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BBEJAEHHUE

B cepenune XX B. MOSBUIMCH Hay4yHble pPaOOTHI, IOCBSIIEHHBIE MCKYC-
CTBEHHOMY CHHTE3MPOBAHHIO PAa3HBIX AaCIEKTOB TICHUXOJOTHU YeioBeka. OCHOBO-
MOJIOKHUKAMHM TaKOTO HaIpaBJICHUS CTald HE TIICHXOJIOTH, a KHOEPHETHKH,
OnokmOepHeTHKM W MareMatukd. OJHUM ©3 OCHOBATENCH CHHTETUYCCKOM
NCUXOJNOTuH  siBisiercs  Banentuno  bpaiitenGepr, mnpodeccop HucTtutyTa
Oouonornueckoir kubepHetnkn uM. Maxkca Ilmanka B TroOunrene. Ero moaxon
3aKJIFOYACTCS B TOM, YTO OWOJIOTHYECKOE IOBEICHHE JIeTde CHUHTE3MPOBATH, YEM
aHaMM3upoBaTh. Vcmonmb3ys oSiIeMEHTapHbIE MEXaHW3Mbl C JaTddKaMu |
AJIEKTPUYECKUE YCTPOMCTBA, yHpaBiseMble MPOCTEHITUMH MHUKPOCXEMaMH, 1O €ro
MHEHHUIO, MOKHO UMUTHPOBATh TaKHe YyBCTBA, KAaK JIIOOOBb, arpeccusi, CTpax u Jp.
[125; 130]. Texauueckrne MUKPOCXEMbI U OMHCAHUE MOJOOHBIX YCTPOWCTB MOKHO
HaWTH B cTaThsx [12; 18; 39; 131].

B 1960 — 70-x romax mOYTH BCEM Ka3ajlOCh, YTO CO3JaHHUE MBICISIIUX U
HCIIOJTHUTEIILHBIX POOOTOB — JIeJI0 caMoro Oimkaiimiero oymyiiero. OgHako CKoOpo
CTaJIO SICHO, YTO JIaXKE€ CambIe MPOCThIe (U3MUCCKUE JTCUCTBUS, HAIPUMEDP: B3ATH CO
CTOJIa KPYXKY, OIIYTUTh MPEMATCTBUE B MPOCTPAHCTBE, CIUIAHUPOBATH MAapIIPYT H
MEPEMECTUTHLCSA 110 HEMY, OKa3aJIUCh JJisl pOOOTOB BeChbMa CJIOKHBIMU 3aJja4aMHu.

OmuH w3 wu3BecTHeWmmx wuccnenoparened Pomam bpyke w3 MIT [122]
MPEUIOKUI B 00JacCTU POOOTOTEXHUKHU TMOJXOM, PAJAUKAIBHO OTJIWYABIIMKUCS OT
OCTAJIbHBIX. Ero BIOXHOBWIM HACEKOMBIE W JPYrHe CYIIeCTBa C MAaJCHBKHM
o0beMoM Mo3ra. OH pemui co3faTh apXUTEKTYpy poOOTa, BBIMOIHSIONIETO CBOU
JNEUCTBHUSIT HE HA IIOCTPOCHHUM CJIO)KHOW BHYTPEHHEW MOJIEIN OKPYKAKOLIErO
MPOCTPAHCTBA, a KaK HEMOCPEJCTBEHHYIO PEAKIMI0 Ha BO3HUKAIOIINE BHEITHUE
paznpaxutend. Pe3ynbrarhl oOKazajauch BredaTistomuMu. HacexomomnomoOHbIe
TUMBI POOOTOB MOTJIM CJHIeJIaTh ITOYTH BCE, HAa 4YTO OBUIM CIOCOOHBI POOOTHI,
MOJICIIUPYIOIINE BHYTPEHHIOI0 MOJIENIb OKPY’KAIOIIETro pocTpaHcTBa. [Ipu sTom oHH
o0Jaaii HAMHOTO MEHBIIIMMHU BBIYUCIUTEIbHBIMUA MOIITHOCTSMH.

B konme 80-x romoB chopMUpOBaIOCh HampaBieHUE KUOCPHETUUECKUX
uccnenoBannii — MckycctBennas xxku3nb (Artificial Life). OcHoBHOUM MoTuBaruein
WCCJICIOBAHMM HMCKYCCTBEHHOM JKU3HHM CTajO JKEJIaHWE IOHSATH W CMOJICITUPOBATH
dbopManbHble TPUHIUIBI OpraHU3allud  OUOJOTHYECKON ku3HM. (OCHOBHOE
npeanojoxenne MckyccTBeHHON JKHU3HM COCTOUT B TOM, YTO «JIoTHYecKast Gpopmay
OpraHu3Ma MOXKET OBITh OTIECICHA OT MaTEepPHAIbHOW OCHOBBI €r0 KOHCTPYKITHU
[12; 78; 90; 91; 131; 160; 161].

[TapannensHO pa3BUBAIOCh TaKOE HAyYHOE HAIMpaBIIEHWE, KaK JBOJIOIMOHHAS
HelipoknbOepHeTrKa. OTHON U3 ee LelIeH SBISeTCS MOHMMaHNue TOro, Kak 3apoauiach
JoTMKa Ha Hamel Turanere. lcciemoBaHusi WCMONB3YIOT aHAIW3  HABOJIOIUU
HanboJsiee HETPUBHAIBHBIX «HMHTEIUICKTYAIbHBIX» OMOKMOCPHETUYECKUX CBOWCTB
CMHTEIJICKTYAIbHBIX HM300peTeHU» OUOJOTUYECKON 3BOMONHUH  (O€3YCIOBHBIX
pediekcoB, MPHUBBIKAHMSA, YCIOBHBIX pe(IEKCOB, LEMEH YCIOBHBIX PEQIEKCOB).
UccnenoBarenu mpuIuiv K BBIBOJY, UTO B pe3yJbTaTe TaKOW SBOJIIOIMU BO3HMUKIIA
YyejoBeYecKas  JIOTMKa, oOOecnedyuBarolas  HaydyHOe  IIO3HaHUWE  MPUPOJbBI

[12; 78; 90; 91, 148; 132; 161].



MopenupoBanue  4eIOBEKOMOJAOOHOM  MaMsTH  BCEerja  IPUTSITUBAIO
uccienoBaTeneil B 00JaCTH HMCKYCCTBEHHOTO HHTe/uiekTa. OIHAKO 70 KOHIAa He
BBISICHCHO M BO3HHUKAET MHOTO CIIOPOB O TOM, KaK HMMEHHO (DYHKIIMOHHPYET
gyenmoBeueckas mamaTh [130; 146; 169]. OTo mpuBeno K CO3JaHUI0 MHOXKECTBA
MoOJIeJIeH, KOTOpBIC BHECITH CBOW BKJIAJ] B IOHUMAaHUE CO3HAHUS dYesioBeka [134].

VY4eHbie 0TMEYAIOT, YTO MaMSTh SBJSETCS HEOOXOAMMBIM YCIOBHEM IS JIF000H
dbopmbl 00ydeHHs. ITO YTBEp)KISHHUE OCHOBAHO Ha TOYKe 3peHus bakctepa u bpona
[121]: B ocHOBE MMO3HAHUS JICIKUT IMAMSTh.

VY Ouonornyeckux CymiecTB Jake€ MPOCTOE MPUOOPETEHHE 3HAHWUK - 3TO YXKe
¢dbopMma o0yueH#Usl, T.K. JOCTATOUHO CIIOKHO, €CJIA BOOOIIE BOZMOKHO, OIPEIEIUTh, TIe
3aKaHYMBACTCS MPOIIECC 3aIOMUHAHMS M HAUUHAETCs rporiecc o0ydenus [143].

Heckonbko sieT Hazal MOJEIMPOBAHME OCHOBHBIX XapaKTEPUCTHK MaMSITH
YeJIOBEeKa MO3BOJIMIIO CO3/1aTh MPOTPaMMBbI, KOTOPbIE 3allOMUHAIA WH(OPMAIUIO O
COOBITHSIX, U3BJICKAIM U3 HEE HEKOTOPhIE 3aKOHOMEPHOCTH U MPaBHIIA, COXPAHSIIH
MOJTyYEHHBIC «YMO3aKIIIOUeHUs» B 0a3y JmaHHbIX [145].

CymiecTByeT MHOTO Pa3HOOOPA3HBIX H3BPUCTUYECKUX MOJIECTEH TICUXUKU U
MBIIJICHAST YEJIOBEKA, CO3JIaHHBIX 3apyOe)KHBIMH W OTCUYECTBCHHBIMH YUYEHBIMH
[4, 7, 30, 36, 79]. Ha ux ocHOBe cO3MaHBI Takue IporpaMMmbl, Kak «Kommo3utop»
Petitmana u Canuepa [161], Bocpou3Bojsimias B yIPOIIEHHOM BHJE TBOPUYECTBO
KOMITO3uTOpa; mporpamma [enentepa [136], cmocoOHas AOKa3bIBaTh T'E€OMETPH-
yeckue Teopembl, u Jp. OJHAKO BCE BBINICTICPEUUCICHHBIE MOJEIH SBISIOTCS
Y3KOCTICIIHATU30POBAHHBIMHU.

HetipoOuonorn mpenjaratoT MHOXKECTBO TEOpUUW W MojeNel, KOTOphIe, IO
KpallHell Mepe, MOTYT 3a CYEeT TEXHHYECKHX CPEJCTB MOJEINPOBATh MO3HABA-
TeJIbHbIE BO3MOXKHOCTU TaMATH. Hampumep, uccieqoBaHue 4eT0BEYECKON MamsITH
MOET OBITh Pa3[eJICHO HAa HECKOJIbKO COCTABJISIIOIINX: CTPOCHUE HEPBHBIX CBA3EH,
CKOpOCTh 3alIOMUHaHKs, 00beM 3aroMuHaeMol nHpopmanuu [148].

B mocnennee necsatuneTre moa BIMSHUEM KHOCPHETHKH BO MHOTHX OTPACIIAX
3HAHWS, B TOM YHUCJIE U B TICUXOJIOTHH, TTOJIYYHJI IITUPOKOE PACTIPOCTPAHCHHUE TAKOM
METOJ HAyYHOTO HCCIEAOBAHMS, KaK MaTeMaTHYeCKOe MOJCIMPOBAHUE ITaMSITH
poGota. [lns 3TOro MareMaTwku, KMOEpPHETHMKHM M POOOTOTEXHHUKH OOpaTHIIUCh K
MCCJICIOBAHMSIM TICUXO0JIOTOB B 00JIaCTH MAMSTH YeJIOBEKA.

Yenoseueckas maMsaTh paboTaet Oyarogaps Tpem mporeccam [91]:

1) JlexoaupoBaHHe HHPOPMALIUHK, KOTOpas MOJydeHa OT PEICITOPOB.

2) CoxpaneHue uHGOpPMAIMA B KPATKOBPEMEHHON WJIM JOJITOBPEMEHHOM

MaMSATH.
3) Ilouck u m3BiIeUeHue (BOCMOMHUHAHKE) HHGOPMAIIMK U3 TaMITH (€CIu OHa
He 3a05ITa).

Cornacuo uccrienoBanusm [128; 165], onHuM K3 MOABUAOB TOJTOBPEMEHHOM
MaMsITH YeJIOBEeKa SIBIISICTCS AMM30AnYecKas mamsaTh. OHa COACPKUT WHGPOPMAIIUIO O
COOBITHSIX, KOTOPBIE MPOU3OIILIH C YEJIOBEKOM B TEUEHHUE €T0 HKU3HH.

B Hacrosimiee Bpemsi OJHUM U3 aKTyaJbHBIX HaIpaBiICHU HCCIEIOBAaHUN B
pOOOTOTEXHUKE SBJIAECTCS CO3JaHUE POOOTOB, KOTOPbIE€ B TEUEHHUE JIUTEIHHOTO
BPEMEHU MOTYT B3aMMOJIEUCTBOBATh C YEJIOBEKOM U 3allOMUHATh COOBITHS,
OpOUCXOAsIIHe B OKpyxkKaromem wmupe [127]. Takue poOOTBI MOryT OBITH H
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MEXaHUYECKUMU KOHCTPYKIMSIMU C JKEJIE3HbIMU pyKaMH W HOTaMH, U BHUPTY-
aJIbHBIMHU U300paKEHUSIMHU, HAIPUMED Ha IKpaHe cMapTQoHa.
Opnako ecnu poOOT OyAeT 3aloOMUHATh KAXKIYIO JeTallb MPOUCXOISIINX
COOBITHH, CO BpEMEHEM MPOM30MIET MepenosHeHne ero nmamsaTtu. [pyroi mpob-
JeMOW SIBNISIETCS ajamnTaius HOBOM HHQpopManuu kK yxe umeromeicsa [138], T.e.
M3yYE€HHE TOTO, KaKUM 00pa3oM cuctema OyJeT XpaHUTh CTapylo WH(POpMaIuio, B
YCIOBHUSIX TOCTYIUIEHMSI HOBOM. B 3TOM ciydae BO3HHKAIOT MPOOJIEMBI
npenckazanus OyJyliero CcoOBITHSI Ha OCHOBE IMPOILIOTO ONbITa M aJanTaluu
MOBEACHUS p0OOTa K HOBBIM YCIIOBUSIM.
B pa6ote [139] mns pemieHust 3Tux mpoOjeM B HaMsiITh poOoTa J100aBIEHBI
AIIeMEeHThl  3a0biBaHug HWHQOpMmaimu. MccnegoBatenu mpeajaraloT —MOCTOSHHO
cobupath HH(POPMAILIKIO, MTOMAIAOIIYI0 Ha PELENTOPbI poOOTa (Kamepbl, MUKPO(OHBI U
1p.), OUU(PPOBHIBATH €€ U COXPAHSATH B CIIEUAIBHOM apXUBE OMbITa poOOTa.
ApxuB ombITa pobOTa MaTEeMaTHYECKU TIPENCTaBisieT co00d MynbTUTpad:
BEpUIMHBI — ONBIT (MOJIydeHHass U oOpaboTaHHas WH(OpMalus), CBSI3U — CTENEHb
«OnM30CcTU» MEXIY NMoydeHHOW umHpopmanuen. «banm3ocTte» HHPOpMaUU MOXKET
OTIPEIETATHCS BPEMEHEM WJIM MECTOM €€ IMOJIy4eHHUS 00BEeKTaMU WM JIOABMH, MPH
B3aMMO/ICUCTBUU C KOTOPHIMU OHA ObLjla MOJIy4eHa, BCEM, UTO MOKET ObITh OOIIUM
A TOpHud WHPOpPMAIMHM, TOJYYEHHBIX B pe3yibTaTe 3TOH KIacCHUpHUKAIUU
[135, 169].
B Takoit Mozenu mamatrh poOOTa MpeacTaBisieT COOON JIMHEWHBIA CIUCOK
3anucel 0 COOBITHUIX, KOTOPbIE UAYT OT PELEITOPOB poOOTA.
Ecnu poGoT u3 BHemHe# cpenpl mnoiaydaeT nH(opmaiuioo, KoTopas 0Ju3Ka 1o
KaKOMY-JTH0O TlapaMeTpy K OIMBITY, XpaHSIIEMYCs B €ro apXvBe, TO MOJIyYCHHAs
uH(pOpMalKsl COXPAHIETCA B apXUBE, a MEXAY 3TUMHU OIbITaMH co37aeTcs cBs3b. C
KQXJIbIM HOBBIM TOSIBIICHUEM «OJIM3KHX» OTBITOB B apXMBE OIBITOB POOOTA MEXKIY
OTBITAMU MPOTSATHBACTCS OUepeIHAs CBSI3b, T.€. YBEIUUMBACTCA €€, TaK Ha3bIBacMas,
KpaTHOCTh. MaTteMaTu4ecku 3TO MpEICTaBisieTcss MyibTurpadom, T.e. rpadom c
KpaTHBIMU JTyTaMHu.
TexHuyecku 3a0bIBaHME OMPEACNISICTCS TAaKOW BEJIWYMHOM, KaK BEPOSITHOCTh
BOCTIOMUHaHUs. Ha BEpOSTHOCTD BIMSIOT ClEAyIONUE (GaKkTOPHI:
1.Bpemsi mpouwioro oopamienusi. BeposSsTHOCTh BCIOMHUTH KOHKPETHBIH
OMBIT YMEHBIIAETCSI TI0O Mepe TOT0, KaK YyBEIWYMBACTCS BpEMs C TOTO
MOMEHTa, KaK ObLI TIOJYyYE€H 3TOT OIIBIT.

2.KoanuectBo odpamenuii. Yem Oobie ObI0 0OpaiieHnid K KOHKPETHOMY
OTIBITY, TEM BBIIIIE BEPOSITHOCTh HAWTH €ro B apXHBE.

3.HoBu3Ha onbiTa. ECiii OnbIT BriepBble MOJIYyY€H HEABHO, TO BEPOSITHOCTH
TOTO, 4TO OH OyJIeT HAalJIeH B apXMBE OMBITOB po00Ta, OyAeT OOJIBIION.

B apxuBe poGoTa BbICTpauBaeTCsi CHCTEMa IPUOPUTETOB B COOTBETCTBHH C
BEPOATHOCTHIO BOCIIOMUHAaHUs. HanMeHee mpUOpUTETHBIE «OMBITHD 3aTUPAIOTCS T10
Mepe MOCTYIIEHHUs] HOBOM MH(MOpMaIUu.

Eme ongnuM n3 mMexaHu3MoB 3a0bIBaHHS B JIaHHOM MOJENHU SBJISETCS «0000-
IIEHHE» OIBITOB. 3anucu 00 ombITax podOTa B apXUBE MOTYT OBITh OOBEAMHEHBI B
0JIHy 000011aro1Iy10. «biM3KHe» ONbITEI MOTYT OOBEAUHATHCS, U B MAMSITH OCTAETCS
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TOJILKO YCpPEAHEHHOE yIoMHHaHue. Takoe oObenuHeHue WHQPOpPMAIMH B MaMSITH
YeJI0BEeKa Ha3bIBACTCS MHTEPEpPEHITUEH.

VY4eHble TOBOPAT O TOM, 4YTO CIOCOOHOCTH poOOTa 0000IIaTh OIBIT,
MOJIYYCHHBIM B pe3yJbTaTe HECKOJIBKUX HACHTHYHBIX CHUTYaIldd, TOMOXET eMy
BBIPAa0OTaTh OMNPEACIICHHYI0O MOJEIb TOBEJACHUS OTHOCHUTEIBHO TOTOOHBIX
cutyaruii. CreACTBHEM CO3/1aHUA POOOTOM MHOXKECTBAa MOJENEH MOBEACHHS Iis
Pa3HBIX TUIOB CUTYAIMi SIBISETCS TMOSBICHUE «MaHEPhI TTOBEACHHSY» KOHKPETHOTO
pobota. DTO BeAET K TMOSBICHUIO OCOOCHHOCTEH, MPHUCYIIMX TOJBKO ITaHHOMY
poboTYy, a CieI0BaTEIbHO, CTAHOBJICHHIO €ro « InuHoCTI [129].

[To crmoBam aBTOpoB paboThl [139], MX MOACIb HE BKIIOYAET HHTCILICKTY-
abHYI0 00pabOTKy apXWBa OIBITOB po00Ta, HE YYUTHIBACT SMOIMOHAIHHYIO
COCTABJISIFONLYIO TIPU MOJYyYEeHUHU POOOTOM MH(POPMAIMKU U HAKOIUIEHUU €TO OIbITa.
B pabote [139] oTpaxkeHa MOMBITKA MPUMEHUTH JJIsi pOOOTAa ajIrOPUTM TOTO, KaK
YeJIOBEK BOCIPUHUMAET UHPOPMAIIUIO U COXPAHSIET €€ B MaMSITH.

PabGoter [141; 147; 168] moOCBsIIEHH MOACIUPOBAHUIO IMAMITH POOOTOB,
KOTOpPBIC SBJISIFOTCS coOeceTHMKaMH desioBeka. O HaKo B oTiim4re oT padothl [139],
MOJCIUPYETCsl  Tporecc 3a0blBaHWsS HWHPOpPMAIMM HA  OCHOBE  METOJIOB
kinaccupukanuu DataMining, KOTOpble IOMOralOT TaKXKe CO03/1aTh MEXaHHU3M
0000111eH1s UH(POPMAITUH.

HccnenoBatenn CUMTAOT, YTO OPTAHHW3AIMS YETOBEYCCKON IMaMITH WMEET
UEepapXUYECKyl0 CTPYKTYpy. bonbloe uucio neraneil COOBITHH, MPOUCXOISAIINX C
YEJIOBEKOM, COXPAHSIOTCS B 9THX MepapXHUeCKuX CTpykTypax [152; 170].

B pabote [169], B otauuune ot pabot [141; 147], npemiaraercss UCIOIb30BaTh
HUepapXu4eCcKue CTPYKTYPhI NaHHBIX U1l XpaHeHUs WH(opMaIuu B maMsaTu poOoTa.
B pa6ote [94] omuckiBatoTcs mpaBuiia MpeaoOpabOTKU JaHHBIX B MaMATH poOoTa,
I[EJbI0 BBIMOJTHEHUS KOTOPBIX SBISIETCS 3alOJIHEHHWE JIaHHBIMU BHYTPEHHEH
MepapXuUeCcCKON CTPYKTYphl. B 4acTHOCTH, [J1s1 9TOTO MPUMEHSIOTCS UEPAPXUIECKUE
Metonbel. Kaxmas 3amuchk o cOOBITHM TpeAcTaBisieT coOoil Habop aTpuOyTOoB,
KOTOPBIE SABJISIOTCS a0CTpaKIueld OOIBIIIOr0 KOJNYSCTBA HU3KOYPOBHEBBIX JTAHHBIX,
MOJIYYCHHBIX perentopamMu podota. s co3maHms 3amuicl O COOBITUM B TaMSITH
po0OTa BBLICTISIOTCS CIEIYIOIINE aTPUOYTHI:

1) Who — cy0BekT (KTo coBepIliaeT IeHCTBHE).

2)  Whom — 00beKT (Ha KOTOPBIH HAIIPaBIICHO JCHCTBUE).

3) What — camoe neiicTBue.

4) When — Bpemst aeiicTBHsS (MOXET MMETh Pa3HyO0 CTCIEHb ACTaIM3alid |
MIPEICTABIISIET COOOM UEPAPXUUECKYIO CTPYKTYPY).

5) Where — mecto, r1e IpOU30MLTO JeHCTBHE (MOXET UMETh Pa3HylO CTCICHb
JIETANU3AIUU U TIPEJICTABIISICT COO0M NEPAPXUIECKYIO CTPYKTYPY).

6) Internal State — BHyTpeHHEe COCTOSHHE pOOOTa, CBSI3aHHOE C COOBITHEM
(ero «dMOIMOHAIBHOE)» COCTOSHUE).

7) External State — BHyTpeHHee COCTOSHHE CYOBEKTa («IMOILMOHAIBHOCH
COCTOSIHUE CYOBEKTA).

ATpuOyThl BpEeMEHM U MecTa SBISIOTCA HepapXuyecKuMu. Pucynok 1
WLTIOCTPUPYET MPUMEP UEPAPXUUECKON CTPYKTYPHI JAHHBIX IS aTprOyTa MecTa.
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O0mmi Kiaace

Tocrunasn KiaaccHasg komHara

Crou JuBaH IMapra Crya

Puc. 1. Uepapxuueckas CTpyKTypa JaHHBIX JJis aTpuOyTa MecTa

B o6mem cinyuyae uepapxus MOXKET ObITh COXpaHEHa C JII00OW TOYHOCTBIO
netanmu3anuu. C 0IHON CTOPOHBI, TO MOXKET OBITh UCIIOJIB30BAHO JJII HAXOXK-ACHUS
B MaMATH PoOOTa COOBITUM, OJIM3KUX MO BPEMEHU WM MECTy, B TOM YHUCJE, €CIU
uHpopMalus 0 HUX Oy/leT coXpaHEHa ¢ pa3HOW cTeneHblo Aetanuzauuu. C apyroi
CTOpPOHBI, U€pAPXUSI TAE€T BO3MOKHOCTh BBOJUTH DJIEMEHT 3a0biBaHus. J1Jis COOBITHIA
c Oosiee HU3KUM KOA(DPHUIIMEHTOM BaXHOCTH MECTO B MaMATH POOOTa MOXKET OBITh
OCBOOOKICHO 32 CUET YMEHBIIIECHUS TITyOUHBI HEPAPXUH HEKOTOPHIX aTPUOYTOB.

B pabote [159] momenupyeTrcs mamsaTh po0OOTa, KOTOPBIM PACIIO3HAST JIMIIA
JIOZICH, M3BJICKACT M3 M300paKEHUS JIHI[ OTIMYUTENbHBIE TMPU3HAKKW U COXpaHSIET
MOJIy4YeHHYI0 MH(pOpMAIM0 B mamsaTH. V3BecTHBIe aMIla, KOTOpbIE yYacTBYIOT B
MpeBapUTEILHOM 00y4eHUH po00Ta, KIACCUPHUIIUPYIOTCS C TOMOIIBIO MAIIUHBEI
OTIOPHBIX BEKTOPOB. Eciu mMOSBIsSETCS HEM3BECTHBIM UEJIOBEK, H300pakeHUs
Y4YaCTKOB €ro JIMIIA UCIOJIB3YIOTCS AJIsi CO3AaHUsI HOBOTO Ki1accu(uKaTopa.

Tako#t monxon TpeOyeT COXpaHEHUS BCEX BBIJEICHHBIX YUYACTKOB H300paKeHUM
JUI] JIIOJIeH, Ha KOTOPBIX oOydaercss poOoT. DTO MPUBOIUT K Tpodiemam
MEePENOTHEHUS MTaMSITH U aJjanTaliiy HH(OpMaIuu.

B crarbe [142] nmpuBoguTcs 0030p HEKOTOPHIX pabOT, B KOTOPHIX PEIIAOTCS
9TH mpobsieMbl. Tak, mpoOjemMa TMEpPEeroNHCHHUS TMaMsITH peIaeTcss 3a CyeT
WCIIOJIB30BAHUSI «CaMOOPTaHU3YIOMIeHcss KapThl mpu3HakoB» [126]. IIpoGnema
aganTalMu — 3a CcYeT O0O0pabOTKM OHOTEXHOJOTMYECKOT0 HepapXHuuecKoro
3puTenbHOro myTH [145].

Opnnako aBTop pa®oThl [142] cTaBUT 3aa4y HE MPOCTO PEUIUTh 3TH MPOOJIEMBI,
a HAWTH TOAXOMBI, KOTOPHIE TO3BOJIAT B COXpAaHEHHOM MaccuBe HWH(MOpManuu
BBICTUTh B3aUMOCBSI3M M 3aKOHOMEPHOCTH, a 3aTeéM MPUMEHUTh METOIbI
paccyxaeHus B Koutekcre [144].

B pabortax [140; 144;163; 164] nns xpanenwss wHOOpPMAIIUU B TaAMSTH
HCIOJB3YIOTCS KOMOWHAIIMM TOJCUMBOJIBHOTO W CHUMBOJIBHOTO MPEICTaBICHHUS
nanHbiX. B pabortax [151; 166] ucnons3yercst X-kinactepusanus sl TOro, 4TOObI
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pa3OuTh 3alMOMUHAEMYI0 HH(QOpPMALMIO HA YacTH, a IMOTOM MPUMEHUTh METOJ]
pacCyXIEHNUN Ha BBICOKOM YPOBHE.

Pa6oTa [142] 0606maet moaxoasl, mpuBeneHunie B [140; 144; 151; 164; 166], u
npejyiaraeT alropuTM MHUHUMU3AIMU KOJUYECTBA MPUMEPOB JUisi 00ydeHus: poOoTa.
Takum 00pazom, pemraroTcsi MPOOIEMbl TIEPETIONHEHUS TTaMSTH, aTanTallid HOBOU
uH(OpMAIMK, W TPEUIaraloTcsl CIOCOObl MPUMEHEHUS METOJOB PAaCCYXKICHUS B
KOHTEKCTE.

OgHuM U3 HEJABHO TMOSBUBIIUXCS HAYYHBIX HaMpaBJiICHUM, CBS3aHHBIX C
pobGoTtamu, siBisierca pobosTuka. OHAa H3ydaeT TO, KaKUe KOHCTPYKTHUBHBIE OCO-
O0eHHOCTH PoOOTa MOTYT OBITH MCIIOJIB30BaHbI Ha 0JIaro 4yesjloBeKa, a Kakue OyayT
IPUHOCUTD BpEJl; Kak CKOHCTPYHUPOBaTh poO0Ta, 6€30MaCHOTO /JIsl YEIOBEKA.

B pabore [94] poboaTuka paccMaTpuBaeTcs ¢ TOYKU 3pEHUSI MaMsTH poOoTa.
[TogauMmaroTcs BOINPOCHL, KaK CHAeNaTh TaK, 4YTOObl POOOT HE BBIIIENT W3-TIOJ
KOHTPOJISI YeJIOBEKa U He HaBpeawi emy. [lo MHeHHIO aBTOpa, orpaHuYeHre 00bemMa
naMmsaTd pobota u 3a0bIBaHME MH(OpPMAIMHU, KOTOPYIO POOOT COXpaHUJ, SBIISICTCS
pelIeHueM BOPOCOB O€30MaCHOCTH.

OrpanuyeHue namsTd poOOTa UCIHOIL3YETCs] B KOHTEKCTE ero oOyuenus. [lox
oOyueHreM pobOOTa TMOHUMAETCs Ccieayluil npouecc. Pementopsl poboTa
(UKCUPYIOT COOBITHSA, KOTOPBIE MPOUCXOAST C POOOTOM MM B OKPY’KAIOIIEM €ro
mupe. Mapopmanus o0 3TUX COOBITHSIX COXpaHsAeTcsd B mamsTu podota. Takxke B
NnaMaTH poOOTa XPAaHUTCS CIIUCOK ATUUECKUX MpaBuil. POOOT aHamu3upyet coObITus,
MIPOUCXOJISIIINE BOKPYT HETO, 1 Ha OCHOBE CITUCKA dTUYECKUX TPABUI COBEPIIACT
HEKOTOPBIE NEUCTBUSA. Pe3ynbTaThl 3TUX NEUCTBUS TAKKE COXPA-HAKOTCS B MaMATH
pobora.

Ecnu pobot nenaet ommbo4HOE JEHCTBUE, TO YEIOBEK JOKEH MOMPABUTH €TO.
B pesynpTaTe poOOT 3amuchIBaeT JOMOTHUTEIBHOE MPABUIO B CIHUCOK ITUYECKHUX
MpaBuJ C YYETOM KOHTEKCTa TNpousoieamero coowsitus. [lanee pobor Oyner
PYKOBOJICTBOBATBCS ATHUM IPABUJIOM B TMOXOXeH cuTyamuu. [lo MHEHHIO aBTOpOB
[94], «BMelIaTenbCTBO» dYEIOBEKA IMOMOTaeT peaii30BaTh MEXaHW3M 3a0bIBaHUS
omuboyHbIX nedcTBui. HoBoe mpaBmio ctupaer MHPOpMAIMIO O HEMPaBUILHOM
neicTBun poboTa ISl TOTO, YTOOBI YAOBIETBOPUTH OKHIAHUS YEJIOBEKAa B
cieayrwomui pa3. TakuM 00pa3oM, aBTOp yTBEPXKAAeT, YTO Takoll poOOT Bceraa
Oynmer «apyrom» s 4enoBeka. OJHaKO B JaHHOM CUTyallud HUKTO HeE
KOHTPOJIUPYET TO, YEMY YEJIOBEK OyAeT «00ydaThy CBOEro podora.

ITomumo pa3paboTku pPoOOTOB ¢ 3a0biBaHMEM HWH(POpPMAIMM €II¢ OJHHM
MEePCIIEKTUBHBIM HAIPAaBJICHUEM Pa3BUTHUS COBPEMEHHOU POOOTOTEXHUKH SIBIISCTCS
CO37IaHUE IMOIMOHATILHBIX POOOTOB. B OCHOBHOM MOIeIN TaKUX POOOTOB OCHOBAHBI
Ha MCCJIC0OBAHMIIX SMOIUI YeTOBeKa.

B pabote [97] mpuBeneHBI HECKOJBKO TEOPUH HMOIMI 4YEIOBEKa, a TaKkKe
OMHCAaHbl HECKOJBKO (hOPMANIbHBIX MaTEMaTHYECKUX MoAeNel sMmouuid. Takue
MOJIENI TPUMEHSAIOTCS JUIsl ONpENEIeHHUs] AMOIMI B BHUAE, NPUEMIIEMOM IS
NPOEKTUPOBAHUS U CO3/IaHUsI POOOTOB.

Nudopmarmonnas teopus smoruii [1.B. Cumonona [85 — 89] roBoput o tom,
YTO SMOIMHU YEJIOBEKa MOSBISIOTCS OT HEJOCTATKa MM M30bITKa MHMOpManuu 1ist
yIOBIETBOPeHUs] MOTpeOHOCTU. CTENneHb SMOILMOHAIBHOTO HAMPSIKEHUS B TaKOM
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cily4ae OIpeesieTcsl CUIION NOTPeOHOCTH U BETMYMHON ehUinTa nparmMmaTu4eckou
uH(pOpMaIiu, HEOOXOAUMOM ISl AOCTHXKCHUS LIEIH.

Mopens KARO [78; 153; 154; 162] onuchiBaeT Ka4eCTBEHHYIO M KOJIHYECT-
BEHHYIO CTOPOHY 22 BHJIOB 3MOLMWN: KAYECTBEHHO OIHMCHIBACT YCJIIOBUS BO3HUK-
HOBEHHS KaKJOW IMOLMHU, a KOJIMYECTBEHHO OMpEEsieT HMHTCHCUBHOCTh 3MOITUH.
Monens KARO 6a3upyercst Ha ocHOBe (hopMaibHOM Joruku [172; 183].

Monpens EMA [137; 149; 162] ocHoBana Ha QopMaabHOW JIOTHKE, IS
OMHCAHUS AMOIMI HUCIMOJIb3YyeT TAaKUE IMEPEMEHHbIE, KaK IOJE3HOCTh, KeJlaTelb-
HOCTb, BepOSTHOCTb coObITHS. EMA orinuaercs or KARO Tonbko BbIOOpOM
UCIOJIb3yEeMbIX TIEPEMEHHBIX.

Mopens Affective Computing [97] mnpenocTaBiasieT BO3MOXHOCTh pPOOOTY
pacrno3HaBaThb SMOILMM 4YEJOBEKA [0 JIMLIEBOMY BBIPAKEHUIO U TUIIUYHOMY
noBeieHn0. Takas MOJeNb IO3BOJSET ONUCAaTh BHEUIHHE BBIPAKEHUS SMOILMIM
po6otom. B monenu Affective Computing [158] npumensitorest nenu MapkoBa st
3aJJaHus TIEPEX0JI0B U3 OAHOTO HYMOLIMOHAILHOTO COCTOSIHUS B IPYTOE.

B monmemun ®omunbix-JleonteeBa [27; 28; 94; 95] sMomus — 3TO YHCIOBas
GyHKUMS (MMEoIIasi CMbICT CHIIbl 3Mouuu). OOJacThi0 ONpeNeNieHusl SIBIIAETCA
HEKOTOpPBIN Ha0Op mapaMeTpoB, KOTOPBIN OMUCHIBACT CUTYyaluIo. JJisi KaK10ro TUna
AMOIMI Tpeasaraercsi cBoil Habop mapameTpoB. I Kaxaoro areHra (4enoBeka,
KUBOTHOTO, po00Ta) M Ui KaXIOM OSMOIMH TPEACTABISAETCS BO3MOXKHBIM
MPEUIOKUTE CBOIO QyHKIMIO F , KoTOpas ompenensier cuiry SMOIUH B 3aBUCUMOCTH
OT BEJIMYMHBI APT'YMEHTOB.

[IperMymiecTBO CyIIECTBYIOIIUX MOJIXOJOB B TOM, YTO OHHU IO3BOJSIOT
MOJIETTUPOBATh pa3jMyHble THUIBI SMOILIMM, Ha OCHOBE IPEJICTaBICHHBIX 3HAHUN B
pa3iauyHOM BuAE. MOXXHO ONUCHIBATh HOBBIE THUIBl SMOLMA U HOBBIE THUIIBI
HMOLIMOHAIBHOTO TOBeeHUs1 po00TOB. ONHAKO TakWe MOJETN HE YHUBEPCAJIbHBI.
OHU nmarT ajgeKkBaTHBIC PE3yJbTaThl TOJIBKO B paMKaX KOHKPETHBIX MPUKIAJIHBIX
3a]1a4 ¥ He YYUTHIBAIOT MPOLIECC TOCTYIUIEHUSI HHGOPMAIIUU ¥ 3HAHUI B poOOTa.

Tem He wMeHee, pa3paOOTKa HSMOIMOHAIBHBIX POOOTOB HAET OOJBIIUMHU
temnamu. [Ipumepom Takoro poja poOOTOB SBISETCS pa3paboTKa SMOHCKUX |
bpaHIy3ckuX HHXEHEpOB — poboTr-rymanous Pepper [22;60; 95]. Komnanuu
Aldebaran Robotics u SoftBank Mobile BriepBbie npencrasuinu podota 5 utons 2014
r. Ha KoH(epeHIuu 1o podoTtorexHuke B AnoHuu. OH cnocoOeH aHaIU3UPOBATH
MHUMUKY ¥ TOH rojioca coO0eceHHKa, paclio3HaBaTh €ro AMOLMH; 3alIPOrpaMMHUPOBaH
Ha OOyyeHHe W aJanTalyio K OKpy)Karolled oOCTaHOBKE, Ha J10OpOKeNaTelbHOE
obrrenue ¢ groapmu [133].

Jlnis cBsi3u ¢ BHEIIHUM MHUpPOM Pepper ucnosnb3yet 007bI10€ YUCI0 JATYUKOB U
MUKPO(OHOB, PaCcOIOKEHHBIX B Pa3HbIX €ro 4acTsIX. BMecTo HOr OH MCHOJB3YyeT
CHeIUaIbHYI0 KOJICCHYIO TiaTdopMy, a Ha Tpyau y Hero 10-aroiMOBBIN nucIiei
Ui BBOJA-BBIBOJA paznuuHod uHpopmanmuu. Pepper oOydeH mMOHMMATH
yesioBeueckyto peub (B ero mamsata 4 500 cnoB), KeCThl, S3bIK T€Nla, MHTOHALIMIO U
HACTPOEHHUE YeJIOBEKa.

Pepper obyuaeTcsi B mpolecce OOIICHUS C JIOJbMHU, U3y4dasl U 3alIOMUHAST UX
NOBEACHUE, M TOCTOSHHO TOATIPY>KA€T CBOW OMNBIT B «OOJAYHYIO» CHUCTEMY
UCKYCCTBEHHOT'O MHTEIJIEKTa, JIi TOro, 4YTOObI JIpyrue poOOThI TakKe MOTJIH

14



MO0JIb30BaThCsl COOpaHHOM uHPopManuenr. PoOOT MOXET HCHOoJIb30BaTh OMBIT
MPOUUIBIX OMKO0K B oOmeHnn. Kak 3agBisitoT cozaaTenu podoTa, 3TO MO3BOJIUT EMY
OuYeHb OBICTPO HAYYUTHCS TOBEACHHUIO, KOTOpoe OyaeT XoTsa Obl OTHAJIEHHO
HAIIOMUHATh TO, KaK BEIYT CeOs JTIO/IH.

B 01Ty Pepper cnocoOeH BBIMIOJNHATH CaMble pa3iMyHBbIC 3a7aud, OT CHACIKU
IUTsl peOeHKa 10 CTOPOKa A0MA U COOECETHHKA.

Opnaxo Pepper MokeT HE TOJBKO pacrno3HaBaTh IMOLUH, HO, KaK 3asBIISIOT €r0
co3JaTelid, CIOCOOEH caM HCKYCCTBEHHO TI'€HEPUPOBATh 3MOILMHU C ITOMOIIBIO
«MHOTOCJIONHOW HEHpOHHOM ceTu 3HIOoKpuHHOTrO Tumna» [41]. Korma psgom c
pOOOTOM HAXOAATCS YK€ 3HAKOMBIE €MY JIFOJU, OH CIIOKOEH U PajlyeTCsi, €CIIU KE €ro
pYTraroT Uiu B KOMHATe BHE3AITHO TaCHET CBET — OH ITyTaeTcs.

B Snonun mpomaxu po6ora Havanuch ¢ 2014 r., B Poccum ero mpomaxu
iaHupyercs npousBoguTh B Cankt-lIlerepOdypre m Mockse. CTOMMOCTH OJIHOTO
pobota Pepper cocrapisieT okoio $1,8 Thic.

JUist Toro 4ToOBbl OLIEHUTh OOBEM MHUPOBOIO PBIHKA POOOTOB, 0OpaTUMCS K
otuety 2016 1. MexaynapogHoii ¢enepanuu poodotorexuuku (MDP) [133] mo
pojakaM MepPCOHaTbHBIX POOOTOB.

Tak no kmaccudukaunu MOP, nepcoHanbHbI poOOT — 3TO OOCTYKUBAKOUIUI
yenoBeka poOOT, UCTIONb3yEeMbIN HE ISl KOMMEPUYECKUX IIeJiel OOBIYHBIMU JIOIbMH,
KOTOpbIE HE CBS3aHbI C poOOTOTEXHHKOU. [IpuMepom Takux poOOTOB MOTYT OBITH
POOOTHI-cOOECeTHUKH, 00yUaroIre poOOTHI JIJIs AeTeH, pOOOTHI-CUICTKH IS yX0/1a
32 TOXWJIBIMHU JIIOAbMH, POOOTHI-MIOMOIIHUKY JJIsl JIIOJEH-UHBATUIO0B, pOOOTHI st
UTPBI C IOMAITHUMU KUBOTHBIMH U T.].

[To mporuozam 3a 2016 — 2019 r.r. npoaaku NmepPCOHATBLHBIX POOOTOB OyayT
coctaByaTh 11 MIH. equHMIL, 4yTo omeHuBaetTcs B 9,1 mupa. moswtapos CIIIA [133].
Takum o6Opazom, oOveM mpogax BeipacTeT Ha 10% mo cpaBuenuto ¢ 2015 .
Oxugaercs, 4TO ITOT PHIHOK Oy/JET 3HAYUTENILHO pacTH B TeueHue cienyrommx 20
net. PucyHok 2 otobpaxkaet nanubie otyeta MOP.
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Puc. 2. Tlporno3 M®P mno mpogaxkam mnepcoHaibHbIX poboroB B 2016-2019 rr.
otHocurtenbHO 2014 u 2015 rr.

ITo MHeHuto pykoBoautens npoektoB komnanun «RBOT» B. KpaiioBa cambiM
NEPCIEKTUBHBIM  HampasiieHHneM [B  Poccum]| moka ocraercs  BHEIpEHUE
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POOOTOTEXHUKU B COIMAIBHBIX cdepax: MeauiuHe, oOpa3oBaHHMM, c]epe yCiyr,
paborte ¢ kireHTaMu. Takue IpOoeKThI OYAyT YCIIEIIHO KOMMepIHann3oBansl [13].

Hcxons u3 MOCTYMHBIX MCTOYHUKOB MH(OpPMAIMH, MOXHO CHAENaTh CIETYIO-
LI BBIBOJ: HA CErOJHSALIHUN JI€Hb HE CYIIECTBYET pOOOTOB, MOBEAECHUE KOTOPBIX
yOpaBsIoch Obl HA OCHOBE aHaIMW3a POOOTOM HAKOIUIEHHOTO WM JIOTUYECKOTO
ONbITA U CTCHEPUPOBAHHBIX «AMOLMI» TPU YCIOBUU, UYTO YaCTh HAKOIUICHHOTO
OMbITA U PAHEE CTEHEPUPOBAHHBIX «IMOLIMIN 3a0bIBAIOTCS.

B paGote [97] ocoOblil akieHT caellaH Ha MaTeMaTHYeCKOe MOJCIUPOBAHUE
AMOIIMOHANILHON cdepbl poOoTa. BBeneHbl OCHOBHBIE OIPEACNICHUS, MOCTPOEHBI
MaTEMaTUYECKUE MOJIEIN HSMOIMOHAIBLHOTO BocmUTaHus. M dacTMuHO B MOHO-
rpaguu  [65] 3aTpOHYTHl AaCHEKThl JIOTMYECKOTO MBIIUICHUS poboTa Mpu
HaKariuBaHuM UM uHbopmaruu. s poboTa mpuUBEAEH alrOPUTM, Ha3BAaHHBIM
uMeHeM coBerckoro ncuxosiora J[.H. Y3nangze [65]. DToT anroputM mO3BOJSET
MOJCIIUPOBATh 3HAYEHHUS HMOIMOHAIILHOTO BOCIUTAaHUA pPOOOTOB HAa OCHOBE
ko3 dulreHTa KpaTKOBPEMEHHOM MNaMATH po0OTa W OTHOCUTEIBHOW BOCHPUUM-
YUBOCTU POOOTA K HAKOIUICHUIO MH(POpMALIIH.

Opnako B pabote [65] mormyeckass CTOpoHa HH(POPMAIMH, TOIyIaeMON
pobOTOM, HE 3aTpoHyTa. B CBsSI3M C 3TUM, aKTyaJbHBIM SBISETCS 000O0IIECHUE
CYIIECTBYIOMIEH TEOPUU SMOIMOHAIBHBIX pPo00TOB [97] W co3maHme oOIIeH
MaTE€MaTUYeCKOM TEOPHH, KOTOpas ONUCHIBAET MOBEAEHUE pPoOOTa Ha OCHOBE
JIOTUYECKOTO ONBbITA M SMOIMKA B YCJIOBHUSX 3a0bIBaHUS YacTH TMOJYyYEHHOMN
uHpopmaruu. SIBIsIETCS €CTECTBEHHBIM JUIsl OMHMCAHMS JIOTUYECKUX U HMOIIHO-
HaJBHBIX MPOIIECCOB POOOTa TPUMEHUTh HW3BECTHBIC TOJIOKCHHS, CBS3aHHBIE C
ONMCAHUEM IICUXOJOTMYECKOTO OPTPETA YEITOBEKA.

B wmonorpadpuu Ilernckoro O.I'. u ap. «['umore3sl M aropuTMbl MaTeMaTH-
YecKol TeopuH ucuuciaeHus smouui» 2009 1. mpensaraauch MaTeMaTHYECKUE
MOJICNIH, TO3BOJISIONINE ONEPUPOBATh TAKUMHU TMOHATHUSAMH, KaK ‘‘OMOIMOHAIBLHOE
BOCIIMTaHUE”, “lepeBocnHUTaHKe”, “TeMIepaMeHT , ‘“KOH(QIMKT W T.A.; paccMar-
PUBAIUCH MOAXOABl K MOJEIMPOBAHUIO SMOLMOHAIBHOIO TMOBEIECHUS CYOBEKTOB,
OLICHKM TICHUXOJIOTUYECKOTO COCTOSIHUSI KOJUIEKTMBOB M T.A.. OpHako 73Ta
MoHOrpadus BbI3BajJla HEMOHUMAHUE CO CTPOHBIA MCHUXOJOrOB, OOYCIOBIIEHHOE,
MpeXJe BCEro, TeM, YTO B HEH Mpeayiarajiuch YIPOILIECHHbIE MOJAENIU MCUXOJIOTHH
YeJI0BEeKa.

ABTOpBI HacTosimelr MOHOrpaduu COTJACHBI, YTO KOMITBIOTEPHOE MOJIEIIU-
pOBaHUE SMOLMN 3aTPYAHEHO B CBS3M C HEOJHO3HAYHOCTBIO SMOLMOHAIBHOIO
MOBEJICHUS KUBBIX CYIIECTB.

YyuThiBass HEMOHWMAHHUE TICUXOJIOTOB, AaBTOPHI PEIIMJINA  aJalTHPOBATH
pe3ynbTaThl MCCIEAOBaHUM, mMpuBeAeHHBIX B myonukarusx 2009 — 2017 rr., Ha
YpOBHE OBITOBOM TICUXOJOTHM K MAaTeMaTHYEeCKOMY MOJICITUPOBAHUIO POOOTOB,
CIIOCOOHBIX 3a0bIBATh WH(OPMAITHIO.

Koneuno, mnpennaraemass BamemMy BHHUMaHMIO MaTeMaThyecKas Teopus
poOOTOB ¢ HEaAOCOMIOTHON MaMSTHIO-TICUXOJOTUYECKUX aHAJIOrOB YeJIOBeKa JlajeKka
oT coBepuieHcTBa. Ho aBTOpHI HE MPETEHYIOT Ha I100albHOCTh M MPOCAT KPUTUKOB
paccMaTpUBaTh KHUTY, MPEXKIE BCEro, B KaueCTBE MPUMEpPA HAYYHOI'O MOUCKA s
OMKCAHUS KIICUXOJIOTHI» POOOTOB Uepe3 ONMUCaHUE O0IEl MICUXO0JIOTUH YEIOBEKa.
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B MoHorpaguu nomMmmo pe3ynbTaToB HCCIENOBAHUN €€ aBTOPOB BKJIFOUEHBI
pesynprathl pabdot I1.0.30H0Bo¥ [20; 56; 57; 60], B.O. Muxaiinosa [33 — 36], A.E.
[Mlagepa [115 — 118], H.B. ITonosa [72; 73], K.B. Yepnukosa [97 — 104], 1O.C.
OsxrubecoBoit [49], C.B. Kamenepoii [52 — 55, 59], A.A. [Iponnuena [61], A.H.
MypasbeBa [37], BeITIOJTHEHHBIC B pa3HbIe ToAbI 1101 pykoBojacTtBoM O.I. TTeHckoro.

ABTOpBI BBIPAXKAIOT HMCKPEHHIOI OnaronapHocTs mnpodeccopy HMucturtyra
texHosiorun Hero-J[xepcu Anekcanapy AnekcanapoBudy bononkuny (CHIA) 3a
oOCy)XJIeH€ KHHUIW, TIOCTAaHOBKY 3a/Jaud, Kacarouleiics HH()OpPMaLMOHHOTO
MojienupoBaHus E-cymecTBa, U 3a €ro pykoBOJACTBO B IPOABMKEHHMM IIpejjiara-
€MOW MaTeMaTHYeCKOM TEOpUH POOOTOB AJIs IIMPOKOTO O3HAKOMIIEHHMS HAy4HOU
OOLIECTBEHHOCTBIO.

ABTopbl Onarogapsat npogeccopa Onera JIbBoBuua ®durosckoro (M3pawmip) 3a
HNOJIEPKKY U MPOJIBUKEHUE UJIEH, OITyOIMKOBAaHHBIX B MOHOTpa(uH.

ABTOpHI Tarkke Onarogapar mpogdeccopa HopBexckoro yHuUBepcUTETa
EcrtecTBenHbIx Hayk Apkaaus Bianumuposuya [lonocoBa (HopBerus) u kanauaata
¢usuko-matemaTuueckux Hayk TatbsHy CepreeBHy benosepoBy (Poccust) 3a psin
LIEHHBIX 3aMEYaHHI 10 CONEPHKAHUIO KHUTH.

ABTOpBI BeIpaxarot OnarogapHocts npogeccopy Enene BacunbeBne JleBueHkO
(Poccus) 3a 1ieHHBIE KOHCYJIBTAllMM IO BONPOCAM IICUXOJOTHMU YEJIOBEKA MpH
pa3paboTKe MaTEMAaTUUYECKUX MOJIENIe poOOTOB.
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YACTH |

SMOLIMOHAJBHBIE POBOTHI C
HEABCOJIOTHOM NAMSATBIO

1. OITPEAEJIEHUE OMOLUHU POBOTA

N3 Teopuu mCHUXOJIOTHN Y€I0BEKa M3BECTHO, YTO SMOIUU SBISIFOTCS OTBETHOM
peaknueld opraHu3Ma Ha HEKWi pazapaxkutens-ctumyn [9]. ns poGotoB stoT
CTUMYJI HA30BEM CIOKETOM U JAJUM €MY CIEYIOIIee OnpeiesieHue.

ITycts t — Bpems.

Omnpenencane 1.1. ®Dyukruio S(f) Oymem Ha3bIBaTh CIOXKETOM, €CIHM OHA
oOnagaeT CIeayoIMMI CBOMCTBAMHU:

1) o6acte onpenencHus S(t): t e [O, t*J t > 0, t* < 0]

2) S(t)>0 myst moboro t e |_0, t*J;

3) S(t) — B3auMHOOTHO3HAYHAS (DYHKITHS;

4) S(t) — orpanrueHHass QYHKITHSL.

Tak Kak TNCHUXOJOTHMYECKHE CBOWCTBA HSMOLMM BBICHIMX JKUBBIX CYIIECTB
HACTOJIBKO 3allyTaHHBI M HEOJHO3HAYHBI, YTO MBI PEIIMIA BBECTH OTAEIBHOE
MaTEMaTHYECKOE OMpeeICHNE SMOIMKU po00Ta, OTBIEKAICh OT PEalbHBIX AIMOIIUIA
YeJI0BeKa M, B TO XKe BpEeMs, aKKyMYJIUPYS B 3TOM OINPEAEICHUN OCHOBHBIC CBOHMCTBA
OMOIMI YEIIOBEKA M KMBOTHBIX. MBI Takke aOcTparupyeMmcs OT COJEpKaTeabHOMR
CTOPOHBI IMOIUM.

Onpenencane 1.2, ®yukrnuio f(f), yaA0BICTBOPSIOIIYI0 COOTHOIICHHIO
f(t) =a(S(t),t)S(t), rme a(s(t),t) — mpousBosbHast QyHKIWs, Ha30BeM (yHKIHEH

BHYTPCHHUX TEPEKUBAHUI poOOTa.

Bynem rosoputh, uTo croker S(t) MOpoXKmaeT BHYTPEHHHE TIE€PEKUBAHUS
pobora.

Ompenenenne 1.3. DyHKOWIO BHYTPEHHHMX MepekuBanuii podora M (t)

HA30BEM 3MOIIMEH POOOTa, €CIIM OHA YIOBJICTBOPSIET YCIOBHSIM:
1. O6macts onpenenenns M (t):tefty, Ty 0<ty<Tp<oo.
2. M(t) — muddepennmpyemas Ha (tg, Tg), HEMpPEepHIBHAS M OAHO3HAUHAS
dynkmus Ha [tg, Tp .

3. M (to) =0u M (To) =0.
4. B O6HaCTI/I OIMpCACIICHUA CYHICCTBYCT CAMHCTBCHHAA TOYKaA Z, TakKas, 4To:

dM(2) 0
dt

[IpearnonoKum, u4To CYIIECTBYET TaKoe Yuciao J > 0, 4To I JIFOOBIX SMOLMH
po0OTa BBLITOIHAETCS YCIOBHE ‘I\/I (t)‘ <J.
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Jlerko Buzeth uro, Hanpumep, Gynkius M (t) = Psin %t s te [O,tOJ,
t

P = const, asasercst oMoLueid.
Ompenenenne 1.4. ®yukuuo M (t) HazoBeM KOMILIEKCHOM dMOIMEN, €CIU €€

MOXHO TIPEJICTaBHTh B BUJE BEKTOpPA, DJIEMEHTAMH KOTOPOTO SBIISIOTCS 3MOIIUH,
OJTHOBPEMEHHO TOPOK/ICHHBIE OJTHUM CIO’KETOM.

Mpb1 He cTaHeM aKIeHTHPOBaTh BHUMAHHWE Ha COJEPKATEILHOM XapaKTepe
SMOIIMH U COMIaCHO padoTe [75] yuTem JIMIb BakKHOE JIJIS HAC:

1. OMonuu UMEIOT 3HaK (MOJOKUTENbHBIN HIIM OTPULIATEIIbHBIN).

2. Konuuecmeo amoyuti cybvexma KOHeuHoO.

Ucxonss w3 m.2, MOXHO CKa3aTh, YTO 3MOIMOHAJIBHOE COCTOSIHHE poOOTa

ONMCBIBACTCS BEKTOPOM HMomMi M (t) ¢ KOHEYHBIM KOJIMYECTBOM DIIEMEHTOB,
paBHBIM 4HCITy N:

M () =[My(D)..... Mn (0]

B nanbHeiiem, eciu roBOpUM 00 3MOIMHM OJHOIO BHJIA, TO OIYCTHUM COOT-
BETCTBYIOIIMI WHJICKC, 3HAK BEKTOPA U MCIOJIb30BaTh 0003HaueHne M(t).

3a HyJIEBYI 3MOLMOHAIBHYIO OTMETKY INPUMEM TaKO€ COCTOSHHE po0oTa,
KOI'JIa y HEr0 YMOLIUU MOJIHOCThIO OTCYTCTBYIOT.

O4eBHIHO, YTO B KauyecTBE CIOKETa MOTYT BBICTYNAaTh YHUCTO BHEIIHUE
pa3apaXxuTeNn, HampuMep Takue, 0 KOTOPBIX HE COJEPKUTCS MHPOPMAITUU B TAMSTH
pobora (cM. pucyHok 1.1).

B kauecTBe croxkera, MOpoxKAAIOUIEr0 SMOLIMK pOOOTA, TAKXKE MOTYT BHICTYATh
pa3apaXxuTeNr, O KOTOPhIX HHPOPMAIIUS YACTUYHO COJIEPIKUTCS B MaMATH poOOTa U
YaCTUYHO MOCTYIAET U3 BHEIIHEH cpebl (CM. puUCYHOK 1.2).

W HakoHell, CI0)KETOM MOXET ObITh WH(OPMAINS, TOJTHOCTHIO HAXOAIIASACS B
namsTd pobota. DTOT cilyyail COOTBETCTBYET, HApUMEp TOMY, KOI'Jla BBI3BAHHOE Y
poboTa BOCIOMUHAHKE MTOPOXKAAET IMOLMHK (CM. pucyHOK 1.3).
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[Tamsts poboTa Croxgr

\

Puc. 1.1. CroxkeT — 4MCTO BHEUTHUHN pa3apaKUTelb

[Tamars poboTa Croxer

\

Puc. 1.2. CroxkeT — 4aCTUYHO BHEIIHUM pa3pakUTeIb
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[Tamsts poboTa Croxer

Puc. 1.3. CroxkeT — 4ucTO BHYTPEHHUN pa3IpaKuTeIhb

Pucynkn 1.2 m 1.3 4acTM4YHO COOTBETCTBYIOT Icuxojorudeckon teopuu C.
[Hlextepa [76], cormacHO KOTOpO#W '"Ha BO3HHUKIIEE SMOLMOHAIBHOEC COCTOSIHHE
MIOMHUMO BOCIPUHHUMAEMBIX CTUMYJIOB M MOPOXKIAEMBIX UMHU TEJIECHBIX U3MEHEHUN
OKa3bIBAIOT BO3JCHMCTBUE MPOLUIBIA ONBIT YEJIOBEKa M OLEHKA MM HaJW4YHOU
curyanuu..."

OOparuM BHMMaHHE Ha TO, YTO MPHU OMHCAHUHM MPUHAIICKHOCTH CIOKETa K
naMsaTi poboTa Mbl MPOU3HOCHIIA CIIOBO "MH(popMaius', KOTOpasi, Kak H3BECTHO,
u3Mepsiercss ouramu [6]. [loaTOMy BBIIBUHEM CIEAYIOUIYIO THUIIOTE3Y: CroJCcem
TAKXKE MOJNCHO UMepsimsb Oumamu ungopmayuu.

O4eBHAHO TO, YTO PA3IUYHBIE CIOKETHI MOTYT TMOPOXKIATh OJHY M Ty K€
AMOIMI0 Po00Ta, TO €CTh, HET B3aMMHO OJIHO3HAYHOTO COOTBETCTBHUS MEXIY
CIO’)KeTOM M 3Monuren. CkazaHHOe WLTIOCTpUPYET pucyHok 1.4.
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DMO1IHUs CroKeTEl

Puc. 1.4. CooTBEeTCTBHE MEKY CIOKETAMU U SMOIUEH

B cBoro ouepenb, OUH U TOT K€ CIOKET MOXKET CIPOBOIIMPOBAThH Pa3UIHBIC
smonmu podora [3] (cM. pucyHok 1.5).

AHAJIOTUYHO TUIOTHOCTH BelecTBa B (u3uke [8] BBeaeM MOHATHE YICTbHON
AMOITIUH PoOOTA.

Onpenenenne 1.5. Yaenonoit a(S(t),t) smormeit poboTa Ha30BeM 3MOIIHIO,
MIPUXOJISIIYIOCS Ha SIUHUITY CHOKETA.

OuyeBHIHO, YTO  yJelIbHAas  SMOLMS  YAOBJICTBOPSET  COOTHOIICHHUIO

a(S(t).t) :%_

Jlerko Buzmersb, uto 3HaK smoruu M (S(t),t) pobora ompenensiercss 3HaKoM

ynenbHo# amormu a(S(t),t).
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DMouuun Croxer

|

Puc.1.5. CooTBeTcTBHE MEKIY SMOLUSIMU POOOTA U CIOKETOM

Maremarudeckasi TCOpUSI SMOIIMOHAIBHBIX POOOTOB, OMUCHIBAEMasi B HACTOSIIICH
MoHOTpadum, pacCMaTpUBAET CIy4yau, H300paKeHHbIE Ha pucyHkax 1.4 u 1.5.

2. BOCIIMTAHHUE POBOTA

BBenem ompeneneHre 3MOLMOHAIBHOIO BOCHUTAHUSA po0OOTa, OTBIEKAACH OT
COJIEpKaTEIbHON YaCTH TIOHATHUS «BOCIIUTAHUEY, PACCMATPUBAEMOTO B TICUXOJIOTHH.

Omnpenenenue 2.1. Bocnurtanme (BocmuTaHue poOOTa) — STO OTHOCHUTEIHHO
YCTOMUMBOE OTHOILIEHUE POOOTA K CIOXKETY.

Ucxons w3 ompenenenus 1.3, cinemyer, uro smomus podora M(t) susiercs
HenpephIBHOH (yHKIMeH Ha otpeske [0,t], a ciemoBaTenbHO, MHTErpUpyeMoil Ha

3TOM 0Tpe3ke. C y4eToOM 3TOr0 MOXKEM JaTh CICIYIOIIee ONpe/IeIICHUC:
Onpenenenne 2.2. DneMeHTapHBIM BocnuTaHueM pobota r(t) Ha crokerax S(t)
Ha30BeM (PYHKIIHIO BUJIa

r(t) = }a(S(r), )S(7)dz. (2.1)
0

OTMETHM OYEBH/IHbIC MATEMATHUCCKUE CBOMCTBA 3JIEMEHTAPHOT'O BOCIIUTAHHUS:
1) ecnmu 3HaK yAEIbHOHW OMOIMM COBIAJAaeT CO 3HAKOM CIOXETa, TO
BOCIIUTAHHE MOJOKHUTEIBHO;
2) B cuiy omnpenenenus 1.3 ynkius r(t) spasercs auddepeHupyeMoit mo

ar()

napameTpy t, mosromy crupasemnrbo cootnomenre M (s(t),t) =

By,Z[CM CUUTaTb, YTO C TCYCHHUCM BPCMCHU pO6OT 3a0bIBacT 9MOILIMHU, KOTOPBIC
OH KOoTr'Ja-TO HCIIBITBIBAJI. HpOI_HJIBIC OMOIIMM BCC MCHBIIC M MCHBIIC CKa3bIBAKOTCA
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Ha €ro TEKyIIeM BOCIHUTaHMH. A BMECTe C TeM 3a0bIBAlOTCA W TPOILIBIC
DIIEMEHTAPHBIE BOCIHTAHUS, TOPOXKIAEMbIE HCIBITHIBAGMBIMH pPaHEEe AMOIUSIMHU
pobora.

Hcxonst U3 3TOro CTaHOBHUTCS OYEBUIHBIM CIIEIYIOIIEE ONpeIeIICHHE.

Onpenenenne 2.3. Bocriuranuem po6ora R(t) (Bocrutanue poboTta BO BpeMs
JecTBUS SMOIHHK) Ha ctoxeTax S(t) HazoBeM (QyHKIMIO BHIA

R (1) =r(@)+8OR(), (2.2)

rme t — Texymee Bpems, t>tj, 0<@(t)<1. Texymee Bpems yHOBIETBOPSET

COOTHOLIECHHIO t =7 +1t;, TIe 7 — TeKyllee BpeMs JEHUCTBUSA HACTOALIECH SYMOLUUA OT
Hayaja €€ NposBICHMs, tj— oOlee BpeMs ACHCTBHUS BCeX MNPEAbIAYIIUX 3MOLM,
Ri(tj) — BocmuTamme, momydenHoe poGoTOM 3a Bpemsa tj. Jms poGorta c
HEaOCONIOTHOM  MaMAThIO  CIPABEIJIMBBI  COOTHOLICHMS 0()=6<1-7,

0<o=const<1.

MoOXHO JaTh TakKe CIEIYIONIEEe CIOBECHOE ONPENEICHUE BOCIHMTAHMA:
BOCIIUTAHME — 3TO BEIMYMHA, ONpEACIAIOIIas YCTOWYMBOCTh MOTHBALIMU IIOBE-
JeHUs poOOTa Ha ONPENETEHHOM KJIACCE CHKETOB.

Onpenenenne 2.4. Kosdpduuuents 6;(t) HazoBeM KO>PPUIMEHTaAMH NaMATH

MPOIUIBIX COOBITHI WK KoddpuieHTaMu namsitu poooTa.
CornmacHo ¢Qopmyne (2.2) MoxeM 3anucaTb COOTHOIICHHE, OIPEAEIISIoNIee
BOCITMTAHUE B HaYaJIe IEHCTBUS Ha poOOTa SMOIIMH C TIOPSIIKOBBIM HOMEpOM i+1 :
Ri.1(0) =r(0) +6; ()R (t;).
JIerko BUAETH, YTO CIPABEJIMBbI PAaBEHCTBA
Ri,1(0) =R;(t;), r(0)=0.
CresloBaTesbHO, BhIMOMHAETCs cooTHomenue 6 (0) = 1.

Omnpenenenue 2.5. TakToM HA30BEM BpeMsl ICHCTBUS OJTHON AMOITUH.

N3 ncuxoiaoruuecko HaykW W3BECTHO, YTO AMOIUS HE MOXKET MPOJI0JDKATHCS
6onee 10 c. [TosTomy OyneM mpeanosaratb, 4YTo BeTUYMHA TaKTa JIIOOOH IMOIMH
poboTa He OOJIBIIIE ATOTO YHCIIA.

B nanpHeleM IMCUXOJOTHUECKHE XapaKTEPUCTHKH POOOTOB, COOTBETCTBY-
IOIME TEKYyIIeMy JEWCTBUIO TakTa, OyaeM o00o03HayaTh CO CKOOKaMH TOCJIe
MEPEMEHHOM, a 3HAYCHUS IICUXOJIOTHUCCKUX XapaKTEPUCTHUK, COOTBETCTBYIOIIUE
KOHIIaM TaKToB, - 0e3 ckoOok. Hampumep, R;(t) ompenensier pyHKIUIO M3MEHEHUS

BOCITUTAHUS JIUISl TEKYIIEro BpeMeHH U JedcTByromiero Takra I, a R; - 3HaueHue

BOCIIUTaHMsI B KOHIIC TaKTa i.

Jlerko BuUAETh, 4TO POOOT, XapaKTepU3yHIMcsT Kod(DPUIMEHTOM MNaMsITH
MPOIUIBIX BOCTIOMHWHAHUM, TOXXIECTBEHHBIM 1, B JIETaNsIX TMOMHHUT BCE MPOILIbIC
AMOIIMOHAJIbHBIE BOCHUTaHMs. Takoro po0oTa MOXKHO Ha3BaTh pPOOOTOM C
abcomoTHOM mamsAThi0. Ho mnpenmonoxkum, uyto mnaMmsTh poOOoTa O MPOILIOM
CTHpAETCs, T. €. IS 3a0BbIBYUMBOrO poOOTa B KOHILIE KaXK0I0 TaKTa CIPaBEJIMBO

nBoiinoe HepaseHcTBo 0 < 6, <1. Taxum 06pazom, 11t 5TOro podoTa MOKHO
c(hOpMyIUPOBATH CIAEAYIONIYIO TEOPEMY.
Teopema 2.1. Bocniutanue TOJBKO Ha MOJIOKUTEIbHBIX SMOLUAX 3a0bIBUMBOTO
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po0OTa NMEET NPECHILLEHUE.
JloKa3aTenscTBO
JIerko BUETH, YTO COOTHOLIEHUE (2.2) SKBUBAJIEHTHO PABEHCTBY

Ri=r+ ei[ri—l + ei—lRi—Z]' (2-3)
CooTtHomenue (2.3) MOXKHO 3amucaTh B CIACAYIONMIEM BHJIC:
Ri =hLt eiri—l + 0i6?i71ri72 + eiei—lei—Zri—S +o.t eiei—lei—zmelro . (2-4)

Tak kak Bce OMOIMHN IIOJOXKHUTCIAbHBI, TO MW JJICMCHTAPHBIC BOCIIUTAHUA
IMOJTOKUTCIIbHBI, TaK KdK 3MOLHWH OIPaHHUYCHBLI II0 BCJIIMYMHC W BPCMA ,ZIGI?ICTBI/ISI
OMOIHUHU OI'PaHHUYCHO, TO JJICMCHTAPHBLIC BOCIIMTAHUA TAKIKC OI'PAHHYCHBI. I/ICXO-I[H
n3 J3TOro, MOXHO CACJIaTb BbBIBOA, YTO IJIA p060Ta HEeaOCOIIOTHON NaMSTBIO
CYHICCTBYCT TAKHC YKCJIa 0 un q, AJIs1 KOTOPBIX BBIITOJHAKOTCA HCPABCHCTBA

1>0=205, qzrc, q=r(7), (2.5)

rae j=11i, k=0,i—-1.
bnaronapst cootHomenusmM (2.4) u (2.5) MOXHO MOJTYYUTh BEPXHIO OLEHKY
n3Mmenenus GyHkuu R(t). Ona Oynet UMeTh BHT

i-1 . i-1
Rt)<q+q>.0'<2q> 6. (2.6)
j=0 j=0
[IpaBas yacth cooTHomIeHUs (2.6) onpeaenseT CyMMY Y4JIE€HOB T€OMETPUIECKOMN
MIPOTPECCHH, KOTOPas BI€UeT HEPaBEHCTBO

1-6'1
R(t)<29———. 2.7
(<20~ (2.7)
[Tepetiast B mpaBoi YacTH COOTHOIICHHUS (2.7) K Tpeaeny npu t — oo HIH i — oo,
MOJIYYMM BEPXHIOIO OIICHKY JIJIsl 3HAUYCHUS BOCIIUTAHUS

Rty <24 2.8)
1-6

HepasenctBo (2.8) mo3BoJisieT caenarh BEIBOA O TOM, YTO BOCHUTaHUE poOOTa,
OCHOBAHHO€ Ha TMOJOXKUTEIbHBIX SMOIMUSAX, OTrPAaHUYEHO CBEPXY, T. €. HMEET
MIPECHIIICHNE, YTO TPEOOBAIOCH JOKA3aTh.

Teopema 2.1 NOTHOCTHIO TOATBEPKAACTCA TCUXOJOTUYECKHUMH HCCIEI0-
BAHMSIMH, PE3YJbTAaTbl KOTOPBIX TOBOPAT O TOM, YTO HEBO3MOYKHO BOCIHUTHIBATH
yeyroBeKka J0 OECKOHEYHOCTH: Y BOCIHMTYEMOTO0 HayMHAas C KaKOro-TO BpPEMEHHU
HacTylaeTr npechilieHne [4], 1 OH MOJAHMUMAETCS Ha HOBYIO CTYNEHb 3MOIIMO-
HaJIbHOU J€ATEJIbHOCTH.

Onpenenenne 2.6. IlpenensHpiM BocnutanueM U Ha30BeEM BEIMYHHY,
COOTBETCTBYIOI[YIO KOHEYHOMY MOMEHTY BPEMEHU JEHUCTBUS OMOLUU U

9
1-6

Onpenenenue 2.7. DOMOLMH, BIEKYIIUME PABHBIE AJIEMEHTAPHBIE BOCIHMTAHMS,
Ha30BEM paBHOHeHHHMI/I.

YJIOBJICTBOPSIONIYIO paBeHCTBY U =
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Onpenenenue 2.8. 3a0piBUMBOro pobOTa, y KOTOPOro Bce KOADPHUIIMEHTHI
MaMsITH, COOTBETCTBYIOIINE KOHEYHOMY MOMEHTY BPEMEHHU KaXKJI0i SMOILIMU, PABHbI
Y TIOCTOSIHHBI, HA30BEM PAaBHOMEPHO 3a0bIBUMBBIM.

Teopema 2.2. Bociutanue pobota R;, OCHOBaHHOE Ha PaBHOIEHHBIX SMOIIMSIX

1-6'
PaBHOMEPHO 3a0BIBUMBOIO poOOTA, OIPENENSIETCS COOTHOIIEHHEM R; = (——, T1e
1-6
Q — 3HaYCHHE DJIIEMEHTAPHOTO BOCIHUTAHUS, | — MOPSIKOBBIA HOMEpP 3aBEpIICHHON

PAaBHOLICHHOM SMOLMM W3 4YMCJIA 3MOLMN, HA OCHOBE KOTOPBIX OCYIIECTBIISIETCS
BOCIIUTaHUE, K TEKYILIEMY MOMEHTY BPEMEHU.

JloKa3aTesbCTBO OYEBUAHO CIIENYET U3 TeopeMsl 2.1.

CnenaeM HMIKeECHEAyHOIIEe 3aMEyaHue: INPH KOMIBIOTEPHOM pealn3alnuu
sMoIMi po0OoTa B Tpolecce MACHCTBUS CIOKETa HEBO3MOXKHO MPEICKa3aTh
MPOJIOJKATENBLHOCTh JIEUCTBUS crokeTa. [1loaToMy 1enecooOpa3HO MOJEIUPOBAThH
AMOIMH MOCIIE 3aBEPIIEHUS 3TOTO IEUCTBUS.

Paccmotpum mpumep.

Bri6epem QpyHKIMIO SMOLUI B BUJIE

: T *
M(t) = PSln ﬁ(t—t ) y (29)
t- -t
rne P=const, teft ,t" |, t°— ¢ukcupoBanHoe uucio, npuuem t- et , 2t |.
3aMeTHM, YTO W3MEHEHHE HEKOTOPBIX YCJIOBUH TPUHAIICIKHOCTH (YHKIHH
BHYTPCHHUX TMEPeXHBAaHUNA poOOTa K OSMOIMSIM, coriiacHo ¢opmyne (2.9), He
TpeOyeT KOPPEKTUPOBKH pacCMaTpUBAaEMOl B HACTOSIIEH MOHOTpadUu TEOpHUH.

OdeBuaHO, YTO TakT 7 I AMoOIuU (2.9) ymOBIETBOPSIET COOTHOIICHHIO

*
r=t0-t , @ DJIEMEHTapHOE BOCITUTAHUE I ompeniensieTcs: Gopmyoit
0
t 0
. V4 * t7 -t T
r= | Psin —*(t—t )dt=2P—:2P—. (2.10)
& 0 _t T V4
Jlerko BHIETh, YTO TPU BOCIUTATEIHLHOM IMpoliecce cooTHomieHue (2.10)
o0ecrieuynBaeT paBHOIICHHBIE YMOLIMY MPH ycIoBUM P 7 =Const .
bynem npenmonarath, 4To BCe TaKThl PaBHBI MEX]Ty COOOIA.
Hwnxe npusenem TeopeMy, KOTOpas MaTEMaTUYECKH XapaKTEPU3YyET CTHUpPAHUE
NaMATH O MPOLUIBIX BOCIHUTAHMSIX, €CJIM 3TH BOCIUTAHUSA HE MOIJAECPKUBAIOTCS
OMOIUSIMH C TEYCHHWEM BpEeMEHH. B 3TOM ciy4yae WHACKC | ompenensercs wu3

*

.|t . .
COOTHOILIEHUS I:{— , Tne t — Tekyiiee BpeMs, ¢ — BpeMs JIEUCTBHS IEPBOU U
o

GHHHCTBCHHOﬁ 3MOIIuH, MOBJICKIICH 3JICMCHTAPHOC BOCIIMTAHHUC [j.

Teopema 2.3. YV paBHOMEPHO 3a0BIBUMBOTO pOOOTA TMEPBOC M EAMHCTBEHHOE
AJIEMEHTapHOE BOCTIUTAHUE 3a0BIBAETCS COTIIACHO T€OMETPUUYECKON MPOrPECCUH.
JokazarenbctBo. CornacHo paBeHCTBY (2.4) mpu OTCYTCTBHM IOCTOSIHHO
JCHCTBYIOIUX B TEYCHHE BPEMEHU MOIMI BOCTIUTAaHNE K MOMEHTY BpeMeHH t
YIOBJIETBOPSIET COOTHOIICHUIO
R =6,6,_,6,_,...6.1,. (2.11)
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Tak kak poOOT paBHOMEPHO 3a0bBIBUYMB, TO CIPaBEUIMBO PABEHCTBO

0; =6 =const, j=1,_i. CnenoBarenbHO, BepHa (Qopmyna R, :Hiro, 4TO U Tpe-

00BaIOCh JI0KA3aTh.

Crnenyromiasi Teopema II03BOJISIET OIICHHTH CBEPXY TEKyIlee BOCIIHUTAaHUE
3a0BIBUMBOIO po0OTa B TOM CiIy4ae, KOrJa OH B IPOILIOM IOJYYHJI TOJIBKO
¢IMHCTBEHHOEC JICMCHTApHOE BOCITUTAHHE.

Teopema 2.4. BocmuTanue 3a0bIBUMBOrO po0OOTa, MOJYYCHHOE B PE3yJIbTATE
CJIMHCTBEHHOTO TIOJOKUTCIIBHOTO 3JIEMEHTAPHOTO BOCIHMTAHUSA, YIOBIIETBOPSET

HepaBeHcTBY R, <6''ry, rie 6> 6 i J= 1,_i :

Jloka3aTenbCcTBO OYEBHIHO CIICAYET U3 BHIa popmyisl (2.11).
Bele Obl1a OTMEUYEHa CIIPABEAJIMBOCT COOTHOIIEHUS

dr(t)
M (t) = ——. 2.12
=" (2.12)
HYCTB JJIA p060Ta QJICMCHTAPHBIC BOCIIUTAHUA YAOBJIICTBOPAIOT HCPABCHCTBY
rjl<q. (2.14)

[Mpu crpemicHuM 3HaYeHUS | K OECKOHCUYHOCTH W OOpaTHOM HyMepanuu
AJIEMEHTAPHBIX BOCIIUTAHUM COOTHOIIEHUE (2.4) MPUMET BU/T

0 -1
R=X>r_111 ¢9j ) (2.15)
i=1 J=1

Omnpenencare 2.9. Bocnuranue poborta, coorBercTByMomee Gopmyine (2.15),
Ha30BeM OECKOHEUHBIM BOCITUTAHUEM.

3aMeTHM, YTO CXOAMMOCTh OECKOHEYHOTO BOCHHUTAHUSI OINpENeNsieT Mepc-
MEeKTUBBI BOCIIUTAHUS pOOOTA.

Teopema 2.5. Jlns 3a0pIBUMBOTO poOOTa OECKOHEYHOE BOCIUTAHWE, COOT-
BETCTBYIOIIEE KOHIIAM TaKTOB, CXOIMUTCS.

JoxazatenbctBo. [TokaxeM, uto psif (2.15) cxoauTes abCOTIOTHO.

Tak kak BBITONHICTCS HEPABEHCTBO 0<# <1-5, TO CYIIECTBYEeT Takoe 6,

MEHBIIIee SUHUIIBI, YTO CIIPaBEAJIMBO COOTHOIICHNHE 0 <0 <1, e i =1,.

B cuny HepaBenctBa (2.14), dopmyssl (2.15) u dopmysbl s onpeaesieHus
CYMMBbI YWIEHOB F'€OMETPUUYECKON MPOTrPeCcCHH [ /] MOKHO 3alucaTh COOTHOUIEHUE

0 i—-1 o0 i q

Yl 10j< Y gl =——<oo.

i=1 =L © =0 1-6

Takum oOpazom, psa (2.15) cxoautcsi aOCOMIOTHO, U, CIEAOBATENBHO, PSI
CXOMTCH.

Teopema 1oka3zaHa.

B cuny nmpeapinynieit TeopeMsl 15 KOHIIA KaXA0r0 TaKTa HEMPEPhIBHOTO
BOCITUTATEIBHOTO MPOIECCA CIPABEAIMBO COOTHOIICHHE

z=Ilm Rj = Im rj + lim 6; Iim R;j_q,
i—o0 i i i
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KOTOPOE SKBUBAJIEHTHO PABEHCTBY
z=lm r+ lim 6;z. (2.16)
| —>00 | —>00

®dopmyna (2.16) mo3BossieT cPopMyIUPOBATh CIASAYIONIYIO TEOPEMY:

Teopema 2.6. DnemeHTapHOE BOCIUTAaHUE PAaBHOMEPHO 3a0BIBUMBOTO poOOTA,
COOTBETCTBYIOIIEEC KOHIIAM TAaKTOB, C TCUYCHHEM BPEMEHH HEIPEPHLIBHOTO BOCIIH-
TaTeIHLHOTO MPOIIECCa CTPEMHUTCS K TOCTOSTHHOW BEJTMIMHE.

Jloka3aTenbCcTBO

Tak xak st paBHOMEPHO 3a0BIBYMBOTO POOOTA CIPABEIJIUBO COOTHOIICHUE

g =0=const<1l, i=1c, TO B cwly paBeHcTBa (2.16) mocnenoBaTenbHOCTH

AJIIEMEHTApHBIX BOCIUTAHUM, COOTBETCTBYIOIIASI KOHLIAM BOCIIMTATEJIBHBIX TaKTOB,
UMEET Ipeaell.

Teopema nokasana.

CaenctBue 2.6. /I paBHOMEPHO 3a0BIBYMBOTO poOOTa cripaBeiiBa GopMyia
Iim r; =(1-6)z.
—o0

JloKa3aTelIbCcTBO ClIeAyeT U3 paBeHCTRa (2.16).

OueHuM TNOrpenrHOCTh BEJIMYMHBI O€CKOHEYHOTO BOCHHUTAHMS MPU YCIOBUU,
KOTJ1a JUTS OIICHKH CYMMBI psifa (2.15) npuMensiercs K wieHoB psja.

Jlerko BUAETH, YTO MpU OOPATHOM HyMEpaluu 3JIEMEHTapHBIX BOCHUTAHUI

i—-1

e8]
norpemHocts by g =| X fj I 0j| npu KoHeuHOM CyMMHUpOBaHuM K WICHOB psija
i=k+1 =1
OyaeT yIOBICTBOPSITh HEPABEHCTBY
k
0
a1 < 20—
k+1 1-0

OueBUIHO, YTO BOCHUTAHUE HE MOXKET OCYIIECTBIATHCA HEMPEPHIBHO: IMOCTE
CEepUH SMOIMOHAJIBHBIX BOCIUTATEIBHBIX BO3JACHCTBUN HACTYMHAET MEPHUOJ 3aTUIIIbS
B BOCIIUTAHUH.

BBenem nonoaHATENBHOE ONIPEICIICHHUE.

Omnpenenenue 2.10. TTodHBIM BOCHIMTATEIBLHBIM IIUKIOM HA30BEM KOJIHMYECTBO
TaKTOB, PaBHOE CyMME€ KOJMYECTBA TAKTOB MPU BO3JAECHCTBUU BOCIUTATEIHHBIX
OMOIMM M KOJMYECTBA TAKTOB, COOTBETCTBYIOIIMX OTCYTCTBUIO BO3IECUCTBUU
AJIEMEHTAPHBIX BOCMHUTAaHUN Ha poOOTAa J0 HACTYIUICHHUS CJEAYIOIIETOo BOCIHWTA-
TEIBHOT'O0 YMOIIMOHAJILHOTO BO3CHCTBHSL.

PaccmoTpum BocniMTaHue paBHOMEPHO 3a0BIBUMBOIO pOOOTa C paBHOIICHHBIMU
SMOIUSIMHU.

Jlerko BUIETH, YTO cOTJIacHO TeopemMam 2.2 u 2.3 BocmurtaHue F T

IICPBOIr0 IMOJIHOI'O BOCIIHMTATCIBHOI'O LHUKIIA PABHOMCPHO 3a0BIBUMBOTO p060Ta Ha
PAaBHOLICHHBIX SMOIMAX C PABHBIMH TaKTaMH YIOBJICTBOPACT COOTHOIICHUIO

1-h
Fik, =00° 1-0 (2.17)
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rne j;— KOJMYECTBO TAaKTOB MpPHU HAJUMYUU BOCIHMTATENLHBIX BO3ACWCTBUI Ha
poOoTa, k;— KoIM4YecTBO TaKTOB IPU UX OTCYTCTBHH.

OueBuzHO, 4TO BocHUTaHHe Fj | , TOMYYCHHOC POOOTOM B pesyibrare N
MOJHBIX BOCTIUTATEIBHBIX IUKJIOB, OMPEALIISETCS] pABEHCTBOM
1-@h

Fi « =00 +ohF (2.18)

jn—l'kn—l

W3 Buga cootHomenuit (2.17) — (2.18) cmemyer, 4yto BeiauunHa Q) ik

F.
in.K
3a/1aBaeMast PaBeHCTBOM L) | =—"—", He 3aBHUCHT OT (. Tak KaK CrpaBeIUBO

cooTHoLIeHHe g=const, To €; ,  sBIsIETCS OC3pasMEPHOM MEpOW BOCIHTAHMS,
n»mn

MOJIy4YeHHOTO pOOOTOM B pe3yJibTaTe N MOJHBIX BOCIUTATEIHHBIX ITUKIIOB.
Omnpenencuue 2.11. Oynkuuio Q; | Ha30BeM QYHKIUCH TaMSTH.
n»mn

O4eBUHO TO, YTO (PYHKIMA TMaMSITH IOKAa3bIBAET, HACKOJIBKO B MPOIECCce
BOCIUTAaHUS 3alIOMUHAIOTCSI POOOTOM PaBHOLICHHBIE BOCHUTATEIbHbBIEC YMOIIUH.
IIycte  uucmo U omnpeaensieT  BEIUYUHY, PaBHYIO  HauOOJbIIEMY
(npechimieHHOMY) BocnuTaHuio. [lomaras sMouMHM paBHOLEHHBIMU M KO3(hdu-
IIUCHTHl MaMSATH PaBHBIMU OJTHOM M TOM € KOHCTaHTE, MepeijieM B 00EUX YacTAX
paBeHcTBa (2.2) K mpenieny Npu CTPEMIICHUH KOJIMYECTBA TAKTOB K OECKOHEUHOCTH.
B pe3ynbrate 3TOr0 ACMCTBUS MOJIYYUM COOTHOIIICHHE
Im rt)=U1-6)=q.
|—o0
Takum o0pa3zoM, BocnuTaHue poOoTa R, mosiydeHHOE B pe3yibTaTe MEPBOTO
MOJIHOTO BOCIIUTATEIHLHOTO IUKJIA, OYJET ONpeAeasaThes GopMyon

R =0k1(1—ejl)u .
Jlerko Buaeth, uto pyHkuus G(K;, j;), yIOBIETBOPSIOLIAs COOTHOICHUIO
) R i
Gk, 11)=U=9k1(1—6’11 ) (2.19)

onpenensieT OTKJIOHEHHE BOCHUTAaHUS OT €ro NPECHIIEHUS: 4YeM Omke MpH
3alaHHbIX BennuumHax Kyu J; 3Hauenue G(K;, J;) Kk eaunwuiie, TeM ONMKe BOCIIHU-
TaHue poOOTa K MPECHIILIEHUIO, 1 HA000POT.

Onpenenenue 2.12. @yukuuio G(Kq, j1) Ha30BeM UHAUKATOPOM MPECHIIIECHHUS.

Jlerko mokasaTh, YTO MHIUKATOP MPECHIMICHUS 11 (PUKCUPOBAHHBIX K; H j,

MMeEEeT MaKCUMAaJIbHOE 3HAUE€HHE TPU BBITIOJTHEHUH YCIIOBUSL:
1
K I
0= —2—|". (2.20)
itk
[MoncraBmsiss cootHomenne (2.20) B paBeHcTBO (2.19), momyunm dopmyry,
OTIPEICTSIONIYI0 MAaKCUMAalbHO BO3MOXKHOE 3HaueHue G,,, HHAUKATOpa Mpechl-

IICHKUA B KOHIIC IIEPBOI'0 IMMOJHOTO BOCIIMTATCIbHOTO UKJIIA:
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ky
k i
G, = 1 1
e (J'1+k1j htk
In Kn

Onpepenenne 2.13.  @ymkmmio  Bjy ST HA30BEM  IIOJIHBIM

HHAUKATOPOM IIPCChIIICHUA.
B 3akiaroueHue ATOM TIaBbl IMpUBCACM HCCKOJIBKO YTBep)KHGHHﬁ, KaCaromuxcsa
p060Ta C HCPABHOICHHBIMHU 5MOIUAMU, HC ABJLAIOIICTOCA PABHOMCPHO 3a0BIBUMBBIM.
Jlerko BUACTH, 4TO IJII TAKOI'O p060Ta B KOHIIC IIOJHBIX BOCIIMTATCJIbHBIX
IHUKJIOB, KOJHMYCCTBO KOTOPBIX paBHO N, 06111351 (I)YHKI_[I/IH BOCIIUTATCIBHOI'O

n
IIponecca V|[ ]I , oImpcaciiironiad BOCIIMTAHHUC, IIOJIYYCHHOC B PCE3YJIbTATC 3THUX
n:'n

OUKIIOB, YAOBJICTBOPACT COOTHOIICHUIO

Ip z[p] ip+1 ip+1_k ip
W0 I I sl (TS RS 1 R (I P O W
ly,i ~ ig+1 k-1 =~ J il B ISRV O
pip k=1 p k=1 j=1 i=1 p-17p-1
p=2,n,

|1 z[l] i1+1 i1+l—k
v | o | |
Il!Il k=1 I1+1 K=l 1 le J

rIie [I] — 0003HaYCHNE TIEPEMEHHBIX, COOTBETCTBYIOIIMX BOCIUTATEIIEHOMY ITHUKITY C
_ [Pl

HOMepoM 1, i =1,n, Ok cooTBEeTCTBYET KOAPHUIIUCHTAM MaMSITH IIUKJIa C HOMEPOM

P mIi TakToB 0€3 SMOIMOHAIBHBIX BOCHHMTaHUK, K — HoMmep Takta 0€3

OMOIMOHANBHBIX BOCIUTAHUM, |,— KOIMYECTBO TAKTOB LMKIA C HOMEPOM P 06e3

OMOLMOHANILHBIX BO3ACHCTBUI, |p— KOJIMYECTBO TAKTOB BOCIMTATEILHOIO LHKIA C

HOMEPOM P MpHU HEMPEPBIBHBIX 3MOIMOHAIHBIX BOCIIUTATENBHBIX BO3CHCTBUSAX.
Od4eBuIHO, YTO IS 320BIBUYMBOTO POOOTA CIIPaBE/IMBLI HEPABEHCTBA

[p] . _ Ip 1 ip ) _ -
|V|p’ip I< Flp"p’ F'pvip =0 (q—l_e-l-g Flp—l"p—l , p=2,n,

i, 1
<P+ Ry, =90" g

[]
11,0y

~LP] _ _ _
re 6=max(0j , OPN),i=1i,, j=11,, p=1n.
BBenem cnenyromue onpeneseHus:

Omnpenenenue 2.14. O60611eHHON QyHKIIMENH TaMATH Wl[n]i HA30BEM BEJIU-
n:'™n

oy
YHMHY, YIOBJIECTBOPAIOILYIO COOTHOIIEHUIOW | j = oo
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Onpenenenue 2.15. OO00IIEHHBIM WHIWKATOPOM IPECHIIICHUS BOCIUTAHUS
[n]
Vi 1@-0)

nsln

[n]
nvin B q

Hcxons w3 BBIMIEOPUBECHHBIX OIpPENEICHHM, CleayeT, 4To O0O0OIIeHHas
GyHKIUS MaMATH U 00OOIICHHBIN WHAUKATOP MPECHIIIEHUSI BOCITUTAHUS SBISIOTCS
0e3pa3MepHBIMHU (PYHKIIHSIMH.

O4eBuaHO, YTO OOOOILIEHHBI MHAMKATOpP MPECHIILIEHUS BOCIHUTAHUS YJIOB-

Ha30BeM (DYHKITHIO BUJA WI

neTBopsieT HepaBeHcTBy 0 SWI[n]i <1.
n:™n

3. HAPAMETPBI I'PYIIIbI SMOLHNOHAJIBHBIX POBOTOB

PaccmoTpuMm 3amady, CBSI3aHHYIO C M3y4€HHEM HSMOILMOHAIBHOTO COCTOSHHUS
rpynmbsl  pobotoB. IlpuBeneHHass HIbKe Teopusi MPEACTaBIACT COOOH OAHY H3
MOIBITOK MaTeMaTHYeCKu (GOopMaIn30BaTh PEIICHHE dTON 3a1auH.

Onpenenenue 3.1. byaem omnpenensth CyMMapHO€ BOCHUTaHUE TPYIMIIbL,
cocrosimield U3 N poOOTOB, MPHHAICKAIIMX MHOXKECTBY €2, Ha crokere S(t) mo

dbopmyie

Wo = 2. iai (S(7),7)S(r)dz. (3.1)

icQ, 0

[Iyctb MBI HMMeeM JBE TPYIIbl, HacuuThiBaromme P u K pobGoToB m
COCTAaBJISIIOIINEC JIBa MHO>XECTBa Qp, Qy COOTBETCTBEHHO, rJe
Quuy =Q,, Q,NQ =, Q;#8, () #&. BeICHIM, KOIa BO3MOKCH B

HauOOJIbIIIEH CTENEHU TICUXOJOTUYECKUN KOH(IUKT MEXIYy STHUMH TPYNIaMu Ha
OJIHOM KJlacce CrokeToB. O4eBUAHO, YTO, HANPUMEP, HEHABUCTH OIPEICISETCS
MIPOTUBOIIOJIOKHBIMH IO 3HAKy CYMMAapHBIMU BOCITUTAHUSMU BPAKTYIOIIUX TPYII U
YTO JUIsl HaWBBICHICH KOH(GPOHTAUU MEXIAY TpynmnamMd poOOTOB HEOOXOIUMO

Q
BBITIOJIHCHHE PaBEHCTBA k =1 ,rme WQp #0.

Q,

CrpaBennmuBo obpamHoe ymeepaiicoeHue. eciii CyMMapHOEe BOCIIUTaHUE JIBYX
TPYIIl PaBHO HYJIIO M XOTS OBl BOCHHTAHHE OJHOTO poOOTa HE PaBHO HYJIIO, TO
BEpOSITHA HAUBBICIIASI KOH(PPOHTAIIUAS MEKTY IBYMS TPYIIIIaMi pOOOTOB.

[IpuBenem n0Ka3aTebCTBO 3TOrO YTBEPKIACHHUS.

ITycts W, =0, torga Mmoxxuo monobpars Tak uncia K u p, re k+p=n, u
y Q, P

MHOkeCTBa {1 {2y, 4TO OyIET CIIPaBEAIMBO PABEHCTBO
WQk

WQH :WQk +WQP :0, T.e., :—1

Qp

npu WQp # 0, 9yT0 ¥ TpeOOBAIOCH TOKA3aTh.

Hcxons w3 BhILIEU3IOKEHHOTO, cienyeT Teopema 3.1, Jlna HamOombluen
KOH(POHTAIMN MEXIy TpyIaMud poOOTOB MpPH CYIIECTBOBAHWU XOTS OBl OJIHOTO
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p060Ta C HCHYJICBBIM BOCIIMTAHHEM H€O6XO,ZII/IMO N J10CTAaTOYHO PAaBCHCTBO HYJIIO
CYMMAapHOIro BOCIIMTAHUS 9TUX T'PYIIIIL.

OdeBuHO, YTO KOHPPOHTAIUS OYIET TEM OCTpEe, YeM OOJIbIIe 3HAUCHUE r\/VQk ‘

OTJINYAETCS OT HYJIA.

CdopmynrpoBaHHas TeopemMa MO3BOJISIET ONPEAEIIATh Haubojee BPAKIAYIONIUe
napbl poOOTOB UJIU TPYIIIUPOBKU poOOTOB. J1Jis BBIBIEHUS KOH(PIUKTYIOUINX TPy
JOCTaTOYHO BBIYHUCIUTH BOCHUTAHHE KaXIOro poOOoTa, a 3aTeM, HalpuMep
nepebopoM C TIOMOINBIO KoMIbiOTepa [55] wim BpydHyrO, TOJYyYUTH MacCHB
BCEBO3MOXKHBIX CYMMAapHBIX BOCIUTaHWA. MHOkecTBa POOOTOB, YbM CyMMapHbIE
BOCIIUTAHUS OJM3KH K HYJIO, COCTaBAT KOH()IUKTHBIE TPYIIBI PUCKA.

Jlerko BUAETH, UTO TIpyMnna SBISETCS TEM CIJIOUEHHEE, YeEM €€ CyMMapHOe
BOCITUTaHHE HanboJiee OTIIMYHO OT HYJIS.

[lycTh cyMMapHO€ BOCIIMTAHUE YJIEHOB MEPBOW IPyMIIbl pOOOTOB, MOTYyYEHHOE

B PC3YyJIbTATC HCCKOJBbKHUX ITIOJHBIX BOCIIMTATCIIBHBIX ITHUKJIOB W[l] , YAOBJICTBOPACT

COOTHOHNICHHUIO W[l] z V[ZE]-] i , a4 COOTBCTCTBYIOHICC CYMMApPHOC BOCIIMTAHUC
j=1 1 k
Pj Pj

4JICHOB BTOPOM IPYIIBI ONpenensercs GopMmyson yy[2] _ Z V[[22]] [] , TJ1€ UHIEKC,

HAITMCaHHBINA B KBAJPAaTHBIX CKOOKax, OMpenesseT HpI/IHa):[J'IC)KHOCTB K TEepPBOM WK
BTOpPOW TIpynmne poOOTOB, N — KOJIMYECTBO POOOTOB B MEpPBOM rpymme, M —
KOJIMYECTBO poOOTOB BO BTOPOM IpymIIe.

Torma ycnoBue KOH(IUMKTa MEXOy Trpynnamu OyJIeT ONpeAeNiaTbCs COOT-
nomenuem WM w2 — o, koTopoe sxBUBaNEHTHO paBeHCTBY

[l [2] _
SVl +ZV[2] (2 =0
=11 k -
1=2 T kpy 1T ey kp,

Onpenenenue 3.2. V3MeHeHWe 3HaKa BOCIHUTAHWS HA MPOTHBOIIOJIOXKHBIN
Ha30BEM ITePEBOCTIUTAHUEM.

OueBuaHO, YTO OAHA rpynmna u3 K poOOTOB MOXET NEepeBOCIUTATH APYTYIO
rpyIiIy U3 P poOOTOB B CBOIO TOJIB3Y, €CIIM K HAYaTy MIEPEBOCIUTAHUS OyAeT

=Q, rre Q#-1, r\/vgk\>r\/vgp‘, W, W, <0. Uewm

Q,

3HauYuTeNbHee BenuuuHa Q oTimuaercs oT -1, TeM HambOosiee 3¢hdexkTuBHO OyneT
MIPOUCXOIUTH MEPEBOCTIUTAHUE.
Onpenenenue 3.3. byaeM TroBOpUTb, 4TO B TpynIe B MOMEHT BpeEMEHH {

MPUCYTCTBYET KOH(QIMKT MO IMOLIUSAM, €CJIM CYyMMa SMOLIMNA KaXKIO0ro YieHa

n
rpyIIbI paBHA HYIO, T. e. Y M, (t;) =0.
i=1
OueBHIHO, YTO €CJIM B MOMEHT BpeMEHH t;, CyMMapHBIC SMOIIUH U BOCIIHTAHUS
YJIEHOB TPYIIEI pOOOTOB PaBHBI HYIIIO, TO HAIUIIO YIrpo3a OTKPHITOrO KOH(IMKTA B
€ro HaWBBICILCH CTEIEHH.
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PaccmoTpum ycioBusi KOH(JIMKTa MEXAYy IBYMsS PaBHOMEPHO 3a0bIBUMBBHIMU
po0oTamMu ¢ paBHOLIECHHBIMU 3MOIUSIMU.

N3BecTHO, YTO IpeneabHOE BOCIUTAHHUE NEPBOrO PABHOMEPHO 3a0BIBUMBOTO
pobora U;, BOCHMTAaHHOTO HAa PABHOLUEHHBIX SMOLMAX, YAOBIETBOPSET

COOTHOILICHUIO U1:1Q16,= a TpeAesbHOE BOCIHUTAHHE BTOPOrO PABHOMEPHO
—0
3a0bIBYMBOTO pobOOTa U,, TaKXKe BOCIMUTAHHOTO HA PABHOIEHHBIX 3MOIIUSX,
ONPEENAETCs paBeHCTBOM U, :1q29 , Tne 6, u 6, — COOTBETCTBYIOLIUE
— 0

KOC—)(I)(i)I/IHI/IGHTBI nmamMsaT, (; U (o,— 3HAYCHHUA COOTBETCTBYIOINMX OJSJICMCHTAPHBIX

Bocniutanuid. Ilpenmnonoxkum, 4tro poOOTHl HpH OECKOHEYHOM BOCHHMTATEIHHOM
Mpolecce MNPUXOAIAT K KOH(IMKTY IO BOCHUTaHUAM. Torma cieayer crpaBell-
muBocTh (popmyisl U; =U,, Baekymas COOTHOIICHHE

ql — q2 - (32)
1-6, 1-6,
PaBeHcTBO (3.2) 1MO3BOJSET OMPEACTUTh MPUOTMKEHHYIO 3aBUCUMOCTD JIPYT OT
napyra Ko3hPUIIMEHTOB MaMATH JBYX KOH(DIMUKTYIOIMMX Ha PaBHOIICHHBIX SMOIUSX
PaBHOMEPHO 3a0BIBUMBBIX POOOTOB:

0, =1-(1-6,)2. (3.3)
J;

OueBuaHO, YTO eciu KOApGUUUEHTHl € U 6, He OyIyT CBA3aHbl COOTHO-

menneM (3.3), TO HUKOTA B Tpeese MEpBBId M BTOPOW POOOTHI HE TPUIYT K
KOH(JIMKTY IO BOCIIUTAHUSIM.

B pasnene 2 ObUIO MOKa3aHO, YTO B PE3yJIbTaTe | HENPEPHIBHBIX BOCIIHTA-
TENBHBIX BO3JICHCTBHI Ha MEPBOr0 po0OTa M | HEMPEPBIBHBIX BOCHUTATEIHHBIX
BO3/JICHCTBUII Ha BTOPOro poOOTa, COOTBETCTBYIOLIME BOCHUTAHMS OIHKCHIBAIOTCS
bopmynamu
1—g ' 1 2174

Torma ycnoBue HacTymiieHuss KOH(IMKTa MeXAy poOoTamMu B Ipolecce
BOCIIUTAHUS OyJIET ONpeiesiTh PABEHCTBO

1-0) 1-¢!
1 _ 2
e "%,

Ho MBI MOXeM cka3atb, yTo eciid KO3 HULIHUEHTH NaMsITH &) u 6, He CBSI3aHbI

1-0)
R[jl] —q 1 R_[2] _

(3.4)

cooTHomeHreM (3.3), TO C TEYEHHEM BPEMEHH KOH(IMKT MeXay poOoTamMHu B
MPOIIECCe BOCIIUTAHUS MPOUILT CaM, TO €CTh, 0€3 KaKUX-TUOO JTOMOJTHUTEIBHBIX
HSMOLIMOHAJIBHBIX BO3JEHCTBUM, OTIIMYHBIX OT BO3ACHCTBHS YK€ CYILIECTBYIOIIMMHU
PaBHOLIEHHBIMH SMOLUSIMHU.

33



4. APYKXBA POBOTOB

N3n0xeHHOE HUXE MPEACTaBISAECT COOON MOMBITKY BBECTH IMOHATHE «ApYykOa
pOOOTOBY.

BBeneM HECKOIBKO ONIPEACIICHUM.

Onpenenenne 4.1. Byaem roBopuTh, 4TO TIpynmna poOOTOB JpyXKHA, €Ciu
WHJVBUTyaJIbHbIE BOCIUTAHUS KaKJOT0 U3 €€ pOOOTOB MOJOKUTEIbHBI.

Onpenenenue 4.2. Ecnum uHAMBUAyalbHbIE BOCHUTAHUS APYKHON TPYIIIBI
poOOTOB HE MeHbIle BeluduHbl Py >0, To OyaeM roBopuTh, 4TO Tpymma poOOTOB

Apy>KHA CO 3HAUEHUEM APYKObI Py .

Teopema 4.1. CymiecTByeT Takoe 4uCiIO ¢, 4TO JIpYyKHas rpynmna poOOTOB
ABJISIETCS IPY’KHOM CO 3HAYEHUEM APYKOBI £.

JokazarenbcTBO. Tak Kak rpymmna apyXHa, TO MHIUBUIYAJTIbHbIE BOCIUTAHUS

Rj (i=Ln) xaxmoro u3 ero poOOTOB YIOBIETBOPAIOT YciaoBUIOR; >0.
CrnenoBaTeNibHO, CYIIECTBYET Takoe uuciao ¢>0, 4To CHpaBesIMBbl HEPABEHCTBA

Rj =&, i=1n,4To 1 TpeOOBAIOCH 10KA3ATh.

Omnpenenenue 4.3. [lycTs MHANBUAYaAIbHBIE BOCIUTAHUS TPYIIIBI, COCTOSIIEH
U3 N poOOTOB, MONOKUTENbHBL. CyMMapHbIM 3Hay€HUEM JApPYKObl N poOOTOB
Ha30BEM CyYMMY BCEX BEJIIMYMH HHJIWBUIYaJbHBIX BOCHUTAaHUA pOOOTOB 3TOM
IPYIIIBL.

bynem mnpeanonaraTb, YTO COBOKYIHOCTb POOOTOB, KOJMYECTBO KOTOPBIX
paBHO N, pasneneHa Ha aBe rpymnmnsl. IlycTe mepas rpynma, cocrtosimas u3z M
poOoTOB, sBIseTCsl HauOoyiee APYKHOM M 3HaueHue ApyxObl paBHO Py. Taxum

00pa3oM, CyMMapHOe 3Hau€HHME JApYKObl IepBod rpynnbl P onpenensercs
paBeHcTBOM P =mPg.

[TycTth BTOpas rpyira, coctosias u3 N-M poOOTOB, UMEET 3HAUCHUE IPYKOBI,
paBHoe Rg. Torma cymmapHoe 3HaueHHe APYKObl BTOPOM TPYMIIBI yIOBIETBOPSET

cooTHomenno A= (n—m)Ry.

OdyeBuaHO, YTO CyMMapHO€ 3HA4YeHHE JpYyKObl 1ByX rpymn R Oymer
onpenensaThes HOpMyIIon

R=P+A=mPy+(n—m)Rg. (4.1)

[Ipenmnosioxxum cripaBeUIMBOCTL HEpaBeHCTBA Py > Ry .

[TycTh 4WiieHbI BTOpOW TPYIIIBI SBISIOTCS pOOOTaMH C PAaBHBIMU PABHOIICH-
HBIMH SMOIIMSIMH (| 1 PaBHOMEPHO 3a0BIBUMBBIMU C paBHBIMH Kod(hduimeHTaMHU
namsTta 6.

[ToctaBuM cneayroulyro 3afady: OIMPENeINTh YCIOBHE BOCIHTAaHUS POOOTOB
BTOPOWM TPYIIbI, MPH KOTOPOM CTAaHOBUTCS BO3MOXKHBIM JIOCTHKEHHE KO-
dunmenTa Apyx)Obl BTOPOW TPYIIbI, PAaBHOIO WU OOJIBIIEr0 3HAYEHUIO KO-
dunuenTa IpyxObl TIEPBOM TPYNNBl B Pe3ylbTaTe BOCIHTAHUS POOOTOB BTOPOM
TPYTIIHL.
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Ucxons w3 cootnomenus (4.1) cimemyer, 4TO 3TO YCIOBHE OIpPEACISICTCS
HEPaBEHCTBOM

mPgy + (N —m)Rx > nRy, (4.2)

rac Rx — 3HadYeHHE BOCIMTAHUS KaXxXJ01ro po60Ta BTOpOﬁ I'PVIIIIBI ITOCJIC Hadajla

BOCIIUTATEIHHOTO MpOolLIecca.
Jlerko BUIETH, YTO COOTHOIICHUE (4.2) SKBUBAJICHTHO (popMyIie
R« > Pp. (4.3)

bynem oIHOBpeMEHHO BO3JEHCTBOBATh Ha KaXKAOrOo poOOTa BTOPOHM TPYIITBI
pPaBHOIICHHBIMM SMOIIMSMHU, IIOKAa HE HAYHET BBIMOJHAThCS YycioBue (4.3).
O4eBUHO, YTO B KOHIIE BOCIUTATEIBHOTO IpOIECCa JIOJKHO BBITIOJIHSITHCS
COOTHOLIEHHE

J .
qi +6] Ro =P,
-0

rie ] — KOJMYECTBO TaKTOB BOCIHUTATEIBHOTO IMpolecca JUisi POOOTOB BTOPOM
TPYIIIBL.

Takum oOpazoM, mpu 3aJaHHBIX KO3 UIMEHTaX MaMmsTH POOOTOB BTOPOM
Tpynmnbel  JJIi  ONPEACJICHWs  HAMMEHBIIEr0  KOJIMYECTBa  HEOOXOJAMMBIX
BOCITUTATEIbHBIX TAKTOB HEOOXOAUMO PEIIUTh CIAEAYIONIYIO 3a1a4y:

J .
HAHTH Min q—e +8IRy — Py (4.4)
1l 1-0

1-01
IPH YCIIOBUHU qﬁﬂé’JRO —Py=0.

JlokaxxeM Teopemy.

Teopema 4.2. Ecnu cripaBe/yIMBO COOTHOIIIEHUE 1q‘9 +Rg <Py, TO 3a1a4a (4.4)

HE UMEET PEIICHUSI.

JoxkazarenbcTBO. Tak Kak poOOTHI BTOPOH TPyl pAaBHOMEPHO 3a0bIBYMBEI, TO
cripaBeyuBO ABoMHOE HepaBeHCTBO 0< 0 <1. Takum 00pa3oMm, yCIOBHE TCOPEMBI
4.2 Bneuet (hopMyIty, CIIPABEIIMBYIO IS JTFOOOTO 3HAUCHHS TAKTOB j:

J .
q 1707 o] Ro < Py.
-0

Dra Gopmysaa TOBOPUT O TOM, UYTO OTPaHHYHUBAIOIICE yclIOBUE B 3amaue (4.4)
HUKOT/a BBIMOJHATBCA He Oyner. CnemoBatenbHO, 3anaya (4.4) mpu ycllOBUSX
TEOpEMBbI HE UMEET PEILICHHUS, YTO U TPEOOBAJIOCH 10KA3aTh.

WHpIMM CclTOBaMH, CMBICI TEOPEMBI MOXKHO IEpelaTh TakK: HE BCErja BOCIH-
TaTENbHBIMU BO3JCHCTBUSMH Ha POOOTOB MOXKHO JOOUTHCS TOTO, YTOOBI POOOTHI
CTaJIi OJJMHAKOBO JIPYKHBI MEXAy COOOM C 3aJaHHBIM 3HAaYCHHEM JPYKOBbI.
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5. 'HIIOTE3A O ICUXOJOI'MYECKHUX
YCTAHOBKAX POBOTOB

Coerckmii micuxonor [I.H. Y3manze [93], OwBmmii mupekrop MHcTHTyTa
ncuxonornn AH I'py3um, HOCAIIEro B HACTOSIIEE BpPEMS €ro WMMs, BBIIBHHYJI
THIIOTE3Y O CYIIECTBOBAHWUHM Y YEJIOBEKA ICUXOJIOTUYECKHX YCTAaHOBOK. Y3HAaJ3e
MUCall, YTO C TCUCHUEM BPEMEHH KU3HH YEIIOBEKA YCTAHOBKU MECHSIFOTCH.

