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YBaxaembie crapluexnaccHMKn!

Bbl nepectynunu nopor NpoduibHOW LWIKOALI U Tenepb CMOTPUTE Ha CBoOe
obpasoBaHue ¢ y4eToM Bbibopa AanbHeiwero npodgeccuoHansHoro nytn. UHte-
pecbl U rnybuHa NPOHWUKHOBEHUA B NPeaMET 3aBUCAT OT BbiOpaHHOro BamMw Ha-
npasneHus. Moatomy B y4ebHUKEe maTtepuan NpeacTasNeH ABYyMS YPOBHAMWU —
6a30BbiM U NpodunbHLIM. MaTepyan NpoPuUNbLHOro ypoBHA NpegHasHa4YeH ans
TEeX, KTo BbiOpan maremMatu4eckuii 1 MHPOPMaUMOHHO-TEXHONOTNYECKU Npodu-
1 NN XO4ET U3y4aTb MHPOPMATUKY KaK 3NEKTUBHBIN KyPC B paMKax WMHOro nNpo-
¢una. Maparpadbl, OTHOCAWMECHA K 3TOMY YpPOBHIO, 0603Ha4yeHbl paMKoW
[§ 12]. Bnpouyem, Mbi HE UCKNIOYaeM, YTO OHW ByayT UHTEPEeCHbl U TeM, KTO He
cobupaerca yrnybneHHo uay4atb WHPOPMATUKY.

B y4e6GHuMKe, KpOME TeOpETUYECKOro martepuana, NpPUBOAATCA ONUCaHUSA
nabopaTopHbix paboT, koTopbie Bbl ByaeTe BLINONHATL B KOMMLIOTEPHOM Kiacce.
HeBo3aMoOXHO ofOy4yeHue u 6e3 camMokoHTponsA. YToOb!l Bbi MOrNW OCYLLECTBNATL
ero, y4ebHUK comepXxuT pasHoobpasHble BONPOChH M 3adaHus. BoinonHsas 3aga-
HUS, Bbl NPOBEPUTE, HACKONBKO XOPOLUO Bbl HAYYUIUCb NMPUMEHATL NONYY4EHHbIE
BaMu 3HaHus. HekoTopbie 3agaHus GyayT ans Bac NPOCTbIMKU, APYrMe OKaXyTCH
cnoxHee. Camble TpyaHble (PasyMeeTCs, Ha Hawl B3rnsaa) 3afaHus NOMEYEHb!
3HakoM *, B KkOHuEe KaXaon rnaBbl NOMELWEH €€ KOHCNEKT, KOTOPbLI Npu3saH
o6neryntb BaM MNOBTOPEHME NPOMAEHHOro, a Takke NpUBEAEHbLl TECTOBble 3apa-
HUS, KOTOPbIE NO3BONAT NPOBEPUTb, KaK BaMu YCBOEH MAaTepuan rnasbi B LENOM.

B Hawe KHure, Kak u B No6om yuyeBHUKe, BaM BCTPETATCA HOBbIE TEPMMHbL.
Onsa ypo6ctBa OHM HaneyaTaHbl XMPHbIM wpudTom. Onpeaenenuns, CBOMCTBA U

npasuna 3aknio4vYeHbt B paMKy ‘{N Wnnu nome4veHol cnesa 3HaAKOM

3ayumBaTtb CBOICTBA W NpaBuna HaM3yCTb COBCEM HeO0BA3aTENbHO, HO BAXHO NO-
HUMAaTb UX CMbIC/T U YMETb NPUMEHATL Ha NpPaKTUKE.

Ansa BbinonHeHus nabopaTtopHbix paboT BaMm ByOeT HYXeH HE TONbKO KOMMb-
I0TEP, HO W KOMMNNEKC NPOrpPaMMHbLIX CPEACTB — TaK CKasaTb, «KOMMNbIOTEpHas
noanepxka» Hawei KHurn. OnucaHua 3TUX NPOrpaMMmHbIX CPeacTB NPUBEAEHbI
B y4ebHuke. HO B BalueM Knacce MOFryT UCNOMb30BaTbCA NPOrpPaMmbl, OT/IMHAIO-
LUMECA OT ONUCaHHbIX B y4ebHuke. B aTOM cnydae yuntenb OGLACHUT BaM, Kak
BbINONHATL nNabopaTopHbie paboTbi.

Xenaem BaMm ycnexoB B OCBOEHWW CaMoro CoBpeMeHHoro y4ebHoro kypca!
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B wkone Bbl u3yyaete pasnuyHble NPEAMETHL: MAaTeMaTuky, GU3NKY, XMMUIO,
6uonoruio, uctopuio, MHGopmaTuKy 1 ap. Bce oMM manaraloT OCHOBbI COOTBET-
CTBYIOWIMX HaykK. A 4To Takoe Hayka? B TonkoBom cnosape C. M. Oxerosa Bbl
HangeTe cnepylouwee onpeneneHue:
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i Hayka — cuctema 3HaHuiA 0 3aKOHOMEPHOCTAX B pas3suTUMM npupoabl, obue- f
CTBA W MbILIEHUS. ;

| —

I g

£

i . L e i %

CucrtemMa 3HaHWA u3naraetcs B BuAe Teopuit. B ceBoO ouvepegb, Teopus —
3TO MOAENb OKPYXaloLeh YenoBeka OeicTBUTEeNbHOCTHU, NPUYEM MOAENb uaeanb-
Has. KoHeyHO, ONnA NOCTPOEHUS Teopun M ee NPOBEpPKW CO3[aKTCA HEe TONbKO
ngeanbHble, HO WU MaTepuansHble moaenu. Ho marepuanbHbie Mogenu — 3710
cCpeAcTBa MNOMYYEHUS HAy4HbIX 3HAHWI, @ COBCTBEHHO Hayka — COBOKYMNHOCTb
noeanbHbiX MOOEenen.

OpHO u3 rnaeHbix TpeboBaHU K CUCTEME HAy4yHbIX 3HAHUM — WX HEenpoTU-
BOPEYMBOCTb APYr APYrY, a TakkKe NoATBEPXAEHUE HayyHbiX BbiIBOOOB MPAKTUKOM,
AKCNEPUMEHTOM.

CoBpemeHHaa Hayka nogpaspgensieTcs Ha OOonbloe KOAWMYEeCTBO Hay4HbIX
obnacTen, kaxgas U3 KOTOPbLIX UMEET CBOW 06LEeKT uccnepoBanus. Bl 3HaeTe,
4YTO MHPOpPMATUKA M3y4aeT 3aKOHOMEPHOCTU NpPoTekaHMa MHOOPMALMOHHBLIX
npoueccoe B npupoge, obwectse M TexHU4eckux cucrtemax. Kak npaeuno, Ha-
y4Has obnactb NOApasfenseTcs ewe Ha pag HayyYHbiX AUCUMNAWH B 3aBUCUMMOC-
TW OT KOHKPETHOro HanpasneHus uccnepnosaHuii. B uHgopmartuke aTto uccneno-
BaHWA MeTOAOB asToMaTtuyeckoi obpaboTtku uwHdpopmaumm v cnocobos ee 3a-
WKUTbI, BAUAHUA WHDOPMaUMM U MHPOPMAUMOHHLIX TEXHONOrMi Ha o6wecTBo
(coumanbHaa vHpOpMaTMKa), BO3IMOXHOCTEMA KOMNLIOTEPHON TEXHUKW U T. 4.
B 5T0i1 rnaBe Mbl KpaTKO OXapakTepuayemM HEKOTOpble M3 yKasaHHbIX Hanpaene-
HUIA MHDOPMATUKW.

dyHaaMeHT noboi HayyHOW AUCUMNAWUHBLI COCTaBARIOT NOHATUA, C NO-
MOLLIbIO KOTOPbIX ONUCBLIBAIOTCA 3aKOHOMEPHOCTU, COCTaBAOWME CYLLHOCTb Ha-
YYHOro 3HaHus. MoaTOMy Ha4yuHaTb 3HAKOMCTBO C nOOR Hay4yHOW AuMcuUMnNAKn-
HOI cnegoyer C OCBOEHUS OCHOBHLIX NMOHSATWIA, NPUCYLWMUX OaHHOW obnacTtu 3Ha-
HUS. BOT M Mbl Ha4YHeM C onpefeneHus OCHOBHLIX MOHATUI WHPOPMAaTUKK.
C HeKOTOpbIMU U3 HUX Bbl 3HAKOMbI U3 Kypca MHPOPMaTUKK, KOTOPbLIA U3yyanu
B 8 u 9 knaccax.
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Undopmaums

IIpencrasere cebGe, uTO BHI HHUYEro He BHAWTE, HUYETrO He CJbI-
IIHNTEe, He OIIyIaeTe HHU 3alaxoB, HH XO0JI0Ja, HU Telja, a BROOABOK
BeA numia abcomoTHO Ge3BKycHas. JKuaHb cpasy OBl moTepsasa AJid Bac
CBOIO IIPHUBJIEKATENBHOCTE. HU MY3BIKH, HM KHHT, HU I[BETOYHBIX apo-
MAaTOB... I BCe IIOTOMY, YTO BaC JIHIINJIM IIOCTOAHHOTO MPUTOKA MAGOP-
Maunuu, 6e3 KOTOPOTrOo HEMBICIHNMO HOPMaJIbHOE CYINEeCTBOBAHUE Yesa0oBe-
Ka B OKpY’KaloIlleM MUpe.

ITompo6Gyem pasobparbcAa moxpobHee ¢ TeM, UYTO TaKoe HHQPOP-
manus. Uudopmanusa — moHATHE BechMa He mpoctoe. BBl MoxkeTe IIO-
CMOTpPEeTh OOVH U TOT K€ MyJAbTOUIBM ¢ BHAeOKacceTsl, ¢ DVD-xpucka,
¢ CD-amcka, mpocTo MmO TeJNeBH30PY B KOHIe KoHIOB. MHbopmamus,
noJjiydYeHHass BaMU IpH OpPOoCcMOTpe dHIbMa, OyAeT OgHA M Ta ’Ke, HO
HAXOAHUTCS OHA HA Pa3HBIX HOCMTENAX. V1 B MpHHIMIEe HaM BCe DPaBHO,
Ha KaKOM HOCHUTEJIe HAaXOAHTcA WHbopManuwsA, JHUIIL GBI OBIJIO KadecT-
BEHHOE ee BOCIIpOH3BeJeHUe (B JAaHHOM cjydae HYKHOTO duibma).

W3 kypca ¢pusuKu Bl 3HaeTe, YTO IIPEAMETHI BOKPYT HAC XapaKTe-
pU3YIOTCA HAJMYMEM B HUX BelllecTBa U sHepruu. Ho, KpoMe Bcero mpo-
yero, jr06oil mpeaMer HeceT B cebe emie n mHODopManuio. [laske cambrii
MaJIeHbKMH KaMellleK, BaJSIOUIHiica HAa mOpore, MOXHO 0eCKOHEUYHO
M3y4yaThb M M3y4aTh, IIOAy4Yasd HHPOPMAITHIO 0 ero XMMHUYECKOM COCTa-
Be, MU3HMYECKHX CBOMCTBaxX MOPOJbI, OCOOEHHOCTSAX €ro o0pasoBaHUA B
3eMHOH KOpe M T.II.

W Bce ke, ropopa 06 mHpopMallK, MBI B IEPBYI0 OUepeAb HUMeeM
B BUAY Te CBeAeHHUA, KOTOPhie IPEeJOCTABJAAIOT HaM TeJieBHACHUE,
paano, medaTHble H3ganusd. AudopMaluus aKKyMyJHUPOBaHA B ThHICAYAX
HAYYHBIX TPYZOB, COCTABJIJIOOINX OCHOBY HAaIlell IUBUJIM3ALUU.
HNudopmanusa cocraBiafAeT OCHOBY INKOJBbHBIX YUeOHHKOB, 0e3 KOTODHIX
TPYAHO CTaTh OOpPa30BaHHBIM YeJIOBEKOM.

Undpopmauus — 3TO ceBeaeHusl, 3HaHUS 00 OKPYXaIoWeM YenoBeka Mupe U
0 camom cebe.

Taxk OOBIYHO pas3bACHAETCA MOHATHEe HHPOPDMAUKM B ryMaHUTap-
HBIX HayKaX, rje IeHTPAaJbHHIM OOGBHEKTOM SABJAETCA YeJOBEK Kak
CYIIIECTBO COMMAJNIBbHOE.

Ho ects m apyrasi Touxka 3peHHA Ha TO, YTO TaKoe MHMOpManusd.
ITouwabaromaiiTe 3a HMOBeAeHMEM JIIOOOTO0 KMBOTO OPraHM3Ma: MypaBb,
myeabl, ITHIBI, coGaKn. Bel yOegurech, 9TO OHH TOXKE BOCIPDUHHMAIOT
nHboOpManuio 06 OKPYJsKAIOHIeM MHPE M B COOTBETCTBUHU C 3TON HMHDOD-
Malnuell BEICTPaMBAIOT CBOe moBeieHue. Bosee Toro, oHu o0MeHHMBAIOT-
ca uHdopMaluei APYr ¢ ApyroM: MypaBbu — C IIOMOMIBIO YCHKOB; ITde-
JBI — WCIOJHEHHEM OIpeAc/eHHLIX ABHIKEHHI (Ha3BIBAEMBIX OOBIYHO
TaHIleM); OITHUILI — IeHueM, CBHCTOM, KapKaHbeM; cofaku — jaeM. [la
Y BBI, OTHaBasi MPUKa3bl JOMAINTHUM JKHUBOTHLIM, YBEPEHBI, YTO OHU BOC-
OPUMHUMAIOT MEepefaBaeMyI0 BaMH HHMopMauio.
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JKnBEIE OPraHU3MEI OT HEXXMBOM NPUPOALI OTJIHYAET UMEeHHO HaJu-
Yype y HUX IleJjIeHAIIPaBJIEHHON AeATeJbHOCTH, peajiu3anus KOoTopoi 6ea
HMCIIOJIL30BaHUA MHPOPMAaIUM HEeBO3MOXXKHa. MBI He mpejmoJiaraeM IIpH
3TOM, 4YTO 9TO 00A3aTeJIbHO OCO3HaBaeMasa AeATeJbHOCTh. OHa MOKeT
OCYLIECTBJAATHCA U MHCTHHKTHUBHO.

NudopMmanua Hy)XKHa pa3IMUYHEIM TeXHUYECKHM YCTpoiicTBaM IJa
TOro, 4TOGLI TOYHO M MPaBHJIBHO BHEINOJHATH NPEAITHCAHHYIO Y€JIOBEKOM
pabory. BakHO, YTO TaKme YCTPOHCTBA MOTLYT BBINOJHATHL DPaboTy
aBTOMAaTHYECKH, T.e. 0e3 BMeIllaTeJbCTBa ueJoBeKa. IIpu aTOM OHHM
JOJIKHBEI pearMpoBaTh Ha BHeEIIHHE BosaeicTBuA. Ecim, Hanpumep, aTo
CTaHOK aBTOMAaTHUYECKOH 06paboTkmu AeTalieil, TO OH HOJKEH KOHTPOJIH-
poBaTh, HMOCTYNHJIa K HEMY oOuepejHad 3aroTOBKa WJIM HET, COOTBET-
CTByeT OHa TpeOfyeMBIM HCXOAHBIM IapaMeTpaM HJH HeT U T.A. Ecin
9TO COBPEMEHHBI (oTOoalmapaT, TO OH CIOCOOEH MO YPOBHIO OCBEIIEH-
HOCTHU aBTOMAaTHYECKH YCTAHOBHTH BBIZEDIKKY H Auadparmy, T.e. IIpo-
JOJIIKUTEJILHOCTh BO3AEHCTBUA cBeTa Ha (POTOILIEHKY M AUAMETDP OTKPHI-
TOr0 OTBepPCTHA B 00beKTHBe. Kakoe Ol aBTOMAaTHYECKOE YCTPOMCTBO
MBI HU B3AJIH, OHO TAK HJIH HHaYe HCIOJb3yeT MHPOPMAaIHIO, HOJydae-
MYIO OT 4YeJIOBEKA H OKDYKalomel cpejnl.

CohopmynupyeM Temephb elle OAHY TOUYKY SPEHHS HA INOHATHE
unopmanuu,

Undopmauma — 3TO TO, 4TO NO3BOASIET XUBbLIM OpraHnamam, ux coobue-
CTBAM WNN TEXHMHECKUM CUCTEMaM pearMpoBaTh Ha OKpyXalowwyto cpep.y,
obecneymBas Ux ueneHanpaBNeHHYI0 AEATENbHOCTh.

U AT
R Y

3aMeTHM, UYTO LeJM TEeXHUYECKHM CHCTeMaM ONpeAeJdioT JIOAH,
KOTOpEIE 3TH CHCTEMEI CO3JaJH HMJIHN HCIOJB3YIOT.

Teneps npeacraBsbTe ce6A mocepeauHe MycTHIHU. BOKpPyr Bac coBep-
1IIIEHHO POBHAS IIOBEPXHOCTH, HEe Ha 4YeM IJa3dy OCTaHOBMTbcA. CoJtHile
B 3€HHTE, JaKe TeHb DACIOJIOMKHJIACH, NPAMO moj BaMu. Ilpomwuro Tpm
yaca. Huuyero me maMeHHNOCH, KpomMe TeHH. OHAa BLHITAHYJACH B OIpe-
JeJICHHYIO CTOPOHY, M BBl YK€ CIOCOOHEBI OIIPEeeJIUTh CTOPOHBI CBETA.
Yro xe nmpuBeJio K noaBieHui0o MHbopmanuu? Iloasiaenme pasHoobpa-
3UA B OKpyJKaloineii o6CTaHOBKe.

Undopmauna — 310 oTpaxeHue pasHOOOpPasns B CYLLECTBYIOLUEM MUpE.

X 5

OrcyrcTBHe padHOoO6pas3uA, KOrja HeOTJIHYMMEBI HUKaKHe ABa O6heK-
Ta, ABJIEHUA WIH IIpollecca, — 9TO U €CTh OTCYTCTBME KaKoil ObI TO HH
6bL10 mEGOpManuu. Taxoii BecbMa OOIMiA B3TJIAA HA MOHATHE <«HHQOP-
ManMA» IIPHCYIN MHOIMM €CTECTBEHHBIM H (PHIOCOPCKHUM HAYKaM.
B srom yueOGHHMKe OoJbilieil 4acThiO OyZeT pacCcMATPHMBATHLCA HHGopMa-
U, KOTOpas BBICTYHAET KAK UeJIOBEUECKOe 3HaHHUeE.

OTopBHUTECh HA MHUHYTY OT yUeOHHKA M BBIMIAHUTE B OKHO. BHI
YBHAUTE AOMAa H JIOAeil, conHme M HebO, AepeBbs U TPaBy M aBTOMATH-
YeCKH NepeKJIYNTeCh Ha aHaJIH3 MHPOPMAIIHH COBCEM JPYroro copra.
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OHa oOYeHB CHJIBHO OTJHUYAETCA OT OZHOOGPA3HBEIX YEeDHEIX CTPOUYEK
¢ 6yxkBaMM, KaKHe BBl BHOHUTE B KHHUTE.

HWadpopmanusa, nmoayuyaemMas U3 coolimeHMii, 3anHCaHHEIX C IIO-
MOIIbI0 OYKB, OAGP B 3HAKOB, HA3BIBAETCA CHMBOJBHOH; MHDOpMaIusd,
IoJyyaeMad C IIOMOINBI0O 3PHUTENBHBIX 00pasoB OKDPYJKAIOIIEro MHpA,
Ha3BIBAETCSI BHAeoMH(GpoOpManueil (UIM BH3yadbHOH HHMOpMammeir).

YesoBek CO3ZaH IPUPOAOH KaK MONIHEIN «anmapars» mo mepepabor-
Ke BUAeomHMopManuy. BenoMHEHTE mOCHOBULY <«Jlydine oguMH pas yBH-
IeTh, 9eM CTO pa3 yCJBIINATE», TOYHO OTPAYKAIOIIYIO OTJIHMYHE B BOCIPHA-
THH 3BYKOBOH mH(popManmmm oT BuaeomHbpopmanuu. OZHAKO COBpPEeMEeH-
Had OUBHIN3AINAA OKPYXKUIA HAac Ge3NOHHBIMM MOPSAMH CHMBOJLHOH
HHGOPMAaIlNK, CIIOCOGHEIMKH HOIVIOTHTE JIOG0ro B CBOMX IydYHHAX. UTo-
6Bl TIOKOPUTH OKEaHBI CHMBOJBHOM HMHpOpMaIMM, HYXXHBI «KOpabam»,
crocoOHEIE IIPEOJoJIeTh OKeaHCKHEe IpocTOopbl. MMM M cTaim KOMIIBIO-
Tephl, WM, KAK WX HA3BIBAJH PaHbIIE, 3JEKTPOHHO-BHIYMCIHMTEIbHEIE
mMamuabl (9BM).

O6paTuTe BHEMaHHe, 4TO MH(popManusa o00sI3aTeJbHO AOJIKHA OBITH
Kak-To 3adukcupoBaHa. PesynbraTel nccefoBanuii obnekaiorcda B (op-
myael, Tabnunel, rpaduxkn. I'eHermueckasa mHpoOpManua GUKcHpyeTCA
B I'€HETHYECKOM KoZe, IpeACTaBJIAIEeM co00il IIOCIef0BaTeJIbHOCTH
aMuHOKMCIOT. OO0HapysKeHHMe MEZOHOCOB II€pefaeTci PHCYHKOM TaHIA
nues. Uadopmanua o dagammadre MecTHOCTH (HUKCHUDYETCSA Ha IIaHAX
u kKaprax. HMHbpopMmanuio, 3aMKCHPOBaAaHHYI0 KakKuM-aubo cmocobowm,
OyzeM HaseIBaTh MH(POPMAIMOHHBIM 00BEKTOM.

KoHneuHo, KpoMe CHMBOJIbHOM, BH3YaJbHOH M 3BYKOBOM uHGOp-
MaIl¥, eCTh M ApPyrHe BHALI OpeAcTaBieHHA mHDopManmm. MEDOpMAa-
OUI0 HeceT 3amax; OCA3aHHe MOCTABJIAET HaAM TAKTUALHYI0 HMH(poOpMa-
nuio. Yepes BKYCOBEIE PELleNITOPLI MEI IMOJy4aeM HH(pOpMAIHIO O Kade-
CTBe IMINU M TOTOBHOCTH ee K ymoTpeGimenuro. Ho uTo6bl cOXpaHHUTH
unEGOpMALIMI0 ¥ CcHesaTh ee YAOOHOHM [JA Iepefaddl OPYTHM JIIOAAM,
YeJIOBEK MCIOJB3YEeT IPEeKAEe BCEr0o CHMBOJBHYIO, BH3YAJIBHYI0O M 3BY-
KOBYI0 OpDMEI IpeZCcTaBiIeHUSA MHPOPMAIHWH.

R S R R R R R SR
BOMPOCHI U 3AAAHMA

0 MpueeguTe npuMepbl ynotTpeGneHus TepmuHa «uHdOop-
Maums».

0 Hop6ept BuHep, oguH M3 OCHOBOMONOXHUKOB UHGOpMa-
TUKW Kak Hayku, rosopun o6 mHdopmaumm Tak: «MHPop-
Maumsas — 970 oBo3HaYeHue CcopepXaHwusa, MONy4eHHOro
M3 BHELUHero MuMpa B mpouecce Hawero npucnocobne-
HWA K HEMY HalMX OpraHoB 4yecTe». CpaBHMTE 3TO oOn-
pepeneHne ¢ TEMW, KOTOpLIE MPUBELEHbLI B TEeKCTe na-
parpaca. 410 y Hux O6LEro U Yem OHU pasnuyaloTca?

MoxeTt nu, Ha Baw B3rnsg, ogHa v Ta Xxe uHdbopmauus
CoAEepXaThLCA B PasHbiX MHPOPMAaLMOHHBLIX obbekTax?

Kakyto nHdopmaumio HasbiBaloT CMMBONbHOW? YTO Takoe
BupeouHdopmaumn? Hop6ept BuHep

© 0



.

UndopmaunoHHbie npoueces

HenpounTannada KHHUra, KOHEYHO, COAEPKHUT MHPOPMAIIUIO, HO
OHA HWYEro He M3MEHHT HHM B BaC, HHM B OKpy’KalollleM Mupe. 3ajaua,
KOTOPYI0 HHKTO HE PEHIAeT, TOMe COTEeDKUT HHGOpPMAIINIO, HO U OHA
HHU Ha 4YTO He moBausaeT. IIpyroe meso, eciu KHHra IpPOYHTaHA, 3ajada
peluena. 3HauuT, He MHpOpManua cama o cebe, a Te IpoIecchl, B KO-
TOPBIX OHA YYaCTBYET M HpeodpasyeTcsA, IPEACTABJAIOT MHTEPEC B IeEp-
BYIO ouepelb. TaKume mpomecchl Ha3bIBAIOT MH(POPMAIMOHHLIMM.

B npeasiayimem naparpade Mbl o0cyauau, 4To nHGOpMAud MOXKET
MCHOJIb30BAThECA TOJIBKO TOTAA, KOrJa OHA MpeAcCTaBJieHA Kak MHGopMma-
OUOHHBIN 00BbeKkT. Hampumep, mHPoOpManmusa O TEIJIOBOM COCTOAHUU
Kaxoro-imn0o MexaHM3Ma MOMKET OTOOpaKaThbCA TEPMOMETPOM B YHC-
JoBOoM BuJAe (T.e. CHMBOJBHO), a MOXKeT m3o0paKaThbcAd caMONMCIEM
B rpadbuuyeckom BHAae. Hepeaxko npuUXoAuTCs NPeoOpPa30BLIBATH OAHY
dopMy mpeAcTaBiIeHHA MHpoOpMamuH B Apyryo. lIpomece, B KoTopom
npeobpasyerca GopMa IpeAcTasJeHUs HHboOpMaUN, TOXe OTHOCAT K MH-
dopMAaITMOHHBIM.

UndopmaumoHHbiii npouecc — 3TO NPOLECcC, B X0Ae KOTOPOro U3MeHsieT-
ca coaepxadue nHdopmaumn unu dopma ee npeacraBneHus.

R, AR

Kax BBl 3HaeTe, K OCHOBHBIM BHJAAM HWHMOPMAaAIMOHHBIX IIPOIECCOB
OTHOCATCA IMOJy4YEeHHUE, Mepeaada, XpaHeHue u o6paboTKa MHPOPMAIIHH.

IToayuenue ungoOpmMayuu — 3TO peajusanus CIOCOOHOCTH K OTpa-
JKEHMIO PA3JIMYHEIX CBOMCTB O0'HEKTOB, SBJEHHI M IPOUECCOB OKPYIKa-
OIIero Mupa. ¥ BHICIHMX JKHBOTHBIX M 4YeJOBeKa AJs IOJyYEeHHUSA
WHPOPMAIIUA HMEITCA OpPraHbkl YYBCTB, CIEIMAaJH3UDPOBaHHbIE AJA
BOCIPHATHA HNHbOpPMAIuM oOmpeAejeHHOro BHAA. UYeJOoBEeK CO3Zaja
npuGopel — MHKPOCKOII M TEJEeCKOIl, TePMOMETPbI M TaAXOMETpPHl U Ap.,
TO3BOJAIOIINE H3BJEKATh TY HMHGPODMAIMIO, KOTOpasg HEAOCTYIHA eMy
B HENOCPEACTBEHHBIX OINYIHEHUAX.

TlonyuaTs MHGOPMAUUIO YeJOBEK K JAPyrie JKUBLle OPTaHU3MEI
MOTYT, He TOJILKO Hal0Jiofas OKPYKAIOMHil MWD, HO U OOIAACh APYT
C IPYIOM, a4 TaKye M3 TeX HJM MHBIX HCTOYHMKOB HMHpopmauum. Ta-
Koe mojiyueHHue MHGOpMalUuH IIPOUCXOAHUT B pesysbraTe MHAOOPMAaIMOH-
HOT'0 Ipollecca APYroro BHAa — IIpolecca mepefayu mHbopMaluu.

ITepedana ungopmayuu Bcerga OCylleCTBASETCA 0 HEKOTOPOMY Ka-
HAJY CBA3H OT UCTOYHHKA MHpoOpMaIuy K ee npueMHuKY (puc. 1.1). Ka-
HaJl CBA3H MOXKHO YIOAOOUTH TPAHCIOPTHOMY CPEACTBY, OCYIIECTBJIAIO-
IeMYy OOCTABKY MHGpOpDMAIMM OT MCTOYHMKA K NPHUEMHHUKY. B mcTopuu
YeJI0BeYeCTBa HMMEHHO MeXaHWYeCKOoe ABMIKEHHEe AO0JIroe BpeMs OBLJIO
HeIIpeMeHHbIM YYaCTHHKOM Ipoliecca mepefauu uHbpopmaumnn. Ilourto-
Bhble KapeThl, IOUTOBLIE BATOHEI II0E3[0B, ABUANOYTA — BCE 3TO KAHAJBI
nepefauyn MHGOPMAIMM, MCIOJL3YIOINEe MEXaHUYeCKOoe ABHIKEHUE,

Opuaxo A nmepegaum uHbopManum JIOAN U3LABHA IPUMEHANN U
Apyrue ¢usuyecKue IIPOLECCH. 3BYK M CBET JABHO IOCTABJIEHBHI Y€JIO-
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MCTOYHMK Kanancesian | [pueMHuk
nHgopmauum ~ 1 wndopmauun

Puc. 1.1 Cxema nepegaum nHbopmaumm

BeKOM Ha wuHpopmManuoHHYIO cayxkby. Hexoroprle adpuxaHckKue
IJIeMeHa A0 CHX IIOp MCIOJL3YIOT clelluajibHble 6GapabGaHBI (TaMTaMBbl),
o0MeHMBasAChL COOOIIeHHUIMH CO CKOopocThio 3BykKa. Ha Pycm, rze Jeca
racAT 3BYK, OJAs Iiepefadyld CPOYHBIX COOOILIEHHII MCIIOJL30BAJICA IHIM
KocTpoB. Beabh HM OZWH TIOHell ¢ IIOTPAHMYHOM 3acTaBbl He ycmes Obl
BOBpeMsA MNpeAVIPeIUTh TIOpoxaH O Habere KOYeBHHKOB, YbM KOHH
ObIIM He MeHee OLICTPLIMH.

Ho ¢ oTkpniTHeM pagHOBOJIH, a caMoOe IJIaBHOE C H300peTeHHeM
YCTpOMCTB, CIOCOGHBEIX HX TeHepUpOoBaTh U YJIABJHBaTh, B Jejie IIepe-
mxayy MHGOpPMAIMN IIPOM3OHIJIH PEBOJIONUOHHbIE H3MeHeHUsA. Temepb
CTaJI0 BOSMOKHBIM B CUMTaHHBIE CEKYHABI NMepeAaBaTh MHGOPMAIHUIO HA
COTHM KHJIOMETPOB.

Xpanenue ungopmayuu BCceraa IpeAmojaraer Haauuue GpusuuecKo-
ro Hocureas. KaMeHb, Ha KOTOPOM IIEpBOOBITHHIM YeJIOBEKOM BEICEKA-
JVCh PHUCYHKM, IIIMHAHBLIe Tabiuuxu BaBujona, Oymara, MarHutHas
JIeHTa, ONTHYECKHil AUCK — dYeM IJIyO)ke IPOHMKAJI YeJOBEK B TailHBI
MaTepHuH, TeM Gosbliie MHPOPMALIUY €My YAABaJIOCh COXPDAHATH B €UHU-
e o6beMa ¢usmdeckoro teja. Brupouem, 6oppba 1ija He TOJBKO 3a yBe-
JUYeHNe eMKOCTH HocUTeNld HHQPOpPMAIIMM, HO M 3a HAAeXKHOCTL €€ CO-
xpaHenusa. Merognl 3amuThel nHGOpPMaNUKM BO3HUKJMN B IiIyOOKO#l gpeB-
HOCTU, a ceifuac 3To 6YpHO pasBHBAIOIIAsCSA 00/1acTh MHGDOPMATHKH.

O6pabomra (npeobpa3ogarnue) URGOpPMAYUU TOXE AOCTATOUHO
IMUPOKO MOHUMAaEeMLIM MHGOPMAITMOHHLIA mpomecc. Ilox oO6paGoTkoii
vHpoOpManK MOHMMAIOT IMOJIYUeHHe HOBOW MHGpOpMAIMM N3 YIKE HUMe-
olIelica uan npeobpasoBanue (GopMBI IpeACTaBIeHUA HHGOPMAIIUN.

JeTekTHB cobpajl YIMKHN M yKasajJ, KTO COBepIINJI MPeCcTyIJeHUeE.
MaTeMaTHK CONOCTABUJI HU3BECTHBIE €MY VTBEPKAEHMA M JOoKasaJ HO-
ByI0 Teopemy. [I. 1. MeHzesieeB Ha OCHOBe MHAPOPMAIIMH O XMMHYECKUX
CBOMCTBAX 3JIEMEHTOB cOPMYJHPOBAJ IepHMoAWYecKHil 3aKoH. Bo Bcex
9THX IIpHMepax B peayabTaTe 00paboTKM MHAODMAIMM IIOABMJIACH HO-
Basg MHQOpMANU.

O6paboTkoii mHPOPMALIMHM CIeAYeT NMPHU3HATh M BBLIUMCIEHUE CYM-
MBI JBYX YMCEJ: BeAb M3 ABYX M3BECTHHIX HAHHBLIX IIOJydaeTCs HOBOE,
&o Toro HemaBecTHoe. QO6paboTKoii mHbDOPMAIIUU ABJISETCHA, HAIPUMED,
IEePEBOJ IPEAJIOKEHHA C PYCCKOro s3blKAa HA MHOCTPAHHBIN.

Mexnay mporeccaMmu o0paboTku mHMOPMAILNM, YKA3aHHBIMHM B JBYX
MpeABIAYITHX ab3alax, CYIIeCTBYeT pasHuia. ['J1aBHOe OTJINYHE B TOM,
YTO AJIs POSBICKA IPECTYIHHKA HMJIN AOKA3aTeJbCTBa HOBOH TeOpeMEI
HET M He MOKeT OLITH YKa3aHO YKEeCTKHX MpaBHJ, KaK NOJIKHA obpala-
ThIBAThCA HcxoAHas nHGopManua. Kak rosopAT, 4eJOBEK B 3THUX CJIy-
yafax pelcrsyeT aBpucTudecku. CKiagblBasi ABa 4HCJa, Mbl YK€ PYKO-
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BOJACTBYEeMCS KECTKO YKasaHHBIMH mpaBujamMu. Taxyio paGoTy MOXKHO
NOPYYUTh T€XHUYECKOMY YCTPOMCTBY, KOTOPO€ CIIOCOOHO NOHHMMATL H
HCHOJIHATh NPEJNUCAHHYI0 eMy HMHCTPYKIHIO. YCTpOicTBa, ynpaBjse-
Mbi€ C IOMOIIBI0 MHCTPYKIIHI M BHIDOJIHSIIOIINE CBOK paboTy aBTOMA-
TUYeCKH, HA3BLIBAIOT NPOTPAMMHPYEMBIMH M TOBOPAT, YTO CBOIO pabory
OHHU HcHoNHAIT (opMansHo. B yacTHOCTH, MOXXHO TOBOPHUTBH M O (op-
ManbHON o00paboTke unudpopmanuu. HcnmoauuTennb, IPOU3IBOAAINHII
Takyl oOpaboTKY, He AOJKEH BHHKATh B CMBICJ BBINOJHAEMBIX HM
AeHcTBUi; moaToMy dopMaibHasi o6paboTka MHPOpPMAIMH, KAK IIPAaBH-
JI0, KacaeTcss usMeHeHUsA (POpMEI €€ NMPEACTABJIEHUS, a HE COAECPXKAHHUA.

OpHako, KakuM Ol HH OBLI cmocob oO0paboTkuM mHPOpMAIIMHM —
dbopMaNBLHEIM HJIM 3BPUCTHYECKHM, CYUIeCTByeT HEUYTO HJH HEeKTO,
BHITIOJHAIOIINE 3Ty 00paboTky. Ero oOBIUYHO HASHIBAIOT MCIOJIHMTEJIEM.

B napopMaTuKe M3 Bcex POPMAJILHBIX HCIIOJHHUTENeH ocoboe BHHU-
MaHHe yJelAeTcs KOMOBIOTEpPY. 9TO TeXHHYECKOe YCTPOMCTBO OBLLIO
n300peTeHo, YTOOHI B NEpBYI0 oUepedb OOJErduTh UEJIOBEKY BBINOJIHE-
HHUe BBIYHUCAUTENbHBIX paboT. PasBuTue MHPOpMATHKHM M COBepIileH-
CTBOBaHHWE TEXHHUUYECKOH 6asbl IPHUBEJO K DOHHMMAHHIO, UTO KOMIIBIOTEP
BOIIPEKU CBOEMY Ha3BAHHUIO0 — BBHIYHUCJIHUTENb — SABAAETCA YHHBepCAJb-
HBIM HHCTPYMeHTOM 00paboTku mHGOpMAaIuH.

TR

% P

BOHPOCbI M BAAAHMSI

Q Y10 Ha3bBaOT UHGOPMAUMOHHBIM NpoueccoM? HasoBUTE OCHOBHblE BUALI UHGDOP-
MaUMOHHLIX MPOLECCOB.

SEEoh e TR R Y SR S

@ Huxe nepeyncneHo HEeCKONLKO NPOUECCOB:
a) npoussoacTeo 6eH3nHa U3 HedTk;
6) naMepeHne TemnepaTtypbl BO3AYyXa;
B) NepeBoA €AVHUL, ANUHLI U3 METPOB B CaHTUMETPH!;
r) asuxeHne 3emnu Bokpyr ConHua;
Aa) dotorpaduposaHmne obpaTHOt CTOPOHbLI JlyHbt;
€) BbiNfNaBka CTanu;
X) NepeBoa TEKCTA C aHrNWINCKOro A3bika Ha PYCCKWUIA;
3) 3anUCb peleHnn MaTemMaTM4yeckol 3afnauv B TeTpaab;
1) ucnpaeneHve ownbok B COMMHEHWN;
K) npurotosneHue obepa;
n) yBennyeHne pasmepoB Tena NPU HarpeeBaHww;
M) COCTaBneHne acTponporHosa;
H) PoTOCUHTES.

Buigenute 13 nepeyvcneHHbIX NPOLECCOB MHGMOPMAUMOHHLIE U YKAXUTE, K KakoMy
BWAy OHW OTHOCATCA. PeweHnne opopmute B BUgGe Tabnuubl.

Mu(bqpuauuouuuﬁ npouecc

HeundopmaunoHHbIi
NMonyuenne Nepepava Xpanenue OBpaborka npouecc
uHdopmauum | tnbopmauuu | tHbopmaunm | nudopmaunn
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9 MpuBeanTe NpuMepb!: NONYYEHUNA, XpaHeHWA, nepeaadn u o6paboTkn uxHdopMaunn.

Q Mpuseante npuMmepbl MHPOPMAUMNOHHBIX NPOLECCOB, B KOTOPbIX U3MEHAETCA:
a) copepxaHue nHdopMaumm;
6) dopma npepcrasneHus nHpopmaumn.

6 Yenosek u3obGpen MHOro pasnuyHbix cnocobos xpaHenua uHdopmaumn. Kakue ms
HUX Bbl MOrnn 6kl Ha3BaTL?

0* Onupasicb Ha M3BEeCTHbe BaM cBefeHuna u3 6uonorun, ykaxute, kakme ¢GopMsl
npeactaBneHns nHGopMaLMN UCMONb3YIOT XNBOTHLIE 419 €€ COXpaHeHWs U nepeaa-
4n Apyrum XWBOTHLIM. MpuBeauTe Npumepbi Tex ¢GOpM, KOTOpPble He BCTpeYaloTcs
B 4ENOBEYECKOW NpakKTuKe.

7]

a) B 06baCHUTENbHOM TEKCTE YNOMUHAETCHA HECKONBLKO NPUBOPOB, U306PETEHHbIX Ye-
JIOBEKOM ANS pacluMpeHns CBOMX BO3MOXHOCTEN no nonyyeHuio uidopmaumn. Mpu-
BeauTe NpuUMeps ewe kakux-Hubyap NpubopoB, CO3AaHHLIX ANS TO Xe uenu.

6) MpuBeauTe NpUMepb! U3BNEYEHUA XUBLIMW CcyllecTBaMu uHdopmauun o6 okpy-
Xalowein cpege, KoTopbie HEeBO3MOXHbI A1 YeNOBEYECKUX OPraHOB YyBCTB.

B) Yenosek ans pacluMpeHns CBOUX BO3MOXHOCTEN MO NOMy4eHUI0 UHOPpMaun uc-
nonb3yeT He TONbKO NPUGOPLI, HO U CNOCOBHOCTM K 3TOMY XMBOTHLIX. lpuBeguTe
NPUMEepbL! Takoro UCNONL30BAHUA.

@ CyluecTByeT nereHaa O TOM, KaxK ApeBHErpevecKkuii yieHoih ApxuMmea, OTKpPLIB 3aKOH
O BLITANIKUBAIOLLEN cUNe XUAKOCTU (OH 3HAKOM Bam U3 Kypca $HU3UKKU), BOCKIUKHYN:
«3Bpukal» OT 3TOro CnoBa NPOU3OLWNN BbIPAXEHUA «3BPUCTUHECKOE pelueHue»
U «aBpucTudeckans obpaboTka uHpopmauun». BHesanHOoe O3apeHue, UHTYMTUBHOE
noHUMaHue cytu npobnembi U ee peleHne — BOT LWMPOKOE TONKOBaHWE CNOB «2B-
pucTuteckoe pelweHue». bonee yskoe ux 3HayeHWe — oTbiCKaHue pelweHus 6e3 ocy-
WecTBNEeHNA NONHOrO nepebopa BCEX BO3SMOXHLIX BapuaHTOB. AN KOHKPETHOW cu-
TyauuMu [aneko He BCeraa MOXHO TOYHO cKasaTb, MPOW3BOAWUTCA B AAHHOW cutya-
uvn dopmanbHan uUnn IBpUCTU4EcKaa obpabotka uHdopmaumn. ITO 3aBUCUT, B
4aCTHOCTW, OT 3HaHwii Toro, KTo senet o6GpaboTky mHbopmauuun. FpoccmeicTep,
HaNpuUMmep, B LENOM psige LWaxMaTHbIX CUTyauuin MoXeT AeincTBoBatb GOPManbHO,
ONUPAaNACb Ha 3HAHME LWAXMATHOW TeopuK, B TO BPEMS KakK LLIAXMATHOMY HOBMUUKY NOu-
TW HENPEPLIBHO NPUXOAUTCA PYKOBOACTBOBATLCA UHTYMUMENR.

a) B npuBedeHHbLIX HUXE NpuUMepax yKaxXuTe NpeuMMyLUEeCTBEHHbLIA, Ha Baw B3rnag,
Bua, o6pabotkn nHpopmaumm — GopmanbHbih NN IBPUCTUHECKMIA:

o peleHe MaTemMaTU4eckoi 3agauu;

e n3MepeHue Temnepatypbl y 60AbHOrO;

» ONpepeneHne ouepeaHoro Xoaa B CepeauHe WaxmaTHON napTum;

o HaxoXAeHWe 3HaueHUA GYHKUMK f(x) = x% — gin2x + In(x + 1) B Touke x = 0.

6) BcnoMHuTe CBOIO OOBIMHYIO €XEAHEeBHYI0 AeATeNbHOCTb No o6pabotke uHdopMa-
ummn. C kakum snaom o6paboTkn — ¢GopmanbHLIM UK IBPUCTUHECKUM — BaM 6onb-
Wwe NpuxoauTCA UMEeTb Aeno? PaccMOTpuUTe C TOW Xe TOuKW 3peHus Bawy y4eGHyio
DeaTenbHOCTb Ha ypokKax no pa3HbiM NpeamMetam.

Q Mpu nepepade nHPoOpmaumm kaHan CBA3N MOXET ObiTb NoABEpPXEH BO3ACUCTBUSIM,
B pe3ynbLTare KOTopbiXx nepegasaemas uHdopmaumna 6yaer uckaxeHa. Takme Bosgen-
CTBUSI HA3LIBAIOTCA NOMEXaMMW U MOfYT BO3HUKATbL B CUY TEXHUHECKUX MPUH4UH,
a UHOrApa co3[aBaThCA CNeuVanbHO C Uenbio aesuHdopmaunn.

a) MpueeanTe NpuMepbLl NOMEX, KOTOpbLIe MOFYT BO3HMKATL 8 CUiy Ppu3NHeckux oco-
6eHHOCTen TOro MKW UHOTO KaHana CBSA3W.

6) B «Cka3ke o uape Canrtade...» A.C. MywiknH onnucoiBaeT Npouecc nepenadn wH-
dopmaummn OT XeHbl uapio U 06paTHO OTNPAaBKOM rOHUA C COOTBETCTBYIOLUMMU CO-
obweHnaMn. Kakune nomexu 3Toro xaHasa CBA3W ONMCaHbLl NOITOM?
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@3 A3bIK KaK CPepcTBo coxpauenuu " nepanmm
nupopmaumnm

B §1 MBI OTMETHIIM, YTO OZHHUM K3 CIOCOOOB, ITO3BOJIAIOMIHX
duKcHpoBaThs HHPOPMAIIHIO, ABJIAETCA €e IPEeACTABJIEHNEe B CHIMBOJIBHOM
puze. CaMo mofABIEHHE CHMBOJBLHON HH(OpPMAIIMH CBA3AHO ¢ GOpMHPO-
BaHMEM uejioBeduecKoii peuu. I[IepBOGHITHBIM UYEJIOBEK KAXKIOMY HOBOMY
npeaMeTy KX SABJIEHHIO NPUAYMBIBAJI HMsA. YeM riy6ike UeJIOBEK IIO-
3HABAJI OKPYKAIOMNN MUD, TeM OoJjiblne uMeH emy TpeGoBasock. Ho ue-
JIOBEK CIOcO0eH NPOM3HOCHTL M PasjMYaTh HA CIyX He TaK YK MHOTIO
3ByKOB-(poHeM. UToOBI monyuuTs HeoOXoamMoe pasHooOpasue MMeH, OH
HavYaJa KOMOGMHHPOBATH 3BYKH IPYr C APYroM, Iojgydas cjoBa. Tax Io-
ABHUJIACH UJIEHOpAa3AeJbHAs pedb, a BIOCJEACTBHHA — MNHCHMEHHOCTB.
B mx OCHOBe JIe’KHT reHHAJNbHAA HJed KOHEYHOro ajdaBuTa, T.€. HEKO-
TOporo (MKCHPOBAHHOI'0 YIOPAZOYEHHOro Habopa 3HAKOB, M3 KOTOPOTrO
MOXKHO COCTABJATE KAK YTOAHO MHOTO .CJ0B. B mHpOpMaTHKe CJIOBOM
OPUHSTO HA3EIBATHL JIIO0YIO IMOCJIEJOBATEJHLHOCTE CHMBOJIOB 3aJaHHOTIO
andasuta. COBOKYIHOCTh CJIOB, MCIOJb3YeMBIX AJA 3amucH mHGOpMAa-
IMH B pPAMKAaX KaKou-1ub0 mpeAMeTHOM 06JacT, ¥ HA3LIBAIOT A3BIKOM.

B cBoell mpakTHKe 4eJIOBEK HC-
MoJBL3yeT caMble pasHOOGpasHEBIe
aselku. Ilpexxne Bcero sTo A3BIKH
YCTHOM ¥ mHCbMeHHON peuun. [lo-
BOJIBHO YACTO HMCIIOJIB3YIOTCH ASBIKH
pasIuYHBIX yKasaTenei. K Takmum
OTHOCHATCs, HANpHUMep, 3HAKH HO-
posxkHOro pgBHKeHHs (puc. 1.2).
Puc. 1.2 3HaKu JOPOXHOIO ABUXEHMS Kpome TOro, 4enmoBex HCIONB3YeT
—_— PAA SA3BIKOB IpPo(deCcCHOHAJIBHOTO

HasHaueHud. Cioa OTHOCATCA SA3BI-

a) y= f(x) KH MarTeMaTH4YeCKHX H XHMHYECKHX
dopmys1, o603HAUEHUA, NPUHATHIE

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

_?T_;E" BeUeCKOro OOImeHMA Taxkue A3BIKU
HA3HIBAIOT KOMMYHHKATHBHBIMM —

CMBICJI CJIOBa HEPEAKO 3aBHCHUT OT
ero OKpYKeHHud, HJIH, KaKk ro-
BOpAT, OT KOoHTeKcra. CpaBHUTe
CMEICJI CJIOBA <«COIIPOTHBJIEHHE» B
IBYX CHIEeOVIOIMHUX IIPeIJIOKeHUAX:
«ConpoTHBIeHNEe HACTYIIAIOIIEH ap-
MUH YCHUJIHJIOCh» ¥ «IJJIEKTpHYec-
Kafd ILelb MMeeT COIPOTHUBIEHUE
Puc. 1.3 Mpumepsl ¢ppas A3bIKOB BeauuuHOM 1 Om». B mepBom ciy-
martematuku (a), xumum (6), Yae COIPOTHUBJIEHHE — 3TO BECHBMA
3NEKTPOHUKK (B) obmiee u, OBITH MOXKET, BeCbMa pas-
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HOPOZHOE BO37elHCTBHE Ha MPOTHMBHUKA, BO BTOPOM CJIyYae COIPOTHUBJIE-
HHe -— 3TO yKasaHue Ha (HU3MUYecKoe CBOMCTBO 3JEKTPUUECKOM IEIH.

HNMeHHO HEOHO3HAYHOCTE CMEICJIA CJIOBA, €T0 3aBUCHUMOCTH OT KOH-
TEeKCTa II03BOJISIET IHCATENSM CO3[LAaBATh XYHAOKECTBEHHLIE IIIENEBPLI.
OHa HOpOKZaeT accolMalluM, BO3JEeMCTBYEeT HA DMOIMKM YWUTATENd,
TMO3BOJIAET KOHTEKCTHBIMM CBSA3SIMH CO3JABATH ILEJOCTHYIO KAPTUHY U3
MO3aHMKHU OTHAEJbHBIX CJIOB.

Ho Taxkas HeoZHO3HAYHOCTH CMEBICJIA HE TOTUTCHA, KOrga HeoOXomu-
MO ONMCAaTh KaKoe-Ju00 ABJEHHE B HAYUHBLIX IeJAX. B aToM ciyuae 3a
Ka’KABIM CJIOBOM 3aKpeIlIAeTcs OJHO CMLICJIOBOe 3HadeHue. IIporecc
3aKpeIlIEHNsI 3a CJIOBOM OJHOIO CMEICJIA HasbIBaeTcsa dropMajiH3amHeii.
A A3BIK, B KOTOPOM KasKI0€ CJIOBO MMeeT €IHHCTBEHHOe 3HaueHue, Ha-
3pIBaeTca (opMaau3oBaHHBIM. fI3BIK J11000# HayKM ABaAeTcs dopMa-
JU30BaHHBIM.

Bompockl coOTHECEHHUs CJIOBY €ro 3HAYeHWs U CMBICJIA COCTABJIANOT
CEeMaHTHKY s3bIKa. OMHAKO, KpOoMe IMPoGJIeMbl COOTHECEHUS CJOBY TOTO
WJIM WHOTO 3HaYeHUsA, eCTh ellle mpobseMa o6pa3soBaHMA CaMUX CJIOB —
CHHTAKCHC A3BIKA.

Co BpeMeHeEM JIIOAH OGHAPYIKHUJIIH, YTO OLIBAIOT MHOXKECTBA, COAEp-
JKamue 0eCKOHeYHO MHOTO 2JIEMEHTOB, HAIIpUMEP MHOMKECTBO HATY-
panbHBIX uuces. KakaoMy ajeMeHTY HYXKHO COIIOCTABUTL 0003HAYAl0-
tee ero cjgoBo. Ho 6eCKOHEYHBIN CIIMCOK CJIOB He COCTABHUIIb, HYXKHO
NMpUAYyMAaTh YTO-TO MHOe. Bmpouem, M AJs KOHEUHOrO, HO JOCTATOYHO
6OJIBIIIOT0 MHOKECTBA MMEHOBAHHME KaXKIOTO OOBEKTA MOMKET OKAa3aTh-
cd HempocTo#l 3anmauveit (K mpuMepy, o0pasoBaHMe Ha3BaHU opraHuYec-
KX COEVWHEHMN B XMMWH). PellleHNe BO3HHKAIOIIEH 3AeCh HPOOJeMbI
ObLJI0O HAWAEHO JIIOABMM AABHO: MOXKHO 3a4aTh IpaBWJa 00pa3soBaHUA
cioB. B ABHOM BuAe 3Ty MBICJb IIEPBLIM BEBICKa3aJ, IIO-BHAMMOMY,
ApxuMen B cBoeM TpakTaTe «HcumcieHue mecka». B HeM oH M30KKI
CHCTEMY MMEHOBAHUSA KAKHUX YrogHO OOJILIINX HATYPAJIBHBIX YMCEJI.

Penrenne npob6seMbl HIMEHOBAHUS 2JIEMEHTOB 0eCKOHEUHOTO MHOXKe-
CTBa MBI KaK pas M IPOMJLIIOCTPUPYEM Ha XOPOILIO 3HAKOMOM BaM MHO-
JKecTBe HaTypanbHBIX uuces. Hecars mudp 0, 1, 2, ..., 9 — aro an-
daBuT, U KakAoe HATypaJIbHOE UHCJIO 0003HAYAETCA CJIOBOM, 3alIMCaH-
HBIM 3HaKaMH 3TOro ajdaBuTa. 3alHCh MEePBBIX AEBATH HATYPAILHBIX
YypceJl — 9TO CaMM 3HAKM JaHHOro andasura. 3aluch BCEX IIOCIEAYIO-
X YHCeJ MOJydYaeTcss MO e€AWHOMY (XOpOIII0 M3BEeCTHOMY) IIpaBHJY.
Bor omo.

IIycrp A unciia n y)Ke MMeeTCA 3amMKUCh YKA3aHHBIMM IuMpPaMMH.
Ecnu nocnenusa nudpa oranuyHa oT 9, TO AJA MOJMYUYEHUS 3IAINCH CJle-
aywollero uuciaa n + 1 Hy»XKHO 3Ty mocienHion nudpy 3aMeHHUTH cle-
aywieit mo andaBuUTy, a Bce Apyrue mudpsl OCTABUTL 6e3 M3MeHEeHHUs.
Ecau xe mocienueit mudpoi uucaa n aBasgeTca 9, TO OHA 3aMeHAETCS
Ha 0, n ecsin B crapirnx paspsagax mudpsl OTCYTCTBYIOT, TO Mepel 3TUM
0 muimerca 1, B MPOTMBHOM cJIyuyae IO V)K€ OIMMCAHHOMY NpPaBUJY Me-
HAOTCA nudpH B 60oJiee CTAPIIUX paspamax.

IIpaBunaa, corsacHO KOTOPHIM M3 3HAKOB ajibaBuTa obpasyioTcs
CJI0Ba MAHHOIO s3BIKA, HA3BIBAIOTCA IpaMMATHKOM 5TOro sanika. Tak
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4YTO OPUBEAEHHOE BBILIe HPABHJIO — 3TO paMMAaTHKa AEeCATHYHOH HY-
Mepanun. fASBIK JeCATHYHON HyMepaImH — 35T0 MHOKECTBO 3amucel
BCEX HATYPAaJbHBIX 4YHceJ. UTOOH 3amMCHIBATH YMCJIOBYIO HH(}pOpMa-
IIAI0, BHIPAKAeMylo Apo0aAMH, aadaBUT MPUXOAUTCA PACWIAPHUTD, L0o0a-
BUB B HEro 3HAK APOOHOH YepTHI HWJIH NECATHYHON samATo# (MHOrZa
BMECTO 3alATON HCHOJb3yeTcA TO4YKa). COOTBETCTBYIOIIUMM 06pasoM Mo-
Indunupyerca U rpaMMaTHKa A3BLIKA.

Bo3HMKHOBEHNE HEKOTOPHIX ajihpaBHTOB OBLIO IPOAUKTOBAHO HEOO-
XOZNMOCTBIO IPUABJIEYEHHSA TEXHUUYECKHX CPeJICTB AJsa Iepeiadyd HHEPOP-
manui. OZHUM M3 IPUMEPOB TaKoro ajpaBura aBiasercda azbyka Mop-
3e, H300peTeHHAA IJA Hepefauu TejerpadHuIX cooOmieHHi. B Hell KaxK-
OB 3HAK OOBIYHOrO andaBUTA KOOZUPYeTCA HAOOPOM TOYeK M Tupe (4To
COOTBETCTBYET Ilepefadye KOPOTKHMX M AJHHHBIX 3JEKTPOMarHHUTHBIX
uMnyiascoB). Hanpumep, B pycckoil Bepcum azbyxu Mopase 6yKBa «A»
KOAUPYeTCA codeTaHueM ® —, OykBa «C» — codyeTaHHEeM e e e U T. 1.

HcnonpzoBanue ajndaBuTa, COCTOAIIEr0 M3 ABYX CHMBOJIOB, OKasa-
JIOCh C TeXHHYECKOH TOUKHM 3peHHA Haubojee yaobHEIM. Hasunume ToKa
MJH €ro OTCYTCTBHE, Ha/JIMYME HAMArHWYEHHOCTH HJH €€ OTCYTCTBHE,
HaJu4yHe CBETA HJIH €ro OTCYTCTBHE — JBa XOPOIIO Pa3JIMYUMBIX CO-
CTOAHUA KOAMPYIOT ABA CHMBOJIa ajidaBuTa. MHE B JajbHeinieM oOBIY-
HO Oy#eM CYHTaTbh, YTO ABYXCHMBOJBLHEIHA ajidbaBuT cocronT M3 0 m 1.
B npoTruBHOM cjIyuyae COCTaB XBYXCHMBOJIBHOTO ajipaBuTa GyAeT Orosa-
PHBaThCA CIIEIIHAJILHO.

BONPOCH! U 3ANAHMS

0 B uem 3akniovaetca npouecc ¢opmanusaumm A3bika?

e Y10 HasbiBalOT rpamMMaTuKoOn Asbika?

6 JaHbt cnosa: kaptodens, kaba4ok, MOpPKOBb, KapaHgal, Karnycra. YKaxure, Kakoe v3
3TUX CNOB NULIHEE, €CNN PyKOBOACTBOBATLCS:
a) ceMaHTU4YeckuM noaxoaoM; 6) CUHTakCU4eckum NOAxoaAoM.

Q Ana KaXxpon 3annucy U3 NPUBEAEHHBIX HUXKE YKaXUTE, Ha KakOM fA3bike OHa caena-

Ha — KOMMYHWUKATMBHOM unu dopmManusoBaHHOM. onbiTakTeCb onpeaenvTb 06-
nacTtb NPUMEHeHNA KaXxnoro n3 NcnoNb3OBaAHHLIX A3LIKOB:

a) Bbixoxy oauH A Ha aopory. X) CH

6) To be or not to be.

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

r) Canana kanywa no Hanywke n ysasuna 6GyTaeky,

v sonmt: «Kanywara, xanywaroqku! ByTtaskal» HC CH

) (a+ b)® = a% + 2ab + b2

e) F = ma. CH

3) PRINT X.

n)* KonuuecTso BelLeCTBa, BLISSNAIOWEroCA HAa SNEKTPOAAX, NPAMO NPONOPUMO-
HaIbHO KOMWUYECTBY SNEKTPUYECTBA, NPOXOAALLEro Yepes3 3NeKTPONUT.

K)* EChM x; U x, — KOPHu ypasHeHua xZ + px +g=10, TO x; + x, = —p
H XX, = (.
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6* B 6GonbluMHCTBE A3LIKOB CnoBa — MNOCNEAO0BATENbLHOCTU 3HAKOB (CfieBa HaNpaso,
cnpaBa Haneso, cBepxy BHU3). N B uHpOpmaTtuke CnoBo — 3TO TOXE nocnenosa-
TENbHOCTb CUMBONOB andasBwuta, 3anucaHHas NO €BPONECKON Tpaguuuu cnesa
Hanpaeo. OgHaAKO B HEKOTOPLIX A3bIKaX UCNONL3YETCA NNaHapHOE WAU aaxe npo-
CTPaHCTBEHHOE pacnonoxeHue angaBuTHbIX 3HakoB. Bcem nasecTHbili npumep nna-
HApHOrO PacnNONOXEHUA 3HAaKOB — 3anNUCb MENOAUU HOTaMU: CaM HOTHLIW 3HaK He-
ceT uHpopMaumio TOMBKO O ANUTENbHOCTU 3BY4aHUA HOTbI, & €ro pPacnonoXxeHue
Ha HOTHOM CcTaHe — nHpOpPMaLMIo O BbicOoTE 3ByKa. lpuBeauTe ewe NpuMepsb nNna-
HapPHbIX A3bIKOB, UCMNONIb3YEMbIX 4ENIOBEKOM.

0] YumsepcansHocTh ABOMUHOTO KOAMPOBAHKS

B mpeamayuiem nmaparpage MBI OTMETHJIH, UTO C TeXHHYECKOM
TOYKH 3peHHA yno0HO MMeThb nejio ¢ HHbopmauuell, 3aKOAWPOBAHHOMN
CHMBOJIaMH JABOMYHOro ajadaBura. KOMIObIOTEp KaK TEeXHHYECKOE YCT-
poiicTBo oOpabaTeiBaeT HMHGOPMAIHIO, TOMKE 3aIllMCAHHYIO B ABOMYHOM
andaBuTre. O6cyauM, KaK Ke OCHOBHHIE BHALI WHPODMAMK — CHM-
BOJIbHAS, BUSyaJIbHAfA M 3BYKOBaA — MOTYT OBITH 3aIHCAHBI BCETO
JIUIIb ABYMS CHMBOJIAMH.

ITIpome Bcero mesno o6cTOUT ¢ CHMBOJBLHOM mHOMOpManneii. Oua yxe
NpeACTABJIEHA SaIHNCLI0 B HEKOTOpPOM aydaBuTe. IIoaTOMy AOCTATOYHO
KaKIBIA CHMBOJI 3TOro ajdaBHTa 3aKOAUPOBATL HEKOTODHIM CJIOBOM B
ABYXCHUMBOJBHOM ajdasure. CioB, COCTOAIMX M3 OFHOTO CHMBOJIA Ta-
Koro ajudaBuTa, TOJBKO 2. JIBYXCHMMBOJBLHBIX CJIOB y:Ke 4 — 3to 00,
01, 10 u 11. Ecau paccMaTpHUBATEL IIOCJHEHOBATENLHOCTHL M3 UETHIPEX
CHMBOJIOB, TO 3TOT0 JOCTATOYHO AJia 3anucH 16 caoB. B jaTmHCKOM
ajpaBuTe 26 6yKB, a TATUCHMBOJIBHBIX cJIoB M3 0 u 1 — 32, T.e. moc-
TATOYHO, YTOOH KaXJ0H OyKBe JATHHCKOro ajdaBHTa IIPUCBOUTL CBOii
NATA3HAYHBIA KOJA.

Ho Bear OYKBBI GBHIBAIOT HE TOJBKO CTPOUYHBIE, HO M IIPOIHCHEIE.
Yro6sl MX pasanuyaTh, TpeGyeTcA MOIOJHUTEJBHBIA CHMBOJ B KOJAE.
A Beap ecTh eie NHGpPH, 3HAKH NPEeOINHAHHUA M apUPMEeTHUYECKHX
AelicTBHH, cnenmaJibHBEIe 3HAKK (Hampumep, %, N) M, KOHEUHO, 0C0OGO
NOIIYJAPHBI BO BCeX TEKCTAX CHMBOJ «IIpo6Gey».

CioB M3 ceMH CMMBOJIOB XBaTaeT IJIA TOr0, YTOOLI 3aKOAMPOBATH CO-
o0IleHna He TOJIBKO HA AHIVIMACKOM, HO M Ha XOpOIIEeM PYCCKOM fA3HI-
Ke. AmenHo TakoB oreuectBerHblil Kog KOU-7. Cokpammenne KOHU po-
AWJIOCH M3 MEPBEIX OYKB CJIOBOCOYETAHHA «KOA o0MeHa MHpOpMaImei».

Yro6bl HE YHOTPEOJIATH AJIUHHBIA O0G0POT «IIOCIEAOBATEJIBHOCTD M3
CTOJILKMX-TO 3HAKOB, KayKABLIN M3 KOTOPHIX HYJIb HJIM €IUHUIA», JIOTH
AOTOBODHMJINCH IIOABJIEHNE OJHOrO TAKOrO SHAKA B IOCJIEAOBATEJLHOCTH
HassIBaThb OmTOoM (OT aHrauiickoro Blnary digiT — asonunaa mudpa).
Tenepp MOXKHO cKas3aTh, uTo KONU-7 — 3T0 cemubummuoe KoaupoBaHMe
PYCCKOASLIYHBLIX COOOII[eHMIA.

B OGOJBIIMHCTBE IEPBEHIX KOMIIBIOTEPOB HCIIOJIB30BAJICA CEeMHOHT-
Heli xox. OgHaKo ¢ pa3sBHTHEM TeXHHKH 3TO CTajJO0 HeyAoGHO. HoBHIi
KOA OBLJI y:Xe BOCBMHUOMTHBLIM M OCHOBBHIBAJICA HA aMEPHKAHCKOM CTAaH-
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AapTHoM Koje wuHbopmanuonuoro obémema (ASCII — American
Standard Code for Information Interchange).

ITocienoBaTeIbHOCTE BOCBMH OHTOB AOTOBOPHUJIMNCH HA3BIBATH CJIO-
BoM Oailir. Ho u oxuH GaliT oKa)keTcsi MaJj, ecau TpebyeTcs OIEHHUTH,
CKOJIBKO MecCcTa B IIaMATH KOMIIBIOTEpA 3aHHMAET, CKaeM, AECATOK
cTpaHUI TeKkcra. IlosToMy OBLIN BBeJAeHBI 00Jiee KPYNHbIE €AMHUIBI —
Kuao6air (o0osnauenne Koaiit), meraGaiir (Mo6aiit), ruraGair (I'6aiit),
repabair (T6aiiT) u T. . COOTHOLIEHNA MEKAY HUMHM TaKOBBI:

1 Ko6aiit = 1024 6aiiT;

1 M6aiit = 1024 Ko6aiir;
1 I'baiir = 1024 Mo6aiiT;
1 To6aiit = 1024 I'Gaiit.

KoHeuHO, B COBPeMEHHOM MHpE, ONYTAHHOM KOMIIBIOTEPHBIMHU
CeTdaMH, JaXke BOCBMHUOHTHOTO KOAMPOBAHHA HENOCTATOUYHO: €CTh Je
apabckuii andaBuT, ABa ANOHCKUX, XMHAN, MATEMATHYECKASA CHMBOJIH-
Ka u T.nA. IlosTroMy ORI BBeJEH HOBBIN CTAHAAPT CUMBOJBLHOTO KOIM-
poBanuss — UNICODE, rae rkaXAplii cHMBOJI KOZUPYETCA YiKe ABYMSHA
OaiiTtamm.

W3 pacckasaHHOTO fICHO, YTO KOMIBIOTEP OKA3aJICA XOPOIIO NpH-
CIIOCOOJIEHHBIM JJiA 0O0paboTKHM CHMBOJBHOM MHbDOpMAIMM, IIPH 3TOM
HEeBAYKHO, TEKCTOBAasA OHa MAM YHucjoBasg. OZHAKO IIOCMOTPHM Ha IIpPO-
Ilecc MOJIyUY€HUS UM BOCOPHUATHS MHPOPMAIMH C APYroil TOYKHM 3peHHA.
B TeKkcTe uesIOBEeK MOMET He 3aMETHUTL HENPABUJIBHO YIOTPEOJIEeHHYIO
OykBy (KTO M3 Bac He Jejan HOAOOHBIX OIIMGOK!), HO, KaK IpaBuio,
pearupyeT Ha MeJb4YaMIline H3MeHEHHS BHIANMOM eMy KapTuHKH. He
CIy4YaliHO Ha HEKOTODBHIX 0CO00 OMacHHRIX IMPOM3BOACTBAX MJIA OIEPATO-
POB BHIBOJAT Ha 9KpaH He TOJBKO IMOKAazaHMUs AATYMKOB, HO M Hu3olpa-
SKeHHe YeJIOBeHYeCKOro JHIla, KOTOpoe TaK MJM HHade oToOparkaer,
B KAaKOU CTeIeHM HOPMAaJILHO IIPOTEKAET NPOHU3BOACTBEHHBIN IIpoliecc.
OnepaTrop HaMHOro GhICTpee pearupyeT Ha M3MeHeHHe JHIla, YeM Ha
0e3IMKHe NTOKA3aHUA NATUUKOB.

CoBpeMeHHBI# KOMNOBIOTED IIOKA OCTAETCA YCTPOMCTBOM, 00pabaThi-
BAOLIMM JHINb NHAOOPMAIUIO, 3aKOAMPOBAHHYIO JBOMYHBIM KOJOM.
IlosTromy u BuaeomH(poOpMaIMi0 HaJA0 MPEACTABUTHL B ABOHYHO 3aKOHH-
poBannoM Buze. IlocTymaioT Tak.

Ilycts peun maer o uepHo-6Gesrom pucyHke. IIpeacraBum ero msob-
Pa’KeHHBIM Ha IPAMOYroJbHOM JHucTe Oymaru (puc. 1.4, a). Paso6n-
eM 3TOT JUCT Ha KBaJAPAaTHUKH C AOCTATOYHO MAaJIeHBKOH CTOpDOHOI
(puc. 1.4, 6). A Temeph Npo KaXAbIi KBaJApPATHK MBI MOJKEM cKa-
3aTh, €CThb B HeM KaKafA-TO 4YacTh DHCYHKa WJIM HeT. B mepBoM ciay-
Yae IIpUCBAaMBaeM KBaJpaTHKy Kod 1, Bo Bropom — Kox 0. IIpoGeras
o BceM KBaJpaTHKaM, HampHUMep, CJeBa HAIpaBO M 3aTeM IIePEXO-
IS IO CTPOKaM CBEpPXY BHHM3, MBI IOJIyYaeM ABOMYHBIN KOJX pPHCYHKA
(puc. 1.4, 8). BoccraHOoBJeHNe PUCYHKA, T.e€. AeKOAUPOBAHME, IIOKAa-
3aHO Ha pucyHKe 1.4, 2.

KoHeuHO, pe3yJbTaT JeKOZUPOBAHUS IIOUTH HABEPHAKA HE COBIIAJET
C UCXOJHBIM pHUCYHKOM. Ho mJis Toro Mul M BHIOMpanHM pasmepbl KBaApa-
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Puc. 1.4 Cxema KOOMpPOBaHUA PUCYHKA ONA 3anvcu ero B NaMATK KOMMbioTepa

THKOB JOCTATOYHO MAaJIEHbKHMMH, YTOOBI MCKayKeHUsA ObLIM He3HAYHNTEIb-
HeiMu. KpoMe Toro, Kax BbI 3HaeTe M3 OHOJIOTHM M (QM3MKH, M UYeJOBe-
YeCKHH rias, U J000il APYyroi ONTHYECKWH mpuOOpP MMeeT OrpaHWYeH-
HYI0 paspelnamlnyil CIOCOOHOCTH B BOCIPHATHH H300paskeHHs, T.e. Ie-
pecTaeTr pasjindaTh COCEJHHE YVUACTKH KAK PasMYHbIE, €CJIM UX PasMepsl
MEHBIIE HEKOTOPOM BeJMYMHBI. B 3TOM CciIydyae OTAENbHBIE KBAJAPATHKH
B BOCIIPUATHH UYeJOBEeKa OIATH CAHMBAIOTCA B HEIpepBIBHOE IIeJioe.

A xax O6bITH, ecnu TpebyeTcss 3aKOAMPOBATH IBETHOM PHUCYHOK?
Beap TaM [y ONMHMCAHWsA I[BeTa KBaJpaTHKa ABOMYHBIM KOAMPOBaHHEM
He ofoiiTuck. W 3pecs mpupoja CHOBA MOACKA3LIBAET pPEIIEHUE.

Xopomo H3BEeCTHO, 4YTO JIO00H IIBET MOXKeT OBITH IOJYYEeH Kak
CMeCch TpPeX OCHOBHBIX IIBETOB — KPACHOI'O, CHHero u sejenoro. M3 Tab-
aunsl 1.1 BBEI JIErKO OmpefenuTe, KaKue IOJYyJYaloTCH I[BeTa IIPH TaKOM
CMEIINBaHUM; B Heil 1 o3Hauaer HajJu4due AAaHHOro nsera, 0 — ero or-
CyTCTBHE.

Tabnuya 1.1

i‘ Kpacﬁ;au‘i Cuuuﬁm ﬁenauuﬁ } _I.I.Ber _g
0 0 0 ! Yeprui g

0 i 0 1 : 3eneHbilit f
E 0 1 0 E CuHuiA 5
1 0 0 i KpacHblii g
fo0 1 1 - BupIo30BLIii
! 1 i 0 1 XKentoiid <
1 1 0 . uoneTosbiit :
1 1 1 f Benbiii :

3Zeck MBI MMeeM TOJBKO ABe rpazanuu spxoctu — 1 wam 0. Ho

OBET MOXET HMeTh Pa3HYIO CTelleHb APKOCTH; Torga IOABHTCA H COOT-
BETCTBYIOIH,Hﬁ OTTEHOK IIoJIy4aeMOr'o IBeTa.
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Hrak, ecam y HaC TOJBKO ABe rpajallii APKOCTH, KOAMpyeMEIEe
0 u 1, To MBI MOXXeM HOJYYHUTH BCero JUHIL 8 pasiIUYHLBIX IIBETOB.

A ecam rpaganmii JJid KayXAOro OCHOBHOIO mBeTa Oyjaer, Hampumep, 64,
TO HETPYAHO NOACUYMTATHL, UTO PA3JHYHEIX I[BETOB IIOJYYHTCH

643 = 262 144.

Yncao 64 ynobHO TeM, YTO OHO ABJSETCA CTEMEHBIO YHcJaa 2, a MMEH-
HO IIIECTO# CTeNeHbI0, MO3TOMY YKa3aHHOe YHCJO rpajamuil Kogupyer-
cA IMIeCTUOMTOBHIMU IIOCJIEAOBATEJILHOCTAMM, H, 3HAYHUT, OJIA KOGUPOBa-
Hua 262 144 useroB morpebyerca 18 Gur.

B orauume oT rpadmyeckoii mHpoOpManuyM, KOZHUPOBaHMe 3BYKa
OKa3aJioch AOBOJBHO-TaKM HpPocThHIM. C XIX Beka HM3BeCTHHI yCTpPOM-
CTBa, KOTODLIE YJIABJIMBAIOT 3BYKOBHIE BOJIHHI M IIpeobpasylioT HX
B JJIEKTPHYECKHH TOK. YCTDPOMCTBA 3THM HA3LIBAIOTCA MHKPOMDOHAMM.
TouHO TakKOl Ke HenpPepPHIBHHIH, MO-ZPYroMYy aHAJOrOBBI, CUTrHAJ IIO-
BAaeTcs M B 3BYKOBHIE YCHJIMTEJH, a 3aTeM Ha AUHAMHKH — JOJIs BOC-
NpoOM3BeAeHNs 3BYKa. 3ajadya COCTOUT B TOM, YTOGHI MPHUAYMATh CIOCO0
KOAWPOBAaHHUSA C IOMOLILI0O YHMCEJ aHAJOTOBOrO CHrHAaJIa, HAIPHUMED
n300pakeHHOro Ha pHUCyHKe 1.5.

JJigd 3TOro AOCTATOYHO HECKOJBKO pa3 (HeCKOJbBKO HAeCATKOB, CO-
T€H, THICAY pas3) B CEeKYHAY HU3MEPATH BEJIMUYMHY AHAJIOTOBOTO CHI'HAJIA
M KOZupoBaTh ee. MaKTHUeCKN MBI Pa3bMBaeM ILJIOCKOCTb BEDPTHKAJb-
HBEIMH ¥ TI'OPH30HTAJbLHBIMHM JHHHUAMHU H NPHUGJINKEHHO CYHUTAEM, YTO
rpadMK OPOXOAUT B TOYHOCTH 4Yepe3 y3Jbl IOJIYUHMBIIEHCA CETKH, 3a-
MeHAA IJIABHYIO JIMHHIO JoMaHOH (puc. 1.6).

PasbueHne BepTHKAJNLHBIMHM JUHUSAMM HaA3LEIBAETCH AHCKpPEeTH3alM-
eli (IO BpeMeHHM) aHAJIOrOBOT0 CHTHAJIA M XapaKTepPHU3yeTCA YaCTOTOM
auckperusauuu. JJiA peanbHOro mpomecca 3TO 03HAUAET, KAK YACTO MEI
H3MepsaeM BeJIMYMHY aHAaJIOTOBOrO CHTHAJA.

OOBLIYHO /I KOAMPOBAHNS 3BYKA BHIOMPAIOT OGHY M3 TpPeX YaCTOT —
44,1 KT'u, 22,05 KT nau 11,025 KI'u. Ilepsas M3 3THX 4acTOT COOT-
BETCTBYET MY3LIKE, 3aIIMCHLIBA€MOH OOBIYHO Ha KOMIAKT-ZMCK. BeJnumHa
aHAJIOrOBOI'0 CHUrHaJIa M3Mepsercsa B 3ToM ciayuae 44 100 pas B cexkyH-
ny. EcTecTBeHHO, YTO B ¢JIy4ae CTEPEO3BYYAHUS OTAEJLHO KOAUPYETCH
JIeBBHId M mpaBHIM kKaHaJ. BosBpamaschk K pPHUCYHKY 1.6, MOXHO CcKa-
3aTh, UYTO PACCTOAHNE MEKAY BEDTHKAJbLHBLIMHU JUHHUAMU COOTBETCTBYET

JoJie CEKYHAERI.

44100
U Uk
\ Y/
\’\/\ A
t t
Puc. 1.5 N3ob6paxeHue aHanorosoro Puc. 1.6 Ounudposka aHanorosoro

curHana B suae rpaguka curHana
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BaxHO M pasfuHeHHe TOpPH3OHTAJBHBIMH JUHHMAMH. YeM MeJbue
CeTKa, TeM KadeCTBeHHee MBI NPHOJIH3HUM pesyJbTAT KOZHUPOBAHHUA
K aHAJIOTOBOMY CHUTHaJly. 'Opu3oHTaNIbHasA pa3OHBKa HA3LIBAETCS KBaH-
ToOBaHHEeM (II0 YPOBHIO).

OO0BIYHO TPHUMEHAETCA BCEeTO ABa ero Tuma — 8-6uTHOoe mam 16-6ut-
Hoe. B mepBoM ciyuae MBI mosiydaeM 256 pasjHYHBIX 3HAYEHHWH HaIIpsA-
JKEeHUs, BO BTOPOM — YyJKe HM3BecTHEIe BaM 65 536 snauenwmii. UHEIMH
CJIOBAMH, MHTEPBAJI OT HYJIEBOTO OO MaKCHMAJBLHOIO HaNpAKeHHA pas-
ouBaerca aubo Ha 256, nub6o Ha 65 536 ypoBHeii.

8-6uTHOEe KBAHTOBaHHE YaCTO NMPHMMEHSETCA NI OLUMDPOBKH OOBIU-
HOHM peuH (B 4acCTHOCTH, Tened)OHHOTO PasroBOpa) M paauomepezady Ha
KOpPOTKUX BoJHax; 16-6uTHoe — anA ounuMPOBKH MY3BIKH M YKB-
paauonepenad.

3aMeTuM, 4YTO npeolGpa3soBaHMe aHAJOrOBOTO CHTHAaJIa B IUQpPOBOIt
dopMaT Bcerga COIPAMKEHO ¢ HEKOTOPHIM HMCKAaXeHHeM HCXOAHOTO CHTI-
Hajia. VIMEHHO MOSTOMY HEKOTOpHIe IIEHHTEJH MY3BIKH OO CHX IIOp
OpeAnoYNTAIOT KOMIaKT-ZUCKaM no0peie cTapeie ILIACTHHKH.

ITogcunTaeM, CKOJBKO OyAeT 3aHEMATL B KHJI0OaiiTax OogHA MHHY-
Ta 3allUCH Ha MY3BIKaJbHOM KoMHOaKT-aucke. Ilpm 16-6uTHOM Kozm-
POBaHHM cHTHaja IoTpebyerca 2 OaiiTa Ha 3amuch 3HAYEHUA HAIIPAXKe-
HudA. IlockoapKy curHays Mepsaerca 44 100 pas B cekyHzy, norpeGyerca
2 X 44100 = 88 200 GaiiT KaykAyI0 CEeKYHAY UM mpuMepHo 86,1 K6aii-
Ta. 3a MHHYTY 3TO cocTaBHT 86,1 X 60 = 5166 KbOaiiTr nan mpuMepHO
5,05 Mb6aiit. IlocKOMBKY CHTHaJ cTepeod@OHHUYECKHH, 3TO 3HaAUYeHHUe
HY'KHO YMHOXHUTE Ha 2. IIpoBeasa emie HECKOJNBKO AHAJOTHMYHBIX BEI-
YyuCJeHuH, moayuuM Tabauny 1.2, B KOTOpoil yKasaHo, Kakoil ob6meMm
6yZeT 3aHHMATL 3aKOZHPOBaHHAA TAKMM O0pasoM OJHA MHHYTA 3BYKO-
BOiI mHboOpManun.

Tabnnya 1.2
Tun curHana
YacroTa 16 6uT, crtepeo 16 6UT, MOHO 8 6uUT, MOHO
ANCKpeTn3auuu
44,1 Ky, 10,1 Méa#iT 5,05 Mb6aiT 2,52 Mbait
22,05 Ky, 5,05 Mb6aiT 2,52 MbanT 1,26 MbGawnt
11,025 Ky, 2,52 MbaiT 1,26 MbaiiT 630 K6aur

06BeM, obecrieunBalOmuii caMoe BEICOKOE€ KAYeCTBO, COOTBETCTBYIO-
miee 3alMCH Ha MYS3HIKAJbHOM KOMMOAKT-AUCKE, BBHIAEJEH JXKHPHBIM
mpudrTom. O6beM, JOCTATOYHHEIA AJIA 3anucH TeJedOHHOrO pasrosopa,
BBIZeJICH KYPCHBOM. B 4acTHOCTH, MMEHHO TaKoil o0'beM IIaMATH Tpe-
6yeTca AaBTOOTBETUYHKY, IIPOTPAMMHO YCTAHOBJEHHOMY Ha BalleM
KOMIBIOTEpE, OJIA 3allMCH BXOAAIIUX 3BOHKOB IpaAMO B daii.

OrpoMHLI#i pasMep moaydaeMbIX (ailioB AOCTATOYHO LOJTOe BpeMs
OBl Cepbe3HBIM IIPENATCTBHUEM AJA MEPECHIIKH MY3BIKH IIO 3JIEKTPOH-
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HO# mouTe ¥ pasMemieHus ee B MHTepHere. I[loaToMy GBLIO Ipensoxe-
HO HECKOJIBKO CcIIOocO00B UX yMmeHbIneHusi. Tak, GONbIIUHCTBO JIOIeH He
CIBIIIAT OYeHb BBICOKHE 3BYKH, U WHMOpMamued 0 TAKMX 3BYKaX BIOJ-
He MOKHO IOKepTBOBaTh. KpoMe TOro, 4elOBeK BOCIPHHMMAET 3BYKH
¢ 9hdeKTOM «IIOCIe3BYy4YaHHUS», T.e. JayKe IIOCJie NMpeKpanjeHhs I'POM-
KOro 3ByKa OH Kak Obl ciaernmur ero. Crano ObITH, HAYANO THXUX 3BY-
KOBBIX (hparMeHTOB, CJEAYIOIIMX 38 IDOMKHMH, TOXKE€ MOMHO HCKJIO-
4uTh. M TaKHX CHUTyanHil AOBOJIBLHO MHOTO.

CrnemoBaTenbHO, 3HAS 3AKOHBI BOCIPHUATHSA 3BYKA YEJOBEKOM, MOK-
HO ciacamb WHGOPMAIWIO, YMEHBIIHB pasmMep (daiiia ¢ My3bIKaJIbHOM
nHbDoOpManmueil B HECKOJILKO pa3. KoHeuHO, KadyecTBO MY3bLIKH IIOCJE Ta-
KOIl omepanuy yXYAIIUTCS, HO, BO-IIEPBBIX, AJA OOJBITHHCTBA JIOAEH
aTo OyZeT DpaKTHYeCKW HE3aMEeTHO, BO-BTODHIX, 3a4acTyiO0 3TO eIUH-
CTBEHHBIH croco0 mepefaBaTh Takue (haijiel 10 KOMOBIOTEDPHBIM CETAM,
a B-TPeTBHX, BOBCE HE BCE PABHO, CKOJBKO MY3BIKH MOYKXHO Pa3MeCTHTh
B IaMATH MY3BIKAJIBHOTO IIJIeepa — Ha OAWH 4Yac WJIX Ha gecaTh! Pa-
AU TAKOTO MOJYKHO COTJIACHTBHCSI M HA HEKOTOpOoe YXVAIIeHHe KadecTBa.
HauGonee monmynsapHBIME (GOpMaTaMH CHKATHIX MY3BIKAJIBHBIX (aljaoB
ceifuac sBasioTca dopmatet MP3 u WMA. Kcratu, G0ABIIHHCTBO IH(-
POBBIX TeJie)OHHEBEIX ABTOOTBETUYHKOB (0 KOTOPHIX MEI I'OBOPHJIH BEIIIE)
u nu@POBBIX ZUKTOMOHOB KaK pas o0pabaTHIBAIOT 3BYK C IEJBI0 CXKa-
THA UHQOPMAIIMKA B NaMSATH.

A SR TR TR T TR T

BOMPOCHI U 3AJ.'IAH nsa

0 KakoB koadpduumeHT nepecyeta 6GaiToB B KMnobBaitTel; kunobaiiTos B merabalTol?
A xoadpduumeHT nepecyeta 6utoe B GaiiTel? Ckonbko GaiToe B oaHoM merabaiTe?

0 MocuuTaiite, ckonbko NpUMEPHO GaliT COAEPXUT OgHA CTpaHMua Balero y4yebHuka.
Belpasute nonyyeHHoe 4vcno B kunobGaiitax.

e Mycts ctpenka T osHayaeT nepemelueHue Ha OfHy KneTky Beepx, ctpenka | oaHa-
YaeT nepemelleHre Ha OfHY KNeTKy BHWU3, CTpefka <« — MepemMeLlieHMe Ha OfHYy
KNEeTKy BNEBO, CTPefiika — — MNepeMelLeHre Ha OAHYy KIeTKy Bnpaso.

a) 3akoaupyiiTe NOCNeAoBaTENbHOCTLIO CTPENOK KpaTyailumii MapLupyT U3 KneTku A
B KNeTky B Ha knetyaTom none ¢ neperopogkamu, u3obpaxeHHOM Ha pucyHke 1.7, a.

2 ] 0 T

A -+ 1 o

Puc. 1.7
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(3a oaMH x0A4, MOXHO NEepeMecTUTLCA POBHO Ha OAHY KNEeTKy, NPy 9TOM 3anpelua-
eTCA NPOXOAuTL «CKBO3b» NEePeropoaku.)

6) 3akoampyitTe nocneaoBaTenbHOCTBLIO CTPENOK MyTb M3 LeHTpa A0 BbixoAa B Na-
6upuHTe, n306paxeHHoOM Ha pucyHke 1.7, 6.

B) Ckonbko 6muT comepxut cooblleHre 0 MapuwpyTe n3 Knetkn A B Knetky B, 0 Ko-
TOPOM WNa peyb B 3a71aHuu a7 A B 3apaHumn 67

Kak nonyyaetcs apko-6ensiit UBET Ha 9KpaHe LBETHOIO MOHMTOpa?
Y710 Takoe AucKpeTusaums aHanoroBoro curHana?

No Tabnuue 1.2 onpepenuTe, BO CKONBKO pa3 o6bem daitia Co 3ByKOBOW 3aMuUChIO
BbiCWEro kayectsa 6onblle ob6bema daiina ¢ 3anucbio Ha AMKTOMOH.

© 000

Ha yem ocHOBbLIBAeTCA Cxatue 3BYKOBbiX (Haninos?

§'r5 | UndopmauuonHoe mopennpoBaHme

Axanemurx A.Il. EpmoB, KoTopoMy HIKOJbHad HHGOpPMATHKa
o6a3aHa CBOMM CyHIeCTBOBaHUeM, nucaj: «Kaxk camMocroATenbHas Hay-
ka MHpOpMATHKA BCTYIIaeT B IIpaBa TOrJa, KOTAA B PaMKaX COOTBET-
CTBYIOIIIeHl YaCTHOM HayKH CTPOUTCA HHGPOPMaIMOHHAA MOJEJb TOTO
WIN MHOro (parmMeHTa HAeHCTBHUTEJIBLHOCTH... IloaTomy MHGPOpDMAIHMOH-
Had MOJEeJNb BHICTYIAET KAK CPEACTBO CONDPKEHUA MHPOPMATHUKM C ITH-
MM HaVKaMH».

Camo ci0BO «MOAeNL» mpHUNLIO0 M3 PpaHINH, TAe IePBOHAYANLHO
o3HauaJio obpasel], AAlOUil HArJIAAHOE IIPeJCTaBJIeHHEe O KaKoM-JInbo
006bexTe man aBjeHun. VI cerogHsa MHOTHe MOAEJH, HCIOJBL3YEMEIE de-
JIOBEKOM, HaIleJIieHbl Ha JEeMOHCTPAIlHIO0 TOTO, UTO, OBITH MOYKET, HE TaK
JerKo yBHJeTh B mpupofie. K mpumepy, riaobyc AaeT HaM HarJIAXHOE
npeAcTaBileHHue 0 3eMJje, a MaKeT KPHUCTAJIMYECKOH DEIIeTKH — O CTpoe-
HUU BelnecTBa. VMayuasa Kypc mHGOPMATHUKHU B HIPEeAbIAVIINX KJACCaX, BbI
MO3HAKOMUJINCH C COBPEMEHHHIM MOHATHEM MOJEJIH.

MoaenupoBaHem Ha3sblBalOT 3aMeHy OpHOro o0bekra, npouecca Wnu
SIBIEHUS APYrUM OOBLEKTOM MNU NPOLECCOM, COXPAaHSIOWMM CyLLLECTBEHHLIE
. CBOWCTBa ucxogHoro ofbexTa, npouecca uMnu ABNEHUS, C LENbIo U3y4eHus
. 3TWUX CBOWCTB, MPOrHO3UPOBAHUA BO3MOXHbLIX U3MEHEHWI U Ha 3TOW OCHOBE
UCMOoNbL30BaHWUA UX B AEATENLHOCTW Yenoseka. Cam 3aMeHsIowmnin obbekT uan :
npouecc Has3biBalT MOoAEeNnLIo.

Kakmne mMeHHO CBOMCTBa AOJIXKHEI IIPHUCYTCTBOBATHL B MOZEJIH, OIpe-
AEJIeTCA LeJAMH MOJeJUPOBAHUS, T. €. TEM, AJIA PEIIeHNA KaKHX 3a-
Jad MPeaIoJiaraeTcs HMCIOJb30BAThL AAaHHYI0O MoAeab. B Tabiauie 1.3
TIIpUBEAEHLI HEKOTOPHIE MOZEJH, O KOTOPHIX Bhl HABEPHAKA V)K€ HMeeTe
mpeAcTaBJieHHe.
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Tabnnya 1.3
N2 Moaenupyembi 3ana-!_a, ONA peweHun
n/n o6bexkT unu KOTOpPOW OCyWeCTBNAETCA Moaens
npouecc MoaenupoBaHue
3emHan
1 NOBEPXHOCTH Buibop mMapwpyta asvxeHus KapTta
MexaHnam N3rotoBneHue YepTex
Yenosek BemoHcTpauus ogexabl MaHekeH
NpeHTndukauma kak rpax-
4 | Yenosek [BHWHA CTPaHbI Macnopt
YctaHosneHue npodeccuo- | Arrectar, aMnnom
5 | Yenosek o
HanbHOW kBanudukaumm nnn CBNOETENLCTBO
FMpencraBneHne ncropum
6 | YenoBek KUZHU Buorpaduna
DeuxeHune NayyeHne 3asncumoctu Beli- | dopmyna
7 | Tena, 6poweH- COTbl NofeTa Tena oT Bpeme- gt’
HOro BBEpX HW noneta h =ho+ vot — =5~
. dhopmyna
8 PapwoaktuseHeiin | N3yyeHune 3aBMCUMOCTU Mac- _t
pacnag Cbl BELLeCTBa OT BPEMEHU m=rmgy- 2 %
9 zggg;sx):gges' Bribop BpemeHn u noespa | PacnucaHuwe
CTaHLU ana noesaku ABUXEeHUs noespnos
10 Pabota YnpaBneHne AOPOXHbIM ABU- ég;gg"J;Tgsggkgx_:
ceetodopa XeHnem HANOB
dopmyna, nokasbl-
BaIOWasn, CKONbKO W
A3yyeHne xumunyeckoro co- | Kakux artomMoe Co-
11| Bewectso cTaBa BellecTsa AEPXNTCA B MOneky-
ne sewecrtsa, Ha-
npumep H,0

Eciu MBI paccMOTPMM NPUBEAEHHHIN CIIMCOK MoAejei, TO YBHAWUM,

4T0 OHHM BechbMa pa3HooOpasHbl, HekoTopele U3 HUX ABAAIOTCA (usmyec-
KHMMM KONIMAMHM MOJAEJHNPYEMBIX 00BEKTOB (HampuMmep, MaHEKeH), ApPY-
rme — CJOBECHEIM omucaHueM (Hanpumep, 6uorpadusa). Ho ocobyio poasw
HUrpalnT MoJenHn, B KOTOPBEIX MOJAEIMPYEeMBIH OO0BEeKT OImHMCHIBAETCH C IO-
MOILIBIO CHCTEMBI MAPAMETPOB M cBaA3eil Mexay Humu., CaMu mapaMeTpEI
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U CBA3HN MEXAY HMMH OIMIHNCBIBAIOTCHA Ha MOAXOoAAIIleM (I)OpMaJIIfI3OBaHHOM
fA3BIKe, HepeAKO C IIPDHMEeHeHHeM MATEMATUYECKON CHMBOJHMKH.
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Mop.enb npeactaenawoEaa o6LEKT, NPOUECC WK sBneHue cbopmanuaoBaH- ;
' HbiM OnNMCaHWeM NapaMeTpoB W CBA3EW MexXAy HUMU, HasbiBaeTcs MHdop- |
' MauuoHHONW MOAEenNLIo.
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T e SRR TR R A RS ATy TSRS U A~ NPEC 5 LRI o P iy X G5 -4 RO R

* NHdopMauMoHHan Moaenb, B KOTOPOW napameprl MU CBA3U Mexp,y HUMU
;; BbipaXeHb! B MaTematuudeckon ¢opme, Ha3LIBAETC MaTemMaTU4YecKoi
" momensto.

MHd)OpMaLl.MOHHaﬂ Mou,enb B KOTOpOM napamepri n CBA3U Mexp.y HUMW Bbi-
* paXeHbl KOMMNAEKCOM NporpamMMm, peannsoBaHHbIX Ha KOMMbIOTepe, HasbiBa- !
: €TCS KOMMNbIOTEPHOW MOAENbIO. ;
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ITocTpoeHne naGOPMALMOHHON MOJEIHM MPOXOAUT HECKOJIBKO DTAIOB:
e BHIZEJIEHHE (PAKTOPOB, CYILECTBEHHHIX AJA AOCTHIKEHHMSA TOM Ie-
JM, AN KOTOPOH HIPOM3BOAUTCS NOCTPOEHUE MOZEJIH;
onpejejieHHe CPeACTB pealH3alUM MOAEJH, T. €. S3BIKA M HCIIOJ-
HUTEJI;

onucaHue (PaKTOPOB ¢ NMOMOIMMIBIO NapaMeTpoB (dopMaiu3anuA);
yCTaHOBJIEHHE CBA3EH MeXJy mapaMeTpaMH;

IpOBepKa MOJYYEHHOI MOJEJHM Ha aJeKBaTHOCTD.

AexBaTHOCTP MOJEJNHM O03HAYAEeT, YTO IeJb MOAEJUPOBaHHUA AO-
CTUTHYTA U AaHHAs MOJEJIDb IIPY PEIIeHHH C ee IIOMOINBIO 3aJau OIpe-
JeJeHHOT0 KJacca JAaeT YAOBJEeTBOPHUTEJBHEIE oTBeT. B wacTHOCTH,
aJeKBATHOCTh MOJEJHM 03HauaeT, YTO IPH ee MOCTPOEHHH AeiiCTBUTENb-
HO OBLIN YyUYTEeHHI BCe cyillecTBeHHBIe (aKkTOprl. BrickaswiBaHMe: «I'nan-
Ko ObLIO Ha Oymare, fa 3a6BLIN IIPO OBpary, a o HEM XOAUTb» — YXKe
OaBHO IIPEBPATHJIOCh M3 YTBEPKAEHHS O HEeaJeKBATHOCTH MOCTPOEHHOI
MOAeNH AJsA BHIOOpAa MapUIpyTa B IMOCJIOBHMILY O HEIPaBMJIBLHO BBIAEJEH-
HEIX (akTopax MOAEJIMPOBAHMA B ILeJOM. HenpaBHJbHO IIPOBEAECHHASA
dopmanusanus UIM HEBEPHO YCTAHOBJEHHBIE CBA3H MEXKJAY IIapaMeTpa-
MH TOXKe CAEJNAIOT MOJAENb HeIPUTOAHON AJNs MCIOJb30BaHHUA, HO B 3TOM
ciayyae OOHIYHO roBopsaT 00 OmMOOYHOCTH BHYTPHM CaMOii Moaenaw.
K opumepy, opu paspaGoTKe KOMIBIOTEPDHOH MOJeJH BIIOJHE BO3MOXK-
HEl OIMMOKH AJTOPHTMHM3aUWK MJIH OporpaMmmpoBanma. OHHM yCcTpaHA-
IOTCA C IIOMOIIBIO TECTHPOBAHHS.

AZleKBaTHOCTE MOJEJIH MOYKHO IIPOBEPHUTEH TOJBKO €€ COIJIacOBaH-
HOCTBIO ¢ OOIMMM TEeOPEeTHYECKHMH IIOJOKEHHMAMH M 3KCIEepHMMEHTAalb-
HBIMH JaHHBIMH. [I09TOMYy Ha 3aKIIOYNTEJBbHOH CTAgMM IOCTPOEHHA
MOAEeJN BCerja IIPOBOAAT IKCIEPHMEHT, IIOATBEPXKIAIOIHII MJIH OIIPO-
BEPraloIquii aJeKBaTHOCTh CO3JaHHOHM MoZeaH. OTOT IKCIEPHMEHT MO-
JKeT OBITH HATYPHBIM, T. €. BOCIIPOMSBOJATCA peasibHble YCJIOBHSA H CpaB-
HUBAIOTCA Pe3yJbTATH, HOJAYYeHHBIe (PU3NYECKHNM IIYTEM, C pe3yJbTaTa-
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MM, MOJYYEHHLIMHU C IIOMOHILI0O MoAesu. KoHeuHO, ecjii peuyb HMIAET
0 NIOCTPOEHHM MOJAEeJN KoJeOCaHuili MasTHMKA MM JajyKe II0JIeTa CHapsH-
a, TO MOYKHO IIPOBECTU HATYPHLIN sxcnepuMeHT. Ho yenopexk HaumHa-
eT pacmoJaraTh CpeACTBAMM TaKoil paspyHINTeJbHOH CHJB M CTABUTL
nepex co6oii Takme 3aZauyu IrI06aIbHOrIO BMEIIATEILCTBA B IPHUPOAY,
YTO HATypPHBLIE YKCIEPUMEHTHI MOT'YT IIPUBECTH K KaTacTpPOoDHUECKHM
nocaeacreuaM. HblHe Ha CMeHY HATYPHBEIM SKCHEPHMMEHTAM IIPHUIIIN
KOMIBIOTEPHEBIE, KOTOpPLIe IMO3BOJSIOT NpeAcKasaTh ONaCHBIE IOCJen-
CTBUA TeX HJIH HHBIX JeificTBHiH uesioBeka. KoHeuHO, Hazo Bce pPaBHO
YMeTh HpPOBEepATH, AAIOT JHU HCIOJb3yeMble B 3THX J9KCIE€PHUMEHTaX
KOMIIBIOTEpPHBIE MOJAEJU aAeKBATHYIO KapTUHY. Pa3paGoTkoil MeToa0B
MPOBEePKHM aZeKBATHOCTH 3aHMMAETCHA COBpeMeHHasA HHdopMaTHKAa.

B mociyeaymoomux riaBax Bbl OyaeTe MMeTh AeJIO0 ¢ Pa3HOOOpa3HEI-
MH HHQOpMAHMOHHBIMH MogenaMu. Hexoroprie wMoaenu Oyaere
KOHCTPYMPOBATh CAMH H CaMOCTOATEJBLHO IIPOBEPSATH UX aJAE€KBATHOCTD.

BONMPOCHI U 3AAAHUA
Y10 0O3HaYaeT TepMUH «MOAEeNUpoBaHuE»?
Yto Takoe mMopens obbekTa, Npouecca unu aABNeHUn?

Y10 Takoe uHdOpPMaUNOHHas Moaens? Yem uHpOpmMauMOHHAA MOAENL OTNKYaETCs
OT Opyrux BUOoOB moaenen?

Kakaa mopenb HasblBaeTCs matemaTtudeckoin? YkaxuTe, kakume n3 mogenew, nepe-
YUCneHHbiX B Tabnuue 1.3, ABNAIOTCA MaTeEMAaTUHECKUMN.

Y10 Takoe kOMMbIOTEPHAA MoaenL?
Mepeuncnute atansl NOCTPOEHUA UHPOPMALMOHHOM MOAeNn.
B 4em cocTouUT CBOWMCTBO afekBaTHOCTU Moaenn? .

Kakve daktopbl y4TEHB! B MOOENU BEpPTUKANbBHOrO ABuXeHus Tena (cm. Tabn. 1.3)?
Kakumn napameTtpamu 31 $pakTopb OnucaHbI?

©O ©000 © 00O

Kakue dakTtopbt yyTeHbl B macnopte kak mogenu (cm. Tabn. 1.3)? Kakumun napamer-
pamun atu dakTopul Gopmann3oBaHbl?

‘ - CHUCTEeMHbIA NOAXOA B MOAENUPOBAHUU

IlpeacraBpTe, UTO y Bac JOoMa MHOABUJICA HOBBIM KHHUMKHBIN
mkad. Emie HemaBHO OH ObLI IIPOCTO HAOOPOM JOCOK, PYYEK, ABEPHBIX
neTenb, CTEKOJ, BUHTOB. A Telleph CTOUT, TOTOBLINl NMPHUHATL KHUXKHEIE
coxkpoBuma. HaGop Bcex yacTeil ocTalcA HMpeXHUM, HO Telephb Kakaasd
JeTajib HaIllJla CBOE MECTO B COOTBETCTBHMU C TEMHU CBA3AMH, KOTOPBIE
NpeANNCcaHbl 9TUM JHAeTalaM Au3alimepoM. Biaromaps 2THM CBA3AM
Habop 3JIeMEeHTOB CTaJjl 00JazaTh HOBBIM CBOMicTBOM. IlosBjIeHHe HOBO-
ro cBO¥cTBa OGjarojaps peanusaliiil CBA3eil MeXKAY dJIEMEHTAMH Has3bI-
BaeTcs CHCTEMHBIM 3(d¢eKToM NIN, Mmo-ApyroMy, SMepaKeHTHOCTHIO.
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He Tonbko KHMKHBIH mKad, HO U MHOTHE peaJibHbie OG'BEKTHI
MOKHO NPEACTAaBHTh KaK COBOKYIIHOCTL 3JIEMEHTOB, CBA3AHHBIX MEKAY
coboil Tak, UTO MMeeT MeCTO CUCTeMHEI#l 2(ddeKT: HMKaKasa 4acTh IO
OTAEJNBHOCTH He o0jlafaeT TeM CBOMCTBOM, KOTODBIM 0O0JIagaeT IIeJIOCT-
HBIH 00BeKT. B TakoMmM ciydyae roBopsT, 4YTO OOHLEKT MpeACTABIIET
coboii cucremy. Bmpouem, cucTemoil MoikeT GBITh He TOJBKO OOBEKT,
HO M TIpOIECC, €CJM MBI pacCMaTPHUBaeM €ro KaK COeJUHEeHHe udacTeil,
B pe3yJIbTaTe KOTOPOro BO3HHKAeT CBOMCTBO, He NMpHCYyHIee HUKAKOW ero
yacTu. K nmpumepy, Ipolecc AOCTABKU IHCEM OT OTIPABHUTEJNA K aape-
cary IpPeACTaBJAeT c000if OopraHM3alMI0 NMYHKTOB IIpHeMa IIHCEeM, COD-
THPOBKY MHCEM II0 y3JIaM CBs3H, TPAHCIOPTHPOBKY IIHCEM OT V3JIOB
CBA3M OTIPABUTEJIEH Ha y3JbI CBASU aJpecaToOB M, HAKOHEL], KOCTaBKY
nuceM azpecaTaM.

PaccmoTpeHre 00'beKTa MJIN TpOIecca KaK CHUCTEMBI OKa3aJloCh BeCh-
Ma IPOAYKTWBHBIM METOJOM MCCJIEeAOBAHUS M KOHcTpyupoBaHus. Cdop-
myaupoBaEesii B 1950 rogy amepmkaHcKuM Omosorom JI. pon Bepra-
JaH(du 3TOT METOA MOJYYHJ HA3BAHHE CHCTEMHOTO IOAXOAda M 3aTeM
pPasBHBaJICA B CAMBLIX PasJWYHBIX HamnpaBJeHmHax. Lo Bepranandnu
OHMOJIOTH M3YYaJA BUJLI KHUBLIX OPTaHM3MOB IIO0 OTJAeJILHOCTH, a BBISIC-
HUJIOCh, YUTO JXUBOH MHpP — 3TO He NPOCTO HAaGOp pasjNYHBLIX BHUIOB,
a BecbMa TOHKOE€ M CJIOXKHOe MX B3aumojaeicrBue. [lannHeiiniee passu-
THe OHOJIOTHH IIPMUBEJO K MOABJIEHUIO ITOHATHSA 9KOJOTHYECKOH cHcTe-
MbI, KOTOpO€ IIO3BOJIAET CTABUTh M PEeIlaTh BOIPOCHI 00 YyCTOMUYMBOM Cy-
OIeCTBOBAHUM NIPUPOAHBIX COOOIHIECTB.

TocymapcTBeHHOE yCTpPOMCTBO JI060r0 OOHMIECTBA TaKiKe IIPEeACTaB-
asier coboii cucremy. s JeMOKpaTHMYeCKOro OOIIecTBa XapaKTepHBI
TaKMe ero COCTABHEBIE YaCTH, KaK 3aKOHOZaTeJbHAsd BJACTb, HCIIOJHHU-
TeJbHAs BJACTh M CyAeOHasi BjacTh. Kaxcgaa M3 STHX BeTBeil BjacTu
caMa IIPeJCTaBASAET CJOKHYIO CHCTEMY IIOJHTHYECKUX OPraHOB, B3aHu-
MOJeHCTBHE KOTOPLIX OmpezenseTca KOHCTHTYIMell rocyxapcTBa.

OpHO#1 M3 CAOMKHEHIINX CHCTEM SBJAETCA YeJIOBeK. B HeM couera-
Tca (bU3HUYECKHe, MHTe/JIeKTyalbHble, HDABCTBEHHbIe M NYXOBHEIE Ka-
yecrtBa. Hu 0JHO M3 3THX KaydecTB, B3ATOE€ B OTHAEJLHOCTH, HEe MOXKET
MIOJHOIIEHHO OXapaKTepH30BaTh 4deJioBeKa. M HayKa IOKa He B COCTOA-
HUU AaTh (GopMann30oBaHHOE OIIMCaHMEe CBA3e MexAay HUMH. Jlumib xy-
JOYKECTBEHHOH JIMTepaType IIOJ CHJIY CO3AATh LEJIOCTHBIH ob6pas.

Bosbmure J1060e IpeasioKeHHE PYCCKOTO A3bIKA. «BBIXOXKY OAZMH
A Ha jgopory», — Hamnumcan M. IO. JlepmorTOoB. Kakmgoe cjioBo 3Toro
NpeAJIOXKEeHNUST — DJIEMEHT CHCTEMBI, TPAMMATHYECKH CBA3AaHHEIHA C ApY-
rumu ciaoBamu. IIpaBza, cucremHbIi addeKT 3xech obecrieunBaeTcsa He
TOJILKO FpaMMaTHKOIA.

A renepb mpeacraBbTe cebe, UTO BEI coOMpaeTech HAMETHUTH Mapiil-
pyT Oyayniero moxoza. Ilepex BaMu jABe MOZeJM MECTHOCTH — KapTra
u Habop dororpaduii. Ckopee Bcero, BhlI IIPEAIIOUTETE BOCIIOJNb30BATHCH
KapToil, XOTA M HebeCIoJe3H0 3HATh, KAK BBITVIALAT MeECTa, KOTOPHIE
BaM MPEJCTOUT NpPoiiTH. B yeM pasiamume MexXAay 3TUMH Mmomenammu? Ha
KapTe OTYETJIMBO BHIAEJIEHBI OCHOBHLIE 3JIEMEHTHI MECTHOCTH —— PEKH,
IOPOTH, IPOCEKH, OBparu — M IIOKa3aHO, KaK OHH MeXJay co0oil cBAsa-
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Hel. PagrasgeiBas dororpaduio, Bam ca-

BENOPYCCKAR

MHM OPHUXOAUTCHA BHIAENATH 9TH 3JIEMEH-
ercnorscmcs) / Tl ¥ CBA3H Mexay HuMH. Kapra — 3TO0
i (“ ~ %‘"Wmnm CHCTeMHas MoJeNb, a (ororpadpusa Her.

KEaERAA G g Ilpx MOAeNHpPOBAHHMH JIIOAA OOBIYHO
i m&*\ ‘f”u“:.'f&‘u”\ 7N IpeANOYUTAIOT UMETh JeJI0 C MOZeNAMH,
"‘“!.a“.'-‘.?-'.?“‘m‘“.‘ sramas . KOTODBIE SABJISAIOTCA CHCTEMaMU.
snamon EBATCRAS o \1/ JJa onMCaHHUA CHCTEM YACTO HMCIIOJb-
o mm,_ mnm 3yeTcsa UX IPEACTaBJIECHHE B BHAe rpada.

I'pap — 3TO COBOKYIHOCTH TOYEK, HABBI-
BaeMbIX BePIIMHAMM, W JIMHUH, COeIUHA-
IOINUX HEKOTOPhle U3 BEPIUUH. OTH JIH-
HHAH YKasbIBAIOT HA BBISBJIEHHBIE CBASH
MeKAY 9JIEeMEeHTaMH CHCTEMEI, KOTOpEIe H300pajkeHEl BepImuHaMu. Ecian
Ha JIMHUAX, COeJUHANIININX BEpPIOMHEI, YKa3aHO HampaBjeHHe, TO rpag
Ha3bIBAETCA OPHEHTHPOBAHHBIM (COKpAIeHHO oprpadom), a JUHUU Ha-
3BIBAlOTCA ero ayramMu. B o6eruHOM rpacde, T. €. HEOPHEHTHPOBAHHOM, JIH-
HUH, COeAMHJAIOININE BEePIINHEI, HA3hIBAIOTCA pedpamMu.

Yro e MBI gesaeM, Korjga maoOpakaeM cucTeMy B Buae rpada?
fAcHO, UTO MBI TeM CaMEIM CTPOMM HHGOPMAIHOHHYIO MOJAEIEL UCXOXHO-
ro o6beKTa, BRIZENSAA B HEM B KAUeCTBE CYIIeCTBeHHOI WHbopMamuu
cBOMCTBO OBITE cucTeMoil. TunuuHas MHGOPMAIMOHHAA MOZEJb, BHIIOJ-
HeHHas B Bufe rpada, — cxema merponoautTeHa (puc. 1.8).

Hepenko oxosio xasaoro pebpa rpada miam Kaaou ayru oprpada
IIPOCTABJIEHO YUCJIO, XapaKTepPH3YIOIIee CBA3h MEXIY COOTBETCTBYIOIIH-
MH BepIIMHAMH. OTO MOXKeT OBITH PACCTOSHME, ecau rpag maobparkaeT
KaKyio-1u60 TPaHCIOPTHYIO Ce€Th, WM MOIIHOCTH IOTOKA& BOALI, €CIH
rpad mzobpaxkaer Kakyo-1ubo cucreMy BomocHabG:keHusi. I'pad ¢ mome-
YeHHBIMU pebpaMu HaseIBaeTcs HarpyxeHHBIM. Oprpad ¢ moMedYeHHEBI-
My pebpaMy HashIBA€TCA CeThK. PellleHMe 3aZaud, MOZEIHPYeMOH Ha-
Irpy’KeHHBIM rpa¢oM MM CEeThbI0, CBOAWUTCSH, KaK IPaBHJO, K HAXOXKJe-
HHUIO ONTUMA&JIBHOIO B TOM HMJY HHOM CMEICJIE MapIIpyTa, BeAYIIEro OT
OJHOM BEpPIIMHEI K APYIoOA.

BopoueMm, pe6pa Mau Ayrd MOryT OGBITE OMEUYEHLI HE YMUCJIAMH,
a Karoi-nmubo apyroil mHbopMammeil o cBA3H MexAy BepmuHamu. Ha
pucyskxe 1.9 B BUAe ceTH IpeACTABICHO IpPEAJIOKeHHe «BBIXOXY oguH
A Ha gopory». CeTh TaKoro Tuma Ha3bIBAIOT CeMaHTHYEeCKOH — OHa OT-
Pa’xaeT CMBICJIOBEIE CBA3HM MEXKIY CIIOBAMH.

Puc. 1.8 Cxema MOCKOBCKOIo
MeTpononuTeHa

yTO Aenain? -
A O BLIXOXY Eﬁ-— Ha fopory
KTO? ¢ CKONbKO?
oavH

Puc. 1.9 CemaHTuyeckas CeTb NpemoXKeHus
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BOMPOCH! U 3AAAHMNA

0 Y10 Takoe cuctema? YTo Ha3bIBaOT CUCTEMHLIM NOAX0AOM?

@ B yem coctouT cuctemHbiin apoexr? Mpueegute Npumepbi NPOSIBAEHUS CUCTEMHO-
ro agpdekTa.

6 MNpencTaBeTe HUXenepeuucneHHoie 06bLEeKTbl KaK CUCTEMbI:
a) asTopyuka; 6) oom; B) yachl; ) Benocunea.
YKaxute anfa Kaxaoi CUCTeMbl, YTO B Heid fIBASIETCS aneMeHTaMW U KakoBbl CBSI-

31 Mexay anemeHTamu. B yem nposBnseTcs cUCTEMHBLIN 3dEPEeKT Ans Kaxaon
n3 cuctem?

Q Cuctema Moxet ObiTb MaTepuanbHOW (KHWXHbIA wkad), abCcTpakTHON (rocyaap-
CTBEHHOE YCTPOWCTBO) MNU CMEeWaHHOW, T.e. COCTOsILLEei YacTUYHO U3 MaTepuasb-
HbIX 06bEKTOB, YaCTUYHO M3 abCTPaKTHLIX (LIKONA — LWKONLHOE 3AaHue, pacnucaHue
ypokoB u T. a.). Npuseaute apyrue npumMepnl CUCTEM:
a) matepuanbHblX; 6) abCTpakTHLIX; B) CMELIAHHbIX.

NpencraebTe WKONLHYIO 6BUONNOTEKY KaK CMELaHHYI0 cuctemMy. Kakosel B Helt maTepu-
anbHble U HemarepuanbHble 06beKThI? 3a CYET Yero AOCTUraeTcs cUcTeMHblin addekT?

O6wwenpn3HaHHbLIM 4OCTUXEHUEM HAyKKU SIBASIETCS NEPUOaMHECKast CUCTEMA INEMEH-
ToB . N. Menpeneesa. B yem nposBuncs 3pecb cUCTEMHBLIN addekT?

© 00

Ans kaxporo rpacda, nsobpaxeHHOro Ha pucyHke 1.10, Ha3oBUTE cuUcTeMy, KOTopas
AaHHbIM rpadoM npeacTasneHa.

D [roowe] ?

CesiTocnas

I Hoxka ” Hoxka ” Hoxka ” Hoxxa l Iﬂpononx”Bnap,uMMp CB.“ Oner I

Puc. 1.10

Q MNpusegute nNpumepsl 06LEKTOB MNAM NPOLECCOB, AN KOTOPbLIX WUHPOPMALMOHHYIO
Mopaent yao6HO KOHCTpyMpoBaThk B Buge rpacda.

Q JKCNeauTopy HYXHO pa3Be3Tyu TOBapbi C ONTOBOK 6a3bl NO Ns- 7
Tn marasuHaMm. Cxema nyTeit BO3SMOXHOIo nNpoesga K marasn-
Ham C ykasaHueM BpemeHW, 3aTpaumBaemoro Ha Aopory, npu- 5
BeAcHa B BuAe HarpyXeHHoro rpaga Ha pucyHke 1.11. (Byk-~
Bamu OB o6o3HadeHa ontosasa 6aza.) Haiaute Hanbonee 8
OLICTPLIA NYTb, NO3BONSIOWNIA aKCNeauTopy nobwiBate B kKax- QOB
OOM MarasuHe:

a) ecnn 3KCcNeauTop MNocne aToro He AOMXKEeH BO3BpallaTbes
Ha 6aa3y;

6) ecnn Tpebyetcs, yTo6Ll IKCNEAUTOpP BEepHYNcs Ha 6asy. Puc. 1.11

5 6
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@ N306pasnTe CEeMaHTUYECKOIN CETbI0 CMBLICNIOBLIE CBASW CJIOB B CeAYIOWNUX Npeano-
XEHUsX:

a) OtroBopuna potwia 3ono01aa 6epe3oBbiM, BECENLIM A3LIKOM.

6) He obewaitte pese 10HOW N0OOBM BEYHOW HA 3eMne.

B) B TOT roa oceHHsis noroga crosna A0Aro Ha pgsope.

r) UsawecTtey 396KO B 3TOM CYETHOM CBeETE.

A) Mpsaka gpycut Nycuku v Ha ApPYCbKY OAHOro Nycwuka TPaTtut NOngoarotuxa.

e) Mnokaa kyagpa wyeno kyanaHyna 6okpa U Kyanauut MOXpACTEHbKOro GokpeHka.

X) BoicTpebaHbl 0O6CTPAXHYTLCA W AYTON YEepPHYLWEHBKOW OOBATHO XMIONHYT NO MOpP-
rasam.

Jasa Toro uToObl GOPMAJILHEIN HCIOJHHUTENb MOT BBINOJHUTH
Ty WJIM HHYI0 paboTy, eMy HY)KHa HMHCTPYKIMA. B 3TOH HMHCTPYKIIUU
VKa3BIBaeTCsA, KaKMe JeHCTBHS M B KAKOM IIOpAAKe TpebyeTcsa HCIOJI-
HHATBb, YTOOBI IIpeo6pa3oBaTh MCXOAHBIE HAHHLIE B PE3yJbTAT. MBI yiKe
obcy»xkzgann, uTo (POPMAJILHBIN HMCIIOJHHUTEJL HE BHMKAET B CMEICJ HC-
MOJIHAEMBIX UM JAeHCTBHI, He 3aJjaeTCs BOIMMPOCAMH, 3aUeM OH ITO JeJa-
eT U HeJb3da JHu chejaTs Jayunte. IToatomy Kakigoe AelCTBHME XOJMKHO
OBITE COOOIIEHO HCIIOJIHUTENIO TaK, YTOOBI OH IOHAJ €ro OZHO3HAYHO
M MOT HUCHOJHUTb. B MHCTPYKIIUM JOJYKHEI YKA3BIBATHCA TOJBKO HOIIYC-
THUMEIE JeHCTBMA JAHHOTO MCIIOJHUTENS, a caMa MHCTPYKIUA IUINETCS
Ha ¢opManu3oBaHHOM f3bIKe (cM. § 3). B HekoTOpnIX cayuadx Tpedy-
eTcs, 4TOOBl HE TOJBKO CMBICA KAaXXAOro CJIOBa OBLI onpenesieH OXHO-
3HAYHO, HO M CAMH CJIOBA JOJKHBI CTPOUTBLCHA IIO CTPOruM GopMaIbHBIM
npaBHJaM, T.€. I'paMMaTHKa SA3BIKA TOoXKe Oblina Ovl ¢dopmasnmszoBaHa.
Takoil a3bIK Ha3bIBalOT (popMaabHBIM. K dopMaJbHBEIM A3BIKAM OTHO-
CATCA A3BLIKM MPOrpaMMUPOBAHUA M, BOOOIIe, BCe SA3BIKU YIpPaBJIeHUA
aBTOMaTHMUeCKMMU ycrpoiicrBamu. Ho um uesloBeK B CBOeM AeATeJSbHOC-
TH HUCNOJIL3YeT popMaNbHLIE A3BIKK, HAIPUMED SA3BIK 3allUCH HATYpPAJIb-
HBIX YHCeJI B AECATUYHON cHCTeMe CUMCJIEHHUA.

HNHcTpyKunsa, yKaspIBaloasg NCIOJHUTENIO, KaKle AeificTBUA U B Ka-
KOM IIOPAJKE OH JOJIKEH BHITIOJHHUTH, M 3allcaHHasa Ha (GpopMaIbHOM
fABBIKE 3TOr'0 MCIIOJIHUTEJIA, HasbpIBaeTcA mporpammoii. OgHako Hanmuca-
HHIO TIPOrpaMMBI OOBIYHO IIpeAIlecTBYeT pa3paboTKa aJiropuTMa.

oz o B ———

: ANropMTMOM HA3bIBAETCA NOCNEA0BATENLHOCTL ASNCTBUMA, OOMYCTUMBIX AAS
¥ HEKOTOPOro UCMONHUTENSA, KOTOpas NMpUBOOUT K ONpefeneHHOMY pe3ynbLTarty.

Pazinune Mexay NOHATHUAMH aJITOPHTMAa M NPOrpaMMBI BeCcbMa
TOHKoe. /I1s mmoucka onruboK B IMpOrpaMMe €CTh CIEIHAJNbHBIA TEPMHH
oraaara. OTJIalka B KaueCcTBe COCTABHOIT uacTu 00s3aTeNbHO BKJIIOYA-
eT B ceb0sa IMOMCK OIMHOOK, AONMYIeHHBIX MMEHHO B 3anucu KOMaHJ.
Taxkue omIMOKY IPHUHATO HA3HLIBATL CMHTAKCHUYECKHMH, IIOCKOJBKY OHU
BBI3BAHBEI HApPYIIEHHWEM TIpaMMaTHKHN SA3bIKa, IIOHMMAEMOr0 MCIOJHU-
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TesieM. OmMuUOKHM APYroro BHAA MOTYT BHIBBATH PEAKIIMIO HCIIOJNHHUTEJS
«He MoOry mncooJEmTh»; TaKHe OINHOKH HA3BIBAIOTCA CEeMaHTHYE-
CKHMM — HCIOJHHTEJIbh IOHHMAET CMBICJ OTAAHHON eMy KOMaHbI,
HO HCIIOJIHEHVe ee N0 KAaKMM-TO IMPHUYMHAM HeBO3MOXKHO. Hampuwmep,
BBl IIpejJIaraeTe HCIOJHHUTEIIO Pa3feJIuTh OJHO YHMCJO Ha Apyroe, a jae-
JATENb OKa3ajica HYJIeM.

OOBIYHO ANTOPUTMBI ITHINYTCA TaK, YTOOLI OHM OBIJIM MOHATHHI Ye-
JoBeky. M MBI OyzeM B3alHCLIBATL AJITOPUTMBI HA OGBIYHOM pPYCCKOM
A3bIKe. [Ipu 3TOM KaXABIH M3 BAC MOYKET INPUMEHAThL KaKue-JuGo co-
KpallleHHus CJIOB M BOOOIe 3aMeHATL OAHH cJjoBa Apyrumu. Baskmo
TOJIbKO, YTOOBI 3a 3TUMH CJOBAMH CTOAJU AEHCTBUSA, AOMYCTHUMLIE IJIA
JNaHHOTO HMCHOJHHUTEeNsA. CaMoro MCHOJHHUTENS YAOOHO HpeaCcTABJAATEL Ce-
0e Kak yCTPOMCTBO YIIpaBJIeHUA, COeAUHEHHOE ¢ HabOpOM HHCTPYMEH-
TOB. Y CTPOHCTBO YIIpaBJIeHUA BOCIPHHUMAET U AHAJU3UPYET aJTODHUTM,
a 3aTeM OpPraHU3yeT ero BBIMOJHeHHEe, KOMaHAYA COOTBETCTBYIOIIIUMHU
uHcTpyMeHTaMu. OT HCHOJHUTENAA TpedyeTcs JIMIIL YeTKoe BBIMOJIHE-
HUE KaXJAO0ro AeiCTBUSA, BXOAANIETO B QJIrOpUTM. MBI He HOJIMKHBI 00H-
ACHATHL €My, AJA KaKuUX Iejiell mMpeJHa3sHAYAEeTCA aJITOPUTM.

Xora HAOOp AOMYCTUMBIX AeHCTBHIl y KaXXKJIOT0 UCIOJHUTEJA CBOM,
CIIOCOOBI OPTaHM3AIMM AeHCTBUHA AJd BCeX HCIIOJHUTEJeH OIMHAKOBEI.
JJIsa HArJIAZHOTO IpPeACTABJNEeHUA GopM OopraHMsanuu AeiicTBuil moJses-
Hbl TAK Ha3bIBaeMble CXE€MBI AJropuTMoB (0Jok-cxembr). B cxeme ai-
TOPUTMOB Ka)KJasd KOMaHAa Ha BLIMOJHEHHE KaKoro-iaubo geiicTBuga
IIOMeINaeTCsi B NPAMOYTrOJLHHUK, BOMPOC O TOM, BEINOJNHAETCA JIA HEKO-
TOpOe YCJIOBHe, — B poM0, a YKasaHHWe Ha BBOJ M BBLIBOJA JAHHBIX —
B HapaJjjejienuiies. BJIOKM COEIMHAIOT OTPEe3KaMH HJIH OTpPe3KaMu
CO CTPEJIKAMH, IIOKA3bIBAA OYEPEAHOCTH BBINOJHEHUA HAeiicTBuil. Ecin
Ha TaKOM OTpe3Ke CTpeJIKA OTCYTCTBYeT, TO OJIOK, PACIOJIOXKEeHHBEIA HU-
JKe, NOJI’KEeH BBIMMOJIHATLCA Ho3Ke. B Tabaurnie 1.4 mpeacraBiensl ¢op-
MBI OPTAHH3AIUHN AeHCTBUH B aJIrOpUTMAaX, CIIOCOOBI MX 3alHCH B aJ-
roputTMax # Ms3o0pakeHuA B BHUJE CXEMBbI ajrOpUTMA.

B kpyriabix cKkoOKax €O 3Be3TOYKAMM 3alHMCAHBI KOMMEHTAPUH, KO-
TOpEIE TOMOTAIOT YEJOBEKY, YUTAIONIEMY AJITOPUTM, MOHATH, KaK 3TOT
anroputMm padoraer.

HamomMuuM, uTo ansa xpaumeuusa uudopmamum, obpabaTbiBaeMoii
C IIOMOHILIO TOrO WJIH HHOTO AJITOPUTMA, HCIOIb3YIOTCS NMEepPeMEHHLIE.
Y kaxkaon mepeMeHHOM o0A3aTelbHO ecTh HMA. MMeHa MHO3BOJSAIOT
OZHU IIepeMeHHBbIe OTJUYATh OT APYTHX M VKAa3BIBATh HCIIOJIHUTENIIO,
U3 KaKoil ImepeMeHHOH eMy HY>XHO B3ATb MHMoOpManuio ajaa ob6pabor-
KM M B KAaKYI0 IIOMECTHUTh pPe3yJbTar.

Kakmne mMeHa MOXHO ymoTpeOJATh, 3aBUCHUT OT HUCIOJHUTEJIA.
BOJBIINHCTBO KOMNBIOTEPHBIX HCIOJHUTEJIEH IMOHUMAET MMEHA, COCTO-
Ampye U3 OyKB U MUPP UJIU TOJBKO M3 OYKB (TaK YTO HUKAKMUX (amu-
JUH U OTYeCTB Y NepeMeHHBLIX HeT).

Nudopmanusa, KoTopas XpPaHUTCA B IIEPEMEHHOI, HA3LIBAETCHA €€
3HAUYCHHEM.

Camoe Ba)xxHOe Je#cTBMe HaJ IMEepPeMEHHOI COCTOHUT B TOM, 4YTO eif
MOXKHO IIPHUCBOUTHL TO WM MHOe 3HaYeHue, YTOOBLI 3TO CcAelaTh, UCIIOJb-
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Tabnuuya 1.4

Cnoco6 opranusauum

3anuch B anropurme

Cxema anropmtma

}

Aencreni
JinHeiHbIA { omeparop; I
omneparop;
I
}
|
BeTteneHue Ecnmu (ycnosue), 10
(B HenonHoit ¢popme) { omeparop; na HeT
omeparop;
}
BeTtenenue Ecnu (ycnosue), 10
(B nonHoit dopme) { omeparop;
oneparop; na HeT
}
uHauve
{ omepaTop;
oreparop;

Livkn 8 dopme «noka»

Adenarb noka (ycnosue)
{ omeparop;
oneparop;

} (* woney yurxaa *)

B
I
®
-

Linkn co cuetynkom

Denatb oY k:= a 0o b
C Warom c
{ omeparop;
omepaTop;

} (* xoneuy yuwxaa *)
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3YIOT ollepaTop nNpHcBauBaHHA. Ero Mu O6yaeM 0003HA4YaTh CHMBOJIOM
« := », Hampumep, ecam S — HMS HEKOTOPO#l IepeMeHHOH, TO
JAelicTBHEe TIPHCBAMBAHUA S 3HAYeHHS 1 3amHCHIBAETCA TaK:

S:=1;.

CrneBa OT 3HAKa « := » BCerja YKasbpIBaeTcA MMSA IIEPeMeHHOH, KO-
TOpO#1 OyZeT IIPMCBOEHO HEKOTOpPOe 3HAYeHHMe, a CIIPABa ITHIIETCH BBI-
pa)keHue, COCTOsAIllee M3 KOHCTAHT M HMEH IIepeMEeHHHBIX, CBA3AaHHBIX
3HaKaMHM olepanuii, JONyCTHMEIX JJs AAHHOrO MCHOJHHUTeNnA. B BhIpa-
JKeHHH MOTYT IOPHCYTCTBOBATH CKOOKH, yKasHIBaIOI[Hle HA H3MEHEHHE
€CTeCTBEHHOI0 IIOPAAKA NeHCTBHUI.

CuMBOJI onepalyy IIPHCBAMBaHUSA OyJeM HCIIOJIb30BATh M IIPH 3aln-
CH 3arojIoBKa HHKJa co cueTuynmKoMm (cM. Tabix. 1.4). CneBa oT Hero
3amucaHa IIepeMeHHAas, KOTOPYIO HAa3EIBAIOT ImapaMeTpoM HukKjga. UMen-
HO TO ero 3HAYEHHIO MCIOJHUTENIL ompeessdeT, HaJAO JIK elle pas BHI-
HOJHATH TeJO ITUKJIa: eCJIH 3HAUYeHHe IapaMeTpa OoJibllle TOrO YHCJA,
KOTOpOEe CTOHT IOCJIe CJIOBA A0, TO TEJIO MCIOJHATHCA He Oyzer, a Oy-
IEeT MCIOJHATLCA KOMaHZAa, ciexymoinada 3a nukjgoM. Ilocie kaxkaoro
HCIIOJIHEHHA Tejla ITUKJIA K TeKyIleMy 3HaueHHIO IapaMeTpa IIpuOaBJs-
eTcs 4YMCJIO, KOTOpPOoe YKas3aHo Kak war. Ecim niar oTcyTcTByeT, TO aB-
TOMATHYECKH CUHMTAETCS, UTO OH paBeH 1.

AJNTOpDUTMEL 4JIA BLIIOJHEHHUS JAedCTBHH HaA YHCJIAMH 3aBHCAT
OT TOro, Kakme 3To uHcja. Hanpumep, AeCATHYHBIE IPOOH CKJAZBI-
BalOTCA COBCEM He TaK, KakK OOEIKHOBeHHEIe. IloaTomy ¢opmMan-
HBIHl MCIOJHHTENb NOJKEH 3HATh, C YHCJaMH KaKoro BHJA OH OyzeT
HMEThb AeJo.

IIpaBga, B ajropurMe peAKo IOPHCYTCTBYIOT caMu uucja. OOBIYHO
B HEeM MHCIIOJB3YIOTCA INepeMeHHBIe, KOTOpHIe, CJIOBHO IIyCTas Tapa,
BCerja roToBHl NIPDUHATH B ce0sg 4yucja Ha BpeMeHHoe XpaHeHHe. Ho
HHAKTO He XPaHHUT MOJCOJHeYHOe MACJIO B OyMAa’KHEIX IaKeTax HMJIH ca-
xap B ceTKax. KaskaoMy BHAY OpPOAYKTa — CBOM Tuno Tape. Takike u
C IepeMEHHBIMH: Ka)XJOMY BHAY YHCEJ — CBOM THN NepeMeHHBIX.
IIpexge Bcero MCOOJBL3YIOTCA IeJible X BelleCTBeHHBIe THOEH. 1A 06-
PaGoOTKHM TeKCTOBOH HH(MOPMAIMHM HCIIOJbL3YIOTCA CHMBOJBHBIE THIILI, a
LJIf BBIIOJMHEHHUS JOTHYECKHUX OIEpaldili — JIoTHUecKHe, HJINH GyJieBbl.

IlpucTynaa k HaOMCAHHUIO OPOrPAMMEI, MEI 00SA3aHEI COOOINUTH HC-
IOJIHMTENI0, KAKOB THII HCHOJIL3YeMHEIX B Hell mepeMeHHBIX. ITY HHQOP-
ManMi0 3a0HCHEIBAIOT C MOMOINBIO COEIMHAANLHON KOHCTDPYKIIMH, Ha3bIBa-
eMoil 00'bABJIEHHEM IIepeMeHHBIX.

B ra6baume 1.5 npuseseHB OOBLIYHO HMCHOJBb3YyeMEle 0003HAYEHUS
onepanuii. OCHOBHBIE CIOCOOBI OIIMCAHMA IEePEMEHHEIX B A3hIKax QBasic
u Pascal MmoxxHO HaliTh Ha ¢dopsanax ydyeGHHKA.

AnropurMel MOTyT 006JIafiaTh HEKOTOPBHIMH cBoiicTBamu. Ilepeumc-
JUM OCHOBHEIE M3 HHX.

IIpe:xzpe Bcero HasoBeM AMCKPETHOCTb. J[MCKDETHOCTh AJTrOPUTMA
03HAYAET, UTO OH MCIOJHAETCA II0 ImaraMm: Kadkjgoe AeicTBHe, IIpeAy-
CMOTPEHHOE AJITOPHUTMOM, HCIIOJHAETCS TOJHbKO IOCJe TOT'0, KaK 3aKOH-
YHUJIOCh KCIOJHEHHWEe MpeALIAYIIEro.
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Tabnunya 1.5
Onepauvsa Boipa- Tunn onepaHaoB Tun pesynbrarta
XeHue

O6a uenbie Lenbiia
CnoxeHune A+ B

XoTta 6bl oAWH BewecTBEHHLIN | BelleCTBEHHbIN

O6a uenbie Uenbint
YMHOXEHNe A*B

XoTta 66 OAWH BELLECTBEHHLIN BeuwieCTBEHHbIN

O6a uenbie Uenbin
BbluutaHne A—B

Xotsa 6bi OOWH BELWECTBEHHLIN | BelwlecTBeHHbINM
Oenenue A/B Llenbiin nnn BewECTBEHHLIN BewecTBeHHbIN
Uenoe . o
Lenenmne A div B | O6a uenuie Llenuinn
OctaTtok
npu uenom A mod B | O6a uensie Llenwii
aeneHun
Llenas yactb INT(A) Llenuih nnn BewecTBEHHbIN Llenuivi
KopeHb o ” .
KBafPATHBIIA sqrt(A4) Llenuith nnn BelecTBEHHbIN BelecTBeHHbLIA

Jlpyroe ¢cBOHCTBO IIPHUHATO HA3HIBATH AETEPMHHUPOBAHHOCTHIO. OHO
03HAa4aeT, 4TO Ka)kXJoe AeiicTBHEe AOJXXHO NOHUMATLCA MCIIOJHHTEJEM
B CTPOTO ONpeleNIeHHOM CMEICJIE M OJHO3HAYHO OIPEeAesATH IIpeobpaso-
BaHNWEe JAHHBLIX, MOJYYEHHBIX HA MPEIIEeCTBYIOINUX Iarax ajaropuTMa.
IIpu MHOrOKpaTHOM IPHUMEHEHHH AJITOPUTMA K OJHUM K TEM K€ HAYAIIb-
HBbIM JaHHBIM JOJDKEH BCerja IOoJy4YaThCH OJHH M TOT K€ peadyJjbTar.

TpeTbe CBOHCTBO — pe3yJbTaTHBHOCTH ajroputMa. OHO O3Hauaer,
YTO BBINOJIHEHHWE AJITOPUTMA OO0A3ATEJbHO MOJIPKHO IIPUBOAUTH K €ro
3aBepinenuio. NHBIMH CJIOBaMH, MIOCJE INPHUMEHEeHUSA aJIropuTMa MBI IIO-
JyuaeM Jub0 OIpeesIEHHbIN pPe3yJabTaT, Jubo coobImeHrne 0 HEBO3MOXK-
HOCTH peIleHHs.

CBoiicTBO pe3yJbTATHBHOCTH AJTOPUTMA B I[€JIOM OOBIYHO OJHOBpe-
MEHHO MOIPa3yMeBAaeT U KOHEUYHOCTh AJITOPUTMA, T. €. 3aBepIIeHHE ero
paboThl 3a KOHEUHOE UYHCJIO INaroB (IpH 3TOM KOJHYECTBO INAaroB
MOJeT OBITh 3apaHee HEM3BECTHBLIM M PA3JUYHBIM IJIA PAa3HBIX HAYAJIb-
HBIX CHTyAaI[Hil).

Heo6X0ANMBIM IPHU3HAKOM AJITOPUTMA SBJISIETCS MCIOJb30BaHHUE
B HEM TOJBKO AONYCTHMBIX Ne#iCTBUH HMCIOJHHUTENA. ITO CBOHUCTBO HeE-
pPeaxo Ha3bIBAIOT MOHATHOCTBIO AJTOPUTMA. TepMHH «IOHATHOCTL»
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JOBOJILHO €CTECTBEHEH, MOCKOJBbKY peaKiMA HCIOJHUTEJsI Ha 3amnu-
CaHHOE B aJTrOPHUTMe AelicTBHe, He ABJAIOINEECH HOIYCTHMBIM, BCErjga
ogHa: «He moHuMao».

AJITOPUTMBI B XH3HHU JIOJEH MOABUJINCH HAMHOTO PaHbIlle KOMIIb-
oTepoB. HexkoTOphle M3 HUX HaBCErjAa YIILIM M3 MPAKTUKM UYeJOBEKa.
Huxkro, HampuMep, ceifiluac He IMPOUIBOAUT NeHCTBHUA C APOOAMH IIO TEM
aJropuTMaM, KOTOpPEIE NPHUMEHAJIHCHh APEeBHUMM erunTaHamu. IIpyrue,
CTONB JKe NAaBHO M300peTeHHbIe aJITOPHUTMbBI U CETOAHS MIPAIOT BAMKHYIO
posb. BoT ofuH M3 TaKHX AJrOPUTMOB, KOTOPHIiI HA3BLIBAETCA AJITOPUT-
moM EBrkiampa. OH npeagHasHaueH AJs BLEIYHCIECHHUS HanOoJbInero obime-
ro JEeJUTEJNA ABYX HATYPaJbHBIX YHCEJI.

