegem TeKceT anroputMma C. Ha craeayroinem
mare epeMeHHO# z GymeT IPHCBOEHO 3HaueHHe 1, MOITOMY 3aTeM Hau-
HeTCA HUCHOJIHeHWe Teja IMuKJa. UTo jKe IIPOM30HAeT Iocje obOpamieHus
K BCIIOMOTATEJLHOMY aaroputmy A?

JonyctuMm, uro ajgroputm C KoHeueH. Torza mocjie HCHOJHEHUS
anroputMa A 3Hauenue z = 1. IlosToMy HaYHET HCIOJHATHCA TEJIO IUK-
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aa. Ograxko B pesyJibTaTe NCIOJHEHNsS B Teje IHUKJIA TOrO K€ BCIIOMO-
raTeJbHOIO aJrOpUTMa 3HAYEeHMe IepeMeHHOH z He maMmeHurtcsa. Iloaro-
My TeJo HuKJja OyAeT HCIOJHATHhCA O0ECKOHEYHOEe UHCJO pas, W, CIeno-
BaTeALHO, aqropuTM C KOHEUHHIM He ABJAAeTCA. 3HAYHUT, TaKad CUTya-
UA HEeBO3MOXKHA.

Jonyctum Teneph, 4To aaroputM C KOHEUHBIM He ABJseTcsd. Toraa
IOCJIe UCHOJHEHUus ajroputrMma A sHaueHme 2 = 0. B aToM ciayuae Temno
ouKJIa He OyZeT UCIOJHATHCA HY pasy, ¥, cJeQOBaTeJbHO, ajgroputm C
OIpeKpaTuT paboTy 3a KOHEYHOE YHUCJI0 IIaros. TeM caMbIM M B 3TOM
caydae HOJIYYUJIOCh NPOTHBOpPEeYHe. 3HAYMUT, IPEANOJIOKEHHEe, UTO CY-
mIecTByeT ajJropuTM A, OBLIO JIOMHBIM.

3agaun, AJA KOTOPHEIX HE CYIIECTBYET aJropuTMa DelleHWus, Ha3bl-
BAaIOTCA AJrOPHTMHUYECKH HepaspemrMmMbIMM. CerogHs M3BECTHO YiKe
MHOIO aJITOPUTMUYECKH HepaspellNMMEBIX 3aZau. VI Kak IpaBumiIo, JOKa-
3aTeJIBCTBO UX AJNTOPUTMHUYECKOIl HepaspeHIMMOCTH OTHIOAL He TaKoe
IpoCcToe, KakK AJIA PACCMOTPEHHOrO HaMu npuMepa. OfHa M3 caMbIX 3HA-
MEHHUTHIX 3ajxa4 Obljaa chopmynuposana B 1900 rogy Hasumom I'manGep-
ToM Ha BceMumpHOM MaTeMaTHYeCKOM KoHrpecce. Bcero oum chopmysin-
poBan 23 mpo0JieMbl, pellleHHe KOTOPBIX, KAK OH CUMTAJ, OIPEeAeJUT
aunk mateMaTuku XX Beka. M gedicTBHUTENIBHO, pelilleHIie, JayKe YacTHU4-
Hoe, JMI000i1 13 ero mpoGiieM paccMaTpHBAaeTCA KaK BBICIIEE MATEMAaTH-
gyeckoe poctuskenue. Ilpo6aema mox momepoMm 10 3ByuuT Tak: «J{aHO
NPOU3BOJIbHOE ypaBHeHue P(x,, xX,, ..., x,) =0, rae P(x;, X3, eer X,;,) —
MHOTOUJIEH C HEALIMH K03(h(dHIMEeHTaMH OT YKAa3aHHBIX IePEeMeHHBIX.
CymiecTByeT JM aJTrOPDUTM, IIO3BOJAION[MHA BBIACHHUTH, UMEET JHU 3TO
ypPaBHEHNe penieHMe B UeJbIX umcaax?» Jlums coycersa 70 jmer Haimu co-
oredecTBeHHUK IO. B. MaTusaceBu4 JOKAa3ajl, YTO TAKOTO AJTOPUTMA He
CYHIECTBYET.

Ilpumna nmopa HEMHOrO OTBJIE€UYLCA M NONHUTH uaiiky. Hampumep,
TOT0, YTO HPUTOTOBUJH II0 HANMCAHHLIM BBIIIE AJITOPUTMAM KaKOH-HH-
6yas pyccKuil MKOJBHUK Bausa W ero aHrauiicKuil npuarens JKOHHH.
K mamemy BeauuaiineMy M3yMJIEHHIO, YaeK OKAa3aJICA pPasHbIM: oT Ba-
HHMHOIO 4Yad SSHIK NPHUAKIAET K ryd0aM, a udail J[)KOHHM IIOYTH HecJaasl-
kuii, ITouemMy OAMH M TOT Ke AJrOPUTM B PA3HOM HCIIOJHEHHUH IPHBEJ
K CTOJb PasJIMYHBIM pe3yabTraraMm?

Bee genmo B mocimenHem feiicTBumu: nobGaBjieHMHM caxapa IO BKycCY.
I9TO, KOHEYHO, AOIYCTHUMOE AelCTBHEe AJ8 KaXAOro HCHOJHUTEJS.
IIpocTo y Kamzoro cBoii BKyc. A MEI MOMKEM CHEJATH BAMKHBIN BBHIBOX:

m Peay.m,'ra'r HCIIOJTHEHHMA AJropuTMa 3aBHCHUT OT TOrO, KaKo#i MCnoJi-
HHUTEJAb 3TOT AJITOPpHUTM HCIIOJHAET.

BOMPOCH! 1 3AAAHUA

o a) Yto Takoe BCnomoratesibHbiR anropuTM?
6) Koraa moxHO BCnomorarenbHblit anroput™m odopMUTL B BWAE NOOMNPOrpaMmbi-
byHKUMK?
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UHdopmaumoHHan ReaTenbHOCTL Yenoseka
M UCMONb3OBAHME B HEH KOMMbLIOTEPHbBLIX TEXHONOIMHU

a)* MpoaHanuanpyihte anroput™ MNPOCTOR_MHOXWTENL W NOMNbiTaWTeCh O6BLACHUTD,
noyeMy B KayectBe pesynbrata GyneTt nofy4eHo NPOCTOE HUCNO.
6) O6bsicHUTE, NOYeMy STOT anrOpUTM KOHEYEeH.

a) CocTtaBbTe BCNOMOraTenbHbLI anropuTM ANA HaxoXAeHWs nokasaTens creneHw,
B KOTOPOW OAHHLIA MHOXWUTENb BXOAWUT B pasfioxeHue dmucna n. Odopmute ero
B BUAE noanporpaMmbi-OyHKUMM C ABYMS (DOPManbHbiMN napameTpamu.

6) Ucrnonb3ysi COCTaBNEHHbIE BCMOMOraTefibHble anropuTMbl, paspaboTawte anro-
PUTM pelieHns OCHOBHOW 3a4auv: MOCTPOEHWE PAa3noXeHUs HaTypanbHOro Yucna n
B NPOU3BEAEHUE Pa3/I4HBIX NPOCTBIX MHOXUTENEN.

a) B § 7 3aanncaH anroputM EBknuga Boiuucnenus Hanbonsiwero obuwiero aenutens
DBYX HatypanbHbix Yucen. OdopmuTte ero 8 suae noanporpammbi-hyHkumm.

6) OyHkumeli Diinepa @(n) Ha3LIBAETCS KOMMYECTBO HaTypanbHbLIX YACEN, MEHbLNX n
¥ B3aUMHO NPOCTHIX C n. Mcrnonbays nognporpammy-¢pyHkumio Boelumcnenns HOZ,
cocTasbTe NognporpaMMy-pyHKUMIO ANA BbluucneHua dyHkumu Sitnepa.

8) O603Ha4uM 4epe3 y(n) GyHKUUIO, KOTOpas KaX[oMy HaTypanbHOMY 4uchay n co-
NOCTaBAAET CyMMY BCEX HaTypanbHbIX YUCEN, MEHbLIUUX 72 U B3aUMHO MPOCTBIX C 7.
Ucnonbaya noanporpammy-PyHkumio Beimncnenvsa HOJ, coctasbTe nognporpammy-
GYHKUMIO ANA BblYUCNEHUs y(n).

a) CoctasbTe noanporpaMmy-GyHKUMIO, KOTopas No 3agaHHOMY HaTypasbHOMY 4UC-
Ny 1 BBMUCAWUT CYMMY ero umobp.

6) CocTtaBbTe anropuTM, NOACHUTHLIBAIOWNNA KONMYECTBO 72-3HAYHLIX HATYPANBHbBIX YX-
cen, y Kaxporo us Kotopblx Cymma uvdp paBHa 3a4aHHOMY HaTypanbHOMY uuchy k.

a) laHo cnoso W. Coctasbre noanporpammy-$yHkUMIo, KoTopas npeobpasyet
cnoso W B cnoso V, coaepxauiee Te Xe OykBbi (M B TOM Xe KOANYECTBE), 4TO
n cnoso W, HO pacnonoxenHoie B andasuTHOM NOpPAAKe.

6) Daxb cnosa V v W. CocTasbTe anropyuTM, NO3BOSINIOUIMIA YCTAHOBUTb, MOXHO Au
cnoso W nony4ntb U3 cnoea V nepectaHoskoi Gyks.

a) Ha koopamHaTHOW NAOCKOCTY 3a4aHbi CBOUMW KoopauHatamu Tpu To4kn. CocTaBsb-
Te anropuTM, NO3BOASIOWMIA ONpeaennTb, SBASIOTCA Jik 3TU TOYKU BepLIMHaAMWU Tpe-
yronbHuka. Bce koopavHaThl SBASIOTCA LEALIMU Yucnamu.

6)* Ha koopauMHaTHOW MAOCKOCTM 3agaHbl CBOUMM KOOpAuHatamu Tpu Touku A, B
n C. CocTtaBbTe anroputM, NO3BONSIIOWWIA ANA YETBEPTON TOUKU ONPenennuTb, NEeXuT
nM 3ta TOYKa BHyTpu AABC. Bce KOOpAWHATHL ABASIOTCH UENbiIMU 4ucnamu.
(CoseT: [Ona pa3paboTKn anropuTMa BOCMONLIYATECH METOAOM MOLWArosoit aeTa-
nu3auunn.)

Ha depme ycTtaHoBneHbl cneaylolume pacueHku: 6uik crout 25000 p., koposa —
16 000 p., TeneHok — 2000 p. CoctaBbTe anropvTtm, MO3BOSAIOWMIA HANTU BCE Ba-
puaHTLl NOKynku Ha atoti ¢epme 100 ronoe ckota Ha cymmy 500 000 p.

MMeeTcn CTepXeHb ANUHLY n, FAe n — HaTypanbHOE YWUCHO. 3ot CTepXeHb pasna-
MbIBAIOT B ABYX TOYKaX TakK, 4YTO NONy4alTCA OTPE3KU LeNOYNCNEHHON annHbl. Co-
CTaBbTe aNropuTtM, NO3BOASIOWMIA Y3HATL, CKOMbKO PAa3ANYHLIX TPEYrofibHUKOB MO-
XeT noaAy4uTbCH, ecnv no-pasHomMy BbibupaTe TOYKM pasnoma.

a) Neta 1 Kona B ponn HopManbHbIX UCNOAHUTENEA BHLINOAHAIOT C MOMOWLIO MUK-
POKANLKYAATOPa CNenyiowmii anropuTm:

Cnoxute 83,2438 n 57,6847

Mony4eHHblt pe3ynbTat yMHOXuTs Ha 10
Y Metu Ha Tabno kanekynsitopa nomewaetcs 6 undp, a y Koam — 8. Byayt nn y Hux
OLVHAaKOBLIE Pe3yNbTaThl BLINOAHEHWA 3TOFO anroputma?
6) MpusepuTte aApyrue npuMepbl anropuTMOB, PE3YNbTaTbl UCMONHEHUS KOTOPLIX
3aBUCHT OT UX UCTIONHUTENEN.
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m* Mmeetca yan o6vemom 1000 n. ABToMartnueckoe ycTpoicTBO, oBcayxusaiouiee SToT
4YaH, MeeT ABa AONYCTUMLIX ASUCTBUA: AOAUTL B 4aH ewe 1 n BOAbl;, AOUTL B 4aH
CTONBbKO BOAb!, CKONbKO B HEM yxe umeeTcsi. COCTaBbTe anropuTM, KOTOpbLi ans
KaXAaoro HatypanebHoro umcna n < 1000 6ymer cocTaBnsiTb anroputM Ans 3T0ro
aBTomMarta, B COOTBETCTBMW C KOTOPLIM aBTOMAT 3a HauMeHbee 4UCNO AEUCTBUMA
HanLeT B MYCTON 4YaH n N BOAb!.

§15 PexyppeHTHblie cooruouleuml " pexypcusuue
QNArOPUTMbBI SR N

Paccmorpum sazauy.
Ilera u Kons mpoumTany B OXHOM KHMIMKKE II0 MATEeMATHUKE, YTO

cymma 1 1 1 1 1 1 1
1+ 4+ +=+-+=+=+...+=
2 3 4 5 6 7 N
MOKET CTaTh OOJbIlle JIOOOro UmMeja, ecjid TOJLKO BeIOpaTh N jgocra-
TOYHO OOJBIINM.

PebaTa oueHs YAMBUINCL 3TOMY — Beib KaxKJblili pas mobGaBaser-
cs BCe MEHbIlee W MEHbIIee Yucjao. V1 OHM pelnwju MONbITATHCA HAali-
T Takoe N, 4ToObI yKasaHHaaA cymMa Ownlia He menbuie 20. Hus sto-
ro Ilera u Koxs cocraBunu caefyrIilluii ajiropuTM, KOTOPHBI# 3aTeM
KaKALI M3 HAX NOULITAJICS HMCIOJHNTL HAa CBOEM KaJLKYAATOPE:

Anroputm Cymma

uen: S, N;
{
S = 1;
N :=1;
enartb_noka (S < 20)
{ N==N+1;
S:=8+ 1/N;
} (* koney yurxaa *)

Y0enuTech, 4TO STOT AJTOPHUTM [eHCTBUTENBLHO DelllaeT IOCTABJIEH-
HYIO 3afauy.

Cuauana pasbepeMcs, UTO JKe JejlaeTCA B IIPUBEAECHHOM aJI'OPUTMe.
Ham Tpebyerca Haiitm cymmy N uucesn. Ho ZOCTYHOHBI# HaM HCIIONHM-
TeJAbh AJITOPUTMOB (KaJbKYJIATODP) YMeeT CKJIAABIBATH TOJbBKO ABa YHCJIA.
Tlosromy HaxosxkaeHWe CyMMEI GOJIBILIETO YHMCJIa CJaraeMbIX MbI 3aMeHd-
€M Ha HECKOJIBKO IIOCJIEOBATEJHHBIX CJIOKEHUH ABYX UYMCEJ, IIOCTEIeH-
HO HAKaIInBasg cyMMy B IepeMeHHo# S. Ecam uepe3 S, 0603HaUYHTH
CyMMY HEPBBIX k CJaraeMbIX, TO MOYKHO 3alHCATh TaKOe DABEHCTBO:

1 1 1 1 1 1 1 1
S,=1+5+g+ +s+gtota+t——7+.



“H¢OPMGHMOHHUS BeATeNbHOLTh YenoBeKka
M MCNCAbL3OBAHMWE B HE#M KOMNbIOTEPHbIX TEXHONOrMMA

W3 Hero HeTPYAHO BBHIBECTH APYro€ PABEHCTBO:

1
Sn=Sn_1+;.

ITocmoTpuTe BHHMATEJLHO: HOJyUYeHHAA (OpMYyJia MOKAIBIBAET, UTO
n-e sHauYeHMe IepeMeHHOil S mojgydaerca us (n — 1)-ro 3HayeHUA OpHU-

1
OaBiaeHUEM o

Korzga cyimmecTByeT npaBmio, IO3BOAAIOINEEe HAXOLUTH N-€¢ 3HAUCHUE
nepeMeHHOM, HCIOJBL3Ys ee MpeAbIAyIHe 3HAUeHMNs, I'OBOPAT, UTO Ie-
peMeHHasa 3aJaHa pexyppeHTHO. CaMO IPaBUJIO IIPM 5TOM HASBIBAIOT
PEeKYPPEHTHHIM COOTHOUICHHEM.

PerxyppeHTHBIE COOTHOINEHUA OYEeHBb YACTO IIPHUMEHAIOT NJIA BBIUHC-
JeHUd TeX WJINW HMHBIX «IJIUHHBIX» cyMM. Kaxk Mmbl BuauMm, Ilera u Ko-
J5 TOKE BOCIOJB30BAJIMCH 9TUM IPHEMOM, Ja’Ke O HeM He IOZO3peBas.

Pa3z y:xx MBI Hauanum pacCKashIBATL MCTODHME IIPO 3aZjadyy, BOT elle
oJHa.

«JIpeBHAA JereHZa TJIACUT, YTO IPH COTBOPEHUY MHPA B OJHOM U3
Oyapuiickux xpamMoB B . XaHoe Oblja MOOJIOJKeHa OpOH3OBas ILIUTA
C TPeMsA CTEp’KHSAMH ¥ Ha OJWH M3 HUX OLLINM HaHW3aHBI 64 30J0THIX
AUCKA TaK, KaK MOKa3aHo Ha pucyHKe 2.7. MoHaXHW 5TOro XpamMa JOJIK-
HBI TIePEeHeCTH BCe AMCKHU C OJHOTO CTEepiKHA Ha Apyroii, cobamogas cie-
AyIOLIue IIpaBUJIa:

1) 3a ogmH pa3 MOKHO IIePEHOCHTH TOJBKO OJWUH AWCK;

2) Henb3s KJIACTh OONBINTUH AUCK HA MEHBIIWIA;

3) mIepeHOCHUTE: AWCK MOJKHO C JIOOOTO CTep:KHsS Ha JII060il.

CorjsiacHo JereHfie, Kak TOJBKO Bce AUCKM co0epyTcsa Ha LPYyroMm
CTepIsKHE, HACTYIIUT KOHEI CBETa.

CocTaBuUTh aArOpPUTM cpasy AJia ciaydad 64 ZUCKOB KayKeTCs BECh-
Ma HempocThIM gejioM. Jlake riasas Ha 8 OMCKOB, W300pa’XeHHBIX HA
pHCYHKe, TPYAHO CKas3aTh, UTO U B KAKOH MOCJIeNOBATEIBLHOCTH ZeJaTh.
fcHO, UTO TEpBLIM JAelicTBHMEM IIepeHOCUTCA Ha APYroil cTepKeHbL ca-
MBIH MaJleHbKUH AUCK — Begb HUYETO APYI'Oro caejaTh Heab3sas. Bro-
pBIM AeHCTBUEM HAZO HA JPYIOil CTep:KEeHb IIEPEeHEeCTH BTOPOH IO pas-
Mepy AUCK. A BOT Tperuil AUCK
yiKe M IepeHOCUTh HEKyAa. - -

JaBafiTe mojgoijieM K perlie-
HUIO dTOM 3axaum ¢ Jpyroil cro-
pousi. Ilycrs Ha crep:xkue Nel
uMeeTcsi n JUCKOB. Kax pemiaThb
3agadyy npu n = 1, coBepiieHHO
SCHO — IIEPEeJIOXKHJ 3TOT AUCK Ha
BTOPOH cTep:KeHb u Bce. I mpnm
n = 2 pellleHWe TOXXe MOHATHO:
BEPXHUH JUCK TIEPEHOCHM Ha CTEP- —
KeHb Ne 2, BTOpO#l AHCK IepeHOo-

CHMM Ha CTEpPKEeHb Ne 3 u, HAKO-  pyc. 2.7 Maket ans 3a4a4M O XaHOWCKOIA
Hell, MEHbIIUHA JUCK HEepeHOCHM —  GawHe
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Ha crepxeHs Ne 3. HeTpyZHO NOHATL, KaK MOZHMDHIMPOBATHL IIOCJIE-
AOBATEeNbHOCTh AEHMCTBHI, €CJIM MBI XOTHUM COOpaTh AMCKU HA CTEpPK-
He Ne 2,

A Temephr BCIOMHUM ONBIT PELICHUA NpeALIAYINe# 3aJauu: NOACYU-
TaB CyMMy H3 n — 1 ciaraembiX, JIETKO BBIYMCAWTL CYMMY N cjarae-
mbIX. IIycTs MBI yMeeM (T.e. Y Hac ecThb ajaropurm!) mepeHocuTs Oarri-
HIO U3 n — 1 AuckoB co crep:xkHa Nel Ha m1000# ApPyroil crep:KeHb
B IOJHOM COOTBETCTBHM C IpeJNKHCAHHBIMM NpaBujaaMu. BepeM Temepb
0amrHio U3 n AUCKOB. BepxHHe 7 — 1 IHCKOB mepeHOCHM Ha ApPYyro#
crepokesb. OcTraBIINicsa OUCK IepeKJaAblBaeM Ha CBOGOZHEIN CTEpPIKEHb
¥ Telepb Ha HETrO, IIOJL3YACh TEM e aJiTOPHUTMOM, IepPeKJIaZbIBaeM
n — 1 xuckoB. 3azaya perieHa.

Pemenne, KaKk Bhl BHAWTE, IIOCTPOEHO Ha TOM, UTO IPH HCHOJHE-
HUU aJropuTMa AJjs n JUCKOB MBI obpalriiaeMcd K TOMY JKe aJIFTOPUTMY
nas n — 1 gucxkosB. Curyanus, B KOTOPOH KAKOM-TO ajiTOPUTM CAM HJIH
yepes Apyrue aJiIrOPHUTMBI BLI3HIBaeT ce0si B KaueCTBe BCIOMOTATEJb-
HOr0, Ha3bIBaeTcs perypcuei, CaM ajropuTM OpPH 3TOM HAa3LIBAETCH
PEKYPCUBHBIM.

W3 ompegeneHns PEeKypPCHBHOTO ajJrOpuTMa CJaeAyeT, UTO OH BCEr-
Ja JoJKeH ObITh OQOpMJIeH KaK BCHOMOTATEJbHBIN aJropuTM. B uact-
HOCTH, OH MOXKeT OBITh NpeACTABJEH MOANPOrpaMMON-QyHKIIUEH.

3anuiiieM pPeKYPCUBHEBINM aJTOPUTM peIIeHHsI 3aAaYl O XaHOMCKOM
baiHe.

Anroputm Ilepenoc Gamsm (apr: n, a, b; pe3: 6alida JUCKOB Ha CTEPIK-
He ¢ YKasaHHBIM HOMEpPOM)

(* n — rKoauuecmeo Guckos; a — HOMEp CMEPIHCHA, HA KOMOPOM

Haxodamcea Oucku 0o nepenocos; b — Homep cmepicHA,

Ha Komopom OondHHbLL Haxo0umbvbces JUCKU nocae nepeHocos ¥)

{
Ecormn=1r10
{ IleperecT: AMCK CO CTEPXXHS C HOMEPOM 4 HA CTEpP)KEHb ¢ HOMepoM b;}
nHaue
{ BmizBartb Ilepenoc_Gamuu (n — 1, a, c);
IlepenecTy AVCK CO CTEPIKHA C HOMEPOM @ Ha CTePIKeHb ¢ HOMepoMm b;
Buizsarb Ilepenoc_Gamuu (n — 1, ¢, b);

}
}

Toraa aaropuTM, pelialIui UCXOZHYIO 3aAa4y, BBINVIAAUT COBCEM
IIPOCTO.

Anroputm Xanoit
uen: n;
{ Sanpocuts n;
Bumizsare Ilepenoc_Gamnu (n, 1, 2);
}

Ecan ma sampoc anropumTMma BBecTH uucjo 64, TO 3TOT aJropuTMm
coBepmuT TpeGyemMoe mepeMelnleHNe AUCKOB.
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BOI'IPOCbI u 3AAAHMA

Y70 Ha3LIBAIOT PEKYPPEHTHLIM COOTHOLLEHUEM?

Y1o Takoe pekypcua? Kakoil anropytM HasbiBaeTCsl PEKYPCUBHLIM?

Y710 0o6LWero Mexay pPeKyppeHTHbIM COOTHOWEHWEM WU PEeKYPCUBHBLIM anroputMoM
N Yem OHU pasnuyaioTca?

a) CocTaBbTe anropvTM BLIMUCAEHUSA CYMMbl 4Yucen, OGpaTHbiX KBagparam Mepsbix
CTa HaTypanbHbIX Yucesn.

6) CoctaBbTe anropuTM, COFRACHO KOTOPOMY GyAEeT 3anpOowWweHO HECKOSbKO HaTy-
panbHBIX 4nCeN M CooBLIEHO UX cpegHee apudMeTndHeckoe (KOnM4ecTBo 3anpalimv-
BaEeMbIX YMCEN TOXE 3anpatumsaertcs).

8) CocTaBbTe anropvuTM BbIYUCAESHUA Cleaylowert anrebpanyeckoli CymMMbI:

© 00C

N-1
-t 1,1 1.1 1, ey
2 3 4 5 6 7 8 N
6 PaccMmoTtpute cnepylowmnii anroputMm, UCNONb3yioWmMit noANPorpammy-QyHKUUIO
O6opor.
Anropurm
cum: A; C;

{ Sanpocutb A;
C := Obopor (A);
Coobumthb C;

!

Anropurm OGopor (cum: B): cum
{ Ecnm Len (B) = 1 10 { O6opor := B}
uHaye { O6opor := Yacts (B, Len (B), 1) + O6opor (Hacrs (B, 1, Len (B) — 1));}

Y70 cOOBLNT KOMNbIOTEP, UCRONHUBLUMIA 3TOT anropuTM NMPUMEHWUTENBHO K CNoBam:
a) mapc; 6) Tonop; B) oropog; r) wanaw?

e PaccmoTpute cnepylowmini anroputm, vCnoab3yiownini noanporpaMmy-QgyHKumio
HOA(x, y), cospaHHyio BamMu NpuW BbLINONHEHWW 3apaHva 4a u3 § 14, 1 nognporpam-
my-pyHkumo POK(x).

Anroputm
uen; x;
{ Sanpocurte x;
= GOK(x);
Coobwunte x;
}
Anroputm ®OK (uen: x): uen

{Ecmm x =110 { ®OK :=1; }
uuaye { ®OK := ®OK (x - 1)*x / HOL (POK (x- 1), x) }

a) 41o coobuwmT KOMALIOTEP, UCROAHNBLUKIA ITOT anroputTMm ans yucen 1, 4, 8?

6) HanuwmnTte HepexypcuBHLIA anropuTM, BLIYMCNAOWNA AN HATYPaRbHOrO YUCha x
TOT Xe pesynTar.
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@ CocTaBsTe PEeKypPCUBHLIR afifoOPUTM, NOLACHNTHLIBAIOWMI AMS 3aNpalmeaemoro Haty-
panbHOrO Yucsia 7 CYMMY KBampaToB ero undp.

@ Moguduumpyiite anroputm, pellalownin 3aaa4dy O XxaHolcko BalHe, Tak, 4Tobbl OH
coobiwan nocnenoBaTenbHOCTE HOMEPOB NEPEHOCUMMBIX AUCKOB C yKasaHuem, C Ka-
KOO CTEPXHSI Ha Kakol Haao OCYLEeCTBAATL NEepeHoC.

@"" CocTaBbTe afiropuTM, BLIMOMHUB KOTOPLIA KOMMABLIOTEP 3anpoCUT HaTypansHoe 4ncno
n v coobWMT BCe NEpecTaHoOBKM, KOTOPLIE MOXHO COCTaBuTb U3 wucen 1, 2, ..., n.

@"" [ee xaHoiickne Galunn. MmeeTcs Tpu CTepXHs. Ha iBa N3 HUX HaHW3aHbi ANCKW Tak,
YTO MEHbLUWIA BUCK NeXUT Ha GosblieM; TPeTuid cTepxeHb cBoBogeH. Bce anckw
UMEIOT pa3sHbiit anameTp. CocTaBbTe anropuTM, No3sonsiowmii cobpaTe BCe AUCKK
Ha OOHOM CTepxHe ¢ coBaloaAeHneM MpaBun 3a4auv O XaHoNCKol BaiuHe.

OT nepemMeHHO K MAcCUBy

Ilepemennas — aTo mpocTeiimasi, HOrXA TOBOPSAT aToMapHad,
CTPYKTYpa AaHHBIX. Paboras ¢ 3JMeKTPOHHOII Tabjauneii, Bhl He pas
ybexaannch, HaCKOJIbKO ObIBaeT yZOOHO, 4TOOGBI mMHGoOpMAanus ObLIa
npejacTaBjieHa B TabauuHoil dopme. Brl 3maere m3 Kypca mHbpOpMaTH-
KU, naydasnierocd B 8 m 9 xjaccax, 4To KayKAad AdYeHKa TaOauifhi —
970 paKTUUYECKH OTAENbHAA MepeMeHHAs. B J000M S3LIKE MPOrpPaMMU-
POBaHUSA MPEAYCMOTPEHA BO3MOMKHOCTH TaOJHMUYHOro ommcanmsa obpaba-
ThHIBAEMOH HHMOPMAIINU, IIPH 3TOM KJAETKH TabOJHMILI IPEeJCTABJEHEI IIe-
pPeMeHHBLIMH OAHOro THma. Takuwe TaGbAMIBLI HA3LIBAIOTCS MAaCCHBaAMH.
Homep cTpoku m HOMep cTosibila B Tabiawile Ha3bIBAIOT HHAEKCAMH
TOTO BJIEMEHTA, KOTODPLIM CTOMT B KJeTKe HA IepeceyeHNN JAaHHOH CTpo-
KN M JaHHOTO cTOoJIOLA.

OObruHO TA0OAMIIA MMEET HEeCKOJNLKO CTPOK UM HECKOJNBKO CTOJIOIOB.
Maccusei, COOTBETCTBYIOIUE TAKUM TAGAMIIAM, HA3BLIBAIOT ABYMEPHBIMI.

Ecau maccuB mpeacraBiaseT TabJIMLy, COCTOAIIYIO M3 OZHOI CTPO-
KM WM OFHOTO CTOJOIA, TO TAKOM MacCUB HA3BIBAIOT OAHOMEPHBIM WJIH,
Ho-ApyromMy, JHHeHHBIM. B ero omnucanmm GyzeT HCHOJNBL30BATHLCA TONbL-
KO OAHO MHOIKECTBO MHIEKCOB.

Bnpouem, MaccuBBI MOryT OBITh M TPEXMEPHBIMHK, U deThbipexXMep-
HBIMHU, U emle GoJabllieil pasMepHOCTH — BCe 3aBHCHUT OT 3aJaul, KOTO-
PYIO IDPUXOAUTCS PEIIaTh.

Urax, maecuB — 5T0 HaGOp OAHOTHUNHBIX AAHHBIX, CHAOGKEHHBIX
CHUCTEeMOH M3 OJAHOIO UJAH HECKOJBKMX MHAEKCOB, Ka)KABIM M3 KOTOPBIX
OPUHHMAaeT IIocjiefoBaTeibHbIE [eJble 3Hauenusd. KoaudyecTBo HMCHOJbL-
3yEeMBIX WHIEKCOB HA3BIBAIOT PasMEpPHOCTHIO MACCHBA, THUI BXOAAINUX
B HEro 3JeMEHTOB — THIIOM JAaHHOTO MACCHBA.

Yro6bt 3a/1aTH MAcCHUB, HAJO YKAa3aTh €ro MMA, THII, TMANA30H M3-
MeHEeHMsI KaKJoro uHAexca. Hampumep, Beuwr: M[1:14, 3:25, 5:70].
dJleMeHT MAacCHUBA TaKKe MMeeT MM: OHO COCTONT W3 MMEHU MACCHBa
¥ 3HAUYEHWH HMHAEKCOB, ONpPeAesIAIonIuX JaHHBIN 3JjieMeHT. loroBopum-
cd 3HAUYEHNA WHACKCOB YKAa3LIBATH IOCJE MMEHH MACCHBa B KPYIVIBIX
cKOOKax uepe3 3aMATYIO.
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HO IMpPeICTaBIATL cebe Kax OTAeih-
HYX HNEepeMeHHYIO, TeM 0oJiee uTO A(l 1) A(l 2) A(]. 3) A(l 4)
K HeMy MOXKHO OOpaTHTBLCS M IPUCBO- ’ ’ ’ ?
UTh TO WJIH HMHOE 3HAYCHHE TOUYHO
TAK e, KaKk ¥ AJas «camocTosaTens- |A(2,1)]A(2,2)[AQ2,3)]|AQ2,4)
HOIi» mMepeMeHHOI.

pacmoJiaraioTcs 3JIEMeHTHI B AByMeD-
HOM MaccuBe A[1:3, 1:4].

NudopmaumoHtas AefTenbHOCTL YENIOBEKa
M MCNONb30OBUHME B HEM KOMIBICTEPHLIX TEXHONOIUH

Kaxxanrit anemenT maccuBa ymo6- Tabnnuya 2.5

B Tabaunme 2.5 moKasaHoO, Kak A(3,1) | A3, 2) | A3, 3) | A3, 9)

SRR B R s

SSReana s e

BOI'IPOCbI “nu 3AAAHVISI

o

(2]
3]

(4]
(5]

Y70 Takoe maccu? YTO Ha3bIBAIOT TUMOM Maccuea? Y10 Takoe pa3sMepHOCTb Mac-
cuea?

Kak cBfizaHbi uMeHa 3NeMEHTOB MaccmBa C MMEHEM CaMoro maccuea?

Kakue 3Ha4enun nepemeHHblXx A U B COOBWMT KOMMBLIOTEDP, BLINONHUB CREdyioWwnil
anropuTM AN AByMepHoro Maccusa M, usobpaxeHHoro tabnuuamu a—a?

Anropuitm
uwen: A, B, I, J, M[1:5, 1:4];

{ 3anpocurts M[1:5, 1:4};

B := 0;
Benatb or / (=1 805
{ Denatb OoT J := 1 po 4
{Ecnm M(I,J)=1T10{ A=A+ 1; }
Ecom M(I, J)=~-110{ B := B+ 1; }
} (* KoHey yuraa *)
} (* xwoney yurxaa *)
Ecan (A > B) 10

{ B:=A+B; }
Ecau (A < B)T0{ B:= A+ B; }
Coobwuntb A;
Coob6uumTbh B;
}
Drol1lo0 O ATo 2 B1lo]1]z
0 -1]1 11 3|-1]-1]-1
2 [-1l21]1 1|1 1 [-1 -1
-1|0|-1] 2 2011 o121
ol1]1]1 -1]lo]3 |1 -1lo]1]2

Tpebyetca 3anonHnts maccuB Afl1:6, 1:6] n3 uensix Yucen no npasuny a(k, n) =
= k™ — n*. N306pasute cxemMy anropuTma, MO3BONAIOEro 3anoNHNTL MAcCuB HyX-
HbiM 06pa3om.

HaH TpexmepHbit yncnosoit maccus A[1: 10, 1:10, 1:10].
a) CocraBbTe anropuTM NOMCKA MaKCUManbHOro afeMeHTa B 9TOM maccuse.



6) CocTasbTe anroputM, cOO6LAIOWNIA NHAEKCHI BCEX HAMMEHBLIUMX 3NEMEHTOB OaH-
HOro Maccuea.

0 Jan TpexmepHit maccue M[1:100, 1:20, 1:75] BeleCTBEHHOro TUNA.
a) CoctasbTe anropuTM BLIMUCAEHUS CYMMbl BCEX NONOXWUTE/bHBLIX 3NEMEHTOB
maccusa.
6) CocTaBbTe anroput™, NO3BOASIOWNA BbIACHUTL, KAKMNX 3/IEMEHTOB — MOIOXUTENb-
HbIX UM OTpUUaTeNbHbIX — B Maccuee 60nbille M HA CKOMBKO.

Q Aaubr 100 To4ek Ha naockocTu. Byaem cuutatbh, YTO OHW 3aHYMEPOBAaHbI YucCnammu
oT 1 go 100, a ux koopavHaTE pasMelleHsbl B AByMEPHOM Maccvee M(1:2, 1:100],
rae M(1, j) — abcumcca j-it Toukm, a M(2, j) — opamHarta 1ol xe Toukn. CocTasb-
Te anropuTM, NOCNEe UCNORHEHUs koToporo ByayT coobuweHb HoMepa Touek, Hanbo-
nee yaaneHHbiX Apyr oT Aapyra.

0 MpamMoyronbHasa Tabnvua sanonHeHa uucnamm -1, 0 u 1.

a) TpebyeTcs M3MEHUTb Ha NPOTUBOMNONOXHOE TO HEHYNEBOE YMCNO, KOTOPOoe Haxo-
AuTCA B KneTke, Hanbonee ynaneHHoA OT NeBol BepxHeit Yrnoson Knetkyu tabnuust.
CocraBbTe COOTBETCTBYIOLIMIA anropuTm. (PaccTosiHMe Mexay Knetkamm — 3T0 pac-
CTOSIHUE MEXAY UEHTPaMu 3TUX KAETOK.)

6) TpebyeTcs U3MeHUTL Ha NPOTUBONONOXHLIE YMCNA B TEX Napax HEeHYNeBLIX Yucen,
AA5 KOTOPbIX PacCTOsIHUE MEXAY KeTKamu, B KOTOPbIX CTOMT aTta napa, HavmGoAb-
wee. CoctaBbTeé COOTBETCTRYIOLMIA anropuTMm.

Q [an onHOMepHLIN MaccmBs, 3amnofHEHHbIR UenbiMu Yncnamu. TpebyeTca NoOCTPOUTL
MacCuB, COAEPXALLUNA TONLKO YEeTHLIE HUCAA U3 UCXOAHOIo Maccusa, unu cooBLUNTE,
4YTO BCE u4MCNA B UCXOBHOM MacCuBe HeuyeTHbt. CoCTaBbTe anropuTM, peLiaiowuin
TaKylo 3agauy.

@ MpencTaBbTe, 4TO OAHOMEPHLI MACCUB «CK€eH» B KOfbLO, T. €. Nnocne fnocnenHe-
ro anemeHta cHoBa mAaeT nepseii. TpebyeTcsi B TaKOM «KONbLEBOM» MAaCCUBe
KaXabih SNEeMEHT 3aMeHuTb NOoNYCYMMOW ero aByx cocegeit. CocTaBbTe anropvtm,
pewaiownii 3Ty 3apaudy.

E@(ﬂ 'PelueHue ypaBHeHM i METOAOM NONOBMHHOIO HeNeHus

PaccmoTpuM OZMH M3 MeETOAOB NPUOIMIKEHHOTO penIieHud
ypaBHeHH#l. B Kypce MaTeMaTHK¥u BBl H3YyYaeTe PA3iMYHBIE THUIILI ypaB-
HeHmil. g HeKOTODEIX HMMeIOTCA (POPMYJibI, IO KOTOPHIM MOXXHO BBI-
4YUCAATH 3HaUeHUs KOpHeii. OfHAKO B peaJbHBIX 3afladyax ropasfo ua-
fle BCTpeuYaioTCa ypaBHEHHUS, [JIs KOTODPBLIX TAaKMX (GopMyJa yxKasaThb
Henb3A. BoT ogHa M3 TaKUX 3agady.

Ha nmoBepXHOCTHM BOABI mjaBaeT HMUAMHAPDUUYECKUIE JepeBAHHEBIH
6pycok anuHEI [ 1 paguyca r (puc. 2.8, a). Kaxosa BricoTa ero HaaBoOI-
HOM yacTu?

ITockonbky OpYyCOK IIJIaBaeT, CHJIA THAYKECTH YPaBHOBEIEHA BhITAJI-
Kusatonieit cusoii. Cuya TAXECTH DaBH&, KAK M3BECTHO, MPOM3BEAEHUIO
ob’beMa Ha yAaenbHHH Bec. Ecam 0603HauMThL yAenabHBHIN Bec uepes d
(nna mepeBa mo)xHO npuHATH d =~ 0,8), TOo Bec Opycra GyzerT paBeH
nrild. BhITAIKHBAOIIAS CHJA II0 3aKOHy ApXHMejaa paBHa BeCy BLITEC-
HEHHOH XHAKOCTH. UTOOGR HMOACYMUTATH 00'bEM BBITECHEHHOM KUIAKOCTH,
pPaccMoTpuM PUCYHOK 2.8, 6 m 0003HauNM dYepe3 X Beauuuny yria AOB
B paguaHax. Torja uHTepecylmuil Hac o0beM paBeH PasHOCTH O6GB-
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a) ~ 6)
/ AT ~\B
/k N P
Puc. 2.8

emMa Bcero Opycka W TOH 4YacTH, KOTOpas BBICTyIIaeT HaJ Bojgoi. Jler-
KO coo0OpasuTh, uTo 00beM HAABOAHOM 4YAaCTH paBeH NPOU3BEAEHUIO
ZnuHEI [ Ha naomaab cermMeHTa. Illomanb cerMeHTa, B CBOIO OdYepenb,
PaBHA Pa3HOCTH ILIOIIAAM CEKTOpa ¢ LieHTpaJbHBIM yrjom AOB u mjio-

mangu AAOB. HanomMEHM, 4TO ILIOMIAAB CEKTOpPA paBHA %xrz, a ILjao-

1 .
mranbk TpPpeyroJbHHEKAa Erzsm x. Tem caMbBIM Iaomaak cerMeHTa paBHAa
1 3 P
Er"‘(x — sin x). ITocKoNBKY yAEeNLHBIA BeCc BOALI paBeH 1, mosaydaeMm ypas-
HEHHe JJIA ONpeleIeHUS X:

nrll — %Irz(x — sinx) = nr2ld.
IIpeobpasyem ero:
x —sinx — 2r(1 — d) = 0.
Ecim MEI pemimMm 3TO ypaBHeHHe, TO 0e3 Tpyzaa HauaeMm riayOMHY
X
2"

OnEako HUKaxKoi GopMyJbl, BeIpakaronieil x depes T u d, He Cy-
miecTByeT. BOZHMKAaeT 3ajaua HAYYHUTHCSI HAXOAWUTH IPHOIMIKeHHOEe 3HAa-
YeHHEe X VIS KaXXJAOro 3aJaHHOTO 3HaueHHda d.

IIpesxnme Bcero oTMeTuM, 4TO nIpu x = 0 jJeBas 4acTh AAHHOTO ypaB-
HEeHHsd OTPHIATENbHA, a IPpH X = T IOJOXXHUTENbHA, IIOCKOIbKY d > 0,5.
IToaTromy ecim MBI mpeacTaBuM cefe rpabumy GQyHKDNH Yy = X — sinx—
—2n(1 — d), To npu uaMeHennu aprymeHra ot 0 mo T ator rpadux me-
PEXOAUT M3 HIKHEH KOOPAMHATHOM MJIOCKOCTH B BepxHIoK. Ciezoma-
TeJbHO, B HEKOTOPOH TOuYKe 3TOT rpatdhux mepeceuer ock abemmecc. Ota
TOYKA M JACT HAM KOpPeHb PaccMaTpPHBAEMOI0 ypaBHEHHA.

JIro6uTesnn MaTeMATHKH MOIYT Jake AOKAas3aTh, YTO yKasaHHaA
GYHKIHUSA BO3paACTAIOINAA, IIO3TOMY DPACCMATPHBAEMOE YpPaBHEHHE MMeeT
POBHO OAMH KOPEHb.

OGcyaumMm Temeph CHTyanuio B ofmem BHUAe, & He TONBKO IPUMEHHU-
TeIbHO K TOM (PYHKIWM, KOTOpas BO3HHKJA B 9TOM 3ajaue.

Ham pama Hexoropasa ¢yHrOus f(x) u orpesok [a;b], mpuueMm Ha
KOHIIAX 9TOr0 OTpPe3Ka (YHKIWA NPUHAMAET 3HAYEHUHA IIPOTHUBOIIOJIOMK-
HbIX 3HakoB (puc. 2.9). Ecnu ¢dyHKIMA HenpephIBHA, T. e. ee rpapux —

norpy»xeHusa 6pycka: r + rcos
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HempepHIBHAS JUHUS, TO rpaduk
byHKIMY TepeceKaeT och abcruce
B HEKOTOpPO#i TOUKe ¢ OoTpe3Ka [a; b].
Wusivu cioBamu, f(c) =0, T.e. ¢
KopeHb ypaBHeHHA f(x) = 0.

It HaxoKJeHuA KOpPHA ypas-
HeHUsA chopmyaupyeM memod no-
NAO6UHHO20 Odenenua 0as npu-
ONLUNEHHO020 peulenHus YPaBHeHUA
f(x) = 0.

PaccMoTpuM cepenHY OTPEesKa
[a; b], T.e. Toury Ha ocu Ox ¢ KO-
opaunatoii (a + b)/2. B arToil Touke
BbIunCiAeM 3Hauenne Gpyuruuu f(x).
Ecam sto sHauenme 0, TO KOpeHb
"HailifjleH; ecaM HET, TO OHO HMMEET
TOT JKe 3HAK, 4YTO ¥ 3HaueHUe Ha
OZHOM U3 KOHIOB oTrpes3xa |a; b].
Torga BoIOHMpaeM HOBBIM OTPE30K TaK, UTOObI ONWH M3 €ro KOHIIOB OBLI
TouKoi (a + b)/2, a pyuriiua f(x) Ha ero KOHIaX CHOBA MMeJIa Pa3HbLIE
3HaK¥W. HOBBIIl OTPE30OK TOMKE COZAEPKHUT KOpeHb ypaBHeHusa f(x) = 0.
OgHakKo »TOT oTpe3oK B 2 pasa Kopoue mpegsiayilero. I camoe riaas-
HOE — C HUM MONCHO nocmynumbs mouno mak xae. OUuATb OOZeIuM OT-
PesOK MOomoJIaM M TeM CaMBIM ellie pa3 YMeHbIINM ero BAaBoe. Takum
o6pasoM Mbl MOKeM HOJYYHTH OTPE30K KaK YrogHO MAaJoil IOJINHBI,
BHYTPH KOTODOI'O COAEP)KUTCA KOpeHb ypaBHeHusa f(x) = 0. Hanpumep,
€CJIn MCXOTHEBIH OoTpe3ok ObLN [3; 4], T.e. uMen gaumHy 1, To uepes fJe-

., 1 1
CATHL IIATOB MBI IOJYUYHUM OTPE30K AJAUHON EIO— = 1024 < 0,001. 9to

03HaYaeT, YTO KOHIILI OTPE3Ka JAI0T HaM HmpuOIAMIKeHHOe 3HAYeHUe KOop-
HA € TOYHOCTBHIO, PABHOM AJIHE OTPEe3Ka: JIEBBHIM KOHEI OTpPe3Ka — IIPH-
OAMiKeHHOEe 3HAYeHWE KOPHA C HEJOCTATKOM, IIPABBIH KOHEIN[ — IIpH-
OnmixeHHOe 3HAUEHMNEe KOPHA ¢ M30LITKOM.

3anuilteM Teneph ajJi'OPUTM peleHuA ypaBHeHusda f(x) = 0 meromoMm
TIOJIOBMHHOTO JeJIeHUs.

Anropntm Pentenne ypaBHeHUA
Bew: qa, b, x, y, 2, ¢;

Ya

<Y

Ol a

Puc. 2.9 Mouck KOpHA METOAOM AeneHus
nononam

{ 3anpocuib a;
3anpocuthb b;
3anpocuTtb e;

Odenarb noka b —a > ¢
{ z:=(a + b)/2;

(* nesuviil Koney npomencymra *)
(* npassiiit KoHney npomesymia *)
(* mounocmbv *)

Ecam f(z) * f(a)> 010 { a :=2z; }

uHaue { b := z;

}
CoobwnThb 2;

(* xoney semeaaenus *)
(* woney yuxaa *)

(* xoney anzopumma *)
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Hazo Toanko cmenaTts ciepymoliee 3amMeudanue. Bmecro f(x) B asro-
pUTMe NOJIKHO OBLITH JIMOO 3al#CaHO COOTBETCTBYIOIiee apudmMernyecKoe
BHIpasKeHUe, Jub0 OpPraHM30BaH BBHI30B BCIIOMOraTEJbLHOTO AJITOPHTMA,
BBIYMCAAIOMETO Tpebyemoe sHaueHWe (PyHKINHU. B Hallem ciydae peusb
uaeT EMeHHO 00 apudMeTHUecKoM BhIpaskeHMH x — sinx — 2n(1 — d).

BOMPOCHI U 3AAAHUS

@ B Yem cocTouT METOA MOAOBMHHOMO AENIEHUS MPU HaXOXGEHUU HYXHOFO 3Ha4YeHus
nepemMeHHon?

@ YpaeHeHue x2 + 3x — 1 = 0 Ha oTpeske [0; 1] uMeeT KOpeHb (ronbiTaiTece OBBLAC-
HUTE nodemy). [na ero suiumucneHns Kons coctaBun CnReayiowmini anroputm:

Anropurm
seut: X;
{ X =0
Oenats noka (X° + 3*X - 1 < 0)
{ X=X+ 0.01;
(* xKoney yuxaa *)
Coobwutb "Kopens pasen”, X;
}

a) Onpegenute, C Kakol TOMHOCTBLIO BbIYMCASETCH KOpeHb No KonuHomy anropurmy.
6) Nets, cnucbiBas y Konu 3707 anropmMiM, NO HEBHMMATENLHOCTU MepecTaBun
MecTamu ABe CTPOKU. Tem He mMeHee U no [NeTUHOMY anropyuTMy KOMNLIOTED Halen
KopeHb. Kakue aBe CTPOKM OKasanuch nepecTaBieHHbIMU?

B) 3anuWuTe anropuTM BbLIHUCAEHUS BCEX KOpHelt ypaeHenns x® + 3x —1=10
¢ TouyHocThio 0,01.

¢1ikl Uamepenmne xonmuecrsa undpopmaunu

Hassanue maparpadga, BO3MOKHO, BEI3OBET Y Bac HeJjoyMeHHe —
Bedb B §4 y:Ke TOBOPHMJIOCH O €IWHWIAX uaMepeHusa HHPOPMAITMOHHO-
ro o6beMa, M BeI, 0€3 COMHEHHS, NMOMHHUTE, UTO TaKoe Our, Gair,
KujiobaiiT U T. II.

Bce s10 BepHo. Ho HYKHO IOHMMATH, YTO BBEACHHUE YKA3AHHBIX
eIUHUN, IIPeCcjefOBaJI0 YMCTO TeXHOJOrndYecKue Ieju, HUKAK He OoTpa-
JKasi CMEICJIOBOE cOoAeprkaHue MHGoOpManuouHoro o6sexkra. K mpumepy,
eCIX Ha AWCK JBAXKIHI 3alMCAHO OAHO W TO e COOOIleHHMe, TO MecTa
Ha HeM 3aHATO B 2 pasa 0OoJjblne, YeM B TOM CJyuae, KOTZa Ha AUCK
coo0IeHre 3allHCAHO OJHOKPATHO. 3HAUNUT, M B OaliTaXx MBI MOJYyUHM
YucJo, B 2 pasa OoJibillee, YeM AJIsI OAHOro coobienus. OQHAKO U3 MO~
BTOPHOTO COOOIEHMsT MBI HUKAKOM HOBOM (0 cMEBICHY) HHbOpMaINH He
HMeeM, TAK YTO KOJAWYecTBO MHPOPMAIMHU OCTAETCA TEM Ke, uTo U Io-
cJjie TOJIYYeHHUs HepBoro coobmienus. W BooOime, ecau B COOOINEHHH
TOBOPHUTCA O TOM, YTO YKe M3BECTHO IIoJyudaTejaio uudopMalinu, TO ec-
TECTBEHHO CYHUTATDH, YTO KOJUUECTBO MHDOPMAIUN Y MOJydaTelid He H3-
MeHuJIoch. Brpouem, ecam cOOGIeHNe HE MOMKET OBITH MOHATO MOJYydYa-
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TeqeM uHboOpManuu (He BA)XXKHO, B CHJIY HEJOCTATKA 3HAHUW Yy HOJy4a-
TeJIl WAYM HUCKaXKeHUit B Xofe nepefaun uudOpMAIIAHA), TO OHO TOXKE He
HeceT AJiA Hero uH(popmanuio.

Yro6Bl pa3obpaThcAa B CBASH MeKAY TeXHUYECKUM IIOZXOJOM K H3-
MEPEeHHIO0 KOJMYecTBa HH(POPMANUYN M CEeMAHTHYECKHM (CMBICJIOBBIM),
paccMOTpHM HUIpPy «¥Yrazaiika». IIpaBmjia mrpsl TaKOBBI.

OguH HrpoK 3aJyMbIBaeT IleJioe YHCJIO M3 3apaHee OIPEeAeJIEHHOTO
ZuamnasoHa, HampuMmep or 1 Ao 16. Bropoii urpokx, 3agaBas TaKue BO-
IpoCchHl, HA KOTOPLIE IEPBLIl MOYKET OTBEYATH TOJIBKO «Ja» WU «HET»,
IOJIKEH BBIACHUTH, KaKoe umcjao ObLIO 3agyMano. K mpmmepy, MOMKHO
cupocurs: «BepHO JM, YTO 3aAyMAHHOE YNHCJO paBHO 7?» uaum «Bojab-
e JIA 3aJyMaHHOe YUuCJ0 37».

ITourpaiite ¢ cocesioM 110 MapTe B 9Ty UrPy M HDONBITAHTECH HOHATD,
KaxKoe HauMeHbIIlee UMCJO BOIPOCOB TapaHTHUPYeT BaM OTrajgbIBaHUE
ypcaa.

Temeps mopaccy:xgaeM. KoHeuHO, UmMCJI0O MOYKHO BBLIACHHTBH, 3ajka-
Bas MOCJIEfOBATEIbLHO BOIpPOCHI: «BepHo s, uTO sagymaHo umcjo 1?»,
«BepHo au, uTO 3agyMaHoO umcao 2?», «BepHO Jau, 4TO 3aAyMaHO UHUC-
ado 3?» u 1. 1. Ha xaxoii-To u3 BOmpocoB oTBeTr Oyzer «xa». Ho He uc-
KJIOUEHO, 4YTO 3TO OyJeT IIeCTHaALATHIA IIO0 CYETYy BOIIPOC.

Kak e rapaHTHpPOBAHHO MOJIYYUTH OTBET 3a MEHbIIIee YMCJIO BO-
npocoB? BecnmoMHUM MeToJ IHMOJIOBHMHHOTO AEJIeHHA, 0 KOTOPOM MBI pac-
craspiBanu B § 17.

Pasgenum mamm uumciaa or 1 go 16 Ha aBe paBHBIe I'Pynsl OT 1
0o 8 u or 9 go 16. Bompocom «BepHo 5y, YTO 3aJAyMaHHOE YHCJIO
oosbmie 8?» MBI 3aCTaBUM HI'DOKa CKas3aTh HaM, B KaKOM M3 3THX
ABYX HWHTEPBAJIOB HAXOAHUTCA 3aJyMaHHOe WM YHCJO. BTODHIM BOIpO-
COM MBI HAWJAEHHLI HAMU HHTEPBAJ pas3jejuM elle pas3 IIomojiaM: ec-
JU OTBeT MIpOKa Ha MEepPBBIH BOIpOC OBIA YTBEPAUTEJILHBIM, TO CIPO-
cum: «BepHOo am, uto 3agymaHuHOoe umciao Gosbure 13?» Temepsr yixe
3aJyMaHHOE YMCJIO HAXOAHUTCA B HHTEPBAJE, COCTOSIIIEM BCEro JHUHIb
n3 yeTwipex uucen. Ciepymomuii, TpeTuil mo cyeTy BOIPOC pa3feuT
STOT WHTEPBAJ ellle pa3 momojiam. M3 ocTaBIIMXCA ABYX YMCeJl Y3HATH
3alyMaHHOe MOYKHO, 3a/IaB BCEero JUIObL OAHMH Bompoc. MTak, ueThipex
BOMPOCOB 3/ieCh OKA3aJi0OCh JOCTATOYHO, UTOOBI ONPEJEeJHUTH 3aJyMaH-
HOE 4YHCJIO.

HeTpysAHo IOHATL, YTO €CJAHM HCXOAHBIM Auamas3oH uncel ObLI OBl
or 1 mo 32, To xBaTHAO OBl MATH BOIPOCOB HJf rapaHTHPOBAHHOTO yra-
ABIBAHUA 3aJyMaHHOro umcjaa. Ecau MCXOAHBIM AuanasoH oT 1 go 64,
TO XBaTWj0 OBl IIecTH BoipocoB. U T. x.

Curyanuio B urpe «¥Yrajzaiixa» MOXHO OOMcaTh Tak. B Hauaje Hr-
pBI HEOIIPEAECJIeHHOCT: B BRIGOpE 3ajyMaHHOro YHCJIa cocTaBiasaia 16 yc-
JIOBHBIX equHuL — Jio6oe uucio m3 16 Morio oxasaThbca 3aJyMaHHBIM.
Ilocne mepBOro BOIIPOCA HEOMPEAEJEHHOCThL YMEHBIIHUJACh BABOE —
3aJyMAHHBIM Telepb MOIJIO OKasaThbca Jio0oe u3 8 umcesn. Ilocise BTO-
POT0 BOIIpOCa HEOIpPeAeJIeHHOCTh YMEHbIIUIACh eIlle BABOe U T. A. WubI-
MU CJIOBAMM, OTBET Ha Ka)KJblil BOIPOC AaBajl HaM MHGOPMAINIO, BIBOE
YMEHBIIAIOUIYI0 HEeOnpeAeJeHHOCTD.
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m Ilosromy B mHDOpPMATHKE AOTOBOPUJIKCH HPHHATH KOJUYECTBO MH-
dopmanuu, yMeHpmaomei BABOe HeONpeaeJeHHOCTh HCXONHOMH
CHTYaIluH, PABHBIM OXHOMY OHTY.

Temeps ACHO, YTO KOJMYECTBO HMHGpOpMAINY, YMEHBIIAIOIEH He-
OIIpeJieJIieHHOCTh B 4 pasa, paBHO ABYM OuMTaM, yMeHbIIAwoIeiH B 8 paz —
TpeM 6MTaM # T. . BoobGiie, eCIU TOJNyUeHHas nmbopmamm YMeHb-
IIaeT HeOIpeXeJeHHOCTh B 2° pa3, To KoiMYecTBO »TOil mHDOpPMA-
nuu paBHO k. Bo3MOMKHO, UTO IpPH 3TOM UYMCJIO kB OKasKeTCA He HATY-
PAibHBIM YMCJIOM — BeAb HEONPEJEJeHHOCTh MOKET YMEHbLHINTHLCH,
HanpuMmep, B 3 pasa WX B D pas, T.e. B HEKOTOPOe UMCJO pas, He
ABJAOLIEECA CTeleHbIo YHcja 2 ¢ HATypaJdbHBLIM NoKasarejgeM. o-
BOJBHO CKOpPO B Kypce MATeMaTHKM BaM OyjheT ImokKasaHO (a KTO-TO,
MOMeT OBITh, yyKe 3HaeT ceiidyac), UTO AJA JIOG0T0 HMOJNOKHUTEHABHOTO
yypcaa n HaWjeTcA TakKoe 4YHCAo Kk, JJisi KOTOPOTO N = 2%, Yucno k
B 9TOM CJIydyae HA3BIBAIOT JOrapu(@MOM uUmMCJja N IO OCHOBAHHIO 2
u obosuaualoT log,n.

m Ecau moxyuyenHada uH(pOpMaUNA yMEHLIIAeT HEONPEAEJCHHOCTh B

n pas, TO KOJIMYeCTBO 3Toil mHdopmanuu pasHo log,n. Mupimu
CJIOBaMHM, €CJM HeOOXOAMMO BBILAEJHUTH OAUH OOGBHEKT W3 MHOMKECT-
Ba, COAEPIKAINETO 71 PABHOUPABHEIX O00BEKTOB, MBI JOJKHBI PacIo-
JaraTe log,n mHbOpManmum o6 aToM ob6BeKTe.

Ilouemy Ke WM OpPM TEXHHYECKOM MOAXOZe K HU3MEepeHHIO o0'beMa
uHbopManun, M IPU CEMAHTHYECKOM IIOAXO[€ MCIOJLIYIOTCA OJHH U
Te JKe eJUHHILI — OuThi, OaiiTel, KuaobGaiiTei?.. IlonpobGyeM B aTOM
paso0paTtbcA.

Hamomanm, uTO BCIo MHMDOPMAIINIO, HUPKYJUPYIONIYI0 B KOMIBIO-
Tepe M XPaHALIYIOCA B €r0 IaMATH, MOMKHO NPeACTaBIATH cebe 3aKo-
AWDOBAHHOA B ABYXCHMBOJBLHOM ajiaBUTE, HANIPHMED, B BHJIE IIoCJe-
moBateasHocTeii 3 0 u 1. To Ke caMoe MOXKHO cKasaTh u 00 mH}pOp-
Manuu, nepegaBaemMoif mo KamajdaMm cBAsu. Cama cxeMma mnepezauyu
uHdbopManuy eiie pas IpeAcTaBjeHa Ha pucynke 2.10.

ITox mpueMHMKOM HHPOpPMAIIMHM MBI 3J€Ch NMOHHMAaeM YeJOBEKa
HJIX ABTOMATHYECKOE YCTPOMHCTBO, KOTOpPOE HPOCTO (HMKCHUPYeT CUTHA-
JBl, NOCTyHAaMIilie K HeMy I0o KaHajay cBasu. OH nmpu aToM He 00d3aH
BHHUKATP B CMBICJ IepefaBaeMoil MHGPOpPMaIMH M MOXKET IIPOCTO He
3HATH KOJ, KOTOPHIM 3aKOAMPOBAHO HCXOAHOE coobmierne. Tem camMbim
nepes HmOJyYeHNeM OUepeqHOrO CHIHaJja IpHeMHHK HHbopManuu Haxo-
HUTCHA B COCTOSHNY HEONpPeAeJeHHOCTH — IIPHUAET CUTHAJ, COOTBETCTBY-
romui cumBony (0, MM CUTHAJ, COOTBETCTBYHOIIUi cumBoay 1. Korza

CoobLerue
Mepeparynk »i [pyieMHUK

Puc. 2.10
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CUTHAJI TIPUXOAWNT, HEONpPeAeJIeHHOCTh yYMEHBIIAETCs BABOE (MAM HOJI-
HOCTBIO MCUYE3aeT), T. €. HPUEMHHUK NH(POPMAIIUN TOJIYYaeT, KaK MBI BbI-
e Joropopuiauch, 1 6ut. Temeps yKe sCHO, UTO, IIOJIYUUB IIOCJIEHOBAa-
TeJbHOCTL W3 71 CHMBOJIOB ABOMUYHOTO ajdaButa, OpueMHUK mHOpOpMa-
nuu noayuyus n 6ur. BorT MBI M NOJy4YuaAM TOT K€ BBIBOJI, KOTODBIH
paHee TpeAJarajcsd BaM B KaueCcTBE OIpeAesieHUsI KoymdecTBa mHOOD-
MaOyM TPH YHCTO TEeXHUYECKOM IIOAXOZE.

A MOXHO i, Ha000POT, UCXOAA M3 KOAUPOBAHUS, IPUNATH K CMBIC-
JIOBOMY TOHMMAHUWIO KojimdecTBa MH(popMmanuu? YrToOGbl OTBETHUTH HA
39TOT BOIPOC, MPOBeAeM cJaeAyIomNil sKcrepuMeRT. PaccMoTpuMm umciia
or 0 fo 2 — 1. YTO6HI 9KCIEPHMEHT OBLI He CJIMIIKOM yTOMHTEJIbHBIM,
orparnuumca uuciaamu or 0 go 15 (15 = 2* — 1). IycTs 3agymMano ka-
KOe-HMOYAL 4YHCIO M3 JTOr0 HHTepBaja (K npumepy, uucao 5). A rte-
Iepb, 3ajaBad BOIIPOCHI ONTHMAJBHHBIM O00pPa30M, MOUBLITAEMCS YyraiaTh
370 uymcao. JoroBopummess TONBKO, YTO BCe BOIPOCHI OyAyT MMeTh (op-
My «BepHo sm, 4TO 3aAyMaHHoOe UHMCIO Oosbiie ...?7». Ilpu srom, mosay-
YUB OTBET «Aa», GymeM mmcats 1, a IIONyYHMB OTBET «HeT», mnucarb 0.
Bot 3Tt BOmpocHI M OTBeTHI IJIsl HAIIEro 4ucja:

1. Bepuo 11, 4TO 3afyManHoe 4ucio Gojbire 77 Her 0

2. BepHo au, 4TO 3agyMaHHOe 4yMcjo Ooabre 37 Ha 01

3. BepHo JH, UTO 3aAyMaHHOE YHCJO GonapIite 57 Hert 010

4. BepHo iu, 4TO 3aZyMaHHOE YNCJO GojbIiie 47 Ha 0101

IToce aTmx uyerwipex BONPOCOB UHMCJO yragzano — 5. Ho camoe
TJIaBHOEe — B IIPABOM CTO0JIOIle B TOT MOMEHT, KOTZa YHCJIO yragasHo,
NOSABJAETCA €ro 3allch B ABOMYHON cucTeMe cuucienmusa! WusiMu ciio-
BaMH, HOCJEAOBATEABHOCTH OTBETOB HA BOIPOCHI — 3TO ABOMYHOE KO-

AupoBanue uudbopmamuu. Camu Ke BOIpPOCH (TOYHee, METOA HX TreHe-
pHpOBaHHUs; B HAIIEM CJAy4Yae — OTrOBOpeHHAasA 3apaHee (opMa BOIIpoCa)
OIpefeaAoT cIocod KomumpoBaHus. BepHO M TO, YTO, eCam CHocobd KO-
IUPOBAHUA 33J]aH, CJACAVIOMHI BOIIPOC MOJKHO 3aJaBAaTh HE3aBHCHUMO OT
OTBeTa Ha mpeaplaymiuii. K mpumepy, B gaHHON HWrpe MOKHO cdhopmy-
JVPOBATh BOOPOCHI TaK:
1. BepHo s, 4TO B JBOMYHOM 3aNMCH 33AYMAHHOTO YHCJA IIepBasd
mudppa 1?
2. BepHO i1, 4TO B ABOWYHON 3amnCH 33JyMaHHOI'0 4YHCJa BTOpas
nudppa 1?
3. BepHo su, 4UTO B ABOMYHON 3aIMCH 3aJyMAHHOI'0 YUCJA TPETHA
nudpa 1?
4. BepHO Jiyi, 4YTO B ABOMYHOH 3amucu 3aZYMaHHOIO YUCJA YEeTBED-
Tasg uudppa 17

daKTUUEeCKM MMEHHO dTH BOIPOCHI M 3aAaBajiiCh B Urpe, HO, HO-
CKOJIBKY O ABOMYHOM KOZHPOBAHUU JOTOBOPEHHOCTH He OBLIO, IpH-
HLIOCh B HESIBHOM BHJE 3TO KOJHUPOBaHNE IPOBOLUTH.

B «Vragaiiky» MOXHO UTpaTh He TOJABKO ¢ umciaaMu. MoxHO pac-
mu(ppPOBEIBATh HA3BAHUA 3arafaHHBIX JKUBOTHBEIX WIM aMUINM 3HA-
MeHHUTHIX mucarteneii. I BooOIe, 3agaBad BOIPOCHI, Ha KOTOPLIE Ha-
I0TCA JIUINIL OTBETHI «Ja» M «HET», MOXXHO y3HATH JI0OLle CBeZeHUA,
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T. €. CMbLC080¢ codepicanue ungopmayuu. Ecau ipu 9ToM Ha KajKgoe
«ga» MBI Oyzem mucath 1, a Ha Kaxjgoe «Her» — (0, TO MBI HOJYUHUM
IEBOUYHBIN KOJ «X00GBIBaeMOM» HHGMODMAIIUH.

Tor ¢hakT, UTO C IOMOIIHIO BOIPOCOB, AOIYCKAIOUINX JHINL OTBE-
THI «Ja» WU «HET», MOXKHO IOJYYUTH JIOOYI0 WHTEPECYIOHmIYyI0 Hac HH-
dopMauio, JIOLU SHAJTH, IO-BUIUMOMY, OUeHbL AAaBHO. OZHAKO TOJBKO
B cepenune 20-ro croseTHA OBLIO OCO3HAHO, UTO TaKoil cmocol mosyue-
HUA uHOOPMAIIMY SKBUBAJICHTEH IBOMYHOMY KOAVUPOBAHUIO M MOJKET
OLITH MCIIOJNIB30OBAH IJIf BBIYMCJICHHSA KOJHUYECTBa MHPODMAIIMH.

ITocnenoBaTenbHOCT, BOIMPOCOB 3aJaeT KOAMPOBAHUE, M €CJIM OHA
duxcuposanma, TO IO ABOMYHOMY KOAY MOKHO OJHO3HAYUHO BOCCTAHO-
BHUTb BCE OTBETHI. 3aMeTHM, UTO, 3aJaBasd JHIIbL KOHEYHOE YMCIO BOII-
pOCOB, MBI CIOCOOHBI BBIABUTH He BCIO HH(MpopManmuio o6 o0beKTe, a
TONBKO KaKyIO-TO €e 4acTh. K mpuMepy, Urpad B «¥Yragaiky», Mbl IIbI-
TaJNCh OIPEAeJNTh 3ayMaHHOE JKUBOTHOE U YiKe Y3HAJH, UTO 3TO KHUT.
Jasee MBI MOXXE€M BBICHATH, K KAKOMY BHAY NPUHAAJEKHUT STOT KHUT,
KaKOB €ro BO3pacT M T.X. Kamaniii 00 beKT ONUNCHIBAETCHA 0ECKOHEUHBIM
YHCJIOM CBOMCTB, MBI JK€ BCErja OrpamudmBaeMci KOHEUYHBIM HabopoMm
TeX W3 HHUX, KOTOPHIE HaM NPEeJCTaBISAIOTCA CYIIeCTBeHHBIMHU. MHbBIMU
CJIOBaMH, MIPOIECC KOJHUPOBAHUSA, COIPOBOKIAIONINH MOJMydeHMue nHGMOP-
MAaIlMHM, MBI BCerja o6peiBaeM HA KOHEYHOM IIare, YAOBJETBOPSAACH IIOK-
XONAIIUM IJA HAC NPUOHMIKeHNEeM.

3nech ymMecTHA TaKad aHAJOrus. BaM XOpOIIO HM3BECTHO, YTO KarK-
[0 UPPaliOHAJBHOE YMCJIO 3aMlNChIBAETCS, T.€. KOOUPYETCHA, B ZECATH-
cuMBOJAbHOM ajidhaBuTe OecKOHeUHOI HemepmomuueckKo# apobbio. Heso-
BEK He MOJKET BOCHPMHHMATL M obOpabarniBarh Takme gpodu. IlosTomy
OH B CBOe#l NPaKTHYECKOH JeATEJILHOCTH OTPAHHUYUBAETCSH IIOAXOHAIIN-
MU OpuGIMXeHUIMH, OoOphLIBasg 9Ty 3alNCh HA TOM WAV HHOM paspaje.
MoskHO cKasaTh, YTO Takue NPHUOJMIKEHNSA MOZEJHUDPYIOT JaHHOE Mppa-
IMOHAJBHOE YmMcjo. Vcnonb3oBanue NpUOJIMKe N OCHOBAaHO Ha YBEpPeH-
HocTH (M MaTeMaTHMYeCKHU AOKas3saHHOM (aKTe), UTO TaKas 3aMeHa 4YHC-
JNa ero NpubGJMIKEHMEM HE NIPHBEAET K CYLIeCTBEHHBLIM HCKAKCHUAM,

B Teopum mEDOpMAIiMU AOKAa3aHA aHAJIOTMYHAdA TeopeMa o6 yHH-
BEPCAJBHOCTH ZBOMYHOrO KOZWPOBAHMUA:

ecezda cyuecmeyem 0OsouuHoe KOOUPOBAHUE, KAK Y200HO NOAHO
=) ompaxcawuwee ungopmayuo o6 obserxme.

IlepBRIM HOHATHE KOJAMWYECTBa WHGOpPMALMM BBEJ aMEPUKAHCKUN
yuensiii Knog Ilennon. 3anumasics npobiemoil nepefaun nabopMannm
0 KaHajJaM CBA3Y, OH 3aJOMKHJ OCHOBBI Teopum uHbOpManmuu, KOTO-
pad Teneph ABJIAETCS OJHHM M3 KpPaeyroJbHBIX KaMHell MH(MDOPMATHUKH.
IIpaBga, moAxo4 K M3MEPEHUIO KOoJuyecTBa wH(pOPManWH B COOOIeHUU
y Hero GbIM WMHOM, HEKeJH TOT, KOTOPLIH MBI M3JIOXKUJIN B 9TOM IIapar-
pade. O ero Bo33peHHAX HaA IIPO0JIEMYy H3MepeHHA KojuuecTBa MHOOD-
MaOuM MBI paccKkakeM B riase 3. Tam ke Oyzer mpuBefeHa 6ojee 06-
maa dopmysia Ay KOJAWMYECTBa HHGOPMAIUH.

Kax BuAaHO ®M3 HaIlero o0Cy:KAEeHWs, BO BCeX PACCMOTPEHHBIX HaMU
crocobax ompefereHMA KOJHYECTBa MH(pOpMAIUM BaXHYIO DOJb UTpa-



eT croco6 KOAHUpOBAHHMA 3TOH HHGOPMAIHHU.
A Hens3saA JH TAK ONPEAENHTH KOJHUYECTBO HMH-
dopmanmu, 4ToOBl N36€KATH 3TOM 3aBUCHMOCTH
oT Kogupoanua? OkaswiBaercs, MOxxHO. HUzero,
KaK 3TO MOYKHO CHEJaTh, NPENJIOMKHJ BBIAAIO-
muiica MatemaTHk axageMuk A. H. Koamoro-
poB. BoT B ueM cocTOMT ero uies.

IlpeacraBum, uTO Hekoe coobmieHue (TeKc-
TOBOE MJM rpagpuyeckKoe) CO3aHO B COOTBET-
CTBYIOIIEM PeNaKTOpe WM COXPaHEeHO Ha JHCKe.
OHO uMeeT BIOJIHE ONIpeAesIeHHBIN umHpOpMa-
OUOHHEIE 00BeM. IIpumenuM Kakoi-HUOYAB
apxuBaTop. MHEDOpManMOHHEIHA 00BeM coobmie-
HUS YMEHBIIUTCH, IPUAYEM [Jisi PasHBIX apxXu-
BATOPOB DE3yJBTAT BIOJIHE MOJKET OKAa3aThCH
Knopn LLieHHOH pasnuunbeiM. KakoB ke Ha camMoM fese uHGOp-

MaIMOHHEIH 00BeM cooOImeHHA?

3aMerTuM, UYTO NpPHMEHEHHe apXHBATOPA MOKHO pPaCcCMATPHBATH
KaK IpocToe H3MeHeHHe cnocoba xoauposBauusa madopmannu. Ha nep-
BRI B3rIfAJ 3a KOJHUUYECTBO MHAOPMANHH MOKHO B3ATh MUHHMAJb-
HEI#I MHDOPMALMOHHEINK 00BEM, KOTOPBIM MOJYYalOT, HCHOJIB3YySA pas-
Hble crnoco0Onl KogupoBaHusA. Ho Torpa, BO-IepBEIX, MOKHO CYHUTATH,
YT0 BCe Cco00ImeHHe 3aKOAZHPOBAHO KAKHM-HUOYAL OZHHM CHMBOJIOM
(u Torza mEGOPMAIMOHHEIN 00BEM NPOCTO BCerAa paBeH 1), BO-BTO-
pBIX, uTO6GE moJayyaTenbs WHPOpPMAIMM HOHAJ, YTO €My coobIimaioT,
IpUAETCA AOMOJHHTEJNBHO NOCHLIATH pacIIuGdpPOBKY STOro CHMBOJIA.
A Torza MBI TOJBKO yBeJHuYHBaeM MHPOpMAUHMOHHEN o6beM — moO-
CHLJIAEM CHMBOJI M K HeMy ero pacmindpoBKY B BHAE TOro Ke coo06-
IIeHUs.

Paszymeercss, MOYXHO HOCJIATh He pacmIndpoBKY, a ANTOPUTM IeKO-
AUPOBAHUSA MJIH, UTO ellle JIydille, BCTPOUTH AJIN'OPUTM JAeKOAHUPOBAHUSA
B caMo0 coofmieHue (HamozoOMe CAMOPACIAKOBBIBAIOLUIUXCHA APXHBOB).
IToaToMy ecTecTBEHHO IpPH IOACYETe KOJHUYECTBA MH(pOpPMALUE B COO0D-
LIEHUHM YYUTHIBATE UM HMHPOpMALUIO, HEOOXOAUMYIO I8 KOAHUPOBAHUA
H gnexKomupoBaHusa. To, 4YTO MBI He JejlaeM 3TOro IpH APYrUX MOAXOZAX
K M3MePeHHI0O KoJaudecTBa uHbopManuu, o0bACHIAETCS TeM, YTO CIocod
KOAMPOBAHUSA CUUTAETCA MUSBECTHBIM KaK MCTOYHHKY HMHGDOpPMALUHK, TAK
H ero moaydarenio. Torga coobfmeHue 0 cnocofe KOOZHPOBAHHA yiKe He
HeceT MJIA MoJiydaTeas HWHPOpPMAIIMM M Ha KOJHYECTBe IepeAaBaeMoi
uHGOpMAIUH He CKA3LIBAeTCH.

Takunm obpasom, ompegesieHHe KoJsinuecTBa umH(GOpMammuu, mo Kou-
MOT'ODOBY, OTJIHYAETCA OT APYTHX ONpEeAeJIeHHH TeM, YTO YYHUTHIBAET
IIPOIIECChl KOAHUPOBAHUA U AEKOAUPOBAHHA MHGMOPMAIUM,

IIpusepem npumep. Ilycts HaMm Tpebyercs mepeiaTh B COOGIIEeHUH
BCe HaTypanbHBIe umcia oT 262 144 po 823 543. Eciu cocTaBATE €000-
[IeHHe H3 BCEX BTHX YHCeJ, He 3a0bIB NMpoOessl MeXAYy HUMH, TO B Ta-
KoM coobmernun Oymer 3 929 799 cmmBoOMOB, T.e. MHGOPMAIHOHHEIMN
ob6beM coobmeHus cocraBuT Gosee 3837 Kbaiir.
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Ho BMecTO 9TOro MOMXHO B BHUAE COOOIEHHA MepefaTh CASHYIOIHiA
AJNTOPUTM:

Anroputm Ilepecninxa
uen: n;
{ Benartb OT n := 262 144 pno 823 543
{ CoobwmTh n;
(* xoney uyurxaa *)
} (* Koney anzopumma *)

B sanmcu aToro amropmrMa HMCIOJB30BaHO MeHbIne 100 cuMBOJIOB,
T.e. ero mHGOpPMALMOHHEIH 00HeM MeHbine 100 Gaiit. Tem He Memee
uHpOpManuA 3TUM coobileHueM OyheT mepeiaHa Ta iKe caMas.

OTMeTHM, YTO 9TO €Ille He caMasi KOPOTKas 3aluch AJTOPHUTMAa;
MOJKHO, HaIpHUMep, HCKJIOYHATL KOMMEHTapuu. TeM He MeHee SCHO,
YTO TEOPETHYECKH CYIIECTBYET CaMO€ KOPOTKOE CaMOZEeKOAUPYIOIIeecsa
cool1ileHNe, cofep:Kaillee NaHHYI0O mHMoOpManuio. Bor ero uadopmaiu-
OHHBIH 00BeM M OepeTcsa 3a KOIMUYECTBO HHMOPMAIMHM B JAHHOM COOG-
HIeHNH.

Ha mpaxTuKe H0JIb30BaThCi OIpefeieHueM KojuuecTBa mubOpMa-
nuy, no KoiMoroposy, BecbMa 3aTPYAHUTEJIBHO, B YACTHOCTH IIOTOMY,
YTO HET CHOCO00B HAXOMKACHNA ONTHMAJBHOIO aJTOPUTM& KOZUPOBAHUSA
gnst Jio0oro Hamepen 3agaHHoOro coobmenusa. IlosToMmy, Kaxk npaBuio,
HCIIOJIB3YIOTCA Apyrue noaxogel. OgHaKo Aas teopun uuboOpMauuH 3TO
onpenesieHle HIpaeT BajXHYIO POJb.

N S ——

BONPOCH!I N 3ARAHUA

0 Kak cBfi3aHO yMeHbLIEHWE HEeONpeaeneHHoOCTH C KOAUYECTBOM MOAy4eHHOW uHOOop-
Mauumn?

Q Kakoe konnyectBo mMHPOpMaLUK Mbi SOMKHBI NOAYYUTb, 4YTOOLI yragate OgHO U3
64 nepsbix HaTypasbHbIX Yucen? ogHo na 128 nepsbix HaTypanbHbIX YMCEN? OgHO U3
100 nepBbix HaTypanbHbix uncen? CkoMbKO BONMPOCOB B urpe «Yragailika» npuaercs
3apath, 4T06bl rapaHTMPOBaHHO NOAYYUTL OTBET B KAXAOM U3 3TWX Tpex cnyy4aes?

9 a) 3apymbiBaeTcs HeyeTHoe 4ucno o1 1 ao 63. Cxonbko BONPOCOB B uUrpe «Yragan-
Ka» APUAETCA 3aAaTb, 4TOObLI rapaHTMPOBAHHO YragaTh 3aQyMaHHoe 4ncno?

6) U3secTHO, 4TO 3aaymaHHOe 41Cio MeHblte 1000 1 ABASETCA KBaApPaTOM HEKOTOPO-
ro uenoro uucna. Ckonbko BONPOCOB B urpe «Yragaitka» npuaetcsa 3agatb, 4ToOb
rapaHTMPOBaHHO yrafaTth 3agymaHHoe 4icno? Ckosibko OuT uHdopMauuy Bol NOAY-
YUAKU DONONHWUTENBHO, pacnonaras CBeASHUAMU, YTO 3a4YyMAHHOE YUCNO ABASETCH He
NPOCTO UEMbLIM HEOTPULATE/NbLHLIM HUCNOM, a KBAAPaTOM HEKOTOPOro uenoro usucna?

0 Ob6bsicHute, noyeMy B urpe «Yragaiika» ¢ nepeBbiMn 16 HaTypanbHLIMKU YUCaMu
Henb3a rapaHTUpoOBaTh yragbiBaHue sucna 3a 3 sonpoca.

6“ Asa urpoka vrpaiot B «Yraganiky» (ONs XMMWUKOB): OAUH 3aranbLiBaeT Ha3BaHue xu-
MWHECKOro afiemeHTa, a APYron, 3anasas BONPOCH O €ro CBOWCTBAax, [AOMXEH onpe-
AennTb 3arafaHHbii anemMeHT. Kakoe HaumeHbllee 4Yucno Bonpocos TpebyeTtca
330aTb, 4TOOL! TApPaHTUPOBAHHO YragaTb 3NEMEHT?
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0 a) 3ametum, 4To 262144 = 28, 5 823543 = 77, Ucnonb3ys 9Ty MHGOPMALMIO, CO-
cTaBbTe ewe 6onee KOPOTKUIA, HEXENU B OOBLACHUTENLHOM TEKCTe, anropuTM, ro3Bo-
NAOWUA nepenats cooduleHne, CocTonAee U3 BCEX YMCEn B AuanasoHe ot 262 144
no 823 543.

6)* Mpwx BHINOAHEHUW 3a4aHWA & BaM Y4ANOCh COKPaTuUTb MHGOPMAaUMOHHLIN 06BEM
nepenasaeMoro coobueHun 3a C4eT UCNOoNL30BaHUA AONORHUTENLHOR MHbOPMaunn
0 copepxaHun coobieHus. O6aymaiite 910 HabnogeHWe 1 NONbITalTeCs NPUBECTU
npyrne nopobHbie npuMepbl. Kakne BoiIBOAbI MOXHO CAENATb U3 3TOrc HabnoaeHna?

WTOTM rNABbI | 2

IToemopum Kpamko mo OCHOBHOe, WMo 8b. Y3HAAU, U3Yuue zaasy 2.

®PaxTorpadhrnuecKNMy Ha3bIBAIOT MOZEJH, B KOTODPHIX HHbpoOpMamusa
0 HEKOH COBOKYIHOCTH O0OBEKTOB XpPaHUTCA B BHUJAE 3amucei, comocras-
JAAIOIIUX KaKIOMYy OOBEKTY ero cBoiicTBa (IIpusHaKH, aTpubyTsl). Dak-
TorpaduyecKe MoAeN OOBIYHO PeausyIoTCsa B BuAe 0a3 KaHHBIX. i
paboThl ¢ 6a30ii ZAaHHBIX HMCIOJL3YeTCHA IIporpaMMHad 000J0YKa — CH-
cTeMa yupapieHHudA 6as30i gaHHBIX (coxpamenno CYBI). IlonnsoBaTemnio
6a30#1 JaHHBIX HEPEJKO MIPEAOCTABISAETCS OPAHUYEHHEIH JOCTYI K (PYHK-
nuaM, peaausdyemMbiM CYBJI, a uMeHHO: O0BIUHO paspelniaeTcs OCYIieCTB-
JATH JWIIL TIOMCK B 0asde AAHHBIX 0e3 IIpaBa pasMelleHHUA B Hell cobceT-
BeHHOM uHOpOpPMaAIUM H HU3MEHEHUs yiKe mMeoineiicsa. Basa JaHHBIX
¢ TAKVME OTpPAHWYEHHBLIMM BO3MOKHOCTAMU HAa3BLIBAETCSA HUHGOPMAIU-
onHo-nmouckoBoii cucremoit (UIIC). Ilo cmocoby opranmsamuu cBszeid
MeXAY aTpubyTaMu pasaudaioT TPpH BHZA 0as JaHHBIX: MepapXnyecKue,
PeNALMOHHBIE M CETEBHIE.

Mogenso AeATENBHOCTH UYeJOBeKa HJAM palboThl aBTOMATUYECKO-
O yCTPOMCTBa HEPEJKO BLICTYHaeT ajJropuTMm. Ilpm paspaboTrke auaro-
PHUTMOB /ISl DEIIeHMUs CJIOKHBIX 38784 II0JE€3HO KCIOJIb30BATH BCIIO-
MOTaTeJbHBIE aJroputTMbl. Takoll aJropuTM KMMeeT 3aroJIOBOK, B KO-
TOPOM YKa3bIBAETCA NMA BCIIOMOTATEJBHOI'O AJIrOPUTMA, a TaKiKe CIu-
COK HMeH IepeMeHHEBIX, CAYKaliux AJA Oepejauu uHpopMaLuu,
noxyeskaieii oopaboTKe BCIOMOTaTeILHBIM AaJTOPHTMOM, W peadyJbTa-
TOB ero paboTel. OTH NepeMeHHbIe HA3LIBAIOTCS (DOPMAJBHEIME IIapa-
merpamu. [nsa obpalileH¥s K BCIIOMOraTeIbHOMY aJITOPUTMY HCIIOJIL3yeT-
caA omepatop Bei3zBarb, B KOTOPOM YKas3bIBaIOTCA 3HAUEHHS IEePEMEHHBIX,
nepesaBaeMble BO BCHOMOTATENbHBIN aJIropuTM. BeIooMorarejabHBIe aji-
TOPUTMEI, 3allMCaHHBIE HA #A3LIKE IPOrPaMMHPOBAaHUA, HA3BIBAIOTCA
NOAIpOrpaMMaMu.

BenomorarenbHble aJITOPUTMBL YaCTO BOSHUKAIOT, KOrAa AJA pelie-
HUA 3a7a4¥ NPUMEHSETCS MEeTOJ HOIHaroBoi meranusanuu. OH COCTOHT
B TOM, UTO MCXOXHAS 3ajada pasGuBaeTcs Ha HECKOJLKO 3ajay, pellie-
HUEe KOTOPBIX JAU0O YyKe HM3BECTHO, JU0O0 HIPEeACTABIAAETCH, UTO PEIIUThH
ux Oyzger Jerde, ueM HCXOAHYIO 3aJa4y.

ITocnepoBaTeIbHOCTDL UHCEJ Ha3biBaeTCd 3aJ4aHHON PEeKYPPEeHTHO,
eciyu, HAUMHAA C HEKOTOPOTO HOMEpAa, KajKAblil ee WeH OIpeAe/ieH Kak
gHaveHne QYHKINM OT IPEUICCTBYIOMUX UJICHOB.
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PexypcUBHBIM HasbIBaeTcsA AJITOPHUTM, KOTODHIA oOpaiiiaeTcsa cam
K cefe KaK K BCIOMOIaTeJbHOMY aJropuTMy (HEIOCPeACTBEHHO WU
yepes ApYrue BCIOMOTraTeJLHBIE aJrOpPHUTMBI).

s o6paGoTKm GOJBIIOTO YHCHAa HBAHHBIX OMHAKOBOH NPHUPOJBI
WCOOJb3YIOTCA MaccuBbl. MaccuB — 3TO HaGOD OJHOTHMIHEIX II€PEMEH-
HBIX, CHAO)KeHHBIX CHCTEMOH M3 OAHOr0 MUJAH HECKOJLKHX HHAEKCOB,
KayKIBIM M3 KOTOPHIX NIPHHMMAET MOCJeA0oBaTeJbHbIe Iiebie 3HAYCHUd.
KosnuecTBO HCIOJL3YyEeMBIX MHAEKCOB HAa3bIBAIOT PA3MEDHOCTBI) MacCu-
Ba, THII BXOAAINUX B HErO 9JIEMEHTOB — THIIOM JaHHOTO MaccHBa. UTO-
OBl 3aJaTh MACCHB, HaJ0 yKasaTb ero MMs, THIl, AUANA30H U3MEHEHUd
KaMJIoro MHAeKCca. DJeMEeHT MAaCCHBa TaK)Ke MMeeT MM, COCTOAIIee u3
MMEHM MACCHBA ¥ 3HAYEeHHI HMHAEKCOB, OIPeAENAOIIUX JaHHBLIA 3Jjie-
menT. Kaxapiif 9jieMeHT MacCHUBa HpeAcTaBifer co00i# OTAENLHYIO IIe-
PEMEHHYIO: K HEMY MOKHO OOpaTUThCA M IIPHCBOUTH SHAYEHUE TOUHO
TaK e, KaK U JJifi «CaMOCTOATEJBLHOH» IepeMeHHOI.

Oguum u3 3pPEeKTUBHBIX METOZOB pPEIUeHNS YpPaBHEHWUH ABIAeTCSA
TaK Ha3pIBaeMBI¥ MeToJ AejieHMs nomosaMm. Ecaum dyHKIMA f(x) He-
npepsiBHA (T. e. ee rpaduKoOM SABAAETCA HeIpPEPLHIBHAA JUHUA) U Ha
KOHIlaX HEKOTOPOTrO OTPe3Ka IMPUHUMAaeT 3HAaYeHWUA PASHBIX 3HAKOB, TO,
BO-TIEPBEIX, Ha 9TOM OTpesKe 00A3aTesibHO €CTh KODEHL ypaBHEHUA
f(x) = 0 u, BO-BTOPBIX, METOAOM [EJIEHHUA HOIIOJAM MOYKHO BBIUHCIUTH
KOpeHb 9TOTO ypaBHeHUs C Ji000i Hamepel 3aJaHHOH TOYHOCTHIO.

B unbpopMaTHKe NPHUHATO KOJUYECTBO HMHGMOPMANWH, YMEHBLIIAKO-
mell BABOe HEOMpPEAEJIEHHOCTh 3aJJaHHOH CHUTyaluu, CUUTATL PABHBIM
OZHOMY OHTY.

Yactb 1. Ilpu BHIMOJIHEHUY IHPENJIOKEHHBIX HUMKe 3aJaHMNil 3annNInTe
y ceba B TeTpaau mindp 3afaHnsd X HOMEP NPAaBUABLHOro oTBera. 1Io OKOHuA-
HuM paboTsl CBepPbTEe MOJYUYHMBIUYIOCS Yy Bac 3amuch ¢ KJIHYaMu Ha c. 269.

A1l. ®opmanpHbie TapaMeTpPhl BCIOMOTaTEJLHOIO AJTOPUTMa — 3TO!
1)} nmepemMenHsbie, HCHOJIb3yeMbie BO BCIOMOTATEJHLHOM aJITOPUTME;
"2); apryMeHTHI BCIIOMOTATEJBHOIO AJITOPHTMA;
3} nmepemeHHbIe, YKasaHHHIE B 3Ar0JIOBKE BCIIOMOTATeJIbHOTO AJITOPHTMA;
‘4), xonu4ecTBO IIePeMEHHEIX B 3aroJIOBKE BCIOMOTATEJILHOTO AJTOPUTMA.

A2. Maccus — sTo0:
‘1)’ mocnemoBaTEALHOCTH NMEPEMEeHHBIX;
"2). HaGop OHOTUNHHIX NEepPeMeHHEBIX, CHAa0MeHHBIX CHCTeMOH IeJouncieH-
HBIX HHIEKCOB;
3) pacmoJioxxeHue DJIEMEHTOB B BUIE OFHOHI MM HECKOJbKHX CTPOK;
4) B myuKTax 1—8 Her mpaBuiabHOH (BOPMYJIHPOBKHU.

4—Teiin, 10 .
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A3. Basa maHHBIX, B KOTOpoil nHGoOpManusa NpecTaB/ieHa B BHIe 3amnncei B Tad-

Junax, ABJAAETCA:

1} wmepapxudeckoii;

2Y' penanuoHHOI;

4); moboit u3 yKasaHHBIX B HyHKTax 1—3 BuUAOB.

A4. B raGanite gan ¢parmerT ogaoTabamuHO 6assl JaHHBIX «0Oszepa» (B mep-

BOH CTpOKe YKasaHKI MMeHa aTpubGyTOB).

8) ceresoii;

Haszsanwne I‘nyg:ma, H‘f:;f‘::gb’ KouTtunent yp:;g::?vx:pa: -
Apanbcroe 68 33 640 Asgusa 53
Baiikan 1741 31500 Asusn 455
T'ypon 228 59 700 Amepura 177
Mapakait6o 250 13512 Amepuka 0
Buxkropusa 80 69 485 Adpuxka 1134
Yap 4 11000 Adpuxa 240
Jlagoxckoe 225 17700 EBpona 5
CeBan 99 1400 Espona 1914

KosunuecTBo 3ammceil, yAOBIETBOPAIONIUX 3alIPOCY
«IInomazs > 11 000 u Buicotra < 200 unu I'my6una < 250»,
PaBHO:

n:1 23 85
A5. B peasyabrare SKCOepDHMEHTa MOJyYeHa WHPOpMaLusA, KOTOpas YMEHBIIH-
Ja HeompezeseHHOCTh B 8 pas. KosmuecTBo aToit muEdopManmuu pasHO:

4} 3 6mra;  .2), 1 Gaitr; B} 3 Gaiita; :4) spyromy umcay GaiiToB.
A6. PasamepHOCT, MaccuBa — 3TO:

‘1) KONWYeCTBO WUHAEKCOB, MCIIONB3YEMBIX A ONWCAHMA MACCHBAa;

:2); HanGosblliee 3Ha4YeHME KAKOro-IuGo WHAEKCA MacCUBa;

‘4)} npyromy, ueM B myHKTax 1—3, umciy.

{3 KOAHYECTBO BJIEMEHTOB B MACCHBE;
‘4) B myaKkTax 1—3 HeT mpaBUILHON GOPMYJIMPOBKH.

A7. [lan anropuTMm:

Anroputm

Bew: X, Y, M[1:10); uen: K;

{ X := (M) + M(10) + ABS(M(1) — M(10)))/2;
Y = (M(1) + M(10) — ABS(M(1) — M(10)))/2;
Denatb ot K := 1 po 10
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A8.

AS.

U MCNONAbL3OBOHME B HeM KOMNbIOTEPHbIX TEXHONOrMM

{ Ecnu (Y < M(K) < X) TO
{ Coobwurtb M(K);
' (* nwoney eemsenenusn *)

} (* xoney yuraa *)

}

OTOoT anropuTM OBII HCIOJHEH Ui MaccuBa M, OIMCAHHOTO Caexylomei
Tabaniei:

|-1,2[05[386 [-12] 1 [21]1,9] 0 [-1,5] 38 |

Ilocne uwcnosHEHMSA COODOIEHO:
1) 1 uucio; -2y 3 umcia; 8) 5 uuce; ‘4) 6 uucen.

Har aaropmrm:

Anroputm
seu: X, Y, M[1:10]; uen: K;
{ X = MQ);

Y = M(1);

denarb o1 K := 2 ao 10
{ Ecom (M(K) < X) 10
{ X = M(K);
(* Koney eemenenusn *)

mw-
[

T0
Y = M(K);

i

(* Koney eemanenusn *)
} (* koney yuraa *)
Coobwure ¥ — X;

9roT anroputM OB HMCHOJHEH AJs MaccuBa M, ONUCAHHOTO caexylomeit

Tabauneii:

|12 ]05[36[08 ] -1]21]19] 0 [-1,5] 38 |

Ilocne mcmonHeHUsT COOGLIEHO YUCTO:

1) 2,1; 2y 5,1 8 -1,5

‘4): npyroe, 4eM yKasaHHOe B HyHKTax 1—3.

HexTo 3amymMan HaTypaJbHOe YHCJIO, He mpesocxogsaimee 1000, a sarem

coobimui: «3agyMaHHOE MHOIO UHCJO ABJAETCA KyboM 1esoro uuciaar. Ko-
auyecTBo 6uT mHbOpMalMu, cogepxKalueiicad B 3TOM COODIEHHH, PaBHO:

1} log,1000; 2) 2; B log,10; #): mpyromy uuciay.

A10. [lau anropurm:

4%

Anroputm
uen: K, M, N; Bewi: L;
{ 3angocwr K;

= 0
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Al1l.

benatb oT M :(= 1 go K
{ Denars oT N ;=1 po K
{ L:=(L + M + N) / (M*N)*(L — (M/N + N/M));
} (* woney yurxaa *)
} (* woney yurxaa *)
Coobuwiute L;
}

Ha mexoTopom KomubsioTepe mpu K = 10000 stor anropuTm wmcmoi-
usgerca B Teuenue 0,5 c. Ha ToM ke KomnbioTepe 3TOT AJIMOPUTM IIpH
K = 100000 6yzer ucnoaHATHCH:

3 =5c¢ 2) = 25¢; By ~ 50 c; 4) = 2 MUH.

JdaH anroputM, B paGoTe KOTOPOrO HCIOJL3YIOTCH JBE MOAIPOrpaMMBI-
byaxun:
Anroputm
uen: K, M, N;
{ 3anpocurb M;
3anpocuTtb N;
K = A (M, N);
Coobuute M*N/K;
!

Noanporpamma-dyHkuna A (uen: M, N): uen
{ Echu M < 3 10 { 3Ha4 := M; }
uHaye { 3Hay := Int (M/3) + B(M - 1, N); }

Noanporpamma-dyHkuua B (uen: M, N): uen
{ Echmum N < 3710 { 3Hau4 := N; }

uHaye { 3Ha4 := 3* N — A (M, N — 2); }
}

PesyanTar pa6orsl anropurma npu M = N = 10 o6osuauum uepes C, a pe-
gysbTaT paboresl aaropurma npu M = N = 9 oGosxaumm uepes D. Toraa

#AYy C < D; 2% C = D; 3% C > D;
4¥ npH OJHOM M3 YKaszaHHBIX HaGopoB smavenmit M um N aaropurm
He 3aKAHYMBAET paboTy.

Yactb 2. Ilpy BHINONHEHHH IPEAJOKEHHBIX HI)KE 3aJaHUN 3aIUIINTE

y cebs1 B TeTpanu mndp 3afaHuA U OTBET B BHIE IIOCIEAOBATEJILHOCTH CHUMBO-

JIOB.

o oxoHuamuUU pa60TI>I CBepbhTE MOJIYUHBIIYIOCA Yy BacC 3alluCh C Kaw4da-

MH Ha c. 269.

B1.

B kBagppatHOii Tabaune pasmepoM 8 X 8 ofHa KJeTKa 3aKkpallleHa YePHBIM
IIBETOM, OCTaJIbHbIe KJeTKH Genbie. Tpebyercs yCTaHOBUTH, I'ie OHA pac-
nonaraerca (T.e. y3HATh HOMEpP pAfa ¥ HOMep CcTojbua, Ha IepecedeHHH
KOTOPBIX Haxogurcs KjeTKa). IlomydyeHa mHDOpPMAIMS, YTO KIJIETKA CTOUT
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B2.

B3.

Ha JuaroHaJiu, HauWHAaWIelcA B BepxHeil JeBo#l KJeTKe. KonmuecTBo mo-
Jy4eHHO WHpOpPMaUNKU DPABHO 6ur.