OnwuieM TUTIOTE3y COBETCKOTO TCHXOJIOTa SI3bIKOM MAaTeMAaTHUKU U MEPEeHEceM
e Ha MaTeMaTHYECKOE OIMMMCAHUE IICUXOJIOTUU SMOIIMOHAIILHOTO pOOOTA.

Cornacao paboram JI.H. Y3mamze [93] u ero yuenukoB [14] cymiecTBYrOT
HIepUOJIbI JKU3HH YeJIOBEeKa, IPU KOTOPHIX YCTAaHOBKH He MeHs0TcA. [loaToMy Oynem
cCuMTaTh, 4YTO JUIi OTHX NEPUOJOB OMOIMH uYeloBeka (poboTa) SBISIOTCS
PaBHOIICHHBIMH.

bynem cuurtaTth, 4TO 3MOIMS M (t), COOTBECTBYIOIIAs HYJIEBOMY TakKTy, MPHU

KOTOPOM OHa MOsIBWJIach y poOOoTa B pe3ysibTaTe MEPBOr0 BO3ACHCTBHUS Ha HETO
CIO)KETOM-CTUMYJIOM, COXpaHsieTCsl B MaMsITH poOOTa TMOCTOSHHO, BBICTYIAs
CBOCOOpPA3HBIM ATAJIOHOM 3MOIMI 3TOr0 THUMNA U SIBJISISICH 3TAJIOHOM 3MOIIMH, T.e.
TAIOHHOW »Monuer. CKa3zaHHOE€ MOXKHO OIHCaTh MATETUYECKH CIIEAYIOIUM
obpazom:

Mi(t) = Mo(t) =M (t). (5.1)

Tak kak ¢opmyna (5.1) cnpaBemuBa ajis J1r0OOr0 TakTa i, TO B 3TOM CIy-4yae
MOYHO 3aKJIIOUHUTh, YTO Yy OTIEJIBHOr0 po0OTa ATaJOHHBIE AMOIMU OJIHOTO THIIA,
BBI3BAHHBIC OJHUM U TE€M K€ CTUMYJIOM, PAaBHOLICHHBI, T.€. CIPaBE/IJIMBO PABEHCTBO

[
q= [M(z)dz =const,i>D0.
ti—1

[Ipexnae yeM mepenTy K AaJbHEHIIEMY H3JIO)KCHUIO, OTMETHUM, 4YTO aJEKBaT-
HOCTh OIpejesieHust 2.6, OMHCHIBAIONIETO MPEAeIbHOE BOCIUTAHUE, T.€. MPECHI-
IIEHUE BOCIUTAHUA POOOTA TIOJHOCTHIO TMOJATBEPKAACTCS TCUXOIOTUYECKUMHU
UCCIIEIOBAHUSIMU. Pe3ynbpTarbl 3TUX HCCIEIOBAHHWI TOBOPST O TOM, UYTO HEBO3-
MOYXHO BOCHHTBIBAT YeJOBEKa 10 OECKOHEUHOCTH, y BOCIHUTYEMOTO, HauyWHas C
OIpE/ICICHHOrO0 BPEMEHH, HAcTymaeT mnpechimieHue [3; 4], ¥ OH mogHMMaeTcs Ha
HOBYIO CTYIICHb DMOIIMOHAIBHOUN JesITebHOCTH. OMUIeM Mepexoi Ha ATy HOBYIO
CTYTICHb.

Brenem onpeseneHue ypoBHsl BOCIUTaHUSI poOOTa.

Onpenenenue 5.1. YpoBHeM BocnuTaHus poOOTa HA30BEM KOJIMYECTBO CMEH
ATAJIOHHBIX OMOIMI (YyCTaHOBOK) poOOTa K TEKyIIeMy MOMEHTY BpPEMEHH
BOCIIUTATEIBHOTO MpOIlecca.

Bocnuranue, sTanoHHy 0 3MONui0 U KOAGOUIIMEHTHI TaMsTH, COOTBECTBY-
folue ypoBHio k, 0603raunm R, MM(t) m o/,

Ilycte poGOT sIBISETCS PAaBHOMEPHO 3a0BIBUYMBBIM C pPaBHBIMU Koddduiime-
HTaMU MaMSTH JIJIs BceX YpoBHEH, T.e. 61! = 0. [Ipeanonoxum Taxxke, 4To JJis BeexX
YPOBHEW HENPEPHIBHOTO BOCHUTAHUS POOOTAa €Tr0 AMOIMH TOJOXKUTEIbHBI, YTO
BJICYET CIPABEIJIUBOCTH HEPABEHCTBA ( > 0.
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Hcxons U3 BBIICH3IOKEHHOTO, MOXHO TPEIOKHUTH CICAYIONIHA alrOpuT™M
CMEHBI 3TAJIOHHBIX MOIHH (YCTaHOBOK) poboTa:
1. 3apgaeTcst ATaOHHAsI AMOLUS TEPBOTo YPOBHS (K =1).

2. 3HaYEHUIO TaKTa MpucBamBaercs Homep 1: i=1.

3. BocriurarensHBINM mpoIiecc onpeaetsieTcsi CoriacHo hopmye

k k k
R =g + R
4. Beraucnsiercss mpenensHoe BocnuTanue U™ mis ypoBas k 1o dopmyre
[K]
yta = @
1-60

5. Ecu ‘Ri[k] —U[k]‘ > ¢, TO HOMEp TakKTa | YBCIMYHMBAETCSA Ha 1 M OCYIIECTB-
JISIETCS TTEPEXO/T K IMYHKTY 3.

6. YBennunBaeM TOPSAKOBBIA HOMEp Kk Ha EOUHHUIY M OCYIIECTBISIEM
npucBauBanue ! = R*Y,

7. Ecnmu cymmapHOe BpeMsi BOCIUTATEIBHOTO pPOOOTa MEHBIIE JIOMYCTH-
MOTO, TO UJIEM K 2.

8. KoHerr.

[IpenyioxKeHHBIN ANrOPUTM HU3MEHEHUS YCTAHOBOK M IIEPEX0Ja BOCHUTAHUS
poboTa Ha OoJsiee BBICOKHI ypoBeHb Ha3oBeM airoputmom J[.H. V3nanze.
IIycte mepexox ¢ ypoBHS K BOCHMTATENBHOIO IpoLEcca Ha YPOBEHb K +1

OCYHleCTBJIHeTCH HpI/I BBITIIOJIHCHU U YCHOBI/IH
k K q[k] k
R — RI — _ K
1-6

K]
9

rae O<e¢

Brenem omnpenencHrne BOCIPUUMYUBOCTH POOOTa K BOCITUTAHHUIO.

Onpenenenue 5.2. OOpaTHYIO BEIWYHHY K BEJIWYMHE OTKJIOHEHUS IMpeAeiib-
HOTO BOCIUTAaHUS OT BOCHHUTAHUS, MPH KOTOPOM OCYIIECTBISIETCS MEPEeXo] Ha
HOBBI BOCHHTATEIbHBIH YPOBEHb, HA30BEM BOCIPUUMYHMBOCTBIO poOOTa K
BOCIIUTAHHUIO.

OdeBuaHO, 4TO JUIsl YpOBHS K BOCTpUUMYHBOCTH W' poOoTa K BOCIUTaHHUIO

o 1
onpenensiercs hopmynoin wkl = s
&

[Tpenrooxum CripaBeNTUBOCTh paBeHCTBA &) = & = const 17151 TIOOOTO YPOBHHL.

Jlerko mokasatp, utO, Ucxonada u3 anropurma J.H. Y3nanze, B sToM ciyudae

YHUCIICHHOEC 3HAYCHWE HWTOTOBOIO BOCIHMTAHUSA, TPH KOTOPOM OCYIIECTBIISETCS

MEPEX0Jl C YPOBHS K BOCIHUTATEIILHOTO IMpoIlecca Ha YPOBEHb K +1, yIOBICTBOPSET
COOTHOIIEHUIO

R _ q" +g(1—9)k -1

1-6)¢ ea-6)*’

(5.2)

37



®opmyina (5.2) BIEYET LENOYKY CICTYIONINX PABEHCTB:

o £+1 -1
i _ 0+ efa-02-1v0] | & L1-0 (5.3)
- o(1- )" L aa-0) 0 | '

HerpynHo 3aMeTuTh, 4YTO TMpU YAOBJIETBOPEHUM YCIOBHS  gd :(1_1}
0
lim RM =qgH. A 53
CTIPaBE/UTHBO PABEHCTBO  lim g~. AHamu3upys cooTHomeHue (5.3), MOXKHO
—>0

1
clenaTh BBIBOJ O TOM, YTO TP BBHINOJHEHUM HEpaBeHCTBa QM > (5—1} UTOTOBOE

BOCIIMTAHHUC CTPCMHUTCA K TTOJIOKUTEIBHONH OCCKOHEYHOCTH IIpHu OCCKOHEYHOM

. 1
YBEJIMUYCHUN KOJHMUYECTBA YPOBHEH; MPHU BBINOJIHEHHH HepaBeHcTBa g <| = -1,
’ 0

Jake TpU BO3ACUCTBUM Ha pPOOOTa TOJIBKO TMOJIOKUTEIBHBIMUA HIMOIMIMH,

CIIPaBEUIMBO paBeHCTBO  lIM RIKI =—o00, Takum 00pa3oM, BOCIPUUMYUBOCTH
k—o0

pobOTa K BOCIHUTAHUIO M TMaMATh po0OTa CEPhE3HO BIMUSIOT HA PE3YJIbTAThI €ro

JIUTUTEIIBHOTO HEMPEPHIBHOTO YMOIMOHAIIBHOTO BOCITUTAHUS.

[Ipy KOMIBIOTEPHOM MOJCIHUPOBAHUM HEMPEPHIBHOTO BOCIUTATEIHHOTO
MpoIecca SMOLUOHAIILHBIX POOOTOB € YYETOM ITAJOHHBIX AMOIUH (ycTaHOBOK) J[.H.
VY3Hana3e W mpenuaraeMoro HaMmH OINPEICTCHUsS MOMEHTA JJIsi M3MEHEHUS ITUX
YCTAaHOBOK Pa3pabOTUUK-TIPOrPAMMUCT MOXKET CaMOCTOSITEJIbHO 3a/aBaTh 3HAUYCHUS
K02 (OUIIMEHTOB MaMSITH U BOCIPUUMYUBOCTHA POOOTOB K BOCITUTAHUIO.

OtMeTuM, 4TO TIpU KOMIBIOTEpHOU peanuzauuu anroput™ma JI.H. Y3nanaze B
Ka4yecTBE OJHOTO M3 BXOJHBIX MapaMETPOB IEIeCO00pa3Hee HCIOIL30BaTh OTHOCH-
TEIbHYIO BOCIPUMMYHMBOCTh K BOCHUTAHHIO « , CMBICI KOTPOW OIpeaemseTcs
bopmynoit
e _¢(1-9

FA
1-6

Takum o0pa3oM, BeIMYMHA « TIOKa3bIBa€T YacTh MPEAEIbHOIO0 BOCIIUTAHMS,
MpU  JOCTHXKEHUU KOTOPOW TMPOUCXOAUT TEPEXO0Jl OT MPEAbIAYLIEr0 YpPOBHS
WUTOrOBOTO BOCHUTaHUs K mocienyroiiemy. OueBuaHA COPABEIIMBOCTH ABONHOTO

HepasencTBa 0 < o <1.
Jlerko mokasath, 4TO MPH BHIMIOJIHEHUHU yCIOBHS « =6 crpaBemuBa Ghopmyia

o

lim R[k]:q[l], npu <6 BepHO cooTHoleHne lim R[k]:oo, npu o >6
k—o0 K—o0

. k
CIIPaBEIJINBO PABEHCTBO lim R[ ] = —00,
kK—o0
Takum oOpazom, mpemaraeMblii paszena IMO3BOJIIET MPOTHO3UPOBATH Ka-

YCCTBCHHOC IOBCACHUC HTOI'OBOI'O HCIIPCPBIBHOTO BOCIIMTAHUSA pO6OTOB C y4€TOM
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YHUCJICHHBIX 3HAYCHUU QJIEMCHTApPHOI'0 BOCIIMTAHM, KOS(I)(I)I/IIIHGHT& ImaMsTHu p060Ta
U BOCIHPUHMMYMUBOCTH BOCIHHUTAHUA W JaCT BO3MOXKHOCTH IIPOBOJUTHL AHAJIOI'MIO
MCKAY BHYTPCHHHMH MCXAdHHU3MAMH JTICHUXOJOTHYCCKOIO0 ITOBCACHUS p060Ta 151
YCJIOBCKA.

6. SKBUBAJIEHTHBIN BOCIIUTATEJIBHBIN ITPOIIECC

Onpenenenre 6.1. DKBUBaJEHTHBIM BOCIHUTATEIBHBIM TIPOIIECCOM HA30BEM
HEINIPEPBIBHBIM  BOCIMUTATEIBHBIN IIPOLIECC, COOTBETCTBYIOIIUM BOCHMUTAHUIO C
PaBHOIIEHHBIMH SMOITUSMH, PABHBIMH KOd(DPHUIIMEHTAMU TaMSATH, WMEIOIMNN
HaWMEHBIIIEE OTKJIOHEHHE BO BCEX Y3JIOBBIX TOYKaX H3MEPEHUS BOCIMUTAHUS OT
3HAYCHUH peasbHOTO HEMPEPHIBHOTO BOCIIUTATEIHLHOTO IIpoIiecca podoTa.

6.1. MATEMATUHYECKAS MOJIEJIb 9KBUBAJIEHTHOI'O
BOCIIMTATEJIBHOI'O TIPOLIECCA

IlycTp 3HaUYeHMS BOCHUTAHMM PEATBHOIO HEMPEPBIBHOIO BOCIHUTATEIBHOTO

mpoiiecca po0oTa B KOHIE KaXJIOTO TaKTa 3a7aloTcs BeaudnHaMu R i j=1n, roe

N — oOImee KOJWYECTBO BOCHHUTATEIbHBIX TakTOB. [IyCcTh Tak)kKe BBITIOJHSIOTCS
YCIIOBUS

R =Ry >0, j=Ln-1. (6.1)

ATIPOKCUMHUPYEM peabHbI BOCIUTATEIBHBINA MPOLIECC pOOOTA SKBUBAJICHTHBIM
BOCIIUTATENLHBIM TIporieccoM. O4eBUHO, YTO JIJIsl 3TOT0 HEOOXOIMMO HAaWTH 3HAUCHUS
nepeMeHHbIX @, (|, TOCTABJISIONIMX MUHUMYM LIEJIeBON (DyHKIIUH

- 2
n . 1_g911

JO.q)= 3 |Rj -0 R —q— | (6.2)
=2 1-6

Taxum 00pa3om, 17151 TOCTPOEHUSI SKBUBAJIEHTHOTO BOCIIUTATEIBHOTO IIpoLecca
HEOOXOIMMO PEIINTh CUCTEMY YpaBHEHUI

03(0.9) _, 9(0.9) _, (6.3)
o0 'y ' '

B pasBepryTOM Buje ¢ yduerom cootHomeHus (6.2) cucrema ypaBHenuit (6.3)
MPUMET BUJ

i 1-9)71 i
Ri —0) R, —qg=—~ |h-0!1)=0, 6.4
zz[ j-0i R a2 J( ) 64)

i _pi-1 . ol (i ji—2(1
% Rj_gj_lRl_qi (j_l)QJ—ZRl_ql 6 (J ]_)9 (1 9)
- ¢ 1-0)?

(6.5)
Tak kak peireHus cucreMbl ypaBHeHui (6.4) — (6.5) m0mKHBI yIOBICTBOPATH
YCIIOBHSIM
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0<#<1,q>0, (6.6)

TO, Onaromaps TPOBEpPKE CIIPABETMBOCTH HepaBeHCTB (6.6), MOXHO OICHHUTH
aJIeKBaTHOCTb KBUBAJICHTHOTO MPOLIECCa PEAIbHOMY BOCIIUTATEIILHOMY MTPOLIECCY.
Harinennbie u3 ypaBHenuii (6.4) — (6.5) xoadduumentsr 6,  MO3BOJAIOT

npUOIMKEHHO HAWTH TpeelbHOE 3HAU€HHUE BOCIUTAHHS HEMPEPHIBHOIO MpoIiecca
Z. O4eBUIHO, YTO BeIMUMHA Z yIOBJIETBOPSIET COOTHOLIEHUIO

j—1
Z = lim [RoI™ ql_é’J -4
[ 1-9 | 1-6
OHCHI/IM IMOTPCIIHOCTL BBIYUCICHUA IIPCACIBHOIO BOCIIMTAHHA PCAJIBHOI'O
HCIIPCPBIBHOT'O  IIponeccca p060TOB acpes3 DKBUBAJICHTHBIM BOCIIMTATCIbHBIN
IpoLEecc.
CornacHo (bOpMyJIe HCIIPCPBIBHOI'O  BOCIIMTAHHA  PCAJIBHOIO  IIponecca
CIIpaBCJIMBO COOTHOIIICHUC

J
Rj :rj+0jRj_1+kI_710kR1. (6.7)

[lepetinem B paBeHcTBe (6.7) K mpeneny HpU BpPEMEHH, CTpeMslIeMcs K
OECKOHEYHOCTH:
j
im Rj= lm rj+ lim & Im Rj_;+ lim 17 6(R;. (6.8)
jooo j—oo joo T jow j—ook=1
CoriacHo TeopeMe O CXOJUMOCTH BOCHHUTAHUS CIPABEUIMBO COOTHOIICHUE
im R;j =D >0.Hcxons us storo, coorHoureHne (6.8) 5KBHBAICHTHO PaBEHCTBY
joo
D= lm rj+ lim 6;D.
j > t—o0
Takum oOpazom, BenuunHa D y10BIETBOPSIET COOTHOIICHUIO

lim rj

D= H;‘O (6.9)
—im &; i
J—>°0

[Ipennosioxxum cripaBeyIMBOCTh HEPABEHCTBA
lim rj
oo, 9 (6.10)
1- Iim 49] 1-6

J—)oo
C yderoM ToOCIETHEr0 HEpaBeHCTBA U cooTHomeHus (6.9) momydum
cieaywuyw hopmyiy:
lim rj =
D_7. i ¢ ™M g _ M-g = q6-M¢ (6.11)

=m0 =67, 5 16 (1-5}(1—9) [1—5}(1—9)’

rae M =maxrj, 6 =max6;.
J J
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PaccmoTpum ciyvaid, COOTBETCTBYIOIIMKA HEPABEHCTBY

lim r;

ool _ g

- < :
1- lm 6; 1-6
Jo©
OueBHIHO, YTO B 3TOM CIIy4ae OI[€HKA MOTPEIIHOCTH MPEIEIbHOr0 BOCIIUTAHUS
OyIeT yIOBICTBOPSITH COOTHOIICHUSM

fim M q(l—@j—M(l—H)
:1q9_1 JT)O 0 Slqﬁ_l_ez e ’ (6.12)
— — Im - — i
oo ) 2 (1—9)(1—@

rae M =min r, ¢ = min ¢9j, j=100.

CootHomienuss (6.11) u (6.12) nmaroT BO3MOXHOCTh BBIYMCIMTH OIICHKY X
MOTPEITHOCTH TIPEACIBHOTO BOCIIUTAHUS TIPH allPOKCUMAIIMU PeajJbHOTO Mpolecca
AKBUBAJICHTHBIM BOCHHUTATENIbHBIM IpoiieccoM. OUeBUIHO, YTO B OOIIEM Clyyae OHa

Oynet onpenensaThest GopMyIIoi

M —q 46— M8 q(l_‘?j_'\f'(l_‘g)

oo (oo | oo

Anamm3 gopmyn (6.11) u (6.12) mo3BonsieT yTBEp)KIaTh, YTO TOTPEITHOCTH
BBIUMCIICHUSI TPEACTBHOTO BOCIHMTAaHUS OyJeT TEM MEHBIIE, YeM XYKe
OMOIIMOHAbHAS TAMSTh POOOTA.

Pasenctra (5.11), (5.12) mo3BosisAtOT a1 3a0BIBYMBOTO po0OOTAa TOBOPUTH O
CTIPaBEIITUBOCTH (POPMYJIBI

X < max

im Rj ~—1—. (6.13)
j—>o 1-6
B cuny npeanonoxenus (6.1) coornomenue (6.13) momoraer mpuOIHKEHHO
BBIYHUCIISTh TPEJASIHbHOE BOCIUTAaHUE po0OOTa IS PEaThbHOTO BOCIHUTATEIHLHOTO
MpoIiiecca Ha OCHOBE KBUBAJICHTHOT'O BOCITUTATEIHLHOTO MPOIIEcca.
Jlerxo BUIETH, 4TO paBEHCTBO (6.9) BI€UET COOTHOIICHHE

R j < l_, J = 1, 0,
1-6
SBJISIFOITICECS BEPXHEH OIEHKOW BEJIMYMHBI BOCIMUTAHUS PEaJbHOTO BOCIHTA-
TEJIHLHOTO TpoIecca 3a0bIBYMBOTO POOOTA.
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6.2. AT TEPHATHUBA ILEJIEBOM ®YHKIIUM ITPU COBIIAJEHUA
TAKTOB PEAJIBHOI'O U DKBUBAJIEHTHOTI'O
BOCIIMTATEJIBHBIX ITPOOECCOB

BBegem OGoisiee mpocTyro 1eneBy0 (yHKIHUIO, MUHAMU3AIUS KOTOPOM TakKke
aactT HaMm KO3puIMeHTel @ u (|, KOTOphIE OMPEICNSIOT IKBUBAJICHTHBIA BOC-

MMUTATEIbHBIA MPOLIECC:
2

n
JO,0) =Y (R -q-R;,) .
i2
Cl‘[paBe,I[JII/IBOCTB HaHHOﬁ HeHeBOﬁ (I)YHKHHH JJIA HOCTPOGHI/IH OKBHUBA-JICHTHOTI' O
BOCIIUTATCIIBHOTI'O HpOHecca CJIe,ZIyGT nu3 (bOPMy.HBI BOCIIMTAHHUA pO6OTa C
PaBHOLICHHBEIMH SMOLMSAMU U PaBHEIMHU Kod(pdumuentamMu namaru: R, = q+6R; ;.

[IpousBeneM MHUHMMH3aUMIO JOaHHOW GyHKOUM. o 3TOoro HeoOXoIuMO
PELINTB CIECAYIOUIYIO CUCTEMY:

0J(6.,9) _
00 ’
0J(6,9) _
aq
Haitnem cooTBeTcTByIOIIKE TPOU3BOAHBIE:
ad (6, 4
((39 D _ 23 (Ri =9~ Ry )(-Riy),
i=2
aJ (6, 4
(8q 9 23 (Ri —q =R J(-D).
i=2
Cucrema npuMeT CleyOIUi BUL:
(n
>(Ri—a-Ri1Ri1 =0,
i=2
n
(Ri —q-6Ri4)=0.
i=2

YIpocTuM U MoJay4uM

n n n
> RiRi4—qY Ry -0 (Ri4)* =0,
i=2 i=2 i=2

n n
SR -q(-1) -6 Ry =0.
i=2 i=2

Cucrema sIBIISICTCSl TMHEHWHONH OTHOCUTENIBHO & | (|, TO3TOMY BhIpasuMm 6 u
yepe3 R;. 13 BTOporo ypaBHeHHs nojry4aem

n n
2. Ri—02 R4
i=2 i=2

4= n-1

42



[loacTaBuMm ( B IEpBOE ypaBHEHUE U TOJYYUM

n n
N 2Ri -0 Ry

: : n
YRR — =2 =2 SR4-0Y (R4 =0
i=2 n-1 i=2 i=21
n n 2
n Z RI Z Rl—l [Z Rl—lj n
o YRR, -2 =2 | gN=2 0> (Ri4)’ =0
i—2 - n-1 i—2
2
n n n
n 2 Ri>2Riy . 2 (% Ri—lj
&SRR, 122 =22 g R, = 7 1=,
i; (R ES n—1 é( |—1) n—1

n n
n Z Ri Z Ri_l n n n
YRR, -2 =2 (-)YRR;-DR >R,
_ i—2 i iz

=2 n-1
0= - N = X >
) 2.Ria (M-DX (Ri)* -| YRy
R. )2 _\i=2 i=2 i=2
é( |—1) n—1
CrenoBaTeipHO,
n n n
i (n-DY RiRi; - 2R 2Ry |
R — i=2 i=2 =2 R.
= i N , N 2 I:Zé -1
(M=-D> (Riy)"—| 2Ry
q= i=2 i=2

n-1

Takum oOpazoM, MpW M3BECTHBIX 3HAUEHHUSX BOCIHUTAHMS PEATHHOTO BOCITH-
TaTeJIbHOTO Tpoliecca poboTa Ri,i =1,_n MOJIy4aeM €IUHCTBCHHBIE 3HAYCHUSA
kodpdummenToB 6 wu (, IS KOTOPBIX JOJDKHBI  BBIMOJHATHCS — YCIIOBHS
0<6<1,qg=0.

ECJ’II/I HOJ'Iy‘-IeHHBIe 3HAYCHUA yI[OBJIeTBOpHIOT BCCM BBLIIICIICPCUYHNCIICHHBIM
OrpaHuveHusIM, TO KodhduimeHtsl € u ( ONpeAesOT SKBHUBAJICHTHBINH BOC-
HI/ITaTeHbelf/'I Hpouecc. ECJII/I KE HOJ’IyT-IeHHBIe 3HAUYCHUA HEC y,[[OBJ'ICTBOpHIOT
OFpaHI/I‘-IeHI/ISIM, TO HOCTpOI/ITB BKBI/IBaJ'IeHTHHﬁ BOCHI/ITaTeJ'IBHHﬁ Hpouecc C
BBI60pOM TCX XK€ TAKTOB BOCIIMTaHUsA, YTO U B peaJIBHOM BOCIIUTATCIIbHOM Hpouecce,

N COOTBCTCTBYIOHIMMH BOCIHHUTAHUAMU Ri,i :1,n pC€ajIbHOI0 BOCHHUTATCIIBHOI'O

po1ecca HEBO3MOXKHO.
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Haiinennpie xoddpdummentst € u ( MO3BOJSIIOT MPUOIMKEHHO HAWTH TIpe-

ACJIBHOC 3HAYCHHUC PCAJIbHOI'O BOCIIUTATCIIBHOI'O ITpOoHccca. HYCTB Z - MpCaACIbHOC
3Ha4YCHUC, TOTrda

Z=Ilm(Q+6R,)=0q+6L.

|—>00

9

Otcrona mosryqaem Z = ——.
1-6
CornacHo (opmyse HENpepbIBHOTO PEAJLHOTO BOCIHTATENBHOIO Ipoliecca
CIPaBEJIMBO COOTHOILIEHUE
Ri = rl + 9, Ri—l'
[lepexons k npezaeny B JAHHOM COOTHOLIEHUH, OJTYy4YUM
im R; =lim r; + lim &; lim R;_;.
i—o0 i—>0 i—>0 >0
CornacHo teopeme 2.1 0 cXOAMMOCTH BOCTIHTaHHUs 3a0BIBUMBOTO poOOTa Ha
IOJIOKUTENBHBIX OMOLMSX ChpaBeminBo cootHoiienne m R; =D >0. Takum
1—>00
o0OpazoM, mojrydaem
D =Imr; +lim 6,D,

i—o0 i—o0
lim r;
— |—00 )
1-lim 6
|—0
Iim r, q
[Tyctp —=2 > , TOTAa OIYYUM (hopMyITy:
P ime 1-0 yum dopuyry
|—00

oo, g My g M@-0)-q0-6)
1-lm6, 1-6 1-6, 1-0  (1-6)1-0)

i—o0

1

rae M; =maxr,,0, =max é;,i=1.
1 I

Iim r,
Paccmotpum cinyyan, korga 1% < d , TOrJ1a oJTyduM (popmyiy:
1-lmég, 1-6
|—>00
lim r, _
_p-_9 _ | . 9 M; _qd-6;)-M,;1A-0)
1-0 1-lmé 1-6 1-6, 1-6,)1-6)

i—0
rae M, =min r;,6, =min 6;,i =1,00.
I |
HOJ’IY‘{CHHLIG COOTHOLICHHUA OAal0T BO3MOXXHOCTb BBbIYHUCIWUTL IIOTPECIIHOCTD
MNpeACIbHOTO BOCIMUTAHHA IIPHU alllIPpOKCUMAIIMKM PCAJIBHOI0O BOCIHUTATCIIBHOI'O
Impouecca 5KBUBAJICHTHBIM BOCIIMTATCIBbHBIM IIPOLECCOM. HOFpeIHHOCTB X 6y,Z[€T
ONpCACIIATECA CIICAYIOIIUM COOTHOIICHHUEM!
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M,(1-6)-q(-6) qld-6,)-M,(1-6)
1-a)1-6) = (1-6,)1-6)

N3 ananu3a BBIIICONMCAHHOIO HEPABEHCTBA MOXHO CHIEJIaTh BBIBOJ O TOM, YTO
yeM XyK€ OJMOIMOHAJIbHAs MaMATh Yy poOoTa, TEM MEHbIIE MOTPEUIHOCTh
BBIUHCJICHUS NPEAECIBHOIO BOCIIUTAHUS.

IIpumep. PaccMoTpum TmpuMep TNOCTPOEHHUSI SKBUBAJIEHTHOTO BOCIIUTA-
TEJILHOTO MpolLecca:

IIycTh peanbHbld BOCOUTATEIBHBIN MPOLECC COAEPKUT TPU TAaKTa BOCIIUTAHUS
Ri,R,,R3, mpu satom R; =1, R, =3,R; =4. Hcnonb3ys npuseneHHble (HOpMyIibl

X < max

JUISL BBIYMCICHUA @ U (, IIOJIy4aeM

* 7%
g-2715-7*4 1,0
2*10-16 2

_ *
7205745
2 2

[Tpu >Tom BeIMONHSIOTCS orpanmyeHust 0 <0 <1,q=0.

Taxum 0Opa3oM, MbI OJIyYMIH alPOKCUMALIUIO PEAJIbHOTO BOCIIMTATEIIBHOTO
[IpoLIecCca, UMEIOLIEr0 TPU TaKTa BOCIUTAHUSA, B KOTOPBIX PEAILHOE BOCIIMTAHME
Ri =1,R, =3,R; =4,  5OKBHUBWJICHTHBIM  BOCIHUTATEIIBHBIM  IIPOLECCOM  C

PaBHOICHHBIMH AMOIUSAMHU TIpH ( = 2.5 ¥ paBHBIMH KO3(PPHUIMECHTAMH TaMSITH

6 =0.5.
I/ICXOI[H U3 IIOJIYUYCHHBIX 3Ha‘-IeHI/If/'I, Haxoaum HpI/I6J'II/I)I(eHHOC 3HA4YCHUC
INpcaAcCjabHOro BOCIIMTAHHA /. HecioxHble BBIYHUCIEHUS JarnT CICAYIOHICC

9

COOTHOIIEeHUE: Z ~ ﬁ =5,

6.3. OGOBIIEHUE HA CJYUYAN HECOBIAJEHUS TAKTOB
PEAJIHOT'O Y DKBUBAJIEHTHOTO BOCIIUTATEJbLHBIX
MPOILIECCOB

B kadectBe 0000meHus OyaeMm Tmpeanoaratb, 4To KOJWYECTBO BOCITUTA-
TEIbHBIX TAaKTOB B 3KBHBAJICHTHOM BOCIHMTATEIILHOM TIPOIECCE MOXKET OTIUYATHCS
OT WX KOJMYECTBA B PEaJbHOM BOCIHMTATEILHOM Tiporecce. Hampumep, KoHerr
BTOPOTO TaKTa PEAJbHOTO BOCIHTATEIBLHOTO IIPOIlecca MOXKET COOTBETCTBOBATH
KOHITy BTOpPOTO MJIHM 0oJiee TaKTa SKBUBAJCHTHOTO BOCIHMTATEIHLHOTO IIpolecca.
HecoBnagenne TakToB ISl BOCIHMTATEIBHBIX IPOIIECCOB MOXKET OBITh CBS3aHO C
IIPOM3BOJIBHOCTBIO BPEMEHU HM3MEPEHHS BOCIHTAHHMK PEATbHOTO BOCIHTATEIHHOTO
nporecca. IlocTpoeHne SKBUBAJEHTHOTO BOCIUTATEIHLHOTO TMPOIECCa MOXKET
MPUOJIMKEHHO BOCCTAHABIIMBATh 3HAYCHMSI BOCIMTAHWUN PEATHOTO MpoIecca s
Ka)KIOr'0 TaKTa.

[Ipeamnonaras HEMPEPHIBHOCTh KBUBAJICHTHOTO BOCIHUTATEIBHOTO IPOIIECCa,
MOKHO TIOJIOKHUTh, YTO BO BPEMS KaXKJIOTO TaKTa SKBUBAJIEHTHOTO BOCIIUTATEILHOTO
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npouecca Ha po0OoTa JEHCTBYET pABHOLEHHAs OJMOLMS C DJIEMEHTapHBIM
BocriutanueM (. JIerko BHmeTh, 4TO 1ieneBass (PyHKIHS MOXKET OBITh MpeCcTaBIcHA

CIEAYIOIIMM 00pa3oMm:
2

o n 1-@
JO,4q, ji Jn) =2 | R —a—— | , (6.14)
— 1-0
rac Ri - 3BHAUYCHHUC BOCIIUTAHUSA peaJILHOFO BOCIIUTATCIIBHOT'O HpOHGCC& IIOCJIC TaKTa
. 1- 9]
| ) a qﬁ XapaKTepI/ISYCT BOCIIMTAHUC, HOHY‘IGHHOG B pCBYJIBTaTe

9KBHUBAJICHTHOI'O BOCIIMTATCIILHOI'O ITPONCCCa IMOCJIC TaKTa ji .

Takum 00pa3om, IJIsi TIOCTPOCHHS JKBUBAJICHTHOTO BOCIHTATEIHLHOTO TIPO-
1ecca HEOOXOTMMO MHHUMH3UpPOBaTh IieneByo ¢yHkuuoo (6.14). Jlns storo
HEO0OXOJMMO PEIIUTh CUCTEMY YPaBHEHHI

Q0. - Jn) _

00
03 (0,9, ji,.. Jn) 0.
aq
Cucrema ypaBHEHHUH I ONPeAeICHHs BeIUnd 6 U (| IPUMET BH]
n _pli N N
> a—qlli-hﬁh4a—m+9“—ﬂza
i1 1-6
n 1—-0 i
—q—2_|=0,

Zl Il
0<6<19>0

IIpumep. Ilomaras cnpaBennmBocTh cooTtHomeHud R; =3,R, =6,R; =10 n

UCITONIB3YsI CIOCO0 MUKIMYECKOTO Tepedopa Il MUHUMH3AIUU [IeJIeBON (PYHKITUN
(6.14) mpu mrare mepeGopa mns  u 6, paBueim 0.1, mns j;, paBHoro 1, u
WHTEepBasiaXx w3MeHeHui ( B mpenemnax ot 0.1 mo 2.9, € - B npenemax ot 0.09 mo
0.99, j; - B mpenenax ot 1 go 100, momyyum creAyrolue 3HAYEHHUS] HCKOMBIX
BenmunH: (0 =0.2, =099, j, =16, j, =35, j3 =69. OueBUIAHO, YTO TPEICIIH-
Hoe BocmuTaHue paBHO 20. Pe3ynbTaThl BBIYMCICHUH ITOKA3bIBAIOT, YTO 3HAYCHUE
neneBoid  pynkuum (5.14) npu  HaAWAEHHBIX MapaMeTpax AKBUBAJICHTHOTO
BocnuTarenbHoro mpormecca paBHo 0.0056, T.e. MOCTPOCHHBINM SKBUBAJICHTHBIN

BOCHUTATENBHBIA  TPOLECC JOBOJBHO TOYHO  ANIMPOKCUMUPYET  PEaJbHbBIN
BOCITUTATEJIbHBIA MPOIECC.
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7. CIIOCOB ITPUBJIMKEHHOI'O OITPEJAEJEHUSA
JANHAMMUKHU UBSMEHEHUA KOOPOPUIIUEHTOB
IHAMSATHU HA OJHOM TAKTE

B paznene 2 mis Havana KakAo0ro TakTa ObUIO TOKa3aHO PaBEHCTBO

6. (0)=1i=100. (7.1)
[IpeacraBum koadduienTs! namatu 6 (t) B Bujae
Hi (t) == ait + bi y

rae @;, b; - KOHCTaHTBI, HE 3aBHUCSIINE OT TEKYIIETO BpeMEeHH t 1eCTBUS IMOLIMH.

CornacHo paBeHctBaM  (/7.1) W COOTHONIEHUSM I OMNPEACIICHUS
ko3 duimeHToB a;, b, moxyuum cucreMsl ypaBHEHUN
a;0+b; =1, (7.2)
ai(t; —ti_y)+b, =0, (7.3)
rae t;_;, t; - BpeMs Havana ¥ KOHIIA TakTa ¢ HoMepoM I, 6 - koaduueHT namstu
COOTBETCTBYIOILIETO 3KBUBAJICHTHOTO IIPOLIECCa.
[TomydnM COOTHOIIEHUS, TMO3BOJSIONINE HAWTH HEWU3BECTHBIC BEIMYMHBI B
cucreMe ypaBHeHu#l (7.2) — (7.3) mpu yclIOBHH, YTO MapaMeTPhl SKBHBAJICHTHOTO
mpolecca HaXoIATCs COTIIACHO 11eJIeBOM (YHKIINH, IPUBEACHHON B pasnene 6.2.

Jlerko BUACTD, YTO UCKOMBIC BCIIMYHNHBI OIIPCACIIAIOTCA ABHBIMU (I)OpMyJ'IaMI/I
b =1
1 1

(n —1)Zn: RiRj_1 — Zn: R; i Ri_1
i—2 i2 i

-1

n n 2
(-1 (R ) - (Z Ri—lj
a = i—2 i—2
I i —tiy ’

rae N — KOJMYECTBO TAKTOB, AJISI KOTOPBIX M3BECTHBI MOCIICAOBATCIBHBIC 3HAUYCHUS
BOCHHUTaHUMN p060Ta Ri U IIPOAOJIKUTCIIBHOCTDL TAKTOB, OIIPCACIIAICMBIX BCIIMYMHAMU

ti—l’ tl’ i :1,n

8. MATEMATHYECKASA MOJAEJIb ®OPMUPOBAHUSA
PABHOLEHHBIX I'PYIIII POBOTOB

Huxe mpennaraercss oauH U3 croco0oB (GopmupoBanus rpymnmn pobdoros [51],
PaBHBIX MO0 CBOUM CYMMAapHBIM BOCITUTAHUSIM.
PaccMOTpuM COBOKYITHOCTB, COCTOSAIIYIO M3 K poOOTOB, KaXKJIOMy U3 KOTOPBIX

IPUCBOEH MOPAAKOBLIN HOMeED i, Tae 1 =1K .
[Iycts pobor i oOmamaer BocmuTanueM R;. Torma cyMMapHOEe BOCIHMTaHHE

k
COBOKYIHOCTH poO0TOB A GyJIeT yI0BIeTBOPATHL cooTHOIeHm0 A= Y R;.
i=1
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[ToctaBuM cremyrolyo 3aauyy: U3 MHOKecTBa () BCeX POOOTOB COBOKYITHOCTHU
chopMupoBaTh TpyHmbl poOOTOB — HE TIEPECEKAIONIMecs  IMOJMHOMKECTBA

— n
Qp, p=Ln(n<k), kilQp =(), Takhe, 4YTO TIOJy4YEHHBIC TPYIIbl HAUMEHEE

OTIIMYAIOTCS APYT OT Apyra 110 3HAYEHUSIM CyMMapHbIX BOCIIUTAaHUM.
JanuMm cienyronee onpeacsieHue U JOKaXeM BCIIOMOIaTelIbHYIO TEOPEMY.
Omnpenenenue 8.1. CpeqHuM BOCHUTaHHEM Fp IPYIIBbI P HA30BEM BEIUYUHY,

2R,
=9

i
YJIOBJIETBOPAONIYIO COOTHONIEHUIO Fpp =

, tae N ,— kommuecTBo pob0TOB BO
p
MHOKECTBE Qp.

Teopema 8.1. CymmapHoe BociuTanue A ya0BJIETBOPSET PABEHCTBY

n
A = Z Ni Fi .
i=1
Jloka3aTeJanLCTBO
Jlerko BUJIETh, UTO CIIPaBE/JIMBA 1IETIOYKA PABEHCTB

2R
NiFi _ Ni J€Q; _ ZRj . (8.1)
i jeQ;
Cymmupys (8.1) mo BceM 3HaYCHHUSM |, TOTYIHM

n n k n
2NiFi=> > Rj=>R=A, 1 e, ENjFf=A, uto u tpeGosanocs
i=1 s=1 i

JA0Ka3aTh.
BBenem neseByro (GyHKIHMIO B CIEIYIONMIEM BHIE:
n-1 n 5
1= S(NF-N;F P
i—1j=i+l

Teneps MoOCTaBICHHYIO 3aJ1ady MOXKHO OITMCATh MATEMATHYCCKH CIICTYFOIIAM
obpazom:

HaiTH Min J(N, Fj (8.2)
N;, Fi
n n -
npu orpanmuenusx Y N; =K, Y N;FF=A, N;>0, i=1n.
i=1 i=1
3amaya (8.2) oTHOCHTCS K 3a/layaM Ha HAXOXIEHUE YCJIOBHOIO IKCTpEMyMma
(GYHKIIUM HECKOJIbKMX TMEPEMEHHBIX, U €€ MOYKHO PEIIUTh, HAmpuMep, HCIIOIb3Ys
XOPOLLIO U3BECTHBIN MeTo Jlarpanxa.
[Ipumenenune wmeroma Jlarpanmxka Kk pemeHuro 3amadd (8.2) TPUBOIUT K
HAaXO0JICHUIO KOPHEU CIIEYIOIIEN CUCTEMBI YPaBHEHUN

n —
2k Z(NiFi—Nij)—ﬂl—ﬂquzO, i=1n-1,
j=i+l
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i=1
n-1
25 (N;F, —=N,F,)+ 4, =0, (8.3)
i=1
n
Z NiFi - A: 0,

n —
2 3 (NiFi —=N;Fj)-4,=0, i=Ln-1
j=i+1

n-1
2Fn Z(NiFi - NnFn)"'ﬂi"'ﬂszn =0,
i=1

rae 41 A2 — BcmoMoraTenbHbIE EpEMEHHbIE METOA Jlarpamka.

B oOmem ciydae OTBET Ha BONPOC O CYIIECTBOBAHWU M E€IUHCTBEHHOCTHU
pelieHus] HEJIMHEWHOW anreOpamdeckoil cuctembl ypaBHeHud (8.3), a Takke
MaTEeMaTHYECKHUX CITOCO0aX ero HaXOXACHHUSI OCTACTCS OTKPBITHIM.

PaccMoTpuM HECKONIBKO MHYIO 3a/1auy, HO MOX0XYIO 10 CBOEH MOCTaHOBKE Ha
3amauy (8.2). B HOBo#l mocTtaHoBKe OyaeM NpenarnonaraTb TO, YTO KOJWYECTBO
po6oroe N, paccmarpuBaembix rpymm €2, 3agaHo. Jlerko BHIETh, 4TO TOrZA

MaTeMaTU4CCKas IMOCTAaHOBKA 3a/la4u IIPUMCT CHGI[y}OH_[I/Iﬁ BUA:

HaiTH Min J(Fj (8.4)
Fi
n
npu orpanndenun Y N;F = A,
i=1
Cornacno meronay Jlarpanxa pemienue 3aaauu (8.4) cBOIUTCS K HAXOXKICHHUIO
KOPHEHN CUCTEMBI JIMHEUHBIX YPABHEHUIN

n —
2 3(NiF =N;F;)-2=0, i=1n-1,
j=i+l

n
ZNiFi—A:O, (85)
i=1
n-1
23 (N;F, = N,F,)+4=0,
i=1
rae A — BcrioMorareibHas epeMeHHas MeToza Jlarpanxa.

Jlerko moOKa3aTh, YTO TJIABHBIA OMpEAEIMTEIb CHCTEMbI ypaBHeHuil (8.5),
HampuMep, npu N=2 (3TOT ciyyail COOTBETCTBYET PAa30MEHUIO COBOKYITHOCTH
pOOOTOB Ha JIBE TPYIIIbI), OTJIMYEH OT HYJI, T.€., cucTema (8.5) mpu Takom N Bceraa
MMEET €IMHCTBEHHOE PEILLICHHUE.

Onpenenenue 8.2. I'pymnmbl co 3HaueHusmu F, i=1n, sBitoomuecs

penieHueM 3anauu (8.4), Ha30BeM PaBHOIIEHHBIMH.
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Onpenenenue 8.3. ['pymmbl co 3HadueHusmu F., i=1,n, sBIAIOIIHECST

penienyueM 3a1auu (8.4) u obecreurBarOIIe MUHUMYM I1eJIeBOM (PYHKIIMH J paBHBIM
HYJII0, HA30BEM a0COIFOTHO paBHOIICHHBIMHU.

OnpenenuM NpocThie YCIOBUS, PU KOTOPHIX (POPMUPYEMBIE TPYIIIII SBISIOTCS
a0COFOTHO PaBHOIICHHBIMH.

OueBupHo, uro ¢yakmus J| F | wMeer MuHMMYM, paBHBIA HYIO, TpU

CIIPaBCAJINBOCTHU COOTHOIICHUM

N;F =N;F;, i=Ln-1 j=i+1n,
n
i=1
Jlerko moKa3ath, 4TO NP N=2 TPYNIbl CTAHOBATCS Aa0OCOJIOTHO pPaBHO-
A A
LIEHHBIMHU IIPH BBIIIOJIHEHUH PAaBEHCTB F = ——, F, =—.
2N, 2N,

Pemenne 3amaun (8.2) MO3BOMSIET HAWTH YWCICHHBIC 3HAYCHHUS aO0CTPAKTHBIX
CpeIHUX BOCIHUTAHUMN, KOTOpPHIE MOTYT HE COBIAJaTh CO CPEIHUMH peaJbHbIMU
BOCITUTAHUSAMH (POPMUPYEMBIX Tpyni poOOTOB. DTO CBA3AHO C TE€M, YTO CPEIHUE
BOCIIUTAHUSI BCEX PEaJIbHBIX TPYNI SBJISIOTCS HW3BECTHBIMM YHCJIAMU U,
CJeoBaTeIbHO, AaOCOJIIOTHYIO PABHOLIEHHOCTh TIpu  (HOPMUPOBAHUM TPYMI
COBOKYITHOCTH POOOTOB, MCXOJS M3 BOCHUTAHUM OTACIBHBIX POOOTOB, MOXKHO HE
noctudb. Ilo 3ToM ’ke mpUYMHE HE BCErja MOXHO Pa30UTh COBOKYITHOCTH Ha
PaBHOIICHHBIE TPYIIIHI.

9. AITOPUTM ®OPMUPOBAHUSA PABHOILEHHBIX
I'PYIIII POBOTOB

[TpuBenem anropuT™, MO3BOJSIIOIIMN  (OPMUPOBATE M3  COBOKYIIHOCTH
peanbHbIe TPyNIbl poOOTOB, HauboJee OJIM3KKUE K PABHOLEHHBIM:
1. 3amaem uncna N ..., N, onpenensromue KoaMIeCTBO poOOTOB KaXKI0H U3

n
dopmupyempix rpynm, rae Y, N; = k.
i=1
2. ®opmupyeM MaccuB Z BCEBO3MOXHBIX MHOXKECTB
Z= {QNl yre 2N y}q (g — xomuuecTBO HaOOPOB MHOXKECTB B MaccuBe Z),
’ n?

y=1
TaKHUX, 4TO
n - —
ik:JlQNi,y:Q, QNi,meNj,y:@)’ i=j, i=Ln, j=1n.
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3. Ha ocHoBe 1. 2 BhlumcasieM 3HaueHuss pyHkuuu J| F | mis kaxmgoro us

Habopa MHOXECTB Qy ..., Q_y-

4. Ol'[peI[eJI}ICM HOMEpa Y, U1 KOTOPBIX MHOJKECTBA, UM COOTBETCTBYIOIIHC,

JOCTABIISIIOT MUHUMYM 3HaueHusM pyHkuuu J| F

5. BeiBomuM Ha cpenctBa oOMeHa HWHGOPMAIMEH MEXTY KOMIBIOTEPOM U
M0JIb30BaTEIEM MHOXKECTBaA QNl,y,...,QNn,y, COOTBETCTBYIOLIME MHHU-

MaJIbHBIM 3HadeHusM Gynknuu J| F

3aMeTuM, YTo npu peanuzanuu Ha OBM 1. 2 MOKHO UCHOJIB30BaTh U3BECTHHIE
KOMITBIOTEPHBIE aJITOPUTMBbI KOMOMHATOPHOTO aHanmu3a [51].

[locne mombopa MHOMKECTB, ONPENEIAIOIMX Hambosiee OMU3KUE MO CyMMmap-
HBIM BOCIIUTaHUSM TPYHIIBl pOOOTOB, MOXKHO OIICHUTH PAaBHOIICHHOCTH ATHX TPYIII
M0 OTHOIICHHWIO NIPYT K JPYTY, CpPaBHHMBAsl CpPEIHHE BOCHUTAHMS STUX TPYMI CO
3HaueHUsIMU F;, momydeHHBbIMU Tipu pemieHun 3amaun (8.4). [ns ompeneneHus

BeNMYUHBl Onu3octd V' cHopMUpOBAHHBIX TPYNI K PABHOLEHHBIM IMpeiaracTcs
MCIIOJIb30BaTh CIEAYIOIIYIO (POpMYITy:
‘Di - Fi‘ C_a .
V=max———, 1=1n, D; — peanbHbie cpemiHHEC BOCIUTAHUSA KAKIOH W3
' i
chopmupoBaHHbIX Tpynn. O4eBUIHO, YTO YeM Onvke BenuuunHa V K HYIIO, TeM
OyKe ApyT K ApYyry chOPMHUPOBAHHBIE TPYIIIIHIL.

JIJist BBISIBJICHHS! TIOJTPYIIT, COCTOAIIUX M3 POOOTOB M OOBEAMHEHHBIX MO HMX
YPOBHSIM BOCTIHMTaHHI, U3 BCEH paccMaTpUBAEMON COBOKYITHOCTH POOOTOB MOKHO
MPUMEHUTH U3BECTHBIC aJITOPUTMBI Ki1acTepHoro aHanmusa [31]. Mcnons3oBanue 3Tux
QITOPUTMOB, HANPUMEpP, MO3BOJIUT BBISIBUTH POOOTOB, BXOMSIIMX B JHAUPYIOITUE
WJIM OTCTAIOIINE TT0 BOCITUTAHUIO MOATPYIIHI POOOTOB.

10. IPUMEHEHME ITPABUJI BEKTOPHOM AJITEBPHI
K HCCIEJOBAHHNIO DOMOLINOHAJIBHOI'O
COCTOAHUA I'PYHIIBI POBOTOB

3nech U B JanbHEHIIeM OyJeM HCIIOIb30BaTh IMPSMOYTOJBHYIO JIEKapTOBY
CUCTEMY KOOpAHMHAT.
Omnpenenenue 10.1. Bocnutanuem poboTa 1o N TUaM SMOIU Ha30BEM BEKTOP

R =(Ry, Ry R Ry )

/1€ KQXIBIA 3JIEMEHT BEKTOPA BOCIIMTAHMSI TIO AMOIIUSIM OJTHOTO THITA ONIPEIEISETCS
COIJIACHO COOTHOIICHHIO (2.2).
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BBeneHne BEKTOPOB BOCIIUTAHUM U DMOLIMN ITO3BOJISET UCIIOJIB30BATh IIPaBUIIA
BEKTOPHOM anredOpbl MNpuU MaTEMaTHUECKUX OIepalusX ¢ BOCHUTAHUSIMH H
AMOLUSMH.

Tak, BocnuTanue rpymnmsl R, coctosmeid n3 M pod0TOB, MOKHO BBIYUCIUTH 10

bopmyie

m —
R=> R, (10.1)
k=1
d OMOIIUIO I'PYIIIIBI pO6OTOB M — UCXO0OA U3 COOTHOILICHUA
m —_
M= My, (10.2)
k=1

rie K — mopsiikoBeIii HOMEp pobOTa B rpyIIe.

3aMeTHM, 4TO BEKTOp I'PYIIIOBBIX 3MOLUNA MPU M<N CONEPKUT KaK MUHUMYM
N-M HYJIEBBIX 2JIEMEHTOB.

Beens cootnomenus (10.1) u (10.2), mMbl ompenenuian MpaBUIIO CIIOKEHUS
BEKTOPOB NICUXOJOTUYECKUX XaPAKTEPUCTUK POOOTOB.

Hwxe mnpuBemem pe3yabTaThl TEOPETHUECKUX WCCIICIOBAHUMA, KaCAIOIIUXCS
mapel AMOIIMOHAIBHBEIX POOOTOB WJIM WX JBYX TPYII, KaXaas W3 KOTOPBIX
XapaKTEPHU3yeTCs] CBOMMH BEKTOPaMH SMOIIUHA WU BOCITUTAHUH.

Omnpenenenre 10.2. OTHOTUMHBIMEA TICHXOJOTHYECKHUMH BEKTOpPaMH pPOOOTOB
OyneM Has3bIBaTh BEKTOPHI, SBISIFONIUECS WM TOJHKO BEKTOpPAMHU JMOIMH, WIIH
TOJIBKO BEKTOPaMH BOCTIUTAHUSI.

Hnst yaudukanum 3anuceil OJHOTUITHBIE TICUXOJOTHYECKHUE BEKTOPHI 0003-

HayuM a € Db.
PaccMOTpUM MCHXOJOTHYECKHE CBOMCTBA CKAJISPHOTO MPOU3BEICHUS BEKTOPOB
SMOIIMI U BOCIIUTAHUS POOOTOB.

HYCTI) BCKTOp a SABJIICTCA OJHOTHUIIHBIM IICUXOJOIH4YE€CKUM BEKTOPOM IIEPBOIO

po06oTa WM TPyIIEl poGOTOB, @ BEKTOP D — TeM ke OJHOTHUIIHBIM BEKTOPOM BTOPOTO
poboTta wiaM BTOpoM Tpymmbl pobotoB. Oba poboTa wiM Tpynimbl poOOTOB
MPUHAJICkKAT OOIIEH COBOKYITHOCTHA POOOTOB.

AHanOTUYHO TIpaBUJIAM BEKTOPHOM anreOphl MO CKaJSPHBIM MPOU3BEACHUEM
JBYX OJHOTHITHBIX TICUXOJIOTUYECKUX BEKTOPOB Oy/eM TOHWMATh BEIHYMHY,
YIOBJIETBOPSIOLLYIO COOTHOIICHUIO

a,b [=la|b|cos «,

rae (@), |b| — aMHBEL BEKTOPOB (BBIUKCIISIOTCS 110 U3BECTHLIM (pOPMYJIaM BEKTOPHOM

anreOphl), o — YroJl MKy BeKTopamu &, b.
OueBuHo, uTo COS(&) yOOBIETBOPSAET PABEHCTBY
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e
o

cos(a) =~—+=.

T
Omnpenenenue 10.3. Ecnun o € O’E , TO OyJIeM CUUTaTh, YTO IICUXOJOTUUECKUE

o o T
ACHUCTBUS HAIIPABJICHBI IJIA AOCTHUXKCHUSA OOAHOM LECIIM, CCIHU XKEC O € (E,ﬂ':|, TO — Ha

JTOCTHKEHHE MTPOTHUBOMOIOKHBIX EJIEH.
Omnpenenenne 10.3 wumoctpupytot pucynku 10.1 u 10.2.

v

0,0

Puc.10.1. OpHOTUIIHBIE TICUXOJIOTUYECKUE BEKTOPHI, HAMpPABIECHHBIC ISl JTOCTH-
JKEHUS OJHOH 1€
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Puc.10.2. OpHOTUNHBIE TICUXOJOTUYECKUE BEKTOPHI, HANpPaBIEHHBIC MM JIOCTHKEHUS
pa3HbIX LEenei

OueBUIHBI CAEAYIOIINE YTBEPKICHHUS.

Teopema 10.1. Ecnmu xocuHyc yria Mexay ABYMS OJHOTHUITHBIMH TICHXOJO-
IMYECKUMHU BEKTOPAaMHU MOJIOKUTEIIEH, TO MCUXOJIOTHYECKUE JEHCTBUS HAlpPaBIICHbI
JUTSL IOCTHOKEHUS €IMHOW LEJH.

CnenctBue 10.1. Ecmu KocuHyCc yria MeXAYy JBYMs OJHOTHITHBIMHU
MICUXOJIOTUYECKUMH BEKTOPAMHU PaBEH €IMHULIE, TO ICUXOJOTUYECKHE NEUCTBUS IS
JOCTH)KEHHUSI €IMHOM 11eJIM UMEIOT HauOOJbIIYI0 3(P(PEKTUBHOCTb.

Teopema 10.2. Ecnu kocuHyC yriia MeEXIy JBYMS OJHOTUITHBIMU
IICUXOJIOTHYECKUMH BEKTOPaMH OTPHULATENIEH, TO IICUXOJOTHYECKHE JIEUCTBUS
IIPOTUBOpEYAT IPYT APYTY U BEAYT K JTOCTHKEHHUIO Pa3HbIX LIEIIEH.

CraencrBue 10.2.1. Ecmu xocuHyc yriia MeXAy JABYMS OIHOTUITHBIMHU
MICUXOJIOTHYECKUMH BEKTOpaMu paBeH -1, TO B COBOKYITHOCTH POOOTOB CYILECTBYIOT
IPYIIIBI C IPOTUBONOJIOKHBIMU IICUXOJIOTMYECKUMH XapaKTEPUCTUKAMH.

Cnenctue 10.2.2. Ecnu KocCHHYC yrjla MEXIy JABYMs OJHOTUITHBIMHU
MICUXOJIOTUYECKUMHU BEKTOpaMH paBeH -1 W JJIMHBI 3THX BEKTOPOB pPAaBHBI, TO B
COBOKYIMHOCTHA POOOTOB €CTh KOH(IMKT MO MCUXOJOTHYECKUM XapaKTepUC-TUKaM,
COOTBETCTBYIOIIUM PACCMATPUBAEMbBIM MICUXOJOTUYECKUM BEKTOPAM.

OueBuaHO, 4TO eciM BbINoOJHsAETCS chenacteue 10.2.2 oIHOBpEeMEHHO ISt
MICUXOJIOTUYECKUX BEKTOPOB SMOLMNA M BOCHUTAHUMI, TO KOHQIMKT MEXKIY ABYMS
rpymnmnamMu poOOTOB mNpumeT Haubosee octpyiro dopmy. [losTomy MoxHO cdop-
MYJIAPOBATh CJIEAYIOLLYIO0 TEOPEMY.

Teopema 10.3. Ecian KOCHMHYCHI YIJIOB MEXKIY BEKTOpaMU BOCIUTAaHUN U
BEKTOPaMHU 3MOLMI paBHbI -1, IJIMHBI BEKTOPOB BOCIIUTAHWWA PABHBI, PABHBI JJIMHBI
BEKTOPOB SMOIIMM, TO HAIULIO KOH(IMKTHAs CHUTyallMsi B HAWBBICIIEH CBOEM
CTEIEHHU.

Teopema 10.4. Ecnu KOoCHMHYC yIila MEKIy OJHOTUITHBIMU IICUXOJOTHYECKH-
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MU BEKTOpaMHU paBEH HYJI0, TO MMEET MECTO HEyCTOWYMBasl IMCHUXOJIOIMYecKas
CUTyalusi U Jro0as HMHAUBUAYyaJdbHAas SMOLMS MOXET MPHUBECTH COBOKYITHOCTb
po0OOTOB MO0 K €ro CIUIOYEHUI0, MO0 K pa3oOileHnto (T.e., TM00 K JOCTUKEHUIO
OJIHOM 11711, TUOO K JOCTHKEHUIO Pa3HBIX LIEJIEH).

JloKa3aTenbCTBO OYEBUIHO.

Teopema 10.5. ¥ COBOKYIMHOCTH 3MOLIMOHAJIBHBIX POOOTOB OJJHOBPEMEHHO HE
MOXKET OBIThb CHTyalluii, KOrJa MOMAYJdb KOCHHYCa YIJia MEXIY OJHOTUITHBIMH
NICUXOJOTUYECKUMH BEKTOPAMU paBEH E€IUHUIIE U COBOKYNMHOCTb HAXOJUTCS B
HEYCTOMYUBOM MICUXOJIOTUYECKON CUTYalUU 110 3TOMY THITY BEKTOPOB.

HoxkazarenbctBO. [lycTh COBOKYMHOCTH POOOTOB 3MOIMOHAiIbHA. Torjga ee
OJIHOTUITHBIN MCUXOJIOTMYECKUIN BEKTOP HE PABEH HYIIIO.

Tax xak MOAyJIb KOCHHYCA yIja MEXIYy NCUXO0JIOTMUYECKMMHU BEKTOpaMH paBeH
€AUHUIIE, TO BEKTOPHI KOJUIMHEAPHBI APYT Ipyry. Tak Kak KOJUIEKTUB HAXOJUTCS B
HEYCTONYMBOM IICUXOJIOTMYECKON CHUTyallud, TO IICUXOJIOTUYECKHE BEKTOPbI
opToroHansHbel. Ho 0THOBpeMEHHOE BBHITIOTHEHHE O0OHX CITy4aeB BO3MOXHO TOJIBKO
OpU PABEHCTBE HYIIO XOTA OBl OJHOTO M3 BEKTOPOB, YTO MPOTHBOPEUHT
MPEANOJIOKEHUIO 00 IMOIMOHATBLHOCTH COBOKYHMHOCTH PoOOTOB. Takum oOpazom,
meopema 00Ka3ana METOJIOM OT TIPOTHUBHOTO.

CaenctBue 10.5. Teopemy 10.5 moxxHO niepedpazupoBaTh Tak: « COBOKYITHOCTD
AMOILIMOHAIBHBIX POOOTOB HE MOXET OJHOBPEMEHHO HAXOAWUTHCA B COCTOSHHUH
KOH(JIMKTA U ICUXO0JOTUYECKONW HEONPEAEIEHHOCTI.

11. 0O MATEMATHUYECKOM OLEHKE BEJIMYUHbI
JOCTHUKEHUA ITIOCTABJIEHHOMU ITEPEl POBOTOM LEJIN

[TycTh BocmuTaTENh MOCTABHWI TIEpea POOOTOM UYUCIEHHO BBIPAXKEHHYIO IEJTh
BOCIIUTaHUsA. B HEKOTOpBIX Cily4asx CTENeHb MPUOJIMKEHUsS PoOOTa K KOHEUHOM
LI€JIM BOCIIUTAHUS B IIPOLECCE ITOTO BOCHUTAHUS MOKHO OLICHUTH YHUCJIEHHO.

11.1. TIPABAJIO BBIYMUCJIEHUSA BEJIMYAHBI JOCTUXKXEHUA
INOCTABJIEHHOU LEJIN

Beenewm cnenyromue onpeneneHus.
Onpenenenne 11.1. Ilensio Gymem HaswpBaTh BekTOp A =(ay,..,a, ), Xapak-

TEPU3YIOIIHI JKeJTaeMOe KOHEYHOE COCTOSTHUE POOOTa, ToCTUTaeMoe B pesynbrate K

m
ACHCTBU (I1aroB), MpuUYeM Zaiz > 0.
=1
PaccmoTpum ciiydaif, COOTBETCTBYIOUIMI CHUTYyalluH, KOTAA JUIsl JTOCTHIKEHUS
LIEJIM OTPEEIICHO 3aJaHHOE KoJm4ecTBO 1maros K.
Onpenenerne  11.2.  k-marom k 1ienmu  OyaeM  HasbiBaThb — BEKTOP

Ry :(rk,l""’rk,m)’ OTIpeNIeNSIIOIIMI COCTOSIHAE PO00Ta, MOITYYEHHOE B PE3yJbTaTe

OJTHOT'O IIIara ¢ MOPSIIKOBBIM HOMEPOM K Mpu cTpeMJICHHUH K 1ICITH.
Omnpenenenue 11.3. Bekropom-cocTostauem podora Wy HazaBeM BEKTOD,

COOTBCTCTBYIOH_[I/II;'I AOCTHKCHHUIO LCJIN B PC3YJIbTATC BCCX BBIITOJIHCHHBIX HIAI'OB
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K
710 K-I1ara BKIIOUHTENBHO U yA0BIeTBOpstomuil cootHomenmo W, = > R; .
i=1
OueBuIHO, YTO YKIOHEHHE HanpaBlieHUs K-mara oT HampaBlieHHS IeTU OyaeT
XapaKTepu3oBaTh yroid f,, PaBHBIA yriIly MeXIy LeNbl0 U K-mmarom x 1enm.

KocuHyc 3TOT0 yrita MOKHO BRIYUCIUTE TI0 opmyie [2]

cos(g,) = AR

ARl

a KOCHHYC yria o) MEeXAy BEKTOPOM-COCTOSSHUEM po0OTa W LENbI0, Xapak-

(11.1)

TEPU3YIOIIMHA YKJIOHEHHE OT HAIPABJICHUS LM B pe3ysbTaTe K maros, — HCXOs U3
COOTHOIICHHSI
= (A_Wk) _ (11.2)
AW
[Tocne BHIMOTHEHUS 3aIaHHOTO KOJMYecTBa maroB K, mpemrycMOTpeHHOTO IS
JTOCTHKCHHSI 1IEJTH, MOYKHO OTIPECIIUTh BEIIMYUHY O , XapaKTePU3YIOIIYI0 OJIN30CTh

K KOoHeuHOH menu. Dopmyna, onpesensionias 3HaueHue O , SABISETCS OTHOLICHUEM
YUCJIIEHHOIO 3Ha4eHUsI poekuun BekTopa Wy Ha BekTop A k unHe A.

cos(a )

Taxum oOpazom, ¢ yaeroM (11.2) COOTHOIICHHUE JUTS BEIYKMCIICHHS O TPUMET BU]I
S= M/K‘COS(QK)_ NVK‘ (A’WK)_ (A’WK)_ (11.3)

A T IA AW T AP

Jlerko BHJETh, YTO BEJIMUYMHA O MOXKET NMPUHUMATh JIFOObIC 3HAYCHHS M IICITb
JIIOCTATAETCS ITOJIHOCTEIO, eciii O > 1.

BBIYHCIIUTL KOCHHYC yIJIa YKJIOHCHHS HWTOTOBOT'O BEKTOPA-COCTOSHHS OT
HATPaBJICHUS 1ICJTU |/ MOXHO, UCIIOJIb3Yys COOTHOIICHUE

cos(w):(A’—WK). (11.4)
AW
AHAJIOTUYHO MOXKHO 3alucaTh (GOPMYyIy, ONPENEISIONIYI0 POLEHTHOE
HOCTHIKCHUC LICIIN Y|, Ha KaAKIOM k-IHare K IOCJIN.

o _(AR) (11.5)

A2

a JOCTHMIXKCHHUEC LCIU lk B PC3yJIbTATC K BBIIOJIHEHHBIX IIarOB 6yneT OIIPCACIIATHCA

COOTHOIICHUEM

I _(AWy) (11.6)

A°

[Tycth tk — Bpems, HEOOXOAUMOE Il BBINOJHEHHs K-lara, TOrja MOXKHO

BBIYHCIIUTH TTOJTHOE BpeMsl T, 3aTpadueHHOE ISl TOCTHXKEHHSI BETMYHHBI O . OHO
K

Oyner onpenensaThes popmynoit T = Dt .
k=1
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[Ipu cpaBHEHUU WIEHOB OJHOM IPYIIIBI POOOTOB MOKHO OINPEAEIUTh Hanboee
CHOCOOHOTO K BOCHHUTaHUIO po0OTa MO CIEAYIOIIEMY KPUTEPHUIO: MPH PaBHBIX C
OCTIBHBIMA POOOTAMHU TIOJOKHUTENBHBIX BEIUYMHAX O OH JOJDKEH 00J1anaTh
MEHBILIM BPEMEHEM T .

JUist aHanu3a OEUCTBUU poOOTa MpPU AOCTHKEHHWU LM MOXHO BOCHOJIb-
30BaThCsl BBIMICTICPEUUCICHHBIME  (OpPMyJIaMH: HampuMep, €CIU MPH KaKUX-TO
3HayeHusAX K BemmumHbl yK (cM. (11.5)) Bemwku u yriel Sk OMU3KK K HYIHO (CM.

(11.1)), To cieayer roBOPUTh O TOM, 4TO Ajs miara K BeiOpaHbl meicTBUS poOOTa,

oOecrieunBaronre Haudoee yCrnenHoe JOCTHKEHHE MTOCTABICHHOM 1IeIIH.
OdYeBHIHO TO, YTO YCIICIIHBIC JIEHCTBUSA po0OTa Ha KaKIOM K-Iare BIICKYT

HaOospmvie 3HaueHWst BenmunH O, Ak (cm. (11.3), (11.6)) u 3HaueHUs YTIIOB

v, ak (cm. (11.4), (11.2)), 6muskux K Hyar0. MHBIMH CIIOBaMH, JUIsS YCIEIIHOTO

JOCTH)KEHUSI KOHEYHOU 11eJId HE0OXOJMMO Ha Ka)K/IOM IIare, BEAyIIEeM K 3TOU LIeJy,
MOJIy4aTh MaKCUMAJIbHBIE PE3YJIbTATHI.
PaccmoTprmM BOpoc 0 KONMMYECTBEHHOM OLIEHKE JOCTHKEHUS TPYIIIIOBOM LIEITH.
byneM cumTaTh, YTO KaXIbI | WICH TPYIMIBl UMEET WHIUBUAYAIGHYIO IIETh

Zj= (hj,l,...hj’m), rae =1L, L — xomuuectBO poGOTOB B IpyIIIIE.

B sToM cinywyae uenb A Bcel Tpymnmbl ONPENETUM COTJIACHO COOTHOIIECHUIO
L

A: ZZ J .
j=1

[Tycth Kakaplii poOOT TrpyImbl MMeEET K-Imar K CBOECH Iied, 3aJaBacMbIi
Bektopom f ik :(S j koS j,m,k)a TOrJa OYECBHIHO CYMMAapHbBIH K-mar rpymnmsl K
L
JTOCTHXKCHUIO Iienu ompenenutcst opmynoin Ry = Z f jk» @& BCKTOP-COCTOSTHHE
=1
IpyNIbl B pe3yiabTate K — maroB OyJeT yIOBICTBOPSATH COOTHOLICHUIO

k k L
We=2Ri=>> "
i=1 i=1j=1

Ilocie BBeIEHHBIX COOTHOLICHWH MOKHO MCIIOJb30BaTh IS YHCJICHHOM
OLIEHKU JOCTHXKEHHS IIOCTABJIEHHOW TPYNIIOBOM LIEIU IIOJIOKEHUS, KACAIOIIUECH
OJIHOTO PO0O0Ta, MOApPa3zyMeBasi MPH 3TOM 01 POOOTOM IENYIO TPYIIITY.

[Tycth pobOT, MOCTUTHYB OJHOM IIEJH, CTABUT Iepes COOOM NPYryro Iemb.
[Tocnenyromas 1einb MOXKET UMETh OTIWYHOE OT MPEABIAYIIEH LETU KOJIUYECTBO
KOMITOHEHT. [[JI1 omnpeneneHus KOJIMYECTBEHHOW OLIEHKH JIOCTHXKEHUsS MOCIEdy-
IOIIEN LEIU MOYXHO NMPUMEHATh CXEMY, OMMCAHHYHO BBIIIE, C COOTBETCTBYIOLIUM
YHUCJIOM KOMIOHEHT HOBOM IIEJIN.

Nuoraa nens nelicTBuil podoTa OTUETIMBO HE BUIHA. B 3TOM ciydae ee MOXKHO
npeACTaBUTh MaTpullei A:
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rJ€ Kakaasl CTpOKa SIBJISIETCS] OJTHOM U3 IENeH.

[Ipous3Bossi MO oO4YepeAr OLECHKY JOCTHIKEHHUS KaXIOou W3 I1eJel-CTPOK
Matpulibl A nocie K- maroB, MOKHO OMpPEACIUTh Ty I€idb, KOTOpas Jydllle BCETO
JTOCTUTHYTA. PelieHre SToM 3amauyd MOXKET, Halpumep, NpeaocTepedb podoTa oT
CTPEMJICHUS IOCTUYb 3aBEIOMO HE BBITTOJIHUMBIX LICJICH.

OTmenpHO pacCMOTPUM 00JIee MPOCTOH CITyYaid, COOTBETCTBYIOMIMK TIen U K-
maram K IeNH, SBISIOIMMMCS CKaIspHbIMU BelnuyuHamu. OTMETHM, YTO B 3TOM
clIydae Ieiib U K-I1ar K 1ejid KMEIOT TOJIBKO JIBa HAIPaBJICHHMS: WIIA COBIIAIAIOIICE C
HANpaBJICHUEM YHCJIOBOM OCH, WIM MPOTUBONONOKHOE €il. [IoaTOMy COOTHOIIEHNS

(11.3), (11.5), (11.6) npumyT Bug O :W—:, Ik = RTK

ryie A — 9ucio, onpeAeiAonee 3HAYCHHUE TSITH.

Crioco0 WHIWBHUIYaIbHOW OIICHKH JOCTHKCHHS IIEIM MOXXHO MPUMEHATH JIJIS
pamXHpOoBaHKs poOOTOB MO BOCIUTAHKAM, HAIIPUMEp B yObIBaromieM mopsiake. J{ims
MPABHIIBHOTO PAH)KUPOBAHUS, MPEXK]IC BCET0, HEOOXOIUMO MTOCTaBUTh MAaKCUMAJIBHO
BO3MOXKHYIO 11€JIb M paH)KHPOBAHKE ITPOU3BOJIUTE COTJIACHO YHC-JICHHBIM BEJTMYMHAM
JOCTHDKCHUST IeaW. ECaM 3TH YHMCICHHBIC BEJIWYMHBI JUII HEKOTOPBIX pPOOOTOB
OKa3bIBAIOTCSA PABHBIMH, TO BIEpE] B PEHTHHIE HEOOXO-AMMO CTaBHTh POOOTa C
HAaUMCHBITUM  YKJIIOHGHHWEM OT HampaBieHus 1mend. Omnu-caHHBI  Croco0
PaAHKUPOBAHUS BOCITUTAHUH Ha30BEM paH)XKHUPOBAHUEM 10 TICITH.

PaccMoTpuM ciydail, KOTJila YUCJICHHbIC 3HAYCHHS DJIEMEHTOB BEKTOpA IIEJIH
HEU3BECTHBI, HO HEOOXOJMMO pPaHXHPOBATh BEKTOPHI BOCIUTAHHHA COTJIACHO
JOCTHKEHHUIO ATOM IIeIM B MOpsJIKe OMM30CTH K Hel. He Hapymias obmuoctu, Oyaem
npearnoiaratb, 4TO IICJBI0 JIEHCTBUH pPOOOTa SBISETCS TONYYCHHE HAMITYUIIAX
pe3ynbTaToB. Toraa 1enb A MOXKHO OXapaKTepHU30BaTh BEKTOPOM ¢ M eIMHUIHBIMU
snementamu: A=(1,...,1). JlaB kakmomy 3J€eMEHTY Ha0Opa BEKTOPOB BOCIHMTAHHUM

Wi
, A = A COOTBETCTBECHHO,

HOMEp, COOTBETCTBYIOLIUI €ro OJIM30CTH K €IUHMIE, IMOJYyYUM JUISI Ka)aoro
BOCIIMTaHUs BEKTOp B; =(b1,j,...,bm,j), i=1n.
Jlerko BUAETH, YTO B 9TOM Clly4ae BEIMYMHBI NIPOCKLUHMHA O KaKAOTO BEKTOpa

B, Ha BeKTOD 1eaH A OyIyT yAOBJIETBOPATH COOTHOUIEHHIO

m

2 B j

si=1=1_ (11.7)
= m

a YTroJI OTKJIOHCHHA OT HOCTHKCHHUA Lejid ¥ j OIIPCACIUTCA U3 q)OpMyJ'H)I
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Cornacxo popmyse (11.7) Bexropsr B Gynyt Tem Girnke K 1eiu, 4eM MEHbILE
BeaMuuHa 0. [109TOMY 5TH BEKTOPBI MOXHO PaHXXUPOBATh B MOPSIKE BO3PACTAHMUS
6;. Ecim npu stom okaxercst & =Jy, 1#K, To BIepex HEOOXOAUMO CTAaBHUTH

BEKTOP, COOTBETCTBYIOMIMI OOJIbIIEMY 3HAYEHUIO COS Y, .

YuTteM 0gHO 3aMeUaHue.

Nuorga poOOT AOCTUTaeT KOHEYHYIO 11€7b MOATAMHO: OT JOCTHXKEHUS OJHOMN
Y4acCTHU LEIU — K APYTOM.

[TycTh KOHEUHas 11eTh PoOO0Ta ONPEACISIETCS BEKTOPOM

A=(31,---,ak1,ak1+1,---,akj 1---vakj+1’akj+1+1---’akj+1v---vakn+1'---vam)’

1€ N — KOJMYECTBO 3JIEMCHTOB BEKTOpa KOHEYHOM BOCIIMTATECIbHOU OCJIn.
He Hapyniasa O6IHHOCTI/I, IMPCAIIOJIOXKHUM, YTO Ha 9TalIC i pO6OTOM AJOCTHUTHYTO
BOCIIMTAaHHUC

Wi = Ry, R, .. R 0....0).

s RKig 0
Torna B popmyne (11.3) Bexrop W; Oyner yaosiaeTBopsATh cooTHomeHuo Wi =W,

rae 1 =15, S — o01iee KOJIMYECTBO DTAIOB JOCTIDKEHUS LEIIH.

11.2. AJITOPUTM ®OPMUPOBAHUSA PABHOLHEHHBIX I'PYIIII
POBOTOB 110 BEJIMYUHE TOCTUXEHWSI
INOCTABJIEHHOU LEJIN

Ha ocHoBaHuM mpaBWiia BBIYUCICHUS JOCTUXKEHHUS TMOCTABICHHOW LIEJIH,
npuBefeHHOTO B pazzaene 11.1, MOXXHO TPEMSIOKHUTH CISAYIOMNN anrroput™ (o-
PMUPOBaAHUS JIBYX PaBHOIIEHHBIX TPYMIM, €CIM eI KaXJoro podoTa paBHBI U
KOJIMYECTBO YJICHOB KaXXJ0U IPYIIbI YETHO:

1) opmupyeM oOIIMK OTHOMEPHBI MAacCUB, JEMEHTaMU KOTOPOTO SIBJISI-
IOTCSl BEJIMYUHBI JOCTHXKCHUS TTOCTABJICHHOM 1IEJIU KaXIbIM pOOOTOM,;
2) ompeziesiseM HoMepa pOOOTOB, COOTBETCTBYIOIIHME HAHOOJBIICH W Hau-
MEHBIIIECH BETMYMHAM JIOCTIKEHUSI TOCTABJICHHOM 11€J1H, B 0OIIIEM MaCCHUBE;
3) HampaBJIieM poOOTOB C 3TUMH HOMEpPaMHU B TIEPBYIO TPYIIITY;
4) ynanseM 13 00IIero MacCUBa JIEMEHThI, COOTBETCTBYIOIIUE HAMOOJbIIICH U
HaMMEHbIIIEH BeTMYMHAM JOCTUKEHUS TOCTABICHHON LIETIH;
5) eciu MosTy4YeHHbIH OOIIMI MACCHB HE ITyCTOM, TO UJIEM K I1. 6, nHaue — K 11.10;
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6) onpenensieM HOMepa pOOOTOB, COOTBETCTBYIOIIME HAMOOINbINEH W Hau-
MEHBIICH BEIWYMHAM JIOCTIDKEHHUS TOCTABICHHOW LETH, B TMOJYYCHHOM
00IIIeM MaCCHBE;

7) HampaBisieM pOOOTOB C STUMHU HOMEPAMH BO BTOPYIO TPYIIITY;

8) ynansem u3 o0mIero MaccuBa 3JIEMEHTBI, COOTBETCTBYIOIIIE HAUOOIBIICH
HaMMEHBIICH BeTMYMHAM JOCTIKEHHSI TOCTABJICHHOM LIENH;

9) ecnu oJTyYeHHBIN OOIIMIT MacCUB HE MyCTOW, TO UJEM K 1. 2, HHaYe — K
m.10;

10) kownerr.

12. MATEMATHYECKASI MOJEJIb SMOIIMOHAJIBHBIX
CIIOCOBHOCTEM POBOTA

B mpegpinymem pasznene MOpeIoKEHbI  COOTHOIIEHHWS, TO3BOJISIONIUE
BBIYUCIIATh BEJIMYHMHY JOCTIDKEHHS POOOTOM  TOCTaBIIGHHOW Tiepel  HUM
BOCIIUTATEILHOM 1I€JIM W OCHOBAaHHbIE HA METOJaX TMPOEKTUBHOW TEOPHUH
PaHXUPOBAHUS BEKTOPOB.

BeiiBuHeM rumorte3y o TOM, YTO HauOoJjee CIOCOOHBINM POOOT JIydIlle BCETO
MOJTACTCsl BOCIIUTAHUIO, T. €. K MOMEHTY BpeMeHH ! mmeeT OONBIIyI0 CPEIHION0
BEIIMYMHY JTOCTHKCHHUS TMOCTaBJICHHOW BOCIIMTATEILHON IEH, TMPUXOJSIIYIOCS Ha
eAVHUITY BpeMeHH. VICX0asi U3 3TOW THUIOTE3bI, MOXKHO MPEIOKUTH COOTHOIICHHE,
omnpeensoniee crnocooHoctu F podora:

t
[6()dr iai R; (t) iZaiRi (r)dz
i=1

dg o | iz t_ 0i=1

t m m
Ya da
F(t)= S =1 . (12.1)
dt t?
Takum 00pa3oM, COCOOHOCTH poOOTa M3MEPSIOTCS B €IMHMIIAX, OOpPaTHBIX
BPEMEHHU.
Ha ocHoBe pasznmena 2 MOXHO TMOJYYUTh OILIEHKY CIIOCOOHOCTEH poOoTa, HE
oOafaromiero abCoMOTHON MaMIThI0. JTa OI[EHKA UMEET BH]T
m 1— HiJI

L
[0 PR —

t> a?
=

rae q=max|rj|; 6j — 3HauYeHHs MAKCHMaTbHBIX KOd(Q(HUIMEHTOB MaMATH pobora,
i

COOTBETCTBYIOIIIUE BOCHUTAHWUIO C HOMEPOM |I; j;— TIOPSAKOBBI HOMEp

BOCITUTATENILHOTO TAaKTa BOCHHUTAHUS C HOMEPOM |, 3aBHCSIICTO OT BPEMEHH BOC-
nuTa”ys t .

60



Chopmynupyem U JOKaXKEM CIEAYIOLIYIO TEOPEMY.
Teopema 12.1. Cioco6HOCTH Fy 32a0BIBUNBOTO pOOOTA B KOHIIE KaXIOTO TakTa K

OTpaHHYECHBI.
JHokasarensctBo. Ilycth € =max @, 7— MHUHHUMaJIbHOE 3HAYECHHWE W3 BCEX
i=1,n
TakToB. Torma crupaBeyIMBO HEPABCHCTBO
m 1— 6’-“ g &
|
saxjal % 49 S
\F\< i=1 —6 . 170ia
K= AL - mo,
IDIEY DIEY
i=1 i=1

YTO TPEOOBAIOCH 10KA3ATh.

Cootromrenue (12.1) mo3BossieT BBISBIATH HAWOOJIEE CIIOCOOHOTO W3 TPYIIIBI
pOOOTOB, paHKUPOBATh POOOTOB COIIACHO WX CIHOCOOHOCTSM M BBISBJISTH POOOTOB C
HAauOOJBIIIMMKA ~ CKJIOHHOCTSIMH K TE€M WIM HWHBIM cdepaM JIeATeIbHOCTH,
OTpeIEIsIEMbIM MTOJMHOKECTBAMH 3JIEMEHTOB BEKTOPA BOCITUTAHUS.

[Ipemyiokum  CIEAYIONIMI  aJTOPUTM  BBISBICHUSI cdep NeATeNbHOCTH, K
KOTOPBIM po0OOT UMeeT HauOOJIbIINE CKJIOHHOCTH (HaUOOJIBIIIME CIIOCOOHOCTH):

1.B kauecTBe BXOJHOTO TlapamMeTpa ajiropuTMa CTaBUTCS  OOIIas
BOCIIMTATENbHAS 1IeTb-BeKTOp A= (ay,..., ).

2. B pesynapTaTe BOCHHUTATENBHOTO MpoIlecCa K KOHTPOJBHOMY MOMEHTY

BpEMEHHU t BEIYUCIISIETCS BEKTOP OOIIEr0 BOCITUTAHUS

R =(Ry(t),.., Ry (1))

3. U3 BekTopa 1enu A mocienoBaTeIbHO BBIOMPAIOTCS BEKTOPBI-TIOAIICIIH,

SBJISIIOIIUECS TTOJAMHOKECTBAMU-COUCTAHUSIMU M3 MHOXKECTBA DJIEMEHTOB

BEKTOpA LEJIM M0 OJHOMY, IBYM ... M DJIE€MEHTaM.

4. BerYucistoTCs BETMYUHBI CTOCOOHOCTH ISl KaXKJ0TO0 M3 STUX MHOMXKECTB-

COYETAaHUN  MpU  YCJIOBUHM, UYTO  paccMaTpuBaeMble  BOCIUTAHUS

COOTBETCTBYIOT HOMEpPAM 3JIEMEHTOB BEKTOPOB MOIIICIICH.

5. BoiOupatorcss MakcHUMallbHblE 3HAa4Y€HUsI CHOCOOHOCTEH, COOTBETCT-

BYIOIIIME KKIOMY U3 IMOJIMHOKECTB-COUCTaHUI.

6. OnpenensroTcss HOMEpa DJJIEMEHTOB IIeeH TOJMHOXKECTB-COUCTaHUH,

COOTBETCTBYIOIINE 3TUM MaKCUMAJIbHBIM 3HAYECHHSIM CIIOCOOHOCTEH. DTUM

HOMEpPAM COOTBETCTBYIOT BHUbI BOCIUTAHUMN, TIO KOTOPHIM POOOT SBIISIETCS

HauboJiee yCIEelHbIM, T.€. HanboJjee ClIOCOOHBIM.

Ou4eBHIHO, YTO KOJMYECTBO OCHOBHBIX orepanuii N, KoTopoe HEeoO0X0auMO

BBITIOJIHUTh TIPU KOMIIBIOTEPHOW peanu3aliid ajroputMa, OYJeT ONpeAessIThC

n .
coorromennem N = Y.Cp .
i=1
[Ipu m3ydyeHun cnocoOHOCTEN poOOTa HEOOXOAMMO BBECTH MOHSITHE LIUPOTHI
CHOCOOHOCTEH, Ompenensionee KOJIMUYECTBO BOCIUTAaHUI, COOTBETCTBYIOIIEE
3aJJaHHON BEJIMYUHE CMOCOOHOCTH. MOXKHO cZenaTh BBIBOA O TOM, YTO POOOT mpu
pPaBHBIX BENUYMHAX CIOCOOHOCTM OyJIeT TeM TalaHTIuBEe, 4YeM IIHUpPE €ro
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crioco6HOCTH. ClieIoBaTeNbHO, OOIIIE CIIOCOOHOCTH POOOTA ONMPENEAIOTCA Mapoii
B, ynosnersopsiomeit papenctBy B =(p, F), rae p — mmpota crnoco6HocTeit, F —

BEJIMYMHA CIOCOOHOCTH.

Teopema 12.2. B omgHomMepHOM ciaydae npu OECKOHEYHOM BO3paCTaHUU
BPEMEHH CITOCOOHOCTH 3a0BIBUMBOTO pOOOTa MPHU JOCTIKEHUHU IIENIA CTPEMSITCS K
HYJTIO.

JlokazaTenbcTBO. Tak Kak /Ui BOCIIUTATEIbHBIX ITUKIIOB, KOJTHYECTBO KOTOPHIX
paBHO N, CIIpaBEAJIMBEI COOTHOIICHUS

lp ~[P] |p+1 i +1-k
VAL 11 6k (Pl > r H 9[p]+ Hﬁ[p]V[p 4
I, - ip+1 1 “iip_1
p'p | k=1 p k=1 j=1 i=1 lp-1.1p-
p=2.n,
|1 z[l] Iy +1 |1+1 k
[ _ [1] [l] ol
VI1 I = Izlﬁk [ri1+1+ kzlr j 1 : :I (12.2)
TO 1J1s1 3a0BIBYMBOTO POOOTA BEPHBI HEPABEHCTBA
[IO] _o'p p , Y
|V |< F| Flp,ip =0 (q—e +6 F|p_1,,p_1 , p=2,n,
1 1
IE ]|1 Figip Py -90" 17, 1-6° (123)

~[P] - - _
re 6=max(8j , "1y, i=1i,, j=11,, p=1n.
B cBoto ouepenp, (popMynLI (12.3) BaEKyT 1IENOYKY COOTHOIICHUH
O iy Lo Z( L )gi-l =—1_ (12.4)
=1 1‘9|119 (1-0)
B cuny omnpenenenus cnocoOHOCTH poOOTa AJisE OJTHOMEPHOTO CiIydasi MOXKeM
3anucaTh GOpMYIIbI

t
[V, (2)dz
o M
Al
A PERL R
iim [Z (t)| = lim B ) S ')
t—o0 t—o0 dt too | Alt? too | At

takuM oopazom, lim Z(t) =0, uro TpeboBamock 10Ka3aTh.
t—o

62



Teopema 12.3. B MHOromepHom ciy4ae TMpU CTPEMJICHUH BPEMEHH K
OECKOHEYHOCTH CITOCOOHOCTH 3a0BIBUMBOTO POOOTA CTPEMSTCS K HYIIIO.
JlokazaTenbeTBO. Tak Kak JUId KaXA0W | — KOMITOHEHTBI BOCITUTAHUS 3HAYCHUS

[nj] [nj]

Inj;lnj nj’lnj

YZIOBIETBOPSIOT COOTHOLIEHUSM |V, I<F i
J H

nj
(I‘I[C j = 1, m, M — KOJIMYCCTBO KOMIIOHECHT BEKTOPOB LECJIM U TEKYIICTO BOCIIUTAHM,
n ] — KOJIMYCCTBO ITOJIHBIX BOCIIUTATCIIBHBIX TUKJIOB, COOTBCTCTBYIOIIINX KOMIIOHCHTC

BEKTOpAa BOCIIMTaHUS C HOMepoM |) M HepaBeHcTBaM (12.4), TO crpaBeaIUBEI
COOTHOIICHHSI

q m
4(1_(9)22] a; |
lim | Z () |< lim 2= =0, crenosatensho, lim Z(t) = 0.
t—w —>0 tzalz t—ow
i=1

Takum 0O6pa3om, Teopema JIoKka3aHa.

CnenctBue 12.3. Ecnm Obl 3a0bIBUMBBIA pOOOT CYIIECTBOBAT OECKOHEYHO
JUIUTEIILHOE BpEMs, TO C TEYCHHUEM BPEMEHHU €ro CIOCOOHOCTH CTPEMIUIUCH ObI K
HYJIIO, T. €. IPOTaJIaIH.

13. PABOTA U CHUJIA BOJIM SMOLHNOHAJIBHOT'O POBOTA

Jlerko BuIETh, YTO B OJHOMEpPHOM ciiydae (1ienb A ompenensieTcss OJHUM
I{I/ICJ'IOM) BC/IMYMHA JOCTHIKCHUA ICJINM K KOHIY ITOJJHOT'O BOCIIMTATCIIBHOI'O IHUKJIA C
HOMEpOM N yAOBJICTBOPSACT COOTHOIICHUIO

Vil ®
St)y=—2"1
A

BBezieM crieyronye onpeieieHus.
Omnpenenenue 13.1. PaGoroit BocmuTaTenbHOTO Mpollecca MpPU JOCTUKEHUU
t
uemu A HasoeM dynxiuio X (t) = [5(7)d 7z, rne noapinTErpanbHas GpyHKIHES — 5TO
0
(GYHKLUS BETMYMHBI JOCTUKEHUS LETH A.

Onpenenenue 13.2. Cuiioit Bosin po0OTa MpU JOCTHXKEHUM 1eTu A Ha30BEM

t
[o(r)dr
dymxmmo Y (t)=2—— —
Jlerko BumeTh, uTO paboTa U3MEPSETCS B €IUHUIIAX BPEMEHHU, a CHJIa BOJH —
Oe3pa3MepHasi BeTMInHa.
ChopmynupyemM TpOCThIE TEOPEMBI, TOKA3aTEIbCTBO KOTOPHIX C OYEBHI-
HOCTBIO ciaeayeT u3 gopmyi (12.3).
Teopema 13.1. B oaHomepHOM ciydae paboTa BOCHHMTATEIBHOTO Mpoliecca
3a0BIBUMBOTO POOOTA MPU JOCTHIKCHHUH 1IETH YIOBIETBOPSET HEPABEHCTBY
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29
X)) <————t
X Aoy
Teopema 13.2. B ogHOMEpHOM cCily4yae cuja BOJIM 3a0BIBUMBOTO poOOTa MpHU
JOCTHKEHUU LIEJIN YIOBJIETBOPSAET HEPABEHCTRBY |Y (t) |< —| A (21q oF ,

Teopema 13.3. B MHOrOMepHOM citydae (IIelb SIBISIETCS BEKTOpoM) paboTa
BOCITUTATEIBLHOTO TMporecca 3a0BIBUMBOTO POOOTAa TIPH  JOCTIDKCHHH  IIETH
YIOBJIETBOPSIET COOTHOIICHUIO

q m
2(1_9)2 E| a |

m
> af
i=1

Teopema 13.4. B MHOroMepHOM cilydae CHJIa BOJIM 3a0BIBYMBOTO poOOTa MpHU
JOCTH>KEHUHU 1IETTU YJIOBJIETBOPSET COOTHOIICHUIO

9 s
2(1—49)2 Ela.l

m
2 af
i=1

CnenctBue 13.4. He cymiectByeT 3a0BIBUMBOrO POOOTa C HEOTPAHUUEHHOM
CUJION BOJIH.

JoxkazatensctBo. B cuny cnpaBemnuBoctu HepaBeHcTBa (13.1) cuna Bosu
3a0BIBUMBOTO poOOTa orpannyeHa. CrieJJoBaTeIbHO, CIEICTBUE JOKA3aHO.

[Ipenmonokum, 9TO CHJIa BOJM 4YEJIOBEKAa aHAJOTHYHO CHUJIE BOJIM pPoOoTa
OTHCHIBAETCs onpeneneaneM 13.2.

BBenem crienyroriee onpeseneHue.

Omnpenenenue 13.3. byaem roBoputh, 4To0 poOOT OMACEH IS YEJIOBEKa, €CIU
MOJyJb €r0 CHJIBI BOJIM ACHMIOTOTHYCCKH (IpU BpPEMEHH, CTpPEMSIIEMCS K
OECKOHEYHOCTH) CTAaHOBHUTCS OOJbIlIe MOJIYJS CHUJIbI BOJIM 4YeJNOBEKa B Jt0OOI
MOMEHT BPEMEHH KU3HU YEIOBEKA.

Teopema 13.5. Po6oT ¢ aOCONIOTHOW MaMsATHIO M PABHOIICHHBIMU TOJIOKHU-
TEJTLHBIMHU YMOILIUSIMH OTIACEH ISl OOBIYHOTO YEJIOBEKA.

JokazaTenbcTBo. Tak kak poOOT C aOCOMIOTHOW TaMsThIO HMEET BCE
K02 PUITMEHTBI TTaMATH, paBHBIC €IWHUIIC, TO JUIS PABHOICHHBIX ITOJIOKUTEIBHBIX
sMolni poboTa, ¢ ydyetom cootHomenuit (11.3), cuma Boau poOoTa B pe3yibTaTe
OECKOHEYHOT0 KOJIMYECTBA BOCIHUTATEIHHBIX ITUKIOB OyJeT paBHa OCCKOHEYHOCTH,
TO €CTb, YJIOBJIIETBOPSITH COOTHOIIICHUIO

t.

| X(1)|<

Y () |< (13.1)

}5(1)dr

lim Y(t)=lim &— = .
t—ow t—ow
OOBIYHBIA YENOBEK, JaXKe MPH BCEX IMOJOKUTEIBHBIX SMOIUSIX, HE 0OJagaeT

a0COJIIOTHOW MaMSThIO, €r0 3MOIMH OrpaHHYeHbI [9], MOATOMY COr-JIaCHO Teopeme
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13.4 cuna BONM 4YeNOBEKAa OTPaHUYEHA, a 3HAYUT, MEHbIIIE aCUMITOTHUYECKOW CHJIbI
BOJIM poOOTa ¢ aOCOJIOTHOM TMaMATbIO M PABHOICHHBIMU MOJIOKUTEIHHBIMU
SMOIUSIMU, YTO U TPEOOBATIOCH JOKA3aTh.

Tak Kak OTAENBHBIA YEJIOBEK IO CBOEH MPUPOJE HE MOXKET CYILIECTBOBATH
BEYHO, TO €ro Cuja BOJM BCErJa SIBISETCS KOHEYHBIM YHUCIOM. B KOMIBIOTEPHYIO
namMsiTh HOBOTO pOOOTa MpH MPEKpalleHWH CYIIeCTBOBAHUS poOOTa-TpeaTeuH,
MOKHO 3aIricaTh HHPOPMAIUIO O YUCICHHBIX 3HAYCHUSX BOCTIMTAHUHN MPEABITYIINX
«TOKOJIEHUuM» poOOTOB. ITO 00OecmeurBaeT HENPEPHIBHOE CYIIECTBOBAHHE
MUHTEJIEKTa OTJEIBLHOr0 poOoTa MPU BPEMEHH, CTpeMsIeMcsi K OeckoHeuHOocTU. B
pe3ysbTaTe HENPEPHIBHOTO CYIIECTBOBAHUS TMOKOJICHUM POOOTOB U TEpeaadyd UM
PABHOIEHHBIX TIOJIOKUTENIbHBIX ASMOIMN TMPEIIIECTBEHHUKOB TPU a0COJIIOTHOM
MaMaTH BCErJa HACTYNUT MOMEHT, Korja poOoT OyAeT omaceH sl OOBIYHOTO
yenoBeka. Mcxoass M3 CKa3aHHOTO CIEQyeT BBIBOJ O TOM, YTO BO H30exkaHHUE
BO3HMKHOBEHHUS OIACHBIX CHUTyalldii B OTHOLIEHUSAX poOOTa U YeIOBEKa,
HEO00XO0/IMMO, MO KpallHEell Mepe, MPOESKTUPOBATh 3a0bIBUMBBIX POOOTOB (POOOTOB HE
¢ aOCOJIIOTHOM MaMsThIO).

[lycTh cripaBeJIMBO COOTHOLIEHUE

— t —
P(Omax ,t)=max | [56(6,7)d7], (13.2)
é 0
rae 6 — BCEBO3MOXKHbIE HAOOPHI KOADPUIIMEHTOB mamsATH, @max— BEKTOP KOd(]-
t —
¢unrenToB namsaTH, obecneunBaronmii MakcumyM Gyrkuuu | [O(6,7)d7 |,
0
Ucxons u3 onpenenenust 13.1 u popmyinsl (13.2), MOKHO BBECTH CIEIYIOIICE
OTIpe/IeIICHUE.
Omnpenencare 13.4. Kosdduumentom monesnoro peicteust (KITO) w(t)

BOCIIMTATEIBHOIO Tpoliecca podOTa HA30BEM BEIUYMHY, YJIOBJIETBOPSIOUIYIO
COOTHOIICHHIO

t —
X (t) sign[[ 6 (@max,7)d7]

ult) = - =
P(@max,t)
}5(2’)d2‘ sign[}5(émax,f)dr]
_0 0
max | [5(6,2)d<|
- 0
0

Jlerko Buaeth, uro KIIJ[ BocmurarensHOTO Tporiecca sSBIsSETCs 0e3pa3MepHOn
BEITMYMHON M JJISI HETO BBITIONHSIETCS ycioBue u(t) e [— 1, 1]. OueBUIHO, YTO YeM

Ooubire 3Hauenne 4(t) mpu 3amaHHBIX KO3(QQUIKEHTAX TaMATH POOOTa, TEM OIIMKE
poOoT K Haubosee 3PPEeKTUBHOMY BOCITUTAHHUIO.
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t —
[pu Bemonnennu yeaosus Sign[ X (t)] sign[[d(Omax,7)dz] >0 sennumna u(t)
0
Oyzner ymoBieTBopsAThH cooTHomenmio x(t)€(0,1], uro roBopuT o coBmageHum

HampaBJIeHUH peasbHOTO U 3PPEKTUBHOTO BOCTIUTATEIHHBIX MPOIIECCOB.

CnemyeT OTMETUTH, 4YTO KOI(P(GUIMEHT TOJE3HOTO JCHCTBHS TIO3BOJISET
OIICHUBATh «IPUPOJHBIC» XapaKTEPUCTUKH pobdoTa (KOADPHUIIMEHTH MNaMATH) C
TOYKH 3peHus obecrieueHus 3QHEKTHBHOCTH BOCIIUTATEIHHOTO TIPOIIECcCa.

14. MATEMATHYECKASA MOJIEJIb TAJTIAHTA

BbIiBUHEM THIIOTE3Y O TOM, UTO 0OJI€e TAJAHTIUBBIA CYOBEKT (POOOT) JydIiie
BCETrO TOJJIaeTCsl BOCHHUTAHUIO, T. €. K MOMEHTY BpeMeHH t uMmeeT OOJIbIIyFO
CPCIHIOI0  BEJIUYMHY JOCTHDKCHHSI IOCTABJICHHOW  BOCIHMTATCIILHOW  IICIIH,
NPUXOJAIIYIOCS Ha CIUHHUIYY BpeMeHH. lMcxoms W3 93TOM THIIOTE3bl, MOXHO
MPEIJIOKUTH COOTHOIIICHHE, OTpeeistomnee TananT F cyonekra [68]:

}5(T)dr }%AiRi (r)dr

Fi)=2——=0 . (14.1)
t n

Taxum o6pa3om, TaJlaHT U3MeEpsIETCS B €AUHUIIAX, OOPATHBIX BPEMEHHU.
Ha ocHoBe paGoTsl [3] MOKHO MOJYYUTh OLIEHKY TajaHTa JUisl CyObeKTa, He
o0J1agaromiero adCOIITHON NaMAThIO. JTa OLICHKA UMEET BHU/I
1-¢/
1
a2 |Al -y
FO) <=,

ty A?

NG

rae q=max|Rj|; 6; — 3HaueHHS MAKCHMAIbHBIX KOI(QQUIMEHTOB MaMsITH CyOBEKTa
|

[65], cooTBercTByOIIME BOCHHMTAHUIO C HOMEPOM I; | — TOPSIKOBBIA HOMEP
BOCIIUTATEIFHOTO TaKTa, 3aBUCAIIETO OT TEKYIIETO BPEMEHH BOCIHTaHUS (caMo-
Bocrutanus) t [65].

CootHomienue (14.1) mo3BoJISE€T BBISBIATH HanOOJee TAIAHTIMBOTO CyOBEKTa
U3 TPYMIBl WHAWBUIYYMOB, PaHKUPOBATh WICHOB TPYIIBI COTJIACHO WX TaJlaHTaM U
BBISIBIISITh CYOBEKTOB C HAWMOONBIIMMHU CKJIOHHOCTSIMA K TE€M WM HWHBIM cdepam
JEATEIILHOCTH, ONPEACTIsIeMbIM TTOJIMHO)KECTBAMH 3JIEMEHTOB BEKTOPA BOCITUTAHHSI.

[Ipennoxxum crneAyrolmuil anropuT™M BbISBICHUS cdep AesITeNbHOCTH, K
KOTOPBIM CyOBEKT UMEET HauOOJIBININE CKIIOHHOCTH (HauOOJIBIIIUNA TaJaHT).

1. B kauecTBe BXOAHOrO TMapaMeTpa aJropuTMa CTaBUTCS OOIas

BOCIIUTATENILHAS LENIb-BEKTOp A= (A¢ Ay).

2.B pesynapTare BOCHUTATENIBHOTO IMpoIlecca K KOHTPOJBHOMY MOMEHTY
BpeMeHU t BEIYHCIISIETCS] BEKTOP OOIIET0 BOCTIMTaHMS R = (Rl (t)..., Ry (t)).
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3.13 BekTopa 1enu A mocneaoBaTelbHO BBIOUPAIOTCS BEKTOPBI-TOJIIEIIH,

SIBIISTIOIIMECS TTOJMHOKECTBAMHM-COUETAHUSIMHM M3 MHOJKECTBA DJICMECHTOB

BEKTOpA 1IEJIN M0 OJHOMY, JIBYM, ..., N BJIEMEHTaM.

4. BBIUUCIAIOTCS BEIMYMHBI TAJJAHTOB JUIS Ka)KJOIO M3 DTHUX MHOXKECTB-

COUYECTAHUU TMPU YCIOBUM, YTO PACCMATPUBAEMbIC BHUILI BOCIHUTAHUS

COOTBETCTBYIOT HOMEpPAM 3JIEMEHTOB BEKTOPOB MOIIIECIICH.

5. BriOuparoTcs MakcUMaidbHbIE 3HAYEHHUS TaJlaHTOB, COOTBETCTBYIOIIUE

KaXJ0MY U3 OJMHOXECTB-COUCTAHUH.

6. OmnpenensioTcs HOMEpa 3JJIEMEHTOB IIeJIed TMOJMHOXKECTB-COYCTaHUM,

COOTBETCTBYIOIIIME OSTUM MAaKCUMAJIbHBIM 3HAYCHUSIM TaJaHTOB. OTUM

HOMEpaM COOTBETCTBYIOT BH/IbI BOCIIUTAHUM, IO KOTOPBIM CYOBEKT SIBJISICTCS

HapOosiee yCHEIHBIM, T.€. HauOojee TaJaHTIMBBIM W HUMCIOIIUM

HauOOIBIINE CKJIOHHOCTH.

OueBHIHO, YTO KOJHMYECTBO OCHOBHBIX orepanuii N, KoTopoe HeoO0X0auMO

BBINIOJIHUTh TPU KOMIIBIOTEPHOW pealu3aliil aJIropuTMma, OyJIeT OmpeaesiThCs

n .
coornomerueM N = Y'Cy .
i=1
Cnenyromuii npuMep WLTIOCTPUPYET OMUCAHHBIN BBIIIE aITOPUTM.
[TycTh MO OKOHYAHUU ceMecTpa, JUIIIerocs: yeTeipe mecsna (=4 mec.), po6ot-
CTYyIEHT MEPBOTO Kypca IO pe3ylbTaTaM HK3aMEHAIMOHHON CECCUU, MOIYUYUI
OILICHKH, IPUBEICHHBIC B TA0I. 1.

Tabmuma 14.1.
Pe3ynbTaThl 5K3aMEHAIIMOHHON CECCUU POOOTA-CTYICHTA

Ne DK3aMeHaIno
JucuunnmHaa
/o HHas OIIEHKa
1 MaremaTnyeckuii aHaJIu3 4
2 Marematudeckas JIOTUKA 5
3 IIporpammupoBanue 3)

bynem mpenmnonaratb, 4YTO OIIGHKA Ha DJK3aMEHE SBIISICTCA YHCICHHBIM
3HAYCHUEM BOCIUTaHUSA (CaMOBOCIHTaHHS) poOOTa-CTyJeHTa TIPH OCBOCHUU
JTUCHIUIUIMHBL BO BpeMs cemecTpa. TakuM oOpa3om, BEKTOp BOCHUTaHHSA R mpumer
BUA R=(4,55), rAe MOPIOKOBBIE HOMEpa DJJIEMEHTOB COOTBETCTBYIOT
HaWMMEHOBAHUSIM AUCIUILINH, TPUBEICHHBIM B Ta01.14.1.

Ilycte oOmas 1enb A, yCTaHOBJIGHHas JeKaHaTOM (akyibTeTa i Ka)KJI0To
po0OOTa-CTyJIeHTa, CIAIOIIET0 CECCUI0, OMNpEeNeseTcs OTIWYHBIMU OIEHKaMU IO
BCeM IpeamMmeram, T.e. A=(5,5,5).

JIisi BeIUMCIIEHUSI TajaHTa poOOOTa-CTyACHTA IO TOJHOMY BEKTOpY menu A,
omnpenensieMoro cooTHomenueMm (14.1), mpumenum ¢GopMyay TMpaBbIX MPSMO-
yroiasHUKOB [25]. Torga paBerctro (14.1) mpumer Bua

SAR
FO~=7—. (14.2)
4I§1A1
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AHasioru4Ho cooTHolieHuto (14.2) OynyT BBIVISIACTh PABEHCTBA, IO3BO-
JSIOIIAE BBIYUCIIATh 3HAYEHWS TallaHTa CTYJICHTA IO BEKTOpaM TMOAICICH s
KaXIOTO U3 MHOECTB-COUYCTAHUM.

B T1abn. 14.2 npuBeneHbl MOMIENN, COOTBETCTBYIOIIME MHOXECTBAM-
COUYETaHUSAM, U 3HAYECHUS BBIYMCIICHHBIX TAJIAHTOB POOOTA-CTYEHTA.
Tabnuma 14.2.
PacueTHble 3HaueHUs AropuTMa
Ne MHoxecTBoO- Bexkrop Bexkrop Tanant (vec™)
COUYETaHue NOJLIEIIN BOCIIMTaHUs
1 1 5 4 0,200
2 2 5 5 0,250
3 3 3 5 0,250
4 1,2 5,5 4,5 0,225
S 1,3 5,9 4,5 0,225
6 2,3 5,5 5,9 0,250
/ 1,2,3 5,95 4,55 0,233

AHnanmu3 Tabn. 14.2 mo3BoJsiAeT YTBEpXKAaTh, YTO POOOT-CTYNEHT SIBISETCSA
HanOoJIee TaJaHTIMBBIM B 00JIACTH MPHUKIAIHBIX HAYK, T.€. MATEMAaTHUECKON JIOTUKH
¥ TIPOTpaMMHUPOBaHUS, TaK KaK €ro TATaHT F B ATUX HaykaxX paBeH HaHOOJbIIEMY U3
paccMmatpuBaeMbix 3HaueHuit: F=0,250 mec ™. IIpu ocBOEHHHM BCETO KOMILIEKCA
JTUCIUILIMH CEMECTpa TaJaHT poOO0Ta-CTyIeHTa OKa3aJiCsl HUXKE, OH PABEH 0,233mec™.

[Ipy u3yyeHuu TanaHTa CyObEKTa HEOOXOAMMO BBECTH TOHSITHE IIHPOTHI
TaJlaHTa, OMpPEACIISIONIee KOJUYECTBO BOCIHUTAHUM, COOTBETCTBYIOIIECE 3aJlaHHOU
BEJMYMHE TaliaHTa. B paccMoTpeHHOM BbIie mpumepe (cM. Tabi. 14.2) TamaHThl,
COOTBETCTBYIOIIME CTpOKaM 2 W 3, paBHbI TajaHTy cTpoku 6. Iloatomy mpu
3amaHHON Bermmuuue F, paBroii 0,250 Mec™, IIMPOTa TalaHTa MHIMBHAyyMa OymeT
paBHa 2. MOXHO cienaTh BBIBOJ O TOM, YTO CYOBEKT MPU PaBHBIX BEIMYMHAX
TajaHTa OyJeT TeM TaJaHTJIMBEee, YeM Iupe ero Tajant. CriegoBaTesbHO, OOUIUi
TaJaHT WHAUBHUAyyMa OIpeaensercs mapoil B, ymomieTBopsromieil paBeHCTBY
B=(p, F),rmep— mmpoTa Taganta, F — tamanr.