Anroputm HOJ,
uen: m, n;
{ 3anpocurb m;
Sanpocurtb 7;

denarb noka (He (m = n))
{ Ecnm (m >n)10{m:=m-n;}
mHave { n :=n — m; }

CoobuwmnTbh m;
}

ITOT AJNTrOPHUTM IIO3BOJIAET PEIIUTh He OJHY KOHKDETHYIO 3aaady,
"HanpuMmep Hafitm HOJI umcen 178 357 u 1049 254, a mo6yio 3agauy Ta-
koro tTuna. CBOMCTBO aJIrOPUTMAa, COCTOAIIlEe B BO3MOXKHOCTH €ro mpu-
MEHEeHHUs K PEIIeHHI0 Pas/IMYHLIX OAHOTUIHLIX 3a7lau, HAa3LIBAETCA Mac-
COBOCTBIO.

Hapo ckasaTh, uTO BOBCe He KaKABIA anropurMm obssaH obiazarh
BCEMH YKAa3aHHBIMM cBoiicTBamu. IIpemcTaBumM, uTO 060 aaroputm
JOJKeH ObITh KOHEUHBLIM, T.e€. 3aBepliaTh paboTy 3a KOHEYHOE UYHCJIO
maroB. A ecjM 3TO AJTOPUTM YIpPaBJeHHs KOCMHYECKON craHmmei
WJIN TePMOAAEPHBEIM peaKTopoM? MOMEHT IpeKpallleHus pabOThI ajro-
PUTMa — 3TO MOMEHT KaTacTpOodHhI.

Bnpouem, He Hamo of6paliaThCcsd K CTOJIb JaJleKMM OT Ballleil mpak-
THKH npuMepaM. Kaknaa omepammoHHAs CHUCTeMa Ha BallleM KOMIIb-
IoTepe — 3TO 0OECKOHEUYHO HCIOJHAEeMBINl aaroputTM. B TOoT MOMEHT,
KOTZa OIepalMoOHHAA CHCTeMa NpeKpaTUT paboTy, Ball KOMIBIOTEP
craHeT OecnoJie3eH. MoOMHO cKasaThb, UTO BCe aJTrOPHUTMEI yNpaBlie-
HUA O0BEKTAMH B peXHUMe pealbHOro BpeMeHM MOryT OBITL OecKo-
HEUYHBLIMH.

He Bce anroputmbl 06JIaal0OT M CBOMCTBOM MaccoBocTu. WHorza
ObIBaeT HYXKEH aJITOPUTM IJis pPEIleHUs ONHOH, HO OUeHb TPYAOEMKOM
sagauu. K npumepy, Hy»KHO BBIUuCJuUTh nepBble 100 000 sHaxoB moce
3angaToi AJA uncjaa T. Bed xoMmnbloTepa 37ech He o6oiiTuch, a 3HAYUT,
Hy»XeH M ajroputMm. Taxkoil aaropuTMm 6LIJ COCTaBJIeH, 3ajada OGniia pe-
meHa. Bp#Ag Ju 3TOT aJrOPUTM MOXKET IPUTOAUTHLCA AJMA KaKoM-HUOyIb
Apyroi 3amauu.

2—Tenn, 10 k.
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OCbl U 3AAHUA
Kakoit a3bik Ha3biBaetTcs ¢dopmanbHbIM?
Yro Takoe anroputm? Yto Takoe nporpamma?
Jlio6ble nn peiicTBUA MOINyT NMPUCYTCTBOBATb B anroputme, NpeaHasHauyeHHOM s
HAHHOrO ucnonHurena?
HYTO B UCTOPUK yenoBeyecTBa MOABUAOCH, MO BaWeMy MHEHWIO, paHbwe: MUCbMEH-
HOCTb MU aNrOPUTMbI?
HyXHbi nn koMMeHTapumn HopmanbHOMY UCNOAHUTENIO?
Kakue o6wume CBOWCTBa anropuTtMOB Bbl MOXeETE Ha3BaTb?
Kak 3anucbiBaetca BeTsneHue B NOAHOW dopme? A B HENONHOW?
Korpa uenecoobpa3HO NpuMeHaTb onepaTtop uuvkna?

Y10 Takoe Teno uukna?

Kak Bbl aymaeTe, ana 4ero cCnyxar onepatopHbie CkoOku B onepartopax Adenartb
noka u Ecnu ... 10 ...?7 Moyemy oHW oanHakoBbie ana o6oux oneparopoB?

Ana yero HyXHO UMSA nNepeMeHHOW? YTO Ha3LIBAOT 3HAYEHWEM nepeMeHHON?
C NOMOLWBIO KAaKOW Onepauvn MOXHO NpuaaTbh WKW U3MEHUTb 3HaYeHne nepemMeHHOn?

Ana Yyero HyxeH TUN NepeMeHHON? Kak ucnonHutenb ysHaeT, ¢ NepemMeHHbIMW Ka-
KOro TUNa eMmy NpuaeTca UMeTb Aeno NpyU UCNONHEeHWW AAHHOro anroputMa?

Mepeuncnute M3BECTHLIE BaM TUMbi NEPEMEHHbIX.
Y10 Takoe oTnagka NporpamMmbi?

a) Kakyio owubKy Ha3biBalOT CUHTAKCUYECKOM, a Kakyto — ceMaHTudeckon? Kakue
“3 3TUX BUAOB OWKMGOK OTHOCATCA K Mporpamme, a Kakme — K anroputmam?

6) MoryT nu 6bITb B anroputMe Unn NporpamMme apyrue owubkun, Hexenn CUHTakcu-
Yeckue U cemaHTnuyeckue? Ecnu pa, 10 kak 6bi Bbl UX Ha3Banwn?

C KakuMu anroputMamu Bbl NMO3HAKOMUNUCH, 3aHUMARACH:
a) PyCCKUM A3biKOM;

6) MHOCTPaHHLIM A3LIKOM;

B) MaTEMAaTUKOM;

r) nuTepatypoii;

D) xumuei;

e) PpuskynsTypOn;

X) MHPOPMATUKON?

UcnonuuTe anropuTMm, u3obpaxeHHbili CxemMoi anroputma Ha pucyHke 1.12, npwu
pasHbiX 3HaveHusx a, b, ¢. OnpeaenvuTte, Ana Yero nNpeaHa3HaYeH 3TOT AIrOPUTM.

Nyctb naH otpe3ok AB. Onpepnenute, Ana peweHWs KakoW 3apauyvn npeaHasHauveH
cnenyiowmin anropuTMm:

MocTaBUTb HOXKY LUWPKYNS B TOYKY A.

YCcTaHOBUTL pPacTBOpP UWPKYNA paBHbIM AfWMHE OTpe3ka AB.

MpoBecTn OKPYXHOCTb.

MocTaBUTb HOXKY UMPKYNSA B TOuKy B.

MpoBeCcTn OKPYXHOCTb.

NpoBecTn NpAMYI0 Yepe3 TOYKWU NepeceyeHUn OKPYXHOCTEN.
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3anpocutb
ab,c

Aa

HeT

Coobwuntb a

Coobuwutb b Coobwmts ¢

Puc. 1.12

@, Yemy 6yayT paBHb! @ U b NOCNE BLINOMHEHUS KAXAOr0 U3 CReAyioWMX anropuT-
MOB? CKOnbko pa3 6yneT BLiNONHATLCA TENO LUMKNA B KaKAOM U3 HUX?

a) Anroputm Ne 1 8) Anropurm Ne 3
uen: a, b; uen: a, b;
{ a := -5; { a :=-8;
b = -2; b= -1;
Denatb noka a + b < a*b Aenatb noka a < b
{ a := 2%aq; { Ecnn b < 8 10
b:i=b+1; { a:=a-b;
} (* xoney yuxaa *) b:=>b+ 2;
} (* xoney anzopumma *) }
6) Anroputm Ne 2 _a_euu{ua.=a+2_
uen: a, b; b..__.b_a.’
{ a := 25; } . ’
b:=1; * %
Denate noka a - b > a*b } } (* woney yurra *)
{ a :=a+ 10;
b := —-8=b;

(* xoney yuxaa *)
} (* xoney anzopumma *)

@ Onpepennrte, CKONLKO pa3 UcCnonHAETCH TeNo UMKNa B KaKAOM U3 yKa3aHHbLIX Huxe

cny4aes:
a) flenate 0T £ := -1 o 9 6) Oenatb ot %k := -5 o -8
€ warom 2 ¢ warom -1
{ meiicrBue;

{ neiicrBme;

, ,

2%
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B) Benatb oT £ := -1 po 7 r) Aenarb or k£ := 1 go 3
¢ warom 2 ¢ warom 3
{ neiicrBue; { nei#icrBue;

} !

@ a) B ponn dopmanbHOro ucnonHutensa eoinonHute anroputm Esknupa (c. 33) ana
nap uwmcen 6 n 4, 9 un 12, 8 u 24.
6)* Ham BOBCe He xo4eTcs, 4TOGbl Bbl Owywany cebn Tonbko dpopmanbHbiMU ucnon-
HuTenamu. MoaToMmy nocTtapanTeck 060cHOBaTb, 4YTO anroputm Esknnpa npeticten-
TensHo Boiuucnaet HOA. (Cose 1. Mone3Ho BOCNONL30BATLCA TakUM CBOWCTBOM
ANA HatypanbHbiX Yyucen a v b: ecnn a > b, 1o HOA (a, b) = HOA (a — b, b). KoHeu-
HO, 3TO CBOWMCTBO TOXe HyXgaeTcs B o6ocHoBaHuW.)
B)* MocTapaitecb O6BLACHUTL, NoYeMy anroputM EBKAnMOA koHeweH npu Nobbix
AONYCTUMBLIX HavYanbHbIX 3HAYEHUAX apryMeHToB.

@ UcnonHute cnepylowmin anroputM NPy pasHbIX 3HaAYEeHUAX v (B 3anUCKU 3TOro anro-
putma LEN (v) o6o3HavaeT onepartop, BbIMUCNAIOWWIA KOIMYECTBO CUMBOJIOB B 3HA4e-
HAN CUMBONBHOW nepemMeHHon v; YacTte (a, b, ¢) — onepartop, KOTOPLI B 3HAYEHUU
CUMBONEHOW NepeMeHHOW a BbldenseT 4acTb, HAaYUHAIoOWYIOCA C CMMBONA, 3aHUMa-
lowero b-e MecTo, N copgepxalwylo ¢ CAMBONOB).

Anroputm N 4
CUM: U, w;
uen: a, b;
{ 3anpocurb v;
a := LEN (v);
w:=""
Ddenatb ot b := 1 a0 a
{ w:=w + Yacts (v,a+1-0b,1);
(* xoneuy yuxaa *)
Coobuinte w;
} (* xoney anzopumma *)

§8 DopMasnbHbLIi UCNONIHUTESNb: ABTOMAT

YenoBeK BechbMa IIpeyclieJ B CO3TaHUU Pa3HOOOGpasHBEIX YCT-
POICTB, BHIMOJMHAIOINIUX TY UJIH HHYIO PaGOTy B COOTBETCTBHH C YeTKOM
nHCcTpyKIumeili. IIpn aTomM oH yke He 00A3aH MOCTOAHHO HaXOAUTHCA
OKOJIO 3TOro yCTpoiicTBa, YTOOBI yNpaBAATL HM. B sTOM ciydae r'oBo-
PAT, UTO YCTPOUCTBO BEIMIOJNIHAET pPab0Ty aBTOMATHUYECKH, a CAMO TaKoe
YCTPO#CTBO HA3LIBAIOT ABTOMATOM.

B peanbHO# XKM3HH aBTOMATHI OBIBAIOT OYEeHbL PA3HBIMH. IJTO MO-
’KeT OBITH ABTOMAT IIO HpOojake OHMJIETOB HA MHOe3Ja HPUI'OPOAHOrO CO-
o0IIeHnA, UJH aBTOMAT IO pacdacoBKe TOTOBOM NPOAYKIIMM, WJIN aB-
TOMAT IO HM3rOTOBJIEHHUIO KAKHMX-JIN00 AeTajieii. ABTOMATHI IOCJIeZHEr0
BHUJa HEPEAKO Ha3LIBAIOT NMPOMBINLICHHBLIMH POGOTAMH.

C Touku 3peHNA MHGPOPMATHKH COBEpIIEHHO BCEe paBHO, H3 Yero
cieslaH aBTOMAT. Ba)XHO JIHINIb TO, UTO OH BOCIDHHHMAET HEKOTOpbIe
CHTHANBI KaK KOMAaHABI M IO Ka)XJA0i KoMaHJe BBIITOJIHIET HEKOTOpoe
AeiicTBHe, NMepexoAsa U3 OAHOTO COCTOAHMA B Apyroe. IlosaTomy MOXXHO
CUHMTATh, UTO Ka)XJABIA aBTOMAT OINHCHIBAeTCA HaGOpPOM BO3MOYKHBIX CO-
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CTOSIHHMM, COHCKOM JOMYCTH- Tabnuya 1.6
MBIX KOMaHJ M MEPEUYUCIECHH- Coctonnve
€M TOro, M3 KaKoro COCTOSHHUS q: s dn
B KaKOe IIepexXOoAuT aBToOMaT |Komanpa
noj BO3AEMCTBHEM KaXKAOMH 2 % | dm-1] .. q
KomaHasl. Hanpumep, ecau m m
KOMaHJI TOJILKO JABe, TO HUX b q qm q:
MOXXHO 00603HAUUTEL OYKBaAMH
(nanmpumep, a u b) unu nud- Ta6mua 1.7
paMHu, COCTOAHUS aBTOMATa —
OYKBAMM Gy, Qg5 .-.r G, & TIE- CocrosHne 7 . 7 7
PEUHUCIUTD BADUAHTHL IEPEXOA | yiapns 1 2 3 4
U3 OJHOI'0 COCTOSIHUS B JIPyroe
MOXHO C IIOMOIIBIO TaGIHUIIBLI a q2 94 94 94
(HammpuMep, Takoil, KaKk TabJu- b 0 ds a0 ds
ma 1.6).

B kiaeTke, crosmieii Ha
epeceueHuy CTPOKHU M CTOJIO- 2

Ila, YKas3LIBAeTCA TO COCTOSA-
HHE, B KOTOpPOEe NEPEXOIUT aB-
TOMAT, HaXOJAHBIIHICA B CO-
CTOSIHHH, KOTOpOe YKa3aHOo
B 3aroJIOBKe TOTO »Ke CTOoJIOIa,
U ODOJYYMBIINHA KOMaHAY, YKa-
3aHHYIO B 3aroJIOBKe TOH e
crpoku. KaskaoMy sCHO, 4YTO
Takad Tab0auIa npencTaBJs- a

eT c000if MHDOPMAIMOHHYIO Puc. 1.13

MOJieJib peaJIbHOTO aBTOMATA.

ABTOMAT MOJKHO OIIMCATh M IPYroii MHGOPMAIMOHHON MOJEJBI0 —
oprpadomM. Bepmmmammu oprpada SBJIAIOTCS COCTOSIHUS aBTOMATA, AV-
raMm — mnepexoabl M3 OZHOTO cocTossHusA B apyroe. Ha kaxmoii pyre
HMeeTCsI OTMETKAa, MOKAa3hIBAIad, I0 KaKoil KoOMaHJe OCYIIEeCTBJISET-
ca mepexon. Torma aBTomaT, omucaHHBI Tabaumneit 1.7, msobpasurcsa
TaK, KaK ITOKa3aHo Ha pucyHke 1.13.

Onguo M3 COCTOAHMHM HasbIBAETCSA HAYAJLHBIM — HMMEHHO B HeM Ha-
XOAHUTCSA aBTOMAT O Hauajia paboTbl. JJOoroBopmMcA HAYaJLHOE COCTOS-
HHe Bceraa o0osHauaThk q,. HekoTopsle M3 COCTOAHMII ABJIAIOTCA 3aKJIO-
YUTEeJNbHBIMKU — MNOPHBeJeHHE aBTOMaTa B 3TO COCTOAHHE ABJAECTCA
HEeJbI0 YIIPaBJeHUSI aBTOMATOM C MOMOIIbI0 TOM WJIM MHOM IIOCJeA0Ba-
TeJbHOCTH KoMauja. HampuMmep, ecJau 3TO aBTOMAT IO NMPOoJaXKe KeJes-
HOJIOPOYKHBIX OMJIETOB, TO B HAYAJbHOM COCTOSHUM aBTOMAT OXKHIAeT,
YTO B MOHETOIIPMEMHHK HAUYHYT IIOCTYIIaTh MOHeThl. KOHEeUHBIX COCTOA-
HuUH aBa: BuIJada Oumjera M BO3BpaT AeHer. Kpome Toro, mMewTcs Ipo-

MEXYTOUYHBIE COCTOAHHA -— mNoJAcCYeT CYMMBI JeHer, IOJAAaHHLBIX B aBTO-
MaAT K 3TOMY MOMEHTY. ROMaHJ.IbI, nepeBoadAlIAe aBTOMAT H3 OAHOIO
COCTOAHHUA B ApPyroe, — 9TO ONYyCKaHHE€ MOHETHI B MOHETOIIPDHEMHHK,

Ha)XaTHhe KHOIIKH BblJayM OnyieTa MM Ha)KaTHE KHOIKH BO3BpaTa A€eHeET.
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9(K) 1 9> O6o3HauaTh TOT GaKT, UTO JaHHOE
K > COCTOSTHHEe KOHeuHOoe, 6yaemM OYK-
Boif K B ckobkax oxkoso o6osHaue-
Hus JaHHOTo cocrtodgHus. Hanpu-

1 mep, ¢x(K).
Ilennlo ympapjieHWss aBTOMAa-
0 0 TOM ABJIJETCA BBEIAAYA €My TaKoii
Puc. 1.14 IIOCJIeAOBATEJILHOCTA KOMAaHZA, KO-

Topas IEPeBOAUT €ro M3 HaYaJb-
HOro COCTOAHUA B KakKoe-Jub60 koHeuHoe. IIOCKOJBKY KayXaad KOMaHZA
obosumauena GyKBO#M, TO HaGOp KOMAaHJA, MOHMMAEMBIX AAHHBIM ABTOMA-
TOM, MOYXHO CUHTATL HEKOTOPHIM ajipaButoM A. Torga mociaegoBaTenb-
HOCTL KOoMaHJ OyJeT 3amHCHIBATBCA KaK CJIOBO B 3ToMm ajdasure. Ha-
OpuMep, cJI0BO aba MepeBOAUT aBTOMAT, OMHCAHHEIN Tabmuneii 1.7, us
HA4YaJbHOTO COCTOAHMA ¢; B COCTOSIHHE ¢,.

MHuoxxecTBO BceX TeX CJIOB, KOTOpPEHIE IIEPEBOJAT aBTOMAT M3 Ha-
YaJIbHOT'O COCTOAHHSA B OAHO U3 KOHEUHHLIX COCTOSHUIl, ob6pasyeT Hexkuii
¢dopManbHEBINA A3LIK. ITOT A3bIK HA3BIBAETCA A3BIKOM, PACIIO3HABAEMBIM
JAaHHBIM aBTOMAaTOM. ECnM AJ1d HEKOTOpPOro A3bIKA CYHIECTBYET XOTA OBl
OJUH aBTOMAT, KOTOPHIil 3TOT A3LIK pPACHO3HAaeT, TO TAKOi A3LIK HA3LI-
BalOT PacHmO3HABAEMbBIM.

Ha pucyuke 1.14 mnsobpakeH aBTOMAT, MMeIOIuil ABa coecTosa-
Hua — ¢,(K) u ¢, u NMoHUMalOmMil ABe KOMaHAbI, KOTOpPEle 0003Haue-
Hbl mudpamu 0 u 1. Jlerko coob6pasuTh, YTO paclno3HABaeMEIH 3THM aB-
TOMATOM fA3BIK COCTOMT M3 TE€X M TOJLKO TeX CJOB, KOTOpLIE COAEpKaT
YeTHOe KOJUYECTBO eJUHHIl K JII000e KoJaudecTBO Hyneii. UHEIMU cno-
BaMH, 3TOT aBTOMAT OHpeJesifeT, YeTHa JU cyMMa nudp B 4ucie, 3a-
OUCAaHHOM B JBOWYHOM CHCTeMe CUYWCJIeHHA.

A3k, pacnosHaBaeMBE KaKHM-JINO0 aBTOMATOM, KOHEYHO, SBJA-
erca (opMaSIN30BAHHLIM: ¥ HEro TOYHO OIPEJeJIEHO 3HAYeHHe KaKAOro
CJIOBa — IEPeBOJi ABTOMATA H3 HAYAJNBHOIO COCTOAHHSA B 3alaHHOE KO-
Heunoe. CremyaJINCTLI IO ABTOMATAM YCTAHOBUJIHM, UYTO AJA KaXJIOTO
Pacmo3HaBaeMoOro f3blKa CyllecTByeT dopMajibHaA I'PaMMATHKA, 3aja-
0IIAasgs 3TOT A3bBIK. TeM caMBEIM KaXABLIM pacno3HaBaeMLINH A3LIK ABJA-
erca ¢opManbHEIM. 9TH I'PAMMATHKMY JIETJIH B OCHOBY BCe€X HBIHE CyIIle-
CTBYIOIIMX A3BLIKOB IPOrpaMMHPOBaHHSA.

BONPOCH! U 3A0AHNSA

Kakumn gsymMs MHPOPMaLMOHHBIMU MOAENAMU MOXeT ObiTb NpeacTaBneH asTomar?

Y710 Takoe fA3biK, pacno3Hasaembli AaHHLIM aBTOMAaTOM?

Kakoi n3bik Ha3biaeTcs pacno3HaBaembimM?

o000

Ans aBTomata, n3obpaxeHHOro Ha pucyHke 1.13, onpepenuTte, B KakOM COCTOSHUN
OH OyneT HaxoauTbCA NOCNe UCNONHEHUS] NOCNeLOoBaTENLHOCTU KOMaHA:
a) abba; 6) ababbabbb; B) babaabaaa;
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r)* a"b", roe 3anucb a" 03HayaeT, 4To Tabnuya 1.8
nos .
6ykBa a noBTOpeHa n pas CocTonnme
Ana aetomara, uzobpaxeHHOro Ha a4 9 ¢3(R)
pucyHke 1.14, coctaebTe onucaHue Komanpa
B8 dopme Tabnuub!.
bopme u a % | & | g
MocTtpoite B Buae rpada wuHdopma-
UMOHHYIO MOaenb aBTomarta, 3a4aHHO- b 1 q2 q3

ro tabnuuen 1.8.

Kakoir a3bik Hap AByxCUMBONbHbIM andasuTom {0, 1} pacnosHaeTca aBTOMATOM,
n306paxeHHbIM Ha pucyHke 1.157?

Kakoi A3bik Hag ABYXCUMBOSbHbIM andaBuTOM {a, b} pacno3HaeTca aBTOMATOM,
3agaHHbiM Tabnuuein 1.87?

U3o6pasute B Buae rpada uHOOPMAaLUOHHYIO MOAenb asTomarta, KOTopbin Gbl
pacnosHaBasn a3bik Hag andasutom {0, 1}, cocToawmii N3 BCEX CNOB, CoAepXalumx
POBHO 5 noapaa naywmx eamHwvl,.

N306pa3nte B BUae rpada uHPOpMaUMOHHYI0O MOAeNnb aBToMarta, KOTopblit Gbl pac-
nosHaean a3blk Hag andasuToM {0, 1}, cocToAwMiA N3 BCeX CNOB, COAEPXALLUX POB-
HO 5 eouHuy,.

N306pa3ute B Buae rpada nHGOPMaLUMOHHYIO MOA4ENb aBToMarta, KOTopblit Obi pac-
nosHasan A3blk Hag andasutom {0, 1}, COCTOAWMA U3 BCEX CNOB, HAYMHAIOLIMXCA
C eauHuubl (T. €. 3TOT aBTOMAaT OTANYAeT HaTypasibHble YMCNa, 3anUCaHHLie B ABOWY-
HOI CUCTEME CHUCNEHUA, OT NPOU3BONLHBLIX NOCNeaoBaTenbHOCTEN cumeonos 0 v 1).

® 6 OO0 0 O

?) 1 CSI 1 9(K) 1 qs
0 0 0 0 1
Puc. 1.15

§9| YnusepconbHbili MCNONHUTEND

HasepHo, KamxAblil, KTO NMeJ JeJO C KOMIbIOTEPOM, BHAEJ,
a BO3MOXKHO, ¥ CAM MIDAJ B KaKyI0-JIN60 KOMIBbIOTepHYIO UIpy. Ha ak-
paHe OHHU O0BEKTHI B BUAE JKUBBIX CYIIECTB WM TEXHUYECKHX YCTPOMHCTB
NOAYMHAIOTCS KOMAHAAM HUIDAIOUIEro, APYrue — YIPABIAIOTCA KOMIIb-
1orepoM. Bce aTH 00BEeKTH — (opMayIbHBIE MCIOJHHUTENH, KaIbI# CO
CBOMM HabGopoM monycTHMBIX AeiicTBMil. TOILKO O6BEKTHI 3TH He peajb-
HBIE, & UMHUTHUPYeMbie KOMIbIOTepoM. IloayuaeTcsda, YTO ¢ IIOMOIIBIO
0ZHOr0 (POpMANBHOIO HCIOJHHUTENST MMHTHDYIOTCH ApPYrue.
IlonwsiTaemca cpopMyaupoBaTh, YTO 3HAYHT OAWH HCIOJIHUTENIb
HMHUTHUPYETCSA C IOMOUIbI0 Apyroro. I'oBopaT, uTo GopMaJbHBIH HCIIOJ-
HUTenb A uMuTUpyer GHOpMaAbHOrO HCIOJHHUTEAs B, ecan:
¢ KaXIOMY OOBEKTY, HaJ KOTOPHIM BBIIIOJHSET NeHCTBUA MCIIOJIHHU-
Tens B, OZHOBHAYHO COOTBETCTBYeT OGBEKT, HAJ KOTODBIM BBHIINIOJ-
HAET AeHCTBUA UCIOJHHUTENb A (MMHUTALUNA CPeAbl MCIOJHUTEN);
° KQXKJOMY DONYCTHMOMY IeHCTBHIO MCIIONHHUTENAS B Hajg TeM WIH
UHBEIM O00BEKTOM CpeZibl OZHO3HAYHO COIOCTABJIEHO IOIYCTHMOE



JeiicTBHe MCIIOJIHHUTENA A HaJ COOTBETCTBYIOIIHMM OGBEKTOM €ro
cpenbl (MMUTAIINA NEHACTBHI);

¢ KaXKJasd WHCTPYKIMSA, COCTABJIEHHAS A MUCHONHHTENA B M nmpu-

BOAAIIASA IPHU ee HCIOJHEHUH K ONpPeJesIeHHOMY pe3yJIbTaTy
(T. e. K OIpeJleIEHHOMY COCTOAHHUIO CPeAbl MCIIOJHUTEJNS U ero ca-
MOro), MokeT OBITh mpeobpasoBaHa MMHUTAIHEH ZOIYCTHMBIX
JefcTBUHA B HMHCTPYKIHUIO IJIs HCIOJHUTENAS A, HCIOJIHEHHE
KOTOpPO# IPMBOAHUT K COOTBETCTEBYIOIIEMY pe3yJbTaTy B cpefe
HCIOJIHUTENA A.

BrnpoueM, NpeANoONOMKEHHME, YTO Y HCHOJNHUTeNel A u B pasHas
cpena, B KOTOPO#l OHM CYIIECTBYIOT, He IPHHIOVOHNAJILHO ¢ MHpOpMAaIy-
OHHOM TOUYKHM 3peHuA. Hanpmmep, HCIONHUTENb A HMeeT JeJ0 C YHC-
JaMu, a ucnojsHuTenb B npeobpasyer rpadbuueckue msobparkenus. Ho
BEI yXXe 3HaeTe, YTO (PaAKTHUYECKH B KAXKAOM U3 9THUX CJYUaEB PeUb MIET
0 mpeo0Opa3oBaHUHM IOAXOAAITUM 06pasoM B3aKOAMPOBAHHON HMHDOPMA-
nuu. Bojee TOro, MOMKHO CUMTATH, YTO HCIOJNB3YETCHA ONUH K TOT Ke
JBOUYHBIN KOJ, T. €. CpeJa MCIOJHHUTENEH IPOoCTO OQHHAKOBA — HHGOP-
Manus, IpeAcTaBleHHAA B (opMe 3aKOLHPOBAHHOIO COOOIIEHHA.

OxuH M3 Ba)KHEHIIMX BOIPOCOB TEOPETHYECKOH MHDOPMATHUKHU 3BY-
YHUT TaK: CYyIIeCTBYeT JH (POPMANbHBIA MCIOJHUTENb, C IIOMOIIBI KOTO-
POro MOXXHO MMHUTHPOBATH JiioOoro dopmanssoro ucrnonautena? Taxoro
HCIIOJIHUTEJIA eCTECTBEHHO HA3BATh YHHMBEpPCAJBHBIM. JIETKO OHATEH, YTO
KakK (pHUsHYeCKOoe YCTPOHCTBO YHUBEPCAJNIBLHBIA HCIOJHUTENL HE CYILIECT-
ByeT: BeAb HHGPOPMAIMA MOKET KOAHPOBATHCH KAK YrOAHO MAJIWHHBIMU
coobmieHnaMHu, a Jaoboil GusnuecKH HOCHUTENbh KoHeueH. Eciau ke Bec-
TH pedb 06 yHHBepCAJIbHOM HCIIOJIHUTENE KaK HASAJILHOM OOBEKTe, TO
OKa3bIBaETCA, YTO OTBET Ha 3aJaHHEIA BOIIPOC IOJIOXKHUTeNeH. M mosy-
4YeH OH OB MOYTH OZHOBPEMEHHO M HE3aBHCHMO ABYMS BEIAAIOIIUMMCS
yuensiMu — A. Teiopuarom (B 1936 roay) m 3. Iloctom (B 1937 roay).
IlpepnoxeHHbIe UMM HCHOOJHHUTENN OTJHYAIUCH APYr OT ApPyra, HO OKa-
8aJI0Ch, YTO OHH MOI'YT MMHTHDPOBATH IDPYT
Apyra, a IJIaBHOE — HMHTHPOBATH BoOOIIE
aoboro opManbHOrO MCIOJIHUTEN.

YHNBepCATLHOIO HCIOJHUTENA IIPHHATO
Ha3BIBATH MAINHHOM H JaBaTh UM MMEHA UX
n3obperateneii. Tak 4YTO YHHBEPCAJbLHOIO
UCHOOJIHUTEeNA, npuaymasnsHoro A. Teropusn-
TOM, Ha3EIBAIOT MamwuHON ThIOpHMHra, HCIOJ-
HHUTeNndA, omucagHoro 9. Ilocrom, — wmammu-
ol Ilocra. Ilosxke MmOABHMAMCE M ApYyrue
yHHBepcaJbHbIE HCIOJHHUTENH, HaIpUMep
mammuaa MUHCKOTO.

HWraK, MOKHO CUMTATH, YTO YV HAC uMe-
eTcA coo0IIeHVe, 3aIMCAHHOE B HEKOTOPOM
andasuTe, n ero Tpebyerca mpeoOpasoBaThb
B Apyroe coobmenme. HammcaTs HHCTPYK-
nuio GOpMANEHOMY HMCHOJHUTENO AN 00-
A. TolopUHr paboTK¥ KOHKPETHOH Mmaphkl COOOIeHUu#H —




l 41 Undopmaruka kaxk Hayka

P [ fefei rfal«le].Jefef=] [ [ [ | | [ |

Puc. 1.16

neno mexuTpoe. Ho BBHI yke 3HaeTe, UTO pealbHBIH MHTEpecC IpeACTaB-
JAKT HHCTPYKIUU (T.e. aJIFTOPUTMEI), IO3BOJIAIOIIME DEIaTh LeJblil
KJacC ONHOTHUIHBIX 3aJa4 — TaK HA3LIBAEMOE CBOMCTBO MAaCCOBOCTH aJi-
roputma. Hanpumep, Takast 3ajada: K JI060My cOOOIIeHHIO NMPUONCATH
cIpaBa eille OAMH 3apaHee 3aflaHHBIN cuMBoJ. Ecim mocienoBaTesib-
HOCTH OJMHAKOBBIX CHMBOJIOB BBICTYIAeT KOJOM HATYpaJbHOTO YHCJA
(KOJIM4eCTBO CHMMBOJIOB B IIOCJIEIOBATEJILHOCTH M €CTh KOAMpPYyeMOe Ha-
TypaJIbHOE 4YHCJO0), TO (haKTHUECKM peub HAET O CO3AAHUU aJropUTMa
yBeJuueHuss uucjga mHa 1.

Cuuraor, 4TO cooOIleHHe 3aIMCAaHO Ha JeHTy. BoJsiee Toro, ymo6-
HO IpPeACTABJIATH cebe 3Ty JIEHTY pas3feJIeHHON Ha OAMHAKOBBIE KJIET-
KH, B Ka)XJA0M M3 KOTOPBHIX 3alHCAH POBHO OAMH CHMBOJI COOOIeHHA.
IMockonbKy coobiieHust MOTYT OBITH KaK YIOAHO AJIMHHBIMHM, TO JIEHTY
IOTOBOPUMCS NPEACTABJATL cebe GeckoHeuHoli. IlycThie KiIeTKH OyaeM
CUNTATH 3AMOJHEHHBIMH CHUMBOJIOM «mpobein». Tem camMbiM MBI 00'BABH-
Jau, 4TO JI000# ax(daBUT, KOTOPLIH OyAeT MCIONbB30BATHCA HAMHU IAJdA
3alluCHU CcOoOOIIeHHMI Ha 3TOil JeHTe, 06A3aTeJbHO COAEpPKUT IIpobe.
Horosopumca o6o3HauaTh ero a,. OcrajbHble CHMBOJBI aj(aBura, HC-
NoJAb3yeMOro IJisi 3alllMcH coo0lieHuii Ha JIeHTY, OyaeM obo3HauaTh
a;, ay, ..., a,. Eciin HaM TpeGyeTca 3anucaTh 3aJady BbIYMCJIEHHS CyM-
MBI JBYX UHCEJI, TO al(paBUT MOXKHO B3ATH TaKUM: a,; 1; 2; 3; 4; 5; 6;
7:;8;9;0;,; +; =. Sanuch Ha JIeHTe MOYKET BHITJIAZIETh, HAIIpUMEP, TakK,
KaK NOKa3aHO Ha pucyuke 1.16.

Mpm1 He OyZleM Ha JIeHTe B IIYCTHIX KJIETKaX MHCAThb CHMBOJI G, MOX-
pasymeBas ero TaM. KpoMe TOro, AOTOBOPHMMCS, YTO IEPBHIA CHUMBOJI
Cco00Ienusi, OTIMUYHLIHA OT mpobejia, Bcerga CTOMT B OAHOM M TOil ke
KJeTKe; Ha pucyHke 1.16 oma ormeueHa cTpejkoii. Ty KJeTKy Oyaem
Ha3bIBATh HAYAJIbHOMN.

Coobiienue, 3anucaHHoe Ha JIeHTe, o6pabaTbiBaeTcs HEKUM YCTpPOii-
CTBOM, U Pe3yJbTAT CHOBA 3AMMUCHIBAETCA HA JIeHTY. IIoCKOJBKY mcCHOJI-
HUTEJSb (POPMANBLHBIN, OH He BHMKAeT B CMBICJ COOOIEHMS, a IO cOcC-
TABJIEHHOI AJI HEro MHCTPYKIIMHM 3aMeHseT OJHYW CHUMBOJbBI Ha APYTue.
Hac He mHTepecyeT, KaK (PUBHUECKH OCYIIECTBJAETCSA TAaKasd 3aMeHa,
MO3TOMY MOMKHO INpeJCTAaBUTH, YTO BAOJDL JIEHTHI ABHXKETCA HEKUH
aBTOMAT, KOTOPBIH CUMUTBIBAEeT CMMBOJI U3 KJIETKH Ha JIeHTe, obpabaThi-
BaeT IMOJYUYEeHHYI0 HH(OPMAIlHIO, MeYaTaeT B KJETKe APYroil CHMBOJI
(ecsim 3TO NMpeANIMCAHO MHCTPYKIHEH) M CABUTAaeTCA K COCeTHEH KJIeTKe
BIPABO MJH BJIEBO.

B yxe 3HaeTe, 4uTO Ka)XAblii aBTOMaT OIIMCHIBaeTcA HabopoMm
cocroauuii. [IpuuaTo 0003HAUATHL COCTOAHUA YKA3aHHOTO CUUTHIBAOIIE-
IeyaTalomero apromara 6ykBaMu ¢y, @i, ggs ---» g,. 1IPDH 3TOM OaHO co-
cTosIHME 0cob0e — 9TO IpeKpailleHue paboThl, TAK Ha3LIBA€MOE COCTOSA-
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HHMe ocraHOBa. Ero o6osnauaror q,. Kpome Toro, npu BKJIIO9YEHUH aBTO-
MaTa, T. e. B Hauaje paboThl, OH Bcerja HaxOAHUTCA B OZHOM M TOM JKe
COCTOAHNH, KOTOpOe MBI GyseM o0O3HAUYATH ¢, U pacmoJjaraeTcsi Hanpo-
THB HAYaJbHOM KJIETKH.

Takum obpasoM, mMamuHAa ThlopHHra GopMaJbHO OIIMCHIBAETCH HAa-
6opoM AByx andaBuToB: A = {a;, @y, ..., a,} U Q = {qg> G1> T2s +++s qp}-
AngaBuT A HasLIBaeTCsd BHEIIHUM ¥ CIYXXHUT AJIA 3allUCH MCXOAHBIX CO-
obmeHnii, ajdaBUT ¢ HaseIBaeTCAd BHYTPEHHHMM M ONNCHIBaeT HaboOp
COCTOSHMI CUYHUTHIBAKINE-TIeYaTaloIlero ycrpoicrsa. Msobpaxarr Ma-
muHy Telopunra 6yzeM Tak, Kak Ha pucyake 1.17. Ha 3ToM pHCYHKe
n300paskeH MOMEHT paloThI, KOrAa CUYUTHIBAIOIIE-TiedyaTalomee yCTpoOii-
cTBO 0003peBaeT TPeThHIO KJETKY OT HAaYaJIbHOH (B Hed K 5TOMY MOMEH-
Ty OKasaJicd CHMBOJI as3) M HAXOAUTCA B COCTOSIHUM .

HUrak, gonycruMmeie aeiicTBusA MaluWHBI THIOpMHra TaKOBBI:

» 3amMUCATh KaKoH-JIn60 CHMBOJI BHeIIHero ajdaBuTa B CEKIIHIO
JeHTHl (CUMBOJI, GHIBIIHI TaM A0 TOTO, 3aTUPAETCH);

¢ CMECTHUTLCS B COCEJHIOI0 CEKIIHIO;

> CMEHHUTBb COCTOSSHHE Ha OJHO U3 0003HAYEHHBLIX CHMBOJIOM BHYT-
penHero andasura.

B 3TOM mepeuYMCcJeHHH B Ka)XKJ0i CTPOKe YKa3aHO He OJHO JeicTBue,
a rpynmna AeiACTBHil OZHOro BHAA — AeHCTBHI «3anucaTb CUMBOJI BHEII-
Hero an(daBUTa» CTOJBKO, CKOJbKO 3THX CHMBOJIOB, CMECTHTHLCA B CO-
CeHIOI0 CEeKIHMI0 MOXKHO BIIPABO, 4 MOYXHO BJIeBO, JedcTBHU 1o mM3Me-
HEHHIO0 COCTOAHMSA CTOJBLKO, CKOJBKO 3THX COCTOAHHH (T.e. CKOJBKO
CHMBOJIOB BHYTpPeHHero ajipaBuTa).

Tenepp HaZO CKa3aTh, KAK 3alIMCHIBAIOTCA KOMAHALI HA BBINOJIHE-
HMe YKasaHHBIX zeiicTBmnil. Ka)kaaa kKomMaHAa MaOIMHBI COZEPIKUAT He
Oosiee OmHOrO AeificTBUA M3 KAKAOH rpynnel JeMCTBHM U MMeeT BUJ

yKasaHue ykaszaHve yKasaHue
03an1cn CUMBONA | | O NEepPeMELLIEHUN MaLLIMHBI 0 CMeHe COCTOsIHUS

daKTHNYEeCKH KOMAHIAB BRIMJIAAAT TaK:

allg; — B oﬁoapeBaemym CeKIMIO 3amlHiCaTh &;, CMECTHUTLCS BIpa-
BO (K cueaylomieil CeKIMH) M IEepeliTH B COCTOAHHE q;

a,JIq] — B 0003peBaeMyI0 CEKIIMIO 3alucaThb a;, CMeCTHTBCHA BJIEBO
U nepefiTH B COCTOSAHHE g5

a,Hq — B oGoapenaemylo CEeKIIUIO 3alMcaTh a;, OCTATbCA HA MeCTe
U nepeiiTH B COCTOSAHHE ;.
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Tabnnuya 1.9
| LA CocTosHue
A_ MalUnHL @
- ql ven q]' cos q,,
M Brewnuin
iy andasnt A
Q. 2,
—— Q al
Puc. 1.18
O ai aanqt
nepaLnuoHHO-N0M-
4yeckKnin 6,10K MaLLMWHLI
TolopWHra a
m

A ocymiecTBaeHHs JeiicTBuii MamnHa TbIOpHMHTa HMeeT oIepa-
IIMOHHO-JIOTHYeCKHH OJOK. ¥ aTOoro O0J0Ka ecTh ABa BXoJa: dYepe3 OTUH
M3 HUX IIOCTyIaeT MHGOpPMAIUSI O TOM, KaKOil CHMBOJI CTOUT B 0003pe-
BaeMoii sideiike, 4yepes Apyroii — mHMDOpManMA O TOM, B KAKOM COCTOS-
HHMH HAXOZWUTCS MAIllMHA HAa JAaHHOM Iuare cBoeii paborel. dra mHGOpP-
MAIUA OJHOSHAYHO ONpejesifeT, KaKyi0 HMeHHO KOMaHAY CJAeLYyeT BHI-
NOJIHUTh MaminHe. IIOCKOJBKY KOMaHZA MOJKET COAep:KaTh yKasaHHe
Ha BHIIIOJIHEHHE TpeX JeHMCTBHiI — 3amNCH CHMBOJIA HA JIGHTY, CMe-
OIeHHUS U CMEHB COCTOSHHS, ONEePAllHOHHO-JOTHYeCKHH OJOK HMeer
TPH BBIXOJA: 3aIMCh CUMBOJA A, cMmeilleHHe M ¥ cMeHa COCTOSHHSA @
(puc. 1.18).

ITockoasKy y aTOro 0JI0KA BCEro JHIOb JBA BXOJA, €r0 peaKLUio Ha
CHMBOJIBI, IIOJABaeMble Ha HHX, YAOOHO NpeACTABUTH B BHAE IPSAMO-
YroabpHOH TaOJaMLEBI, B KOTOPOil CTPOKH M CTOJIOLBI MOMeUYeHB CHMBOJIA-
MM BHEIDHEro m BHYTpPeHHero aj(aBHUTOB COOTBeTCTBeHHO (Tabu. 1.9).
B kKJeTKH TabJHOBI 3aIMCHBAIOTCA KOMaHAH. Eciau MarinHa HaXOZUT-
csl HAaIPOTHUB KJIETKHU, I'le HAIUCAHO a@;, & ee COCTOAHHE IIPH 3TOM €CTh
¢j> TO BHINOJHAETCA KOMaHJa, CTOAINAA HA [ePeCeYeHHH CTPOKH, OTMe-
YEHHOH CHMBOJIOM &;, U CTOJ0LA, OTMEYEHHOrO0 CHMBOJIOM (;.

3Tty Tabauny Ha3HBAOT (PYHKIMOHAJLHOM CXeMoOil JaHHOII Mamu-
HBl; OHA-TO M BHIIIOJHSAET POJb HMHCTPYKIIMH (IIPOrpaMMBI) AJIS MAaIlH-
HH ThiopuHra. Is Hee, B YaCTHOCTH, BUAHO, KAKOBEI BHEIIHMI U BHYT-
peHHHUl andaBUTHl MamIMHEIL. .

IIycTs, K mpuMepy, Ha JIeHTe salicaHa NMOCJIeJ0BATEJIBLHOCTh U3 He-
KOTOPOTO KOJHYECTBa OJHOrO M TOro ke cuMmBoja *, Torma pyBxmmo-
HaJlbHafA cXeMa, OpuBeaeHHasds B Tabunume 1.10, 3a-

craBiasieT MAIMWHY THIODMHra YBEJHUYHTL HA OXHY Tabnmua 1.10
KOJIMYECTBO 3Be3J04YeK B ITOi IIOCJIeJ0BaTeJbHOCTH. Q
IlokasaTe, uTo Mamuuaa THIODHHra ABAAETCA | A %

VHHBepCAJNbHBIM HCIIOJHHTeJeM, HeJb3sa. Tak xe, "
HAaImpuMep, KaK HeJb3s AOKAa3aTh 3aKOH coXpaHe- ] Hg,
HHA 3Hepru# B ¢pusukKe. Ho mpaxTuKa cocTaBJeHHNs * *J1

QJITOPUTMOB MOKAa3bIBaeT, YTO Jo0yio 3agady, KOTO- %
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PVIO CerogHs yMeeT peHIaTh YeJIOBEK, MOYKHO 3alporpaMMHPOBATh
Ha MamuHe TolopHHTa. ITOT SKCIEPUMEHTAJNBLHBIN GaKT, Ha3bIBA€MbI
Te3aucoM TriopuHra, GOpMyJIHpPYIOT TaK: AJA 3afa4¥ CYIIECTBYET
AJITOPUTM pPelIeHNA TOTJa M TOJBKO TOTAa, KOrja MMeeTcs MOAXOnsd-
masa MamuHa TbIOpHMHra, IIOCPEACTBOM KOTOPOH MOYKHO PEIIUTH 3TY
3agauy.

BOMPOCHI U 3AAAHUA
Kakoi ¢popmanbHbiii UCMONHUTENL HA3bIBAETCA YHUBEPCANbHLIM?
Yro Takoe mawwuHa TelopuHra?

Yem ofHa MawwuHa TelOpuUHra OTiu4aeTcs oT Apyron?

Y710 HasbiBalOT PYHKLUMOHANBHOW CXeMOoW MalunHbl TohlopuHra?

BepHO nu1, 4TO MawmnHa TblOPUHra ¢ HaNUCaHHOW Ana Hee PyHKLMOHANLHOW CXeMOon
ABAAETCA KOHEYHbIM aBTOMaToM?

M3o06pa3nute B BUae nocneaoBaTenbHOCTU PUCYHKOB, Kak M3MEHsieTca uHgopmauma
Ha neHTe npu pabote mawumHbl ThlopuHra, onucaHHon tabavuen 1.10.

Cneays dyHKumoHanbHOW cxeMe, onucaHHoi TabGnuuen 1.10, mawuHa TelopuHra
npunuceiBaeT K 3a4aHHON NOCneaoBaTeslbHOCTU 3BE3A04YEK elle OAHY 3BEe340uKy
cneBa. CoctaBbTe (YHKUMOHANBHYIO CXeMy, COrfacHoO KOTopow 3Be3foyka Oyper
NPUNUCLIBATLCA CNpaBa OT 334aHHOW NOCNeaoBaTeNbHOCTH.

© O 0O0OO6O

©

MycTe BHewHWIA andaBuT cocTouT M3 cumeona a, u uudp 0, 1, 2, ..., 9. Ha neHty
3anucbiBaeTcs HatypanbHoe uucno. lMpuaymaite maiwimHy TelOpuHra v CocTaBbTe
Ana Hee YHKUMOHANBHYIO CXeMy, COrnacHoO KOTOpPoi aaHHoe uucno Gyper ysenu-
YeHo Ha 1.

- OCHOBHbIE HaNpaBneHUs MHPOPMATUKM

HrdopMaTHRY OIpeNeigioT KaK HayKy, H3yJalollyl HHOOD-
MAaOHOHHBIE NPOLECChI, a TaKyKe HHCTPYMEHTHI, IIpUMEHseMble IJIf
MOJIyUeHHA, XPaHEeHHs, mepeaayn u obpaborku wmubopmamuu., Ha Ha-
YaJbHOM 3Talle pasBHUTHSI HHGPOPMATHMKH OCHOBHBIE OO0BEMBI XPaHUMOI
u obpabaTeiBaeMoii mHGOpMAIMUM OBIIM IIPEACTABJIEHBI TEeKCTaMH,
3aMKCHPOBAHHLIMHM Ha OyMasKHBIX HOCHTENAX. B 3T0 Bpemsa mudopMma-
THKA CIYXKHJIA TEOPEeTUUYECKOil OCHOBOH OHMOJMOTEUYHOTO AeNa — YBeJIHU-
YHUBaIoHecs TEMIbl POCTa HAYYHO-TEXHUUYECKON M coluaabHON mHbpOD-
MaIliu TpeboBaiu paspabOTKM HAYYHO OOOCHOBAHHBLIX METOJAOB CHUCTe-
MaTH3AmHUKU WHGPOpPMaIlMK, IO03BOJIAIINX CO3aBaTh CPeJICTBa ee
3¢ deKTHBHOTO MOMCKA M 00paboTKH.

ITonckom mHpopMamuu 06 OKpyxaloUleM MHDe U ee 00paboTkoi
3aHMMAIOTCA BCe HAyKHU. IJTO, OJHAKO, He O3HA4YaeT, 4TO MHGMOPMATHKA
BKJIIOUAETCS B 3TM HAYVKM KaK HX COCTaBHAd 4YacThb WM, HAoBOpOT, UTO
Ipyrue HayKH TOH MJIM MHOH CBOEH CTOPOHOII BXOAAT B MHAPOPMATHUKY.
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Poar undopmMaTHKM B cucTeMe HAVK GJHM3Ka K POJM MATEMATHKH —
ofeclieuMBATL METOAAMM HCCAeIOBaHHA M oO0paGorku mHpopmanuu. Ho
no uszobperenna OBM, HbIHe MMeHYeMLIX KOMIILIOTEPAMH, 3Ta POJIb
OblsIa He CTOJIb 3HAYHTEJILHA.

Bbi, koneuno, 3Haete, uTo nmepBble OBM, coszanHbie B 50-e roani
IIPOUILJIOr0 CTOJIETHA, IIPeTHASHAYAJNCH AJIA pacyeTOB B ANepHOi (Hu3u-
Ke M KOCMHYeCKOil Texuuke. OgHako chepa IpUMeHEeHHsS KOMIILIOTEPOB
OBICcTpO pacmupsanach. IlociegopaTesibHOe U aKTHBHOe BHeapeHne 9BM
B 00J/1aCcTh yIIPDaBJIEHHA W 3KOHOMHUKY IIPHBEJIO K CO3JaHHUIO HOBOH OT-
pacJm — CpeICTB M METOJZOB aBTOMATHYECKO o6paboTkm mHpOpPMA-
nmuu. IIpm 3TOM OKasajioch, YTO 3JeCh, KAK M B MaTeMaTHKe, CO37a-
BaeMble CPEeJCTBA M METOLHl IMOTYHHSIOTCA HEKOTOPHIM OOIIMM 3a-
KOHOMEPHOCTAM, He 3aBHCAIINM OT KOHKDPETHOH IPHUPOALI 3ajad, AT
pellleHusA KOTODPHIX OHM HMCHOJIb3yIOTCA. HoHeuHO, oco3HaHMe 3TOH
O0LIHOCTH NPOMCXOAMJIO He Ha IIYCTOM MECTe — OHO OBINIO IOATOTOB-
JIeHO Pa3BUTHEM KHOEPHETHKH, MAaTeMATHYECKOI JIOTUKH, TeopHil ¢op-
MaJIbHBIX SA3LIKOB M ajropuTMoB. IMeHHO B KuOepHeTHKe Onlno cdop-
MYJUPOBAHO IIOJIO}KEHME O €JHUHCTBE 3aKOHOB IPOTeKaHUA uHpOpMAa-
OMOHHBIX IIPOIIECCOB B “KHUBOM Ipupode, oOiiecTBe um TexHuke. Cama
KuOepHeTHKA KaK CaMOCTOATEJbHAA HayKa 00 oOIMX 3aKOHAX yIpas-
JIEHUsI B JKUBBIX, TEXHHYECKHX M COIMAJILHBIX CHCTEMaX BO3HHUKJA B
cepeanne XX Beka Osarozaps paboTe rpynnbl YUYeHBIX PA3HBIX HAIIpPAaB-
JeHu#l (MaTeMaTHKH, JHUHTBUCTHI, HelpodH3HoJOoTH M Ap.) IOJ PYKO-
BoacTBoM H. Buuepa. B 30-e rognl mnpoIiioro cTojJeTHs TpPYXaMH
JI. Yepua, A. Teiopunra, 9. Ilocta 6plin 3a10:X€eHBI OCHOBBLI TEOPHUM AaJI-
TOPUTMOB, MOKAa3aBIIei, UTO HEe3aBUCHMO OT IPOUCXOKIAeHUs HHGOP-
MaIli OCHOBEI €e aBTOMATHM3MPOBAHHOI 00paboTku exmuHbl. IIpoGaeMsl
nepenayu MHGOPMAIUNA II0 TEXHUUYECKHUM CHCTEMaM CBA3U 0e3 MCKalKe-
HU#, BHISBAHHHEIX IIOMEXaMH, a TaKiKe 3aJadM 3aluThl HHbOpPMaIuu
OT HECAHKIMOHHPOBAHHOIO NPOHMKHOBEHHUS UM MCIOJbL30BAHHA IIpHUBE-
U K TJIyOOKMM HMCCJIeZOBAHHUAM B TeOPHMH KOJZOB M METOAOB HIN(ppOBa-
HUA. ITH KUCCIeZOBAHMA, B YaCTHOCTH, HOKA3aJM, YTO K BOIIPOCY O KO-
JaudyecTBe MHPOpPMAMK HAZO MOAXOAUTL HE TOJBKO C COZEPIKaTeJbLHOIH,
HO U ¢ GOPMaAJLHO-TEXHOJOTUUECKON TOYKM 3pPEeHHA.

B cBo10 ouepenn, UupesBEIYANHO Ba’KHOH OKA3BIBAETCS COAEPIKATENb-
Hasi TOYKA 3PEHMUA, KOTODYIO YACTO HA3LIBAIOT JIOTHKO-CEMAHTHUYECKOI.
B sTom cayuae mapopmManusa paccMaTpuBaeTCcd KaK SHAHHE, IPUYEM Ta-
KOe, KOTOpOE€ HCIOJbL3YeTCHA AJA OPHEHTHPOBKH B OKpyiKalouieil geiict-
BHUTEJBbHOCTH, IIPHUHATHUA DeIleHUil, yIpaBJeHUSI U CcaMOYIIPaBJIeHUS.
BmMecTe ¢ KOMIBIOTEDHOH TEXHMKO# 3TO HalpaBjieHMe HHGODMATHUKH
YACTO BBICTYIAeT KaKk HHGOpPMAaIMOHHOEe MOZeJIMpPOBaHME, O KOTOPOM
mja peub B §5. Cpean pasHooOpasHbIX MHGPOPMAIMOHHEIX MOZee
ocoboe MecTO 3aHMMAIOT TAaK HA3LIBA€MbI€ CHCTEMbI MCKYCCTBEHHOTI'O
unaTeJutekTa. Takue cuUcTeMbl Ha OCHOBe HMMelolneiica MHPOPMAIMH MO-
JeJINPYIOT IPUHATHE YeJIOBEKOM pelleHnii. OXHUM M3 IPUMEDPOB CHCTEM
MCKYCCTBEHHOI0 HMHTEJJIEKTA ABJISIOTCA 9KCIEepPTHLIe cucTreMbi. Hampu-
Mep, K 3KCIEPTHBLIM CHCTEMaM OTHOCATCA KOMIILIOTEpPHEIE IIPOTPAMMEI
MeIUITMHCKON JUarHOCTHKH.
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BypHasa mHbDOpPMaTH3aIUA OOIIECTBA COIPOBOMAAETCA TEM, UTO HH-
¢dhopMaHOHHLIE IPOLECCHI Bce 00JbIle M OOJIbIle NMPOTEKAIOT B 3JIEKT-
poHHOM BHze. UHDOpMaMOHHBIE PECYPCHI II00aNbHBIX KOMIBIOTEPHBIX
cereii, JUYHAA NepemUCKa IO 3JeKTPOHHOH IOYTe, 3JeKTPOHHLIe GaH-
KOBCKHMEe OIlepaluy, NUCTAHIIHOHHOE KOMIBIOTEPHOE YyIOpaBJIeHHe Ipo-
MBIOLJIEHHBIMH 00BeKTaMH — BCe 5TO TpeOyeT obecledeHHUs Ge3omacHO-
ctu. PaspaboTka cpexcTB 3alllUTHI MHMOpPMALWMH, IPEACTABJIEHHOH B
3JIeKTPOHHOM BHJle, — OJHO U3 NPHOPHUTETHLIX HANpaBJIEHHI COBpeMeH-
Hoii nadopMaTuku. HanoMauM, 4TO corsacHO crathe 20 PepepabHO-
ro 3axKoHa 06 mHbopManmuu, HHGOpMATH3aIlHH M 3aluTe HHDOpPMAIINH,
npunsaroro 'ocyzapcreennoii ymoit Poccmiickoii ®egepanun, «IeIaMH
3aIIUTHl ABJIAIOTC:
— HpeZOTBpallleHHEe YTeYKH, XHUIeHHdA, YTPAThl, HCKaKeHHUs, IOXLeJI-
KU uadopManum;
— HOpeXOTBpallleHHNe HECAHKIIHOHHPDOBAHHBIX XEeHCTBHI IO YHHUYTOXKe-
HHUIO, MOZM(MHKAIHNHN, HCKAXEHHIO, KONHPOBAHHIO, GJIOKMPOBAHHIO
uHbOpMaIMH; NpeOTBpallleHHe APYTHX (GopM He3aKOHHOTO BMeMIa-
TeAbCTBA B MHGbOpPMaIMOHHLIE Pecypchl M HHGpOpMAaIlMOHHLIE CHCTE-
MBbl...».
Taxoe ITHpOKOe MOHUMMAHHUE TEPMHHA «3allUTa HHPOPMAIlUHM» CTAa-
BUT Hepex pa3paloTYHKaMHM BechbMa pas3HoOGpasHble 3ajayd — OT CO-
3paHusa 3¢ ¢GeKTHBHLIX IPOrPAMM-apXHBATOPOB, ITO3BOJAIOIIHX CO34A-
BaTh KOMMNAKTHBIe pe3epBHbLIE BEPCHH LOKYMEHTOB M MNPOTPAMMHOTO
ofecneyeHnsa, 40 KOJJIEKTHUBHBEIX, B TOM YHCJI€ CETEBHIX, AHTHBUPYCHBIX
cpeactB. HamoMHHMM, YTO KOMIIBIOTEPDHBLIM BHUDYCOM HA3bIBaeTCA IIPO-
rpaMMa, cnoco0Hasi K CaMOBOCIPOH3BeAeHHIO (BO3MOXXHO, B M3MEHEH-
HOM BHJ€) M IPOU3BOIAIIASA HECAHKIIMOHHUPOBAHHLIE IIOJIbH30BATEIEM H3-
MeHeHUsA B MHPOpMaLMUH, XpaHAIlelicd B KOMIIBIOTepe.
BaxxHyI0 poJib B NpPEeAOTBPAIIleHNH HECAHKIIHOHHPOBAHHOTO AOCTY-
na ¥ MCKaXeHHA HHPOpMAIMH UTIPalOT COBPEMeHHble MEeTOALI KOMIIbIO-
TepHOU Kpunrorpapuu -— 3JEeKTPOHHAA MNOANHUCH (IOATBEDIKAANOIIAS
aBTOPCTBO JOKYMEHTAa), 3JIEKTPOHHLIE BOAAHEIE 3HAKH (IOATBEPKIA0-
mue OOAJHUHHOCTH Ipadpudyeckux ¢ailsioB), 0ZHOCTOPOHHee IHIn(ppoBaHUE
(mopTBepIKAaOINee MOLJIHHHOCTL TEKCTOBOTO 3J€KTPOHHOTO NOKYMEH-
Ta), MHUPpPOBaHHE C OTKPHITHIM KjouoM (obecrmeumBaroiiee KouHbuzeH-
IUAJIBHOCTh OOINEeHHA B CEeTAX MACCOBRIX KOMMYHHKaIUWii) M T. o.
IlogBOAsT MTOr, HA30BEM OCHOBHLIE HampaBjeHNsa HNHGPOPMATHKH
KaK HayKH:
s pa3paboTKa MOAesieid NMPOLECCOB M ABJEHHH peaJbLHOr0 MHUpa OJId
NnoJiyueHHA HHPOPMAIHNH O 3aKOHOMEPHOCTAX HX BO3SHHKHOBEHHHA
M PasBHUTHI;

e paszpaboTKa aJITOPUTMOB M NIPOrpaMM AJd KOMIILIOTEPHOIl peajm-
3anuu MojJejieli, OpraHuM3anus KOMIBIOTEPHOTO SKCIIepPHMMEHTA
C MOZJEeJISIMH;

¢ OPraHH3aIUA MOJb30BATEJILCKOTO HHTepdeiica B KOMNObIOTEPHOHN
NNpOorpaMMHOI cpeze;

» OPTaHH3aIUA CETEeBHIX CTPYKTYp IlepeZauyH, XpaHeHUs M IIOUCKa

uHpopManuu;
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¢ OpraHM3alMA XpaHeHHUs M MOUCKa MHpopManuu B 6a3axX JAHHBIX;

¢ paspaboTKa CHCTEeM HMCKYCCTBEHHOrO MHTEJ/IJIEKTa M CO3JaHUe Ha
MX OCHOBe MH(POPMAIIMOHHBIX TEeXHOJIOTHMH;

+ pa3paboTKa CpeACTB 3alUTH MHGOPMAaINy, OPeACTABJIEHHON B 3JIe-
KTPOHHOM BHJE;

* paspaboTKa KOMIOBLIOTEpDHOH TeXHHKH M TeXHOJIOTHi, obeclieumn-
BalOIIMX Pa3BUTHE YKA3aHHBEIX BhINIe HaNpPaBJIEHMIA.

BOMPOCHI M 3ANAHMS

0 Y710 nay4aet uHpopmaTUKa kak Hayka?

9 Mpueepute npuMepbl U3BECTHLIX BaM UHGOPMAUMOHHBLIX MOgenei, NPUMEHSIEMbIX:
a) AnA NO3HaHWS NPUPOAbLI;
6) ona npeackasaHua NPUPOAHLIX ABNEHMWIA;
B) ANA ynpasneHus nNpou3soacCTBOM;
r) ans oueHKU NonMTU4eckoil o6CTaHOBKU B CTpaHe.

MpuseguTe NpuMepbLl U3BECTHLIX BaM CETEBbIX PEecypcoB noucka uHopopmaumu.
Kakue HanpasneHus pasBuTUA annapatHbIX CPeacTB MHGOPMAaTU3aUMN Bbl MOXETE
Ha3BaTb?

KakoBbl OCHOBHblE Lenu 3awutbl uHbopmMaunn?

Y10 Takoe KOMNbIOTEPHLIA BUPYC? Kakne aHTMBMPYCHbie NporpamMMHblie CpeacTsa
BaM W3BECTHbI?

MNepeuncnure OCHOBHble MHGOPMALMOHHLIE TEXHONOMMK, yaOBNEeTBOpsiowme UHOP-
MauMoHHbIM noTpebBHoCcTAM YenosBeka u obuecTsa.

© 00 00
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HNudopmanus — 3TO TO, UTO MO3BOJSET JKHMBBIM OpPraHM3MaM, HX
coo0IiecTBaM HJIH TEeXHHMUYECKHM CHCTEeMaM pearupoBaThb Ha BO3JAei-
CTBHe OKpyKamwilueil cpeanl, ofecleuMBad HUX IeJIeHAIIPDABJEHHYIO Aes-
TeNIbHOCTb. BoJjiee o0LIMII B3raaAjg HA IOHATHE MHPOpPMALHH COCTOHT
B TOM, UTO HH}poOpMaLUs — 3TO OTpaKeHHNe pasHOoOpasus B CYIIECT-
BylollleM MHpe. B oGiacTAXx HAyKH, N3y4aloOlL[MX B OCHOBHOM deJIOBEKAa
n obugecTBO, moA MHGpOpMAanMeil IPHUHATO MOHMMATEL 3HaHUA 00 OKpPY-
JKAIOIeM 4YeJIOBeKa MHpe M O caMOoM cebe.

HNudopmanua cyuecTByeT TOJABLKO OyAyuM 3adHKCHPOBAHHOH Ha
TOM HJAHM HHOM HocHTede. 3adHKCHPDOBAHHYI0O KaKHM-JTHO0 crocobom
nHPOPMAINI0O HA3LIBAIOT HHGOPMaHNNOHHBIM OOBEKTOM.

HNudopmanua nposasaser ceba B TeX NN MHBEIX NHGOPMAaIMOHHBIX
nponeccax. K ocHOBHEIM MHGPODMANMOHHEIM IIPOIEcCaM OTHOCATCH IIO-
ayueHne mHbopMauyuM, ee XpaHeHWe, Imepezadya m oOpaborka. Hayka,
u3yJalonada MHGOPMaIHOHHEIE IIPOHECCHl, 4 TaKXXe NHCTPYMEHTHI, IIPHU-
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MeHSAEeMBIe IJIA IIOJIVUeHUs, XPaHeHUs, Iepefadyu U o6paboTku nHMOD-
MaIuy, HA3BIBAETCSI MHMOPMATHKOIMA.

OcHOBHBIMH (OpMaMHu IIpPeACTABJICHUS HMHGpOpMAIMM, KOTOpas MoO-
JKeT B IIoCJeAyIoNnieM o0pabaThIBaThC TeXHUYECKUMM CPEJCTBAMU, SBJISA-
IOTCA CHMBOJIbHAsI, BU3yaJIbHasA M 3BYKoBasg. CHMBoOJIbHasA HHpopManusa
TIPEelCTaBJSAETCA B BUAE COOOIIEHUI, 3alMCAHHBIX HA HEKOTODOM S3LIKe.

SIBEIK — 3TO COBOKYIIHOCTL CJIOB, COCTaBJIEHHBLIX M3 CHMBOJIOB He-
KoToporo ajdaButra. COBOKYIHOCTL IIPABUJI COCTABJIEHUSA CJIOB U3 CHM-
BOJIOB aJiaBUTA Ha3LIBAeTCsS TIPAaMMATHKON A3LIKa. SISHIK Ha3LIBaeTCA
¢dhopMaIN30BaHHBEIM, €CJIH 3a KASKABIM CJOBOM 3aKPEIJIEHO POBHO OAHO
sHaueHne. POpMAJIN30BAHHBIN S3BIK, B KOTODOM rpaMMaTHKa TaKJKe
dopMannsoBaHa, HaswIBaeTCsA (PpopMaILHBIM.

s asroMaTHsanuu HHGOPMAIHOHHBIX IIpoleccoB wHbopManus
Kogupyercs. H3-3a TEXHUYECKOro yAoO0CTBA KOAMDOBAHUE OOBIYHO OCY-
LIECTBJSETCS B ABYXCUMBOJBHOM ajipaBUTe — ABOMYHOE KOAUDOBaHUE.
A ZBOMYHOrO KOAMPOBAHUS BH3YaJBbHONH M 3BYKOBOI HH(pODMAIUN
NpHUMeHAeTCA IIPOIECC ANCKPEeTH3alluM, MJIH OLN(pPOBKU.

A nosydeHusi, o0pabOTKHM, COXpaHEeHUA U Iepefadyu 3HAHUA dUe-
JIOBEK INDHUMEHAET MOJEeJIVNPOBAHUE, T.€. 3aMeHAeT OJVH OGBLEeKT, IIpPO-
IleCC WJIH ABJIEHHNE APYTHM, HO COXPAHSIOIIMM CBOMCTBA MCXOAHOTO 00B-
eKTa, Ipolecca UJH SBJIEHUsA, CyIlleCTBeHHLIe AJIS PellleHUs IMOCTaBJIeH-
Ho¥M samaum. IIpu sTOM 3aMeHAIOINI O0BLEKT MJIH IPOIECC HAa3HIBAETCH
MOZEJBLI0 MCXOIHOIO.

Oco0nIil KJacc Mopesyiell coCTaBJAOT MHGOPMAINOHHLIE MOZEJIH.
HNudopmanmonnoii HasbIBaeTCA MOJEJNb, NIPEeACTABIAKIAA 00BEKT, IPO-
Imecc HWJIM sIBJIeHHEe HaGOpOM mapaMeTpOB M CBs3eil MeXAy HHMMH.

Hepeako o6beKT MK IPOIECC IIPeACTABJIAET coboil cucTemMy, T. €. CO-
BOKYIIHOCTL CBSISAHHBLIX MEXJAY c000M 3JIeMeHTOB, IIPHUYEM peau3anus
3THX CBsA3eil 00eclleUMBAET HaJMUYKME HOBOT'O KAadYecTBa, KOTOPOTO HET
IPpY PACCMOTPEHUHN 3JIEMEHTOB IIO0 OTAeJbHOCTH. Il0osiBJIeHEe HOBOTO Ka-
YecTBa Ha3bIBAIOT CHUCTEMHBLIM 3(p(PeKTOM MIM 5MepASKEHTHOCTBIO.

VA0OGHBIM CIIOCOOOM IIPEACTAaBJEHHS CHUCTEMBI SIBJISETCS €€ HM300pa-
JKReHUe B Bujae rpada uam oprpada.

O6paboTka, i npeobpasoBaHue, MHPOPMALNN — 3TO U3MEHeHUe
cogep:kaHusa mian dopmbel HHGOpMAIMOHHOrO 00BbeKTa. OO6paboTka nH-
dbopMaIlIM MOJKET OCYIIECTBJSATHLCS DBPHCTHUYECKH MJAHN (hopMaJbLHO.
B mepsoM caydae HCIOJNHHUTENb, IIPOU3BOAAINUNI 06paboTKy, BHHUKAaeT
B cMBICJ ob6pabaTriBaeMOi MHPODMAIMH H CAMOCTOATEJLHO MPUHUMAET
peleHns O IeJAX M cnocobax ee mpeobpasoBanHmuA. Bo BTopoMm ciayuae
WCIIOJIHUTENDb CJeAVeT NPEANNCAHNAM COCTABJIEHHON AJIsi HETO MHCTPYK-
UK, He BHUKAS B CMBICJ BHIIOJHSEMBIX UM JeiicTBuii. @opMajibHad
o6paboTka mHGMOpPMAIIMM BHIIOJHSETCS ABTOMATHYECKH M IOTOMY MO-
JKeT OBITL IIOpYyYeHa TeXHUYECKOMY YCTDOHCTBY.

WHeTpyKIiua, BLIOJHEHHAss B (popMe YKasaHUs IIOCJIeA0BaTeJILHOC
TH AeACTBUIl, KOTOPBIE HANJEKUT HUCIOJHUTH (HGOpPMaJSbHOMY HCIIOJIHH-
TEJI0, Ha3hbIBaeTCs AJI'OPUTMOM. B ajroputrMme AOJKHBI IPUCYTCTBOBATL
TOJLKO Te JAeHCTBUs, KOTODPLIe AOMYCTHMBI AJA JAHHOIO HCIOJHUTEJNS.
3TO CBOMCTBO aJIrOpuTMa HA3BIBAETCA IOHSTHOCTLIO.
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AaropurmMsl 00BIYHO 00JIAZIAIOT U PAAOM APYTHX CBOMCTB: AETEPMHU-
HUPOBAHHOCTHIO, KOHEUHOCTHIO, DE3YJbTATHUBHOCTHIO, MaCCOBOCTHIO.

IIpu cocTaB/IeHHH AJITOPHATMA HCHOJIBL3YIOTCA KOHCTDYKIIUM BETBJE-
HuA (B IOJHOHM MJIHM HeNoJIHOHM ¢dopMme), nukga (B dopMe «IoKa» HUIHU
CO CYETUHKOM), O0pallleHUsI K BCIIOMOTATEJbHOMY AJTOPDHTMY HJIH IOA-
nporpaMmMme-QYHKITUH.

YTo0B! OAHMH U TOT K€ AJTODUTM MOXKHO OBLJIO HCIOJIB30BATH IJIs
pa3JIMYHBIX HMCXOAHBIX AAaHHBIX, a TaKsKe YTOOBI B IIpOliecce HMCIIOJIHe-
HUs aJropHTMa IIepefaBaTh MHGOpMAIIHMIO OT OAHON omepanuy K ApPY-
ro¥i, HUCHOJIB3YIOTCA NepeMeHHBIEe. ¥ KayKJoll IepeMeHHOU eCcThb uM4,
[O3BOJAOINEE OLHY NEPEMEHHYIO OTJHYATH OT JADYroil M yKaseIBATh
B aJITOPHTME, 13 KaKOoM nmepeMeHHOIi mHbopManuio HYKHO B3ATH Ha 00-
paboTKy M B KaKylo IIepeMeHHYIO IIOMeCTHUTh pe3dyJbTaT. Bropas xapak-
TepHUCTHKa HepeMeHHON — ee Tun. OH yKasbIBaeT HCIOJHHTENIO, KaK
LOJIXKHA BBIMOJHATHCS TA WIH WHadA ONepanusa HaJL JAaHHLIMH, XpaHs-
muMuca B nepeMmenHoil. Cama mHbopMauusa, KOTOpas XPAHUTCA B Iie-
peMeHHOIi, Ha3bIBAETCA €€ 3HaueHHeM. B A3bIKax NporpaMMHDPOBAaHUA
OOBIYHO HCIOJBL3YIOTCA YMCJIOBLIE THILI IEJBLIH M BellleCTBEHHBIN; JIO-
rudeckuii Tun (6yieBriii); CHMBONBHLINA THII (CTPOKOBBIH).

OcHOBHOe JeHiCTBHE, KOTOPO€ COBEpIIaeTcsa HaJ NepeMeHHOH, —
3TO mpucBamBaHue eil sHaueHus. OHa 0003HauaeTCA IIPH IIOMOIIA CHM-
BOJIA «i=».

AJropuTM, 3anHCAHHBLIA Ha A3bIKE MCIOJHHUTENSA, Ha3bIBAeTCA
nporpammoii. Ilonck omuOox B mporpaMme Ha3BIBAaeTCS e€e OTJIAJKOM.
Omubka MO’KeT OLITH CHHTAKCHYECKOIi, T.e€. BHIBBAHHOH HeNpaBHJb-
HBIM ynoTrpebJieHHMeM CJIOB M KOHCTPYKIHI fA3LIKA IPOrPaMMHPOBAHHUA,
U CeMaHTHYeCKOH — Ha Hee (QopMaJIbHBI HMCHOJHHTENb DearupyeT
OTKA30M BLINOJHHUTL IPEANNCAHHOE eMy AeHcTBHE.

NPOBEPb CEBS

Yactk 1. IIpu BHIIOJHEHMM NpeIJIOKEHHBIX HIDKE 3aJaHHI 3aMUIITHTe
y ceba B rerpasu mudp 3azaHus 1 HOMep npaBuiabHoro oresetra. Ilo oxoHua-
HUH paboTHl CcBephbTe MOJYYHUBIIYIOCS V Bac 3amuCh C KJIOYaMH Ha c. 269.

A1. HudopmanmuoHHBIi 060beM coobileHna paBeH 256 6uram. B baliTax o6bem
TOrO ’Ke COOGIIEHUs paBeH:

1) 8§; 2) 5; 8) 32; 4) 64.

A2, B coobmennu «HMudopmarnka — MO JIOOUMBIH IIpeaMeT» KayKIBbIH CHUM-
BoJ kKogupyerca B cucreme UNICODE. Undopmanmonnsiii 06-eM 9TOro co-
obIenna:

1) 528 Gur; :2) 66 oOwur; {8): 528 kmaobaiir; #y 66 xumobaiiT.

A3. [Ina naru 6YKB JaTHUHCKOTO andaBUTa 3aAaHLI UX ABOWYHBIE KOJBI:
a — 001, b —10, ¢ — 100, d — 101, e — O1.
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JBonunoii crporoii 1010011010101 saxoaupoBaHA CJAEAVIOUIAA IIOCIEHO-
BATEJBLHOCTh U3 HATH GYKB:

A} bbecd; 2) dbabd; i8) dabde; 4) bedde.

A4. 13 natu GykB a, b, ¢, d, e naTuHCKOrO ajdaBuTa N3BECTHHI ABONYHBIE KO-
Obl Tpex OYKB:
a— 001, d—101, e — O1.
Kpome Toro, ussecTHo, 4to ABoMuHOIi cTpokoit 01001011101001010 sako-
AUPOBAaHA TIOCJeA0OBATEeJbHOCTh becdab. Torzga mocienoBaTeNbHOCTH abcede
KOAUPYeTCA KakK:

“1¥ 0011010010101; “¥ 00101001110101;
8Y 01010110101101; '4) 00110101001101.

AS5. Ina o6paGoTKM 3BYKOBOi MHGDOPMAIIMM KOMIBIOTEPOM 3Ta HHGOpPMAIHNA:
1) momenupyercs; .2}, dopmanusyercs; ,8) AUCKpeTUsUpyeTCcsH;
4% B nyHKTax 1—3 Her npaBUNBHON GOPMYJIHPOBKH.

A6. CBoiicTBO MOZENN COOTBETCTBOBATHL TEOPETHUYECKHM BO33PEHUAM M HaGJIo-
AEeHUAM NPAKTHKH HA3bIBAETCSH:
13} CHCTEeMHOCTEIO; -2¥. MHDOPMATHBHOCTEIO; 3); ameKBaTHOCTLHIO;
4} cpeiu BapMaHTOB, YKA3aHHBIX B IIyHKTax 1—3, HeT mpaBuJbHOM ¢op-
MYJHPOBKH.

A7. [JonycTUMOCTh AefiCTBHA IJA HUCIOJHUTENS — 3TO:

‘1) mpaBoO MCIOJHUTENA BBHINOJHUTE JTO AelCTBHE;

‘2), yMeHHMe UCHIOJHUTENSA BHINOJIHUTHL BTO AEHCTBUE;

B¥ Heo6X0AMMOCTDL AJIA HCUIOJHHUTENS BHIMOJHUTHL 3TO AEUCTBHE;
4¥ B nynxrax 1—3 HeT npaBUABHOH GOPMYJIHPOBKH.

A8. Jl1060ii aaropuTM COCTOUT H3:
‘1Y npaBuy, IO KOTOPHIM MOMKHO AEHCTBOBATH HMCIIOJHUTEIO;
2¥ alropuTMHUeCKHX KOHCTPYKUMH, MOHATHBIX HCIOIHUTEIIO;
By nonycTUMEIX AelicTBUII MCIIONHUTENSA;
-4): B nyaKrax 1—3 HeT npaBUILHOH (GOPMYIHDOBKH.
A9. KoHeuHOCTP ANTOPHUTMA O3HAYAET, 4TO:
“1¥ RaIBIA IIAr AJCOPUTMA COBEPUIAETCA 34 KOHEYHOe BpEeM;
2¥ ucmonHeHMe AJTOPUTMA 3aBEPHIAETCA IIOCJEe KOHEYHOTO YHCIA IIIATOB;
8). ucnojHeHHe AJTOPHUTMA NPHBOAUT K NOJYYEHHIO HEOGXOOHUMOro pe-
3yJbTaTa;
4y B nyHxkrax 1—3 HeTr npaBUILHON GOPMYIHPOBKH.

A10. [Iuxn1 — 3TO AATOPUTMHYECKAS KOHCTPYKIMA, B KOTOpPOil mpeaycMaTpu-
BaeTCs:
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Al1.

A12.

A13.

Undopmaruka kak Hayka

1). BeIGOp AJIS UCHOOJHEHHA OAHOTO M3 ABYX OJOKOB AeHCTBHI;

2) BHIGOD MCHIOJHATH WIN He HUCIOJHATH HEKOTODPHIH 6JOK JelicTBHIi;
3). moBTOpPEeHMe HUCHOOJHEHHS HEKOTOporo OJoka HeiicTBHii;

4} B nyuxrax 1—3 HeT mpaBMJIBHOH (POPMYJIHPOBKH.

BerBienne B nonuo#t ¢opme obecreunBaer:

1). BriGop AJIst MCHOJIHEHMs OZHOrO M3 ABYX 6JIOKOB JeiicTBHMIi;

2J BBIOOD HMCHIONHATH WM HE UCIOJHATH HEKOTOPBIA 60K AelicTBumil;
3)° moBTOpeHMe HCIIOJIHEHHUA HEeKOToporo 6ioka AeiicTBmii;

4). B nyHKTax 1—3 HeT mpaBuNbHOM (GOPMYIHUPOBKH.

q)OpMaJII:HI:Ie nmapamMeTpbl BCIIOMOraTeJbHOI'O aJIrOPpHUTMa — 3TO:

13’ nepeMeHHBIe, NCIIOJIb3yeMbl€e BO BCIIOMOraTe€JbHOM aJIrOPHTME,;

21 apryMeHTbl BCIIOMOTaTeJIbHOTO aJrOpUTMAa;

3) IIepeMeHHbIe, YKa3aHHbI€ B 3aroJIOBKe BCIIOMOraTeJbHOI'0 aJropuTMa,
4;“ KOJINYECTBO IIEPEMEHHBIX B 3arojiIoOBKe BCIIOMOraTeJIbHOrO aaropuTrMa.

UmMeroTcA ABe KY4YKH KamHe#, B ogHOM M3 KoTophix 13 miTyk, a B Apy-
roit 17. UcnmoaHuTeap UMeeT ABa AONMYCTHMBIX NeHCTBMUA:

a) B3ATh M3 NEePBOM KYYKH 2 KAMHA H II€PEJIOKHUTh MX BO BTOPYIO;

6) B3ATH M3 BTOPOH KYYKH 5 KaMHell U NEepPeioKUTh UX B IIEPBYIO

B yMeeT NMPOBepPATh, OCTAJUCH JIA B Ky4Ke KaMHU,

HcnoaHNTeNb BHIIIOJHAET AJTOPHTM:

Denatb noka (B mepBoifi KyuKke ecThb KamMHH) M (BO BTOpPOHl KyuKe €CTb

KaMHH)
{BaaTh 3 mepBoOil KYUKM 2 KaMHA M NEPeJOKUTh UX BO BTOPYIO;
BaaTh M3 BTOpOil KYUYKH 5 KaMHell M IePeIOXKHUTh HX B IEPBYIO;}

Yepes HECKOJIBKO IIATOB KCIOJIHUTENb IPEKpaTua pafoTy, IOTOMY 4YTO:
1) KOHuYMJIMCH KaMHH B IEpBOil KyuKe;

'2) KOHYMJIMCH KAMHHU BO BTOPOIH Ky4YKe;

'8) He MOKeT MCIONIHUTH AOIYCTHMOE JelicTBUE a;

4) He MOKeT HCHONHUTH JOIYCTHMOe AelicTBue 6.

A14. 3HaueHUd NepeMeHHBIX Y U 2 NOCJEe UCHOJHEHUA AJITOPUTMa, M3006pakeH-

HOro cxeMoi#l Ha pucYHKe 1.19, TaKOBHI:
1y y=2,2=1; 2yy=-8,2=1;
8yy=2 2=2 ‘4 y=-8 2=6.

A15. Ha pucyuke 1.20 nsobpakeHa 6J0K-cXxeMa ajJropurMa.

3HaveHNs MEePeMeHHHIX a M b mocjie MCIOMHEHUA STOro AJITOPHUTMA:
1) a=-144, b =112; 2 a=1, b=25; 8y a=-29, b=11;
‘4, He COBMAJZAIOT HU ¢ OAHON mapo¥ 3HaYeHHI, YKA3AHHHIX B IYHKTaX
1—3.
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| a:=3;
b:=-11
x:=-4;
y:=2
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A16.

A17.

A18.

A19,

Undopmartuka kak Hayxa

ITocsne ucnmoJHeHHs aJITOPUTMa, H300PaXeHHOTO CXeMO#l Ha DHCYH-
ke 1.21, mepeMeHHasi a NMoJiydynJia 3HadeHue 1.
3HauyeHue, IPHUCBOCHHOE NMEPEMEHHONA a B pe3yJbTaTe HCIIOJHEHUS IepBO-

ro olepaTropa ajJropuTMa:
1) ob6sasarennHO GBLIO paBHO 1; ‘2¥ Moryio OBITH paBHO —1;

3) obssaTenpbHO GHLIO paBHO 2; 4) Henb3A yKasaTb OFHO3ZHAYHO.

Jan ¢parmMeHT ajropurma:

a:=1;
b= -1;
Denatb noka a + b > a * b
{a:=0b+1;
b:=2 *% a;

}

Teno nmukJa 6yZeT HUCIOJHEHO:
1) O pas; 2) 1 pas; .3} 3 pasa; 4). 6omee 3 pas.

JlaH anropuTMm:

Anroputm
cum: A; uen: X, K, M
{ 3anpocurtb A;
X = 0;
Ecnmn (YacTte ( 2, 1) = Yacts (4, 6, 1)) T0
{ Aenatb ot K := 1 go LEN(4) - 2
{ Oenate oT M := K + 1 go LEN@4) - 1
{ Ecnm (Hactes (4, K, 2) > Yacts (A, M, 2))
T0{X:=X+1;}
}

}
}

ITocie ero ucnonuenusi mepemeHnnas X umeeT 3HaueHue 4. 3HaueHUe,
NIPHCBOEHHOE NEpeMEHHON A MOCJie MCIIOJHEHNA NMEPBOTO OllepaTopa B Te-
Jie aJITOPUTMAa, MOTJIO OBITh:

1) BAJIEHTHHA; 2) TAJIMHA; 3). UPMHA; ‘4 MAPHHA.

JlaH aaropuTm:

Anroputm
uen: M;
{ 3anpocu1'b M;
Ecnu (M <0)10 { M := -M; }
genaT b NOKa (M - 1)x(M-8)>0
+

’

||
=
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KonndecTBO Tex IeJIOUMCIIEHHBIX 3HAYeHUil M, MpH KOTOPBLIX JAaHHBIA aj-
TOPUTM KOHeYeH, PaBHO:

1¥1; 8y 9 3F17T;
4) apyromy, He)Kejm B OyHKTax 1—38, umciy.

A20. aun aaropurm:

Anroputm
uen: K, M;

denatb noka (K mod 2 = 0 nwan M mod 2 = 0)
{ Ecom (Kmod 2=0)10 { M := M + K/2;} }
Echm (M mod 2 =0)10 { K := K + M/2; }

ITpu BBegeHHbix 3HaueHHUAX K m M uCHOJHeHHE aJroOpUTMa 3aBEpIIU-
JIoch dYepe3d KoHeuHoe yucjgo miaroB. Torga K u M:

1} Morum 6uiTe paBHEI 12 B 6 coOTBeTCTBEHHO;
2y morum ObiTh paBHBI 5 U 10 COOTBETCTBEHHO;
:3¥ moruu 6biTh paBHBE 9 M 10 COOTBETCTBEHHO;
4Y nomxKHBI MMeTh MHBle 3HAYEHUs, YeM yKasaHHbIe B NMyHKTax 1—3.

Yactb 2. IIpu BhnosHeHUH OpeqJOKeHHbIX HHMKe 3aJaHUM 3anumuTe
y ceba B TeTpaau mindp safaHNA U OTBET B BHIE IIOCJIEeAOBATEJIbHOCTH CHMBO-
JoB. ITo okoHUaHUM PaboTHI CBepbTe MOJYUYHBINYIOCS Y BAC 3aIHUCH € KJIOUYAa-
MH Ha c. 269.

B1. HeJIEHaHpaBJIeHHaH 3aMeHa OJZHOro OO'BbeKTa APYTrUM, COXpPaAHAKIINHUM Cy-
ImecTBEeHHbIE CBOHCTBA MCXOAHOrO o6beKTa, Ha3LIBAETCA .

B2. 3akoHunuTe mpepiioxkeHue: «llJiA opraHMsanmuu TNOBTOpPeHUs OJsoka JeiicT-
BUH HCIOJB3YyeTCA AJTOPUTMHYECKAS KOHCTPYKIMUsI, KOTOpas HAa3BIBAETCHA

».

B3. lau axropurm:

Anroputm
uen: X;
{ 3anpocurte X;
Ecmm (X < 150) n (X > 75)) 10
{ natb Noka X mod 2 =
{ X :=X/2; }
}
uHa4
{ X=X+ 2
Ecmm (X <10)10{ X := X - 33}



B4.

B5.

B6.

Undopmaruka kak Hayka

Coobuunts X;
}

ITocsie MCIOJHEHUS STOro aaropuTMa G6eL10 coobmeno uncao 9. Kakoe umc-
JIo 6BLT0 HmpucBoeHO nepemenHoit X mo KoMaHge 3anpocuTb X?

Jas ajropuTMm:

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

{ Sanpocurts A;
M := LEN(A);
Benatbor K ;=10 M -1
{A:=A+ Yacrs 4, M - K, 1);
}

}

Huxe mpuBeAeHEI YeThIpe YTBEPXKIACHHUA:
ITocsie BHIMOJIHEHUA 3TOT0 AJTOPUTMA B IIepeMEHHON A OKaKeTCsd:

4) cnoBo B 2 pasa Goibmeil AJTHHBI, 4YeM HCXORHOE;

2) cnoBo, OAMHAKOBO YHTaeMoe CleBa HAIPaBO M CIpaBa HAJEBO;

#) ci0BO, B KOTOPOM KayKABI# CHMBOJI 00s3aTelILHO BCTpedaeTcs HE Me-
Hee JABYX pas;

4) cnoBO, B KOTOPOM XOTsI OGbI OfWH CHMBOJI BCTpedaeTcd HedeTHOoe dHC-

JIO pas.

3anuinuTe B MOPsAKEe BO3pacTaHus Ge3 mpoGesioB HOMepa BEPHBIX YTBEPHK-
JAeHUA.

3akoHunuTe mpeaaoxeHue: «4To6sl USMEHUTH 3HAUYEHHE NepeMeHHOH, HyXX-
HO MCHOOJBL30BATH OIEPAIIHIO ».

YrkauTre cJI0BO, KOTOPOE HAJAO MOCTABUTE BMECTO IPONYCKA B CJEAYIOIIEM
npenaoxkeHuun: «na xpaHeHUs u o6paboTKM TeKCTOBOH MHPOPMAHMHM HC-

IoJaB3yeTca THIL nepemeHHoifl ».




O6cyxpasa B § 1 noHaTHa nupopmMaumm m MHHOPMALMNOHHLIX NPOLECCOB, Mbl
CMOTpPEenu Ha Hux kak 6bl CO CTOPOHbl. Ha camMom pene uyenosek eaga NU He
rnaeHas ¢urypa B MHGOPMaUMOHHOW KapTuHe mupa. VMIMeHHO Yenoeek caenan
nHdopmaumio rnobansHeiM pecypcoMm. Jlio6oii apyroid XuMBoi opraHuam, nioboe
XWBOTHOE CcOo0OLWEecTBO0 BOCMPUHUMAET, akkymynupyeT u notpebnser uHopop-
MauuiO, OTHOCHLLYIOCA K TOMY Y3KOMY MWPKY, KOTOPbI HEnoCPeaCTBEHHO ero
oKpyxaeT. JIMWwb YeNOBEYECTBO B XOOE CBOEr0 Pa3BUTUS HEMPEPBLIBHO PacluMps-
€T 1 cepy CBOEr0 BMEWATENLCTBA, U CPepy CBOUX MHPOPMALMNOHHBLIX UHTEpE-
coB. OHO MbITAaeTCs 3arnfAHyTb B MUKPOMUP M B KOCMUYECKUE Janu, y3HaTb CBOE
ganekoe npownoe u npeackasars 6yaywee. JoGbiBaeMas 4enoBeKOM WHGOP-
Mauus npespawiaeTcs B CBOW 0COObIii BUA, — B 3HaHWE, KOTOPOE MNO3BOAWMNO
NI0ASM CO30aTb MalUWHbI, B3fBLUME Ha cebs TaxecTb PpUaM4eckoro Tpyaa, Bbl-
pawmBatbe ypoxaw, cnocobHbIE NPOKOPMUTL HEMPEPLIBHO PacTyLlee No YUCNEeH-
HOCTU HaceneHwe 3emMnu, co3[aTb UCKYCCTBEHHYIO cpedy o6uTaHua — Tennble
AomMa n ogexay.

Bonee TOro, 4enoBe4eCTBO NPUAYMAaNo, Kak COXPaHsATe M NepenasaTb 3Ha-
HWUS OT MOKOMIEHUS K MokoneHwio. MepeknapblBas Ha NAeYM MawuH PU3NHECKMIA
TpyA, BCce Gonbwe n Gonblie noaen crtano NpodecCUoHanbHO 3aHUMaTbCA
WCKNIOYUTENBHO AEATEeNLHOCTLIO, CBA3aHHON ¢ 0bpaboTkoit uHdopmaummn. U no-
SIBfIEHWE KOMMbIOTEPOB, B3ABLIMX HA cebsl MHOrMe MHPOPMALMOHHBbIE PYHKUMM,
He TONbKO HEe YMEHbWWNO apMuio PaboTHUKOB «UMHGOPMALMOHHOIO PpPOHTa»,
HO, cKopee, HaobopoT, NULWb NPUYMHOXUNO ee. [JOCTAaTOYHO cKa3aTb, YTO B pas-
BUTLIX CTpaHax 4Mcno niogen, 3aHaTeix B MHGOPMaUUOHHOW cdepe, cocTasnsaeT
B HacToswee spems Gonee 60% TpynaocnocobHOro HaceneHus (Ons CpaBHEHWs
CKaXXeM, 4TO B CE/IbCKOM XO35INCTBE 3aHATO He bonee 4%, a B NPOMbILLNEHHOC-
™ — okono 18%). MoCTOAHHO pacTeT «yaenbHbld BeCc» WHDOPMAaLMOHHOW COo-
cTaensilowen B npodecCUoHaNLHOM OeATENbHOCTU U TeX NI0AeR, KoTopble pa-
60TaloT He B MHGpOPMaLUOHHOW chepe. O TOM, Kakue MHPOPMaUUOHHbIE 3aaa-
41 06bLIMHO NPUXOAUTCH pelaTbh NOSAM B NOBCEAHEBHON U NPodeCcCUOHanbHOM
BEeATeNbHOCTU M Kak AN 3TOro MCMofb3yeTcsl KOMMbIOTEP, paccka3blBaeTcs
B 3TOI rnaee.
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@ﬁ] UndopmaumnonHbie 3aaa4YM M 3TANbLI UX pelleHus

)

JIrogu eXeAHEBHO DPEHIAIOT MHOTO Pa3SHOOODABHBIX 3aAad: YUTO
MOAAPUTH APYTY Ha JAeHb POKJIEHUS M KAK BBIBECTH CTPAHY M3 9KOHO-
MHu4YecKOro kpusuca? Yem Jyuille KODMHTH DLIGOK B JOMAIIHEM AaKBa-
puyMe M Kak y0epeub ILJIAHETY OT 3KOJIOTHYeCKOH KaracTpodni? Kak
OpraHM30BaTh BECEJIbIA IIKOJIbHBIA Beuep M 4YTO HAJ0 CAeJaTh, YTOOBI
VJIYUYIINTEL JKUSHB B CBOEM ropoje, IOCEJIKe, JepeBHe? ITH 3aja4yu cO-
BCEM He MOXOXKM Ha 3ajauu, cojep:xkaimueca B yueOHHMKAX II0 MaTeMa-
THKe, QUBHUKe, XUMHH H JPYTHM IIDeJMeTaM.

PasnooOpasue 3anad, BOSHHKAIOUINX IepeJ YeJOBEKOM M 0O0IiecT-
BOM, orpomMHo. Kak ke uenoBex pemaer Taxue 3agauu? OH oTObupaer
HYXHYI0 HHPODMALHIO, a 3aTeM, MCIOJb3yA HMMEIOIHECA Y HEro 3Ha-
HHUdA, Ipeobpa3yeT UCXOAHYIO HHGMODMAILIMIO B OTBEeT K 3ajgadue. BoT TyT-
TO M OKAa3BIBAIOTCA HYKHBIMH 3HAHHA, KOTOPbIE HAKOILJIEHBLI UeJjIOBeUe-
CTBOM 3a ThICAYEJIETUA CBOEro PA3BUTHUS M YACTHYKY KOTODBIX BBHI IIOJIY-
YaeTe, U3yduad IIKOJIbHBIE TUCIUILINHBIL. W XOTs ckasaHHOe Ha IIePBHIN
B3IJIAJ Ka'KeTCsa OOIMMM CJIOBAMH, MOYKHO CAEJIATH BAKHBIN BBIBOX:
npesxcoe wem onepuposamsv ¢ PealbHblMU 00BEKMaAMU C Ueabi0 peulumsb
peanvuyio 3adavy, yenoéex onepupyem ¢ ungopmayueii 06 smux o0s-
exmax, peuias nocaedosamenvHo yeaslil pad unopmayuornnvix 3aday.

IlepBas mHbOpPMAaNHOHHAS 3ajada HA YKa3aHHOM IYTH COCTOMUT
B TOM, 4TOOBI ONPEAEAUTDH, KAKYI0 MHGOPMAIHI) 00 UCXOAHBIX 00BEKTaX
HeO0X0AUMO MMETh M KakK ee HOJNy4YHuTh., CONPOBOMKIAIOUINII peIlleHUe
aToH 3amauyd MHGOPMAILMOHHLIN Ipollecc — IOJydYeHMe HHGpOpMAIUHU,

Paccmorpum Taryr 3amauy: Ha MebenbHOH dabpuke HYYKHO IIO-
KPBITh JIAKOM CTOJIEIITHUIIEI HM3TOTOBJIEHHLIX CTOJOB. KOHEUHO, MOIKHO
HavaThb pelllaTh 3Ty 3ajlauy, He IIOAYMaB, — Oepelrs GAHOUKY C JaKOM
U naxupyenib. Ho Torja HeT HHKAKOH YBEeDPEHHOCTH, UTO JIAK He 3aKOH-
YUTCA paHbIlle, YeM GyaeT pellleHa IIPOM3BOJCTBEHHAd 3aJaya.

IloaToMy cHauasia pelIalOT APYTYIO 3afadyy — ONPEAEJUTH, CKOJIb-
KO IIoTpedyeTca JlaKa, 4YTOOBI IIOKPEITH UM BCE M3rOTOBJIEHHEIE CTOJIEHI-
Hunpl, W pemaroT 3Ty 3ajauy yKe He Te paboume, KOTOpBIe OYAYT
peaJIbHbIM JAKOM NOKPLIBATHL peaybHble CTOJIEIIIHMUIBI, a PabOTHUKHU
IIJIAHOBOTO OTAejla — 3Jech TpedyeTcA He caM JaK, a HHbopManua
0 ero pacxofe. Bor Tak 3azaua crajia MHPODMAIIMOHHOIA.

KaxaoMy fACHO, KaK PENINTL TAaKyoo HHGOPMAIIMOHHYIO 3ajady.
s aTOr0 HaZO 3HATH ILJIOHIALh KAXKJAOU CTOJIEIIHUITHI, PACXOJ JIaKa Ha
eIVHUIY IJIOIaAW H KOJHYECTBO HSTOTOBJIEHHBIX cTojemtHur. Ilepe-
MHOKHB 9TH TPH YHCJa, MBI U OyJeM MMeTh HCKOMYIO BeauuuHy. IIpas-
Ia, TEeepb BO3HUKAET BOIIPOC, KaK Y3HATH, KAKYIO IJIOMIAAbL MMeeT CTO-
aeuranna. Ecan oHa IpAMOyroJibHasg, TO HaJ0 M3MEPUTH €€ JJINHY U IIH-
PHUHY, a 3aTEM BOCIIOJB30BATHCA GQOPMYJION IIIOUIAAHW NMPAMOYTOJLHUKA.
Ecnu ona xpyraas, TO CAeAYEeT U3MEDUTHL €€ JUaMETP U BOCHOJb30BaTh-
ca GopMyJIOil IIOIIAAU Kpyra.

Ve Ha 9TOM IIPOCTOM IIPHMepe BUAHO, UTO IIOCJE PEIIeHUs IIep-
BOI MHGPOPMALIMOHHOM 3aauy — TOJYYUTh WHGOPMAIIUIO 00 MCXOTHBIX
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00'beKTaX — MPUXOJHUTCHA PelllaTh CJAEAVIOIYI0 MHPOPMAIMOHHYIO 3a4a-
Yy — HCHOJb3ys 3HaHWUA (B JAHHOM cJydae 3HaHUe (QOPMYJIBI AJs ILIO-
magy IpAMOYTOJBHHKA HJIH IJd IUIOIIAgU Kpyra), mpeoOpa3oBHIBATh
HMeIyoca nHbopManuio B nHGopManuio o6 0:KHJaeMbIX pPe3yJbTaTax
pellleHNA peajibHOI 3amauu. 3HAHUA — 3TO TOXKE, KOHeUHO, MHPopMa-
L¥A; OHA XPAHHUTCA B HAlled MAMATH, B CIPABOYHHKAX, B HHCTPYKIHAX
0 IPUMEHEHUI0 ¥ T.J. U B HYKHBLIII MOMEHT HM3BJieKaeTcsa (T.e. mepe-
JaeTcsA) U3 CBOEro XpaHWJIHINA.
Ho B03MOKHO, UTO CTOJIEIIHUIIA HMeeT 6oJjiee IPHUUYIJIUBYIO (op-
My, HeXeJIH IPAMOYToJbHHUK HMJIH Kpyr. Hukakoil rotroBoii ¢ropmyJsinl
AN BBIYNCJEHUA ee IJIOMAAW MOXKeT mpocTo He ObiTh. Torza mocTy-
UM TaK: HaJbeM JIaK B MEPHHI CcTaKaH M 3aTeM JIAKOM M3 3TOTO CTa-
KaHa [IOKPOeM CTOJIELIHHUITY. PasHOCTb MeKAY HadaJIbHBIM M KOHEUHBIM
YPOBHAMM JlaKa B CTaKaHe YKaKeT HaM pacxof Jaka. 9To u Oyzer uUH-
dopmamua o6 UCXOZHOM OOBEKTeE.
Yro Ke MBI CHeJaJA B 3TOM Cjydae, YTOGLl NOJYUYHUTH HCXOLHYIO
nHbopManuo? MBI DpoBeJM 3KCIEPUMEHT. BIpoueM, eCJM CIPOCHUTBH,
Kak ObLIM IOJIYYEHBI AJVHA M IIUPUHA IPAMOYTOJBHON CTOJIEIIHHUIILI,
TO OTBeT GYAEeT TAKOil »xe: sKCIepHUMEHTAJILHO.
PaccmoTpenHas HaMHM 3ajaua oueHb Ipocta. Hepexxo, oxHako,
BCTPEYAIOTCA TAKHE 3aJa4Yl, CAMO pellleHHWe KOTOPLIX IIPeAZCTABJIAET CO-
60if BecbMa BakHYI0 HHbopmannio. Torza ata mHGOpPMaLUA IEePEeXOZUT
B 3HaHUSA, T.e. COXpaHAeTCA B HEKOTOPOM 0000HmIeHHOM M CHCTeMaTH-
3UPOBAaHHOM BHJe, IrOTOBaA K IIPHMEHEHHIO B CXOXKHX CHUTyanusax. M=l
B IOCJIEAVIOUIHX IJjaBax OyzeM mogpo6HO 06CyKZaTh, KaK IIpeAcTaBJjie-
HEl 3HAHHUS B YeJIOBEUECKOM COOOGIIecTBe.
Hrak, ¢ kakoil OB peaJbHOIl 3ajaueil HU NPUXOJUIOCH HNMETH
AEJI0O UeJIOBEeKY, e€e pellleHHe COIIPOBOKZaeTcA WHOMOPMAIMOHHOM nes-
TeJIbHOCTBIO, COCTOALIel M3 TpexX aTaIlOB:
+ Ha IIePBOM aTalle OIIpeJeJisieTcs, KaKylo HCXOAHYI HHGOpMAaIiuio
HeoOXOZUMO MMeTh JJIfA pellleHHsA 33aJaYd M KaK ee IOJYUYHTH;

= Ha BTOPOM 3Talle IIPUBJIEKAIOTCS 3HAHUA, IIO3BOJISAIOIINE CBA3ATH
HCXOZHYI0 HHAOPMAILIUIO C Pe3yJbTATAMH H ONPEIEeJNTh, KakK
MMEHHO IIOJIYUUTh TpeOyeMBIii pesyJIbTaT;

s Ha TPeTheM 3Talle MCXOZHAdA MHAOPMAaIMA HSBJIEKAEeTCA M IIPeod-

pasyeTcd B pesyJLTHUPYHOIIYIO MHPOpPMAILUIO.

Ha nepBrIX ABYX 3Tamax, Kak IIPaBHJIO, OCYILECTBJISIETCSA aHAJIH3
nHQOpPMAaLN, & Ha TPEeTheM — CHHTe3 HOBOil mHbopManmpmn.

OGpaTnM BHUMaHHe ellle Ha OAHY O0cOGeHHOCTh MHGpOpMALUH, ¢ KO-
TOpo¥ onepupyeT uejioBeK. Bea Takasa mHpopManusa MOXeT OBITHL pas-
IejieHa Ha JBa BuZa. MudopManmsa OZHOTO BHAA ONNCHLIBAET OOBEKTHI,
fAIBJIEHN, IIPOLIECCHl, YKAa3bIBad Ha HX CBOMCTBA M OTHOLIEHHA MEKIY
HuMu. UHbDOpManmsa ApPyroro BuAa oOIlpefeseT AelcTBHA, KOTOPHIE
JOJIKHEI OBITH IIPOU3BEAEHLI AJA NpeoOpasoBaHHsA OZHUX OO0'HEKTOB
B ADyrHe, AJA H3MEHEHHA Xoja IIpollecca, IJs BOSHUKHOBEHHA WJIH,
HaoGopoT, NIPeJOTBPAILlEeHHA TOTO HNJIM HHOro ABjJeHNA. HHbopMmanuio
NepBOTO BHJA HASLIBAIOT AEeKJIAPATHBHOI, NMHbOPMAIHIO BTOPOTO BH-
Ia — mnpoueaypsoii. Undbopmanusa Buza «3eMJd BpallaeTcad BOKDYT
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Connua» u «Boga samepsaer npu Temmneparype 0 °C» — meKnapaTusHas,
a napopmanua BuAa «4Yrobbl f0OLITH OrOHL, HAJO OLICTPO TEpeTh APYr
0 Apyra JBe ILIOTHO NpHUIKaThle CyXue AEpPeBSAHHLIE NMAJOUKH» U « ITOOBI
noiiMaTh peIOKY, HaZ0 Ha KPIOUYOK HACAAWUTH IIPUMAHKY, 3a0pPOCHTH yI04-
Ky B BOAYy, IIOJIOJKJAATh, MOKa PbIOKA KJIOHET, BLITAIIUTL 3alleIIUBIIIYIO-
cf 3a KPIOYOK PHIOKY» — npoleaypHaa. AHoraa AeKJapaTUBHYIO HHMOD-
Malifio JIETKO NPEeBPATHTL B NPOLEAYPHYIO UM, Hao00pOT, NMPOLEAYPHYIO
NpeBPaTUTH B JeKJapaTuBHYI0. CKasKkeM, JeKJapaTHBHYIO HH(POPMAIIHUIO
«Ilmonjagr NpSAMOYroJbHHKA PaBHA NPOW3BEAEHUIO er0o AJMHLI Ha IIU-
PHUHY» KaXXJbIH M3 BAC CIIOCOOEH IMOYTH MI'HOBEHHO IIpeo0pPasoBaTh B IPO-
Heaypuyio: «4robpl HalTH MIOMIAAL IPIMOYTOJbHUKA, HAAO U3MEPHUTh
€ro AJHUHY U UINPHUHY, a 3aTeM IIOJy4YeHHbIe BeJHUYHHBI IePeMHOMHUTD» .
Ho umorga sTo chemaTh He TAaK-TO NPOCTO; BBl ybeauTech B 3TOM, BEI-
MOJHAA 3aJaHUA K JaHHOMY maparpady. A MHOTAA TaKoe CHeJaTh IIPocC-
TO HEBO3MOXXHO B CHJIYy CaMOT0 XapaKTepa AeKJapaTHBHOH uH}popma-
nuu. Hanpumep, agexgapatuBHyio uHpopMmanuio «Ilepmoxn obpamienns
3emau Bokpyr CoJHIIA COCTaBJsfeT NpUMepHO 365 ¢ 4eTBEPTHIO CYTOK»
B NmpolieAYPHYI0 mHpOpMAIiMI0 NpeodpPa3oBaTh TPYIAHO.

e e o

BOMPOCH! Y 3AAAHm| |

o a) NMpuseante NpuMepsl, NOKasbiBAIOLME, KaK pelleHne peanbHOW 3agayv conpo-
BOXAAEeTCA COOTBETCTBYIOWUMU WUHOOPMAUNOHHLIMU NpoueccamMu. YKaxute, kxak
B 3TUX nMpumepax peanusyeTc TPU BblAeNeHHbIX UHPOPMAUUOHHBIX 3Tana pelue-
HUS 3a4a4u.

6) Ana kaxnoro u3 MHOOPMAUMOHHLIX 3TarNoB NpuseauTe NPUMepPbl NPUMEHeHUs
3HaHW Ha AAHHOM 3Tane pelueHus 3a4aqyn.

S T IR R T

e a) Ha kakom u3 MHPOPMAaLMOHHBLIX 3TANOB peleHnus 3a4a41 O peanbHOM obvekTe
Heobxoanma 3KCNepUMeHTanbHaa AeaTenbHOCTb?

6) Ha Bcex nu uHGOPMALMOHHLIX 3Tanax peweHus 3adaun MoxeT notpebosartbea
aKCNepuMeHTanbHaa aeaTenbHocTL? [nA artanos, roe Takas AeATeNbHOCTb, No Ba-
WeMy MHEHUIO, MOXEeT oKka3aTbCA Heo6XoauMoi, NoATBEepPAUTE CBOIO TOYKY 3pEHUs
npumepamMu; gna Tex 3Tanos, rae, Ha saill B3rnag, 3KCNepuMEeHT HUKorga He Tpe-
6yeTca, noctapaittec 060CHOBATL CBOIO TOYKY 3PEHUS.

Kakas wHdopmauma HasbiBaeTCA AexnapaTMBHON, a kakas — npouenypHoOin?

o0

Ana kaxporo u3 npuseegeHHbiX HUXe YTBEPXAEHUA ykaxute, UHPOPMaUMIo Kakoro
BUOga — OEKNapaTMBHOrO WAKM NpoueaypHoOro — OHO npeacTasnseT:

a) B rpamm-monekyne no6oro sewectea coaepxutca 6,022 - 102 monekyn (wmcro
ABoraapo).

6) YTo6b! cnoXUTL ABe O6GLIKHOBEHHLIE APOGU, HYXHO WX NPUBECTU K obLeMy 3Ha-
MeHaTen, KOTOPbLI HAAO0 3anucaTb 3HAMEHATEeNeM pesynbTarta, 3ateM CROXUTb No-
NYYNBLIMECH YUCAUTENWN W 3anMcaTb NONYYMBLUYIOCA CYMMY B YUCNUTENL pesynbrata.

B) 3akoH OMa: cuna Toka, TeKYWero No NpPoBOAHWKY, NPAMO NPOMOPLMOHANbHA na-
OEHUI0 HanPsXeHWa Ha KoHUuax NpoBoAaHWKA M 06paTHO NPONOPUMOHanbHa ero co-
NPOTUBAIEHWIO,

r) Kncnota n ocHoBaHne pearwpyioT ¢ o6pasoBaHuemM COAM U BOAbI.



A) Ecnn Ha Teno He AenCTBYET cuna, TO OHO COXPaHAET COCTOSIHWE MOKOS UK pas-
HOMEPHOro NPAMONUHEAHOIO ABUXEHUS.

e) Ytobb HalTM ANNHY rMNOTEHY3bi MPAMOYIrONLHOrO TPeyroNbHUKA, HaAo0 u3Bneub
KBaApaTHLI KOPEHb U3 CYMMb! KBAApaToB KaTeToB.

X) Yron nageHuna fiysa CBeTta Ha NOBEPXHOCTb PaBEH Yrily OTPaXEeHWs.

@ a) PaccMOTpuM etlle pa3 NpUMepbl YTBEPXAEHWA, 3annCaHHbIX B OOLACHUTENBHOM
TekcTe: «3emna Bpailaetrcs Bokpyr ConHua», «Bopa 3amepsaeTr npu Temneparype
0°C», «4106b1 AO6LITL OMOHL, HANO GLICTPO TepeTb APYr O Apyra ABe NAOTHO Npu-
Xartbie Cyxue aepeBsiHHbie Nanoyku», «41obbl nolimate pbibKy, Hado Ha KPIOYOK
HacaauTb MpUMaHKy, 3abpocuTe yAO4KY B BOAy, NOAOXAATb, NOKA PbiGKa KIOHeT,
BbITAWMTL 3aUENUBLLYIOCA 33 KPIOYOK PbibKy».

Ans yTBepXaeHWiA AeknapatuBHOIO BuAa yKaxwute, KakMe W3 Hux AonycKaloT npeob-
paszoBaHMe K MpoueaypHOMy, a Ana yTBepXAEHWNA npoueaypHoOro Buaa ykaxure oo-
nyckaowue npeobpasoBaHne K AeKnapaTMBHOMY WU BbINONHWUTE 3TWU NpeobpasoBaHus.
6) Ona ytBepxaeHWA u3 3adaHus 4, KOTOpble UMEIOT AeKnapaTUBHbLIA xapakTtep,
BbiAenuTe Te, KoTopblie MOXHO npeobpazosaTb B npoueaypHylo uHgopmaumio, u 3a-
nuwuTe npeobpasoBaHHble YTBEPXAEHUS.

B) AnA yTBEepxaeHUin u3 3anaHuna 4, KOTOpbIe UMEIOT NpoueaypHLI Xapakrep, Bbiae-
nvTe Te, KOTOpbie MOXHO Npeobpa3oBath B AeknapaTtvBHYIO MHPOPMAUMIO, U 3anu-
wute nNpeobpasoBaHHbie YTBEPXAEHUS.

r) MpveseauTe CBOM NpUMepbl AeKnapaTMBHOW U npoueaypHon nHpopmauum, nocrta-
paittecb, 4To6bl cpeau npumepoB OblNn yTBepXaeHUs kKak npeobpasyemMble u3 oa-
HOrO BMaa B APYrow, Tak n He npeobpasyembie.

’m Mpumenexnue xomnbioTepa ans perueHus npocreuumx
1 unHdopmaumoHHbIX 30804

Bnepsrie komnrnioTep (HaswmiBaBmiMiica Torga erme 9BM) mpo-
ABMI ce0dA He KaK MHCTPYMEHT OLICTPBLIX BLIUMCJICHMIH, a KAK HHCTPYMEHT
nia oopaboTku GoabILINX 00beMOB HMH(pOPMAIMH B CBA3K C CO3JaHHEM
KOMIILIOTEPHBIX 0a3 HAHHBIX M CHCTEM YIIPABJIEHUA MMH, XOTA CaMO IO-
HATHE «0aza JaHHBIX» B IIHPOKOM CMEICJIE HEe CBA3aHO C HOHATHEM
«KOMIbBIOTeDp». Beab Hepeako 6a3y JAHHBIX ONpPeEAIOT KaK IleHTpPaJH-
30BaHHOE XPAHWJIHINE XAHHLIX, B KOTOPOM ofecneueHO XpaHeHHe, mep-
BHYHaAA o6pabdoTrka u moucKk uuadopmamuu. B sTom cmbicie jro0aa Kap-
TOTeKa MJIM JasKe KaTaJior Ha 6yMa’XKHOM HOCHTEJIe TOMe NPeACTaBIAIOT
coboit 0a3el maHHBIX. HO MMEHHO CO3faHWEe KOMIIBLIOTEDHBIX XPaHMJINIL]
CHCTEeMAaTHU3MPOBaHHON HH(pOpPMAaIMM HpPH 00A3aTEeJIBHOM HAJUYUU IIDO-
rpaMM, NO3BOJAIOIINX MaHHUOYJHUPOBATh ¢ 3Toi HHGpOpMaliueii, npuse-
JO K NOABJIEHMIO TepMHUHa «6a3a JaHHBIX». CjoBa «6asa JaHHBIX» OY-
AyT HEPeXKO IIOABJIATHCA B IOCJAEAYIOIIEM TEKCTe y4yeOHUKa, II09TOMY
MBI OyZileM HOJIb30BAaThCA OOMIENIPMHATHIM A HUX cOKpalueHueMm B]I.
KaxoBo ke HasHaueume 6aswl JaHHBEIX? Pemienne Kakux mHpoOpMa-
IIMOHHBIX 33Ja4 NPH3BaHA O0CHYyKUBATH 9Ta HHGPOPMAIIMOHHAA TEXHO-
aorua? OTBeT, KOHEUHO, ACEH: XpaHeHWe U IONCK MHpopmanuu. Takoit
HOHCK CHCTeMa ympaBieHHA 0a30ii xammbIX (cokpaineHHo CYB/I) mpo-
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M3BOAUT II0 3ANPOCY, KOTOPHIH MMOJIL30BATENb afpecyeT UMerolleiica B ero
pacnopsi:keHUn Oasze JaHHBIX. MOXKHO CKasaTh, YTO OCHOBHAA (GYHKIINA
6as3bl JaHHBIX — BBLIJABATHh OTBEeTHI Ha IOCTYMAlOIUe 3ampockl. Ecum
cucTeMa yIpaBJiieHHs1 0a30if JaHHBIX He yMeeT OTBeuaTh Ha 3alpochl,
TO BCce ee OCTajibHble QYHKIMNU OeCCMBICJECHHEI.

Yro Takoe 3ampoc, MBI OOCYIHM HECKOJBKO IIO3’Ke, a ceiiyac pac-
CMOTPHM, KakHe ObIBAIOT 6a3bl JAaHHBIX M KaKOBBI MX BO3MOXKHOCTH.

Kaxpaa 6asa JaHHBIX HDpefHasHauyeHa AJIs PEIIeHHs OMpeAeseHHOIro
KJacca 3azad. s Ka)kJIoro Kjacca 3ajad XapaKTepeH CcBOM HabGop 00E-
€KTOB M uX npu3HakoB. IIosTomy u coorBeTcTByIomue Bl OyayT pasiany-
HeEIMEM — ogHa BJl Hy:kHa, 4TOOBI pasbICKATh HYMKHYIO KHUTY, M COBCEM
Ipyras njs objierdeHus paboThl AUpeKTOpa IIKOJBI. a'ke eciu B pas-
HBIX 0aszaX O0BEKTHI U OAWHAKOBBI, HAGOpPHI HYXKHBLIX IPHU3HAKOB MOTYT
OKa3aThCA pasHbIMH. Hampumep, OBOLIEBOJa MHTEPECYIOT YPOKANWHOCTD,
CPOKH IIOCeBa M YOOPKM OBOIIeil, MoBapa — KaJIOPUHAHOCTL OBOIIEH U pe-
LeNTHl OBOINMHBLIX OJII0OZ, a AMPEKTOpa OBONIEXPAHHJHINA — YCJIOBUSA
XpaHeHUA (TeMIepaTypa, BJIAXXHOCTb, NpeAeibHASA JJIUTEeJILHOCTh XpaHe-
HUA U T.1.). 19 ucTopuKa BaKHBI HCTOPUYECKHE CBEJeHHA O CTpaHax,
oiasa reorpada — reorpadudecKkue, IJs SKOHOMHCTA — 3KOHOMHYECKHE.

Kax ke npeacrasyeusl B BIl cBesennsa o6 ob6bekrax? OOGBIYHO 3TH
CBeZleHUA SABJAIOTCA 3HAYEHUAMHM TeX MNPU3HAKOB, KOTOphIe, KaK MBI
BHUJEJN, OOBABJEHBLI CYIIECTBEHHBIMH JJA BceX OOBLEKTOB TOil 6asnl
JAaHHBIX, C KOTOPOH MMeeT JeJI0 II0JIb30BaTelb. B Teopun 06a3 ZaHHBIX
NIpU3HAKM O00HEeKTOB HA3bIBalOT arpmbyramu. /s KHUr HaGOpOM TaKHX
aTpuOyTOB ABJAIOTCA HasBaHWe KHWUTH, UMs aBTOpa, I'OA H3JAHUA, N3-
JaTeNLCTBO M T. 4. A paGOTHMKOB HEKOTOPOrO IPEAIIPUATHS aTPUOY-
TamMu OyayT GaMUINA, UMA, JOJIKHOCTH, 3apaboTHas ILjaTa, JOMAaITHWH
agpec, momamrHui TtejedoH u T.A. Ho pna tex ke jmoaeili B 06ase gaH-
HBIX IOJUKJMHUKHN YacTh aTpPUOGYTOB, KOHEYHO, COXDAHUTCA, HO IOSABAT-
¢ ¥ HOBBIe, HAIIpUMep KaKMMM GOJIe3HAMM 6GoJiesl JaHHBIA 4YeJIOBEK.

9to Hebosbinoe oOCY:KAeHME TOTO, UTO TaKoe 0asa JaHHBIX, IIOKa-
3eIBaer, uTo Jiobaa BJl npeacrasiaser coboii nHGOPMAITHOHHYIO MOJAEJb,
B KOTODO#I mapaMeTpaMM SIBAAIOTCA aTpuOyThl 00beKTOB. Takue Moge-
JU TIPUHATO Has3bIBaTh (paKkTorpadmuyecKHMHU, a caMH 6a3bl JaHHBIX —
MHEPOPMATHOHHBIMH CHCTEMAMM.

Ceffuac B MHpe CO3JAaHBI COTHH ThicAY 6a3 JaHHBIX. OHM HCIIOJB-
3yIOTCA B OmOGinoreKax M OOJBHMIIAX, B THAPOMETEOIEHTPaX M Ha 3a-
BOJAaX, B MarasvMHax U INIaHHUPYVIOIINX OPTaHU3alnax, B OaHKax M yacT-
HBIX dupmax. Temarudyeckne 6a3bl JAHHBIX AJIA Y3KUX CIEIIUAJINCTOB
Ha3bIBAIOT 0AaHKAMM JAHHBIX. OTO MOKeT ObITh GAaHK HAHHBIX II0 MHK-
pomponeccopaM, 6aHK IO JeKApPCTBEHHBIM CpeACTBaM, GaHK NyOJIMKa-
nuii B objacTy saepHO#l (QU3WKM U T. II.

B Hammeii crpaHe AeiicTBYIOT JecaTKu OaHKOB AaHHBIX. Iloskamnyii,
caMblii GoJIbIION M3 HUX — OaHK AaHHBIX PoccuiiCKOro MHCTUTYTa Ha-
YVUHON M TeXHH4YecKo¥ mHbopmanuu. B HeM cogep:kuTcsa Gosiee 6 MJIH
oubauorpaduyecKuX CBeJeHUH 0 KHHUTraxX M CTAThAX IPAKTHUYECKH IIO
BCceM oTpaciaAM 3HaHMB. ToT, KTO MOKymaeT aBMaObMJIeTHI, MOJb3YETCH
yCIyraMm Jpyroro KpymHoro 0aHKa JaHHBIX HAaIlleil CTPAHBI — CHUCTEMOM
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«Cupena». C moMoIbi0 KOMIILIOTEPA KACCHDP CBA3LIBAETCA C IEHTPAJL-
HOIT Goanmroil 9BM, Haxoasameica 3a THICAYM KHJIOMETPOB OT HEro, IIo-
Jy4YaeT CBEAEHUS O HAJWYMM MeCT Ha JAaHHEIHA peiic M medyaTaeT OMJIET.

HNHaTEepHET TaK)Ke COZEPKHUT OOJBIINOEe KOJHMUECTBO CaMBIX PasHO00-
PasHBIX 6a3 AaHHBIX. ITO U O0MIeAOCTYIIHEIe 0askl JaHHBIX, U 0as3bl JaH-
HEBEIX Cyry00 cnermuanbHOrO HagHaueHudA. Ilomck B MHTEpHeTe OCyIecTB-
JIAeTCsS ¢ IIOMOIIBIO MOMCKOBBIX cucTeM. Cpean PYyCCKOASBIUYHBEIX IIOHUC-
KOBBIX CHCTEM JIMJAEpPAaMHU MOXXHO HAa3BaTh

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

fcHo, uTo ANA adbdekTHBHON 00paboTKuM mHGOpPMADUM, OPeACTAB-
JenHOoi B BJl, xpanAniuecs B Hell AaHHBIe AOJIKHBI OBITH CrpyInIMpo-
BaHBI B COOTBETCTBHH C TOH HMJIHM MHOH CTPYKTYpOil arpudbyroB. B 3aBu-
CHMOCTH OT CHOC00a CTPYKTYPHMPOBAHMA PAa3JINYAIOT HECKOJLKO BHIAOB
0a3 AaHHBIX: MepapXHUYeCKHe, CeTeBble N Pesi(HOHHBIE.

B mepapxuueckux 06asax AaHHBIX ATPUOYTH COOOAYHHEHBI MEKAY
coboil Tak, YTO JaHHEIE 00pa3yiOT APEBOBHAHYIO CTPYKTYPY. 3Ta CTPYK-
Typa 3aMMCTBOBaHa M3 0ECKOMIBIOTEPHBIX AHAJOTOB — pPA3JUYHBIX
KaTajJoroB, CIpaBOYHMKOB M T. I. Cka)keM, aBTOPCKHI KaTaJior KHMT.
B HeM riaBHEIM aTpuOyT — daMHIHS aBTOpA, CIAEAYIOUIUHA aTpHUOYT IO
3HAQYMMOCTH — HasBaHMe KHUTH, CJEAYIOIIHii, K IIPUMepy, HU3ZaTelb-
CTBO, Jajiee — roj M3gaHus MU T.A. TeM caMBIM 3alliCH B TaKOM KaTa-
aore OyAyT yHopsaAodYeHbl cHavana B aadaBHTHOM HIOpAZKe aBTOPOB,

AJA OZHOrO aBTOpa — B a({aBUTHOM INOpAAKe HA3BAHWHA, 3aTeM A
OAHOrO Ha3BaHUA — B aJ(PaBUTHOM MNOPAAKE H3AATEJIBLCTB, HAKOHEII,
AstOp | Abakos
HassaHne |—» ABCONIOTHLIR NOTOK OTHOCUTENBHbIA NOTOK
UspatenscTBO |—| Anbda beta beta Ffamma

fon —> 1995 1997 1994 2000 1999 1989 2000
Puc. 2.1
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JJIs1 OAHOTO M3AATeJIbCTBA — IO rogaMm uagaHua. Ha pucynke 2.1 mo-
Ka3aHo, KaK BBITJIIAUT COOTBETCTBYIOIIAA CTPYKTypa 3alluceil.

Komeuno, eciu TpebyeTca HaiiTH Bce Ipom3BeleHusa AGaKoBa MK
Ji000ro Apyroro mUcaTeasi, TO 9TO CAeJaTh HecaoKHO. OAHAKO HAHTH
B TAKOH CTPYKType, HaOpHUMep, Bce M3JaHHA, BLHINYIEHHLIE H34aTeNb-
cTBOM «AJbbda», OyaeT y:Ke He TakK Jierko. sl MOZOOHBIX meneil co-
CTaBAAIOT APYyroi Karaigor. OJHAKO XPaHHUTL MHOr0 pPas3JHMUYHBLIX KaTa-
JIOTOB, T.€. MepPapXHYeCKH OPraHM30BAHHEIX COHMCKOB, HAKJAJHO Jake
AJIA KOMIBIOTEPOB ¢ OOJILIIOH MaMATHIO.

CeTreBana 0asa JaHHBIX HpeacTaBiigeT co0oit Gojsee OOLIYIO CTPYKTY-
Py, HeXKeJH HepapxuuecKas 0asa: B Hell 3JIeMEHTHI CBA3aHBLI IPOHU3-
BOJILHBIM 00pasom. Kaxkavlifl sjieMeHT MOMKeT ORITh CBA3aH C OPOU3BOJIb-
HBIM KOJIMYECTBOM APYTHX 3JIEMEHTOB M3 pa3HBIX ypoBHeii. CereBylo
0asy JaHHBIX YAOOHO HOPOEKTHPOBATH, HO TPYAHO DPealHU30BaTh B Heil
yOpaBJieHHE TaK, 4YTOOBI 3((}PEeKTHBHO OCYIIECTBJAJNCA IONCK HYMKHOI
uadopmanuu.

Pensunuonnsie 6a3bl JAHHBIX HA CErOAHAMHHI AeHbL — OAWH H3
HaunboJee pacmpoCTPAHEHHLIX BHJAOB KOMIIBLIOTEPHBIX 0a3 JaHHBIX.
B Takxoii 6ase Ka)kgaa 3anonCchb NPEACTABIAET C000M yNOpAAOUYEHHEIH Ha-
6op smauenmii aTpubyros. Hanmpumep, B TOM e IOpHMepe ¢ KHHTraMH
OJHAa 3AIlUCh BBITJISAAUT TaK:

AobGakos, AOcoaoTHEIN nmoTox, Bera, 1994.

Bce Takme sanucu yao0HO NpPeACTABJATL MOANHCAHHBIMHM OAHA MO
apyroii B Buae tabaunnsl. Kaxapiii cronben B Takoii Tabaumne — 3To He-
KOTODHI# aTrpuOyT, a B COOTBETCTBYIOINYIO KJETKY 3aHeceHO 3HadeHUe
atoro arpubyra. Hanpumep, B Tabaume 2.1 npegcrasiena uadopManusa
0 KHHrax.

Penanuonnas 6asa JAHHBIX — 3TO COBOKYMHOCTDL IOZOOHBIX TaOJIHII
(o ToM, moueMy ee HA3BIBAIOT PEAALMOHHOH, MB IIOrOBOPHM B § 34).
BaxHO mpH 9TOM, UTO MexXAy TAOJIMIAMH MOTYT OBLITH YCTAHOBJIEHBI CBSA-
3HM, YKAa3bIBAIOIINe Ha COBIAjieHHe MHOXMKECTBA 3HAUEHHI AJA PA3HEIX aT-
pubyTOB. 3TO MO3BOJSAET IPH IOHUCKe HYKHOH MHGOpPMAIMH NEepexXOIUTh
OT OmHON TaOJHMIBI K JPYyroi, moaydas OTBeThl Ha TaKHe 3ampocCHl,
KOTOpble HEAb3s MOJYYHUTH ¢ HCIOJL30BAHHEM TOJbLKO OAHON TaOMHIILI.

YroOBl IMONYYHUTh U3 Takoil 6a3kl HYXHYIO HHGOPMAIMIO, COCTABJIA-
I0T 3alPpOC, B KOTOPOM YKAa3LIBAIOT M3BeCTHLIE HOJb30BATENI0 3HaAUYEHUSA
aTpuOyTOB M OTMEYAlOT, KAaKyi0 HHPOpMaIHI0 TpebyeTcd IMOJYyYHUTD,
T. e. 3HAUEHHUSA KaKUX aTpuOyTOB BEIBECTH HA 3KPAH KOMIbIOTEpPA.

Hanpumep, ecin HYKHO y3HATh, KaKHe HOPOM3BeAeHHUA ImedaTas
B HU3JaTeJbCTBe «Anbda» nucareab AGakoB, TO Ajsa aTpubyToB Aémop
u Hadamenscmeo 3ajaoTca sHaueHHMa AGakoB m Annda COOTBeT-
CTBEHHO (MOYXHO CUYHMTATb, UTO 3HAYEHHSA 3THX aTPHOYTOB COeAMHEHBI
COI030M U), & B KadeCTBe 3alpallliBaeMoOro aTpuoéyTa HaJg0 OTMETHUTbH
Haseanue.

JdonmycTuM, BBl pasbICKHMBaeTe HOpoH3BedeHHe, OpO KOTOpoe JIHIIL
IOMHHTE, YTO TO JIX aBTOP Y Hero A6axkoB, TO JH H3AABaJIOCh OHO B H3-
AarenbcTBe «Anbpas. Toraa cocraBasercsa 3ampoc, B KOTOPOM 3HAYEeHHA
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Tabnuua 2.1
AsTop HaszesaHue U3parenncTeO Foa
AbBakos ABCONIOTHBLIA NOTOK Anbda 1995
AbBakos ABCONIOTHLI NOTOK Anbda 1997
Abakos ABGCONIOTHBIV NOTOK Beta 1994
Abakos ABCONIOTHBI NOTOK Beta 2000
Abaxos OTHOCUTENLHLIA MOTOK Beta 1999
Abakos OTHOCUTENbHLIA NOTOK Famma 1989
AbakoB OTHOCUTENbHLIA NOTOK Famma 2000
bakos BeuHbih nonet Tay 1904

aTpubyroB Aemop u Hadamenvcmeo coefUHAIOTCA cO1030M uau. He-
KOTOPbI€ M8 3aMpPAlIMBAaeMbIX aTpUOYTOB MOTYT OBITH OOBABJIEHH 007-
3aTeJIbHO NMPHCYTCTBYIOIMMH. Hamnpumep, Jio0as KHHUra Bcerga mMeeT
KaKoe-HNOyIb> Ha3BaHUe.

Hag pamnbiMH, xpaHamuMmucsa B BJI, MOXHO BBINIOJHATH HEKOTO-
prie omepanuu. OgHOII M3 TaKMX omnepanuil ABJAAETCA COPTHPOBKA.
Moxno gare yxasanue CYBJ]l pacnojio’KUTh CTPOKH B Tabauue Mo BO3-
pacTaHMI0O MM YOBIBaHWIO 3HAYEHMH 3aJaHHOrO YMCJIOBOTO aTpubyra
aufo B andaBATHOM INOPAAKE, €CJAHU aTPubGyT MMeeT CHMBOJILHBIH THIL.

ITpaBusa cocTaBjieHHsA 3allpOCOB M BHINOJHEHHsA OIepamuii Hax
JAaHHBIMH y KaxkJoil 0asbl JaHHBIX, pasyMeeTCHd, CBOM; OOGBIYHO OHH
ONMCHIBAIOTCA B HMHCTPYKIHH moJb3oBaTenio. C ogmoit ms CYB]I Bu
MMO3HAKOMHUTECH, BHIMIOJMHAA JabopaTopuylo pabory 4.

BOMNPOCHI U 3AJAHMNA
@ Y10 Takoe 6asa pauHbIX? Y10 Takoe CYBO?
@ Kak Bbl gymaeTte, ansa 4ero npepHasHayeHa orepaums coptuposkm B 547

6 B nyHKTax 3TOro 3agaHvs ykasaHe! HassaHus 6a3 AaHHbiX, KOTOpbIe npegnonaraet-
cA co3path. Ana kaxgon m3 npoektupyembix 6a3 HaloBute aTtpubyTbl, KOTOPLIE Bbl
npeanoxvnm 6bi UMeTb B 9ToW B, Ykaxute takke ana kaxaon u3 B, kakyto CTpyk-
TYpY — mepapxu4eckyto, PensuMOHHYI0O Uan ceTesylo — YMecTHee Bcero, no Batue-
MY MHEHWIO, ANS HEee UCNONb30BaTh:



UndopmaunoHHas feaTenbHOCTb YENoBeka
¥ UCNONb30BUHME B HEM KOMMbLIOTEPHbIX TEXHONOrUM

a) Bll «MouToBLIE MapKn»;

6) B, «MeTtannsi»;

B) Bl «CTtpaHb! EBponbI»;

r) B4 «OpraHuyeckue KUCNOTLI»;

An) B/ «Bopoembl ...» (BMECTO MHOFOTOMMS MOCTaBbTE Ha3BaHMe Bawewl obnacry,
Kpasi unu pecnybnuku).

6 MNpeanoxute kakylo-nM6o NonesHylo, Ha Baw B3rnaa, 6a3y AaHHbIX U yKaXuUTe BXO-
asuine B ee coctaB aTpubyThl.

@ MNyctb npoekTtupyetca Bl «KynuHapHoele peuenTol». Kakylo CTPYKTYpY — uepapxuuec-
KYIO, PENAUMOHHYIO WU CETEBYID — YMECTHEE BCEro, no BalleMy MHEHWIO, UCNONb-
30BaTh AnA Takon BA? MpuBeaute aprymeHTol B NOALEPXKY CBOEM TOYKU 3PEHUS.

0 B B4 «Osepa» xpaHATCs cneayioiumne ceegeHns o6 osepax mupa:

» Ha3BaHuWe o3epa — atpubyt HassaHue;

s NAOWaak, KB. KM — atpubyt fMaowaas;
MakcumansHaa rnybuHa, m — atpubyt Faybuna;
KOHTUHEHT, Ha KOTOPOM PacnofioXeHO AaHHOe 03epo — aTpubyt KOHTHUHEHT;
BbICOTa Haj, ypoBHEM MoOps, M — aTpubyT BbicoTa;
- MPOUCXOXAEHUE (TEKTOHWYECKOEe, NaryHa, ByNKaHW4Yeckoe, 3anpyaHoe, NeaHUKO-

BO€, KapcToBoe) — aTpubyT fMpoucxoxgeHue;

e HanNUMuMe unu OTCyTCTBUE CTOKa — aTtpubyt CToK.
B 3anpoce k aToi Bl yka3biBaloTCA Ha3saHWe aTpubyTa U 3HAYEHUS, MO KOTOPLIM
TpebyeTtca nposecTu nouck. Hanpumep, 4to6el HallTM BCce 03epa € rny6uHON 60nb-
we 100 M, cocTaBnsieTca 3anpoc

Tnybuna > 100,
a Ana HaxoxaeHus adppuKaHCKUX 03ep, HE UMEIoLLUX CToKa, noTpebyetca 3anpoc
KontuHnenT = Agppuvka u Crok = Her.
CocTaBbTe 3anpochl, NO3BOASIOLUME HAUTU:
a) Bce o3epa-kapnuku (nnowwapb meHsblue 100 km?);
6) sce o3epa ¢ nnowaabio 6onee 10000 km? U rnybuHoi Gonee 500 M;
B) BCe 03epa, pacnonoxeHHole sbie 500 M, Kpome adpUKaHCKUXx;
r) BCe amepukaHCkue o3epa.

]

s

i

m

@ Kakoin sanpoc Bl «Oszepa» (cm. 3apaHue 6) Hago cdopMynupoBaTb, 4TOOHI Bbi-
ACHUTL:
a) BCe N1 03epa NegHUKOBOTO nNpoucxoxaeHus mensuye 100 M;
6) Bce nu o3epa menbye 100 M MMEIOT NEAHUKOBOE NPOUCXOXAeHUe?

@ Oanvaxaw wkonbHuk pewun socnonsaosatecs BA «Osepa» (cM. 3agaHue 6), YTOGk!
HaWTKU BCe adpukaHckne u asCcTpanuiickue osepa. TyT nNoAowWen 3n0YMbILLNEHHUK
u 6bICTPO cocTaBWUn cnepylowuiAi 3anpoc:

Koutunent = Appuka u KoHTuHeHT = ABCTpanus.

B Bl He okazanoce 03ep, yAOBNETBOPSIOWMX 3TOMY 3anpocy. O6bacHuTe nouve-
My. Kakoi 3anpoc Hano COCTaBuTb, YTOOBI NONYYUTH HYXHYIO LUKONBHUKY WHGOP-
Maumio?

0 CnpoekTtupyiite ¢aktorpaduyeckyio Moaens Bawero knacca. [ns 31oro Haao onpe-
Aenutb atpnbyTel, NO 3HaYEHUAM KOTOPLIX ByQyT PasbiCKMBATLCA OTBETHI HA PasNny-

Hble 3anpock! — O AoMalHeM agpece, O poauTensx, 06 ycneesaemoctun, 06 uHTe-
pecax 1 T.n. CocTaBbTe NOAXOAALUMIA, Ha Bawl B3rnsg, CNUCOK aTpubyToB.