B 6ase mauHBIX OTAejia KaZpoB HeGOABIIOH dupMei uMeercs 50 sanuceit
o pafounux TpexX KaTeropHii: TOKap#aX, cjlecapsax u pasHopabouux. Cpeau
aTpubyTOB B STHX SalHCAX, KPOME CIEIUANbHOCTH, (PUIypHUpPYeT aTpubyT
«I0JI» CO 3HAQUEHWEM «M» HMJIH «XK». KoamdectBo sammceii N, ymoBJjieTBO-
PAOONX Pa3JIUYHBIM 3aIpocaM, IIPUBEJEHO B Tabiuie:

3anpoc N
IOJI = M ¥ CHEIHAJBbHOCTh # pasHOpaboOuMi 28
CIenuaIBHOCTh # cJiecapb 35
OOJI = X U CHeUHaJbHOCTh #* TOKaph 12

KoauugectBo samuceii, yZOBJETBODHAOIINX 3alpocy «IOJI = M U CIeLu-
AJBHOCTH = TOKAph WAU NOJA = )X U CHeNUANBHOCTh = pasHopaboumii»,

paBHO .

JaH aaroputTM M moanporpaMma-QyHKIIHMI:
Anroputm
uen: K, M;

{ Sanpocurs M;
K := ®OKYC (M);

Coobwmtb M/K;
}

Noanporpamma-dynkuna ®OKYC (uen: M): uen
{ Echm M < 10 70 { sHau := M; }
uHave { 3Hay := (M mod 10) * ®OKVC (INT(M/10); }

Ecan Ha samnpoc anroputma OyaeT BBeZeHO uuciao 128, ToO Mo OKOHYAHUH
pabGoThl anropuTMa 6yZeT COOGLIEHO YUMCJIO .
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M HE)KMBOM npupo

B arToit rnaee peyb NOWAET 0 MOAENMPOBAHUM NPOLECCOB, U3y4aeMbiX pas-
NINYHBIMW HAYYHLIMUA OMCUMNIMHAMKW. A NOCKONbKY pPevyb WAET O MOAENVMPOBAHUW
peanbHbiX NPOLECCOB, TO rNaBHoe BHMMaHue Byaet yaeneHo npobneme apekear-
HOCTU MOCTPOEHHbIX MOAenei.

§ 19| Mopenuporanue pusHUECKMX NPOLECCOB

CoBpemMeHHaa ¢GHU3UKa — 3TO HeoOGBATHAA 06JACTH UesIOBeUec-
Koro 3HaHU#A. HauHeM c pasfesna, HAYYHBIM CTa KOTOPOIO B (pU3UKE
HacuuThIBaeT 0ojiee OATH BEKOB. JTOT pasfes — MEXaHHUKA.

B mxonsHOM Kypce ¢u3uMKH moxpoOHO 06GCY:KIAIOTCA ABA BHAA
MEeXaHUYECKOro [ABHIKEHHS — pPABHOMEPHOE M paBHOYCKoOpeHHoe. Ecau
TeJ0 JBUKETCH PABHOMEDHO M IPAMOJHHEWHO, TO 3TO 3HAYHUT, YTO HH-
KaKHe CHJIBI Ha Hero He AeHCcTBYIOT. PaBHOYCKOpEHHOe ABM)KE€HHEe BO3HH-
KaeT B TOM CJIy4ae, KOrJa CHJIA, BBHI3LIBAIOINAA JBHIKEHUE, IIOCTOAHHA.

OGBIYHEIM OPHUMEPOM ABHMMKEHHMSA I0J BO3JeHCTBHEM IIOCTOSAHHOMN
CHJIBI SABJAETCS IBUKEHHE TBEPAOTO TeJia B IOJIe 3eMHOI'0 TATOTEHHS.
Je#cTBUTENIBHO, €CIHM TEeJIO HAXOAUTCA HA JOCTATOYHO OJH3KOM paccTo-
AHHU OT 3eMJIH, TO MOYXHO CYMTATH, YTO TEJO AAHHOM MAacChl IIPHTH-
THBAETCHA C IOCTOAHHOII cuyoii. IloToMy MoOzenr PaBHOYCKODEHHOTO
OBH)KEHUS DACCMATPHBAETCA Ha YpPOKax (GHM3HKH, KOrja I'OBOPSAT O ABH-
KEeHHUH Tejia MOoJ YIVIOM K ropusodTy. Maremarnyeckue GOpMYJIBI, OIH-
CHIBAIOIIME TAKYIO MOJE/b, U3BECTHHI KAXIAOMY.

BriizeM Ha ynuny ¥ DOCMOTPHM, TAK JIH YK XOpPOIIO 3Ta MOAEJIb
corjlacyeTcs C PA3JMYHBIMM NPHUPOAHBIMH sABJeHusmu. Hanmpuwmep,
HefCTBHE CHUJILI 3¢MHOI'0 TATrOTEHMs 3aCTaBJfeT HMagaTh HA 3eMJI0 Kal-
au poxkpa. Kakawsliih u3 Bac momazas IOJ TeNJaBIH Beceanlil JeTHHH
JOXObL HJIM IIOJ OCeHHHI Mopocamuii. Kakyio CKOpoCTs COIJIACHO AaH-
HOIl Mofenu AOJIXKHA MUMETH OKOJIO IIOBEPXHOCTH 3eMJIM KAaIJf, COpBaB-
Iasicad ¢ BBICOTHI 8 KM?

Ha yporax (HM3MKK BBl HOJAYUYHJIH (QOPMYJY OIS CKOPOCTH Teja
IpH ero ABMYKEHHH B IIOJIe CHJEI THAMKECTH, €CJIM HAYaJIbHaf CKOPOCTh
Onlna HyJIeBad:

2gh,
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rae b — BBICOTa, ¢ KOTOPO# TEJO HAUMHAET ABUJKEHWE K NOBEPXHOCTHU
Semau. IlockoapKy HaM He HYKHBI TOYHBIE PACUeTHl, OyJeM CUHTATH,
aro g ~ 10 M/c?. B atom cayuae ckopocts v = 400 m/c. Ho kamna, je-
TANNAA ¢ TAKOM CKOPOCTHIO, MOAOOHA myJie, yAap KOTOpPoH mpoOui 6bI
HaCKBO3b OKOHHOE CTEKJIO.

3TOro, OAHAKO, He IPOUCXOAUT. SHAUNUT, MOJEJIb, KOTOPO# MBI BOC-
NOJB30BAJINCH, HE BIOJHE AAEKBATHA, B Hell He YYTEHHI KaKWe-TO Cy-
miecTBeHHBIe (PaKTODHI.

Onun u3 Takux (GaKTOpoB — CONPOTHBJIEHMe Bo3xayxa. llpu mamoii
CKODPOCTH JBH)KEHHMHA STHM CONPOTHUBJIEHHEM MOYKHO IipeHeOpeub —
BpAA JU MBI 3aMe4YaeM CONPOTHBJIEHHME BO3AyXa, €CJIHN IepeMeIaeMcs
OpOryJIOUHBEIM 1arom. Ho crout moGesKaTh — U COIPOTHBJIEHHE CTAHET
cpasy BechbMa OIyTHMbIM. OKA3BEIBAETCHA, UTO CHJIA CONPOTUBJIECHUSA IIPO-
OOPIMOHAJMLHA KBaApPATy CKOPOCTH ABMIKyIieroca Tejaa. Koabdumuenrt
MPONOPHHUOHAALHOCTH 3aBHCHUT OT reoOMeTPHYecKOoil KoHbHurypamuu
OBIJKYILErocH Tejia ¥ ILUIOTHOCTH cpefbl — KaMKJAblii 3HaeT, 4TO B BOAE
ABUTaThCA HAMHOIO TPYZHee, 4eM II0 CYIIe.

Hrak, peus moiifleT 0 JBH:KCHHH Tejia B IIOJIE CHJIBI 3€MHOTO THATO-
TEHHS B cpefie ¢ conpoTuBieHHeM. Mogesb 3TOro mpoiecca B yAOOHOM
AJs1 KOMIBIOTEPHOTO HMCCICAOBAHUS BHAe MBI U OyJeM CTpOHTbH. A ca-
MOl 3ajave (AJA JaIbHEHNINX CCHLIOK) JaAuM HMA: «/IBHiKeHHe Teaa
B cpelie C CONPOTHBICHHEM».

Yrolpl IIOCTPOUTH HYMKHYIO MOZEJb, MBI JOJKHBLI OHPEAEIUTL He
TOJBLKO, YTO CYIIECTBEHHO AN KOHCTPYHUPYEeMO# MOJeJH, HO K Te Teo-
pernuecKne MoJoKeHuA (PUSHKH, KOTOPhIe MO3BOJIAT HaM 0e3 IIpoBeje-
HUS HATYPHBIX SKCIEPHMMEHTOB OIPEIeJHNTh 3aBUCHUMOCTH MEXXKAY mapa-
MeTpaMu crposineiica uaopManuoHHON MoZenu. Eme pas obparum
BHUMAaHKE, YTO BCSAKAA MOJAENb AOJIUKHA OBITH COTJIACOBAHHOUW HE TOJb-
KO ¢ CyUIeCTBYMOIIleii Teopueil, HO ¥ C IPaKTHKOH#. Bygem cumrarb, 4TO
BBHIIIOJIHEHBI B3aKOHBI MexXaHHKHU, chopmysmposanubie HpioToOHOM.
IIpexxe Bcero peys HMAET O BTOPOM 3aKOHe, CBASHIBAIOLIEM JABUKYIIYIO
CHJIy B YCKOpeHHe IJs TeJia MOCTOAHHOM MacChHI:

F=ma.

N3 paHee CKasaHHOTO ACHO, YTO MBI MMeeM JeJI0 ¢ MaTeMaTuyec-
KoM MOJenbio, B KOTOPOH Y4YACTBYIOT TPM IiapaMeTpa: Cuja, Macca M
yckopernue. OTMeTHM, YTO CHJa B YCKOPEHNe — BEKTOPHbIE BEJIUYUHEI,
a Macca — BeJWYHUHA CKaJIAPHAA.

Yro KacaeTcA YCJIOBHUS «COHNPOTHBJECHHWE BO3AYXa NMPONOPINOHANbL-
HO KBaJpaTy CKOPOCTH», GyZeM CUHTATDH 9TO SKCIEPHMEHTAJIFHO YCTAHOB-
JEeHHHM (HaKTOM ¥ TOMKE BHKJIIOUMM €T0 B CIMCOK MCXOZHBIX IIPEATIOJNO-
sKeHU#. MOKHO CUMTaTh, YUTO CHJIA COIIPOTUBJICHUSA IPOTHUBONIOJIOMKHA
CKOPOCTH ABMIKYIIErocA Teja. 3HaueHNe Kod(h@dUIIMeHTa NPOIOPIINO-
HAJBHOCTHY YCTAHABJIMUBAETCA SKCICPHMEHTAJILHEIM IIyTeM. JTO 3HaUeHUe
HaM IOHAZOOUTCA JIUINEL TOTAA, Koraa OyAyT IpPOBOZUTHCHA pacdyeThi, IO-
3TOMY IIOK& MBI IIPOCTO AOJI’KHBEI y4ecTh, YTO OHHMM K3 IIapaMeTpOB,
ONMCHIBAIOMINX CONPOTHUBJIEHNE CPeAbl, ABIAAeTCA K03(pPHIMEHT IIpPOo-
HOPLUOHAJBHOCTH kK.
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JIJIg MPOCTOTHEI MPEAIOJOKUM HEBEPOSATHOE: IOKA TEJIO ABIIKETCS,
COBCEM He AYyeT BeTep. ITO HmpeAlojioiKeHue obecrieunBaeT HAM BO3MOXK-
HOCTh pacCcMaTpPHMBATh ABHIKEHHE Teja B OZHOM ILJIOCKOCTH.

Yrobpl MOAesdb He HOJYyUHWJIach CAMIIKOM CJIOMKHOMH, clejaeM eile
U «FeoMeTpHUYEecKOe» IpeAIoJioiKeHne: OyAeM CYHTaTh, 4YTO IOBEpX-
HOCTh 3eMJM ILIOCKasd. ByaemM Taxske CcUMTATH MOCTOSHHBIM YCKOpDeHUe
c¢BOOORHOrO majeHuA £ (XOTH II0 Mepe YAaJeHUs OT IOBEPXHOCTH 3eM-
J¥ CHJIa TNPUTHAKEHHUNA yObIBAeT COIrJIACHO 3aKOHY BCEMUPHOr0O TAroTe-
HuA, chopmyaupoBanHoMy HBIOTOHOM, HO MBI YK€ JOTOBOPHJINCH HE
paccMaTpHBAThL ABHJKeHNE Ha GOJIBIINX BBHICOTAX).

BaxHBII DPpUHIKI HBIOTOHOBCKOI MEXAaHWKM COCTOUT B TOM, 4YTO
BCAKOE [BI)KEHHE B BEPTHKAJLHON IJIOCKOCTH MOMKHO DPacCMaTpHUBATh
KaK CyMMY ABYX He3aBHCHUMBIX «OJHOMEPHBLIX» ABMKEHHII — TOPU30H-
TAJILHOTO ¥ BEPTHKAJBHOTrO. Bri0epeM cucCTeMYy KOOpPAHHAT TAaK, YTOOBI
B MOMEHT HAdYajla ABUWIKCHHs TeJio pacrojarajoch Ha ocu Oy M BEKTOD
€ro CKOpOCTH ObLI HAIIpaBJIEH B MepPBBIH KBajapaHT (puc. 3.1).

IIycTs Temepb uepe3 HEKOTOPOE BpPeMsA { TeJI0 OKasajioCh B TOUYKE
¢ KOODAWHATAMU X M Y M HMEET B 3TO BpeMs CKOPOCT: U. Pesympru-
pyomasa cuna F, ompepensmomas ABHKeHUe Tejla, PaBHA BeKTOPHON
CyMMe CHJI COIPOTHMBJIEHUA M TsxKecTH. Cuia coupoTurjeHusaA Fcomp €o-
IJIACHO CAEJIAaHHOMY HpeAIOJIOKeHuIo pasHa —km|J|0, rae uepes || o6o-
3HAUEHA AJIMHA BEKTOpa U. UT0o0BI paccMATPUBATH ABHIKEHUE Teja KakK
CYMMY ABYX IBHMIKEHHH, MBI JOJIKHBI PACCMOTPETH MPOEKIUY CUJI U CKO-
pocreit ma ocu. Torma F, = —kmldlv,, a F, = —-mg - km|djv,, tme un-
IEeKCHl X ¥ J YKa3bIBalOT, HA KAaKYI0 OCh OCVYIIECTBJASETCA IPOEeIpoBa-
Hue. Bropoii sakor HpOTOHA HaeT HAM CHUCTEMY COOTHOIIEHHIHA:

ma, = —kmlvlvx,
ma, =-mg - kmlﬁ'vy.
DaKTHYECKH MBI y¥Ke IOCTPOMIH MH(POPMANWOHHYIO MOJeJb IIPO-

necca. Ilepenumem ee B 6osee ynoGHOM BHIAE, BHIPA3UB AJHWHY BEKTO-
Ya pa v Yepe3 ero KOOpPAZUHATHI:

2 2
a, =—k, /(vx) +(,)v,,
Vg _ L a,=-g—k /(vx)2+(vy)2vy.
AP D Foonp =~ kmvjv Beicota h(f), Ha KOTOpOil Ha-

N XOAUTCA TEeJ0 B MOMEHT BpEeMeHH
t, COBHmajjaeT C ODAWHATON Y; Tak

T yTo (paKTHUEeCKH HaAM HAZO Ha-
F=mg Y YUYHUTHLCA BHIpasKaTh M3MeHEHHE Y
' CO BpeMeHeM.
\ Yro68I IpoIiece ABMKEHUA ObLI
o \ »  ompeneieH, HajO 3a4aTh, HA Kagoit

BBICOTE B HAYaJIbHBI MOMEHT Bpe-
Puc. 3.1 MEeHH HaXOAHJIOChE TeJI0 B KaKOBa
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OBLIa €r0 CKOPOCTh B 3TOT MOMEHT. IIOCKOJBKY CKOPOCTH IIPEACTABJISET
coboil BeKTOp, OHa 3ajaeTcs ABYMs CBOMMH KoopguHatamm. IIpasza,
BMECTO KOOPAMHAT MOKHO 3aJATh BEJHYHHY CKOPOCTH ¥ YroJ, KOTO-
pBIfl BEKTOP CKOPOCTH COCTABJIAET C MOPU3OHTAJBHON OCBIO (T. €. OChIO
abernucce). IlocTpoeHwe Mozenu JaHHOTO IIpolecca sakoHdeHo. IloanHoe
onucaHue MOJEJIM BbI CAejiaeTe CaMM, BBINOJHUB 3ajaHmue 2.

BOMPOCH! W 3ABAHUS

o Mo4vemy BO3HUKAET HEeOGXOANMOCTb Y4UTLIBATH CONPOTUBEHUE cpeabl?

e Odopmute onucaHue MOAENU ABUXEHUS B CpPeAe C COMPOTUBAIEHWMEM, BbLIAENNB
NPeanoioXeHns, NpK KOTOPLIX CTPOUTCA daHHas moaens. Onpepenute Ha X OCHO-
BE CYLLECTBEHHbIE PaKTopbLl M NapamMeTpbl, onucbiBaiowme 3t ¢Gakropbl. 3anuunTe
CBA3b Mexay napameTtpamu. Kakoro suga okasanack NOCTPOeHHas WHPOPMAUMOH-
Has Moaens?

9 Passeguukam yganoce no6oiTe aptTunnepwitickue Tabnuupl, COCTaBEHHLIE HA OCHO-
BE UCNBLITAHUA NMPOTUBHUKOM HOBOW MyLLKM.

Yron Haknouna
cTBORA, rpagyc 10 20 30 40 50 60 70 80

JanbHoCTb noneta
cHapsaa, M 9282 110889]11222] 10770} 9683 | 8026 | 5830 | 3121

Mo 3TUM AaHHLIM HYXXHO HalTW HauanbHYl0 CKOpPOCTb cHapspga. Ha ocHose mogenu
DBUXEHWs B cpeae C CONpPOTUBAEHMEM NPeanoxute cnocob noayyenus atoit nHdop-
mauun. KoabhuumeHT conpoTtueneHus cpeasl k nasecteH u pased 0,0002 m™'

6”" Mpn aBvXEHUU Tena B Mone 3EeMHOro NpUTSXeHua 6e3 conpoTuBneHus paborta cu-
Nl NPUTSXXEHUA NEPeXOamMT B KMHETUYECKYIO SHEPrUI0 ABVXYULIErocs Tena.
a) B kakoit ewie Bug sHeprum npespaiaeTcs padota cunbl CONPOTUBAEGHUS MPU ABU-
XEHUU B Cpede C ConpoTtuBneHuem?
6) MocTpoiiTe MaTemMaTUYECKYi0 MOAESb, MO3BOAIOWYIO BbIYUC/IUTE NOBLILLEHWE TeM-
nepatypbl Tena npv ero ABWXeHun B cpepe ¢ conpotusnenvem. (Motepsimu aHep-
rnM 3a cYeT Tennonepesayn B OKPYXAaloLlyio cpeay npeHe6peys.)

6 Y10 Takoe auckpeTulaums HenpepbisHoro npouecca? (C o 8 e 1. Ecnu o 3aTpynHs-
eTecb AaTh OTBET Ha BOMPOC, Nepeuntainte § 4.)

§20 KomnbiorepHoe uccnenoaanue mogenu .qnmxenml
B Cpepe € COnpoTMBAGHMEM . . . .. -

Kak e Temepb IIPMMEHHTh KOMIIBIOTED AJAA MCCISZOBAHUA
mpoilecca ¢ IIOMOIIBIO MOZeJH, mojydeHuoii B § 19?7 Iasa sToro Hazo
BEIOpPATL KaKyI0-1u00 KOMNOBLIOTEPHYIO TEXHOJOTHIO M Peaii30BATH MO-
ZeJib ee CPeCTBAMU.

Brpi6op KOMILIOTEPHON TeXHOJOrHH HEOAHO3HAUeH. BLHITIONHAA 3aj4a-
Hue 2 u3 § 19, BH yCTAHOBWJIM, UTO HAMHM HOCTPOEHA MATEeMATHYECKAA
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Mogensb. IIoaTOMY M KOMIIBIOTEDHAA TEXHOJOTHA NOJKHA OBITH OpDMEH-
THUpPOBaHA Ha UMCJIEeHHBLIE pacueThl. BaM H3BeCTHHI [[Be TaKue TEXHOJIO-
rYH: OAHA W3 HUX ONHPAeTCd Ha HPUMEHEHHE 3JIeKTPOHHOI Tabiauinsl,
Ipyrasg — Ha COCTaBJIeHHe BHIYUCJIHTEJbHOro anroputrma. Ho cHauana
oGcyanM, KaK MPUCHOCOOMTDL HAIIY MOAEHDb HJA IPWMEHEHUS HTHX TeX-
HoJoruii. [leso B TOM, UTO YMCJIEHHBIEe METOAbI PACUETOB Ha KOMILIO-
Tepe (KaK M aJropUTMEI) 06JaJaioT CBOMCTBOM AMCKpeTHOCTH. IloaTo-
My HOcTpoeHHYIO B § 19 HenpepbIBHYIO MOZeJib HYXHO 3aMEeHUTHh JUCK-
peTHO#i MOZeNblo, T. €., KaK FOBOPAT, MPOBECTH €€ AUCKPETH3AIMIO. JTO
03HAYaeT, YTO IIPOIECC, HENPEePHIBHO DPa3BepTHIBAIONMIICA BO BpeMeHH,
pasbuBaeTca Ha OTHAENbHBIE CTAAHM, KaKAad CJHELYIOIad CTaAus OTCTO-
WT OT HmpeAniAylleil Ha HeOOJLIION MPOMEXKYTOK BPEMEHU. DTOT MAabIi
MPOMEKYTOK OOBIuHO 0603HauaroT At. EcTecTBeHHO IpeANONaraTh, 4TO
B TeUeHHE 3ITOr0 IPOMEKYTKA BPEMEHH COCTOSHWEe O00LeKTOB, YUACTBYIO-
mUX B IpPOLECCe, OCTAETCA IIOCTOSHHEIM, & 3aT€M CKAYKOM MeHseTcs
Ha HoBoe. B HamieM ciyuae cocrosiuue O0BEKTA, T. €., JBUNKYIHErOCHA Te-
Ja, ONMWCHIBAETCH:

1) xoopaguaatamMu x(t) u y(t) TOUKM B MOMEHT BpeMeHH f;

2) BeKTOpPOM CKOpOCTH U (1) B MOMEHT BpeMeHH {;

3) BeKTOpPOM yCKOpeHHu# d(f) B MOMEHT BpeMeHuU L.

B crnepyiommuit MomenT t + At cocToAHME ABHUIKYIETOCHA TeJia ONIU-
ceiBaeTcA 3HaueHMAMH Xx(& + At) m y(t + At), O(t + At) u a(t + Ai).
3anumeM Temepsh COOTHOIIEHMSI, MOKASHIBAIOIIWE, KAK CBAZAHLI W3Me-
HEeHHWs HAa3BAaHHBIX BeJHUYHH IO MCTEUEHHH HHTEPBaja BpeMeHU Af:

x(t+At)—x(t) _ . y(E+A) - y(?) _ .
AP0 — v o YELE 0 o)

v (t+At)-v, (1) _ _ 2 2 .
~ =a,=—k, /vx(t) +u,(t) v,(2);
v (t+At)—v ()
=g, =~ (g+k, v (8)? +v,(£)* v,(2)).

IIpeoGpasyeM aT# paBeHCTBa K CJICAYIOMIEMY BHZAY:
x(t+ At) = x(t) + v (t) - AL;
y(t + At) = y(t) + v, (2) - At;

v (t+At) = 0 (8)~ k\[u(8) +0, () v (F) - At;
vt +A8) =0, () ~ (g +B\[0 () +0, ()7 v (£)) -At .

Teneps MBI 10 3HAYEHUAM IIepeMeHHEIX X(%), Y(t), U, (t), v () B Mo-
MEeHT BpeMeHH { MOMKeM BBIUNCJIUTH HUX 3HAYEHUS B MOMEHT BPEMEHH
t + At. MoxxHO CcKaszaTh, 4TO 3TH (HOPMYJBI OIHCHIBAIOT HPOMECC HE
TOJIBKO JexaapamueHo, HO U npouedypHo, NMOKA3BIBAA, KAK OCYIECT-
BHTb HAXOMKOEHME HMCKOMBIX BeJIMUYNH. MBI elle yCHauM akueHT Ha IIpo-
LeAypHOe IpeACTaBJeHHe Halleii MoZes MW, 3alKcaB aJTOPHUTM pacueTra
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TPaeKTOPHHU ABHIKCHUA TeJia. Ho cuauana HanOMHHM, YTO CIYXHT HC-
XOAHBIMM OAHHBIMH M YTO — pe3yJbTaTaMH.

HUcxonnrie nannnie:

s BBICOTA /A, Ha KOTOpO# IO OTHOIIEHHWIO K FOPH3OHTY pacmoJjiara-
eTCsd TeJI0 B HAYAJNLHBIM MOMEHT BDEeMEHH, M;

¢ yroji A, oA KOTOPHIM IO OTHOIIEHMI) K JIMHWYU rOPHU3OHTA HAYU-

HaeT JBUKEHHE TeJO, Paj;

BEJIMYMHA CKOPOCTH U, C KOTOPOH TeJIo Harmnae'r ABUKEHHE, M/C;

K03hdPUIUNEHT COIPOTHBICHUA CpeAbl B, M

BeJIMUYMHA YCKOPEHMA CBOOOAHOTO HageHUdA g, M/c?;

HHTEePBaJ Al, Ha BeJJMYUHY KOTOPOro OyAeT OCYINEeCTBAATHCA Ie-

PexXox OT OZHOTO MOMEHTa BPEMEHH K CIEeAYIOHIeMY, C.

PesynpraThi:

* KOODAMHATEI MOJOXEeHUA Tejia B MOMEHTLHI BpEeMEHH nAt, rpe n —
HaTypajJbHOE YHCJIO, U3MeHdAmmeecda oT 1 x0 Takoro sHadeHus N,
OpM KOTOPOM ODJAMHATA TeJla CTAHOBHTCS OTPHIIATEIbHOM.

3amnuieM Teneph AJTOPHUTM, PeaJN3yIOHIwii BRIYUCIEHNE PE3yabTa-
TOB IO MCXOAHBLIM NaHHBIM.

Anroputm Mogens_ JBusKeHUS
Bew: h, A, v, k, g, AL, x, y, vx, vy, t, R

o o o @

{ 3anpocurb #; (* Hauanvrasa evicoma *)
3anpocurb A; (* nHavanvHbLil Yzon HAKIOHA K zopu3oHmy *)
SanpocuTtb v; (* Hauwaavnas cxopocmb *)
Sanpocurb k; (* Koagppuyuenm conpomuénenusn *)
Sanpocurb At; (* unmepean usmenenus epemenu *)
g = 9.8;

x = 0; (* x — abcyucca mena *)
y == h; (* y — opdunama meaa ¥)
t:= 0; (* cuemuurx epemenu *)
vx = v*COS(4); (* vx — abcuyucca eexmopa ckopocmu *)
vy = U*SIN(A); (* vy — opdunama eexmopa cropocmu *)

denats noka vy > 0
{ x := x + vx*At;
Yy =y + vy*At;
R:=1- k*\/vx*vx+vy*vy *At;
vx = vx*R;
vy = vYy*R — g*%At;
t =1t + At;
Coobuntb "B MmomenT Bpemenu”, £, "abcmucca”, x, "opauHaTa”, U;
} (* worney yuxaa *)
} (* xoney anzopumma *)

JIpyrasgd KOMIBIOTEPHAS TEXHOJIOTHS, IMO3BOJAIOIIAA BECTH pacde-
TBI, — 3TO 3JIeKTpoHHasa TabGauma. B rtabaume 3.1 mpuBeaemM BapHaHT
3aIIOJIHEHNA 9JIEKTPOHHOM TaGauMUbl AJIA MOAEJINPOBAHUA ABHKEHUHA
B Cpefie C CONPOTHUBJIEHHMEM; 3alMCH B YIVIOBEIX CKOOKAaX IIOKAasbIBAIOT,
rie pacmojaralTcd HaYaJbLHBIE HaHHBIE.
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Bpemsa Bricora JanbpHOCTDB
0 <h> 0
A2+G2 B2+D2*G2 C2+E2*G2
A3+G2 B3+D3*G2 C3+E3*G2
A4+G2 B4+D4*G2 C4+E4*G2
A5+G2 B5+D5*G2 C5+E5*G2
A199+G2 B199+D199*G2 C199+E199*G2

B sTomM maparpade MBI IepecTpanBajJM MaTeMAaTHYECKYIO MOZEJb,
CO3aHHYIO B IpPeBIAyINeM naparpade, B MOZeNb, K KOTOPOl NpuMeHu-
MBI KOMILIOTEPHBIE TeXHOJOTHH. MHbDOpMaIMOHHAA MOAENb, Peaam3o-
BaHHAafA IIOCPEACTBOM TOU MJIM HMHOM KOMIBIOTEDHOM TEeXHOJOTWM, HA3LI-
BaeTCsA KOMINBIOTEPHOH MoAensio. Mul pacmosaraeM ABYMsA KOMIIBIOTED-
HBIMI MOZEJIAMH XaHHOTO IIpoilecca.

KomnoioTepHEBIH 3KCIIEPUMEHT C OLHON M3 MOCTPOSHHEIX KOMIILIO-
TEePHBIX MoO/jeneil Bbl OyJerTe IPOBOAUTL Ha MPAKTUKYME B COOTBETCTBUU
¢ ero oumcaHueM B JjiabopaTopHoit paGoTe 6.

BOMPOCH U 3AZLAHMW:

o Kakyio mogens HasbiBaloT KOMNLIOTEPHOR?

ey

e CoctaBbte anroputM ang BbIYUCEHNA KOOpAVHAT Tena npu ABUXEHUW B cpepe
C conpoTusBieHuem.

6 B sananun 3 13 § 19, Bbl BLIMUCASNN HAYAMbHYIO CKOPOCTb NO AaHHbLIM Tabnuubl.
a) lNpeobpasyiite npuBeaeHHbIN B OGBLACHUTENEHOM TEKCTe anroputm «Moaens_asu-
XeHus» B noanporpammy-QpyHKUUIO, KOTOpast N0 CTApTOBLIM 3HAYEHUAM CKOPOCTY,
yrna v BbICOThl Bblumcasna Obl BANbHOCTL noneTa. Mcrnonb3ya 3Ty noanporpammy-
GYHKUMIO, COCTaBbTE anropuTM BbIHUCAEHUS CKOPOCTU MO Oa@HHbIM Tabnuubl.

6) Moanduuupyiite 3anonHeHwe SnNeKTPOHHON Tabnuue: (Tabn. 3.1) Tak 4TobBbl C ee
MOMOLLBIO MOXHO ObINO HaxXOAUTb HayanbHYID CKOPOCTb CHapaaa.

6* Wcnons3ys Bawe peweHne saga4un 46 n3 § 19, nONOAHUTE 3aNONIHEHNE BNEKTPOHHOM
Tabnuupl Tak, 4To6bl C €€ NOMOLLBIO MOXHO BbINI0 HAXOAUTL U3MEHeHWe TemnepaTy-
pb! ABMXYyWErocs Tena.
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Tabnuya 3.1

CKbeCT’; Cfr’ KOpOCTB* V

70 BEPTHK. IO ropHs. Kooad.

G5*Sin(G6) G5*Cos(G6) <At>
D2—(G4+F3+D2)*G2 E2-F3*E2*G2 G3* \/W <k>
D3—(G4+F4*D3)*G2 E3-F4*E3*G2 G3#./D3% B | <e>
D4—(G4+F5*D4)*G2 E4-F5*E4*G2 Gg*m <v>
D5—(G4+F6*D5)*G2 E5-F6*E5*G2 G3* \/W <A>

D199—(G3+F200%D199)*G2 | E199-F200*E199+G2

e Mexay yueHvkammn BO3HUK cnop. OpHW yTBEpXAanu, 4To AN UCCNEeaoBaHus Mnpo-
LEeCCOB 1 ABNEHWI BMOJIHE OOCTATOYHO KOMILIOTEPHBIX MOZENEN U 3KCNIEPUMEHTOB
C HUMK, NO3TOMY HET HEOOXOAMMOCTW TPaTUTL CWibl Ha Pa3PaBGOTKy CHAOXHLIX Ma-
TEMaTUHECKUX METOAOB uccneaoBaHns moaenen. pyrve wm sospaxann. Kakosa sa-
wa TouKa 3pPeHus NO AaHHOMY BOMPOCY? APryMeHTUPYHTE CBOIO TOYKY 3pPeHus.

Mopenuposanue npoueccos 8 6uonormm

B srom maparpacde MBI IpHCTYIEM K OOCY)KIeHHIO OHMOJIOTO-
SKOJIOTHYECKUX MOJAeNeii.

B 1937 rogy Ha octpoB IlporexiieH saBesau 8 dasamoB. HukTO Ha
aTux (asaHOB He OXOTHJCA (HM JIOAH, HW 3BEPH), KOpMa AJA HUX ObI-
JIO BIOBOJIb, M uepe3 roj ¢dasamoB crano 26. IIpomen eme roxa, ¢asa-
HOB CHOBA NIEPECUHUTANU — HA HTOT pa3 ux ObL10 83. MuTepecHo, CKOJIb-
Ko Oyzer ¢asanoB udepes n Jjet?

Mzl HamMepeHBI MCHOJb30BATH KOMIBIOTED JAJfA HCCIeLOBAHHUA TOTO,
KayK pacreT u#cyo (pa3saHoOB HA OCTPOBE, 3HAYWT, HAKO CTPONTH HHOOpD-
MAaIIOHHYIO MOZeJb. A mocTpoeHume JI060M MOAEIM HAYMHAETCSA C BHI-
AeJIeHNs CYIeCTBeHHBIX (aKTOpOB.

PDaxTOpPOB, BAHNAKIINX HA JKU3Hb (PAa3aHOB, MHOrO. JTO M KJAKMA-
THYECKYEe YCJOBMA, M Jake KOHKPETHAsl IOTroja B TO WJAM HMHOE BpeMs
Tola — CKa)keM, XOJIOAHAA 3WMAa WM 3acyIIJWBOE JIETO OTPHUIATENbHO
CKaxKyTCsA Ha pocTe mnouyiaanuu dasaHoB. IlogBienme uam ObICTPHIM
poCT BHJA KHBOTHBIX, UMEIOHMX Ty e KOpMOBYIO 6a3y, uto u dasa-
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HBI, TOXKe He OyZer cmoco6CTBOBATHL IPOLBeTaHUIO daszaHbero cooble-
cTBa. XOpOMIIO ele, YTO HA HUX HHUKTO He OXOTHUTCH.

Mu B mpHENNIE HE MOXKEM YUYeCTh BCe CYIIecTBeHHEIe (haKTOpEHI,
BANAIOIINE Ha XU3HL (pasaHbero mjieMeHu. Ho ecTecTBeHHO HpeAIIOJO-
KUTH, YTO IPHUPOCT 4YKcaa (pasaHOB 3a €UHUIY BPEMEHM MIPOIOPINO-
HAJIeH HMX y)XXe HMEIOIeMyCH KOJHYecTBY. Takoe NIDeAIIONOXKeHue Co-
TJIacyeTcsi ¢ OOBIYHBIMM TPEACTABJICHHAMH O PASMHOKEHHH: 4eM G0JIb-
e "KUBBIX OPraHU3MOB, TeM 0G0JIbllie Y HUX IIOTOMKOB. A OKpyXawilas
cpeZa BBHICTYHAET KaK PEeryJsaTop IpupocTa KoJudecTBa (asaHOB.

BrickasaHHbIE TPEANONIOMKEHNA MOKA3BIBAIOT, YTO JAJA HAIeH MO-
Aesiu CYILIEeCTBEeHHA cleAyloliad nHboOpMaUnus: HAYaJIbHOE KOJHUYECTBO
(06ozHauuM ero M(0)) u xospduinedT IpUpPoOCcTa 3a OGUH roj (o6o3Ha-
yum ero k).

ITycTs 110 icTeueHUH 7 JIET KOJHWYECTBO (ha3aHOB AOCTHUIJVIO, KAK MEI
JOTOBOPMIINCH, BeauumHbl M(n). Torga npupocT 3a OAMH I'0J COCTABUT
M(n + 1) -~ M(n). 35aunT, BBICKa3aHHBIe HAMHM IPEAIIOJOKEHUS MOXK-
HO 3aIlMCAaTb PABEHCTBOM

M(n+ 1) — M(n) = EM(n).
IIpeo6pasys aTo paBeHCTBO, IIOJYy49aeM

M(n+ 1) = M(n) + EM(n),
uiu

M(n+ 1) = (1 + E)M(n).

ITo atoii ¢popmyne, 3Hasa HadyanbHOe KoamuecTBo M(0) m xosadbhdu-
IMeHT mpupocTa k, MOXKHO cHayana Haiitu M(1), T.e. uncyo (pasaHOB,
KOoTOpoe OyZeT 4epe3 roj, sareM Haiitm M(2), T.e. KoamuecTBo (pasa-
HOB uepe3 ABa roga, satem M(3) u T. &.

Te u3 Bac, KTO APY/KEH C MaTEeMATHKOM, pacIIO3HAIOT B IIOCJEAOBa-
TeJbHOCTH M(n) reomerpuuecKyio mporpeccuio. OO0HAPYKEHHYI 3aKOHO-
MEPHOCTHL MOXKHO chOpMyJHDOBATh TaK: ecjaM JeiicTBHe OKpyJkaroirei
CpeABI CKashIBAETCA JIMINB HA CKOPOCTH MPHUPOCTA, TO KHUBHIE OPraHU3MBI
Pa3MHOXKAIOTCA B reoMeTpudeckoil mporpeccuu. W1 coBepnieHHO HeBaM-
HO, UJeT JH peub O (azaHax MM KUTAX, O BOAOPOCIAX MJIH IMTAaHTCKHX
cexBoOiAX. MBI IOCTPOMAM MOJE€/Jb HEKOTOPOro OHOJIOrMYecKOro IpoIec-
ca, ¥ OpM 9TOM He HrpaeT POJH, KaKHUe HNMEHHO JKHBhIe OPraHU3MEI
Y4acTBYIOT B 9TOM Ipouecce. [IOCTPOSHHYI0 MOZAENb HA3BIBAIOT MOAEJIBIO
HEOTPAHMIEHHOTO POCTA.

Ecau cupocuts, KaKOro BHAA MOZEJb HAMH IOCTPOEHA, KaMKIbIH,
HaBepPHOE, Cpas3y OTBETUT — Mamemamuueckas. IleiicTBUTEIBHO, BCE
mapaMeTphl B Hell UYHCJOBBIE, a CBA3H MEXAY HapaMeTpaMM BhIpaKa-
jorca QyHKIuen

M(n) = (1 + B)"M(0).

M= HaseeMmca, uTo Bce y3HaJu B Heii dopmyay odmiero ujgeHa reo-
MEeTPUIECKOH NpOrpeccuu.

3agymaeMcs, afileKBaATHO JiM HAIlila MOAEJbh OTpa)kaeT OHMOJOTrHYecC-
KMe mponecckl Ha 3emye?
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OTBeT, IIO CYIIIECTBY, OUeBUJEH: 0e3yAepKHEIHA POCT MacCChl JKHBBHIX
OpPraHMSMOB, NPEACKASAHHBIA NAHHOH MOZeJbi0, NPHBEJ OBl K TOMY,
YTO B KAKOM-TO MOMEHT OHA HpeBhiCHJA ObI Maccy 3eMJH, UTO HEBO3-
MOKHO HM IIPY KaKHX, JajKe caMbIX OJIaronpHATHHIX, ycJaoBHAX. Macca
JKUBBIX OPraHM3MOB HE MOJKET IIPEBLICHTh MACCY ILIaHETHI — 3TO Hapy-
muao Obl QyHAaMeHTANLHEIN 3aKOH cOXpaHeHHs BemecTBa. Mogesns He-
OTPaHMYEHHOTO POCTa, KOTOPYIO MBI IIOCTPOMJIN, OKa3ajiach IIPUTOSHOH,
KakK ¥ CJeAOBaJIO OKHJIATh, JIUIIb MOKa BHINOJHEHO IJIABHOE NIPEANOJIO-
JKeHue — pgeilicTBiie BceX (paKTOPOB BERICTYIIAET OTPAHUYHNTENEM TOJbKO
CKOpPOCTH IIPMpOCTa Macchl. Buaumo, B Halle# Mojesu, OMHCHIBaIOUIei
geiicTBHe NMPHUPOAHBIX (PAKTOPOB, HAZLO YTO-TO IOAIPABUTH.

Ilocrynum Tak. Ilo-mpexHeMy He BHABasCh B NOAPOOHOCTH, Kak
MMEHHO (PaKkTOpHI OKPYJKalouleil cpeAbl BIAHAIOT HA KU3HbH OPraHNU3MOB,
BBIIBHHEM HOPEAIOJOKEHHEe, UTO HMMEEeTCA HEeKOTOpoe IpeAesibHOe 3Ha-
YeHHWe MACChl pacTeHMii, «IPOKUBAIOIINX» Ha TOH MAKM WHOH TEpPPUTO-
pun. Tak, yyeHsbie MmMOKasaji, YTO 3amac Macchl PACTeHUiI He MOKET
IPEBOCXOAUTD 20 T Ha reKtap B HOJIAPHOM 30He, 350 T Ha reKrTap B Jiec-
HOH some, 440 T Ha reKTap B TPOIUKAX. A Ha Bceil 3emye macca pac-
TeHHIl He MOXKeT IpeBbicuTh 5+ 1012 T.

Eme oano maimle mpexmojsokeHue OyAeT TaKuM: 4eM OJjanske macca
JKUBBIX OPraHH3MOB K CBO€il MaKCHMMAJbHO BO3MOIKHOM, TeM MEHBIIINUM
CTaHOBUTCA KoathdumueHnT npupocta k. B kadecrBe o6ocHOBaHUS AJNA
TAKOro MPEeANONOKeHUA BEI MOIVIM OBl MCIOJB30BATh CBOU COOCTBEHHBIE
HaOaoaeHns (Ha IPHUINKOJLHOM YYacTKe, B CaAy): BHAUAJe PACTEHUS
OpICTPO HaAOHMPAIOT MACCY, 3aTeM HX POCT CTAHOBMTCA BCe MeAJIeHHee.
WupiMu cjoBamMu, KoadoduimeHT k He ABIACTCA HEUIMEHHO! BeJIMYU-
HOIf, a 3aBHCHUT OT pasHoctH L — M(n), rae L — mpeneapHOe 3HAUYCHHE
Macchl pacTeHuii HA gaHHOI Teppuropuu. Camas mpocrasa GyHKIHSA,
KaK BBl 3HAeTe, — HTO IIpAMAaA NPONOPIIMOHAJIBHOCTb. ByJaeM CUUTaTh,
yTo KoaddumueHT npupocra MeHsercs o dopmye

k(n) = a(L — M(n))
aman=0,1, 2, 3, ....
IloaBoAa uTOr mpoAenaHHOii paGoTe MO YTOYHEHHIO MOZEJIM, OIIH-
mieM IOJYYMBINYIOCS MOZEJIb POCTA MAacCChl JKHUBBIX OPraHW3MOB.

llpenmonoxennd:

s IIPUPOCT MACCHI KMBBIX OPTaHM3MOB 34 €QUHMWILY BPEeMEHHU IIpO-
MOPIHOHAJIEeH YiKe mMepmeiics Macce;

o CYIIIECTBYET HEKOTOpOe IIpeAejIbHOE 3HAUEeHWE MAacChl JKMBEIX Op-
TaHU3MOB;

¢ KO3 PUIHEeHT OPUPOCTA KHUBBIX OPraHU3MOB 3a €AUHUNY BpeMme-
HY IPOIIOPIHOHANIEH PA3HOCTH MEXJY MaKCHMAaJbHO BO3MOYKHBIM
3HAYEeHWMEM MAaCChl M MAacCOof, MMelolieiicad K JAaHHOMY MOMEHTY
BpEMEHH.

IlapaMeTprl Monmenun:
° HAYAJBHAS Macca JKUMBBIX opraHusmMoB M(0);
o IpeAe/ibHOE 3HAYEHME Macchl KHMBBIX OpranusmoB L;
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¢ KO3(p(PpUIIMEeHT IPOIOPIMOHAJIBHOCTH a4 B dopmyse Aasa roadhbhu-
IyeHTa NPHUPOCTa;
s BpeMd n.

Cpasp MeXxAy IlapaMeTpaMH MOJEJH 3aJaeTCA COOTHOIIEHWEM
M(n + 1) = M(n) + aM(n)(L — M(n)),

raoe uepes M(n) mo-mpe:xkHeMy oOO3HAuUeHa MAacca JKUBBIX OPraHH3MOB
0 WCTEUYCHUM N JIeT.

3ty MoZesb NPHUHATO HA3SHIBATH MOAEJBI0O OIPAHHYEHHOTO POCTa.
OgHaKo MOJIYYNUTHh U B 9TOM CJydae ABHYIO popMysy saBucumoctu M(n)
OT n, YBEI, HEBO3MOXXHO. OcTaeTca HAZEATHCA HA KOMIBIOTEPHBLIN 9KCIIe-
PHUMEHT, KOTOPEIl BBI IIPOBEMETEe, BBLIMOJHAA JabopaTopHylo paboty 12,

SRR

BOﬂPOCbI VI 3AAAHVISI
Kakve npegnonoxeHus 6oinv cpopMyampoBaHbl gns MOAENM HEOrpaHn4eHHOro
pocta?

Kak pacteT macca XMBbiX OpraHu3MoB, €CAiu OEiCTBME OKPYXaloWein cpeasbl ckasbl-
BaeTCs TONBbKO Ha CKOPOCTM npupocTa?

Kakue ¢akTopbt OrpaHMYMBaloT MacCy XMBbLIX opraHuamos? Mpueegute npumepsl.
Kakue npeanonoxeHus 6o cHOPMYyAMPOBaHLI AN MOAENN OrpaHUHEHHOro pocta?

Cocrasbre anroputm ana BbiMUCNEeHUA MacCChl XNBbIX OPraHU3MOB 4epe3 3alaHHoe
YnCcno neT, PyKosoAaACTBYACH MOAENLIO OrpaHnieHHOro pocra. 3anuwuTe ero Ha noa-
xogawem ansa sac aA3bike NporpaMmMmmnpoBaHnA.

a) Hasosute napamerpbl MOAENN HEOorPaHWYeHHOro pocta. Kakue CyLeCTBEHHbie
¢aKTopbl ONUCLIBAIOTCA 3TUMKU NapameTpamn?
6) BoironHute 3agaHue a AN MOGENW OTPaHWYEHHOro pocTa.

© 000 0O

¥§ 5‘2‘ paHuusl apexsarHoOCTH mopenu

B §5 6pln chopmysupoBaH BaKHBIN IPHUHIIUI: HUKAKasg MO-
IeJib He SKBHBAJICHTHA MCXOZHOMY OOBEKTY, IIPOLECCY HJIHN SBJIEHUIO.
Benns B a1060ii MOZeaAW MOMKHO YUYeCTh TOJBKO YacTh muHboOpManmmuu o0
o0bexTe, Mpolecce MIN SABJEHUN, CAMYIO CYIeCTBEHHYIO C TOUKH 3pe-
HHUA TOTO, KTO CTPOUT MOZeJb, HO BCE€ PABHO He BCIO.

Ho TOT e NMPUHINI MOXXHO chOpPMYJUPOBATHL HHAUE: 8CAKAA MO-
Jenv umeem ozpanuueHHyo obaracmbs adexeamuocmu U 3a OpefAeiaMH
2TOM 006JacTH OHa IIEPecTAaeT YZOBJETBOPUTEJIHLHO OTPaXXaThb CBOMCTBA
MozennpyemMoro oosexTa. IloaToMy ¥ HPUMEHATH MOAENb AJA PelleHus
TOl HJINM WHOM KH3HEHHOH 3aJa4M AOIYCTHMO TOJBKO TOTAA, KOTa MBI
y0eauanch, UTO He BBHIILIN 3a IPaHUIBI 00JacTH afieKBaTHOCTH.

Kax e nposepurs, uTo BHIOpaHHAsAs HaMH MOJAEJb IpHUMeHUMA?
IIpexxge Bcero HaAO yOeAUTHCH, YTO Bce (HhAKTOPHI, CYIIECTBEHHBIE IJIs
JaHHOM 3afayu, IIPUCYTCTBYIOT B MOJEJNU. 3aTeM HAAO IIPOBEPUTH, UTO
B MCXOJHBIX MAHHBIX 3aJau¥ 3HAUYEHHUS IapaMeTpOB, ONHCHIBAIOIIMX
geiicrBue (GaKTOPOB, He BHIXOAAT 3a T'PDaHUIBI aJeKBATHOCTH MOJEJH.
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K coskanenuio, 4acTo 3TH TpeOOBaHUA HUTHOPUPYIOTCA. MBI Hepex-
KO CJABIIINM IIPEIJIOMKEHUS MCIOJb30BaTh B Poccun sKOHOMUYECKHE MO-
IeJin, IpeKpacHo paboTatolnye B 3anafHBIX cTpaHax. Kak mpaBuiio, Ta-
KUM OPEJIOXKEHWAM He IIPEeAIlecCTBYeT aHAJIN3 0a30BHIX IPEAIOCHIIOK,
Ha KOTODHIX OCHOBBIBAIOTCSA IIpelJjiaraeMbie Mojeny. Beah xake BHeII-
HAA CXOXKECTh CHUTyaluil ellle He O3HA4YaeT HUW COBIAaZleHHUA (haKTOPOB,
HHU TIONAJaHuUs B 00JIacTh aleKBATHOCTH.

O BbIfleJIeHUHM CYIIIECTBEHHBIX (DAKTOPOB MBI ViK€ TOBODHJIHN HEOJ-
HOKpaTHO. Temneps o0CyamM, Kak HaXOAUTH I'PDAHUIBI aJeKBAaTHOCTH.

Kax BBl momumTe u3 § 5, afieKBATHOCTH MOJEJIH OIPEAejIsaeTCa ee
COTJIACOBAHHOCTHIO C MPAKTHKOH ¥ OOIIeTEeOPEeTHUUYECKUMU IIOJIOKEeHUS-
mu. IIpeayioskeHune IIPOBECTH BAM KaKOM-Iu00 HATYPHBIH 3KCIEPUMEHT
AJIS TIPOBEPKM AJXEKBATHOCTH TO¥ MJIM MHOH MOHAENH, KOHEYHO, BBIXO-
AUT 3a paMK¥ Kypca uadopmaruku. [1osToMy HAII 3KCIEPHMEHT OyAeT
KOMIOBIOTEPHLIM 1 OCHOBAHHBLIM Ha OOIETEOPETUYECKHX HOJIOMKEHHUSX.

B § 21 MBI yHOMAHYNIH, YTO MOZENAL HEOTPAHHMUYEHHOI'O POCTa OCTa-
eTcs aleKBATHOM, IIOKa Macca ’KHBBLIX OPraHM3MOB JOCTATOUHO Majia IIo
CPaBHEHHUIO C IIpeeIbHO AOMYyCTHMMOI Maccoil 9THX OPraHMW3MOB B HaH-
HBIX OPUPOAHBIX ycaoBuAx. IlombiTaeMcs onpefesnuTb, HACKOJBKO Ma-
Ja JoJyKHaA OBITh MCXOMHASI Macca KHUBBIX OPraHM3MOB IO OTHONIEHWIO
K IIpefeJbHOI Macce, YTOOLI MOJEJib HeOTPAHUYEHHOTO POCTA OCTABAJIACDH
aJIeKBaTHOW B TeUeHMNEe HECKOJbKUX JieT (HAMOMHHM, YTO CYIIEeCTBOBA-
HUe IIPEeJeJbHOTO 3HAUEHHUS MACChl — CJIEJCTBUE OOIEeTEOPETHYECKUX
nonoxkenuii). UupiMu cioBaM#M, MBI XOTHM HalTH TPAHUILI aJleKBaT-
HOCTH MOJENH HEOTPAHWYEHHOTO POCTa.

BcmomMuuM mapaMeTpEl W CBfSHM MEMAY STHUMH IIapaMeTpaMu,
VYaCTBYIOIIINEe B MOJAEJAX OTPAHUYEHHOTO M HEOTPAHWYEHHOrO DPOCTa.

Molenv HeozpanuuenH020 pocma: HaudajdbHasi Macca M(0), road-
dunueHT npupocTa £, YHCJIO JIeT N, Macca JXHUBLIX OPTaHH3MOB Uepes
n jger M(n), cBaA3b MeXAYy IapaMeTpPaMu

M@n+ 1) =1 + B)M(n).

Modenv ozpanunennozo pocma: HadanbHaa macca M,(0), xoadbdu-
OUEeHT IpupocTa k, mpefenbHOEe 3HaUYeHMe Macchl L, 4MciIO JeT n, Mac-
ca JKMBBIX OpPraHusaMoB uepes n jet M,(n) (6ykBa «O» BHH3Y IOKAa3HI-
BaeT, UTO BBIYUCJIEHWE MACCHI HAET B MOZEJNN OTPAaHUYEHHOT'O DOCTA),
CBA3L MEXKAY IIapaMeTpaMu, HaiifieHHas B JabopatopHoii pabore 12:

L-Mn)
L—M(0)

Ilockonbry M,(0) = M(0), To HeTPyAHO HMOACUUTATHL, UTO M (1) =
= M(1), T.e. uepes ToA Macca JKMBBIX OPTaHW3MOB, MOJACUMTAHHASA IIO
obfeum MogfensaM, Oyaer eme oxuHaxkoBoii. Ho Bor M(2) OGynmer yxe
MeHbIIe, yeM M(2). A uem ganpmie, TeM Oosibiiie OyAeT pasjiudyue MeEK-
Iy sHaueHuaMu M, u M. 3sauur, HajO AOTOBOPUTLCH, KAKOe PACXOMK-
Jeuue Mexny M, u M mbl OyaeM cuuTaTh emle mgonycrumbiM. Ilycrs,
K IpUMepy, MBI CUMTAEM MOJEJbh HEOTPAHUUYEHHOI'0 POCTa aAeKBATHOIM,
ecau pasHuna M — M, cocraBiaser He Gonee 10% ot M,,.

My (n+1)=|1+k M_(n).
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Yrobbel HalTH TrpaHuIbl aAeKBATHOCTHA, MEI JOJKHEI YCTAHOBUTH, B
KaKMuX IpefesaX B KakK IO OTHOIIEHHIO APYI' K APYTY MOTYT MEHATLCH
nmapaMeTphl MoZesu, 4To6LI OHa ocTaBaJdach agexBaTHoi. OTBeThHI HA
9TU BOIPOCHI BBl IOJYYHTE, BHIIOJHUB O4YEpPEAHYIO JabopaTOpHYIO pa-
60oTy. A celiuac MOATOTOBMM JJA 3TOH JabopaTopHO# paboThI MaKeT
3JIEKTPOHHOM Tabnauuei. MoKHO ee 3alIOJHUTDL, HAIPUMep, TaK, KaK Io-
KasaHo B Tabaune 3.2.

Tabmya 3.2

T T

AR F
IIpegensuoe

KA G

Koa@@nuneﬁr <I>
‘| mpupocrta k 3HaYeHHe Macchl L
Tox Heorgannqen- Orpanudenasiii poct | OTkIoHeHHe, %
HEBIH pocT
0 1 1 (B3-C3)/C3*100
% (1+B1*(D1-C3)/ _ i
A3+1 (1+B1)*B3 (D1-C3))*C3 (B4—-C4)/C4*100
(1+B1*(D1-C4)/ _ -
A4+1 (1+B1)*B4 (D1-C3))*C4 (B5-C5)/C5*100
A5+1

B saueiixy Bl samocurcs kKoadbduiueHT npupocra k, a B KJIETKY
D1 — npepenprHoe 3HaYeHME MAacChl KHUBBIX OpPraHmamoB. B sueiiku B3
u C3 MBI 3aHecau 3HAUEHHE HAYAJHBHOM Macchl JKHBBLIX OpPraHMsMOB,
B3sB ee paBHOI 1. 3amojiHeHHMe OCTaJIbHBEIX AYEEK, CKOpee BCero, sICHO
N3 HaOWCaHHBIX B HUX (opmyJ.

W cHoBa HemHOTrO ncropuu. IIepBBIM MOZe/b HEOTPAHUUYEHHOTO pOC-
ta paccmotpes T. Maabsryc (1798 r.). Onupasick Ha 3Ty MOJeJb, OH Tibi-
Tajcsa 060CHOBATh HEM30EIKHOCTH BOMH M APYTHX KPHUBWUCHEIX ABJIEHUH
COIIHAJIBHO-TIOJIUTHYECKOA XHU3HM dYeJioBeuecKoro obmiectBa. OH BBeJ
NOHATHE AeMorpadHuecKOro IZABJEHHUs KAaK IIOKA3aTeJid IPEeBhIIeHU:A
YHCACHHOCTH HacCeJeHUA, IPOKMBAIOIEr0 Ha JAHHON TeppHTOpHH, HaZ
BO3MOYKHOCTBIO JAHHOH TePPHUTOPHH 00eCceunTh dTO HacejJeHue IPOJO-
BOJALCTBHMEM. V3 ero sakjgoOuUeHHuii AeJajcsa BBIBOA O HeOOXOAMMOCTH
TMIOCTOAHHOTO PACINHUPEHUA JKH3HEHHOTO IIPOCTPAHCTBA, U 3TOT BHIBOJ
HCIIOJIB30BAJICA [AJA IIOCTPOEHHS M ONpPaBAAHWS DACOBLIX Teopuil, Ha-
LIMOHAJUCTHYECKHUX Teopuii 60pLOBI 3a KM3HEHHOE IIPOCTPAHCTBO ¥ T. .

IIpoaHasmusupyeM 3Ty CHUTYAIlHIO C MOSHINI MOZEJBHOTO IIOAXOAA.
B Mopenu HeOTpaHMUYEHHOTO DPOCTA B KAYECTBE CYIIIECTBEHHBIX IPUHU-
MAJHNCh TOJBKO Omosiormyeckue GaxTopbl. Ho ecam XKHUBBIe OPraHUSMEI
o6pasyior coobmecTBa (cTama, CTaMm U T. I1.), TO BCTYNAIOT B CUJIY HHEBIE
dakTOpEI, XapaKkTepHbIe AJIg JaHHOTO coobmiecTBa. X MOMKHO 6510 OBl
Ha3BaTh COMUAJLHEIMM, XOTsS TEPMHUH «COIMHANBHEIE» OOLIYHO IPUMEHSI-
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10T K coolbmiectBaM Jwofeii. YTo KacaeTcsa dejoBeKa, TO AJA HEro Of-
HUM U3 BasKHEHMININX COIIMAJNBHHIX (GaKTODPOB SABJAETCA PasBUTHE HAYKH
¥ IIPOMSBOJCTBA. 3a CUeT IIpUMeHeHudA yaodpenuii ¢ Toi Ke, 4YTO U paHb-
1I1e, CEeJIbCKOXO3AHCTBEeHHOM TEepPPUTOPHHM CT&JIN CHUMATh B HECKOJBKO
pas Ooablimii yposkaii, a 3HAYUT, 3Ta TEPPUTOPHUA CHOCOOHA IIPOKOP-
MHUTL OOJIbIliee HacejieHWe, 4yeM npexxkge. I1o3ToMy ¢ TOUKHM 3peHUSA WH-
¢opMaTHKY HECOCTOATEJILHOCTh IPHMEHEHNS MOJENN HeOrPaHNYEeHHOIO
pPoCTa K UeJIOBeUEeCKOMY OOIMECTBY COCTOUT y»Ke B TOM, UTO VUTEHBI He
BCe cyIlecTBeHHBIe (aKTOpHI, a caMa MOZeJib IPUMeHseTcA He B TOH
obsiacTHl, Tle OHA ABJAETCA AAEKBATHONH, — B 06JACTH COIUANBHO-IIO-
JUTUYECKOM, a He YHCTO GHOJOTHMYecKOiA.

o Cohopmynupyiite npyHUMn agekeaTHOCTU mMogenu. Kak ero MmoxHo obocHoBaTth?

e BuinonHenve xakux ycnoBuii Haflo NPOBEPUTHL, MPEXAE YEM UCNONL30BATb KaKylo-nu-
60 Mopens ANs peleHns XU3HEHHOW 3apayun?

6 Y70 3HAYUT HaWTh rpaHnubl aaeKBaTHOCTU JAHHON moaenn?
o ns nayyenus rpaduka 6era Ha guctaduun 100 M 6GbiAn yCTaHOBAEHb HA OANHAKO-

Bom paccroaHun 20 $oToaaTYMKOB, DUKCUPYIOLWKX Bpems, KOTOpoe Mpowno oT
cTapTa A0 nepeceveHnss CNOPTCMEHOM COOTBETCTBYIOWErO CBETOBOro nyya.

lol{elioliolioieliole]leiielleolieliolie]ie]l[e]llelleielie
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B Tabmaue 3.3 npuseneHb NaHHLIE OATYMKOB, OKPYIIEHHbie 4O AECATLIX ZAonei ce-
KYHZbI.

Tabmuya 3.3

Homep patunka 1 2 3 4 5 6 7 8 9 10

Bpewmsi, 1211712112529 33}37|41]451]49

Homep patyvika 11 12 13 14 15 16 17 18 19 | 20

Bpewms, ¢ 53|57 |6,1}65|69]73]|78]841]90] 98

MonbiTaitTecb NO 3TUM AAHHLIM OMNPERENNUTb, HA KaKMX ydacTkax guctaHuuu Ger
cnopTcMeHa afgeksaTHO ONUcCbiBaeTCa MOAENbI0O PasHOMEPHOrO ABUXEHUs, a Ha Ka-
KWX — PaBHOYCKOPEHHOIO.

6 B 06bACHUTENbHOM TEKCTE MOArOTOBAEHO 3anoNHEeHUe 3AEKTPOHHON Tabnuup Ans on-
peaeneHns rpaHul, afiekKBaTHOCTM CPaBHEHUEM MOAeseli OrpaHNYEHHOro U HeorpaHu-
4yeHHOro pocrta. CoctasbTe anropuT™, NO3BONSKIOWNIA BLINOAHUTL Ty Xe paboTy, 1 3a-
MULIMTE €ro Ha U3YYEHHOM BamMu I3blKe MPOrpaMMUPOBaHUA.
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' RX} Mopenuposanue anupemun rpunna

Mogesb OTPaHUYEHHOTO POCTA MOJKET IIOCJHYIKUTh OCHOBOM AJA
cosfaHusa MoejeH APYTrHUX IPOIIECCOB, B TOM UHCJE M BAKHBIX C COIIU-
aIbHOM TOUYKMK 3peHuA. Hampumep, Mg UPUHATUA 3PMEKTHBHBIX MeED
Oops0BI ¢ smuUAeMuell TpHUINa OYeHb Ba’KHO 3HATH, KaK TakKasa duuje-
MU MOYKET PasBUBATHCHA, YTOOBI B HYJKHBI MOMEHT YCUJIUTH MECTHYIO
CUCTEMY 37 pPABOOXPAHEHMSA: B AlTEeKM 3aBe3TH O0Jbille IPOTHBOTPUII-
TO3HBIX MeAWKAMEHTOB, PA3BEePHYTH AOMOJHHATEJNbHLIE MeCTA B OOJILHU-
IIax, HaMeTUTh KapaHTHUHHBIE MEPHI U T. . BOT MoAeJMpOBaHUEM Da3-
BUTUA SMUAEMUHN TPHUIINAa MBI cefiuac U 3aliMeMCs.

Ilycts B HeKOTOpPOM HACeJEHHOM IYHKTE C UMCJIEHHOCTBHIO Haceje-
Husa L mavanacs snugeMus rpunna. [IporHosupoBaTh B HaIlleil MOAeNH
MBI OyJIeM KOJMUYEeCTBO JoJeii, GOJIeIOIUX TPUNNOM Ha n-i#i IeHb IMOC-
Je Hauana suugemuu. O0o3maumm 3T0 KoamuectBo B(n). Ha mnepswiii
B3MJIAA BeamuyuHa B(n) ymoBieTBopseTr IPEeIOJIOMKEHUAM MOZAEJIH Oorpa-
HuueHHOro pocra. le#crBuTesibHO, NPUPOCT YMcJa OOJBHBIX IPOIOP-
HUOHAJICH YHCJY yKe 3a00JeBIINAX, HO, Pa3yMeeTcs, He MOYKET IPeBOC-
xoauTh uucia L. OrmerumMm, 4TO oTCYeT HauumHaeTcd ¢ n = 1, Tak uTO
HayanbHoe sHauvenme — 310 B(1). B xauecrBe B(0) Bo3pMeM 3Haueuue
u ansa B(n) manumeM y)Ke M3BeCTHYIO HaM (opMysy:

Bn+1)=|1+k

@ B(n).

Oamako cormacHo rpaduky yaxnuu B(n) (Bel mocTpouiu rpadux
ana M(n), BeimonHad jgaGopaTopuylo pabory 12) mpuxoaum K CTpaH-
HOMY BBIBOAY — KOJHUYECTBO GOJNBHBIX JOCTUTAET HEKOTOPOTO YPOBHA
¥ Jajibllie He MEHAETCA. JDNUACMHUA IPOLAOJIKAETCS BEUHO!

Tax, KOHEeUHO, He ObIBaeT. SHAUUT, MOCTPOECHHaA MOHeJb HealeK-
BatHa. M HAZ0 NOMCKATH HEYYTEHHLIE CYIeCTBEHHLIE (PAKTOPBI MOAE-
au. BopoueMm, cesiaTh 3TO HETPYAHO — B MOJEJH He YUUTHIBAETCS, UTO
JIOAY BBI3JOPABIMBAIOT, YV HHUX BBIpabaTHIBAETCA MMMYHUTET u 00Jib-
mie oHm He 3aboseBalT. I mPOCTOTHI GyHEeM CYMTaTh, 4YTO 0O0JIE3HB
anurca 7 gHeiti. O0o3HauuM uepes V(1) KoauuecTBO JIOfEH, yKe mepe-
0oNeBUINX TPUIIIOM K 7n-My JHIO C MOMEHTa Hauajga snugemuu. Torza
AcHO, uto V(1) =V(2)=V(8) = ..=V(7) =0, a V(8) = B(1), V(9) =
= V(8) + B(2) u, BooGiie, V(n + 1) = V(n) + B(n) upu n > 8. 3anuiiem
IMONYYHBUIVIOCA MOAEJb:

V) =V(2)=..=V(7)=0;
V(8) = B(1);
Vin +1)=V{(n) + B(n) upu n > 7;

Bn+1)=|1+k

M B(n) npu n > 0.
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BOMPOCHI M 3AAAHMS

Kakue npepnonoxeHnsa nosioxeHsl B OCHOBY Moaenn anugemuu rpunna? Kakossl na-
pameTpbl 3aTO Mopenu?

e MpoaymaiiTe 1 NPeanoXuTe 3anofHEeHVe BNEKTPOHHON Tabnuubl O0A8 fpoBeaeHus
KOMMNBIOTEPHOrO 9KCREPUMEHTA C MOLESLIO SNMASMUU rPUnna.

6 CocraBbTe anropuTM ANA BblMUCNEHUS Yucna OOJibHbIX ropnnom 4epes3 3ahaHHoe
YNCNO OHEeWn, PYKOBOACTBYACH MOZENLIO 3Nuaemum rpynna. 3anuwmte ero Ha noa-
Xo4dwem ans sac fA3blke nporpamMmmMmmpoBaHuA.

e* ANa HEKOTOPbLIX LTAMMOB TpuUNia UWMMYHUTET OKa3blBAETCH HECTOMKUM U ANUTCH
HecKosibko AHed. flocTponTte mogesns anuaeMuy rpunna aas Takow cutyaumu.

(Y BeposrHocTHbIe Moaen

R T 4= 4 -

Co cay4a#iHOCTBIO MBI CTAJKHBAEMCA Ha KaXKAOM Imary. Mox-
HO CIy4alfHO BCTPETUTH Ha YJIHI[E CBOETO HPHUATEH, MOMKHO CIydYaiHo
pasduTh YamIKy, MOKHO, HaKOHEI], CJy4aiiHO BHIUTPATHL B JIOTEPEIO.

Ho muEOrja ciayuaiinsie umcja HY)XKHO YMeTh ITOJYYaTh UCKYCCTBEH-
HeIM ofpasom. Hampumep, omnmpeaeanThs caydaiilHbIM O6pasoM NTOPALOK
BBICTYIJIEHUS (DUTYPHCTOB HA COPEBHOBAHMY WJIX HOMepa JOoTepelHBIX
6useToB, Ha KOTOpLIEe HajaeT BHIUrpHImi. Jayke IIpHM IMpOBEeAeHMU Hayy-
HBIX YKCHEPUMEHTOB CJYYAHHOCT: H3MEHEHUS YCJIOBHH JKCHEPHMEHTA
TOXM(e WMeeT 3HaueHWe, Kax B 9THX cAyJYasX OPraHM3yeTCs CaydaiiHas
OCJie0BaTeJbHOCTh Yucea?

Kaszanoce 6bI, 5TO COBCEM pasHBIe Belju: IPUPOAHAA CIYUYANHOCTh
U CAy4alHOCTb, CHEIMaJbHO opraHusyemas dejoBekoMm. OgHAKO 3TO He
COBCEM TaK.

CHauasia 4yeJOBeK HAY4YWJCH KCHONL30BATH NPHUPOAHYIO CHydai-
HOCTh., UTO0BI OmpenesnTh, KOMY HadYMHATHL WUIPY, MOMKHO IOAOpACHI-
BaTh MOHETKY. UTOOBI caydaiiHO BeIGpaTh OZHO YMCJIO M3 MIECTH, MOXMK-
HO nojabpacwkiBaTh Ky6uk. IIas toro urobnl crpouTh Golee paszmoobpas-
HEBIE TIOCJIEZIOBATEJIHHOCTH CHAYUYAHHBIX YUCEJ, MOMKHO PETruCTPHUPOBATH
BpeMsA IIPUXOAA KOCMHUYECKNX UYaCTHI (HamupuMep, ¢ MOMOIIBIO CUEeTYH-
ka Feiirepa). Ho Kax usyyame mpouecchl, B KOTOPLIX CAMOU Ipupoxoii
3aJI0KeHA CAYYaAHHOCTL?

Msr mazeemcsa, 4To Bce, MBJI0KEHHOE paHee, cAesajio AJisA Bac oue-
BUJHBIM BasKHBIN TE3MC: M3YUYUTHh — 3HAYUT IIOCTPOUTL MOJAes]b, OTpa-
YKAIOIYIO CYIleCTBEHHBIE CTOPOHBLI M3Y4YaeMoOro O0BeKTa, IIpolecca M
ABneHusi. MgyuaTs Ke Ipoilecchl, B KOTOPBIX CAYYAHHOCTb — HEOTH-
eMJieMasi 4epTa, YeJOBEeKY IIPUXOJUTCA BeCbMa YacTO. ITO MOTYT OBLITH
o0nluHble TenedOHHBIE PASTOBOPHI MO JNWHWY CBA3H, HAUMHAIOIMECH B
caydaiiHoe BpeMs ¥ HENOHATHO CKOJIBKO IIPOAOJIYKAIOIINECS, WJIN IIPHU-
X0J MOKyHNATeNsaA B MarasuH ¥ NPOAOJIKUTEJBLHOCTH €ro Ipe6GbhiBaHMsA
TaM, UJIH B KOHIIE KOHIIOB HENpeACKAasyeMoe MOBeAeHVe dJieMEHTapHBIX
YacTHUL, B SIIEPHOM peaxTope.
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Bce HenmoHATHO, HeACHO, HENPEACKA3yeMO, ONHAKO JIMHUA CBA3U
AOJIKHA MMETh JOCTATOYHYIO HPONYCKHYIO CIIOCOOHOCTH, B YHHEBEpCaMe
B HYJKHOE BpEeMs AOJIYKHO OBITh HYJKHOE KOJHYECTBO KAaCCHPOB, a peak-
TOPBI AOJUKHBEI HAJIEIKHO paGoTaTs.

Jlna yCcOeImHOIO pPEeHIeHHA BCeX 3THUX 3ajau HeoOXOZMMO YMETh
AeJIaTh clemyIoiiee:

1. ITony4aTh HCKYCCTBEHHYIO IIOCHEHOBATEJILHOCTL CAYYAWHBIX YH-
ceJi, YCHEIIHO 3aMEHAMIIYIO PealbHYIO, OUPEeZeJAeMYI0o CHyJalHBIMU
COGRITHAMHU.

2. C momonibio 3TOM MOCJAEAOBATEILHOCTH MOAENHPOBATH CJydaii-
HEIe COOBITMS M HAXOAUTH MapaMeTphi, HeOOXOAMMEIC IJIS NPOEKTHPO-
BaHUA JUHUY CBA3H (SAEPHOr0 peaxTopa uiu rpabuka paGoThl NPOAAB-
IIOB MarasmHa).

OrMeTHM IHpexxAe BCEro, 4TO AAA OOCY:KJeHUsS CAyJalHBIX COOBI-
TH# HaAO MMETH AEJI0O ¢ MHOTOKPATHO IOBTOPSAIOUIMMHUCH ONLITAMH, IPU
KOTOPHEIX MOTYT HOPOHCXOAHUTEH HAHHEBIE COOBITHA. KaJgoe IOBTOpPEHME
onbITa OOBIYHO HA3HEIBAIOT HCHBITAHMEM, & MHOJKECTBO MHOTOKDATHO
NpOBeicHHEIX WCUOBITAHKWHA B OJHOM OILITe — cepHel ucnbiTaHuil. Yac-
TOTOM COOBITHS A B KaKOH-TO CePUM HCOBITAHWI HA3BIBAE€TCHA YHCJHO, IO~
KaspIBaloIliee, CKOJBKO pa3 IIPOMBONLIO co0uiTHMe A B 5TOH cepuu.

BayxkHoli UYHCJ/IOBOM XapaKTepHMCTHKON CAyYaMHOTO COOBITHA SABJIfA-
eTcAd BePOSATHOCTH ero HacTymieHusa. CBaAs3aHbl JIM BEPOSATHOCTL H dac-
Tora? Ja: yeM dUamie OPOMCXOAUAT cOOGBITHE, TeM O0oJbieé BePOATHOCTH
ero Hactymiaesua. TeM He MeHee CKa3aTh, YTO BePOSATHOCTb — 3TO HaC-
TOTa HACTYILJICHUS COOLITHSA, OYEBHAHO, HEJIb3sA: B cepuu ¢ OOanmum
YUCJIOM MCOBLITAHHA OZHO M TO Ke coOniTHe OyZieT MMeTh GONBIOYIO dac-
TOTY, HEKeJH B CEPpUY C MEHBIIMM YHCJIOM HCOBITAaHHI. MB nmpoBeau
ABAa OHBITA IO MOAOCPACBIBAHHIO OOBIKHOBEHHOr'O MTPAJIBHOTO KYyOHKa.
B nepeom ombite Gbl10 npoeegeHo 20 mcneiTanuii, B0 BropoMm — 40 uc-
neiTaauit. ICX0IOM B KayXAOM HCOBLITAHHHU OBLIIO YHUCJIO OYKOB, BHINAB-
muX Ha KyOukxe. PesyasTaThl ONBITOB mpejcTaBjieHBl B Tabaunne 3.4.

Tabnnya 3.4
Konuuectso )
NCbITAHUN Wexonbl 1 2 3 4 5 6
B cepuu
20 Yacrtora 3 3 3 2 4 5
OtHocutenbHas vacrota) 0,15 { 0,151 0,15 | 0,1 0,2 | 0,25
40 YacTtota 6 6 7 7 6 8
OTHocutenwHas yactota| 0,15 | 0,15 |0,175]0,1751 0,15 | 0,2

Bo sropom crosbiie BeI HPOUMTAJIN HOBBIE cJjoBa: «OTHOCHTEJIbHAHA
4acToTa». I9TO YHUCJIO0, PAaBHOE OTHOIIEHMIO YaCTOTHI K YHCJIY MCILITA-
HU# B gaHHOU cepmu. OHA, KaK MLl BUANM, MAJI0 MeHAeTCA IIPU yBe-
JNYEeHNH YHCJIa HCILITAHUN B cepuu.
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Koumeuno, 20 u gaxxke 40 ucuniTanuii B CeEpUM — 3TO COBCEM HEMHO-
ro. Ho gis GonpImmHCTBA ¢y4Ya¥HBEIX COOLITHM BEINOJHAETCA CBOMCTBO:
yem Gonblle YBEAUHUBAME HUCAO UCNLIMAHUIL 8 cepuax, mem MeHbule
6ydym omauuamosca Opyz om dpyza omHOCUMeNbHbIe 4LAcCmMOmbt OaH-
HO20 cobbimusa 8 amux cepuax. UHEIMU cIOBaMH, npu 60AbULOM HUCTE
UCnbLIMAHUL OMHOCUMEAbHbIE Yacmomysl 00H020 U mozo Jce cobbimus
8 DA3NULHbLX CEePUAX 2DYNNUPYIOMCa 60KpYz 00HOZ0 U mMOz0 Jce HUc-
Aa. ITO YNCJIO M HASKIBAIOT 8€POAMHOCMbI0O OAHHO20 COObLMUA.

B page curyanuii onpemeuTh BepPOATHOCTH COOBITHSI MOXCHO M He
npuberasg K AJIMHHLIM CepuUAM McOBITaHui. flcHO, HampIMep, YTO ecan
UTpaJbHBIH KyOMK He mMeeT He)eKTOB, TO KaiKJO€ UHCJIO OYKOB OT 1
A0 6 moJKHO BRIIAJATH OAZWHAKOBO 4acTO. A 9TO O3HAYAET, UTO OTHO-
cHUTeNnbHAs YaCTOTA KaXKAOr0 M3 HCXOAOB JOJIKHA IPYNIUDOBATHCS

1
OKOQJIO YHCJa g. C.ne,u;ona'reJmHo, BEPOATHOCTDH BHINAACHUA HA RYGI'IRe

1
AAHHOIrO KOJHYECTB& OYKOB pDaBHAa E.

Jlajieko He BcerZa TOCPEACTBOM YMO3AKJIIOYEHHIT MOMKHO YCTaHO-
BHTb BE€POATHOCTH HCCIAeAyeMOoro coOmiTus. Torma Gez mpoBeneHMS HC-
OpiTaHN He 000iTHCE. BOT 371eCE-TO W MOMKET IPUTOAUTLCA KOMIIBLIO-
TepHOe MOAEJMPOBAHHUE: e€CIIK MOCTPOUTH MOJENb CAYYaMHOrO mpoIecca,
TO HaOJAIOZATh €r0 HAa SKpaHe KOMIBLIOTepa ropasAo AelIeBlie, a WHOTAA
n OesoracHee, 4YeM HPOBOAMUTL HATYPHEIE SKCICPHMEHTHI, MHOT'OKPATHO
HOBTOPAA NAHHBIN IpoIecc.

Mogenun, B KOTODPBIX HCIHOJB3VIOTCSA BEPOSATHOCTH MOJAEINUPYEMBIX
COOBITHH, HASBIBAIOTCS BEPOATHOCTHHIMH MOJACJIAMH.

BONPOCH! U 3ARAHUSA
o I"Ipwse,ume npuMepsbl, Korapa Heob6xoaumo noayyatb nocnenoBarTebHOCTU Cﬂy‘laVIHbIX
yucen. Kak takme nocnenosatensHOCTU B 3TUX cayydanx €03/a8annuceL?

Bcnomunte, B KakuX XU3HEHHbLIX CUTyauusix Bbi MOAL3OBAAUCL Cly4aliHbiMi 4vCha-
mun. Kak Bbi Takwe ynucna nony4anu?

410 Takoe 4acToTa U OTHOCUTENbHAs 4YacToTa cnyvaiiHoro cobuitna? Yro Takoe Be-
POATHOCTb CAYHANHOIO CObbLITUR?

Kakue mogenn HasbiBaloT BEPOATHOCTHLIMU?

0 O 0O

Ins ykazaHHbIX HWXE ONbITOB M MX UCXOAOB onpeaenvTe, B KaKUX CAy4Yasix BEpONAT-
HOCTb MCXOQ0B MOXET OblTb NOAY4EeHa YMO3PUTENbHLIMU 3aKNOHEHUSMU, @ B KaKux
obasatenpHo TpeGyeTcs NPOBECTM Cepun UCMLITAHWIA.

a) OneiT — nopBpacsiBaHne KHONKKY; MCXOObl: KHOMKa ynana OCTPueMm BBepX, KHOMKa
ynana Ha ocTpue.

6) OnuIT — BoiTackuBaHKe GOYOHKa ONA Urpbl B 0TO; UCXOAb!: BoIHYT BO4OHOK C 4uC-
NOM 1, BbiHYT GOYOHOK C HUCAOM 2, ..., BbiHYT 6040HOK ¢ uncnom 90.

8) OnbiT — noabpaceiBaHne 6ytepbpoaa; mucxoaw: GyTepbpog ynan Macnom BBepx,
6yTepbpog ynan MacnoMm BHUS.

r) Oneit — yaap no sopotam 8 ¢yTtbonbHOM MmaTt4ye; ucxogpl: ron 3abur, ron He
3a6uT.



5 ACIT‘IMKH CﬂY‘IOHHHX qucen H nceanocnyuam-lue
nocnenoBareibHOCTH B B

B mauase mpezmisyinero maparpada O6sL1H chOpMyJIMpPOBAHBI JBa
yCcIOBUA, HeOOXOAMMEIE AJIA MOAEAWPOBAHUA CIYYAHHBIX IPOIECCOB:

s HaJWuyme crocoba IoJNy4daTh IOCHEAOBATENbHOCTL CAYYaMHEBIX
yuces, YCIENIHO 3aMEeHAIONINX PEeaJbHYI0O W ONpeAensaeMyio cJy-
YAHHBIMH COOBLITHUAMUH;

e YMEHHE C IIOMOIIBLI0O 9TOM IIOCJENOBATEJHHOCTH MOJAEJINPOBATH
cJydaiHbIe POIIECCHI.

Onmo cayuaiimoe YMCJ0 MOJMYYUTE Jerxo. IlocMoTpuTte, Hanpumep,

Ha 4Yacbl B 9TOT CaMbifi MOMEHT M 3aCeKUTE, CKOJLKO CEKYHJ OHU IIO-
KasbiBaloT. BoT BaM M ciaydadiHOe YHCJIO.

MooxkHO emie pas BSTUIAHYTb M IOJYYUTH BTOPOE CIYYAHHOE YUCIO.
B uem ke sakniouaeTcsa CAYUYAHHOCTE 3TUX uucen? B cayyaiimoctu
BBIOOpA OHOrO UNCJA M3 HEKOTOPOrO MHOMKECTBA UMCEJ, B JaHHOM CJIY-
yage — M3 MHOMKECTBa LeJbIXx umcea or 1 mgo 60.

Emnie opuu citoco6 monydeHHMsi CAydaiiHOTO uMcja yaKe Ob6CysKAANCH
B IpeApIyIieM maparpade: Oyaem OpocaTh UrpajbHBIM KYOMK M CMOT-
peTh, KaKoe YHCJIO BHINAZeT Ha BepxXHeil rpaHu. 31ech MHOMKECTBO 4u-
ceJi, KOTOpbI€ MOTYT MOSBUTLCS, COAEPKHUT Bcero 6 sjaeMeHTOB: 4MCHIa
1, 2, 3, 4, 5, 6. [Ina Xopoiuero Kybomxa OOABJIEHHE JIO00T0 M3 3THX
Ypces PABHOBEPOATHO (T. €. BEPOATHOCTH BHIIAAEHUSA KaMIOTO U3 YH-
ceJl PaBHBI).

PaccmoTpuM Tperuii crioco6 moaydeHHsI CAYYaMHOrO 4Ymcjia. Byaem
CTPEJIATh IO MHUINIEHY K3 JyKa. Kak OBl XOpOII0 MBI HU HPULEJINBAJINCE,
KoJiebauusa Bo3fgyxa (B YaCTHOCTH, HOPEHIBEI BeTpa), HEIPeACKA3yeMOCTh
CHUJIBI, ¢ KOTOPO#l HATATHBAETCHA TETHBA, WHAWBHAYVAJIBLHOCTL a’3pojuHA-
MUYECKHX CBOMCTB KaXAOW KOHKPETHOH CTpPeJsBl U T. II. BHOCAT caydaii-
HOCTL B ee moJieT. IToaToMy paccTosimue OT IeHTpa MMIIEHU AO TOYKH,
KyZa noiaJja cTpeja, TOXXe ciaydaliHoe UMCIo. 3heCh NepeuynucanuTsh MHO-
JKeCTBO BCEX BO3MOJKHBIX 3HAYEHUI He yJacTcd — uUX OECKOHEeYHO
MHOTo. PaKTHUYECKW TaKMM 3HAYEHHEM MOMKeT OBITh Jiio6oe IeiicTBU-
TeJIbHOE HEOTPHUIATEeNbHOe uKcio. KoHeuHOo, eciu MbI NPHUIlEIMBAEMCS
XOpPOILIO, TO 3[AeCh IIOABJICHNE TEX WJIN WHBIX YHCeJ HepaBHOBEPOSITHO:
MaJjieHbKHe YUCJA JOJMKHBLI IHOABIATHCA dallle GOJLIINX.

OO6BIYHO HYKHA He Ja100as IOCJeAOBATEIBLHOCTh CJAYUYaMHBIX YHCeJ,
a YZOBJIETBOPAIOIIAS HEKOTOPHIM YCJOBHAM. B ciaydae ¢ KyOHMKOM Bepo-
ATHOCTU BCEX MCXOJ0OB OAMHAKOBEI, IO3TOMY IIOJYYaIOniaAcsa HOCJIeZOoBA-
TeJBbHOCTb CJAYYAMHBIX Yucesl HA3bBIBaeTCd PaBHOMEPHO pacIpelesieH-
Hoii. Eciin Xe BepOATHOCTL HOSBJICHHUSA OYEPEIHOrO UMCJa HEeOAMHAKOBAa
OJIS1 Pas3HbBIX YHCEJ, TO 3TO HepaBHOMEPHO paclIpefesieHHAs IIOCJIeZOBa-
TEeNbHOCTS.

IHoTpebHOCTL B CAYUAMHBIX YHCJAAX BO3HUKJIA AOBOJIBHO JaBHO.
W crmocoboB umx moayuyeHus pas3paboTaHO AOCTATOYHO. ¥YUYEHBIE DacKJa-
ABIBAJIA KapThel, 6pocalyu KOCTH, BBITACKMBAJIHN UepHBIe M OeJibie Ima-
pPbl M3 KOpPOOKU, KOTOPYIO IpPeABapUTEJbHO KaK CJeAyeT TPSCIH.
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B 1927 roxy JI. Tpunmnert onyGiAnKOBaa TAGAHMIEI, COAEPIKAIINE CBHIIIIE
40 000 cayuaitapix mudp, IPOM3BOJBHO B3ATHIX M3 OTUETOB O Iepenu-
cu. Ilosxxe OBIIM CKOHCTPYUPOBAHLI CIIEIMAJbHBIC MAIIWHBI, MEXaHU-
YecKu BhIpabaTeiBaloIue ciaydalifibie 4Yiuciaa (IepBYIO TAKYI0 MAIINHY
uconons3oBanu M. [Iix. Kergana u B. Bob6uurron-CMuT npum cosjanuu
rabaun u3 100 000 cayua#iuerx mudp).

IlpakTuuecku cpasy ke mocje cosganma IBM Hauvaiawch NIOMCKHU
3 PeKTHBHBIX METOAOB IOJNYYECHWUA CAYYAMHBIX YHUCEJ AJIA HCIIOJJb30-
BaHUA B KOMIIBIOTEPHBIX IporpaMMax. MOoKHO ObLJIO II0JB30BATLCHA
n TabnaunamMu, HO OHH TPefOBaJH JJIs CBOEro pasMelleHus OOJbIIOi
o06seM omepaTnpHON nmaMATu. [loHauany xk OBM mnoaxiamouanu JaTYUMKH
cayuaineix ynces (JICY), ocHoOBaHHBIE HAa PA3JIMYHBIX bH3UYEeCKUX (-
dexTax, B OCHOBHOM HA TaK HA3bBIBAaeMOM a(ddeKTe MIyMa 3/JeKTPOHHBIX
JIaMII U M3JIyYeHUHN PaAHMOaKTHUBHBIX BeIIECTB.

Ho paTuyuky OBLIN CIAMIIKOM MEZAJEHHBIMU, JOPOTUMH H Hebesomac-
HeIMU. Kpome Toro, mpu oTJafKe OporpamMm, ucmnoixbsymmunx CU,
KpailiHe BayKHO, 4TOOBl IIPYU OJAMHAKOBBLIX HAYAJLHBIX JAHHBIX IIOJyda-
JACh OAWHAKOBhie KOHEYHEIe pe3yJIbTAThl, Uero JAaTYMKHU HA OCHOBe (u-
sudeckux 9hdeKToOB He MOTJIM 00ECHeYNTs B IPUHIIHIE: IIOTOKY KOCMH-
YeCKUX YaCTHIL He NPUKAaKelllhb IPHIIeTeTh elle pa3 ¢ TOU Ke YacToToil.

HecoBepieHCTBO aTUX METOOB IMPOOYAWAO HMHTEPEC K MOJNYUECHHIO
CAy4YaWHBIX dYHCEJ C IIOMOINGI0 apudMeTHYeCKMX OIepamuii caMoro
KoMIbioTepa. IIepBHIM Taxkoil mOAXOA mupelioxua B 1946 roxgy I»xou
don Heitman, m3BecTHBHIM BaM KakK paspaboTUHUK apXUTEKTYpPHI IIEPBBLIX
9BM. Ero maes cOCTOMT B TOM, YTO HYXHO TOJIBKO caMoe IepBOe CAy-
yafinoe YuCJ0. A Jajbllle IPHUMEHseTCs CJeAyiolliee PeKypPpPeHTHOe
IIPaBHJIO: YHCJIO BOBBOAWUTCH B KBaApPaT M H3 peayJbTarTa Oeperca ce-
pesuna. Hanmpumep, MBI XOTHM NOJYYHATH CAYYAUHYIO MOCJIEAO0BATE/b-
HOCTb, COCTOAINYIO W3 AECATHUSHAUHBIX YMces. IlycTh mepBoe AeCATH-
3HaYHOe YMCJO Halel mocjezoBareJbHOCTH 5772156649 (MBI mpoc-
To Habpanu moapazx 10 nudp, BbI MOXMeTe HANHNCATH APYyroe 4McJo).
BosBoguM ero B KBaJpaT H NOJy4YaeM ABafIlaTH3HAUHOE YMCJIO
33317792380594909201. Or6pacsiBaeM HATh IEPBHEIX ¥ HIATH IMOCJIEI-
gux nudp. Ilonyuyaem HOBoe AecATH3HauUHOe uuciao 7923805949. 9ro
BTOPOH uJjieH Haliell IOCJeXOBATEJbHOCTH. B0O3BOAMM ero B KBaAparT
u nogyuaem 62786700717407790601. CuoBa oT0pachiBaeM IATH IMEPBBIX
U OATh nocjiefHux nudp U mojiyuyaeM TpeTUH WieH Hamiell mocjemoBa-
TeabHocTu: 7007174077, Tax Xe mosiydaeM 4eTBEPTOe UHCJIO M T. A.

ParkTHUYECKH CTPOUTCH PEKYPPEHTHO 3aJaHHaA IOCJIeHOBaATE/b-
HOCTH umcea. A rae e saech cayuvaitHocth? KoHeuHO, HUKaKO# Ciy-
4aWHOCTH 3JAech HeT. HO BaHO, UTO HmOJy4YaeMbleé TaKUM CIIOCOGOM
qucia BeRyT ceba KaK cayuaifHble: 4acToTa MOABJEHUA JIOG0ro 4mcia
B 3TOH HOCJIENOBATEJBHOCTH IIPHMMEPHO OAMHAKOBA. MaTeMATHKH JOKa-
3aJIM, 4YTO €CJM PaCcCMOTPETh O0eCKOHEUHVIO IIOCHef0BATEILHOCTh TaKMX
yuces (T. e. KaKk OYATO MBI IIPOBOAUM GECKOHEUHYIO CEPHIO OMBITOB), TO
AN KaMAOTO YHCJAa BEPOATHOCTH €ro NOABJCHUS OZHA M Ta JKe.
A B MOAENMPOBAHWYU HKCIEPHMMEHTOB CO CIAYYaHBIMU YHCAAMH TOJBKO
9TO M HaZo!
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B uTtore BMeCTO IIOCJI€LOBATEJBLHOCTH CJIYUYAMHBIX YMCEJ MBI HMe-
eM ee MOJeJb, COXPaHAMIOIIYI0 CaMOe€ IJIABHOE CBOMCTBO: PaBHOMEPHOE
pacnpesesieine BEPOATHOCTEHN IIOABJIEHUS UYJE€HOB 3TOH IIOCJIE€ZOBATEJIb-
HOcTH. TaKue INOCIeAOBATEJIBLHOCTH, MOAEAMPYIOIIUE MOCJIE0BATEND-
HOCTHM CJAYYaWHBIX 4YMCeJ, CTAJN Ha3bIBaTh NCEBAOCAYyUYANWHBLIMHU, 3aTO
ANTOPUTMBI IIOJIYYEHHUA IICEBIOCAYYANHBIX IIOCHAEeNOBATEJBHOCTEH IO-
IpPe)KHEMY HASHIBAIOT AATUYHMKAMHU CHYJIAMHBIX UYHCEJ.

B Teuenme moutm gecAaTm Jer mociie usodperenusa k. dhoum Heii-
MaHa MATeMaTHKW NPHUAYMBIBAJIHM DPa3IMYHEIE NATUYHUKY CJYUYaWHBIX 4H-
cen. Ilpo6iema B ToM, UTO BCe MCEBROCIYUYANHEBIE IOCHEXOBATEIBHOCTH
ABJIAIOTCA NMEPUOAUYECKUMM, T. €., HaYMHAA C HEKOTOPOTO MeCcTa, Yuc-
Ja B TIOCHAE€AOBATEILHOCTH TOABJIAIOTCSI B TOM JKe mopsare. lias mo-
ciaefoBaTedsHOCTH, npennoxxenHoi k. dou Heitmanom, 3tor 3ddekT
OCO3HATHL COBCEM JIETKO: eCJIA eije pa3 moaBuTca umciao 5772156649,
TO cjaeaywolnee 3a HuM Oyiaer 7923805949, morom 700717407 u . a.
W Torza yxe o MOZIeIMPOBAHMHA cayuafiHOCTH TOBODHUTEL He NPUXOAUT-
ca. IpaBna, npousoiifer T0 Toabko depesd 10'° omepamnuii. Ilns ueso-
BeKa IIPOBECTH CTOJBKO OIBITOB B JIYYIIEeM cJiydae Zeji0 HECKOJbKHX
JeT, gaKe €CJIM MPOCTO MOAOPACHIBATH MOHETKY, a AJs KOMIIBIOTEPa
B XYAIIEM cIydae AeJi0 HeCKOJbKHX YacoB (eCiM MOJeJHPYETCsS UTO-TO
caoxxuOoe). HO a1 mONMy4YeHUsI AOCTOBEPHBIX Pe3yJIbTAaTOB MOAEJIHPO-
BaHUA, HAIPUMED, paﬁo'rm ALEpHOTO peaKTopa HEPEAKO Tpebyercsa Ha-
MHOTO OOJbIlle CIAy4YailHbIX uuces. BoT 3a cos auue OLICTDHIX W HALEK-
HeIX JICY ¢ Gospmum mepuozom (mopsaska 10'%%) u paseepuynacs 6opn-
6a MaTEeMATHKOB.

Cerogua B Jji000M fA3bIKe IporpammupoBaHus ectb JCH. OO6w1uHO
OH BBINIOJIHEH B BHJE NOANPOrpaMMBI-QYHKIHWH ¥ IJA TOJNL30BATENA
BHITJIAAUT KAaK OINEepaTop, NPHUCBAWBAONINA IepeMeHHOH ciaydaiiHoe
sHaueHne ua npomexkytxa [0; 1). Ects Taroil omepaTop U B 3JIEKTPOH-
Ho tabauime Microsoft Excel. B ajroputMax MBI 3TOT oleparop Oyzem
3anuceiBaTh cokpainenuem [ICY. Hanmpumep, o KoOMaHze

x = ICY;
nepeMeHHOH x GyZeT NIPHCBOEHO CIyYaiiHOe 3HAYEHUE U3 IIPOMEKYTKA
[0; 1). Ecau tpebyercAa IpPHCBOHUTL PABHOMEPHO DacIpelesieHHOe CIy-
yaiiHoe 3HAaUeHNe U3 IpPOMeKYyTKa [a; b), TO HCHOAB3yeTCA KOMAaHIa
:=a + (b — a)*ICY.

HNuoorpa Tpebyercsa HOJIY‘IHTB ejioe cayyaliHOe UHCIO X, yZOBJe-
TBOpAIOIIEe HepaBeHCTBY m < x < n. Torza mcnosnsyerca KOMaHAa

x :=m + INT((n + 1 - m)*CHY).

BOHPOCbI nu BAAAHMSI

@ uro Takoe cnyuaitioe uncno?

Q YTo 3HaYUT NOCNEeLoBaTENBbHOCTE CNyHalHbLIX YMCen PaBHOMEPHO pacnpepeneHa?
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MpuBeanTe NpUMeEpPLl NPOUECCOB, B KOTOPbIX BCTpeYyalnTCa paBHOMEPHO W HepasHO-
MEpHO pacnpegeneHHble NOCNeR0BaTeNbHOCTU CNY4aiHbiX ynucen.

MpeanonoxuMm, 4TO BbI XOTUTE MOAYYUTL NOCAEAOBATENBHOCTL CAy4alHbiX Yncen oOF
1 po 99. Kakoh v3 nepeqmcneHHbIX HuXe MeTonoB Bbl NpegnoyTtere?

a) Buibpatb M3 B3siThiX Hayrag CTpaHul, TenedOHHOro CnpaBoYHMKA ABEe nocnegHue
undpbl Hayraz BbIOpaHHbLIX HOMepoB TenedOoHOoB.

6) Bocnonb3oBarteCcA ABYMS MAadlLMMN Pa3psaaaMM HOMEPOB CTPaHUL, TOro Xe cnpa-
BOYHUKA.

8) MMO3BOHUTL HECKOJIBKUM 3HAKOMBLIM K MOMPOCUTL WX HA3BaTb Kakoe-uubyae HaTy-
panibHoe uYucno, mexowee 100.

r) Baate Homepa, Bomrpaswme B «PycCKOM NOTO» 3a NOCAEAHNE HECKONbKO PO3bir-
phlLe.

Mposepbte MeTOA HOH HeMmaHa ansa ABY3HAYHLIX YUCes, a UMEHHO YCTaHOBUTE, Kak
sBegeT cebn nocnenoBaTenbHOCTb B 3aBMCUMOCTH OT BbiGOpa nepesoro yucna nocne-
AOBATEeNbHOCTU.

* a) O6bACHUTE, NOYEMY B NOCAEAOBATENLHOCTU AECATU3HAYHBIX YNCEN, NOCTPOEHHOM

no metony ¢oH Heilimana, HekoTopoe 4ncno o6si3aTeNbHO NOBTOPUTCA (Cnefosa-
TeNbHO, NOCNEAOBATENbHOCTL HABEPHSKA NEepuognyHa).

6) Mpeanoxute kakor-HMbyap CNOco6 MOCTPOEHMA HenepuoauyYeckux Nocneaosa-
TENbHOCTER n-3HAYHbLIX YUCen.

Noaymaite n nonebitaittecb ChOPMYyNMpPoOBaTs OTBET Ha CNEAyloWMA BONPOC: B Ka-
KMX 3agadax Mnpu KOMNLIOTEPHOM MOAEAUPOBaHUKM BaM KaxeTtca Gonee ymecTHbIM
ucnonb3oeath JCH A3bika NPOrpaMMuMpoBaHva, a B KakKux — INEKTPOHHOW Tabnuupi?

