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BBenenue
Onnon u3 Ba’KHBIX COCTaBJISIONIINX oOecreueHus HOPMAJIbHOM

KU3ZHEACATEILHOCTH B TOPOAaX SBJISIETCS BOMPOC O 0€30MAaCHOCTH JABMIKCHUS JIIO/ICH
B YCJIOBHUSX OTPAaHMYCHHOTO TMPOCTPAHCTBA W OOJBIIOTO KOJWYECTBA JPYTHX
JIBWKYIIUXCS JtoAeh. Tak, »KUTeId COBPEMEHHBIX TOPOJOB YACTO CTAIKHUBAIOTCS C
po0JieMOi JABUKEHUS B TOJIE MPU MOJIH30BAHUU OOILIECTBEHHBIM TPAHCIIOPTOM, B
MOJI3EMHBIX NEPEXO0Jax, B TYPHUKETaX U HA ACKallaTopax MeTpo. Takke CylecTByeT
cepbe3Has mpobiieMa IMpu dBaKyalluu JIOACH U3 31aHUN B SKCTPEHHBIX CIydasX.

OOBIYHO HECKOJIBKO pa3 B TOJ B OpraHu3alusaXx M  YYPEKICHUSAX
oTpabaTpIBaeTCs MpOIECC HSBaKyallMd W3 3JaHUA B Cllydac BO3HHUKHOBEHUS
Pa3IMYHBIX BHEIITATHBIX CHUTYyalldid, YIpOXKAIOIMX >KU3HU U 3J0POBBIO UEJIOBEKA.
KoneuHo, 1 B Halei nikoJie OCTOSTHHO MPOXOJAT Takue yueHus. Ho Bce xe nHora,
KaK Mbl MOKEM BHUJICTh U3 MIPOrpaMM TEIECBU3UOHHBIX HOBOCTEH, ITPH UYPE3BBIUYANHBIX
CUTyallMsIX TJIABHOM YIrpO30M 3J0POBBI0 M JKHU3HHU JIIOJIEM 4YacTO OKa3bIBACTCS
BO3HHUKAIOIIAS IPU 3TOM MMAHUKA.

ITockoNIbKY peanbHbIN SKCIIEPUMEHT TpeOyeT 3HaUNTENIbHBIX 3aTpaT, a UHOT/A B
Ka4eCTBE IKCHEPUMEHTAJBbHBIX JAHHBIX MOTYT BBICTYIATh JMIIb PE3YJbTAThl YKE
npousommeamux Yll, momguac ¢ TparmdecKuM HMCXOJ0M, BO3HHMKAET HEOOXOJIUMOCTH
KOMITBIOTEPHOTO ~ MOJEIUPOBAHUSL  ABWKCHUSA JIIOACH, HAIpUMEP, C LEJbIO
ONpPEACICHUS] HAWJIy4Illed TEOMETPUM MPOCTPAHCTBA, TJI€ MPEANOJIAracTcs
CKOIUJICHUE JIFOJICH, WX ONPEACTICHUS BPEMEHU 3BAKYaIUH.

Koneuno, wunes MojenupoBaHus [IBUKEHHS TIOTOKOB JIFOAEHW HE HOBA.
CylliecTByeT MHOXECTBO IpOTpaMM, HO BCE OHH HAXOJATCS B OrPaHUYCHHOM
noctyre. JJsg uX Ucmoiib30BaHUS HEOOXOAMMa MOKYIIKa JOPOTOCTOSIICH JIMIICH3HH,
YTO HEJOCTYIHO OOJIBIIMHCTBY OIOJKETHBIX OpraHu3aiuid. Mbl pemiv npoBeCTU
COOCTBEHHOE MOJICIIMPOBAHUE, PE3YyIbTaThl KOTOPOTO CMOTJIM OBl TPOBEPUTH Ha
NpyUMepe Hamed MKOJAbl. Mbl CYMTaeM, YTO Halla MporpaMma CMOXET MOMOYb B
MPOBEPKE TIOMEIICHUW, B KOTOPBIX MPOXKUBAIOT JIIOAM C OrPaHUYCHHBIMU

BO3MOXXHOCTSIMU. MM TpyaHee Bcero sBakyupoBaThbcs npu paziandyHeix UYC, m s



oOecrieueHuss MX O€30MACHOCTU MOXHO TPOBEPUTH KaK pa3MEPbl BBIXOJOB, HX
pPacnoJIOKEHHUE, BIUAIOT Ha BPEMsI 3BaKyalluy U3 3/1aHHUSL.

Kpome ToOro, Hamry nporpaMmy MOXHO MCHOJb30BAaTh IpPU IPOBEACHHUU
MAacCCOBBIX MeponpusTHil. MOXHO 3apaHee MPOCUUTATh BIUSHHE PACIOJIOKECHUS
YCTaHOBJICHHBIX JIOTKOB C IPOAYKIMEH, CLHEHbI , BBIXOJOB C IUIOMIAAM Ha BpEMs
BbIxoa moaei npu UC. B 3TOM Mbl BUIUM aKMYaibHOCHIb HAULE20 UCCIe008AHUA.