3—Teiin, 10 xa.
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@ BuinonHmne 3apanune 9, Bbl yKasanwu CylEeCTBEHHLIe napameTpbl MHGOPMAUMOHHOM
Mopenn sawero knacca. Onun cravyt atpubyramu Toi 6assi aaHHbix «Knacc», KoTo-
pylo Bbl GyaeTe C0o3aaBaTth, BuINONHAA nabopaTtopHylo paboty 4. Huxe cdopmynupo-
BaHbl BOMPOCLI, HA KOTOpble AOMKHA YMeTb OTBeuyaTh npoekTupyemass Bamu 6asa
DaHHbiX. NpoBepbTe, AOCTATOMHO /i ANA 3TOr0 TeX atpubyToB, KOTOPLIE Bbl YXE Bbi-
fenunn, n, ecnu Het, pobasbTe HegocTalOWME:

a) Y koro AeHb poxaeHna B mae?

6) KTO xuBeT Ha TOl Xe ynuue, rae pacrnofoxeHa wkona?

8) KTo cambiit Mnapwmin y4eHuK B knacce?

r) Y koro goma ectb cobaka?

A) KT0 13 mManb4mMkoB Knacca camulii ctapuwimnii?

e) KTo nocewaer cnoptuBHblie CEKLUU?

X) Y koro nepsoro B TexyuwieMm y4ebHoM rogy Obin AeHb poxaeHua?
3) KT0 M3 Manb4uMkoB 3aHMMAETCH B NEPBOIt NOArpynmne UMHOCTPAHHOro A3biKa?
1) Umelotca nu B knacce oaHodaMunbLbI?

k) UmeloTca nu B knacce Gpatea M cecTpbi?

n) Y koro B Knacce umeloTcs 6partea uan cectpul?

§13 JKcnepuMeHT KaKk cnocob nosHaHua, B
Komnsiorepras o6pabotka pesynsraros akcnepumenra

Halaiofenne mo mpaBy CUHMTAETCa OAHUM H3 KPaeyroJbHBIX
KaMHeit B mpoIecce IO3HAHMA OKpyskaiomero mupa. HaGniozas sa ag-
dexTaMu, NOBTOPAIOINMMUCA B OAHHX U TeX ’Ke YCIOBHAX, YeJIOBEeK 00-
Hapy KHUBaJI 3aKOHOMepHbIe CBSASH MeKIy sBJeHHAMH. UHOrza 3TH 3aKo-
HOMEPHOCTH He BHIXOAAT 3a PAMKH HAPOAHBIX IpHMeT (HanpuMmep, SpKoO-
KpacHHI# 3aKaT — K BeTpYy Ha ciaexyionimii genb). Ho m HayuHEBIe
OTKPHITHA HepeJKO OCHOBaHHI MMEHHO Ha HabmiogeHnax. MHorojgeTHue
acTrpoHoMnueckrne HaOaoaeHnsa Tuxo Bpare jersm B ocHOBY chopMyJiH-
poBaHHEIX U. KemlmepoM 3akOHOB ABH:KeHHs miaHer. CayuaifHO mposas-
JeHHass (QOTOIJIACTHHKA HpPHUBeJAa K OTKDBHITHIO PEHTTeHOBCKHUX Jyueii.
A BoT kak onmcreiBaeT Maiikn ®Papageii cBoe OTKPHTHE SBJIEHHS 3JIEKT-
POMarHATHON MHAYKIUHU: «5 B3AJ MUIMHAPHUUYECKHH MarHUTHBIH GPYCOK
M BBeJ OJUH €r0 KOHell B IIPOCBET COHHpAJIHM M3 MeAHO IpPOBOJIOKH, CO-
eZUHEHHOI ¢ ranbBaHOMeTpPOM. ITOTOM 5 GHICTPBLIM ABHYKEHHEM BTOJIKHYJI
MArHUT BHYTPb COHMpAJIM HA BCIO €ro JUINHY, H CTpPeJKa rajJbBaHOMeTpa
KayHyJach. 3aTeM d Tak e OBICTpO BHITAIMJ MACrHUT H3 COHpAIH,
H CTpPeJIKA OIATh KAuHyJach, HO B IPOTHBOIOJOKHYIO CTOpoHy. Kaua-
HHA CTPEJKH HOBTODSJINCH BCAKHIA pas, KAK MArHUT BTAJKHUBAJICA HJINA
BHITAJIKHUBAJICA. OTO 3HAUUT, YTO JIEKTPHUYECKAA BOJIHA BOSHHUKAET TOJb-
KO IPH ABMYKEHWH MAarHUTA, & He B CWIY CBOMCTB, NPHUCYIHUX €My B IO-
Koe». IToueMy cnupanb, moueMy ABM)KE€HHE MATHUTA — 3TO YAEJ IeHHA
OpenyragblBaTh, NPH KaKUX YCAOBHAX YAACTCA OOHAPYIKUTH MCKOMBIH
abdekT. X0oT HeJUINHE HANOMHNUTH, YTO OT MOMEHTA, KOTZA Y4YEeHBIH
HOCTAaBUJI mepef co0oil sagadyy «IpeBPATHTh MATHETH3M B 3JIEKTPHYECT-
BO», OO OTKPHITHA MM 3JIEKTPOMATHUTHON MHAYKIMH Ipouuio 10 Jjer.



UudopmaymoHHas REeaTenbHOCTh YenoBeKa
67 M MCNONb3OBOHUE B HEH KOMMNbIOTEPHBIX TeXHOJNOrui

B coBpeMeHHOII HayKe SKCIEePHMEHT 3aHMMAaeT Ba)XXHOe MeCTO, JJd
€ro IIpoBeAeHNA HepeaKo TpeGyeTcA CJI0XKHAA AlNapaTypa, ero Xox KOHT-
PONKpYyeTCA C IIOMOMIbI0 KOMIIBIOTEpa, a AJIAd 00paGoTKM IOJNydYeHHBIX
B 9KCIIEPHMMEHTEe pe3yJbTATOB HCIOJIB3YIOTCA KOMIIBIOTEPHLIE TEXHOJIO-
ruu. BoT 0 HEKOTOPHIX MeTOAax 00paboTKU pe3yJIbTATOB 3KCIEPHMEHTA
U mOMfeT pedb B AaHHOM maparpage. PacckasmBaTe 0 HUX MbI 6yZeM Ha
npuMepax OILITOB, KOTOPLIE Bl IIPOBOIWJIM Ha YPOKax (bU3MKH.

Ham nepBniif onwelT 6yAeT OoTHOCUThHCA K 3akoHy Oma. Cam I'.Om
npuines K ero ¢GopMyJIHpOBKe M3 CJeAYIOINIell aHAJOTHH. JJIeKTpHue-
CKHMIl TOK — 9TO HaupaBJICHHOE ABHUKeHHe (TOK) 3apAKEHHBIX YacCTHIIL.
I'. OM ymomo6uy mMOTOK 3TUX YACTHUIL BOJEe B PeKe, pacxol KOTOpoil B eau-
HHIly BpeMeHHu TeM OoJiblle, ueM OOJIbIlIe Pa3HOCTh YPOBHEMH, OIpenesaio-
masa CaM0 CYIIeCTBOBAHHE TEUEHHs, M UEM MEHBIIe IIperpaj Ha ee IIy-
1. PopMyJIUPOBKA 3aKOHa BceM H3BecTHA. Ecam o6o3HauuTh uepes I
CHJIy TOKa, uepe3d U majeHHe HAIPAKEHMS HA ydacTKe IlenH, a uepe3 R
CONpPOTUBJIEHNE, TO 3aKOH Oma zanmmiercda ¢opmyJoit I = &

IIpeacraBeTe ceba Ha MecTe I'. OMa, ToabKO uTO chOpMYyJIHMpOBAB-
mero 3aKoH. Ilepes HaMM CTOMT 3aZlaua NPOBEPHUTHh €T0 3KCIEPHMEH-
TaJbHO. Kak pemuTs oty samauy? BemomuHum (cMm. § 5), 4TO Ha IepBOM
aTale HYXXHO OIpPeJeNIMTh, YTO OyJAeT CJAYXKHUTh MCXOAHON MHpopMamu-
eii. MuI MOKeM HemoCcpeACTBEHHO M3MEPHTHL HAIIPAMKEHHWE M CHJY TOKAa,
Torga 3HadeHMsa BeauuuH U u I maayT HAM HCXOZHYI0 MH(pOpMAIIHIO.
I'unoresa — HMeHHO OHA BBICTYIAET 3AeCh B POJM 3HAHWSA, IPHUMEHse-
MOT0 Ha BTOPOM 3Talle pellleHHs 3afAa4M, — YTBEepXKAAeT, UTO OTHOIIE-
HHE 3THX BEJIWYHH JOJIKHO OBITH IIOCTOAHHBEIM IJA KaMXIOoro purcupo-
BaHHOrO 00pasia IIPOBOAHMKA 3JIEKTpHUecKoro Toka. Teneprs AcCHO, KaK
MIPOBOAHUTE 3KCIIEPHMEHT (BOT MBI M IIepellliH K TpeThLeMY 3TAINy pelle-
HUA 3ajauM): 6epeTcAd HECKOJbKO PA3JMUYHBIX IIPOBOAHHUKOB, HA UX KOH-
LBl TIOJAETCSA PA3JHUYHOE HAIPAXKEHHEe M 3aMEpPAETCA CHJIA 3JIEKTpHUUec-
KOT'0 TOKA, TEKYIIero Mo JAHHOMY IIPOBOAHUKY. EcaM OoTHOILLIeHHMe HAIIpA-
JKEHUA K CHJIe TOKA MEHAEeTCS JHIIL IIPH 3aMeHe OAHOIO IPOBOSHUKA
IPYTHM, TO THIOTE3Y MOKHO CUHMTATH HOATBEPKIACHHOMH, a 3HAUEHHE OT-
HOIIEHMA KaK pa3 M IIPHHATH 34 BEJUUYUHY CONPOTHUBIEHHMA TAaHHOTO
NPOBOIHHKA.

IIycTe AJIA HEKOTOPOTo NPOBOAHMKA HOJYYHJIHM 3KCIEPHMEHTAJB-
HBIe JaHHBIE, IIPEeACTABJEeHHEBIe B Tabauie 2.2.

Tabnuvua 2.2

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

I, Al0,031| 0,045 { 0,055 | 0,074 | 0,092 | 0,106 | 0,119 | 0,138 | 0,148

0,0103{0,0100|0,00910,0099(0,0102|0,0101{0,0099|0,0102|0,0099

~C

B TpeTbeil cTpoke TAGAMIIEI MBI NOACUUTANN HCKOMOE OTHOLIECHHE.
BuaHO, YTO OHO AEHCTBHUTENbHO NPAKTHYECKH IOCTOAHHO. OTKJIOHEHNA

3*
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JEerKo O0BACHMMBI — HH B KAaKOM 3KCIIepHMMEHTe HeJIb3s COBEpIIEeHHO
TOYHO HMPOM3BECTH M3MEPEHHdA, Ja M CBOICTBA NPOBOTHUKA IIOJBEPIKE-
HBl BIHAHHUIO PA3JAUYHLIX (aKTOpOB: HEMHOrO H3MeHHJACh TEMIIepaTy-
Pa HMJIH KauyecTBO KOHTAKTOB M T. II.

Ho xaxoil ke IPUHATL BeJIUYNHY H3MEPAEMOro conpoTupiaeHua? Jo-
BOJBHO 4acTo OepyT cpeaHee apudMeTHUYECKOe IIOJYYEHHBIX Pe3yJLTATOB.
Onmako Teopud OMIMOOK I'OBODHT, YTO GoOJiee NMPABUJILHO IOCTYIIMThL MHA-
ye, HaneceM Hamu sxclepHMeHTAJIbHBIe AaHHBIe Ha rpadue (puc. 2.2).

Ha sToM rpaduke BUAHO, UTO NOJIYYEHHBIE B 9KCIEPHMEHTE 3HaUe-
HHUA NPaKTHUYeCKH TOYHO JIOMKATCA Ha HEKOTOpYyIO mpsamylo. Ee yriosoit

1
Ko3bhdunueHr £ paseH é, T. e. corjacHo 3akoHy Oma k = R Tem

caMbIM Ilepe] HaMH CTOMT 3ajada HaWTH IIPAMYIO, KOTOpaAd HAWIYYIINM
00pasoM NIpPOXOJHUT Uepe3 SKCIEepMMeHTaJbHble TOuKH. Takas 3ajzaua
MOJKET BOBHUKHYTh H€ TOJILKO IIPH H3MEPEHHUH CONPOTHUBJIEHUA IIPOBOJA-
HUKa, NO3TOMY YAEAHUM eil OTZe/ibHOe BHHUMAaHMe, OTJIOKHB Ha BpeMsd
obcykIeHMe (HPHUBUIECKOM CTOPOHEI IIPOGJIEMEI.

HArak, nycTs NpH 3HAYEeHHMAX IIepeMEeHHOH X, YKa3aHHBIX B IIep-
BOH cTpoKe Tabaunbl 2.3, MOJNYYEHB COOTBETCTBYIOIINE 3HAYEHHUS
nepeMeHHON Yy, U MBI IIPEAIoJIaTaeM, YTO 3TH IlepeMeHHEBIe CBA3aHEI

3aBHCHMOCTBIO Y = kx.

Tabnmuya 2.3 Hckomasa npamasi BeIGHpaeTcs

TaK, YTOGBI TOYKH, COOTBETCTBYIO-

X o X | X2} e [Xp-1]| Xn Iye 5KCIePHMMEHTANLHBIM JAHHEBIM,
HAXOAMJIHCh KaK MOMKHO OJMike

v oLy | v | e (Unoi| Un K IpAMOM, u3obpaxalolleil 3aBu-
cumocTh Yy = kx. BpAax JaM MOXKHO




NndpopmaumnoHnan aearensHOCTL YenoBeka
M MCNONBL3OBAHME B HEW KOMMBLIOTEPHBIX TEXHOJIOTUH

0KUIATh, YTO MPAMYIO VAACTCA PACIOJIOKHUTH TAK, YTOOLI BCE TOUKU OKAa-
3aJUCh OAMHAKOBO OJU3KMMU K HMCKOMOIi mpsamoii. IlosToMy B KauecTBe
KpuTepus OJM30CTH BEIOMPAIOT CYMMY KBaJpaTOB OTKJOHEHUH dKcCIe-
PUMMEHTAJIBHBEIX TOYEK OT NpAMOH (Ha pHCYHKe 2.3 KakJoe TaKoe OT-
KJIOHEHMEe H300pa’KeHO BEePTHUKAJNBLHBLIM OTPE3KOM).

3anuineM YKas3aHHYIO BeJIHYMHY (opMyJoit

(yy — k)P + (yy — B2 + oo + ooy — kx, ) + (¥, — kx,)? =
= g:l(yi - kxi)z-

B Hell eAMHCTBeHHOI HeN3BeCTHOH BEJHUYUHON ABJAseTCA kE, TaAK UTO
MOXXHO CUHTATH, YTO MBI HMeeM JAejio ¢ GYHKIHeH, apryMeHTOM KOTO-
poii aBiasdgerca k. Ham TpebGyercss HaWTH MHHUMYM 5TOH (QyHKIUHU.
PackpoeM cxkOOGKM M mepemuilieM BLIPa’K€HHE TaK, UTOObI ACHO OBLIO,
KakKoil BHUJ MMeeT AaHHAsd (PYHKI[UA:

F(k) = (5, 2" =23 xy)k+ (3. 8.

i=1
Teneps BuaHO, uTo F(E) — kBagpaTuuHasa PpyHKOUA BUIA
ak® + bk + ¢, rae

n 2 n n 2
a=3x,b=-2¥Yxy,c=Xy,.
i=1 i=1 i=1
3aMeTHM, YTO CTAPIIHN KO3PPUIUEHT MOJAYYHMBIIErocs KBaApPaTHOTO
TpexXujieHa Bcerjga moJoKuTreineH. Taxkasg QpyHKIUS, KAk BaM H3BECTHO
U3 Kypca MaTeMaTHUKH, IPHHHNMAaeT HAaHMEHbIIee 3HAUEHHE IIPHU

2 yA

Yn t
10 3HaueHUWe kB U MPUHUMAET- Yy, 1
csi 3a MCKoMmoe. MeTon, mOCpeacT-
BOM KOTOpOT0o OBLIO HaiifleHO 3Ha-
yeHue KoapdHUIeHTa NPOIOPIHUO-
HAJILHOCTH, HA3BIBAIOT MeETOAOM
HaAMMEHBIINX KBaApaToB.
BepuyBimnchk K 3ajaue O BbI-
YHCJIeHUU CONMPOTHUBJIEHUA, MBbI

MOXKEeM HaImucaTrhb, 4YTO Ys &
nt
l _Ee LU +LU,+...+ I,U,,
2 2 2 * ; . " R 3
R U/ +U;,+...+U; Ol x, %y ! X, L%, X

AJIeKTPOHHYIO TAOJKILY AJIS BBI-
YNCJIEHUA CONPOTHUBJEHHMsS MmO aToit Puc. 2.3



Ha“p"g‘e‘me’ C‘mal'm“a’ u? U |SUM(C2:C11)/SUM(D2:D11)
<U;> <I,> A2~2 | A2«B2
<Uy> <I,> A3~2 | A3+%B3
<U;¢> <Iyp> Al1~2| Al11+B11

dopmMyJie MOXKHO 3aIlIOJHHUTL TAK, KaK IMOKa3aHOo B Tabaune 2.4; B A4eii-
ke El1 BriuucaseTrcsa colnpoTHBJeHUEe R.

Brruncnerus ¢ mOMOINBLIO 3JIEKTPOHHOM TaGJMIIBI BB IIpoBeJeTe,
BBINIOJIHASA JabopaTopHylo pabory 6. A ceiiuac o6cyauM OZMH M3 BO3-
MOJKHBIX BapHUAaHTOB IIPOBEJEHUs SKCIIEPHUMEHTA IO M3MEPEHHIO COIPO-
THUBJIEHUSA.

Hepeako pys Toro, 4To0bl TOUHEee YCTAHOBUTH pPe3dyJbTAT 3KCIEPH-
MEHTA, €ro IMOBTOPSIOT DM OZHHX M TeX e ycJoBHuaX. IlycTe m y Hac
NIpOBe€HO 71 ONBITOB IIPM OJHOM M TOM ’Ke 3HAYeHUM HanpskeHus U.
Ilokazauusa ammepmeTpa IIPM 3TOM BCe PABHO MOTIJIM IIOJYYUTBHLCA pas-
auyesiMH. Torga mana k MBI mojydaeMm cJeZyiOUiyio GopMyJy:

WHIP+..+LU _1(L 1 I _ ktkt.tk,
nU?® nlU U T U n ’

rae uepes k, 0003HaUYeHO OTHOINEHME CHMJBI TOKA K NafeHWIO HAIpA-

JKEHUA, MOJIY4aeMoOe B ONbITe ¢ HOMepoM m. OKaszajoch, YTO B 3TOM

cayuyae ko3(pPUIUEeHT £ paBeH cpeaHeMy apu(pMeTHUYECKOMY Ko3(pduu-

€HTOB, BBIUHCJIEHHBIX II0 Pe3yJbTaTaM KaXJOT0 M3 OIILITOB.

O6muii ke BBIBOL MOMKHO CQODMYJHPOBATEH TaK: €CAU 8 3KCnepu-
MeHme He USMEHAIOMCA YCA08UA e20 nposedeHus, mo 018 uzmepaemoi
8elUNUHbL 8 KaYecmeée Pe3ylbmama HYNCHO 63imb cpedhee apugme-
muuecKoe pe3ynbmamoé 6cex NnpoeedeHHbLX ONbLMOE.

ITo MeToZy HaAMMEHBLIIMX KBaJAPATOB MOKHO DA3LICKUBATL M ADPY-
rue JUHUU, KOTOPHEe OYAYT ZOCTATOUYHO YAOBJIETBOPHUTEJNBHO OINUCHLIBATH
SKCIIEPUMEHTAJIBHO BBLIABJIEHHBIe 3aBHcHMoCTU. Eciam peus maer o Jin-
HellHOIf, HO He NpPAMO IPONOPIHMOHAJNLHOH 3aBHCHUMOCTH, T.€. 3aBH-
CHUMOCTH BHuZa ax + b, rae b # 0, To KRoahdunueHTsr a u b 6yayT
BBIYMCIATLCSA KaK DeELIeHHe CHCTEMbl YPaBHEHMIL:

n 2 n n
ayx, +b3x = Ixy,
i=1 i=1 i=1

aixi + nb= iyi.
i=1

i=1
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Ecau peub HMIeT O KBaApAaTHYHON 3aBHCHUMOCTH ax’ + bx + ¢, ToO
K0oabuIUEeHTsI a, b U ¢ MOJIYyIAIOTCA KAK pelleHue cJeayolneil cucre-
MBI ypPaBHEHUH:

(& 4 2 3 2 LA
aXx, +bY¥Xx; +ecXx = Xxy,
i=1 i=1 i=1 i=1

n 3 13 2 n
dayx; +bYx; +cXx

i=1 i=1 i=1

n
2 XY,
i=1

n 2 n n
ayYx, +byx +nc=Yy,.
L oi=1 i=1 i=1

AHAJIOTMYHO MOYKHO BBIYHCJATH KO3GMMUIMMEHTHI IJIs IPEACTABICHNUA
3KCIIEPUMEHTAJBHBIX JAHHBIX MHOTOWIEHAMM GoOJiee BBICOKHX CTeIleHeld.

IIpenMyiiecTBO MeTOZa HAMMEHBIINX KBaJpPaTOB Iiepel APYTrUMHU
METOJAaMH COCTOMT B TOM, UTO HMMEETCS IMPOCTOH BBIYMCIAUTENBLHLIN aJi-
TOPUTM [IJI1 HAXOXKIAEHHUA KO0dPPHUIIMeHTOB DYHKIIHH, Hpubauxaroiiei
TabJIUYHO 3aJAHHYI0 (QPYHKI[UIO, — HYMKHO PEIINTh JIETKO COCTAaBJIsE-
MYI0 cucTeMy ypaBHeHuii. EcTh u Apyras IpMYMHA TOTO, UTO METO.
HaMMEeHBIINX KBaJpPaTOB aKTHBHO HCIOJbL3yeTCA HpH o0pabGoTKe 3KcIIe-
PUMEHTAJLHLIX FAHHBIX. OHA COCTOMT B TOM, UTO OMIMOKH M3MepeHMHii,
KaK OpaBHJIO, MOJYMHEHBI TAaK HA3bBIBAEMOMY 3aKOHY GOJIBINHMX YHCEJ:
OIIHOKK Cc OOJBIIMMH 3HAYEHHUSIMH BCTPEYAIOTCA HAMHOTO peXke OIIH-
60K ¢ MaJIeHbKMMHM 3HaYeHHAMH. MOXKHO MaTeMaTHYeCKH NOKa3aTh,
YTO B 3TOM CJyuYae MMEHHO METOJ HAWMEHBIIMX KBAaJAPATOB AAET TY
TEOPETHUYECKYI0 KPHUBYIO, KOTOPas AOJKHAa Oblia ObI MOJYUHTHCH, €CJH
Obl M3MEPEHUsI IIPOM3BOAUNNCH AGCOJNIOTHO TOYHO.

BOMPOCH! U 3AZLAHUS

0 B yem COCTOMT METOR HauMeHblUMX KBagpaToB? B kakux cnyyasx LenecoobpasHo
ero npumeHeHue?

6 Kak gomxHa BbirnsgeTs GopMyna ANa HaxoXAeHUS CONPOTUBNEHUSA HEKOTOPOro uK-
CUPOBAHHOIrO NPOBOAHWKA, €CNn Bbi B 3KCNEPVMEHTe 3a4aBanu CUAy Toka, a CooT-
BETCTBYIOLWIEE NAAEHWE HANPSKEHVSI HA KOHLAX NPOBOGHWKA WM3Mepsnn?

9 Bo Bpems nogbemMa Ha BO3AYWHOM wape NPOU3BOANNUCL U3MEpPeHVa Temnepartyphb!
C UEnbi0 YCTAHOBNEHUA 3aBUCUMOCTU TeMnepaTtypbl OT BbiCOTbl HaA, YPOBHEM MOpS.
BOT gaHHbie 3TMX N3MEepeHWit:

Brrcora, KM ,218;2,22,5|3,0]|3,3]3,8

Temnepatypa, °C| 15 | 11 8 6 3 1 | -2

Mpeanonaras, 4T0 3aBUCUMOCTb 3203eTCA NUHENnHON dyHkumnen ax + b, NOAroToBb-
Te 3anofHeHue ANEeKTPOHHOW Tabnuubl ANA HaxoXaeHusa koadgduumeHToB a U b no
METoRY HavMEeHbLUVX KBagpaToB.



-

Q“ MonbiTaniTecb 060CcHOBaTL METOM, HAUMEHBLUMX KBAapaToB AN HAXOXAEHWs Koadhdu-
UMEHTOB B C/y4ae rMnoTesbl O IMHENHOW 3aBUCUMOCTU MEeXay U3MEpPSEMbIMA BENU-
YUHaMWU.

§14 Anroputm xaxk ¢opma oprauusuuuu npoueaypHon
unpopmauun ,

B § 11 mbr ob6cyanamu, uro madopManusa, KOTOPOi pacliojara-
€T YeJIOBEK, MOXKeT OBLITh AeKJIapaTHBHOM uJau npouexypHoii. Hamom-
HHUM, 4YTO NpolleAypHad HMHAPOpMaIMA YKAasbIBaeT, KAaK HMEHHO IIOJY-
yuThL TpebyeMblii pesynbrar. HanbGosee mpocToii criocod mpeacTaBlIeHUA
Taxkoii nuHdopMalnuy — 3TO YKasaHHe TOMY, KTO OyZeT pemiaTh 3azayvy,
OCJIeOBATEJbHOCTH JEeHCTBHI, NPDHBOAAININX K JOCTHYKEHHIO ILeJIH.
B § 7 MBI BaM HamOMHWJIM, YTO OPraHM30BaHHYIO IIOCJIEZOBATENbLHOCTh
ZONMYCTHMBIX IJA HCIOJHUTENA TeMCTBHH, NIPDUBOIAIIYI0O K ONpEAEJIEH-
HOMY Pe3yJbTATy, Ha3hIBAIOT AJTOPHUTMOM.

Bor npumep mpeicTaBieHUA NPOUEAYDPHOM HMHMOpPMaUUM, CIIHMCAH-
HBIII HAMM C YIIAKOBKH Yad:

ST R S W BRI

Kaxk npuroTtoBuThk xopoumu vaii:

e T -

I T

e chnmme CBEXYyl0 Boay.
* ONONOCHUTE 3aBapO4HbIA YaliHUK KPYTLIM KUNSATKOM.
= MonoxuTte 4a B 3aBapoOdHbIA 4aliHWUK U3 pacuyeTa ogHa 4YakHas
NOXKAa Ha 4auwlky U Ccpa3y Xe 3aNenTe KUNATKOM.
¢ Yepe3 3 MuHyTbl pa3mellanTe.
= JloGaBbTe caxap NO BKYyCY.

ITocMoTpeB HA MayKy 4asi C APYroil CTOPOHBI, MBI OOHADYKHJIH TOT
K€ aJITOPUTM, 3alIMCAHHEIA HA aHTJAHHCKOM A3LIKE:

How to make a good tea:

ST 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 BOSHHKAeT COMHEHHif, UTO 3TO OZUH H TOT K€ aJro-
putM. TONBKO OZHA €ro 3aIuCh CAeJaHA NS HCIOJHUTeNs, IIOHUMAIO-
Imero aHraMHCKUil A3BIK, a Zpyras — OJA PYCCKOTOBOPALIETO HCIIOJI-
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HUTEeasA. SICHO, YTO KaKABIi M3 HMCIOJHHUTe el OyAeT BBIMOJHATL OXHH
U Te Ke AeHCTBHdA, U MOITOMY, Habmwomas 3a ux paboToil, MEI He CMO-
JKeM OTJIMYHUTL OAHOrO OT Apyroro. Bojiee TOoro, MOXHO CHSTHL Ha BH-
JEOKACCeTy BCE MAHUIYJAIMH IIPH HCIOJHEHHH aJrOPHUTMa, a 3aTeM
MOKAa3aTh JIIOOOMY JKHUTeNI0 3eMJH, M eMy OyAeT sCHO, KaK 3aBapHMBaTh
yail. I coBeplleHHO He BaXXHO, KAaKOW ASLIK IOHMMAET 3TOT YKHUTEJIb!
JloIg Hac JKe BayKeH BRIBOJ, UTO OJHH H TOT >Ke AQJTOPHTM MOJKET OBITH
3aIlMCaH pas3HLIMM cIocof0aMH: B BHAE TEKCTa, CXEMOil ajJropmrma,
GYHKIIMOHAJBHON cxeMoM ans mamnuHbsl ThOpHHra # T. . 3anuch aj-
ropuTMa Ha S3BIKEe, NMOHATHOM (GOPMAaJBLHOMY HMCIIOJHHUTENIO, HA3HIBAET-
cA TMporpaMMoOi.

ficHo, UTO aJrOpMTM, 3aNMHCAHHEBEIM Ha MadyKe 4as, NpefHasHadYeH
AN 4yedoBeKa. YesloBeKy BOOOINEe HEpPEAKO IPHUXOAUTCA HCIOJHATH
pasjanyHble aaropuTMbl. Ho ropaszo mpusaTHee MOPYYHTHL TAKVIO pa-
60Ty KaKoMy-HHOYAb ABTOMATHUYECKOMY YCTPOMCTBY, T.e. opMaJbHO-
My HCIOJHHTeJI0. Bojiee Toro, HepeAKo GOpMaJbHBLIA HMCIIOJIHUTEID
CIIPABHUTCA C AJITOPUTMOM T'OpPas3fo JIydllle YeJIOBEKA — YeJIOBEK MOIKET
OTBJIEULCS M HETOUHO BEHINOJHHUTHL NPeANHCAHHOEe AeiicTBHE, MOYKET BO-
o6I1e 3aAyMaTbCAd, CTOUT JIM HMCIOJHATH NAHHBIA AJTOPHUTM, & MOJKET
HAYaTh ero MoaAuuINpPOBaTh, B TOTAA €CTh PHCK, UTO MCIOJHEHHE aJ-
ropuTMa BOOOIlle HUKOTZAa He 3aKOHUYHUTCA. A BCe IOTOMY, UTO YeJo-
BeK, HAIIOMHUM, ABJAeTcA He GOpMaTbHBIM, a S3BPUCTHUYECKHUM MCIIOJI-
HUTEJIEM.

3aTo B YMEHHMH COCTABJATHL aJITOPHTMLI HA CErOZHSAILIHWUE JeHb
HUKaKoOi (OpPMAJILHEIA HCIIOJHHUTENb HEe MOYKET IIPEB3ONTH UYeJIOBEKa.
CyliecTBYIOT aJropuTMLI, IO3BOJAMIOIIME IJA HEKOTOPLIX KJIACCOB
3ajlad aBTOMATHYeCKH CTPOHUTH aJrOPHUTMEI pellleHWsi, HO 3TH KJIACChI
3azay BecbMa y3kHe. JIIOAM NPUAYMAJH METOALI, O0Jeruamolimue Co3-
maHue aaropuTmMoB. OZHMM U3 TAKUX METOJOB ABJAETCA METOJ Molla-
ToBOH neramausanum. IIpogeMoHCTpHMpyeM 3TOT MeTOA HA ClleAyIonlei
sajgaue.

Eme ¢ 5 kjacca Bl 3HaeTe, 4TO J060e HATypaJIbHOE THCIIO, 00JIL-
miee 1, MOXKHO IpPeACTABHUTL B BHAE TIPOU3B glemm c'renenen pasyuy-
HBIX TPOCTHIX umcen. Cxaxem, 720 = 2%-3 32 =25 71="T1%
TpebGyeTca cOCTAaBHUTHL AJNTOPHTM, KOTOPBIN AJsA Ramnoro HaTypaJILHOI‘O
n > 1 yxkaseiBaa Obl BCE MPOCThIe MHOMKHUTEJIN, BXOAJAIINEe B TaKOE pas-
JOMKEHUe, M IOKasaTeJH CTelleHeil, ¢ KOTOPLIMH OHH HOPHUCYTCTBYIOT
B 3TOM DPa3jioOdKeHHH. [IepBbIM IIaromM AOIIKHO OBITHL OIpefielIeHWe XOTs
Obl OMHOrO IIPOCTOTO MHOMKHUTEJS, AEJAIEro AaHHOE 4Yucio n. Jlaabiie
OyTh Pa3ABaMBaeTCA: MOXKHO MONBITATHCA OIPeZeINTh MMOKAa3aTesb CTe-
eHN, B KOTOPOH yiKe HalJAeHHHIH IIPOCTOM MHOMKHUTEJIb BXOAUT B pasiio-
JKeHHe YNCJa N, WIH HOILITATHCS HANTH CHEAYIONINA MPOCTOH MHOMKH-
Tejib, & TOJBKO IMOTOM, KOrjZa OyAyT HailfleHbl BCe IIPOCThIE MHOMKHUTE-
JU, AJIA KaKAOr0 M3 HUX HAHNTH MOKAasaTeNb CTeleHH, C KOTOPBIM OH
BXOZHUT B pasjioiKkeHHe uHcjaa n. Ha pucyuke 2.4 B BHAe CXeMBI H300-
PaKeHBI ABa CIIocofa pellleHHus 3TOH 3axaud.

Teneps npoBeAeM JeTATHU3AINIO MOJYUYEHHBIX anroputMos. Hiaa pe-
IIeHNA IIOCTaBJIEHHOM 3ajaul HY)KHO HAYYHUTHLCHA pellaTh ABe ApPYrue:



a) | 6) |
Haintu nepsbliz Haiitn nepssiii
NPOCTO MHOXUTEND P, NPOCTON MHOXUTEND p,
| |
Haiith cTeneHs Haﬁmvcnenylou.mﬁ
BXOXAEHUA p, NPOCTOM MHOXUTEND P,

| T
~ o l
Haiitu cnepyiowmin

“ HaiAtn nocneaHui
NPOCTON MHOXUTENL P, NpocToit MHO)KﬂTenb Ds

Hantn creneHb Hait -
BXOXOEHUA P, anTK cTeneHb

BXOXOEHUA P,
T

I I
Haiitn nocnepHwvi Hawntn cteneHb
NPOCTON MHOXMWTEND D, BXOXOEHWA Py

| T

N ]

Haitn ctenenb -

BXOXAEHWS D, Haitn cTenexb
BXOXOEHWA P,

Puc. 2.4 lMouck pasnoXeHus HaATypanbHOro Yucna Ha Npou3BeAeHUE NMPOCTLIX MHOXUTe-
neit: a) 1-i4 BapvaHT nowarosoil aetanuzauuu; 6) 2-i BapuMaHT nowarosown
peranmsaumm

HaXOJHUTh IIPOCTON MHOMMTENb 3aJaHHOTO HaATYPaJbHOTO YMCJa 71 U BHI-
YHCJIATH IIOKAa3aTelb CTENEHH, C KOTOPOil OH BXOANUT B PAa3JIOKEHUE THC-
Ja n. A MOCKOJBKY KOJHMYECTBO PAa3/IMYHBIX MPOCTHIX MHOMKHUTEJEH 3a-
paHee HEeM3BECTHO, TO MPHAETCH BOCIIOJb30BATHLCA KOHCTPYKITHEN ITHMKJIA
B dopme Denatb noka. Byaem Jajsiee pacCMaTpHBATh IEPBHIA CIOcod pe-
menus. IlpeobpasyemM yxKe cospamHblii anroputm (puc. 2.4, a) B cxemy,
n300parkeHHyI0 Ha pucyHke 2.5. B 3Toii cxeme ajiropuTMa ABaKIABLI YIIOT-
pebiieH 010K, M306pa’KeHHBIN Ha pHUcyHKe 2.6.

N3 xypca mHOOPMATHKH, KOTOPHIH# Bbl M3yYaJId B IIPEAIIECTBYIO-
mUX KJIaccax, BaM M3BECTHO, YTO TakK oGo3HayaeTcsa obpaljenue K BCIIO-
MOraTeJIbHOMY &JTOPUTMY HJM noanporpamme. 1 B Hamem ciayuae AJis
TOro, UTOOBI JaHHAA CXeMa AJropuTMa Hpuodpejia MOJHOIEHHHIN BUJ,
B KQKABIH Takoil OJIOK HaZ0 3aMHMCATH MMA BCIIOMOTATEJBHOT'O AJITOPHUT-
Ma M yKas3aTh ero GopMayIbHBIE IIaPaMETPhI: APT'YMEHTHI U DPe3yJILTATHI.
Tlock HauMMEHBIIEro IIPOCTOTO MHOMHTEJNSA HATYPAJbHOT'O YHCJa 7
MOKHO 3aIMCaTh CJIeAYIOIHUM BCIOMOTATEJIBLHBIM AJITOPHUTMOM:
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Anroputm IlpocToii MHOKHUTEND
(apr: n; pea: p)
uen: n, p;
{p:=2
denatb noka n mod p # 0
§ p:=p+1

}

Y106H1 0OpaTHTBCA K BCIIOMOra-
TeJbHOMY AJNOPUTMY, HAZO B KOMaH-
e BBI30Ba yKasaTh MMeHa dbaKTuuec-
KMX IepeMeHHBIX (MJu 3HAQYeHHusd), C
KOTOPEIMU GYAeT MCIOJHATHLCA BCHO-
MoraTeJbHBIN anroputm. Hampumep,
o KoMaHfe

Bwmssatb IIpocToii MHOKUTEND
(15, m);

nepeMeHHO# m 6yJeT MPHUCBOEHO 3HA-
yeHue 3.

Hepeakxo BcmoMoraTeJdbHBIN aJ-
FOPUTM, MMEKOMHUI B KauyecTBe pe-
3yJbTaTa TOJBLKO OAMH (GOpMaNbHBIN
napamMeTrp, yao6HO odOpMUTL B BHIE
noanporpaMMmel-byHKuun. 1A Hamm-
CAHHOT'O BHIIIIe BCIIOMOTATeJIbLHOrO aJ-
ropuTMa 9T0 OyZeT BHIIIAZETH TaK:

DyHkuma IIpocToil MHOMKHTEIb
(apr: n): uen
uen. p;
{p=2
Oenatb noxka n mod p # 0
{p=p+1;

}
3Hau := p;
}

3mechr 3Ha4y — uMsS BHYTPEeHHeMH
nepeMeHHOM, IpeJgHa3HAYEHHOH IadA
XpaHEHUA 3HAYeHUsI QYHKIHUU. A 4TO-
6Bl BOCIIOJIL3OBATHCA IIOANPOrpPaMMO-
dyHKIIMEl, AOCTATOYHO HAIMCATD

m := IIpocroii_mHOMXHUTEJHL (15); .

YToOml 3aBEPHINTH COCTABJIECHUE
ajIropuTMa, HYKHO €Il[eé COCTABUTH
aJITOPUTM HAXOXXJEHMS NOKa3aTens
CTEeNeHHU, B KOTOPOH JaHHLIH MHOMKH-

3anpocutb n

Haiitn
npocTon
MHOXUTENb D

Hanitun
cTeneHb s
BXOXAEHUSA p

n:=n/p*

CoobuwmTtb
DS

S

Puc. 2.5

Puc. 2.6
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TeJIb BXOAUT B Pa3JIOXKeHHE uucja n. Bel COCTABUTE 3TOT ANTOPUTM, BEI-
HoJHAA 3ajaHue 3.

YMeHMe pellaTh MHOTHME 3aJaYd 3BPHUCTHYECKH, T. €. He HUMes HU-
KaKoro ajropuTMa, — UYpPe3BbIUAMHO Ba)XHAA CIOCOGHOCTH UYeJIOBEKA.
Hanpumep, 3agauy omnpenejieHHs, KTO H300pakeH Ha ¢dorTorpaduu
cobaKka MJM KOIIKa, YeJIOBEK PENIaeT ¢ BBICOKHM IIPOIEHTOM IIPABHJIb-
HBIX OTBeTOB. OAHAKO HHMKAKOr0 AaJIFOPHUTMAa, MO3BOJAIOIIET0 PEIIUTH
TaKyIO 3aJlauy, HA CErOAHANIHUN AeHb HeT. CAHIIKOM cJjabbl HAlIX BO3-
MOKHOCTH (hopMaJIM3allui 3TOUM 3a4a4M, U IOCTPOCHUE ANCKBATHOM HH-
dopMalIMOHHON MOAENH MOKA HEBO3MOM{HO.

Mo:ker mokasaThcd, 4TO upobJeMa coO3ZaHuUs aJropuTMa IJsA pe-
HIeHHs 3aJa4YM YIHUpaeTcsi MMEHHO B HeyMEHHUE [0 IIOPHl A0 BPEMEHH
dopManrn3oBaThL CTOAINIYIO IIeped HaMu 3azauy. Peub, KOHEUHO, HUIET
0 Taxk Ha3bIBaeMOil MaccoBO#l 3ajmade, T.e. O I€JIOM MHOYKECTBEe OIHO-
TUNHBIX 3aJad, AJs PEIIeHUA KOTOPBIX NPHUMEHSETCS OAWH M TOT e
anroputMm. OKa3sIBaeTCA, UYTO S5TO He TaK.

Herpyano gokasaTh, UTO He CYIIECTBYET aJITOPHUTMAa, IIPUTOJHOTO
IJiA penieHus Jio60# s3amaun. J[oKasaTeJbCTBO IPOBEAEM B ABa 3Tala.

Ilepaviii aman. JlokakeM, 4TO AJIA JIOGOTO HCIOJNHUTEJNS CYILIecT-
ByeT 3aJlaua, KOTOPYIO OH peIlIuTh He MOXeT. IIpeAmosoxuM, 4TO 3TO
He TaK: IYCTh €CTh MCIOJHHTENb, KOTOPBIH MOKET IOCPEACTBOM CBO-
MX JOIYCTHMBIX HAeHCTBUM pemIinTh JOOyio 3amauy. IlocraBuM mepen
HUM 3ajady CO3JaTh KaMe€Hb, KOTOPBINi OH HEe MOJXKET IOAHATH. A Te-
epb, Korjga OH 3TOT KaMeHb CO3/aJI, IOCTaBUM Ilepej HUM APYryIo 3a-
Jadyy — MOAHATL 3TOT KaMeHb. Haluuo mpoTuBopeumne. 3HAUUT, HAIIIE
NpeJNoJIO¥KEeHe HEeBEPHO, M, CJeAOBATEJbHO, AJA JIIO60TO HCIOJIHUTE-
asa (B ToM umcie GopMaJIbHOTO) CYIIECTBYET 3aZada, KOTOPYIO OH pe-
IINTh He MOJKeT.

IIpuBenenHoOe paccyxxieHne — mepedpa3upoOBAHHLIA apryMeHT
BeJIMKOT0o HeMmeukoro ¢uaocodpa M. Kanra, Kusnrero B r. Kemurcbepre
¢ 1724 no 1804 rox, KoTopblii OH MpPMUBEJ B AOKa3aTeJIbCTBO TOTO, 4TO
Bor me MoxeT OBITH BCEMOTrYIIHM.

Bmopoii aman. IIpeanmosoKUM, 4YTO CYILIECTBYeT AJITOPHUTM, IIPH-
rOAHBLIA AJA peureHus Jiroboii sazaum. Torza sTOT anropuTM mIperHa-
3HAYEH AJI HEeKOTOPOTOo (POPMANbHOIO0 UCHOJHUTENsA. Ho uUcmosHuTe b,
BOODPY’KeHHEIH JAHHBIM AJITOPUTMOM, CIIOCOOEH pEelIuTh J6yIo 3agauy,
YTO HEBO3MOXKHO. I[IosiyueHHOe MpoTUBOpeUne IOKA3LIBAeT, UTO CAeJaH-
HOe TpeANoJIOKEeHHE HEBEPHO.

Hrak, He cyllecTByeT ajJropuTMa, pemiaminero Jwooeie 3agauu. Ho
3TO €Ille He JaeT OoTBeTa Ha cHOpMYJMPOBAHHEBIH BEIIIEe BOIIPOC: HE B TOM
JY NPUYMHA OTCYTCTBUSA AJTOPUTMA AJIA PEIIeHUs TOW MJIM WHON Mac-
COBOM 3ajzaudi¥, 4TO MBI He MOKeM ee opmasuzoBaTh? OTpuLATENBLHEII
OTBET MBI YK€ aHOHCHpOBAJH. Telleph MEI MOKE€M NPHBECTH NPHMEp
APYTOH 3amaum.

PaccMoTpHMM MHOXKECTBO aJiTOPHTMOB, NMpeAHA3HAUEHHBIX AJs 00-
paboTKM CHMMBOJIBHOM HepeMeHHOM x (T. €. B KauecTBe BXOJAHOTO AaH-
HOTO JJis1 aJITOPHMTMAa BHICTYIaeT HEKOTOPHIM TeKcT). IlpeacraBum
BCe BTH AaJITOPUTMBI 3aNHCAHHBIMHM Ha KaKOM-JHO0O fA3bIKe mporpam-
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MHUPOBaHHs. 3aaya COCTOMUT B TOM, UTOOGHI IO TEKCTY aJTOPUTMAa K 3HA-
YeHHI0O X y3HATh, 3aKOHYHUT JIM &JrOPUTM DPaloTy 3a KOHeUHOEe YHC-
JIO IIATOB.

OxaspiBaeTcA, UTO IJId 9TOHM 3aJauM He CYIIECTBYeT AJITOPHUTMAa ee
peinenus. JfokayxeM aTo, paccy»KJas B Ha 9TOT Pa3 OT IIPOTHBHOrO.

IIycTh cymiecTByeT ajJIrOPUTM pellleHHA 3Toi 3amauu. HaszoseMm ero
anroputTMoM A. Yepe3d B 0003HAYHM IIPOM3BOJIBHBLIN aJITOPUTM M3 YKa-
3aHHOrO MHOJKECTBa aJITOPUTMOB. BXOJHBIMHM JAaHHBIMU JJs aAJITOPHUT-
Ma A CHYyXaT TEeKCT ajropurMa B u 3HaueHMe CHMBOJILHOMH mepeMeH-
HO# x. JloropopmMcs, UTO B pe3dyJbTaTe cBoeil paGoTel ajaroputm A
MIpUCBAaMBaeT HEKOTOpPOI mepeMeHHO# z 3HaueHme 1, ecam aixropurm B
3aKaHYHNBaeT paboTy Ha TEKCTe X 3a KOHEYHOe YMCJO IIAroB, M 3Haye-
Hie 0 B IpOTHMBHOM CJIydYae.

WHBpIMH CJIOBAMH, AJITOPHUTM A BBITJIALUT TaK:

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

3anpocuTtb x;
Ecnun (aJIPODHTM B 3akaHuymMBaeT paﬁo'ry Ha TEKCTe X 34 KOHEYHOC YHCJIO

miaros) 10
{z:=1;}
unHave
{z:=0;}

}

PaccMOTpHM MHOKECTBO AJTOPHMTMOB, KOTOpPble B KadecTBe J0-
MyCTHUMOTO 3HauyeHHA X 6GepyT CBOe ONHMCAHHE HA YKA3aHHOM S3BIKE
nporpammupoBanusa. Ilocrponmm agropurm C, mpHHaIJIEKallUili 9TOMY
KJaccy:

Anroputm C
cum: B, x;
uen: z;
{ 3anpocurb B;
3anpocuTtb x;
z:=1;
enatb nNoka z = 1
{ BoisBatb A(B, x, 2);
}
}

3anycTHM cocrasjieHHLIT Hamu ajaroputMm C Ha mcnoaHeHme. Ha
zampoc 3HaueHMil B m x BBegeM TekceT anropurma C. Ha ciegyiomem
mare nmepeMeHHOH z GyAeT IPHUCBOEHO 3HaueHHe 1, IIOITOMY 3aTeM Hau-
HeTCA NCIOJIHeHUe TeJjia MHUKJIa. UYTo Ke mmpom3oiizeT mocie obpaleHnsa
K BCIIOMOTATEJILHOMY aJroputmy A?

Honycrum, uro anropurm C koHeueH. Torza mocje HCIIOJHEHU:A
anropuTMa A 3HayeHue 2z = 1. [ToaToMy HauHET HCHOJIHATLCS TEJIO IHK-
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Ja. OgHaxo B pesyJbTaTe HCIOJHEHHS B TeJjie IIMKJA TOTrO jKe BCIIOMO-
raTeJIJbHOT'O aJINOPUTMA 3HAYeHUe NepeMeHHOil 2 He mameHurca. Ilosro-
My TeJI0 IUKJa OyAeT HCIOJHAThCA GeCKOHe4YHOe YHCJO0 pasd, M, CIeo-
BaTeJIbHO, aJirOPUTM C KOHEUHLIM He sBJAseTcA. 3HAUUT, Taxkas CHUTya-
A HEeBO3MOXKHa.

JdonycrtuMm Temeps, uTo ajroputMm C KOHEUYHBIM He saBiasercs. Torza
Iocjie UCHOJHEHUs aaroputrma A sHaueHune 2z = 0. B saTom cayuae Teso
IHKJIa He OyZeT HUCIOJHATLCA HU pasy, M, CJeJOBaTeJbHO, ajaroputm C
IIPeKpaTUT paboTy 3a KOHeYHOoe 4YHCJ0 maros. TeM caMbIM M B 3TOM
ciydae IMOJIYYHJIOCH IIPOTHBOpeYHe. 3HAYUUT, IIPEAINOJOMKEeHHe, UTO Cy-
HIeCTBYET aJITOPUTM A, ObLJIO JIOMHBIM.

3agaun, OIS KOTOPBIX He CYHIECTBYET AJrOPHTMAa pPelleHWs, Ha3bl-
BalOTCA AJITOPUTMHYECKH HepaspemiMMbBIMH. CerogHs M3BeCTHO YiKe
MHOI'O aJITOPUTMHUYECKH HepaspelllMMbIX 3azadu. VI Kak IIpaBHIIO, AOKA-
3aTeJbCTBO HX AJTOPUTMHYECKOH Hepas3peUIMMOCTHM OTHIOAL He TaKoe
IIPOCTOE, KaK JJIsi PACCMOTPEHHOI'0 HaMH IpuMepa. OJHa U3 caMBIX 3HA-
MEHUTHIX 3aja4 Onlia chopmynuposauna B 1900 roay dasumom I'manGep-
ToM Ha BceMHPHOM MaTeMaTHMYeCKOM KOHrpecce. Bcero o chopmy.in-
poBaa 23 npoOjaeMbl, pellleHNe KOTOPBHIX, KAK OH CYHUTAaJ, OMNPEAEJTHUT
auk mMatemMaTuKu XX Beka. I felicTBUTeLHO, pellleHMe, JaKe 4acTHU4-
HOe, JI0060i1 U3 ero mpo0JjeM paccMATpPHUBAETCA KaK BLICIIEE MATEMATH-
deckoe JoctmkeHHe. IIpo6rema mox mHomepoMm 10 sByuuT Tak: «JaHo
[IpOM3BOJbHOE ypaBHeHue P(x,, x,,...,x,) =0, rae P(x,, X5, ..., X,) —
MHOT'OYJIEH C LEeJBbIMH KO03(Q(PHIMEeHTAMH OT YKAa3aHHBIX IIepeMEHHBIX.
CymiecTByeT JM aJIrOPHTM, IIO3BOJAIOMINA BBHIACHHUTH, MMEET JHU 3TO
YPaBHeHHe pelleHHe B HeJblx umcaax?» Jlumsb cnyers 70 jer Ham co-
oreuectBeHHUK IO, B. MaTusceBn4 JOKa3ajl, YTO TAKOrO AJrOPHUTMa He
CYHIECTBYET.

IIpumna mopa HEMHOIO OTBJIEYLCS M HONMUThH 4Yalky. Hampumep,
TOr'0, YTO IPUTOTOBHJIM II0 HAIIMCAHHBIM BBIIIE AJTOPHTMAM KaKOM-HH-
0yabp PYCCKMIl INKOJbHHUK Bausa M ero aHrauiickuil npusareas xoHHH.
K mamieMy BeJimuaiiinieMy M3yMJIEHHIO, YaeK OKasaJICs pasHBIM: oT Ba-
HUHOTO 4asd fA3BIK IPHUJIHNIIaeT K rybam, a uyail [[KOHHH IIOUTH HeCJIan-
Kuit, IToueMy OZMH M TOT K€ AJrOPUTM B PA3HOM HCIIOJHEHHUH IIPHBEJ
K CTOJb Da3JNYHBIM pesdyJbTaTam?

Bce pmesno B mocienHeM JelicTBHM: HOGaBJIIEHMHM caxapa II0 BKYCY.
I9TO, KOHEYHO, AOIYCTHMOE AeiicTBHe IJA KadAO0ro HCIOJHHUTEJS.
IIpocTo y Kaaoro cBoil BKyc. A Mbl MOXKEM CIeJIaTh BaYXHLIH BLIBOJ:

m PesynasTaTr HCIIOJIHEHNA AJITOPUTMA 3aBHCHT OT TOTO, KAKOM HCIIOJ-
HUTEJHb 3TOT AJTOPUTM MCIIOJHAET.

BOMPOCH! 1 3AAAHUA

o a) HYto Takoe BCMOMOraTenbHbI anropuTM?
6) Korpa mMoxHO BCnomoratesbHbli anroput™m o¢gopMUTL B BWAE NOLNPOrpammbi-
byHKUMN?
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a)* MpoaHanuaupyite anroput™ MNpPOCTOR_MHOXUTENL WU NONbiITaliTeCh OBBLACHWUTD,
noyeMy B Kayectee pesynbrata GyneT nonydeHo nNPocToe 4ncno.
6) O6vAcHUTE, NOYEMY 3TOT anrOpUTM KOHEYEH.

a) CocrtaBbTe BCNOMOraTenbHbI anropuTM ANA HaxoXAEHWA noka3aTena CTeneHu,
B KOTOPOM AaHHLIN MHOXUTENL BXOAWUT B pa3noxeHwe uucna n. Odopmute ero
B BuAe noanporpaMmbi-GyHKUMKM ¢ ABYMA dOpManbHBIMU NapameTpamMu.

6) NUcnonb3ya cocTaBfieHHbIE BCMNOMOraTenbHble anropuTMbl, paspabortaiite anro-
PUTM peleHnA OCHOBHOM 3apaun: NOCTPOEHWE Pa3NoXeHWUs HaTypanLHoro 4ucna n
B NPOU3BEAEHNE PA3NIMYHLIX NPOCTLIX MHOXMUTENEN.

a) B § 7 3anucaH anroputMm EBknnpa BulumcneHus HauGonbwero obuwero penutens
OBYX HaTypanbHbix yucen. Odopmute ero B suae NOANPOrpamMmbi-PpyHKUNN.

6) OyHkumen Diinepa @(n) Ha3bIBAETCA KOMMYECTBO HaTYPaNbHLIX YACEN, MEHbLINX n
M B3aMMHO NPOCTLIX C n. Mcnonb3dya noanporpaMmy-¢pyHkumio sBblumcneHua HOA,
cocTasbTe noanporpaMMy-pyHKUMIO ANA BbluMCneHus yHKuMKn dinepa.

B) O603HauuM uvepe3 y(n) GyHKUMIO, KOTOPAa KaXAoMYy HaTypanbHOMY 4uchay n CO-
NnocTaBnseT CyMMy BCEX HaTypanbHbiX 4YMCEn, MEHbWWUX n U B3aUMHO NPOCTLIX C 1.
Ucnonbaya nognporpammy-dyHkumio Bbiamncnenna HOJL, coctasbTe nognporpammy-
GYHKUMIO NS BbiMMCNEHNA W(n).

a) CoctasbTe noanporpammy-dyHKUMIO, KOTopaa No 3a8aHHOMY HaTypanbHOMY 4uUC-
Ny 1 BbIMUCAWUT CyMMY ero umbp.

6) CocrasbTe anropuTM, NOACHMTLIBAIOWNIA KONUYECTBO n-3HAYHLIX HATYPANbHLIX YU-
cen, y Kaxporo U3 KoTopbiXx cymMma undp paBHa 3a4aHHOMY HaTypanbHOMY uuchy k.

a) JaHo cnoso W. CocrtasbTe noanporpammy-dyHkumio, KoTopas npeobpasyer
cnoso W B cnoeo V, coaepxatiee Te Xe OykBbi (M B TOM Xe KONM4ecTse), u4To
M cnoso W, HO pacnonoxeHHoie B andaBUTHOM nopsaake.

6) Oauw cnosa V u W. CocraBsTe anropuTM, NO3BONAIOWMIA YCTAHOBUTb, MOXHO NK
cnoso W nonyuuts n3 cnoea V nepecraHoskoi Byks.

a) Ha KoopanHaTHOW NNOCKOCTN 3a4aHbi CBOMMW KOOpAMHaTamMu Tpu Toukn. CocTaBsb-
Te anropuTM, NO3BONSAICWMA ONpenennuTs, ABNSAIOTCA N 3TU TOYKW BeplinHaMKn Tpe-
yronbHuka. Bce KoopAMHaThbl ABNSIOTCA LIENLIMW YUChamu.

6)* Ha koopOMHATHOW NNOCKOCTU 3afaHbl CBOMMMW KOOpAuHatamMn Tpu Toukun A, B
n C. CocTaBbTe anroputM, NO3BONSIOWMNIA ANA 4ETBEPTON TOUKM ONpPeaennuTb, NexuT
A ata Touvka BHYTpU AABC. Bce KkoopauHatbhl ABAAIOTCA LENbIMW 4uCnamu.
(C oBeT: Ona pa3paboTkn anroputMa BOCNONb3YNTECH METOAOM MOWAarosoin aeta-
nnsaumn.)

Ha depMe yctaHoBNEHbl cnegylowme pacueHku: Geik ctout 25000 p., koposa —
16 000 p., TeneHok — 2000 p. CoctasbTe anropuTtm, NO3BONAICWMIA HANTU BCE Ba-
praHTLl NOKyNku Ha aton ¢depme 100 ronoe ckota Ha cymmy 500 000 p.

* imeeTca CTepXeHb QVMHLI n, FOe n — HaTypanbHoe 4MCNo. BTOT CTepXeHs pasna-

MBLIBAIOT B ABYX TOYKaX TakK, YTO NOAY4alOTCA OTPE3KU uenouncneHHon aamHel. Co-
CcTagbTe aNropuTM, NO3BONAIOWMIA Y3HATL, CKONLKO Pa3ANYHLIX TPEYrofibHUKOB MO-
XeT NonyyntbLCH, ecnn no-pas3HoMy BbiGUpaTh TOYKU pasnoma.

a) Neta n Kona B ponu $popmanbHbiX UCNONHMUTENENA BLINOAHAIOT C NOMOLLBIO MUK-
POKaNLKYNATOPa CNeaytowmii anropuTMm:

Cnoxutb 83,2438 n 57,6847

Mony4eHHsI pe3ynsTaTt YyMHOXUTL Ha 10
Y Metn Ha Tabno kanbkynatopa nomMewaetca 6 umdp, a y Konn — 8. Byayt nm y Hux
OQUVHaKOBLIe Pe3ynbTaTbl BbINONHEHWUA 3TOro anroputma?
6) Npuseaoute apyrne NpuMepst anropuUTMOB, PEe3ynbTaThi UCMNONHEHUA KOTOPbIX
3aBUCAT OT UX UCNONHUTENEN.
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m* Mmeetca yad o6vemom 1000 n. ABTOMaTUYECKOE YCTPOUCTBO, oBCNyxXusatouee aToT
YaH, UMEET ABa OONYCTUMLIX ASAUCTBUA: OONUTbL B 4aH eule 1 N BOAbl;, A4ONUTL B YaH
CTONLKO BOAb!, CKONBKO B HEM yxe umeeTcsi. COCTaBbTe anropuTM, KOTOPbLIA ans
Kaxaoro HatypansHoro uucna n < 1000 6ynet cocTaBniTb anroputM ANA 9TOro
asToMaTa, B COOTBETCTBMM C KOTOPbIM aBTOMAT 3a HauMeHbLee 4UCNO AEeNCTBUA
HaNLET B NYCTOWM 4aH n N BOAb!.

§15 PexyppentHbie coomomeuuq " pexypcusnue
QnropruIMBl R .

PaccmoTrpum 3azauy.
Ilera u Kona mpouuwTanu B OZHONH KHMKKe MO MaTeMaTHKe, YTO

cymma 1 1 1 1 1 1 1
1+ >+ +=-+S+=-+=+..+=
2 3 4 5 6 7 N
MOJKeT cTaTh OOoJIbIlle JIIOOOTO YHCJa, €CJIM TOJBKO BbIGpaTh N pgocra-
TOYHO GOJIBIIINM.

Pe0aTa oueHb YAHUBHJIHCH 3TOMY — BeAb KasKJAHH pas AobaBiser-
cA Bce MeHblllee M MeHbIlee Yncjao. 1 OHM penInjy HOnbITAaThLCA Haii-
T Takoe N, 4TOObI yKasaHHas cyMMa Oniiia He meHbuie 20. Huaa aro-
ro Ilera u Kousa cocraBmiM ciefyOUIHii ajJrOPUTM, KOTODHIM 3aTeM
Ka)KAbId M3 HHUX NONBITAJICA HCIONHUTL Ha CBOEM KAaJbLKYJIATODE:

Anroputm Cymma

uen: S, N;
{
S =1
N = 1;

} (* korney yurxaa *)
Coobunrts N;
}

Y6egurech, 4TO 3TOT AJTOPUTM AEHCTBUTEJLHO pelllaeT MOCTABJIEH-
HYIO 3aZady.

Caauajya pasbepeMcs, 4YTO Ke JieJlaeTcA B IMPHUBEJEHHOM aJITOPHUTME.
Ham Tpebyerca Haiitm cymmy N umcen. Ho mAocTynHbIiI HaM HMCIIONHH-
TeJb aJFOPUTMOB (KaJBbKYJATOP) YMeeT CKJAXbIBATE TOJBKO JBa YHCJA.
IlosToMy HaxoxAeHMe CYMMEI GOJIBILIETO YMCJIa CJaraeMbIX MBI 3aMeHs-
€M Ha HECKOJILKO IIOCJIeIOBATEJILHBIX CJIOXKEeHUH JABYX UMCEJI, IIOCTEIIeH-
HO HaKanjJWBasg CyMMY B IepeMeHHo#l S. Ecam depes S, 0003HAYHUTH
CYMMY TIEPBBIX K cjJaraeMbIX, TO MOXKHO 3amucaTh TaKoe PaBEHCTBO:

1 1 1 1 1 1 1 1
S,=l+s+g+g+tp+ototat—F+-
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W3 Hero HeTPYAHO BBLIBECTH OPYroe PaBEHCTBO:

1
Sn=Sn_1+;.

ITocmoTpuTe BHHMATENLHO: IOJNyUYeHHAsA (GOPMYJia MOKA3BIBAET, UTO
n-e 3HauYeHHe NepeMeHHOIT S mosgydaerca us (n — 1)-ro saHaueHusa IIpHU-

1
OaBJeHHNEM o

Korza cymecTByeT npaBmuiIO, MO3BOJAIOIIEE HAXOOUTE 71-¢ 3HAUCHIE
IIEePEMEHHOI, HMCIOJL3Ys €e NPeALIAYINEe 3HAYEHUA, MOBOPAT, YTO Ie-
peMeHHAasA 3aJaHa peKyppeHTHO. CaMO NIpPaBWJIO IIPHM 3TOM HAS3HIBAIOT
PEeKYPPEHTHBIM COOTHOLICHHEM.

PexkyppeHTHLIE COOTHOILIEHNA OYEHDL YACTO IIPHMMEHAIOT AJISA BBLIYUC-
JeHUA TeX MJW MHBIX «IJIUHHBIX» cyMM. Kak mbl Buaum, Ilera u Ko-
Jfl TOKE BOCIOJIB30BAJINCL 3TUM IIPHEMOM, AAa’Ke O HeM He IOoAo3peBad.

Pas y»Kk MBI HaYaJil pPacCKasbIBaTh MCTODHMH HOPO 3aJaYH, BOT €Ile
oJHAa.

«JlpeBHsAA JIeTeHAA TJIACUT, YTO NPU COTBOPEHMH MUpa B OZHOM H3
Oymouiickux xpamMoB B r. XaHoe OblIa IoJIOXKeHa OpPOH30Bas IJINTA
C TPeMs CTEPYKHAMM KM Ha OJMH M3 HHX OBLIM HaHM3aHBI 64 30JI0THIX
IUCKA TaK, KaK IIOKA3aHO Ha pUCYHKe 2.7. MoHaxu 3TOro xpama JOJIXK-
HBI NIepeHeCcTH Bce AUCKH C OAHOTO CTEPIKHA Ha APYyroi, cobiiomasa cie-
AyIOIIHe IIpaBUJIA:

1) 3a ogmH pa3 MOXXHO I€DPEHOCHUTH TOJBKO OJWH AUCK;

2) Henb3d KJIACTh GOJBIINI AUCK HA MEHBIIINIA;

3) mepeHOCHUTH AUCK MOXKHO C JIIOOOTO CTEPXKHA Ha JIoGoii.

CoryniacHO JiereHJie, Kak TOJIBKO Bce JHCKH cobepyTca Ha APYroM
CTepyKHEe, HAaCTYIIUT KOHeN CBETA.

CocTaBuTh aJirTOPUTM cpady AJA caydad 64 AUCKOB KaKeTCA BEChb-
Ma HempoCTHIM JeJjioM. Jaske riaaxs Ha 8 JMCKOB, M300pakKeHHBIX Ha
PHUCYHKe, TPYAHO CKa3aTh, UTO M B KAKOI IIOCJEeNOBATEJLHOCTH I€JaTh.
flcHO, UTO mepBHIM JeHCTBHEM IIePEeHOCHTCA Ha APYroil cTepXXeHb ca-
MBI# MaJleHbKHil JUCK — BeAb HHYETO APYroro ciejiaTh HeJqb3d. Bro-
PHIM JgeficTBMEM HaAO Ha APYrOil CTep)KeHb IIEPEHECTH BTOpOii IO pas-
Mepy IOHCK. A BOT TpPeTuil JHUCK
yiKe M IIepeHOCHTH HEKYJAAa. _ ~

HaBaiiTe momoiileM K pelile-
HUIO 3TOHM 3ajzauum ¢ APYyroud cro-
poHBI. IIycTs Ha crepxxHe Nel
uMeeTca n guckoB. Kak pemrats
3ajaduy npu n = 1, coBepIIeHHO
ACHO — IIePEeJIOXKMJI 3TOT AWUCK Ha
BTODOH cTep:xXeHb M Bce. U mpm
n = 2 pellleHMe ToOXKe TOHATHO:
BEePXHUH AWCK MEPEeHOCHM Ha CTep- —
JKeHb Ne 2, BTODOIl AUCK NepeHo-

cuM Ha CTepkeHb Ne3 M, HAKO-  pyc. 2.7 MakeT Ans 3a4a4M O XaHOWCKON
Hell, MeHBIINH AWCK NEePeHOCHMM ~— GawHe
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Ha crepxeHb Ne 3. HeTpyaHOo IOHATHL, KaK MOZHGHIMPOBATL IIOCJIE-
IOBATEJBbHOCTL AEHCTBHIf, €CJM MBI XOTHM CcOOpaTh ZHCKH Ha CTEPK-
He Ne 2,

A Temepnr BCIOMHHUM ONBIT PEIIeHHUs NpeAbIAyINel sagadu: NMOACYH-
TaB cymMMy M3 n — 1 cijaraeMnIX, JIETKO BEIYMCJIUTbL CYMMY n cjarae-
mbix. IIycte MBI ymMeeM (T. e. YV Hac eCTh aJropUTM!) ImepeHOCHTh Oalr-
HIO U3 n — 1 gucKOB co crepykHsa Ne 1l Ha mwo00ii APyroil crepkeHb
B IIOJIHOM COOTBETCTBHH C IIPeZIIHCAHHBIMH IIpaBMJaMu. Bepem Temepsn
GalHIO M3 N JUCKOB. BepxHue n — 1 IHUCKOB IIepEeHOCHMM Ha ApPYyroi
crep)xeHb. OcTaBmuniica AUCK MEpPEKJaALIBaeM Ha CBOOOZHBIN CTep)KeHb
M Telepb Ha HEro, IIOJL3YACh TEM JKe aJTOPUTMOM, IepeKJajbIBaeM
n — 1 zuckoB. 3ajauya pelleHa.

Pemrenne, Kak BBl BUIHTE, IIOCTPOEHO HA TOM, YTO IIPH HCIIOJIHE-
HHAH aJTOPHUTMAa IJf N IUCKOB MBI ofpalllaeMcsi K TOMY K€ ajJTOpUTMY
ana n — 1 guckos. CuTyanus, B KOTOPOMl KaKOM-TO alropuMTM CaM HJIH
Yyepe3 Apyrue aJropuTMB BHIBIBaeT ce0A B KadeCTBe BCIIOMOTATeJb-
HOT'0, HagbIBaeTcs perypcuei. CaM ajJropuTM IOPH 3TOM Ha3HIBAETCA
PEeKYPCHBHBIM.

W3 onpeZeseHUsA PeKYPCHBHOrO AJIrOPUTMAa CJaeAyeT, UTO OH BCer-
Ia JOoJDKeH OLITL 0QOpMIIeH KaK BCIOMOraTeJbHLIH ajJropuTM. B uacrt-
HOCTH, OH MOXeT ObITh NMpeAcTaBieH HOAIporpaMMoii-QyHKIMeld.

3anmineM pPeKypPCHBHEIH aJrOPHUTM peIleHHs 3aJjaud O XAHOMCKOI
f6aimHe.

Anropurtm Ilepenoc Gamuu (apr: n, a, b; pe3: GalmlHA JUCKOB HA CTEPIK-
He C YKasaHHLIM HOMepOoM)
(* n — konuvecmeo ducko8; a — HOMEDP CMeEPHCHA, HA KOMOPOM
Haxodamcesa Oucku 0o nepenocod; b — HoOmMep cmepHcHA,
Ha Komopom G0axcHbL Haxodumbwcsa Jucku nocae neperocos *)
{
Echun=1rT10
{ IlepenecTu AUCK CO CTEepKHA ¢ HOMEDPOM @ Ha CTepeHb ¢ HoMepoM b;}
UHave
{ BmizBartb Iepenoc Gamnu (2 — 1, a, c¢);
ITepenecTH AUCK CO CTEP’KHsA C HOMEPOM 4 Ha CTEpPKeHb C HOMepoM b;
Buizearb Ilepenoc_Gamsu (n — 1, ¢, b);
}
}

Torza ajJropuTM, peIlaIUil MCXOAHYIO 3aAady, BBIMVIAZUT COBCEM
IPOCTO.

Anroputm Xanoit
uen: n;
{ 3anpocurb n;
Buizsarb Ilepenoc_Gawam (n, 1, 2);
}

Eciau Ha sampoc ajIropurMma BBeCTH 4ucjo 64, TO 3TOT ajJroputm
COBepINUT TpebyeMoe IepeMellleHNe TNCKOB.



UupopmaumnoHHas ReaTenbHOCTb YEeNoBEKa
83 M UCNONb30OBAHME B HEW KOMITBIOTEPHbIX TEXHONOIUM

S R S S R S S R R R

BOI'IPOCbI n 3AAAHMA

YTO Ha3bIBAIOT PEKYPPEHTHLIM COOTHOWEHNEM?

Y1o Takoe pekypcua? Kakoil anroputMm HasbiBaeTCsl PeKypPCUBHbLIM?

Y1o obwero Mexay peKkyppeHTHbIM COOTHOWEHWEM WU PEKYPCUBHLIM anropuTMoMm
U 4YEM OHU pasnuyaloTca?

a) CocTaBbTe aNrOpUTM BLIMUCIIEHWSI CYMMbl 4Yuces, oGparHbix KBagparam nepsbix
cTa HaTypanbHbIX Yucen.

6) CocTaBbTe anropuTMm, COrfacHO KOTOpoMy OyfeT 3anpowWeHO HeCKONLKO HaTy-
panbHbLIX YUCen U cooblieHo ux cpeaHee apudMeTuyeckoe (KOMUHMECTBO 3anpalun-
BaeMbIX YWCeSNl TOXe 3arnpawmsaertcs).

8) CocTaBbTe anroputM BLIYUCIEHUA Cneaylowen anreGpanieckoi CyMMmbl:

N-1
-1y 1,0 1,1 1, a e

2 3 4 5 6 7 8 N
e PaccMmoTpuTe cnenylowmin anroputMm, UCNONbL3YIOWWA NOoANPOrpamMmy-QyHKUUIO

O6opor.

Anroputm

cum: A; C;

{ Sanpocutb A;

= O6opor (A);
Coobwurh C;
}

AnroputMm O6opor (cum: B): cum
{ Ecom Len (B) = 1 10 { O6opor := B}

uHaye { OGopor := Yacrs (B, Len (B), 1) + O6opor (Hacrs (B, 1, Len (B) — 1));}
!

Y10 COOBWMT KOMNLIOTEP, UCNONHUBLWIUA 3TOT anropuTM NPUMEHUTENLHO K CNOBam:
a) mapc; 6) Tonop; B) oropoga; r) wanaw?

© 00C

1 1
+

G PaccmoTpute cneaylowmin anroputm, WUCNOAL3YIOWWIA noanporpamMmy-dyHKUUNIO
HOA(x, y), cosaaHHyi0 BaMU NpU BbLINONHEHWW 3apaHva 4a u3 § 14, 1 nognporpam-
My-pyHkumio POK(x).

Anroputm
uen: x;
{ Sanpocute x;
= OOK(x);
Coobuwnth x;
}

Anroputm ®OOK (uen: x): uen
{ Ecnu x = 1 10 { ®OK := 1;
uHave { ®OK := ®OK (x - 1)*x/ HOHO (POK (x- 1), x) }

a) Yto coobwmT KOMMLIOTEP, UCNOMHUBLUWA 3TOT anroputm ana uicen 1, 4, 87

6) HanuwnTe HepexypcuBHLIA anropuTM, BLIMUCAAIOWNA ANS HATYPaNnLHOro Yucna x
TOT Xe pesynbrar.
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@ CocTaBbTe peKypPCMBHLIA anroputM, NOACHUTLIBAIOWWIA ANS 3anpaluMBaeMoro Haty-
panLHOro Yucna n CyMMy KBagpatos ero undp.

@ MoauduumpyiiTe anroputm, pellalwmin 3agady 0 xaHolckoW 6awHe, Tak, 4Tobbl OH
coobwan nocnenoBaTenbHOCTb HOMEPOB MEPEHOCUMBIX ANCKOB C yKasaHWeMm, C Ka-
KOO CTEPXHSI HA KakOW Hago OCyLeCTBAATb NEpPEeHoC.

@"" CocTaBbTe anroputM, BLINOMHWB KOTOPLINA KOMMNBLIOTEP 3anpocUT HaTypanbHoe uncno
n n coobMT BCe nepecTaHOBKW, KOTOPLIE MOXHO COCTaswuTb U3 uucen 1, 2, ..., n.

@"" JlBe xaHoickue BawHn. Umeetca Tpu cTepXxHa. Ha ABa M3 HUX HAaHU3aHbl ANCKN TaK,
YTO MEHbLLUMIA ANCK nexut Ha GonblueM; TPeTuin crtepxeHb cBoboaeH. Bce awncku
MMEIOT pasHbil guametp. CocraBbTe anroputMm, nossonsowmini cobpate BCe ANCKU
Ha OOHOM CTepXHe c cobnigeHuem npasun 3apaqun O xaHolckoin HawiHe.

OT nepemMeHHON K MAccuBy

Ilepemennasa — »To mpocTeiiias, UHOTAA TOBOPAT aTOMapHad,
CTPYKTYpa AaHHBIX. Paboras ¢ 3JeKTPOHHOU Tabauiieii, BbI He pas
ybexaganmnuch, HAaCKOJIBLKO ObIBaeT yJA00HO, uTOOBLI MHpOpMamusa OnLIa
npeacraBjeHa B TabanuHoil ¢dopme. Bel aHaeTe M3 Kypca umHbOpMATH-
KM, H3ydaBIieroca B 8 u 9 Kjaccax, UTO KaKjaas siueiika TabJamibl —
3TO (paKTHUYECKH OTHAeJIbHAA NepeMeHHas. B Jj000M sA3bIKe IPOTpPaMMU-
POBaHUA NpPeAycCMOTPeHA BO3MOXXHOCTH TaGJHUUYHOrO ommcaHus obpaba-
THIBaeMO#l MHbOpMAIUHU, MPU 3TOM KJIETKHM TaOJUIBI MIPEACTABJIEHEI IIe-
peMeHHbIMH oAHOro THma. Takme TaObAUIbLI HA3LIBAOTCA MACCHBAMH.
HoMep cTpoku m HoMep cTosiOma B Tabjuile HA3HLIBAIOT HHAEKCAMH
TOrO 3JieMEHTAa, KOTOPHIH CTOUT B KJeTKe Ha IlepeceuyeHuH AAHHOH CTpO-
KM U JaHHOTO CTOJOIAa.

OO6bIuHO TabiMIAa MMeeT HEeCKOJNBKO CTPOK M HECKOJNBKO CTOJIOIOB.
Maccugbl, COOTBETCTBYIONIME TaKUM TAOJIUIIAM, HA3bIBAIOT XBYMEPHBIMM.

Ecau maccuB mpencTtaBasieT TabJMHILY, COCTOANIYIO M3 OAHOM CTpO-
KM WIM OJHOTO CTOJIOIA, TO TAKOM MaCCUB Ha3BIBAIOT ONHOMEPHBIM WJIU,
o-ApyroMy, JUHeHHBIM. B ero omucanmm O6yaeT MCIOJb30BATHCA TOJIb-
KO OJHO MHOYKECTBO HHJEKCOB.

Bnpouem, MaccHBHI MOryT OBITH M TPeXMepPHBIMH, H 4YeTBIpexXMep-

HBIMH, U ere 00Jblliell pa3dMepHOCTH — BCE 3aBHCHUT OT 3aJauH, KOTO-
PYyI0 IPUXOAUTCHA PEIATh.
WUrak, maccuB — 3TO0 HAGOp OAHOTHIIHBIX MAHHBIX, CHAGKEHHBIX

CHCTEeMOH M3 OJHOTO WJIM HECKOJbKWX MHAEKCOB, Ka)XAbII N3 KOTOPBIX
IPUHUMAaET IOCJIeIOBATENbHBIE IleJble 3HAUeHHA. KOoJaMuecTBO MCHOJIBb-
3yeMBIX HHAEKCOB HA3BLIBAIOT PA3MEPHOCTHI0O MAaCCHBAa, THUI BXOIAAIIHNX
B HEro 3JIeMeHTOB — THIIOM JAAHHOTO MacCCHBA.

Yrobbl 3aaTh MACCHUB, HAAO YKa3aTh €ro MMHA, THII, TMANA30H W3-
MeHEeHMs KaxKJoro mHAeKca. Hampumep, Beuwr: M[1:14, 3:25, 5:70].
JJIEeMEHT MAacCHBa TaKJsKe MMeEeT MMJ: OHO COCTOHNT M3 MMEeHM MacCCHBa
U 3HAUYEeHWH HHJIEKCOB, OIPEAEJAIOINX NAaHHBIN 3smemMeHT. JoroBopum-
cA 3HAUYEHHA HMHACKCOB YKAa3bIBATh IIOCJI€ MMEHM MACCHBA B KPYIVIBIX
ckobKax uepes3 3amATYIO.
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HO TIPEACTABIATE cebe KaK OTAejb-
HYI IOepeMeHHYIO, TeM Oonee uTO A(l 1) A(l 2) A(l 3) A(l 4)
K HeMYy MOKHO 00paTUThCA ¥ IIPHCBO- ? ’ ’ ’
WTh TO HJU HHOE 3HaAYeHHWE TOYHO
TaK JKe, KaKk U JJs «camocroaTensk- |A(2,1) ] A(2,2)|A(2,3)]|A(2,4)
HOI» IIepeMeHHO.

pacmoJjiaraloTca 3JeMEHTEI B JBYMEp-
HOM MaccuBe A[1:3, 1:4].

UndopmaunonHas aeaTenbHOCTh HENOBEKa
M MCNOMb30BUHWE B HEW KOMMLIOTEPHDLIX TEXHONMOTWH

Kaxxaprit anemenT maccuBa ymoo- Tabnnuya 2.5

B Tabaune 2.5 moxaszaHo, Kak A(3,1) | A3, 2) | A3, 3) | A3, 4)

SRR SRR B AR e s

S S s

BOI'IPOCbI “u 3AAAHMS|

1)

(2]
3]

(4]

YT10 Takoe maccms? YTO Ha3LIBAIOT TMNOM Maccuea? YTO Takoe pPa3sMepHOCTbL Mac-
cusa?

Kak cBsizaHbi UMeHa 3NeMEeHTOB MaccuBa C UMEHeM caMoro maccuea?

Kakue 3Ha4eHuMs nepemMeHHbiX A U B COOBWMT KOMNLIOTER, BLINOJIHUB CReayloLwmii
anroput™m ana asymepHoro Maccuea M, usobpaxeHHoro Tabnuuamu a—ae?

Anropurtm
uen: A, B, I, J, M[1:5, 1:4];
{ 3anpocutb M[1:5, 1:4};
A = 0;
B := 0;
Benatb ot/ ;=180 5
{ Qenatb oT J =1 po 4
{Ecom M(I, J)y=1T10{ A=A+ 1; }
Ecnu M(I, J)= ~110{ B:=B+1; )
} (* xoney yuraa *)
} (* xoney uyuxaa *)
Ecom (A > B)T

Ecnu(A<B)m{ —A+B;}

CoobumnTs A;

Coobuints B;

}

A rol1lo-1 N e B1lol1]2

0f|-1]1 1|-1 3|-1|-11-1

21-1]1211 1 {-1 1|1 -1
~1{0{-1| 2 2l0]1]-1 o|l1]2]|-1
of1f11}1 -1{0}3|1 -1{0|1]2

Tpebyerca 3anonHuTs mMaccue A[1:6, 1:6] w3 uenwbix Yncen no npasuny a(k, n) =
= k™ — n*. N306paante cxemy anroputMa, NO3BONSIOWIETO 3aMOAHWUTL MACCHMB HYX-
HbiM 06pa3om.

6 AaH TpexmepHuid yicnosoit maccus A[l: 10, 1:10, 1:10].

a) CocraBbTe anroputM NOUCKa MakCuMManbHOro snemeHtTa B 3ToOM maccuse.



6) CoctaBbTe anroputM, COOGLUAOWMI MHAEKCH BCEX HAUMEHDBLIUX 31IEMEHTOB AaH-
HOro Maccuea.

0 [an TpexmepHuin Mmaccue M[1:100, 1:20, 1:75] sBewecTBEHHOro TUNAa.
a) CoctaBbTe anroputTM BbLIMUCIIEHUA CYMMbI BCEX MONOXWUTENbHLIX 31€MEHTOB
maccusa.
6) CocraBbTe anropuTtm, NO3BOMSIIOWNIA BbIACHUTL, KaKUX 31IEMEHTOB — MOJIOXUTEb-
HbIX MU OTPULATENBHBIX — B Maccuse 60Nbllue U Ha CKOMBLKO.

0 [aub 100 Touek Ha nnockocTu. Byaem cuutath, 4TO OHW 3aHYMEPOBaHbLI Ynucaamm
ot 1 po 100, a ux koopaAnHaThl pasmelleHbl B ABymMepHOM Maccuee M[1:2, 1:100],
roe M(1, j) — abcumcca j-it Toukn, a M(2, j) — opanHarta To xe Touku. Cocrasb-
Te anropuTMm, NOcne UCNONHEHUs KoToporo 6yayT coobuweHs HoMepa To4Yek, Haubo-
nee ypaneHHbX Apyr oT apyra.

0 MNpamoyroncHaa Tabavua 3anonHeHa yucnammn -1, 0 m 1.

a) TpebyeTcsl M3MEHUTE Ha NPOTUBOMNONOXHOE TO HEHYNEBOE YUCNO, KOTOpOe Haxo-
autca B knetke, Haubonee yaaneHHOW OT NEBOI BEPXHEN YrNoBON Knetku Tabnuubi.
CocraBbTe COOTBETCTBYIOLMIA anropuTtMm. (PaccTtosiHMe Mexay knetkammu — 3T0 pac-
CTOSIHUE MeXAY UEHTpaMn 3TUX KAEeToK.)

6) TpebyeTca U3MeHUTb Ha NPOTMBOMNONOXHLIE YMCNA B TEX Napax HEHyNesbIX Yncen,
DA KOTOPbLIX PaCcCTOSHUE MeXAy KNeTkamu, B KOTOPLIX CTOWUT aTa napa, Haubonb-
wee. CocraBbTe COOTBETCTBYIOWMIN aNropuTMm.

Q [aH onHOMepHBLI MaccuBs, 3anoJIHEHHBIA LenbiMu Yucnamu. TpebyeTcss NOCTPOUTL
MaccuB, COAePXalUunil TONbKO YeTHbIE YUCAA U3 UCXOAHOro Maccuea, Win cooBLnT,
4YTO BCE uYMCna B UCXOAHOM Maccuee He4yeTHot. CocTaBbTe aifOPUTM, peLLaloLnin
Takylo 3agady.

@ MNpepacrasbTe, YTO OQHOMEPHLIA MAaCCUB «CKNEeH» B KONbUO, T. €. Nnocne nocnegHe-
ro aneMeHTa CHoBa uaeTt nepebiil. TpebyeTca B TakOM «KONbLUEBOM» Maccuse
Kaxabii SN1eMeHT 3aMeHUTbL NONYCYMMOW ero apyx cocepgeit. CoctaBbTe anroputm,
pewalowmin 3Ty 3apasgy.

E@(ﬂ 'PelwleHue ypaBHeHMii METOAOM NONOBMHHOIO AeNeHUs

PaccMOTpHM OZMH K3 METOJOB NPHUOGIMIKEHHOTO peHieHus
ypaBHeHHIl. B Kypce MaTeMaTHKH BH H3y4daeTe pasJIMYHbIE THUIILI YPaB-
HeHUH. I HEKOTOPHIX MMEIOTCHA (POPMYJEI, IO KOTOPLIM MOYKHO BEI-
YUCAATh 3HaYeHMA KopHeil. OZHaKO B peaJbHEIX 3ajauaxXx ropasio 4a-
fle BCTpedYaloTCA yPaBHEHHUA, IJdA KOTOPDHIX TAaKMX (GopMyJa yKasaThb
Helb3dA. BoT oxHa M3 TakMx 3amad.

Ha moBepxHOCTH BOJAHBI NIJABAeT HHUJIHHADHUYECKHUH AepeBAHHEIH
O6pycox anuub | 1 pagmyca r (puc. 2.8, a). KakoBa BeICOTa €ro HaABOJ-
HOM uacTu?

ITockonbKy OPYCOK IJIaBaeT, CHJA TAMKECTH YPaBHOBeIllleHa BBITAJI-
KuBaonieii cmioif. Cuna TAXECTH PaBHA, KAK H3BECTHO, IIPOH3BEJEHNIO
obbeMa Ha yHzenbHHIM Bec. Ecaum 0603HAUYWNTHL yAeNbHHIE Bec udepes d
(ans mepeBa MOXHO NpuHATE d = 0,8), To Bec 6pycka 6yzer paBeH
nrild. BhITalxuBaoOLas CHAIa 110 3aKOHY ApxXuMeja paBHa BeCy BHITEC-
HEHHOH XKHAKOCTH. UTOOH MOACYUTATE 00'beM BBITECHEHHOM KUIKOCTH,
paccMOTpuM PHCYHOK 2.8, 6 U 0603HAUMM 4yepe3 X BeIUUYMHy yraa AOB
B paauaHax. Torza mHTepecymmnili Hac o0'beM paBeH pPasHOCTH 00b-
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/ AT ~\B
/k g
Puc. 2.8

emMa Bcero Opycka W TOH 4YacTH, KOTOpas BBICTyIIaeT HaJ Bojoi. Jler-
KO cooOpasuTh, uTo 00eM HAABOAHOHM HACTH paBeH NPOU3BEAEHUIO
ZnuHEI [ Ha maomaab cermMeHTa. Illomanb cerMeHTa, B CBOIO OdYepenb,
PaBHA Pas3HOCTH ILJIOIIAAU CEKTOpa ¢ LieHTpaJbHBIM yrjom AOB u mjio-

mangu AAOB. HanoMEHM, 4TO ILIOIIAAB CEKTOpPA pPaBHA %xrz, a Ijo-

1 <
manbk TpPpeyroJbHHEKAa Erzsm x. Tem caMpIM Iomaaek cerMeHTa paBHa
1 3 P
Er'“(x — sin x). ITocKoNBKY yAeNLHBIA Bec BOALI paBeH 1, moaydaeMm ypas-
HEHHe JJIA ONpeleIeHUs X:

nrll — %Irz(x — sinx) = nrld.
IIpeobpasyem ero:
x —sinx — 2r(1 — d) = 0.
Ecix MBI pemuM 3TO ypaBHeHHe, TO 6e3 Tpyaa HaWgeM riayOHHY
X
3

OnEaKo HUKaxKou GopMyJbl, BeIpaXarmomieil x uepes T u d, He Cy-
miecTByeT. BOZHMKAaeT 3ajaua HAYYHUTHCSI HAXOAWUTH IPHOIMIKEeHHOEe 3HAa-
YyeHHe X IJIA Ka'KJOr0 3aJaHHOI'O 3HaUeHHUA d.

IIpesxnme Bcero ormMeTuMm, 4T0 npu X = 0 jJeBas 4acTh AAHHOTO ypaB-
HEHHNsd OTPHIATENbHA, & IPpH X = T IOJOXXHUTENbHa, IOCKONbKY d > 0,5.
IToaTomy eciau MBI mpencTaBuM cebe rpadur GyHKOUM Yy = x — sinx —
—2n(1 — d), To npu usMeHeHuu aprymenta ot 0 mo m atoT rpacdur me-
PEXOAUT M3 HIKHEH KOOPAMHATHOM MJIOCKOCTH B BepxHIoK. Ciezmoma-
TeJbHO, B HEKOTOPOHM TOUYKe 3TOT rpatdur nmepeceuer ock abemmcc. Ota
TOYKA M JAaCT HAM KOpPeHb pPaccMaTpPHBAEMOro ypaBHEHHA.

JIro0uTesnrn MaTeMATHKH MOIYT Jake AOKAasaTh, YTO yKasaHHaA
GYHKIHUSI BO3paCTAIOIIafdA, IO3TOMY PAcCMATPHBAEMOE YpPaBHEHHE MMEeT
POBHO OAMH KODEHb.

OGcygumM Temeps CHTyanuio B ofmem BHUAe, & He TONBKO IPUMEHU-
TeIbHO K TOM (PYHKIWM, KOTOpas BO3HHKJA B 9TOI 3ajaue.

Ham pnasma Hexoropasa ¢yHruus f(x) u orpesok [a; b], mpuuem Ha
KOHIIAX 9TOr0 OTpPe3Ka (YHKIHWA NPUHAMAET 3HAYEHUHA IIPOTHUBOIIOJIOMK-
HbIX 83HaKoB (puc. 2.9). Ecnu ¢dpyHKIMA HeIpephIBHA, T. €. ee rpapux —

norpy:xeHusa 6pycka: r + rcos
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vk HellpepLIBHAsA JHUHUNA, TO rpaduk
GYHKIMHU IIepeceKaeT Ochb albcriiuce
B HEKOTODOI TO4YKe ¢ oTpe3Ka [a; b].
Wupimu caoBamu, f(c) =0, T.e. ¢
KopeHb ypaBHeHusa f(x) = 0.
s HaxXOoXaeHUsA KOPHA ypaB-
HeHus chopmyaupyem memod no-
NOBUHHO20 Oenenun O0as npu-
ONUICEeHHO020 peuleHUs YPABHEeHUS
f(x) = 0.
PaccMoOTpUM cepefMHY OTpe3Ka
[a; b], T.e. TOouKy Ha ocu Ox ¢ KO-
opaunaroii (a + b)/2. B aToil Touke
BEIYUCJIAEM 3HaueHMe GpyHKHUU f(x).
Ecau sto sumayenue 0, To KopeHb
Puc. 2.9 Mo1CK KOpHS METOAOM aeneHns HAMAEH; eClIu HeT, TO OHO HMeeT
nononam TOT e 3HaK, 4TO M 3HauyeHHe Ha
OZHOM U3 KOHIIOB OTpe3ka |[a; b].
Toraa BLIOMpaeM HOBLIM OTpPe30K TaK, UTOOBI OJMH M3 €ro KOHIOB OBLI
TouKoif (a + b)/2, a byuxkuua f(x) Ha ero KoHIaX CHOBAa HMMeJIa Pa3HLIC
3Haku. HoOBBIHi OTpPE30K TO}KE€ COHEePsKHUT KOpeHb ypaBHeHusa f(x) = 0.
OzHaKo 3TOT OTpPe30K B 2 pasa Kopoude mpexasiayirero. M camoe raae-
HO€e — C HUM MOMCHO NOCMynumb mouHo mak ie. OnaTe IOZeJUM OT-
PE30K MOII0JIAM M TeM CAaMBIM ellle pa3 YMEHBIIMM ero BaBoe. Taxkmum
o6pa3soM MbI MOJKE€M HOJYUYHUTL OTPE30K KaK yrogHO MaJoi JAJHHEI,
BHYTDHM KOTOPOT'O COIAEPKMUTCA KOopeHb ypaBHeHHsA f(x) = 0. Hampuwmep,
€CJM HMCXOAHBII 0Tpe3oK ObLI [3; 4], T.e. umen aauHy 1, TO uepes xe-

. 1 1
CATH INIATOB MBI HOJYUYHUM OTPE30K AJIMHOU EIO— = 1024 < 0,001. 9to

03HAaYaeT, YTO KOHIILI OTPE3Ka JAI0T HAM NpubIAMKeHHOoe 3HAYeHHe KOop-
Hf C TOYHOCTBHIO, PABHOI IJIMHE OTpe3Ka: JIeBLIM KOHeI OTPe3Ka — IIpH-
OnMiKeHHOe 3HaueHMe KOpPHA C HEJOCTATKOM, IPAaBBIH KOHeI — HpH-
OMMiKeHHOe 3HaueHNe KOPDHSA ¢ U30LITKOM.

3anuinieM Temneph aJ'OPUTM pellleHHA ypaBHeHud f(x) = 0 meromom
IIOJIOBUHHOTO JEJICHHUA.

Anroputm Pemienve ypaBHEHUA
Bew: a, b, x, y, 2, ¢;

«Y

0| a

{ SanpocuTtb a; (* nesuwiilt Koney npomexcymra *)
Sanpocutb b; (* npassiii KoHey npomemcymra *)
3anpocuTtb e; (* mounocme *)

Denath noka b —a > ¢
{ 2 :=(a + b)/2;
Ecam f(2) * f(a)> 010 { a :=2; }

MHaue { b := z; } (* KoHney semeaenus *)
} (* xoney yurxaa *)
CoobunTs z;

} (* xKomey anzopumma *)
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Hago Tonwko caenaThs ciexpyrolliee 3amMeuanme. Bmecto f(x) B ajro-
pPUTMe IDOJKHO OBITH JIMGO 3aTlMCaHO COOTBETCTBYyIOINEe apudpmMeTHyecKoe
BEIpasKeHUe, JuG0 OpPraHM30BaH BLI30B BCIIOMOraTeJIbHOTO ajIlOpUTMa,
BBIYHCJIAIOIErO0 TpebyeMoe sHaueHue (GyHKIUKH. B Halllem ciiyuae peusn
uaeT UMeHHO 00 apudmMeTHYecKOM BHIpa)KeHHH X — sinx — 2n(l — d).

BOMNPOCH! N 3AAAHMNSA
@ B u4em cocTtouT mMeTon NONOBUHHOIO AENeHUsI NMPU HaxOXAEHUW HYXHOro 3HaveHus
nepemMeHHon?

@ YpaeHeHne x2 + 3x — 1 = 0 Ha oTpeske [0; 1] uMeeT kopeHb {MonbiTaiTech OBBLAC-
HUTb NoYeMmy). [ina ero BoiuucneHns Kons cocraBun cneayiowmini anroputm:

Anropurm
sewy: X;
{ X := 04
DOenate noka (X® + 3*X - 1 < 0)
{ X :=X + 0.01;
} (* Koney uyuxaa *)
Coo6wuntb "Kopens pasen”, X;
}

a) Onpegenute, ¢ Kakolh TOYHOCTLIO BLIMUCNSETCA KOpeHb No KonnHoMy anroputmy.
6) NeTa, cnucoiBas y Konu 3ToT anroputMm, NO HEBHUMATENLHOCTU NepecTaBun
MecTaMn age CTpoku. TeM He MeHee 1 NO [eTUHOMY anropyuTMy KOMNbIOTEP Hawen
KOpeHb. Kakue aBe CTPOKU OKazanucb nepectaBNeHHbiMn?

B) 3anuwinte anropuTM BLIMMCNEHUA BCEX KOpHElN ypaBHeHus x° + 3x — 1 =10
C TouyHoCTbio 0,01.

(Y Mamepenne xonuuecrsa undopmaumm

18,

Haspanue maparpada, Bo3MO3KHO, BEI30BET Y Bac HeJoOyMeHHe —
Bedb B §4 yiKe T'OBOPHJIOCH O €IUHMIAX H3MepeHusa uH(OPMAILMOHHO-
ro obweMa, U BLI, 0e3 COMHEHHS, NMOMHHUTE, UTO TakKoe 6ur, OGaiir,
KHUJI00AHT U T. II.

Bce sT0 BepHo. Ho HY’KHO IOHHMATB, YTO BBeJeHHE YKASAHHBIX
eAVHUII IIpecjiel0Bajl0 YNCTO TEeXHOJOrmuYecKue IeJM, HUKAK He OTpa-
JKasi CMBICJIOBOE cofeprkaHume MHAMOpMamMOHHOTO 00heKTa. K mpumepy,
€CJM Ha AUCK ABaXKABLI 3allMCAaHO OZHO M TO )K€ COOOIIeHHe, TO MecTa
Ha HeM 3aHATO B 2 pasa 06oJjbllle, YeM B TOM cJydyae, KOTJa Ha AUCK
cooblIIeHne 3alHCcaHO OAHOKPATHO. 3HAUYMUT, U B OaliTaXx Mbl MOJIYIUM
YuCJIO, B 2 pasa 0oJbIlllee, ueM AJS OZHOrO coofimenusi. OgHAKO M3 MO~
BTOPHOT'O COOOIIeHUsT MBIl HUKAKOM HOBOMH (II0 CMBICIY) HHIOpPMAIIMH He
MMeeM, TAK YTO KOJHUYecTBO MHPOPMAIIMM OCTAETCHA TEeM e, UTO M IIO-
cjie MOJIYYeHHS MepBOro coodiieHus. M BooOIe, eCiM B COOOIIEHHH
FOBOPUTCS O TOM, YTO YK€ M3BEeCTHO IIoJydaTesaio mHDOPMAIIUHU, TO eC-
TeCTBeHHO CUMTATH, YTO KOJHUYECTBO HHAQOPMAIIMH V MOJyUYaTeNsd He H3-
MeHHJOoCh. BripouemM, ecu coo0lieHMe HE MOXKET ObLITh MOHSTO IOJyda-
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TejseM mHGOpMAIHN (He Ba)KHO, B CMJY HEJAOCTATKA 3HAHWH y mojiyua-
TeJda WJIN MCKaXeHui B Xofe mnepegaun mEGoOpMaIuM), TO OHO TOXKe He
HeceT AJiA Hero mH@OpMAaIHIo.

Yro6Bl pasobpaTbCAd B CBASH MEXAY TEeXHHUYECKHM IIOAXO0JOM K H3-
MEpPeHHUI0 KOoJuuYecTBa HHGPOpPMAIMM M CeMaHTHYEeCKHM (CMBICJIOBLIM),
paccMoTpuM Hrpy «¥Yrazgaiika». IIpaBsmja Mrpsl TaKkoOBBHI.

OauH HUTPOK 3aAYMBLIBaeT IIeJIO€ YHCJIO U3 3apaHee ONPeeJIEHHOTO
auamnasoHa, Hanpumep or 1 mo 16. Bropoii urpok, 3azaBad TaKue BO-
OpPOCHI, HA KOTOpEIe IIEPBLIl MOXXET OTBEYATH TOJILKO «Ja» WM «HET»,
JOJYKEH BBLIACHUTL, KAaKoe 4MCJ0 ObLIO 3axyMano. K mpumepy, MOKHO
COpOCHUTL: «BepHO aM, UTO 3afyMaHHOe UMCJO paBHO 7?» uau «Boab-
e JIM 3aZyMaHHOe 4YMCJ0 3?7».

ITourpaiitTe ¢ coceioM Mo MapTe B 9Ty UrPy H NONBITAHTECH MOHATD,
KaKoe HaHMEHbIIlee YHCJO BOIPOCOB rapaHTHPYeT BaM OTTajbIBaHHE
yucaa.

Tenepr mopaccyxaaeM. KoHeuHo, 4MCJI0 MOYKHO BBLISCHHUTDL, 3aJa-
Basl IIOCJIeAOBATENLHO BONPOCHI: «BepHO Ju, 4TO 3agyMaHo 4yucao 1?»,
«Bepuo nu, uro 3agymano uuciao 2?», «BepHO JHM, 4TO 3aAyMaHO YUC-
Jo 3?» u 1. n. Ha xakoii-To u3 BoOnpocoB oTBeT Oyzer «Ja». Ho He mc-
KJIIOUEHO, 4YTO 3TO OyJeT IIeCTHAALIATHIN IO CUeTy BOIIPOC.

Kax »xe rapaHTHpPOBAHHO MOJYYHUTH OTBET 3a MeEHbIIlee YHCJIO BO-
npocoB? BerioMHMM MeTOZ IIOJIOBUHHOrO AEJEeHHA, 0 KOTOPOM MBI pac-
crageiBanu B § 17.

Pasgenum mamum umcaa ot 1 Ao 16 ma aBe paBuble rpynmnhl oT 1
o 8 u or 9 no 16. Bonpocom «BepHo JH, YTO 3aJyMaHHOE YMCJIO
Gosbine 8?» MBI 3aCcTaBHM HIrpoKa CKa3aThb HaM, B KaKOM M3 3THX
ABYX HHTEpPBAJOB HAXOAUTCA 3aAyMaHHOe MM YHCJO. BTOpBIM BONpO-
COM MBI HAHJEHHBLIH HaMM MHTEPBaJ pa3fejiUM ellle pa3 IIomoJjaM: ec-
JU OTBEeT UIrpPOKa Ha IePBBIH BOIpoCc OBIJ YTBEPAUTEIbLHLIM, TO CIDO-
cum: «BepHo sm, uro 3aAymMaHHOe uucio Goabiune 137» Temepnr yxe
3aJlyMaHHOe YHCJ0 HAXOAHTCA B HHTEPBaJie, COCTOALIEM BCEro JHIIb
U3 4YeThIpex uucen. Caeayiominii, TpeTuil mo cueTry BOIPOC pPa3meJUT
9TOT MHTEPBAJ eille pa3 momojaMm. M3 ocraBmInxXca ABYX 4YMCeJl Y3HATH
3aJlyMaHHOe MOYXHO, 3aJlaB BCEro JIMIOb OAMH Bonpoc. MTak, dyeThIpex
BOMPOCOB 3/IeCh OKAa3aJI0Ch AOCTATOYHO, UTOOLI OIpeAeIUTh 3aJyMaH-
HO€e YHCJIO.

Herpyauo moHATL, YTO eCilM HMCXOAHEIA AMANa30H 4HCeS ObIa OBl
or 1 10 32, To XxBaTUJO OBl MATH BOIIPOCOB JJI rapaHTHPOBAHHOTO yra-
ILIBAHUA 3aJAyMAHHOrO ymcjaa. Ecau ucXogHEIA AuamasoH oT 1 mo 64,
TO XBaTuUJO OBI IIeCTH BoIpocoB. M T. x.

Curyanuioo B Urpe «yrajaiixa» MOXXHO ONHMCATL TaK. B Hayaje ur-
pBI HEOMPELeJeHHOCTh B BHIOOPe 3aJyMaHHOTO YHCcJa cocTaBaaiaa 16 ye-
JIOBHLIX eIUHUL, — J000e uncio n3 16 Morso oxasaTbca 3aJyMaHHBIM.
ITocne mepBoro BOIpoca HeOMpeAeeHHOCTh YMEHBIIHJACh BABOE —
3aJyMaHHLIM TeIlepb MOTJIO OKasaTbcA Jio0oe u3 8 uucesa. Ilocne BTO-
poro BOIIpOCa HeoIpe[e/IeHHOCTh YMEHLIINJIACEH €llle BABOe U T. A. NHEI-
MU CJIOBAMH, OTBET Ha KaXKALIM BONpOC ZaBaj HaM HHGOpPMAIMIO, BABOE
YMEHBUIIAOIIYI0O HEONPEeAeJeHHOCTD.
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m ITosaToMy B MH(pOpPMATHKE AOTrOBOPHJINCH NPUHATH KOJHYECTBO MH-
dbopmanun, ymMeHbUIaAIOUIEH BIABOE HeOHpeNEJeHHOCTh HMCXOXHOH
CUTyallu¥, pAaBHBIM OJHOMY GHTY.

Teneps sCHO, YTO KOJHMUYECTBO HMHPOPMAIMH, YMEHBIIAIOIIEH He-
ONpEeZleJIEHHOCTL B 4 pasa, paBHO ABYM OHTaM, YMeHbINawIifeil B 8 paz —
TpeM OUTaM M T. A. Boobme, eciau mojyueHHaa uHPoOpMAIUa YMEHb-
LIaeT HeOoIIpeJfeJIEeHHOCTh B 2" pa3, TO KOJHYECTBO 3TOil HMHPpoOpMa-
nuu paBHO k. BO3MOXXHO, UTO IpHU 3TOM YHUCJIO kB OKa)KeTcs He HATY-
PaJIbHBIM YMCJIOM — BeAb HEONPEAEJIEHHOCTh MOJKET yYMEHbIIUTHCH,
HanmpuMep, B 3 pasa HJH B b pa3, T.e€. B HEKOTOpPOe YHCJIO pa3, He
ABJIAIONIEECS CTENEeHbIO YHcja 2 ¢ HATYpaJbHBIM HoKasarejgeM. Jo-
BOJIBHO CKOpPO B KypCce MaTeMaTHKH BaM OyJeT IoxkaszaHo (a KTO-To,
MOYKET 6HTL, yKe 3HaeT ceiuac), UTO ANA JI0OGOTO IIOJIOH UTEJBEHOTO
upcia n HafieTcs Takoe 4HCI0 k, Aas Kortoporo n = 2. Uucmo k
B 3TOM cJiyuyae HAa3BIBAIOT JiorapupMoM UYHCIa 7 10 OCHOBAHUIO 2
u ob6oszHauawoT log,n.

m Ecau monyuenHasa uHpoOpManudg yMEHHIIAET HEOHNPEAEJCHHOCTH B

n pas, TO KOJIMYeCTBO 3Toi umH(popmauuu pasBHo log,n. VHrpiMu
CJIOBaMHM, €CJIH HeOO0XOAMMO BBIAEJIUTHL OAUH OOBEKT H3 MHOMKECT-
Ba, COZEPJKAIero n PABHONPABHBIX O0'BEKTOB, MBI JOJIKHEI PAcIo-
JgaraTe log,n mHbOpManuu o6 sTom ob6BeKTe.

Ilouemy ke M mpU TEXHUUYECKOM MOAXOJe K H3MEPEHMI0 00beMa
uHboOpMaUKM, U IIPH CEMAHTHYECKOM NOAXOJE HCIIOJL3VIOTCA OAHU H
Te JKe eIUHUILI -—— OHTBI, 0aliTel, KHJ0GailiTei?.. IlompoObyemM B 3TOM
pasobparbcA.

HamomHuM, uTO BCI0O MHGOPMAIUIO, MUPKYJIHDPYIOIIYI0O B KOMIILIO-
Tepe M XpaHAMYIOCA B e€ro ImaMsTH, MOXXHO IIPeJCTaBJATL cebe 3aKo-
AUPOBAHHOM B JABYXCHMBOJBLHOM ajdaBuTe, HAIpUMEp, B BHAe IIOcJe-
poBarenbHOCTEH M3 0 u 1. To ke camoe MOKHO cKasaTb u 00 mHGOp-
MaIuy, NepefaBaeMoil mo KamajnaMm cBasu. Cama cxema Iepegadu
nHpoOpMaIUN ellle pas IpeAcTaBjieHa Ha pucyHke 2.10.

Iloxg mpuemHHKOM nNHQOPMAIMH MBI 34eCh IIOHHMAEM 4YeJIOBEKAa
MJINA aBTOMATHYECKOE YCTpPOMCTBO, KOTOpOoe IIPOoCTO (PUKCHUDPYET CUTHAa-
JBI, IOCTYIAMIINe K HeMy IO KaHany cBasu. OH npu 3TOM He 06s3aH
BHHKATh B CMEICJ IlepefaBaeMoii HHPOpMAIlMH M MOYKET IIPOCTO He
3HATb KOJ, KOTOPLIM 3aKOAMPOBAHO HCXOAHOEe coobiieHue. TeM caMbIM
nepex IIOJyYEHHEM OUYEPESHOro CHMrHaja IIpHEeMHHUK HHbOpMAaIMN Haxo-
AUTCA B COCTOAHUM HEOIIPEAEJEHHOCTH — IIPUAET CHUI'HAJI, COOTBETCTBY-
omuil cumBoay 0, MAM CHrHAaJ, COOTBeTCTBYIOIMUM cumBoay 1. Korga

Cooluwerue
MNepenatvuk »i [pueMHuK

Puc. 2.10
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CUTHAJ NPHUXOAUT, HEONpeAeJeHHOCTh YMEHLIIAETCSA BABOe (MM IIOJI-
HOCTBIO HMCYE3aeT), T. €. IPUEeMHHK HHQPOPMAIIUY IIOJIYYaeT, KaK MBI BBI-
1mie JOroBopuiuch, 1 6ur. Tenmeph y»Ke sICHO, YTO, IIOJIYYHB IOCTEHZOBA-
TeJIbLHOCTL K3 1 CHMBOJIOB ABOUYHOro ajihaBuTa, NpHUEeMHHUK HHbopMa-
UK TOAYyYUJ 7 6MT. BoT MBI M IOJYYHIM TOT K€ BBIBOJ[, KOTOPBIii
paHee TpeAJIarajicd BaM B KadeCTBe OIPEAENEeHMs KoJuyecTBa MHGMOD-
Malli{ TIPH YHUCTO TEXHUYECKOM IIOAXOE.

A MOKHO 1M, HA000pPOT, UCXOAA M3 KOAUPOBAHUSA, TIPUUTH K CMBIC-
JJOBOMY HNOHHMMAHHIO KoJaudecTBa HMHbopmanuu? YUToOLI OTBETHTH Ha
3TOT BOIIPOC, IIPOBEAEM CJEAYIOINUI SKcIepHUMeHT. PaccMoTpuM umcia
oT 0 10 2% — 1. YUToOBI 3KCIIEPUMEHT GBI He CAMIIKOM YTOMHTEILHBIM,
orpanmumumcs umuciaamu or 0 mo 15 (15 = 2* — 1). IycTs 3agymMaHo Ka-
KOe-HUOYyAL YMCJIO M3 3TOr0 MHTepBaJia (K npumepy, uucjio 5). A Te-
nepb, 3azaBasg BOIIPOCHI ONTHMAJLHEIM O0Opa3oM, IOILITAEMCS YrajaThb
3TO YHuCJ0. JJOroBOpHMMCA TOJBLKO, UTO BCE BONIPOCHI OYAYT UMeTh (dop-
My «BepHo JHu, UTO 3azymManHOe uucjao Oosbmie ...7». Ilpu srom, mony-
YUB OTBET «Ja», OyAeM mucarhk 1, a MOJYYUB OTBET «HET», mucaThb 0.
BoT 3T BOmpOCHI M OTBETHI JJIsI HAIIETO YHUCJA:

1. BepHo au, 4TO 3agyMaHHOe UHCJIO Oojabmie 77?7 Her 0

2. BepHo Jium, 4UTO 3ayMaHHOe YHcHO0 Ooubie 37?7 Ha 01

3. BepHo sm, 4TO 3axyMaHHOEe 4YHCJI0 Gojibiie 57 Her 010

4. BepHo Jn, UTO 3amyMaHHOe 4ucJ0 GoJybine 47 Ja 0101

ITocme aTUX UYeTHIPEeX BOIMPOCOB YHCJO yragzamo — 5. Ho camoe
TJIaBHOE — B IIPaBOM CTOJa0Ile B TOT MOMEHT, KOrja 4mHcJI0 yrajgaHo,
MOSIBJIAETCA €ro 3alliUch B ABOMYHON cucTeme cuucieHusa! UHBIMH cio-
BAMH, MOCJIEAOBATENBHOCTE OTBETOB HA BOMIPOCHI — 3TO JBOUYHOE KO-

aupoBanue uHbopmanuu. CaMu e BOMpPochl (TOUHEe, METOJ HX reHe-
PUpPOBaHHUs; B HAIIIEM CJIyyae — OrOBOPEHHAasA 3apaHee ¢opmMa Bompoca)
ONpPEAENSaIOT Cnoco0 KOAHMpPOBAHHA. BepHO M TO, 4TO, €CJH cIocob Ko-
AUPOBaHUA 3aLaH, CAeAYIOIIHI BOIIPOC MOKHO 3aJaBaTh He3aBHUCHMO OT
OTBeTa Ha mpeapiAyinuii. K mpumepy, B JaHHOU HUTpPe MOKHO CHOpPMY-
JIMPOBATEL BOIPOCHI TaK:
1. BepHo 51, UTO B ABOMYHOM 3amMCH 3aAyMaHHOIO YHCJa IIepBas
mudppa 1?
2. BepHO Jn, YTO B ABOMUYHON 3amHCH 3aAyMaHHOTO YMCJIa BTOpas
uudpa 1?
3. BepHOo M, UTO B ABOMYHOMH 3aMHUCH 3aJYMAHHOTO YUCJA TPEThA
uudpa 1?
4. BepHOo J1n, UTO B ABOMYHOM 3amucH 3aAYMaHHOTO HMCJIA YE€TBEP-
Tasa nudppa 1?

daxkTUIeCKN MMEHHO 3TH BOIIPOCHI U 33a4aBAIUCh B MIpe, HO, IIO-
CKOJBKY O ABOMYHOM KOJAHPOBAHUHU JOTOBOPEHHOCTH He OBIJO, IIDH-
HILJIOCh B HESIBHOM BHJE 5TO KOAHWPOBAHHE IMPOBOLUTL.

B «Vragaiiky» MOXKHO UTpaTh He TOJBKO ¢ uucjaamMu. MoxxHO pac-
HIX(PPOBLIBATL HA3BAHUA 3aPaJfaHHBLIX KHBOTHBIX WJIuM (GaMHUJIUN 3HA-
MeHUTHIX mnucaTejieii. I BooOIle, 3aJaBasgs BOIPOCHI, HA KOTOpPHIE Ja-
IOTCA JIMINBL OTBETHI «Ja» M «HET», MOKHO y3HATH JIOOLIe CBEAEHHI,
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T. €. CMbLC080¢ codepicanue ungopmayuu. Ecan mpu 9TOM Ha KaKJoe
«zda» MBIl Oygmem mucark 1, a Ha Kakgoe «HeT» — 0, TO MBI IOJYyYHM
IBOMYHBIN KOJ «XOOBIBaeMOii» MHGOpPMAIUM.

Tor daxKT, YTO ¢ IOMOINBIO BOIPOCOB, AONMYCKAIONIHUX JIMIIL OTBE-
THI «Ja» U «HET», MOXXHO IIOJYYUTH JIO0YI0 HHTepecyHIyI0 Hac HH-
dopmanmio, JIOAM SHAJIU, IO-BUAUMOMY, OUeHb AaBHO. OZHAKO TOJBKO
B cepegure 20-r0 CTOJIETHA OBLJIO OCO3HAHO, YTO TaKoOil cmocol mosryde-
HA MHGOPMAIIMM SKBHUBAJIEHTEH ABOMYHOMY KOAUPDOBAHHIO M MOJXKET
OBITH MCIIOJIL30BAH JJIA BBIYMCJIEHMS KOJMMYeCTBA MHAOPMAIIMH.

ITocnemoBaTe/ILHOCTE BOIPOCOB 3aZaeT KOAUPOBaHME, M €CJH OHA
¢dukcupoBana, ToO MO ABOMYHOMY KOAY MOXXHO OIHO3HAYHO BOCCTAHO-
BHTHb BCe OTBeThbI. 3aMeTHM, 4YTO, 3aJaBafd JIHIIb KOHEYHOE YHCJO BOII-
pOCOB, MEI CIIOCOGHBI BBISBUTL He Bcio MHGopMmManuio o6 oO6weKTe, a
TOJBLKO KaKyIo-TO ee 4acTb. K mpumepy, urpaa B «¥Yragallky», MBI IIbI-
TaJIACh ONPEeAeINTh 3aJyMaHHOE KHUBOTHOE M YK€ Y3HAJIH, YTO 9TO KHT.
Hasee MBI MOX€M BBISICHATH, K KAKOMY BHAY IPHHAAJEKHT 9TOT KHT,
KaKOB ero Bo3pacT U T. A. Ka)XIEI# 00beKT OnucLIBaeTCs 0eCKOHEUHBIM
YHUCJIOM CBOMCTB, MBI K€ BCErJa OrpaHMYMBaeMCs KOHEUHEIM HabopoM
TeX U3 HHX, KOTOPBIe HaM IIPEJACTaABJSIOTCS CYIIEeCTBEHHBIMHU. WMHBIMU
CJIOBAMHM, MPOIECC KOAUPOBAHMS, COMPOBOKIAIONINIL TOJyyeHne NHDOP-
Mallii, MBI BCcerga oOpLIBaeM Ha KOHEUYHOM IIare, YAOBJIETBODAACH IIOXA-
XOASAIIUM JJIsI HAC MPUOJIHIKEeHHEeM.

31ecs yMeCTHA TAKasd aHAJOrMdA. BaM XOpoIIo M3BECTHO, YTO KaK-
JI0€ UPPANMOHAJIPHOE YHCJO 3alINCHIBAETCSH, T. €. KOAUPYETCA, B HECATH-
CUMBOJIbHOM aJiaBuUTe OSCKOHEUHOI HenmepHMoZUYEeCcKOH Igpobbio. YHeso-
BEK He MOKeT BOCIPHHMMAaTh M ofpabaTkiBaTh Takme gpobu. IlosTomy
OH B CBO€H IIPAKTHYECKOI AeATEJbHOCTH OrPAHMYMBAETCA IMOXXONSIITH-
MN NpUOAMKEeHUAMM, OODHIBAs 9TY 3alllICh HA TOM HMJIM HMHOM paspaze.
MoxHO ckKasaTh, UTO TaKMe MPHUOIMKEHUs MOJeJIHPYIOT JaHHOE HMppa-
IHOHAJBHOE YUuCca0. Mcmoib30BaHNe NPHUOIMMKEeHNH OCHOBAHO Ha YBEpeH-
HoCcTH (M MaTeMaTHUYeCKM AOKasaHHOM ¢aKTe), UTO TAaKad 3aMeHa 4HuC-
Ja ero npubINKeHMeM He NMPHUBEAET K CYIIEeCTBeHHBIM MCKaXKeHUIM.

B Teopun mudopmanum goxasaHa aHaJIOTHYHAsA TeopeMa 00 YHH-
BePCAJbHOCTH ABOUYHOTO KOAMPOBAHUI:

8cezda cyuiecmayem 080uuHOe KOOUPOBAHUE, KAK Y200HO NOAHO
)} ompadscawuwee undopmayuio 06 oGsexme.

IlepBbIM IOHATHE KoOJHMYecTBa WHGPOPMAIMM BBeJ aMEPUKAHCKUN
yuennit Knox lenuwon. 3anumasics nmpobisemoil nepegaum HHGOpMaLHU
II0 KaHajaM CBA3H, OH 3aJI0KHJ OCHOBBLI TeOpMM HMHPoOpMannM, KOTO-
pad Teleps SABJIAETCSI OJHUM M3 KpaeyroJbHBIX KaMHeil mHGOpMaTHKH.
IIpaBga, mogxox K M3MEPEHHIO KOJuUYecTBA HHGOpMamuu B COOOIeHUH
y Hero ObLJI MHOM, HEe)KeJI TOT, KOTODBIM MBI HM3JIO’KMJIM B 3TOM Ilapar-
pade. O ero BO33peHUAX Ha IIPOOJIIEMY H3MepeHHA KoJnuecTBa MHAOD-
MaIm¥ MBI paccKaskeMm B riase 3. Tam ke Oyzer mpusezeHa 0osee 06-
masa GopMyJa LIS KoJuyecTBa MHGOpPMAaIUHU.

Kak BuaHo ma Haero obcykAeHUs, BO BCeX PACCMOTPEHHBIX HaMHK
crocofax ompefesieHMA KoJudecTBa MHpOpPMaNMUK BaXHYIO DOJIb HUI'pa-



eT croco6 KOAUpOBAHHUA 3TOH HHOOPMAIHHU.
A Henb3A JIM TAK ONPENEeIHTh KOJHUYECTBO HH-
dopmanmu, 4ToOBI M30EKATH 3TOM 3aBMCHMOCTH
oT KogupoBanua? OxkaswiBaercsa, MoxxHO. Wzero0,
KaK 3TO MOYKHO CHAEJaTh, NPENJIOMKHJ BBIAAIO-
muiica MmatemaTHk axageMuk A. H. Koamoro-
poB. BoT B ueM cocTOMT ero uues.

IlpeacraBum, uTO Hekoe coobmieHue (TeKc-
TOBOE MJM rpagpuyeckKoe) CO3ZaHO B COOTBET-
CTBYIOIIEM PeJaKTOpPe W COXPaHEeHO Ha JHCKe.
OHO uMeeT BIOJIHE ONIpeAeseHHBIN umHpOpMa-
OUOHHEIE 00BeM. IIpumeHuM KakKoi-HUOYAB
apxuBaTop. MEDOpManIMOHHEEIHi 00BeM coobmie-
HUS YMEHBIIUTCH, IPUAYEM [Jisi PasHBIX apxXu-
BATOPOB DE3YJBTAT BIOJIHE MOJKET OKAa3aTbCH
Knopa LLieHHOH pasnuunbeiM. KakoB sxe Ha caMmoM nese uHGOpD-

MaIlHMOHHEBEIH 00BeM cooOImeHHA?

3aMeTuM, 4YTO NpPHMEHEeHHe apXHUBATOPA MOMKHO pPaCcCMATPHBATH
KaK IpocToe H3MeHeHHe cnocoba xoauposBauusa madopmannu. Ha nep-
BRI B3IJIfAJ 3a KOJHYECTBO MHAOPMANHH MOKHO B3ATh MUHHMAJb-
HEII MHPOPMALMOHHEINH 00BeM, KOTOPBIM MOJYYAIOT, HCHOJB3ysA pas-
Hble crnocoOnl KogupoBaHusA. Ho Torpma, BO-IepBEIX, MOKHO CYHUTATH,
YT0 BCe COo00ImeHMe 3aKOAZHPOBAHO KAKHM-HUOGYAL OJHHM CHMBOJIOM
(u Torza mEGOPMAIMOHHEIN 00BEM NPOCTO BCerAa paBeH l), BO-BTO-
pBIX, 4TO6GE moJayyaTenk WHPOPMAIMM HOHAJ, 4YTO €My cooblmaioT,
IpUAETCA AOMOJHHTEJNBHO NOCHLIATH pacIIuGpPOBKY STOro CHMBOJIA.
A Torza MBI TOJBKO yBeJHuYHBaeM MHPOpPMAUHMOHHHEN o6BeM — ImoO-
CHLIAEM CHMBOJI U K HeMy ero pacimrudpoBKY B BHAE TOro e coob-
IIeHUs.

Paszymeercss, MOXXHO HOCJIATh He pacmIndpoBKY, a ANTOPUTM IeKO-
AUPOBAHUSA MJIH, UTO ellle JIydille, BCTPOUTH AJIN'OPUTM JAeKOAHUPOBAHUSA
B caM0 coofmieHue (HamozoOMe CAMOPACIAKOBBIBAIOUIUXCHA APXHBOB).
IToaToMy ecTecTBEHHO IpPH IOACYETe KOJHYeCTBA MH(pOpMALUE B CO0D-
LIEHUHM YYUTHIBATE UM HMHPOpPMAIUIO, HEOOXOAUMYIO I8 KOAHUPOBAHUA
H mexKomupoBaHusa. To, 4YTO MBI He JejlaeM 3TOro IpH APYrUX MOAXOZaX
K M3MePeHHI0O KoJaudecTBa WHboOpManuu, o0bACHIAETCA TeM, YTO CIOocod
KOAMPOBAHUSA CUUTAETCA USBECTHBIM KaK MCTOYHHKY HMHDOpPMALUHM, TAK
H ero moaydarenio. Torga coobfmeHue 0 cnocofe KOOHPOBAHHA yiKe He
HeceT MJIA MoJiydaTesas HWHPOpPMAIIMM M HA KOJHYECTBe IepeAaBaeMoi
uHGOpMAIUH He CKA3LIBAeTCH.

Taknm obpasom, ompegesieHHe KoJsndecTBa uH(GoOpMamuu, mo Kou-
MOT'OPOBY, OTJIMYAETCA OT APYTHX ONpPEeAeJIeHHH TeM, YTO YUHUTHIBAET
IIPOIIECChHl KOAMPOBAHHUA U AEKOAUPOBAHHA MHGMOPMAIUM,

Ilpusepem npumep. Ilyctes HaMm Tpebyercsa mepeiaTh B COOGIIeHUH
BCe HaTypanbHBIe uHcia oT 262 144 no 823 543. Eciu cocTaBATE €000-
[IeHHe H3 BCEX BTHX YHCeJ, He 3a0bIB IMpobesbl MeXAy HUMH, TO B Ta-
KoM coobmenun Oymer 3 929 799 cmMmBOMOB, T.e. MHGOPMAIIHOHHEIMN
o0beM coobmeHusa coctaBuT Gosee 3837 K6aiir.




; MH(’)OPMG“HOHHOH AEATENbHOCTL HenoBeka
: 95 M MCNONb3OBAHUE B HEW KOMNbIOTEPHbIX TeXHONOIrMH

Ho BMecTO 3TOro Mo;XHO B BHJAE COOOHMIEHUA MepeaTh CJIeAYIONIN
aJITOPUTM

Anroputm Ilepecninika
uen: n;
{ ODenatb oT n := 262 144 po 823 543
{ CoobumTb 7;
(* xoney uyuxaa *)
} (* xoney anzopumma *)

B samumcu sToro airoputrMa HCOoJab3oBaHo MeHbITe 100 cumsoJsoB,
T. e. ero mHPopMaAUMOHHEINA 00BeM MeHbine 100 GaiiT. Tem He MeHee
uHbopManMA 3THM coolllleHHMeM OyJeT IepefaHa Ta e caMas.

OTMeTHM, 4YTO 3TO ele He caMas KODOTKas 3alHCh aJTOPUTMA;
MOYXHO, HAIIDUMEP, HCKJIOYUTH KOMMeHTapuu. TeM He MeHee sCHO,
YTO TEOPEeTHUYECKH CYILECTBYET CAMOE KOPOTKOE CAaMOJeKOAUpYIoleecs
coolIeHne, coaep kailee naHHYI0 uadopmanmo. Bor ero mHbopmMamm-
OHHBINI 00beM M OGepeTcA 3a KOJIHUUYECTBO MHPOpPMAIIMM B JAHHOM COO00-
IIeHUH.

Ha npakTuke moam30BATECA OmIpefelieHUeM KoJHudYecTBa HMHbpoOpMa-
muu, 1o KoaMoroposy, BecbMa 3aTPYAHUTENBHO, B YACTHOCTH IIOTOMY,
YTO HET CHOCO00B HAXOKAECHHUA ONTHMAJBLHOrO aJropuTMa KOAUPOBAHUS
AJIA JII060ro HamepeX 3aJaHHOro coobmieHusi. IlosToMy, Kak IIpaBMJIO,
HMCIIONB3YIOTCA APyrue moaxonnl. OaHako AJS Teopuud HHGDOPMAIUHA ITO
oIpeziesieHue HIpaeT BAXXHYIO POJb.

R R

BONMPOCHI U 3ARAHNA

0 Kak CB$i3aHO yMEHbLUEHUE HEeONpeaeneHHOCTU C KOMUYECTBOM NONy4eHHOW uHoOp-
mauuun?

Q Kakoe konuuectso mMHPOpMaLUMn Mbi JOMXHBI NOAYYUTb, 4YTOOLI yrapatb OAHO M3
64 nepsbiXx HaTypasibHbIX Yucen? ogHo u3 128 nepsbix HaTypasibHbIX YUCen? OgHO U3
100 nepsbix HaTypanbHbix Yncen? CkOnNbko BOMPOCOB B urpe «Yragahka» npupercs
3anath, YTOObI rAPaHTMPOBAHHO MONYYUTL OTBET B KAXAOM U3 3TWUX Tpex Cny4aes?

9 a) 3aaymbiBaeTcs HeveTHoe Yncno ot 1 o 63. Ckonbko BONPOCOB B Mrpe «Yranaw-
Ka» NpUaeTcs 3apath, YTOObi rapaHTUPOBAHHO YranaTb 3aAyMaHHOe 4Mcno?

6) UaBecTHO, 4TO 3agymMaHHoe uncno MeHblwe 1000 u ABAsieTCs KBaAPaTOM HEKOTOPO-
ro uenoro 4Yucna. Ckonbko BONpPOCOB B Urpe «Yrapaiika» npuaeTtca 3apatb, 4ToGbl
rapaHTUPOBAHHO yrapatb 3agymaHHoe 4ucno? Ckonbko 6uT uHdopmauun Bbi nony-
YUAU JONOMHUTENBHO, Pacnonaras CBeAeHUAMU, YTO 3aQyMaHHOE YUCNO ABASIETCA He
NPOCTO UENbiM HEOTPULATENBLHLIM HYUCAOM, a KBaApaTOM HEKOTOPOro Lenoro suwcna?

Q O6bsicHuTe, noveMy B urpe «Yragaiika» ¢ nepebiMM 16 HaTypanibHbLIMKU YUcnaMu
Henb3A rapaHTUpOBaTh yragbiBaHwe Yucna 3a 3 sonpoca.

6“ Asa urpoka urpaloT B «Yrapanky» (BAs XMMWKOB): OAMH 3aragblBaeT Ha3saHue XWu-
MUW4YECKOro anemeHTa, a Apyron, 3anasas sonNpoOCH O ero CBOWCTBax, AOMAXEH onpe-
DenuTb 3arafaHHbiii aneMeHT. Kakoe HaumeHbliee 4ucno BonpocosB TpebyeTcs
3anatb, 4TOObl rapaHTUPOBAHHO yranaTb SAEMEHT?



596

0 a) 3ametum, 4To 262 144 =28, a 823543 = 77, Wcnonb3ys 9Ty WHGOPMALMIO, CO-
cTaBbTe ewe 6onee KOPOTKUIA, HEXeENn B 06BLACHUTENEHOM TeKCTe, anropuTM, No3eo-
NAWWiA Nnepegate coobLeHne, CocTosllee U3 BCEX YUcen B auanasoHe oT 262 144
no 823 543.

6)* Mpw BLINONHEHUWN 3a4aHVA & BaM YOAnoCb COKPaTUTb MHGOPMAaUMOHHbIR 06bem
nepeaasaemMoro CoobLWEeHVs 3a CYeT NCNONb30BAHUA LOMNONMHATENBHOW MHpOpMaLMn
0 cogepxaHnn coobuenuns. Ob6aymaiite 310 HabnlogeHWe W NONLITANTECH NPUBECTW
Apyrie nofo6Hbie Nnpumepsl. Kakne BeIBOALI MOXHO caoenaTte ua atoro HabnioaeHus?

WTOTV rNABbI | 2

IToemopum kpamrxo mo OCHOBHOe, LMo 8bl Y3HALU, USYHLUE 2rasYy 2.

PaxTorpadhnueCKMMM HA3BIBAIOT MOJEJH, B KOTOPHIX MHPOpMAIUA
0 HEKOH COBOKYIIHOCTH OOBEKTOB XPAaHHUTCA B BHIE 3allMceil, COIIOCTaB-
JAOIIUX KaKJA0My O0BEeKTY ero cBoiicTBa (IIpU3HaKM, aTpudyThl). Pak-
TorpaduuecKke MOAENN OOBIYHO pealu3yTcsa B BuAe 0a3 HaHHBIX. [aA
paboTel ¢ 0as30ii AAHHBIX HCIOJb3yeTCA IIpOorpaMMHas 000J0YKa — CH-
cTeMa ynpaBieHuA 0asoil gaHHBX (coxpaimnenHo CYBI). IloabsoBaTenio
6a30i1 JaHHBIX HEPEAKO IPEAOCTABIAETCS OIPAHHUYEHHEIH JOCTYN K QYHK-
uuaM, peanusyembiM CYB]l, a ©MeHHO: OOBIYHO Pa3pEIIAeTCs OCYIIEeCTB-
JATH JIMHIb IIOUCK B Oa3e maHHLIX 0e3 mMpaBa pasMellleHUs B Hell coGeT-
BeHHOII MHGOpPMAIIMM M HU3MEHEeHUs yKe mMewlneiica. Basza maHHEIX
C TAKMMM OI'PDAHUYEHHBLIMM BOSMOJKHOCTAMH HasbIBaeTcsa HHGpOpMAIH-
OHHO-TIOMCKOBOM cuctemoit (UIIC). ITo cmocoly opraHusauuy CBA3ei
MeXAY aTpubyTaMu pasamdaioT TP BHAa 0as JaHHBIX: HepapXHYeCKHe,
pPenslVOHHBIE U CETEBHIE.

Mogenbio JeATENBLHOCTH YE€JOBEKAa HJIHM PaboThl aBTOMATHYECKO-
ro yCcTpoicTBa HepegKO BHICTyNaeT aaroput™m. Ilpum paspabotrke ajro-
PUTMOB AJ1A PeHIEHUA CJIOKHEIX 3aj1a4 INOJIE3HO HMCIOJbL30BATL BCIIO-
MOraTeJbHBEIEe aJdropuTMbl. Takoil aJropuTM HMeeT 3aroJIOBOK, B KO-
TOPOM YKAa3bIBAETCS MMA BCIOMOTATEJBHOTO aJlOPHUTMA, a TaK’Ke CIIH-
COK HMMEH IIepeMeHHBIX, CJAYKAINUX AJA mnepegaunm uHbOpMAL MU,
nozsesxaiieii o6paboTKe BCIOMOraTeJLHBIM aJITOPUTMOM, M pe3yJabTa-
TOB €ro paboThl. OTH INepeMeHHble HA3LIBAIOTCA (DOPMAJBHLIMH IIapa-
meTpaMu. [I1s o6pallieHusa K BCIOMOTaTEJILHOMY aJITOPUTMY HCIIOJIL3YeT-
ca onepaTop BbizBarb, B KOTOPOM YKa3bIBalOTCA 3HAUEHHs II€PeMEHHBIX,
nepesaBaeMble BO BCIIOMOTATeJbHLIM ajaropurM. BcermomoraresabHBIE aJI-
TOPHUTMEI, 3allMCaHHBIE HA HA3LIKE IPOrPaAaMMHPOBaHHA, HA3HIBAIOTCHA
IOAIIPOrpaMMAaMH.

BcnoMorarenbuble aJITOPUTMBI YacTO BO3HMKAIOT, KOrjga AJA Pelle-
HUA 3afa4¥ NPUMEHSETCS METOJ IOMmIaroBoil meranmsanuu. OH COCTOUT
B TOM, UTO HCXOJHas 3ajada pasOmMBaeTcHd Ha HECKOJBbKO 3aJad, pelle-
HHe KOTOPBIX JAM0O0 y:Ke M3BECTHO, JUOO NPEACTABISAETCA, YTO PEIINTh
nx Oyzer Jerde, 4ueM MCXOAHYIO 3a4a4y.

IlocnemoBaTeNbHOCTL YMCEJ HAa3bIBAETCHA 3aJaHHON PEKYPPEHTHO,
€CJii, HauUHasg C HEKOTOPOTrO0 HoMepa, Ka)KAblil ee UJIeH OIpPEAeseH KaK
3HaueHNEe QYHKIMM OT IPEAIIECTBYIOIINX UJEHOB.



UHdopmMaumoHHaa AEATENbHOCTD YESNIOBEK
M UCNOMB3OBAHME B HEW KOMIMBIOTEPHBIX TEXHOMOTMIA

PexypcHBHBIM HA3BIBAETCA AJTOPHUTM, KOTODBIH o0pamiaeTrca cam
K cefe KaKk K BCIIOMOTATEJAbHOMY AaJTOPHUTMY (HemOCpeACTBEHHO WUJIH
yepes APYrHe BCIOMOraTejbHBIE aJITOPUTMHEI).

s oOpaGoTKM GOJBIIOTO YHCA HAHHBIX OJHMHAKOBOH HPHPOJBI
HCIIOJBb3YIOTCS MacCHUBBI. MaccMB — 3TO Ha0Op OJHOTHHHBIX HE€PEeMeH-
HBIX, CHAG/KEHHBIX CHCTEMOIl M3 OZHOr0 HJIH HECKOJBKHMX HWHAEKCOB,
KaKABIA M3 KOTOPBIX NPUHUMAET IIOCJeJOBaTeNbHEIE Lejble 3HAaUYeHU.
KosnuecTBO HCIOAL3yEeMBIX MHAEKCOB HA3BIBAIOT Pa3MEPHOCTHIO MAaCCH-
Ba, THUII BXOASAIIHNX B HEro 3JI€MEHTOB — THIIOM JaHHOTO MaccHBa. dTo-
OM 3a7aTh MAcCHB, HaJO yKasaTb ero MMs, THUII, THAIa30H U3MeHeHUs
KayKJO0TO0 MHAEKCA. JJIeMeHT MacCHBa TaKiKe HMeeT MM, COCTOAIIee M3
MMEHH MAaCCHBA M 3HAUeHHI HHIEKCOB, OIPeAENAIOIHMX AaHHBIHA aje-
meHT. Kaskaplifi a1eMeHT MacCHBa IPEeICTAaBJAAET CO60H OTAENLHYIO IIe-
PeMEeHHYIO: K HEMY MOKXHO OOpPAaTHThCA M IPHCBOHUTH 3HAYEHUE TOYHO
TaK JKe, KaKk M IJf «CaMOCTOATEJNLHOH» IIepeMeHHOH.

OanuM 3 3p(PeKTHBHBIX METOAOB PeHIeHHs YPaBHEHUH ABIAETCH
TaK Ha3bIBaeMbiifi MeToZ JAejeHus momojaMm. Ecau ¢dynkuma f(x) He-
npepsiBHa (T. e. ee rpa@UMKOM ABAAETCA HEIPEPLIBHAA JHHHUA) K Ha
KOHIIaX HEKOTOPOTO OTPe3Ka IPHHHNMAaeT 3HAUEHHA PA3HBIX 3HAKOB, TO,
BO-IIEPBBIX, HA 3TOM OTpPe3Ke 00A3aTeNbHO €CTh KOPeHb ypaBHEHUA
f(x) = 0 u, BO-BTOPHIX, METOAOM [IEJIEHHA MOIIOJaM MOXXHO BBIYUCIUTH
KOpPEeHb 9TOr0 YpPaBHEeHUA C Ji000H Hallepel 3aZaHHOM TOYHOCTBIO.

B umHbopMaTHKe HNPHHATO KOJHUIECTBO WHGOPMAIUH, YMEHBLHIAIO-
mieil BABOE HeONpPeAEeNeHHOCTh 3aJaHHOH CHTyallUH, CYUTATH DPaBHBIM
OZHOMY OHTY.