’ 8§ ﬁ-éi MopenuposaHue CRy4aiHbIX NPOLECCOB

HpHMeHI/IM HOJIYyYEHHBIC SHaHHUA AJAA IIOCTPOECHUSA BEpPOATHOCT-

HbIX Mojgesei. Peub moitieT 0 MOJeIMPOBAHUY TAK HA3BIBAEMBIX CHCTEM
MaccoBOro OOCHy)KHBaHHs. I[IpeAcTaBjleHHMEe O TaKHMX CHCTEMaxX AT
cJeayionue MpUMEpPHI:

+ Ha Teme(oOHHYIO CTAHIIMIO IOCTYHAOT TededoHHBIe 3BOHKM. IladA
uX O0CHYKMBaHUSA TPeOYIOTCA CBOOOJAHBIC KAaHAJNELI CBA3H. CKOJb-
KO TAKHX KaHAJOB HOJKHO GHITH, YTOOHI He BO3HUKAJO IIPOCTO-
eB 000pyAOBaHHSA M CJHIIKOM OGOJBIINX ouepeAeill abOHEHTOB, AO-
SKUAAIOMINXCA CBA3U?

+ Ha cranuuio «CKoOpoii MOMOIIM» IIOCTYNAIOT BEI3OBEI OT HACEJICHU.
CroIbKO BpaueOHBIX OpHMIraj AOJNIKHO AEKYPHTHL B TO HJIH HHOE
BpeMA CYTOK, 4TOObI GecrnepeGOHHO OKA3BIBATH IIOMOIINL U IIPH
aTOM UTOGHI He ocraBaamuch 6es paGoTel Gpuraasr?

¢ B marasmHe caMoOOCAYXHBAHUS NOKYIIATEAM PACCUUTEHIBAIOTCH
yepes Kacchl Ha BhrIXoZie. CKOJIBKO HAAO YCTAHOBHUTH KaCCOBBIX
anmapaToB M KaKOB JOJIKEH OBITE PerXuM paboTHI KacCHpPOB, YTO-
6Bl He CO3ZaBAJIOCh CAMINKOM AJHUHHBIX ouepeleil ¥ He IPOCTaHU-
BaJ Ge3 Aena KacCHphi?

Bo Bcex 3THX IPHUMeEpax eCTh ABe YEpPThI, NX OGBeAMHSAIONINE:

1) rpebyerca o6GpabaTeiBaTh HEKOTOPHIE OGBEKTHI, HOCTYHAIOIIHE

TIIOCTOAHHO, HO uUepe3 cjaydaifHbie NPOMEXKYTKH BPEMEHH;
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2) BpeMsa Ha oOpaboTKY KasKAoro o6beKTa TOXKe ciaydyaliHas Be-
JUYMHA.

CucreMBl ¢ TAKMMH OCOOCHHOCTAMM M HA3LIBAIOT CHCTEMaMHM Mac-
COBOTO OOCIy:KMBAHHA.

1A MoaeaupoBaHUsS CUCTEM MAaCCOBOroO O0CIy:KWBaHHSA HaJO 3HATH
XapaKTep Tex «caydalinocTeii», KOTOphbie ONMMCAHBEI B OYHKTax 1 m 2.
JJis 9TOT0 MX CTATHCTHUYECKU HIYUYaIOT, IMPOBOAS COOTBETCTBYIOIINE
HabaioneHusa U usMepenus. IlosToMy AJA pasHBIX CHUCTEM MAaCCOBOTO
0o6CcyKUBaHNA NOJYYAIOTCHA, BOOOIIe I'OBOPS, pasHble MOJEJHN, UX OIH-
ceiBatoiye. Mul pasbepeM caMylo IIPOCTYIO — MOZeJb KacCOBOTO o6cay-
JKUBAHUSA B MaraswHe.

B pasHoe BpeMsa CyTOK MHTEHCHBHOCTL IIOCEIEHMSA MarasuHa IIo-
KynaTeasMu pazanyHa. MBI BuIOepeM HEKOTOPHI WHTEepBaJ BpeMeHH,
KOTAa MHTEHCHBHOCTE He CHJIBHO MEHAeTcd M MOMKHO CUYHUTATH, UTO
KOJIMYECTBO IOKyIlaTeliell, IPUXOASAIIMX B MarasuH B TeUeHHE MHUHY-
TBI, — 9TO PABHOMEPHO paclipelejieHHaA clydyaiiHas BeJIMYWHA, TIPUHU-
Malomias nenble 3HaueHHsA B mHTepBase or 0 mo N,.

ToysO TAK Ke pPaBHOMEPHO pAaCHpeeIeHHON CAY4YaWHON BeJINYH-
HOH MbI OyZieM CUMTATL BpeMs, KOTOpoe TpebyeTcda KaccuUpy Ha obciay-
JKUBaHKe HoKynarens. Ilycrs maHHas caydaiiHasi BeJIMUMHA M3MEHSAET-
ca B mpegenax or T, mo T.

Kpome Toro, mpemxae ueM HOZOHUTH K Kacce, MOKYNATENb IPOBOAUT
HEKOTOpOe BpeMA B TOPrOBOM 3ajie, BHIOMpas TOBaphbl. JTO TOMKE COY-
yaifHad BeJNYNHA, M IIYCTh OHA PAaBHOMEPHO paclpelesieHa B WHTEpPBAa-
Jae ot V, mo V.

Hab6pas xopsuHy ¢ ToBapaMM, IOKyIIaTeJb HZET K TOH Kacce, rae
MeHbIle Oouepeasb. 1102TOMY MOMKHO CUMTATH, YTO AJHHA OUYEPEAU BO
BCeX KaccaxXx ofuHarkoBa. MBI XOTUM HAWTH TaKoe uMcJIO0 B — KOJH-
YeCcTBO Kacec, 4ToObl ouepelh B KAKAYIO M3 HUX He IpeBHIIIAJa m de-
JIOBEK.

Takum of6pasoM, AJA MOIEJMPOBAHHUA IIpoliecca OOCIY:KMBaHUSA
noKymarejeil HaM TPHIKABI TpeOyeTcA ciayualHOe UMCIO0: KOJHYECTBO
HoKynaTtejeii B mMarasmube, BpeMs OOCHYXKHMBAHUS OJHOTO HOKYyIaTels
KacCHpOM K BpeMs NpeOhIBaHHA MOKYNATENs B TOPrOBOM 3aJjie NJfA BHI-
0opa TOBapoOB.

Brinrze MBI aKTHYECKM IIEPEUYNCHANAN OCHOBHEBIE IIPEAIIOJIOKEeHUS
MOJEJU UM ONpeAeNIM IIapaMeTphi, KOTOpPbIe €e ONmNCHIBalOT. Terepsn
MeXJy STHMM IapaMeTpaM¥ HaJlo YCTAHOBHUTL CBA3MU.

IlycTs mo mcTedenmu ¢ MMHYT B TOPrOBOM 3aJjie MaraswmHa HaXo-
JATCA (HO He CTOAT B KacCy) a, NoxkymaTeseil. 3a CIeAYIOUIYIO MUHYTY
B MmarasuH 3aiiger emte INT((N, + 1) ICY) nmokyunareseit — sra ¢dop-
MyJia OpHBeleHa B KOHIle IipeAbliyiiero nmaparpada. UHBIMU CcJIOBaMHU,

a,,, = a, + INT(N, + 1)+ ICY) ~ b,,

rge b, — KOJIWYECTBO MOKyIaTesell, OIIAYMBAIOIINX B Kaccax IIOKYII-
KH B TeuYeHUe (-l MHUHYTEI.

Kax oupegenurs umcno b,? Byasem paccyxparh tak. IIocKOIBKY
MaKCHMaJbHAA NPOAOJYKUTEIbHOCTh BBIOOpPA HIOKYNOK V,, TO BCe 4,
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noKynarejeil 3alim B TOProBHIHA 3ay He Oojiee Kak V; MHHYT Hasajf.
Ho HekoTOpHIe M3 HHUX HaXOATCA B 3ajJle MeHee V, MHUHYT, T.€. OHH
VX TOUHO TIOKYIIKHK elfe He BuIOpasu. Ilo ycnoBuio o6baBIEHO PaBHO-
MEpPHOE pacIpejelieHue MoKyIlaTejeil, I0O9TOMY Ha HHTEPBAJ BPEMEHH
A )

———a, nokymnareneit. Ho me Bce arnm

"

IIOKyIIaTeJH OTIIPAaBUJINCH B KaccCy. HOB’I‘OMY 1 JAHHOE YWCJIO MBI JOJMXK-
HBl YMHOXHUTHE Ha OYepemgHOe c.nyqaf/'moe yucno. Arak,

V, — V, OpuxoguTcaA B CpegHEM

b, = INT [Vl‘;"o a,+ 1)-1[(:*{ :
1

(Xora zmecs u manucamo cuHoBa JICY, stor omepartop BbIpaboTaer
yiKe Jpyroe 4ucjao, HEXKeJH TO, KOTopoe (PUIypuUpOBaJO IIPU BBIUUC-
JeHUHu a,.)

Temepp IOACUUTAEM, CKOJHKO 4eJOBeK crout B ouepeau. ObosHa-
UM 4Uepe3 ¢, KOJIWYECTBO MOKyIaTesell, CTOAINUX B oUYepeAdx B Kaccy.
Torga ¢,,,=c¢, + b, — d,, rme d, — KOJIMYeCTBO NIOKynaresueii, obcay-
SKeHHBIX KAacCaMH B TedeHue f-ii MUHYTHI. Bpems, KoTopoe yXOAHUT Ha
obGcay)KuBaHmne OJHOTO NMOKYyIaTelNs, — CJy4YaliHad BeJHUYWHA, DaB-
HOMEDHO pacupejiesieHHass Ha npomexyTke [T,; 7). C nomoipio gaTaum-
Ka cAy4YaMHBIX YMceJI 9TO BPEMsI MOHEJMPYETCA BEeJIMYNHON

(T, - T, - ACY + T,.
Ho Torpa sa 1 MmuH OyaeT BBITIOJIHEHA
1
(T,-T,)-ACY +T,

4yacTh paboTel MO OOCHAYXKHMBAHNIO OJHOTO HmOKymnareis. B k xaccax sra
BeJuunHa OYAeT COOTBETCTBEHHO B k pas Goibiie. CiemoBaTebHO,

k
(T,~T)-ICH + T,

Ocranocs CPOPMYIHPOBATE KPUTEPHil «BoabIIoi ouepenau». Hamom-
HHAM, YTO MBI JOTOBOPHJINCH CUUTATH OYepesb 0OJbINOH, eCau B KAKAYIO
Kaccy CTOMT GOJIbIlie 4eM m YeJIOBEK, T.e. Korga ¢, > mk.

YT06sI MOJAHOCTHIO ONPENEANTh BEJIWYUHEHL 4,, b,, ¢, u d,, HaJ0 eie
3aJaTh HayaJbHbIe 3HAUEHHSA DTHX BeJMUHUH: 4y, by, ¢y u d,. Ilocneno-
BATEJDHO BBLIUMCIAA AAaHHLIE BEeJAMUYNHBI, OYJEM MOACUYUTHLIBATHL KOJIUYe-
CTBO MUHYT, KOTZA O4YepPeAb OKasbiBajiach 00ybInoi., Eciam umciao Takux
MHUHYT B TeUeHHE 4aca OKasblBaeTcs GONBIINM, 3HAUUT, Kacc pabotaer
MajJi0 U HAAO OTKPHITh AOHOJHHUTENbHBLIe. ECiIHN Xe TAKMX MHUHYT He
OKasaJIoch BOOOIIe, TO MOYKHO IHONMPOGOBATE YMEHBIINTD YUCJI0 paboraio-
mux Kacc.

Kak oOBIYHO, /A peajimsanuy 9TOH MOJeNN Ha KOMIBLIOTEDEe Tpe-
GyeTcsa BBIOpATh MOAXOAALIYIO TEXHOJIOTHIO., MBI BhIGEPEM aJTOPHTMU-

d,
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sanuio. Bor Kak MOKeT BBRITJIAJETH AJNTOPHUTM, IOSBOJAIOIIUNA BeCTH
KOMNOBIOTEDHBI# SKCIEPHMEHT C 3TOM MOAEJIBIO.

Anroputm
sew: NO, TO, T1, VO, V1, r;
(* N0 — marcumanvrHo 803MOMCHOE YUCLO noKynamedneil,
3ax00AWUX 6 MA2A3UH 68 MedeHUe MUHYMDbL,
[TO; T1) — npomexcymox epemenu, Heobxo0umbiili Ons
obcayxcusanus 00HOzZ0 noxynamens KACCUPOM,
[VO; V1) — npomescymor apemenu, Heobxolumbvlii noxKy-
nameaio 0asa évibopa mosapos,
k — koauxecmeo pabomanwux xacc,
m — MarxcumaavHo donycmumas OAuHA ovepedu 6 00HY
Kaccy,
r — doaa mex MuHym om obweil npodoarumenbHOCMu
8pemenu pabomuyl Maza3uHa, Koz0a ouepedv 8 Kaccovl npe-
sviwana donycmumyio dauny *)
Bew: a, b, e, d, T, s;
uen: k, m;
{ CoobwuTb "BeeguTe MaKCEMAaJAbLHO BO3MOXKHOE UWCJIO MOCETHTENeH,
BXOAAN{WX B Marasuii B TeyeHWe MUHYTHI ;
Sanpocutb NO;
CoobumTb "Beegmre aBa umcia, 3aJal0liue MPOMEXKYTOK BpEeMeHH,
HeoOXOAUMBIHA AJA OGCIYKUMBAHMA OJHOTO IOKYyIaTeNad”;
Sanpocurs 70, T1;
Coobwmth "Beesure ABa UHCHAA, 3a0al0lNUe IPOMEXKYTOK BpeMeHH,
HeoOXOAMMEIN IMOKYyHIaTesio AJA OT60pa TOBapoB';
Sanpocurk VO, V1;
Coo0umTh "Beeure MAKCHMAJBHO JOIYCTHMYIO IJUHY odepelu’;
3anpocutb m;
Coobumnte "Beeaute mnpeziaraeMoe BaMM KOJHYECTBO paboTaiomimx
Kacc”;
Sanpocuts k;
Coo6uwuuTth "BeesuTre npeasaraeMoe BaMu o6lljee BpeMsa, B TedyeHHE
KOTOpOTo Mojejupyerca pafora marasusHa’;

3anpocurb T;
a:=0,b:=0;¢c:=0;d:=0;
s == 0; (* wonuvecmeo munym, kwozda ouepedo

npeeviwiana donycmumyro OAUHY *)
Oenatb ox I := 1m0 T
{ a:= a + INT(NO + 1) * rand (1)) — b;

(* onepamop noayuwenus caAYyLailHOz0 wUCLA, PAGHO-
MepHO pacnpedenerHozo Ha npomexcymre [0; v),
6ydem obosnaxvams rand(v) *)
Ecama <0 10{ a:=0; } (* 8 mazasune ne moxncem Haxo-
Oumbca ompuyamenvHoe KOAU-
yecmao yenogex! *)

c:=c¢c+b-d;
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Ecnmc <010{ c:=0; } (* 8 ouepedu ne momcem cmoambv
ompuyameavHoe KOAUYECMB0 Yenosex! *)

Ecnmc>m*k10{ s :=8+ 1; }

INT((e * (V1 — V0)/V1 + 1) * rand (1));

k/((T1 — TO) * rand (1) + TO0);

b:
d:

r:=s/T;
CoobuwuTtb "KoamuecTso paboraromux Kacc™, k;
CoobumTb "Hona mjaoxux MHUHYT COCTaBIAAeT , I}

}

KoMnbproTepHbIii 3KCIEPUMEHT C 3TOM MOJENBLIO BHI IpPOBEJeTe, BhI-
nonHaa jgaboparopHyio pabotry 16. Msl TOe HPOBOAUIM KOMIILIOTED-
HBII 9KcmepuMeHT. Ero pesyasTaThl JJisi Pa3iNdHBIX HAGOpOB HAYAJbL-
HBIX JaHHBIX IIpeJcTaBJIieHBI B Tabammax 3.5—3.7.

Tabnmya 3.5
Ny=4; Ty=0,5; T,=2; Vy=38,5; V,;=6; m=3.
KonuyecTtso paboTtaiowmx xacc 1 2 3 4 5
Aona nNnoxux MuHyT 0,99994 | 0,99951 | 0,00492 0 0
Tabnnya 3.6
Ny=10; Ty=1; T,=38,5; Vo=4; V,=10; m = 3.
Konu4ectso paboTaloumx kacc 7 8 9 10 11
Bona naoxux MUHYT 0,999891 0,99988 | 0,999320,93705|0,07146
No=6; To=1; Ty=8,5; Vo—4; V, =8 m=3,  comas’
Konwyectso paboTaiowimx
Kace 3 4 5 6 7 8
Aons naoxux MuHyT 0,999891 0,9998910,99982]0,93601]0,01193]0,0001

¥V Bac YHCJIEHHBIE PE3yJbTATHI MOIJIM IMOJYYUTHCH MHBIE — JATYUK
CIAy4YaMHBEIX YHCEJ MOT JATh COBCEM HHEIC 3HAUYEeHHUA, HeXKeJH y Hac.
Tem He MeHee MBI yGesKAeHBI, YTO OGHIMI XapaxTep IPOIECCOB OQMHA-
KoB. O6paTuM BHMMAaHME HA4 TO, YTO C YBeJIWYEHHEM YHCJIa Kacc cH-
Tyallua U3 OYEHb IJIOXOH CKaYKOM MeHseTcs Ha O4eHb Xopouyio. Bexs
poasa 0,93 osmauaer, UTO oYepeAM B KaccaX MMEIOTCA HA IIPOTAMKCHUN
55 MuUH KayKAOro 4Haca, a xouada 0,07 — uro Takue ouepenu GyAyT B cpen-
HEeM Bcero Jidins 4 MuWH 3a yac. B mociaegHeM ciiydae Y PYKOBOACTBa
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MarasyHa BO3HHKaeT cob6JiasH 3aKPBLITh XOTA ObI OAHY Kaccy. Ho cromrt
3TO cHeJiaTh, KaK Cpa3y BO3HUKHYT OOJIbIIve OdYepeny, M MOKyIaTeJb
yigeT B coceaHHMiI MarasuH, rae ero obcay:xar 0e3 ouepeau. Y OIBIT-
HOTO MeHeKepa ouepeneili B mMarasuHe He Oyzer He MOTOMY, YTO TaMm
CIAHUIIIKOM MHOI'O TPOJAAaBIOB HUJMU KAaCCUPOB, & IOTOMY, UTO MX TaM
CTOJIBKO, CKOJIBKO HYKHO.

BreiBoAg 0 CKauKo0oOpasHOM M3MEHEHWM CHUTYAIllMM MBI cAeJajid Ha
OCHOBE HECKOJbKHX KOMIBLIOTEPHBLIX 3KCIEPUMEHTOB ¢ Mogenbro. Ho
HMeeTCs MaTeMaTHdecKas TEeOPHs CHCTEM MACCOBOTO OOCHy;KHUBAaHUSA,
KOoTopas 3TOT BBIBOJA cTporo ob6ocHoBbeiBaeT. IIpaBna, sta Teopua He
Bcerga cmoco0HA yKasaTh, CKOJLKO MMEHHO HAaJ0 OTKDPHITHL Kacc, IIPo-
JIOKUTL TeJePOHHBIX JUHAMN W T.n. g IOJXydYeHUs TaKUX KOHKpPeT-
HBIX PeKOMeHJAIWH KaK pas M TpedyeTcs KOMIIBIOTEDHOE MOJEIHNPOBA-
Hue. 37eCh IPOSABIAIOTCA HEIIPOCThI€ B3aVMMOOTHOIIEHUA MEXJY TeopH-
eli ¥ KOMIOLIOTEPHOHM HPaKTHUKOM.

BrluucnuTe bHBIE METOABI, UCIOJAbL3YIOINNe JATUUK CIydYaWHBIX UH-
ceJi, TMOJYYMUIN HasBanume MetogoB Momte-Kapao (o HasBaHUIO ropo-
Ia, TAe paciiojioykeHa 3HAMEHHTAA PYJieTKa, KOTOPYIO MOXKHO paccMart-
pHUBaTh KaK «IeHepaTop» CJAYYAMHBIX YHCEN).

BOMPOCHI M 3ABAHMA

0 Kakne cucremsl HasbiBaioT CMCTeMaMy MacCoBOIO 060ﬂy>|(|/lBaHMﬂ? Hasosute xapak-
TEPHbIE YepTbl TaknxX CUCTEeM.

Q KakoBbl NpeviMyLLLecTBa KOMMbIOTEPHONO MOAERMPOBaHUS CUCTEM MaccoBoro obcny-
XnBaHua?

6 3annwnte anropuTM, NPEANoXeHHbI B 0GbSCHUTENEHOM TeKCTe naparpada, Ha uay-
YEHHOM Bami A3bIKE MPOrPaMMUPOBaHNA.

Q Bcem xopouwo n3BeCcTHO Takoe ¢GU3nYeckoe sBieHue, Kak 6p0yHOBCKO€ ABUNXeHune
4acTuubl, nnasaioweil No NOBEPXHOCTU XWUIOKOCTH. OHO BLI3LIBAGTCH Xa0TMYECKUM
ABuXxeHneM MOANEeKyYN XNAKOCTH.

a) MoXHO cuMTaTh, 4TO 4YacTuua 3a HEKOTOPYID eAuHWUUY BpeMeHu (BeCbMa manyio,
pasymeeTcs) NepemMeliaeTca Ha OQHO ¥ TO Xe pPacCTosHME B CNy4aHOM Hanpasne-
Hun. Cmopenupyinte GPOYHOBCKOE ABWXEHUE, paccMaTpuBan HanpasieHue Asuxe-
HUA (T. €. YyTON MO OTHOLUEHWIO, CKaXeM, K ocy abcumucec) Kak pasHOMEpHO pacnpe-
DENEHHYIO CAY4alHYIo BeninumHy Ha npomexyTke [0; 2r). MoXHO TakXe CuuTaTb, 4TO
Bpemsi ¢ B 3TOM Npouecce NpPUHUMAaeT nocneaosaTensHo 3Hadvenns 0, 1, 2, 3 u 1. 4.
NpegycmoTpute B 9TON MOZENY, 4TOOL AN KAXAOro MOMEHTa BpemMeHu ¢ noacuu-
THIBANOCHL PACCTOSIHME S OT TOYKM HA4aNnbHOrO MOMOXEHWA 4YacTuubl A0 TOYKMN ee
HaxoXgeHus B MOMEHT ¢. Boibepute nooxopsiylo, Ha Bawl B3rnsg, WHGOPMaLUMOH-
HYIO TEXHONOMMIO KOMMbIOTEPHOM peanv3aunn NoCTPOEHHOW BaMU MOAENN N CO3[ain-
T€ COOTBETCTBYIOLLYIO KOMIMbIOTEPHYIO MOAEb.

6) MocTpoiite moaent GPOYHOBCKOro ABWXEHMS HacTuubl, NPeanonaras, 41o He ToNk-
KO HanpaBneHue ABUXEHWs SBNSIETCA Cly4aitHON BENVMYUHOM, HO W AnuHa «npobe-
ra» TOXe pPaBHOMEPHO pacnpeneneHHas cnyyaniHas sennqmHa Ha npomexytke [0; 1).
N B 3ToM cnydvae Bhibepute MOAXOASLLYIO, HA Balw B3rNag, WHGOPMALMOHHYIO TeX-
HONOIMI0 KOMMBLIOTEPHOM peanu3aummn MOCTPOEHHOW MOZenu n co3panTe COOTBET-
CTBYIOLLYIO KOMMBIOTEPHYIO MOAENb.
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§ 27| Meton Monte-Kapno

B mpepmizymux mnaparpadgax 3TOH IJIABBL MBI
NOCTPOHJIH HEMAJ0 MaTeMATUUeCKUX MoJesiell IoJIA OIlu- 7
CaHWs Pas3JIMYHBIX ABJeHHUN. W y Bac MOIJIO CIOMKHUTh- /
cAd BHedaTJIeHHe, YTO MaTeMaTHYeCKHe MOAeNH HYKHO . \
CTPOMTBL TOJIBKO IJIsi PEeIleHHs 3ajad, BeCchbMa JaleKux .
or maremMaTuKu. Ha camMoM gese m B MaTeMaTHKe A \/
pelneHMs TOH HMJM HMHOH 3ajadyyM MOXKeT NOTpeGoBaThHCA
IIOCTPOEHHEe MaTeMaTHdecKoil Mmozenun. OxgHa M3 TaKUX Puc. 3.2
3aad — BBIYUCJIEHHE IIJOINAaAH TeOMeTpHUYecKoi ¢u-
rypel. KoHeuHOo, mayia npocrefimmux ¢uryp (OpsMOyroJibHHKOB, Tpe-
YTOJIBHHKOB, KPYI'OB) BEIYHMCIEHUE IJIOIALHA HE COCTABJIAET TPYyAA: HA-
[0 B M3BeCTHEIE (DOPMYJIBI MOACTABUTH UCXOAHBIE HaHHBIE. A Kak OBITH,
ecnu (urypa mMeeT CIOXKHYIO (opmy (puc. 3.2) m TpebyeTca BBIUHC-
JIATH ee ILIomanb?

MoskHO NIPeJIOXKUTEH Pas3HbIe MOJEJH, IO3BOJIAIONAE PElIUTh 3TY 3a-
nauy. Hanpumep, B 6 Kyacce Bac y4MIM MCIIOJIB30BATh IAJIETKY: HaA (hu-
rypy HakJaAbIBaeTCs KJIeTdaTad Npo3paduHasa Oymara (majierka) U Iof-
CUHTEHIBAETCA KOJUYECTBO KBAJPATHKOB, NOHABIIUX B Gurypy. B aroit
MOJeJIM MOJYAJNIWBO IpeAnoJaraercsa, 4TO, YeM MeJbue KJIeTKH, TeM
TOo4YHee OyAeT pe3yJbTAT HE3aBHCHMO OT TOr0, KaKHM 00pasoM HAaJo-
KHATE ODaJIeTKy Ha (purypy.

MosxHO IpUAYMaTh X (PU3UYECKYI0 MOZEJb: CKONUPOBATHL (DUIYPY
Ha KapToH, aKKYpPaTHO BBIpE3aTh €e, B3BECHUTh M IIOAEJHUTH Ha BeC egH-
HUYHOTO KBazpaTa M3 3TOr0 ’Ke KapToHAa.

B 11 xiacce BeI MO3HAKOMMTECH ellle ¢ OAHHMM crocoboM Haxoxue-
HUAA miomiafedl uUryp — ¢ IOMOIIbI0O MHTErpPajoB.

Kax BuauTe, M ANA peIlIeHNA MATEMATHYECKHX 3aJa9 MOMKHO
COCTABIATE Pa3JWYHBIE MaTeMaTHYeCKHe MoJeau. MaremaTudeckKas
MoZenb 00bEKTAa, IpolLecca HIM ABJIEHHUSA, U3Yy4aeMoro Kakoi-imbo Ha-

VYHOH AMCHMILINHON, — B3TO «MOCT» MEXKJAY 3TOH AMUCHMIIJIMHON M Ma-
TeMaTHKOH. MaTremaTnueckas MOJelb, IPHUMeHsAeMAas AJA PEeIIeHHus Ma-
TeMaTHYEeCKOH 3aJZauy, — 3TO «MOCT» MEXIY PA3JHYHLIMH pasfeaMH

MaremMaTuku. Hanpumep, MeTon KOOpAMHAT MO3BOJSET CO34aBaTh aJl-
re6panyecKre MOJEJH I'eOMeTPHUYECKHX OOHLeKTOB.

IIpegno:xeHHBIE MOZENH BBIUHCICHUS ILIOINAAHM HMEIOT, OZHAKO,
OAUH HEAOCTATOK — HJA HHUX NOBOJIBHO TPYZAHO COCTABHUTH AJIrOPUTMEI
IJId pacyeTOB C MOMOIILI0 KOMIIBIOTEpPa, T.€. TPYAHO mpeobGpa3oBaTh
9TH MOJEJM B KOMIBLIOTEPHEIE,

MaremaTuuecKas MOAENb, KOTOPYI0O MBI ceHuac IOCTPOHMM, MOKeT
noxKasaTbCAd BaM HEOXKHJAaHHOI, HO OHA IMO3BOJIAET O4YeHb 3(dEeKTHUBHO
OIPHMEHATh KOMIBIOTED AJISA PEIIeHHs 3a4ad Ha HaXO0MXJeHHe IJoIa-
Jeit, o0beMOB ¥ T. I

durypy, miomaabk KOTOPO# HYKHO HAWTHM, IIOMECTHM B KBajpar.
Bynem mayranm (Kax roBOpsAT MaTeMATHKH, CJAyd4aiiHBEIM 00paszomM) OpocaTh
TOYKH B 3TOT KBagpaT. EcTeCTBEHHO IPEAIOIOXKHUTE, YTO, YeM OOJBIIYIO

5—Teiin, 10 xx.



KBaJpATHBIHM ABOPHMK H B HEM JETCKYIO ILTOIIagKy. Bo Bpe-
Ms CHeromajga KOJIHYECTBO CHE)XWHOK, IIONABIOMX HA JETC-
KYI0 ILIOmMAAKY, IPONOPIHOHANBHO ee Iuomany. Taxmm
o0pasoM, MOXXHO CAeJIaTh AONYINeHHe: IpH OOJbIIOM YHC-
= Jle TOYeK, Hayraj BHIODAHHBIX BHYTPH KBajapaTa, JOJIA TO-
YeK, COoJepXalluXxcA B JaHHOIH ¢urype, npubinKeHHO
M paBHA OTHOIIEHHIO ILIOHIAAM 3TOH (UrypHl K IJIOIDAXH
KBajgpaTa.

Onpepenum napamMerphl Hamie#r mozenn. OGoznauum gnsa ygpobGerBa
DanbHeHIINX paccyXAeHui naHHy0 ¢urypy Oyksoit F.

OpEMM H3 mapamMeTpOB SABJAIOTCA CTOPOHA a4 KBajgpaTa, COAepIKa-
mero ¢urypy F, npyrum — KoiamuecTBO To49eK N, KOTOphklie MEI Gyzem
cay4yaiHeIM o0pasoM BEIOMpATh BHYTPH KBajpaTa, TPeTBHM IlapaMer-
poOM ABJSETCA HCKoMasa miaomans S durypnr F.

Tenepr onpenes UM CBA3H MeXAy mapaMerpaMyu monean. Ecau ge-
pe3 M 0003HAaYUTE YMCJIO TeX HAyraj BEIOpDAaHHBIX TOYEK, KOTOPEIE CO-
aep:karca B ¢urype F, To muomaas ¢burypsl npubianikeHHO paBHA
oM

S = a:&—

K cBasAM Mexay mapaMeTpaMH MOZENH CJeZyeT OTHECTH M MaTeMaTH-
YeCKHe COOTHOIIEHM#, IO3BOJIANIINE OIpPEeNesINTh, Iomajia Jii BhIGpaH-
HaA Touka B ¢urypy F.

9TH COOTHOINEHHA OYAYT OTIMYATH MOJEIH, IIOCTPOEHHEIE IS Pas-
HHIX (uryp. 3HauuT, QPaKTHYECKH MEI OIHMCAJH He ONHY MOJesb, A,
cCKOpee, HEKOTOPHIH crmocob monyueHuss mopenei. IIna kamaoll KOHK-
peTHO# (hurypsl Oyzer moaydaTbCcsa CBOA MOJeENb.

JaBaiiTe pacCCMOTPHM MATEMATHYECKYIO MOJeNb AJiA NPHOIMIKEeHHO-
TO HaXOXXJeHHA IUIOmMAAU Kpyra paguyca R. dopmysna miomanu Kpyra
BaM, KOHEYHO, M3BecTHa: S = . OgHako, ecau BEI IIOMHHTE, 3Ty Gop-
Myay BaM coobmunu daxrTuuecku Ge3 mokasaTenbcTBa. BOT mOAXOZsA-
MU ciaydail IpOBEPUTH €e ¢ IOMOIIbI0 KOMIBIOTEpa.

Ilyers pna onpegenenHoctH R = 1. Ha pucyske 3.3 msobGpaken
Kpyr paauyca 1, sakJO4YeHHBIH B KBaapaTr co cTopoHoi a = 2. Takum
o0pasoM, B KadecTBe QUrypsl F BRICTYyHOAET KPYr eAMHHUYHOI'O pazuyca.
BrifpaTek TOYKY — O9TO 3HAUMT 3aJaTh ee KOODAMHATBI: YHCJa X H Y.
Toqna , IPUHAJUIEKAT KBAAPATY, €CIH -1<x<1mu-1<y<1. Ecan
x% + y? < 1, 10 Touka momagaer B kpyr F, uHaue oHA BHe Kpyra. 9To
¥ eCThb MaTeMaTH4YeCcKOe COOTHOIIeHMe, IIO3BOJIAIOINee AJIA KarJoH TOU-
KH OIpEeNeJNUTh, JIEKUT JH OHa B F.

MaTtemaTu4uecKas MOJeIb BRIYHCIEHHA IJIOMIAAM KpPyra IIOCTPOeHa,
¥ MOXKHO IIPHCTYIIATh K COCTABJIEHHIO AJArOpHTMA.

Anroputm Ilromans Kpyra

Beul: x, y;

uen: N, M;

{ 3anpocute N;

130
Iomanab B KBajpaTe 3aHuUMaeT (urypa, TeM daimie B Hee
> oyayr momajzatrek ToukKu. IIpeacraBbTe cebe, Hampumep,
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M := 0;
Qdenatb or I :=1 a0 N
{ x := 2%rand(1) - 1;
y := 2%rand(l) - 1;
Ecmx*+y’<110{ M:=M+1; }
} (* xoney uuxaa *)
S := 4*M/N;
Coobuwunte "Yucno subpasHEIX Touek:", N, "naomans:”, S;
}

BEIYNC/IATENBHBIA SKCOEPHMEHT C 3THM aJrOPUMTMOM BRI IIpOBefe-
Te, BRINOJIHAA JabopaTopHyio pabory 17.

BOMPOCHI U 3ALAHMS | |

CocTaBbTe anropMTM HaxoxoeHusa ¢ nomMouwbio Metopa Mownte-Kapno nnowapeit
¢uryp, nsobpaxeHHbix Ha puUcyHke 3.4.

a) y 6) v B) YA
1 1 1

0 1 =x 0 17 0 1 x

Puc. 3.4 a) kpuBas 3anaHa ypasHeHMeM y = x%; 6) kpuBas 3ajaHa ypaBHenvem y = x°;
B) TPEYrofNbHUK

e* (3apava ¢ OETEeKTUBHLIM CIOXEeTOoM.) Kaxablii AeHb pe3uaeHT NpuUxXoauT Ha BCTpe-
4y CO CBOMM areHTOM B cny4aiiHblii MOMeHT BpemeHu ¢ 11 po 13 4 u XxpeT ero
15 MuH. B CBOIO o4Yepenb areHT NPUXOOMT Ha BCTPEeYy C Pe3UAEeHTOM Kaxabli AeHb
TaKkKe B Cny4ainHbliii MomeHT BpemeHu oT 11 go 13 4 u Toxe xner 15 muH. Kak yac-
TO B TEY4EeHMEe rofAa BCTPEYaloTCA pe3aniaeHT v areHt? CocTtaBbTe maTemMaTu4eckylo
MOZENb W ANTOPUTM PELUEHUA 3aJaqyun.

e* YYeHuK nuiLeT KBaapaTHble ypasHeHWs Buaa x° + px + q¢ = 0, suibupan koapduum-
€HTbl p U g ChnyyaitHbiM oBpa3om u3 oTpeska [-1; 1]. C kakoit yacToToit OoH Gyaer
nucaTh ypaBHEHWs, UMeloLMe AeicTBUTeNbHbIe KOpHWU? CoCTaBbTe MaTeMaTU4ecKyio
MOAENb W anropuTM PELLeHUA 3TON 3a8aun.

O 3asog cbpachiBaeT B peKky exXegHeBHO cnyvaiHbiM 06pa3oM M3-3a HeMCnpaBHOCTH
O4UCTHLIX CoopyxeHuit oT 0 po 30 kr BpegHbIX BelEecTB. 3a KaxAablit KMnorpamm
ceepx 15 3aBop, o6s3aH 3annatutb WTpad B pasmepe 10000 p. Mpubbine 3aBoga OT
peanuaauuu ero npogykummn 70000 p. B geHb. Kak 4acto B Teuewue roga wrpad
6yneT npesblwaTte Npubbinb? PeHTabeneH nu Takoit 3ason? CocraBbTe Maremartu-
YECKYI0 MOZeNb W anropuTM PEeLleHun 3TOI 3aaauw.

6 (K pewenuio aToin 3apa4n pety oo 14 net He gonyckaiotca.) MNocTpoiite MaremaTtu-
Yeckylo Mogens urpbl B pynetky. CoctassTe anroputm, MMUTUPYIOLLMIA 3Ty WUrpy ¢ no-
MOLWBID KOMNBIOTEPA.

5%
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e Yyutens xo4yeT, 4ToGbl KOMMLIOTED MIOMOF €My NPOBEePUTL 3HaHWE ydawymuca Tab-
AVLBE YMHOXEHUS, 33a8as8 COMHOXWTENU cRyYaiiHeiM o6pa3om. CoctassTe MaTtema-
TUHECKYIO MOAESNbL M ANFOPUTM OMPOCAa YHALUMXCS.

6 Mepeuntaiite § 1, 4, 12. BoinMwnte TPaKTOBKY NOHATUS MHPOPMAUUKU, KOTOPbLIE NPw-
BeAEeHbl B 3TUX naparpadgax.

§ 28| Eme pas 06 usmepenun konuuecrsa uHpopmauum’

B §12 mp1 yxxe oOcy:xpanm HOHATHE KoJuuecTBa HHDOpMa-
uuu. YTo e 3acTaBisieT HAC eIlfe pa3 BepHYTHCA K 3TOMY BOIIPOCY?
Pasymeercs, To, uTO mOHATHEe HMHGPODPMAIUM — OJHO U3 CaMBIX CJIOMK-
HBIX B COBPEMEHHOH HayKe M OHO MOMeT II0O-PAa3HOMY TPaKTOBATBLCS
B pasHBIX ee pasfesax. HanmoMHMM TOYKM 3peHUWSA Ha TPAKTOBKY IOHJ-
Tua uHpOpManyiu, KOTOphIe Oblu nmpuBeleHsl B § 1 (BBl uxX BRIINCAJIH,
BREITIOJIHAA 3ajlaHMe 7 K NpeAbIAVIIEMY Ilaparpady, M Temepb MOKeTe
CPaBHUTL C TE€M, YTO YKa3aHO HAMH):

« HHGOpMAIUA —— TO OTPAKEHHe PasHo0o0pas3usd B CYIIECTBYIOIIEM
Mupe;

s wadopManusa — 9TO TO, YTO HO3BOJAET a/[eKBAaTHO pPearnpoBaTh
JKMBOMY OpPraHuM3My (MM TeXHHYECKOH cucTeMe) Ha OKpPYIKaio-
HIYI0O CPeAy IOCPeICTBOM TeX WM HWHBIX MeXaHH3MOB, MHAYIIH-
pys LeJleHAOPAaBIECHHYIO JEATEJNHHOCTh IO COXPAHEHUIO OTAEJIbHO-
ro MHAWBHAYYMA M/uUiau BUZa (CHCTEMbI) B IIeJIOM;

= wHGOpMAaUd — 9TO HPOAYKT M O00beKT (QYHKIHMOHUPOBAHUA Ue-
JIOBEYECKOTO CO3HAHWA, IIO3BOJAIONININ UYeJOBEKYy IPUHUMATL pe-
meHusi, obecrmeunBaioniue ero 3HHEeKTUBHYIO JeATeJIbHOCTD;

» HHPOPMANUA — 3TO IIOCJAELOBATENHHOCTH CUIHAJIOB MM CHMBO-
JIOB HEKOTOpOro ajdaBuTa, KOZUPYIOIIAsa coobijeHNe 0e3 ydera
CMBICJIOBOTO COAEPYKAHMUA STOrO COOOILIEHHUS.

Camoii o061ieii TOUKOH 3peHNs HA MOHATHE WHGPOPMAUK ABIAETCH,
OUEeBHUAHO, IIEpBasd M3 MepPeUYMCICHHBIX; ABe IIOCIeTHMEe HamboJiee y3KUe
U, MOKHO CKasaTb, IIPOTHBOIIOJIOMKHBIE APYT APYry: B OBHOHA M3 HUX
CMBICJI COOOIeHNA He YUYHUTHIBaeTcA BooOOIle, a B Apyroii, Haobopor,
TJIABHBIM OOBABJIAETCSI MMEHHO CMBICA coolbimenus. Tem me menee 06a
3TH MOAXOAA IPHBOIAT, KaKk moKasaHo B § 12, K oxuoil u Toii ke dop-
MyJie AJisi BHIUMCJCHUS KOJMUYecTBa WHpopMainu.

A xax oOGCTOMT [eJi0 B cJydae IIepBOro MOHMMAHWS TEePMHHA «MH-
dbopmanusa»? Xouercs HaAeATHCH, YTO U B 9TOM CJIydae Mepa KoJude-
cTBa nHbOpMAaIU OCcTaHeTcs TOH »Ke. UToObl paso6paThcss B 3TOM, ysdAC-
HUM, KaK H3MEPUTH pasdHooOpasue M KaK CBA3ATH 9Ty Mepy C KoJjude-
CTBOM HH(popMaLUU.

HauseM ¢ pacCcMOTpeHHS HECKOJLKMX MBICJIEHHBIX 9KCIIEPHUMEHTOB.
IlpencraBeTe, UTO BBHI HAETE MO YJIHIE M CUHUTaeTe BOpPoH. Kaxkaas cie-
Aylomiass BOPOHA TOYHO TAKO# K€ OKPAaCKH, KaKk U Ipeasiaymias. Brr

* Ilannslil maparpad DPEKOMEHAYETCA M3YYATh TOJNBKO VUANIHMCSH, SHAKOMBIM C TEMO
«Jlorapudmsl».
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yxe Hacumtaau N BOpOH, u Bce N OZHOro nBeTa — HUKAKOTO PasHO-
o0pasusa! XoTsa U roBOPAT, 4TO OeJibie BOPOHBI CYIIIECTBYIOT.

A Temeph AaBaiiTe CUUTATH, CKOJLKO MYKUYMUH U CKOJBKO MKEHIIUH
BCTPETHUIOCh BaM, IOKa BBl HJleTe, cUUTaA BOPOH. Ecim BEI MZeTe B pac-
HOJIOYKEHUN BOMHCKOM 4acTH, TO HA pasHooOpasme ONATh PAcCUHUTHLIBATH
He MPUXOAUTCA. 3aTO €CJU BELI HAEeTe IO JIOAHOH yjauie GOJBIIOTO ro-
poaa, TO, CKOpee BCEro, BaM OJAMHAKOBO YacTO OyAyT mIomajaThCcs
HaBCTPeUy MYIKYMHBI U JKeHIMUHBI. WATaK, B OOJHOM CAyuYae — OTCYT-
cTBUe pasHOoOOpasusa U NMOTOMY HOJIHAA ONPEAEIEHHOCTh OUepPeJHOI'0 COo-
OBITHS, B APYI'OM — J[ABAa PABHOBEPOATHBEIX MCXO0JA ¥ COOTBETCTBEHHO
MoJHAaA HEOUPeAeJeHHOCTh MCXOAA: B OUePeAHO pa3 BCTPETUTCA MYK-
YWHA WJIN BCTPETHUTCSA KEHIHUHA.

B o0mieMm BHAe 9Ty CHTYAIHI0 MOJKHO ommcaTh Tak. IIycTs ume-
eTcad k MCXOJOB HEKOTOPOrOo OHmbITa. ECAM KaKoH-TO MCXOJ HAMHOIO
BeposiTHee APYTUX, TO HEONPEZEeJeHHOCTh TOTO, UTO IPOM30iifeT NpH
OuepeJHOM MCIBITAHUM, Maja. ECAM JKe Bce MCXOJALI PABHOBEPOATHEI,
TO ¥ Hac IOJHAS HEOIPeJeJIeHHOCTD, YTO K€ CAYUYUTCA B OUYEPESHOM HC-
OBITAHUHA.

O6o3uauyuM uepe3s H BeJIHMYUHY HeompeAeJIeHHOCTH B ONBITE C B HC-
xozamu. XOTA MBI ellle He HAYYWJINUCh N3MepATs: H, yiKe SCHO, 4YTO HpH
k = 1 HeompepenenHocts paBHa 0. A ¢ pocromM k HeompeneleHHOCTH
Bo3pacTaer. Eciu B ombITe Bcero ABa IMCXO0Ja, TO HEOMPEAeJIeHHOCThH
MEeHBbIle, YeM €eCJIH TaKWUX HCXOAOB TPH. A HeOoUpeAeJeHHOCTh B CIY-
4yae TPeX HCXOAOB MEHBINE, YeM JJsi OIBITAa, B KOTOPOM YeThIpe MC-
Xoza, U T. J.

ITycres Temepr HaIl ONBLIT COCTOMT B GPOCAHUM ABYX KYOHKOB Of-
HoBpemeHHO. [l1a ogHOro KyOmKa OBLIO 6 pPaAaBHOBEPOATHHIX HCXOAOB:
BBITIafIeHUe JI000ro Yucjia oukoB oT 1 Ao 6. Herpyzawo noacuutatsh, 4TO
OIS ABYX KYOHMKOB IIoJy4daeTcd 36 pasIHMUYHBIX PABHOBEPOATHBIX KOM-
OmHanUil BRITIAJEHNA OYKOB. Bce OHH mpefcTaBjieHbl B caeaylomieli Tas-
aure (IepBoe YMCJIO B mape YKashIBaeT KOJHMYECTBO OUYKOB, BBIIABIINX
Ha IIepBOM KyOHKe, BTOPOE€ YHCJI0 — KOJMYECTBO OYKOB, BHINTABIIWX Ha
BTOPOM):

(1,1) (1,2) (1,3) (1,4) (1,5) (1,6)
(2,1) (2,2) (2,3) (2,4) (2,5) (2,6)
(3,1) (3,2) (3,3) (3,4) (3,5) (3,6)
(4,1) (4,2) (4,3) (4,4) (4,5) (4,6)
(5,1) (5,2) (5,3) (5,4) (5,5) (5,6)
(6,1) (6,2) (6,3) (6,4) (6,5) (6,6)

Yucmo uCcxoA0B yBenuuuaock B 6 pas. Ciexgyer ju mpu aTOM CYUU-
TaTh, YTO HEOIIPe/eJIEHHOCTh BO3pOCja B 6 pas?

Ecnu mbpi 6yzieM mogOpachiBATh MOHETY, TO YHCJIO MCXOLOB PaBHO 2.
Ecsm noabpachIiBaTh ABE MOHETHI, YHCJO MCXOJOB CTAHOBHUTCA PaBHEBIM 4.
Cxema ombITa OZHA M Ta Ke: BMECTO OFHOI'O HpeiMeTa IIoA0pachIBaioT-
ca ABa.

Boo0iie cumrtaioT, YTO BEJIMYUHA HEONPEAEJCHHOCTH Y/ABaHMBaeTcs
HEe3aBUCHMO OT TOT0, CKOJBKO HCXOZOB MMEET OHBIT ¢ OJHUM IIpeaMe-
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ToM. I BOOOIME, eCc/id IPOBOAUTCA JBAa HE3ABHCHMEBIX OIILITA M B OJHOM
M3 HUX HeompeJieJIeHHOCTh Ucxozna pasHa H,, a B apyrom — H,, To mo-
roBapHBalOTCA CUYUTATH, UTO NPU OOHOBPEMEHHOM npoéedeHuU IMmux
deyx onvtmoe HeonpedelleHHOCMb PAGHA CcYymme HeonpeldenreHHocmell
6 Kaxcoom u3 nux. Jlerko moacuMTaThH, UTO €CJAU B OLHOM ONBITE GHI-
Jo k paBHOBEDOATHHIX HCXOAOB, a B APYrOM — M, TO YHCJIO HUCXOHOB
IpU WX OAHOBPEMEHHOM IpOBeJeHHM paBHO km. Bce BhiIecKasaHHOE
O3HAYaeT, 4YTO
H(km) = H(k) + H(m).

XopoLio u3BeCTHO, UTO TaKHM CBOMCTBOM ofjaazaer Jorapubpmudec-
Kaa ¢pysknua. OxaspiBaeTca (3TO YMEIOT JOKa3biBaTh MaTeMaTHKH), UTO
aApyroii GyHKIuH 37echk M OuITh He Mmoxer. Ilosromy H(k) = log(k).
OcHoBaHHne JiorapudMa DPUHIUNUAIBHOH poan He urpaer. OGBIYHO €ro
BBIOMPAIOT paBHBIM 2, IIOCKOJNBKY 33 eAUHUILY M3MEPEHUA HeollpedesieH-
HOCTH OPUHHMAIOT HEOUPeAEeJEeHHOCTh, MMEIOIIYIOCS IIpY HACTYILIEHUU
OJHOTO K3 ABYX PABHOBEPOATHHIX coObITHMii. EcaM 3a eguHHILYy Heompe-
HeJIeHHOCTH B3ATH HEONPEAEJIEHHOCTh, HNPHUCYTCTBYIOUIYIO IIpH IIpOBene-
HUM ONBITA C AECATHI PABHOBEPOATHHIMHA HCXOAAMHU, TO IOJAYUUTCH
gecaTudHbiil Jorapudwm (urobel log(10) = 1). Ha camom gese BviGOp oc-
HOBaHUA JorapudMa HPUHIUNHAAJIBHOIO 3HAYEHMS HEe HMEeT, IIOCKOJib-
Ky nepexoj K JAPYroMy OCHOBAHUIO, KaK BCe IOMHAT W3 MIKOJLHOIO
Kypca MATeMaTHKH#, HPDUBOAUT BCETO-HABCETO K YMHOJKEHUWIO HA KOHC-
TaHTy. 9TO 9KBHBAJIEHTHO IIEPEXOAYy K APYroil eJUHHUIIE M3MEDeHUus, co-
BePINEHHO AHAJOTHYHO TOMY, KaK YMHOMKe€HHe Ha COOTBETCTBYIOILYIO
KOHCTAHTY HNPOUCXOAHUT OPH II€PeX0oAe OT METPOB K CAHTHUMETpaM HJIHU
OT KHJIOTPAaMMOB K IpaMMaM.

UTtax, Mepoil HEONpPe[eJaeHHOCTH OINLITA, UMEIoNero K paBHOBEpO-
ATHBIX HMCXOHOB, JOTOBOPHJANCH CUHTATL BEIHUUYHHY

H(k) = log,k.

HasBanu 3Ty BeJUUYUHY IHTPOIMEH.

IIpuBesennaa samu dopmysaa Owia B 1928 roxy mpepsoxeHa ame-
PHKAHCKHM HH)KeHepOM-CBA3SHCTOM XapTJH M II03TOMY HOCHUT €ro uMA.
YausuTensHOe A0 — OHA CHOBA COBHOAJIA C TOHM (opMyJION AJIA KOJH-
YecTBa HHGpOpPMAIIUHK, KoTopas Ovia mpuBezeHa B § 18.

ITonpobyem Temeps pasobpaTbcd, KaK MOJNy4daeTCsa 3HauYeHHe dHTPO-
IHU#, eCJHM MCXOJEI OIBLITA HEPABHOBEPOATHEI. MOKHO paccy»XJaTh TaK.
Ecam Bce MCXOALI PaBHOBEDPOATHHI, TO KAKABIA MCXOJ BHOCHUT B HEOI-
PelesIeHHOCTh OZHY Hu Ty e JelnTy. IIocKoabKy o0ilas HeompeaeseH-
HOCTb paBHa log,k, TO BKJIaJ B Hee OZHOTO HMCXOJZa COCTaBJISAET

1 SN ¥ PR

1
Yncyao ; — 3TO BE€POATHOCTH KAXKIAOIO HCXOJa, €CaiH BCe OHU DaB-

HOBEPOATHEI. ECTECTBEHHBIM MO3TOMY NPEACTABJIAETCA, YTO JJIA HEPaB-
HOBEPOATHHIX HMCXOZOB BKJIAJA OZHOTO MCXOZA B OOI(yI0 HeolpejesieH-
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HOCTH OIBITA COCTAaBiAET —plog,(p), Tie p — BEPOATHOCTH JAHHOTO HC-
xozxa. Ecau Temeps ONBEIT MMeET 11 UCXOHOB, a WX BEPOSATHOCTH PABHBI
Pis> Dgs ++» P,» TO Mepa HeOUDPEJEJICHHOCTH AJISA AAHHOTO OMBITA B Iie-
JIOM paBHA

H(p1s Pgs ++es Py) = —P1l0g2 Py — Pologapy — ... — p,lOg,p,-

Ilonyuerryio dbopmyay AJA SHTPOIHMK OIBITA ¢ HEPaBHOBEPOSTHEI-
MU HCXOAAaMH HA3BIBaIOT ¢popmysoii IlleHHOHa B YeCTh OCHOBOMOJIOMKHI-
Ka Teopuu muabopmanmm Kioxa IllenmHoHa, 060cHOBaBIIEro 3ty dopmy-
Jy B CBOMX IEPBHIX TPYHAaX, MOCBAIICHHBLIX TEOPHH Hepegadu HUHGOD-
Maili¥ OO KaHAJaM CBSI3H.

MosxHo nmpoBepuTh, 4TO, Korja p crpemurca K 0, 3HaueHUe QyHK-
nun —plog, p Takke crpemurca K 0. IloaToMy MOMKHO cUMTATh, YTO B HY-
ne pamHasas yuHKIuA obpamtaerca B 0. 9TO HOJTHOCTBIO COOTBETCTBYET
NpPeCTABJIEHNIO, UTO IJIsI HEBO3MOYKHOIO COObITHA (4 BEPOATHOCTH Ta-
Koro coOwniTHA KaK pas u paBHa () HMKaKoO# HeoIpeAeiecHHOCTH HeET,
TaK YTO M SHTPONUA AOJKHA OBITH HYJIEBOIA.

TouHo TaK Ke W AJA JOCTOBEPHOIrO COOBITHA, T.€. COOBITHSA, KO-
TOpOE BCerJa HPOMCXOAUT, BePOATHOCTH paBHA 1, HeompeleleHHOCTH
HAKAKOH HeT ¥ SHTPONHA, BLIUUCJCHHAA TO AaHHON ¢opmyrne, Toxe
paBHa O.

Kpome Toro, Benmuuuna H(p,, py; ..., P,) BOCTUraeT CBOEro MakK-
CHMyMa, TOJNBKO KOTAA BCEe BEPOATHOCTU D;, Pgs .., P, DABHBHI MeX-
Ay coboii. 3To ToxKe OTBeuaeT HAIIUM IIPEJCTABACHHUSAM, YTO HMEHHO
B cJy4Yae PaBHOBEPOATHBIX HMCXOAOB HEOIPEAEJICHHOCTh OMBITA MakK-
CHMAaIbHA.

IlonyuyuB BO3MOXHOCTL H3MEPATE HEOMPEAENEHHOCTH TOr0 WJIN
HHOI'O OIBITA, MOXHO OOBEKTHBHO CYJHUTH O TOM, B KAKOM cJydae 3Ta
HeoIpeAeIEeHHOCTh BhINIe. BOoT ofuMH mpuMep.

IlycTte w3 MHOroJeTHMX HAOJMIOieHU# H3BECTHO, YTO B MAaHHOM
MecTHOCTH 15 HOAOpA BepoATHOCTHL JOXKAA paBHa 0,65, BeposTHOCTL
caera — 0,15 u BeposaATHOCTHL OTCyTCcTBHA ocagkop — 0,2. Has 15 uio-
HA B TOH JKe MECTHOCTH BEPOATHOCTH AOMKIAA paBHa 0,4, BepOATHOCThH
orcyTcTBHA ocagxoB — 0,6, cHer He HabGaloganca HEM pasy. B Raxoii
AEHbL COCTOAHWE IMOTOABI CJAeAyeT CUHUTATHL 0ojiee HeompeAeJeHHBIM?

IlogcunTaeM SHTPONHIO AJIA KAMKIOTO W3 3THX IAHEMH:

H15 HOABDSE —-0,65 10g20,65 - 0,15108'20,15 -0,2 10g20,2 =~ 1,279;
Hl5 mioRE -0,4 10g20’4 - 0,6 10g20,6 = 0,971.

3HauuT, B HOAOpPE HEOIPEAEJIEHHOCTh COCTOAHWS IOI'OAHI BEIIIE,

Mb!l AOBOJILHO 3HAYMTEJIBHOE MECTO OTBEJIHM BBEACHUIO MEPHI HEON-
pegenerHocT. Ho HACKOJILKO IIPU 9TOM MBI IPHOIUSHINCH K I'VIABHOMY
BOIIPOCY: KaK HM3MEPHUTh KoJauuyecTBO MHGopmanuu? fcHo, 4T0 JMKBH-
AYPOBaTh HEOIPEZEeJeHHOCTh — 5TO M 3HAUHUT HOJYYUTH HHOOPMAIIHIO.
CnejpoBaTesibHO, IpHUBefeHHas Bbille ¢opmyna IllenHOHA HOKA3BLIBAET,
Kakoe MaKCHMaJIbHOEe KOJHMUYEeCTBO WHGOPMANMM MOMKHO HOJIYUYUTH AJIA
TOM MM WHON KOHKPETHOH CHCTeMbI, eCJIX HOJHOCTHIO M36aBHTHCHA OT
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HEONpeAeJeHHOCTH. Peus MAeT MMEHHO O MAKCHMAaJbHOM KOJHYECT-
Be mHpoOpMaLuu, MO0 HeONpeAeJeHHOCTh MOJYKET OKAasaThCA CHATOH He
IIOJIHOCTBID, ¥ TOrAa KOJHYECTBO HMHPOpPMAIUM OKAMKEeTCA MEHbUINM.
A MOXXHO cKasaTh mHade: 3Ta GopMyJa MOKAIBIBAET, KAKHM KOJHUECT-
BOM HMH(OpPMANHNU HYKHO pAacIojaraThb, YTOGLI MOMHOCTBHIO CHATH HEOI-
peZeIeHHOCTb.

HUrak, ecau umHGOpMALHNA IIOHHMAETCA KaK OTPAKEHWe pasHooOpa-
3usfA, TO Mepo#l AJIA ee KOJMYECTBA BHICTYIIAE€T Mepa HeoupeNeeHHOCTHU,
KOTOpOoH 00JazaeT paccMaTpHBaeMas B ATOT MOMeEHT cuTyauus. Omnuchb-
Bad HEONpeJAeJIEHHOCTh HA SI3bIKEe BEepPOATHOCTEH, MBI IPUXOAUM K dopMmy-
Jge Ilennona. OHA-TO M ABJsAeTCA TeM 0000meHmeM (GOpPMYJIBLI A LOJ-
cueTa KojJudecTBa HMHGpOpPMAaIMM, KOTOpoe ObLIO obemano Hamu B § 18.

Bosiee toro, dopmyna IllenHona OGBACHAET, KAK MOKET IIOSABUTH-
ca apob6Hoe kKommuyecTBOo mHbopMmanmm. IlpeacraBum cebe cHOBa UTPY
«¥Yragaiika», TOILKO Telleph MBI XOTHM Y3HATh OLHO u¥cjo oT 1 mo 48.
KonnuecTBO BOIPOCOB, HEOOXOAMMOE IJIsl I'apaHTHUPOBAHHOIO OTTraAbLIBa-
HHSA YHUCJIA, T. €. HOJHOTO CHATHAS HEONPeAeJeHHOCTH, MBI M B3SJIM 3a KO-
aundectBo mHpopManuu. Uro xe GyZeT MPOHMCXOAWTL B AAHHOM ciaydae?
flcHo, UTO 5 BOIPOCOB 3leCh, BOOOINle TrOBOpPsS, HEJAOCTATOYHO, a 6 omtu-
MAaJLHO 3aJJaHHBIX BOIIPOCOB TapaHTHUPYIOT yraaoiBanme. Ho He ocrauHo-
BUMCA HA KOHCTATALMH 3TOr0 (aKTa, a NPOJOJIKUM PACCYKACHUA.
IIycTes mipu yraAnlBAHUE MEI, KaK W IIPeXXKJe, NpHAeP:KUBaeMCcs CTpaTte-
THU JAeJIEHHA momnojaM. [{sa mepBBIX YeThIpeX BOIIPOCOB BCe IIPOHAET XO-
polIo, a Iepej IATHIM BOIPOCOM HaM Oy/eT «IPOTUBOCTOATH» TpeXaJjie-
MEeHTHOe MHOKecTBO. IloatomMy am00 MBI yrajjaeM 4ucCJIO 8a OJUH BOIIPOC

1
(C BEPOSATHOCTHIO -5), au6o Ham moTpebyeTcs erile ABa Boipoca (C BepOsAT-
2 "
HOCTBIO §)' Wrax, eciu yKciia 3aJyMEIBAIOTCSI C PABHOM BEPOSTHOCTHIO,
TO IpPH TAKOM IIEPBOM BOIIPOCE AJIsI FAPAHTHPOBAHHOIO YraJbIBAHUA HAM

2 1
C BePOATHOCTBIO 5 no'rpeﬁye'rca 6 BOIIPOCOB, & C BEpPOATHOCTEIO '5 no-

TpeOyeTca TOJHKO 5 BOHNPOCOB, T. €. NPU TaKOil CTpaTeruul B CPegHEM
2
Tpebyercs 5—5 BONPOCOB AJIsi TapaHTHPOBAHHOro orBera. OZHAKO HeT

HUKAaKoOil YBepeHHOCTH, UYTO BHIGpPaHHASA HAMU CTPATETHsd ONTHMAJIbHA,
T. €. YTO OHA JJaeT MUHUMAJbHOE CpeflHee KOJHMUYECTBO BOIPOCOB JJIA Ta-
PaAETHPOBAHHOIO yraAbiBanua OxHOTo uucja us 96. Y ona geiicTBuTesnb-
HO HEONTHMAJIbHA: MOYKHO JOKA3aTh, UTO IIPH ONTHMAJBLHOI CTpaTeruu
YHCJIO BOIIPOCOB B cpefHeM OyzeTr paBHO log,48 = 5,568496... EctecTBen-
HO 3TO YMCJIO M B3fTh 3a KOJHUYECTBO MHMOPMAIINU, KOTOpOe Tpedyer-
cA TOJIYYUTh, YTOOBI ONpENeJINTh 3aAyMAHHOE YNCJO.

m Ecaun MHOXeCTBO COZEP:KHUT N 3J€MEHTOB, TO KOAMYeCTBO HHOD-
MaluH, HeoOxoauMMoe IS ompeAeleHUd OXHOrO 3JIeMeHTa, BblIe-
JE€HHOr0 TeM WM WHBIM ofpa3oM, paBHO log,n.
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A 3TO coBmajaer ¢ pesyJbTaTOM, IHOACUUTAHHBIM MO ¢opmyne Illen-
HOHA B CJIy4ae, KOTA BCE BEPOATHOCTH PABHBI MEKIY COOOI W, 3HAYHT,

OHU DPaBHBI —,];

Ha camoM Zejie IIPeIIIOJIOMKEHHe O PABHOH BEPOATHOCTH 3arajibi-
BaHHMA UMCeJI MaJOIPaBAOMOLOOHO, €CJIM pPas3pelliuTh 3arajblBaTh He
J00ble UHMCIa, a Yucja H3 OTPAaHHMYEHHOrO AMANa3oHa. BepoATHOCTh
3araJbpiBaHuA YucJa GoJbllle MHJIJIMOHA BO MHOTO pa3 MeHbIIe, UYeM Be-
POATHOCTH 3arajbIBAHMSA YHCJIa U8 uepsBoil coTau. [fa u zna uucen u3
HepBOil COTHH OTHU BEPOATHOCTH TOXKe HEOAMHAKOBBHI. ECJIM H3BECTHBI
BEPOATHOCTH, ¢ KOTOPHIMH 3arafbIBalOTCA 4YMCJja, TO cpejHee KOJIHMYe-
CTBO BOIIPOCOB, KOTOpOe moTpedyeTcsa AAA yragblBaHUA 4ducJa IIPU cje-
JOBaHWY ONTHMAJIBHOH CTpaTeruu, KaK pas omupegeasiercsa GopmyJioi
IlTennona.

WNHorza uHTEpECYOTCA TeM, CKOJBKO HH(pOpPMAIUM HECEeT OTBeT
Ha TOT WJK HHOI Bompoc. MEI y:Ke 8HaeM: €CJM OTBET YMEHBLIIaeT He-
onpeleNneHHOCTh BABOE, TO OH HecerT 1 OMT mHpoOpMaluu. ITa CHUTya-
LU MMeeT MeCTO B TOM cCJydae, €CJ¥ BapHMaHTOB OTBeTa TOJBKO 2
U OHM DaBHOBepoATHHI. PaccMorpuM o6myio curyamuio. Ilyets sazgy-
maHo 10 gucesn. 3agazmM BOIpOC 3aAyMaBlIeMy YHKcH0: «BepmHo ju,
410 3aAyMaHo uucjao 6?» BepoarmocTh oTBeTa «lla», KaK HETPYIAHO
HOACYMTaTh, paBHa 0,1 (MBI mpeAmojaraeM, 4To y 3aAyMaBIlero HeT
OHpeJIoYTeHUA K KaKMM-JIn0GO YHCJAaM, TAK YTO BCe MCXOABI PaBHO-
BepoaTHbl). Ho ecam pgam orBer «[a», TO HEONpPEAENeHHOCTH CHATA
MOJHOCTHIO, M, 3HAUHNT, HAMHU HOJy4YeHa Bca mHpopMmanua. Kaxk OnLio
CKa3aHO, KOJHWYeCTBO 3TOM wmHbopMammu paBHO log,10 = —log,0,1 =
= 3,322.

m Ecan BepoSTHOCTh HEKOTOPOTO COOBLITHA PaBHA P, TO KOJIWYECTBO
uHdoOpManUHN, KOTOPOEe MOJY4YEHO, €CHOH ITO COObITHE NPOU3OINLIO,
pasuo —log, p.

Hanpumep, orseT «HeT» B TO#i Xe cUTyaliluM KMMeeT BEpPOATHOCTH
0,9, noaromy oH HeceT Bcero sumb —0g,0,9 = 0,152 6ur undopmanumn.
Takoe Manoe KOJAWUYECTBO MHGPOPMAIINY BIOJHE €CTeCTBEHHO, BEAb HTOT
OTBET HUKAaK HeJb3s MPHU3HATH HEOKUIAHHBIM.

7 RN

BONPOCHI N 3AAAHUA

0 Kakomy noHumaHuio TepmuHa «nHdopmauma» coorsetcTesyet dopmyna LlesHona ans
n3MepeHusa KonaudectTea MHbopmaumn?

Q B npuseneHHOM NpuMepe BLIMUCNEHUSI HEONPEeneNeHHOCTU COCTOSIHUS MOroabl Mbi
y4uTeIBANU BN 0CagkoB. ECAM Xe MHTepecoBaThCA TONMIbKO TeM, €CTb 0Canku van
HET, TO ana 15 HosGpst 3HadYeHue HeonpegeneHHocTn GypeTt apyrum. Hahaute ero.
B kakoii u3 9TMX ABYX OHEW COCTOSHWE MOroabl C 3TOW TOYKU 3peHust umeet Gonee
BbICOKYIO HEOMpPEeneneHHOCTb?
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9 B wrpe «Yrapaiika» oTragbiBalotca uucna ot 1 no 20, npy 3TOM 0Ka3anoCh, YTO KaX-

noe u3 yucen ot 1 no 10 3arapbiBaeTca ¢ BEPORTHOCTLIO %, a Kaxaoe vu3 4mcen
oT 11 no 20 — C BEPOATHOCTHLIO 3—10

a) Kakoe B cpeaHem sucno Bonpocos notpebyerca ans yraabiBaHWsA yvcna npu on-
TUManLHOUK cTpaterun?

6)* NonbiTaTecb onNUCcaTh ONTUMAJNBLHYIO CTPaTeruio B 3TON urpe.

Q Mmeetca 1000 moHeT, w3 koTopbix oaHa danbumeaa (nerye apyrux). lNpuaymaiite
cnocob HaxoxaeHus Ganblumneoit MOHETHl 33 7 B3BEWMBAHWA Ha YalEYHbIX Becax
6e3 rupb. [lokaxuTe, YTO HENb3A NPMAYMATL CNOCO0, KOTOPLIA rapaHTUpPYeT HaxoX-
nenve QanblMBo MOHETH! 3a 6 B3BELLIMBAHWUA.

6 a) 3aaymaHo aBy3HadHOe wucno. Bam coobumnu, 4to oHO Honblie 54. CKONbKO UH-
dopmaumm Bbt NOAYHAANT?

6) 3agymaHo TpexsHawHoe uucno. Bam coobumnu, 410 OHO MeHbwe 325. Ckonbko
vHdOopMauun Bsl NOAY4UAN?

0 B opHom u3 pacckaszos K. Yaneka onucbiBaeTcAa cCAydYan, Kak No3aT cran csmpaete-
NeM AOPOXHO-TPAHCMOPTHOFRO NPOUCIIECTBUS, BUHOBHUK KOTOPOrO yMuaica C Mec-
Ta asapuu. 03T, NMOTPSCEHHLIA YBUOEHHLIM, HANUCaAn CTUXOTBOPEHUE, B KOTOPOM
6bina Takaa ctpoka: «O, wea nebena! O, rpyas! O, 6apaban!»
Monuumn oH ckasan, yTo 3TW 06pasbl HaBesaHbl uMdpamMu HOMEpa yMuaBlIEHCs Ma-
WKHLL OBOWKONK, TPOWKON u HyneM. Cuutan, 4TO HOMEpa MaWuH B TO BpeMs Obinu
TPex3Ha4YHbIMU, onpeaennte, CKOJibko MHGopmaumMmM coobLumn NO3T NONMLUN.

0 K ak3ameny Hapo Bolyuuts 20 BONpocoB. YuyeHuk VBanos cuutaet, 4to 5 Bonpocos
OH 3HAET Ha «OTAMYHO», 8 BONPOCOB — Ha «XOPOLWIO», 6 BOMPOCOB — Ha «yROBNETBO-
puTennHo» U 1 BONPOC HEe 3HaeT coBceM. YueHuk MNerpos cuutaeT, uto oH 3 BOnpo-
Ca 3HaeT Ha «OTAWYHO», 10 BONPOCOB — Ha «XOpOoLWwo», 5 BONPOCOB — Ha «yaoBne-
TBOPUTENBHO» U 2 BONPOCA He 3HAaeT cosBcem. Ha ak3ameHe NpUAETCA OTBE4aTb Ha
OAuH BOMPOC.

a) Y Koro HeonpeneneHHoCTb ¢ OUeHKoW Gonbiue?
6) Y koro ua atnx yyeHukos 60nablie HEONPEAeNneHHOCTb TOro, CAacT nnM OH
aK3ameH?

WTOTY TNABLI | 3

IToemopum Kpamko mo O0CHO8HOe, Y¥MO 8bl Y3HAAU, UYHUE 2na8Y 3.

Jnsa m3ydeHHMs NPOIECCOB, NMPOTEKAIMNX B XHUBOH KM HEXKHBOIH
npupoje, OGBIYHO HCMOJIB3YIOTCS MATEMATHYECKHE MOJEJH, yCTaHaB-
JUBAIOIN}ie 3aBUCHMOCTL HapaMeTPOB 3THX HOPOILECCOB OT BPEMEHH.
Ilpu npeoOGpa3oBaHUM 3THX MOZejell B KOMIIBIOTEPHbIE, KAaK IIPAaBH-
JIO, MCIOABL3YeTCHA #A3LIK NPOrpaMMHMPOBAHHS HJIH 9JIEKTPOHHAA Tal-
JHIIa.

AleXKBATHOCTE MOJEJH O3HAYAET, YTO IIeJbh MOJAEJHPOBAHHUA JO-
CTHUTHYTA M OPH PEIIeHWH C €€ HOMOIIBIO 3akad OIpeAeIeHHOro KJjac-
ca moJiy4aeTcs YAOBJIETBOPDHUTeJBLHLIA OTBeT. B uwacTHocTH, ajgeKBarT-
HOCTh MOJEeJ¥ O3HAYAEeT, UTO IPM ee HOCTPOSCHUH HAeiiCTBUTENBLHO OhI-
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JM YYTEHHl BCe CYINecTBeHHBIe (DaKTOPH. AJNEKBATHOCTb MOZEIU
MOJKHO IIPOBEPHUTEH TOJbKO €€ COTJIACOBAHHOCTBIO ¢ OGIIMMHM TeopeTH-
YeCKMMM IIOJIOKCHHUSAMM H SKCIEePHMEeHTAJbHBIMM JaHHBIMU. [l0oaTo-
My Ha BaKJIOYHUTEJIbHON CTaANH IIOCTPOEHUSA MOAENM BCerga HpPOBO-
AAT SKCIEPHMEHT, MOATBEPXKAAIONINN HJIM OINPOBEPraloinuii afeKBaT-
HOCTH CO3ZAaHHOM MOZEJH. OTOT SKCIEPUMEHT MOYKET OBITh HATYPHBIM
WM KOMIBIOTEPHBEIM. B TakoM 9KCIepHMeHTe OOBIUHO ONPeAeAIoTCHa
TpaHuIlbl aieKBAaTHOCTH MOJEJH, T.e€. Ta o6jacTh M3MeHeHHs Iapa-
MEeTpPOB MOAEJH, B IIpefiejlaXx KOTOPOIl MOJAEJh MOYKHO CUMTATh aJeK-
BaTHOM.

Cpenu mpomeccoB 0coOyi0 I'DYINY COCTABJAIOT IPOIECChI, AJIA KO-
TOPHIX CYLIECTBeHHHIM fABAAeTcaA GaxkTop caydaiinoctu. Cayuaiinoe
co0pITHE, IPOHUCXOAfAIIee B TAKOM Ipomecce, OOBIYHO XapaKTepU3YIOT
nmapaMeTpoM, KOTOPHI# HA3bIBAETCA BEPOSTHOCTHIO JAHHOTO COOBITHA.
BepoaTHOCTL COOBITHSI — 39TO YHCJO, K KOTOPOMY CTPEMHTCH 3HAYeHHEe
OTHOCHUTEJbHOH YacTOThl HACTYNJIEHHUA COGHITHA B CEPUH OHOEBITOB, KOT-
a KOJWYECTBO ONBITOB HEOIPAHWYEHHO Bo3pacTaeT. [lJis mocrpoeHus
MOJeJiell cay4yaiiHbIX IIPOIIECCOB — TAKHWe MOZeJ¥ HA3BIBAIOTCA BEPOAT-
HOCTHBIMH — HCHOJL3YIOT JATUHKU CJAYUYAMHBIX YUCEJ.

JaTuuku caydaiiHBIX YHCeJl, PEaJu30BAHHBIE B BHE aJTrOpHUTMa
ANSA KOMIBIOTEPA, TEHEPHPYIOT IICEeBAOCAYYAUHYIO IOCJIeAOBATEJb-
HOCTHL uyHnces. OHa He ABJAAETCSA CHYYAHHON B CTPOIOM CMBICJE 3TO-
TO CJIOBA, MOCKOJBKY B3aKOHOMEPHOCTL OOpPa3sOBaHUA UJICHOB 9TO#H IO-
CJIeIOBATEJbHOCTH H3HAYAJbHO 3azaHa. OAHAKO JJad AOCTATOUYHO
60JIBIIOTO YHCJIA CBOMX 4YJIEHOB TaKad MOCJEeZOBATEJbHOCTh 0o0JsamaeT
HeoOXoAMMELIMHE (C TOUKH 3peHHA obeciieueHUS aNeKBATHOCTH BEPOAT-
HOCTHOM MOZeJIi) CBOMCTBAMH IIOCJE€HOBATEJLHOCTH CJAYYaHBIX 4YU-
ces. Bo MHOrmxX mponeccax BCTpPedYaloTcs IIOCHeHOBATENHHOCTH PaB-
HOMEPHO pacIpefelfIeHHBIX CJAYYai#HBIX BEJIUUUH ~— ITO O3HAUAET, UTO
BEPOATHOCTH NOABJECHUA Y BCeX UJEHOB IIOCJIEHOBATEJBHOCTH OAN-
HaKOBHI.

B AspIKax OpOrpaMMHPOBAHUSA JAaTYHMK CHAYYAHHBIX 4YHCeJi, KaK
IpPaBUJIO, PEAIN30BAH B BHJe OZHOTO OllepaTopa, IIPHCBAaWMBAIOIIEro me-
peMeHHO# chaydaiiHoe 3HadeHme. A mHMmuanusamuu paboTel zaTdu-
Ka caydaiiHBIX uuces TpebyeTcA HauaJbHOE 3HAUEHWE, KOTOpOe 3aJaeT-
Ccs C MOMOINBIO CIIEMAJLHOTO ONEpaTopa.

BeposTHOCTHBIE MOAEJM MOTYT HCIOJL30BATHCSA M B MaTeMaTHKe,
HATIpUMeEDP, AJIA BLIYHUCJICHHUA ILJIOIAZM reOMeTpudecKoil ¢urypsl wuiu
o0 beMa reoOMeTPHUECKOro Tejia. Takne MeTOABI BHIYMCICHHUMN IOJYUHIAN
HasBaHue MeTo#oB MonTte-KapJo.

KonudecTBo MHpOpMADHUHM, KOTOPOE MOYKHO NOJYYHUTL B OIBITE,

MMEIOIIEM 71 ¥ICXOJI0OB C BEPOATHOCTAMHU Dy, Dy, ..., P, BBIUHCASIETCA IO
dopmyisie Illermsona:
H(pys Pys s Pn) = —Pylogy Py — pylogy py — ... — p,log;yp,.

Ecau mpum 3TOM BEpOSITHOCTH BCEX N HCXOAOB OAUHAKOBHI (paBHO-
MepHOe pacIpefiejieHre), TO KOJHUUIeCTBO HMHpopManuu paBHO log,n
(popmyna XapTiau).
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OBEPL CEBS . -

Dy feutray

YacTte 1. IIpu BHIDOAHEHHN NpefIOKeHHBIX HUMKe 3aJaHni SallMInNUTe

y ceba B Terpasu mudp 3ajaHEA ¥ HOMep NPaBHILHOTO OoTBeTa. Ilo OKOHuA-
HuM pafoThI CBepbTe MOJYYMBIIYIOCA Y BacC 3amuch C KjaodyaMu Ha c. 269.

A1, CpoiicTBO MOZes M COOTBETCTBOBATH TEOPETUUYECKHM BO33PEHUAM H HAGJIO-

A2

A3

A4

AS

AeHUAM IIPAKTHKH Has3bIBaeTCs:
/¥y wnbopMaTUBHOCTHIO; 2§ aJeKBATHOCTBIO; ‘3) CHCTEMHOCTHIO;
‘4) cpesu BapMaHTOB, YKA3aHHHIX B NYHKTax 1—3, HeT mpaBHJIBHOrO.

Mogens, IpH MOCTPOEHUM KOTOPOM B KadecTBe CYIECTBEHHOTO YYWTHIBA-
erca (pakTOp CAyUalHOCTH, HABHLIBACTCH:

P

Y anexsartHoii; '2¥ BepoaTHOCTHOI;

) ‘8) cucremHOII;
4), cpenu BapUaHTOB, YKA3aHHBIX B NyHKTax 1—38, HeT MPaBHILHOTrO.

HexTo 3agymMan HaTypajbHOE YHCIO0, He mpeBocxomsaiee 1000, a zatem co-
obmmi: «3agyMaHHOe MHOIO YHCJIO SBJSETCH CTEIeHBI0 YHCja 2 ¢ LeJbIM
nokasarejem». Konudecrso 6uT mHPOpMALUK, COAEPIKAILIENCS B 3TOM CO-
OOIIleHNH, PABHO:

3) log,1000; 2) 9; 3) log,100; :4) log,10.

Crygent VIBaHOB chaeT K3aMeH II0 aNllapPATHBIM CpeiCcTBaM uHDOpMATH-
3amuu, a cTydeHT IleTpoB — sk3aMeH O MHMDOPMAINMOHHLIM TEXHOJIOTHIM.
UsanoBy Hazo BbiyumtTh 20 BompocoB, a IlerpoBy — 25. UsanoB cumraer,
YTO OH 4 BOIIPOCA 3HAET HA «OTJIUYHO», 9 BOIPOCOB — HA «XOPOIO», 5 BOO-
POCOB — HAa «YJOBJCTBOPUTENLHO» M 2 BONpOca He sHaeT coBceM. IleTpos
CUHTAET, YTO OH D BOIIPOCOB 3HAET HA «OTAWYHO», 10 BOmpoCcoB — Ha «XoO-
poiio», 7 BOIPOCOB — HA <«YAOBJETBOPUTEJHLHO» ¥ 3 BOIIPOCA HE 3HAET
coBcem. Ha sks3amMeHe mpujeTcsi oTBeuyaThb Ha OAMH Bompoc. HeompegeneH-
HOCTL C OIEHKOH:

:1)} y HetpoBa Gosabmie, yem y HBaHOBa;

2) y IlerpoBa MeHbIie, yeM y HBaHOBa;

3) ogHa m Ta ke y IlerpoBa u y ViBanoBa;

4). v Ilerposa u y HBaHoBa HEJBb3A CPABHHUBATH, IOCKOJbKY OHH CHAIOT
DPasHbIe 9K3aMEeHEI.

Crnenyromuil aJrOpUTM OpeAHa3HAYEH AJid HAXOMAEHUA IJIOHIAAN (PUIYPHI
MmetogoM MoHnTe-Kapio, B Hem uepe3 rand(l) oGosHaueH AATUUK caydaii-

HBIX YHCEJI, BBIpa0ATHIBAIOIINH PABHOMEPHO PACHDPEAEJIEHHYIO IIOCJIeHOBa-
TeJbHOCTh uMces u3d nmpome:xkytra [0; 1).

Anroputm
uen: M, N; sewi: X, Y;
{ N :=0;

Ddenats o1t M := 1 go 100000
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{ X := 2%rand(1) — 1;
Y := rand(1);
Ecom (X|+Y<1)10{ N:=N+1; }
} (* Koney yuwraa *)
Coobuwure N / 50000;
}

Inoujaap aTolt Gurypsl paBHAa:
1) 0,5, 2) 1; 3y 1,5;
4) npyromy, HeKeJu B myHKTax 1—3, uwmciy.
A6. Cueanyroiuil anropuTM mUpefHA3HAYEH AJS HAXOMKIACHUA IJIOHIAAN QUTYpHI
metogoM MoHTte-Kapiao, B Hem uepes rand(l) oGosHaueH AaTUWK caydaii-

HBIX UYKCeJl, BbIPabATHIBAOIIMI PABHOMEPHO DACIPEAEJCHHYIO HOCHAELOBa-
TEJIHLHOCTh YMces U3 mpoMerxyrtra [0; 1).

Anroputm
uen: M, N; sBews: X, Y;
{ N :=0;

Aenatb ot M := 1 ao 100000
{ X := rand(1);

Y := 2*rand(1) - 1;

Ecom (X2 +Y‘<1)10{ N:=N+1; }
} (* Koney yuraa *)
Coobuwuts N/50000;

!

9roil durypoil sBisgercs:
I) Ttpeyrosbumk; 2 xpyr; 8) moaykpyr; ¥ pom6.

A7. Bamu msyyasuch cjiesyioliiyie HHCTPYMEHTHI NHGOPMAIIUOHHBIX TeXHOJIOTHIH:
a) TEKCTOBBIII PEJaKTopD;
6) rpacdudecKkmii pefaKTop;
B) 3JIEKTPOHHAA TAOJAHMIIA;
r) CYBI;
) s3BIK IPOrPAMMUPOBAHUSA.
ITpm mocTpoeHUM KOMIBLIOTEDPHOI MOZENY HA OCHOBE IpeoGpasoBaHus Ma-
TeMATHYECKOH MOJEJH WCIOAb3YIOTCA HHCTPYMEHTHI:

1) a u 6; 2) 8 u 2z 3) eud; 4) 6wud.

Yactb 2. IIpu BHIDOJHEHWM UPEIJIONKEHHBLIX HHIKE 3aJaHUil 3aUIINTE
y ceba B terpaau mudp 3aJaHUS ¥ OTBET B BHAE HOCJEAOBATEILHOCTH CHMBO-
noB. Ilo oxoHuaHuu paGoOTHI CBepbTe MOJYUMBIIVIOCH y Bac 3alMCh € KJIOYa-
mMu Ha c. 269.

B1. BriGepure u3 cHHCKa HeOOXOAUMBIE AEUCTBHUA, YCTAHOBHUTE MPABUIBHYIO
OCNeIOBATENBHOCTh UX BBINOJHEHUA U 3alUIINTE HOMEpa 3THX JeicTBuil
B MOpPAJKEe MOJYYEHHOH NOCHAeJOBATEALHOCTH.
Ona mocrpoeHns MHMOPMAIIMOHHON MOZEIH HaZO:
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‘$). onpeienuTh cBOHCTBA O6BEKTA, CyLECTBEHHBIE ANAd PENICHUS 3aJa4H;
2) BeifpaTh MaTepmaln, U3 KOTOPOro GyAeT M3rOTOBIAATHCA MOZEJb;
:3) chopMySINpPOBATH LEIL MOACIMPOBAHUA;
4} ommcaTh BHIleJIeHHBIE CBOMCTBA ¢ INOMONIBIO NapPaMETPOB;
B} ompenenuTb, KaKad TeXHOJOrHMs OGyAeT WUCIONB30BATHCA [AJis peanusa-
OUH MOAENH;
‘8) ykasaTep CBASH MEXAY HapaMeTPaMW;
T} yGemuTHCSA, YTO MOAEIH aZEeKBATHA.

B2. Bri6epuTe HOMepa MPABHJILHBIX OTBETOB M 3AIHUIINTE WX B HOPSAKe BO3-
pacranua 06e3 npo6GesioB W 3HAKOB NPENUHAHUA MEKAY HUMU.

Ona anropuTMudecKoil MoZesid, IPEACTABJICHHOH KOMIBIOTEPHOH IIpO-
rpaMMoii, mapaMeTpel MOZEJIM MOTYT GBHITh IIPEACTABIECHBI:

i#3 rexkcrom;  2) umcnamu; i3); IepeMeHHBIMH;
4) HUYeM U3 NMEePeUuCJeHHOro B NyHKTax 1—3.

B3. B ciaezyoimieM NpeAJOMKeHHHN TpedyeTcs BMECTO <IpPOIecca™> BCTABUTH
CJIOBOCOUYETaHWEe M3 JIeBOro cronbua tabiaunsl 3.8, a BMecTO <CHHCOK IIa-
PaMeTpoOB> — HYKHBIC CJI0BA M3 IIPABOTO CTOJGHIA TOH e Tabiamibl.
Iaa nubopManMOHHON MoAenu <HOpomecca> IapaMeTpaMH SABJIAIOTCSH
<CIHMCOK HapaMeTpoB>>.

OTtBer K 3TOMY 3ajauuio sanucekiBaerca B Buge 1ABB, 2BK u T. 1.

Tabnunua 3.8
IIponece Ilapamerpsi

1) paBHOMEpHOE ABUIKECHUE; A) cropoers;

2) ABUMKEHWE NOX JeicTBUEeM CHJIBI (BTOpo# B) cuna;

3akoH HsxloroHa); B) yckopenue;

3) ympyras medopmaiina (3axoH I'yka); T) oyTe;

4) paGora MaraswHa; 1) Bpems;

5) paGora Tearpa; E) anuHa;

6) paBHOYCKOpEHHOEe ABHIKEHUE JK) mozayap ympyrocru;
3) cucoX TOBapOB;
W) Kosim4ecTBO TOBApA;
K) penepryap;
JI) cnucox 1ieH;
M) cuucox paGOTHHKOB;
H) macca

B4. BoifepuTe HOMepa NPABWJILHLIX OTBETOB M 3alMNINTE X B IOPAJKE BO3-
pacTanus Ge3 mpoGejioB M 3HAKOB NPENVHAHUA MEMKAY HUMH.
s onmcaHus HUKENePeuYruCAeHHBX (DHU3HUYeCKNX SBIEHUI HCHOJb3yeTcs
MaTeMaTHJYeCcKas MOJiejib B BUAe IPAMO HPOIOPHHUOHANLHON 3aBUCHMOCTH
MeXAY IapaMeTpaMu:
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BS5.

B6.

T) paBHOMEpHOe UpPAMOJMHEHHOe ABHIKeHUe (IapaMeTphl: UPOAACHHBIN
nyTh, BpeMA);

2}, pabora pbruara (mapameTphi: AJIWHA pbIYara, CHja);

i8) medopmMauuA NPYKHUHEI NOA AefiCTBHEM CHJBI (IIapaMeTphi: BeJIHYWHA
CHJIBI, U3MEHEeHNe JUHEAHBIX PasMepoRB);

'4), paBHOMepHOe ABM)KEeHUEe N0 OKPYKHOCTH (IapaMeTphl: LeHTpoGe:KHas
CHJIa, YrjIoBas CKOPOCTbH);

"By usMeHeHHe pa3MepOB Tejia IPH HATPeBaHUM (IIApaMeTpHI: H3MEHEeHHe
TeMIOepaTyphl, U3MeHeHVe JUHEHHBIX pasMepoB);

6). cpeam BapHMaHTOB, YKa3aHHBIX B IYHKTaxX 1—5, HeT mpaBMABHOTO.

IlocnexoBaTenbHOCTE HHCEJI, Bpra6aTbIBaeMaH AJaTINKOM cnyqaﬁme qn-
CceJl, Ha3bIBaeTcs .

HOusi npeo6pazoBaHus HEOPEPHIBHON MaTEeMaTHYECKON MOJEJN B KOMIIBIO-
TEPHYIO MOAENb IPOU3BOSUTCH €e .



Yxe [OCTaTOYHO CKasaHo O BO3MOXHOCTSAX KOMMbIOTEPOB U NPUMEHSIEMbIX
MHPOPMALUMOHHBLIX TEXHONOrWA, 4TOObI Kaxabih NOHAN, KAKYID HEOLEHUMYID no-
MOLLL MOXET OKa3blBaTb KOMNLIOTEP B npegoctaeneHun v obpabortke uHdopma-
umn. OgHako 3a 4enoBekoM OCTaeTcs Npaeo (M 06A3aHHOCTL) AenaTh BbiBOAbL! HA
OCHOBE npepocTaBnseMoit MHdopMauum 1 NPUHUMaTh COOTBETCTBYIOLME peLue-
HuA. MHorga mMbl roBOpUM, 4TO pELLeHUe NpUHUMaeT KomnbioTep. Hanpumep, ec-
NU KOMMNbLIOTEP, YNpaBnas Kakum-nubo aBTOMaToM, NonyyYaer OT AAaTYUKOB 3TOro
asTomara mHpopmaumio 06 ONacHOCTW ero paspylUueHuUs B Tex YCNoBuAX, B KO-
TOPLIX OH OKasancs, TO KOMMLIOTEP MOXET «NPUHATL pelleHne» o6 aBakyaumn
aBTOoMarta U3 3Toil 06CTaHoBKU. HO KaxaoMmy fICHO, 4TO Ha camMoM pJene aTo pe-
weHue GbiNo 3apaHee 3anporpamMmMmupoBaHO 4ENOBEKOM U KoMnbioTep 6e3oroeo-
POYHO CNEemyeT WHCTPYKLUMW.

MpuHaTHe pewleHus — 3TO BCceraa npeporatusa yenoseka. Bo-nep-
BbiX, MNOTOMY, 4TO nob6as MHPOpMaLUA NULIb MOLENbHO OTPaXaeT peanbHyl
[eNCTBUTENBHOCTL, U, CNefAoBaTeNLHO, NPUHMMaeMOoe KOMMbIOTEPOM peLleHue
MOXET 0Ka3aTbCA HeafeKBaTHbIM CNOXWMBLUEHACA cuTyauuun. B BblluepaccmoT-
PEHHOM npuUMepe BrnoNHe BEepPOATHA CUTyauusi, 4TO aBTOMAaT AO/KEH nornb-
HyTb, 4TOObl npegpoTepaTuTe Oonblwee HecyacTbe. Bo-BTOpLIX, nepenartb
KOMMbIOTEPY NMPABO NPUHWUMATb pPelleHust — 3Ha4uT BBepuTb cyabby 4enose-
yecTBa 3nekTpoHuke. M xota cerogHa GyHT pob6OTOB — 3TO BCE elwe yaen
¢daHTacTUYEeCKNX NPOU3BeNeHUiA, B UX OCHOBE NIEXUT MMEHHO NpeanonoxeHue
0 MpefoCTaBNEeHUN KOMNbIOTEPY NpaBa NPUHUMAaTL pPELleHUMs HapaBHE C 4e-
NOBEKOM.

Tem He MeHee NOMOLLbL KOMMbIOTEPA B PELeHUMU YenoBekoM WHdopma-
LMOHHBLIX 3aaa4y HamHoro 6bl Bbipocna, ecnu Obl KOMNbIOTEP «HAay4unca» npea-
naratb 4enoseky Ha BuiGop 060OCHOBaHHLIE BapuaHTbl BO3MOXHbIX pelleHunin. Ho
ANA 3TOr0 Hafo Hay4yuTb KOMMbIOTEpP AenaTtbh BbIBOAbLI U3 umMmelowweinca nipopma-
umMn. MHbiMU cnoBamu, HaZoO B KOMMbIOTEPE CMOAENMPOBaTb MPOLLECC pPacCyx-
OEHWIA, KOTOpble NpoBoauT Yyenoeek. O Tex noaxogax K peleHnio aaHHoh npob-
neMbl, KOTOpbie CerogHs paspabarbiBaloTcs B UHbOpMaTtuke, U NONOET pe4b
B 3TOW rnaese.
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@ MonsaTne mopenei NCKYCCTBEHHOrO MHTENNEKTA

IlepBriM, KTO TpeANpPHUHAJN YAAYHYIO TIOMBITKY IIOCTPOUTH MO-
OeJIb UeJIOBeUeCKUX DaCCyKIeHW, OblJI, M0 MHEHUIO HUCTOPUKOB HAYKH,
ApeBHerpeuecKkuil yueHbiii Apucrotens. UMenHO OH cHOPMYIHPOBAI
nepBhlie 3aKOHBI PACCYKACHUI, 3aJI0)KUB OCHOBHI HOBOM HayKu, Ha3BaH-
HOUM UM JOTHKOI. B maspHelinieM BKJaJ B 9Ty HAaYKY BHOCKIH IICHXOJIO-
ru u bunrocodsl, JAUHTBUCTHI I MATEMATUKH. ¥ 5TOM HayK¥ OOSBHUJINCDH
pasHbie HAIPAaBJIeHWS WHCCIEZOBAHWiII, OHA pasjeanyiach Ha psaja obiaac-
tTeil, OAHA M3 KOTOPHIX HasbIBaeTcd (hpOPMAJbHOM MJIN MAaTEMATHUYECKOHR
Joruxkou. Bojiee TOro, He TOJNBKO CHEMUAJHU3HPOBAJINCHL HMCCIAENOBAHUA
BHYTPH JIOTHKM, HO M pacHIupannch chepsl MCCHeJOBaHUII HAa BCIO UH-
TeJJIEKTYAJNbHYI0 AesATeIbHOCTh YesjoBeKa. Kak uYejloBeK pacrmo3HaeT
IpeAMeTHl U SBJIEHWSA, KaK NPOHUCXOAUT o0yueHne M caMoobyueHne, KaK
BBIPA0ATHIBAIOTCA CTPAaTEerMyl B PEaNbHOM JKHU3HH HJIM WrpaxX, KaKOBBI
MeXaHU3Mbl CTHXOCJIOKEHHSA M COUMHEHHS MY3bIKM — BCE 9TO CTaJo
IpeIMEeTOM HCCJEeJOBAaHUM YUeHbIX. A MoJesnu, cosflaBaeMble B pe3yJib-
TaTe TAKUX MCCJAEHOBAHMM, CTAJNH HA3BIBATH MOJEJNAMU HCKYCCTBEHHO-
ro MHTEJJIeKTa.

Jis onmecaHmMsa MoOjesiedl MCKYCCTBEHHOrO WHTENJIEKTA HCIOJIL3YIOT-
cs pasHooOpasHbIe, HHOTZA AOBOJILHO CJIOMKHEIE CPeACTBa. B 0CHOBe MHO-
TMX U3 HUX JeXaT rpadsl, 0 KOTOPHIX MBI KPaTKO BecrmoMHMIN B § 3.
Tem He MeHee J106ast MOJeNb UCKYCCTBEHHOTO MHTENNEKTa KaK OfHA N3
pasHoBHUAHOCTell MHPOPMAIMOHHBIX MoJeJsieil 003aTENbHO COAEPIKHUT
Ha0Op IapaMeTpOB, ONMCHIBAIOUIMX CcyInecTBeHHEIe paxTopsl. IToCKOIB-
Ky MOJeJh NCKYCCTBEHHOI'O MHTEJJeKTa HalpaBjieHa HAa IPUHATHE TO-
ro UJI¥M WHOTO peIlleHHs, TO B KAYeCTBe CBA3eill MeXAy IapaMeTpaMu,
OINCHIBAIOIINMY HCXOJHBIe HAaHHBIE, M PE3yJbTATOM BBICTYIIAIOT TaK
Ha3bpIBaeMble IpaBHJa BhIBOXA. VX CcyThb B TOM, YTO OHM YKas3bIBaloOT,
KaKoe pellleHHe JOJIKHO OLITh PEKOMEHJIOBAHO B PaMKaxX AAHHOU Moje-
JY IOPH TeX WM UHBIX 3HAYEHHUAX HUCXOAHBIX IIapaMeTpOB.

K npumepy, mMozenn, o6ecrmeumBaONiasd MEIUIIMHCKYIO ITHUATHOCTH-
Ky, VUHTHIBAET TaKHe NapaMeTphi, KaK TeMIepaTypa IalileHTa, Ka-
mieJib, CbINlb, KaJIo0bl HA 00JH B TeX MM HHBIX YacTAX Teja M T. I.
IlpaBuio BRIBOAA MO 3HAUEHUAM STHX HCXOAHBIX HApPaMETPOB [JOJMKHO
IPeJOCTaBUTh Has3BaHMe HamboJiee BepoATHOro saboyeBanHusa (UIKM COU-
COK TaKOBBIX, PACHOJIOKE€HHLIX, HAIIPUMEpP, B MOPAAKe YOLIBAHNS BepoO-
arHocTu). Kpome Toro, mpaBmio BEIBOAA MOKET IPEAyCMaTPUBATH Bbi-
a9y PEeKOMEHZAIlMi IPOBECTH eIlle KaKue-Jubo aHaaum3bl WIM 3a7aTh
HOMOJIHUTENAbHBIE BOMPOCHI MAIMEHTY JJIsi YTOYHEHUS AMATHO3a.

Mogens pacnosHaBaHHA rpadHUUeCKHX 00pPa30B, HAIIPHMED PYKO-
OUCHBIX OyKB M mudp (a ceiiuac Taxme CHCTEMEI CO3HAIOTCS IJA aBTO-
MaTU3alu¥ BBOJA B KOMOBIOTEP PYKOIMCHBIX TEKCTOB), COAEPIKUT ViKe
WHBIe HapaMeTphbl ¥ HHBIE MpaBUja BBHIBOJAA O TOM, UTO MMEHHO Hpen-
craBiasieT cobo¥M HaHHLIN rpaduuecKuil odpas.

Mozgens, onmuchiBaONaA HPOIECCHl BOCIPUATHUA YeJOBEKOM MY3bI-
K¥, OMepHpyeT ¢ ImapaMeTpaMt, XapaKTepHU3YOIIUMNU METPOPHTMUYEC-
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KYI0, JIaZOTAPMOHUYECKYIO U APYrHue CTPYKTYPHI MY3HIKAJBHOTO IIPOU3-
BeJleHHs, a TaKiKe ¢ mapaMerpaMy ICUX0DHU3HOJOTHYECKNX PeaKImuil Ha
9TH CTPYKTYpHI. IIpaBujsia BhIBOJA 34eCh MOryT YKashIBaTh Ha TO, B Ka-
KOIi Mepe M KaK JaHHAA My3biKa BOCIOPHUHUMAETCS TeM HJIN MHBLIM de-
JIOBEKOM.