Ilenv uccneoosanua — pa3zpaboTka MaTEMATUYECKONM MOJEIU JIBHXKCHHUS
YYAIIMXCS MIKOJBl IPH 3BAaKyallUd C NPUMEHEHUEM TEOPUHU KIIETOYHBIX aBTOMATOB,
OporpamMMHasl peaju3aius MOJEIM U HCCIENOBAaHUE JBIXKCHHS TIIOTOKa TpU
Pa3IUYHBIX IPETSITCTBUSAX.

Ob6vekm uccneoosanun — NBUKEHUE MOTOKA JIIOJIEN MPU 3BaKyalluu, BRpeoMent
— BIMSHUE KOH(PUTypalMu TOMENICHUM W HalW4yusl TPENATCTBHN Ha XapakTep
JBUYKEHUS SBaKyallHOHHBIX IOTOKOB.

JUig peanu3alMy MOCTaBICHHOM LENM HaM HEOOXOAMMO OBLIO PElIUTh PsJ
3a/ay:

1. W3yuuTh TEOpPHUIO KIETOYHBIX ABTOMATOB C MMEIOMIMMUCS MPAKTUYECKUMU

peanu3anrsaMH.

2. TlpoBecTt 0TOOP METOAUK MOJICIMPOBAHNS MTOBEICHUS MTOTOKA JTFO/ICH;

3. CoznaTh MaTeMaTUYECKYIO MOJEIb ABMKCHUS JIIOACH;

4. PaspaboraTh MpOrpaMMy, ONMCHIBAIOLIYIO JBUKEHHE 3BaKyallMOHHBIX

MTOTOKOB C YYETOM Pa3JIMYHBIX MPEISATCTBUM.

B mnponecce wuccnenoBaHuWs HAaMM BBIIBUHYTA 2UnOmMe3q. TEOMETPUYECKUE
napameTpbl OMEIEHUI Halllel IIKOJIbI He TPEMSITCTBYIOT CBOEBPEMEHHOMY BBIBOY
JIO/IEH TIPY IBAKYaIlUU.

IIpy BBITOJHEHUM MCCIENOBAHMS HAMH HMCHOJB30BAINCH CIEIYIOUIUE METOBL:

HaOJI0JICHUE, aHAJIN3, IKCIIEPUMEHT, MOJCIUPOBAHUE.



I'nasa 1. IlousiTHE KJIETOYHOT0 aBTOMATA

Nnes xIeTOYHBIX aBTOMATOB 3apoAwiach B cepelrHe XX Beka B paborax
He3zaBucuMbIX yuéHbix (Konpana Lly3e, Ixona ¢pon Heiimana). Haubonee monno ona
npopaboTaHa U3BECTHBIM MaTeMaTukoM J[>koHom ¢on HeitmaHoM.

Krnerounslii aBTOMaT B MPOCTEHIIEM BHUAE MPEICTABIACT COOOW TBYMEPHYIO
CeTKy (MaccuB) MPOHU3BOJBHOTO pa3zMepa, oOpa3oBaHHyIO suedkamu. CocTosHUE
ceTku (KoH@Uryparusi) OOHOBJISETCS C TEYECHHUEM BpPEMEHHU, MPUYEM COCTOSHUE
KKIOU SYEHKU B CICIYIOMUNA MOMEHT BPEMEHU 3aBUCUT OT COCTOSIHUSA OJMKaNUIITNX
e€ cocenel (CMEXHBIX SYEEK) M, BO3MOXKHO, OT €€ COOCTBEHHOTO COCTOSIHUSI Ha
TEKyLICH UTEPALIHH.

KonmnuecTBO  BO3MOXHBIX  COCTOSIHUM — siueiikd  KoHeuHo. (OOHOBJICHHE
KOH(UTYypaly OPOUCXOAUT MapajulebHO, B COOTBETCTBUU C ONPEACIEHHBIMU IS
JAHHOM MOJENH IPABUIIAMH.

Knerounsle aBTOMaThl B HMH(OpPMATHUKE SIBISIOTCS aHAJIOrOM (PU3HMUECKOTO
MOHATUS «110sie». KieTouHblil aBTOMAT MOXKET MBICITUTHCS KaK CTUIM30BaHHBIN MHUP.
[IpocTpaHCTBO NPENCTAaBIEHO PAaBHOMEPHOM CETKOM, Kaxnaas sA4yeika (KJIeTKa)
KOTOpPOM COAEPKHUT HECKOJIbKO OUTOB JAHHBIX, BpeMsl UIET BHEpE] AUCKPETHBIMU
1IaraMu, a 3aKOHbl MUPa BBIPAXKAIOTCS €IMHCTBEHHBIM HAOOPOM TIpaBuil (HEOOIBIION
CHpPaBOYHON TaOJMLEH) MO KOTOPHIM Jr00ast KJIETKa Ha Ka)KJOM IlIare BBIYUCIISIET
CBOE HOBOE COCTOSIHUE IO COCTOSHUSIM ee Onm3kux coceneid. Takum oOpazom,
3aKOHBI CUCTEMBI SIBJISIIOTCS JIOKAJIbHBIMU U TIOBCIOJIY OJJMHAKOBBIMU. «JIOKaIbHBII
O3HAy4aeT, 4To AJI TOTO, YTOObI y3HATh, YTO NMPOU3OUJET 3[1€Ch MIHOBEHUE CITYCTS,
JOCTAaTOYHO IOCMOTPETh HA COCTOSHHE OJMDKAMIIEro OKPYKEHHs: HHUKaKoe
NAIbHOAECHCTBHE HE Jomnmyckaercs. « OIMHAKOBOCTH» O3HAYAET, YTO 3aKOHBI BE3ZE
OTHU M TE K€ s MOTY OTJIMYUTH OJHO MECTO OT JPYroro TOJILKO MO ¢dopme
nanamadTa, a He Mo KaKOM-TO pa3HUIIE B 3aKOHAX.