Yactn 1. Iipu BHINOJHEHHWH NPEeIJIOKeHHBIX HMIKe 3aJaHMil 3aluIInTe
y ceba B TeTpaau mmudp 3afaHUS M HOMep IpaBHJIBLHOro orBera. Ilo okoHua-
HUM pabGoTHl CBepbTe IIOJYYMBIIYIOCSA y Bac 3alIMNCh ¢ KJAOuaMu Ha c. 269.
A1. ®opmanbHble MapaMeTphEl BCIIOMOraTeJILHOrO AJIFOPHUTMAa — 3TO:

1) mepemMeHHbBIE, MCIOJb3yeMblie BO BCHIOMOraTeJbHOM aJrOPUTMe;

"Z); apryMeHTHI BCIIOMOTaTeJILHOr0 AJrOPHUTMA;

3} mepeMeHHEBIe, YKasaHHble B 3ar0JIOBKe BCIIOMOTATEIBbHOrO AJITOPHTMA;

‘4); KOJIMYeCTBO IlepeMeHHBIX B 3arOJIOBKe BCIIOMOTaTeJIbHOTrO &JIrOPHTMA.

A2. Maccus — aTo:
‘1)’ mociegoBaTENLHOCTL NMEPEMEHHBIX;
"2). HaGop OZHOTHIHHIX NepPeMeHHbIX, CHa0KeHHBIX CHCTeMOil UeIouncieH-
HEIX HHIEKCOB;
3) pacnoJio:keHUe 57eMEHTOB B BHAe OJHOH MM HECKOJLKHMX CTDPOK;
4) B nmyHkTrax 1—8 HeT mpaBUALHOH (GOPMYJIHPOBKH.

4—Teiin, 10 k.
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A3. Basa naHHBEIX, B KOTOpOoil HHpoOpMaNuA IpeACTABJICHA B BHAe 3anuceil B Ta6-
JUIAaX, ABJAAETCH:

1)} mepapxuueckoii; 2) pensumonnoii; ‘3§ ceresoii;
4); moboit u3 yKA3AHHEHX B HyHKTax 1—3 BUIOB.

A4. B tabanne gaH ¢bparMeHT ogHOoTabJM4YHON 6ashl JaHHBIX «QOsepa» (B Iep-
BOH CTpPOKE YKa3aHBEI MMeHA aTpPHUOYyTOB).

Hassanue I‘erz:ma, n‘;lczfl:;f"’ Konrumenr yp(i;‘:::;:;i -
ApanbcKkoe 68 33 640 Aszusa 53
Baiikan 1741 31 500 Asus 455
T'ypon 228 59 700 Amepuka 177
Mapaxkait6o 250 13512 Anmepuka 0
Buxropusa 80 69 485 Adpuxa 1134
Yag 4 11 000 Adpuka 240
Jlapoxckoe 225 17700 EBpona 5
CeBan 99 1400 EBpona 1914

KonuuecTBo 3ammceil, yIOBJETBOPAIOIINX 3aIIpoCy
«Ilmomans > 11 000 u Bricora < 200 uau I'mybuna < 2505,
paBHO:

n 1 2y 3; 8) 5; 4y npyromy, ueM B myHKTax 1—3, umcay.
AS5. B pesyiabTaTe sKCIepMMeHTa HOJydeHA MHMoOpMaIUsg, KOTOpadA YMEHBIIH-
Ja HeompeneJeHHOCTh B 8 pas. KoauuecTBo aToit mEGOpMAnUK paBHO:

3} 38 6ura;  .2), 1 Gaiit; -3}, 3 Gaitra;  :4) apyromy umciay GaiiToB.
AG6. PagMepHOCTL MACCHBA — 3TO:

‘}) KOJMYeCTBO MHIEKCOB, MCIOJb3YeMEBIX AJA ONHCAHU: MACCHBA;

) HanGoJblllee 3HAYEHHNE KAKOro-InG0 MHAEKCA MACCHBA;

{3¥ KOJMYEeCTBO 3JI€MEHTOB B MAaCCHBE;
‘4) B myHkTax 1—8 HeT npaBHIBHON (HOPMYIHPOBKH.

A7. [lan anroputm:

Anropurm

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

{ X := (MQ) + 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.

A9.

U MCNONb3OBAHWE B HEeW KOMMNbIOTEPHbIX TEeXHOJIOrMMH

{ Ecnmn (Y < M(K) < X) 10

{ Coobuwmre M(K);
} (* Koney semseaenusn *)

} (* Koneuy yuraa *)
!

9TOT aiaropuTM GBI HCMOJIHEH AJs MaccuBa M, OIMHMCAHHOTO CieRylomei
Tabauniei:

|—1,2|—0,5J3,6|—1,2| 1 12,1|1,9| 0 |—1,5| 3 |

Ilocne ucnosHEeHUSA COOGIIEHO:
1) 1 uuco; 2) 3 uucia; 38} 5 uucemn; 4) 6 uucedr.

Has aaropurm:

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

Y = MQ);

DAenatb o1 K := 2 po 10
{ Ecnm (M(K) < X) 10
{ X = M(K);

N

(* xoney semenenus *)
Ecnm (M(K) > Y) 10
Y = M(K);

N

(* nwoney semseaenus *)
} (* woney yuxaa *)
Coobwnte ¥ — X;

9roT anroputM OB HCHOJHEH MJs MaccuBa M, onmcaHHOTO ciaenylomiei

Tabauieii:

[1,2]—0,5|3,6|0,8|—1|2,1]1,9| 0 |—1,5| 3 |

ITocne ucmonsHesHus COOGIEHO YHUCTO:
'4): npyroe, 4yeM yKasaHHOe B myHKTax 1—3.
HexTo 3agymMan HaTypaJbHOE YHCJIO, He Hpesocxogamiee 1000, a sarem

coobmui: «3agyMaHHOE MHOIO YHMCJIO SBAAETCA KyboMm 1esoro uuciaa». Ko-
Ju4decTBO 6UT MHGOpPMAIIMU, COAEPIKAIEdCcA B HTOM COOGINEHUM, DPABHO!

1) log,1000; 2y 2; &) log,10; &) apyromy umcny.

A10. [lan anropurm:

4*

Anroputm
uen: K, M, N; peu: L;
{ Sanpocurtb K;

L := 0
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Al1,

benatb oT M (=1 po K
{ Denatb OT N := 1 po K
{ L:=(L + (M + N) / (M*N)*(L - (M/N + N/M));
(* Koney uyuraa *)
} (* woney yuraa *)
Coobuwiuts L;
}

Ha nHekoropoMm kKomnsioTepe npm K = 10000 stor anropuTm mcmoJ-
HaercA B TedeHHe 0,5 c. Ha ToM ke KOMIBIOTepe 3TOT aJTOPUTM IIPH
K = 100000 6yzer MCIONMHATHLCA:

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

Jdan anroputM, B paboTe KOTOpDOro HCIOJL3YIOTCA JBE IOATPOrpaMMBI-
byaKIIHUN:
Anropurm
uen: K, M, N;
{ 3anpocurb M;
SanpocuTtb N;
K := A (M, N);
Coobuwurs M*N/K;
}

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

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

mHaue { sHau :=3* N - A (M, N — 2); }
}

PesynbraTr paborel anropurma npn M = N = 10 o6osHauum depes C, a pe-
3yJjnsTaT pabors anropurma npu M = N = 9 oGoznauum ueped D. Torma

#4Y C < D; 2% C = D; 3% C > D;
4¥ npy OJHOM M3 YKasaHHbiX HaGopoB sHadeHuit M u N aaroputm
He 3saKaHuHMBaeT pabory.

Yacts 2. IIpu BHIDOJIHEHMM IPEJJOKEHHBIX HHUKe 3aJaHHil 3amuiInTe

y ceba B TeTpagnu IJ.IH(bp 3ajaHuA U OTBeT B BHAe IIOCJTIEA0BATEJIEHOCTH CHMBO-

JIOB.

ITo oxkoHUaHUU paﬁOTH CBepbhTE MOJIYUYHBINYIOCA Yy BaC 3allUCh C KJHO4Ya-

MH Ha c. 269.

B1.

B kBaxpaTHoil Tabinie pasMepoM 8 X 8 ofHa KJeTKa 3aKpallleHa YepHBIM
IBETOM, OCTaJILHBIe KJeTKM Oenble. Tpebyerca ycTaHOBHUTBL, Tjle OHa pac-
nojaraerca (T.e. y3HaThL HOMED paAa M HOMep CToJ0lla, Ha Iiepece4eHUH
KOTOPBIX HAXOAUTCA KJeTKa). Ilomydyena mHMOpMAIUdg, YTO KJIETKA CTOHUT
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B2.

B3.

Ha AVaroHaJiu, HauWHaloIelcsa B BepxHeil JeBoil Kiaerke. KoanyecTBo mo-
JydYeHHO! mHGOPMAIMH paBHO 6ur.

B 6ase maHHEIX oTJesa KaapoB HeGoJabmIONH GupMBI HMeeTca 50 3ammcei
o pafounx Tpex KaTeropmi: ToKapax, cjecapsax u pasHopaGoumx. Cpeau
aTpubyTOB B 3THX SalHCAX, KPOMe CIEeIHaJbLHOCTH, QPUrypHpyeT aTpPHUOYT
«I0JI» CO 3HAYEHMEM «M» HMJIH «XK». KonmudecTBo sammceii N, ymoBieTBO-
PAIOONX DPa3JHYHBIM 3alpocaM, IPUBeAeHO B Tabiuue:

3anpoc N
IOJ = M U CHENHNAJNBHOCTH # pasHOPaGoYHi 28
CIIEIUAJILHOCTE # CJIecaphb 35
HOJ = X U CHeIHaJbHOCTh * TOKaph 12

KoanuecTBo 3armceﬁ, VAOBJETBOPDAIOIINUX 3aIllpoCcy «IIoJ = M U cCHoenmu-
aJIBHOCTh = TOKapPb UAUWU II0J = ¥ U CIHEeIIHAJBHOCTH = paaﬂopaﬁoqnﬁ»,

PaBHO .

Jlas anropuTM H moxmporpaMMma-QyHKIIHA:
Anroputm
uen: K, M;

{ Sanpocurb M;
K := ®OKYC (M);

Coobwmtb M/K;
}

NMoanporpamma-dynkuna ®OKYC (uen: M): uen
{ Echu M < 10 To { 3Hnau := M; }

uHave { 3Hay := (M mod 10) * ®OKYC (INT(M/10); }

Ecnu Ha sampoc aaropuTma OyzZeT BBeAeHO UHCJIO 128, TO 10 OKOHYAHHH
paGoThl ajroputMa OyAeT COOOINEHO YHCIO .
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M HEXXNBOW nﬁ'ﬁpon

B arToii rnaee peyb NOWAET 0 MOAENMPOBAHUM NPOLECCOB, U3yYaeMbiX pas-
NINYHBIMU HAYYHLIMUA OUCUMNINHAMKW. A NOCKOMNbKY peyb WaAeT O MOAENMpPOBaHUM
peanbHbiX NPOUECCOB, TO rNaBHoe BHUMaHue Byaet yaeneHo npobneme apekear-
HOCTU MOCTPOEHHbIX MOAenei.

§ 19| Mopenuporanue pusHUECKMX NPOLECCOB

CoBpeMeHHaa H3HNKa — 3TO HeoObATHaA 00JACTh YesoBeuec-
Koro 3HaHuU#A. HauHeM c pasfiena, HAYYHBIM CTAX KOTOPOro B (pU3UKeE
HacuuThIBaeT 0ojiee ONATH BEKOB. JTOT pasfes — MEXaHHUKA.

B mxonpHOM Kypce ¢u3HMKH mOoZpoOHO O06GCYKIAIOTCA ABA BHAA
MEeXaHUYECKOr'o ABHIKEHHS — pPABHOMEPHOE M paBHOYCKopeHHoe. Ecau
TeJO0 JBUKETCH PABHOMEDHO M IIPAMOJHHEHWHO, TO 3TO 3HAYMUT, YTO HH-
KaKHe CHJIBI Ha Hero He AeHcTBYIOT. PaBHOYCKOpEHHOE ABM)KEHHE BO3HH-
KaeT B TOM CJIy4ae, KOrj/ia CHJIA, BHIBHIBAIOMAA ABHUIKEHHE, IIOCTOSHHA.

O6GBIYHEIM OPHUMEPOM ABHMMKEHHMSA I0J BO3JeHCTBHEM IIOCTOSHHOMN
CHJIBI SABJAETCS JABUKEHHE TBEPAOrO TeJia B IOJIe 3eMHOI'0 TATOTEHHS.
Je#cTBUTENBHO, €CJIHM TEeJIO HAXOAUTCA HA JOCTATOYHO OJH3KOM paccTo-
AHHU OT 3eMJIH, TO MOYXHO CYMTATH, YTO TeJO AAHHOM MAacChl IIPHTH-
TUBAETCA C NMOCTOAHHOM cmiuoii. IloroMy Mozesns PaBHOYCKOPEHHOTI'O
OBH)KEHUS DACCMATPHBaeTCA Ha YpoKax (M3HKH, KOrja I'OBOPSAT O IBH-
KEeHHUH Tejia MOoJ YIVIOM K ropusodTy. Maremarnyeckue GOpMYJBI, OIH-
CHIBAIOIIME TAKYIO MOJEJb, U3BECTHHI KAXMIAOMY.

BriizeM Ha ynuny ¥ DOCMOTPHM, TAK JIM Y2 XOpPOIIO 3Ta MOAEIb
corjlacyeTcs C PA3JMYHBIMM NPHUPOAHBIMH sABJeHusmu. Hanmpuwmep,
JeHCTBHE CHJBI 3¢eMHOI'0 TATOTEHHUS 3aCTaBJfAEeT NajaTh HA 3eMJIO Kal-
au pokpa. Kakawlii u3 Bac momazas oA TeNJBIH Beceanlil JeTHHH
JOXOb HJIM IO OCeHHHI Mopocamuii. Kakyio CKOpoCTs COIJIACHO AaH-
HOIl Mofenu AOJIMKHA MMETH OKOJIO IIOBEPXHOCTH 3eMJIM KAaIJf, COpBaB-
IIAafAcA ¢ BBICOTHI 8 Km?

Ha yporax (HM3MKK BBl HOJNYYHIH (QOPMYJY IOJSA CKOPOCTH Teja
P ero ABHM)KEHHH B IIOJI€ CHJIBI THAJKECTH, €CJIM HadaJbHas#g CKOPOCTh
Onlna HyJIeBad:

2gh,
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rae h — BBICOTA, ¢ KOTOPO¥ TeJI0 HAUMHAET ABMUIKEHHE K IOBEPXHOCTH
Semuu. IlocKonpbKy HaM He HYYKHHI TOUYHEBEIE pacyeThl, OyJeM CUUTATE,
uTo g = 10 M/c?. B sToM cayuae ckopocTh v = 400 m/c. Ho kanns, je-
TAIIAaA C TAKOMl CKOPOCTHIO, MOAOOHA MyJe, yAap KOTOPOH mpo6ui ObI
HACKBO3b OKOHHOE CTEKJIO.

9TOro, OAHAKO, He MPOUCXOAUT. SHAYHUT, MOJENDb, KOTOPOii MBI BOC-
HOJBL30BAJINCh, HE BIIOJIHE aficKBaTHA, B Heil He YUTEHH KaKHe-TO Cy-
HIeCTBeHRHBle (paKTOpPHI.

OauH u3 Takux (HaKTOPOB — CONPOTHBIeHUe Bosayxa. IIpm manoi
CKODOCTH JIBMXXEHMA STHM CONDPOTHBJIEHHEM MOMKHO NpeHeOpeub —
BPAL MU MBI 3aMe4yaeM CONPOTHUBJIEHHE BO3AYyXa, €CHH IlepeMelaeMcs
nporyjaouyHeiM marom. Ho cTouT nmobexaTb — M CONPOTHUBJIEHNE CTAHET
cpasy BecbMa OMIyTMMEBEIM. OKa3BIBAETCHA, UTO CHJIA CONPOTHUBJIEHUSA IIPO-
NOPIMOHAJNBLHA KBAAPATY CKOPOCTH JABHMiKYylleroca Tena. Koabdumuenrt
OPOMOPHHOHAJBHOCTH 3aBHUCHUT OT reOMETPHMYEeCcKOH KOoH(pUrypamuu
OBMIKYIIEroCHA Teja U IUIOTHOCTH CpeAbl — KajXKABIM 3HAeT, uTO B BOJAE
IBUraThbCsd HAMHOrO TPY/JAHEe, YeM IO CYIIe.

HUTak, peyb MoizeT 0 ABM)KEHHH Tejia B IIOJIE CHJIBI 3€MHOI0 TATrO-
TEHHA B Cpelie C COIPOTHRIcHHUEeM. Mojenb 3TOro Ipornecca B yAOOGHOM
IJsA KOMIIBIOTEPHOTO HMCCHENOBaHMS BHAe MBI M GyZeM CTpouThb. A ca-
MoO# 3azmave (AJIA MAJBHEHINIMX CCBLIOK) ZaauM HMA: «J{BHKeHme Teiaa
B Cpeflie C CONPOTUBIECHHEM».

Yro6el MOCTPOUTHL HYKHYI0O MOJ€Nb, MBI ZOJIXKHBI OIPENEJNTH He
TOJBLKO, YTO CYHIECTBEHHO IJIi KOHCTPDYHUPYEMOM MOJeJjiM, HO U Te Teo-
peTudecKMe MOJOXKEeHNA (PUSHUKM, KOTOPEIE IIO3BOJAT HaM 06e3 mpoBene-
HHUSI HATYPHBIX 3KCIEPHMEHTOB ONpeeJIMTh 3aBUCHMOCTH MEXAY mapa-
MeTpaMH cTposileiica mHOpMAIMOHHON MoAenn. Eme pas obpartum
BHMMAHHE, UTO BCAKAA MOAENb JOJIKHA OBLITH COIJIACOBAHHOM He TOJb-
KO C CYHIeCTBYIOIIeiH TeopHeii, HO U ¢ NPaKTHKOil. Byaem cuurath, 4TO
BHINOJIHEHLI 3aKOHBI MEXaHUKHM, chopMyaupoBaHHBIe HpioTOoHOM.
IIpexxkze Bcero peunr MAET O BTOPOM 3aKOHE, CBA3BLIBAIOINEM JABHIKYIIIYIO
CHUNYy U YCKOPEHHEe IJS TeJjia IMOCTOAHHOM MaccChl:

F=ma.

N3 paHee CKa3aHHOTO fACHO, YTO MBI MMEEM JeJI0 ¢ MaTeMaTudec-
KOil MoJenpio, B KOTOPOHl y4yacTBYIOT TPMU IlapaMeTpa: cHJa, Macca u
yckopeHue. OTMETHM, UTO CHJIA M YCKOPEHMEe — BEKTODHBIE BEJIMUYHHHI,
a Macca — BeJIMYMHA CKaJIsipHAadA.

Yro KacaeTcsd YCIOBMA «COMPOTHUBJIEHNE BO3ZYyXa NPOIOPIIHOHAJD-
HO KBaJpaTy CKOPOCTH», OYZIeM CUMTATH 3TO 3KCIIEPUMEHTAJILHO YCTAHOB-
JIEHHEIM (aKTOM M TOX€ BKJIOYHUM €r0 B CIIMCOK MCXOZHBIX IIPEAINOJIO-
KeHM. MOXKHO CUMTATH, UTO CHJIA COIIPOTHUBJIEHUSA IIPOTHBOIIOJIOMKHA
CKOPOCTH ABMXKYIIEroca Teja. 3HaueHHe Ko3(pdHIHeHTa IIPOIIOPIIHO-
HAJIBHOCTH YCTAHABJHUBAETCHA 9KCIEPMMEHTAJLHEIM IIyTEM. JTO 3HAYECHHE
HAM IOHAZOOMTCA JIMIIL TOTAA, KOTAa OYAYT IIPOBOAMTHCSA pacdeThl, IIO-
3TOMY IIOKA MBI IIPOCTO AOJI’KHEI V4e€CTh, YTO OXHUM M3 IIapaMeTpoOB,
OIUCKLIBAIONINX CONPOTHBJIEHHE CPeAbl, ABIAETCA KO3(MPHUIIMEHT Ipo-
MMOPLHOHAJBHOCTH K.
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J1s1 MPOCTOTHI IPEAIOJIOYKHUM HEBEPOATHOE: IIOKA TeJI0 ABHYKETCH,
COBCEM He IyeT BeTep. ITO IPpeAIojoKeHue o0ecliednBaeT HaM BO3MOXK-
HOCTh pacCMaTpPHUBaTh ABH)KeHWIEe Teja B OFHOM IIJIOCKOCTH.

YTo0sl MOZEJb He MOJYYHUJIACh CHHIIKOM CJIOXKHOI, chejlaeM elle
M «FeOMeTpHUYEeCKOe» MpeAIooiKeHne: OyJeM CUYHTaTh, UTO IIOBepX-
HOCTh 3eMJIM ILIOCKasd. ByaeM Taxkike cUMTATh MOCTOAHHLIM YCKOpPEHHE
CBOOOZHOrO MajeHudA g (XOTH II0 Mepe yZaJeHMs OT MOBEPXHOCTH 3eM-
JU CHJIa TPUTHAKEeHUsa yObIBAa€T COrJIaCHO 3aKOHY BCEMHPHOrO TATrOTe-
HUA, chopmyaupoBauHoMy HbIOTOHOM, HO MBI yKe AOTOBODMJINCE He
paccMaTpHUBaTh ABH)KeHHe Ha GOJILIIMX BEICOTAX).

Ba)xHbIil TPpUHIUI HBIOTOHOBCKOM MEXAHWMKH COCTOHT B TOM, UTO
BCAKOE ABUIKEHUE B BEePTUKANBHON ILUIOCKOCTH MOYKHO PacCMATPHUBATH
KaK CyMMY IOBYX He3aBHCHMBIX «OJHOMEPHBIX» OBHMXKEHHIl — TOpPU30H-
TAJBHOrO M BEPTHKAJBHOTO. BrIOEepeM cuUCTEMY KOOpDAWMHAT TaK, UTOGHI
B MOMEHT HavaJla OBHKEHHS TeJIO paclmoJarajgoch Ha ocu Oy U BeKTOp
ero ckopocTHu OBl HalpaBjieH B NEepBbIi KBajapauTt (puc. 3.1).

ITycTs Temeppr uepes HEKOTOpOoe BpeMs { TeJO OKA3aJloch B TOUKe
¢ KOODAMHATAMU X U y M HMEeT B 3TO BpPeMs CKOPOCTH U. PesyapTH-
pyomaa cuna F, ompegmeisomad ABH)KeHUe Tejla, paBHAa BeKTODHOM
CyMMe CHJI COIPOTHUBJIEHUA U TsiKecTH. CHia cONpOTUBJIEHUA Feomp CO-
IVIaCHO CAeJaHHOMY IIPeAINOoJIOMeHUI0 paBHa —km|U|U, rae dyepes |U| o6o-
3HauUeHa AJWHA BeKTopa v. UTo0bl paccMaTpHBATHL ABHYKEHHE TeJAa KakK
CYMMY ABYX ABMIKEHHI, MBI JOMYKHEI PACCMOTPETDH IPOEKITUH CHJ U CKO-
pocreit ma ocu. Torma F, = —kmldlv,, a F, = -mg - km|djv,, Tme unu-
JEeKChI X U Y YKas3bIBalOT, Ha KaKY¥0 OCh OCVILECTBJAETCA IIPOelnupoBa-
Hue. Bropoit 3akoH HbloTOHaA gaeT HAM CHCTEMY COOTHOIIEHHIi:

ma, = —kmlvlvx,
ma,=-mg- kmlﬁ'vy.

@aKTHUYECKH MBI Y)Ke IMOCTPOUIM MHGDOPMAIHMOHHYIO MOAEJNL IIPO-
necca. Ilepenrunrem ee B Gojiee ygo6GHOM BHIAE, BHIPA3UB AJHUHY BEKTO-
YA pa v uepe3 ero KOOPAUHATHI:

a, =—k, /(vx)2 + (vy)zvx ,
Vo N . a,=-g-k, /(vx)2+ ®,) v,
AP D Feonp =~ kmvjv BricoTa h(t), Ha KOTOpOil Ha-

N XOAUTCA TeJIO B MOMEHT BpEeMEHH
t, coBmajaeT ¢ OpPAMHATOH Y; Tak

~ \7 yro ¢aKTHUYECKH HaAM HaZO Ha-
Fi=mg| YUYHUTHCA BHIpakaTh M3MEHEHHE Y
' CO BpeMeHeM.
\ Yro6HI MpoIiecC IBHKEHUA ObLI
o \ »  OmpeJjeJeH, HAJO 3a4aTh, Ha Kakoi

BBICOTE B HAYAJbHBI MOMEHT Bpe-
Puc. 3.1 MEeHH HaXOJAHJIOCh TeJI0O U KaKoBa
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ObLIa €ero CKOpPOCTh B 3TOT MOMEHT. IIOCKOJNILKY CKOPOCTBL IIPEeICTaBJAET
co6oil BEeKTOp, OHA 3ajaeTcsa ABYMsS CBOMMH KoopiuHatamu. IIpaspa,
BMECTO KOOPJAHHAT MOJKHO 3aJaTh BeJHMUYMHY CKOPOCTHM M YroJ, KOTO-
PpBIii BEKTOP CKOPOCTH COCTABJISIET C FMOPHM30HTAJILHOI OCBIO (T. €. OCBIO
abcriucc). ITocTpoeHue MoZesn JaHHOro mpouecca sakoHueHo. IlosHoe
onucaHHe MOJEJNH BEI CHAejlaeTe CaMH, BEINIOJHHUB 3ajaHue 2.

BOMPOCH! U 3ABAHUS

0 Moyemy BO3HUKaeT HeOGXOAUMOCTb YYWTLIBaTb CONPOTUBNEHUE Cpeabl?

Q OdopmuTe onucaHue MOOENU ABUXEHUSI B cpefe C CONPOTUBNEHUEM, BLIAENUB
npeanonoXeHusl, NpyM KOTOPLIX CTPOUTCS AaHHas moaens. Onpegenute Ha UX OCHO-
BE CYLECTBEHHbIE PaKTOpbl U NapamMeTpbl, oNUCbiBalowme 3T dakropbl. 3anuwmnTe
CBA3b Mexay napametpamu. Kakoro Bupa okasanacb NOCTPOeHHass UWHOPMALMOH-
Has mMoaens?

e Passegunkam ypanocb Ao6biTe aptunnepuiickue Tabnuupl, COCTaBNEHHLIE HA OCHO-
BE UCNLITAHUA NPOTUBHUKOM HOBOW NyLLKW.

Yron HaknoHa
cTBONa, rpagyc 10 20 30 40 50 60 70 80

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

Mo aTMM JaHHBIM HYXHO HalTU Ha4YanbHYID CKOpPOCTb CHapspa. Ha ocHose mopenun
OBUWXEHWA B cpefe C CONpPOTUBNEHNEM Nnpeanoxute cnocod nonyvyeHus atoi uxidop-
maumn. KoacbduumeHT conpoTmenenns cpeabl k masecteH u paseH 0,0002 m~'

Q"’" Mpu aBuXxeHUW Tena B none 3eMHOro npuTaxeHus 6e3 conpoTueneHusi pabota cu-
Nbl NPUTSXKEHUA NEPEXoauT B KMHETUYECKYIO SHEPrUI0 ABUXYLLErocs Tena.
a) B kakow euwe Bug aHeprum npespawtaetcs pabora cunsl CONPOTUBAEHUNR NPU O8U-
XeHnn B cpeae ¢ ConpoTuBReHnem?
6) MocTpoiiTe MaTeMaTUYECKYIO MOAENL, MOSBONSIOLLYIO BHMUCINUTL NOBLILLEHVE TeM-
nepartypbi Tena npu ero ABUXEeHUW B cpepe ¢ conpoTtueneHuem. (lMotepsimu aHep-
FMW 3a CYeT Tennonepenayn B OKpyXaloLlylo cpeny npeHebpeub.)

6 Yto Takoe auckpetnzaums HenpepbiBHOro npouecca? (C o B e 7. Ecnu Bw 3aTpynHs-
eTecb paTtb OTBET Ha BONPOC, Nepeuutante §4.)

§20 KomnbiorepHoe uccnep,oaanue mogenu namxeuml
B Cpepe C cONpoTMBAEGHMEM . . . - -

Kak xe Temeph HPUMEHHUTL KOMIBLIOTEP AJS HCCJIeAOBAHUS
mpolecca ¢ IOMOIUBLIO MOAeJH, IHojydyeHHoil B § 19?7 Ina sToro Hazo
BBIOPATh KAKYI0-JIN00 KOMIBIOTEPHYIO TEeXHOJOTHIO M Pealu3OBaATh MO-
ZIleJib €€ CpeACTBaMM.

Bri6op KOMIIBIOTEPHOI TeXHOJOrMH HeOAHO3HAYeH. BuImonuAs 3aga-
Hue 2 u3 § 19, BH YCTAaHOBMJIM, UYTO HAMH IOCTPOEHA MaTeMATHUYEeCKasd
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Mozenb. IToaTOMy ¥ KOMIOBIOTEpHAs TEXHOJOTHUA HOJIKHA OBITH OpDHEH-
TUPOBaHA Ha UHMCJIEeHHBIe pacueThl. BaM HM3BeCTHHI JBe TaKHe TEXHOJO-
rUY: OJHA U3 HUX ONMHpaeTcs Ha IPHMeHeHHE JJIeKTPOHHOI Tabiaunbl,
Apyras — Ha COCTaBJIeHHe BHIYHMCJIHTEJbHOro ajropurma. Ho cHauana
o6cyauM, KaK IMPUCOOCOGUTH HAIY MOAENb AJA NIPUMEHEHUSA HTHX TeX-
HOoJoruit. esmo B TOM, UTO 4YHCJIeHHBIe METOALI PACUETOB Ha KOMILIO-
Tepe (KaKk M aJTrOPHTMEI) 00JaJaioT CBOMCTBOM AUCKpeTHOCTH. IloaTo-
My IOCTpPOeHHYIO B § 19 HenpephIBHYIO MOJeNb HYKHO 3aME€HHUTb JUCK-
PeTHOI MOZeJbIo, T. €., KAK FOBOPAT, IPOBECTH €€ AUCKPETH3AIMIO. JTO
O3HAYaeT, UTO IIPOIEeCC, HENpPEepPLIBHO DPA3BEPTHIBAIONIUIICA BO BPEMEHH,
pasbuBaeTcAa Ha OTHAEJBHEIE CTAAHM, KakAad CJIEAYIOIlas CTaAus OTCTO-
AT OT IpPEeALIAYILUeH HAa HeGOJBLIION NPOMEXKYTOK BPpeMEHH. JTOT MaJjbli
OPOMEKYTOK O0BIuHO 0603HauaioT At. EcTecTBEHHO IpeAMmosaratb, 4TO
B TeUYEHHE 3TOr0 NIPOMEKYTKA BPEMEHH COCTOSHUNE 00BLEKTOB, YIACTBYIO-
mIUX B OPOIECCE, OCTAETCA IIOCTOAHHBEIM, & 3aT€M CKAYKOM MEHJeTCH
Ha HOBoe. B HameM ciydae cocTosiHue 00'BEKTA, T. €. ABMIKYIIETOCA Te-
Ja, OMUCHEIBAETCH:

1) xoopguaaramMu x(t) u y(t) TOUKM B MOMEHT BpPeMeHH I;

2) BeKTOpOM cKopocTH U(t) B MOMEHT BpeMeHH {;

3) BeKTOpOoM ycKopeHus# d(t) B MOMEHT BpeMeHH .

B cnexylommuit MmomeHT ¢t + At cocTOAHMe ABHUMKYHMIETOoCA TeJa ONH-
cuiBaeTcA 3HaueHMaMu x(¢ + At) m y(t + At), v(t + At) m a(t + At).
3anuimneM Temephk COOTHONIEHHMSA, IIOKasShIBAIOImIWE, KaK CBA3AHBI U3Me-
HeHUs Ha3BAHHBIX BeJIMYMH II0 HCTeUeHWM WHTEPBaJa BpeMeHH Af:

x(t+A8) - x(t) _ . y(t +At) —y(?) _ .
U HBYD vy o;
v, E+A) v, (2) _

2 2 .
A a,=—k\u(t) +v,(t) v,(t);

v, (t+At)—v, (1)
y = y =a,=- (g+k vx(t)2 + vy(t)2 v,(t)).

IIpeo6pasyeM aTH PaBEHCTBA K CJIEAYIOILEMY BHAY:
x(t + At) = x(t) + v () AL,
y(t + At) = y(t) + v,(t)- At;

v (t+A) = 0 (1)~ k\[u () +0 () v (1) -At;
vt +A8) = ()~ (g + [0 () + (£)°v (1)) -At .

Teneps MBI MO 3HAYEHUAM IEPEeMEHHEIX X(%), Y(t), U, (t), v () B MO-
MEHT BpeMeHHM ¢ MoJKeM BHEIYHMCJIHTh WX 3HAYEHUS B MOMEHT BpPeMeHM
t + At. MoxHO ckasaTh, UTO 3TH (OPMYJIBI ONUCHIBAIOT IpOHECC He
TOJBKO OexaapamueéHo, HO U npouedypHo, TOKASBIBAA, KAK OCYIUECT-
BHUTH HAXOKJEHNE MCKOMBIX BeJIMYHH. MHE ellle YCUINM aKIeHT Ha IIpo-
HeypHOe IpeAcTaBleHHe Hallleil MoZenu, 3almucaB aJrOPUTM pacueTa
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TPaeKTOPHMH ABHIKCHUA TeJa. Ho crauana HamoMHHM, 4TO CIYJKHT HC-
XOAHBIMH JAHHBIMH H 4YTO — pe3yJibTaTaMH.

Hcxonnnie nannnie:

s BLICOTa /1, HA KOTOpOH MO OTHOMIEHHIO K TOPH3OHTY pacmoJiara-
€TCHA TeJI0 B HA4YaJbHHIA MOMEHT BpPEMEHH, M;

¢ yroj A, oA KOTOPHIM II0 OTHOIIEHMIO K JJMHHMHK rOPH30HTA HAYH-

HaeT ABMIKEHUE TeJIo, Daj;

BE€JIMYUHA CKOPOCTH U, C KOTOPOMH TeJIo Hatmnae'r ABIDKEeHHE, M/C;

KoathdHUIINEeHT COIPOTHUBJCHUA CpeAbl kB, M

BeJIMYNHA YCKOPEHHA cBOGOJHOTO IIaieHuA g, M/c;

HHTEepPBaJ Af, Ha BeJMYHMHY KOTOPOro OyJAeT OCYIEeCTBIATHCA Iie-

pexoa OT OZHOTO MOMEHTA BpeMEeHHM K CleAyloimeMy, C.

PesyasTaThi:

* KOODAMHATHI MOJIOMKEHUS TeJIa B MOMEHTEI BpeMeHU nAt, rae n —
HATYpAaJNbHOE YHCJIO, U3MeHAwIneeca oT 1 A0 Takoro sHaueHusa N,
IpH KOTOPOM OpAMHATA Tejia CTAHOBHUTCS OTDHMIATEJLHOIMA.

3anumeM Temeph AJrOpUTM, PEASTU3VION[Hil BLIYHMCIeHHE DPe3yJILTa-
TOB IO MCXOAHBLIM JAHHBIM.

Anroputm Mopens_ABuKeHHS
Bew: h, A, v, k g At, x, y, vx, vy, t, R

e 9 6 @

{ 3anpocutb #; (* Hauaavnan evicoma *)
3anpocurs A; (* HavaabHBLL Y20a HAKAOHA K zopu3oHmy ¥*)
3anpocuTb v; (* Hauaavraa cxopocmb *)
Sanpocurtb k; (* koagppuyuenm conpomuasaernus *)
3anpocwr At; (* unmepaan usmenenus epemenu ¥)
g = 9.8;

x 3 (* x — abcyucca meaa *)

y:=h

5 (* y — opdunama meaa *)
t = 0; (* cuemuur epemenu *)
vx = v*COS(A); (* vx — abcyucca sexmopa cxopocmu *)
vy = Uv*SIN(A); (* vy — opdunama eexmopa ckopocmu *)

Aenatb noka vy > 0
{ x := x + vx*At;
Yy =y + vy*At;
R:=1- k*\/vx*vx+vy*vy *At;
vx = vx*R;
vy = VY*R — g*At;
t =1t + At;
CogﬁmuT "B momeHT BpemMeHH", f, "abcoucca”, x, "opAauHATA", Y;
} (* xoney yurxaa *)
} (* Koney anzopumma *)

JIpyrasa KOMOBLIOTEPHAS TEXHOJIOTHUSA, IIO3BOJIAIOHIAA BECTH pacue-
Thl, — 3TO 3JIEKTPOHHAsd Tabguma. B Tabaune 3.1 mpuBeaeM BapHaHT
3aM0JIHEHHS 3JIEKTPOHHOH TaOMMIEI AJA MOAEJAMPOBAHUA ABHKEHHSHA
B CpeAe C CONPOTHUBJIEHMEM; 3alliIC B YIJIOBHIX CKOOKax IIOKa3bIBaIOT,
rie pacmnojiaraloTCi HaYajbLHbIe AAHHBIE.
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Bpema BricoTa JdansHoCTh
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 sTom maparpade MBI mepecTpaMBaJ Il MaTEeMaTHYECKYIO MOJeJb,
CO3JaHHYIO B IIpeAbIAyINeM naparpade, B MOJesb, K KOTOpOH mpumeHu-
MBI KOMIIBIOTEPHBIE TeXHOoJiormu. MHbopMaIMOHHAS MOJeNb, Peaan30-
BaHHAafA IOCPEACTBOM TOH MJIM MHOH KOMIIBIOTEDHOM TeXHOJIOTMM, HAa3hI-
BaeTcd KOMIbLIOTEPHOM MoAenbl0. MBI pacmosiaraeM ABYMsI KOMIIBIOTED-
HBIMU MOZeJAMM JaHHOrO IIpoliecca.

KoMnbloTepHBIH 3KCIIEPUMEHT C OZHON M3 HMOCTPOEHHBIX KOMIIBIO-
TEPHHEIX MoJeJjeil Bol OyAeTe IPOBOANTh Ha MPAKTHKYMe B COOTBETCTBUU
C ero OIMCAHUEM B JabopaTOpHOiIl paGore 6.

BOMPOCHI U 3AZLAHMW:

o Kakylo Mopenb HasbiBaloT KOMNLIOTEPHON?

ey

9 CocTtaBbTe anroput™M Ana BbIMUCNEHWS KOoOopAWHAT Tena npu ABUXEeHUW B cpepe
C conpoTusneHueMm.

9 B 3apaHumn 3 13 § 19, BbI BLIMUCAANU HAYaNbHYIO CKOPOCTb NO AAHHLIM TadnuLibl.
a) Npeobpasyite NpuBeaeHHLIN B OGBLACHUTENLHOM TEKCTE anroputM «Moaens_asu-
XeHus» B noanporpamMmy-QpyHKUMIO, KOTOpas No CTApTOBbLIM 3HAYEHUAM CKOPOCTH,
yrna v BbICOTbl BuiMMcAAna 6et pankHOCTE noneTa. Mcnonb3ya 3Ty noanporpammy-
GYHKUMIO, COCTaBbTE anropuTM BbIMUCIEHUS CKOPOCTU MO AaHHbIM TabnuLbl.

6) Moandunumpyitte 3anonHeHWe anekTPoHHON Tabnuuw (Tabn. 3.1) Tak yto6bl C ee
MOMOLLLIO MOXHO 6bIN0 HAXOAWMTL HaYasbHYIO CKOPOCTb CHapAaa.

e* Mcnonb3ya Balwe pelweHne 3agaqm 46 U3 § 19, oONONHUTE 3anNONHEHNE 3NEeKTPOHHOM
Tabnuubl Tak, 4TOOL C €8 MOMOWLIO MOXHO GbiN0 HaxoAWUTbL U3MEHEHWe Temnepary-
pbl ABUXYLLErOca Tena.
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Tabnuya 3.1

CkopocTs CocT KOpOCTB*

0 BEPTHK. o ropus. Koad.

G5*Sin(G6) G5*Cos(G6) <At>
D2—(G4+F3*D2)*G2 E2-F3*E2*G2 G3* ., / D22 E2? | <k>
D3—(G4+F4*D3)*G2 E3-F4*E3*G2 G3*. /D32+ E3® | <>
D4—(G4+F5*%D4)*G2 E4-F5*E4*G2 G3%/D4% E4® | <v>
D5—(G4+F6*D5)*G2 E5-F6*E5*G2 G3* /D 52+ E52 | <A>

D199—-(G3+F200*D199)*G2 | E199-F200*E199*G2 ves

6 Mexay yueHukammn BO3HMK cnop. OaHW yTBepXAanu, 4To AN UCCNeaoBaHus Npo-
LUEeCCOB W ABNEHWUI BNOAHE AOCTATOYHO KOMMLIOTEPHLIX MOAENEH N SKCNEePUMEHTOB
C HUMK, NO3TOMY HET HeOOXOAMMOCTM TPaTUTL CUMbl Ha Pa3pPaboTKy CAOXHLIX Ma-
TEMaTU4ECKNX METOA0B UCcrenoBaHus moaenein. pyrve um Bospaxann. Kakosa sa-
wa To4Ka 3peHns NO AAHHOMY BONPOCY? APryMEHTMPYATE CBOIO TOYKY 3PEHMS.

Mopenuposanue npoueccos & 6uonorum

B sromM maparpade MBLI ODPHCTYIHM K OOCYXKIEHHIO GHOJIOTO-
3KOJIOTHYECKHUX MOoAeJeii.

B 1937 roay Ha octpoB IlporekmieH 3aBe3nu 8 ¢asamos. Hukro Ha
aTXx (aszaHOB He OXOTHJICA (HH JIOAHU, HH 3BEpPH), KopMa JAJA HHUX ObI-
JO BAOBOJIb, U uepe3 roj ¢dasanos craso 26. Ilpomen eme rox, dasa-
HOB CHOBA MEePECUYHUTANIM — Ha 3TOT pa3 ux 0s110 83. MuTepecHO, CKOJb-
Ko Oyzer ¢asaHoB uepes3 n JjeT?

MBI HaMepeHBI MCIOJb30BATH KOMIBLIOTED AJIA HCCJIEIOBAHHUS TOrO,
KaK pacTeT uucjo (asaHoB Ha OCTPOBe, 3HAYUT, HAAO CTPOHTH HHGOD-
MAIMOHHYIO MOAeJb. A IocTpoeHHe JI000M MOAeSH HAYMHAETCHA € BHI-
JAEeJIeHUs CYIllecTBeHHBIX (haKToOpOoB.

PaKTOpPOB, BIHAKNINX Ha JKHU3HL (PasaHOB, MHOrO. ITO M KJIHMA-
TUUYECKHE YCJIOBHA, H Ja)ke KOHKPETHAsS IIOrofa B TO HJHM HHOE BpeMsd
roia — cKaKeM, XOJIOAHAA 3UMAa WM 3aCYINJIMBOE JIETO OTPHUIATEIbLHO
CKaKyTCA Ha pocTe nonyiaanuu dasaHoB. llosBiieHne mMaAM OBICTPHIH
POCT BHJa KHUBOTHBLIX, HMEIOHIMX Ty K€ KOpPMOBYI0 6a3y, uto m dasa-
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HbI, TOXKe He OyJeT crocoOCTBOBATHL IIPOLBETAHMIO (a3aHbLEro coobie-
cTBa. XOpOoWIO eIne, YTO HA HUX HHUKTO He OXOTHUTCAH.

M=ul B npuHIUNEe He MOXKEM YYeCTh BCe CYIIeCTBeHHEIe (haKTOpEHI,
BJIUSAIOIINE HA 'KH3Hb (asaHbero mieMeHu. Ho ecTeCTBEHHO IPEeAIIOJIO-
JKUTBH, YTO NPHUPOCT dncjaa (pasaHOB 3a eJUHHUINY BPEMeHH HPOMOPIHO-
HaJIeH UX YK€ HMeplleMycd KoJndecTBY. Takoe IpeAIIOJIOXKEeHHEe CO-
rjiacyercs ¢ OOBIYHBIMM TPeACTABJEHHAMH O PasMHOMKEHHH: deM O0JIb-
IIe YKUBBIX OPraHU3MOB, TeM 00JIbIlIe Y HUX IIOTOMKOB. A OKpyKawlias
CpeZa BBICTYIIaeT KaK PeryJsiTop IPHPOCTA KoJudecTBa (a3aHOB.

BrickazaHHbIe IpPeANIOJIOMKEHUs IOKA3BIBAIOT, YTO JJIA HAIIeH Mo-
AEeJH CYILIeCTBeHHa cJexyolas HHbopMamusia: HAYAJIbHOE KOJHUYECTBO
(o6o3nauum ero M(0)) n xoadduumeHT DpHpocTa 3a OZUH roxi (o0osHa-
yuM ero k).

IlycTs o McTeueHUH 71 JIeT KOJHUECTBO (a3aHOB AOCTHUIJIO, KAK MEI
JOTOBOPHMJINCH, BeaudumHbl M(n). Torga mpHpoCT 3a OAMH T'OJ COCTABUT
M(n + 1) — M(n). 3HauuT, BLICKA3aHHLIE HAMM NPEAIIOJIOMKEHUA MOMK-
HO 3aINCATh PABEHCTBOM

M(n+ 1) — M(n) = EM(n).
IIpeo6pasysa 3TO paBeHCTBO, IIOJIYyYaeM

M(n + 1) = M(n) + kEM(n),
HIN

M(n+ 1) = (1 + E)M(n).

ITo atoit ¢popmyne, 3Haa HauannLHOoe KoamuecTBo M(0) m xoaddu-
LHeHT Impupocra k, MOXKHO CHadaja Haiitu M(1), T.e. uuciao ¢asaHOB,
KoTopoe OyZeT uepe3 rof, 3aTeM Haiitm M(2), T.e. xoaumdecTBo (dasa-
HOB 4epe3 ABa roza, satem M(3) u T. &.

Te u3 Bac, KTO APYKEeH ¢ MaTeMATHKOM, paclo3HAalOT B MOCJeAOBa-
TeJIbHOCTH M(n) reomeTpuuecKyr mporpeccuro. OOHADPYKEHHYI 3aKOHO-
MEPHOCTb MOXXHO CGHOPMYJMPOBATL TaK: €CJM AeiCTBHE OKPYXKalolleil
CpeAbl CKa3bIBAETCA JIMHOIb Ha CKOPOCTH IIPHPOCTA, TO JKHUBLIE OPraHU3MBI
PasMHOXKAIOTCA B reOMEeTPHYeCKO# mnporpeccuu. W1 coBepIIeHHO HeBaXk-
HO, UJET JIX pedub O (asaHax HJIM KHTaX, O BOZOPOCJSX MJIH THTAHTCKMX
CEKBOIAX. MBI MOCTPOMJIM MOJeJIb HEeKOTOPOTO OHOJIOTMYEeCKOro IIPOIec-
ca, U NIPH 3TOM He HIrpaeT POJH, KAKHe HMMEHHO JXHBLIE OPraHU3MbI
YYacTBYIOT B 9TOM npounecce. IIoCTPOEHHYI0O MOZEJNL HA3LIBAIOT MOXEJILIO
HEOTPAHMUYEHHOTO POCTA.

Ecan cnpocuTs, KakKoro BuAa MOZEJb HAMH IIOCTPOeHAa, KaXILIH,
HaBepHOe, Ccpa3y OTBETHUT — Mamemamuyieckasn. IeiicTBUTeNbHO, Bce
napaMeTpsl B Hell YHCJIOBLIe, a CBSA3HM MeXKAy IapaMeTpaMH BbIpaKa-
10TCcA QyHKIUe

M(n) = (1 + B)*M(0).

M=u HaseeMcs, 4TO Bce y3HaJdM B Heil dopMysay obmiero djgeHa reo-
MEeTPUYEeCKOil IMpOorpeccHH.

3agymaeMcs, aJeKBaTHO JH Halna MOJAeJb OTpasKkaeT GHOJIOTHYec-
KHe npouecchl Ha 3emie?
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OTBeT, IO CYIIECTBY, OUeBHUAEH: 0e3yAepKHBIH POCT MAacChl KHMBBIX
OpPraHM3MOB, IMPEACKA3aAHHBIA NAHHOH MOZeJbl0, HpHUBeJ OBl K TOMY,
YTO B KaKOH-TO MOMEHT OHAa HNpeBHICHJA ObI MacCy 3eMJIH, YTO HEBO3-
MOKHO HM IIPH KaKHX, JaKe CaMbIX 0JarompuATHBIX, YcJa0oBHAX. Macca
JKMBBIX OPTaHM3MOB HEe MOJKET IIPEeBBICHTH MACCy ILJIaHEThI — 3TO Hapy-
muio Obl pyHIaMeHTAJLHEINH 3aKOH COXpaHEeHHUs BemecTBa. Mojenb He-
OrPAaHHYEHHOTI'0 POCTa, KOTOPYIO MBI HOCTPOMJIN, OKasajiaCh IPUIOZHOM,
KaK M CJIefOBaJIO OYKHJIATh, JIUINB IIOKA BBHINOJHEHO IJaBHOE HPenoJio-
sKeHue — geiicTBue BceX (aKTOPOB BHICTYIIAET OIPAHUYUTENEM TOJBKO
CKODOCTH IIPMPOCTa Macchkl. Buammo, B Hamieil Mojejn, OOHUCHIBAalOIei
meiicTBHe NMPHUPOAHBIX (PAKTOPOB, HANO YTO-TO IIOAIIPABHUTD.

IToctynum Tak. Ilo-mpe:XHeMy He BIABasich B NOJAPOOHOCTH, Kak
MMEeHHO (PaKTOpBI OKPYJKAIOIIeil cpeAbl BIAHAIOT HA KU3HbH OPraHUSMOB,
BBEIZBMHEM IIPEAIIOJOKEeHNe, YTO MMeeTca HEeKOTOpoe IIpelejbHOe 3Ha-
YeHHe MAacchl PacTeHM, «IIPOKHUBAIOIINUX» Ha TOM HMJIM HHOIl TEeppHUTO-
puu. Tak, ydeHBle TIOKas3aJid, YTO 3allac MAacCChl pPacTeHMil He MOXKeT
HIPEBOCXOAUTD 20 T Ha reKTap B HMOJSAPHOM 30He, 350 T Ha rekrap B Jiec-
HOM 30He, 440 T Ha TeKTap B TPOILUKAX. A Ha Bceii 3emye Macca pac-
TeHN# He MOKeT IpeBbIcUTh 5 - 1012 .

Eme ogHo Hame mpepmoso)kenme OymeT TaKMM: d4eM Oamike macca
JKHUBBIX OPraHM3MOB K CBOeil MaKCHMMAaJbHO BO3MOYKHOH, TeM MEHBIINUM
cTaHOBUTCA KoaddumueHT mpupocta k. B KadecTBe 060CHOBaHUSA AJA
TaKOTO IIPEeAIOJIOMEeHNUA BbI MOILJIM GBI MCIIOJL30BATH CBOM COOCTBEHHEBIE
HaOaogeHns (Ha IPHUINKOJLHOM YyYacTKe, B Cajly): BHauajle pPacTeHHUdA
6picTpO HabOmMpaloT Maccy, 3aTeM HMX POCT CTAHOBHTCH BCEe MelJIeHHee.
WubIMH caoBaMH, KO3((PHUIUEHT Kk He ABJAETCA HEHM3MEHHOH BeJIMYH-
HOi, a 3aBUCHUT OT pasHocTH L — M(n), roe L — mpenejbHOEe 3HAYECHHE
Macchl pacTeHHil Ha AaHHOIl Tepputopumu. Camasa mpocrasa ¢byHKOud,
KaK BBl 3HaeTe, — 3TO NpAMad IPONOPHHUOHANBHOCTb. ByJeM CYHTATH,
4T0 K03(bHIHUeHT IIpHpocTa MeHAeTCA II0 dopmye

k(n) = a(L — M(n))
aan=0,1, 2, 3, ....
ITogBomss uTor mpoaenanHoii paboTe II0 YyTOYUHEHUIO MOZEJIH, OIHU-
OIeM TOJIYYMBIIYIOCSA MOJEJIb POCTA MACCHI KUBHIX OPraHHU3MOB.

Ilpeanonosxkenns:

o IPAPOCT MAacCCHl JKHBHIX OPraHM3MOB 3a €AUHHINY BpPeMeHH IIPO-
IOpHHOHAJEH yxKe MMelomelicsa Macce;

o CYILIECTBYET HEKOTOpOE IIpeAesIbHOE 3HAYEHHEe MAacCHl XHMBBIX OD-
TAaHN3MOB;

o KO3(PUIIMEeHT IIPUPOCTA KUBHIX OPTaHU3MOB 3a €AUHUILY BpeMe-
HM IIPOIIOPHMOHAJIEH Pa3HOCTHA MEXKIY MaKCHMAaJILHO BO3MOXKHBIM
3HaYeHMeM Macchl M Maccoii, MMelolleica K JaHHOMY MOMEHTY
BpeMEHH.

ITapameTprl Mozenmu:
° HayaJIbHaAsl Macca JKMBbIX opraHusmMoB M(0);
e IpefeJbHOEe 3Ha4YeHue MacChl JKMBBIX OPraHu3MoB L;
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¢ KO3(p(PUIIHEeHT IPONOPIIMOHAJIBHOCTH a B Gopmysae Aaa xoaddhu-
IIMeHTa NPHPOCTA;
s BpeMd 7.
Ceasp MexAy ITapaMeTpaMH MOJeJIM 3aJ4aeTCs COOTHOIIEHHEM
M(n+ 1) = M(n) + aM(n)(L — M(n)),

rge udepes M(n) nmo-mpexHeMy 0003HaueHa Macca KHUBBIX OPraHU3MOB
MO HUCTeYeHHUU 7 JeT.

3Ty MoAedb IPUHATO HA3LIBATH MOAEJBI0O OIPAHHYEHHOTO POCTa.
OHaKO MOJIYYUTh U B 9TOM CJydae ABHYIO Gopmyay saBucumoctu M(n)
OT n, YBbI, HEBO3MOXXHO. OcTaeTca HANEATLCA Ha KOMIbIOTEPHBIN JKCIIE-
PHMEHT, KOTODEIHi BEI IIPOBeZieTe, BLINOJIHAA JabopaTopHyio paboty 12.

ESHEEIICS

BOI'IPOCbI M 3AAAHMSI
Kakne npegnonoxeHust 6oiin cpopMynnpoBaHbl OAa MOAENN HEOrpaHWHeHHOro
pocta?

Kak pacTeT macca XMBbIX OPraHu3MOB, €Ciin OeiCTBME OKPYXaloWei cpeasbl cKassl-
BaeTcH TOJILKO Ha CKOPOCTU NpupocTa?

Kakue ¢akTopbt OrpaHWMHMBalOT MacCy XWBbLIX OpraHn3amoB? MpuseauTe NpUMeps.
Kakve npeanonoxeHusn 6ouiim chopmyaMpoBaHbl ANS MOAENN OMPaHUYEHHOro pocta?

CocraBbTe anroputTM AnAa BbIHUCAEHUA MACCb! XXKMBLIX OPraHUM3IMOoOB 4Yepes 3ajaHHoe
4UCNO neT, PyKOBOACTBYACHL MOAENbIO OrpaHM4eHHOro pocTta. 3anuwuTe ero Ha noa-
xogauwemM ana Bac A3bike NporpamMmMmmnpoBaHua.

a) HasosuTe napameTpbl MOAENN HEOrpaHWYEeHHOro pocTa. Kakue cyuiecTBeHHble

daKTopbl ONUCHIBAIOTCA 3TUMW NapaMmeTpamu?
6) BoinonHuTe 3afjaHue a gna MoAenu OrpaHU4EHHOro pocTa.

© 0000 O

¥§ 5‘2‘ fpaHMubl aAeKBATHOCTH MoAenmn

B §5 6bin chopmMysMpoOBaH BaXHBIM HPHUHIIWUII: HUKAKagd MO-
JeJIb He S5KBUBAJIEHTHA HNCXOAHOMY OOBEKTY, Ipoleccy HJIH ABJEHUIO.
Bean B 1060i MOAeaM MOMKHO VYeCTh TOJBKO YacTh MHGpopManmuu o6
00beKTe, mpolecce MJIH SIBJIeHHH, CAMYIO CYHIECTBEHHYIO C TOUKH 3pe-
HUA TOr0, KTO CTPOUT MOJAeJb, HO BCé PaBHO He BCIO.

Ho ToT e mMpHHLHNI MOXHO c(HOPMYJIHPOBATHL MHAUE: 8CAKAA MO-
Jenv umeem ozpanuxennylo obaracme adexeamuocmu U 3a NpefAesiaMu
3TOif 06JacTH OHa mepecTaeT YAOBJETBOPHTEJILHO OTpPaskaTh CBOHCTBA
MoJeaupyeMoro oobexrta. IloaToMy U IPUMEHSATL MOAEJb IJs pellleHHUs
TOM MM MHOH JKHMSHEHHOH 3aJauu AOOYCTUMO TOJLKO TOrAAa, KOrAa MBI
y6eanINnCh, YTO He BHIIIJIM 3a IPAHUIEI 00JIaCTH aJxeKBATHOCTH.

Kak e mpoBepuTb, UTO BHIOpaHHAs#s HaAMHW MOJeJib IPUMeHHUMa?
IIpesxge Bcero mHamo ybeAHUTLCS, YTO BCe (PAKTOPHI, CYIIeCTBEHHEBIE IJIf
JaHHOM 3aauM, IPHUCYTCTBYIOT B MOJEJNH. 3aTeM HaAO IIPOBEPHUTDH, UTO
B MCXOJHBLIX JAHHBIX 3aJauy 3HAYEHHS IIapaMeTpPOB, OIHMCHIBAIOMINX
meiicTrBue (aKTOPOB, He BBLIXOAAT 3a I'DAHUIBI aJ€eKBATHOCTH MOJEJH.
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K cokajeHuio, yacTo sTH TpebOBaHHA HrHOPHUpPYIOTCA. MBI Hepen-
KO CHBIILINM IIPeIJIOYKEeHUA MCIIONL30BaTh B PocCHN 3KOHOMHUYECKNE MO-
Jenu, MpeKpacHo paboTawIilie B 3aNafHLIX cTpaHax. Kak mpaBuJjo, Ta-
KHM OPEeAJIOCKEHUSM He HpEeIIIeCTBYeT aHaIN3 6a30BLIX NPEeANOCHLIOK,
Ha KOTOPLIX OCHOBLIBAIOTCA NpeAJlaraeMble Mozeau. Bexs gaske BHeNI-
HAA CXOXKECTh CHUTYyallMil ele He O3HAYaeT HU COBHNaJeHUA (HDaKTOpOB,
HH IONaJaHWUs B 00JIacTh aJeKBATHOCTH.

O BbIJeJIeHHH CYINECTBEHHBIX (PAKTOPOB MBI YKe TOBOPHJIH HEOJI-
HOKpaTHO. Temeps 06cyauM, KaK HaAXOAUTH TPAHHUILI ajieKBaTHOCTH.

Kak BLI momMHHTe H3 § 5, alleKBATHOCTL MOJEJU OIPEAEJseTCS ee
COTJIACOBAHHOCTBIO ¢ MPaKTHKOH M 0O0IeTeoOpeTHYEeCKUMH II0JI0KEHUSI-
mu. IIpeasoskeHre NpPOBECTH BaM KaKOM-IW6G0 HATYPHLIH 3KCIIEPUMEHT
JJIA MPOBEPKH aJeKBATHOCTH TOH HJH MHONW MOAENHW, KOHEYHO, BBIXO-
AUT 3a paMKH Kypca mH@opmaTuku. IlosToMy Hall sKcIlepHMeHT OyaeTr
KOMITLIOTEPHBIM M OCHOBAHHBLIM Ha O6GIIETEOPETHYECKUX ITOJIOKEHUIX.

B § 21 mp1 ymoMsaHyauW, YTO MOJAEJJb HEOTPDAHUYEHHOTO POCTA OCTa-
eTcs aleKBaTHOI, IIOKa Macca KHBBLIX OPTaHM3MOB JOCTATOYHO MaJjia IIO
CPABHEHUIO C IIPeAEeNbHO AOIYCTHUMOM MAaccoil 3THX OPraHM3MOB B JaH-
HBIX IPHUPOAHBLIX yciaoBuAx. IlonmbiTaeMcA oOmpeAeauTh, HACKOJbBKO Ma-
Ja ROoJIXKHA OBITH MCXOAHAS Macca >XMBBIX OPraHM3MOB II0 OTHOIIEHHUIO
K IIpeleNbHOI Macce, YTOOLI MOJeJIb HeOTPAHUYEHHOr0 POoCTa OCTaBasach
aJleKBaTHOU B TeueHMEe HECKOJLKUX JieT (HAalOMHHM, YTO CYILleCTBOBA-
HHUe IIPeAEeJLHOTO 3HAUEHMUS MACChl — CJIEJCTBHE OOIIeTeOPEeTHUYECKUX
moJoxKeuuii). UHBIMHM cJaoBaMM, MBI XOTHM HAaWTH TPAaHHUIILI aJeKBaT-
HOCTH MOJENI HEOTPAHWYEHHOTO POCTa.

BecmoMHMM mapaMeTphl M CBA3H MEMIAY STHUMH IIapaMeTpaMH,
y4JacTBYIOIINe B MOJAEJAX OTPAaHUUYEHHOTO M HEOrPaHUYEHHOrO pOcCTa.

Molenv HeozpaHUuueHHO20 pocma: HadaJbHasa Macca M(0), xosd-
dueHT npupocra k, 4UCJIO JEeT 1, Macca JKHBBIX OPraHM3MOB 4Yepes
n ger M(n), cBA3b MeXKAy IapaMeTpaMu

Mmn+ 1) =0 + k)M(n).

Modenv ozpanuiennozo pocma: HadanbHasa macca M,(0), xKoadbdu-
IMEeHT MpupocTa k, mMpeAeNbHOE 3HaUueHHe Macchl L, 4uco JeT n, Mac-
ca "KMBBIX OPraHuU3MOB uepe3 1 jJeT M,(n) (6ykBa «O» BHU3Y IIOKAa3HI-
BaeT, 4YTO BLIYHCJEHHE MAaCChl HAET B MOZEJH OTPAHUYEHHOTO POCTA),
CBA3L MEXKAY IIapaMeTpaMH, HaiiieHHas B JabopaTopHoii pa6ore 12:

L-Mg(n)
L—-M(0)

Ilockonsry M,(0) = M(0), To HeTpyAHO HMOACUUTATL, UTO MH(1) =
= M(1), T.e. uepe3 roJ Macca >KMBBLIX OPraHU3MOB, NMOJACUMTAHHAA IIO
obeum Mogenam, Oyzer eme oxmHaxkoBoii. Ho Bor M(2) 6ymeT yxe
MeHblle, yeM M(2). A ueMm ganbine, TeM O0ojibine OyAeT pasjiudmne MeK-
Ay sHaueHuAMU M, u M. 3HauuT, HaJAO AOTOBOPHUTHCS, KAKOe DPACXOMK-
JeHue MexAy M, u M Mbl OyAeM CUMTATh eIlfe AONyCTHMBIM. llycTs,
K MpUMepy, MBI CUYHTaeM MOJAeJIb HEOTPAHMYEHHOrO pPOCTa ajieKBaTHOIL,
ecau pasuuna M — M, cocraBisier He Gonee 10% ot M.

My(n+1)=|1+k M (n).
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Yro6ml HaMTH I'DAHMIIEI 8IeKBAaTHOCTH, MBI JOJKHBI YCTAHOBHUTL, B
KaKHX MpejesaXx U KaK [0 OTHOIIEHHIO APYr K APYrYy MOTYT MEHATHCH
mapaMeTpel MOZeNH, 4YTOOLI OHa OcTaBajach aAeKkBaTHO. OTBeTHl Ha
3TH BOHPOCHI BBl IIOJYYHUTE, BHINOJHHUB O4YepeJHYI0 JabopaTOpHYIO pa-
6ory. A ceifuac mOATOTOBHM JAJA 3Toi JaGopaTopHO# pabGoTHl MaKeT
9JIEKTPOHHOI Tabauubl. MOXXHO ee 3allOJIHUTH, HAIpUMep, TaK, KaK Io-
KasaHo B Tabauue 3.2.

Tabmya 3.2

T T

AR F
IIpeaensnoe

KA G

Ros@@nuné;rr <I>
‘| opupocra k 3HaUYeHHUe Macchi L
Ton HeOPI.),aHquH- OrpanuuyeHHslit poct | OTKaoHeHue, %
HBIA pOCT
0 1 1 (B3—C3)/C3*100
% (1+B1*(D1-C3)/ _
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 samocutTca Koad@@PUIMEeHT mpupocTa k, a B KJIETKY
D1 — npegenpHoOe 3HaueHHMe MAacCCHl JKUBLIX OPpraHH3MoOB. B sueiiku B3
u C3 MBI 3aHecJM 3SHaYeHHWe HAYAJNBLHON MacChl KMBBIX OPraHU3MOB,
B3fiB ee paBHOH 1. 3amoJiHeHHe OCTAJNLHLIX AYEeeK, CKOpee BCEro, SICHO
M3 HANTUCAHHBIX B HUX (POpPMY.JI.

W cHoBa HeMHOro ucTopuu. IlepBEIM MOAe/Jb HEOTPAHUYEHHOTrO poc-
ta paccmorpen T. Manbsryc (1798 r.). Onupasachs, Ha 8Ty MOJAENb, OH IIbI-
Tajnca o60cHOBATHL HEM30€KHOCTHL BOMH M JAPYIMX KPHUSHCHBIX SABJIEHUN
COIIHAJILHO-TIOJIUTHYECKOM JKUBHM dYejoBeuecKoro oOiiectBa. OH BBel
MOHATHEe JeMOrpadMUecKOro JaBjJeHHA KaK IOOKasaTejA IIPeBLINIeHUS
YUCJEHHOCTH HaceJIeHHs, INPOKMBAIOIero Ha JaHHOH TeppHUTOPMM, HaX
BO3MOKHOCTBLIO JAHHOM TeppUTOpHH 00ecmeYuTh 3TO HaceJleHHEe IPOXdO-
BOJBCTBMEeM. M3 ero s3akJO4YeHHH Jejalicd BBIBOJL O HeOOXOJHMOCTH
MOCTOSAHHOTO PACIHIMPEHHA XHUIHEHHOTO NPOCTPAHCTBA, M 3TOT BEIBOJ
HMCIIOJI30BAJICA IJIA IIOCTPOEHMS M ONpaBLaHUsA PACOBBIX TeOpHi, Ha-
IMOHAMMCTHYECKUX TeopHuii O0pbORI 3a KUSHEHHOE IIPOCTPAHCTBO U T. H.

IIpoananusupyeM aTy CHTYALUIO ¢ HOSHIIMA MOJAEJBHOTO MOAXO0ZHA.
B Moaenn HeOTpaHHMYEHHOTO POCTA B KauyeCTBe CYII[eCTBEHHBIX IPHUHHU-
MAJIECh TOJBKO 6Guojoruueckue daxtopbi. Ho ecau KHMBLIe OPraHMSMEI
06pas3yioT coobmecTBa (cTama, CTAWM U T. [.), TO BCTYHAIOT B CHUJY HHLIE
dakTOpHI, XapaKTepHble AJd JaHHOTO coobifecTBa. Ux MOMHO OBLJIO GBI
Ha3BaTh COIMAJILHBIMH, XOTA TEPMHH «COLHAJIbHEIE» O0LIYHO MPHUMEHSI-
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10T K coolbmiecTBam Jiogeit. UTo KacaeTcsi 4UejIOBEKa, TO IAJA HETro OX-
HUM M3 Ba)KHEHIINX COIIMAJIBbHBIX (GaKTOpPOB fBJAETCA PA3BUTHE HAYKH
M IPOM3BOACTBA. 3a CUeT IIPUMEHEeHHA yAo0peHuit ¢ ToMH Ke, UTO U PaHb-
e, CeJIbCKOXO3ANHCTBEHHONH TEPPHUTOPHH CTAJHA CHHUMATH B HECKOJBLKO
pas Ooabliuil yposkaii, a 3HAUHUT, 3TA TEPPUTOPHA cmocoOHa IIPOKOP-
MUTH GOJblllee HacejieHHe, YeM Ipexkge. I1oaToOMy ¢ TOUKH 3peHUA WH-
dopMaTHKH HECOCTOATENBHOCTL MPUMEHEHHUA MOAEJH HEeOrpPaHHYEeHHOTO
pocTa K 4eJIOBeUeCKOMY OOInecTBY COCTOHUT Y:Ke B TOM, YTO YUTEHBI He
BCe CYyImecTBeHHBIe (GaKTOPHI, a caMa MOZENb NPHMEHSeTCsa He B TOH
obnacTH, rie oHa ABJIAETCA aZeKBATHOM, — B 06JACTH COLMAJIBLHO-IIO-
JUTUYECKOH, a He YHMCTO GHOJIOrHUYecKO.

o CohopmynupyiitTe NpUHUMN agekBaTHOCTU mMogenu. Kak ero MoxHo oBocHosaTh?

0 BuinonHeHve kakux ycnoeBuii Hago NPoOBepuTb, NPEXAe YeM UCMNOoNbL30BaTh KaKylo-nu-
60 mopent ans pelweHus XWU3HEeHHOW 3a4adun?

9 YTO 3HAUUT HAWTW rpaHUubL aaeKBaTHOCTU AAHHON moaenn?
o Ana usyysenun rpaduka 6era Ha auctaHumn 100 m Guinu yCTaHOBNEHB! HA OQWHAKO-

BOoM pacctosiHumn 20 $oToaaTHMkos, GUKCUPYIOWMX BPEMs, KOTOPOe Npowno ot
cTapta A0 nepeceyeHus CNOPTCMEHOM COOTBETCTBYIOLIEro CBETOBOro Ayuya.

lol{elioliolioieliole]leiielleolieliolie]ie]l[e]llelleielie

crapt _ || T ovhnw

B Tabnviue 3.3 npuseaeHb AaHHLIE AATYMKOB, OKPYMMEHHbIe OO0 AECATLIX aonei ce-
KyHOb!.

Tabmuya 3.3

Homep patumka 1 2 3 4 5 6 7 8 9 10

Bpems, ¢ 12 1171211252933 }37 |41 (45 1]49

Homep patuvka 1 12 13 14 15 16 17 18 19 20

Bpems, ¢ 53|57 |61}65|69]73]|78]841]90]98

MonbiTaTecb NO 3TUM AAHHBLIM ONpPeaenuTb, Ha KakuxX ydyacTkax aucTaHuuu ber
cnopTcMeHa anekBaTHO ONUCLIBAETCA MOAeNblo paBHOMEPHOro ABMXEHUA, a Ha Ka-
KX — PaBHOYCKOPEHHOIo.

6 B 06bACHWTENEHOM TEKCTE NOATOTOBNEHO 3anOfiHeHUe 3NEKTPOHHOW Tabnuub gnsa on-
peneneHuns rpaHny, aaeKBaTHOCTU CPaBHEHUEM MOAeNei OrpaHNYEHHOr0 U HeOrpPaHu-
4YeHHOro pocrta. CocTaBbTe anropvuTM, NO3BOASIOLMA BLINOAHUTL TY Xe paboty, v 3a-
AVWUTE €ro Ha N3y4eHHOM BaMu A3blKE MPOrPaMMUPOBaHUS.
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EEEN Monenuposanme anupemun rpunna

Mogenb OrpaHHMYEHHOT0 POCTA MOJKET IOCHYKUTH OCHOBOH AJNA
CcO3ZaHusA MojAejiell APDYrHX IPOIECCOB, B TOM YMCJE€ M BaKHBIX C COILU-
aJbHOM TOYKM 3peHusa. Hamnpumep, and npuHATUA 3G@PEKTHBHBIX Mep
GoOpLOEI ¢ sUMIeMHeil TpHINA OYeHL BaXXKHO 3HATh, KaK TaKas smuje-
MUA MOKeT pPa3BUBATbCH, UTOOBEI B HYXKHBIII MOMEHT YCHUJIUTL MECTHYIO
CHCTEMY 3JPABOOXPAHEHMS: B AITEKM 3aBe3TH OOJIbINlE IPOTHUBOTPUII-
NO3HEIX MeAMKAMEHTOB, Pa3sBepHYTDL AOIOJHUTEJNLHLIE MECTA B OOJILHM-
IIax, HaMeTUTh KapaHTHHHBIE MEPHI U T. . BOT MoaeJMpOBaHUEM pa3-
BUTHA SMHUAEMHH TPHINA MBI cefiuac M 3aiimemcs.

IlyeTte B HeKOTOPOM HaceJeHHOM IYHKTE € YHCJAEeHHOCTBIO HaceJe-
Hus L mavajach sumaemusa rpunna. IIporHosupoBaThk B Halmeil MoAeIn
MBI 6yZieM KOJAWUYEeCTBO Jojeii, Gonelolux TPHUINOM Ha n-ii JeHb Ioc-
ae Hauvama snuaemun. O6ozmaumM 3T0 KoamuectBOo B(n). Ha nepswiii
B3TJIAA BeJanuuHa B(n) yzoBieTBOpseT NIPEAIIOIOKEHUAM MOAEJH Orpa-
HUYEHHOro pocrta. lleHcTBUTENbHO, NPUPOCT YMCIA OOJBHBIX IIPOIOP-
IMOHAJIEH YNCJIYy yKe 3a00JeBIINX, HO, Pa3yMeeTCs, He MOYKET IIPeBOC-
xoauTp unciaa L. OrmMernM, UTO OoTCUeT HauMHaeTcA ¢ 77 = 1, TaKk UTO
HayanbHoe 3Hauenue — 370 B(1). B kauectBe B(0) BosbMeMm sHaueHue 0
u anda B(n) mamuireM y:Ke M3BECTHYIO HaM GopMyJay:

B(n+1)=|1+k

@ B(n).

Opuako cormacHo rpaduky dyuxmuu B(n) (Bbl mocrpounanu rpadux
anaa M(n), BeINONHAA JabopaTopHy paGory 12) mpuxoaumM K CTpaH-
HOMY BEIBOAY — KOJHYECTBO OGOJILHBLIX JOCTHUraeT HEKOTOPOTO YPOBHSA
¥ Jajblile He MEHAETCHA. JIHAEMHUA MPOLOJIKAETCS BEUHO!

Tak, KOHeUHO, He ObIBaeT. 3HAUUT, IOCTPOEHHAS MOAEJIbL HealeK-
BarHa. 1 Hajo moMCKATL HEYUTeHHBIe CYIlleCTBeHHbIe (aKTOpbl MOJe-
au. BropoueMm, caenaTh 9TO HETPYZAHO — B MOJEJU He YUUTHLIBAETCS, UTO
JIOAY BBI3AOPABJIMBAIOT, V HUX BEIpAOATHEIBAETCSI MMMYHHUTET M GOJIbL-
me OHu He 3abosesaioT. I[Jisi mpocTOTHI OyAeM CUHTATh, UTO 00OJIE3HB
anurcsa 7 gumeit. O6o3HauMM 4depe3 V(7)) KOJMUECTBO JNI0Jel, yKe Iiepe-
GoJIeBIINX TPHUNONOM K n-My IJHIO C MOMeHTa Hadajaa snuaeMmuu. Torza
Acuo, uro V(1) =V(2)=V(8) = ..=V(7) =0, a V(8) = B(1), V(9) =
= V(8) + B(2) u, Boobuie, V(n + 1) = V(n) + B(n) npu n 2 8. 3anuiiem
HOJYYUBLUIYVIOCA MOJAEJb:

V) =V(2)=..=V(7) = 0;
V(8) = B(1);
Vin+1)=V(n) + B(n) npu n > 7;

L — B(n) - V(n)

Bn+1)=|1+k B(n) upu n > 0.
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BOMPOCH! M 3AAAHMS

Kakue npeanonoxeHus NonoxeHs! B OCHOBY Mogenyu anuaemun rpunna? Kakosesi na-
pameTpel 3TOoN Moaenu?

e fMpoayMaiTe U NpeanoXxute 3anofHEHWE 3NEeKTPOHHON Tabnuiel AA8 NpoBeaeHws
KOMNBLIOTEPHOrO 3KCNEPUMEHTa C MOAENLIO ANUAEMUM rpunna.

9 CocTaBbTe anroputMm AR BbMUCAEHUA 4Yucna GOMbHLIX FPUMNMNOM 4epe3 3afaHHoe
4YNCno AHel, PyKOBOACTBYACL MOAENbLIO 3NMAEMUM rpunna. 3anuwuTe ero Ha noa-
XOASALWEM A0S BaC S3blke MPOrpamMmMuUpoBaHUS.

Q* ANnA HEeKOTOPbLIX WTAMMOB rpyUnna UMMYHWUTET OKa3blBA€TCA HECTOMKUM U AAUTCH
HEecCKoNbKo gHen. focTponTe mogens anuaeMun rpunna pAas Takow cutyaumu.

CED)| Beposmoctiie mogen

R T 4= 4 -

Co cayuaiiHOCTBIO MBI CTAJKMBAaeMCsd Ha KaXAOM Imary., Mox-
HO CJay4ailHO BCTPETUTH Ha YJUIIE CBOErO IPHATEJA, MOXKHO CAydYaiHo
pasduTh YamKy, MOMKHO, HAKOHEI], CJYYailHO BBIUTPATH B JIOTEPEIO.

Ho unorpa cayuaiisie uncja HY)KHO YMeTh HOJYYaTh MCKYCCTBEH-
HBIM 006pasoMm. Hampumep, onpeAesuTh cAydailHBIM 06paszsoM MHOPAAOK
BBICTYILJIEHUA (DUTYPHUCTOB HAa COPEBHOBAHMM HJIM HOMepa JioTepelHbIx
61seTOB, Ha KOTOpPBIe HaJaeT BHIUrpeim. laske ImpM IpPOBedeHNU HAYY-
HBIX YKCIEPHUMEHTOB CJYYailHOCTHL M3MEHEHHUsA YCJIOBUH sKCIEepUMMEHTAa
TOXe uMeeT 3HaueHMe. Kax B aTux ciayduasgx opraHusyeTcs caydaiiHas
MOCJIEIOBATEIbHOCTE UMcesa?

Kazamochy 6BI, 3TO COBCeM pas3HEBIE BelH: MPUPOAHAA CAYUANHOCTH
U cay4ailHOCTDb, CIenUuaJbHO opranusyeMas dejloBekoMm. OQHAKO 3TO He
COBCEM TakK.

Crauasa 4esOBeK HAYUWMJICA KCHOJIL30BATh NPUPOAHYIO CJydaii-
HOCTBh. UTOOBI OmpenesuTh, KOMY HAUYWHATL UTPY, MOKHO MNOAOPACHI-
BaTh MOHeTKY. UToOBI ciayuaiiHo BHIGPATH OJHO UMCJIO M3 IHECTH, MOXMK-
HO noxabpaceiBaTh KyOMK. Jjaa Toro uro0bl cTpouTh Gojee paszHooOGpas-
HBI€ TIOCIEAOBATENBHOCTH CJHAYUAHHBIX YHCEJ, MOJKHO PErmcCTPHPOBATH
BpeMdA NMPUXO0Aa KOCMHYECKUX UacTUIl (HallpuMep, ¢ IOMOINLIO CUETUH-
ka Peiirepa). Ho Kak usyuame mporiecchbl, B KOTOPBIX CaMO# IpUpoOxoii
3aJI0K€Ha CJAy4YalHOCTE?

M= Hajgeemcs, UTO Bce, M3JOKEHHOE paHee, chejajio AJIA Bac oue-
BHJHBIM BaJKHBIM Te3MC: M3YUYUTHL — 3HAUHT IIOCTPOUTHL MOZENDL, OTpa-
JKAIOIIYIO CYIIEeCTBEHHELIE CTOPOHBI M3ydyaeMoro o6beKTa, IpoIecca Wiu
ABnenusa. Mgyuars ke IpoIllecChl, B KOTOPBHIX CIYYAHHOCTE — HEOTH-
eMiIeMas uepTa, UeJOBEKY IIPUXOJUTCA BEeChbMa YacTO. ITO MOTYT OLITH
o0bIuHBIe TeJleOHHEBIE PAB3TOBOPHI MO JMHUU CBASKH, HAUMHAIOINECH B
caydaiiHOe BpeMA M HEIMOHATHO CKOJBKO MPOAOJIMKAIOL[HECHd, WJIN IpH-
X0J, MOKyHNaTeJsa B MarasMH M NPOAOJKHUTEIBHOCTHL ero npebbIiBaHUA
TaM, WJIH B KOHIle KOHIIOB HENPEACKA3yeMOe MOBEJeHIEe 3JeMeHTapHBIX
YaCTUI] B AJAEPHOM peaxTope.



Bce HemoHATHO, HesACHO, HENPeICKAa3yeMo, OJHAKO JIMHHUA CBA3HU
AOJKHA MMeTh JOCTaATOUHYIO IMPONYCKHYIO CIOCOOHOCTH, B YHHUBepcame
B HY)XHOE BpeMA AOJKHO OBITE HYJKHOE KOJHUYECTBO KAacCHPOB, a peak-
TOPHI JOJIKHBI HajAeXHO paboTaTh.

JIJIsi yCIeIIHOTO pelleHMA BCeX THX 3ajJady HeoOXOoZMMO yMeThb
JAeJIaTh CIeAyIoIlee:

1. IlonyyaTh MCKYCCTBEHHYIO IOCJEAOBATEIBLHOCTE CAYYalHBIX 4H-
ceJi, YCOEIIHO 3aMEHAIONIYI0 pealbHYIO, ONpeleaeMylo CIydalHBIMHU
COOBITHAMM.

2. C noMomIbI0 9TOM MOCTIEeAOBATEJBLHOCTH MOAEJIWPOBATHL Cydaii-
HEle COOBITHA M HAXOAWUTL HapaMeTphl, HeoO0XOAMMEBIE AJISA MPOEKTHPO-
BaHUSA JIMHHHM CBA3H (AZepHOTO pPeaKTopa MM rpadura paboThl mpoaas-
IIOB MaraswHa).

OTMeTHUM HOpesKAe BCEro, 4YTo A OOCYKIeHUs CAydallHBIX COOBI-
THH Haj0 MMETh JAEJI0 ¢ MHOTOKDATHO MOBTOPAIOIIMMHUCA OOBITAMH, IIPU
KOTOPHEIX MOTYT HOPOHMCXOAHUTH AaHHEIE COObITHA. Kakgoe IOBTOpDEHHE
oneITa OOLIYHO HA3BIBAIOT HCHBITAHMEM, & MHOYKECTBO MHOTOKDATHO
OpOBeAE€HHEIX MCOBLITAHWHA B OJHOM ONEITe — cepuel mcnnitammii. Yac-
TOTOM COORITHA A B KAKON-TO CepUMM HMCOBITAHWII Ha3kIBaeTCs 9HCJO, IO~
KaseIBalolllee, CKOJBKO pa3 NpoM3omuIo coGpiTHe A B 9TOH cepHH.

BaxxHoii 4HCJ0BOM XapaKTePHUCTHKOMN CJIy4aliHOro COOBITHA ABJIA-
eTcA BEPOATHOCTH €ro HacTymjleHHuA. CBA3aHBI M BEPOATHOCTH M Uac-
Tora? Jla: ueM uyamie NMPOMUCXOAHUT cOOBITHE, TeM GoJibIDeé BEepOATHOCTH
ero HactymieHusa. TeM He MeHee cKa3aTh, YTO BEepPOATHOCTL — 3TO 4dac-
TOTA HACTYIJIEHWA COOLITHA, OYEBUJHO, HEJIbL3SI: B CePHH C GOILIOHM
9YUCJIOM MCOBITAHHHA OJHO M TO e coOrITMe OyJaeT MMeTh 60JIBIOYIO Hac-
TOTY, HeXXeJH B CepHH ¢ MEHBIOMM YHCJIOM MCOLITAHWHA. MBI ImpoBesu
ABa ONBITA IO NOAOpacHIBAHHIO OOBIKHOBEHHOI'O HI'DAJLHOrO KyOHKa.
B nepBoM onwiTe 6nL10 nmpoBeaeHo 20 ucnoeiTaEMWii, BO BTopoM — 40 uc-
noeiTaHnii. AcXoZoM B KasKJAOM HMCOBITAHMH OBLJIO YHCJIO OUYKOB, BBINAB-
mux Ha KyOuKe. Pe3y/bTaThl ONBITOB IpPEACTaBJIeHH B Tabawnne 3.4.

Tabnuua 3.4
Konuuectso )
ucnoiTaHuii Wcxonpl 1 2 3 4 5 6
B cepumn
20 YacToTa 3 3 3 2 4 5
OtHocuTtenbHas sactora| 0,15} 0,151 0,15 | 0,1 0,2 | 0,25
40 YacToTa 6 6 7 7 6 8
OtHocutensHan vacrtora| 0,15 | 0,15 |0,175|0,175{ 0,15 | 0,2

Bo BTOpOM CTOJIOIlE BHI MPOYHTAJIM HOBbIEe CI0Ba: «OTHOCHTE/NLHAA
YyacToTa». ITO UYHCJIO, PABHOE OTHOIIEHHMIO YACTOTHl K UYMCJIY HCIBITA-
Huii B gaHHO# cepuu., OHa, Kak MBI BHAWUM, Maj0 MeHAETCA HPHU yBe-
JMYEeHVH YNCJa NCILITAHWHA B CEpHHU.
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Koneuno, 20 1 gaxe 40 ucObITAHMI B CEPHM — 3TO COBCEM HEMHO-
ro. Ho ana GonpmuHCTBA CAYYAHHEIX COOBLITHM BEIIOJHAETCA CBOMCTBO:
wem GonblUle YBEAULUBAMb HUCAO UCNLLMAHULL 8 cepusx, mem MeHblue
6ydym omauuamoecs dpyz om dpyza omHocumesbHble 4ACMOMb. OAH-
HOz0 cobbimusa 8 amux cepusx. UHEIMHM cJIOBaMH, npu GOAbWOM HUCAe
UCnBIMAHUIL OMHOCUMEAbHbIE YACMOMbL 00H020 U MO020 e cobbimus
8 DA3NMUUHbLX CEPUAX 2DYNNUPYIOmMca 60KpYz 00H0zZ0 U mMOzO0 Jce HUc-
aa. ITO YHUCJIO U HASHIBAIOT 8EPOAMHOCMbI0 JAHH020 COObLMuUA.

B paze cuTyanuii onpelelNTh BEPOATHOCTH COOBITMA MOKHO H HE
npuberad K AJIUHHEIM CEpHUAM MCOEITaHWii. flcHo, Hampumep, YTo eclIH
UrpaabHBIl KyOMK He MMeeT AedEKTOB, TO KayKAOe YHCJIO OYKOB OT 1
A0 6 ZOJKHO BHIIAZATL OLZMHAKOBO YacTO. A 3TO 03HAYAET, UTO OTHO-
CHUTeJbHAs YacTOTa KaXAOr0 M3 MCXOAOB [OJIKHA TPYNIHMPOBATHCS

1
OKOJIO Yucia —6—' CJIellOBaTeJIBHO, BEPOATHOCTD BHIIAQAEHHS HAa Kybuke

1
AAaHHOTO KOJIN4YEeCTBaA OYKOB DaBHa 6.

Janeko He Bceraa HOCPEACTBOM YMO3IAKIIOYEHHH MOYKHO YCTaHO-
BHTb BE€POATHOCTL MCCJeAyeMoro coOwmiTusa. Torza Ge3 mpoBeLeHHA HC-
OBITaHUH He 000HTHCH. BOT 371eCh-TO ¥ MOMKET IPUTrOAUTHCI KOMIILIO-
TepHOe MOJAEJIMPOBAHHE: €CIM INOCTPOHUTh MOJAENb CAY4adHOro mpollecca,
To HaGJIOZATh €ro Ha dKpaHe KOMIBLIOTepa ropasfo AelleBiie, a HHOTAA
u Oe3omacHee, 4YeM IPOBOAUTL HATYPHEIE SKCIEPHMMEHTH, MHOTOKPATHO
HOBTOPSA AAHHHIM IpoOIecC.

Mogenu, B KOTOPHIX HCHOJBL3YIOTCA BEPOATHOCTH MOJAEIHPYEMEIX
COOBITHII, HAa3HIBAIOTCS BEPOATHOCTHHIMM MOJEIAMH.

BONMPOCH! U 3AAHMSA
o I"Ipusep.me npumMmepsl, koraa Heobxoaumo nony4yaTtb nocneaoBaTenbHOCTU CJ'IY‘-IaﬁHbIX
uncen. Kak Takue nocnenosareNbHOCTU B 3TUX cnyyanx co3aaBanuck?

BcnoMHUTE, B KakuX XU3HEHHbIX CUTYauusx Bbl MONL30BANUCL CAyYaMHLIMM YMcna-
Mu. Kak Bbl Takme uucna nonyvann?

HTo Takoe 4acToTa M OTHOCUTENbHAsA 4YacToTa cnydanHoro cobertua? YTo Takoe Be-
POATHOCTL CayuyaHoro cobbitna?

Kakne moaenu HasbiBalOT BEPOSATHOCTHBIMU?

00 ® 0O

Ana ykasaHHbIX HUXE OMbITOB U UX UCXOA0B ONpenenuTe, B Kakux C/yyasx BeposT-
HOCTb UCXOA0B MOXET ObiTb NOMyYeHa YMO3PUTENbHLIMU 3aKMOYEHUAMU, @ B Kakux
obazartenbHo Tpebyerca NpoBecTU cepun UCNbLITAHWUA.

a) OnbIT — noaBpacuiBaHUE KHOMNKKW; MCXOAbl: KHOMKA ynana OCTPUeM BBepX, KHOMKa
ynana Ha ocrvpue.

6) OnbIT — BbiTackuBaHue GOYOHKA AN Urpbl B 10TO; UCXOAbI: BbIHYT GOYOHOK G 4MC-
nom 1, BbiHYT GOYOHOK C 4MCNIOM 2, ..., BbiHYT 604oHOK ¢ uucnom 90.

8) Onuit — nopbpacuiBaHne Gytepbpopa; ucxoabi: 6Gytepbpon ynan macnom seepx,
6yTtepbpon ynan macnom BHUS3.

r) OnuiT — ypap no sopotam B ¢yTtboNbHOM MaTuye; ucxopabl: ron 3aburt, ron He
3abur.



AGT‘IHKH CI'IY‘ICIHHBIX tmcen H I'ICGBAOCHY‘ICHHBIG
nocnefoBarenbHoOCTM

B nHauase mpenwiayinero maparpada OwLIH chOpMyJIMpPOBAHEBEI JABa
YCJI0OBUA, HeOOXOAUMEIE AJIS MOIEJIUPOBAHUA CAYYAHHEBIX MPOIECCOB:

s HaJH4YMe crocofa MmoJydYaTh IIOCJIeNOBATENLHOCTH CJHYYaAWHBIX
YKceJl, YCIEIIHO 3aMEHAIINHUX PeaJibHYIO M OIpeleSaeMyI0 CJIy-
YaHHLEIMH COOLITHAMM;

¢ YMEHHE C IMOMOINLI0 3TOH IOCJIefOBATEeJIbHOCTH MOJAEJHUPOBATH
caydaiiHbIe IIPOIIECCHI.

OpHO cayuaiiHOe UMCJIO0 MOJYYHTE Jierko. IlocmoTpuTre, Hampuwmep,

Ha Yackl B 3TOT CAMBIi MOMEHT M 3aCEeKHTe, CKOJbKO CEKYHJ OHH IIO-
Kas3pIBalOT. BOT BaM M caydyaHOE YHCJO.

MoskHO ellle pa3 B3TJIAHYTHL U IMOJYYHUTHL BTOPOE CJAYYANHOE YMCJIO.
B uem xe sakiaouaercsa caydaliHocTe aTHX uucen? B cayuaitHOCTH
BBIOOpPA OAHOTO UYHCJA U3 HEKOTOPOTro MHOXKECTBA UHCeJI, B JAHHOM CJY-
Yyae — M3 MHOMeECTBa IleJHIX uucea or 1 mo 60.

Eie ogmu cnocob mosyueHusA ciaydalHOro yucia yxke obcyxpanics
B IpeasiAyIneM maparpade: 6yaem 6pocaTh UrpajibHBIA KYOMK M CMOT-
peThb, KaKoe YHCJIO BHINaZeT Ha BepXHeil rpaHu. 31echk MHOMKECTBO Y-
ceJl, KOTOpbleé MOrYT NMOSABHUTLCH, COAEPKHUT Bcero 6 sjmeMeHTOB: umciaa
1, 2, 3, 4, 5, 6. [lna xopoilero Kybmka NOABJIEHHEe JIOO0T0 M3 3THUX
YyycesJ PABHOBEPOATHO (T. €. BEPOATHOCTHU BHIMAJMEHUA KAXKAOTO M3 UH-
ceJl paBHEI).

PaccmorpuM Tperuii croco6 mosiydeHHs ciaydamHOro uuciaa. Byaem
CTPEJATH IO MHINEHH U3 JyKa. Kak OBl XOpPOIIIO Mbl HU IPHIIEJINBAJINCE,
KoJie0aHNA BO3AyXa (B YaCTHOCTH, HMOPLIBLI BETPA), HENPEACKA3YEMOCTH
CHJIBI, ¢ KOTOPOil HATATHBaeTCA TETHBA, HHAWNBHAVAJLHOCTL aspojHHA-
MHYECKHX CBOMCTB KaKJ0M KOHKDPETHON CTPeJBI U T. II. BHOCAT Cayuaii-
HOCTh B ee mnoJer. IlosToMy paccTodHHE OT LeHTpa MHUIIEHH SO TOYKH,
KyJa momnaJjia cTpejia, ToXKe ciydaiiHoe 4Hcya0. 34ech NepedrcIUTh MHO-
KECTBO BCEX BO3MOMKHEBIX 3HAUEHUI He yJacTcd — HUX OeCKOHeYHO
MHOr0. PaKTHYECKH TaKHMM 3HadeHHEM MOMKeT OBITH JI000e meHCTBH-
TeJLHOEe HEOTpHUIlaTeJbHOe umncio. KoHeuHo, ecJii Mbl NMpHIEJIHBAaEeMCs
XOpOIIo, TO 37leCh MOMABJIEHHE TeX MM MHBIX YHCEJ HEePABHOBEPOATHO:
MaJieHbKHe YHcJia JOJXKHBI MOABJIATHCA darle OOJIbIINX.

OO6BIYHO HY)KHA He JII00adA MOCJAEeAOBATEILHOCTh CJAYUYAHHBIX YHCEJ,
a YJAOBJETBOPAIOIIAA HEKOTODPLIM yCJIOBUAM. B ciyuae ¢ KyOHKOM Bepo-
ATHOCTH BCEX HNCXOAO0B OAHHAKOBBI, IO3TOMY IIOJIYYAIOIASACS IIOCJIEAOBA-
TEeJLHOCTb CJHYYAMHBLIX UHCeJ] Ha3blBaeTCA PABHOMEDPHO pacnpeaelieH-
Holi. Ecan ke BEpPOATHOCTHL MOSBJIEHUS OUEPETHOrO YMCJIa HEOAMHAKOBA
AJIA pPa3HbLIX YHCEJI, TO 9TO HEPAaBHOMEDHO paclpeAejieHHaA IOCJIEL0Ba-
TeJLHOCTb.

IloTpe6HOCTE B Cay4YailHBIX YHCJAaX BO3HHKJA AOBOJLHO TaBHO.
W cmoco6oB mx moayuyeHuMs paspaboTaHO AOCTATOYHO. YUYEHBIE pacKJa-
ABIBAJH KapThl, OpocaJi KOCTHU, BLITACKHBAJH UYepHbie U Oesble Ia-
pPbl M3 KOPOOKM, KOTOPYI0 IMpeABAPUTEJIBHO KaK CJEeAYyeT TPACIH.



MopenuposaHue npoueccos
121 XXVBOW U HEXMBOW NPUPOALI

B 1927 roxy JI. TpunmnerT onyGaInKoOBaa TAGAHMIBI, COAEPIKAIINE CBHIIIIE
40 000 cayyaiiHnpx nudp, MPOM3BOJBHO B3ATLIX H3 OTYETOB O Ieperu-
cu. Ilogxke ObLIM CKOHCTPYHPOBAHB! CIENHUAJbHBLICE MAIIMHBI, MEXaHH-
YeCcKHM BhIpabaThIBalOIUE CJydaiiHble YHCJa (IIepPBYI0 TAKVI0 MAIIHHY
ucnoab3oBanu M. IIxx. Kengann u B. BoGuHrToH-CMHUT npu co3JaHUU
rabsun 3 100 000 cayyaitabix mudp).

IlpakTHuecku cpasy ke mocie cos3maHusa OBM Hauvasuch NMOHCKH
9 GeKTUBHBIX METOJOB IMOJYYEHHUA CHAYUAHHBIX YHCEJ AJIA HCIIOJb30-
BaHUSA B KOMIOBIOTEPHBIX IporpamMmax. MOKHO OBLIO IIOJIB30BATBLCH
u TabJUIaMH, HO OHHM TpeboBalM IJIs CBOEro pasMelleHus OOJbIIOH
o0beM omeparuBHOU namMATH. [Tonayany k BM moAx/IHUYaIN JATYMKH
cayuainbix yucesa (JICY), ocHOBaHHBIE Ha PA3JIHYHBIX (DHM3UYEeCKUX (-
dexkTax, B OCHOBHOM HA TAK Ha3bIBaeMOM 3(hdeKTe IyMa 3JEeKTPOHHBIX
JIaMI ¥ U3JIyYeHWH PaAHOAKTUBHBIX BEIIECTB.

Ho maTuuku OBLIIM CAMLIKOM MEAJIEHHLIMHU, HJOPOTHMH U Hebeaolac-
HEIMu. Kpome Toro, mpu oTJazke mporpamMM, HcmoJas3yromux ACY,
KpailHe BasKHO, 4YTOOBI IIPH OAWHAKOBBLIX HAYaJBLHBIX JaHHBIX IIOJyda-
JHACh OAWHAKOBLIE KOHEYHLIE pe3yJIbTaThl, Yero JAaTYHKHN Ha OCHOBe (u-
suueckux 3hdeKToB He MOINIM 00eCIeYNTh B MPHUHILUIE: IIOTOKY KOCMH-
YeCKHMX YaCTHI He IPHKaKelllb NMPUJIETETh €Ille Pa3 ¢ TO# Ke YacTOTOo.

HecoBepIiieHCTBO 3THX METOLOB NMPOOYANJIO MHTEpPEC K IOJYUYEHHIO
CIy4YaWHBIX YHCEJ C MOMOINbI apudMeTHUeCKHX oOIepanmuil camoro
KoMIbIOTepa. IIepBEIM TakKoOil MOAXOA Hpedyoxua B 1946 rogy ko
¢don Heiiman, usBecTHHIH BaM KaK paspaboTUYMK apXHUTEKTYPHI IIEPBHIX
9BM. Ero uges COCTOMT B TOM, YTO HYKHO TOJILKO CaMoOe€ IIepBoe CJIy-
4ailHOe UYHCJ0. A Jajbllle IPUMeHAeTCA CJeAYIOIlee PeKyPPEeHTHOe
NMpaBUJIO: YUCJO BO3BOJUTCS B KBaapaT M M3 pe3yJbTaTa Oeperca ce-
peauHa. Hanmpumep, MBI XOTHM MOJYYHUTH CJHYYaAMHYIO IOCJIeZOBATEJIb-
HOCTb, COCTOSAIYIO M3 AeCATH3HAYHBIX 4Huces]. IlycTh, mepBoe AeCATH-
3HaYHOe YHCJIO Halllell mocJiefoBaTeJbHOCTH 5772156649 (MBI mpoc-
To Habpanu nmoapax 10 nmudp, Bel Mo)eTe HamucaTh APYyroe 4HEJO).
BosBoguMm ero B KBajapaT H NoJydaeM [ABaJIlaTH3HAYHOE YMCJIO
33317792380594909201. OT6paceiBaeM OATHL IHIEPBBIX U MATH IIOCJIEA-
Hux nudp. Ilonyyaem HoBoe JecATH3HauUHOoe uucio 7923805949. Idto
BTOPOM YJIeH HallleHl ITOCJIeJOBATEJNHLHOCTH. B0o3BOAMM ero B KBajapaT
u nosiydaem 62786700717407790601. CuoBa oTOpacsiBaeM IATH IEPBBIX
U OATH DOocJeTHUX Hudp M mojydaeM TPeTHIl 4jieH Halleil mocjexoBa-
TeabHocTH: 7007174077, Tak ke mosydaeMm 4YeTBepTOE YHCJIO H T. A.

PDaKTUUYECKU CTPOUTCA PEKYPPEHTHO 3ajJaHHaA MmocjedoBaTeNb-
HOCTb uymceJ. A rie ke 3aech caydaiiHocTb? KomeuHo, HMKaKOl ciy-
4ailHOCTH 3paech HeT. Ho Ba)XHO, UTO IMOJIy4aeMbI€é TAKHUM CIIOCOGOM
yucsaa BegyT ceba Kak ciydaiiHble: 4acToTa NMOABJIEHHA JIIOG0ro 4mcJa
B 9TOH MOCJIEZOBATEJILHOCTH IPUMEPHO OAMHAKOBa. MaTeMaATHMKM JOKa-
3aJI, YTO €CJIM PACCMOTPETh (GECKOHEUHYIO II0CJeJOBATENbHOCTh TaKHX
yucesa (T. e. KaK OyJTO MBI MPOBOJAUM O0ECKOHEUHYIO CEPHIO OIBITOB), TO
OJA KaXJIOTo 4YKcja BEPOATHOCTL €ro IOJABJEHHA OJHA M Ta JKe.
A B MOZENVPDOBAaHWU YKCIEPHMEHTOB CO CJAYYAHHBIMH YHUCJIAMH TOJBKO
9TO U Hazo!
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B wnTore BMeCcTO IOCJIEAOBATEIBLHOCTH CJIYYaMHBIX YHUCEJ] MBI HMMe-
eM ee MOJeJib, COXPAHSAIOIIYI0 CAMO€ IJIABHOE CBOMCTBO: paBHOMEpPHOE
pacipegejieHUe BePOATHOCTEH NOABJIEHUSA UJIEHOB 3TOH IIOCJIeAOBATEJIBL-
HocTH. Takue mociIedOBaTEJIHLHOCTH, MOJEJUPYIOIIHE IMOCJIeHOBaATEIb-
HOCTH CJYy4YalHBIX YHCeJI, CTAJA¥ Has3blBaTh NCEBAOCIAYYAWHBLIMHM, 3aTO
aJroOpUTMBI IIOJYUYEHHA IICEBAOCHAYUYAHHEIX MOCIeLOBATEJIbHOCTEH mO-
npe’kHeMy Ha3BIBAIOT JATUYMKAMH CIYYailHBIX YHCcel.

B Teuenme moutTH gecATH Jer moctie n3obperenusa k. dou Heii-
MaHa MaATeMaTHKH OPHAYMLIBAJIM Pa3IMYHBEIE JATUYUKU CAYYaBlHBIX Y-
ces. IIpo6rema B TOM, YTO BCe IICEBAOCJIyUalHble MOCJEIOBATEJIbLHOCTH
ABJAIOTCA NEPUOAUYECKHMH, T. €., HauWHas ¢ HEKOTOPOr'O MecTa, UHC-
Ja B TIOCHEAOBATEJBbHOCTH MOABJAIOTCA B TOM ’Ke mopaakre. Ilaa mo-
cleloBaTeNbHOCTH, npennosxkeHHo# [»x. don Heilimanom, astor addexT
OCO3HATEL COBCEM JIETKO: €CJIM ele PAa3 IOABUTCA umciao 5772156649,
TOo cJeaywolilee 3a HUM Oyzer 7923805949, morom 700717407 u T. &.
M Torga yxe o MOJ(€INPOBAHMHA CIYIAHHOCTH TOBODHTEL He IPUXOAMUT-
ca. IlpaBaa, npousoiizeT 310 Toubko deped 10'° omepammii. Insa ueno-
BEeKa IIPOBECTH CTOJILKO ONIBITOB B JIyUIEeM cJydae JeJI0 HECKOJbKUX
JeT, gaske €CJIM NPOCTO MoAdpachIBaTh MOHETKY, a AJIE KOMIbIOTepa
B XYZAIIIeM cjJy4ae AeJI0 HeCKOJbKHX YacOB (€CJIH MOJAEeJHPYETCS UTO-TO
cyoxHoe). Ho ajA mOJyueHHUsI HOCTOBEPHBIX Pe3YJILTATOB MOJAEJIHPO-
BaHUJA, HAIPUMeED, paﬁo'rm ANEePHOr0 peaKTopa Hepeako TpebyeTca Ha-
MHOro 6oJbllle caydalHBIX uuces. Bor 3a cos aHue OBICTPHIX KM HAZEXK-
Hex JICY ¢ Gonpmum nepuogomM (mopasxa 10'°°) u passepuynace 6ops-
6a MaTeMaTHKOB.

Cerogusa B J060M sA3bIKe nporpamMMupoBaHusi ecTb JCY. OOwIuHO
OH BBINIOJIHEH B BHIE NOANPOrpaMMBI-DYHKIIMM M IJA IIOJIBL30BAaTEdd
BRITJIAAUT KaK OIepPaTOp, NPHUCBAMBAIOIIUNil IepeMeHHOH cJaydaiiHoe
sHaueHHe U3 npoMexkyTKa [0; 1). EcTb Takoil omepaTop U B 3JIEKTPOH-
Hoit Tabanue Microsoft Excel. B anropurmMax MBI 3TOT omeparop Oyaem
sanuchBaTh cokpamienunem JICY. Hanpumep, o KoMaHze

x = JICY;
nepeMeHHO# x OyZeT IMPHCBOEHO CJIy4dailHOe 3HAUYEHUE W3 NMPOMEXKYTKa
[0; 1). Ecau TpebyeTca IIPUCBOUTL DPABHOMEPHO pacIpefesieHHOe CJIY-
yaifHoe 3HaUeHMe U3 IIpoMexxyTKa [a; b), To Hcmosb3yeTca KOMaHIa
:=a + (b — a)*IICY.

WHorza TpebyeTcs HOJYUYUTH IleJioe caydailHOoe YHCIO X, yAOBJIe-
TBOpsAIOIlee HepaBeHCTBY m < x < n. Torza ucnosbsyercda KoMaHAa

x = m + INT((n + 1 — m)*ICY).

BOHPOCbI nu BAAAHMH

@ 4o Taxoe cnyvaiitoe uncno?

e Y10 3HAYUT NocnenoBaTenbHOCTL CNyYalHbIX YMCENn PaBHOMEPHO pacnpeaeneHa?
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MpueepuTe NpuMmepbl NPOLECCOB, B KOTOPbLIX BCTPEYaloTCA paBHOMEPHO U HepaBHO-
MEPHO pacrnpefeneHHble NocNenoBaTeNbHOCTU CAYYaRHbIX Yucen.

MpennonoXum, 4TO Bbl XOTUTE MNOAYYUTL NOCNEAOBATENBHOCTb CAYHaAWHLIX Yucen oT
1 pno 99. Kakoih U3 nepevyncneHHbIXx HUXe MeToaoB Bbl npegnoytere?

a) Buibpatb 13 B3sTbiXx Hayraa cTpaHuu TenedOHHOro CnpaBOYHWKA ABE nocnegHue
undpbi Hayraa BbIOPaHHLIX HOMEPOB TenedOoHOoB.

6) Bocnonb3oBaTtbCA ABYMS MNAZLWLIMMN Pa3panaMi HOMEPOB CTPaHUL, TOro Xe cnpa-
BOYHMKA.

B) MO3BOHUTL HECKONBKUM 3HAKOMbIM U MOMPOCUTL UX Ha3BaTb Kakoe-HUByAb HaTy-
panbHoe uncno, medsbiluee 100.

r) Baatb HoMepa, BbMrpaBlive B «PycCKOM NnOTO» 3a NMOCneAHne HEeCKONbKO PO3bir-
pbilen.

Mpoeepbte MeTon HOH HelimaHa ana ABY3HAYHbIX YNCEN, 8 NMEHHO YCTaHOBUTE, Kak
Benet ceba nocnenoBaTtenbHOCTh B 3aBUCUMOCTU OT BbIBOpa NepBoro 4icna nocne-
A0BaATEeNbHOCTU.

* a) OBLACHWTE, NoYeMy B MOCNEAOBATENbHOCTU AECATU3HAYHBIX YNCESN, NOCTPOSHHOM

no metoay ¢oH Helimana, HekoTopoe uncno o6azarenbHO MOBTOPUTCH (CnenoBa-
TeNbLHO, NOCNEAOBATENbHOCTL HABEPHAKA MepuoandHa).

6) Npeanoxute kakor-HMGyAb CNOCOG NOCTPOEHUS HENepuoaANYEecKUX NocneanoBa-
TENbLHOCTEN n-3Ha4HLIX Yncen.

MonymanTe U nonbitaiiteCb CHOPMYAUPOBATE OTBET HA CReayiolui BONPOC: B Ka-
KUX 3apadax Npyv KOMMBIOTEPHOM MOAENMPOBAHWW Bam KaxeTca Gonee yMeCTHbIM
ucnons3oBatb JCH A3bika NPOrpaMMUpPOBaHUA, @ B KaKUx — N1EKTPOHHOW Tabnuubi?

s»§~26‘ Mopenuposanue cnyuaiHbiX NPoOUECCOB

HpHMeHHM NNOJIy4eHHbI€ 3HaHHUA IOJIA IIOCTPOEHUA BEPOATHOCT-

HBIX MopeJie#i. Peub moiileT 0 MOJAEJIHPOBAHNY TAaK HAa3bIBA€MbIX CHCTEM
MaccoBoro obcay:xkuBaHua. IIpeacraBieHre O TaKMX CHCTeMax HAlOT
caenyioue NpHUMephl:

» Ha TemedoHHYIO CTAHIHIO MOCTYNAlOT TejedoHHEIe 3BOHKHU. Jada
ux 06CIy:KHUBaHAA TpeGyIOTcsa cBOGOAHLIE KaHAJBI CBA3U. CKOJb-
KO TAKMX KaHAJOB AOJI’KHO OLITh, UTOOLI HEe BO3HHUKAJO IIPOCTO-
eB 000pyAOBaHMSA M CJAMIIKOM OOJBOINX Oouepeleil abOHEHTOB, AO-
KUIAIOMINXCA CBA3N?

+ Ha crannuio «CKOpoif MOMOIITM» IMOCTYIIAIOT BEI3OBLI OT HAceJeHusd.
CKONBKO BpaueOHBIX OpHUraj JOJKHO JeXYPUTh B TO HMJIM HMHOE
BpeMs CYTOK, YTOOHI Gecmepe0oilHO OKA3LIBATL IIOMOINL U INpH
3TOM 4TOOBI He ocTaBaJHCh 6e3 paGoThl OpuUragbi?

o B mMarasmHe caMOOGCAYXHBAHUA NMOKYIIATEAHN PACCUATEHIBAIOTCHA
yepe3 Kacchl Ha BEIXOZe. CKOJBKO HAJ0 YCTAHOBUTL KACCOBBIX
anmapaToB M KaKOB JOJI’KeH GBIThL peXHM paGoThl KacCHPOB, UTO-
OBl He CO3JAaBANOChL CJHAHINKOM JJMHHEIX odepelell M He IIpocTau-
Banu Ge3 Jena KaccUpHI?

Bo Bcex 3THX IpuMepax e€CThb ABe YepThl, UX O00beIuHSAIOIIUE:

1) TpebGyeTca oGpabaThIBATL HEKOTOPEIE OOBEKTHI, MOCTYHMAMOIINE

IIOCTOAHHO, HO 4Yepe3 c.nyqal'fmme IIPDOMEXYTKHA BPEeMeHH;
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2) BpeMAa Ha o00pabGoOTKy KasKAOTO 00BbeKTa ToXKe cilydailiHas Be-
JUYHHA.

CucTteMBl ¢ TAKUMU OCOOEHHOCTAMHM M HaA3LIBAIOT CHCTEMaMH Mac-
COBOTO OOCIy:KMBAHUIA.

1A MomenupoBaHNA CHCTEM MAacCOBOro o6CHayKHBaHHA HaL0 SHATDL
XapaKTep Tex «cjJydaliHocTeii», KOTOpble OMMCaHBI B HyHKTax 1 m 2.
Jdada aToro uMx CTATHCTHUYECKHM H3YYalOT, NMPOBOAA COOTBETCTBYIOIINE
HaOioneHua u usaMepeHus. IlosToMy AJA pasHBIX CHCTEM MAacCOBOTO
00CJYKUBAHUA IMOJIYIAIOTCA, BOOOIe TOBOPsA, PasHbIe MOJAEJU, UX ONU-
ceiBaroiue. Mul1 pasbepeM caMylo IIPOCTYIO — MOZeJb KaccoBOro obcay-
JKMBAHUA B MarasuHe.

B pasHoe BpeMsa CYTOK HMHTEHCHBHOCTH IIOCEIeHWs MarasmuHa IIo-
KyImaTeaaMHu pasauuyHa. MuI BeiOepeM HeKOTOPLII HHTEpPBajl BPpEMEHH,
KOT/la MHTeHCHUBHOCTL He CUJBHO MEHSeTCA M MOXHO CUMTATh, YTO
KOJUYECTBO MOKyIaTejell, NPUXOAAINMX B Marasud B TeueHHUe MUHY-
Thl, — 3TO PaBHOMEDPHO paclpejiejieHHas cJaydailHasa BeJHMYNHA, IPHUHU-
MalomiasA mnesjble 3HaUYeHHuA B mHTepBaJse oT 0 mo N,.

TouHO TaK Xe pPaBHOMEPHO pAaCHpeleJIeHHON CJay4YaiHOil BeJnyu-
HO¥M MBI 6yAeM cuuTaTh BpeMs, KoTopoe TpebyeTcA KaccuUpy Ha obciy-
JKUBaHHUe NMOKynartenas. IlycTh gJaHHaa ciaydaiiHad BeJIHYMHA U3MeHSET-
ca B npegenax ot T, mo T,.

KpoMme Toro, nmpe:xae ueM moAoUTH K Kacce, NMOKYIIaTeNb IIPOBOIUT
HEKOTOpOe BpeMA B TOPrOBOM 3aJjie, BLIOMpad TOBApbl. JTO TOXKE COY-
yaiiHad BeJUUYMHA, U IIYCTh OHA PAaBHOMEPHO pacmpeiejieHa B WHTepBa-
ae or V, mo V,.

HabpaB xKopsuHy c ToBapaMM, IIOKYyIIaTeJb UJET K TOi#l Kacce, rie
MeHbIIe ouepeab. I1oaTOMYy MOMKHO CUHMTATH, YTO AJHHA O4YepeAU BO
BCeX KaccaxX OJMHaKoBa. MBI XOTHM HalTH TaKoe YMUCIO B — KOJIH-
YeCTBO KACC, UTOOBI Oouepelbh B KaKAYIO M3 HUX He IIPeBHINIAJA M 4e-
JOBEK.

Takum oOpasoMm, AJA MOJEJHUPOBAHUA IIpolecca 00CHyKHUBaHUA
HOKyIaTeJeil HaM TPUXKILI TpebyeTcAa ciaydailHOe UHMCJIO: KOJHYECTBO
HOKyIlaTejieil B MarasmHe, BpeMsA OOCJIYKHMBaHHA OJHOTO IIOKYIIATeJs
KACcCHPOM M BpeMsA IpeOLIBAHMA IOKYIIATeJd B TOPrOBOM 3aJie IJIs BEI-
6opa TOBApOB.

Broime MBI aKTHYECKH IIePEYHCHHJIN OCHOBHLIE IIPEAIIOJOKEeHUSA
MOJeJN ¥ oNnpelejIMJIM TlapaMeTphbl, KOTOpble ee oOIuchiBalOT. Temepsb
MEXJY 3THUMH IapaMeTpaM¥ HaJA0 YCTAHOBHUTL CBA3H.

IIyeTs mo ucredeHMH ¢ MHUHYT B TOProBOM 3aJjle MarasmHa HaXo-
IATcA (HO He CTOAT B Kaccy) a, NOKymnaTesaeil. 3a cleAylONiyio MHHYTY
B marasuH 3aiiger eme INT((N, + 1) - [CY) nokynareneii — ara dop-
MyJia ODpHBelieHa B KOHIe npeAaniayilero naparpadga. AHBIMH cJOBaMH,

a,,,=a, + INT(N, + 1)+ JICY) ~ b,,

rae b, — KoJHM4ueCcTBO MOKyIaTejiei, OIIAYMBAIOIIUX B Kaccax MOKYII-
KM B TeUeHMe t-Mi MHHYTEHI.

Kak ompegenurs umciao b,? Byzem paccyxkzaTh Tak. IIOCKOJIBKY
MaKCHMAaJIbHAA HOPOAOJIKUTEJbHOCThL BbIOOpPA NOKYHmOK V;, TO BCe a,



MopenupoBaHue npoueccos
125 JXMBOW M HEXMBOW NPUPOALI

MOKymnaTejeil salyjinm B TOProBHIH 3ay He Ooyiee Kak V; MHHYT Hasan.
Ho HekoTOophle M3 HHUX HaXOAATCA B 3aje MeHee V, MHHYT, T.e. OHHU
YK TOYHO IOKYIKH elfe He BbiOpanu. Ilo ycioBuio 00'bABJIEHO PAaBHO-
MepHOe paclpeAesieHNe MOKyIaTejeil, IO3TOMY Ha MHTeDBaJ BpEeMeHHU
V-V,

0 o
—y, @, IOKyIaTeJieu. Ho ne BCe atu

4

IIOKyIIaTeJH OTIIPaBHJIUCH B KaccCy. HOBTOMy H DaHHO€ YHUCJIO MBI JOJIXK-
HBI YMHOXXHUTH Ha odepeaHoe cnyqaﬁnoe YHCJIO. I/ITaK,

V, — V, IpuxoguTcaA B CpPeJHEM

V-V,
b, = INT [ e

a,+ 1)- JCU |.

(Xora 3mecs m manucamo cuHoBa JICY, stor omepatop BbIpaboTaeTr
yKe JIpyroe 4ucJO, HeKeJH TO, KOTOpoe (MUTrypHUpOBaJIO IIPU BBIYKC-
JIeHHUH a,.)

Temeps moACYUTAEM, CKOJBKO YeJOBEeK CTOUT B ouepernu. OfosHa-
YUM yepe3 ¢, KOJIMYECTBO MOKYIaTesell, CTOAIUX B odyepeAsx B Kaccy.
Torga ¢,,, =c¢, + b, — d,, Tae d, — KOJM4YeCTBO MOKymarejei, obcuy-
JKEeHHBIX KaccaMu B TeueHHe t-il MHHYTHI. BpeMms, KOTOpoe YXOAUT Ha
obcayKuBanMe OAHOTO TOKyIaTejid, — CjaydailiHasd BeJHWYHUHA, paB-
HOMEPHO pacmpejeneHHas Ha npoMmexkyTke [To; 7). C momompio gaT4n-
Ka cIyYaMHBIX YHCeJl 9TO BpeMdA MOAeJHUDYeTCA BeJUUHHON

(T, ~ T,) - OCH + T,.
Ho Torma 3a 1 muu OyzeT BBIIOJHEHA
1
(T, T,)-ICY + T,

4yacTh paboTEI MO OOCHY:KMBAHMIO OAHOrO ToKynareas. B k xaccax ara
BeJMUMHa OyAeT COOTBeTCTBEHHO B k pas Oousbire. CiemoBaTesbHO,

k
(T, - T)-ICH + T,

Ocranoch chopMyaIupoBaTh KpuUTepuit «6osbIioii ouepenn». Hamom-
HHUM, UTO MBI JOTOBOPUJINCH CYUTATH OUepeAb GOJBIIIOHN, eClIM B KaKIyiO
Kaccy CTOMT 0OJIbIlIe YeM M 4YeJIOBEK, T.e. Korza c, > mk.

YT0o6BI TOJHOCTHIO ONIPENEJUTh BeJIUYUHEH a,, b,, ¢, u d,, Hajo elle
3ajaTh HadYaJIbHbIe 3HaUEHHS dTHUX BeJMYUH: a,, by, ¢y u d,. Ilocaenmo-
BATEJBHO BBLIUMCJIAA JaHHbIEe BEJUYUHBI, OyJeM HOACUYUTHIBATH KOJIAYe-
CTBO MHUHYT, KOTZa O4epeAb OKasbIBajiach 00MbINoil, Ecayu dmceao Takux
MHHYT B TeUeHHe Yaca OKashIBaeTcA GOJBLIINM, 3HAYUT, Kacc paboTaeT
MAaJIO M HaJ0 OTKPBITHL IONOJIHUTEJbHLBIE. EcaM Ke TakKuxX MHUHYT He
OKasaJIoCh BOOOIIe, TO MOYKHO ITONPOGOBATH YMEHBININUTL YHUCJIO paboTaro-
HIMX Kacc.

Kax o6bruHO, AJA peaju3ally 3TOH MOJAEJM Ha KOMIILIOTEpPE Tpe-
6yercs BBIGPATE TMOAXOAAINYIO TEXHOJOTHIO. MBI BHIOEpPEM AJTOPUTMH-

dt
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sanuio. Bor Kak MOMKET BRITJIAJETH AJNTOPHUTM, NOSBOJAIOIIWUI BeCTH
KOMIILIOTEPHLIH SKCIEPHMEHT C 3TOH MOJENbIO,

Anroputm
Bew: NO, TO, T1, VO, V1, r;
(* N0 — marcumanvHo 603MOXNCHOE HLUCAO noxynameaeil,
3ax00Auux 6 MA2A3UH 8 MeueHlue MUHYMbL,
[TO; T1) — npomencymor a@pemenu, Heobxodumvlii das
of6cayxicusanus 00H0zZ0 noKynameas Kaccupom,
[VO; V1) — npomescymor epemenu, HeoBxo0UuMbLl NOKY-
nameaio daa evibopa moeapos,
k — koauxecmeo pabomawwux xacc,
m — mMmarxcumaavHo donycmumas Oaurna oiepedu 8 odHYy
kaccy,
r — doas mex mMunym om obweil npodoaxcumenvHocmu
apemenu pabomv. Maz2a3uHA, K020a ouepedv 8 Kaccovl npe-
sviwana donycmumyio OAuny *)
Bew: a, b, c, d, T, s;
uen: k, m;
{ CooBwumTb "BBeguTe MaKCHMAJLHO BO3MOYKHOE YHMCJO IOCETHTEJel,
BXOAANIUX B MAraswH B TeUYeHHe MHUHYTHI ;
Sanpocuts NO;
CooGuwmTb "Beegute asa umcyaa, 3aJa0lide IPOMEKYTOK BpEeMeHH,
HeoOXOAUMEIN AJMA 00CIyXHBaHUA OZHOrO IOKyIaTeNd”;
Sanpocurts 70, T1;
Coo6winth "BBesuTre ABa 4YMcia, 3ajaiollyue MPOMEXYTOK BpDEeMEHH,
HeoOXOAUMEIH IMOKymaTeaio AJMsA oTb6opa TOBapoB';
Sanpocutsk V0, V1;
Coo6umnTh "BBesnTe MaKCHMAJIBLHO JOIYCTHUMYIO AJWHY odepenu”;
NpocuTb m;
Coofbuumnth "BBeauTe mnpeasaraeMoe BaMM KOJHYECTBO paboTaionmiumx
Kace”;
Sanpocurs k;
CooGumTh "Beeaure mnpeanaraeMoe BaMH oflljee BpeMdA, B TedeHHeE
KOTOporo mMojenupyercsa pabora mMarasuHa';

3anpocutb T;
a:=0;b:=0;¢:=0;d:=0;
s = 03 (* Konuvecmao munym, rKozda ouepedo

npegviwiana donycmumyio OAuny *)
Oenatb or [ := 1m0 T
{ a:= a + INT(NO + 1) * rand (1)) — b;

(* onepamop noaywenus caAyiailHozo HuUCAQ, PABHO-
MepHO pacnpelenernH0z0 Ha npomexcymie [0; v),
6ydem o6osznawams rand(v) *)
Ecnma <0 10{ a:=0; } (* 8 mazasuHe He MOJXdcem HAXO-
dumuseca ompuyamenbHoe Koau-
yecmaeo uenoaer! *)

c:=c¢c+b-d;
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Ecnmc <010{ c:=0; } (* 8 ouepedu He MoNem cmoams
ompuyamenvHoe Koruvecmao Lenosex! *)
Echmc > m*ky0{ s:=s+ 1; }
b := INT({(a * (V1 — V0)/V1 + 1) * rand (1));
d = k/(T1 — TO) * rand (1) + TO);
r:=s/T;
CoobuuTte "Konuuecrso paBoraromux xKace”, k;
CoobumTh "oy MAOXUX MUHYT COCTaBaAeT”, r;

}

KoMnbioTepHBIHi 3KCIIEPHUMEHT C 3TOH MOZeJbIO BbI IPOBeJETE, BhI-
nosuAa jgaboparopHyl pabory 16. MBI ToXKe HPOBOAWUIM KOMIILIOTED-
HBIN 3KcmepuMeHT. Ero pesyJabTaThl AJI PAsJUYHBIX HAOOPOB HAYAJIbL-
HBIX JAHHEIX NIPeACTaBJeHbI B Tabaumax 3.5—3.7.

Tabnnya 3.5
No=4;, Ty=0,5; T,=2; Vy,=3,5; V,=6;, m=3.
Konuyectso pabortaiouwmx Kkacc 1 2 3 4 5
Aonsa Nnoxux MUHyT 0,99994 | 0,99951 | 0,00492 0 0
Tabnnya 3.6
Ny=10; Ty=1; T,=3,5; Vo=4; V,=10; m = 3.
Konnyectso paboraioumx Kacc 7 8 9 10 11
Jona nnoxux MuUHyT 0,99989| 0,99988 { 0,99932|0,93705] 0,07146
T .
Ny=6; Ty=1; T, =35 Vo=4; V,=8; m=3, leomuad7
Konuyecteso paboTaiouimx
Kace 3 4 5 6 7 8
Jona nnoxux MuHyT 0,999891 0,999890,99982|0,93601/0,01193{0,0001

Y Bac YHCJIeHHBIE pPe3yJbTATHEI MOIJIH IOJYYUTHLCSA MHBIE — HATYUK
CIy4YalHBIX YHCEJ MOT AATh COBCEM HHEIe 3HaYeHHsdA, HeXKeJH y Hac.
TeM He MeHee MBI yOeKAeHBI, UTO OOIMUiIT xapaxTep IPOIECCOB OLMHA-
KoB. O6paTM BHMMaHHE Ha TO, YTO ¢ VBEJIHMYEHHMEM UYHCJIA KAacc cH-
Tyallls U3 OYeHb IJIOXOIl CKAYKOM MeHseTcs Ha odYeHb Xopoumyio. Bejan
ponsa 0,93 osmauyaer, YTO oUepeAH B KACCAX MMEIOTCH HA IPOTAMKEHHUHU
55 MuH Ka)kgoro daca, a gouaa 0,07 — 4uro Taxkume ouepenu OyAyT B cpexn-
HEeM Bcero JHIOb 4 MHH 3a 4ac. B mociaegHeM ciydae Y PYKOBOACTBa
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MarasuHa BO3HHUKAeT co6Jia3H 3aKphITh XOTs 6bl OAHY Kaccy. Ho crour
9TO cAeNiaTh, KaK Cpa3y BO3HHUKHYT OOJIbIINE OdYepeAu, U IIOKYIIATeJb
yiieT B COCEeIHHII MaraswuH, rjie ero obciaysxar 6e3 ouepeau. ¥ ONIBIT-
HOT'O MeHeIKepa ouepeaeili B MarasuHe He OyaeT He IIOTOMY, UTO TaM
CIAMIIIKOM MHOIO NPOJAaBIOB HJM KAacCHpPOB, a IMOTOMY, UTO MX TaM
CTONBKO, CKOJBKO HY>KHO.

BeiBOoA 0 CKauK0OOpasHOM H3MEeHEHUM CUTYAIlMM MBI cIejaju Ha
OCHOBE HECKOJBLKHX KOMIBIOTEPHBIX 9KCHEPUMEHTOB ¢ Mojenbo. Ho
UMeeTCsi MaTeMaTH4ecKas TeOPHA CHCTEM MAacCCOBOT'O OOCJIYKWBAHUS,
KOTopasd 3TOT BBIBOJ cTporo ob6ocHoBHIBaeT. IIpaBaa, aTa Teopusa He
Bcerga clmocobHa yKasaTh, CKOJBKO MMEHHO HAJI0 OTKPBITH Kacc, Hpo-
JIOKUTEL TeJeMOHHBIX JUHUHA M T.n. s IOJyYeHHsa TaKHUX KOHKpeT-
HBEIX PEeKOMEHJAIuii Kak pa3 U TpebyeTcsa KOMIILIOTEDHOE MOJeJIMpOBa-
HHe. 34eCh IPOABJIAIOTCA HEIPOCTHIE B3aMMOOTHOIIIEHUA MEXJAY TeopHu-
eifi M KOMIIBIOTEPHOM HPaKTUKOIL.

BerunciauTenbHbBIe METOABI, UCIOJb3VIONIHNE AATUUK CJAYUYAMHBIX YH-
ceJl, TMOJYYHUJIH Ha3zBaHue MerogoB MomTte-Kapao (1o HaspaHUIO TOpo-
Jla, Tle paclojioKeHa 3HAMEHHUTad pyJieTKa, KOTOPYI0 MOXKHO DaccMart-
puUBaTh KaK «T'eHepaTop» CIAYYAHHBIX YMCEN).

BONPOCHI M 3ARAWME

0 Kakue cUCTEMbI HA3LIBAIOT CUCTEMAMK MAcCOBOro obcnyxupaHna? Haszosute xapak-
TEPHBLIE YEPTLI TAKUX CUCTEM.

Q KakoBbl NPeuMyLLLECTBa KOMMLIOTEPHOrO MOAENMPOBaHUS CUCTEM MAcCOBOro obcny-
XuBaHua?

0 3anuwnte anroputm, NPEANOXeHHbIN B 0ObACHUTENBHOM TekcTe naparpada, Ha usy-
YEHHOM BaMUK fA3bikE€ MPOrpPamMMUpPOBaHUS.

0 Bcem XxOpoLIo W3BECTHO Takoe (uamyeckoe fiBNeHue, Kak GPOYHOBCKOE ABUXEHWue
4acTUUbl, MAaBaoWel Mo MOBEPXHOCTN XWAKOCTU, OHO BbLI3LIBAETCA XaOTU4ECKUM
OBKEHMEM MOMEKYN XUOKOCTU.

a) MoxHO cyMTaTh, 4TO YacTUUa 3a HEKOTOPYID eAuHWULY BPEMEHU (BeCbMa Manylo,
pasymeeTcsl) NepemMelaeTca Ha OgHO U TO Xe pacCTosiHME B CNy4aHOM Hanpasne-
HuK. Cmogenupyinte GPOYHOBCKOE ABUMXEHUE, PacCMaTpuBan HanpasneHue Asuxe-
HUA (T.e. yron No OTHOLLUEHWIO, CKaXeM, K ocu abcuucc) Kkak paBHOMEPHO pacnpe-
OENEeHHYI0 CNyYaiHylo BenuuMHy Ha npomexyTke [0; 2r). MoXHO Takxe cHuTaTb, 4TO
Bpems ¢ B 3TOM MPOUECCE NPUHUMAET NocneaoBaTenbHO 3HadveHuns 0, 1, 2, 3 n 1. 4.
MNpegycmoTpute B 3TOWM MoAenn, YToOb ONA KaXAOro MOMEHTa BpemMeHu ¢ noacuu-
THIBANOCH PACCTOSIHUE S OT TOYKM HA4YanbHOrOo MONOXEHUA 4acTuubl A0 TOYKU ee
HaAXOXOAEHUA B MOMEHT t. Beibepute noaxogsilyio, Ha Baw B3rnsaa, WHGOPMAaUMNOH-
HYI0 TEXHONOMMIO KOMMBLIOTEPHOM peanuaaunm NOCTPOEHHOW BaMUM MOAENU U CO30ai-
Te COOTBETCTBYIOWYID KOMMBIOTEPHYIO MOAenNsb.

6) Nocrpoitte mogens OPOYHOBCKOro ABMXEHWUA 4aCcTUubl, peanonaras, 4To He ToNb-
KO HanpasneHue ABUXEHUA ABNAETCA CNyYalHON BENUYMHON, HO W AnuHa «npobe-
ra» TOXe PaBHOMEPHO pacnpeaenceHHas crnyvaiiHas BenuM4mHa Ha npomexytke [0; 1).
M B 3ToM cnyyae BbibepuTe NOAXOOAWYI0, Ha Baw B3rnsag, MHOOPMAUMOHHYIO Tex-
HONOTNIO KOMMBLIOTEPHOW peanu3aunu NOCTPOEeHHOW mMoaenu U co3fainTe CooTBeT-
CTBYIOLLYIO KOMMNBIOTEPHYIO MOAens.
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B npepmizymux maparpadax 2TOH IJIABBL MBI
TIIOCTPOMJIM HEMAaJI0 MATeMATHYECKUX MOJejiell AJIA OIH- 7
CAHMA Pa3NUYHBIX fABJNeHUN. M1 y Bac MOIJIO CJIOKHUTH- /
cAd BHedaTJIeHHe, YTO MaTeMaTHYeCKHe MOAeNH HYKHO \
CTPOMTBL TOJIBKO IJIsl PEelIeHHs 3ajad, BechMa JaleKuX |
or mareMmMaTuKu. Ha camMoM gesie m B MarTeMaTHKe IJIdA
pelneHMs TOH HMJM HMHOH 3aadyyM MOXKeT NOoTpeboBaThHCA
IIOCTPOEHHEe MaTeMaTUdyecKoi Mogenn. OxpHa M3 TaKuUX Puc. 3.2
3a7ad — BBIYUCIEHHE IIJOINAaAH TeOMeTpHUYecKoi ¢u-
rypel. KoHeuHo, myia npocrefimmux ¢uryp (OpsMOyroJibHHKOB, Tpe-
YTOJIPHUKOB, KPDYI'OB) BEIYHMCIEHUE IJIOIIALHA HE COCTABJIAET TPYyAA: HA-
[0 B M3BeCTHEIe (DOPMYJIBLI MOACTABUTh UCXOAHLIE NJaHHBIE. A Kak 6BITh,
ecnu ¢urypa mMeeT CIOXKHYIO (opmy (puc. 3.2) m TpebyeTca BBIUHC-
JIATEH ee ILIomans?

MoskHO NPeJIOXKUTEH Pa3HbIe MOJEJH, IO3BOJIAIONIAE PEIIUTh 3Ty 3a-
nauy. Hanpumep, B 6 xyacce Bac y4HMIM MCIIOJB30BATh IAJIETKY: HaA (hu-
rypy HakJaAbIBaeTCs KJIeTdaTad NMpo3pauHasa Oymara (majierka) U Iof-
CUHTEHIBAETCA KOJUYECTBO KBAJpPATHKOB, NOHABIIUX B urypy. B aroit
MOJeNau MOJYaJIWBO INpeAnoJjaraeTcs, 4TO, YeM MeJibue KJIeTKH, TeM
TO4Hee OyZeT pe3ybTAT HE3aBHCHMO OT TOr0, KaKMM o0pasoM HAaJO-
KUTH NaJeTKy Ha Gurypy.

MosxHO IpUAYMaTh X (PU3UYECKYI0 MOZEJb: CKONUPOBATHL (PUIYDY
Ha KapToH, aKKYpPaTHO BBIpDE3aTh €e, B3BECHUTh M IIOJEJHUTH Ha BeCc egH-
HUYHOT'O KBaZpaTa M3 3TOr0 ’Ke KapToHAa.

B 11 xiacce BeI MO3HAKOMMTECH eIlle ¢ OAHHM crocoboM Haxoxue-
HUAA miomiajged uUryp — ¢ IOMOIIbI0O MHTErPAajoB.

Kax BuAuTe, M ANA pelIeHNA MATEMATHUYECKHX 3aJa9 MOMKHO
COCTABJIATE Pa3JWYHBIE MaTeMaTHYecKHe MoJenu. MarTemaTudeckKas
MoZenb 00'bEKTa, Ipolecca HIM ABJICHHUSA, U3Yy4aeMoro Kakoi-ambo Ha-

VYHOH AMCHMUILINHON, — BTO «MOCT» MEXJAY 9TOH AMUCHMIIJIMHON M Ma-
TeMaTHKOH. MaTremMaTnueckas MOJelb, IpHUMeHAeMAas AJA PEeIIeHHus Ma-
TeMaTHYEeCKOH 3aJZauy, — 3TO «MOCT» MEXIY PA3JHYHLIMH pasfejaMH

MaremaTuku. Hanpumep, MeTon KOOpAMHAT MO3BOJSET CO34aBaTh aJl-
re6panyecKre MOJEJH I'eOMeTPHUYECKHX OGHLeKTOB.

IIpegno:xeHHBIE MOZENH BBIUHCICHUS ILIOINAAHM HMEIOT, OZHAKO,
OAHWH HEAOCTATOK — HJA HHUX NOBOJIBHO TPYZAHO COCTABHUTH AJITrOPUTMEL
IJId pacyeToB C MOMOIILI0 KOMIBIOTEpPa, T.€. TPYAHO mpeobpa3oBaTh
8TH MOJEJH B KOMIBLIOTEPHEIE,

MaremaTuuecKas MOAENb, KOTOPYI0O MBI ceHuac IIOCTPOMM, MOKeT
nmoxKasaTbCAd BaM HEOXKHJaHHOI, HO OHA IMO3BOJIAET O4YeHb 3G dEeKTHUBHO
IPHUMEeHATh KOMNBIOTED IJIA pelIeHUs 3a7ad Ha HaXO0XKIeHUe ILIoma-
Jeit, o0beMOB ¥ T. I.

durypy, miIomaabk KOTOpPO# HY}KHO HAWTHM, IIOMECTHM B KBajpar.
Bynem mayraz (kak roBOpAaT MaTeMaTHUKH, CIydadHBEIM o6pasoM) GpocaTh
TOYKH B 3TOT KBagpaT. ECTEeCTBEeHHO IPEANOJIOMHATD, YTO, 4eM OOJIbIIVIO

5—Teiin, 10 xx.
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wIomanabs B KBajpaTe 3aHuMaeT (urypa, TeM damie B Hee
7 oyayT nonajzaTh TOYKH. IIpeacraBbTe cebe, Hampumep,
KBaJPATHBIA JBOPMK M B HEM JETCKYIO ILTOmAaAKy. Bo Bpe-
M#A CHEeromaga KOoJH4YeCTBO CHEeXHMHOK, NIonaBIIMX Ha JeTc-
KyI0 ILUIOIIANKY, NPOINOPIMOHANBHO ee miaomanu. Takum
o6pa3oM, MOXXHO CAeJaTh AONyINeHue: npu OOoJBIIOM YHC-

g Jle TOYeK, Hayraj BHIGDAHHHIX BHYTPM KBaApara, AOJA TO-

YeK, COAepIKAIMXCH B AAaHHOH GUrype, NPUGIMKEHHO

Puc. 3.3 paBHA OTHOINEHMIO ILIOIIAAM 3TOH (DUrypHl K ILIOIIaAM
KBazapara.

Onpegenum napamMerprl Hamie#r mozenn. OGozHauum gna ygpobGeTBa
DanbHeHIINX paccyXAeHui naHHyI0 ¢urypy Oyksoit F.

OmEEM H3 mapamMeTpOB SABJAIOTCA CTOPOHA a4 KBajpaTa, COJepIKa-
mero ¢urypy F, npyrum — KoiamuecTBO ToueK N, KOTOophklie MHEI GyzeMm
cay4yaiHeIM 0o0pasoM BHIOMpATh BHYTPH KBajpaTa, TPeTBHM IlapaMer-
poM fABJfeTCA HCKoMasa miaomans S durypsr F.