IlpaBuna BBIBOAA, NpPHUMeHseMbie B KOHKPETHOI cucTeMe HCKYC-
CTBEHHOI'0 HHTEJIJIEKTA, MOTYT HMETh Pa3HYIo (Gopmy, ¥ HepeAKO caMu
TaKkWe CHCTEeMBl KJACCHPHUIMPYIOTCA MMEHHO 110 TOMY IIPH3HAKY, KaKyio
dopMy HMeIOT MCIOJIL3yeMbie IPaBHUJIa BEIBOJA. PaccMaTpuBaTh IMOAPOO-
HO DasJNYHEIE CHCTEMEl MCKYCCTBEHHOI'O WMHTEJJEKTa Mbl He OyJeM —
CJAMIIKOM IIMPOKA W pasHooOpasHa HEIHe dTa 00jacTh MHGDOPMATHKHU.
Ho ¢ oxHOli pa3sHOBHAHOCTHIO, a UMEHHO C 3KCHEPTHHIMH CHCTEMaMH,
KOTOpBIE€ BCE aKTHUBHEE IPUMEHSIOTCA B HAYYHBIX MCCIEAOBAHUAX WU TeX-
HOJIOTHYECKNX MPOIieccax, MbI BAC IO3HAKOMUM H Jaske IIPeJOCTaBUM
BO3MOYXHOCTb CaMOCTOATEJAbHO CKOHCTPYHUPOBATH HECHOKHYIO DKCIEDT-
HyI0 cucteMy. Peus 00 sTom moiimer B § 38, a moxka BaM npeacTOUT
HO3HAKOMUTHCSH C TeMHU CPeACTBAMH, KOTOPBIE AJf 9TOro 6yAyT HUCHOJNb-
30BaTHCH.

HES SN AN A A

BOMNPOCHI Y 3ATAHMS

@ Kakon npusHak BbIAENSET MOAENAU UCKYCCTBEHHOrO WHTenseKkra u3 MHoXecTsa
MHPOPMaUMOHHBIX Mogeneit B uenom? lMonbiTaiiTeCe NPUBECTU NPUMEpPH! MOAEnen
WUCKYCCTBEHHOTO WHTENNEeKTa, NOMUMO Tex, KOTOpbie yKasahbl B OBBbACHUTENLHOM
Tekcte naparpada.

9 MoyemMy NpaBo NpUHATUA pelieHna AOMKHO ObiTb OCTaBNEHO 3a uyenoekom? Mpuse-
oute CBOWM apryMeHTbl B NoNb3y 3TOr0 tesuca.

:§*§’0 DneMeHTB! NIOTMKN BbICKU3LIBOHWA

IIcuxoyiorx AAaBHO YCTAHOBMJIM, UTO MBICJAUTE/JbHAA OEATENb-
HOCTH YeJIOBEKa BCErAa OCYIIECTBJAAETCHA IOCPEACTBOM KakKoro-imndo
Aspika. Vicmosbp3oBaume fA3bIKA IPUAAET MEBIC/IUTENABHON [eATEJIbLHOCTHU
tdopmy paccymxiaenuii. Uto Taxoe paccyxieHme? Paccy:xzenme — 3TO
MOCIeIOBATEILHOCTL BOIPOCOB, 3aJaBaeMBIX caMoMy cebe uiu cobecen-
HUKY, X OTBETOB Ha HHUX.

Bompockr moryT 6pITh pasuoro tuima. MOMXHO crpocuThb: «CKONBKO
CYIIECTBYET MPOCTHIX uMcea?» OTBeTOM CHy:KUT yTBEpikaeBue: «IIpoc-
TEIX UHceJ OGeCKOHEYHO MHOro». MOXHO CHOpOCHUTH: «Kak HaliTH THI-
caYHoe IpocToe uumciao?» OrtBeroM OyAeT aJArOPUTM, IIO3BOJIAIONINH
BBRIUMCJAUTL Tpebyemoe mpoctoe ymcyao. Hamomuum (cM. § 11), uTo mH-
dopManuoo, COAEPKAIIYIOCA B OTBETe Ha HEepPBHIA BOIPOC, MBI OTHOCHUM
K AeKJapaTHBHOMY THOY, a MEGOPMAIUIO, COZEPKAIIYIOCS B OTBETE HA
BTOPO#l BOMpPOC, — K IIPOLIEAYPHOMY.

CeoiicTBa aJirOpUTMOB BBl M3y4YuJu B 6asoBOM Kypce HMHGopmMaTH-
KM, a MH ellle pa3 ux obcyaunu B § 7. Cpeau HUX ecTh, HaIpuMep, pe-
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3yJABTATHBHOCTL, ¥ IIPABUJIBLHOCTBE. A BOT ummGOpPMAINIO, IIPEACTABJICH-
HYIO JeKJIapaTUBHO, MOXXHO, IIOMKAJNYyH, OIeHHTh TOJBKO € OJHOM Io3u-
UMY — MKMCTUHHA OHA WM JOMHA.

IToBecTBOBATENBHOE HPEIJIOMKEHUE, B OTHOIICHHM KOTOPOTO MMeEeT
CMBICJ FOBOPHUTBL O €r0 MCTHHHOCTH WUJIM JIOMKHOCTHU, HASLIBAETCHA BBICKA-
spiBaRueM. Takoe oIpefelieHne BBICKA3BIBAHMIO Aas Apucrorenas. Pac-
CMOTPHM CJAELYIOHINE IPeIJIOMeHN.

1. Jucuo \[é HPPaAnMOHAJIBLHO.

2. Yucao \/E PAlMOHAJJBHO.

3. JIio6oe HaTypaJbHOE YHCJIO X PAIMOHAJBHO.

4. JI060e yucIO X paluoHAaJBHO.

5. CyniecTByeT 4UCJAO X, KOTOpOe MpPAnUOHAJIBLHO.

6. Yuecao x parimoHAJBHO.

7. Eciiu 4ncio x UppanyoHaibHO, TO YMCJIO X + 1 ToXKe mppaiuo-
HAJIBHO.

8. Yucno HasbiBaeTCs PAMOHANLHLIM, €CJIM OHO PABHO OTHOIIIe-
HUIO IIEJIOr0 YHCJIa K HATYPAJIbHOMY.

9. BepHO JIy, YTO YHMCJAO V2 HPPaIMOHAJBHO?

10. Joxamxure, 4TO UUCJO +/2 UPPALMOHAABHO.

IlepBble HIATH MPEAJOIKEHHUN, OYEBUIHO, ABIAITCA BBHICKASHIBAHU-
avmu, npuueMm 1, 3 u 5-e MCTHHHEI, a 2-e¢ U 4-e moxxunl. [Ba mociez-
HUX NOpeAJOKEeHNs He SABJSIOTCI BLICKA3BIBAHUAMH, IOCKOJBKY OHH
BOBCE HE IIOBECTBOBATEJbHBIE: OJHO M3 HUX BOIIPOCHTEJIBLHOE, a APYyroe
nobyaurensHoe. IlpeasosxeHue 8 He HABJsSETCA BHICKA3bIBAHWEM, IIO-
CKOJBKY O €r0 MCTHMHHOCTH T'OBOPHUTH 0€CCMBICJIEHHO: OHO JIMINL OIIpe-
IejigeT HOBOE IIOHATHE 4Yepe3 paHee BBeJeHHBIE.

B moBecTBOBaTEJbHOM NPEAJOKEHUN 6 HCTHHHOCTHh 3aKJIIUYeHHOH
B HeM MHPOpPMAIMY 3aBHCHUT OT 3HAYEHHUA NepPeMeHHOH X: HmpH ORHUX
ee 3HAUCHUAX YTBEPIKICHNE OKAYKETCHA MCTHHHBIM, IIDY JAPYTHX — JIOMK-
HBEIM. TaK 4TO 3TO Hpe[oKeHNe HeAb3s OTHECTH K BHICKA3LIBAHUAM.
Ms1 paccmoTpuM noAoOHsIe yTBep:KAeHus B § 36. TouHo Tak ke iepe-
MEHHYIO X COJEp:XUT OpeAJoKeHue 7, I0ITOMY ¥ €ro He CAefyeT OT-
HOCUTb K BBICKasbiBaHHAM. HO ecim 3aagyMaThCA O CMBICJIE 3TOTO
NpPEeAJOKeHUusA, TO CTAHET SJICHO, YTO OHO HCTHHHO IIPH JIIOOOM sSHadue-
HUM NepeMeHHOH X.

IIpumep npemyo:xkeHud 7 TNOKA3BIBAET, YTO HAHHOe ApPHCTOTENEM
00'bsICHEHNE, YTO TAKO€ BBICKA3BIBaHIE, He ABJIAETCHA, CTPOTO TOBODHA,
ompefiesieHNeM. Bojiee TOTO, OHO (PAKTHUYECKH INEPEKJIAALIBAET Ha ILIEYU
IPYruxX HayYHBIX AUCHUIINH — MATeMATHKH, QHUSHKH, XUMWUU, OHO-
JIOTUH, KCTOPUHM (CIIKMCOK BBI JIETKO MHPOJOIKHUTE CaMM) — caMy Hpos-
JeMy HOJIy4eHHs OTBETa Ha BOIPOC, GYAET JIM MCTHHHBIM TO HJIU HHOE
yrBepikaenne. M1 BoT ecam OTBeT Ha TaKOH Bompoc GymerT mOJydeH, TO
3TO yTBepKAeHMNe OyAeT HA3BIBATHCH BHICKA3LIBAHUEM.

Bopouem, AJA HEKOTODHIX YTBep:KAEHHE OTBET 00 MX MCTHUHHOCTHU
WM JIOXKHOCTH HEJb3sd IOJIYYNTh HUKAKHMH cpeZcTBaMu. BoT ogHO u3
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TaKWUX YTBEPIKAEHUIH: «ITO HPEAJIOKEHVe JOKHO» . EC/iu MpeAoNoXuTh,
YTO €aMO 3TO YTBEPIKAEHIE MCTUHHO, TO OHO 00A3aHO GBITDH JIOXKHBIM, He-
JU Ke CUNTATh, UTO YTBEPKAECHUE JIOMKHO, TO OHO 00A38HO OBLITHL HMCTHH-
HBIM. BhIfiBIeHNe ¥ HeJONMyUIeHHE B pacCyKAeHHsX MOJOOHBIX BHYTDEH-
He IPOTUBOPEUYUBLIX YTBEDIKICHHUM TOXKE OJHA M3 3aJaY JIOTUKH,

OcraBasa ApyruM HayKaM OPaBO OTBEYATHh HA BOIPOC 00 MCTHHHOC-
T KOHKDETHOI'O YTBEDIKACHUS, JOTHKA HHTEpecyeTcs, Kak ua mHabopa
UCTUHHBIX YTBEPIKJEHHII MOYKHO MOJYYATh HOBBHIE HCTHUHHBIE YTBEPIK-
JeHus. 9TO O3HAUAET, YTO JIOTMKA H3ydYaeT TaKHe omepaluu Hajg BbI-
CKa3hIBAHUAMU, B PEe3yJbTaTe MNPUMEHEHH:A KOTOPHIX CHOBA IIOJIYYAeT-
cA BBICKasbiBaHMe. [Ipu sToM BOBCe He TpebyeTCsa BHHKATL B CMBICI
BHICKASLIBAHUI, HAJ KOTOPLIMM IIPOU3BOAATCA omepamuu. Maremaru-
YecKasi JIOTMKA NpeaiaraeT QpopMaau30BaHHBIA S3LIK AJA ONHUCAHUS
9TUX omepamuii, YTO IIO3BOJISIET IOCTPOUTH (DOPMANBHYIO MOZAENDL Yesio-
BEUECKUX PACCYKIACHWM.

C HEKOTOPLIMH JOTHYECKMMM ONepAIMAMM BbI HABEPHAKA 3HAKO-
MBI ele o 0a30BOMY Kypcy HHGDODMATHKHN. ITO Ipe)Kjae BCero olepa-
A KOHBIOHKIHY (I0-IPYyroMy, onepauus u), TUSBIOHKIUU (II0-Apyro-
My, Omepaiyfa WaAw) U oNepanus OTPUUAHHA (IIO-APYroMy, omepamus
He). Ho ecTs U Apyrue omepanuu, OHM mepeuuciaeHbl B Tabuauie 4.1.

Tabnnua 4.1
JNornyeckaa onepaums O6Go3HauyeHue | CMbicn B OGbIMHOM f3blKe

KOHBLIOHKLUS, NOTMYecKoe ym- & -, A Coio3el u, a, Ho
HOXEHue
AN3BIOHKUKMS, norudyeckoe cno- Vv, + Colo3 v
XeHne
OTpuuatune, uHBepcus -, Yactuua He
PaspenutennHas auM3bIOHKLUA, @, A O6opoT wum TOMBKO..., WM
UCKMIOHAIOLLIEE MJTM, CRIOXEHUEe TONBKO...
no moaynio 2
mnnnkaums, cnegoBaHue -, = O6opoT ecau..., TO...
PaBHOCUNLHOCTL, PaBHO3Ha4- | <>, <, =, ~ | O60pOTht TOrQa U TOJLKO
HOCTb, 3KBUBaNeHUUN Torga, HeobxoauMo U [0C-

TATO4YHO

B vpasBaEmax m o603HAUEHMAX JIOTHYECKMX omepalinii, npuBeges-
HBIX B Tabauiie 4.1, Ha IepBOM MecTe YKaszaHbl Te, KOTOpbie OyAyT
HCIIOJNB30BATLCA B HallleM yueOHuKe. B npyroii aureparype o MaTeMa-
THYEeCKOl JIOTHKe yHOTPeOASIoOTCA W ADPYrue U3 YKasaHHBIX HasBaHWUH
u 0003HAUEHUIA.

Bo Bcex jsormuecKHMX oNepanmuaxX, KpoMe oIepanuy OTPUIAHUA,
YYacTBYIOT [Ba aprymenTta. IlosToMy IprMeHeHUE, HATIPUMED, KOH'BIOHK-
U K BeICKasbIBaHUAM X M Y 0ObIuHO 3anuchkiBaioT Kak X & Y, a mpu-
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MEHEeHVIe MMIIJINKAIITHU K TeM € BBICKa3bIBaHHEM Kak X-—-Y. OTpI/I‘

aHue BhiCKaskiBanma X 3aMKUCHIBAlOT B Buge X.

3HaueHUs JIOTHYECKHX Omepanuil 3aJaioTcsi, KaK BLI 3HAETE, C IO-
MOIIbI0 TAGAHI MCTHHHOCTM. B HUX J/id BCEeBO3MOYKHBIX KOMOWHAaIwi
3HAUYeHUl apryMeHTOB 3ANNCHIBAETCA Pe3yJbTaT NIPUMEHEHUWS ollepa-
umu. [Ias Bcex omepamuii oAHOBPEMEHHO 3TH Ta0aunel coOpaHBI B Tab-
auiie 4.2; B Hell 3HAUEeHUdA ApPryMEHTOB U pe3yJabTaT NPUMEHEHUdA OIle-
pamuu oGosuauensl OykBamu «HM» (Mctuua) B «JI» (JIoxs).

Tabsmuya 4.2
X Y X&Y | XVY X XY | X—-Y | XY
n n n n JI JI n )% |
n JI J n JI n J Ja
J u J n n n n Jd
J Jl J Jd n JI n n

Kak Buamo m3 TabAHMIIBI, MCTHHHOCTL BBHICKA3BIBAHWA, IOJYUYCHHO-
T0 C npuMeHEeHWEeM IU3BIOHKIIUM, MMEET MEeCTO, KOTAa MCTUHHO Jubo
OZHO BBICKA3bIBaHUE, Jubo Apyroe, jubo oba ofHOBpeMeHHO. K mpume-
Py, MCTHHHOCTL BLICKA3BIBAHUA «VgeT HOKAP UAU AYET BeTep» O3HA-
YaeT, YTO HA YJUIE MMEeT MECTO OAHA W3 TPeX CUTYAIWH: WUAET KOKIb
M HeT BeTpa; HeT JOXXKJA, HO AyeT BeTep; OJHOBPEMEHHO HIET JOXIAbL U
ayer Berep. IlosTomy, samuchkIBad AaHHYO ¢$pasy CpefcTBaAMU MaTeMa-
THUYECKOM JIOTUKHN, eCTeCTBEHHO MpPEeJACTAaBUTH ee B Buge X V Y, rae X —
3TO BhICKasbIBaume «MaeT moxaAb», a Y — BbIcKaspiBaume «Jlyer Berep».

A Bor BricKaspiBaume «Ileta cuzur Ha ypokxe usuxu uau llersa
CHUAUT HA YPOKe HCTOPUM» JOMKHO, Korja 00a BHICKA3BIBAHUA, N3 KOTO-
PEIX OHO COCTABJIEHO, UCTHHHBI, — He MOeT IleTa ogHOBpEeMeHHO OBITH
M Ha YpOKe (PU3UKH, M HA YPOKe HCTOpHUU. 3Jech IO CMEICJAY IpHUMe-
HEeHA omepainns MCKJouaoilero uau. Ilostomy, nepesoas 3Ty dpasy Ha
SASLIK MAaTeMAaTHYeCKOH JOTMKH, €CTEeCTBEHHO BOCIIOJIB30BATHCA Oliepa-
nueir ® m coorsercTBeHHO 3anucath X @Y, rme X — 3TO BhICKa3bIBa-
aue «Ilers cuautT Ha ypoke QuU3uUKM», a Y — BBICKaswpiBaHue «Iletra
CUINUT Ha YPOKe HCTOPHI».

BosmoxxHO, Bac yauBuiaa TaGnuna MCTUHHOCTH [JS OIepaluul clie-
nosaHuA. MuoruM KakeTcsd, 4TO yTBep:KAeHue «Eciau X, To Y» ucrtus-
HO B TOM H TOJBKO B TOM cJjydae, Korga X u Y OZHOBPEMEHHO WNCTHH-
HbI, T.€. COBIAJAET C KOHBIOHKI[MEH 3TuX BhICKA3biBaHMiII. Ho nmaBaii-
Te MOAyMaeM, KOTJa JOMKHBLI TH BBICKA3bIBAHMA. JIerkKo MOHATH, 4TO
KouBIOHKIMA X um Y JOXKHA TOTAA W TOJBKO TOTZa, KOrja JIOMKHO XO-
Ta Obl O4HO M3 BhIcKaspiBauuii X mam Y. A JIOMKHOCTb BBICKA3LIBAHUSA
«Ecau X, to Y» o3HadaeT, 4TO, XOTHA BbicKasbiBauue X HCTHHHO, BBI-
cKassiBanme Y jgosxxkuo. OTClofa U BBITEKAeT TO (opMaJibHOE ompepeJe-
HUe HMILUIMKAIIMHN, KOTOPOoe mpuBefeHo B Tabuaume 4.2. B uwacrHOCTH,
BeIcKassiBauue «Ecam 2X2 =5, to 2X2 = 4» wmcrunno. Kak, Bmpo-
4yeM, UCTHHHO ¥ BhicKasbiBaHUe «Ecam 2X 2 =5, to 2X 2 = 3». Hepen-
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KO OTMEUYEeHHOE€ CBOMCTBO HMILIMKAOUM (POPMYJUPYIOT TaK: U3 MCTHHBI
caefyeT WCTHHA, a M3 JIKH — 4YTO YrOZHO.

OO0BIYHO C MOMOIIBIO JIOTHMYECKHMX OIlepalinil cTapaloTcA CBECTH JIIO-
60e BHICKASHIBAHHE K TAKMM BBICKA3LIBAHWAM, B KOTOpPBIE YiKe HeJb3sd
BBIJEJUTh APYyTHe BLICKASHIBAHHA. TaKue BHICKASLIBAHUI, HHKaKafA
4acTh KOTOPBHIX BBICKA3EIBAHHMEM He ABAACTCHA, HASBIBAIOTCA IPOCTHIMH.

i e o

BOMPOCHI U 3ALAHUS

0 W3 npuBeaeHHbIX HUXE MpegnoxeHnit Boibepute BbICKA3biBaHus ¥ 0DOCHyMTe CBOW
Buibop:
a) Boixoxy oauH a8 Ha OOpory.
6) 4 cnpocun y sicens: «pe mos mobuman?»
B) 3a4emM Bbl, AEBYLUKK, KpacuBbiX Aobute?
r) Ecnu y Bac Het cobaku, ee He OTpaBuT cocef.
n) [lasante BocknuuaThb, APYr APYrOM BOCXULLATLCA.
e) He not, kpacasuua, npu MHE Thl neceH pysun neyanbHOM.
X) BOT KTO-TO C ropouku Cryctuncs.
3) Huyero Ha cBete nyuule Hety, Yem 6poavTe apysbsam no Geny ceety.
n) Ymom Poccuio He NOHATb.
K) Ho KTO-TO kamerb MONoXWN €My B NPOTAHYTYIO PYKY.

@ Ans npuBEeOEHHbIX HUXE BbICKa3blBAHUIA YKaXKUTE, KakKue W3 HUX WCTUHHBE U Kakue
JIOXHbI:

a) Yucno 3 aensetca pgenutenem noOOro Yucna, y KoToporo cymma uudp passa 6.
6) HexoTopble MREKoONUTaIOWME HE XUBYT Ha cylue.

8) HukTo He MoxeT 06bsATbL HeobbaATHOE.

r) Aemocden yreepxpan: «<B oaHy peky Henb3sa BOWTU ABAXAb».

A) B xaxgom roay ectb Mmecsl, B KOTOPOM 13-e uncno npuxoguTtcs Ha NATHULY.
NpuseanTe NO ABa NPUMEPA UCTUHHLIX U NOXHbIX BbLICKA3LIBaAHWI N3 NHPOPMATHKY,
du3vku, MareMaTukn, 6uonorun, UCTOPUK, NONUTUHECKOR XUIHU.

Ana NnpuBeAeHHbIX HUXE BbICKa3biBaHMI NONbITANTECH YKA3aTb, KAKAE U3 HUX UCTUH-
Hb! ¥ KakKue JIOXHbI:

a) HatypanbHbix Yncen 6ecKOHe4HO MHOTO.

6) Ecnv gnaroHanb BbINYKNOro 4eThipexyrofibHuka pa3buBaeT ero Ha ABa paBHbIX
TPEyronibHuka, TO 3TOT YETbIPEXYFOAbHUK — napannenorpamMm.

8) CepenuHHbIA NEepneHanKynap K OTPe3Ky — 3TO MHOXECTBO TOYEK, PaBHOYDANEH-
HbIX OT KOHUOB JAHHOTO OTpeska.

r) B pecatnuHon 3anucw uncna © BcTpevaerca 100 pas nogpspa undppa 9.

0

1 . .
a) B 3anncu 4ucna 7 B BuOe GECKOHEYHOW AeCATUYHON ApoGu He BCTpevyaeTcs

uncdpa 9.
e) Kaxpoe HatypanbHoe unucno nubo npoctoe, nubo npousseneHne NPOCTLIX YUCE.

x) Ona BCex AeNCTBUTENbHLIX 3HAYEHWI X BLINOMHAETCR HEPABEHCTBO <1

+x2

. - 1
3) Ons BCex AEeACTBUTENbHBLIX 3HAYEHUA X BLINONHAETCA HEPABEHCTBO 1 <1
+
n) Jlio6oe HaTypancHOE 4UCNo, y KOToporo cymma uvdp paeHa 2, He genuTcs Ha 7.
Anst BCex i1 BLICKa3blIBaHUIA BaM YAANOCh BLIIONHWUTL 3agaHue? {louemy Tem He me-
Hee MOXHO yTBepXAaTb, HTO BCE NPUBEAEHHLIE B MYHKTaX a—3 NPeanoXeHUs sSBNA-
I0TCS BbiCKa3bIBAHNAMN?
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6 B npuBeAeHHbIX HUXE BbICKA3bIBAHUAX BbIAENUTE ABa NPOCThIX, 0603HaubTe KX Oyk-
BaMM 1 3anNMLNTE BCE BLICKA3LIBAHUA C NOMOLILIO 3TUX 0603HAYEHNA U NOrNYECKUX
onepaumi:

a) Meta n Kona nayt rynsatb.
6) Neta vpet rynsTte, a Konsa rynate He uaer.
B) Ecnu Kons uper rynatb, 10 MNeta rynsite He uaeT.

e B npuBeneHHbLIX HUXE BbICKA3bIBAHUAX BbLIAENUTE ABa NPOCTLIX, 0603HauYLTe nx Oyk-
BaMK U 3anuuINTE BCE BbICKA3biBAHWSA C MOMOLBIO 3TUX 0B03HAYEHWH 1 NOTUYECKNX
onepauwii;

a) umcno 1234 yetHo u penutca Ha 3;

6) uncno 1234 HeueTHO KM genntca Ha 3;

B) umcno 1234 yetHo unun He genutcs Ha 3;
r) 4ucno 1234 HevweTHO wnu He penutcs Ha 3.

6 Ykaxute, KaKyio, Ha Ball B3rfsg, ON3bIOHKUMIO — OGLIMHYIO WK Pa3aennTenbHyio —
HAZO ynoTpebuTb NPU 3anNUCU CREenyioWNX BLICKA3bIBAHUIA HA S3LIKE MaTtemaTudec-
KOW NOrunKu:
a) Ha pepesbsix pacnycTuivcb MNCTbst WA PaCKPLINUCL GYTOHLI.
6) Ha ynuue 3amep3 pTyTHBIA rPalyCHUK UAKW OT Xapbl Nepecoxna pedka.
B) Ha nHebe ceetut ConHue unv BuaHa JlyHa.
0 Onpepenute, Kakve M3 NPUBEAEHHBIX HUXE UMIMANKALMIA UCTUHHLL:
a) Ecau uncno 1357 HeuyeTHO, TO OHO OenuTcs Ha 3.
6) Ecnn uncno 1357 4eTHO, TO OHO OenuTCa Ha 3.
B) Echm yucno 1357 HeweTHO, TO OHO He genuTcs Ha 3.
r) Ecan uucno 1357 genntca Ha 3, TO OHO HEYeTHO.
D) Ecnu yucno 1357 He aenutcst Ha 3, TO OHO HEYeTHO.
€) Ecnn umcno 1357 He penutcs Ha 3, TO OHO 4ETHO.
Q CocraBbTe Tabnmubl MCTUHHOCTU ONst BLICKA3bIBAHWIA:
a)Y— X;
6) X = (Y — X);
B) XVY> (X &Y);

NX&zZ—¥vZ—X).

06 anrebpe Kax pasfejie MaTeMaTHKH BbLI Y3HAJNH B 7 KJjacce.
BEI IPUBHIKJIM K 9TOMY CJIOBY B PaCHHCAHNH YPOKOB, H, BO3MOYKHO, MHO-
THEe W3 BaCc He Cpa3y OTBETAT HA BOIPOC, YTO TaKoe airebpa. B mare-
MaTHKe ajareO6poil HasLIBaeTCH AMCIUIIMHA, M3y4Yaloniasi CBOMCTBA Ome-
panuii Ha MHOXecTBax. IlIkonpHad ajyrefpa H3ydJaeT MHOXKECTBO
AEeHCTBUTENbHBIX UHCEJ W OLEPAINM CJOEHWA, YMHOMKEHHS, BEIUNTA-
HUSA, [EJeHWUsi, BO3BEJAEHUA B CTElleHb, KOTOPbLIe HAA 3THUMU YHCIAMH
MOKHO BHINOJNHATH. HeKOTOpEIe CBOMCTBA Omepanuil BH 3HaeTe ele II0
HavYajdbHOH MKOoJie, HAIPUMeD NMePeMEeCTUTENbHBIH 3aKOH CJIOKEHHUA: OT
IepeMeHbl MECT cJiaraeMbIX cyMMa He MeHsercA. CupaBeaJuB aHajio-
FUYHBIH 3aK0H W AJISi YMHOMKEHUS UHCEI.
OpgHO m3 BasKHBIX WM300peTeHHII TeIOBEeKa, KOTODOE JIerjio B OCHO-
By anare0psi, — 5TO BBeJleHHe OYKBEHHOW CHMBOJHMKHK [JA 3alHCH
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cBoiicTB omepanuii. K mpumepy, TOT 2Ke riepeMecTUTELHBIH 3aKOH CJO-
JKeHMS 3alMUCHIBAETCS C IOMOINGLI0O OYKB COBCeM IIpocTo: a +b =5 + a.
Taxue pasBeHCTBa, KOTOPbie BepHBI NMpHW NIOOLIX 3HAYECHHAX OYKB, HA3bBI-
BaIOTCs, KaK BhI OIOMHHUTE, TOXAecTBaMHu. 1lo Mepe M3yUeHHSA ajredOpsi
TOXKAECTB IIOABJIAJIOCHL Bce OoJibliie M GoJybiire. JJOCTOMHCTBOM TOMKIECTB
ABJISEeTCS TO, YTO, MOACTABIAA ONHH TOKAECTBA B APyrue, MOMHO MHO-
Jy4YaTh HOBBIE TOXKJecTBa. TaKyw IpoleAyPY HA3LIBAIOT TOMXKIECTBEH-
HBIMM HpeoOpa3oBaHMAMH.

MartemaTuueckasa JOTHKa, a TOYHee, TOT pasAes, O KOTOPOM MEI
cefiyac paccxKasbiBaeM, MMeeT JeJI0 C MHOYKECTBOM BHICKA3LIBAHMIM.
B mpezpigyiieM naparpade MBI BBeJIM HECKOJBKO oleparuii Haj BBICKA-
spIBaHusaMu. CienoBaTenbHO, cyHiecTByeT ajrebpa BBICKA3bIBAHUM —
paszes MaTeMATHYeCKOH JIOTMKM, M3YYAMINil cBOHCTBa omepaluil HaX
BRICKASHIBAHUAMU. IIpexae Bcero Hac OYAYT MHTEpPEeCOBATh Te€ CBOHCTBA,
KOTOpLIe 3alMCHIBAIOTCA KaK ToXJAecTBa. B HaieM ciaydae OYKBEL
OoyayT o003HAYATh NMPOUS3BOJbHBIE BLICKA3LIBAHMA, a 3HAK pPaBEHCTBA
OyZeT mo-IpeXHeMY BBIpAXXaTh TOT (PaKT, UTO 3HAUEHUE JIeBOH dacTu
PaBeHCTBA COBIIaZaeT €O 3HAUYEHMEM IIPaBOM YACTH pPaBeHCTBa, KaKue
Obl BBHICKASLIBAHUA MBI B HMX HH IIOACTABJAIHN (pasyMeeTcsi, BMECTO
OAUHAKOBBIX 6yKB MBI AOJIXKHBI IOACTaABJIATH OJHO WM TO € BBICKA3bI-
BaHHE, XOTsS BOBCEe He 00d3aTeJbHO, YTOOBI pasHbie OYKBBI 3aMEHSINCH
PasHLIMM BBICKA3BIBAHUAMM). B MaTemMaTHdecKoil JIOTUKe TaKHe TOXKAe-
CTBEHHO PAaBHBI€ BBICKA3BIBAHVA IIPUHATO HA3BIBATh PABHOCHJADBHBIMM.
CamMu BLICKA3LIBAHUA, B KOTOPBIX (QUTYPUPYIOT OVKBLI, 0003HAUAIONIIHE
IIPOV3BOJIBHLIC BBICKA3bIBAHHWA M COCIHMHCHHBIC 3HAKaAMH JIOTHYECKHX
omepanuii, Has3LIBalOT (popmyiaamMu. BykBuI, BXxoAgAIlue B Takme GopMmy-
JIbI, HA3LIBAIOT JIOTHUYECKMMH mepevennbivu. DopMyibl HASLIBAIOT TOMK-
A€CTBCHHO PABHBIMH WI¥ PABHOCHJIBHBLIMM, €CJIH PaBHOCHUJILGHBI IIPDEN-
CTaBJICHHBIC MM BBICKA3bIBaHHWJA.

B anrebpe melicTBUTEJIBHBIX YHCEJ AOKA3ATELCTBO TOMIECTB TOA-
Yyac SABJAAETCA AOBOJBLHO TPYAHLIM J[AEJ0OM, TPEOVIOIMUNM ONpeaeeHHOMH
n300peTaTeaLHOCTH. B ajrebpe BLICKA3LIBAHWE JOKA3aTEALCTBO TOMKJE-
CTBa — IPOIECC HECJHOMKHEIHA, XOTd M MOMET OKa3aThCd BeChbMa TPYAO-
emxuM. IIprumnHa 3gecs B TOM, 4YTO AeHCTBUTENLHBLIX 4mcesl GecKOoHed-
HO MHOTO 1 BCe He nepenpo6ye1_m>, IIOACTaBJIAA X BMECTO IIEPEMEHHBIX.
Yro racaerTcAa anreOpLl BBICKA3LIBAHUII, TO, KAK BHI 3HAETE, 3HaUEHUE
BEIDayKEHUS, COCTABJIEHHOrO C IIOMOMILIO JOTHYECKUX OXepanuii us aApy-
I'HX BBICKAa3LIBAHUI, 3aBUCHUT TOJBKO OT HCTUHHOCTHA ¥ JOMHOCTH

BXOAAUINX B €ro CoCTaB BEBI-

Tabnmya 4.3  craseiBamwmii. IlosTomy, co-

— CTABUB TAOJIUIIBI UCTUHHOCTH

X—-Y | XVvY IJif ABYX TAKHX BBLICKA3BLIBA-

HHUHM, MBI MOMEM JerKko yoe-

AUTHCS, PaABHOCHUJIBHBI OHU

UIu HeT. YO0eaumcs, K IpH-

Mepy, B PaBHOCHUJIBHOCTH BHI-

ckaspiBauuit X Y u XVvY
(Tab6n. 4.3).

SESETRIEY
SIS
SRS

HE S|
HESHE S|
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Bcem BuzanOo, uto cronbunt gas X — Y u XV Y copnaau. 3Ha4uT,
MOHO sanucath: X Y = XVY.
IIpuBeseM CHMCOK OCHOBHBIX TOXKZECTB aireOpbl BHICKA3BLIBAHHM.

1. X&Y=Y &X; (KOMMYTaTUBHOCTD, HJIU
2.XVvY=YVX; HepeMeCcTUTENbHbIE 3aKOHEI)
3. X&Y)&Z=X& (Y & Z); (acconaTUBHOCTD, WAU
4. (XVY)YVZ=XV(YVZ) COUETATENBbHBIE 3aKOHEI)
5. X&Y)VZ=XVZ)Y&(YV2Z) (ZuCcTPpNOYTUBHOCTD, KU
6. XVY)&Z=X&Z)V(Y & 2Z); pacupeaeJ uTeIbHEIE
3aKOHBI)
7. X & X =X; (MZEeMIOTeHTHOCTD)
8. XVvX=X;
9. X & JI=JI; 10. X v =MU;
1. X &A= X; 12. X vJ=X;
13. X & X=JI; (3aKOHBI MCKJIIOUEHHOTO
14. X v X=WU; TpPeTbero)
15.X&Y=XVY; (3akonsl me Moprana)
16 XVY=X&Y;
17X &Y)VY=Y; (3aKOHBI HOrJIOINEHUA)
18.XVY)&Y=Y;
19. X=X 3 (3akoH ABOHMHOrO
OTPULIAHUS)

200 X—-Y=XVY;

21. X< Y=XVY)&XVY)=(X&Y)V(X&Y);

22. X0Y=(X&Y)V(X&Y).

Ms=1 Brimte mpoBepmau paBeHcTBO 20. OcranbHbie paBeHCTBa MOXK-
HO HPOBEPHUTH TEM K€ CIOCOOOM — COCTABUTHL TAOJNHIIBI UCTHHHOCTH.
g paBenctB 1—6 m 3aKoHOB e MopraHa BbI mpoBefeTe TAKYIO IPO-
BEPKY, BBLINOJHUB 3afaHudA 3 u 4.

IIpuBeneHHBIe BEHILIE€ 3aKOHLI AJreOpbl JOTMKU OOBIYHO HCIIOJIb3Y-
10T A8 npeobpasoBaHus OAHUX (GOPMYJ B APYyrHe, UM PaBHOCHJIbHEBIC.
Bot npuwmep:
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X—-Y&XVY)=(X&Y)V(X&Y)& (X &Y)=

S X&N&X&N&X&N=FXvH&XV&XVY)=
—XVNEXVYN&EX V) =XV &X&((YVY))=
—XVN&EX&M=FXVN&X=(X&X)V(T&X)=
=JIV(Y &X)=Y & X.

IlepBoe paBeHCTBO B 3TOI HENOYKe OOBACHIAETCA HPUMEHEHHEM
dopmynsr 21, BTOpOe ¥ TpeThe PABEHCTBA MUMEIOT MECTO COTJIACHO 3aKO-
HaM e Mopraua, yeTBepTOe IOJyUYaeTCHA MpUMeHeHneM (HOPMYJabl ABOI-
HOTO OTDUIIAHUA, IIATOE€ PABEHCTBO — 3TO IIOCJEAOBaATEbHOE IIpHMeHe-
HIe 3aKOHOB KOMMYTATHBHOCTHU U AUCTPUOYTUBHOCTH, IIECTOE PABEHCTBO
uMeeT MecTO B cuny (dopmyasl 14, cexbmMoe — B cuay ¢opmynsr 11,
BOCBMOE — 9TO ONATHh NPHUMeHEHWe AUCTPUGYTHBHOTO 3aKOHA, AEBATOE
paBeHCTBO BepHO B cuiay dopmynsi 13 u, HaKoOHeIl, AeCATOE PABEHCTBO
o0bacHserca Gopmysoi 12.

IIpuBenennrie 22 TOXKAECTBA BOBCE HE ABASAIOTCH HE3aBUCHMBIMH
APYT OT Apyra — MOKHO OAHM U3 HUX IMOJY4aTh, UCHOAB3YS APYTHE
TOXJeCTBA BTOTO K€ CIOucKa. BOT KakK, HalmpuMmep, BBIBOSUTCA 3aKOH
norjaomeHusa (Toxaectso 17) us roxaecrs 11, 1, 6, 10:

X&Y)VY=X&Y)VY&N=(X&Y)V(H&Y)=
=(XVH)&Y=U&Y =Y.

3aK0H acCOMUATHBHOCTH [AJA OINEPAllMM KOHBIOHKIIUY IO3BOJSAET
He IHCATH CKOOKH, eCJM 3Ta omepanus OpUMeHAeTcs HOAPAL K He-
CKOJBKUM nepeMenHbIiM. Hampumep, BMecTo (X & V)& (Z& U) & V)
MoxHO nucatsh npocto X & Y & Z & U & V. Umenno Tak Mel U 6yzem
Jeyathb, AHaAOTMYHO OyAeM 3alHCHIBATL BBIPDAYKEHMs C onepanued V.
Ecan :xe B 3anucu BRICKA3hIBAHUA BCTPEYAIOTCS Pa3HBIE ONEpALM — OT-
pHUIilaHUe, KOH'BIOHKINA, IUSBIOHKINSA, UMIINKALKA, TO JOrOBOPMMCSH,
4YTO OHH BBINIOJIHSIOTCA B YKA3aHHOM IIOPAAKE: CHAYAJA BBIMOJIHAETCH
OTpHUIlaHHe, 3aTeM KOHBIOHKIINSA, a yiKe HOTOM AU3BIOHKIusd. Ecam ke
HOPAJNOK BHIIOJHEHHUA ONepaluii HaJA0 N3MEHHUTh, TO IPUMEHAIOT CKOG-
Ku. ITosTomy BripaskeEUaA (X & Y)V((Z & U) u X & YV Z & U cosna-
paioT, HO oTauuaiored oT X & (Y vV Z) & U. Onepaniun < u @ umeroT
caMbIii HUSKHMI IIPUOPUTET.

Pdopmysia HA3RIBAETCA TOKAESCTBEHHO MCTHHHOM WJIH TABTOJIOTHEH,
ecJi OHA NPUHUMAET 3HadyeHue VMcTuHA IPHU JIOOEIX 3HAYEHUAX BXOAA-
mMKUX B Hee NepeMeHHBIX. IIpumMepoM npocTeiiliieil TaBTOJOrMY SBJISET-
ca popmyna X — X.

W3 onpenenenus omepaiuu <> ciaexyer, uro ¢opmyanl F; u F, pas-
HOCHJIBHEI TOTZa M TOJBKO TOTAa, Koraa ¢opmyna F, <« F, aspiaserca tas-
TOJIOTHEH.

MaremaTuuecKas JIOTMKA JINIIb MOJEJIHUDPYET JIOTHKY 4eJIOBEUECKO-
ro paccyxkgenus. K npumepy, BoickaspiBagua X & ¥ n Y & X wmare-
MaTuYecKas JIOTHKa IPM3HACT PABHOCHJALHBIMH. W aeiicTBHUTENBHO,
BhicKasmBanus «HMner mokab, ¥ ayeT BeTep» u «JlyeT BeTep, U HAET
JOMAL» B CMBICIOBOM COJePsKaHWM HACHTWUYHHI Apyr Apyry. Ho cpas-
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HuTe BbicKaspIiBaHuA «OHa BOIILJIA B 8ajl, M 3aWrpaja MysSbIKa» H «3a-
urpajga MyshiKa, ¥ OHA BOINJA B 3aJi», ¥ BBl [IOYYBCTBYETE TOHKYIO, HO
BIIOJIHE VJIOBHMYIO PasHUIY, HAVILYIO OT YEeJIOBEYECKOr0 BOCIPHUATUSA
COI03a «H» KAK HEKOI YIOPAJOYEeHHOCTH COOBITHIl IO BPEMEHH.

R e 5t Wt i S
0 Kakue BbiCKa3dbiBanusi, cogepxawme nepemMeHHble, obo3Havaloume BbiCKasbiBAHUS,
Ha3bLIBAIOTCH PaBHOCUNLHBLIMN?

9 CocrtaBbTe Tabnuibl UCTUHHOCTM U BBISICHWUTE, PABHOCUNBHLI M CREAYIOWME BbiCKa-
3bIBaHUSA: o

a) X—Yuny—Xx; ) X —=>YunuX&Z—Y&Z;

B X®Y)&Z uX&ZDY &Z; NX—=>Zyn X—>Y)>Z.
CocrtaBuB Tabnvubl UCTUHHOCTW, NpoBepbTe paseHcTBa 1—6, npuBeAeHHbie B 00b-
ACHUTENBbHOM TeKkCcTe naparpada.

Mpoeepbre 3akoHLl g6 MopraHa, cocTasus COOTBETCTBYIOWME Tabnuupl UCTUHHOCTY.

©0 O

YnpocTtute cnegyiowe Gopmynsbi:

aA(XVY) & (X &2Z),

) X&YVX&YVX & Y;

B X& (X2 Y)& (X —Y);
NX—=YZP&CZ > XY)&E — (Z— X)).

a) Boieeguie TOXOECTBO 18 U3 TOXAECTB C MEHLLWINMU HOMEPaMU.

6) Mokaxure, YTO 3aKoHLl Ae MopraHa BeIBOASTCSH OPYr U3 Apyra C NOMOLBIO 3aKO-
Ha OBOMHOFO OTPULIAHUS.

MpoeepbTe, 4TO cneayoume GOPMynbl ABNSIOTCS TABTONOIMNAMN:

AX—X;, 6)X— (Y —X)

BoisicHuTe, Kakue n3 crnegyiowmx GopMyn SBASIOTCA TaBTONOTMAMMN:
aA(X—X)—X; 6)XvVY—X; 8BX&Y—X.

Bbipa3auTte Bbicka3biBaHue X 4epes3 BbiCKasbiBaHusi A n B, ecnn UMeeT MecTo pa-
BeHcTBO (X VA) V (X VA) = B.

BeiscHuTe, CywiecTeyeT nn 1akas dopmyna F, npu NoacTtaHOBKE KOTOPOW B Cheaylo-
uyio dopmyny ata popmyna CTaHOBUTCS TaBTONIOTUEIA:

aA)X&Y—>F&Z;, 6)F&XVF&X&Y.

® 000 O

- Kak nocrpours noruueckyio popmyny

KaxuMm ObI HE OBIJIO CJIOJKHOE BHICKA3bIBAHME, JJIA HEro Bcer-
I8 MOYKHO COCTABUTH TAaGJMUIy MCTHMHHOCTH. A ecaH JaHa HEKOTopas
TabJaNIa MCTHHHOCTH, TO BCErAa JM MOYKHO 3aIMCaTh CJOMKHOE BBICKA-
3piBaHMe, Y KOTOporo Onlia 6bI MMEHHO Takasa TaGIHIa HMCTHHHOCTH?
OTBeT Ha 3TOT BONPOC NOJIOXKKHUTeJeH. MEI MOKaXeM Ha IpuMepe, Kak
CTPOHTH CJIOMKHOE BRICKA3BIBaHME II0 TabiuIe MCTHHHOCTH, & IOTOM
chopmyaupyem obitee mpasmio. Ilycts, K mpuMmepy, Tabauima HUCTHH-
HOCTH BBIIVIAIWT TakK, Kak Tabauna 4.4.
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BriGepeM cTpOKHM, B KOTOPBIX AJA HCKOMOT'O BHICKA3BIBAHMUSA CTOUT
sHauenue McrumHa. g KaKaoil TaKOH CTPOKH BMecTO 3HadeHusi Hc-
TUHA B CTOJIOIE IIPOCTOrO BHICKA3BLIBAHMS HANWIIIEM CaMO BEICKA3bIBa-
HUe, a BMecTo 3HauveHHAa JIoKL HamumieM ero orpunanue. llomyuum
Tabauiy 4.5.

Teneppr B KaKJOH CTPO-Ke COeAMHUM IIOJYUUBIINECH BRICKA3bIBa-
HUA KOHBIOHKIMel, a IOoJyJYeHHBIe TAKUM CHOCOOOM CJIOMKHBIE BBICKA-
3LIBAaHUA — OUSBIOHKIIUEHN. ¥ Hac IOJNIYUNTCA CIOYKHOE BbICKa3bIBaHME

A&B&CVA&B&CVA&B&CVA&B&LC.

9T0 BBEICKA3LIBAHHE MOYKHO Telieph MPeo0pasOBLIBATH II0 VKA3AHHBIM
paHee 3aKOHAM.

B ob6miem caydae gas Toro, 4ToOBI IIONYYHTE BBICKA3bIBaHME IO
Tab/Nnlie MCTUHHOCTH, HAAO IOCTYHAaTh TOYHO TaK JKe:

s OCTABHUTH B TabJuIe Te CTPOKHU, B KOTOPEIX 3HaUEHMHE HCKOMOTO

BeIipakenusa — lHcruHa;
= B KayKJOH KJeTKe STUX CTPOK 3alllicaTh BMecCTo 3Hauenus Hcru-

Ha caMO BBICKA3BIBAHME M3 3aroJjioBKa CToJ06Ila, a BMECTO 3Haue-

Hua JIo)Kb 3amucaTh €ro OTPHUIAHNE;

: COEAVHUTHL KOHBIOHKI[MeH BBICKA3SBIBAHUSA, CTOSLINE B OAHOI

CTPOKE, a 3aTeM COeJUHHUTL AUIBIOHKIIMEH ITOJIlyYMBIIUECH BHI-

CKa3LIBaHUSA AJIs BCeX OTOOpaH-
Tabnnua 4.4 HBIX CTDOK.

Hckomoe Ob6paTuTe BHUMAHHE, UTO
BBICKa3bIBaHUe II0 9TOMY AaJaTrOpHUTMy BcCerzxa
noJgydaerca (GopmyJaa, B KOTO-
Ja poil MCMOJB3YIOTCSA TOJBKO OIle-
panmuyu OTPUNAHUS, KOHBIOHK-
UMY U AUSDBIOHKIHU, IpHUIYeM
TaK, YTO OTPHUIlaHHE IIPUMEHH-
eTcsAd TOJBKO K IIePpEeMEeHHBIM,
KOH'BIOHKITHEH COeJUHEeHBLI Ie-
peMeHHBie HJIU HUX OTpUIlA-
HUs, OIpHUUYeM KaKJasa Iepe-
MeHHadA B TaKOM KOHBIOHK-
THBHOM BBIpaKeHUH Gurypu-
n pPyeT pOBHO OJUH pa3, U, HAKO-
Hel, TUIBIOHKINKA COEJUHSIOT
Tabnmya 4.5 TOJYYHBINNECS KOHBIOHKTHB-
HbIe BBHIpAKeHUA. BbiparkeHnue,

Hcxromoe 3anucaHHOe B TAKOM BHJe, Ha-
BLICKasbIBaHUe 3LIBAETCSA COBEPUIEHHOM IU3h-

n IOHKTUBHOH HOPMAJbHOI (hop-
moit (coxpareasso CIHD). B
cujly HAOTOBOPEHHOCTe# O IIo-
pAAKe BLINOJHEHUS OIepa-
uuit 8 CIIH®D cxobxu He Tpe-
oyroTcs.
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BONPOCHI U 3ABAHNA
@ Coopmynupyiite anroputM NOCTPOEHUSI noruyeckon ¢GopMynabt No Tabauue UCTUH-
HOCTU /1 NIOTMHMECKOTO BbIPaXEHUS,

@ 4o Takoe COHD?

@ MNpeo6pa3syiiTe B BbIpaXEHNE, HEe coaepxatiee CKOBOK, Cneaylolme BbiCKa3biBaHNA:

a)(A& BVA&B)&A; 6)A&B&(BVC)VC&A; 8)AVBYV B&A.
0 a) 3anvwmnte yYepe3 A, B n C BuickasbiBaHma X, Y v Z, 3agaHHbie Tabnuueth 4.6.
6) SanuiumTte BoipaxeHus X VY, YV Z, Ta6nuua 4.6

X V Z v npeoGpasylite ux B PaBHO-
CUNbHbLIE BbIPAXEHWNN, HE copepXaluve
cKoBOK.

6 M3BecTHO, 4TO BbiCKa3biBaHne F, 3aBn-
cauiee OT Tpex BbicKasbiBaHun A, B
n C, npuHnmaeTt 3Ha4deHue WNcCTuHa
B TOM M TONBKO B TOM Chay4ae, Korga
POBHO OJHO U3 BbiICKa3biBaHWl A, B
n C nmeet 3HadveHne Jloxb. Cocrasbre
ona F norundeckyio popmyny.

e a) U3BecTtHO, 4YTO BbicKa3biBahue F, 3a-
BuCswee OT Tpex BbiCKa3biBaHui A, B
n C, npyunmaeT TO 3HaYeHMe QNN Kaxaoro AaHHoro Habopa 3Hauenuid A, B u C,
KOTOpOe NpUHMMacT GONLLMHCTBO U3 3TUX TPEX BbLICKa3biBaHui. OyHkunio F Noato-
My Ha3biBaioT pyHKuuel ronocosanua. Cocrasbte ana F norudeckyio dopmyny.
6) CocTtaBbte nornyeckyio dopmyay ans OyHKUMU roflocoBaHus OT YeTbipex nepe-
MEHHbIX.
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Pewienne noruueckmx sapau cpeacTsamu
" MOTEeMATMYECKOH NOTMKK

Ilens mM3ydyeHUA JIOTMKM COCTOUT B TOM, YUTOOBI O0eCIeYUTH
CPeACTBaMHU JAJA AOKA3aTeJbCTBA JIOTHUECKOH 06G0CHOBAHHOCTH BBLIBOJOB
OJHUX yTBep:KIAeHUN M3 Apyrux. s TaxuxXx o0OCHOBAHUI HEPEAKO II0-
JIeBHBIM OKa3bIBAeTCA TIPHMeHeHHe ajreO6psl BBICKA3LIBAHUI.

IIponnmocTpupyeM IIpuMeHeHUe ajareOphl BHICKA3BIBAHUI HA IpUMe-
pe ABYX 3ajad.

Sagaua 1. Kmo u3ayuaan nozuky? Ha Bompoc, KTO U3 Tpex yda-
ummxcsi — AHTOH, Bopuc uau BukTop — mMaydas JOTHKY, YYUTENAb, IIpe-
HMOJAaBaBIIN JIOTUKY, OTBeTHI: «Eciau Joruky maydan AHTOH, TO M3ydan
u Dopsa, Ho HeBepHO, 4TO ecaum usyudana Burtsa, To usyuan u Bopa». Kro
JKe m3ydajl, a KTO He M3ydaJl JIOTHKY?

PeuieHwne. ObozHaunM OYKBOH A BhICKa3bIBaHUE «AHTOH H3yYaJ
JOTHUKY», OYKBOH B BbICKasbiBaHUe «Bopmc umayuajs JIOTHKY», OYKBOI
C BrIcKas3bpIBaHue «BukTop mayuasn Joruxy». Torza BbICKA3bIBAHUE Y4YU-
TeJIA MOYKHO 3amucaTh TakK:
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(A — B) & (C — B).

IIpeo6pasyeM aTy 3amuch, OCBOGOAMUBIINCL OT CKOGOK:
A—B)&(C—B)=(AVB)&(C&B)=(A&B)V(B&B) &C=
=(A&B)VI)&C=A&B&C.

ITockoNBKY yTBEp)KAeHVe YUNUTEJNSA MBI, KOHEYHO, IPUHKMAEM 3a HC-

TUHHOE, HCTUHHBIMU HOJIKHBI OBITh ¥ yTBep)Kaeuus A, B u C. Cienona-
TEJIBHO, YTBEPIKAeHUEe A JIOXKHO, YTBEp)KAeHue B ToxKe JOMXHO, a YTBEPK-
gerve C uCTHHHO. 3HAYUT, JIOTUKY u3yuas Buxrop, a AutoH u Bopuc
JOTHUKY He HM3yUaJH.

Sanaua 2. Bepduxm cyda. I'paxxganun VIBanoB o6BuUHAeTCHA
B COBEPINEHUM IpecTymjieHusa npu coydactuu IlerpoBa m CugopoBa. Cyx
OPUCSYKHBIX B XOJle CHAYIIAHUSA HNPHUIIe]l K BLIBOAY, YTO CJEACTBHEM JO-
KasaHo cJjenyioliee:

1) ecinu UBaHOB He BMHOBeH ujau BUHOBeH IleTrpoB, To Cuzopos
BUHOBEH;

2) ecaiu IBaHOB He BUHOBeH, T0 CHIOPOB He BMHOBEH.

IlpucaskapiM TpebyeTcssi NPUHATL pellieHMe, BUHOBEH Ju HBaHoB.
JlocTaTouHO M Y HUX AN 3TOTO OCHOBAHMII?

Pemenue. Obosmaunm OyKBOii A BhicKaspiBanue «VIBaHoB BMHO-
BeH», OyKBOii B BhicKasbiBaHue «IleTpoB BuHOBeH», 6yxkBoii C BHICKA3HI-
Baare «CumopoB BHMHOBeH». Torma MMeromyocs y MPUCSKHBIX HHPoOpMa-
A0 MOYKHO 3alucaTth CJIeXYIomie (hopMyJIon:

(AvB)—-C)&(A—C).
CocraBum gna Hee Tabauiy uctuaHOCTH (Taba. 4.7).

AHBannusy IOAJIEIKAT Te CTPOKHM, B KOTOPEIX 3HAUEHUE COCTABJICHHOMH
"HaMu ¢opmynsl parHo V1. MBI BHOMM, UTO BO BCEX 3THX CIAy4Yasx 3HAa-
yeHue A paBHo U. CuemoBarensHo, IBaHOB BUHOBEH.

A BOT njisi yTBep:KAeHUA, uTo BuHoseH IleTpoB, ocHOBaHMIT HexoOCTa-
Touro. Bexap sHauenue W Hama ¢dopMysia MOXKET MMETh U IIPU HCTHHHOM

3HaueHNHU B, ¥ mpH JIOKHOM.
Tabmua 4.7 Bppodem, HeT OCHOBAHHIA K 06b-
- —— ABUTH IleTpoBa HEBUHOBHBIM.
(AvB) - C&A—~C) Ecnu pis mepeBoja ycJo-
u BUA 3aJaY¥ Ha A3BIK MaTeMaTH-
YeCKOM JIOTHKM IPUXOTZUTCSA HC-
HOJIB30BATH (POPMYJIBI C YETHIPE-
Mf, HATHIO WIN enle OONBIIMM
YUCJAOM IIEPEMEHHBIX, Tabamia
MCTHHHOCTH MOKET HAaCYHNTHI-
BaThk 16, 32 u Gosee cTpok. [asa
COCTaBJIGHHA TAKUX TabJul yixe
HOJIE3HO MNPHMEHHUTh KOMIBIO-
Tep. Bel 6yzere aTO ZesaTs HpU
BBITIOJIHEHUH J1abopaTopHO# pa-
6oTer 18.
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BOI'IPOCI:I M 3AAAHI49I

Q O6o03Ha4sTe ByKBaMun NPOCTLIE BbICKA3bIBAHUA M BOCMONL3YNTECH anrebpoid normky,
4yToGbl OTBETUTHL Ha BOMPOC 3a4auw.
Ecnu [LXOH He BCTpeTun aT1oi HoYblo Cmuta, To CMmut Gbin youiiuen vnn JxoH Bper.
Ecnun Cmut He Guin ybuituein, 1o JIkoH He BcTpeTun CMuta 370 HOYLIO U YOUIACTBO
npou3owno nocne noayHo4n. Ecnn youiicTso npousowno nocne noayHouun, 1o Cmut
6bin yOuiiueit uan JxoH nxeT. SKCAepTh yTBEPXAAIOoT, 4TO YOUACTBO NpoM3oWo 8o
noayHoun. MoxHo av yreepxaarb, 4To Cmut Obin youiueir?

@ O6oaHausTe GykBamm NPOCTbie BLICKA3LIBAHMA W BOCTIONL3YIMTECH anre6poi NoruKkm,
4To6bl OTBETUTL HA BOMPOC 3apaun.

HameueHHas ataka ypacTtcs, ecnu 3axBaTuTe NPOTMBHWKA BPACMNOX WKW €ro nosu-
UMM NAOXO 3almuieHbl. 3axBaTTb NPOTMBHWKA BPACMNOX MOXHO, TOMBKO eChin OH
6ecnedveH. OH He Oypnet HecnedeH, ecnu ero NO3UUMK NIOXO 3awmweHs. Cnegyer
M M3 3TOro, YTO araka He yaactca?

9 BrHumanue Axgpesn, JeHuca v Muxauna npusnek npoexaslinii MUMO HUX aBTO-

mobune.
— 370 aHraviicKas MawmHa Mapkm «deppapu», — ckasan Axppeil.
— HeT, mMawwrHa nTanbaHCKas, MapKku «noHTuak», — Bo3pasun AeHuc.

— 3710 «caab», n coenaH aBToMo6GWNL He B AHravn, — ckasan Muxaun.
OkazaBlmitcs paaoOM 3HATOK aBTOMODBUNEl ckasan, Y4TO KaXAblil U3 MaJIbYMKOB NpaB
TONLKO B8 OAHOM W3 ABYX CBOWMX BbiCKa3biBaHWi. Kakoih mapku asroMobunb v B ka-
KOW CTpaHe OH u3roToBneH?

Jig MHOTHX CHCTEM HCKYCCTBEHHOI'O MHTEJIJIEKTAa Ba’KHOI CO-
CTaBHOH 4YACThIO ABJAseTcA mHOGOpPMAIMA O TeX 00BEeKTax, IPOIECCax
M ABJIEHUAX, C KOTOPHIMH HOPEACTOUT MMETDH JeJI0 IIOJb30BaTENI0 JAaH-
HOU CHCTeMbl MCKYCCTBEHHOTO HHTE/JIeKTa. KaKAslii 00BEKT IIpY 2TOM
OIMCLIBAETCA 3HAUEHHMSAMU HEKOTOporo Habopa mapameTpoB. B § 9 mbl
o0CysKAaaM, UTO TaKoe OIMcaHHue YAOOHO NMpeACTABAATH B BuAe Tabiu-
usi. Hanpumep, Taxkoil, kak tabauna 4.8.

Taxux Tabanun AJA JaHHOTO Habopa O0BEKTOB MOMET OBITH HECKOJb-
KO — B KaKIo#ll u3 HuMX ¢urypupyer cBoii HaGop mapametpoB. Boiee
TOr0, IO Mepe HAKOILICHWA 3HAHWH 006 M3yyaeMBIX O0BEKTaxX MOTYT CO-
CTaBJATHCA HOBBIe TabJaMIBI — COBCEM He00A3aTeJIbHO HOBYH HH(OOD-
MalMi0 3aNHCHIBATH B yiKe€ MMeIoIlyloca TablAHIly, YBeJIWYHMBAasA B Hel
Habop cronbmoB. CoBOKyHnHOCTE TabsHMIl, B KOTOPHIX HJf pacCcMaTpHBae-
MOH COBOKYHIHOCTH OOBEKTOB IIPHUBEZEHBl 3HAUEHMS NapaMeTpoB, OIU-
CBIBAIOIMX 3TH O0BEKTHI, HASHIBAETCHA PEJAIHMOHHONH MOJEABI0 AaHHOM
cucTeMbl O0BEKTOB. YTO 03HAYAET CJIOBO «PEeNANMOHHAI» M IIOYEeMYy 9Ta
MOZeNib TaK Ha3bLIBAeTCH, MBbI HOACHMM HEMHOI'O IIo3xKe. A ceiffiuac 006-
CYAUM, KaK C MNOMOIIBI0O TAKOH MOJEJH MOKHO IOJIYYaTh HYXKHYIO HH-
dopmanuio. IlpuBegeHnsiii HIDKe IPUMEP XOTA M HECKOJLKO JlaJieK OT
HayK#, HO APKO MOKA3bIBaeT II0JIE3HOCThL TAKHX MOJejeil B pasHbIX 006-
JIACTAX YeJIOBEYECKOH OeATeAbHOCTH.
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Tabnuua 4.8
NapameTp Uma Nmsa
Homep napameTtpa 1 napameTtpa k
obObekTa
3Ha4eHusd 3Ha4yeHua
O6vexT 1 napametpa 1 napameTpa k
ons obbekra 1 ana obbekta 1
3HaveHus 3HauveHun
O6bexT 2 napameTpa 1 napameTpa k
ona obvekra 2 ans obbekra 2
3HaueHud 3Ha4yeHuna
OO0bexT ... napametpa 1 napameTpa k
ans obwekra ... ana obvekra ...

IIpencTaBumM cebe AeATEIBHOCTH MEXKAYTOPOAHOM Tese(OHHOM KOM-
naHum, Hampumep, B CaukrT-IlerepOGypre. OHa mpeaocTaB/sieT CBOUM
aGoHEHTaM CBSI3b C APYruMHU ropojamu. VHbopMammo 0 HpesoCcTaBJieH-
HBIX yCJAyrax CBfsH yAOOHO NpeACTAaBUTHL TabjuIleii.

Tabnuya 4.9
Homep Bara fopona npop,:)):;l:_v;r;:;bauocrb
111-22-33 01.01.02 Mocksa 7
111-22-33 02.01.02 Mapux 9
122-33-44 | 01.01.02 XeHesa 20
122-33-44 02.01.02 Lilopux 17
122-33-44 | 02.01.02 Mocksa 7
123-34-45 | 01.01.02 Napux 11

Kaxxaniii HoBLIIT 3BOHOK HOOABIAAET CTPOKY B 9Ty Tabaumy.

Ho renedpontas xoMilaHHA XpaHuT ¥ HHGPOPMALWIO O BIaJesbIax
Tesie)OHOB, HAIPUMEDP, B TaKoil dopme, Kak Tabnuna 4.10 (agpeca u da-
MUWJIUN B3ATLI HAMH, KOHEYHO, YCJIOBHO).

Ilyers Hac uHTEepecyer, ¢ KAaKMMKH PFOPOJAaMM M KOTJAA DPasToBapH-
Baa llerpoB. UTOOBI mOJMYYUTH OTBET, HYKHO HpPOAeSaTh (MAKTHUECKH
TO JKe caMoe, UTO M B HPeABIAVIIEM IpHUMepe:

— 0 3aJaHHOMY 3HAUEHHIO mapamerpa Baazesen B Tabaune 4.10
pashiCKUBaeM 3HaueHMe napamerpa Howmep;
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Ta6nnuya 4.10 Tabnnya 4.11
Homep | Bnapeney Appec DaTta Fopoa
111-22-33| MWeaHoB Hesckun, 17 01.01.02 Xenesa
122-33-44 Metpos doHTaHKa, 4 02.01.02 Lliopux
123-34-45| Cwgopos | Jlurosckuii, 7 02.01.02 Mocksa
03.01.02 BepnuH

— 0 HaHJeHHOMY 3HaueHHI0 napametrpa Homep B Tabauue 4.9
pasbiCKMBaeM 3HaueHud mapamerpoB ara u Iopoa;

~—- pesyJbTaT IIPeACTaBJsAEeM HOBOH Tabiamieii 4.11, rge orobparxke-
HBI pasroBopsl Ilerposa.

Taxum 00pasoM, UTOOBI MOJYYUTH HYKHYI0 WHGDODPMALNIO, MEKIY
TabannaMy HeOOXOAWMO YCTAHOBHUTH CBA3b, YKAa3aB, KaKuWe IapaMeTphI
IJIs1 HUX ABJIAIOTCA OOIuMH. B paccMOTpeHHOM IIpuMepe TaKMM I1apa-
MeTpoM aBjasercsa Homep.

WUgngesa pensaunyoHHON Mofenu Obljia HIpeAoKeHa aMEPUKAHCKUM
yuyeHsIM E. @. Kogzom B Hauvane 70-x rogoB XX Bexa. Camo cIoBO «pe-
JANNOHHAA» IIPOUCXOAUT OT aHPAMMCKOro relation — oOTHOILIeHWUe,
¢BA3b. VIHBIMM CJIOBaMHU, CYTh DPeJAMHOHHOTO MHOAXOJA 3aKJIouaeTcsd
B TOM, uTO umHPopManusa o0 o0BeKTaxXx IPeICTABIAECTCA B BHIE OT-
HONIIEHUII, T.e. CBA3AHHBIX MEXKAY CO00ii XapaKTepUCTHUK H3yUaeMBIX
00'BLEKTOB.

Bopouem, B camoil ujee PensiiuOHHOCTH KaK pas HEeT HUYEro yAH-
BUTEAbHOTO. OnMCHIBAA OKPY/KAMOIINII MUpP, MBI BCeriga He NPOCTO Iie-
peuncaseM €ro o6beKThI, a 0043aTe/ibHO HA3BIBAEM OTHOLIEHMS, KOTO-
PBIME 3TH O0'BEKTHI CBSI3AHELI APYT ¢ APYroM. PaccMoOTpuTe AJAsa HpUMe-
pa HEeCKOJBKO (ppas:

1. Ipo3xy — 9TO OTHIA;

2. Iletp — orten Iasia;

3. Bace mpaBuTca Amns;

4. IIpsamele a, b U ¢ TepPeceKAlOTCA B OJHOM TOUKE;

5. Mama B3ana y Anemu ckasku «ThicAua um OJHA HOYB».

B raxmo#t us sTtux ¢Ppa’d QUKCHPYETCA TO WJIM HHOE OTHOIICHHEe
Mexay oobexkTamu. IlepBasa ¢pasa maer MpuMep OTHOIIEHUA IIPUHAAICHK-
HOCTH: APO3H NPuHadexcum MHOMKEeCTBY ITHI. BTopas M TpeTbs ycCTa-
HaBJIWBAIOT OTHOILEHUA Obtmb omuyom Mexay Ilerpom m IlaBiaoM um Hpa-
sumca mexay Baceii m Auneil. Yerseprada (pasa yxaspIBaeT Ha OTHO-
HIeHWe MeKJy TpeMsa oO0beKTramMu. HaKoHern, IATaA (pasa ONHCHIBAET
OoTHOIIeHHuEe Mexxxy Mamreii, AJyeineili 1 KOHKPETHON KHHTOIM.

Pasymeetcs, B 0HOM M TOM Xe OTHOULIEHMM MOTYT HaXOAWUTLCA ca-
Mble pasHoOOpasHbie 00beKTHl. Hanpumep, B OTHOLIEHUN OblMmb OMUOM
HaxXOATCA, KOHEeYHO, He ToAbKO Iletp u IlaBes, HO M MHOrue Apyrue
napsl JoJieii. B oTHOIIEHUU KMO-MO Y KO020-MO 4Mo-mo 6341 HaXOAAT-

6—Teiis, 10 k.



162
cAd TOXKe He TOJIbKO Maima, Ajsema u «TeicAda M ogHA HOUL». IlosTOMy
€CJIN COCPeZOTOYHUTHL BHUMAHHE HA CAMOM OTHOIIEHMM, TO OKa3hIBAeTCH

y,l];OﬁHbIM CIHUTaTh, 4YTO OTHOIIIEHHE — 3TO HEKO€ BEIpa’K€HHne C IIiepe-
MEHHBIMH:

00BeKT x — 370 oren 00BeKTa Y;
00BEeKT X B3AN y 00BeKTa Yy OOBEKT 2; U T. I.

Ocranoch caesaTh elje OAMH IIar: YHHMDHUIUPOBATH 3aIHWCH OTHO-
mreHu#. ITO MOMKHO CAEJNATH, HAIPHMEP, TAK:

6uimb_omuyom (x, y);
83amb (x,y,2); 4 T. A.

To, 4T0 CTOUT Hmepex CKOOKaMM, — MMJA OTHOIIEHHUA, B CKOOKax me-
peuYncJIeHbl APryMEHThI OTHOIIEHHA, KOJHUYECTBO APryMEHTOB OTHOIIE-
HUAS HASLIBAIOT €r0 apHOCTHIO. TaK 4YTO mepBoe M3 3ANMCAHHBEIX B CTaH-
zapTHOU (opMe oTHOmeHUWl OMHapHOe (IIO-PYCCKH JBYMECTHOE), BTO-
poe — TpHHapHOe (O-PYCCKH TpPexXMecTHOe). HacTo OTHOIIEBHSA MEeXAY
o0bexrTamMnu, ob6o3HaYeHHEHIMH OyKBamMu a4, b, ¢, d U T. A., CXeMaTUIHO
3amuchHBalOT Tak: R(a, b,c,d,...), roe uepes R 0003HaueHO HMHA pac-
CMATPHBAE€MOT'0 OTHOIIeHHsI. BupoueM, eCJAM OTHOINEHHE CBA3LIBAET
TOJBKO JBa 00beKTa a u b, To Hepeaxo nmumyr aRb. Hampummep, MsI
numeM a < b gaa uuce’, al||b Ans NpaAMBIX, ac€ A AaA 3eMEHTAa @ U3
MHOXKecTBa A u T.n. Mul TOoKe OyneM Taxk mumcatrh AJIA ViK€ YCTOSAB-
muxca 0603HaYeHUH OTHOIICHMH (paBeHCTBA, HEPABEHCTBA, Iapajljiefb-
HOCTH, NPUHANJIECKHOCTH H T. II.).

B mpefnoxeHHOM BapHAHTE 3aMHCH OTHOIIEHHNS YAaCTh MHGpoOpManmu
MOKET OKAa3aThCcA yTepAHHOH. CrarkeM, U3 samucu O6bimb_omyom (X, Y)
yoKe He BHUAHO, TO JHM X — oOTeW AJA Yy, ToO au Haobopor. Brixox mpoc-
TOIi: ANMA KaMKJOro apryMeHTa yKasaTb, YTO OH O3HAYAEeT; MOYKHO CKa-
3aTh, YTO MBI Ka)KAOMY a&PrYMeHTY NOpHCBaUBaeM HMMHA, QaKTHUYECKH
yKasBIBalolee, M3 KaKOr0o MHOYKeCTBa OyayT OpaTsca O0'BEeKTH AJIA JaH-
Horo aprymenTa. Hanmpuwmep:

6vimo_omuyom (oren: x, pe6eHOK: Y);
83ambv (KTO_B3SJI: X, Y_KOr0_B3aAJ: Y, YTO_BIAJI: 2).

WmMms apryMeHETa HEpeZKO HA3HIBAIOT aATpUOYyTOM AAHHOrO OTHOIIE-
HuA (3TO corjacyercs ¢ NOHATHEM arpubyra, BBejieHHOro B § 12).

BMecTO apryMeHTOB HEJIB3A MOACTABJIATDH JIOOBIE OOBEKTHI U3 TexX
MHOJKECTB, KOTOphle o0o3HaueHnbl aTpuOyramu. CrakeM, HeJIb3A B OT-
HOIIEHUY OblMb_O0my0M BMECTO X IOACTABJIATL UMA JI000ro My >KUHHEI,
a BMecTo y — uma aoboro pebeaka. Kak ke Torza onpenensiTb, KaKo-
BHI Te HaOOpPHI 3HAYEHUI apryMeHTOB, JJII KOTOPHIX HMeeT MEeCTO HaH-
HOe orHOmIeHHe? VIHOTAA 3TO HACTOANMAA JAETEeKTUBHAS HCTOPHA, KO-
Ja, Halpumep, cAeAOBaTeAb HBITAETCA BEHIACHUTH, KTO JKe 0es cipoca
B3AJI Y XO3AHHA €ro OpHIIHAHTEHI.

OTHOmeEHUsT MOryT 3afaBaThCi mo-pasHomy. Hepeaxo GwmiBaer Tak,
9YTO AAS KasKJIOro apryMeHTa MHOJKECTBO €ro 3HAUYeHHH KOHEeJYHO.
B sT0OM cayuae OTHOIIeHuWE MOYKHO 3aJaTh CIMCKOM BCeX TexXx HaGOpoB



i
163 Jloruko-maremaruyeckue mopaenm

Tabnuua 4.12 Tabnnuya 4.13
Mama | Mana | PeGenox HavaneHux | NoauuHeHHubliA
Esa Anam Asenb WeaHoB MeTpos
Esa Apam Kaus Ueanos Cvaopos

3HAYEHUN apPryMEeHTOB, KOTOPHI€ HaXOASATCA B HAHHOM OTHOIIEHHH.
A cam Takoii coHCOK yAOGHO HPEeACTaBAATL B BHje TaOJHUIbI, I'je Kadk-
Ias cTpoxKa — 3T0 HabOp 3HauYeHWH apryMeHTOB, HAXOAAMIIUXCH B JaH-
HOM OTHOINEHHH, a KaKJABIA cToJI0eln, — 3TO ImepedeHb 3HAUEHWH COOT-
BeTcTByIoIIero arpudbyra. Camu arpmOyThl BEICTYHAIOT IPH 3TOM B pO-
JI 3aroJioBKOB CTOJOIIOB.

B mabammax 4.12 u 4.13 npejcTaBiieHBEI OTHOIIEHUA <«POJCTBO»
H «cayxba».

9T OTHOUIEHUS — dYejoBeuecKHe. HO OTHONIEHHUSA MOrYT OBITH
Mexay oObeKTamMu ai060ii npupoasi. Beap Kaskaasa Tabauiia MOXKeT pac-
CMATPHBATHCA KAK HEKOe OTHOIIeHMe. JHKeJe3HOZOPOYKHOE pacIHcaHue
3a/iaeT OTHOIMECHUA MEXAY MapIIpyTaMH, cTaHuaAMHM u T.n. Tabnauna
YVMHOMKEHHS 3aJiaeT OTHOIICHHE MEXKAY YHCIaMU.

Ecnay BHHMATENBHO HPUTIIAAETHCH, TO OTHOINEHUE (a CJIeIOBATEJNb-
HO, ¥ TAOJHIy) MOKHO OOHapPy:KHUTh I'le yrogHo. Hampumep, maMsaTh
KOMIOBIOTEpA MOXXHO TPAKTOBATH KaK OT-

HomieHue ¢ arpubyramu Adpec m Colepicu- Ta6mmua 4.14
moe. JlocTaToyHO BCOOMHHATH, YTO ONEePaTUB-

ec | Conepxumoe
Has HNaMATh COCTOHUT N3 AYeeK, KaKJaA Hu3 Anp Aep:
KOTOPBIX HMeeT ajpec, aa,nanaeMHf«in HaTy- 1 1001
PAJIBHBIM YHCJIOM, & COAEPKHMOe AYECHKH —
3TO MHOCJEeAOBATEJbHOCThL HYJIEH B eJHHUII. 2 10101
U ecam, ckaxeMm, B 1-ii adeiike 3ammcaHO
gueno 1001, Bo 2-#t — umcao 10101 u t. 1.,

TO DaMATh MOKHO 3azarh tadnuneii 4.14.

Hannune OTHOIEHNA MEMKAY XapaKTEPHUCTHKAMH PAa3HLIX 00BEKTOB
WIN Ja)ke OZHOTO M TOTO JKe 00'beKTa CBHAETEJIBLCTBYET O 3aBHCHMOCTH
9THX XapaKTEPUCTUK APYT OT Apyra. Hamubosiee »XeCTKO XapaKTepHCTH-
KM OKA3BIBAIOTCS CBA3AHHBIMH, €CJIH IO 3HAYECHHIO OAHOM W3 HHUX MOMK-
HO OIpPEeJeNNTh 3HAUYEHUS OCTAJBHBIX, HAXOAAIMMUXCA B AAHHOM OTHO-
mieanu. Takme oTHOIIeHHA MBI GymeMm paccmarpuBath B § 35. Ho cie-
AyeT OOHHMATHL, UTO Ja’Ke eCHM HeT TaKOH KeCTKOiHl 3aBHUCHMOCTH
MEXKAY NapaMeTpaMH, BCe DABHO OTHOMICHMWE, He COBIIAAAIOIIee CO Bce-
BO3MOXXHBIMA HA0OpaMM 3Ha4YeHWH, YKas3kIBaeT Ha HaJIMUMEe HEKOTOPOi
CBASH MeXIy HuMH. AMEHHO NO3TOMY OTHOINEHMS CTajJ M BaKHBIM
MHCTPYMEHTOM HOCTPOEHMA U HCCIEJOBAHHA CAMBIX PasHOOOpPa3HBIX
uHQOPMAIMOHHEIX MoOjeJeil — Belb OAHNM U3 KOMIOHEHTOB mHpOpMA-
OUOHHOM MOJEJM KAK pa3 sABAseTcA ONMHUCAHMe CBs3eil MeXAy ee mapa-
MeTpaMu.

6%
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BONMPOCHI U 3AAAHUA
Kakylo ponk urpaet NOHsATWE OTHOWEHUS B MHMOPMALMOHHOM MOAEAUPOBAHUN?
Kak MOXHO 3aaaBaTb OTHOLWEHNA?

Bel 3HaeTe, uto rpadpumkoM ¢yHKumMmM y = f(x) Ha3bIBAETCA MHOXECTBO TOYEK KOOp-
OWHATHOW NAOCKOCTH, UMetownX koopauHaTtel (x; f(x)). MOXHO v NO3TOMY paccMart-
puBaTtb rpaduk OYHKUUN KakK cnocob 3ajaHnsi HEKOTOPOro OTHOLWEHWA?

Mpuseante kakne-nubo NpuMepbl OTHOLWIEHWI, paccMaTPUBaeMbIX:

a) B MatemaTuke; 6) B Ppu3auke;

B) B XumMuu; r) 8 6uonorvn.

Kakue n3 Ha3BaHHbIX Bamu OTHOWEHUA yaoOHO nNpeacTaBnaTb B Buage Tabnnubl?
Aycte MHOXecTBO M coctout 13 uducen 1, 2, 3, 4, 5 u 6. Ha 3TOM MHOXecTBe 3a-
OaHbl Cneayiowme OTHOLWEHUS:

a) Ry(x, y): uicno x AenuTcs Ha YUCNno y;

6) Ry(x, y): ymcna x u y Takossl, 4to |x — y| < 3;

B) Ry(x, y): umcno x + y npuHapnexut muHoxectsy M.

3anuwnte Kaxgoe u3 aTux OTHOLLIEHUV B Buge Tabnuubl.

@ Jaubl oTHOWEHUs Harpyska_yyuresns (damunua:, Knacc:, NnpepmeT:) n Pacnucarnue
{knacc:, npeamer:, AeHb_Henenu:, HoMmep_ypoka:). Buibepute 12—15 knaccos Bawwein
WIKOMIbl U COCTaBbTE ANA HWUX Tabnuubl, COOTBETCTRYIOLUME YKA3aHHLIM OTHOLLEHNAM.

[% WHKHMOHGIII:HI:IG OTHOLLIeHUS

ITonaTne OYHKIMOHAJBHON 3aBHCHUMOCTH — OJZHO K3 BeJIHU-
yalimux n300peTeHU 4eJI0BeUeCKOH MbICAU. VI X0Ta cJ0BO «DYHKIUA»
HABEPHsKA aCCOIMUPYETCSA ¥ Bac ¢ MaTeMaTHKOM, Ha caMoOM Jeje ¢ QyHK-
IUAMHA YeJIOBEK MMeeT Hej0 moBceMmecTHo. Ho mpeje ueM HIPHUBECTH
IpuMepHl, HOATBEPKAAIONINE 5TO BHICKA3LIBaHMe, HAIIOMHUM, 4TO GYHK-
umeil Ha3bIBAETCSI COLOCTABJIEHNE KasKAOMY 3JIEMEHTY OJHOTO MHOXKECT-
Ba POBHO OJHOTO DJIEMEHTA W3 JAPYroro MHOMKectBa. OTMETHM, UTO 3TO
«EPYyroe MHOXKECTBO» COBCEM He 00s3aHO OTJIMYATHCA OT MCXOZHOTO.

B maremaTmkKe OOGBIYHO paccMaTPHBAIOTCA YHCJIOBBIE (DYHKIHUU,

T. e. 00a MHOXKECTBAa — 3TO MHOKecTBa umcej. Ha camoM fejsie aTo co-
BCceM Heo0s3aTesibHO. BOT mpmmephl QYyHKIMIM:

1) KxamaOMy YeJOBEeKY COMoCTaBjdeTcsa ero dhavMuiausa (GyHKIMS H3
MHOJKECTBa JNI0Zleil B HEKOTOPOE MHOYKECTBO CJIOB);

2) KasKAOMY YeJIOBEKY COIOCTABAAETCHA ero pocT (DyHKIMs M3 MHO-
JKecTBa JNI0Aeil B HEKOTOPOEe MHOYKECTBO IOJIOXKHUTEJbHBIX YHCEJ);

3) xaxxaomy ropoay Poccum comocraBiisieTcs ero NOUTOBBIA HHAEKC
(byHRIIMA M3 MHOXXeCTBa ropofoB Poccuu B MHOXKECTBO IIIECTH-
3HAYHBIX HATYPAJbHBIX UHCEJ);

4) xaxxmoii TOUKe HAa TIOBEPXHOCTH 3eMJIM COIIOCTABJIAIOTCA €€ Teo-
rpadudecKre KOOPAMHATH (PYHKINA N3 MHOMKECTBA TOUEK IIO-
BEPXHOCTH B HEKOTOpPOEe MHOYKECTBO Iap, KaKigasg KOMIOHEHTa
KOTOPOH ~— MOJIOMKUTEJbHOEe YHCJIO ¢ YKasaHWeM CEBEePHOro HJH
IOKHOT'O, BOCTOYHOTO WJ¥ 3allafHOro IOJYyIIapHii);

® © 00606
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5) raxkgomy HaOOpPy OTIIEYATKOB IISATH IIaJbIleB IPaBoii PyKHU, MMe-
oiuxca B Kaproreke MBJI, comocraBisercsa 4ejoBeK C TaAKUMHU
OTIIEYATKAMH.

Ilyers maM gama mekoTopada GYHKIUA f, COIOCTABIAAIOUIAA KaiK-
AOMY DJIEMEHTY X M3 OJHOTO MHOMECTBa 3JIEMEHT Yy APYroro MHOMKECT-
Ba. IJockoJBKY y 10 X ompepejasieTcA OAHO3HAUHO, TO OOBIYHO ITHUIIYT
Yy = f(x). Oupepenum ortHoiieHue R, o0bpaBUB napy (X; y) HaxomAamiei-
ca B OoTHomenmu R B TOM M TOJBKO B TOM cjydae, ecau y = f(x).

TeMm caMbBIM KasKAasa QYHKOUA MOXKeT OBIThL OIMMCaHA KaK HEeKOTO-
poe oTHoIIeHue, U Aaxke He oxmo. O0paTHOe, OJHAKO, HEBEPHO — BeAb
HE Y KAXKIOTO OTHOMICHHUS MOMKHO TaKk BHIOpaTh aTpuOyTHI, 4YTOOLI 3HA-
YeHUsa OFHOTO M3 HUX OAHOSHAYHO ONpeZesAsu 3HaueHmsa apyroro. Pac-
CMOTPHM OTHOIIIEHUE «X ABJAETCA POAHLIM OpaToM AadA y». KoHeunHo,
€CJIH B CeMbe TOJBKO JABa Oparta, TO IJf KayKAOTO X 3HaYeHWe Y OIpe-
geneHo opHosHauHOo. Ho ecTh ceMbu ¢ OOJIBIIMM YHCJIOM OpaThEB.

ToBopsa o mupeacrasinenun GYHKIMNU B BHAE OTHOLIEHHSA, MBI HMeE-
JW B BUAY JUINb OMHapHBbie oTHOomleHns. OfHaKO AJIA QYHKIHNH 3Haye-
HUS apryMenTa, Kak ¥ 3HaueHUs GYHKIHU, BOBCe He 00SI3aHBI COCTO-
SATH U3 3HaueHU# omHOrOo arpubyra. CKaxkeM, ANA QYHKIMH, COIOCTaB-
Jaoieil Habopy OTIEYATKOB IATH MAJIBIEB UMSA, OTUYECTBO M (HaMUIINIO
X BJIaJiefIblia, apTYMEHT COAEP KUT OATHL aTpuOyTOB, a 3HaAUeHNE PyHK-
muy — Tpu. 3anuchiBasg 3TY QYHKIHMIO KAaK OTHOIIEHWEe, MBI HOJYyIUM
OTHOIIIEHHE C BOCEMBIO ATPpHMOYyTaMM, pasAelleHHLIMM Ha [ABE€ TPYIIIbI:
nepBasi 3ajaeT aprymeHT QYHKINH, BTOpasd — €€ 3HAUEHHE.

Byzem HaspIBaTs OTHOIIeHVEe (PpYHKIMOHAABHBIM, €CJIM €T0 aTpuldy-
Tl MOJKHO pa36uTh HA ABe IPYNNbLI TaK, 4TOOLI 3HAYEHUA OJHOH rpyn-
Obl ATPUOYTOB OAHO3HAYHO ONpEEeJANMN 3HAUEeHUA JAPYrod rpynnsl.
WHpIMHE ciOBaMu, IepBad rpylna aTpuOyTOB MOXKeT pPacCMaTDPHBATHCS
KaK apryMeHT HeKOTOpoi GYHKIMU, a BTOpas rpyiina olpeAeaseT 3Ha-
uyeHue 310 pyuxknuu. BoBce He 00a3aTeabHO, UTOOBI ATPUOYTHI OJHOH
Tpynnsl OBIIM COCEAHMMH B 3alMCH OTHOHIEHMs. EcimM OTHOILNeHUe
GYHKIIMOHANBHO, TO Habop aTpubyTOB, OTHOCHAIIMXCSA K aApPTyMeHTY
dbyuaKknun, 3alaBaeMoil 3TUM OTHOUIEHHUEM, OYAEeM Ha3LIBATH KJIIOYEBBIM.

PaccmoTpum Jisi TIpuMepa OTHOIlleHHe, 3ajaHHoe Tabauneit 4.15.

ATpubyr Adpec He MOMKeT OBITL KJIOYEBBIM, IIOCKOJBKY B OAHOM
JIoMe OKAal3aJIoCh HECKOJbKO TeliedoHoB. Eciu cpeiy BJANEALIEB MMe-
I0TCA ofHO(PaAMHUJIBIBI, TO aT-
pubyT Baadesey Takxe He MO- Tabnnua 4.15
)KeT ObITh KJIOUYEBBIM. A BOT

Homep Bnapneneun Anpec
Homep TenepoHa — 3TO KJIIO-
ueBoit aTpuOyT. CKOpee Bcero, 111-22-33 VBaHoB Hesckuin, 17
KJIOYeBHIM Oyzer u HabGop us
AByx arpubyTos Baadeney— 122-33-44 MNeTpos doHTaHKa, 4
Adpec: CIMIIKOM Maja Bepo- 123-34-45 | Cupopos | flurosckuin, 7
ATHOCTL NPOXKWBAHUA B JOME
ogHODaAMUIBIIEB NN BJIAAEIIH- 123-35-47 | Anekcees | Jiurosckun, 7
a ABYX Teje(POHHLIX HOMEPOB
cpasy. ;s oTHOIEHUS, Ipea-
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cTaBJIeHHOTO Tabauneil, Jerko chopMyJIHpPOBATH KPHTEPHUI TOro, YTO
IDaHHBIA HAO0Op aTpuOyTOB ABJAAETCA KJIIOUYEBLIM. A HMEHHO

m HabGop ampubymosé Kawuesoll, ecau 8 mabauye Hem 08Yx CmMPOK
¢ o0unaxo8vim HA6GOPOM 3HAYEHUIL smux ampubymos.

BOMPOCHI U 3AAAHUA

0 Kakoe oTHOweHue Ha3biBaloT GYHKUMOHaNbHLIM? Mpuseaute npumepbl GYHKUMO-
HaNbHbIX OTHOWEHWNA.

IR T T T

TR, e A

@ B § 34 8 ka4ecTee nNpumepa pPaccMaTpPUBaNOCb OTHOWeHWe ObiTb_OTUOM (OTel: x,
pebeHokK: y). ABNNeTCs NN 3TO OTHOWeEHWE GYyHKUMOHANbHEIM? ECnn aa, TO Kakow ar-
PUBYT CNYXWUT apryMeHTOM, a Kakoli — 3Ha4YeHuem hyHKUMn?

6 PaccMOTpUM OTHOWEHWUE MYy3bikanbHOe_npousseaeHne (HassBaHue: x, aBTop: y,
xapaxkrep npousseaeHust: z). BoT npumepb! 3Ha4YEHUA apryMeHToB, O KOTOPbIX OT-
HOWEHNe UMeeT MecTo:

My3bikanesHoe_npon3senenue (Hassanue: JlebeguHoe o3epo, astop: 1. Y. Haiikosckuii,
xapakTep npow3seaeHun: 6aser);

My3bikanbHoe_npon3segeHne (Ha3Banue: [lukosas gama, astop: 1. Y. Yaiikos-

CKuif, xapaktep nNpou3BeaeHUs: onepa);

Tabmuua 4.16 My3biKanbHOe_npounsseneHne (Hassa-

= o o Hue: KapmeH, asTop: buse, xapaktep
MopsiAKoBLIA | InekTpoHHLI cnoil npouaseaeHus: onepa);
Homep Kl Il N My3biKasibHOE_Npou3seneHue (Hassa-
djieMeHTa Hue: cumeorHus N2 8, astop: J1. BaH ber-
19 2 8 8 1 XOBEH, XapaxTep NPOU3BEAEHUS: CUM-
DOHus1).
20 2 8 8 2 ABNAETCA AN 3TO OTHOWEHWE GYHKUMO-
21 2 8 9 2 HanbHBEIM? Ecnu pga, To Kakow Habop aTv-
pubyTOoB MOXHO paccmaTpuBaTbe Kak
22 2 8 10 2 KAIO4YEBON?
23 2 8 1 2 6 PaccMOTpUM Ha MHOXECTBE HaTypanb-
24 2 8 13 1 HbIX 4ucen OTHOWeHwe cymma (cna-
25 > 8 13 > raemoe 1: x, cnaraemoe 2: y, pe3yfib-
TaT: 2). OTO OTHOWEHUE UMEeT MEeCcTOo
26 2 8 14 2 ONst Y4UCen x, y U 2 B TOM U TONbKO
27 > 8 15 2 B TOM cny4ae, Korga z =x +y. $snsetcs
A 3TO OTHOUWeHue YHKUMOHANbHEIM?
28 2 8 16 2 Ecnan pa, To kakoit HaBop artpubytos
29 2 ) 18 1 MOXHO paccMaTpuBaTbh Kak KIoYeBoin?
30 2 8 18 | 2 6" B tabnuue 4.16 ansa anemeHToB 4eT-
BEPTOr0 NepuoAa YKasaHo CTpoeHue
31 2 8 18 3 3NEKTPOHHLIX CAOES.
32 2 8 18 4 a) Mepsbiit atpubyT — NOPSAKOBLIA HO-
> P 18 5 Mep 3neMeHTa — SBASETCH KIOYEBLIM.
33 Kakne euwie xnioyeeoie Habopb aTpuby-
34 2 8 18 6 ToB uMeeT aTa Tabnuua?
35 2 8 18 7 6) Kakue xvumunyeckue CBOMCTBA onpeae-
nA0T Habopb! KI0YEBLIX aTpuByToB, Bbl-
36 2 8 18 8 heneHHbie BaMyu B 3ajaHnn a?
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(K| Mormueckue dyHkumum u normueckme BHIPAKEHUS

Jloruueckoit (hyHKIMEH ¥, HO-APYyroMy, NPeaMKATOM Ha MHOMe-
cTtBe M HasLIBaIOT TAKYI0 GYHKIIHUIO OT HECKOJBKUX APTYMEHTOB, KOTO-
pas mpu Jiio6oM HaGope 3Ha4YeHMIH STHX apryMeHTOB W3 MHOMKecTBa M
IPUHMUMAET TOJBKO OZHO M3 ABYX 3Hauenuii. OCBIYHO OZHO U3 3THX 3HA-
yeHuii HasplBaioT McetmHa, Apyroe — JIoxKs.

B aAs3pIKax NOpPOrpaMMHPOBAHHA YAaCTO HCHOJB3YIOTCS AHTIUHCKHE
cjioBa Toro ke cmeicaa True m False (pexxe da m Her wau 1 u 0). He-
PeiKo MpeAUKAT HA3HIBAIOT ellle BHICKA3LIBATENbHOH (hopMOii, IIOCKOJIb-
Ky IocJie MOKCTAHOBKH BMECTO IIEPEMEHHBIX 3JIEMEHTOB MHOMKECTBA IIO-
Jy4yaeTcsa HeKoe yTBep:kieHue 06 aToM Habope 9JeMeHTOB, KOTOpPOe fAB-
Asgerca Jaumbo HCTUHHBIM, JU0O0 JIOKHBIM. Hampumep, HOpeguKar
«CyMMa X U Y paBHa 2» OT TPEX apryMeHTOB X, Y U 2, pacCMaTpHBae-
MBI Ha MHOKECTBE HATYpPaJbHBLIX YHCEJ, IPUHUMAaeT 3HaueHue Mcrtu-
Hanopu x =8, y = 4, z = 7 u sHauenwue JIoxKp npu x =2, y=2, 2=25,
IIo amamorum c ob6muM 00O3HaUYeHMeM B MaTeMAaTHKe (QYHKIHH Kak
f(x4, x5, ..., X,) B KadecTBe 001iero o0O3HaUYEHHUA IIpefuKaTa Mbl OyAem
HCIIONb30BaTh 3anuck P(x,, x,, .., X,). Bopouem, Bmecto P MOXKHO ucC-
OJIL30BATh JIIOOYI0 OYKBY JIaTMHCKOTO ajidbaBuTa.

B mpuseseHHOM npumepe MEepeMEHHBIE X, § W 2 CBOGOZHBI B TOM
cMbiIcjie, UTO MOTYT HPHHHWMATE JIOOble 3HAYEHHA M3 MHOMeCTBa HATY-
panbHbIX unces. IlosToMy gaHHaA JorudyecKkad GyHKIUA UMeeT TPH ap-
rymenta. Ho He Bcerja 4ucJjO apryMeHTOB JIOTHUYECKOH (GYyHKIIMH COB-
MajaerT ¢ 4ucJOM (QUIyYPHPYIONIUX B €€ ONHNCAHMH IepeMeHHHIX. Pac-
CMOTPHM, TaKOi MPEeJNKAaT: «CYIHECTBYET X, IJA KOTOPOTO CyMMa X U Y
paBHa 2». XoTa B onucaHuu (PUrypHUPYIOT TPHU IepeMeHHBbIe X, Y U 2,
MOACTABJATL YHCJIA MOKHO TOJBKO BMECTO JBYX H3 HUX — Y # 2. Tak
YTO 37eCh TOJBKO JBa apryMesTa: y u 2. B rabaune 4.17 npuBeeHbI
3HAUEHHWA JNAaHHOM JioruuyecKo# (GYHKIUWH AJA HEKOTOPHIX HaGoOpoRB
3HAYEHUH aprymMeHTOB Yy M 2z (3TOT NPEJWKAT MEI PDACCMATPHBaEeM Ha
MHOJKECTBE HaTYPAJBHBIX YHCEJ).

IlepeMennas x B Taxoi (PyHK- Ta6mvua 4.17
MY HasbiBaeTcs cBA3aHBHOM. Ilpm
9TOM TOBODSAT, YTO IIEpEMEHHas X |y | 2 3nauenne KommenTapwii

CBfA3aHa KBaHTOPOM CYIILEeCTBO- PyHkuun
BaHua. [na Hero ecrs cmemnu-
annHOe oboamauenme: . IIpomc- 112 Uctuna |Nopxogut x = 1

XO0KACHNE 3TOr0 3HAKA IIPOCTOE:
B aHIJUHCKOM cJaoBe «Exist»

2| o TNoxb He cywecrtsyer

cylmecTBOBaTH — B3ATa Iep-. MOAXOASILEro x
Bad GyKBa U CHMMETDPHYHO OTpa-
JKEeHa OTHOCHUTEJBHO BEPTHKAJbL- 3 5 NcTuHa MNopxoput x = 2
Hoii ocu. C IOMOINBIO ITOTO CHM-
BOJa pacCMATDHBAEMBli HaMu He cywecTayet
mpepuKaT 3ammcbiBaercs Tak: | S| 3| Jloxe | o0 0 ero x

Jx(x +y=2).




Tabnuua 4.18 Bupouem, nmepeMeHHas MOMKET
OLITH CBABAHHOM M HO-APYTroMYy.
3Ha4yeHne KommeHTapwih PaccmoTpum, AJs npuMepa, Ha
dyHKUMM MHOJKEeCTBe HATYPaJBbHBIX YHCeJI
OpeguKar «JIJs Jio00ro y BHIIOJ-
HEHO HEePaBeHCTBO X + Yy > 2».
31ech CBSABAHHON MepeMeHHO# fAB-

Mpu niobom y

T ctuna BepHo 1 +y> 1

112 Noxb He nopxoaut naerca y. Ilpumepsl 3HaYEHWIH BTO-
y=1 ro mpesuKaTa HpUBeAeHbl B Tab-

He noaxogwr, aune 4.18.
315 TNoxb Hanpumep, B aToM cayuae roBOpAT, 4TO
y=2 nHepeMeHHasi CBA3aHA KBaHTOPOM
BCEOOIIHOCTH, KOTOPHIA 0003Haua-
53| Wcruwa | PV Mobom y 1ot cumBosiom V. Ero npoucxoxne-
BEPHO 5 +y> 3 HHEe aHAJOTHYHO: oT cjoBa «All»

(Bce) B3siTa mepBas GYKBa M CHM-
METPUYHO OTpPasKeHa OTHOCHUTEJLHO TOPHU3OHTAJNBHOM ocu. C moMOINbIo
3TOTO KBAHTOPA JAHHBIN IPeAMKAT 3amMMUMIETCa TaK: Vy(x +y > 2).

B npeamxarte MOryT OKasaThCs CBS3AHHBIMHM HE OfHA, 8 HECKOJBKO
nepeMeHHbIX. Hampumep, MOHO paccMaTpHBaTh Ipegukar Vy dx (x +
+ y = 2) — gna mo0oro y CyiecTByeT X, TAKOil, UTO BHITIOJHAETCA pa-
BeHCTBO x + y = z. Wau gpyroi# mpemuxart: dx Vy(x + y = z2) — cyige-
CTBYET X, TAKO¥, 4TO AJIA JIIOOOTO J BBINOJHAETCH PABEHCTBO X + y = 2.
Kaxxaprii M3 HMX ABJSAETCA JOrHUecKoid QyHKI{eil OT OgHOTO apryMeH-
Ta 2, HO 3TO pasHble QyHKIuuU. Hanpmmep, Ha MHOMKECTBE IENBIX UM-
ceJl mepBas U3 9TUX GYHKIUH Ipu TO00M 3HAaYCHHH APTYMEHTA 2 IIPH-
HuMaeT 3HaueHue McTtmHA, B TO BpeMs KaK BTopasd (QYHKOUSA Ha TOM
JKe MHOMKEeCTBe IpH JIo00M 3HAUEHWUM apryMeHTa 2 NPHHHUMAaeT 3Haude-
Hue Jloxs. Kak BuzuTe, HOpPsI0K, B KOTOPOM YIIOTpeO/ieHBI KBAaHTODHI,
uMeeT NMPUHINTNHAJAbHOEe 3HaYeHHe.

Ecam B mpeamkaTte Bce IepeMeHHBIe OKas3aluCh CBASAHHBIMH, TO
TaxKoil OpeAuKAT ABJISETCSA BLICKAsbiBaHHMEeM. Hampumep, IpeAuKaT
VzVydx(x + y = z) — 9TO BBICKA3bIBaHHWE, YTBEpXKJAlomiee, UTO IJIfA
JIO0BIX YHCEJI 2 ¥ Y CYIIeCTBYeT WX PasHOCTH (0Ha ODO3HaUeHa Iiepe-
MEHHOH X). ITO BLICKa3bIBAHWE HCTHHHO HA MHOMKECTBE IEJbIX YHceJ,
HO JIO)KHO Ha MHOKECTBe HATYypaJbHBIX umnceiy. Ilosromy, obcysxpas
CBOMICTBA TOTO WJIM MHOIO IpeAmKaTa, HaJl0 BCErha YKasbIBaTb MHOMKE-
CTBO, HA KOTOPOM OH paccMaTpuBaeTca. BmopoueM, u AJA UYHCHAOBBIX
GYHKIUH, KOTOPLIE BBI YK€ MHOTO JIeT M3yJYaeTe Ha YPOKAX MATeMaTH-
KM, caMoe IIepBOe, O ueM HJeT peub, — 5TO UX 00JacTh onpeAesieHUs.