Knaccuueckuii KJIeTOUHBIM aBTOMAT 00J1aa€T CIEIYIOIIMMHA CBONCTBAMHU:

1. JIoKaJIbHOCTh TPAaBWJI — HA HOBOE COCTOSIHHE KJIETKH MOTYT IOBJIMATH TOJIBKO

AJIEMEHTHI €€ OKPECTHOCTH U, BO3MOXKHO, OHA caMa.



2. OAHOPOHOCTh CUCTEMBbl — HU OJIHA 00JIACTh PEHIETKA HE MOXKET OTIUYaThCS OT
OpYrod Mo KakuM-IMOO0 OCOOEHHOCTSAM mpaBwil. OQHAKO Ha MPAKTHKE PEIETKA
OKa3bIBAC€TCA KOHEYHBIM MHOXKECTBOM KJIETOK (BBUJY OIPAaHUYEHHOCTH OOBEMA
NaMsTH BBIYMCIUTEILHOM MalluHbl). B pesynbrare MOryT UMETh MECTO KpaeBble
3G (PEKThI — KIETKH, CTOSIIIIAE HA TPAHUIE PEMIETKH, OYIYT OTIUYHBI OT OCTAIBHBIX
no uucny coceneil. Bo wuzbexxkaHwe 3TOro BBOASTCS NEPHOJUYECKUE KpPACBBIC
YCIIOBHSI.
3. KoHEYHOCTh MHOXKECTBA BO3MOXHBIX COCTOSSHUM KJIETKM — 3TO YCJIOBHE
HEOOX0UMO, YTOOBI IS TOJYyYEHUS HOBOTO COCTOSIHUS KJIIETKU TpeOOBaioCh
KOHEYHOE YHUCJIIO OTEPALUH.
4. OgHOBPEMEHHBIN MEPEXOJ B HOBOE COCTOSIHHE ISl BCEX KIIETOK — 3HAYEHUS BO
BCEX KJIETKAaX MEHSIOTCS E€IWHOBPEMEHHO, B KOHIIE WTEpalMHh, a HE 10 Mepe
BBIYHCIICHHS. B IPOTHBHOM cCilydyae MOpPsIOK Mepedopa KIETOK PEIIETKH OKa3bIBall
OBl CyIIIECTBEHHOE BIMSHUE HA PE3YJIbTaT.

Hanbomnee n3BeCTHBIM NPUMEPOM MPUMEHEHHUS TEOPUU KJIETOYHBIX aBTOMATOB
B HAyKe SBIAECTCA, BEPOSTHO, urpa <«OKusub», co3ganHas J[xoHOM XOpPTOHOM
Konysem B 1970 romy u omyOnmkoBaHHas B jxypHaine «Scientific American» B

KoJIoHKe «MaTeMaTuuecKue HUI'PBD».

I'naBa 2. KiieTo4HbIi aBTOMAT, MOJCJTUPYOUIUI IBUKEHNE TOTOKA JIK/1eil
2.1. lIpaBuia «urpsm

[TomHOE MaTeMaTHYeCKOE OIKMCAaHWE MOBEICHUS OTIEIBHO B3STOI0 YEJIOBEKa
HAa JAHHOM 3Talle pa3BUTHUSA HAYKU HE MPEACTABIAECTCS BO3MOXKHBIM, ITIOCKOJIBKY €r0
JNEUCTBUSL  OMPENENSAIOTCS OYEeHb  OOJBIIMM  KOJMYECTBOM  (paKTOpPOB, Kak
pallMOHANIBHBIX, TaK W UppaluoHaibHbIX. OAHAKO H3BECTHO, YTO IOBEJCHUE
JIOCTATOYHO OOJIBIION TPYIIIBI JIOJEH B CTAHJAPTHON CUTYallUM JIETKO MOIIAETCS
MPEICKA3aHUIO U XOPOIIIO OMUCHIBAETCS BEPOSTHOCTHBIM 00pa3oM. B manHoM ciydae
paboTaeT 3aK0H OOJIBIIUX YHCEI: JaKE €CIU OJIMH YEJIOBEK MO KaKUM-TO MPUINHAM
PELIUT AEHUCTBOBATh HETPUBUAIIBHO, €TO TOBEJCHUE HUKAK HE MOBJIMAET HA IPYIINY B

OCJIOM.