Tenmepr ompezenuM CBA3H MeXIy mapaMeTpaMm mozenn. Eciam de-
pe3 M 0603HAYATH YHCJIO TeX HAyraj BEIODAaHHBIX TOYEK, KOTOpPHIE CO-
pepskarca B ¢urype F, To muomaas ¢burypsl npubianikeHHO paBHA

oM

S = a:&—

K cBasaM Mexay mapaMeTpaM MOJENH CHeAyeT OTHEeCTH M MaTeMaTH-
YeCKHe COOTHOIIEHUS, IMO3BOJIAIOINUE ONPEeAeSNTh, IIONaja JU BeIOpaH-
Hasg Touka B ¢urypy F.

9TH COOTHOINEHHUS OYAYT OTJIMYATH MOJEJNH, IIOCTPOSHHBIE NJIA pas-
HBEIX Quryp. 3HAUHT, PAKTHYECKH MBI OIMCAJH He OJHY MOJENb, a,
CKOpee, HEKOTOPHIH cmocob mosyueHuss mopenei. IIna kamaol KOHK-
peTHOH (urypsl Oyzer moaydaTbCcsa CBOA MOJEJNb.

JaBaiiTe pacCMOTPHM MATEMATHYECKYIO MOJeNb AJiA IPUOIMIKEeHHO-
TO HaXOMJEeHUs IJIomazu Kpyra paguyca R. dopmysa miomagda Kpyra
BaM, KOHEYHO, M3BECTHA: S = . OxHako, ecjid Bbl IIOMHHTE, 3Ty (hop-
Myay BaM coobmunu daxrTuuecku Ge3 HokasaTenbcTBa. BOT mOZXOZsA-
DU caydail IpOBEPUTH €e ¢ IMOMOIIbI0 KOMIIBIOTEpA.

Ilyers ansa onpegenenHoctd R = 1. Ha pucyske 3.3 msobGpaken
Kpyr paauyca 1, sakJO4YeHHBIH B KBaapaTr co cTopoHoi a = 2. Takum
obpas3oM, B KavecTBe (pUrypsl F BBICTYIaeT Kpyr eJUHHAYHOI'O paguyca.
BrifpaTk TOYKY — O9TO 3HAUMUT 3aJaTh €€ KOODJMHATHI: YHCJA X H Y.
Tomca , IPUHAJUIEKAT KBAAPATY, €CHIH -1<x<1mu-1<y<1. Ecan
x% + y? < 1, 10 Touka momagaer B kpyr F, uHaue oHa BHE Kpyra. 9To
¥ eCTh MATEMATHYECKOEe COOTHOILEeHHEe, IO3BOJIAI0INee AJIA KamIoH Tod-
KH OIPEeAeJUTh, JICHKUT Ju OoHA B F.

MaTtemMaTu4YecKas MOJeIb BRIYHCIEHHA IUIOMIAAM KpPyra IIOCTPOeHa,
M MOXHO IPHUCTYIATH K COCTABJIEHHIO AJATrOPHUTMA.

Anroputm Ilromans Kpyra

Beul: x, y;

uen: N, M;

{ 3anpocute N;
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M := 0;
denatb 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, "maomans:”, S;
}

BEIUNC/IATENBHBIA SKCOEPHMEHT C 3THUM AaJrOPUMTMOM BRI IIpOBefe-
Te, BRINOJIHAA JabopaTopHyio pabGory 17.

BOMPOCHI U 3ALAHMS

CocTaBbTe anropuTM HaxoXAeHus C momolsio Metoga MouTte-Kapno nnowapeit
¢uryp, nsobpaxeHHblx Ha pUcyHke 3.4,

a) Yy 6) y B) YA
1 1 J 1
0 LHE 0 IR 0 1 %

Puc. 3.4 a) kpuBas 3anaHa ypasHeHMeM y = x%; 6) kpuBas 3ajaHa ypaBHenvem y = x%;
B) TPEYrofbHUK

e* (3apaya C OETEKTUBHLIM CIOXETOM.) Kaxablii AeHb pe3naeHT NpuxoamuT Ha BCTpe-
Yy CO CBOWMM areHToM B CNy4yaitHblii MOMeHT BpemeHu ¢ 11 no 134 u xpet ero
15 muH. B cBOIO O4epeab areHT NPUXOAUT Ha BCTPedvy C Pe3suieHTOM Kaxauli AeHb
TaKKe B Cny4ainHbiii MoMmeHT BpemeHu oT 11 go 13 4 u Toxe xner 15 muH. Kak yac-
TO B TeYeHMe roaa BCTPEYalOTCR peauaeHT v areHT? CoctasBbTe maremaTuyeckyio
MOAENb U anropuTM pPeLLeHUA 3aaaym.

e* YYeHuK NuLLeT KBaapaTHble ypasHeHWs Bupa x° + px + g = 0, suibupas koacpduum-
EHTbl p U g cny4aiHeiM o6Gpa3om u3 oTpeska [-1; 1]. C kaxkoit yacTtoToit oH Gyaner
nucate ypaBHeHWs, UMelowmne OedCTBUTeNbHbIe KOPHU? CocTaBbTe MaTtemMaTU4ecKylo
MOZENbL M anropuTM PELeHWs 3TON 3aaau.

O 3aBop, cbpacbiBaeT B peKy eXeOHeBHO Cny4yaiHbiM 06pa3oM u3-3a HeMCrnpaBHOCTU
O4UCTHLIX CoopyxeHuit oT 0 po 30 kr BpegHbIX BelEecTB. 3a KaxAablit Kunorpamm
ceepx 15 3aBon 06a3aH 3annatute WTpad 8 pasmepe 10000 p. Mpubbink 3asopa oT
peanu3auuu ero npogykummn 70000 p. B geHb. Kak 4acto B Teuewue roga wrpad
6yneT npesblwate Npubbinb? PeHTabeneH nu Takoit 3ason? CocraBbTe Maremartu-
YECKYI0 MOZeNb W anroOpuTM PELUeHWA 3TOI 3aaayw.

6 (K pewenuio aToin 3apa4n pety oo 14 net He gonyckaiotca.) MNocTpoiite maremartu-
Yeckylo Mogens urpbl B pynetky. CoctaesTe anroputMm, MMWTUPYIOLLMIA 3Ty WUrpy ¢ no-
MOLWBID KOMNBIOTEPA.

5%
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O Yuntenb xouyeT, 4Tobbi KOMMLIOTEP MOMOr eMy NPOBEpPUTL 3HaHWE ydawmmucs Tab-
NALBE YMHOXEHUs, 3afaBasi COMHOXMTENU cnyyaiiHubiM o6pa3om. CocTasbTe MaTema-
TUHECKYIO MOAENL W anropuTM OMPOCAa YYaLUMXCA.

e Mepeuntaiite § 1, 4, 12. Boinuwmnte TPaKTOBKU NOHATUA MHDOPMALUKN, KOTOPLIE NPU-
BefieHbl B 3TUX naparpadax.

§ 28 | Eme pas 06 uamepeHun konuuecrsa unpopmauun’

B §12 mbI yike oOCy:KAaJM NOHATHE KOJHWYecTBa uHOpMa-
nuu. YTo xe 3acTaBJIET HAC €Ille pa3 BEePHYTHCA K 3TOMY BOIIPOCY?
PasymeeTcs, To, uTO moHATHE HHGPOPMAINKM — OZHO H3 CaAMBIX CJIOMK-
HBIX B COBDEMEHHOH HayKe M OHO MOJKET II0-Pa3HOMY TpPaKTOBaThLCA
B pasHHIX e€e pasfeijiax. HamlOMHMM TOYKM 3PDEHMA HA TPAKTOBKY IOHA-
Tusa nHbopMan K, KOTOpPble OBLIM IIpUBEAeHBLI B § 1 (BBl MX BBIMTKUCAJM,
BREITIOJIHAA 3ajaHWe 7 K NpeAbIAYINeMY naparpady, U Telepb MOKETe
CPaBHHUTBL C TEM, YTO YKa3aHO HaMH):

- uHpOpPMaIA — TO OTPa’KEHHE pPasHOOOpas3ufd B CYIIECTBYIOIIEM
MHUpE;

s nHGOpPMAIUA — 9TO TO, YTO MO3BOJIAET aJeKBATHO pearupoBaTh
KUBOMY OpPraHmMsMy (MJIN TeXHHYeCKOH CHCTeMe) Ha OKpYIKalo-
HIYI0O CPeAy IOCPEACTBOM TeX WMJM MHBIX MEXAHM3MOB, HHAYIIH-
pPyA LieJleHAIIPaBJIEHHYIO JeATeJIbHOCTDL II0 COXPaHEHHUIO OTHAEJbHO-
ro MHAWBHAYYMA M/UaHN BHAa (CHCTEMEI) B IeJIOM;

» NHPOpPMALMA — 3TO NPOAYKT M 06beKT (PYHKIUOHMPOBAHUA Ue-
JIOBEUYECKOT'0 CO3HAHMUA, IIO3BOJAIOIINI YeJIOBEeKYy HNPUHUMATL pe-
mieHus1, obecreunBaiomie ero 3hGHEKTUBHYIO JeATEIbHOCTD;

» NHQOPMAIIMA — 3TO IIOCJIEJOBATEJbHOCTh CHUIHAJOB MJINU CHUMBO-
JIOB HeKOTOporo ajdaBuTa, KOAHUPYIOIIAA cooluieHne Oe3 yuera
CMBICJIOBOTO COLEPKAHUA ITOr0 COOOIEHNSA.

Cawmoii 00111eif TOYKOI 3peHNs HA MOHATHEe MHGPOPMALNN ABJIAETCH,
OYEeBHAHO, II€PBaA M3 MePeUYMCICHHBIX; ABe IIOCJeAHNEe HaubGojiee y3KHe
M, MOXXHO CKasaTb, IIPOTHBOIIOJIOJKHEIE APYr APYry: B OFHOHA M3 HHX
CMBICJI COOOIIleHNA HEe YYUTBHIBAeTcsA BooOIlle, a B APYyroi#, Haobopor,
IJIaBHBIM OOGBABJIAETCA MMEHHO CMBICI cooOmienuda. Tem He MeHee o6a
9TH IOAXO[a NPHUBOAAT, KaK ImokKasaHo B § 12, ¥ oxHO#l u TO# ke dop-
MyJie AJIS BBIYKUCJIEHUA KoJindecTBa MHGpopMamuu.

A kKak 00CTOHUT AeJIO B CIy4ae NIEPBOro IIOHMMAHHA TEPMHHA «HH-
dopmanua»? Xodercs HAJEATHCS, YTO U B 3TOM CJIydae Mepa KOJHYe-
cTBa MHpoOpMaIuu ocTaHeTcsa TOoH *Ke. Urobnsl pasobpaThcss B 3TOM, yAC-
HUM, KaK U3MEPHUTHL pasHooOpasue M KaK CBA3aTh 9Ty Mepy C KoJuue-
CTBOM HH(poOpMaIINH.

HauneM ¢ pacCMOTpeHHMs HECKOJIbKUX MBICJIEHHBIX 9KCIE€PHMEHTOB.
IlpencraBeTe, UTO BHI MAETE IO YJIHIE U CUHTaeTe BOpOoH. Kaxkmas cie-
AYyIOIasgs BOPOHA TOYHO TAKO#l K€ OKPAacKH, KaK W IpeAbIgymnias. Bbl

* Maunsiit naparpad PeKOMEHAyeTCA M3y4aTh TOJNBKO YYALTMMCSH, 3HAKOMBLIM C TeMOMH
«Jlorapudmsr» .
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yKe HacumTasu N BODPOH, U Bce N OJHOro HBeTa — HHUKAKOIO0 pasHO-
oOpasusa! XoTaA U IrOBOPAT, YTO OeJibie BOPOHBI CYIIECTBYIOT.

A Teneph AaBaliTe CUHMTATH, CKOJLKO MYXKUYMH U CKOJBLKO KEHIIUH
BCTPETHJIOCh BaM, IIOKa BBl HJleTe, CUUTaA BOPOH. Ecau BHI MJeTe B pac-
MOJIOKEHUU BOMHCKOH 4YacTH, TO HAa pasHoobpasme OIATh PACCUUTHIBATH
He IPUXOAHUTCA. 3aTO €CJIH BLI HAeTe IO JIIOAHOH yaume GOJbIIOro ro-
poza, TO, CKOpee BCero, BaM OAMHAKOBO YacTO OyAyT momajaThCs
HaBCTPeUy MYXKUYHUHEI M KeHINWHLI. VTaxk, B OZHOM cJydyae — OTCYT-
CTBHE DPa3HOO0pa3us M IIOTOMY IIOJHAA OIPEAEJIEHHOCTh OUYepPeqHOr'o CO-
ObITHA, B APYrOM — [Ba PABHOBEPOATHBIX HMCXOJA M COOTBETCTBEHHO
IOJHAA HEOMPEJeJIEHHOCTh MCXO0Ja: B OUepeJHON pa3 BCTPETHUTCS MYH-
YMHA WJU BCTPETUTCS JKEHII[MHA.

B o0mieM BHAe 5Ty CHTyamuIO MOMKHO omucaTh Tak. IIycTe ume-
eTcsi k MCXOAOB HEKOTOPOro ombiTa. EcjM Kakoi-TO HMCXO0Z HAMHOTO
BepOsATHee APYTrHUX, TO HEONPEJEJIeHHOCTh TOTO, UYTO IIPOU30iiJeT mpu
OuepeJHOM HCIBLITAHUHU, Maja. Ecam Ke Bce MCXOJALl PaBHOBEPOATHEI,
TO y HaC IIOJIHAA HEONpPeAeJeHHOCTb, YTO K€ CJYUYUTCA B OUepPEAHOM HC-
OBITAHUH.

OGo3HauuM uepe3d H BeMUMHY HEOUpPeAEJSIEHHOCTH B OIBITE C Kk HC-
xozaMu. XOoTa MBI ellle He HAYYUJINUCh U3MEPATL H, yixe ACHO, UYTO IIPHU
k =1 HeoupezesenHocTb paBHa 0. A ¢ pocToM %k HeompeleeHHOCTH
Bo3pacTaeT. Eciu B ombiTe BCero JBa MCXO0Ma, TO HEOINPEAEICHHOCTh
MeHbINle, YeM €CJM TaKHUX HCXOAOB TPHU. A HEOIpeAeeHHOCTL B CIY-
Yyae TpeX MCXOJOB MEHbIIE, YeM JAJIS OIBITA, B KOTOPOM YeThIpe HC-
xoxa, U T. Ad.

ITycTte Temeppr HAIl ONBIT COCTOMUT B GpOCAHUU ABYX KYOMKOB Of-
HoBpeMeHHO. [lia ogHoro KyOmka ObLIO 6 pPaBHOBEPOATHBIX HCXOZOB:
BBITIaJIcHUe JII000r0 uncia oukoB oT 1 o 6. HerpyaHno nmoacuuraTh, 4TO
OIS ABYX KYOHMKOB IToJydaeTcd 36 pasiHUYHBIX PABHOBEPOATHEIX KOM-
OuHamuil BbINIaJIeHUA OYKOB. Bce OHM IpejcTaBJieHbl B cieAyloeil Tas-
June (IIepBOe YHCJIO B IIape YKAa3bIBaeT KOJMYECTBO OYKOB, BBIIIABIIHX
Ha TIepBOM KYOHKe, BTOpOE YMUCJIO0 — KOJHUYECTBO OUKOB, BRIIABIIUX HAa
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)

Yucsno uCX0A0B yBeawumyoch B 6 pas. CiaeayeT JiM IIPM TOM CUH-
TaTh, YTO HEOIIpeJeJIeHHOCTh BO3pocja B 6 pas?

Ecau Mu 6ygeM moaGpachIBATL MOHETY, TO YHCJIO HCXOA0B PaBHO 2.
Ecnn noabpachiBaTh ABe MOHETBHI, YHCJIO MCXOAOB CTAHOBHUTCA PaBHEIM 4.
Cxema ombiTa OJHA M Ta K€: BMECTO OAHOrO IpeAMeTa II0A0pPACHIBAIOT-
cs ABa.

Boo611ie cuMTaloT, YTO BEJIMUYMHA HEONPEAEJeHHOCTH YIBaMBaeTCA
HEe3aBHCHUMO OT TOTO, CKOJIBKO HMCXOAOB HMeeT OIEIT ¢ OAHUM IIpeaMe-
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ToM. U BoOOINEe, ecau HPOBOAUTCS ABA HE3ABUCHMBLIX OIBITA M B OZHOM
M3 HUX HeONpeAeJeHHOCTHh UCXoxa paBHa H,, a B apyrom — H,, To Amo-
roBapMBaIOTCA CUYHUTATH, UTO NPpU OFHOBPEeMEeHHOM nNpogedeHUU Imux
d8yx onvimog HeonpeleleHHOCMb PAGHA cymme HeonpeldenenHnocmell
8 xaxcoom u3 Hux. JIerKO MOACUHUTATHL, YTO €CJHM B OJHOM ONBITE ObI-
N0 k paBHOBEPOATHHIX HMCXOJAOB, a B APYroM — m, TO YHUCJO HCXOAOB
OpH MX OJAHOBPEMEHHOM IIPOBeJeHHM PaBHO km. Bce BHIIECKA3aHHOE
0O3HAYaeT, YTO
H(km) = H(E) + H(m).

Xopormio M3BeCTHO, UTO TAKHM CBOMCTBOM OOJsazaer JiorapudpmMmuuec-
Kaa dyHkuuda. OKkasuiBaeTcd (3TO YMEOT AOKA3bIBATH MATeMATHKM), UTO
Apyroii dyHKuuH 3zech UM OwITh He MoxeT. Iloaromy H(k) = log(k).
OcuoBaHue JorapudmMa DPUHIUONANBHOH poau He urpaer. OGBIYHO €ro
BEIOHMPAIOT PAaBHEIM 2, MOCKOJABKY 3a €JUHUILY U3MepeHus HeolpeAeseH-
HOCTH NPHUHHMAIOT HEOUPEeAEJEeHHOCTh, NMEINYIOCA OPH HACTYIJIEHHH
OZHOTO U3 ABYX DPABHOBEPOATHHIX cOObITHMii. Ecau 3a eZfMHHIY Heompe-
OEeJIECHHOCTH B3ATh HEONPEAEJIEHHOCTh, IIPHCYTCTBYIOLUIYIO IIPM IpoBeze-
HHUH ONLITA C AECATHI0 PABHOBEPOATHHIMH HMCXOJAMH, TO IOAYYHUTCH
gecATHYHEIH JorapudmMm (utobul log(10) = 1). Ha camom aene BmIGOp oc-
HOBaHHMA JorapupMa ODPpUHUHUNNAJILHOTO 3HAUYEHUSA HEe HMeeT, IIOCKOJIb-
Ky IEPEeXoA K JAPYroMy OCHOBAHHIO, KaK BCe NOMHAT H3 IIKOJBHOIO
Kypca MaTeMaTHKH, NPUBOAUT BCEro-HABCEr0 K YMHOMEHHUIO Ha KOHC-
TAHTy. 9TO 3KBHUBAJICHTHO NepexoAy K APYroi eguHHIle U3MEpPeHHUs, CO-
BepINeHHO aHAJOTHMYHO TOMY, KaK YMHOMEHHEe Ha COOTBETCTBYIOIIYIO
KOHCTAHTY IPOHUCXOLHUT HPH Imepexose OT METPOB K CAHTHMMETpaM HJIH
OT KMJIOTPAMMOB K I'paMMaM.

HWrak, Mepoil HeoIpeAeJIeHHOCTHU OIILITAa, MMeIoInero X paBHOBEpO-
ATHBLIX MCXOJOB, AOTOBOPHMJIMCH CUHTATHL BEJIUYHUHY

H(k) = log,k.

HasBanu 3Ty BeJUUYHUHY IHTPOIIMEH.

IlpuBesennaa Hamu dopmysa O6wia B 1928 rogy mpensosxeHa ame-
PHKAHCKHM WH)KEHEepPOM-CBA3HUCTOM XapTJH ¥ IIO3TOMY HOCHUT €ro MMd.
YauBHUTEIbHOE JEJI0 — OHA CHOBA COBOAJIA ¢ TOW (POpMYJIOH AJA KOJIH-
yecTBa MH(pOpPMAIUHU, KoTopasa 6blina npuBeaeHa B § 18.

ITonpobyem Temeps pasobpaThcd, KaK MOJydaeTCsa 3HaUYeHHE 3HTPO-
OWUH, €CJHM HCXOABl ONBITA HEPABHOBEPOATHHI. MOYKHO pacCyXAaTh TaK.
Ecian Bce mCXOABl PABHOBEDPOATHBHI, TO KaXXABIH MCXOA BHOCHT B HEOI-
PeZeJIeHHOCTh OZHY M Ty e JeIlTy. IlocKoJbKYy o0inas HeompemeseH-
HOCTh paBHa log,k, TO BKJaj B Hee OZHOTO MCXOAA COCTaBJIAET

1 = -Lioe, 1
klogzk—— klogz P

1
Yucao Z — 3TO BEPOATHOCTHh KaKAOro HCXOoaa, €CJIH BCe OHHU DaB-

HOBEPOATHEI. ECTECTBEHHEIM MO3TOMY HpEACTAaBJIAETCHA, YTO AJIS HepaB-
HOBEPOATHBIX HCXOAOB BKJAJ ONHOrO HCXOAA B OOIMYI0 HeoIpeAeJieH-
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HOCTBH ONBITAa cocTaBaseT —plog,(p), rie p — BEPOATHOCTH JAHHOTO HC-
xona. Ecau Temeph ONBIT MMEET 71 UCXOAOB, 4 UX BEPOSATHOCTH PABHBI
Pis> Dgs +«» P,» TO MeDa HeONpPEAEeJEeHHOCTH AJSA AAHHOTO OMBITA B Ile-
JIOM paBHa

H(p,, py» +--» P,) = —P1l08,p, — Pylog,ypy — ... — p,log,p,.

TTonydyennyio Gopmyay AJISA SHTPOIMK OIEITA ¢ HEPABHOBEPOSTHEI-
MU ucxogamMu HasbiBaloT Gopmynoiil IlleHHOHAa B YeCTh OCHOBOMOJIOMKHH-
Ka Teopuu uudopmanun Kiaoma Illennona, o6ocuHoBaBmIero aty dopmy-
Jy B CBOMX IIEPBHIX TPY/JaX, NMOCBAIICHHBIX TEOPHH Nepenauyn uHOODP-
MAIIUM N0 KaHaJIaM CBA3H.

MosKHO IpPOBEPHUTH, UTO, Korga p crpeMurcd K 0, 3Hauenune pyHK-
iy —plog, p Takxke crpemurca K 0. IloaToMy MOMKHO CUMTATh, UTO B HY-
Je maHHasa GyHKIUA obpamiaerca B 0. 9TO HOJHOCTBIO COOTBETCTBYET
NpeACTABIEHUIO, UTO JJisd HEBO3MOMHOIO COOBITHA (A BEepOATHOCTL Ta-
KOro coOhITHMA Kak pa3 U paBHa 0) HHUKaKo#l HeompeAeleHHOCTHA HeT,
TaK YTO M IHTPONHUS JAOJKHaA OBITH HYJEBOIA.

TouyHO TaK Ke M AJd JOCTOBEPHOro COOBITHA, T.e. COOBITHA, KO-
TOpOe BCerja IPOUCXOJHUT, BEPOATHOCThL paBHa 1, HeonmpezeleHHOCTH
HUKAKOH HeT M SHTPONHA, BLIYWCJCHHAA mO AaHHON (dopmyre, Toxe
paBHa 0.

Kpome Toro, Besmmuuna H(p,, Py, ..., P,) AOCTHraeT CBOEro Mak-
cUMyMa, TOJbKO KOTAa BCe BEPOATHOCTH P;, Pgs .., D, PABHBI MeX-
Ay co6oii. 3To To)xe OTBeYaeT HANIUM HpPeJACTABJEHHAM, YTO HMEHHO
B CAyYae PABHOBEPOATHBIX HCXOJAOB HEOIIpeJeJIeHHOCTL ONBITA Mak-
CHMAJIBHA.

IlonyunB BO3MOMKHOCTH HM3MepATH HeONpeleJeHHOCTh TOro HJH
MHOTO OIBITA, MOYKHO OGBEKTHBHO CYAWTH O TOM, B KAaKOM CJydyae 3aTa
HeOoIIpeJeJICHHOCTh BHIIIe. BOT OAMH mpHMep.

ITyerp M3 MHOTOJIETHMX HAaOJIOJeHHI M3BEeCTHO, UTO B AAHHOM
MecTHOCTH 15 HOA0pA BepoATHOCTL AOXKAA paBHa 0,65, BepoaTHOCTH
cHera — 0,15 B BepOATHOCTH OTCYTCTBHSA ocagkoB — 0,2. Huaa 15 uio-
HA B TOM Xe MEeCTHOCTH BepOATHOCTH NOMAA paBHA 0,4, BepOATHOCTH
orcyTcTBua ocagkoB — 0,6, cHer me HaOmiozanca HHM pady. B rakoil
JeHb COCTOAHHe IMOTOAHI CJeAyeT CUHTATHL (oJiee HeompeAeJeHHEIM?

IlogcunTaemM 3HTPONHIO AJA KAXKIOTO M3 3THX AHeN:

H 5 ponsps — —0,6510g,0,65 — 0,1510g,0,15 — 0,210g,0,2 = 1,279;
Hi; vions = —0,410g,0,4 — 0,610g,0,6 =~ 0,971.
3Ha4YHT, B HOAOpe HeOoIpeAeSeHHOCTh COCTOSHHSA MOTOALI BEIMIE.

Mb1 JOBOJIBHO 3HAYMUTEIHHOE MECTO OTBEJIM BBEJEHHIO MEPHl HEeOoI-
penenennocTu. HO HACKOJNBKO MPH 3TOM MBI NPUGIMSHUINCH K TJIABHOMY
BOIIPOCY: KAK M3MEPHUTh KOJHYecTBO MHpopManuu? ficHO, UTO JIHUKBH-
JUPOBATH HEOMPEAEJIEHHOCTh — 3TO M 3HAYHUT HOJYYHUTH MHOOPMAIIHIO.
CnemoBaTenbHO, NMpPHUBeJeHHAasA Boilre ¢opmynaa IllenHoHa NOKa3nIBaeT,
KaKoe MAKCHMAJbHOE KOJHYECTBO MHGOPMAIMHM MOYKHO NOJYUYHUTH IJIA
TOH MM WHON KOHKPETHOH CHCTEeMEI, €CJIM IOJHOCTHIO M30ABHTHLCA OT
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HeompeAeJeHHOCTH. Peuh HAeT MMEHHO O MaKCHMAaJbHOM KOJHUYECT-
Be nHpopMauuu, U60 HEOIPEAEJIEHHOCTh MOJMKET OKAa3aThCA CHATON He
MOJIHOCTBIO, U TOTAA KOJHYECTBO HH(POPMAIUKA OKAMKETCA MEHBIIUM.
A MOXXHO CcKasaTh MHaue: 3Ta (HOpPMyJia IIOKA3BIBAET, KAKHM KOJHUYECT-
BOM MHGOPMAIHHU HYXKHO PAacCIOJaraTb, YTOOLI IMOJHOCTBLIO CHATL HEOI-
PeleIeHHOCTD.

HUrak, ecan HMHGPOpMAUMNA IIOHUMAETCA KAK OTPAYKEHHE DpasHooOpa-
3UsA, TO MEpo# AJIA ee KOJWYECTBA BHICTYIIAE€T Mepa HeOoIlIpeAeIEHHOCTH,
KOTOpOii 06JIaflaeT pacCMaATPHUBAeMas B 3TOT MOMEHT curyarud. Omuce-
Bad HEOIIPEJENeHHOCTL Ha f3bIKEe BEePOATHOCTENH, MBI IPUXOAUM K (OpMy-
ae Ilemnoma. OHA-TO M ABJsAeTCSA TeM 00oOIenneM (OPMYJIBI IJIA IIOJ-
cueTa KOJMYECTBa HHGpOpPMaIMM, KOTOpoe Onljio obeimano Hamu B § 18.

Bonee Toro, ¢opmyna IllenHoHa OOBACHSAET, KaK MOXKET IIOABUTD-
ca apobHoe xoamuecTBOo uMHpopmamuu. IlpeacraBuMm ceGe CHOBa HTDY
«¥ragaiika», TOILKO Tellepb MLl XOTHM y3HaTh OAHO umcyo oT 1 mo 48.
KonnuecTBo BOIpoOCOB, HEOOXOAMMOE AJISI TapaHTHUPOBAHHOTO OTTAABLIBA-
HUA YNUCJIA, T. €. IOJHOTO CHATHA HEOIPeAEJI€HHOCTH, MBI U B3sJIHU 3a KO-
auyectBo mHpopManuu. Uro Ke GyZeT NMPOHUCXOAUTL B AAHHOM chaydae?
flcHo, uTO 5 BOIPOCOB 37€Ch, BOOOIIE TOBOpPs, HEAOCTATOYHO, a 6 omTn-
MAaJILHO 3aJlaHHEIX BOIIPOCOB rapaHTHPVIOT yraaniBanme. Ho He ocrano-
BHUMCA Ha KOHCTATAIIUM 3TOro aKTa, a NPOAOJIKHM PACCYKIACHUI.
IlycTts npu yragniBamuu MBI, KaK M IIpeXJe, IIpUAeP:KUBaeMCA cTpaTe-
THH JeJIeHHUA IomosaM. /1A mepBHIX YeThIpeX BOIIPOCOB BCE IIPOHAET XO-
poiuo, a mepex IATHIM BOIIPOCOM HaM Gy/[eT «IPOTHBOCTOATHL» TPEXIJIe-
MEHTHOe MHOKecTBO. IloaToMy b0 MBI yrajgaeM 4MCJO 3a OJUH BOIPOC

1
(¢ BEPOATHOCTHIO §), anb6o HaM moTpebyercs eile ABa Bompoca (¢ BEpOAT-
2 "
HOCTLIO 5). HUrak, ecqu YKUCJIa 3a4YMBIBAIOTCS C PaBHOH BE€POATHOCTHIO,
TO IIPM TAKOM IE€PBOM BOIIPOCE [JIA TapaHTHPOBAHHOTO yTaJbIBAHWA HAM

2 1
C BEPOATHOCTBIO o norpedyercss 6 BOIIPOCOB, a C BEPOSATHOCTHIO 3 mo

TpeGyeTca TOJBKO 5 BOIPOCOB, T. €. IIPH TAKOHM CTpaTerMH B CPEJHEM
2
Tpebyercsa 5—5 BOIIPOCOB AJIs TFapaHTHUPOBAHHOTO oTBeTa. OgHAKO HeT

HUKaKOil YBEepEeHHOCTH, YTO BLIOPAHHASA HaAMHU CTPATETHA ONTHMAJIbHA,
T. e. YTO OHA AaeT MUHHMAJLHOE CpeJHee KOJHYECTBO BOIIPOCOB AJIA Ta-
PAHTUPOBAHHOTO YraJbIBAHHs OAHOTO umcya u3 96. 1 oHa xgeficrBurennb-
HO HeOIITHMAJbHA: MOMKHO NOKAa3aTh, YTO IIPH OINTHMAJNLHONA CTpATETHH
YHCJIO BOIIPOCOB B cpefHeM OyAeT paBHO log,48 = 5,58496... EcrecTBen-
HO 3TO YHCJIO M B3fATh 34 KOJHUYECTBO MHPOPMAILHH, KOTOpPoe Tpedyer-
Ccs IMOJYYUTh, YTOORI ONPEeAeJIUTh 3aAyMAHHOE YHCJO.

m Ecan MHOKECTBO COAEPIKHUT 1 3JIeMEHTOB, TO KoJmuecTBO umHGMpOD-
Manuy, HeoGXoauMoe AJIA ONpeaeJicHHMS OXHOTO 3JIEMEHTa, BbIIe-
JIEHHOT0 TEM WJIM WHBIM o6pa3om, paBHO log,n.
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A 370 coBmajaeTr ¢ pe3yJbTaTOM, HOACYUTAHHBIM IO ¢opmyae Illen-
HOHA B CJIy4ae, KOTAA BCe BEePOATHOCTH PABHBI MEKAY CO0OI M, 3HAYMUT,

OHU PAaBHBI —,1;

Ha camomM gzeJsie mpeanoJioKeHHe O PaBHOH BepOATHOCTH 3arajibl-
BaHUA YHCeJI MaJOIpPaBAONMOAOOHO, €CJIM Pa3pelIUTh 3arajblBaTh He
JIO0BIe YHCJIa, a YHCJA U3 OrPAHUYEHHOTO AMAINa3oHa. BepoATHOCTH
3araAbIBaHUsA YHcJa 00JbIle MHJIJIMOHA BO MHOTO Pa3 MeHbIlle, YeM Be-
POATHOCTD 3araJpIBaHHUs YHCIa U3 HepBoil corHu. Ha m aasa umcen nua
NepBOH COTHH 9TH BEPOSATHOCTH TOXKe HEOAWHAKOBEI. EC/IM M3BeCTHEI
BEePOATHOCTH, C KOTOPLIMH 3araAbIBalOTCA YMCJa, TO cpelHee KOJHude-
CTBO BOIIPOCOB, KOTOpPOe MOoTpedyeTcsa ANA YyraAbIBAaHHA YUCJA IIPH cJe-
AOBAaHUH OINTHMAJLHON CTpPATEeTMM, KaK pa3 omnpeaesieTca GopMyJoi
IITenHoOHA.

HNHorga uHTEpecyoOTCA TeM, CKOJLKO HMHGpOpPMaIlMK HECeT OTBET
HA TOT HMJIA MHOM Bompoc. MEI yke 3HaeM: eCJIM OTBEeT YMEHbIIaeT He-
onpelAe;IeHHOCTh BABOE, TO OH HeceT 1 6uMT mHpopMaruu. ITa CHUTya-
IS MMeeT MEeCTO B TOM CJiyuae, €CJIM BAPHAHTOB OTBETA TOJBKO 2
M OHH PaBHOBEpPOATHEI. PaccMoTpuM o001y curyanmuio. IIycTes 3axy-
MmaHO 10 umces. 3azagzuM BOIPOC 3aZyMaBHIeMy 4YHCJ0: «BepHOo JH,
YyTo 3aAyMaHO 4uHcJ0 6?» BepoaTHocTh oTBeTa «lla», KaKk HeETPYAHO
nojacuuTaTh, paBHa 0,1 (MBI HmpeAmoJaraeM, 4To y 3aAyMaBIIIeTO HET
OHPEeANOUYTeHUA K KaKUM-JIM0O YHCJAM, TaK YTO Bce HCXOALI PaBHO-
BepoAaTHHI). Ho ecam zgam orBer «Jla», TO HeompeaeJeHHOCTL CHATA
HOJIHOCTBIO, M, 3HAUHT, HAMH HOoJy4YeHa Bca MHGpopMmanusa. Kaxk OwLi0
CKa3aHO, KOJHYECTBO 3TOH wmHbpopmManmu pasHO log,10 = —log,0,1 =
= 3,322.

m Ecin BepoSTHOCTh HEKOTOPOTO COOBLITHSA PAaBHA P, TO KOJIUYECTEO
uHopManuK, KOTOpPOe IOJYy4€HO, €CIH 3TO cOObITHE IPOM3OILIO,
pasuo —log, p.

Hanpumep, orBer «Her» B TO#l JKe CHTyalliHM HMMeeT BepPOATHOCTDH
0,9, noaTomy oH HeceT Bcero gums —log,0,9 = 0,152 6ur nudopmanum.
Taxkoe Majioe KOJUYEeCTBO MH(POPMAIlM BIOJIHE €CTECTBEHHO, BeJb 3TOT
OTBeT HUKaK HeJb3d IIPU3HATH HEOXKMJAHHEIM.

% o 6 W SR

BONPOCH! N 3AAAHUNSA

0 KakoMy noHMMaHuio TepmuHa «MHdopMaumsa» cooteeTcTayeT ¢dopmyna LleHHoHa ans
n3MepeHua konnyectsa uHdopmaumm?

Q B npusegeHHOM npumepe BblYUCAEHUS HEONPEAENEHHOCTU COCTOSIHUSA NMOrogbl Mbl
yyuTbisanu sug 0cagxoB. ECAM Xe UHTepecoBaTbCs TOMLKO TEM, €CTb 0CagKu Uaun
HeT, TO ana 15 HoaGpa 3HaYeHue HeonpegeneHHocTn Gyaet apyrum. Hahaute ero.
B kakol u3 9TMX ABYX AHEN COCTOSIHME NOroAbl C STOW TOYKU 3peHust umeeT Gonee
BbICOKYIO HeonpeaeneHHoCTb?
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e B urpe «Yrapaiika» oTragbisalotca yucna ot 1 go 20, npu 3TOM 0Ka3anocCb, YTO Kaxk-

2
noe m3 uucen ot 1 ao 10 3arapbiBaeTcA ¢ BEPOATHOCTHIO 30’ a kaxpoe M3 uucen
ot 11 po 20 — ¢ BEPOATHOCTLIO %

a) Kakoe B cpegHem 4ucno BONpocoB NoTpebyetcsa Ana yrapbiBaHWA yucna Npy on-
TUManbHOW cTparterui?

6)* MonbiTalTeCb ONUCaTb ONTUMANLHYIO CTPaTeruio B 3TOW urpe.

Q Wmeetca 1000 moHet, n3 koTopbix oaHa danbwmeaa (nerve apyrux). NMpuaymante
cnocob HaxoxaeHus anblUMBO MOHETbl 33 7 B3BEWMBAHWA Ha YalleyHbiXx Becax
6e3 rupb. JlokaxwuTte, 4TO Henb3a NPUaymaTb CNOcob, KOTOPLIA rapaHTUpPYeT HaxoX-
AeHue danbWnBOl MOHETH! 3a 6 B3BELUMBAHWA.

6 a) 3apymano aBy3HauHoe uucno. Bam coobuwmnu, 4to oHO Gonblwe 54. CKONbKO UH-
dopmMmaumm Bl NoNywnnn?
6) 3apymMaHo TpexaHayHoe uvcno. Bam coobuwmnu, 4To OHO MeHbwe 325. Ckonbko
nHpopmMaumn Bbl Noay4nnn?

0 B ogHoM w3 pacckasos K. Yaneka onucbiBaeTcsa cnyvai, Kak nost cran ceuaere-
nem AOPOXHO-TPaHCMOPTHOTO NPOMUCLLECTBUS, BUHOBHUK KOTOPOro YMuanics C Mec-
Ta asapun. 03T, NOTPACEHHLIN YBUAEHHBIM, HaNUCan CTUXOTBOPEHME, B KOTOPOM
GObina Takaa ctpoka: <0, wea nebeasa! O, rpyab! O, 6apabau!»
Monuumn oH ckazan, 4To 3TM 06pasbl HaBesaHb undpamn HoMepa yMHaBlIenca Ma-
WKMHLL ABOWKOW, TPOWKOW W Hynem. CuuTtan, 4To HOMepa MawuH B TO Bpema Gbinun
TPEex3HauHbiMK, OnpeaenuTe, CKONbKO wHbopMauun coobuwmn No3T NoauuvA.

@ K aksameHy Hapno BbiyunTb 20 BONPOCOB. YyeHUK YBaHOB cuutaeTt, 4to 5 BONpoCcoB
OH 3HAeT Ha «OTNNYHO», 8 BONPOCOB — Ha «XOPOLWOo», 6 BONPOCOB — Ha «yAOBNETBO-
puTensHo» » 1 BONPOC He 3HaeT CoBceM. YueHuk FeTpoB cuuTaeT, 4To OH 3 BONpo-
ca 3HaeT Ha «OTNu4HO», 10 BONPOCOB — HA «XOpOLWO», 5 BONPOCOB — Ha «<yaoBne-
TBOPUTENbLHO» U 2 BOMPOCA He 3HAaeT coBceMm. Ha ak3ameHe NpuaeTca oTeevaTb Ha
OAVH BOMPOC.

a) Y koro HeonpeaeneHHoCTb C OueHkon Gonbwe?
6) Y koro ua atux yueHwkoe 6onblie HeonpeaeneHHOCTb TOro, €aact nNu OH
aK3ameH?

WTOTY MNABLI | 3

ITosmopum Kpamko mo OCHO8HOe, MmO 8bl Y3HAAU, UYHUE 2]48Y 3.

JnA u3ydYeHUA IIPOMECCOB, IIPOTEKAIOMHUX B JKMBOM M HEXKUBOU
npupoze, OOLIYHO HMCIOJbL3YIOTCA MAaTeMaTHUYeCKHe MOJeJid, yCTaHaB-
JUBAaOIONe 3aBHCHMOCTL IIaPAMEeTPOB 3THX IIPOIECCOB OT BPEMEHH.
IIpu npeobpasoBaHuUM 3THX MOZeJieii B KOMIObIOTePHbIe, KaK IIPaBH-
JI0, MCIOJIB3YeTCA fA3LIK IPOrpaMMHMPOBAHMS MJIH 3JIeKTPOHHas Tab6-
JHIA.

AeKBATHOCTE MOJEJIH O3HAYAeT, UTO IeJb MOJAeJHPOBAaHUA JO-
CTUTHYTA U IPH PENIeHHH C €€ IMOMOIIBI0 3844 OMpPeAeJIeHHOTO KJAaC-
ca HoJIyuaeTcs YAOBJIETBOPHUTEJbHEIH oTBer. B yacTHOCTH, ajjeKBaT-
HOCTh MOJEJM 03HAYaeT, UTO IIPHU €€ MOCTPOEeHUH AeHCTBUTEIbHO OLI-
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JH YUTEeHBl BCe CYyIHEeCTBeHHLIe (GaKTOpEl. AJEeKBATHOCTHL MOJEJH
MOYKHO TIPOBEPHTH TOJBKO €€ COTJIACOBAHHOCTBIO C OGIIHMMHM TEOpEeTH-
YeCKHMHM IIOJOXKEHMAMHU HU SKCIEePUMMEHTAJbHBIMH JaHHBIMH. IloaTo-
My Ha 3aKJIOYHUTEJLHON CTAaAWH IIOCTPOCHHUS MOJAEJIH BCErja HpPOBO-
OAT 3KCIEPUMEHT, IMOATBEPKAAIOMNNA HIH ONPOBEPraoinuil ajgeKBarT-
HOCTH CO3JAHHOM MOJeJHu. ITOT 3KCOHEPUMEHT MOXKeT OLITh HATYPHBIM
MM KOMIIBIOTEPHBIM. B TAKOM 3KCIIepHMEHTE OOLIYHO OIpeAesIAITCA
TPAaHHUILI aJeKBATHOCTH MOJeNH, T.e. Ta 006JacTh M3MeHEHHA IIapa-
MEeTPOB MOJENM, B NMpeJesax KOTOPOH MoJesb MOXXHO CUIHTATH ajeK-
BaTHOMH.

CpenH mpomeccoB OCOOYIO rpynny COCTABJIAIOT HNPOILECCHI, AJNA KO-
TOPHIX CYIIECTBEHHBIM SABJAAETCA dakTop caydaiiHocTu. CaydaiiHoe
coOBLITHEe, MPOHUCXOAdAINEe B TAKOM IMpoIecce, OOLIYHO XapaKTepHU3YIOT
MapaMeTpoM, KOTOPEIA HA3LIBAETCA BEPOATHOCTHIO AAHHOTO COOLITHSA.
BepoATHOCTL COOEITHA — 39TO YHMCJIO0, K KOTOPOMY CTPEMHTCSA 3HAYeHHEe
OTHOCHUTEJIbHOH YacTOTHl HACTYILJICHHA COOLITHA B CEPHM OIBITOB, KOTI-
Ja KOJHNYEeCTBO ONBITOB HEOTPAHWYEHHO Bo3pacTaeT. [[Jid IOCTpOeHMA
Mozeel caydalHBIX OpPOIECCOB — TaKHe MOAEJHM HASHEIBAIOTCA BEPOAT-
HOCTHHIMH — HMCIOOJIb3YIOT AATYMKH CIYYAMHBIX YHCEJI.

JaTuuKn ciaydaifHBIX YHCeJI, peaJlM30BaHHBIe B BHJAE aJropuTMa
ANA KOMIBIOTEPA, TeHEePHPYIOT IICEeBAOCIYYaMHYIO MOCJNIEeAOBATENb-
HocTh uuces. OHa He ABJSAETCA CIYYaifHOM B CTPOTOM CMBICJIE 3TO-
TO CJIOBa, MOCKOJBbKY 3aKOHOMEPHOCTHL 00pasoBaHMs YJIEHOB 3TOI MoO-
CleJOBATEJILHOCTH HM3Ha4YalbHO 3agaHa. OAHaKO JJd JOCTATOYHO
6OJIBIIOTO YMCJIA CBOMX YJIEHOB TaKasdA IIOCJeJOBATEJIbHOCTL 00JIafaeT
HeoOX0AMMEBIMHE (¢ TOYKM 3peHHA obecredyeHNA aJAeKBATHOCTH BeDOAT-
HOCTHOM MOJeJIH) CBOMCTBAMH IHOCJEAOBATEJbHOCTH CJAYYANHBIX YH-
cenx. Bo mMHoOrmx mpolleccax BCTPEYAIOTCA IIOCIEAOBATEJIBHOCTH paB-
HOMEPHO pacHpeAe/IeHHBIX CJYYAMHBLIX BeJIWYHH — 3TO O3HAYaeT, 4YTO
BEPOATHOCTH TOABJIEHHUS Y BCeX YJICHOB IIOCJIEAOBATEJHLHOCTH OAM-
HAKOBEI.

B s3nIKax mporpaMMHPOBAHHUA AATYHK CIAYYAHHBIX YHCeJd, KaK
IpaBUJIO, PEajii30BAaH B BHJe OAHOTO OMEpPATOpa, MPHCBAMBAIOILIETO Ie-
peMeHHON ciydaiiHoe 3HadeHue. VIS MHUIHANIU3AIANA PabOTHI JaTduM-
Ka caydJalHBIX umMcel TpeOyeTcda HadaJIbHOE 3HAUeHHE, KOTOPOE 3ajaeT-
cd ¢ MOMOIIBIO CIEIHAJLHOTO OIEepaTopa.

BepoaATHOCTHBIE MOAENIHM MOTYT HCIOJb30BATHCA M B MaTEeMATHKE,
HATIpUMep, AJId BLIYHACJICHHA IIOINAAHM reoOMeTpudYecKoil ¢urypnl mHim
o6bemMa reoMeTpuyecKoro tejia. Takne MeTOABl BLIYUCJIEHHUH ITOIYUYMIHA
HasBaHue MeToAoB Mourte-Kapiio.

KonmnuecTBo MHpOpMAanUHU, KOTOPOE MOXXHO IOJYYHTb B OIIEITE,

HMMEIOIIEeM 71 UICXO0J0B ¢ BEPOATHOCTSMHU Dy, Do, ..., P,, BBIYHCISAETCA IO
dopmyne Illennona:
H(p,, pgs «-s P,) = —P1l0g2 Py = Pplogypy — ... — p,logyp,.

Ecin mpu 3TOM BEPOATHOCTH BCeX 7l MCXOAOB OAMHAKOBHI (PaBHO-
MEpHOEe pacmpejiejieHHe), TO KOJHYeCTBO HMHpopManum paBHO log,n
(bopmyna Xaptianm).
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Lils

OBEPL CEBS . -

Doty

Yactb 1. IIpu BHIMOJHEHWM TIpelIoKeHHBIX HHMe 3aJaHUil 3alHIInTe

y ceba B TeTpaaum mudp 3agaHus ¥ HOMEpP NMpaBHJIBHOro orserta. Ilo oxoHua-
HUM paboThl CBEepbTE IMOJYYHBIIYIOCS y Bac 3amMCh ¢ KJIOYaM# Ha c. 269.

A1, CBoiicTBO MOZe/JH COOTBETCTBOBATH TEOPETHMUYECKHM BO33PEHHMAM H Halaio-

A2

A3

A4

AS

JEeHUAM NPaAKTUKN HA3HIBAETCH:
/¥y undopMaTUBHOCTHIO; 2F aJeKBATHOCTBIO; “3) CHCTEMHOCTHIO;
dY cpemu BapuaHTOB, YKA3aHHHIX B NYHKTax 1—3, HeT mpaBWJIBHOrO.

Mogenb, PN NMOCTPOEHHMM KOTOPOH B KadecTBe CYIECTBEeHHOTO YYHTHIBA-
erca GaKTOp CAYUAHNHOCTH, HASHIBAETCH:

&

1Y amexBatHoii; '2¥ BeposTHOCTHOIL;

) ‘8Y cucremHoii;
4), cpeny BapUaHTOB, YKA3aHHBIX B NYHKTax 1—3, HeT IpaBUJIBHOTrO.

HekTo 3agyMasn HaTypaJbHOE UHCIO0, He mpeBocxogsamiee 1000, a sateMm co-
o6mmia: «3agyMaHHOe MHOIO YHCJIO ABJAETCA CTeleHBI0 YUCa 2 ¢ LeJbIM
nokasateaeM». KoaunuecTBo 6uT mHbDOpPMAUK, cozepIKaIlleiica B 9TOM CO-
obIieHnNn, PaBHO:

1) log,1000;  2) 9; :3) log,100; :4) log,10.

CrynentT FIBaHOB craeT 9K3aMeH IO ANMNapaTHHEIM CPeACTBaM HMHAOPMATH-
s3anuu, a cTyaeHT IleTpoB — 3K3aMeH 1o MHGOPMAMNOHHLIM TEXHOJIOTHSIM.
HWBasoBy Hajmo BeIyunTh 20 BompocoB, a IlerpoBy — 25. UBanoB cuwuraer,
YTO OH 4 BONpOCa 3HAeT Ha <«OTJIHYHO», 9 BOIIPOCOB — HA «XOPOIIIO», O BOO-
POCOB — Ha «yJAOBJETBOPHUTENLHO» U 2 BOMpoca He sHaeT coBceM. IleTpos
CUUTAET, UTO OH D BOIIPOCOB 3HAET Ha «OTJINYHO», 10 BOompocoB — Ha «Xo-
poio», 7 BOIPOCOB — Ha «yJOBJETBOPHTENBLHO» M 3 BOMPOCAa HE 3HAET
coBceM. Ha sx3amMeHe mpuzeTcss oTBedaTh Ha oguH Bompoc. HeompenesneH-
HOCTEL C OIeHKOMH:

:1) y IlerpoBa Goxaniue, yem y HBaHOBa;

2) y IlerpoBa mensbine, yem y lBanoBa;

3) omua u Ta e y IlerpoBa u y HBauosa;

4). v IlerpoBa u y HBaHOBa HeJNb3A CPABHHBATH, HOCKOJBbKY OHH CAAIOT
pasHble 9K3aMeHEI.

Crenyromuil aJirOpUTM HpelHa3HaYeH A HAXOMKAEHUA IIOMAAY (HUTyDHI
MetogoM MoHTe-Kapio, B HeM depes rand(l) oGosHaueH JaTUMK caydaii-

HBIX YHCEJI, BEIPAOATHIBAIOIINI PABHOMEPHO pacHpeAeIeHHYIO IIocJefoBa-
TEJIBHOCTh UMceJ U3 mpomexkyTia [0; 1).

Anroputm
uen: M, N; seut: X, Y;
{ N :=0;

Ddenats or M := 1 go 100000
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{ X := 2*rand(1) — 1;
Y := rand(1);
Ecwm (X|+Y<1)10{ N:=N+1; }
} (* Koney yurxaa *)
Coobwmtb N / 50000;
}

Ilnomaae aToit Gurypbl paBHAa:
1) 0,5, 2) 1; 38y 1,55
4) npyromy, HeXeau B MyHKTax 1—3, umciy.
AG6. Crenyoomuil aIropuTM mpeJHasHAYEH AJS HAXOXKAEHHUA ILIOHIaAN (DUTYpPHI
merogoM MoHTe-Kapao, B HeM uepes rand(1l) oGosHaueH AaTUUK ciaydaii-

HBIX 4YHCeJ, BHIPAGAaTHIBAOINUI PABHOMEPHO PacIpeAeieHHYIO IOCJIeH0Ba-
TEJHLHOCTh YHceJ B3 npoMexxkyTra [0; 1).

Anroputm
uen: M, N; gews: 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; }
(* xoney yuxkaa *)
Coobuwmtb N/50000;
}

droit burypoit asadgerca:
I} Ttpeyrombumk; 2) kpyr; 8§ moaykpyr; ¥ pom6.

A7. BaMu usydasuch ciaeAyolliiie HHCTPYMEeHTH MHGOPMaIlHOHHBIX TEeXHOJOTHIH:
a) TeKCTOBHIH pefaxkTop;
6) rpaduueckmii pegakTop;
B) 2JIEKTPOHHAA TabauIa;
r) CYB/;
) A3LIK NMPOTrPaMMHUPOBAHHUA.
IIpu mocTpoeHMH KOMIBLIOTEPHOH MOAENH Ha OCHOBE IIpeo0pas3oBaHMA Ma-
TeMaTH4YeCKOil MOAENHN HMCHOJIL3YIOTCS HHCTPYMEHTHI:

Danse 2yemnz; 3)end, 4)06muod.

YacTtb 2. Ipu BLINOJIHEHHH NPeIIOKEHHBIX HHKe 3aJaHHMil SaIuIIMTe
y ceba B TeTpaau ITHAP 3aJaHUS M OTBET B BHUAE IOCJEAOBATEJILHOCTH CHMBO-
JaoB. Ilo okoHuaHNHM PaGoOTHI CBephTEe MOJYUHBIUIVIOCA Yy Bac 3alHCh ¢ KJOYa-
MHu Ha c. 269.

B1. BriGepuTe H3 cnuCKa HEOGXOAMMEBIE AEHMCTBHUsA, YCTAHOBHUTE IPABHIBHYIO
MOCJIeJOBATEeJILHOCTh UX BBHINOJIHEHHA U SallHUINTE HOMEpA 3THX AEHMCTBHiL
B NMOpAJKe IOJYYEHHOH II0CJIeJ0BATEJIbHOCTH.
Jna mocrpoeHusa MHDOPMAIHOHHON MOZeJIH HAaIO:
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'}). onpesieTNTH cBOiicTBa 00BEKTA, CYNIECTBEHHBIE JJISI DPEllleHHMA 3aJaqM;
2). BoiIGpaTh MaTepHall, U3 KOTOPOTO GyAeT H3TOTOBJSTHCA MOZENb;
3} chopmMynupoBaTh IeJib MOAETHPOBAHHSA;
4} omMcaTh BHIJEJIEHHBIE CBOMCTBA C IOMOIIBIO ITaPAMETPOB;
B} ompenenurb, Kakas TeXHOJMOTHS GyAeT MUCHOJB3OBATHCA AJA Peainsa-
AU MOJENH;
‘8 yxasaTh CBSSH MEXAY lapaMeTpaMu;
T} ybenurbcsa, 4TO MoOZAeNb aJeKBaTHA.

B2. BrifepuTe HOMEpa NPABHJIBLHBIX OTBETOB M 3aMHMOIUTE UX B IIOPAJKE BO3-
pacTtaHus 6e3 MpoGesoB M 3HAKOB NMpPEMHHAHUA MEKAY HUMH.

Ona anropuTMudecKoil MoJesH, NPeACTaBJEHHOH KOMIBIOTEPHOH IIPO-
rpaMMoil, mapaMeTpnl MOZEJIH MOTYT GBHITH IPEACTABJIEHBI:

i#3 rexcrom; 2). uncnamn;  {3), mepeMeHHBIMU;

4) HuYeM K3 HEPEYNCIEHHOro B IyHKTax 1—3.

B3. B cieayoleM IpeAJoOMKeHHH TpefyeTcs BMeCTO <IPOIlecCa™> BCTABUTH
CJIOBOCOYETaHUe M3 JieBoro crojbia tabiuusl 3.8, a BMecTO <CIHCOK Ia-
paMeTpoB> — HYKHBIE€ CJIOB& M3 IIPABOTO CTOJIGIA TOH e TabMHUIIBI.
Ona uaGOpPpMAIIMOHHOM MoAeJH <mpolecca> NapaMeTPaMH SABJAKTCSH
<CHHCOK IIapaMeTpOB>.

OTseT K 3TOMY 3ajaHuio samuchiBaerca B Buge 1ABB, 2BK u T. 1.

Tabnnua 3.8
IIpouece ITapameTpst

1) paBHOMEpHOE ABUKEHUE; A) ckopocTs;

2) ABuIKEHHe oA, melicTBHEeM CHMJILI (BTOpO# B) cuna;

3akoH HrloTOHA); B) yckopenne;

3) yupyraa medopmanusa (saxoH I'yka); T) oyTs;

4) paGora MarasmHa; 1) Bpems;

5) paGora Tearpa; E) nanna;

6) paBHOYCKOpEeHHOe ABHKeHHe JK) Moayns ynpyroctu;
3) CIIHCOK TOBAapOB;
H) xonmuecTBO TOBapa;
K) penepryap;
JI) cIHCOK 1ieH;
M) cnoucok paGOTHHMKOB;
H) macca

B4. BuifepuTe HOMepa NPaBUJILHBIX OTBETOB M 3aNMIINTE WX B IOPAJKe BO3-
pacranus Ge3 HmpoGesioB U 3HAKOB NMPENUHAHUA MEXKAYy HHMH.
Oas onucaEns HMMKeNepeYUCIeHHBIX (GUBHUYECKUX SABJIEHHII MCMOJIb3yeTcs
MaTeMaTHJYeCKass MOJejb B BHAe NMPAMO NPOIOPIHMOHAJBLHON 3aBHCHMOCTH
MeXXAy IIapaMeTpaMu:
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BS.

B6.

1) paBHOMepHOe HpPAMOJHHelHOoe ABMKeHWe (mapaMeTphl: NPOMAEHHBIH
nyTh, BpeMA);

2) pabora pmiuara (mapaMeTphl: AJUHA pHIYara, cujia);

‘8) medopMauuA OPYKUHH MOA AeficTBHEM CHJIH (IlapaMeTphl: BeJIMYHHA
CHJIBI, U3MeHeHVe JIMHeHHBIX pasMepoR);

'4), paBHOMEpHOe ABHKEHHE N0 OKPYYKHOCTH (IapaMeTpHl: LeHTPoGe:xHasa
cuja, yrjoBasi CKOPOCTB);

7

). uaMeHeHHe pPasMepoOB Tejla OPHM HArpPeBaHWH (apaMeTphl: MU3MeHeHHe
TeMIepaTypbl, U3MeHEeHNe JUHEHHBIX pasMepoB);
8) cpeam BapHaHTOB, YKasaHHBIX B IYHKTaxX 1—5, HeT mpaBMJIBHOIO.

ITociegoBaTeIbHOCTh YHCEJI, BLIpa6aTLIBaeMaﬂ AATIYUKOM CJIy‘IaﬁHLIX qH-
ceJl, Ha3bIBaeTcHd .

Iins npeo6pazoBaHusi HeNPEPHIBHON MaTeMaTHYeCKO MoAeld B KOMIIbIO-
TEPHYI0 MOZAENb NPOU3BOLUTCA ee .



¥YXe [OOoCTaTo4YHO CKas3aHO O BO3MOXHOCTSX KOMMbIOTEPOB M NPUMEHSIeMbIX
MHPOPMALMOHHBIX TEXHONOrNA, 4ToBbl Kaxabiih MOHAN, KaKyld HEOLEHWMYID Mno-
MOLLL MOXET OKa3blBaTb KOMNLIOTEP B npegoctaeneHun u obpabortke uHdopma-
umn. OoHako 3a 4eNnOBEKOM OCTaeTcH npaso (M 06A3aHHOCTL) AenaTh BbIBOAL! HA
OCHOBE NpepocTaBnseMoit HhopMauum 1 NPUHUMaTL COOTBETCTBYIOLME peLue-
HUA. MHorga Mbl rOBOpUM, 4TO pELLEHUE NPUHUMaeT KoMnbioTep. Hanpumep, ec-
NN KOMMNLIOTEP, YNPaBnas Kakum-nubo aBToOMaToM, Nony4Yaer OT AAaTYUKOB 3TOro
aBToMara MHdpopmauumio 06 ONacHOCTUM ero paspylleHWs B TeX YCNOBUAX, B KO-
TOpbIX OH OKa3asncs, TO KOMMbIOTEP MOXET «MNPUHATL pelueHue» 06 3Bakyauuun
aBToMarta U3 3Toil 06cTaHoBKU. HO KaxaoMmy fICHO, 4TO Ha camMoM pJene aTo pe-
WweHue 6biIN0 3apaHee 3anporpamMmMMpPOoBaHO 4eNloBEKOM U KOMNbioTep 6e3oroso-
POYHO CnegyeT MHCTPYKLMW.

MpuHaTHe pewleHus — 3TO BCeraa npeporatusa yenoseka. Bo-nep-
BbiX, MOTOMY, 4TO no6as uHdOpMaUUA NUWE MOLENLHO OTpaXaeT peanbHylo
[eNCTBUTENBHOCTL, U, CNefoBaTeNbLHO, NPUHMMaeMOe KOMMbLIOTEPOM peLleHue
MOXET 0Ka3aTbCs HeagekBaTHbIM CNOXUBLUENCHA cuTyauun. B BbiluepaccmoT-
PEHHOM npuUMepe BMnoNHe BEepPOATHA CUTyauusi, 4TO aBTOMAaT AOMKEH nornb-
HyTb, 4TOBbl npegoTepaTuTe Oonblwee HecyacTbe. Bo-BTOpLIX, nepenartb
KOMMbIOTEPY MPaBO MPUHUMATL PELUEeHUs — 3Ha4YuT BBEpUTb cyabby 4Yenose-
yecTea 3anekTpoHuke. U xota cerogHa 6yHT poboTOB — 3TO BCe ewe ypen
daHTacTUYEeCKUX NPOU3BEeNeHUA, B UX OCHOBE fIEXUT MMEHHO NpeanonoxeHwe
0 MPemoCTaBNEHUN KOMNbIOTEPY NpaBa NPUHUMAaTL pPeLleHUs HapaBHE C Ye-
NOBEKOM.

Tem He MeHee NOMOLLb KOMMbIOTEPA B PELEeHMU YenoBekKoM WHdopma-
LMOHHBLIX 3aaa4y HamHoro 6bl Bbipocna, ecnu Obl KOMNbIOTEP «HAay4unca» npea-
naratb 4enoseky Ha BbiGop 0G0OCHOBaHHLIE BapuaHTbl BO3MOXHbIX pelleHuin. Ho
D)1 3TOr0 HAaAO0 Hay4UTb KOMMbIOTEP OenaTtb BbiBOAb U3 uMmelowencs nHdopma-
umn. UHbIMU cnoBamMu, Hafo B KOMMbLIOTEPE CMOAENUpOoBaTh MPOLECC paccyx-
[EHWIA, KOTOopble NpoBoauT Yyenoeek. O Tex noaxogax K peleHnio aaHHoh npob-
NeMbl, KOTOpble cerogHa paspabaTbiBaloTcs B WMHpOpMaTuke, U NOAJEeT pedyb
B 3TOin rnase.

)G
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@ MonsTue mopenen UCKYCCTBEHHOrO MHTENEKTA

IlepBBIM, KTO IPEANPHUHAN YAAYHYIO HOMBLITKY HOCTPOHTH MO-
JeJib YeJIOBeUeCKHUX paccyKIeHMii, ObL7, 0 MHEHNIO MCTOPUKOB HayKH,
IpeBHerpeuecKnil yuenswlii Apucrorens. MMeHHO OH CGHOPMYJIHPOBAJ
IepBble 3aKOHBI pPacCysKAeHUil, 3aJI03KHUB OCHOBBLI HOBOII HayKN, Ha3BaH-
HOIl UM JorukKoii. B ganwHeiimeM BKJag B 5Ty HayKy BHOCHJIH IICHXOJIO-
ru u bunocodri, JUHTBUCTHI U MaTeMAaTHUKH. ¥ 3TOM HAYKU MNOABHJIHNCH
pPa3HbIe HaIpaBJeHUdA HcClefOBaHMUil, OHa pasiejujiach Ha Dsaj obJjac-
Teil, oJHA M3 KOTODBIX HasbIBaeTcs (POPMAJBbHON HMJIN MATEMATHYECKOMH
Jorukoi. Bojee TOro, He TOJBKO CHEIHAJIH3UDOBAJIINCH HCCIEIOBAHHA
BHYTPM JIOTMKH, HO U pacIIHpaAiNch chepbl MccieOBaHUI Ha BCIO MH-
TeJUIeKTYaJbHYIO AesTEeJIbHOCTH ueioBeKa. Kaxk uYejloBeK pacnosHaeTr
NpeAMeThI U ABJEHUs, KaK IIPOUCXOAUT 00yueHHe M caMooOyUueHHe, KaK
BHIpa0aTHIBAIOTCA CTPATETMH B PEAJIbHOHN JKH3HM HJM HUTrpPaX, KaKOBEHI
MeXaHU3MBbI CTHUXOCJIOXKEHUS KM COUYMHEHHsA MY3BIKM — BCE 9TO CTaJIO
OpeaMeTOM MCCJIeJOBaHUM yueHBIX. A MOJeNH, cO3JaBaeMbie B De3YJIb-
TaTe TAKWX MCCJEJOBAaHWIH, CTAaJH HA3BIBATH MOJEJNAMH HCKYCCTBEHHO-
rOo MHTEJ/JIEKTa.

Jna onmcaHusa MoJejeil MCKYCCTBEHHOTO MHTEJJIEKTA HCHOJIL3YIOT-
cA pa3HooOpa3Hble, MHOTZA JOBOJILHO CJIOKHBIE CpeJCTBa. B ocHOBe MHO-
TUX M3 HHUX JIEKAT rpadbi, 0 KOTOPRIX MEI KPATKO BCOOMHHJIH B § 3.
TeMm He MeHee J106asi MOJENb UCKYCCTBEHHOr0 MHTEJIEKTa KaK OfHa U3
pasHoBUAHOCTEN HMHGOPMAIMOHHBIX MOJejeil 0043aTeNbHO COAEPIKHUT
Habop mapaMeTpoB, OMHCHIBAIOHINX cyuiecTBeHHBbIe daKTophl. Ilockoin-
Ky MOJeJb HCKYCCTBEHHOTO HHTEeJJIEKTa HaIpaBjieHa Ha IPHHATHE TO-
ro WJIM WHOTO peIlleHHdA, TO B KauecTBe CBA3el MeKAy IapaMeTpaMH,
OIMCHIBAIOIINMHM MCXOAHBIE JaHHbIE, H PE3YJbTATOM BBICTYIAIOT TaK
Ha3blBa€Mbl€ MpaBHJa BBIBOZa. VX CyThb B TOM, UTO OHM YKaa3bIBAIOT,
KaKoe pellleHHe AOJKHO OLITh DEKOMEHIOBAHO B paMKaX JaHHOH Moje-
JIM OpPU TEeX MJIN NHBIX 3HAUEHUSIX HCXOAHBIX MapaMeTpPOB.

K npumepy, mozens, obecneunBaioniad MEIHUIIUHCKYIO AWMATHOCTH-
Ky, VYUTBIBAET TaKHe IlapaMeTphbl, KaK TeMIleparTypa HnamuHeHTa, Ka-
IieJb, CBHIIb, KAJOOBI Ha 00Jb B TeX MJIM HMHBIX 4YacTAX TejJa U T. I.
IlpaBuyo BEIBOZA IO 3HAYEHWAM STHX HCXOAHBIX IAapaMeTpOB JOJIMKHO
NIpeJOCTABUTL HadBaHMe HamboJiee BepoATHOro 3abojieBanmuA (HMJIH CHOH-
COK TaKOBBIX, PaCIIOJIOKE€HHBIX, HAIIDUMED, B MOpAAKe YOLIBAHUA Bepo-
arHoctH). KpomMe Toro, mpaBHJIO BHIBOJA MOJKET HpefyCcMaATPHUBATH BEI-
Jayy PeKOMEHAAIINHM IIPOBECTH ellle KaKue-JIN60 aHaJIM3bl WJIH 33aJaThb
IOIOJHUTENbHBIE BOIIPOCHI IMAIIUEHTY AJA YTOUHEHHS AHUarHosa.

Mopens pacnosnaBanmus rpadbudyecKkux o6pa3oB, HAIIDHUMEP PYKO-
nmucHBIX OyKB M mu@dp (a ceiiuac TakHue CHUCTEMBI CO3JalOTCA AJA aABTO-
MaTHU3alUM BBOJZA B KOMOBIOTEDP PYKONHMCHBIX TEKCTOB), COAEPYKUT YyiKe
UHBIE apaMeTpPhl M MHEIE IIpaBMJIA BBIBOJA O TOM, UTO MMEHHO Hpen-
craBjfAeT co0oii JaHHBIN rpaduuecKkuii obpas.

Mopgens, ommchiBaioniasd HpPOIECCHl BOCOPHUATHSA UYeJIOBEKOM MY3BI-
KU, OMEpHPYeT ¢ NapaMeTpPaMM, XapaKTepPHU3YIOIMMH METPOPUTMHYEC-
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KYIO, JIAZOTaAPMOHMYECKYIO M APYrHe CTPYKTYPbl MY3HIKAJIbHOIO IIPOMU3-
BellecHNdA, a TaKi)Ke ¢ IapaMeTpaM¥ Icux0hHU3UOJOrHUeCKUX peaKnuil Ha
9TH CTPYKTYphI. IIpaBuja BbIBOJA 3J4eCh MOI'yT YKaseIBaTh Ha TO, B Ka-
KO Mepe M KaK JaHHAd MY3BIKa BOCIPHMHMMAETCA TeM WMJIM WHBIM 4e-
JIOBEKOM.

IIpaBuna BEHIBOAA, IpHUMeHseMble B KOHKPETHOH CcHCTeMe HCKYC-
CTBEHHOI'O0 MHTEJJEKTa, MOI'YT MMeTh pasHyio ¢opMy, U HepeJKOo caMH
TaKHe CHCTEeMBI KJACCH(MHUIUPYIOTCA MMEHHO II0 TOMY IIPU3HAKY, KaKyIO
topMy MMeEIOT HMCIOJb3yeMBIe IIPaBUJIa BRIBOJA. PaccMaTpuBaTh nmoapood-
HO Pa3jIMuHbLIE CHCTEMEI MCKYCCTBEHHOI'0 HHTeJIJIEKTA MBI He OyzeM —
CJIHUIIIKOM IITMPOKa M pasHooOpasHa HbIHe 9Ta 006JsacTh MHPOPMATHUKH.
Ho ¢ ogHOii pa3sHOBMAHOCTHIO, 4 MMEHHO C 9KCIEePTHBHIMHM CHCTEMAaMHM,
KOTOPEIE BCE€ AaKTHUBHEE IIPUMEHAIOTCA B HAYYHLIX HCCIEHOBAHUAX U TeEX-
HOJIOTHUYECKMX MpoIleccax, MBI Bac MO3HAKOMHMM H JAa)ke IIPeJOCTaBHUM
BO3MOXXHOCTb CAMOCTOATEJIbHO CKOHCTPYHPOBATH HECJOXKHYIO SKCIIEepT-
HyI0 cucremy. Peup 00 aToM mnoiiger B § 38, a moka BaM NpPeACTOUT
MO3HAKOMHUTLCA C TeMH CPeACTBAMHU, KOTOPHIE AJIA 9TOr0 GYAYT HCIIOJb-
30BaThCA.

LR SN PN A A

BONPOCHI Y 3AAHMS

0 Kakon npu3Hak Bbigenser mMoaenn NCKYCCTBEHHOTO WHTEeNneKra u3 MHoXecTsa
uHbOopMaUKoHHLIX Moaenei B uenom? MonbiTalTeCb NPUBECTU NpUMEpPH MoAenewn
WUCKYCCTBEHHOrC WHTEeNNeKTa, NOMUMO TeX, KOTOpble ykasdaHbl B OOBLSCHUTENLHOM
TekcTe naparpada.

9 MoyeMy NPaBoO NPUHATUA peleHna A0NXHO GbiTb OCTaBneHo 3a yenosekom? Mpuse-
AUTE CBOW aprymMeHTbl B NOAb3Y 3TOrO Te3uca.

:§*§’0 3neMeNTB! NOTUKN BLICKU3LIBOHWHA

ITcuxosorn JaBHO YCTAHOBHMJIM, YTO MBICJIHUTEJBHAA JHeATelNb-
HOCTh UeJIOBEKa BCerJa OCYIIECTBJIAETCA IOCPEACTBOM KaKoro-jubo
AseiKa. Mcnoss3oBaHMe SA3BIKA MPHAAET MBICIHTENBHON AeATENIbHOCTH
dopmy paccy:xnmenuii. Uto Taxkoe paccyxieHue? Paccy:xieHme — 3TO
MocJef0BaTEeILHOCTL BOIIPOCOB, 3aJaBaeMBIX caMOMy cebe mim cobecen-
HHUKY, H OTBETOB Ha HHX.

Bomnpocsl MoryT 6bITh pasHOro Tuia. MOMHO cIpocuThb: «CKOMBKO
CYILECTBYET IPOCTHIX uMcesi?» OTBeTOM CJIY:KHUT yTBep:kiaeHue: «IIpoc-
TBIX 4YuCeJ O0eCKOHeUYHO MHOro». MOMHO CIpocHuTh: «Kax HaliTH ThI-
cAYHOoe IpocToe uucao?» OrBeToM OyAeT aJrOPUTM, NO3BOJAIOIIUI
BBRIUMCIHUTL TpebyeMoe mpocToe uucio. Hanomuum (cm. § 11), uto uH-
dopmanuio, COmep)KaIyiocd B OTBeTe Ha IePBBI BOIIPOC, MBI OTHOCHM
K JeKJapaTUBHOMY THIY, a HHGOPMAIMIO, COAEePKAIIyIoCsa B OTBEeTe Ha
BTOPOH BOHNpOC, — K IIPOIEAYPHOMY.

CsoiicTBa ajAropuTMOB BHl M3YyUMJH B 6a30BOM Kypce MHpopMaTu-
KM, a MHI ellle pa3 ux obcyauiau B § 7. Cpeagu HUX ecThb, HAIIpUMeEDP, pe-
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3yJBTATUBHOCThL M IIPABMILHOCTH. A BOoT HHQOPMAIIMIO, IIPEeACTABJIEH-
HYIO OeKJApATHBHO, MOYKHO, IIOKAJIYH, OIEHUTH TOJBKO C OAHOM IIO3U-
MM — HCTUHHA OHA WMJU JIOXHA.

ITosecTBOBaTE/IbHOE MPEAJIOMKEHHE, B OTHOIIEHMHA KOTOPOT'O MMeEET
CMBICJI TOBOPHUTH O €r'0 MCTHHHOCTHU HJU JIOMKHOCTH, HAa3HIBAETCHA BBICKA-
apIBaHMeM. TaKoe oIIpefiesieHre BHICKasBIBaHMIO fan Apucrorenb. Pac-
CMOTPHM CJEAYIOMNEe IPeAJIOMKEeHU.

1. Yucno +/2 mppanmmoHadbHO.

2. Yucao \/E PAIlMOHAJIBHO.

3. J1060e HATYpaJBbHOE UMCJIO X PAIMOHAJBHO.

4. JI106oe umca0 X palMOHAJIBHO.

5. CymiecTByeT YHCJAO X, KOTOPOE HPPAIMOHAJIBHO.

6. Yncao x pamuoHaJIBHO.

7. Ecan umciio x UppanuoHaibHO, TO YHCJIO X + 1 ToXXe Mppaiuo-
HaAJBHO,

8. Yncio HassiBaeTCd PAIIMOHAJIBLHBIM, €CJIH OHO PaBHO OTHOILIE-
HHUIO I[eJIOTO YMCJIa K HATYpaJbHOMY.

9. BepHO JIHM, YTO YHUCJAO /2 HMPPAIMOHAJIBHO?

10. JoxaxuTe, UTO YUCJO /2 MUPPAIMOHAIBHO.

IlepBble NATH NPEAJOXKEHHUI, OUEBUIHO, ABJIAIOTCA BHICKASHIBAHM-
AaMu, npuueMm 1, 3 u 5-e UCTUHHBI, a 2-e U 4-e JOXHBI. [Ba mociexn-
HUX IpeJIOKeHUS He ABJAIOTCA BHICKASBIBAHUSAMH, MOCKOJBKY OHH
BOBCe He II0BECTBOBATEJBHEIE: OJHO M3 HHUX BOIPOCHTENBHOE, a APYyroe
nobyaurensuoe. Ilpeaynoxenve 8 He ABJAeTCA BLHICKasSbhIBAaHHEM, IIO-
CKOJIBKY O €ro MCTHMHHOCTHA T'OBOPHUTH 6ECCMEBICJIEHHO: OHO JIMIIb OIIpe-
JIeJisieT HOBOE IIOHATHE Uepe3 paHee BBeAeHHBIE.

B moBecTBOBATEJNBHOM IIPEAJNOKEHHH 6 MCTHHHOCTL 3aKJIOUYEHHOH
B HeM MHGPOpMAIIMH 3aBUCUT OT 3HAUEHHUS IepeMeHHOI X: IIPHM OZHUX
€€ 3HAUEHHUAX YTBEPKJAEHHE OKAXKeTCA UCTUHHBIM, IIPH APYIHX — JIOMK-
HeIM. Tak 4TO 5TO HpeAJsOKeHHEe HEeNb3A OTHECTH K BHICKASBIBAHUAM.
Me1 pacecMoTpuM HmoAoGHBIe yTBepxkaeHUA B § 36. Touno Tak ke mepe-
MEHHYIO X COAEDXKHUT HpeAJIOXKeHHe 7, IMOITOMY M €ro He cJjaegyeT OT-
HOCHUTL K BBICKas3pIBaHMAM. HO ecqM 3aayMaThCsd O CMBICJE 3TOTO
NPeAJIOKEeHHUA, TO CTAHET SICHO, YTO OHO HCTHHHO IIPH Jiio0OM 3Haue-
HHUU NepeMEeHHOH X.

IlpuMep npeAsoxkeHUs 7 MOKA3LIBAET, UTO AAaHHOe ApPHCTOTENIEM
O0'bACHEHHE, UTO TAKOEe BBICKA3LIBAHHWE, He ABJIAETCH, CTPOro TrOBOpH,
onpeaeneHneM. Bojsee Toro, oHO GaKTHYECKH IIepeKJaJbIBAeT Ha NJIeYH
APYrUX HAYYHBIX AUCIMIOJHAH — MaTeMaTHKH, GUIHMKHU, XUMUU, OUO-
JIOTHMH, UCTOPHM (CIMCOK BHI JIETKO HPOAOJIKUTE CaMH) — CcaMy Ipob-
JeMy MOJIydeHHs OTBeTa Ha BONpOC, OYAeT JIM MCTHUHHBIM TO HJIH HHOE
yTBepxJeHue. VI BOT ecAM OTBeT Ha TakKoil Bompoc OyaeT MOJy4YeH, TO
3TO yTBepXKJeHHEe OyAeT HA3HIBATHCSA BHICKA3LIBAHMEM.

Bnopouem, A HEKOTODHIX YTBEDXKACHHN OTBeT 00 MX HMCTHUHHOCTH
WJIN JOXKHOCTH HeJb3s NOJIYYUTh HUKAKHMH cpeAcTBaMHu. BoT ogHO u3
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TaKUX YTBEDKACHUH: «3TO NPEAJOXKEHHEe JIOAKHO» . ECIN IpeanooXUTh,
YTO caMO 3TO YTBEPIKIeHHe MCTHHHO, TO OHO 00A3aHO OBITH JIOMKHBIM. Ec-
JM JKe CUMTaTh, UTO YTBep)KAeHHe JIOMKHO, TO OHO 003aHO OBITH MCTHH-
HBIM. BoifiBIeHMe M HeJONYINIEHNE B PACCYKACHUAX NOAOOHEIX BHYTPEH-
He NIIPOTHBOPEUYMBLIX YTBEPXKICHUM TOX(e OJHA M3 3a7a4 JIOTUKH.

OcTaBaaa ApyruM HAyKaM IIPaBO OTBEYATH HA BOIPOC 00 MCTHHHOC-
TH KOHKPETHOTO YTBEPKJAEHU, JIOTHKA HMHTepecyeTcdA, KaKk M3 Habopa
HCTHUHHBIX YTBEPXXJIEHUH MOXKHO IIOJyYaTh HOBBI€ MCTHHHEIE YTBEPIK-
IeHHA. ITO O03HAYAET, UTO JIOTHKA M3y4YaeT TaKHe Oolepalfuy HaJ BbI-
CKa3hIBAaHUSIMH, B pe3yJbTaTe IpHMEHEeHHs KOTOPHIX CHOBA IIOJYy4YaeT-
ca BbIcKaabiBaHMe. [Ipu 3TOM BOBce He TpeOyeTcsa BHHKATH B CMBIC
BBEICKA3LIBAHHU, HAJA KOTODPLIMM INIPOU3BONATCA omnepauuu. MaTemaTu-
YyecKas JIOTHKa npeajaraeT (GopMalM30BaHHBLIN A3LIK AJA OIHUCAHUA
9THX oOIepanuii, YTO IO3BOJISAET IOCTPOUTEH (POPMAJIBHYIO MOJEJNDb UeJio-
BEUECKHX DaCCYIKACHMHI.

C HeKOTOPBIMH JIOTHYECKHMH OIepalliaMH BEl HABEPHAKA 3HAKO-
MEL ellle 0 6a30BOMY Kypcy MHAPODMaATHKM. JTO IpeIe Bcero omnepa-
O¥A KOHBIOHKIUM (Io-ApyroMy, omepanus i), ZUIBIOHKIUHN (IIO-Ipyro-
My, Oomepalus uUAu) U omepanus OTPUIUAHHA (IO-APYroMy, omepamus
He). Ho ects m gpyrue omepanuu, OHH NepevyHCJeHBI B Tabaume 4.1.

Tabnunya 4.1
JNornyeckaa onepauus 0O6o3HaueHne | CMmbicn B 06bIMHOM A3bIKe

KOHBIOHKLMA, NOrnYeckoe ym- & -, A Coiw3sbl 1, a, HO
HOXEHWE
JAN3BIOHKUKUS, NOrMYECKOEe Cno- v, + Colo3 unun
XEeHue
OTpuuanune, vHeepcus -, Yactuua He
PaspenutenbHan AUS3bIOHKUUSA, @, A O6opoT uau TOABKO..., Win
MCKNIOHAIoLLIEe M/IM, CNOXeHWe TONBKO...
no moaynio 2
Umnnukauws, cnepgoBaHue -, = O6opoTt ecaun..., T10...
PaBHOCUNLHOCTbL, pPaBHO3Hau- | <>, <, =, ~ | O60pOTLl TOrga U TOALKO
HOCTb, 3KBUBaNeHUMN Torga, HeobxoauMo U A0C-

TaTo4YHO

B naspanmax m o603HaYEeHHAX JIOTHYECKHX oOIlepanuii, IpusBegeH-
HBIX B Tabaune 4.1, Ha mepBOM MecTe yKasaHBI Te, KOTOpbIe OyAyT
MCIIOJIL30BATHCA B HallleM yueOHHKe. B aApyroii auTeparype mo MaTeMa-
THYECKOH JIOTHKE YIOTpeOJAIOTCA M APYrHe U3 VKA3aHHBIX Ha3BaHHUH
u 000o3HaAYeHN.

Bo Bcex Jjoruueckmx omepanmuAx, KpoMe OIepalMyl OTPHUIIAHUA,
Y4acTBYIOT ABa apryMenTta. IloaToMy npuMeHeHUe, HAIIpUMED, KOH'BIOHK-
MU K BbICKa3bIBaHUAM X M Y 00bIuHO 3amuchbiBaioT Kak X & Y, a npu-
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MeHeHHe MMIJHNKAIIUU K TeM XK€ BbBICKa3blBaAaHHEM KaK X-Y. OTpH'

IaHue BbICKasbiBaHUs X samuchIBalOT B Buae X.

3HaueHUs JOTMYECKHUX OMepaluii 3afaioTcs, KaK BLI 3HAETE, C IO-
MOIIbIO0 TAGHHI] MCTHHHOCTH. B HUX /A BCEBO3MOYKHBIX KOMOMHaImii
3HAUYEHHUII ApryMEHTOB 3aNMCHIBAETCA Pe3yJbTAT NPUMEHEHHA olepa-
umuu. asa Bcex omnepamnuii OAHOBPEMEHHO 3TH Ta0auIbl cOOpaHBI B Tal-
auiie 4.2; B Hell 3HaYeHHUs apryMEHTOB U pe3yJbTAT IIPUMEHEHHUS ome-
pamuu obosmauennl OykBamMu «M» (Mctuma) u «JI» (Jloxs).

Tabnnuya 4.2
X Y X&Y | X VY X XY [ X—-Y | XY
n n n n JI JI n n
n JI JI n JI n JI JI
JI n JI n n n n JI
JI JI JI JI " JI " "

Kak BugHO M3 TaGauIbl, NUCTUHHOCTh BHICKA3bIBAHUA, IMOJYUEHHO-
ro ¢ mpuMeHeHHeM IU3BIOHKIHN, MMEEeT MEeCTO, KOTJAa MCTUHHO Jubo
OAHO BBICKAsbIBaHMe, Jubo apyroe, aubGo oba oxHOBpeMeHHO. K mpume-
Py, UCTUHHOCTL BBICKa3bIBaHUA <«UaeT HOKAP UAUW IAYeT BeTep» O3Ha-
YyaeT, YTO Ha YJHUIle UMEET MECTO OAHA M3 TPEX CUTyaluil: uAeT AOKAb
W HeT BeTpa; HET NOKIA, HO AVeT BeTep; OAHOBPEMEHHO HAET JOKAb U
ayet Berep. IloaTomy, 3amuchiBad AaHHYIO (pasy cpeAcTBaMMu MaTeMa-
THYeCKOM JIOTMKH, eCTEeCTBEeHHO HpeAcTaBUTh ee B Buje X VY, roe X —
3TO BHICKa3bIBaHMe «VJeT Mok Ab», a Y — BhICKasbIBaHme «Jlyer BeTep».

A Bor BrickaswiBanme «Ilers cuauT Ha ypoxe dusmru uauw Ilera
CUANT Ha YpOKe HUCTOPHUM» JIOJKHO, Korjga o0a BhICKasblBaHUSA, U3 KOTO-
PBLIX OHO COCTABJIEHO, NCTUHHBLI, — He MoKeT IleTda oqHOBpEeMEHHO OBLITH
U Ha YpPOKe (PM3UKM, M HA YPOKe HCTOpMU. 3[ech [0 CMEICJY HpuUMe-
HeHa olepalus UCKJIYAIero uiu. Iloatomy, mepeBojsa aTy (pasy Ha
ASBLIK MaTeMATHUYeCKOH JIOTMKH, eCTECTBEHHO BOCHOJIL30BAThCA OIEpa-
nueit ® u coorBercrBeHHO 3anucaTh X @Y, rme X — 2TO BhICKa3bIBa-
Hue «Ileta cuauT Ha ypoxe ¢usuxku», a Y — BbIcKasbiBaHue «lIleta
CUJUT HA YPOKE HCTOPHUH>.

BosamoykHO, Bac yamBmia TabauIla MCTHUHHOCTH AJIA OHepaluu CJie-
IoBaHUA. MHOTUM KayKkeTcd, 4TO yTBep:KAeHue «Ecau X, To Y» ucTuH-
HO B TOM M TOJBKO B TOM cjayuae, Korga X u Y OJHOBPEMEHHO HCTUH-
HbI, T.€. COBHAJaeT ¢ KOHBIOHKI[HMeH a3TUX BbICKadbiBaHHii. Ho axaBaii-
Te moAyMaeM, KOTJa JOKHBI 3TH BEICKasbIBaHMWA. Jlerko mOHATH, 4YTO
KOHBIOHKIMA X M Y JIO’KHA TOTAa M TOJBKO TOTJa, KOrJa JIOKHO XO-
Ta OBl OAHO U3 BhICKa3biBaHME X miam Y. A JOKHOCTH BBEICKA3bIBAHUA
«Ecau X, to Y» o3HadaeT, 4TO, XOTA BbIiCKasbIBaHHe X HCTHHHO, BBI-
cKasmiBaHue Y JjJokHo. OTciofla U BbITeKaeT To (opMaJyibHOE oIpejeJe-
HAe MMIIMKAIIUM, KOTOpOe MpHBeleHo B TabGuanie 4.2. B uwacTtHOCTH,
BbICKasbiBanue «Ecim 2X2 =5, To 2X2 = 4» mcrunuumo. Kak, Bopo-
4yeM, HCTHHHO U BhIcKasbiBaHHe «Ecim 2X2 =5, to 2 X2 = 3». Hepen-
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KO OTMEUYEHHOE€ CBOMCTBO MMILIMKAONY (GOPMYAHUPYIOT TaK: U3 MCTHHBI
cJeAyeT UCTHHA, a M3 JUYKH — 4YTO YTOAHO.

OO6BIYHO C MOMOIIBLIO JIOTMYECKHMX OIEpamWil cTapaloTCA CBECTH JIIO-
00e BHICKASBIBAHME K TAKMM BHICKA3LIBAHWUAM, B KOTOPLIE ViK€ HEJIL3dA
BREIJEJUTL APyrue BLICKA3LIBaHMA. TakHe BLICKA3LIBAaHUS, HUKaKafA
YacTh KOTOPHIX BBICKA3LIBAHMEM HE ABJIAETCH, HASHIBAIOTCA MPOCTHIMH.

i e R

BOMPOCHI U 3ALAHUS

0 U3 npuBepeHHbIX HWXE NpegnoxeHuit BoibepuTe BbicKa3biBaHus M 000CHylTe cBOW
Bui6op:
a) Bbixoxy oguH a1 Ha aopory.
6) 9 cnpocun y sicens: «fpe mos mobuman?»
B) 3a4yem Bbl, AEBYLUKNA, KPACUBLIX niobute?
r) Ecnu y Bac Het cobaku, ee He OTpaBuT cocea.
A) llaBaitte BOCKNMUATL, APYr APYrOM BOCXWLWATHLCS.
e) He no#, kpacasuua, npyu MHe Tbl neced Mpy3un nevansHOWM.
X) BOT KTO-TO C ropouku cnyctuncs.
3) Huuero Ha cBeTe nyuwe Hety, yem 6Gpoaute apysesam no 6eny ceety.
n) YmMom Poccuio He NOHATb.
K} HO KTO-TO kaMeHb NONOXuUn €My B NPOTSHYTYIO PYKY.

@ Ana npuBEAEHHBIX HUXE BbICKA3bIBAHUA YKaXUTE, Kakue W3 HUX VCTUHHbI N Kakve
JIOXHbI:

a) Yucno 3 sisnsieTca genutenem Moboro 4ucna, y Kotoporo cymma umdpp paeHa 6.
6) HekoTopble MnekonuTaloWME He XUBYT Ha cylue.

8) HukTOo He MoxeT 06bLATL HeoGbATHOE.

r) Aemocoden yteepxaan: «<B 0aHy pexy Henb3s BOWTH ABAXAbI».

A) B xaxaom rogy ectb Mecsil, B KOTOPOM 13-€ 4nCno npuxoauTcs Ha NSATHULY.
NpvBeaute NO ABa NpUMEPa UCTUHHBLIX U NOXHLIX BbICKA3biBaHW U3 UHPOPMATUKU,
du3nkn, maremaTnkn, 6MoNorvn, UCTOpPUY, NONUTUHECKOR XUIHMU.

Ana npuBeAeHHbIX HUXE BbICKA3biBaHWIA NONbITAWTECE YKA3aTb, KAKUE U3 HUX UCTUH-
Hb! ¥ KaKue NOXHbI:

a) HatypanbHbix uyncen 6eCKOHEeYHO MHOrO.

6) Ecnu guaroHant BbINYKNOrO YeThIPexyrofbHuKa pa3buBaer ero Ha ABa PaBHbIX
TPEYroNbHWKA, TO 3TOT YEeThIPEXYrONbHUK — MNapannenorpamm.

8) CepeanHHbIA NepneHavKynsap K OTPe3Ky — 3TO MHOXECTBO TOYEK, paBHOyOaneH-
HbIX OT KOHLOB AAHHOrO OTpeska.

r) B aecatnuHoi 3anucy uncna n BeTpedaetca 100 pas noapsas undppa 9.

0

1 o "
Aa) B 3anucn uncna ; B Buae 6ecKOHeuYHOW AecATUYHOW p.po6u HEe BCTpevaeTcd

uidpa 9.
e) Kaxpoe HaTypansHoe uucno nubo npoctoe, nubo npoussegeHne NPOCTbIX 4MCcen.

<1l

X) [na BCex AENCTBUTENbHLIX 3HAYEHWH X BLINONHAETCA HEPABEHCTBO T2
+x

. . 1
3) na BCex AENCTBUTENbHBLIX 3HAYEHUA x BbINONHAETCA HEePABEHCTBO 3 <1,

+x
n) o6oe HaTypanbHOE 4UCno, y KOTOPOro cymMma uvdp paeHa 2, He genutca Ha 7.
Ana BCex nNu BbICKa3bIBAHMIA BaM YAANOCHh BbiNONHWTL 3anaHue? Toyemy TeM He Mme-
HEE MOXHO YTBEpPXAAaTb, YTO BCE NPUBEAEHHLIE B NYHKTaX a—3 NpPeaNoXeHusa ABNs-
I0TCA BbiCKa3blBaHNAMU?
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6 B npuBeAeHHbLIX HUXE BbICKA3bLIBAHUSX Bbigenute Aga NpPOCTbiX, 0603HaYbTe UX Byk-
BamMM 1 3anNUINTE BCE BLICKA3LIBAHUA C NOMOLLBLIO 3TUX 0603HAYEHUA U NOTUYECKNX
onepauvin:

a) MNeta n Kona nayt rynsate.
6) NeTta naet rynate, a Konsa rynate He npaer.
8) Ecnn Konsa waet rynate, To Meta rynate He nAaer.

0 B npuBeAeHHLIX HUXE BbICKA3bIBAHUAX BLIAENUTE ABAa NPOCTbIX, 0603HauYLTEe UX Byk-
BaMM U 3anvilnTe BCE BLICKA3bLIBAHWA C NOMOLLLIO 3TUX 0603HAYEHNA U NOrNYeCcKnx
onepauuvin;

a) yucno 1234 yetHo u penutca Ha 3;

6) uncno 1234 HeveTHO M genutca Ha 3;

B) yncno 1234 4yeTHO AN He penuTca Ha 3;
r) yucno 1234 HeyeTHO WU He aennTca Ha 3.

O Ykaxute, Kakyto, Ha Ball B3rnsia, ON3bIOHKUMIO — OBLIMHYIO AW pa3nenutencHyio —
Hano ynotpebuTtb Npu 3anucyu Cneayiowmx BLICKA3biBaHUIA HA A3LIKE MaTeMaTuyec-
KOW NOrnKun:
a) Ha pepesbsx pacnyCTUAMCh NUCTbA UAWM PacKpPbiNUCb GYTOHLI.
6) Ha ynuue 3amep3 pTyTHLIN rPagyCHUK UAN OT Xapbl Nepecoxna peyka.
B) Ha Hebe csetut ConHue wamn BuaHa JlyHa.
0 Onpepenute, KakMe U3 NPUBEAEHHDLIX HUXE UMMAUKALWA UCTUHHLL:
a) Ecnu yncno 1357 HeuyeTHO, TO OHO AenuTCcA Ha 3.
6) Ecnu uncno 1357 4yetHO, TO OHO genuTcAa Ha 3.
B) Ecan yucno 1357 He4eTHO, TO OHO He aenuTca Ha 3.
r) Ecnn yncno 1357 paenutca Ha 3, TO OHO HEYETHO.
A) Ecnn yncno 1357 He penntcsi Ha 3, TO OHO HEYETHO.
e) Ecnn yucno 1357 He penutca Ha 3, TO OHO YETHO.
Q CocTtaBbTe Tabnuubl UICTUHHOCTU ONS BbICKA3bLIBAHWIA:
aY—X;
6) X = (Y — X);
B) XVY—= (X &Y)

NX&Z—>((YVZ—X).

06 anreOpe xak pasjejie MaTeMaTUMKM Bbl y3HaAJHM B 7 KJjacce.
BEI IPHUBHIKJIM K 3TOMY CJIOBY B PACHUCAHHHM YPOKOB, M, BO3MOMKHO, MHO-
THe U3 Bac He Cpas3y OTBETAT Ha BOIPOC, YTO TaKoe ainrebpa. B mare-
MaTHKe ajre0poil HasplBaeTcA AUCIIUILIMHA, MU3ydaloinas CBOICTBA oOIe-
panuii Ha MHOKecTBaXx. IlIxoJbHas ajnrebpa H3ydaeT MHOMECTBO
AeHCTBUTEJbHBIX UHNCEJ H ONEePAIlMH CJOMKCHHS, YMHOKEHHA, BHIUHUTA-
HUSA, JejleHus, BO3BeJeHUs B CTeleHb, KOTOpbie HajA 3THMH YHCIaMHU
MOJKHO BBINOJHATH. HEKOTOpHIE CBOMCTBa omepaiuii Bbl 3HAETE €Ile MO0
HAYaJbHON MIKOJIe, HAIPUMED MepeMEeCTUTEJLHEIN 3aKOH CJIOYKEHUA: OT
ImepeMeHbI MECT CJIaraeMBIX cyMMa He MeHdAeTcsd. CnpaBeJJIMB aHAJIO-
FUYHBLIA 3aKOH M JJA YMHOMKEHUS YMCeJl.
OaHO M3 BasKHEIX M300peTeHMII uejloBEeKa, KOTOpPOe JIerJI0 B OCHO-
By anreOpel, — 3TO BBeJileHMe OYKBEHHOI CHMBOJHKH JJA 3alIHUCH
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cBoiicTB omepamnuii. K mpuMepy, TOT Ke NMepeMeCTHTeJILHBIN 3aKOH CJIO-
JKEeHNS 3alNCBIBAETCA ¢ IIOMOLILIO OYKB COBCEM IIPOCTO: a + b =b + a.
Taxkue paBeHCTBa, KOTOpbie BepHEI NpPH JIOOLIX 3HAYEHHUAX OYKB, HA3LI-
BalOTCsA, KaKk BLI IIOMHUTE, TOXKAecTBaMHu. Ilo Mepe m3ydyeHHs anredphl
TOXKAECTB MOABJIAJIOCHL Bece Ooablile W GoJblie. JJOCTOMHCTBOM TOMKIECTB
AABJIAETCA TO, YTO, IOACTABJAA OAHU TOMKAECTBA B APyrue, MOMXHO IIO-
JydaThb HOBEIe TOoKAecTBa. Takymo HDpoueaypy Ha3hIBalOT TOMKITECTBEH-
HBIMH HpeoOpa3soBaHHAMH.

MaremaTnueckada JIOrHKa, a TOYHee, TOT pasfell, 0 KOTOPOM MEI
ceifiyac pacckasniBaeM, HMMeeT JEeJO0 ¢ MHOYKEeCTBOM BHICKA3LIBAHHIH.
B npeapiaymieM nmaparpacge MBI BBEJIM HECKOJILKO Ollepaluii Hajg BHICKA-
suiBaHUAMHU. ClegoBaTesIbHO, CYIIECTBYET ajiredpa BBICKA3LIBAHUN —
pasziesl MaTeMaTH4YeCKOI JOMr'MKM, M3YYaloIIUil CBOMCTBA OIMEpaIlUil HaZ
BHICKa3bIBAHUAMH. IIpexkae Bcero Hac OYAyT MHTEepPeCOBATh Te CBOMCTBA,
KOTOpble 3allMCLIBAIOTCA KAaK TOMIecTBa. B Halrem caydae OYKBEI
6yayT o603HAYATh IIPOM3BOJIbHLIE BBLICKA3LIBAHUA, a 3HAK DPaBEeHCTBa
OyZeT mO-IIpeXXHEMY BBIPDAXKATh TOT (PAKT, UTO 3HAYEHUE JIEBOH YACTH
pPaBeHCTBa COBIAjlaeT CO 3HAUEHMEM IIpaBOM 4YacTH paBeHCTBa, KaKHe
Obl BBICKA3LIBAHMA MBI B HMX HM IOACTABIAIHN (padyMeercs, BMeECTO
OMMHAKOBBIX OYKB MBI JAOJIKHBI IOJACTABJATL OJHO M TO K€ BBICKA3bI-
BaHMe, XOTA BOBce He 00s3aTeJIbHO, YTOObl pasdHble OYKBEI 3aMEHAJNNUCH
pPasHLIMHM BBICKA3bIBAHUAMM). B MaTeMaTMuecKoil JIOTHKe TaKHe TOXKIe-
CTBEHHO PABHEBI€ BLICKA3BIBAHUA MNPHUHATO HA3LIBATH PARHOCHJILHBIMH.
CaMHu BbICKA3LIBAHMA, B KOTOPBIX (PUTYPHUPYIOT GYKBBI, 0003HAYAIOIIHE
NPOMU3BOJIbHEIE BBLICKA3BIBAHHUS M COEAVHEHHbIE 3HAKAMU JIOTHUECKUX
onepanuii, Ha3LIBalOT (popMyiamMu. BykBuI, BXoasAmue B Takue dopMmy-
JIbI, HA3LIBAIOT JIOTHYECKUMH NepeMeHnbivMu. PopMyIbl Ha3BIBAIOT TOMK-
JDEeCTEEHHO PABHLIMH WV PABHOCHJILHBLIMH, €CJIM PABHOCHUJILHEI IIpeJ-
CTaBJ€HHbIe MMM BBICKA3bIBAHU.

B anrebpe meiicTBHUTENBbHBEIX YHCEJ LOKA3aTeJILCTBO TOMKIAECTB IIOA-
Yyac ABJAETCA AOBOJLHO TPYAHLIM J€JIOM, TPeOYIOIIUM OIIpeAeJeHHOMH
n3ob6peTaTeJbHOCTH. B ajrefpe BhICKA3bIBAHHUM AOKA3aTeJLCTBO TOMKAE-
CTBa — IIPOIECC HEeCJIOXKHBIM, XOTA M MOMKET OKAas3aThCcA BecbMa TPYAO-
emxuM. IIpuunHa 3gech B TOM, UTO AeHCTBHUTEJNLHBIX uMcell OecKOoHed-
HO MHOTO U BCE He Iepenpo0yelib, MOACTABIAA UX BMECTO MePEMEHHBIX.
Yro kacaeTcAa ajreOpnl BbBICKA3LIBAHWII, TO, KAK BLI 3HAeTe, 3HAUEHHE
BbIpajKeHUs, COCTABJEHHOr0 ¢ IIOMOHIBIO JIOTHYECKUX ollepanuii ua Apy-
r'MX BBLICKA3BIBAHHIM, 3aBHCHUT TOJBKO OT HCTHUHHOCTHU M JOMKHOCTH

BXOAANIUX B €ro COCTAB BEI-

Tabnmya 4.3  ckaswiBamnii. IlosTomy, co-

— CTABUB TAOJIUILI MCTUHHOCTH

X—Y | XvY IJIA ABYX TAKUX BBICKA3BIBa-

HUHA, MBI MOYXEM JIETKO yOe-

AUTHCS, PABHOCHJLHBI OHH

AN HeT. YOemiumcd, K IIpU-

Mepy, B PaBHOCHJILHOCTU BHI-

ckaspiBainiit X Y u XVvY
(taba. 4.3).

SR NI
SR
N |
SIS
SIS




E 153

Bcem Buano, uto crobunl gas X — Y u XV Y coBnmaau. 3Hauur,
MOXKHO 3anucaTh: X - Y = XV Y.
IIpuBeseM CHIUCOK OCHOBHBIX TOXKZECTB aire0phl BHICKa3bBIBAHHMH.

Jlornko-martemaruueckue mopenm

1. X&Y=Y & X; (KOMMYTATHBHOCTDH, HJIHN
2.XVvVY=YVX; IepeMeCTUTEbHbIE 3aKOHBI)
3. X&Y)&Z=X & (Y & 2); (accomMaTHBHOCTDb, WNJIH
4. (XVY)YVZ=XV(YVZ); coyeTaTeJbHbIE 3aKOHEI)
5, X &Y)VZ=(XVZ)&(YV2Z) (ZuCcTPpUOYTUBHOCTDH, WJIH
6. XVY)&Z=X&Z)V(Y & 2Z); pacrpezejuTeIbHbIe
3aKOHBI)
7. X&X =X; (MEeMIIOTEHTHOCTD)
8.XVvX=X;
9. X & JI =JI; 10. X vVHU=H
11. X &A= X; 12. XVviI=X
13. X & X=JI; (3aKOHBI HCKJIIOUEHHOTO
14. X v X=WU; TPETHETO)
15.X&Y=XVY; (3akonBl e Moprana)
16 XVY=X&Y;
17. X &Y)VY=Y; (3aKOHBI MIOTJIOIEHHU)
18. XVY)&Y=Y;
19. X= X; (3axoH JABOHHOIO
OTDHUITAHUA)
20 X—-Y=XVY;
21. X Y=XVY)&XVY)=(X&Y)VX&Y);
22. X0Y=X&Y)VX&Y).

Ms1 Beimte mpoBepuan paBeHcTBO 20. OcranbHbIe paBEeHCTBA MOXK-
HO IIPOBEPHUTH TEM JKe€ CIOcO00M — COCTABUTH TaOJHUIIbI UCTHHHOCTH.
JJisg paBeHcTB 1—6 m 3aKOHOB ge MopraHa BEI IPOBeJeTe TAKYIO IIPO-
BE€PKY, BBLIIIOJHHUB 3afaHusA 3 u 4.
IIpuBeseHHBIe BRIl 3aKOHBLI anreOpbl JOTHKHA OOBIYHO HCIOJIb3Y-
10T An8 IpeoOpasoBaHus OXHUX (GOPMYJ B ADYrue, UM DaBHOCHJILHLIE.
Bor npumep:
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X—-Y&XVY)=X&Y)VX&Y)& (X &Y)=

= X&Y)&X&NN&EX&Y)=XVYN&XVY)&(XVY)=
=XVY)&XVY)&XVY)=XVY)&X& XY VY)=
=XVY)&X&M=XVY)&X=-X&X)VT &X)=
=NV &X)=Y &X.

IlepBoe paBeHCTBO B 3TOil IemOuYKe OOBACHIETCA IPUMEHEHUEM
¢dopMyasl 21, BTOpoe M TpeThe PABEHCTBA MMEIOT MECTO COTJIACHO 3aKO-
HaM ge Moprana, ueTBepToe IIOJy4aeTCs NPUMEHEeHueM (GOpPMYJbl ABOM-
HOTO OTPHUIIAHU#A, INATOE PABEHCTBO — 9TO MOCJIEAOBATEeJhLHOE IpHMEHe-
HUE 3aKOHOB KOMMYTATHBHOCTH M IHUCTPUOYTHBHOCTH, IIECTOE PABEHCTBO
HMeeT MecTO B cujay Gopmyasl 14, ceagbmMoe — B cuay dopmyas! 11,
BOCBMO€ — 3TO ONATH NPHMEHeHWe AHUCTPUOYTHUBHOrO 3aKOHA, AEBATOe
PaBeHCTBO BepHO B cuay ¢opmyasl 13 M, HakoHeIl, ZeCATOe PABEHCTBO
ob0baAcHaeTca dopmyaoit 12,

IIpuBemeHHble 22 TOMIECTBA BOBCE He ABJAITCA He3aBHCHMBIMU
APYyr OT Apyra — MOXKHO OJHH M3 HUX IOJYy4aTh, UCIOJB3YA APYrHe
TOMJECTBA JTOTO e CIucKa. BOT Kak, HalmpuMmep, BEIBOIUTCA 3aKOH
norJgomenusa (toxzectso 17) us roxzecrs 11, 1, 6, 10:

X&Y)VY=X&Y)vVY &N)=X&Y)VN&Y)=
=(XVIN&Y=U&Y =Y.

3aKOH acCOIMATHBHOCTH IJf OIepalM¥ KOHBLIOHKIMY II03BOJIAET
He IIcaTh CKOOKH, eclM 9Ta OIepalusA HPHMEHAETCA HOADPAL K He-
CKOJBKMM IepeMeHHBIM. Hampumep, BMecTo (X & Y)& (Z& U) & V)
MOKHO nucaTh npocto X & Y & Z & U & V. UmeHHO TaKk MBI U OyaeM
Jenarb., AHanorn4yHo OyJeM 3amHCHIBATE BBIPDAYKEHUS C omepanuei V.
Ecnu ke B 3anucu BHICKA3BIBAHWSA BCTPEYAIOTCA PA3HEIE ONEpalidyd — OT-
pUIlaHHe, KOHBIOHKIUA, JUSBIOHKIN, UMIINKAIIAI, TO JOrOBOPHMCSH,
YTO OHU BBINOJHAIOTCA B YKA3aHHOM IIOPAAKE: CHAYAJA BEIIIOJIHACTCHA
OTpHUIlaHUe, 3aTeM KOHBIOHKIIHA, a YXKe IIOTOM AMIBIOHKIUA. Ecau xe
NOPAAOK BHIIOJHEHMUA ONepanuii Haf0 N3MEHHUTh, TO IPUMEHAIOT CKOO-
Ku. Ilosromy Belpakeuua (X & YY)V (Z & U) u X & Y vV Z & U cosna-
JaioT, Ho ortauuaiorea oT X & (Y vV Z) & U. Onepanuu < u @ uMeioT
caMBIfi HHUSKHIH MpPHOPUTET.

®opMysia Ha3EIBAETCA TOMNAESCTBEHHO HCTHHHON MM TABTOJIOTHENH,
ecJI1 OHA NPUHUMAET 3HaueHHe VMceTMHA NpH JMIOOBIX 3HAYEHHAX BXOLA-
IMUX B Hee IlepeMeHHBIX. IIpuMepoM mIpocTeiile#l TABTOJOTUM SBJIAET-
ca ¢popmyna X — X.

W3 onpeneneHus omnepaium < ciaeayer, uro ¢opmyanl F; u F, pas-
HOCHUJILHEI TOTZ4 U TOJBKO TOrja, Korga dopmyna F, < F, asnsercd Tas-
TOJIOTHE!H,

MareMaTudyecKasd JIOTHMKA JHUIOIb MOAEJHUDPYET JIOTHUKY UYeJOBEYEeCKO-
ro paccyxxgenusa. K npumepy, BuickaswiBanus X & Y nu Y & X mare-
MaTHYEeCKadA JIOTMKA NPHU3HAET DABHOCHMJABLHEIMU. VW AeliCcTBUTEIBHO,
BhHICKa3biBaHuAa «HzeT mo:xab, um AyeT Berep» u «JlyeT Berep, M HAET
JOKJb» B CMBICJOBOM COAEP:KAHHH HMIAEHTHYHEI APYyr apyry. Ho cpas-
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HUTe BBICKasbIBaHUA «OHa BOILJIA B 8aji, M 3aWrpajia MysbIKa» M «3a-
urpajia My3bIKa, ¥ OHA BOIILJIA B 3aJi», M Bbl IOYYyBCTByeTe€ TOHKYIO, HO
BIIOJIHE YJIOBUMYI0 PasHUILY, HAYINYVI0O OT UYEJOBEUECKOr0 BOCHPUATHUSA
COI03a «H» KaK HEKOH YIOpPSAAOYEeHHOCTH COOBITHII II0 BPEeMEHH.

R e 5t Wt i S
0 Kakue BbiCKasbiBaHUA, coaepxawme nepemeHHble, obo3Havaowme BbiCKa3blBaHUS,
Ha3biBaOTCH PaABHOCUMNLHBLIMU?

e CocrtaBbTe Tabnuibl UCTUHHOCTUM U BbISCHUTE, PABHOCWUALHLE M CReayiolme BbicKa-
3bIBaHUA: L

aAaX—Yuvy—X )XY uX&Z—Y&Z;
B)(X®Y)&Z n X&ZP®Y & Z; NX—->—2>2Z)yun X—Y)— Z
CocrtaBue Tabnuubl UCTUHHOCTW, NpoBepbTe paseHcTsa 1—6, npuBepeHHbie B 06b-
SAACHATENbHOM TekCTe naparpada.

MNposepbTe 3akoHLt e MopraHa, COCTaBUB COOTBETCTBYIOWME Tabnuubi UCTUHHOCTH.

©0 O

Ynpoctute cnepyiowme ¢hopmynsi:

a)(XVY)& (X &Z),

) X&YVX&YVX & Y;

B X&(X 2 Y)& X —Y)
NX—=Y"2Z2)&Z = X—Y) & —(Z— X)).

a) BoiBegute TOXOECTBO 18 M3 TOXAECTB C MEHLWHMMMU HOMEPaMK.

6) NokaxuTe, 4TO 3akoHbLl Ae MopraHa BbIBOAATCA APYr U3 Apyra ¢ NOMOLLLIO 3aKOo-
Ha ABOMHOrO OTPULAHUR.

NposepbTe, 4TO cnepyowme GOpMynbl ABNAIOTCK TaBTONOMMUSIMU:

a) X — X; 6) X = (Y —X)

BuisicHuTe, kakue U3 cneayiowmx GopMyn ABAAIOTCA TaBTONOMUAMU:
aA(X—X)—X; 6)XvVY—X; BX&Y—X.

Bbipa3suTe BbickasbiBaHve X yepes BbiCKa3biBaHU] A U B, ecnn nmeet MecTo pa-
BeHCTBO (X VA) V(X VA) = B.

BbisicHuTe, cywecTteyeT N Takas dopmyna F, npu NOACTAHOBKE KOTOPOWN B CReEAyio-
wyio dopmyny ata ¢Gopmyna CTaHOBUTCS TaBTonormen:

a)X&Y—>F&Z; 6)F&XVF&X&Y.

® 000 O

-~ Kak nocrpours nornueckyio dopmyny

KaxkuM OBl HM OBLJIO CJIOKHOe BLICKA3LIBAHME, OJIA HEro BCer-
Ia MOMHO COCTAaBUTh TaGJMIly MCTHMHHOCTH. A ecaH JaHa HeKoTopas
Ta6IMIa MCTHHHOCTH, TO BCerja JJU MOXXHO 3aIlHCaTh CJIOXKHOe BBICKA-
3bIBaHME, Y KOTOpOro Onljia GBI HMMEHHO Taxkad TaGJHIla MCTHHHOCTH?
OTBeT Ha 3TOT BOMPOC MOJIOXKUTEJeH. MBI moKakeM Ha IpUMepe, Kak
CTPOHTDH CJIOMKHOE BBICKa3blBaHHE MNO TalJjHIlle HCTHHHOCTH, a IOTOM
chopmynupyeM obiee mpaBmiao. Ilycrth, K mpuMepy, Tabauiia MCTHH-
HOCTH BBITVISAWUT Tak, Kaxk Tabauna 4.4.
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BribepeM CTPOKH, B KOTODBIX Ji MCKOMOTO BHICKA3LIBAHUS CTOUT
suaueHue Mcruna. Qiasa KakAgoil Takoil cTpPOKHM BMecTO 3HaueHus MHc-
THHA B CTOJOIiEe IIPOCTOrO BHICKA3LIBAHWS HAIMIIEM CaMO BBICKA3HIBA-
HUe, a BMecTO 3HaueHus Jloskp Hammmem ero orpunanue. Iloaydum
Tabauny 4.5.

Temepr B KaXA0H CTPO-Ke COEIUHUM IOJYYUBIINECS BLICKA3bIBa-
HUA KOHBIOHKIIMell, a MOJydYeHHbIe TAKMM CIOCOOOM CJIOKHBIE BHICKA-
3pIBaHUA — AUIBIOHKIUeEN. ¥ HaC MOJYUUTCH CJIOKHOe BHICKAa3bIBAHUE

A&B&CVA&B&CVA&B&CVA&B&C.

3TO BEICKA3LIBAHNE MOYKHO Telleph IIPeo0pasoBLIBATL IO YKA3AHHBIM
paHee 3aKOHaAM.
B o6miem cayuae ggas Toro, 4ToOGbl HOJYYUTL BLICKa3LIBAHHME IO

Tabanie MCTHHHOCTH, HAAO HOCTYHATH TOYHO TaK Ke:

s OCTaBUThL B TAOJHIe Te CTPOKHU, B KOTOPLIX 3HaUEHHEe HCKOMOTO

BeIpaKeHuss — McTuHa;

s B Ka)KJIOM KJeTKe 3TUX CTPOK 3alHcaTh BMeCTO 3HaueHus Hcru-
Ha caMO BBLICKA3LIBAHWE M3 3aroJIOBKa CTOJIOIIa, a BMECTO 3Haue-
HuA JloKbL 3ammcaTh ero OTpUIaHUE;

: COeAUHHNTL KOHBIOHKIIMeH BLICKA3bIBaHUSA, CTOAINHE B OIHOI
CTPOKE, a 3aTeM COeIWHUTL AUIBIOHKIHEH IIOJYUHBIIHUECS BEI-

CKA3BLIBAHUA AJIA BCEX OTOOpaH-
Tabanua 4.4 HEIX CTDOK.

Uckomoe Ob6paTuTe BHUMAaHHE, UTO
BBLICKa3blBaHUe II0 3TOMYy AaJITOPUTMy BCerga
noJsiydyaercss (opmyJa, B KOTO-
a POl MCIOJB3YIOTCA TOJLKO OIle-
panuu OTPHUIAHUSA, KOHBIOHK-
OUUM U IUIBIOHKIHM, OpUUYeM
TakK, UTO OTPUIAHNE IPUMEHS-
eTcd TOJBLKO K IIepeMeHHBIM,
KOHBIOHKIMEl COeIUHEHLI IIe-
peMeHHBle HWJW HUX OTpHula-
HUf, TOpUYeM KaxKaad Iepe-
MeHHafi B TAKOM KOH'BIOHK-
THBHOM BBIpaXKeHUUW (PUTYPH-
n pPyeT POBHO OAUH pa3, U, HAKO-
Hell, IU3BIOHKINUN COeNUHAIOT
Ta6bmua 4.5 TOJIYyUYUBIINECH KOHBIOHKTHB-
Hble BBIpaXKeHus. BeIpakeHue,

Hcxomoe 3anHncaHHOe B TaKOM BHIe, Ha-
BBICKa3blBAHNE 3LIBAETCA COBEPUHICHHOM AU3B-

u IOHKTHBHOH HOPMAJbLHOH (hop-

moit (coxkpamenuo CIHH®P). B

CUJy JAOTOBOPEHHOCTe# 0 1o-

PAAKe BBIIOJHEHUS oOIepa-

nuit 8 CAH®D ckobxu He Tpe-

oylorcs.
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BONPOCHI U 3AJJAHUA
@ CdhopMynupyiiTe anropuTM NOCTpoeHUs norudecko Gopmynbt No Tabnuue WUCTUH-
HOCTW ZINS NOrMHECKOrO BbIPAXEHUS.

@ Yro Takoe COH®?

8 Npeo6pa3yitTe B BbipaxeHue, He coaepXallee ckoBok, cnenylouMe BhiCKasbLBaHUS:

a)(A& BV A&B)&A; 6) A& B& (BVC)VC&A; B)AV BV B&A.
0 a) 3anuwumnte yepe3 A, B n C BeickasbiBaHua X, Y v Z, 3apaHHole Tabnvuei 4.6.
6) 3annwmTe BoipaxeHua X VY, YV Z, Tabnuua 4.6

X V Z v npeobpa3syiite nx 8 pasHO-
CUnbHblEe BbipaXeHWN, He coaepxaime
cKoBOK.

6 MN3BecTHO, 4TO BbiCKa3biBaHWe F, 3aBu-
cAutee OT Tpex BbickasbiBaHUW A, B
n C, npuHuMmaet 3HadyeHne WctuHa
B TOM W TONLKO B TOM Chy4ae, Koraa
POBHO OAHO W3 BbICKa3biBaHWA A, B
n C nmeet 3HadeHue Jloxb. CocrasbTe
ona F norvdeckyio ¢popmyny.

0 a) UasecTHO, 4TO BbicK23biBaHue F, 3a-
BUCALLeEe OT Tpex BbiCKka3biBaHu A, B
n C, NpyHMMaeT TO 3HA4YeHWe ANA Kaxaoro AaHHOro Habopa 3HaveHnit A, B un C,
KOTOpOE NpuHUMaeT GONbULINHCTBO U3 3TUX TPEX BbICKa3biBaHW. PyHKUMIO F nNoaTto-
My Ha3biBalT ¢pyHKuMeh ronocoBanua. Coctasete anad F norudeckyio popmyny.
6) CoctaBbTe norudeckyio dopmyny ans QyHKUUM FONOCOBaHWUA OT YeThipex nepe-
MEHHbIX.
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Pewenne normueckux sapay CPeAcTBaMMU
" MATeMaTU4YecKOoH JIOTUKK

Ilens maydeHHsA JIOTMKHA COCTOUT B TOM, YUTOOBI OOECIIEUUTH
Cpe/ICTBAMHU JAJA JAOKA3aTEJbCTBA JOTHYECKOH 060CHOBAHHOCTH BLIBOJOB
OJHUX YTBepKAeHU m3 apyrux. s Takux o00CHOBAHHII HEPEAKO IIO-
JIE3HBIM OKAa3bIBAeTCs IPUMEHEHHE ajareOpbl BLICKA3LIBAHMIA.

IIpounmocTpupyem mpuMeHeHHe ajreOpbl BLICKAsbIBAHUIT HA IpUMe-
pe ABYX 3ajad.

3angaua 1. Kmo usywan aozuxy? Ha Bonpoc, KTO U3 Tpex yd4a-
muxcss — AHTOH, Bopuc uaym BUKTOp — M3ydas JIOTHKY, YYHUTeNb, IIpe-
NOAABABIINI JIOTUKY, OTBeTHJI: «Ecau Jloruky musydaa AHTOH, TO U3ydat
u Bopsa, HO HeBepHO, YTO ecu uM3ydas Burtsa, To mayuan u Bopsa». Kro
JKe USydYajl, a KTO He H3y4daJ JIOTHKY?

P e e 5 ue. ObosHaunMm GYKBOIT A BhiICKasblBaHNE «AHTOH U3YYaJl
JIOTHKY», OYKBOH B BbICKasbiBaHHEe «DBopuc uU3ydas JOTUKY», OYKBOIi
C BrICKa3bIiBaHue « BUKTOD mMayuas Joruky». Torzja BeICKasnLIBaHHUE YUU-
TeJisg MOXKHO 3alnucaThb TakK:
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(A — B) & (C — B).

IIpeo6pasyeM aTy 3allMCh, OCBOGOZMEBIIHCHL OT CKOGOK:
(A—B)&(C—B)=(AVB)&(C&B)=(A&B)V(B&B)&C=
=((A&B)VI)&C=4& B&C.

ITockonbKy yTBEpKAEHUE YUUTENSA Mbl, KOHEUYHO, IDUHUMAEM 34 HC-

THHHOE, UCTUHHEIMM AOJKHBI OBITh M yTBepKIeHus A, B u C. Ciaenosa-
TENBLHO, YTBEDAKAEHNE A JIOXKHO, YTBEP)KAeHNEe B TOXKe JIOKHO, a YTBepK-
geHue C uCTUHHO. 3HAYHUT, JIOTHKY H3y4asl BuxTop, a Auton u Bopuc
JIOTHUKY He HM3y4aJu.

3danxaua 2. Bepdurxm cyda. I'paxxganun VBaHoB 0o0BuHAeTCA
B COBEPIIEHHM IpecTyIUleHuAa npu coyuactuu IlerpoBa m Cuaopoma. Cyx
OPUCAKHBIX B XOJe CHYLIAHUA IIPUIIES K BBIBOAY, YTO CJEACTBHEM JO-
KasaHo cJenyiollee:

1) ecru UBaHOB He BHHOBeH uau BHHOBeH Ilerpos, To Cuaopos
BUHOBEH;

2) ecin IBaHOB He BUHOBeH, To CHMIOPOB He BUHOBEH.

IlpucakabiM TpebyeTcss IPUHATH pellleHWe, BUHOBEH Jau MBaHOB.
HJocraTouHo M y HUX AJSA STOTO OCHOBaHHI?

Pemenue. Obo3naunm OyKBOi A BhICKaskiBauue «/BaHOB BHHO-
BeH», OyKBoii B BricKaskiBaHHe «IleTpoB BHHOBEeH», 6YKBOM C BEICKA3HI-
BaHMe «CuaopoB BHHOBeH». Torga MMeOINyIOCHA y IMPUCHAMKHBEIX MHPOpMAa-
U0 MOXKHO 3allucaTh cienyioiei dopmysnoii:

(AvB)—C)&A—C).
CocraBuM AJA Hee TabAUIy MCTHHHOCTH (Tabn. 4.7).

AHanuay noajie;xaT Te CTPOKH, B KOTOPHIX 3HA4Y€HHE COCTaBJIEHHOM
HaMu ¢opmyasr paBHo V1. MBI BUAMM, YTO BO BCeX 3THX CAyYasdX 3HA-
yeHue A paBHO M. CunemoBarensHo, IBaHOB BUHOBEH.

A BOT A yTBep:KJeHHUA, UTO BUHOBeH IleTpoB, OCHOBaHHII HemocTa-
TouHOo. Begb 3HaueHme W Hama dopMysia MOKeT MMETb UM IPH HCTHHHOM

3HaYeHHH B, ¥ IpH JIOKHOM.
Tabnmua 4.7  BrpoueM, HeT OCHOBAHHIA U 06-
- - = aABUTHL IleTpoBa HEBMHOBHBIM.
(AvB)~C&(A—C) Ecin pgna mepesoja ycio-
U BHUA 3ala4Yd Ha A3BIK MaTeMaTH-
YeCKOM JIOTMKM IPUXOXUTCA HC-
HOJb30BATh (POPMYJILL ¢ YETHIPL-
Mf, IOATBHIO WIH eme OOABIINM
YHUCJIOM IIepeMeHHBIX, Tabauna
HCTHHHOCTH MOJKET HACYHUTHI-
BaTh 16, 32 u Gosee cTpok. lns
COCTABJIEHUSA TAKHUX TabjauL, yixe
OOJIE3HO NPHMEHHUTL KOMIbIO-
Tep. Bul Oyzere aTO AenaTsr mpH
BBINTOJHEHHUHU J1abopaTOpHO# pa-
G6ornl 18.
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BOHPOCbI M 3AAAHM9I |

@ O603Ha4bTe BGykBaMWU NPOCTLIE BbICKA3bLIBAHUA U BOCMONL3YMTECH anrebpoit noruku,
4y100L! OTBETUTL Ha BOMPOC 3a4a4u.
Ecnu [IXOH He BCTpeTun aToi Ho4blo Cmuta, To CMuT 6bin y6uitueit unn [xoH sper.
Ecnn CMuT He 6bin ybuituein, To JIXKOH He BcTpetun CMmuTa 3TOM HOYLIO U YBUIiCTBO
npou30oWNo nocne noayHoun. Ecnn ybuiicTeo nponsowno nocne noayHouu, To CMmut
6uin ybuidueit unu [koH nxeT. IKCNepTs yTBepXAaloT, 4To yOuiAcTBO Nnpou3owno no
nonyHo4un. MoxHo nn yteepxgatb, 4To CmuT 6bin youiuei?

@ O6o3HausTe GykBamu NPOCTLIE BLICKA3LIBAHUS U BOCMONL3YiTECH anreGpoit Normky,
4T06bl OTBETUTL HA BONMPOC 3apaun.

HameueHHas aTaka ynacTcs, ecnu 3axBaTuTb NPOTMBHWUKA BPacnOX UAW ero nosu-
UMK NIOXO 3alMLEHbl. 3aXBaTUTb NPOTUBHWUKA BPACMNIOX MOXHO, TOMLKO €CAK OH
6ecneyeH. OH He 6ynet HecnedeH, ecnu ero Mo3vuMK NAOXo 3awmwieHs. Cneayet
N 13 3TOro, YTO araka He ynacTca?

9 BrHumaHue AHppesn, LleHuca u Muxauna npuveBnexk npoexasuwiuii MUMO HUX aBTO-

Mo6unb.
— 3T0 aHrnuickas MawmHa mapku «peppapu», — ckasan AHapen.
— Hert, maluHa utanbaHckas, Mapku «NOHTWaK», — BO3pasun eHuc.

— 9710 «caab», u caenaH aBToMOGUNL He B AHrnumn, — cka3an Muxaun.
OkasaBLMincs panoOM 3HATOK aBTOMOOUAEN CKasas, YTo KaxXAbii U3 Manb4vkoB Npas
TONLKO B OOAHOM U3 ABYX CBOMX BhbICKa3biBaHWii. Kakoiht mapku aBTomobunb U B Ka-
KO CTpaHe OH U3roToBMNEH?

(B23] Pensumonmsie mogenn

JJi MHOTHX CHCTEM HCKYCCTBEHHOI'O HHTENJIEKTAa Ba’KHOM CO-
CTaBHON 4YacThiO0 ABJAAeTCsA MHpopMamma O Tex 06bEKTaXx, IpPoIEeccax
U SBJEHHUSAX, C KOTOPHIMH NPEACTOHUT HMETDH JeJ0 IIOJb30BATENI0 JaH-
HOM CHCTEMBI MCKYCCTBEHHOI'O MHTEJJIEKTAa. KasKABIH OO'BEKT IIpM 3TOM
ONMMCHIBAETCA 3HAYEHMSIMH HEKOTOpOro HabGopa mapamerpoB. B § 9 Mul
ofCysKaa I, 4TO TaKoe OINNcaHHe YAOOHO NpeACTABAATh B Buiae Tabuu-
nbl. Hanpumep, Takoii, kaxk tabauia 4.8.

Taxux Tabauil AjId JaHHOro Habopa O0'BEKTOB MOMKET OBITL HECKOJIb-
KO — B KamKJI0o¥M u3 HuUX (durypupyer cpoii HaGop mapamerpoB. Bousee
TOr'0, OO Mepe HAKOILUIEHHA 3HAaHHH 06 M3yyaeMbIX 0GBEKTAaxX MOIYT CO-
CTaBJATHCA HOBBIE TaGJIHMIIBI — COBCEM Heo0A3aTeJbHO HOBYIO HHGOP-
MAIIMI0 3alIUCHLIBATh B Y)Ke HMeIoOHIylocA Tabauny, yBeJHuyWBas B HeH
Habop cronbioB. COBOKYNMHOCTE TaGiaHUIl, B KOTOPHIX AJISl pacCMaTpHUBae-
MOM COBOKYIIHOCTH OO'HLEKTOB IIPHMBEAEHBLI 3HAYEHMS HapaMeTpPOB, OIIH-
CBHIBAIOIINX 3TH O0OBEKTHI, HASLIBAETCS PEJIAIMOHHON MOJEJIBI0 TAHHOI
cHCTeMBl OGBEKTOB. YUTO O3HAYAET CJIOBO «PEIAIMOHHAA» M IIOYEeMYy 3Ta
MOZeJIib TAaK Ha3bIBaeTCH, MBI IIOACHMM HEMHOI'o Io3xKe. A ceifuac 06-
CYZHM, KaK C IIOMOIIbI0 TaKOH MOZENH MOKHO IOJYYATh HYKHYIO HH-
tdopmanuio. IlpuBegeHHbIl HHM)Ke IPHMEP XOTA M HECKOJBKO JaJIeK OT
HAYKH, HO SPKO IIOKA3LIBAET IIOJIE3HOCTb TAKHX MOJeJieil B PasHBIX 00-
JIACTAX YeJIOBeYeCKOH mesaTeJbHOCTH.
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Tabnuua 4.8
NapameTp Uma Uma
Homep napameTpa 1 napameTpa k
obvekTa
3HauyeHusa 3HauyeHusa
O6vexr 1 napameTpa 1 napameTpa k
ansa obbekTa 1 ansa obbekTa 1
3HaueHud 3HaueHus
O0GvexT 2 napameTpa 1 napameTpa k
ana obvekrta 2 ana obbekta 2
3HaueHud 3HaueHus
ObbexrT ... napameTtpa 1 napameTpa k
ana obvekta ... ana obbekta ...

IIpeacraBuM cebe AeATEIBLHOCTH MEXKAYTOPOAHOM Tene(OHHOH KOM-
naHuu, Hanpumep, B Caukxt-IlerepGypre. OHa mpemocTaBjseT CBOUM
aboHeHTaM CBA3b C APYrHEMH ropojaMu. MHGopManuio o NpegocTaBJieH-
HBIX YCJIyrax CBA3W YJA00HO mpeAcTaBUTL Tabmiieii.

Tabnuuya 4.9
Homep Aara Fopop, npop,::;::ij;:;uocn
111-22-33 | 01.01.02 Mocksa 7
111-22-33 02.01.02 Mapux 9
122-33-44 | 01.01.02 XeHeBa 20
122-33-44 02.01.02 Lijopux 17
122-33-44 | 02.01.02 Mockea 7
123-34-45 01.01.02 Mapux 11

Kaxaplii HOBLINI 3BOHOK g00aBiseT CTPOKY B 9Ty Tabauny.

Ho Tenedonnasa xoMImaHUSA XpaHUT M MHGpOPMALHIO O BAaJeblax
Tesie(pOHOB, HAIPUMEDP, B TaKoii ¢opme, Kak Tabaurna 4.10 (axpeca u da-
MMJHK B3STHI HAMH, KOHEUHO, YCJOBHO).

IIycts Hac umTepecyer, ¢ KakMUMM TOpOAaMH M KOTja pasroBapu-
Bajx IlerpoB. YUTO6B HOJAYUYUTH OTBET, HYIKHO IIPOJAENATh (PAKTHHECKU
TO JKe caMoe, UTO M B IpeAbIAYIIEM NpHMepe:

— 0 3aJaHHOMY 3Ha4YeHHIO mapamerpa Buagesern B TaGamue 4.10
paspICKMBaeM s3HaueHune mapamerpa Howmep;
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Tabnuvua 4.10 Tabnunuya 4.11
Homep | Bnapeney Appec DaTta Fopon
111-22-33| WBaHoB Hescxun, 17 01.01.02 XeHeBa
122-33-44 Metpos doHTaHka, 4 02.01.02 Lliopux
123-34-45| Cwupopos | Jlurosckuit, 7 02.01.02 Mockea
03.01.02 BepnuH

-~ 1o HaWJAeHHOMY 3HaueHHI0 napamerpa Homep B Tabaune 4.9
pasbicKuBaeM 3HaueHuUs napamerpoB Hara u I'opong;

—- pe3yJbTaT MPEeACTABJIsIEM HOBOM Tabiuiieii 4.11, rae otobpake-
HBI pasrosopbl IleTpoBa.

TaxuMm 00pas3oM, UYTOOBI HMOJYUYHUTE HYXKHYI0 MHGOPMAIIHIO, MEXKIY
TabpuIaMu HeOOGXOAMMO YCTAHOBHUTHL CBA3b, YKAa3aB, KaKHEe MMapaMeTpPHl
OIS HUX ABJIAIOTCS oOmMMH. B paccMoTpeHHOM IIpuMepe TakMM Ilapa-
MerpoMm saBJsietrca Howmep.

Hpes penanuoHHOH Momesu Oblja NpeAJOKEeHAa aMEPHUKAHCKHM
yueHsiM E. @. Koggom B Hauvase 70-x rogoB XX Berka. CaMo cJIOBO «pe-
JAINMOHHAA» MNPOUCXOAUT OT aHIJiMiicKkoro relation — oOTHOIIEHUE,
¢BA3b. VMHBIMM CJIOBAMU, CYTh PEJANNOHHOTO IOAXOAA 3aKJIKUAETCA
B TOM, uTO HMHopMamusa 06 o6keKTax IpeACTABJSAETCA B BHJIE OT-
HONIIEHUH, T.e. CBA3AHHBIX MEXKAY CO00if XapaKTepHUCTHK H3ydaeMBIX
00'BEKTOB.

Bnpouem, B camoil umaee peJsSIIMOHHOCTH KaK pas HeT HUYero yau-
BUTEJBbHOTO. OnMchIBass OKPYKAIOIIWAI MUD, MBI BCerga He IIPOCTO Iie-
peuuciaseM ero o60'beKThbl, a 00d3aTeJbHO HA3LIBAEM OTHOIIEHHUS, KOTO-
PHIMH 3TH O0'BEKTH CBS3aHBLI APDYT ¢ ApyroMm. PaccMoTpuTe Aas IpHUMe-
pa HeCKOJBKO (pas:

1. Iposg — aTO mTHLA;

2. Iletp — oremn IaBJa;

3. Bace HpaBuTca AHs;

4. IIpameie a, b ¥ ¢ TepeceKarTCA B OLHON TOUKeE;

5. Mama Bssana y Ajemn ckasku «ThIcAua M OZHA HOYb».

B kakmo#i us stux ¢pa3d3 PUKCHUPYETCS TO HJIM HHOE OTHOIIEHHE
mexxkay oobekTamu. IlepBasa (pasa gaeT mpuMep OTHOIIEHUS IMPHUHAAJIENK-
HOCTH: ADO3H npuHadnexcum MHOMKeCTBY NTHI. Bropas M TpeTba ycTa-
HABJIMBAIOT OTHOINEHUsA Obimb omuyom Mexay Ilerpom u IlaBiom u Hpa-
sumcsa mexay Baceit u Aneii. YerBepraa ¢pasa ykassIBaeT Ha OTHO-
IIeHHue MeKAy TpeMs o0beKTamMu. HaKoHel, nmATas ¢pasa OIMHUCHIBAET
OTHOIIIeHHe MexAy Mamreii, Ajsemeifi ¥ KOHKDETHOH KHUIOMH.

Pasymeercsa, B OZHOM U TOM ’Ke OTHOILIEHHH MOTYT HaXOAUTHCA ca-
MBI€ pasHOOGpasHble 00BeKTH. HallpuMep, B OTHOIIEHUN OblMb OMUOM
HaXoAATCA, KOHeUHO, He ToabKO Ilerp u IlaBes, HO m MHOTrHMe Apyrue
napsel Jgwogeii. B oTHOLIEHUN KMO-MO Y KO020-mO 4mo-mo 8347 HaXOoLAT-

6—I‘eﬁﬂ, 10 xx.
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cd TOXKe He TOJBbKO Maia, Ajsema U «Tricaua M ogHAa HOUL». IlosTomMy
€cJIM COCpPEeZOTOYHUTHL BHUMAHHE HA CAMOM OTHOIIEHMM, TO OKa3hIBAETCS

ynoﬁnuM CUNTATh, 4YTO OTHOILIE€HHNE — 3TO HEKOe BEIpAKEeHHne C IIepe-
MEHHBIMH:

00BEKT X — 3TO orern, 00BbeKTa y;
00BEKT X B3AJ y 006BbeKTa y O0BEKT 2; M T. A.

Ocrajyock caenaTs emle OAMH IIar: YHHMHINPOBATL 34IMHCHL OTHO-
nreHnii. 3TO MOMKHO CIejaTh, HAIpNMEpP, TaK:

6vimu_omuyom (x, y);
83amb (x,Y,2); 1 T. I.

To, 4TO CTOUT mepex CKOOKAMH, — HMMJA OTHOIIEHHA, B CKOOKax Ie-
pevYnciIeHbl apryMeHTHl OTHOIIeHWs, KOJHUYECTBO ApryMeHTOB OTHOIIIe-
HUS HA3HIBAIOT €ro apHOCThIO. TaK UYTO mepBoe M3 3ANMCAHHBIX B CTAH-
AapTHOM ¢opMe OTHOmeHHiI GMHapHOe (IIO-PYCCKH JABYMECTHOE), BTO-
poe — TpuUHapHOe (IIO-PYCCKH TpexXMecTHOe). HacTo OTHOWIeHNSA MEXAY
o0BeKkTamMu, 0003HAYEHHLIMH OykKBamu 4, b, ¢, d U T. ., CXeMaTHYHO
sanuceiBaloT Tax: R(a,b,c,d,...), rie uepe3 R 0003HAaUYeHO MMA pac-
CMATPHBAE€MOr'0 OTHOINEHHsA. BrmpoueM, ecJH OTHOIIEHHE CBSI3LIBAET
TOJLKO JBa 00BbeKTa a U b, To Hepeako nuinyT aRb. Hampumep, ME
numeMm a < b ans 4uced, a“ b AnA OpAMBIX, A€ A ANA dJIeMEHTa a U3
MHOKecTBAa A M T.n. MH ToKe OyZeM TaKk HHCATH AJA yKe YCTOSB-
muxcsa o603HauYeHWH OTHOIEHMIi (paBeHCTBa, HepaBeHCTBA, MapaJljiesb-
HOCTH, NPUHAAJEXHOCTH M T. II.).