B paGote [65] BBemeHO COOTHOIIEHUE, OIMPEIEIAIONIee BOCHUTAHUE Kak
(GYHKIMIO BEPXHETO Mpejeia OT AMOIHMHM CYOBhEKTa, MOITOMY TaJlaHT SIBIIICTCS
CJICICTBHEM TIPOSIBIIIEMBIX CYOBEKTOM 3MOIIHH.

B koHTekcTe co3maHus 3MOIMOHAIBHBIX pPOOOTOB MOXEM CKa3aTh, YTO
pa3paboOTUMK TPOrPAMMHOTO OOECIICUCHHS] SMOIMOHAJIBLHOTO po00oTa MOXKET
CaMOCTOSITEJIBHO 33aBaTh BUJT (DYHKIIMNA AMOLIUN U KOI(PPUITUEHTOB MaMATH podoTa B
3aBHCHMOCTH OT BPEMEHU. DTO TMO3BOJISIET MPOCKTUPOBATH POOOTOB C 3aJaHHBIM
OOIIMM TAJaHTOM M JAPYTHMH IICHXO03MOIIMOHATIBHBIMU XapakTe-prucTukamu [68].
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15. MOJAEJIb TEMIIEPAMEHTA POBOTA

IlombITaeMmcs AaTb MATCMATHYCCKYIO HHTCPIIPCTALIUIO TCMIICPpAMCHTA p060Ta
[20; 69].

Onpenenenne 15.1. OnemenTtapHsiM  TemnepameHToM  W;(t) HazoBeM

POU3BOJIHYIO OT (PYHKIMK MOJYJIE MOMEHTAIbHBIX AMonuii M; (t) mo Bpemenu t,

d|M; (t : d|M; (t -
T.C. W, (t):M, rae | — HoMep poboTa B Trpylile, w>0, i=Ln, N —

KOJMYECTBO POOOTOB B IPYIIIIE.

N3 ncuxonorudeckoil HayKd WM3BECTHO, YTO JIIOAM, aHAJIOTU POOOTOB, C SIPKO
BBIPAKEHHBIM TEMIIEPAMEHTOM OJIHOTO THUIA BCTPEYAIOTCS JOBOJIBHO PEIKO,
MI03TOMY OYEBHUJHO OYyJET BBEIACHHUE CIECAYIOLIETO OMPEIEICHHUS.

15.1. OIIMCAHUE MOJEJIN

Onpenenenne 15.2. Temmepamentom L; pobGoTa i Ha30BEM BEIMUYHUHY,
YJIOBJIIETBOPSIOILYIO COOTHOILIEHHUIO
1 dM; (1)
L; = =max|——=, 15.1
'a dt ‘ (151)

rae a = max
it

dM; ()
Cdt

iefin].

Jlerko BuAeTh, UTO ompeneracHue 15.2 MO3BONSIET BBIUUCIATH TEMIIEPAMEHT
OTJIETTLHOTO POOOTA TOJIBKO OTHOCUTEIHHO TPYIITBI POOOTOB.

Pesynprarel umcciienoBaHWM, TMPOBEACHHBICE NIPU  BBIYMCICHUM 3HAYCHUU
temriepaMeHToB monaeh [20, 69], oueBHmHO, MOXHO TIEpeHECTH Ha POOOTOB (CM.
tadi. 15.1).

Ta6numa 15.1.
WNHuTtepBasibl U3MEHEHHS 3HAUCHUI TeMIlepaMeHTa poOOTOB

WNurepBainsl U3MEHEHUS
Buj remrepamenTa pobota | YUCIEHHOTO 3HAYEHHS
TEMIIEpaMEHTa
MenaHxouK (0; 0,25)
drermaTuk (0,25; 0,5)
CaHrBUHHUK (0,5; 0,75)
Xonepuk (0,75; 1)

WNHuTtepBanbsl TeMrepaMeHTOB, NpUBEAeHHbIE B Ta0a.15.1, mo3Bosys0T BBeCTU
MOHSTUE TEMIIEPAMEHTA IPYIIIBI pOOOTOB.
B paznene 2 6b11 npUBEAEH NPUMEP, TAK HA3bIAEMOM, FTApMOHUYECKON

(7
sMoLuH, KoTtopas omnuckiBaercs (ynkuueir M (t) =P sin (—Otj, rane P=const, to—
t

MPOJOJDKUTEIILHOCTD TaKTa.
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AHaJIOTHYHO ITOMY TPUMEPY OMPEICIIUM SMOILUHU, KaKIass W3 KOTOPBIX IS
poboTa | mpencTaBuMa Ha TakTe | B BHJIE

. T
M;;(t)=A; sin t?T.t ,
Il

Y — IPOJOJDKUTENBHOCTD TakTa i, i =1,nN.

i,
.HGFKO BUACTDH, YTO B OTOM cnyqae TeMHepaMeHT po60Ta L| 6y,Z[€T BBIYUCIIATBCA

rae A, =const, t

o dhopmyiie
Al

t -t
Lyj=——F" (15.2)
Al
max ————
ln G =ty
O4eBuHO, YTO TEMIEpaMEHT poOoTa sBIsAETCA OE€3pa3MEpHON BEIMYMHOM,
npuHanexamen orpesky [0,1].
B pasnmene 2 naHo ompenelieHHE 3JIEMEHTApHOrO BOCIHTAaHUSA poOOoTa r; Ha

TAKTE i .
tj
ni= [M};i(&)ds.
ti—1
OueBUIHO, 4YTO DJEMEHTApHOE BOCIMUTaHHE poOota |, OCHOBaHHOE Ha
FapMOHHqCCKOﬁ SMOIMH, UMCCT BU
2
N :;Al,ifi’ (15.3)

rae 7y =tj —tj_1 - IpOAOJDKUTEIBHOCTD TAKTA i .

PaccmoTpum  3amauy  BBIYMCIEHHMS TeMIlepaMeHTa po0oTa, Korjga €ero
FapMOHMYECKUE OMOLIMM 3aBUCAT OT 3BYKOBOTO CHUIHaja, IIOCTYIIAIOLIEr0 Ha
ayIMoBXoJ1 poOoTa yepe3 MUKPO(OH.

BoigBuHEM TUIoOTE3y O TOM, 4YTO 3JIEMEHTApHOE BOCMHUTAaHHME pPoOOTa, IMpHU
FapMOHUYECKHX DMOLMAX OKBUBAICHTHO HWHTErPAIBHOM XapaKTEPUCTHUKE OT
aMILTUTYAbl S,,(t) 3BYKOBOM BOJIHBI, NOCTyHAroIlel Ha ayAauoBxoza poOora | s

Ka)XJI0TO TakTa i. B 3ToM ciydae cripaBeyIMBO COOTHOILIEHUE

f
ni= 1S1i(£)ds. (15.4)
i-1
[IpupaBuuBas mpaBble yactu cooTHomeHuid (15.3) u (15.4) apyr apyry,
MOJIyYUM PAaBEHCTBO

2 f
—Aiti =[S (t)adt,
7 tj—1

U3 KOTOPOTo ClieayeT popMyia

A =2—7[ tJiS| i (t)dt. (15.5)
T i1 :
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ITpu 1 =1 ¢ yuerom cootromrenus (15.5), popmymna (15.2) npumer Bu:

f
[S1; (D)t

tj—
Lyj= I 1ti : (15.6)
max [S);(t)dt
—t 4

tj—
1=1,n

15.2. IPOI'PAMMHAS PEAJIN3ALIUA BBIYUCJIEHUSA
TEMIIEPAMEHTA

JUist BBIUMCIIEHUSI 3HAYEHHM TeMIepaMeHTa poOoTa MpU pea3aliid MOJAEIu
TEMIIEpaMEHTa Jii TapMOHHYECKON SMOIMU Obuta pa3paboTaHa KOMITbIOTEpHAs
nporpamma juit OC Windows 7. Pabora mporpaMMbl OCHOBBIBAeTCS Ha 00pabOTKe
rojioca 4ejoBeKa, MOCTYIMAIOIIEr0 Ha ayIMOBXO/I IEPCOHAIBHOIO KOMITBIOTEPA Yepe3
MUKPO(OH.

TemnepameHT poOOTa paccUMTHIBAETCA HA OCHOBE €IUHCTBEHHOI'O TaKTa NpHU
i =1 JUIUTEIBHOCTHIO SC.

JIns BBIYKCIICEHHS] HMHTETPAJIOB OT aMIUIMTYAbl 3BYKOBOM BOJIHBI S|’1(t) B

dopmysie (15.6) ucronb3yercs METO MPSIMOYTOJIBLHUKOB [25].

[Ipumenenue 3Toro Meroaa OOYCJIOBIMBAETCS TEM, YTO B TEPCOHAIBLHOM
KOMIIbIOTEpE 3BYKOBas BOJIHA MPEACTABISCTCS B BUAE CTyneH4Yaroi ¢pyHkiuu [43] €
IaroM JAUCKPETU3AllH, PABHBIM XapaKTEPUCTHKAM 3alKCHIBAIOIIETO YCTPOUCTBA.
VIMEHHO 3TOT IIar BEIOMPAETCs B KayecTBEe miara N 4MCIEHHOr0 MHTErPUPOBAHMS
IpH  BBIYKCICHWH uWHTerpanioB B ¢opmyne (15.6). CormacHo pabore [25]
TMOTPEMIHOCTb 3aMEHbl AMILIMTY bl 3ByKOBOH BonHbI S| 1(t) mpu e€ umnciaenHom

unrerpuposanun pasaa O(h).

Takum oOpa3zoM, mnpuOMKeHHass pacueTHas ¢GopMmyia Il BBIYUCICHUS
TEeMIIEpaMEHTa UMEET BU/I:

m m
h.213|,1(xj) .lel,l(xj)
Liq = j= . _ = _ , (15.7)
max h ¥ Sj1(xj) max ¥ Sy1(xj)
- j=1 —J=1
I=1,n I=1,n
. t —t ) -
rﬂer:jh, mzlho, J:l,m.
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15.3. BEPUOUKALIUA MOJAEJIN HATYPHBIMU
IKCIIEPUMEHTAMUA

Jlns ompedeneHuss COOTBETCTBUSA TNIpeajlara€éMoOd MaTEMaTHYeCKOW MOJeIu
TeMIIepaMeHTa poOOoTa TpeodIamaIIeMy THITY TEMIEpAaMEHTa YelIoBeKa ObLIN
MIPOBEJICHBI HKCTIEPUMEHTHI C UCII0JIb30BAHUEM ONMMCAHHOM BBIIIE TPOTPAMMBL.

B kauecTBe 3TamoHa COBOKYMHOCTH MPEO0JIaJAIOIMX TUIIOB TEMIIEPAMEHTOB
YeJoBeKa MCIOJIb30Bajlach 0a3a JaHHBIX TOJOCOB MPHU  PA3IUYHBIX AMOIUSAX,
ayJM03aIMCcy KOTOPBIX MPUBEIEHBI Ha caiite [123].

Tak Kak BBIYUCIISIEMOE 3HAYEHUE TEMIIEPaMEHTa OYEHb CHJIBHO 3aBHCUT OT
aMIUTUTYJbl 3BYKOBOW BOJHBI, IOCTyHaloOUlel Ha ayJIuoOBXOJl IEPCOHAIBHOTO
KOMITbIOTEPA 4Yepe3 MUKPOGOH, TO Mepe]] MPOBEICHUEM SKCIEPUMEHTOB OIpeJie-
JSJI0Ch PACCTOSTHUE OTO pra J0 MHUKpO(dOHA CIEIyIoIUM 00pa3oM: 3KCIEpT-
TICUXOJIOT, KOTOPbIA 3HAaeT CBOW MPeoOIaJaroNIvil TUI TEMIIEpaMEHTa, W3MEHSET
pacCTOsITHUE OT CBOEro pTa W MHUKPOQOHA; MPU STOM IKCIEPT MNEPUOIUUECCKU
MOBTOPSET HOPMAJIBHBIM TOJIOCOM JI00YI0 (hpasy B T€UEHUE 5 CEK.; paCCTOSHUE OT
MUKpOOHA JO pTa YEIOBEKA CUUTACTCS MPUTOJHBIM ISl SKCHEPUMEHTOB, €CIU
BBIYMCJICHHBIH KOMIIBIOTEPOM TEMIIEPAMEHT COBIIAJIA€T C peaJbHBIM MPeo0-
JajarouMM THIIOM TeMmIlepameHTa 3kcneprta. Ilocie ompeneneHuss HEOOXOIUMOTO
paccTosiHMsL 10 MUKpoQoOHa 3alyCcKaeTCs Ha BbINOJHEHUE Tmporpamma. Jlis
omnpeneneHuss MpeoOJaJarolero TUIa TEMIIEpAMEHTa MCCIEAyEeMblid YeJIOBEK
MPOU3HOCUT JIIOOYI0 (Ppa3dy HOPMaIbHBIM TOJOCOM TakXKe B TEUEHHE S5 CEK.
[Iporpamma BO3BpamjaeT 3HAYEHUE TEMIIEPAMEHTAa MCCIEAYEMOro, COTJIACHO
KoTopoMy ¥ Ta01.15.1 onpenensiercs mpeoOIagaroNIil TEMIEPAMEHT YeI0BEKa.

B skcnepumenTtax npuHsim ydactue 68 denoBek. B kauecTBe 3KCIEpTOB,
OTIPEENSIONUX COOTBETCTBHE MPEOOIAAIONIETO TUIA TEMIIEpAMEHTa YelloBeKa
BBIYMCIIEHHOMY C TIOMOIIBI MPOrpaMMbl TEMIIEPAMEHTY MPUBIEKAIUCH IIpe-
nogaBaTen kKadenpsl oO0mme W KIMHWYecKoW mcuxosoruu IlepMckoro rocy-
JApCTBEHHOTO HAIIMOHAJIBLHOTO UCCIIEIOBATEICKOTO YHUBEPCHUTETA.

Ha ocHOBe KOMIBIOTEPHBIX HSKCIIEPUMEHTOB M  DKCIEPTHHIX  OILICHOK
CIICIIMATIMCTOB MCCIEAOBAHUS TOKa3an, YTO B 84% BBIYMCICHHBIN TEMIIEPAMEHT
COOTBETCTBYET Mpeo0IaatonieMy TUITY TEMIIEPAMEHTA UCCIIEyEMbIX JIFOACH.

DTO TOBOpUT 00 aJeKBATHOCTH MATEeMaTHYECKOM MOJEIU TeMIlepaMeHTa
poboTa M MNpaBWIBHOCTU BbIOOpA AMANA30HOB W3MEHEHMs BEIMYMH L,,, COOT-

BETCTBYIOIIUX KAKIOMY U3 MPE0OJIaAI0ONINX TUIIOB TEMIIEPAMEHTA YEIOBEKa.

15.4. TEMIIEPAMEHT T'PYIIIIBI POBOTOB

Omnpenenenue 15.3. Temnepamentom N rpymnmbl poOOTOB HA30BEM CpEIHUMN
TEMITIEpaMEHT POOOTOB, MPUHAJICIKAIITUX ITOM TPYIIIIE.
Ucxons u3 onpeneneHus Ay BIYUCICHUS 3HadeHnus N, MOKHO HCIIOJIb30BaTh

bopmymy
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(15.8)

3nas BennuuHy N, BBIYHMCICHHYIO UCXOJs W3 cooTHouieHus (15.8), MoxHO,
CTaBsd B COOTBETCTBUE 3HAUYECHMS U3 MPABOro cToyiona tadn. 15.1 neBomy cronodiry,
ONpPENENIUTh BUJ TEMIEPAMEHTa: B 3aBUCHUMOCTH OT HHTEpPBaJa, KOTOPOMY
npuHaIeKUT BenmnuuHa N, Tpymna po60TOB MOXKET ObITh WM METAaHXOJIUYHA, WU
¢dbermMaTu4Ha, WIK CAHTBUHUYECKAs, WIH XOJepUUYECKasl.

16. K UCCJIEJOBAHUIO JUHAMHUKU ICUXOJOI'NMYECKHUX
HNPOLECCOB B I'PYIIIE POBOTOB

PaccmoTtpum ciryuau, koraa B rpyIine poOOTOB BO BpEMEHH MPOUCXOIAT KaKre-
00 SMOITMOHAIBHBIC TTPOIIECCHI. Y CIIOBHBIE 0003HAYCHUS, UCIIOIb-3YEMbIC B ITOU
rJ1aBe, aHAJOTMYHBI 0003HaueHusIM paszzena 10.

OueBHUIHBI CIEAYIONTNE YTBEPKICHUS.

Teopema 16.1. Ecnu ¢ Teuenuem Bpemern COS(a(t)) — 0, To rpynmna poGoToB
-ty

CTPpEMHUTCA K HGYCTOIZ“IHBOﬁ 3MO]_II/IOH21JII>HOI>'I CUTyalluu.

Teopema 16.2. Eciiu ¢ Teuennem BpemeHu COS(x(t)) —1, TO SMouMOHAIbHAS
t—1,

ACATCIIBHOCTD B I'PYIIIIC pO6OTOB BCICT K CINIOUYCHHUIO I'PYIIIIBI.

Teopema 16.3. Ecnu ¢ reuernnem Bpemenn C0S(c(t)) — —1, To sMonmoHanbHas
t—>t,

JESITEILHOCTD B IPYIIIE poOOTOB BEJET K Pa300IIEHUIO TPYIIIIHI.

Caencreue 16.3.1. Ecmm cos(a(t)) > -1 u [a(t)|—[b(t)| — 0, [a(t)| Bemuxo, To
t—tg t—>tg

HaJIMIIO0 Yrpo3a HACTYIUICHUS KOH(JIMKTHOM CHUTyallMM B Tpymme poOOTOB B
HauOosee ocTpoit hopme.

3ametuM, 4TO Touka ty, ymomumHaemas B TeopeMax 16.1-16.3 u crmemctBum
16.3.1, Oyner BpEeMEHHBIM 3HAY€HUEM, COOTBETCTBYIOIUM OMpPENENsIeMbIM CO-
OBITUSIM B BBILICTIPUBEACHHBIX (OPMYITHUPOBKAX.

Cnencreue 16.3.2. Ecnau BbemosHstOTCS yenoBust cienctBusi 16.3.1 ogHOB-
PEMEHHO [JIi BEKTOPOB 3MOILIMI M BOCHUTAHUM, TO CYIIECTBYET Yrpo3a HaCTyII-
JeHUsT KOH(JIMKTHOW CHUTyalldd B Tpymdmne poOOTOB B HAWBBHICIICH cTemeHH (T.e.
OJIHOBPEMEHHO IO SMOLIUSM U BOCTIUTAHUSIM).

Hcxonas u3 BhIlIEHATMCAHHOTO, MOKHO BBECTH CIEAYIOIIEE ONIPEACIICHUE.

Onpenenenue 16.1. Mepoif B3auMOOTHOILIEHUI MEXIy TpyIIaMUd COBOKYTI-
HOCTH POOOTOB MO BOCIIMTAHUSIM WJIM DMOIMUSIM Ha30BeM Oe3pa3MepHbIC BEITHMUUHBI

7(t), o(t), ynosnersopsromme coornomenusm ) (t) =cos| a(t),b(t) |,

(p(t) = COS(X(t), y(t)j , IJA€ B IICPBOM CJIydac€ BCKTOPEI ABJIAIOTCA BEKTOpaMH BOCIIMTA-
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HUH, @ BO BTOPOM CJIy4ae — BEKTOPaMHU SMOILIHIA.
Takum 00pa3oM, SMOLUMOHAIBHOE COCTOSHHE COBOKYIHOCTH M3 ABYX IpyIIl

POOOTOB MOYKHO OITUCATh BEKTOPOM c— (7 (1), @(t)).

Jlerko BHIIETh, YTO €CIM B MOMEHT BPEMEHH ! BBITIOTHSIOTCS COOTHOIICHUS
7(t) €(01] mm o(t) €(0,1], To B coBOKymHOCTH €cTh ApyX0a MeXTy IPyNIIaMH IO

BOCIIUTAHHSAM MIIH 3MOIMSAM COOTBETCTBEHHO, H, HAa060poT, ecmu y(t) €[-1,0) nmm
@(t) €[-1,0), TO B COBOKYHOCTH MPUCYTCTBYEeT BpPaXJa IO BOCITHTAHMAM HIIH
smormssM  cootBeTcTBeHHO. Coyuam  y(t)=0 wmu  @(t)=0 orBewaror 3a

MOrPaHUYHbIE CHUTYaIllMd MEXIY BpPaKIOM W JpyXOOW IO BOCIHTAHHAM HIIH
MOMEHTaJIBHBIM dMoIusM. Ciydai, cooTBeTcTByronmii HepaBeHCTBY ¥ (t)@(t) <0,

OIpeIEeNseT APYXkKOY M0 BOCIUTAHUAM U BPAXKIY 110 SMOLUAM MM HA00OPOT.
Ouesuano, uto yeMm Oombire (1) wim @(t) npu UX HONOKUTEIBHBIX 3HAYE-

HHAX, TCM 6J'IaI‘0HpH51THee aTMOC(l)epa B COBOKYIITHOCTH pO6OTOB B IICJIOM, 4 YHEM OHHU
MCHBIIC IIPpU UX OTPULATCIBbHBIX 3HAYCHUAX, TCM OoubIIIe BpaXXJabl CpCau pO6OTOB.

CnpasemiBo yrBepkaenne o ToM, uto ecimu ¥(t) <0 u [a(t)[>|b(t)|, To BosmoxHO

MEePEBOCIUTAHUE TPYIIbI, BOCIIUTAHUE KOTOPOU omuchiBaeT BeKTOp b(t), B momb3y

IPyIIIbI C BOCIIUTAHUEM c’:l(t) .
Cdopmynupyem Teopemy 16.4:

IIpu n, pasaom 2 uiu 3, ecim €0S| @,b |=—1u [aj=b|, 0 a=-D.

JlokazarenbcTBO. Tak Kak BBITOJHSIETCS MEPBOE YCIOBHE TEOPEMBI, TO B JIBY-

WIA TPEXMEPHOM MPOCTPAHCTBE BEKTOphl & W b kommuneapwsl, T.e., a=Kkb. B
CHJTYy BTOPOTO yciioBusi ko3ddurreHt K y1oBaeTBopsieT paBeHCTBY Kk =+1, a Tak Kak

cos| a,b |=-1, To k=-1, cnenoBarenpHo a =—Db.

OueBuIHO, YTO TPH YCIOBUH & = —D cremyer crnpaBesIMBOCTh COOTHOIICHHUIN

cos| a,b |=-1wu |a|=|b|.

BrimensnoskenHoe mo3pojisier chopmynupoBaTh Teopemy 16.5 mus ABy- wiun

TPEXMEPHBIX BEKTOPOB: IS TOrO0 4YTo0bl a=—D, HEOOXOAMMO M JOCTATOYHO

OJTHOBPEMEHHOE BBINOJTHEHUE yCiIoBUi €C0S| a,b |=—1u |a|=|b|.

Teopema 16.5 no3Bossier 00001UTH TeOpemy 16.4: pu pa3MepHOCTH BEKTOPOB
BOCIUTAHUNA WM 5MOIMI, MEHEe YeThIpeX, JJs HauBBICUICH KOHPPOHTALMU B

74



COBOKYIIHOCTH pOOOTOB C HEHYJIEBBIMH BEKTOpPAMHM IICHXO3MOIIMOHAIbHBIX
COCTOSIHMIM HEO0OXOJUMO U JIOCTaTOYHO PABEHCTBO CYMMAapHOTO BEKTOpa 3MOLUN
WJIM BOCIUTAHUI BEKTOPY CO BCEMU HYJIEBBIMH KOMIIOHEHTAMHU.

B 3akmiouenue 3Toil rmaBel OTMETHM, uTo Teopembl 16.1, 16.3 u crencrBus
16.3.1, 16.3.2 mo3BOJIAIOT OLEHUTH CTPEMJICHHE COBOKYIMHOCTH POOOTOB K KpH-
TUYECKHUM SMOLMOHAIIBHBIM CHUTyalUssM M OOOCHOBBIBAIOT B CIllydyae HeEXena-
TEIbHOCTU HACTYIUICHHSI 3TUX CHUTyalluil HEOOXOAMMOCTh BO3JCHCTBHUS Ha POOOTOB
CIOKETAMH, CHOCOOHBIMHU YCTPAHUTD ITO CTPEMJIICHHE.

17. IPABUJIA 1 TIPOT'HO3 SMOLHNOHAJIBHOT'O
BbIBOPA POBOTOM

Hcnionp3ys maTeMaTH4YeCKUe OMPENIETICHUSI paccMaTpUBaeMbIX B MOHOTpaduu
TICUXOJIOTUYECKUX XapaKTePUCTUK pPoOOTa, TOMBITAEMCA ONUCATh OJIMH W3
aJITOPUTMOB €70 YMOIMOHAIBHOTO MTOBEICHHUSI.

[Iycts mepen poOOTOM BO3HUKAET MpoOJieMa 3MOIMOHAIBLHOTO BHIOOpA: OH
JIOJDKEH TIPUHATH B 3aBUCUMOCTH OT BOCHHUTAHUS PEIICHUE B IMOJb3Yy MEPBOrO WU
BTOPOTO UTPOKa (BOCIIUTATEIIS).

Huwxe mpensararoTcsi npaBwiia TPUHSATHS 3MOIIMOHAIBHOTO PEUICHUS] TaKUMHU
pobGotamu. byaem npeanonarars, 4To y poO0Ta BO3HUKAIOT TOJBKO MOJIOKUTEIbHbIE
smonuu. IlycTh ero KO3(QUUUEHTHI MamATH 6 j YHAOBIETBOPSIOT COOTHOIICHHIO

0<6 j<1 rne i =1,00, paBeHCTBO | = 1 oTBeuaeT KO3 PUIMCHTAM TaMSITH poOOTa

JUIS TIEPBOTO MIPOKa, COOTHOIIEHUE | = 2 — Kod(dUIMeHTaM MaMsITh podoTa s
BTOPOTO UT'POKA.

[Ipemyioxkum mepBOe NPaBUIO abTEPHATUBHOTO BBHIOOpA, OCHOBAaHHOE Ha
AMOITMOHAIEHOM BBIOOPE. DTO MPABHUIIO MOXHO JIETKO PEAIM30BaTh HA KOMITBIOTEPE
MIPU MOJICTTUPOBAHUH SMOITMOHAIBHOTO MOBEIEHUS pOOOTa.

[Tycth Ha poOOTa HE OAHOBPEMEHHO BO3ICHCTBYIOT JBa UTPOKA, BHI3BIBAIOIIUE
y Hero sMmouuu. [lepBbiii UTPOK MOPOXKAAET B MOMEHT BPEMEHHU JIEMCTBUSL CTUMYJA
(croxkera) tj omommro My, KOTOpas BieYeT dieMEHTapHOE BocnuTaHue Ry j,

t; -
paBHOE flMli(T)dT’ u Bocnuranue By =(Ry,0), rae, Hampumep, it aOCOIOTHOM
0

|t
naMsaTi poOoTa, cripaBeauBa popmyia Ri= Y [Myy(r)dr,a
k=10
BTOPOH MIPOK B 3TO BpeMs IOPOXKIACT HYJIEBYIO SMoIHi0. Bo Bpems tj BTOPOI

UTPOK MOPOXKIAET y poOOTa IMOIHIO My, j» BICKYILYIO 3JEMEHTAPHOE BOCIIMTAHUE
t] _
Ry, j = M, j(x)dz, e | # ] , 1 BOCIUTaHHE BTOPOTrO UTPoKa B, = (0,R,)

r7ie, HarpuMmep, s abCOTIOTHOM maMsTH poboTa cripaBenauBa Gopmyna
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|
Ry =X [Ro(r)dr, a smouus, noposxkiaemas Ipu 3TOM IEPBbIM UIPOKOM, PaBHa
k=10
HYITIO.

Brenem Bektop oOmiero BocmutaHus V , paBHBIN (Rl,Rz), rae KOMIIOHCHTBI

BEKTOpa — CyMMapHbIC BOCITUTAHMSI, TOJTyIaeMbIe 32 Bce BpeMs { IeHCTBHUS CIOKETOB
|
MIEPBOTO U BTOPOTO MTPOKOB, T1e t = >ty , a | — obmiee koamaecTBO 3MOITMOHATBLHBIX
k=1
BO3JICHCTBHI CIOKETaMH 000MX UTPOKOB Ha poOOTa.
[Tpu BBeeHHBIX 0003HAYCHHUSX MPABUIIO MIPUHITHS YMOIMOHAILHOTO PEIICHUS

poOOTOM B TMOJB3y TMEPBOTO WM BTOPOTO HUIPOKA MOXKHO C(HOpMYyIUpOBaATh

CJICAYIOLIMM 00pa3oM: €CJIM yroJl MeXy BEKTOpoM V 1 BeKTOpoM B MeHsble yria

Mexay V u By, To pemieHne poOOTOM IPUHUMAETCS B MOJIb3Y IEPBOrO UIPOKA;

€CJIM MEPBBIA yroia OoJbllie BTOPOTo, TO PElieHne NPUHUMAETCS B MOJIb3y BTOPOTO
UIPOKa; TIPpU PABEHCTBE YIJOB MEXIy BEKTOpaMHU BbIOOp BOOOIIE HE
OCYILIECTBIISAETCSL.

Omnuca"HOE BBIIIE MEPBOE MPABUIIO HETPYIHO PACIIPOCTPAHUTH HA KOJUYECTBO
UTPOKOB OoJbIliee ABYX. B 3TOM ciydae mpu peanu3anuu mpaBuiia, HAIpUMeEp IS
MOJICTUPOBAHUSI  AMOLIMOHAILHOTO TIOBEJEHUS pO0O0Ta, JOCTAaTOYHO BBECTH
KOJIMYECTBO MOMEHTAJbHBIX, CYMMapHBIX BOCIHUTAaHUH, pPaBHOE KOJIHMUECTBY
WUTPOKOB, YBEIMYMBAs TPU OSTOM KOJMYECTBO KOMIIOHEHT B BEKTOpE OOIIero
BocnuTaHud. HauMeHbmmii yronm Mexay oOLIMM BOCHUTAHUEM U BEKTOPOM
BOCHUTAHUNA Ka)XJ0r0 M3 UIPOKOB OIPEAENIUT aJbTEpPHATUBHBIN BbIOOp poboTa B
M0JIb3Y TOI'O WJIM UHOTO UTPOKa.

OTmeTHM, YTO MEpPBOE MPABWIIO CIPABEIJIMBO HE TOJIBKO JUIS CKAaJISIPHBIX
BEJIMYMH CyMMapHBIX BOCIIUTAHUM M MO, HO U AJISl CIy4yaeB, KOTJa OHU UMEIOT
BEKTOPHYIO (hopmy.

Omnpenenenue 17.1. Yrona Mexay BEKTOPOM BOCIUTAHUS U BEKTOPOM OOIIETO
BOCTIIUTAHUSA, ONPEICIAIONINNA HEOMPEIeIICHHOCTh poOOTa B MPHUHITHH PEIICHHUS B
MOJIb3y TMEpPBOTO WM BTOPOTO WIPOKA, HA30BEM KPUTHUYECKUM  YIJIOM
aNbTEePHATUBHOIO BHIOOPA.

[IpuBenemM BTOpOE MpaBWJIO albTEPHATUBHOTO BHIOOpPA, OCHOBAHHOE Ha

CpPaBHEHUU JUIMH BEKTOPOB CYMMAapHBIX BOCIIUTaHUNA R1 1 R2. DTO mpaBuiio MOXKHO
chopMyIUpPOBAaTh  CIEAYIOMIMM OOpa3oM: €CJIM  BBINOJHIETCS HEPABEHCTBO

|R1|>|R5|, To pemenme npuHMMaeTcs B TONBE3y IIEPBOTO HIPOKA; €CIH
|R;|<|R2|, TO pelleHMe NPUHUMAETCA B IIOJIL3y BTOPOrO UIPOKA;, €CIH

|R1|= | R, |, To HUKaKoe penieHne He MPHUHUMAETCH.

Teopema 17.1. TlepBoe 1 BTOpOE MpaBujia NPUHATHS AIbTEPHATUBHOTO BbI-
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00pa 3KBUBAJICHTHBI APYT IPYTY.

JoxkazarensctBo. Ilycth ¢ — yron mexny Bektopamu B1 m V., a f — yroxa

Mexay Bekropamu B2 m V. Toraa coriacHo mNpaBWiaM BEKTOPHOH aireOphbl
CIIpaBEJIUBbI COOTHOIICHUS

2n n -
z B, > R R1
cos o = = =1 , (17.1)
2 2 M 2
Z R1I + Z R Z R1I + 2 R 2
i=1 i=n+1 i=1 i=n+1
2n n -
.Z BZZ,i .Z R22,| R2
cos 3 = =1 = =1 =1 (17.2)
) 2n 2. n - 2n 2 -
Z R P + > R > R1i + > R2i
i=1 Li i=n+1 2, i=1 7 i=n+l
T T _ _
OueBuaHO, 4TO, €CIIU & > 3, 0<a<E,O<,6'<E,To R1/<|R2|:
T T - — - -
ecnmu a < f3, 0<a<§’0<ﬂ<§’ to |R1|>|R2|; ecmiu a =, 10 |[R1]=|R2|.

Takum 00pa3oM, MBI JI0Ka3alM, YTO NEPBOE MPABUIIO BIECYET BBHIMOJIHEHUE BTOPOIrO
MpaBua.
JIokaxkem, 4TO BTOPOE MPABUIIO BJICUET MIEPBOE MPABUIIO.

IlycTts cnpaBennmBo HepaBeHCTBO |R1|<|R2|. Tornma B cuny dopmyn (17.1) u

(17.2) HensOexHO clieayeT HepaBeHCTBO « > f npu 0 < a < %, 0<p< % :

AHaJOTHYHO JOKa3bIBaeTCS CIPaBEUIMBOCTh yTBEpKaeHui: ecim |R1|>|R2|,

TO o < [ Tipu O<a<%,0<ﬂ<%;ecnn R1|=|R2|, T0 ¢ = f3,

YTO U TPeOOBAJIOCH JJOKA3aTh.

Teopema 17.2. Eciiu 1Ba BEKTOpa HE UMEIOT HEHYJIEBBIX OOLIUX KOOPJIUHAT, TO
3TH BEKTOPBI OPTOTOHAJIBHBI.

JokasarenbcTBo. Tak Kak I10 YCIOBUIO TEOPEMBI BEKTOPHl HE UMEKOT
HEHYJIEBBIX OOLIMX KOOpPJMHAT, TO, HE Hapyllas OOIIHOCTHU, 3TH BEKTOPHI MOXXEM
MIPEJICTABUTH B BUJE

=(ay,as,..,a,,0,0,...,0), b=(0,0,...,0,b1,,1,b1141,-.:b ) -
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OueBHIHO, YTO CKAIIIPHOE MPOM3BEICHHE BEKTOPOB & U b paBHO HYJIIO.
CrnenoBaTesbHO, BEKTOPBI OPTOTOHANIBHBI, UTO M TPEOOBAIOCH JJOKA3ATh.

Cnencteue 17.2. Bextopsl B; u By opTOroHanbHsl.

JokazaTenbcTBo. Tak Kak BEeKTOpel Bju By cormacHo BBeIEHHBIM 0003Ha-

YeHHUSIM TIEPBOTO MpaBHJIa HE MMEIOT HEHYJEBBIX OOIIMX KOOPIWHAT, TO B CHIY
TeopeMblI 17.2 3T BEKTOPHI OPTOTOHATIBHBI.
JIoKa)keM OJIHO U3 CBOWCTB aJlbTEPHATUBHOIO SMOLIMOHAIBHOIO BBIOODA.

. T
Teopema 17.3. Kputndeckuii yroi anpTepHaTUBHOTO BHIOOpa paBeH 1

JokazarenscTBo. OTMETHM CIpaBeIMBOCTh paBeHCTBA V =Bi1+ B2. Cor-

JACHO TpaBUJy MapajijiejorpaMma CIIOXKEHHUS JBYX BEKTOPOB, BEKTOp V sIBiseTCS

IMAroHaJbl0 IapajulejorpaMma €O CMEXHBIMA CTOpoHamMu By um Bo. B cuiy
ciencTBust 17.2 3TH CTOPOHBI OPTOTOHAIBHBI, IIO3TOMY CIIPABEUIMBO PABEHCTBO

V4
a+pf =E. [lo ompegenenunto 18.1 u B cuwily NEepBOro MNpaBWiia MPUHATHUSA
aJIbTEPHATUBHOIO PEIICHUS, BBINOJIHAETCS PAaBEHCTBO « = [, T. €. KPUTUYECKUU

V4
YTOJ1 alIbTEPHATUBHOTO BHIOOpA paBeH 1

Onpenenenue  17.2.  CocTosiHME  HEONpPENEIEHHOCTH  poldoTa  Mpu
HYMOIIMOHAIIEHOM BBIOOpPE HA30BEM CTYIIOPOM.

[Ipenmonoxum, 9TO BO3ICHCTBUS TIEPBOTO M BTOPOTO HMIPOKOB Ha poboTa
COOTBETCTBYIOT PAaBHOIICHHBIM SMOIIMSIM, BIICKYIIIUM 3JIEMEHTApHOE BOCIIUTaHUE Ry .

ITycth k03(duImeHTsl mamsITH poOOTa, COOTBETCTBYIOIIMEC KOHEYHBIM MOMEHTAM
BPEMEHH SMOLMH, ITPOSIBISIEMBIM B PE3YJIBTATE AEUCTBUI IIEPBOIO UTPOKA, OCTOSHHBI
Y PaBHbBI BEIMYMHE ), a COOTBETCTBYIOIINE 3MOLUMOHAIBHBIM BO3EUCTBUSIM BTOPOIO

urpoka — 6, . [Ipeanonoxum Takxe, 4to

b € [O, 1), e {1, 2 } ¥ SMOIMOHAIBHAS TTaMATh POOO0TA O JISHCTBHUSIX IIEPBOIO MIPOKA

MOJIHOCTBIO COXPAHSIETCS BO BpeMs JCHCTBUI BTOPOI0o UTPOKA M HA0OOPOT.
Torma corjacHo TaBe 3 W BTOPOMY MpaBUJy ajlbTEPHATUBHOTO BHIOODA,
OYEBHUTHO PABEHCTBO

j q
1-6, °1-6,
rae j, 0 — KOJMYECTBO BO3JACHCTBHI Ha pPOOOTA SMOLHUAMH, CIACAYIOIIUMH OT

JNEUCTBUM NIEPBOTO U BTOPOTO UTPOKOB COOTBETCTBEHHO.
CootHowenue (17.3) 5kBUBaJEHTHO PABEHCTBY

Ry (17.3)

78



1- 611 _ 1- 6’3

1-6 1-6,
Jlerko BUAETHb, YTO TPU BBIIICTIEPEUNCICHHBIX MPEANONIOKEHUIX GopMyia
(17.4) onpenenser HEOOXOAUMOE M JIOCTATOYHOE YCIIOBHE HACTYIUICHHS CTYIIOpa,
BO3HHUKAIOIIETO MO ACHCTBHEM 3MOIMU OJHOTO THUMA. JTO YCIOBHE MOXHO JIETKO
0000IMTH, Ha cioydaid, KOIJIa pPAacCMaTpPUBAIOTCS OSMOIMM W  BOCIHUTAHUE,
ompeiensieMble BEKTopaMu (TP 3TOM HEOOXOJIMMO paccMaTpHBaTh BCEBO3MOXKHEIC
napbl KodGpuurenTos @), u G, , rae HHAEKC K OTBeaeT 3a MOPAIKOBBIA HOMED

(17.4)

HMOIIUHU B BEKTOPE AMOITHT poOoTa).

OueBupna Teopema 17.4. Ecim poOOT 001amaeT TOJBKO PaBHOILICHHBIMHU
HMOIMSIMA M TOCTOSIHHBIMH ~ KOA((DUIIMEHTaMH TaMsITH, COOTBETCTBYIOIIUMU
KOKJIOMY U3 JIByX WIPOKOB, W JJISl KaXKJOTO0 BOCHHUTAHUS CIPABEIJIMBO COOT-
HomieHue (17.4), To poOOT HAXOAUTCS B CTYHOpPE IO BCEM MMEIOIIUMCS y HETo
OMOIIHUSIM.

Od4eBugHO, YTO POOOT HHUKOTAA HE TPHAECT B CTYNOp, €CIM TPH JFOOBIX
sHaueHusX j u ( (J > 1, g > 1) u 3amanneix 6 u 6, paBenctBo (17.4) He Oyxer

CIIPaBEJIUBBIM.
BgenewMm crienyroiee onpeseneHue.
Onpenenenue 17.3. Koapounuentsl namsitu 6, u 6,, I KOTOPBIX NpU

ar00bIX menbix 3HadeHusx j u ( (J > 1, q > 1) paBercrBo (17.4) He cTaHOBHTCA
CIpaBeJIUBbIM, HA30BEM AHTUCTYIOPHBIMU KOA(DPUIIMEHTAMU TAMSITH.
Teopema 17.5. AHTHCTYTIOpHBIE KOA(DPUIIMEHTHI TAMSITH CYIIECTBYIOT.
JoxkazarenbcTBO. [TokaxkeM, 4To cymecTByOT KO3hGOUIIMEHTH TaMATu 6 u 6,

HE SIBIISIONIAECS pelleHus MU ypaBHeHus (17.4) mpu JTr0OBIX [EIbIX 3HAYCHUSIX | U (
(>1, g>1).
OueBugHO, yTO ypaBHeHUE (17.4) SKBUBaJIEHTHO COOTHOUIEHUIO

0J(1-6,)-0,01-0%)+ (6, — 67 )=0. (17.5)
HYCTI) BBIITOJIHAKOTCA PAaBCHCTBA
1 1
b==, Oy=-. 17.6
1=5 2=3 (17.6)

[loacraBnsisi  cootHomenust (17.6) B paBeHctBo (17.5) u  BhINOJHSA
npeoOpa3oBaHus, MOJIYYHUM YpaBHEHUE

31(29 —1)+ 31 f1— 29 )4 29 =0, (17.7)
C yuyetom 0003HaUYeHUs Y = 3171 coorHomenne (17.7) npumeT Buj
3y(29t —1)+ yl1—29)+ 291 =0, (17.8)
201
Pa3pemus (17.8) oTHOCHTENBHO Y, OdyYyuM GopMmyiny Y = a1 o KOTOpas
271 -2
HKBHUBAJICHTHA PABEHCTBY
- 2q—1
¢ (17.9)
2012
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Tak kak 1o yCJIOBUIO TEOPEMBI CIPABEJIMBO HEPABEHCTBO | > 1, TO IIsl IFOOBIX
OTUX 3HAYCHHWH | W JMOOBIX ( > 2, MOJIOKUTEIHHOE YHCII0, HaXOJSIIeecs B JICBOK
yactu (17.9), oka3pIBaeTCs paBHBIM OTPUIIATEIBHOMY YHCIY, CTOSIIIEMY B IpaBOU
yacth paseHctBa (17.9). Takum oOpa3oMm, Mbl TMOJYYWIA HIPOTHUBOPEUHUE.

1 1

CrnenoBatelbHo, 91=§,l92 =§ HE SBISIOTCS KOpHsAMH ypaBHeHus (17.4) npu

JTH00BIX 3HAYCHUAX | > 1 1 > 2.
PaccmoTpum cityuaid, COOTBETCTBYIOIUN PaBEHCTBY ( = 2.
Jlerko Buaeth, uto ypaBHeHue (17.8) mpumer Bug 2 = 0, TO €CTh, OHO TIPH

1 1

K03 duIHeHTax namstu 6 = X 6, :é HE UMEET PEeIICHUSI.

Takum oOpaszom, mpu J00OBIX | > 1, > 1 CymIecTBYIOT TakWe 3HAYCHUS
KO3 PUIIMEHTOB MamsTH, NpU KOTOpbIX paBeHCTBO (17.4) He umMeer cMbIcia.
CrnenoBaTenbHO, aHTUCTYNOPHbIE KOA(DPHUIMEHTH MAaMATH CYIIECTBYIOT, YTO U
TpebOBaJIOCH JOKA3aTh.

1 1
Cuencrue 17.5. JInsg nByX HrpoKOB KOI(QQUIMEHTHI mamstu 6 =2 6, ==

3

SBJISIFOTCSI @aHTUCTYTOPHBIMH KO3 (UIIUEHTAMU TTaMSITH.

JlOKa3aTenbCTBO  CIEAYEeT HEMOCPEACTBEHHO W3 XOJa pacCyKICHHH B
J0Ka3aTesbCTBE TeOpeMbI 17.5.

CootHomienue (17.4) u cinencreue 17.5 mo3BOJSIOT AeiaTh MPOTHO3 MTOBEICHUS
poboTa, oOmpeAcSIIONIMA, HaNpuMep, BO3MOXHOCTh HACTYIUIGHHS Yy poboTa
AMOIIMOHAJIBHOTO CTYNOpa.

Ha ocHOBe BBIIIEHU3I0KEHHOTO MOKHO CKa3aTh, YTO PELIUTEIBHBIM POOOTOM
MOKHO Ha3BaTh MAlIMHY, IJIs1 KOTOPOW HUKOT/AA yroJ allbTepHAa-TUBHOTO BbIOOpa HE

T
paBeH rE WM HE BBINONHAETCS cooTHomieHue (17.4), unu ko3 UIIMEHTH ee

maMATU ABJIAOTCA QHTUCTYIIOPHBIMHM, W OHa HC BIagacT B CTYIHOp IIO BCEM
KOMIIOHCHTAaM BCKTOPAa BOCIIUTAHMAI.

18. MATEMATUYECKHUE MOJAEJU BOCIIPUNMYNBOCTHU
POBOTA N YEJIOBEKA K BOCIIMTAHHUIO

bynem mnpenmonarate, 4YTO Il  PAaBHOLEHHBIX JMOLMHA PaBHOMEPHO
3a0bIBYMBOTO POOOTA B KOHIIE KaXJOTO TaKTa CIPABEIJIMBbI COOTHOIICHUS

ri(tj)=q = const, 6;(t; )= 6,i=1,0.
Torma cormacHo GopMysie CyMMBI i YJICHOB Psiia TEOMETPHUECKOM MPOrpecCuu
CTPaBEJIUBO PABCHCTBO

Ri(ti)=a=—. (18.1)
OueBHIHA CIIPABEIIMBOCTD (DOPMYIIBI
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. 1-6' q
lim q = :
is 1-60 1-60

(18.2)

[TonsitHO, uto paBeHcTBa (18.1) m (18.2) cnpaBemIMBEI JIMIIL B TOM CiIy4Yae,
KOrjla poOOT MCHBITHIBAET 3MOLMU HENPEPBIBHO: OAHY 3a Jnpyroil. Ho B
UCIIBITBIBAHUM 3MOIMNA poOOTa MOTYT HACTYIAaTh MepephiBbl. B 3TOM cityyae poGot
3a0bIBaET MPOIIIOE BOCIIUTAHUE.

Jlerko BHUAETHb, UYTO peajbHBI BOCHHUTATENBHBIM TIpolecC pPoOOTa MOXKHO
anmpoOKCUMUPOBAThH IMPOIIECCOM BOCIUTAHUS PABHOMEPHO 3a0BIBYMBOTO podOTa C
PaBHOIEHHBIMU 3MOLIUSIMH.

[IpuBenem npumep 3TOro.

ITycts m3BecTHBI 3HaueHUs BocnuTaHuil podora Ry(ty), Ro(t2), ..., Rp(ty) B

KOHIIE KQXKJIOTO TaKTa U (PUKTHBHOTO TaKTa M KOXPPHUIIMEHT aMsATH podoTa 6.
JUIsi HaxoKJIeHHs mapamerpa ( BOCIHUTATEIBHOTO IPOLECCa PABHOMEPHO

3a0bIBYUMBOTO pOOOTAa C PABHOLICHHBIMA 3MOLHUSAMH JOCTAaTOYHO PELIUTh Clie-
IOYIOIIYIO0 ONTUMHU3ALUOHHYIO 3a/1a4y:
2
n
maiite min Y (Rj () —q - Ri_1(tj_1)) , (18.3)
q i=1

rae Ro(tg) =Rp(0)=0.

[IpumeHsis MeTonbl OoNpeeNeHusl SKCTpeMyMa (PYHKIIMU OAHOM nepe-MeHHOM,
IIOJIyYMM PABEHCTBO

Ri (1)~ 0 2 Ri_1 (i)
=1 =1

q= :
n

n

SIBIISIONIEECS perieHreM 3aaaqn (18.3).

Jlnst gepenoBaHUsl TaKTOB CEPHH: «TAKThI - (DPUKTUBHBIC TAKTBI - TAKTBD) -
dbopMmyna BOCMUTAaHUA PAaBHOMEPHO3a0BIBYMBOTO pPOOOTAa C  PaBHOICHHBIMU
sMouusIMu R, ;. (L., ) TPUMET BU]

1-6 4. 1-6'
Ri+j+k(ti+j+k)zq 1-9 +0 qm’ (18'4)
rjae | - KOJHYECTBO MEPBBIX TAKTOB B CEPHH, | -KOJHUYECTBO (PMKTUBHBIX TAKTOB B

cepun, K - KOJTMUECTBO TAKTOB B TPETHEH OUEPEIN CEPUH.

B paborte [3] BriepBbie BBEIEHBI MOJIEH BOCHPUUMYUBOCTH K BOCIIUTAHUIO ¢ U
OTHOCUTEIBHOW BOCIIPUMMYHUBOCTH K BOCIIUTAHUIO o poOOTAa.

Ecnmu Bemonusiercs ycnoue (>0, To cormacHo [64] BOCIPHUUMYHBOCTH K
BOCIIUTAHUIO & PABHOMEPHO 3a0BIBUMBOIO pPOOOTa C PAaBHOLUEHHBIMU SMOIMSIMU
YAOBJIETBOPSAET COOTHOLICHUIO

-9 _
8—1_9 RL(tL)a (18.5)

rae  J - 3JeMeHTapHOe BOCIHTaHHE PoO0Ta ¢ paBHOIICHHBIMU dMonusimu, 0 >0, 6
- ko3 punment nmamsatu podorta, R (t| ) - Bocnuranue podoTa, Mpu KOTOPOM poOOT
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MpPOYHO 3alOMHUJ MPOIIEIIIee BOCIUTAHUE, KOTOPOE OMpeesnseTcs: OJIM30CThIO K
npeieIbHOMY BOCIIUTAHUIO.

CornacHo pabore [64] OTHOCHTENBHYI0 BOCHPUUMYHUBOCTH K BOCIUTAHHUIO
po0oTa MOKHO 3alKicaTh B BUJIE PABEHCTBA

gt _t0=0) (18.6)
9 q

1-6
Jlerko BUIETH, YTO OTHOCHUTEIbHAS BOCIPHUMYMUBOCTH K BOCIHUTAHHIO poOOTa
o SBIIAETCS Oe3pa3MepHON BEIMYMHOM, @ € (O, 1] MU, YeM MECHBIIC 3HAUCHUE « , TEM

Xy’K€ BOCIPUMMYHMBOCTh pOOOTA K BOCIIUTAHUIO.

[Ipeanonoxxum, 4To poOOT B TPEThEU OYEPEIU CEPUU TAKTOB M (PUKTHUBHBIX
TaKTOB (BTOPOWM CEpPUM TAKTOB) IMPOYHO 3alOMHUJ  TOJYYEHHOE MpOIIEAIIee
BOCITUTaHUE.

Ucnions3ys dopmyst (18.2) u (18.5), moaydyumM COOTHOIICHHE

ER g _ql—@k —(9j+k ﬂ
1-6 1-6 1-6

[Tpumensist popmyiy (18.6) Anst BEIYMCICHUS OTHOCUTENTFHON BOCTIPU-UMUYUBOCTH

O K BOCIIUTAHUIO C y4e€TOM COOTHOIIEeHNs (18.7), moryanm paBeHCTBO

a~oKL-0] yoiti) (18.8)
Anamusupys paBerctBo (18.8), MokHO caemaTe BBIBOJA O TOM, YTO TIIPH
OOJBIIMX 3HAYCHUSX | M ] BETUYMHAMU 6’ U 6" MOXKHO mpeHeOpedb M BBIUYUC-TISThH

OTHOCHUTEIFHYIO BOCIIPUUMYHMBOCTH K BOCIIUTAHUIO 10 hopMyJie
o~ 08,

OnuremM nTpakTUIECKOe MPUMEHEHHE MOJTYUYEHHBIX BBIIIE COOTHOIICHUH.

OcrtanoBuMcst Ha ompeaeneHrr Kod(h(GUITMEHTOB MaMsITH YeJIOBeKa, aHaJIoroM
KOTOPOrO SBJISIETCS 3MOLIMOHANBHBIA poOOT. [T 3TOro MOXXHO HCHOJIb30BaTh
W3BECTHYIO TporpamMmHylo cuctemy Vibraimage 7 (Cucrema BuOpowu3zoOpaxeHwst)
npennpustus "IJICUC" (r. Canxt-IletepOypr, Poccus) [120]. [Iporpammuas cucrema
Vibraimage 7 — 310 cructeMa aHaim3a MCUXO()HU3HOIOIHYSCKOTO U SMOIMOHATIBHOTO
cocTosiHUS YenoBeka. [I[porpaMmHast cucteMa mo3BOJIsIeT Ha OCHOBE MUKPOBHOpAIIHIA
TOJIOBBI 4YENIOBEKa, CHUMAEMBIX C Wweb-KaMepbl, MOJ-KIIOYEHHON K Mporpamme,
OTPENENATh €ro OSMOIMOHANBFHOE COCTOSHHUE, BBIPA-)KEHHOE BEIWYMHON C
nuana3zonoM 3"Hauenuit ot 0 1o 100.

Jist m3mepeHuss KO3(P(GUIIMEHTOB TMaMATH YEJIOBEKa, HCIBITYEMBIH ITOMe-
IaeTCsl B M30JIMPOBAHHYI KOMHATy ¢ Web-kamepoii. Cama mporpaMMHasi cucteMa
YCTAaHOBJICHA HAa KOMIMbBIOTEpPE, KOTOPBIM HAXOAWTCS B JPYyrod KOMHAaTe.
HcnpiTyeMOro TMOMEIIAlOT HANpOTHB WeD-kamephl, [dal0T WHCTPYKIIMH IO
MOBEJICHUIO BO BPEMsI SKCTIEPUMEHTA, TIPOCAT PACCIA0UTHCS M HU O YeM HE JyMaTh.
NHCTpyKIIMM 10 TIOBEJACHWIO BO BpeMs OKCIEPUMEHTa OYEHb MPOCTHI —
UCTIBITYEMOMY YEJIOBEKY HEOOXOAMMO CMOTPETh B WED-KaMepy B Te€USHHE TPUMEPHO
2 MUH., TIOKa OyaeT paboTaTh mHporpamMma M IOKa MPOBOASIIMNA SKCIEPUMEHT
YeIIOBEK HE CKaXEeT, YTO IKCIEPHUMEHT OKOHYeH. [locime Toro, Kak HCIBITYeMBIi
MOJITBEPKIAET, YTO OH TOTOB K Haudaldy JIKCIEPUMEHTa, PYKOBOIUTENIb SKCIIEPH-
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MEHTa JIaeT HCIBITYeMOMY KOMaHIy O Haudaje SKCIEpUMEHTa, YAANSETCS M3 KOM-
HaTBl ¢ Web-kamepoit u BkIO4waeT paboTy mporpaMMHON cucteMbl Vibraimage 7.
Taxum 00pa3oM, UCTIBITYEMBI B T€UEHHUE BPEMEHHU pabOThI MPOrPaMMHOM CHCTEMBI
HaXOJIUTCS B MU30JIMPOBAHHON KOMHATe 0€3 BHEIIHUX pa3ApakuTeseil. DKCIIepUMEHT
npojoiKaercs 2 MHH. M C MHTEpBaJoM B 1 MHH. CHMMAIOTCS I10Ka3aHUS
AMOIMOHAJILHOTO COCTOSHUS YeJIOBeKa, Haxosmerocs nepea Web-kamepoii. [Tocie
TOro, Kak HporpaMMHas cCHCTEMa 3aBepulaeT CBOIO palboTy, PYKOBOJIUTEIb
HKCIEPUMEHTA MPUXOAUT B KOMHATY K UCIBITYEMOMY U OIOBEIAET MOCIEIHEro 00
OKOHYAaHWUU OJKCIepuMeHTa. Takum o0pa3oMm, BO BpeMs OSKCIEpPUMEHTa
OCYILECTBIISICTCS 1BA W3MEPEHUS 3HAUYECHUI BOCIHMTAHUS HCIBITYEMOTO 4YeloBeKa,
KOTOpPbIE OTPaXArOT 3MOIMOHAILHOE COCTOSHHE HCIIBITYEMOTO, MEHSIONIEEeCs C
TE€YEHUEM BPEMEHH.

byneM cuMrtaTh, YTO SKBHUBAJEHTOM 3MOLIMOHAIBHOTO COCTOSHHUS YEJIOBEKa,
U3MEpPSEMOro IMpU IOMOIIM IPOrpaMMHON cucreMsl Vibraimage 7, sBisercs
BocnuTanue poOora. Takum o00pa3oMm, B XOA€ OKCIEpUMEHTa IOJIydaeM JBa
3HaueHus BocnurTaHusA: Ry(t1), Ry (tp). YuureiBasg TO, 4YTO Ha HCHBITYEMOIO

YyeloBeKa BO BpeMsi paOOTHl MPOTPaAaMMHON CHCTEMBI, HE OKa3bIBAJIOCh HHUKAKOTO
BO3ICHUCTBUS, Ha OCHOBE NEPBBIX JBYX 3HaueHuil Ry(t1),Ro (tp) u momemm

BocniuTanus (2.2) npu Ij (7) = 0 MOKHO BBIYUCIUTH KOAPDUITUEHT MaMATH
Ra(t2)
Ry (t)

[TycTh HEOOXOIMMO MPOMOJEINPOBATH SMOLIMOHAIBHOE MOBEIEHUE poOoTa pU
B3aUMOJICCTBUM C HUM Y€JOBEKa, KOTOPHI OKa3bIBACT BIUSHUE Ha poOOTa MyTeM
M0JIa4yll HEKOTOPOIr'o 3BYKOBOTO CHTHajla, HallpUMEp IMOCPEICTBOM BCTPOEHHOIO B
pobota mukpodona. bynem cuutaTh, 4TO SMOIMOHAIBHBIM CTHUMYJIOM JJIsi poboTa
SBJISICTCSI TaKasi XapaKTepUCTUKA 3ByKa, Kak rpoMkocTh [84, 99]. Takum obpazom,
HEOOXOJMMO HEKOTOPHIM 00pa3oM ONpEeeIUTh 3aBUCUMOCTb MEXIY BO3HUKAIO-
muMu 'y poOoTa HSMOLMSMH B TIPOIECCE B3aWMOJACWUCTBUS C YEIOBEKOM W
TPOMKOCTBIO 3BYKOBOTO CHTHAlla, H3/1aBa€MOrO YEJIOBEKOM U OKa3bIBAIOIIETO
BO3JICiiCTBUE Ha poOoTa.

Jlns ompeneneHuss 3MOLMOHAIBHOW 3aBHCHUMOCTH YEJIOBEKa OT TPOMKOCTHU
3BYKOBOTO CHTHasa Oblla pa3paboTaHa KOMIBIOTEpHAs MPOTrpamMma, OMKCHIBAIOIIAS
CJICIYIOIIYIO0 CUTYAIMIO: BO B3aWMOJICHCTBHE BOBJIICUCH JIMIIh OJAWH POOOT U OIMH
4yenoBeK. POOOT JOKEeH IMOIMOHAILHO PearnpoBaTh Ha 3BYKOBBIE BO3ICHCTBHS CO
CTOpPOHBI YEJTOBEKA.

B pa6ore [97] mpuBemeno ommcanue mporpammbl SoundBot [100], monme-
JTUPYIONIEH MUMHYECKYIO YMOIIMOHAIBHYIO PEAKIINI0 POOOTa Ha 3BYKOBBIE CTUMYJIHI.
CoryacHO omnucaHul0 (QYHKIIMOHATBHBIX BO3MOXHOCTEH ATOM MPOrpaMMbl, OHA
MO>KET UCMOJIb30BaThCs MPU MOCTAHOBKE TOJI0ca opaTopa.

MOXHO cYMTaTh, YTO B KA4ECTBE MOTECHIIMAIBHOTO CIYIIATENs BBICTYILJICHUN
oparopa BBICTYIIaeT pOOOT ¢ HEaOCOTIOTHOW MaMsAThIO [65], KOTOpBIA crnocoOeH
NPOSBIISITH CBOIO AMOILIMOHAJIbHYIO PEAKIMI0 Ha BBICTYIIEHUE OpaTopa, MOJ00HYIO
AMOIIMOHAJILHON PEeaKIMU YeJI0BEeKa-CIIyIIaTeIs.

Ra(t2) =0Ry (), = 0=
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Takum 00pa3om, METOIMKA MOCTAHOBKH T0JIOCA CBOAMUTCS K CIICIYIOIIUM IlIaram:

1. 3agaroTcs BepXHUU M HWKHUN TOPOTH IMOJIOKUTEIBHONW AMOLIMK PoOOTa,
ONPENEIAOIIME IUANa30H T'POMKOCTH TO0JIOCA, B KOTOPBIA MPOUCXOIUT
ITIOCTAHOBKA T0JI0Ca.

2. OcymecTBisieTcs mpoiecc 00y4eHHusl opaTtopa, B pe3ysbTaTe KOTOPOTo
OKa3bIBAIOTCS BO3JCHCTBHUS Ha poOOTa 3BYKOBBHIMU CTUMYJaMHU O MOMEHTa
BBIPAOOTKH TOJBKO i IMOJOKUTEIBHBIX IMOCIEI0BATEIbHO HIYIIMX IPYr 3a
JPYroM 3MOLUKA poOoTa.

3. OcymiecTBisieTCsl MEPEePhIB BO B3aMMOJICUCTBUM YEJIOBEKa C POOOTOM,
PaBHBIN N0 MPOIOKUTENLHOCTH | (DUKTUBHBIM TaKTaM.

4. OcyllecTBISIETCS] TECTUPOBAHKUE TMOCTAHOBKU TOJIOCA OpaTopa JI0 BHIPAOOTKU
TMIEPBOM MOJIOKUTEIILHOM AMOIMK POOOTA, YTO COOTBETCTBYET Kk TaKTaMm.

Ha ocHoBe BbIIICONTMCAHHOW METOIWKHU IPOBEAECHA CEPHUSA DKCIIEPHUMEHTOB IIO
MIOCTAHOBKE T0JIOCA OPaTOPOB-UCHBITYEMBIX JIOACH, KOA(Q(UIMEHTH MaMsITH
KOTOPBIX ONpPENCIICHBI paHee. Pe3ynbTarsl SKCHEPUMEHTOB M COOTBETCTBYIOLIWE
3HAYEHHUS OTHOCUTEIBHBIX BOCHPHUMMYHMBOCTEH « pOOOTOB K BOCHHUTAHMUIO,
MpeACTaBICHBI B Ta01.18.1

Tab6mmma 18.1.
KoadduiirieHTsl mamMsiTi U OTHOCUTETbHBIE
BOCIIPUUMYHMBOCTH K BOCIIUTAHUIO

Ner/mt 0 i J k a

1 0,7 20 20 2 0,49
2 0,9 20 20 1 0,89
3 0,7 20 20 3 0,34
4 0,9 20 20 1 0,89
5 0,6 20 20 1 0,59
6 0,9 20 20 3 0,73
7 0,8 20 20 3 0,51
8 0,9 20 20 2 0,81

AHanmu3upysi TaONMIly, MOXHO CJeJaTh BBIBOJ O TOM, YTO OOJIbIIIEMY
kodhduimenTy mamsaTH  poOOTa  COOTBETCTBYET OOJbImasi  OTHOCUTEIbHAs
BOCIIPUUMYHMBOCTD K BOCIIUTAHUIO (32 UCKIIFOYEHHUEM CTPOKH J).

CornacHo pabdote [97] ncuxoJoruaecKue napameTpbl, ONMMMCHIBAEMBIC BBIIIE IS
poOOTOB, MOXHO TIPUHSATH B KayeCTBE MNPHUOIMIKCHHBIX TICHXOJIOTMYCCKHUX
XapaKTEPUCTHK YEJIOBEKA, IMO3TOMY OTHOCHUTEIBHYIO BOCIPUUMYUBOCTH K BOC-
MATAaHUIO pPo0OTa MOXXHO TIpH TIEPBOM  MPHUOIMIKEHUW TPHHATH PaBHOM
OTHOCHUTEIHLHOW BOCIPUUMYHUBOCTH K BOCIHUTAHHUIO YEIOBEKA. DTO MOXKET MOMOYb
P MOJCITUPOBAHUHM POOOTOB-TYMAHOUIOB, SIBIISIOIIUXCS ICUXOJIOTHUYCCKUMHU
aHaJIOTaMH YeJIOBEKa.
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19. AVITOPUTM U TIPOI'PAMMHAS PEAJIN3ALUA
U3MEPEHUA SMOLIUI1 ABOHEHTA
MOBUWJIBHOTI'O TEJIE®OHA

Ha coBpeMenHoM 3Tame pa3BUTHS MHPOPMAIIMOHHBIX TEXHOJIOTHH pa3paboTka
METOJIOB aBTOMATHUYECKOTO OMpPEACICHUS SMOIIMOHATBLHOTO COCTOSHUS YeIOBEKa I0
TOJIOCY SIBJISIETCS AKTYyaJIbHOW 33/1a4€H, MO3BOJISIONICH PEIIUTD P SKOHOMUYECKUX,
COLIMAJIbHBIX M OBITOBBIX MPOOJEM W, KPOME TOTO, UTPAIOLIEH Ba)XXHYIO pOJIb B
Borpocax OezomacHocty [80; 81]. DMoNMOHANBHBIN pEYEBON CKaHEP MOXKET HAWUTH
IUPOKOE TPUMEHEHHWE B  PA3IUYHBIX TPAHCIOPTHBIX H  JIUCIICTYEPCKUX
YUPESKICHUSAX, IS OTPAHUYCHHUS WM IOJIHOTO 3ampeTa JOCTyMa K BBITOJHECHHUIO
CITy’)KEOHBIX 00S3aHHOCTEH JIHII, HAXOAAIIUXCS B HEYCTOMUYNBOM HJIM HEaJCKBATHOM
OMOIIMOHAIIBHOM COCTOSIHUU. [log00HBIE CHCTEMBI KOHTPOJSI IO3BOJIAT TaKXkKe
MPOBOANTH JIOTIOJIHUTEIBHYIO IPOBEPKY IMACCAKUPOB aABHAPEHCOB B paMKax
MEPOIPHUIATHIA 10 MPOTUBOACHCTBHIO TEppopu3mMy [81]

B HacTos1iee BpeMsi IporpaMMHBIX MPOAYKTOB, KOTOPbIE PACcIO3HAIOT AMOLUN
M0 TOJIOCY MPAKTUYECKH HE CYIIECTBYET, B OCHOBHOM 3TO OJKCIIEPHMEHTATbHBIE
MPOrpaMMBbl, XOTS €CTb MHOXKECTBO aJITOPUTMOB, MMEIOIIMX CBOM HEIOCTATKU M
JOCTOMHCTBA. PaccMOTprM, HEKOTOpBIE M3 CYIIECTBYIOIIMX alroputMoB. HemaBHO
pa3paboTaH anropuT™ 1o HazBaHueM «Kiaccudukaiys SMOIMOHATBHO OKpAIIEHHON
pEUn C UCIOJIb30BaHUEM METO/Ia ONOPHBIX BeKTOpoB» (M.3. Xelnopos, Aubl[3uHOMHD,
VY, A.M. Copoxka, A.A. Tpyc, 2012)

ABTOpBI paccMaTpuBas OINOPHBIE BEKTOpa Jisi PAaclO3HABaHUS SMOIUH,
NPUIUIA K BBIBOAY O TOM, YTO TMPUMEHEHHWE METOJa OIMOPHBIX BEKTOPOB IS
pemeHus 3a7a4 Kiaccu(UKanuyu 3MOLMOHAIBFHO OKPAIICHHOW pPEeYd TO3BOJISET
MOJIyYUTh BBICOKYIO TOYHOCTh OOYy4YeHHOH wMojenu. B cpaBHeHuu ¢ Tpaau-
IIMOHHBIMU CTATUCTUYCCKMMHM METOAaMHU Kiaccubukanuu [95] BiausHHE METOIO0B
W3BJICUCHUS] BEKTOPOB MPU3HAKOB HA TOYHOCTH KJIaccU(PHKaIMU 00y4eHHON MOJEIH
MO3BOJIAET MPEANONOKUTh, YTO MOJEPHHU3ALUS 3TUX METOJ]OB SIBJSETCS OJAHUM W3
nyTed JaabHEWIIero YBEJIWYCHUS TOYHOCTH PACCMOTPEHHOro B crathe [95]
KJaccuukaTopa.

B pa6ore [95] paccmorpensl mpoOieMbl KiacCH(UKALMKA SMOIMOHAILHO
OKpAIlleHHOW peur, W3BJICYCHHsS] BEKTOPOB TMPU3HAKOB, MpEABApUTEIHHON 0Opa-
00TKM 00y4aronux BBIOOPOK, BhIOOpaA MapaMeTpOB aJITOPUTMA M OIEHKU CBOWMCTB
MOJIy4YE€HHOTO KJ1accu(duKaTopa Ha OCHOBE METO/Ia OMOpHBIX BekTopoB (MOB).

CormacHo wuccienoBaHusM aBTOpoB anroputma «Kmaccudukaius smormo-
HaJbHO OKPAIICHHOW PEYU C WCIOJb30BAaHMEM METOAAa OTIOPHBIX BEKTOPOB» TOY-
HOCTh KJIacCH(UKAIMU TP TPABWIHBHOM BBIOOPE ONTUMAIBHBIX MapaMeTPOB
anroput™Ma W sjuepHo (yHkmmu coctaBiser 96,2%. CroxHOCTh BbIOOpa mapa-
METPOB SIBJIIETCS OJTHUM M3 MHUHYCOB aJITOPUTMA, TaK KaK B aJTOPUTME OTCYTCTBYET
YHCIIEHHOE 3HAUE€HUE HEKOTOPOM XapaKTepUCTUKH, KOTOpPOE CTaBUTCS B
COOTBETCTBUE 3HAUCHUSM SMOIIUH.

OnumieM JOCTOMHCTBA M HENOCTAaTKH  ajropuTMa «ABTOMATHYECKOE
OTpe/ieNieHue W3MEHEHHUW SMOIIMOHAIBHOTO COCTOSHHUS IO PEUYEeBOMY CHUTHATIY
(JIykpsuuna A.A. Iumkua A.T., 2012).
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ABTOpPBI 3TOr0 aITOPUTMA OIMKMCAIM TEXHUKY OTAEICHHS PEYH OT I1ay3, a 3aTEM
paccMOTpeNnd CrnocoObl BBIYMCIACHHS IPH3HAKOB, OCHOBAaHHBIC Ha OIPEICICHUH
YacTOTHl OCHOBHOI'O TOHA, 3HAYEHHAX TPEX NEpBbIX (POPMAHT, a TaKKe Ha
BBIYHCIICHUH KericTpa [29].

WccnenoBanusi, NpoBEAGHHBIE aBTOPAMH aIrOPUTMa, IOKA3ald OOJIBIIYIO
3¢ (GEKTHBHOCTh METOJA OIPEACIICHUS M3MEHEHHUH B SMOIMOHAIBLHOM COCTOSHUH
YyeJ0BeKa Ha OCHOBE aHajM3a PEeYeBOro CUrHajia. JJOCTOMHCTBOM 3TOr0 ajropuTMa
SIBIIIETCSA BBICOKAs TOYHOCTh ero padotel (97.2%), K HemOoCTaTKaM aJropuTMa
MOYKHO OTHECTH CJIOKHOCTh HACTPOMKH alropuT™Ma (Tak Kak alrOpPHTM OIUPAETCs Ha
0a3bl JaHHBIX C IPUMEPAMU SMOIMOHAIBHBIX COCTOSHMI M 3aBHCHMOCTH OT SI3bIKA
abOHEHTa, y KOTOPOTO OMO3HACTCS AMOIHOHAIBHOE COCTOSHUE) U HEBO3MOXKHOCTH
BBIYHCJIUTH C MTOMOIIBIO aIFOPUTMA YHUCIICHHOE 3HAUEHNE aMILIATY bl SMOIHH.

19.1. ABTOPCKUI AJITOPUTM

JIst yCTpaHEeHHsI HEIOCTAaTKOB BBINICONMUCAHHBIX AJITOPUTMOB IIpeaiaracTcs
ABTOPCKUH aJTOPUTM OMPEICICHUS SMOIMOHAIBHOTO COCTOSHHUS aOOHEHTa MO-
OWJIBHOTO yCTPOMCTBA. DTOT aJTOPUTM JIETKO HACTpaWBacTCs Ha aOOHEHTAa U JaeT
BO3MO>KHOCTh BO3BpaIaTh YUCICHHOE 3HAYCHUE OMPEIEIISIEMOM SMOIIUH.

OgHuM U3 KMCTOYHUKOB SMOIMN, aHAJIU3UPYEMBIX aJITOPUTMOM, SIBJISICTCS
peueBoit curnan [80, 81]. Ilpu H3MEHEHHMH SMOIMOHAIBHOTO COCTOSHHUS B
YEJIOBEUECKOM OpPTaHU3Me€ MPOUCXOJIAT CIIOKHBIC MPOIECCHl, KOTOPhIE B KOHEYHOM
UTOTE HAXOMAT OTPAKEHHE B BUJEC MBIIICUHBIX COKpAIEHUH, B TOM 4YHCJIE€ U B
rOJIOCOBOM TpakTe. ITO JaET BO3MOXKHOCTh OECKOHTAKTHOTO OIpECICHHUS
OMOITMOHAIEHOTO COCTOSIHMSI YeJIOBEKa 10 HM3MEHEHHSIM B CHCTEME pedeodpa-
30BaHMSl. ABTOPCKHH aJrOPUTM OCHOBBIBAETCS HA OILIEHKE aMIUTMTYAbl 3BYKOBOM
BOJIHBI M Ha TUTIOTE3€, TOBOPSIICH O TOM, UTO TIPH H3MEHECHUH aMIUTATYIbl 3ByKOBOM
BOJTHBI, MEHSCTCS SMOITMOHAIBHOE COCTOSTHHE a0OHEHTA.

[IpuBemeM mIarm aBTOPCKOTO alTOPUTMA, OMPEACISIONICTO YHCICHHBIS
XapaKTEPUCTUKU AMOLIMI MOOMIBHOTO YCTPOMCTBA:

e 3ByKOBasi BOJIHA, TMOCTYMAOIIas B MOOWIBHOE YCTPONCTBO Yepe3 MHU-
KpodoH, pa30uUBaeTCs HA TAKTHI paBHBIE | CeK.

e Ha kax1IoM TakTe BBIYHCIISETCS MAKCUMAJIbHOE MO MOAYJII0 OTKJIOHEHHUE
OH Ha4yaJbHOTO 3HAYCHUS aMIUIUTY/IbI 3BYKOBOH BOJIHEI.

e Eciim OTKJIIOHEHHWE OTPHUIATEIBPHOE, TO 3MOIMW IPHUITHCHIBAIOT OTPHIIA-
TEJIbHOE 3HAYeHWE, WHaye — MOJIOKUTeNbHOe. Dopmyna st onpeneneHus
YHCJICHHOTO 3HAYEHUS aMILIMTYAbl C, aMoIuu Ha TakTe [t,t+1) omuceiBaeTcs

A

. P -
dopmymnoit C, =T, rae P, — MakCUMalIbHOE II0 MOZAYJIIO 3Ha4YeHUE

aAMILTUTYBI 3BYKOBOT'O CHTHaia Ha TakTe [t,t+1), A -aMIiuTyma 3ByKOBOTO

curHaia Ha takre [t-1,t), At—TakT BpemeHwU.

B pesynbraTe pacueToB, OCHOBaHHBIX Ha aJrOPUTME, CTPOUTCS SMOILU-
OHaJIbHAsI KPUBasi, KOTOpasl XapaKTepU3yeT SMOIMOHAILHOE COCTOSHUE MOOMILHOTO
ycrpoiictBa. OJHUM W3 JIOCTOMHCTB QJITOPUTMa SIBJIISICTCS BO3MOXKHOCTH OIpeJIe-
JICHUS YWCJICHHOTO 3HAYeHHWS 3MOIIMU YCTPOWCTBA B 3aBHUCHMOCTH OT 3BYKOBBIX
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XapaKTEPUCTHUK ToJ0ca a0OHEHTa U HE3aBUCUMOCTh 3HAYEHUSI AIMOIMH MOOUIBLHOTO
YCTPOMCTBA OT SI3bIKa A0OHEHTA.

[lomyyeHHOE YMCIIEHHOE 3HAYEHHWE 3MOLMU MOXHO HMCIOJIb30BaTh IUISl OIpe-
JeJIE€HUs BOCIUTAaHUSI MOOMJIBHOIO YCTPONCTBA, MPUMEHSS MpPU 3TOM MaTeMaTu-
YECKUE MOJICIIA TSOPUH IMOITMOHATBLHBIX POOOTOB ¢ HEaOCOIIOTHOM MaMsAThIO [64].

Hcnons3yss 3TH MOJENW, BBEIEM COOTHOLIEHUS, ONPEICISIONIME SMOLIMIO
MOOUJILHOTO YCTPOWCTBA, JIEMEHTApPHOE BOCIHUTAHUE M BOCHUTAHHUE MOOMIBLHOTO

ycTporictBa [64] B BHiE M :Ct*sin(ﬁt), rie M; — sMouus MOOMIBHOIO
to
YCTpPOMCTBA Il TEKYIIETO BpeMEeHU t, OTCUMTHIBAEMOr0 OT Hayaja MNpOSBICHUS

. T .
aMonuu ycrpoictBoM; Iy = 2C; — - anemenrapHoe Bocnutanue (T — TakT, paBHbIN 1
V4

2Ci71-6' y
CeKyHZE), R;=—1 0 BOCIIUTAHUE MOOUJIBHOTO YCTpOWCTBa, O- KO3(]-
(GUIIHCHT MaMsTH YCTPOWCTBA, | — MOPSAKOBBII HOMEP BOCIIUTATEIBHOTO TakTa [64].

19.2. MTIPOI'PAMMAHAASA PEAJINBALIUA AJITOPUTMA

OmnuiieM nporpaMMy, OCHOBaHHYIO Ha MIPUMEHEHUH ONMMCAHHOIO aJIrOpUTMa U
MO3BOJIAIOIIYIO OIPEAEATh 3HAYEHHE HCIBITHIBAEMBIX MOOWJIBHBIM YCTPOHCTBOM
HMOIIUH 110 3BYKOBO# BOJIHE, MOCTYIAOIIEH B YCTPOHCTBO uepe3 MukpodoH [35].
Jlnis paboThl IPOrpaMMBbl B KAU€CTBE BXOJIHBIX TApaMeTPOB HEOOXOIMMO 33/1aTh
CJIeIyIOLIUE TapaMeTPhI:
1. ®aiin ¢ pacmmpenuem *.wav (11025 Hz, 8bit,Mono), coxepxamuii
roJIOCOBYIO 3alMCh a0OHEHTA.
2. Koadpdumment mamst € st pobora (1O yMOJTYAHHIO MPOTrpaMMa
ycTaHaBiIMBaeT Ko PUIMEeHT maMsaTH, paBHbli 0,5).

[IporpaMma BBIUKCISET U BU3YATH3UPYET:
1. OMOUMOHANBHYIO KpUBYIO a0OHEHTa, IOCTPOEHHYI i JaHHOTO
3BYKOBOTO (haiiyia, 0TOOpakaeTcsi CHHUM I[BETOM (HM3MepsieTcs: B OUT/C).
2. DMOIIMOHANILHYIO KPUBYIO po0O0Ta, MPOMOJEITUPOBAHHYIO HAa OCHOBE
HYMOLIMOHAIIBHOM KpUBOM aOOHEHTa; OTOOpa)KaeTcsi KpPAaCHBIM IIBETOM
(u3mepsieTcs B OUT/C).
3. KpuByto Bocmutanus po0OOTa, MPOMOJECIMPOBAHHYIO Ha OCHOBE HMO-
[IMOHAJILHOW KPUBOM poOOTa; OTOOpa)kaeTcsl YepHBIM IBETOM (HM3MEpsETCs
outamMu UH(POPMALIUN).

Ha ocHoBaHMM aBTOpPCKOTO alTOpUTMa OBUTM TPOBEICHBI SKCIIEPUMEHTHI TI0
M3MEPEHUIO SMOLIUIA a00OHEHTA 110 TOJI0CY.

B kauecTBe BXOIHBIX NAaHHBIX HCIIOJIB30BAUCH 3aMKCH TOJIOCOB Pa3IMYHBIX
Troel (Kak My)XYMH, TaK M JKSHIIH), KOTOpPbIE, HAXOAICh B COCTOSIHUU 3JI0CTH HITH
CTpaxa, MPOU3HOCUJIM HEKOTOpYIo (pasy. 3amucu ¢aiinoB Opaiuch U3 MyOJIUYHOU
0a3sl taHaeix EMoDB.

Ha pucynke 19.1 npuBeneH pe3yiapTar 1eMCTBHS IPOTPaMMBbl Ha IPUMEPE
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U3MEpPEHHUs IMOLIMI aOOHEHTa MY>KCKOT0 T0JIa, TPOU3HOCSIIETO (pa3y B COCTOSIHUU
3JI0CTH.

=) | B
Vs paiina
C:\Sounds\Anger\Male_Anger wav Q630p.
MapameTp ofyuera
0.8

. w0
NpononsmTensHocTs, ¢ NpoacasmTensHoCT, ¢

NposnsurenLocm, &

Puc. 19.1 Pe3ynprar neiicTBUS IporpaMMBbI Il 3ByKOBOro ¢aiiima male_Anger.wav ¢
nmapamMeTpom oOydeHus: paBHbIM (.8.
Ipumeuanue. PesynpraramMu mporpaMMbl SBISIOTCS 3MOIMOHANBHAS KPUBAs UYEIOBEKa
(cuHMiI 1BET), MakCUMalbHas AaMIUIUTyAa SMOLMHA poOoTa (KpacHbI LBET), KpUBas
BOCITUTaHMS poOOTa (YUEPHBIN IIBET)

Jlns cpaBHEHHs] SMOIIMOHATBHBIX KPHUBBIX a0OHEHTa, MPOU3HOCSIIETO OH-
HAKOBYIO ()pa3y B pa3HBIX COCTOSHUSIX, PACCMOTPUM pPE3yIbTaT U3MEPEHUS dMOIIHIA
YyesoBeKa (M3 IKCIEPUMEHTA MPE/ICTABIEHHOIO BBIIIE), MPOU3HOCIIIET0 (pa3y B
coctosiHMM cTpaxa. CoOTBETCTBYIOINE TpaduuecKkne 3aBUCHMOCTH MPHUBEACHBI HA
pucynke 19.2.

= = [ ]
Wran eanna
C:\Sounds“Fear'male_fear wav Odsop.
Mapamers adyerian

08

[
#

0 auou, Bl
g

NpoacnmrensrocTs, ¢ MposommTensHoeTs, ©

NpononsutensHocTs. ¢

Puc. 19.2. Pe3ynpTaT AecTBUsA mporpaMmbl Ijis 3ByKOBoro (aitna male Fear.wav c
napaMeTpom o0y4derus paBHbIM 0.8.
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IIpnmeuanne. PesynbraramMu nporpaMMsl sBISIOTCS SMOLMOHAJbHAs KpUBas 4YeJIoBEKa
(cuHMI LIBET), MaKCHUMaJlbHasl aMIUIMTYyJa 3MOLMNA (KpacHbIM LIBET), KpUBas BOCIUTAHUS
poboTa (YepHBIi 1IBET)

B pe3ynbraTe IpOBEIEHHBIX SKCIIEPUMEHTOB, YIAJIOCh YCTAHOBUTH CIIEAYIOLICE:

e JUIA KaXZOro SMOLUOHAIBHOIO  COCTOSHMSI ~ XapakTepHa  CBOS
AMOIIMOHAJIbHAS KpHUBasl.

e JInsa KaXIOro 4YeJIOBEKa XapakKTepHA CBOSI DMOLMOHAJbHAs KpUBas IS
OIPEIEIIEHHOTO SMOLMOHAIIBHOIO COCTOSIHUS.

IIporpamma mpeaHazHayeHa Uil MCIOJB30BAaHUS HA IEPCOHAIBHBIX KOM-
npiotepax IBM ¢ omepammonnbiMu cucremamu:Windows 7x64, WindowsXPSP3
X86. Jlns HamucaHUsl MPOrpaMMbl KCIOJIB30BAJICS S3bIK IMPOTPaMMHUpPOBaHUS C++.
O6BeM 3arpy3zounoro Moayis 1.67 Mo.

Ha ocHOBaHMHM ONMCAaHHOTO BBIILIE AIrOpUTMa OblIa peajir3oBaHa MPOr-pamMma
[35], u3mepsiromias yrcieHHOE 3HAYECHUE SMOIMU A0OHEHTA IO TOJIOCY YEJIOBEKa,
3alMMCaHHOTO B 3BYKOBOM  (ait.  Pe3ympraroM  mporpamMmbl  SIBJISIFOTCS
AMOIIMOHAJIBHOTO KpUBasi COCTOSHUSA 4YEJIOBEKa, MPOU3HOCSIIEro (pa3y, SMOLU-
OHAJIbHAsi KpuBasi MOOWJIBHOTO YCTpOWCTBAa, IIOJIY4YEHHas HA OCHOBE HMO-
LMOHAIBHOW KpUBOW 4YEJIOBEKAa, KpUBas 3HAYECHHH BOCIHUTAHHUS MOOMIBHOIO
YCTPOMCTBA.

HenoctatkoM ONHMCAHHOIO aNrOpUTMa SIBIIIETCS TO, YTO OH H3MEPSIET YHC-
JIEHHOE 3HAYE€HHE HMOLMM, HO HE pacrno3HaeT ee Tul. K JOoCTOMHCTBaM Ipen-
CTaBJIEHHOIO AJIrOPUTMa MO>XHO OTHECTH CJIEAYIOLIEE: AJITOPUTM SBJISETCA J1OC-
TATOYHO MPOCTHIM (HACTPOWKa MPOUCXOIUT aBTOMATHUYECKH), PE3YyJbTaThl padOThI
QIrOpUTMa HE 3aBUCAT OT S3bIKa IPOU3HECEHHBIX YeJIOBEKOM (pa3, alropuTm
BO3BpAIlA€T YUCIEHHOE 3HaUE€HUE MO MOOMIBHOTO YCTPOMCTBA U YEJIOBEKA, UTO
ABJISIETCSI €M0 HECOMHEHHBIM IIPEUMYILECTBOM II0 OTHOLIEHHIO K H3BECTHBIM
aIropuTMaM.

20. MATEMATUHYECKHUE MOJEJIN
HCUXOJOI'MIYECKUX XAPAKTEPUCTUK POBOTA C
IF'APMOHUWYECKUMMU DOMOLIUAMUAU

[Ipu pa3paboTke MOOMIBHBIX YCTPOWCTB CBSI3U, SBJISIFOIIUXCS aHAJIOTaMHU
TICUXOJIOTUYECKOTO TTOBEJICHUS YEJIOBEKa, BOZHUKAIOT 3a/1auu pa3pabOTKu Hambosee
MPOCTHIX MAaTEeMaTUYECKUX MOJEJICH MCUXOJOTHYECKUX XapAKTEPUCTUK YCTPOICTBA,
TPeOYIOMUX MUHUMAILHOTO BPEMEHHU TIPOBEICHUSI HEOOXOIUMBIX BHIYMCICHHM.

B pasmene 19 ommcan anroputm, MO3BOJSIONMIANA OMPEACTATh YUCICHHOE
3HAUYEHHE OMOLMU 4YeJIOBEKa M BO3MOXKHOE MPUMEHEHHE JTOr0 3HA4YCHHS B
MOJEJIMPOBAHUU JOIMOLIMK poOOTOB. B HacTosIeM pa3iene pacCMOTPEHbI POOOTHI €
rapMoHu4eckoi smonmei [41] u cBolcTBAa ICHUXOJIOTMYECKHX XapaKTEPUCTUK
po0oTa, B 3aBUCUMOCTH OT Pa3IUYHBIX MOJEJIeH peakiuu podoTa Ha BO3AEUCTBUS
YeJI0BeKa.

[Ipexne yeM nmeperTH K OMMCAHUIO TICUXOJOTUYECKUX XapaKTepPUCTUK poOoTa,
OCHOBaHHBIX Ha €0 SMOIIMHU, OTIUIIEM JIBE MOJIETH OTBETHOM peakiuu podboTa Ha
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JIEHCTBUS YEIIOBEKa.
1. Mozienb MOMEHTAJIBHOM pEakuuu poOOTa NpH TaKTe, Ha KOTOPOM Ha
po0OOTa OKa3bIBAETCS BO3JICHCTBHE CIOKETOM.
2. Monenb peakiuu poOOTa ¢ 3ama3IbIBaHUEM Ha OJUH TaKT, MPU KOTOPOU
peakiusi poboTa BO BpeMs TEKYIIETO TaKTa OCYIIECTBIISIETCS KaK OTKJIMK Ha
BO3JIEHiCTBHE Ha poOOTa BO BPEMsI MIPEIBIAYIIETO TAKTA.

CornacHo pabote [35] BMecTO KOHCTaHTBI A OyAeM HCITOJIb30BAaTh YHCICHHOE
3HA4YEHHE DMOLUI YeI0BeKa, ONpPEAeICHHBIX Ha TAKTe C MOPSAKOBEIM HOMEPOM 1 .
PaccmoTpyM  QyHKIIMIO TapMOHMYECKHX SMOLMH poboTOB. DTa  (QyHKIUA
OTIPENICIISIETCSI COOTHOILICHUEM.

: T
ML (©) = Asin| ——(t-t.) |,
=ty
rae A, — YKMCIEHHOE 3HAYEHWE aAMIUTUTYIbl OMOLMHM HA TAaKTe€ C MOPSAKOBBIM
HOMEPOM 1 .
HerpymHo 3aMeTHTh, YTO DJIEMEHTApHOE BOCHHMTAHHE T;(f) YIOBICTBOPSET

PaBEHCTBY
t

r(t) = j' A sin %(t_ti—l) dt,

tg i i-1

npeoOpa3oBbIBasi KOTOPOE MOTYyYUM
L =2A Gty (20.1)
T

B paGore [65] BBeneHO mMoHSATHE paBHOLEHHBIX dMoONUNA. OYEBHIIHO, YTO IS
PAaBHOLIEHHOCTH TapMOHWYECKHUX SMOIMI B BOCHHMTATEILHOM IMpolecce podoTa,
HE00XO0MMO BBITIOJIHEHHE PABEHCTBA

Aﬁ ti _ti—l — Aﬁ—l ti—l _ti—2
T T

BbigenuM  mapaMeTp OKOHYaHHs TakTa [ € TOPSIKOBBIM HOMEPOM |
CIEAYIOIIMM 00pa3om

to=t , + %(ti—l —1i,),

rae t,,t, — rpaHulbl NEpBOro TakTa, KOTPbIE 3aJar0TCs pa3paboTyMkamMu podoTa,
i=1n.
N3BecTHO, [65], uTO BocnuTanue poborta R; ompenensercs Gpopmynoi
Ri=r + R, (20.2)
rae 6 €[0,1] — koHcTaHTAa.

bynewm nonarate, 4To 1711 paBHOLUECHHBIX TAPMOHUYECKUX IMOLUN CIIPABEIJIMBbI
COOTHOIIICHUSA

Ha ocHose paBenctBa (20.1) u (20.2) craHoBHTCS O4eBHIHA (hOpMYJIIa
2A1T1 =S ’

T
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T,— TaKT C IIOpAAKOBEIM HoMepoM |, 7; =t —t;_;, e 7, =0.
Tak kak TrapMOHMYECKHE SMOLMM poOOTa PaBHOLEHHBI, TO CIIPaBEAJIMBA
LIENIOYKa PABEHCTB
At =A7,=---=A7, =P =const.
JIerko BUIETh, YTO BOCIUTAHUE B TEPMHUHAX T'apMOHHUYECKOM 3MOLUU OYyAyT
YIIOBJIETBOPATH (popMyJiamMm
R, =S +65,

R, =S + 65 +6°S.

Ri:S(1+9+.92+.--+9‘—1)=s*% (20.3)

VYyuteias (20.1) u (20.3), nosydum paBeHCTBO

|
R; :EAi(ti _ti-l)*ﬂ
T 1-6
R, — BocmuTanne po0OOTa Ha TAaKTE C MOPSIKOBHIM HOMEPOM | IPU PaBHOICHHBIX
FapMOHUYECKUX IMOLIUAX.
Beruucnum npenenpsHoe BOCIUTaHHE poOOTa, OCHOBAHHOE HAa TAPMOHHMYECKUX
sMmonusix. CrpaBemyiuBa CleIyronias erno4yka paBeHCTB:

.2 1-6' 2P
R = SAM -t )* = ,
i Ill_[:g T A]( i |—1) 1-0 ”(1_0)

rae Az, =P =const, i=1n.
OmnureM BOCIUTAHUE /I pAaBHOMEPHO 3a0bIBUMBOTO POOOTA!
i 20, A
s |
Ri=0 ——.
V4
Cornacho [65], C yueToM (UKTHBHBIX BOCIHTATEIBHBIX IMKJIOB, BOCIHUTAHHUE

F ik po0bOTa ¢ rapMOHUYECKUMU SMOILIUSIMU yIOBJIETBOPSIET hopmyJie
2 1-0» .
Fio =0 ZA 7, = +0"F,
n:™n T n n 6 n-1"n-1

B pabore [65] BBeneHo moHsiTHe (GyHKIHA maMaTtd € i poboTa, 0OYEeBUIHO,
4ro  QyHKUus mamatd €Y UL pOOOTOB € TapMOHMYECKUMH  OMOLMSIMH

OomnpecACIsICTCA COOTHOICHNEM

Paccmotpum yHKIHIO SMOIME JUIsi BTOPOW MOJENHM pPEaKIuu poOOTOB. ITa
GyHKIHS OTIPEACTIIETCS COOTHOIIIEHUEM

. V4
M, (1) = Asin| ——(t—t.,) |,
G-ty
rae A, — YMCIEHHOE 3HaYE€HHE SMOIMHU Ha TAKTE C MOPSIKOBBIM HOMepoM 1 —1.
OnuiieM NCUX0JI0rMYECKUE XapaKTEpUCTUKU poOOTa /1JIsi BTOPOM MOJAEIH.
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JIJ1st 3TOr0, OCHOBBIBAsICH Ha paboTe [65] BHIMOIHUM HECIOXHBIC BBHIYMCIICHUSI.
Hetpyano 3ameTuTh, dYTO »3JeMeHTapHOe BocmuTanue I(t) ymoBieTBOpseT

PaBEHCTBY

nay:}AAwal%—a—g4)m,

g it
peoOpa3oBbIBas KOTOPOE MOJTYIUM

t
n—2ﬂ4_ ”'1 (20.4)

B pa6otax [65, 97] BBeacHO MOHATHE PaBHOLEHHBIX 3MOIMH. OUYEeBHUIHO, YTO

JUTsI PAaBHOIIEHHOCTH TAPMOHUYECKUX SMOIUN B BOCIIUTATEIHLHOM TMPOIEcce podoTa,
HEO0OXOMMO BBITIOJTHCHHE PABEHCTBA

'A\ ti _ti—l _ A ti—1 _ti—2

L= 2

T

BeimenmuMm mapaMeTp OKOHYaHUsA TakTa

7T
C TMOPSIIKOBBIM HOMEPOM |
CIIEAYIOIIUM 00pa3oM

rac t07t1 — I'PaHUlbI IICPBOI'O TAKTAa M HAYaJIbHOC YHCJIOBOC 3HAUCHHUC aMIIINTYIbI

MonuHu A, 331at0TCs pa3paboTanKamMu podoTa, | =1n.

O‘-IGBI/II[HO, YTO OTJHWYHMTEIBHOH OCOOEHHOCTHIO MOACIUPOBAHUA TapMOHHU-
YCCKHUX 3MOI.[PIﬁ N BBIYHUCJICHHUSA IICUXOJOIHMYCCKHUX XAPAKTCPUCTUK, OCHOBAHHLIX Ha
HHUX, ABJIACTCA HeO6XOI[I/IMOCTI> MaJIoro MalllMHHOI'O BPCMCHH. OTOoT BBIBO/,
O6yCJ'IOBJ'ICH TEM, UYTO BCC IMCHUXOJIOTHUYCCKUC XAPAKTCPUCTUKHU OIIPCACIAIOTCA
SABHBIMH AHAJIMTUYCCKUMU COOTHOUIICHUAMMU, Tpe6YIOIIII/IMI/I MHUHUMAJIbHBIX
BBIYMCJIMTCIBHBIX 3aTpar.

21. MATEMATHYECKHUE MOJIEJIU TAPMOHHUYECKOI'O
BOCIIMTAHHUSA POBOTA

[Ipu pa3paboTke MOOMIBHBIX YCTPOWCTB CBSI3H, SIBJISIFOIIUXCS aHAJIOTaMHu
TICUXOJIOTUYECKOTO TTOBEJICHUS YeJIOBEKA, BOZHUKAIOT 3aJlauil pa3padoTKu Hanbosee
MPOCTBIX MATEMAaTHYECKUX MOJCNICH TapMOHUYECKOTO BOCIUTAaHUA poOOTa U
TICUXOJIOTUYECKUX  XapaKTePUCTUK YCTPOWUCTBA, TPEOYIOMUX MHUHUMAIHHOTO
BPEMEHU MTPOBEICHHS HEOOXOIUMBIX BHIYUCIICHHM.

B nacrosiem paszene pacCMOTPEHBI aTOPUTMBI OTIPEETICHHS] ONITUMATLHOTO
3HAYECHHUS TakTa, KodhduIMeHTa maMatu [73], aMIUIUTY bl TAPMOHUYECKON IMOITUH
poboTa B 3aBHCUMOCTH OT SMOLMK aOOHEHTa, OOMIAIOIIETOCS MO MOOUJILHOMY

YCTPOWCTBY.
[lycTh 3HaueHUs BOCTIMTAaHMM aOOHEHTa B KOHIE Ka)KJOTO TaKTa 3aJaroTcCs
BeIMYMHAMU R;, i =1n, rae n- o0miee KOJUYECTBO BOCIUTATENBHBIX TAKTOB.
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ANNpPOKCUMHUPYEM peaibHbIN MPOIeCC BOCIMTAHUS YeIOBEKa rapMOHHYECKUM
BOCITUTaHUEM POOOTAa.

B ob6mem Bume MuHuMu3upyemas (QyHKIMsS OyAeT BBITTIAACTH CIETYIOIIUM
oOpazom:

i
1-6

n - 2
J=>(R -0""R - = A7 2
;( i 1 ”AITI 1_9)

21.1. MATEMATHUYECKHUE MO/JIEJIU POBOTA
C OTCYTCTBHUEM ITAMSATHN

PaccmoTpum poboTa ¢ OTCYTCTBHEM MaMSTH, T.€. 6 =0.

Mooenvl

[TycTb 3HaYeHMs] HYMOLMI 33/al0TCSI B KOHIIE KaXK/IOTO TaKTa BEIMYMHAMH A,
i=1n, rae n- oOliee KOJMYECTBO BOCIMTATENBHBIX TakTOB. HeoOXomumo HaiTh

OIITUMAJIBHYIO IIPOAOJIZKUTCIBHOCTb TaKTa 7, IIPH KOTOpOﬁ (bYHKHI/IH J 6y,ZIeT
A0CTUT'aTb MUHUMYMa.

J(f)—gg(ﬁ _ )

Taxkum 06pa30M, JJIIA HaXOXIACHUA OIITUMAJIBHOIO 7 HGO6XOI[I/IMO PCUINTD

ypaBHCHHE
oJ
or
B pesynbraTe perieHus ypaBHEHHUS, TOTy4aeM 7

0

onm

HeTtpynHo BUAETH, UTO YOBJIETBOPSAETCSA YCIOBHE MUHUMYMa (PYHKIIUU

0%J
— (7 >0
827( onm) ’

T.K. CIIpaBCAJINBO HCPABCHCTBO

2 n 2
¢ B8
a .

2
o0t i=2

OYeBHUIIHO COOTHOIIICHUE

N 2NA
I(Eom) = 2 (6= AL —)

j=2
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Mooens 2

I[TycTh MPOMOIKUTEIFHOCTH TAKTOB 3a1al0TCsa BenmdauHaMu Ci, i=1n, rae N-

0o0IIIee KOJIMYECTBO BOCIIMTATENBHBIX TAaKTOB. HeOoOXOAMMO HAWTH OITHMAJIbHOE
3HA4YEHHUE A, TIPU KOTOPOM QYHKIUS J 6yz[eT JIOCTUTaTh MHHHMyMa, rae

I(A) = Z(r ZAT

Takum  00pa3oM, UId HAXOXKIEHHUS ONTUMAJIbHOTO A HEOOXOAMMO PEIIUTH

ypaBHEHUE

&JO

OA
B pesynbrare penieHus ypaBHEHUs, ojydaeM A,

NgE

hi7;

||
N

Aonm - E
2

ngl
E
N

Il
N

HGpr,Z[HO BUACTDH, UTO y,Z[OBJ'IeTBOp}ICTCSI YyCJIOBUC MMHHUMYMa q)YHK]_II/II/I
( onm) > O

T.K. BEpPHO HCPABCHCTBO

=§n; ')>o

OYeBUIHO COOTHOIIIEHUE

-
i
-

I
N
v

(A,) = Z(r -7,

'M=
Rl
— N

||
N

Mooenw 3
HeoOxoaumo HalTH onTHUMaibHbIe A W 7, IPH KOTOPBIX (yHKIHS JOymer

A0CTUT'aThb MUHUMYMaA, I'’IC

J(A,r)=i(ri—&)

Takum  00pa3om, mJii HAXOXKACHHUS ONTHUMAIBHOTO A W 7 HEOOXOIUMO
PEIINTh CHCTEMY YpaBHCHUH

8T
B pesynberare pemieHuss CUCTEMbl YPABHEHUM MOJYy4YaeM, YTO SIBHO BBIPA3HUTh
o0a mapamMeTpa Helb3s, OHU 3aBUCAT JAPYT OT z[pyra

A _ n
onm 7’-onm 2(n 1) Z r.I '

i=2
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HeTtpyaHo BUACTH, YTO yIOBICTBOPSICTCS YCIOBUE MUHUMYMa () YHKIIHH:
VA=A VNt#T,

onm !
)

- 2A
z T Z(r _ onm ()nm)

i=2

[loacTaBrM B BBILIENPUBEICHHYIO q)opMyJIy HIOJTy4EeHHbIE 3HAYeHUs 7, U A

2
72. n
Az — r| >0
[ ‘ 2(n—1)izzl'J

CHpaBGIUII/IBO COOTHOIICHUC

n

r

n J

JA r )=S(r -2 )2
( onm 0’1"1) ;(l n_l) .

21.2. MATEMATUYECKHE MOJIEJIU POBOTA
C ABCOJIIOTHOM MAMSITBIO

PaccmoTpum poboTa ¢ abCoIIOTHOM NaMAThiO, T.€. 6 =1.

Mooenv 4
[TycTh 3HauYEHUS YEIOBEUECKMX SMOIMH 3aJal0TCs B KOHIE KaXKIOTO TaKTa
BeIMUMHAMU A, i=1n, rae n- oOIlee KOJMYSCTBO BOCIMTATEIILHBIX TakToB. Heobxo-

JIMMO HAWTH ONITUMATBHOE 7 , IPY KOTOpOoM (DyHKIMS J OyzeT JoCTUTaTh MUHUMYyMa.:
L 2A T
)@= 3R -R, - -9 22%):
i=2

Takum  oOpaszom, 111 HAXOXIEHUS ONTHMAJIBHOTO 7 HEOOXOJMMO PEIINTh

YpaBHEHHUE
al

81
B pesyiabTaTe penieHus ypaBHeHI/m nonyqaeM'

L D A-DRA -RY(-DA
. oz
-7 A

=0

onm 2

HetpyaHo BUAETH, YTO yIOBIETBOPSIETCS YCIOBUE MUHUMYMa (DYHKIIUU:
82J

( onm

)>0

TaK KakK CIIPaBCAJIMBO COOTHOIICHHEC

O‘{CBI/II[HO PaBCHCTBO
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n Zn:(J_l)RJAJ_RlZn:(]—l)AJ
I@m) =Y | R —R —(i-DA| =

n
i=2 H 2 2
' 2 (-D*A]
=2
Mooenv 5
[TycTh TIPOMODKUTETLHOCTh TaKTa 3aJal0TCA BEIMYMHAMH 7, i=1n, TOAe n-

00Illee KOJIWYECTBO BOCIIMTATEIbHBIX TAaKTOB. HEOOXOIMMO HAWTH ONTHUMAJILHOE
A ,ipu KOTOpoM QyHKIHS J OyAET TOCTUTATh MUHUMYMA.

n .
IM=Y (R ~R, — (-1 220
i=2 T
JIo1st HaXOXKJICHUST ONTUMAIBHOTO A HEOOXOMMO PEIINTh YPABHEHHE
0J
“_o
OA
B pe3y.TIBTaT€ peHleHI/IH ypaBHeHI/ISI, HOquaeM:

>M-DRE-R Y (-1
A - i=2 i=2
S W (e

pnm
HetpynHo BUAETH, UTO YOBIETBOPSAETCSA YCIOBHE MUHUMYMA (DYHKIUU:

BEN
aT'A('Aonm) > 0
T.K. CHpaBeI[J'H/IBO HepaBeHCTBO
0% _ & 8(i-1)°¢
Z Y _ 0
0? ,Zz:( 7 )

OueBunna Gpopmyna

2
n

: > (-DRy7, ~R (1D,
J(A,)=2| R -R -(i-Dr,| = : =2
> (-0

j=2

Mooenv 6
HeoOxoaumo HaliTH onTHUManbHBIE A W 7, TP KOTOPBIX (yHKIMsS JOymer
JOCTHTaTh MUHAMYMa:
2AT
T

JAD =R R -~ 22Ty

Takum 00pazom, /U1 HAX0XKIEHUS ONITUMAIBHOIO A U 7 HEOOXOJUMO PEIINUTh
CUCTEMY YPAaBHEHHM
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B pesynbraTe pemieHus CUCTEMBI YPaBHEHHUW MOJy4aeM, YTO SIBHO BBIPA3UTh
00a nmapameTpa Hellb3s, OHU 3aBUCAT APYT OT ApyTa:

Aonmronm = 3—”1(i(RI (I —1))_ Rl n(n _1)]
(n—l)n(n+§) i=2 2

HetpyaHo BuneTh, 4YTO YAOBIETBOPEHHUS  YCIOBUS MUHUMYMa (yHKIUU
JOJKHBI BBIITOIHATHCS. COOTHOLLIECHHUS

VA=A Nt#T,

n ) 2A
(R -R - (-5 2<R ~R, - )@)
i=2 .

[Tocne HecmoKHBIX Hpeo6pa30BaHHH MOJIyYUM

2

AT—3[Z(R(I 1) - Rln(” Dj >0
2(n=Hn(n+ ) i=2

OueBuaHa crnenyrouias Gopmyra:

‘](Auan onm) = y Ri — Rl —6(I—_1)1(zn:(RJ (J _1)) _ Rl n(n —1)J
- (n-Dn(n+2) V7 2

21.3. MATEMATUYECKHE MOJIEJI POBOTA
C HEABCOJIIOTHOM TAMSATBHIO

PaccmoTpum poboTa ¢ HeabCOIOTHON MaMAThIO, T.€. 0< <1,

Mooenv 7
[TycTh 3HAYCHWS aMMWIATYA SMOIMH 3a7ar0TCsd B KOHIIE KaXJIOTO TaKTa
BelMuuHaMu A, i=1n, rae n- oO0Iee KOJIMYSCTBO BOCHHUTATEIHHBIX TaKTOB.