B ocHoBe pgaHHOro aBTOomMaTta JIEKUT MOJENIb PENIETOYHOro ras3a Ha
optoroHasibHOW pemetke. [Ipu pa3paboTke MaTeMaTHYECKOW MOJEIM HSBaKyallluu
Obl1a BbIOpaHa AByMEpHasi MOJENb KJIETOYHBIX aBTOMAaTOB C OKPECTHOCThIO Mypa
(Pucynok 1).

[IpocTpaHCTBO KJIETOYHOrO aBTOMAaTa (BKJIIOYasl BHEIIHUE CTEHBI) IPEACTABIISIET
co0ol TUIOCKYI0 o0JiacTh, pa3outyto Ha sueiiku 40x40 cM (3T0 cpegHuil pasmep,
3aHMMAEMBbI YEJIOBEKOM B TOJIE), KOTOPhIE MOTYT OBITh JIMOO CBOOOJHBIMU, JTUOO
3aHSTBIMU TOJIBKO OJIHUM YesioBeKoM (yactuiie). Kaxaas kierka umeer 8 cocezeit.

Kietka MokeT HaxoIUTbCS B OJTHOM U3 JIBYX COCTOSIHUM: «3arojHeHay (B HEl
HaXOJUTCSl YEJIOBEK) WU «IyCTa» (MECTO CBOOOAHO). 3aJaHO TaK>Ke MPUOPUTETHOE
HaIpaBJICHUE «BIEPEI», B KOTOPOM JIFOJN JABMKYTCS TPU OTCYTCTBUU TPETISTCTBUH.
[IpensTCTBUSAMH MOTYT CIYKUTh Kak Jpyrue JIOJU, TaK U CTallMOHApHBIE
MIPETNSATCTBUS — CTEHBI, CTOJIBI.

Kax1ip1it BpeMEeHHOM 11ar aBTOMaTa COCTOUT U3 JIBYX ATAllOB: aHANIU3 CUTYyaIlUH
B K)KJION KJIETKE; IepeMEIeHUE JTFOCH B COOTBETCTBHH C MMPaBUJIaMU aBTOMATa.

[Tepemerierne 1O KJIETKaM aBTOMAaTa TPOUCXOIUT B COOTBETCTBHH CO

CJIEIYIOLIMMU MPaBUJIAMHU:

e BriOupaercs kpaTdaiiliee HaNpaBICHHE Ha BBIXOJ H 3aTeM BHOCHUTCS
BEPOATHOCTHh U3MEHEHMsI HarpaBieHus mno cxeme 1 — 73%, 2 u 8 —mo 10%, 3
u7—-m02%,4, 5u6—mno0 1% (roe 1 — HanpaBlieHHE OPEANOIAraeMOro
JIBIKCHMUS )

e [Ipu BO3BMOKHOCTH YEJIOBEK JBUTAETCS BIepe (110 OTHOUIEHUIO K HEKOTOPOMY
3aJIaHHOMY HaIpaBJICHUIO);

e Ecau nBmwkeHue Bepea HEBO3MOKHO, YEJIOBEK JIBUTACTCS BIIPABO BBEPX/BIIEBO
BBEPX;

e Ecnum nBmwxkeHne BIpaBo BBEPX/BIEBO BBEPX HEBO3MOXKHO, YETIOBEK JBUTACTCS
BITPABO/BIIEBO;

e Ecam paBwkeHue BIepen, BIPaBO BBEPX/BIEBO BBEpPX, BIIPaBO, BJICBO
HEBO3MOkHO (kjeTku 1,2,3,7,8 3amoJIHEHBI), YEJIOBEK I1araeT C BEPOATHOCTHIO

1% BHU3/BIIpaBO BHU3/ BJIIEBO BHMU3,;



e FEciu nBa yenoBeKa MNPETEHAYIOT Ha OJIHY M Ty XK€ SUYEHKY, MepeMEIacMblil
YeJIOBEK BhIOMpAETCs ClIydyalHbIM 00pa3oMm;
e Hanuumne B kakom-n0OO HampaBJICHWH OPYTUX JIIOAEH WIM CT€H YMEHBIIAET

BCPOATHOCTH ABUXCHUS B 39TOM HAIIPABJICHUH.

2.2. OCHOBHBIE XapPaKTEPUCTUKH, UCIIOJIb3yeMble Il ONIMCAHUS ABHKECHUS
MOTOKA JII0/ied NP IBAKYalHH

DBaKyarus — CJI0XKHBIN IPOLECC IOBEACHMS JIFOACH B PA3JIMYHBIX YCIOBUAX UX
KU3HEAEATEIBHOCTH, BBIHYKIAIOIMMNX UX MOKUAATh MECTA B IIOMEIICHUAX 31aHUM, HA
KOTOPBIX OHU HAXOIATCs, OCYIIECTBIISA CBOU KU3HEHHBIC, JYXOBHbBIC U COLIMAJIbHBIC
noTpeOHOCTH. BO3MOXKHOE COCTOSIHUE OKpY’KaIOLIEl Cpellbl ONPEesieT U XapaKkTep
sBaKkyanuu mojaeil. [Ipu nmpoekTupoBaHuu, CTPOUTEILCTBE U 000PYOBAHUM 3/IaHUM
U COOpYKEHUH BCErja MpeayCMATPUBAIOTCS WHKCHEPHO-TCXHUYECKUE PELICHUA U
MEpOINpPUATHS, HaIpaBJI€HHbIE Ha oOecleyeHWe B TOW WM MHOW Mepe 3alluThl
3IaHUM U HAXOJSIIMXCS B HUX JIFOJAEH ITPU YPE3BBIYAaNHBIX CUTYAIUAX.