Hag mornmyecKkuMy (PYHKIUAMU MOYKHO BBITIOJIHATH BCE TE€ JKe
JOTHYECKHE Olepallny, KOTOPhbIe PpaCCMATPUBAJIUCH HAMHU JAJIS BBICKA3bBI-
Bauuii B § 30. UToObl BLIYKMCIUTHL 3HAUYCHHWE TAKON «COCTaBHOHM» (DYHK-
MK, AOCTATOYHO 3HATL JIOTUUECKHE 3HAUeHus1 (QYHKIMI, M3 KOTOPBIX

oHa cocrasieHa. Hanpuwmep, sorugeckas ¢pyaxknua P(x;, x,, ..., X,) Ipu-
HUMaeT 3HaueHue VicTmHa TOrAa M TOJBKO TOrAA, KOTAA JIOTHYECKAs
dyaxnua P(x,, Xy, ..., X,) IpuHUMaeT 3HadeHUe JIOXS.
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IIpu ciioBeCHOM ONHCAHHUM JIOTHUYECKON (DYHKIWHU IIOCTPOCHUNE OT-
PULAHUA K KAKOMY-JIMO0 YTBEP)KAEHHMIO MOMKHO BLINOJHUTHL HoOaBie-
HUEM CJIOBOcOUeTaHuA «HeBepHO, UTO...», HOCJE UEero CJeXyeT HCXOJ-
Hoe yTBep:xkaeHme. Hanmpumep, oTpullanme BLICKA3BIBaHUA «f Ioien
B KMHO» MOXKHO BRIPasuTb TaK: «HeBepHo, uTo A moinesa B Kuuo». Ilpas-
Aa, TAaKNM o0pasoM CBOIO MBIC/Ib BBIPAsKaloT KpatiHe pegro. OOLIUHO ro-
BOpAT: «fl He momesn B KuHO». Ho 3amernTe, uTO HH omHa mu3 ¢dpas
«He s moinen B KMHO» U «fl moillesi He B KMHO» He ABASETCA OTPHUIA-
HHUEM HCXOAHOTO BBLICKA3LIBAHUA.

A Temephb paccMOTPHMM, KAK CTPOWTCSA OTPHIlAHNE BBLICKA3LIBAHUA,
IIOJYYEHHOTO CBA3LIBAHWEM IIepeMeHHON NIpW TOMOIIHM KBaHTOpa. Bort
IpUMEDP BBLICKA3LIBAHMA: «Bce yUYeHMKM HAIIero Kjacca WMEIOT JoMa
KOMObIOTEep». Ero oTpunanmeM sBjsAeTcCs BBICKa3biBaHme «HeBepHO, 4TO
BCe YYEHHKH HAIIEero KJacca MMEIOT JO0Ma KOMIOLIoTep». Ho Kamaomy
fICHO, YTO 9TO BBICKAa3bIBaHUME PABHOCHJIBHO TakKoMmy: «CymiecTByer yde-
HUK HAIIero KJjacca, y KOTOPOro noMa HeT KOMIbIOTepa». Kak Bugu-
Te, IIPHU IIOCTPOEHUM OTPHUIIAHUSA KBAHTOP BCeOOIHOCTH mpeobpasyeTcs
B KBaHTOP CYIIleCTBOBAHUA. BoJiee TouHO, ecam depe3 P(x) 0603HAYUTH
IPeAUKAT «yUEeHUK X UMEET AOMAa KOMIBIOTEP», TO MCXOZHOE BLICKA3bI-
BaHMe 3anumiercsa Tak: Vx (P(x)). A ero orpulianme 3amuieTcs Kak

dx (P(x)). AHAIOTHYHO MOXKHO OO0BACHUTL, IOUYEMY IPU IOCTPOCHUM OT-
PUIIaHNSA KBAHTOP CYUIECTBOBAHUSA 3aMEHSETCA KBAHTOPOM BCEOOIIHOCTH.
Urak, gasa norndeckux GyHKHOHI, MMEIOUIUX BUJ

Q%1 QX oo Qpxy (P(X15 X35 ooes Xps Y1s Yas +o-5 Yn))s

rae @, &y, ..., @, — cuMBoJH V miam 3, x,, X5, ..., X, — CBA3AHHBIE
nepeMeHHBIE, Y,, Ys, ..., Y, — CBOOOJHBIE NIepeMeHHEBIe npeaukara P,
CIIPaBEJINBO CJAeAYIollee MPABUJIO MOCTPOCHUA OTPHUIAHUA. UYTOOBI mO-
AYYUTH OTPHUIAHUE JIOTHUeCcKOoN GYHKINM, HAL0 Ka)KALII KBaHTOP Bece-
OOLIHOCTHY 3aMEHHUTH KBAHTOPOM CYINECTBOBAHUA W HAOOOPOT, a IIpPeau-
KaT P 3aMeHHUTH €ro OTPUIIAHWEM.

BONMPOCHI U 3ARAHUA

0 Kakylo dyHkumio HasbiBaloT norudeckon? Mpusenute npuMeps! AOrNYECKUX QYHKUUIA.

@ a) [lna npeaukaTa «CyuwlecTByeT x, ANsi KOTOPOro CyMMa x WM y paBHa 2», paccMmaTpu-
BAeMOro Ha MHOXECTBE HATYPaIbHbIX YUCEN, Ha30BUTE eLle OAHY napy 3HayeHwui ap-
FYMEHTOB, AAS KOTOPbIX 3TOT NPeavkaT UCTUHEH, U OOHY MNapy, AnsS KOTOPO#A OH NOXEH.
6) [ina TOro xe npegukara, paccMaTpuBaEeMOro Ha MHOXECTBE CNOB PYCCKOFO A3bl-
Ka (CnoxeHue 34eCb NOHMMAETCs Kak onepauus KoHKaTeHauun), onpegennte 3Hade-
HWe 3Toro npegukara, ecnn y = Enb, z = lNasens; y = lNenb, z = Nasenb; y = Masens,
z = a3enkb.

6 Ons kaxgoro vM3 nNpeaunkatoB, MPUBEAEHHLIX B MYHKTAX @—6, YKaXuTe, CKOMbKO
apryMeHTOB OH MMEET, N Ha30BUTEe, Kakne ero nepemMeHHbie cBoBofHbl, a kakue
CBS3aHb.

a) CyuecTByeT TONLKO OAMH METann x, KOTOpLI B PAAY aKkTUBHOCTU pacnonaraetcs
Mexay 3feMeHTaMu y v z.



E 170

4]

6) HeT Takoro XMBOTHOrO x, KOTOPOE B pRAy 9BOMOUMK pacnonaranocs Obl Mexay
XUBOTHBLIMW ¥ 1 2.

8) AN KaX[oro XMMMYECKOrO 3/IEMEHTa X CYLUIECTBYET XUMWUYECKNA 3NEMEHT y,
C KOTOpbIM x 00pasyeT coeanHeHue.

PaccMmoTpute npeavkaTthl, 334aHHbIe HA MHOXECTBE HaTypaibHbiX 4ucen:
a) x — HEe4yeTHOe YUCAOo, N AN MOBOro HEeYEeTHOrO YUCNA Y BHINOAHEHO HEePABEHCTBO
xSy
6) x — npocToe 4ucno, n ana MBOFo0 NPOCTOro YMCHa Y BLINONHEHO HEPABEHCTBO
x<y.
Ans xaxaoro M3 3Tux NPeaukatoB YKAXUTE BCE TE 3HAYEHUNA apryMeHTa x, Ans KO-
TOPLIX AAHHLIA NpeaukaTt UCTUHEH.
PaccmoTtpum npegukat P(x, y). durypa x snvcaHa B urypy y.
a) Nycte x npoberaeT MHOXECTBO BCEX TPEYrOfibHUKOB, PACMONOXEHHBIX Ha HEKOTO-
POt NAOCKOCTU, @ ¥ — MHOXECTBO BCEX OKPYXHOCTEN Ha TOW Xe naockocTu. Kax-
A0e N3 BbLICKa3blBaHWA

Vx Vy (P(x, y)); Vx 3y (P(x, y));

Jx Yy (P(x, ¥)); 3x 3y (P(x, y))

3anuumTe NpegnoXeHWeM Pycckoro asbika. Onpepenute, Kakoe N3 HUX UCTUHHO,
a Kakoe NIOXHO.

6) BuinonnuTe TO Xe 3agaHue, YTo U B NyHKTe a, ecan x npoBeraeT MHOXeCTBO BCEX
OKPYXXHOCTE, PACNONOXEHHBIX Ha HEKOTOPO NNOCKOCTH, @ ¥y — MHOXECTBO BCex
TPEYronbHUKOB TOM Xe NAOCKOCTH.

PaccmotpumM npeaukat P(x, y): durypa x samcana 8 ourypy y.

a) Aycte x npoberaeT MHOXECTBO BCEX BbINYKAbIX YETLIPEXYTOALHUKOB, 8 ¥ — MHO-
XECTBO BCEX OKPYXHOCTEN. YKaxute, Ans Kakux U3 YeTbipex BapuaHTOB KBaHTOP-
HbIX npucTaBok Vx Vy, Vx dy, 3x Vy, Ix 3y nocne cBA3LIBAHNA VMK NEPEMEHHBIX
B npegukate P(x, y) noay4yaeTca UCTUHHOE BbiCKasbisaHue.

6) Boinonnvte TO Xxe 3aaaHue, 4TO U B NYHKTE @, eChm x npoberaer MHOXECTBO BCEX
OKPYXHOCTEW, @ y — MHOXECTBO BCEX BbINYKMbIX Y4EThIPEXYrOfbHVKOB.

B obbacHutensHoOM Tekcte naparpada Obino NokasaHo, 4To normdeckme QyHKuvn
Vx 3y (P(x, y, 2)) v Jy Vx (P(x, y, 2)), BoOOWE FOBOPSA, PasnnyHbI.

a) Pasznanunbl an dyHKkuMKM Vx Yy (P(x, y, 2)) n Yy Vx (P(x, y, 2)), rae P(x,y, z) —
NPOU3BOAbHLIA NpeaukaT OT Tpex nepemeHHbix? A ¢yHkuuu 3x Ay (P(x, y, 2)) n
3y 3x (P(x, y, 2))?

6)* U3BecTHO, 4TO BbicKaabiBaHne Jy Vx (P(x, y)) wctnHHO. MOXHO nu yTBepXaaih,
41O BbICKa3biBaHWe Vix Jy (P(x, y)) TOXE UCTUHHO?

Ha MHOXeCTBe HaTypansHbiX YACen 3afaHbl cniepyioume npeaukarh:: N{(x) — uucno
X He4yeTHO; D(x, y) — 4mcno x AeAnTCa Ha 4ucno y. UCNonb3ys ykasaHHbie npeau-
KaTe!, 3anuumTe noaxoasweinn GopmMynon Kaxaoe us CReayiowmx yTBepXaeHna:

a) YNCNO X YEeTHO;

6) YuCcno x — HeYeTHbI AenuTenb Yyucha y;

B) yncna x u y pasHbi;

ry* yucno x pasHo 1;

B)* yucno z — Hambonbwmii obwnii Aenutens Yucen x u y;

e)* yncna x U y B3auUMHO NPOCTHI (T. €. ux Hanbonbuunih obumic gennTens paseH 1);
X)* yucno x npocToe;

3)* Yucno x pasBHoO 2;

n)* ecnu x — NPOCTOE 4UCNO, TO Ans nboro uicna y nubo x 1 y B3aUMHO Npoc-
o1, b0 y peanTca Ha x;

K)* moGoe uncno, Gonbiee 1, UMEeT NPOCTON AennuTenb.
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Q Ha mMHoXecTBe HaTypanbHbiX Yucen 3apaH npeaukat U(x, y, 2): Yucno z pasHo npo-
ussefeHMio Yucen x v y. Acnonb3ya 3TOT Npeguvkart, 3anuwunte noaxoaswen ¢dop-
MYJIOil Kaxzaoe M3 CReayiolmX YTBEPXASHWNA:

a) 4Mcno x — AeavuTens Yiacna y;

6) uncna x 1 y paBHbI;

B) 4MCNO x pasHo 1;

r)* 41CnNoO x NPOCTOE;

AY* ynucno x SBNAETCA CTEeNEHbIO NMPOCTOro 4vcna.

@ Huxxe nNpuBedeHO HECKOAbKO Nap BbicKasbiBaHwii. Onpeaenute, B Kakux napax oaHo
BbiCKa3biBaHue ABASETCA OTpUUaHUEeM Apyroro.
a) «<Ha yauue ceetut conHue» u «Ha ynuue nacMypHo».
6) «Ha ynuue ceeTut conHue» u «Ha ynuue naet Aoxab».
8) «<Hucno 3 npoctoe» n «4ucno 3 cocrasHoe».
r) «<4ucno 1 npoctoe» u «Hucno 1 cocrasHoe».
n) «<B xnacce ecTb yyeHuK, KOTOpLifi pewun 8ce 3aa4u KOHTPOALHOW paboTbi»
n «B knacce Kaxabil y4eHUK He peilumn xoTa 6bl 0gHy 3apady yM3 KOHTPOSbHOMN
paboTbt».
e) «B knacce ecTb y4eHWK, KOTOPbLIA pelmns BCe 3afadn KOHTPOMbHOW paboTei»
n «B KOHTpOnbHON paboTe ecTb 3apgaHne, KOTOPOoe He pellinnn BCe Y4eHUKU Knaccar.
X) «Bce 4ncna vppauvoHsanbHbi» 1 «CyluectsyeT UppaumoHanbHoe Yncno».
3) «Ana Moboro Ynmcna x CywecTeyeT YUCNo z, ANA KOTOPOrc nNpomMsseacHne xz pa-
UMOoHaNLHO» U «CylUecTBYET YNCAO X, ANA KOTOPOro NpousseaeHue xz nppauuoHasib-
HO ans moboro uucna z».
n)* «Bce HedeTHble Yucna npocTbie» n «CywiecTByeT HeuyeTHoe NPOCTOe HYUCHO».
m Huxe npuBegeHO HECKONbKO nap noruyeckux dyHkumin. Onpepenvte, B Kakmux fapax
oaHa nornyeckas QyHKUMA SBASETCS OTpULaHveM Apyron QyHKUWKM U3 TOI Xe napbl.
a) «<4ucno x NoONOXUTENLHO» U «HUCNO x OTPUUATENLHO».
6) «On Mol ppyr» n «OH Mol spar».
B) «Y4eHMK pelumn Bce 3afaHusA KOHTPOALHOW pabotbi» u «ECTb 3a4aHne KOHTPONb-
Hol paboTbi, KOTOPOE YHEHUK HE pelun».
@ a) Ha MHOXecTBe AeiCTBUTENbHLIX Yucen 3aAaH npeaukar
Vx(x’y — x(y - 3) + 1> 0).
YkaxnTe BCe 3HAYEHUsi NEePeMeHHoiR ¥, ANR KOTOPbLIX 3TOT Npeaukar UCTUHEH.
6)* BoINOAHUTE TO Xe 3adaHue, 4TO N B NyHKTE 4, ecnn npeavkaTt 3a4aH Ha MHOo-
XeCTBe NOAOXUTEABHBIX YnCen.

@ Jloruxa CYBJ} Access

Jlornueckue GyHKIUH, pacCMaATPHUBABIINECS HAMHA B KadecTBe
IpUMEepPOB B NpeAbIAymeM maparpade, OblIn JOBOJBHO HPOCTHIMH M JIET-
KO 3aOMCHIBAINChL HA ECTEeCTBEHHOM #A3biKe. HO KOMIbIOTEp, KaK BEI
3HaeTe, NOHMMAET TOJBKO ¢opMaabHEE A3KK. W mo6oit dhopMaabHBIH
HCHOJHHTENb, KAKKM, B 9acTHOCTH, aBiadercd CYB] Access, Toxe 110-
HUMAaeT TOJbKO (opMaNbHBIN A3BIK. BOoT 06 3TOM si3BIKEe M HOIjeT y HAC
peds. OCHOBY €ro COCTaBIAIOT JOTrHMYeCKUe (PyHKIWUH, O KOTOPBIX MBI
pacckassiBaJil B IpeAbIxymieM maparpade.

A Temeph BCIIOMHWTE Baml OUBIT O0OpalieHWMs C UHCIOBHIMH (QYHK-
IUAMY Ha YPOKax maTeMaTuku. M3o0perenue 6yxkBeHHbIX 0003HAUYCHUNA
HepeMeHHBLIX ¥ A3BIKa GOpMYJI AJAS SaIHNCH CBASEH MEXXAYy HHMH CTajo
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PEBOMIIHMOHHLIM ITATOM. BOT 1 AJig JOTHMYECKUX (PYHKIUUA ecTeCTBeH-
HO BBeCTH HEKOTOPHIH A3BLIK (hOpMYJI, ITO3BOJAIONIUNE OTHOCUTENILHO IIPOC-
TO ¥ JOCTATOYHO CTAHAAPTHO 3ammchIBaTh ux. CTpoarca sru GHopMyJsIbI,
Kak u (opMyJE B anrebpe, U3 HEKOTOPHIX «KUPINYNKOB», COEAMHEHHBIX
3Hakamu onepanuii. na anrebpamuecKmX BBIPAKEHUH «KUPOHUYUKA-
MW» BBICTYHAIOT YHCJIA U IIEPEMEHHbBIE, B Ka4eCTBE OIlepalyil BhICTyHAa-
10T apudMeTHUecKIe olepaly — CJOKeHue, YMHOMKEHNe, BbIYUTAHUE
¥ JieJieHne, a TaKyKe HEeKOTOphie CTaHzapTHbie GYyHKINU (IOKasaTelb-
Has, JAorapudpMudecKas, TPUTOHOMETPHUUECKUE U T. II.).

Yro ke BBICTYIIAeT B POJHU «KHUPIUYKKOB» JIOTHUYECKOTO BEIpa’xe-
HusA? I9TO HEKOTODHE CTAHZAPTHHIE HPEAMKATHI, OUpeAeadAmuIue, UC-
THHHO HJIM JOXKHO YTBEPIKAECHHE O TOM, UTO HOPH 3aJaHHBIX 3HAYEHU-
X IepeMeHHBIX OHU HAXOAATCA B 3afaHHOM OTHOUIeHMH. B Kadecrt-
Be€ TaKUX OTHOIIeHuii OOBIYHO (HUIYPHUPYIOT OTHOHIEHUS CPABHEHUSA
= (paBHO), <> (He paBHO), < (MeHbIIe), > (6ojbiue) u T.u. Bojee Tou-
HO MOJKHO CKasaTh TaK.: aTOMApPHBIM HA3LIBAETCA OTHOIIEHWE BUjA
A0 B, roe A u B — odHomunHbie BBIPaKeHNUA OT IIepeMeHHBIX, a 0 —
OOWH M3 CHMBOJIOB OTHOIIEHUA cpaBHeHUs. OJHOTHIHOCTEL BHIPAKEHUN
03HaUYaeT, YTO TOCJe BLIUMCJICHUA MX 3HAUEHMHH ANA Joboro AOIyCTH-
Moro Habopa HepeMeHHBIX MBI IIOJy4aeM 3HadeHHA ONHOrO THIAa, Ha-
OPUMED YHUCJAOBOTO, HJIM CHUMBOJBHOIO, MU €Ife KaKoro-iubo.

Temepp MOXXHO (OPMAaJILHO ONPEAEHHUTH JOTHYECKIUE BHIPAIKEHUA.
Mz1 6yaem o6o3HauaTh MX OOJBIIMMY JATHHCKUMU OyKBaMu.

1. Bcsskoe aToMapHOe OTHOLIEHME €CTh JIOTHUYECKOE BBIDasKeHWe.

2. UctuHa u JlooKs — JIOTHYECKME BBIPAKEHHUSA.

3. Ecitu A — JiorudyecKoe BHIpasKeHHe, TO BBIpa'KeHHe He (A) To-
JKe JIOTHYeCKOe BbIpasKeHHe.

4. Eciu A u B — Jiorn4yecKHe BHIDAYKEHUA, TO BhIpaskeHusa A u B,
A unau B u He B ToXe ABIAIOTCA JOTHYECKUMU.

Bor npumepsl JIOTHYECKHX BBIDAYKEHUM:

ne (x = CJIOH),
(x=2+2) u y>2%x+ 3).

IlpaBuna 1—4 ompegenanT POpMaJbHYIO I'DAMMATHKY HA3bBIKA JIO-
TUYECKHWX BBIpa'KeHMI. 3aMEeTHM, YTO B OUPEAEJEeHHH JOTHYECKOTO BHI-
pasKeHus MBI MCHOJL30BAJYU HE BCe JIOTHYECKHE OIepaiuu, HO 3TO He
CKa3BIBAETCS HA BOSMOXHOCTAX HAHHOTO HA3BIKA, IIOCKOJBLKY, KaK BHI
3HaeTe, OlEpaluyl «CJeJoBaHNe», «PABHOCHJILHOCTH», <«HCKJIIUAIOINEE
WJIN» BBIPAXKAIOTCA 4epe3 yKasaHHBIe Tpu omepamuu. Ho geno Tyt He
B KOHOMHHM HCIOJIB3YEMBIX omepammii, a B ToM, 4yto CYB]l Access
BOCIPUHNMAET, KaK MBI UyTh HO3Ke yOeAuMCs, SA3BIK JIOTHYECKUX BHI-
pPasKeHuil ¢ omepanuAME OTPUIAHWSA, JNUSBIOHKINKN ¥ KOHBIOHKIIUU.

JloruuecKue BHIDAKEHUA HYMXHBI AJS TOTO, YTOOLI KOMOLIOTEPY HA
OHOHATHOM JJA HeTo A3bIKe chopMyaAHMpOBaThH, ¢ KaKOH JIOTHYECKON
dbyHKIKeH eMy HaJJIEXKHT UMeTb HeJo.

IIycts Temeps Ha MHOMKecTBe M HaM [aHO HEKOTOPOE OTHOIIEHUE
¢ arpubyTaMu X;, X3, ..., X,. PacCMOTPHUM JOImYeCKy0 QYHKIIUIO OT
Tex e IepeMeHHLIX (He 00dA3aTe/lLHO Bcex). Bo3bMeM IIPOM3BOJBLHBIN
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Habop sHadyeHMIl aTpuOYTOB, KOTOPHIN NPUHALJICKUT SJAHHOMY OTHOIIE-
Huio. IlogcTaBuUM 3TH 3HAUEHUS B JOTHYECKYIO PYHKIIMIO BMECTO COOT-
BETCTBYIOUIMX mepeMeHHEIX. Torzma jioruuecKas QYHKIUA IPUMET OIpe-
IeleHHOe 3HaudeHHNe. BribepeM 13 Bcex HaGOpOB 3HaueHWii aTpuGyTOB,
OpuHAIICKAINX TAHHOMY OTHOIIEHHIO, BCe Te, JJd KOTOPBIX JaHHAA
byHKOuA npuHuMaeT 3HaveHue Mermua. Takyro omepanuio Haj oOT-
HOUIeHNEM HA3HIBAIOT (PHIAbTpamMel, a CaMy JOTHYECKYI0 (DYHKIIHIO
Ha3bpIBAIOT (uasTpoM. Eciu oTHolllenme 3afjaHo Tabauiieil, TO HUILTPa-
OUsI IPUBOAUT K OTOOPY TeX CTPOK, B KOTOPLIX CTOAT 3HauYeHusA arpuby-
TOB, JAIOIIUX MCTHMHHOE 3HAYCHUE 3aJaHHOI JIOTMUYecKOil (QyHKIHU.

Kax BuI momMHMTE, TabiAuIiti — 3TO OCHOBHOil cmoco6 IpeAcTasle-
HUuA uHbOpPMAIU B PEJAIMOHHBIX 0azax gaHHBIX. 3HaKoMmsAchk ¢ CYB]]
Access, BbI paccMaTpuBagu M (QUILTPALNIO, T. €. OTOOD CTPOK TabGJIHIEI,
YAOBJIETBOPSIONINX YCJIOBUAM 3anucaHubiM Ha 6n1aHk QBE (sckus Gaau-
Ka npeacraBien Tabauueii KIL. 5). Teneps, MBI HafeeMcs, BaM IIOHST-
HO, uTOo Ha 6xaHK QBE BBI crenuajJbHBIM O0pPa3oM 3aMHCHIBAJINA HEKO-
TOpBIHA IpenukKar (6es KBaHTOPOB!), B KOTOPOM HUMeHa aTpuOYTOB — 3TO
MMeHa TepeMeHHBIX, C IOMOINBIO COX03a U B HEM COeIWHEHBI aToMap-
Hbie OTHOIIEHUSA, CTOAINYWEe B OIHOH CTPOKe, a IOJYYHUBINNECA TaKUM
0o0pa3oM CJIOKHBI€ BRIPDAMKEHHS COeTMHSIOTCA COI030M uau. WUrak, Ha
6nanke QBE sanuchiBaerca He 4TO WHOE, KAK JIOTHYECKOE BLIpAXKeHue,
TIPEACTABIIEHO OHO B JU3IBIOHKTHBHON HOPMAJBHOM (¢opme. UToOBI 3TO
YBUJETh, JOCTATOYHO «CIHCATh» ero ¢ Oigamxa QBE mo ykasaHHBIM mipa-
BuiiaM. HamomuuMm (cm. § 32), uTo nroboe ClI0KHOe JIOTMYECKOE Bbi-
pPasKeHHe MOKeT OBIThL 3allMcaHO 4Yepes3 MPOCThle C MOMOINBLI0 AH3'b-
IOHKTUBHOM HopMmaJbHOM ¢dopmsbl. Tak uro dunasTp B CYBJ] Access —
3T0 (haxTHUYeCKH OECKBAHTODHOE JIOTMYECKOe BBEIDAKEHNEe, 3alMCAHHOe
B AMSBIOHKTHBHON HOpPMAanbHOM (opMe.

HasepHoe, Y Bac BOSHHK BOIIPOC: IIOYEMY B fA3BIKE JIOTUYECKHMX BHI-
paxkenuii CYB]l Access oTcyTcTBYIOT KBAuTOpEI? OTBeT Takoii: B 1060t
0ase JaHHBIX, CO3JaHHOM ¢ momortsio CYB]l, upucyrecrByeT JUIIL KOHEY-
HOe YHCJIO 3HAaYeHWH Ijs aioboro arpubyra. IlpezcTaBumM, UTO ¥ HEKOTO-
poro arpmbyTa X MHOJKECTBO BCEX €ro 3HAYEHHII — 3TO Ay, Qg ..., &,
Jlerko mWOHATH, YTO TOTVA AJA J000TO MpeauKara

P(x, y1> Yas +oo5 Yp)
BLIpasKeHUe
VX (P(X, Y15 Yzs +oer Yp))
PABHOCUJILHO KOHBIOHKIIUN
P(ay, Y1 Yos -5 Yp) ¥ P(ag; Y15 Yoo o5 Yp) W oo W Py Yys Yoo o5 Un)s
a BHIpasKeHHe
Fx (P(X5 Y15 Yas oovs Yp))
PaBHOCHUJILHO AU BIOHKIINHU
P(aq, Y Yas -oes Yp) unu ... unw Pla,, Y, Ys» --. Yp)-
Taxk uTO B KBAaHTOPaX HYKIBI HeET.
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ObparuMca K Hamemy <«TejJeOHHOMY» HpuMepy. B 0ase maHHEIX
TesleOHHOM CTAHIIMM MMeeTCHa TabJMIa, B KOTOPOH yKasaHo, KTO MMeH-
HO fABJAAeTCA a00HEHTOM HaHHOrO TejJedouHHOro Homepa (cMm. Tabua. 4.15).
Ona ob6HOBIsIeTCA HedacTo. KpoMe Toro, mmMeercsa TabMIa COBEPINEHHBIX
TeslepOHHBIX 3BOHKOB (cM. Tabia. 4.9), Koropas mOCCTOAHHO OOHOBIIAET-
ca. Umerorca eme Tabaunei, cofepskamniue ceefieHus ob omuaare TesaedoH-
HBIX PasroBOPOB UX BJAJeNbIIaMH, O BEICTABJIEHHH CYETOB H T. . MIMeTh
BCe BTH CBeJeHHA B OZHOH Tal/iHIle He TOJBKO HeynoOHO, HO 1 HeaddeK-
THBHO, IIOCKOJBKY ee 00beMm Oyzer orpomeH. Ho BoT HacTymaeTr MOMEHT,
KOrJa Hajo BEIDHCATh ab0OHEHTaM cueTa 3a TeKymu# mecan. Temeps Ha-
Jo mo Tabnaume BBI3OBOB ueped HOMep TejiedoHA ompeAejuTh aGOHEHTA
H 3anucaTh B CYeT BCe OTHOCHAIMMEeCH K HeMYy BHISOBEI. Ha fA3BIKe OTHO-
NIEHWH 3TO MOXMHO BEIPA3WTh TaK.

IIycts S(x, y, 2) — oTHOUIeHHe, MOKA3LIBAIOIEe, UTO II0 TejedoHy
C HOMepoM X OBLJI pPasroBOp ¢ OHYHKTOM Y NPOAOYKHUTEJIbHOCTHIO 2 MHU-
HYT, a A(x, V) — OTHOIIIEHHEe, ITOKA3LIBAIOIee, YTO U ABJIACTCH BIALENE-
meMm Tenepona ¢ Homepom x. Ham ke HyxHO oTHOmenme M(v, y, 2),
IoKaspIBalomiee, 4To a00OHEHT U pasroBapMBaJl C NYHKTOM Yy B TeUeHHE
2z mueyT. OTHOIIEHHE OIpeAeNAeTCs TAK: HMeeT MEeCTO OTHOIIeHHEe
M(v, y, 2), ecnu cymiecTByeT X, AJiA Kotoporo S(x, y, 2) u A(x, v). B atom
ciay4dae rosopar, dro M(v, y, 2) ABNsAeTCS NMPOM3BENeHHMEM OTHOLICHHM
S(x, y, 2) u A(x, v).

Kak BujguTe, mosABMICA KBAHTOD CYINECTBOBaHHUsSA. IIOCKOJIBKY
Access — mHorora6auunas CYB]I, To o6bequaeHns Tabaun IPUXOLUT-
cd BBINOJIHATH ONepanyeil YMHOXXKeHHs oTHomeHui. IlpasBza, B JOKY-
MmeHTanmuu K atoit CYBJl Takas omepanusa Ha3LIBAETCA COeIHMHEHHEM
rabmun. ITockonbky Access mmeer rpadpudueckuii maETEepdeiic, To ycra-
HOBJIEHVE COeAWHEHUs TabOJIWUIl 0 HYXHBIM aTpubyTaM IpPOU3BOAUTCH
C IOMOIIIBI0 MBIIIKH «IPOTATMBAHUEM BEPEBOYKH» MEXKIY STHMH aTpH-
6yramu. Ha pucynke 4.1 nmokasaHa Takas CBA3b MeXJy aTpubyramu al
u 01 aByx Tabaun (ogHa HaszBaHa HaMu A, apyraa — B).

Ecnau 006 arpubyTax HHYEro He CKa3aHO, TO CBA3b BHITJALHT
UMeHHO Tak. Ecau xe Kakoii-nu6o arpubyr u3 A 0o0BABIEH KJIHYOM
(cm. §35), To OKOJIO HEro, HajJ «BePEeBOUYKOM» mosBaseTca mudpa 1,
a Ha APYroM KOHIIE INOSABUTCHA 3HAYOK ©O, JTO 03HAUAET, UTO KaXKIAS
cTpoKa Tabammel A MOXKET 0KasaThCd CBASAHHON C HECKOJBKHUMHU
crpoxkamMu Tabaunsl B, HO Kadzaa cTpoka Tabaunbl B cBsA3aHa pOB-
HO ¢ OZHON cTpokoiél Tabammer A. Takyio cBa3bs TabGaul HA3BIBAIOT
CBA3BI0 N0 THIY OXMH-KO-MHOruM. Ecam xe o6a arpubyra o6bsaBIe-
HBEl KJIIOYEBBIMH, TO Ha 060MX KOHIIaX MOABIAAKTCHA 1, KOTOpbIe O3HA-
4aioT, 4YTO B 00eux TabauMIax Ka)KIasd CTPOKA CBA3AHA POBHO C OJHOMI

CTpPOKON m3 apyrou tabmauner. Ta-

R Lo i i O, V0 ¢B48h HASHBAD CRSSLI0 IO

v - G ~ MUY OAMH-K-oxHOMY. TOGH! aTpm-
a2 , 62 + OyT MOXHO OBLIO OOBABUTHL KJIIO-

YOM, HYXHO, 4TOOBI OH YJOBJIETBO-
Puc. 4.1 Csssb mexgy atpubyramu pan TpeboBaHMAM, CHOPMYIHPO-

(nonsimu) al n 61 BaHHEIM B § 35.



H 175 Jloruko-maremarnueckune mopenn

S — s o et 7 st e

BOMPOCH! W 3ANAHUS

@ O6bacHute, noyemy B A3biKe NOTMYECKUX BbipaxeHuid, Ha kotopoMm B CYBA Access
3anMChIBAIOTCS 3aNpOoChl ‘Ha PUALTPALMIO, HE HYXHbI KBaHTOPbI.

@ Ansa 1abnuup 4.16 (cM. 3apadue 5 k § 35) ykaxute pesynerat ¢dpunbTpaumm OTHOCU-
TeNbLHO nornyeckoin GpyHkuum: «M > 12 n 2 < N < 4». o nepuoanyeckon cucreme
A. U. MenneneeBa onpegenute, Kakve xuMmuyeckue anemeHTsl 6yayt otobpaHbl 3Ton
dunbTpaumen.

9 AaHbl oTHoweHus Harpyska_ydutens (bamunus:, knacc_u_npeamet:) un Pacnuca-
Hue (knacc_v_npegMer:, fieHb_Hepenu:, HoMep_ypoka:). Kakyio undopmaumio Hecer
NPOU3BEAESHNE 3TUX OTHOLEHWIA?

6 Myctb MHOXecTBO M cocTtomT u3 dnicen 1, 2, 3, 4, 5 n 6. Ha aTom MHOXecCTBe 3a-
AaHbl Creaylowme OTHOWEHUS:
a) R(x, y): 4Mcno x OennuTca Ha 41cno y,;
6) Ry(y, 2): uicna y 1 z TaKosbl, 40 |y - z| < 8.
Haiigute npoussepenue oTHoweHunit R, u R,. (Coset. Bocnonb3yittece Tabnu-
uamu, COCTasAEHHbLIMKM BamMM NPV BLINOAHEHUM 3apaHua S5 n3 § 34.)

Ana kakux ueneit ncnonbayerca coeanHexue 1abnuu, B CYB[ Access?

R T U S SO N U 1

e T e R

ERMCE S e Y

Kakum cBoilictBom obnagaet cBsiab aTpubyTOB pasHbix Tabnuu, ecnu o6a aTpubyra
ABASIOTCS KIOYEBbIMU?

{%L}]  Basw sHanmii U axcnepTHbie cucrembl

IIpuxomniock U BaM COBETOBATHCHA, IpeKAe YeM IPUHATH TO
uan uHoe peureHne? HaBepHAKa JZa, B, CKOpee BCero, He OHaXKABI. Bee
MbI IOCTOSAHHO COBETYEMCH C APY3bSIMH M POACTBEHHHKAMH II0 CAMEIM
PasHBIM BONpPOCAaM.

Ho ects u npodeccrnoHaIbHBEIE COBETUYMKH, K KOTOPBIM MEI o0paria-
eMcs, IIOTOMY 4YTO OHH SABJIAIOTCH CHEIHAJIHUCTAMH II0 MHTEPECYIOIeMy
Hac Bompocy. Eciu desioBeK 3abojel, oH oOpaimjaeTcs K Bpady, UTOOBI
TOT IOCOBETOBAJ €MY, KaKue JIEKAPCTBa IIPUHUMATb U KaKHe IIPOLeRY-
pPsl gesarh. Eciin BOSHMKAIOT mpaBOBbIe NpoOJieMbl, HAYT K opucty. Ec-
JI¥ BO3HMKJHM NpoOJIeMBI B ceMbe, TO o0pamjaloTcad K IICHXOJIOTY, CIe-
nHaausupymoneMyca Ha npodjreMax ceMeHBIX OTHOIIEHWH, u T. . Ta-
Kux Jogeit Mpl OygeM Ha3bIBATH KOHCYJbTAHTAMH HJIH 3KCIEPTaMH.

Ho BepHO 51, YTO SKCOEPTHOE 3aKJIIOUYEHNE MOXKET JATh TOJBKO 4e-
JoBeK B anuHOM oOimenun? Koneuno, Her. CymiecTBYIOT CIPABOUHHKH
¥ 3HIMKJONEAHH II0 Pas3/IMUHBIM O0JIACTAM 3HAHMI, B KOTOPHIX TOXe
coZlepKaTcsa COBEThI IO MHOTHM BOJIHYIOIIWM 4YeJIOBEKa BompocaMm. Bo-
Jee TOrO, BpAJX Ji BCerZa MOMHO HA#TH TAKOrO K€ MHOTO3HAIOIIEro
4yeJoBeKa, Kak, HallpuMep, KaKkaa-HUOyAb SHIIMKJIOIEeAHUS MJIH XOpoiiiee
pykoBogcTBo. OTJHMYMe COCTOMT B TOM, YTO SKCIEPTY BHI 3aJajld CBOi
Bompoc (myu, HAoOOpPOT, OH BaM 38JaJ KAKHMEe-TO BOIIPOCHI), IIOCJE 4ero
9KCIIEPT NMOAYMAJ ¥ JaJi COBeT. A CIPABOYHHK HA IIOMOIIbL He NPUAET —
caM HIH, I'Ie HMeeTcA HYXKHBIH aasa Teba coser. CoBMecTnTh, Kasa-
n0chk GBI, TPYAHOCOBMECTHIMOE — 3HIHMKJIONEAUYHOCTh 3HAHUN M aKTUB-
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HYI0 PeaKIUIio Ha IOTPeOHOCTH IOJb30BATENA — IIO3BOJIAET OLHA U3 Pas-
HOBHJJHOCTE! CHCTEM HCKYCCTBEHHOTO HHTEJJIEKTA, & MMEHHO, TaK Ha-
3BIBAEMEI€ JKCIEPTHHIE CHCTEMBI.

B coBpemMerHOM MuHpe MHAMOPMANMOHHBEIX TEXHOJIOTHUH SKCIEPTHEHIE
cuCTeMbl HAXOAAT Bce Gosblliee mpuMeHeHue. KOHCTpPYKTOpaM oOHH HO-
MOraioT HoJO6paTh MaTepHasbl, U3 KOTOPHIX OYAYT M3rOTABJIHBATHCA TE
unau UHbIe M3AeJIUA: BEJb 34eCh HAAO YYEeCTh TaKme (aKTOpPBbI, Kak
IPOYHOCTD, JIETKOCTH, COUETAEMOCTL C APYTMMH MaTepHajlaMu, IPOCTO-
Ta obpaborku. Hu oguH mMaTepHuay He 00jajaeT BCEMU STHMM CBOMCTBA-
MM OAHOBPEMEHHO. BrI6fparh ONTUMAJLHBLIM BapMaHT IIOMOTAIOT MAaTe-
PHAIOBEYECKUE SKCOEPTHLIE CHCTEMEI.

OKCcHepTHBIE CHCTEMEI APYroro BHjJa IIOMOTalT Bpady OCYIIECTB-
JATh AUATHOCTUKY. BIpoueM, «JjieunTh» ObIBaeT HAJO HE TOJBKO JIIOAEH
MAY JKUBOTHBIX, HO M CJIOYKHBIE TeXHMUECKHE CHUCTEMEI.

OKCcIepTy, 4TOOBI JaTh O0OCHOBAHHLIN COBET, HYyKHbI 3Hauus. Ilo-
3TOMY KaKJas SKCIepPTHadA CHCTEMA COAEPIKHUT B KadecTBe saapa 6asy
3HAHWH TOH IIpeaMeTHOHN 00JacTH, AJd paboThl B KOTOPOil mpeAHasHaya-
eTcsa 9KCHepTHaA cucteMa. Bl yiKe 3HaKOMBI ¢ HoHATHEM 6as3bl JaHHBIX.
Teneps ke peub uieT 0 6asax 3HaHWI. YK€ U3 COIOCTABJICHHA HA3Ba-
HUH KaK[blil, HaBEPHOE, OIMYINAET, UTO B 9THUX IIOHATHAX JOJKHO OBITH
YTO-TO POACTBeHHOe. UTOORI B 9TOM pa3obparbcsi, BcuoMmuuM (cMm. §11),
YTO 3HaHUA — 3T0 MHGOpPMAINA, XpaHuMad B HEKOTOPOM O0OGIIeHHOM
BHUJe U TOTOBAas K IPUMEHEHHIO B CXOKHX CHUTyaluax. MOXXHO CKasaThb,
4TO JaHHBIE — 3TO Bcerxa mudopManud O KOHKPETHLIX 00BLEeKTax, B TO
BpeMs KaK 3HAHHNA, KaK IIPABUJIO, BLIPAKAIOT OOIIHe 3aBHCUMOCTH MeEXK-
Oy pasHbIMU TpuUsHAKaMu o0beKTOB. KoHeuHO, JaHHbIE TOKEe IIpelCTaB-
AAI0T co00#f HEKOTOPOE 3HAHME, HO 3TO €r0 BeChbMa YACTHBIM cjaydaid.

OrMeTuM, UTO pasauyne MeXAY 3HAHUAMH U JaHHLIMHM IIPOSABIIA-
eTca W B A3BIKOBOM acnekTte. Ilpu 3anucu 3HaHUWM Ha GOPMANBHOM A3BI-
Ke (a 3T0 HeoOXOAMMO, UTOObLI AJIA pPaboTHI CO 3HAHUAMU MOMKHO OBLIO
OPUMEHATHh KOMIILIOTED) MBI MOJYYaeM YTBEePIKIAEHUA B (opMe Ipenu-
KATOB ¢ IIepeMeHHBIMH, XOTs He HMCKJIOYAeTCH, 4YTO BCe IIepeMeHHBie
B DTOM IIpeiuKaTe cBA3aHHBIe. Hampumep, mpeguKaT «AJas J0060ro Ha-
TYPaJbHOT'O YHCJA X CYHIeCTBYET HPOCTOE UHUCJIO Y, TaKOe, UTO Y > X»
BBIpa’sKaeT 3HaHWe, ABJASCH JOBOJBHO HEIIPOCTOM TEOpPEeMOMH, XOTs u3-
BecTHOU yxxe EBrkamay. JlanHble Xe Bcerzja 3alMCHIBAIOTCH BBLIPAIKEHU-
€M, He COoZepsKallluM mepeMeHHbIX, Hanpumep uucio 101 npoctoe u 606~
ute umena 100.

Urarx, ocHOBY 0asbl 3HAHMII COCTABJAIOT ONHCAHUA MOJEJei, BBI-
HOJIHEHHBIE MOCPEZICTBOM HEKOTOPOro (hOpMaJIbHOTO A3BLIKA, HMOHATHOTO
KOMUOBIOTEPY. MeKAy STUMHM MOAEAAMM YCTAHABJIUBAIOTCA JIOTHMUYECKHE
CBfA3SH, IPEBpaIjaloUINie COBOKYIHOCTH MOZeJIel, coep:Ramuxca B Oase
3HaHMi, B cucTeMy. Kak 0asza JaHHLIX Kayxkaas 0asa sHaHMII ocHAale-
Ha cucreMoil ynpasieHud (coxpaimnenano CYB3), koropada nossojfer 3a-
OOJIHATL U U3MEHATH 6a3y 3HaHUH (KaK TOBOPAT, PEAAKTHPOBATH 6a3y),
a TaxksKe OTBeUYaTh Ha 3aIIpOChI, HAIpaBjideMble Oase 3HaHUIA.

HIpyruM KOMIIOHEHTOM SKCHEDPTHOH CHUCTeMbl ABJIAeTCS 6JI0K, Ha3bI-
BaeMbIli OOBIUHO pemratenem. OH MOAeJHPYET XOf PACCYKACHHH DKC-
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mepTa Ha OCHOBAHWM 3HaHWI, MMeloinuxcsa B 6ase sHamwmii. Ilo-gpyro-
My pellaTejsbh HA3LIBAIOT OJIOKOM JIOTHYECKOrO BBIBOJA.

Emie ogaMM KOMIIOHEHTOM BKCIIEPTHOHN CHCTEMBI SABJdeTcA OJIOK,
NO3BOJIAOIINN IOJL30BaTeNI0 HOJYYHWTh OTBETHI Ha BOMpochi: «Kax
OpLIa HmOJyYeHa JaHHAA peKoMeHganua?» u «IlouemMy skciepTHas cu-
cTeMa OpHUHAJA TaKoe peineHue?» OrBeyas Ha Bompoc «Kak...», 3Kc-
nepTHaA CHUCTeMa NPEeABABJAET IIOJL30BATEJIO IIar 3a IIaroM Bech
OpoIecc MOJYYeHUs pPellleHudA C YKasaHUEeM HCIOJIb3OBaHHBIX (hparmeH-
ToB 0asnl 3HaHu#M. Ilpu orBere Ha Boumpoc «Ilouemy...» cucreMa AeMOH-
cTpUpPYeT IIOcjiefHee IIpUMEHEHHe IIpaBHJa BBIBOAA, MHBIMH CJIOBaMH,
nocjiegHuii Iar B mpoliecce NPUHATHSA PelieHnsI.

Hakonen, 1y Ka)KZOH SKCHEPTHOM CHCTEMBI IPEXYCMOTPEH HMHTEP-
teiic, TOSBOAAIOIIMNI IIOJH30BATENIO0 Ha HEKOTOPOM A3LIKE 3aIHUCHIBATH
CBOI 3alpoCc K CHCTEME, a CaMOM CHCTeMe JaBaTh OTBET Ha 3TOT 3aipoc.

CyIiecTBYyIOT CHenuaJbHBIE I'OTOBHIE OO0OJOYKH SKCIEPTHBHIX CH-
cTeM, KOTOpDHIE IIO3BOJISIIOT HOCPEACTBOM pefaKTopa 6asnl 3HAHUE 3amoJI-
HUTH ANPO SKCIEPTHOHM CHCTEMBI M IPEBPATHTL CXEMBI IPABHJ BHIBOJAA
B KOHKpEeTHBbIE IPaBHJIA. S3aHMMAETCS STHUM CHEIHANKCT, KOTOPOTo
OOBIYHO HA3BIBAIOT WHIKEHEPOM IO 3HAHWAM MJIM KOTHHUTOJOroM. MOX-
HO CKas3aTb, YTO OH BBICTYIIA€T IPOMEKYTOYHBIM 3B€HOM MEKAY JKHUBBLI-
MM 3KCIEePTaMH U CO3JAaBaeMo¥ 6a30ii 3HAHUIA.

BONMPOCH! U 3AAAHMNSA

@ Y710 Takoe akcnepTHaa cuctema?

@ Kakue ocHoBHble 6noku BkMouaeT B cebsa akcneptHaa cuctema? KakoBo HasHaue-
HUE KaXgoro na Hux?

9 YTo cocTasnaeT ocHoBy 6a3bi 3HaHWIA, BXxoAsweh B cocTae nioboik aKCnepTHoR cuc-
Temun? Ana vero cnyxut CYB3?

Q B 4eM NpoABAfIOTCA Pasnmuns MEXOY NOHATUSIMU «[AaHHbLIE» W «3HAHUS»?

6" B o6bacHUTENBHOM TEKCTE NMpUBEAEHBI NPUMEPHI NPUMEHEHUS 3KCMEPTHLIX CUCTEM
B KOHCTPYKTOPCKOM W yNpaBfIeHYECKON AEATENLHOCTN, B MEOULUHCKOW NpakTuke.
BO3MOXHO M NpUMEHeHNe 3KCMEePTHBLIX CUCTEM B HAy4YHOW BeatenbHOCTU? lMpuse-
AuTe aprymeHTsl B Nonb3y NpeafaraemMoro samun oTseTa.

w PensumMoHHAs Mozenb 3KCNEepPTHONH CUCTeMbI

O0uIunkbIii pesxuM paboThl JII060I SKCHEPTHON CHCTEMBI — JHA-
JOT ¢ moJsib3oBaTeseM. llonbaoBaTenn coobiuiaeT B Toi wmam MHO# ¢opme
0o0IIlyI0 MOCTAHOBKY 3aJa4i, T. €. YTO OH XOUeT MOJIYUUTH B KadecTBe pe-
3yabTaTa. B OTBeT SKCIEPTHAs CHCTEMA IIOIIPOCUT €ro BBECTH KaKue-TO
UCXOJHbIE CBeAeHMA 00 O0BEKTax, GUTrypHUPYIOMINX B 3ajave. Ecau «mo
Pa3MBIIUJIEHNN» OHA NPUAET K BBIBOAY, UTO AJIA OTBeTAa dTUX AAHHBIX
HeJAOCTAaTOYHO, TO 3aJaCT COOTBETCTBYIOI[MNI BOIIPOC HoJb3oBaTendio. Ilo-
JYYUB OTBET, OHA CHOBa IIOPA3MBIHLJISET M TaK IIAT 3a mIarom Oyzer
OPOABUTaTLCA K HY:KHOMY OTBEeTY. B KaKoi-TO MOMEHT MOKET OKas3aTh-
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CcA Tax, U4TO Yy HOJb30BaTeJs HET OTBETa Ha BOIpPOC cucTembl. Torma o
BIPaBe MHOIPOCHUTL HPEABABUTH YK€ HOCTHTHYTHIN YDPOBEHb PeIIeHUS
u, Oosee TOro, BeCh XOJ PACCY’KACHHHM, KOTOPHI HpHMBEJ K CO3JAaBIIIe-
MycA IOJIOKeHUIO0. BrpoueM, ImOJb30BaTeNJb M B CJAyd4ae HMOJHOTO pelme-
HUSA 3aJa4Y¥ MOJKET IOJYYHTh HNCYEDNILIBAIOLIVIO MHQOPMALIHUIO O TOM,
KaK 3TOT OTBeT GBI moayued. B aToM cMEbIciIe SKCIepTHasA CHCTeMa MO-
JKeT BBICTYIATh KaK CPEACTBO OOYyYEeHHS, JeMOHCTDHUDYS MOJIbL30BATEIIO
TO, KaK HYKHO DacCy»XJaTh, 4TOOLl HPUHATEH TpedyeMoe pellleHHUe.

IKCIIEePTHHIX CHCTEM HA CErOJHAMIHHMN JeHb CO3JaHO MHOro. B mx
OCHOBY IOJIOXKEHb! Pa3Hble IPUHITUNLI Opranusaiuu 6a3 AaHHBIX U IIpa-
BUJ BEIBOZA. CyIiecTBYIOT cHemUAaJIbHBIE ASBIKM IIPOrpaMMUPOBAHNA,
npegHasHAYEHHBIE AJA pPaspabOTKM CHCTEM HCKYCCTBEHHOTO HMHTEJLIEK-
Ta, ¥ B YACTHOCTHU SKCIEPTHBIX cucreM. OAHMM M3 TAKUX A3LIKOB fAB-
aserca IIposor. O HeM MBI pacCKa)keM uyTh HO3Ke. V1 BBI cMOMKeTe Ha
3TOM S3BIKE CO3AATH HECJHOMKHYIO 9KCIEPTHYIO cucTeMy. Komeuno, ecau
TPaHCJAATOP C JTOr0 fA3LIKA WMEETCS Ha BallleM KOMIOLBIoTepe. A eciu
ero HeT, TO, 4YTOOBI paccka3 00 JKCIHEepPTHHEIX CHCTeMaX He OCTaljicd
CKa3KO O UeM-TO, YTO HHMKAK HEJIb3d <«HOTPOTaTh PyKaMu» OOBIKHO-
BEHHOMY HIKOJbHUKY, MBI IIpeAJiaraeM €O3JaTh HeOGOJBINYIO M IPOCTYIO
9KCIEPTHYIO CHUCTEMY CPeACTBaMH, KOTODhIe HA BailleM KOMIIBIOTEpe Ha-
BepHSAKa ecThb. Torfja BbI CMOJKETe YBHIAETh Pealu3aliiio TeX MOAXOO0B,
KOTOPbI€ HCIOJBL3YIOTCA B OONBIINX HKCIEPTHBIX CHCTEMAaX.

JJig mocTpoeHMa MOJEJHM 9KCIEPTHON CHCTEMBI IIPEXKAe BCEero o0b-
SABUM, YTO MBI Gy/leM CTpPOHUTEL 3Ty MOAENb Ha OCHOBE PEIAIMOHHOTO
nogxoza. Bo-miepBRIX, HOTOMY, YTO DEJANMOHHEIN MOAXOJ MCIOJIL3IYET-
CA CerofHsA BO MHOTHMX peaJbHBIX 3KCIEPTHHIX CHCTEMaX, BO-BTODHIX,
MBI HaJleeMCsi, YTO BHI YK€ XOPOIIO ero YCBOMJH, a B-TPEeTbUX, Y HAC
B DACIODS/KeHUM HMEEeTCs KOMIBIOTEpHAdA TEeXHOJOTHA pealus3anuu
PEJIANMOHHOTO MOAX0xa — 3TO Access.

Mer B § 38 roBopmiin, UTO PA3HBIM KJACCAM 3aJad4 COOTBETCTBYIOT
pa3HBIe THUIBI SKCIEPTHHIX cucreM. CHcTeMa, KOTOPYI0O HAMEpPEHBI IIO-
CTPOMTL MBI, OTHOCHTCA K KJacCy HACHTH(MHUKAIMOHHBIX (UIM ZUAar-
HOCcTHYeCKUX) cucreM. CHCTEMBI 3TOro KJjacca PemIaloT 3ajady oIpese-
JeHus, T. e. ujeHruduranuy, o6beKTa No ero nmpusHaxaMm. Taxme cu-
CTEMHl COCTABJAIIOT 3HAUHUTEJIBHYIO YacTh CYIIECTBYIONIUX JKCIEPTHHIX
cucTteM. A B KauecTBe IpUMepa, KaK NPaBHUJIO, PACCMATPHUBAETCS 3aJadya
olpefeNeHNSA BHAA KHUBOTHOIO MM pacTeHuA. Bor u Mu 6yZeM IIpoek-
THPOBATh TAKYI0 GOTAHMYECKYIO SKCIEPTHYIO CHCTEMY.

HauseMm ¢ Toro, uto chopMyJHpyeM 3HAHUA IO YKA3AaHHOMY BOIIPO-
cy. Bor atu ¢opMyJIHpPOBKH.

Ecau xaacc zonocemsannvie u @opma aucma iewryeobpasnas, mo
cemeilcmeo xKunapucoebte.

Ecau xaacc zonocemarnHovie u popma aucma uznonodobHas u KOH-
dueypayusa xaomuieckas, mo cemeilcmaeo COCHOBbLE.

Ecau kaacc zonocemannvie u popma aucma uzaonofo6Has U KOH-
Queypayus — 2 poenvix pada u cepebpucmas noaoca, mo cemeiicmaeo
COCHOS8ble.
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Ecnu xnace zonocemannvie u ¢popma aucma uzaonodobrHas u KoH-
duzypayus — 2 posnulx pada u cepebpucmoili noaocst Hem, mo cemeii-
cmeo 60a0mHbLIL Kunapuc.

Ecau mun Jdepesvs u (popma nucma wupokas U nAOCKGA, mo
KJ2acC NOKPbLMOCeMAHHbBLE.

Ecau mun Oepesvs u HegepHO, *Mo GoOpMa Jucma WupoKas u nioc-
Kas, mo KAQCC 2070CeMAHHbBLE.

Ecau cmebenv 3enewnwiii, mo mun mpassHucmabte.

Ecau cmebenv Opesecrbiil u noaoicenue cmenouieecs, mo mun
JUAHDBL.

Ecau cmebenv OpesecHulil u NOnOIHEHUE NpAMOCMOAUee U O0uUH
OCHOBHOUL cmeox, mo mun Jepedvs.

Ecau cmebenv OpesecHbuiii u HeepHO, YIMO NOAOHEHUE NPAMOCTON-
wee u o0ur OCHOBHOU CME0JL, MO MUun KYCMapHUKOsbLe.

M=l cnienmasibHO BRIOpadM cHCTEMY, B KOTOPOi#l moTpebyeTcAa He Tak
y:x MHOTO 3Haummii. Ho mompo06yiite, riIsaas TOALKO B BhiIMcaHHbIie GoOp-
MYJAHUPOBKH, OTBETHUTDL Ha BOMIPOC, KAKOMY ceMeMCTBY NPHHAIJIEIKUT pac-
TEHHE, eCJH B PYKax BBl AEPIKHUTE OAHUH JINCT, UMEIONU GopMy HUIoJ-
Ku. CKopee Bcero, 3a MOJIMHHYTHI 3TO HE IIOJYYUTCH (€CJaH BBI, KOHEY-
HO, He 0OOTaHUK).

CucremMy JIOTHYECKOTO BBIBOZA MBI M300pasuM oprpadom (puc. 4.2).
Kaxgas Bepmmuua rpada moMedYeHA YTOUHAMIOINHUM BOIPOCOM 3SKCIEpT-
HOM cucTeMBbl K IIOJIb30OBATEJIO HUJIHM €e OTBeTOM Ha 3ajgauy. jid ymoG-
CTBa BCe BEpUIMHLI IIepeHyMepOBaHbI, HAUMHAS C HYJd.

Eciu BepiimHa IoMedeHa BOIIPOCOM 3KCIEpPTHOM CHCTEMBI, TO H3
Hee BBIXOZAT ABe ayru. OgHa Ayra moMedeHa OAHHUM OTBETOM I0JIb30-
BaTeJid, Apyraa — ero ajbTepHATHBHALIM OTBeTOM. Bepminmma, COOTBET-
CTBYIOIIfaA OTBETY JKCIEPTHOM CHUCTEeMbI HA 3aJady, He MMeeT BbLIXOJsi-
mux Ayr. BydeM B AajbHeiileM BepiiMHy oprpada HasbsIBATHL COCTOs-
HUEM SKCIepTHOI CHCTeMBI.

ITo cymiecTBy, paGoTa SKCIEpPTHOHM CHCTEMBLI O3HAYAET «MYTEIeCT-
BHe» 10 3Tomy oprpady. OHa cOCTOMT u3 IMOCHAEAOBATEHALHOCTH OJHO-
THNHBIX IIaros, HAa Ka)KAOM M3 KOTODPBHIX II0JIb30BATENEL HOJKEH pe-
HIATH, 0O KAKOH Jyre OH IOHZEeT M3 OYepeAHOM BEepPIHVHEIL.

HcnoBeayss pensasiMOHHBIN HOAXOXA, MBI JOJIKHBI Teleph OIMMCATH
atoT oprpad moaxomamuMmy rabauumamu. CHayaja cocTaBUM TabJau-
ny 4.19. B meii tpu cronbua: «Hauasno» m «KoHeir», rae ykasaHbl Ha-
YajbHas M KOHEUHAS BEPIOWHBI AYTH, a TakKe «OTBeT ImMOoJaL30BATENA».
Hazosem aTy Tabauny Opzpag.

Ho oxuoit aTolt Tabamuuel Majio, MOCKOJBKY Tpebyercs eile mHDOD-
Manusa O PeaKIMAX dKCIEPTHOM CHCTEMBI Ha OTBETHI IIOJb30BaTeNdA. Pe-
AKIUA JKe MOYKeT OBITh ABOAKOI: OTBET CHCTEMbI MM OYEepPeAHOM BOIPOC
mojb3oBaTenio. 1loaTomy um Tabaui; OyaeTr ase.

Tabauna 4.20 Hmena umeer nBa arpubyra: Hma u Cocmos-
Hue.

Tabauna 4.21 Bonpocbt uMeeT Taxkyke ABa atpubyra: CocmosHue
u Bonpoc.
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@ Kakot#t cteGenb y pacteHus:
ApEeBECHbLIV NNK 3eneHbIN?

3eneHbIn OpEeBECHLIN
Tvn: TDaBSHUCTLIE Kakoso nonoxexue crebns:
P @ cTenoweecs nav npsmocroswee?
cTenoweecs / \’lpﬂMOCTOﬂLLLee
Tun: nvaHs MmeeT N1 pacTeHue OinH

/ \OCHOBHOM cteon?
Tun: aepeebs. IMEIOT N ANCTbS

LWMPOKYIO 1 N OCKYIO bopMmy Tmn KYCTapHUKOBbIE

nncra? \
Knacc: ronocemMsHHbie. Kakosa ¢popma

Knacc: NOKpLITOCEMSAHHbIE nncTa: YewyeobpasHasa unu

nrnonogobHasa?
yeuiyeobpasHas urnonoaotHas
KakoBa koH}urypauus

CewmeiicTeo: kunapucossie (9) PACMNOAOXKEHNS U
xaomqecxaﬂ vnu B 2 papa?

xaoTnyeckas B 2 paga

UmeeTcn nu
cepe6pMCTaﬂ nonoca

/ \ CHU3Y UMNbI?

CemelicTBO: COCHOBbIE @ @ 60”%?&”33?&3'%%(:

Puc. 4.2 CtpykTypa norM4eckoro BulBOAa B IKCNEPTHOW cucteme
Teneps HafO ONpPEAEHNTH B3auMozeiicTBue sTux Tabuaun. dasa sto-

ro HaM B Ka'K[bIiI MOMEHT paboThHl SKCHEepTHOH cucTeMBI moTpebyercs
3HaTh, B KaKOM COCTOAHHWH OHA HAXOAHUTCsA. HoMep 3TOro COCTOSHUSA
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Tabmmua 4.19

Hauyano Koneun, OTBeT nonb3oBarens
0 1 crebenb — 3eneHbin
0 2 cTebens — OpeBecHbIN
2 3 NONOXeHWe — CTenueecs
2 4 nonoXxeHne — npamoe
4 5 oOuH cTBON — pa
4 6 OOuH CTBON — HeT
5 7 dopma nMmMcTa WMpoKas u nnockad — ga
5 8 dopma nucTa wMpokKas u nnockas — Het
8 9 dopma nucta — yewyeobpasHaa
8 10 dopma avcta — urnonogobHas
10 11 KOHpUrypauus — xaotnyeckas
10 12 koHpurypaums — 2 paga
12 11 cepebpucTtas nonoca — aa
12 13 cepebpucTtas nonoca — HeT

Tabnuua 4.20

Uma CocrosHue
TN — KyCTApHUKOBbLIE 6
™nN — TPaBAHUCTbIE 1
TMN — fAWaHbl 3
Tun — aepesbs 5
KNacc — rofioCeMsiHHbIE 8
CEMENCTBO — KuMNapucoBsbie 9
CEMENCTBO — COCHOBbIE 11
cemMeincTeo — BONOTHLIM KUNapUC 13
KNacc — MOKPLITOCEMSAHHDbIE 7

GyneM XpaHWUTHL eiie B OAHOU Tabaume (Tabi. 4.22), KOTOPYIO Ha30BeM
Texywee cocmosanue.

Cefiuac B 3Ty TabJauIly 3alMCAHO HAYAALHOE COCTOAHUE SKCIEPTHOU
CUCTEMEL.
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Tabnnuya 4.21
CocrtosiHue Bonpoc
0 Kakoi crebenb y pacteHuss — APEBECHLIR Unn 3eneHbiii?
2 KakoBo nonoxexHue crebns — creniouieecs win npsmo-
crosuwee?
4 NmeeTt nn pacteHne ogvH OCHOBHOW CTBON?
5 NmeloT An NnCTbs WMPOKYI0 U NNOCKYio dopmy?
8 KakoBa ¢opma nucra — uewyeobpasHasa v uranonogobHas?
10 Kakyio kOoH}MIrypaumio mmeeT pacrnofioxxeHne Uri — XaoTuyec-
Kyi0 nnu 8 2 pspa?
12 meeTtca nn cepebpuctas nonoca CHU3Y Urabl?
Ta6mmua 4.22 ITo TekyIiieMy COCTOSSHHIO 3KCIEPTHAs CHCTEMA re-
HepupyeT 3anpoc X tabaune Opzpag. Ilpu sToMm mAo«-
Cocrosnue HO OBITH peanm30BaHO coefuHeHHe Tabamny Terxyuwee
cocmosnue u Opzpag no arpudbyram Hauwaao = Co-
0 cmoaHue. B 3aBUCHMOCTH OT PEeaKIiMHA Ha 3TOT 3aIPOoC

IOJIB30BATEJIsA SKCHEepPTHAA CHCTeMa HEepPEeXOJUT B cJje-
AyIoIiee COCTOAHMe U JHOO BHIZAeT OTBeT, JuOO reHepHpPyeT odepen-
HO# sanpoc. IsMeHeHNe COCTOAHUSA 3KCHEPTHOI CHCTEeMEBI OpPraHU3yeTcH
€ NOMOINBI0O MAKPOKOMAaHJ, AONYCTHMBIX TOH HPOrpaMMHOII 000JI0YKOI,
KOTOpas HCIOJNL3yeTcA AJsS peajHu3amuM 9TOHM MOAeJH IKCHEpPTHON cu-
CTeMBI. ITO YK€ BOIPOCHl TEXHHYECKNEe, ¥ MbI PACCMOTPHUM HX HPH BHI-
nosHeHUHu JiabopaTopHoii paGoTer 19.

T g . ~ s . e e g e T ey e

B AR NG /1 AN L - O i e IS S

BOHPOCbI n BMAHMS

@ Kakvie ocHOBHbie Gnokv BkmovaeT B cebs akcnepTHas cuctema? KakoBo HasHave-
HUE KaXAOoro U3 HUX?

N

Q PaspaboTaHHas Hamu 3KCMepTHasi cucTemMa B KavyeCcTBEe BEpPLUMH OTBETOB HEe Bceraa
yKa3biBaeT Ha CEMEWCTBO, a 3aBepluaeT CBOI paboTy yka3aHueMm, Hanpumep, knac-
ca pacTeHus. ITO CAEenaHo AMiib NOTOMY, YTO CUCTEMA HOCWUT YUCTO WUIOCTPATUB-
HolA xapakTep. Paspabotaiite Gonee nonHuid Bapuant 6a3bl 3HaHW GAHHOW 3KC-
NEepTHON CUcCTEeMbl.

9* a) MonuiTariteck paspaboTaTb IKCNEPTHYIO CUCTEMY KacCudUKaLmm XMMU4ECKNX Be-
WecT8 No UX CBOMCTBAM (Takux CUCTEM MOXET ObiTb HECKOMbKO B 3aBUCUMOCTH OT
BbiBUpaeMbix CBOWCTB).

6) NonbiTaiitecb pa3paboTath 3KCMEpPTHYID CUCTEMY, COBETYIOWYIO NOML30BaTeNo,
KaKoil Bbibparb METOA ANS PEeleHNs VMEIOWETOCA Y Hero TPUroHOMEeTPU4eCcKOro
ypaBHEeHUs.
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§40 | 3HOKOMMMCS € JIOTMUECKUM NPOrPAMMHPOBAHUEM

BripasuteapHbie Bo3MoOsKHocTHu A3bika CYBI Access BecbMma
orpaHuvYeHHbl. BOpoyeM, OHM AOCTATOUHBI JJis pPelleHHUs TOro Kpyra 3a-
Jady, HA KOTOPHIA opueHTHpOBaHA Jiiobas 0asa AAHHBIX. A e€CJ#u BHI XO-
THUTe pelliaTh Apyrue sajaydd, CTPOUTH APyrue KOMILIOTEPHBIE MOJEJIN,
MOJb3yHATECh SASBIKOM IPOrPaMMHPOBAHHA. XOTA OBl C OJHUM TaKUM
fAI3LIKOM BBl Y2Ke 3HaKOMbI. Ero OoTIMUHTENILHOM 4epTOil ABJIAETCA TaK
Ha3bIBAEMBIll NPONEAYPHbIl CTHIL. ITH CJAOBa 03HAYAIOT, YTO KOMIBIO-
Tep BLICTYHAaeT B KauecTBe (GOPMAJILHOTO UCIOJNHUTEJIA, KOTOPOMY HYMK-
HO HmOApOo6GHO M TOYHO OMMCATH BCIO IOCJEeHOBATEJBLHOCTH AeHcTBUU
(nponeAyp), HEOOXOAUMYIO AJIA MOJNIyUYeHUS pea3yJabTaTa.

TeopeTHKH IPOrPAMMHPOBAHUS HE MOTJM CMHPHUTHCA C TeM, 4YTO
KOMIBIOTEPY Helb3s cKasaTh: «Ilogymail cam m moaydm pesyJbTAT, CBA-
B3aHHBIN ¢ UCXOAHHIMH JAHHBIMH M HUSBECTHBIMU Te0e COOTHOHMIEHUSMH> .
HanmpuMmep, eciu TpeHep HPeRJIOMKHIJ BaM IMOCTPOUTHCHA IO POCTY, TO OH
BpAJ JHU PaccKasbIBaeT BaM AJTOPUTM BLINOJHEHHUS 3ajauu. PasBe uTo
OAs MAAAIIHX peOsATHINEeK MepBHIHA pa3 OH HOACHUT, YTO TOT, KTO BBI-
mie, JOJI’KeH CTOATH IIpaBee (T.e. YKa)KeT B ABHOM BHJE CBf3h MEXKAY
NCXOAHBIMHA ZAHHBIMHM — BalllUM POCTOM — H Pe3yJILTATOM).

IIpencraBiaanaocks coOMa3HUTENHLHBIM NOPENJOXKHUTH TaKOH SA3BIK
OpOrpaMMUPOBAHNA, HA KOTOPOM AOCTATOYHO OB10 OBl OomMCATH HMCXOJ-
Hble JaHHBIE, YKasaTb TpPeOyeMbIli pesyJbTaT U CBA3U MEXAY HUMH, a
HOCTPOeHHEe PEeHmieHHsl CBeCTH K HEKOH cTaHAApTHOH IpoieAype, KOTO-
pasa Obina OBl BCTPOEHA B TPAHCASATOP C 9TOTO A3BIKA.

B 1972 rogy morinangcKuii yueHbI#i P. KoBaJbCKHE NpPeRIOXUI
HCIOJIL30BATh B KAaYeCTBe TAKOTO A3BIKa MOAuHMUKAMUIO SI3BIKA MarTe-
MATHYECKOHN JIOTHMKM, ONEPHUPYIOMIEr0o ¢ HIPeAMKATAMH U OIepanusaMu
Hag HUMHU. JTa ues Oblla HpaKTHYECKH peajinsoBaHa u ob6o0imiena yue-
aeimu @pannmu, Bemuxkobpuramuu, Ilopryranuu, Cosercxoro Corosa
U APYTHX CcTpaH. PaspaGoTaHHBIM A3BIK IPOTPAMMUDOBAHUS IIOJYYUJI
HasBadue Ilposor (or ¢@pamnmysckoro PROgramming et LOGicque).
W oH AeiicTBUTEJIBHO SABWJICA IIPOJIOTOM B HOBOM HAIlpaBJieHWH, MOJY-
9UBIIEeM Ha3BaHHE JOTMIECKOTr0 INPOrpaMMHPOBAHUSN.

Jlorndeckoe OporpaMMHPOBAHUE OCHOBAHO HA TOM, UTO KOMIBIOTED
HOJIKEeH pemiaTh 3aJady B CBOMCTBeHHOI 4denoBeKy mauepe. OHo mpej-
moJjiaraeTt, YTO CBeJeHHA O 3aJade W MPeANOJOKEeHHUA, JOCTATOUHEIE AJIA
ee peimneHud, GOPpMYJIHPYIOTCS B BHAE JIOTHYECKWX AaKCHOM. IJTa COBO-
KYIHOCTHh IpencTaBijser co0oifi 6a3y 3HaHWI 3asjaun.

Basa sHamnmii MoxeT OBITH HMCIOJIb30BaHAa AJIf PEIIeHUs 3aJa4u, €c-
A7 ee MoCTaHOBKa (OpMasM30BaHA B BHJAE JIOTHUYECKOI'O0 BBLIpaXKeHNd,
MOAJIE’KAINEro BHIBOAY W3 aKCHOM M Ha3bIBAEMOTO HEJEBBLIM yTBEpIKIe-
HMeM. Basza sHauii BMecTe C COOTBETCTBYIOIIUM IEJIEBHIM YTBEpKIe-
HHEM Ha3hIBAIOTCH JOTHYECKOI HmporpamMmoii. A cOOCTBEeHHO IOCTPOSHUE
peinenus (KOTOpoe B 9TOM cJydae Ha3hIBaeTCA HCIOJHEHHWEM IIporpaM-
MBI) CBOAMTCHA K ONpEAECJEHHON CTAaHAAapTHOH mpomeaype, paspaboraH-
HO#l cllemHMaJIMCTaMM-MaTeMaTHKaMH,



i 184

Baza 3HaHuWiI B cucTeMe JIOTHYECKOrO IIPOTPAMMUPOBAHUA JEeIUTCH
Ha JABe yacTM: onmcaHue (PaKTOB M OIMHCAaHWe MpaBUJ BhiBoja. Kak aTo
AesiaeTca, pasbepeM Ha HeOOJIBIIOM IpHMepe OOJBIION CEMBH.

B aTo0it cembe ecThb:

— mama (ee umsa Hwumna);

— mnamna (ero umsa Caimia);

— cbIH (ero uma AHApei);

— cboIH (ero mma IlaBei);

— noub (ee ums Bepa);

— cecTpa mMambl (ee uMa WMpuna);

— 6par mans!l (ero mms IOpwuii);

— Opar namnst (ero umsa Hrops);

— oren, MaMbI (ero uMsi Erop);

— MaTh MaMbl (ee UM AHHA);

— orexn, nansl (ero uma Ilerp);

— maTth nandl (ee M Codna);

— sKeHa Anapesa (ee umsa Tarbana);

— poub Anapesa u Tareanbl (ee uma Mapusa);
— My Bepwl (ero mmsa AHTOH);

— cbIH Bepsl 1 Anrona (ero umsa Buxrop).

OcramoBuMcsa Ha 3TOM. BUAHO, YTO 37eCh NMPUCYTCTBYIOT CIAEAYIOLHE
OTHOINEHNUA:

Ovumu_omuyom (x, Y), 6vumu_mamepuio (x, y),
Obimb_covtHoMm (X, Y), 6vimou_0ouepoio (x, y),
6vumub_6pamonm (x, Y), 6vemu_cecmpoit (x, Y),
6vimo_myxcem (x, y), 6oimb_scenoit (x, y).

KaxkaoMy m3 9THMX OTHOMIEHMH COOTBETCTBYET HPEAUKAT, KOTOPLIi
mpuHUMAaeT sHayeHHe MCTHHA B TOM M TOJBKO B TOM CJIy4yae, €Cjau 3Ha-
YeHUsA ero HepPeMEeHHBIX TAKOBHI, UTO COOTBETCTBYMOINHWE UM OOBHEKTHI
(B HameM ciy4yae — CYOBeKTHI) HaXOJATCA B AAHHOM OTHOIICHHH.

Hanpuwmep, ecay npeguKaT, COOTBETCTBYIOIIUUM OTHOILIEHUIO

6vemov_omuyonm (x, y),
obograunts Kax Father(x, y), To

Father(Cama, Angpeit) = Uctusa, a
Father(Camia, Mapusa) = JIoxs.

BBemeM Hy:XHBIe HAM HOPEIHKATEI

6vumuv_omuyom (x, y) — Father(x, y),
6uumb_mamepwio (x, y) — Mother(x, y),
6bimyv_cvinom (x, y) — Son(x, y),

6vims_Oouepvwo (x, y) — Daughter(x, y),
6vemu_Opamon (x, y) — Brother(x, y),
6vimyu_cecmpoii (x, y) — Sister(x, y),
6oimu_myancem (x, y) — Husband(x, y),
6vemu_owenoil (x, y) — Wife(x, y).
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WsBecTHas HaMm I/IH(I)OpMaIII/IH TOorja 3anuuieTrcsa Tak:

Father(Camma, Auapeii); Mother(Huna, Auapeii);
Father(Cama, IlaBen); Mother(Huua, IlaBen);
Father(Camia, Bepa); Mother(Huna, Bepa);
Son(Anapeii, Huua); Daughter(Bepa, Huna);
Son(Anapeii, Carmia); Daughter(Bepa, Carmma);
Son(Ilasen, Huna); Brother(¥Opuii, Cama);
Son(Ilasex, Camra); Brother(Urops, Camia);
Father(Erop, Huna); Mother(Auna, Huna);
Father(Ilerp, Cawma); Mother(JIngusa, Camia);
Husband(Auton, Bepa); Wife(TaTbsna, AHapeit);
Son(Buxrop, Bepa); Daughter(Mapusi, Augpeii);
Son(BukTop, AHTOH); Daughter(Mapusi, TarbaHa).

Sister(Upuna, Huna);

ATo daxkTel Hamiell 6a3nsl 3HAHHII. A Temeps 3amuIlieM IIpaBuaa. Bor
nepsoe:

Grandfather(x, y) := Father(x, z), Father(z, y)

B mepeBose Ha OOBIYHBIA SA3BIK 3TO IIPABHJIO O3HAYAET: €CJAH X —
mana JAJs HeKOTOpOro 2 M TOT JKe 2 — mama AJA Y, TO X — JeAyIKa
ansa y. Ha sAsbike JIOrMKHU NIPeAWKATOB TO K€ caMoe 3alHNIIeTCs TaK:

Vx Vy (Jz (Father(x, z) & Father(z, y)) — Grandfather(x, y)).

Kax BuauTe, BMeCTO 3HAKA KOHBIOHKIWW HIUINETCS 3alfATas, BMec-
TO HMIIMKAIUKA IHHIETCS 3HAK NPUCBANBAaHWUS, IIPUYEM IIpaBas M Jie-
Bad 4YacTH HOMEHSJNCh MecTtaMu. lIpegmKar, CTOANIMHA B JIEBOH YaCTH
IpaBujia, Ha3bIBaeTCsd roJOBOM NPAaBHIA, a IIPeIUKAaThI, CTOAINKE B Ipa-
BO# 4yacTh, 00pas’yoT TEeJ0 HPABHJA.

A BOT ¢ KBaHTOpaMM HEeMHOTO cjokHee. B sasbiKe IIposior KBauTO-
PHI He MUUIYTCH, a TOJABKO moApasyMeBaioTcs. Ilpu sToM ecsm mepeMeH-
Hble BCTPEUYAIOTCA B I'OJIOBE IIPaBMJja, TO K HUM IPUMEHAIOTCA KBaHTO-
pPBbI BCEOOITHOCTH, a €CJIM MepPeMeHHbIe BCTPEYaIOTCA TOJILKO B Teje mpa-
BIJIA, TO K HUM TIPHUMEHAIOTCSA KBAHTOPHI CYIIECTBOBAHULA.

Y MHoOrmx, HaBEpPHO, BOSHUK HEJOYMEHHBIA BOIIPOC: BeAb AEAYII-
Ka — 9TO He TOJBKO IIAlWH IIala, HO M MaMuH nana. Ha aseike mpe-
AVUKATOB 9TO SAINCHIBAETCA TaK:

Vx Vy (3z ((Father(x, z) & Father(z, y)) v (Father(x, z) &
& Mother(z, y))) — Grandfather(x, y)).

HumiMu cjioBaMHu, HAM HY)KHA OIepanusa SZU3BIOHKIUUA. A ee B IIpa-
Busax IIposora mer.

JlaBaiiTe BCIIOMHMM, KaxK OOOILINCHL C AUIBIOHKIIMEH paspaboTum-
K CYB]I Access. OueHp IIpOCTO: pasHeCJHH B pa3HbIe CTPOKM 3ampa-
muBaeMsle mapamerpbl. Taxixe u B IIposore: mpeguKaTel, COeANHEHHEIE
AUIBIOHKIMEeH, pasHOCATCH B pasHblie NpaBuja. SHAYNT, MBI JOJMKHEI
IPOCTO 3AIHMCATH eille¢ OJHO MPABHJIO:
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Grandfather(x, y) := Father(x, z), Mother(z, y)

Temnepb, KOrga Bce YCJAOBHOCTH OrOBOPEHBI, MBI OyZeM 3allMCHIBATD
Bce yTBep:JeHusa no npasunam lIlposora. MoxHO, K mpuMepy, oIlpe-
IeJNTh TMpPEeSUKAaT, COOTBETCTBYIOIUN OTHOIMIEHUIO Guimb_6abyuiroil
WM OTHOIEHWIO Obimb_6HYyrom. COBOKYIHOCT: IPABHJ, KOTOPHIE BBI
3ech HaNUINETe, U CO3JAET «HHTEJJIEKTYAJbHYIO» HAaUMHKY paspabarsi-
BaeMoi1 6asel sHaHME «CeMba».

O ToM, Kaxk B 6ase 3HaHWil MmoJydaTh HHAOPMAIMIO, MBI paccKa-
JKeM B cilexyoileM mnaparpadbe. A ceiluac IpoaeMOHCTPHPYEM TOJIBKO
OJWH 3ampoc:

? Grandfather(x, Bepa)

OTtBeToMm Oyrer:

x = Iletp

x = Erop

Waeivu coBamu, IIposior paspiCcKMBaeT Te 3HAYEHUS X, NS KOTO-
PBIX JaHHBIN Ipeauxkar ucTHHeH. IlosToMy ueM GoJjibiile IPEIUKATOB BBI
ompefenuTe, TeM OoJbIIe 3aMPOCOB cMoXKeT 00pabaTeiBaTh »Ta 6asa
3HaHUH.

IIpaBpa, ansi onmucaHusa (PAaKTOB HPHUILIOCH HCIOJIB30BATH MHOIO pas-
HBIX OpefukatoB. Henb3s jim yMEHBUINTDL MX KoaudecTBO? MOXKHO, TOJB-
KO IpeAUKATHI HYXKHBI Apyrue. BosbMeM, Hampumep, TaKue NPegUKATHI

Man(x) — x sBaseTcA MYKUMHOI;
Woman(x) — x ABIfAETCH KEHII{MHOMN.

Torzma nerxko omnpezenuth npesuxarsl Son u Daughter:

Son(x, y) := Mother(y, x), Man(x)
Son(x, y) := Father(y, x), Man(x)

Daughter(x, y) := Mother(x, y), Woman(x)
Daughter(x, y) := Father(x, y), Woman(x)

YyTe cro3Hee ONPEREaAOTCA IpeAukarsl Sister m Brother:

Sister(x, y) := Father(z, x), Father(z, y), Woman(x)
Sister(x, y) := Mother(z, x), Mother(z, y), Woman(x)

Brother(x, y) := Father(z, x), Father(z, y), Man(x)
Brother(x, y) := Mother(z, x), Mother(z, y), Man(x)

Teneps COBOKYIHOCTH (haKTOB 3aAIUINETCA HO-APYTOMY:

Father(Cama, Aagpeii); Mother(Huna, Aujpeii); Man(Camuia);
Woman(Huna);

Father(Camia, I1asei); Mother(Huna, ITaBen); Man(Arapeit);
Woman(Bepa);

Father(Cama, Bepa); Mother(Hura, Bepa); Man(Ilasen);
Woman(A#xHa);

Father(Erop, Huna); Mother(Auna, Humna); Man(Erop);
Woman(JIngwus);

Father(Ilerp, Camia); Mother(JIuans, Cama); Man(ITetp);

Woman(Hpuna);
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Father(Erop, Upuna); Mother(Auna, Upuna); Man(BukTop);
Woman(Tarsana);

Father(Anapeit, Mapus); Mother(Tarbana, Mapusa); Man(AHTOH);
Woman(Mapmus).

Father(Anrou, BUKTOD); Mother(Bepa, BukTtop); Man(¥Opuii);

Father(ITetp, IOpmii); Mother(Jluausa, IOpmnii); Man(HArops);

Father(Iletp, Urops); Mother(JIugusa, Arops). ’

Ho geno ve Tonpko B mpocrtore. JlaBaliTe HamuileM 3aIpoc:

? Son(¥Opwuii, x)

B mepBoii 6ase sHauuii oTBeTa He OyAeT, XOTA AcHO, uro IOpuii, 6y-
ayau Gparom Caimrui, MMeeT TexX JKe poxuTeieii. A Bo BTopoii 6ase 6aa-
rogapsa HaAOMCAHHBIM HAM¥ NpPaBUJaM AJA OPeJUKaTa SOn MbI MOJY-
YUM OTBET:

x = Iletp

x = JInpusna

3HauuT, BTOpas 6asa SHAHWIA HAMM CIIPOEKTHPOBAHA TOYHee. Kak

MBI yoKe 3HaeM u3 § 37, mpoeKTHpoBaHne 6a3kl 3HAHUH — Jel0 Helpoc-
TOE, ¥ 3aHMMAIOTCSA UM CIIeIHUAJNCTHI-KOTHUTOJIOTH.

T T
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BOMPOCHI U 3ABAHMS

@ B yem COCTOST OTAM4US NpoUeaypPHOro WU NOTUYECKOro CTUNEn nNporpaMmmupoBannn?

@ KakoBbl OCHOBHble 4acTu 6a3bl 3HaHWi, CO3[A3BaEMOI Ha A3biKe SIOTUYECKOro Mpo-
rpamMmMunpoBaHus?

9 KakoBbi COCTaBHbLIE 4aCTW NMpaBwsa, 3anNUCaHHOIC B COOTBETCTBUM C TpeboBaHUaMN
CuHTakcuca asbika Mponor? Kak Takoe NpaBufo NepeBoauTCA Ha A3blK AOrMKu npe-
AmKaTos?

Q 3anuumTte, NoONbL3YACL nNpeavkaTamu BTOpOK (YnyvleHHoN) Bepcun 6asbl 3HAHWIA
«CeMbsi», Npasuna, onpeaensiowme npeankatel Grandmother{6abywika), Uncle(aaaa),
Aunt(tetq), CousinM(asoopogHuin 6pat), CousinW(asolopogHas cecTpa).

§41 | 3anpocet B 6ase 3suauuii Ha fponore

IIycte umeeTca HexoTopas 0asa 3HaHUil, cO3ZaHHAA Ha A3LIKE
IIposior, Hanpumep BTOpad Bepcusa 0asbi 3HaHuil «CeMmbsa», OIMCAHHASA
B mpeznsiyineM maparpade. Kak u ana 6a3 gaHHBIX, OTBET OT 0a3bl 3HA-
HHE MBI IIOJIy4aeM, HAIIpaBHB €M 3ampoc.

3amnpochl K 6ase sHaHMI MOYKHO Pa3fesIAThL HA ABa THUIA: 3alPOCHI
Ha NOATBepKAeHMe (PaKTa M 3aIpPOCHI Ha IePeUNC/IeHUe 3HAYEHUI Iie-
pPeMeHHEBIX, YAOBJETBOPAIOIINX 3aIIpocy.

3anpoc Ha IoATBepXKJeHNe (PaKTa BRIIVIAAAT TaK:

? Son(IOpa, Iletp)
OTBer Oyner «za».
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Wnn gpyroii sampoc:
? Son(Buxtop, Cata)
OrBer OyzeT «HeET».
Temepb 0 3ampocax BTOPOTO TUHA. B TaKOM sampoce KasKAyo me-

pemennyio IIposor BocmpuHuMaeT Kak TpeboBaHHMe HaliTé Takoe 3Haue-
Hue, 4To0bl MpesuKaT OKasajica mcTuHONM. Hanpmmep, Ha 3ampoc

? Grandfather(x, y)

JaH CJeIyIOUIUil OTBET:

= IleTtp, y = AHgapeii

= Ilerp, y = llaBexn

= IleTp, y = Bepa

= Erop, y = Auapeit

= Erop, y = IlaBen

= Erop, y = Bepa

= Camra, y = Buktop

= Cama, y = Mapusa
TToiimer Ilposor m s3ampoc, chOpMYyJHPOBAHHEINA B BHJEe KOHBIOHK-

UK [IPEeIUKATOB:

? Grandfather(x, y), Brother(x, z)

Msui B 5TOM 3ampoce CHOPAILIMBAEM, KTO SABJACTCA OJHOBPEMEHHO fie-
AYIIKO# ¥ OpaToM M KoMy HMeHHO. OTBET TaKOB:

x = Cama, y = Buxkrop, z = IOpnii

x = Cama, y = BukTop, z = Urops

x = Camia, y = Mapusa, z = IOpuit

x = Cama, y = Mapusa, z = Urops

Bnpouem, Bac MOryT He MHTEpPECOBATH IOAPOOHOCTH, KOMY MMEHHO
HEKTO OyZeT AeAYIIKOH M B TO Ke BpeMsA elie Komy-To Gparom. Torga
3aIIpoc MOKHO 3alHCaTh Tak:

? Grandfather(x, ), Brother(x, )

CumBon _ o6o3HauaeT, KaK TOBOPAT, MyCTOHl apryMeHT 1 (akTu-
YeCKM HCIOJHAET POJib KBaHTOpa cylmecTBoBaHwsi. Hajgo TONBKO TiOM-
HUTb, YTO, yIOTPeOJEHHBIN B PasHBIX MeCTaX, OH 0603HAYAET pPasHbIE
nepeMeHHbIe, EcjIM IpeAuKaT, ONpPeAeasIONuil JOTUYECKOoe BhIpaKeHUue
JaHHOTO 3ampoca (HajgeeMCsd, UYTO Bbl IIOMHUTE: KajKABIN 3ampoc peaiu-
3yeTcd HEKHM JIOI'MYEeCKUM BHIPAK€HHEM), 3aIluCaTh HA A3bIKE MaTeMa-
TUYECKOH JIOTUKH, TO MOJYYHTCA TaK:

Jy 3z Grandfather(x, y), Brother(x, 2),
a He Tak:
Jy Grandfather(x, y), Brother(x, y).

CaM MexaHM3M TOHCKA OTBETOB HA 3AlIPOCHI MBI PACCKA3LIBATHL HE
oyzem. Ho He moToMy, 4YTO 9TO TOCYAAPCTBEeHHAsd TallHA, IIPOCTO 3TO OT-
HOCHUTCS He K MHOpMaTHMKe, a K MaTeMaTHKeE.

(=)}
]
X

[¢]
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BONPOCHI U 3AAAHUSA

0 Onpegennte, Kakve oTBeTh ByayT nonaydeHs! u3 6asbl 3HaHwuil «Cembsi» Ha cneaylo-
Lwme 3anpochi:
a) ?Grandmother(x, Mapusa)
6) ?Uncle(Uropb, Bukrop)
B) ?CousinW(Mapus, x)
r) ?Uncle(_, x), Woman(x)
Q 3anvuiMTe 3anpockl NO NpaBwuiam asbika Mposor ans nonydeHus crneaylollei UH-
dopmauumn 13 6a3bl 3HaHUN «Cembs».
a) Kto asnsetcsa sHykamu Jinaun?
6) Kto asnsaetca tetein?
B) Y koro ectb 6partba?
r) KTo oteu nnemMaHHuun KOpua?
) Y kakoro gepa ectb 6patbs?

§ 42 BcrpoeHnbie npeAuKarsl B JIOTMYECKMX S3bIKAX
nporpammuposanus. lMpocreiiuue nporpammot

B § 40 mp1, cTpoa 6a3y smamuii «CemMbA», caMH OIIPeAEATH
Bce HYKHBIE JJIf 9TOM 06a3hl OpeAMKATHEI: YACTh M3 HUX OIpeAeNsalach
COBOKYHHOCTHIO (haKTOB, Apyrasd HacThb — IpaBuJaMH BeiBojga. Ho
npenctaBbTe cebe, Kak ObLIO Obl HEyZ0OHO, paboTasa ¢ HPOLEZYPHBIMH
A3BIKAMHY IPOrpPaMMHPOBAHUSA, KaXKALIH pas MHucaTb, HAIpUMep, aJjro-
PHUTM CJHOKEHUS [BYX UWCEJ, WJIN aJTOPUTM BBIUUCJICHWUA 3HAYEHHUS

byuKIuu \/; , UJIHM AJITOPUTM KOHKaTeHAluu ABYX cJoB. OT Bceii sToit
pPaboTel BBl OCBOOGOXKIEHBI Gaarofaps TOMY, 4YTO YKasaHHLIe oIepaluy
U QYHKIUK BCTPOEHBHI B ABBIK.

Tax e ¥ B JOrHYECKHX S3BIKAX HPOrpaMMHUPOBAaHuA: HauboJsee
yIoTpebuTelbHBEIe IPeAUKATHI UMEIOTCA B caMoM s3biKe. Hampuwmep,
OJIs OpraHusalUy OpPOoCTeHINNX apupMeTHMUYeCKMX omepaliuii MMeeTcs
BCTPOEHHLIHA IIpeAUKAT, KOTOPHIA MBI Ha3zoBeM Linear(x, y, 2, v); B pe-
ANBHBIX SA3BIKAX JIOTHMYECKOTO MPOTPaAaMMHKPOBAHUSA OH MOXKET HAa3HI-
BaThCA MO-APYroMy. OTOT HpPeAWKAT NpHUHWMaer 3HaveHue Mcruna
B TOM U TOJBKO B TOM CJIy4ae, KOrja ero apryMeHTHI CBS3aHEI COOT-
HoUIeHUeM v = xy + 2. Ha ocHOBe 3TOro mpeAMKAaTa JIETKO OIPEAEJIUTH
IpeauKAaThH, MO3BOJAIOIIHE MOACUNTHIBATL CYMMY ¥ IPOH3BEAEHUE
ABYX YMCeJ:

Sum(x, y, 2) := Linear(x, 1, y, 2),
Mult(x, y, 2) := Linear(x, y, 0, 2).

OfpatutTe BHUMaHHe, UTO TEPEMEHHEIe B ONNCAHUU NpPeAuKATa —
3T0 (hopMaNibHBIE IAPAMETDPHI U BMECTO HHX, KaK OOBIYHO, MOTYT OHITh
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3aIrMcaHbl MMeHa JIIOOBIX APYrHX IIEPEeMEeHHBIX TOTrO Ke THIIAa HAN CO-
OTBETCTBYIOIIINe KOHCTAHTHI. B HamleM cJjiyuyae MBI BOCIOJB3OBAJIUCH
yycaoBeIMU KoHctaHTamu O u 1.

B KarkaoM s3BIKEe JIOTMYECKOI'0 NpOrpaMMMPOBaHNA €CTh HIpeguKaT
cpaBHeHusi. ByjaeM cuMTath, 4YTO OH 3amnuceiBaeTcss Tak: Compa-
rison(x, Yy, 2), The X U Yy — UYHUCJIOBBICE MJW CHUMBOJIbHLIE IIepEeMEHHBIE,
a z — JjorudyecKkas mepeMeHHas, IPMHMMAKOINAsg ABa 3HaueHuda: Mcru-
Ha u JIoKb. I9TOT mpeaukar jgaetr 3HadveHWe McCTMHA B TOM M TOJBKO
B TOM cJjydae, Korja x < y u 2z umeer sHauenne McruHa (B caydae cum-
BOJBHBIX IEepeMEHHBIX 3TO O3HAUaeT, UYTO 3HAUEHHE NEePEeMeHHOH X IIO
andaBuTy pacrosiaraeTcsd paHbIIe 3HAUeHHS IepeMeHHoO# y). Ha ocHo-
Be 2TOT0 IpeAHKATA JIerKO ONpefeJHuTh IPEeJHUKAThI, COOTBETCTBYIOIINE
OTHOIIIEHWIO «MEHbINie», «He MEHLINEe», «PaBHO», «DOJbIIe»:

Less(x, y) := Comparison(x, y, UcTuHa);

Notless(x, y) := Comparison(x, y, JIoxks);

Equal(x, y) := Comparison(x, y, Jloxs), Comparison(y, x, JIoxn);
More (x, y) := Less(y, x).

BeTpoeHHBIE JIOTHYECKHE HNPEeAUKATHI (B HUX BCe NIepPeMeHHEIe JIo-
THYEeCKHE) OTPHUIAHUS W KOHBIOHKI[MH MBI 3aHUHIEM TakK:

Not(x, y) mcTuHeH TOrZa M TOJBKO TOorja, Korza x — Wcrusa,
ay — Jloxp unu x — Jloxs, a y — HcruHa;

And(x, y, 2) ucTuHeH TOrAa ¥ TOJBKO TOTAa, Korga x — Hecruna,
y — Hcruna u z — HUcrusa.

Baarogapsa saxoHam xe MopraHa mnpeauxaT AU3BIOHKIUH Olpeje-
JSieTCA TaK:

Or(x, y, 2) := Not(x, v), Not(y, w), And(v, w, s), Not(s, 2).

A Tenepr monporpaMmupyeM. THUI IepeMeHHBIX, BXOAAIMUX B IIpe-
IuKaTel (Lejasili, BelmecTBeHHEI, CUMBOJBLHEIA U T. A.), 00BABIAETCH,
KaK ¥ B ODPOLEAYPHBIX A3LIKAaX, B Havyajie mporpammsbl. OfHAKO MBI He
0yZeM 3TOTO HeJaTh, IIOCKOJBKY BCEe CO3JaBaeMbIe HaMM HPOrpaMMBI
HOCSAT WMJIJIIOCTPATUBHBIN XapaKkTep M OOBIYHO NOHATHO IO YMOJYaHWIO,
nepeMeHHbBIe KAKOTO THIIA B HUX MCHOJIB3YIOTCH.

Ilycts Tpebyerca HaiiTu 00beM HIPAMOYTOJBHOTO Hmapajjesenuiena
¢ peobpamu 10, 20 u 30. ITmmmem mpegukKar, onpeienAiomNil 00beM:

Vol(a, b, c, v) := Mult(a, b, z), Mult(z, ¢, v).
W penaem sampoc:
? Vol(10, 20, 30, v)

Jlerko mpeackasaTh, Kaxkoi orser gact IIponor mHa atoT 3ampoc. Ho
3aMeTbTe, UYTO [Jis pelIcHHA APYro# 3aJauyd — HAHUTH BBICOTY HIPAMO-
YTOJMBLHOTO Hapannenenunena mauanl 10, mupusanl 20 u oobema 600 —
Mbl 06pamaeMcs K TOMY K€ IPEeAUKATy, HO ¢ APYTHM 3ampoOCcOM:

? Vol(10, 20, c, 600)
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9to u nouaTHO — 0asa 3HAHWIT O TOM, YTO TaKoe o0'beM HIPAMO-
YTOJIBHOTO HmapajijiejieNuIiefa, He MeHAeTcA. A KaKue 3azauu BH Gyze-
Te pelnaTs — JieJI0 Balle.

Mo:xHO CKasaTb TaK, 4To 0a3a 3HAHHH — 9TO MOAeJb 06'BEKTa, IIPO-
Hecca WJAY fABJEHWS, 3alMCAHHAA HA A3BIKE JIOTMYECKOTO IIPOrpaMMU-
POBaHHUA, a 3aIpPOCHl K HeH — 3TO MCHOJIL3OBAHME NAHHOW MOJENH AJA
pelleHUs KOHKPETHHIX 3ajJad.

A Temepps 3amporpaMMHpPYeM HaXOMKJeHue HamGoubiiero obigero
BEeJNTEJA ABYX HaTypaJbHEIX ymcesa a ¥ b. O HOJIl(a, b) MbI 3HaeM clie-
Ayioinee:

1) HO(a, a) = a;

2) Ecoim a < b, To HOIi(a, b) = HOIi(a, b — a);

3) Ecau a > b, to HOlI(a, b) = HO(a — b, b).

BoT u sanumem 3TO ¢ IIOMOIIIBIO YK€ M3BECTHBIX HaM IpeAHKaTOB:

LCD(a, a, a);
LCD(a, b, ¢) := Less(a, b), Sum(a, y, b), LCD(a, y, ¢);
LCD(a, b, ¢) := More(a, b), Sum(x, b, a), LCD(x, b, ¢).

B aroit 6ase smammii ogfun paKT M ABa npasBmia BeBoga. Chenaem
K 2Toil Gase 3HaHM 3ampoc:

? LCD(20, 35, x)

Hockonsky 20 # 35, mox ¢axT Hamn 3anpoc He nomnagaer. He mo-
nagaeT OH W IOJ BTOPOE HPaBHJIO, MOCKOJIBKY 3HAYEHHE NPeAuKaTa
More(20, 35) — Jloxxs. A B mepBoM mnpasmje npeauxaTt Less(a, b)
HCTHUHEH, NO3TOMY pPa3bICKHBAETCAd TaKOM Yy, 4TOGH ORI HCTHHEH
npeauxar Sum(20, y, 35). Taxoe 3Hadenme y ToabKo oauo: 15. Ilo-
3TOMY HAAO PA3HICKMBATH TaKOoe X, 4YTOOM OB MCTHHEH NpPEegHKAaT
LCD(20, 15, x). [Ins noucKa TAKOr0o 3HAYEHUs IMEPEeMEHHOI x cHOBa 06-
panjaemca K Oase sHauuii. Temepb OpHAETCA BOCIOJb30BATHCS BTOPHIM
OpaBUJIOM H DPAas3sICKUBATE X, XJSA KOTOPOr0O HCTHHEH NPeIUKAT
LCD(5, 15, x). Caenyrommuii mar npuBejieT K HOUCKY X, AJA KOTOPOTro
uctuHes upepukar LCD(5, 10, x). Eme oauH mar IpHBOZUT K IIpeRHU-
raty LCD(5, 5, x). I TyT npoucxoaur obpamenne K GaxkTy, # moiyda-
eTcsl OTBET: X = 5.