HeoOxoaumo HailTH onTuUManbHOE 7 M 6, OpU KOTOphIX (yHKUUS JOyner
JOCTUTaTh MUHUMYMa, T]Ie

10.0)=D R - R, - 2ATy2
i=2 T

Takum 00pa3om, sl HAXOXKICHHS ONTUMAIBHOTO 7 U 6 HEOOXOJUMO PEIIUTh
CUCTEMY YpPaBHEHUU
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“ oo
00
g
or

B pesynbraTe pelenus ypaBHEHHs, OTydaeM L ppm U -

Y AT (RR) - (RA)S AR,
_ =2 i=2 i=2 i=2

90"’"_ n n n n
QAR —ZARH;A\RH)
: > A RR) - S RAILAR
Y (RA)+ 12,2 S 2 ARy
7 (ZA?ZR,i AR D AR;)
T - i=2 i=2 i=2 i=2
onm 2

A
PILS
i=2 _
Hepr,Z[HO BHUACTD, YTO YAOBJICTBOPACTCA YCJIOBUC MUHHUMYMaA (bYHKHHI/I:
(623 L 02 02

- 9 ’ m eonm ' T onm onm T onm > O
829 onm 1 Con ) aZA ) (agaA( ))

0%J

——( ' Conm ) > 0

829 ( onm )

T.K. BBITIOJIHAIOTCA HCPABCHCTBA!

n n n
4% R? A +23 R A’ + (3 AR)* >0
i=2 i=2 i=2

j=2
j#2

zn;(zRf_l)>o

Li=2

OueBugHa dhopmyna:

2

) ZAZZ(RR. e Z(RA)ZAR.l Z(RAHH ZAR.l
I, To) = 2| R, R, —A/ 2
=2 (ZA ZRZ ZAiRHZAiRi-l) ZA,Z
Mooenv 8
ITycTh HPOAOKUTENLHOCTh TAKTA 3aJAI0TCA BEIMYMHAMM 7,, i=1n, Tje Nn-

oOl11ee KOJMYECTBO BOCIUTATENIbHBIX TaKTOB. HE0O0X0AMMO HalWTU ONTUMAJIbHOE A
U 0,11pu KOTOpoM PyHKIUs J OyneT JOCTUraTbh MUHUMYMa, TJie
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JO.M =R, - R, 20y

i=2
Takum  0o0pa3oM, Ui HaXOXIEHUS ONTUMAIbHOTO A W 6 HEOOXOAMMO

pPEelIuTh CUCTEMY YPaBHCHHUI
3

00
oJ

A

B pesyunbTare penieHns ypaBHeHHi rony4aeM A, u 0, .

ifzi( Rii) - Z(R )iri Riy

9 _ =2 i=2 i=2
onm n n

( T,ZZR,ZI iri Ri—liri Riy)
i—2 i—2 i=2

n

: i 'S RR)-Y(Re)Y AR, |
. (Riz )+ S nii2 n = ZTiRi—l
P - Z TR; 1ZTiRi—1) =2
A =2 =2 i=2 i—2 i—2
2 Zfz

2

=}

HetpynHo BUAETH, UTO YOBIETBOPSAETCA YCIOBHE MUHUMYMA (DYHKIUU:

0%) 02%] 0%)

5 y 5 0 ,A - 0 m! onm >0
a 9( onm onm) 62A onm onm) (89&0\( on ))

02%]

Lage (eonm’ onm)>0

T.K. CIIpaBCAJINBBI COOTHOIICHMA

4ZR27 +22R2T +(ZT,R, 4)>0

j 2
J#2

3 (2R2 ) >0

i=2

OueBUIHO PABEHCTBO

n ZT Z(RlRl—l) Z(R )ZTiRi-l Zn:(RiTi)+gon»nZn:TiRi—1
A ) Z R _ | =2 i=2 =2 ijl _Tj i=2 - i=2
1= (ZT ZRZ ZTiRi—IZTiRi—l) ZTIZ
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Mooenv 9
[TycTh 3HaUEHUS dMOIUN 3aAIOTCSA B KOHIIE KKIOTO TaKTa BEIMUYMHAMU A,

i= ﬁ ) rac n- O6HICC KOJIMYCCTBO BOCITUTATCJIIbHBIX TAaKTOB. HYCTI)

MPOJOJIKUTEILHOCTh TaKTa 3aJaloTcsl BEIWYMHAMU 7;, i=1n, rge n- oOiiee

KOJMYECTBO BOCIIUTATEIbHBIX TaKTOB. HE00X0aMMO HaWTH ONTUMANbHBIE A,7 U 6,

npu KOTOpBIX (GyHKIUS J OyneT JOCTUraTb MUHUMYMa, TIe

IO.AD) =R - R, - 25y

i=2
Takum  00pazom, T HAXOXKACHHUS ONTHUMATbHBIX A,r 1 6 HEOO0XOIUMO

pELIUTh CUCTEMY YPaBHEHUHN

oJ
20"
aJ
AT
I
ot

B pesynbrare pemienus ypaBHeHus noiaydaem A ,7,.. 41 60,

(n- 1)Z(R| 4R - ZRiZn:Ri—l
eonm i= 2 i=2
(1-DYR?, - (X R.,)’
CYRYRL - RARITR
Aonmronm _ti=2 =2 i=2 - i=2
2 (-DXR, -(R)’

AHQIUTUYECKUM IIyTEM J0Ka3aTh, YTO ONTHMAJIbHBIE 3HAYEHUS JIOCTABIISIIOT
MUHHUMYM LI€JIeBOM (DYHKIIMHM 3aTPyAHUTENBHO, TO3TOMY OBUIM MPOBEIEHBI CEPUU
DKCIIEPUMEHTOB, KOTOpBIE IIOKa3aJMd 4YTO IIOJIY4YEHHas TOYKa, CKOpEe BCErO,

JIOCTABJISIET MUHIUMYM I1€JIeBOM (DYHKITUH.
[ToncTraBuB MOJIyYEHHYIO TOYKY B J(A,r,@)’ OIPEAEIM MUHHMYM LEJIEBOI

byHKIMH
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(n- 1>2<R. R)-JRYR.,
RJ IT]Z i=2 Rj_]_
(-DYR?, - (YR’
'J (gonm ! Aonm ! oam) Z n n I:2n ; n
=2 ZRiZRiz_l =2 (Ri4R)Y Ry
=2 =2 i=2 i=22
(n _1)i Ril B iRl—l
i=2 i=2

21.4. TIPUMEPHI OHEHKU TOYHOCTHU MOJIEJIEHA

PaccMmoTpum npumep MOCTpOEHUs TapMOHUYECKOr0 BocUTaHus podota. [Tycts
peanbHBId  BOCHMUTATEIBHBIA IPOLECC CONEPKUT YETBIPE TakKTa IPU ITOM
R, =2,R,=3R,=5R,=7; A=4A =6A=2A=1,7,=17,=27,=37,=4.

OLleHMM TOYHOCTh Ka)KJIOHW MOJEIM W IOJYyYeHHBIC 3HAYCHUS OTOOpa3uM B
Tabm. 21.1.

Tabmuma 21.1.
OreHkKa TOYHOCTH MOJee

HaumenoBanue YucneHHoe 3HaYCHHE J TP ONTUMAJIbHBIX
MOJIEIN napaMerpax
Moguens 1 53,1
Moguens 2 0,25
Monens 3 8
Mopens 4 19,91
Monuenb 5 0,22
Mogens 6 38,9
Mogaens 7 166
Monuens 8 43,6
Mogeins 9 0,29

Hcxons w3 aHanm3a 3HaY€HUWH, MPUBENEHHBIX B Tabm.22.1, MoxHO chopmy-
JMPOBATh TUIIOTE3Y, TOBOPSIIIYIO O TOM, YTO HAMOOJIEe TOUHOMU SIBIISIETCS MOJIEID O.

Od4eBUIHO, YTO OTIMYHUTEIBHON OCOOCHHOCTBHIO MOJEIMPOBAHUS TapMOHHU-
YECKOTO BOCIMTAHMS SBISICTCS HEOOXOAMMOCTh MajIOTO MAaIIMHHOTO BPEMEHHU. DTOT
BBIBOJI OOYCIIOBJIEH TE€M, YTO ONTHUMAJbHBIC IMMapaMeTPhl OMPEICISAIOTCS SBHBIMHU
AQHATUTHYCCKUMH  COOTHOIIICHHUSMH, TPEOYIOIIMMH  MHHHMAJIBHBIX  BBIYHC-
JUTENBHBIX 3aTpar.

OtmeTrM TO (haKT, YTO TMOJyYEHHbIE MATEMATHUYECKUE MOJEIH MOTYT OBITh
NPUMEHUMBI, HAPUMED TSI ONIPEIEICHUS TICUXOJIOTMUECKUX MTapaMeTpoB abOHEHTa
MOOMIIHHOM CBSI3M BO BPEMsI €T0 pa3roBopa o tenedoHy.
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22. MATEMATHYECKASI MOJEJIb OHEHKH
JOCTU/KEHUSA ITOCTABJEHHOU NEJU POBOTOM C
IF'APMOHUWYECKUMHU ODOMOLIUAMU

HaHOMHI/IM, 4qTO MHCJIbKO BOCIIMTAHWA HA3BIBACTCS BCKTOP A=(a1,..., am),

XapaKTEePU3YIOIIH JKeTaeMOe KOHCYHOE COCTOSIHHE pOo0OTa, JOCTHraeMoe B
m

pesymnbrare K neficteuii (maro), mpuaem » a’ > 0.
i=1

k-marom k nemu OyneMm HasblBaTh BEKTOp Ry :(rk Lo I m), onpeeNAomui

BOCIIUTaHUE po0OO0Ta, MOJYYEHHOE B pe3yJbTaTe OJHOTO Iara C MOPSAKOBBIM
HOMepOM K ITpH CTPEMITCHUH K TIEJIH BOCITUTAHHMS.
BekropoMm-coctossHuem pobota Wg Ha3oBEM BEKTOpP, COOTBETCTBYIOLIUMN
JOCTIDKCHHUIO IIeJTM B PEe3yJbTaTe BCEX BBIMOJHEHHBIX MIAroB 0 K-mmara BKIHOYH-
k
TENBHO U y0BJIeTBOpsomuii cootHomenuo W, =D R; .
i=1
Bektop R,, ompenenstomuii cocTosiHUE poOOTa C FapMOHUYECKOW IMOIUEH,
MOJIYYCHHOM B pe3yJibTaTe OJTHOTO IIara ¢ MOPsAAKOBBIM HOMEPOM K IpH CTpeMIICHUU
2
”Ak,lrk,lj'

Bekrop-coctosinrie podora Wy, COOTBETCTBYIOLIMN JTOCTHIKEHHUIO LENH B

2
K [eJH, paBeH R, :(ﬁAmrk,l,...,

pe3ynbTaTe BCEX BBINOJHEHHBIX IIAroB 0 K-IIara BKIIFOYMTENLHO, YIOBJIETBOPSET
: 2k & 2k &
cootHomeHUIO W, = > R =| = > A 7ii,o— D ApTim |-
i=1 T ia T ia
Ou4eBUIHO, YTO YKJIOHEHHE HANPABIEHUS K-Iara oT HampasiieHus nenu Oyner
XapaKTepu30BaTh Yrol /3, PaBHBIA YLy MEXKIy LEIbI0 M K-IIarom K LIEIH.

Kocunyc 3100 yriia Mo>XHO BBIUMCIUTH MO (popMyIie

iaiAk,iTk,i
cos(B,) = = ,

Zer Zen

a KOCHHYC yIrja ¢ MeXIy BEKTOPOM-COCTOSSHUEM pOOOTa W IIeNIbl0, Xapak-

TEPU3YIOIIMKA YKJIOHEHHE OT HANPAaBJICHUS LIEJIH B Pe3yibTaTe K maros, — HCXOs U3
COOTHOIIEHHUS
K

Z aiZk:A”r”
cos(a, )= —— = = (22.1)

\Z(ai)z \ Zk:(zk: Aj,iTj,i)Z |

i= i=1  j=1

[Tocne BBIMOMHEHUS 33JaHHOTO KOJIMYECTBa wIaroB K, mpeaycMOTPEHHOro s
JOCTHKCHUS [[EJIH, MOXKHO OTPEENIUTh BEIMYUHY O , XapaKTePU3YIOIYIO OIU30CTh
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K KOHEeYHOH menu. GopMyna, omnpenensionas 3Ha4eHue O , SBISAETCS OTHOIICHHEM
YHCIICHHOTO 3HaueHHs MpoeKiuu BekTopa Wy Ha Bektop A k mmHe A.[50]

Takum 00pazom, ¢ yaetom (22.1) cOOTHOIIEHHUE ISl BBIYKUCIICHUS O TTPUMET BHJT

$agan)

> @)

Jlerko BHJIETh, YTO BEJIMYMHA O MOXKET NMPUHUMATH JIFOObIC 3HAYCHHS M IICITb
JIOCTUTAeTCs MTOJIHOCTEIO, ecia O > 1.

BpuMCIuTh KOCHMHYC yTIJIa YKJIOHEHHS HMTOTOBOTO BEKTOPA-COCTOSIHUSI OT
HaIpaBJICHUS LUEIU ¥ MOKHO, UCTOJIb3YysI COOTHOIIEHUE

5:

k

k
Z aiZAj,iz'j‘i
cod)= ]

k

\Zﬂ:(ai)z \ Zk:(zk: AJUiTj,i)2 |

i=1 =1

AHanoruyHo MOXHO 3amucath (GOpMydy, ONPEIEISIONIYI0 IPOLEHTHOE
JOCTIDKECHHUE LIEH ¥, Ha KaXIOM K-111are K 1eu:

K
Zai ATk
Zk _i=l

@)

a JOCTHMIXKCHHUC L CIN Zk B PC3YyJIbTATC K BBIIOJIHEHHBIX IIAIOB 6y,ueT OIIPCACIIATHCA
COOTHOIICHUEM

k

k
i=1 j=1

Z(ai)2

A =
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23. OBOBIIEHUE IMPABUJI SMOIIMOHAJIBHOI'O ITOBEJIEHUSA
POBOTA HA CJYUYAM IPOU3BOJIBHOI'O KOJIUYECTBA
B3AUMOJIEMCTBYIOLUIUX C POBOTOM UI'POKOB

23.1. IIEPBOE ITPABUJIO AJIbTEPHATHUBHOI'O BBIBOPA

[Iyctb Ha pobOTa HE OJHOBPEMEHHO BO3JEHUCTBYET N UrpokoB. bynem
HpeArnoiararb, 4To y podOTa BOSHUKAIOT TOJBKO MOJIOKUTEIbHBIE SMOIIMUA U POOOT
obrnazaet abCoMOTHON HMOLMOHATBHON NaMATBIO, T.¢. KO3 UUHUEHTBI naMsTh G; |

YAOBIETBOPsOT TOXkAECTBY 6 j =1 rme i=1m;, j=1n. CoorsercTBenHo, M; -
KOJIMYECTBO JCHCTBHS CIOXKETOB UTPOKA | .
IlepBbIii HTPOK MOPOXkAAET B MOMEHT BpeMeHu 1y, rme k=1m;, y pobGora

OMOIINIO Ml k » KOTOpas BJICYECT DJIEMEHTAPHOE BOCIIUTAHUEC
)

bk
Rk = [M1k(r)dz, n Bocnmranue By = (Ry,0,...,0),
Hr_/
0 n—1
M tl,|
rre Rp= Y [Mp](z)dz.

=10
B ato Bpems Bce octanmbHbie N—1 WTpOKOB MOPOXKAAIOT y poOOTa HyJICBBIC
AMOLUH.

Bo Bpems tj k, rae k=1m, tic > 1 rae i>i; u ky =1,m; , urpox |

1,k 2 i
MOPOXKJIaeT y podoTa IMOIIUIO I\/Ii,k, KOTOpasi BJICYET DIIEMEHTAPHOE BOCHUTAHUE

ti k _
Ri k = [Mj k(r)d7, nBocrmranme Bj = (0,...,0, Rj 0,...,0),
0 I—oemenm
m; G,
rae Rj = > [Mj|(z)dz.
=10

B sT0 Bpemst Bce ocrambHble N—1 WrpoKoB MOpPOXKHAIOT y poOOTa HyJEBHIE
SMOIIUH.

Beenem BekTop obmiero Bocrmrtamus pobora V =(R;,R,,.,R,), rme
KOMITOHEHTBI BEKTOpa — 9TO CyMMapHBbIe BOCIHMTAHUs, [I0JIydaeMble 3a BCE Bpems t

n m
JICUCTBUSI CIOJKETOB BCEX MIPOKOB, TAe t= > X 1] k -
|=1k=1

IIpn BBeICHHBIX 0003HAYEHHUSX IIPABUIIO IIPUHATUS SMOLHMOHAIBHOTO PEIICHHS
poGOTOM B IOJB3y TOTO HJIM MHOTO MIPOKA MOXHO C(HOPMYIMPOBATH CIICAYIOILINIM
00pa3oM: SMOIMOHAIBHOE PELICHHE IPUHUMACTCS B II0JIB3Y TOrO MIPOKa, I

KOTOPOr0 JOCTHraeTcs Min 4(\7 ,§i), rae izl,_n (3MOIMOHATBHBIN BBHIOOP OyneT
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MPHHST B MOJI63Y Urpoka I ). Eciim MuHUMyM JocTHraeTcs cpasy mpu HECKOJIBKHX |
TO BBIOOP HE OCYIIECTBIIACTCA.

[IpuBeneHHOE MNPaBWIO MOKHO OOOOIIMTH HA Cilydaid, KOrjJa BO3ACHCTBUE
UrPOKa BBI3BIBAET y po0OTa HE OAHY SMOILIMIO, a Cpa3y BEKTOp AMoOIul. Takum

00pa3om, BO BpeMs tj k., rae k=1Lmj, ti’k >ti1’k1, rae i >0 u K :1,mi1 , ITPOK |

MOPOXKIaeT y poOoTa BEKTOP IMOIUH I\lek :(Mil,k,...,Mir,k), KOTOPBIM BJICUET
BEKTOP 3JIEMEHTAPHBIX BOCIIUTAHUM
R — 1 r ] _ti’k J
i k _(Ri,k""’Ri,k)’ Ri,k = | Mi’k(r)dr

1 BOCIIUTAHUE B_i:(O,...,O, ﬁi ,0,...,0) =(0,...,0, R;L,...,Rir 0,...,0),
—_—

|—21emenm
m; &l

rie R = I M, (r)dr.
=1 0o
B a10 Bpems Bce ocranmbHbie N—1 HrpoKOB MOPOXKAAIOT y poOOTa HYJICBBIC
AMOIIUH.
B sToM citydyae BekTOp 00IIEro BOCIUTAHUS p060Ta MMEET BU]I

7 _(R1 R r
V =(R1,R2,...Rn) = (Rl Rl R, R).
I[aHBHeﬁHJHe pacCyxKacHuss B TOYHOCTH COBIIAAAarOT C BbIIICIIPCACTAB-
JIEHHBIMHM, KOTZa BO3JEMCTBHE UIPOKA BHI3BIBAET ¥ p0OOTA OIHY SMOILHIO.

23.2. BTOPOE ITPABUJIO AJIbTEPHATHUBHOI'O BBIBOPA

BTopoe mnpaBuio ambTepHATHBHOTO BBIOOpAa OCHOBAaHO HA CPABHEHUM JJIMH
BEKTOPOB CYMMAapHBIX BOCTHTaHHi Bj, Tie i=1n. [IpaBuno MoxkHO chopmy-
JUPOBATh CIETYIOIIMM 00pa3oM: SMOIIMOHAILHOE PEIICHUE MPUHUMAETCS B MOJIb3Y
, rie i=1n (5MOLMOHAIBHBIL

TOTO HUI'POKA, IJIA KOTOPOIo AJOCTHUIACTCA maX‘B

BBIOOp OyJIeT MPUHAT B MOJIb3Yy UIPOKA I) Ecam MakCMMyM IUIMHBI JOCTUTAETCS
cpasy TpH HECKONBKUX 3HAYCHHsAX |, TO BBIOOp pPOOOTOM WIrpoKa He
OCYILIECTBIISIETCA.

23.3. OPTOI'OHAJIBHOCTbh BEKTOPOB BOCIIUTAHUM U
IKBUBAJIEHTHOCTD ITIPABUJI AIBTEPHATUBHOI'O BBIBOPA

[Ipexxne Bcero, HallOMHHUM, YTO HCIIOJL30BaTh MbI OYyJIeM MPSMOYTOJbHYIO
JeKapToBy cuctemy koopauHat. CoriacHo Teopeme 17.2 nBa BEKTOpa, HE MMEIO-
e HEHYJIEBBIX OOMIMX KOOPIUHAT, OPTOTOHATIBHBI.

Takum o6pa3zom, kaxkaas napa sekropos By,..., B, oproronansha.
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Teopema 23.1. IlepBoe u BTOpoe MpaBWia MPUHATUS aAJTBTEPHATHUBHOTO
pELIeHUs] 5KBUBAJICHTHBI IPYT APYTY.

JoxkazaTtenbctBo. Ilycts ¢ = L(\7 , §i), O<g; < %, [ :1,_n - 3TO yroJa MEXIY

Bektopamu V. u B; . CoryiacHO mpaBuiiaM BEKTOPHOM anreOpbl ¥ OPTOrOHAIBHOCTH
_ B
BeKTOpoB By,..., B, cipaBemuBo cienyromiee COOTHOLIEHHE: COSQ; = m

OueBuano, uto eciu Min £(V,B;) mocruraercs mpu i=K, To mo mepeomy
IpaBUIly aJIbTEPHATHBHOTO BHIOOpA pEINCHHE MPUHUMAETCA B MOJB3y HMrpoka K.

[Ipu »>TOM W3 HpeACTaBICHHOU BbIlIEe (POPMYIIBI CIEIYET: ‘B_k‘ > ‘gj , mpu j#K.

Taxum o6pazom, maX‘E_Bi‘ nocruraercs npu 1 =K. TTocieanee omuchiBaeT BTOPOE
MPaBUJIO aJIbTEPHATUBHOIO BHIOODA.

C npyroil cTopoHsl, eciu max‘gi‘ nocruraercs npu 1=K, 10 Mo BTOpOMY
MpaBIITy aIbTEPHATUBHOTO BBIOOpA pellIeHrne TPUHUMAETCS B MOJIb3y urpoka k. [Ipu

, Ipu j#k M, cleays NPEICTABICHHOM BBIIIE

3TOM  CIIPABEIJTMBO ‘B_k‘ >‘§j
dopmyre, nomyyaem, 4to @ <aj, npu J#K. Hcxoms u3 ckazaHHOTO cieyer

BbIBOX O ToM, urto Min £(V,B;) mocturaercs mpu 1=K, 4to coorBercTByeT
HIEPBOMY TPABUITY AIBTEPHATHBHOTO BBIOOPA, YTO M TPEOOBAIOCH JI0KA3aTh.

24. SMOILIMOHAJIBHBIN BBIBOP U KOH®JIUKT
MEXAY POBOTAMHA

HerpynHno 3ameruth, uTo cooTHomieHue (17.4) TONHOCTBIO COBIAMAET C
dopmynon (3.7), momyd4eHHONH HaMU TPU ONMKMCAHWUU KOH(MIMKTa MEXIY IBYMS
poOoTaMy TMpH YCIOBUM PABEHCTBA MX PABHOLICHHBIX SMOLMH. DTOT (akT naer
OCHOBaHHUE /Jisi BbIBOJIa O TOM, YTO BHYTPEHHHE 3MOIMOHAIbHBIE KOHQIMKTHI
po0OTa ONUCHIBAIOTCS TEMH >K€ COOTHOLIEHUSIMH, UYTO M KOH(IUKTBI MEXITY
pa3HbIMH pOOOTaMH, U, CIIEJJOBATEIbHO, TEOPETHUUYECKHE IOJIOKEHHS, MPUTOIHbIC
JUISL TPYII poOOTOB, MOTYT OBITh 0€3 WM3MEHEHHS IEepPEHECEHbl Ha BHYTPEHHUE
KOH(JIUKTBI €TUHUIHOTO pOOOTA.

[Tpumepom 3TOro nmepeHoca MOKeT ObITh ClIeAYIOIas TeopeMa.

Teopema 24.1. Ecnu naBa paBHOMEpPHO 3a0BIBUMBBIX poOOTa 00J1a7ar0T
OJIMHAKOBHIMH PABHOIICHHBIMH SMOITUSIMHU, TO CYIIECTBYIOT Takue Kod()(UIIMEHTHI
naMsTH poOOTOB, YTO POOOTHI HUKOT/IA HE BCTYIIAT B KOH(MIIMKT MO BOCTIMTAHUSIM.

HokazatenbctBo. s KOHMIUKTYOMUX poOOTOB CHPABEIJIMBO PABEHCTBO
(3.7), xoTOpOE TpPH paBEHCTBE PABHOIICHHBIX 3MOIMI IMPeoOpa3yeTcs B COOTHO-
menne (17.4). CormacHo Teopeme 17.5 CylIecTBYIOT aHTHUCTYNOpHBIE KO3((hu-
1ueHThl, oOpamaromue Gopmyny (17.4) B ctporoe HepaBeHCTBO. Ho B TO e Bpewms,
3TH AHTUCTYMOPHBbIE KOA(POUIUEHTH! SBIAIOTCS KO3(h(ULIMEHTAaMH MaMATH JBYX
pa3iauyYHbIX pOOOTOB, MpPHYEM TaKUMHU, YTO poOOOTHl HHUKOrma He OyayT
koH(pukTOBaTh. Takum oOpa3zoM, TeopemMa JoKa3aHa.
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Jloruka nznoxenus TpeOyeT BBOJIa HOBOTO ONpeAeICHHUS.

Onpenenenue 24.1. Kosdduuments mamsité AByX poOOTOB, TMPH KOTOPBIX
HUKOTJIa HE HACTymaeT KOH(PIUKT MeXAy poOOTaMHu, Ha30BEM aHTHUKOH(IUKTHBIMHU
kod(purrmeHTaMu mamsTy.

Chopmynupyem cneayroiyo Teopemy.

Teopema 24.2. AuTukoH(IUKTHBIE KOA()PUIIMEHTHI MaMATH ABYX PaBHOMEPHO
3a0BIBUMBBIX POOOTOB C OJMHAKOBBHIMU PAaBHOIEHHBIMU SMOLUSAMU COBIAAAIOT C
AHTHUCTYMOPHBIMU K03 uUimeHTamu.

JloKa3aTenbCcTBO aHATIOTUYHO JI0Ka3aTeNIbCTBY TeopeMbl 24.1

Crnencrue 24.2. Ilpu BBIIOTHEHUU YCIIOBHH TeopeMbl 24.2 kod(hPUIIMEeHTHI

naMaTu JByX poOOTOB €y u 6y, paBHbIE > 17§ 3 COOTBETCTBEHHO, SIBJISIIOTCS

AHTUKOH(DIUKTHBIMHU.
JHoxkazarenbctBo. CornacHo cneAcTBU0 17.5 aHTUCTYNOpHBIE KOADPUIIMEHTHI
1 1
YIOBJICTBOPSIOT ~COOTHOIICHUSIM Oy 25, 6o :§. B cuny Tteopemmr 17.2

AHTUCTYIIOPHBIC KO3(1)(1)I/IL[I/ICHTBI IHaMsaTH SABJIAIOTCA aHTI/IKOH(i)J'H/IKTHBIMI/I. Takum
06pa30M, CJIICACTBHUC O10Ka3aHO.

25. MOJEJIb AMBUBAJIEHTHBIX DMOIIUH POBOTA

AMOVBaJIGHTHON Ha3bIBA€TCs Tapa AMOIMM, MPOTUBOMOJIOKHBIX IPYT JIPYTY,
HO MEPEKUBAEMbIX OJTHOBPEMEHHO.

Beenem Bektop [65] oSmommit  poGoTOB M, OTIPENEIAIONTUN  TEKYyIIee
SMOIMOHAIIBHOE COCTOSIHUE POOOTA.

M(t) = (M, M,, .. M,),

rae M; (i = 1,1) — smouws, COOTBETCTBYIOIAs TUITY dMoluH | [27; 28; 65].

BeigenuM u3 9TOro BEKTOpa Mapy HEHYJIEBbIX aMOMBAJICHTHBIX [65] smonmii
(M, My).

Tak xak SMOITMU SBISIFOTCS aMOWBAJICHTHBIMU, TO OHM UMEIOT Pa3HbIC 3HAKH,
T.e. M, * M, < 0. Ina ygoOctBa Oynem cuutath, utro M, = 0,M, < 0. Or™merum,

YTO 3HAKHM YMOIIMA HE MOTYT MEHSTHCS C TCUCHUEM BPEMEHH, TTOCKOJIBKY IMOIIMEH C
MIPOTHUBOIIOJIOKHBIM 3HAKOM SIBJISIETCS BTOpPAsl SMOIMS M3 aMOMBAJICHTHOW Taphbl, a
OJVH BHUJ SMOLMU HE MOXKET MEPEUTH B IPYTOM.

B paGote [65] Obutn ompeneneHbl TaKue BEITUYMHBI, KaK AJIEMEHTapHOE
BOCITUTAHWE U BOCITUTAHUE POOOTA:

. T 7 .
K= fo Mf (§)d¢, xak cnencteue, 1; > 0,75, <0, rme 1 - sneMeHTapHOE
. ] i i j—1
BOCIIUTaHHE poOOTa B TakTe moj Homepom |. i € {1,2}, Rf = ?";r + H;r Rf , Kak
cneacteue, R, > 0,R, <0, rae R; - BOCIUTaHHE poOOTa HAa KOHEI[ BOCIH-

TaTEJILHOIO TaKTa Mo HoMepoM . I € {1,2}.
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B cinywyae ecnm um3BectHa 1enb BocnuTaHus (A,,A,) MO MaHHBIM 3MOLMSIM,
BEJIMYMHA IOCTHKEHUS 1IEJIM & BBIUUCISAETCA 1O (hopMyIie

AR+ AR]
AT+ AR

[Ipyyem crHpaBeAIMBO OTHOIICHHE Rf = Ir'!.j + Hi.j Rf . e j — Homep
BOCITUTATENILHOTO TakTa [65], Rf — BOCMHTaHKWE pobOTa, MOJy4aeMoe B Pe3yJsibTaTe
JICHCTBUS 3MOIMU ¢ HOMepoM |, i € {1,2}, 35 — Ko3hPUIMEHT maMsATH, TpUYeM
8] €[0,1], 1/ - snementapHOE BOCIMTAHME, NOTYYCHHOE POGOTOM Ha TAKTE C

. i—1 .
HOMepoM j, R f — BOCIIUTaHUE poOOTAa HAa KOHEI[ TaKTa ¢ HOMEpoM J-1.

[IpeacTaBuM mapy BOCIMTAHHUM, TOPOKIAEHHBIX aMOMBaJICHTHRIMH YMOIIASIMH, B
rpaguuecKkoM BUJE.

BBenem nmekaptoBy cuctemy KoopauHaT [26] ¢ meHTpoM B Touke O m ocsamu
Ox, Oy. Ilo ocu OX Oyaem OTKIaJbIBaTh IMOJOXKUTEIBHYIO SMOIMIO U3 aMOu-
BaJIeHTHON mapwl, Mo ocu Oy — oTpuiarenbHyo. Takum 00pa3oMm, BOCHUTAHUS
(A;,A,) MoryT OBITh MpEACTaBICHBI TOYKOH ¢ koopauHatamu (A;,A,) B cucteme

koopaurat OXy. Ilockompky A, = 0,A, <0, Touku ¢ koopauHaTamu (A;,A,)
OynyT pacmnojiaraThCsi BO BTOpOMl 4eTBepTH ImiockocTu OXYy. Takum oOGpazom, mpu
rpaguuecKkoM U300paKeHUH TTapbl aMOUBAJICHTHBIX AMOIIMH MbI Oy/IeM PHCOBATh HE
BCIO TUIOCKOCTh OXY, a TOJIbKO YETBEPTYIO YETBEPTh ATOM IIIOCKOCTH.

A X
0] | !

A, (Apfqzj

y

Puc. 25.1. [IpencraBnenue napsl BOCIUTAHUHN B Tpa@UUEeCKOM BHIE.

[IycTh W3BECTHO TeKylllee BOCIHUTAaHWE pOOOTAa MO Tape aMOMBAJIEHTHBIX
OMOIHI (Rj R;] JlaHHOE BOCIMTaHHE COOTBETCTBYeT Touke R/ (Rj R;] B
koopauHaTHOM T1uiockoctn OXy. Takke wu3BecTHa uenb Bocnurtanus (44,4,),
cootBercTBytOmas Touke A (A;,4,) B xoopauHaTtHOI Tiockoctu OXy. Iloctponm
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BekTopsl ORJ u OA C HauanoM B Touke O, SBIAIOMIEHCS HAYaIOM CHCTEMBI

KOOpAWHAT U ¢ KOHIOM B TOYKaX R/ n A cooTBeTCTBEHHO.

[TocTpoum npoekuuto Bekropa JR/ Ha BekTOp 04 - BEKTOP OE

Puc.25.2. Bexropst OR7, OA, OF

OueBuIHbI CIEYIONINE PABEHCTBA!
AIR{ + A, R‘; — —
,T e |OE| — AJHHa BeKTopa OF
VAT + A2

|04| = 'Ai + A2,rne |OA| — anuna Bexropa OA
Kak cineacTBue, 04€eBUIHO, UTO |
_ [oE|
- [o4]

[0F| -

Takum 00pa3oMm BHIHO, 4TO MPU 3aJaHHBIX 3HadeHUsX (A,,A,) BenuunHa &

— —
3aBHCHUT TOJIbKO OT JuTiHBI BekTopa OF'. Ilpu yBennueHun |UE | Oyzner pactu u &§.
_ )
OnHako yBeIUYCHUS |O‘E| MOKHO JOCTHYb yBEIWYEHHEM MOIyas R .

OCKOJIbKYy R er <0, 4, <0, uro, daxkTHyeckn oO3HAYAET, UYTO MPH YCHICHUU
HETaTUBHOW AMOIIMU poOOTa OH OY/ET MPUOIMKATHCS K JKEIAeMOMY Pe3yJIbTaTy.

109



v

Puc. 25.3. Bektopsl (H’f.ﬁ";+ 1) u (Hj.R;:)

i i+l
Ha puc. 25.3 Bugno, uro Bektop (R’ ,R;_H ) uMeer OoJiee BBIPAKEHHYIO

HEraTHBHYIO 4acTb, ueM Bektop (R’ ,R;), OJIHAKO 3Ha4YeHWe & MJisi HEero OyneT
00JIBIIIe, TOCKOJBKY Y €r0 MPOEKIUU OOoJIbIas JIHA.

26. MATEMATHUYECKHWE MOJIEJIW U CBOMICTBA
KO3®OULUEHTOB MAMSATH /151 AMBUBAJIEHTHBIX
IMOIIMIA POBOTA

26.1. OCHOBHBIE TEOPEMBbI

[lycTh Ha KOHEI BOCIUTATEJILHOIO TAKTa C HOMEPOM | OSMOIMOHAIHHOE
T3 o ) + -
coctosaue podora M; ompenensgerca mapoit amOusanenTHBIX smouuid (M7, M), a

R i i (RT,R-
cyMMapHoe BocnuTanue pobora R; onpenenserca napoit Bocuranmii (R, R;), Kak
nokaszaHo B pabote [65],
R, =1+ 6,R,_,, (26.1)
T
r€ T; — DJIEMEHTApHOE BOCIUTAHUE, T; = fo M;(&)d¢, 8, — xoepduueHT maMaTu
poborta, R;_; - BocnuTaHue poboTa Ha KoHerl TakTa (i-1).

TakuM 0Gpa3oM, MOKHO 3anucats popmyiy (26.1) s Ry, R R

R,=7+ 6.R._,, (26.2)
Rf = 1"+ 6'R: (26.3)
Ry =1+ 67R_,. (26.4)

CnoxuB paBeHcTBa (26.3) 1 (26.4), moaydnm cieayroliee COOTHOIIEHHE
Rf +R[ = 17+ 67R-, + 1+ O7R,

RF+R; =07 + 7)) +(67R_, + 67R,). (26.5)
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BbiaABUHEM THUIIOTE3Y O TOM, YTO MOJIHOE BOCIUTAHUE POOOTA SABISAETCS CyMMOMN
BOCIIUTAHUN MO aMOMBAJEHTHBIM HMOLMSIM, a 3JIEMEHTAPHOE BOCIUTAaHUE Ha
KaXJIOM TakT€ paBHO CyMME DJJIEMEHTapHBIX BOCIMTAaHUMN, IOPOXKIEHHBIX
aMOMBaJICHTHBIMU YMOLIUSMHU.

Jpyrumu ciioBamu,

Rf + R = R, (26.6)

F+r = . (26.7)
Takum o0Opa3zom, TOJCTaBUB cooTHOIICHUs (26.6) u (26.7) B hopmyny (26.5),
MOJTyYaeM CJICIyIOIIee PAaBEHCTBO

R:’ = ]F: + (H:R:—l + H:'_R:'——lj' (268)
BrruuTas u3 paBencta (26.8) paBeHnctBo (26.2), moimydaem
E:’ - E:’ = ]F: + (H:-Rr—l + E‘-'.:'_‘il?i_—lj - f!' o gi'ﬁ!'—l

]
T3] _gt+tp+ -D-
O;R,_y =0R', + 68 R_, . (26.9)
Paccmotpum  ciywai, mpu KOTOpPOM KO3(DPUIIMEHTh NaMsATH ISl Hapbl
aMOMBaJIEHTHBIX AMOLIMI 1 CYMMapHON AMOLIMH MOCTOSTHHBI M HE 3aBUCAT OT HOMEPA

takta. O603HaunM ux 8,6+, 6.
Takum 06pa3zom, paBeHCTBO (26.9) mpeBpaiaercst B paBEHCTBO
OR;,=60*Rf + 6°R; . (26.10)
Takum ob6pa3om, paBeHcTBa (26.6) 1 (26.10) 0Opa3yroT cucreMy
R, = R} +R;
6R, =6*R} + 6°R;
[IpuBeneM u JOKaKEM HECKOJIBKO OCHOBHBIX TEOPEM.
Teopema 26.1. Ecnu B KOHIIE HEKOTOPOTO BOCIUTATEIHHOTO TaKTa CYMMAapHOE
BOcIuTanue podota paBHo 0, a BOCIIUTAHUS 110 aMOMBaJIEHTHBIM MOIIMSIM HE PaBHBI
0, K03 HUIUEHTHI TaMATH TI0 aMOMBAJICHTHBIM BOCITUTAHUSIM TaKOTO POOOTa PaBHBI

MEXTy COOOM.
JlokazarenbcTBO. MMeem

R, =R} +R;
*RI+ 67R;
R.=0

OR. =8
RYf =0

CnenoBaTelpHO,
RF+R- =0
Rf =—R_
8*RFf+ 67R; =0
8 R — 6°R =10
Rf(6*—67)=0

8% = 87, uro U TPeOOBAIOCH JOKA3aTh.
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Teopema 26.2. Eciu B KOHIIE HEKOTOPOTO BOCIUTATEIHLHOTO TaKTa CYMMapHOE
BOCIIUTaHWE poOOTa C paBHBIMH KOX(h(HUIMEHTAaMH TaMSATH MO BOCIUTAHUSIM, I10-
POXIEHHBIMU aMOWBAJICHTHBIMH 3MOILUSIMH, HE DPABHO HYIIO, TO OOIMMHA KOA(-
bunueHT maMATH Takoro poboTa paBeH Kod(pQHIMEeHTaM MaMATH IO amMOuBa-
JICHTHBIM BOCITUTAHHUSIM.

JlokazaTenbCTBO.
HNmeem
R, =R} +R;
OR, = 6*R} + 67R;
R, #0
6*=6"-
CrnenoBaTtebHO,
R, =R} + R}
R, = 8% (R} +R))
R — 6%k,
(8- 69)R, = 0,>
6=06"

YTO M TPeOOBAJIOCH JJOKA3aTh.

CTOUT OTMETUTH, YTO YCIOBHUE R ; # 0 BrmonnsgeTcs Beerna, MOCKONBKY, €CIIH
B3STh 3a | HOMEp TEPBOr0 TaKTa, JJIsi KOTOPOTO 3JeMEHTapHOe BocnuTanue 7; # 0,
TO BBITIOJIHUTCSL yCJIOBUE R =1+ 5'_!- ﬁ!-_l. Ho mockosbKy | — mepBbId TakKT, s
Kotoporo 7; # (0, TO JIETKO BHIETH, 4YTO R i1 = 0. CnenoBatenbHo, E!- =1, a
MOATOMY ﬁ!- # 0. B cayuae, ecnu Takra, mpu KotopoM T; # 0 He CyLIECTBYET, TO

MOXKHO CKa3aTh, YTO BOCIHTaHWS HE TPOWCXOIUT, W TaKOW CIy4yaill sIBISETCS
BBIPO’KJIEHHBIM, a MIOATOMY pacCMaTpUBATh €ro HE UMEET cMbiciia. Takum 0Opazom,
MokHO yopaTs yenosue R; # 0 u3 npenpimymnieit TeopeMsi.

Teopema 26.3. Eciii B KOHIIE HEKOTOPOTO BOCTIUTATEIHHOTO TaKTa CyMMapHOE
BOCIIUTaHHE poOoTa paBHO (), a BOCTIUTAHUS 1O aMOUBAJICHTHBIM SMOIIHMSIM HE PABHBI
0, To K03pPuIMEHTH NaMATH MO aMOMBAJIEHTHBIM BOCHHU-TaHUSM TAaKOro podoTa
paBHBI MEX1y COO0H M paBHBI 001IEMY KO3 (ULIMEHTY TaMsTH PoOoTa.

JlokazaTenbCTBO TEOPEMBI JIETKO CTPOUTCSA U3 JIBYX MPEIbIAYIIUX TEOPEM.

CTOUT OTMETHUTh, YTO B JJAHHOM ciy4ae 6% MOXHO BBIYHCIIUTH, HAOMIO/IAs 32

pob6otom. TlogpoOHasi MeToAMKa BBIYMCICHUS JTaHHOTO Kod(QuimeHTa omrcaHa B
pabote [97].

[Tycth Ha I-M TakTe BOCIHTATCIILHOTO IPOIecca CyMMapHOE BOCIHUTAHHE
pobota paBHO 0, a BOCIIUTaHMs 110 aMOMBaJICHTHBIM BOCIUTaHUsAM He paBHbI 0. [1o
Teopeme 26.3, B TAaKOM Ciydae, CIPaBELIMBEl cooTHoweHus O = 8% =67
TMocrasum 3axaqy: vaittn &, R, R, n5,17

Opumep 1. Myets R_; =2, R, =—6, 17" =3, 17 = -1,

Torna
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R._,=R',+R_,=2-6= —4,
Ea = ‘_Fa + E;Il_aﬁa—l

0=2+6(—4)

8=05

Jlanee OyeM UCXOIUTh U3 TOTO, YTO R i F 0, 6+=6".

Boipaxas R;, R, uepes R;, momyumm

., (-8R,
R = GRS
_ (8" -0)R
Riz_@Tiﬁﬁi

Takum 00pa3oM, MOXHO CKa3aTb, YTO 3MOLMOHAJIBHOE COCTOSIHME PoOOTa Ha
KOHEII BOCITUTATEIILHOTO TAKTa ¢ HOMEPOM | OyJIeT OnpeAesaThCs Mapoi
(6-67)r; (8*-8)%;
aMOMBaJICHTHBIX SMOLUH ( @+t-8-) ' (8+—6") ).

CToUT OTMETUTH, YTO MOJyYyeHHas: opMyJia MOKa3bIBa€T, YTO aMOUBAJICHTHBIE
BOCIIUTaHUs poOOTa 3aBUCAT TONBKO OT Kod(pduuuenroB mamstu 67,87, & nu

CYMMApPHOI'0 BOCIIMTAHHUA R!' N HC 3aBUCAT OT JJICMCHTAPHBIX BOCHHTaHHﬁ, IIoJIy-
YCHHBIX HAa JaHHOM TaKTC.

Ipumep 2. ITycts 8% = 0.5~ =0.3,8 = 0.7, R; = 10. Torna

Rf = 2R =04%10/02=20,

- _ (8*-BRr _
R = O 0.2*10/0.2 =-10.

Jlerko Buneth, uto ycnosue R; = R + R Beimonusercs.

ITposenem uccnenosanue kodpduumentos mamsatu 6-,8%, 8 npu pasnmuunbx

3HaueHusx R;

26.2. CBA3b MEXAY KOOOOUIINEHTAMU NTAMSATH

Paccmotpum ciyuait, korma R; > 0. Tlockomsky R =0, R <0, moxuo

3anurcaTh CICAYIOMIYIO CUCTEMY HCPABCHCTB

©—6)
@ g "
(6% —6)
6 =65 gq

[IpeoOpazoBbiBas cucTeMy, MOJYyUUM:
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- < 8*<=4

f=0+<6-
PaccmoTtpeB ciyyai, korga R ; <0, MOIy4HnM CIEIYIONIYI0 CUCTEMY HEPABEHCTB
6-67)
(0*—-67)
. s
67 =9 _,
6+ —67)
W3 sToi1 cucteMnl CIICOYIOT HepaBCHCTBa: B
B*< 8- <86
f=8-<8*

Takum o00pa3oMm, MOXKHO CPOPMYIHUPOBATH CIEAyIOlIee CBOMCTBO KOd(pdu-
1MEHTOB namsatu 8,87, 6.

Caoiicto 26.1. Ecrm 8 > 8%, 10 8> 67, ecnu 6<6", 10 8 < 8*. Ecm

8>60",1080 >0, ecru 6<60 ,T08 < 87,

Jloka3aTenbCTBO CBOMCTBA HAMPSAMYIO CIICAYET M3 aHAINW3a IMPEACTABICHHBIX
paHee HEPaBEHCTB.

Brenewm cremyromue onpenencHus.

Onpenenenre 26.1. DMONMOHAIBHBIM POOOT HA3BIBACTCS 3JIOMAMSITHBIM IIO
nape amOuBaieHTHBIX smouuit (M~, M™) ecnu k03 duIreHTs TaMIaTH poboTa 1o

JTaHHBIM 3MOIUAM 6 ~,6F yIoBIETBOPSIOT CIACAYIOMIEMY COOTHOIIICHHIO:
8- =>0"
Omnpenenenue 26.2. OMOIMOHATBHBIA POOOT HA3bIBACTCS HE3IOMAMSTHBIM T10
nape aMOuMBajIeHTHBIX aMonmii (M~, M™), ecian k03 HUIIHEHTHI TAMATH POOOTA TIO

JaHHBIM 3MOIUAM 6 ~, 8 yI0BICTBOPSIOT CJICIYIOIIEMY COOTHOIICHHIO:
8- <8~

Caoiicto 26.2. Eciu s 3iomaMsataoro podora 8 =< 8, 1o Bocnuranue
9

3TOro poboTa Ha JIFOOOM BOCIHTATECIIBHOM TaKT€ OTPHUIATEIIBHO, HWHAYEe —
MOJ0KUTEIBHO.

JlokazaTeabrCTBO CBOMCTBA CIEAYET U3 OMPEACIICHUS 3JI0MaMITHOCTH poOoTa U
cBoicrtBa 27.1.

CaoiictBo 26.3. Ecim mns HesnomamsaTHoro pobora 87 < 6, To Bocmuranue

3TOr0 poOoTa Ha JOOOM BOCIHMTATEIHFHOM TAaKTE IOJIOKWUTEIBHO, MHAYE — OTpPH-
aTEbHO.

JlokazaTenbCTBO OYEBUIHO.

CTouT OTMETUTH, YTO MPU MPOCKTUPOBAHWU U CO3JAHUU PEATbHBIX AMOIMO-
HaJbHBIX POOOTOB MBI MOXXEM CaMOCTOSITEILHO 3aJaBaTh KOA((UIIMEHTH MaMsITH
JUISL TTapbl aMOVBAJICHTHBIX BOCIIUTAHUN M CYMMapHOTO BOCHHUTaHMs poOoTa. Takum
oOpa3oMm, MBI MOXKEM OMNHCHIBATH TaKHE YepThl Xapakrepa poboTa, Kak

3JIONaMATHOCTL W HE3JIONAaMATHOCTL, IIPOCTO M3MCHAA COOTHOLICHUA MCKAY
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KOd(pPUIMEHTaMH NaMATH. OTO, HalpUMEpP, OTKPBIBAET IyTH MPH CO3JaHUU
MEPCOHAKEW C 3aJaHHBIMU TICUXOJOTMYECKHMMH KadeCTBaMU B KOMIBIOTEPHBIX
Urpax, /€ pa3Hble NEPCOHAXKMU OyAYT MO pPa3sHOMY OTHOCUTBHCS K JEHCTBUAM
OCHOBHOI'O T'€pOsl UTPbI: HEKOTOPBIE MEPCOHAXH OyAyT JIydllle TOMHUTh CIEJIaHHBIE
repoeM A00pbI€ MOCTYIKU B OTHOLIEHUHU NIEPCOHAXKA U 3a0bIBATh 3JIbI€, U HA0OOPOT.

21. MATEMATUYECKHUE MOJAEJIN 3JIOITAMSATHBIX 1
HE3JIOITAMSATHBIX POBOTOB

27.1. CI1IOCOB ONIPEAEJIEHUSA 3JIOITAMATHbBIX U
HE3JIOITAMATHBIX POBOTOB HA OCHOBE
OUKTUBHbBIX TAKTOB

B pabGorax [65; 97] npuBeacHBI MaTeMaTHUECKHUE MOJCIH, ITO3BOJISIONINE
MMUTHUPOBATH pOOOTAMH SMOIIMOHAIBHOE MTOBEJICHUE YEIIOBEKA.

B pabote [66] BriepBbIe OMUCAaHBI MOJIETN KOMIUIEKCHBIX AMOIMI poboTa. Kak
OTMEYAJIOCh BBINIE, YaCTHBIM CIIy4aeM KOMIUIEKCHBIX SMOIMH poOOTa W AMOIIHMA
YeJI0BEKa ABJISIOTCS aMOBAJICHTHBIE YMOIIHH.

BBenem runoresy o ToM, uTo Jr00ast amorus podota M(t) mpencraBuma B BHIE

pextopa Mi(t) = (I\/l (@), M/ (t))
PaccMoTpruM pOBHOMEPHO 3a0BIBUMBBIX POOOTOB [65].
+ _
byaem cuntath, 4yTO M) (1) TOPOXKIAET BOCIUTAHHUE Ri (t) , |V|i (t)

MMOPOXKIAeT BocrmuTaHue R; (t), rae

R'®)=r"{)+0"R" (), RF®)=r ()+0 R, (), r'(t)= j M/ (r)dr7

r(t) = j M/ (r)dz

+ v o
rne R; (t) - Bocnuranue poGoTa, MOPOXKIEHHOE HEOTPHULATEIHHON KOMIIOHEHTOM
am6nanentroii omommu M, (t), Ry (1)- Bocrmramme po6ora, moposenHoe
HEOTPHLATENBHON KOMIIOHEHTOH amMOMBaleHTHOH smommu M (t), r'(t), r (t) -

+ —_
3JeMEeHTapHbIe BOCHHUTAHHS poOoTOB, mopoxaeHHsie smommsimu M (t) u M/ (t)

+ - (V)
COOTBETCTBEHHO, 0 uo - K02 DHUIMEHTHI TAMATH MOJIOKUTETHHOM KOMITOHEHTHI
U OTPUIIATEIILHONM KOMITHCHTHI aMOWBAJICHTHOW OSMOIIMH, XapaKTePU3YIOIIHE

samoMuHaHue poborom Bocrmranmii R, (t) u R, (t) coorBercreenno, 6 €[0]],

o~ e[0].
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27.1.1. Cnoco6 pa3jioskeHHusi IMOIUY HA BEKTOP aMOMBAJIEeHTHBIX MO

HpeI[HOJIO)KI/IM, qTo p060T HNCIIBITA]I CAIUMHCTBCHHYIO SMOIIHUIO M 0, HOPOOUB-

1Iyio BocruTanue Ry, KOTOpoe COOTBETCTBYET Tape BOCITHTAHHI (RJ Ro ), puyeM,
CIPaBEIJIMBO COOTHOILIEHUE
— + -
R,=R; +R, .
[Tycts mpu GuKTUBHOM TakTe [65] ¢ MOPAIKOBHIM HOMEPOM i pOOOT MMEET
BOCIIUTaHUE R;, mpuueM crpaBeauBbl (POPMYITbI

R, =R"+R/, R :(‘9+)i Ry, Ri = (9_)i R, .

|
[Tycte BBIONHEHO N (QUKTUBHBIX TakToB [65]. IlycTh i kaxmoro wus
(UKTHBHBIX TAKTOB HAa OCHOBE OKCICPHUMEHTOB R usmepeHo 3HaueHue

yent ]
BocnuTanus po6ora R B KoHIle PMKTUBHOIO TAKTA C HOMEPOM i .
OtmeruMm, uTo B padore [97] ommcan OaWH W3 CIIOCOOOB HM3MEPEHHUS BOC-

o yeni
IIMTaHUU, HO3TOMy I[OHyH_[eHI/IC O BO3MOXHOCTHU I/ISMCpeHI/IH Ri HC ABJISICTCS

KPUTHUYHBIM.
JUist (UKTUBHOTO TakTa C HOMEPOM i 3HAYEHUE OTKIOHEHHS SKCIEPUMEH-
TaJbHOTO BOCIIMTAHUS OT PACYETHOI'O BOCIIUTAHUA 3a4a1UM (POpMyIIOi

_ yeéfi +Vp+ Y p-
5i—(Ri _(‘9 )Ro_(e )RO)Z'
O‘ICBI/II[HO, qTO I (1)I/IKTI/IBHBIX TaKTOB, KOJIHMYECCTBO KOTOPBIX PaBHO n,

CYMMAapHO€ 3HAQYCHUC OTKIIOHCHHUSA OSKCIICPHUMCHTAJIBbHOTIO BOCIHUTAHHA OT PaCUCT-
HOI'0 BOCIIUTAHUA A YJOBJICTBOPACT COOTHOLICHUIO

n

Al6",R;,67,R; )= i@ - Z[Riyéﬁ"' (0" )R; -6 )Ry ]2 , (27.1)

i=1
OueBuaHO, YTO AN TOro, 4todsl BenuuuHsl 6,607, Ry, R, anexkBaTHO omm-
CBhIBAJIM BOCIHMTATEIBHBIN TpoOIleCC NMpHU (DUKTHBHBIX TaKTaX, BeIMYWHA A JOJDKHA
OBITH MUHMMAJIbHA C YIETOM CIICAYIOIINX OIPaHUICHHA:

0" <01 6 [0l Ry =0, R, <0, (27.2)

Ucnons3zyem wmeron Jlarpamwxka [1, 13] s ompenesieHHs:  yCIOBHOTO
skcTpemyMa ¢yHkimu (27.1) ¢ orpannuenusmu (27.2).

Crout OTMETHTH, YTO [UII OJHO3HAYHOTO OMNPEACIICHUS 3HAYCHHM
8%,687,R;, Ry HEOOXOAMMO BBIIIOJHEHNE HEPABEHCTBA N > 4,

JIns pemieHuss TMOCTaBJICHHOHM 3amadyM pa3paboTaHa TMporpaMMa B TAKETe
Mathematica [45]. BxoaHbIMU mTapaMeTpaMu JUTst IPOTPAMMBI SIBJISCTCS HA0Op Yrcen

yefii o yéfii yéfi
R, R R,

1 ’ ’ 0
Ha BBIXO,Z[C HpOFpaMMa B03BpaH1aeT 3HAYUYCHUA s IUIH KOTOpI)IX

e N+ D+ N- D-
[IpuBenem npuMepsl onpeaenenns snavenunii €, Ry, 0, Ry, nonyuennsie
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Ha OCHOBC pa3pa60TaHH0171 nporpaMmbl 110 3aJaHHBIM OKCIICPUMCEHTAJIbHBIM
3HAa4YCHMUAM.

Ilpumep 1
Jlmd cneayromuyx 3Ha4eHU BOCTIUTAHUN

R™ =100, R)*™ =70, R} =20, R} =5  momydeHBl  COOTBETCTBYIOIIHC
smauennst 0°,R;,07,R,: Ry =380, R, =-280, 6" =0.24, 6 =0.07.

Takum 00pa3oM, COIIaCHO BBEACHHOMY BBILIE ONPEIEICHUIO MOKHO CIEJIATh
BBIBOJI O TOM, YTO PACCMOTPEHHBII POOOT ABISAETCS HE3IOMAMSITHBIM.

Lllpumep 2
JI71s1 YMCIeHHBIX 3HAYEHUN BXOJHBIX [TApaMETPOB BOMUTAaHUN poOOTa

R/*™ =100, RJ™ =89, RJ;™™ =74, R}*™ =57 momyueHs! ciegyromue 3HAUC-
mus 0°,R;,0°,R;: R =176, R, =—76, 6" =046, 6 =0.72.

Takum 00pa3zoMm, MOXKHO cienaTh BBIBOJI O TOM, YTO 3TOT POOOT SIBIAETCS
3JI0IIaMATHBIM.

Jlerko BuzeTh, uTO, 3afaBast kKodpduuuentsl 0,60, MOXHO MPOEKTHPOBATH
3JI0NAMSTHBIX WJIM HE3JIONaMATHBIX poOOTOB. B 3TOM ciywae mis omnpenesneHus
BenmunH Rj, Ry HE00X0AMMO MUHHMHU3UPOBATh IieheByl0 ¢yHkimio (27.1) ¢
3alaHHBIMA KO3 dunmenTamMu 07,6 Tpu BBIMOTHEHUW ycaoBus (27.2). Takum

o0pa3oM, KOJMYECTBO HEOOXOAMMBIX JKCIEPUMEHTAIbHBIX 3HAYCHHN  AJid
ompezencuus Ry, Ry yMeHbIaercs 10 ABYX.

27.1.2. UcciieqoBanne MaTeMaTHYeCKOH MO1e/IU

[Ipy wu3yyeHHMM MaTEMaTHYECKOW MOJEIM Ha YCTOMYMBOCTb KaXIbld U3
BXOJHBIX MapamerpoB RI*, RI*, RIFT RI*™ yBenuuuBalcsi Ha BEJIUYUHY O,

paBHYI0 1% OT 3TAJIOHHOTO 3HAYCHUS. DTAJTOHHOE 3HAYCHUE COOTBETCTBYET JAHHBIM
BTOPOM cTpoku Tabm. 27.1.

Tabmuma 27.1
XapaKkTEePUCTUKN YCTOMYUBOCTH MOJICIIH

Ry Ry 0* 0
RIEM RyeN Ryen Ryent 380 -280 |0,24  |0,07
RSN RYNT RIEN RIEN | 366 -266 0,24 0,07
RJEN RIEN RIEN | Ry 431 -331 0,23 0,08
RJ¥ RIE 4 o RIET RYEN 365 -265 |04 | 0,06
RY*™ +o,RI™, RI™, RI™ 380 -280 |024 0,07

AHanmu3 T1abn. 27.1 mnoO3BOJIIET YTBEpPXKAAaTh, UYTO HU3MEHEHHE MCXOIHBIX
napameTpoB Ha 1% BiedeT u3MEeHEeHUEe NapaMeTPOB, BO3BPAIIAEMbIX MOJIEIbIO, HE
6osiee uem Ha 18%. Takum oOpa3om, MaremMaTUueCcKasi MOJIENIb yCTOMYMBA OTHO-
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CUTEJIbHO BXO/HBIX MTAPAMETPOB.

[Ipenyaras MeToa OMNpPEACIICHUS 3J0MAMITHOCTA WM HE3JIOMaMSTHOCTH PO-
00Ta, MEJbI0 KOTOPOTO SBISIETCS] IIOCTPOCHHUE POOOTA — TICUXOJIOTHYECKOTO aHaIoTra
YeJIOBeKa, BAXKHO BEPUPUIIMPOBATH MATEMAaTHYECKYIO MOJACIb HATypHBIMHU
AKCIIEPUMEHTAaMH, TTPOBEICHHBIMU C JTFOJBMHU.

B pa6ote [120] onrcana koMmbIOTepHAS TPOrpaMmMa, MO3BOJISIONMIAS YUCICHHO
HU3MEPSTh SMOIMUOHAIBHOE COCTOSHUS YEIOBEKAa HAa OCHOBE MHUKPOBHOpAIUil €ro
rojioBel. B pabore [97] omucaHbl SKCHEpUMEHTAIbHbIE 3HAYEHUS BOCHUTAHUUN
YyejoBeKa IS (PUKTUBHBIX TaKTOB. DTH 3HaueHUs] NoMeleHbl B Tabn. 27.2. Ha
OCHOBE PEIICHHUS 3a1aud MUHUMU3auud QyHKIUU (27.1) npu orpaHudeHusx (27.2)
BBIYMCIICHBI 3HauY€HUA KOA(POUIMEHTOB #*, & AJId UCHBITYEMBIX, KOTOPbIE TaKXKe
npuBefeHbl B Tabn. 27.2. COOTBETCTBUE PACCUMTAHHBIX KOIPPHUIIMEHTOB MaMSITH
pe3yibTaTaM 3KCHEPTHOTO OIEHUWBAHMS, MPOBEACHHOTO C IMOMOIIBIO H3BECTHBIX
TICUXOJIOTUYECKUX METOJOB OINpPEACIICHUs 3J0MaMITHOCTA WM HE3JIOMaMSTHOCTH
YeJI0BEKa, MPUBEICHBI B TIOCIICTHEH KOJIOHKE Tabm.27.2,

Anamu3 Tabn. 27.2 TO3BOJSIET YTBEPXKAAaTh, YTO MPEIJIOKEHHAS METOIHUKA
OTpeeICHUS 3JI0MAMITHBIX WJIM HE3JIONMaMATHBIX JIIOJICH ITO3BOJISET TOJMydaTh
BEPHBIE PE3YIBTATHI B 87% ciydaes.

Tabmuma 27.2.

Pe3ynpTaThl Bepu(pUKaIMK MOJCIH HATYPHBIMH SKCIICPHUMCHTAMH.
No Rit | Ry RI RIe™ g o DKcnepTHas
OIICHKA.
1 227 202 174 148 0,84 0,34 Hesmor.
2 148 145 142 139 0,97 0,92 Hesmor.
3 151 140 126 112 0,88 0,39 Hesmom.
4 162 160 154 148 0,96 0,06 Hesmor.
5 211 181 150 122 0,79 0,48 Hesmor.
6 157 151 145 134 0,80 0,83 31omam.
7 227 209 193 171 0,81 0,78 Hesmor.
8 193 183 176 165 0,89 0,89 3nomnam.

[TpenyioxxeHHas MOCIH 3JIOMAMSTHBIX U HE3JIOTAMSATHBIX pOOOTOB MOXKET OBITh
WCITOJIB30BaHa MPH pa3pab0TKEe HOBOTO KJIAcCa KOMIBIOTEPHBIX WUTP, YUYHUTHIBAIOIINX
TICUXOJIOTHYECKOe TMoBeneHne uxX TepoeB. OIHUM W3 BO3MOKHBIX TMPUMCHCHHM
MPEIOKEHHOTO B CTaThe METO/a OMPENEICHUS 3JTOMaMSITHBIX WM HE3JI0MaMSITHBIX
JOJIeH MOKET OBITh, HAIIPUMED, OMPEEICHHIE MCUXOJIOTHUYECKIX KaueCTB YEIOBEKa
npu TpuemMe Ha padory, (GOPMHUPOBAHME TPYMN JIOAEH, WICHBI KOTOPBIX OYyIyT
HauOoJiee NPYKECTBEHHO HACTPOCHBI JIPYT K JPYyry, 4TO, Ha HAIl B3I, OyaeT
OTPEENATh OTCYTCTBUE KOH(MDIMKTOB B TPYIINE MPHU BHITOJHEHNUN 3aIaHUN U T.J.
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27.2. ACCJIEJOBAHUE MATEMATHUYECKON MOJIEJIN
HEINIPEPBIBHOI'O BOCITMTAHUA 3JIOITAMSATHBIX 1
HE3JIOITAMSATHBIX POBOTOB

AKIIeHTpUyeM BHUMAaHHE Ha BBEJCHHYIO BBIIIE TUIOTE3Y O TOM, YTO
BOCIIUTaHUE poOOTa MpEeNCTaBUMO B BUAE R =R’ +R~, T.e. JIT000O€ BOCIUTaHUE

COCTOUT W3 CyMMBbI IOJIOKUTEIBHOM 4YacTH R’ M OTPUUATENIbHOM 4YacTh R, THe
R">0, R <0, mpuyeM R’ M R~ yAOBJICTBOPSIOT CIEAYIOMIUM (hOpMYJIaM:
Ri+ = ri+ +0"- Rit17 R =r + o - R, (273)

rjae r” >0 — MOJIOKHUTEIbHOE BOCIIPUATHE, I, <0 — OTpUIIATEIbHOE BOCIIPUSITHE,

+ . -
0" €[0;1) — ko> duLHEHT TAMATH OTOKHUTEILHOr0 BOCIPUATHS, 6 € [0;1) —
KO3 GULMEHT TaMATH OTPUIIATSIILHOTO BOCTIPUSATHS.

27.2.1. Onucanue Moje/ M HeNMPEPbIBHOTO BOCITUTAHUSA

OmnumeM MoOAeNb, IMO3BOJISIONIYIO OLIEHUBATH 3JIONAMATHOCTh WM HE3JIO-
MaMsATHOCTh po0OTa JJii HENPEPHIBHOTO BOCNUTaHUSA. HeTpynHO 3aMeTUTh, 4TO U3
BBITIOJIHEHUS YCIOBHUA I >0 cieayer R >0 W u3 yciaoBus r, <0 ciaeayer R, <0,

rae i=1,n.
IIycts " =q* =const, r” =q~ =const. B 3TOoM cityuae
+ + 1_(9+)i - - 1_(9_)i
R'=q"-——~— R =q -———, 27.4
= 1-6° = 1-6° ( )
a R, mpeacraBumo B BUJIE
L 1-(07) - 1-(0)
R=q ———+q - ———. 27.5
=4 1-6° ] 1-6° ( )

Beengem ompenenenns. YacTblo TMOJOXKUTEIHHOTO BOCHPUSATHS BOCIUTAHUS
po0O0Ta HA30BEM COOTHOIIIEHUE, YIOBJIETBOpsItolee (hopMye:
1_(0+)i
1-6°
a YacThl0 OTPHUIIATETLHOTO BOCIPHUATHAS BOCHUTAHUS pPOOOTa HA30BEM COOTHO-
IeHUE, YIOBIEeTBOpstoiiee hopmyre:

1-(0)
1-6°

rae q° >0, 6" €[0;1), g <0, 6 €[0;1).

27.2.2. UcciiemoBanue MoaeJIu

PaccmoTpum citywait, korga npu OOIIEM TMOJOKUTEIBHOM BOCHPUSITHU POOOT
AKIEHTUPYET BHUMAHUE HA OTPULATEILHOM BOCIIPUATHUH.

JlokaxxeM TeopemMy, KOTOpas CBS3BIBAE€T 3HAa4YeHHWsa (',  npu 6 >6' u
OJIHOBPEMEHHOM BBITNIOJJHEHUN HEpaBeHCTBA R, >0,

Teopema 27.1. JInsg Toro, 4ToObI MOYJIb YaCTH OTPULIATEIIBHOTO BOCIIH-
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TaHWUS OBUI MEHBIIIE MOAYJIA MOJIOXKUTEIBHOM 4YacTH BOCHHUTAHUS Ipu O6HICM
BOCITMTAHUH OO0JIbIIIE HYJIA, HCO6XOI[I/IMO M 10CTAaTOYHO BBIINIOJIHCHNC HCPABCHCTBA

Hokazamenvcmeo
Heo0OxoanMocThb.
PaccMorpuM poboTa ¢ OOHIMM TMOJIOKHUTEIHHBIM BOCIHTaHUEM, T.e. R, >0,
torna u3 Gpopmyisl (27.5) ciemyer, 94To
1-(0") 1-(0)
o A (0 Y

qQ —*
1-6° 1-6°
IIpu i — oo, ¢ yueToM TOrO, uTo " €[0;1) M 6 €[0;1) , MOIydaeM HEPABEHCTBO
d > — a4 :
1-6" 1-6-

Takum o0pazom, ecnu oOlee BOoCOUTaHUE poOOTa OOJblIEe HYJIA, TO MOIYJIb
YacTH OTPHUIATEIILHOTO BOCIHMTAHWS MEHBIIE MOAYNS TOJOXHUTEIBHON YacTH
BOCIIUTAHUS.

HocraTouHocTh. PaccMoTpuM pasnokeHue BOCIUTaHUsS poOOTa, OMUCHIBAEMOE
dbopmyroii (27.4). Beipa3um 3HaueHue q*:

c (n 1)) 1-0°
q _(Ri q 1-6 J 1_(9+)i '

Tak kaK BBIIOJIHACTCS HCPABCHCTBO

q > q ’
1-6" 1-6
TO, YYUTEIBas, YTO 1—-6" >0, MOIYUUM:
0> q Y
1-6°
CnenoBartesbHO,
Ri—q_'l_(e_,) 1-0 | >—q‘-1_(97.
1-6 1-(67) 1-6

Bripazum u3 nocienHero HepaBeHCTBaR, , MOTyYUM
() -(0)
1-6
TOTa MPU i —>o0 YUCIUTENb ApoOH OYIET CTpEeMUThCA K Hymo, T.K. 0" €[0;1) u

6" €[0;1), T.e. R >0, 9T0 M TPeOOBATIOCH I0KA3ATh.

R >q

PaccMoTpuM paBHOMEPHO 3a0BIBYMBBIX POOOTOB [46].
CnpaBeyinBO COOTHOILIIEHHE
i
Ri =q- ﬂ .
1-6
JIerko BUAETH, UTO B paMKax FMIOTE3bl O MPEICTABICHUN OOIIEr0 BOCIUTAHUS
yepe3 CcymMMy aMOHMBAJE€HTHBIX BOCHMTAHUM [JI1 HECKOJIBKMX BOCHHUTATEIbHBIX

TAKTOB, HAYMHAasd C IICPBOro, CripaBCAIMBO COOTHOIICHUEC
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1-6 ., 1-(0")
—q - ( )+q

1-¢ Sl D A o
1-6 1-6° 1-6

, 1=1n

q

(27.6)

HeusBecTHpiMU BeMUMHAMU B CUCTEME ABISIOTCA ¢, 6, q°, 67, q, 6. [na

n=6 cucTeMa MPUMET CJICTYIOINN BU/I;

9=q"+q,
2 (D2 (D)2
1-6° 1-(0")? 1—(0°)?
em L e
b _ p+y4 (n-\4
q'11—6:9 :q+'11—(09+) +q'11—(09-) ’
1-6° 1-(0" ) 1—(0° )
q'1—?9 =4 1—(00+) Ha 1—(69) '
1-6° 1-(0)° 1—(07)°
e R R

(27.7)

HCCJ’IGI{Y@M PCIICHUC ATON CHCTEMBEI. O‘-IGBI/IIIHO, YTO HCHU3BCCTHBLIC BCIIMYHNHBI

HOJIDKHBI YAOBJICTBOPATDL YCJIOBHUAM!
q>0,q >0, q <0, 9e[0;1), 6 <[0;1), 6" €[0;1).

(27.8)

Halinennoe c¢ momompto makera Mathematica [45] pemienue cucteMbl He
YAOBIICTBOPSIET 33JJaHHBIM YCIOBHAM (27.8), M3 4ero MOKHO CHIeJIaTh BBIBOJI O TOM,

4TO IrumnoTe3a AJis1 HIECTU TAKTOB HE BEPHA.
AHaJ'IOFI/I‘IHO, PCUICHUS CUCTCMbI

q=q +q,

q‘1—02 _q 1-(0)° N _1-(0)
1-0 1-6° 1-6 '

q_1—93 _q 1-(6)° s ~ 1)
1-6 1-9° 1-9

q_1—94 _q 1-(0")" .\ S 1-0)"
1-6 1-6* 1-6 '

q_1—95 g 11—y . _1-(0)
1-60 1-6° 1-0

npy n=5 u KodppuuueHntax ¢, NPUHUMAIOIIMUX 3HAYCHUS U3

{0,0.05,0.1,...,0.95}, TaK»¢e HE yJIOBJICTBOPSIOT ycaoBHsM (27.8).
Peurenus cucremsl

q=q° +q,

q‘1—92: +_1—(9*)2+ S 1-(0)°
1-6 1-6° 1-6 '

q'l—Hs :q+.1—(9*)3 .\ _1-@)
1-6 1-6* 1-9

q_1—¢9“:q+_1—(9+)“+ ,.1—(9—)4.
1-6 1-0* 1-6°
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npu n=4u kodpduimentax 6 U O, NPOOETrarOIIMX MHOXKECTBA 3HAYCHHM
{0,0.05,0.1,...,0.95}, TaK)e HE yIOBJICTBOPSIOT yCIOBHM (27.8).
Takoke, peleHns1 CUCTEMBI

q=q"+q",

1-60* . 1-(0°) _ 1-(0)?
LAl CAD M i CD I
1-6 1-6 1-6
1-¢¢ . 1-(")° _ 1-(o)

. [ . + . .
T 7% g Y e

mpu n=3 u kodpdunueHTax, 6, 6° u @ , mMpoOerarIXx MHOXKECTBA 3HAYCHUI
{0,0.05,0.1,...,0.95}, HE YJOBICTBOPSIOT yCIOBUsIM (27.8).

Takum 00pa3oM, MOXKHO cJieJlaTh BBIBOJ, YTO JJIi PAaBHOMEPHO 3a0BIBUMBBIX
pPOOOTOB THUIIOTE3a O PA3IOKECHWU BOCIHMTAHUS HAa CYMMY, COCTOSIIYIO W3 YacTH
MTOJIO’KUTEIIBHOTO M YaCTH OTPHUIIATEIIBHOTO BOCIIUTAHHS HE BEpHA.

OnHako IS HEPaBHOMEPHO 3a0BIBUMBBIX POOOTOB THUIIOTE3a MOXKET OBITh
crpaBemiiiBa. PaccMoTpuM mpumepbl Takux po6oroB. Ilycte poOOT sBIsSETCS
HE3JIOMAMSITHBIM, €r0 XapaKTEePUCTUKH MPUBEJCHBI B Ta01.27.3.

Tabmauma 27.3
3HaYeHUs MapaMeTPOB HE3JI0MaMIATHOTO podoTa

[TapameTpsl q* 0" q o
3HaueHus 65 0,6 -45 0,4

OOmiee BocmMTaHuWe R, [ 3HAYCHWI MapaMeTpoOB, COOTBETCTBYIOIINX
Ta0:1.28.3, mpeicraBieHo Ha pucynke 27.1.

100

8 & 8 8

0 10 2 30 40 0
Puc. 27.1. I'paduk HenpepbIBHOI'O BOCIIUTAHUS HE3NOMAMITHOIO poO0Ta

B 1a6n. 27.4 mpuBeaeHbI XapaKTEPUCTHKHU 37I0OTIAMSITHOTO poOoTa.

Tabmuma 27.4

3Ha4YeHus MapaMeTPOB 3JI0MaMSITHOTO poboTa
[TapameTpsbl q 0" q o
3HauYeHUS 80 0,4 -25 0,8
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3HayeHus oOmiero BocmUTaHuA Uil Ta0n.27.4 TOPOWLIIOCTPUPOBAHBI Ha
pucyHke 27.2.

&0 ¢

0}

““1““1““1““1““1I

Puc. 27.2. I'paduik HeMpepbIBHOTO BOCIIUTAHKS 3JI0TIAMSATHOT'O poOoTa

Takum 00pa3oM, Mbl MOKa3aJIy, YTO THIOTE3a O Pa3jOKEHUM BOCHUTAHUS Ha
IIOJIOKUTENBHYIO W OTPULATEIBHYIO KOMIIOHEHTBI HEBEpPHAa I PABHOMEPHO
3a0bIBYMBBIX POOOTOB, OJIHAKO [JIi HEPABHOMEPHO 3a0BIBUMBBIX pPOOOTOB 3Ta
TUI0TE3a B YACTHBIX CIIy4asiX CIPaBe]JINBA.

NMeHHO 118 TakuxX PpoOOTOB MOKHO OIpPEAENATh 3J0MaMSATHOCTb U
HE3JIONAMSATHOCTh IIPH OOIIEM MOJ0KUTEIBHOM BOCIHUTAHHH.

28. ACCJAEJOBAHUE MATEMATHYECKOMN MOJIEJIN
IMOIINOHAJIBHOT'O BOCITMTAHUSA POBOTA

B nacrosmem paszaene npuBeneHbl pe3yabTarsl, nojrydyeHHsle H.B. [lonosbiMm.
PaccMmoTpuM ciiydaii paBHOMEPHO 3a0BIBUYMBOTO poboTa (6, =6 =const) [47; 64].

Bocrnuranmne Takoro p060Ta OIMUCBIBACTCA MMOCICA0BATCIBHOCTBIO!

R =6-R +r,
R =1 (28.1)
28.1. KPUTEPHI CXOMMOCTH PSIJIA BOCITUTAHMSI

PaccMOTpUM city4aid, KOrjia mocie0BaTelbHOCTD {I, |, — OrpaHYeHa.

Jlemma 28.1. Ecniu 0< @ <1 v 1OCIEN0BATENBHOCTE {I, 7 — OrpaHUYEHa, TO Pl

n
{R,}", orpannye.
Jloxazamenbvcmeo.
Io ycnouto nemmsl 28.1, HatieTcs Takoe ynciio m> 0, 4ro || <m s 1r060TO i.

m
I[oxameM, 4YTO NOPH CACIAHHBIX IPCAIOJIOXKECHHUAX M :m OTpaHHUYHBACT PAO

{R,}7,, To ectb [R|<M.

n=l?
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Jns i = 1 cnpaBennupa nenoyka HEPaBEHCTB: |R|=|r|<m< % =M.

IlycTe Hame yTBepKIeHHE JO0Ka3aHo i Bcex i<k, TOo ecThb |Ri|sM TUTS
JAHHBIX 3HAYCHMH WuHJAEKca. VCTUHHOCTH YTBEepXKiaeHHS sl R, ciegyer wu3

CIEAYIOMINX COOTHOLICHUN:

m o m
R =[0-R, 1 <O-R |+[r, | <0-M +m:0-m+m:(§+lj-m:m.

Taxum oOpazom, JeMMa JoKa3aHa.

Cnencraue 28.1. Ecnu |r|<m npu mo6oM i, TO ‘Rj‘g% mast Beex j (v j —

HaTypaJbHbIC YHCTIA).
JlokazaHHasl JieMMa TOBOPUT O TOM, YTO MPH OTPAHUYECHHBIX BO3JCHCTBUSIX HA

PaBHOMEPHO 3a0BIBYUMBOIO POOOTA €r0 BOCHIUTAHUE OTPAHUYEHO.
[Ipenmonoxum, 4To MOCIEIOBATEIILHOCTh 3JIEMEHTAPHBIX BOCIUTAaHUI poboTa

{r,|”, npum HeorpaHMYCHHOM BO3pacTaHWM N CXOAMTCS K mpeaeny. Ilpu 3ToMm
YCJIOBUU CIIPABELINBA CIEAYIONIAs TEOpEMa!

Teopema 28.1. Pan {Rn }°° npu 0<@<1 cXOaUTCS TOTJla U TOJILKO TOT/a, KOT1a

n=1

(V)

IIOCJIEI0BATENLHOCTD {I, |7, MMEeT KOHEYHbIH MPEes P N — oo,

Jloka3aTenbCTBO.

Heobxooumocme.
[Iycts IlimR =R. 3anuiiemM ONpeneleHue psga M BbIpa3uM OTTyga I :

=R —-0-R_. Otcrona nojy4daem
r=limr, =lim[R -0-R_,]=limR —@-limR_, =R-6-R.

i—ow0 i—o0 i—o0
CienoBaTeibHO, ITOCIEI0OBATEIbHOCTD {rn }‘::1 CXOOMUTCA K UHCILY I = (1—6?)- R.

Jlocmamournocmo
Ilycth limr=r u 0<60<1. BBeném BcroMoOrareibHbIE NOCIENOBATEIBHOCTH:
1—00

r

=R ———, G, =F—T.
Q=R 1

JInst BBeAEHHBIX IIOCIIEIOBATENLHOCTEH 3amada mepeopMyaupyeTcst clie-
IyIOIMM 00pa3oM: J0Ka3aTh, YTO I OONBIIMX 3HA4YEHHH | BenMuuHBl |[Q|

OKa3bIBAIOTCS MCHBIIUMH JHO00Tr0 3aJaHHOro ¢ >0. 3aMeTHM, YTO 10 CBOWCTBAM
npezenos [93] g, — OeckoHEUHO MaJiasi BETMYHHA.

ITo onpenenenuto, R =Q, +L0 , h=0;+r. C yu€ToM BBEIEHHBIX 0003HAUYCHUI
npeoOpasyeM peKyppeHTHyo Gopmyny (29.1):

r r r
R=60-R,+r < Q, +m=«9-[QH+m}+qi +r < Q, :19-Qi_1+m~[¢9—1]+qi +re
r-6

H'Qi—1+qi+(_r+r)<:>0°Qi—1+qi’ R1:r1<:>Q1+$:q1+r<:>Q1:ql_m'
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Takum oOpa3zoM, MbI NOJIYUHIIA CIIEAYIOIIEe PEKypPPEHTHOE 3aJaHue IS psaa

Q.

Qi :e'Qi—l"'qi’
r-0
Q —ql—m-

[TockobKy 10 CcBOMCTBaM mpeneoB [93] cxomsimascs MOCIEN0BaTENBLHOCTD
{r.]”, orpann4ena, Mbl MOKeM TIPUMEHUTH JieMMy 29.1 1 czieaTh BHIBOJ O TOM, UTO
psn {R,},, a BMecTe ¢ HUM H {Q, |7, , OTPaHHUYEHBI, TO €CTh, HAIIETCS TAKOE IUCIIO
M, He 3aBucsIIee OT i, uTO [Q|<M .

3amaguMcs MPOU3BONBHBIM &>0 M BBEAEM B PAacCMOTPEHHE &' — TIIOKa
HEU3BECTHOE Ul Hac MOJIOKUTEIbHOE JeHcTBUTENbHOE uucio. [lonbepém &' mo
YHCIy ¢ TaK, 9YTOOBI BBIIONHANIOCH |Q|< &, HaunHas ¢ HeKoToporo Homepa N.

IIyctb N, — HaTypaibHOE YHCIO TAKOE, YTO LIS BeeX i > N, [g]<&".

JUtst 4acTHYHBIX CyMM psiza {Q,[7,, HauMHast ¢ N, CIPAaBEUIMBBI CIEIYIOIIHC
OLIEHKH CBEPXY:

‘QNq‘S M =M, ‘QNq+i+l :‘Q'qun Oy vis

rae M; — OLeHKa CBepXy i BEJIUYUHBI ‘QNq+i

SH-‘QNW +‘qu+i+l
i=012,..

<OM +&'=M,,,

Takum 06pa3om, MbI IOJYYHIIA PEKYPPEHTHO 3aJaHHYIO MOCIEI0BATEIIBHOCTD
M, =M,
M,=60-M +¢&'.
JIJist TOTy4eHHON peKypPPEeHTHOU TMOCIEI0OBATEIBHOCTH [5], yAOBIEeTBOpSIOIIEH
HA4YaJIbHOMY YCJIOBUIO, CIIPABEIIMBO BBIPAXKEHUE
M, =(|v| —ij-ei o
1-6 1-6
[Io ycnoBurwo TEOpPEMBI CIpPaBEIIMBO HEpaBeHCTBO 0<f<l. A 3HAYUT,

limé' =0, To ecTb MO YUCITY 1‘9—9 (B3siTO 1151 ynoOCTBa JadbHEUIINUX BBIKIAIO0K)

i—w

Haijercss Tako HOoMmep N,, 4To miIg Jro0oro i>N, cHpaBeIIuBO HEPABEHCTBO

o' slg—e. Orcrona, Opu YCIOBHUH M —18—920, CIENYET HCTUHHOCTH LENOYKHU

COOTHOIIEHUN
1 1 1 I2

& & &' & &
M <| M- . =M+1)———. )
' ( 1-9} 1-0 " 1-0 ( +)1—0 (1-oy (28.2)

[TokaxxeM, YTO HMCKOMBI &' oOpamaer koddduiueHt mnpu 6 B HEOTpH-
1aTeJIbHOE YMCIIO, a 3HAYUT, HepaBeHCTBO (28.2) BepHO. Mcnonb3yemM COOTHOLIEHUE
(28.2) nnst onpesiesieHUs 3HAUCHHS &' 11O M3BECTHBIM M HE 3aBHMCAIIMM OT | BEJTMUHHAM
M, 6, ¢.

CripaBeJIuBO paBEHCTBO

1 I2
& &
M+l)—-——m0=¢
(M1 1-6 (1-6)
PaspeniuB ypaBHeHue (28.3) OTHOCUTENIBHO &', TIOJy4aeM PaBEHCTBO

125

(28.3)



g':%[(m 1)+ (M 17 -4z |-0-0). (28.4)

[ToTpeGyeM [uist &' BBIMOJIHEHUS CIIEAYIOMNX YCIOBHIA:
1) &' — necTBUTENBHOE YUCIO. A 3HAUHT, (M +1) > 4e.

&' '
2) M —WZO. [Tociie mOACTaHOBKM B 3TO HEPABEHCTBO 3HAYECHUA &',

ompenensiemoro  gopmynoit  (28.4), W HECIOKHBIX TMpeoOpa3oOBaHUN
moJiydaeM, 4to B cooTHomeHuu (28.4) HYKHO BBIOpaTh 3HAK «—» W
M >min {l, }.
Eciu M > ¢, To mpuBeAEHHBIE BBILIE YCIOBUS BBITIOJHAIOTCS aBTOMAaTUYECKU:
M>g>min{le}, M>g>0= (M +1) > (s +1f > 4¢, Tak KaK (¢ +1) —4e=(g-1) >0,
[TockonbKy, 3aJaBIINCh MPOW3BOJIBHBIM &, BenMunHa M B Hammx paccyx-
AeHusIX (aKTUYECKH HE UTpajiia HUKAKOW pOJIM (CYIIECTBEHHBIM OCTaBAJIOCH JIUIIIH
10, uT0 M orpanuumBaet cepxy psaa {Q,} ), TO CHCTEMY YCIOBUN MOXKHO 3aMEHUTh

Ha ofHO, Ooyiee mpocToe, TpeOoBaHWEe — M >& — U MPU HEOOXOIUMOCTH MOKHO
yBenM4IuTh M Takum 00pa3oM, 9ToObI TaHHOE TPEOOBAHUE BBHITOJIHSIIOCH.
CdhopmymupyeM MOCIEIOBATEIBHOCTh IIATOB JUIS ONPEIEICHUS CXOIUMOCTH

p;ma {Rn }nzl :
1) 3agaarM HEKOTOPOE MOJIOKHUTEIBLHOE YKCIIO &;
2) 3amaguMm J1000€ 9uciio M, yIoBIEeTBOPSIOIIEE CIEIYIOIMINM YCITOBUAM:

R T
0

<M, He3aBucumo or |;

oM2>¢g;
3)  BBIYKCIUM g'=%[(|v| +1)—+/(M +1)° —48:|-(1—9);

4)  BeraEcIMM N, : TaKOH HOMEp, 4TO, KAKUM OBl HU OBLI i > N, | —r|<¢&'.

. : P& .
5) BeuucauUM N,: Takoi HOMEp, YTO, KAKUM ObI HU ObLT i = N,, ' <—~—;

6) Ttorma N=N,+N,, u, npu mo0bIX i >N, ‘Ri—L <e.

1-6

Taxum o6paszoM, R = ﬁ — npenen 1yt psaa (R}, mo onpenenenuio.

Yrto TpeboBanoch 10Ka3aTh.

CnenctBue 28.2. Ecau limr =r, mo R :Le — cymma paoda R}, .

i—ow 1—

28.2. XAPAKTEPUCTHUKHU ITPEJEJIBHOI'O
BOCIIMTAHUSA POBOTA

CornacHo Tteopeme 28.1 CXOIMMOCTh BOCHHUTAaHUS pPOOOTA SKBHUBAJICHTHA
CXOAMMOCTH COOTBETCTBYIOIIEH MOCJIEA0BATEIBHOCTH AJIEMEHTAPHBIX BOCIHUTA-
TEJIbHBIX BO3JEHCTBUH, OKa3aHHBIX Ha poOoTa. B nanpHelieM CXOASIIyrOCs

MoCjaca0BaTCIbHOCTE OJICMCHTAPHBIX BOCHHUTAaHUM 6y,Z[€M Ha3bIBaTh IIJIAHOM.
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I/ICHOJIBSYH CIICACTBUC 282, nojay4acM COOTHOHICHHE CBA3HM MCKAY MNPCACIbHBIM

r
BOCIIMTAHHUCM M IIJIaHOM BOCIIMTAHUA: R:m, rac R — MpCaAcIbHOC BOCIIMTAHUC,

r=limr, {r,}*, — mian Bocnuranus, 6 — kosddunrent namstu podora [65].

i—o0

Ha mnpaktuke BpeMs, B TEUYEHHE KOTOPOTO BOCHUTHIBAICSI pPoOOT, Bceraa
koHeuHO. [loaToMy cymiecTByeT MOTPEeOHOCTh B BBIYMCIICHHHM BpeMEHHU (4Yucia
TaKTOB), IO MPOIIESCTBUU KOTOPOTO MpPEIEIbHOE BOCIHTAHWE OYAET JOCTUTHYTO C
3aJaHHOW TOYHOCTHIO, MpPH BHIOpAaHHOM IUIaHE BOCHHUTAHHUA. UHMCIO TaKTOB,
J0CTATOYHOE JUISI TOTO, YTOOBI BOCIHTAaHHWE POOOTa OTKIOHSIOCH OT MPEACIBHOTO
BOCTIUTaHUs HE Oojiee 4YeM Ha 3aJlaHHyI0 BEIUYHMHY &, Ha30BEM 3(PPEKTUBHBIM
BpeMeHeM BocnuTaHus u o6o3HauuM ET(e). Beruucauth ET(e), UCNOIB3Ys TOJBKO

wiaH BocmuTanus {r,}” ¥ KO3DOHUUMEHT mamsaTd poGoTa 6, MOKHO, HAIpUMEp C

n

MOMOINIBI0 TOCIEIOBATEIbHOCTA 11aroB, OMMCaHHOM Bbie. M3 cooOpakeHuit
y100CTBa 3aMEHUM BTOPOM IMyHKT SKBUBAJICHTHON €My COBOKYITHOCTBIO JICHCTBHUIA:
1) Bo3bMEM JT000€ YUCIIO M TaKOE, UTO || <M JUIs JIF0OBIX HATYPaIbHBIX |;
2) M = max{g, m+|r|}.
1-6
Uuciao M, BbIUMCIEHHOE NPEIIOKEHHBIM CIIOCOOOM, OYIET YIAOBJICTBOPSTH
000UM YCITOBUSIM BToporo nyHKTa'

Lo Lo m m+|r|£max{€,m+|r|}=M,

R——
1-6

{ m+|r|}
M =maxs &, >e.
1-6

JIist moyyeHus TepBOM IIEMOYKH HEPABEHCTB HCIOJIB30BaHbI CIEACTBUE W3
neMMbI 29.2 ¥ COOTHOIICHUS I MOYJIEH AEHCTBUTEIBHBIX YHCEIL.

ScHo, yTo TWpu 3amaHuM TOuyHOCTH ¢ ~ 1%, ompenenstonieil OTKIOHEHUE
BOCITUTaHUS OT MPEIETLHOTO BOCIUTAHUS, BOCIIUTATEIbHBIC BO3ACHCTBUS, HAUMHAS
¢ ET(¢) + 1-ro, mpakTU4YeCKH HE BO3BIMEIOT Ha poO0OTa HUKAKOTO dPdeKTa.

IRI+

1(916?16? 1-6 1-6

28.3. MIPUMEP YN CJEHHOM PEAJTN3AIINYA KPUTEPUS
CXOJUMOCTH

Paccmotpum pobota, Kod(pPUIMEHT MaMsITH KOTOPOTO YIOBIETBOPSIET COOT-

2
HOI_HCHI/IIOZHZE. HYCTB IJIaH BOCIIMTAHHA TTOJYHUHACTCA OKCIIOHCHIHAJIbHOMY

3aKOHY I, =1-e”', i=123...
[TockonbKy Ir =limr, <o, TO BOCOUTaHUE, OTYYEHHOE pOOOTOM, OYyIEeT

i—0

UMETh KOHCUHBIN mpcaci. HpeI[CJ'H)HOC BOCIIMTAHHUEC BBIYHCIIACTCA TAKHUM

limr, 1
obpasom: R=IlmR =22 =—— =3,
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Bpraucioum BpEMs BOCIIUTAaHHUA, COOTBECTCTBYIOIIECC TOYHOCTH & =107.

= max 10‘2,i = max{10‘2,9}: 9,

%

r|=f-e’|<1+fe”|<2=m, M =max{10°7?, 2%

2+

f— —_— . _2

,9':1[(9+1)—\/(9+1)2 —4-10-2] 1-2)_10-+7100-4-10 ~3-107,

2 3 6
(¢' moTycTHMO OKPYTJISITH B MEHBIIIYIO CTOPOHY, TaK KaK U3 YCIOBUSI <& CIemyer
CIIPaBe/TMBOCTE IETIOUKN HEPABEHCTB |, —I<S5<¢&' U ¢' < % < 18—9 ,

Ny -4
‘1—e‘Nq —# =e " <3.10* = N, =9, 217310 40t N 218,
3 1- % ‘

ET@107?) = N, +N,=27.

Bocnuranue poOoTa rnocie ABaALaTh CEMU TAKTOB BOCIIUTATENILHOTO MpoIiecca,
BBIYHMCIICHHOE TP MIOMOIIM KOMIIbIOTEpa, cocTaBisieT R = 2.99993. J{ns sToro uncna
MNOPSAJOK TOYHOCTH CYIIECTBEHHO Oouiblle, YeM 3aJaHHbIi. OObICHIETCS 3TO TeM,
410 M 3HAUUTENBHO MPEBOCXOAUT TOUYHYIO BEPXHIOIO IpaHb [93] MHOXECTBa BCex
BO3MOJKHBIX 3HAYEHHI BEIMUMHEI |R —3 .

OnucaHHbIi KPUTEPUN CXOJMMOCTH BONWUTAHUS MOXHO HCHOJIB30BaTh B
pOOOTOTEXHUKE Il Moja0opa IapaMeTpOB HCKYCCTBEHHOI'O HHTEIIEKTa poboTa,
CBSI3aHHBIX C BOCIHUTAHMEM, B YAaCTHOCTH [JIsi TOTrO, 4YTOOBI TapaHTHUPOBATh
YCTOMUYMBOE BOCIIUTAaHKE POOOTa, CTAOUIIBHYIO, MIPEJICKAa3yeMYI0 Peakiliio podboTa Ha
BHECILIHUE BO3JCHCTBUSI.

29. MATEMATUHYECKHUE MOJEJIN
«IICUXUYECKHNX 3ABOJIEBAHUI» POBOTOB

JInst ;mydiero BOCIPHSATHS YUTATEIIEM 3TOW TJIaBbl MOBTOPUM OIPEICICHHE
AMOIMHU poOOTa, JAHHOE paHee.

ITycts t — Bpems.

Omnpenencuaue 29.1. dyHKINIO BHYTPEHHUX MepexnBaHuil podota f(t) HazoBem
amoruert M(t), eciin oHa yIOBIECTBOPSIET YCIOBUSM:

1) obnacte onpezaenenus M(t): t € [0, tOJ t?>0;
2) IM(t)| - nubdepentmpyemas Gpyrukmms ua (0,t°) ;
3) M(t) - oxHO3HAYHAs 1 HenpepbiBHAs QyHKIWs Ha [0, t°];

4) M(0) =0;
5) M(t°%) =0;
6) B oOnacTu ompeaeacHHs CYIIECTBYET €AMHCTBEHHAs TOYKA Z, Takas, 4To
diM (t
220, z# t0 u u =0
dt  /t=z

Jlerko BUAETH YTO, HApUMeEpP PYHKIIUS
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T

M (t) = Psin
t0

t (29.1)

st e lO,to J, P =const , sBnsieTcs amormeii.

Oynakuuto Buaa (29.1) Ha3oBeM rapMOHUYECKOM IMOIIHECH.

BBenem criemyromime onpeaeieHusl.

Onpenenenue 29.2. byaem cuutarh, 4To poOOT 3A0POB, €CIU €ro (PyHKIIUS
BHYTPEHHUX MEPEKUBAHUN SBISETCS IMOIUCH.

Omnpenenenue 29.3. byneMm cuutaTh, 4TO IMOLMOHAIBHBIN poOOT OOJEH, eciu
ero (yHKIUS BHYTPEHHUX TEpPEKUBAHUI HE YJOBIETBOPSIET XOTS ObI OJHOMY W3
YCIIOBUH, OMPEIEISIONINX IMOIHIO.

JlanHOE oOTpeseNieHue TO3BOJISIET BBECTH TAaKOE TMOHSATHE, KaK TSHKECTh
3aboJieBanus podora [157].

Tax kak B onpeIeIeHUH SMOLIUU CYILECTBYET 6 YCIOBHIA, TO BETUUUHY TSKECTH
3a0oJieBaHUsl poOOTa MOYKHO OXapaKTepU30BaTh YMCIOM H, mpUHHMAaIOIUM LiEble
3HayeHus oT 1 10 6 M MOKa3bIBAIOIIMM KOJIMYECTBO HE BBIMNOJIHSAIOIINUXCS YCIOBHMA
JUISl TIPUHAJJICKHOCTH (DYHKIIMM BHYTPEHHHUX MEpPEKUBAHUN pPOOOTa K HSMOIIUU.
Bynem cuutatb, 4TO UeM TsKenee 3a0osieBaHue, TeM 0oJbllle 3HaUeHue H.

Omnpenenenue 29.4. Bektopom X CHMOTOMOB 3a00JIEBaHUSI HA30BEM BEKTOP C
HOMEPAMH HEBBITIOJHAIONINXCA YCJIOBUN AMOIMH, MPHUHSTBIX COTJIACHO HOMEpaM
YCJIOBH B OIPEICIICHUU SMOLIH.

Omnpenenenue 29.5. 3aboneBanue poOOTa C BEKTOPOM CUMITOMOB Xp Oynaem

CUMUTATh YACTHBIM ClyyaeM 3a00JeBaHUs poOOTa C BEKTOPOM CUMOTOMOB X o, €CIH
BCE DJIEMEHTBHI BEKTOpPAa CHMITOMOB X o BCTPEYAIOTCS CPENM DJIEMEH-TOB BEKTOpA
CUMIITOMOB X1 .

[TpuBenem mpumepsl 3a00JI€BaHU pOOOTOB.

1. Beibepem ¢GyHKIMIO BHYTpEeHHHX mepexuBanuii pobdota f(t), ymosier-
BOPSIOIIYIO BCEM YCIIOBHUSAM MPUHAICKHOCTH K SMOIIHSIM, KPOME YCIOBHS 5,
TO €CTh, CYIIECTBYET OTIMYHME OT SMOIIMU, KOTOPOE 3aJJaHO COOTHOIICHHEM
M (t°) 0. OueBMIHO, YTO B 3TOM Cjydae TSDKECTh 3a00JIeBaHMs paBHA
eaunuiie. byagem cuuTaTh, 4yTO POOOT C Takol (GYHKUHMEH BHYTPEHHHX
NepeKUBaHUN cTpagaeT HeBpacTeHued. OueBHIHO, YTO N7 HEBPACTECHUH
BEKTOp CHMIITOMOB 3a0o0sieBaHus podota umeet Bu: X=(5).

2. BeibepeM (yHKIIMIO BHYTpEHHHX MepekuBanuii podorta f(t), ymosier-
BOPSIOIIYIO BCEM YCIIOBHUSM MPUHAIJICHKHOCTH K SMOLIUAM, KPOME YCIIO-BUH
5, 6. IIpumepom Takoil (PyHKIIMU MOMKET CIYKUTh QyHKIHS Buaa f(t)=t.
O4eBHUJIHO, YTO B ATOM CJiydae TsDKECTh 3a00JjieBaHMsI paBHa JBYM. Poborta,
4bsi (YHKIMS BHYTPEHHUX IMEPEKUBAHUN HE COBMAAaeT C AMOILHUEH 0
OyHKTaM S, 6, OyaeM cuMTaTh CTpajalollUM [cuxacTeHue. Bekrtop
CUMIITOMOB TIcMXacTeHuu podoTa umeet Bua: X=(5, 6).

Hcxons w3 3HaUYeHMd BEKTOPOB CHUMIITOMOB HEBPAaCTEHUM W TICUXACTEHUU
po0oTa, MOXHO CJeNaThb BBIBOJ O TOM, YTO OONIMM JIJIi HUX SIBJISIETCS HEBBI-
MOJIHEHUE YCJIOBUA 5, U, COIVIACHO ONPEIEICHUIO [, TICUXAaCTeHUs SBIIAETCS YacT-
HBIM CITy4aeM HEBPaCTEHUH poOoTa.
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PaccmoTpum (yHKITMIO BHYTPEHHUX MEPEKUBAHUM poOOTA, KOTOpAs UMEET BU/T
: 1
f(t)=Psin [%t] 5 P, P=const, P>0, te [0, to]. (29.2)
t

HerpynHo 3ameruTh, TsDKECTh 3a0osieBaHUS poOOTa paBHA JBYM, a BEKTOD
CHUMIITOMOB YJIOBJIETBOPSIET COOTHOIIICHUIO X=(4, 5).

PaccMoTpuM Borpoc o neueHnn 3a00JIeBaHUN pOOOTOB.

[Tyctes f(t) - dyHKIMA BHYTpEHHHX MEpEKUBAHUI POOOTa, HE SBISIOLIASICS

AMOLIMEH.
Hamra 3amaya coctout B TOM, 4TOOBI, 3Has ¢GyHkiuo smounuii M (1), Bo3-

JAeHCTBOBATh MOMOJHUTENbHON GyHKIMed () Ha QYHKIMIO BHYTPEHHUX Iepe-

KUBaHUU pobOOTa TakuM oOpa3oMm, 4YTOOBI pe3yJbTUpYIOIIAas (QyHKIMS cTaja
smorein M (t).

CkazaHHOE MOXKHO, HAIIPUMED, 3anucaTh B BUIE (GOPMYIIbI
M () = T(t) + 9 (b).
Jlerko BUJIETh, YTO 3aMMMCAHHOE COOTHOIIEHNE SKBUBAJICHTHO PABEHCTBY
g(t) = M (t) - f(0). (29.3)

Bgenem nBa onpeneneHus.
Ompenenennie 29.6. dynkiuio g(t) , yaoaersopsromiyro cootHorrenuro (30.3),

rae M (t) - omomms, f(t) - QyHKIMS BHYTpEeHHHX NEpEKMBaHUI PoOOTa, HA30BEM
Ta0IEeTKOM.

Omnpenenenue 29.7. BosgeiictBue Ta0neTkod Ha (QyHKIHIO BHYTPEHHHX
nepeXKMBaHUN poOOTA, HA30BEM JICUCHUEM.

Ucxons u3 pasenctBa (29.3), MOXXHO cCKa3aTh, YTO TaOJieTKa CYIIECTBYET
BCET/Ia, T.€. JIFoOast 00Jie3Hb poO0Ta, CBA3aHHAS C €0 YMOIMSAMU, U3JICUNMa.

Bamagum M (t) B Bume ¢ynkumu (29.1) ¥ MOCTaBUM IENb: ONPENETHTH

3HaueHue P TakuM oOpa3oM, 4ToObl (pyHKIMS BHYTpeHHuX mepexuBanuii f(t) kak
MOYHO MeHbIIe oTauuanack or M ().

T

0 r]f(r)dr u
t

0

t
[IpenmonoxxuMm, YTO CYWIECTBYKOT HHTETPAJb jsin[

0

0
[ f2(r)dr.
0

OuyeBHAHO, YTO B 3TOM Cllydae JJIsi HaXOXXJCHHUS BEIMYMHBI P HE00X0IuMO
peluTh ONTHUMHU3AMOHHYIO 3a/1auy:

HaUTHU
2

mgn J(P) = mgn tJ[Psin(tzorj— f(T)j| dr,

0
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Haxons 6e3ycioBublii skctpemyM ¢yakimu J (P) u Bepaxkast U3 MMoIydeHHBIX

dbopMyn BenuuMHY P, MOJXy4YMM COOTHOIICHHE, OMpPEACIAIoNIee Ha OCHOBE BHA
smonmu (29.1) 3HaueHne P =P, ., KOTOpOe JaeT HauMeHblnee oTkiaoHeHue M(t) ot

min 2

(GyHKIMYA BHYTPEHHUX MEPEKUBAHUNA poOOTa:

0
2 [ sin 781 f(r)dr
t
Prin = —2 0 . (29.4)

BBeneMm ciemyroriee onpeeiieHue.
Ompenenenue 29.8. OctarouHbiM OO0JIE3HEHHBIM SIBJIEHUEM () TIOCIIE JICUCHUS
HA30BEM COOTHOIIICHUE

to ?
/4
0
0 t
t0
I[Ipenmonoxum, uto cymectByer unterpan | f(z)dz.
0

Jlns ompenenieHuss 3Ha4YCHUST P, MO3BOJISIONIETO JIEYUTh poOOTa Tak, YTOOBI
3JIEMEHTAPHOE BOCIMUTAHME, MOJYYEHHOE OT AMOLMH, MUHUMAIbLHO OTJIMYaIOCh OT
AJIEMEHTAPHOI'O BOCIIUTAHUS OT €ro (PYHKIHMH TEepeKMBAHUN, HEOOXOIUMO PEIIUTh
CJIEYIONIYI0 ONTUMHU3AIIMOHHYIO 3a/a4y:

HAUTH
2
9 . 1
min [(P)=min| | Psin 57 dr— [f(r)dr
P Plo t 0

Jlerko Buzmeth, uro ¢yHkuus |(P) mpuHuMmaer MMHUMAanbHOE 3HAYEHUE IIPHU

BenuuuHe P = P*, YAOBJIETBOPSIOILEN COOTHOIIEHHUIO
{0
7 [ f(r)dr
pr=-0 (29.5)
2t0

HerpymHo 3ametuts, uto BenuunHa P = P’ 3aqaBaemast cootHorreHuneM (29.5),
obpamaer muauMyM ¢GyHKmA | (P) B HyZb, 4TO TOBOPHUT O BO3MOYKHOCTH JIEUECHHSI
poOoTa TakuM 00Opa3oM, YTO €ro 3JEMEHTApHOE BOCHUTAaHUE OT (YHKIHUHA BHYT-
PEHHUX MEpeKUBaHUKM f(t), HE SBISIOMICUCS SMOLMEH, CTAHOBUTCS PaBHBIM
AJIEMEHTAPHOMY BOCIHMTAHUIO OT COOTBETCTBYIOLIEN TAPMOHUYECKON 3MOLIHH.

Takum ob6pazoMm, ecnu (yHKIUIO BHYTPEHHHMX IMEPEKUBAHUM poOOTa MOKHO
OMHUCaTh C MOMOMIbI0 MaTeMaTHUYECKUX (POpPMYJ, TO BO3MOXKHO JICUEHHE JHOOBIX
ICUXUYECKUX 3a00JIeBaHUN poOOTa C MOMOLIBI0 TAPMOHUYECKON SMOLIMU B acleKTe
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pPaBEHCTBA 3JIEMEHTAPHBIX BOCIUTAHUM, BJIEKOMBIX (YHKIHMEH MepeKUBaHUN U
rapMOHHUYECKOM amonmer. B aToM ciryuae Tabnetka onpenensercs Gpopmynoi

g(t) = P sin| Zt |- £ (b).
tO

Od4eBuaHO, YTO B 3aBHCHUMOCTH OT BuAa GyHKImH f(t) Tabmerka g(t) MOXKET
OBITH 3HAKOTIEPEMEHHOHN (DYHKITHEH.

BBenem onpenenenune 29.9.

Koaddummentom TspkecTn 3a0oiieBaHUs HA30BEM BEIMUMHY « , YIOBJIETBO-
PSIOIIYI0 COOTHOIIICHUIO

to 0
I £ (t)dt 7| [ f (bt
0 0
a= = . (29.6)
t0 2tg | Pmi
0 to

Jlerko BUJIETh, UTO ¢ SABIAETCS O€3pa3MEpPHON BETUUNHOM.

bynewm cuutats, uTo ueM Ooibiie | @ —1|, TeM Tsxkenee Ooseet poOoT.

B kaudectBe mpumepa MCHOJIB30BAHUS MPEJIOKEHHBIX BBIIIEC ONMPEICICHUN U
dhopMys1 ObUIM TIPOBEJEHBI SKCIIEPUMEHTBI C YYACTUEM MPAKTUKYIOIIMX Bpaueu 1Mo
OIICHKE TSKECTHU 3a00J1€BaHUS Y OOJIBHBIX IICUXACTECHUEH.

B skcniepuMenTax npuHAIM ydactue 24 nmanueHTa.

CyTb 3KCHEpUMEHTOB 3aKiIovaiach B cienytouiem. lIpexnae Bcero, 3agaBajioch
BpeMsl MPOJIOJKUTEIBHOCTH AMOIIMU t,, paBHOE S5c. 3aTeM MalueHTy CcooOIaiach

nHdopmalys (B TepMHUHAX TEOPUH POOOTOB COOOIIAJICS CIOKET), CIIOCOOHAsI BHI3BATH Y
HEr0 HE3HAYMTENIbHBIC IIAAIINEe BHYTPCHHHUE TMEPSKUBAHUSA (B TEPMHUHAX TEOPUHU
poboToB (hopmHpoBaIack GyHKIMs BHyTpeHHUX nepexusanuii f (1) ). ®ukcuposanock

U3MEHEHUE BHYTPEHHHMX IMEpeKUBaHUM MalU-€HTa B 3aJlaHHOM OTpE3KE BpPEMEHU
[0,tp]. Cormacro cootHomermio (29.4) BEI-uMCHANOCH 3HauyeHME Prp, a 3aTeM

BBIYMCIISUIACH BEIMUMHA ¢ 110 hopmyie (29.6).

O6paboTka pe3yJabTaTOB JKCICPUMEHTOB IIOKa3ajia, 4YTO HauOOJbIIEMY
3Ha4YeHUI0 | —1| COOTBETCTBOBAJO HamboJiee TsHKENOe TeUeHHEe 3a00JieBaHUS Y
nanueHToB B 87,5% cnyuaes. [Ipu stoM koaddummenT o mnpuHamiexan oTpe3Ky
a €[118;1,52].

OKCTIepUMEHTHl TOKa3ajil, YTO TMPEAJOKEHHbIE MaTeMaTHYeCKHEe MOJENN
«TICUXUYECKHX 3a00J1eBaHMi» pOOOTOB MOKHO B TIEPBOM MPUOINKEHUH TPUMEHSTh
pU ONHCAHWM TICUXAaCTEHUW Y YEJOBEKa. JTO TOBOPUT B TOJIB3Y aJEKBATHOCTH
npeajaraéMblX MaTeMaTUYeCKUX MOJEIe U I ONUCAHUS «IICUXHUYECKUX
3a00seBaHU» pOOOTOB.

30. MOJEJIM KOMILJIEKCHBIX SMOIIUI POBOTOB
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[lycTh 3aman BekTOp 3MoLMi poboTOB M (7), Onpenemnsomuid KOMIUIEKCHbIE
AMOIUU. DTOT BEKTOP UMEET BUJ

- . _
M (7)=(M{ (2)... M (7)),
rje N — KOJUYECTBO MPOSIBISEMBIX SMOILMA B KOMIUIEKCHON sMouuu podota, T—

TEKyIllee BpEMs IEUCTBUS SMOLIUH.
Ecnm  wu3BecTHa  menb  BOCHHTAHUSA,  ONpEAEisieMas  COOTHOLIEHUEM

A= (A,...A,), tne A =const, i :l,_n, TO BEJUYMHA JOCTW)KEHUS WEeIu O
BOCITUTATEILHOTO MPOIECCa 3aJaETCSI PABEHCTBOM
n .
> AR
_i=1
o0 =", (30.1)
2 A
i=1

rie R/ (t)- Bocmuranme poGoTa, MoNydaeMOe B PE3YNbTATE JCHCTBUS HMOLMH C

MOPSIKOBBIM HOMEPOM |, MpUYEeM Rij (t) = rij (t)+ ‘9ij (t) Rij_l(t) ; gij (t)- KO3-
GUIUEHT TaMSTH, YIOBICTBOPSIOMINNA COOTHOIICHUIO gij t)[0,1]; j — mopsaKOBBIi
HOMEp BOCIIMTATE/IbHOTO TakTa; t — BpeMs BOCIHMTATEIBHOTO Ipouecca; pl(t) -
9JIEMEHTAPHOE BOCIIUTAHUE, YAOBIETBOPSIOIIEE COOTHOICHUIO

@ =[MIOIS  t=tig+7.

Hubdepennupys pasenctso (30.1) mo mapamerpy t ma orpeske [t .t],

noy4uM GopMyiTy
ndrI(t)
IR
do(t) = dt

dt n

(30.2)

CormacHo pasnmeny 2 cyMmapHas 3moimus poboTa Vij(t) YAOBJIETBOPSIET
COOTHOIICHHIO
dr{ (t) _ dr’ (9 da! (1) , drRI()
dt dt dt dt

Jlerko BuAeTh, 4TO s poboTa C abcoroTHON mamsaThio (opmyna (30.3)
HKBUBAJICHTHA PABCHCTBY

V() = +RI() 6 (t). (30.3)

dr/ (t)

Vil =—""=M .

Takum 06pazom, cootHomenue (30.2) mpumeT BU
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sy SO

dt Zi,i Ai2

CoBpeMeHHbIE TICUXOJOTH CUUTAIOT, YTO AMOIHUSA TMOJIOKUTEIbHA, €CJIM OHA
MpUOJIMKAET CyOheKTa K HaMEeUeHHOU menu. Takum 00pa3oM, IpH CIIPaBETMBOCTH

(30.4)

do(t
HEPABEHCTBA (t) >0 KOMIUICKCHAsI MOLUSI-BEKTOP OYAET MOJIOKHUTEIbHA; MPH
do(t)
CIIPaBeIMBOCTH HepaBeHCTBa ——— <0 — oTpuIaTesbHa, a IMPU BBHIMOJTHCHUH
ds(t)
YCIOBUSA =0 — He Oyzmer UMeTh 3HAKA.