JIropckue MOTOKU 00pa3yroTcs MpH 3BaKyalluu, KOTJa mMacca JIHOAEH TBUraeTcs
OJIHOBPEMEHHO MO OOIIMM KOMMYHUKAIIMOHHBIM ITyTSM B OJJHOM HampasiieHUH. Bech
IIyTh JBWKEHUS JIFOJCKOIO IOTOKA MOAPA3ACISETCS HAa YYaCTKH. Y4aCTKaMU MOTYT
ObITh MPOXOJbl, JBEPHbIC IPOEMBI, KOPUAOPHI, JecTHULL. Ilpoxoabl Mexay
paboyuMu MecTamMu, 000pPYIOBaHUEM, PsIIaMH Kpeces U T.I. SBISIOTCS HayalbHBIMU
Y4aCTKaMH.

JIns MonaenupoBaHUs JNBWKEHUS IIKOJIBHUKOB HAIlEW IIKOJIBI MPU 3BaKyallHH
MBI BBIOpAJIH CIEAYIOUINE KPUTEPHUHU:

e [lmomans ropu3OHTAIBHOM NPOEKLMH YEJIOBEKAa B CPEOHEM IIPUHUMAETCS

40x40cMm.

e OpuH 1mIar 4yejoBeKa B MOJIENM paBeH JynHe KieTku 40 cm.



e 3HaueHUs CKOpOCTGﬁ CBO60,Z[HOFO JABUXKCHHUA J'IIOI[Cﬁ B IIOTOKEC B3iATbl H3

HCCIIeI0BATEILCKOM paboThl Mpodeccopa B.M.HpeﬂTe‘IeHCKOI“Ol (Tabnuua 1,

Ilpunosicenue 1).

L Pa3M€pI>I KJIACCHBIX HOMGHIGHHﬁ, ImapT, Ipoxoa0oB MCXKIY pAadaMHi, paCCTOAHUC

2
J0 JOCKH B3ATBI B COOTBCTCTBUHU C I'OCTamu” B MaCI_HTa6e, COOTHCCCHHOM C

TOPU30HTAIBHOM IUIOIIAJIbI0 4eJIOBEKa. MOJenn KIAaCCHBIX MNOMEIICHUN W

Kopujaopa npeacrasiieHsl B Ipunoscenuu 2.

2.3. Onucanune padoTbl MPOrPamMMblI

[Iporpamma, mMojaenupyroiasi JABUXKEHUE IMOTOKA JIIOACH NpH 3BaKyalluu W3

IIKOJIbI, HarkcaHa B mporpamMmuoii cpeze Pascal ABC.NET Bepcust 3.1.

CKpHHILIOTHI IPOrpaMMBbl NipeacTaBieHbl B Ilpunoscenuu 3.

YacTb TeKcTa Nporpammsl npuseneHa B Ipunoscenuu 4.

Pabora IMporpaMmsel OCYIICCTBILICTCA B CJIGI[YIOIHGﬁ IIOCJICAOBATCIbHOCTH .

1.

Boei6op mporpammoii (aiiia ¢ MOJENbI0 MOMEIIECHHs. 3aroJIHEHUE
MaccHuBa C pa3MepoM U KOHPUTypalyel NOMEUIeHHUS;

3anoJHeHue MAaCCUBOB JIIOJIEH U BBIXOOB;

OnpeneneHue HapaBIeHUs Ha BBIXOJ BOJHOBBIM METOJIOM;

Hayvano nBuxeHus1, paHIoMu3alus HApPaBICHUs ABUKEHHUS C yYETOM
npaBuia KJIE€TOYHOr0 aBTOMaTa;

[IpoBepka Hanuuusg Ha IYTH NPENSATCTBHS WM JPYroro 4eaoBEKa,
BBIOOD — «CTOUMY, «IBUTAEMCS»;

BoiBog MH(pOpMAaLIMK HA SKpaH;

[loBTOpEeHHE ULMKJIa JBWKEHUS W IIOMCKAa HaIlpaBJICHUS IIOKa HeE

HBAKYUPYIOTCS BCE JTIOIU.