B npeayiosxeHHOM BAPHAHTE 3aIIHCH OTHOIIEHHMS YACTb MHGoOpMannn
MOKeT OKas3aThCsl yTepaHHOI. CKaxkeM, M3 3amHUCH Obimb_omuom (x, y)
y’Ke He BUAHO, TO JIU X — OTeL AJA Yy, TO JU HaobGopoT. Brixox mpoc-
TOli: ANMA Ka)KJOro aprymMeHTa yKasaTh, UYTO OH O3HAYAEeT; MOYKHO CKa-
3aTh, YTO MBI Ka’KAOMY apryMeHTY IpHUCBaWBaeM HMM#A, (paKTHUYECKH
YKasbIBamollee, U3 KAKOr0 MHOXKecTBa OyayT OpaTsca O0BEKTH IJIA JaH-
Horo aprymenTta. Hanpumep:

6voimb_omuyom (oTen: x, pebeHOK: V);
83amb (KTO_B3AN: X, V_KOIrO_B3dAJ: Y, UTO_B3AJ: 2).

NmMma aprymMeHTa HepeAKO HA3LIBAIOT ATPHOYTOM AAHHOrO OTHOIIE-
HUs (3TO corjacyeTcsa ¢ IMOHATHeM aTpubyTa, BBeaeHHoro B § 12).

BmecTo aprymMeHTOB HEJNb3A HOACTABIATL JIO6ble O0BEKTH H3 TeX
MHOSKECTB, KOTOphIe 0003HAa4YeHHI arpubyrTamu. Cxa)keM, HeJb3A B OT-
HOIIIEHUH ObiMb_OMU,0M BMECTO X HOACTABIAATL UMA JO000r0 MY;KYUHEI,
a BMecTo y — uMA Jioboro pebenka. Kak »xe Torma ompezeinsaTsb, KaKo-
BBl Te HAOOpDH 3HAYEHHMII aApryMeHTOB, AJA KOTOPHIX HMeeT MECTO AaH-
HOe oTHomeHHe? HMHorza sTo HacTosmias AETEKTHBHAA HCTOPHUS, KOI-
ha, HanpuMep, CJIENOBATEJb NBITAETCA BHIACHHUTL, KTO e Ge3 cmpoca
B3sJI ¥ XO03sIHHA €ro OpHJLINaHTHI.

OTHolIeHMA MOTYT 3aJaBATHCA MO-pasHOMY. Hepeako OmniBaeT Tak,
4YTOo JAJIS KaKAOTO apryMeHTa MHOMKECTBO €ero 3HAUYeHHH KOHEUYHO.
B 3ToM cayuae OTHOIIEHHE MOKHO 3aJaTh CIHCKOM BCeX TeX HaGopoB
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Tabnuya 4.12 Tabnuua 4.13
Mama | Mana | PeGenox HauyanbHux | MoauvHeHHLIA
Esa Anam Asenb WsaHoB Metpos
Esa Anam Kau UsarHos Cvnopos

3HAYEeHUHl aprymMeHTOB, KOTOPhleé HAXOAATCA B AAHHOM OTHOIIEHHH.
A caM TakKo#l CIIHCOK YAOOHO NpeICTABIATHL B BHAE TAOMIHUIBI, T'Ie KaK-
Jasg CTPOKa — 3TO HAOOp 3HAUeHMH apryMeHTOB, HaXOAANIMXCA B JaH-
HOM OTHOIIEHHH, a KaXKABIH cToa0el — 3TO NIepeueHb 3HAUEHWH COOT-
BeTcTByIomero arpudbyra. Camm aTpuOyThl BHICTYHAIOT IPH 3TOM B pPO-
JIM 3aroJIOBKOB CTOJIOILOB.

B Tabnumax 4.12 u 4.13 npeacraBieHH OTHOMIEHMSA <«POACTBO»
H «cayxbar.

OTH OTHOuIEHHs — uejdoBeueckme. Ho oTHOmEHHMSA MOTYT OBITH
Mexay o0beKTamm JI060il npupoasl. Beab Kaskaas TaGauiia MOKeT pac-
CMAaTPHMBATBHCS KaK HEKoe OTHoureHHe. H{ejIe3HOZOPOKHOE DACIHCAHHE
3a/laeT OTHOIIEHHUSA MEXAY MapnipyTaMH, CTaHIUAMH H T. . Tabaunna
YMHOMKEHHUA 3a/jaeT OTHOLICHHE MEXKIAY YHCJIAMM.

Ecay BHMMATENBLHO NPUIAAAETHCH, TO OTHOINEHHUE (4 CJIeJOBATEJb-
HO, ¥ TabiaHuIy) MOYXKHO OOHApPYKMTH rae yrogno. Hanmpumep, mamars
KOMIBIOTEpPA MOYKHO TPAaKTOBATh KaK OT-

HOomenMne ¢ arpudyramu Adpec u Codepicu- TaGnvua 4.14
Mmoe. JlocTaTOUHO BCHOMHHUTB, UTO ONEPATHB-

Hasdg INaMATH COCTOMT M3 fAYeeK, KaKJada M3 Anpec | Conepxumoe
KOTOPBHIX HMe€EeT ajipec, 3a11aBaeM1>n‘710 HATY- 1 1001
PAJBHBIM YHCJIOM, & COAEPIKMMOEe AUYeHKH —

9TO IOCJEAOBATEJbHOCThL HYJIEllT M eZHHHIIL. 2 10101

U ecam, ckaxem, B 1-ii Adeiike 3ammucaHoO

gucso 1001, Bo 2-if — umcao 10101 n 1. 1.,

TO MAMATHL MOXKHO 3aaaTh Ta0auieii 4.14.

Hanuumne OTHOINEHNA MeXAY XapPaKTEPUCTUKAMHU PasHBIX 00HEKTOB
HJIM Ja)Ke OQHOrO U TOro XK€ 00BHeKTa CBHAETENBCTBYET O 3aBUCHMOCTH
3THX XaPaKTEPHCTHK APYT OoT apyra. HauboJsee XeCTKO XapaKTepHCTH-
KH OKa3bIBAIOTCA CBA3AHHBIMHM, €CJIH IO 3HAYEHWIO ONHOI M3 HUX MOXK-
HO ONpeAe/INTh 3HAUEHHUSI OCTAJNBHBIX, HAXOAAMIMXCA B AAaHHOM OTHO-
mesnn. Takme oTHomeHHA MH Oymem paccmarpuBatk B § 35. Ho ciae-
AyeT MOHMMATH, UTO JAAa)Ke eCJH HeT TAKOH YXeCTKOM 3aBHCHMOCTH
MeXKJy IapaMeTpaMH, BCeé PAaBHO OTHOIIEHHE, He COBIAJAIOIIee CO BCe-
BO3MOXXHBEIMM HA0OpaMM 3HauYeHMi, YKaswIBaeT Ha HaJIMUMe HEKOTOPOii
CBA3U MeXAy HUMH. VIMEHHO IHO3TOMY OTHOIIEHHUS CTAJNH BaXHBEIM
HMHCTPYMEHTOM MOCTPOCHHMA U HCCIHEZOBAHHUA CAMBEIX PasHOOOpasHBIX
HHPOPMAIIMOHHKIX MOJAexeil — BeAb OAHMM H3 KOMIOHEHTOB MHbOpMa-
OHOHHOMA MOJEJM KaK pa3 ABJseTCA ONMCAHMEe CBA3EH MEXIYy ee mapa-
METpaMH.

6*
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BONMPOCHI U 3AAAHUNA
Kakylo ponb nrpaet NoHATUE OTHOLWEHUs B MHPOPMALMOHHOM MOZENnMpOBaHUU?
Kak MOXHO 3apaBaTb OTHOWEHUS?

Bbl 3HaeTe, 4To rpadpmkoM GyHKUMKN y = f(x) HA3bIBAETCA MHOXECTBO TOYEK KOOp-
OMHATHOWM NNOCKOCTU, UMeIoWMX KoopauHaTel (x; f(x)). MOXHO N1 NO3TOMYy paccMmar-
puBaTb rpadpuk ¢GyHKUMM Kak cnocob 3apaHusa HEeKOTOPOro OTHOLUEHUS?

Mpueepute kakne-nMb0 NpUMEpPLI OTHOLLEHWUA, paccMaTRPUBAEMbIX:

a) B MareMaTuke; 6) B puauke;

B) B Xvmuu; r) B Guonorun.

Kakve 1“3 Ha3BaHHbIX BamMy OTHOWeEHUM yoobHO npeactasnaTe B BUae Tabnuupl?
MycTe MHOXecTBO M cocTtouT M3 yYmcen 1, 2, 3, 4, 5 n 6. Ha aToM MHOXecTBe 3a-
baHb cnepyiowme OTHOWEHUS:

a) Ry(x, y): uiCcno x AenuTCs Ha YMCno y;

6) Ry(x, y): ymcna x u y Takosbl, 4To |x — y| < 3;

B) Ry(x, y): uncno x + y NpuHapnexuT MHoxecTsy M.

3anuiunte Kaxaoe N3 3TUX OTHOLIEHWI B Buae Tabnuub!.

@ Janbl oTHoweHua Harpyska_yyutens (damunua:, knacc:, npegMmet:) n PacnucaHue
(knacc:, npegMerT:, AeHb_Hegenn:, HoMep_ypoka:). Belbepute 12—15 knaccos Baiuemn
WKONbl U COCTaBbTe ANS HUX Tabnuupbl, COOTBETCTBYIOWNE YKA3AHHBIM OTHOLUEHUSM.

[% ¢YHKI.|IIOHGJ'IbeIe OTHOLUEeHUua

ITouaTne GYHKIMOHAJBHON 3aBMCHMOCTH — OJHO M3 BeJIU-
galmmnx u300peTeHuii uegoBedeckoil Mmuicau. U xora caoBo «pyHKIHA»
HaBepHSKA aCCOIMHUPYETCSA ¥ Bac ¢ MaTeMaTHKOM, Ha caMoM JeJje ¢ PyHK-
OUAMH YeJIOBEK MMeEET AejI0 MOoBceMecTHO. Ho mpexse deM HIpPHUBECTH
NIpUMepHI, IOATBEPKAAIONINE 5TO BHICKasbIBaHWE, HAaIIOMHUM, YTO (PYyHK-
Ineil Ha3bIBAETCA COMIOCTABJEHMNE KaXKAOMY DJIEMEHTY OJHOTO MHOXKECT-
Ba POBHO OJHOTO 3JIEMEHTa M3 JPYyroro MHoXXecTBa. OTMETHM, YTO 3TO
«APYyroe MHOYKECTBO» COBCEM He 00A3aHO OTJHMYATHCA OT MCXOIHOrO.

B maTemaTHke 0OOGBLIYHO paccMaTPHBAIOTCS UYMCJIOBBIE (QYHKIIHH,

T. e. 06a MHOXXECTBa — 3TO MHOKecTBa umcesi. Ha camoM jgejie aTO CO-
BceM HeoOsA3aresrHO. Bor nmpumeps! GyHKIIUIL:

1) kaXIOMY UYeJIOBEKY COIIOCTaBjadAeTcA ero dbamuauda (GyHKUUA U3
MHOXKECTBA JIIOJleil B HEKOTOPOEe MHOYKECTBO CJIOB);

2) Ka)XXaAOMY UYEJIOBEKY COIIOCTABJISIETCS ero pocT ((PYyHKIMA U3 MHO-
SKeCTBa JIIOAel B HEKOTOPOE MHOYKECTBO NMOJIOMKUTENBHBIX YHCEJ);

3) xaxxaomy ropoay Poccuu comocTaBiiseTcss ero OUTOBBLIH HHAEKC
(byurmua 3 MHOXKecTBa ropozoB Poccuu B MHOXXECTBO IIIECTH-
3HAYHBIX HATYPAJbHBIX YHCEJ);

4) KaxKI0M TOYKe HA IMMOBEPXHOCTH 3eMJIM CONOCTABJIAIOTCHA €e Ieo-
rpadnyecKre KOOpPAMHATH (HYHKIUA M3 MHOYKECTBa TOUYEK IIO-
BEDXHOCTH B HEKOTOpPOEe MHOMKECTBO IIap, KayKkJAad KOMIIOHEHTa
KOTOpOH —— IOJIOXKHUTEJbHOE YHCJIO C YKa3aHHEM CEeBEPHOTO WJIH
I0}KHOTO, BOCTOYHOTO HJIM 3aIllafHOTO IMOJIyHmiapuii);

® © 0066
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5) KakgoMy HabOpy OTHEYATKOB IIATH IIAJbIleB NPaBOii DYyKH, uMe-
omuxca B Kaproreke MBI, conmocraBiseTca uejoBeK C TaKUMU
oTHmeyaTKaMu.

Ilyers HaM gama HeKoTopada GYHKIUA f, CONOCTABIAIOIIAA KaK-
JAOMY SJIEMEHTY X M3 OJHOT'0 MHOJKECTBa 3JIeMEHT Yy APYroro MHOYKECT-
Ba. IIOCKOJBKY y IO X ompeaesaeTc OJHO3HAYHO, TO OOLIYHO ITHIIYT
y = f(x). Onpegenum orHoiueHwe R, 00bABHUB mapy (x; y) Haxoasmiein-
cA B OTHOieHM# R B TOM H TOJBKO B TOM cJjiyuae, ecau y = f(x).

Tem caMbIM Ka)kaasa PYHKIUSA MOXKeT OBLITh oIlMcaHa KaK HEKOTO-
poe oTHolileHHWe, U Ja)ke He oxgHo. O6paTHOe, OfHAKO, HEBEPHO — BEAb
HE Y KaXJOro OTHOIICHUA MOXXHO TaK BRIOpaTh aTpMOYTHI, YTOOLI 3HA-
YeHHsA OZHOro M3 HUX OAHO3HAYHO ONPEZeNANN 3HaUeHus apyroro. Pac-
CMOTPHUM OTHOIIIEHUE «X HABJIAETCA POJHHIM OpaToM aJA y». KoHeuwno,
ecIM B CeMbe TOJBKO ABa 6para, TO AJA Ka){JAOTe X 3HAUEHHUE Y OIpe-
IeneHo oxHo3HauHo. Ho ecTh ceMbu ¢ GOJIBINHMM YHCIOM OpaThbeB.

ToBopsa o mpeacraBnennu GYHKIUNM B BHJAE OTHOIIEHHSI, MBI HMe-
JU B BHAY JHUIIb OMHapHLIe oTHOIIeHns. OpHako aiaA GbyHKIUHN 3Haue-
HUS apryMeHTa, KaK M 3HaYeHUs (QYHKIMH, BOBCe He 00s3aHLI COCTO-
ATHL M3 3HaueHHi ogHoro arpmbyra. CraxkeM, mis GbyHKIIUK, COIIOCTAaB-
JAI0NIEH Habopy OTIEYATKOB IIATH IAJbIIeB MMs, OTUYECTBO M (HPaMHUIHIO
UX BJIafieJIblIa, ApTYMEHT COAEPIKHUT IATHL aTpuOyTOB, a 3HaAYeHHE (HYHK-
OUH — TpHU. 3annuchHIBasg 3Ty (GPYHKIHMIO KaK OTHOIIEHHE, MBI IOJYUNM
OTHOIIIEHHE C BOCEMBLIO aTpuMOyTaMM, pasAejeHHLIMH Ha JABE TpPYIIIILI:
nepBas 3ajlaeT aprymeHT QYHKIMH, BToOpasd — €€ 3HaUeHUe.

BymeM Has3bIBATL OTHOINIeHVe (PYHKIMOHAABHBIM, €CJM €ro arpudy-
Thl MOXHO Pa3OHTL Ha ABe I'PYNNBI TaK, 4TOOBI 3HAYEHHUS OJHOH TIpyI-
OBl aTPUOYTOB OJHO3HAYHO OIIpPeAeJsijid 3HaAUeHHA APYroil Ipynibl.
WusiMu ciaoBamMu, mepBas TpyIila aTpuOyTOB MOMKET paccMaTpUBaATHCH
KaK apryMeHT HeKOTOpoil (hyHKIMHM, a BTOpas rpymna oIpejejisgeT 3HA-
yeHue sTol ¢dyHKknuu. BoBce He 06s3aTeNbHO, YTOOBI aTpUOYTHI OAHOM
rpynnel OBLIM COCeZHMMM B 3alHCH OTHOIlneHHA. Ecium oTHomeHue
GYVHKIINOHANIBLHO, TO HaGop aTpubyTOB, OTHOCAIIUXCA K apryMeHTY
GYHKIHYN, 3afiaBaeMoOif 3TUM OTHOILIEHHEM, OyJAeM Ha3hIBATL KJIIOYEBBIM.

PaccmoTpuM mJis IIpuMepa OTHOILeHMe, 3afaHHoe Tabuuneit 4.15.

ATpubyr Adpec He MOMKeT OBITH KJIOUEBLIM, IIOCKOJbKY B OZHOM
AOoMe OKasaJioch HeCKOJBbKO TesedoHoB. Eciu cpeau BiafiesplieB MMe-
I0TCA OZHO(AMUJIBIEI, TO aT-
pubyt Baadeney Takixe He MO- Tabnuua 4.15

JKeT OBLITH KJIUYEBHEIM. A BOT Homep Bnageney, Anpec
Homep TenedboHa — 3TO KJIIO-

uyeBoii arpubyTr. CKopee Bcero, 111-22-33 VMBaHoB Hesckuin, 17
KJo4eBeIM Oyzer u HabGop u3s

ABYX aTpubyTos Baadenrey— 122-33-44 MeTtpos ®oHTaHka, 4
Adpec: CIMIIKOM Mana Bepo- 123-34-45 | Cupopos | flurosckuit, 7
ATHOCTL HPOXHUBAHUA B JOME

onHOMaAMUJIBIIEB HUJH BIaXelb- 123-35-47 | Anekcees | Jlurosckun, 7
na AByx TejnedOHHBIX HOMEPOB

cpasy. s orHoIleHudA, Ipes-
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cTaBJIeHHOTro Tabuuneit, jerko chopMyJIHpOBATH KPHTEPHUH TOro, 4TO
IDaHHLIA HaGop aTpubyToB ABJAAETCA KJIIOUEBLIM. A MMEHHO

Habop ampubymose Ka4esoil, eciu 6 mabruye Hem 08Yyx cmpox
¢ 00uHaK08bIM HAOOPOM 3HAYEHUIl amux ampulbymos.

BOMPOCHI U 3AJAHUS

0 Kakoe oTHoweHne Ha3biBaloT PYHKUUOHaNbHLIM? [Mpuseante npumepsbl GYHKUUO-
HaNbHLIX OTHOLUEHWIA.

T TR R T

TR TR

@ B § 34 B kavecTBe NpuMepa paccMaTpuBanocCk OTHoweHue 6biTh_oTLOM (oTeu: x,
pebeHok: y). ABnaeTca Nu 3To oTHoweHUe GYHKUMOHaNbHLIM? Ecnu aa, To Kakol aT-
puBYT CAYXUT aprymMeHToOM, a Kako — 3HaveHuem dyHkumn?

0 PaccMoOTpyUM OTHOWEHWe My3bikajsibHoe_npousseaeHune (HassaHwe: x, aBToOp: Y,
xapakrep npow3BeaeHus: z). BoT npuMept! 3Ha4YeHnin apryMeHToB, ANs KOTOPLIX OT-
HOWEeHNe UMEeT MEeCTO:

My3bikanbHoe_npoussegenve (Hassanue: Jlebeguroe o3epo, astop: [1. Y. Yaiikosckuid,
Xapakrep npowsseaeHus: 6aser);

My3bikanbHoe_npounssegerHne (Ha3BaHwue: llukoBas gama, astop: 1. Y. Yaiikos-

CKnii, Xapakrtep NpouwusBeAeHUs: onepa);

Tabmua 4.16 My3bIKanbHOe_npounsseqenqne (Hassa-

po - = Hwe: KapmeH, astop: buse, xapakrtep
MopakosLifl | AnexTpomHuih cnoi npou3seaeHuN: onepay);
Homep K L M| N My3bikansHOe_npou3segeHne (Ha3Ba-
anemeHTa Hwe: cumeporuna Ne 8, aetop: JI. BaH bet-
19 2 8 8 1 XOBEH, XapaxkTep NpPOU3BEAEHUNA: CUM-
20 2 | 8 | 8 | 2 orus).
flBnsieTc AW 3TO OTHOWeEHue (YHKLMO-
21 2 8 9 2 HanbHeM? Ecnv pa, To kakoi Habop at-
pnbyToOB MOXHO paccMaTpuMBaTb Kak
22 2 8 10 2 KINO4EBONA?
23 2 8 " 2 Q PaccMOTpUM Ha MHOXeCTBe Hatypasb-
24 2 8 13 1 HbIX 4YuCen OTHOWeHue cymma (cna-
o5 5 8 13 2 raemoe 1: x, cnaraemoe 2: y, pesynb-
TaT: z). 3TO OTHOWEHWE UMEeT MEeCTO
26 2 8 14 2 AN 4YACen x, Yy W 2 B TOM N TONLKO
27 2 8 15 2 B TOM Cny4ae, korga z =x -+ y. fiBnsetcs
AN 3TO OTHOUWIEHUE PYHKUMOHANBHLIM?
28 2 8 16 2 Ecnu pa, To kakoi Habop artpubyrtos
2g 2 8 18 1 MOXHO paccMaTpuBaTb Kak KMO4eBOW?
30 2 8 18 | 2 6" B rtabnuue 4.16 ans anemeHTOB 4eT-
BEPTOro NepuoAa YyKa3aHO CTpoeHue
31 2 8 18 | 3 3NEKTPOHHLIX CNOEB.
32 2 8 18 4 a) Nepsbiit aTpnbyT — NOPSAKOBLIA HO-
> Mep 3neMeHTa — SIBASIeTCS KJIOYEBLIM.
33 8 18 5 Kakve ewe kmoveBbie Habopw artpuby-
34 2 8 18 6 ToB uMeeT 3Ta Tabnuua?
35 2 8 18 7 6) Kakne xumunuyeckue CBOWCTBA onpeae-
naoT Habopb! KNYEBLIX aTPMBYTOB, BbI-
36 2 8 18 8 AeneHHbie BaMWU B 3anaHun a?
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g@i Noruueckue PyHKUUM U NOTUUECKHE BLIPAKEHUS

Jlornueckoit pyHKIMEe! MM, IIO-APYTroMy, NMPEeAHKATOM Ha MHOXKe-
cTBe M Ha3BIBAIOT TAaKy0 GYHKIMIO OT HECKOJbKHMX apryMeHTOB, KOTO-
pas npu Jio6oM HaGope 3HaUYEeHMH 3THX apryMEHTOB M3 MHOMecTBa M
NPUHHMAaET TOJBKO OJHO M3 ABYX 3HaueHHH. OOBIYHO OAHO U3 3THUX 3HA-
yeHu#l HaswIBalOoT UcTtuHa, Apyroe — JIoxb.

B A3blKax IporpaMMHUpPOBAHUA YacTO HCIOJb3YIOTCS AHTJIMHCKHE
cjoBa Toro ke cmbicaa True u False (pexxe da m Her uau 1 u 0). He-
pPeAKo IIpeAWKAT HA3LIBAIOT ellie BHICKa3hIBaTeJbHOH (POpMOIi, IIOCKOJIb-
Ky IocJie IOACTAHOBKHM BMECTO IIEPEMEHHLIX 2JIEMEHTOB MHOJKeCTBa IIO-
JaydaeTcAd HeKoe yTBep:kJaeHHe 06 aTOM HaGope 3JIeMEHTOB, KOTOpOe fB-
aAserca aubo HCTHHHBIM, JHGO0 JIOKHBIM. Hanpumep, npeauxar
«CyMMa X U y paBHa 2» OT TpeX apryMeHTOB X, i U 2, pacCMaTpHBae-
MBIffi Ha MHOKeCTBe HATYpPaJbHBIX 4YHCeJ, NPUHUMaeT 3HadeHHe HcrTu-
Hanpu x =8, y =4, 2= T u sHaueHue JIoxb Ipu x =2, y=2, 2 =15,
IIo amamorum c o6uiEM o0GO3HauUeHHeM B MaTeMaTHUKe (GYHKIHH Kak
f(xy, x5, ..., x,) B KauecTBe 0011ero 0603HaUYeHUA IpeAuKaTa MBI Oyaem
KCIIONb30BaTh 3anuck P(x,, x,, .., x,). Brupouem, BMecTo P MOHO McC-
HoJb30BaThL 06y GYKBY JIaTMHCKOTO ajidbaBuTa.

B mnpuBeaeHHOM mpuMepe NlepeMeHHBIE X, ¥ H 2 CBOGOXHBI B TOM
CMBICJIE, UTO MOTYT IPHHHMMATH JIOOBe 3HAUEHHA M3 MHOXMECTBA HATY-
pansHbeIX unceis. Iloaromy AanHasa Jorndeckad GbyHKIHUA MUMeeT TPH ap-
rymenTa. Ho He Bcerja 4YmHcJI0 apryMeHTOB JIOTHYECKOH (yHKIIWK COB-
najaer ¢ 4YMCJAOM (UTYPHPYIOUIMX B e€e ONHUCAHHH IlepeMeHHHIX. Pac-
CMOTPHM, TaKOH NpPEeAMKAT: «CYIIeCTBYEeT X, JJA KOTOPOTO CyMMa X H Y
paBHa z». XoTdA B omucaHuu (DUTYpPHUPYIOT TpH IIePeMeHHEIe X, i U 2,
NOACTABJATL YHCJIA MOXXHO TOJLKO BMECTO ABYX M3 HUX — Yy H 2. Tak
YTO 37€eCh TOJBKO JBa apryMeHTa: y U 2. B rabauie 4.17 npuseaeHH
3HaYeHuA JaHHOM JIOTHYeCKOM (GYHKIHM AJA HEKOTOPHIX HaGOpOB
3HAYEHW apryMeHTOB Y M 2 (3TOT IpeJWMKAT Mbl DACCMATPHBAEM HA
MHOKeCTBe HATYPaJbHLIX YHCEJ).

IlepemeHHasa x B Takoi (pyHK- Tabnvua 4.17
MK Has3bIBaeTcsa cBA3aHBOM. IIpu
9TOM TOBODAT, UTO IEPEMEHHAA X | 4 | 2 3nauenue KommenTtapmii

CBSI3aHA KBaHTOPOM CYIIECTBO- PyHkuun
BaHMA. [I1A Hero ecTh CcHeIHu-
aanHoe o6osHaueHue: 1. Ilpowmc- 112 UctnHa |Noaxogut x = 1

XOXKJAeHUe BTOT0 3HaKa IIPOCTOe:
B aHIINHCKOM cJyoBe «Exist»

2|2 Noxb He cyuiectsyet

CYIIeCTBOBATHL — B3dATa Iep-. NOAXOAALIEro x
Basg 6YKBa M CHMMETPHYHO OTpa-
JeHa OTHOCHTEJBHO BEePTHKAJb- 3 5 NcTuHa Mopxoput x = 2
HO#H ocu. C IOMOMILIO 9TOT0 CHM-
BOJIA pacCMaATpUBaeMBIH HAaMH He cyuwectayet
mpeAMKAT B3amMchiBaeTcA Tak: | O[3 | Jloxe | oo 0 oo x

Jx(x + y = 2).




Tabnuua 4.18 Bnpouem, nepemMeHHas MOYKET
OLITL CBA3AHHOH M NO-APYromy.
3nauenne KoMmeHTapwii PaccmoTpuMm, Aas IpuMepa, Ha
yHKUUN MHOXXEeCTBe HATypPaJbHBIX 4YHCeNa
npeguKaT «JJs JI00T0 Y BLINMOJI-
HEHO HEePaBeHCTBO X + y > 2».
3aech CBA3AHHON IepeMeHHOU sB-

Mpwn niobom y

111 Uctuna BepHo 1 + > 1

112 TNoxb He noaxoput asercs y. Ilpumepsl 3HaYEHUH aTO-
y=1 ro mpeJwKaTa IpPUBEJEHBI B Tab-

He noaxoaour, aune 4.18.
3ls TNoxb Hanpumep, B srom cayduae rosopAr, 4TO
y=2 ImepeMeHHasi CBA3aHAa KBAHTOPOM
BCEOOIIHOCTH, KOTOPHIHM 0003HAaua-
53| Weruwa | PY oGom y 1ot cumBosiom V. Ero npomncxosxpe-
BepHO 5 + y >3 HUe aHAJOTHMYHO: OT cjoBa «All»

(Bce) B3siTa mepBasg OYKBa U CHM-
METPHUYHO OTPA’KE€HA OTHOCHUTEJIbHO NOPH3OHTAJbHON ocu. C IOMOIILIO
3TOro KBaHTODA JAHHBIH NIpefHKaT 3alHLOIeTCs Tak: Vy(x + y > 2).

B npeankare MOryT OKasaTbCs CBASAHHBLIMM He OLHA, a HECKOJBKO
nepeMeHHBIX. Hanpumep, MOXKHO paccMaTpHBaThL npegukar Vy Jx (x +
+ y = 2) — ana mo6oro y CyIlecTBYeT X, TaKOil, UTO BLHIIIOJHAETCSA pa-
BeHCTBO X + y = z. Wam ppyroit mpeaukart: dx Vy (x + y = 2) — cyme-
CTBYET X, TAKO#, 4YTO AJsA JI06Oro iy BBIMOJHAETCA PaBeHCTBO X + Yy = 2.
Kaxxapiit M3 HUX ABJAETCA JOrnuecKoil QPyHKIMed OT OAHOIO apryMeH-
Ta 2z, HO 3TO pasHble @yHKHUKU. Hanpumep, Ha MHOMKeCTBE IIEJILIX YM-
ceJl mepBas M3 3TUX QYHKUMI Ipu JI000M 3HAYEHHWH apryMeHTa 2 IpPH-
HUMaeT 3HadyeHne HMcTHHa, B TO BpeMA Kak Bropasd (QYHKIHMSI Ha TOM
’K€ MHOXKECTBe INpH JIO0O0M 3HAaYeHWH apryMeHTa 2z IPWHHMAaeT 3HaUe-
HHe Jloxxb. Kak BUANTE, HIOPAAOK, B KOTOPOM YIIOTPeOJIeHBI KBAHTODEI,
MMeeT NMPHUHIIHINAJILHOE 3HAYeHHe.

Eciu B npefukare Bce IepeMeHHBIE OKasajNCh CBASAHHLIMH, TO
TaKOll NpeAMKAT ABJAeTCSI BHEICKasbiBaHMeM. Hampumep, IIpeguKaT
VzVydx(x + y = 2) — >To BbLICKasbIBaHHE, YTBep)KJalolllee, 4YTO IJIs
JI00BIX YHCEeN 2 M Y CYIeCTBYeT MX pasHOCTL (OHA oOO3HaueHa Iepe-
MEHHOM x). 9TO BLICKa3LIBaHME HMCTHMHHO HAa MHOMKECTBE LEJILIX YHCeJ,
HO JIOKHO Ha MHOXKeCTBe HaTypaJbHBLIX uucej. Ilosromy, obcyxpas
CBOICTBaA TOr0 HMJIM HWHOTO TNpeAWMKAaTa, HAJO BCerJa YKas3bEIBAaTh MHOMKE-
CTBO, Ha KOTOPOM OH paccMaTpuBaeTcs. BrmpoueM, M JJIA YMCJIOBBEIX
¢GyHKIME, KOTOpLIe BLI V)K€ MHOIO JIET H3yJaeTe Ha ypPOKax MaTeMaTH-
KN, caMOe IIepBO€, O UYeM MJeT peub, — 9TO HUX 00JIaCThL OIpenesIeHHS.

Hap norndyeckumMy (QPYHKIHAMM MOXXHO BBLIIOJHSATL BCe Te JXKe
JIOTMYECKHE OINl€palfii, KOTOPEIE PACCMATPHUBAJINCH HAMHU IJIsI BHICKA3bI-
Bauuii B § 30. YUTo6Ll BHIYMCIUTL 3HAYE€HHME TaKON «COCTaBHOW» (PYHK-
MK, JOCTATOYHO 3HATH JIOTHYEeCKHE 3HAYEeHMA (PYHKIIUH, M3 KOTOPLIX

oHa cocTrasjieHa. Hanpumep, norudeckaa dynxknua P(x,, x,, ..., X,) IpH-
HUMaeT 3HaueHHe McTMHa Torjja M TOJBKO TOrJAa, KOTZa JIOTHYECKasd
dbyaxnua P(x,, Xy, ..., X,) IpuHEIMaeT 3HadeHUe JIOXKB.
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IIpu caoBecHOM oOmMCAaHMM JIOTMYECKOH (PYHKIIMM IIOCTPOEHHE OT-
PUIIAHNA K KaKOMY-JIHM0O YTBEp)KIEHHIO MOMKHO BBLIIOJHHUTL H0OABJIE-
HueM cJjoBocoueTaHuda «HeBepHO, UTO...», MOCJEe 4Yero ciaeayeT HCXOJ-
Hoe yTBepikaeHune. Hampumep, oTpuiiaHue BbICKas3bIBaHUA «f morren
B KMHO» MOXKHO BEHIpa3uUThb Tak: «HeBepHo, uTo A moinea B KuHO». IIpas-
Aa, TAaKUM 00pasoM CBOIO MBICJIb BbIpaskaloT KpaiiHe pegko. OOBIYHO To-
BOpAT: «§I He momres B KuHO». HO 3amMeThbTe, YTO HM OAHA M3 (pas
«He s momen B KuHO» M «§l mollles1 He B KMHO» He ABJSETCSA OTPHIA-
HUEM MCXOIHOTO BBLICKA3LIBAHHSA.

A Temepb paccMOTPMM, KAaK CTPOUTCA OTpPHIAHNE BLICKa3bIBaHHA,
OJIYyYEeHHOTO0 CBA3bIBAaHWEM IIePpeMEHHOH NIpH IIOMOINM KBaHTOpa. BoT
nmpuMep BhICKasbIBaHUA: «Bce yuyeHMKHM Hamiero KJjacca HMEIOT JoMa
KOMIbIOTEep». Ero orpunanmem siBjaseTrcs BbICKasbpiBanue «HeBepHO, 4TO
BCce Y4YeHHKH HAIIlero KJacca MMelOT AoMa Komnblorep». Ho kKaskaomy
fICHO, YTO 9TO BBLICKAa3hIBaHWE PaBHOCHJIBHO TaKOoMy: «CylilecTByeT yue-
HUK HAaIllero KJjacca, Yy KOTODOro AoMa HeT KOMIbIOTepa». Kak BuAHU-
Te, IPHU IOCTPOEHMH OTPHUIIAHUA KBAaHTOP BCeODOILHOCTH MmpeobOpasyeTcs
B KBAHTOD cyliiecTBOBaHUsA. Bojiee TouHO, ecau uepes P(x) 0603HAUYNTEL
IpeIUKAT «YUYeHUK X HMEeT AOMAa KOMIBLIOTEP», TO MCXOAHOEe BLICKA3LI-
BaHMe 3anumiercsa Tak: Vx (P(x)). A ero oTpuliaHMe 3amuiieTcd Kak

dx (P(x)). AHAJIOTMYHO MOKXHO OOBACHUTD, IIOUEMY IIPU IIOCTPOEHUM OT-
PUIIaHNS KBAHTOP CYIIECTBOBAHUS 3aMEHSIETCA KBAHTOPOM BCEOOIIHOCTHU.
Hrak, gnsa norndyeckux (pyHKIHIT, MMEIOIIUX BHJI

Q]xl szz LA thh(P(xl’ x2’ esey xh’ yl, yz, eeey yn))’

rae @,, @, ..., @, — cumBoJbl V miau 3, x;, X5, ..., X, — CBA3AHHbIE
IlepeMeHHbie, Y,, Ys, ..., Y, — CBOOOZHEBIe NepeMeHHEIe Npexukara P,
CIIPaBEJJINBO CJeAylolliee IPABUJIO IOCTPOEHUA OTPULAHKUA. UTOOB! MO-
JIYYUTh OTPHIIAHUE JIOTHYECKOH (PYHKIUM, HaJO0 Ka’KABLI KBaHTOD Bce-
O6IIHOCTH 3aMEHUTH KBAaHTOPOM CYILECTBOBAaHUS M HA0GOpOT, a mpegu-
KaT P 3aMeHUTb €ro OTpPHUIIAHUEM.

BONMPOCHI U 3AAAHMUA

0 Kakyio $dyHKUMIO Ha3bIBalOT norudeckon? Mpueegute npuMeps! NOrnMYeckux QyHKUWIA.

@ a) [lna npepukata «CyuwecTByeT x, AAsi KOTOPOro CyMMa x W y pasHa 2», paccMmarpu-
BaeMOro Ha MHOXECTBE HATYpPabHbIX YUCEN, HA30BUTE eLle OAHYy napy 3HadveHni ap-
rYMEHTOB, A1 KOTOPbIX 3TOT NPeaukaT UCTUHEH, U OfHY Napy, ANS KOTOPOW OH NOXEH.
6) [na Toro xe npegukara, pacCcMaTpyBaeMoro Ha MHOXECTBE CNOB PYCCKOro A3bl-
Ka {CnoxeHne 34eCb NOHUMAETCH KaK onepaums KOHKaTteHauuu), onpeaenvrte 3Hade-
HMe 3TOro npegwkara, ecim y = Enb, z = lNasens; y = lenb, z = lNazens; y = MNasens,
2z = a3ens.

6 Ona kaxgoro M3 npeankatos, NPUBEAEHHLIX B MYHKTAX @—6, YKaxXute, CKOALKO
aprymMeHToB OH MMEeT, W Ha30BUTE, Kakne ero nepemMeHHnie CBoBOAHbl, a Kakue
CBSI3aHbI.

a) CyuiecTByeT TONLKO OAMH MEeTann x, KOTOPLI B pafy aKTUBHOCTM pacnonaraercs
MEeXay 3nemMeHTamMu y un z.
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6) HeT Takoro XMBOTHOro x, KOTOpPOE B psAy 3BOAIOLUMM pacnonaranock Obl Mexay
XWUBOTHBIMU ¥ W 2.

8) Ana Kaxaoro XMMHUYECKOro 3NeMeHTa X CYLEeCTBYeT XUMMUYECKUA 3NEeMEHT y,
C KOTOpbIM x 06pasyer coeguHeHune.

PaccMoTpute npeavkaTthi, 330aHHbIE HA MHOXECTBE HaTypanbHbiX 4ucen:
a) x — He4yeTHOe uncno, u ana No6GoOro HEYETHOro YMcna y BLINOAHEHO HEPABEHCTBO
xS y;
6) x — npocToe uucno, n gna Mboro NPOCToro YMcna y BLINOAHEHO HEPABEHCTBO
x<y.
Ana xaxaoro u3 aTtux NPeaukaToB YKAXUTE BCE TE 3HAYEHUA apryMeHTa x, AN KO-
TOPLIX AAHHbIA NPeauKaT UCTUHEH.
PaccmoTtpum npegukat P(x, y): durypa x snucaHa B8 ¢urypy y.
a) Myctb x npoberaer MHOXECTBO BCEX TPEYrONbHUKOB, PACNONOXEHHBIX HA HEKOTO-
poiA NNOCKOCTU, @ ¥ — MHOXECTBO BCEX OKPYXHOCTEW Ha TOW Xe nnocKocTu. Kax-
noe 13 BbLICKa3biBaHUN

Vx Vy (P(x, y)); Vx3y (P(x, y));

3x Yy (P(x, y)); 3x 3y (P(x, )

3anuuunTte npeanoXxeHneM pycckoro fAabika. OnpepennTte, Kakoe U3 HUX UCTUHHO,
a Kakoe NOoXHO.

6) BoinonHute TO Xe 3agaHue, YTO U B NyHKTE a, ecnu x npo6eraeT MHOXECTBO BCEX
OKPYXHOCTEN, PACNONOXEHHBIX HA HEKOTOPOW MNAOCKOCTU, a Y — MHOXeCTBO BCeX
TPEYronbHUKOB TOW Xe NAOCKOCTU.

Paccmotpum npeaukat P(x, y): Purypa x snucaHa 8 ¢urypy y.

a) Nyctb x npoberaeT MHOXECTBO BCEX BLIMYKAbIX YETbIPEXYrONbHUKOB, 8 ¥ — MHO-
XECTBO BCEX OKPYXHOCTEW. YKaxuTe, AN Kakux M3 4YeTbipex BapuaHTOB KBAHTOP-
HbIX NPUCTasok Vx Vy, Vx Jy, Ix Vy, Ix Jy nocne CBA3LIBAHUA UMU NEPEMEHHDBIX
B NpeawkaTte P(x, y) Nony4aeTCca UCTUHHOE BbiCKasbiBaHWe.

6) BeinonHute TO Xe 3agaHue, 4TO U B NyHKTE a, echn x npoberaeT MHOXeCTBO BCEX
OKPYXHOCTEN, @ Yy — MHOXECTBO BCEX BbINYKNbIX YETbiPEeXyronbHUKOB.

B obbAcHUTeNnsHOM TekcTe naparpada Obino NokKasaHo, 4TO flormdeckue GyHKuum
Vx 3y (P(x, y, 2)) v Jy Vx (P(x, y, 2)), BoOOLLE FOBOPSA, PasfN4HbI.

a) Pazanuunbl nn dyHkummn Vx Vy (P(x, y, 2)) v Yy Vx (P(x, y, 2)), TAe P(x,y, 2) —
NPOU3BONbHLIA NPeauKaT OT Tpex nepemMeHHbix? A ¢yHkuuwv Ix Jy (P(x, y, 2)) M
Jy Ix (P(x, y, 2))?

6)* U3BeCTHO, 4TO BbicKasbiBaHue Jy Vx (P(x, y)) ncTuHHO. MOXHO N yTBepxaaTh,
4yTO BbICKa3biBaHue Vx Jy (P(x, y)) TOXE UCTUHHO?

Ha mHOXecTse HaTypanbHbIX YACeNn 3agaHbl cneayowme npeaukatbl; N(x) — ymcno
X HeMeTHO; D(x, y) — 4ncno x AeNUTCA Ha 4ucno y. UCnonb3yn ykasaHHbie npeau-
KaTbl, 3anuwuTe noaxoaswein GopMynon Kaxaoe N3 CReayiowmx yTeepxXaeHni:

a) Yucno x 4EeTHO;

6) uMCNo x — HEuYeTHLI AenuTenb “Yucna y;

B) uncna x u y pasHbl;

r)* yucno x pasHo 1;

A)* umcno z — Hanbonblumii o6 AenuTens Yucen x U y;

e)* uucna x u y B3aMMHO NPOCTHI (T. €. ux Hanbonblunin obumin aenuTens paseH 1);
XK)* 4nCNO x NPOCToE;

3)* yucno x pasHoO 2;

n)* ecnn x — NPoOCTOE 4YUCNOo, TO ANA Noboro wicna y nubo x v y B3aUMMHO NPOC-
o, <60 y pennTca Ha x;

K)* moboe uncno, 6onbuiee 1, UMeeT NPOCTON AenuTens.
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Q Ha MHOXecTBe HaTypanbHbiX 4Yucen 3apaH npeaukar U(x, y, 2): Yucno 2z pasHo Npo-
u3BeAeHUIO Ymcen x u y. Ucnonb3ya aTOT nNpeaukar, sanmwute noaxopawein dop-
MYJIOil Kaxaoe U3 CReaylowmx YTBEPXASHWA:

a) yucno x — aenutens uucna y;

6) uncna x 1 y pasHbl;

B) Uyncno x paBHO 1;

r)* 4yucno x NPoOCToe;

A)* Yyucno x ABNAETCA CTEneHblo NPOCTOro yucna.

@ Huxe npuBeseHO HECKONbLKO Nap BbickasbiBaHui. Onpepenute, B kakvux napax oAHO
BbiCKa3biBaHUE ABASETCA OTPULAHWEM APYroro.
a) «<Ha ynuue csetut conHue» U «Ha ynuue nacMypHo».
6) <Ha ynuue csetut conHue» u «Ha ynuue uaet noxab».
B) «<4ucno 3 npoctoe» n «4ucno 3 cocraBHoe».
r) «ducno 1 npoctoe» n «4ucno 1 cocrasHoe».
n) «<B knacce ecTb yYeHuK, KOTOPHIfi peiwun BCE 3aAauyn KOHTPONbHOW paboTwi»
n «B knacce Kaxabid ydeHUK He pewmn xoTa 6o ogHy 3apady ¥3 KOHTPOALHOMN
paboTbi».
e) «<B knacce ecTb y4eHMK, KOTOPbIA pelwmn BCe 3afadn KOHTPONbHOW paboTbi»
n «B koHTpOnbHOI paboTe eCTb 3agaHue, KOTOPOE He pPelmny BCe Y4eHUKU Knaccar.
%) «Bce uncna mnppaumoHanbHbl» y «CyliecTsyeT UpPauMOHaNbHOE YUCANO»,
3) «[Ana nio6oro unmcna x CyWECTBYET YUCNO 2z, ANS KOTOPOrc npovussefeHne xz pa-
unoHanbHo» U «CylecTByeT Yucno x, ANA KOTOPOro NpousseaeHue xz nppauvoHanb-
HO ana moboro yucna z».
n)* «<Bce HevyeTHbie Ynucna nNpocTtolie» U «CywleCcTBYeT HeYeTHoOEe MPOCTOe YMCNOo».
m Huxe npuBepeHO HECKONLKO nap noruudeckmx ¢pyHkumin. Onpepenute, B Kakux napax
ofHa nornyeckan QyHKUMA SIBASETCS OTPULAHUEM APYTof (PYHKUWW U3 TOW e napbl.
a) «<Mucno x nNonNoXUTeNLHO» U «4UCNo x OTPULATENbHO».
6) «<OH moit apyr» u «OH Mo Bpar».
B) «YYEHMK pelumn Bce 3aflaHnsl KOHTPONbHOW paboTbi» W «ECTb 3apnaHne KOHTPONbL-
HOi paboTbi, KOTOPOE YHEHUK HE pewun».
@ a) Ha mHOXecTBe peiicTBUTENLHLIX YUCen 3aaaH npeaukar
Vx (x*y — x(y - 3) + 1> 0).
YkaxuTe Bce 3HAYEHUS NepemeHHol y, ANA KOTOPLIX ITOT npeavkar UCTUHEH.
6)* BoinonuuTe TO Xe 3ajaHve, YTO U B NyHKTE a, eCNv NpeawkaTt 3aaaH Ha MHOo-
XECTBE MOMOXUTENbHBLIX Yncen.

@ Jloruka CYBJ} Access

Jlornueckue ¢yHKIUH, pacCMaATpPHBABIIHNECS HAMHA B KadecTBe
IpUMepOB B MNpeAbAymeM maparpade, GElIM JOBOJBHO HPOCTHIMH M JeT-
KO 3aIuCHIBAJINCh Ha €CTeCTBEeHHOM sfA3bike. Ho KoMIObIOTEp, KaK BB
3HaeTe, IOHHUMAET TOJbKO GopManbHBIA A3HK. W a1060i1 (popMarbHEIR
HCHOJHNUTENb, KAKMM, B YaCTHOCTH, Apiaaerca CYB]l Access, Toxe mo-
HHAMAaeT TOJLKO (POpMAaJIbHEIM A3LIK. BoT 06 3TOM A3BIKe M HOiifleT y Hac
peub. OCHOBY €ro COCTABJAIOT JIOTHYeCKHe (QYHKIUH, O KOTOPBHIX MBI
paccKasHBaJHM B HOpeAbIAyINeM maparpade.

A Temeph BCIIOMHMTE Baml ONBIT OOpAImeHNs ¢ YHCJOBHIMKM (GYHK-
nHUAMM Ha ypoKax mMaTeMaTHKH. M3006perenne 6yKkBeHHKX 0003HaUYeHHH
IepeMeHHBIX M A3bIKa (GOPMYJ JJA 3aIHCH CBA3EH MEXAy HUMH CTajo
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PEBOJIOIMOHHLIM IIaroM. Bor M AjsA jJoruuyecKux (QYHKIHIA ecTecTBeH-
HO BBeCTH HEKOTOPLIH A3BIK (opMYJI, ITO3BOJIAIOUINN OTHOCUTEJILHO IIPOC-
TO ¥ JOCTATOYHO CTAHAAPTHO 3alMCHIBATHL UX. Crpoarca aTu GHOpPMYJIBI,
KaK ¥ ¢opMyJibl B ajireGpe, U3 HEKOTOPBHIX «KHPIUUUKOB», COEIUHEHHBIX
3HaKaMu omnepanuii. [{na anre6panmdecKMX BBIPpAKE€HUN «KHUPIHYHKA-
MH» BBICTYIIAIOT YHCJIa U IIEpeMEHHBIE, B KaueCTBe Ollepanuii BRICTYIIa-
10T apudMeTHUYECKHe OIIepAIliM — CJIOKeHHNe, YMHOMKEHHNEe, BbIUUTaHHE
U JejieHVe, a TaK)Ke HeKOTOphe CTaHAapTHhIe (GyHKIUN (IoKasaTesb-
Has, JorapudmudecKas, TPUTOHOMETPHUYECKHE H T. II.).

Yo ke BBICTYNAET B POJH «KHPIHUYUKOB» JIOTUYECKOTO BBIpa’Ke-
HHUA? IJTO HEKOTODbIe CTAHAAPTHHIE TIPEAUKATHI, ONpeAeNdmuInue, HcC-
THUHHO HJIM JIOKHO YTBEPKAEHHE O TOM, UTO IPM 3aJaHHBIX 3HAUEHU-
AX IIePEMEHHBIX OHH HaXOAATCA B 3aJaHHOM OTHOIIeHuMH. B KauecT-
Be TAKHUX OTHOIIEHUH OGBIYHO (PUIYPHUPYIOT OTHOIIEHUS CPaBHEHUS
= (paBHO), <> (He paBHO), < (MeHbIIe), > (Gosbine) u T.n. Bojee Tou-
HO MOJKHO CKas3aTh TaK: aTOMapHBIM HAa3BIBAE€TCSA OTHOLIEHHE BHJA
A0 B, rme Au B — odHomunHbie BbIpa’KeHUs OT NEePEeMeHHBIX, a 6 —
OJNH M3 CHMBOJIOB OTHONIEHUS cpaBHeHHUs. OJHOTHIIHOCTh BBIPAXKEHUN
03HAYaeT, YTO IIOCJe BBHIYMCJICHHA HUX 3HAUEHUH AJA JIO00ro AOIYCTH-
Moro HabGopa NIepeMeHHBIX MBI IIOJiyuaeM 3HaueHHSA OJHOTO THIA, Ha-
IPUMED YHCJIOBOr0, HJIM CHMBOJBLHOrO, HJIH €Ile KaKoro-iubto.

Teneps MOXHO (OPMAJIBHO OIPEAENUTH JIOTUYEeCKMEe BbIDAKeHHA.
Ms1 6ymemM o603HauaTh MX OGOJBITHMH JIATHHCKHMMH OYKBaMU.

1. Beakoe aToMapHOe OTHOIIIEHHE €CTh JIOTHUYECKOE BHIPasKeHUe.

2. Uctnna u JlosKbp — JIOTHYECKNE BHIPAYKEHUS.

3. Eciin A — JorudecKoe BBIpakeHHe, TO BBIpasKeHmne He (A) To-
JKe JIOTHYeCKOe BbIpasKeHHE.

4. Eciu A 1 B — JornuecKHe BBIDaJKeHHA, TO BhIpaKeHUsa A u B,
A uau B u He B Toxxe ABJIAIOTCA JOTHUYECKUMU.

Bor npumeps! JOrMuYeCKMX BBIDAYKEHUI:

He (x = CJIOH),
(x=2+2) u y>2%x+ 3).

IIpaBuna 1—4 onpegensawT GopMaJbHYIO I'DAMMATHKY $A3bIKa JIO-
rMYeCKUX BBIpAYKeHUH. 3aMeTHM, UTO B OIpPeAEeJeHHH JOTHMYEeCKOro BHI-
pasKeHusA Mbl HMCIIOJB30BAJIM He BCe JIOTHUECKHe OoIllepaium, HO 3TO He
CKaabIBaeTCsa Ha BO3MOJKHOCTSIX AAHHOTO SA3HIKA, IIOCKOJIBKY, KaK BBI
3HaeTe, OIepallMH «CJeAOBAHHE», «PABHOCHUJIBLHOCTBL», «HCKJIIOYAIOIIee
WJIN» BBIPAMKAIOTCA Ueped YKasaHHBIe TpHU omepanuu. Ho geno Tyr He
B KOHOMMH MCIIOJIL3YEMBIX oIlepanmuii, a B ToM, uto CYB]l Access
BOCIIDHUHHUMAaeT, KaK MBI UYyTh IIO3XKe yﬁe,Z[I/IMCH, A3BIK JIOTHYEeCKHX BBbI-
paKeHU#l ¢ oIepamuAMH OTPHUIAHUSA, AUIBIOHKIHUH M KOHBIOHKIMH.

JlormuecKkne BBIPAYKEHUA HYIKHBI AJs TOr0, UTOOBI KOMIBIOTEPY Ha
IOHATHOM JJdA Hero sabiKe chopMyaIupoBaTh, ¢ KaKOH JIOTHUeCKOMH
dbyHKIHEH eMy HAJJIEKUT MMEThb HAeJO.

IIycTh Temeps Ha MHOKecTBe M HaM JaHO HeKOTOpPOE OTHONIEHUE
¢ arpubytaMu Xx;, X3, ..., X,. PaccCMOTpUM JOrudecKyio QYHKIHUIO OT
TeX Ke IepeMeHHBIX (He 06s3aTeNbHO Bcex). Bo3bMeM MPOU3BOJIBHBIN



E 173 Jlormko-maremaruyeckue monenm

Habop 3sHaueHHMil aTpuMOYTOB, KOTODPLIIl HPHUHALJIECKHUT NJAHHOMY OTHOIIIE-
Huio. IlogcTaBMM 3TH 3HAYEHUSI B JIOTHYECKYIO PYHKIIHMIO BMECTO COOT-
BETCTBYWOIINX NepeMeHHEIX. Torga jgorndeckas GyHKIIMA OIPUMET OIpe-
JeJleHHOe 3HadYeHUe. BribepeM M3 Bcex HaGOpOB 3HadYeHMIl aTpuOyTOB,
NPUHAIJIEKAINX AAHHOMY OTHOIIEHHIO, BCe Te, IJS KOTOPHIX HaHHAafA
byHKIHA npuHuMaerT sHadeHMe HMceruma. Takyroo omepammio Haj oOT-
HOIIeHWeM HAa3HIBAIOT (PMIABTpamMed, a caMy JOTHYECKYIO (DYHKIIHIO
Ha3BIBAlOT (puabTpoM. Eciim oTHolleHMe 3afjaHO Tabauieil, To GUIBTpa-
IIUs NPUBOAUT K OTGOPY TeX CTPOK, B KOTOPBIX CTOSAT 3HAYEHUS aTpUOY-
TOB, AAIONINX MCTHHHOE 3HAYEHWE 3aJaHHON JIOTHYECKONH (GYHKIIHH.

Kax BBl mOMHHTe, TAaGJHIILI — 3TO OCHOBHOM cIOC0O0 IIpeAcTaBJie-
HUs MHGOPMAIMK B PeJANMOHHBIX 0asax maHHBIX. 3HaKomsaAch ¢ CYB]]
Access, BBl pacCMaTpHUBAJIH B QHUIBTPALMIO, T. €. OTOOD CTPOK TaGIHIILI,
VIOBJIETBOPAIOIINX YCJOBHAM 3almHCAHHBIM Ha O0jaHK QBE (sckus3 OJsam-
Ka npexacrasieH Tabanneii KII. 5). Teneps, Mbl HazeemMcss, BAaM IOHAT-
HO, uTo Ha 6iamx QBE BB crnenmuajbHLIM O00OpPa3oM 3amMCHIBAJIHN HEKO-
TOpBIH IpesuKaTr (6e3 KBaHTOPOB!), B KOTOPOM HMeHa aTpHMOYTOB — 3TO
MMeHa TepeMeHHBIX, C IIOMOINbI0O COI03a U B HeM COeJWHEHbI aToMap-
Hble OTHOUIEHHWs, CTOAINE B ONHON CTDOKe, a MOJIYUYHBINHECH TAKUM
00pa3oM CJIO’KHBIE BEIDAKEHMS COeJUHAIOTCA COH30M uau. Urtak, Ha
b6manke QBE sanmchiBaeTcs He UTO WHOE, KaK JIOTMYECKOe BbIpaXeHue,
IIpeJCTaBJIEHO OHO B AM3BIOHKTHBHOM HOpMasbHOU ¢dopme. UTo6BHI 2TO
YBHUIETH, JOCTATOYHO «CIMcaTh» ero ¢ 6iaamxka QBE mo ykasaHHbIM IIpa-
BuaaM. Hamomuum (cm. § 32), uto so6oe ciIoKHOEe JIOTHYECKOE BEI-
PasKeHMe MOKeT OBLITHL 3allMCaHO Yepe3 MNPOCThIe C IOMOIILI0O AW3b-
IOHKTUBHOH HOpMaJbHOMH ¢opmbl. Tak uto duabtp B CYB]I Access —
3T0 paKkTHYecKH OeCKBAHTODHOE JIOTMYECKOE BBIDAKEeHHE, 3alHCaHHOe
B AUIBIOHKTHUBHON HOpMAaJbHOM (opMe.

HagpepHoe, y Bac BO3HHK BOIIPOC: IOYEMY B A3BIKE JIOTHYECKHX BBI-
paskennii CYB]] Access oTcyTcTBYIOT KBAaHTOpEI? OTBeT Takoi: B JI0GOI
6ase JAHHBIX, co3ZaHHOI ¢ momomibio CYB]I, npucyTeTByeT JHUIITL KOHEY-
HOe UHCJIO 3HaueHu# ajas mwoboro arpubyra. IIpegcTaBuM, UTO Y HEKOTO-
poro arpubyra X MHOXKECTBO BCEX €ro 3HAYEHHIl — 3TO 4y, Qg ..., &,
Jlerko mOHATBH, YTO TOTAA AJA JIOO0TO ImpeAWKarTa

P(x, Y15 Yz -+es Yn)
BEIDaKeHHe
Vx (P(x, Y1> Yzs s Y.))
PABHOCHJIILHO KOHBIOHKITUH
P(ay, Y1 Yzs -5 Y) W P@g, Y15 Yos o5 Yp) U oo U Py Yys Yo -5 Yi)s
a BBIpAKeHUe
dx (P(x, Y15 Y25 «ees Y.))
PABHOCUJILHO AUIBIOHKIIUH
P(ay, Y15 Yas +oer Yp) uau ... unuw P(a,, y;, Ys» -5 Yp)-
Tax 4TO B KBAaHTOPAX HYKIBLI HeET.
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O6paruMca K HameMmy <«TejJedOHHOMY» HpuMepy. B 0ase maHHEIX
TeneOHHOM CTAaHIHMM MMeeTcsa TabaHIa, B KOTOPOH yKasaHO, KTO MMEH-
HO #ABAAeTCA a00HEHTOM HaHHOTrO TejedouHHOro Homepa (cMm. Tabua. 4.15).
Ona ob6HOBIsIeTCA HedacTo. KpoMe Toro, mmeercsa TabuIa COBEPINEHHBIX
Tesie(pOHHBIX 3BOHKOB (cM. Taba. 4.9), KoTopasa mOCCTOSHHO OOHOBJISET-
ca. Umerorca eme Tabaunel, cofepskamniue cBefieHus ob omuare TesjedoH-
HBIX PasroBOPOB UX BJAJeNbIIAMH, O BEICTABJIEHHH CYETOB H T. . MIMeTh
BCe BTH CBeJeHHA B OZHOHU TabiHIle He TOJBKO HeynoOHO, HO 1 HeaddeK-
THBHO, IIOCKOJIEKY ee 06bem Gyzer orpomed. Ho BOT HacTymaeT MOMEHT,
KOrJa Hajfo BEIDHCATh a60OHEHTaM cueTa 3a TeKymu# mecan. Temeps Ha-
Jo mo Tabnaume BBI3OBOB uepe3 HOMep TejiedoHA onpeAeuTh AG0OHEHTA
M 3amucaTh B cYeT Bce OTHOCHAIMMecH K HeMy BEISOBEI. Ha fA3BIKe OTHO-
IIEHWH 3TO MOXHO BEIPAa3WUTh TaK.

IIycts S(x, y, 2) — OoTHOUIeHHe, MOKA3LIBAIOIIEe, UTO II0 TesedoHy
C HOMepoM X OBLJI PasroBOp ¢ OHYHKTOM Y TPOAOJYKHUTEJIbHOCTHIO 2 MH-
HYT, a A(x, V) — OTHOIIIEHHEe, ITOKAa3LIBAIOIee, YTO U ABJIACTCH BIALEINE-
meMm Tenepona ¢ Homepom x. Ham ke Hy»xHO oTHOmeHme M(v, y, 2),
IOKaspIBalomiee, 4To a00OHEHT U pasroBapMBaJl C NYHKTOM Y B TeYeHHE
2 mueyT. OTHOIIEHHE OIpeAeNAeTCA TAK: MMeeT MEeCTO OTHOIIeHHEe
M(v, y, 2), ecnu cymiecTByeT X, AjusA Kotoporo S(x, y, 2) u A(x, v). B atom
ciay4dae rosopar, 4dro M(v, y, 2) ABnfAeTCS NMPOM3BENeHHMEM OTHOLICHHM
S(x, y, 2) u A(x, v).

Kak BujguTe, mosABMICA KBAHTOD CYINeCTBOBaHHUsA. IIOCKOJIBKY
Access — mHororabauunas CYB]I, To o6bequaeHns Tabaun IPUXOLUT-
cd BBINOJIHATH ONepanyeil YMHOXXeHHs oTHomeHwui. IlpasBza, B JOKY-
meHTanuu K atoit CYBJl Takas omepanusa Ha3LIBAETCA COeIHMHEHHEM
rabmun. ITockonbky Access mmeer rpadpudueckuii maETEepdeiic, To ycra-
HOBJIEHHE COeSWHEHUs TabOIWUIl 0 HYXHBIM aTpuOyTaM IpPOU3BOAUTCH
C IOMOIIBI0 MBIIIKH «IPOTATMBAHUEM BEPEBOYKH» MEXKIY STHMH aTpH-
6yramu. Ha pucyrke 4.1 nmokasaHa Takas CBA3b MexXAy aTpubyramu al
u 01 aByx Tabaun (ogHa HaszBaHa HaMu A, apyraa — B).

Ecau o6 arpubyrax HM4Yero He CKasaHO, TO CBA3b BHITJSALUT
HMeHHO TakK. Eciam ke Kakoii-nu6o arpubyr ms A o0BABIEH KIHOYOM
(cm. §35), To OKONI0O HEro, HajJ «BePEeBOUYKOM» mosBiseTca mudpa 1,
a Ha APYroM KOHIIe MOSIBUTCA 3HAYOK O°. ITO 03HAYAET, YTO KaxKIad
cTpoKa Tabammel A MOXKET 0Kas3aThCid CBA3AHHON C HECKOJBKHMU
crpoxkamMu rtabaunsl B, HO Kadzaa cTpoka Tabaunbl B cBsA3aHa pOB-
HO ¢ OZHON cTpokoil Tabammer A. Takyo cBasbh TabGaul HA3BIBAIOT
CBA3BI0 II0 THIY OXMH-KO-MHOruM. Ecim xe o6a arpubyra o6bsaBie-
HBEl KJIIOYEBBIMH, TO Ha 060MX KOHIIaX MOABJAAKTCHA 1, KOTOpBIe O3HA-
4ai0T, 4YTO B 00eux TaGauMIax Ka)KIasds CTPOKA CBA3aHA POBHO C OJHOMA

CTpPOKOH m3 apyroi rtabmauner. Ta-

R U it i O, 0 ¢Bssh EAsHDAoT CRSSRI0 IO

" a o ~ MUY OAMH-K-oxHOMY. TOGH! aTpm-
a2 _ 62 , OyT MOXHO OBLIO OOBABUTHL KJIIO-

YOM, HYXHO, YTOOBI OH YJOBJIETBO-
Puc. 4.1 Csssb mexay atpubyramu pan TpeboBaHMAM, CHOPMYIHPO-

(nonsimu) al n 61 BaHHEIM B § 35.
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BOHPOCbI n 3SARAHMA

@ 06bAcHUTE, NoYeMy B A3bIKE NOTMYECKWX BbIPaXeHWid, Ha koTopom B CYBL Access
3an1cLiBalOTCA 3anpockt ‘Ha PUALTPaAUUIO, HEe HYXHb! KBaHTOPbI.

@ Ana tabnuubt 4.16 (cMm. 3apnanue 5 k § 35) ykaxute pesynetar ¢punbTpaunu OTHOCU-
TeNnbHO noru4eckon dyHkumn: «M > 12 u 2 < N < 4». Mo nepuoanyeckon cucreme
. . Menaeneesa onpeaenute, Kakue xumudeckue snemeHTol 6yayt otobpaHbl aTon
dunbTpaumen.

9 ARaHbl oTHOoweHUa Harpy3ska_yuntens (damunua:, knacc_u_npeamet:) u Pacnuca-
Hue (xnacc_M_npeaMmer:, AeHb_Heaenu:, Homep_ypoka:). Kakyio uHgpopmaunio Hecet
NPOU3BEAEHNE 3TUX OTHOLUEHWIN?

0 MycTe MHOXecTBO M coctouT us 4Yucen 1, 2, 3, 4, 5 u 6. Ha 3TomMm MHOXecTBe 3a-
OaHb! cneayllwye OTHOWEHUA:
a) Ry(x, y): uMcno x AenNUTCA Ha Y1Cno y,;
6) R,(y, 2): umcna y 1 z TaKosbl, 4To |y - z| < 3.
Hatipute npousseneHue otHowexuit R, u R,. (Coset. Bocnonbayiiteck Tabnu-
uamm, COCTaBAIEHHLIMWA BaMW MPU BbLINONHEHUM 3adaHua 5 ns § 34.)

Ana kakux ueneit ucnonbayetrca coeavHeHue tabnuy B8 CYBA Access?

e e T T S T R T T TR RS

ERMCE S e Y

Kakum cBoticTBoM o6napaeTt cBa3b aTpubyToB pasHbix Tabnuu, ecnu oba atpubyra
ABNSAIOTCA KNKOY4EBbIMU?

{%L}]  Ba3w sHanmii u axcnepTHbie cucTems:

IIpuxoanoce U BaM COBETOBATHCSHA, Mpe’KAe YeM IPUHATH TO
uau uHoe peirteHne? HaBepHsAKa Ja, U, CKOpee BCero, He OgHaXXAbI. Bee
MbI IIOCTOAHHO COBETYEMCH C APY3bAMHU H POACTBEHHHKAMH II0 CAMBIM
Pa3HEIM BOIIpOCaM.

Ho ectp 1 npodeccruoHaIbHbIE COBETYMKH, K KOTOPLIM MBI oOpamia-
eMcs, MOTOMY 4YTO OHH SBJAIOTCS CHEIIMATHMCTAMH II0 MHTEPECYIOIeMy
Hac Bompocy. Ecam uenoBek 3afoJies, OH oOpamiaeTca K Bpavy, YTOOBI
TOT IOCOBETOBAJ €My, KaKHe JIEKapCcTBa IMPUHHMATL M KaKHe IIPoLeay-
PHI JesaTh. EciM BO3HHMKAIOT IpaBOBbIe IIpo0JieMbl, HAYT K opucty. Ec-
JU BO3HUKJHM IIpoGJeMBl B CeMbe, TO O0OpamjaloTca K IICMXOJIOTY, CIie-
IHaJN3NPYIOIIEeMycA Ha mnpobjieMax ceMeHHBIX OTHOImeHMii, u T. a. Ta-
Kux Jiofeii Mbl 6yZeM Ha3bpIBATH KOHCYJBTAHTAMH HJIH 3KCIEPTAMMH.

Ho BepHO JIn, 4YTO SKCIOEPTHOE 3aKJIOUEeHNe MOXKET AATHL TOJBKO 4e-
JIoBeK B JuYHOM 00menun? Komeuno, Her. CyLIeCTBYIOT CIPABOYHHKH
M SHIMKJOIEAUHN II0 Pas3IMYHBIM 00JIacTAM 3HaHMII, B KOTOPBIX TOXKe
COZiep>KaTCsA COBETHI II0 MHOTHM BOJIHYIOIIHMM dYeJIOBEKa BompocaMm. Bo-
Jiee TOro, BpAJ JH Bceraa MOYKHO HANTH TaKoro Xe MHOTO3HAIOLIEro
YyeJI0BEeKa, KaK, HAIIpUMeD, KaKaA-HUOyAb 3HIIMKJIONEeANs MJIK Xopollee
PYyKoBoacTBO. OTJIMYME COCTOMT B TOM, YTO 3KCIIEPTY BEI 3aJaJid CBOM
Bompoc (mau, HaoOOPOT, OH BaM 3ajaJjl KaKHMe-TO BOIIPOCHI), IIOCJIE Yero
9KCIIepPT NMOAYMAJ H ZaJl COBeT. A CIPABOYHHK Ha NOMOINL HE IPUAET —
caM HIIH, I'e HMeeTcA HYKHBEIM aasa T1ebsa coser. CoBMecTHTH, Kasa-
Joch Obl, TPYAHOCOBMECTHMOE — ISHIMKJIOIEANYHOCTh 3HAHUN M aKTHUB-
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HYIO PeaKIIUIoO Ha MOTPeOHOCTH I10Jb30BATENA — IO3BOJAET OAHA U3 pas-
HOBUAHOCTeH CHCTEM MCKYCCTBEHHOTO HHTEJJIEKTAa, & MMEHHO, TaK Ha-
3BIBAEMbIE IKCIEPTHBIE CHCTEMBEI.

B coBpemeHHOM MHpe MHMDOPMAIHOHHBIX TEXHOJOTHWH 3KCIEDPTHBIE
CHCTeMBI HAXOAAT Bce Gosblllee mpuMeHeHHe. KoHCTpYKTOpaM OHH IO-
MOTalT NoA00pATh MATepPHAJbI, U3 KOTOPHIX OYAYT M3roTaBJIUBAThbCA Te
UM WHBIe U3JeJIUS: BeJb 3JeCh HALO0 YUYECTh TaKHe (DaKTOpPHI, KaK
MPOYHOCTh, JIETKOCTh, COYETAEMOCTh C APYIHMM MaTepHajlaMH, IIPOCTO-
Ta obpaborku. Hu oguu MaTepuay He o6JaZlaeT BCeMH STHMH CBOMCTBa-
MM OZHOBpeMeHHO. BriOpaTh OnTHMAJBLHBIM BapHaHT IIOMOTalOT Mare-
pHaJIOBeIYEeCKIE SKCIEePTHBIE CHCTEeMEI.

OKCIEPTHBIEe CHCTEeMBI JAPYTroro BHUAa IIOMOTAOT Bpady OCYIECTB-
JATH JUATHOCTUKY. BripoueM, «jJeunTh» ObIBaeT HAJO HE TOJMLKO JNIOAei
MJIH JKUBOTHBIX, HO MU CJOYKHBIE TeXHWUECKHE CHCTEMBI.

JKcuepTy, UTO6bI JaTh OOOCHOBAHHEIM cOBeT, HYy)KHBI 3HaHud. Ilo-
3TOMY KaKJasl SKCIepTHaA CHCTEMA COJEPKHUT B KauecTBe sAxpa 6asy
3HAHWH TOH IpeAMETHOM 00JacTH, AJdA paGoThl B KOTOPOH NMpeXHasHada-
eTcA SKcIepTHasA cucTeMa. Bl yiKe 3HaKOMBI ¢ MOHATHEM 6a3bl JaHHHIX.
Teneps ke peub HAET 0 Oa3ax 3HaHMIl. Y)Ke M3 COMOCTaBJICHHS Ha3Ba-
HUHM KaXKJABIH, HABEPHOE, OINYIIAET, UTO B 3THX MOHATHAX HOJLKHO OBITH
YTO-TO poAcTBeHHOe. UToOLI B 2TOM pasobpaThcsi, BcrroMaEM (cMm. §11),
YTO 3HAHHUA — 3TO0 WHPOpPMAIMA, XpaHHMad B HEKOTOPOM 0000LIeHHOM
BHUJZie M TOTOBas K NPHUMEHEHHMIO B CXOXKHX CHTyaluax. MoXXHO CKa3aThb,
YTO ZaHHBbIe — 3TO Bcerza mEGOpMaINA O KOHKPETHLIX 00LEKTaxX, B TO
BpeMs KaK 3HAHHA, KaK IPaBUJIO, BHIPAYKAIOT 00Ie 3aBHCHMOCTH MeEXK-
Ay pasHLIMH IpH3HaKaMu 00'beKTOB. KOoHeuHO, ZJaHHbIe TOXKe IIpeJCTaB-
JAI0T co00if HEKOTOpOe 3HAHWE, HO 3TO €ro BeChbMa YACTHBIM ciaydaii.

OTMeTHM, YTO pasnaWyHe MeXJY 3HAHUAMH H JaHHBIMHA IIPOSABIIA-
eTcd M B A3BIKOBOM acneKTe. Ilpu 3ammcu 3HaHUi Ha (OPMATBLHOM A3BI-
Ke (a 9TO HeOOXOAUMO, UTOOBLI AN pPabOTHI CO 3HAHHUAMHU MOXKHO OBLIO
MPUMEHATh KOMILIOTEP) MBI MOJIydyaeM YTBep)KJIeHUs B ¢opMe IIpejxu-
KaTOB C II€epeMeHHBIMU, XOTA He HCKIIUYaeTCHd, UTO Bce IIepeMeHHbIe
B 9TOM IIpeiuMKaTe cBa3aHHbIe. Hanpumep, nmpeaukar «Ajaa Jroboro Ha-
TYPaJIbHOTO YHCJA X CYHIeCTBYET IIPOCTOE UUCJO Y, TAKOe, UTO Y > X»
BbIpakaeT 3HaHWe, SBJIAACH JOBOJIbHO HEIIDOCTOH TeopeMoii, XOTHd M3-
BecTHOH yxxke EBkaugy. JlaHHBIe Xe Bcerjja 3anMCHIBAIOTCA BBIPAYKEHH-
€M, He CoZiep;KaIiuM IIepeMeHHBIX, Hanpumep uucijo 101 mpocrtoe u 60b-
nre uyucaa 100.

Hrax, ocHOBY 0a3bl 3HAHUII COCTABJAIOT ONMHCAHUA MOJEJeil, BBI-
MOJIHEHHEBIE TIOCPENCTBOM HEKOTOPOro (pOpMajIbHOTO A3BbIKA, IIOHATHOTO
KOMIBIOTEPY. Mexxkay STHMH MOJeIAMHU yCTaHaBJIMBAIOTCA JIOTMUECKUe
CBfA3H, IIpPeBpalljaioIe COBOKYIHOCTL MoAeJieil, comep:Kamuxcsa B 0ase
3HaHuii, B cucremy. Kak 0aza JaHHEIX Ka)kzaa 6asza 3HaHWI ocHAaIlle-
Ha cucreMo¥l ynpasiieHuda (coxpamteHHo CYB3), koropad mo3BoJjideT 3a-
MOJIHATL U U3MeHATh 0a3y 3HAHUH (KaK I'OBOPAT, PeJAKTHPOBATHL 0a3y),
a Tak)Ke OTBeuaTh Ha 3alpOChl, HAIlpaBiAeMble 0a3e 3HAHUIM.

JpyruM KOMIIOHEHTOM 9KCIEDPTHOI CHCTeMBbl ABJiseTcA 0JIOK, Ha3bl-
BaeMblil O0bIYHO pemarenaeM. OH MOJEJIHDPYET XOA PacCyXKIeHHH dKC-
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neprTa Ha OCHOBAHHM 3HaHWIi, mMeloinuxcsa B 6ase smammii. Ilo-gpyro-
MYy pelaTejbh Ha3bIBAIOT OJIOKOM JIOTHYECKOTO BBIBOJA.

Eme oAHMM KOMIIOHEHTOM SKCIEPTHON CHCTeMLI ABJIAeTCA OJIOK,
MO3BOJIAIONINH IIOJb30BATENI0 IOJYUYHUTh OTBETHI Ha Bompochl: «Kak
OplIa MOoJyuyeHa JaHHAdA peKoMeHaanua?» U «Ilouemy skciepTHas cH-
cTeMa NpUHAJA TaKoe peineHme?» OrTBeuasa Ha Bompoc «Kak...», akc-
nmepTHas CHUCTeMa NpeAbABJIAET II0Jb30BATEJI0 IIar 3a HIaroM Bech
IIpOIecC MOJIYYEHUSA PElIeHHA ¢ YKasaHMeM MCIIOJb30BaHHBIX dparmen-
ToB 6a3nl 3HaHuii. IIpu orBere ma Bompoc «Ilouemy...» cucrTeMa AeMOH-
CTpUpyeT IIOCJeAHee IIPMMeHeHWe IpaBMJia BbIBOJa, MHBIMH CJIOBAMH,
nocjiefHUI Imar B IIpoliecce NPUHATHA PeIllleHHud.

Haxonen, ana xaxAol SKCIEePTHOH cCHCTEeMBI IMPEAYCMOTPEH HHTEP-
deiic, MO3BOJAIOIINII MOJBL30BATENI0 HA HEKOTOPOM HA3bLIKEe 3aIMCBLIBATDH
CBOM 3alIpoc K CHUCTeMe, a CaMO# cHcTeMe JaBaTh OTBET Ha 3TOT 3aIpoc.

CyiiecTBYIOT CHelHaJbHLIE I'OTOBLIE OOOJOYKH SKCIEPTHLIX CH-
CTeM, KOTODhI€ ITO3BOJISIIOT IMOCPEJACTBOM pejaKTopa 0asbl 3HAHHIT 3amoJi-
HUTbL AJPO SKCIEePTHOH CHCTEMLI M IIPeBPATHTL CXEMBI IIPABHJI BLIBOJA
B KOHKDETHBIe IIpaBHJja. 3aHUMAETCA 3THUM CHEHHAJHNCT, KOTOPOTO
O0OBIYHO HA3BIBAIOT MHYKEHEPOM IO 3HAHMAM MJIH KOTHHUTOJOroM. Mo-
HO CKasaTb, YTO OH BBLICTYIIaeT IIPOMEKYTOUHLIM 3BEHOM MEKAY SKHBEI-
MM 3KCIepTaMH KU co3faBaeMoil 6a30ii sHaHWH.

BONMPOCH!I N 3AAAHMA

@ Y10 Takoe akcnepTHas cuctema?

@ Kakune ocHoBHbie 6nokn Bkaloyaet B ceba akcnepTtHas cuctema? KakoBo HaszHaue-
HWE KaXOoro v3 HUx?

9 YTo coctaBnaeT ocHosy 6asbi 3HaHUIA, BxoaAweh B cocTtas NGO 3KkcnepTHOn cuc-
Temu? Ona yero cnyxut CYBE3?

Q B 4yem NposBnfioTCA pasnuuna Mexay NOHATUSMU «OaHHLIE» WU «3HAHUSA»?

6" B 06bACHUTENLHOM TEKCTE NPUBEAEHLI NPUMEPH! NPUMEHEHUA SKCNEPTHbLIX CUCTEM
B KOHCTPYKTOPCKOW W YyNPaBNeHYeCKON AEATENbHOCTU, B MEANLMHCKON NPakTUKe.
BO3MOXHO N NpyMeHeHne SKCNEPTHBLIX CUCTEM B Hay4yHOW aeatensHocTu? [puse-
AUTe aprymeHTbl B NONb3y Npeanaraemoro samyn OTeeTa.

w PensunoHHas mofienb 3KCNEPTHOW CUCTEMbI

OObruHEIil pekuM paboTh! 11060l SKCIEPTHON CUCTEMBI — AHAa-
Jor ¢ moJjb3oBareneM. ITonb3oBaTenns coolimaeT B TOil MM MHOM dopme
o0IIIyI0 MOCTAHOBKY 3aJa4H, T. €. UTO OH XOYeT IOJYYHUTH B KaUecTBe pe-
gyabTaTta. B OTBeT sKcIlepTHas CHCTEMA IIOIIPOCHUT €Tr0 BBECTH KaKHe-TO
HMCXOJHbIe CBeieHHA 00 00BEKTax, puUrypupymomux B 3agave. Ecau «mo
Pa3sMBIILJIEHUN» OHA NpHUAeT K BBIBOAY, UTO AJIA OTBeTa A3TUX AAHHBIX
HEeJOCTATOYHO, TO 3aJACT COOTBETCTBYIOIIHI BONPOC MoJL3oBaTeno. Ilo-
JYYUB OTBET, OHA CHOBa IIOPASMBILLIAET M TaK IIar 3a Iiarom Oyger
IPOABUTATLCA K HYSKHOMY OTBETY. B KaKoii-TO MOMEHT MOYKET OKAa3aTh-
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CcA TaK, 4TO Y HOJb30BATEJA HET OTBeTa Ha BONpOC cucTeMEl. Torma om
BIIpaBe MNOIPOCHUTH NPEABABUTH YK€ JOCTUTHYTHIN YPOBEHb PEIIeHUS
u, 6ojiee TOro, BeCh XOJ PACCYKAEHWI, KOTODPBHIM HpHMBEJ K CO3AaBIIIE-
Mycsa IIOJIOKEHUI0, BupoueM, IOJb30BATENb U B CJydYae IOJIHOrO pelre-
HUA 3aaYM MOYKET MOJIYYHTh HMCUEPIIBIBAIOINYI0 MHGPOPMAIHUIO O TOM,
KaK 3TOT OTBET ObLA HmOJy4YEeH. B 3TOM CMEBICIE 3KCIEpTHASl CHCTEMA MO-
JKeT BBICTYIATh KAK CPEACTBO OOydeHUsda, JeMOHCTPHUPYA HOJb30BATEIIO
TO, KaK HYIKHO DAacCy’KAAaTbh, YTOOEI IPHHATL TpedyeMoe pelleHue.

IJKCOEPTHHIX CHCTEM HA CErOAHAIIHUM AeHL CO34aHO MHOro. B mux
OCHOBY TOJIOKE€HBI pa3Hbl€ MPUHIIUIILI OPraHU3anNu 6a3 JAaHHBLIX M Ipa-
BUJ BHIBOZA. CyInecTBYIOT CHeIUAJIbHBEIE A3BIKM IPOrpaMMHUpPOBAHHA,
npeaHasHadYeHHBIe AJA pa3paboTKH CHCTEM HMCKYCCTBEHHOI'O MHTEJLJIEK-
Ta, ¥ B YACTHOCTHU 3KCIEPTHLIX cucTeM. OAHHMM M3 TAKUX AILIKOB SB-
aserca IIposor. O HeM MBI pacCKa)keM 4UyTh mO3Ke. V1 BbI CMOKeTe Ha
3TOM $3BIKE CO3JaTh HECJIOMKHYIO 3KCIEPTHYIO cucremy. KoHeuHo, eciu
TPAHCJAATOP C 3TOro A3bIKa HMEETCA Ha BallleM KOMObIoTepe. A eciu
ero HeT, TO, YTOOHI paccKa3d 00 IKCIEPTHBHIX CHCTEMaxX He OCTaJCHd
CKa3KOH O 4eM-TO, YTO HUKAK HEJb3A <«IIOTPOTATh PYKaMH» OOBIKHO-
BEeHHOMY HIKOJIBHUKY, MBI IIpeJJIaraeM CO3AAaTh HeOGOJBIIYIO H IIPOCTYIO
SKCIEPTHYIO CHUCTEMY CPEACTBaAaMH, KOTOPbl€ Ha BAllleM KOMIIBIOTEepe Ha-
BepHAKA ecTh. Torjga Bbl CMOKETE YBHAETH PEANHN3ANHIO TEX IIOAXOAOB,
KOTODBIE HCIIONb3YIOTCA B OOJBIIMX 3KCIEPTHBIX CHCTEMAaX.

Jsia mocTpoeHua MOAENIH 9KCIEPTHON CHCTEMBI IIPEXKAe BCEro 00b-
ABHUM, UYTO MBI Oy/leM CTPOHTH 3Ty MOJeJb HA OCHOBE PEJAIUOHHOTO
noaxoga. Bo-nepBbIxX, MOTOMY, UTO DPEJANUOHHBIN MOAXOA MCIOJb3YeT-
CA CErojHA BO MHOI'MX peaJbHBIX 9KCIEPTHLIX CHCTEMAaX, BO-BTOPLIX,
MBI HaJeeMCH, YTO BBl YK€ XOPOIIO ero yCBOHJM, a B-TPETHLMX, Yy Hac
B DACHOPAXKEHHH HMMeEeTCs KOMIIBIOTEPHAS TEXHOJOTHA peausanuu
PeJANNOHHOTO mogxoxa — 3To Access.

Msbl B § 38 roBopusu, UTO PASHBIM KJACCAM 3aad COOTBETCTBYIOT
pasHbBIe THNBI 3KCHEPTHBHIX cucTeM. CHCTeMa, KOTOPYIO HaMepeHbI Io-
CTPOHUTH MBI, OTHOCUTCA K KJIacCy HACHTH(PHUKAIMOHHEIX (HMJIH JHUAar-
HOCTHYEeCKHX) cucTeM. CHCTEMEBI 3TOr0 KJacca peIlaloT 3ajady olpene-
JeHHudA, T. e, uAeHTUPUKanuu, o6beKTa II0 ero npusHaxkam. Takue cu-
CTEMBI COCTABJAIOT 3HAYUTEJIbHYI0 YACTh CYIIECTBYIONIUX JKCIEPTHHIX
cucreM. A B KadeCTBe IIpHMepa, KaKk MPaBUJIO, PAaCCMATPHUBAETCA 3a4a4a
onpeAeieHUA BUAA KUBOTHOTO MJIM pacTeHHA. BOoT M MEI OyAeM IIpoeK-
TUPOBATh TAKYH0 O0OTAHMYECKYIO SKCIEPTHYIO CHCTEMY.

HayneMm ¢ Toro, 4ro chopMyaupyeM 3HAHHA 0 YKA3AHHOMY BOIIPO-
cy. BoT 3aTtu ¢opMyJIHPOBKH.

Ecau xaacc eonocemannvie u gpopma aucma ieuryeobpasnas, mo
cemeiicmeo kunapucosbvie.

Ecau rxaacc zonocemsannvie u popma aucma uzionodo6Has U KOH-
dueypayusa xaomuieckas, mo cemeilcmeo cOCHOBblE.

Ecau xaacc zonocemannvie u popma aucma uzaronofobHas u KOH-
dueypayus — 2 poemnvix pada u cepebpucmas noaoca, mo cemelicmao
cOcHoa8ble.
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Ecau xaacc zonocemannvie u popma aucma uzaonodobras u KOH-
duzypayus — 2 posnvix pada u cepebpucmoii noaoCL. Hem, mo cemell-
cmeo 6oaomHbLil Kunapuc.

Ecau mun depesvsa u ¢opma aucma wupoxas u naAocKas, mo
KJacC NOKPbLMOCeMAHHbLE.

Ecau mun depeavsa u He6epHO, Umo (opma AuCMa WuUpPpoOKas U nioc-
Kas, mo Kaacc 2010CeMsaHHbLe.

Ecau cmebenv 3enemblii, mo mun mpassaHucmble.

Ecau cmebenv OpesecHbulii u noaoxeHue cmenioujeecs, mo mun
JAUGHUL.

Ecau cmebenv OpesecHblii u noaoxceHue npamocmosuwjee u 00uH
OCHOBHOUL cme60Ja, mo mun Oepesdvs.

Ecau cmebenv OpesecHulii U He8ePHO, MO NOJONCEHUE NPAMOCMOA-
wee U 00uH OCHOBHOIL cMB0J, MO Mun KYcmapHuKosble.

Mu1 crmenuajJbHO BREIGpAJM CHCTEMY, B KOTOPOHM morpebyeTcs He TakK
y»x mHOTO 3HaHMil. Ho mompo6yiiTe, risjga TOJABKO B BHEIITMCAHHEIE (hop-
MYJHPOBKH, OTBETHTDL Ha BOIIPOC, KAKOMY ceMeMCTBY NPHHANJIEIKHT pac-
TeHHe, €CJIM B PYKaxX BLI AEPKHTE OAHH JNCT, MMEIoIuil GopMy HIOJI-
K. CKopee Bcero, 3a IOJMHMHYTEI 3TO He HOJYUYMTCH (€CJM BB, KOHEU-
HO, He OOTaHHK).

Cucremy JIOTHYECKOTO BBLIBOJZA MBI M300pasum oprpadom (puc. 4.2).
Kaxkgasa BepmmHa rpada IOMeYeHA YTOUHAKIIMM BOIIPOCOM 3KCIEPT-
HO#l CHCTEMHI K IIOJIL30BATEJI0 MJIH €e OTBeTOM Ha 3azauy. s yro6-
CTBa BCEe BepIIHHLI IepeHyMepoBaHbl, HAUHHAA C HYJA.

Ecin BepminHa momMeueHa BOIIPOCOM 3KCIIEPTHOH CHCTEMEI, TO M3
Hee BLIXOAAT ABe Ayru. Opma Ayra momMeueHa OZHHM OTBETOM IOJB30-
BaTeJisl, Apyrasgs — ero ajbTepHATHBHBIM OTBeTOM. Beprumua, coOTBeT-
CTBYIOIIIad OTBETY SKCIIEPTHOH CHCTEeMHI Ha 3axa4y, He MMeeT BBIXOM-
mux ayr. ByaeM B ganbpHelillleM BepiliMHY oprpada HasbIBaTb COCTOSA-
HHeM JKCIepPTHOH CHCTeMBI.

ITo cymecTBy, paGoTa 3KCIEepTHOH CHCTeMBI O3HAYAeT «IyTeilecT-
BHe» II0 aTOoMy oprpacdy. OHA COCTOMT M3 IIOCJELOBATEJBbHOCTH OBHO-
THNHBIX IIMAT'OB, HA KaMJIOM M3 KOTOPBIX II0JbL30BATEJb IOJMKEH pe-
IIHUTh, II0 KaKOiH Ayre OH MOHZET M3 OUYEePeXHO BepIHHHEI.

HAcnoBenysa peasimuOHHBIN TOAXOX, MH JOJKHLI TelNephb OIHCAThH
aToT oprpad moxaxoxdAimmuMu Tabammamu. CHayajsa cocTaBHM TaOam-
uny 4.19. B me#t Tpu croabna: «Hauamo» u «Komel», rae yxKasaHsl Ha-
YajbHasA M KOHEeYHAs BEPINMHEI IYTHM, a TakKe «OTBeT moJnL30BaTEIA».
HazoseMm aTy Tabauny Opzpad.

Ho oxnoit aToit Tabauuil Majo, MOCKOJBKY Tpebyercs eile MHPOP-
MalUsl O PeaKIMAX 3KCIIEPTHOM CHCTEMH Ha OTBETHl IIOJb3oBaTresd. Pe-
aKIMA 3Ke MOKeT OBITh ABOSIKOM: OTBET CHCTEMBI MJIH OUYepPeAHOM BOIIPOC
moJgn3zoBaTeaio. IToatomy um Tabaun Oyaer ase.

Ta6auna 4.20 Hmena umeer aBa arpubyra: Hma n Cocmos-
Hue.

Tabauna 4.21 Bonpocvi nMeeT Tak»ke ABa aTpubyra: Cocmosarue
u Bonpoc.
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@ Kako# cteGenb y pacteHus:
[LPEBECHbIN NN 3eNEHbIN?

3e/iEHbIN ApEBECHLIN
Tvn: ToaBSHUCTLIE Kakoeo nonoxeHue crebns:
P @ cTenleecs unu npamocronwiee?
cTenwueecs / \mﬂmocmﬂmee
Tvn: NMMaHb! MmeeT N pacTeHue OAuH

/ \ OCHOBHOW CTBON?
Tun: pepesbs. UmeloT N nMCTLA

LMPOKYIO 1 I’IHOCKYIO bopMy Twn KYCTapHUKOBGIE

ancra? \
Knacc: ronocemMsiHHbie. Kakosa ¢popma

Knacc: NnokpbiToCEMAHHbIE nucTa: YewyeobpasHasn unm

urnonoaobHaa?
yeuiyeobpasHas urnonoaobHas
KakoBa koHdurypaums

CemeicTBO: KMNapucoBble @ pacnonoXxeHns urn:
xaomqecxaﬂ unn B 2 papa?

xaoTuyeckas B 2 pana

NmeeTca nn
cepe6pwc7aﬂ nonoca

/ \ CHN3Y Urnobi?

CeMelicTBO: COCHOBbIE @ @ 6on%$z'gn($3r?apmc

Puc. 4.2 CTpykTypa 5iOrM4ecKoro BbiIBOAa B 3KCNEpTHOI cucreme
Teneps Haflo ONPEAETUTH B3auMoOZeicTBHe 9THUX Tabmun. Hdns sto-

ro HaM B KaKJbIiI MOMEHT paGoThl SKCIEPTHOH CHCTEMBI moTpebyercs
3HaTh, B KaKOM COCTOAHWH OHa HaxoaurcA. Homep sToro cocroamus
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Tabruya 4.19
Hayano Koneun OT1BeT nonbk3osarens
0 1 creben — 3eneHbin
0 2 ctebene — ApeBeCHbIN
2 3 NONOXeHWe — CTenLueecs
2 4 noONOXeHne — npamoe
4 5 oOuH cTBON — Aa
4 6 OOMH CTBON — HET
5 7 ¢dopma nucta wurpokasi 1 nnockaa — pna
5 8 dopma nmucTa WwmMpokasi U NNockasn — Het
8 9 dopma nucta — yewyeobpasHasi
8 10 dopma nucta — urnonogobHas
10 11 KOHPUrypauma — xaoTuyeckas
10 12 KoHbUrypaums — 2 psaa
12 11 cepebpucrtas nonoca — aa
12 13 cepebpucrtas nonoca — Her
Tabnuua 4.20
Ums CocrosHue

TUN — KYCTapHWKOBbIE 6

™N — TpaBsAHUCTHIE 1

TMnN — nuaHbl 3

TMN — AepeBbs 5

KNacc ~— ronocemMsiHHbIE 8

CEMENCTBO — KuMnapucosbie 9

CEMENCTBO — COCHOBbIE 11

cemencTBO — BONOTHLIN KMNapwuc 13

KNacc — MOKPLITOCEMSAHHbIE 7

6ynemM XpaHWUTBL ele B OAHOU Tabnuie (tabi. 4.22), KOTOpYyIO Ha30BeM
Texywee cocmosanue.
Cefiuac B 3Ty TabauIily 3amMCAaHO HAaYaJbHOE COCTOSAHME SKCIEPTHOU

CHCTEMBI.
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Tabnnua 4.21

CocrosHue Bonpoc
0 Kakoih ctebenb y pacTeHuss — APEBECHbI Unnu 3eneHbiin?
2 KakoBO nonoxeHue ctebns — cTeniouieecs unu npsiMo-
cTosiutee?
4 NmeeT nn pacteHne oaMH OCHOBHOW CTBON?
5 NMeIoT nn NUCTbA LWMPOKYI0O U NNOCcKyio Gopmy?
8 Kakosa ¢opma nucra — yvewyeobpasHas wnm nrnonoaobHan?
10 Kakyio koHpuUrypaumio nmeeT pacnonoxeHne Urn — xaoTudec-
Kyio unu B 2 pspa?
12 NmeeTca nn cepebpuctas nonoca CHU3Y Urnbl?
Tabnvua 4.22 ITo TekymieMy COCTOSIHHIO 3KCIEpPTHasA CHCTeMa re-
Hepupyer 3anpoc K tabaune Opzpag. IIpn aToM AOMK-
CocrosHue HO OBITH peanu30BaHO coeguHeHue Tabaun Texyujee
cocmoanue u Opzpagd nmo arpubyram Hawano = Co-
0 cmoaHue. B 3aBUCHMOCTH OT PeaKIUHM HA 3TOT 3aIpocC

NOJIL30BATENIA 9KCHEePTHAA CHCTEMAa IEePeXOAUT B CJie-
Ayolllee COCTOAHHE U Ju0O0 BHIZAeT OTBeT, JUOO reHepHpyeT odepen-
HOil 3anpoc. VIsMeHeHUe COCTOSHUS 3KCHEPTHOI CUCTEeMBI OpraHu3yercs
C IOMOINBI0O MAKPOKOMAaHJA, AONYCTUMAIX TOil mpOrpaMMHOM 000JIOUKOIi,
KOTOpas MCHOJIBL3yeTCcA MJIA pealu3aniuud 3TOH MoAeH 3KCIEepPTHOH cu-
CTeMBI. JTO y’Ke BOIPOCHI TeXHHUYECKHEe, U MEl PACCMOTPHM HX IIPH BEI-
NOoJIHEHUHU JiabopaTopHoii paGoTel 19.

N RS WG ZE AN LT ) SO A ATt L A R T LR T R N A T

@ Kakne ocHosHble 6nokm BknoyaeT B ceba akcneprtHaa cuctema? KakoBo HasHauye-
HUE Kaxaoro U3 Hux?

Q PaspaboTtaHHas Hamn 3KCnepTHas CucTemMa B Ka4yeCTBE BEpPLUWMH OTBETOB He Bcerpaa
YyKa3biBa€T Ha CEeMEeNCTBO, a 3aBepluaeT CBOIO paboTy ykasaHuem, HanpuMmep, Knac-
ca pacteHus. ITO CAENAHO NMillb NMOTOMY, YTO CUCTEMA HOCUT YUCTO MANIOCTPATUB-
HbI xapaktep. Paspabortaiite 6onee nonHuih BapuadT 6a3bl 3HaAHWIA AAHHOW 3KC-
NEepTHON CUCTEMBI.

6* a) Nonwtanitece paspaboTarb IKCNEPTHYIO CUCTEMY KlaccupukaLmm XMMUYeCcKux se-
WECT8 MO UX CBOMCTBAM (TakMx CUCTEM MOXET ObiTb HECKONBKO B 3aBUCUMOCTU OT
BbiOMpaeMbiX CBOMCTB).

6) NonuiTalitecb pa3paboTaTe 3KCNEPTHYID CUCTEMY, COBETYIOWYIO NONL30BATENIO,
Kakon BbibpaTe METO4 ANA PELIeHUS UMEIOWEerocs y Hero TPUroHOMEeTPU4EeCcKoro
ypaBHEHUs.
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§40 | 3HOKOMMMCA C NIOTMYECKUM NPOrPAMMHUPOBUHMEM

Bripasureabubie BoaMoyKHOCTH ssbika CYB]Il Access BecbMa
orpaHuvYeHHbl. BopoueM, OHM JOCTATOYHBI AJis pPEHIeHUs TOrO Kpyra 3a-
Jad, Ha KOTOPbIii OpHeHTUPOBAHA Jo0asg 6asa JaHHBIX. A ecju BH XO-
THUTe peliaTh APYrue 3ajiauyd, CTPOUTH APYrHe KOMIILIOTEPHBLIE MOJAEJIH,
NOJB3YHATECh SA3BIKOM IPOrpaMMHPOBAHMsA. XOTA Obl ¢ OAHUM TAKHM
A3SBIKOM BBl V)K€ 3HAKOMEI. Ero OTJHYHTEJIbHOHM UYEpPTOil ABIAAETCA TaK
HA3HIBAEMbIHl NpoNeXyPHBI CTHWIL. OTH CJIOBA O3HAYAIOT, UTO KOMIbIO-
Tep BHICTYIAET B KauecTBe (GOPMAJILHOTO HCIOJHHUTENA, KOTOPOMY HY K-
HO ODOJApPO6HO M TOYHO ONHMCATH BCIO IIOCJE€NOBATEJLHOCTH AEHCTBUHA
(nponeayp), HeOOXOANUMYIO AJis MOJIYUECHHS pe3yJibTaTa.

TeopeTHKHU HPOrPaMMHUPOBAHHS HEe MOIJIM CMHPHUTHCA C TEM, UYTO
KOMIBIOTEPY HeJb3as cKasaTh: «IlogyMmaii cam M IOJyYH pesyJIbTAT, CBA-
3aHHBIA ¢ UCXOAHBIMH JAHHLIMH M M3BECTHBIMU Tebe COOTHOUIEHHAMH».
Hanpumep, eciu TpeHep mpeAJIO’KHJ BaM HOCTPOUTHCA IO POCTY, TO OH
BpAJ JHM paccKasblBaeT BaM AJITOPHUTM BbINOJHEHUS 3ajgaduu. PasBe uTo
AN MJIAAIOUX peOATHNIEK MepBblii pa3 OH HOSCHUT, YTO TOT, KTO BHI-
me, AOJDKEH CTOATH mpaBee (T.e€. YKa)KeT B ABHOM BHIE CBS3b MEXKAY
HCXOAHBIMH AAaHHBIMH — BalllUM POCTOM — U PE3YJIbTAaTOM).

IlpexgcraBasanock coONasHUTENBHBIM HOPEAJOXKHUTD TAKOH SA3BIK
IpPOrpaMMHPOBAHHA, Ha KOTOPOM JOCTATOYHO OBLIO OBl OMMCATH HMCXOJ-
Hble JAaHHBIe, YKa3aTh TpeOyeMblil pe3yJbTaT M CBA3SH MEXAY HHMH, a
IOCTPOEeHHE pellleHUsI CBeCTH K HEKOH CTAaHAApPTHOH Ipomenype, KOTO-
pasa ObiIa ObI BCTPOEHA B TPAHCJHATOP € 3TOTO SA3BIKA.

B 1972 roay moTtnanackuii yuyennslii P. KoBajibCKuil NTpeiosKuia
HCIOJIb30BATh B KauecTBe TAKOr0 A3bIKa MoanbHKanmuio A3bIKa MaTe-
MATHYECKON JIOTHKHM, ONEPHUPYIONMIETO ¢ IPeAWKATAMH M OIEpallusIMU
HajJ, HUMH. JTa Hies ObLIa MpaKTHYECKH peajinsoBaHa U o0obimieHa yue-
HEIMH Pparnun, Beauxobpuraanu, Ilopryranum, CoBerckoro Corosa
H Apyrux ctpaH. PaspaGoTaHHBIN fA3HIK IPOTPAMMHUPOBAHUA MOJYUWJI
HasBaHue Ilposor (or ¢pammysckoro PROgramming et LOGicque).
WM oH AeHCTBHTENbHO SBHJCA MPOJIOTOM B HOBOM HaIIpaBJIEHHUM, HOJY-
YHUBIIIEM Ha3BaHHE JIOTHYECKOTO NPOrpaMMHPOBaAHHUA.

Jloruyeckoe mporpaMMHpPOBaHHE OCHOBAaHO Ha TOM, UTO KOMObBIOTED
IOJJKEeH pemiaTh 3ajauy B CBOMCTBEHHOI 4deJoBeKy MaHepe. OHO mpen-
moJjiaraeT, 4TO CBEAEHUA O 3aJade U IPEANOJIONKEHUs, JOCTATOYHEIE AJISA
ee pemeHHA, GOPMYJIHPYIOTCA B BHAE JIOTHYECKHX aKCHOM. JTa COBO-
KYOHOCTh IIPEeACTABJsIET c000il 6a3y 3HaHWMI 3agavu.

Basa sHauuii MoKeT OBITh MCIOJb30BaHA IJIA peIIeHUS 3aJauM, ec-
JHU ee MOCTaHOBKa (dopMannsoBaHA B BHJE JIOTHUYECKOrO BbIDAYKEHUS,
MOJJIEIKAIIEr0 BHIBOAY M3 AKCHMOM M HA3bIBAEMOTO LEJEBLIM YTBepKAe-
mueM. Basza 3EaHMi BMecTe C COOTBETCTBYIOIIHNM IIeJIEBHIM YTBEDIKAE-
HHEM Ha3BIBAIOTCA JOTHYECKOM mporpaMmoi. A coOCTBEeHHO IOCTPOEHHE
pemmeHuA (KOTOpoe B 3TOM cJiydae Has3hIBAETCsS HCHOOJHEHHEeM IIporpam-
MBI) CBOIHMTCS K OMpEAEJICHHOH cTaHZapTHOH mpomeaype, paspaboTaH-
HO# CIlemuaJINnCTaMH-MATeMaTHKAaMH.
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Baza 3HaHWil B cHCTeMe JIOTHUYECKOrO IIPOTrPDAMMHPOBAHUA JEJIUTCA
Ha JBe uacTu: onucanue GHaKTOB M ONMHCAHHE IMpPaBUJ BhiBoja. Kak aTo
aejiaeTcsa, pasbepeM Ha HeOOJBIIOM IpuMepe OOJBIION CEMBH.

B aToi1 cembe ecThb:

— mama (ee uma Hwuwna);

— mnana (ero umsa Camia);

— cbIH (ero uma AmHApeii);

— coIH (ero uma Ilase);

— moub (ee uma Bepa);

— cecTpa MaMbl (ee uMa HpunHa);

— Opar mansl (ero uma IOpwii);

— Opar nanbl (ero umsa WUrops);

— oreny, mambl (ero uma Erop);

— MaTh MaMbl (ee uMsi AHHA);

— oren, namnsl (ero umsa Iletp);

— MmaTh nanel (ee nmsa Codbia);

— skeHa AHapesa (ee umsa TaTbAHAa);

— noub AHapes u Tarbanol (ee numa Mapus);
— my:x Bephwl (ero uma AHTOH);

— cbIH Bepnsl 1 AnToHa (ero uma BuxTop).

OcTaHOBHMCA HA 3TOM. BMAHO, UTO 3/eCh IPHUCYTCTBYIOT CJIEAYIOIIIE
OTHOIIICHUA:

6vtmu_omuyom (x, YY), 6vimu_mamepwvio (x, y),
Ovimb_cviHoMm (X, YY), 6vtmu_0ouepovio (X, YY),
6bemu_Opamom (x, y), 6bimuv_cecmpoii (x, YY),
6vimo_myxcem (x, y), 6vimb_dcenoil (x, y).

KasxpoMy 13 3THX OTHOIIEHHII COOTBETCTBYET IMPEAUKAT, KOTODHI
ONpUHUMaeT 3HaueHHe VcTMHA B TOM M TOJBLKO B TOM Cjydae, €CJAH 3HA-
YeHUS ero MepeMeHHBIX TaKOBBI, UTO COOTBETCTBYIOIHNE MM OOBEKTHI
(B HameM ciydae — CY0OBEKTHI) HAXOAATCS B AAHHOM OTHOILIEHWH.

Hanpumep, ecam mpefuKaT, COOTBETCTBYIOIIUM OTHOIIEHHIO

6vemu_omuyonm (x, y),
obosraunts Kak Father(x, y), To

Father(Cama, Augpeit) = Ucruna, a
Father(Cama, Mapus) = Jloxb.

BBegeM HyXHBIe HaM HOpegUKATHI:

6vimb_omuom (x, y) — Father(x, y),
6vims_mamepvio (x, y) — Mother(x, y),
6bimbdb_covinom (x, y) — Son(x, y),

6uimyb_Oouepwio (x, y) — Daughter(x, y),
6vemu_Opamonm (x, y) — Brother(x, y),
6vimb_cecmpoii (x, y) — Sister(x, y),
6vumov_myscem (x, y) — Husband(x, y),
6vimu_dicenoil (x, y) — Wife(x, y).
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HaBecTHas maMm nmbopmannﬂ TOorga 3alHilieTcsa TaK:

Father(Camra, Augpeii); Mother(Huua, Auapeii);
Father(Cama, IlaBein); Mother(Huna, IlaBein);
Father(Camma, Bepa); Mother(Huna, Bepa);
Son(Anapeii, Huua); Daughter(Bepa, Huna);
Son(Auapeii, Cama); Daughter(Bepa, Cama);
Son(IIages, Huna); Brother(¥Opuii, Cama);
Son(Ilases, Camia); Brother(Mrops, Camma);
Father(Erop, Huua); Mother(Auua, Huna);
Father(Ilerp, Cawa); Mother(JIngus, Camia);
Husband(Aurou, Bepa); Wife(Tarbana, AHapeii);
Son(Bukrop, Bepa); Daughter(Mapus, Auapeit);
Son(BuxTop, AHTOH); Daughter(Mapus, Tarbana).

Sister(puna, Huna);

9to daKTLI Haleil 6a3bl 3HAHWH. A Teneph 3amuineM npasuja. Bor
IepBoe:

Grandfather(x, y) := Father(x, z), Father(z, y)

B mepeBoae Ha OOBIYHBIN A3BIK 3TO IPABHJIO O3HAYAET: €CJIU X —
mama JAJiss HeKOTOPOro 2 M TOT JKe 2 — Iama JAJA Y, TO X — AeAYIIKa
ans y. Ha sa3biKe JOrMKHA NPEJHKATOB TO K€ caMoe 3alUIIeTCs Tak:

Vx Vy (3z (Father(x, z) & Father(z, y)) — Grandfather(x, y)).

Kax BuauTe, BMeCTO 3HaKa KOHBIOHKIIMM IIHUINETCA 3aIdATas, BMecC-
TO MMIUIMKAIIMK IIWNIeTCA 3HaK IIPUCBAWBAHWA, IIPHYEM IIpaBasg # Je-
Bajd 4YaCTH IIOMEHAJHUCH MecTaMHu. IIpeamkar, CcToOAmMHA B JIeBOM 4acTH
IIpaBUJia, HAa3bIBAeTCA roJIOBOM NMpaBHJIa, a IPEeAUKATHI, CTOAINNE B Ipa-
BOH udacTu, o0pas3yioT TeJ0 IpaBHJA.

A BoT ¢ KBaHTOpaMH HEMHOrO cJoxkHee. B aswmike IIposior KBaHTO-
PHI He MUUIYTCA, a TOJbKO moApasyMeBaloTcs. IIpu aToMm ecau mepeMeH-
Hble BCTpPEUAIOTCA B rOJIOBE MpPaBUJa, TO K HUM IPUMEHSAIOTCA KBAHTO-
PBI BCeOOIIHOCTH, a €CJIM NePEMeHHEIe BCTPEUAIOTCA TOJBLKO B TeJjie Ipa-
BHJIa, TO K HUM IPUMEHAIOTCA KBAHTOPHI CYIECTBOBaHMA.

Y MHOrumx, HaBEepHO, BOSHHUK HeJOYMEHHBIH BOIIPOC: Bedb AERYII-
Ka — 3TO He TOJBLKO NamuWH IIama, HO M MaMuH mama. Ha Askike mpe-
AUKaTOB 9TO 3aIUCHIBaeTCA TaK:

Vx Vy (3z ((Father(x, z) & Father(z, y)) v (Father(x, z) &
& Mother(z, y))) — Grandfather(x, y)).

HMupiMu cjioBaMM, HAM HY2KHA ollepaliusa AU3BIOHKINU. A ee B mpa-
Bujax IIpojsiora Her.

JlaBaiiTe BCHOMHMM, KaK OOOIIJIMNCHL C AU3BIOHKIMEH paspaboTum-
K CYB]Il Access. OueHb IIpOCTO: pasHeC/SIH B pa3Hble CTPOKM 3alpa-
muBaeMble mapamMerpbi. Takske u B IIposiore: npeguKaThl, COEAUHEHHEIE
AUSBIOHKIINEH, PasHOCATCA B pasHble NMPABMJIA. SHAUHT, MBI JOJIXKHBI
MPOCTO 3aINCATEL elle OJHO IIPAaBUJIO;
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Grandfather(x, y) := Father(x, z), Mother(z, y)

Teneppb, KOrza Bce YCJIOBHOCTH OrOBOPEHBI, MBI OyJeM 3aIUCBLIBATH
BCe YTBepKAeHUsA Mo npasuiam Ilposiora. MoxxHO, K mpumepy, ompe-
AEeJNTh NPEeJHKAaT, COOTBETCTBYIOIUN OTHOIIEHUIO Gbimb_6abyuinoil
WA OTHOIIEHUIO ObiMb_6nYyrom. COBOKYNHOCTH IIPAaBUJA, KOTODPLIE€ BEI
3JeCh HaIIMIIIEeTe, ¥ CO3JaeT «MHTEJUIEKTYaJbHYIO» HAUMHKY DaspabaTsl-
BaeMol 6asbl 3HaHmil «CeMbs».

O TomM, Kak B Oase 3HaHUH MHOJy4aTh MHMOPMAIMIO, MBI paccKa-
JeM B clleaylolleM maparpade. A ceiiyac IpOJEeMOHCTPUPYEM TOJBKO
OZWH 3ampoc:

? Grandfather(x, Bepa)

OrBeTOoM OyZIeT:

x = Iletp

x = Erop

WueivMu cioBamu, IIposior pasnICKHBAaeT Te 3HAYEHHUA X, AJIA KOTO-
PBIX JaHHBIN npeaukar HCTHHeH. IlosToMy ueM GoJibllie MPEAUKATOB BB
onpejfeynTe, TeM OO0JbIIle 3aIPOCOB cMOXeT obOpabarmiBaTh 3Ta 6asa
3HaHUH.

IIpasaa, ana onucaHus GaKTOB IPHUIILIOCH MCIIOJIb30BATH MHOIO Pas-
HBIX NpeAuKaroB. Hejb3sa M YMEHBIINTE UX KOJAndecTBO? MOXKHO, TOJIb-
KO IpeAUKAaThl HY»XHbI Apyrue. BossMeM, Hanpumep, TaKHe IPEAUKATHI:

Man(x) — x ABJAsgeTCA MYKUHHOI;
Woman(x) — x aABIAeTCA KEHIUHOMN.

Torpa jerxko onpeAeauTh npegmkarsl 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)

YyTh cioxHEe ONPEAEHSAIOTCA IpefukKaTnl 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 (PAKTOB 3aIIUINIETCA IO-APYroMy:

Father(Cama, Auapeit); Mother(Huna, Auapeit); Man(Camia);
Woman(Huua);

Father(Camia, ITasen); Mother(Huna, ITaseu); Man(Anrapeit);
Woman(Bepa);

Father(Camia, Bepa); Mother(Huna, Bepa); Man(ITageu);
Woman(Anna);

Father(Erop, Huua); Mother(Auna, Huna); Man(Erop);
Woman(JIugus);

Father(Iletp, Cama); Mother(JIngua, Camia); Man(Iletp);

Woman(Mpuua);
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Father(Erop, Upuna); Mother(Auua, Upuna); Man(BukTop);
Woman(Tarbaua);

Father(Auapeir, Mapusa); Mother(TaTesaua, Mapua); Man(AxToH);
Woman(Mapmus).

Father(AHTOoH, BUKTOD); Mother(Bepa, BukTop); Man(IOpuit);

Father(Iletp, IOpuit); Mother(JIugua, IOpnii); Man(Hrops);

Father(ITerp, Urops); Mother(JInagna, Arops). '

Ho pmeno He TonBKO B mpoctoTe. JlaBaiiTe HAIIMIIIEM 3ampoc:

? Son(¥Opmii, x)

B nepgoii 6ase 3HaHUH oTBeTa He OyAeT, XOTA ACHO, uro IOpmii, Oy-
ayuu 6parom Carrm, MMeeT Tex Ke poauTeineil. A Bo BTopoii 6ase 6ia-
rofgapA HaNmMCAHHLIM HaMH IIpaBHJaM JAJA NpeJUKaTa Son MBI IIOJY-
YHUM OTBET:

x = Iletp

x = JIngusa

3HauuT, BTopas 0a3a 3HAHMI HAMM CIIPOEKTHPOBAHA TOouHee. Kak

MBI y:ke 3HaeM U3 § 37, npoekTupoBaHue 0a3bl 3HAHHUH — JeJ0 Helpoc-
TOE, ¥ 3aHMMAIOTCA MM CII€IIHANMCTHI-KOTHUTOJOTH.

T T

BONPOCHI U 3AAAHMA

@ B yeM COCTOAT OTAMYMA NPOLEAYPHOrO W IOFMYECKOro CTunen nporpaMmMupoBaHna?

e KakoBb! OCHOBHble 4acTu 6a3bl 3HAHWA, CO3NABAEMOW Ha A3bIKE NIOTUHECKOro npo-
rpaMMnpoBaHN|?

e KakoBbi COCTaBHbIE 4acTu NpaBwuna, 3anUCaHHOTO B COOTBETCTBUU C TpeboBaHuamun
cuHTakcmuca a3uika Mponor? Kak Takoe npaBuio NepeBoauTCcs Ha A3biK Ornkv npe-
ANKaToB?

Q 3anuwute, NoNb3ysACb NpeaMkaTamm BTOpPOW (ynyqileHHoW) Bepcumn 6asbl 3HaHWA
«Cembsi», Npasuna, onpeaensiowme npeankatel Grandmother(6abywika), Uncle(asns),
Aunt(tetqa), CousinM(nsoopoaHuit 6par), CousinW(nsotoponHas cectpa).

§41 | 3anpoce: B 6ase suaxmii Ha lMponore

IlycTs nMeeTcs HekoTopas 6a3a 3HaHWMiI, cCO3ZaHHAA HA A3LIKE
ITIponor, Hanpumep BrOpas Bepcus 0a3bl 3HaHUN «CeMbA», onMHUCAHHAA
B npeasiayinem naparpade. Kak u gna 6a3 JaHHBIX, OTBET OT 0as3bl 3HA-
HUII MBI IIOJIYyUaeM, HAIIpaBHB e€H 3anpoc.

3amnpockl K 6a3e 3SHaHWI MOXKHO pPasfeNUTL HA JBa THUIA: 3alPOCHI
Ha TNOATBep:kaeHHe (aKTa ¥ 3alpPOChl Ha IlepeYUCIeHHe 3IHAUEHUIl Iie-
PEMEHHBIX, YAOBJIETBOPAIOINUX 3aIIpocy.

3anpoc Ha NOATBep:kAeHMe (haKTa BHITJIAAUT TaK:

? Son(IOpa, Iletp)
OrBer OyZer «za».
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Wnau gpyroii sampoc:
? Son(BukTop, Cata)
OTrBeT OyzeT «HeET».
Temephb 0 3ampocax BTOPOro Tuma. B Takom sampoce KasKAyo me-

pemennyio IlpoJsior BocnpuHUMaeT KaK TpeOoBaHHe HAMTH TaKoe 3HaJe-
HUe, 94TOOBI IIPeJHKAT OKasajicad HCTHHOMH. Hampumep, Ha sampoc

? Grandfather(x, y)

AaH CcJIefyIOINil OTBET:

= IleTp, y = AHapei

= IleTp, y = IlaBex

= IleTp, y = Bepa

= Erop, y = AHapei

= Erop, y = IlaBen

= Erop, y = Bepa

= Caira, y = Bukrop

= Cama, y = Mapusa
Iloiimer IIposior m 3ampoc, chOpPMYJUPOBAHHEIHA B BHJE KOHBIOHK-

UK IPEIUKATOB:

? Grandfather(x, y), Brother(x, 2)

M=ur B 5TOM 3ampoce cmpallluBaeM, KTO SBJISETCA OSJHOBPEMEHHO fie-
AYyHIKOH# M OparoM um KoMy HMeHHO. OTBET TaKOB:

x = Cama, y = Bukrop, 2z = IOpuii

x = Cama, y = Buxkrop, 2 = Urops

x = Cama, y = Mapua, z = IOpui

x = Cama, y = Mapusa, z = Arops

Bnpouem, Bac MOryT He MHTEpPECOBATH IOAPOOHOCTH, KOMY MMEHHO
HEKTO OyZeT JeAYINKOIl M B TO Ke BpeMsd emle KOMy-To Oparom. Torga
3aIpoOC MOJKHO 3allHCATh TaK:

? Grandfather(x, _), Brother(x, )

CumBos _ o003HauaeT, Kak TOBOPAT, NMYCTOHl aprymMeHT u (axTu-
YeCKHM HCIOJHAET POJib KBaHTOpa CylmecTBOBaHMs. Haio TOJABKO IOM-
HHUTH, UTO, yOOTPeOGJEeHHBIA B pPasHBIX MECTaX, OH 0003HAYaeT pas3HLIe
nepeMeHHEBIe, EcIn nIpeauKaT, OIpeAeAon il JOTHYECKOe BhIpaKeHue
IaHHOro 3anpoca (HajgeeMcCs, UTO Bbl IOMHHUTE: KaXXKJIBbIM 3aIIpOC peasim-
3yeTcs HeKUM JIOTUYECKHNM BLIDAXKEHHEM), 3allcaTh Ha A3BIKE MaTeMa-
TUYECKOH JIOTUKU, TO IOJYYUTCA TaK:

dy 3z Grandfather(x, y), Brother(x, 2),
a He Tak:
dy Grandfather(x, y), Brother(x, y).

CaM MexaHM3M IIOMCKA OTBETOB Ha 3aIpPOCEl MBI PACCKA3BIBATH HE
6yzem. Ho me moToMy, UTO 3TO rOCyAapCTBeHHAsl TaiiHa, MPOCTO 3TO OT-
HOCHUTCA He K MHPOpPMATHMKE, a K MaTeMaTHKe.

(=)
<
H
®
=
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BONPOCHI U 3AAAHUNSA

0 Onpepenute, kakve oTeBeTh 6yayT nonyyeHu! U3 6asbl 3HaHW «Cemba» Ha cnepyto-
wue 3anpocei:
a) ?Grandmother(x, Mapus)
6) ?Uncie(Uropb, Bukrop)
B) ?CousinW(Mapwus, x)
r) ?Uncle(_, x), Woman(x)
Q Januwunte 3anpocCbl N0 npasunam a3bika MNponor Ana noayvyeHus Cneayrolen uH-
dopmaumn n3 6a3bl 3HaHUn «CeMbsi»,
a) Kto asnsietca BHykamun Jinann?
6) Kto aBnaetca tetein?
B) Y koro ectb 6parba?
r) KTo oTtey, naemMsHHuue Opusa?
n) Y kakoro gepa ectb 6patba?

§ 42 BcrpoeHHbie npeaMKaTsl B JIOTMYECKMX f3bIKaX
nporpammuposanus. lMpocreiume nporpammot

B §40 MBI, cTposa 6Gasy sHaHMil «CeMbs», caMM OIpeRENAIU
BCce HYXXHBIE IJs 9TOHM 6a3hl IPEAMKATHI: YacTh U3 HHX OIPeAeasalach
COBOKYNIHOCTBLIO (GaKTOB, Apyras 4acTb — IIpaBHJaMH BEIBoga. Ho
npeacTaBbTe cebe, Kak 6blao 61 HeyAOOHO, paboTasdA ¢ MPOUEAYPHBIMHU
fA3BIKAMH IIPOrpaMMHPOBaHHA, KaXIALIH pa3 mHUcaTh, HAIPUMEP, ajro-
PHUTM CJOKEHHSA ABYX 4YMCeJ, HJIH aJrOPUTM BBLIUMCJIECHHS 3HAUECHUA

byHKIHN \/; , HJIM AJITOPUTM KOHKATeHAIUH ABYX cJOB. OT Bceil aToi
paboThsl BBl OCBOOOMAEHHI Gyarofaps TOMY, YTO YKasaHHBIE OIIepalllH
U HYHKIUHU BCTPOEHBI B SA3BIK.

Tak e M B JJOTMUYECKHX S3BIKAX IPOrpaMMHPOBaHHA: Haubojee
yunorpebuTesbHbBIe IPERUKATHI MMEIOTCA B caMOM A3biKe. Hampumep,
IJIA OopraHmsauuy npocTeduminmx apudMeTUUYECKHX olepalnii MMeeTCS
BCTPOEHHBIH IpeAMKAaT, KOTOPHIH MBI HasoBeMm Linear(x, y, 2, v); B pe-
aJbHBIX A3BIKAX JIOTMYECKOr0 IIPOrpaMMHPOBAHHS OH MOXKET HAa3hI-
BaThCcA MO-APYroMy. OTOT IpeAMKaAT NPUHMMaeT 3HaueHue McTuna
B TOM U TOJHKO B TOM cJy4yae, KOIJa ero apryMeHThbl CBSA3aHbI COOT-
HollleHHeM U = xy + 2. Ha OoCHOBe 3TOro nmpeauKaTa JIeTKO ONpPeAesINTh
IpeauKAaThl, IIO3BOJAIONINE MOACYUTHIBATH CYMMY M IIPOU3BEAEHHUE
ABYX 4YMCeJ:

Sum(x, y, 2) := Linear(x, 1, y, 2),
Mult(x, y, 2) := Linear(x, y, 0, 2).

Ob0paruTe BHUMaHHe, YTO IEPEMEHHBLIE B ONMKMCAHWU NpEeAUKATA —
3T0 opMasibHBIE MapaMeTPhl M BMECTO HHX, KaK OObIYHO, MOT'YT OBIThH
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3aMMCcaHBl UMeHa JNOOBIX APYIHX IMepeMEeHHEBEIX TOro e THIa WJIH CcO-
OTBEeTCTBYIOI[ME KOHCTAHTHI. B HamieM cJjydae MBI BOCHOJIB30BAJHCH
YUCJOBLIMH KOHCTaHTamMu O u 1.

B xamaoM A3BIKe JOTMUYECKOro MpOorpaMMHPOBAHHUS €CTh IPEeAUKAT
cpaBHeHns. ByaeM cumTaTh, 4TO OH 3amHCHBaeTca Tak: Compa-
rison(x, y,2), rAde X U Yy — YHUCJIOBHIE UJA CHMBOJILHBEIE IE€PEeMeHHEIE,
a 2z — JjorndyecKas NepeMeHHas, NPMHMMAIOINAA ABa 3HadeHua: Mcru-
Ha " JIOKB. OTOT mpeAMKaT xaeT 3HaueHne HMcCTHMHA B TOM M TOJBKO
B TOM cjydae, Korja x < y U z umeer 3Hauenne HcTuHa (B caydyae cuM-
BOJBLHBIX NEepeMeHHEIX 3TO O3HAYaeT, UTO 3HAUCHHE NEPEMEeHHOH X IO
andaBUTy pachmoJjiaraeTcsa paHbIIEe 3HaYeHUA HmepeMeHHOMH y). Ha ocHo-
Be 3TOr0 MpeJHuKAaTa JIeTKO ONpeAeJHUTh NPEeIUKATHI, COOTBETCTBYIOIIHE
OTHOINIEHHUIO «MeHbIlle», «He MeHBIIe», «PaBHO», «0OJbIIE»:

Less(x, y) := Comparison(x, y, UcTuna);

Notless(x, y) := Comparison(x, y, JIoxxs);

Equal(x, y) := Comparison(x, y, JIoxxs), Comparison(y, x, Jloxs);
More (x, y) := Less(y, x).

BeTpoeHHble JIOTHUECKHME NpeAUKaThl (B HUX Bce IepeMeHRHHEe JIOo-
rHYeCKHe) OTPHUIAHUA M KOHBIOHKIIMH MBI 3alIMIIEeM TakK:

Not(x, y) mcTuHeH TOrga M TOJABKO TOraa, Koraa x — MHMcruHa,
ay — Jloxs wn x — Jloxs, a y — HUcTunHa;

And(x, y, z) ucTUHeH TOrja M TOJBKO TOrza, Korga x — Hcrusna,
y — Hcruna nu z — Hcruna.

Braropapa sakoHaM ae MopraHa npeauKaT AW3BIOHKIUK OIIpeje-
JIAeTCA TakK:

Or(x, y, z) := Not(x, v), Not(y, w), And(v, w, s), Not(s, 2).

A Temepr momporpaMmupyeMm. THI mepeMeHHBIX, BXOAAIINX B Ipe-
IUKAaTHl (UeJblii, BeIleCTBEHHBIN, CHMBOJBHEIA M T. Z.), 00BABIASETCA,
KaK M B TIIPOUEeAYPHBIX A3LIKAX, B Hauajle mporpaMMbl. OAHAKO MBI HeE
OymeM 3TOro ZejaTh, IIOCKOJBKY BCE CO3JaBaeMhble HAMH IIPOrpaMMBI
HOCAT WMJLIIOCTPATHUBHLIA XapaKTep M OOBIYHO MOHATHO MO YMOJYaHUIO,
nepeMeHHBIle KaKOro THUIIA B HUX MCHOAB3YIOTCA.

IIycTs Tpebyerca HailTH 00beM IIPAMOYTrOJBHOrO mapajijejenuiena
¢ pebpamu 10, 20 u 30. IInmeM mpexUKAaT, ONpPeAeJIAIOIINA O0BeM:

Vol(a, b, ¢, v) := Mult(a, b, z), Mult(z, ¢, v).
N penaem sampoc:
? Vol(10, 20, 30, v)

Jlerko mpeacKasaTh, KaKoii orBeT gacT IIposor Ha sToT 3ampoc. Ho
3aMeThbTe, YTO JJIf pemleHuA APYro#d 3ajayM — HAHMTH BBICOTY IPAMO-
yroJpHOro mapajuiejenunesa anwesl 10, mupurasr 20 u o6pema 600 —
MBI OfpamaeMcsi K TOMY JKe IPEIUKATY, HO ¢ APYrHM 3ampocoM:

? Vol(10, 20, ¢, 600)
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9T0 ¥ moHATHO — 0as3a 3HAHUHA O TOM, UTO TaKoe 06bLeM HpPAMO-
YroJILHOrO mapajijiejlenuIesa, He MeHAeTcd. A KaKHe 3ajgadl Bhl Oyae-
Te pemiaTh — JeJIO Balle.

MoXHO CKas3aTh TakK, YTO 6a3a 3HAHUH — 3TO MOJENL 00'beKTa, Mpo-
Hecca MJIH fABJIEHUA, 3allICAHHAS Ha SA3HIKE JIOMUYECKOrO NMporpaMMu-
POBaHHA, a 3aPOCHl K Hef — 3TO MCHOJb30BAHHE JAHHOU MOJENH AJIS
pellleHHs KOHKPEeTHHIX 3a7ad.

A Tenepr s3amporpaMMHpyeM HaXOXJAeHHMe HamboJbmiero o6imero
JeJNTeNs ABYX HaTypaJbHEIX yucea a u b. O HOII(a, b) M1 3HaeM cie-
Ayiomee:

1) HO(a, a) = a;

2) Ecan a < b, to HOI(a, b) = HO(a, b — a);

3) Ecam a > b, ro HOM(a, b) = HO(a - b, b).

Bor un zanmmem aTo ¢ MIOMOIIBIO yXe H3BECTHLIX HaAM IPpeJHKAaTOB:

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 aToit 6asze smaumii oguH daKkT UM ABa mpasuya BeIBoga. Cresaem
K 2TOoi Oase 3HaHMIii 3ampoc:

? LCD(20, 35, x)

ITockoabry 20 # 35, moa dhakT Ham 3anpoc He monaxaer. He mo-
najgaeT OH M IOA BTOpOe IPaBMJO, MOCKOJbKY 3HA4YEHHEe IpeauKaTa
More(20, 35) — Jloxxb. A B mepsomM npasmJje npeaunkatr Less(a, b)
MCTHUHEeH, NO3TOMY pas3bICKMBaeTCsaA TaKoil Yy, 4TOOLI OBIJI HCTHHEH
npeaukar Sum(20, y, 35). Takoe sHaueHHe Y TOJABKO omHo: 15. Ilo-
9TOMY HaAO PasbLICKMBATh TaKoe X, YTOOGHl OB HMCTHMHEH NnpeAuKaT
LCD(20, 15, x). Ona noucKka TAaKOro 3HAYEHHA IE€PEMEHHON X CHOBa 00-
pamjaemcss K 6ase 3HaHuit. Temepsr mpHAeTCsaA BOCIOJbL30BATHCA BTOPHIM
NpPaBAJIOM ¥ PpPas3bICKUBATh X, [AJA KOTOPOro MWNCTHHEH MNpeauKaTr
LCD(5, 15, x). Cneayomuit miar npusefleT K OOHCKY X, AJA KOTOPOro
ncruieH npeauxar LCD(5, 10, x). Eme oauH mar ONpUBOAUT K Ipeau-
katy LCD(5, 5, x). 1 TyT mpoucxoauT obpamieHue K PaKTy, U mojgyda-
eTcsl OTBET: X = 5.

Paszo0OpaBmuch B 9TOM IIpoliecce, JIETKO NOHATH, 4TO B 6ase 3Ha-
HU#I HaMM OBIJIO 3anNCAaHO PeKyPCHBHOE HPaBHJIO, T.€. IPaBUIIO,
B KOTOPOM NpPEIHKAaT, 3alHUCAHHHIA B rojioBe, (GpUrypupyeT M B Te-
Jile 9TOr0 mpaBmJja. BipodyeM, KaK ¥ AJA ajJrOPUTMOB, PEKYPCHA MO-
JKeT co3JaBaThbCcA He OJHMM IPABHJIOM, 4 HEKOTOPOH HX COBOKYI-
HOCTBIO.

B peaslbHOM fA3BIKE JIOTMYECKOr0 INPOrpaMMHpPOBAHHA €CTh MHOIO
APYrUX BCTPOEHHBIX NPEAWKATOB, B TOM YHCJIE€ HO3BOJISIOIINX CTPOUTh
rpadbuyeckue u300paKeHHNA Ha 9KpaHe KoMmObloTepa. MBI, OJHAKO, He
mpecyieiyeM IeJb HaydUTh BaC NpOrpaMMHpPOBaHUIO Ha s3bike IIposor,
HO HajieeMcCH, UYTO IpeACTaBJeHHEe O TAKOM OPOrPaMMHPOBAHHH BHI
NOJYJHIIN.
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BONMPOCHI U 3AAHMNA
@ [na 4ero HyXHb! BCTPOEHHbiE NpeaukaTbl?
@ Kakoe npaBunoO Ha3bIBAETCS PEKYPCUBHBLIM?

@ a) Ucnonb3ys BCTPOEHHblE U onpefesieHHblie B OOBLACHUTENBHOM TEeKCTe NpeawnkaThl,
onpepenuTte npeaukat Square(x, y), NO3BONAIOWLMIA BO3BOAUTL YUCNO x B KBaAparT.
6) TpebyeTcsa U3BneYb KBAAPATHLIN KOPEHb M3 Yucna. MoxHO nu gns atoro Bocnosb-
30BaTbLCA NpeaukaTtoM Square(x, y), onpeaeneHHLIM BaMu NPU BLINONHEHWN 3aaaHUA
13 nyHkra a?
B) Ucnonb3ysa npeaukaTt Square(x, y), COCTaBbTe 3anpoChi, NO3BOASIOWLINE Y3HATD,
MOXHO NI U3BNEYbL KBAAPATHbIA KOpeHb M3 uucna 16, u3 uucna 0, U3 uncna -1.

@ a) Ucnonb3ys BCTPOEHHblE U onpeaeneHHble B OOBbACHUTENLHOM TEKCTE NpeauvkaThi,
onpepenute npeaukat Cube(x, y), NO3BOASIOWMIA BO3BOAUTL YUCNO X B KyO.
6) Ucnonb3ysa npeaukar Square(x, y) u3 3apadusa 1 u npepukat Cube(x, y), cocTaBb-
Te 3anpoc, NO3BONSAIOWMNIA HaXoaUTL Yucna, medowwue 1000, KOTOpbiE OAHOBPEMEH-
HO SIBAFIOTCA KBRAPATOM M KYOOM HEKOTOPbIX uenbix wicen. Cuntante, 4to B 3TUX
npegukatax nepemMeHHole O0bLABNEHb UMEIOLLMMN LIenbIi TUM.

@ a) Ncnonb3ys BCTPOEHHbIE U OnpeaeneHHbie B OOBbSCHUTENBHOM TeKCcTe npeaukaTbl,
nocTpolite 6asy 3HaHWA, NO3BONSAIOLLYIO A1 KAXAO0ro YUCna HaxoauTe ero abconioT-
HYIO BEeNUHYUHY.
6) MNocTtpoiite 6a3y 3HaHWUI, NO3BONRIOLLYIO U3 ABYX Yyncen Bbibpatb Gonbluee.

B)* MocTpoiiTe 6a3y 3HAHMIA, NO3BONAWYIO N3 TPEX Pa3NMUHLIX Yncen BuidpaTb TO,
KOTOPOE PacnofioXeHo MeXay ABYMS APYruMu.

@ Ncnonb3ys BCTPOEHHbIE N ONpeaeneHHblie B OOBACHUTENBHOM TEKCTE NpPeamkaTht,
noctponTe 6a3y 3HaHWA, NO3BONAKWYIO AN 4ucna a # 0 u uenoro HeoTpuuarenb-
HOro 4ucna n BbMUCAUTL a”.

@ NocneposaTensHOCToI0O PUGOHAYUN Ha3LIBAETCA NOCNeaoBaTensHOCTL yncen 1, 1, 2,
3, 5, 8, ..., B KOTOPOI1 KaXabln YneH, Ha4yuHas C TPETbLEero, paBeH CymMme ABYX npe-
A6l ayLWnX.
a) Noctpoiite 6a3y 3HaHui ana npeaukarta Fib(n, x), NO3BONAIOWEro NO HOMEPY n
HaxoanTb n-M 4NeH x AAHHOW NOCNeaOBaTENbHOCTU.
6) Ykaxute, kakme oTeeTh! 6yayT noayyeHbl Ha 3anpochi:
a) ?Fib(n, 55), 6) ?Fib(8, 16), B) ?Fib(0, 0), ) ?Fib(-1, x), A) ?Fib(n, -1).

utorv rnasbi | 4

Ilogmopum xKpamixo mo 0CHO8HOe, YMO 6blL Y3HAAU, U3YUUE zaasy 4.

Hayka, u3yuyamommas 3aKOHOMEDPHOCTH pACCY:KAeHUM, HA3BIBAETCA
Jgorukoii. Ee pasgesn, mayuaromuii opMajbHbIE MOZEJH JIOTHYECKHX
pACCYKIeHUl, IMONYYN Ha3BaHWe MATEeMaTHYeCKOi#l JOTHMKH. Pacmiupe-
HHe cdepbl HCCIEAOBAHUI Ha BCIO HHTEIIEKTYAJIbHYI0 AesITENbHOCThH
YeJIOBEKa IIPDHBEJIO K IIOCTPOEHUIO Mojiejeil, KOTOpble CTAJH Ha3bIBATH
CHCTEeMaMM HMCKYCCTBEHHOTO HMHTeJLIeKTa. Jliofasi cucTeMa MCKYCCTBEH-
HOTO HHTENJIEeKTAa KaK OAHA M3 PA3HOBUAHOCTe#l HHGIOPMAI[HOHHBIX



3
|
193 Jloruko-maremarnyeckme mopenn

Mojesnel, 00s13aTeIbHO COAEP:KUT HAO0Op IIapaMeTpPOB, OMUCHIBAIOIIUX
cymectBeHHbIe (hakTophl. IloCcKOJMBKY cHCTeMa MCKYCCTBEHHOTO HMHTEJI-
JIeKTa HallpaBjieHa Ha HPHUHATHE TOTO0 MJIM MHOTO pelleHHs, TO B Kaue-
CTBE CBA3eH MeXAy IapaMeTpaMH, ONMCHIBAIOIIMMU HCXOAHLIe JaHHLIE,
¥ pe3yJLTATOM BLICTYIAIOT TAaK HasLIBaeMble IIpaBHUJa BBEIBoAa. MIX cyThb
B TOM, YTO OHM YKa3bIBalOT, KaKOe peIlleHNe AOJIXKHO OLITh PEKOMEHIO-
BAaHO B PaMKaX JAHHOH MOJAEJH IPH TeX MJIN WHLIX 3HAUEHUSAX HCXOX-
HEIX TIapaMeTpOB.

IToBecTBOBaTeILHOE NPEIJIOKEHHNE, B OTHOIIEHHMH KOTODPOrO MMeEET
CMEBICJI TOBOPUTEL O €r0 MCTHHHOCTH WJIN JIOKHOCTH, HA3BIBAETCS BLICKA-
3piBaHueM. Hasi BRICKA3BIBAHMAMH MOXKHO IPOH3BOAUTE JIOTHYECKHE OIle-
panuu: KOHsIOHKYUL (onepauud u), dussiwoHkyuu (onepanusa uau), om-
puuyarus (onepanusa He), umnaurkayuu (onepanus ciedos8aHus), pasHo-
cunvHocmu. Pe3yapTaT IIpUMEHEeHUA KaKAOM M3 JIOMUYECKUX OIepamuit
3a7]aeTCA C IIOMOIIBLIO TaGJAMILI MCTHUHHOCTH.