Paszob6paBmuch B 9TOM IIpoilecce, JerKo MOHATH, YTO B 0ase 3Ha-
HUI HaMu OBIJI0 3a0MCAHO PEeKyYPCHBHOE NPABHJIO, T.e€. IPaBHJO,
B KOTODPOM HpeJHUKAT, 3alHCAHHBIA B rojioBe, (GPUrypuUpyeT M B Te-
Jle 9TOT0 mpaBmJia. BrmpoyeM, KaKk M AJA aJrOPHUTMOB, PEKYPCHA MO-
JKeT CO3ZaBaThbCAd He OJHUM IIPABHJIOM, 4 HEKOTOPOH HX COBOKYII-
HOCTBIO.

B peasbHOM fA3BIKE JIOFMYECKOTO NPOrpaMMHUPOBAHHA €CTh MHOIO
APYTHX BCTPOEHHHIX LPEAHWKATOB, B TOM YHCJe NO3BOAAIINUX CTPOHNTH
rpadunueckue m3obpakeHusi Ha SKpaHe KoMObloTepa. MuI, OAHAKO, He
mpecyiefyeM IeJib HAYYHTHh Bac NMpOrpaMMHPOBAHUIO Ha A3bike IIposor,
HO HajeeMcs, UTO IPEACTABJEHHE O TAKOM MOPOrPAMMHPOBAHHH BBI
TIOJIYYHJIH.
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BOMPOCH!I N 3ABAHMNA
@ [na 4ero HyXHb! BCTPOEHHbIE NpeaukaThl?
@ Kakoe npasuno Ha3blBaeTCsl PEKYPCUBHBIM?

@ a) Ucnonb3ys BCTPOEHHbIE U onpedeneHHbie B 06bACHUTENbHOM TEKCTe NPEeanKaThi,
onpepenuTe npepukar Square(x, y), NO3BOAAIOWMIA BO3BOAUTL YMCAO X B KBaapar.
6) TpebyeTcs n3Bne4b KBaAPATHLIN KOPEHb U3 Ynucia. MoxHO N gns 3Toro BOCNoAb-
30BaTLCH NpesukaToM Square(x, y), ONpeaeneHHbIM BaMu NPU BLINOAHEHWK 3a0aHNA
n3 nyHkTa a?
B) Ucnonb3ysa npenukat Square(x, y), COCTaBbTe 3anpochi, MO3BOASIOUME Y3HATD,
MOXHO N1 U3BJiIeYb KBAAPaTHbIA KopeHb 13 yucna 16, ua sucna 0, n3 uncna -1.

@ a) Ucnonb3ys BCTPOEHHbIE N OnpeaeneHHole B 0ObSCHUTENbHOM TEKCTE Npeauvkarhi,
onpeaenvte npeavkar Cube(x, y), NO3BOASAIOWMIA BO3BOANTL YUCHO X B KYD.
6) Ucnonb3ya npeauvkat Square(x, y) u3 3apanus 1 u npeavkat Cube(x, y), cocTaBb-
Te 3anpoc, NO3BOMSIOWNIA HaxoauUTb Yucna, meHowwue 1000, koTopbie 0QHOBPEMEH-
HO SBASIIOTCHA KBaApaTOM U KyOOM HEKOTOPbIX uenbix uncen. Cuntante, 41O B 3TUX
npegnkaTax nepemMeHHble 00bsABNEHbI UMEIoLLMY LenbIn Tun.

@ a) Vicnonb3ys BCTPOEHHLIE U onpeaeneHHbie B OObACHUTESNLHOM TEKCTe Npeavkarsl,
nocTpoite 6a3y 3HaHWA, NO3BOASIOWLYIO ANIA KAXAOrO Y1CNa HaxoauTb ero abconoT-
HYIO BEAVHUHY.
6) NocTpoitte 6a3y 3HaHWiA, MO3BONSIOLWYIO U3 ABYX uncen BbibpaTth GonbLuee.
B)* MocTpoiite Gagdy 3HAHWIA, NO3BOMAOWYIO U3 TPEX Pa3NN4HLIX 4Yucen suidpaTh TO,
KOTOpPOE PacnonoXeHo MexXay OABYMS ADPYrumMun.

@ Ncronbays BCTPOEHHBIE U ONpeneneHHbie B OBOLACHUTENLHOM TeKCTe NpeamKaTh,
nocTtpolite 6a3y 3HaHWiA, NO3BONAICLLYIO ANR Yncna a # 0 U uenoro HeoTpuuaTens-
HOFO YMCNa n BLIMUCIUTL a”.

@ MocneposatenbHOCTLI0 PUOOHAYYM HASLIBARETCA NOCNEQOBATENLHOCTL uncen 1, 1, 2,
3, 5, 8, ..., B KOTOPOW KaxAablA YNeH, HaurHan C TPEeTbEro, paseH Cymme AByx npe-
BblAYLNX.

a) MocTpoitte 6a3y 3HaHnii ans npeavikata Fib(n, x), no3egonsiowero N0 HOMepPy n
HaxoanTb n-" 4YAeH x OAHHOWN NOCRegoBaTeibHOCTI.

6) Ykaxute, kakme oTBeTbl ByayT Nosy4eHbl Ha 3anpochl:

a) ?Fib(n, 55), ©6) ?Fib(8, 16), B) ?Fib(0, 0), r) ?Fib(-1, x), A) ?Fib(n, -1).

utorv rass | 4

ITosmopum Kpamxo mo OCHO8HOE, 1m0 6bl Y3HAAU, U3yuue ziasy 4.

Hayka, msyuaroolnas 3aKOHOMEPHOCTH pPACCYXKAEHMII, Ha3bIBAETCH
Jorukoii. Ee pasges, usyuamomuili hopMajbHbIe MOLEAH JIOTHYECKHUX
paccys:KIeHUu#, IMOoJy4Yu] Ha3BaHMEe MATeMaTH4YeCcKoi jsorukmu. Paciimpe-
HHe cdepbl HCCIEIOBAHUI Ha BCK HHTENICKTYAJNBHYIO AESTEIbHOCTH
YeJIOBEKa IIPHBEJO K IIOCTPOSHMIO MoJeJjeii, KOTOphIe CTaJh HA3LIBATH
CHCTeMaMM HCKYCCTBEHHOTO HHTeJdNneKTa. JIobas cucreMa HMCKYCCTBEH-
HOTO HHTEJJIEKTAa KaK OJHA M3 PA3HOBUAHOCTEH HHGPOPMAIIMOHHBIX
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mMojeneii, o0A3aTENABHO COAEPKUT HaGOp MmapaMeTpOB, OMHCHLIBAIOITHUX
cyiecTBeHHBIe (haKkTOophl. [IOCKOJIBKY cHCTEMa WCKYCCTBEHHOT'O WHTEJ-
JleKTa HalIpaBJjieHa Ha IPHUHATHE TOTO WM MHOTO pPeIleHus, TO B Kaue-
CTBe CBfA3EH MeXAYy IapaMeTpaMi’, ONMCHIBAIOUIMMHU MCXOJHBIE JaHHbIE,
¥ pe3yJhTATOM BBICTYHIAIOT TaK HasbiBaeMble MpaBuJja BEIBoZa. MIx cyTh
B TOM, UTO OHM VKAa3bIBAIOT, KAKOe PelleHNte AOJKHO OLITH PEKOMEHJI0-
BAHO B paMKaX JAHHON MOJEJH IPY TeX WM UHBIX 3HAUEHUSIX MCXOX-
HBIX IIapaMeTpOoB.

IToBecTBOBaTEIBFHOE WPEIJIONKEHNE, B OTHOIIEHHNH KOTOPOTO HMMEET
CMBICJI TOBOPUTL O €TI0 MCTHHHOCTH WJIM JIOMKHOCTHM, HA3LIBAETCSA BEICKA-
3piBaHeM. Haji BRICKA3BIBAHUAMY MOXKHO HPOU3BOAUTEL JIOTHYECKUE OIle-
panuu: KOHsWHKUuL (omiepanud u), dusswHkyuu (onepanusa uau), om-
puuarnus (onepanua He), umnaukayuu (onepanus ciedo8aHus), pasHo-
cunrvHocmu. Pe3ynpTaT IPUMEHEHHUA KaKAOM M3 JIOTUUECKUX omepanui
3a/laeTCsA C MOMOIINBI0 TAGIUIBI HUCTUHHOCTH.

N3 mepemMeHHBIX, IPUHUMAIOINUX JiOTHYecKue 3Hauenus HctunHa
u JloxKb, ¢ TOMOINBIO JOTMYECKUX OIepalluii COCTABAAITCHA (DOPMYJIIEHL.
@opMyaBEl HA3LIBAIOTCS TOMKAECTBEHHO PABHLIMM WM PABHOCUJILHBIMH,
ecJy IIPH TOACTAHOBKE BMECTO IIEPEeMEHHELIX BCEBO3MOXKHEBIX 3HaYeHU
TOJMIYUalOTCS PAaBHOCUJILHEIE BRICKASBIBAHUA. JTO O03HAYAET, 4TO (hopmy-
JBI PaBHOCHWJIBHEI B TOM M TOJBKO B TOM CJAydYae, KOTJAAa y HHUX OJWHA-
KOBBI TaOmuipl McTUHHOCTH. PopMysia Ha3BIBAeTCS TOMKIECTBEHHO HC-
TUHHOU WM TABTOJIOTHEH, ecJii OHa NpuHHMaeT 3HadeHme McrmHa mpu
J100BbIX 3HAYEHUAX BXOAANIUX B Hee TEePEeMeHHBIX.

IIo xamxpoit TabnuIle MCTUHHOCTY MOXKHO HAnucaTh QOpMyay, A
KOTOpoi#l Tabauiia MCTUHHOCTH COBIANaeT ¢ AaHHON. Popmysa, MOJYy-
yaolasacd NPHUMeHEeHNEeM CTAHAAPTHOrO AJA STOW Lejid ajJroOpuTMa,
uMeeT BUJ AUSBHIOHKIUN HECKONbKHX KOHBIOHKTHBHBIX BBIpAKeHUI,
B KOTOPBIX 3HAKOM KOH'BIOHKIIMY COEIWHEHBI MepeMEeHHLIe UM WX OT-
PHLAHWA, OpHYEM B KaKJAOM KOHBIOHKTHBHOM BELIDAYKEHHH TIPUCYT-
CTBYET KaKJaas IepeMeHHasd, W HPHUTOM POBHO oxuH pasd. Tarkoil Buj
Ha3bIBAETCHA COBEPINEHHON [AWU3BIOHKTHUBHON HOPMAaJbHOU Gopmon
(COH®D).

CoBpemenubie 6a3bl JaHHBIX, peanusywiiue daxkTorpapudecKue
MOJieJi, B OOJBUIMHCTBE CBOEM CO3JAIOTCA HA OCHOBE PEJISAIUOHHOrO
nogxoga. CyTh sTOro moOAXoja 3aKJIOUAETCSA B TOM, 4TO HHGOPMAIHSA
06 oObeKTax MTpeAcCTaBJSAeTCA B BHJAE OTHOMIEHHM, T.e. CBA3AHHBIX
MeXxaAy co0oil XapaKTEepPHUCTHUK HM3y4dyaeMbIX O0BeKTOB. Kamkmoe oTHoIlle-
HUe mMeeT MMA M HabGOp apryMeHTOB, KOTOphIE B TeopHU 6a3 AAHHEBIX
HaswsiBaloTcAa arpubyramu (B CYBJl Access arpubGyThl peains3yioTcA TOJ-
xopamumM moaem). KoauuecTBO aTpuOyTOB B OTHONIEHWHM HA3BIBAETCS
ero apHOCTBLIO.

OTHollleHNe HA3LIBAeTCsA (PYHKHHMOHAJIBHBIM, €CJIH er0o ATpubyThl
MOXKHO DPas30HUTH Ha JBe IPYIILI TAK, 4TOOBI 3HAYEHHSA MEPBOUN TI'PYIIIIEI
aTpuOyYTOB OJHO3HAYHO ONpeAessijiii 3HaUYeHus BTOpOH rpynnbl. UHBEIMHA
CJIOBaMHM, IepBasi rpynna aTpubyToB MOKeT pacCMATPHUBATLCA KaK ap-
TYMEHT HEKOTOpOH (GYHKIHH, a BTOpad TPYIIa OMNpelenseT 3HAUEHUE
aTod (yurummn. Eciam oTHomeHWMe (PYHKIHOHAJBLHO, TO Habop aTpuldy-

7—Teits, 10 k1.
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TOB, OTHOCAIIUXCA K apryMeHTy (yHKIuMHU, 3ajaBaeMoO# 3THM OTHOIIE-
HHEeM, HasbIBaeTCs KJueBbiM. HaGop aTpubyToB sABAsEeTCA KJIIOUYEBBIM,
ecau B TabiMIle HeT ABYX CTPOK C OAHMHAKOBBIM HabopoM sHaudeHmii
3THX aTpubyTOB.

Jloruueckoii PyHKHMEH MK, TO-APYroMy, HPEeAUKATOM HA MHOMKe-
cTBe M Ha3LIBAIOT TAKYHI (PYHKIMIO OT HECKOJBKUX apTyMEHTOB, KOTO-
pasa npu Jgobom Habope 3HAUEHWH STHX APTyMEHTOB W3 MHOMKecTBa M
OPUHUMAET OFHO U3 ABYX s3HaueHuii: Uctuna miu Jloxks. Ilepemenusie,
KOTOpHIE HCHOJL3YIOTCA IPH 3a0HCH NpefWKaTa B BHAE JOTHIECKOro
BRIpasKeHUsA, MOTYT OBITh CBOGONHBLIMHM WJIM CBA3AHHBIMYM IIOCPEACTBOM
KBaHTOPOB BCEOOIMHOCTH K CYHIeCTBOBAHHUA.

Hag soruueckmMu GyEKIHUAME MOXKHO BHIIOJIHATHL Te Ke Oollepaiiuiu,
4YTQ W HAJ BHICKA3LIBAHHAMHU. IIpM NIOCTPOEHHH OTPUIMAHUS HAEHCTBYET
OPaBUJIO: KaKABIH KBaHTOD, GUIypHDYIOMIWHA B 3alHCH JOTHYECKOro
BHIDAa’KeHUA, 3aMeHAETCA Ha JBOICTBeHHBIH, a GeCKBAaHTODHAs 4YACTh
3aMeHAEeTCA ee OTPHUIlaHMEM.

Bui6op u3 Bcex Ha0OpOB sHaUeHHIH aTpnOyTOB, HAXOAAMINXCA B AAH-
HOM OTHOINEHUM, TeX, AJA KOTOPHIX HEKOTOpad 3aJjaHHAA JIOTHYECKAs
dbysxnua npuHENMaeT 3Havenue WcTuHA, HA3BKIBAOT (GHUABTPaliel, a ca-
MYy 9Ty (QYHKIHMIO HA3HEIBAIOT (PHUILTPOM.

IIpm paGore ¢ MHorotraGauuHO 6a30if JaHHBIX BAXKHYIO POJb HI-
paeT omepanus coeguHEHUA TabGaMI, 0O 3a7aHHEIM arpubyram. Tum cea-
3u MeRJAy arpubyraMm CoefMHAEMBIX TalGaWMI 3aBUCHUT OT TOro, 00b-
ABJAEHBI JIK 9TH ATPUOYTHI KJIOYEBHIMH. ECAN OAMH M3 CBA3LIBAEMEIX
aTpubyTOR KJIOYEBOW, a APYroié HeT, TO YCTAHABJIMBAETCH CBA3bL THIA
«OZMH-KO-MHOTHM», €CJH Ke 00a CBA3LIBAEMEIX aTpMOyTa KJIIOUYeBEIe,
TO YyCTAaHABJIHMBAETCH CBA3h THIA «OAUH-K-OTHOMY».

OznHOil 13 pasHOBMAHOCTEIH CHCTEM HMCKYCCTBEHHOI'O MHTEJLJIEKTa $B-
JAAIOTCH 9KCIEPTHEIe cMCTeMBl. Ka)KZas sKCHepPTHAs CHCTEMA COAEPIKHUT
B KauecTBe Axpa 0asy sHaHWil TOM HpeAMeTHOH o6jacTy, Ajasa paboTH
B KOTOPOIi OHa NpegHasHadYeHa. JIpyroi KOMIOHEHT 3KCIEpPTHOH cHucTe-
MBE — pemiarens. Ha OCHOBaHMHM CBeleHMiH, MMelOIIuXcA B 6Gase sHa-
HuU#, OH MOZEJUDYeT XOJ paccyKIeHuii skcrnepra. Ilo-apyromy pemia-
TeJb Ha3bIBAIOT OJOKOM JIOTMYECKOTO BHIBOAA.

Ha ocuoBe #A3RIKa MATEMATHYECKOH JIOTMKH CO3JAHLI SSBIKH JIOIH-
YeCKOro IporpaMMHMpOBaHHNsA. JlorHueckoe mpOrpaMMMpOBaHIE OCHOBAHO
Ha TOM, UTO CBEEHHS O 3aJja4€ ¥ MPENIIOJOKEHUA, JOCTATOUHEIe AJIA ee
peimeHns, GOPMYJUPYIOTCA B BHAE JIOTMYECKMX AKCHOM. JTa COBOKYN-
HOCTB IIpejcTaBasAeT co0oit 6asy sHaHmM# 3anxaum. IlocraHoBxa camoii 3a-
Zaun ¢opMaiu3oBaHa B BHUJAE JIOTHUECKOTO BHIPAYKEHUSA, MOAJIEIKAINETO
BBEIBOJlY M3 aKCHOM M HA3bIBAEMOroO LIeJIeBBIM YTBep)KAcHueM. Dasa 3Ha-
HUM ¥ COOTBETCTBYIOIlEe IIEJIEBOE YTBEPIKACHME HA3BIBAETCA JIOTHUEC-
Ko# mporpammoii. Ilpu sTomM mocTpoeHMe pelieHusi (KOTOpoe B 3TOM
caydae Ha3bIBAETCHA HCIOJHEHHEM IIPOTPAMMBI) CBOAMTCS K OIpeesieH-
HO# cTaHAAPTHOM nmponeaype. fISHIKM JIOrMYeCKOro NPOrpaMMHPOBAHHUS
AKTUBHO HCHOOJIL3YIOTCH JJIA COSHAHWS CHCTEM HMCKYCCTBEHHOT'O HHTEJ-
Jdexrta. IlepBHIM #A3BIKOM JIOTHYECKOrO NPOTPaAMMHUPOBAHUS SBHIICA
#A3uik IIpoJor.
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Yactb 1. IIpu BrinonHeHNM NpPEAJIOKEHHBIX HUIKE 38aHUH 3ampImuTe
y ceba B Terpaau mudp sagaHUA ¥ HOMEp OpaBHJAbHOro orBeTa. Ilo OoKoHYA-
HUY paboTsl CBephTe NOJYUMBINYIOCH y Bac 3allCh ¢ KJI0YaMH Ha c. 269,
A3. BrickasmiBague (X — Y) & (X— Y) paBHOCHJIBHO BHICKA3LIBAHWIO:

PDX&Y; BEXVY; X®Y;

A2. OrpunaaueM K BBICKA3HIBAHHIO «J[JiA J:060r0 HATYPAJBHOTO YHCJAA, OKAH-
yuBaolnerocs mudpoil 3, cymiecTByeT KpaTHOe eMy 4YMCJIO, OKAHYMBAIO-
mieeca mudpoit 1» cayKHUT BHICKA3LIBAHHE:

1) Her marypansHOro uucJja, OKaH4YUBalomerocs nudpoil 3, fasd KoTopo-
ro cymecTBoBaJio 6Bl KpaTHOe eMy 4YHCJIO, OKaHuuBamomeeca nudpoi 1.

{2): CymecTByeT HaTypaibHOEe 4HCJHO, OKaHUMBaoINeecAa nudpoi 3, ana
KoToporo Jio6oe KpaTHOe eMy YHCJIO He OKaHuUMBaeTcs mudpo# 1.

B) Jo6oe HaTypansHOE UYMCIO, OKaHYMBalomeeca nudpoi# 3, He mmMeer
KpAaTHOI'0 4KCJa, OKaHYuBapIleroca mudpoii 1.

) OrsmuHOEe OT yKasaHHLIX B mMyHKTax 1—3.

A3. Tabauny NCTHHHOCTH, COBHAARKKINYIO ¢ Tabuumeit 4.23, nmeer dopmyna:
P EX—-Y)-X)VX&Y;

2 X-YVEXVY)&X;

B EY-X)&XVY)

#4) oramyHas OT yKa3saHHHIX B HyHKTax 1—3.

Tabnuua 4.23
X Y F(X,Y)
u U u
n JI n
JI U Ja
JI JI JI

A4 3

OTpunanveM K BhicKasmiBammio Jx Vy (x2 + y® = 1) caysuT BHCKAa3mI-

BaHMNE: )
W VxIy ? + P = 1) Vydx (2 + y® # 1);
#)! oriMuHOE OT yKasaHHBIX B HyHKTax 1—3.

Vx3dy (® + y® = 1);

AS5. ®opmyna, IpUHMMAIOINAS IPH BCEeBO3MOYKHAIX 3HAUECHMAX JOTHYECKHX
nepeMeHHHX 3HaveHuwe McTuHa, HasLIBAETCH:

1Y npasunbHOl;

22)' coBepmenHO# AMIHIOHKTHBHON HOPMAaNbHOHK (POpPMOIi;

7%
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“3) TaBToONOTHelH;

4). mo-gpyromy, HeceJiM B myHKTax 1—3.

B coBepilleHHOH AU3BIOHKTUBHOI HOpMaibHOH (opMe mpefcraBiieHa Gop-
MyJa OT Tpex mepemeHHBIX X, Y u Z:

1) X&ZVX&YVY&Z;

2 X&Y &ZVX&Y &ZVX&Y & Z;

B X&Y &Z&YVX&Y &Z&XVX&Y&Z&Z;

4y cpeay BapHMaHTOB, 3alKMCAHHBIX B NYyHKTax 1—3, HeT dopMysasl B
CIH®.

Ecam coegunenue tabaun B CYB]Il Access oCymiecTBJIAETCS IO KJIIOUEBHIM
arpubyTraM, TO yCTaHaBJAWBaeMas CBASh MMeeT TUIL:

‘1¥ OBHMH-K-OLHOMY;

2y oAWH-KO-MHOTHM;

-3); MHOTHe-KO-MHOTHM;

A4y Mexay TakuMu aTpuOyTaMu HeJb3A YCTAHOBUTDH CBA3b.

Ha mHarpampaeH#e OTIMYUBINHNXCHA PaGOTHUKOB KOMHAHUHN coOHMpaloTcsa
OpuHTA OpesuAEHT KOMIAHWH, PeHEePANbHBIN JUPEKTOP WU BEAYUIHH Me-
HeI)Kep. YiKe M3BECTHO, YTO:

a) eca Ha HaTrpaKAeHue He NMPHUAET NPesHUfeHT WIH NPHAeT BeRYIHH Me-
HeJ)Kep, TO 00sA3aTeJbHO IPUAET FeHEePANbHBIA JUPEKTOD;

6) ecau NIpUAET FeHepANbHBIN AUPEKTOpP, TO NPHUAET ¥ BeAYVIIUI MeHeAxep.

HawnMmeHnsbiiee umcio npejcrasurTesieil yHIpaBieHHS KoMIaHue#, KOTOpbIE
OPUAYT HATPAKIATH OTJAMYUBIIHUXCA PAOOTHHUKOB,

SUREINE- 3
4) HeJb3A ONPEAENHUTH IO 3aJaHHLIM YCJIOBHAM.

BrickaspiBanue Jx Vy (x“"'y3 < 0) MOXXHO TPOYUTATH TAK:

1) Xora 6bl 4jd OAHOTO 3HAUYCHHsA X Halijercsa 3HaUeHHe Y, UTOGHI BHI-
HOJIHANOCH HepaBeHcTBO x2y° < 0.

-2y IIpz HEKOTOPOM SHAYEHUM X AJA KAKAOrO 3HAYEHWS U BBINOJHACTCH
HepaseHcTBO x2y° < 0.

3) Kakum Ob1 Hu GbLIO 3HaueHHe Yy, HalifeTcAa 3HadUeHUe X, AJS KOTOPO-
ro x%y® < 0.

4y IIpu KaxkAOM 3HAYEHUWM X AJA JO6OTO 3HAYEHWS Y uMMeeT MeECTO He-
paeenctso x’y° < 0.

A10. TepMuH «pENAIMOHHBLINY HIPOUCXOAUT OT CJOBA:

1) dyuruwms; .2); oTHourenwme; -3J cBA3b;
4) ApYroro cjoBa, HeKeJu B IyHKTax 1—3.
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a)

Tabaruya 4.24
Ne ®) Ne
- | Pamunua| HWwma Kirace |HIxona | Ixoma Paiion
n/o n/n
1 | CmupHOB | Hukosnai 9 15 1 135 | ILleHTpajabHBIH
2 | HBanos Bangum 9 28 2 72 IOro-sanaasasIi
3 Besior Cepreit 10 135 3 36 |IOro-samagubId
4 | Ilerpos IlaBen 11 36 4 28 IlenTpanbHBIH
5 | CupopoB | Auzpeit 11 72 5 15 IOro-sanagubIt
6 | CmupHOB | Anekceit 11 135 6 103 SanagHBIA

A11. B rab6aunax 4.24, a u 4.24, 6 gan ¢parmedt 6asbl ZaHHBIX. ITH Tabnu-

bl coeauHenbl no aTpubyty Illxosna. CorsacHo 3anpocy MO HPHU3HAKY
Pajion = I0ro-sanmagasriit chopMupoBana Tabanuiia-pe3yjabTaT CO CJAEAYIO-
nuMu arpubyTraMu, IDpUYeM 3alucy B Heil OTCOPTHPOBAHEBI II0 HOMEpaMm
IWKOJ B NMOPAAKE BO3pacTaHMUA.

Ne

PaMuIna Nma Kaacc
o/

Ilocsie MCHOJHEHUA 3aIpoca B CTPOKe ¢ HOMepoM 1 TaGaunei-pesynbTaTa
6yzer crosTh MaMHINA:

1y Usanos; -2) Ilerpos; 8} Cumopos;
‘4) Apyroro y4eHHKa.

A12. B rabaune KII 4.24, a Kao4eBBIM aTpubyToM sABIAeTCA:

1y ®ammnus; 2) Uma; B@§ Kuace;  .4) IIxona.

YacTb 2. IIpu BHOONHEHHM NPENJOKEHHBIX HMKE 3aJaHWil 3anHIINUTe

y ceba B Terpagu mudp 3aJaHUA ¥ OTBET B BHAE NOCIENOBATENLHOCTH CHMBO-
n0B. CBephTe MONMYUUBHIYIOCA Y BAC 3alUCh ¢ KJHOYaMu Ha c. 269.

B1. B TaGauiie Ajd HEKOTOpPOro arpudbyra HET JBYX CTPOK, B KOTODBIX 3Haude-

HHA aTOro aTpmbyTa COBIAJaJii. OTOT arpubyT sABASETCA .

B2. Ha wmHo)XecTBe HaTypaJdbHBIX dYHCeJI paccMaTpuUBaeTca INIpejHKAaT

Vx 3y (y < zx? — 3x). KosmuecTBo 3HaueHUH mepeMeHHOH 2, AJis KOTODHIX
OH JIO}KEH, PABHO

B3. Ha MHOKeCTBe CJI0B pacCMaTPHUBAETCHA BbICKaspIBaHme 1x Vy(x +y =y + x).

Onpene.wmfre, HCTUHHO OHO WJM JIOXKHO, M 3aKOHUYHTE HpEIJIOKeHHne: «JIaH-
HO€ BBICKa3blBaHHEC ».
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B4. Hu:xe npusefeHO HECKOJbKO IIOBECTBOBATENbHBIX NMPEAJIOMKeHMIA:

B GeckoHeuHO# AecATHYHOM Apob6m, npeacrasigmomieil umeao 1/7, Her
JABYX DPAJOM CTOAIUX OZWHAKOBHEIX IHGD.

8} YeTHpexyrolsHUK ABIAETCH KBAAPATOM.

i3) Ha crose aexur abmoko.

M) B mexoTOpOM LIAPCTBE, B HEKOTOPOM rOCYZapCTBE JKMBET apeBHA-JIfA-
rymKa.

¥ Xouemwsp GbITH CUACTIMBHIM, GYAb WM.

Komy-To Ha PycH KUTH XOPOIIO.
3anuInKuTe HOMepa TeX HpeAio)kKeHHuii, KOTOpble SBJAIOTCA BHICKA3HIBA-
HHAMH, B OPSAAKEe BO3pacTaHmWs 0e3 3HAKOB IpeNWHAHUA W Hpobesos.
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Jo cux nop mbl CTPOMAW MOOENM NPOLIECCOB, CYMTas, YTO GaKTopbl, BAUSIO-
wue Ha dyHKUMOHUpOoBaHUe o6bekTa, HenameHHbl. OHW 3a8aHbl CaMoi NPUPOAOIA
M HEe NoABepralwTCa BO3OEACTBMAM 4Yenoseka. Ha camom pene 4yenosek, No3Ha-
Baa npupoay v obLecTBo, BCe aKTUBHEE W LUMPE BMELLUMBAETCA B OENCTBUE 3TUX
¢$aKTopoB, MHOrga He OCO3HaBas CBOEro BNUAHMA, HO 4Yaule CO3HaTenbHo, npe-
cnefya KOHKPETHYIO Lefb — 3acTaBuUTb TOT MAKM MHOW 06beKT (GYHKUMOHMPOBATL
HY>XHbIM 4Yenoeeky obGpa3om.

T MRS T, T LSRR UTTRLTT T T T BRI T

. Boagesictene Ha o6beKkT wam npouecc, uMmelolee CBOei Lenblo nosaydeHue ..
, TpebyeMbix 3Ha4eHnii napaMeTpos 3Toro obLeKkTa uau npouecca, HasblBaeT-
! CH ynpaBneHuem.

LTRSS, CISTRC S otap oraa LI TUmmramsaEmemeng s 7 ooemeemmnoagslaE TR TIERUTEECRLYLSC

B aToih rnase Mbl Ha nNpuMepax NOKaXem, Kak MHPOPMaLMOHHLIE TEXHONO-
MU U KOMNbIOTEPHOE MOAENUPOBAHME MOMYT MPUMEHATLCA ONA peleHus 3anad
ynpaeneHus.

(B! Yvo Takoe ynpasnenue

Breime MBI y:Ke chopMyaHpoOBasNn OmnpeZiesieHHE YIpPaBIeHHA.
Ho uro0Bl XOpOLIO MOHMMATH €ro CYyTh M YMETh CAMHM OCYIIECTBJIATH
yInpaBJIeHHe, HaZ0 3HATh OCHOBHEIE IPHHIWIE M CHOCOOBI ero opraHm-
sanuu. O6ImMe 3aKOHOMEDHOCTH YIPABJI€HHA B CHCTEMAX pA3JIHYHOMK
TpUPOALI ¥ IPUHUIUILI €r0 OPraHU3anuu usyuamrca kuGeprernkoii. Ta-
KOe HasBaHMe JaJI 9TOH HayKe OLMH M3 €e OCHOBOIOJOXXHHUKOB — Hop-
GepT Bunep.

Ona npoctoTml GygeM CYHUTATH, YTO YIIPABIAIOIIee BO3JeHCTBHE
OKAa3BIBAaeT HeKHMl o0beKT. MBI HameeMcs, YTO HUKOI'O HE CMYTHT TO 06-
CTOATENLCTBO, UTO IION CJIOBOM <«0GBEKT» MOXKET IIOZpasyMeBaThCH de-
JoBeK (Hampumep, mrodep), aBTOMaTHUYECKOe YCTPOMCTBO (Hampumep,
ceerodop), opraHusanusa (Hanpumep, MHUHHCTEPCTBO BHYTPEHHHMX e,
yCTaHaBJMBalOIee IPaBUja KOPOKHOTO ABMMKEHUS HA Teppuropuu Poc-
cuu) u T.n. Ilpocreiimaa cuTyanus yIopaBjieHHA, KOrjJa B3auMOJei-
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Ynpasnsiowmia Ynpasnswouiee Ynpaensemslit
00BeKT BO3OEACTBME 06bekT

Puc. 5.1 Cxema B3aumopeincTevma OByx OObEKTOB B NpOLEcce ynpasneHus

CTBYIOT JBa O0BEKTAa: YIPABAAIOIINH B yIpaBiaseMslil. Takoe B3aumopeii-
CTBME MOXKHO M300pasuTh B BHAE CXeMHI (puc. 5.1).

dusznyecKH yIpaBJAiOIlee BO3ZeHCTBHE MOKeT ObIThH peaM30BaHO
o-pasHoOMy. YIpaBjieHHe TeJeBU30POM €ro Biafesiell] OCYyIecTBIsAeT Ha-
JKaTHeM KHOIOK M BpalleHHeM Py4YeK HACTDOMKH, yIpaBJieHHWe IBHXKe-
HHEeM aBTOTPAHCIOPTa CBETO(OP OCYIIEeCTBJSAET MOCPEeACTBOM IBETOBBIX
CUTHAJIOB C 3apaHee OTOBOPEHHBLIM CMBICJIOM KaXXJOro M3 HHUX, yIpaB-
JeHHe co0axoil X03AMH OCYIIECTBJIAET I'OJIOCOBHIMH KomaHzamu. I'oBo-
psa o6 ympaBjeHuu BoobGINe, HEOOXOAMMO OTBJIEUYLCA OT (DH3UYECKOMH
dopMEI yIIpaBJAONIEro BoaAeicTBUs. Torga cCTAHOBUTCA SCHO, YTO CYTh
YIOPaBJIAINEr0 BO3OEHCTBHA — 3TO Ilepejada MHGpOpManuu OT yOpas-
asiiomero o6sekTa K 00BbEeKTY yIpaBJIeHHd.

Yupasnsioniasa uHboOpManua MOMKeT ObBITH IpeACcTaBJIeHAa MHCTPYK-
muef 0 TOM, 4TO AOJIKEH AesaTh O00BeKT ynpaBieHus. Eciau o0beKT
yhOpaBJieHHA — (DOPMAaJIbHBIA MCIIOJIHUTENb, TO TaKasd WHCTPYKOHUA, KaK
BBl 3HaeTe, OOLIYHO IpeAcTaBiseT cob0il ajiropuTM. AJITOPHUTMHYECKOE
yrapasjieHne (GOpMaJbHEIM HCIOJHHTENEM SABIAETCSA OSHHM M3 BayKHeM-
XX BapHAHTOB pealHs3alUuy yIpaBJleHWUsd, OCOGeHHO dacTO BCTpedaro-
IMHEMCA B TexXHHYeCKHX cucreMax. Ho B XuMBOM mpupoze U oOIIecTBe
JaJIeKO He BCAKOE YIpPAaBRJEHHE CBOJUTCS K AATOPHTMHUYECKOMY; CYIIe-
CTBYIOT U Apyrue popMbl yIpaBJIeHUs, 0 KOTOPBIX MBI DACCKAYXKEM B IIO-
crenyromux naparpadax.

TemeBu3op Kax 00BEKT YIPABIeHHA BMECTe C NOMYCTUMBIMH AJIA
HEero BO3JAeHCTBUAMU OAWH, a YIPABJIATE HM MOTYT pasHble JIIOAM, IIPH-
YyeM C COBEDPIIEHHO PA3JUYHBIMU LEJIAMH — OJHOMY XOUYeTCA CMOTPeThb
¢uapM, a APYroMy — CIOPTUBHYIO IPOTPaMMYy; IJIA OJHOTO 3BYK CJIHII-
KOM I'POMKHI, a IJifg Apyroro, Haobopor, tuxuii. Ta uniu mHaAA conmualb-
Had rpynna (HampuMep, ydalquecs OJHOTO KJjacca) KaKk OOBeKT yIpas-
JIeHHA TOXKe MOJYKeT HMOABEpPraThCA BO3LEHCTBHIO PasHBIX YIIPaBIAIOIIMX
00bEeKTOB (B TOM YHCIe U HAXOAAIIUXCA BHYTPH 3TO¥H IDYIINEBI) C BeCh-
Ma pasHBIMH I[EJIeBBIMM YCTAHOBKAMH. OKOHOMHYECKHMH PermoH Kak
O0'BEKT YIPABJIECHHUS TOMXE MOXKET IOABEPraThCA YIPAaBIAIIIEMY BO3-
IefiCTBHIO CO CTOPOHBI COBEPINIEHHO DPA3JHYHBIX YIPABIAIINUX 00b-
exToB. OTBJIEKasACh ONMATHL-TAKH OT (DHU3WUECKOl peanm3anuu yIpas-
Jsiomiero o0beKkTa (a 9T0, KaK OTMEYAaJIOCh BEIIIE, eCTECTBEHHO IIPH Teo-
peTHYeCKOM PaCCMOTDEHHMM NOHATHS yNpaBJIeHUA), Mbl BHIUM, 4TO
KaXXBIi yIPaBISIOMUA O0BEKT XapaKTEPHU3YeTCH YelesblMU YCmaHnos-
KaMU U CEOUMU 603MOMNCHOCMAMU 6030elicmeosambv HA Ynpasiiemblil
o6zexm. UTo e Kacaercd 00beKTA YIPABIEHUS, TO OH XapaKTepH3y-
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Ynpaensiowwme O6bekT Peaynkrartsl
BO3OenCcTBus yrnpasneHus yrpasneHus

Puc. 5.2 Cxema ynpaBneHus 06BLEKTOM

eTCHA CB0UMU PYHKYUOHANbHLLMU 803MOdNCHOCMAMU (T.e. TeM, YTO OH
MOXKeT CHesJaTh MJIH B KaKOe COCTOSHHe NepeHTH) u JonycmumblmMu HA
Hezo 8030ellcmausmu.

HomycTuMble BO3AEMCTBUA AJA KajKAOTO 00BEeKTa, KaK IPaBUJIO,
IpefoIpefeseHsl camMoii ero mpupogoii. C KuGepHeTHUYECKON TOYKH
3peHHUsA BO3JeHCTBHE HAa O0BEKT yIpPaBIEHHUS — 3TO BOCIPHUATHE UM HH-
dopManuy 4depe3 creluaNbHBIE BXOABI. Peaknus o0beKTa HA BXOAHYIO
uHGOpMaNuIo, T.e. UBMEHEHHEe ero COCTOSHUS, TOMKE OMKCEHIBAETCS CO-
OTBeTCTBYIOINEH mH(popManueii. MoXXHO CUMTATH, YTO 3Ta HWHPOpPMAIUA
mojaeTcss Ha TOT WMJIM HHOM BBEIXOJA: MMEHHO OJjarojmapsi 3Tod mHGOpP-
MaluM YOPaBIAIOMHUNA 00BEKT MOJKET CYAHUTH O TOM, AOCTHUTHYTA JIH
mocTaBJieHHadA Ienb. I10aTOMY cxema YIpaBJIE€HHSA BBRITJIAOUT TaK, Kak
MOKa3aHO HA PHUCYHKe 5.2,

BaxHO MMeTh B BHUAY, YTO I'OBOPHUTH 00 yIpaBIEHHM MOMKHO TOJb-
KO IPMMEHHUTEeJbHO K AMHAMHMYECKHM CHCTEMaM, T.e. CHCTeMaM, Me-
HAINIUMCA BO BPEeMEHH HJIH Kak-TO (GQyHKIUOHHpPyHOIUM. Bean ecam
CHCTeMa CTaTHYHA, TO €l HeJb3s YIPaBJIATE — 4YTO ObI BRI C HeHd HH
Jejiayl, OHA He OTKJHMKAaeTCs HA BallX BO3/EHCTBHHA; €e MOXXHO TOJb-
Ko caoMaThk. [la)ke Korga pedsr uaeT of6 yIpaBJeHHuH aBTOMOOHIeM (KO-
TOPBIA caM, KOHEYHO, B Pe3yJIbTaTe YIPABJIEHNA He U3MEHSEeTCHA), TO Ha
caMoOM JeJie pacCMaTPHBAETCS ABUMKEHHUE aBTOMOOHJISA 110 HEKOTOPOM I0-
pore, T.e. (PaKTHYECKH YIPaBIsIEeMBIM OOBEKTOM BBICTYIIAET CHCTEMA
«aBTOMOOHUIBL + moporas.

B cnepyromux maparpadax MBI HA NPHUMepax IOKAa)KeM, KaK HH-
¢dopMaMOHHBIE TEXHOJIOTHHM H KOMIBIOTEDHOE MOJEJIHDPOBAHHE MOTYT
OPUMEHATHCA ANA PEeIleHUsd 3ajad yIpaBJIeHHUd.

BOMPOCHI U 3ANAHUS

@ o Takoe ynpaenenue 0GbeKTOM MM MPOLECCOM?

e Hwxke nNpuBeaeHo HECKONBLKO CUTYaLMIA, B KOTOPLIX OCYLLECTBASRETCA ynpasneHue. Yka-
XWTe, B YeM COCTOMT MPOLECC YnpaBneHWA: NonbiTaiTech ONpefenvTb Uenb ynpase-
neHus, yNpasnsaiowWwmii u ynpaensiemMbiii 06beKTbl, AONYCTUMbIE BO3AEWCTBUA Ha ynpas-
nAemMblii 06bLEKT.

a) AsuxeHne noesna MeTpo.

6) O6bABneHWe Havana nocagku B camoner.
B) JloBna pbibbl HA YOO4KY.

r)* O6paboTka netann Ha ppes3epHOM CTaHKe.
n)* NeyeHue naumweHTa.
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@ Cpegy NpPoUECCOB, MEPEYUCHEHHBIX HUXE, YKaXUTe NPOUECCHl YnpaBieHus.
a) Ctanesap pas3nusaeTr MeTann B KOBWIMW.
6) Cnepgosartens gonpawmMsaeT Nogo3pesaeMoro.
8) Kangnpat B genyraTbl BbICTYyNaetT Ha MUTUHIE C NPW3bLIBOM FOAOCOBAaTbL 32 HEro.
r) XyaoxHuK pyucyet nensax.
Aa) Pexunccep cHumaeTt punbm.

@ MoyeMy ynpaensiTe MOXHO TONLKO AUHAMMUYECKUMW cuctemamu?

Ana kaxnoro 13 cnenyowmx o6bEKTOB YNPaBNEHMA YKaXUTe, 4TO AN Hero senseT-
Cs AONYCTUMBLIMK BO3AEACTBUAMU:

a) yrior; 6) aBTOMaT NO NPOAAXE XEeNe3HOAOPOXHbLIX BUNETOB.;
B) NpOAaBel, MOPOXEHOro; I)* Baily Knacc.

@ CKONnbKO MOXHO B35iTb Y NpPUPOAbDI

Borara poccuiickasa 3eMJyii pasJMYHBIME pecypcaMu. Ee Hexpa
XpaHAT caMble pasHOOOpasHEIe NojesHble HcKonaembie, Ee seca caysxart
MCTOYHMKOM JAJs paGoTel JeconepepabaTriBaloilleii IIPOMBINIJIEHHOCTH.
B osepax m perax BogmuTcs pniba...

Bot o joBie puiOnl W moliAeT y Hac peub. He Ha yA0ouKy, KOHeY-
HO, a B TIPOMBIILJIEHHBIX MacmiTabax.

Prifa ¢ IPOMBINIJIIEHHON TOYKH 3PEHUs OTHOCHUTCS K TAaK HasbIBae-
MBIM BO30GHOBJISIEMEIM pecypcaM — BBl ee JIOBHTE, a OHA CHOBA POXK-
JaeTcs W pacTeT B TOM JKe BojoeMe. B oTimume, CKakKeM, OT >KeJies-
HOM pyZABI, KOTOPYIO €cli OAWH pas A0GBLI, TO GOJIbIIIe ee HA 9TOM JKe
MecTe He Haigems. IlosToMy pPyZABl HONYyYWay HasBaHHE HEBO30OHOB-
AsieMbIX pecypcoB. Ho o0 HMX MBI 3/leCh FOBODUTH He OyaeM.

Priba poskIaeTcsi exXerofHO, HO pacTeT He TaK YK OBICTDPO, M ecau
cpasy BEBELIOBHTH €€ CJHIIKOM MHOTO, TO MOYXHO OCTAThCs 0e3 PBIOBI.
BosHuKaeT 3ajadya yOpPaBJIeHHSA: CKOJBKO PBIOEI MOKHO BBLJIABJIWBATH
€IKErofi{HO, 4TOOB 00ECHEeYUTh €e HOPMAJbHOE BOCIPOH3BOIACTBO?

Mgzl 3EaeM MOAenb HPHUPOCTA PACTHUTEJILHOM Macchl 6e3 BMeIIATENEb-
CTBa 4EJIOBEKA — 9TO MOZeJb OorpaHmdYeHHOro pocra (cm. § 21). Kpo-
Me TOro, MBI BHAEJH, YTO YIPaBJIgeMbIii 00'beKT YA0OHO HM300pasKaTh
B BHJe IpegMeTa, NMeIOIIero BXoAbl U BBIX0AbI. FI3o0pasuM u paccMart-
pHBaeMyl0 HaMM PBHIGHYIO IOOYJIANNIO B BHAEe cxeMbl (pumc. 5.3).

BxoAsl M BBIXOALEI — 3TO Macca
PGBl B Nn-M IrOLY U COOTBETCTBEHHO
cuoycta rog. Y ecnm peIGy HHUKTO He
JIOBHU'T, TO 9TA Macca MEHSETCHA MO CJie-
AYIOIIEMY PEKYPPEHTHOMY 3aKOHY:

M(n) Monynauus M(n+1)
—_— —

Puiboi
M@ +1) =1+ rE2MD \ar,
L - M(0)
Puc. 5.3 Mogeno uamenenns so306- raAe M(0) — mMacca ppIOBI B Ha4ajb-

HOBNSIEMOro pecypca HBIII MOMEHT BpeMmeHH; L — mpejaeb-
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HOe 3HaYeHHe MACChl PHLIOLI AJIA JaH-

HOrOo BojoeMma; kB — Kosdbdunument M(n)

€IKeroIHOr0 MPHUPOCTA. ' Monynsiums M(n+1)
Teneps y Hac nDOABUJICA eliie -

OAMH BXOJ -— BO3JeHCTBUe UeiOBeKa p PbiGbI

R (puc. 5.4). Ecan MBI cuntTaem, 4uto —>

€KeTOAHO BHLJIABJUBAETCA OAHA M Ta

’Ke Macca peibsl R, TO Hallla MOAeab
OTPAHMYEHHOTO POCTA M3MEHHTCH IO
BHEIIIHEMY BHAY HE3HaUHUTEILHO:

Puc. 5.4 Mopenb notpebnenna BoO-
306HOBNSEMOr0 pecypca

L —M(n)

M@n+1)=|1+ k&
L -M(@©)

M(n) - R.

IlocTpoeHHyI0 MOAEJE HA30BEM MOAENLI0 MOTpebieHus BO30GHOB-
AeMBIX PeCypPCoOB.

BOMPOCHI U 3mHMﬂ

0 Npusegute ApPUMEPHL! YNPaBieHUA KakuMn-nnbo obbektammn uam npoueccamn.

9 Kakvue npeanonoxeHmsa nonoXeHsl B OCHOBY Mogeny notpebneHns Bo306HOBRSIEMbIX
pecypcos?

6 a) MoaroToBbTe 3aMONHEHWE 3NEKTPOHHON TabAWLb! ANA BLIMUCNEHUS MacChl Pbibbi
Yyepe3 3a0aHHOE KONMYECTBO NeT, UCTIONL3YA MOAENb NOTPEBAEHNS BO30BHOBIAEMBIX
pecypcos.

6) CoctaBbTe anroput™ Os BLIYUCAEHUS MACChi PbiGbl Yepes 3a4aHHOe KONMHECTBO
NeT, Ucronb3ya Moaent NoTpebneHns BO3OGHOBNSEMbIX PECYPCOB.

§as)
A

B oxkpecrHocTax ropojsa ErkarepmubGypra mo GeperaM osepa
ITapram packuHyJCA 3aMedaTeNbHBIH Jecomapk «Kamemnrle majar-
ku». Korga-to oH OB IMpaKTHYECKM 34 rOPOLOM, HO Teliepb OKOJO He-
TO BO3HMK OTPDOMHBIH KHJION MUKPOpPaiioH, U C JIECONAapKOM CTaJIO IIpo-
MCXOAUThL YTO-TO HeJagHoe.

IIpyyuHa HOHATHA — pPE3KO BO3POC IIOTOK IIOCETHUTEJeM U NapK
yXKe He CIpaBifeTCa C WX HamlecTBueM. IlomoOmasa mpobiemMa xapax-
TepHa IJiA JI060ro KpYIHOrO ropoja.

VupaBiaATe MOTOKOM IIOCETHUTEJieH JecolapKa HeBO3MOXHO. Ho
ecTh MecTa (IPHPOAHLIe NAPKMU, SAllOBEAHMKM M 3aKa3HMKM), KyAa
MOXXHO OTDAaHUYHUTHL BXOJ Jio0uTenell OTAOXHYThL Ha mpupoje. BosHuk-
Ja ynpasleHYecKas 3aJavya; KaK OPraHM30BATh MOCelleHue OPUPOJHO-
ro mapxa, 4To6Bl He HAHECTH eMy HeIONpaBHUMOTO ymiepba?

Pemenne sajauu HAAO HAYMHATL C HOCTPOeHHMA MojAenu. HyxxHO
IpedXxiZie BCETO PEINUTh, YTO 3HAYHUT «OPraHu30BaTH IMOcCelieHue». Mox-
HO 3TO IIOHMMATPH TaK: HapK OTKPHIT AJA IIOCEINEHUA MOAPA] HECKOJb-

3apaua o neconapke
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KO AHeil (00o3Hauum 5T0 umcao K) um B 3T JHH ero eyXeJHEeBHO IIoce-
maetT N yesgoBek. IIOoTOM IIapK 3aKpPHIBAETCA A0 NMPAKTUUECKH ITOJHOTO
ero BOCCTAHOBJICHIA.

Teneps 06 yirtepbe, HAHOCHMOM HOCETHUTEJAMHN. Jli06asA IpHUpOAHASA
cHucTeMa cmocoGHa K CaMOBOCCTAHOBJIGHHUIO. Y UEHBIE-OKOJIOTHM HAYYH-
JHUCh M3MEPATH yiepd B HPOIEHTAX K HCXOZHOMY COCTOSAHMIO M yCTa-
HOBWJIH, YTO 34 HOYb BOCCTAHABJMBaeTcs mpuMepuo 30% HaHeceHHOTO
yiuiep6a. Ecau ymiep6 cocrasaser 80%, To Takas cUTyanusa CTAHOBUT-
cA HemompaBUMO¥ — mapk morubaer. IInsi Zpyroro mapka B IPYTrHX
ycaoBuAx 00e mudpbl MOTYT GBLITL APYTHMMU.

Hrak, nycrs 32 oOAuWH JeHb MOCETHUTENN HAHEC/IU HapKy HEeKOTODBIH
yiep6. O003HaYMM ero BeJWUYHHY udepe3d A m OGyieM cuuTaTh, 4TO OHA
3aBHCHT TOJBKO OT umcJa IoceTuresiei N ¥ He MeHAETCS B 3aBHCHMOC-
TU OT AHA TIOCEHIEHUd.

IIpomien gmews, W OpoIlJia HOYL — IAapK BCTPEYaeT HOBBIX Hoce-
TATeJeN y)Ke ¢ yIepOoM; YPOBEHb €r0o COCTOSHHS OIEHWBAeTCsd Ha
100% — (100% — 30%)A. Ecau MBI He XOTHM BCe BpeM#A NHCATh 3HA-
YOK IPOIIEHTOB, TO MOXXEM YPOBEHDb COCTOSHUSA BHIPAXKATH IPOCTO B LO-
asx or 1. Popmysa ypoBHS COCTOSHUA mapKa K HadajJy BTOPOro AHs

MONyINTCHA TaKad:
1-(1-0,3)A.

HeTpyqHO HOHATH, 9YTO K HAYAIY TPETHETO NHS YPOBEHb COCTOSHUSA
oyaet yxe
(1-@1-0,3)4),

K HayaJy 4eTBEPTOTO —
(1 - (1 -0,3)A)°
u 7. 5. K Hauany mocaexmero K-ro JHSA YpPOBEHb COCTOAHMA OyZeT
1-@1-0,34)%1.

WHpIMH cIoBaMM, €CJIi MBI AOIYCTHUM IIOCeTHTejieil elle Ha OJUH
AeHB, TO yiep6 CTaHeT HeNONDPABUMEIM, T.e. YDOBEHb COCTOSHWSA, pas-
merit (1 — (1 — 0,3)A)%, 6yzer mmxe uem 1 — 0,8.

HUrak, ecin HaM M3BecTHO A, TO 3Hauenme K — ato HauboabIINi
nokasareas cremenn B Boipakenum (1 — (1 — 0,3)A)*, ansa xoroporo
IaHHOE BRIpaKeHue ocTaercsi GoJbire uem 0,2.

Temepb HAAO PEIINTL 3aJa4y, KaK BeJIMUYMHA A CBA3aHa C YHCJIOM
mocerurenaeil, T.e. onpenenuTh A Kak GyHKIuo or N.

Jlsidg 9TOro HAAO CHOBA IIPOBECTH HMCCaeAoBaHusA. UTO K, B yIpas-
JeHun 6e3 HAYKHM OCMEBICJICHHOrO IIIara He ciejaenib. I[IpUKUAKKM HA TJia-
30K fa HajeXJa Ha aBoch AO J0o0Opa He JOBOAAT.

OnaTh-Taku 9KOJIOTH YCTAHOBHJIM, YTO BEJIMUMHA A XOpOLIO ONnH-

celBaetrca GyHKIuen b+ c\/—ﬁ . Bor Tospko b m ¢ paa xKaxmoii mMectT-
HOCTU cBOM. VM3BecTHBI TaKske IJIsl HAIIEro IIapKa IIoKasaTeHu yiiepba
(Taba. 5.1).

Teneps Hago mozobpats umcyaa b U ¢ Tak, 4To0Obl 3HaueHUe A, BBI-
ynucaeHHoe mo dbopmyse, He CHIBHO OTJAMYAJOCH OT 3HAYEHUI, mpUBe-
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AeHHBIX B Tabamnne. BocmosbayemMes CHO- Tabnuua 5.1
Ba 2JIeKTPOHHOM Tabauneii. IIpumep ee
3alOJHEeHUsA NOKa3aH B Tabiauie 5.2. Yucno Yiep6, %

Bo BTOpOii KjeTKe BTOPOTO M TPETh- noceturenen
ero ctojabmoB OyayT moabuparTbcs 3HaA- 0
yeHna b u ¢, AJA KOTOPBIX HamOOJbIIee 3 7.0
U3 OTKJIOHEHUN OyJeT MUHMMAJILHBIM. 50 10,8
ITogo6HBIM BBEI yiKe 3aHUMAJHKCh, KOTZa 100 18,3
HCCJEAOBANIN OpPOYHOBCKOE JIBUKEHHE 120 20,7
YACTUIIGL.

Ilocie Toro kak OyaeT HalijaeHa 180 27,0
dopmysa gaa A, MBI CMOXKeM HAaXOJUThH 250 33,0
smauenne K no N u, Haobopor, N no K. 400 43,5
Ho stum BBI 3alimerech Ha gadopaTop- 600 55,0
HOI pabore.

Tabnuya 5.2

1 b c Vinep6 OTKJOHEHHE OT 3HAYeHWHd,

BBIYHUCAECHHOTO 1o dopmysie
2 30 0,07 |B2+C2#\/ A2-D2|
.8 50 |Maxe. | max(E2:E9) | 0,108 |B2+C2%+ A3-D3|
4 | 100 0,183 |B2+C2%+/ A4 -D4|
5| 120 0,207 |B2+C2%+/ A5 -D5|
8| 180 0,27 |B2+C2% A6 -D6|
7| 250 0,33 | B2+C2%/ AT-D7|
8 | 400 0,435 |B2+C2%\/ AS-D8|
9 | 600 0,55 | B2+C2% A9-D9|

MycTe yXe HaligeHsl koadpduumnenTel b U ¢ B popmyne gna A. MNpopymaitte, Kak no
3a0aHHOMY 4UCAY eXeAHEeBHbIX nocetuTenert N BuuuCAuTL 4ncno K, nokasbiBaio-
lee, CKONbKO AHEW noapsasd MOXHO nocewiats napk. M Haobopot, Kak no 3agaHHO-
My uncny K HallTu exepHeBHOe KONUYEeCTBO MoceTuTener napka.
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Yuumcs y npupopabl npaaunbuou opruuusau,uu
ynpaeneHus

B

B npeaucaosuu K 3TOH rjase MbI ONPEE/ININ YIPABJICHHE KaK
eJieHATIDABICHHOE BO3JeHcTBHe Ha Te MJIH HHBIe QAaKTOpPH 06HeKTa
wiu npouecca. IlosTomy Hassanue maparpada Ha NepBBIA B3TJAMAK BBHI-
TAALUT CTPAaHHO: MPHUPOJAa B CBOEM CYHIECTBOBAHHH HEe IPECJAEAYET
Kaxwue-nubo Ieny, MO3TOMY H YHOPAaBJAATH NPHUpPOJa HNYEM M HHUKEM He
moKeT. Kak JKe Toraa ydYWMTBCS YHPABJEHHUIO Y IPHUPOABI?

Hab6nopasa nmpupoiHbie ABJIeHUI, MBI MOXKeM «MOACMOTPETL» y Hee
Te MEXaHW3MEI, KOTOpLIe MO3BOJAIOT MPHUPOJE B TeUeHUe ThICSUYeseTHi
CYHIeCTBOBATh ¥ pPas3sBHBATLCA. Belb M uejOBEeK OOLIYHO CTPEMHUTCH
K TOMY, YTOOLI ero AesATeJILHOCTH TOXKe Morja obeclieduTh YCTOHUYMBOE
CYIIIeCTEOBaHHE M PasBHUTHE. JTO He BCeraa emy yaaercda. IlompoGyem
pasobpaTsCca IOYEMY.

BceconoMHENTE CBOMCTBO KMBOI IIPHUPOJABI, KOTOPOE BhI O0HAPYKHJIIH,
BHIIIOJIHASA J1a0opaTOpHYI paboTy 22, — sBIeHHE CAMOPEZYIUDOGAHUA:
OpupoJa CTPEMHTCH BOCCTAHOBUTHL TO CTAOHMJILHOE COCTOSHHE, U3 KOTO-
POTo ee BBHIBEJIH TE€M HMJH UHBIM CIIOCOOOM. JTO BO3MOYKHO TOJIBKO B TOM
caydae, KOrjja CaMO COCMOAHUEe, 8 KOMOpom Haxodumces obsexm, A6-
aaemces 6o3delicmeyouium HA Hezo (PaKmopom.

Ecam mpexacraBasaTh cebe ynpapigeMbili O0BEKT KaK CHCTEMY CO
BXOAaMH¥ M BeIXogamu (puc. 5.2), TO B 9TOM CJIYy4a€e HEKOTOPHIE €r0 BHI-
XOAbl OAHOBPEMEHHO SBJSAIOTCHA ero Bxojgamu. AMeHHO Tak oGCTOHMT he-
JIO B MOAEJA OTPAHHYEHHOr0 MM HEOTPAHMUYCHHOT'O POCTa: BHIXOAHOM
napametrp M(n + 1) xapaxTepusyeT odepefHOe COCTOAHHE CHCTEMBEI,
T. €. OXHOBPEMEHHO ABJAETCA BXOAOM. BXOJ ¥ BBIXOJ Pas3aHYaIOT TOJb-
KO MOMEHTHI BDEMEHH, B KOTOPBLIX pPacCMaTPHBAIOTCHA 3HAYEHHSA 3TOTO
mapameTpa.

CunepmoBaTensHO, u300pamkas yIpaBASeMEI#A OOBEKT € 3JeMEeHTaMH
caMOperyiaanuu, MBI AOJIKHEI TaKKWe BBIXOABI 3aMKHYTH Ha COOTBET-
cTBylomiue BXOAH! (pmc. 5.5).

B mogesm ynpaBnemua goOnideii BO30OHOBJISEMBIX DECYpPCOB 3Ta
cxXeMa BBITJIAAHUT TaK, KAK MOKAa3aHO Ha PUCYHKe 5.6.

G TRREE L e eI AR N R DY TR T A R T T T A S A R TR R

Boa,aencrsue BbIXOAHbIX napamerpoe ANHAMUYECKON CUCTeMbl Ha ee
Xe BXOAHbIE NapameTpbl Ha3bliBalOT 0OGpaTHO# CBA3bIO.

DL RIS TR SR

T e R ST, SRR TR N T R AR XIS

B xuBoii npupozge Jyiobas cucreMa 00A3aTeNLHO 06JaflaeT MeXaHU3-
MoM o6paTHO#l cesasu. Ilpocreiimuii npumep — yBeJIHYEHHE TEIJIOOTAA-
Yy JKMBBIM OPraHH3MOM HpHM YBEJWYEHMM BLIZeJIeHUS 3Hepruu (HAIpHU-
Mep, IpU UHTEHCUBHOM paboTe). OTOT MEXaHM3M HACTOJBKO atddexTuBEH,
YTO HIPH 3A0POBOM COCTOAHUM OpPralusaMa OH CIOCOOEH NOAJep:KHBATh
NOCTOAHHYIO TeMIIepaTypy TeJjia IPH BO3LEHCTBMH caMbBIX pPasHOOOpas-
HBIX BHEINHWX W BHYTPEHHHUX (DAKTOPOB. 3AeCh MBI HMeeM JeJi0 C Tak
HA3BIBAEMOY OTPHUIATEJbHOH 0OOpaTHOH CBA3BIO. OOUTET «OTPHUUATEND-
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Puc. 5.6 Mogent notpebnenus 80306-
Puc. 5.5 Cxema ynpaeneHua ¢ o6paTHOi HOBASIEMOro pecypca Kak cu-
CBA3bIO cTemMbt ¢ 0O6paTHOI CBA3LIO

Hasg» O3HAYaeT, UTO OHa obecneuyMBaeT BHIPAOOTKY YHPaBJIAIOMIETO BO3-
JeficTBUsA, HANPABJCHHOTO HA yMEHbIICHHE PaCCOTJIAaCOBAHUA MEKAY
3alaHHLIM U JeiiCTBHTEJLHLIM 3HAUEHMIMH HapameTrpa cHcTeMsl. Boa-
HHUKAIOMWU#A IIpa 3TOM 3(p(EeKT YyCTOHUYMBOCTH CHCTEMEB! K BHEOIHUM BO3-
JeHACTBUAM Ha3LIBAIOT FOMEOCTA30M CHCTEMEI,

Hepeaxo B JWHAMHYECKHX CHCTEMAX BCTPEYAETCA U HMOJOMH-
TelbHad o6paTHana CBA3b, YCHIHBAIOINAA BO3HUMKIIEE DaCCOriacoBa-
HUe. B mpupose mpuMepoM IOJIOKUTENLHON 00paTHOW CBA3H ABJIAET-
¢ peaKIus NHINEBAaPHUTEJbHON cHCTeMBI Ha cjaloe pasapakeHHe
nouineil, BHI3LIBAIOIIEE BHIJEJICHWE NHUINEBAPUTENbHBIX YHSMMOB M TeM
CaMbIM YCHJIEHHE DasApasKeHHdA ¢ eIe OONBIINM BHIACJCHHEM 5H3UMOB
U T.A. 9TO ABJcHNE ONHCHIBACTCA HAPDOJHON NPHMeTOH «AnmeTuT mpu-
XOAUT BO BpeM# eAbl». B HIKOJIBHBIX Kypcax MUBMKH WM XHMUHM H3yda-
eTcA JPYro# THUII ABJEHUH C MOJIOMKHTEIbHONH OOpPAaTHO CBASHIO — LeN-
HEIe peaknuu. K HAM OTHOCHTCA ATOMHEIN B3DHIB, B3PLIB I'PEeMY4ero ra-
3a M T. .

Ilonatue obpaTHO#l CBA3M BO3HHUKJIO B XOAe IIOCTPOEHMUS pas3and-
HBIX aBTOMATHYECKHX DeryiaATopoB. OZHMM M3 HEPBHIX TAKUX pPeryid-
TOpOB OBLI peryiaaTop Yarra (puc. 5.7), ynpaBasiBmuii mojadeil mapa
B IMJIMHADHI NAapoBOM MarmmwHBI (0 HEM BaM, CKOpee BCEro, pacCKashl-
Baju Ha ypokax Gusuru). Ilosxxe moHaTHe o6paTHOH cBA3M OBIJIO BHI-
HEJIeHO KaK CaMOCTOATEJbLHOE, OMMCHIBAIONIEE CaAMOpPeryJupylomuecs
CHCTEMBEI,

Puc. 5.7 Cxema pabotel perynstopa Yartra
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Ob6bexT ¢ camoperyasmueii MoeT GbITH HOCTATOYHO UETKO CTPYH-
TYPHPOBaH; B YaCTHOCTH, B HEM MOTYT OBITH BBIAeJEHbI YIIPABIAIO-
muil ¥ ynpasiseMblii NOROGBEKTE. ITU HMOLOOBEKTH CBA3AHBI WHOMOD-
MANUOHHBIMHU KaHAJlaMH: [0 OJHUM KaHAJlaM Iepeiaercs YIPaBIAio-
maa “HOpPMAIUS OT YIPAaBAAOINEro Oo0beKTa K yUpPaBAdEeMOMY, IO

ApyruM — wuH(poOpMamusa o pesyJabTarax ynpasjeHuda. asa mapoBoii
MalIWHBl ¢ PETYyAATOPOM YaTTa YIPABIAKIINN O00BEKT — caM peryiid-
TOD, YIPABJISEMBIN ~— NapOBOM KOTEJ.

m T'71aBHBEIM B NMOHATHM OOPATHOM CBA3U ABJAETCS TO, UTO U3MEHE-
Hue coCmoAHUs 00BeKma HenocpedcmeeHHO C8A3aH0 ¢ IMUM CO-
cCmosaHueM.

B napomoi#i mamimse, Kax TOJBKO CKOPOCTH MAXOBHKA HAYWHAET
IIPeBHINIATh YCTAHOBJICHHEBIE IIpeAeNbl, 00beM MOoJauu Mapa yMeHLIIaeT-
Cd TPOIOPHVOHANBHO 3TOH CKOPOCTH W, HaoGOpOT, KOT4a CKOPOCThH Iia-
AaeT HUK€ YCTAHOBJIEHHBLIX MOPEJEJ0B, YBEJIHMUYKWBACTCSA 00BbeM IOAAYH
napa. OTrMeTruM, UTO B 9TOIl CHCTEMe DEryJaATOP HE «BHIACHAET» IIpH-
YUH yBeJWYEHUA WIU YMEHBIICHWA CKOpocTH (pasHoobpasue 3TuX HpPHU-
YHH HE NOAJAeTCSA OMMCAHMIO), OH IIPOCTO HOAMCPIKUBAET 3aLaHHLIN
pexuM pabOThI IIApPOBOIl MAIIMHEI.

BOMPOCHI U 3AJJAHUS

Mpu kakux ycnoBusix BO3MOXHO sBRieHWe camoperynuposaHusa? Npuseavre npume-
pbl CamOPEryMpyioLmMXCa - AMHAMWYECKNX CUCTEM.

Y70 Takoe obpatHan ceA3b?

Kakyio o6paTHylO0 CBSid3b Ha3bIBalOT OTPULATENLHON, MONOXUTENBHON? [lpuseguTte
fpMMepPbl CUCTEM € OTPULIATENIBHOW U NOAOXUTENLHON OOpaTHON CBA3LIO.

4YTO Takoe roMeocTa3 cucTembi?

Cpeay npuBEAEHHBLIX HWXE NPUMEPOB B3aMMOAENCTBUSA YKaXUTE Te, KOTOPbLIe OTHO-
CHTCA K NOHATUIO oBpatHOW cBa3n. [ins Kaxagoro NPUBE4SHHOrO Bamui CAy4Yas yka-
Xute TMn obpaTHOl CBA3W, T. €. NONOXUTENbHA OHA WU OTPULATESIbHA:

a) nsMeHeHve guameTpa KPOBEHOCHbLIX COCYAOB OpraHuama W TennooTgaqu opra-
HU3Ma;

6) packpbiTue (UK 3aKpbITUE) 30HTUKA U HaYyano (MM NpPexpalLeHue) AoXAS;

B) UBMEHeHne AOXOAHOCTU MPOU3BOACTBA M 06bemMa BbifyCKAaeMOR NPOAYKUNM;

r) U3MEHeHne NoKYNaTenbCcKOro CNpoca W LeHb! Ha ToBap;

D) U3BMEHEHUEe APKOCTU FOPEHNUA NAMMOYKM WU NOAABAEMOTrO HarpPsHKeHUs;

€) usmeHeHne ckopoctu 6era v ConpoTUBNEHNUA BO3AYXA;

X) n3meHeHue ckopocty 6era n 4acToTbhl NyNbCa;

3) BOCXOA, (3ax04) COMHUA U BuIKAIOYEHWE (BKMIOYEHNE) OCBETUTENLHBLIX NPNBoPOos;
1) 3BOHOK GyaunbHUKa U NpoGyxaeHue Yenoseka.

©0 00 ©

0 BoinonHAs TecToBbie 334aHMA K rnaBam Hawero ydeGHuka, Bbl fiofiysanu uHdopma-
UMI0 O TOM, HaCKOJIbKO XOPOLUO YCBOEH u3y4daembiit matepuan. Mol Hapeemcs, 41O
Bbl MCNONL30OBaNN 3TY UHGMOPMaUMIO ANA NOCTPOEHUS! YNpaBieHUs CBOUM MPOLEeC-
com 06y4eHus. Kakoit Tun oGpatHOi CBA3KU MpU 3aTOM peannsyertca?
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Usyuaem cucrembl ¢ o6parHOit cBA3LIO

N3 npeprigymero maparpada Bul yiKe, HABEPHO, IIOHAJAH, UTO
cucTeMaMH ¢ o0paTHOI CBS3bI0 MBI 3aHMMAJIUCH €Ilie B IJlaBe 3, maydas
MOZleJil OI'PAHUYEHHOTO ¥ HeoTpaHMUYeHHOro pocta. Ho BEI 00 3TOM TOT-
Ja He morajniBaanuck. Jla 9To OLIIO M He HYKHO — B TO BpeM#A BHI OC-
BaMBaNY NMOHATHUS T'PaAHMUI aZeKBaTHOCTH. Temeps ke MBI COCPELOTOUMNM
BHUMAaHWE MMEHHO Ha 00paTHO# cBsa3m. HaumeMm ¢ oOCY:KJeHUSA TaKoOi
3azaud.

Ha HekoTOpOM OCTpPOBe JXHMBYT JHCHI M KPOJAUKH. KpoJmKHM nuTa-
IOTCS TPaBOii, KOTOPO¥ BXOBOJIb Ha OCTpOBE, & JIMCHI OXOTATCA Ha Kpo-
JIMKOB, JKOJIOTH BpPeMA OT BPEMEHU IIePECUUTHIBAIOT KPOJHWKOB M JHC.
Bor uto oum ycranoBuan:

: KOa(hPUIMEeHT IPUPOCTA YHCAa KPOJUKOB 3aBHCUT OT YCJIOBHIL
obuTaHua (XO0JoZHAA MJIM TeILIadg 3MMa, CyXoe MY BJIAYKHOE
JIeTO, PAHHSA WKW HO3AHASA BecHa M T.A.) M KoJebjeTcs B Ipe-
Jeaax ot 3,2 mo 4,7;

Koot dunueHT NpUpOCTa YHUCJa JUAC IIPOINOopLuoHaeH Koa(hdumu-
€HTYy IIPUPOCTa YHCJIa KPOJIUKOB.

Tpebyerca yCcTaHOBUTH, KaK MeHAETCA UHNCJICHHOCTh KPOJHUKOB M JIHC

C Te4eHWEeM BpPEMEHH.

Pemenme 3ajaun, KaKk OOBIYHO, HAYHWHAEM C IIOCTPOECHUSA MOJEJIH.

Ham mansl aBe momynamuyM: KpOoauKm u Juchkl. CxemMaTwdHOo mM300pa-

3MM HX TaK, KaK IOKasaHO Ha pucyHKe 5.8. 3gecs M(n) — mac-
ca KpPOJIMKOB uepe3 n Jjer, a L(n) — Macca JAMC B TOT K€ MOMEHT
BpEMEHH.

Ho sty monyasuuy He CYIEeCTBYIOT pas3ziejibHO, KasKJas cama IIo
cebe, a B3aMMOJEHCTBYIOT APYr C APYIOM. OTO B3aHMOZEHCTBUE MOMKHO
u300pa3uThL cxeMoii, mpHBeAeHHOH Ha pucyuke 5.9. B srtoii cucreme
JIeTKO IIPOCMATPUBAIOTCS TPH KOHTypa OOpaTHBIX cBsdeil. OmuimieM ux
pacueTEBEIMU (opMyaaMU.

CHauana saifimemca KpoaumkamMu. ITOCKOIBKY KOpMa Y HUX BJIO-
BOJIb, TO UX IPHUPOCT HUJET B COOTBETCTBHHU C MOLENbI0 HEOTPDAHWUYEH-
HOro poecra. BOT TOJNBLKO JHCH MX HOeJaloT. KoHeuHO, alleTUT y pas-

a) 6)

M(n) M(n+1) L(n) L(n+1)

SAITSNOUT R
Tosn

Puc. 5.8 Moaenn npocTeinx akoaormieckux cuctem

8—Teitn, 10 k1.
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M(n) M(n+1)

TOosS N

L(n) L(n+1)

SESXXHD0UV R

Puc. 5.9 Cipyktypa Moaenn 3KoN0rM4yeckol CUCTEMBI «INCbl U KPONKN»

HBEIX JIMIC MOJXKET OKAa3aThbCA Pa3sHBIM, HO B CpeiHEM MOJKHO CUMTATH,
4TO CchejaeMad KPOJbUYATHHA IIO JHCAM pacipefeisieTCs paBHOMED-
HO, T. €. Macca KDOJHNKOB, CHhEIeHHBIX OAHOH JAMNCOHA, ITPOMOPI(HO-
HajJbHA O0IeMy YHCIY KPOJHKOB. JTY MAacCy MOXMIHO 3allMCATh Kak
cM(n), roge ¢ — Ko3dDIDUOHEHT, XapaKTEePHIYIOIMNii, MOXHO CKa-
3aTh, «HEYBEeDPTJHUBOCTH» KPOJHUKOB HJAHW, HA000pPOT, YMEJOCTH JIUC
B 0XOTe. 3HAUUT, U3MEHEHMNE MAacCChl KPOJHMKOB 34 I'OJ MOYXHO 3amu-
caTh Tak:
M(n + 1) - M(n) = EM(n) — cM(n)L(n).

3aecs B — KoaddHUIIUeHT NPUPOCTA KPOJUKOB 3a I'Of.
To Xe COOTHOIIEHHEe MOXKHO HepemucaTh TaK:

M+ 1)=(1 + k& — cL(n))M(n).

A xax obcroaTr gena y aucun? ficHO, YTO HMPUPOCT UYMUCIEHHOCTHU
JIC IPONOPHHOHAJNEH HX HMeIieMycd KoaudecTBy L(n) u mpupocty
kKpoasuatusl M(n + 1) —~ M(n). Ecau npupocT HyJ€BOH, TO HOBBIM JIH-
caM Hedero OyJeT eCTh; €CHU K€ IMPHUPOCT OTPHUIATENLHBIN (T.e. YHCIO
KPOJIMKOB YMEHBIIIAETCA), TO AOJIKHO YMeHbIIaThed M umeao guc. 06o-
3HaYUM KO3(DOHUIIMEHT IPONOPINOHAJNILHOCTH UEpe3 §. SHAUYUT, JAH JIHUC
MOJKHO HAIIMCATL TAaKyIo QopMysy:

L(n + 1) — L(n) = s(M(n + 1) — M(n))L(n).

Ilepenumem 3Ty ¢opmMyay B Buje, yAOOHOM JAJA BBIYMCIACHHUA
L(n+ 1)
L(n + 1) = (1 + s(M(n + 1) — M(n)))L(n).

BriOpaB Tenepb HEKOTOPHIH roJ B KauecTBe HA4YaJILHOTO (T. €. CUH-
Tas n = (), MBI, 3Hasg Maccy KpoankoB M(0) u maccy auc L(0), moxxem
nocienoBaTenbHO Bbiumcautsh M(1) u L(1), M(2) u L(2) u t. 5. Koad-
¢bunuenTsl k, ¢ 1 § U3BECTHHI M3 HaOGJI0JeHUH 3KOJOTOB.

Mozenp moCTpOeHA; MOKHO MNPHUCTYNATh K KOMIBIOTEPHOMY SKCIie-
PHMEHTY ¢ 3TO¥M MoAenbio. Bl ero mposesere, BHINOJHAA Jaboparop-
HYI0 pabory 24.
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Q Kax ckasaHO B OGLACHUTENIbHOM TEKCTE, B PACCMOTPEHHON MOBEMN «ANCHI U KpOonu-
KM» MMeeTCA TP KOHTYpa 0BpaTHbIX cnsei. YkaxuTte ux. Kakue us atux cessei se-
NSAOTCA FONOKNTENLHLIMKY, @ Kakne — OTpuLaTeNbHbIMU?

Q a) Mpeanonoxum, 4TO BBLINOAHRETCS paseHcTBo L(0) = % Kakue 3HaueHusa Gyayr
wmets M(1) n L(1); M(2) n L(2), ..., M(n) n L(n)?
6) NycTb UMEEeT MECTO PaBEHCTBO, 3anucaHHoe B NYHKTE a. FOBOPAT B 3TOM Cnyyae,
4TO 3HaveHuns M = M(n) n L = L(n) xapakrepusyioT MONOXEHUE 3KOSI0rMyecKkoro

pasHosecyss B faHHOW Guonoruveckoii cucreme. Kak Bbl gymaerte, noyemy ucrofb-
3yeTcsa Takoe HassaHue?

6 Kakyio pone vrpaloT nonoxurtesibHble obpaTtHbie CBA3W B 3BOAIOLMU BUONOrM4ecKux
cuctem?

Q Mogcrasum 8 dopmyny, nonayyerHylo ana L{n + 1), BeinnucaHHoe paHee COOTHOLie-
Hue ana M(n + 1) —~ M(n). Torpa
L(n + 1) = (1 + s(k - cL(n))M(n))L(n).

Kakas Mopent ans nonynsumu nUC ONUCLIBAETCA 3Tol GOpMynoi, ecnu npeanono-
XWUTb, 4TO NONYNALMA KPONMKOB VIMEET NMOCTOSHHYI0 Maccy M(n)?

T*’ 4? ' YnpasneHue no. npuHuMny o6parHoii cBsizu

CpaBHUM (QYHKIUOHMPOBaHUE ABYX CHCTEM — JKOJOTHYECKOM
CHCTEMBI «JIMCHI M KPOJHMKN» ¥ HAPOBOil MAIlIMHEI ¢ PEryJATOPOM Yart-
Ta (Tabn. 5.3). CxoacTBo HaJAMIO, He mpaBja au? MoKHO CKasaTb, UTO
MOMIYJIAIHSA JIXC BBICTYNAET PETYJAATOPOM YHCJICHHOCTH KPOJHMKOB.

Tabnuua 5.3

Peakiua cucremsi
Ha uaMeHeHue

U3ameHeHue B cucreme

Nucel n kponnku YpeanyeHue (Unn ymeHb- YBenudenue (coorset-
weHue) YNCNEHHOCTN KpOo- CTBEHHO yMeHbLeHNne)
NNKOB YNCNEHHOCTU NNC

Naposast MawmHa ¢ Ysenundenne (Man ymeHb- YBenunuyernune (coorset-

perynatopom Yarra LWeHne) CKopocTH CTBEHHO YMEHbLUEHUE)

cbpoca napa B KoTne

Koneuno, B IPUPOAHOH CHCTEME HH O KaKO! HejieHaNpaBJIEHHOCTH
BO3AelicTBUA peub HATH He MoKeT. Ho mpupoza MOACKa3bBIBaeT HAM, UTO
¥ IpH CO3JAHMY YIIPABJAEMOH CHCTEMBHI ee YCTOMYMBOCTE obecmeumBa-
eTcs HaJu4ueM oOOpaTHOH CBA3H MEXKAY VIPABJIAEMEIM U YIIPABIAAIOIIUM
(peryaupyiomuM) o6 BEKTaMH CUCTEMEI. Y IpaBJIeHNe, UCIOJIb3YIoNiee 06-
PaTHYIO CBfi3h MEKAY YIOPABJIAEMBIM M YOPABIAOIINM O00BEKTAMM, Ha-
3bIBAETCA YHOPpaBJIEeHHEM II0 NMpuHUHNY ob0parHoii cBa3u. Mni Moxem
HPOJEeMOHCTPHUPOBATE 3TO CXeMoif, m3obpakeHHOM Ha pmcyHKe 5.10.

8%
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CpaBHMM yhOpaBJeHHe 1O

YnpasnsioLumii IPUHITUITY 00paTHO! CBA3SH C pa-
obbeKkT GoToii cBerodopa, KOTOPLIN yIpas-
{perynaTop) JisieT ABHXKEHHEM Ha IepeKpecT-

Ke. 3Aech OTCYTCTBYeT BCAKafA
obpaTHasa CBA3b, MO0 KaXABIH
CHUTr'HAJl TOPHUT 3apaHee 3aJaHHOeE
yrlpaBﬂﬂeMblﬁ BpeMda BHE€ 3aBHCHMOCTH OT TO-
OBBEKT To, €CTh JW MAIUWHBI, ABUKY-
njuecs B AAHHOM HATPABJICHUH,
Bor u monyuaercs Hepezko, UTO
Ha 3eJIeHbId CBeT exXaTh HEKOMY,
XOTd B TO JKe BpeMsd Ha KpacHBI
CTOUT BepeHUa MamwuH. K coxa-
JIEHHWIO, B Halieli comualbHON JKM3HHM YacTO MMeeT MECTO yIpaBJieHue
HUMeHHO Takoro Tuna. He cayualiHO GOJBINMHCTBY JOfeid yIipaBJieHHe
IpeAcTaBJIsgeTcs Kak rpyboe HacHiIMe, BhIpaKaloliieecs B yKasaXx, TpH-
KasaxX, 3aKOHAX, IOCTaHoBJieHusAX. Ilono6GHoe ympaBlIeHHE CTPEMHTCSH
IpeAyCMOTPETh M PEerjiaMeHTHPOBATHL BCE€ BO3MOJYKHEIE CHYYAH IIOBEZE-
HHAA YIOpaBIsAeMOro 00beKTa, W ecJH BAPYI OOHapysKuMBaeTcA Jaseiika
AJA 00X0o/a TOTO MJH UHOTO MOCTAHOBJEHHA, TO NPOBOAUTCA paccieno-
BaHWe IIPUYHH K MPUHHUMAIOTCA Mephl 10 AAJLHEHIIeMY HeAOIIYyIeHUIO.
Ho naszeiikm-To Bcerga ecth M OyAyT... HamoMHMM, YTO TJaBHOE mpe-
HMYIIECTBO YIIpaBJIEHUSA II0 HPUHIIMIY OOpPATHON CBA3HM COCTOHT B TOM,
qTO PEryaAToOpy He TpebyeTcs BBIACHATHL HPUYMHBI ¥ OGCTOATENHCTBA,
KOTOpEIe TNPHUBEIM K M3MEHCHHI) COCTOAHWA YIIPABIAAEMOro o6beKTa,
a OH IIPOCTO pearupyetr Ha 3TO W3MeHeHHe.
B skomomMuueckoil cdepe npuHiiui oOpaTHOH CBA3M IIPOABIIETCH
B JieficTBUM PLIHOUHLIX 3aKOHOB. IIOBBINIeHKWE COPOCA IPHBOAUT K IO-
BBIIIIEHUIO II€HLI, MOBLIIIeHKWEe IIeHbLI JesiaeT BHITOAHLIM yBeJIMUYeHNe
OpPOM3BOACTBA JAHHOTO TOBApPA, YBEJIHYCHHE IIPOU3BOACTBA IPHUBOSUT
K CHIIKEHHIO CIIPOCA, CHIMKEHHE CIPOCA BJEYET IaJeHWe IeHLI U T. A.
Ha pucynke 5.11 nsobpakeHa cXeMa SKOHOMHYECKOTO B3auMOAEICTBUA.
Komxeuno, sTa Mojiesib BecbMa yripoinena. 3xech, K IIpuMepy, He OT-
pasKkeHO ZelicTBMe TaxKoro (axTopa, KaK IOKyIIaTeJbHas CIIOCOOHOCTDL
HaceJeHus M MHoroe Apyroe. Ho MBI obOpaiilaem Baliie BHHMaHHe HMEH-
HO HA Hanuuyue oOpATHON CBSA3HM y)Ke B JAHHOI, COBCEM IIPOCTOM MoOje-
A 3KOHOMUWYECKOTO YIpaBJICHUA.
IIpoBeieHHDBIH BAMHM KOMIILIOTEPHLIH dKCIEPUMEHT ¢ MOAENbIO «JIH-
Chl ¥ KPOJHUKH» [AEMOHCTPHPYET eIlle¢ OAMH BAXHBIA MOMEHT B (DYHK-
IHOHWPOBAHNHN JWHAMHYECKON CHCTEeMbl. BCIOMHUTE, €CJIH YHCJICH-

Puc. 5.10 Ynpasnenve no npunuuny o6-
paTtHon CBA3W

Motpebnenune
(cnpoc)

> leHa » [pon3soacTso |

Puc. 5.11 Mpocreiiwan skoHOMUYECKasn MOAENb
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B 3aA0Y0X ynpasneHus

HOCTDb JWCHI, HAMHOI'O OTJIMYAJIaCh OT TOM, KOTOpas HeoOXoAuMa IJIsd
3KOJIOTUYECKOTO paBHOBECHs, CHCTeMa He MOTJa NPUITH K 2TOMY pas-
HOBECHIO M Pa3pyIlasiach.

Aaa kandoit cucmemvt cyujecmayiom onpedeneHHble ZPAHUYBL YC-
moilyusocmu amoil cucmemsl, 6 KOMOPbLX OHA COXPAHAET CE0I0
yenocmHocmos; 6bix00 34 MU ZPAHUUBL NPUBOOUM K DA3PYULEHUIO
cucmembt.

Nmenuo BBIXOAOM 3a IrpaHHIibl YCTOfIqHBOCTH O0BSCHSAIOTCA DKO0JIO-
ru4YecKue KaTacTpodrl U SKOHOMHUUYECKHE KPUIUCHI. W uyTo6el cucreMa
ObLIIa BOCCTaHOBJICHA, H606X0,D;I/IMO BEPHYTH €€ B obnacTn caMoperyJjan-
poBaHHUA. A AJId 3TOrO BaXXKHO 3HATHh, KAKOBBI K€ I'DAHHUIIBI aTO# ob6sac-
. Haxoante ux Kax pa3 u nmomMoraeT KOMIIBIOTEPpHOE MOAeJHNPOBaHHE
3daja4dy ynpasJjieHUudA.

BOMNPOCHI U 3A0AHMNA
YTO Takoe ynpasneHue No NpuHUMny obpatHoi cea3n?

B 4emM npuunHbi PaspyilueHusi CUCTEM, CMOCOBHLIX K CAaMOPEryiMpoBaHnio?
MpuBeanTe npuMepsl yNpasneHna no NpuHUMNy obpatHoi Cesa3su.

Ha pucyHnke 5.11 npuBeneHa npocrenas cxe-

OB606

Ma 3KOHOMUYECKOro B3aumoaeicteus. Bae- MokynatenbHas
OeM eile oauH SNeMeHT 3KOHOMuueckod cu- ——=i cnocoBbHOCTL ——
cTeMel {puc. 5.12). HaceneHnsa

Kak, no sawemy MHeHWIO, ero cneayer BCTPO-
UTb B yKasaHHyio cxemy? lNepeuncnute Bo3Hn-
Kaiowme npm 3TOM KOHTYPbl 06GpaTHbIX cBR3eit
M Ana Kaxgon us obpaTHbiX CBA3ei onpene-
nvTe, NONOXUTENbHA OHA UMM OTpUUATENbLHA.

@ B § 44 paccmatpusanack 3apaya 06 opraHu3aumm nocewenus napka. Mpesnioxen-
Hoe Ans 9To# 3aAaun pelweHue He npegycmaTpveaer o0paTHOW cBsi3u 8 ynpaslie-
HUKM noceuwieHnsMn napka. peanoxute ynpasneHue, perynvpyiowee noceiue-
HWe rnapka u OCHOBaHHOE Ha npuHumne obpatHoii cesan. (C o B e 7. Mpu nocTpoe-
HUK YNPaBAEHUS KUCMNONL3YNTE IKOHOMUYECKUE GakTopsbl.)

@ a) UsBecTHa rcTOopUs O TOM, YTO NpasuTeNib OOHOTO M3 BOCTOYHLIX MOCYAapCTB nna-
TN CBOEMY Bpady TONLKO B TO BpeEMS, Koraa oH He Bonen. PaccmoTpute 3Ty CUTY-
aumio Kak ynpaeieHne B CUCTEME «Bpay — MauMeHT». YKaXuTe UCnonb3yemblit 34ech
TN O6pPaTHOR CBA3XM — MONOXUTENbLHA OHA WAW OTpuuaTenbHa.

6) Kakoth Tun obpaTHOM CBS3M UCNONL3YETCA B COBpPEMEHHOM, Hawbonee pacnpo-
CTPaHEeHHOM BMAE NNATHOrO MeauuuHCKoro obcnyxuBaHua?

8) Kakolt tun ynpaeneHus peanusyetca npu 6ecnnatHoM MeguumnHckom obcayxu-
BaHUKN?

@ MpakTuyeckn BCe rocyaapcTsa mMmpa 3aKoHoAaTeNnbHO GOPIOTCS C M3AOUMCTBOM (Da-
Yel U NoayvYeHueM B3RTOK) CBOMX 4MHOBHWMKOB. OTa Gopbba vHorpa GoiBaet Gonee
YCMewHoi, 3a4acTyli0 MeHee, HO HEe MOXET WUCKOPEHWUTb 3N1a, NOCKOJibKY onnpaetca
TONBLKO Ha CTpax nepeg pasobnayeHneM v NOCReaylowM HakasaHuem. MNpeanoxu-
T€ Kako-nubo mexaHusam 60psbbi CO B3ATOYHUHECTBOM, OCHOBAHHLIM HA NpUHUMNE
obpaTtHolt cBa3u,

Puc. 5.12 JononHntenoHsiii ane-
MEHT 3KOHOMUYECKON
CUCTEMBI
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B nmpeasizyuminx maparpadax MbI pacCMOTPeSM BeCcbMa IPOCTHIE
Mojesau yupasaeHnsa. OTHOCATCS OHYM K MaJbIM TEPPUTOPUAM WU BECh-
Ma MaJIBIM COBOKYIIHOCTAM OOBEKTOB. JOTO TaK Ha3LIBAEMBIE JIOKAJIb-
HEIe MOoZeau. B peanbHOM yHIpaBJAE€HHH MCIIOJbB3YIOTCA HaMHOro Gojee
CJIOKHBIE MOJEJM, YYHUTHIBAIOIINE MHOTOUYHCJIEHHBIE M PasHODPOAHLIE
daxTopel. Ho nmpuHIuOL MOAEJAMPOBAHUA M YIPABJIEHHSA OCTAIOTCH
o0IMMI KaK A8 GoJNBIIHX MoJeseill, TaK M IJA MaJeHbKMX. A rias-
HOE, YTO POJbh MajeHBKHX MOJeJjieii coOBCeM He MajieHbKasd. Beab MbI
MOJKEM COeJIUWHSATb MX MeAY cob60il, CIOBHO 3JeMEHTHI KOHCTPYKTO-
pa, ¥ MOJAYyYaTh CJHOKHBIE MOAEJH, OHNUCHIBalOmIyie OOJIbINNe IIPOCTPaH-
cTBa M MHOrodaxrTopHoe Bozjeiicrsue. Taxue MoZenu, OINUCHIBAIO-
mue MHOropaKTOpDHBEIE HIPOILECCH, NPOTEKAloI{Me HA TEPPUTOPHUAX
6OJIBIIINX PErnoOHOB, CTPAaH MJIH JAa’ke BCEro 3eMHOIO Miapa, NOJy4Hu-
JU Ha3BaHHe 27100aabHblx Modeneii. B 70-e rogpl B Brniuucianreis-
HOM LeHTpe Axagemun HaykK CCCP moj PYKOBOACTBOM aKaJeMUKa
H. H. MounceeBa 6bl1a HauaTa pas3paboTKa IepBoil riobaibHOl MOje-
au Gmoceprr 3emam, CrocoOHON IIOKasaThb, YTO OyHZeT HPOMCXOAUTH
¢ 3emyeil B peayabTaTe TeX HJAM HHBIX BO3JeMcTBUI Ha Hee UeJioBe-
yectBa. VIMEHHO Ha 3TOHM MoOAeJaM OBLIHM NPEACKA3aHBI HOCJIEACTBUA
fAZepHOH BOMHEI, B KOTOPOI He MOXeT OvITh mobGeuTens, nbo mociuen-
cTBus ee OyayT HeoOpaTHMBEI.

Hpyrue riobanbHble MoZenn, moctpoeHHbie B 80-e rogst XX Beka,
MOKAa3aJH, UTO 0e3ymep:KHBId POCT MOTPEeOJIeHUA YeJOBEUECTBOM JasKe
BO300HOBJIAEMBIX PECYPCOB TOMKE IPHBEJET K Kpaxy. Hy:XHa npogyMaH-
Hafd, SKOJIOrMYEeCKM BBIBEPEHHAA CTPATETHs YIPABIEHUS HA BCEX YPOB-
HAX — OT pailoHa A0 rocyZapcTBa M COODIIecTBa rocyZapcTB, UTOOB! ue-
JIOBeYeCTBO ocTajoch Ha 3emJe. Takue cTpaTerum ecrb, U HAXOLUTH HX
HOMOTalT MHGOPMAMOHHBIE KOMILIOTEPHLIE TEXHOJOTHH,

o TN

BOMNPOCH!

0 Y7o Takoe rnobanbHuie mMoaenu?

g B yem Bbl BUgUTE POJib UHHOPMATUKM U MHGDOPMALIMOHHBLIX TEXHONOTMI B XWU3HW CO-
BpemeHHoro obuiectsa?

UTOrV MNABLI | 5

ITosmopum Kpamko mo OCHO8HOe, WMO 6bl Y3HAAU, U3YHUE 2]a8Y 5.

Hayxa, msyuampiaa MHPOPMAIMOHHBIE IPOLECCHl B YIPaBIeHUH
KUBBIMHM OPTaHH3MaM#, COLUHMAJNLHBIMH ¥ TEeXHUYECKUMH CHUCTEMaMU,
HasbIBaeTcs KnbepHeTHKOI. YIpaBjieHHeM Ha3bIBA€TCH BosgeiicTBHe Ha
00'BEKT WM MPOIIECC, HMeIolijee CBOeil IEeJbI0 IIOJYyYeHHue TpebyeMbix
3HAUYEHNH MmapaMeTpPOB 9TOro OoO'BEKTa MM IpoIecca.
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OgHyuM U3 BaKHEHHINX BapHAHTOB peaJIM3alllM YIIDaBJIeHHS, OCO-
6eHHO YacTO BCTPEYAIOHIMMCI B TeXHHYECKHX CHUCTEMAaX, ABJAAETCH
yIpaBJieHHe Ha OCHOBe 3apaHee IIOATOTOBJIEHHOH WHCTPYKIHH, OIpeze-
JAA0Ie# mporpaMmy pgeidictBuii o0beKTa. OAHAKO B KUBOH HpHpOAe
npeobiiafiaeT APYrod NPMHINI YIPAaBJI€HHA — YIIpaBjieHWe HA OCHOBE
o6paTHOH CBA3HU.

OO0paTHO# CBA3HIO HA3HIBAIOT BO3[eiiCTBME BHIXOAHLIX IIapaMeTpOB
yhnpaBaseMoro oomexTa (Ipolecca) Ha ero Ke BXOZHBIE IapaMeTphI.
Ilpu Banwmumu oOpatTHO#l cBA3H O00BEKT (mpoliecc) obiaazaeT cIoco6-
HOCTBLIO K camoperyaanuu. OcyIiecTBieHne O0paTHOH CBA3W BO3MOXKHO
JHUIIb B TOM CJydae, Korja COCTOAHHE, B KOTOPOM HAXOAUTCHA paccMart-
puBaeMBI#i O0BEKT (Ipolecc), ABaseTcda (PaKTOPOM, BO3ZEHCTBYIOLINM
Ha HEro caMmoro.

O0paTHasa CBA3L HA3bIBAeTCHA OTPHIIATEJbHOM, €CJau OHa obecneumBa-
eT BRIPAOOTKY YIPaBJIAIOINEro BO3feiicTBuA, HANPABJEHHOTO HA YMEHb-
OIeHYMEe PACCOTJIACOBAHUA MEXIY 3aJAaHHBIM M AeHCTBHTENbHLIM 3HAYe-
HHUAMHU IIapaMeTpa cucreMbl. Bosuukalouiuii npu 3ToM 3hdexT ycroii-
YUBOCTH CHCTEMBI K BHEIIHHM BO3AeHdCTBMAM HA3BLIBAIOT IOMEOCTA30M
cucreMbl. IToJIOXKHTENBLHON HaskiBaeTcsa ob6paTHas CBA3b, ofecrmeunna-
poasg BHpPaGOTKY yUpaBIAOMIEro BO3AeHCTBHSA, YBEJIHYHBAIOIIETO
BO3HUKIIIEE paccorjiacoBaHue. B 'KMBBIX HPHUPOIHBIX CHCTEMAaX BCE IIPO-
Hecchl HOJUMHEHH NPUHONUIY O0OpaTHOH CBA3H.

J1a Kax oM cuCcTEeMBI CYIIECTBYIOT OOpPeAe/IeHHbIe MPAHMIBl YCTOM-
YUBOCTH €€ (HYHKIHMOHKWPOBAHUS, B KOTOPHIX OHA COXPaHSeET CBOIO Ie-
JIOCTHOCTD; BBIXOJ 32 9TH I'DAHHUIBI IPUBOAUT K Pa3PYIICHUIO CHCTEMBI.

. MPOBEPb CEBS

Yactbp 1. Ilpy BBLINOJHEHWH NPEAJIOKECHHBIX HUIKe 3aJaHVI 3AIUIINATE
y ceba B TeTpaAu mudp 3aJaHUS M HOMED HPAaBHJIBHOrO oTBera. Ilo OKOHuA-
HUY paboTHI CBephTe MOJIYYHBINYIOCS V BaCc 3alKCh C KJOYAMHU Ha c. 269.

A1. BospgeficTBue BBHIXOAHBIX apaMeTpPOB O0'bEKTA Ha €ro BXOJLHEIE IIapaMeTpHI
HAa3BIBAETCH:

1) romeocrasom; ,2) oOparHOil CBASHIO; 3). IBOJIOmUE;
4) cpeiu BapMAaHTOB, VKA3aHHBIX B NYHKTax 1—38, HeT mpaBUJIBHOrO.

A2. OCHOBONONOKHUKOM KHOEPHETUKH ABJISIETCSH:
1) Ix. dou Heiimas;
2) H. Bumnep;
3) K. llennon;
4) A. H. Koamoropos.

A3. Iisa Toro uyro6bpl 06eCIeYNTh YCTOMYMBOCTL CHCTEMBI IPHM YIPABJCHWH IO
npuHIUuny obpaTHOil cBsAsM, oOpaTHast CBA3b NOJKHA OBIThH:



A4,

1) crabuabHOoi;

‘2) TONOKUTENBHOIM;
-3) . oTpuLaTeLHO;
&) mr060oi.

CucreMa MOKeT OBITH YHpaBAsSeMOil TOJBKO B TOM CJydae, €CJI¥ OHa:
1) marepmansvuas;

.2} mabOpMaLMOHHAS;

-8). AuRaMUYecKas;

4) HaXOAUTCA B COCTOSHMH I'OMEOCTAa3a.