TIpenreuenckuit B.M. O pacuere ABHKEHHS TIOACKHX IOTOKOB B 3[aHMSIX MACCOBOTO HA3HAUCHHS // APXUTEKTYDPHO-
CTPOUTENIBbHOE 00pa30BaHNe W HAyYHBIE OCHOBBI MpoeKTHpoBaHMs. - M.: Crpoiinznar, 1983.
2

CanlluH 2.4.2.576-96 «'urnenndeckue TpeOOBaHUS K yCIOBUSIM O0YUCHHMS IIKOJIBHUKOB B PA3IMYHBIX BUAAX
COBPEMEHHBIX 00111€00pa30BaTENbHBIX YUPEKICHUI»



Cchuiku Ha [porpaMmmy 51 MOJEIIN:
https://drive.google.com/file/d/1f3gJ691Cd67btEIOVowWW-
hraRX[iN7Oa/view?usp=sharing
https://drive.google.com/file/d/14f2Zon4Z0tVkStQOEGV7anNgLkmdT3zX/vie

w?usp=sharing

2.4. UcciieioBanme 3aBUCMMOCTH BpEMEHH IBAKYAHH JIJIs1 Pa3JIHYHbIX BHI0B
NPensiTCTBUIH H ¢JIy4aeB Pacrojio;KeHHsI BHIX0I0B

YroOsl NPUMEHUTH HAIIy MOJEIb K Pa3IMYHBIM ITOMEMICHUSAM MbI PEIININ
HCCIIEI0BaTh, KaK BIMAIOT Pa3Mephl M PACIOIOKCHHME MPEMATCTBUNA HAa  BpeMs
sBakyaruu (Tabruya 2).

J1J1s1 5TOT0 MBI pacCMOTpEIIU MPENSTCTBUA, U300pakeHHbIe Ha Pucynke 1.

Tabauya 2.
Mopnens Kon-Bo | Cpennee Bpewms Bpewms Bpewms
MOMEIICHHUS | JIFOJAEH | KOJIMYECTBO | ABAKyallUM B | BAKyallMW | 3BaKyallMd B
1aroB CIIOKOMTHOM B AKTUBHOM | BO30YKJI€HHO
COCTOSIHHH COCTOSIHUM | M COCTOSIHUU
1 25 71 26 19 10
2 25 73 27 19 10
3 25 87 32 23 12
4 25 69 25 18 9

[IpensTcTBUS, pacloIOKEHHBIE TOPU3OHTAJIBHO IO OTHOIICHHUIO K
JBIDKYIIEMYCS IOTOKY JIFOJICH, MOJIOKUTEIBHO BIMSIOT Ha BPEMS DBaKyalluu U
CKOPOCTb JABWKECHUS MOTOKA JIFOEH.

C momoIipl0 MOCTPOCHHONW MOJIENIM Mbl MPOBEPUINU COOTBETCTBUE PACUETHOIO
BPEMEHHU DJBaKyalldd pe3yjibTaTaM, MOJYYEHHBIM MpPHU HSBaKyallUM y4YalluXxcs BO
BpeMs MTPOBEACHUS YUCOHBIX TPCHUPOBOK.

CpenHee 3HaUCHHE BPEMEHU ABAKyalluHd NIPU HAJWYUU PA3JIMYHBIX MPEMATCTBUN

0’

N
paccuuTbiBaeM 1o dopmyne: t = —, » Tne N —KOJIMYECTBO MIaroB MpOrpaMMBbI J10

MOJIHOM 3BaKyaluu, V — CKOPOCTh JABMXKEHHS B PA3JIMYHBIX COCTOSIHUAX (M/C).

Pesynbratel pacu€ToB yka3ansl B Tabauuye 3:


https://drive.google.com/file/d/1f3gJ691Cd67btEiOVowW-hraRXjiN7Oa/view?usp=sharing
https://drive.google.com/file/d/1f3gJ691Cd67btEiOVowW-hraRXjiN7Oa/view?usp=sharing
https://drive.google.com/file/d/14f2Zon4Z0tVkStQ0EGv7anNqLkmdT3zX/view?usp=sharing
https://drive.google.com/file/d/14f2Zon4Z0tVkStQ0EGv7anNqLkmdT3zX/view?usp=sharing
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Mogaenb Kon- | Cpennee Bpewms Bpewms Bpewms Bpewms
MMOMENICHUS BO KOJIMYECTBO | PBAKyallMM B | 3BaKyalldd | 3BaKyalldd B | dBaKyalllMu
JOJEH | maros CIIOKOMHOM B aKTUBHOM | BO30YXK/IEHHOM | IIpH
COCTOSIHUH COCTOSIHUM | COCTOSIHUM yaeOHOU
TPEHUPOBKE

Knacc ¢

napTamMu u 25 51 18 14 7 15

OOKOBBIM

BBIXOIOM

Knacc ¢

napTamu u

BBIXOJIOM 25 64 23 17 9 17

BIIEpEIU

KJjlacca

Kopunop ¢

IBYMS 75 269 98 72 36 64

BBIXOJIAMU

Takum oOpa3oM, Bpemsl »3BaKyallud, pacCUMTAaHHOE IO Halled MOJIENH,
IPUMEPHO COBMAJAET C MPAKTUYECKUMHU pe3ynbTrataMu. JJopaboTku Tpedyer Moenb
C JByMs BbIXOJaMU. B 3ToM ciiydyae pacu€THOe BpeMsl OKas3bIBaeTcs OOJblle
peanbHOro.

[Io HammM pacdyeTam MOJIY4YaeTcs, 4YTO M3 TeX KJIAacCOB HaIllEH IIKOJIBI, B
KOTOPBIX BBIXOJIbI PACIOJIOKEHBI B OOKOBOM YAacTH CTEH, 3BaKyalUs MPOUCXOJMT
oBICTpEe.