W3 mepeMeHHEBIX, NPUHHMAOLINX JIOTHYeCKHWe 3HaueHUA HMcTuHa
1 JIoKb, ¢ IIOMOIILIO JIOTHUYECKUX OMepaluii COCTaBASIOTCA (DOPMYJIEL.
@DopMyJabl HA3LIBAIOTCA TOMIECTBEHHO PABHBLIMHM HMJIM PABHOCHJIBLHBIMH,
€CJIHM IpY IIOACTAHOBKE BMECTO NepeMeHHEIX BCE€BO3MOXKHBIX 3HAaUeHHWH
MOJYYAaIOTCs PAaBHOCHJIbHBEIE BHLICKA3BLIBAHHUSA. JTO O3HAUaeT, UTO opmy-
JLI PABHOCHJIBHEI B TOM M TOJIBKO B TOM CJydYae, KOTAa V HHUX OJHHA-
KOBBI TaOMMIbl McTUHHOCTH. Popmysa HasblBaeTCs TOMKAECTBEHHO MC-
TUHHOH MJIM TaBTOJIOrueil, ecam OoHa mpuHHMAaeT 3HaueHue Mcruua npu
AI00BIX 3SHAYEHUAX BXOAAIINX B Hee NepPeMeHHBIX.

Ilo Kaxxkmoii TabiHIle HCTHHHOCTHA MOXKHO HAOHUCATh QOpPMyYay, AJA
KOTOpoil TabanIla UCTUHHOCTU COBIIaJaeT ¢ AaHHOM. PopmyJja, MOJy-
yawlaacd NPUMEeHeHHEeM CTaHAAPTHOrO AJIA 3TOM IeJH ajJroOpuTMa,
MMeeT BHJ INU3BIOHKIMM HEeCKOJbKHX KOHBIOHKTHBHBIX BEIpaXKeHuii,
B KOTOPLIX 3HAKOM KOHBIOHKIIMH COEIWHEHLI IIepeMeHHLIe UJIN UX OT-
PHUIIAHUA, NPHYEM B KaXKJAOM KOHBIOHKTHBHOM BBLIDAYK€HHU NPUCYT-
CTBYET KaxKJas MepeMeHHas, M IPHUTOM POBHO oZuH pas. Takoii Buj
Ha3LIBaeTCs COBEPIIEHHOH JU3BIOHKTHUBHONU HOpPMaJbHOU Qopmoii
(COH®D).

CoBpemeHnHble 0as3bl JaHHBLIX, peaauaymolue daxkrorpadpuueckKue
MOJ€eJIM, B OOJLIIMHCTBE CBOEM CO3JAIOTCA HA OCHOBE PEJISIHMOHHOTO
noaxona. CyTb aTOro mozxoja 3aKJIOUYaeTCs B TOM, 4TO HHbopMamus
00 00'BEeKTax IPEeACTABJIAETCA B BHUAE OTHOIIEHHH, T.e. CBA3aHHBIX
MeX Ay co00ll XapaKTepHCTHK M3ydaeMbIX 00beKTOB. Kaximoe oTHoIme-
HHEe MMeeT MMA ¥ HaGop apryMeHTOB, KOTOPEIE B TeOPHH 6a3 JaHHEBIX
HasbiBaioTca arpubyramu (B CYB]/l Access aTpuOyTHI peaju3yIOTCA MOX-
xogAmuM mnonaeMm). KoanuecTBo aTpuOyTOB B OTHOIIEHHWM HASHLIBAETCS
€r0 apHOCTHIO.

OTHollleHVe Ha3bIBaeTCAd (PYHKUMOHAJBHBIM, €CJIH ero aTpuOyTHI
MOSKHO pas0éuTh Ha ABe IPYIONEBI TaK, YTOOLI 3HAYEHUS IIEPBOH TI'PYIIIIHI
aTpuOyTOB OJHO3HAYHO OIpedead 3HAUeHUA BTOpOo# rpynnel. NHEIMHU
CJIOBAMM, IlepBas Ipylna aTpuGYyTOB MOKET pacCMaATpUBATHCA KaK ap-
TYMEHT HEKOTOpoHl GYHKIMM, a BTOpPas IpYIIa OnpeAejsieT 3HAUYEHHe
aroii pyuxkuuu. Ecam orHoienne (QyHKIHMOHAJIBHO, TO Habop arpudy-

7—Teits, 10 k1.
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TOB, OTHOCAIIMXCA K apryMeHTy (yHKIHH, 3aJaBaeMO#l 3THM OTHOIIe-
HueM, HashIBaeTcd KJI04eBbIM. Habop aTpulyToB ABIAETCA KJIIOUYEBHIM,
ecan B Tabamme HeT ABYX CTPOK C OAHHAKOBBIM HaGOpoM 3HAUEHHI
3THX aTpuOyTOB.

Jloruueckoi GyBEKHMell UK, HO-APYroMy, NpeAHKATOM HA MHOMe-
cTtBe M Ha3HIBAlOT TaKyl (YHKIIHIO OT HECKOJLKHUX apryMeHTOB, KOTO-
paa npu jgi06oM Habope SHAUEHWIl 9THMX apryMeHTOB M3 MHo)KecTBa M
OPUHUMAET OFHO M3 ABYX sHaueHHii: MctuHa uiau Jloxks. Ilepemennusie,
KOTOphIe HMCHOOJb3YIOTCA HOPH 3a0UCH NPEAUKATA B BHIAE JOTHYECKOTO
BHIDA)K€HNSA, MOTYT OBITH CBOOOZHBIMHM HJH CBA3aHHHEIMH IIOCPEACTBOM
KBaHTOPOB BCEOOIMHOCTH H CYNIeCTBOBAHHI.

Hag sorudyeckuMya GyHKIHUAME MOYKHO BHIIOJHATH Te 2Ke OIepamyu,
4TO W HaJ BBICKa3nBaHWAMHU. IIpm mocTpoeHMH OTpHMOAHUA HAEMCTBYET
IPaBHUJIO: KaXALIA KBAHTOD, GUrypHPYIOIMIHH B 3a0UCH JOTHYECKOro
BBHIpa)KeHHA, 3aMEHAETCS Ha ABOMCTBeHHBIN, a OecKBaHTOpHaAs 4YacTh
3aMeHsdeTCsd ee OTPHUIAHHEM.

Bri6op u3 Bcex HaOOpoB 3HAUYEeHHH aTpUOYTOB, HAXOAAIMUXCA B JaH-
HOM OTHOINEHWH, TeX, AJIA KOTOPHIX HEKOTOpasa 3aJaHHAadA JIOrH4ecKas
¢byaxkusa npuHUMaer 3HadyeHMe WcTHHA, HA3RIBAIOT GuUAbTpanuei, a ca-
MYy 3Ty (YHKIHIO HA3HBAIOT GHUIBTPOM.

IIpu pabore ¢ MHOroTaGbJM4YHOU 0a30M AAHHBIX Ba)KHYIO DPOJIb HI-
paeTr omepanMA coeMHEeHHA TAOJIHUL O 3afaHHEIM aTpubyram. Tum cBsa-
3 MeXJy arpubyTaMHu CoeIHHAEeMHIX TabJull 3aBHCHT OT TOro, o0b-
ABJICHHI JIH 3TH aTPHOYTH KJIOYeBHIMH. ECIH OAMH M3 CBA3RIBAEMEIX
aTpubyTOB KJIOYEBOii, a APYyroi HeT, TO YCTaHABJMBAETCS CBA3hL THIA
«OOUH-KO-MHOTHM», ecJH Ke 00a CBA3KIBAEMEIX aTpHUOyTa KJIIOYEBHIE,
TO YCTaHABJMBAETCH CBSA3b THIA «OAHUH-K-OJHOMY»>.

OgHoii U3 pa3SHOBHUAHOCTEH CHCTEM HCKYCCTBEHHOTO MHTEJLJIEKTA SB-
JAIOTCA 9KCHEPTHRIe CUCTeMBbI. Haxkaas sKCIepTHasa CHCTEMA COLEPIKHUT
B KauecTBe aapa 0asy 3HAHMIl To#i mpeaMeTHoil oGiacTu, Aasa paGoThI
B KOTOPOii OHa NpeAHa3HaueHAa. /[pyroil KOMIOHEHT 3KCIEePTHO# cucTe-
MBI — pemiaTejb. Ha OCHOBaHHH CBeJcHHI, HMeIOOINXCA B Oase 3Ha-
Huii, OH MOAEJUPYeT XOA paccyxieHHi akcnepra. Ilo-apyromy pema-
TeJib HA3hIBAIOT OJIOKOM JIOTHYECKOr0 BHIBOAA.

Ha ocHoBe A3BRIKa MATEMATHYECKOH JIOTMKH CO3JAaHBLI SA3HIKH JIOTH-
YeCKOro ImporpaMMHpoOBaHus. Jlormdeckoe mporpaMMHpPOBaHHE OCHOBAHO
HAa TOM, YTO CBeJEHUSA O 3ajiade U IPEeAIOJIOKEHHS, JOCTATOUHLIE AJIA €€
pemeHuda, GopMyaUpPYIOTCA B BHAE JIOTMYECKHX aKCHOM. JTa COBOKYI-
HOCTH IpeACTaBJisieT co000# 6a3y sHaHMil 3agaun. IlocTaHOBKa caMoii 3a-
Aaun ¢dopMasn3oBaHa B BHJEe JIOTHYECKOrO BHIDAXKEHMS, MOAJIEXKANIEro
BHIBOJ[Y M3 aKCHOM M HA3BLIBAEMOTrO IIeJIeBBIM yTBep:;kAeHHeM. Basa 3Ha-
HUH M COOTBETCTBYIOIlEE IEJIeBOE YTBepXKJAeHHEe HA3BIBAETCA JIOTHYeC-
Ko¥ mporpaMmoii. Ilpu aTom mocTpoeHMe pemmeEHs (KOTOpoe B 3TOM
ciIydyae HA3hIBAETCA HCIOJHEHHEM NpOrpaMMBbl) CBOANTCHA K OompeAesieH-
HOM CTaHAApPTHOM IpoueAype. SISHIKH JIOTHYECKOT0 IPOTrPaMMHDOBAHUA
AKTHBHO MCHOJIB3YIOTCA IJISI CO3TAHHS CHCTEM HCKYCCTBEHHOrO HMHTEJI-
JexTa. IlepBRIM A3LIKOM JIOTHYE€CKOTO IPOrPAaMMHUPOBAHHUSA SABHICA
aselk IIpoJor.
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YacTtb 1. Ilpu BEINONHEHNMM HpEMJIOXKEHHBIX HHXKe 3aJaHMH 3amMmmuTe
y cebs B Terpagu miudp 3afaHUsS M HOMep HpaBHJbHOro oreera. Ilo okoHua-
HUH paboThI cBepPhTE MOJYUYMBINYIOCA Yy BAC 3aIMCh C KJOYaMH Ha c. 269.
A3. BrickaznBaame (X — Y) & (X— Y) paBHOCHJIBHO BHICKASHEIBAHHIO!

1 X&Y; I XV Y; XoY; X < Y.

A2. OTrpunaEreM K BBICKA3HIBAHHIO «J[JIA J11060ro HATYPAJBHOTO YHCJAA, OKAH-
yuBalomeroca mudpoii 3, cymecTByeT KpaTHOe €My 4YHCJIO, OKAHYMBAIO-
meecd MUPPoii 1» CIHYKHUT BHICKA3HLIBAHHUE:

1) Her marypanbHOro umciia, OKaHYMBalomerocs nudpoii 3, pisa KoTopo-
ro CymecTBOBAJIO OBl KpaTHOe eMy UHCJIO, OKamuYuBalomeecs mudpoii 1.

{2): CymecTByer HaTypajibHOE UHMCJIO, OKaHUMBalomeeca mudpoi 3, ana
KOTOpOro Jio0oe KpaTHOoe eMy 4YHCJIO He OKaHUMBaeTcs mudpoii 1.

8) Jio6oe HaTypanbHOE UYHMCIO, OKAHUYMBAIOINeeca mUdpoit 3, He mmMeer
KPaTHOrO YHCJIa, OKaHYHUBAIOIeroca mudpoii 1.

), OranuHoe oT ykasaHHBIX B OHyHKTax 1—3.

A3. Tabsuny MCTHHHOCTH, COBHajalomyio ¢ Tabunneii 4.23, nmeer dopmyna:
WEX~-Y)-X)VXEY;
BX-YVXVY)&X;
B Y —-X)&XVY)
#) oTMuHAA OT YKA3aHHBIX B mNyHKTax 1—3.

Tabnuua 4.23
X Y PX,Y)
)% | )% | H
)% | JI H
JI )% | JI
JI JI JI

3

A4. OTpunanueM K BBICKa3bIBaHHIO Jx Vy (x% + Y’ = 1) CHYy>KHUT BHICKA3HI-

BaHHE: )
& Vay (e + = 1) Vydx @2+ 3 # 1);
#)! oTyINUHOE OT YKa3aHHHIX B mMYyHKTax 1—3.

Vx 3y (% + y® = 1);

AS5. ®opmysna, NPHHUMAIOIMASA IPH BCEBO3MOYKHBIX 3HAUYEHHAX JIOTHYECKHX
nepeMeHHEIX 3HaueHue WcTMHA, HasLHIBAETCH:

1) npasunbHOI;
22)" coBepmeHHOH AMIHIOHKTHBHON HOPMAanbHOH (opMOii;

T*
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“3) TaBToOJIOTHEI;

4). mo-apyromy, HeeJH B mMyHKTax 1—3.

B coBepiieHHO# AN3BIOHKTHBHON HOpMasibHOH dopMe mpeacTaBiieHa ¢op-
MyJaa oT Tpex mepemeHHEIX 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

H4) cpeanm BapMaHTOB, 3alHMCAHHBIX B NYHKTax 1—3, HeT ¢dopMyJasl B
CIH®D.

Ecau coegnnenune tabaun B CYBJIl Access oCyIIeCcTBIAETCS IO KJOYEBHEIM
arpubyTaM, TO yCcTaHaABJIHBaeMas CBA3b HMeET THIL:

‘1¥ oAMH-K-OZHOMY;

'2) oAMH-KO-MHOTHM;

‘3); MHOrue-KO-MHOTUM;

4y Me)Jy TAKNMH aTpUOGYTAMHM HeJb3A YCTAHOBHUTH CBA3b.

Ha HarpaXjeHue OTJIMYHUBIINXCA DPaGOTHUKOB KOMHOAHMHM COOHMpaIOTCS
NpHHTH OPe3sHAEHT KOMIAHUH, FeHepaJbHBIHA JUPEKTOD MU BEeAYLIHH Me-
HeJyKep. Y)Ke M3BeCTHO, 4YTO:

a) ecIM Ha HarpakJeHue He NMPUAET NpPe3sHJeHT WIH NPUAET BeAYLIHH Me-
HeJIKep, TO 00A3aTeNbHO NPUAET FeHEePAJLHEIH AHUPEKTOP;

6) eciM MPUAET reHepaJbHEIN AUPEKTOP, TO OPHUAET M BeAYLIUH MeHeAKep.

HaumeHbliee umMCJIO HPeACTABUTeNeH YIpaBJeHHA KOMIIaHHMeH, KOTOpHIE
OPHUAYT HArpaKJZaTh OTIHYHBUINXCA PabOTHHUKOB,

A¥ 1, 2y 25 8) 3

4) HeJb3A ONPEAEJHUTH MO 3aJaHHLIM YCJIOBHAM.

BrickassiBaHHe Jx Vy (xzy3 < 0) MOXXKHO IPOYUTATH TaK:

1)} Xora 6B AJIA OZHOTO 3HAYEHUA X HalAeTcs 3HAaYeHHe Y, YTOOGHI BHI-
MOJIHAJIOCH HepaBeHCTBO .7c2y3 <0.

-2y IlpH HEeKOTOpOM 3HAYEHHHM X AJA KAIKAOrO 3HAUEHMS Y BBHINOJHAETCH
HepaseHcTBo x2y® < 0.

3) Kakum On1 HU GblO 3HaueHMe Yy, HalifeTcda 3HaUeHHe X, AN KOTOPO-
ro x’y3 < 0.

4y Ilpy xaxAOM 3HaAueHHM X AJA JOGOro 3HaYeHWs Y MMeeT MeCTO He-
paseHctso x°y° < 0.

A10. TepMuH «peJAMOHHEINA» IPONCXOAUT OT CJOBA:

1) dyurnus; .2); orHoureHue; -3) cBA3b;
4) ApYyTroro CJoOBa, HeXKelm B TyHKTax 1—3.
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Tabaruya 4.24
a) N 6) N
- | PamMuana Hma Kiaacc | IlIkona - | IIIxoaa Paiton
n/o n/o
1 | Cmupsor | Hukonaii 9 15 1 135 | ILleHTpajabHBIH#
2 HBanos Baaum 9 28 2 72 IOro-samagubrit
3 BeJios Cepreii 10 135 3 36 IOro-zanaansrit
4 Iletpos IlaBen 11 36 4 28 IenTpanbHEIi
5 | Cumopor | AHzpeii 11 72 5 15 IOro-samaguslii
6 | CmupHOB | Anexceii | 11 135 6 103 3anaaHbii

A11. B tabaunax 4.24, a u 4.24, 6 nan ¢dparmenT 0aswl JaHHBIX. OTH Tabiu-
nsl coeaunensl mo atpubytry Illkosa. CoriacHo sampocy IO NPH3HAKY
Paiion = IOro-sanaauniii chopMupoBana taGiua-pesyJbTaT co CJAeAYIO-
UMK aTpubyTaMu, NpuyeM 3amMucH B Heil OTCOPTHPOBAHBI II0 HOMepaM
IIKOJI B IOPsAKe BO3pacTaHUs.

Ne

Kiaacce
/o

PaMunnsa Hmsa

ITocsie MCIOJIHEHUs 3alpoca B CTPOKe ¢ HoMepoM 1 TaGiauinbei-pe3yibTaTa
Oyaer CTOATH hamMuauAa:

-2y Iletpos;
‘4) ppyroro y4yeHHKAa.

1) HBaHos; 8y Cunopos;

A12. B rabaune KII 4.24, a kao4eBoIM aTpuOyTOM SABJISETCA:

1y @amuana; (2) Uma; @f Kiaace; Ilkoua.

YacTb 2. IIpu BHIONHEHUM NPEAJOKEHHBIX HMMKE 3aJaHHM 3amMIIUTe
y cebsa B TeTpaiau mudp 3aJaHUs U OTBET B BHJE NOCJEeAOBATEJIbHOCTH CHMBO-
J0B. CBepbTe MOJIYYHMBUIYIOCA Y Bac 3amuch C KjlouaMu Ha c¢. 269.
B1. B Tabuuiie AJs HeKOTOpOro aTpubyTa HeET ABYX CTPOK, B KOTODBIX 3Haue-
HHUA 3TOro aTpubyTa COBHNAZaJid., JTOT ATPUOYT ABJIAETCSH .

B2. Ha w™MHoxKecTBe HATYDPaJbHBIX UHCeJ pacCMaTpUBaeTCaA IIpeAHKaT
Vx3yy < zx? — 3x). KoamuecTBo 3HaueHMi mepeMeHHOH 2, AJIA KOTOPHIX

OH JIOKeH, PaBHO

B3. Ha MHOecTBe CJIOB paccMaTpUBAeTCsA BbICKasbIBaHme Jx Vy(x + y =y + x).
OmpeaennTe, NCTUHHO OHO MJIHM JIO}KHO, ¥ 3aKOHUHNTE IpejsioxkeHue: «Jlan-
HOe BHICKA3BLIBAHHE ».
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B4. Huxke npuBeieHO HECKOJbKO NOBECTBOBATEJIBHBIX MPEAJIOMKEeHHI:

B GeckoHeuyHOH JecATHYHOM Apob6m, npeAcTaBiafAoimleil umcao 1/7, HeT
ABYX PAAOM CTOANINX OAMHAKOBBIX Iudp.

8} YeTHIpexyroJbHHK SBJISETCH KBAAPATOM.

@) Ha crone nexur abioxo.

M) B HexOTOpOM LIAPCTBE, B HEKOTOPOM TOCYJAPCTBE 3KHBET IApeBHA-JIA-
TyHOIKa.

i Xouemws GHITH CYUACTIMBHIM, GYAb HUM.

Komy-To Ha PycH KHTb XOpOIIO.
SanumuTe HOMepa TeX NpPeAJO:KeHUil, KOTOphble ABJIAIOTCA BBICKA3bIBA-
HHSIMH, B IMOPAAKe BO3pacTaHusA 6e3 3HAKOB IpenHHAHMA U NMPoGesoB.
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Jo cux nop Mbl CTPOUNU MOAENN NPOLIECCOB, CYMTas, 4TO aKTOpLI, BAWUAIO-
wue Ha dyHKUMOHUpOoBaHue o6bekTa, HenameHHbl. OHW 3a8aHbl CaMoi NPUPOAOIA
M He NOoABEepralTCA BO3AEWCTBMAM 4enoBeka. Ha camom pene 4yenosek, nosHa-
Baa npupoay v obLWecTBo, BCe aKTUBHEE W LUMPE BMELLUMBAETCA B AENCTBUE 3TUX
¢$aKTopoB, MHOrga He OCO3HaBas CBOEro BNUAHMA, HO 4Yaule CO3HaTenbHOo, npe-
cnegoya KOHKPETHYIO Lefb — 3aCTaBWUTb TOT MAKM MHOW 06bLeKT YHKUMOHMPOBATL
HYXXHBIM YenoBeky o6pasom.

T CMERTEST TN, T N LSS UL T S T TR T MR RO TR

. Boagesictene Ha o6bekT wam npouecc, uMmelolee CBOe Lenblio nosaydeHue ..
. TPebyembix 3Ha4eHnii napaMeTpos 3Toro obLexkTa uau npouecca, HasblBaeT-
! CH ynpaBneHuem.

SULSRETITTRTL CISITY W NUSEE ST AN LUN SUSRUISISENeNY S §OCSTeROTRaET OIS T TIeUTmaT L e

B aToih rnase Mbl Ha nNpuMepax NOKaXem, Kak MHPOPMaLMOHHbLIE TEXHONO-
MU U KOMNbIOTEPHOE MOAENMPOBAHME MOMYT MPUMEHATLCA ONA peleHus 3anad
ynpaeneHus.

(B! Yvo Taxoce ynpasnenue

Brime MBI y:Ke chOpMySIHpPOBANIM OIpefiesieHWE YIpaBIeHHA.
Ho uro0Bl XOpOLIO MOHMMATHL €ro CYyTh M YMETh CAMHM OCYIIECTBJIATH
yIpaBieHHe, HaJi0 3HATH OCHOBHEIE IPHHIMNE! M CIOCOOBI ero Oprasu-
ganuy. OOme 3aKOHOMEPHOCTH YVIIPABJEHUA B CHCTEMAX pPas3IMYHOMH
IpUPOALI ¥ IPUHUUOBI €ro OPraHu3anuu usyuamrca kuGeprernkoii. Ta-
KOe HasBaHMe JaJI 3TOH HayKe OLMH M3 €e OCHOBOIOJOXKHHUKOB — Hop-
Gepr Bunep.

Ona npoctoTml GyaeM CYHUTATH, YTO YIIPABIAIOIIee BO3JeHCTBHE
OKAa3BIBAeT HeKuM o0beKT. MBI HaleeMcs, YTO HUKOr'O HEe CMYTHT TO 06-
CTOATENLCTBO, UTO IION CJIOBOM <«0GBEKT» MOXKET IIOZpasyMeBaThCH de-
JoBeK (Hampumep, modep), aBTOMaTHUYeCKOe YCTPOMCTBO (Hampumep,
ceerodop), opraHusanusa (Hanpumep, MUHHCTEPCTBO BHYTPEHHMX e,
yCTaHABJMBaIOIee IPaBUja KOPOKHOTO ABMMKEHHS HA Teppuropuu Poc-
cuu) u T.n. Ilpocreiimiaa cuTyanus yhopaBjieHHdA, KOIJa B3auMOJei-
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Ynpasnsiowmia Ynpasnswouiee Ynpaensiemblit
oGbexT Boaaeiicteue 06beKT

Puc. 5.1 Cxema B3auMopeicTeus OBYX OObEKTOB B Mpouecce YnpaeneHus

CTBYIOT JBa 00'bEKTA: YIPABIAIOIINN U ynpaBiseMsiii. Takoe Bsaumomeli-
cTBHE MOXHO uM300pasuTs B BHAe cxeMh! (puc. 5.1).

dusznyecKy yIpaBJdiollee BO3ZeHCTBHEe MOXKeT OBITH peaM30BaHO
Mo-pasHOMy. YIIpaBJieHHe TeJeBU30POM €ro Biazesell OCyIecTBIsAeT Ha-
JKaTHeM KHOIOK M BpallleHHeM Py4YeK HACTDOMKH, yIpaBJIeHHWe IBHXKe-
HHEeM aBTOTPAHCIOPTa CcBeTO(OP OCYIIECTBJAET IOCPEeACTBOM IIBETOBBHIX
CUTHAJIOB C 3apaHee OTOBOPEHHBIM CMBICJIOM KaXXJOTo M3 HHUX, yIpaB-
JeHHe co0axoil X03AMH OCYIIECTBJIAET T'OJIOCOBHIMH KomaHzamu. I'oBo-
psa o6 ympasieHum BoobGINe, HEOOXOZMMO OTBJIEYLCA OT (DH3UYECKOH
dopMEI yIpaBisioniero Bosaeicreus. Torga cCTAaHOBUTCA SCHO, YTO CYTh
YIOPaBIAINET0 BO3NEHCTBHA — 3TO Iepejada MHGpOpManIuu OT yOpas-
asiiomiero o6bexkTa K 00BEeKTy yIpaBJIeHHd.

Yupasnsiomasa uHGOpMAIUA MOMXKeET OBITH IpeACTaBJIeHa MHCTPYK-
muer 0 TOM, 4TO AOJIKEH AesaTh O00BeKT ynpaBieHus. Eciau o0BbeKT
yIpaBJIeHHA — (DOPMAaJIbHBIA HCIIOJIHUTENb, TO TaKad WHCTPYKOHUA, KaK
BBl 3HaeTe, OOLIYHO IpeAcTaBiseT cob0il airopuTM. AJTOPHUTMHYECKOE
yupapiieHue (GopMaJbHBIM HUCHOOJHHUTENEM SBIAETCA OJHUM U3 BaXkKHeH-
IIMX BAPHAHTOB peaJu3aluy yIpaBJeHUs, 0COGEHHO YacTO BCTPedaro-
IUMcS B TeXHHUeCKMX cucreMax. Ho B KHBOH mpupoie u oOmiecTBe
JajleKO0 He BCSAKOe VIPaBJleHWe CBOOUTCA K aJrOPHTMHUYECKOMY; CyIe-
CTBYIOT U Zpyrue (popMbl yIpaBJIeHUs, O KOTOPHIX MBI PACCKAXKEM B IIO-
crenyromux naparpadax.

TemeBu3op Kax 0O0BEKT YIPABIeHHA BMECTe C AOMYCTUMBIMHU AJIA
Hero BO3AeHCTBUAMU OAWH, a YIPABJIATE HM MOTYT pasHble JIIOAM, IIPH-
YyeM C COBEDPIIEHHO PA3JIMYHBIMU HEJIAMH — OJHOMY XO4YeTCA CMOTPEeThb
¢duapM, a APYroMy — CIOPTUBHYIO IPOTPaMMYy; IOJIA OJHOTO 3BYK CJIHII-
KOM I'PDOMKHI, a IJifg Apyroro, Haobopor, tuxuii. Ta iy mHaAA conmualb-
Had rpynna (HampuMep, ydalquecs OJHOTO KJjacca) KaKk OOBeKT yIpas-
JeHUS TOMKe MOXKEeT IOABEepPraThCA BO3HEHCTBUIO PAsSHBIX YIPAaBIAIOIINAX
00BeKTOB (B TOM YHCJIe M HAXOAAINUXCA BHYTPH 3TOM IPYHIOBI) C BeCh-
Ma pasHBIMU I[eJIeBBIMM YCTAHOBKAMH. JKOHOMHUYECKHUIl DeruvoH Kak
O0'BEKT YIPABJIECHHUS TOMXKE MOXKET IOABEPraThCA YIPABIAIIIEMY BO3-
IefiCTBHIO CO CTOPOHBI COBEPIIEHHO DAB3JHYHBIX YIPABIAIOIIUX 005-
exToB. OTBJIEKAsCh OMNATH-TAKH OT (PU3NYECKON pealm3amuM yIpas-
Jsiiomiero o0bexTa (a 9T0, KaK OTMEYAJIOCh BEIIIE, eCTECTBEHHO IIPH Teo-
peTHYeCKOM PACCMOTDEHHMM NOHATHUS yNpaBJIeHUA), Mbl BHIUM, 4TO
KBl YyIPaBISIOMIUHA OOBEKT XapaKTEPHU3YETCH YelesblMU YCmaHnos-
KaMu U CBOUMU 603MONCHOCMAMU 6030elicmeosamb HA YNpasiiemblil
ob6zexm. Uto ke Kacaercsa o0beKTa YIpaBJIeHHs, TO OH XapaKTepHU3y-
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Ynpagnsiowwme O6bekT Peaynkrartsl
BO3OenCTBUs yrnpasneHus yrpasneHus

Puc. 5.2 Cxema ynpasneHus 06LekTom

eTCHA CB0UMU PYHKYUOHANbHLLMU 603MONCHOCMAMU (T.e. TeM, YTO OH
MOXKeT CHesJaTh MJIH B KaKOe COCTOSHHe NepeHTH) u JonycmumbimMu HA
Hezo 8030eilcmausmu.

HomycTuMble BO3AEMCTBUA AJIA KajKAOTO 00BEeKTa, KaK IPaBUIIO,
npegonpeneneHsl camMoll ero mpupozoii. C KuGepHeTHYECKOH TOYKH
3peHHusA BO3JeHCTBHE HAa O0BEKT yIpPaBIEHHUS — 3TO BOCIPHUATHE UM HH-
dopManuu depe3 crelnuabHBIE BXOABI. Peaknus o0BbeKTa HA BXOOHYIO
uHGOpManuIo, T.e. USMEHEHHEe ero COCTOSHUS, TOXKE OMMCEIBAETCS CO-
OTBeTCTBYIOINEH mH(popManueii. MoXXHO CUUTATE, YTO 3Ta HHpOpPMAIUA
mojaeTcss Ha TOT WMJIM HHOM BBEIXOA: MMEHHO OJjarojapsi 3Tod mMHGOD-
Malli{ YIOpPaBAAOMNNE 00BEKT MOMKET CYAHUTH O TOM, AOCTHUIHYTA JH
mocTaBJieHHaA Ieab. I10aTOMY cxXxema yIpaBJIeHUSA BBITJIALUT TaK, Kak
MOKa3aHO HA PHUCYHKe 5.2,

BaxHO MMeTh B BHUAY, YTO I'OBOPUTH 00 yIpPaBIEHUM MOMKHO TOJb-
KO NPDUMEHHMTEJbHO K AHHAMHYECKHM CHCTEMAaM, T.e, CHCTeMaM, Me-
HAIIUMCA BO BPEeMEHH HJIH Kak-TO (GyHKOUOHHpYyHOIHUM. Beas ecam
CHCTeMa CTaTHYHA, TO €l HeJNb3s YIPaBJIATE — 4YTO ObI BRI ¢ HeHd HH
Jejiaiyl, OHA He OTKJHMKAETCS HA BallX BO3/EHCTBHHA; €e MOXXHO TOJb-
Ko caoMaThk. [la)ke Korga pedsr HAeT o0 yIpaBJeHHuH aBTOMOOHIEeM (KO-
TOPBIA caM, KOHEYHO, B Pe3yJIbTaTe VIPABJIEHHUA He U3MEHSEeTCHA), TO Ha
caMoOM JeJie pacCMaTPUBAETCS ABUMKEHME ABTOMOOHJIA 110 HEKOTOPOM Io-
pore, T.e. (PaKTHYECKH YHPAaBIsIEeMBIM OOBEKTOM BBICTYIIAET CHCTEMA
«aBTOMOOHIL + moporas.

B cnegyrommux maparpadax MBI HA IPHUMepax IOKAa)KeM, KaK HH-
¢dopManMOHHBIE TEXHOJIOTHHM H KOMIBIOTEDHOE MOJEJIHDPOBAHHE MOTYT
OPUMEHATHCA AJA PEeIleHUsd 3ajad yIpaBJIeHHUd.

BOMPOCHI U 3AAHUS

@ o Takoe ynpaenenue 0GBEKTOM MM MPOLECCOM?

e Hwke nNpuBeaeHo HECKONBLKO CUTYaLMIA, B KOTOPLIX OCYLLECTBARETCA ynpasneHue. Yka-
XWTe, B YeM COCTOMT NPOUECC ynpasNeHWA: MonbiTaiTeCh ONpPefenuTb Lenb ynpae-
neHus, yNpasnsaiowWwmii u ynpaensiemMbiii 06beKTbl, AONYCTUMbIE BO3AEWCTBUA Ha ynpas-
nAemMblii 06BLEKT.

a) dsuwxeHwe noesna MeTpo.

6) O6bABneHne Havana nocagku B Camoner.
B) JloBna pbibbl HA YOOuKY.

r)* O6paboTka netann Ha ppes3epHOM CTaHKe.
n)* NeyeHue nauuweHTa.



eI

202

@ Cpeay NpoueccoB, NEPEYUCTIEHHBIX HUXE, YKaXuTe NPOLECCHl yNpaBneHus.
a) CtaneBap pa3nuBaer MeTann B KOBWIM.
6) CnepgoBatens gonpailuvMeaeT NoAO3PEBAEMOrO.
B) KaHgmpat B genyratbl BbICTYNaeT Ha MUTUHIE C NPU3bLIBOM rOfOCOBAaTb 3a HEro.
r) XyfAOXHUK pucyeT nensax.
A) Pexuccep CHUMaeT punbM.

@ MoyemMy ynpaBnaTb MOXHO TONLKO AUHAMUHECKUMMW cuctemamun?

Ana kaxaoro M3 cnegyowmx o6bEKTOB YNPaBAeHUA yKaxuTe, 4TO ANs HEro ABnseT-
CA AONYCTUMBLIMWA BO3AEICTBUAMU:

a) yrior; 6) aBTOMAaT NO NpoAaXxe XeNne3HOAOPOXHbIX BuneTos;
B) NpoAasel, MOPOXEHOro; I)* Baw Knacc.

@ CKONnbKO MOXHO B3STb Y NPMPORDI

Borata poccuiickasa 3eMJis pa3/IMUYHBIMH pecypcamMu. Ee Heapa
XpaHAT caMble Pa3HOOGPa3HBIE MOJIe3Hble HCcKomaeMble. Ee jeca cayskart
MCTOUYHHKOM JJs paboThl JiecomepepabaThIBAIOIEl NPOMBIIIIEHHOCTH.
B osepax u pekax Boaurca pwiOa...

Bor o soBne pribbl M moiiaer y Hac peub. He Ha yAouKy, KOHeU-
HO, a B OPOMBILIJIEHHBIX MacluTabax.

Priba ¢ OpOMBIINLIEHHON TOUKHM 3PEHHA OTHOCHTCS K TaK HasblBae-
MBIM BO30OHOBJIIEMBIM pecypcaM — BLI €€ JIOBHTe, a OHA CHOBa POXK-
JaeTCA H pacTeT B TOM JKe BojgoeMme. B orTimume, CKa)KeM, OT JKeJe3-
HOM pYyABI, KOTOPYIO €CcJii OAUH pa3 AoOBLI, TO OOJabllle €e Ha ITOM JKe
MecTe He Haligemib. IloaToMy pyAbl MOAYyUMJIN Ha3BaHHE HEBO3OOHOB-
aseMblx pecypcoB. Ho o HUX MBI 3Zech T'OBOPHUTH He OyaeM.

Priba posxgaeTcss eXKerojHO, HO pacTeT He TakK YK OBICTDO, U eCan
cpasy BBLIOBHTb €€ CJHIIKOM MHOTO, TO MOXXHO OCTaThCs 6e3 DHIOHI.
Bosuukaer 3amaua ynpaBJieHHsi: CKOJBKO PbLIOBI MOYKHO BBIJIABIWBATH
€IKEerofHO, 4YTOOBI 00EecHeunuTs €e HOPMAaJbHOE BOCIPOH3BOJACTBO?

M=l 3HaEM MOZEab HPHPOCTA PACTHUTEJbHOM Macchl 6e3 BMelllaTelb-
CTBa YeJIOBeKa — 3TO MOJeJbL orpanmueHnoro poctra (cm. § 21). Kpo-
Me TOro, MBI BHJAEIH, UTO YHpPaBJdeMblli 00beKT ymZoOHO H300paskaTh
B BHZe OpeAMETa, HMEIOIIEro BXOAbl M BheIX0oAbl., M1306pa3uM M paccMart-
pUBaeMyl0 HaMM DPHIGHYIO mOOyJISAIIMIO B BHAe CXeMBI (puc. 5.3).

Bxoasl m BBIXOALI — 3TO Macca
PBIOHI B 11-M TOAY M COOTBETCTBEHHO
coyctsa rog. U ecam peIby HUKTO He
JIOBUT, TO 9Ta Macca MeHfAeTCs II0 cJjie-
AVIOLIEMY PEeKYPPEHTHOMY 3aKOHY:

M(n) Monynsauua M(n+1)
—- ————

Pbibbi
M@ +1)=| 1+ rZZM) \arn,
L —-M(0)
Puc. 5.3 Mopenb namenenua Bo306- rae M(0) — macca peIGB B HAYAJb-

HOBNSIEMOIo pecypca HBIIT MOMEHT BpeMeHH; L — mpezaeJib-



UndpopmaunoHHblie mogenu
203 B 304Q40X ynpasneHUA

HOe 3HaueHHe Macchl pPeIGRI AJIA JaH-

HOro BojgoeMa; k — Koapdumuent M(n)

€XKeroJHoro IpupocTa. Nonynsums M(n+1)
Temepr y Hac DOABUJICA eIle >

OZMH BXOJ -— BO3Je#CTBUE UelOBeKa p PbiGbI

R (puc. 5.4). Ecan MBI cuuTaemM, 4to —>

€:KeroJHO BBLIABJHBAETCA OZHA U Ta

JKe Macca pwidbsl R, TO mamia MozeJb
OrPAHUYEHHOIO0 pOCTa M3MEHUTCA II0
BHEIITHEMY BHAY HE3HAYHTEJBLHO:

Puc. 5.4 Moaenb notpebneHusa Bo-
306HOBNAEMOrQ pecypca

L —-M(n)

Mn+1)=|1+¢k
L - M(0)

M(n) — R.

ITocTpoenHyio MoJeah HA30BEeM MOAEJBI0 MOTPEGIeHUs BO306GHOB-
JAeMBIX pPecypcos.

BONMPOCHI U 3ALAHMS

0 MpuseanTe npumeps! ynpaBneHUs KakuMu-nnmbo ofbektamn uamn npoueccamu.

9 Kakve npeanonoxeHus NonoXxeHbl B OCHOBY MoZenu noTpebneHns B0306HOBASIEMbIX
pecypcos?

6 a) MoarotoBbTe 3anofHEHVWE 3NEKTPOHHON Tabnuubl ANA BLIMUCNEHUA MacChl Pbibbl
Yepe3 3a0aHHOE KONUHECTBO NEeT, UCNOoNb3ysa MoAenb NnoTpebneHns Bo306HOBAEMBIX
pecypcos.

6) CoctaBbTe anropuTMm Ans BbIYMCAEHUA MACChi PbiBbl Yepes 3aAaHHOe KOMNYECTBO
NeT, ucnonb3ya moaenb notpebneHns so306HOBNSAEMBIX PECYPCOB.

§as)
| Bt

B oxpectHocTsax ropoga Exarepunbypra mo GeperaM oaepa
Ilaprain pacKHUHYJICA 3aMedaTeJbHBIN Jecomapk «Kamemmunle majar-
ku». Korga-To oH Obli mMpakTHYeCKH 3a I'OPOJAOM, HO Telepb OKOJO He-
IO BO3HUK OTDOMHEIH KHJIOl MUKDOPAiiOH, M C JIeCONMApKOM CTaJio Ipo-
HCXOJAUTh 4YTO-TO HeJaJHoe.

IIpyunHa DOHATHA — pPE3KO BO3POC IMOTOK IIOCETHTeNell M HapK
yKe He cIpaBjisieTcda ¢ UX HammecTeueM. IlogobHas mpoGiemMa xapak-
TepHA AJiA JI000ro KpYIIHOTO TOpoAa.

YOpaBasaThk HOTOKOM IIOCeTUTeJell Jecolnmapka HeBo3dMoxHO. Ho
eCTh MecCTa (IpPHpPOAHEIE NApPKH, SAMOBEIHUKM M 3aKa3HUKH), KyZJa
MOYKHO OTPaHHUYHUTL BXOJ Jiobureieill oTAOXHYTh Ha Ipupole. Bo3HUK-
Jla yIpaBJieHYecKas 3ajada: KaK OpPraHu30BaThL IOCEIIeHHe IPUPOTHO-
ro napka, 4ToObl He HAHECTH eMy HeIlompaBHMOro ymiep6a?

Pemenne 3agaum Hago HAYMHATH C HOCTPOEHMS Mogean. HysHo
NpeskJje BCETO PEIINTb, UTO 3HAYHMT «OpPraHM30BAThL IIOCeIleHme». Mox-
HO 3TO IIOHMMATBL TaK: IHapK OTKPBIT AJIS IOCEIeHHs ITOAPAJ HECKOJb-

3apaua o neconapke
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KO aHeil (0603HauuM 3TO umncao K) u B 3TU AHU €ro exkeHeBHO IIOce-
maetT N yeigoBek. IIoToM IIapK 3aKpPLIBAETCS A0 NMPAKTHUUYECKH ITOJHOTO
€ro BOCCTAHOBJIEHHUA.

Tenepr 06 yiiepbe, HaHOCHMOM HOceTHTeJaAMHU. Jlio6as mpupogHas
CHCTeMa CI0COOHA K CaMOBOCCTAHOBJIEHMIO. ¥ YeHLIe-3KOJIOTHM HAYYH-
JUCL U3MEepPATh yIlepd B IPOIEHTAX K HCXOAHOMY COCTOAHWIO U yCTa-
HOBHJIM, YTO 3a HOYb BOCCTAHABJHBaeTcda npuMepHo 30% HaHeCEHHOTO
yiepba. Ecau yuiep6 cocraBasier 80% , To Takas CUTyallusi CTAHOBHUT-
cd HeNoIpaBMMOIl — mnapk morubaer. [jia gpyroro mapka B IpPYyrux
ycaoBuAx 00e mudpbl MOryT GLITH APYTHMH.

Hrak, nycTh 3a OOUH JeHb IIOCETUTEJH HAHECJIH NapKy HEKOTODhIH
yiuiep6. O603HAUYMM ero BeJIWUYHHY uepe3 A m OyaeM cumTaTh, UTO OHA
3aBHCHUT TOJILKO OT YMCJa moceTuTresieii N M He MEHSETCS B 3aBHCHMOC-
TH OT OHS IOCEIIeHUs.

IIpomien menn, W mpolmyia HOYL — IIAPK BCTpPedYaeT HOBBIX IIOce-
TUTeJeR yxKe ¢ YyIepOOM; VPOBEHb €ro COCTOSHHSI OIl€eHHBAeTCAd Ha
100% - (100% — 30%)A. Ecnu MBI HE XOTHMM BCe BpeMs NHUCaTh 3HA-
YOK MPOIEHTOB, TO MOX{€M YPOBE€HL COCTOSIHHS BEIPA’KaTh IIPOCTO B J0-
Aax ot 1. dopmyna ypoBHA COCTOSHHUSA mapKa K Hadajly BTOpPOro AHA

IIOJYYHUTCA TaKad:
1-( -0,3)A.

HeTpyZHO HOHATH, YTO K HAYaNy TPETHETO AHA YPOBEHb COCTOAHUA
6yzmer yixe
(1 - (1 -0,3)4),

K Hayaly 4eTBepTOr0 —
(1-(1-0,3)4)°

u T. 1. K mavany mocienmero K-ro IHa ypOBeHb COCTOAHWA OGyaeT
1-@1-0,3)4a)%"1

WHBIMN CJIOBAMHM, €CJH MBI JOIYCTHM IIOCETHTENEH ellle Ha OLUH
I€eHb, TO yIiIep0 CTaHeT HemOIPABHMEIM, T. €. YDOBEHL COCTOAHUS, PaB-
Heiit (1 - (1 - 0,3)A)K, oyzer HuxKe uem 1 — 0,8.

Hrax, ecau HAM HU3BeCTHO A, TO 3Hauenme K — 3To HanboabIInil
HokasaTeab cremenu B Beipaxkenuu (1 — (1 — 0,3)A)%, ana xoroporo
JAHHOE BEIpaXeHue ocTaercsa Gosbine uem 0,2.

Tenepr HafO pelINTH 3ajauy, KaK BeJIMYMHA A CBA3aHa C YHCJIOM
noceTuresiei, T.e. onpegesnuTh A Kak (GpyHKIuo or N.

s aTOro Haf0 CHOBA NIPOBECTH HCCJeloBaHMA. UTO K, B yIpaB-
JeHun 6e3 HAYKH OCMBICJIEHHOrO IIIara He ciejaelnb. I[IpUKUAKK Ha IJa-
30K Ja HajeXxJa Ha aBOCh A0 A00pa He AOBOJAT.

OnAaTp-Taku 9KOJIOTH YCTAHOBHJIM, YTO BeJIMYMHA A XOpOIIO ONIHu-

celBaeTca GyHKOHuen b + c\/ﬁ . Bor TosmpKO b M ¢ ANA Kaxmoil MecT-
HOCTH CBOM. M3BeCTHBI TaKike IJis HAIlero napka moxkasaTejH yiiepba
(ra6a. 5.1).

Temeps Hazo mogobpars umcia b u ¢ Tak, 4TOObI 3HaueHUe A, BBI-
ypcJaeHHoe Mo GopMyse, He CHJIBHO OTJHYAJOCH OT 3HA4YeHHil, IIpHUBe-
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JeHHBIX B Tabmwuie. Bocmoassyemcsi CHO- Tabmnya 5.1
Ba 2JIeKTpOHHOHI Tabimieii. IIpumep ee
3alloJHEeHNUsA NOKasaH B Tabauie 5.2. Yucno Yinep6, %

Bo BTOpOIi KJeTKe BTOPOTO M TPETh- noceturenen
ero CToJIOIOB OYyAYT IMOAOHpaThCA 3HA- 0
yeHus b U ¢, AJiA KOTOPBIX HauGoJbIIee 3 7.0
M3 OTKJOHeHUlN OyJeT MUHUMAJBHBIM. 50 10,8
ITogoOGHBIM BEI yKe 3aHHMAaJHUCh, KOTZa 100 18,3
ncceJjefoBaJn OpPOYHOBCKOe [IBHI)KeHUe 120 20,7
YaCTUILBI.

ITocne Toro xak Oyzer HaligeHa 180 27,0
dopmysa gas A, MBIl CMOXKEeM HaXOAHUTH 250 33,0
sHavyeHue K mo N u, maobopor, N mo K. 400 43,5
Ho asrum BBI BaiimeTech Ha JaadopaTop- 600 55,0
Hoi#1 paboTe.

Tabnnua 5.2

1 N b c Ym;epﬁ OTKJOHEeHHe OT 3HAYEeHHUA,
: BEIYMCJIEHHOTO 1O opMmyJie
2 30 0,07 |B2+C2%/ A2-D2|
.8- 50 |Maxke. | 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|
6| 180 0,27 |B2+C2%/ A6 -D6|

| 250 0,33 |B2+C2#/ A7-D7|

8 | 400 0,435 | B2+C2%/ A8 -D8|

9 | 600 0,55 |B2+C2% A9-D9|

MycTb yXe HailoeHbl koadpduumneHTsl b u ¢ B popmyne ana A. MNpoaymaiite, kak no
330aHHOMY 4YUCNY exXeHEBHbIX nocetutenen N BuHUCAUTL Ynucno K, nokaswiBalo-
Liee, CKONLKO AHEN noapsa MOXHO nocewats napk. M Hao6opoT, Kak No 3anaHHO-
My yucny K HaiTu exegHeBHOE KONWYECTBO MOcCeTUTenen napka.
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Yuumca y npupopabi npaaunbuou oprauusauuu
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B npeaucaoBum K 3TOi ryiaBe MBI ONPENENIN YIPABJICHHE KaK
neJeHANIPDABJIE€HHOE BO3JeHcTBHE Ha Te MJIM HHEIE PAaKTOPH OGHLEKTa
miun npounecca. IlosTomy HasBamue maparpada Ha IepBHIH B3rJisjg BhI-
TIAAJUT CTPAHHO: NMPHPOJa B CBOEM CYMIECTBOBAHWH HEe IIPECJEAYET
Kakue-anGo e, IMO3TOMY H YIPAaBJAATh NPHUPOAa HAYEM H HHKEM He
moxkeT. Kak ke TorZa yYMTHCA YIPABJEHHUIO YV IPUPOABI?

Habmionana npupoAaHble sSIBJIeHHs, MEI MOXKEM <«IIOACMOTPEThL» Y Hee
T€ MeXaHW3Mbl, KOTOpPble IIO3BOJIAIOT NMPHUPOJie B TeUEeHHE THICAYEJIEeTHIA
CYImeCTBOBATh M pPa3BHBATLCA. Belb M YeJOBEK OGLIYHO CTPEMHUTCH
K TOMY, YTOGHI €r0o JeATEeJbLHOCTh TOXKe MOTrJa 00ecIeduTh YCTOHYMBOe
CYILIIeCTBOBAHHE M Pa3BHUTHE. JTO HE Bcerga emy yaaercsa. IlompobGyem
pasobpaThca mouemy.

BconomHENTE CBOMCTBO KHMBOIl IIPHUPOABI, KOTOPOE BEI OOHAPYKHJIIH,
BHIIOJIHAA JIabopaTopHyio paboTy 22, — sABJeHUE CAMOPEZYIUPOBAHUS:
IPHUpOJia CTPEMHUTCHA BOCCTAHOBHUTH TO CTAOMJIbHOE COCTOAHHE, H3 KOTO-
POTO ee BHIBEJIM TE€M HMJH HHBIM COCOGOM. OTO BO3MOYKHO TOJBKO B TOM
ciaydae, KOTZla CaMO COCMOAHUe, 8 KOMOpom Haxodumcs obszexm, A6-
afemca eo3delicmayouium Ha Hezo (PAKMOpPOM.

Ecin npexacraBaaTh cebe ynpaBisieMblifi 00LeKT KaK CHCTEMY CO
BXOJAAaMH H BhIXoxaMu (puc. 5.2), TO B 9TOM CJIy4ae HEKOTODEIE €ro BHI-
XOAbLI ONHOBPEMEHHO ABJIAIOTCA ero Bxomamu. FiMeHHO Tak oGCTOMT Je-
JIO B MOJAEJH OrPAHNYEHHOr0 MJIM HEOTPAHHYEHHOT'0 POCTA: BHIXOAHOM
napamerp M(n + 1) xapakTepusyeT oudYepeAHOe COCTOAHHE CHCTEMEI,
T. €. OAHOBPEMEHHO ABJAETCA BXOAOM. BX0a M BHIXOJA PasaNdaioOT TOJb-
KO MOMEHTHl BpeMEHH, B KOTOPBHIX pACCMaTPHBAIOTCA 3HAUYEHUS 3TOTO
napamMeTpa.

CnenosaTensHo, H300pakas yOpaBJsAE€MEId OOBEKT ¢ 3JeMEeHTaMH
caMOperyiaanuid, MB JOJKHBI TaKHMe BHIXOJAbLl 3aMKHYTh Ha COOTBET-
CTBYyIOII{e BXOAH (puc. 5.5).

B mMmoaenu ynpaBieHusa o0bIueil BO30OOHOBJIISEMEIX PECyYpCOB 3Ta
cxeMa BRITJIAAWUT TaK, KaK NIOKasaHO HAa PHUCYHKe 5.6.

Boa,qeucrsue BleOﬂHbIX napamerpoa ,qMHaMM'-IeCKOM CUCTEMBI Ha ee
Xe BXOAHbIE NapaMmeTpbl Ha3biBaioT oGpaTHO# CBA3bIO.

DL RIS TR SR
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B »xuBoit nmpupoze i06aa cucrema ob6azaTelbHO 00JaZaeT MexXaHHM3-
MoM oOpaTHoii cBasu. IIpocTeimmuii mpuMep — yBeJIHUYeHHE TENMJIOOTAA-
YH KHUBLIM OPraHM3MOM NpPH YBEJIHYEHHH BLIZeJIEHUS SHepruu (Hampu-
Mep, IpH MHTEHCHBHOH pabore). TOT MexaHU3M HACTOJNBLKO 3tdexTuBeH,
YTO IIPH 3J0POBOM COCTOAHHMM OpPraHM3Ma OH CNOCO0eH NOAAepKHBATH
IOCTOSHHYIO TeMIIEpATypy Tejla IPH BO3AeMCTBHMH caMbIX pa3HO0Opas-
HHIX BHEINHUX W BHYTPeHHHX (AKTOPOB. 37eCh MBI HMEEM JeJI0 ¢ TakK
Ha3hIBAEMOI OTPHUATEJNbHOH OGpATHOH CBA3bIO. DMUTET <«OTPHIIATENb-



UudopmaumoHHblie mogenu
B 30[a44aX ynpasneHus

B —_— — B

X Ynpasnaembii ';(' )

o — 6

a obvekT z M(n) Monynauma [ aArn + 1)
bl —> bl R— | pbiObi

Puc. 5.6 Moapenb notpebnenun B0O306-

Puc. 5.5 Cxema ynpaeneHusa ¢ o6parHoit HOBNSIEMOro pecypca Kak Cu-
CBA3bLIO cTemb! ¢ 06pPaTHOI CBA3LIO

Hasg» O3HAYAET, YTO OHa o0ecneuyuBaeT BHIPAGOTKY yHPaBAAIMIETO BO3-
JeMCTBUs, HANPABJIEHHOTO HA YMeHbIIeHHE pACCOIJIACOBAHUA MEXAY
3aIaHHLIM M JeHCTBUTEJbHLIM 3HAYEHMAMHM IapaMeTpa CHCTeMul. Bo3s-
HHUKAMUHA 11pu 3ToM 3PPeKT YCTONUYMBOCTH CHUCTEMBI K BHEITHUM BO3-
JeMCTBHMAM HA3BLIBAIOT FOMEOCTA30M CHUCTEMEI.

Hepeaxo B AMHaAMMUYECKHX CHCTEMAaX BCTDPEUAETCA U MOJOMKH-
TeabHasd o0paTHasa cBA3b, YCHJIMBAIOIasA BO3HHKIIEE paccorjacoBa-
HYe. B mpupoje mDpMMepoM IOJOXMTEJLHON OOpaTHOHM CBA3H SABJIIAET-
CA peaKIlusl OUINEBApUTENbHON CHCTeMbl Ha cinaboe pasgpasKeHHe
numeii, BRIZBIBAXOIIEE BhIJeJIEHHE OHUINEBAPDUTEIbHBLIX 3H3HMOB H TEM
CaMBIM YCHJIEHHME pa3Jpa’keHHUs ¢ emie OOJLIIMM BhIAEJIEHHEM 3H3UMOB
M T. . 9TO ABJIeHUEe OMHUCHIBAETCA HAPOAHOM HPHUMETOH «ANNEeTHT IpH-
XOAWUT BO BpeMs eAbl». B HNIKOJBHBIX Kypcax (QPUSHKH M XHMHHM H3yda-
eTcsd APYroil THO ABJEHHH C IOJOKUTEJLHON oOpaTHOM CBA3BIO — IIEml-
HEle peaknuu. K HUM OoTHOCHUTCA aTOMHEIN B3pPHLIB, B3PHIB I'peMy4ero ra-
3a U T. A.

IlonaTue ob6paTHOl CBA3H BO3HHKJO B XOJ€ IOCTPOEHHUS Da3jInd-
HBIX aBTOMATHUYECKHX PeryiaaTopoB. OJHHM M3 TEepPBBIX TaAKHX peryJs-
TOpOB OBl peryinaTop Yarra (puc. 5.7), ynpaBasaBmuil nmoaadeii mapa
B IIMJIHHJAPH IapoBOoil MamHMHLLI (0 HEM BaM, CKOpee BCEro, pacCKa3bl-
BaJgu Ha ypokax ¢muamku). IToaxe moHATHe O6GpAaTHOH CBA3H OBLIIO BHI-
AEJEHO KaK CaMOCTOATENLHOE, OMMCHIBAKIIECE CaAMOpPEryJupylonmuecs
CHCTEMEI.

Puc. 5.7 Cxema pabothbl perynatopa Yarra
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Ob6wexT ¢ camoperyasnueii MoKeT GBITH JOCTATOYHO YETKO CTPYK-
TYPUPOBaH; B YaCTHOCTH, B HeM MOTLYT OBITh BBIJEJEHBI YHPaBJIAIO-
muil U ynpasBifeMblil HOZOOBEKTE. ITHU MOAOOBEKTHI CBA3AHBI MHAMOD-
ManUOHHLIMHM KaHaJlaMHU: [0 OZHMM KaHAJaM IepemaeTcs YIPABIAIO-
masa uHGOpMAaNIUA OT YHPABJIAIONIETO 00BeKTa K YyIPaBIAEMOMY, IIO

IpyruM — uHAOpMamusa O pe3yJjbTaTaxX yIpaBieHus. JA mapoBoit
MAaIIIMHEI C PEryJsSTOPOM YATTa YIPaBAAIONNN 00BEKT — CaM peryJs-
TOp, YIPaBJAEeMBIN — MapoBOH KoTel.

m I'aBHBEIM B MOHATHH 06pa’1‘H01‘71 CBA3HU dABJIAETCA TO, UYTO U3MEHE-
HUe cocmosaHus obsexma Henocpeacmeenno C8s3AHO ¢ amum CO-
cmositHuem.

B mapoBoii MamimHe, KaK TOJBKO CKOPOCTh MAXOBMKA HAYWHAET
MpeBHINIATL YCTAHOBJEHHBIE IIpeAesibl, 00beM MOJAAYM Mapa yMeHbINaeT-
cA MPOIIOPIIMOHAJIBHO 3TOM CKOPOCTH M, HaoGOpOT, KOrga CKOpPOCThH IIa-
JaeT HUKEe YCTAHOBJIEHHBLIX IIDEAEJIOB, YBEJHUMBAETCS 00BHEM MOAaYH
mapa. OTMeTHM, YTO B 3TOH CHCTEMe DPEeryJsaTop He «BBLIACHAET» IIPH-
YMH YBeJHYEHUA WJIKM YMEHBUICHUs cKopocTu (pasHooOpasue 5THX MNpU-
YHH He NOJAJaeTCs ONKUCAHWIO), OH MPOCTO MNOAAEPKMUBAET 3aJaHHBIA
pesxuM paboThHI ITApPOBO MAIIMHEL.

BOMPOCH! U 3AZAHUS

Mpu Kakux YCNOBUAX BO3MOXHO ABNEHWe camoperynuposaHusa? MpuseanTte npume-
pbl CaMOPEryNMPYIOLNXCH - AUHAMUYECKUX CUCTEM.

Y10 Takoe obpartHaa cBA3bL?

Kakyio 06paTHyl0 CBA3b Ha3biBAOT OTpULATENbLHON, nonoxutensHon? lNpueeaute
npumepbi CUCTEM C OTPULATENBEHOW U NONOXUTENLHONM OBGpaTHON CBA3LIO.

Y10 Takoe roMeocras CUCTEMbI?

Cpenv npuBeAeHHBIX HUXE NPUMEPOB B3aUMOAEWUCTBUS YKAXUTE Te, KOTOPble OTHO-
CATCA K NoHaTuio obpatHol CBsI3u. [inA KaXgoro NPUBEAEHHOro BaMu ciaydas yka-
xute TMn obpaTHOI CBA3W, T. €. MNONOXUTENbHA OHAa UMW OTpULATENbHA:

a) N3MEHEHMe guameTpa KPOBEHOCHbLIX COCYAOB OpraHuama U Tennootaauu opra-
HU3Ma;

6) packpbiTue (MNK 3aKpbLITUE) 30HTUKA W Ha4Yano (MAN NpexpallieHue) AOXAN;

B) UBMEHEHNEe AOXOAHOCTU NPOU3BOACTBA M o6bemMa BbiNyCKaeMoin NPoAyKUMU;

r) U3MeHeHne NoKyNaTenbckoro CNPoca W LeHb! Ha ToBap;

A) U3MeHeHue APKOCTU FOPEeHMs NaMNoYKM U NOAABAEMOro HanpPsXeHwus;

€) uaMeHeHne ckopoctu 6era u cConpoTUBNEHUA BO3AYXa;

X) n3ameHeHue cxopoctu 6era n 4acToThLl NyNbLCa;

3) BOCX0A, (3ax04) CONHUA U BLIKAIOYEHUE (BKNIOYEHUE) OCBETUTENbHLIX NpuGopos;
1) 3BOHOK GyaunbHuka U nNpobyxaeHve Yenoseka.

©0 0 ©

0 BuinonHas TecToBkie 334aHMA K rnasam Hawero yde6GHuka, Bbl nonysanu wnHdpopma-
UMI0O O TOM, HacKONIbKO XOPOLWO YCBOEH U3yvaeMbii matepuan. Mbi Hapeemcs, 4TO
Bbl UCMNOAL30OBANM 3TY MHDOPMALMIO ONA NOCTPOEHUS YNPasneHus CBOUM NPoLEC-
com 06yy4eHua. Kakoin tun obpatHoi cBA3M Npu 3TOM peanusyertca?



NudopmaumoirHbie mogenu
B 304040X ynpasfaeHUs

Usyuaem cucrembr ¢ 06parHOi cBA3LIO

W3 npearipymero maparpada BhlI yiKe, HaBePHO, IOHAJJIH, UTO
cucTeMaMHu ¢ 00paTHOI CBA3bI0 MEI 3aHHMAJNCH €Hle B IJlaBe 3, U3ydasa
MOJZieJI OTPaHHYEHHOTO M HeoTrpaHMUeHHOro pocta. Ho BEI 00 aTOM TOT-
Aa He gorajbiBaauch. Ila 3To 6BLJIO M He HYXKHO — B TO BpeMsdA BHI OC-
BaMBAJIM NOHATUSA I'DaHHUI, aJeKBATHOCTH. Tellephb e MbI COCPEAOTOUYNM
BHUMAaHHe MMeHHO Ha oOpaTHOiH cBa3u. Haumem ¢ o6cy:kaeHHA TaKOH
3aJavH.

Ha BexoTOopoM ocCTpOBe KHMBYT JHCH M KpPOAMKH. Kpoamkwm mura-
IOTCA TPaBOM, KOTOPOIH BAOBOJIb HA OCTPOBE, a JIUCHI OXOTATCA Ha KPpo-
JHUKOB. JKOJOTH BpeMA OT BPEMEHH IE€PEeCUHUTHIBAIOT KPOJHUKOB M JIHC.
Bor uTo oum ycranoBuim:

= KO3(ODUIINEeHT NMPUPOCTA UMCJIa KPOJAUKOB 3aBHCHUT OT YCJOBHI

oburtanua (xojiogHad MJIM TeIlJlad 3MMa, CyXoe MJM BIIAXHOe
JIeTO, PAHHAA HJIH IO3JHAS BeCHA M T. 4.) U KoJaebJuerca B mpe-
meaax or 3,2 xo 4,7;

K03 PUIHEeHT NPUPOCTa YHUCIa JUC IIPONOpHHOoHAJNeH KOo3hduiiu-
€HTY IIPUPOCTA YUCJIA KPOJIHUKOB.

TpebyeTca yCTaHOBUTH, KAK MEHAETCA UMCICHHOCTH KPOJHUKOB M JIKC
C TeYeHHEeM BpeMeHH.

Pemenmne 3azaum, Kak OOBIYHO, HAUYMHAEM C IIOCTPOEHHS MOZEJIH.
Ham paunnl gBe momyasiuu: KPOJHKH u JHCH. CxemaTH4YHO H300pa-

3UM HUX TaK, KaK IOKas3aHO Ha pucCYHKe 5.8. 3gecb M(n) — mac-
ca KpPOJIMKOB uepe3 n Jer, a L(n) — mMacca JIUC B TOT K€ MOMEHT
BpEeMEeHH.

Ho st monmynsmuu He CYIIeCTBYIOT pas3fgeibHO, KasKaasi caMa IIo
cebe, a B3aMMOJEHCTBYIOT APYT ¢ APYTOM. OTO B3aMMOZEHCTBHE MOXKHO
n300pa3uThL cxeMoi, mpHBeJeHHOH Ha pucyuke 5.9. B aroii cucreme
JIETKO IIPOCMATPHMBAIOTCA TPH KOHTYpa o0paTHBIX cBaseii. OmumieM HX
pacueTHEIMH (QopMyIaMU.

Crauana zalimeMcsa KpoinukaMu. IJOCKOJIBKY KopMa y HHUX BJO-
BOJIb, TO UX IPHPOCT HUJET B COOTBETCTBUH C MOJENbIO HEOrDaHHUYEH-
HOTO pocTa. BOT TOJNBKO JHCHI HX IoexzaioT. KOHeYHO, allleTUT y pas-

a) 6)

M(n) M(n+1) L(n) L(n+1)

SASESS 0T X
TosS

Puc. 5.8 Moaenu npocreiimx aKoNnornyeckux cuctem

8—I‘el'flﬂ, 10 xa.
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M(n) M(n+1)

Toso

L(n) L(n+1)

SASHOUV X

Puc. 5.9 Ctpyktypa mMogenun 3KONOrMHECKO CUCTEMbI «IUCHI U KPONIUKW»

HEIX JINC MOJKET OKAas3aThCA pPasHLIM, HO B CpeJHEeM MOYKHO CUHTATDL,
4TO cbhejaeMad KPOJbYaTHHA II0O JHCAM paclpejellieTCA paBHOMED-
HO, T. €. Macca KPOJHMKOB, CBheAeHHHIX OAHOM JIMCOi, IPONMOPIHO-
HajibHA 00IeMy YHCIY KPOJHKOB. OTY MAacCy MOJYKHO 3aIHCATh Kak
cM(n), rae ¢ — Ko3dpIHUNHEHT, XapaKTEepPHUIYIOIIHil, MOMKHO CKa-
3aTh, «HEYBEepPTJIHBOCTL» KPOJHUKOB HJIH, HaoG0pPOT, YMEJIOCTHL JIHC
B OXOTe. 3HAYHUT, M3MEHEeHHe MAacChl KPOJHMKOB 3a IrOjJ MOJYKHO 3allH-
caThL TakK:
M(n + 1) - M(n) = EM(n) — cM(n)L(n).

3aecy £ — K03DPUIHEHT MPHUPOCTA KPOJHKOB 3a IOA.
To ke COOTHOILIEHHE MOXKHO IepeIlHcaTh TakK:

M(n + 1) =1 + k - cL(n))M(n).

A kak obcroar gena y aucuiy? fICHO, YTO NMPHUPOCT UHCIEHHOCTH
JHC TIPONOPIIMOHAJIEH HMX HMeIoLIeMycs KojauudecTBy L(n) m mpupocty
KpoabuaTuHbl M(n + 1) — M(n). Ecau npupocT HyJ/1eBOH, TO HOBLIM JIH-
caM Heyero OyZeT eCTb; €CJU JKe IPHPOCT OTPHUIATENbHBIN (T. €. YHCIIO
KPOJIMKOB yMEHBIIIAETCA), TO AOJPKHO yMeHbIIAThCcA M uyucao jguc. O6o-
3HAYUM KO3(DDUIINEHT IPONOPHHOHAJBLHOCTH Uepe3 §. SHAYUT, AJSA JHUC
MOJKHO HaIMcaTbhb TaKyio QopMynay:

L(n + 1) — L(n) = s(M(n + 1) — M(n))L(n).

Iepenumem 3Ty (dopMyay B BHAE, YAOOHOM JAs BEIYKUCJIEHUS
Ln+ 1):
L(n+1)=(@1 + s(M(n + 1) — M(n)))L(n).

BriOpaB Temeph HEeKOTOPHIH I'OJ B KaueCTBe HAYAJLHOrO (T.e. cuHu-
Taga n = 0), MBI, 3Haa Maccy KpoaukoB M(0) u maccy auc L(0), MoxeM
nocaenoBaTeJbHO BRIYHCAUTL M(1) u L(1), M(2) u L(2) u T. 5. Koad-
dunuenTsr £, ¢ U § U3BECTHH U3 HAGMIOAEHMHA 3KOJIOrOB.

Mogenp mOCTPOEHA; MOYKHO NPHUCTYIATh K KOMIIBIOTEPHOMY JKCIe-
PHUMEHTY ¢ 3TOHl MoAenblo. BEI ero mpoBeaeTe, BBHINIONHAS JabopaTop-
HYI0 paboty 24.
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Q Kak cka3aHO B OBBLACHUTENLHOM TEKCTE, B PACCMOTPEHHON MOAENU «<AUCHI U KPOnu-
KM» MMEeTCA TP KOHTYpa oBpaTHbIx cBaseit. Ykaxute ux. Kakue us atux censei se-
NAIOTCA NONOXMTENbHBIMU, @ Kakne — OTpuuaTenbHbIMU?

Q a) Mpennonoxum, 4TO BLINONHAETCS paBeHcTeo L(0) = % Kakue 3HaueHus GyoyT
umete M(1) n L(1); M(2) n L(2), ..., M(n) n L(n)?
6) MycTb UMeeT MECTO pPaBeHCTBO, 3anUcaHHoe B NyHKTe a. FOBOPAT B aTOM cnyvae,
4YTO 3HavYeHUs M = M(n) n L = L(n) xapakrepusyioT NONOXEHWE 3KO/IOrMYyecKoro

paBHoBecus B AaHHON Buonoruyeckoi cucteme. Kak Bbl aymaete, novyemMy Ucnonb-
3yeTcsa Takoe HasBaHue?

6 Kakylo ponb urpaiot nonoxuTenbHble oGpaTtHbie CBA3u B 3Bonouun Guonorudeckyx
cuctem?

Q Moactasum B dopmyny, nonyyeHHylo ana L(n + 1), BoiNuCaHHOE paHee COOTHOLIe-
Hue ona M(n + 1) ~ M(n). Torpa
L(n + 1) = (1 + s(k - cL(n))M(n))L(n).

Kakas mogenb pns nonynsiuMmn NUC ONUCbIBaeTCA 3Tol HOpMynoin, ecnu npeanono-
XWUTb, 4TO NONYNSILMSA KPONIMKOB UMEeT NOCTOSHHYI0 maccy M(n)?

T*’ B} Ynpasnewue no. npuHuuny o6parHoil cBA3N

CpaBHUM QYHKUIHMOHHMPOBAHUE ABYX CHUCTEM — JKOJOTHMYECKOM
CHCTEMBI «JIMCHI M KPOJHKHM» ¥ MAPOBOH MAaIIHHBI C PETYJIATOPOM YarT-
Ta (Tab6a. 5.3). CxomcTBo HaaMIO, He mpapia Ju? MoKHO cKasaTh, YTO
NOIYJIALHUA JHUC BBICTYIIAET PETYJIATOPOM YHCJIEHHOCTH KPOJIMKOB.

Tabnmua 5.3

Peakuus cucremol
Ha U3MeHeHune

U3ameHeHne B cucreme

Jncel n kponukun yBennyeHmne (UnN ymeHb- YBenuyenne (cootseT-
weHne) YACNEeHHOCTU Kpo- CTBEHHO yMeHblleHue)
nnkos YUCNEHHOCTU NUC

MapoBast MawwnHa ¢ YBenunyenne (Unn ymeHb- YBennyeHue (cooteeT-

perynatopom Yatta weHne) cKopocTn CTBEHHO yMeHbLUeHue)

cbpoca napa B KoTne

KoHeuyHO, B IPHPOZHOII cHCTEeME HHM O KaKOi lejieHallpaBJIeHHOCTU
BO3JEHCTBUA peub UATH He MoyKeT. Ho mpuposa moackassiBaeT HaM, YTO
¥ TPHU CO3JAHWHU YIIPaBJIAEMON CHCTEMBI €€ YCTOMUYHMBOCTEL o0ecmeuuBa-
eTcA HaJuuueM oOpaTHOU CBASH MeXAYy YIIPaBJSEMbIM M yIPaBIAKIINM
(peryaupyiomum) o0BEKTaMHU CHCTEMEI. ¥ IpaBJeHUe, NCIOJAL3YIomee 06-
PaTHYIO CBA3bh MEXAY YOPaBIAEMBIM U YIPABIAOINMM 00BbeKTaMH, Ha-
3bIBAETCA yNpaBJIeHHEM N0 NpMHUHNY of0parHo# cBaA3u., MEI MoOXeM
TIIPOAEMOHCTPHUPOBATEL 3TO CxXeMoil, n300pakeHHO# Ha pucyHKe 5.10,

8%
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CpaBHUM yhnpaBJeHHe [0

Ynpasnsiowmii MPUHITUIIY O0paTHOM CcBA3H ¢ pa-
ob6LeKT 6oToi1 cBerohopa, KOTODLIN ynpas-
(perynsiTop) JsieT JBU)KEeHWeM Ha IIepeKpecT-

Ke. 3Jech OTCYTCTBYET BCAKAafA
o6paTHasa cBaA3b, MO0 KaMALIH
CHUTHAJI TOPHUT 3apaHee 3aJaHHOe
Ynpasnsiembiii BpeMsI BHE 3aBHMCHMOCTH OT TO-
o6beKT TO, eCTL JH MAUINHE, ABHKY-
nmuecsa B AAHHOM HaNpaBJIeHWH.
Bor u monyuaeTrcs HepeaKo, UTO
Ha 3eJIeHBIH CBeT exXaThb HEKOMY,
XOTA B TO JXe BpeMdA Ha KpacHLIH
cTOMUT BepeHHIla Mamuu. K coxa-
JIEHWIO, B Halllell COMMANLHOM KM3HM UacTO MMeeT MeCTO yIIpaBJIeHHe
MMeHHO Taxkoro Tumna. He ciaydaiiHo GOJLIIMHCTBY JIIOAEH yIIpaBieHHe
npeAcTaBisdgeTcd Kak rpyboe HacHJIMe, BhIpakalolileecs B yKasax, NpH-
Kas3axX, 3aKOHAX, IIOCTaHOBJeHHAX. Ilogob6Hoe ympaBJieHHEe CTPEMHUTCH
IIPeAYyCMOTPETL M PETJIaMeHTHPOBATL BCE€ BO3MOJYKHLIE CJyYaH IIOBefe-
HHUA YIOpaBJsAeMOro O0beKTa, M €CJM BAPYr OOHapysKHMBaeTcA Jadeiika
AJig 00X0Ja TOTO MJIM HMHOTO ITOCTAHOBJIEHHMA, TO IIPOBOAUTCS paccjeno-
BaHME IIPUYHH KM IIPHHHMAIOTCA MEPLI II0 AAJLHEHIIEeMY HeZONYIIEHHIO.
Ho nageiiku-To Bceraa ecth M 6yAayT... HamoMHMM, YTO TJIaBHOE IIpe-
MMYIIECTBO YIIPABJICHUSA II0 MPHUHIIUIY OOpPATHOHN CBA3M COCTOHUT B TOM,
YTO PETYIATOPY He TpebyeTcd BBIICHATL NPUUYMHBI U OOGCTOATENLCTBA,
KOTOphle NPUBEJM K H3MEHEHHIO COCTOSHMUA YIIPABIAEMOTro O0BEKTa,
a OH IIPOCTO pearupyeT HA 3TO U3MEHEHUE.
B sxomomuueckoil céhepe NpUHIUI OOpPATHOH CBA3H NPOABIAETCH
B AeliCTBHM DPBLIHOUHLIX 3aKOHOB. IIoBEIIIeHMe cIpoca IPUBOAUT K IIO-
BBLINIEHHIO II€HLI, NOBLINIEHHE IIeHLI JeJlaeT BLITOAHLIM yBeJIHUYeHHe
IIPOM3BOJACTBA JAaHHOTO TOBapa, YBEJHMUYEHUE IPOM3BOACTBA IIPHBOLHUT
K CHHIKEHHIO CIIPOCa, CHUIKEHHME CIIpoca BJIEUET NaleHue IeHbI U T. 1.
Ha pucynke 5.11 usobpakeHa cxeMa 3KOHOMHUYECKOrO B3aMMOJEMCTBUA.
Koneuno, sTa MoJeJib BecbMa yIpollleHa. 31ech, K IIpUMepy, He OT-
pakeHO AeHCTBMe TaKoro ¢akTopa, KaK IIOKyIaTeJlbHasdA CIOCOGHOCTH
HaceJeHHUsa M MHoroe Apyroe. Ho MbI ofpaiaeM Ballle BHUMaHHe MMEH-
HO Ha Hajauume oOpaTHOI CBA3HM y)Ke B HAHHOIl, COBCEM IIPOCTOM Moze-
JI1 3KOHOMMYECKOTO YIIpaBJICHHUA.
IIpoBeneHHEBI BAMM KOMUIBIOTEPHEIH 5KCIEPUMEHT C MOAENbIO «JIH-
Chl M KDOJIMKH» JeMOHCTDHMPYET €Ille OAHH BaXHbIHi MOMEHT B (DYHK-
IIMOHUPOBAHUHN JHHAMHYECKOH CHCTEeMBI. BCIIOMHHTE, €CJIM YHCJIEH-

Puc. 5.10 Ynpasnenne no npuHuuny o6-
paTHOW CBA3U

MNMoTtpebnenne
{cnpoc)

> Lena » [pon3BOACTBO |

Puc. 5.11 MNpocreiiwan skoHOMUYECKan MOAENb



UndopmaunoHHble mopenun
B 30A04Y0X YNpPABnNEeHMA

HOCTh JINCHUI[ HAMHOrO OTJMYAJACH OT TOM, KOTOpas HeoOxoaumma s
3KOJIOTHYECKOTO PaBHOBECHs, CHCTEMAa He MOTJIa NPHUHTH K 3TOMY paB-
HOBECHIO M PaspyIIaJIach.

Aaa kaxcdoit cucmemvt cyusecmaeyiom onpedeneHHble 2PAHUYBL YC-
moiluueocmu amoil cucmemuvl, 8 KOMOPuvLX OHA COXPAHAEM CE0I0
YyenocmHocms; 6bLX00 3G 3MU ZPAHUYbL NPUEOOUM K PA3pYULeHUIO
cucmemut.

HNmMeHHO BLIXOAOM 3a IpPaHUILI YCTOMYMBOCTH OGBACHAIOTCS 3KOJIO-
rmdyecKue KatacTpodbl M 3KOHOMHYeCKHe Kpusnchi. I uToOBI cmcTeMa
OblJIa BOCCTaHOBJIEHa, HeoOXOAMMO BEepHYTH e€e B 00JIacTh caMOperyJiu-
poBaHUA. A JAJIs 9TOro BajKHO 3HATH, KAKOBHI JK€ IPAHMUILI 3TOi obGJac-
. HaxoauTh UX KaK pa3 M [IOMOraeT KOMIILIOTEPHOE MOAeIHpPOBaHUE
3ajla4 YIpaBJIeHM.

BONPOCHI U 3A0AHMA
Y10 Takoe ynpasneHwe nNo NpuHuuny obpaTtHoit cBa3n?

B uem npuuunHb! paspylieHnss cUCTEM, CNOCOBHbLIX K CamMOpPerynimposaHnio?
MpuseauTe npumepbl ynpasneHuss No NpuHUuny ob6paTtHOW CBsA3w.

Ha pucyHke 5.11 npusegeHa npocTeilas cxe-

OB606

Ma 3KOHOMMWYECKOro B3aumopencteus. Bee- Mokynatenbhas
AeM eile OauH 2N1eMEHT 3KOHOMuuYeckolh cu- ——=i cnocoBbHOCTE —
cTeMsl (puc. 5.12). Hacenexunsa

Kak, no BawiemMy MHEHUWIO, €ro cneayer BCTPO-
WUTb B YKa3aHHyio cxemy? MNepeuyncnute BO3HU-
Kaowme Npyu 3TOM KOHTYPLl 06paTHbIX cBA3eh
M 4na Kaxgon w3 obpaTHbix ces3el onpepe-
niTe, NONOXUTENbHA OHA WKW OTPuUUATENbHA.

@ B § 44 paccmatpuBanach 3apada o6 opraHu3auuun noceweHust napka. MNpepnoxeH-
HOe Ans 9TOW 3apauM pelleHne He npeaycmarTpusaeT obGpaTHOW CBS3W B ynpasne-
HUU noceweHusaMU napka. lNpeanoxure ynpaeBneHue, peryaupylowee nocewe-
HWE napka WU OCHOBaHHOEe Ha npuHumne obpaTtHon cea3u. (C o B e T. Mpu nocTpoe-
HUM yNpasfieHNs UCNONbL3yNTe 3aKOHOMUYecKue GakTopsbl.)

@ a) N3BecTHa UCTOPUS O TOM, YTO NPaBUTeNb OAHOrO U3 BOCTOYHLIX MOCYAAPCTE Nna-
TUN CBOEMY Bpauyy TONILKO B TO BPEMS, KOraa OH He Bonen. PaccmoTpute 3Ty CUTy-
aumio Kak ynpagneHue B CUCTEME «Bpay — NauMeHT». YKaXuTe UCNOoNb3yeMblil 3aech
TN OGpaTHOW CBSI3M — NONOXUTENbLHA OHA WKW OTpUuaTentHa.

6) Kakon Tun o6paTHO CBA3M WMCNONbL3YEeTCA B COBPEMeHHOM, Haubonee pacnpo-
CTPaHEHHOM BUAE MNNATHOrO MeAVUMHCKOro obcnyxusaHusa?

B) Kakot Tun ynpaeneHus peannayetcs nNpu 6ecnnaTtHOM MeguuuHCKOM obcnyxu-
BaHUN?

@ MpakTuyeckn BCce rocynapcTea Mupa 3akoHoaaTenbHo GoploTca ¢ M3OOUMCTBOM (aa-
yel N nonyvyeHnem B3ATOK) CBOUX YMHOBHWUKOB. OTa 6opbba uHorpa GuiBaet Gonee
YCNELHOoM, 3a4acTyi0 MeHee, HO HEe MOXET WUCKOPEeHWUTb 3na, NOCKONbLKY onupaeTcs
TONBKO Ha CcTpax nepeq pasobnavyeHneM v NocneayliwM HakasaHuem. MNpeanoxu-
T€ Kakon-nmbo mexaHnam Gopbbbi CO B3SITOYHMYECTBOM, OCHOBAHHLI Ha NpUHUMNE
obpaTHOW cBA3MU.

Puc. 5.12 JononHutencHuiii ane-
MEHT 3KOHOMMUYECKON
CUCTEMDI
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-f Fno6anuhbie moaenu

B mpeawsigymiux maparpadgax MBI pacCMOTPEJH BeCbMa IIPOCThIE
Moaeau yupasjaeHusi. OTHOCATCA OHM K MaJibIM TEPPHUTOPUAM HJIHU BeCh-
Ma MaJIBIM COBOKYIHOCTAM OOGBEKTOB. JOTO TAaK Ha3bIBaeMble€ JIOKAJb-
HBle MoAeau. B peaJbHOM yIpaBJeHHM HCIIOJbL3YIOTCSI HaMHOro 6oJee
CJIOJKHBIE MOJEJH, YYHTHIBAIONINE MHOTOYMCJIEHHEIE M DPasHOPOZHBIE
dbaxTopri. Ho mpuHIMOLI MOAEJHMPOBAHHSA M YIPABJIEHHNA OCTAIOTCH
O0IIMMHU KaK IJd OOJBIINX MoZeJe#, Tak U AJA MaJeHbKHX. A rjas-
HO€, YTO POJib MaJeHbKHX MOAeJjeil coBceM He MajieHbKasd. Beab MEI
MOKeM COeAUHATh MX MEXAY C000H, CIIOBHO 3JeMEeHTHI KOHCTPYKTO-
pa, U MOJYYaTh CJHOKHBIE MOAEJN, ONNCHIBAIONINe OOJBINNE IPOCTPAH-
cTBa M MHOrodaxkTopHoe BoadZeiicTBHMe. Takme MOZeH, OIHUCHIBAIO-
me MHorohaKTOpPHEIE NPOLECCHI, IPOTEKAIOIM(Me HA TEPPUTOPHUAX
GOJILIIIMX PErmnoHOB, CTPaH MJIH JajKe BCEero 3eMHOro miapa, IOJy4YHu-
AU Ha3BaHHE 2.00anbHbiXx Mmodeneii. B 70-e rogpl B Buiunciaurenb-
HoM ueHTpe Arkagemuu Hayk CCCP mox pyKOBOACTBOM aKaleMHKa
H. H. MouceeBa 6blj1a HauaTa pa3paboTka mepBoil raofajipHON MozZe-
an 6uochepnl 3emyn, CIOCOOHON IIOKasaTh, YTO OyAeT IIPOUCXOIUTH
¢ 3emyeil B pe3yJbTaTe TeX UM HHEIX BO3ZEMCTBUN Ha Hee UeJIOBe-
yecTtBa. FIMeHHO Ha 3TO# MoJejH OBLIH NPEICKA3aHBI IIOCJAEACTBUA
ANEepHOM BOMHBI, B KOTOPOH He MOMeT OwITh moGeanuTens, nbo mocien-
CTBHA ee O6YAYT HeOoOpaATHMEI.

Jpyrue rimobanbHEIe Mogeau, mocrpoeHHble B 80-e roabl XX Beka,
NOKAa3aJik, 4TO 0e3yAep:KHBIH POCT MOTPeOJeHNA UYeJOBEUECTBOM JaiKe
BO300HOBJIAAEMEIX PECypPCOB TOKE IIpHBeJeT K Kpaxy. HyskHa npogyMmaH-
Haf, 9KOJIOTMYECKH BHIBEPEHHAadA CTPATEeTHs YIpPaBJIeHUS HA BCEX YPOB-
HAX — OT pailoHa A0 rocyJapcTBa M cO00IIecTBa rocyJapCTB, UTOOH de-
JIOBEUeCTBO OCTajJoch Ha 3eMmJe. TakHe cTpaTeru €CTh, U HaAXOAUTh MX
nomMoramT HHGOPMAIMOHHBIE KOMIIBIOTEPHLIE TE€XHOJIOTHH.

e

BOMPOCH!

o Y10 Takoe rnobansHuie mMopenn?

e B yem Bbl BUAUTE PONb MHPOPMATUKUA Y MHPOPMALIMOHHBIX TEXHONOTUIA B XU3HU CO-
spemeHHoro obuwectea?

UTOTV MABbI | 5

ITosmopum Kpamko mo OCHO8HOE, HMO 6bl Y3HAAU, UYHUE 2aa8Y 5.

Hayka, uaydyamiiaa HMHGOOPMAIMOHHbIE IIPOLECCH B YIIPaBJIEHHH
JKHBRIMM OpPraHU3MaMH, COLMAJIBHBIMHU M TEXHUUYECKHMH CHCTEMAaMU,
Has3bIBaeTCsA KNOEpHeTHKOIl. YIpaBjieHHEM Ha3blBaeTCsa Bo3ZelicTBHe Ha
o0BEeKT WJIM IIPOIleCC, MMeEIoIlee CBoeil Ieabio IOAydYeHHe TpebyeMbIx
3HAYeHNH IIapaMeTpPOB 9TOro oG'beKTa HJIM IIpolecca.
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OgHUM M3 BaKHEHIINX BapHaHTOB peajIM3allHH yIIpaBJjeHHs, OCO-
6eHHO YacTO BCTpeYalOIIMMCA B TeXHHMUYECKHX CHCTeMaXx, ABJIAETCA
yIpaBjleHHMe Ha OCHOBe 3apaHee IOATOTOBJIEHHOM MHCTPYKIIMH, OIIpeje-
JdAmlell nmporpaMmy gefictBuii o0beKTa. OZHAKO B KHBOIH IIpHUpone
npeobsazaeT APYroil NPUHIWUI YIOPABJIEHHUSA — YIPAaBJE€HHUE HA OCHOBE
o6paTHOI CBA3U.

O0paTHO# CBA3LI0 HA3LIBAIOT BO3AEiCTBHE BBIXOAHBIX IIapaMeTpPOB
ynpasjaaeMoro o0mexTa (Ipolecca) Ha €ro e BXOAHBIE ITIapaMeTphl.
Ilpu mHanumumu obpaTHO# cBA3H 00BEKT (Ipoliecc) obsamaeT CIOCO6-
HOCTBI0 K caMoperyaauuu. OcyecTBIeH1E OOpPaTHON CBA3HM BO3MOYKHO
JHUIIb B TOM cJIy4ae, KOrJa COCTOAHHE, B KOTOPOM HaXONUTCA paccMar-
pHUBaeMBIii OO'BEKT (IIpolecc), aABaAAeTcA (PAaKTOPOM, BO3NeHCTBYIOLIUM
Ha HEro caMoro.

O6paTHaa cBA3HL HA3BIBAETCA OTPHUATENLHOH, eCJH OHA obGecleunBa-
eT BBIPAOOTKY YIIPABJIAIOIIETO BO3AelCTBHA, HAIIPABJEHHOTO HA YMEHb-
LIeHHEe PAaCCOTJIACOBAHHA MEXKAY SAHAHHBLIM M A€HCTBUTEJbHBLIM 3HAYe-
HUAMH IIapaMeTpa cucTeMbl. BosHukalomuii npu arom addeKT ycToi-
YUBOCTH CHCTEMBI K BHEUIHHM BO3JeHCTBHUAM HASLIBAIOT I'OMEOCTA30M
cucreMsbl. [lonoxxuTeabHOH HasnIBaeTcA obOpaTHasaA CBA3b, obecnmeuuBa-
puag BHPaOGOTKY ynpaBiAIIero BO3ACHCTBHA, YBEJHYHUBAKIIETO
BO3HHKIIIEE pacCOoTJIacoOBaHie. B 'KHUBLIX NPHUPOJHBIX CHCTEMAX BCe IIPO-
LHeCcChl IIOAYMHEHBbl INPHHUUIY OOPATHOIH CBASH.

JJIa RasKI0M CHCTEMBI CYIECTBYIOT OIIPEJeIEHHBIE 'PAHHUIILI YCTOM-
YUBOCTH €€ (PYHKIIMOHHUPOBAHUS, B KOTOPHIX OHA COXPAHAET CBOIO Lie-
JIOCTHOCTH; BBIXOJ 34 3THU I'PAHHUILBI IPUBOIUT K Pa3PyUIEHHUIO0 CHUCTEMBI.

. MPOBEPb CEBS

Yacrb 1. Ilpu BBHIIOJIHEHHUHM HPEAJIOYKEHHBIX HI)Ke 3aAaHHil 3aluIINTe
y ceba B TeTpaau mu@dp 3aAaHHA W HOMEp IPaBHJBHOro orseTa. Ilo okoHua-
HHH pabGoThl cBephbTe MOJIVUYHUBINYIOCA Y Bac 3aluCh ¢ KJWOYaMHU Ha c. 269.

A1. BoapelicTBie BEIXOAHBIX ITapaMeTpoB OG'BEKTA Ha €ro BXOJHBIE IIapaMeTpPhI
HA3EIBAETCH:

1) romeocrasom; ,2) oGparHOil CBA3BIO;  3). 9BOJIOLUEIi;
4) cpexu BapMaHTOB, YKA3aHHBIX B MYHKTax 1—3, HeT mMpaBHUJILHOTrO.

A2. OCHOBONOJIO)KHUKOM KHOGEPHETHMKH ABJIAETCH:
1) Hx. don Heiimasn;
2) H. Bumnep;
3) K. llenHosn;
4) A. H. Kosmoropos.

A3. Ina Toro utobul o6ecnedyuTh YCTOMUYMBOCTH CHCTEMBEI NPH YIPABJICHUHU IO
NpUHIUNY obpaTHOii cBA3MU, o0paTHaA CBA3b JOJIYKHA OBITH:



A4,

1) crabuabnoii;

'2) TONOKUTENBLHOM;
-8) oTpUIATENIHHOI;
) no6oii.

Cuctema MOXKeT OBITh YIIPaBiAsieMOH TOJBLKO B TOM cJiyuae, €CJIM OHA:
1) marepmanbhas;

-2} undopMauHOHHAA;

-8). JIUAaMUYecKas;

-4) HaXOZUTCA B COCTOSAHHUM rOMEOCTa3a.

YacTe 2. IIpu BHINOJHEHMM NpPEAJIOKEHHBIX HUIKe 3aJaHuil 3alMIIHuTe

y cefa B TeTpagu mudp 3aZaHUA U OTBET B BHAE NOCIEHOBATEJIHLHOCTH CHMBO-
JoB. ITo oKoHUaHMM paGOTHI cBepbTe MOJYUYUBIIYIOCS YV Bac 3alUCh C KJIOYa-
MH Ha c. 269.

B1.

B2.

B3.

O6paTHas cBA3b, NP KOTOPOI BO3HMKINEE B CHCTEME PaccorjacoBaHUe
YBEJIHUUYNBAETCS, HA3LIBAETCS .

IlenenanpaBieHHOEe BO3JefCTBHEe Ha OOBEKT MJH MpPoIlecc, COBepIaeMoe
C LleJbI0 MOJIYUeHUSA TpeGyeMBIX 3HAYeHHH IIapaMeTpPOB 3TOro oGbeKTa
HJIM TIpollecca, Ha3BIBaeTcA .

Huke npuBefeHbl IPUMepPE HEKOTOPBIX PEryJUPYIOIINX YCTPOHCTB:

T} peryasarop mozauu BoAbI B GaK: IIOIUJIABOK, COEAMHEHHBLIH C 3ariyIl-
KOii, IlepeKpHIBAIOIeil JOCTYI BOJHI;

2) cBerodop;

‘3) memndepHBIA peryjaAaTop ABepU: Y€M MeEHbINE OTKPHITA ABEPhb, TEM
MeJJIEHHCE OHA 3aKPHIBAETCSH)

‘@4) TepMoOperyJATOp yTIOra;

B5) 2JIeKTpUYECKNIH IPEeFOXPaHUTEIIb;
B) cosHIe3alUTHBIE CTEKJa: YeM HHTEHCHUBHee CBET, T€M OHH TeMHee.

BriGepuTe M3 3TOro CIIHUCKa PeryJAaATOpHl, JAeHCTBYOIIHe 0 NMPUHIUNY 06-
PaTHOH CBA3H, U 3aIMIINTE UX HOMEepa B NMOpAAKE Bo3pacraHusa 6e3 mpo-
6€JIOB U 3HAKOB IIPEIMHAHU.



BrinosmHATH 3aJaHHuA JI&ﬁOp&TOpHHX pa60T, IIOMEIIeHHBIX B 3TOM
pasfene yueGHUKa, BH OyJeTe B KOoMObOTepHOM KJaacce. IlosTomy Ha-
IOMHUM IIDABHJIa TeXHUKH Ge30macHOCTHM — BeAb K Kadjomy pabo-
yeMy MeECTY IOABeIE€HO OImacCHoOe OJA MH3HH HaIpAXKeHHe 3JIeKTpH-
YecTBa.

1. Ecniu Bl 0GHADYXKUIM KaKyio-Iub0 HEWCIPABHOCTH, HEMEIJIEHHO
coobmuTe 006 aToM mpenozaBarenio. He paGoraiiTe Ha HeHCIIPABHOM
obopynoBanuul

2. He BrIIOualiTe M He BHIKJIIOYAliTe KOMObIOTEPHI 6e3 paspelieHHs
y4uTesnd.

3. He Tporaiite, a Tem GoJjiee He gepraiiTe pasJUYHBIE IIPOBOJA.

4. He cTyuyuTe IO KJIaBHATYpE M MBIMIKE.

5. He paboraiiTe Ha KOMIOBIOTEpPE C I'PASHBIMH PYKaMH.

JIJIH Bamiero 3gOopoBbA BayHO H TO, KAK BBl CHAHNTE IIepe] KOMIb-
I0TepOoM:

I103BOHOYHHMK IOJIKEH OBITh BEPTHUKAJBLHO NPAMBIM; COHHA ONH-
paeTcd Ha CIHMHKY CTyJja.

CrynHE ygo0HO CTOAT HA MOJY MJIH CIEIHAJBHOH IOJCTaBKe.
He HaknoHaliTeckh K 3KpaHy. PaccTosHHe OT rJja3 A0 3KpaHa
JOJXKHO OBITH He MeHee BEITAHYTOM DYKH.

BepxHuit kpaii SKpaHa pacmojiaraeTcsi IpMMepPHO Ha YPOBHE Ba-
IIHUX IJIas.

Ecnu BBl IOCMOTPHTE HA LEHTD 3KpaHA4, TO JUHHA BAIIero B3rJfd-
Ja OOoJIKHA OBITH NMepHeHAUKYIAPHON IIOCKOCTH 3KpaHa, T. €. 9K-
PaH JoKeH OBITH PA3BEPHYT HEMHOI'O BBEpPX.

Ilneuu oTBeJeHBI Ha3aJ M OINYIIEHBI, H TOTZA BaM HE COCTABHT
TpyAa yAOOHO pACHOJIOMKHUTH PYKU HAJ OCHOBHBIMH KJIABHUIIAMH
cpegHEro psaza.

XoTA mpakTHKyM HasbIBAeTCS KOMIILIOTEPHBIM, 3TO BOBCe He O3HA-
yaeTr, 4TO, NIPHUCTYIad K BRINOJHEHHIO 3alaHuii nabopaTopHoii pabGoThI,
HYXHO TYT e BKJIOYATh KOMIIBIOTED. M=1 COBeTyeM CHa4YajJia BHHMAa-
TeJBbHO IIPOYHTATE 3aJaHHEe H NOopasMbBIIJIATH, KAK HMEHHO Gyne'r HC-
IOJIB30BATHECA Ta HJIH HHasd KOMIBIOTEPDHas TEeXHOJIOTHA [OJdA €ro BbI-
INOJIHEHH A.
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rm JNla6oparopras pabora 1 (k §5)

O6paborka uncnoBoit uHpopmauum

TlepBble KOMIIBIOTEPHI OBLIM MMPHU3BaHBI OGJIErYUTH UYEJIOBEKY O0Opa-
60TKY uMcJIOBOM MHpopmanuu. IIpaBaa, OHM Aejiajy 3TO JaJieKO He B ca-
MO ymoOHOH s uesoBeKa tdopme. HacTosimuii nmepeBOpoT B TEXHOJIO-
r'Mu o6pabGoTKM YMCIOBOM MH(OpMAIMH IpoH3omes, Korga B 1979 roay
. Bpuxkaua u P. ®psHKCTOH CO3JAJMH IMEPBYIO 3JIEKTPOHHYIO TabauIly.
Mp1 Toske IpejgJaraeM BaM HadaTh KOMIIBLIOTEPHEBIA IIPAKTHKYM C 00-
paboTKM 4YHCI0BOH MHGOPMAIMY C IIOMOILLIO 3JIEKTPOHHOH TabiauIlbI.
B omumcanum paGoThl MBI OPMEHTHPYEMCA Ha JJIEKTPOHHYIO Taliauiy
Microsoft Excel, xoTopoii, BeposaTHee BCero, 6yJAeT IOJbB30BATECA 00JIb-
IIMHCTBO M3 Bac.

TIpucTtynas K BBINOJHEHHIO JabopaTOpHOII paboThl, BBl AOJIMKHBI
BCIIOMHHTDb, KAK 3aMOJMHAETCA IEKTPOHHAA Tabjnila U KaK C e€e IOo-
MOIILI0 IIPOU3BOAATCA BhIUMCHAeHHA. OCHOBHBIE IIPABUJIA MBI IPHUBOAUM
HHJKE; €CJIH BaM NOHAAOOMTCS ROIMOJHHTEJILHAas WHPOpMAaIMd, BbI Jer-
KO ee IIOJIYYHTe, BOCIIOJb30BABIINCHL BCTPOeHHOII B Excel cmpaBkoii.

TIpn uCHOJIL30BAHHM 2JIEKTPOHHOM TabGJIMIIBI YacTh MCXOAHOM dYHC-
J0BO# MHGPOPMAIMHN 3AHOCHTCA IIPAMO B €€ KJETKH (AYeMKM dJIEKTPOH-
HOI Tabauner). ATy MHGOPMAIMIO HA3LIBAIOT MCXOAHLIC AaHHBIE. Kpo-
Me TOro, B ApPYrue AYeHKH HeOOXOZHUMO 3amucaTh (POPMYJIBI, IO KOTO-
PHIM PACCUHUTHLIBAIOTCHA Te€ JAaHHBIE, KOTOPLIE ABJIAITCA MHTEPECYIOIINMU
BaC pe3yJLTATAMH.

Kaxxpaa cTpaHHlla 5J€KTPOHHO#I TabGaHILI pasdmuTa Ha cmoabybi,
0003HaueHHEIe OYKBaMH JIATHHCKOrO ajipaBuTa, U HA CMPOKU, IPOHY-
MepOBaHHBIE IIeJBIMHA YHCJIaMH, HO CAMO 9TO pasOHeHHe DU BHIBOJAE Ha
IPHHTEP He IIeYaTaeTcH.

Binarogapsa pas3OHeHHIO Ha NIPOHYMEPOBAHHBIE CTPOKHM M IIOMMEHO-
BaHHLIE CTOJIOILI, KaKAas sAdeiika 3JeKTPOHHOH TaOJHILI MMeeT CBOM
coOCcTBEeHHEIN ajgpec.

Ana xaxmoil TabJMHIbI CYIIECTBYIOT CIEIlnajJbHble IIPABHJIA €€ 3a-
MOJIHEeHNs, YKasaHHBEIE B HHCTPYKIHMH IIOJb30BaTENI0. [lJIg 3JIeKTPOH-
Hoit TaGiauusl Microsoft Excel aTu mpaBuia TaKoOBHI:

¢« Eciu cpeiM CHMBOJIOB, BBOAMMEIX B SA4YEHKY, €CTh OYKBBI WJIH

Apyryve CMMBOJEI, KOTOPBIX He MOKET OBITH B YHCJE, TO 3TO TEKCT.

Hanpumep, TeKCTOM SABJAIOTCA CJAEAYIOIIHE IIOCIeA0BATEILHOCTH
cuMBoJIOB: Bacuauii, nau 10.234.245, uiau al234.

> Ecaiy BBOAWUTCA NPaBMJIBHOE YHCJIO, TO 3TO YHCJIO.
Hanpumep, 234.

+ YT0oOBI 2JIeKTPOHHAA TaGJMIla PacIIO3HABAJAa, YTO BBOAHUTCH TEKCT
uam Gopmyiia, MCIOJL3YETCA 3apaHee OOYCJOBJIEHHBIM 3HaK.
dopmysia Bcersa HAUYMHAETCA CO 3HAKA «=».
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OneKTpoHHas TAabONMMUIA UMeeT AOBOJBHO 3HAYUTEJILHBIN Habop cTaH-
JapTHHEIX PYHKIHI, 06Jerdanlnux KHU3Hb IoJab3oBaTesno. Ilycth, Kk mpu-
Mepy, Hano B guelike C6 IMONyYHTh CYMMY UMCeJ, 3allUCAHHLIX B fueii-
kax B6, B7, BS, B9, B10, B11, B12. lina atoro B C6 Mo:xkHO 3amnm-
cate dopmyny

=B6+B7+B8+B9+B10+B11+B12

A eciu Hano CIOXKUTL He CeMb, a ABAAIlaTh CEMb HJIHM CTO C€eMb YH-
cen? Yro6pl He IHCATH AJHUHHOE BEIPAYKEHNE, MOKHO BOCIIOJIbB30BATHCA
cTaHAapTHOH (yHKIMeH, KOTOpasa Ha3bIBAETCA CYMMUPOBAHUE COIED-

JKHUMOT0 610Ka Aveex:
CYMM(B6:B12)

HanoMHMM, UTO 610KOM AveeKx B SJIEKTPOHHOI Tabjulle HA3HIBA-
eTCsA COBOKYIIHOCTL BCEX fAYEEK, 3allOJHAIOIMNX HEKOTODBIH IIPSAMO-
yroabHuK. Jas Toro 4tobnl 3JEeKTPOoHHaA TabJHIa 3HAJA, ¢ KAKUM
6/I0KOM €l MMeTh [eJI0, YKa3bLIBAalT depe3 ABoeToune adpeca sS4eeK,
CTOSIIIUX B JIEBOM BE€PXHEM M HPABOM HHXKHEM yrJjiaX IPAMOYTOJbLHU-
Ka. Y 3JIeKTPOHHOM TaGJUIBI €eCTh MHOTO PAas3HBIX omeparmii Haz 6Jio-
KaMH si9eeK. O9TO MOMCK MAKCHMMAJbHOTO WJIM MHUHUMAJBHOTO 3JIEMEH-
Ta, pacueT CpeJHEro 3HAYEHHS MU T. . DJIOK AYeeK MOKHO CKOIMpPOBATH
WJIM [EePEeHeCTH B Ipyroe mMecto Tabiauubl. IIpu 3TOM HaZO Y4YUTHLIBATH,
gyto B Excel ocHOBHOII sBJIseTCA OTHOCHTEABHAA aapecanua gieeK. JTO
O3HAUaeT, YTO IPH KOMUPOBAHMM (GOPMYJIEI M3 ONHOHM s4YeHKH B APY-
IryIo ajpeca siueeK, BXOLAIUUX B (GoOpMyJay, U3MEHAIOTCA Ha Te BEJIHUYHU-
HBI, Ha KOTOPbIe OTJIMYAETCs aapec HOBOil sueiiku. Hampumep, ecau
YKas3aHHYIO BeIIIe dopmyny u3 sadeiikm C6 cxomupoBaTrh B siueiiky E3,
To B Auyeiiky E3 6yzmer sanmucana dopmyaa CYMM(D3:D9) — seab 6yk-
Ba E monyuaercs u3 OykBoel C CABMIOM Ha JBe MO3UIHNH BIPaBO, IIO-
atomy B B dopmyne samensierca Ha D; a umcyo 6 or umciaa 3 oriaum-
yaerca Ha —3. Ecau Heo6xoauMoO, 4TOOBI KaxKoil-TO 3JIEMEHT azpeca He
MEHSAJICS IMPH KOMHPOBAHHUM (TaK HasniBaeMafd afco/loTHAd anpecanmud),
TO mepen HUM cTaBuTca 3HaK $. Hampumep, ecau 6nr B C6 Onita Ha-
nucana dopmyna CYMM($B6:B$12), To mocsie KOMUpPOBaHUA 9TOH DOp-
mysasl B E6 Ttam 6nuta 661 3anucana dopmyna CYMM($B3:D$12).

A Temepr monpo6yeM IIPHUCIOCOOHTHL 3JIEKTPOHHYIO Tabiauiy Ajad
penieHus 3ajadyd, KOTOPAS MOKET BO3HHKHYTHL B IIPAaKTUYECKON Aed-
TEJBLHOCTH.

1 Buaajnesel; aBTOCTOAHKM XO4YeT ABTOMATH3UPOBATL PacUYeThl ¢ KJIM-
€HTAMM 3a yciyru. PaspaboTaiiTe 3anojiHeHHe 3JIEKTPOHHOM Tabsiu-
IILI, KOTOPOE IMO3BOJUJO OLI 3TO CHAEJIATD.

JoroBopuMcsa uHbopManunio 06 MCIOJb3OBAHUM MeECTAa Ha CTOSH-
Ke 3aIMChLIBATL B CTPOKY. UT06HI Tabiuiia He Oblja 04YeHb GOJBIION
MO0 YMCJY CTPOK, AOTrOBOPHMMCSH, UYTO Ha cTogHKe 10 mect. IIpocreii-
muii BapMaHT 3alOJIHEHUS TabJMIBI MOKET BHITIALETL TaK, Kak
noxasano B Tabaune KII.1.

a5 BpeMeHM mpmesna U oThe3ia BHIOpaH ¢dopMarT, B KOTODOM
IO 3aIlATOM VKAa3BIBAIOTCH 4Yachl, a MOocJe 3aHsiTOi — MMHYTHI. JTO
MO3BOJIsAET paboTaTh ¢ 3TMMM AAHHLIMHM K&K C YMCJIaMH.
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P> Tpebyer obcy:xaenus um dopMmyJia pacueTa NPOLOJKHUTEAbHOCTH
croaHKu. IlepeBoa BpeMeHH mpuHesfa B MHHYTHI BBIIVIALUT TaK:

60*L{enoe(B2)+(B2—Llemoe(B2))*100,

rae Llemnoe(B2) — aTo mejas YacTh YMCJA, 3allHCAHHOTO B s4eilky B2.
Tenmeps yKe JIETKO NMOHATH, KAaK HOJydYaloTCa GOpPMyJinl, 3anuCaHHbBIE
B cTroubue D. @opmysay MOMKHO HamucaTh TOJHBKO OJWH pa3, a 3aTeM
CKOITMPOBATh €e B Apyrue aAdeiiku crojibna D. AHaJOruyHoO 3amoJIHAET-
ca croaben F (e 3a0yabTe OTMETUTH HEKOTOPHIE DJIEMEHTHI aJ[pECOB KaK
abcosioTHbIE). <]

2 3amouauure croabusl B u C B coorBercTBun ¢ Tabauneii KII.2.

3 A rTemeps B sAueiike E3 moacumTaiiTe AHEBHOH A0OXO0J aBTOCTOSAHKMH.
Beenute B aueiiky G7 dopmyay:
=ECJIN(MN(B2>11;A2<12);1;0)+ECIIN(M(B3>11;A3<12);1;0)+
+ECJIIM(MN(B4>11;A4<12);1;0)+ECJIM(U(B5>11;A5<12);1;0)+
+ECIIN(MN(B6>11;A6<12);1;0)+ECIIU(MU(B7>11;A7<12);1;0)+
+ECJIIN(U(B8>11;A8<12);1;0)+ECIIN(MN(B9>11;A9<12);1;0)+
+ECJIM(A(B10>11;A10<12);1;0)+ECJIN(M(B11>11;A11<12);1;0)+
+ECJIIM(A(B12>11;A12<12);1;0)+ECJIN(M(B13>11;A13<12);1;0)+
+ECJIIM(A(B14>11;A14<12);1;0)+ECJIN(U(B15>11;A15<12);1;0)+
+ECJIM(A(B16>11;A16<12);1;0)+ECIIN(A(B17>11;A17<12);1;0)+
+ECJIN(A(B18>11;A18<12);1;0)+ECJIN(M1(B19>11;A19<12);1;0)+
+ECJIN(MU(B20>11;A20<12);1;0)+ECIIM(M(B21>11;A21<12);1;0)

»> Hamomuuwm, uto omepartop H(x; y) maetr suauenue Hcrtuua, ecan uc-
TUHHBI 06a aprymenTa x u y; omepatop ECJIU(x; y; z) KaeT 3HaueHUe
Y, ecJIn apryMeHT X MCTHHEH, M JlaeT 3HaueHWe Z B MPOTHUBHOM CJyYae.
JIerKOo MOHATH, YTO yKasaHHBIH oONlepaTop MOACUHTHIBAET KOJUYECTBO
MeCT, KOTopble ObInn 3aHATH Mexay 11 um 12 u.

4 A Tenepps B aueiiku G2—G6 sanuinnuTe BHIpaYKeHH#A, COTJIACHO KO-
TOpLIM OyJAeT IMOACUYMTAHO KOJHYECTBO 3aHATHIX CTOSHOK MEXAY
6 u 7Tu, Mmexxay 7 u 8 u, ..., mexkay 10 u 11 4 COOTBETCTBEHHO;
B adeiikm G8—G19 sanuiinte aHaJornyHble NaHHBIE NJA IPOME-
sKyTKa or 12 no 24 u. IToaymaiiTe, KaK MOKHO 00JerdyuUTh BBOJ Ta-
KHX OJUHHBIX dopmys. Temeps MOKHO IPOAaHAJU3UPOBATbH, KOTAA
3arpy3Ka aBTOCTOAHKH ObLjIa GoJbIrre.

P> HeTpyaHo MOACYMUTATDH, YTO IPHU KPYTJIOCYTOYHOM IIOJHOM 3aloJIHE-
HHUH aBTOCTOSHKH JHeBHad BHIpy4YKa cocraBmiyia O0bl 2400 p. CpaBHuBas
5TO YHCJIO C MOJIYYEeHHBIM De3yJbTaToM B Adelike E3, MoxkHO yBHUIETD,
YTO BO3MOKHOCTH MCHOJB3YIOTCHA AAJEKO He IOJHOCTHIO.

5 TloBbIcUTH 5hHEKTUBHOCTL MOMKHO, €CJH 00€CIIeUHUTh KPYTIJIOCYTOU-
HYI0 paGoTy aBTOCTOSAHKH. B 5TOM ciiyuae MaIllMHY MOKHO CTaBHUTD
B OAWH JAeHb, a 3adupaTh B Apyroii. [jna opranmzanum yuera B Ta-
KO# cHTyanmuM HY>XKHO BBECTH B TabOJHIy elle ABa CTOJIOIA: AATy
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npuessa U JaTy OT'be3fa — M COOTBETCTBYIOIIMM 00pasoM MOZH-
GUIHEPOBATL pacueT MPOJOJKUTENILHOCTH CTOSHKH.

6 IIpexmomokmum, UTO BJIafiejiel peHINJ BBECTH JHEBHOI M HOYHON Ta-
pudbl onjarte: ¢ 7 1o 22 u peiicTByer AHeBHOi Tapud, a ¢ 22 mo
7 u — HouHOM. Mogudunuupyiite TabauIy AJa 3TOH CHUTYallUH.

7 Jlna npuBJiedeHUA KJIHUEHTOB BJIajielier] o0bABUI CKUAKM B cJIydae,
€CJI1 MECTO 3aHATO 0ojiee CYTOK, a TaKiKe BBeJ JONOJHHUTEJILHYIO
yeayry: aGoOHHMpOBaHHMEe MeCTa. XO3AMH MANIIMHBI MJIATHT aGoHEeHT-
CKYIO IJIATy 3a MECTO, 3aKpelJieHHOe 3a ero MAaIllWHOi, Korjga as-
TOMOOMIA TaM HeT (6ojiee HU3KYIO, UeM 3a CTOAHKY CaMOro aBTO-
mobuina). Cpenaiite HeoGxomuMble MoaMbUKAIKUM 3alOJHEHHUSI
3JIGKTPOHHOM TaGaHIIbI.

rﬂ JlaboparopHas pabora 2 (k §6)

.06paborka rexcroson. u.rpaduyeckoi mubopmayun

B kypce mrdopmaTuKu, m3yuaBlieMca BaMH B 8—9 Kjaccax, BBI
3HAKOMMJIUCh C TEKCTOBHIM M rpaduuecKMM peAaKToOpaMu. BEIMOJHAA
3Ty paboTy, Bbl BCIOMHHTE HMEIOIIHECS 3HAHHA.

1 IIpencraBbTe, UTO BB COTPYAHHK HeGOJBLHION HOJHrpad@muuyecKoit
¢bupMBI U BaM IIOCTYIIHJ 3aKa3 HA M3rOTOBJIEHHE BHU3UTHOM KapTou-
Ku. BusurHaa kaprouxka — 310 HHGOPMAIMOHHAA MOJENL €€ BJja-
penbita. 11os3TOMY HYKHO Cpady OIIPEJENHUTH ¢ 3aKasUHMKOM, KaKVIO
CcyliecTBEHHYI0 MHMOpMAIIHUIO OH XOuYeT HA Heif pasMecTUTH. BOT
OMUH U3 BO3MOJKHBIX BAPHUAHTOB!:

daMunusa, ¥Ma U OTUECTBO;

HasBaHue (QUPMEI, B KOTOPOii 3aKasumK paboTaer;

3aHUMaeMaf JOJPKHOCTD;

aMmbaema GuUpMEI;

TIOUTOBRIH azpec;

Teaedou, dakc, e-mail;

ajpec caiira.

a2 e © & D 9O ®

2 Temnepr HaZO ompenejuTh, KaK 3Ty MHAQOPMAIIMIO PACIOJOKUTH HA
KapTouKe, pasMepbl KoTopoii crammaprubl: 90 X 50 mMm. MosxHo,
HaNpuMep, PacIoJIOMKUTh TaK, KaK IokasaHo Ha pucyHke KIL.1.

IIpupymaiiTe, kak O6yaeT HA3LIBATLCA (GMpMa, KaK 30BYT KJIMEH-
Ta, €ro ajgpec U T. i. BaM HeoOXOAMMO TaK)Ke NIPHHATEH pelieHne, Ka-
kUM mpudToM GyAeT mpeAcTaBlieH KasKAbIM MHPOpMAauHMOHHLBIN
3JIeMEeHT BH3HTHOH KapTOYKH.

P HanoMHKM, YTO KaXXAbIH HIPUPT XapaKTepHu3yeTca KerjeM (T. €. BhI-
coroii 6ykB), rapauTypoii (rpadpnuyeckuM oGpa3oM GYKB) M HauyepTaHM-
eM (IpaAMOil, HAKAOHHbLIL, KUPHBIH). OTMeTHM, YTO HIPUPTHI JeJATCH
Ha pyOJeHBIe M ¢ 3aceuKaMu. BOT IpuMepsI:
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Ambnema HaseaHue oupmsl
dupmbi

damunusa
Wma OtyecTBO
JonxHocTb TenedoH:

dakc:
MoyToBbLIN E-mail:
aapec: Canr:

Puc. KMN.1 Maket BM3UTHOIN KapTO4KK

Srot Tekct HabpaH py6neHbim wpudTom rapHuTypel Futuris.
A 3toT TexcT HabpaH mIpUTOM C 3aceykaMu rapHUTYpel Times.

IIIpudTe ¢ 3aceuKaMy BU3YAJIBHO KaK Obl 00BEeIUHSAIOT CJIOBO B Of-
HO IIejioe, M 3TO yBEJHMUYHBAET CKOpocTh ureHusa Ha 10—15%. PybGie-
Hble IPpUGTH 00BIYHO NMPUMEHSAIOT AJA 3arojioBKoB. CoszaBas KapTod-
Ky, NOPKCIEPHMMEHTHPY#HTe cO mpuUdTAMH MU BHIGEPHUTE ANA KAXKAOTO
TEeKCTOBOI'0 3JieMeHTa HamboJee, II0 BalmeMy MHEHMIO, yAauHbiit. He 3a-
OynbTe, 94TO IIPH(T MOKET OBITH IBETHHIM, OJHAKO KapTO4YKa He JOJIK-
Ha OBITH CIMIIKOM IecTpoii. <«

3 A remepsh 3amycTHUTe TEKCTOBBIHA pemaxTop. Iis Toro uTober mHOMOD-
MAaIMOHHEBIE JIEMEHThI PACHOJIaraJuCch HAa KAPTOYKe TaK, KaK BHI
sagyMmanu, ee yaoOHO codzaBaTh B Buie Tabiunbl, Yy KOTOPOH BHI-
JeJieHa TOJIBKO BHEIIHAS paMKa, a4 BHYTPeHHHEe CTOPDOHBI KJIETOK He
IPOPHCOBBIBAIOTCHA. ROH&‘IHO, pa3Mep KJIETKH OJOdA KaxIJgoro auae-
MeHTa OyAeT cBOIf, TAK YTO BaM IPEACTOUT MO3KCIEPHUMEHTHPOBATH
C mepeMeleHHeM IPaHUI, KJIETOK.

4 Tenepr zaiimemcsa aMmOiemoii. Ee ToxXe MOXXHO cO3ZaBaTh CpeiCcTBa-
MU rpauKH, BCTPOEHHON B TEKCTOBEIN pepakTop. Ho addexTuBHEE
BOCIIOJIB30BATECA IpadHUUecCKHM pPeJaKTOPOM. 3alyCTHUTEe HMeEI-
LIUHCSA B BallleM PACHOPSKeHMM rpaduyecKHil peJaKTOp M co3zaii-
Te moaxoaAmyo aMbiaemy. I[Bera, npuMeHseMble BaMu B 3MbieMe,
JOJIXKHBI XOpPOIIO COYeTAThCA ¢ nBeTamMu mpudToB. BosmorkHO,
mocJjie co3gaHusa sMOJIeMBI BBl 3aXOTHTE IIOMEHATH INpU(TOBEIE pe-
menunsa. UmMnoprupyiite s3mM06iieMy B BUSHTHYIO KapToukry. Omenure
CO3OAHHBINM BAMH NPOAYKT B IIeJIOM. ECIH YTO-TO He IOHPABMJIOCH,
ellje He MO34HO U3MEHHTH.

P BusuTHas KapToOYKa MOMKET OTPa’KaTh BOBCE He IPO(decCHOHANb-
HBIY 00JIMK 3aKasuyHKa, a €ro yBJeYeHHMA HMJIM HHTepechl. Bo3MOKHO,
OH ABJAETCA YIEHOM KaKOro-ambGo crmopTuBHOro Kiayba (HampuMmep, Ty-
PHCTHYECKOro) mau Kayba mo umHTepecaMm (Hanpumep, duiarenumcr-
ckoro). PaspaboraiiTe coOTBETCTBYHOIIYI0O HMHGMDOPMAIVOHHYIO MOZEJNb
U CcOo3jaiiTe BUBUTHYIO KAPTOYKY AJA TAKOrO IPEACTABJIEHUS BAIIEro
3aKasuyuka.
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?[’_] Jla6oparopHas pabora 3 (k §7)

MporpammupoBaHue OCHOBHbIX
GNropUTMUYECKUX, KOHCTPYKUUIA

B kypce mudbopmaTHKM, H3ydaBOieMcs BaMH B 8—9 Kjaccax, BEHI
3HAKOMHMJINCH C A3LIKOM HIporpaMMmupoBanus. HaubGosee pacmpoctpa-
HEHHBIMM B POCCHICKHX IIIKOJIaX SABJIAIOTCA A3BIKM DBeiicuk (Bepcusa
QBasic) u Ilackans (Bepcuum TurboPascal uam FreePascal). B raGauie
Ha ¢Qopsanax MOKa3aHO, KAaK HA 3THX A3BIKAX BEITJIALAT OCHOBHEIE
AJITOPDUTMHUYECKHE KOHCTPYKIHH. Eciau ’Ke BBl M3yUYaJu APYroi A3bIK,
TO ONKCAHNE STUX KOHCTDPYKIIMH BaM HAIIOMHHUT YUYMTEJb MK Bl Hall-
JETe €ro B COOTBETCTBYIOIEM CIPaBOYHUKE.

A Temepb BLINOJHNUTE HECKOJILKO 3aJaHUIA.

1 3anporpamMmmupyiiTe aaroputm EBKJIHIa — OH NpHUBEAEeH B 00BscC-
HuTenabHOM TekcTe § 7. IIporecTupyiiTe Bamy IporpaMmy Ha
HeOOJBININX YHCJIAX, AJA KOTOPHIX Jerko Haiitu HOJI u 6e3 KoMIIL-
oTepa. YO0eIUBIINCH, YTO MPOrpaMMa paGoTaeT MpaBHJIBHO, HAMIU-
Te HOI(178 357, 1 049 254).

2 MoaudpunupyeMm ajJropuTM CJAEAYIOIMIMM 0GpasoM:

Anroputm HOJIMm

uen: m, n, k;

{ Sanpocurtb m;
Sanpocurts n;
E:=m+ n;
Adenatb noka (He (n = 0))
{ m:= n;

n := k mod n;
k = m;
}
Coolwnte m;
}

3anporpaMMupPYHTEe M OTJaAbTe MOAUPUITMPOBAHHEIHA AJIrOpPHUTM.

P> aBaitte cpaBHuM 3D(HEKTHBHOCTDL 3THX JABYX aJropuTmos. Iia sTo-
ro B IIpOrpaMMbI HAJO0 BCTABHUTL OIIEPATOPHI, IIOKA3EIBAIOIIME BpeMs.
B aswike Beilicuk MOXKHO BocmoJb3oBaThea (pyuknueit TIMER. Ilo
komauge ¢t = TIMER nepemeHnHO# ¢ 6yAeT IPUCBOECHO 3HAUEHWE, PAaBHOE
YUCJHY CEKYHJ, KOTOpEIe Npomntau oT ) 4acoB TEKYIIMX CYTOK.
B saswike Ilackanb 1A BREIBOJA BpeMeHM HYXKHO 3alMCATDH CJIEAYIO-
LIVI0O KOHCTPYKIMIO:

Uses Dos;
Var h, m, s, ss: word;
begin

gettime(h, m, s, ss);
end.
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Ilepemennoiit & OyaeT IPUCBOEH TEKYMIMHA uac, IIepeMeHHOH m —
MHHYTEI, § — CEKYHAbI, SS — MWJJINCEKYHIBI, <]

3 Ilo pesyapraram ucnoaHeuus aaropurmoB HOJIl u HOJ/Im samosuu-
Te tabauity KII.3.

Tabsmua KMN.3

1-e uucio

178 357

5386 127

35364128

213457281

3245798 457

2-e 4HCIIO

1049 254

7267849

76124956

751457 358

7254124 751

Bpems paGotbl
anropurma HOJL

Bpems paGotbl
anropurma HOIM

Jasa Kaskao maphbl uMcesJ HalauTe OTHOINEHHEe BpeMeHH pabo-
Tl ajgroputMa HOJl x Bpemenm paGorel amroputTma HOJIIm. Kak,
Ha Balll B3DJIAL, MOMKHO OXapaKTepH30BATh 3TO OTHOIIeHHue?

4 3anporpaMMHpYViiTe aJTrOPUTM, NMPEACTaABJEeHHLIH CXeMO# ajropur-
Ma B 3azaHuu 18 mu3 § 7. 3anycTure OTJIa’KeHHYIO IIpPOTpaMMy AJIA
HEKOTODBIX HAYaJbHBIX AAHHBIX. IloATBepAaHJach JIM Ballla IHIIOTe-
3a 0 TOM, AJIA Yero IpegHA3HAUEH 3TOT airopuTM?

5 3BamporpaMMupyiiTe ajaropuTMm, IpHBeAeHHLIN B 3ajganuu 23 us § 7.
Hanomaum, uto omeparusa LEN(W) B asvike Belicuk samuceiBaeT-
ca LEN(W$), a B asmke INackanpr — length(W), onmepanua Yacts
(S, a, b) B aswvike Beiicux sanuceiBaerca MID$(S$, a, b), a B A3bI-

ke ITackany — COPY(S, a, b).

FB Jla6oparopHas pa6ora 4 (k § 12)

daxrorpadpuueckas moaens «Knacc»

BrummosauB 3agamua 9 m 10 u3 § 12, BLI ompefesiniau mapaMeTphl
nHpopMmarnonuoii mogenu «Kiace». Ilepeuncaum mapaMeTpsl, KOTOPEIE
GUrypupyoTr B 3THX 3aJaHUAX:

+ yH(popMaIua 0 OpaThaX M CcecTpax:
rol pPOXKIEHUS U UMHA;

- (pamuansd;
= MM}

. ZaTa POMKACHU;

- agpec;
TeJse(oH;

< CIIOPTMBHBIE De3YJbTATHi;
: YBJIEUEHUA.

Temepp Ha OCHOBE 3TOIl MOAEJM CO3ZaAuUM 0Oasy AaHHBIX. IlpenBa-
puTeabHo cofepuTe HYKHYI0O MHPOPMAIUI0 00 y4eHHKax CBOero KJjac-
ca B COOTBETCTBMM C IIapaMeTpaMyu MHOOPMAIMOHHON MOJEJIH.
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M= onumem cospaumne 6asbl gauHbIix B CYB]I Access. CYB]] Access
asiagerca oxguuM u3 npuiaoxenuit OC Windows u o6BHIYHO BXOAUT B Ha-
6op obucurix Texuosoruii. I'maBubiMu obbekTamu CYB]l Access aBisa-
oTcsa Tabaunbel ¢ nHGopManueii, Ho, KpoMme HuX, ganHada CYDBJ] cmocob-
Ha cO37aBaTh IIPOM3BOAHEBIE OGBHEKTHI — (DOPMBI, 3aIlIpPOChl, OTUYETHI, KO-
TOpBIE 00JIErYaIOT II0JIL30BATEIIO er0 paboTy M BocIpuUATHE MHDOPMAIHH,
Ho cmauana morosopum o co3xamum Tabaun. CYB]I] Access 1mosBoJisieT
cosiaBaTh He OJHY, a HECKOJIbKO CBA3aHHBIX MexXAy coboil Tabaun. Ho
HeJIb3A OCBAHMBaATh BCe Cpa3y, M MBI IIOKA OCTAaHOBHMCS Ha ofHOTabm4-
HOM BapHaHTe.

ITocne sanycka CYBJl orkpriBaeTcsa oxHO 6a3nl JaHHBEIX. OHO 103-
BOJIsIET YBHUIETh, KaKue o0BbeKTHl (KpoMe CKPEITHIX) MMeloTca B Oase,
M BBLINOJIHUTH HAJ HHMHU TaKHe ollepalHHM, KaK KOIIMpPOBaHMeE, BCTABKA,
nepeMMeHOBaHUe, yaajieHue. OCHOBHBIE ONEPAIIMH, BHIIIOJHAEMbIE B 3TOM
OKHe, IIPEACTABJEHbI B KOHTEKCTHOM MEHIO, OTKPBIBAEMOM HaXaTHEM
MMPaBOil KJIABHIIKM MBIIIX. JTO OIEpPAIlMH, BHIIIOJHAEMbIe HAJ O00BEKTOM
B I[IeJIOM U He Tpebymiomue ero OTKpbITHA. OTMETHM, UTO ecJu ObLI
BEIZleIeH He O06BEeKT, a ero MMs, TO Ha)KaTHe IPABOH KJABHIIN OTKPbI-
BaeT ApPYyroe KOHTEKCTHOE MeHIO, rjie co6paHbl KOMaHIbl, OTHOCAIIIHUECH
K HMeHH o0'BeKTa.

B meni0 Paiin BH MoKeTe BeIOpaTh Jubo pexxkum Coszdamu, aubo
pexxuMm Omrpoims. B nepBoM ciydae Access IMOIMPOCHUT BAC BBECTH UMSA
M MeCTO cOXpaHeHHsa cosxaBaemoro daiina. Mmenmu ¢aiisna 6yger aBTo-
MATHUYEeCKH IIPUCBOEHO pacimupenue mdb.

A Tellepb IPHUCTYIHM K CO3JaHHUIO 0asbl JaHHBIX.

1 3anycrute CYBI Access. B menio @aiin Buibepure pexum Co-
30amv. B nuamorosom okHe Co30arue mabauybl MeJJKHUTe Ha KHOI-
Ke Hosas mabauya. Ilepegq BaMM HOSBUTCA MaKeT TaGauOel B pe-
JKMMe KOHCTPYKTOpPA. 3aIllOJIHHUTE B IIEePBOil CTpoKe umA mnoasa «®Pa-
MHJIHA» M YKAKHATE THI — ero MOXHO BLIOpATh M3 PaCKpPHIBAIOIIE-
roca cnucka. Ilocie sToro B HMMKHeH YacTH OKHa OTKpoeTca 6GiaHK
CBOMCTB AAaHHOrO moJdA. J{JId TEKCTOBOro IOJISA HAJO YKAasaTh pasMep
moJas — JAONYCTHMYIO AJAHHY 3HaueHudA. IIpuM coszaHHMM YMCIOBOrO
MoJIA HAJO yKasaTh ¢opMaT NpeACTaBJIEHUsS 4YWCJIa, HaIpuMmep me-
Joe. Knerku B cronbie «Onucamme» 3amoJHATL HeoOsa3aTealbHO.

Bropoe mosne «MMa» ToKe TEeKCTOBOE.

Haa nona «dara/Bpema» (BHI :Ke OyaeTe YKa3bIBaTh AATY POXK-
IEeHNs1) MOKHO BBIOpaTs Kpamrxuil popmam 8amut, TOrga KOMIbIO-
Tep OymeT KAaTek OT Bac BBeleHHs maThl B dopmare JIA.MM.ITTT,
rae JOJ] — uwmcio, Koraa BB POAHINCH (Hanpumep, 05, ecau aTo mpo-
M30ILI0 mAToro umuciaa), MM — momep mecsana (Hanpumep, 07, ecou
aT0 mpousoniao B uwje) u I'TTT — uyeThbIpex3HAYHBIIL HOMED roja.

Ipucrtynasa k onucaHWIO IapaMeTpa «Afapec», MoAyMaiTe, IeJie-
Cco00pa3Ho JM OTBECTH IIOA Hero OofHO moJjie. Beasr MoxkeT moTpebo-
BaThCA OTHICKATh BCEeX, KTO JKMBET Ha KaKoii-1nbo OZHOI yJHIe.

Tax, 00AYMBIBaA KaxKIBIN IIapaMeTp, co3faiiTe MaKeT Baliei Ga-
3bl JaHHBIX.
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2 3aBepmIMB CcO3JJaHMe MAaKeTa, COXpaHUTe ero (uepes MeH Paila—
Coxpanumv rak..). HamoMHHM, 4YTO paclIIMpeHUe TOMY HMEHH
CVYB]l npucsout cama.

3 3akpoiiTe KOHCTPYKTOP.

4 OtkpoiiTe Qaiia ¢ CoO3gaHHBIM MakeTOM (asbl JAHHBIX.
5 3amoaHuTe ee MOATOTOBJIEHHOM BaMM HH@OpMAaIHE.
6 Coxpanurte cos3gannyio samu BJI.

P Tenepp y Bac MMeeTCs HeCJIOKHAs 0a3a JaHHBIX, KOTOPOH MOKeET
MONL30BaThCA Jaske HempodeccuoHan.

rE‘ - Nla6oparopHas pa6ota 5 (x § 12)

Kak y:ke rosopumioch, riiaBHas 3ajauda J11060n CVBI[ — BBIJaBaTh
UHPOPMALMIO HA 3aNpOCH IMOJbL3oBaTens. OTBeTOM Ha 3ampoc Oyaer
TaKsKe TabnHIla, COAepPIKalllasd TOJLKO Te aTPUOYTHI U CTPOKH, KOTODBI-
MM MBI HHTEpecyeMcs. ITOMY JHAEeHCTBHIO COOTBETCTBYET TAK Ha3hIBae-
MBI#i 3ampoc Ha BBIOGOPKY.

Ho mnpexae uem ocBamBaTh (OpMHpPOBaHHE 3alpoca Ha BBIOODKY,
MBI HAYYMM Bac cO3JaBaTh GUIALTP — KaK BBI II03JKe YBUIAHNTE, AeiCT-
BUA OYAYT OUEHDL IIOXOKHWMH.

Ecan Bocompuuumare CYBJl Kak HeKoTOporo (opMajbHOTO MCIIOJ-
HUTEJNA, a 9TO TaK U €CTh, TO GUIALTpAIA — 9TO He UYTO MHOE, KaK BBI-
noaHeHne KomaHAbl «Ecam (cTpoka TabaUIIBI COAEPIKHUT HYIKHYIO HH-
dopmMaInio), To ee BKJIOUYUTL B TAOMUIy-peayasTaT». Ho B ycIoBHOM
ollepaTope B KaYeCTBe YCJOBMA AOJKHO (GHUIypHpPOBATL BHICKAa3LIBaHHUE,
IIPOBEPKa MCTHHHOCTH KOTOPOTO ABJAETCA AONYCTHMBIM JeHCTBHEM HC-
noJHUTeNd. Kak ¥ B OOJBIIMHCTBE SA3LIKOB IIPOrPAMMHMPOBAHUA, TAKOe
BLICKA3LIBaHUE 3aIlMCHEIBAETCA B BHJEe BLIPAXKEHUS, COCTABJIEHHOTO M3
IpoCTeHIINX BBHICKA3BIBAHMHA ¢ momolnblo omepanmit I, UJIX u HE.
IIpocreifine ke BLICKA3LIBAHUSA IIOCTPOEHEBI TaK:

— eCJIM aTpuUOYT YMCJIOBOTO THIIA, TO IIHIIETCHA BHEIpa)keHHe, B KO-
TOPOM 3HAUEHHE ATPUOYTA CpaBHMBaeTCA ¢ 3aJaHHBIM YMCJIOM (IIpH IIO-
MOLIHM omepanuii =, <, >, < U 2);

— ecJM aTpHUOYT TEKCTOBEIH, TO NMUINETCA BHIPAYKEeHHEe, B KOTOPOM
3HAUeHHe aTpubyTa CpaBHUBAEeTCA ¢ 3aJlaHHBEIM 3HAYEHWEM TOJBKO IIpHU
IIOMOIIIM OIlepanuy =.

Hanpuwmep, ana unciioBoro arpnbyra Bec MOKHO HammcaTh BbIpasKe-
Hue Bec > 3, a ana TekcToBoro arpubyta MMa MoxkHO HamucaTs Uma =
= Mapusa. Kak OBl7TO cKasaHO, TaKHe IIPOCTeHINNe BBIPAXE€HUSA MOTYT
OBITHL cOeAMHEHEI B GoJiee CJIOMKHEIE C IIOMOIIBIO JIOTMUECKHUX OIlepaIruii.
Hanpumep, (HE (Bec > 90)) U (HE (MMma = Bacsa)). 310, KaK BBl IIOHU-
MaeTe, 03HAYAET, YTO pas3bICKHUBaeTca MHGpoOpMAIMA O 4UeJIOBEeKe, BeC KO-
Toporo He Gosbille 90 (KMJIOTPaMMOB), IPUYEM ero He 30BYT Bacs.
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Tabnuuya KI1.4

ITose Bec Nma
CoprupoBka
YcioBue orbopa > 90 Bacsa
W <=50 Mapus

Kaxk xe odopmaserca ¢uabrp B Access? Hasa storo B Access ecThb
HeCKOJIbKO BO3MOKHocTell. Ceiiuac MBI pacCMOTPHMM TOJBLKO OZHY U3
HUX — HCHOOJb30BaHNe TaK HasbiBaemoro 6janka QBE (or Query By
Example — sampoc mo o6pasiy). [ 3TOro HaAO BOCIIOJIb30BATHCA CIIe-
IHUAJIbHBIM OKHOM Pusbmp, BBI3LIBAEMBIM KOMaHIoUN 3anucu-dunemp-
Pacwupennwviii. puavmp (MeHi0 3anucu MNOABASETCS NPU OTKPHLITOH
Tabmuiie).

OxHO dmILTpa COCTOMT U3 ABYX uacTeii. B BepxHei#l uacTu Haxo-
AUTCA IPAMOYTOJbHUK, COZEPKAIUil MMsA TaGMUIEI U IepedyeHb aTpH-
OyTOB; B HM:KHel yacTu Haxogurca cam 6aauk QBE. Ero Bua mpezcras-
Jeu B Buje tabaunsr KII.4.