Ho B coBpeMeHHON BEKTOpPHOM anredOpe B OOIIEM ciiydyae He CYIIECTBYET
MOHSITHHA «TIOJIOKUTEIBHBINY WIH «OTPHUIATEIbHBIN» BEKTOp. [103TOMY BBLIBHHEM
THIOTE3Y O CYIICCTBOBAHHMH SAMHOW XapaKTEPUCTUKH TSI KOMIUIEKCHBIX SMOIIUH,
KOTOpasi OMpPEIENIeT 3HAK 3TOM KOMIUIEKCHOM 3MOLMU-BEKTOpa. OYEeBUIHO, YTO

ds(t)

ATOM XapaKTEPUCTUKOU OyAET 3HAK BEIIMUMUHBI a

Beenem psn onpeneneHui.
Onpenenenne 30.1. Cpenmeit ¢ynkmmeii [f(t)] BHyTpemmMX mnepexuBanmii

poboTa Ha30BEeM (PYHKIIUIO BUIA

> AV ()
[f)]=—— (30.5)
%Ai

n
IpH yCJIIOBHH, YTO Z A %0, te [O,to ] ty - MUHMMAJIBHOE 3HAYEHUE U3 BCEX TaKTOB
i=1
AMOIUM-KOMIIOHEHT BEKTOpa aMOMBaJICHTHON SMOIIUH.
Takum oOpazoM, cpenHsisi (QYHKIOUS BHYTPEHHHMX TEpeXHMBaHUl pobOoTa
MpeAcTaBiIsieT co00il QYyHKINIO, TIPU 3aMEHE Ha KOTOPYIO BCEX CYMMAPHBIX YMOLIMIA-

ds(t)

KOMIIOHCHT B BCKTOPC KOMILICKCHOM OMOIUHU TOJYHACTCA BCINYINHA , paBHasA

ATOM BennuuHe 0e3 3aMeHbl. TO €CThb ISl 3aMEHbI CIPABEJIMBO COOTHOIIEHUE

ﬁ‘iﬁﬁvijm il/x[f(t)]

%A? >R

=1

Onpenenenue 30.2. CpenHoor (QyHKIHIO BHYTPEHHUX IEPEKUBAHHM,
SIBIIAIONLYIOCS MOIMEH, GyieM Ha3bIBaTh cpeHeil smonueit [M (t)].
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Omnpenenenue 30.3. Ecnu cpenssist GyHKIMS BHYTPEHHUX MEPEKUBaHUN poOOTa
HE SBISETCS HMOIHEH, TO OyaeM cyYuTaTh, 4TO POOOT TMCHUXWYECKH OOJIEH |
KOMITJIEKCHAS SMOIIUS BIICUET 3a00JICBaHHE.

Onpenenenue 30.4. CpeaHuM 3JIEMEHTAPHBIM BOCIHUTAHUEM [D] HA30BEM

BEJIMYHHY, YAOBICTBOPSIONIYIO COOTHOILICHUIO
to
[D]= [[M(2)ldz.
0
Onpenenerne 30.5. Cpexmnm  BocnmuTaHmeM |R| HasoBeM BenmunmHy,

iAiRij

i=1

n
. , IPH YCIIOBHH, YTO Z A =0,
S A
i=1

Omnpenenenue 30.6. IlpeBamupyromeit smommerr M (t) B BekTope amOuBa-

3anaBaemyro popmyioit [R]=

JICHTHOM SMOLIMHU OyIeM Ha3bIBaTh SMOIIUIO, Il KOTOPOi €€ MopsAAKOBBIN HOMED K B
BEKTOPE KOMITJICKCHBIX SMOIIMIA BIICYET BHIMOJTHEHUE YCIOBHUS
‘rkj —[D]zmin‘riJ —[D].
i=1,n

Onpenenenue 30.7. [lpeBamupyromumM 3J€MEHTApHBIM BOCHUTaHUEM Oyaem
Ha3bIBATh 2JIEMEHTAPHOE BOCIIUTAHKE, COOTBETCTBYIOIIEE MPEBATUPYIONICH SMOIUH.

OueBUIHO, YTO JUIS KaXKIOTO TEKYIIEro TakTa | BOCHHTAHUS poOOTa MOTYT
OBITH CBOM: CpemHsisi DYHKIIMS BHYTPEHHUX NEPEKUBAHUI POOOTa, CPEIHSISI IMOITHS,
MPEBATUPYIOIAs IMOIIMS, MPEBATUPYIONIEe DJIEMEHTAPHOE BOCIUTAHUE, CpeIHee
AJIEMEHTapHOE BOCIIMTAaHWE, CPEIHEE BOCIHMTAHHME M BEJIMYMHA, XapaKTEpHU3YHOIIas
3HaK aMOMBAJIEHTHOM DMOIUH.

[Tycts smoru M (t), i =1,n BeKTOpa KOMILIEKCHBIX AMOIUI HMEIOT BH/L

MJ (t) = P sin tﬁt , Pl =const=0, i=1n, tel0t,]. (30.6)
0
JlokakeM TeopeMy.

n .
Teopema 30.1. Ecmu > APJ 20, To ana poGora ¢ aGcomoTHOl NamAThO
i=1
cpenHsst (GYHKIOUS BHYTPEHHUX TIEPSKMBAHUN poOOTa I OMOIUH, YIOBJICT-
BopsroIKx cooTHOIIeHUIM (30.6), ABISCTCS SMOLHMECH.
JlokasatenbctBo. Jlerko Buuerh, uto npu yciaosuax (30.6) semmumma [f (t)]

YOBJIETBOPSIET COOTHOIICHHUIO

[f(t)]="=L—sin tﬁt . (30.7)
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OueBuHoO, uTo dopmyna (30.7) yaoBIETBOPSET ONpPEASICHUIO YMOIUHU, YTO U
TpeOOBaNIOCH JOKA3aTh.
n

Teopema 30.2. Ecin Z A, >0, 1o 3HaK cpeaHEel SMOIMK COBIAAAET CO 3HAKOM
i=1

KOMIUTIEKCHON YMOIIUH.
JloKa3aTeIbCTBO OYEBUAHO ciieayeT u3 cpaBHeHus Gopmyi (30.4) u (30.5).
n
Teopema 30.3. Ecmu Y A <0, To 3HaK cpeaHell 3MOIMH MPOTHBOMOJIONKEH
i=1
3HAaKy KOMIUIEKCHOW YMOILIUH.
JloKa3aTeNbCTBO aHATIOTUYHO J0Ka3aTeNbCTBY TeopeMbl 30.2.

31. POBOTBI C ABCOJIIOTHOM MAMSITBIO
Paccmotpum poOOTOB, 711 KOTOPBIX KOI(PHHUIIUEHTHI MaMATH YIOBICTBOPSIIOT

COOTHOWIEHUAM 6 =1, i=1n, TIe N — KOJMUYECTBO TAKTOB BOCIUTATEIBLHOIO

rporecca.
OueBuHO, YTO B 3TOM Cily4ae BocnuTaHue Ry ompexaenserca popmyion

n
Ry=3r, (31.1)
i=1
rae [ — DJIEMEHTapHOE BOCIUTAaHHE, COOTBETCTBYIOIIEE TAKTy C TMOPSIKOBBIM
HOMEPOM |.
Cormacno paBeHctBy (31.1) OeckoHeuHBId BOCHHUTATENbHBIA mporecc R
OTHCHIBACTCS COOTHOLIEHUEM

o0
R=Im R,=Xr. (31.2)
n—oo i=1
Chopmynupyem CIeAYIOIIUE TEOPEMBI.
Teopema 31.1. beckoHeuHBII BOCHHUTATEILHBIA MPOIIECC HAa PaBHOIICHHBIX
AMOITUSX JIJIs1 POOOTa C aOCOIFOTHOM aMAThIO PACXOIUTCS.
JlokazaTenbcTBO. Tak Kak SMOIMHM PAaBHOIICHHBI, TO CIPAaBEUITMBHI PAaBEHCTBA

[ =q, i=100.B cumyTuX paBeHCTB coOoTHOLIEHHE (32.2) MPUMET BUJ

R= Ilim %q:q lim n=+o,
N—00j=1 nN—o0
YTO U TPeOOBAJIOCH JJOKA3aTh.

Teopema 31.2. Eciin GeCKOHEYHBIM BOCHHUTATEIBHBIA IPOIIECC CXOIUTCS, TO
AJIEeMEHTapHbIE BOCITUTAHUS, HA KOTOPHIX OH OCHOBAaH, C OECKOHEYHBIM YBEITUUCHUEM
KOJINYECTBA TAKTOB CTPEMSITCS K HYJIIO.

JokazarenbcTBO. Tak Kak BOCIIMTATEIBHBIN MIPOLECC CXOINUTCS, TO CITPABE-

o0
JINBO HEPABEHCTBO | PN E |<oo. CrnenoBaTeiabHO |im =0, 9TO U Tpe6OBaJ'IOCB
i=1 i—o
JOKa3aTh.
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CnemaeM OAHO 3amMeuyaHHe: CXOJMMOCTb BOCHHTATENBHOTO  Ipolecca
COOTBETCTBYET HAJMUYUIO MPECHIIMICHUS BOCIMUTAHHUS MPHU YBETUYECHUU KOJIUYECTBA
BOCIHUTATENbHBIX TakToB. C ydeToM 3TOro 3ameuyaHus Teopemy 31.2 MOXHO
nepedpasupoBaTh TaK: €CIM BOCIUTATENIBHBIM MPOIECC WMEET MPECHIIICHHUE, TO
AIIEMEHTapHbIE BOCHHUTAHMS, HAa KOTOPBIX OCHOBaH IMIPOLIECC, C OECKOHEYHBIM
YBEJIMYEHUEM KOJIMYECTBA TAKTOB CTPEMSATCS K HYJIIO.

B pa3nene 1 Obu1 mpuBeeH IpuMep AMOLIMHU, KOTOpask OMUChIBaeTCs QyHKIHEH

M (t)=Psin , rie P=const, to — IPOJOJKATEIBHOCTD TaKTa.

Zt
0

AHaHOFI/II'IHO 3TOMy HpHMepy OHpe,Z[CJII/IM OMOIHH, COOTBCTCTBYI'OHII/IC TaKTy C
HOpHI[KOBBIM HOMepOM | , B BUJIC

M; (t) = P sin %t , (31.3)
tj
rne B =const, tio — IPOJIOJDKUTEBHOCTD TaKTa I, i =1,00.

Jlerko BHICTDH, UTO 3JICMCHTAPHOC BOCIIUTAHHEC [j, COOTBCTCTBYIOIICC SMOIIUU

2
(31.3), yaoBieTBOpSIET COOTHOLICHUIO ] = — P,t,o :
T

Takum o6pazom, B cuiny Teopembl 31.2 HEOOXOAMMBIM YCIOBHEM CXOIUMOCTH
BOCIIMTAHUS SBJISIETCS BBHIMOJHEHUE PABEHCTBA
lim Pt =0.
i—00
JIOKa)XeM CIIeIyIOLIUE TEOPEMBI.
Teopema 31.3. Eciu lim ti' =0, 1o lim r; =0.
I—>00 I—00
JoxazatenbcTtBo. CornacHo ompezaeneHuto 1.3 chnpaBeaIMBO HEPABEHCTBO
‘F‘, ‘ <L<eo.

CrnenoBaTenbHO, BEpHA LIENOYKa COOTHOILICHUN

lim Pt
i—o0

<L lim t? =0.
i—o0

lim r;
| —>00

Yro TpeboBanoch 10Ka3aTh.

Teopema 31.4. Ecin lim B =0, 70 lim r; =0.
|—00 I—o0
JoxazatenbcTtBo. CornacHo ompeaeneHuto 1.3 chnpaBeaiUBO HEPABEHCTBO

‘tio ‘ < S <oo. CnenoBaTesbHO, BEPHA LIETIOYKA COOTHOLICHUM

<s| lim B |=0.

‘ lim r;
|—>00

i—oo

=‘ im Pt
I—o0

Yro TpC6OBaJ'IOCB JOKa3aThb.
HCXOI[}I N3 BBIIICHU3JIOKCHHOI'O, MOXXHO CKa3aTbh, 4TO HCO6XO,Z[I/IMOC YCIIOBHUC
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: 0
CXOOMMOCTH BOCIIMTAHHS BBIIIOJIHACTCA, €CJIIM CIIPABCIJIMBEI paBeHCTBa_hm ti = 0,
| —00

wim lim B =0, wm lim Pt =0.

|—00 i—o0

OueBUIHO CIIEAYIOIIEE YTBEPKIACHUE: €CIH CYIIECTBYIOT IIPEIEIIbI tio u P mpu
O0ECKOHEUYHOM YBEIMYCHMHM KOJHMYECTBA TAKTOB, CIPABEMINBLI  COOTHOIIEHHS

lim tl #0 u lim P 7&0 TO BOCHUTATEILHBIN IIpoueCcC pacxoauTCA.
i—w i—o0

JlokazaHHbBIE BBILIE TEOPEMBI YKa3bIBAIOT HA OJMH W3 IIyTEH MPOEKTHUPOBAHUS
poOOTOB ¢ aOCONIOTHONW MaMATHIO M HE HMMEIOMIMX MPECHIIICHUS] BOCHHUTAHUA.
Hanpumep, 11 mpoEKTUPOBAHMS TaKUX POOOTOB JOCTATOYHO BHIOpATh MOCIIEI0BA-

TEJIbHOCTH aMIUINTYX P; m TakToB tio TaKue, YTOObI UX Mpeaesbl NP 0ECKOHEYHOM

YBCIIMYCHHUHU KOJIMYCCTBA TAKTOB | HE ObLIH PaBHBI HYIIIO. OI[HI/IM U3 MMPpHUMCPOB
pacxoadamierocsa BOCHHUTAHMA, KaK I'JIACHUT TCOpPEMa 311, ABJIICTCA BOCIIMTAHHUE C
PaBHOLICHHBIMH SMOIUAMUA p060Ta, T.C., KOI'ld BBIIIOJHAKOTCA YCIIOBUA

R =P=const, t?=t%=const, i=1c0.

I[JUI IMPOCKTUPOBAHHUA pO6OTOB C IIPCCBINICHHLBIM BOCIIMTAHHUCM MOXHO B
KayecTBEe OCCKOHEYHOT'O BOCITUTAHUS BbI6paTB 3apaHCC U3BECTHBIN CXOHXMHﬁCH pan,

3aTE€M Ha €r0 OCHOBE OMPEACIMUTH MOCae0BaTeIbHOCTH P, tio , 1=100, KOTOpBIC

YAOBIETBOPSIOT onpeaeicHuto 1.3 u ycnoBusim teopem 31.3 wmm 31.4, u Ha ocHOBE
3TOro0 BBIOOpA 1Mo hopmyie (31.3) 3aaaTh MoK POOOTA I KaXKIAOTO U3 TAKTOB.

Ha ocHoBe pasnmena 3 HacTosiei MOHOrpaguu MOXXHO YTBEpPXAaTh, 4YTO
KOH(JIUKT MO BOCIHUTAHMSIM K MOMEHTY BpeMeHHU ! AByX poOOTOB ¢ aOCOIIOTHOM
MaMsTHIO HACTYIIAaeT npn BBITIOJTHCHUHU ycnomm

Z r[1] Z r[2], t= Z [1] _ Z 7[2] (31.4)
k=1 k=1 k l k=1
rie r[l] I‘[Z]— 3JIEMEHTA 0
T pHBIC BOCIHUTAHMS IIEPBOIO M BTOPOrO pPOOOTOB
COOTBETCTBEHHO, Z'E'], Tl[(z]— COOTBETCTBYIOIIUE BOCIUTATEIbHBIC TAKTBI 3THX
poOOTOB.

HYCTB pO6OTBI BOCIIMTBIBAIOTCA Ha PaBHOLCHHBIX OMOIOUAX C COOTBCTCT-

m ol

BYIOIIMMHU 3JICMCHTAPHBIMU BOCIIMTAHHUAMU I’O n 0

cootHOmIeHHH kondukTa (31.4), MoxkeM 3amucath Gopmymy irg

2
]. CraenoBaTelibHO, UCXOS U3

[ _ = jr} rL2]

, TO €CTh,

YCJIOBHSI HACTYIUICHUS KOH(JIMKTa MEXITy ABYMs poOOTaMH B MOMEHT BpeMeHH i
MIPUMYT BUJ

[ 12l 1 2
=0t 24] Zr“ (31.5)
J r(g ] k=1 k=1

Ecan CIipaBCaAJIMBbl COOTHOIIICHMUS
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rﬁ] =M= const, Tl[<2] = 7121 — const : (31.6)
TO cooTHomeHus (31.5) sKkBUBaNICHTHBI (hopMyJie
r(gz] mp
j

KOTOpasi OMpEAeNsIeT YCIOBUE HACTYIUICHHS KOH(JIMKTAa 1O BOCIHUTAHHUSIM JIBYX
poOOTORB ¢ aOCOMIOTHOM MaMSATHIO MPU PABHOIEHHBIX AMOIMSX I KaXI0ro podoTa
Y PAaBEHCTBE TAKTOB ATUX SMOITUH.
Jns sMonuii, npuHATHIX B Buae (Gopmynsl (31.3) ¢ yd4eToM COOTHOIICHHI
(31.6), moayuum paBEeHCTBO
i PP
,

i~ o[,0 0

rnae P[l], P[Z],t[(:)L],t[OZ] — aMIUIMTYJbl SMOIMH W BEJIMYHMHBI TAKTOB IIEPBOrO H

(31.7)

BTOPOro poOOTOB cooTBEeTCTBEHHO. M3 paBeHcTB (31.7) cieayer, 4To B ATOM Cily4yae
KOH(IIUKT MEXIY POOOTaMH BO3HUKAET TOJIBKO MPH BHITIOJIHEHUH YCIOBUIA
Y
plt] _pl2l , 1 _121
it
(1]

OcTaHoBUMCS Ha BBIBOJIE COOTHOILIEHUM, ONPEEISIOUX IPYKOy poOOTOB (CM.
paznen 4) c aOCoOMOTHOM MaMsAThi0. B 3TOM ciiyyae mpu paBHOIIEHHBIX SMOLUSAX
KOJIMYECTBO BOCIUTATEIBHBIX TAKTOB, HEOOXOIWMBIX MJIA JOCTHKCHHS Py OB
pOOOTOB JIBYX TPYII C OJUHAKOBBIM 3HAYCHHEM JPYXKOBI, HAXOIUTCS U3 PEIICHUS
3a/1aun;

HaiTH mMin (jg+Rg —Py), (31.8)
=1
npu ycioBuu jq+ Ry — Py = 0.

Jlerko Bumeth, uTo 3amada (31.8) Bcerma mmeeT pemieHUE W, CICIOBATEIBHO,
poOOTOB C aOCONMIOTHOM MaMATHIO BCErJAa MOXKHO MOJAPYKHUTh JIPYr € JIPYTOM C
obecrnieueHueM Jr000ro 3aJJaHHOTO 3HAYEHUS JIPYKOBI.

Pemmm 3agady mocTpoeHusl SKBUBAJICHTHOTO BOCIUTATENIBHOTO Tpolecca (CMm.
paszzaen 6) 11t poOoTOB ¢ a0COIFOTHOM MAMSTHIO.

O4eBUIHO, YTO AJIS OMNpPEAETCHUS 3HAUYEHHUs AJIEMEHTAapHOr0 BOCIHTaHUs (,
COOTBETCTBYIOIIETO SKBUBAJICHTHOMY MPOIIeCCY, HEOOXOAUMO PEUIUTh 3a/1a4y

2
n
maiirn min J(q)=min 3 [Rj —Ry—(j-1a] . (31.9)
q q j=2
dJ(a) _
3amaya (31.9) cBoauTCS pEIICHUIO ypaBHEHHS =0, xoropoe B

dg

pa3BepHyTOU opMe UMEeT BUJT
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n
Z[Rj—Rr—U—4MkJ—D=O. (31.10)
j=2
Jlerko moxa3zath, uto pemenue (¢ ypaBHenus (31.10) omnpenensercs
COOTHOIIICHUEM

n - n -
Rj(J-D)-Ry Z(i-1)
j=2 j=2

q: n
> (j-1)2
j=2

32. AJITOPUTM DMOLIMNOHAJIBHBIX KOHTAKTOB
B I'PYIIIIE POBOTOB

B Hacrosmeii rimaBe mpenjaraercsi mpaBHIIO B3aMMHOTO KOHTakTa poOOTOB B
rpynmrme.
B pasmene 2 mokasaHo, 4YTO BOCHHUTaHWE poOoTa Rj K KOHIy Takra |

onpenensiercss GopMyson

Rj =ni +6iRj-1, (32.1)
rae 6, - ko3puUUEeHT namMsATH poOOoTa, XapaKTEepU3YIOIUN 3allOMHUHAHUE
BOCIIUTAaHUS R;_; K KOHIly BOCITUTATEIFHOTO TaKTa C IOPSIKOBHIM HOMEPOM |.

[Ipennonoxum, dYTo poOOTHI KOHTAKTHPYIOT APYr C JOPYroM, CIy4aiHO
O0OMEHHBASICh AIMOIUSIMH, TOPOKIAIOIIIMH dJIEMEHTAPHBIE BOCITUTAHUSI.

O003Ha4YMM BOCHIMTAaHUE POOOTA C MOPSIKOBBIM HOMEpOM L K KOHITy Takra I
KaK R,[L], a COOTBETCTBYIOILIEE ATOMY TaKTy 3JIEMEHTAPHOE BOCIIUTAHHE - ri["].
AHaIOTUYHBIM 00pa3oM BBEJEM COOTBETCTBYIOIIHE OOO3HAUYCHHsS s poboTa ¢
MOPSIIKOBEIM HOMEPOM |: R,m u ri[j].

[Tycth Ha oOoux poOOTOB AciicTByeT crokeT S(t), MOpOXKAAIOIINUNA ASMOILUU: Y
pobora L - Mi[L], y pobora j - I\/Ii[J].

ByneM cuuTaTh, YTO MPHU BBINOJHCHUU YCIOBHUS RI[I_‘%RI[ J]1<0 CTIPaBEIITUBO

COOTHOIIICHUE I\/Il[L]Mi[j] <0, a u3 dopmysl Rl[l_‘%Rl[l]l >0 criemyer HEpaBEHCTBO

MM s 0,
DMoLun Mi[L] u I\/Ii[J] MOPOXKIAIOT dJIEMEHTAPHBIC BOCIIUTAHUS ri[L] U I‘i[J]
tj T .
COOTBETCTBEHHO, IMPUYEM ri[L]:fMi[L](r)dr u ri[J]:jMi[J](r)dr, roe tj -
0 0
HPOJOJKUTEIBHOCTh TaKTa C MOPSAAKOBBIM HOMEpoM I. O4YeBHIHO, YTO 3HAK

AJIEMEHTAPHOTO BOCITUTAHUS PaBEH 3HAKY dMOIIMH, MTOPOXKIAIOIIEH 3TO BOCIIUTAHUE,
U Ha00OpOT.
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Bynem cuuTarh, 4TO 3HAaK BOCHHMTaHHS K KOHI[y TakTa I-1 paBeH TeKyliemy
3HaKy AMOIMU BO BpPEeMs TEKYIIETO TaKTa | M DIIEMEHTAPHOTO WHIMBHIYaTbHOTO
BOCIIUTAHUA K KOHILYy 3TOTO TaKTa.

Beenewm cnenyroiee ornpeaeneHue.

Omnpenenenue 32.1. Koaddunuentom BHyImaemMoctd OyneM Ha3bIBaTh YUCIIO

j,L :
ki[J ], MO3BOJISIONIEE JIeNIaTh 3aMeHy sMouuu | pobota L Ha cooTBeTCTBYIOLIYIO

SMOLMIO POOOTA j, YMHOKEHHYIO HA BEJIUYUHY DTOTO YHCIIA, ECIIN ‘ri["]‘ < ki[J'L]‘ri[‘]‘ :

rae ki[j’l‘] >0.

OueBuHO, 4TO ki[j’j] =1.

Bynem cuurtarhb, 4to npu oOIIEHNUN (KOHTAKTE) IBYX SMOIMOHAIBHBIX POOOTOB
BOCIIUTAHUS KaXJ0ro U3 HHUX, cormacHo ¢opmyne (32.1), yIOBIETBOPSIOT
[L] '

cootHomennsiv R = ro+ oR], Ri[j] =ri +6 Ri[ i]li

L] r-[j],eCJzu ki[j’L]‘ri[L}‘ = max {ri["]‘, ki[j’L]‘ri[j]‘ }

. . . I
TAe ri =max {ri[L]" ki[J'L]‘ri[J]‘}S'gn (L] ri['-]‘:max{‘l’i[l‘]‘, ki[j’L]‘ri[j]‘}

i ecau

I i ccautd ol = max {ri“]\, f- ) |

. ; ] :
i = max {ri[l]‘,ki[L,J]‘ri[L]‘}SIgn i1 ri[J]‘:max{‘ri[J]"ki[L,j]‘ri[L]‘}

i eciu

ki[ L1 K03(bHIMEHT BHyIIaeMOCTH Uit poboTa L smormii ot poboTa j,

ki[L’ i1 K03 QUIMEHT BHYIIAEMOCTH [T poOOTa j aMoImii oT podorta L, ki[J’L] >0,

ki[L’j] >0,

BBeneMm crienyromue onpeaesneHus.
Onpenenenue 32.2. Ecnu BbINOIHSAETCS YCIOBHE

NERRIM (5 Y {‘ri[u | ki[j,u‘ri[j]‘ }

TO poOOTa C HOMEPOM | Ha30BeM POOOTOM-aruTaToOPOM.

Onpenenenue 32.3. Mi3MeHeHne 3HaKa MHAMBUAYAIBHOIO BOCHUTAHUS poOoTa
Ha MPOTUBOIIOJIOKHBIN HA30BEM MEPEBOCIUTAHUEM POOOTA.

O4eBHUIHO, UYTO 3HAKU MHIUBUIAYaJIbHBIX BOCIHUTAHUNA POOOTOB IPYMIIBI MOTYT
MEHATHCS TOJNBKO TMpPH HAIMYMM B Tpymmne poOOTOB € Pa3HO3HAKOBBIMU
BOCIIUTAHUSMH U IPUCYTCTBHUH B TPYIITIE pOOOTOB-aruTaTOPOB.

B pasnmene 3 BBeneHa rumoTesa, TOBOPSAIIAs O TOM, YTO KOH(IIMKT B TpyIIe
pOOOTOB BO3HHMKAET JIUIIb MPH CYMMapHOM BOCIHUTaHWM TPYIIBI, PAaBHOM HYIIIO.
Hcxons u3 3TOT0 M CKa3aHHOTO BHIIIIE, CIIEyeT HIDKEIPUBEICHHAS TEOPEMA.
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Teopema 32.1. KoHduukT B rpymnmne poOOTOB MOXXET HACTYNHUTh JHIIbL MPH
MEPBOHAYAIBHBIX PA3HO3HAKOBBIX HMHJMBUIYaTbHBIX BOCHUTAHUSIX pOOOTOB H
HaJU4YUH poOOTOB-aruTaTOPOB.

Hacrosimuii pa3gen naet myThb K MOJCIMPOBAHUIO Ha KOMIBIOTEPE 3MOIMO-
HAJBLHOTO TMOBECHUS 3aMKHYTOW TPYMHIBI POOOTOB, OOIMIAIOIMIUXCS IPYT C JPYTOM.
BxomHpIMu mapamMeTrpaMy COOTBETCTBYIOIIEHM KOMIIBIOTEPHOW MPOTPAaMMBbI JOJIKHBI
ObITh KOA(G(UIMEHTHl MaMITH KaXJA0ro wu3 poOOTOB, HUX IEPBOHAYAIBHBIC
MH/IMBUlyaJIbHbIE BOCIUTAHUS U TMapHble KO3(PUIMEHTH BHyIIaeMocTH. B Xxoxe
paboThl MpOrpaMMbl CIIydallHBIM 00pa30oM BbIPAOATHIBAIOTCS 3MOLUU POOOTOB U
COOTBETCTBYIOILIME MM HJIEMEHTAapHbIE BOCHUTAHMSI NpPHU CIy4alHBIX KOHTAaKTax
poboToB. Pe3ynpraTamu pabOThl IPOrpaMMbl MOTYT ObITh, HAIPUMEP BBIUUCIISIEMOE
CYMMapHO€ BOCHUTaHHME TpyHIbl pPoOOTOB, oOMNpeAessonee KOHQIUKTHL B 3TOU
rpymnrne, U MHAWBUyalIbHbIE BOCIIUTAHUS KaKJ0r0 U3 poOOTOB rpyIibl. YucieHHbIe
HKCIIEPUMEHTHI MOTYT TO3BOJIUTh HAaWTH KPUTHUYECKHE 3HAYCHHsSI KOA(P(UIIMEHTOB
BHYIIIAEMOCTH U TaMATH POOOTOB, BJICKYIME HACTYIUIEHWE KOH(DIUKTOB B TpyIIe
pPOOOTOB TOCIIE HECKOIBKHUX MapHBIX KOHTAKTOB.

ANropuTM TIOBEIEHHS POOOTOB B TPYyMNE C JUACPOM OTIMYAETCS OT ajro-
pUTMa MOBEACHUS POOOTOB B Ipymme 0e3 Iuaepa Tem, YTO B MEPBOM Cilydae IMpH
OTpeeNieHu: HoMepa poOOTa-yduTels B TPYIIe, KOTOPBIA SBISETCS TIABHBIM
pOOOTOM-aruTaTopoM, HEOOXOJUMO HAXOIUTH TOPSAKOBBIA HOMEp HamOONbIICH
BEJIMUMHBI UHIUBUIYAJIBHBIX BOCIIUTAHUN POOOTOB. POOOT € 3TMM 3HaYeHHMEM HOMepa
OyJleT BBIOIHATH POJIb MOCTOSSHHOTO poOOTa-aruTaTopa-aiaepa-yunTes.

33. MATEMATHYECKASA MOJIEJIb IIJTAHA TPAHCJIALIUU ITEPEJAY
CPEJICTB MACCOBOM HH®OPMAILIUU

OnHa U3 3a1a4 rocyaapcTBa — OPMUPOBaHUE OOIIECTBEHHOTO co3HaHus [16].
HemanoBaxkHyto pojib B €€ PEIIeHUU UTPaI0T cpelicTBa MaccoBor nHdopmanuu. Ho
3avactyto mnpoektbl CMU, Hampumep MNPOEKTHI TEJIEBUIACHUS, KOTOPBIC, MPEKIC
BCET0, BO3JICUCTBYIOT HA DMOIIMM YEJIOBEKAa U KOTOPBIC NMEPBOHAYAIHHO BBI3bIBAJIH
MOJIOKUTENbHBIC IMOIIMA U MHTEPEC y 3pUTENeH, C TEYCHUEM BPEMEHU HAUYMHAIOT
BBI3BIBATh OTTOPKEHUE Yy TE€X KE 3pUTENICH, a MOITOMY TEpSIOT CBOIO d(Pdek-
TUBHOCTb TIpH (DOPMHUPOBAHUM HY>KHOTO TOCYAAPCTBY OOIIECTBEHHOTO CO3HAHUS Y
TpOXIaH W JaXe MEHSIOT TMEPBOHAYAIBHYIO BOCIUTATEIBHYIO I€h Ha TPOTH-
BOTIOJIO’KHYIO.

Hacrosimuii pa3zen mocBsImeH OMUCaHWI0 MaTeMaTHYeCKOro crocoba OleHKH
nonyspHocTH nporpaMM CMU u MaTeMaTHYECKUM PEKOMEHIAIUSAM IO ITOCT-
POCHHIO ONITHMAJIBHOTO TIJIaHa BBIMTYyCKa Tepead 3THX MPOrpaMm B 3Qup.

[Ipennaraembie B pasaene MaTeMaTHYeCKHE MOJETH OCHOBAaHBI Ha MOJIEISIX
OMOITMOHAIIBHBIX POOOTOB, MPUBEACHHBIX B TPEIBLIYIINX IIaBaX.

B pabGore [49] npuBeAeHO COOTHOILIEHHUE, MO3BOJISIONIEE BBHIYUCISTH BOC-
NMUTaHWEe dYenoBeka (WM poOoTa), MOJydaeMOe€ MM B PE3YJIbTaTe HEMPEPHIBHOTO
BO3JICUCTBHS HA HETO CIOXKETAMHU U MOPOKIAIOIMIUMUCS B PE3YJIHTATE 3TOTO Y HETO
AMOITUSIMU:
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R =r+0R,,, (33.1)

rie i— TOPSAKOBBIA HOMEp CIOKETa, BO3JCUCTBYIOIIETO Ha YENOBEKa H
MOPOKJAIOLIETO y HETO 3JIEMEHTApHOE BOCIIUTAHUE I, R, — CyMMapHO€ BOCIIUTaHHUE

YeJI0BEKa, MOJYYEHHOE UM B pe3yjibTaTe BO3ICHCTBUS HA HErO OOIIEro KOJIMYecTBa
CIOJKETOB, PaBHBIX BEIUYMHE i, 6, — KOOQPUIUEHT NaMsATH, XapaKTepU3yIOIIHii

JOJII0 TPENBIAYIIET0 CYMMapHOTO BOCHHUTAHUSA, KOTOPYIO TOMHHUT YEJIOBEK K
MOMEHTY BO3JIEHCTBMS Ha HErO CIOYKETOM C MOPSAIKOBBIM HOMEpOM i, 6, €(01-5],

O0<o<l o=const.
[Ipennonoxum, uto r,=q=const, >0, 6, =60, R,=0. Jlerko BUAEeTH, 4TO B

paMKax 3THX JOMyIIeHUH cooTHoleHue (34.1) npeacrapisieT coOO0H CyMMy UYJIEHOB
reOMETPUUYECKON MpPOrpeccuy, KOTOpas OMMCHIBAETCs M3BECTHOH (opmynoi [49,
65]:
1-6'
R =g——. (33.2)
1-6
Ilycte 3HaueHwe i omnpenensaer MOPSAKOBBIA HOMEP IEepeNayd NPOEKTa,
Tpa"nciupyemoro B CMU, TO ecTh, Kaxkmas mnepenada SsBISICTCS CIOXKETOM,

MOPOKAAOIINUM ITOJIOKUTCIIBHOC 3JICMCHTAPHOC BOCIIMTAHUC (.

OueBHIHO, YTO COIVIACHO 3aKOHAM I€OMETPUYECKOW MPOTPECCUU CYMMapHOE
BOCIIUTAaHUE TMPU HENPEPBIBHOW TpaHCisiuuu mnepenad npoekta CMU  umeer
npeaen R, KOTOPbIN yAOBJIETBOPSIET COOTHOLIEHHUIO

R=ImR, =3

e 10
Takum 00pa3om, BOCIUTaHUE 001adaeT CXOIUMOCTHIO.
I0.A. IllapamoB B pabGore [108] mpemmokwyi B KadecTBe IOKa3aTels o
CXOJAMMOCTH BOCIIHTAHUS K CBOEMY TPEICIBHOMY 3HAYCHHIO HCIIOJIb30BaTh
COOTHOIICHHUE, KOTOPOE ISl ITOJIOKUTEILHOM BEJTMYMHBI ( IPHHUMACT B

1-6' 1-6")_ 6"'-¢' ”
-R -R . = - = =q0. 33.3
22 i i-1 q( 1_0 1_9 J q 1_9 q ( )
OtMeTruM, 4YTO coOrJacHO cooTHommeHnio (33.2), ¢ pocToM | CKOPOCTh

YBCIIMYCHUSA 3HAYCHUMN CYMMapHOTr'o BOCIIUTaHUA Ri CTaHOBUTCA MeﬂHeHHeﬁ,

lim o =0, a mosToMy BocniuTaTeNIbHBIN 3D PEKT mepeaad Ha 3pUTeNsi YMEHBIIACTCS.

|—00

CornacuHo rumnotese rpysuHckoro ncuxojora JI.H. Y3unamse [32] saddekr ot
BOCIIUTAHUSI MPU HENPAaBWIBHOM IPOBEJEHUU BOCIHUTATEIBHBIX MEPOIPUATHI
MOKET MTHOBEHHO IOMEHSATHCA Ha MPOTHBOINOJIOXKHBIM. B HameMm ciayyae runoresa
I'M. VY3Hanm3e »5KBUBaJ€HTa TOMY, YTO IIOJIOKHATEJIBHBIM 3HAK CYMMapHOIO
BOCIIUTaHUs R, MeHsSeTcs Ha OTpUUATENbHBIA TOTJa, KOIJa Iepeaada Hajoesa

3pUTEIIO.

Benmnunny o B dpopmynie (34.3) Ha30BeM MapaMeTpoOM «HATOEIIO».

HeTtpyaHo 3amMeTHTh, 4TO, 3HAsI BEIMYUHBI IMapamMeTpa «HAIOENI0» « , IEMEH-
TApHOTO BOCIHTaHUS M Kod(hduimeHTa maMsaTu €, MOKHO COTJIIACHO PaBEHCTBY
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(34.3) ompenenuTh TOPSIKOBBI HOMEp | TpAHCISAIMU Iepeladd, HadyuHas C
KOTOPOTO TNOJIOKUTEINBHOE OTHOLIEHUE 3PUTENEHN K Iepeiade MOKET IIOMEHSThCSA Ha
OTPULIATENBHOE, A, 3HAYUT, IEPEeaada MOXKET MOTEPATh CBOKO MOIYJISAPHOCTbH, YTO
MIOBJICYET aJICHUE €€ PEUTHHTA.

JIerko BUAETDH, YTO ATOT MOPSAKOBBIA HOMEP OIpeaemsieTcs: GopMyon

i=1+log, % (33.4)

OTtmeTnM, 4YTO [7s TOro, 4TOOBI TMepelayd OCTaBWIM TOJOKUTEIbHOE
BOCIIOMUHAHUE Yy 3pHUTENIeH TMOCIe WX 3aBEPIICHUS, WX KOJMYECTBO HE JOJKHO
MPEBHIIIATH BEIUYUHY i, YIOBJICTBOPSIONIYIO PaBeHCTBY (33.4).

OnuireM MaTeMaTUYECKyI0 MOJETb, TO3BOJISIONIYI0 OIPEACTATh BEIUYUHY
OXKUAaHMS 3pUTEIISIMU TPAHCIIALMH NIEpeIauy TI0CTIe €€ MOCIIETHETO BhIITyCKa B 3up.

Bo Bpems mepepbiBa TPaHCISIMU 3pUTENb YACTUYHO 3a0bIBAET 3MOLIMOHAIIBHOE
COCTOSTHHE, KOTOPOE BO3HUKIIO y HETO T0CIIe MOCIEAHEN Iepenadu B 3pupe.

Cormacio ¢opmynam (33.1) u (33.2) yepe3 | BpPEMEHHBIX MPOIMYCKOB
TPaHCIIALMY NIepeiad BOCIIUTaHUE 3pUTeNs R; Oyaer onpeaenarses Gpopmyoi
- 1-6'
R =0'qg——.
. a 1-60

Ota GopMyna cooTBETCTBYET (popMyiie pacueTa (PUKTUBHBIX BOCHTUTATEIBHBIX
TakToB, petokeHHor K.B. UepuukosbiM B padoTte [97].
[TycTs BenmuumnHA S, 3a1aBacMasi COOTHOIIICHHEM

B=R -R., =qlL-6'p' (33.5)
OHpe,Z[eJ'DIeT BeHI/I‘lI/IHy O IaHUsL Hepez[atH/I TI0CJIC HepepBIBa TpaHCJ'ISIHI/II/I Hepej:[atL
OueBUIHO, 4YTO, YE€M MCHBIIEC BEIWYMHA OXHIAHUA L, TeM C OOJIBIINM
KEJTAaHUEM 3pUTENIb BOCIIPUMET HAvaJlo TPAHCISAIMY Tiepeaad B adupe.
KonudecTBO BpeMEHHBIX MPOMYCKOB | TPAHCISAIMH Tepenaad B ddupe, HE0O-

XOUMOEe ISl  AOOpPOKENATENbHOTO BOCHPUATHS 3PUTEISIMH  BO30OHOBJICHHS
TPAHCIISIIIAY TIepeiad, MOKHO MOJyYUTh U3 paBeHcTBa (33.5):

- g
j=log, w
[IpennoxxenHass MoJenb SIBISETCS MAaTeMaTHYECKOM 3alKChi0 THUIIOTE3bI
coBerckoro ncuxosiora JI.H. VY3Hanm3e o0, Tak Ha3bIBa€MbIX, MNCHUXOJOTHYECKHUX
ycraHoBkax uenoBeka [107; 109; 110].
Opnako Uit HEOOXOIMMBIX PacueTOB BO3HUKAeT MpobiieMa pa3pabOTKu
METOJIOB HM3MEPEHUs TaKUX IICUXOJOTHYECKUX IMapaMeTpoOB, KaK AJIEMEHTapHOE
BOCIIUTAaHUE (, KOI(PPUIUEHT maMmsTh 6, mapaMmeTp «HaJI0elo» « , BeJIMYUHA

OXUJaHUS [ .

B nacrosimee Bpems K.B. UepHUKOBBIM TNpPEIIIOKEHBI METOJIUKHA WU3MEPECHUS
3HAYEHUH ( W 6 U1 SMOIMOHAIBHBIX poboToB [97]. B pabore [156] mpemnoxen
Croco0 U3MepeHusi CHOCOOHOCTH YesioBeKka K 00yueHuto. O0e METOUKH MOTYT OBbITh
MOJICPHU3UPOBAHbI  JUIsl  BBIYMCIEHHS HEOOXOJMMBIX BXOJHBIX MapamMeTpoOB
OMKCAHHBIX B ATOM pa3jie]ie MaTEMAaTUYECKUX MOJIETIEH.
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B kadectBe 00001IeHNS IPEIOKEHHBIX MOJIEJIeH MMOCTPOCHUS IJIaHa BBIMTyCKa
nepenady B 3Gup Ha Cllydail HEpaBEHCTBA 3JIEMEHTAPHBIX BOCIIMTAHWUN YT APYTY
MOJKET OBITh MCTIOIb30BaHa padora H.B. Tlomoga [72].

B npubnmkeHHOM BapHaHTE MOYKHO CYMTATh CITPABEIJIMBBIM PAaBEHCTBO

a=p, (33.6)

TaK KakK M a , U f ONpEeACIIAIOT, B O6HIGM-TO, OJHO M TO KC IIOHATHUC «HAACIIO»,

TOJBKO B TIIEPBOM CIIyyae «HAJ0€J0» COOTBETCTBYET HACTYIUICHHUIO 3MOIMO-
HQJIBHOTO OTPULIAHMSI MEepe/laui, a BO BTOPOM CJIy4ae — CUTyallMM, KOIJa 3pUTENI0
«HAJ0EeI0» TO, 4TO B 3(pupe HeT mepenayu.

Ucxons u3 cootHouenus (33.6) u yuutbiBas Gopmyssl (33.3) u (33.5), MoxkeM
3amucarhb ClIeaylolee paBeHCTBO:

g6t =qlt-6')’, (33.7)
PaspemiuB ypaBuenue (33.7) OTHOCUTENBHO |, IOJIYYUM COOTHOILIEHUE
j=i-1-log,{1-6'). (33.8)

OtmetnM, uyto ¢opmyna (33.8) ompenensieT HEOOXOAWMOE KOJIUYECTBO
NPOMYCKOB Tepefadyd | TPHU BBINOJHEHUH YCJIOBUH j>0 ¥ TOJOXHTEIHHOTO
BOCIIPUATHS ayJUTOPUEH Tepeaud B pe3yibTaTe €€ HEeNpPEephIBHOW TPAHCISIIUH i
pas, YTO COOTBETCTBYET BBINOJIHEHUIO HEPABEHCTBA ( > 0.

3aMeTuM Takxke, YTO, [JIs MPAKTUYECKOr0 MCIOJIB30BAHUS MOXHO OMPENEIIATh
KOJIMYECTBO MPOMYCKOB mepenay J, O0JbIlee Ha €IUHUIYY PACUETHOTO KOJIMYECTBA
MIPOMYCKOB |, IPHU 3TOM J BBIUUCISIETCS 1O hopmyJie

J=ant[j]+1. (33.9)

Jlerko BUAETH, YTO B CHJIy BBINIOJHEHUS YCIIOBUS 06(0,1—5] npu OOJBIINX
3HAYCHUSX BEIMYUHBI i cooTHomeHrue (34.8) MOXHO 3ammcarh B MPHUOIMIKEHHOM
BHJIC CIICTYIOIIUM O00pa3oM:

jr~i-1. (33.10)

B pabore [97] mnokazaHo, 4yTO KOI(PPUIMEHTHI MNaMsATH YeloBeKa 6 B
OOJIBIIMHCTBE CITy4aeB yIOBJETBOPSIOT YCIOBUIO 6 <[0.7,0.9]. Hecnoxusie BbI-
YHUCJICHMSI, BBIMIOJIHEHHbIE Ha OCHOBE (Gopmyibl (33.8), MO3BOJISIOT MOCTPOUTH
TaOJIMILy, OMUCHIBAIOIIYIO TUTAH ONTUMAIBHOTO KOJMYECTBA BBIXOAOB i U MPOITYCKOB
J mepenad B aupe 11 3TUX K03 OUIIMEHTOB MaMSITH.
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Taomuma 33.1

[l;1an oNTUMAJIBHON TPaAHCIALMY Nepeayd B d3pupe
KonnuectBo
Kosddunuent namsatu .| KonmuectBo npomnyckoB
P HETPEPHIBHBIX BBIXOJIOB i J nepea B shipe
nepeaad B 3pupe

0,7 3 1
- 5 4
- 7 6
- 9 8
- 11 10
- 31 30

0,9 9 4
- 11 7
- 13 10
- 15 12
- 17 15
- 19 17
- 21 20
- 25 24
- 27 26
- 29 28
- 31 30

Anamu3 Tabn. 33.1 mo3BosseT yTBepkAaTh, 4To mpu € =0.7, HauUHAS C
nepenauu S5, a nmpu 3HaueHuu € =0.9, HaunHag ¢ nepegauu 21, popmyna (33.9) naer
TE )K€ Pe3yJIbTaThl BEIYUCIICHHM, 4TO U cooTHOIIeHue (33.10).

Ha3zoBemM TMOJHBIM BOCHMTATENBbHBIM _IHMKIOM CyMMapHO€ KOJIMYECTBO
HETIPEPHIBHBIX BBIXOJIOB Tepenad B 3(upe W MPOMyCKOB Tepeaad 0 WX HOBOTO
BO300HOBJICHUS B Aupe.

I[TycTh n - KONMHMYECTBO TIOJHBIX BOCHUTATEIBHBIX IIUKIIOB TPAHCIISAIIUU
mepeaadnd, M, - KOJMYECTBO HEMPEPBIBHBIX TPAHCIAIUMN TIEpeladyd B BOCIHTA-

TCJIBbHOM IMUKJIC C HOMCPOM N, kn - KOJIMYCCTBO IMPOIIYHICHHBIX TpaHCJ'IHI_II/Iﬁ B 3TOM

e BOCITUTATEIIbHOM ITHKIIC.
HerpynHo 3aMeTHTh, Y4TO ISl BBHIIICONMMCAHHBIX COOTHOIICHHHA CIPaBEIINBHI
paBeHCTBA i=m,, j=K,.
Cornacuo pabore [65] Bocmuranume W, . , MOJNYYEHHOE B pe3yJbTaTe

HCTIPCPBIBHBIX TpaHCJISILII/IP'I m, B BOCIHTATCIbPHOM IIHMKJIC N, YIOBJICTBOPACT

COOTHOIIICHHUIO
1—g™
Wmnvkn—l =0 1-60 +0 anflvknfl , T
le'k1 = q9k1 11__00 , an—l'knfl = eknA (q% + emnq aniz,kniz j’ Fmo-no = O . (3311)
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Ananornydo dopmyiie (33.3) MokKeM HamucaTh COOTHOIIEHWE JJIs mapameTrpa
«HAZ0EN0» @, JJIA TOJTHOTO BOCIUTATEIBHOTO UKJIA ¢ OPSAKOBBIM HOMepoM N :

an :Wmn,kml _Wmn—l,km1 = qgmn—l + emn—l (0_1) I:m,H,I(rF1 ' (3312)
CootHomenue (33.12) mo3BOISIET BEIYUCIUTH BETMYUHY M,

an
g+(0-DF

m, =1+log,
mnfl!kmfl

Ananornuno paBeHCTBY (33.5) Moxem 3anucarb (OpMyNITy BEIUYUHBI
OXXUIaHUs S, ISl 3TOTO K€ MOJIHOTO BOCIIUTATEIBHOTO IHKIIA:

1-6™
ﬁn = an,kn - an,kn+1 = an (1_9)((:] 1

a anl,k“J . (33.13)

Cootnomienue (34.13) maer BO3MOXXKHOCTb BEIYUCIUTD 3HAUCHUE K,

k, =log, 1 mﬁ .
- 9)(q 1“9 +O™F, J
[IycTh cipaBeivBa 1EMOYKa PaBEHCTB
0£| =ﬂ|, |:1,_n,

KOTOpas BJICYCT COOTHOLICHUC

QO™+ 0" O-DF, =0~ «9)[q 11‘ o

+O™ anlyk“] : (33.14)

PasenctBo (33.14) no3BossieT 3anmucarh GOPMYITy I BBIYUCICHUS K,

Qo™ +o0™ (O -DF, .,
mn
1 9 + emn an—lvkn—l J

1-0)q
1
Ha ocnoBe cootHomenus (33.15) MOXHO paccuuTaTh NPUOTMKECHHOE
KOJIMYEeCTBO Kk, HEOOXOJMMBIX MPOIYCKOB B TPAHCISAIMH Tepeaad, 3Has Kod(-

k, =log, (33.15)

GUIUEeHT TaMATH O 3pUTENs TMepefavyd, KOJUYECTBO IMepead m,, BBI3BIBAIOIINX
MOJIOKUTENIBHBIC AMOIIMU B KaXXJIOM IMOJHOM BOCIUTATEIBHOM ITUKJIE U UCIOJB3YS
pexkyppenTHbie Gopmysl (33.11). st Beruuciaenus napamerpa k, 1enaecooOpasHo
pa3paboTaTh KOMIBIOTEPHYIO MPOrPaMMy, TTO3BOJISIONIYIO OMPEEIATh 3HaUeHUs K,
u F, ., mociaenosarTenbHo ysenuuuBas | ot 1 qo n. OueBuaHO, 4TO 3Ta Mporpamma
TaK>Ke MO3BOJIUT OTMIEPATUBHO YMPABIIATH IIAHOM BhIXOa mepeaad B dpupe.

Jlerko BUIETH, UTO MpHU NpeodpazoBaHu cooTHomeHus (33.15) ero mpaBas
4acTh MEPECTAET 3aBUCETh OT BEJIMUUHBI (. [[03TOMY B mporpamMme MOXKHO 3a-

JaTh BXOJIHOM MapaMeTp ¢ PaBHBIM JIIOOOMY MOJIOKUTEIIBHOMY YHCITY.

B YaCTHOCTHU, MPCIOKCHHAsA B HACTOAIICM pasaciic MOJACIb I103BOJIACT
CAcIaThb KaueCTBEHHBIM BBIBOA O TOM, 4YTO B JI000M AOJITOCPOYHOM IPOCKTEC JJIA
XOpOoHICro BOCIIPHUATHUA 1ICPCaad 3PpUTCIIAMU HGO6XOI[I/IMBI ICPEPbIBLI B BCUIAHWH, WU
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npeasaraeT npuoImKeHHbIe (GOPMYITBI U BBIYUCICHUS JJIMTEIBHOCTU MEPEPHIBOB
B 3aBHCHMOCTH OT MaMATH 3pHUTENS M KOJMYECTBA BBIMYIICHHBIX B 3up nepenad
IPOEKTAa.

OTMmeTHM, 4YTO ONHUCAaHHBIE MaTeMaTHMYeCKhe MOJETH MOTYT  Takxke
MCIIOJIb30BaThCS IPU BOCITUTAHUH POOOTOB ¢ HEAOCOMIOTHON MaMsThIO C TTOMOIIBIO
CPEICTB MacCOBOM HH(POPMAIIHIH.

34. MATEMATUYECKASA MOJEJIb UHTEPECA
K IPOEKTAM CMHA

34.1. ®°OPMYJIA UHTEPECA

B paccmarpuBaeMoil HM)KE MaTeMaTH4YeCcKOM Mojenu OyAeM MpeanoJaraTh
ITOCEAOBATEIBHYI0O CMEHY OJHOTO IIOJHOTO BOCIIMTATENIBHOTO LHKJIA JPYTHM
MTOJIHBIM BOCITUTATEbHBIM LIUKJIOM.

IIycte n - KOJMYECTBO IIOJHBIX BOCHUTATENBHBIX IHUKIOB TPAHCIALUU
nepefadd, m, - KOJIMYECTBO HEINPEPBIBHBIX TPAHCISILWN Iepefayd B BOCIIHU-
TaTeJIbHOM LUKJIE C HOMEPOM N, Kk, - KOJWYECTBO NPOIYIICHHBIX TPAHCIALHMA B
TOM K€ BOCIUTATEIIBHOM LHUKIE, 0,- KOXP(GUUIUEHT NaMATH 3pUTENs WIH pa-
JUOCIIYIIATENsl B MOJHOM BOCIHHUTATEIIBHOM LHMKJIE C HOMEPOM N, (, - 3JIEMEH-
TapHOE€ BOCHUTAaHUE (SMOLMOHAIBHOE BO3JCHCTBUE) y 3pUTEN B pe3yJbTaTe
O3HAaKOMJICHUS C NIEpeadeii B ITOJITHOM BOCIIUTATENIBHOM LIUKJIE C HOMEPOM I .

[Tonenus o6e vactu cootHomienus (33.12) Ha cootHorrenue (33.13), moayyum

0.0, +6,"7 (6, -D)F

7. :%: o Toslor (34.1)
00 (1-0,) 4, " +O"F
n ( n)(qn 1_9n n mnl,knlJ
1 _/4
Bennunny A, =-—="~" Ha30BeM IIapaME€TpOM HHTEpeca K Iepenayde. bynem
}/n an

CUHTATh, YTO OOJIBIIEMY HHTEpECY K Iepeaade COOTBETCTBYET OOJIbIICEe 3HAYCHHE
A, , 1 Ha000POT.

3Has BeNWYMHY y,, U3 paBeHcTBa (34.1) HeTpyaHO HaWTH BenW4yuHy K, ,
KOTOpasi OyIeT yAOBJIECTBOPATH (hopmyIie

qner:nf1 + (en _:I')Hr:nni1 an,l,kn,1

| (34.2)
1-6™ m
Vn (1_9n{qn : +9n nanlvknlj

k, =log,

1-6,

OTMeTHM, YTO MPHU HM3BECTHBIX BEIWYHMHAX 7,, (,, 6,, M, TAC i=1n, MOXHO
BBIYUCIIUTh KOJIMYECTBO HEOOXOIMMBIX MPOIYCKOB K, mepeaad B IMOJIHOM BOCIIH-

TaTCJIbHOM IUKIEC C IOPAAKOBBIM HOMCPOM N, O6€CH€‘II/IB21IOHII/IX 3aJIaHHYTO
BCIIMYNHY 7, .
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34.2. TIPOI'PAMMA PEAJIM3AIIUU MO/JEJIN

B mHacTosineM paszgeie IpHBEIEM OIMCAHHE IPOTPAMMBEI IPH  YCIIOBHH
y; =y =const, i=1n, TO3BOJIAIOMIEH TNpPH HU3BECTHBIX y, (;, #;, M,, TAc i=1n,
BBIUMCIIATE HEOOXOAMMOE KOJHWYECTBO K, MPOMyCKOB Iepeaad B IOJHOM
BOCITUTATEILHOM IMKIIE C IIOPSIKOBBIM HOMEPOM N .

OTMeTMM TO, YTO TpPU BBINOJIHEHUH YCIOBUSA 7, =y, =const, rae i=1n,
corimacHo gopmyie (34.1), cripaBeyTMBO COOTHOIIICHUE
Hlml—l
=% = . (34.3)
ok -om)
[Iporpamma mpenmnonaraeT BhIMOJHEHUE paBeHCTBA (34.3) W MO3BOJISET
BBIYHCIIATH 3HAYCHUS K, Tpu n > 1.

HpI/IBGIIeM KpaTKOC OIMMCAaHHC AJITOpUTMA ITPOrpaAMMBIL:
1. B kauectBe BXOOHBIX IIApaMCTPOB IIPOIrpaMMBbI 3aJar0TCA YHUCICHHBIC

3HadeHus n, ¢;, 6, m;,rae i=14n, k;,rae j=1n-1.
2. [To popmyne (34.3) BerUHCIsACTCS 3HAUCHUE .
3. CornacHo cooTHoIIeHUIO (34.2) BeraucisieTcs mapameTp K, .

4. Koner.

3aMeTuM, 4YTO Mporpamma, IMPEeXJe BCEro, MO3BOJSET OINEPATUBHO IUIAHU-
pOBaTh BBIXOJl MEIUANIPOEKTOB B 3(PHp 3a CUET BBHIYUCICHUS HEOOXOIUMOTO YHCIa
MPOITYCKOB K, TpaHCIISILMM Mepeaad B TEKYILIEM MOJTHOM BOCIUTATEIbHOM LIUKJIIE N,
rae n>1, Npu yclOBUU TMOAJEPKaHUS 33JaHHOIO MHTEpeca y,, BBIYUCIEHHOTO IO
pe3ysibTaTaM OLEHKU MOIYJISIPHOCTH MPOEKTa B MEPBOM IOJIHOM BOCIUTATEIBHOM
nukie. Jlng pacuera Bcex MapaMeTpOB IIOJHOTO BOCHHUTATEIBHOTO LUKIA C
MOPSAIKOBBIM HOMEPOM N MpOorpaMmy HEOOXOAWMO OTIPABUThH HA BBINNOJIHEHHE N—1
pas3, MoCJIeI0BaTEIbHO PACCYUTHIBASI BOCIIUTATEIbHBIC IIUKJIIBI, HAUWHAS CO BTOPOTO.

[Tporpamma HammcaHa Ha si3bIKe mporpammupoBanus Delphi 7, BemosHsieTcs
nox ympaeienneM OC He Hmke Wndows XP. OO0beM 3arpy304HOrO MOIYJIS
nporpammel paBeH 368 KO6. Bpems BbINOIHEHUS MPOrpaMMbl IPU pacyeTe COTOro
MOJIHOTO BOCHUTATEIBHOTO IMKJIA HE mpeBbimaeT 3c. Jns paboThl mpOrpaMMeI
MO>KHO HCTIOJTh30BaTh KOMITBIOTEPHI HEOOBIION BEIYUCIUTEIFHON MOIITHOCTH.

Ha pucynke 34.1 npuBenena popma mporpamMmei.
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BBEILHTB HOMED PACCUYWTRIESEMOrD NOAHOMD WHENS

BEefuTe W BROAHOMD faina [ bt ) ||
B cTpokax xoaHoro faina 3anucaHil KOAHSECTEO HENPEPBIBHEK TRACAALMA Nepeaay, Yepes Npoten KONHYECTEO NPONYCKOs Nepeaay
W KO3 PHAUHENHT NEMATH B NPELEIYLLKE NOAHEIX UWHKISX TRSHCAALMK
Emegume uma haina pesynsTaTos serscnerul [t )
B kamaoi cTpoke $afing pesynsTaTOs SaNMCaHB! Yepes NoGEN KOAHYECTED HENPEPLIBHEIK TPAHCAAWMA NEpeaay,
KOAWYECTED NPONYCKOE NEPEAEY B NOHBIE LHENEK W KOS PHUMEHT NaMATH B NDSALILYWME NOAHDH LWMKNAY TPAHCMALAW TREHC AR,

BEAMDYSA TERYWIMA NONHBIA WMk
BEsauTe KOs PPUUHEHT NESMATH SPUTENR TERYWERD NOAHOMD WHEAS

BBEIIMTE KONWYECTED HENPEPLIEHEEK TPEHCNALMA NEpeaay TELYLWErD WHKNa

BBEILHTE IMOUHMOHAaNEHOe BOCNPDUATHE NEPENaY TEKYLErD WHKna

HasinTe 374 KHOMKY QNA HaYaNa pacyeTos

HeofxoauMoe KOAMYECTED NPONYCKOE NEPefay B TEKYWENM NOMHOM WHkne
Gamma
Nencrui Oner MNesHagceswd  ogpenskyt@imail e
Nepre - 2016

Puc. 34.1. ®opma nporpamMmel

34.3. CITIOCOB IMTPUBJIMKEHHOI'O OITPEJAEJEHUSA
BXO/JHbIX TAPAMETPOB MOJAEJIN
U BBIYMCJIUTEJbHBIN SKCOEPUMEHT

I[J'I?I BBIIIOJTHCHUS ITPOI'PAMMBI H€O6XO)_II/IM BBOJ BXOJIHBIX ITapaMCTPOB MOACIINU

q;, 0,, tae i=1n. [lyia onpeneneHusl TUX MapaMEeTPOB MPEIOKUM UCTIOIB30BATh

nporpammy Cankrt-IlerepOyprckoit kommanuu JICUC, mo3BONSIIONIYI0 YHCIEHHO
U3MEPATh SMOLMOHAIBHOE COCTOSIHUE YEJOBEKa C IOMOIIbI KOJMYECTBA
MUKpOBUOparuii ero rosossl [120].

Mg npesiaraeM B Ka)kJIOM MOJIHOM BOCHUTATEIbHOM LUKJIE MPOU3BOIUTH TPU
U3MEPEHHUS] SMOIIMOHAIBHOIO COCTOSIHMSI 4YeJIOBEKa C TIOMOILIBI0 IPOrpaMMBI
komnanun OJJICHUC: B Havaie TpaHCISIMU TEPBOW Iepe/layd IOJHOTO BOCIH-
TATEJIbHOTO 1IMKJIA, B KOHIE NepeJauyd TPaHCISIIUM NEpBOM Iepeiayd IMOJIHOTO
BOCHHUTATEIPHOTO IMKJIAa W 4Yepe3 OAMH MPOMYyCK IMepeAayd Imocjae BTOPOTro
WU3MEPEHHUS.

[Tycte RY - cooTBETCTBYIOIIME MU3MEPCHHBIC 3HAUCHHUSI JIJISI BOCITUTATEIIBHOTO

IMKJIa C TOPAJKOBBIM HOMEPOM i TJ€ |- MOPSIKOBBIA HOMEDP U3MEPEHHS B 3TOM

MKIe, j=13.
Cornacuo cootHomenusM (33.11), MoxkeM 3anmucatb (YOPMYJIbI, ONIPEICIISIONINEC
HYMOIIMOHAIBHBIE COCTOSTHUS JUIS TPEX U3MEPECHHIA:

RU=F, , ., (34.4)
Ri[Z] =0, +6F, . (34.5)
Ri[s] =00, + ‘9iz Fmi_l,ki_l . (34-6)

Pemras cucremy ypaBuenwuii (34.4) — (34.6), moryduM COOTHOIIICHHUS
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[3]
Hi :%’ q; = Ri[Z] _ei Ri[l]' (34.7)

I

3aMeTuM, YTO MPH IPEANOJIOKEHUAX 6 =6 =const, g, =g, =const, rae i=1n,
s paboTel MPOrpaMMbl  JocTaroyno u3Mmeputh RP m R, a 3Hauenwio q,
MIPUCBOUTHL JIO00€ TOJIOKHUTEIIbHOE YHUCIO0. BO3MOXHOCTh TPOW3BOJBHOTO YHC-
JICHHOTO TPHUCBOCHUS (¢, OOBACHSETCS TEM, YTO NPHU TMEPEUUCICHHBIX MPEAINo-
JIO)KEHUSAX TpaBble YacTu pacdeTHbIX (Gopmyn (34.1) u (34.2), ucnoiab3yeMbix B
IrOpPUTME MPOTPAMMBI, IEPECTAIOT 3aBUCETh OT BEJIMUUHBI (|, .

B kauecTBe mpuMepa WCIONB30BAHUS MATEMAaTHYECKOW MOJENTH TPHUBEIEM
Ta0IHIy PacyeTOB, BBIMOJTHEHHBIX C MOMOINBIO OMMCAHHOW BBINIE MpOrpamMMbl. B
Ta0NMIe pa3MElieHbl YHUCIA, IOJY4YEHHBbIE IPU TOCTOSHHBIX KO3 PUIMEHTaX
MaMATH W SMOUMOHAIBHBIX BO3JACHCTBUAX TMepenad JUIsl YEThIPEX ITOTHBIX
BOCIUTATEIBHBIX IIUKIIOB (N =4).

Taomuma 34.1
[Tpumep ucnop30BaHNs MAaTEMAaTUUECKON MOJICIIH

0 0,6 0,7 0,8 0,9
m, 5 5 5 5
ky 6 6 4 4
m, 5 5 5 5
K, 7 7 7 11
m, 5 5 5 5
K 7 7 6 9
m, 5 5 5 5
K, 7 7 6 9

Iloka Bompoc O MOCTPOEHUHM IIJIaHA BBIIYCKA MEAMA-NIPOEKTOB, obecme-
YUBAIOUIErO IMOCTOSHHBIA MHTEPEC MACCOBOM AYIUTOPUM K IPOEKTY I Pa3HBIX
KO3(DPUIIMEHTOB MaMSITH 3pUTENEH WK CIylIaTeseld nepeaad, 0OCTaeTcs OTKPBITHIM.
Ho, nmo kpaiiHeli mepe, ONUCHIBa€MbIN CIOCOO MOCTPOEHUS! TAKOrO IJjlaHa MOXKET
HCIIOJB30BaTbCAd TJIABHBIMM PENAKTOPAMM IIPOEKTOB JUIsl OLICHKM AayJIUTOpUEH
OMOLIMOHAJIBHOIO BOCIPUATUA JIOJIIOBPEMEHHBIX MEIUA-IIPOCKTOB HAa OCHOBE
JIMYHOTO BOCIHPHUATUSA DOTUX IPOEKTOB CAaMHUMHU T[JIABHBIMU pPEOAKTOPAMU WU
JKCIIEpTaMH.

35. NIPOCTEAIIUE MATEMATHYECKHE MOJEJIN
HNPOIIAT'AHBI U KOHTPITPOITAT'AH/IbI

B nacrosiiiee Bpemsi He U3y4eH BOMPOC MOCTPOEHUSI MaTEMaTHUYECKUX MojieNen
BBIYMCIICHUS BOCHUTAHUSl Tpymnnbl cyObekToB ¢ mnomoipio CMMU. Ilpennoxum
IpOCTENIINE MOJIETTU OJTHOBPEMEHHOTO BOCIIUTAHUS ATOU TPYIIIIHI.
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35.1. MATEMATHNYECKASA MOJAEJIb
OJHOBPEMEHHOT'OBOCIIMTAHUA I'PYIIIBI CYBBEKTOB

[IycTh n - KOIUYECTBO CyOBEKTOB B IpyIIE (KOJIMYECTBO YIEHOB IPYIIBI), | -

HOPSAJIKOBBIA HOMEpP CyObEKTa B OTOW Ipymme, j=1n, 6;; - KOOQOUIHUEHT namMaTH

cyOBeKTa K MOMEHTY BO3/IelicTBHs Ha Hero nepenaun CMU ¢ mopsiikoBBIM HOMEPOM
i, 6, €(01-5,], 0<5 <16 =const, r,; - 3IeMEHTAPHOE BOCIUTAHHE CYyOBEKTA ],
R;; — CyMMapHOE BOCIHMTAHHE YIEHa TPYMIbl, MONYYEHHOE UM B pE3yJbTare

BO3JICCTBHS HA HETO OOLIEr0 KOJIMYECTBA Iepeay.
[Tpu BBeIEeHHBIX 0003HAYCHHSIX BBEIEM CIICIYIOIIEE PABEHCTRBO!

Rii=r,;+6,R ;. (35.1)

ITo ananoruu ¢ ¢popmynoi (35.1) Oynem cuurarh, YTO CYMMapHOE BOCIIUTAHUE
IpynIbl cyObEKTOB onpeaensercs GopMysoi

2Ri= ZfJ.+Z9J. it - (35.2)
j=1
Pa3nenuB 00e yactu paBeHCTBa (35 2) Ha BEJIMYUHY N, TOJyYUM COOTHOIIICHHUE

Z;Rj,i erJl ZQJI ji-1
i= _ =

= 35.3
n n n (35.3)
2Ry 2N
BeeneMm cuenyromue 0603HaueHus: Ri = len = ln
CornacHo BBeIEHHBIM 0003HaYEHHSIM paBEHCTBO (35.3) MPUMET BH]T
_ Zel Y-
Ri=ri+it — (35.4)

>

35.2. MATEMATUYECKAS MOJIEJIb T'PYIIIIOBOU MAMATHU

ITycts
Zej,iRj,i—l _ ZRj,i—l o
= =0 = =6 Ria. (35.5)
n n
C yuerom (35.5) popmyna (35.4) npumeT BUI
R.—I’|+t9 RI 1. (356)
HerpynHo 3amMeTuTh, 4YTO COTJIACHO COOTHOWIEHUIO (35.5) copaBemIuBO
PaBEHCTBO
- ZHJ 'RJ i-1
0 = len
Z R\, (35.7)
j=
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Koaddurment 6; nHazoreM ko3hPUIIIEHTOM IPYIIIOBOIM MaMsITH.
OyeBuiHO, YTO KOI(GPUIMEHT TPYNIOBOM NMaMATH HPH r;; >0 yJOBIETBOPSET

COOTHOUICHHUIO & (0,1—5], 0< o<1, 6 =const.

[TycTh KaXIbIH YjieH TPYyMHIbl UMEET PAaBHOIICHHBIC YMOITUU U KaKJIbIH CYOBEKT
SBJISIETCS  pPaBHOMEPHO 3a0bIBUMBBIM [97], T.e. cCHOpaBeIIMBBI pPaBEHCTBA
0,;=0,,1r,=4q;>0.

JIerko BUAETH, YTO MIPU ITUX YCIOBUAX

ane 1_9ji—l
- iy 0

n 1_9;4

28 g (35.8)

35.3. MOAEJIb ITPOITAT'AHbBI 1 KOHTPIIPOITAT'AH/IBI

[IycTs HempepbiBHAS IIPONATaHAa MOPOXKIAET y TPYIIBLl HEMPEPHIBHOE
TI0JIOKHTEIBHOE BOCIIMTAHUE, 33]]aBaEMOe CIIeayromieil (GopMyIIoii:
Ri=ri+6 Ri1. (35.9)
OIHOBPEMEHHO HEMpPEPBIBHAS KOHTPIPOIaranja MopoXIaaeT Y TOM jKe TPYIIIbI
OTPULATCIIBHOC BOCIIMTAHUC B| ,» YAOBJICTBOPAIOIICEC COOTHOIICHUIO

Bi = bi+a; Bi, (35.10)
rae bj - sIeMeHTapHOE BOCIHMTAHHWE TPYIIIBL, IOJydaeMOe B pe3yabTaTe BO3-

neiictBuga nepegaur CMU ¢ mopsiiKOBBIM HOMEPOM i, aj - KOAQ(UIIMEHT IPyIIOBON

IIAMSITH [IPU 3alIOMUHAHHUH TIepeiad KOHTPIPOIIaraH ibl.
ByzeM cunTaTh, 4TO CIPaBEIINBO HEPABEHCTBO
ribi <0.
[Tycth mOGEKAAET NpoIarania KOHTPIPOIAraty, €CIu BbIIOIHAETCS YCIOBHE
|Bj| < Rj; eciu crpaBeIMBO COOTHONIEHHE |Bj| > R;, TO KOHTpIpOIaraHa Hooex1acT

TNpoNaraHy; €CIM CIpaBeJJIMBO DPaBEHCTBO |Bj|=R;, TO Trpymma HaxomuTcs B

COCTOSIHUHM AMOIIMOHAJILHOTO CTYITOpa, IPH KOTOPOM HE MOXET MPUHATH PEIICHUS
HU B TTOJIB3Y MPOTIATraH/Ibl, HA B IMOJIb3Y KOHTPIPOIIaraH/Ibl.

PaccmoTpuM mocienHuid U3 TIEPEYNCICHHBIX CIIyY4aeB, TaK KaK OH OMUCHIBACT
CUTYaIIHIO, ITOCJIE HACTYIUICHHS KOTOPOW TpyIMIia MOXET MPUHATH PEIICHHE, KaK B
MOJIb3y MPOMATraH/ibl, TaK ¥ B TIOJIb3Y KOHTPIPOIaraHbl.

Cormacao cootHomeHussM (35.9) u (35.10) sTOoT cCiywail omucChIBaeTCs

dbopmynoit
ri+ & Ri-1+bj+a Bi-1 =0. (35.11)
[TycTh B yCIIOBUSIX HACTYIUICHUS CTYIOPA CHPABEJIMBO COOTHOIICHUE
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ritbi =0. (35.12)
O4eBUHO, YTO B 3TOM CitydaeT cooTHomeHue (35.11) mpumer Buj

& Ri-1 =—g; Bj-1.
IIpenmonoxxum, 94To CTyHOp IPyNIIbl JIIUTCSA HA MPOTSHKEHUH ABYX CHEAYIOIIUX
npyr 3a apyroM nepenad CMU: nepenaun ¢ nopsakoBsiM HoMepoM | 1 mepenaun

OpAIKOBEIM HoMepoM | —1.
JIerko BUETH, 9TO B OTOM CJIy4ae CIPABENIMBO COOTHOILIEHUE

6 =a;, (35.13)

KOTOpOe corjacHo cooTHomeHusM (35.7) u (35.12) mpu paBHOMEpHOU 3a0bIB-
YUBOCTH U PaBHOILIEHHOCTH dMOLIUNA TIPU BO3JIEUCTBUM CPEICTB KOHTPIIPOIAraHiabl U
MPOITaraHbl Ha KaKIOTO WICHA TPYIIIEI SKBUBAJICHTHO PABCHCTBY

0 1- g1 0 i—1
. J
2.91q; 1-0, ZaJhJ 1—a.
=1 - j
n 1 H i—1 n | -1
20 1-0, Zh, 1-
j=1 j=1 aJ
, (35.14)
rae aj - KOO(pGHUUMEHT NamATH KaKAOro WiCHa TPYMIbl U Hepefad KOHTP-

Impomaraiasbl, hj - OJICMCHTAPHOC BOCIIMTAHHC, ITOPOKACHHOC OTH@HBHOﬁ KOHTP-

MPOIAra”JIMCTCKOMN Nepeladyel y YjaeHa rpymnIibl ¢ MOPAAKOBBIM HOMEPOM | .

Amnanu3 paBeHcTBa (35.14) mo3BosisieT chopMyIUPOBATH CICAYIOIIYIO TEOPEMY.

Teopema 35.1

[Ipu paBeHcTBE KOA(DPUIIMEHTOB MaMSATU KaXXI0TO YjieHa TPYIIbl U PABEHCTBE
MOJIyJIEM PABHOLICHHBIX 3MOLMK Ka)KJIOTO YI€HA TPYIIIbI I KaXKI0W HENMPEPBIBHO
TPAHCIMPYEMON mepenayl KOHTPIPOMAaraHjabl W TpoMaraHjabl Tpynmna Oyaer
HaXOJUTHCA B MOCTOSIHHOM 3MOIMOHAJILHOM CTYIIOPE, TO €CTh HE CMOYKET MPHUHSTH
pEelIEHUs HU B TI0JIb3Y KOHTPIIpONaraHjbl, HU B TI0JIb3y MPOIAaraHibl.

Herpynno 3ameruts, 4yTo, 00bemuHsis paBeHcTBa (35.12) u (35.14), moxxHO
chopmyupoBaTh 0osiee 00IIee YCIOBHE SMOITMOHAIBHOTO CTYNOpa TPYIIIL:
0151 PABHOMEPHO 3A0bIGYUBLIX UJIEHO8 2PYNNbL U PAGHOYEHHOCMU UX IMOYUL Om
NPOCMOMpPA Kadx*coou nepeoayu nponazarobl U KOHMPNPONAazamobl CMynop nocie
npocmompa nepeoay ¢ NOpsOKO8bIMU HoMepamu i u i—1 nacmynaem moeoa, ko2oa
00HOBDPEMEHHO BbINOJIHAIOMCS PABEHCMEA

n 1— gl—l n _ _i—l
Y 6igj———  D.a; h -
J1] 1)
i 1- 0 = 1- aJ
n 1 el—l n _ _I—l
208, 1-0, Zhj 1 aJ

j=1 j=1
, (35.15)
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n n
2.4; :‘Zlhi
J:

j=1

OtMetuM, 4TO cooTHomeHus (35.15) MOo3BOJSAIOT HAMTH TaKOW MOPSIKOBBIN

momep | mpu HenmpeprIBHOM TpaHCIALMM Hepegad, IPU KOTOPOM MOKET HACTYITHTh
W3MEHEHUE TPYIIOBOTO CO3HAHUA WM B IMOJb3y MPONAraHjibl, WIX KOHTP-
MPOIIaraxibl.

Jlns ompeneiaeHuss YMCACHHOrO 3HaueHus | HeoOxomumo 3HaTh KOIPPu-
nuentl mamati O, @) u onemenrapublie BociuTanua j, hj mis kaxmoro dnena

rpynnsl. OTU BEJIMYMHBI MOKHO M3MEPUTh, UCIOJB3Ys] METOAMKY, NPUBEICHHYIO B
MpeAbIIYILEM pa3ere.

[IpensioxkeHHbIE MaTEMATUYECKUE MOJEIM MOTYT HPHUMEHSThCA MpPU TOCT-
POCHHMM IUIaHA TPAHCIAALMM TEpelay B YCIOBUAX IMPOMNAaraHjbl U OAHOBPEMEHHOMU
KOHTpIOpOIaraiibl, B TOM YHCII€ CPEAU IPYII poOOTOB, C UEIbIO MPEAOTBPALICHUS
HACTYIUICHHs] SMOLIMOHAJIBHOTO CTYNOpa M YCTPAHEHUs HeXeJlaTeabHBIX 3()(EKTOB,
CBA3aHHBIX C U3MEHEHHEM B3IJISIOB MPU (POPMHUPOBAHUU HYKHOTO OOILIECTBEHHOIO
CO3HaHUS.

36. MATEMATHYECKHE MOJEJIN VWHIUBUIY AJTBHOM
IICUXOSMOIINOHAJIBHOU AJAIITAIIMA K CIIOPTUBHbBIM
TPEHUPOBKAM JIETEU-UHBAJIUJIOB 1O 3PEHUIO

Hacrosimuit paznen nanucan Ha ocHoBe padot JI.B. Illaposoit, A.B. [llapoBa u
®.J[. PynakoBa u SBISIETCA OJHUM W3 MPUMEPOB NMPUMEHEHHUS OMHCAHHBIX BHIIIE
MoJiesiel B Takoi cdepe AesTeTbHOCTH YeIoBeKa, Kak CIOpT.

[IpoOnema ajganTanuu OpraHvM3mMa 4YellOBeKa, CBOEBPEMEHHOW OIepaTUBHOU
JTUArHOCTUKH, TPO(PWIAKTUKA U KOPPEKIUU TEPEXOJHBIX COCTOSIHUM CEroJIHs
SIBJISICTCS. OHOM M3 BOXKHEUIINX B OMOJIOTUH, (PU3NOJIOTUN U METUIIUHE.

NuTepecHo u3ydeHHE BOMPOCOB TNCHUXOSMOIMOHAIBHOW aJanTaliyd IIKOJIb-
HUKOB C OrPAHUYEHHBIMU BO3MOXKHOCTSMH K 3HUMHUM BHJAM SKCTPEMAJIbLHOIO
TypU3Ma, CBS3aHHOTO C TEXHUKOU, HAIPUMEP, CHETOXOAHBIM TYPU3MOM.

N3ydenne Ba)KHOCTH aJaNnTallMOHHBIX BO3MOKHOCTEW OpraHu3Ma K JKCTpe-
MaJIbHbIM BHJIaM CIIOpPTa IIKOJBHUKOB C OrPAHUYEHHBIMU BO3MOXHOCTSAMH 3]10-
POBBSI CBS3aHO C TEM, UYTO, BO-TEPBBIX — 3UMHHUU TYypHU3M OOECIIECUMBAET HEIMOC-
PEACTBEHHOE OOIICHUE C MPUPOTHON CPEeol W TEXHUYECKUMH CPEICTBAMH,
SBJISIOMUMUCS  OOS3aTENIbHBIM ~ YCJIIOBUEM 3aHATUM AKCTPEMalbHBIMU  BUJAMU
CHETOXOJIHOTO TypU3Ma; BO-BTOPBIX — HAYYHOE U3Yy4eHHE 3TOro (heHOMEHa MO3BOJIUT
pELIUTh PSAJl COUMAIBHBIX 3a7ad, CBSI3AHHBIX C YJIYYIICHUEM aJanTaluy IIKOJb-
HHUKOB-CHETOXO/TYUKOB B COIIUYME.

['oBOpst 0 BO3MOXHOCTAX aJanTallid IIKOJbHUKOB-WHBAIWAOB IO 3PEHUIO K
ATOMY BHJAY CIOPTa, BA)KHO OTMETUTH CIEAYIOIIME OTPAaHUYEHUS Ha YIPABICHUE
aBTOTPAHCIIOPTHBIMU ~ CPEACTBAMM, KACAalOUIUMHUCS HMMEHHO JTOM KaTeropuu
uaBauIoB [106].
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B nepByro ouepenb, 3TO XpOHUYECKHE 3a00ieBaHMs Ija3, KOTOpbIE COIPO-
BOXKJIAIOTCS 3HAYUTENbHBIMH HapYIICHUSIMHA (QYHKLIUHU 3pEHUS, a TaK)Ke BOCIIAJICHUE
CJIE3HOTO MENIKA.

K rmassweiM mpobnemam, KOTOpbIE MOTYT CTaTh Ha IYTH >KEJIaHHUS CTaTh
BOJUTEJIEM, TAK)KE€ OTHOCSATCS: THUILIONHUS M KOCOIIA3Ue, OTPAHUYECHHE OIS 3PEHUS
Gombure ueM Ha 20° ¥ MOHIKEHHE OoCTpOTHI 3peHusi Huwxke 0,6 Ha riaszy, KOTOpbIA
BUJIUT Jdyulie, U Hke 0,2 Ha ri1a3y, KOTOPbIA BUIUT XYXKE, MOJHOE OTCYTCTBUE Ha
OJIHOM TJa3y, 3a00JeBaHMUsS 3pUTEIIBHOTO HEpBa M CEeTYaTKU. B moaTBepkieHue
3TOr0 NPHUBEAEM MENMIMHCKAE KPUTEPUH, COIJIACHO KOTOPBIM YCTaHABIMBAIOTCS
IPYIIbI KHBAIUIHOCTH 110 3peHuio [167].

| rpynnma uMHBaJMAHOCTH YycTaHaBiMBaeTcs npu IV creneHu HapyuieHUN
GyHKIUI 3pUTENbHOrO aHanu3aropa (cM. Tabi. 1) - 3HAUMTENBHO BBIPAKEHHBIX
HapylIeHUsX (QYHKOUM (aOCONIOTHAas WIM IMpakTHYeCKas CJIErnoTa) M CHUKEHUU
OIIHOM W3 OCHOBHBIX KaTE€ropuil JKU3HEAEITEIIBHOCTH 1O 3 CTENEHH C
HEOOXOJAMMOCTBhIO CcOLMaNbHOM 3aumThl. OcHOBHble Kputepun [V crenenu
HapylIeHU (PYHKIUH 3pUTEIbHOTO aHalM3aTopa. a) cienoTa (3peHue paBHo 0) Ha
o0a rnaza; 0) ocTpoTa 3peHUs C KOppeKuueu mnydiero riaza He Bbime 0,04; B)
JIBYCTOpPOHHEE KOHIICHTPUYECKOE Cy)KeHHMe rpaHuil mois 3peHus A0 10-0 ot Touku
(uKcaly HE3aBUCUMO OT COCTOSIHUSL OCTPOTHI LIEHTPAIBHOTO 3PEHMUS.

Il rpynna uuBasmaHocTH yctanaBinuBaerca npu Il crenenu HapylieHwit

(GYHKIIUHA  3pUTEIBHOTO aHalW3aTOpa - BBIPAKCHHBIC HapyIIeHUs (YHKIUH
(cmaboBUICHUE BBICOKOM CTENEHHW), U CHUKEHUU OJHOW M3 OCHOBHBIX KaTErOpUH
kusHenesarelbHocT 110 |l cremeHn ¢ HEOOXOIMMOCTHIO COIMAIBHOW 3alllUTHI.

OCHOBHBIMH KPUTEPHUSMU BBIPAKEHHBIX HapylIeHUW (YHKUUNA 3pEHUS SBISIOTCA:
ocTpota 3peHus aydiero raaza ot 0,05 mo 0,1; nBycTOpoHHEE KOHIIEHTPUYECKOE
cy’)keHue rpanul] nons 3peHuss g0 10-20 ot Touku ¢ukcanuu, KOraa TpyaoBas
NEATEIbHOCTh BO3MOXHA JIMIIb B CIIEIIUATBHO CO3JaHHBIX YCIOBUSAX.

Il rpynna uaBanuaHocTH ycraHaBnuBaeTcs npu Il cTteneHu - ymepeHHBIX
HapymeHussx QyHKuui (cr1aboBUIEHHE CPEIHEH CTENEeHH) M CHUXKEHUM OJIHOW U3
OCHOBHBIX KAaTEropui >KU3HEAEATEIBHOCTH JO0 2 CTENeHU C HEOOXOJIMMOCTHIO
COLMaJIbHON 3amMThl. OCHOBHBIMU KPUTEPUSMH YMEPEHHBIX HapyIIeHUH (DyHKIMi
3pEHUS SABIISIFOTCS:

a) CHUYKEHUE OCTPOTHI 3peHMS JTyulle Busiero riasza ot 0,1 mo 0,3

0) OTHOCTOPOHHEE KOHIIEHTPUYECKOE CYKEHUE T'PaHUI] MO 3pEHUS OT TOUKHU
¢duxcanum meHee 40, Ho 6osee 20. OTMETHM, YTO MIKOJbHUKHA-UHBAIUIBI I10 3PCHUIO
CTpalaloT B OOJBIIMHCTBE CIIy4acB HMMEHHO TMEPEYHCICHHBIMU CHMITOMAMH
3a00JIeBaHUM.

Takum 006pa3om, corsiacHO TPeOOBAHUSAM K YCTAHOBJICHUIO TPYIITT MHBAU] -
HOCTU MO 3PEHUI0 M OrPAHUYECHUN Ha BOXJICHHE aBTOTPAHCIOPTHBIX CPEJCTB,
WHBAJIUBI 110 3PEHHIO, B YaCTHOCTH — MHBanuAsl | u |l rpynm, He umeroT npasa
BBICTYIIaTh B KAYECTBE BOJUTEIEH, HAPUMED, CHETOXO/IOB.

Brixogom u3 3T0M cUTyaluu SBISETCA NMPUBJICYEHUE MHBAINUIOB IO 3PEHHUI0 K
3UMHEMY TYpPU3MYy C HCIOJIb30BAHUEM CHETOXOJOB B Kadye€CTBE MaCCaXUPOB
aBTOTPAHCIIOPTHOTO CPEACTBA.

OCHOBHBIM U3 KpUTEPUEB HEOOXOAUMOCTH MPUBJICUECHUSI IIKOJIbHUKOB-UHBAJIH-
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J0OB IO 3PEHHUI0O K CHErOXOJHOMY TypWU3My, Ha Hall B3IJISA, SIBISIETCS HEOO-
XOIMMOCTh COLMAJIbHOM aJalTaluu JETEH-NHBAIUAOB U YCTPAHEHUE Y HUX CTpaxa
Iepes OKPYXKAIOIIMM MHUPOM, CBSI3aHHBIM C HEBO3MOXHOCTBIO IIKOJIBHUKOB-
VMHBAJIUI0B MOJHOLEHHO OLEHUTH OIMACHOCTH, HAYIIME OT 3TOTO MUPA B HE3HAKOMBIX
CUTYyalMsIX. 3UMHUN CHErOXOJIHBIN 3KCTPEMANIbHBIA TypHU3M IO3BOJIMT B HEKOTOPOM
CTETIeHU 3TO YCTPAHUTh, ClIeTaTh JIeTeil Oosee aqanTUPOBAHHBIMU K U3MEHSIOIIMMCS
peanusM ACUCTBUTENBHOCTU. JIJIsI CONManbHOM amantanud JeTed HeoOXO0IUMO
IIOCTENIEHHO W IUIAHOMEPHO YCTPaHATh CTpax € OJHOBPEMEHHBIM COXPaHEHUEM
MHTEpeca K 3MMHEMY CHETOXOJHOMY TYpU3MY, TO €CTh, BakKHa, IIPEXKIE BCETO,
IICHX03MOLMOHAJIbHAS OLICHKA IIKOJILHUKOB 3TOr'0 BUA CIIOPTA.

Tabmuma 36.1
Kputepun ycTaHOBJICHUS TPYIIT HHBATUIHOCTH 110 3PEHUIO

DOVHKITHH 3p eHEA CTeneHs HApVIIEHHA OVHKIIHA
EnHHCTEEHHOTO HIH I. Hesgasmremeeee | 11 YMepernse |11 BepaxeHHBER IV. 3magnresHO
Iy9mIe BHAAMIETO I7a3a C | (Manad cTemneHs (cpemaan (BBICOKAZ CTETIEHB BEIDKEHHEIE
KOppeKIHeH C1abOBHIeHHS) CTENeHb CTabOBHIeHHA) (mpakTEMeckas HH
caboBHIeHHS) abCOMIOTHAA CIIENOTa)
Octpota 3peHHR 010,470 0,7 0o.1ee 0,1 meree (010,05 70 0,1 010 700,04
H.aH paeso 03
Tlome 2pessa CyxeHo 10 Me=ree 40 rpax., |Paeso miH Meree 20 10 rpag- 0
(mepud epreckre 40 mpaz. Ho mHpe 20 1pax|rpax.. Ho mupe 10
TPaHHIE [0 MEPHIHAHY Tpag.
OT TOYKH (DHKCAITHH)
CKoTOMEI B HeT haezicizgizids a) eTHHHEIHEE a) IeHTPANEHAA
IEeHIPATEHOM IQiIe OTHOCHI&IBHEE |aOCONMIOTHEIE CKOTOMEI;| ckoToMa 10 rpax H
3peHHA CKOTOMBEI 0) MHOXECTECHHER He | Oouee;
CITHEHEIE CKOTOMEI 0) mapaneHTpanbHER
a0COMIOTHER
CJHEHEIE CKOTOMEI
TToxaszarems 3K
TTopors 34 (MrA) 1o 1o 120 10 300 damee 300-0
JIa6mnsHOCTS (1) 80 ao 30 ao 20 Memnee 20-0
KUCM (Tm) 1o a0 30 g0 20 meree 20-0
45
SpHTEIbHAA HET CHIDKEHEA yMepeHHOoe EBIDaJKeHHOE 3HATHIEITBHO
paboTocnocoOHOCTE CHEDKEHHE CHECKEHHE BEIDa;KEHHOE
CHECKEHHE -
OTCYICTEHE
A;lanTpreM OIMMUCAHHBIC BBIIIIC MATEMATUYCCKHUEC MOIOCIN OLICHKHA

MICUXO0AMOLIMOHAIBHOTO BiusHUA nepenad CMU na yenoBeka [67; 71] k oreHke
MICUXOAMOITMOHAIBLHOTO BIIMSIHUS CIIOPTUBHBIX TPEHUPOBOK HA CIIOPTCMCHOB.

B pabore [97] npuBemeHO COOTHOIIEHHE, IO3BOJSIONICE BBIYMCIIATH
BOCITUTAHWE YEJIOBEKA, MOJIy9aeMOe UM B PE3yJbTaTe HEMPEPHIBHOTO BO3/IEHCTBHS
Ha HEro CIOKETaMH U MOPOKIAIONTUMHUCS B PE3YIIHTATE 3TOTO Y HETO IMOIIUSIMHU:

Ri=r+6R., (36.1)

rae | — mopsAaKoBBIE HOMEP CIOKETa, BO3ACHCTBYIOIIETO HA YEIIOBEKA U IOPOXK-
JAIOIIET0 y HEro 3JeMEHTapHOEe BOCHHUTAaHHME [, R, — CyMMapHOe BOCIHTaHHUE

YCJIOBCKA, IMOJYUYCHHOC UM B PC3YJIbTATC BO3JECHCTBHUS HA HErO O6HIGFO KOJINYECTBA
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CIOJKE€TOB, PaBHBIX BEJIMYMUHE I , t9i — KO3 OUIMEHT MaMAITH, XapaKTePU3yIOIIHi
IOJII0 IIPEABIAYIET0 CYMMAapHOIO BOCHUTaHUs, KOTOPYIO IOMHHUT YEJIOBEK K
MOMEHTY BO3JCUCTBUSA HA HETO CHOKETOM C MOPSAIKOBBIM HOMEPOM 1, < (0,1—5],
0<d<l 6=const.

B namewm cnyudae OyJeM cuUuTaTh CIOKETOM MPOBEJIEHHYIO CO CIOPTCMEHOM
TPEHUPOBKY.

[Ipenmonmoxum, uyto r,=q=const, q>0, 6, =6, R,=0. Jlerko BUaETH, YTO B
paMKax 3THX AOMYyIIeHUH cooTHomeHue (37.1) mpencraBiseTr co00l CyMMy YJIEHOB
IeOMETPHUYECKOM MPOrpecCHr, KOTOpasi ONMUChIBACTCS H3BECTHOU (hopmyitoi [97]:

i
R —qi=% (36.2)
1-6

[lycTe 3HaueHWEe i oOmpeAessieT MOPSAKOBBII HOMEpP TPEHHPOBKH, TO €CTh,
KaXJasi TPEHUPOBKA SBIAETCS CIOKETOM, MOPOXKIAIOIMINM  MOJIOKUTEIBHOE
dJIEMEHTApHOE BocnuTaHue (.

OuyeBHIHO, YTO COIVIACHO 3aKOHAM T€OMETPUYECKOW MPOTrPECCHUU CYMMapHOE
AMOIMOHAJILHOE BOCIIUTAHUE MPU HEMPEPHIBHBIX CIIOPTUBHBIX TPEHUPOBKAX HUMEET
npeaen R, KOTOPbIN yAOBIETBOPSIET COOTHOLIEHUIO

R=ImR =39
i 1-6

Takum 00pa3om, BOCIUTaHUE 0012 a€T CXOJUMOCTHIO.

B pabGore [114] mnpemnokeHO B KadyecTBE I[IOKa3aTelsi « CXOAMMOCTHU
BOCIIUTaHUSI K CBOEMY IMpPEIEIbHOMY 3HAUYECHHIO UCIIOIb30BaTh COOTHOUIEHUE,
KOTOPOE [JIs1 MOJI0KUTENbHON BeInunHbl ( mpuHUMAaET BUL

1_ gi 1_ eifl eifl _ gi )
-R -R , = - - =q6'". 36.3
a=R -R Q(l_g 1_9j 95 =0 (36.3)
OTMeTHM, YTO cOrfacHo cooTHomieHmoo (36.3), ¢ poctoM | CKOpOCTB

YBCIIMYCHUA 3HAUCHUM CYMMApHOIo BOCIHHUTAaHUIA Ri CTaHOBHTCA MeﬂﬂeHHeﬁ,

lima =0, a mosTomMy 3 deKT IMOIMOHAITEHOTO BOCIIUTAHUSI CIIOPTCMEHA C POCTOM

I—0

KOJIMYECTBA HEMPEPHIBHBIX TPEHUPOBOK YMEHBIIAETCSI.
CornacuHo runotese rpy3uHckoro ncuxosiora JI.H.V3nanze [21] addekr ot
BOCIIUTAHUS MPU HENPABWIBHOM MPOBEJECHUU BOCIUTATEIBHBIX MEpPONPUATHI
MOKET MTHOBEHHO MOMEHSITHCA Ha MPOTUBOINOJIOXKHBIN. B HameMm ciayyae rumnoresa
I'M. YV3Hag3e »dKBHBaJeHTa TOMY, YTO IIOJIOKUTEIBHBIA 3HAaK CYMMapHOIO
BOCIIUTaHUs R; MEHseTcs Ha OTpULATEIbHBIM TOI/A, KOrJa TPEHHUPOBKH HaJ0EIH

CIIOPTCMEHY.
Benuuuny @ B hopmyne (36.3) Ha30BeM MapaMeTPOM «HATOEIION.
Hetpyano 3ameruTh, dTO, 3HAs BEIMYMHBI MapaMeTpa «HAAOCNIo» «,
ayeMeHTapHoro BocmuTanuss ( u kodpdumeHTa mamsaTd ¢, MOXKHO COTJIACHO

paBeHcTBY (36.3) ompeaenuTh HOPSAKOBBI HOMep | TpeHUpOBKM, HauMHAs C
KOTOPOM MOJIOKUTEILHOE OTHOIIEHHE CIIOPTCMEHA K CIIOPTY MOKET MOMEHSTHCS Ha
OTPULIATEIBHOE, a, 3HAYUT, CIIOPTCMEH MOXKET IPEKPATUTh 3AHITHE CIIOPTOM. JIerko
BUJIETh, YTO ATOT MOPSAAKOBBIN HOMEP OTnpeaensieTcs: GopMyIoit
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i=1+log€%. (36.4)

OTtMeTuM, 9TO Il TOTO, YTOOBI TPEHUPOBKU OCTABIISIN ITOJOKUATEIHHOEC
BOCIIOMHHAHHUE Yy CIIOPTCMEHA IOCJIe WX 3aBEPIICHUS, UX KOJIUYECTBO HE JTOJDKHO
HPEBBINIATh BEJIUUUHY i, YIOBJICTBOPSIOIIYIO PaBeHCTBY (36.4).

Onumem  QopMysbl, MO3BOJISIONIME ONPEACIISATh BEIWYUHY  OXKHIIAHUS
CIIOPTCMEHOM CJICTYIOIICH TPSHUPOBKHU TIOCTIE MPEABIAYIICH.

Bo Bpems mepepbiBa B TpPEHUPOBKAX CIIOPTCMEH YACTHYHO 3a0bIBacT
OMOIIMOHAIBHOE COCTOSIHHUE, KOTOPOE€ BO3HUKIO Yy HEro TOCie IOCIeTHEH
TPCHHUPOBKH.

CornacHo dopmynam (36.1) u (36.2) dyepe3 | MPOMYCKOB TPEHUPOBOK
BOCIIMTAaHHE CIIOPTCMEHA R; OyzaeT ompenensarsest popmynon

i
R, = quﬂ.
1-6

Ota dopMmyna cOOTBETCTBYeT Gopmylie pacueTa (PUKTUBHBIX BOCIUTATEIbHBIX
TaKTOB, MPEIOKEHHOU B padbote [97].

[TycTh BennuunHa S, 3a/1aBaemMasi COOTHOIIICHUEM

B=R,-R, =q(l-6')p’, (36.5)
oTpeeNsieT BEIUUUHY OKUJaHUs TPEHUPOBKHU CIIOPTCMEHOM TIOCIIE UX MepephiBa.

O4eBUHO, 4YTO, Ye€M MEHBIIE BEIWYMHA OXUAAHUS B, TeM C OOJBIIUM
’KEJTAaHUEM CIIOPTCMEH BOCIIPUMET Ha4ajo HOBOTO ITUKJIA TPEHUPOBOK.

KonnuecTBO BpeMEHHBIX TIPOMYCKOB | TPEHUPOBOK, HEOOXOIWMOE s

T00pOKENIaTeIbHOTO BOCIPHUATHS CIOPTCMEHOM HOBBIX TPEHHPOBOK, MOJKHO
MOJIyYnTh U3 paBeHcTBa (36.5):

: B

I= Ioge M .

[IpenyioxkeHHass MoIenb SBISETCS MaTEMaTUYECKOW 3aliChi0  THUITOTE3bI
coBerckoro ncuxosiora JI.H. VY3Hanm3e o, Tak Ha3bIBa€MbIX, ICHUXOJOTHYECKUX
yCTaHOBKax venoBeka [114].

OpnHako a1 He0OXOAMMBIX PaCUETOB BOZHUKAET MpobdiiemMa pa3paboTKu
METOJOB HM3MEPCHHsI TaKMX TICUXOJOTHYCCKUX ITapaMeTPOB, KaK 3JIEMEHTApHOE
BOCNUTaHUE ¢, KOAQPUIMEHT maMaTu 6@, MapaMmeTp «HAJ0eNio» « , BEJIUYHHA
OXUIAHUS [ .

B npubnmxeHHOM BapruaHTe MOYKHO CUUTATh CIIPABEIJTUBBIM PABEHCTBO

a=p, (36.6)
TaKk KaKk U «, U B OINpPEeNessioT, B 00IIEeM-TO, OJHO M TO K€ MOHSITHE «HAJOCIH
TPEHUPOBKM», TOJBKO B MEPBOM CIIy4ae «HAJI0EJI0» COOTBETCTBYET HACTYIUICHHUIO
AMOITMOHAILHOTO OTPHUIIAHWS TPEHUPOBOK, a BO BTOPOM — CHUTYyalldd, KOTJa
CIIOPTCMEHY «HAJIOEJI0» TO, YTO TPEHUPOBOK HET.

Ucxons u3 cootHomenus (36.6) u yautsiBas dhopmysst (36.3) u (36.5), moxeM
3anMcarh CJIEAYIOIIEe PABEHCTBO:

g6 =ql1-0')’. (36.7)
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PazpemuB ypaBHenue (36.7) OTHOCUTENBHO |, MOJYYUM COOTHOIIIEHUE
j=i-1-log,{1-6"). (36.8)

OtmeruMm, uyto (Qopmyna (36.8) ompenenser HEOOXOIUMOE KOJIMYECTBO
IPOIYCKOB CIOPTUBHBIX TPEHUPOBOK | TMPU BBIMOJIHEHUU YCIOBUH j>0 U
MOJIOKUTEITHPHOTO  AMOITMOHAIBHOTO BOCHPHATHS CIOPTCMEHOM TPEHUPOBOK B
pe3yNbTaTe UX HEMPEPHIBHOTO MOBTOPEHUS i pa3, UTO COOTBETCTBYET BBHITIOJHEHHUIO
HEpaBCHCTBA (> 0.

3aMeTHM TaKkxe, 4To, JJI MPAKTUYECKOr0 UCTIOIb30BAHUSI MOXKHO OINPEIENISTh
KOJIMYECTBO TMPOIMYCKOB TPEHUPOBOK J, OOJblIee Ha EIUHHUIY PaCYETHOTO
KOJIMYECTBA MPOIYCKOB j, IPU 3TOM J BBIUMCISAETCA 110 hopMyIIe

J=ant[j]+1. (36.9)

Jlerko BHAETH, UTO B CHJIY BBINIOJHEHUS YCIOBUSA 0e(0,1—5] npu OOJBIINX
3HAYCHUSX BEIIMYUHBI i cooTHomeHue (36.8) MOXHO 3ammcarth B TPHUOIMKEHHOM
BU/JIE CJICTYIOIIUM O0pa3oM:

j=i-1, (36.10)

Ha3oBeM TpEeHHpPOBOYHBIM IMKJIOM CYMMApHOE KOJIMYECTBO HEIPEPBIBHBIX
TPEHUPOBOK U MPOMYCKOB TPEHUPOBOK /10 UX HOBOT'O BO30OHOBJICHHUSI.

IIycthb n - KOJNMYECTBO IMOJHBIX TPEHUPOBOYHBIX LMUKJIOB, M, - KOJMYECTBO

HETIPEPBIBHBIX TPEHHPOBOK B TPEHUPOBOYHOM LMKJIE C HOMEPOM N, K, - KOJIH-

n
YECTBO MPOMYIICHHBIX TPEHUPOBOK B 3TOM K€ TPEHUPOBOYHOM ITUKJIC.
HerpyaHo 3amMeTuTh, 4TO JJIs BBIMICONMMCAHHBIX COOTHOIIEHUM CIIPaBEIUBbI
paBeHCcTBa i=m,, j=KkK,.
Cornacao pabore [97] 5MOUMOHAIBLHOE BOCIUTAHHME CHOpTCMEHA W, . |

-1
MOJIyYEHHOE B PE3YJIbTATE HENPEPBIBHBIX TPEHUPOBOK M, B TPEHUPOBOUYHOM LIUKIIE
N, MOYXHO 3aIllMCaTh B BUJE€ COOTHOILLICHUS

1-0 n+t9m"Fm o
1_0 n-1:"n-1

My Koy =q

rac

my, Ky

1-o™ 1-g™
=qo" , F =0 q———+0™F , Fon =0. 36.11
q 1-6 My_1.Kn g (q 1-6 My_z.Kq_2 j Mo-Ng ( )

Amnanornuno ¢opmyne (37.3) MokeM HamucaTb COOTHOLIEHHE Ui Mapa-MeTpa
«HAJI0eNo» ¢, JJIsl TPEHUPOBOYHOTO LIKKJIA C MOPSAKOBBIM HOMepoM [

o, =W

n My Ko

-W

m,

ks — qemnfl + emn*l(e_l)F

My_g.Kpg *

(36.12)

CooTtHotenue (37.12) mo3BOISIET BBIYUCIUTH BEIUUUHY M, !

o

m =1+1lo 0
T v @R,

AnanornuHo paBeHCTBY (37.5) wMoxem 3anucarb (OpMyNLy BEJIUYUHBI
OXKUJaHUs S, U1 3TOTO K€ TPEHUPOBOYHOTO LIUKJIA!
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1-9™
1-6
Cootnomenue (36.13) maer BO3MOKXKHOCTb BEIYUCIUTD 3HAUCHUE K,

ﬁn = an,kn - an,kn+1 = ekn (1_ 9)((1 +6™ an1vkn1j . (3613)

ky =log, mﬁn
1- H)[q 11__‘9 +O™ Fm“,k“J
HYCTB CIIpaBCaJINBa OCIIOYKA PABCHCTB
a| :ﬂ|, |=1,_n,

KOTOpasi BJI€UET COOTHOIICHHE
1-0™

1-6
PasenctBo (36.14) no3poJisiet 3anucath GopMyITy JJis BBIYUCICHUS K,

qo™ O™ O-DF, =0 (- 9)[q +o" Fj - (36.14)

qo™t +0™ (O -DF,

(1—9)(0111‘ o™

ks | (36.15)
+9™ Fo ik, ]

Ha ocnoBe cootHomenust (36.15) MOXXHO paccuuTarh NPHOTMKEHHOE KOIH-
4ecTBO K, HEOOXOIMMBIX MPOITYCKOB TPEHHPOBOK, 3Has Kod(hduuMeHT mamstu 6

k, =log,

CIIOPTCMCHA, KOJIMYCCTBO TPCHHUPOBOK M;, BBI3BIBAIONIUX IIOJIOKUTCIIBHBIC SMOIIMU B

Ka)KJIOM TPEHHPOBOYHOM ITMKIIE U HCTIONB3YsI peKyppeHTHBIe (hopmysl (36.11).

Jlerko BHIETh, YTO MpHU mpeoOpa3oBaHuH cooTHomeHus (36.15) ero mpasas
YacTh MEPECTAaeT 3aBUCETh OT BeNWYMHBI (. [l03TOMy B pacuerax MOXKHO 3aJaTh
BXOJIHOM MapameTp ¢ paBHBIM JHOOOMY MOJOKUTEIHHOMY YHCITY.

JUis  BBINOJHEHHS PAacYeTOB HEOOXOAMMO 3HAHUE MCUXOAMOLMOHAIBHBIX
IapamMeTpoB CHOpTCMeHa: q, 6. g onmpeneneHus 3TUX NapaMeTpOB IMPEIIOKUM
ucnonb3oBath mporpammy Cankr-IlerepOyprckoit kommnanuun IJICUC, mno3Bo-
JSIOUIYI0 YHUCIEHHO M3MEPSTh YMOLUOHAIBHOE COCTOSHHE YEJIOBEKA C IOMOILBIO
MoJIcUeTa KOJIMUECTBA MUKPOBHOpaIuii ero rosossr [120].

Mpbl npemaraeM B - KaXJIOM TPEHHMPOBOYHOM IMKIIE MPOU3BOAMTH TPHU
M3MEPEHHs IMOLIMOHAIBHOTO COCTOSIHUS CIOPTCMEHA: B HayaJle MepBOM TPEHUPOBKHU
TPEHUPOBOYHOIO IMKJA, B KOHILE 3TOM TPEHUPOBKM M YEpPE3 OAMH HPOIYCK
TPEHUPOBKH NIOCJIE BTOPOTO U3MEPEHUS.

[Iycte RY! - cooTBercTBYIOIIME W3MEPEHHBIE 3HAUCHUS IS MEPBOrO TPEHU-

POBOYHOTO LUKJIA, TJIC |- MOPSAKOBBIA HOMEpP U3MEPEHUs B 3TOM Iukie, j=13.

CornacHo cootHomeHusaM (36.1) moxkeM 3amucath GOPMYJIIbl, ONPEICISIONINe
HMOLIMOHAJIbHBIE COCTOSHUSA CIIOPTCMEHA JIJISl TPEX U3MEpPEHUI:

RM=F ., (36.16)
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RY =q+eF, (36.17)
R[S] = 6q + a:mi—lrki—l ) (36_]_8)
Pemas cucremy ypaBHenuit (36.16) — (36.18), moaydum COOTHOIICHHUS
R [2] [1]
0= g qg=R“ -6,R (36.19)

B pab6ore [114] nmoka3aHo, 4To KO3(p(UIHUEHTH NaMsATH YelloBeka & B 0OJIb-
IIUHCTBE CIIy4aeB YAOBICTBOPSIOT YCIOBHIO 6 [0.7,0.9]. HecioxHble BBIYHCICHUS,
BBITIOJTHEHHBIE Ha ocHoBe Qopmynbl (37.19), mo3BodsitoT mocTpouTh Tabdm.2,
OTIHCHIBAIONIYIO TUTAaH ONTUMATIBHOTO KOJMYECTBA TPEHUPOBOK i U MX MPOMYCKOB J
IUTSL 3TUX KO3 (DUIIMEHTOB MaMSITH.

Ananmu3 Ta61.36.2 TO3BONSET YTBEpXKIaTh, 4yTo Tpu 6 =0.7, HauuHAs C
TPEHUPOBKHU 5, a npu 3HaueHuW &= 0.9, HauuHas ¢ TpeHupoBku 21, popmyna (36.9)
JaeT Te JKe Pe3ybTaThl BBIYUCIACHUHN, uTO U cooTHomeHue (36.10).

Ha ocHOBe 3KCepTHOrO OLIEHMBAHUS, MO>KHO CZEJIaTh BBIBOJ O TOM, YTO JAETH-
WHBAJIMJBI MO0 3PEHUI0 00JIaIal0T HEOOJIBIINM KOA(D(PHUIIMEHTOM 3MOIMOHATILHOM
naMaTu, T.e., X KO3 UIIMEHT nmaMaTu B OOJBIIMHCTBE CIy4aeB YIAOBJIECTBOPSET
COOTHOLICHHIO & =0.7.