[TocTpoenHbIit rpaduk 3aBUCUMOCTH KOJUYECTBA BBIIEAIIMX JIIOJACH OT
BPEMEHHU (Pucynox 111.), mokaspiBaer, 4To0 NpU HAIMYHHA OOKOBBIX BBIXOJIOB
HauOoJIbIlIee KOJIMYECTBO 3BAKYHPOBABILIUXCS B €IMHUILY BpEMEHU HaOII0aeTCs yKe

K 9 cexyHie 3BaKyaluu.

3akioueHue

DBakyalus — CIOXHBIA MPOLECC MOBEACHUS JIIOJACH B PA3JIMYHBIX YCIOBHUSIX,
BBIHY)KJIAIOIMX HMX NOKUAATh MECTa B IOMEUICHUSX 31aHUM, Ha KOTOPBIX OHU
HAXOJATCS, B PA3JIMYHBIX YPE3BBIYAMHBIX CUTyalUsX, YIPOKAIOIMIMUX KU3ZHUA U
310POBBIO JIIOJIEU. B0O3MOXKHOE COCTOSHUE OKPYXKAKOLIEH Cpenbl ONPEHECISET U

XapaKTep IBAKYaALNH JIFOJIEH.
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B mwameii pabore ™Mbl pa3paboTaqi MaTeMaTUYECKYH0 MOENb JABWKCHUS
yuYaluxcs MIKOJIbl MPU dBaKyalldd ¢ MPUMEHEHHEM TEOPHM KJIETOYHBIX aBTOMATOB,
HalUCcald  MPOrpaMMy, MOJCIUPYIONIYI0 TOBEACHHE JIOACH B 3aMKHYTOM
IPOCTPAHCTBE MPHU JBIKEHUW K BBHIXOJY HAa OCHOBE KJIETOYHBIX aBTOMaToOB. [lpm
MOCTPOCHUU MOJEIU MbI UCTOJh30BAIM B MacCIITabe peajbHbIe pa3Mephbl KIACCHBIX
MOMEIICHN W KOPHUAOpa HaIlel IIKOJBI, Y4IM HW3BECTHBIE 3HAYCHUS CKOPOCTH
JBVOKCHHUS JIIOJICH MPU 3BaKyaluy I pacuéTa BPEMEHU YBaKyalluH.

[TporpamMma, moaenupyromas ABMKEHHE MOTOKa JIOACH MPH dBaKyalluud M3

IIKOJIBI, HamkcaHa B mporpaMmMHuoii cpene Pascal ABC.NET Bepcus 3.1.

C moMomp0 MOCTPOEHHOM MOJENM Mbl HCCIEIOBAIA BPEMs JBaKyallMd M3
MOMEIIEHUI TpU HaJMYUW pa3jIUYHbIX BHJOB npenarcTBuid. [IpensTcTBus,
pacrojoKEHHbIE TOPU30HTAIBHO MO OTHOIICHHMIO K JIBMXKYILEMYCS IOTOKY JIOACH,
MOJIOKUTEIHHO BIHSIOT Ha BPEMs IBAKyallll U CKOPOCTH JABIKEHUS TTOTOKA JTFO/ICH.

MpI IpUMEHMIIN HAIlly MOJIEJIb K pacueTy BPEMEHHU HBaKyalllH U KJIaCCOB HallleH
IIKOJIBI. Bpemst aBakyanmu, pacCUuTaHHOE 1O HaIlel MOJETH, MPUMEPHO COBIAIACT
C IPaKTUYECKUMU pe3yibTaTamu. [JJopaboTku TpedyeT MoaeNnb ¢ IByMsI BbIxoaaMu. B
TOM cily4yae pacyéTHOE BpeMsl oOKasbiBaeTcsl Oousblue peanbHoro. [lo Hammm
pacderaM TOJy4YaeTcs,, YTO M3 TeX KIJIACCOB HAIEH INKOJBI, B KOTOPBIX BBIXOJBI
pacnosoXeHbl B O0OKOBOM 4acTH CTEH, IBaKyallus MPOUCXOIUT ObICTpeEe.

Takum o0pa3oM, rumoresa O TOM, YTO TIE€OMETPUYECKHE MapaMmeTphbl
MOMEIIEHUI HaIlleH IKOJbI He MPEMATCTBYIOT CBOEBPEMEHHOMY BBIBOJY JIIOACH TpH

9BaKyalluu, IIOATBCPANIIACH YaCTUYIHO.
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Pucynox I11. I'pagpuk 3a6ucumocmu Koauuecmea bluleOUux 100ei 6 eOUHULY
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Ipunoxenue 1. 3HadeHUs: CKOpPOCTeil CBOOOTHOIO IBUKEHUS JIIOJEil B MOTOKE
NPHU Pa3JIUYHbIX KATErOPpUsiX ABUKEHHSI.

Tabauya 1.