YacTe 2. IIpu BLUIONHEHWM UPEAJIOMKEHHBIX HUMKe 3afJaHuil BanulInTe

y ceba B Terpaau mudp 3aJaHUA U OTBET B BHJAE NOCIEAOBATEILHOCTH CHMBO-
soB. ITo okoHyaHuM paboOTHI CBephTe MOJYUYHBHIYIOCA Y BacC 3alHCh C KJOYa-
Mz Ha c. 269.

B1.

B2.

B3.

O6paruas cBa3b, NPU KOTOPOH BO3HUKINEE B CHCTEME DACCOIVIACOBAHKE
YBEJINUYUBAETCH, HA3BIBACTCS .

IlenenanpapjedHoe BO3AEHCTBHE Ha OGBEKT HJIU IPOIECC, COBepIiaecMoe
C IieJbi0 MOJIYyYeHHA TpeOGyeMbiX 3HaUeHH#l ITapaMeTpOB 3TOro o0BeKTa
HJI¥ Tpoliecca, HasbiBaeTcA .

Huxe nmpuBefieHs! TPUMEPHl HEKOTOPBIX PEryJUPYIONIUX YCTPOMCTB:

1) peryasitop momauu BOAEI B 0aK: HOINIABOK, COeAWHEHHBIH ¢ sariyii-
KoM, mepeKpbIBaiouieift JOCTYO BOZBI;

2) ceerogop;

‘3) memndepHsIfl pPeryJATOp ABEPU: UEeM MEHBLIIE OTKDHITA [BEpPb, TE€M
MeJJICHHEeEe OHA 3aKPHIBACTCSH;

‘4) TepMOperyJATop yTiOra;

B 2JIeKTPHYIECCKHUIH HPEXOXPAHUTEJID;
B) conHmesanUTHHIE CTEKJA: YeM WHTEHCHBHee CBeT, T€M OHH TeMHee.

BrifepuTe M3 9TOro COHCKA PEryJsiTODBI, AeHCTBYIOIIHe [0 NPUHIUOY 06-
paTHOM CBA3W, M 3allMINNTE MX HOMEPa B MOPAAKe Bo3pacraums 6es mpo-
GeJIOB U 3HAKOB IPENUHAHHUA.



kT # fpiiea— ¢ o - . Fw. D L P g e

ek "‘mﬂ' Bl

INCA0HDQ .ummm}ﬁﬁfﬂﬁa:=».':=.'-:‘-

BrinonHATH 3agJaHHuA JI&ﬁOp&TOpHHX paﬁo'r, IIOMEIIeHHBIX B 3TOM
paszesie yue6HUKA, BbI OyfeTe B KOMIOBIOTEPHOM KJjacce. Ilosromy Ha-
IOMHUM IIDABHJIa TeXHUKH Ge30mMacHOCTHM — BeAb K Kadjomy pabo-
yeMy MeECTY IOABe€IEeHO OImaCHoOe OJA MH3HH HaIpAXKeHHe 3JIeKTpH-
YecTBa.

1. Ecniu Bl 06HADYXKUIM KaKyio-Iub0 HEWCIPABHOCTH, HEMEIJIEHHO
coobmuTe 006 aToM mpenozaBarenio. He paGoraiiTe Ha HEeHCIIPDABHOM
obopynoBanuul

2. He BriOuaiiTe ¥ He BHEIKIIOUYANTEe KOMIBIOTEDPH 0e3 paspemeHHs
y4uTesnd.

3. He Tporaiite, a Tem GoJyiee He gepraiiTe pasJHYHBIE IIPOBOJA.

4. He cTyuyuTe IO KJIaBHATYpPE M MBIIIKE.

5. He paboraiiTe Ha KOMIBIOTEpPE C I'PASHBIMH PYKaMH.

JIJIH Bamero 3gOopoBbA BayXHO H TO, KAK BBl CHAHNTE IIepe] KOMIb-
I0TepOM:

I103BOHOYHHMK AOMKEH OBITH BEPTHUKAJILHO NPSAMBIM; CIOIHHA OIH-
paeTcd Ha CIMHKY CTyJa.

CrynHE ygo0HO CTOAT HA MOJY MJIH CIEIHAaJbHOH IOJCTAaBKeE.
He HaknoHaiiTech K 3KpaHy. PaccTosHHe OT rJja3 A0 3KpaHa
JOKHO OBITh HE MeHee BBITAHYTOU PYKH.

BepxHuit kpaii SKpaHa pacmojiaraeTcsi IpMMEepPHO Ha YPOBHE Ba-
IIHUX IJIas.

Ecnu BBl OCMOTPHTE HA LEHTD 3KpaHA, TO JHUHHUA BAIIero B3rjd-
Ja OOoJIKHA OBITH NMepHeHAUKYJIAPHON IIOCKOCTH 3KpaHa, T.e. 9K-
PaH JoJKeH OBITH PA3BEPHYT HEMHOI'O BBEpX.

Ilneuu oTBeJeHBI Ha3aJ M ONYIIEHBI, . TOrZA BaM HE COCTABHT
TpyAa YAOOHO pACHOJIOMHTH PYKU HAJ OCHOBHBIMH KJIABHIIAMH
cpegHEro psaza.

XoTA mpaKTHKyM HasbIBAeTCS KOMIILIOTEPHBIM, 3TO BOBCe He O3HA-
yaeTr, 4TO, IPUCTYIad K BLINOJHEHHIO 3ajaHuii nabopaTopHOii paboThl,
HYXHO TYT e BHKJHOYATh KOMIIBIOTED. M=1 CcOoBeTyeM CHa4YajJla BHHMAa-
TeJBbHO IIPOYHTATE 3aJaHHEe H NOopasMbBIIMJIATH, KAK HMEHHO ﬁyne-r Huc-
IOJIB30BATHECA Ta HJIH HHasd KOMIBIOTEPDHas TEeXHOJIOTHA [OJIdA €ro BbI-
INOJIHEHH A.
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r‘B JNla6oparopras pabora 1 (k §5)

IlepBhle KOMIOLIOTEPHI ObLLAIKM MPU3BAHEI OOJErYUThH UEJOBEKY obpa-
GoTKY umcaoBoH mHbopmaiiuu. [Ipapna, oHM Aeiaau 3TO JajieKo He B ca-
MOM yAoOHOM ays udesoBexa dopMme. Hacrosinuii epeBOPOT B TEXHOJO-
r™u Oo6paboTKM UMCIOBOM MHMOPMAIMU HpPOU30Inen, korza B 1979 roxgy
. Bpuknug u P. ®psHKCTOH CO3HAJMH IIEPBYIO 3JEKTPOHHYIO TabauiLy.
Mur Toxe mpejsiaraeM BaM HAYaTh KOMIIBIOTEDHBIH HPAKTHKYM C 00-
paboTKM YmMCa0BOM MH(pOPMANUY C MOMOINLIO 3JEKTPOHHON TabiauIibl.
B onucanmm paGoThl MBI OPHEHTHPYEMCA Ha JJeKTPOHHYIO TaOiuily
Microsoft Excel, xoTopoii, BepoATHee Bcero, OyAeT HmOJL30BATHCH 6OJb-
IIMHCTBO U3 Bac.

IIpucrynas K BHNOJHEHUIO JjaGopaTopHo#i pabGoTsl, BHE JOJIKHBI
BCHOMHHUTL, KaK 3alOJHAETCH 3JIeKTPOHHaA Tabiwuma U KaK ¢ ee IIO-
MOIIBIO IIPOU3BOAATCA BuIUncJeHuA. OCHOBHBIE IIPDaBUJIa MBI IPHMBOAKM
HIKe; eCJIM BaM MOHAA00MTCA NONMOJHHUTEJibHas uHopMamus, BbI Jer-
KO ee IIOJY4HTe, BOCIOJL30BABHINCH BCTpoeHHOU B Excel cmpaBkoii.

Iipu Mcrosp30BaHUM 3J€KTPOHHON TaGAHIBI YacTh HUCXOXHOMN wuC-
JIOBOH MH(MOPMAINY 3aHOCHUTCH NMPAMO B €€ KJIETKH (AYeHMKH DJIEeKTDOH-
Hol Tabaunel). 9Ty mEPOPMAIIMIO HA3LIBAIOT MCXOAHbIe JaHHEIEe, Kpo-
Me TOro, B ApPYyrue AueiiKM HeoOXOAMMO 3amucath POpMYyJIbI, IO KOTO-
PBIM PACCUUTHIBAIOTCA Te AaHHBIE, KOTODHIE ABIAIOTCA WHTEPECYIOIMINMU
BaC pes3yJsIbTaTaM#.

Kaxxpgas cTpaHuiia sJeKTPOHHOM Tabaumsl pasbura #HA Ccmoabybi,
obo3HaueHHBIe OyKBaMHM JATHHCKOro ajdaswura, ¥ Ha CMPOKU, NIPOHY-
MepoBaHHBIE IEJLIMHA YHUCJIaMHM, HO CaMO 3T0 pasbueHue mpy BHIBOAE Ha
OpUHTEP HE HEYATAETCH.

Baarogapa pas0HeHHIO Ha IIPOHYMEPOBAHHbIE CTPOKH M IOMMEHO-
BaHHEIE CTOJOIIEI, KasKJasaA AYCHKA 5JEeKTPOHHOM TaOJIMIIBI MMeeT CBOH
COOCTBEHHEIHA ajapec.

Jasa xammoin TaGaumbl CYINECTBYIOT CIeI[HajbHbIEe IPaBHJa e€e 3a-
TOJIHEHNs, YKasaHHBIe B HHCTPYKIMH IIOJb3oBaTeaio. [{Jisg 2JIeKTPOH-
Hoit Tabamuer Microsoft Excel aTu mpaBmsia TaxkoOBHI:

¢+ BEcam cpeiu cHMMBOJIOB, BBOAMMEIX B STYEHKY, €CTh GYKBBI WJIN

IpyrHe CHMBOJBI, KOTOPBIX HE MOJKET OLITH B UHCJE, TO 9TO TEKCT.

Hamnpumep, TeKCTOM ABAAKTCA CJAEAYIOINME IIOCHAeA0BaTENbLHOCTH
cuMBOJIOB: Bacunuii, nau 10.234.245, uau al234.

» Eca¥ BBOAUTCSA MPABHUJILHOE YMCJO, TO 9TO HUHCJIO.
Hanpumep, 234.

» Yro6hl 3JeKTPOHHANA TA6auua Paclo3HaBajla, YTO BBOJUTCHA TEKCT
uam Gopmysa, MCIOJL3yeTCsa 3apaHee OOYCJIOBJIEHHBII 3HAK.
PDopMyJsia BCErAAa HAUMHAETCH CO 3HAKE «=».
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ONexTpouHasa TabJauIa MMeeT AOBOJLHO 3HAYUTEJbHBIN HabOp CTaH-
JapTHBIX (DYHKIWI, 00Jervyamiiux KuU3Hb MoJb3oatenio. Ilycrs, K npu-
Mepy, Hago B Adeiike C6 moJyd4UTh CYMMY YHCeJ, 3allMCAHHBLIX B gdeli-
kax B6, B7, BS, B9, B10, B11, B12. lna storo B C6 morxHo 3amu-

cate dopmyay
=B6+B7+B8+B9+B10+B11+B12

A ecimu HaIO CIOKHUTH HE CEMb, a ABAJAIIATH CEMb HUJIHU CTO CEMb UH-
cen? Yrobsl He mMuUcCaTh AJWHHOE BBHIDAYKEHUE, MOYKHO BOCIIOJIB30BATHCH
cTaHZapTHON (pyHKIHel, KOTopasa Ha3BIBAETCH CYMMUPOBAHUE COTEP-

JKMMOT0o 610Ka Aveex:
CYMM(B6:B12)

Hamomuum, 4ro 6a0x0m sadeeKk B 3JIEKTPOHHOU Tabynie Ha3bIBa-
eTcsi COBOKYIHOCTL BCEX fAYEeK, BANOJHAIOINUX HEKOTODHI# IpsaMo-
yronbHuK. g TOro 4To6Ll 3JeKTpOoHHasA Tabjuma 3HajJa, ¢ KaKUM
6/I0KOM eii MMeTh [eJi0, YKasbIBalOT Yepe3 JBOeTouNe adpeca sveex,
CTOAIMX B JIEBOM BEPXHEM ¥ HPABOM HW/KHEM YTJiaX IIPAMOYTOJLHU-
Ka. Y 3JIeKTPOHHOM TAGJMIBI €CTh MHOrO PasHBIX omepanuii Hag 6Jio-
KaM#i fiYeeK. ITO MOMCK MAKCHMAJBHOTO HMJIM MHHHMAJbLHOTO 3JieMeEH-
Ta, pacueT CpeAHEro 3HAYEHMS U T. . DJIOK AYeeK MOMKHO CKOIIMPOBATH
WY IIePEeHeCTH B Apyroe Mecto Tabauipl. IIpu 9TOM HAAO YUWUTHIBATH,
yto B Excel oCHOBHOM ABIAETCA OTHOCHTEILHAA agpecamus syeeK. JTO
03HAYaeT, YTO IpH KOMHUpOBAaHUU (POpMYJIBI M3 OTHOM AYENKU B APY-
TyI0 ajipeca s4eeK, BXOZAINUX B GopMyay, HSMEHAIOTCA Ha TE BEJHUM-
HBI, Ha KOTOpbIE OTJIMYAETCHA azpec HOBoi sueiiku. Hampumep, ecau
YKa3aHHYIO Beinre gopmyny us sdeiixu C6 cxomumporaTth B aueiiky E3,
To B Auediky E3 Gyaer sanmcana popmynra CYMM(D3:D9) — Bexs Oyk-
Ba E moayuaercs um3 OykBbl C CABUTOM Ha JABEe NO3UIUUA BOPABO, HO-
atromy B B Qpopmyne samensercs Ha D; a umcao 6 or umciaa 3 orau-
gaerca Ha —3. Ecim HeoO0XoZHMO, YTOORI KaKO#-TO 3JEeMEHT ajpeca He
MEHSAJICA PN KONMPOBaHUY (TaK HashbiBaeMadA abCcoJioTHAA aapecanud),
TO mepen HuM craBuTcs 3Hak $. Hampmmep, ecam 6u1 B C6 Gnina Ha-
nucasa Gopmyaa CYMM($B6:B$12), To mocjie KOnupoBaHUAA 3To0# (op-
myasl B E6 tam Onwia 6w sanmcana gopmynra CYMM($B3:D$12).

A Temepr mompobyem ImpucmocoOHTH 3JEKTPOHHYIO Tabiaumy Aasd
pellleHuAa 3aJa4M, KOTOpasd MOKeT BOSHHKHYTH B IIDAKTHYECKON Hes-
TEeJIBHOCTH.

1 Biagesen aBTOCTOSHKHM XOYET ABTOMATHSHPOBATH PACUeTBl C KJIH-
eHTaMM 3a ycayru. PaspaGoTaiiTe 3amo/iHeHHe 3JIEKTPOHHOU Tabjan-
ObI, KOTOpOe IIO3BOJIMJI0 ObI 9TO CAEAaTh.

JloroBopuMca uuHGOpMaILyio 00 MCIOJL30BAHUN MeCTa Ha CTOAH-
Ke 3aIIMCBHIBATH B CTPOKY. UTo6wl Tabnuiia He Obljia O4eHDb GOJNBLIOH
O YHCAY CTPOK, AOroBOpHMMCSH, uTO Ha cTtoaHKe 10 mecrt. IIpocreii-
mIni# BapMAHT 34MOJIHEHNS TalJWILI MOSKET BBIMVISAETL TaK, Kak
nokaszaHo B tabsuime KII.1.

Onsa BpeMeHM IpMesta M OoThe3fa BeIOpaH ¢opMar, B KOTODPOM
IO 3amATOil YKa3BLIBAIOTCA YACHI, a IIOCJe 3aIATOH — MUHYTH. ITO
MO3BOJIIET paboTaTh C 9TMMM JAaHHLEIMH KAK C YHUCJIaMH.
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P Tpebyer obeyxaenus M (OpMYyJia pacueTa NPOACIKUTEIbLHOCTH

crossHKu. IlepeBox BpeMeHH IpHe3fa B MUHYTHI BBITVISAUT TaK:
60*I1enoe(B2)+(B2-11emoe(B2))*100,

rae Ilenoe(B2) — sT0 mesasa uacTh 4mciaa, 3alHCAHHOTO B s4YedKy B2.
Teneps yike JIETKO IOHATH, KaK IOJyd4aroTcsa GOpMYyJbl, 3aluCaHHbIE
B crosibne D. Popmynay MOXKHO HaOUCaTh TOALKO OAUH pas, a 3aTeM
CKONIMPOBATh €e B Apyrue Adeiiku crojibila D. AHajmOruyHO 3ariojiHsier-
ca croaben F (He 3a0yabTe OTMETHUTH HEKOTOPHIE DJIEMEHTHI a/pECOB Kak
abcosoTHbIE). <]

2 Bamoanure croabupl B 1 C B coorBercTBum ¢ Tabauuein KII.2.

3 A Temneps B sueiike E3 mojacuuraiiTe AHEBHOH HOXOJ aBTOCTOSHKH.
Beegure B aueiiky G7 dopmynay:
=ECJIN(MU(B2>11;A2<12);1;0)+ECIIN(MU(B3>11;A3<12);1;0)+
+ECJIM(M(B4>11;A4<12);1;0)+ECIIM(U(B5>11;A5<12);1;0)+
+ECJIN(M(B6>11;A6<12);1;0)+ECJIM(MN(B7>11;A7<12);1;0)+
+ECJIM(M(B8>11;A8<12);1;0)+ECJIN(MA(B9>11;A9<12);1;0)+
+ECJIA(MA(B10>11;A10<12);1;0)+ECJIN(MA(B11>11;A11<12);1;0)+
+ECIIN(A(B12>11;A12<12);1;0)+ECJIN(U(B13>11;A13<12);1;0)+
+ECIIH(A(B14>11;A14<12);1;0)+ECJIN(U(B15>11;A15<12);1;0)+
+ECJIA(MN(B16>11;A16<12);1;0)+ECJIA(A(B17>11;A17<12);1;0)+
+ECJIIN(A(B18>11;A18<12);1;0)+ECJIN(U(B19>11;A19<12);1;0)+
+ECJIN(M(B20>11;A20<12);1;0)+ECJIN(M(B21>11;A21<12);1;0)

»> Hamomuuwm, uto omeparop M(x; y) maer smauenme MctuHa, eciau uc-
TUHHBI 00a aprymenta x u y; omeparop ECJIU(x; y; z) ZaeT 3HaueHHe
Y, €ClI¥ apryMeHT X MCTUHEH, W JaeT 3HaUeHWe 2 B MPOTHUBHOM CJydae.
Jlerko HmOHATH, YTO YKAa3aHHBIM ONEpaTOp IHMOACUYUTHIBAET KOJUIECTBO
MeCT, KOTOphbie ObIIM 3aHATHI Mexay 11 m 12 u. <

4 A rtenmepb B aueiikym G2—G6 samumiuTe BHIPAXKEHHs, COIJIACHO KO-
TOpLIM OyAeT IOACYUTAHO KOJUIECTBO IAHATHIX CTOAHOK MEXKAY
6 u Tu, mexxay 7 u 8 u, ..., Mmexay 10 m 11 4 cooTBeTCTBEHHO;
B adeiikym G8—G19 sanuinnTe aHaJornuyHble JaHHBIe AJA IpoMe-
KyTxa ot 12 go 24 4. [logymaiiTe, KaK MOKHO O0JerYuTL BBOJ Ta-
Kux IauHHbIX dopmys. Temeps MOKHO IPOaHAJIW3UPOBaTh, KOTJa
3arpysKa aBTOCTOAHKHU ObLja OOJbIIe.

P> HeTpyAHO IOACUUTATE, YTO NPU KPYIJIOCYTOYHOM IOJHOM 3aloJIHe-
HUM aBTOCTOSHKH JHEBHadA BeIpYyYKa cocTaBmia O0uf 2400 p. CpaBHuBas
3TO YHCJO C MOJNYYEeHHBIM pe3yabTaToM B Aueiike K3, MoXHO yBHAETD,
YTO BOSMOJKHOCTH MCHOJB3VIOTCS AAJEKO He IIOJHOCTHIO.

5 TIloBBICHTL 5(pEeKTHBHOCTE MOYKHO, €CJU 00eCIeYuTh KPYIJIOCYyTOU-
HYI0O paboTy aBTOCTOAHKH. B 5TOM cilydyae MalIlWHY MOJKHO CTaBHUTD
B OOUWH JeHb, a 3a0upaTh B Apyroi. [ljs opraHmsaium yuera B Ta-
Koif CUTyalluy HY>KHO BBECTH B Ta0JUIy eIlle ABa CTOJOHA: JaTy
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nmpuesga M AATY OT'hE3AA — M COOTBETCTBYIOIIUM 06pasoM MOAHU-
GbUIEPOBATL pacdeT MPOAOCIKHUTENILHOCTH CTOSHKH.

6 Ilpenmoso)xuMm, UTO BJIafeJiell PEilinj BBECTH JHEBHOUI M HOYHON Ta-
pudsl omaatel: ¢ 7 Ao 22 u geiicTByeT AHeBHOM Tapud, a ¢ 22 10
7 u — HouHO#. Mogudunupyiite TabAuMy IJAs 3TOH CUTYaIlHH.

7 Jlns npuBjiedYeHHA KJIHUEHTOB BiIafeJiel] o0bABAN CKUAKKA B ciaydae,
€CJH MeCTO 3aHSTO 0oJjiee CYTOK, 4 TAKyKe BBeJ NOMONHUTEIbHYIO
yeayry: aGOHHpPOBaHWEe MecTa. XO3fAMH MaIIMHBI IJIATUT aGoHeHT-
CKYIO IJIATY 32 MECTO, 3aKpeIlICHHOE 3a ero MAaIlnHOM, KOorjga as-
TOMOOUIA TaM Her (0ojiee HU3KYIO, UeM 3a CTOAHKY CaMOro aBTO-
Mobuiisa). Cpesnaiite Heo6xoAMMEBIEe MOAM(MPHUKAIIMHK 3aNOoNAHEHUA
AJIEKTPOHHOM TaOIMIIBI.

I-m JlaboparopHas pabora 2 (k §6)

.06paborka rexcrosoi u.rpaduyeckoi mubopmayun

B xypce mmdpopmaTuKu, HM3yuyaBIIeMCs BaMH B 8—9 Kjaaccax, BbI
3HAKOMWIJINCh C TEKCTOBEIM ¥ rpaduyecKHM peAaKTOpaMu. BBINOJIHSIA
3Ty paboTy, Bbl BCIIOMHHTE HMEIONHMECS 3HAHHA.

1 IIpeacraBnTe, YTO BBl COTPYAHUK HeOGOJBLIION IOJHUrpadUUecKOi
GbupPMBI M BaM MOCTYIHJ 3aKa3 HA M3TOTOBJEHWE BU3HUTHOM KapTou-
KHu. BusurHas KapTrouxa — 3TO HHGOpMAIMOHHAS MOZEJNL €€ BJja-
genbiia. I1oaTOMYy HYXKHO cpas3y OIpeAeIUThL ¢ 3aKaszuuKoM, KaKYIo
CYILECTBEHHYI0O MHMPOPMAIIMIO OH XO4YeT Ha Hell pasMecTHTh. BOT
OJWH K3 BO3MOYKHBIX BApHAHTOB:

dbaMunua, UMA U OTYECTBO;

HasBaHNe QUPMBI, B KOTOPO# 3aKasumK paboTaer;

3aHUMaeMas KOJIPKHOCTD;

ambiema QUPMBI;

TOYTOBEIHA ajpec;

TenedoH, ¢parc, e-mail;

ajipec caira.

a2 e 0 & D 9 B

2 Temepb HaJZO OHpeAeJUTH, KAk 9Ty HH(MOPMALIHIO PACIOJJOKHUTH HAa
KapTo4YKe, pasMephl KoTopoil crangaptHbl: 90 X 50 mMm. MokHo,
HaIIpuMep, PacloJIO’KHUTh TaK, KaK MokasaHo Ha pucyHKe KII.1.

IIpuaymaiite, Kak OyzeT Ha3eIBATHECA (pupMa, KaK 30BYT KJIHMEH-
Ta, ero agpec u T. . BaM HeoOX0AUMMO TaK)Ke IIPUHATL pellieHne, Ka-
KuM mpudToM OyZeT IpeacTaBJieH KasKAbiNT MHOOPMAIHOHHBIH
3JIEMEHT BMSUTHOM KapTOYKH.

P> HanoMHMM, YTO KaXXABIM IIPUMT XapaKTepU3yeTCs KerjieM (T. €. BHI-
cotoii 6ykB), rapHuTypoi (rpadudueckuM obpasomM GYKB) M HauyepTaHH-
eM (TIpsaMo#, HAKJAOHHbLIL, UpHBIH). OTMeTHM, 4YTO HIPUGTHI ACAATCA
Ha pyOJseHBle M C 3acedyKaMu. BOT mpHMepHI:
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AMbnema HaseaHue oupmsl
dupmbi

Ddamunua
Nma OTtyecTBO

JonxHocTb TenedoH:

dakc:
MoyToBbLIN E-mail:
aapec: Canr:

Puc. KMN.1 MakeT BM3WMTHOIN KapTO4KK

Srot Tekct HabpaH py6neHbim wpudTom rapHuTypsl Futuris.
A 3TOoT TexkcT HabpaH IpUPTOM C 3aceykaMu rapHUTYpel Times.

IITpudTe! ¢ 3acedyKaMy BU3YAJNBHO KaK ObI 00BEeIUHSAIOT CJIOBO B Of-
HO IIejioe, M 3TO yBEJIHMUYHBAET CKOpocTh uTeHHsa Ha 10—15%. Py6Gie-
Hble IPUGTH 00BIYHO NPHUMEHSAIOT AJA 3arojioBKoB. CoszaBas KapTod-
Ky, NO9KCIEPHMMEHTHPY#HTe cO mpUdTAMH MU BHIGEPDHUTE AAA KAXKAOTO
TEeKCTOBOI'0 3jieMeHTa HamboJee, IO BalmeMy MHeHMIO, yaauHbiit, He 3a-
OynbTe, 94TO IIPH(T MOKET OBITH LBETHHIM, OHAKO KapTO4YKa He JOJIK-
Ha OBITH CJHMIIKOM HIecTpoil. <«

3 A remepsh 3amycTHUTe TEKCTOBBIHA pemarTop. s Toro urober mHDOD-
MAaIMOHHBIE 9JIEMEHThI PACHOJIarajJHuch HAa KapTOYKe TaK, KaK BHI
saxgymanu, ee yaoOHO co3naBaTh B Buie TabiauIbl, Y KOTOPOH BEHI-
JeJieHa TOJIBKO BHEIIHAS paMKa, a4 BHYTPeHHHEe CTOPDOHBI KJIETOK He
IPOPHCOBBIBAIOTCHA. ROH&‘IHO, pa3Mep KJIETKH OJIOdA KaxIJgoro aume-
MeHTa OyaeT CcBOil, TAK YTO BAM IPEACTOUT IIOAKCIEPHMEHTHPOBATH
C mepeMellleHHMeM IDaHUI, KJIETOK.

4 Teneps zaiimemcsa aMmOiemoii. Ee ToxXe MOXXHO cO3ZaBaTh CpeiCcTBa-
MU rpauKH, BCTPOEHHON B TEeKCTOBEIN pepakTop. Ho addekTuBHEE
BOCIIOJIB30BATECA IpadHUecCKHM pPeJaKTOpPOM. 3aIyCTHUTEe HMeEI-
LIUHCcSA B BallleM PACHOPSKeHHM rpaduyecKHil peZaKToOp M co3jaii-
Te mogxopsamyio aMmbiemy. IlBera, npuMeHsieMble BaMu B aMmOieMe,
JOJIXKHBI XOpPOIIO COYEeTAThCA C nBeTamMu mpudToB. BosmorkHO,
mocJjie co3gaHusa sMOJIeMBI BBl 3aXOTHTE IIOMEHATH INpU(TOBBIE pe-
meHna. Umnoprupyiite amGieMy B BH3HTHYIO Kaprouky. OmenuTte
CO3OAHHBIM BAMH NPOAYKT B IIeJIOM. ECIH YTO-TO He IIOHPABMJIOCH,
ellje He MO3AHO U3MEHHTH.

P BusuTHas KapTOYKa MOMKET OTPa’KaTh BOBCE He IPO(decCHOHANb-
HBIH OGJMK 3aKasuyWKa, a ero yBJeueHHMA HMJIM HHTepechl. Bo3daMoXxkHO,
OH ABJIAETCA YWIEHOM KaKOro-ambGo crnopTUBHOro Kiayba (Hampumep, Ty-
pHCTHYEeCKOro) mau Kayba mo mHTepecaMm (Hanpumep, duiarenucr-
cxoro). PaspaboraiiTe COOTBEeTCTBYIOINIYIO HHGPOPMAIMOHHYIO MOZAENIb
U Cco3jaiiTe BUBUTHYIO KAPTOYKY AJA TAKOrO IPEACTABJIEHUS BALIEro
3aKasuyuka.
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?[] Jla6oparopras pabora 3 (k §7)

MporpammupoBaHne OCHOBHbBIX
QAroPUTMMYECKUX KOHCTPYKLMIA

B kypce mEOOpMaATUKHU, H3ydaBIlieMCsa BaMu B 8—9 Kiaccax, BBI
3HAKOMUJINCH C A3BIKOM HOporpaMMmupoBanus. HaubGojee pacipocrpa-
HEHHBIMH B POCCHUICKUX IIIKOJIAX SABASIOTCA A3BIKM DBelicuk (Bepcusa
QBasic) u Ilackane (Bepcuu TurboPascal unu FreePascal). B ra6aume
Ha (opsamax NnoxKasaHo, KaK Ha 9THX fA3bIKAX BBIMIALAT OCHOBHEIE
AJNITOPUTMHUUYECKUE KOHCTPYKIUH. Eciau ’Ke BBl M3y4YaaM APYro# A3LIK,
TO ONMCAHUE 3TUX KOHCTPYKIIUN BaM HAIIOMHUT YYWUTENbh MK Bl Haii-
JeTe ero B COOTBETCTBYIOIEM CIIPaBOYHUKE.

A Terieph BHINOJHUTE HECKOJBKO 3aJaHMUII.

1 3anporpammupyiite agroputM EBKAuga — OH mpuseseH B 00bsAC-
HurtenbEOM TexcTe § 7. IlporecTupyiiTe Bamly IIporpaMmMy Ha
He0OJBIINX YHUCJIAX, AJAS KOTOPHIX Jerko Hadtu HOJIl u 6e3 KoMIb-
1oTepa. ¥OeguBIINCH, YTO IporpaMma pabGoTaeT HMPaBUIBHO, HANIH-
e HOO(178 357, 1 049 254).

2 MoguduunupyeM ajJroOpuTM CAELYIONIMM 00pasom:
Anroputm HOJIm
uen: m, n, k;
{ Sanpocurb m;
Sanpocutb n;
kE:=m+ n;
Adenatb noka (He (n = 0))
{ m:=n;
n := k mod n;
k= m;
}
Coobuutb m;
}

SanporpaMMupyiiTe U OTJIafgbTe MOAUMUIMPOBAHHLIN AJTOPUTM.

P> NagaiiTe cpaBauM 3(MOEKTUBHOCTL 3THX ABYX AJTrOPUTMOB. I 3TO-
ro B IpOrpaMMBI HAafO0 BCTABUTH ONEPATOPHI, MOKA3LIBAIOIIINE BpeMs.
B saswike Belicmk MOMKHO BocHmoJib3oBaThes ¢pyarnmeist TIMER. Ilo
romagge ¢t = TIMER nepeMeHHOH ¢ GyAeT IPHCBOCHO 3HAYEHME, PABHOE
YUCJHy CEKYHJ, KOTOpble MpoItau oT 0 4acoB TEeKYIUX CYTOK.
B aspixke Ilackanb #jis BHIBOJA BpPEeMEHHM HYKHO 3aIlHCAThL CJEAYIO-
HIYI0 KOHCTPYKIIHIO:

Uses Dos;
Var h, m, s, ss: word;
begin

gettime(h, m, s, ss);
end.
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Ilepemennoit A GyaerT ODPUCBOEH TEKYyIMUH Yac, MepeMeHHOH m —
MHHYTHEI, § — CEKYVHABI, S§ — MUJAJINCEKYHIbI. <]

3 Ilo pesyawsraram mcnosHeHusa aaroputmoB HOJI u HOIMm 3amosxu-

Te tabauny KII.3.
Tabnunuya KI1.3

1-e wmcino 178357 | 5386127 | 35364128 | 213457281 | 3245 798457

2-e uucno 1049254 | 7267849 | 76124956 | 751457358 | 7254124 751

Bpems paGotst
anropurMma HOJ

Bpema paboTsr
anroputma HOIOM

JJis KayKkZo# maphbl 4mcesJ HaWAWTe OTHOINEHWe BpeMeHM pabo-
Te1 ajnroputMa HOJl x spemenu paborbi ajdropurma HOIOMm. Kak,
HaA Balll B3TJIAZ, MOKHO OXapaKTepus3oBaTh 3TO OTHOIIeHue?

4 3anporpaMMUDPYViiTe ajJTOPUTM, NMPEACTABACHHBIA CXeMOH ajirOpHUT-
Ma B 3azaHmu 18 m3 § 7. 3amycTuTe OTJNAKEHHYIO IIpOTpPaMMy AJA
HEKOTOPHIX HAYAJbHBIX JaHHBIX. IloATBepamiach Ju Ballla PHIIOTE-
3a 0 TOM, AJIA 4ero NnpeiaHazHAUYeH STOT aJropuTM?

5 3amporpaMMmupyiiTe aANrOPUTM, IIpHBelieHHBIN B 3ajanuu 23 us § 7.
Hanomaum, uro onepamusi LEN(W) B assike Beilicux 3anucsiBaeT-
ca LEN(W$), a B sasmke Ilackanes — length(W), omepamua Yaers
(S, a, b) B sspike Beiicux sanmcsiBaerca MID$(SS$, a, b), a B aA3wi-
ke Ilackans — COPY(S, a, b).

FB Jla6oparopHas pabora 4 (k § 12)

Dakrorpadpuueckas moaenn «Knace»

BremmosauB saganusa 9 um 10 u3 § 12, BHI ompezenmnay mapaMeTpsl
uadopMmanuouHoii Moneau «Kiace». Ilepeuncianm nmapaMeTpsl, KOTOPHIE
buUrypupyoT B 9THX 3aJaHUAK:

- (haMuUINA; + yHopMaLuA 0 OpaThidX M cecTpax:
= UM, TOJi POXKACHUA U UMH;
- ZaTa POXIEHU, + CIIOPTUBHBIE PE3yJIbLTATHI;
- ajapec; : YBJIEUEHUS,
TesieoH;

Temeps Ha OCHOBe 9TOH MOZeaHM cos3maauM 0asy AaHHBIX. IIpexaBa-
PHUTeNBLHO cobepuTe HYKHYO HH@OpMAaNHio 00 yueHMKaxX CBOETo KJac-
ca B COOTBETCTBHH C IlapaMeTrpaMi MHPOPMAIIMOHHON MOMAEIH.
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Mu1 onumem cospanne 6asnoi ganHbix B CYB]L Access. CYB]I Access
asiaaerca onunM u3 npuiaoxenuit OC Windows 1 o6bIYHO BXOAWUT B HAa-
60p obucHeix Texmojsoruii. I'taBabIMu o6bekTamMu CYB]l Access saBius-
oresa Tabnunel ¢ nHMOpMAaliueii, HO, KpoMme HuX, AagHaa CYB]l crocos-
HA CO3JaBaTh IIPOM3BOAHBIE O0BHEKTHI — (DOPMBI, 3alPOChI, OTYETHI, KO-
TOpBIE ODJIErYalOT IIOJB30BATEIO €T0 paboTy M BOCIPUATHE MHPOPMAIIUH.
Ho crauvana morosopum o cozzanum Tabani. CYB]I] Access mosBossier
co3aBaTh HE OJHY, a HECKOJbKO CBASAHHBIX MexXAYy co0oil Tabaun. Ho
HeJIb3A OCBAWBaTh BCe Cpasy, M MBI MOKA OCTAaHOBHMCA Ha ofHoTabmu-
HOM BapHaHTe.

ITocae sanycka CYB]l orkpeiBaeTcsa OKHO 6aspi AaHHBIX. OHO mO3-
BOJIAET YBUJAETb, Kaxkme o0'beKThl (KpoMe CKPHITHEIX) MMeloTca B Oase,
¥ BLINOJNIHUTHL HAJ HUMHU TaKHe Oomepalyi, KaK KOIMpOBaHNE, BCTABKA,
nepenMeHOBaHHe, yaaieHne. OCHOBHBIE OII€PAIlNM, BBITIOJIHIEMBIE B 3TOM
OKHe, IPEeACTABJIEHLEI B KOHTEKCTHOM MEHIO, OTKDBIBAEMOM HaKaTHeM
IPaBOil KJIABHUINY MBIIIK. JTO OHEpPaliii, BHINOJHAEMbIe HaJ O0BEeKTOM
B IieJioM # He Tpebyromue ero oTKphiTHA. OTMETHM, YTO eCJu ObIn
BbIZleJied He O0'BLEKT, a ero MMs, TO Ha)KaTHe IPaBOil KJIABUIIYN OTKPbLI-
BaeT JApyroe KOHTEKCTHOe MEHIO, Ifie COOpaHBI KOMaHZIbl, OTHOCAIIUECH
K mMeHH O0'BeKTAa.

B menio Paiin Bei MOKeTe BeIOpaTh aubGo pexum Coszdamu, aubo
pesxkuM Omrpuimeb. B nepBoM ciayuae Access MOIPOCUT BAC BBECTH HMS
M MeCTO coxXpaHeHUs cosfaBaemoro daiiyna. Mmenu daiina O6yger aBTo-
MATHYECKH TPUCBOEHO pacmimpenue mdb.

A Temepnr HPHUCTYIMM K CO3AAHHUIO 0as3bl JaHHBIX.

1 3anycrute CYB] Access. B meno Pailn BriGepure pexkum Co-
30amw. B nuanorosom okHe Co30arnue mabauyb: MeJIKHUTE Ha KHOI-
Ke Hosas mabauua. Tlepexn BaMu MOABUTCA MaKeT TAGIHIBI B pe-
JK¥UMe KOHCTPYKTOpa. 3amoJIHUTE B IIEPBOM CTpoKe MMdA mojisa «®Pa-
MHUINSA» ¥ VKAKHTE THI — ero MOKHO BhIOpaTh M3 PACKPBIBAIOHIE-
rocsi cuucka. ITocse sToro B HMKHeEH 4YacTH OKHa OTKpoerca OjaHK
CBOMCTB JaHHOrO mojada. IIJs TeKCTOBOIO ImOJIA HALO YKasaThb pasMep
NoAs — AOCNYCTHMYIO AJINHY 3HaueHHA. [Ipu CcO3maHUM UYHCIOBOrO
MOJIs HAMO yKasaTe (GopMaT MpeACTaBIEHHA YHCJIa, HAIpUMED Iie-
Jgoe. Kinetku B crosbue «Onmcanuwe» 3amoJHATh He00A3aTeILHO.

Bropoe none «MMsa» ToXKe TEKCTOBOE.

Hna mona «Iatra/Bpemsa» (BH Ke OyZeTe yKasbIBaTh AATY DOXK-
IEeHUs) MOXKHO BhIOpaTs Kpamrxuil popmam 8ambui, TOrGa KOMIIBIO-
Tep OyAeT JKIAAaTh OT Bac BBeAeHudA jaTel B dopmare I .MM.TTTIT,
rae I — uwucio, KOrAa Bl poAuauch (Hanpumep, 05, ecan ato mpo-
M30IILIO nAToro umeia), MM — mHomep Mecsana (Hanpumep, 07, ecau
310 mpousolyno B uwoje) u I'TTT' — uerThIpex3HauyHBI HOMED roja.

Hpucrynasa Kk onucaHKUIO mMapamMeTpa «AJpec», mogyMmaiite, ienie-
coo0pasHo Ji¥M OTBECTH IOJ HEro ofHO moJje. Beab MokeT IIOTpebo-
BaTBhCA OTHICKATH BCEX, KTO JKMBET HAa KaKoM-inbo ogHOM yauile.

Tak, o0ayMBIBasg Ka)XKAbI mapaMeTp, cosiaiiTe MaKeT Baireil Oa-
3Bl JaHHBIX.
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2 3aBepmimB CcO3jjaHMe MaKeTa, COXpaHUTe ero (uepes mMeH0 Paila—
Coxpanumv rak..). HamOMHHM, 4YTO pacCIIUpeHMNe TOMY KHMEHH
CYB]l mpucBouT cama.

3 3axpoiiTe KOHCTPYKTOP.

4 OTtrpoiite (paiiy ¢ CO3MaHHBIM MaKeTOM 0as3bl AAHHBIX.
5 3amosHUTE ee MOATOTOBJECHHOH BaMu MH(poOpMaluei.
6 Coxpanmurte cosmannyio Bamu BJl.

P Temeph y Bac mMeeTCs HecJO:KHasA 0asa JAHHBIX, KOTOPOH MOXKET
TONL30BaThLCA AasKe HelpodeccuoHau.

rﬂ - Nla6oparopHas pa6ora 5 (k §12)

X
AT e

Kakx yixe ropopuioch, TJIaBHaA 3ajada Juoﬁon CYB]I — sBnlzaBaTh
uH(bpOpMaANHMIO HA B3ampOChl MOJb30oBaTeass. OTBeToM Ha 3ampoc OyIer
TaKsKe TabaNIla, COAEepPIKAIas TOJBKO Te aTpuOYyTHl M CTPOKH, KOTOPBI-
MH MBI HHTepecyeMcs. ITOMY HAEHCTBUIO COOTBETCTBYET TaK HA3bIBae-
MBIH 3ampoc Ha BBIGOPKY.

Ho mpemze dyem ocBaumBaTh (OpMHMpPOBaHHE 3alIpoca Ha BBIOODKY,
MBI Hay4YHMM BacC CO3JaBaTh GHUILTD — KaK BBl 103Ke YBHAUTe, AEHCT-
BUA OYyAYT OUeHb IIOXOKHUMH.

Ecan Bocupmrmmars CYB]l kKak HeKOTOpPOro ()opMajbHOI'O HCIIOJ-
HUTEJIS, & 9TO TaK U eCTh, TO (pMALTpaId — 9TO HE UTO MHOE, KaK BBI-
nosiHeEne KoMaHAbl «Eeau (cTpoKa TabiuIbl COLEPIKUT HYIKHYIO HH-
dopmalino), TO ee BKJKOUNATL B TAOAHIY-pedyabTaT». HO B yCJIOBHOM
olepaTope B KadecTBe YCJOBHUSA AOJKHO (PUIypHpPOBaTh BHICKA3LIBAHUE,
IPOBEepKa MCTHHHOCTH KOTOPOTO ABJSETCA HONYCTHMLIM Je#CTBHEM HC-
nonauTeNA. Kak 1 B GOJIBIIMHCTBE SABBIKOB IIPOrPAMMMPOBAHUA, TaKOe
BBICKA3LIBAHUWE 3aIMCHIBAETCA B BHJE BHIPAKEHMUSA, COCTABJIEHHOTO U3
npocTeifiilinXx BBICKA3bIBaHMI ¢ momolnbio omepanmit 1, NJIW u HE.
IIpocreiiiiye ke BBICKA3BIBAHUA IIOCTPOEHBI TaK:

— ecJy aTpuUOyT YHCJIOBOTO THIA, TO IUIIETCA BbIpa)keHHe, B KO-
TOPOM 3HaUYeHHEe aTpulbyTa CpaBHUBAETCA C 3aJaHHBIM YHCJOM (IIPH IO-
MOIIHM omlepanuii =, <, >, < U 2);

— ecnay aTpubyT TEKCTOBHIHA, TO MUUIETCA BHIPa’KeHNE, B KOTOPOM
3HaueHWe aTpubyra CpaBHHBaeTCA C 3aJaHHHIM 3HAUEHUEM TOJILKO IIpU
IOMOINM Omepamuu =.

Hanpuwmep, s gucioBoro arpubyra Bec M0OXHO HammcaTh BhIpayke-
Hue Bec > 3, a gnsa Tekcrosoro atpubyra FMsa Mo)kHO Hanucars Uma =
= Mapusa. Kax OnL1o CKasaHo, TaKme mpocrteiilive BLIPAXXeHUS MOTYT
OBITh COeAUHEHHl B 0ojiee CJ0XKHBIE C IIOMOILIBIO JIOTMUYECKUX OIepanuii.
Hanpumep, (HE (Bec > 90)) 1 (HE (Umsa = Bacsa)). 970, KaxK BBl IIOHHU-
MaeTe, O3HAYAET, YTO Pas3bICKUBAETCH MHGMOpMAIUA O UejIoBeKe, BeC KO-
Toporo He Goneiie 90 (KMaorpaMMORB), mpuUueM ero He 30BYyT Bacs.
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Tabnuua KI1.4

Tlose Bec Nma
CoprupoBka
Ycaosue orbopa > 90 Baca
Ui <=50 Mapua

Kax xe odopmaserca puiabsrp B Access? Hasa storo B Access ecTsh
HECKOJIBKO Bo3MoyxkHOcTelH. Ceifuac MBI PacCMOTPUM TOJNLKO OAHY W3
HHUX — HCIOJB30BaHME TAK HasbiBaemoro Oisamxka QBE (ot Query By
Example — sampoc mo o6pasity). I 3TOro HaJ0 BOCIOJIb30BATLCS CIie-
OHANBHBEIM OKHOM Pusbmp, BBIZEIBAEMBIM KOMaHAOH 3anucu-Puavmp-
Pacwupennviii puavmp (MeHI0O 3anucu MNOABASETCA IIPU OTKPBITOH
Tabauie).

OxHO uABTpPa COCTOUT U3 ABYX uacTeil. B Bepxmeill wactu Haxo-
JUTCA IPAMOYTOJIbHUK, COZepKalliuii nMsa TaGANIBEI U IIepedYeHb aTpu-
OyTOB; B HM:KHel yacTu Haxogutcs cam 6aauk QBE. Ero Bug npezcras-
JeH B Buze tabaunst KII.4.

Kar Bupawso, O0jauxk QBE maumnnaercsa crporoii ITIOJIE. B Hell yxaswi-
BaoTCA aTpubyThI, IO KOTOPHIM OCYLIECTBJIAETCA JHOO0 QUILTpAIlius, Jiu-
60 copruposka. Hmxe pacnmonaraetrcs crpoka COPTUPOBKA, B KoTopoii,
€CJI HYJKHO, YKa3bIBAETCA HOPAJOK COPTHPOBKU (10 YOBIBAHHUIO MJIH IIO
Bo3pacranuio). Eme Hmike pacmoaaraercs crpoka YCJIOBUE OTBOPA
" HecKOJbKO cTpok WJIM (3 Hux OOBIYHO BHAHA TOJLKO OLHA).

daxTuueckn 6s1aEK QBE — 9T0 cHOBa Tabauina, B KJETKAX KOTOPOI
Ana aTpulyTa YKasbIBAIOTCA OIepalliiyl CPAaBHEHHUSA M 3HAUEHHH, C KOTO-
PHIMHE CPaBHMBAIOTCSA 3HauYeHHA aTpuOyTa. Kaskgasa KiaerKa TeM CAMBIM
IpeZCTaBJISAET MIPOCTeiliee JOTUUECKOe BhIParKeHNE WM ero OTpHUIlaHue,
a uMsa aTpudyTa BHIHECEHO KaK 3aroJIOBOK CTOJOIA. Briparkenus ns Kie-
TOK, CTOANINX B OJHOH CTPOKe, COeRUHAIOTCA omepariueii Y1, T.e. Kax-
Aasg CTPOKa — 9TO HEKOTOPOEe CJIOMKHOE JIOTHYECKOe BhIpaskeHue. A BOT
MeX Ay cO0OH 9TH «CTPOKOBBIE€» BBIPAMKEHHUA COCAUHSAIOTCH YK€ COIO30M
NJU, o yeM ¥ HAIIOMHHAET CJIeBa OT CTPOKHU CTodAIlee cioBo. Taxkum
o06pasom, Ha TIPWBEeHHOM B KadecTBe mpumepa 6Giauxe QBE opma ms
CTPOK 3ajaeT Jjormdeckoe BrIipakeHue (Bec > 90 U Hmsa = Bacsa). B
BIIPABE CIIPOCHUTH, OTKYJAa B3AJICA 3HAK =, CBA3BIBaIomuii arpubyr Umsa
co 3nauenmeM Bacsa. Orser mpocT: paspabotumku Access ajia obJerye-
HUSA KU3HU MMOJIL30BATEJIO PA3PEHINJN er'0 He HMCATL Ha 5TOM OJIaHKe
(Ho u He zampeTusu ero mmcarts!). A APpyroi CTPOKM IIOJydaeTcs BbI-
paxxenue (Bec < 50 I Uma = Mapwus). Teneps 3Tv ABa BRIPDAMKECHHUA Ha-
OO COeAUHUTHL coro3om WJIN.

Bosnukaer BOmpoc: BCAKOe JIM YCJOBHE, BBIpaKaeMoe KaKUM-HH-
0yOb JIOTHYECKUM BBIDAjKEHHEM, MOJKHO 3amHMCAThL B TAKOM BHAE, UTO-
OBl OTPHITAHUA OTHOCHUJIHCH TOJBKO K IIPOCTEHMINHAM BBIPAYKEHUIM, COIO-
30M W cBA3BIBANNCH TOJBKO IPOCTEHINNE BHIPAKEHUSA UM WX OTPUIIAHUA
B yXXe Ha IocjenHeM Mecte 1ina onepanusa MJIM? OreBeT Ha 3TOT BOI-
poC yTBEPAUTEJLHBIN, HO MBI 00ocHyeM ero B § 32.
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Ecin BBl HamMepeHBI JAHHLIM (GHIBTPOM IOJH30BATHCA HEOTHOKDAT-
HO, TO €r0 MOJKHO COXPAaHHTH KaK 3alpoc Ha BHIGOPKY. OfHAKO, OTKPHIB
OKHO 3ampoca-BulfOpKu, BBl O0Hapysute Ha Onanke QBE emie oxuy
cTpoKy — Brisog Ha sxkpad. Eciu B 3TO#l CTpOKe B KJAETKe COOTBET-
CTBYIOIIEro aTpulyTa CTOUT IEPEUYEPKHYTHIM KBagpPaTUK — TaK Ha3bl-
BaeMbIil iIaskor, TO 3HAYEHUS 5TOro arpubyra 6yAyT BBIBOAUTHCA Ha
JKpaH I[OCJe BBHINOJHEHUsdA JAaHHOIO 3ampoca. ITO BecbMa yA00HO — Ha
SKPAH MOTYT He IIOMECTHUTHCA BC€ ATPUGYTHI, KOTOPBIX MOKET OKa3aTh-
cd ropasno GoJbilie, YeM HYJKHO IJf IOJYUYEeHUs HHTepecylolneil Bac
uHGopmanuu. B ocranpbHOM paboTa IO CO3AAHWIO ¥ MCIOJIL30BAHUIO
3anpoca Ha BLIGOPKY COBEpIIEHHO aHaJOTHYHA pabore ¢ QUILTPOM.

OrKpoiitTe CO34aHHYI0 BaMU 0a3y AAHHBIX M BBHIIIOJHUTE B Hel cie-
AyIOIIVe 3aJaHUsA:

1 ITomerTaiiTecs ¢ TOMOIIBIO 0as3bl HAHHBIX COCTABHUTH CHHCOK BCEX
MAaJIbUMKOB Balllero KJjacca. J[as 3Toro cosgaitTe COOTBETCTBYIOIMH
bUABTP TAK, KaK 3TO OOBACHEHO BHIIIIE.

2 OmpegenunTe, y KOro Jydilie pPe3yjabTaThl B IIPHIKKAX B AJIHHY
(unu B Gere Ha 60 Mm). /ljisg 5TOro B MEHIO BBIOEpHTE PEKHUM 3alu-
cHu, a sateM pexuMm CopTHpPOBKA.

3 TIlogymaiiTe, KaK cOeiaTh Tak, YTOOLI B TabJHIle cHauaja I 3a-
IUCH IIPO BCEX JeBYIeK, a 3aTeM HIpo Bcex toHomreii. ITlorom Bep-
HUTECh K AJI(aBUTHOMY PACIOJOMKeHMIo (haMuanii B 3alUCAX.

4 TlommiTaiiTech OPraHM30BATH IOJIyUEHHE OTBETOB Ha BCe BOIIPOCHI,
chopmynuporaHHbie B 3aganuu 10 uz § 12.

?ﬁﬂ Jla6oparopHan pa6ora 6 (k § 13)

KomnblotepHas o6paborka
. BKCMNEPUMEHTUNbLHBIX AGHHBIX

B § 13 ms1 mocraTouHO mOAPOOHO OOCYAMIM, KaK Ha OCHOBE JKCIIe-
PUMEHTANbHEIX SAHHBIX PAa3bICKMBATL KO03DDHUIHUEHT HPAMO IPONIOpP-
IIUOHAJLHOM 3aBHCHUMOCTH k. PusndecKHii cMbICJA Kod(d(puileHTa 3aBu-
CHUT OT PACCMATPHBAEMOli 3afaun; B HAIIEM CJIydae 9TO OBLIA BEJWYUHA,
o0paTHas CONPOTHUBJICHHIO NPOBOAHUKA 9JIEKTPHUUYECKOrO TOKA.

1 3amosiHuTe JIEKTPOHHYIO TabJUIy TaK, Kak ykasaHo B Tabiaure 2.4,
IpUBEACHHON B 00bsACHHUTENbHOM TeKcTe § 13, u HaliguTe Bemuynm-
HY CONpPOTUBIEHUSA.

BrrunciieHre 0 METOAY HAMMEHBIINX KBAJApPATOB JIETKO IIPOBeC-
T U 0e3 9JIeKTPOHHOH TAaGMMUIIBI, HAIPUMED ¢ IIOMOINBIO MHIKEHep-
HOTO KajabKyiasaropa. Tabauma ynoOHee, IIOCKOJLKY IIPH IIpOBEAe-
HHUU JAOIOJHHUTEJLHEIX OIBITOB BBl IPOCTO JOUHCHIBaeTEe AAHHBIE
B IOCJEOYIOIIVe CTPOKH M MeHseTe HmapaMeTphl CyYMMHDOBAHUSA
B (popmyse, momeimmedHoi B gueiiky El.
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P O6cyaum Temeps Apyroii crmocob BpIGOpa HAWIYUINEro NpUGIHKe-
HUA K 9KCHEPUMEHTAJLHLIM JaHHBIM. PaccMOTpuM eille pa3 PUCYHOK 2.3.
B Meroje HaMMeHbINIMX KBaJPATOB BeJiMuuHa Koahduiuenra k Buibu-
panach TaK, 4TOOBI MHHUMH3MPOBATH CyMMY KBaAPATOB OTKJIOHEHUI.
Ho MoOHO DPYKOBOACTBOBATHECS APYIHMM KpuUTepueM HamnboJjee NOAXO-
asmero sHavenus k. Ilpu 3amanmHoM 3Havenmu kB BbibepeM M3 BCex
OTKJIOHEHUI MaKCUMaJbHOE MO abCoaroTHOHN Beanumue. s KasKAOTO
3HayeHUa 3710 k OyJerT pasauuyHBIM. A Temeph BhIOepeM kB Tax, YTOOBI
3TO HUCJIO OKAa3aJOCh HAWMMEHHITWM. B 9TOM cjiyyae rOBOPST, YTO MBI
pasbiCKMBaeM paBHOMepHoe npubamkenne. OIHAKO HeJL3A YKasaTh
dopmyny aja BoluuciaeHuA k. A sneKTpoHHBIEe Tabauiikl Giaarogapsa 3a-
OIPOrpaMMUPOBAHHBIM B HHX MaTe€MaTHUYECKHM METOJAAM IIO3BOJIAIOT pe-
mMUTE 3Ty 3ajavy. IIpogeMOHCTpUDYeM 5TO Ha TOM JKe IIpUMepe IIOHC-
Ka COIPOTHUBJIEHUSA ITPOBOAHUKA IO SKCIEPHMMEHTAJbHBLIM JaHHBIM. <

2 3BanmosuuTe 3JIEKTPOHHYIO TA0MuUIly TaK, KaK INOKasaHo B Tabiu-
ne KII.5. fueiika Cl oTBefieHA mMOJA pasbLICKHMBAEMOE 3HAYEHHE KO-
sbduiuenra k (ceituac tam sanmcan 0). B aueiirax C2—C11 ma-
XOAATCA a0CONIOTHRIE 3HAYCHHUA OTKJIOHEHUH OTHOIIEHWI CHJILL TO-
Ka K HanpsmKeHUI0 oT Koapdummenta k. B saueiike Cl2 snrumc-
JAAeTCA MaKCHMyM 3THX OTKJIOHeHHH. VIMeHHO 3HaueHue B 2TOH
Adelike MBI XOTUM MHUHMMU3HPOBATH 3a CUET M3MEHEHUA 3HAUCHHUA
auetiru Cl. DyHKIHIO, 3HAUYEHHE KOTOpPOil TpeGyeTcsad MHUHHMU3U-
poBaTh HJM MaKCHUMH3NPOBATH, Ha3HIBalOT HeaeBoit. Tax urto
B auetike C12 y Hac samucaHa LejieBas (PyHKIINA.

Tabnuua Kr.5

1 { Hanpsixenue | Cuna Toka

<U,> <I> ABS(B2-C1*A2)
<U,> <I> ABS(B3-C1*A3)
<U,> <I,,> | ABS(B11-Cl1*All)

MAKC(C2:C11)

P A rTemepnr ofpaTmMcA K CIeNHAJbHON IporpamMme, KOTOpas Ha3bI-
Baerca Ilouck pewenus. dra nporpaMma SBJISETCH MAONOJHUTEIbLHOIM,
MO3TOMY HaAO0 yOeAMThCA, YTO OHA ObIJIa YCTAHOBJEHA IPH MHCTAJLIA-
nun nakera MS Office. Hna storo B meHw Cepsuc BLIOEpUTE NYHKT
Hadcmpoiiku. B OTKpHIBIIEMCS JHAJIOTOBOM OKHE IIPOTHB 3TOM IIpoO-
TpaMMBbl, €CJH OHA AOCTYIHA, AOJIKHA CTOATH Tajiouka. Eciu rajodku
HeT, TO moctaBbTe ee. OfpaileHne K IDporpaMMe OCYIL€CTBJISETCHA BEI-
6opom B meHio Cepsuc nyuxta ITouck pewenus. €

3 IIpucrynuM K moOuCKY K.
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JJisT 9TOr0 HY’KHO BBINIOJHHUTH CJEAVIOUIHE AeHCTBHS:
1) Yeranmosure Kypcop B aueiiry C12.
2) BrizoBure mogmnporpammy Ilouck peuwtenus.
3) B oTKpmiBIIIeMCs AHAJOTOBOM OKHE YKAMKHWTe ajpec A4YelKu Ie-
Jesoi#i ¢pyuxmum C1l2, agpec usmeHsemoil sueiftku Cl (ecau mame-
HATbCA OYAeT HEeCKOJNBbKO YMcesi, T. €. YV IieJeBoH GYHKINN HeCKOJIb-
KO apryMeHTOB, TO B moje «V3MeHssa sadeliku» 3aluCcHIBaeTcs 00-
JaCcTh M3MEHAEMBIX siyeeK).
4) IllexrykoM MHBIINIA OTMETHTE, YTO MBI Pa3bICKMBAaeM MUHUMYM.
5) IlenuxoM MmO KHOMKe BbulnosHUMb 3ayCTUTE IpOrpaMmy Ha HC-
HOJTHEeHHe.

Haiisensoe 3Hadenue kB TOABUTCA B OKHe PesyabTar momcKa.
Br1 MokeTe coxpaHUTBL 3TO 3HadueHWe B gueiike Cl, IMEAKHYB IIO
xkuonke OK.

4 CpaBHuTe 5TO 3HaueHMe Koddduimenra k ¢ TeM, KOTOpOe IOJIYyYH-
JIOCh II0 METOAY HAWMEHBITNX KBaApaToB. KakxomMy 18 HUX OTAAThH
IpeAIIOUTeHNe, PEelIaTh BaM.

5 A Temeps mocTapaiiTech ¢ MOMOINBIO 3JEKTPOHHONH TAGAHMIIBI 3aKOH-
YUTL BLINOJHEHHWe 3ajjaHuA 3 K sToMy Ke maparpady. Koadbdumu-
€HTHI a@ ¥ b HaliguTe AByMs cImocob0aMm: II0 MeTOAY HaMMEHBIINX
KBaZ[paTOB M KaK paBHOMEpHOe IIpHOJIMKeHUe.

rﬂ Na6oparopnas pabora 7 (k § 14)

-

1 Aeranmiaumm.

Ilepen TemM kax HIPHUCTYNHUTH K BHIMOJHEHHIO JabopaTopHO# pabo-
ThI, BCIIOMHHTE, KaK B sA3BIKaX Beiicuk u Ilackanp odopMmiasioTca Noz-
nporpaMMbl. OCHOBHBIC OMNEPATOPBI AJid 3TUX A3LIKOB NPHBEAEHHl Ha
dopsanax Bamero y4ebGHHKA.

A Temeps BBIIOJHUTE HECKOJBKO 38JaHUMA.

1 Hcnonawnsysa Baille pellieHue 3afadyu 3 us § 14, HanuInure IPOrpaMMmEl,
Peasinsyioliye peleHne 3aJaYi O HAXOKACHWHM Pa3jIO)KeHHUs HaTy-
PaJIbHOIO YMCJIA Ha MPOCcThie MHOKHTe . OTIafbTe 3TN OPOrPaMMEL.

2 3amporpaMMmupyiiTe peurenue sagzauu 5 u3 § 14. OrnagbTe cocras-
JICHHEIE BAMHU IIPOTrPaMMBbI.

3 3Samporpammupyiite peiitenue 3agzauu 6 n3 § 14. OraazsTe cocras-
JieHHbIe BAMU HPOTrPAMMEL.

4 3amporpammupyiite peienmne 3amauu 8 us § 14. OtTinaasTe cocTas-
JeHHBle BAMH HPOTPAMMEI.

5* 3amporpaMMupyiiTe pemienme 3ajgaum 7 n3 § 14. Ornagsre cocras-
JieHHBIe BaMH IPOrPaMMEL.

6% 3amporpaMmmupyiitTe peineHue 3agauu 9 m3 § 14. Ornagepre cocras-
JieHHhIe BAMM IIPOTPaMMEL.

Mertop, nowaroro
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FE Jla6oparopHas pabora 8 (k § 15)

PexyppeHTHbIe COOTHOLUEeHMS
M _PeKypCUBHLIC CGNFOPUTMBI

BuI elie Majo 3HaeTe O MPOTPAMMHPOBAHUHU, HO YyiKe BIIOJHE AOC-
TATOYHO, UTOOLI 03 HMOACKA30K BBIMOAHHTL CJHEYIOIiHe 3aZaHUs.

1 SanporpammupyiitTe pemnenusa sagau 4a, 46 u 48 us § 15. Otnags-
Teé COCTABJEHHEIC BAMM IIPOTPAMMEI.

2 HanuminTe mporpaMMEBI, peajiM3yIolfiie ajropuTM u3 3aganusda 6
M peKypcuBHYI0 mopmnporpammy-pyaknuio ®OK. Oraasere ux.

3 3amporpaMMupyiiTe 1 OTJIaAbTE COCTABJEHHBIM BaMU aJITOPUTM, pe-
alomuil Ty Ke 3agavy.

4 Tlpopeamre cpaBHeHHe 3(PpPEKTHBHOCTH 3THUX ABYX AaJITOPUTMOB IO
TO# JKe cxXxeMe, Kak B 3agaHuu 3 Jjaboparopuoii pabotsi 3.

5 3BanporpammupyiiTe pemenue szagaum 7 us § 15. Ornagbre cocras-
JIeHHbIe BaM# IIPOTPAMMEI.

6 [lia oporpaMMupOBaHHA pelneHnsA 3agauu 8 us § 15 morosopmmcs,
YTO AUCKH Ha CTEep:KHe MepeHyMepoBaHBI duciaamu 1, 2, 3, ..., n,
HAUYMHAA C BepXHero AHCKa. 3aOHIuTe W OTJaAbTe IIporpaMmy pe-
IIIeHus 3ajlau¥ O XaHOMCKoii OailrHe.

7 3amnporpaMMmupyiite peillenuie s3amaunm 9 us § 15. Oraaabre cocras-
JIeHHbIe BAMH IIPOrPaMMGbI.

FQ Jla6oparopHas pa6ora 9 (k § 16)
Mporpamms ans o6pa6orkn maccmeos

Oguoii m3 Haubosiee 4aCTO MCNOAb3YEeMEBIX CTPYKTYP AaHHBIX SABJSA-
oTcs MaccuBHI. Ka)kabiili MaccHB MMeeT MM#A, THI M pPa3MepHOCTb. Pas-
MEPHOCTh MACCHBA — 3TO KOJHYECTBO MHAEKCOB, KOTOPHIMY CHAOKeH
KaXIBIH ajeMeHT MaccuBa. [[JIg KakJaoro MHIeKca TpedyeTcs yKasaThb
AuanasoH ero M3MeHeHUSd.

JJia BHITIOJIHEHUA 3aJaHWIl 3TOH JabopaTopHOil paboThl HY'KHEI 3a-
HOJIHEHHBLIE MACCHBBI. 3amOJHATL MACCHUBBI BPYUHYIO — [AeJIO JOJITOoe
u MajiouHTepecHoe. IloaToMy MBI IpefjiaraeM CO34aBaThb MACCHUBHI IIPO-
rPaMMHBIM IIyTeM. AJITODMTMBI 3alOJHEHMA MACCHBOB BKJIOUYEHEBI
B TEKCTHI 3afjaHuii. A Temeph BBHIMOJHUTE HECKOJBKO 3aJaHWI.

1 3BanporpaMmMmupyiiTe peureHusa 3azad 7a um 70 n3 § 16. Ornaapre co-
CcTaBJIeHHBIE BAMH MIPOrPaMMBI HA MAaCCHBAX € HeOOJbIINM YUCJIOM
3JIeMEHTOB (3TU OTJIaZ[OYHBIE MAaCCUBBI CO3AANTE CAMOCTOATEILHO).
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2

Cosgpatite maccue A[1:10, 1:10, 1:10], samporpaMMupoBaB cJjie-
AVIOIUHN aJrOpUTM:
Anroputm
uen: I, J, K; sews: A[1:10, 1:10, 1:10];
{ Denatb o1 I := 1 @o 10
{ Benatb oT J := 1 go 10
{ DenaTtb oT K := 1 gao 10
{ AU, J, K) := 2*COS (I + 2*J) + T*SIN(I"2/K);
} (* koney yuxna *)
} (* woney yuxna *)
} (* koney yuxna *)

}

Pemure ana sroro maccuBa 3amaun 7a U 70.

3amnporpammupyiite pertenus 3aga4d 8a u 86 us § 16. Oryiagsre mIpo-
rpaMMbBI HA MacCHBax C HEOOJBIINM YMCJIOM 2JIEMEHTOB.

Cospaiite maccue M[1:100, 1:20, 1:75], 3anporpaMMHUpOBaB cJje-
OYIOMIUN AJATOPUTM:
Anroputm
unen: I, J, K; pem: M{1:100, 1:20, 1:75];
{ Denatb or I := 1 po 100
{ Oenarb oT J := 1 go 20
{ Denatb oT K := 1 po 75
{ M, J, K) := K*COS (I + 2*J) + J*SIN(I"2/K);
} (* xoney yuxna *)
} (* koney yuxaa *)
} (* rwoney yuwaa *)

}

Pemiure gnsa storo maccuBa 3azaum 8a m 80.

3anporpammupyiite pemierume sazaum 9 mz § 16. Ormagsre mpo-
TpaMMy Ha MaccuBe ¢ HeGONBUINM YHCJIOM B3JIEMEHTOB.

Cospaiite maccue M[1:2, 1:100], sanporpaMMupOBaB CAECAYIOUINii
aJITOPUTM:

Anropuim
uen: I, J; sew: M[1:2, 1:100];
{ Denatb o1 I := 1 po 2
{ Qenarb ot J := 1 go 100
{ M(I, J) := COS (I + 2%J) + J*SIN(J"2/I);
} (* Koney yuxaa *)
} (* koney uyuxaa *)

}

Pemiure gnsa storo maccmBa 3azauy 9.

IIycrs npamoyronsHas Tabanna, 0 KOTOPOU ugeT peub B sagaHnu 10
us3 § 16, umeer 10 cTpor m 20 cronb6uos. Torja owa mpeacrasideT-
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cA HeKOTOphIM MaccuBoM A[l:10, 1:20]). 3auporpammupyiite pe-
HIeHWe 3afayy A 9Toro MaccuBa. OTiagbTe COCTABJIEHHYI) BaMH
IporpaMMy Ha MaccuBe ¢ HeOOJbHINM YHCJIOM 3JIEMEHTOB.

8 Cospatite maccus M[1:10, 1:20], sanporpaMMUpPOBaB CJIEAYIOIINH
AJITOPUTM:
Anropurm
uen: I, J, A[1:10, 1:20];
{ Benatb ot I := 1 pno 10
{ Oenateh OT J := 1 go 20
{ A, J) := INT(COS (I + 2*%J) + J*SIN(J"2/1I));
} (* woney yuxaa *)
} (* woney yuwxaa *)

}

Pemure gnsa storo maccusa sagauy 10.

rm Na6oparopras pa6ora 10 (k §17) -
Pewenue ypask

B ob6macuurenrHoM TekcTe § 17 mpuBeleH aJIroOpuUTM pelIeHUA
YPaBHEeHUSA METOJOM JeJIeHUA HOI0JIaM.

~
n

et

1 3BanporpammupyiiTe aTOT amroputT™m miaa f(x) = x —sinx — 2r(1 — d).
OriagsTe mporpaMmy M moJyuwute oTBeT Ajsa d = 0,8. Breruucaure
TAyONHY TIOrpyXeHus Opycka, B3AB paauyc O6pesua 0,2 M.

2 3anporpaMMUpPYiiTe ajJlOPUTM, KOTOPHI# BEI COCTABHUJN, BBLIIOJJHSASA
3anasvie 4B u3 § 16.

P ¥V Bac MOXKeT BOBHMKHYTH BOIPOC: HEYXKeJu IIPOrpaMMHPOBaHUE —
eIUHCTBEeHHAsA KOMIILIOTEDHAs TEeXHOJIOTH, IO3BOJAMINAA IOJIL30BaTe-
a0 pemath ypaBHeHus? KoHedno HeT. YpaBHeHuUA MOKHO 3(hGexTus-
HO peliaTh, UCIOJb3YHA 3JeKTPOHHYIO Tabaumy.

MosKHO BOCIIONB30BAThCA peskuMoM JIouck peuueHuss, KOTOPBIH BbI
OoCBaWMBaJM, BBHIMOJHAA JiaGopaTropuyio paGory 6. BosmokHO, BBI 00pa-
THJIN BHHMAaHHNE, UYTO B JHAJOTOBOM OKHe pexxkuma Ilouck peuleHus eCThb
nyHKT PasHoil 3naueHuro, mocje BBIOOpA KOTOPOIO MOABIAETCA OKHO
IJs BBOJA umcaa (mo ymonuaHuio taMm Bcerga crout 0). Bocmoswsyii-
TeCh 9THM peXMMOM H pelIuTe ypaBHeHme x — sinx — 2r(l — d) = 0.
IIpu sTom Bam He TpebGyeTcs NMOMHUTL M BBOAWUTL 3HAUEHHE UYUCJIA T,
Zocrarouso HamwmcaTthk IIVI().

B onucanmm nabopaTopHOii paboTel 6 MBI roBOpMIN, 4TO pexkum Ilo-
UCK peweHus — 3TO HAACTPOIiKa, WM IOTOMY He 06sa3aTelbHO BXOAUTH
B aseKkTpoHHyI0 Tabauny Excel. Ho B s060it Tabaune Excel ects GyHK-
nusa ITo06op napamempa, MO3BOJAIINAA aBTOMATHYECKH HOAOOpaThL 3HAa-
yeHHe B M3MEHJAEMOH sueiiKe Tak, 4YTOOB B gdelike, I'le 3ammcaHa Heje-
Bas QYHKIIUA, OKA3AJOChk TpebyeMoe ee 3HadeHMe. BrI3oB aTO# DyHKIUMN
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ocyiecTBasieTca dyepes meHio Cepsuc u nyHKT Ilod6op napamempa. Ha-
npuMep, IJA pelleHus ypaBHeHUA X — sinx — 2n(1 — d) = 0 snexTpoH-
HYI0 TaOJHMIly MOXKHO 3AlOJHHUTh TaK, KakK IokxasaHo B Tabauue KII.6.

Tabnuua Kr1.6

=B Hw

i

5 <x>

2| <d> |A1-SIN(A1)-2*TIH()*(1-A2)

B sadeliky A2 HYXHO BBeCTH 3HAUYEeHHE YJeJbHOM IJIOTHOCTH Jepe-
Ba, Aueiika Al saBiasercsa mamMeHsaeMoOH, a B auvelike B2 szanucaHa mejne-
Bas (GYyHKIUA, 3HAYCHUE KOTOPOHM HYXKHO cHejiaThb paBHbIM 0.

3 Haiinure sHaueHHMe x ¢ nomoinso byaxnuum Ilodb6op napamempa.

JNa6oparopHaa pa6ora 11 (x §20)
-Mopens pBvKeHUS. B CPEAE. C CONPOTUBNGHUEM ... ..

IIpe:xne Bcero BrifepuTe, KAKYI0 KOMINBIOTEPHYIO TEXHOJIOTHIO BbI
HaMepeHBbl MCIOJbL30BATh AJA MOAENHPOBAHUA ABV)KEHUS B Cpelie C CO-
npotuBjeHueM (OyZeT HHTepecHee, eCJIH KaKas-TO 4YacTh KJacca BOC-
HOJIL3YyeTCs IIporpaMMoii, a KaKasi-TO — 3JIEKTPOHHOM Tabiuiieii).

1 Ecam BB HOPeANOUYUTAETE A3HIK IPOTPAMMHUPOBAHUA, TO BOCHIOJb-
gyliTech CBOMM pellieHHeM 3ajauu 2 u3 § 19 u oTiagbTe cocTaBjeH-
HYI0 BaMH HIPOrpaMMy.

Ecau BBl pelIniM NPUMEHHTH 3JEKTPOHHYIO TabJIHILy, TO 3amoji-
HUTE €e TaK, KaK ONATh-Taku cxkasauo B § 19. IIpaspa, y Bac Mo-
JKeT BOSHHUKHYTBL BOMPOC: CKOJBKO CTPOK B 3TOH Tabamue HAXO 3a-
HOJMHKUTH? B mporpaMmme HamHucaH HHUKJ B ¢dopMe «IIOKa», B 3JEKT-
POHHO# Taljulie TaK He cAejaelnb (TOUHee, BbI €Ille 3TOr'0 AesaTh
He ymeere). OTBeT Haml TakoB: s3amoaHute moka 200 cTpox.

T

2 A Temneph HaUMHAEM KOMIIBIOTEDHBIN 3KCIEpPUMEHT.

B xauectBe mepsoro omnnita BuiGepute v = 600, 2 = 1300 m A = 0.
IJTO O3HAUYAET, YTO TEJO HAUYKMHAET CBOE ABHJKEHNE HA BBICOTE
1300 M co cxopocrbio 600 M/c ¥ B rOPH3OHTANLHOM HaIpaBJICHUMU.

ToT, KTO BOCHOJBL30BAJCA IIPOrPaMMOii, HIOJYYHJI TPH CTOJOHMKA
oudpp. A Te, KTO HCIOAL30OBAJ 3JEKTPOHHYIO TabOAUIy, IONYYWUIHN
OATH CTOJAOMKOB. XBATHJIO JH CTPOK, YTOOBI TENO <«HOJIETEO» HO
noBepxHocTu 3eMmian? Eciu HeT, CKONMHDPYHTE elle CTPOKUM CTOJBKO
pas, CKOJIbKO OKaKeTcsi HeoOXOAMMbIM.

3 CpaBHHUTE, OJMHAKOBOE JU IOJYYMUJIOCH BpeMA «IPHUIEMJICHHUA».
A «gansHOCTHL» moneta? Haneemcsi, 4TO pe3yJpTaTHl Y Bac OKasa-
JUCh OMU3KNMUK HE3aBHCHMO OT HCHOJb30BABIICHCH TeXHOJOTHH.
Ecau Her, TO pasbepurech, Yy KOro OImnOKa.
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£> PasrisaasiBasg cTONOUKY mMudp, BhI JOKHLI OLLIHN elle pas yoeauTsh-
cA B TOM, YTO YeJIOBEK Jyullle MPUCIOCO0JIeH K BOCIPHATHIO BU3YAJb-
HOM mHpopManmu, HeXKeJH CHUMBOJLHOIN. MbI 3HaeM Telepb, CKOJIBKO
BPEeMEHHU IPOAJIUTCH «IIOJieT» M KaK JAaJIeKO «YJIETHT» TEeJO, HO IpPOaHAa-
JU3NPOBATH XapPaKTep ABIIKEHHUSA yiXKe BeCchMa HEIPOCTO.

IToTpebyem oT KOMIIBLIOTEDPA, YTOOLI OH HM300paAXKas moJydaeMble JaH-
Hbie B BUJe rpadpmra. YToOBLI OCYIECTBUTHL 9TO B NPOrpaMMHOM Bapu-
aHTe, TOTPeOyOTCA TrpaduuecKkue omepatopsl. HekoTophle U3 HUX IIpHU-
Begeusl B Tabnuie KII.7.

OnepaTops! BKJIAIOYEHUA TrpauKy, OYHCTKH SKPAHA U HAa3HAUEHHA
CHUCTEMBI KOOPAWHAT HOJIKHBI CTOATL B CAMOM Hadaje IIpOrpaMMbl.
Ilocne HMX, HOJB3YACH OMEPATOPOM IOCTPOCHHUSA OTPE3Ka, MOMKHO CO3-
JaTh Ha DKpaHe CHCTEMY KOOPAMHAT. A BOT IOCTPOEHHE CaMoro rpacdu-
Ka — 3TO (PaKTHUeCKH 3aMeHa B mporpamme omepatopa CooBGwnTth ome-
DaTOpPOM BBHIBOAA HA 9KPAH TOYKH C HYKHBIMU KOOPAHHATAMW.

B cayuae nmpuMeHEHUS 3JeKTPOHHON TabGaUIBI MOCTPOeHue rpadwui-
Ka HaAO MOPY4YUTH caMoil tabauue. HamoMHHM, KaK 3TO gejaeTcd.

Hac B mepByio ouepenr HMHTEpecyeT TpaeKTopuda moJieta Tesa. Ilo-
3TOMY BBIJIEJINTE CTOJOILI, COAEPIKaIye BEICOTY U JaJILHOCTh, T. €. GJIOK
sgeex B2:C200 (wnwm Gosbliiee 3HavyeHHe BTOporo mapamerpa mpu C, ec-
Jau norpeboBasoch Goiubirie ctpok). IHlenkunre mo KHonmke Macmep Ju-
azpamm. JanbHeliniue AeficTBUA OCYIIECTBJISAIOTCA MO IIaraM B COOTBET-
cTBUU C yxasauuamuy Macmepa Ouazpamm.

1) BeiGop Tuma guarpammbl. Beibupaem tun Toueunas. BriGepurte
Buj co craaskuBanueMm. Hlenkuure mo KHOTKe [Jagee.

2) BeiGop mcrouHuKa JaHHbIX. PaKTAYECKH BBl HTOT IIAr BhIMOJI-
HuIu BolAeneHueM OjioKa sgeexk. Ho ecaum 4To-TO He ycTpauBaeT (Ha-
IpUMep, AMANA30H YyUYACTBYIONIUX fAdeeK), MOYKHO INOMEHSITh, HE BBIXO-
aa us Macmepa duazpamm. Wenkante no kHOUKe Jlasnee.

3) BriGop mapaMeTpoB. 37eCh Bbl MOJKETE CAEJATh BCE MOSCHAIOIINE
HaAIINCH, YCTAHOBUTH WJIM OTMEHWUTH JUHUUW CeTKM U T.I. IlleaxkHure
o kHOmKe Jlasee.

4) Bribop MecTa pasmeniennda. OOBIUHO pasMeIaloT Ha TOM JKe JIKC-
Te, rAe W jAaHHBIE Aaa rpaduxa. OTMeThTEe STOT BAPUAHT M INENKHU-
Te 110 KHouKe I'0omo6o. ¥ Bac Ha sKpaHe MOABUTCA TPACKTOPUS ABUKe-
Hug tena. @

4 Ecgu BB WCIOJB30BaNM IpOrpaMmy, TO MOIZUDHUIEPYHTEe ee COOT-
BeTCTBYIOMIUM 00pasoM u oTaafbre. A 9JeKTPOHHOM Tabiauibl
mocTpoliTe rpa®uK, KaKk IIOKA3aHO BHIUIE.

5 ITosxcuepuUMeHTHDPYiiTe C PasHBIMM 3HAYECHHAMM HAYAJABHON CKO-
POCTH ¥ HAYaJABHOUN BBLICOTHI. IIOXOMKM JiM, HA BAill B3TJIAK, MMOJY-
YyeHHble Irpad@UKy Ha IPUBLIYHYIO apaboay?

> MHuenus, cKopee Bcero, pasfeiujick. UTo6bI OTBET crai Gojee ode-
BHUAHBIM, IOIpOOyeM «Gpocarb» TeJO MOA HEHYJAEBBIM YIJIOM K TOPH-
30HTY. HOo Hamo mMeTh B BUIY, UTO YroJ Mbl M3MepseM B rpajycax,
a GYHKIUM CHHYC M KOCHHYC BOCIPHUHHMAIOT apryMeHT B pajuaHax.
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Tabnuua Kr1.7

HazhaueHue Qbasic Pascal
BknioveHue n SCREEN 12 Uses Graph;
3aBeplieHue Var gd,gm:integer;
rpaduyeckoro Begin
pexnma gd:=detect;
InitGraph(gd,gm,’BGI’);
(BmecTto ‘BGI' ponxeH CTOATL
nyTe K nanke, rge pacnosno-
XeH rpadpudeckuin uHuumann-
3aTop egavga.bgi, HO 06blMHO
ato nanka BGl B kopHe Tlac-
kang) CloseGraph; End
Ouuncrka CLS
3KpaHa
Ha3Hna4eHue WINDOW(X1,Y1)—(X2,Y2)
HOBOWA (X1 — 3HaveHne abcumceol
CUCTEMBI caMoi neBO TOYKW 3Kpa-
KOOpAMHAT Ha, X2 — 3HaueHue abc-
uMcChl caMoi nNpasoit Tou-
KM 3KpaHa, Y1 — 3HayeHue
opAavHaTL  camMon  NeBOown
TOYkM 9KpaHa, Y2 — 3Ha-
YeHne OopauHaTel Ccamon
npasoil TOUYKKN 3aKpaHa)
N3obpaxenne | PSET(X,Y),Z PutPixel(X, Y, Z);
TOYKMN (X — abcumcca toukn, Y — | (X — abcumcca toukn, Y —
3aaHHOTO opAMHaTa TOYKWU, Z — HO- | opavHata TO4ku, Z — HOMEp
userta mep ugeTta; uncay Q0 cooT- | ugeTa; yucay 0 COOTBETCTBY-
BETCTBYET 4YepHbliA UBeT, | eT 4epHuih usetr, 1 — cuHun,
1 — cuHUi, 4 — KpacHbih, | 4 — KpacHbit, 15 — Benblit)
15 — Genbiit)
M3ob6paxenue | LINE(X1,Y1)-(X2,Y2),Z line(X1,Y1,X2,Y2);
oTpeska (X1;Y1 — xoopauHatol og- | (X1;Y1 — koopauHathl 0QHO-
C 33afaHHbIMU HOro KOHUa oTpeska, X2, | ro KoHua oTtpeska, X2,Y2 —
KOHLIaMK Y2 — KkoopauHaTbl Apyroro | KoopauHaTthl APYroro KoHua
KOHUA oTpe3ka, Z — HoMep | oTpeska)
ugeta)

Jdnsa mepeBoza m3 rpazycoB B pagumaHbl B Excel ecTh cunemuaianHasa
bysrmuas PAOTUAHDBI(x). Yrobnul BuiuMCACHUSA ObLIXA IIPABUILHLIMH,
B sueiiku D2 u E2 mago BBectu dopmynsr GS5*SIN(PAIMAHDBI(G6))
u G5*COS(PAIIVAHDBI(G6)) cooTBeTCcTBEHHO.
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JanbHOCTb

Puc. KMN.2 [dsuxeHne Tena nog yrnom
45° ¢ HayanbHOW CKOPOCTbLIO
600 m/c

JanbHOCTb

Puc. KN.3 [suxeHue Tena noa yriaom

30° ¢ HayanbHOW CKOPOCTbLIO
600 m/c

6 Teneps npoBeguTe BeiuucaeHnAa npu v = 600, h=0wuA-=45. Tpa-
eKTOpHUsA moJiydmiack Takoit, kak Ha pucyHke KII.2. Ha nmapaGoay
aTa JUHUSA He IOXO0XKa.

7 Ewme oxun sxcrnepumenT — A = 30. TpaexkTopus mjas aToro ciaydas
nokaszaHa Ha pucyHke KII.3.

P MbI yBepeHBI, UTO Pe3yJbTaThl, MOJy4eHHEIe BAMH, JalOT TAKYIO JKe
kaprtuHy. OGpaTuTe BHMMAaHWE: NOPHU30HTAJBHAA COCTABJIAIONIAA CKO-
POCTH C Te4YeHHEM BPEMEHM CTPEMHTCS K HYJIIO, ABHXKEHHe CTAHOBUTCHA
IIpaKTHYEeCKH OTBECHBIM (T.e€. TeJI0 IIepecTaeT IepeMemarbcid B I'OPH-
S30HTAJILHOM HAIIPABJIEHHH), & CAMA CKOPOCTH CTAHOBHTCS IIPAKTHYECKH
nocrosinHoi. VIHEIMH clIoBaMH, ¢ TeUeHHMEM BPeMeHU ABMIXKEHHE B cpe-
Jie C COIIPOTHBJIEHHEM CTAHOBHUTCH IPAKTUYECKH 6ePMUKALbHbIM U DAG-
HoMepHbiM. BOT KaKOH yAMBHTENBHBIA (hakT MBI OOHAPYKHJIU B pe-
3yJbTaTe KOMIBIOTEPHOTO MOAEJHPOBAHHA HAHHOIO IpoIecca.

PaBHOMEDHOCTh ABHI)KEHUS Tejla B Cpelle C CONPOTHBJIEHHEM O3HAa-
YaeT, YTO CHJIA THAMKECTH YPABHOBEIIHBAETCA CHJIOH COINPOTHBJIEHHA Cpe-
oel. IERIMUA cIOBAMHM, IPH TAKOM JBUMKEHHHM MMeEeT MECTO DABEHCTBO

mg — mkv? = 0.
Orcioma v= ﬁ Takum o00pasoM, CKOPOCTE Teja, ABHIKYIIErocs

B cpenme ¢ COONPOTHBJIEHHEM, C TedeHHEeM BpPEMeHH OJOJIMHa OBITH BCE

OJM)Ke K BeJIMYHHEe J% > |

~ |8
8 HpOBepLTe, BEIIIOJITHEHO JIH HpHﬁJIH}KEI{HOE PaBeHCTBO Ummm\/;

B pacdyeTax IIpH OJOCTATOYHO AOOJI'OM ABHXXE€HHH TeJa B cpele C CO-
nporuBiaeHueM. Eciu oHO Habmionaercs, TO 3TO BAXKHBIA apryMeHT
B OJIL3Y 8J€KBATHOCTH IIOCTPOEHHOM HAMH KOMIBIOTEDHOMH MOJENIH.
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P Komeuno, Halll KOMIIBIOTEPHBIN SKCHEPUMEHT He 00Ka3viéaem, d4TO
o0Hapy'KeHHOe C ero IIOMOINBIO CBOMCTBO ABMKEHHSA Tejla B Cpele
C COIIPOTHBJIEHHEM HMEeT MecTO Bcerfa. M CKOJIBKO GbI SKCIEPHMEHTOB
C Pa3MHYHBIMY HAUaJLHBIMH YCHOBHAMM MBI HU IIPOBeJH, Bcerxa Gyxer
TPBLI3Th YE€PBAYOK COMHEHHA, & BAPYT HPH KAKHX-TO HAYAJBHBIX JaH-
HBEIX 00HapYKeHHOe CBONCTBO OTCYTCTBYET.

M tyT Ha nomoint GHU3MKe NPUXOLUT MaTeMaTHMKa. VIMeHHO B Ma-
TeMaTHKe paspaboTaHBl METOABLI HCCJAEeNOBAHUA NOBeAEHUA (QYHKIUH.
Hea ypokax MaTeMaTHKH BBl YUHJAUCH IAJs (GyHKIuil, 3afaHHEIX Ka-
Koi-n1u60 Gdopmysioil, MCCHAEIOBATH €€ IIOBeJeHHe M CTPOUTH rpaduk.
B mHamem ciaydae HHKaAKOH (oOpMyJsBI, Oompefesdiolleifl 3aBHCUMOCTD
CKOPOCTH OT BpPEMEHHU, HeT; €CTh TOJIbKO HEeKOTOphIe COOTHOIIeHWSH,
CBASHIBAIOIIME CKOPOCTh M YCKOpeHUe. Maremaruxku paspaboranu mMeTo-
Obl, IIO3BOJIAIOIME [0 TAKKM COOTHOIIEHHAM OIPEAENATh, KAKHMH
cBolicTBaMu oOOJsazaeT GyHxmusa. B paccmarpmBaeMoOM caydae MOXKHO
JOKas3aTh, 4TO OGHAPY/KEHHBIE CBOMCTBA CIPaBEAJIUBHI IIPHM JIIOOBIX Ha-
YaJbHBIX 3HAYEHUAX BBICOTHI, CKOPOCTH M yrja HaKJOHA.

B pesynbTare HCCAEOBAHUA ABHXKEHUA B cpefie C COIPOTHBJIECHH-
€M MBI OPUIIIM K BEIBOAY, YTO CO BpeMeHeM 3TO ABHIKeHHe CTaHOBUT-
cA OAMSKHMM K pPaBHOMEPHOMY [AB¥KeHHio. He osHauaeTr JAM 5TO, YTO
MOKHO OBLIO C CAaMOTO HaYajJa CUHUTATH MOJeJh PABHOMEDPHOTO ABHIKe-
HHUA BOOJIHE aJeKBaTHO# gamHOMYy npoueccy? IlogymailiTe Hanxy 9TUM
BOIIPOCOM ¥ IOCTApaiTeCh FATh apryMEHTUPOBAHHBIA OTBET.

IlpopomxuM KOMOBIOTEPHBIN sKCHepuMeHT.

9 TlommITaiiTech BBISICHHTH, IIPH KAKOM yIVIe HAKJIOHA AAJbHOCTDH IIO-
Jeta 6yper Hambosbineil. HauanpHas CKOPOCTh M HAYAJIBHASA BBICO-
Ta npexuaue: v = 600, £ = 0. Iaa 3T70ro MOKHO IPUMEHUTH METOJ
AeJIeHUsi TOMOJIAM HJH BOCIIOJIB30BATBHCH PEXNMOM 3JEeKTPOHHOMN
Tabaunsl Ilonck periteHusA.

¥V mac noayumnock = 29°, A xakoii orsBer y Bac?

10 A remeps mompofyeM BHISCHUTH, KAKOBA HAYAJILHAS CKOPOCTH CHA-
pazga us s3aganus 3 § 19. [yia sToro BOCHOJB3YHATECH BAITUM pellie-
HueM 3agauu 3 us § 20.

11 Ecam BaM XoueTcsA y3HATH, HACKOJBKO HArpeBaeTCA TEJO BO BpeM#A
moJjieTa B Cpelie C COMPOTUBJICHHEM, peaiusyiirTe KOMNbIOTEPHYIO
MOJeJib, CO3JaHHYI0O BaMHM NpPH BHINOJHEeHHH 3amanua 4 us § 19.

rﬂ naﬁopurophan pdGord_T 12 (x §21)

B § 21 ommcansl ABe MOZeJM POCTA HONMYJANWNK JKHBBEIX OPraHM3MOB.
HposesemM ¢ HUMM KOMIIBIOTEPHEIN 9KCIIepuMeHT. VI CHOBa 3/eCh MOMK-
HO IPHMEHHUTH JBE TeXHOJIOTHH: 3JIeKTPOHHBIe TaOJMIBI M ASLIK IIPO-
rpaMMupoBaHud. UTo0bl ObLJI0 MHTEpPECHee, pasfeJNTech B Kjacce Tak,
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Tabnuya Kr.8

yToOBl OJHA YaCTh M3 Bac pabo-

e - Taja C 2JIeKTPOHHOM Tadjauiei,
NMpupoakas Koaddu- a Jpyrad — ¢ SI3BIKOM IIpOrpaM-
30Ha uveHT k MupoBaHuA. Huke MBI IpUBOAUM
3aJJaHUA, OIHUCLIBAA MX BBIIOJ-

Tynapa 0,6 HeHUEe C TOMOIIBI0 3JEeKTPOHHOM

i Tanra 1,8 Tabaunsi. Hageemcda, YTO BBINIOJ-
Crens 1,2 HUTH Te K€ 3aJaHWdA, UCIOJIb3ysa

g NycTbiHA 0,8 IPpOrpaMMy, COCTABJIEHHYIO IIpHU
{ BLITOJIHEHUY 3ajauuda 5 us § 21,

JIJIsi BaC He COCTaBUT TpPyZa.

JJIa mpoBedeHus KOMIIBIOTEPHOTO SKCIEepPHMEHTa HAaJX0 3HATH HC-
xoxHbie gaHHbie: M(0), k, a, L. B xauectBe M(0) BosbMeM Mmaccy, paB-
Hyio 1. B KOHIe KOHIIOB JJis HAIlero SKCIOepMMEHTa COBEPIIEHHO 0es-
pasauuHo, 6yzer jau 310 1 rpamm, mau 1 ToOHHa, uaum 1 MeraToHHA.
AnajorudyHo BeJHWUYHWHA BepxHei#i rpaHMIbL L TOXe He MMeeT NPUHIU-
nuaabHOro smauenus. Ilyers L Oyzer, Hanpumep, 11000. A BoT KO-
sbdumueHT ITpUPOCTA BecbMa CYIEeCTBEHHBINI IapaMmerp IIpoliecca.
IloaroMy mpeAyCMOTPHUTEJBHO 3aliaceMcs 3HAUYeHHMAMU Kodhduiiuen-
Ta k, 3KCHEPUMEHTAJNLHO IOJYyYEHHBIMU Yy4eHBIMU-GrojioraMu AJIA pac-
TeHHii B pasHBLIX OPUPOAHLIX 30HaX (MBI YK€ OTMeYaJid, UTO HE HUrpa-
eT poJiM, KaKWe MMEHHO JK¥BbI€ OPraHM3MblI PacCMaTDPHUBAIOTCA B 9TOH
MOJEeJIH, MYyCTh 3TO OyAYT pacTeHusi). 3HAUEHUE £ AJIA Pa3IMYHBIX IPU-
POAHBLIX 30H Npusepeso B rabnuie KII.8.

Tenepb, HCIOJB3YA 3TH YMCJA, IONBITaiiTech NpEeACKa3aTh, Ueped
CKOJIbKO JieT Macca pacteHni npesbicut 100, ecim mepBoHAUANBLHO Mac-
ca pacTeHWii Ha HEKOTOPOM yudacTKe Onina Bcero 1. SanmmimTe Balu
IPOTHO3, 4To6hl IIOTOM CPaBHUTHL €r0 ¢ Pe3YJbTATOM, IOJIYYeHHBLIM Ha
KOMIIBIOTEpE.

Ocrajsocy ompegennTs kKoabduumuent a. M3 dopmyawsr k(n) =
= a(L — M(n)) BuaHO, uTO IJA HaXOxXAeHUs KoadduimueuHTa a mocra-
TouHO pasgenuts k(0) ma L — M(0). B cBoio ouepens, uucio k(Q0) — aro
Ko3(PUIMeHT MPUPOCTA B CAMOM Hauajie IIPOIecca, M IIOTOMY ero HYK-
HO B3ATH PaBHLIM uicay k u3 rabaunst KIL.8.

IlpucTynnM K KOMIOBIOTEPHOMY JKCIEPHMEHTY.

1 3arpysure 3JeKTPOHHYIO Tabauily U 3aHEeCHTE B Hee HeOOXOJHMEIE
JaHHBIE TaK, Kak IoxasaHo B Tabauie KII.9.

B> Kakr e y3HaTh, uepe3 CKOJBLKO JIET MACCA PACTEHUH B TYHApE Iipe-
BeicuT 100 1? IIpeactaBuM, 4To B TabJiniie 3aIOJHEHBI BCE CTPOKH, Ha-
yuHada ¢ 7-ii. Torma gocrarouHo B croabne C HaiTh Adeliky, Korza mep-
BBIf pas3 BCTpeTHTCA uucygo, Oojsbinee 100, m B TOiHl ’Ke CTpOKe B mep-
BOM CTOJIOIle MBI YBHIUM T'OJl, B KOTOPOM MAacCa PACTeHUIl IIPEBBICUT
100 T. TouHO TaxK Ke MOXKHO IIOCTYHHUTH CO CTOJNIONAMH, B KOTOPBIX
oToOpakeHa MHGpOpMAITUA AJA APYTHUX HPUPOAHBIX 30H.

Koneuno, 3arioJlHUTHL BCe CTPOKH TAOJAHUIEI CPa3y CJUIIKOM TPYAO-
eMKas Ja, HaBepHO, W HeHy:KHas pabGora. Ilpoure mocTynurth Tak: Iocie-
JOBATEJILHO KOHMHPOBATHL OJOK sdeek AT7:J7 B mocnemyioiiue CTPOKH.
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(ITopgymaiiTe, agpeca KaKUX f4eeK MPH TAKOM KONHPOBAHUHU He JOJMK-
HBI MeHAThcA.) Kak Toiapko Bo Bcex cronbuax C, D, E, F, G, H, I, J
BOSHUKHYT uucja, coasinme 100, KonmupoBawue MOXHO INPEKPATUTh.

2 Ilpopenaiite yKasaHHYIO paGory ¢ Tabamiteit. daa raskznoii npuposa-
HOM B30HBI BalMNIINUTE TOX, KOrjja IPOM3OIIJIO IPEBLINICHUE YHCJAA
100. CpaBHMTe HOJNIyUHBIIINECA JAHHBIE ¢ BAIIMM IIPOTHO30M, 3alH-
CaHHBIM pamHee.

3 Temneps mocisie mepBOTO OIBITA MOUPOOyiiTe yrajath, KOrZa Macca
pacreHnuii craner pasao#i 1000 T.

P> I[IposepbTe CBOM IPOrHO3 € MOMOIIBLIO ITEKTPOHHON TaGIMUIBI WM
nporpaMmmel. (MHTepecHO, YAYYIINANCH JU Balll IIPOTHOCTHYECKUE CIIO-
cobuocTn?)

Cxopee Bcero, Temephb Balll IPOTHO3 OKAa3aJicA 3aBBLIIIEHHBLIM (KaK
B Y aBTOPOB 9TOH KHUTH, MIPOBOAMUBIINX TAKOH Ke KOMILIOTEPHELIH dKC-
IepHUMEHT). ¥ AUBUTENbHLIHA (baKT, He IIpaBAa JIM: MAacCa YBEJIHUYMNJIACH
B 10 pas, a Ha ee «IPOHM3BOJACTBO» IOTPEGOBAJIOCH BCETO JIWINL ABa-TPH
JOLOJHUTEJNBbHBIX roja. IlosyuyeHHLIe pe3yaAbTATEH TOXKE SalHUIINTE K Cce-
Ge B TeTpaib.