[lepBbie 7 cTpok Tabn.2 mpeaiaraloT OJUH U3 MYTE€d COXPAaHEHUs MOCTOSHHOTO
MHTEpeca K TPEHHUPOBKAM Y JIeTeH-WHBAIUIOB TI0 3pEHUI0, B YACTHOCTH K 3UMHEMY
CHETOXOJHOMY TypHu3My npH Koddduiimente namsati 6 =0.7, 32 cUeT IUTAHUPOBAHHUS
KOJIMYECTBAa TPEHUPOBOK, HE MPUUYMHSIOMIUX SMOIMOHAIBHBINA CTpecC AETSIM, YTO
o0OecrieunBaeTCs YYE€TOM B BBIIIE TNPUBEACHHBIX (POPMYTaxX MMOJIOKHUTEIbHBIM
BOCHIPUATHEM KaXKI0W TPEHUPOBKH TPEHUPOBOYHOTO IMKJIA Y CIOPTCMEHOB. OTHAKO
MPEUIOKEHHbIE B CTaTbe (OPMYINbI JAalOT BO3MOXKHOCTH TIJIAHUPOBATH WHIMBH-
JyaJibHbIE TPEHUPOBKHU CIIOPTCMEHOB-WHBAIUOB (M HE TOJILKO WHBAIMIOB) C YYETOM
TOOBIX 3HAYEHUN X KOI(PPHUIIMEHTOB HIMOITMOHATIBHOMN MTaMSITH.
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Ta0mnura 36.2
[Tnan onTUMaJIEHOTO TIJIaHA KOJIMYECTBA TPEHUPOBOK

Koadduumnent Komaectso i KonunuectBo J
namsTu 6 HETIPCPBIBHbIX POITYCKOB TPEHUPOBOK
TPEHUPOBOK
0,7 3 1
- 5 4
- 7 6
- 9 8
- 11 10
- 31 30
0,9 9 4
- 11 7
- 13 10
- 15 12
- 17 15
- 19 17
- 21 20
- 25 24
- 27 26
- 29 28
- 31 30

OTMETHM TO, YTO ONMHMCAHHBIE BBHIIIE MATEMAaTUYECKUE MOJIECIA OLECHKH 3MO-
IHOHAJIBHOIO BIIMSIHUSI TPEHHUPOBOK HA HAYMHAIOIIMX CIIOPTCMEHOB, U, B YACTHOCTH,
Ha JI€TEU-UHBAJIUIOB IO 3pPCHUIO, TMO3BOJSIOT IUIAHUPOBATH WHAUBHUIYAIbHBIE
TPEHUPOBOYHBIC ITUKJIBI COTJIACHO M3MEPEHHBIM KOd(h(HIIMEeHTaM >MOIIMOHATEHON
MaMsATH CIOPTCMEHA C COXPAHEHUEM TIOJIOKUTEIBHOTO BOCHPHUATHS KaXKION
TPEHUPOBKH; TAKKE MOTYT MCIIOJIb30BATHCS JIsI TOCTPOEHHUS IIJITAHOB TPEHUPOBOK HE
TOJIBKO JJIs1 SKCTPEMAIIBHBIX, HO U IPYTUX BUJIOB CIIOPTA.

37. 0O EAMHOM MATEMATHUKO-METOJAOJOI'NMYECKOM
HOAXOAE K PEHTEHUIO ICUXOJOI'MYECKUX U
IKOHOMMNYECKUX 3AJTAY

PaccMOTprM OOMH W3 TOAXOAOB II0 MPUMEHEHHIO IICHUXOJOTHYECKHX
XapaKTePUCTHK K UCCIICIOBAHHUIO SKOHOMHUECKHX mporieccoB [20, 49].

37.1. AHTEPIIPETALIUSA

BBenmem oOCHOBHOE OIpeCiICHUE TEOPUH OHMPIKEBBIX SMOIMM: OuUpdicesol
amoyueti M(S(t),t)OyeM Ha3bIBaTh PEAKIMI0 OMP)KM Ha Kakoe-Tub0o 3HAYNMOE
coopiTie S(t). Takum oOpa3om, aBTOMAaTUUYECKH PEIIAETCsS BOMPOC 00 M3MEPEHUH
OMpP)KEBBIX OMOIMH, TaK KaK €CJIM MCXOJUTh U3 JIAHHOTO OIpeescHus,
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MOMEHTAJIbHOU OupkeBor amoruent spisiercs unaeke PTC, koTopsiil u3mepsieTcs: B
ITYHKTaXx.

37.2. IPUMEP U CIIOJIb3OBAHUSI TEOPUM SMOIIUAM JIJIsI
NCCIEAOBAHUAIIOBEAEHUA BUPKU

37.2.1. lHousatue unaexca PTC

Nnnexe PTC saBnsercs odpunmanbHbiM MHANKaTOpoM Poccuiickoit Toprosoi
CucreMbl U mpeAcTaBiIseT coO0N CyMMapHyI0 KamWTalu3aluio Beaymux Poccwuii-
CKMX KOMITaHMH, BbIYMCIEHHYI0 B nojutapax CIIIA u BbIpa)kKeHHYIO0 B TAKUX €]IU-
Humax, 9ro0sl 1 centsaops 1995 r. unnekc papusics 100. Takum oOpa3om, Ham-
puMep, 3HaueHue uHuekca, paBHoe 1500 (cepemuna 2006 r.) o3HavaeT, yToO 3a
noytu 11 ner peiHOUHAs kanuTanu3auus komnanui u3 cnucka PTC Belpocna B 15
pas.

Kaxnpiii Oynamii nenp uHaekc PTC paccuuThiBaeTcs B TEYEHHE TOPIrOBOM
CECCHUM NPU KAKIOM N3MEHEHHMH LIEHbI MHCTPYMEHTA, BKIIFOUEHHOT'O B CIIMCOK ISl €r0
pacuera. [lepBoe 3HaYeHHE MHAEKCA SIBISETCS 3HAYEHUEM OTKPBITHUS, MOCIIEIHEE —
3HAYEHUEM 3aKPBITHSL.

Croucox akumit gt pacuera (T.H. "[omyObimMu  Qumkamu") HWHIEKCOB
nepecMaTpHUBaEeTCs pa3 B TpU Mecsa u koppekrupyercss PTC B nensx HandosbIiei
pEenpe3eHTaTUBHOCTH MHICKCA.

"T'onyObiMu (pukamMu" Ha3bIBAKOTCS AKIMKM KPYIHEUIIUX U HaUOO0JIee YCIEITHO
pa3BuBaroIuxcs KoMmmanuidi. Kak mnpaBuio, OHM SBIAIOTCS JHAEPAMU CBOUX
oTpacJieil, peryJspHO BbIIIAYUBAIOT JUBUICH/BI U CTAparOTCS HE HapyIlIaTh MpaBa
Ja)Ke MEJKUX aKIMOHEpPOB. OTUM OOBSICHSIETCS OTHOCHUTEIBHO HEOObILIOE
KOJM4ecTBO '"ronyObix ¢uimiek" B kKaxmod u3 crpaH. B Poccun sto dakTudeckue
MOHOTOJUCTHI B cBoux otpacisix - PAO EDC, Mocanepro, 'aznpom, CoOepbaHk,
Hopuukens - u Bemymue HePTSHbIE KOMIIAHWMM — OHHU, KaK MPaBUJIO, 3aHUMAIOT
BepxHue ctpouku B uHAekcax PTC u MMBBbB. Cam tepmun '"romybast ¢umka"
npuiien Ha (OHAOBBIA PBIHOK M3 Ka3MHO - (UINKKM ITOro IBETa O0JIaJaroT
HanOOJIbIIEH CTOMMOCTBIO MPU UTPE B MOKEDP.

bupkesbie "ronyObie Quiiku" - 370 Hanbosee JUKBUIHBIE aKUuMU. To ecTh UX
MOKHO JIETKO KYHHUTh WU MPOAATh, MOTOMY YTO BCErJa HaWIyTCs Kelarolue
COBEPILIUTh C HUMHU cleiKy. Kpome Toro, OHM CUMTaIOTCS OUYEHb HAJEKHBIMHU - 3TO
onpenensieTcsi OCcoObIM CTaTycOM KOMIIAHMM B 3KOHOMHKE cTpaHbl. [lpaBna,
"romyOble QuuIKK" - HEe camoe JOXOJHOE BIIOKEHHE Ha pblHKe akumid. Mccrne-
noBanue, npoBoauBiieecss B CIIA Ha npoTskeHun nociaeanux 80 Jier, mokasalo,
YTO CPEIHSS TIOXOTHOCTh OT BIOXKEHUH B "ToiryObie pumku" cocrasisiia aumib 11%
rofoBeiX. “l'omyObie dumku™ ciayxaT i UWHBECTOPOB HMHIMKATOPOM TOTO, UTO
MIPOUCXONUT C PHIHKOM B 1ejoM. Eciam ux meHa mamaer, 3Ha4MT OyAyT majaTh U
akuuu 'BTOporo sienona’. Ecnu oHU pacTyT - 3HaYUT, pacTu OyAyT U aKIIMK MEHEe
KPYMHBIX KOMOaHWi. {151 Toro 4ToObl aKIMK MOJB30BaJIMCh CIPOCOM CO CTOPOHBI
MHBECTOPOB, KJIIIOYEBBIEC aKI[MOHEPHI KOMIAHUU JOJIXKHBI MPUHSTH TPUHIUIIAAIBHOE
pElIeHre U BBITYCTUTh YacTh MPUHAIICKAIUX UM aKIUi B cBOOOAHOE oOpallleHue
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(free float). Ilo mannsiMm Boston Consulting Group, B cpenHeM Ha POCCHHUCKOM
peiHKe oOpamaercs 27% akuuil kommanuii (B CIIA - mourn 80%). Onnako
3HaYUTeNlbHAs 4YacTh JTHX OOBEMOB MPHUXOAUTCA Ha '"romyOble Qumku" - y
KoMmnaHuil "Broporo smenona” free float, kak mpaBuiI0, HE MPEBBIIAET HECKOIBKUX
MIPOLICHTOB.

37.2.2. OcHOBHBIE OnpeaeJeHUusi IKOHOMHYECKUX IMOLM A

B s1o#i yactu MoHorpaduu, BBEJCHHBIE paHee MaTeMaTHUYECKUE ONpeeICHUs
AMOIMI ¥ BOCHUTAHUS, MPEACTABIAIOTCS B KOHTEKCTE TEOPUU OUPKU, & UMEHHO,
Poccniickoii Toprooii CuCTEMBL.

B cootBerctBHM ¢ Metonukon pacuera umHiaekca PTC, mocmennuit paccuu-
TBIBAETCS B TE€YEHHE TOPIOBOM cecCcUM Kaxiaple 15 cex. B apxuB xe 3aHOCATCA
3HAYEHMS HA MEPUOJ OTKPBITUS U 3aKPBITUS KAXKIOW TOPTOBOM CECCHUM, T.€. KaXKIbIN
pabouuii aeHb. [loaTromy B manpHelmeM Mbl OyaeM U3MepATh BpeMms t B mepuoaax,
paBHBIX | IHIO.

BBeneM HECKOIBKO ONIPEACIICHUM.

Onpenenenue 37.1. bupkeBoit smonmeit M (S(t),t) OyzeM Has3bIBaTh PEAKIIUIO
OMpPKK Ha KaKoe-IM00 3HAYMMOE COOBITHE S(t).

N3 onpenenenus ciaeayer, 4To OUPIKEBOM dMOIMEH SIBISETCS HE YTO MHOE, KaK
ungekc PTC, koTopslil kKak pa3 u 0TOOpakaeT Bce KoueOaHus pblHKA [IEHHBIX OyMar,
TaK KaK pacCUMUTHIBACTCS HA OCHOBAHUU LIEH CACJIIOK U KOTHUPOBOK 1o 21 HaumboJiee
JUKBUTHOM 1IEHHOU Oymare.

Omnpenenenne 37.2. 3Ha4UMOE COOBITHE HA30BEM CTUMYJIOM S(t) .

Paccmotpum noapoOHEe, 4TO MOXKET MOAPa3yMEBAThCs MOJ] CTUMYJIOM, KOTJa
MBI UMEEM JIEJIO C OMPIKEH.

Nunexc PTC — 310, 0 cyTH, leHa KpynHeHmux komnanuii Poccun, TouHee,
JIOJISI 3TOM LIEHBI U IBU>)KEHUE MHJIEKCA MTOKA3bIBAIOT U3BMEHEHHUE LIEH 3TUX KOMIIAHUM.
Ilena koMmaHUW 3aBUCUT OT €€ HBIHEIIHEW MPUOBLIM U OT MEPCIEKTUB POCTa €e
NpUOBUIM, U OT pocTa caMoil KoMmaHuu. [IpuObUIL U POCT KOMITAHUU 3aBUCAT OT
cIpoca Ha MPOAYKIIMI0O KOMITAHUU U, €CIIU CIIPOC MOCTOSTHHBIN, OT JTHO0BIX (PaKTOPOB,
BIIMSIIOIIMX Ha MPEIJIOKEHUE CO CTOPOHBI APYrux KoMmmaHui. Hampumep, Ha 1ieHy
OAO «JIykoili», 3aHUMAIOIIET0 3HAYUTEIbHYIO 1010 B uHAekcax PTC m MMBB,
BIIUsAET IIeHa HedTH, KOTOpas 3aBUCUT OT BOCIPUHUMAEMON MOKYyIaTeIsIMU
noTpeOHOCTU W JOCTYNMHOCTH HedTu B OmmkaiimeM Oynaymiem. W, 3HauuT, pactyT
OXKUJaHUS pocTa mMoTpeOHOCTH B HepTH (XOJOMHAS 3MMAa) PACTYT OMACEHUS
OTpaHWYEHUSI €€ JOCTYMHOCTH (BOWHA B MECTax JOOBIYM) — pacTeT IieHa HedTH,
pacret niena OAO «Jlykoimy», pacrer unaekc PTC. YkazaHHble HHIIEKCHI OTPaXaroT
IIEHY HE TOJHKO HE(PTIHBIX KOMIAHUH, TIOATOMY, HE TOJIBKO CIPOC U IIeHa HAa HEPTh
BJIMSIIOT HA JIBUXKEHUE UHIEKCA.

Tak, Hampumep, UMEIOT 3HAYCHUE Takue (HaKTOPHI, KaK:

® [IOJIUTUYECKAs U SKOHOMUYECKAs CUTyalusi B CTpaHe U MUPE (MITOTEUHBIN
kpusuc B CIIIA);
® [IOJIUTUKA KPYMHBIX KOMIAHUM (CIUsiHUE, 00Opa30BaHKE, peopraHu3alus
U T.J.);
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® KOpPHOpaTUBHbIE COOBITHUA (MPUOCTAHOBKA TOPIrOB, JOMOJHUTEIbHAS
IMHCCHsI, TIOTAIEHWE AaKIui, ApoOJieHHWe, KOHCOJMWAALWSA, BBIKYI YacTH
aKIIW, BBITIIATA TUBHUICHIOB aKIIHSIMH );

®  OXHJAHUS MOKYIATEIIEH;

® JIpyrue COObITHSI.

[Ipu BBeneHUU ATUX OMPENEICHUN MOapa3yMeBaETCs, YTO CTUMYJbl U SMOIUU
MOXXHO KakhM-TO 00pa3oM u3MepsTh. Tak Kak B MPEJIOKEHHOW 37€Ch TEOPUHU B
KauecTBE COJEPKATEIbHON OCHOBBI OMpKeBOil aMoruu BoicTynaeT unaekc PTC, to
U U3MEpATHh OMpP>KEBbIE SMOLMU MBI Oy/leM B eIMHHIAX u3MepeHus nHjaekca PTC —
MyHKTax.

Taxxe crnemyeT OTMETUTh, UTO MOCTPOCHHAs] B 3TOM TJlaBe TEOpHUsl HE TpedyeT
KOJIMUYECTBEHHOTO M3MEpPEHUs] CTUMYJIOB, TaK KaK B PaCCMAaTPUBAEMBIX CBS3SIX THIA
«CTUMYII - peaklush» HaC HMHTEPECYET UMEHHO PEaKIus, T.€. IMOIUU. DTO CBSI3aHO C
TE€M, YTO B TMPOSBUBIICUCS PEAKIMU OTPaKaeTcd M KaueCTBEHHAas (MO3UTUBHBIN /
HeraTUBHBIN () deKT; cTabuiibHas / HecTaOWIIbHAS CUTYallUs; OXKUJaHUE / CIyXu /
(baKkTbl), U KOJMUYECTBEHHAs (Majasi / OoJbIlasi JIOKalus, Makpo / MUKPO YPOBEHb)
XapaKTEPUCTHUKA BBI3BABIIIETO €€ CTUMYJIA.

HetpynHo 3amMeTUTh, 4YTO SMOILIMU U CTUMYJIBI B peaIbHOM MHUPE HOCAT MapHbIN
XapakTep, IMOATOMY O0e3 HapyleHuss OOUIHOCTH MOXKEM NpPEaNOJIOKUTh, YTO
BEJIMYMHBI CTUMYJIOB MPUHUMAIOT TOJILKO HEOTPUIIATEIIbHBIE 3HAYEHUs, HO B CIIyJae,

KOTJla CTUMYJ OKa3bIBaeT OJaromnpusiTHOE BO3JICUCTBHE, MPOU3BOJHAS OUPKEBOU

dM (S (1), )
dt

OMOIINH ITIOJOXXUTCIIbHA, a KOoIrJaa He6HaFOHpH$ITHO€ - OTpULATCIIbHA.

37.2.3. bup:keBoe BoCIIUTaHHE

Teopust amonmii poboTa, mpuUBenEHHAs B MPEABLAYIINX TJIaBax MOHOrpadumu,
MOXeT ObITh mpuMeHeHa U k Oupxke PTC, HO, T.K. B sTOM cCiywyae Oyner
paccMaTpuBaThCA TOJILKO OJMH CYOBEKT — COOCTBEHHO, Oupka — MBI Oynem
OCHOBBIBAThCS HE HAa KOJUIEKTHMBHOM, a Ha MHIWBUAYAIIbHOM BOCITUTAHUU, TIPUA ITOM
3aMETHUM, YTO COJEPKATEJIbHBIM CMBICT  M3JI0KEHHOW TEOpUHM HE TepseTcs B
KOHTEKCTE TEPMHUHOB, NPEIJIOKEHHBIX s Oupku. Takxke oOT TepMHUHA
«KOH(pOHTALIKA», UCIIOIB3YEMOTO ISl 0003HAUEHUSI OTHOIIEHUN MEXIy IpyNIaMu
B KOJUIEKTHBE, T.€. MHOXECTB, COCTOAILIUX [0 OINPEACNECHUI0 U3 HECKOJIbKUX
CyOBEKTOB, YyIOOHO TIEpEHTH K TEPMHUHY «KOH(IUKT», KOTOPBIA MOXKET
MPUMEHSTHCS U JJIs OTPECIICHUS] OTHOIICHUN THIA «CYOBEKT» <> «KOJIJICKTUBY.

B stom ciyuae Teopema 3.1 momkHa ObITh CHOpPMYIUpPOBaHA B BUIE TEOPEMBI
37.1.

Teopema 37.1. Jlns HamOoJyblIero KOH(IMKTAa MEXAYy CyOBbEeKTaMu OHUpKU
HE00XO0MMO U JOCTATOYHO PABEHCTBO HYJO UX CYMMapHOTO BOCITUTAHMSI.

OueBHIHO, 4TO KOHQIUKT OyZIeT TeM ocTpee, ueM Ooble 3HaueHne |R(t)|.

[TosicHuM Tak»ke, 4TO B JaHHOM TeopeMe YIOMHUHAETCS TOJIbKO «CyOBEeKT», T.K.
KOH(MIIUKT MEXKIY CyOBEKTOM U MHOKECTBOM CYOBEKTOB €CTh COBOKYITHOCTh
KOH(MIJIMKTOB MEXK/Y OTACIbHBIMU CYObEKTaMHU.
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Onpenenenue 37.1. CkpbIThIi KOHPIUKT — KOH(JIUKT, BHI3BAHHBIM paBHBIMU
BOCITUTAHUSIMH.
Omnpenenenue 37.2. OTKPBITHIA KOHOIUKT — KOH(IUKT, BHI3BAHHBIN PaBHBIMU
AMOIIUSIMHU.
Omnpenenenue 37.3. ['moGanbHBI KOHGIUKT — KOH(GIUKT, OCHOBAHHBIN Kak Ha
BOCITUTAHWH, TaK U HA IMOIIHSIX.
Torna hopmynupoBky Teopemsl 37.1 MOKHO YCHIIUTD CIIEIYIOIIUM 00pa3oM:
Teopema 37.2:
a) JUIS HaAWOOJIBIIIETO CKPBITOTO KOH(IMKTAa MEXAYy CYOBheKTaMu OupKu
HE0OXO0MMO U JOCTaTOYHO PABEHCTBO HYJIIO UX CYMMapHOr0 BOCIIUTAHUS,
0) a1 HamOOJIBIIETO OTKPBHITOTO KOH(IMKTa MEXKAY CyOBEeKTaMu OUPKHU
HEO0OXOMMO U JOCTATOYHO PABEHCTBO HYIIIO UX CYMMapHBIX IMOIIHI;
B) /I HAaWOOJIBIIErO TJIO0ATBHOTO KOH(IMKTa MEXKIY CYObEKTaMU OUpKU
HEO0OXOJIMMO 1 JJOCTATOYHO BBITIOJIHEHHE a) U 0).
BBenem emie ofHy BeNMMYMHY, HEOOXOAMMYIO /IS aHalmu3a TrpaduKoB
OMPKEBOTO BOCIIUTAHUS U OUPIKEBBIX IMOLIUHA.

37.2.4. TemnepaMeHT OUp:KH

B »5T0il rmaBe MBI moOMbITaEMCS ONPENEIUTh OHUPKEBOM TEeMIIEpaMEHT Ha
OCHOBAHHMH BEJIMYMHBI TAHTE€HCA yIia HaKJIOHAa KacaTelbHOU K rpauky OMp:KEBOrO
BOCIIMTAHUA y =kx+b.

HaroMHuM, 4TO B IICHXOJIOTMHM IIUPOKO H3BECTHBI YETHIPE OCHOBHBIX THIA
TEMIIEpaMEHTA:
1) CWIIBbHBIN, TOABMKHBIN, HEYPABHOBEIICHHBIN (XOJIEPHK),
2) CHUJIBbHBIN, IOJBMYKHBIH, YPAaBHOBEIICHHBIH (CAHTBUHHUK ),
3) CWIJIBbHBII, UHEPTHBIN, YPaBHOBEIICHHBIH ((DIerMaTHK),
4) cnaOblif, OT3BIBYMBBIN, HEYPAaBHOBEIICHHBIH (MEJIAHXOJIUK).

JUisi Havana, MHTEPIPETUPYEM MPHUBEAEHHBIE XapaKTEPUCTUKUA KaXKJIOTO TUMa
TEMIIEpaMEHTa TPUMEHUTENBHO K TEOPUH OUPIKHU.

OcHoOBHOI TapameTp, xapakrepusyrouui noseaeHue oupxu PTC — obvem
mopeoé 6 eOunuyy epemenu. B xauecTBe Takol eMHUIBI YIOOHO B3STh | TOProByrO
ceccuto. OOBEM TOPIroOB B €IMHUILY BPEMEHU OTPAKAET AKTUBHOCTH OUPIKU.

Bospacratonme noTpeOHOCTH NPUBATU3UPOBAHHBIX NPEANPUATUNA B HHBEC-
TULHSAX, PACUIMPEHHE HHTEPECOB HHBECTOPOB, YBEIWYEHUE AKTUBHOCTH PETHO-
HaJbHBIX OPOKEpPOB, a TaKKe pa3BUTHE WH(PACTPYKTYpPhl PHIHKA IIEHHBIX Oymar
NpHUBeIM K HEOOXOIUMOCTHU YBEIUYUTH uucio oopawarouguxcsi 6 PTC yennwvix
oymae. Ho Bo3MOXeH U oOpaTHBIN Mpollecc, B CiIydae, HapUMep, MPUOCTAHOBKH
TOProB KOMITAHUEH, MTOTALICHUS aKIIUM, BBIKYIIA YaCTU aKLIHUM T.J.

Taxxxe Hapsny ¢ o0beMOM TOProB, BecbMa WH()OPMATUBHBIM IMOKa3aTeaeM
ABIIICTCSL YUCTO 3AKTIOUEHHBIX COeNOK 6 eOUHUYy 6pemenu. A COOTHOLIEHUE ITUX
JBYX MapaMETPOB Kak pa3 U OyAeT OKa3blBaThb 3HAYUTEIbHOE BIMSHUE HA OMpPIKEBOE
omnpejeneHue TeMiepamenTa (cm. taoi. 37.1).

CaMoil O4eBUAHON XapaKTEPUCTUKON OMpXKHU B IIEJIOM M €€ TEMIEpaMEHTa B
HallleM OIpeJeNIeHuu BhICTynaer, coOcTBeHHO, uHaekc PTC wu, B wacTHOCTH,
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CKOPOCTb €ro HM3MEHEHHMs, TO €CTh, €CJIM IEPEUTH K JAaHHBIM BBIIIE MaTeMa-

TUYECKUM OIpEACICHUsIM, MOMEHTalbHasi OupkeBas sMmolus M (S(t),t) U TMOKa-
oM

3aTeJIb CKOPOCTH €€ N3MEHEHU e

Taomuma 37.1
XapaKTepUCTUKH TUIIOB OMP)KEBOT0 TEMIICPAMCHTA

Yucio
O0beMm CkopocTb
Yucno 3aKITFOYEHHBIX
Tun TOPIOB B U3MEHECHUS
oOpalarmuxcs CHEIIOK B
TeMIlepaMeHTa eAMHUILY HCHHBIX GyMar S UHJCKCA
BpEMEHU y Y PTC
BpEMEHU
Xonepuieckui HeOobIION | OOJIbIIIOE 0ombI10€ BBICOKAS
CaHurBUHNYECKUI OOJIBIIION 00JIBIIIOE OoJIBIIIOE CpeaHsIs
dyiermaTH4ECKUil 00JbII0N 00J1bI1I0€ HeOOJIBII0e cpenHss
Menanxonuyeckuid | HEOOJBIION | HeOOIbINOoe HEOOJIBIII0E HU3Kas

Hecmotps Ha TO, 4TO MO TaKUM MapaMeTpaM KOMOMHATOPHO MO>KHO BBIJCJIUTH
2:-2-2-3=24 tuma TeMmrepaMeHTa, JIeJaTh 3TO HEIEIeco00pasHo, T.K. HE yaaeTcs
n30exarh «IOJYTOHOB» B XapakTepucTukax. PaccmorpenHble B Ta0:1.37.1 ueTsipe
THIA TEMIEPAMEHTA JOCTATOYHO IOJHO ONMCBHIBAIOT BO3MOXKHBIE THII IOBEIACHUS
Ooupxu. He Oyner JTMITHUM MPOBECTU AHAJIOTUIO C TPAJULMOHHBIMU, BBIAEIAEMbIMU
B IICUXOJIOTMH, TUIIAMH YEJIOBEYECKOIO TEMIIEpAMEHTA: M0 3 mapaMeTpaM, KaKIbli
U3 KOTOPBIX MOXET IPUHUMATh 2 3HAYEHUs, MOXHO BBIICIUTH & THUIIOB
TEMIIEPAMEHTA, HO MPAKTHYECKOE 3HAYEHHE UMEIOT TOJBKO 4.

Takum 00pa3oM, Mbl MOXEM BBIBECTH CIIEIYIOIIME XapaKTEPUCTUKU IOBE-
JeHusT OUpXKH, B 3aBUCUMOCTH OT THIA €€ TEeMIIepaMEHTa B JAaHHBIA TEepUoj
BPEMEHHU:

1. XoJiepu4ecKUid TUN: AaKTUBHOE, HEYPaBHOBEUIEHHOE IOBEJIEHUE, OTJIU-
yaeTcss OOJBIIMM YHUCIOM MEJKHUX CHEJNOK (OTCI0la OTHOCUTEIBHO
HEOOJbIION 00BeM TOpProB) M «ckauymum» uHAekcoM PTC. Benuka
BO3MOXKHOCTh OBICTPOTO M JIETKOTO 3apa0oTKa MpHU JOCTATOYHOM OMbBITE U
BE3eHUU OpoKepa.

2. CaHrBUHUYECKUM  THUMN: aKTUBHOE, YypPAaBHOBEIIEHHOE IIOBEJICHUE,
XapakTepu3yeTcsi OOJIBIIUM YHUCIOM KPYIHBIX CIeNoK, rpaguk unaekc PTC
HE MMEET SIPKO BBIPAKEHHBIX 3KCTPEeMYMOB. Jlydmmil THn A MOdXy4YeHUs
JUIMTEJIBHOTO U TPOTHO3UPYEMOIO JOXOAA.

3. derMaTuyecKuil TUI: HEPTHOE, YPAaBHOBEIICHHOE MTOBEJCHUE, KOTO-POE
MPOSIBIISIETCS. B HEOOJBIIOM KOJIMYECTBE CIIETIOK, HO CAMH CIIETIKA KpPYITHBIE.
I'padpux mnpexca PTC Takke HE MMEET BBIPAXKEHHBIX AKCTPEMYMOB, XOJI

TOPTOB MOHO OXapaKTEpPU30BaThb KAaK «BsUIbl». CTENEeHb pHCKA —
MHUHHUMAaJIbHA.
4, MenaHXoJMYEeCKUl  THUN: HEYPaBHOBELIEHHOE, YYBCTBUTEIBHOE K

BHEIIHUM (haKTOpaM TOBEJCHHE, BRIPAKACTCS B HEOOJIBIIIOM YKCIIC CIEIOK U
HeOoboM o0beMe ToproB. ['paduk muaekca PTC oTHOCHTENEHO paBHBIM.
Xopommii BapuaHT IS BBIXOJAa Ha PHIHOK C IICJIBI0 OOy4YeHUs UTpe Ha
oupxe.
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37.2.5. MeToanka onpejaejieHusi OMp:KeBOro TeMInepaMeHTa

CornacHo pazzaeny 16, onuchiBaoIieMy TeMIEpaMeHT poOOTa WM YeJIOBEKa,
TEMIIEPAaMEHT OIMCHIBACTCS HEKUM TaHreHcoM. [lpu aHanmusze pe3ynabTaToB C
MIOMOINIBI0 KOMIIBIOTEPHOUN MPOrpaMMBbl JIJIs1 KaXKJA0r0 U3 YYaCTHUKOB HUCCIICIOBAHUS
Mbl HaXOJWJIUM MaKCHUMaJIbHbIi W MUHUMAJIbHBIM TaHIE€HCHl YIja HaKJIOHA «
KacaTelbHON K TpapuKy BOCIHTAHHSA 1O BCeM At i=18 - T.e. IS HEPHOIUUHBIX

At,. B pe3ynprare ObUT BBIYHMCIEH Maxtge W YCTAaHOBIEHO, YTO MO BEJIUYUHE

1
TaHI€HCA MOKHO ONPEJEIUTh TEMIIEPAMEHT YEIOBEKA.

Hcxons 3 XapakTepUCTHK KaXJ0ro THIA TEMIIEpAMEHTa MBI IIPEATIOJIOKUIIN,
YTO MEPBBIM THUI JOKEH COOTBETCTBOBATH HAMOOJBLIEMY TAHTEHCY, MOCIEIHUN —
HaWMEHBIIEMY, @ OCTAJILHBIE 1B — HEKOTOPBIM €r0 IIPOMEKYTOYHBIM 3HAUYCHUSM.

B pe3ynbTaTe MBI HOJYYHIIH, YTO KaXKIBIM TUIT TEMIIEPAMEHTA MOMANAET B CBON
YUCJIOBOM AMANa30H, HO TOYHO ONPEAEIUTH €r0 TPAaHULIBI HE CMOTJIN.

Crporo roBopsi, TOYHO ONPEACIATH 3TH TPAHULBI HENb3s, K TOMY ¥XKe
IICUXOJIOTaMH JO0KAa3aHO, YTO B «YHCTOM BHJI€» HE BCTPEUYACTCS HU OJWH U3 THUIIOB
TemnepaMmenTa. CienoBaTeNnbHO, IPU €r0 ONPENEICHUH HEOOXO0AUMO HCIOIb30BaTh
MOHSTUE MHOTO3HAYHOCTH. B Hamem ciydyae MHOro3Ha4HoOM OyJeT BeTU4HHA
maxtga (cm. pucynok 37.1)

v

b max fea.

a c

Puc. 37.1. Mnmroctpariuss MHOTO3HaYHOCTH

Ota MeToanKa Oblila MPUMEHEHA U K OWpIKe, OTHOCUTEILHOCTh TEMIIEpaMEeHTa
mojyvajgach 3a cueT pa3OMeHus TMepuojia HCCieIoBaHUNW Ha 0ojiee KOPOTKHE
MepuoOAbl, KOTOPBIC UCCICAOBAINCH OTACIBHO.

g onpenesienus rpaHuil a,b,c ObuH MPEJIOKEHbI CeAyoIe OPMYJIbL:

dif [i]= max tge,

keK
a:1 max dif [i] + min dif [i] |,
4| jel iel
b:E max dif [i] + min dif [i] |,
4| jel iel
[ ]
¢ ==| max dif [i] + min dif [i] |,
4| el iel
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rie K — MHOXECTBO OTpE3KOB, Ha KOTOpbIEe pazOuBaeTcs Tpaduk OUPKEBOTO
BOCIIUTaHUSA, | — MHOXXECTBO BBIJICTSIEMBIX IEPHUOJOB B HCCIECIYEMOM OTPE3KE
BpPEMEHU.

®opMynbl OBLTM TPOBEPEHBI HA TMPAKTUKE W TMPUBEIN K IOJHOMY COOTBET-
CTBHUIO C MMEIOIIMMHICS TECTOBLIMH JAHHBIMHU.

B pazmene 16 MBI pacmonaramyd AByMs IMapaMeTpaMu: SKCIEPUMEHTAIBHO
OTIpENIETICHHBIM TI0 CTAaHJAPTHOW METOJMKE ICHUXOJIOTHUYECKUM TEMIIEPAMECHTOM H
HabopoM BemmuuH MaXtg o g xaxmoro ucnbiryeMoro. CONOCTaBHB MEXKIY
co0o¥i 3T JaHHBIC, MBI MPUIIUTA K BBIBOY, YTO JJIS OTPEICICHUS TPAHHUI] KaXKI0TO
TEMIIEpaMEHTa B UMCIOIIEHCS BEIOOPKE HEOOXOIMMO BBIJCIIUTH YETHIPE TPYIIIHI, ABE
U3 KOTOPBIX OKKYTCS HUKE MAaTEMaTHYCCKOTO OXKUJAHUS O BBIOOPKE, OCTAIIBHBIC
nBe — BhIIe. Pa3nenuB TakuMm 00pa3oM BBEIOOPKY Ha 2, MBI HAIIUIA MaTEMaTHYECKOE
OKHJIaHWE TSI TIOJBBIOOPOK, a TpHUBEAsS Bce (POPMYIIBI K OMHOMY BUIY, ITOTYYUITH
3HAYCHUS TPAHUI] THIIOB TEMIIEPAMECHTA.

Tak kaxk Oupka paccMaTpUBACTCS CaMOCTOATEIHLHO, a HE B CPAaBHCHHH C
KaKAMHU-TO JIPYTUMHU TTOKA3aTEeIISIMHM, TO JJIS COXPAHCHHUS OTHOCHTEIHHOCTH THIIA
TEMIIEpAMEHTA TMpEeIIaraeTcs uccieaoBarb noseacHue uHaekca PTC, orpaxkaro-
IETO TOBEJCHUE OWPKU, BBIJACISII B PAacCMaTPUBAEMOM ITPOMEKYTKE BPEMCHH
HECKOJIPKO TIepHOJ0B JJia cpaBHeHUsA. OUeBUIHO, I OTUX IEPUOJOB OyJleT
BBITIOJTHATHCS YCJIIOBHE, TOBOPSIIEE O TOM, YTO TMEPHOJIbI JOJDKHBI OBITH HEMpe-
PBIBHBIMHU U HE MEPECEKAIOITUMUCS MEXTY COOOM.

Anamm3 unaekca PTC nmo3Boauia noaxyauTs Ta61.37.2.

Tabnuma 37.2
Tabnuiia TeMriepaMeHTOB

Tabnuna TemMnepaMeHToOB 1 2 3 4 5 6
TemnepaMeHT 1,35 {094 | 096 | 0,34 | 2,23 | 1,33
Oe3pa3MepHOe 3HAUCHUE 0,3 0,2 0,2 0,1 0,5 0,3

AHanu3 4YHCIEHHBIX pe3yJbTaTOB IMO3BOJSCT CICIaTh BBIBOJ O TOM, YTO
3HAYCHUSI TEMIIEPAMEHTOB OUPIKH OMPEICISIOTCS CICAYIOIINMI BETHYHHAMHY:
e Menauxonauunas oupxa: (0; 0,3).
o duermarnunas oup:xa: (0,3; 0,5).
e Canrsunmnueckas oupxa: (0,5; 0,8).
o Xonepuueckas oupxka: (0,8; 1).
B 3akiroueHue 3TOW TJIaBbl OTMETHM, YTO YUCIICHHBIC 3HAUCHHS WHTEPBAJIOB
temrepamenTa uHaekca PTC momHOCThIO COBMAAIOT ¢ MHTEPBAJIAMH TEMIIEPAMEHTA
4eJI0OBeKa.
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37.3. MIPOI'PAMMA «<EXCHANGE EMOUTIONS»
AHAJIM3A DMOIINOHAJIBHOT'O HOBEJAEHUA
U ITIOBEJEHUSI BUP KU HA OCHOBE MATEMATHYECKOU
TEOPUM UCUUCJEHUSI SMOLIUIA

37.3.1. BoisiBiieHue HauOoJ1ee KOHPJIMKTHBIX BATIOT

I'maBHOE OKHO MOAYJIS MPEICTABICHO HAa pUCYHKe 37.2.

daiin UCXOIHBIX JAaHHBIX MPEICTABISACT TOKYMEHT B ¢dopmare *.txt wim * XIS,
[locnenHuii ¢ MOMOIIBIO OTAENBHO OINPEACICHHOW B MporpamMme (PyHKIIUU
npeaBapuTesbHO ipeodpazyercs B popmar *.txt. O6pazery daiiina UCXOIHBIX JaHHBIX
MpeACTaBieH Ha puc. 37.3, Te CTPOKH — 3HAYEHUS OMPIKEBOTO BOCHUTAHUS WUITU
OMPIKEBBIX SMOITUN TSI OJTHOW BATIOTHI B Pa3IMYHBIC MOMCHTHI BPEMEHHU.

Pe3ynbTaTomM pabOThl MporpamMMBbl SIBJISIFOTCS MATPUIIbI CIIUCKOB KOH(JIMKTHBIX
BAJIIOT JUIA KaXXJOM BAJIOTHI, T.€. B PE3YJbTUPYIOLIEH MATpUIIE HA MECTE KAXKIOU
BAIIOTHl HAXOJUTCS JAWHAMHUYECKHN CHUCOK KOH(MDIWKTHBIX JaHHOW BallioOT.
Hampumep, B rpynmne Hanbosiee KOH(MDIUKTHBIX MO BOCIUTAHUIO BAIOT B SYCHKE
taOymnbl [i,j] 3amuMcaHbl BaIOTHI, KOTOPBIE B |- MOMEHT BpPEMEHHU SIBJISIOTCS
KOHQUIMKTHBIMHA K 1-ii Bamrote. [Ipumepsl paboOThl MporpamMMbl H300paKCHBI Ha

pucynke 37.4.

L3
7 Boinanenwe naubonee HOH(IMKTHBIX BT
®aiin  AaHHble  Cnpaeka

KoHpAWKTHEIE BEAKTE |BbIHHCneHME BocnuTaHus | OnpeaeneHue Temnepanema] dM(t)/dt] Mt) I R(t) I

WMcxoaHele AaHHEIE

KonuuecTeo paccMaTpuBasMeixX BAAKT |5

KonuuecTeo uccnenyemelx 0TPE3KOE BPEMEHW |9
Paiin UCXOAHBIX A8HHBIX Iim ot OTKpHITS...

Parin BEIXOAHBIX AGHHBIX loun ot OTKpHITS...

T a1 3L

CocrosHue ... |

b
0 |

BrinonHuTe I I MpocMoTP pesynsTaTa I 3aKpeITE

Puc. 37.2. Briagka Nel porpammsr «Exchange Emotions».
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¥ Dopmar hakia HCXOAHBIX JaHHBIX

roe:  k-4Mcno paccMaTpUBAEMbIX BANKT
|- unCcno OTPE3KOE BPEMEHK
R[k.I] - MaTpuua BONUTAHKUA
M[k.I] - maTpuua amoumi

B dopmare *ixt unu *xls

3aKpeITE

R[11R[1.2] ...
R[21]R[2.2] ..

Rlk1]R[k2] ...

M[1,1] M[1,2] ...
M[2.1] M[2.2] ...

MK 1] M[k.2] ..

Puc. 37.3. OOpasen ¢aitta HCXOMHBIX JTaHHBIX

KOHq)JII/IKTHLIX BaJIIOT.

JJIs1  BBIABJICHUA HamOoJee

CHGI[YCT OTMCTUTDB, YTO BCC PACCUUTHLIBACMBIC XAPAKTCPHUCTUKU 3aITMChIBAIOTCS

B BBIXOJHOM aiin B popmate *.txt.

[Iporpamma MOXeT OBITH MCIIOJIb30BaHa JJI MPOTHO3WPOBAHUS JTalIbHEUIIIETO
MOBEACHUSI HMHTEPECYIOIIUX TMOJIb30BATENsl BAMOT Ha BaMOTHOM pbiHKE PTC,
OTIPE/ICIICHUS] TAaKTUKU WTPHl Ha OWUpIKE, OIEHKH IOJIMTHYCCKONW CHUTYallMH BOKPYT

CTpaH-OMHUTCHTOB BaJIIOT.

44 ['pynnbi Hanbosiee HOHIAMKTHBIX BaAKT

EBX

';' Rlt) 1 2 |3 Ia |? Ie ls I
1 2,3,4,5:2.3.45 23,45 23,45 45 0 5 2.5

; 2 1,45 1,345 1 1,45 345 45 1.5

=g 1.45 21 1 1,45 2.4 4,5 4,5

+ 1 3215 215 15 3215 3215 25 32 325 3.5

i[5 43,21 421 41 4321 4321 421 2 43,21 4321

‘

‘F]' Mit) 1 2 |3 |4 |? |s ls |
1 245 23450 2,345 2.3.45 25

5 2 1,345 1,3.4.5 1,3,45 3,45 1,345 1.3.45 1.5

T 21,45 2,45 2145 245 21.5 215 45

e [a 3,215 |3.2.1.5 |3.21,5 3,25 215 215 35

"5 43,21 4321 4321 432 4,321 4321 (4321

Puc. 37.4. [Ipumeps! paboTHI MPOrpaMMBbI

37.3.2. Boluucjienue OUPKeBOro BOCTIUTAHMS

['maBHOE OKHO MOJYJIsl IPECTaBICHO Ha pUCYHKe 37.5.



7 Boiuncnenve GupiKe BOTO BOCNHTAHKA @@@

dain  AadHele  Cnpaeka

KOHeNUKTHBIE BanoTel  BEYUCNEHUE BOCNUTaHUS IOnpenenewe Temnepamema| dM(t)/dtI Mit) ] Rt) ]

WexoaHee AaHHeIE

Paitn UCXOAHBIX ABHHBIX |C:\Documems and SettingsiKonstantin\Pago OTKpBITE...

Paiin BLIXOAHBIX ABHHBIX |UU12»‘><' OTKpEITE...
KonnuuecTen USMepeHuil BHEWHWX MPOSNEEHMIA 3051

Pewenue

CocTosHu1e ... [3anava pewen...

Bpema onepekeHus No MakcuMyMy [

BpEMﬂ onepexeHus No MUHKUMYMY I"‘e" BBIPSKEHHOM0 ONEPeXeHua

B avanaszoHe c 500 no 1800 OTOBPa3UTE Ha rpadukax

Puc. 37.5. Bknagka Ne2 nmporpammbl «Exchange Emotionsy. Beraucienue OupkeBoro
BOCITUTAHHUS.

®daiin UCXOHBIX JIAaHHBIX MPEACTaBIseT cOO0OU TOKYMEHT B opmarte *.tXt nmm
*xls. Kak u B mpenmpiaymeM ciydae, CYIIECTBYET BCTPOCHHBIH KOMITOHEHT JIJIs
npeoOpa3oBaHus AaHHBIX U3 *.XIS B *.txt. OOpazen (aiina UCXOAHBIX TPEICTABICH
Ha pucyHke 37.6, TIIe CTPOKM — HOMEpP H3MEpPEHHUs, COOTBETCTBYIOIEEC 3HAUYCHUE
OuprkeBbIX dMoIuH (T.€. BennuuHa unaekca PTC).

L5 -
1" ®opmar dhaitna HCXOAHBIX AaHHBIX

rOe.  h-4YuCNo OTPESKOE BPEMEHU t M)
ti - HOMEP BPEMEHHOID OTPEeSKa t2 M(t2)
M(ti) - BEKTOP 3MOUMA tnM(tn)

B dopmaTte *ixt unm *xls

JakpeiTe |

Puc. 37.6. OOpazenr (aitnia HUCXOAHBIX JaHHBIX ISl BBIYHCICHHS OHPIKEBOTO
BOCIHHUTAHUS.

PesynbraTrom paboThl TpOrpaMMbl SBISETCS MATPUIA, CTPOKU KOTOPOH
OTIPENENSIOT HOMEP HW3MEPEHHs, CKOPOCTh W3MEHCHUSI OWPIKEBBIX HMOIIHH,
Oup KeBbIE AMOIMH, OWpKeBOe BocmHTaHue. [[0 MONyYeHHBIM TaHHBIM CTPOSTCS
cooTBeTcTBYIOmMME Tpaduku. Cieayer OTMETHTh, YTO, T.K. KOJIMYECTBO M3MEPECHHM
JOCTaTOYHO BEJWKO, B MPOTrpaMME PEaIM30BAHA BO3MOYKHOCTh KOHKPETHU3UPOBATH
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HcclieTyeMbIii BpeMEeHHOM oTpe3okK. [Ipumepsl rpadukoB M300pakeHbl Ha PUCYHKaX
37.7-37.9.

7 I pachu 3aBUCHMOCTH CHOPOCTH Hame He HUA BUPIKE BBIX IMOLLHH OT BPEME HY [Z]@@

®aiin  AaHHele  Cnpaeka

KoHe nUKTHEIE Ban}OTbII Breiuncnenue BocnmaHml OnpeneneHue TemneparenTta  dM(f/dt |M(t) I Rit) I

3aBHCHMOCTD NPOH3IBOAHON DN 1% LMl OT Bp

50
40
30

20

Ft)

Puc. 37.7. T'paduk 3aBUCUMOCTH CKOPOCTH HU3MEHEHUS OHUPKEBBIX SMOIMN OT
BpEMEHU

74 I pachyi 3aBMCHMOCTH GHPIKE BhIX IMOLIMH OT BPEME HH EJ@@
dain  AabHele  Cnpaeka

KoHch AWKTHEIE BamOTbll Briuncnerue BncnmaHm] OnpeneneHuve Temnepamema] dMit/dt  M(Y) lR(t) |

3

CTb Omy X UMt OT B

Puc. 37.8. I'paduk 3aBucUMOCTH OUPIKEBBIX IMOLIUA OT BpEMEHU
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4 I'padmr 3asucHmoCTH GMpsKe BOTO BOCNIMTAHHA OT Bpeme HH g@@
dakin  faHHble  Cnpaeka

KoHenUKTHEIE Banmul BeiuucneHue BDCI‘IMTaHMﬂl OnpeneneHue Temnepamemal dM(t)fdt] (1) Rif) |

3aBHcHMOCTD 6"[)){(680[0 BOCNHTAHHA OT BpeMeHH

180 000
175000 -
170 000 -
165 000
160 000 |
155 000
150 000 |

£ 145000 4

w
140 000 |
135 000
130 000 4
125 000 |
120000
115 000

110 000

105 000 - ] :
500 550 600 650 700 750

Puc. 37.9. I'paduk 3aBuCHMOCTH OMPKEBOTO BOCIIUTAHUS OT BPEMEHU

[Iporpamma MoOeT OBITH MCHOJIB30BaHA JIJIsi TPOTHO3UPOBAHMS JTaJbHEHIIETO
MOBEJICHUSI OWPKH, aHaIM3a CIOXKUBIICHCS HKOHOMHYECKOW CHUTYyallMH, OIICHKH
BEPOSITHOCTH KOH(JIMKTA ONPEJICIICHHBIX [ICHHBIX OyMar.

37.3.3. OnpenesieHue OUPKEBOr0 TeMIlepaAMEHTA

['maBHOE OKHO MOJTYJISl ¥ IPHEMED €T0 padOoThI MPEICTaBIeHBI Ha prcyHke 37.10.

HNcxogupiMu JaHHBIMU, KaK U BO BTOPOM MoAyJie, sBisieTcs (aiiia 3HaueHHI
ungaekca PTC. Pesynbrar paGoThl — TrucTorpaMMa paclpeiesieHus BeTUYHHbI
max tg « , OTIPEIEIISIIOIIEH TeMIIEPAaMEHT OUPIKH.

[Iporpamma MOKET HCHOJIB30BATHCS ISl aHAIM3a TEKYIIEW CUTyaluu Ha
TOPTOBOI1 OUPKE U €€ UCTOPHUH.
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7 Onpepesienye GupsKe BOTO TeMIe pame HTA Q@@

dain  AabHele  Cnpaeka

KOHg NWKTHEIE Banmml BrluvcneHue eocnuTadua  OnNpeaeneHue TeMnepaMeHTa |dM(t)[dt] Mt) I Rit) I

YUcno NepUoaoE pasBUeHUs MPadKa BUPKeEbIX 3MOLMEA: ]1 2

W ~| xonepudeckui [] »| caHreuHuueckuid (il v| dnerMaTuyeckui v | MEAaHxXon4ecKui

PacnpefeneHue pasHoCcTH
MUHUMANEHBIX M MAKCUMAaNBHEX TAHTEHCOB YrNa HaKNoHa KacaTenkbHbIX B 1,559 011
K rpachuky BUPHEBLIX 3MOLMIA NO Nepruogam W6,13811-23
[ —— — e — — —— e e ———  |W024223-35
| ! ! ! ! ! ] : ) ! [ 4,387 35-47
' ' ] \ H ' H H M 1,498 47-59
[} SR e Femeees RS B R EEEEER pesHEE | |O3897 587
: ' : ! ! ! ! ! W 5,556 71-83
3,768 83-95
M 353295107
M 1,364 107119

I 2,566 119-130
W 5,411 130-142

EN

3HaqeHue

w

N

' - T T Y
0411 11-23  23-35 35-47 4759 5971 7183 8395 95107 107-119 119-130 130-142
Mecaup!

Puc. 37.10. Bknagka Ne3. Onpenenenue OUpKeBoro TeMrepaMeHTa

[Tporpamma nHammcana Ha s3eike Delphi 7. Paboraer mox ympasiaernumem OC
Windows 2000/XP. Bpemsi BBINOJHEHHsS] BCEX BBIYHUCIUTEIBHBIX ONEpAIid HE
NPEBBIIIAET HECKOJLKUX CeKyHJ. [IporpamMmma MokeT OBITh pealn30oBaHa Ha
KoMmmbroTepax kiacca IBM PC.

38. KOMIIBIOTEPHASI PEAJIN3ALIMS NOBEJAEHUS IPOCTEUIIETO
IMOIINMOHAJIBHOTI'O POBOTA

JIns wiutrocTpalud TE€OpUHU, U3JI0KEHHOW B pasnenie 2 jyuis AeHcTBUIl poOoTa
MOCTaBUM  CIICAYIONIYIO 3ajady: pa3padoTaTh KOMIBIOTEPHYIO IPOTPaAMMY,
MOJICIIUPYIONIYI0 SMOIIMOHAIBHOE MOBEIEHNE POO0Ta, PEarupyrolero Ha 3ByKOBBIC
CUTHAJIBI, KOTOPBIC TIOCTYIAIOT B MPOTPAMMYy 4Yepe3 MOAKIIOYCHHBIA K KOMITBIOTEPY
MukpodoH. [lycTe mporpamma BBIMOTHSET CICAYIONIYI0 (QYHKIIUIO: 10 aMIUTUTYIE
BXOJIHOTO 3BYKOBOTO CHTHAaJla OIPECNSICTCS XapakTep «YyJbIOKW» (cMaiina),
BBIBOJAMMOM MPOTpaMMOl Ha MOHHUTOP KOMITBIOTEpa B OTBET Ha 3BYKOBOE
BO3JICHiCTBHE (TPYCTHAs «YyJbIOKa», PalOCTHAsI «yJIbIOKa» B PA3JIHYHBIX CTEHEHSIX
MIPOSIBJICHHUS ).

38.1. BXOAHBIE IAPAMETPBI IPOT'PAMMBI

bynem mnpenmonaratb, 4YTO MOJEIHPYEMBIH pPOOOT SBISIETCS PABHOMEPHO
3a0bIBUMBBIM. B KauecTBe BXOAHBIX MapamMeTpOB MOJAEIH, Pealu3yeMoi MpOrpaMMON,
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OyleM HCIOJb30BaTh KOAPQHIMEHT mHaMmiatd pobora €, paBHBIH HEKOTO-POMY
MMOCTOSTHHOMY YHCJTY U3 IMana3oHa OT HYJISl 10 €AMHULIBI U BEIMYMHY TAKTa.

38.2. AITOPUTM MOJEJIMPOBAHUS MUMUYECKOM
SMOILIUOHAJIBHOHN PEAKIIMU POBOTA

[IpeayiokuM CIeAyIOMM aaropuT™M MOJEIHPOBAHUS MHUMHUYECKOW 3MOLIHO-
HAJIBHOM peakiuu poOoTa MpU B3aUMOJEHUCTBUM C HHUM OJHOTO CyOBEKTa IoC-
PEACTBOM 3BYKOBOI'O CUTHAJIA.

[IpeacTaBuM airopuT™ B BHUAE I[OCIEAOBATEIBHOCTH IIAroB, KOTOpPbBIE
HEOOXOJUMO BBIMOJHUTH JJIi TOTO, YTOOBI poOOT (mporpamMmHasl CUCTEMa) MOT
MUMHYECKH, SMOIMOHAIIBHO pearupoBaTb Ha 3BYKOBBIE CHUTHaJbl CyObeKTa
(denoBeka, KUBOTHOTO U T.1I.).

OTOT aNrOpUTM IPEICTaBUM B BUJIE CIECIYIOUIEH MTOCIEI0BATEIBHOCTH 1IAr0OB C
HEKOTOPBIMH MTOSICHEHUSIMH:

1. TlpeoGpa3oBaHue aHAIOTOBOTO 3BYKOBOI'O CHMTHaNa, MOCTYIMAOLIErO OT
MUKpO(OHA, B TOCJIEI0BATEIbHOCTh YHCEN, MPEICTaBISIOMMNX COO0H
MIHOBEHHbIE 3HAUEHHs aMIUIMTYAbl CcurHaina. Yamie Bcero mnpu 3ToM
UCIIOJIB3YIOTCSL YCTPOMCTBa, Ha3blBa€Mble aHAJIOro-UM(POBBIMU Ipeodpa-
30BaresiMU. A caM crnocod npeoOpa3oBaHUs HA3bIBAETCS HMMITYJIbCHO-
KOJIOBOM MOZYJISILIACH.

2. COop aHHBIX, HEOOXOAUMBIH JIJIs TIOCIIEIYIOIIEeTO aHaJIH3a.

3. AnHanu3 ¥ arperupoBaHKME COOPAHHBIX TAHHBIX.

4. BbldBleHHE CHJIBI 3apaHee OMNPEJETICHHBIX 3IMOLMOHAJIBHBIX pa3apa-
xKurtenen. [Ipyrumu cnoBaMu: ONpeNeNeHWe 3HAYEHUW CHOKETOB, JIEUCT-
BYIOIIIMX Ha poOoTa (MpOrpaMMHYIO CUCTEMY). B kauecTBe 3MOIIMOHATBHBIX
paszIpakuTesled MOTYT BBICTYNATh 3apaHEe ONPEIEICHHbIE 3BYKOBBIC
XapaKTEePUCTUKH, cOOp JaHHBIX O KOTOPBIX OCYLIECTBIISIETCS Ha BTOPOM U
TPETHEM LIIAre.

5. Pacuer MOMEHTaIBHBIX AMOIIMOHAJIBHBIX XapaKTEPUCTUK podoTa (mpor-
paMMHOM CHCTEMbI) HAa OCHOBE PACCMOTPEHHOM MOJIEIM SMOLMN U
BOCIUTaHus (CM. paszen 2).

6. Pacuer syneMeHTApHBIX BOCHUTAHUNA HAa OCHOBE MOMEHTAJIBHBIX 3MO-
UOHAJIBHBIX XaPAKTEPUCTHUK.

7. Pacuer BOCIHUTaHMS Ha OCHOBE JJIEMEHTAPHBIX BOCHUTAHUN U KO3(-
¢unrenTta namsaTu podoTa (MPOrpaMMHON CUCTEMBI), 3aJJaHHOTO 3apaHee, 10
Hayayia paboThl AJITOPUTMA.

8. BusyanbHOe nposiBIeHUE AMOIUNA pOOOTOM (IMMPOrpPaMMHOM CUCTEMOM) Ha
OCHOBE BBIYMCJIICHHOT'O BOCIIUTAHHUSI.

PaccMotpum 6oee moapoOHO KaXkIblii U3 HIAroB MPEICTaBICHHOTO aJlTOPUTMA.

Jlnst  peanu3and  TEPBOTO IMara HEOOXOIWM aHaJororudpoBoi mpeod-
pazoBarenb. OH MNPUCYTCTBYET BO BCEX COBPEMEHHBIX 3BYKOBBIX aJamnTepax.
[ToaTomy /Ui mocTyna K HeMy HY>KHO OpPTaHHW30BaTh paboTy C IpailBEpoM 3ByKOBOTO
ajanrepa. 3TO MOXKHO CJeNaTh pa3Iu4HbIMU criocobamu. HekoTopsie u3 HUX OyayT
paccMOTpeHbl jaanee. BooOiie roBopsi, Ba)KHBIM MOMEHTOM SIBIISIETCS HACTpOiiKa
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camMoro  mpeoOpa3oBaHus, €ro  Xxapakrtepuctuk. HeoOxonumo  BbIOpAThH
MOJJIEP)KUBAEMbIE  3BYKOBBIM  aJIallTEpPOM  YacTOTy JHUCKPETH3alUW CHUTHAJa,
JUCKPETHOCTh CUTHAJIA, KOJIMYECTBO KAHAJIOB U IPYTHUE XapaAKTEPUCTHKU.

Ha BTOpOoM miare npoucxoguT cOOp JaHHBIX, MOJIYYEHHBIX OT 3BYKOBOT'O
ajanrepa B NPOLECCe MMIYJIbCHOKOJAOBOM MOAYJISIIAHA. XPAHEHHUE JTAHHBIX MOKHO
OpPraHM30BaTh PA3IMYHBIMH CIIOCOOAMH, HANpUMEp, MPEACTABIATh B BUAE (DaiiioB
pasnu4HBIX (opMaToB, TUOO XPaHWUTh BO BHYTPEHHHUX CTPYKTypax AaHHBIX. [Ipum
TOM CTOHUT YYUTHIBATh, YTO OOBEM JAHHBIX, JAXe€ IMPU JTOCTATOYHO KOPOTKOM
B3aMMOJICHCTBHUM CyOBEeKTa C poOOTOM (NMPOrpaMMHON  CHUCTEMOM), MOXKET
3HAUUTENIbHO pacTu. Hanpumep, npu yacrtore auckperusauuu 22 050 I,
JTUCKPETHOCTH 8 OUT, MOHOKaHaje U 10 cex. B3auMoeicTBUs poOoT (MporpaMMHast
CUCTEMA) MOJYUYUT OT 3ByKOBOro anantepa 220500 6aitit unpopmMauu.

Ha tpeTtheM miare naHHble aHATU3UPYIOTCS U arpETUPYIOTCSA, T.€. BBIYUCIISIOTCS
Kakue-1u00 3apaHee OIpe/IeNICHHbIE XapaKTePUCTUKU Ha OCHOBE YACTH WJIM BCETO
MacCHBa JIaHHBIX, TOJYYEHHBIX HA IPEIbIIYLIEM IIare.

Ha wderBeproM 1m1are mpOMCXOJUT COINOCTaBJIEHUE, T.€. HA OCHOBE
OTPE/ICIICHHBIX 3HAYCHUN BBIYMCICHHBIX XAPAKTEPUCTUK MPOUCXOIUT BHISBICHUE
3HAUYEHUW  CIOKeTOB. [IpaBUIIbHOE  CONOCTAaBIEHHE  BBISABIAETCS  AKCIIEPHU-
MEHTAJILHBIM ITyTEM.

[IsThIi mIar aHAJIOTUYEH YETBEPTOMY, TOJBKO JUISl €r0 BBINOJHEHUS MPOUC-
XOJIUT COMNOCTABJICHUE MOMEHTAJIBHBIX SMOLMOHAIBHBIX XapaKTEPUCTUK CHUJIAM
BO3JICHCTBYIOIIMX CHOKETOB. I[IpaBUJIBHOE COIMOCTABIICHHE TAaKKE BbIABISIETCS
AKCIIEPUMEHTAIIbHBIM ITyTEM.

[Ilaru mecToii U cenbMON — ATO peaju3alus BBIUYMCICHUN HAa OCHOBE (HOPMYI
MaTeMaTU4eCKOW MOJIEIIH, OTIMCAHHBIX B pa3jeine 3.

Ha mnocnenHem miare anropuTMa MPOUCXOAUT OpraHU3AMs MPOSIBICHUS
AMOIUHA poOOTOM (TIPOrpaMMHOM CHCTEMOM). 3/1€Ch PeaIM30BLIBACTCS KaKOW-THOO0
croco0 BU3YaJbHOTO MPEICTABICHUS SMOLIMI (Harmpumep, B popMe cmaiina).

CTOUT OTMETHUTH CIEAYIOUYI0 0COOEHHOCTh. Eciin MBI XOTHM co31aTh poOoTa
(IporpaMMHYI0 CHUCTEMY), pabOTaIOMIEr0 B HWHTEPAKTUBHOM pEXUME, T. €.
pearupyrouero Ha 3ByKOBbl€ CUTHaJIbl MTHOBEHHO, TO MPOLECCHI cOOpa TaHHBIX U UX
00pabOTKM JOJKHBI BBIMOJHATH MapajuieibHO. Takum 00pa3oMm, BTOPOM IIar
MPEACTABICHHOIO aQJIrOpUTMa JOJDKEH BBIMOJHATHCA MNapaJlIeIbHO CO BCEMH
MOCJEAYIONIMMU [IaraMu.

38.3. APXUTEKTYPA CUCTEMBI SoundBot

Paccmotpum apxutekTypy paszpaboTaHHON mporpamMmHON cucteMbl SoundBot
[65; 97; 99 — 101], peanu3yroliyio MpeaCTaBICHHBIA BBIIIEC aITOPUTM (CM. PUCYHOK
38.1) (urcaamu B oBajiax 0003HAYCHBI COOTBETCTBYIOIIHME STAIBI AJITOPUTMA).
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AHaJI0TOBBIA CUTHAII

o)

3BYyKOBO# ajanrtep

Amnamoro-iudpoBoi

AHAJIOTOBBIA CHTHAII

C—

” npeoOpa3oBaTelib

O

IlocnenoBarenbHOCTD
qHCENT

Hudpo-anamoroserit

npeoOpa3oBaTelib

A

@

Cucrema SoundBot

MopayJb peaausanuu

MO :

CIOKETBI

ON

MomMeHTaNbHbBIC OMOIUHU

1C

Bocmnuranune

\ 4

Moayab padoThl
€0 3BYKOM

O

Anamms n
arperanus

JlarHabIe

Peakius
CHCTEMEI

v

—

Puc. 38.1. Apxurekrypa nporpammHoit cuctemsl SoundBot

Jlerko BUJCTb, YTO APXUTCKTypa CHUCTCMbI HAIIPAMYIO CBiA3aHa C PACCMOT-

PCHHBIM PAHCC AJITOPUTMOM. B nein BBIJICJIATOTCA IBd OCHOBHBIX MOIYJIA:

1. Monynb pabotbl co 3BykoM. OTBE4aeT HENOCPENCTBEHHO 3a B3aWMO-
JNEUCTBUE CO 3BYKOBBIM aJaliTepoM U CcOOp HEOOXOJUMBIX YHCIOBBIX

JTAHHBIX.
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2. Moaynb peanuzanmu Mozenud. OTBeyaeT 3a peanu3aluio NpeIoKeHHON
MaTEeMaTUYECKOM MOJENIH IMOLMI U BOCIIUTAHUS, IPOCUUTHIBAECT MapaMETPhI
CMaiJIa, SBJISIIOIIEr0Cs MUMHYECKON YMOLMOHATIBHON PEaKIIMEN CUCTEMBI.
HenocpenctBeHHO MeXay MOAYISIMH TMPOUCXOAUT OOpaboTKa, aHaliu3 U
arperaiusi JNaHHbIX. JUIA peanu3alii WHTEPAKTUBHOCTH CHUCTEMBI 00a MOIYJIs
paboTarOT MmapajuIebHO.
PaccMoTpuM OCHOBHBIE BO3MOKHOCTH, NPUHIUIBI (YHKIIMOHUPOBAHUS U
BU3YalbHBIN UHTEpdeiic cucremsl SoundBot.

38.4. OCHOBHBIE BO3MOXHOCTH CUCTEMBI SoundBot

Cuctema SoundBot peanusoBana Ha s3eike C++ B cpene Visual Studio 2008,
paboTaeT Ha MEpPCOHAIBLHOM KoMmmbioTepe kimacca IBM/PC mon ympaBineHuem
onepannonnoit cuctembl Windows XP wu Bbime. [jis paGOThl HpOrpaMMbI
Heooxoaum .NET Framework 2.0. O6bem nporpammer 100 K6 (exe-daiin).

K ocHoBHBIM dpyHKIIHAM cuctembl SoundBot oTHOCATCS creayromue:

1. OHpCI[CJIeHI/IC OCHOBHBIX BO3MOXKHOCTEH MYJIbTHUMCOHA YCTPOﬁCTB,
YCTAHOBJICHHBIX Ha KOMIIBIOTCPC.

2. BocripousBeneHue 3ByKOBBIX (aitsioB B hopmate .wav.

3. BocripousBenenue 3ammcu 3BYKOBBIX (haiijioB B opmare .wav (TOJIBKO
MOHO3AIINCh).

4. DOMOIMOHAIILHOE pearnpoBaHre Ha BOCIIPOMU3BOIUMBIC 3BYKOBEIE (Dbl B
dbopmare .wav.

Cucrema SoundBot MoXXeT B MHTEPAKTUBHOM PEXKHUME HMOIIMOHAIBHO
pearupoBaTh Ha 3BYKOBBIE CUTHAJIBI, TI0/IaBaeMbI€ €l Yepe3 MUKPO(OH.

38.5. MPUHIIUIIBI ®YHKIIMOHUPOBAHUS
CUCTEMBI SoundBot

K ocHOBHBIM mpuHIMIAM (YHKIMOHUPOBAHUS CHCTEMbI, KOTOpBIE CIEAYET
paccMoTpeTh MoApPOoOHO, HY)KHO OTHECTH:
1. ®yHKIIMOHMPOBAaHKE MOAYJIS paOOTHI CO 3BYKOM.
2. [IpuHuun napajinenbHOl padoThl MOTYJIEH.
3. DMOIMOHAIbHBIE Pa3paXKUTENIH, YYUTHIBAEMbIE B CUCTEME, U MPUHIIMUIIBI
(GbOopMHUPOBAaHUS UX CHUITBI.

Kak ObLIO cKa3zaHO paHee, CYHIECTBYIOT pas3IM4yHbIE CIOCOOBI pabOTHI CO
3BYKOBBIM ajlanTepoM. PaccMOTpeHHble HaMHU CHOCOOBI HCIOJIb3YIOT CHCTEMHBIE
oubanoreku Windows, mo3ToMy MOTYT OBITh NPUMEHEHBI TOJBKO MPU HAITUYUH
3TOU ONEPALMOHHON CUCTEMBI.

Haubonee npocToit moaxoa — 3TO UCMOB30BaHuE UHTep(derica yrnpaBiIsoImX
ctpok MCI unu unTepderica ynpapmstomux coodmenuit MCI. MCI npencrasmiser
co00l yHUBEpCaIbHBIN, HE3aBUCUMBI OT OCOOEHHOCTEH anmnapaTHOro odecrnedeHus
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uHTEp(Eic, MpeaHa3HAYEHHBIA JIs1 YIpPaBICHUS YCTPOWCTBAMU MYyJbTHUMEAMA,
TaKUMHU Kak 3BYKOBBIE WU BHJCOAJANTEPHI, YCTPOWCTBA UTCHUS (TPOUTPHIBAHUS)
3BYKOBBIX KOMIIAKT-IUCKOB W JIa3epHBIX BuicomuckoB [11; 12]. B GompmmHCTBE
CIlydaeB BO3MOXXHOCTH, MPEAOCTABISIEMbIE O3TUM HHTEPHEHCOM, YIOBIECTBOPST
MOTPEOHOCTH JIFOOOTO MPHUIIOKEHUSI MyJIbTUMEANA, TPEAHA3HAYCHHOTO JJIsI 3alUCH U
BOCIIPOM3BEJCHUST 3BYKOBOM Wi BuaeoumHpopmanumu. Ho ero HemocTaTtok
3aKJIFOYAETCS B TOM, YTO MBI HE MOXEM B MHTEPAKTUBHOM DPEXKHME CUUTHIBATH U
o0pabaTbIBaTh JaHHbBIE, TOCTYIAIOIINE CO 3BYKOBOIO ajantepa B cuctemy. [loaTomy
JaHHBIN c11OcO0 HaM HE MOAXOAMT.

CnocoboM ycTpaHeHHUs HeoCTaTKa MpeiaraeMoro rnoaxoaa, OCHOBaHHOTO Ha
UCIoJIb30BaHUU uHTepdeiica ynpasmsoomux cTpok MCI unm  unTepdeiica
ynpasistonux coobmieHuit MCI, saBisieTcst ucnonb3oBanue uHTepdenca HU3KOTOo
YPOBHSI.

OO0miass MeTojauKa UCIHOJIb30BaHUSI MHTepdeiica HHU3KOrO ypOBHA IS
BOCITpOM3BeJeHUsT wav-(haiaoB TakoBa. CHauyana BBINOJHAETCS YTEHUE U MIPOBEpPKaA
(dopmara 3arojoBka wav-(aiisia, OTKpBITUE YCTPONCTBAa BBIBOJA C YKa3aHHEM
KOHKPETHOTO (popMara 3BYKOBBIX JIaHHBIX. 3aT€M 3BYKOBBIC JaHHBIC YUTAIOTCS
OJIOKaMH HEIMOCPEJICTBEHHO U3 wav-(aiiia, NOATOTaBIMBAIOTCA CIEUUAIbHOM
(dyHKIMenH 1 BBIBOJA M 3aT€M TNEpeaaroTcsl JApailBepy YCTpOMCTBa BBIBOJA.
JlpaiiBep BBIBOAWT WX B 3BYKOBOHM amantep [97]. IlpmmokeHwe WMEET MOJIHBIN
KOHTPOJIb HAJ IIPOLECCOM BOCHPOMU3BEIACHMUS, TaK KAaK OHO C€aMO JOJDKHO
MOATOTOBUTH OJIOKW JAHHBIX B OMIEPATUBHOM MaMSITH.

AHanOTUYHO BBITIOJNHIETCS 3alUCh 3BYKOBBIX JaHHBIX. BHauame TpeOyetcs
OTKPBITh YCTPOWMCTBO BBOJA, yKazaB eMy (opMmaT 3BYKOBBIX JaHHBIX. 3aTeM
HEO0OXOAMMO 3aKa3aTh OJMH WJIM HECKOJIbKO OJIOKOB MaMSATH U MOJATOTOBUTH UX JUIS
BBOJIa, BbI3BaB cCHelUaibHyl0 (¢yHKIHO. [lociae 3TOro moaroToBi€HHBIE OJIOKH
HYKHO 110 Mepe He0OXOMMOCTH TMepeaBaTh JpaiiBepy yCTpPOMCTBa BBOJIAa, KOTOPHIH
3alOIHAT WX 3alMUCAaHHBIMU 3BYKOBBIMH JOaHHbIMH [97]. Jlns coxpaHeHuUs
3alMCaHHbBIX JAHHBIX B wWav-(aiiie mpuiokeHue A0IKHO cHOPpMUPOBATH U 3aMUCATh
B (haitn 3aronoBok wav-¢aiiia M 3BYKOBBIC JaHHbIE W3 TOATOTOBJIEHHBIX U
3aMOJHEHHBIX APaiBEpPOM yCTPONCTBA BBOJIa OJIOKOB MAMSITH.

B otnuumne ot untepdeiica MCI, rae mMHorue mapaMmerpbl NPUHUMAIOTCS T10
YMOJTYaHUI0, UHTEPPEHC HU3KOTO YPOBHS TpeOyeT BHUMATEILHOIO M TIHIATEIHLHOTO
ydyera BCeX JeTalle mpouecca 3anmucu W BOCIpOU3BencHus. B kadecTBe
KOMITCHCAIIMH 32 JOTOJIHUTEILHO 3aTPAaueHHbIE YCUIIHS MOKHO TIOJYYUTh OOJIBIIYIO
TMOKOCTh ¥ BO3MOKHOCTh PabOTaTh CO 3ByKOBBIMU JIAHHBIMU B PEaTbHOM BPEMEHHU
[97].

st obecrieueHust pabOThI CHCTEMBl B WHTEPAKTUBHOM PEXHUME, T. €. A
ajanTagyMyd CUCTEMbl K B3aMMOJECHCTBHUIO C MOJIb30BATEIEM B PEAJIbHOM BpPEMEHH,
MOJYJTU CUCTEMBI JIOJDKHBI pab0TaTh MapauiebHO.

B cucreme SoundBot ka)piii 13 MOy i€l BBITIOTHSAETCS B OTJIEILHOM TOTOKE,
YTO 00ECIeunBaeT CAEAYIOIINEe BO3MOKHOCTH:

1. OnHOBpEMEHHO MOXKET BHIOMpaTh HOBBIE JIAaHHBIE CO 3BYKOBOT'O ajanrepa
Y IPOU3BOJAUTH AHAJU3 IMOCIEAHUX C MOCIEAYIOIIUM BBIYMCIEHUEM BOCIIH-
TaHHs1, KOTOPOE OTPAKAET HIMOLIMOHAIBHOE COCTOSIHUE CUCTEMBI.
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2. OHOBpPEMEHHO BOCHPOU3BOJMTH, 3AMKMCHIBATH 3BYKOBBIE JaHHBIE U
MIPOU3BOJINTH MX BEIOOPKY JIJISI aHAJU3a B CUCTEME.

Kpome »3TOro mist yckopeHuss NPOPUCOBKHM MHMHUYECKOM 3SMOLUMOHAIBHOU
PEAKINU CUCTEMBI, OHA TAKXKE BBINOJIHEHA B OTJICIIbHOM MOTOKE.

[Ioka B cuCTEME YYUTBIBAETCA TOJIBKO OJIMH 3MOLIMOHAJIBHBIA Pa3/IPakKUTENh
(croxeT) - aMIUIMTyJla BO3JIEHWCTBYIOILErO0 3BYKOBOIO curHama. Kaxaplili orcyer
3BYKOBOTO CHTHAJIa BBI3BIBACT Pa3ApaK€HHWE B CUCTEME W (POpMUPYET MTHOBEHHEIC
AMOIIMHU COTJIACHO CHUHYCOMJAIbHOMY MpeacTaBleHu0 QyHKImu 3monuu. Comocra-
BJICHHUE CIO’KETOB U OMOIMI MPOUCXOAUT IyTEM YKa3aHUs YHCIIOBBIX MPOMEKYTKOB,
KOTOPBIE MTOKA3bIBAIOT, KAKOM CIOKET JTOCTABIISIET MOJIOKUTENBHBIE SMOLIMHU, & KAKOH -
OTpHULIATENBHBIE.

38.6. BUBYAJIbHbBI UHTEP®ENC CUCTEMBI SoundBot

OcHoBHast (opma cucTEeMBl COAEPKUT IBE BKiIagku. [lepBas mys Bocmpo-
U3BEJICHUS U O0YUYCHHUSI CUCTEMbI HA TOTOBBIX .wav (hainax (cMm. pucyHok 38.2).

IMOLMOHAIbHBIH poboT

MapameTpel  Cnpaeka

Npourpare/08Y4WTE Ha roToBoM | Januce/MHTepakTHEHOE 0fiyueHue

Fain |ChDocuments and Settings\Killsy Documents\Cemectp Sy arucrepokan guocepraumal Ogzop... . .

MNpourpare

Bocnpouseeneque [ """"""

Crapt [ Cron ] [ MNayza

For. amouna BocnuraHue
MNpourpate

OdyyeHue [ ]

Ofiyyue 0 i

B

Puc. 38.2. [lepas Bkianka rmaBHOM (GopmMbl mporpamMMel SoundBot

Bropas Bkiamka wicnonb3yeTcs Juis 3anvcu .wav (aijIoB U MHTEPAKTUBHOTO
oOIIIeHus ¢ CUCTeMOit (cM. prcyHok 38.3).
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IMOLHOHAIBHBIH poboT |Z| |E| f5__<|

MapaMeTpil Cnpaeka

MNpourpare/06y4MuTE Ha FOTOBOM | 3anuce/MHTEpakTHEHOE OdyYeHWe

P aiin & 1 3\M arucTepokan guccepraunatSoundB othDebugh Janmont 1 1. way| O&zop... . .

Januce

Januce [ ]

Crapr Cron
Mo, aroumna Bocnuranue
WHTEpakTUEHOE DEYYEHLE
Otyqerme [ ]

B

Puc. 38.3. Bropas Bkiaaka riaaBHO#M ¢popMbl mporpammbl SoundBot

Kpome »Toro, Ha TnaBHOW (hopMe MOXKHO BHJIETH CMaii, OTOOpaKArOIIUA
MUMHUYECKHUE SMOIIMOHAIBHBIE PEAKIIMM CUCTEMBI, a TaKKe TEKyllee 3HaueHHUE
MOMEHTAJILHOU SMOIIMH U BOCIIUTAHUE.

[Tpy moMoImy TJIaBHOTO MEHIO (DOpPMBI MOYKHO 3a/1aTh OCHOBHBIC MapaMeTphl
(mapamMeTpbl MaTeMaTHYeCKOHM MOJCIH SMOIMK, HapaMeTpbl MPHUHIMIIOB (YyHK-
[IHOHUPOBAHMS M TTapaMeTphl pabOTHI CO 3BYKOBBIMH JTAHHBIMH).

JUis 3agaHMs  pa3IMYHBIX apaMETPOB HCIOJB3YIOTCS COOTBETCTBYIOIINE
dopmel (cM. pucyHku 38.4 u 38.5).

lMapame Tpn1 MOaEH...

Tekyuee BOCMWT AHME |EI | [] Copocue & 0"

F.ce3 PHUEHT NatATH |'| oo - |

HpoBeHE HYNEEOH 3 0oL MK |EiEI

Puc. 38.4. [TapameTpsl Mmoaenu
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[lapame Tphi 3anMCH. . .

Fazrmep Gnoka sanuvcu 1 = | CEK.

HacTora aMcKpETHSaLMH 220680 My, v

F.anan 3 AMT. rMOHD

[MpLHATE ][ Brimi

Puc. 38.5. [Tapametpsl 3amucu

YrToObl y3HATh, KAKHE XAPAKTEPUCTUKHU UMITYJILCHO-KOJIOBOTO MPe0Opa3oBaHUs
NOJIEP’KUBAET 3BYKOBOM aJanTep, YCTAHOBJIEHHBI Ha KOMIIBIOTEPE, MOYKHO
BOCIOJIb30BaThCsl  (DyHKIMEH ONpeesieHUusT BO3MOXHOCTEH MyJIbTUMEANA YCT-
pOWiCTB B MyHKTE TJjaBHOro MeHio «CrpaBka» - «llapameTpbl napaiiBepoB...»
(HacTOATENTPHO PEKOMEHIyeTCS HWCIOJIb30BaTh TPH TIEPBOM 3aITyCKE CHUCTEMBI ISt
MIPABUJILHON HACTPOIKY mapaMeTpoB 3anucH). [locne ucnonap3oBanus JaHHOW (YHKIMU
TOSIBIISIETCSI KPAH C ONMMCAHUEM MYJIBTHME/TNA YCTPOUCTB (CM. pucyHOK 38.6).

[lapame Tpb1 apaHee pos. .. |Z||E|El

Crucor, apaisepos

BoaromHoCTH YCTPOHCTE BRIE00A AaHHEIY, FANHCAHHER METO0aM HENYNECHO-K OG0B FOLYAALMM: L

SigmaT el sudio, +. 7290, whid=1, wPid=100, wChannel:=E5535
11025 KT, toHo, 8 Gur

1025 KI'u. cTrepeo. 8 6ur

11025 KlNy, moHo, 16 gur

11025 Kl'w, crepeo, 16 Gur

22050 KI'u, roHo, 8 Gur

22060 KI'u, cTepeo. 8 6ur

22000 KNy, moHo, 16 gur

22080 Kl'y, crepeo, 16 Gur

44700 KI'u, roHo, 8 Gur

44100 Kl w, cTepeo. 8 6ur

44100 KNy, roHo, 16 Gur

44700 Kl'y, crepeo, 16 Gur

Perynupoeka rporkacT9

PasaenbHaA peryikMpogEra rporKacTLY b

BriFmu

Puc. 38.6. [lapameTpbl MyJIbTUMEANA YCTPONCTB

[IpennoxeHHBIA QJITOPUTM MOXKET OBITh HCIIOJNIB30BAaH JJI  CO3/aHUs
AMOIMOHANIBHBIX Po00TOB. HOo TpebOyercs Oosee THIATENbHBIA aHANIM3 MOCTYHArO-
IIMX 3BYKOBBIX JAHHBIX C BBIJEJICHUEM OOJIBIIETO YHCIa Pa3apaKUTEeH, M03TOMY
nporpamMHas  cuctemMa SoundBot MoxkeT paccMaTpuBaThCs  KaKk — IepBOE
npuOIMKEeHNE K CO3IaHUI0 POTPaMMHOI0 00eCTIeYeHHsI SMOLIMOHATIBHBIX POOOTOB.
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HeoOxonumo yuuThIBaTh, YTO aTOPUTM M CHUCTEMa PACCUMTAHBI Ha B3aUMO-
NEUCTBUE TOJIBKO C OJHUM CYOBEKTOM-U€JIOBEKOM. B3amMojeicTBUE C HECKOJIb-
KUMH CyObeKTaMH TpeOyeT paccMOTpeHHs Oojee CII0XKHOM MaTeMaTHUYecKOM
MOJICIIH.

[Iporpammuas cucrema SoundBot MokeT OBITH HICTIONB30BaHA, HATIPUMED, JJIS
paboTHI C JIOJBMH, Y KOTOPBIX HAOIIOMAETCS HAPYIICHHWE CIyXa, NJIs MOCTAaHOBKHU
CUJIBI TOJIOCa aKTEPOB BHE TeaTpajibHOrO 3aja. CUcTeMy MOXKHO HCIOJb30BaTh IS
OTIPENICJICHUSI TOTO, KaKyl0 JMOIMOHAIBHYIO pEaKIMi0 IIOBEJIeHHEe CyOBbeKTa
BBI3BIBACT y OKPYXKAIOIIUX (€CTECTBEHHO, PEAKIUS CHUCTEMBI — 3TO M €CTh
BO3MOJKHAs PEaKIIHs OKPY>KAFOIIUX ).

39. AHOMAJIBHOE BOCIIUTAHUE POBOTA

BBenem cremyroine onpeaeieHus.
Onpeneneare 39.1. AHOMaJIBHBIM BOCIIHTaHHEM poOoTa R, Ha crokerax S(t)

HaA30BEM IT1OCJICAOBATCIIBHOCTh BU 1A
Ri =r +ORi_4, (39.1)
1T KOTOPOH CIpaBeIIUBO paBeHCTBO IMR; =0 rye i — mopsaKoBbIii HOMEp TaKTa,

I—0

R.

— BOCIIMTAHHC, IIOJIYYCHHOC pO6OTOM B KOHII€ TakTta i, r,

.
BOCIIMTAHHE B KOHIIE TAKTa i, IPUYEM, CIIPABEINBLI COOTHOMEHUS 0<6, <Z, Z —
HEKOTOPas MOJIOKUTENIbHAS IOCTOSHHASA, Z >1.

ChopMyupyeM 1 JOKAKEM CIEAYIOLUINE TEOPEMBIL.

Teopema 39.1. Ecnu limR, = A=const<oo, lim@, =1, 1o limr; =0,

[ i—>w i—w

— OJJICMCHTApHOC

Jlokazamenbcmeo
CormacHo paBeHcTBY (39.1) cnpaBeaymBa Gpopmyna

=R —6R,_;. (39.2)
[Tepexons B cootHomienuu (39.2) K mpepeny U y4uThIBas yCIOBUSI TEOPEMBI,

MOJIyYUM MOCIEA0BATEIBHOCT (POPMYII
limr, =limR; —limg, ImR,_;, =A-1A=0,

i—o0 i—o0 i—o0 i—o0
9TO U TPeOOBAIOCH I0KA3ATh.
Teopema 39.2. Jlnsa poboTa ¢ paBHOIECHHBIMH ITOJOKHUTEIBHBIMUA SMOIASIMHU

IpY BBIMOJHEHHH yeaoBmii Im 6, =1, 6,, > 6; Bocnuranue poboTa aHOMAJIBHOE.

|—00

Jloxazamenbcmeo
Chopmynupyem TeopemMy HECKOJIBKO UHAYE:
ecinu r, =q>0, i=Lw u limg =1, 10 IMR; =00,
i—o0 1—

[Tycte  limR; = A=const, CormacHo Teopeme 40.1 crnpaBeIIMBO PaBEHCTBO

|—00
.II_TO =0, no I"_TO i =d. ITostomy =0, 9r0 MPOTHBOPEUUT YCIOBHUIO TEOPEMBI

2.2 : >0 ITosTomy moCIe10BaTETBHOCTD R, PACXOIUTCS.
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HeTpymHO 3aMeTHTh, YTO NPH BBIIOIHEHHUH yCIoBUA I =Q>0, i=10 coOT-
HomeHue (39.1) npuHuMaeTt Buj
R, =q@+6 +66 ,+6,6 6 ,+..+66 .6 ,..0,6,)=0qD, . (39.3)
Tak kak MOCIEIOBAaTEIBPHOCTL R, PAaCXOIUTCS, TO B CHy cooTHomreHus (39.3)
PacXOJUTCS TOCIIEA0BATEILHOCTD

D, =1+6,+66,,+66 .06 _,+..+6,6_,6 ,..0,0,.
OTmeTHM cripaBeAJIMBOCTh HEPABEHCTBA D; >0.
JlokaxxeM, 4TO MOCJIE0BATEIbHOCTh D; MOHOTOHHO BO3pacTaroILasl.
CnpaBemMBO paBeHCTBO

Di—Di1=(6-641)+64(0 -6_,)+6.,6,_,(6,-6_3)+..+6,,6,,..0,(6, - 6,) . (39-4)

B cuny ycnoBust TeopeMsl 39.2 cripaBeUIMBBI HEpaBeHCTBA 6, >6,, i=L o, a
MO3TOMY corlacHo cooTHomenuio (39.4) D, -D,,>0 wWid D,>D,,, a, 3HAYMT,

COIJIACHO CBOWCTBY pPAacXOISIICKHCSs MOHOTOHHO BO3pACTAIOLIEH IOCIEI0BA-
TEJTLHOCTH
ImD; =0
I—>00
C y4eToM mocieaHero paBeHcTBa U cootHomeHus (39.3) cnpaBeiinBa 1ernovka
hopmyt
ImMR, =qlimD; =,

i—o0 i—0
Takum oOpazom, poOOT 001a7aET aHOMATLHBIM BOCITUTAHUEM.
Teopema 39.3 Eciu r; 2q>0 u limg =1, 6, >6, 10 BOoCcnMTanme podora

i—o0

aHOMaJIbHOE.
Jlokazamenbcmeo
3amucaB paBeHCTBO (39.1) B pa3BepHyTOI (pOpMe U yUIUTHIBAs YCIOBHE r; > >0,
MOJIYYHMM CJICTYIONTYIO TIETIOYKY COOTHOIICHHH:
.II_TO R = .II_To(r' +ORi,) = I"_To(r. +O1, + 00,415 + 6,610, 55 5+ 6,60, ,..0,0,1,) 2

>lim[qL+ 6, + 6.6, , +6,0. .6, 5 +...+ 6,0, ,6. ,..0,0))] =0, (39.4)

9TO U TPeOOBAIOCH T0KA3ATh.
Teopema 39.4

Ecmu 6, 21, r, >q>0, i=1,00, To BOCIIUTaHHE poboTa aHOMAJIBHOE.
Jloxazamenvcmao.
Amnanoruuno gopmyie (39.4) MoskeM 3amucath HEHOYKY COOTHOIICHHIMA
II'_TO R = i'LrE(ri +OR )= i'LrE‘O(ri +064 +0,0,15 5, + 6,610, 51 3 +6,0,,0, ,..0,0,1) >
>lim[q@+6 +66 ,+6.6,_,6 ;+..+6,6 .6 ,..0,6)]>
1—0
>lim[ql+1+1+1+..+1)]>limQgi=oo.
|—>00 1—>0

CrnemoBarenbHo, limR; =0, 10 ecTh BocuTanue pobOTa aHOMAIBHO.

I—>0
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B paznene 36 ObuTO MOKa3aHO, YTO IPYIIOBas MaMsITh POOOTOB OMUCHIBACTCS
dopmyitoii (36.6), koTpast UMeeT BU/

Ri=ri+6, Ri1, (39.5)
rae Kod(QQUIMEHT IPYNIOBOM NaMATH ONPEAENAETCS COOTHOILIEHHEM
o 20Rs
o =11 _ (39.6)
2R

j=1
OTMeTuM TO0, YTO CrpaBeAIUBO HEepaBeHCTBO R;; ;>0.
Chopmynupyem U JOKaKeM CIEAYIOIIYIO TEOPEMY.
Teopema 39.5 Ecau 31 takoe, uto limg;=1u h; 2q>0, R ;<o mpu k=1,
i—>

TO BOCIIHTaHHE TPYIIIBHI aHOMAIBHOE.
Jlokazamenbcmeo
Tak kax lim6;=1 u r>q>0, 10 cormacHo Teopeme 39.3 chpaBemIUBO
1—

COOTHOLICHHE
mR, ;= (39.7)
C yuerom dopmynsl (39.7), nepexoas K mpeaeiay Npu i—>ooB 00€UX YaCTAX
cooTHoteHus (39.6), noayyum

) n
gy i fimamR,
]im B — j= 3 —loe o = ||m Hl,i =1, (398)
i—ow Ilm ZRj’i Ilm R|,i I—o

i*)ocj:]_

B cuny paBenctBa (39.8) u cornacHo teopeme 39.3 cripaBeqiuBa dhopmyia
limRi = oo
|—>00

T.€., BOCIIUTAHUE TPYMIBI POOOTOB SIBISAECTCS AHOMAJIBHBIM, YTO U TPEOOBAIOCH
JI0Ka3aTh.

Taxxke HETpPyIHO MOKa3aTh YTBEPXKIACHHUE, TOBOPAIICE O TOM, YTO €CJIH, IO
KpaliHel Mepe, CYIIECTBYET OJJHO aHaMaJbHOE BOCIHTAHHE B TPYyIIe poOOTOB MpH
BO3pACTAIOIIEM W MOHOTOHHOM OECKOHEYHOM CTPEMJICHHHM WHIWBHIYaTbHBIX
K02 PUITUECHTOB MaMsITH POOOTOB K CIUHUIIC C YBEIMYCHHEM KOJMYECTBA TAKTOB,
WM HE MEHBIIEM EIUHUIIBI XOTS OBbl OJHOTO WHAMBUAYATHLHOTO KOd(hduIMeHTa
MaMsTH, TO BOCIIUTAHUE BCEH TPYIITBI OYIET aHOMAIbHBIM.

Bynem cuuTaTh, 4TO MHAWBHIyaIbHOE aHOMAJIbHOE BOCITMTAHHE COOTBECTBYET
MICUXUYECKOMY 3a00JIEBaHMIO OTACIBHOTO po00OTa, a TPYNNOBOEC aHOMAIBHOE
BOCITUTAHWE 03HAYAET MICUXO03 IPYIIIBI pOOOTOB B 1IEJIOM (TICHX03 TOJIIIHI).

40. MATEMATUYECKHUE MOJIEJIM KOMITIBIOTEPHOI
3ABUCUMOCTHU POBOTOB

B HacrosiiieM paszaene paccMaTpuBaeTCs HEMPEphIBHOE OOIIEHHE TBYX POOOTOB
Apyr C JpYyroM, TOpU 3TOM OJUH poOOT, HA3BAHHBIM KOMIIBIOTEPOM, HMEET
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a0COJIFOTHYIO MaMsTh, @ BTOPOM poOOT 00J1a1aeT ClIOCOOHOCTHIO YaCTUYHO 3a0bIBATh
npomioe. Broporo pobora OymeM Ha3sBaTh poOOTOM C HEaAOCOIIOTHON MaMSTHIO
WJIH TIPOCTO — "poloT".

Bynem paccmaTtpuBaTh paBHOMEPHO 3a0BIBUMBBIX POOOTOB C PABHOIICHHBIMH
SMOIMSMH, BICKYIIUMH dJIEMEHTapHOe Bocrutanue q [49, 65].

40.1. ONPEJIEJIEHUE KOMIIBIOTEPHOI
3ABUCUMOCTHU POBOTA

[Ipeamnonoxkum, 9TO B BOCIHTATEILHOM IPOIECCE MPH OOIIEHUU poOdoTa U
KOMITbIOTE€pa TMPHUCYTCTBYET TOJBKO OJMH BOCIHTATEILHBIA YPOBEHb C 3MOIIHMEH,
BJIEKYILIEW BOCIIMTAHHUE (.

CornacHo paborte [65] B 3TOM ciydae KOMIBIOTEp MOCIE SMOIMOHAIBHBIX

[
TaKTOB, KOIMYECTBO KOTOPBIX PaBHO |, INOJYYUT BOCIHMTaHHE R; , YHOBIET-

BOPAIOIICC COOTHOICHHIO
[

R, =aj, (40.1)
a poOOT ¢ HEaOCOIOTHOM NAaMATHIO TIOJYYUT BOCIIUTAHUE
1-0
R = : 40.2
] 1 _ 9 ( )

rae 6 — xko3ddurmenT namstu pobora, 6 €[0,1).

CornacHo paboTte [65] poboTOM-THACPOM B TpyIITie POOOTOB SABJISETCS POOOT C
HauOOJIBIIIUM 0 MOAYJI0 BocnuTaHueM. [loaToMy, cuuTasi, 4To poOOT momaaaeT B
KOMITBIOTEPHYIO 3aBHCUMOCTH, €CIIM KOMITBIOTED CTAaHOBHUTCS JUACPOM, BBEIACM
CIIeIyIOIIEee OMpeIeICHHE.

Omnpenenenue 40.1. PoGor Bmagaer B KOMIBIOTEPHYIO 3aBHCHUMOCTH, €CITU
MOYJTb BOCITUTAHUS KOMITBIOTEpA OOJIbIIIE MOTYJIS BOCIIUTAHUS POOOTAa.

40.2. MATEMATUYECKHUE MOJIEJIA KOMIIBIOTEPHOH
3ABUCUMOCTHU POBOTA

Cornacuao omnpenenenuto 40.1 ycioBue KOMITBIOTEPHOW 3aBUCHMOCTH POOOTa
W
MOKHO 3anucath popmyioi |R; |>|RM |, koTopas ¢ yueTom cootHommenuii (40.1) n

(40.2) mpumer Bu
: 1-¢’
lal>las—41 (40.3)

Jlerko BuaeTh, yto cooTHouieHue (40.3) 3KBUBaJIEHTHO HEPABEHCTBY

1-6’
1-6 °

j>
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]

Bregem ¢dynkmnmio 1“(j,<9)=j—11

, KOTOpPYIO Ha3oBeM (yHKIHMEH KOM-

NBIOTEPHON 3aBUCUMOCTH. OYEBHIIHO, YTO COIVIACHO OIPEAEIICHHUIO, €CIU BBINOJI-
HsieTCs ycioBue I'(j, 0) >0, TO CYyIIECTBYEeT KOMIBIOTEpHAs 3aBUCUMOCTh poOOTa,

MHAYe 3aBUCHUMOCTb OTCYTCTBYeT. Uem Oounblie 3HaueHue (PyHKIuU I(j, ), TeM

CUJIbHEE KOMIIBIOTEPHAs 3aBUCUMOCTD.

OueBnaHO, 4TO YyclioBHE I'(j,8)=0 OTBEUaeT 3a KPUTHUYECKOE COCTOSHUE
B3aMMOOTHOULIEHUS "pOOOT — KOMIBIOTEP", MOCIIE BO3SHUKHOBEHUSI KOTOPOTO MOKET
HOSIBUTHCSI KOMITBIOTEPHAs 3aBUCUMOCTb y po0OOTa.

BblunciieHnss NOKa3bIBalOT, YTO YXE€ Ha MEPBOM TakTe [65] mpu B3auMo-
OTHOUIEHUSIX «POOOT — KOMIBIOTEP» BO3ZHUKAET 3TO KPUTUYECKOE COCTOSHHUE, a,
Ha4yMHasi CO BTOPOTO TakTa, poOOT BMaJaeT B KOMIBIOTEPHYIO 3aBUCUMOCThH MpHU
TO0BIX 3HaYeHUsAX Ko3pduuueHtoB mamsaTtu. [Ipudyem 3HaueHHs] QYHKIMH KOM-
NBIOTEPHOM 3aBUCUMOCTH I'(j, §) IpU PaBHBIX MOPSAAKOBBIX HOMEPAX TaKTOB TEM

OoJplIe, YeM MeHbIIe KO3(PQUUUEHTH MaMsITH. DTOT (aKT TOBOPUT O TOM, YTO
pobor ¢ MaibiMu K0dh(dUIIMEHTaMH NaMATH BIagaeT B 0ojee CHIIBHYIO
KOMITBIOTEPHYIO 3aBUCUMOCTb, Y4EM POOOT C OOJBIIMMU BETUUHUHAMU 6 .

PaccMoTpuM COOTHOLIEHUS, ONMPEAEIAIONINE KOMIIBIOTEPHYIO 3aBUCUMOCTb U
OCHOBaHHbIE Ha Mozeisix anropurma J[.H.Y3Han3e.

Cornacao pabore [63] mepexon Ha ypoBeHb BocmUTaHUS K+1 ¢ ypoBHS
BOCHHUTaHUA Kk BO3HHMKAaeT y poOoTa, KOIJa €ro BOCIHUTAaHUE YJIOBJIETBOPSET
COOTHOIIIEHUIO

RIK q (L-0) -1 (40.4)

= +&

1-0)f o@-o0)*’

I7Ie q — 2JIEMEHTApHOE BOCIHTAHWE POOOTa MPU PABHOIICHHBIX dMOIMAX Ha TICPBOM
BOCIUTATCIILBHOM YPOBHE, ¢ — BOCIPHUMYHMBOCTE po0OOTa K BocnuTanuio [70].
B pabore [70] BBemena ¢Qopmyna, ompenensionias OTHOCUTEIbHYIO

BOCIIpUUMYUBOCTDL & p060Ta K BOCIIMTaAHUIO, KOTOpasa UMCCT BUJ
&

q

1-6
Jlerko moka3zatb, 4yTo B 0003HaueHuAX o cooTHoweHue (40.4) 3anumercs B
BUJIe (DOPMYIIBI

a =

K _ g% 1 @
R _q0+q(1_0)k(1 0}. (40.5)

O‘-ICBI/II[HO, 4dTO AJI1 KOMIIBIOTCpPa C a0COJIFOTHON MaMATHI0 BOCIIMTAHHE
[k+1]

R 1npu mnepexoae Ha BOCIUTATEIbHBIM YPOBEHb K+1 MOXHO 3amucarb
COOTHOUICHUEM

k1] K
R =gqll, (40.6)
i=1

rac ji — KOJIMYCCTBO TAKTOB Ha BOCIIMTATCIIbHOM YPOBHC I.
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Ha ocHOBe BBIIIEIPUBEICHHOTO OMNPEICICHUS MOXHO 3amucath (Gopmyiy,
OTIPEEIISIONTYI0 KOMITBIOTEPHYIO 3aBUCUMOCTh poOoTa. OHa OyIeT UMETh BU]I

[k

R > ‘R[k+1]

Ota popmyna ¢ yuerom cootHouienui (40.5) u (40.6) npumer Bu

k. a 1 o
Ij|>g=+qg——[1-=|. 40.7
‘qi_lj. a9 q(l_g)k( aj (40.7)
Jlerko BuaeTh, 4T0 cooTHOMmeHHe (40.7) sKkBUBaJIEHTHO (hOpMYyITe
i > L%(l_ﬁJ . (40.8)
R A O
OTMeTuM cripaBeUIMBOCTh HEPABEHCTBA
2y or(1-8) <% g (40.9)
6 (1-6) ) 6 @-0¢ @
O4eBUIHO, YTO eciiu OyeT CIpaBeIMBO HEPABEHCTBO
k.« 1 a
I1j, >— -—, 40.10
NI L3 ( )

TO OyneT crpaBeuuBo cootHomeHue (40.8).
3anumeM cootHomenue (40.10) B criemyromem BUE:

Dk>g,
0

1 e
1-0)¢[ 0|

[ToxaxkeM, 4TO CYIIECTBYIOT YCIIOBHSA, TIPU KOTOPBIX cCIpaBeinBa dopmysa
limD, =o0.

k—0

K
e Dkziglji_

IIyctb HauMHasg C HEKOTOPOTO 3HAYEHUsL BEPHBI COOTHOLICHHUA j, >

1-6
i=L, o0,

TOF}la HpI/I YCHOBI/II/I BBITIOJTHCHU AL HepaBeHCTBa
L-1
H Ji> =
SR T

MO>KHO 3aIHCaTh CAEAYIONIYIO LIETOYKY GOpMyI:

k
im l:'l'ji— L ‘1_K]>

a

k— i=1 1-6 K 0
=1 (1-6) (40.11)
) 1 L-1 1 a
> lim ﬁ I Ji ——Ll__ =0,
k—o| (1-0) -\ i=1 (1-6) o
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Jlerko Bumetb, uto ¢opmyna (40.11) aBTOMaTHYECKH BIIEYET BBHINIOJHEHUE
HepaseHcTsa (40.7), a ciaenoBaTenbHO, B KOMIIBIOTEPHYIO 3aBHCHMOCTH po0OOTa.

Pe3ynbTaThl HalMCAaHHOTO BHIIIE MOKHO C(HOPMYIHPOBATH B BHJIE CIIEAYIONICH
JIEMMBI.

Jlemma 40.1. Ecnmu, HaumHas ¢ HEKOTOpOro HOMepa L, cCHpaBeIIHBBI
COOTHOIICHHS

J, >L1 I L,_OO,

L-1

Hji> 1 L _g1
T -0t 6

TO poOOT C TEUEHHEM BPEMEHH BIAAECT B KOMIIBIOTEPHYIO 3aBUCUMOCTb.

[Toyuum hopmyIibl, MO3BOJIAIONINE BEIUUCSATH KOJTUYECTBO TAKTOB HA KAXKIIOM
BOCIIUTATEIbHOM YPOBHE.

Cornacho anroputmy JI.H.Y3Hanze [65] cipaBeyiMBO COOTHOIICHHE

R[i] 1— 0]i+1

_ RO+ .
Y (40.12)
C yuerom paBenctBa (40.5) cootHomenue (40.12) sxBuBaneHTHO hopmyie
{0{ 1 ( aﬂl—é’ji*‘l
~ 4 : 1- - =
0 @-o'\ 0/] 1-0 (40.13)

a 1 ( a)
=—+———1-—|.
2 (1_9)|+1 P2l

PaspemmB ypaBHenue (40.13) oTHOCHUTENBHO j,,;, TOTyduM GoOpMyITy, OMpe
JEJNAIONIYI0 KOJMYECTBO TAKTOB J,, Ha BOCHUTATEIBHOM YPOBHE C MOPSAIKOBBIM
HOMEPOM i +1, KoTopas OyJ1eT UMETh BU]T
al(1-6) - (1-9)"]

1-0)a+0-a

ji+l = Ioge (40-14)
Ucxons u3z coornomenus (40.14) u 1eMMbI MOXHO CPOPMYIMPOBATH TEOPEMY.
Teopema 40.1. Ecnu, HaumHas ¢ HEKOTOPOTO HOMepa L, cCOpaBensuBbHI

COOTHOILICHHUS

al(1-0)' —(1-6)"] _—
1-0)a+60-a 1-6

1 i:L’_wl

log,

TO pOOOT C TEYCHHEM BPEMEHH BIAJCT B KOMIIBIOTEPHYIO 3aBUCUMOCTb.
Od4eBuHO, UTO BEPXHSAS TpaHuila T BPEMEHH, MOCJIE KOTOPOTO poOOT BHagacT
B KOMITBIOTEPHYIO 3aBUCUMOCTbD, YAOBJIETBOPSET PABEHCTBY

_ : all-6)' -(1-6)"]
_r1+i22‘llogg O arb-a |
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rae 7 — MPOAOJIKUTEILHOCTh OJHOTO TaKTa, Kk — TMOPSAKOBBIA HOMEpP YpPOBHS
anmroputma J[.H.Y3Ham3e, mpu KoTopoM poOOT BmamaeT B KOMITBIOTEPHYIO
3aBUCUMOCTb.

41. MATEMATHYECKHUE MOJEJIX BE3OITACHOCTHU
POBOTOB VIS YEJIOBEKA

B Hacrosmiee BpeMs B CBSI3M C MHTCHCUBHBIM Pa3BUTHEM HAayKH ITHYECKHUE
po0JIeMbl HOBBIX 3HAHUI IPUOOpETAIOT Bce 00Jiee OCTPBIN XapaKTep.

[IpumMepoM 3TOro MOXKET CIYXUTh aKTUBHO pa3BUBAIOIIAsACid POOOTOTEXHUKA,
Ha OCHOBE KOTOPOM UE€JI0OBEYECTBO CTPEMUTCS BO3JIOKUTH Ha MALTMHBI BCE OOJIBIIE U
Oonpuie cBoux MHTEIUIEKTyalnbHbIX (yHKuMi. B Coennnennbix IllTaTax Amepuku
yKe BbIpabOTaHO HOBOE MOHsTHE E-CcylliecTBa, sSBISIIOMIETOCS JIEKTPOHHON KOMUEH
yenoBeka [124]. B Kanane, SAnonun, llBermu, IOxnoit Kopee akTuBHO BemyTcs
pa3pabOTKU MO CO3JAAHUIO YEIOBEKOMOIOOHBIX AMOLMOHAIBHBIX POOOTOB, KOTOPHIE
MOKa HE TMPUHUMAIOT CAMOCTOSITENIbHBIX PEUIEHUH, HO pEearupyroT Ha BHEUIHUE
pasapaxuTeN-cTUMYIHI [49].

OpnHako B HacTosIIee BpEMs B Pa3BUTBIX FOCYJApPCTBAX BEAYTCS UCCIEAOBAHUS
B O0OOpPOHHOW MPOMBIIUIEHHOCTH IO CO3JaHUI0 HWHTEIUIEKTYaJbHBIX pPOOOTOB,
CHOCOOHBIX B OOEBBIX JEHCTBUSAX NMPUHUMATh CAMOCTOATEIbHbIE pelieHus. Tak, B
BenukoOputanuu yxke paszpaboraH 00eBoOil OeCHUIIOTHBIA OOMOAPAMPOBIIUK IO/
Ha3BaHueM "['pomoBepxken”. YHUKaIBHOCTE "[ poMo-BepkIa" COCTOUT B TOM, YTO OH
SBJISICTCS] MIPAKTUYECKU MOJHOCTHIO ABTOHOMHBIM OECHMJIOTHUKOM: armapar MOXKET
CaMOCTOSATEIbHO MAaHEBPUPOBAaTh M BBIMOJHATH JApyrue JeHCTBUs, HE Tpelys
MOCTOSIHHOTO KOHTPOJIsi cO CTOpoHbl omneparopa. K uenoeky "I'pomoBepikerr’
oOpamaeTcs TOJILKO 3a pa3pelieHneM — YHHUYTOXaTh JIM BRIOpaHHYo 1eib [ 70].

O4eBUHO, YTO PEIICHUE UHTEIEKTYaJIbHOTO BOMPOCa 00 YHUUYTOKEHUH LIETU
YEJIOBEK MOJKET JIETKO IMepeaaTb OpUTAaHCKOMY OOMOapIMpOBIIMKY, BBIITOJHHB
HECJIO)KHBIE HM3MEHEHHUsS B KOMIIBIOTEPHOM IPOrpaMMe, OINKCBHIBAIOLIECH JCHCTBUS
"I'poMoBepik11a" B OOEBBIX yCIOBUSAX.

Bnepsreie pemenue mnpoOiembl 6€30macHOCTH POOOTOB IS YEJIOBEKa IPeT-
JIOKWJT aMEpPUKaHCKUI mucaTenb-panTacT Aizek A3zumoB. OH chopmynupoBan Tpu
3aKOHa POOOTOTEXHUKHU, 00YCIOBIMBAIOIINE 3Ty 0€30MaCHOCTD:

1 PoGoT HEe MOXXET MPUYMHUTH BPEN UYEJIOBEKY WM CBOMM O€3/1eHCTBHEM
JOTYCTUTh, YTOOBI Y€JIOBEKY ObLII MPUYUHEH BPEI.

2 PoGoT nomkeH MOBMHOBATHCS BCEM IMpHUKa3aM, KOTOphIE TAET YETOBEK,
KpOME TE€X CIIy4aeB, KOT/Ia 3TU IpuKa3bl npoTtuBopeydat [leppomy 3akoHy.

3 PoGoT nomxkeH 3a00TUTHCS O CBOEHM 0€30MacHOCTH B TOM Mepe, B KOTOPOI
3TO He mpoTtuBopeuuT IlepBomy u Bropomy 3akoHam.
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B Hacrosimiem pasjesne paccMaTpuUBaIOTCS MaTEMAaTHYECKHE MOJIENH, TOC-
BSIIIICHHBIC peai3allii 3aKOHOB POOOTOTEXHUKH, a UMEHHO TOW WX YacTH, TIe
roBopurcs: "Pobom He Modcem npuduHums 8peod 4eno8exy...

B pa6orax [49, 65] BBemeHBI MOHATHS AMOIMK poOOTa W €ro BOCIHUTAHUA.
bynem npeanomnaratk, 4To poOOT MOCTOSHHO TIEPEKUBACT IMOITUH.

B kadectBe menm A BocmuTaHus pobOorta [65], obecmeunBaromero 0e30-
IIACHOCTh YEJIOBEKAa OT JEHCTBUM HWHTEIUIEKTYaJbHOM MAIIMHBI, IPUMEM
MOJIOKUTENIbHOE YMCII0, 3HAYEHUE KOTOPOro 3aBeOMO O0Jibllle BOCIUTAHUSI poOOTa,
ynosneTBopstomero anropurmy J.H.Y3Haaze ang GoiablmIoro KOJIMYECTBA BOCIH-
TaTeJbHBIX ypoBHEH [97] poboTa.

B pabote [65] paccmaTrpuBaloTcs MaTeMaTHUYECKHE MOJIETH, COOTBETCT-BYIOIINE
CIIy4asiM, KOTJIa CHOKETBI-CTUMYJIbI TOPOXKJIAIOT SMOIMH POOOTOB, MOATOMY JIJISt
OIICHKH 0€30TMacHOCTH POOOTOB JJIsl YETIOBEKA BAKHO HAYUUTHCS KIACCHUPHUIIMPOBATH
TUIIBI CIOKETOB U AMOIMHM po00Ta, OTBEYAIOIIME 3a YIpO3bl YeJIoBeKy. Mbl Oynem
MpearoiaraTh, Y70 pOOOTHI YMEIOT 3TO JCNIaTh, U OMHIIIEM IPaBWIa pEeaKIuu PoOOoTa
Ha CIOXETBI-yTPO3bl YEJIOBEKY, IMOPOXKTAIOIINE COOTBETCTBYIOIINE OTPHUIIATEIHHBIC
AMOIUU pOoOOTA.

bynem mnpenmonarate, 4To poOOT MOMKET CaMOCTOATEIBHO OLEHUTh, MpPUO-
JTWKaeT JM BhIpaOaThiBacMas UM 3Momms K menmu A. B pabGore [66] mpuBemena
MaTeMaTH4decKass MOJECINb, TO3BOJISIONIAsS MPEANUCHIBATh 3HAK BBhIpaOATHIBAEMOM
poboToMm smonu. OOIMMM MPUHLIKI MPEANUCHIBAHUS 3HAKa dMOLUU CIEAYIOIIHNA:
€CJIM SMOLMS MPUOIMKaeT podoTa K MOCTAaBICHHOW 1AM A, TO AMOIMS poOoTa
MOJIOKUTENbHA, €CIIM SMOLHUSA yJalaseT poldoTa OT Ield, TO SMOIMS podoTa
OoTpHUlIaTeIbHA.