Kareropuu

JABHKCHU

KomdoptHoe

CriokoiiHoe

I {oBrINIIEHHON
AKTUBHOCTH

[Mpunoxenue 2. Moaeau KJIACCHBIX MOMeIEHU A

AKTHUBHOE

['opu30HTANIBHBIN, JTECTHHIA BHU3,
poeEM

CKOopOoCTh CBOOOTHOTO JIBFIKCHHSI,
M/C, TIO BHJIaM ITyTH

0,82
1,10
1,50
3,00

JlecTHu1a BBEpX
0,45
0,63
0,92
1,25

Knacc ¢ 6oxoewvim

FOOOCOOOOOO000O0OO0OOOOOCOOO0OO0O00O00O00OCOODO0000K
X oOX OX 0X 0¥ 0X @ OX X 8bIXO0OM
x x x x x x x X
X 0X OX OoX 0X o0X ox X
X X
X X
X 0OX OX OoX 00X o0X ox X
x x X x X X X X
x 0OX oOX O0X 00X o0X ox X
X X
X X
X 0X OX O0X 0X o0X ox X
X X X X X X X X
x 0X oOxX 0X 0X o0X ox X
x X
X X
FOOOCOOOOO0000O00000O000COOOOOCOOO00000L HOO0O00O0K
EEEE
OO0
EX XE
E
E Kopuoop 2
E
X XE amasica
SOOOOOOOOOO000 OO OO OO OO0
X X
X 00 0 x
¥ 00 0o X
X 00 O X
X 00 0 0 0 0 x
X x




IIpuioxenue 3. CKpUHIIOTHI pad0ThI POrPaMMBbI

Cuyuaii 1. HayanbHasi pacCTaHOBKaA

B TextlO.exe |£Iéj
ﬁxHHH“HHRHHRHH“HHHHHHHHHHHHHHHRHHRHH“HHRHHHHHHHHHHHHR§
O OX OX [} OX O

] ] ] ] H ]
0oR oR 08 0% o® 0oR

i ]
i ]
i ]
i ]
i ]
i 0R 0R 08 [0} o 0R ]
i ] ] ] ] H ] ]
i 07 oR 08 0% or 07 ]
i ]
i ]
i ]
i ]
i ]
i ]
i H

0R 07 08 L1} o 0R
] ] ] ] H ]
07 oR 08 0% or 07

RARRRRREKER KR AR RN RN R R R KA KRR R AR A R AR RE RARRRKRRE

HoAanwuecTeo anpen: 36 H3 HHX 3IBaAKydposaauce: 0

Maw Havyana cHMYAAUHH HaxmiTe Enter ...

Xo/ 3BaKyaunu

P Textl0exe e

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx§

0 X ]
H ]
H ]

]
H
®
]
b
]
]
b
]
]
®
]
]
®
H

0 ] 0 00
RARKXERRRR R AR AR R R R R R AKX AR R R R R R R KKK RRRXKERER

Koanwuecteo awpew: 36 M3 HWX 3BAKYWpPOBanucb: 4

lNpowao: 20 waros.

Hror 3Bakyaumumu:

B TextlO.exe |ﬂl_g—hj

§HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH§

] ]
B ®
H H

i
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i
i
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i
i
i
i
RARKREXERRR A RAR AR AR KRR E R R AR R KK KRR RRKRKKERR

]
X
]
X
]
]
X
]
X
]
X
]
]
]
H

Koawuecteo awpes: 36 M3 HHX JIBAKYWpPOEaAMcb: 36

Mpowao: 76 waros.llporpamMma 3aBepuweHa. HAXMMTE ANGYN KAABWWY .




Cayuai 2. HayanbHasi paccTaHOBKA

RAKKARER AR AR R R AR AR AR R AR AR AR R KRR AR R AR
" b OR OR 1] Ox

B B n n
Ox Ox 14 {14

OR OR 1] Ox
B B n n
Ox Ox 14 {14

e e e e e o e e e

OR OR 1] Ox
B B n n

"
"
"
"
"
"
"
"
"
"
"
" Ox Ox 14 {14
"

"

"

b
ARERARE R AR AR R KRR R R AR R AR AR RN AR AR R R R R KRR

KoavuecTteo awper: 25 H3 HHX JEBEAKYHPOBAAMch:= 0

AH Ha4yaAa CHMYAAUMH HaxmuTe Enter ...

Xox 3BaKkyauuu

ﬁHHHHHHHHHHEHHHH?HHHHﬁHHHHﬁHHHHEHHHHHHHHHHHHHHHHHHHHHH

o
n
o
o
n
o
A
o
o
o
o
o
n
o
o

b
HEXHAE R AR AR K AR A L E RN KA AN AR AR E R E RN

KoavuecTteo awped: 25 W3 HHX 3IBAKYMpPOBAaAMCB: 2

Mpowao: 29 waros.

Hror 3Bakyaumumu:

= =

RAXRAKR AR A AR AR AR R AR R AR R AR AR AR A AR AR R R AR R KRR
" h s b B ]

S DC DO IC IO OO0

"
n
"
o
n
"
o
"
"
o
"
"
o
"
"

h
Hhtbtitt bbb LB H R LR R T

Hoauuyectso awper: 25 M3 HUX 3IBaKyWpoBaauch: 25

Mpowao: 61 waroe.