Kaxk Buzawso, 6manxk QBE Haumnaerca ctpokoii IIOJIE. B Heit yKassi-
BaIOTCA aTpPUOYTHI, IO KOTOPHIM OCYHIECTBJAAETCA JUO0 QUILTpAIIUS, JH-
60 coprupoBka. Huxke pacmnosaraerca ctpoka COPTUPOBKA, B KoTOpOii,
ecJii HYYKHO, YKa3blBaeTCA MNOPAJOK COPTHUPOBKHU (IO YOBIBAHHUIO MU IIO
Bo3pacranuio). Enre Huixe pacnonaraerca crpoka YCJIOBUE OTBOPA
M HeCKOJIbKO cTpoK MJIN (um3 HuX 06LIYHO BHJAHA TOJIBKO OJHA).

daxTuuecku 6;1aHk QBE — aT0 cHOBa Tabiuiia, B KJIETKaX KOTOpoil
Jas aTpubyTa YKasbIBAIOTCA OIEpallMH CPABHEHHA U 3HAUEHHSA, C KOTO-
pLIMU CDaBHHMBAIOTCA 3HauYeHUs arpubyra. Kaskaaa KJeTKa TeM caMbIM
IpeJCTaBJISET MIPOCTEMIIIee JOTHUYECKOe BHIPAKeHHE HJIM €ro OTPUIlaHUE,
a uMa aTpudyTa BbIHECEHO KaK 3arojJIOBOK CTOJIOIA. BhIipaxkenusa U3 Kie-
TOK, CTOAIINX B OJHOIH CTPOKe, CoeAMHAIOTCA omnepariueiir M, T.e. Kax-
Jasd CTPOKa — 3TO0 HEKOTOpOe CJOKHOe JIOTHYECKOE BEHIDasKeHMe. A BOT
MeXAy co00li 3TH «CTPOKOBBLIE» BHIPAKEHHA COCAUHSAIOTCS YKe COI030M
NJIN, o ueM M HaIIOMHHAET CJeBa OT CTPOKH cTosAllee CJ0BO. TaKum
obpasom, Ha IPWBEAeHHOM B KauecTBe mpumepa 6ianxke QBE oxua ms
CTPOK 3ajaeT Jjorudeckoe BoipakeHue (Bec > 90 U Umsa = Bacsa). Bur
BIOpaBe CIPOCUTH, OTKYJa B3dJCcA 3HAK =, CBA3bIBaOINMuil arpubyr Uma
co snauenueM Bacsa. Oreer npoct: paszpaborumku Access aja o6Jerye-
HUfA "KU3HU MOJb30BATENI0 Paspellilii ero He IucaTh Ha 3TOM GiaHKe
(HO u He 3ampeTuaH ero mmcarts!). A Apyroi CTPOKM IMMOJAyYaeTCA BHI-
paxxenme (Bec < 50 U Uma = Mapwusi). Teneps 3Tu ABa BBEIPDAMKECHHA Ha-
A0 cOoeqUHUTH coio3om MJIN.

BosHukaeT BOmpocC: BCAKOe JIM YCJOBHE, BbIpaykaeMoe KaKHM-HH-
OyAb JIOTHYECKHUM BBIpDA)KEHHEM, MOJKHO 3amucarh B TAKOM BHIE, UTO-
ObI OTPUITAHHMA OTHOCHMJIMCH TOJBLKO K MPOCTEHMINHM BBIPAKEHHUAM, COIO-
30M W cBA3BIBANNCH TOJNBKO IpOCTeHIINe BHIPAMKEHUS UM MX OTPUIAHHUA
U yXe Ha IocjemHeM Mecte mnuia omnepanua MJIM? Oreser Ha aTOoT BOm-
poC yTBEPAUTEJNbHBI}, HO MBI 0o0ocHyeM ero B § 32.
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Ecin BBl HaMepeHBl JAHHBIM (GHJIBTPOM IIOJbL30BATHLCA HEOAHOKDAT-
HO, TO €r0 MOXXHO COXPaHMTL KaK 3allpoc Ha BHIGOPKY. OmHaKo, OTKPHIB
OKHO 3ampoca-BhHIGOpKH, BBl 00HapysKuTe Ha Gianke QBE emre oany
cTpoKy — BpiBojg Ha sKpaH. Ecau B 9TOil CTPOKe B KJIETKE COOTBET-
CTByWOILlEro arpubyra CTOUT IIepeUepKHYTHIH KBaAPDATHK — TaK Hasbl-
BaeMblil diiamor, TO 3HaueHHs >TOro atpudyra OyAyT BBIBOAUTHCA Ha
SKpaH IOocJie BBINMOJHEHWs HaHHOTO 3ampoca. ITO BechbMa YAOOHO — Ha
SKpaH MOTYT HE IIOMECTUTBLCSH BC€ ATPHUOYTHI, KOTOPBHIX MOXKET OKa3aTh-
cA ropasgo GoJibllie, YeM HYYKHO JJIA IOJYUYEeHUS HHTepecyIolleil Bac
nHbopmanuu. B ocranpHOM pafoTa IO CO3JaHMI0O M HCIOJb30BAHUIO
3ampoca Ha BBIGODKY COBEpPIIEHHO aHaJOTHYHa padore ¢ GUILTPOM.

OTKpoiiTe co3gaHHYI0 BaMu 0asy AaHHBIX M BBHIIIOJHUTE B Hel cie-
AyIOLMe 3agaHUA:

1 TITommiTaiiTech ¢ MOMOLIBIO 0asbl JAHHBIX COCTABHUTH CIIMCOK BCEX
MAJbYHKOB BaIllero Kjaacca. J[Jifa aToro cospaiiTe COOTBETCTBYIOIUIA
buALTp Tak, KaK 3TO 00BACHEHO BHIIIE.

2 OmpexenuTte, y KOro JydlliHe Pe3yJbTATHI B IPHXKKaX B AJHHY
(nsm B Gere Ha 60 m). Ilig aTOro B MEHIO BBIOEpDHUTE DEXUM 3allu-
cH, a saTeM pe:xkuM CoOpPTHDOBKA.

3 IloxymatitTe, KaKk cAejaTh TaK, YTOOBI B TaOJiHMIle cHaydaja IILJIKM 3a-
MHUCH IIPO BCeX JeBYIIeK, a 3aTeM Npo Bcex loHoineit. ITorom Bep-
HHUTeCh K aJ(paBHTHOMY pPACIIOJIOMKEHHNIO GdaMuINN B 3aMHUCAX.

4 TlombITaiiTech OpPraHM30BATH IIOJIYUEeHHE OTBETOBR HA BCe BOIIPOCHI,
copMmyaupoBaHHble B 3azanuu 10 us § 12.

?EB Jla6oparopHaa pabora 6 (k § 13)

KomnbloTtepHas o6paborka
. BKCMNEPUMEHTANbHBIX AGHHBIX

B § 13 MuI gocTaTOuHO MOAPOOHO OOCYAMJIM, KaK Ha OCHOBE BKCIIe-
PHMEHTAJBbHBIX AAHHBIX pas3bpICKHUBATh KO3(MDGDUIMEHT IPSAMO IIPOIOP-
IIMOHAJBHOM 3aBUCHMMOCTH k. PusmuyecKuil cMbica KoaddunuenTa saBu-
CHT OT pacCMATpHBAeMOil 3afauu; B HAIIEM cJydae 9TO ObLIa BEJIWYHHA,
o0paTHasi CONPOTHBJIEHUIO TIPOBOAHUKA 3JIEKTPUYECKOr0 TOKAa.

1 3BamoanuTe 5JeKTPOHHYIO TaGIHIy TaK, KaK YKasaHo B Tabjyuie 2.4,
MPUBEJCHHON B 00'bACHUTENBHOM TeKcTe § 13, u HailiuTe BesMyu-
HY COIPOTHUBJIEHUS.

BrluncieHue 1o MeTOAYy HAMMEHBIITUX KBAJAPATOB JIETKO IIPOBEC-
™1 1 6e3 5JEKTPOHHOM TaGJHIbI, HAIIPUMED C IIOMOIIBIO HHYKEHED-
HOro KajaekyasaTopa. TaGimuima yzaobHee, MOCKOJbKY IIPHU IIpOBeze-
HHUH AONOJHUTEJIbHBIX ONBITOB BHI IIPOCTO AOIINCHIBaeTe AaHHbIE
B MOCJEAYIOIHE CTPOKH U MEHAeTe IapaMeTpbl CyMMHDOBaHUS
B dopmyse, nmomenieHHoi B sueiiky El.
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P O6cyaum Temeps Apyroil cmoco6 BeIGOpa HAWIYUILEro NPUGIHKe-
HUA K DKCIIEPUMEHTAJIBbHLIM JaHHLIM. PaccMOTDHUM ellle pa3 pUCYHOK 2.3.
B MeTose HaMMEHBIIIMX KBaJAPATOB BeJIMUMHA Koa(dduiuenra k BuiOu-
pajlach TakK, 4uTOO0LI MHHMUMH3WDPOBATHL CyMMY KBAAPATOB OTKJIOHEHHUH.
Ho MO0XHO DPYKOBOACTBOBAaTHCHA APYTrMM KpHUTepueM HauboJjee IOIAXO-
pamero sHadenusd k. Ilpu 3aganHoM 3sHaueHUM R BeIGepeM H3 Bcex
OTKJIOHEHHIl MaKCHMMaJIbHOEe IO abGCOoNIIOTHONH BeauuumHe. JId KasKIOro
3HaueHus 3T0 kK OyAeT pasiuMUYHBIM. A Temeph BbIGepeM k2 Tak, 4TOGBI
5TO YHCJI0O OKAa3aJloOCh HAUMEHHINIWM. B 9TOM cJiyyae rOBOPSAT, UTO MBI
PasbicKUBaeM paBHOMepHOe npubamkenne. OaHaKO HeJIb3sA YKasaTh
dopMyay AJisa BHIYKUCJIEHUA k. A 2JIeKTpOHHBIE TAaGMUILI Gaaromapsa 3a-
NPOrpaMMUPOBAHHBEIM B HUX MaTe€MaTHYECKMM METOJAM IIO3BOJIAIOT pe-
mMuUTh 3Ty 3agauvy. IIpogeMoHCTpUpyeM 3TO Ha TOM K€ IIDUMepe IIOHC-
Ka COIPOTHUBJEHHUA NPOBOAHMKA IO 3KCIEPHUMEHTAJIbHBIM JaHHBIM.

2 3anosHuTe SJEKTPOHHYIO TalauIily TaK, KaK IOKa3aHO B TaGiu-
ne KIL.5. fueiika Cl oTBeAeHa moA pashICKHBAaeMOe 3HAUYEHHE KO-
sbhdunuenra k (ceiiuac tam sanmcan 0). B audeiixax C2—C1l1 na-
XOAATCA abCONMIOTHRIC 3HAYEHUA OTKJIOHEHHWH OTHOIIEHHM CHJILI TO-
Ka K HanpsakeHUI0 oT KoaddumueHnra k. B sueiike Cl2 Briumc-
JAE€TCA MaKCHUMyM 5THX OTKJOHeHUi. IMeHHO 3HaudeHMe B 3TOii
fAdyelike MBI XOTUM MHHHMH3HPOBATDH 34 CUET M3MEHEHHUA 3HAUYECHHA
auyeiikn Cl. DyHKIUIO, 3HAUYEHHE KOTOPOHM TpebyeTcA MUHUMU3H-
poBaTh MJHM MaKCHMH3HUDOBATH, Ha3HIBAIOT HeJeBoit. Taxk uyTo
B aueiike Cl2 y Hac 3amucana neaesas QYHKIUA.

Tabnuya Kr.5

1 { Hanpsxenne | Cuia Toka

<U,> <[> ABS(B2-C1*A2)
<Uy> <Iy> ABS(B3-C1*A3)
<U,p> <I,p> ABS(B11-C1*A11)

MAKC(C2:C11)

P> A renepnr of6paTMMCA K CIeIHaJbHON IporpamMme, KOTOpas Ha3bi-
Baetrca ITouck peweHus. OTa HporpaMMa SBJSETCA MOMOJHHUTEIbLHOM,
MO3TOMY HaA0 yO0eAuTLCA, YUTO OHA 6Gbla YCTAHOBJIEHA HPH WHCTAJLIA-
nuu naxkera MS Office. Ina storo B meHwo Cepsuc BhIGEpHTE IYHKT
Hadcmpoiiku. B OTKpHIBIIEMCH AWAJOTOBOM OKHe INMPOTHUB 3TOH Npo-
rpaMMEI, €CJU OHa JAOCTYIHA, AOJKHA CTOATH rajiouka. Ecam rajouxku
HeT, TO mocraBbTe ee. OOpallleHHe K IporpaMMe OCYIIE€CTBJIAETCS BbI-
6opom B MeHIO Cepsuc nyukra ITouck pewenus. €

3 IlpucTynuM K noucky k.
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JJIsT 9TOr0 HY’KHO BEHIIIOJIHHTH CJEAVIOIIHE NeHCTBHS:
1) YcranoBuTe Kypcop B aueiiky C12.
2) BrizoBuTte moamporpaMmy llouck peuitenus.
3) B oTKphIBIIEMCS AHAJIOTOBOM OKHE YVKAaMKHTe ajpec AYEHKH Iie-
Jesoit ¢pyuxuuum C1l2, agpec uameHsiemoii aueiikxu Cl (ecam mame-
HATbCA OyAeT HeCKOJNBLKO YUCeJ, T. €. V IeJIeBOH QYHKIUHA HECKOJIL-
KO apryMeHTOB, TO B moJjie «M3MeHsAsa AYelKU» 3amuckiBaeTcs 00-
JaCTh U3MEHSIEMBIX sTUeeK).
4) IlleYyKOM MBIIIIA OTMETHTE, UTO MBI PA3bLICKMBAE€M MHHHMYM.
5) IlenukoM MO KHONKE BblNnoJHUMb 3aIyCTUTE IPOrpaMMy Ha HC-
IOJIHEHMe.

Hailigennoe sHauenme k IIOABUTCA B OKHe PeayinTaT IOHCKA.
Brr MokeTe coxpaHMTH 3TO 3HaueHHe B sAdeiike Cl, IeJKHYB IO
kuonke OK.

4 CpaBuure 3T0 3HaueHHe Ko3(ddHUIHEeHTa k£ C TeM, KOTOPO€ IIOJYYH-
JIOCh II0 METOAY HAWMMEHBIIHNX KBaapaToB. KakoMy M3 HHX OTHAATH
NpeANOUTEHHE, pEelIaTh BaM.

5 A Temepb mocTapaiTech ¢ MOMOIIBIO 3JEKTPOHHON TaGaMILI 3aKOH-
YHUTL BLIDOJIHEHHEe 3aJjaHUsa 3 K sToMy ke maparpady. Kosbdunu-
€HTHI a U b HailiguTe AByMs cmocofaMM: IO MeTOAY HaMMEHBIIHX
KBaJpaTOB ¥ KaK paBHOMEDHOe IPHOIHKEeHHUE.

rm Na6oparopuas pabora 7 (k § 14)

1 Aeranmiaumm.

Ilepen TeM kak HDPHUCTYNHTHL K BEIIIOJHeHHIO JabopaTopHoi#l pabo-
ThI, BCIIOMHHTE, KaK B sA3biKax Beilicuk u Ilackanup odopMasaAmTca moi-
nporpaMMmbl. OCHOBHBIE ONEPaTOPHl AJA STHUX SA3BIKOB IIPHUBEJEHBI Ha
dopsanax Bamrero yyeGHHKA.

A Temeph BBIMOJHHUTE HECKOJBLKO 3aJaHUIA.

1 Hcnoanaysa Baie perreHue 3agauu 3 u3 § 14, HanmumInTe IporpaMmel,
peajiu3yIole pelIeHWEe 3a4aY¥l O HAXOXKAEHWH pa3jIOKEHHs HAaTy-
PaJILHOrO 4HuCJa Ha HPOCThie MHOMUTeaU. OTIajbTe 9TH IPOTrPAMMEI.

2 3amnporpammupyiite pemenue 3agaum 5 n3 § 14. OriaaabTe cocTap-
JICHHBIC BAMU IPOTrPDAMMAI.

3 3BamporpammupyiiTe pemienue zazauu 6 us § 14. OraagbTe cocTas-
JeHHLIe BaMH HPOTrPaMMBEI.

4 3amporpaMMmupyiite pemreHue 3amauu 8 us § 14. OmnaabTe cocras-
JIeHHbIE€ BaMH HPOTrPaMMBI.

5% 3anporpammupyiitTe pemrcHue dazauu 7 mz § 14. OrjaagbTe cocras-
JIeHHBIe BAMH NPOTPaMMEI.

6% 3amporpammupyiite peimmenne zazauu 9 msz § 14. Oraagbre cocras-
JeHHBIe BAMH HPOTPaAMMEI.

Meroa nowaroro
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Fﬂ Jla6oparoprHas pabora 8 (x § 15)

PexyppeHTHbIE COOTHOLUEHMS
M _peKypcuBHble QNITOPUTMbI

Bur elne MaJio 3HaeTe O NMpOorpaMMHPOBaAHHUH, HO Y€ BIOJHE OOC-
TaTO4YHO, 4yT06BI Ge3 IIOACKA30K BBLINIOJHHUTD CJEeAYIOIHne 3aJaHHnudA.

1 3anporpammupyiitTe peileHusa 3azau 4a, 46 u 4B ua § 15. Oraags-
Te COCTABJIEHHBLIE BAMM IIPOTDAMMEI.

2 Hanumure IporpaMMbl, peaJHU3YIOIiHe AJTOPUTM M3 3afaHusa 6
U peKypcHuBHYIO nmoamporpaMmy-byurnuio @OK. Oraagbre ux.

3 3anmporpaMMHPYiiTe M OTJaAbTe COCTABJEHHBIM BaMu aJrOPHTM, De-
AUl Ty Ke 3ajady.

4 TIposemure cpaBHeHHEe 3(PPEKTHBHOCTH STHX ABYX AJTOPUTMOB IO
TO# JKe CXeMe, KaK B 3aJaHuU 3 JabGopaTopHOil paGoTsl 3.

5 3BamporpamMmmupyiite peilieHne 3amaum 7 u3 § 15. OTnaapbre cocras-
JIEHHBbI€ BAMH IIPOTPAMMGBI.

6 na mporpaMMHpPOBaHHA pelleHus 3agaum 8 ua § 15 morosopumecsa,
4YTO AUCKM Ha CTep)KHe NEpPeHyMepoBaHBI uuciaamu 1, 2, 3, ..., n,
HAYMHasl ¢ BepXHero JUCKa. SalHIINTe H OTJagbTe IIpOrpaMMy pe-
IIIeHNUsI 3aJa9l O XaHOMCKOI OaIliHe.

7 3anporpaMMmupyiite peiieHne 3azaum 9 u3 § 15. OTnagbre cocras-
JIeHHBIe BAMH IIPOTPaAaMMBbI.

FE Jla6oparopHas pa6ora 9 (k § 16)
Mporpammel ang o6paborku maccueos

Opnoii n3 HanbGoJiee YacTO UCIOJb3YEMBIX CTPYKTYD HAHHBIX SBJA-
I0TcsA MaccuBBI. Kaskawlii MacCHB HMeeT MM, THI U pa3sMepPHOCThb. Pas-
MEPHOCTh MACCHBA — 3TO0 KOJMUYECTBO MHAEKCOB, KOTOPHIMM CHabiKeH
KaXKJIBIH 3JleMeHT MaccuBa. A KakJaoro MHAeKca TpedyeTcs yKasaTh
ANarnasoH ero u3MeHeHHUs.

1A BHITIONIHEHUSA 3aZaHUH 9TOoi JabopaTopHOH paboThl HYKHBI 3a-
TOJIHEHHBIE MACCHBBLI. 3ANOJHSATL MACCHBBI BPYYHYIO — JAeJIO JOJITOe
U MajionHTepecHoe. IToaToMy MBI IpefjiaraeM CO34aBaTh MACCHBLI MPO-
rPaAaMMHBIM OyTeM. AJITODUTMBI 3allOJHEHMS MACCHBOB BKJIIOUEHBI
B TEKCThI 3afaHuii. A Temepb BHIIOJHUTE HECKOJbKO 3aJaHUIi.

1 3anporpammupyiite pemrenus 3azad 7a u 70 u3 § 16. Ornagpre co-
CTaBJIeHHbIE BaMH INPOTPAMMBI HA MACCHBAX € HEOOJBIINM YHCJIOM
9JIEMEHTOB (9TH OTJIaJOYHBIE MaCCHUBBI CO3HANTE CAMOCTOATEJBHO).
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2

Coapatite maccus A[1:10, 1:10, 1:10], samporpaMmMupoBaB clie-
AVIONIUM AJITOPHUTM:
Anroputm
uen: I, J, K; sew: A[1:10, 1:10, 1:10];
{ Benatb ot I := 1 po 10
{ Benatb OT J := 1 @o 10
{ Oenatb oT K := 1 po 10
{ AU, J, K) := 2*COS (I + 2*J) + T*SIN(I"2/K);
} (* xoney yuxna *)
} (* xorney yukxkana *)
} (* rwoney yuraa *)

}

Pemure gasa sToro maccuBa 3agauu 7a U 76.

3anporpammupyiite peitennus 3agau 8a u 86 us § 16. Oraaabre mpo-
rpaMMBbI Ha MAacCHUBaX ¢ HeOOJILIIMM UYWCJIOM 3JIeMEHTOB.

Cospaiite maccus M[1:100, 1:20, 1:75], sanporpaMMHUpOBaB cJje-
AVIOIIUH aJITOPUTM:
Anropurtm
uen: I, J, K; pemy: M[1:100, 1:20, 1:75];
{ Benatb o I := 1 po 100
{ Oenatb oT J := 1 @o 20
{ Denatb oOT K := 1 po 75
{ M, J, K) := K*¥COS (I + 2*J) + J*SIN(I"2/K);
} (* xoney yuxna *)
} (* woney yuwxaa *)
} (* Koney yuxna *)

}

Peminre aas sToro maccuBa 3amauu 8a u 86.

3amporpaMmMmupyiite pemenmne 3agadu 9 m3 § 16. OraagsTe mpo-
rpaMMy Ha MacCHBe ¢ HEOOJBIINM YHMCJIOM 3JIEMEHTOB.

Cospaiite maccus M[1:2, 1:100], sanporpaMMupOBaB CJAeAYIOLINI
aJITOPUTM:

Anroputm
uen: I, J; gew: M[1:2, 1:100];
{ Denatb or I := 1 po 2
{ Oenate oT J := 1 po 100
{ M{, J) == COS (I + 2*J) + J*SIN(J"2/I);
} (* woney yuwxaa *)
} (* woney yuwxana *)

}

Pemure gns storo maccusa 3amauy 9.

IIycre nmpamoyrosibHas TabaHMIa, 0 KOTOPOUl mMaeT peub B 3agaHuu 10
n3 § 16, nmeer 10 crpok u 20 cron6umos. Toraa oHa mpeacTaBIsAeT-
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cA HeKoTopsIM MaccuBoM A[l:10, 1:20). 3anporpammupyiite pe-
IeHWe 3aJadu AJiA 3TOro mMaccmsa. OTaagbpTe COCTABJEHHYH) BaMH
OporpaMMy Ha MAacCHBe ¢ HeOOJBLINHM YHCJIOM 3JIEMEHTOB.

8 Cospaiite maccus M[1:10, 1:20], sanporpaMMHUpOBaB CJIEAYIOIIIHI
aJITOPUTM:
Anroputm
uen: I, J, A[1:10, 1:20];
{ Benatb ot I := 1 pno 10
{ Denatb OoT J := 1 no 20
{ AW, J) := INT(COS (I + 2*J) + J*SIN(J"2/I));
} (* rwoney yuxaa *)
} (* rwoney yuxaa *)

}

Pemure ans storo maccuBa 3agauy 10.

rm Na6oparopras pa6ora 10 (k §17) -
Pegwenue ypast

B o6macauTensHOM TekcTe § 17 mpuBeZeH aJITrOpPpUTM pelieHUA
YDaBHEHUA METOAOM JeJIeHHA MOII0JIaM.

kA
"

ol T

1 3anporpamMMupYiiTe 5TOT aaroputm Auaf f(x) = x — sinx — 2rn(1 — d).
OTrnaapTe mporpaMMy H IoJiyduTe oTBer aiua d = 0,8, Bruiumcianure
MIyOUHY IIorpyskeHua Gpycka, B3AB paguyc OGpeBHa 0,2 m.

2 3anporpaMMHpPyHTe alropuTM, KOTODPHIl Bbl COCTABUJIN, BBIIOJHAS
3ananue 4B us § 16.

P> ¥V Bac MOKeT BOSHMKHYTH BOIIPOC: Hey»KeJiu pOorpaMMHUpOBaHue —
eIUHCTBeHHadA KOMIIBIOTEPHAas TEeXHOJIOTH#A, IIO3BOJIAIOIIAA II0JIb30BATE-
a0 pemats ypaBHenua? KoHeyHo HeT. YpaBHeHHA MOXKHO 3(hderTuUB-
HO pemmaTh, UCIOJb3Ys 3JIEKTPOHHYIO TaOJIUILY.

MoKHO BOCIIONB30BATECA PeyXUMOM JIouck pewienHus, KOTODBIH BbI
ocBaMBaJM, BHINOJHAA JlaGopaTopayio pabGoty 6. BosmokHO, BEI 00pa-
TUJU BHUMaHHE, YTO B AUAJIOTOBOM OKHe pexkuma Ilouck peuienus ectb
nyHKT PasHoil 3naueHuro, 1mocye BBIOOPA KOTOPOro NOSABIAETCA OKHO
AJA BBoja umcia (mo ymondaHuio taMm Bcerga crout (). Bocmoabayii-
TeCh 9THM DPeXMMOM M pellnTe ypaBHeHmMe x — sinx — 2r(1 — d) = 0.
IIpu sTomM BaM He TpebyeTcA MOMHHUTHL M BBOAWUTH 3HAYeHHEe YuUCJa T,
JocTtaTouHo Hamucath ITH().

B onucauuu nabopaTopHoii paboThl 6 MBI 'OBOPMJIM, 4YTO pexxkuM Ilo-
UCK peweHUs — 3TO HAACTPOHKa, M IIOTOMYy He 00sS3aTeJbHO BXOAUTH
B anexkTpoHuyio Tabauny Excel. Ho B m1060i1t Tabaune Excel ects QyHK-
pua ITod6op napamempa, MO3BOJAIOIAA ABTOMATHYECKHU IIOAOOpATH 3Ha-
YyeHHe B M3MeHsdAeMOoM sAdeiike TaK, 4TOOBI B sideifiKe, riae 3allHMcaHa Iiejie-
Bas QyHKIHNA, OKA3AJI0OCh TpebyeMoe ee 3HaueHHe. BEI3OB 3TO# QPyHKIMHN
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ocyuecTBaseTca dyepes MeHio Cepsuc u nyHKT Ilod6op napamempa. Ha-
NpHMep, AJIA pelleHUs ypaBHeHHA X — sinx — 2n(1 — d) = 0 smekTpoH-
HYIO Ta0JUIly MOKHO 3aIlOJHHUThL TaK, KaK IMOKasaHo B Tabuuie KII.6.

Tabnuua Kr1.6

T
bRy

=B R

i

5 <x>

2| <d> |A1-SIN(A1)-2*[IH()*(1-A2)

B aueiiky A2 HY:XHO BBeCTH 3HaUYeHHNe YJeJbHOH IIOTHOCTH Jepe-
Ba, Adeiika Al sBJAeTcs N3MeHAeMOH, a B Adeiike B2 3anmucana neJe-
Basi (YHKIMSA, 3HAYeHHEe KOTOPOH HY’KHO cAesjaTh paBHHIM 0.

3 Haiigure sHadeHne x ¢ nomoisio GyHkuun ITod6op napamempa.

r JNla6oparopraa pabora 11 (x §20)
—...Mogens_pswKeHus 8.cpeae € CONPOTUBIGHUEM ... ...

IIpesxae Bcero BHIOEPHTE, KAKYI0O KOMIIBIOTEPHYIO TEXHOJIOTHIO BhI
HaMepeHbl KMCIOJb30BATh AJIA MOJAEJHPOBAHUA ABHYKEHHUS B Cpelie C Co-
npoTuBJeHNeM (OyaeT HMHTepecHee, €CJH KAaKas-TO YacTb KJacca BoOC-
MOJIL3yeTCsA IIporpaMMoOii, a KaKasg-TO — JJEKTPOHHOM Tabiuiiei).

1 Ecam BH HIpPeAIIOUYHNTaETe ASBIK IPOrpaMMHPOBAHHUSA, TO BOCIIOJL-
3yliTeCch CBOMM pellleHHeM 3agauu 2 n3 § 19 u oTiagsTe cocTaBlieH-
HYI0 BaAMH IIPOrpaMMy.

Ecan BBl pelIniy IPUMEHHTH 3JeKTPOHHYIO TaGJIMIly, TO 3aIloJ-
HHUTE ee TaK, KaK onaAThb-Taku ckasano B § 19. IIpaBaa, y Bac mo-
JKeT BO3HMKHYTH BOIIPOC: CKOJIBKO CTPOK B 3TOH TabJjMIle HAAO 3a-
noJHuTH? B mporpamMMme HamMcaH IHUKJ B (OopMe «IIOKa», B BJIEKT-
POHHOII TabJuIle TaK He cAejyiaeils (TOYHee, BRI e€Ille 3TOro JAeJIaTh
He ymeere). OrBer HaIlll TakoB: 3anonuauTe nmoka 200 cTpok.

2 A Tenepb HAYHMHAEM KOMIBLIOTEPHHIH 3KCIEPHMEHT.

B kauecTBe meppBoro omnsita BeiGepure U = 600, 2~ = 1300 u A = 0.
39TO 0O3HAYaAET, YTO TeJI0 HAaYHHAET CBOE ABH)KEeHHE Ha BBHICOTE
1300 M co ckopocthio 600 M/c 1 B rOPH3OHTAJNLHOM HAIpPaBJIECHHH.

ToT, KTO BOCHOJIB30BAJICA IPOrpaMMOi, IIOJYYHJ TPH CTOJOHKA
nudp. A Te, KTO HCIOJL30BAJ 3JEKTPOHHYIO TabOAUIly, MOJNYYHIH
NATh CTOJOHMKOB. XBATHJIO JIK CTPOK, YTOOBI TEJNO <«AOJIETEJIO» IO
noBepxHocTH 3eMau? Eciy HeT, CKOIUPYHTE eIlle CTPOKH CTOJBKO
pas3, CKOJIBKO OKAa)KeTCs HeoOXOZMMBIM.

3 CpaBHuTe, OAMHAKOBOE JIH IMOJYUYHJIOCH BpeMS <«IPHUIEMJICHHA»,
A «gansHOCTH» moJsera? HaneeMmcs, UTO pe3yasTaThl y Bac OKasa-
Juch OJIN3KHMMH He3aBHCHMO OT HCHNOJL30BABIIEHMCA TeXHOJOTHU.
Eciu Her, TO pasbepurech, y KOro Omnimbka.
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£> PagraansiBasg cTOJOMKM UG, BLI JOJKHBI GBLIM ellle pa3 yoeauThb-
cs B TOM, UTO Ue€JIOBEK JIyYllle IPUCHOCO6JIeH K BOCHPHATHIO BH3YAJb-
HOH mH(MoOpManuu, HeXXeJIH CHMBOJLHOII. MBI 3HaeM Tellepb, CKOJBLKO
BpeMEeHHU IPOAJIUTCA «IIOJeT» U KaK JAJIEKO «YJIETUT» TeJO, HO IpoaHa-
JIM3UPOBATHL XapPaKTep ABM)KEHHUSA yiKe BecbMa HEMpPOCTO.

ITorpebyeM OoT KOMIILIOTEpPa, UTOGHI OH M300paXkas moJydaeMble JaH-
Hble B Buje rpaduka. UTo6bl OCyINecTBUTH 9TO B IPOTPAMMHOM BapH-
aHTe, nmoTpedyoTcA rpadbuueckue omepatropbl. HexoTopble U3 HUX IpHU-
BegeHBI B Tabauie KII.7.

OnepaTopsl BKJIIOYEHHA TpadHKH, OUHCTKH 9KpaHA U HasHAUeHHUA
CHCTeMBbl KOOpAWHAT JOJ'KHLI CTOATL B cAMOM Havajle IIpOrpaMMbI.
Ilocne HUX, HOMB3YACH OIEPATOPOM MOCTPOEHHUA OTPE3Ka, MOMKHO CO3-
JaTh Ha DKpaHe CHUCTEMY KOOPAMHAT. A BOT IIOCTPOEHHE CAMOTO rpacdu-
Ka — 9TO aKTHUUEeCKH 3aMeHa B mporpamMme omeparopa Coobuunrb ome-
paTopoM BHIBOJA HA SKPaH TOUKM C HYXHBIMHM KOODAWHATAMH.

B cayuae mpuMeHeHUs BJIEKTPOHHOH TaGIHILI MOCTpoeHHe rpadu-
Ka HaJ0 mopyuyuTh camoil Tabiune. HamoMHMM, KaK 3TO AEJNAeTCH.

Hac B mepBy10 ouepeab MHTEpPECYET TpaeKTOPUs mNoJeTa Tena. Ilo-
STOMY BBIZEJIUTE CTOJIOILI, COAepKalle BLICOTY U AAJNBLHOCTD, T. €. GJIOK
sayeexk B2:C200 (unm Gosblllee 3HadeHHe BTOporo mapamerpa mpu C, ec-
au norpeboBanoch Gosbiie ctpok). Ilenkuure mo kHonke Macmep Ju-
azpamm. JanpHeiinive AeificTBUA OCYILECTBIAIOTCA IO IIAraM B COOTBET-
CTBUH C yrasaHuaMu Macmepa duazpamm.

1) Bri6op Tuna gumarpamMmbl. Boibupaem tun Toueurnas. Breibepure
BHUA co criaakuBanueMm. lllenkunure mo KHomke [Jagee.

2) Bribop mcTouHMKa AAaHHBIX. PaKTHYECKH BBl STOT IIAT BLIIOJ-
HUJW BbIAejieHHUeM Os0Ka sAdeek. Ho ecam 4uTO-TO He ycTpauBaeT (Ha-
NpuMep, ANana3oH YYAaCTBYIOIIUX AYeeK), MOKHO IIOMEHATL, He BBIXO-
A u3 Macmepa duazpamm. llenxkuure no KHonke [Janee.

3) Bri6op mapaMeTpoB. 37eCh BbI MOJKeTe CAEJATh BCe MOACHAIOIHE
HAANNUCH, YCTAHOBUTL HJH OTMEHUTH JHUHUMU ceTKH M T.n. Ilenknure
no xHomnke /[anee.

4) Bribop MecTa pasMmenieHus. OGBIYHO pasdMeNnialoT Ha TOM Ke JIHC-
Te, TAe W JaHHBIe AJja rpaduxa. OTMeThTe STOT BAapPHAHT M INEJIKHU-
Te 10 KHOIKe ['0mo6o. ¥ Bac Ha dKpaHe MNOSABUTCA TPAEKTOPUS ABHUMKe-
Husa Tena. @

4 Ecgu BB HCHOJb30OBAJH HIPOrpaMMy, TO MOAUGUIHpPYiiTe ee COOT-
BeTCTBYIOIIUM 00pasoM H oTjaabTe. [N 5JeKTPOHHON Tabauibl
noctpoiiTe rpaduK, KaK NMOKa3aHO BhIIIe.

5 IloskcmepMMeHTHUDPYIiTe ¢ PA3HBIMM 3HAYEHHAMU HAYAJBHONM CKO-
pocT 1 HAYaNbHO# BBICOTHI. IloxXo)KHM JiM, HA Balll B3TJIAA, HOJIY-
YyeHHBIEe IrpadUKM Ha TPUBBIYHYIO Hapabony?

P> Muenus, ckopee Bcero, pasgeauancb. YToGH oTBeT cTaa GoJee oue-
BUAHBIM, HOonpobyeM «6pocaThb» TeJO NMOA HEHYJEBEIM YIJIOM K TOpH-
30HTYy. Ho Hamo mMeThL B BHUAY, UTO YroJ MBI M3MEpsEeM B rpaaycax,
a GYHKIUM CHUHYC M KOCHHYC BOCIIPHHHMAIOT apryMeHT B paJuaHaX.
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Tabnuua Kr1.7

Hasnavenue Qbasic Pascal
BkntoveHue un SCREEN 12 Uses Graph;
3aBepuieHue Var gd,gm:integer;
rpaduyeckoro Begin
pexuma gd:=detect;
InitGraph(gd,gm,’BG!’);
(BmecTto ‘BGl’ ponxeH cToaTb
nyTb K nanke, rae pacnono-
XeH rpadu4eckun nHuumann-
3atop egavgabgi, HO 06bIuHO
ato nanka BGl B kopHe llac-
kanst) CloseGraph; End
Ouncrtka CLS
aKpaHa
HasHauyeHue WINDOW(X1,Y1)—(X2,Y2)
HOBOM (X1 — 3Ha4veHune abcumccol
CUCTEMBI CaMoi NeBOW TOYKW 3Kpa-
KoopauHar Ha, X2 — 3HauyeHue abce-
UNCCh! CamMoil NPaBon ToY-
Kn 3kpaHa, Y1 — 3HauyeHue
opavHatbl camMon  NeBOn
TO4KM 3KpaHa, Y2 — 3Ha-
YeHWe opauHaTtbl camon
NpPaBoA TOUYKN IKpaHa)
N3o6paxeHue | PSET(X,Y),Z PutPixel(X, Y, Z);
TOYKMN (X — abcumcca Toukm, Y — | (X — abcumcca toukn, Y —
3a[aHHOro opAuHaTa TO4KW, Z — HO- | opAuHaTa TO4KW, Z — HOoMep
userta mep ugeta; uicny 0 cooT- | ugeTta; uucny 0 COOTBETCTBY-
BETCTBYET YEepHbiA UBET, | €T yepHbin uBeT, 1 — CUHMUIA,
1 — CuHUiR, 4 — KpacHbih, | 4 — KpacHbin, 15 — 6enblit)
15 — 6enbin)
N3o6paxeHne | LINE(X1,Y1)-(X2,Y2),Z line(X1,Y1,X2,Y2);
oTpes3kKa (X1;Y1 — koopauHatel of- | (X1;Y1 — koopauHaTbl OOHO-
C 3apaHHbIMN HOro kKoHua otpeska, X2, | ro koHua otpeska, X2,Y2 —
KOHUAaMKn Y2 — koopauHaThl Apyroro | KoopavHato! Apyroro KoHua
KOHUA OoTpe3ka, Z — HoMep | oTpeska)
usera)

Jnsa mepesoma u3 rpagycos B paguaHel B Excel ecTh cmemmannzEas
dbyarmua PAIUAHDBI(x). YTo6bl BhIYHCACHUSA OLLIN IIPABUJILHLIMH,
B aueiiku D2 u E2 mano BeBectu dopmyisr G5*SIN(PAINAHBI(G6))
un G5*COS(PAIIUAHEBI(G6)) cooTBeTcTBeHHO.



TpaexkTopus cHapsaaa

400 TpaekTopus cHapsga
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45° ¢ HavanbHOW CKOPOCTbLIO
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OanbHoCTb

Puc. KN.3 [suxeHue Tena noa yriaom

30° ¢ HayanbHOW CKOPOCTbLIO
600 m/c

6 Teneps npoBeguTe BeIuMcaeHuA npu v = 600, h=0uA-=45. Tpa-
eKTOpUsA moJiyumiack Takoit, kak Ha pucyHke KII.2. Ha mapaGoay
9Ta JIMHUA He MOXO0XKa.

7 Ewme oxun sxcrnepumenT — A = 30. TpaexTopus mjas aToro ciaydas
nokaszaHa Ha pucyHke KII.3.

P MBI yBepeHBI, UTO Pe3yJbTATHI, MOJy4eHHEIe BaMH, JalOT TAKYIO JKe
kaprtury. OOpaTuTe BHMMAaHWE: NOPHU30HTAJBHAA COCTABJIAIONIAA CKO-
POCTH C Te4eHHEM BPEMEHH CTPEMHTCS K HYJIIO, ABH)KEHHE CTaHOBUTCH
IIpaKTHYECKH OTBECHBHIM (T.e€. TeJI0 IIepecTaeT IepeMemarbci B I'OpH-
B0HTAJILHOM HAIIPABJIE€HHH), & CAMA CKOPOCTH CTAHOBHTCSH IIPAKTHYECKH
nocrosinHoi. VIHEIMH clIoBaMH, C TeUeHHMEM BPeMeHU ABHMIXKEHHE B cpe-
Jie C COIIPOTHBJIEHHEM CTAHOBHUTCH IPAKTUYECKH 6ePMUKALbHbIM U DAG-
HoMepHbiM. BOT KAaKOH yAMBHUTENBHBIA (hakT MBI OOHAPYKHJIU B pe-
3yJbTaTe KOMIBIOTEPHOTO MOZAEJHPOBAHHA HAHHOIO IIpoIecca.

PaBHOMEDHOCTEh ABH)KEHUS Tejla B Cpelle C COINPOTHBJIEHHEM O3HAa-
YaeT, YTO CHJIA THAMKECTH YPABHOBEIIHBAETCA CHUJIOH COIPOTHBJIEHHA Cpe-
oel. IHERIMUA clOBAMY, OPH TAKOM JBUMKEHHHM MMEEeT MECTO DABEHCTBO

mg — mkv? = 0.
Orcioma v= E Takum o006pasoM, CKOPOCTE Teja, ABHIKYIIErocs

B cpenme ¢ COINPOTHBJIEHHMEM, C TedeHHEeM BpPEMeHH JOJIMHa OBITH BCE

OJM)Ke K BeJIMUHHEe J% - |

~ |8
8 HpOBepBTe, BEIIIOJITHEHO JIH ﬂpHﬁJIH}KEI{HOE PaBEeHCTBO Ummm\[;

B pacyeTax IIpH OJOCTATOYHO OOJI'OM ABHXXE€HHH TeJa B cpele C CO-
nporuBiaeHueM. Eciau oHO Habmionaercsi, TO 3TO BAXKHBIA apryMeHT
B OJIL3Y 8€KBATHOCTH IIOCTPOEHHOM HAMH KOMIBIOTEDHOMH MOJENIN.
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P> KoHeuHno, Halll KOMITLIOTEPHBIH KCIIEPUMEHT He Ooxasviéaem, 4TO
o6Hapy'KeHHOe ¢ ero IIOMOINLIO CBOHCTBO ABMIKEHHA TeJjla B cpefe
C COIIPOTHMBJIEHMEM HMeeT MecTo Bcerga. M cKOJIbKO Obl 9KCIEPHMEHTOB
C pasJINYHBIMH HAYaJIbHBIMH YCJIOBHMAMM MBI HM IIPOBeJU, Bcerga Oyzer
IPHI3Th YEPBAYOK COMHEHHA, a BAPYT IIPH KAKMX-TO HAYaANbLHEIX JaH-
HBEIX O0HApPYy:KeHHOEe CBOMCTBO OTCYTCTBYET.

M Tyr Ha nomoips pHU3NMKe NPUXOIUT MaTeMaTHKa. IMeHHO B Ma-
TeMaTHKe paspaboTaHBl MEeTOABl HCCJIeJOBAHUA NMOBeIEeHHA (MYHKIIMH.
Ha ypokax MaTeMATHMKH BBl YYHJIHCh ANfA GyHKIuii, 3aJaHHBEIX Ka-
Koii-n1n6o ¢dopmyJioii, HcclIeAOBaATh €e IMOBeAeHHE U CTPOUTH rpaduk.
B mamem ciaydyae HHKAKOH (GOpMYyJBI, ompefesdlolleil 3aBUCHMOCTD
CKODOCTH OT BpeMeHH, HeT; eCTb TOJbKO HeKOTOphle COOTHOIIEHUA,
CBA3BIBAIOIIIMEe CKOPOCTh M YCKOpeHHe. MaTremaTuku paspaboTaiu MeTo-
Obl, TMO3BOJIAKINNE IO TAKHM COOTHOIIEHHAM ONpPeleNfATb, KAKHMH
cBoiicTBaMu oOjgagzaer ¢yHKIuA. B paccMaTpuBaeMOM caydyae MOKHO
JOKas3aTh, YTO OOHApY'KeHHLIe CBOMCTBA CIIpaBeAJIMBEI IIPM JIOOBIX HAa-
YaJIbHBIX 3HAYE€HMUAX BBICOTHI, CKOPOCTH M yIJia HaKJOHA.

B pesynbrare HccnemgoBaHHA IBHKEHHS B Cpele C COIIPOTHBJIEHU-
€M MBI OPHMIUIH K BBIBOAY, YTO CO BpEeMEHEM 5TO ABHIKEHHE CTAHOBHT-
cA OJMBKHM K paBHOMEPHOMY ABMJKeHHIO. He oO3HavyaeT JH 3TO, YTO
MOJKHO OBLJIO C CaMOro HayaJjila CUYHMTATL MOJAEeJb PABHOMEPHOTO ABUIKE-
HHUA BIIOJIHE aJleKBaTHoil JaHHoMy nponleccy? Ilogymalite Ham sTUM
BOIIPOCOM M IIOCTapaiiTech JaTh apryMeHTHPOBAHHEBIN OTBET.

IIpomomxuM KOMIOBIOTEPHHIN 3KCIEepPHMMEHT.

9 ITommiTaliTech BHIACHHUTH, MPH KAKOM yrjie HAKJOHA AAJIBHOCTH IIO-
Jera Oyaer Haumbonbineii. HavuaipHas CKOPOCTh M HAYaJbHASA BBICO-
Ta npexkHue: v = 600, A = 0. [Ina sToro MOKHO IIPUMEHHUTb METOZX
JeJleHUsl IMOMOJIaM HJIM BOCIOJIB30BATHECS PEKHUMOM 3JIEKTPOHHOMN
rabaunel Ilouck perreHus.

¥ mac moayuumnoch = 29°. A Kakoit oTBeT y Bac?

10 A Temeps mompo6yeM BHIACHMTH, KaKOBa HauajbHas CKODOCTb CHa-
pana u3 s3azaHua 3 § 19. Jlna sToro BOCHONB3yHTEChH BAIIMM pellle-
HueM 3azaum 3 us § 20.

11 Ecan BamM xoueTca y3HATh, HACKOJbKO HAIDEBAETCHA TEJO BO BpeMsA
MoJjieTa B cpeje C CONPOTHBJIEHHUEM, pPealus3yiiTe KOMIBIOTEPHYIO
MoOJeJIb, CO3JaHHYI0O BAMHU IIPH BLINOJHEeHHM 3amanusa 4 us § 19.

I-E Na6oparopuas paﬁord_'r 12 (x §21)

B § 21 onucannl JBe MOAENH POCTA MOMYJAIUH XHBBIX OPraHH3MOB.
IIpoBegeM ¢ HUMM KOMIBIOTEPHLIH 3KcmepuMeHT. U1 cHOBa 3hech MOXK-
HO IIPUMEHUTH JgBe TeXHOJIOTMH: 3JIEKTPOHHbIe TAOJMHIBI M A3BIK IPO-
rpaMMupoBaHusa. YToOBI ObLIJIO MHTEpecHee, pasfesINTeCch B KJacce Tak,
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Tabnuya Kr.8

yTOoOBI OJHA YacTh M3 Bac pabo-

e - Taja ¢ 9JIEKTPOHHOM Tabauilei,
Mpupoaxas Koadpou- a Ipyraa — C A3LIKOM IIpOrpaM-
3oHa UMeHT k mupoBaHusa. HuKe MBI IpUBOIUM
3aJlaHKA, ONHChIBAad HUX BBIIOJ-

TyHapa 0,6 HeHHe C TOMOILILI0 3JeKTPOHHOM

f Tatira 1,8 Tabaunei. HazeeMcsa, 4TO BBIIOJ-
Crenb 1,2 HUTH Te JKe 3aJaHUusA, UCIOJb3ys

g MycTbiHA 0,8 mporpaMmy, COCTaBJIEHHYIO IIpH
1 BRINOJIHEHUHN 3ajaHuda 5 us § 21,

AJIA Bac He COCTaBUT TpyZa.

JJis nmpoBeAeHMs KOMIIBIOTEPHOTO 3KCIIePHMEHTa HaA0 3HATL HC-
xoxHele gauusie: M(0), k, a, L. B xauecrBe M(0) BosbMeM Maccy, paB-
Hy1I0 1. B KOHIle KOHIIOB JJIsi HAIllero 3KCIEPUMEHTa COBepUIeHHO Oea-
pasauuuo, 6yaer gu 3t0 1 rpamm, uau 1 TOHHa, maum 1 MeraToHHa.
AnajoruuHo BeJIUWYUNHa BepxHeidl rpaHUIbl L TOKe He MMeEeT NPHUHIIH-
nuaapHOoro 3maveHmus. Ilycrs L 6yzer, manpumep, 11000. A BoT Ko-
s3bdunMeHT NPHUPOCTA BecbMa CYIIECTBEHHBINl IIapaMeTp IIpoliecca.
ITosToMy npeaycMOTpUTENBHO 3alaceMcd 3HaYeHUAMU KoddduiimeH-
Ta k, S9KCIEPUMEHTAJBHO MOJYyYEeHHBIMHU YUEHBIMU-O0MOJIOTAMHU AJIA pac-
TeHWii B Pas3HBIX HNPHUPOAHBLIX 30HAX (MBI Y)K€ OTMEYaid, YTO HE HUrpa-
€T poJiM, KaKue MMEHHO JKUBLIE OPraHM3Mbl PACCMATPHMBAIOTCS B 3TOMH
MOJeJIN, IIyCTh 9TO OYAYT pacTeHHus). SHaUYeHHe B INs1 pasIMYHBIX IIPU-
POOHBIX 30H npuBeleHo B Tabiuie KIL.8.

Tenepb, UCOOJB3YA 3TH YMCJA, HONbITaliTech NpeiACKasaTh, udepes
CKOJIBKO JIeT Macca pacTeHuii nmpeBbicuT 100, eciin nepBoHAUYAJNIBLHO Mac-
ca pacTeHHM# Ha HEKOTODOM y4YacTKe Oniia Bcero 1. 3anuinuTe Baid
MPOTHO3, YTOOLI MMOTOM CPABHUTL €ro ¢ pPe3yJbTATOM, IOJIYYEeHHBLIM Ha
KOMIIbIOTEDE.

Ocrajock onpenenuth Koadpobumuenr a. U3 dopmynsl k(n) =
= q(L — M(n)) BugHO, 4TO IJA HaXOXAeHUs KoaddunmueHrta a mocra-
TOouHO pasaenuThb k(0) ma L — M(0). B cBoio ouepensn, uncao k(0) — aro
Ko3dPUIIMeHT TPHUPOCTA B CAMOM Hadalje IIpollecca, M IIOTOMY €ro HyK-
HO B3ATH PaBHHIM uucyy kB u3 tabaunsr KILS8.

IIpucTynuM K KOMIBIOTEPHOMY SKCIEPUMEHTY.

1 3arpysurte 3JeKTPOHHYIO TAOIHIly M 3aHeCUTe B Hee HeoOXoguMEIE
AaHHBIE TaK, KaKk moKasaHo B Tabmauiie KIL.9.

B> Kak ke ysHaTh, uepe3 CKOJBbKO JIET Macca pPacTeHHil B TYHApe Ipe-
BeicuT 100 T? IIpeacraBum, uTo B Tabiuile 3alOJHEHLI BCE CTPOKH, Ha-
yuHasa ¢ 7-#. Torga gocrarouno B croybite C HaliTH AYeilKy, Korga Iep-
BEIf pas3 BCTpeTUTCS 4YHCHO, Oosbitee 100, m B TOM ’Ke CTPOKe B Iep-
BOM CTOJOIle Mbl YBUAUM TroJi, B KOTOPOM MAacCCa PACTE€HHIl IIPEBHICUT
100 T. ToyHO TaK K€ MOKHO IOCTYIUTbL CO CTOJIOIIAMH, B KOTOPHIX
oToOparkeHa mHPOpPMANMA AJsA IPYrUX IPHUPOAHLIX 30H.

Koneuno, 3anoJJHUThL BCEe CTPOKH TaGJHIILI cpady CJIHIIKOM TPYZAO-
eMKas Ja, HaBepHO, U HeHy»XHaa pabora. Ilpoue mocTynuTs Tak: mocJje-
JAOBATEJILHO KOMHPOBATL OJOK sdeeK A7 :J7 B mocaeayioline CTPOKH.
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(ITopymaliTe, agpeca KaKHX AYeeK OPHM TAKOM KOOHPOBAHHUH He JOJIXK-
HBI MeHAThcsA.) Kaxk Toabko Bo Becex cronbuax C, D, E, F, G, H, I, J
BO3HHKHYT uHcJa, Ooiabimne 100, KomupoBanue MOXXHO NPEKPATHTh.

2 IlpoaenaiiTe yrasaHHYIO0 pabGoTy ¢ Tabauneii. aa xkagoii npupos-
HOM 30HBI 3aIUIINATE TOJ, KOTJAa MPOM3OILI0 IPEBLIIIEHHE YHUCJIA
100. CpaBHMTEe NOJYYMBIIHECS NJAaHHLIE C BAIlIUM HPOTHO3OM, 3amH-
CaHHBIM paHee.

3 Temeph mociie mepBOro OmEITa mompobyiiTe yragaTh, KOrga macca
pacteHuii craHer paBHoii 1000 T.

P> IIpoBepnTe CBOM HPOrHO3 ¢ MOMOIIBLIO 3JEKTPOHHON TaGIHUIIBI WM
nporpaMmel. (FlHTepecHO, YAYYIIUINCH JIX Ballld IPOTHOCTHUYECKHE CIO-
coGHOCTH?)

Cropee Bcero, Temephb Balll IPOTHO3 OKAa3aJiCA 3aBHINIEHHHIM (KaK
M Y aBTOPOB 3TOH KHHTH, MPOBOAHBIINX TAKOHM ’Xe KOMILIOTEPHEHIH sKe-
MepHMEHT). YIUBUTEAbHBEIN (PaKT, He mpaBja JIU: Macca YBeIHUYHJACh
B 10 pas, a Ha ee «IPOM3BOJACTBO» MOTPEBOBAIOCH BCEro JHIIL ABA-TPH
AONOJHUTENbHEX roga. [losydyeHHbIe pe3yNbTAaThl TOXKE 3AIIUIIINATE K ce-
6e B TeTpajb.

Ha cnepyiomee «yaecsaTepeHHe» MACCHI JKHBHIX OPraHU3MOB B MO-
JeJIl HeOTPAHMUYEHHOr'0 POCTA IIOHAZOOMTCsA TOoYKe ABa-TpM rojaa (ybdemu-
Tech B 3TOM CaMH M BHeECHTe Pe3yJLTATHI B Tabmmuy). <«

4 Kaxxpas coBpeMeHHAas 3J€KTPOHHAs TaGiHIa IT03BOJISET aBTOMATH-
YeCKH IIOCTPOMUTL rpadUK 3aBUCHMOCTH MEXKJAY BEJIWMUYHHAMH, BHI-
YHUCJAECHHBIMHU C ee IOMOIIbI0. Bocooaba3yiiTech 3TOM BO3MOMKHOCTBIO
M TOCTpoiTe rpadMKH 3aBHCHMOCTH MAacChl PACTeHHH OT 4YHCJA
OPOIIEAIINX JIeT (I KaXJoil M3 NpUPOZHEIX 30H). Kakme obimue
0C00EHHOCTH 3THX IpadHMKOB BBl CMOIJIM OOHADPYKHUTDL?

P> Pasuuiia B noBeJeHHHM STHX MOJejed HAIWULO. B Moaenu orpaHu-
YEeHHOTO POCTa BpPEeMA «VIECATEPEHHUS» pPaCTeT, IIpUUYeM OnIcTpee AJIA
Tex pacTeHuii, rie KoadduuueHT k£ MeHbIIe. JTO HEYAUBHUTEJILHO: YeM
MeZJleHHee POCT, TeM OOJIbllle BpeMeHH TPebyeTcA A «YIECATEPeHUA»
Macchl. 9TOT KauYeCTBEHHLIN aHaJIW3 pasju4YUi MeXAY MOJEJSMH He-
OrpAaHHYEHHOTO M OTPAHMYEHHOTO POCTa MBI B cJeAyIollel JsabopaTop-
HO# paboTe HOMOJHMM KOJHWUYECTBEHHLIM aHAIU30M. <«

I-D Na6oparopuas paGora'l3 (x §22)

HccnepoBaTh MOJEab HEOTPAHHMUYEHHOTO POCTA Ha aXeKBATHOCTb MBI
OymeM ysKe NMpH M3BECTHHEIX HAM NapaMeTpax: 3HadeHme k BosbMeM 1,8
(kax gna raiiru), a L 6yaeMm cuurtarh paBHeIM 11 000.

1 3anoJHHTe 3JEeKTPOHHYIO Tabauny, Kak NMoxkasamo B tabmune 3.2 u3
§ 22, »u BHecuTe uUcxoaHBIe Zamuble. IlocienoBaTeabHO KONHPYSA
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ook A4:D4 B mociezyionipe CTPOKH, HaiigjuTe, B KaKOH roj oOfT-
KJaoHeHHe npeBbIcHT rpasuny 10%. (IIpm satoM He 3a0yabTe yKa-
3aTh BJEKTPOHHOII Tabiune, agpeca KaKMX sYeeK He IOJIKHBI Me-
HATHCA IIPM KONHUPOBAHWM.)

Tenepr mccaenyiiTe 3aHaueHue k, pasmoe 1,2.

2 Cxkonupyiite 6ok Bl:D... (3gech BBl JOJKHBI YKa3aThb HOMED @O-
ciaegHell 3alOJHEHHON CTPOKH B Tabiuie), HAUHMHAA ¢ KjaeTku F1.
3anumurte B F1 xosdpdpunuent 1,2. B KaKoM rogy OTKJIOHEHHE TIpe-
BeICUT rpanuny 10% ? IIpumJioch JIH BaM elle KOODHPOBaThb CTPOKHU?
Ve 9TM OBAa KOMIBLIOTEPHBIX JKCIEPHUMEHTA MNOKA3BLIBAIOT, YTO
C yMeHbIIIeHHeM k rpaHHIa 7 OTOABHUTAETCH.

3 lna moaxpenjieHHsA 3TOT0 BHIBOAA NMPOBEAUTE KOMILIOTEPHBIN BKC-
IEepHMEHT elle ¥ npu k = 1.

P Temepr MOXKHO HCCJIELOBATh, KaK TpaHHUIA aJeKBATHOCTH 3aBHCHUT
oT BeauuuHEl L. Ob6iue coobpasKeHHss MOACKA3BIBAIOT, YTO C pocToM L
rpaHuIa 7 JOJPKHA yBeJH4YMBAThbCsA. HOo KaKOB XxapakTep 9TOH 3aBHCH-
mocTu? JlaBaliTe, K mpUMepy, YABOUM 3HaueHHe L. <

4 BsepuTe yaBOeHHOe 3Hauenue L mpu k = 1.
ITocmoTpuTe, rpaHuIa OTOLBHHYJIACHL HA OAWUH IoJX.

5 A ecau emre pa3 yaBouThb? IIpoBenuTe 3TOT 3KCIEDHMEHT.
Onarp rpaHuIa OTOABHHYJIACH HAa OXHH TOX.

6 A ecam ucxomHoe L ymeHbmnuTh BABoe? IIpoBeauTe SKCIEpHMEHT
npu L = 5500 (mo mo-mpexxkHemy k = 1).

P ObderT TOT e caMhlii — Temeph IPaHHMIA N YMEHBINWIACh Ha 1.
HanpamuBaerca rumoresa, uto L obOpasyeT reoMeTpHYECKYIO IIporpec-
CHMIO OTHOCHTEJbHO I'PAHUIILI aJeKBATHOCTH n. Eciu BCIOMHHUTE opMy-
Jy OOIIero 4jeHa reoMeTPHYECKOH NpPOTrpecCHH, TO MOJYUHM

L=0b-2""1,
rae b — mekorophiii Koaddunmuenr. Halitu sator KoadhdpUIlueHT HeTPYyX-
HO — JOOCTATOYHO Pa3fejUTL L Ha COOTBETCTBYIOUIYIO CTENEHL 2.

3agymMaeMcsa, OZHAKO, HajJ NOJydYeHHOH ¢dopmyoii. Beanr B 06-
meit popmyne gna L, HaBepHO, ellle HOJXKHO y4YaCcTBOBaTh k. Yuu-
THIBasi, YTO NpPHU k = 1 BREINOJHEHO CcOOTHomeHWMe 2 = 1 + kB, MOKHO
NpPeanoOOKHUTL, UTO .
L=b1+Eky .

Ocrasiock HaiiTH b M ybeAUTLCHA, UTO 3TOT Ko3b(PUIMEHT HDpaKTH-
YeCKH He 3aBHCHUT oT k.

7 Haiiaure b npu L = 5000 opn pasauuneix k: 1; 1,2; 1,5; 2. Vo6e-
AUTECh, YTO BO Bcex ciayudasx b = 8.

> WUrax, mamu KOMOBIOTEPHBIE JKCIIEPDHMMEHTHI NOKa3aJH, 4YTO MO-
AeJIbI0 HEeOI'PDAaHHUYEHHOT'O pOoCTa MOXXHO NOJb30BaATBCA C YPOBHEM IIO-

o*
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rpemrHocTH 10% Ipu BelmoJHeHuu yciaosus L > 8(1 + k)*~ . Tor, KTO
3HaeT, KaK pellIaloTcs MOKas3aTeJbHble HEPABEHCTBA, JETKO IOJIYYUT AB-
HOe BbIpasKeHHUe IJIf n, IOKAa3bIBAIOIlee, KAK JOJIT0 MOYKHO NOJb30BaTh-
csi MOJEJbI0 HEOTPAHMYEHHOrO POCTa NPH 3amaHHBIX L (mpeaenbHBIM
YPOBE€HBb MAacCCHI YKHMBBIX OPraHu3MOB) M £ (K0o(hhHMIMEHT eKerogHoro
mpupocTta). Bor ara ¢opmyna:

1g(0,125L)

lg(l+ k) °

llens, mocTaejeHHasa B HadaJjie JaGopaTopHOM paboThl, ZOCTUTHYTA.
Ho MBI HazeeMcsi, UTO BEI B XO/A€ BBIIOJHEHUs 5TOH paboThl HAYYMUJIHUCH
6onbmiemy. Bel mabmiomaiin, Kak ¢ IIOMOIIBIO CpelcTB HHGODMAILMOH-
HBIX TEXHOJIOTHI HMCCJIEAYETCS XapaKTep 3aBUCHMOCTH MEKAY DPasiaud-
HBIMH II€peMEHHBIMH, BBIZABHUralOTCH, 4 3aT€M IIPOBEPAIOTCH B KOMIIBIO-
TEPHOM OSKCIIEPHUMEHTE THHOOTE3LI O (hopMyJie AJA STOH 3aBHCHUMOCTH.
3aech U ceiiyac BBl NOJIYYMJIM IEPBEI ONBIT 9TOIl MHTEPECHOH HccJie-
JOBaTEJbCKOM AeATEeILHOCTH.

BoamokHO, He BCexX YCTPOMJI HAlll MOMCK Ha IJIa30K KoaddunueH-
Ta b, Ja M yBEepPeHHOCTH B BheipakeHUH 1 + E To'ke Her. BoT TOMBKO
xapakTep 3aBucumocTH L = b(1 + sk)" "' comHeHmil He BhI3BIBaeT. Ilo-
ctynuM Tak. IIposorapupmupyeM 3TO paBeHCTBO U O0osHaumm 1gL dve-
pe3 y, lgb— (1 + sk) uepes ¢, a 1 + k yepea d. Ilonyuaem 3aBHCHMOCTH
Y = ¢ + dn. OT0o nuHeHHas 3aBUCHUMOCTb, AJIA KOTOPOH M3 SKCIEepUMEH-
TaabHBIX AAHHBIX Tpebyerca moxobpaTh KoadhdunuenTsl ¢ 1 d. Benowm-
HHUTEe, TAKYIO 3aJadyy MbI oO6cyskzaam B § 13, a 0 ee KOMIBIOTEepHOM
peanus3anun pacckasaamu B jabopaTopHoii pabore 6. «

n<l+

8 Opraunsyiite noabop KoahGULUEHTOB ¢ U d OJHUM K3 ONUCAHHBIX
pauee crnoco6oB. ITo mosyueHHEIM 3HaUYeHUAM ¢ M d HaiinguTe Koad-
dumenT b n s. 3HAYNTENBLHO JU OTJaHYaeTcsa b or 8, a s ot 1?

rﬂ " Jla6oparopHas pa6ora 14 (x §23)

1 Kak ckasano B § 23, KOMNObIOTEDHAA MOJEJNb SMUAEMHH T'DUIIIA
CTPOUTCA HA OCHOBE MOJIeJIM OrpaHMYEeHHOro pocra. Peanusyiite
CHAYAJIA KOMIBIOTEPHYIO MOJEJb, OMHUCHIBaeMyl GopmMyJioi

L - B(n)

Bn+1)=|1+Ek B(n).

2 IlpoeauTe ¢ Hell dKCIIEPUMEHT.

P> OTOoT sKCHEepHMEHT IOKa3as, YTO MOZAEJb HeajeKBaTHA peaybHOM
cuTyauuu: Bce 60j€l0T U GOJEI0T, SUINAEMUS HUKAK He 3aKaHYMBAETCH.
IIpuunHa HeameKBATHOCTM IOHATHA — He YYJM CYLIIECTBEHHBIN dak-
TOpP, YTO JIIOAU BHI3AOPABJIMBAIOT.
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3 KoppeKTHpOBKA MOZENH NPOBeJeHA B O0'BACHUTENLHOM TeKcTe § 23.
ITocTpoiiTe COOTBETCTBYIOIIYIO KOMIIBLIOTEPHYIO MOJENb U IPOBEIH-
Te ¢ Hell sKcnepuMeHT. g HArJIAZHOCTH HOCTpoiiTe rpadHKH, OT-
pakaroiue KOJUYECTBO GOJbHBIX B pasHble MHH 3IHICMHH.

I-n Na6oparopras pabora 15 (k §25)

JI1060if OJBL30BaTENb ¢ JOBEPHUEM OTHOCHUTCA K IIporpaMMHOMY obec-
IeYeHUI0 KOMIObIOTEPA, KOTOPHIM OH moJb3yeTca. OgHAKO, KaK TOBOPHUT-
cd, JOBepAl, HO npoBepsAii. MBI BOBce He IPHU3LIBAEM BaC C HEJOBEPHU-
€M OTHOCHTBLCS K IITHPOKO IPHMMEHAEeMbIM HMHCTPYMEHTAM HHGOpMAaIlu-
OHHBIX TexHojyoruii. Ho Hago NIOMHHTEL, YTO HJATUYMKHU CJHYYANHBIX YHCEN
BCero JIUIIbL MOAEJUPYIOT CAYYaHHOCTb, M IIOTOMY COBCEM He (hakxT, uTO
IceBAOCHyYaiHaA II0CJedOBATENbLHOCTh, KOTOPYIO BhIpa0aThIBaeT CTaH-
maptubiii [ICY, rogurcsa ans pelmraeMoil BaMM 3aJaudH.

Mexay TeM HeTPYAHO TPOBEPHUTH, XOpoIla JAM BhIpabaTniBaeMas
JACY mnceBpocayuaiiHaA mMoCJieAOBaTEJbHOCTD.

Ectp Takas mrpa — «OpasHra». YCJI0OBHSA HIPbl TAKOBBI: OepyT
MOHETKY M NOAOpachIBaloT ee. Ecam BBITIafaeT OpeJi, TO BBIUTPLIBAET
OJWH HUIPOK, €CJH PelllKa — BHIMIPHLIBAET APYroi.

A Tenepp cMmogenupyem 3Ty urpy ¢ momounbio {CY. ITocKOJBKY
JaTuuk BhIpabarwiBaer umciaa ot 0 70 1, TO ZOroBOPHMCS TaK: €CJH IO-
aydaercsa 4ucjo, mMeHblnee 0,5, To, 3HAUWT, BBIIAJAEeT OpeJ, a B IIPO-
THUBHOM CJy4Yae — peIIKa.

Tem caMbIM aJFOPUTM TAaKOB:

Anroputm OpasuHra
uen: a, k, n; seul: x;
{ Sanpocurs n; (* wucao nodbpacvieéarnuii monemuvt *)
a = 0;
Adenatb ot k=1 gon
{ x := rand(1);
Echu x < 0,510{ a:=a+1;}

Coobunte "Yucno smmajenuii repba”, a;
Coobwnth "Yacrora Buinagesus repba”, a/n;

}

Jnsa mepeBoza 3TOro AJrOpUTMA HA A3LIK BeHCHK HaJ0 MCIONb30-
BaTh ABa HOBBIX Ijs Bac onepatopa RANDOMIZE u RND. Ilepsriii
omepaTop MHHIHANH3UPYET JAaTUYHMK CAYYAHHBIX uYkcea. OH IHIIETCA
OMH pPa3 B caMOM HauyaJie TeJla MPOrpaMMbl, €CJHU B Hell IpexmoJara-
ercsa ucnonan3oBaTh J[CY. Ho ecnm BB HpPOCTO HANHINETE OIIEPATOP
RND, T0, BEINOJHAA €ro, KOMHBIOTEP 3allpOCHUT Y BaC IIEpBOE CJaydaii-
Hoe uucJo. UToOBI 9TOro He MPOUCXOANIIO, Bl MOYKETE CPa3y HmOCJe ome-
paropa uepe3 mpo0es HamKcaTb Kakoe-HMOyAb umuciao. Ho torma RND
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OyneTr Bcerga reHepHpOBATH OAHY M Ty Ke CIYYaMHYIO IOCJIELOBATEJL-
HOCTb. ITO YHOOHO JJs OTJIAAKH NIPOrpaMMH (IIOMHHTe, MBI 06GCy:KAa-
au 310 B § 24), HO cOBepIIEeHHO He IMOJUTCA IPH MOJEJMPOBAHHH CIY-
yaiiHBIX npoueccoB. [10aToMy OOHIYHO HDHIIYT TaK:

RANDOMIZE TIMER

B aToM caydae KaIABIN pas, BBINOJHAA HPOrpaMMy, KOMILIOTED
B KauecTBe HAYaJLHOIO 3HaUeHHs OyaeT OpaTh Terylmee BpeMmsa. fcHo,
YTO OHO BCerja pasHoe, TaK UTO M IICEeBIAOCIYyYalHBble IOCJIeA0BATEJb-
HOCTH GYyAYyT MOJIyYaThCA TOMKE PasHBIMH.

Yro racaerca onepatopa RND, To ero Hago mucath BMECTO KaK-
zoro ymnotpebieHusa omepatopa rand(l) B HAaIIMX ajJropMTMax.

B saseixke Ilackajp HCHOJB3YIOTCA AaHAJOrMYHBIE OIEPATOPHI:
Randomize n Random(a). IlepBBIif M3 HUX HHHIHAJHZUPYET HATUHK
CAyYalHBIX YHCEN H 38J8aeT MepBOe YHCJIO, ONpelAeiseMoe BHYTPEeHHUM
BpeMeHeM KOMIIbIoTepa. BrTopoii omepaTop 3ajaeTr leJioe CJOydYaiiHoe
YyucJ0 B npoMexyTke [0; a).

A Temepnb 3amosiHHUTe Tabauny mo obpasuy tabaumner KII.10. ¥V Hac
OHa OOJYYWJIACh TaKOH (MCIOJIb3OBAJICA CTAHZAPTHHIA JaTUMK (DUPMEI
Microsoft, mmeiontuiica B A3niKe QBasic, BxoxanmieM B cucremy MS

DOS Bepcun 5.0).

Tabnuua Kr.10

Konuuectso Konuuyectso Yacrora BbinageHnin
6pocanmii, n BbinageHwi 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

Haseproe, y Bac moayuyujach, apyras Ttabauina. Ho MBI yBepeHHI,
YTO B TPeTheM CTOJIOIle M Yy Bac 3alMCaHBI 4yucja, 6ausxkue ¥ 0,5. Iaa
Bac 3TO He NOJIKHO OBITH YAMBUTEILHHEIM (€CJIM BhI BBLINOJHHJIM 3afa-
Hue 5 6 uz § 24) — ecThb ABa PABHOBO3MOYKHBIX HCXOHA, TaK YTO BEPO-
ATHOCTL BHINAAeHUs rep6a pasHa 0,5.

YeM ke MOKeT mOMOYb HaM aTa Tabamna? ScHo, 4TO coOBCeM MJIO-
xo# maTuuk Oyzer Bce BpeMs AaBaThb 4yacToTy 0,5 — 9TO MOJIHOE OTCYT-
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CTBHE CJY4YaifHOCTH: 4Yepe3 pa3 BHIIaAaeT repb, uepes pa3d — pemIKa.
NpeanbHBIf AAaTYMK JOJKEH BHIZABATh OTKJOHEHHMS OT STOM YACTOTHI.
OxasbIBaeTcs, M3BECTHO, KAKMM [OOJIKHO OBITh 3TO OTKJIOHEHUE IJIA
uleanbHoro garyuxa. CTerneHb yIOBJIETBOPUTEJLHOCTH TOr'0 MM HHOIO
JaTYUKa OIpeAesifeTca TeM, ¢ Kaxkoil BepOATHOCTLIO OTKJIOHEHHe, IO-
JyYHUBINEEeCHA y NPOBEPAEMOro JaTUHKa, MOMKeT OhITh Yy HAEAJBHOrO.
WAupIMu ci0BaMH, IIPHM OLIEHKE KayeCTBa MBI MMeeM Jesio ¢ QYHKIueif,
CBA3LIBAIOINEHM TPH ImapaMeTpa:

n — 4yucJao OpocaHuii;
d — OTKJOHEeHHe CpeJHero 4yucJja BhinazeHus repba or 0,5;
P — BEPOATHOCTL TOro, 4uTo AJA upeanbHoro JICY oTkjaoHmeHHe

Oyzer He MeHbIIe ueM d.
Hyxuyio Ham dopmyny enje B Hauase XIX Beka monyuma ¢paH-
nysckuil Brigaromuiica marematuk Ilvep Cumon Jlanmac:

p =2(1 - ®2d+/n)).

B aroii ¢opmyse ¢urypupyer dpyskunua d(x), u3sBecTHaA MaTeMa-
THKaM eine a0 Jlammaca, Koropasa HasblBaeTCA HOPMaJIbHOH QyHKIIMel
pacupeaeneHusa. Popmyna AjaA 3TOM (PYHKIHM HCIOJb3YET MaTeMaTH-
YecKHe CHMBOJIBI, KOTOpDEIE BaM elle HemsBecTHeI. Ho cama dopmyna
HYJKHA JIMIIb B TEOPETHUYECKHUX HCCJIEJOBAHMAX, a HAM HOCTATOYHO Tal-
AU 3HaYeHUil, KOTOpas eCTh B JIIOOOM CIPAaBOYHMKEe IIO MaTeMaTH-
Ke. A BBl MOJKeTe IOJYYHTh ee 3HaueHHe, HANpUMep, 3alHicaB B gyeil-
Ke 3JIeKTpoHHO# Tabauusl Excel dopmyny =HOPMCTPACII(Al), ecan
B Aueiky Al sammcanm apryMeHT GyHKuun ®(x). [nsa JaHHBIX, IpUBe-
meuublx B Tabmune KII.11, monyyaeM caegyoomiue pe3yJbTATEL:

Tabnnya Kr.11

Yactota
Gpocamni, »| Senaneni OGS oo | =20 - 0ainy

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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Kaxoit BoiBog MoxxHO chesaTh? XOpomI JIM HAIll JATYHK?

JaBaiiTe paccyxkgars. Ecou, craxem, p nmoayumuiaoctk paBHeiM 0,89,
TO 3TO 3HAUYHT, uTO B 89 cayuaax us 100 uaeanabHEIl gaTunk OyaeT Aa-
BaTh OTKJIOHeHMe OoJibIllee, 4yeM Hami. UHBEIMH CJOBaMH, HAIll JaTYUK
HeXOCTATOYHO CJIyYaeH.

A ecamu p = 0,15, To Hall JATYMK ONATL ILUIOX — TaKoe M OoJbIree
OTKJIOHEHHEe HJealbHBIM AaTUMK JaeT Bcero Juinb B 15 cayuaax mus 100.

3HAYUT, AJIsI XOPOIIEr0 JaTYMKa 3HaYeHHe P AOJIKHO OBITL GJIM3KUM
® 0,5, ckaxkeMm, nmomagaTh B mHTepBaa ot 0,3 mo 0,7. ¥ mac B Tabanu-
1me KII.11 rakux ciayuaeB Bcero jumb 4 m3 12, Bojsee Toro, ¢ pocTtom
n CHUTyanus He yJayuinaercsa. Buamo, Halll JaTYMK XOTHL M (HMPMeEHHLIH,
HO He CJIHNIUKOM xXopomunii. BoamoxHO, BaM moBesJio GoJsbire (MBI cle-
IIMaJbHO B3SJIH JOBOJLHO CTAPYIO BEPCHIO MPOTPAMMHOTIO O0eClmedeHnst
U B CJeAyIOMUX JabopaTOpHBLIX paboTax MOJBL30BAIUCHL OoJiee HaJeX-
HpiMmu JCY).

rn Na6oparophas pa6ora 16 (x §26)

KomnblotepHas mogens CUCTEMbI
CCOBOIQ

el
B o6macuuTespbHOM TeKcTe § 26 mocTpoeHa MOZeab CHUCTEMBI Mac-
COBOrO OOCJYXKMBAHMA MOKyIaTejeii B marasmHe. Bojiee TOro, BBIIOJ-
HHUB 3aJlaHue 7, Bbl HAIIMCAJM IIPOrpaMMy, MMO3BOJIAIOILYIO IIPOBOIHUTH
KOMIIBIOTEPHBIH 9KCIIEPUMEHT.

1 OrnagbTe 3TY IporpaMmy.

2 IlpoBeanTe KOMIBLIOTEPHEBIN 9KCIEPUMEHT IJA IpeIJIOKeHHBIX HU-
JKe BAPMAHTOB HCXOIHBLIX JAHHBIX.
1) Ng=4; T,=0,5; T,=2; Vo=3,5; V,=6; m=3;
2) Ng=10; T,=1; T,=3,5; V, H Vi=10; m=3;
3) Ng=6; T,=1; T,=3,5; Vy,=4; Vi=8 m=3;
4) KaKue-HUOYAb CBOM JaHHBIE.

[
e

e

3 3anumnuTe pe3yJabTATHI B Tabauiel, mogoOHble Tabiniam 3.6—3.8
n3 o6bacuuTeNnLHOrO Texcra § 26.

I-E Na6oparopHas pa6ora 17 (x § 26)

me. 6p:

IIpucTynuM K KOMIBIOTEPHOMY MOJEJIMPOBAHHIO GPOYHOBCKOTO
OBUKEHHUS YacTHUIIbI. BHITTOJIHKUB 3aganue 8 u3 § 26, BLI IOCTPOMJIH JABE
MOJIeJI OpPOYHOBCKOTO IBHKEHHsI: B INYHKTE a4 — C IIOCTOSIHHOH CKO-
POCTBLIO ABMKEHMS M B IMIYHKTe 6 — cO ciaydyaiiHOM CKOPOCTBLIO ABHIKE-
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Hus. CHavajila pacCMOTPHM IIepBYIO MoAejb. Kak M paHbine, KOMIILIO-
TepHOe MOJAEeJUPOBAaHME MOeT OBITh BBITMIOJHEHO JIU0O CPEeACTBAMH S3EI-
Ka IpPOoTrpaMMHPOBAHHA, JHOO ¢ IOMOIILIO SJEeKTPOHHOH TabJuIbI.

Ecau BbI mpeamosiaraeTe BOCIOJIB30OBATBbCA A3BIKOM IPOTPaMMHPO-
BaHUA, TO NpPOTrpaMMy MOJKETe€ COCTABUTb B COOTBETCTBHH C AJITOPHT-
MOM, KOTOPbIiI IPUBEAEH HHKE.

Anroputm

Bew: v, x, y, [; uen: n, I;

{ 3anpocurse v; (* cropocmv yacmuybt *)
Sanpocurts n; (* koauuecmso moavrkos *)
x = 0; (* HawanvHoe 3nayeHue abcyuccovr *)
y = 0; (* HauanvHoOe 3HaAYeHUe opdunambl *)
Denatb ot I =1 pgon

{ f:= 2*%*8.14*rand(1); (* sbiuucnenue cayuailnozo yzaa,

onpedeasniouw,ezo ovepedHoe Hanpasienue deuxenus *)

x = x + v¥*cos(f); (* evivucnenue HOB020 3HAYEHUS abcyuccul *)

y = y + v*sin(f); (* eviuucaenue nH080z0 3nauenus opdunamovt *)
Coo6uinTb "AGcnucca yacTUbl”, X, ", OPAUHATA YaCTULL", Y;

} (* xoney yuxana *)

}

Ecim ke BbI HaMepeHBI HUCIIOJIL30BATh 3JIEKTPOHHYIO Ta0JUIy, TO
OpeskAe BCero yTOUHHTE, KaK B Hell peanusyeTcA HOJIyYeHHUE IIOCIEIO0-
BATEJILHOCTH CcJAy4YaiHbIX uuceg. B Excel owa mosydaerca ¢ moMOIIbIO
onepatopa CIIYUC(). ITogpobuyio uudpopmManmui o0 TOM, Kak paboraer
3TOT ONepaTop, BBl MOXKeTe HOJIYUHTh, 3arjgaHyB B CmpaBKky. BoT Kak
MOJKHO 3alOJIHUTh TAOJHIy, UTOOBI pPeajn3oBaATh AJAHHYIO MOZEJIb:

Tabmua KIr.12

7

AbGcnuceca Opaunara

0 0 <p>

B2+D2*COS(D3) | B2+D2*SIN(D3) | 2*IIH()*CIIYIHC()

B3+D2*COS(D3) | B3+D2*SIN(D3)

B4+D2*COS(D3) | B4+D2*SIN(D3)

1 IlpoBenuTe KOMIIBIOTEPHBIN 3KCIEPMMEHT C MOAEJbI0O GPOYHOBCKO-
ro JBUMKEHHUS C IIOCTOAHHOMN cKopocTbio A n = 100. Ucmoawbsysa
cpexcTBa u3obpaskeHMA 3aBHUCHMOCTEIH, BBIUEDTHTE TPACKTOPHIO
yactunbl. Jlajeko jgm yimja JacTHIIA OT CBOEro HA4YaJLHOrO II0JIO-
sKeHnsa?



6)

(=2

-3

Puc. KN.4 Tpaektopusa yactuusl npu n = 100

2 IloBTOpMTe KOMHOBIOTEPHLIH 3KCIEPHMMEHT C TeM Ke 3HAUeHWeM n.

3 A Temephr mpoBeauTe 3KchHepumenT ana n = 200, 300, 400, 500,
600, 700, 800, 900.

4 TlocrpoiiTe rpaduK 3aBHCHMMOCTH PACCTOSAHHSA [, HA KOTOpOe YILIa
YaCTHILIA OT HAYAJIBLHOI'O HOJIOXKeHUsd, OT n. Iloxox gy mosyumBIIMii-
cda y Bac rpaduk Ha rpaduk Karoii-mmb6o sHaxomoii Bam GyHKIUM?

P> B Hamux 3KCIEPUMEHTAX 3aBMCHMMOCTBH HOJIYYMJACh MOXOMeH Ha

dyaxnuo [ = a«/n. Kosbdunment a Mu He coolmmaeM cnenuajsHo. Ec-

JuU U y Bac rpapmk oxasajica IOXOXKHMM Ha rpadmk Takoid (PyHKINH,
HaiauTe 3ToT KOodddHmumeHT (MEeTOAOM HAMMEHBIINX KBAAPATOB HJIH
MEeTOAOM HAVWMEHBIINX OTKJIOHEHHW).

IlepeiigeM x HccieAOBAHHUIO BTOPOM MoOAeaHn GPOYHOBCKOIO ABHMKE-
HHUA — ciaydaiiHON BeJIMYMHOM sBJIAETCA He TOJbKO HAIpaBJieHHWEe JBHU-
JKeHNs, HO M CKOPOCThb. BHecHTe HYXHble M3MEHEHHS B AJTOPUTM
H/HUJN B 3allOJIHeHHE 3JeKTPOHHOI Tabaunbl. «

5 IIpoBeanTe KOMHOBLIOTEPHBEIA SKCHEPHMEHT € 3TOH MOAEJBIO AJHA
n = 100. Ha pucynke KII.4 npuBeZieHEl TPH TAKHE TPAEKTODHH IIPH
YKa3aHHOM 3HAYEHHM 7. ¥ BaC TPAEKTOPHUH IOJYyUHJINUCH HHEIE,

6 IIpoBeauTe KOMHBIOTEPHEIH 3xcmepmmeHT Aiaa n = 200, 300, 400,
500, 600, 700, 800, 900. Hailinutre M I 9TOM MOAEJIH 3IaBHCH-
MOCTHL pacCTOSHMA [ OT n.

P> Eule ABe TpaeKTOpHHM, HOJIydeHHEIe HaMu npu n = 500, uzobpaxe-
HH Ha pucyHKe KIL5.

Ho maGaogeHne 3a TpaeKTOPHUSIMH ellle He JAaeT SHAYUTEJbHON HH-
dopMany, XOTA MOMKHO 3aMETHTDbL, YTO KaXKJasd M3 TPaeKTOpHH Ha pH-
cyake KII.4 ymemaerca B KBazgpaTe co cTopoHoii 10. A ayis TpaeKTopHii
Ha pucyEke KII.5 mosydyaercs aHaJOTHMYHEIH KBagpaT co cTopoHoi 20.
Ho mockosbKy BCe HampaBj€HHs paBHONPAaBHLI, TO $0Jjiee €CTECTBEHHO
TOBOPHUTL He O KBajpaTe, a O Kpyre, BHYTPHM KOTODPOro pacloJjaraeTcs
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a) 5] ©) 20 7

-5 — 10

-20-

Puc. KN.5 TpaekTtopusa 4actuubt npyu n = 500

TpaekTopuAa. B mMupe cayuaiiHOro BOSMOYKHO, YTO 4YacTHHA BooOIie Oy-
AeT ABUTaThCA B KAKOM-TO OZHOM HAIPaBJEHHMH, HO 3TO MAJIOBEPOATHO.

IlonsiTaeMcs OHEHUTEH BEJUYHMHY paguyca Kpyra, cOZepKallero
TPaeKTOPHUIO, B 3aBUCHMOCTH OT 4YHCJA INAroB 77. AHEIMH CI0BAMH, MEI
XOTHM DELINUTH CJHEAVIOIIYIO 3amady: «Hmeemca HeCKOAbKO mouex Ha
naockocmu. Haildume Kpyz naumenbwezo paduyca, codepricawuil ace
dannvie mouKu».

Mm 6yaeM cUUTATEH, YTO TOYKH 3aJaHBI CBOMMH KOODAWHATAMH.
ITosroMy Aia peleHHA 3aga4yu TpeOyeTca HaiiTHM KOOPAHMHATHI HEHTPA
OKPY’KHOCTH, IIPH KOTOPHIX PaJjHyC NPMHHMAET HaMMEHbIllee 3HAYEHHE.
B § 13 Mu oGeysxaanu moXo:Kyio 3ajady JJd ABYX NEPEeMEHHEIX, HO TaM
3aBHCHMOCTh ObLIa JMHEHHOM. 34ech aTa 3aBUCHUMOCTb 00Jiee CIOKHAadA,
HO9TOMY M METOJ DeIlleHHs HaMHOro clioxHee. Ero Mei 3iech M3maraTh
He O6ymeM, HO Yy Bac eCTh IOAXOAAMMIMIA HMHCTPYMEHT peIleHHA MOZ06-
HEIX 3a7a4 — HazacTtpoiika Ilouck peweHusa B 3JeKTPOHHOII Tabauie
Excel. Kax mpuMeHATH 3TOT HHCTPYMEHT, ONHCAHO B Ja60opaTopHO
pa6ote 6. ¢

7 IloAroToBbTe 3aIIOJIHEHUE 3JIEKTPOHHOH TaGaMOEI AJIA pPACUeTa yKa-
39HHBIX BEJHUYHUH. A Tenepb, NPOBOASA KOMNOBIOTEDHbIE SKCHEPHMEH-
ThEI, BHIYHCJIHUTE B Ka)KJOM M3 HHX OTHOIIEHMEe KBaZpaTa paauyca R
HaWMEHBIIEro Kpyra K 9Ucjy IHaroB 7. BoHimuTe mHoJydYeHHEIE pe-
3yJBbTATHL B TabGaHIy.

n 100 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900

R¥/n

P> Yucna B KJIeTKaxX NOJYYUJIMCH PAa3JIMYHBIe, HO 06paTuTe BHUMAHUE,
4TO0 Y MHOTHX B KJjacce OHHM GIMSKH K OJHOMY H TOMY JKe YHCIy. 3a-
OMIINATE OTKPBEITYI0 BaMH 3aKOHOMEPHOCTb nmoaxoasameii dopmynoit. <
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Buiuucnexnue nnoujageu
u o6bvemoB merogom Monte-Kapno.
Moge

Iosuakomusmuck B § 27 ¢ npumenenmem meroga Monrte-Kapiao
IJIsl BBIYHCJIEHHMS ILJIONIAJM OPOM3BOJLHONH (PUIryphl, HEKOTODhIE H3 Bac
MOTJIM YCOMHHTBLCS, MOYKHO JIM C IIOMOMNIBI0 BEpPOATHOCTHON MoOAeaH
MOJIYYUTh AOCTATOYHO TOUYHEIN pe3yJbTaT sl TAKON BIOJIHE OIpeje-
JIeHHOH BeJIMUMHLI, KAKOW ABJfAeTCA IIOmIaxL durypsl. Ha momobHbIe
BOIIPOCHI OTBEYAET CHIeIHaJbHBIU pasfes MaTeMaTUKU TEeopusl BEPO-
ATHocTell. MaTeMaTukaMu AOoKa3aHo, uTo MeTon Moute-Kapno xgeiicTBu-
TeJILHO IIPMMEHHUM AJIA HaXOMAECHUA IUlomanaeit duryp.

Koneuno, mpuMeHsaA 9TOT METOJ, Bhl IOJYYUTe 3HaUeHHE IJIOMIA-
au Juinb npuoamxenno. Ho nmpu BHIYMCIEHUM OO TEM WM HHBIM (HOD-
MyJaM (HampuMmep, IUIOMIAAM IIOBEPXHOCTH IMPSMOYTOJbHOTO CTOJIA) BB
BCce€ PaBHO 00s3aHBI IIPOBECTHM KaKWe-TO M3MEPEeHUd, a OHHU-TO BcCeria
MMEIOT ONpeAesIeHHYIO MOrpeHIHocTb. Ha BeJIMUMHY 9TOH IOTPEIIHOCTH
BJIMSIET TAKO€ 00JIbIIIOe KOJHYECTBO PA3HOOOPA3HEIX M TPYAHOYUUTHIBA-
eMbIX (aKTOpOB, UTO MOYKHO CUMTATh ee CJayuailHoii BeaumumHoi. Tak
YTO OT CJIYy4YailHOCTHM B HAIIleM MHpEe HHKaK He HN36aBUTBCA. A BOT
KOMIILIOTEPHLIN JKCIIEPHMEHT IIOMOJYKET BaM yO0eAHUThCA, UTO METOJH
Moure-Kapsio gaeT BIOJIHE XOpOIIME De3yJbTaThl.

1 IlepBbIif 9KCIIEPUMEHT IO HAXOXKAEHHIO IJIOLIALN KPyra IPOBeAeM,
HCIIOJb3yA AJrOPHTM, BAIHUCAHHHEIN B O0BACHHUTENLHOM TeKCTe
§ 27. Tlo peayabTaTaM IKCIOEPMMEHTA 3aNOJHHUTE TabJIHIy.

Yucao vouek, N | 1000 5000 | 15 000 | 50 000 | 100 000

Ilnomaas, S

P Brl jerko mojgcumMraeTe 06e3 SKCIEPMMEHTa, 4YTO IJIOHIAAbL Kpyra
eIMHWYHOIO pajzmyca pasHa 7 (1 =~ 3,14159265358979). Uucso, OGiaus-
KOe K 3TOMY, AOJKHO OLLJIO IOJYYHTHCA B BallieM sKcrnepumenre. Ilpu
KaKOM M3 VKAa3aHHBEIX 3HAUeHHil N cOBmaj M IIepBHIE€ TPU 3HAKa MOCJE
3anAToH?

ITposoaa sxcmepument gaa N = 100 000, Brl, HaBEpHO, 3aCTABHJIH
KommbioTep cuoBa 100 000 pas ucnosHUTHL Teso nukiaa. Ho Begs y Bac
yaKe ObLI roTOBBIM pesyibraT Aaa mepBuix 50 000 ucnonuenmii. 3auem
JKe TaK HeIpOM3BOAMTEJLHO TPATHTHh KOMIBIOTEPHOE BpeMA?

2 Moaundpumnupyiite aaroputm (a 3aTeM M OPOrpaMMy) TaK, 4TOOBI
MOYKHO OBLIJIO MCIIOJB30BATH ViK€ MMeIONHecs Pe3yJbTAThl BHIYHUC-
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JeHu# JAJs MOJYYEeHHS HOBBIX. B BO3MOMKHOCTH TAKOrO IIOCTEIIEH-
HOTrO HapallWBaHWUS DPe3yJbTATOB, B YACTHOCTH, COCTOUT BAXKHOE
npeumyiiecTBo Meroxa MouTe-Kapio mepes APYruMM BBHIYMCJIH-
TeJbHBIMH METOJaMH.

3 A remeps ¢ nmomoinpio MeToga MonTe-Kapnao HaliauTe naomanu Gu-
ryp, O KOTOPBLIX rOBOpHUTCA B 3agaHmMu 1 u3 § 26. CooOium, 4yTo Aas

. 1
nepBoil ¢GUrypel pe3yabTAT JOJKEH OBITH GIM3KHUM K 32 AJI BTO-

.. 1 . .
Poil — K 7, a IUIOIaAL TpeTbel ¢durypsl BBl JIETKO HalijeTe caMmi.

P Merog MonTe-Kap/io MOKHO OPUMEHHTh M JJIA BBIYUCICHUI 00B-
eMa TeJsa. A aTOro Tes0 HaAO MOMECTHTH B KY0 HJIH IPSAMOYTOJbHBIN
napajulejiennuie]; ¥ BHIOpaTh MOAXOAAINMM oOpasoM cHCTEeMy KOOpPAH-
Hat. Temepb Kakzgasa TOYKa, CJAy4alHBIM o0pa3oM OpocaeMasi B 3TOT IIa-
pasiesienuiesi, 3aaeTCs TPeMSA CBOMMH KOODAWMHATAMH, T.€. BMECTO
ABYX YHCeJ HY;KHO reHepHpOBATH TPH CIAydYalHBIX umciaa. <

4 CocrasbTe MaTeMaTH4YeCKYI0 MOJeJIb, aJITOPDUTM M IporpaMMy Aajasa
BBIYHCJIEHUS 00beMa nrapa efMHUYHOI'O pagmpyca.

P> DIHIICOMAOM HA3BIBAETCA TEJIO, MOJYUYEeHHOE U3 INapa pacTAKeHH-
€M BAOJb KOOPAMHATHEIX oceii. Ecam MCXOAHBIH Imap MMeJ €IUHUY-
HBIA paguyc, a ero IeHTp HaXOoAMJCs B HaYalie KOOpPAMHAT, TO IMOCJE
pacTaxeHusa BAOJL ocu Ox B a pas, BAoab ocu Oy B b pas3 U BROJB
ocu Oz B ¢ pa3 IMOJyYaeTcs 3JJHUICOHJA, TOYKH KOTOPOro YAOBJETEO-
PAIOT HEPABEHCTBY

2 2 2
x_2 + y_2 + 2_2 <1.
a b c
Takoit 3JIMNOCONS ITOJHOCTBIO COJAEPKHUTCA B MapaJjielienumnene,
3a/laBa€MOM HepaBeHCTBAaMHM —a@ S x < a, - b<y<bumu —¢c<z<c. 4

5 Haiigutre MeTomoM MonTe-Kapio o06beM aTOro mapasijelienuimnena
npu a =2, b =3 u ¢ = 4. CpaBHUTe NOJIyYeHHOE 3HAUECHHE CO 3HA-

4
JyeHHeM o0beMa, BHIYUCIIEeMOro mo gopmyse V, = -gnabc.
6 IIpoBeamTe pacueThl AJA 3amaun 3 m3 § 27. Bam oTBeT AoJiKeH
OeITH 6aM30K K 0,234375. B 3amaue 4 pe3yjabTaT AOJMKEH OBITH

GJINBOK K 13
24°
P OTo He COBIaZaeT C BEPOATHOCTHIO COGBLITHA, KOTOPOE OIMCHIBAET-
cs moroBopkoii «Babylika HagBoe CKasajla», T. €. ¢ BEpPOATHOCTHIO 0,5,
HO JOBOJBHO GJIM3KO K 3TOMY 4YHCIy.

7 Hamnocaenok xejmaeM ycnexa B peaJH3allMH IIPOEKTOB, IPEAJIOKEH-
HBIX BaM B 3aJaHUAX 5 #U 6.
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Na6oparopxas pa6Gora 19 (x §32 u 33)

Kamn

Pty vy

TEpHOe UCCRefoBaNME AOrM4ecKuX. Gopmyn

CocraBienne TabJIUObI MCTUHHOCTH AJIA 3aJaHHOM JIOTHYecKoH ¢op-
MYJBI — JeJI0, BecbMa AAJIEKOe OT TBopdYecTBa. Tak mouemy Onl He IOpy-
YuTh ero KoMnboTepy? Kak Bcerga, 3To MOMKHO cejlaTh U C IIOMOIIBIO
aJITOPUTMUYECKOT'0 A3bIKA, M C IIOMOIIBIO 3JIEKTPOHHOM Tabauubl. Ceituac
MBI IPEeAJIOKMM BaM BapHAHT uMCHOIb30BaHusA Excel, a mporpamMmy ajsa
HaXO0KJeHUsd TaO/MUIIbI UICTHHHOCTH BEI paspaboTaeTe CaMOCTOATEJBLHO.

1 PaccmoTpum aia npumepa dopmyay (A V B & (A Vv C)). Iloarorosum
3aII0JIJHEHHUE 3JIEKTPOHHOM Tabiauusl no obpasny Tabamunbr KII.13.

Tabnuya KIN.13

AVB&(AVCD)
HUCTHHA | UICTHHA | =HE(A2;HJIA(B2;U(A2;AJIU(HE(C2)))))
HCTUHA | JIOXKb =HE(A3; AJIN(B3; (A 3; LUJIU(HE(C3)))))
JIOXKL | UCTHUHA
JIOXKb JIOKb
HCTUHA | MICTUHA
HCTHUHA | JIOXKb
JIOXKDL | UCTHUHA
JIOXKDb JIOXKb

OrMeTHM, uTO B cTojbomax A, B u C Bmecro cioB UICTHHA
n JIOKD moxHO mucats 1 1 0 COOTBETCTBEHHO.

B cronbie D BBl MONYyYMJIHM 3HAUYEHHUSI PACCMATPMBAEMOrO BhIpa-
JKeHHUsI IPH BCEBO3MOXKHBIX Habopax 3HaueHMii mepeMeHHbIX A, B
u C, T. e. Ha BalleM 3KpaHE pacIOJIO}KHJIach HCKOMas Tabauiia uc-
TUHHOCTH 9TOH JIOTHYecKO¥M (HOpMYJbI.

A Teneps B cToben E BBeguTe GOPMYJIE, HO3BOJIAIOIINE HAXOAUTDH
IS Tex »Ke HabopoB 3HAYEeHMH mepeMeHHBIX A, B u C 3HaYeHHE
A&B&C.

Bel BHANUTE, UTO TAOJMMILI MCTUHHOCTH IJsI 3THX (POPMYJ COB-
najau. 3HAYUT, 3TH POPMYJIHI PABHOCHJILHBI!
BrisicHUTe aHAJOrHMYHBIM 00pa3oM, PaBHOCHJILHBI JIH JIOTMYECKHE
GopMyJIBI B CIEAYIOIIKX IIapax:
NDA&B&CVA&B&CVB&Cu AV B)&C
2)(A&B—-C)&(B&C—A) u A& C — B;
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3)A&BVC uC—>AVC— B;
4)AVB)&A&C)&(BVC) u A— C.

4 A Teneps ¢ IIOMOIIBIO JIEKTPOHHOM TabJHILI peliuTe 3azady, Io-
XO0MYyI0 Ha Ty, KOTOpada pasoOpana B O0BACHUTENBLHOM TekcTe § 33.
3agauya. B HapyIneHHMH OpaBHJ TOPrOBJM MMOAO3PEBAIOTCS Ue-
Thipe paboTHHKa MarasuHa: AHTOHOB, BopucoB, Bacuianes u [enn-
coB. Toprosaa mMHCIEKIUA BHISCHWJIA:
1) ecim AHTOHOB HapymIaJ IPaBHJIa, TO BMecTe ¢ BOpHCOBEIM;
2) ecoin BopucoB HapymaJ mpaBMja, TO BacHibpeB HapPyIaad MU
AHTOHOB He HapylIaJ;
3) ecnin JleHNCcOB He Hapyllaj IpaBHJa, TO AHTOHOB HApyIIaJ, a
BacuireB He HapyIiagu.
Kro u3 momospeBaeMBIX HaBepHAKA HAPYyNIAJN IpaBUJIa TOProBau?

5 0003HaAUYBTEe NMPOCTHIE BHICKA3BIBAHUA «AHTOHOB HAPYIIAJ IIPaBU-
aa», «BopucoB Hapyman npaBmia», «BacHapeB HapyliaJ IIpaBH-
Ja» U «JleHHMCOB HapylIaJ NpaBUja» JOTHYECKHMHU NepeMeHHBLIMH
M COCTaBbTe BBICKa3bIBaHHEe, OMHCHIBalOIlee BCKPBITHIE TOPI'OBOMf
HHCIHEeKIueH (GaKThI.

6 BanmosHHUTEe 3JEKTPOHHYIO TaGAHIly TaK, 4TOOGH MOJyYHMJach Tabju-
a MCTHHHOCTH [OJA COCTABJEHHOI'0 BaMH BhICKas3miBaHus. Ilo-
CKOJBKY JIOTHYECKHX IME€PEeMEHHBLIX 4YeThIpe, TO aTa Tabauna 6yaer
comep:xaTth 16 cTpoxk. C ee MOMOLUBIO OTBETHTE Ha BOIIPOC 3aJIlayM.

7 JomosHHUTENBHOE paccjefOBaHHMe MOKA3aN0, YTO ecaH eHHCOB Ha-
pyuiajg npasmuja, To U BopucoB Hapyman. BeiscHHTe, H300aMYaeT
Jau 3Ta uHGOpMa A KOTO-TO eIlle B HADYIIEHWH ODABHJ H €CJIH Aa,
TO KOr0 MUMEHHO.

iy nosoparopian pasare 20 c 831

A R T U TR

Broinosnnus saganue 6 us § 34 BBl IIOATOTOBUJIN JBe€ 'raﬁ.nnubl' on-
Ha M3 HUX cOAepXUT uHbOpMaALMIO 0 HArpy3ke yuurenaeil (ee arpuby-
o1 — Pamuansa, Knace, IIpeamer), Apyraa — o0 pacnucaHuu (ee arT-
pudyret — Knace, IIpeamer, dens Hemeau, Homep ypoxa).

1 CoszgaiiTe 3Tn TaGIUILI B paMKax OAHO! 6Gasbl JaHHBIX. Bl 3TO Ze-
JaeTe He B IepBBIM pas3, TaK 4YTO HajleeMcs, 4YTO IpobJjeM y Bac
He Oyaer. Bopouem, OAMH BONpPOC HABEPHAKA BO3HHUK: NPH CO3Ja-
Huu tabauusl CYBI Access mpeasaraer Kakoi-an6o 3 aTpuGyToB
00'BABUTL KJIOYUEBHIM. ¥ Bac B TaGJaMIax BpaA JH 6yAeT XOTA GBI
OAVH aTPMOYT, KOTODPHIH MOMET NPETEeHAOBATHL HA DPOJBb KJIO4a:
YUHTEeJb MOXKET BeCTH YPOKH B PasHBIX KJjaccaxX, KJacc GbIBaeT Ha
YPOKax y PasHBIX YUYHTeJeHl, B KaKAOM KJacce M3ydaeTcA MHOI0
npeameToB U T. A. Tak uro Ha npegnoxxenne CYB]l npupercs or-
BETUTH OTKa30M.
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P Teneprb maBaiiTe o6CyANM, KaKHe 3alpOChl MBI XOTeJIHU GLI UMETEH BO3-
MOJKHOCTE (popMyampoBaTh Hamieii 6ase JaHHBIX. Hampumep: BemeT Ju
yuuTesnb VBanoBa ypoku Bo BTOpHHK? (¥ Bac daMHINS YUHUTEJIS MOJKET
6bITHL apyroii.) Ho rTorma HaM HYKHO MCHOJB30BaTh MHOMOPMAIHUIO U3
obenx tabamu. Kax 6bl MOCTYyNnMJI 4ejioBeK B 3TO# cutyanuu? OH B mep-
BOM Tabiaune Hamiesa 61 damuiamio «MBaHoBa», IIOCMOTpPeJa OBI, KaKoi
OopeAMeT OHA BeAeT, 3aTeM BO BTOPO¥ TabsiMIle HAIIEJ 3TOT OpeAMeT
B TeX CTPOKaX, Ile YKa3aH «BTOPHMK». UHEIMM CJIOBaMH, OH COeTUHMJI
661 Tabaunpl 1o arpubyty Ilpexmer. Bor m MBI mocTynmum Tak ke.

2 Bri6epure B MmeH Cepsuc nyHKT Cxema Oannbvix. B OTKpBIBHIEM-
¢S OKHe HOABHJICA CHOUCOK Tabiuii, mMelolnuxcsa B AaHHOH BJl.
Brigenute arpubyt Ilpeamer B Tabaune Hazpyska yiumeneii 1 Ha-
JKaTo# JieBOM KJIABMIIIEH MBIIIM IlepeMelljaiiTe ero Ha TAKOH e
atpubytr B Tabinune Pacnucaxue. Ilocie coBMmelrnenus (o6 ero yc-
MEIIHOCTH MOXHO CYAMTH II0 H3MEHEHHIO BHAA KYypCcOpa MBIIIHN)
OTHYCTHUTE KJABHImY MbImu. Mexay arpubyTaMu HOpPOTSAHYJACh
«BepeBOYKa»: CBA3bL ycTaHOBJeHa. IIOCKOJBKY MBI OTKa3ajHCh
00BABUTL XOTA OBl OAMH M3 AaTPHMOYTOB KJIOYEBBLIM, TO 3Ta CBA3b
MMeeT THI «MHOrMe-KO-MHOI'MM», XOTS HUKAKHUX 3HAYKOB «%O» Ha
KOHIIAX «BEPEBOUKM» HE IMOABUJIOCD.

8 A remepb coagaiiTe 3ampoc (¢ momoinbio 6aanka QBE), mocpeacTaom
KOTOpPOTO AJIA KAHHOTO YUYHTEJNA MOYKHO ObLIO OBl BBIACHUTH, B Ka-
KHX KJjaccaxX M B Kakoe BpeMsd (T.e. yKasaThb HOMED YpPOKa) OH pa-
6oTaeT B 3aaHHBIN AeHb Hemeau. MLl mpejjaraeM BaM Ae¥CTBOBATH
B pexxume Koncmpyxmopa. IlepBeIM IIaroM HaJ0 B OKHO OJaHKa
QBE 3zamectun Bamm Ttabauinel. s 3TOro IIEJKHHTE B IIOJI€ OKHA
MIpaBoil KJIaBHLIEl MBIIIKM U B MOABUBILEMCA KOHTEKCTHOM MEHIO BLI-
6epure nyukT Jo6asums. Beegure obe Baimm Tabauitkl, OHH u3006pa-
3ATCA C YCTAHOBJIEHHOM BaMH CBA3LIO aTpuOyTOB. A Temeph chopMHu-
pyiiTe HYXHBIHl 3allpoC M COXPAHHTE €ro MOk KaKHM-JIH00 MMEHeM.

4 3amycTHTe 3ampoC Ha HCOOJHEHHE U IIOCMOTPHTE Ha pea3yJbTar.
Bce sgu moayumaochk, Kak BbI 3azymanun? Ecau ma, To momensiite
B 3ampoce paMHIHMIO YUHUTeNsA, NeHb Hemesu. IlomwiTailiTech moJy-
YHUTH AHAJOTMYHYIO HHMOPMALMIO He AJIA OZHOI'O YyUHTeJdA, a cpa-
3y AN HEeCKOJbKHX.

P HeyBepeHHOCTH B yCIleXe, KOTOpas SBHO YYBCTBYETCS B NPEALIAY-
mem abzarne, BroysiHe obocHOBaHHA. BepHeMcA K pacCMOTPEHHIO JeiicTBUi
YeJIOBEKA M ellle pad mpoaHanusupyem curyanuio. Ilocie Toro rakx 6y-
IeT HaliieH HYKHBIM IIpeAMeT B CTPOKe, I'le YKa3aH «BTOPHHUK», BIIOJI-
He MOYKeT OKal3aThCs, YTO 3TO YPOK HEe B TOM KJacce, B KOTOpoM pabo-
TaeT NAHHBIH yunmTeab. Bexb, K mpumepy, ¢dusury B oxHoMm 10 kiacce
MOXKET BECTH OJHMH YUHTeJIb, & B IlapajUIeJLHOM KJIacCeé — COBCEM
Apyroil yuurteib. Eciu 3aayMaTbca O TEOPETHUYECKHX IIPHUYMHAX 3TOrO
ABJIEHHS, TO CTAHET FICHO, YTO OHA KPOETCH B CAaMOM OIIpeJeJIeHUH IIPO-
U3BeACHUA OTHOLIEHUI, KOTOpOe, KAK MBI I'OBODHUJH, JIEKUT B OCHOBE
OOHATUSA coegUHEHUs TabJuIL.
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Mo2keT OBITH, TOTAA HAM COeAUMHUTL TAOJHILI Mo aTpudyry Kaacc?
HaBaiiTe monmpobyem.

5 CHoBa BBI30BHUTe peskuM Cxema daHHbix U cAenaiiTe U3SMEHEHUE CBA-
3u. [Ina 3TOro mpoIlle BCEr0o HABECTH KYPCOP MLIUIM HA CBA3YIOIIVIO
aTpuUOYTBEI «BEPEBOYKY» H IIeJKHYTHL NIpPAaBOi KHOMKOH. B OTKpEIB-
mreiica Tabsuile YKa)XKHTe, KaKKe Telepb aTpuOyThl HAAO CBA3ATh.
CoxpaHWUTe HOBYIO CBA3h M HAUMHANTE SKCIEPHMEHTHI C 3aIIPOCAMH.

P> PesyapTaT OT CAeJAHHBIX M3MEHEHHH CTaj TOJbKOo Xyxe. Ham yuu-
TeJb TeNeph BeAeT BooOIlle He cBOU mpeAaMeTsl. IlonsITaliTecs OO BACHUTS,
IIOUYEMY TaK IOJYYUJIOCE.

Emie pas BepHeMcHa K [AefiCTBMAM UYEJOBEKA C STUMH JABYMSA Tal-
aunamu. Haligs BO BTOPHMK HYMKHBIII IpeAMET, UeJOBEK ITOCMOTPHT,
B KaKOM KJacce 3TOT YpPOK IIPOBOAWUTCA, M 3aTEM IO mepBoii Tabiauiie
NIPOBEPHUT, BEAET JH AAHHBIN YVUHTENb YPOKH B 3TOM KJjacce. MHniMu
CJIOBAMM, CBA3h MEXKAY TabiMIlaMK yCTaHABJHBAETCA He TOJBKO IO arT-
pubyry Ilpeamer, HO U mo arpubyry Knacc.

6 Cpsyxkure B Bammux Tabaumax arpubytsr Ilpeamer u Kmacc.
BoT Temeps Ha Bce 3aIIPOCHI OYAYT MOJYYATHCSA KOPPEKTHBHIE OTBETHI.

P O6aymbiBasi MPOHEHHBIH TYTh MPo6 M OIMMGOK, HETPYAHO CAEJIATH
BBIBOJ[, YTO yCIIEX HaM O0ECIIeUMJI0O TO OOCTOATENBLCTBO, YTO HAGODP ABYX
atpubyToB IIpeamer m Kiacc ABIAeTcA KJIIOUOM AJA IIepBOMl TaGIMIIBI.
He cayuaiino paspaborunku gaHHoil CYBJl HACTOMYHBO COBETYIOT HCKATH
KJIIOUEBOI1 aTpHUOyT IIpHU CO3ZAHUM TAOJHUIILI — 3TO yOepe)keT OT MHOTHX
HenpuaTHOCTeH. Ecau Ke HasHAUMTH KJIOUEBOH aTpubyT He ygacrcd,
HYKHO OY€Hb BHHMATEJHHO IPOEKTHPOBATH COeIUHEHHE TaGJIHIIL.

W Hamocsegok chejaeM elle OXHO 3aMedaHWe. MBI COEIHHSANM AaT-
pubyTsl ¢ onfMHAKOBHIMH MMeHamMu. KomeuHno, aTo Heoba3aTeabHO: B pas-
HBIX TA0JWUIaX OJHO M TO JKe COAep KaHHe MOYKeT HMETh pas3Hble MMe-
Ha. Kak nucan V. Illekcnup: «Posza maxHeT po30ii, XOTh PO30# HA30BH
ee, xorhb HeT». U CYBJl Access AOIYyCKaeT COeMUHEHHE TalJuIl IO aT-
pubyramM ¢ pa3sHBLIMH HMEHAMH, €CJH TOJBLKO Y 9THX aTpuGyTOB OAMHA-
KOBEI# Tun. Ecau Xe BhI IONBITAETECH CBA3aTh TEKCTOBBIH aTpubyT
¢ umcaoBeIiM, TO CYB]/l ykaxeT BaM Ha OmIHOGKY. <«

r Jla6oparopnas pa6ora 21 (k §39)
eR

1 IIpexxae Bcero Hajgo CO3AATh Te TAGIHIIBI, KOTOPLIE OIMMCAHBI B TEKC-
Te § 39, IpU 3TOM mOJIE3HO OOBABUTH KJaOUeBbIM aTpubyr Cocros-
HUe B Tabauiax Hmena, Bonpocot u Terxyuwee cocmoanue.

=5 EEE SRR

2 Cospaem 3ampoc Bapuaxmui, KOTODHIl II03BOJISET BIOpATH Te Y-
ru oprpada, IO KOTODPEIM IIOJIL30BATEJHs MOMKET JBHUTaThCA U3 Te-
KYIIero COCTOAHUA K ciaeAyomemy. Ho nmpeaBapuTessHO HAAO CO-
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Tekylee cocTOsHUE
CoctosHue 1 oo | Hauano
¥ Koney,
OTBeT NonL308B
Mone | Konew OreeT nons3oea

Mma Tabnuusl | Oprpad Oprpad
Coptupoeka

Bbieog, Ha akpaH v V
Ycnoewe otbopa
Wnun

Puc. KN.6 O6paseu 3anonHeHus Gnavka sanpoca BapuaHTbi

eqnHUTh Tabmunel Texyuee cocmosnue u Opzpag, cBA3AB aTpH-
oyrel Cocrosuue u Hauaio.

3 CdopmupyiiTe sampoc, pykoBoacTByachk pucynkom KII.6.

4 Tenepp HYXHO NPEAJIOMKHUTL IIOJL30BATENIO BBIOpATH OZHO M3 3THX
pe6ep u momectuTh Koney aToro pebpa B rabmuny Terxywee co-
cmosnue. Bece 3T0 MBI peaju3yeM ¢ mOMOINbI0 GOPMEI ¢ IOJEM CO
cnucKoM. dta popma Oyaer MMeTh eJUHCTBEHHOE IOJE, B KOTOPOM

u GyJeT BHIMAZATH CIHMCOK AOCTYIHBLIX B JAHHOM COCTOAHHH pebep
(puc. KIL.7).

P> Yro6ul mocTpouTs 3Ty (opMy, Hamo Bei3BaTh Komcmpyrxmop dopm
(puc. KIIL.8).

ITocne menuxka mo xHOonkKe OK mosBaserca Kowcmpywxmop dopm
u namens ajgemenToB. Ha pucynke KII.9 moxasaHo, KaK BHITJIALUT

LLienkH1Te MBILIBLIO N0 CTPENo4Ke B¥
MoABUTCA CUCOK BAPUAHTOB

oTeeToB. BeibepuTe 0OMH U3 HUX

LLENYKOM MbILLIW

9 | WwKpoKas 1 NAOCKan - HeT

Puc. KMN.7 ®opma ana suibopa oTBeTa NONL30OBATENEM
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Hoean popma (721X = I R TS EE
: oD '-‘ 0O6nacTb aHHbIX
MacTtep dopm il
AsTocopma: B ctonbue )
AsTodOpMa NEHTOHHAR 1
Astodopma: TabnuyHas <
CamocrosTensHoe co3naHne [varpamma
HOBOA thopwis CeopgHas Tabnuua
Buibepure B KauecTse [TEKYLUEE] -
WUCTOYHWKA AaHHbIX TABAMLY
WnK 3anpoc
[_ OK | | OTtmeHa | Mone co cnuckom
1 1

Puc. KIN.8 Bug meHio Cosgate HoByio ¢opmy ¢ BbibpaHHOM Puc. KN.9
tabnuuein Tekywee cocTosHue Bup koHcTpykTOpa dopm
M NaHenu WHCTPYMEHTOB

Coapaetcs none co CNMCKOM, M3 KOTOPOro aonyckaerca Buibop

3HaYEHUIA.
200K b4
vy 3apaiite cnocob, KOTOPLIM MOJe CO CIMCKOM NOsTy4aeT CBOM
3Ha4YeHus:
JOOOOHKNXK

(® none co CNUCKOM MCMONL3YET 3HAYEHMA U3 TABAMLIL! MK
3anpoca

(O 6yner BBeAEH GUKCUPOBaHHBIN HAGOP 3HAYEHWIA

OtmeHa l <Hasap, I ganee> | Totoeo ]

Puc. KIN.10 OuanoroBoe OKHO NpW CO34aHWMM MOMA CO CrMUCKOM

Koncmpyxmop ¢opM, maHeJIb MHCTPYMEHTOB M HMHCTpyMeHT Ilose co
CNUCKOM, KOTOPHIM MEI JaJIbIIIé HAMEPEHEI BOCIOJb30BATHCH.

Pacmupum o6nacTk JAaHHEIX, HOTAHYB €€ MEIIOBIO 3a TPAaHMUIIEBL.
BriGepem mHCcTpyMeHT Ilosie co cnuckom u HapucyeM uM mnoJe. Ilocie
9TOr0 CHCTEMA IIpefjaraeT AHAaJjior, OT KOTOPOTO MBI OTKa)XeMcH, Ha-
kaB KHomky Ommena (puc. KII.10).
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EE Mone co cnuckom: MoneCoCnuckom2
Maker [danubie Cobbitus  [Opyrue Bce
L R e e o I'IoneCoCnnCKOMZI =
T T TS S ] COCTOSHWE
DopMaTNONA + v v v v vnnnnnnnn
YUCNO AECATUYHBIX 3HAKOB . . . . ABTO
MackaBBOOA « v . v vevunnnnn
THN UCTOYHNKA CTPOK .« .+« « v s« Tabnuua/sanpoc
MCTOYHMKCTPOK , . . . oo vvans s BAPVAHTDI
YucnoctonbUoOB. . . ... ona..n <
3arnaBua CTONBUOB .+ .. ovnu. .. Het
LnprHa cTONBUOB . « . v v v v v v u s 1.9¢cm
MpucoeauHeHHbI cTonbel. . . . . 1
Yucno ctpokcnucka. .. ....... 8
LUvpuHacnmeka . . . . . oo uunns AsTO
TeKkcT CTPOKM COCTOSHUA. & . . . . «
OrpaHU4UTBCS CrIUCKOM. . - .« » - - Her
ABTOMOACTAHOBKA .+ v o oo s s fda

3HayeHue No yMON4YaHuio . . . . . .
YcnoBue Ha 3Ha4YeHune . . ... ...

CoobuueHve 06 owmnbke . . . .. ..

BbIBOA HE OKPAH . « + v« e e v v e s s Aa
PEXUM BBIBOOA + + v+ v s v avnss Beeraa
TOCIVE s e e e da
BIIOKMPOBKA « + + « v v e oo vnanns Her
PaspelwmnTs aBTO3aMeHY ... ... Ha
MNepexopnoTab - - . oo oo v nn Aa
WHpekc nepexognoTab . ...... 0
OTICBOTOKPAA « v v v vevnnenn 4,598cm
OTBEPXHETOKPAR .« v oo vsnsn . 0,899cm
WrpuHa . . ... ci i i 11,187cm
BOICOTE +bts il darn e i 0,499¢cm
I ADOR: s O6bi4HbIi
BT OHa S e e o s it 16777215
O(OPMIEHNE « v v vt e ennnnn yronnexHoe v

Puc. KNN.11 M3ameHeHne CBOWCTEB NoNs CO CrMCKOM

IIMerykoM MBIIIM BHYTPU IIOJSA BBIJEIHM €ro.

HapucoBas moJsie cO CIIMCKOM, M3 MeHI0 Bud-Csoiicrmea BBI3BIBaeM
ero ceoiicrBa. B nmoaBuBmemca okHe (puc. KII.11) npucBorM cBo#cTBaM
ciaepyiomue 3HaueHud: [amawie — Cocmosanue, VICTOYHHK CTPOK —
Bapuanmet, Yucno cronbmos — 2, IMupwmnaa croabmos — 1,9.

Ho «Bpy4HyIO» OTKDHIBATH M 3aKpHIBATH 3Ty (hopMy BecbMa He-
yao6Ho. Hazmo, uTo6kl 9TO BBIMOJMHANOCE aBTOMaTH4YecKu. s aTux me-
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Jeii B Access mMMeeTCA CIEeIHuajb-
HOe CpeIcTBO — MaKpochHl (moga-
pofHee 0 MaxKpocax MBI pacckKa-
kem B yuebHuKe ansi 11 kiacca,
a TOKAa BaM BAaX»XHO JIMIIb HOHU-
MaTh, YTO B3TO HEKHH 3JIeMEeHT
VIDAaBJIEeHHs, a JJISA ero CO3JaHudA
IIPOCTO NpoJeJaiiTe TO, UTO MEI
BaM cKaxeM). <«

5 CospaliTe Makpoc, KOTOPBIH
OyZeT OTKpHIBATHL H 3aKPHI-
BaTh (popmy. OH ZDOJKeH BEHI-
IOJHATECA TpH BeIOOpe 3Ha-
YeHUs B II0JEe IIOJCTAaHOBOK
(unaue aTO0 3HAYeHHe He Oy-
JeT 3aHOCHTLCA B Tabuumy
Texywee). Brirnagur HYX-
HBII HAM MaKpoC TaK, Kak
nokasaHo Ha pucyHke KII.12.

KomnbioTepHbifi NpakTMKym

MakpokomaHnaa MpumevaHue i
3akpbITh dopmyBAPUAHTDI
OTKpbITEDOPMY BAPWAHTHI

v

AprymMeHTsl MakpoKOMaHAkl

Mma popmel BAPWAHTHI
Pexum dopma
Wmsa duneTpa

Ycnoewe ot6opa

Pexxum naHHbIX

Pexum okHa 06bivHOE

Puc. KIN.12 OkHO Mmakpoca, OTKpbiBaio-

wero v 3akpbiawowero dop-
My BapuaHTsi

6 Temeppb 3TOT MaKpoC HYXKHO CBA3aTh ¢ OOHOBJIEHHEM IIOJISA CO CIIHC-
KoM dopmbel Bapuanmbut. [Ijs 3TOro HyKHO CHOBa BBIJEJIHUTH B pe-
sxume Koncempykmopa 1mojie cO CIMCKOM, OTKPHITH €ro CBOMCTBa
u npumnucathk cobweiTuio Ilocne obHosnenHus 3HaueHWe «Maxpocl»
(puc. KII.13). Teneps mocye oOHOBIEHHUA MMOJiA OyAeT BHIIOJHATH-

ca Maxpocl.

P Bce — mpocTeiimuii BApMAHT 9KCIEPTHOM CUCTEeMBI roToB. Ilepeii-
oguTe B pekuM (opMBI M MO3KCHEPUMEHTHPYITe C CO3ZAHHOH BaMH
3KcHnepTHON cucremoii. OTBeuasd IO-pasHOMY Ha ee BOIPOCHI, oIpene-
JIATE KJAacC, K KOTOPOMY OTHOCHTCA TO MJIM HHOe pacTeHre. <§

Bl 200 0300 4

I o5+ 1 B+ 1 T 1+8+1+9+1-10-

| € OBnacTs naHHbix

T !
| TTone co

CrViCKOMZ: | ;COCTOHHME . ]

LICH L™ BRCHE

Maker [OauHbie CobbiTus

PO s

! J1O OGHOBABHMS &« v v v nwwnn o

4 NaMEHEHME . . . . v v v vvn e n s
Z ©  OTcyTCTBMEBCMMCKE . . v v v v v &

MNocne OGHOBAEHUA .« + v v v v v v v v s

Bl & None co cnuckom: NMoneCoCnuckom?2 x]T
Opyrue

Bce

Puc. KMN.13 MNpuesaska makpoca K 0GHOBNEHUIO Nons CO CrMCKOM
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Eﬂﬂ Jla6oparopuas paora 22 (x §44)

oo YNpaBneHMe ROOLIYeH BO3OH

s~ Al .w,!é':pggmg‘\nff’”

JJIs mpoBeZeHMs KOMIILIOTEPHOrO SKCIOEPHMMEHTAa BaM HOTpebyercs
3JeKTPOHHAaA Tabiuila, 3alOJHEHHAs OPUMEPHO TaK Ke, Kak Tabau-
ma KII.11 n3 naGopaTopHoii paGoThl 12 mo MoZelH OrpaHHYEHHOTO POC-
Ta. Ho Temeph B Hell HaJO 3ape3epBHPOBATH KIETKY, KyAa MEI OyaeMm
BBOAUTH 3HaueHMe R, m momeHATHh dopMyny Aas BbUMcIeHuUs M(n).
Ilonesno eme mMeTh cTONOEI], IAe VKA3bIBAETCHA €XKETOAHBIM HPHPOCT:

L - M(n)
L-MWO)

Ho mpexze ueM 3amonHATH TAOJIHMIly, YTOUHMM HOCTAHOBKY 3aJaudu.
Mopa u oKeaHBI — 3T0O, KOHEYHO, OCHOBHOH HMCTOUHHMK AJIS PHIOHO-
ro npombiciaa. Ho MBI BegeM peus 00 ynpaBieHHH, a YOPaBIATH PHIG-
HBIMH pecypcaMM Mopeil M OKeaHOB HMKTO ellle He HayumJcd. [la m mo-
Jeln, HUCHOJIb3yeMble AJIA ONMCAHHUA THAPOCchepHl 3eMJH, OTHOCATCA K
TaK Ha3bIBAeMBIM TJIOOAJIbHBEIM MOAENAM, O KOTOPHIX Y Hac IOHAeT pedb
aums B § 49, ITosTomy GyZeM CTpOUTH ynpagjieHHe NOObIueill pLIOHI B He-
KOM pPBIOOBOZUYEeCKOM x03diicTBe. OHO MMeeT BOJOEM, N B HEKOTOPHIH MO-
MeHT BpeMeHH (OT KOTOpPOro M OyAeT BECTHCh OTCUYET) B HEro 3aIlycTH-
au prify. IlecaTh JieT oHA TaM pPocCJa M PasMHOMKaJach 0e3 BCAKOTO OT-
JoBa (KpomMe He$OJBIIMX KOHTPOJBLHLIX OTJIOBOB AJSA HaGIIOZEHHA 3a
COCTOAHUEM DHIOBI). 3aTeM PeLINJM HAYATh €€ NMPOMBIILIEHHYIO JOOBIUY.
OnTumanbHEI pasMep 3TOHM ZOOKIYM HAM M IPEACTOHT ONPEAE/IHTh.

ey Ay

EM(n)

1 3BanoJHHTe 3JeKTPOHHYIO Tabauiy mo obpasuy Tabaumuwr KII.13.
B Heit B kieTkax B3—B13 BrUucAseTcA mMacca phIOBI B Te IOfhI,
KOTZa OTJIOBa He ObLNO, a 3aTeM IPOM3BOAUTCH €)KETOAHBIA OTJIOB
B KoJn4ecTBe R TOHH. B yraoBmix cko6kax sanmmncaHo o0o3HauYeHHe
BeJIMYHMHBI, KOTOpad AOJ)KHA GBIThL 3aHeCceHa B JAHHYIO KJIETKY B Ka-
YecTBe HAYAJLHOTO 3HAYEHMS.

2 Teueps ompezenumm wucxoaHble gaHHble. Ilyers L = 10000 T,
M@O)=1T, k= 2. [IlycThb IPHUHATO peEIIeHHE e)XEeroJHO OTJIaBJIH-
Bath 1000 T prIGHI.

3 BLHIDOJHHTE COOTBETCTBYIOL[HE BLIYHCJIEHHA B JJEKTPOHHON Tab-
Juie.

4 TlocTtpoiiTe rpad@MKN M3MeHEHHS MAaCChl M IPHPOCTA PLIGHI IO TOJaM.

5 OG6paTHTe BHHMAaHHe: CO BpeMeHEM BeJHYMHA IPHUPOCTA COBIIAHAET
¢ sabupaemoit maccoit! Ciny4aiitrocts? IIpoBepmm: mompo0OyeM BhI-
JgasauBaThs 3000 T.

BbIDOJIHNTE COOTBETCTBYIONINE BHIYHCJIECHHSA B 3JIEKTPOHHOMH
Tabanie. ITocTpoiiTe rpadMKN M3MEHEHHA MACCHI M OPHPOCTA PhI-
661 mo rogam. Tor ke aderT!
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Tabmmua Kr.13

- %
<L> )
Top Macca puIOBI IIpupoct
0 <M(0)> A1*B3*(B1-B3)/(B1-B3)
A3+1 B3+C3 A1*B4%(B1-B4)/(B1-B3)
A4+1 B4+C4 Al1*¥B5*%(B1-B5)/(B1-B3)
A5+1 B5+C5 .
Al2+1 B12+C12
Al3+1 B13+C13-C1
Al4+1 B14+C14-C1

6 IloskcImepHMMEHTHPYiTe ellle ¢ HECKOJbKHUMHU 3HadeHusAMH R. Ho me
JKagHudalite — He Gepure R Gosabme uem 6000 .

@DaKTHYECKHN BH ce#fyac «OTKPHIJIN» Ba)yiHOe CBOICTBO KUBOIl
IpUpOAK — fABJIeHUEe camopezyasayuu. Ilpupoxa crpemurcs Boc-
CTAHOBUTH TO CTA0HMJIbHOE COCTOSHHE, U3 KOTOPOro ee BHIBEJIH TEM
MJIA UHBIM CIIOCOG0OM.

7 A remepp mompoOyiiTe na3bats 6000 .

BHITIOJIHUTE COOTBETCTBYIONIME BHIUMUCJICHHA B 3JEKTPOHHOH Tab-
aune. IlocTpoiiTe rpadMKH M3MeHEeHMA MACCHl ¥ IIPHUPOCTA PHIGH
noo rogaM.

Bugure: uepes 6 et Macca puIOBI BAPYT cTaja OTPHIATEIBLHOM.
PeanbHo Tarkoro ObITh He MokeT. IIpocTo 3TO O3Ha4aeT, UTO OT Ba-
mero xosAfCTBOBaHUA phIOGa morubia.

3nauut, 6000 T — s3To cammkom MHoro. Hy a Kaxkyio ke Hau-
GoJbIIYI0 MacCy BCE-TAKM MOYKHO OTJIABJIUBATH?

8 OpramusyiiTe ¥ NpoBeANTE COOTBETCTBYIOIIWIl KOMIBIOTEPHHIHA 3KC-
IIepUMeHT.

P> Bor MBI ¥ BREIACHWJIH, KAKMM [AOJKHO OBITH 3JeCh ONTHMAJIbHOE
yupaBjleHYeCKoe perneHue. <
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rB Jla6oparopnas pa6ora 23 (k §45)

1 IIpexxze Bcero HagoO OIpeAeauTh Koaddunmentsl b u ¢ B dpopmyie
Iasi A. 3amOJHUTE 3JIEKTPOHHYIO TAaOJHUILy TaK, KaK YKa3aHO B 00h-
sACHUTeNbHOM TeKcTe § 44, U HaliguTe 3HaueHUa b u c.

2 Temneps 3JeKTPOHHYIO TAGJAWILYy 3AMOJHHUTE TaK, YTOGHI MOXXHO OBI-
Jo HaxoguTb K mo N u N mo K (0 ToM, KaK HYKHO 3aIllOJHHUTH
TabJauIly, BBl PasMBINLIAJNHA, BHIDOJHAA 3amanue 1 x § 45).

3 HaiiguTe MakKCHMMAJBHO LONMYCTUMOE KOJHWUYECTBO MOCELalUINX,
ecaun mapk 6yaeT paboTaTh IATH JHEeH B HeAeJIIO.

4 Bynem cumTaTh, 4TO ABYX AHEeHN NmOApPAJA XBaTaeT AJid IIOJIHOTO BOC-
CTAHOBJIEHNA NapKa. B KakoM pexXmme JOoJKeH paborath mapk,
4yT06bl ero MorJy moceinatsh 150 deloBeK ekeaHeBHO?

rn Na6oparopuas pabora 24 (k §47)
I |

KR«

1 IToaroroBuM 3amoJHEHHE 3JJEKTPOHHOI Tab/MIIbI AJIA IPOBEJEHUA
3aIJIaHUPOBAHHOTO HAMM KOMIIBIOTEDHOTO 9KCIEpPUMMEeHTa TaK, KaK
nokasano B Ttabaume KII.14.

Tabnuua K. 14

%é ek

%

Ton Macca KpoJiMKOB

Eak el

Macca Jsmc

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

son see coe

see cos see

B50+1 (1+A2-A4*D50)*C50 | (1+A6%*(C51-C50))*D50

P Kax 00BIuHO, B YIVIOBBIX CKOOKAX 3almcaHbl 0003HAUEHHMA BEJIMYHUH,
KOTOpbIe AOKHBI OBITh 3aHECEHBI B KAYeCTBe HAUAJIbHBIX JAHHBEIX. <«
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2 3amnonHuTe SAEKTPOHHYIO TabaMIy VKasaHHBIM o6pasom. IIposegm-
T€ KOMHIBIOTeDHBIN SKCIIEPHMMEHT II0 MCXOAHBLIM JaHHBIM, VKA3aH-
HeIiM B Tabnune KII.15.

3 Hcmoap3ysda KOMObIOTED, HocTpoiiTe rpadbuxu M(n) u L(n) kaxk QyHK-
ou# oT n.
Tabnunuya KI1.15

k c s M©) | L)
3,7 0,009 | 0,0001 | 5000 460
2,8 0,006 | 0,0002 | 5000 210
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A3bIK 3anUcu anropuTMOB Pascal

1. 3aronoBok nporpamMmsi

Anroputm {...} program <ums>;
2. OnucaHve nepemMeHHbIX
var
( *O6si3aTensHO nepen onucaHnem
nepemMeHHbIx*)
BelwleCTBeHHble NepeMeHHblie
BewL: <CNUCOK NepeMeHHbIX>; <CNWCOK NepeMeHHbIx>: real;
ueno4yncrneHHble nepemMeHHbIe
uen: <Cn1CoK NepemMeHHbIX>; <crnucok nepemerHbix>: integer;
CUMBOJ1bHbIE NEepemMeHHbIe
cuM: <CMUCOK NEPEMEHHBIX>; <Cn1coK nepeMeHHbIx>: string;
MaCCUBbI
Bew: <uma maccvsa> [1:100; 1:100]; <uma maccvea>: array [1..100, 1..100] of real;
3. Oneparop ycnosus
Ecnu <ycnosue> 10 if <ycnosue> then
{<ycnosue>; begin
=) <onepartop>;
uHave {<onepatop>;...} end
else
begin
<oneparop>;
end;

KoHcTpykums uHaye (else) Moxer oTCYTCTBOBAThL

4. Onepartop UuKna no ycnoBuio

Oenartb noka <ycnosve> while <ycnosue> do
{<oneparop>;...} begin
<oneparop>;

end;




A3bIK 3anNUCcu anropuTMoB Pascal

5. OnepaTop uukna co C4eT4YMKOM

Denatb ot <nepemeHHas> := <sbipaxeHune>  for <nepemeHHas>: = <BblpaxeHue>

10 <BblpaXeHne> ¢ WwaroM <BbipaxeHne> to <sblpaxenue> do
begin
{ <onepartop>;... } <oneparop>;
end;

Ecnu HyxeH war -1, To BmMecTo to nuwyT downto

6. Onepartopbl BBOAA U BbiBOAA UHPOPpMALUN

3anpocutb <MMs NEPEMEHHOIN>; readin (<cnucok NnepeMeHHbIX>);
CoobwmuTb <UMS NepemMeHHon unu/u writen ('<coobuieHne>’ <cnmcok
CO00LLEHUE B KaBblYKax>; NePEMEHHbIX>);

7. Noanporpammsi U GyHKLUN

Moanporpamma <ums NOANPOrpamMmbl>; Procedure <uma> (<napameTtpsi>: <TUn>;
(apr: <cnucok napameTpoB>, var <pesynbTatbi>: <Tun>);
pe3: < CN1COK NapameTpos>) begin
{<oneparop>; ...} <oneparop>; ...
end;
Dynkuma <uma>: (apr: <tunbl aprymedtos>:  function <uma> (<napametpbi>: <Tun>):
<CNUCOK NEPEMEHHbIX>): <Tun> <TUN>;
{ <onepatop>; begin
<oneparop>; ...
3Ha4 ;= <peaynbrar>; <ums PYHKUMK> := <pesynbTar>;
! end;

8. O6pawieHue K nognporpaMmme

Bbi3Bartb <vMs NoanporpaMmbl> <Wmsa> (<cnucok napameTpoe>);
(apr: <cnucok napameTpoB>;
pe3: <Cn1cok napameTpoB>);

9. O6paweHme K PyHKUMn

<nepemeHHan> := <msa GyHKLUMK> <nepemeHHas> := <Ums dyHKuun>
(<cnucok dakTuieckux napaMmeTpoB>); (<cnmcok akTU4eckux napameTpos>);




A3bIK 3an1ucu anropuTMoB QBasic

1. 3aronoBoK NporpamMmbi

Anroputm {...} 3aronoska Nnporpammbl HeT

2. OnucaHue nepemMeHHbIX
BELLUECTBEHHbIE NEPEMEHHbIe

Bewl: <CNUCOK NePeMEeHHBIX>; Ecnu onucaHue nepeMeHHOoi 0TCYTCTBYET,
TO OHA BELLECTBEHHas

Leno4yncneHHblie nepeMeHHbIe

uen: <CMMUCOK NepeMeHHbIX>; 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>
uHaye {<oneparop>;...}

ELSE
<oneparop>
ENDIF

KoHcTpykuwms uHaye (else) MoXeT OTCYTCTBOBaTL

4. OnepaTop uMKna rno ycsioBuio

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 <sbipaxeHne> <gbipaxeHue> STEP <ebipaxenue>
{ <oneparop>;... } <oneparop>

NEXT <nepemeHHas>

6. Oneparopsbl BBOAA U BbiBoaa uHopmauum

3anpocutb <uMs NepemMeHHon>; INPUT “ <yTouHsiowee coobuueHmne>"

<CNUCOK NepeMeHHbIX Yepes 3anaTyio>
Coo6wmTb <1MS NepeMeHHo unu/m PRINT “ <coo6ieHne>" ,<Cnucok NepemeHHbIX
C000LLEHME B KaBbIYKaxX>; yepes «,» Uu «» >

7. Noanporpammsel n GyHKUUN

Moanporpamma <ums NOANPOrpamMmmbl>; SUB <ums> (<napameTpbl>)
(apr: <cnucok napameTpoe>, pes: < <oneparop>
CMUCOK NapameTpoB>) ENDSUB

{<oneparop>; ...}

DyHkuua <ums>: (apr: <tunol aprymenToe>:  FUNCTION <ums> (<napametpsi>)
<CNMUCOK NEPEMEHHBIX>): <TUN> <oneparop>

{ <penctBue>;
<ums>= <peaynbrar>
3Hay ;= <pesynsTar>; END FUNCTION

8. O6GpaweHue K nognporpamme

Bbizartb <ums N0ANPOrpamMMbl>; CALL <umsa> (<cnucok napameTpos>)
(apr: <cnucok napaMeTpoB>;
pe3 <CnucoK napaMeTpoB>);

9. O6paweHune K GyHKUUM

<nepemeHHasn> ;= <ms GyHKuum> <nepemeHHas> := <Ums dyHKumMn>
(<cnucok GakTUYecKux NapameTpoB>); (<cnucok dakTnyeckux napameTpos>)
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