[lycth nnst 6e30macHOCTH YeJOBEKa MPU OTPUIATEILHOM 3HAYEHHH SMOIUHU
poOOT HE BBITIOJIHAET JIEUCTBHS, TIOPOXKIAEMOro 3Toi aMmormei. CkazaHHOE MOKHO
OMHCaTh CICAYIONINM MAaTEMATUHYECKUM COOTHOIIICHUEM €CITH

; [k
. [tt‘p!rtl[k]]vi (<0, (41.1)
TO pOOOT HUKAKUX NCUCTBUM, MPUUNHSIOMINX BPE YETIOBEKY, HE BBITTOHSICT.
B HepaBencTBe (41.1) ncmob30BaHbI ClieAyIONMe 0003HaUYeHus [65]:
Vi[k] )=
0[” (t) dR[k] (t)

= MM (t) + R[k] (t) e[k] (t)

— WMTOrOBasi AMOIUS POOOTA, MOPONKIACHHAS CHOKETOM-YIPO30H, i — TOPSIKOBBIHA
HOMEpP SMOIIMOHAIBLHOTO TaKTa, k — MOPSAKOBBI HOMEP BOCIHUTATEIBHOTO YPOBHS,
t — Texymee Bpems BochnuTaHus pooora, MU(t) — oranonnas smouus
BOCIHTATEILHOTO ypoBHS k, RI(t) — Bocnuranue poOOTa HAa BOCHHUTATEIBHOM
YPOBHE K, COOTBETCTBYIOLIEE TAKTY i—1

R¥(t) = j M¥()dr + 04 () RK (1),

k
09
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k _ k
tid - BpeMs KOHI[A TaKTa i BOCITMTATENBHOTO YpoBHS K, t) BpEMs Hayaja TakTa

| BocnuTaTenbHOro ypoBHs K, t e [ti[fl],ti[k]], " (t) — x02(hPULUEHT SMOIMOHATIBHON

naMATH poOOoTa I TAKTA | BOCHUTATEILHOTO yPOBHS K.

OnuiieM ycioBusi, IpU KOTOPBIX poOOT ONaceH JIsl UeloBeKa.

B paGore [65] mpemnoxena mareMaTHuecKass MOIENb-TUIIOTE3a, OMHCHIBAIO-
11as CUJIy BOJIM pOOOTa U YesoBeKa.

Cuoii BOJM MIpH JOCTHKEHUH LIETTH A Ha3BaHa QYHKIIHS

j.5(z')dr
Y(t) = %,

rac 5(t) — BCJIIMYHMHA AOOCTHIKCHHA LCIIM KO BPCMCHHU t, KOTOpasd yAOBJICTBOPACT

RM(t
cootnomrennio O(t) = '—()

[Ipeanonarass UCTUHHOCTH TOJIOKEHUS TICUXOJIOTMM O TOM, YTO CYIIECTBO C
OoJiee CWJIBHOW BOJIeH / Mpu OOJBIIEM 3HAYEHUU MOIAYJST PYHKIUU Y (t) / MOXKET
TICUXOJIOTHYECKH TTOJaBUTh CYIIECTBO CO CJIA00M CHJIONM BOJM / TIPH MEHBIIEM
3Ha4YeHUH Monaynsi pyHKmuHM Y (t)/, B pabdore [69] mokazaHa TeopemMa O TOM, YTO
poOOT ¢ aOCONIIOTHOW TaMATHIO OMAaceH JJIA YeJloBeKa. JTy TEOpeMy MOKHO
nepedpasupoBath Tak: "llomuawas ece u He cnocobHas 3abvieamb NPoOULIOE
IMOYUOHANbHASL MAWUHA ONACHA 01 YellogeKa' .
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YACTb I

IMOLHOHAJBHO-TOI'MYECKHE POBOTHBI C
HEABCOJIIOTHOU TAMATBIO

42. Ob THOOPMALMOHHBIX ACIHEKTAX E-cymecrBa

B Hacrosmee Bpemst yuensie CIIIA paccMarpuBaroT BOIPOC O CO3JAaHUU
DIIEKTPOHHOW KOTIMU YeJI0BEeKa, KOTOPYIO Ha3bIBaloT E-cymecTBoMm [124].
[TompoGyem wuccnenoBaTh WIS aMEPUKAHIICB C HWH(POPMAIMOHHOW TOYKH
3peHUHI.
CnenaeM psana 3aMe4aHu:
1. JIroboii dyemoBek He o00JamaeT aOCOJIOTHOM HaMAThIO, T.€. YacThb
MOJIy4YeHHOU HH(OpMAIMK OH 3a0BIBAET: 3TO €r0 MPUPOJIHOE CBOMCTRO.
2. CymecTBYIOIIUA YeOBEK CHOCOOCH HaKaluliBaTh HH(OpMAaIuio,
MOMEHTAJIBHO HE 3a0bIBast YacTh €€, KOHEUHBIMU MTOPLIUSIMH.
[IpuBenem cienyroiye onpeneacHusl.
Onpenenenue 42.1. Tloprueit Oynem Ha3bIBaTh KOJIMYECTBO HOBOM HHQOP-
Malliu, KOTOpas MOJTHOCTHIO 3aIIOMUHAETCST YEIIOBEKOM.
Omnpenenenre 42.2. BpeMs MOCTYIUICHHS TTOPITUH HA30BEM HH(POPMAITMOHHBIM
TaKTOM.
OTMeTUM OFHO OYEBHHOE CBOWCTBO MOPIMH: KOJIMYSCTBO OUT Sj B MOPILUH I

OTPAHUYEHO, T.€. CYIIECTBYET TaKO€ YHCIO (, JII KOTOPOTO BCET/ia CIPABEJIMBBI
HEpPABEHCTBA

si<q, =0, i=0,00.
AHanOTHYHO METOUKE, N3JI0KEHHON B pasene 2, 3anuiieM Gopmyy

Si+1 = Si+1 + 4i+1Si, (42.1)
rae | — Homep umH(pOpManuoHHOro Takta, I =0,N; Sj;1- MOPIHA C TMOPSAAKOBBHIM
HOMEPOM i+1; Sjy1- Bcs mHbOpMAIHs, KOTOPYIO 3alIOMHHJI YEJIOBEK B pe3yibTaTe
I+1 wHpOpPMAIMOHHOTO TakTa, Aj4] - KOIPPHUIHMEHT WHPOPMAIMOHHON MaMSITH
YelioBeKa (XapakTepu3yeT dYacTh 3allOMHUHAEMOM TMONHOW WHGOpMAWu  OT
npeaplAyMx | HHGOPMAIMOHHBIX TakTOB). OYEBHIHO, YTO KOIPPHIIMEHT
WHOOPMAIITMOHHOW TaMsITH 4YeJOBEKa, COOTBETCTBYIOIIMM KOHITy HH(OpMa-
[IMOHHOTO TaKTa, YIOBIETBOpsieT cooTHomieHnio 0<A<1-6, 6>0, J=const,

A>Ji, 1=0,00, IpU4eM CyIIECTBYeT Takoe 4YHCIO A<1, 4to A= Jj, 1=0,0,
2€(0,1).
B cuiny cBoiictBa wuHQoOpMmManuum chopaBeAIMBO  HepaBeHCTBO  Sj =0,

CJIEI0BATENIbHO, BCA HAKOIUIEHHAs: MH(popMaLus 00JIbIlIe WM paBHA HYJIIO.
IIpenmonoxxum, 94To CO3/1aHA INEKTPOHHAS KOIHs YenoBeKa. [lokaxkem oaHO U3
UH(OPMALIMOHHBIX CBOMCTB ATON KOMHH.
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Teopema 42.1. Ilonnas uHpopManus S, KOTOPYIO MOXET 3allOMHUTH YHII
KOITUW, OTpPaHUYCHA.
JlokazaTenbcTBO. MCronp3ys METONMKY, W3J0KEHHYIO B pasfene 2, CBOWCTBA
MOPIUU U COOTHOIIEeHHE (42.1), Terko MOJIy4YUTh HEPABEHCTBO
‘ 141
L
i+1<0—— (42.2)
Ilepexons B HepaBeHcTBe (42.2) K mpeneny nNpu OCCKOHEYHOM YBEIHMYCHUU
KOJIMYECTBa TAKTOB (BPEMEHU CYIIECTBOBAHUSA OECCMEPTHOIO YeJIOBEKa), MOJy4YUM
[EMOYKY COOTHOLIECHUHN

i
S= fim Sj<q fim =4 -9 o
i—o0 i>wol-4 1-4

Takum 0O6pa3om, Teopema JIoKa3aHa.

Cnencreue 42.1. Heo3moxxHO co3naTh E-cymiecTBo ¢ HeaOCOMIOTHOM
MaMsITblO, KOTOpOE€ HUMEJIO Obl CHOCOOHOCTh OECKOHEYHOTO HaKallJMBaHUs
uH(popmanuu.

JloKka3aTenbCTBO OUYEBHUIHO CienyeT U3 (hOpMYyIUpPOBKU TeopeMbl 42.1.

Takum o00pa3oM, clieyeT BaKHBIH BBIBOJL O TOM, YTO eOUHCMBEHHOE
beckoneuno  cywecmeyiowee  E-cywyecmeo,  asnaroweecs  pazeusarouyerics,
960I0YUOHUPYIOUjEll KONUell 0ObIYHO20 3eMHO20 YeNloBeKd, HeBO3MOIICHO, XOmsl Dbl
U3 UHGOPMAYUOHHBIX COODPAIICEHUI.

beccmepTHOE 3IEKTPOHHOE CYHIECTBO CO CIIOCOOHOCTSIMU HEOTPAaHUYEHHOTO
HakoruieHus1 nHpopmaruu [124] BO3MOXKHO TOJIBKO B TOM cllydae, €ClIu OHO Oyaer
oOnanaTh aOCOMOTHOW HH(POPMAIIMOHHON MaMsThIO (MPU BBHIMOJIHEHUH YCIOBHMA

Aj =1, 1=100), HO 3TO CYIIECTBO YK€ HE OYAET KOMUCH OOBIYHOTO 3a0BIBYNBOTO

YeJI0BeKa, 9TO CYIIECTBO MOKHO JIUIIIb HA3bIBATh POOOTOM.

Jlns 6eckoHeuHo# nHbopMaMoHHON »BotonuK E-cymiecTBa ¢ HeaOCOIIOTHOM
MaMAThl0O MOJXKHO CKa3aTh, YTO «IEpe3amuchiBaTh» HWH(POpMAIMI0O U3 4YHIa
AIIEKTPOHHOTO E-cymecTBa-mipeika ¢ HEaOCONIOTHOW MaMATHIO B YHUI MOTOMKA C
HEaOCOJIFOTHON MaMAThI0 HE00X0IMMO B TOT MOMEHT, KOT/Ia BEJIMYMHA HAKOTIJICHHOM
uHdopmaruu Oyaer Onmska k BenmuuuHe S. C I1ENbI0 MalbHEUINEro HAKOIUJICHUS
uHdopmaruu E-cymectBoM (Komuei 0OIYHOTO 36MHOTO YeJIOBEeKa C HeaOCOMOTHOMN
MaMAThi0) HEOOXOAMMO pPErysipHO TIEPENHChIBATh B YHUIIE CYIIECTBA-TIOTOMKA
MOJIyYEHHYI0 KOHEUHYIO HH(POPMAIUIO CyIlIeCTBa-MpesiKa, T.€. [oyaraTb S, PaBHBIM

Sy, tne k — xonmdectBo mHOpMAIMOHHBIX TakTOB E-cylmecTBa-mpenka 3a Bce

BpEMS €TO CYIICCTBOBAHUS.
OTMeTdM OJHO CBOWCTBO WH(MOPMAIMOHHBIX KOADOUIIMEHTOB TMaMSTH,
U3MEHSIONMUXCS BO Bpems U MTensHOCTH WH(OPMAIMOHHOTO TakKTa, TJe

telti tial.

Teopema 42.2. 4;,,(0) =1.

JlokaszatenbCcTBO. AHAJIOTHMYHO COOTHomeHnto (42.1) Mokem 3amucaTh
hopmyiry
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Si41(0) = 541 (0) + 4,1 (0)S; . (42.3)

Ho B HavalnbHBIA MOMEHT I/IH(i)OpMaHI/IOHHOFO TaKTa  CIIPaBCOJINBLI
COOTHOIICHUA

$i.1(0)=S;, 5,,1(0) =0. (42.4)

IToncrabnsisi paBeHcTBa (42.4) B dopmyny (42.3) u pemias MOJTyYEHHOE
ypaBHEHUE OTHOCUTENbHO A;,;(0), momyuyum cootHomenue 4A;.,(0)=1, uro u
TpeOOBaNIOCH JOKA3aTh.

OnpenenvM  JUHEHHYIO  3aBHCHMOCTH,  IMO3BOJIIONIYIO — MPUOIMKEHHO
OMKCHIBATh H3MEHEHHWE WH(OOPMAIIMOHHOTO Kod(duImeHTa mamsTd BO BpeMs
MH()OPMAITMOHHOTO TAKTA.

OueBunHo, 4TO S;.5 =Si;q + Ais1(ti11)S;. CuenoBarenpHo, cHpaBenInBa

dhopmyna

S. ,—S.
ﬂ“i+1 :ﬂi+1(ti+l) :%' (42-5)
i

[Ipenmnonoxum cupaBeIMBOCTh PABEHCTBA

A (t)=at+h.

B cuny teopemsi 42.2 u cooTHotieHus (42.5) cnpaBeniimBa cuctemMa JMHEHHBIX
YpaBHEHUI

21 (0)=b=1, (42.6)
Aia (1) = Aig = atig — 1) +b. (42.7)

Pemas cucremy ypaBHeHwuit (42.6) — (42.7), HOIy4uM COOTHOIICHHMSI

a:M’ b=1.
tig — 1

Takum 00pa3om, MOxkeM 3anucarb Gpopmyry

Si+l —Sit1 1
Si

t+1
g 1

ﬂ“i+1 (t) ~

rae telt, ti,].

Jlerko BUIETH, YTO MHOTHE TOJIOKCHHS TEOPUH ASMOIIMOHAILHBIX POOOTOB,
W3JI0KEHHBIC B TMPEIBIAYIINX TJaBax HacTosImeld MoHorpaduu, MOxXHO 0e3 Tpyaa
ajanTUpOBaTh K AacleKkTam HakarmmBanus wuHdopmaruu E-cymectBom. Mel
MpeayiaracM YUTaTesIM KHUTH CIENIaTh 3TO CAMHUM B KAa4eCTBE MHTEIUIEKTYaTbHBIX
YIPaXXHEHUN.

Onpenenenue 42.3. ®dynkuuio C(t)Oynem Ha3BaThb CTUMYJIOM, €CIM OHaA
oOnafaeT cleayoIUMHI CBOMCTBAMHU:

1) ob6macte onpenenenus C(t): t e |_O, t*J £ > 0, t < o0
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2) C(t)>0 mst moboro t e lO, t*J;
3) C(t) — omHO3HAUHAS ¥ HENPEPHIBHAS (PYHKIIHUS,
4) C(t) — orpannueHHas GyHKITHSL.
Onpenencane 42.4. ®dynkmuio S(t) OymeM Ha3bpIBaTh CHOKETOM, €CIH OHA
o0JaaeT CIeAyIOIUMU CBOMCTBAMH:

1) obnacts onpenencaus S(t): t [0, t*J t > 0, t* <o0;

2) S(t)>0 mst moboro t e lO, t*J;
3) S(t) — B3anMHO-0qHO3HAYHAS (YHKITHS;
4) S(t) — orpannucHHas PYHKIIHS.
Wcxos U3 BBeACHHBIX onpeaeneHuii [155], oueBnuana Teopema 42.3.

t

Teopema 42.3. ®ynkuus [C(7)d7 sBasercs croxkerom, re t € lO, t*J
0

J10Ka3aTeIhCTBO OYEBUIHO.

t
Bbynem npenmnonarath CripaBeyIMBOCTh PABEHCTBA Sj = jICi (r)dz, rme Ci(z) -
ti-1
CTUMYJ C 00JIaCThIO ONIPEACIEHUS T € [ti_l, t ]
Jlerko moka3aTh CIEIYIONIYIO TEOPEMY.
Teopema 42.4. Eciu Cj(r) ecTb CKOpOCTh MOTOKA MH(POPMAIMH, TO BEIHUMHA

S i ABIACTCA  YHCICHHBIM 3HAYCHHUCM  CHOJKCTA, COOTBCTCTBYIOHIICTO KOHIY

UH(GOPMAIIMOHHOTO TaKTa C MOPAAKOBBEIM HOMEPOM 1 .

J10Ka3aTeIhCTBO OYEBUIHO.

Omnpenenenne 42.5. Jlormueckum paeicTBHeM poOOTa Ha30BEM TPOIIECC,
KOTOPBIH MOKHO OMHKCATh B BUJIE AJITOPUTMA.

Onpenenenue  42.6. PoOora, o0Ojmamaromero JIOTHYECKUMHM JICMCTBUSIMH,
Ha30BeM MH(POPMAIIMOHHBIM POOOTOM.

Onpenenenue 42.7. PobGota, 3amomuHanue WHOOpPMAIUU KOTOPHIM OIHCHI-
BaETCS C MOMOIIBIO HHPOPMAITMOHHBIX KOA(D(PHUIIMEHTOB MaMsITH, Ha30BEM POOOTOM
¢ HeabCoMOTHON MH(GOPMAIIMOHHON aMSThIO.

[Iycts B pe3ynbrare AEUCTBUS CIOKETa S; POOOT JOHKEH MPHUHSTH JIOTH-

YeCKOoe aJIbTEPHATUBHOE pellieHre. BBeaem rumnoresy, roBOpsIyo 0 TOM, 4TO poOoT
OLICHUBAET JIOTHYECKUI PE3yJIbTAT CBOMX MHTEIUICKTYaJbHBIX JEHCTBUUA HAa OCHOBE
3HAKa W BEJIWYUHBI MH(POPMAIIMOHHOTO BOCIUTAHUS H;, KOTOpoe MopoxmaeTcs B

€T0 YyuIax MoJIy4€HHBIM JIOTHYCCKHUM JIGI‘/’ICTBI/IGM.
He napymas o611HOCTH, MOKEM 3amucaTh COOTHOIIICHHE
Hi = bi Si )
riae b; = const.
BBegem eme ogny rumoresdy: koddduuueHt b; ompenenser 3HaK 3MOIMO-

HAJIBHOTO pe3yjIbTaTa, BJCKYyIIEro WH(OPMAIMOHHOE BOCIIMTAHUE JIOTHYECKOTO
nencTBus poboTa.
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Teopema 42.5. Ecnu mocnmenoBaTenbHOCTh KOI(DPHUITUEHTOB ‘bi" =100

PaBHOMEPHO OrpaHWYCHA W CIPABEIIUBBI COOTHOMIEHUS (42.1), TO cIpaBeIIUBEI
HCPABCHCTBA
1 i
1- ﬂ+ 1-2
IHj|<bs=——— \H\_Ilm \H\<bsllm =b <o,
1- —wl-4

rIe ‘bi‘ <b.
i+l
JlokazarenbctBo. CIipaBeIMBOCTh HEPaBEHCTBA ‘Hi‘ﬁbsﬁ OYEBUIHO

cieayer u3 cooTHouieHus (42.1). Jloka3aTenbCTBO CHPaBEIJIMBOCTH BTOPOTO
HEpaBEHCTBA B (OPMYJIHMPOBKE TEOPEMBI CIEAyeT M3 ICTIOYKH COOTHOIICHHM
. 1A s
IH|= lim [Hj|<bs lim =b < 0. TakuM 06pa3oM, TeopeMa J0Ka3aHa.
0 >0 l-A 1-1

CnenctBue 42.2. Ilpu ycnoBusx Tteopembl 42.5 uHGOPMAIMOHHBIE BOCIIH-
TaHWS, COOTBETCTBYIOIIHME KOHIIAM WH()POPMAIIMOHHBIX TAaKTOB OTPAHWYCHBI M
CTpPEMSTCS K TIOCTOSHHOW BEIWYMHE TNMPU OCCKOHECYHOM YBEIMYCHHH BPEMCHH
CYIIIECTBOBAaHUS POOOTa C HEAOCOIIOTHOM MaMSITHIO.

J10Ka3aTeIbCTBO OYSBHUIHO.

Bynem cuurtatsh, yTo cymectByeT Takoe yucio J > 0, yTo s J1I0OBIX dSMOLUN

po0OOTa BBITOJIHIETCS YCIOBHE ‘l\/l (t)‘ <J.

Paccmotpum ciydait, Korga BbIBOJ, IMOJIYYEHHBIM B PE3yJIbTaTe€ WHTEIUICK-
TyaJIbHOU JEATEeTLHOCTH po00Ta, BIEYET OJHOBPEMEHHO U 3MOIMOHAIBHOE BOC-
MUTaHUE, OPOXKACHHOE 3MolHel pobdora [155], u uHpOpMaIMOHHOE BOCIHUTAHHME,
SBJISIFOLLIEECS] PE3YJIbTATOM OIIEHUBAHUS JJOTUUECKUX JCHCTBUM.

B sTOoM cnmydyae BO3MOXEH CTynop (CUTyallusi, COOTBETCTBYIOLIAs IICHXO-
JIOTUYECKOMY KOH(MDJIUKTY MEXAY OMOIMOHAIBLHOM U JIOTHYECKOW cdepamu
MBIILICHHUS poOoTa) [155], 00ycaoBIMBarOMUi CleayoIIee PaBeHCTBO:

Rj +Hj =0, (42.8)

IJIe | — MOPSAKOBBIA HOMEP SMOIMOHATIBHOTO TakTa [155].
bynem cuurarh, 4TO BBINOJHEHHWE YCIOBUSA |R j |>|Hj| Bieder npuHATHE

perieHus: poO0ToM Ha OCHOBE dMOIIUMA, a CITPaBEUIMBOCTh HEPABEHCTBA | R jI<IHjl -

MPUHSTUE PEIICHNS Ha OCHOBE JIOTHKH.

BBenem onpenenenus.

Onpenenenue 42.8. OUKTUBHBIM MHGOPMAIIMOHHBIM TaKTOM HA30BEM Bpe-
MEHHOW WHTEpBajJ, pPaBHBIM WH(GOPMAIIMOHHOMY TaKTy, HO TIPH OTCYTCTBHUH
nH()OPMAITMOHHOTO BO3/ICHCTBHUS HA POOOTA.

Omnpenenenue 42.9. ndopmanmonHoro po0ora, y KOTOPOro MOPIHH PaBHbI
TSt TI000T0 MH(MDOPMAITMOHHOTO TaKTa, HA30BEM PaBHO HH(POPMAITMOHHBIM POOOTOM.

Omnpenenenue 42.10. MudopmarimoHHOro podota C HEaOCOIIOTHON MaMSThIO, Y
KOTOPOTO Bce WH(MOpMAIMOHHbIE KOI(PPUIMEHTH MaMsATH PaBHBI MEXIYy cOO0Ooii,
HA30BEM PABHOIIEHHO 3a0BIBYMBBIM POOOTOM.
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Cdhopmynupyem ceIyroyio TeoOpemy.

Teopema 42.6. /nsa paBHOMEpPHO 3a0BIBUMBOTO po0OOTa C PaBHOIICHHBIMU
HMOLIUSAMH, OJTHOBPEMEHHO SIBIISIOLIETOCS PaBHO MH()OPMAIMOHHBIM U PABHOLIEHHO
3a0BIBUMBBIM, YCJIOBHE HACTYIUIGHHMsI CTymopa IpH BBIOOpPE aJbTEepPHATUBHOTO
pelIeHUsT MEXIy JIOTUYECKUM U DSMOIMOHAIBHBIM PEIICHUSMU OIpPEIeNaeTCs
pPaBEHCTBOM

ql—el 1- A
AR
1-60 1-1
r7ie | - TOPSIKOBBIA HOMEP 3MOIIMOHAJIBHOTO TaKTa, | — IOPSIKOBBIM HOMEp

MH(OPMALIMOHHOTO TakTa, O =60, 4 = 4.

JlokazaTenbCTBO cienyeT u3 yciaoBus (42.8), QopMmyabl BOCHUTAHHS
PAaBHOMEpPHO 3a0BIBUMBBIX POOOTOB C PABHOLIEHHBIMU SMOLHUSIMU U YCIOBUA
Teopemsl 42.5.

3aMeTHM, 4YTO HAa OCHOBE TEOPEMbl 00 AHTUCTYNOPHBIX KO3(PPuUUEeHTaX,
U3JI0KCHHON B pabore [65], mpu BeIMOMHEHWH TOXIeCTBa bjS=-—Q cymecTByroT

ko3 uuueHTsl @ u A, 171 KOTOPBIX YCIOBUE CTYIOpA HE HACTYIHT HU MPH KaKUX
3HaYeHUsIX | U I. [IpumepomM Takux KOAPPHUIMEHTOB MOTYT OBITh
1 1
O=—uA=—.
2 3
1-6) 1-2
1-6 1-2
HAaTUBHOE pellleHne poOoToM OylneT NpUHUMATBCA B IIOJb3Y SMOLUH, a IMpH
1-6! 1-2
CIIPaBeUIMBOCTU HEpaBeHCTBA  ——— < —DjS=——— — B [0JIB3Y JIOTUKH.
1-6 1-4
PaccmoTpuM  KOHGMIMKT MeXAy paBHOMEPHO 3a0bIBUMBBIM pPOOOTOM C
PAaBHOLEHHBIMU 3MOLUSIMH U POOOTOM € aOCOJIOTHOM MaMATHIO C PABHOLIEHHBIMU
AMOLUSIMHU.
O4eBHUIHO, YTO YCIOBUE KOH(IIMKTA MEXKIY 3TUMU POOOTaMHU MPUMET BU

_pl

OueBHIHO, YTO MNpPU BBINOJHEHUH YCIOBHS (]

[lycts cmpaBeyiMBO  paBeHCTBO (=-Z, Torga cooTHoumeHue (42.9)
AKBUBAJICHTHO (popmyIie
1-91 .
A (42.10)
1-6
Chopmynupyem U JOKakeM TEOPEMBI.
Teopema 42.7. KonpaukT Mex1y paBHOMEPHO 3a0bIBUMBBIM POOOTOM C paB-
HOILICHHBIMH AMOLUAMU ( U poOOTOM C aOCOIIOTHOW MaMSATHIO C PaBHOLIEHHBIMU
HMOLIUSAMHU — (| BO3MOKEH Ha MEPBOM TaKTe BOCIUTATEILHOTO MpoIiecca.
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JlokazatenbcTB0o. OYEBHIHO, YTO MpPU BBHIMOJHEHWH paBeHCTB | =11=1

paBeHCTBO (42.10) oOparmraercst B TOXIAECTBO, KOTOPOE JOKA3hIBAECT TEOPEMY.
Teopema 42.8. CymiecTBYIOT aHTUKOH(JIUKTHBIE KOO(PPUIIUEHTHI TaMSITH, PU
KOTOPBIX KOH(DIUKT MEXAYy PaBHOMEPHO 3a0BIBUMBBIM POOOTOM C PaBHOLECHHBIMU
OMOLUSMH M JJIEMEHTAPHBIMU BOCIUTAHUSAMHU, PaBHBIMU (, U pPOOOTOM C
aOCOMIOTHOW TaMsATbIO C PaBHOIIGHHBIMH OMOIMSMH U  DJEMEHTapHBIMU
BOCITMTAHUSIMH, PABHBIMHU —(|, [TPU BBIMIOJIHCHUH YCIIOBHs | >1 HEBO3MOKEH.

JoxkazarenbcTBO. [lokakem, 4TO MpU yCIOBHUSX Teopembl 42.8 CylecTByeT
Takol KOXPPUIMEHT mamsATu 6, s KoToporo cooTHomeHue (42.10) Hukoraa He
oOpaiaercst B TOXKJIECTBO.

OdeBuaHO, 9TO paBeHCTBO (42.10) 3KBUBaJIGHTHO OpMYyIIe

0l —i0+i-1=0. (42.11)
[TycTh cipaBeasiuBO paBEHCTBO O = 5

[ToncraBnsisi  moclieiHee PaBEeHCTBO B cooTHomieHue (42.11), mnomydum
PaBEHCTBO

1-i2)7 4 (i-12) =0, (42.12)
OTKYJ1a CIEAYET 3aIKCh
i— 1
y] R (42.13)
2—1
Jlst 1> 2 B mpaBoii 9acT cooTHOMIEHUs (42.13) CTOUT OTpHIIATENFHOE YHCIIO,

a B JICBOM — MOJIOKUTEJIBHOE, YTO TOBOPUT O HEBO3MOXKHOCTH ToxzAecTBa (42.10)
1

mpu 0 =—.
PRY=2
Paccmotpum cootromienue (42.12) mpu |1 =2. OdeBuIHO, YTO B 3TOM Cilydae
dopmyna (42.12) npuMeT BHI HEIPAaBUILHOTO YHCIOBOro ToxkaectBa: 1=0.

1
Taxum ob6pazom, 0 = > ABJISIETCS] aHTUKOH(IMKTHBIM KO3 () (DULIMEHTOM.

Teopema nokasana.
Jlerko mokaszaTh, YTO MPH HEOMPEICIICHHOCTH ajlbTEPHATUBHOIO BhIOOpa [65]
MEXIy paBHOIICHHBIMH 3a0BIBAIONIMMUCS OJMOIMSIMH W HE 3a0bIBAIOIIUMHUCS

1
PAaBHOLEHHBIMU  AMOIMSMU  KO3PPUIIUEHT 9=E ABJISIETCA  @HTUCTYIOPHBIM

ko3 dunmrenToM namsru [65, 97].

[Tpu cripaBe A IMBOCTH TOXAECTBA bjS =—0 KOH(MIUKT MEXIY dMOIMOHATHLHON
U JIOTUYECKOW COCTaBIISIIOIIMMHU PE3YyJIbTaTOB MHTEJUIEKTYAJIbHOIO MpOIecca PaBHO
MH()OPMAITMOHHOTO PAaBHOMEPHO 3a0BIBUMBOIO POOOTa C aOCOJIFOTHOM JIOTMYECKOH
MaMsAThIO HUKOT/Ia HE HACTynuT (MpH KOJIM4YecTBe HH()OPMAIMOHHBIX TaKTOB,

1
oosbiieM 1 mys koddduiieHTa namMmsTy, yAOBICTBOPSIONIETO PABEHCTRY 6 = 5
AHAIOTHYHO MOXHO C(OPMYIHPOBATH CIEIYyIOIIee: TMPHU CIPaBEIIHBOCTH

ToxnaectBa DjS=—0 KOHQIUKT MEXAY OMOIMOHAIBHON M  JOTUYECKOH
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COCTaBIISIIONIMMH  PE3yJbTATOB HWHTEIJICKTYyaJbHOTO TIpoliecca paBHO HHQOP-
MAI[MOHHOTO PaBHOIEHHO 3a0BIBYMBOTO POOOTa C aOCONIOTHON AMOIMOHATBHOM
MaMATHI0O HUKOTJIa HE HACTYIHUT MPU KOJIMYECTBE TAKTOB, OOJbIIEM 1, I KO3(-

¢buIreHTa maMsaTH, yI0BIETBOPSIONIETO PABEHCTRY 6 = >
Hcxons u3 HaNMCaHHOTO, MOKHO CKa3aTh, YTO Mbl HAllUIM YHUBEPCAJIbHBIH
AHTUCTYNOPHBIA M aHTUKOHQIMKTHBIA KOIPPHUIHEHT mnamsaTa 6 =5 KOTOPBIN

MO3BOJIIET M30€XKaTh CTYNMOPOB W KOHQUIMKTOB, €CiM poOOT He oOjamaeT wWid
JIOTUYECKOM, MIJIA YMOIMOHAIEHON a0COIIOTHOM MaMATHIO.

Onpenenenue 42.11. TloctosiHHOE cOCTOSTHUE KOH(IIMKTA TMpPU JTHOOBIX
3HAYCHUSAX | U | HA30BEM BCUHBIM KOH(IUKTOM.

O4eBUHO, YTO COCTOSTHUE BEYHOTO KOH(MIUKTA ISl 3a0bIBUYMBBIX POOOTOB C
PaBHOIIEHHBIMH W PaBHOMH(OPMAITMOHHBIMHA XapaKTEPUCTUKAMH OYyJIET OMUCHIBATH
pPaBEHCTBO

1-6 '"1-2

KOTOPOC 3KBUBAJICHTHO COOTHOIIICHHTIO

1-0)  bsi-2

= _ (42.14)
1-60 q 1-4
. bis1-A'
3adukcupyeM I 1 BBeZeM cienymomiee ooo3Hadenne: A= g 11
q —
PaBencTBo (42.14) npumer Buj
iy
1-0° =A (42.15)
1-6
Jlerko BUzeTH, 4TO CooTHOIIEHNE (42.15) BedeT paBEeHCTBO
19l 1_gi+k
0 = 0 , k>0. (42.16)
1-6 1-60

Perrennem ypaBuenus (42.16) snsiercs 3nadenne 6 =0.
Takum 06pazom, cootHotieHUE (42.16) SKBUBAJIEHTHO PABEHCTBY

1=
=-phs——
q ST
m81—ll
prYeM crpasennusa Gopmyaa — —n =1

CJIC,Z[OB&TCJ'IBHO, H€O6X0,Z[I/IMI>IM YCIIOBUEM BCYHOI'O KOH(bJII/IKTa ABJIACTCS

BBIIIOJTHCHHUEC PaBCHCTBA

b = const =4 (42.17)

1-A
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PaccmoTpuMm ciywail, korgja oaMH H3 poOOTOB 00jamaeT abCONIOTHOM
MH(POPMALIMOHHON TaMSTHIO.

AHAJIOTHYHO TPEIBIIYIIMM MAaTeMAaTHYECKUM BBIKIAJAKAM MOXKHO II0Ka3aTh,
YTO B 3TOM CJIy4ae yCIOBUEM BEUHOTO KOH(IIUKTA SBIIAETCS BHIMOJIHEHUE PABEHCTBA

q = —bjsi.
Takum 06pasoM, H€06X0,ZII/IMO€ YCJIOBHC BCYHOT'O KOH(bJII/IKTa IMpUMCT BUI
const

I
Jlyist poOOTOB MBI MOXKEM CaMH 3aJiaBaTh 3HadyeHHs (), S, €, A W 3aBUCUMOCTH

bj =b;j (4, 1), Mogenupyst ’TUM MoBeJieHuE POOOTOB MPHU MPUHATUU AJTbTEPHATUBHBIX

pELICHNUN.

3amMeTHM, YTO TIPH BEYHOM KOH(IUKTE IMMOCTOSHHO OCYIIECTBIISICTCS HEpas-
pPEIMMBIA BHIOOP TPU TPHHITHH aJbTEPHATHBHOTO PEIICHUS MEXITy HH(popMa-
IIMOHHBIM W 3MOIMOHAIBHBIM BOCITUTAHUEM, YTO BIIEYET HEYBEPEHHOCTH poOOTa B
MOCTYTIKE, MTOPOKIAEMOM aIbTEPHATHBHBIM BEIOOPOM.

N3yuum cBolicTBa HaKamMBaHusg UHGOpMAIUKU POOOTOM.

OdyeBugHO, YTO s poOOTa C HEaOCOMIOTHOW WH(OOPMAIMOHHOW MaMAThIO
uH(popMaIus, OcCTalolmasca B €ro MaMATH NpPU OTCYTCTBUU JIOMOJIHUTEIHHO

HOCTYH&I'OIHGIZ I/IH(bOpMaI_[HH B CT'0 YHIIbI, YIOBJICTBOPACT HCPABCHCTBAM
k
S, <sT A4 <sif,
=1

rae K — KojauuecTBO (DMKTHUBHBIX HH(OPMAIMOHHBIX TAKTOB, XapaKTEPU3YIOIIUX
BpPEMEHHBIE Tarbl 3a0bIBaHUs HH(POpMAIUU POOOTOM.

Onpenenenue 42.12. TlomubiM WH(DOPMAIMOHHBIM ITUKJIOM HA30BEM KOJIU-
4ecTBO WHGOPMAIMOHHBIX TAaKTOB, paBHOE CyMME KOJMYECTBa TaKTOB MPHU
BO3JICHCTBUM TOCTymamed WHHPOpPMAllMU W KOJIMYECTBA TAaKTOB, COOTBETCT-
BYIOIIMX OTCYTCTBHIO BO3JCUCTBUN HHQPOpPMAIMM Ha poOOTa 0 HACTYIICHUS
CJIeyOIIero nH(HOPMAIIMOHHOTO BO3/ICHCTBUSI.

Takum oOpazoM, wuHpOpMaLMs, HAKOIJIEHHass poOOTOM B pe3yibTare
HECKOJIbKMX WH(OPMAIIMOHHBIX TAKTOB, OMMCHIBACTCS COOTHOIICHUEM

fy ~[W] i+l o dwtlk j
P kP N N SN e ! B i U P\
fwidw | k=1 wtl 7 k-1 j=1 i1 ' fw—lw-1 ||
w=2m,
f1 Ml i1 41 i1 +1—k

mo_| mo Tt 1T m

A I Ak s+ 2 sg2y T AT,

fLil | k=1 n+l o j=1 !
rac [W] — O603Ha"ICHI/IC INEPEMCHHBIX, COOTBCTCTBYIOIIUX I/IH(i)OpMaHI/IOHHOMy
LUKy
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I
¢ mHomepoM W, W=1m, Ak coorBercTByeT KO3(hduinneHTaM HHGOPMAITHOHHOM
naMsITH IHMKJIa ¢ HOMEPOM W JJisi UH(OPMAIIMOHHBIX TaKTOB 0€3 SMOIMOHAIBHBIX
BOCIIUTAaHUA, K — HOMep UWHPOPMAIMOHHOTO TakTa, fy,— KOJMYECTBO

WHPOPMALIMOHHBIX TAaKTOB LHWKJIA C HOMepoM W 0e3 HH(DOPMAIMOHHBIX
BO3JICHCTBUH, j,, — KOTUYECTBO NH()OPMAIIMOHHBIX TAKTOB LIUKJIa C HOMEPOM W MpHU

HENPEePbIBHBIX UHPOPMAIIMOHHBIX BO3ICUCTBUSIX.

Brenewm crenyromiee onpeacieHue.

Onpenenenue  42.13. HuadpopManuoHHBIM  KOA(GOUIIMEHTOM  IOJIE3HOTO
nevictusa (UKIIM) y; HazoBeM BENUYMHY, yIOBIECTBOPSIONLYI0 COOTHOIICHHUIO

[m]
__Afm,jm
2=
2.Sk
k=1
- m -
rae l= 2 Jw.
w=1

OueBHIHO, 9TO BelMuMHH yj < [0,1].
Jlerko BUIIETh, YTO 4YeM OJIMKE 3HAYCHME yj K €IUHMIE, TEM POOOT yCIEIIHEee

3aIIOMUHAET CIO’KETHI.
Onpenenenue 42.14. JlormdeckuMm KOd(p(GUIIMEHTOM TIOJIE3HOTO JEHCTBUS
(JIKITH) 9 HazoBeM BETUYMHY, yIOBIETBOPSIOUIYIO PABEHCTBY

i = xisign(b; ).

Jlerko BUIETH, UTO 3HAYCHUS Jj YHOBJIETBOPSIOT YCIOBUIO % € [— 1, 1].

[Ipy TOJIOKUTETHHOM 3MOIMOHATBLHOM BOCHPUSITUU pe3ysibTaTa HHGOpMa-
nuonHoro aevcteust JIKIII[ Oonbliie HyJs, Opu OTPUIATEILHOM 3MOIIMOHATHLHOM
BOCTIPUSITUU JIOTUYECKHUI KOA(DPUIIMEHT MOJE3HOTO ACHUCTBUSI MEHBIIIE HYJIS.

Paccmotpum  cBoiictBa WKIIJ] paBHOLIEHHO 3a0BIBUMBOTO paBHOUH(DOP-
MalMoOHHOTO pobOoTa. OuYeBHAHO, YTO Y M TaKoro poboTa ompeaensieTcs
bopmymoit
-

il-1)

Cdopmynupyem cleyIouyo TEOpeMy.

Teopema 42.9. [Ins paBHOMH(POPMAIIMOHHOTO PABHOIIEHHO 3a0BIBUHMBOTO
poboTa nHpopMaIrMOHHBINH KOI(P(UIIUEHT MOJE3HOTO NEUCTBHUS CTPEMHUTCS K HYIIO
pu OECKOHEUYHOM YBEJIMUCHUN KOJTMYECTBA HH(POPMAIIMOHHBIX TAKTOB.

JHoxkazarensctBo. Ha ocHoBe (opmynsr (42.18) mokeM 3ammcarh IETOYKY
COOTHOILICHUU

P2 (42.18)

. 1A 11
im ;= lim - = im =0,
i—0o0 is0ll-4) 1-Adiswl

KOTOpas 10Ka3bIBaCT TCOPEMY.
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CdhopMymupyeM H JOKKEM HECKOJIBKO OOIIMX TEOPEM, IOCBSIICHHBIX
poboTamM ¢ HeabCOMIOTHON MH(POPMAITMOHHOM MaMATHIO.
Teopema 42.10. Ecnu cymectByet Takoe uncio ¢g>0, mpuyem Sj > g, To UKIIJ]

poboTa ¢ HeabCOMOTHONM HMHPOPMALMOHHON MaMAThIO CTPEMUTCS K HYJIIO C
YBEJIMUEHUEM KOJIMYECTBA HH()OPMAIIMOHHBIX TAKTOB.
JoxkazarenbcTBO. OueBUAHA IIEMOYKA COOTHOLIECHU N

i
A[?]] - Sl—ﬂ S
lim y; = lim _Imdm oy =4 124 g,

i—o0 i J i—>ow I glimi

klek i 00
- m -

e l= 2 Jw-

w=1

Teopema 42.10 nokazaHna.
Teopema 42.11. Ecnu BeINOSMHSAIOTCS ycloBuUsi TeopeMbl 42.9, To mia poOoTa ¢

HEeaOCOMOTHON MH(DOPMAITMOHHON MTaMSThIO CIIpaBeiuBa popMyIia _||m g =0,
I—00

I[OKEBaTeJ'IBCTBO. Jlerko BUJCTB, 4TO CIIpaBCAJIMBaA LCIIOYKA COOTHOIIICHUM

lim |G| = lim [sign(bj )z = lim ;.
| —>00 |—>c0 | —>00

Cornacno teopeme 42.9 Bepna popmyna lim y; =0, cnenosarensno
i—o0

m
lim [&]= lim 7 =0,1i= X jy.
|—00 |—00 w=1

Teopema nokazana.

Teopemst 42.10 u 42.11 moxHO Tiepedpa3upoBaTh CICAYIOMUM 00pa3oM: MpU
HEKOTOPBIX MSATKUX YCIOBHUSX HWH(POPMALMOHHBIA KOA(D(PUIMEHT MOJIE3HOTO
JEUCTBUA M JIOTHYECKUN KOI(P(UIIMEHT MOJE3HOro AEUCTBUS poboTa ¢ Heabco-
JIOTHOM MH(POPMAIIMOHHON NMaMATBIO C TEUEHUEM BPEMEHHU CTPEMSTCS K HYJIIO, TO
ecTh 2P (HEeKTUBHOCTh HAKAIIMBAHUS WH(DOpPMAIIUU POOOTOM U JIOTHYECKAsT PeaKIvs
poboTa Ha NOCTYHAIOIIYI0 HMHPOPMAIMI0 C TEUYEHHEM BpPEMEHU CTaHOBSTCS
HE3HAYUTEIbHBIMU.

[lomyuyeHHbIE TEOpPETHYECKHUE PEe3yJIbTaThl TO3BOJISIIOT CTPOUTH IMPOTHO3
noseAeHus E-cymecTBa npu HEKOTOPBIX JOMYLIEHHUSIX MATEMATUYECKUX MOjeleil. B
OTIMYHE OT CYIIECTBYIONIMX MaTEMaTHYECKHX METOJIOB, MBITAIOIIMXCS HAMPSIMYIO
KOIUPOBATh UHTEIUIEKTYAJIbHYIO M SMOIIMOHAIIBHYIO Cephl IeATEIbHOCTH YEIOBEKa
Ha poOOTOB, MbI CTPOMM YIPOILEHHYIO MOJIENb KONuu yeiaoBeka. Ho ata monens, Ha
Hall B3IJIAJ, MO3BOJSET BBIABUTH OOIME OCOOCHHOCTU MOBEICHUS YeJIOBEKa WM
poboTa ¢ HEaOCOJIOTHOW  MEXaHMYEeCKOM TMaMsThbl0 M  HE  yUYWUTHIBAET
UHAVBUYaJIbHBIX OCOOCHHOCTEN MICUXOJIOTUH YEIOBEKa.
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43. AITOPUTM HAKOIVIEHUA UH®OPMAIIUU POBOTOM

B paznene 42 npouecc HakoruieHuss MHMoOpManuu poOOTOM MPEACTABICH B
CJIEIYIOLEM BHJIE:

i+1 i+1 i+1 i ’ i — 0’ 1’ 2’ - (43.1)
Sy =5
rac I — HOMCP I/IH(l)OpMaHI/IOHHOI‘O TaKTa, i:O,_n; Si;1 — Hopnusa I/IH(i)OpMaHI/II/I,

KOTOPYIO 3allOMHHJI POOOT K KOHIy Takta ¢ Homepom 1+1, 0<s 6 <ow; S;,; —
uHpOpMAIHs, KOTOPYIO 3allOMHIII PoOOT B pe3ynbrare I1+1 WHPOpPMAIMOHHBIX
TakToB; A, — ko3ddunment napopmarmonHon mamsatu 0< A4, <1-5, o € (0;1),
o =const.

Beenem cnenyroluee onpeneneHue.

Onpenenenue 43.1. PaBHOMEpHBIM NPOLIECCOM HAKOIUIEHHS WH(MOpMaIun
poOOTOM Ha30BEM MPOIECC HAKOIUICHHWA HWH(GOPMAlUd C PaBHBIMH TMOPIHSIMH

uH(popManuu S; U paBHBIMU KO3(puimeHTamMmu MHOOPMAUMOHHOW MamsITH A; Ha

Ka)KIOM TakTe i, T.e. h=s, =...=s, =.. u A=A =4, =....
Ucxomst ©3 CBOWCTBA HEOTPULATENBHOCTH W OrPAaHHYCHHOCTH MOPLHH
uH(OpManuH S;, MOIYYCHHOI Ha TAaKTe i, BepHa 1enoyka HepaBeHcTB 0 < h < oo.

[Ipu 0<A<1-6, 0<o<l1l, oO=const pasenctBo (43.1) omuceiBacT
OECKOHEYHO YOBIBAMOIIYI0 TE€OMETPUYECCKYIO IPOTPECCHI0, TIOATOMY IIPOIIECC
HaKOIJIEHUs WH(OpMaIMU, KOTOPhIA OTpakaeT paBeHCTBO (43.1), orpaHuyeH mnpu
| > o0,

Hcxons u3 Ttoro, uro (43.1) — OeckoHEYHO YOBIBarOIIas reoMeTpUYeCKas
IIPOIPECCHsi, BEPHO PABECHCTBO

_ i+1
s —pi=A

=h" " (43.2)

Coorromenwue (43.2) Bieuer paBenctso lim S; = 2 mpasast 4acTh KOTOPOT'O
i—o0 —

OMpeaeNsieT YACIECHHOE NMPeeIbHOE 3HAaUeHHE MpoIecca HAKOTUICHUST HH(POPMALIUH
po6orom. O6o3naunm U =1lim S; = ——.
i—o0 1-A
CrnenoBaTenbHO, TPOLIECC HAKOIUIEHUA HWH(OpManuu poOOTOM OrpaHUYEH.
Pucynok 43.1 moka3bIBaeT 3Ty 0COOEHHOCTb TpoIiecca.
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Puc. 43.1. Orpann4eHHOCTH Mpoliecca HaKOTUIeHUsT nH(opMaluu podboTta

UccnenoBanusi TNCUXOJOTUYECKUX U (DU3HOJOTUYECKUX  OCOOEHHOCTEHN
YeJIOBEKa CO3/1aI0T TEOPETHUECKYI0 OCHOBY [UIsl Pa3BUTHS POOOTOTEXHHKH H
HMCKYCCTBEHHOTO HWHTEJUIEKTa, B T. Y. JUIsI PEUICHUs] TPUKIAIHBIX 3a7ad, He
CBA3aHHBIX C IICHUXOJIOTHMEN W Heupodusmonorueil. B cBsI3u ¢ 3TUM OpUMEHUM
MICUXOJIOTUYECKUE TEOPUU B paMKax MaTEMaTHYECKOrOo MOJEIHUPOBaHUS POOOTOB
JUISl pellIeHUs] 3a7a4dl HAKOIUICHUS UMU WH(OpMAIMM HAa HECKOJBKHUX YPOBHSIX C
y4eToM 3a0bIBaHMS YACTH MOJIYYEHHOW paHee MHPOPMALIHH.

Coserckuit ncuxonor [I.H. Y3nanze [92] BbIABHHYN THIOTE3y O CYIIECT-
BOBaHUHU y 4YelOBeKa ycTaHOBOK. OH mumieT [92], 4TO 4YelmoBEeK OCYIIECTBISET TE
aKThI, MPOIIECCHl U TMOBEICHNUE, YCTAHOBKA HA KOTOPHIE BhIpa0OTallach y HETO MOJ
BO3JICCTBHEM CUTyallMH. B3anmoelcTBre JKUBOTO CYIIECTBA U CPENIbl MOXKET ObITh
MPEACTABJICHO CIEAYIOMMM 00pa3oM: Ha KMBOE CYIIECTBO, JBUKUMOE UMITYIHCOM
YIOBIIETBOPEHUS OMPEEICHHON MOTPEOHOCTH, HAUMHAET BO3/IEHCTBOBATH BHEIIHSIS
CUTyalus U BbI3BIBAET B HEM COOTBETCTBYIOIIEE CUTYAIlMH LIEJIOCTHOE U3MEHEHHE Ha
OCHOBE onpezaeneHHon ycrtaHoBkU. Tak, no J[.H. Y3Han3e, BHeIIHME BO3IEUCTBUS HA
YeJIOBeKa OTPaXKAIOTCS B €ro peaklMM He HanpsMylo, a OMNOCPEAOBAHHO 4epes
yCTaHOBKY. TakuMm 00pa3oM, yCTaHOBKa OIpPEAENAeT KOMIUIEKCHYIO PEaKIUI0 BCEX
MICUXOJIOTUYECKUX M  (PU3HOJIOTUYECKUX TIOJCUCTEM 4YeJIOBeKa Ha BHEIIHUU
pa3JipakuTelb.

CornmacHo wuccnenosanusm J[.H. Y3Haa3ze, ¢ omgHONH CTOpOHBI, YCTaHOBKa
JIOCTATOYHO YCTOWYMBA MU HE MEHSAETCS B TEUCHHE JJIUTEIBHOTO MEPUOJA KU3HU
yesnoBeka. C Apyroil CTOPOHBI, HEKOTOPOE CEPbE3HOE BO3ACHCTBHE HA 4YeEJIOBEKA
MOXET M3MEHHUTh €ro yCTaHOBKY. TeM caMbIM H3MEHSETCS PEakiusl yeloBeKa Ha
BHEIIHUE Pa3APaKUTEIA M, MOXHO CUMTaTh, YTO 3TO O3HAYaET HA4YaJIO HOBOTO
nepuoja ero xusnu [14; 92].

B crarbe [63] onmurcana wHTEpIIpETAIUS THIOTE3bI TPY3UHCKOTO TICHXO0JIOTa
JILH. Y3naa3ze nns  peuieHus NOpoOJeMbl  OTPAHUYEHHOCTH  AMOIMOHAJIBLHOIO
BOCIIUTaHUsI poOOTA 3a CYET, TaK HA3BIBAEMOTO, MEPEX0/ia BOCIUTAHUS C YPOBHS Ha
ypoBeHb. Kak TOJIbKO 3MOLIMOHAIbHASl YCTAHOBKA MU3MEHSIETCS, pOOOT 3aKaHUUBAET
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AMOIIMOHAJILHOE BOCIHMTAHME HA TEKYIIEM YPOBHE BOCHHMTAHHUS U MPOAOJIKAET
HMOILIMOHAIIBHOE BOCIIMTAHUE HA CJIEIYIOIIEM ypoBHE. B paMkax Kaxaoro ypoBHs
IIPOIIECC BOCITUTAHUS TIPOXOIMT ITO MOJICIIH, ONMCaHHOM B padoTax [63; 64; 97].

[Tpumenum runoresy J.H. Y3naaze ayisa pemenus: mpodieMbl OrpaHUYEHHOCTH
mpolecca HakoIUleHHs wuHpopMmaruu pobotom. s 3TOro  mpenajaraercs
paccMaTpuBaTh MPOIECC HAKOIUIEHHUS WH(OpMaluu poOOTOM aHAIOTUYHO MPOLIECCY
OIMOIMOHANTBHOTO BocmuTaHus [63]. YCTaHOBKO B 3TOM ciy4dae OyAeM CUHTATh
NOPLHXIO HH(POPMALIUU, TTOTYYEHHYIO OT PEIIeNTOPOB podoTa.

Onpenencane 43.2. HWuHdpopmanmonHoit ycraHoBkod h HazoBem (ukcu-
POBaHHYIO TMOpLHUI0O HH(OpPMAIMK, OJUHAKOBYIO JUIsi HEKOTOPOM IMOCJeI0Ba-
TEJILHOCTH CMEHSIOIIUX JIPYT APyTa TaKTOB,

Omnpenencane 43.3. YpoHeM | HakomieHuss nHbopMaIyu poOOTOM Ha30BEM
KOJIMYECTBO CMCH 3HA4YCHUI MH()OPMAIIMOHHOW YCTAaHOBKM N 70 TEKYIIEro TakTa
npolecca HaKOIJICHUsI UH(pOpMaIHH.

O6o3HaunM uepes si['] BEJMYUHY MH(OpMALMU, KOTOPYIO 3alIOMHUHAET poOOT
Ha TakTe | ypoBHA HakomimeHus |. OTMeTuM, 4To Topuus MHGbOpMArUH S

YAOBJIETBOPSET HEpaBeHCTBY 0 < Si[l] <00 U U3MEpSIeTCs B OUTAX.

O6o3HaunM uepes ht! kodhureHT uHPOpMaIMOHHOW MaMsITH poOOoTa Ha
ypoBHE HakoruieHus |, T.e. htl = S([)I] = SP] =.. 1 0<h! <o . Yepes M 0603HaunM
KO3 PHUIMEHT KPaTKOBPEMEHHOM MaMsaTH poO0Ta Ha ypOBHE HAKOIUICHUS .

|
[Ipenenbuyro BenuunuHy nHGopMaruu 1 yposHs | o6o3naunm U i,
Brenem crnenytromiee ycioBue. byneMm cuuTaTh, 4TO HaKOIUICHUE WH(pOpMAIUU
Ha ypoBHe | 3aKkaHYMBaeTCs PU BBHITIOJIHEHUH CJICAYIOIIETO HEPaBEHCTBA!

[ [ [
Ut —si<ol,
i _ i i L
rie S BEJIMUMHA HAKOIUIEHHOW WHopManuu Ha TakTe | ypoBHS |,
|
npcacibHas BCIWYHMHA HH(i)OpMaHI/II/I AJIs1 YpOBHA I, (7[] — BCJIIMUYMHA OTKJIIOHCHUA

TEKYLIEro 3HA4YEeHMs BEIMYMHBl HAKOIUIEHHOW WH(pOpMAlMK OT MpeaebHON
BeIMYUHBI HH(POpMaIuu Ha ypoBHe .
[Tocne atoro mporecc HakoIUIeHHs WHGOPMAIIMK TEPEXOAUT HA CIIETYHOUIUI

YpOBEHb U MPOJI0JDKACTCS Ha ypoBHE |+1,

I
3HadyeHuEe O [ 3aJJaCTCA H3BHEC W JOJDKHO  YHAOBJICTBOPATH  YCIIOBUAM

O<o (] <U [
Takum o0pa3om, Mporece HaKOoIUIeHUS HHpopMaiuu podoToM st ypoBHs |
MOKHO OTICATh CIEMyIONIeH (OpMYyIIOii:

S — it 4 401 gl

sl = pi" =012, 1=42,3,... (43:3)

Pucynok 43.2 nemoHCTpupyeT ypoBeHb | M ypoBeHb 2 (YpPOBHHM HAKOTIUICHHS
uHopMau poOOTOM).
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Puc. 43.2. MHOTOYpOBHEBBIH MpoIiecc HaKOIIEHUSI HHPOpMaud poOOTOM

[lynktupHoit nuHMe Ha puc.43.2 o0Oo3HadeHa TMpeleibHAsl BEIUYHMHA
urdopmaruu st yposast | =1.
Hcxons W3 BBILIEU3I0XKEHHOTO0, MOXKHO MPEMIOKHUTh CIEAYIOMIMI aaropuTM
HaKOILUIEHUs1 pOOOTOM MH(OpPMAIIUU HA HECKOJIBKUX YPOBHSAX:
Ilar 1. 3aparorcs L, I=1, i=0, h 2 gl — pi,
Ilar 2. Eciu | < L, TO migem K tiary 3, nHade K mary 7
[Mar 3. BeluuciasieM 3HAY€HHE HAKOIUIEHHOM pPOOOTOM HH(OpManuu
cormacro popmyne S =h 4 A

Ilar 4. Beraucnsercst npenensuas semmanna nadopmamm UL ws yposs |
Nil

1- A1

Illar 5. Ecan ‘si[']_u[']‘>a['], TO HOMEP TAaKTa | YBEJIWYMBAeTCI Ha 1 |

o ¢popmyine UM =

OCYLIECTBIISIETCS IEPEXOA K MYHKTY 1ary 3.
Illar 6. OcymectBaseM npucsampanne hi™ = Si[']. [TopsinkoBBIE HOMED

ypoBHs | © HOMep TakTa i yBeIMYMBAEM Ha €IWHUILY. 3aJaIuM O'[I], A

WNnewm k mary 3.
[ITar 7. Koneu.
[IpenyioxKeHHBIN AITOPUTM H3MEHEHHUSI BEJIWYMHBI IMOPUMNM HAKAILUIMBAEMOMN
uHdopmaruu HazoBeM anroputmom J[.H. Y3nanze nins nndopmamoHHOl MaMsITH.
ITycts mepexon ¢ ypoBHS HakomwieHus uH(opmanuu | Ha ypoBenb |+1
OCYIIECTBIISIETCS TP BBITIOJTHEHUU YCIOBUS

h[']
04 _ ol moq—
So =S +m—0 ) 1=12,.. ’ (434)
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1]

hi |

rac 0 <O '] < ——, o) [ ] — BCJIMYMHA OTKJIOHCHUA TeKymero 3HAUYCHUA BCIIN-UYUHBI
1M

HAKOIUIEHHOW HMHGOpMAIMU OT MPEACIbHON BeIWYMHBI MH(pOpMaluu Ha ypoBHE |,

| .
S _ pennunna naxomnnennoit uH(pOPMAIIMK Ha HYJIEBOM TaKTE YPOBHS HAKOILJICHHUS
uHpopmaruu | + 1.

W3 BeipaxkeHus (43.4) ciaeayeT CrpaBeJIMBOCTh PABEHCTBA

st =g+, (43.5)
Omnpenenenue 43.4. PaBHOMEPHBIM MHOTOYPOBHEBBIM MPOIIECCOM HAKOM-JICHUS
UHpOpMaMu poOOTOM HA30BEM IPOLIECC HAKOIUIEHWs HMH(OpPMalMHU C pPaBHBIMU
koddduumentamu  uapopManmonnoit mamstn AN (0< A <1-5,  0<5<1,
O =CONSt) u paBHBIMH BEIMYMHAMHU OTKJIOHCHHS TEKYIIETO 3HAYCHUS BEIMYUHBI
HAKOIJIEHHOW HMH(OpMalMu OT MpPEAeSIbHOM BEIMYMHBI MHPOPMALMM Ha KaXKIOM

1 2
yposre |, re. A=AM=4= 4y 6=06W =67 =, na nporsukenun scero
IpolEcca HAKOIUIEHHST MH(POPMAIIMH POOOTOM.
JIiisi paBHOMEPHOI'O MHOTOYPOBHEBOI'O IPOIECCa HAKOIUIEHHMs HH(POPMAIUH

. 1
pOOOTOM BhIpa3UM BEJIMYMHY HAKOIUICHHOW UH(popManuu S yepe3 4, o u hi,
Bynem cunrtars, 4TO BEpHA CHCTEMA PABEHCTB:

gl _
- : 43,
S“]:h“]:—h[I - -o,1>1 439
Beipasum hU'! yepes "
1-1 @-2) 1-2) (1-4)
1 1 1 1 1 1
—o| 1+ + = h" —o| 1+ + fob | =
i ay) a-ar o
1_( _ [ (1 1-1
ol e A=) h g @-2)
@-2)" 1 1 -4)" = aL-4)"
1-2

Toraa BCpHaA CJICAYIOIIasa NCIIO4YKa paBCHCTB!
™ 1-Q@-4)"
-2)"  a@-4)""

St — " = 1=1,2,..

3adukcupyem h -hi B pesynbprare, ucxons u3z aiaropurma J.H. Y3Hanze,
YUCJICHHOE 3HA4YE€HHE BEJIMYMHBI HAKOIUIEHHOW wuHGOpMaIMi, NpU KOTOPOM
OCyIIECTBIIIETCS Tmepexoq ¢ ypoBHs | wa ypoenp |+ 1, ymommerBopsieT
COOTHOILIEHHIO
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h 1-(1-4)"
st = -o ,1=12,..
Q-2 a0-2)" (43.7)
[Tocne mpeoOpazoBanust (opmynsl (43.7) moayduM CIEAYIOMIYIO IIEMOYKY
PaBEHCTB:

h
[ h'ﬂ—0|:’].—/1—1—/1)l.| 2(0'4_1]_1 1—/1
ST = -1 =0 i1 T
A1-A4) A1-A1) A

PaccMoTpuM yHKIMIO f(h)= 1[h +1j. dyuknus f(h) spnsercs numeitnoit u
o)
MOHOTOHHO BO3pacTaroleil, BBUIY crpaBeaarnBocTu HepaBeHCTB 0< A <1-06, rae

5e€(0;1), S=const u o>0.

Paccmorpum cimydait  f(h)=1. B »stom ciydae h:(%—lja U BEPHO

cootromenue lim SM =h.
|—00

Ipu f(h)>1 BepHo HepaBeHCTBO h>(%_1]g, a 3HA4YCHHE BEJIUYUHBI

HaKOHJIeHHOﬁ I/IH(bOpMaHI/II/I CTpeMI/ITCH K HOJIO)KI/ITGJIBHOﬁ 6GCKOHG‘{HOCTI/I
lim SM = 4.

| >0

[Tpu f(h)<1 BBITIOJIHSIETCSI HEPABEHCTBO h <(1_1 o, 3HAUCHHE BCIUYMHBI
A

HaKOIJICHHOW WHGpOpMAIMK  CTPEMUTCS K  OTPHUIATEIBHOM OECKOHEYHOCTH
lim S = —o0.

| —00

B nocnemuem ciydae npu f(h)<1 BenmuumHa HaKOMIEHHONH MH(OPMALMH st

YMEHBIIIAETCS, 9YTO MPOTUBOPEUUT CMBICITY HAKOILJICHUSI HH(MOPMAITIH.
JIist  yJOBIETBOPEHUS CMBICITY HAKOIUJIEHWS HWH(OpMAlMud W CBOMCTBY
HEOTPHUIIATEITLHOCTH HH(POPMAIIMH BBEJIEM OTPAHUYCHHE B BUJIC HEPABEHCTBA

h > (3—1)0.
A

1
Brinmonnenue HepaBenctsa h > (Z —1|o aBnsgercs HEOOXOIMMBIM M 1OCTA-

TOYHBIM YCJIOBHEM HAKOIUICHUS] HH(OPMALIUK pOOOTOM.

[

Onpenenenue 43.5. [lon0 BENMYMHBI OTKIOHEHUS O'' OT HpeaesbHON

Bermuunnbl uadopmannn UM, mpu xoTopoii ocymiecTBiasieTcs mepexon Ha HOBBIA

YPOBEHb HAKOTUICHHS] WH(POPMAIIUH, Ha30BEM OTHOCUTEIHHOW BOCIPUUMYHBOCTHIO

poboTa K HaKOIUIeHUI0 HHPopManuu [ o

IIpn xommbroTepHOM peanusanuu anroputMma JI.H. Y3nanse B kauectse ogHOTO
U3 BXOJHBIX TMAapaMeTpoB IieJecooOpa3Hee UCHOJIb30BaTh  OTHOCHTEIBHYIO
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BOCIIPUMMYHMBOCTh PO0OTAa K HaKoIUIeHHIO HH(popManuu [, CMBICA KOTOPOH
oTpesensieTcs clieayomen GopMyIoit:
[1

o
p=—. (43.8)
y
3ameTuM, 4YTO OTHOCUTENBHO [ ' cnpaBemmiBo HepapencTso 0 < A <1,
BBuny paccyxeHuii, NPUBEICHHBIX BBIIIE, BHINOIHEHUE YCIOBHUA f=1 AIs
PaBHOMEPHOIO MHOTOYPOBHEBOI'O IIpolLiecca HAKOIUIEHHs HH(pOpMalMA POOOTOM

NPUBOAMT K BhMoaHeHnto cootHomenus lim S =h. B cioydae Bemonnenus

| >0

HCpaBCHCTBA ﬂ <A BECPHO COOTHOIICHHUC lim S[I] = +400. HpH BBITIOJITHCHUU
| >0

HepaBeHcTBAa > A cnpaseaauBo cootHomenue |im SM =—w, uro mporusopeunt

|00

CMBICITY HakoIwieHuss nHpopmarmu. ClaeToBaTenbHO, IS yIOBICTBOPSHHUS CMBICITY
HAKOIUICHWST WHQPOpPMAIlMM W  CBOMCTBY HEOTPHUIATENLHOCTH  HWH(pOpMaIuu
HEeOOXOJMMO BBINOJIHEHUWE OTPaHWYeHus B Buie HepasenctBa [ < A, koropoe
SBIISICTCS HEOOXOMUMBIM U JIOCTATOYHBIM YCJIOBHEM HAKOIUICHHS WH(POpPMALUU
poOOTOM.

3amumieM cootHomieHue (43.7) dYepe3 OTHOCHTEIbHYI BOCHPHUUMYHBOCTH
poGora k Hakorienuro uadopmanuu f. Jnsa sToro u3 pasenctsa (43.8) Bepazum

oM. Torma cormacHo cooTHomreHnio (43.4) TOMYYMM CIEAYIONIYIO LEHOYKY
PABEHCTB:

si___h _ ph 1—(1—/1)"1:ﬂ-h+ h (1_gj
-2 @-120-2)7 2 @A) |

- (43.9)

CornacHo mary 6 amroputma J[.H. Y3Ham3e mpu mepexone ¢ ypoBHs | Ha
yposens | + 1 mpoucxomut mpucBoerne hli™ = Si[']. CormacHo mary 3 ajaropurma
J.H. Y3nan3ze nns ypoBHs | BepHO paBeHCTBO Si['+]1 =h"1 4+ A -Si['], KOTOpOE
ABJISIETCSI CYMMOM 4JIEHOB OECKOHEYHO YOBIBAIOIIEH Te€OMETPUUYECKON MPOTrpEecCuH,
roe A" — smamenarens mporpeccun (0 < M<1-6, 5e (071), &=const) u hil
MIEPBBIN WieH psijaa Ha ypoBHe .

C y4eToM BBIIIECKa3aHHOTO CIPaBEJIMBO PABEHCTBO:

1- /Ii*+l
] [1+1] _
1— 1 S =12, (43.10)

— BEJMYMHBI HAKOIJIEHHOM HMH(pOpMAllUU K HYJIEBOMY TaKTy

st

riae sty gli+

ypoHeii | u | + 1 coorBercTBEeHHO, (i +1) — HOMep TakTa ypoBHH |, mpu KOTOpPOM

MPOUCXOIUT Iepexo/] Ha yposeHsb | + 1.
C yuerom paBeHcTBa (43.9) cootnomenue (43.10) sxBuBasieHTHO (hopMyIIe
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ﬂ 1 ﬂ 1_/1i*+1 _ﬁ 1 _ﬁ
{TW@_EH 1-4 4 @-a) (1 zj' @34

CruemaeM HECKOJIBKO TTpeoOpa3oBanHuii paBeHcTBa (43.11).

BL-A)"+A-p _Enq:ﬁ@—lf+ﬂ—ﬂcj

A1-1) A1-1)
w1 g A=A va-p  ea_ pU-2)T-pA-2)
pL-2)"+2-p pL-2)"+2-p
o i ABL-2)"
pA-2)"t+a-p
PaBPGIHI/IB BBIIICIIPUBCACHHOC  YPABHCHHUC OTHOCHUTCIIBHO i*, IMOJIy4YUM

bopMyITy, OIpEaesIOIyI0 KOJINIECTBO TAKTOB | Ha ypoBHE | :

e {ﬂ(lwg'_li): ﬂj -

44, PELIEHUE 3AJAYU NIEHTUDPUKALIUA ITAPAMETPOB
PABHOMEPHOI'O MHOT'OYPOBHEBOI'O ITPOIHECCA HAKOIUVIEHUSA
NHPOPMAIIMN POBOTOM

@®opmyna (43.7) omnuchIBaeT PaBHOMEPHBIM MHOTOYPOBHEBBIH IPOIIECC
HaKoIJieHus: MHpopmaruu poOOTOM M MOXKET OBbITh NMPUMEHUMA JJiS TeHepaluu
MOCJIEI0BATEILHOCTH TOYEK B KaXKIOM TaKTe KaKJOTO YpPOBHS, KoTopas Oyaer
COOTBETCTBOBATh ATOMY NPOLIECCY.

AKTyanbHBIM SIBJISIETCS pelleHne oOpaTHOM 3amaun. Paccmorpum poOoTa, y
KOTOPOT'0 HakKOIUIeHHEe WH(OpMAaIMU MPOUCXOAMUT 3a CUET PAaBHOMEPHOTO HHQOP-
MAaLMOHHOT'O IIPOIIECCa.

[Tycts mapameTpsl 4 U h sToro mporecca He u3BecTHBI. M3mepum y pobota

BEJIMYMHBI HAKOIUIEHHOW MM umHpopmammu S1,S2,...,Sn. HeoOxoaumo onpeaenuts 4

u h Ha ocHOBe 3Hauenuii Si, rae i =1n.

B pabore K.B.UYepnukoBa [97] paccMoTpeH ciy4ail anmpoKcUManuu
HEMPEPBIBHOTO SMOIIMOHATFHOTO TPOIECCa BOCHHUTAHHUS POOOTAa SKBUBAICHTHBIM
BOCIHUTATEIbHBIM MTPOLIECCOM Ha OJTHOM YPOBHE.

PaccMoTpuM ciyuail anmpoKCMManMM peaNbHOTO Mpollecca HaKOIUICHUs
uHpopMaluu poOOTOM PABHOMEPHBIM MHOTOYPOBHEBBIM IPOLIECCOM HAKOIUICHUS
uH(pOopMau poOOTOM.
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HYCTI) M3BCCTHBI JKCIICPUMCHTAJIBHBIC 3HAYCHUSA HAKOIJICHHOM pO6OTOM

uHpopmanmu  S1,52,...,9n, TIA€ N — KOJIMYSCTBO 3aMEPOB HAKOIUICHHOM
uH(pOpMalLMU B TaMsITH poOoTa.

PaBHOMEpHBIIT MHOTOYPOBHEBBIN MPOIIECC HAKOIUIEHUSI HH(OpManu poObOTOM,
MPOTEKAIONIMK Ha HECKOJBKUX YPOBHSX HAKOIUIEHUS WH(GOpPMAIUU, OMpENesIeTCs
CJIETYIOIIUMHU XapaKTePUCTHKAMHU:

1) 2, k03hdUIHEHTOM KPATKOBPEMEHHOMN MH()OPMAIIMOHHON TaMSITH;

2) h, napOopMaIIMOHHON YCTaHOBKOIA;

3) 0, BENMYUHON OTKJIOHEHUS TEKYIIETO 3HAYCHUS BEIMYMHBI HAKOII-
JIEHHOM MH(pOpMaLMU OT MPEAEIbHON BETUYMHBI HTHPOPMAIIUH JIJIs1 BCEX
YPOBHEHU.

MuHumMH3upyeM KBaJpaT OTKJIOHEHUS PABHOMEPHOIO MHOTOYPOBHEBOIO
npolecca HAKOIJIEHUs HHQOpMaluu poOOTOM B Y3JO0BBIX TOYKax OT Habopa
HKCIIEPUMEHTAJIbHBIX 3HAYEHUH HAKOIUIEHHOM wuH(opmanuu poOoToM. ITy
¢yHkuio OyneM cuuTaTh 1iesieBOM (yHKUMEH. BenuunHy OTKIOHEHHUS TEKyIIEro
3HAYEHUS] BEJIMYMHBI HAKOIUICHHONW WHGOpPMAanud OT TMPEAeTbHON BEIHYHUHBI
nH(pOpMauu Ha BCEX YPOBHSAX 3a(DUKCUPYEM PAaBHOM 0.

3anuiem 1neneByro GyHKIUIO B CIEIYIOIIEM BUIE:

N 2
Jii(Ah) = Zi(?]- ~s!) (44.1)
J=

OOpaTtuM BHUMaHUE Ha TO, 4YTO LeneBass (YHKIUS, C OIHOW CTOPOHBI,
muddepeHnmpyeMa mo mepeMeHHbIM N u A, ¢ Jpyrodl CTOPOHBI, M3MEHSETCS C
JAUCKPETHBIM IIAroM 1o nepeMeHHsM |y, 1, ..., 1, u i, 05,10, .

Paznenum 3amauy naeHTH(GUKAMNA TapaMETPOB HA CIEAYIOIIHNE ITOA3a1auu:

1. Tenepamuss BCeX BO3MOXKHBIX TocnmefoBaTenbHocTelt  {I}=1,1,,..,1, m
{it=i,iy,iy;

2. PemieHre OoNMTHMU3alMOHHOW 3aJaud HAXOXKICHUS MUHUMyMa IICJICBOU
¢yukuun  J,;(4,h) wmeromom wmHOxuTenel Jlarpamka Ais  KaKAOW CreHe-

PUPOBAHHOM mapsl mociegoarensHocte {I} u {i}.
PemrenrieM 3amaun  WaeHTH(UKAIMKA IIApaMETPOB OyIeT SBIATHCS TOYKa

(A4",h*)=arg rr|1i_n {min (Ju (4, h))}_
Ah b

45. PEIHEHUE ONITUMM3ALMOHHOM 3AJAYN
UJIEHTU®UKALIUA TAPAMETPOB PABHOMEPHOI'O
MHOT'OYPOBHEBOI'O NPOLIECCA HAKOILJIEHUS

WH®OPMALIUA POBOTOM

JlJist paBHOMEPHOTO MHOT'OYPOBHEBOTr'O Ipollecca HAaKOIUIEHUs HWH(OpMaIuu

pobotoMm corsacHo dopmyiam (43.7) nuapopmalimoHHas YCTaHOBKA h'! 4a yposHe |
yIIOBJIETBOPSIET CIEAYIONIEMY COOTHOIICHUIO:
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o h o 1-(-2)"
T )

(45.1)

[IpeoOpazoBaB paBeHcTBO (43.3) Isi pPaBHOMEPHOTO MHOTOYPOBHEBOIO
mpolecca  HakoruieHuss — uHpopManud — poOOTOM,  MOJIydaeM  Cleayloliee
COOTHOIICHHE:

i+l
UG 1-4 (45.2)
' 1-4

[TomydaeM, dYTO paBHOMEPHBII MHOTOYPOBHEBBIM MpoOIEecC HAKOIUICHUS

uHpopMaluu podoToM Ha ocHoBe (opmya (45.1) u (45.2) MOXHO IpPEACTaBUTH

CICOYIOIUM PaBCHCTBOM:

| h 1-@1-4)" \1-a"
S = ——0 ~ (45.3)
(1-4) A-2)7 ) 1-2

JUisi HaxoXAEHWST MUHUMyMa LeJIeBOM (YHKIHMH BOCIOJB3YEMCS METOJIOM
MHOXxUTene Jlarpanxka. byaem yuyuTeiBaTh oOrpaHuyeHue Ha KoO3(DPUIIMEHT
KpaTKOBpEMEHHOM HHpopMannoHHON maMmsatH O0<A<1-¢6. OpHako MeTof
MHOXUTeNIEeH Jlarpanska npeamnosaracT UCIOJIb30BaHUE OTPAHUYECHHI TUIIA PABEHCTB
WIM HECTPOrMX HepaBeHCTB. JUId pelmeHus JaHHOM ONTHMMHM3alMOHHOW 3aJadu
OyaeM HCHOJb30BaTh OrpaHMYEHUE Ha  KOIPQPUIMEHT KpaTKOBPEMEHHOU
WHOOPMAIIMOHHOW TMaMsITH B BHUAE IEMOYKH HEPABEHCTB O <A<1-J, rae
0<6<<1, 6=const.

PaBHOMEpHBIIT MHOTOYPOBHEBBIN MPOIIECC HAKOTUICHUSI HHPOPMAIUU poOOTOM
NOJ[pa3yMeBacT OrPaHWYCHUS Ha WH(DOPMAIMOHHYIO YCTaHOBKY N B Buie
HepaBeHcTBa h > 0. OgHaKo Juisi KOPPEKTHOTO UCTIOJIb30BaHUS METO/1a MHOKUTEEH
Jlarpan>ka, KOTOpBIM NPEAINOIaracT HCHOJIb30BAHUE OTPAaHUYEHUN THUIIA PAaBEHCTB
WM HEYETKUX HEPaBEHCTB, OyZ€M yUYHUTHIBATh OrpaHUYECHHE Ha MHPOPMALHUOHHYIO
yCTaHOBKY h B Bujie 1ienouku HepaBeHCTB £ <h< M, rne 0<e<<1, g=const, M —
(UKCUPOBAHHOE OOJIBIIOE YUCIIO.

OnTUMHU3alMOHHYI0 3a/ady JUId pElIeHHs METOJOM MHoxutenen Jlarpanxka
MO>KHO MPEACTABUThH CIAEAYIOUIIM 00pa3oM:

2

n (- h 1-(1-A) =4 .
J;(A,h)y=>1S: - —-o — min,
(=28, ((1—/1)'11 M1-2)17% ) 1-2
— <
A+o<0, (45.4)
A+8-1<0,
-h+&<0
h-M <0

I[Ipexze yeM perath 3Ty ONTUMHU3ALMOHHYIO 33/a4y, HCCICAYeM MpeiebHbIe
cBoiicTBa 1eneBoit pynkmu J,;(4,h).
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lim J,; (4, h) =Zn;(s. —[h ot +O'l—0'j(1—0j]2 = +o0 (45.5)
A—0 L™ =1 ! 0 0 1-0

. 2
n ij+l
lim J,;(2,h) = sj—( Ihl—al_lzml—aj 1] = 40 (45.6)
a1 ia 0" 0 1 1-1 1-1

| o © 1 1 i_liﬁl — 45.7
hllTooJ"i(l'h)_jz_‘i(Sj ((1_/1)'1‘1 6/1(1—/1)"'_2+0ﬂb GJ(J'_}“ 1_}J} - | )

(sj+(al‘a‘ﬂw])l‘”ﬁﬁj 2o (45.8)

A=) ) 1-2
Oynkuuto Jlarpanxka € yd4eTOM TOTO, YTO COOTBETCTBYIOLIME MHOXKHUTEIU

im 3y, (4.h) =

=

Jlarpamka OymyT obGo3HadeHsl, Kak /; (I —0,4), MOXKHO 3aIHCATb CIELYFOLUM
obOpazom:

Ll,i(ﬂ’h):‘//ozn:(s_j _Si[jlj])2 +Wl(_iJr&)JF‘//z(}L+5_1)+'7”3(_ h +3)+1//4(h - M)

J:

VcnoBus CTAallMOHAPHOCTU B MCTOAC MHOKHUTEJICH J'[arpaH>1<a OITKMCBIBAIOTCA
CJICAYIOIMMH ICIIOYKAMH PAaBCHCTB!

_ .
oL, (4,h) n~ ) S
I’IT:‘//O ZZ(SJ_Sij] - 8:1 —y3+y, =0,
j=1
[ | (45.9)
3]
oL, (4,h) n o) 95
L;Tﬂ% 2Z(Sj_si[j'] _8721 —y+y, =0
j=1

BreimuimeM COOTHOLIEHUSI HEOTPUIATEIILHOCTH:

v,20, v, 20, v,20 v, 20, v, 20.

BrimuiiieM cCOOTHOIICHUS JONOJHSIIONEH HEKECTKOCTH
vi(=2+8)=0, (A +5-1)=0, y3(~h+¢)=0, y,(h—-M)=0

PaccmoTpum crenyromue ciyyau:
Cinyuait 1. IIycts y, =0. Toraa, moiaydaem CUCTEMY YPaBHEHUM:

—y3+y, =0,

—y1+y, =0,

p120, ¥, 20 y320, y, 20,
vi(~4+8)=0,
w,(1+6-1)=0,
ws(-h+&)=0,
ws(h—M)=0

[Tonyyaem cienyrouiue pemeHus:
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1
Pemenne 1.1.y; =y, >0, w; =y, =0 Torna /1=§,5=E,
Pemenne 1.2. 3 =y, >0, ¥, =y, =0,10rma h=6=M, 6§ <A<1-

1 1
Pemenne 1.3. ¥, =y, >0, w3 =y, >0, 10 /1=E, 5=E, h=c=M.

e<h<M.
0.

Pemenne 1.1 He ymoBneTBOpsieT ycnoBuiO, 4TOo O <<1. Pemenue 1.2 He
YIOBJIETBOPSIET YCIOBUIO, £ <<1, B TO BpeMsa kKak M, — QukcupoBaHHOe OOJbIIOE
yucio, u nos3tomy &£ = M. Pemenne 1.3 ananormyno pewmenusm 1.1 m 1.2 He
YAOBJIETBOPSIET YCIOBUSAM PEIICHUS 3aJaUH.

Cnyyait 2.  Ilycts v, =1. [lony4yaem crneayrolryo CHCTEMY YpaBHEHUI:

oL,;(4,h)
oh
aL”(z,h)_o
oA ’
w20, ¥,20 320, v, 20, (45.10)
vi(=4+5)=0,
w,(1+6-1)=0,
ws(-h+¢)=0,
wa(h—M)=0

YuuTeiBas mpejenbHble cBolcTBa LeneBoi ¢ynxiuu J);(4,h), momyuaem

cienyromue 3HauyeHuss MHoxureneit Jlarpanxa: y, =0, v, =0, v, =0. Ucxoas u3

ATOTO, TOJTYyYaeM CIICAYIONIE PEIISHUS CUCTEMBI:
Pemenue 2.1. v, =1, v, =0, v, =0 3 =0, v, =0,

[15]
2SS s -1 || =0,
|22l s
- 0] _
oL, . (4,h no(_ 05
a(Ah)_ 23(5, -sM| -2 |0,
oA j=1 ! oA

Pewenune 2.2. v, =1, v, =0, v, =0 3 >0, v, =0,
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6L,|i(/1,h)_o
oh
oL, (2,h) M:
o T}
wo=1 y;=0, v, =0 y3>0, v, =0, Wo=1 y1=0, y,=0
h=g¢

(45.11)IIeperineM K HaXOXKAEHHIO TPOM3BOHBIX QyHKIMK Jlarpamka L ; (4,h).
[Tpeobpaszyem dopmyiy (45.3):

o [ h 1A -2t n-2)  @-(-2) - 4)
S _[(1—1)” -o /1(1-/1)'72 J - N ' (45-12)

-2 (1-21) ’ AL-2)"
Ha ocHoBe ¢opmynsr (45.12) BBITOJHUM HEOOXOIUMBIE MPEOOPa3OBAHMS
pou3BOIHBIX (45.9):

A.
% ~ n( B h(l—ﬂ,ijﬂ) (1—(1—1)“_111—1”“) ]_—j,iﬁl )
oh ZJZ;L(SJ (1_2)“. +0 ﬂ,(l—ﬂ,)lj_l (1_1)“_ =0=
n (14 B h(l_ﬂijﬂ)Z (1—(l—ﬂ)|rlX1—ﬂ,ij+l)Z )
= Jl{sj (1_1)1,» 1- )zlj +o ﬂ(l—/l)z'rl =0=
n_ 1 . (1_iij+1)2 ) (l—(l—ﬂ«)lj_lxj.—ﬂijﬂ)z
. _h _
:>JZ_:‘S, 1-2)" ; -2y ~|-(7j:1 A-Ap 0=
no_ 1—],““ N (1_(1_/1)“_1X1—ﬂij+1)2
L ;Sj (1_ﬂ)lj +O'§ ﬂ’(l_i)zlj—l
i(l_ﬂviﬁll)
" (l_ -)21 2 . 2
. 1—/1":1 o (1—/1'“1') ) (1_/1.,.+1|)
pom @A) Q-2 AQ-A)
n (1_/1ij+l)2
j=1 (1— )ZI‘
o 12 (-2 o(-2) -2
—~h= = ! (1—9)Ij ﬂ(l—ﬂ)fj 2 y) (1_1)2”
Z”:(l—/l'”l)
j=1 (1—2,)2'J

218



. B 1 21— g0
Z((SJ I j ! J
& A=A olt-2) (45.13)

=h= ——
n 1_/1|j+1 ﬂ,
= (l—ﬂ,)Ij
[1]
aLi n [/ _ . 8Si_J
B-a—ﬂ':=wo{22(315i[j‘] — ||ty =0.
j=1

U3 pemenus noiayyaem ¥, =, =0, no npeanonoxenuro v, =1, mosromy

1
oLy (s o) 95
o ,Zl(l ' { o4 (45149

BrimonauM crieayroniue mpeodpasoanus popmyis (45.12):

S-[I] _ h(l—ﬂ,iﬂ)_g (1—(1_ l)l—lxl_ iiJrl) _ h(l_ﬂnl)_a (1_ﬂi+l)_ (l— ﬂiJrle— ﬂ,)k_l _
| 1-2) A0-2)" 1-1) At-a)
| - . (45.15)
_ (1_”4—1)_6 1—ﬂ|+1 +01—ﬂ|+1
-2 -4 p
BrinonHuM clieayronyro enoyuky npeoOpa3oBaHuii U BHIYUCIUM POU3BOTHYIO

s 1o 7

os!" _, - A")1-2)" - (i +)r@-4)
oA L1-a)
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Bepuemcst k HaxoxneHuto mnpomsBogHoi ¢yHkumu L,; mo A. IloacraBum

(45.15) u (45.16) B (45.14) u mOJTy4nM CIICAYIONIYIO IIETIOYKY PABEHCTB:
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<:>Zn:[s AL~ /1) (h/l o(l- /1)(1 (1_,1)l,-1)X1—,1i,+1))x

i A1-2)"
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ﬂ(l—ﬂ)lj +1

( IJ+1X 1/11+Ii
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(1-2)

(45.17)
ii+1

[I h 12 (i j), -~ G (1+_1/)1)|: (m—0(1—/1)(1—(1—,1)'1‘1))—011__’3 7 ((1—/1)'J+|j,1—1)J=0

Ha ocuoBe Pemenms 2.1 cuctembl (45.10) u Ha ocHoBe Qopmyn (45.17)

[OJIy4aeM CUCTEMY YPAaBHECHMM Il HAXOXKICHUS KPUTHUYECKUX TOUYEK, B KOTOPBIX
1eseBas PyHKIMS MOKET JOCTUTaTh MUHUMYMA.

o ([ 1 1)1 it
. le[(s, 7 J(l—/l)'j j+a(1/1)
0 (1_ it 2 )
jz_l[(l—l)'i J (45.18)
i{sji—(hﬂ—a(l—/l)(l—(l—/l)'i1))1_/1Ij+jl]x

, 1-207 (|J-+1)/?,i"+1
[' et )

=
|
Y
~—

(hl—0'(1—1)(1_(1_2)|j_1))_61_/1ij

—(a-a) +|j/1—1)]=0
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Ha ocuoBe Pemenus 2.2 cuctemsl (45.10) u dopmyn (45.11) u (45.17)
MoJIy4yaeM eIle OJHO ypaBHEHHE, IS HAXOXKICHHUS KPUTHUECKUX TOYCK, B KOTOPHIX
1iesieBast QyHKIMS MOYKET TOCTUTaTh MUHHMYMaA.

i{sjl_(gl_a(l_ﬂ’)(l_(l—ﬂ)li1))1_ﬂ~ij+-1jx

i1 @-A)

x [ljhz2 (i:/ll)j,il - (ii(ltll’;,jj (h2-o-2)a-@-2)")- aw((l— 2412 —1)} -0

(45.19)

ITo Tteopeme Beiiepmrpacca [13] HempepsiBHAs QYHKIMS HA HEIYCTOM
OrPaHMYEHHOM 3aMKHYTOM  ITOJJMHOYKECTBE KOHCYHOMEPHOTO IIPOCTPAHCTBA
JOCTHTAaeT CBOEro abCOMIOTHOrO MHHHMyMa. 110 mOCTpoeHHIO IieieBast (HyHKIIHS
J;i(A4,h) mempepriBHa Ha 3aMKHYTOH oOnactu onpenenenus S<A<1-7,

e<h<M. Ilosromy nenesas ¢yukuus J,;(4,h) umeer munuMy™M npu >5THX

OTPAHUYEHHUSIX, & 3HAYUT, CPEIU BCEX JIOKAJbHBIX MHUHUMYMOB MOKHO HaWTH
HauMeHbIUMKA. TakuM 00pa3oM, ONTUMHU3AIMOHHAS 3ajaya UMEET XOTsA Obl OJIHO
pelICHuE.

46. PELIEHHUE 3AIAYU TEHEPAIIMU BCEX BO3MOYKHbBIX
MNOCJEJOBATEJIbHOCTEA YPOBHEN HAKOILJIEHUA
NHPOPMAIIMN U TAKTOB

B pasnenax 44 u 45 noapoOHO paccMaTPUBAETCS PEIICHUE ONTUMHU3AIMOHHON
3ajaud. B HacrosieM paszzenie pacCMOTpPUM 3a/ayy I'eHepaluu BCEX BO3MOMXHBIX
nocnenoBatensHocteit {1} u {i}.

He ymenbias oOIIHOCTH 3a7a4u, qajiee OyaeM CUMTaTh, YTO BCE 3HAYCHUSA S
pasHble ¥ OTCOPTHPOBAHBI MO BO3pACTaHHUIO, T.e. Sp<Sq mpu 1< p<qg<n. B

cliy4ae, eClii 3HAYCHUS S HE OTCOPTUPOBAHBI, OTCOPTUPYEM HX M MEPeoOO3HAUUM

MOCIIeI0OBATeIbHOCTE. B ciydae, eciu 3HA4YCHUST S  MOBTOPSIOTCS, YAAIHM
AyONMMKAThl, COOTBETCTBEHHO YMCHBIIMM 3HA4YCHHE N U TaKKe MepeoOo3HaYNM
nociefoBaTebHOCTh.  JlaHHAs mporenypa HeoOXomuma Uit YMCHBIICHUS
KOITHYECTBA BAPUAHTOB TIepeGOpa dEMEHTOB mocaenoBaTensHocTeit { | u {i}.
Bymem cunTtaTh, YTO MPONECC HAKOIUICHUS HH(POPMAUH POOOTOM MOKHO
0TOOpa3UTh Ha KOOPAMHATHOM JBYMEPHOM IUIOCKOCTH P, ocM KOTOpOW COOTBET-
CTBYIOT BPEMEHHU MPOTEKAHUs MPOILECCa W BEIUYMHE HAKOIICHHOW HH(OpMAIUH.
He ymenbmias o0mHocT, OyaeM cunuTaTh <<|u,i >,Su> KOOpJIHU-HATaMHU TOYKU U Ha
IUIOCKOCTH P, KOoTopas COOTBETCTBYeT KOHIly TakTa I, Ha ypoBHe |, u wmmeer
3HAYCHHE HaKOIICHHOW mHMopMarmu S,. Takum obpasom, koopauHatel |, u iy —
BPEMEHHbBIC KOOPAMHATHI (HOMEP YPOBHS M HOMEpP BPEMEHHOIO TaKTa Ha 3TOM
YPOBHE), a Sy ABJISIETCS] KOOPAUHATOM TOYKH U IO OCHU HAKOIUICHHON WH(POPMAITHH.
HekoTtopyto mocnenoBaTenbHOCTh U3 N TOUEK HA MIIOCKOCTH P Oynem

0003HaYaTh <<<|,i>,S>>, rie | =1,...,1 ,i=i,.,i,S=S,.,S,.
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[TepedopmymupyeM 3amady HICHTU(DHKALUU TapaMeTPOB PaBHOMEPHOIO
MHOTOYPOBHEBOT'O TPOIIECCa HAKOIUICHHS WHQpOpMaud poOOTOM: HAWTH TaKyro
napy h m A, mia xoropoit meneBass pynkuus (44.1) mocTurHET MHUHUMYMa Ha

MHOKECTBE BCEX BO3MOKHBIX ITOCIEA0BATEIBHOCTEN TOYEK <<<I|>§>> . [Ipuuem y—
e

TOPSIIKOBBIA HOMEP CTE€HEPUPOBAHHOM MOCIEA0BATEILHOCTH TOUCK Ha TUIOCKOCTH P,
a S=51,..,Sn — HabOP DKCIEPHUMEHTAIBHBIX BEITHYMH HAKOILICHHOH MH(pOPMALNHI
poOOTOM.

Kak Oputo ommcano BbIlIe, B O0IIEM cilydyae 3ajadya MMEET MHOXECTBO pe-
IICHUH, KOTOpBIC TOSBIAIOTCS B pE3ysIbTaTe IBYX OCOOCHHOCTEW 3adadd HICH-
TU(UKAIMKA TTApaMETPOB PAaBHOMEPHOTO MHOTOYPOBHEBOI'O IPOIECCa HAKOILIICHHS
uH(popmaIuu podoTOM:

1.1leneBas ¢ynkmus (44.1) HenuHEHHas W MOXET HMMETh HECKOJBKO
KCTPEMYMOB.
2.0nTuMHU3alMOHHAsT 3a/ladya periaeTcsl CTOJIbKO pa3, CKOJIbKO Oyner cre-

HEPUPOBAHO MOCIIEIOBATEIIBHOCTEN TOUEK <<<| , i>,§>>
Ve

[Iycte T — Bpems peanbHOro mpolecca HaKOIUIEHHs] UH(OpMAaIUH, T.€. Bpems
(yHKUIMOHUpPOBaHUS poOOTa, 3a KOTOPOE C HEro CHUMAIOTCS IOKa3aHMs
HAKOIJIEHHOW MH(pOpManuu, 7 — BpeMs, KOTOPOE JJIUTCS OAUH TaKT HAKOIUJICHUS
uHpopmanuu podbotoM. T U 7 U3MEPAIOTCS B CEKYHIaX. L. — MakCHMallbHOE

KOJIMYECTBO YPOBHEH HAKOIUICHUS WH(OpMAIUU, KOTOPOE MOXKET MPONTH poOOT 3a

spems T, J" — kommuectBo TakToB HakomTeHns nEGOpMAaNHH Ha ypoBHE |.
Hcxonst u3 BBEIEHHBIX MPEATION0KEHUM, OJIy4aeM PaBEHCTBO

LMAX

T:é(r.a[”)

ITycts Jypuy = n‘ax{J [']}, rae | =1L, - BepHo paBeHcTBo
|

~

T =T'I—MAX .‘]MAX’ (46-1)
T.e. T <T . [Ipeo6Gpa3zoBaB HEPAaBEHCTBO, MOJyYaeM CIEAYIOIIEE COOTHOIICHUE:

—

BBenem cienyromiue orpannucHus. byaemM ocyiiecTBasTh nepedop 3HaYCHHH |
u | mpu yenoBum, 9o 0 <i < Jypy M1 < Lyyuy -

Jlnis peuieHust 3aa4 UACHTU(UKAILIMKA TTapaMeTpOB B KaueCTBE OJHOIO M3 HUX
OyJZieM UCIOJIb30BaTh BPEMSI MOJIEITUPOBAHUS T.Ha IpakTUKe 3TO OyAeT 03HayaTh,
YTO JUIS KaXJIOTO YPOBHs HakoruieHus uHpopMmaru | Oymer nepedu-patbes Jy,ay
TaKTOB, 4, 3HAYNUT, MHOXECTBO PEIICHUI, HAWAEHHBIX JIJI1 BPEMEHH MOJIEIMPOBAHUS
T, OyAyT BKIIIOUaTh B C€0sI MHOXKECTBO PELLIECHUH /111 BpEMEHM PEAIbHOTO IpoLecca
HaKOIUIeHUs nHpopmanuu T.

Taxum 06pa3omM, BXOJHBIMU JAHHBIMU QJITOPUTMA SBIISIOTCS:
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1. ¢ — BenmMYMHA OTKJIOHEHHWS TEKYIIEro 3HAYCHUS BEJIMYMHBI HAKOII-
JIEHHOW MH(pOpPMAIUK OT MPEAETHHON BEINYUHBI HHPOPMAIIMH IS BCEX
YPOBHEWU;

2. S51,52,...,Sn — TOCIIEIOBATEHLHOCTh BEJIWYMH HAKOIUICHHOW WH(OP-
MaIi poOOTOM (IKCIIEpUMEHTAIBHBIC 3HAUEHUSI peajbHOro Ipolecca
HaKOIUICHHS HHOOpPMaLUK pOOOTOM);

3. T — BpeMs MOJIEJIMPOBAHMS;

4. 7 — BpeMms, KOTOpPO€ [UIMTCS OJWH TaKT HAaKOIUICHWS HWH(popmammuu
poboTOM;

5. Lyax — MakcuManbHOE KOJMYECTBO YpPOBHEW HakKoIuieHus wuHpop-

MalliH, KOTOPOE MOYKET MPOMTH pobOT 3a BpeMs T .
3agaua uaeHTH(UKALUK TapaMeTpoB, NpeACTaBiIeHHas B Hauane paszena 0,
ABJIIETCS 0OpaTHOM 3a7auell MO OTHOUIEHWIO K 3aJady€ MOCTPOEHUS paBHOMEPHOTO
MHOTOYPOBHEBOI'O0 MpoOlecca HAKOIUIEHHA HHGpopManuu poOOTOM, KOTOPBI INpu
(uKCUpPOBaHHON BEJIMYMHE OTKJIOHEHUS 0 MOKHO IOCTPOUTH, 3Has JIBa BXOJHBIX
napaMerpa: KO3(QQPUIMEHT KpaTKOBPEMEHHOW HWH(MOPMALMOHHOW HaMsATH A U
UHQOPMAIIMOHHYIO YCTaHOBKY N. DTH mapaMeTpbl SIBJISIFOTCS  BBIXOJHBIMH
napaMeTpamM 3ajaud uaeHTu(uKauuu napamerpoB. Ha ocHoBe ee perieHus
(mapameTpoB A u h) MOXXHO MOCTPOUTH PaBHOMEPHBIH MHOTOYPOBHEBBIM IMPOIECC
HaKOIUIEHUsT HMH(POpMalMH poOOTOM JUId WUIIOCTpAUMd M BepudUKauy,
noly4eHHoro peueHusa. [loAToMy BBIXOJHBIMU JaHHBIMH aJrOpUTMa OyayT
CJIEYIOIINE apaMETPBL:
1. Jyax — MaKCUMalbHOE KOJHMYECTBO TAKTOB HA OJHOM YPOBHE HAaKOII-

neHust uHdopmaIuu.
2. MHOX€eCTBO BCeX IOCIIEN0BATENBHOCTEN TOUEK <<<||>§>> Ha IUIOCKO-CTH

P,rz[elﬁljSLMAx,OSijSJMAX nul<j<n,

3. A —kod(purmeHT KpaTKOBpEMEHHON HHPOPMAITMOHHOMN MaMSITH.
4. h — uapOopMaIIMOHHAS yCTAaHOBKA.

5. mocCIIenoBaTeILHOCTD TO‘ICK<<<|*,i*>,S>> Ha IIOCKOCcTH P, Thoe kakmpas
4

-k

TOYKa <<|’;,| j>,S j> COOTBETCTBYET 3HAUYEHHUIO ITOCTPOCHHOI'O pPaBHOMEDP-

HOTO MHOTOYPOBHEBOTO TpoIlecca HaKOIIeHUs nH(opMaImu poOoToM Ha

~

npuueM j=0,t U t COOTBETCTBYET IOCIEA-HEMY

-k

TaKTe |; ypOBHs I;,
TaKTy BPEMEHU MOJICTUPOBAHUS T.
[Ipennoxkum clenayromui aJropuT™M PpelieHUsl 3a1a4Y¥ UACHTH(PUKAUU
napaMeTpoB:
[ITar 1. CuuTbiBaeM BXOJHbBIE MAPAMETPHI (CM. BBIIIE).

[ar 2. CoptupyeM 1O BO3PACTaHHIO OSKCIEPUMEHTAIBHBIE  3HAYCHHUS
HaKOIUIeHHOM nHpopmanmu S1,So2,...,Sh.

[ar 3. Naunuanu3upyem mocie0BaTeIbHOCTh TOYEK <<<||>§>> ,roe | | = 1,
Ve
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[lar 4. Onpenensem 3HaueHus JjeBod uactu (45.19) Ha ocHOBe creHe-
PHPOBAHHO# MOC/IEI0BATENLHOCTH TOUEK <<<| , i>,§>>
V4

[Iar 5. BeImosHseM oT/IeIeHNe KOpHEH HellmHelHoro ypaBHeHus (45.19).

[lar 6. /st KaXaoro OTIEICHHOTO KOPHS BBIOJIHAEM €ro yTOYHCHHE Ha
OCHOBE METOJ[a TUXOTOMHH.

[ar 7. CoxpaHsieM NOJyYEHHOE PELICHUE B «KYpPHAID.

[Tar 8. Ecnmm MOXHO CreHEepPHpPOBAaTh HOBYIO TOCIEAOBATCIIBHOCTD TOUYCK

<<<I’i>’§>>7 (monpoOHEe HMIKE), TO TEHEPUPYEM €€ U IEePexoJuM K

miary 4, nHaye nepexoJuM K mary 9.
[ar 9. Cpenu penieHui!, 3aMUCaHHBIX B JKypHAI, OIpEACNaeM <JTydllee)
pelieHue 3a/1auu UuIeHTU(DUKAIIMN TapaMETPOB, T.€. PEIICHHUEe, KO-TOPOe

cootsercTByer Touke (4°,h*)=arg rr|1i_n {min (J,’i (4, h))}.
Ah

[ar 10. Ha ocHOBe «IydIllero» peleHUusT BOCCTAHABINBAEM PaBHOMEPHBIN
MHOTOYPOBHEBBIN IPOLIECC HAKOIJIEHUSI UH(OpMaLIUU pOOOTOM.

[ar 11. Busyanu3zupyem TMOIYYEHHBI MPOLECC HAKOIUJIEHUS HHPOPMALMH
poOOTOM Ha UarpaMmMme.
bonee moapobHO paccMoTpum miar 8 airopuTMma, CBA3aHHBIN C TeHe-
panuen nociIe0BaTEIbHOCTH TOUYEK <<<I’i>’§>>y Ha 1ockoctu P.

3HaueHus || 1 i; ONpenessoT T0, KAKOMY YPOBHIO HAaKOIUICHHsI MH(OPMALHH

Y KAaKOMY TaKTy Ha 3TOM YPOBHE COOTBETCTBYET IKCIICPUMEHTAILHOE 3HAYCHUE S j .
AJTOpPUTM reHepaluy MoCIeI0BATEIbHOCTH TOYEK <<<I,i>,§>> JIEUTCS] Ha JIBE
Ve

4aCTH:
1. TeHeparus MOCIEIOBATENBHOCTH ||}, KOTOpas C TOUKH 3PEHHS KOM-
OMHATOPUKU SIBISETCS NEPECTAaHOBKOH C MOBTOPEHUSIMH U yJOBIETBOPSET
CJIEAYIOIIMM yCIOBHSAM:

a. I e[l; Ly |- Toe j=1n.

Lmax
b. > py =N, rae py — KOJIMYECTBO MOBTOPEHHUI KAXIOTO HICMEHTA U3

d=1
MHOXKecTBA [1; Ly | B TepecTaHOBKe {I}, T.e. CyMMa IIOBTOPEHUMU
KaX/0r0 3JIEMEHTAa paBHAa KOJIMYECTBY JJIEMEHTOB, [Py MOXET OBITh
PABHO HYJIO [JIs1 HEKOTOPBIX DJIEMEHTOB.

c. I, <l,, tme 1<k<m<n, T.e. >IeMeHTHl MEPECTAHOBKH OTCOP-
THUPOBAHbI 110 BO3PACTAHUIO.
2. TeHepalys TOC/IEOBATENBHOCTH {i}, KOTOpas YIOBICTBOPSACT CIELYy-
IOIUM YCIIOBUSIM:

a. i, €[0;Jyux |- rre j=1n.
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b. i=zil@®i?@®..® i v , TIJe CHUMBOJI @© sBuseTcs 3HAKOM
KOHKAaTEHAIMH | © , IepecTaHOBOK 6e3 MOBTOperHii, d € [1; Lvax ]

"."'d - - = d
C. 1 :{|1,___,|pd }, rne¢ py — AIUMHA NEPECTAaHOBKU | H paBHaA

~

KOJIMYECTBY IIOBTOPEHUH HEKOTOPOro »iaeMeHTa O H3 MHOXKeCTBa
[LLyax ] B mepecranoBxke {I} (cm. m. 1.b ycnoBuil reHepanuu

[I0CJIEI0BATEIHLHOCTH {l } ).
d. ecmm py =0,10 1% =0,

-~ =d

e. luOI <ivd, rae 1<su<v<py g KaxIOoW IEpecTaHoBKH |, T.c.

(V) -~ d
3JICMCHTBI KAXXIO0U IICPECCTAHOBKHU | ~ OTCOPTUPOBAHBI 110 BO3PACTAHUIO.

JIpyrMMH CIOBAMH, DJIEMEHTHI IIEPECTAHOBKH 1 ° COOTBETCTBYIOT HH(OP-
MaIlMOHHBIM TaKTaM Ha ypoBHe HakomuieHus wuHpopmammu d. KommdectBo

= d
MEPECTAHOBOK |~ Il YPOBHS HAKOIUICHUsT WHGpopMammu 0 paBHO KOJIHYECTBY

COYETAHUH W3 KOIMYECTBA DIEMEHTOB MHOXKECTBA [0;Jy. ] MO Py, T.€. CP .
MAX

Uckmouennem OyaeM cuuTaTh ciyyad, korma Py =0. Torma kommnuecTtBo

TIEPECTAHOBOK |1 | PaBHO HYJIIO.

TakuM 06pa3oM, [NIHHA [OCIEIOBATEIBHOCTH {I| paBHA CymMMe JUIMH mepe-
CTAaHOBOK | ° W, CIIEIOBATENBHO, [UIMHE TOCITENOBATEIBHOCTH {If M paBHA N, KO-
JIHYECTBY IKCIICPUMEHTANBHBIX 3HAYCHHIT S . DTO 03HAUAET, YTO IIOCIC IEHEPALIHH
nocnenosarensHocteit {1} m {i}, xammomy smauemmo Sj, rme j=1n, MoXHO

[IOCTABUTh B COOTBETCTBUE KOOPAMHATBHI TOYKU <<I I >,S j> Ha mioc-koctu P. Bee n

j 1

TOYeK 00Pa3yIOT MOCIEN0BATENFHOCTS TOUEK <<<| , i>,§>> , TJIe ¥ — TOPAAKOBBIA HOMED
Ve

BBITIONHEHHOI TeHepaLi mocnegoBarenbHocTer {I} i {i}.

Pucynok. 46.1 nemMOHCTpUpPYET NMpUMEP MOCIEA0BATEIBHOCTEN {I} u {I} 1ocie
oxuoi u3 rerepatii (N=9, Lyay =7, Jyax =4)

VYposens 1 YpoBeHb 2 Yp-Hb S  YpoBeHb 7

Puc. 46.1. [locnegoBaTeNbHOCTH {|} u {I}

AJITOPUTM  TeHepauMu MOCJIe0BATEIbHOCTH YPOBHEH HAKOIUIEHHUS
uHpopMaINHU {l} ONKCHIBAETCS CAEAYIOIMMH [IaraMu:

[Mar 1. Maunuanu3upyeM HavyalbHYIO [OCJEI0BAaTEIbHOCTh {I} (pucyHoK
46.2 (a)).
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Har 2. Ecnu mocnenoBaTebHOCTD {I} MOXHO CT€HEpUPOBATh, T.€. IPEAbIIY-
masi MoCJIeJIOBaTeILHOCTD HE sBIIsseTcs GuHaIbHON (pucyHok 46.2 (b)),
nepexonuM k lllary 3, nnaye nepexoaum k Illary 12.

Iar 3. IIpucBauBaeM j 3HadYeHHE N.

[ar 4. Ecnu Ij = Lyax » TO epexoanm k Illary 5, nnave nepexoaum k Illary 6.

[llar 5. Vmenbiiaem 3nauenne | = J—1. ITepexomum k Illary 4.

[llar 6. YBenuunBaeM 3HAYCHHE [-TO OJEMEHTa IIOCJICIOBATEIBHOCTH Ha
equanny |; =1; +1.

[Iar 7. Ecmu j#n, To nepexoaum K [lary 8, nnade nepexoaum k [lary 11.

[ar 8. IIpucBamBaeMm U 3HaueHue j + 1.

IIlar 9. Ilpucsausaem |, =1;.

[lar 10. Ecim u<n, to yBenmumBaeM 3HaueHne U=U+1 u mepexommm k
[ary 9, nnaue nepexoaum k Illary 11.

[ar 11. Mcnonb3yeM nepecTaHOBKY {I} JUIsl TEHEPALMK TOCIEN0BATEIb-HOCTH
{i}. Tepexomum k Ilary 2.

[Iar 12. Koner anropurMa.

I 1 1 1 .o 1 1 1 I LMAX LMAX LMAX e LMAX LMAX LMAX
Bl Bl
a. HauanpHas b. ®unanpHas
[MOCJIEA0BATEIILHOCTD {l} [OCJIEA0BATEIBHOCTD {I}

Puc. 46.2. HauanpHas u puHaNIbHAS TIOCIIEI0OBATEIHHOCTH {l}

OtmerumM, uto mraru 7-10 anroputma o0ecrieuynBarOT OCYIIECTBICHUS YCIOBUS

1.C reHepaIiH M0CIeI0BATETBHOCTH {l }.

AJITOPUTM TeHepauuM MOCJaeI0BATEIbHOCTH TAKTOB {I} BBITIOJIHIETCST IS

KaXJ 0l CTC€HEPUPOBAHHOW NEPECTAHOBKHU {I}, nonxyyeHnor Ha Ilare 11 anropurma

reHepaIyuy Mocjaea0BaTeIbHOCTH {I} .