Ha cunexyiomee «ymecsTepeHHe» MACCH KHUBLIX OPraHM3MOB B MO-
Jesil HeOTPAHMYEHHOTO pPOCTa MOHaAOOUTCA TOMKe ABa-TpH roja (ydeam-
TeCh B 3TOM CAaMH M BHECHUTE Pe3yJbTATHI B Tabauiy). <«

4 Kaxgas coBpeMeHHas 9JIEKTPOHHAs Ta0iamma I03BOJIIET aBTOMATH-
YeCKH IIOCTPOHUTL IpadUK 3aBHCHMOCTH MEXXKIY BEJIMUYNHAMH, BBI-
YUCJEeHHBIME C ee IOMOIINBI0. BocmoabayiiTech 3TOH BO3ZMOYKHOCTBHIO
U NOCTpoiTe rpaduKyM 3aBHCHMOCTH MacChl PacTeHHUH OT uHcjaa
OpOIIeAINNX JieT (O KaKAOoil U3 NPUPOAZHBIX 30H). Kakme obimue
ocobeHHOCTH 2THX I'pad¥KOB BEI CMOTJIH OOHAPYIKUTH?

P PasHuna B MOBEJEHHY 3TUX Mojened Hanumo. B Mozenm orpaHu-
YeHHOT0 POCTa BpeMsA «YAEeCATEPeHUs» PpacTeT, HpuYeM OnicTpee AJs
TeX pacTeHM#, rige xKoapduimeHT Z MeHbIIe. 9TO HEYAUBHUTEILHO: YeM
MeJJIeHHee pocT, TeM 0oJibllle BpeMeHHu TpebyeTca ANA «yAECATEPEHUHA»
Macchl. 9TOT KAYECTBEHHBIH aHANIN3 pasiIHuuuil MeXAY MOZEeJAsAMH He-
OrPaHNYEHHOTO M OTPAHUYEHHOTO POCTa MBI B CJeAyOlneil JabGoparTop-
HO# pabGoTe HOIOJHMM KOJMYECTBCHHLIM aHAJIA30M. <«

I-B Na6oparopuas p&de'af.’l 3 (x. 8 22)

HUccienosaTs MOAENh HEOUPAHWYEHHOTO POCTa HA aJeKBATHOCTH MBI
OymeM ysKe mp® M3BECTHBIX HAM IapaMeTpax: 3HaueHue kB Bo3bMeM 1,8
(rak gna rtaiirn), a L 6ymem cumrath paBHeIM 11 000.

1 3amojuuTe 3JEKTPOHHYIO TabauIly, KaK II0KasaHo B Tabaune 3.2 us
§ 22, u BHecHTe HCXOZHBIe AaHHBIe. IlociefoBaTelbHO KONIUDPYS
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6ok A4:D4 B mocaexyionime CTPOKH, HalifuTe, B KaKO# rox oOfT-
kjaoHenne upeBbicur rpasunmy 10%. (Ilpu strom He 3al0yabTe yKa-
3aThb BJIEKTPOHHOI TaGiume, afpeca KaKMX S4eeK He HOJKHBI Me-
HATHCA IIPU KOIHPOBAHWN.)

Teneps nuccjaenyiiTe sHaueHue k, paBHoe 1,2.

2 Cxonupyiite 6ok Bl:D... (3gech BBl JOJ'KHBI YKa3aTh HOMEpP IO-
ciaegHeld 3alOJHEHHOM CcTpoKu B Tabimile), HaunmHas ¢ KjaeTku Fl.
3anuinure B F1 xosdpdunuent 1,2. B KakoM rogy OTKJIOHEHNE Ipe-
BeicuT rpasuny 10% ? Ilpumaock Jjix BaM elfje KOIMpoBaTh CTPOKU?
Ve T ABa KOMIBIOTEPHBIX SJKCIEPHMMEHTA MHOKAa3LIBAIOT, YTO
C YMeHbIIeHUEeM k£ rpaHulia N OTOABUTAETCH.

8 s mOAKpeIJIeHUs 3TOr0 BHEIBOLA MPOBEAUTE KOMIBIOTEDHBIN 3KC-
IIePHMEHT eille u npu k = 1.

P Temepr MOXXHO HCCJIEOBATB, KaK TPaHHUIlA aJeKBATHOCTH 3aBHCHT
oT BeauuuHbl L. Ob6miue coobparkeHus MOACKA3BIBAIOT, YTO ¢ pocToM L
rpaEuna n JOoJ)KHA yBeJdHuYHMBaTbesA. HO KaKoB xapakTep 9TOHM 3aBUCH-
moctu? JaBaiiTe, K IpUMepy, YABOMM 3HaueHue L. <

4 BsejuTe yasoeHHoe sHadeHue L mpm k = 1.
ITocmoTpuTEe, IPaHKAIAa OTOABHHYJIACH HA OJWH TOX.

5 A ecau emie pa3 yaBouTh? IIpoBejguTe 3TOT 3KCIIEPHMEHT.
Onsare rpasuna OTOABHHYJIACh Ha OZHWH TOX.

6 A ecam ucxopHoe L ymeHsIIUTL BABOEe? IIpoBexuTe sKcIepUMEHT
npu L = 5500 (uo mo-mpexHemy k = 1).

P OddexT TOT JKe caMmblii — Temeph TPaHKHIA I YMEHBIIMJIACHL Ha 1.
Hamnpamuiusaerca runmoresa, uTo L o6pasyer reoMeTpHUECKYI0 Iporpec-
CHIO OTHOCHTEJBbHO I'DAHHIL aJeKBAaTHOCTH 7. EcAnM BCIOMHUTBH (opMy-
Jy OOlero 4jieHa IeOMeTPHYECKOH IIPOrpecCHHU, TO NOJYUUM

L=b-2""1,
rae b — mexoTophiil Ko3bduiment. Haiitu sToT Ko3ddUIeHT HETPYA-
HO — JAOCTATOYHO pasfgennTh L HA COOTBETCTBYIOINYIO CTENEeHbL 2.

3azymaeMcda, OZHAKO, HaJ IOJNy4YeHHON ¢opmysnioii. Begs B 00-
et opmyse ana L, maBepHO, ellle OJMKHO yJacTBOBaTh K. YuH-
TBIBafA, YTO IpH k = 1 BEIIOJHEHO COOTHOIIeHWe 2 = 1 + k, MOMXHO
OPEeANOJIONKHATE, YTO .

L=b1+k"" 1

Ocrajsiock HaiiTH b M yGeAUTHCSHA, YTO ITOT KO3 PHUIHMEHT HpaKTH-
YecKH He 3aBHCHT OT k. <

7 Haiigure b npu L = 5000 npu pasamuswix k: 1; 1,2; 1,5; 2. V6e-
AATECh, YTO BO Becex caydasx b = 8.

> Wrak, Hammu KOMIIBIOTepHBIE 9KCIE€PDHMEHThI INOKa3aJil, YTO MO-
AeJIbI0 HEOrPaHHYEHHOT'O pPOCTa MOXXHO IOJb30BaTbCA C YPOBHEM IIO-

o*
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rpemgocty 10% mpu BeimoiHeHun ycaosmsa L > 8(1 + k)"~ L. Tor, KTO
3HAET, KaK PeIlaioTcs MOKasaTeJbHbIe HEPABEHCTBA, JIETKO IIOJIYYUT SIB-
HOe BBIpa'KeHMe IJ N, MOKasblBalollee, KaK HOJITO MOYKHO ITOJb30BATh-
cAd MOAEJBI0 HEeOTPAHHUYEHHOTO POCTA HpPH 3aJaHHBIX L (IpeaenbHBIR
YPOBEHBb MAacCCHI YKHMBBIX OpPTaHH3MOB) M E (KooddUIIMEHT eKerogHOTo
npupocTta). Bor ata ¢opmyna:

1g(0,125L)

lg(l+k) °

Ilens, mocraBieHHas B Hauaje JabopaTopHo#l paboThi, ZOCTUTHYTA.
Ho MBI HageeMcsi, UTO BbI B XOJi€¢ BBINOJIHEHUA 9TOH paboThl HAYYHJIHCH
6onpmiemy. Bol maGaogann, KakK C IIOMOIBIO cpeacTB nH(GOPMAaIMOH-
HBIX TEXHOJIOTHH MCCIAEAYeTCS XapaKTep 3aBHCHMOCTY MEXAY pPasaiuy-
HBIMH N€peMEHHBbIMH, BBIABUralOTCH, a 3aTeM NPOBEPAIOTCA B KOMIILIO-
TEPHOM SKCIEPHMMEHTE THUOOTe3bl O (QopMmMyJie AAsT dTOM 3aBHCHMOCTH.
37ecs U cefiuac BHI MOJNIYYWJIW IEPBEIA ONBIT 9TOM WHTEPECHOI HcCJie-
IOBaTEIBCKON AEeATEIBLHOCTH.

Bo3MOXHO, He BCeX YCTPOMJ HAIll MOMCK Ha IMIa30K KoahdunueH-
Ta b, Ja ¥ YBepeHHOCTH B BuIpaykeHuu 1 + k Toxke Her. BoT TONBKO
xapaxTep saBucumoctu L = b(1 + sk)" "' comHeHuil He BhI3BIBaeT. Ilo-
cTynuM Tak. IlposorapudpmMupyeM 5TO paBeHCTBO u 0Go3Haumum lgL uye-
pe3 y, lgb— (1 + sk) uepes ¢, a 1 + k uepes d. IlonyuaeM 3aBHCHMOCTH
Yy = ¢ + dn. 910 1uHeliHaA 3aBHCHUMOCTD, IJid KOTOPOH W3 SKCIEeDPHMEH-
TaJbHBIX AAHHBIX Tpebyerca moxobpaTh KoadduuuenTsl ¢ U d. Benom-
HHUTe, TAKyIO0 3ajady MEI obcy:xzanam B § 13, a 0 ee KoMIObiOTepHOH
peanmsan¥i paccKasaju B jJaGoparopHoil paGore 6.

n<1l+

8 OpramnsyiiTe noabop xoadb(UOUEHTOB ¢ U d OJHUM 13 ONMCAHHBIX
paree cnoco6oB. ITo monyUYeHHEIM 3HAYEHUAM ¢ U d HaiiguTe Koad-
bunuents! b u s. 3HaUNUTENBHO Ju OoTandaerca b or 8, a s ot 1?

rn " Jla6oparopHas pabora 14 (k §23)

1 Kak ckasamo B § 23, xoMObloTepHasa MOZeJNb SIUAEMHUN I'DUIIIA
CTPOMTCS HA OCHOBE MOJENM OI'PAaHWYEHHOro pocTa. Peanmsyiite
CHAYAJIa KOMIIBIOTEPHYIO MOJeJb, ONUCHIBAEMYI0 ¢opMyoii

L - B(n)

B(n+1)=|1+Ek B(n).

2 IlpoBeauTte ¢ Hell 9KCHEPHMEHT.

P OToT 3KCHEpMMEHT IOKAa3aJi, YTO MOJejb HeafleKBATHA peasbHOM
cuTyanuu: Bce 00J€IOT U GOJICIOT, dSMUAEMUA HUKAK HE 3aKaHUYMBaeTcsH.
IlpurunHa HeaJeKBATHOCTH IOHATHA — HEe YYJH CYIIeCTBEHHBIH (dax-
TOpP, YTO JIIOAW BBLIBAOPABIANBAIOT.
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3 KoppekTupoBra MOAENM IPOBeAcHA B OOBACHUTENLHOM TeKcTe § 23.
ITocTpoiiTe COOTBETCTBYIOIIYIO KOMITBLIOTEPHYIO MOJe]b W IPOBEIH-
Te ¢ Hell sKcmepumenTt. [[JIs HarJIAZHOCTH HmOcTpoiiTe rpadukKu, OT-
pasKaolnue KOJHYECTBO OOJBLHBIX B pasHble AHU JMHACMUMH.

l-m Na6oparopuas pabora 15 (k §25)

JIro6oii moab3oBaTeNb ¢ JOBEpHEM OTHOCHUTCS K HporpaMMHOMY obec-
IIeUYEeHUI0 KOMIbIOTEPA, KOTOPHIM OH moabayercs. OgHAKO, KaK TOBOPUT-
cs, JoBepsiii, HO mpoBepsAii. Ml BOBCe He HIPU3LIBAEM BaC ¢ HEJOBEPU-
€M OTHOCHUTBHCA K ITMPOKO NMPHUMEHAEeMBIM HHCTPYMEHTaM HHpOpMAaIiu-
OHHBIX TexHogoruii. Ho Hamo NOMHUTH, YTO JATUYUKHU CIHYIYANHBIX YHNCeN
BCEro JINIh MOAEJIUPYIOT CAYyYalHOCTh, ¥ IIOTOMY COBCeM He (aKT, 4TO
nceBpAocaydaiHas IIOCJIeJOBATENILHOCTh, KOTOPYIO BRIpabaThIBaeT CTaH-
napraeiii [{CY, rogurcsa nas peliaeMoil BaMM 3aJadu.

Mexay TeM HeTPYAHO IPOBEPUTHL, XOPOIa JHM BHIpabaThiBaeMas
JACY mcepnocnyuaiiHas IOCJIe0BATEIBHOCTD.

Ecte Takasa urpa — «OpasHxa». YCJI0BHUS HUTPHI TaKOBBEI: 0epyT
MOHETKY U NoA0pachIBaloT ee. Ecim BHIIIAZAEeT OpeJl, TO BBIUTDHIBAET
OJMH WUTPOK, €CJU pellKa — BBIUIPHIBAET APYTOii.

A Temepr cmomenuipyeM 3Ty urpy ¢ nomomibio JICH. IockoabKY
JaTuuK BbIpabaTwiBaeT umciaa oT O go 1, To JOTrOBOpHMCA TaK: €CJM TIO-
JaydaeTcs 4mciao, Menbinee 0,5, To, 3HAYUT, BHIDAZAET Opejl, a4 B IpPO-
THUBHOM CJy4Yae — pemIKa.

Tem caMbIM aJaropuTM TaKOB:

Anroputm OpasuHra
uen: a, k, n; Beul: x;
{ Sanpocurte n; (* wucno nodbpacvieéarnuii monemuvt *)
a = 0;
Adenatb ot £k := 1 gon
{ x := rand(1);
Ecnu x < 0,510{ a:=a+1;}

Coobuwmnts "Yucno suinafeHuil repba”, a;
Coobuwurts "Yacrora BHIIafeHus repba”, a/n;

}

Jlna 1mepeBoAa 3TOTO AJITOPUTMA HA A3LIK BefiCMK HAAO HMCIIOJAB30-
BaTh ABa HOBBIX IjsA Bac omeparopa RANDOMIZE u RND. Ilepsrri
omepaTop MHHIUAJHUIUPYET JAaTUYHK CAyYalHbIX uuceJ. OH mHIIETCS
OIWH pa3 B caMOM Hayajie Tejia IPOTPaMMBI, €CJIHM B Hell IpeAIliojara-
erca mcuosib3oBaTh JCY. Ho eciou BBl IPOCTO HANWIIETEe OMEPATOD
RND, T0, BEIMOJHAA €ro, KOMIBIOTED 3allPOCHUT Y Bac IIepBOE Ciaydai-
HOe YHuCa0. YTOOBI 9TOT0 He IMPOMCXOANJIIO, BHI MOYKETEe Cpa3y Iocje ole-
paTtopa 4yepe3 mpobesi HamHMCaTh Kaxoe-HuOyAsr umcyao. Ho torma RND
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OyZeT Bcerja IeHEpPHpPOBATh OAHY M TY JKe CJAYYailHYIO IOCJIeAOBaTeNb-
HOCTb. JTO YAOOHO JJIsL OTJIAAKH HPOTrpaMMBI (IIOMHHUTE, Mbl OGCYy:KAA-
au 370 B § 24), HO cOBepIIEHHO He TFOJHUTCA IIPHW MOIEJUPOBAHUHU CIIY-
yaiHbIX mpoueccoB. [IosToMy OOBIYHO HHUINYT TaK:

RANDOMIZE TIMER

B sToM ciyuae KaxALIH pas, BHIIIONHAA IpPOrpaMMy, KOMIbIOTED
B KadeCTBe HAYAJLHOTO 3HaueHUs OyzeT OpaTh Tekyllee Bpemda. ScHo,
4YTO OHO BCerjia pasHoe, TAK UYTO M IICEBAOCIYYaiHBIE IIOCIEeKOBATEJIb-
HOCTH OYAYT HOJIYYATBCHA TOYKE PasHBIMH.

Yro Kacaercsa omepatopa RND, To ero Hago mucarb BMECTO KaiK-
zoro ynotpebiieHusa omeparopa rand(l) B Hammx ajJropurMax.

B sswmike Ilackanh HMCHOJB3YIOTCA AaHAJOTWYHBIE OIIEPATOPHI:
Randomize m Random(a). IlepBoiii #3 HUX MHUIHAJIM3IHUPYET ZATUHUK
CIAIy4aMHBIX YMCeJl U 3aJaeT IIepPBOE YMUCJO, ONIpeAesigieMOe BHYTDEHHHM
BpeMeHeM KOMIIbIOTepa. BTopoil omepaTop 3ajaeT Iejioe cJiaydailHoe
yucyio B npomexyrtke [0; a).

A Temeps 3amoaHuTe Tabauny oo obpasuy Tabauinei KII.10. ¥V mac
OHAa OOJAYYHWJach TaKOH (MCIOJIH30BAJICA CTAHAAPTHHIA JAaTYUK (DUPMEI
Microsoft, umeroniuiica B aswike QBasic, Bxomdamiem B cucremy MS

DOS sepcuu 5.0).

Tabnuua Kr.10

Konuuecrtso Konuuecrtao Yacrora BbinaseHnin
Opocanwii, n BbiNageHnit repba, a repba, a/n
10 5 0,5
50 22 0,44
100 48 0,48
200 85 0,425
500 254 0,508
1000 498 0,498
2000 1000 0,5
5000 2470 0,494
10000 5031 0,5031
20000 10102 0,5051
50000 24790 0,4958
100000 50216 0,50216

HasepHoe, y Bac moayuyuiachk apyras TaGauiia. Ho MBI yBepeHHI,
4YTO B TpeTheM CTOJIOIle M V BAC 3amMCaHEl yucjaa, 6auskue K 0,5. Hna
BaC 3TO He AOJIKHO OBITH YAMBUTENBHBIM (€CJM BBl BBINOJHHUIMN 3aka-
Hue 5 6 us § 24) — ecTh ABA PABHOBO3MOJKHBIX HCXO0Jia, TAK UTO Bepo-
ATHOCTH BHINAJeHUA repba pasHa 0,5.

Yem xe MOKeT moMoub HaM 3Ta Tabamna? SicHO, YTO COBCEeM MJIO-
xo¥ maTauk OyneT Bce BpeMdA masartk uactoTy 0,5 — 310 mosIHOE OTCYT-
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CTBHE CAYUYaMHOCTH: Uepe3 pa3 BHIOazaeT repb, yepes pas — pemiKa.
NpeanpHbId ZATYHK JOJKEH BHIJABAThL OTKJIOHEHHS OT STOM 4YacTOTHI.
OxasniBaeTcs, HM3BECTHO, KAKHUM JOJMKHO OBITH 3TO OTKJOHEHHEe NS
uleanabHOro gatynka. CTeleHb yIOBJIETBOPUTEIBLHOCTHA TOr0 WJIM WHOIO
JaTyuKa OIpeAeNsieTCs TeM, ¢ KaKoil BepOSTHOCTBHIO OTKJIOHEHUE, IIO-
JyYHBIIEECA Y NPOBEPAEMOrO AATUNKA, MOMET OBITh V HACAJbHOIO.
NupiMu coBaMu, IpH OLEHKE KayecTBa MBI mMeeM JAejio ¢ PyHKIuei,
cBsA3BIBaNOINEel Tpu mapaMeTpa:

n — umejyo GpocaHmii;
d — OTKJIOHEHHe CPeJHero umcja BeInazeHus repba or 0,5;
P — BEpPOATHOCTEL TOTO, 4YTO ANA upeaabHoro JCY oTkiaomeHme

Oyzner He meHbIe ueM d.
Hyxuyio Ham ¢dopmyny enie B Hauasie XIX Beka moayumia ¢paH-
mys3cKuil Beigarorruiica matematuk Ilnep Cmmowm Jlammac:

p = 2(1 - ®(2d+/n)).

B aroii ¢opmysne dburypupyer dbynxkuua ®(x), uspectHas MaTeMa-
THKaM eine Ao Jlamyaca, KOoTopasi HashIBaeTCA HOPMAJIbHOM GyHKIMeik
pacupeenenuda. @opmysa A 3T0M (PYHKOUHM HMCIOJL3YET MaTeMaTH-
YecKMEe CHMBOJIbI, KOTOpPHIE BaM ellle HeusBecTHH. Ho cama ¢dopmyna
HYXHa JIMIIb B TEOPETUICCKNX HCCIEJOBaHMAX, 4 HAM JOCTATOYHO Tal-
JUIL 3HaYeHWi#, KOTOpas ecTh B JIIOOOM CIIpAaBOYHMKE IO MaTeMaTH-
Ke. A BBl MOMKeTe IIOJIYUHTHh €e 3HAaueHUe, HATPUMEpP, 3alucaB B Adei-
Ke aaekTporHoi Tabamusl Excel dopmyny =HOPMCTPACII(Al), ecan
B audeiiky Al sanmcanm aprymeHT QyHKmuu ®(x). nsa gaHHBIX, HIpHBe-
JdeuuslXx B Tabanne KII.11, monydaem ciaefyoniue pe3yJabTAThI:

Tabnuya K. 11

YacroTta
é(:::aq::r? o ‘:::‘g:e":;',':‘ OTMO:; SIS = 2an p =2(1 - ®2dn))

10 0,5 0 0 1
50 0,44 0,06 0,85 0,396
100 0,48 0,02 0,4 0,689
200 0,425 0,075 2,12 0,034
500 0,508 0,008 0,36 0,721
1000 0,498 0,002 0,13 0,899

2000 0,5 0 0 1
5000 0,494 0,006 0,85 0,396
10000 0,5031 0,0031 0,62 0,535
20000 0,5051 0,0051 1,44 0,149
50000 0,4958 0,0042 1,88 0,060
100000 0,50216 0,00216 1,378 0,172
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Kaxoii BriBog MoxkHO chesaTs? XOpOII JIM HAIl JATUHK?

HaBaiiTe paccyxkzgats. Eciu, crakeMm, p moayuuiock paBHbeiM 0,89,
TO 3TO 3HAYWT, 4TO B 89 cayuaax muz 100 upeanvuniii gaTunuk O6yneT pa-
BaTh OTKJIOHeHue OoJjblee, ueM Hami. VIHBIMM CJIOBAMH, Hail JATIHUK
HEJOCTATOYHO CJIYUAEH.

A ecmm p = 0,15, 7o HaI FATYWK ONATH IJIOX — TaKoe M OoJbIiee
OTKJIOHEHHNE HJeadbHbiil AaTUMK AaeT Bcero auinb B 15 cayuaax m3 100.

3Ha4YNUT, A XOPOIIETro JaTYMKA 3HAYEHHE P HOJIKHO OBITHL OJIM3KUM
K 0,5, craxxem, nomagaTk B uHTepsaa or 0,3 o 0,7. ¥ mac B Tabau-
e KII.11 takmx cayuaeB Bcero aumb 4 u3 12. Bojsee Toro, ¢ pocToMm
n cUTyalus He yaAydlnaercdA. BHUAHO, HaIll FaTYMK XOTH U (HMPMEHHEIH,
HO He CJHUIIKOM XOpomuii. Bo3sMoKHO, BaM mOBe3JI0 0oJbie (MBI CcIe-
HHUAJILHO B3sJHW JOBOJBHO CTAPYIO BEPCHIO IMPOTPAMMHOrO obeclieUeHUsdA
7 B cHeAyIOmuX JgabopaTOpHBEIX paboTax IIOJAL30BANUCH 0oJiee HAAEK-
weiMu [JCY).

ru Na6oparopHas pa6ora 16 (x §26)

KOMI'IbIOTePHGSI mMmopens cucTtemnl

B o6wacautenpHOM TeKcTre § 26 mocrpoeHa MOZeJbh CHCTEMBI Mac-
COBOro OGCHY)XHBaHUA IOKYIaTeNell B MarasmHe. BoJjiee TOro, BBIIOJI-
HUB 3ajaHue 7, BLI HaOucalyW IPOrpaMMy, MMO3BOJAICINYIO IPOBOAUTH
KOMIIBIOTEDHBIN 9KCIIEPUMEHT.

1 OrnageTe 3Ty HUporpaMmy.

2 TIpoBeAuTe KOMMOBLIOTEPHLIN 3KCIEPHMEHT JJISA NPEJIOXKEeHHLIX HH-
JKe BAPMAHTOB HCXOIHLIX AAaHHBIX.
1) Ng=4; Ty=0,5; T,=2; Vo=3,5; V,=6; m = 3;
2) Ny=10; Ty, =1; T, =3,5; V,=4; V,=10; m=3;
3) N, = 6; Ty=1; T,=38,5; V,=4; V,=28; m = 3;
4) Kaxkue-HHOYJIb CBOM JaHHBIE.

3 3anumiure pes3yabTaThl B TabauIlbl, HOX0OHBIe Tabiunam 3.6—3.8
n3 o0bACHHUTEeNLHOrO Texcra § 26.

'-E! JNla6oparopHas pa6ora 17 (x § 26)
6p

IIpucTynuM K KOMIbBIOTEPHOMY MOJEIMPOBAHKIO OPOYHOBCKOTO
IBHIKEeHHS YacTHIbl. BrImtosinuB 3ajanue 8 m3 § 26, BLI DOCTPOUIH ABE
MOJeJN OPOYHOBCKOTO ABUKEHHS: B MYHKTE a4 — C IOCTOSSHHOM CKO-
POCTBLIO ABMIKEHWS M B NMYHKTe 6 — co cay4yailHoii CKOpPOCTBHIO ABMIKE-
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Husa. CHagajla pacCMOTPHM HEepBYIO MoZenb. Kax u paHbinie, KOMIBIO-
TEepHOEe MOJEJINPOBAHWE MOYKET OBITH BEIMIOJHEHO JIN0OO CPEeACTBAMH S3LI-
Ka NIporpaMMHPOBAHUA, JUO0 ¢ HOMOIILIO SJEKTPOHHON TabGJWIIbI.

Ecau Bl npeamosiarTaeTe BOCIOJNb30BATHCA A3BIKOM IIPOrpaMMUPO-
BaHUS, TO NPOrpaMMy MOJYKETE€ COCTABHUTHL B COOTBETCTBUU C AaJITOPUT-
MOM, KOTOPBIA NHpUBeJEeH HUMXKE.

Anropurtm

Bew: v, x, y, f; uen: n, I;

{ Sanpocutb v; (* crxopocmv wacmuybt *)
Sanpocutb n; (* Koauwecmeo moaikos *)
x = 0; (* HauaavHoOe 3HAUerUe abcuyuccobt *)
y = 0; (* HauanvHOe 3nHaYeHUe oplunambt *)
Denatb oy I =1 pgon

{ f := 2%3.14*rand(1); (* svituucaenue cayuailnozo yzaa,

onpedeasniouezo ouepedHoe Hanpasnerue deuicenus *)

x = x + v¥*cos(f); (* evivucaenue H0B020 3HAYeHUA abcyuccol *)

y =y + v*sin(f); (* eviuucaenue H08020 3HaueHuUs opdunamot *)
Coobuintb "AGenueca yacTunpl”, X, ", OPAUHATA YACTHIBI", U}

} (* Koney yurna *)

}

Ecam xe BB HaMepeHBHI HCIOJL30BATH 3JEKTPOHHYIO TAbAWIly, TO
mpeXjie BCErO YTOUHHUTE, KaK B Hell peafiusyeTcs MOJYYEHHE MMOCIeno-
BaTeJNBHOCTH CHAYYaldHbIX 4ucelsl. B Excel ona moaydaeTcsa ¢ HOMOIIBIO
oneparopa CJHIYUC(). ITogpob6uyro mupopManmumo O TOM, Kaxk pabGoTaer
3TOT OIEepaTOp, BhI MOKeTe HOJIyUHUTh, 3arasHyB B CopaBky. BoT xak
MOXKHO 3alOJHUTEL TAabauiy, 4TOOBI Peain3oBaTh AAHHYIO MOMEJb:

Tabnuua Kr.12

7

AbGcnucea Opausara

0 0 <v>

B2+D2*COS(D3) | B2+D2*SIN(D3) | 2*ITH()*CJIYHC()

B3+D2*%COS(D3) | B3+D2*SIN(D3)

B4+D2*COS(D3) | B4+D2*SIN(D3)

1 TIpoBegmuTe KOMIBIOTEPHBIN 3KCIEPHMEHT C MOJEJbI0 GPOYHOBCKO-
ro ABHI)KEHUS C IIOCTOSHHOH cKopocThio Aas n = 100. Ucnoassya
cpeAcCTBa H300pa’KeHHUs 3aBHUCHMOCTEH, BBIUYCPTHTE TPAECKTOPHIO
yacTunbl. Jlajexo Jam yImjga 4YacTHIa OT CBOEr0 HAYAJIBLHOTO IOJO-
KeHuA?



6)

-~

-3

Puc. KN.4 Tpaextopusa wactuuel npu n = 100

2 TloBTOpHTE KOMUOBIOTEPHHIN SKCICPUMEHT C TE€M K€ 3HAUEeHHEM 7.

3 A Temeprsr npoBeAuTe sKcmepuMmenT aiaa n = 200, 300, 400, 500,
600, 700, 800, 900.

4 TlocrpoiiTe rpaduK 3aBHCHMOCTH PacCTOAHHA [, Ha KOTOpOoe YILiIa
YacTUIla OT HAYAJIBHOTO IIOJIOMKEHHSA, oT n. Iloxok Jjiv mosyyuBIINii-
cA y Bac rpaduk Ha rpadmk xaroii-imbo sHaxomoil BaM GyHKIuM?

P> B Hamux 3KCHEpUMEHTAX 3aBHCHUMOCTDL IOJYYHJIACh IOXOMKeH Ha

dbyuRIH©0 [ = a\/; . KoadhduuneaT a MBI He coobinaem crnenuanbHo. Ec-

Ju U y Bac rpaux OKasajcid HDOXOXKHM Ha rpaduiK Taxoil GyHKLWH,
Haiizure sTOoT KOodbdbuIMmeHT (METOAOM HAMMEHBIINX KBaJPATOB HJIH
METOAOM HaNMEHBIINX OTKJIOHEeHMI).

IlepeiizeM K HCCIeAOBAHMIO BTOPOiH MoZesu GPOYHOBCKOTO IBMIKE-
HuA — ciayvyaiiHoii BeIMuMHOM¥ sABJIAETCA He TOJbKO HAIpaBJIeHHWEe JBH-
JKeHHUs, HO M CKOPOCTh. BHecHTe HYXHEIe H3MEHEHHS B AJITOPUTM
U/UNK B 3aIIOJHEHWE 3JEeKTPOHHOH Tabauubl.

5 IIpoBeanTe KOMNOBIOTEDHHIM HKCIEPMMEHT C 3TOW MOJAENBIO AJSA
n = 100. Ha pucynke KII.4 npuBefieHEl TP TaKHe TPACKTOPHH IPHU
YKa3aHHOM 3HAYEHWH n. ¥ BaC TPAGKTOPHHY IIOJYUMJINCH MHEIE.

6 IlpoBeguTe KOMHIBIOTEDHHIHA sKcmepuMmeHT gias n = 200, 300, 400,
500, 600, 700, 800, 900. Haiinrure u AaAA 3TOH MOAESH 3aBHCH-
MOCTBL paccToAHu#A [ ot n.

P> Ewie aBe TpaeKTOpHuHM, MOJyueHHBIe HaMu npu n = 500, usobparxxe-
HBI Ha pucyHke KIIL.5.

Ho mabmiogenue 3a TPAaeKTOPHUAMY ellie He AAeT 3HAUYMTEIHLHOM HH-
dopManuy, XOTd MOXKHO 3aMETHTh, UYTO Ka)XJas M3 TPaeKTOpHUH Ha pH-
cyuake KIl.4 ymemaercs B xBazjpaTe co cropoHoii 10. A mias TpaeKTopuii
Ha pucyrake KII.5 moayuaercss aHAJOTHUYHEINA KBaapaT co cropoHoit 20.
Ho mockoasky Bce HalpaBJjieHWs PaBHOIPABHEI, TO 6oJjiee eCTECTBEHHO
TOBOPHUTH HE O KBajJpaTte, a 0 Kpyre, BHYTPH KOTODOro PacIiojaraeTcs
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Puc. KN.5 Tpaektopusa wactuupt npy n = 500

TpaeKkTopud. B mupe ciyJafHOrO BOSMOYKHO, YTO 4AaCTHIA BooOIie Oy-
AeT ABUTAThCA B KAKOM-TO OZHOM HAIIPaBJEHMM, HO 3TO MAJIOBEPOATHO.

IToneiTaeMCA OLEHUTHh BEJIMUHHY Paguyca Kpyra, COZep Kallero
TPaeKTOPHIO, B 3aBHCHMOCTH OT YHCJA INaroB n. WHEIMH CJIOBAMHM, MBI
XOTUM DPELINTh CAEAYIOIIYIO 3ajauy: «HMmeemca HeCKOAbKO mMOYeK Ha
naockocmu. Haiidume kpyz naumenvuiezo paduyca, codepicawuii sce
daHHble MOUKU».

M 6yaeM CUHMTATB, YTO TOYKHK 3aZaHBEI CBOMMHM KOODAMHATAMH.
IlosToMy pgns pellieHHsA 3amaduy TpeOyeTcs HAHTHM KOOPAMHATHI LEHTPa
OKDY’KHOCTH, IPH KOTOPHIX PaJNyC NPUHMMAaeT HaUMeHbIee 3HAYEHHUE.
B § 13 Mu1 00cy:xpann mMOXO0KYIO 3a584y AJA ABYX IIEPEMEHHBIX, HO TaM
3aBHCHUMOCTDE Oblila JHHEHHOH. 34eCch 3Ta 3aBUCHMOCTH 00Jee CIOKHAA,
MO3TOMY M METOJ DeIlleHHs HaMHOrO cjoikHee. Ero MBI 3iech M3Jaratb
He O6yzeM, HO y Bac ecTh IOAXOAAIIMII MHCTPYMEHT peIIeHHuA moA06-
HBIX 3afa4 — HafAcTpoika Ilouck peweHus B 3JeKTPOHHON Tabiamie
Excel. Kakx npuMeHATs 3TOT HHCTPYMEHT, ONHMCAHO B JabopaTopHO
pa6ote 6. ¢

7 IloaroToBBLTE 3aIOJHEHHE 3JIEKTPOHHOMN TAOJHMHOBI AJIA pacuyeTa yKa-
3aHHBLIX BEJIHWYHUH. A Tenephb, IPOBOAA KOMIIBIOTEDHEIE 3KCHEPUMEH-
ThI, BEIYMCJNTE B KaKJOM M3 HHX OTHOIIEHWe KBajfjpaTa paguyca R
HaMMEeHBIIIeT0 Kpyra K 4HMCJy HIaroB 7. BuumnTe HOJyJYeHHBIE pe-
3yJLTATHL B TAOJIHLY.

n 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900

R%/n

P> Uucna B KJIeTKax HOJYYWJINCH PA3IWdYHBIE, HO o6paruTe BHHMAHHE,
9T0 Y MHOTHX B KJjacce OHHM OJMSKH K OZHOMY H TOMY ’Ke UHCIy. 3a-
NUINHTE OTKPLITYI0O BaMHM 3aKOHOMEPHOCTH HozaxozdAmieid gopmysoi.




rﬂ Na6oparopHas pa6ora 18 (x §27)

Boiuucnenme nnoujapaeu
u o6bemoB merogom Moute-Kapno.

IMosmakomuBminck B § 27 ¢ nmpumeHenumeMm Mmerojga MorTte-Kapio
JJisl BRIYMICJICHUS IJIOUWIARU IPOM3BOJBHON (UryphI, HEKOTOPHIE U3 Bac
MOTJIX YCOMHUTHCSI, MOJKHO JIM C IIOMOIIBLIO BEDOSATHOCTHOM MOAeNH
MOJYYHATh JOCTATOYHO TOUHEIN DPE3yJbTAT IJIA TAKO# BIIOJIHE OIpeze-
JIEHHOH BeJMYMHBI, KaKoil sABiseTcA Iomaas ¢urypel. Ha noxobubie

BOIIPOCHI OTBEYAET CIEIIMANLHBIN pasfes MaTeMaTHKHU Teopusi Bepo-
sATHocTeli. MaTeMaTuKaMu AOKAa3aHo, 4To MeTon Moute-Kapno ngeiicTBu-
TeJIbHO IPUMEHHUM AJd HaXOXIeHus Itoniazeit dburyp.

Koneuno, nmpumeHsa 3TOT MeTOM, BBl MOJIyUHTe 3HAUEHUHE IJIOIIa-
Au auinb npubamxenHo. Ho npu BRIYMCAEHWH N[O TeM WIN WHBIM (Qop-
MyJaM (HampuMmep, ILIOHIAAN IIOBEPXHOCTU MPAMOYTOJBLHOTO CTOJIa) BBI
Bce paBHO 06s3aHBI IPOBECTH KaKWe-TO W3MepeHUs, a OHU-TO Bcerda
HMEIOT OIIpeJieJIeHHYI0 morpemnrHocTh. Ha Benwumay 5TOH NOTPEHIHOCTH
BANSET TaKoe 0OJbIlIoe KOJHUECTBO Pa3HOOODA3HLIX ¥ TPYZHOYIUTHIBA-
eMbIX (haKTOPOB, UTO MOYKHO CUMTATh ee cjaydaiiHoi BeamumHou. Tax
YTO OT CJAYyYaMHOCTHM B HAIlleM MHPEe HMKaK He u36aBUTHCA. A BOT
KOMIBIOTEPHEIH SKCIepUMEHT IIOMOXKeT BaM y0eaWUThCs, UTO METOJ,
MonTe-Kapio maeT BHOJHE XOpoIiine pe3yJbTaTHl.

1 TlepBBIll 5KCHEpPUMEHT 0 HAXOMKICHUIO ILIOIAAM KDPyra IPOBEJeM,
WCIOJBL3YA aJrOPUTM, BalMCAHHBIN B O0BACHUTENABHOM TeKCTe
§ 27. Ilo pesyapTaTaM SKCIEPUMEHTA SalOJHUTE TaOIHILy.

Yucao Touer, N 1000 5000 15 000 | 50 000 |100 000

Ilnomans, S

P> Bul jerko mogcuuraere 0e3 SKCIepHMMEHTAa, UYTO IJIOMaAL KpyTra
eJMHUYHOIO paiuyca pasHa 7 (1 =~ 3,14159265358979). YUuncmo, Gaus-
Koe K 2TOMY, AOJIKHO OBLIO MOJYYHTHCS B BamieM sKcmepumente. IIpu
KaKoOM M3 YKa3aHHBLIX 3HaueHuil N coBmanu HepBbIE TPHM 3HAKA IIOCJE
3anaToi?

IIposoaa skcnepument gas N = 100000, Bri, HaBepHO, 3acTaBUIH
rKomusiotep cHoBa 100000 pas ucnonunts Tesio nukaa. Ho Beas y Bac
ysKe ObLJ rOTOBHIM pesyisrar Ajia nepBuix 50 000 ucnosmHenuit. 3aueMm
JKe TaK HeIpPOM3BOAMTEJBHO TPATHUTh KOMIIBIOTEpDHOE BpeMs? <«

2 MoaudunupyiiTe aaropuTM (a 3aTeM ¥ NIPOrpaMMy) TakK, 4YTOOBI
MOXKHO OBLJIO MCIIONIL30BATEH YiKe MMEIOIHeca pPe3yJabTAaThl BBIYHC-
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JeHu# [INs NOJYYEeHUs HOBBIX. B BO3MOKHOCTHM TAKOro IIOCTEIEH-
HOrO0 HapamuBaHUA De3yJBTATOB, B YAaCTHOCTH, COCTOUT BajKHOeE
npeumyiiecTso meroa Moute-Kapio nepex APyruMHU BBIYUCIIH-
TeJbHBIMM METOJaMH.

3 A Temeps ¢ momomibio metoia MonTte-Kapso mafigute mnomanu du-
ryp, O KOTOpPLIX ropopurcsa B 3agauuu 1 us § 26. Coolbumpm, uTo Ajs

. 1
nepBoi (Urypsl pes3yJIbTAT AOJMKEH ObITh GIH3KHM K 3> AJA BTO-

., 1 ., .,
Poii — K 7, a IIOomaAL TpeTsel ¢urypei BB JIeTKO HalifjeTe caMu.

P Merog MouTe-Kapio MOXHO OPUMEHUTh M JJid BBHIYKMCICHUA 00B-
eMa Teja. s aTOro Tejio HALO IOMECTHUTH B Ky0 MM HPAMOYTOJBHBIA
napaJjjejienune] M BbIOpATE HOAXOAAINUM 00pazoM CHCTEMY KOOPAH-
Har. Temeps KaKJadA TOUYKA, CAYYAMHBEIM 00pasoM OpocaeMas B 3TOT ma-
pajiiejiemuIles, 3aJaeTcAd TpeMs CBOMMHM KOOPAMHATAMH, T.e€. BMECTO
ABYX UYHKCeJ HY;KHO PeHepHPOBATH TPH CJIy4YaliHbIX 4yncaa. <

4 CocraBbTe MaTeMaTH4YeCKyIlo MoJeJib, aJr'OpuTM W uporpamMmy AJad
BbIYUCJIeHUA o0bemMa nrapa eJHHUYHOTIO paxmyyca.

> 3JIJIKHCOHJIOM Ha3bIBaeTCA TeJO, MNOJNYyYEHHOE U3 IUapa PpacTAMXKEeHH-
eM BIOJb KOOPAWHATHBIX oceii. Ecam McXoAHBIil map mMeJs efuHHY-
HBIM pajuyc, a €ro LUEHTP HAXOAWJCA B Hadajie KOOPAMHAT, TO HOCIe
pacTsaxeHusi BAoJb ocu Ox B a pas, BRoab ocu Oy B b pas U BAOJL
ocu Oz B ¢ pa3 1moJjgy4daeTrcsa 39JJIHIICOn[, TOYKH KOTOPOTO YAOBJIETBO-
PAIOT HEPABEHCTBY
2 2 2
Z+ y_2 +2 <1,
a b

(2

Takoil 3JAIMUIICOUJ IIOJHOCTBIO COLEPYKHUTCHA B IapaJielienurneje,
3ajaBaeMOM HepaBeHCTBAMHM —a S x < a, - b<sys<bu —¢c<z<c. <4

5 Haiinure meromoMm MomnTte-Kapyio o6beM sToro mapajjejenumesna
npu a = 2, b =3 u ¢ = 4. CpaBauTe NOJNyUYeHHOE 3HAYEHUE CO 3HA-

4
gyeHHeM 00beMa, BhIUHCIAseMOro mo dopmynae V, = -gnabc.

6 IlpoBemmre pacueTHl AJa 3azaum 3 u3 §27. Baii oTBeT JOJKeH

OpiTe Oau30K K 0,234375. B 3sagauve 4 pe3yanTAT AOJMKEH OBITH

13

OJIVIB0K K —.
24

P 9TO He COBMAfAaeT C BEPOATHOCTHIO COOLITHA, KOTODPOE OMUCHIBAET-

cA NnoroBoproii «Babyika HagBoe cKasala», T.e. ¢ BepoAaTHocTsio 0,5,
HO JOBOJIBHO OJIM3KO K 3TOMY UYMUCTay. <«

7 Hamocaemok KejlaeM yclexa B peajus3aliliH IIPOEKTOB, IPEAJIOMEH-
HBIX BaM B 3ajaHuax 5 u 6.
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rm Na6oparopHas paGora 19 (x §32 u 33)

KomnpiorepHoe uccneposauue poruyeckux. popmyn

CocraBieHue Tabaunbl MCTHHHOCTH AJIA 3aJaHHOM JIOTHYECKOH ¢op-
MyJBI — JAeJIO0, BecbMa AaJIeKOe OT TBopuecTBa. Tax mouemy ObI He HOpY-
YUTHh ero KoMnbeloTepy? Kak Bcerza, 370 MOYKHO CAeJIaTh M C IIOMOIIBIO
aJITOPUTMHYECKOTr0 SISBIKA, M ¢ IIOMOIILIO 3JeKTpoHHOH Tabmumpi. Ceiiuac
MBI IPEAJOKUM BaM BapHaHT uMcnoab3oBamua Excel, a nporpamMmy Iansa
HaXOMKJeHusd TaOMUIILI MCTHHHOCTH BEI paspaboTaeTe CaMOCTOATENBHO.

1 PaccmoTpum ana npumepa dopmyny (A V B & (A Vv C)). Iloarorosum
3aII0JHEHWEe 3JEeKTPOHHOM TabiauNel mo obpasny Tabaunbl KII.13.

Tabnuua K. 13

B C (AVB& @A VT
UCTUHA | UICTUHA | =HE(A2;WJIH(B2;W(A2;UTU(HE(C2)))))
WUCTUHA | JIOXKBb =HE(AS3; TJIH(B3;(A3; UTTA(HE(C3)))))

JIOKDb WCTHHA
JIOKD JIOXKDb
UCTHHA | NCTNHA

HCTHHA JIOWKD
JIOXKDb NCTHUHA
JIOEKD JOXKDb

OrmeTuM, uTo B croabmax A, B u C smecto cios UCTHUHA
u JIOWD moxao numcath 1 1 0 cOOTBEeTCTBEHHO.

B cronbite D BEI HOJNYUYHJIHM 3HAUEHHSI PACCMATPHBAEMOTO BhIpa-
JKeHMs IIPU BCEBO3MOXKHBIX Habopax 3HadeHMiI nepeMeHHBIX A, B
u C, T. e. Ha BallleM 3KpaHe PACHOJIOKHJIACh MCKOMasa Tabauna mc-
THHHOCTH 3TOH JIOTMYecKo# (HopMYyJIHl.

2 A reneps B croaben E BBeguTe GopMyJibl, MO3BOAAOINNE HAXOLUTH
A Tex e HaGopoB 3HadeHuii mepeMeHHBIX A, B u C 3HayeHue
A& B&C.

Brr BuauTe, uTO TAOAMIBI MCTUHHOCTH AJs 3TUX (OPMYJ COB-
oaju. 3SHAYWUT, 3TH (HOPMYJILI PABHOCHJILHEI!

3 BrigcuuTe aHAJOTHYHBIM 00pa3soM, PABHOCHJIBHBI JHM JIOPTHUYECKUE
Q)ogmy.nm B CIeAYIONINX Iapax:

1) A&B&CVA&B&CVB&Cu (AVB) &C;
2)(A&B—-C)&(B&C—A) u A&C — B;
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3)A&BVC uC—>AVC— B;
) AVB)&A&C)&((BVC) u A—C.

4 A Teneps ¢ IIOMOIIBIO 3JIEKTPOHHOM TaOJHIILI pelIuTe 3a7ady, Io-
XO0KYIO Ha Ty, KOTOpaa pasobpaHa B OOBACHUTENBHOM TeKcTe § 33.
3axaua. B HapynieHuu IpaBUJI TOPrOBJM IIOZO3PEBAIOTCA 4e-
ThIpe pabOTHUKA MaraspmHa: AHTOHOB, BopucoB, Bacuiner u [lenu-
coB. ToproBasa WMHCIEKIUSA BBIACHUJA:
1) ecsiu AHTOHOB HapymiajJ IIPpaBHUJia, TO BMecTe ¢ BopHcCOBEIM;
2) ecnn BopucoB Hapymiajl npaBuja, TO BacuiabeB HAPYINAJ HJINA
AHTOHOB He HapyUIaJ;
3) eciu JleHncoB He HapyllnaJl IpaBuja, TO AHTOHOB HAPYLIAJ, a
BacunbeB He HapyiiaJ.
Kro us mozospeBaeMBIX HaBepHAKA HAPYIIAJ IPABUJIA TOProBiu?

5 O6o3HaubTe TPOCTHIE BBHICKA3HIBAHUA <«AHTOHOB Hapymiaj IpPaBH-
aa», «BopucoB Hapymaja npasuiia», «BacHibeB HapymiajJl IpaBH-
na» u «JleHnCcoOB HapyIaJ OpaBHjia» JIOTHYECKHMU IIepPEeMEHHBIMH
B COCTaBbTE BHICKAa3bIBaHUE, ONMCHIBAIOIIEEe BCKDPBITHIE TOPTOBO#
uHCHOEeKIueH (aKTei.

6 3anosnuTe BIEKTPOHHYIO TAGMHIY TaK, YTOOBI IIOAyUYHJAcCh TAGaAU-
Ia UMCTHHHOCTH JJA COCTABJIEHHOI0 BaMu BBICKAa3hIBaHUsA. 1lo-
CKOJIBKY JIOTMYEeCKHUX IIePEeMEeHHBIX 4YeThIpe, TO 3Ta Tabamuma Oyaer
cogepsxkath 16 crpox. C ee mOMOIBIO OTBETHTE Ha BOIPOC 3aJa4H.

7 JomosmnuTeNbHOE pacciefoBaHHe IIOKA3aJio, 4To ecu leHHCOB Ha-
pyuiayg mpasuia, To ¥ BopucoB Hapymai. BrisicHure, m3ob6amuaer
a4 3Ta NHpopMaNua KOro-To eile B HAPYIICHUN HPaBHJI H €CJIH Ja,
TO KOTO WMEHHO.

FO  nasoparophas paGora 20 (x §37) ~

B ;;w.c‘\% ¥ Wgsag.p REC J"J‘M[m A 3 o B s i % A T U T y: w2

Brinonuaue saganne 6 us § 34, BHI HOATOTOBUJIN [Be TaOJWIIBI: Of-
Ha U3 HUX coZep:KuT umH(POpMAIHUI0 0 Harpyske yuurenaeil (ee arpuby-
o1 — DPamunma, Kiaacc, Ilpeamer), apyraa — o pacnucaHuu (ee aT-
pubyrei — Kuiacc, IIpeamer, Heur Henenu, Homep ypoxa).

1 Cosgafite sty Tabaunbl B paMKax OAHOM 6a3nl AaHHEIX. BBl 2TO fe-
JlaeTe He B NeEpPBBHIA pa3, TaK UTO HaJieeMCsd, 4TO npobjieMm y Bac
He Oyzer. Bropouem, oamH BOOPOC HaBepHAKA BO3HUK: IPH CO37a-
aun tabaunsl CYBI Access mpegjaraer Kakoi#-aun0o n3 aTpuGyToB
00'BABATL KJIOUEBLIM. ¥ BaC B Tabaunax Bpajg ju Gyaer xora Owl
OAUH aTpubyT, KOTOPHIM MOYKeT HOpeTeHAOBATH HA pPOJb KJIIOYa:
yuuTelb MOMKET BeCTH YPOKH B pasHHBIX KJaccaxX, Kjacc GbiBaeT Ha
YPOKax y pasHbIX yUuTejeil, B Ka)XJOM KJacce H3yJaeTcs MHOTO
npegmeToB U T. A. Tax uro Ha mpegnoxenme CYB]l npupercsa or-
BETHUTH OTKA30M.
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P Teneprb zaBaliTe o6CyIHM, KaKye 3alpoChl MBI XOTeIu GBI MMETEH BO3-
MOKHOCTh (POpPMYJIMPOBATh Hamieil Oase AamHbIX. Hampumep: BemeT au
yuuTtenb ViBanoBa ypoKu Bo BTOpHHK? (VY Bac daMmiIusa yUUTENd MOXKET
ObITh aApyroii.) Ho Torza HaM HYXXHO HKCHOJIb30BaTh MHGODOpPMAIHIO U3
ob6eux Tabaun. Kax 6bI HOCTYHHJI YeJOBEK B 3Toi curyamun? OH B nep-
BOli TaOauie Hamiea 0ol pamumamio «MABaHOBa», MOCMOTpeN OBI, KaKoi
mpeagMeT OHA BeleT, 3aTeM BO BTOpPOM Tabjuile HAIIEeJ JTOT IIPEIMET
B T€X CTPOKaX, rfie YKa3aH «BTOPHUK». MHBIMHM CJIOBAMW, OH COEIMHIJI
6p1 Tabauupl mo arpubyty Ilpeamer. Bor m MBI mocTynmuM Tak sKe. <

2 Bruibepure B meHI0 Cepsuc nyHKT Cxema dannbvix. B OTKDHIBHIEM-
csd OKHe HOABWJICS CIMCOK Tabjiuil, mMerommmuxcsa B gauHon BJl.
Brigenute arpubyt Ilpeamer B Tabaune Hazpysra yuwumeaeil u Ha-
JKaTol JieBOM KJABUIIEH MBIIIM IIepeMeIljaliTe ero Ha TAKOHM Ke
arpubyt B Tabmune Pacnucanue. Ilocie coBmellienus (06 ero yc-
MeIIHOCTH MOMKHO CYZUTh N0 H3MEHEHHIO BHAA Kypcopa MBIIIN)
OTHYCTHTE KJjaBuUIIy Mbimiu. Mexay arpubyTaMm TPOTAHYJIACh
«BepeBOYKAa»: CBA3L ycTaHoBJeHa. IIOCKOJBKY MBI OTKas3aJjHuCh
00BABUTH XOTA OBl OAWH M3 aTpuOYTOB KJIIOYEBBIM, TO 3Ta CBA3b
WMeeT THI «MHOrHe-KO-MHOT'MM», XOTd HUKAKUX 3HAUYKOB «%O» Ha
KOHIIAX «BEPEeBOYKM» He IMOABUJIOCH.

8 A reneps coazaiiTe 3ampoc (¢ rromoinsio 6anxka QBE), nmocpegersoMm
KOTOpPOTO AJiA FRAHHOTO YUYHTENA MOYKHO ObLIO OBl BBHISICHUTH, B Ka-
KHMX KJaccax M B KakKoe BpeMsd (T.e. yKasaTb HOMEP ypoKa) OH pa-
foTaeT B 3aZaHHLIN AeHL HefAesr. MbI IIpeJJjiaraeM BaM HelCTBOBATH
B pexxume Komcmpyrxmopa. IlepspIM ImaroMm HaJ0 B OKHO OJaHKa
QBE zamectu Bammu Tabauipi. [{Jisi 9TOTO IEJIKHUTE B IIOJIe OKHA
IpaBoi KIaBHUIllell MBI ¥ B MOABUBIIIEMCA KOHTEKCTHOM MEHIO BBI-
Oepure nyskT Jobasume. Beeaure oGe Baimm tabauipl, OHH U300pa-
3ATCA C YCTAHOBJIEHHOM BaMu CBA3LIO aTpubyToB. A Temeps chopmu-
PyiiTe HYKHBIH 3aIIpoC M COXPaHHUTE €ro HOK KaKWM-JIN00 MMeHEM.

4 3anycTuTe 3aNpoC HA HCHOJHEHHE W IOCMOTPHTE HA pesyJbTar.
Bce au moanyumioch, Kak Be 3aaymanu? Ecam ma, To momMeHsiTe
B 3ampoce (QpaMUJANIO YUUTENsA, JeHb Hedenu. IlomeiTaiiTech mOJay-
YUTh AHAJOTHMUYHYI0O NHMOPMAIUIO He AJA OFHOTO YUHUTENds, a cpa-
3y IJs HEeCKOJbKHX.

P HeysepeHHOCTH B yclieXe, KOTOpasi SBHO YYBCTBYETCHA B IPEXLIAY-
mieM absarie, BIOJIHE 000cHOBaHHA. BepHeMcsi K pacCMOTPEHUIO AEHMCTBUM
YyeJI0BEKa M ellle pa3 MpoaHaJHsupyeM cuTyanuio. Ilocae Toro xax Oy-
AeT HalileH HYKHBIM IpegMeT B CTPOKe, I'ie YKa3aH «BTOPHHUK», BIIOJI-
He MOKeT OKasaThCs, YTO 3TO YPOK He B TOM KJacce, B KOTOpoM pabo-
TaeT AAHHBINA yuuTeab. Benb, K npumepy, ¢pusmky B oxHoMm 10 Kjacce
MOMeT BECTH OAMH YYUTEJIb, & B HapajjejJbHOM KJiacC€ — COBCEM
Apyro#t yumrejb. Ecan 3agyMaThCd O TeOPETHUECKUX IPHUUMHAX 3TOrO
ABJIEHUS, TO CTAHET ACHO, YTO OHA KPOETCA B CAMOM OIIpPEeJeJIeHHU IIPO-
U3BeACHNA OTHOUIEHWUI, KOTOpOe, KaK MBI I'OBODHJIH, JIEKUT B OCHOBE
HOHATHUA COeAMHEHMA TabiuIl.
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Mosxer OBITH, TOTZA HaM COeOUHUTH TAOAMILI o aTpudyty Kiace?
HaBaiite monpobyem.

5 Cuosa BbIZOBUTE pexkuM Cxema danHbLx U clejialiTe N3MEHEHHUE CBA-
3u. [{yisi 3TOro mpollle BCero HaBEeCTH KYPCOP MBIMIM HA CBA3YIOU[VIO
aTpuOyTHl «BE€PEBOYKY» M INEeJKHYTH NpaBod KHONMKOH. B OTKpHIB-
mieiica TaliuIle yKaKuTe, Kakue Tenepb aTpuOyThl HAAO CBA3ATh.
CoxpaHHUTe HOBYIO CBA3h M HAUMHANTE SKCIEPUMEHTHI C 3alpPOCAMH.

P PesyabTaT oT CleJaHHBIX M3MEHEHHWH CTAj TOJBKO Xyxxe. Ham yuu-
TeJib TENeph BeAeT BoobOIe He cBou npeametnl. IlomeiTaliTech OOBACHUTS,
moyeMy TaK HOJAYUUIIOCH.

Eme pas BepHeMcsa K AeliCTBHAM YeJNOBEeKA ¢ STHUMM ABYyMsA Tab-
aunamMu. Haiias BO BTOPHMK HYXKHEBIM HpeZMeT, YeJOBEeK IIOCMOTPHT,
B KaKOM KJacce 9TOT YPOK IIPOBOJWUTCH, W 3aTEM IO HEepBOii TabJuiie
NPOBEPHUT, BeAET JIM JAHHLIA YUHTeJh YPOKM B 3TOM Kjaacce. VIHBIMH
CJIOBaMM, CBA3b MEXXKAY TaG/MuilaMM yCTAaHABJIMBAeTCA HE TOJBKO Ii0 aT-
pubyty IIpeamer, HO u mo atpmbyty Kiacc. <

6 Ceaxxure B Bammux Tabauiax arpubyrsl Ilpegmer um Kiace.
Bor Temeps Ha Bce 3aHpocHl OYAYT HOJYYaTHCA KOPPEKTHBIE OTBETHI.

P O6aymbiBas MPOMJEHHBLIN NIYyTH MPO6 U OIMIMGOK, HETPYAHO CAEJATH
BBIBOJ[, YTO yCII€EX HaM 00ecreumjio TO OOCTOATENLCTBO, YTO Habop ABYX
arpubyroB Ilpegmer m Kiacc siBnsercss KJAIOUOM IJIA IIePBOM TaOJIMIBI.
He cayuatino paspaborunku ganHoii CYDB]/l HacTOMYMBO COBETYIOT HUCKATh
KJIOYeBON aTpubyT IpH cO3JaHUM TAOJAHUUBI — 9TO yOEepesKeT OT MHOTHX
HenpuATHOCTEH. Ecau Xe HasHAYNTL KJIOYEBOHM aTpubyT He yZacTtcs,
HY’KHO OUeHb BHUMATEJLHO IPOEKTHPOBATL COeAMHEHNe TaGJIui.

W wamocnenox ciesiaeM eie OXHO 3aMeudanme. MBI COeAUHANU AT-
pubyThl ¢ OJMHAKOBEIMY MMeHaMu. KoHeuHo, 3T0 HeoOa3aTeNbLHO: B pas-
HBIX TA0JWIaX OJHO M TO JKe COAEepIKaHWe MOMKeT MMETh Pas3HEIe uMe-
"Ha. Kak nmcan V. Illlekcnoup: «Posa maxHeT po30il, XOTL PO30i HA30BU
ee, xoThb HeT». I CYBJl Access JOIIyCKaeT coefuHeHnue TabGaui mHO ar-
pubyTramM ¢ pasHLBIMM MMEHaMH, €CJIM TOJBKO Y 9THX aTpuOyTOB OAMHA-
KOBBIM Tumn. Ecam Ke BB IOIBITAETECH CBS3aTH TEKCTOBBIM aTpulOyT
¢ umcaoBHIM, TO CYB]l ykaker BaM Ha OmIHMOKY. <«

r JNa6oparoprnas pa6ora 21 (k §39)

£ S RESEERSET

1 TIIpexxzae Bcero HaAO CO3AATH Te TaOJUIILI, KOTOPHIE OMMCAHBI B TEKC-
Te § 39, npyu 3TOM HOJE3HO OGBIABUTH KJAHOUEBHIM aTpubyT CocTosm-
Hue B Tabuuinax Hmena, Bonpocot u Terxyuiee cocmosnue.

2 Cospmaem sampoc Bapuanmbui, KOTOPEIHi MO3BOJISET BLIGPATH Te AY-
ru oprpada, IO KOTOPLIM IMOJIL3OBATENbL MOYKET ABUraThCcA U3 Te-
KYIIEero COCTOSHUA K cjaeayiomemy. Ho npegBapuTesibHO HagO CO-
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Tekyuiee cocTosHue
CoctosHue 1 oo | Hauano
¥ KoHew,
OTBeT NonL308B
MNone | Koneu OTBeT none3osea

Mma Tabnuusl | Oprpad Oprpad
Coptupoeka

Bbieog Ha akpaH v J
Ycnosue ot6opa
Wnun

Puc. KN.6 O6paseu 3anonHenus GnaHvka sanpoca BapuaHTbi

eqnHUTh Tabmunel Texyuee cocmosnue u Opzpag, cBA3AB aTpU-
oyrel Cocrosnue u Hauaino.

3 CdopmupyiiTe sampoc, pykoBoacTByachk pucynkom KII.6.

4 Temepr HYXHO NPEAJIOMKHUTEL IIOJL30BATENIO BBIOpATH OZHO M3 3THX
peb6ep u momectuTh Koney aToro peb6pa B Tabmuny Terxywee co-
cmosnue. Bece 3T0 MBI peajusyeM ¢ mOMOImbI0 GOPMEI C IOJEM CO
coucKoM. Jta (opma OyAeT MMeTh eJUHCTBEHHOE II0JIe, B KOTOPOM

u GyJeT BHIMAZATH CIHMCOK AOCTYIHBIX B JAHHOM COCTOAHHMH pebep
(puc. KIL.7).

P Yro6ul mocTpouTs 3Ty (opMy, Hamo BeidBaTh Komcmpyrxmop dopm
(puc. KII.8).

ITocne menuxka mo xHOonke OK mosBaserca Kowcmpywxmop dopm
u namens ajgemenToB. Ha pucynke KII.9 moxasaHo, KaK BHEITJIALUT

LLlenkHUTE MBILULIO MO CTPENoYKe B¥
MosiBUTCA CNMCOK BapMaHToB

oTBeToB. BeibepuTe 0OMH U3 HUX

LUENHKOM MbiLLIn

9 | WwKpoKas 1 NNOCKan - HeT

Puc. KMN.7 ®opma ana suibopa oTBeTa NONL30BATENEM
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HoBean popma (721X M) ol f s b oD e
s | € O6nacT pamHHLIX
MacTep ¢opm ]
AsTocopma: B ctonbue )
AeTodopmMa NeHTOYHAR 1
AsTodopma: TabnuyHas cl
CamocTosTensHoe co3naHne [uarpamma i
HOBO HOPMBbI CRAA TRt Naxensbd
R
Aa a6l
[ #
BuibepwTe B kauecTee [TEKYLLEE] - =
WUCTOYHWKA AaHHBIX TABAMLY @ ~
WnK 3anpoc E
[_ OK | | OrtMmeHa | Mone co cnckom
1 1

u

Puc. KIN.8 Bug meHio Cosgate HoByio ¢opmy ¢ BbibpaHHOM Puc. KN.9
Tabnuuein Tekyliee cocTosiHue Bua kowcTpykTOpa dopm
M NaHenu WHCTPYMEHTOB

Coapaetcs none co CNMCKOM, M3 KOTOPOro aonyckaercs Buibop

3HaYeHWiA.
20000 -
vy 3apaiite cnocob, KOTOPLIM MOJe CO CIMCKOM NOosTy4aeT CBOM
aradeHms:
JOOOOOXK

(® none co CNUCKOM MCNONL3YET 3HAYEHWA U3 TABMLL! MW
3anpoca

(O 6yner BeeneH GpUKCUPOBaHHBI HAGOP 3HAYEHUIA

OtmeHa l <Hasap, I ganee> | Totoeo ]

Puc. KN.10 OuanoroBoe OKHO NpW CO34aHWMM MOAA CO CrMUCKOM

HKonempyxmop dopM, maHejgb WHCTPYMEHTOB M HHCTpymeHT Iloae co
CNUCKOM, KOTOPHIM MEI JaJIbIIIe HAMEPEHEI BOCIOJb30BATHCH.

Pacmupum o6nacTh JAaHHEIX, IHOTAHYB €€ MEIIOBIO 3a TPaHMUIIEBL.
BriGepem mHCcTpyMeHT Ilosie co cnuckom u HapucyeM uM mnoJe. Ilocae
9TOr0 CHCTEMA IIpeAjaraeT AHAaJjior, OT KOTOPOTO MBI OTKa)XeMcH, Ha-
skaB KHomKy Ommena (puc. KII.10).
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EE Mone co cnuckom: MoneCoCnuckom2
Maker [danHbie Cobbitus  [Opyrue Bce
MMeE T e s s I'IoneCoCnm:KoMz] =
L HRBIE s e COCTOSHWE
DopMaATNONA + v v v vvnnnnnnnn
YUCNO AECATUYHBIX 3HAKOB . . . . ABTO
MackaBBOOA + . v . v vvvunannn
TWN UCTOYHNKA CTPOK .« + « o v s« Tabnuua/sanpoc
MCTOYHMKCTPOK , . . v oo v vans s BAPUAHTDI
YucnoctonbUuoB. .. ... ..n... <
3arnaBua CToONBUOB .+ .. ovnu. .. Het
LnprHa cTONBUOB . « « v v v v v u s 1.9¢cm
MpucoeauHeHHbI cTonbel. . . . . 1
Yucno ctpokcnuMeka. .. ....... 8
LLIMPWHA CIIUCKA + « + « o v vsaas s AsTo
TeKkcT CTPOKM COCTOSHMA. & . . . . «
Orpasv4MTBECS CIIUCKOM . « .+« o . & Het
ABTOMOACTAHOBKA . .« « v o o vs. .. fa

3HayeHue No yMon4YaHuio . . . . . .
YcnoBue Ha 3Ha4YeHune . . ... ...

CoobiueHve 06 owmnbke . . . .. ..

BbIBOA HE OKPAH . « + « v e e s v e s s Aa
PEXUM BBIBOOA + + v+ o s vavnss Beerna
oGV o s e e e da
BIIOKMPOBKA « + + « v v v oo nanns Her
PaspelwmnTs aBTO3aMEHY ... ... Ha
MepexopnoTab -+ -« o v oo vn s Aa
WHpekc nepexognoTab . ...... 0
OTNICBOTOKPAR « v v v vevnrenn 4,598cm
OTBEPXHETOKPAR .+« v e vnn s 0,899cm
LT 7o 7T s et ottt e s 11,187cm
BOICOTE s are e diar e o i o 0,499¢cm
I DOH T O6biuHbIiA
BB doRa = e st s 16777215
O(OPMIEHNE « « v v v cnnnes yronnexHoe v

Puc. KN.11 M3ameHeHne CBOWCTB NONSA CO CrMCKOM

IMMenykoM MBIIIM BHYTPU IIOJSA BBIAEIHM €ro.

HapucoBas moJsie coO CIIMCKOM, H3 MeHI0 Bud-Csoiicrmea BBI3BIBaeM
ero ceoiicrBa. B nmoaBusmemcsa okHe (puc. KII.11) npucBorM cBo#cTBaM
caenyiomue 3HaueHHA: Jamasie — CocmosHue, VICTOYHHK CTPOK —
Bapuanmeoet, Yucno cronbmos — 2, IlMupunra croabmos — 1,9.

Ho «Bpyd4HyIO» OTKpPHIBAaTH H 3aKpHIBATh 3Ty (opMy BecbMa He-
yao6Ho. Hazmo, uTo6kl 9TO BBIMOJMHANOCH aBTOMaTH4YecKu. s aTux me-



I 261

Jeir B Access mMeeTcs CIeNHab-
HOe CpeIcTBO — MaKpochHl (moa-
pofHee 0 MaxKpocax MBI paccKa-
sxeMm B yuebHuMKe musa 11 kiacca,
a ImOKAa BAM BAaY»XHO JIMIIb HOHU-
MaTh, YTO 3TO HEKHH BJJIeMeHT
VIDPAaBJIeHHs, a JJIA ero CO3JaHudA
IPOCTO NpojeJaiiTe TO, UTO MEI
BaM cKaxeM). <«

5 CospaliTe MakKpoc, KOTOPBIH
OyZeT OTKpHIBATHL H 3aKPHI-
BaTh (opmy. OH ZOJKEH BEHI-
NOJHATECA TpH BeIOOpe 3HAa-
YeHHUs B II0Je TIOJCTAaHOBOK
(unaue aTO 3HAYeHHe He Oy-
JeT 3aHOCHTLCA B Tabaumy
Texywee). Brirnagur HYyX-
HBII HAM MakKpoC TaK, Kak
nokasaHo Ha pucyHke KII.12.

KomnbioTepHbii NpakTMKym

MakpokomaHnaa MNpumevaHue i
3akpbITh dhopmyBAPUAHTDI
OTKpbITEDOPMY BAPWAHTHI

v

AprymMeHTEl MaKkpoKOMaHAkl

Mma popmel BAPWAHTHI
Pexum dopma
Wmsa duneTpa

Ycnoewe ot6opa

Pexxum naHHbIX

Pexwum okHa Ob6bi4HOE

Puc. KIN.12 OkHO makpoca, OTKpbiBaio-

wero v 3akpbiawowero dop-
My BapuaHTtsi

6 Temeppb 3TOT MaKpoC HYXKHO CBA3aTh ¢ OOHOBJIEHHEM IIOJISA CO CIIHC-
kKoM dopmbl Bapuarumut. [IJIg 3TOro Hy»KHO CHOBA BEIZIEJIUTH B pe-
sxume Koncmpykmopa moje cO CIIMCKOM, OTKDHITH €ro CBOWCTBa
u npunucathk cobweiTuio Ilocne obHoeneHus 3HaueHHWe «Maxpocl»
(puc. KII.13). Teneps mocie oOHOBIEHHUA MOJiA OyAeT BHIIOJHATH-

ca Maxpocl.

P Bce — mpocTeiimuii BApUAHT 3KCIEPTHOM cucTeMsl roros. Ilepeii-
guTe B peKuM (GOpMBI M MOIKCHEPUMEHTHPYITe C CO3ZAHHOH BaMH
9KcHepTHON cucremoii. OTBeuasd IO-pasHOMY Ha ee BOIPOCHI, oIpene-
JIUTE KJacc, K KOTOPOMY OTHOCHUTCA TO HJIM HHOe pacTeHHe. <

B 2 3014

5

1B+ 1 T 1 v8 s 90| 10

| € OBnacTs naHHbix

T '
[TTone co

CrViCKOMZ: | ;COCTOHHME 2 ]

LICH.™ SRCH

Maker [OauHble CobbiTus

c o s

! J1O OGHOBAEBHMS &+ v v v v v v wnn o

4 VISMBHBHWE 25 e s ol vaind als
Z 1  OTCyTCTBMEBCMUCKE . .. ... ...

MNocne OGHOBAEHUA . + v v v v v v v v s

Bl = None co cnuckom: NMoneCoCnuckom?2 =%

Apyrue

Bce

Puc. KMN.13 MNpuesAska makpoca K 0GHOBNEHUIO Nonsi CO CrMCKOM
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Fr [] Jla6oparopuan paGora 22 (k §44)

oo Y IPABNEHUE ROOGLIYEH BO3OGHOE

NgeMbIX PECYPCOB. .

A mpoBeleHNsi KOMIBIOTEPHOTO SKCIEPUMEHTA BaM morpebyerca
3NeKTPOHHAA Ta0/uIla, SalOJHEHHAass IPHUMEPHO TaK Ke, Kaxk Tabuu-
na KII.11 n3 naGopaTopHoit paGoTsl 12 1m0 MOZAeNHM OrPAaHHUYEHHOT'O POC-
Ta. Ho Temepr B Heli HafO 3ape3epPBHUPOBATH KJETKY, KYAa MBI OyaeM
BBOAUTL 3HaueHWe R, m momeHATh GdopMynay Ajas BbiuuciaeHusa M(n).
llones3wo eire uMeTh CTOJIOEIl, I'fie YKA3bIBAETCH €KEroJHBIN HPUPOCT:

L - M(n)
L-M©)°

Ho mpexze 4eM 3amosHATH TAbJMILy, YTOUYHMM IIOCTAHOBKY 3ajjaum.
Mopsa u okeaHsl — 3TO, KOHEYHO, OCHOBHOI HCTOYHMK JJisl PHIGHO-
ro mpomeiciia. Ho MBI BegeM peus 00 ynpaBJjieHW#, a YIPaBJIATH PbIO-
HBIMU pecypcaMu Mopeil W OKeaHOB HUKTO enie He Hayuwmics. [{a u Mo-
JeJH, UCIHOJL3yeMble JJIA ONMCAHWA TuApochepbl 3eMJIH, OTHOCATCA K
TaK Ha3hIBAEMBIM IJIOGAJIBHBIM MOZEJAAM, O KOTOPBIX Y HAC HOHAET pedb
aums B § 49. ITosToMy 6yaeM cTpouTh yipaBjieHue Ao0bIueil priGel B He-
KOM pPBIOOBOAUECKOM Xo03saiicTBe. OHO MMeEEeT BOZOEM, U B HEKOTOPHIM MO-
MeHT BpeMeHM (OT KOTOporo u OyJeT BeCTHCh OTCYET) B HEro 3alyCTHu-
au peiOy. IlecATh JieT OHaA TaM pocJjia ¥ PasMHOXKajach 6e3 BCAKOTO OT-
soBa (xkpomMe HeGOJBIIMX KOHTPOJLHEIX OTJIOBOB JJif HaGiogeHus 3a
COCTOSIHMeM PBIOHI). S3aTeM pelINJH HAYATh ee IMPOMBINLIEHHYIO JOORIUY.
OnTumanbHBI# pasMep 3TOH AOOLIYM HAM M IPEACTOHT OIPEHE/IHTE.

EM(n)

1 SBamonHUTe 3JeKTPOHHYIO Tabaummy mo obpasuy tabaumner KII.13.
B meit B Kiaerkax B3—B13 Beluncaserca macca puIOsI B Te TOJBI,
KOTJa OTJIOBa He OBLJIO, a 3aTe€M IIPOM3BOAUTCS €XKErOZHLIM OTJIOB
B KoJmdecTBe R TouH. B yraoBeix ckofKax sammcadHo ofo3HaueHue
BeJIMYHHEBI, KOTOpasa AO/KHA OLITH 3aHeceHa B JAaHHYIO KJETKY B Ka-
YecTBEe HAYAJNLHOIO 3HAYEHW.

2 Temneprs ompesenuM wucxogHble mauHEBe. Ilyers L = 10000 1,
M@©) =17, = 2. IlycTs OPUHATO PeIIeHHE EXETONHO OTJIABJIH-
Bath 1000 T priGsl.

3 BLINOJHHUTE COOTBETCTBYIOI[¥E BEIYNCICHHS B 3JEKTPOHHON Tab-
anne.

4 TlocrpoiiTe rpadUKN M3MEHEHHS MacChl M MPUPOCTA PHIGHI IO I'OLaM.

5 OO6paTuTe BHHMAaHHE: CO BPEMEHEM BEJIHMUMHA HPUPOCTA COBIIAKAET
¢ sabupaemoit maccoit! Cayuaitmocts? IIposepum: moumpobyem Bui-
aapauBats 3000 T.

BBRIDOJIHUTE COOTBETCTBYIOIME BHIYHCJCHHUSA B 9JIEKTPOHHOH
rabaune. ITocTpoiiTe rpadMKy M3MEHEHHA MACCHI M IPHPOCTA PhI-
6b1 mo rogam. Tor xe sdderT!
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Tabmuya Kr.13

- %
<L> )
Tox Macca pbuIOBI Ilpupoct
0 <M(0)> A1*B3*(B1-B3)/(B1-B3)
A3+1 B3+C3 Al1*B4%(B1-B4)/(B1-B3)
A4+1 B4+C4 Al1*B5%(B1-B5)/(B1-B3)
A5+1 B5+C5 e
Al2+1 B12+C12
Al3+1 B13+C13-C1
Al4+1 B14+C14-C1

6 IlosxcrmepHMMeHTHPYHTe ellle ¢ HECKOJBKUMH 3HaYeHuAMH R. Ho He
Kaguuyaiite — He Oepure R Gosbiuie yem 6000 T.

PaKTHIECKHN BH CeHuac «OTKDPBLJIN» BaXHOe CBOMCTBO KUBOH
IPUPOAK — fABJEHWEe camopezyasyuu. Ilpupoga crpemMmuTcs BOC-
CTAHOBHUTEL TO CTAGHJIbHOE COCTOAHHE, U3 KOTOPOTO €€ BHIBEJIM TeM
MU MHBIM CIOCOGOM.

7 A reneppr nmompobyiiTe usbars 6000 T.

BEIDOJHNTE COOTBETCTBYIONINE BHIUUCICHNA B SJICKTPOHHOHN Tab-
aunne. Ilocrpoiite rpaduxy M3MEHEHHA MacChl M IPHPOCTA PHIGH
o rogaM.

Buanre: uepes 6 jier macca puiObl BAPYT CTajJa OTPHIATENLHOIA.
Peansno Taxkoro 6eiTh He Moxker. IIpocTo 3TO O3HAuUaeT, UTO OT Ba-
OIero xos3sicTBoBaHHUA phiGa morubia.

3rnaunt, 6000 T — s3To camimkom MHoro. Hy a Kaxyio 'xe Hau-
GOJIBLIIYIO MACCY BCE-TAKH MOYKHO OTJIABJINBATH?

8 OprammsyiiTe ¥ NMPOBEINTE COOTBETCTBYIOIIWI KOMIBIOTEPHEIH 3KC-
IIePUMEHT.

P> BoT MBI B BBIICHMJIHM, KAaKMM AOKHO OBITH 374eCh OINTHMAaJbLHOE
yupasjieHYeCKoe perneHue. <4
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rE Jla6oparopuas pabora 23 (k §45)

1 IIpexxze Bcero HafO ONpPeAEANTH KoaddunmenTs: b u ¢ B dpopmyne
A A. 3anoHNUTe 3JeKTPOHHYKIO TAOAMIY TaK, KaKk yKasaHo B 00b-
ACHUTeJABbHOM TeKcre § 44, u Haligure 3HaueHuA b u c.

2 Tenepb 3JeKTPOHHYIO TAOJHMIy 3AIIOJHUTE TAaK, YTOOBI MOXKHO ObI-
jgo HaxoauTts K mo N u N mo K (0o ToM, KaKk HYYKHO 3alIOJHHUTH
TabauIly, Bel PasMBINLIANNA, BRINOJIHAA 3amaHue 1 x § 45).

3 HaiiguTe MaKcUMaJABLHO J[JOIYCTHMOE KOJUYECTBO NOCEIalIuX,
ecau mapk Oyzer paboraTh IATH AHENH B HEAEJIO.

4 Byngem cumrarb, 4T0 ABYX AHeH HOAPAJ XBaTaeT AJI HOJHOI'O BOC-
CTAHOBJICHMA Iapxa. B KaxoM pesxuMe HOJKeH padoTarh IMapk,
410056l ero Morjau noceinats 150 dyenoBex eyxeZHEBHO?

rB JNa6oparopuas pa6ora 24 (k §47)
n

KR«

1 ITozroroBum 3alOJHEHHE JJAEKTPOHHOM TaOMWIbI AJIA IPOBEAEHUA
3aIJIAHMPOBAHHOrO HAMH KOMIIBIOTEDHOTO DKCHEPHMMEHTa TaK, KaK
noxasano B tTabamue KII.14.

Tabnuua Kr1.14

%é ek

%

Ton Macca KpoauKoOB

Eak el

Macca Jqmc

0 <M(0)> <L(0)>
B2+1 (1+A2-A4*D2)*C2 (1+A6*(C3—-C2))*D2
B3+1 (1+A2-A4*D3)*C3 (1+A6%(C4-C3))*D3

o soe voe

son see coe

see soe see

B50+1 (1+A2-A4*D50)*C50 | (1+A6%(C51-C50))*D50

P Kax oOBIUYHO, B VIVIOBHIX CKOOKAaX 3alKMCAHBI 0003HAUEHUS BEJINYNH,
KOTOpble AOKHBLI OBITh 3aHECEHBI B KAUECTBE HAYAJIBHBIX HAHHBLIX. <«
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2 3anonHWTE JJIEKTPOHHYIO TAbauny yKasaHHBIM obpasom. IIposegm-
Te KOMIObIOTEPHLIN SKCIEepUMEHT II0 MCXOAHBIM JaHHBIM, YKasad-
HeIM B Tabamne KII.15.

3 MHcmoap3ysda KOMOBIOTED, HocTpoiiTe rpaduru M(n) u L(n) xax QPyHK-
Ui or n.
Tabnnya KI1.15

k ¢ s M(0) L(0)
3,7 0,009 | 0,0001 5000 460
2,8 0,006 | 0,0002 5000 210

NMnrteparypa
ANS RONONHUTENBHOIO YTEHMHUS

Anngpeesa E. MatematTuyecKue OCHOBBI MHGOPMATHKH. DJAEKTHBHBIH Kypc:
yue6. mocobue / E. Aunpeesa, JI. BocoBa, Y. ®anuna. — M.: BUHOM, 2005.

Bexapesuu ). Camoyuurens Access 2000 / IO. Bexapesuu, H.Ilymxu-
Ha. — M.: BHV, 2001.

Bupr H. AnroputMmsl + CTPYKTYpPHI JAaHHBEIX = nporpaMmel. — M.: Mup,
1985.

Bupr H. Cucremarudeckoe mporpamMMupoBanue. Beegeame. — M.: Mup,
1977.

Tonuapos A. Microsoft Access 7.0 B npumepax. — CIIG.: IIurep, 1997.

T'padep M. Bregenune B SQL. — M.: Jlopu, 1997.

3afjauHUK-TIPAaKTHKYM 00 mHbOpMATHKE M HHPOPMAIMOHHLIM TEXHOJOTH-
AM: KH. Anaa ydapmmxcea 7—11 ka. obmeoGpasoBat. yupesxaenuit / A. T, Ieiin,
H. A. Ouepmau. — M.: IIpocsemenue, 2003.

Nndopmarura: 3agauyHuK-IpakTUKyM. B 2 7. / noxg pea. U.T. Cemakuna,
E. K. Xennepa. — M.: JIB3, 1999. — T. 1, 2.

HNudpopmaTuka: sHUUKIONEIUYECKHH CJIOBAph AJA HAUYMHANOIINX / HOH
pex. 1. A. Ilocnenoa. — M.: Ilegaroruxka-Ilpece, 1994.

HNuadopmaTuxka kak wmayka o6 mHbopmanuum / moj pex. P.C. Tuasapes-
cxoro. — M.: ®amnp-Iipecc, 2006.

NudopmanmorHasa KyJAbTypa: ydeb. mocobume AaA cp. mx. 10—11 xa./
T. A. MatBeeBa u aAp. — Cmonenck: Accommanua XXI sex, 2006.

Kacatkun B. H. Beesenue B xubepuernry. — Kues: Pajgancska miona,
1976.

Kaoxcun ¥. IIporpammuposaumne Ha sasesixe Ilposor /Y. Knoxcun, K. Me-
aum. — M.: Mup, 1987.

Koasman 9. 3annmarensHaa jgoruka / 3. Koasman, 0. 3ux. — M.: Hayxka,
1966.

Yasman /Ix. JI. Beenenue B cuctemnl 6as gauwabix / Ix. . YismaH,
ox. Yugom. — M.: Jlopu, 1999.

Hagpus I0. A. Uadbopmannonnsie trexuonornun. — M.: JIB3, 1999.



MipepmeTHbIN yKQ3QTEND

A

aBTOMAT

aJleKBATHOCTh MOJENU

ajipec AueHKu

agpecanusa abCcoNIOTHAA

~— OTHOCHTEJILHAA

AJITOPUTM

—— BCIOMOTaTeJbHBIH

— PeKYPCHBHBIHA

andaBuT

— BHENIHWH (MaIOIWHEI
TsoOpUHra)

— BHYTPEeHHUH (MaIIuHEI
TsoOpuHra)

aHanu3 nHGoOpMan UM

apryMeHT BCIOMOTAaTEeJIbHOTO
AJTOPUTMA

-~ OTHOLIEHUS

apHOCTH OTHOINEHUHA

atpubyT KJIOUYEBOH

— o6BeKTa

— 00A3aTeJIbHO
IPUCYTCTBYIOIUH

— OTHOLIeHHSHA

b

6asa AAHHBIX

— — HepapxXHu4ecKasa

— -— peasnuoHHAA

— — ceTreBad

— 3HAHHUHN

Gaiit

6aHK JAHHBIX

our

6aasxk QBE

60K JIOrHYECKOro
BLIBOZA

OJIOK AYeeK

B
BEPOATHOCTD
BepuIuHa rpada
BupeonHopManusg
BBEICKa3biBaHUE
BHICKa3bIBAHUA
PaBHOCHJIbHEIE
~— TOXJECTBEHHO
pasHbIE

42

42
57

75
162
162
165
61

64
162

T

TapHHTYDPa

rurabaiit

romMeocTas
TpaMMaTHKa SASBIKA
rpad

— HATPYKeHHBIN

~— OPHUEHTHPOBaHHEIH

il

JATYHK CHYYaMHBIX YUCes
JeTEepMUHUPOBAHHOCTD
aJITOPHUTMA

ANaNna3oH H3MEHEHHHA HHACKCOB

AUCKPEeTHU3an A
— 3BYyKa

RUCKPETHOCTL AJITOPHTMA
ACY

ayra oprpada

3

3anpoc
-~ Ha BBIGODKY
SHAHUH

3HAUYCHHWE HepeMeHHOMN

u

UMA BCIIOMOTraTeJbHOrO
aaropuTMa

— MAacCCHBa

— OTHOLIEHMA

— TmepeMeHHOoil

HHAEKC 3JeMeHTA MACCHBA

uHpOpMaNUA AeKJapaTUBHAS

— CHMBOJIBHAS

HUCHOJHUTEIb

— yHHBepCcaJabHBIH

HCHEBITAHTE

HCTOYHHK MHPODMaIUH

K

KaHaJ CBASH

KBaHTOP BCEOOIIHOCTH
— CYILIeCTBOBaHUSA
Kerjb

KubepHeTUKa
KuobaiT

KOTHUTOJIOT

60
227

29

168
167
222
199

177



i 267

KOHEYHOCTh aJropuTMa
KOHTEKCT

Jd

JIOTHKAa
-~ MaTeMaTu4YecKas
— opmanbHaa

M

MaccuB
— ABYMEDPHBIH

— JIuHeHHBIH

— OZHOMEPHBIH

MAacCOROCTh AJITOPHUTMA
MamuHa TrIOpHHra
meraGaiT

meTox Monrte-Kapio

— HAWMEHBIINX KBaJpaToB
— TOJIOBUHHOTO JEJIEHUS
~— NOHIATOBOM AETAJIHIAIN
MOZeJIMpOBAHME

MOJENb

— BEPOATHOCTHAA

— ryobaibHASA

— uHbpopManuoOHHAA

— KOMIBLIOTePHAA

— MaTeMaTH4ecKas

— peJANUOHHAA

— dakTorpaduyeckas

H

HOCHTEJb HHbOpPMAaIKK

)

o6paborra uHbOPMaAIUHN
dbopMmanbHA

— — 3BPHCTHYECKAA

00BEKT MHPOPMALNOHHRIH

o0bsBlIeHNEe NepeMeHHOit

OnepaTop NPHCBAUBAHUA

oprpad

OTIaZKa

OTHOIIIEHHE

— GuHapHOE

— TpHHapHOe

— OYHKIHOHAJBHOE

omnbka ceMaHTHYeCcKas

— CHHTAKCHYECKas

I

napaMeTpst MOAenu
— (daxTuaecKne

32
12

145
145
145

NMpepgmeTHbiA ykasaTens

— dopManbHbBIE

nepeMeHHasa

— JIOTHYECKadA

— cBofoxHasA

— CBf3aHHEadA

HmoAIpOrpaMMa

noznporpaMma-GyEKIA

IOHATHOCTE AJITOPUTMA

TIOCJIeAOBATEJILHOCTh, PABHO-
MEpPHO pacupefejieHHAs

— INceBAOCHAyYaHHAA

IpaBUJIO BHIBOJA

— PEeKypPCHBHOE

npesuKaT

npuGansKeHue paBHOMEPHOe

IPpUEeMHUK HHQOpMaNUR

IPHU3HAK O00BEKTa

OpOU3BEeJeHNe OTHOMEHUH

nmporpaMMa

— JoruyecKas

IIPOrpaMMHUPOBAHMUE JIOTHYECKOE

IPOLIEAYPHBIA CTHAB
IPOrpaMMKPOBAHMASL

npouece MHGOPMaUOHHBH

P

PasMepHOCTb MacCHBa

pebpo rpada

PE3YJIBTAT BCHOMOTATENb"
HOTO AJIropUTMA

pe3yJIbTATHBHOCTL
aJITOPUTMA

PEKYDPPEHTHOE COOTHOIIEHUE

pPexypcus

pemaTtensb

POGOT IPOMBIIIJICHHBIH

C

CaMOpEeryaslliA CUCTEMEI

CBASH MEXAY aTpubyramMu

— mo TNy
MHOrue-KO-MHOTUM

— — — OAWH-K-OJHOMY

— — — OAWH-KO-MHOTHM

— obparHada

— — NOJIOKUTENBHAS

— — OTpHUIATEIbHAA

CIHD

CeMaHTHKa A3BIKA

cepusi HCOBITAHUH

CeThb

— ceMaHTHYeCKAasd

74
29
152
167
167
74
74
32

120
122
145
191
167
230
8, 91
61
174
73
183
183

183
8

84
26

74

32
81

176
36



! 268

CUHTAKCHC fA3BIKA

CUHTe3 HHPOpManuH

cucreMa

— AWHAMWYECKas

— mu(OpPMaIMOHHAA

— HCKYCCTBEHHOTO
HHTEJJIEKTa

— ynpasBiieHud 6asoit
JaHHBIX

— JKcIepTHaSA

CHCTEMHBIN IIOAXOJ

— adderT

CJIOBO

COBepIieHHAA AWUIBIOHKTHUBHAA
HopMasibHag ¢dopma

coenuHenvie Tabaun,

COPTUPOBKA

CTPYKTYpa ApPEeBOBUAHAA

CYB]

cxeMa OYHKIMOHANbHANA

CUETUYHK IHMKJIa

T

TaBTOJIOTUA

Tepabaiit

Tun OyJses

— BEIIECTBEHHBIH

— JIOTHYECKUiL

— MaccuBa

— TepeMeHHOH

— CHMBOJBHBIN

- IeJBIA

TOXAECTBEHHO WCTHHHAA
dopmyaa

TOJEeCTBEHHOE IpeobpasoBaHme

TOXKAECTRO

y

yhapaBiieHue

— IO MPHUHIHUNY O0paTHOH
CBA3K

YTBEePIKACHHE IIEJIEBOE

199

211
183

L0

buaesTp

GuapTpanua

(haaxox

dopmanuszanua

dopmyna JorudecKas
$OopMyNIBl PAaBHOCHJIbLHEIE
— TOXKJECTBEHHO PaBHEIE
(byHKIIUA TOJIOCOBAHUA
— uneneBas

1

neJap MOAeJINPOBaHUA

q

JacToTra
— OTHOCHTeJIbHaA

11}

mpaAdPT

— HaKJIOHHBIHN

— NOAYEePKHYTHIH
— HOJIYXKUPHBIHI

9

JKCIEepT
2JIEKTPOHHO-BHIYUCIUTENH-

HasA MalluHa
SILIATICOL]
3MEepIKEHTHOCTD
SHTPONHUA

b |

SIBBIK

— KOMMYHUKaTUBHBIH

— pacno3HaBaeMBbIi

— — aBTOMATOM

— ¢dopMaNN30BAHHBIH

— dopmManbHbiil

sgueiiKa 3JIeKTPOHHOM Tabanuiibl

UNICODE

173
173
229

152
152
152
152
230

21

118
118

222
222
222
222



Knioun Kk tecroBbim 3apgaHunam
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Baganwe | A1 | A2 | A3 | A4 | A5 | A6 | AT | A8 | A9 | A10| All
Orser 3 1 3 2 3 3 2 3 3 4 1

Sajanue | A12 | A13 | A14 | A15 | A16 | A17 | A18 | A19 | A20
OTser 3 4 4 2 4 2 4 3 4

3azanue B1 B2 B3 B4 | B5 B6 B7
OtBeT MOAepOBa- 27 | nuriom {144 | 24 HpuCBauBa~ | . o BoNEHBIH
HUEM HUS
T'aasa 2

Bagamme | A1 | A2 | A3 | A4 | A5 | A6 | AT | A8 | A9 | A10 | A1l
OTBeT 3 2 | 2 3 1 1 3 2 3 3 3

Sananue | Bl B2 B3
OTseT 3 25 8

IC'naBa 3

Saganve | A1 | A2 | A3 | A4 | A5 | A6 | AT B1 B2
Orser 2 2 3 2 2 3 3 315467 | 123
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Otger 1ATI, 2BBH, 3BEMK, 4[13UJIM, 135 | meesnocay- |muckperusa-
50KJIM, 6ABI[] yaiHoH U0
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A3bIK 3anNUcu anropuTMOB Pascal

1. 3aronoBok nporpamMmsi

Anroputm {...} program <ums>;
2. OnucaHuve nepemMeHHbIX
var
( *Obs3atensHO nNepen onucaHnem
nepemMeHHbIx*)
BelwleCTBeHHble NnepeMeHHblIe
Bewt: <CNUCOK NepeMeHHbIX>; <CNWCOK NepeMeHHbIx>: real;
ueno4yncrneHHble nepemMeHHbIe
uen: <Cn1coK NepemMeHHbIX>, <crnucok nepeMerHbix>: integer;
CUMBOJ1bHbIE NEepemMeHHbIe
cuM: <CMUCOK NEPEMEHHBIX>; <Cn1CcoK NepeMeHHbIx>: string;
MaCCWBbI
Bewy: <umsa maccuea> [1:100; 1:100]; <uma maccuea>: array [1..100, 1..100] of real;
3. Oneparop ycnosus
Ecnu <ycnosue> 10 if <ycnoswe> then
{<ycnosue>; begin
2) <onepartop>;
nHaye {<oneparop>;...} end
else
begin
<oneparop>;
end;

KoHcTpykums uHaye (else) Moxert oTCYTCTBOBAThL

4. Onepartop UuKna no ycnoBuio

Oenatb noka <ycnosve> while <ycnosue> do
{<onepartop>;...} begin
<oneparop>;

end;




A3bIK 3anNnUcu anropuTMos Pascal

5. OnepaTop uukna co C4eT4YMKOM

Denats o1 <nepemenHas> := <sblpaxenue>  for <nepemeHHas>: = <BbipaxeHue>

10 <BblpaXeHne> ¢ Wwarom <BbipaxeHue> to <sblpaxenue> do
begin
{ <onepartop>;... } <oneparop>;
end;

Ecnu HyxeH war -1, To BmMecTo to nuwyT downto

6. Onepartopbl BBOAA U BbiBOAA UHPOPMALUN

3anpocuTs <UMA NepPemMeHHON>; readIn (<cnucok NnepeMeHHbIX>);
CoobwmuTb <UMS NepemMeHHon unu/u writen ('<coobuieHne>’ <cnmcok
CO0OLLEHUE B KaBbIYKaxX>; MepPEeMEHHbIX>);

7. Noanporpammsi U GyHKLUN

Moanporpamma <ums NOANPOrpamMmsl>; Procedure <uma> (<napameTtpsi>: <TUn>;
(apr: <cnucok napameTpoB>, var <pesynbTatbi>: <Tun>);
pe3: < CN1COK NapameTpos>) begin
{<oneparop>; ...} <oneparop>; ...
end;
Dynkuma <ums>: (apr: <tunbl aprymedtos>:  function <uma> (<napametpbi>: <Tun>):
<CNUCOK NEPeMEHHbIX>): <Tun> <TUN>;
{ <onepatop>; begin
<oneparop>; ...
3Hay := <pesynbrar>; <umMs PYHKUMK> := <pesynbTar>;
! end;

8. O6palwieHue K nognporpaMmme

Bbi3Bartb <vMs nognporpaMmmbl> <Wmsa> (<cnucok napameTpoe>);
(apr: <cnucok napameTpoB>;
pe3: <Cn1coK napameTpoB>);

9. O6paweHme K PyHKunn

<nepemeHHan> := <msa GyHKUMK> <nepemeHHas> := <Ums dyHKuMn>
(<cnucok dakTuieckux napaMmeTpoB>); (<cnucok dakTU4eckux NapameTpos>);




A3bIK 3anncu anropuTMoB QBasic

1. 3aronoBoK NporpamMmsi

Anroputm {...} 3aronoska nporpammbl HeT

2. OnucaHuve nepemMeHHbIX
BELLUECTBEHHbIE NEPEMEHHbIe

Bew: <CNNUCOK NEPEMEHHbIX>; Ecnu onucaHue nepemMeHHoi 0TCyTCTBYeT,
TO OHa BELLECTBEHHAs

LenovyncneHHblie nepeMeHHbIe

uen: <CMMUCcOK NepemMeHHbIX>; 3Hak % nocne UMeHn NepemMeHHoN unu
DEFINT <cnucok nepemeHHbix>

CMMBOJIbHbIE NepeMeHHbIe

cuM: <CMMCOK NEPEMEHHBIX>; 3HaK $ nocne MMEeHN nepemMeHHo
vnu DEFSTR <cnucok nepeMeHHbIX>
MacCCUBbI
Bewt: <umsa maccvea> [1:100; 1:100]; DIM <umsa maccusa> (1 to 100, 1 to 100)

3. Onepartop ycnoeus

Ecnum (<ycnosue>) 10 IF (<ycnoswe>) THEN
{<ycnosue>;...} <oneparop>
uHaue {<onepatop>;...}

ELSE
<oneparop>
ENDIF

KoHcTpykuwms unaye (else) MoxeT OTCYTCTBOBaTL

4. OnepaTop uMKna no ycsiosuio

Oenatb noka (<ycnosue>) WHILE (<ycnosue>)
{<onepartop>;...} <oneparop>
<oneparop>

WEND




A3bIK 3aNUCK anropmMTMOB QBasic

5. Oneparop uukKna co cHeT4MKOM

Lenatb ot <nepemeHHas> := <BblpaxeHue> FOR <nepemeHHan> = <sbipaxeHue> TO
00 <nepeMeHHas> ¢ warom <sblpaxeHne> <gbipaxeHue> STEP <ebipaxenune>
{ <onepatop>;... } <oneparop>

NEXT <nepemeHHas>

6. Onepartopbl BBOAA U BbiBoaa uHopmauum

3anpocuTb <UMs NEPEMEHHON>; INPUT “ <ytoyHsiowee coobuueHne>"

<CNUCOK NEPEeMEHHbIX Yepes 3anaTyn>
Co06wmTb <1MS NepeMeHHO unu/m PRINT " <coo6ieHne>" ,<CnucoK NepemeHHbIX
c006LLEHME B KaBbIYKAX>; YEpes «,» UK «;» >

7. Noanporpammsbl n GyHKUUN

Moanporpamma <ums NoanporpamMmmbl>; SUB <ums> (<napameTpbl>)
(apr: <cnucok napameTpoe>, pes: < <oneparop>
CMUCOK NapameTpoB>) ENDSUB

{<onepatop>; ...}

DyHkuma <ums>: (apr: <tunol aprymenToe>:  FUNCTION <ums> (<napametpsi>)
<CNMUCOK NEPEMEHHBIX>): <TUN> <oneparop>

{ <peiicTBUE>;
<ums>= <pesynbrar>
3Hay ;= <pesynsTar>; END FUNCTION

8. O6paweHume K nognporpamme

Beiaeark <uma NOANPOrpaMmsbl>; CALL <umsa> (<cnucok napameTpos>)
(apr: <cnucok napaMeTpoB>;
pe3 <CnucoK napaMeTpoB>);

9. O6paweHme K GyHKUUM

<nepemeHHasn> ;= <ms GyHKuun> <nepemeHHaa> := <Uma pyHKUMK>
(<cnucok GakTUYecKux NapameTpoB>); (<cnucok dakTnyeckux napameTpos>)
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