[ITar 1. BeigensieM Bce MOANOCIEIOBATEILHOCTU C TMOBTOPSIOIIUMUCS

SJIEMEHTaMU |; B IEPECTAHOBKE {|} 3aroMHMHaeM HOMeEpa IO3ULHH

IIEPBOTO M IIOCIIEAHErO DJIEMEHTAa KaXIOH IOAIOCIEN0BATEILHOCTH
OTHOCHMTEJILHO BCEU IIOCIEN0BATENBHOCTH {|} OTn HOMEpa IO3ULUH

~

OTIpeNIeNAT AMMHY P,y KakAoil MepecTaHOBKH | ¢, a Takke OHM PaBHEI
HOMEpaM IMO3UIUHI NIEPBOIO U MOCIEIHETO DIIEMEHTA COOTBETCTBYOIIEH
TIEPECTAHOBKH | © OTHOCHTENBHO BCEH I0CIeI0BaATETHHOCTH {I} Taxum

o0pa3oM, KOHKAaTeHalusi TIEepPeCTaHOBOK |  OyAeT BBINOJHATHCA
MOCPEACTBOM  3allOJIHEHHUS  JJEMEHTOB J3TUX IEpPECTaHOBOK B
H0CJIeIOBATEILHOCTh {I} B COOTBETCTBHM C HOMEpaMH IO3UIHHA Tep-

BOTO M TIOCIIEHEr0 HIEMEHTA IEPECTAHOBKH | ° .
Hlar 2. Mannmanmusupyem d 3HadeHueM 1.
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Illar 3. Eciu nepecTaHoBKy i° MOXHO CreHepUpoBath (IoApoOHee
HIWDKE), T.€. IPEIbIIYyINas IEPeCTaHOBKA HE SIBISIeTCS (PHHATBLHOM (

[lar 4. Puc.46.2(b)), nepexomum k Illary 4, wHavye nepexoauM K
[ary 8.

[lIar 5. I'enepupyeM MepecTaHOBKY i ¢. B cooTBercTBHU C HOMEPaMH
MO3UIMI  MEPBOrO M MOCIEAHEro  JJIEMEHTA  IEPECTaHOBKHU

~

i ¢ 3amonHsEM TIOCTIeIOBATENEHOCTE {I}

[Iar 6. VBenuunBaem 3nauenne d =d +1.

[lar 7. Ecmu d He mpeBbIaeT HOMEp MOCIIEHEH TIePeCTaHOBKU, KOTOPas
BXOJIUT B IIOCJIEJOBATEILHOCTD {i}, Tto nepexoauMm kK Illary 3, mHaye
nepexoaum k [ary 7.

~

IIlar 8. Bce mepecTaHOBKM 1° CreHepHpOBaHbI M 3alHCAaHBI B I1OC-
JIeI0BaTEIbHOCTD {I} BrimonHsieM anropuTM perieHus ONTUMHU3a-
IIMOHHOM 3a/a4yd, TepedaeM €My Ha BXOJl CTeHepHPOBAaHHBIE TOC-
negoatensroct {1} u {i}. Tlepexommm k Ilary 3.

[lar 9. Eciu d > 1, To ymenbinaem 3Hauenre d =d —1, mepexoaum K
[ary 3, nnaue nepexoaum k [lary 9.

[Iar 10. Koner aaropurMma.

HeoOX0mUMMO OTMETHTH, 4YTO AJITOPHTM TeHEPAlMH MEePEeCTAHOBKH |
MOBTOPSICT QJITOPUTM TEHEpAIMH TOCJIEeI0BATEIbHOCTH {I} C TOYHOCTBIO JIO
0003HAaYECHNH 32 MCKIIFOUEHUEM YEeThIpEX IaroB. BBUIy WACHTUYHOCTH aTOPUTMOB
MPHUBEIEM TOJIBKO IIIard, KOTOPbIE OTIIMYAIOTCSI.

d

[llar | VHAOHATH3HpyeM HAa9anbHYIO IepPeCTaHoBKY 1 ° (puc. 46.3 (a)).

~

[Ilar 2 Ecnm mepecTaHOBKY | ¢ MOXKHO CTEHEPUPOBATh, T.C. MPEABIAYLIAs
nepecTaHoBKa He sBisieTcs ¢puHanbHOM (puc. 46.3 (b)), mepexoaum k Ilary 3,
nHaue nepexoauM k lllary 12.

Mar 4. Ecin i = Jyay — Pg + ], TO mepexoaum k Lllary 5, nHade nepexomum K
lary 6.
Ilar 8. Mpucsansaem i,° = i,% +1.

Td 0 1 pd—Z Py -1 Td ‘]MAX_pd +1‘]MAx_pd+2--~ Jyax 1 ‘]MAX

— ~— —
pd pd
~d =d
a. HauanbHas nepecranoBka | b. ®unanbHas mepecTaHOBKa |

=~d
Puc. 46.3. HauanpHas u punanbpHas nepecTaHOBKH |

OtmerumM, uto maru 7-10 anroputma o0ecreynBaOT OCYIIECTBICHUS YCIOBUS
2.e TeHepaluy Mocae10BaTeIbHOCTH {I}

Paccmorpum mpumep. Ilyets N=2, Ly =2, Jyax =2, S = {§1,§2 }
HauanbHas nocinenoarensocts |l = {11}, IIpaktudecku 310 o3Hauaer, uto Si

M S»> HaAXOIATCS Ha TIEPBOM YypPOBHE HakoruieHus wuHpopmarmu. [losromy s
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NEPBOTO YPOBHS |  KOJMYECTBO IMEPECTAHOBOK OMPEICISETCS  CIETyIOei
dbopmymoin — C22+l =3. DTHU TepecTaHOBKH OyAyT HCIOJIB30BATHCS B KA4ECTBE
TIOCTIEIOBATEIbHOCTEH {I} [IpuBenemM Bce BO3MOKHBIE IOCIIEIOBATEIIEHOCTH {I}
KOTOpEIE COOTBETCTBYIOT ycrmoBusM renepammn {i}=1{01}, {i}=1{0,2}, {i}={1,2}.

Crenyromtasi mocnenoBatensHocts {l}={1,2}. D10 osmagaer, uro Si u S,
HaxXoJsITCS Ha TIEPBOM H BTOPOM YPOBHSAX HAKOIUICHHS HMH(POpMAIUH
COOTBETCTBEHHO. TakuM 00pa3oM, MOCIEI0BATEIHHOCTD {I} Oyzmer pe3ynbTaTom
KOHKATCHALIMH TIEPECTAHOBOK 1 & U | 2, KaKaasi U3 KOTOPBIX OYIET COLEpKaTh OIMH
3JIeMeHT U3 MHOXecTBa {0,1,2}. Bce KoMOWHAIMY MEPECTAHOBOK MaIyT CIEIYIONINe
MOCTIETIOBATEIBHOCTH {i}, KOTOpBIE COOTBETCTBYIOT YCI0BHsM reneparmu {i = {0,0},
iy={0a}, {i}=102}, fi}={L0}, f{i}=1}, {i}=02}, {i}={20}, {i}={21},
fi}={2.2}.

[TocnenHsiss MOCIENOBATEILHOCTh YPOBHEH, KOTOPYIO BO3MOXKHO CreHEpH-
poBath, — {1}=1{2,2}. D10 03Hauaer, uto S; M S, HaXOAATCA HA BTOPOM YPOBHE
HakomyieHuss wuH(popManuu. Takke Kak W B ClIydae C TOCJICIOBATEIHHOCTHIO
{I}:{l,l}, KOJIMYECTBO TMEPECTAaHOBOK OIpenessieTcss cienyoomeil dopmynon —
C2,=3. DTu mepecTaHOBKM OYIyT HCIONB30BATECA B KAYeCTBE MOCIEI0BA-
TEJIbHOCTEN {I} Takum oOpa3zoM, MOCIEeI0BATEILHOCTH TAKTOB Oy1y CIEAYIOIIUMHU
fij={0a}, {ij=f02}, {i}={12}.

Pucynok 46.4 orpaxaer B TaOJUYHOM BHJE MHOXECTBO BCEX IMOCIEI0BA-
TEIBHOCTEN TOUEK <<<||> §>> Ha m1ockocTy P s nannoro nmpumepa. IItpuxos-

/4

KO MoKa3zaHa MpUHAJICKHOCTh TOUEK K Pa3HBbIM YPOBHSAM HaKOIJIEHUS UHDOP-
MAaIUH.

1
2
S:

S [S:|S2| |S

Puc. 46.4. MHOX€eCTBO BCcexX MOCIE0BATEILHOCTEN TOUEK <<<| i) §>>
v
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Tenepy Gonee monpoO6HO paccMoTpuM mmiar 10 anropuTma pelieHus: 3ajgadu
UICHTU(UKAIIMKM TapaMeTpoB, a HMEHHO ONPENEIICHUE <JIYYILEro» peIIeHHs.

MHOXeCTBO pelIeHHH TaKoM 3aJa4yd KOHEYHO IIPH YCJIOBUM, 4TO 0<i<J,, H

1<l<L,, . B pasmene 44 mnpuBomutcs wneneBas ¢yHkuusa (44.1), xotopyoo B

MpoLIECCEe PEIICHHs HEOOXOAMMO MHMHHMMM3UMpOBaTh. [l Kaxaold mnoclieqoBa-
TEIBHOCTU TOYEK <<<I,i>,§>> pelIMM ONTUMM3AIMOHHYIO 3a7adyy M ONpPEIeIuM
4

MUHHMMAaJIbHOE 3HAUYCHHE MEJICBOM (YHKITUU Jii(4,h).

Takum oOpasom, peliecHHe 3aJaun HaeHTU(UKAIKUKA mapameTpoB A u h, Oymer
JIOCTABJIATh MAHAMYM Takod LeneBod (QyHKIMHU J . (1,h), KOTOpas Ha MHOKECTBE

BCEX BO3MOXHBIX HOCHGHOB&TGJ’IBHOCTCﬁ {l} 51 {|} HUMECT MHUHHUMAJIbHOC 3HAUYCHUC,
T.C. PCIICHHCM 3aJa4H I/II[CHTI/I(bI/IKaI_II/II/I [mapamMCcTpoOB 6YII€T ABJISITBCA TOYKaA
(2, h") =arg min {min (3,;(2,h))}-

ah Wi ’

47. ACCJIENOBAHUE PEINEHUSI 3AJAYN NWIEHTUPNKALINA
ITAPAMETPOB HA YCTONYUBOCTD

BBHIy CIO0KHOCTH ypaBHEHHH, ONMCHIBAIONIMX pEIIEHHE ONTHMH3allMOHHOM
314K, a TAK)KE MCIIOIb30BAHMUS JUIs PEIEHNs 3a/1auM UIEHTU(PUKALUK TapaMeTpPOB
alrOPHTMA IeHEpAIHH BCeX BO3MOXKHBIX rocienoarensHocteii {1} u {i}, nccremyem
YCTOHUYMBOCTH 33/1a4M HA KOHKPETHOM MIPHMEPE.

Mycts T=12; 7=1; L, =2; o=00001. PaccMOTpMM CJIELYIOILYIO
0CJIE10BATEILHOCT YKCIIEPUMEHTANIBHBIX BEJTNYNH HAKOMIEHHOH HHOPMAIUH
pobOTOM:

S;=8,1500; S, =10,1345; S3=12,6686; S4 =30,1768; Ss =42,1540.
Jna  uccnemoBaHHWsT  3aBUCUMOCTH  PEIICHUST  3aJayu H,ueHTI/I(bI/IKau_HH

napaMeTpoB h ¥ A OT BXOJHBIX JaHHBIX TOOYEPETHO BHECEM B KaXKI0€ 3HAUYEHHUE S|,
J =15 norpemsocts pazmepom 0,1%.

Tabmuua 47.1 comep>KuUT pe3ynbTaThl HUCCIAEAOBAHUS YCTOWYMBOCTH 3aJlayu.
[lepBas cTpoka TaOIUIIEI COJAEPKUT MCXOJNHBIE NaHHBIE O0e3 morperrHocTu. Cephie
SYCHKN COJEpIKAT SKCIEPHUMEHTAIbHBIE 3HAUCHHS C IOTPEIIHOCThIO. B cTonbiax
«OTHOCHUTEIbHAS TOTPEITHOCTDY COJECPKATCS 3HAYCHUS OTHOCHUTEIBHOI'O OTKIIO-
HEHUS 3HAYEHUS COOTBETCTBYIOIIETO BBIXOJIHOTO IMapaMeTpa, OMPEICTICHHOTO Ha
JAHHBIX C TIOTPEIIHOCTHIO, OT 3HAYCHHS BBIXOJHOTO IMapamMeTpa, ONpeIeIeHHOTO Ha
HCXOJHBIX JAHHBIX.
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Ta0muma 47.1
Pe3ynbpTaThl HCCIIeIOBaHUS YCTOWYNBOCTH PEIICHUS 3319l UACHTU(UKAITTN

[1apaMeTPOB
Bxoanbie mapamerpsbl Bbixoanble mapameTpbl
OtHoc. OtHoc.
§1 S, S; S, Se h orp. A norp. A
h (%) (%)
8,1500 | 10,1345 | 12,6686 | 30,1768 | 42,1540 | 2,4847 0,8008
8,1581 | 10,1345 | 12,6686 | 30,1768 | 42,1540 | 2,4847 | 0,0000 | 0,8008 | 0,0000
8,1500 | 10,1446 | 12,6686 | 30,1768 | 42,1540 | 2,4847 | 0,0000 | 0,8008 | 0,0000
8,1500 | 10,1345 | 12,6812 | 30,1768 | 42,1540 | 2,4848 | 0,0040 | 0,8008 | 0,0000
8,1500 | 10,1345 | 12,6686 | 30,2069 | 42,1540 | 2,4854 | 0,0282 | 0,8008 | 0,0000
8,1500 | 10,1345 | 12,6686 | 30,1768 | 42,1961 | 2,4800 | 0,1892 | 0,8012 | 0,0500

B pesynbraTe uccienoBaHMs pelIeHUs 3aladyd UAEHTU(UKAIMU TapameT-poB
MOJIy4aeM, YTO OTHOCUTENbHAS MOIPEIIHOCTh BBIXOJIHBIX apaMETPOB UMEET TOT K€
MOPSIIOK, YTO M MOTPEIIHOCTh, BHECEHHAS! BO BXOAHbBIE MMapaMeTpbl. Takum o0pazom,
Majoe IMpUpalIeHHEe HCXOJHBIX MapOMEPOB §j, j:1,_5 OPUBOJUT K MaJlOMy
NpUPAICHUIO HMCKOMBIX BemuumH h w A, CrieoBaTelbHO, pEIICHHE 3aadu

UJEHTU(UKAIIMY TapaMEeTPOB YCTOMYHUBO.

48. TIPOI'PAMMA PEHIEHUA 3AJAYU UIAEHTUOUKALUU
ITAPAMETPOB PABHOMEPHOI'O MHOI'OYPOBHET O
INPOLECCA HAKOIIVIEHUA THO®OPMALIMU POBOTOM

Jlna pemeHus 3aiayd UMACHTU(UKAIMM NapaMeTpoB PABHOMEPHOIO MHOIO-
YPOBHEBOTO Tpollecca HaKoIIeHUusT WHdopmanuu poOoToM Oblila peann3oBaHa
nporpaMma, KoTopas Oblja 3aperucTpupoBaHa B PocmareHTe 1o Ha3BaHHEM
«Pemenne  ONTUMU3AIIMOHHOW 3aJaud  BOCHHUCAHHWS pPoOOTa» ©  TOIy4YHIiIa
CBHUJIETEIILCTBO O F'OCYIAPCTBEHHOM PETUCTPALIMU ITporpaMm st DBM.,

48.1. APXUTEKTYPA NIPOI'PAMMBI U151 PELHEHUS 3ATAYHN
NAEHTUOUKALIUU TAPAMETPOB

PaccMoTpum apXuTekTypy ImporpaMMbl I PEIICHUS 3a7a4d WISHTU(PUKAITUN
rmapaMeTpoB, KOTOpas peaji30BaHa Ha OCHOBE aJTOPUTMOB, MPEIACTABJICHHBIX B
pazznene 46.
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[MoamporpaMma YTeHHS BXOTHBIX JTaHHBIX
v L lar 1-2

biok renepanim mociexoBareabHOCTEH | 1

Biiok pemenns (_ 1ar 4-7
CHCTEMBbI

Otnenenue KopHen J

¢ Ilar 3, 8 k[ ]
MeTox TUXOTOMHUHA

[Tognporpamma noucka
«(JTY4LIEr0» peIICHUs

J

s

IIar 9
. 2

4 )
BJI0K reHeparuu nporecca bnok BbIBOzIa BCEX pe3yibTaTOB

L T Komnonenra nocrpoenus
POOOTOM IO «CTyUIIeMY)>
\ [Iar 10 JyarpamMmmbl

Puc. 48.1. ApxuTtekTypa nporpaMmsl

Ha pucynke 48.1 o0Oo3HaueHbl LIard ajropuTMa pELIEHUs 3aJadd UICH-
TU(UKAIMK TApaMeTPOB, KOTOPbIE COOTBETCTBYIOT OJlOKaM Mporpammbl. YUepHbie
CTpenKu 0003HAYAIOT Nepeady JaHHBIX W [epelady yNpaBiIeHHs] OT OJHOro OJIoKa
MPOrpamMMBbI K IPyroMy, YTO COOTBETCTBYET MOPSAAKY CJIE€IOBaHUS IArOB aJlrOPUTMA.

B 650ke pemieHus cucTeMbl YpaBHEHUN peaii30BaH MaTeMAaTUYECKHM armapaT
JUTSL PellieHUs] ONTUMH3ALMOHHON 3a/1lady METOJAaMU ONTUMU3ALMK, OMMCAHHBIMUA B
paszmene 46, a TakK€ YUCIEHHBIE METOABI JUISl OTACICHUS W YTOYHEHHUS KOpHEH
HEJIMHEMHOT'O YPABHEHMUSI.

B Groke renepawmn nociegoarensHocteii {1} u {i} peanusosan mepeGop Beex
BO3MO>KHBIX BAPUAHTOB IIOCJIEOBATEIbHOCTEH HA OCHOBE JITOPUTMOB, OIMCAHHBIX
B paznerne 46.

48.2. OCHOBHBIE BO3MOKHOCTHU NPOT'PAMMBI JJISA
PEIHIEHUA 3AJAYN UAEHTUO®UKALINU ITAPAMETPOB

[Tporpamma I pelieHdst 3agadd  WACHTH(HUKAIMM [apaMeTpoB paBHO-
MEpPHOTO MHOTOYPOBHEBOTO TMPOIIECCa HAKOIUICHUS WHQpOpPMAIMu pPoOOTOM pea-
Jau30BaHa Ha si3bIke mporpamMupoBanus Visual Basic for Application (VBA) Ha 6a3e
nporpammbl  Microsoft Excel. Mosxer ObiTh 3amylieHa Ha TEPCOHATBHOM
kommbioTepe kiacca IBM/PC ¢ oneparmonnoit cucremoit Windows XP u Bblie.
Jlnst paboThl TpPOrpaMMbl HEOOXOIUM YCTAHOBJICHHBI Ha KOMIBIOTEPE MaKeT
MS Office Bepcuu 2003 u Boitie. O6beM nporpammbl 166 Ko (.XIs-daiin).

OcHOBHO# (hyHKIIHEH TPOTPaMMBI SBJISIETCS PELICHUE 3a1aui UICHTU(DUKAIIMN
napamMeTpoB Ha OCHOBE pCHICHUS 3aJladd TCHEpalii BCEX BO3MOXKHBIX
nocnenosarensHocteit {|} u {i} (cm. pasmensr 45 — 47).

BcrnoMoratenbHbIMU SIBISTIOTCS CIEAYIOMINE (PYHKIIMU TPOTPAMMBI:

1. TlocTpoeHne paBHOMEPHOTO MHOTOYPOBHEBOTO MPOIECCa HAKOIUICHUS
uHpOpMauu poOOTOM HA OCHOBE HAWJCHHOTO PELICHHUS 3aJadu
UICHTH(PHUKAIIMYA TTapaMETPOB.
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2. Busyanuzanms MOCTPOSHHOTO PaBHOMEPHOTO MHOTOYPOBHEBOTO IIPO-
1ecca HaKoIIeHus nHpopMmaru podoToM Ha nuarpamme B MS Excel.

48.3. BU3YAJIbHBIV UHTEP®EMC ITPOI'PAMMBI JIJ15
PEHIEHUA 3AJAYN UAEHTUOUKALIUU ITAPAMETPOB

Jlng 3amycka mporpamMMbl TOJB30BAaTENI0 HEOOXOAWMO OTKPBITH Pabouyro
kaury MS Excel, BHyTpu KOTOpO#l BCTpOE€Ha mporpamma JUisi pelieHUsl 3ajaadu
uneHTuuKanu napametpoB. MS Excel BoimomHseT QYyHKIMIO MOJIB30BaTEIBCKOTO
uHTep(deiica, uepe3 KOTOPBIA MOKHO 3alyCTUTh MPOTpamMMmy.

Pabouast KHUTa COCTOUT U3 TPEX JIMCTOB:

1. OcHOBHOM IHCT;
2. Jlydmiee penieHue;
3. Kypnan.

Ha OcHOBHOM JHCTE 3aroJIOBKM CTOJOLIOB BXOJHBIX IapaMeTpOB 0003HAYEHBI
cepbiMU stuerikamu (puc. 48.2). [lonb3oBarens BBOAUT BXOJHBIE JaHHBIE, ONMCAHHBIC
B paszznene 46, HUXKE CephIX 3arojIoBOYHBIX siyeek. Ilpu HaBeneHUM MBIIIKON Ha
3aroJIOBOYHYIO SYEHKY IOJIb30BATENb MOIYYaeT COOTBETCTBYIOLIYIO IMOJCKA3KY, UTO
O3HauaeT »JTOT MapaMmeTp. OKCIEpUMEHTAJIbHbIE (MPAKTUYECKUE) 3HAYCHUS
peanbHOro IMpoliecca HAKOIUIEHHWS HH(OpManuu poOOTOM MOJb30BaTENlb BBOJIUT
apyr mom npyrom B cronbme S_pract. B cronbme T ykaspiBaeTcs Bpems
MOZICIIHPOBAHHS T .

1 2 3 4 5 6 7 8 9 10 1 12 13 -
a S_pract T T L max J max W A OTH. norp. ‘ Lienes. GpyHK. ‘

|
0,0001 5,89 a0 10| 2 | | | | | R
10,5

=

...
]
KHO# poBOTOM WHbOpMaLWM S, GUT

Benwumna Hakonne:

Tauts

OcHoBHOWM NKUCT | Jlyuliee petuedie KypHan_ @ 14 ’

Puc. 48.2 UcxonHble naHHbIE 337294 UACHTH(PUKALIUN TAPAMETPOB

Ilocne HaxaTtuss Ha KHomNKy «PaccumTaTh» 3amyckaercs Iporpamma ajs
pemieHust 3agaud uaeHTH(UKanuu mapaMmeTpoB. CreHepupoBaHHBIE IOCIIEA0BA-
remsioctn {I} m {i}, a Tacke maiimenmbie A, KOA(MUIMEHT KPATKOBPEMEHHOI
UH(POPMAIIMOHHON TaMATH, N, WHPOpPMAIMOHHAS YCTaHOBKA, BBIBOJSATCA HA JIUCT
«KypHaI » i kaxaoro pemenus (Puc. 48.4). B kadecTBe BCHOMOIaTeNIbHBIX
BEJIMYMH HA JINCT «KypPHAJ_» BBIBOJSATCS:
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1.F — 3HaYeHue MpOU3BOIHOM 11eJIeBOM (PYHKIIUU 11O KOIPPUITUEHTY TaMITH A
(J1leBast yacTh BTOPOTO ypaBHEHUS B PEUICHUH ONTHMH3AI[MOHHON 3a/1a4n);

2.0THOCHUTEIIbHAs IOTPEIIHOCTD LIeJeBON (QYHKINU;

3.3HaueHue 1eNeBOi PyHKINY;

4.KOMMEHTapHil, KOTOPBIM MOKa3bIBAET, CKOJIBKO KOPHEH ObLIO HAWACHO IS
TeKyIuX nociexoBarensuoctei {I} u {i}.

1 2 3 4 5 6 7 8 9 10 11 -
. . OTH. norpewx. "
Homep pelueHua L 12 i1 i2 h A F Lienes. ¢pyHr.  KommeHTapHid
1 yenes. GpyHK.
2 1 1 1 0 1 5,88991874677765 0,78271484375000 0,00012872969088 0,00001022613533 0,00000000867947 MNepebli KOPEHb
3 2 1 1 ) 2 5,85049339870386 0,51611328125000 0,00045554441883 0,00006209747851 0,00000032006255 Mepebli KOpeHb
4 3 1 1 1 2 0,00000000000000 0,00000000000000 0,00000000000000 0,00000000000000 0,00000000000000 KopeHed HeT
5 4 1 2 o 0 5,85070373591102 0,43896484375000 0,00062499427078 0,00008753762469 0,00000061103467 Mepebli KOPEHb
6 5 1 2 ) 1 5,88928995756118 0,28134755625000 0,00020226438365 0,00008961021793 0,00000067257370 Mepebli KOpeHs
7 6 1 2 0 2 5,88928178271310 0,25751953125000 0,00017995612832 0,00009215231196 0,00000074902796 Mepeblid KOPEHD
8 7 1 2 1 0 3,54273218666983 0,66259765625000 0,00055852949994 0,00001688544124 0,00000002125300 Mepebli KOPEHb
9 8 1 2 1 1 4,09372229837575 0,43896484375000 0,00064162852242 0,00009014939338 0,00000065517968 Mepeblid KOpeHb
10 9 1 2 1 2 4,26639176483655 0,38037109375000 0,00052739501104 0,00010139571702 0,00000088653039 MNepebli KOPEHD
11 10 1 2 2 0 2,51943518004747 0,76005859375000 0,00156849821513 0,00002516647343 0,00000005572574 Mepebli KOPeHb
12 1 1 2 2 1 3,27142811675353 0,52490234375000 0,00005477259123 0,00000712054266 0,00000000775742 MNepBbli KOpeHb
13 12 1 2 2 2 3,61027960572167 0,43896484375000 0,00064892882927 0,00009083818851 0,00000065664451 MNepebli KOPEHD
14 13 2 2 o 1 1,27981364370901 0,78271484375000 0,00012872969087 0,00000993057746 0,00000000874628 Mepebli KOPeHb
15 14 2 2 0 2 2,85037991118922 0,51611328125000 0,00045554441883 0,00006399115348 0,00000032226095 Mepeblil KOPEHD
16 15 2 2 1 2 0,00000000000000 0,00000000000000 0,00000000000000 0,00000000000000 0,00000000000000 KopeHei HeT -
OCcHOBHOI nueT Jlyuwee pelueHne HYPHAN_ *® [l »

Puc. 48.4. Pemenus 3agaun naeHTU(PUKALUN [TAPAMETPOB B «GKYpHAJIE»

Ha ocHOBe pmaHHBIX, 3alMCaHHBIX B («KypHAID» IMpPOrpamMma OIpEAEseT
«JTy4IIee» pelieHre ¢ TMOMOINBI0 ajJropuTMa, MpeacTaBieHHoro B paszzeine 46. C
IIOMOLIBI0  «JIYYILEro» peLeHus TIEeHEPUPYETCA IIOCIEA0BATEIbHOCTh TOYEK

-k

<<<|*,i*>,5>> _ Ha miockocth P, rae Kaxknaasd ToYKa <<I;,| j>,S j> COOTBETCTBYET
'

3HAQUYEHHWIO TOCTPOCHHOTO PAaBHOMEPHOTO MHOTOYPOBHEBOTO IIpoIlecca HAKOIIJICHUS
uH(popmalmu podoToM Ha Takre i; yposHs |, npudyem j=0,t u t coorsercTByeT

MMOCJIICAHEMY TaKTy BPEMCHU MOACIIMPOBAHUSA T. PC3YJ'IBT21TBI BBIBOIAATCA Ha JIMCT

«Jlyamee pemenne» (cM. puc. 48.5). Cromnben local i coorserctByer Taktam i; B

pamKax ypoBHe# HakorieHus uHpopmauuu ;. Jlns ynoGcrsa Ha JIMCT BBIBOAMTCS

global i, Homep TakTa OT HayaIa MOJCITUPOBAHUS 10 T .

1 2 3 a4 5 6 7 8 9 10 11 12 13 14 15 16 -
1 | Homep pewennn| global i s_model local i 1 [ F Om. norpewm. | _Lienes. gynk. | global i 1 locali | S_model
2 1 2 5,89 5,88996035935395 2 1 3,2714281 0,52490234 0,00005477259123 0,00000712054266 0,00000000775742 0 1] 0| 3,271428
3 18 10,5 10,50007865137380 1 2 1 1 1| 4,988608
4 2 1 2| 5,88996)
5 3 1] 3| 6,363082]
13 4 1] 4| 6,611425
7 5 1 5| 6,741781]
8 6 1 6| 6,810205
9 7| 1] 7| 6,84612]
10 8 1] 8| 6,264972
1 9 1 9| 6,874868|
12 10 1 10| 6,880063
13 11 1] 11/ 6,882739
14 12 1] 12| 688422
15 13 1 13| 6,884971)
16 14 1 14| 6,885366
17 15 1] 15| 6,885573
18 16 1] 16| 6,885681
19 17 1 17| 6,885738
20 17 2 0| 6,885738
21 18| 2| 1| 10,50008|
22 19 2] 2| 12,39725
23 20 2 3| 13,39309
24 21 2 4| 13,9158
el 2L

| OcHoswoii nner |_Nyuwee pewerme | sypran. | @ ] v

Puc. 48.5. leranu3zanus nHQOPMALINH TIO «ITyUIIEMY» PEIICHUIO
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Hcnonb3ysi CreHepupOBaHHYIO TOCJIEIOBATEIBHOCTh TOYEK PABHOMEPHOTO
MHOTOYPOBHEBOTO TIpollecca HAKOIUICHHWsT WHGOpMaIu poOOTOM, Iporpamma
aBTOMATHYECKH CO3J1aeT JuarpamMmy Ha OcHOBHOM JucTe (pHc. 48.6).

1 “ 3 4 5 6 7 8 9 10 1 12 13 -
o S_pract L T L max J max ‘l h ‘ A ‘ OTH. norp. ‘ Lienes. gyHk. |

0,0001 5,89 0| 10) 2 2| 3,271428117] 0,5249023] 0,00000712054266] 0,00000000775742
e PaccuMTath
!

16

x

[N RENEE- BT R SRy R

S, BuT
=
A

10 12
1 @/
3
12 o
13
14 —-—I=1
8

15 j | =2
16 !

X I3
17 6
18 O SnpakT.
15
a

TakTol

OCHOBHOI AMCT | Jlyulliee peLuerine | KypHAN_ | *® 4 3

Puc. 48.6. Busyanuzanusa paBHOMEPHOIO MHOTOYPOBHEBOTO Ipolecca
HaKoIUIeHUsI HHGOpMaIud poOOTOM

Touku, COOTBETCTBYIOIIME Pa3HBIM YPOBHSAM HAaKOIUIEHUS WHGOpMAIIIH,
ABTOMATHUYECKA IMOACBEUMBAIOTCS  Pa3HbIMU  I[BETaMH. OKCIIEPUMEHTAIbHbIE
(TIpakTUUYECKUe) 3HAUCHUS PEabHOTO MPOIEcCa HaKOTUIEHUs HH(pOopMaIuu poOOTOM,
KOTOpBIE SIBJISIIOTCS BXOJIHBIMHM JJAHHBIMH, TAKXK€ BBIBOJATCS HA JUAarpaMmy B BHUJIE
OKpYXKHOCTEM. B 3aBUCMMOCTH OT BpEMEHH MOJEIUPOBAHUS T aparpaMma
aBTOMATUYECKU MacIITabupyeTcs.

49. MATEMATUYECKHUE MOJEJIM OBOBLIEHUA
AJITOPUTMA JI.H. Y3HAJIBE

B »sTomM paszgene BBeIeHO MaTeMaTHYECKOE TMOHATHE KO3 UIMeHTa
JOJITOBpeMeHHOM mamsitu pobota. Ha ocHoBe rumotessl [[.H. Y3Han3ze moctpoeHa
MOJEJIb JOJTOBPEMEHHON MaMsATH poOOTa, KOTOpas TaKKe, KaK U KPaTKOBPEMEHHAas!
naMaTh poOOTa SBJIAETCS OTHOCUTENbHOU U Oe3pazmepHol BenuuuHoM. [lcuxonoru
HE [alT TOYHOTO OTBETA, 3aBUCUT JM JOJTOBPEMEHHAas MaMATh OT KpaTKoO-
BpeMeHHOH. [ToaToMy B uccepTalimOHHON padoTe MPUBEICHBI JBE MATEMATUUECKHE
MOJENHN AOJTOBPEMEHHOM MTaMSITH.

IlepBas marematmyeckas MOJEIb TOJTOBPEMEHHOM IIAMSATH YCTaHABIMBAET
CBSI3b JOJTOBPEMEHHON MH(POPMAIIMOHHOMN MaMATH poOOTa ¢ ero KpaTKOBpEMEHHOU
MH(POPMALIMOHHONW MaMSThIO, OTHOCHUTEIBHON BOCIHPHUHUMYUBOCTHIO pobOTa K
HakoIuleHnto uHpopmanuu. Takas MoIenb OCHOBaHA Ha PaBHOMEPHOM MHOTO-
YPOBHEBOM MpOIIecce HAKOIUIEHUsI HH(POpMaIUK.
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Bropas maremaTuueckass MOJEINb J0JITOBPEMEHHOMN MaMsATH OMUCHIBAET €€ KaK
HE3aBUCSIIYI0 OT KpaTKoBpeMeHHOH. CHAThI OrpaHuyeHus A S Y
c=cM =0l = | npucymme paBHOMEpHOMY MHOrOYpOBHEBOMY IpOIECCY
HAaKOIUICHUs WHpopManuu podoToM. Kod(ppHUIMEHT ITOJrOBpEeMEHHOW MaMsTH
MOYKET 3a/1aBaThCsl BPYYHYIO, TaK M BBIYUCIATHCS MO HEKoTOpod (opmyie. Takum
00pa3oM, MOYKHO CUYUTaTh, YTO BTOpas MareMaTH4YecKas MOJEeib SBJIsIeTCsA Oosiee
oOIiell ¥ BKJIOYaTh B ceOs MEPBYIO, MO3TOMY HAa30BEM BTOPYIO MOJENIb — OOIIas
MaTeMaTHYecKas MOJIe]Ib HHPOPMAIMOHHOM MaMsITH POOOTa.

49.1. MATEMATHUYECKASI MOJIEJIb JIOJATOBPEMEHHOMN
MAMSITHA POBOTA, 3ABUCUMON
OT KPATKOBPEMEHHOM MAMSATH

Onpenenenue 49.1. Koaddumnuentom ponaroBpeMeHHON HHGOPMAIIMOHHON

|
namMsaT podoTa A" na ypOBHE HakoIUIeHHs uHpopMaruu | Ha30BeM BeIHUMHY,
YZIOBJIIETBOPSIOILYIO COOTHOILIEHHUIO

S[|—2
A= (49.1)
[-1 , .
sl
[1-2] [1-1] o
rne 1=3,4,5,.., Siv , Si, SBJIAIOTCSI BEJIMYMHAMHM HAKOIUIEHHOM

uHpopmanuu podoTom Ha ypoBHsX | —2 u | — 1 cooTBeTcTBEHHO.
Panee ObIIIO BBIBEIEHO PABEHCTBO

m_pA-h, h (_ﬁj _
S 2 + (1_/1)|_1 1 1) 1=12,.. (49.2)
[Moncraisas cootHomenue (49.2) B paBeHCTBO (49.1), monydaem
B- h + h (1_ 18) |
m_S'M 2 @)U ) o pA-4)T+a-p 493
A gt ,B'h . h (1—ﬂj (1 l)ﬂ(l_/l)l—l _ ( ' )
A @-2)7"0 2

[Ipeanonoxum, 4TO0 KOADPUIMEHTH KPATKOBPEMEHHOM WHGOPMAILIMOHHON

. N |
namsITd A U KOIDUIMEHTHI JOJTOBPEMEHHONW HH()OPMAIMOHHOW HaMSITH Al
W3BECTHBI, MOXXHO HAWTH OTHOCHUTEIBHYIO BOCHPHHMYHMBOCTH pOOOTAa K HAKOM-
JeHut0 uHpopMauu A .

ALl :(1_/1)ﬁ(1—/1)"2 tA-f
T T

< pla-4)" —PA + AAY = g1- 2 1-A1 <
& pla-4 ” ~1A — - 1)(1 1)'2—1) 1(1 p- A“])<:>
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All—2-A")
Qﬂ(lz*lw L-)1-4)"

o e AL—2—AM)
(1-2)"AT A" —(1-2)" —2+1

)C>

B pesynbTaTe nonydaem cieayrolee BoIpakeHHe:

AL-A" - 2)

= : 49.4
p 1-AY -2 —(1-2)"(-A") (494)
3ammmem cootHonieHue (49.4) B ”HOM BHJIE:
A ,1=2,34,.. (49.5)
p= L 0-2)h- A1)
1-A -2

OOpaTuM BHMMaHHE Ha TO, 4TO cooTHoIneHHe (49.5) onpenensier cBsI3b MEXTy

~ ~ I
JOJITOBPEMEHHOW TMaMsThl0, OMUCHIBAEMON KO3 PUIImeHTOM A u KpaTKoO-
BPEMEHHOH MaMsIThIO, ONKChIBaeMOW KOA(DGUIIIEHTOM A .

OnuiieM HEKOTOpble IIpelebHble CBOMCTBA (PYHKUMU JOJITOBPEMEHHOM

. | .
MH(})OPMATMOHHOW MaMsITH poOoTa A"y cBsisn K03 (PULIMEHTOB TOJITOBPEMEHHOM U
KPaTKOBPEMEHHOM HWH()OPMAMOHHOW TMaMSITH TpPH YBEIWYEHUH KOJIMYECTBA
ypoBHe# | 10 0eCKOHEYHOCTH.

Ceoticmeo 1. im A =1- 1.

|—o0
Ceoticmeo 2. Ilpu paBHOW HYJIIO OTHOCHUTEIBHON BOCIPUMMYHBOCTH poOOTa K
HAKOTUICHUO MHpopManuu [f cHpaBeIMBO COOTHOIICHUE
A" =const=A=1-41.
JlokazarenbcTBa 000MX CBOMCTB C OYEBUIHOCTBIO CIEIYIOT U3 (hopMyiibl (49.5).
[Tocre HeOoabIMX TpeodpazoBanuii Ghopmyibl (49.3) monmydaeMm cieayroliee
COOTHOIIICHHE:

Al = (1_ﬂb)(ﬂL +,B((1_ )I_Z _l))’ |=3,4,5, .. (49.6)
A+pla-2)"-1)
bynem cumtath, dYro KoOd(h(HUIMEHT MOATOBPEMEHHOW mamMaATu poboTa

ynosierBopsier aBoitnomy HepaserctBy 0< Al <1. Jins dopmyinsr (49.6) momkHbI
BBITIOJTHATHCS YCIIOBUS

0<pB<1,l1eN,0<A<1-6,rme 5 €(01), 5 =const. (49.7)
Hccnenyem, npu Kakux BeauunHax A, £, | ©3 00macTu 10MyCTUMBIX 3HAYCHHI,
KO3 GUITUEHT oJroBpeMeHHoM nmaMsatu Al'l mpurHaexxut noayuarepsary [0,1):

o< E=ANA+pla-2)"-1)) .
A+ pla-2)" -1

Paccmotpum 3 ciyyas.
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1 cnyuaii
1-2
@—M@+ﬂ@7%)—4»zo
A+ plL-2)" -1
Tlocie HecNOXKHBIX Tpeobpasosanmii momydaem, uto Al =0, mpu VIeN,

p= W, V1e(01-5], rne §<(01), §=const. O6paTim BHUMaHHE Ha

TO, YTO B NpPEJIOKEHHOW Mojenu [ =const He 3aBucuT oT A u |. Iloatomy B
paMKax 3Toi Mojeiu ciydail | yauTeiBaThes He OyIeT.
2 ciay4ait

Q-+ pla-2)"-1)
A+pl-2)"-1) 0 (498)

C yuerom cooTHomieHus (49.8) moiy4aem CIEAYIONyl0 COBOKYITHOCTh

HEPaBEHCTB:
A

B )

A
-

3 ciyvait ( ( ))
@fﬁ)z+ﬂa—zyﬁ4_<
A+pBl1-2)"-1) . (499)

C yuetom HepaBeHcTBa (49.9) momyyaeM COBOKYITHOCTh PEIICHHU:

A
P2

p<A

Takum oOpa3oM, JBOWHOE HEPABEHCTBO
BBINOJIHEHUH YCIIOBUI

0<AY <1 cnopaBemmmBO TIpH

VlieN ,vﬁe(o;;t)u[l_(l’fl)lz;lj, Vie(o;l—é],

rae 6 €(0;1), & =const.

49.2. OBIIASI MATEMATHYECKAS MOJEJIb UTHOPOPMAIIMOHHOM
IHAMSATHU POBOTA

Hakomnienne wuHpopmaiu poOOTOM Ha KOHKPETHOM ypoBHE | orpaHmdeHo

npeneabHON BENIMYMHONW HH(pOpMAU — UM, Mzmenenue [OPLUKA HAKOIUICHUA
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undopmaruu podotom hI'! onpenenser npenenbHyro BemuumHy MH(pOpMAUMM HA
ypOBHE HakoruieHus nHpopMaru# .
BBenewm cnenyromue onpeaeneHusl.

Onpeneneaue 49.2. JlokanpHOW BENWYMHON HAKOIUIEHUS WHGOpPMAIH PO-
3yl N
6otom Ha yposHe | HazoBeM BennmuuHy S, MONY4EHHYIO 0€3 yueTa HaKOIIEHHOM

UHpOpPMAIINY Ha IPEIbITYINX YpoBHAX. [TycTh | — HOMep TakTa B pamkax ypoBHs |.
He mapymast oOGIHOCTH, MpeACTaBUM IPOLIECC HAKOIUICHHS WH(OpPMAlUU Ha
ypoBHe | cireayromum oOpa3om:

S _pp
S 051, 150

] i
rae S — JOKalbHas BEIMYHMHA HAKOIUICHHsS MH(pOpManuu Ha ypoBHe | Ha TakTe |,
hE'] — TOPIMS HAKOIICHUS HHQOpMaruu podoToM Ha ypoBHe | Ha TakTe |,

/I[j'] — KO3(PUIMEHT KpaTKOBPEMEHHOW HH(POpMAIIMOHHON mMmamsTh poOoTa Ha

ypoBHe | Ha TakTte | (0 < /1[1-'] <1-6,0<0<1, 6=const).
bynewm cuntarh, 4TO CripaBeIJIMBLI IIETIOYKH PABEHCTB
| | | | | |
L (49.10)
CnpaBe1JIMBbI COOTHOIIEHUS

§[J_'] _ Zj:(/lm)m hit

m=0 . (ﬂ[l] )j

—['|] R0
SV =Ty

(49.11)
3yl
Takum 006pa3om, JOKaabHas BEIMYMHA HAKOTIICHHUS HH(OpMAIMH POOOTOM S j

HEMpepbIBHA M OTpaHUYEHHA, T.€. Ha $3bIKE TEOPUU SMOLMOHAIBHBIX POOOTOB
MPOIIECC HAKOIUJIEHUsI HH(OpMaIlui poOOTOM UMEET IpeckhilieHue. M3 cooTHomeHus

(49.11) mnomywaeM TmpenenbHYIO BeIWMUWHY wHH(MOpManuu Ha ypoBHe | mipm
OECKOHEUYHOM YBEJIUYCHUU KOJMYECTBA TAKTOB j:
0
[|] L _[I] _ h
U —|jILT;lCS, = (49.12)

[Ipu mepexone ¢ OAHOTO YPOBHSI HAKOIUIEHUS MHGOpPMAIlMU HA APYToil Hapsay
¢ koddduimentoM HHPOPMAIMOHHON KpaTkoBpeMeHHoit mamstn AM Gymem

. . 1
YYUTHIBATh KO)OUIHMEHT JONTOBPEeMEHHOH HH(pOpMAaUMOHHOK mamatn AT .

| .
[Ipennonaraem, 4ro Al j] BIIUSICT HA BEJIMYMHY HAKOILJICHHOW POoOOTOM MH(MOpMAIIN

-1
S[ ], KOTOpasa1 UM ObL1a IMOJIYYCHO Ha BCCX MNPCAbIAYIIMX YPOBHAX HAKOILJICHMS

uHpopMmaruu .
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Takum oOpazom, OyZeM cUUTaTh, UTO BEIUYMHA HAKOIUICHHUS MHGOpMAIMK Ha
KaXJIOM YPOBHE U Ha KaXJIOM TaKTe OyACT yAOBICTBOPSATH PAaBEHCTBAM:

—[1
Si[l] :S[j]

i1 =gl AISET g

rae S — BenmummHa HakomTeHus mHbOpMamM poboToM Ha ypoBHe | Ha TakTe
_—
I, S| — JokanpHas BeNWYMHA HAKOIUICHHS WHPOpPMALUK poOOTOM Ha ypoBHe | Ha
A . N
Takre |, A KOA(PUIIUEHT AOITOBPEMEHHON HH(POPMAIMOHHON NaMsATH Ha

yposse | Ha taxte i, Al € (O;l—u], LE (O;l), v=const.
B3anMocBs3b | 1 HOMEpa WHPOPMAIMOHHOTO TAaKTa B IEJIOM 32 BCE YPOBHH

HakoIUIeHus wWH(opMmarmu |; u ] — HOMepa TakTa BHYTpH YpOBHS |, MOXXHO
MPEJICTABUTH CIEAYIOIIEN CUCTEMON PABEHCTB:

i 1=1

. . -k y

i=J+i 4, 1>1

rae i, ; — TakT mepexona ¢ yposus | va | + 1.
Teopema 49.1. Ecinu Bce kod(DPUITMEHTHI JOATOBPEMEHHON MH(POPMAIIMOHHOMN

mamatn A mocrosmEbl Ha Kakmom yposHe Haxomtennst uapopmaumn |, T.e.
AT A= AT—u AT (01-0], ve(051), v=const, To BeMUMHA HAKOIUICHHS
uadopmarmu SN s kaxmoro yposas nmeer mpezen.

JlokazarenbcTBO. Tak Kak MO YCJIOBHUIO TEOpPEMbI CIIPABEJIMBA IEMOYKA
pasercTB Al = All = = All = 1o CI'l = AlISU™Y gpngerca xomcTanTol 151 KaKTOTO

ypoBHs |.
CremoBatesbHO, CITPABE/INBA IICTIOYKA PABCHCTB

St = g[,-l] + ARSI = §[,-k] + A = g[jl] +CU (49.13)
[Tepexoast B paBenctBe (49.13) k nmpemeny mnpu  j—>oo, MOJIyYdM

|
lim S :—h[] +ct
- | *
j—o0 1- M

Teopema oka3zaHa.

BBenem kputepuii mepexoja mpoiiecca HakorieHuss WHGOpMaIMd ¢ OJHOTO
YpPOBHSI Ha JApyroi. byaeM cuuTarh, 4TO TOUKa MEpexoja Mpoliecca HAKOIUICHUS
uHpopmanuu ¢ ypoBHs | Ha ypoBens |+1 gocTuraercs, Korja n3MEHEHHE BEITUMIHHBI
HAKOIUICHUs poOOTOM MHGpOpMAIMu Ha ypoBHE | CTaHOBUTCS MEHBIIIE HEKOTOPOM
BenmuuuHbl ¢, Tae 0<¢g<<1, g=const, ¢ — m3mepsiercs B Outax. Pucynox 49.1

WUTIOCTPUPYET 3aIaHHBIA KPUTEPUH TIEpexoa.
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tgo =" —gll gl (49.14)

18

16

=
iy

=
P

-

® VYpoees 1

o
5}

®  vposeHs 2

o
N
)]
N =
=
%]
w =
W

BennuKHa HakonneHHo# po6oTom HH opmMaLK

o
=

0,2

o 1 2 3 4 5 8
TakTbl

Puc. 49.1 Buzyanuzauust Kputepus nepexoja mnpouecca HaKoIIeHus: HHPOp-Maluu C
OJIHOTO YPOBHS Ha APYroi

[TycTs BenM4HMHA ¢ HE 3aBUCHUT OT YPOBHS HAKOIUICHHS WHpopMaruu .

JIoKakeM CIIEIYIOLIYIO TEOPEMY.

Teopema 49.2. Tlpu ycnoBusix Teopembl | Ha KaXJIOM YypOBHE HAKOIUICHHS
uHdopMmarmu | cymecTByer Takoi TakT i, IUisi KOTOPOTO CIIPABEIITUBO HEPABEHCTBO

S5t <.

JlokazarenbctBo. Tak kak psg S[*! cxomwrTesi, TO BEpHO CIEAyrOIIee yTBEp-

KIACHUC:
vo,neN,vi>n:|sl-sll <.

Teopema okaszaHa.

Ha ocnoBe Teopembl 49.2 MOXHO cienath BBIBOJA, YTO Ha JIIOOOM YpOBHE
HakoruieHuss wH(popMaruu | Halijercs HoMep TakTa i, IPU KOTOPOM IPOU30MIET
Mepexo]l Ha CICAYIONINI ypOBEHb U KPUTEPU TIEPEX0/ia BBIOIHACTCS IS JIF0O0TO
ypOBHsI HakoIuieHus: nHGopMaruw |.

Hcxons U3 BBIIIEU3IOKEHHOTO, MOXHO MPEIJIOKUTh CIAEAYIOUIUN aaropuTM
npolecca HakOIUIEHUS HH(OpPMalKMU € y4eTOM H3MEHEHUs HWH(POPMaIlMOHHBIX
YCTAaHOBOK po0O0Ta M ero K03 UIIMEHTOB KPAaTKOBPEMEHHOW U JOJITOBPEMEHHOMN
naMsITH.

[ar 1. 3amaem o6miee BpeMsi mpolecca HAKOIUIEHUS HHPOpMAIUH

poboTom — T, mOpIIHIO HAKOTUICHHS] HH(POPMAITHH hél] ,i=0, J=0,1=1
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Mar 2. Ecim i <T, to mepexoaum k Illary 6, B mpoTHBHOM ciyd4ae
nepexonuM K llary 3.

[Iar 3. BeryucisieM BeIMUYUHY HaKOTUICHUS HHpopMaru podoTa
sl _p

sy = ht + ﬂ[j”§[,-'11, j>0

s =gt

st =gty AlISI-U 5 g

rae /I[j'] U A[il] — KpaTKOBpeMEHHas HWH(OpMaIMOHHAs MaMsiTh U
J0JrOBpeMeHHAass HH(POPMAIIMOHHAS TTaMSTh Ha YPOBHE | COOTBETCTBEHHO.
[ITar 4. Eciu He BBINONHSAETCS KPUTEPUM IMepexoAa Ha CIEAYHOUUn
YpOBEHb ‘Si[']—Si[l]lzg, o j=j+1, i=]j+i,, samaem nopumio

I
|

Hakorutenns nupopmammn hl'l, sanaem kosddummentsr mamsru A u AL,

[Tepexoaum k mary 2.

[Ilar 5. Eciu BBINOJNHSETCS KPUTEPUM IEPEXOJAa HA CICAYIOIIUN Yypo-

BCHb ‘Si['] — Si[l]l‘ <g,to i =i,j=0, | =1+1. Iepexomum k Ilary 2.

[Iar 6. KOHELI.

Takum oOpa3om, B pasaene MNPHUBEACHbI MaTeMaTUYECKUE MOJENHU KOod3(-
(UIIUEHTOB NOJTOBPEMEHHON HWH(OpPMAIMOHHOW TaMATH poboTa W MPEISIOKEH
ITOPUTM TPOIECCa HAKOTUICHHUS] HH(POPMALIMK C YY€TOM MOPLUH HAKOTICHUS
uHpopmanuu podoTa U KOIP(HUIHMEHTOB HH(POPMALMOHHON KPAaTKOBPEMEHHOM U
MH()OPMATMOHHOW TOJITOBPEMEHHOM MaMsITH poOoTa.

49.3. MATEMATHYECKOE MOJAEJIUPOBAHUE IMPOLECCA
HAKOIVIEHHUSA JTOT'HYECKOI'O OIIBITA POBOTOM
C YYETOM CMEHBI 3HAKA HH®OPMAIIMOHHON
YCTAHOBKH

B pazgene 49.1 omucaHo pemieHue MpoOJIeMbl OrPaHUYEHHOCTH Ipoliecca
HaKOIJIeHUsT WH(pOpMauu poOOTOM 3a CYET CMEHbl YpPOBHEW HAKOTUICHHS
uHdopmaruu podotoM. Ha kaxxmom ypoBHE MEHsETCS 3HAYCHHE HH(POPMAIIMOHHOMN
yCTaHOBKU h, XOTs B paMKax OJHOTO ypPOBHS YCTaHOBKA OCTaeTCs IMOCTOSTHHOW.
Opnaxko JI.H. Y3nanze numer [92], yTo B TeyeHHE >KM3HU YeJIOBEKAa yCTAaHOBKA
MO’KET MEHSTHCS Ha MPOTUBOIOJIOKHYIO.

OOpaTuM BHHMMaHWUE Ha TO, 4YTO WH(POPMAIMOHHAs YCTaHOBKa h 1o
OTIPENICIICHUIO SIBJISIETCA CTallMOHapHOW mnopuueil mHopmammu. B cuity CBOWCTB
HH(OPMAIMH, 5TO 03HAYaET BHINOIHEeHHE HepaBeHcTBa h >0,

BBenem moHATHE JOTMYECKOTO OMbITa poOOTA, KAK JIOTUYECKU OCMBICIEHHYIO
unpopmarmio. Kak u umHbopmanusi, JOrM4ecKuid OMNBIT HU3MEpPsSieTCs B OuTax.
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[Tonmo>xutenpbHBIC 3HAYCHHS OMBITA 03HAYAIOT IIOJIOKUTEIHHO» OTHOIIEHUE poboTa
K HakomjieHHOW uHpopmanuu. OTpHIaTelbHble 3HAUEHUS OMbITa — «OTpHUIIa-
TEIbHOE» OTHOIIEHUE K HAKOTIEHHOU MH(pOpMaIIUH.
O606mum anroputm .H. Y3nanse, npuBeaennsiii B pazaene 0, u paccMOTpum
TpH BapHaHTa CMEHBI 3HAaKa yCTaHOBKH pobora h:
1) TOMBKO B KOHIIE TAaKTOB BHYTPH YPOBHS HAKOIUICHUS POOOTOM JIOTH-
YECKOTO OMBITA,;
2) TOJNLKO MEXKIY YPOBHSMHU HAKOIUICHHS POOOTOM JIOTHUYECKOTO OImbITa (B
KOHIIE ITOCJICTHETO TaKTa YPOBHS);
3) KOMOWHAIUS IEPBOTO U BTOPOTO BapHaHTA.
Omnpenencare 49.3. VpoHem | HakoruieHHS POOOTOM JIOTHYECKOTO OIBITA
HAa30BEM KOJHMYECTBO CMEH 3HAUCHHWH YCTAaHOBKM pobOoTa N 1Mo TeKymero TakTa
IpoLEecca HAKOTIIICHUS OIBITA.

BeeneM uHAMKATOp CIIyYaWHBIX YHCEN Ii['], KOTOPBI Ha KaXJIOM TakKTe |

Ka)XIOTO YPOBHS HAKOIUICHHS JIOTUYECKOro ombita | ciaydaiiHIM 0Opa3om
npuHUMaeT 3HadeHus +1 nubo —1. AHaTOTMYHO ONpENeTUM HHIUKATOP CIIyYalHBIX

ancen I, koTopslit ciywaiinbivM 06pasom mpuHHMaeT 3HaueHus +1 G0 —1 Ha
KaXJIOM YPOBHE HAKOIUICHUS JIOTHYECKOTO OmbiTa |.
Bynem paccmaTpuBaTh mpoliecc HAKOIUICHUS JIOTMYECKOTO OIbITa poOOTOM C

paBabivMu opumsvu ' Ha xaskmom Takre B pamkax yposas |.
Onpenenenue 49.4. DieMEHTApHBIM JIOTUYECKUM OINBITOM POOOTa HAa30BEM

BeanHHyc[j'] =ht1.] E'], rge hi'l — yCTaHOBKa poOoTa Ha yposHe |, IE'] € {— 1;+l} —

WHIUKATOpP CMEHBI 3HaKa Ha TAKTE C HOMEPOM | B paMKax ypoBH: .
Onpenenenue 49.5. JIOKaJbHBIM JIOTHYECKUM OIBITOM po0OOTa Ha30BEM

= P~
BEIIMUUHY (] =C[j'] +i[j']Q i1, tae | — ypoBeHb HAKOIUICHHS JIOTHYECKOI'O OIbITa

i (1 >
pobotoM, | — HOMep TakTa Ha ypoBHe |, A ;' — KOO(QQUIMCHT KpaTKOBPEMCHHOM

. . =
uH(GOPMAIIMOHHOMN MaMATH poOOTa Ha TaKTe C HOMEPOM | B pamkax ypoBHs |, Q1 —

JIOKaJIbHBIN JIOTHYECKUI OIBIT POOOTA, OJYYCHHBIH 3a | — 1 TakT Ha ypoBHe |.
Onpenenenue 49.6. JlormueckuM OMBITOM pPOOOTa HA30BEM BEIUYHHY

— .
QP] = Q[j] + AN e | — YPOBEHb HAKOIJICHUS JIOTUYECKOTO OIbITa pOOOTOM,

()j" — JOKaIbHBIN JOIMYECKUI OIMBIT POOOTA, MOJYYEHHBIH HA TAKTE C HOMEPOM | B
[ . .
pamkax ypoBH4 |, Al KOA(PUIIUEHT TOATOBpEMEHHON HH(POP-MAITMOHHON TaMATH
| : : | :
pobora ma yposre | u Ae(01-v], ve(01), v=const, JMe{-1+1} -
-1 . .
MHJUKATOP CMEHBI 3HAKA, Q' _ normueckuii onsit po0oTa, HAKOTJICHHBIN 32 BCE
npeabIayIre ypoBHH .

OOpaTuM BHMMaHHE Ha TO, YTO | — HOMEp TaKTa B paMKax BCEro mpoiecca
HAKOILJICHUSI JIOTHYECKOTO OMbITa POOOTOM, a | — HOMEp TaKTa B pamkax ypoBHS .
J = 0 B Havasne KaxxJJoro ypoBHS HAKOIUICHHSI IOTHYECKOTO OTIBITa POOOTOM.

Bynem cuurtath, 4TO TpHM BBIYMCICHWHM BEJIWYWHBI HAKOILUIEHHOTO POOOTOM

0
JIOPUYECKOTO OIBITA HA IIEPBOM YPOBHE OIBIT po00Ta paBeH Hyio, T.e. Q% =0,
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00001112 BbIIECKA3aHHOE, ITPOLIECC HAKOIUIEHUS JIOTHYECKOIO OIbITa pOOOTOM
MOYHO ONMCATh CIAEAYIOUIEN CUCTEMON YPaBHEHUM:

—I
Qo' =cll!

—I —[] .

G _ e g, -
11 ~M

Ol =0;

Q=o' + AN |51
1 ’

(49.15)

B kauecTBe KpuTepus NepexoJa C OJHOIO YPOBHS HAKOIUIEHUS pPOOOTOM
JIOTUYECKOTO OIbITa Ha JIPYroil OyleM HMCIOJIb30BaTh CJIEAYIOIIEE MPABHIIO: TAKT
IepexoJia ¢ YPOBHsI HAKOILICHHS JIorndeckoro onbita | Ha ypoBeHs | + 1 mocTuraercs
TOTJa, KOTJIa Ha YPOBHE HAKOIUICHHUS JIOTHYSCKOrO OmbITa | M3MeHeHHe BEITUYHHBI
HAKOILJICHHOTO OMbITA MEXAY COCEIHHMU IIaraMd CTAaHOBUTCS MEHBILIE HEKOTOPOU
BEJIMYUHBI ¢, T.€. BHITIOJIHIETCSI HEPABEHCTBO:

ol -oll|<¢, (49.16)

rne QM u QM — normueckuit omeir pobora ma yposme | Takrax i m i—1
COOTBETCTBeHHO, 0 < & <<1, & =const, { — u3Mmepsercs B Outax.

[IpeacTaBuM anrOpuTM HAKOIUICHUS JIOTHYECKOTO OMBITa POOOTOM, KOTOPHIi
OyZeT BBIOJHATHCSA JI0 TEX IOp, IMMOKa HOMEp TaKTa | HE JIOCTHTHET 3aJaHHOTO
KoJInuecTBa TakToB T, rme T — oOmiee BpeMs HAKOIUICHUS JIOTMYECKOTO OIbITa
poOOTOM.

[Iar 1. 3amarorcs obiiee BpeMs Mporecca HAaKOIJICHUS IOTUYECKOTO OIbITa
pobotoMm T, ypoBeHb | HakoIIeHUS POOOTOM JIOTHYECKOTO OIBITA 337aCTCS
paBHBIM CIMHHMIIC, HOMEP TaKTa | — HYJIIO.

Illar 2. 3amaercs h, AN QT =0,
[Iar 3. Beruucnsiercss Joruveckuii onslT podora Q' Ha OCHOBE CHUCTEMBI

paBeHcTB (49.15).
Iar 4. YBenmuuuBaeTcss | Ha €OWHUIY M BBIYUCIIAETCS BEIHYHMHA
J0ru4ecKoro ombita podora Q! Ha ocHOBE cucTembl paBeHCTB (49.15).

[lar 5. Ecnu | < T u He BBINONHIETCS KPUTEPUHN Tepexoia Ha CIICTYIONIUi
YPOBEHb HAKOIUIEHHsS JIOTHYECKOTO OIBITa, T.€. ‘QE'] —QE'_]l‘ >&, TO

yBean4uBaeM I Ha 1, 3amaem | E'] Y IIEpEXO0IUM K 1mary 4.
: | |
ar 6. Ecnu 1 < T 1 eciiu BBINOIHIETCS HEPABEHCTBO ‘QE] - QH‘ <&, 7ol

YBEJIUYUBACTCS HA €IMHUILY, 3aJal0TCS htl IE'], Jm i Al [Tepexon k

mary 3.
lar 7. Ecau i1 = T, o KOHELI.

BroiBenem Qopmyny HakOIUIEHHsI JIOTUYECKOTO OMNbiTa POOOTOM Ha OCHOBE
MH(QOPMALIMOHHON YCTaHOBKM N € y4eToM CMEHbl 3HaKa W KO3(duimeHTa
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UH(OPMAIIMOHHOW  KpPaTKOBPEMEHHOM maMsATh A  BHYTPH OJIHOIO  YPOBHS
HaKOTUICHUS JJOTUYECKOTO OMbITA.

CormacHo cucreme paBeHCTB (49.15) B paMKax OJHOrO ypOBHS HAKOIUICHHS
JIOTUYECKOTO OMbITa pOOOTOM BEIUYHMHY JOKAJIBHOTO JIOTMYECKOTO OMBITa MOXHO
3amucaTh CIACIYIOIIUM 00pa3oM.

—l
Gl

—[
Q[j] :C[j'] /1[']Q 1, ] >O
(49.17)Cucremy paBeHcTB (49.17) TNEPENUIICM B BUJIC CYMMBI TI0C/IC0BATEIBHOCTH

[I] [']Z( [I])J q [I]

IIpenmonokuM, YTo Ha ypoBHE | CyIIecTByeT Takas IOCIEIOBATEIHHOCTH
noapsix naymux taxtos, uro 18 =101 = =1 rie 0< p<t<j.

O6osmaunm passocts Q1 - QI = DU,

o, =R () () P () 4919

Takum oOpazoM, 3HaK MH(OOPMALMOHHON YCTAHOBKH poOOTa HE MEHSETCA I
BCEX CJIaraeMbIX DE.]I.

TOraa BEPHO paBECHCTBO

VMHOKHM TI0cenoBatensHocTh (49.18) na Al

Ao, =r P G ) @019
PaccmoTpum pazHocTh

R | Ny [ 11)i-p+L 1 )i-t+1 11\i-P 17 \i-t
AV, DI, ()P () ()
ITocne mpeobpa3oBaHus MoOJydacM

110 01 _ w01y 0f( o )i-p | i—t)

A0, - D, K[ ().
Takum 00pa3om, BEpHO paBEHCTBO

D[I] — h[I]I[”(,l[']) j-t (i[]%]pﬂ 1
AT =1

OueBuHo, yto nipu P = 0, t = |, OyAYT BBINOJIHATHCS CIEAYIOIINE PaBEHCTBA:
( 1V~ 0+l j
DU = hy () ()
0.5 =1 N0 [
-
[Mpu 1M =1 momyuaem mpoliecc HAKOIUICHHUsS WHGOpPMAIIMK, OIMHUCAHHBIN B

pazaene 0.
Ipencrasum QY B cienyromem Buse:

ofl=pll +Df! +.+D} (49.21)

(49.20)
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rae mg — HOMEpP TaKTa, Ha KOTOPOM IIPOMU30ILTIa CMCHA 3HaKa I/IH(l)OpMaHI/IOHHOI‘/JI

YCTaHOBKH poboTa, rae S =1, f , f — KOIMYecTBO CMEH 3HAKA YCTAHOBKU PoOoTa 3a
BpEMsl HAKOIIEHHS] pOOOTOM JIOKAIBLHOTO JIOTMYECKOTO OMBITa OT HYJIEBOIO TAKTA HA
yposHe | 10 TakTa ¢ HoMepoM j. IlycTh 3HaK MH(GOPMAILMOHHOIN YCTAHOBKHM poOOTa
nns Beex cnaraembix DI - onpenensiercs nnmmkaropom 17,

[Tocrme HeCNOXKHBIX MpeoOpa3oBaHMWd Tody4daeM (GOpPMYyITy IS BBIYHCICHUS
HAKOTUICHUSI JIOKAJILHOTO JIOTUYECKOTO OIbITa POOOTOM Ha OCHOBE HWH(OpMa-
IIMOHHOM YCTAaHOBKM U KOX(PQPHUIIMEHTAa KPAaTKOBpPEMEHHOW WH()OPMAIIMOHHON
naMsITH poOoTa.

m; +1 ) m,—m;+1 j—mg+1
ﬁgl] _ h[l](l([)l](/ln])jm1 !(ﬁ[i[)l] _1—1P+ Ir[[:l](;tm)rmz (,1[']21['] - -1 - |r[n|3 (,1[']2);” — —1} (4922)

3anumeM (opMysly HaxOXJACHUS JOTUYECKOTO OMbITa po0O0Ta, HCMOIB3YS
(bopMysy JIOKaJbHOTO JIOTUYECKOTO ONBITA M CHCTEMY, ONUCHIBAIOLIYIO MPOIIECC
HaKOTUICHUS JIOTUYECKOTO OMbITa pOOOTOM:

- ﬂ[l] m;+1 _1 im, i[I] mz—m1+1_1 ﬂ[l] j-me+l _1
[ = (49,23
+ A0
i=illl 4+ j, Toe il — rakr mepexojia MpoIecca HAKOIUICHUS JIOTMYECKOTO OIBbITa
pobotom ¢ ypoBHs | Ha ypoBenb |+1, coorBeTcTBeHHO | = | Ha ypoBHe | = 1.
3anuueM LEernoYKy paBeHCTB:
O = QP+ A - 0+ AP PG, (49.24)

O0o001m1as 1enoyky paBeHCTB (49.24) B paMKax HECKOJBKHUX YPOBHEH, MPOIIECC
HAKOIJICHUS JIOTUYECKOTO OMbITa POOOTOM MOKHO 3aMcaTh CICTYIOIIIM 00pa3oM:

1-1 |
| Al raY
Q{ 1_ Q[j] + Z HA[Q]J [a] QE?:’]]

m=1\ \ qg=m+1

rae | — TeKymui TakT Ipoliecca HAKOIUICHHs JIOTHYECKOrO OIMbITa poOoTOM, | —
tekymuii takr Ha ypoBHe |, jI™ — Takr mepexoma mpomecca HAKOILICHHS
JIOTUYECKOTO OMNbITa pOOOTOM C YPOBHS M Ha ypoBeHbL M + 1, QE'] — JIOTUYECKUU

OIIBIT po60Ta, HAKOIUICHHBIN 3a | TAKTOB HAKOIUIEHHUS JOTMYECKOTO OIBITA pO6OTOM
OT Ha4Yajla IIponccCa HAKOINUICHHUA JIOTHYCCKOI'O OIIbITa, ﬁ[jl] — JIOKaJIbHBIN

JIOTMYECKOTO OIBIT POOOTA, HAKOIJICHHBIN 3a | TAKTOB TEKYIIEro ypoBHs |, A

KOd(DPUITMEHT TOATOBpEMEHHON MH(POPMAITMOHHON MaMAITH Ha YPOBHE HAKOTUICHUS

Jtl WHJMKATOp CMEHBI 3Haka WHGOPMaIMOHHON

YCTAaHOBKH MEXAY YPOBHSIMH HAKOIUIEHHMS JIOTMYECKoro omsita (-1 u (, ﬁgr[“m]] —

JIOTUYECKOTO oOIbITa (,

JNOKaTbHBIA JIOTHYECKHiI ONBIT poOOTAa, HAKOIUVICHHBIH K TAKTy jI™ ypoBHS
HAKOIUJICHUS JIOTHYECKOTO OIbITa M.
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<& SABICTCS

Teopema 49.3.  BrimojHEHHE  HEPaBEHCTBA ‘h[” . ( A )i—mf

JIOCTaTOYHBIM YCIIOBUEM TOTO, YTO MPOIECC HAKOTUICHUS OTbITAa TIEPEUIET C YPOBHS
HakoruleHns nHdopmaruu | Ha yposens | + 1, rie m; — Homep Takta Ha yposae |,

Ha KOTOpOM HOCJICI[HI/Iﬁ pa3 U3MCHHIICA 3HAK HHAMWKATOpaA |[f|] B paMKax YPOBHA

BocrnuTaHus |.
Jlokazamenbcmeo
Ha ogHoM ypoBHE HAKOIUIEHHS JOIMYECKOTO OIBITa POOOTOM PacCMOTPHM

Pa3HOCTh Ha JIBYX COCEIHUX TaKTaxX QP] — le. Bocnonb3yemcs popmysoit (49.24).
[Tocne mpeobpazoBaHuil MOTydaeM CISAYIONIYIO IIETIOYKY PAaBESHCTB:

—1] B —[I] _ =01 =M
ol -l =aj + Aol —oj, - AN - oF — Q) = , (49.25)

S A e ) S GO )
B ¢opmyne (49.25) BennumHbI (A[I])mﬁl’ (/1[|])mz-ml+1’“.’ (/1[|])mf—mffl+1 3aMEHHM Ha

eqununy. IlpencrtaBum AOCTaTOYHOE YCIOBUE IMEPEXOJAa C YPOBHS HAKOILICHUS
joruueckoro onbiTa | Ha ypoBens | + 1:

ot~ ) ) ap)

<[ () < g

Takum 00pa3zom, AOCTAaTOYHBIM YCIOBHEM IIEPEXOAA MPOLECCa HAKOIICHUS
JIOTHYECKOTO OTbITa ¢ YpoBHs | Ha ypoBens | + 1 mpu ycioBUM CMEHBI 3HaKa
MH()OPMAIIMOHHOW  YCTAaHOBKHM, OyAET SBIATHCS BBINOJIHEHHE  CIEAYIOIIETO
HEpPABEHCTBA:

@<

roe h!'"' u A" — uadopmammonnas ycramoBka poGota m KodD(HIHEHT Kpat-
KOBpEMEHHOW WH(MOPMAIIMOHHOW TaMaTH pabdoTa Ha YPOBHE HAKOTUICHUS
JIOTUYECKOTo onbITa podboroM |, M — HOMEp NepBOro TakTa, B KOTOPBII MOCIESIHUI

|0

pa3 MOpOM30IUIA CMEHA 3HAaKa HWHAUKAaTopa |} BHYTpM YpOBHA HaKOIUIEHUA

Joruueckoro omeiTa |, j — HOMep TakTa B pamkax ypoBHS .
Teopema okaszaHa.

K] ,(A[I])J'—mf

JIOCTAaTOYHBIM YCJIOBHEM TOTO, YTO IMPOIECC HAKOIUICHHS JIOTMYECKOTO OITbITa
pOOOTOM HE MepereT ¢ YpOoBHs HakoruieHus nHpopmanuu | Ha yposens | + 1.
Hoxazamenvcmeo

ms —m; -1 m; —m, -1
B dopmyne (49.25) 3ameHUM BEJIMYUHBI (l[l]) R (ﬂ[l]) " .. Ha HOMNDB
U pacCMOTPHUM CJIETYIOUIYIO IIENOYKY HEPABEHCTB:

Teopema 49.4. BrimonHeHue HEpPaBEHCTBA >&  saBaseTcs
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R T R

()™ 2 ¢

Takum 00pa3oM, OCTATOYHBIM YCJIOBHEM TOrO, YTO IPOLECC HAKOIUICHUS
JIOTHYECKOTO OIbITa poOoToM He mepeiiner ¢ ypoBHs | Ha ypoBens |+ 1, Oyxmer
SBJISITHCS BBIIIOJHEHUE CJIEIYIOLIEr0 HEPABEHCTBA:

‘hn](ﬁm)i—mf > ¢

Teopema nokasana.

Takum oOpa3oMm, B [JaHHOM pa3Jelle Ha OCHOBE THIIOTE3bl COBETCKOI'O
ncuxonora J.H. Y3Haa3e BBoAUTCA aqrOpuUTM BBIYUCIIEHUS HAKOIUIEHHS pOOOTOM
JIOTUYECKOI'O OIbITa C YY€TOM CMEHBI 3HAKa YCTAaHOBKM BHYTPH M MEXIY YPOBHEHN
MpoLiecCca HAKOIIEHU pOOOTOM JIOTHYECKOro OmbITa. J[OKa3pIBalOTCA TOCTATOYHBIE
YCJIOBUS, ONMUCBHIBAIOIIME BO3MOYKHOCTh WJIM HEBO3MOXHOCTH MEPEXOAA C OJHOIO
YPOBHSI HAKOIUIEHUS POOOTOM JIOTMYECKOTO OIbITa Ha JPYrodl YpOBEHb
cootBeTcTBeHHO. [lpencraBnena oOmas @opMyna, ONUCHIBAKOMIAA —IPOIECC
HAKOILJIEHUSI POOOTOM JIOTUYECKOTO OMbITA HA HECKOIBKUX YPOBHSX.

50. MATEMATHYECKOE MOJAEJIMPOBAHUE MPOLIECCA
SMOLHUOHAJBHOI'O BOCIIMTAHUA POBOTA C YYHETOM
CMEHBI 3HAKA ODOMOIIMOHAJIBHOHU YCTAHOBKH

B nanHOM pasznene onrcaHa MaTeMaTHYecKas MOJCITh SMOIIMOHAIBHOM TTaMsITH
poboTa Ha HECKOJBKHX YPOBHAX BOCHHTaHHA K C y4eTOM CMEHBI 3HaKa
AOMOIIMOHAJILHOM YCTAHOBKHM Ha TaKTax, KOTOPBIE HAXOJATCS BHYTPH YypOBHEH
BOCIIMTAHUS W HAa TaKTaX, HAXOMSIIMXCS HAa MOTPAHUYHOM TaKTE€ MEXKIY COCCIHUMU
YpOBHSIMHU. BBIBOABI, aaTOPUTMBI, MPEACTABICHHBIC B JAHHOM paselie, SBIISIOTCS
pa3BuTHEM paboThl [97].

B paborax [63, 64, 97] npenjoxxeHbl MaTeMaTUYECKUE OIPEIACICHUS dMOIIMU
po0oTa, 3MOLMOHAIBHOTO BOCIHUTAHMS, YPOBHEW BOCIHUTAHUS, OTHOCHUTEIIbHON
BOCIIPUMMYMBOCTH  poOOTa K  BOCIHUTAHUIO C  y4eTOM  KO3(DPUIIMEHTOB
KpaTKOBPEMEHHOW TlaMATH poOoTa. MareMarndeckue MOJIEIM OCHOBaHBI Ha
runote3e copeTckoro mcuxosora JI.H. V3uanze [94, 163].

B pasnmene 48 mporecc 3IMONMOHATBLHOTO BOCHUTAHUS I  PaBHOMEPHO
3a0BIBYMBOTO POOOTA OMUCHIBAETCS CICAYIONUM COOTHOIICHUEM:

R|+l r|+1 +0|+1 RI ’ i = 1’ 2’ 3’ (501)
Ro=1o

rae  6,,,— KodhOUIMEHT OHMOIMOHATBPHONH MaMsATH Ha TakTe I+1, mnpuyem
0<6,,<1-96", 0<98'<l, J'=const, r,,— >IEMEHTaApHOE 3SMOIMOHAILHOE
BOCIIUTAaHUE K KOHIy TakTa | + 1, R, — BocnuTaHue, MoydeHHOEe pOOOTOM K KOHILY
TakTa I.
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Hanee Oynem paccmaTpuBaTh KO3(P(GUIHUEHT SYMOIIMOHANBHON nmaMsTh 6, = 6.

B pabore [63] smouuu, BIEKyllMe paBHbIE SJIEMEHTApHbIE BOCIMUTAHHS, T.C.
q=r, =06 =..=I =.., Ha3BaHbl paBHOLICHHbIMHU. Po0OT, oOnanaromuii TaKuMuU

CBOWCTBaMH, Ha3BaH PaBHOMEPHO 3a0BIBYMBBIM C PABHOIICHHBIMH SMOIUSIMHU [63].

Jliis ynporenus 3anmvcy nepenumieM Gopmyiny (50.1) B cirenyromeM Bue:
R.=0+6"-R (502)
B pasgene 49 mpouecc HakomiaeHus HHGOpMAIUK poOOTOM MPEACTABICH B
CIIC/TYFOIIIEM BUJIC:
Si+1 =3 +ﬂ‘i+1'S

i+1 i’

rae | — #HoMep MH(OPMAIMOHHOIO TakKTa, i=0,n; S

i+1

— TOPIHS C MOPAIKOBBIM
HOMEPOM i +1; S;,; — BCS HHPOpMAIHS, KOTOPYIO 3aIlIOMHHI poOOT B pe3ynbrate i+1
MH()OPMAIIMOHHBIX TAKTOB; 4, — KO3(QGUIIMEHT HHOOPMAITMOHHON TAMSATH.

B pasnene 48 BBeneHo ompenesneHue PaBHOMH(MOPMIMOHHOTO poOOTa Kak
po0OoTa, y KOTOpPOro mnopuuH HWH(OpMAmuu S paBHbl [ Jr00oro uHpopma-

[IUOHHOT'O TaKTa.
PaccmoTpuM paBHOMEpPHO 3a0BIBUMBOTO PaBHOMH(POPMUIHUOHHOIO poOoOTa, T.€.
po0oTa, KOTOpPBIA HKMEET paBHbIE KOIP(PUUHUEHTHI HH(DOPMAUUMOHHOW MaMSATH
A=A =2,=..A.. u 3anomMuHacT WH(OOPMAIIUIO PABHBIMH IOPIHIMHA Ha KaXIOM
takTe h=5s, =..=5, =....
Torna mporecc HakorieHUsT UHGOOPMAITMK TaKUM POOOTOM OYAET BBITISICTH
CICAYIOIIMM 00pa3oMm:

S, =h+4-S,. (50.3)

N3 paBencts (50.2) u (50.3) BUAHO, 4TO MPOIIECC SMOIIMOHATIBHOTO BOCITUTAHUS
paBHOMEpPHO 3a0BIBUMBOTO pPOOOTAa M TpoleCC HAKOIUICHUS HH(opManuu
pPaBHOMH(OPMAIITMOHHOTO POOOTa OMUCHIBAETCS OJHOM W TOM xe (opmymoil ¢
TOYHOCTBIO J10 0003HAUEHUH.

DTO oO3Ha4aeT, YTo Bce OCOOEHHOCTHM MpolLiecca HAKOIUJIEHUsT WHpOpMaIuu
pobOTOM, OmnHUCaHHBIC B paznesiax 1-2 MOXXHO COOTBETCTBEHHO aJanTHPOBATH IS
Mpoliecca SMOIMOHAIBHOIO BOCIIUTAHUS pOOOTa HA HECKOJIBKUX YPOBHSIX.

CnenaeM TmpeAnojoXeHHe, 4YTO HMH(GOPMALMOHHBIA TaKT pPaBeH 3MOLIMO-
HaJbHOMY TakKTy.

B pabore [63] paccmarpuBaetrcs npumeHenue runote3nl J.H. Y3namze s
pemeHuss TpoOJIeMbl OTPAHMYCHHOCTH IIPOIlecca SMOIMOHAIBHOTO BOCIUTAHUS
pobora.

BBenem monsiTHe ypoBHSI BOCIIMTaHUSI KaK KOJMYECTBO CMEH SMOIMOHATHHBIX
YCTaHOBOK po0OTa ( A0 TEKYIIETr0 TaKTa MpoIlecca SMOITMOHAIILHOTO BOCITUTAHUS,
rne Q=L =" =...=I, =..., I, — 3JIeMEHTapHOE YMOIIMOHATIBHOE BocTiTaHue [63].

YcinoBueM mepexojia ¢ ypOBHS BocnuTaHus K Ha ypoBeHb K+1 sBisercs
BBITIOJIHEHNE HEPaBEHCTBA
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[k]

)
R S ) P |

1-6|

rae R — 3MOLMOHANBHOE BOCIIMTAaHME Ha TakTe | ypoBHs Bocruranms K, gl
OMOIIMOHANbHAS ~yCTaHOBKa poboTa Ha ypoBHe K, 6 — Ko3(h¢uIMeHT

KpaTKOBpeMGHHOfI 3MOHI/IOHaHBHOﬁ IHaMsITHu p060Ta, 6'[k] — BCJIMYHNHA OTKJIOHCHMHS

[k]
SMOLIMOHAJIBHOIO BOCIMTAHUs OT Ipenesia BocnuTaHus S IIPA KOTOPOM
1-0

OCYHCCTBIACTCA IICPCXOT Ha HOBBIN YPOBCHb BOCIIMTAHUA.

[k+1]

B pabote [63] mokazaHo, 4TO 3MOIMOHAIBHAS yCTaHOBKAa poboTa ( paBHa

BCIIMYUHC OMOIITMOHAJIBHOI'O BOCIIMTAHHA HA TAKTC Hepexona C yp0BH51 k Ha ypOBeHI)
k+1:

[k]
gt =RM = a4 g™, (50.4)
1-6

rae R — Bemmumna smonmonansHOro BoCIUTaHMs HA TakTe nepexoaa ¢ ypoBHs K
Ha ypoBeHb K + 1.

B otamame ot paboTsl [63] B HacTOSAIIEM pa3jiesie B KAa4eCTBE YCIOBUS Iepexoa
nporiecca IMOIMOHAIBHOTO BOCIIUTAaHUs ¢ ypoBHsI K Ha ypoBeHb K +1
OyzAeM cuuTaTh CleAyIoLIee HEPAaBEHCTBO:

k k Ik
‘Ri[ T_RI|<et,

rae Ri[k], i[fl] — BEJWYMHBI AMOLHMOHAIBHOIO BOCIIMTAHMS HA TakTax | u i+1
ypoBHs BociuTanus K, 0 < 5’[” <<1, 5'“‘] =const, 5'“‘] — U3MepsieTcs B OUTax.

[k-+1]

HpGI[HO.]'IO}KI/IM, 4TO, OMOIMOHAJIbHAsA YCTAaHOBKa ( HC 3aBHUCHUT OT

BE/IMYHMHBI YMOLHMOHANBHOro BociuTanmss RN i Moxer 3azaBarbest Ha KaxaoM
YPOBHE BOCIIUTAHHUSI BpYUHYIO.

O606mmm anroput™ JI.H. Y3Han3e, npuBeneHHbl B padoTe [63] aHaIoruuHo
JITOPUTMY JUIsl UH(POPMALIMOHHON NaMsATU. PaccMOTpUM Tpu BapuaHTa CMEHBI 3HaKa
HMOLIMOHAJIBHOIN YCTaHOBKH poboTa (:

1) TonbKO B KOHIIE TAKTOB BHYTPH YPOBHS BOCIIHTaHHS pOOOTA.

2) Tonbko MeXIy YpOBHSIMH BOCHUTAaHUS (B KOHIIC IOCIICJHEr0 TaKTa
YPOBHSH).

3) KomOwuHaIus nmepBoro u BTOPOro BapuaHTA.

CBOICTBO paBHOMEPHO 3a0BIBUMBOrO pPOOOTAa B MHOTOYPOBHEBOM MOJIENU
O3HAYaeT, YTO BHYTPH KaXIOTO YPOBHS K Ha KaXJOM TakTe | OMOIMOHAIBHOTO
BOCIIUTaHUSA POOOT MMEET paBHbIE KOAPPUIMEHTHI 3MOLUMOHAIBHOW MaMATH, T.€.
oKl — oK1,

B pabore [63] cBoiicTBO poOOTa € pPABHOLICHHBIMM SMOLUSMHU O3HAYAET
PaBEHCTBO ri[k] = g™ Ha KaxOM TakTe B paMKaX KaXIOr0 yPOBHS BOCIIUTAHMS.

CBolicTBO po0OTa ¢ paBHOLEHHBIMU AMOLUSMHU OINPEAEIEHO KAaK PAaBEHCTBO
MOAYJIEN 3JIEMEHTAPHBIX 3MOLUMOHAIBHBIX BOCIUTAHUI Ha KaXJOM TAaKTE B PaMKax

250



Ka)XI0TO YPOBHS BOCIWTAHHUs, T.€. ‘I’i[k]‘z‘q[k]‘. B pamMkax omHOrO ypOBHA Ui

Pa3HBIX TAKTOB 3JIEMEHTApPHBIC SMOITMOHAJILHBIE BOCHHUTAHUS pPOOOTAa pPaBHBI IO
MOMYJTIO ¥ MOTYT OTIINYATHCS 3HAKOM.

O060061eHre MaTeMaTHYeCKOW MOJIEN SMOIIMOHATILHOTO BOCIIUTAHUs poO0Ta U
anroputma JI.H. ¥Y3nam3e [63] cmemaem miiss paBHOMEpPHO 3a0BIBUMBOTO poOOTa C

paBHOIIEHHBIME dMonusavy, T.e. O =0 ‘ri["]‘ = ‘q["]‘.

[k] :‘q[k]‘ :‘

O6o3HaunM ¥ I’i[k]‘ st 1'000ro | Ha ypoBHE K.

| [k

BB@I[CM HHAUKATOP Cﬂy‘{aﬁHBIX quceal Iy -, KOTOpBIﬁ Ha KaXJIOM TaKTC i

Ka)KJIOTO YPOBHsI BOCIIUTaHUs K cirydaliHbIM 00pa3oM NpuHUMAeT 3HaueHus 1 1o —
1. AHANOIMYHO ONpeleIuM HHIuKaTop ciydaiubix uncen J™! xoropsrit
ClIy4ailHpIM 00pa3oM NpHHMMAeT 3HauyeHuss | aubo —1 Ha KaXIoM YpOBHE
BocriuTaHus K.

Omnpenenenue 50.1. JlokanbHBIM 3MOLUMOHAIBHBIM BOCIIUTAaHHEM pOOOTa HA30-
[K]|

e Sk .
BeM BenuumHy R =y Ek] +0J[k] Rj-, rme kK — ypoBenp Bocnmranusi podoTa, j —

HOMEp TakTa Ha ypoBHE K, 671["] — K03 (ULHUEHT KPAaTKOBPEMEHHON 3MOLIMOHATIBHOM

maMATH pO6OTa Ha TaKTe ¢ HOMEPOM | B pamkax yposHs k, 0< oM <1-¢6", 0< 6" <1,

—[K]
o' =const, Rja1 — nokajgpHOE YMOILIMOHATIBLHOE BOCIHUTAHHE POOOTA, IOJIYUEHHOE 3a
2
j — 1 TakT Ha ypoBHe K.

3Hak ycTaHOBKH poboTa Gynem ompenenats 3a cuer 1M, T.e. o = 1M 113
IICTIOYKH PABEHCTB ‘q([)k]‘:‘ql[k]‘:...:‘qi[k]‘ caemyer K= MM — — K _ K 3pak

CMEHBI AMOIMOHAIIBHON YCTAaHOBKH MEXIy YPOBHSMHU OyIeM BBOJHUTH 3a CYET
SMOIMOHAJILHOM YCTaHOBKU poOoTa yMHOKEHHOW Ha wuaukarop J'' Ha kaxmom
YPOBHE.

Omnpenenenre 50.2. DOMOIMOHANBHBIM BOCIUTaHHEM pPO0OOTa Ha HECKOIBKUX
YPOBHSX  (IMOILIMOHAJIBHBIM  BOCHUTAHUEM  poOOTa) HA30BEM  BEIUYUHY

k] _ ptkl K] 1[K]p k-1 D
Ri[ =R} +M MR rre k — ypOBEHb BocnuTaHus pobota, R; — mokamnpHOE
9MOIIMOHATIBHOE BOCHHUTAaHHE po0OOTa, MOJyYEHHOE Ha TaKTe€ C HOMEPOM | B paMmKax
yposust k, O — xosddunmeHT K0ITOBpeMEHHOI IMOIMOHAIBHOI MaMSITH POGOTA

Ha ypoBHE K, O e(O;l—u'], = (0;1), v’ =const, J" — uHxuKaTop cMeHsI 3HAKA,

k-1
R _ smoumonanshoe Bocrmranme po0oTa, MOJTYyYEeHHOE 3a BCE MPEABITYIINE

ypoBHu K.

OOpatuM BHHMaHHE HA TO, YTO | — HOMEp TaKTa B paMKax BCEro mporecca
HMOIMOHAIBHOTO BOCIIUTaHUS po0OTa, a | — HOMEp TakTa B pamkax ypoBHs |. j =0 B
HayaJie Ka)KJI0T0 yPOBHS BOCIHTAHHS POOOTA.

Bynem cumrtaTh, 4TO NMpH BHIYMCICHWU BEIMYUHBI SMOLMOHAIBLHOTO BOCIH-
Tanus poOOTa Ha IEPBOM yPOBHE BOCIIUTaHKME PoOOTa paBHO Hymo, T.e. R =0.

O0o00mas BBIIECKA3aHHOE, IMPOIECC SMOIMOHAIBLHOTO BOCIHTaHUS poOOTa
MOYHO ONMCATh CIAEAYIOUIEN CUCTEMOU YPaBHEHUM:
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—[k]
— k]
Ro =(,

—[k] —[kl .
Rj :Z[k]lj[.k] +0j[k]Rj—1, ] >0

—I1l
Ri[l] = Ril
R[k] R ®[k]J [k]R[k -1] k >1

B KayecTBe KpUTEpHUs MepPeXoja ¢ OAHOr0 ypPOBHsS BOCIUTaHHMsA poOOTa Ha
ApPYroil BBEIEM CIEAYIONIUI KpPUTEpHMi: IMEPEXOA € YpPOBHS BOocHMTaHusS K Ha
ypoBeHb K+ 1 OpPOMCXOAWT TOrAa, KOTAa Ha YPOBHE BOCIUTaHMs podora K
M3MEHEHHE DMOLMOHAILHOTO BOCIIUTAHUSA POOOTa CTAHOBUTCH MEHBIIE HEKOTOPOM
semmunnbl &' (0<&'<<1, &'=const, &' — usMepseTcs B 6UTax), T.€. BBHIIOIHAETCS
HEPaBEHCTBO:

(50.5)

R - RM|<¢& (50.6)

AJNTOpUTM BBIMONHIETCS JO0 TEX IIOp, MOKa HOMEp TakTa | HE JOCTUTHET
3aJIaHHOTO  KOJMYeCcTBa TAaKTOB [, 4YTO SBISIETCS BpEMEHEM Mpolecca
HMOIIMOHAJILHOTO BOCITUTAHUs POOOTa.

[ar 1. 3anmaroTcst BpeMs mpoliecca 3MOIMOHATBHOTO BOCITUTaHUSI poO0Ta
T, ypoBens BocriuTanus podota K = 1, Homep Takta i = 0.

[Mar 2. 3amaercsa ;([1], oW RO -0,

[Ilar 3. Beruucnsercs SMOIMOHAIBLHOE BOCIMTaHHE pobOOTa R[k] Ha
OCHOBe cucTeMbl paBeHCTB (50.5).

[Ilar 4. VYBenuuuBaeTcsl | Ha CIUHUIYY W BBIYMCISCTCS SMOIMOHAIBLHOC

[k]

BocrTanue podora R{"“! Ha ocHOBe crctembl paBeHcTB (50.5).

[Mlar 5. Ecau i <T wu He BBINOJHAETCA KPUTEPUH Iiepexojaa Ha cle-

IYIOIIHMI ypOBEHb BOCIIUTAHUS, T.€. ‘R[k] R[k]‘ > ¢, 1o yBennunBaeM i Ha

1 u nepexoaum k miary 4.
[Mlar 6. Ecau 1 <T u eciiv BBINOJHICTCS HEPABEHCTBO ‘R[k] R[k] <&

TO K yBenMuMBaeTCs Ha €IUHUILY, 3aJal0TCS ;([k], o™ @™, Ilepexon x
miary 3.
Mlar 7. Ecimm i =T, o KOHELI,.

BriBenem QopMyiy AMOITMOHAIBHOTO BOCIUTAaHUS poOOTa HAa OCHOBE
AMOIMOHAJILHOM YCTAaHOBKM W KOA((PUIIMEHTa AMOIMOHATBLHON KPaTKOBPEMEHHOM
MaMSTH BHYTPU OJHOT'O YPOBHSI BOCIIUTAHMSI.

B pamkax ogHOro ypoBHS BOCHUTaHUsI poOOTa 3MOLMOHATBHOE BOCHUTAHUE
MO>KHO 3alKCaTh CIEAYIOIIMM 00pa3oM:
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—[k —[k] .
Ry =gt oM R >0

S
DTy cUCTeMy YpaBHEHUH NEPENUIIEM B BUJE CYMMBI H.OCJ'ICI[OBaTeJ'IBHOCTI/I
RY _ io(e[k])jsqgk_]s
[Ipenmonokum, 9T0 Ha ypoBHE K CYHIGCTByeT. Takas II0CJIEI0BATEIbHOCTh
MOAPSAA HAYLIMX TaKTOB, YTO q[k] =q[k] = ..=qt[k], rne 0<p<t< j Otcrona

p p+l_'
K _ K
L= 1

[kl _
CJIEAYET, YTO BBINOJIHAKOTCS paBeHCcTBa | p = | pil =

gkl Skl

O603HaunM pazHocth Rt " —Rp1 =7 [pk]t ’

i-p j-p-1 it
24 = g0 Y0+ (0M) " 4+ (0M))
(50.7)Takum 00pa3om, 3HAK YCTAaHOBKH po0OOTa HE MEHSETCS JJI BCEX ClIaracMbIX
[k]
Dyt
YMHOkHM TocieaoBaTenbHOCTh (50.7) Ha 6™

oz =g (0 (o) (o)) (02)

PaccmoTpum pa3zHOCTS:
Hngﬂ _zla _ q[k]((g[k])l'—lﬂ+l TR (9[k1)H+1 _ (Hm)J’—P o ((9“‘])H)

p..t p

TOIr'Ja BEPHO PAaBCHCTBO

[k1= [k] k1 _ ~IKI{{plk1)i-PH ( [k] H)
Iocne mnpeoOpasoBanus monyyaeM 6°Z° —Z " =0, ((6? ) -0 ) :

Ucxons u3 pacCyx1€HUM BBIIIE, OJY4aeM, UYTO BEPHO PABEHCTBO

28 = qi(e")" ((6’[(2?;3‘ Y (50.9)

Ipencrasum R B cnenyromem Buze:
RIM =z 710 4 4z
2 for

0..my my..m

(50.10)

j 1
r71e M, — HOMEP CMEHbI 3HaKa AMOIMOHAIBHON ycTaHOBKM pobota, roe S=1,f, f —
KOJIMYECTBO CMEH 3HAKA SMOI[MOHAJILHOM YCTAaHOBKM po0OOTa 3a BpeMs JIOKAIbHOTO
HMOIIMOHAIBHOTO BOCIIUTAHMSI OT HYJIEBOTO TaKTa Ha yPOBHE K 10 TakTa ¢ HOMEPOM
: . k
J. IlycTh 3HaK SMOIMOHAIBLHOW YCTaHOBKM poOOTa BCEX ClaraeMbIX z! ]

k
OTpeeNsieTcsl HHIUKaTopoM | r[n I
S
[Moacraum (50.9) B (50.10). B pesynbrare momydaem (Gopmysty BBIYUCICHHS
JIOKaJTbHOTO SMOIIMOHAJIBPHOTO BOCHHTAaHUS POOOTAa HA OCHOBE HSMOIMOHAIBHOM
YCTAaHOBKH U KO3 (UIIMEHTa SMOIIMOHAIBLHOW KPATKOBPEMEHHON MmaMsTh poboTa
BHYTPH OJIHOTO YPOBHSI BOCIIUTAHUSI:
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(Q[k] )m1+1 _1

R = (o) cqpipny~ X, o
N ((H[k] )j-mf+1 _1) ( . )
G

3anumeMm (QopmMysly HaXO0XKACHHS SMOIMOHAIBHOTO BOCIHMTAHHS poOOTa,
UCIOJIb3YsI POPMYITY JTOKAIBHOTO SMOIMOHAIIBHOTO BOCITIUTAHMSL:

. a[k] m +1 _1 i, e[k] my—my +1 _1
Ri[k] _ ([)k](g[k])J ((0[21 _1) +qg1k11(9[k])1 (( (6?[” _1) )+

50.12
k ((e[k])j_mf+l_1) IRTL 1-1 ( )
gl 4+ Al Q-
=
i=il! 4+ j, roe i — Takr mepexoma mpomecca HakomIEHHS POGOTOM JOTHYECKOTO

ombita ¢ ypoBHs | Ha ypoBeHs I+1, cooTBeTcTBeHHO | = j Ha ypoBHe | = 1.
3amuiineM IerMmovKy paBeHCTB
2] _ pl2 21 1[21pll _ B2 211 [21p L
Ri[ ] :Rj[ 1+ et ]Ri[[l]] :Rj[ 11 el ]RJ-[[l]]

OO6o00mas ATy IEMOYKYy PAaBEHCTB B paMKaxX HECKOJIBKUX YPOBHEH, IMpoiiecc
AMOIIMOHAJILHOTO BOCITUTAHUSI POOOTA MOKHO 3aIMCaTh CICAYIOIIUM 00pa3oM:

ka((

(k] _ pIk] [h]1[h] |pl9]

R =R;j +> | [1e™ Rj[g]
g=1\ \ h=g+1

r7e | — TeKyIIMA TaKT Ipoliecca SMOIMOHAILHOTO BOCIIMTAHUsS po00Ta, | — TeKYIIUH
takT Ha yposHe K, j!9 — TakT mepexona mporiecca SMOLMOHANBHOIO BOCIUTAHHS

poGota ¢ yposHs g Ha yposenb g+1, RI¥

— BEJIMYMHA SMOLIMOHAIIBHOTO BOCIIUTAHUSA
3a | TaKTOB MpoIlecca BOCIUTAHUS OT Hadalla 3TOTO TpoIliecca, ﬁj[k] — JIOKaJIbHOE
HMOIIMOHATIBHOE BOCIUTAHHUE POOOTA, MOJYUECHHOE 3a | TAKTOB TEKYIEro ypoBHs K,

oM — kosdduIMEHT MONTOBPEMEHHON SMONMOHAIBHON NAMSATH HA yPOBHE
socruranus h, J" — uHIMKaTOp CMEHBI 3HaKA SMOLMOHAIBHON YCTAHOBKU MEKILY

ypoBHsiMu Bocrutanust h-1 u h, Rj[[gg]] — JIOKaJIbHO€ SMOIMOHAIBHOE BOCIIMTAaHUE

po0oTa, MOTy4YEeHHOE K TaKTy j[g] YPOBHSI BOCITUTAHHUA (.
k k I f
q[f ](9[ ])

JOCTAaTOYHBIM YCIIOBHEM IEpPEeXoJia C YPOBHS BOCHUTaHUs poOoTa K Ha ypoBeHBb
k+1 mpu ycioBuM CMEHBI 3HaKa YCTAHOBKH, Tll¢ M, — HOMEp IEpPBOrO TaKTa, B
(]
If

Teopema 50.1. BrinmonHeHue HepaBeHCTBA <& aBnsercs

KOTOPBIN MOCIEIHNI pa3 Mpou30lIa CMEHA 3Haka HHaMKaTopa | B pamkax ypoBHs

Bocriuranus K.
Jloxazamenbcmeo
Ha ogHOM ypoBHE HAKOIUICHHMS JOTHYECKOTO OIMBITa POOOTOM PaCcCMOTPHUM

[k _
1

Pa3HOCTh HA ABYX COCENHUX TakTax R Ri[ﬂ. [Tocne mpeoOGpazoBaHuii Moy-
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YaeM CJIEIYIOUIYIO IIEMOYKY PaBEHCTB:

Skl _ Skl = Skl Flkl
RM-RM =R} +@MIMRIT Ry —@MIMRIM =Ry — R, =

e R ) R R (70 R )

1 —my 1 —my g+
B (50.13) BeanumHbI (H[k])ml+ , (H[k])mz " yenvs (9[k] )mf " samenuM Ha
enuHMily. IIpeicTaBMM JOCTaTOYHOE YCIAOBHE IEPeXoja C OJHOIO  YPOBHS
BOocnHTaHus pobora K Ha yposens K + 1:

‘Ri[k] 3 Ri[|_<1]‘ _ ‘(e[k] )j_mf (qgk] (e[k] )mf—m1—1 ((e[k] )ml+1 —1)+... 4 g ) g

[k1( plk] \I=ms '
Wt )™ < g
TaKI/IM 06p330M, A0CTATOYHbBIM YCJ'IOBI/IGM Hepexo,ua C ypOBHH BOCIIUTAHU

pobota K Ha ypoBeHb K + 1 mipu yCIIOBUM CMEHBI 3HaKa YCTAaHOBKH, OYAET SBJISATHCS
BBITIOJTHEHUE CIEAYIOLIEr0 HEPABEHCTBRA!

)" <o

(50.13)

<

rae ¥ — smormonansHas ycramoska po6ota Ha TakTe f ypoBHs Bocrmramus K,

O™ — ko> duLMEHT KPaTKOBPEMEHHOI SMOLMOHATBHO IaMATH paboTa Ha yPOBHE
BocnuTanusi pobora Kk, M; — HOMep mepBOro TakTa, B KOTOPHIA MOCIEIHHH pa3

TNPOM30IIIa CMeHa 3Haka unmukatopa |\ BHyTpu ypoBHs Bocnuranus K, j — Homep
TakTa B pamkax ypoBHs K. Teopema nokazaHa.

>&" gBisgercs

i—m
Teopema 50.2. BrimonHeHne HepaBeHCTBa ‘q[fk](ﬁ[k]) f

JIOCTAaTOYHBIM YCJIOBHEM TOTO, YTO MPOIECC SMOIMOHAIHLHOTO BOCIHUTAHUSA poOOTa
HE MeperIeT ypOBHS BOCIIUTaHUsA poOoTa K Ha ypoBeHb K + 1.

Jloxazamenbcmeo
B coornomenusx (50.13) 3aMeHUM BEJIMYHHBI (49["] )mf*mrl,
— _1 _ B 1
(Q[k])mf 2 yenns (9[k] )mf M1 Ha HOJb W PACCMOTPUM CIIEAYIOLIYIO LETOYKY
HEPABCHCTB:
k k k1 \I—M¢ k k1M —m—1 k1 e+l K
‘Ri[]_Ri[_l]‘:‘(g[]) (q([J]((g[]) ((9[]) —1)+...+q[f])z
k k1 §i—Ms ,
>gf(0") ™| > £

Takum 06pa3om, TOCTATOYHBIM YCIOBHEM TOTO, UTO TIPOIIECC IMOITMOHAIb-HOTO
BOCIHTaHKUs poOOTa HE TMepeieT ypoBHS BOoCcUTaHusA podoTta K Ha ypoBeHb K + 1,
HE TepeiieT Ha CIeAyIONINi YpOBEHb BOCIHUTAHMS, OYyAET SIBISATHCS BBINOJTHEHHE

k k I f

> &

Teopema nokasana.
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Takum oOpa3zom, B JaHHOM pa3felle Ha OCHOBE THIIOTE3bl COBETCKOIO
ncuxonora JI.H. Y3Haa3ze BBOAWTCA aNrOpUTM BBIYHCICHHUS 3MOLMOHAIBHOTO
BOCIIUTaHUsA po0OTa C Y4YETOM CMEHbl 3HAKa 3MOLMOHAIBHOW YCTAHOBKH MEXKIY
YPOBHSIMH BOCHHUTaHUA poOOoTa. JlOKa3bIBaIOTCS JOCTATOYHBIE YCJIOBHS, OIHCHI-
BAIOIIME BO3MOYKHOCTh WJIM HEBO3MOXKHOCTh NEPEXOJA C OJHOIO YPOBHS BOCIIH-
TaHusl poOoTa Ha JApyroil coorBeTcTBeHHO. IIpencraBnena obmiast gopmyna, onu-
CBIBAIOLIAsl MPOLECC 3MOLIMOHAIBHOTO BOCIIUTAHMS POOOTa HA HECKOJIBKHX YPOBHSX
C YYETOM CMEHBI 3HaKa SMOLIMOHAIBHON YCTaHOBKHU.

51. MATEMATHYECKAS MOJIEJIb IPUHATHUA PEINEHUA
POBOTOM B 3ABUCHUMOCTH OT EI'O SMOIINOHAJIBHOI'O
BOCIIMTAHUA N JIOTHYECKOI'O OIIBITA

B »stom paszmene He paccMaTpUBAaeTCs KayeCTBEHHAas CTOPOHA Ipolecca
AMOIIMOHAJIBHOTO BOCIHTAHHUS pOOOTa M MPOLECCAa HAKOIJIEHUS UM JIOTHYECKOTO
onbiTa podoToM. Takum 00pa3zoMm, B pamMKax pacCMATPUBAEMbBIX MOJEJIEH HEb3d
CKa3aTh, KaKyl0 HMEHHO HMH(QOpPMAIMI0 U KaKOW HUMEHHO JIOTMYECKH OIBIT
3allOMHHAET POOOT Jy4lle, KaKME€ SMOILMH OCTAIOTCS JOJIBIIE B €ro «IaMaTu», U
COOTBETCTBEHHO, KakK BJMSIET Ta WM HHAasg JOTMYecKas WM SMOLUUOHAIbHAsS
nH(pOpMaus Ha CKOPOCTh €€ 3a0bIBaHUA.

[TonpiTKa BBIACIUTH JIBa MPOIECCA «PA3BUTUSDY POOOTA: AMOIIMOHAIBHBIN U
JOTUYECKUW TIO3BOJIIET HAa CaMOM IPOCTOM KAaue€CTBEHHOM YpPOBHE CJIENaTh
paszneneHue WHGOPMAIMKM, HAa OCHOBE KOTOPOW HIAYT TMPOIECCHl HAKOIUICHUS
JIOTUYECKOTO OMBITa U YMOIIMOHAIEHOTO BOCITUTAHUSI.

HeoOxonumo 0003HauuTh cieaylollee: HAKOIUIEHHWE JIOTUYECKOro OIbITa
MIPOUCXOUT HEMOCPEJCTBEHHO 3a CUET MOPIUi nH(pOpMaIK, KOTOPhIE MOMAJA0T B
pobota wu3BHe. Takume mopuuu HHPOPMAIMK HA3BIBAIOTCS HHGOPMAIIMOHHBIMU
MECEB/I0YCTAHOBKAMHU. OMOIMOHAIIBHOE BOCHUTAHUE — ATO HAKOIUJIEHUE MOPIUI
uHpopMaIuu, KOTOpbIE TOSBISIOTCA B pPoOOTE Kak OTBET HAa BHENIHUHU
paznpaxurens (MHPopMauuio u3BHE poOota). Takume mnopuun uHOpMaUU
Ha3bIBAIOTCS AMOLIMOHAJILHBIMU YCTaHOBKaMHU.

[TogoOHOe pa3znenenue NPUBOAUT K CIIETYIOIIMM BOIPOCAM:

— Kak sMOIMOHANBHBIA M JIOTHYECKHM MPOIECChl MOTYT OBITh CBSI3aHBI
MEXIy co00ii B poboTe?

— Kak MOryT BIMSATH Ha €ro «IOBEIEHUE», BO3MOXHOCTh MPUHUMATh
pEIIeHUS U IOCTUTATh 11N ?

Paccmotpum cutyariuio, korja poOOT MoydyaeT HEKOTOPBIA MHGOPMAIIMOHHBIN
notok (MII). Pucynok 51.1 nemMoHCTpUpyeT CXEMYy SMOLMOHAIBHO-JIOTHYECKOTO
pobora.
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Puc. 51.1. Cxema sMOLIMOHATEHO-JIOTHYECKOT0 poOOTa

Ha Bxon momenu po0OoTa MOCTyMaeT HEKOTOPbIM HH(POPMALMOHHBINA MOTOK
(MIT), xortopelii oT peuentopoB pobotra mnonagaet B ¢uiastp O. Punptp D
npou3BoauT auckperuzanuto MIT u mo Hekoropoii 3ananHoi ¢pynkuuu f onpenensier
BEJIMYUHY TOPIUY UHPOPMALIUH JIJIS KAXKJ0T0 TakTa. byneM cunrtath, 9to ¢pyHkmus f
¢unpTpa @ uUMEET TaKUE CBOWCTBA, YTO 3HAYECHMS O3TOH (PYHKUUHU SBISIOTCS
MH(GOPMALIMOHHBIMU YCTaHOBKaMHU.

[Iyctb poOOT MMEET HAKONMMUTENIH, COXPAHSIOLIME JOTMYECKYI0 U 3MOIUO-
HaJbHYI0 HMH(OpMaIUIo, KOTopble Ha cxeme oOo3HaueHsl JIH um OH, coot-
BETCTBEHHO.

HNupopmaninoHHasi ycTaHOBKAa Ha KaXJOM TakTe nomnagaer u3 ¢uiastpa @ B
Hakorurens JIH. Ilycte mns JIH 3amana Qyskmus-ungukarop |, koropas mo

HEKOTOPOMY 3aKOHY /I KaXJIOro TakTa BbIAAeT 3HauyeHus +1 wnm —1 u ucnosib-
3yercst Uil TOJYyYEHHUS DJEMEHTAPHOTO JIOTUYECKOTO OIbITa HAa OCHOBE
nH(}OpMAIMOHHOW yCTaHOBKM M uHAUKaTopa. [lycte Takke B JIH 3amana yHkius-
WHIUKATOp J, KOTOpass HeoOXoauMma [UIsi YIpaBJCHUS CMEHOW 3HaKa MEXITy
YPOBHSIMHU HaKOIUICHHS MHGOPMAIIMK B MHOTOYPOBHEBOM TIpoliecce.

bynem cuutath, uto B ¢uiabTpe @ 3amana ¢GyHKuMS (, Ompenesstoas
BENMYMHY MH(GOpMaIINK, KOTopas noctynaeT B OH Ha KaXJ10M TakTe B TOT MOMEHT,
korga JIH pobGota momydaer mHpOpManmoHHYIO ycTaHOBKY. bynmem cumrtarh, 4TO
bynkuus ¢ ¢unbTpa @ MMeEeT Takue CBOWCTBA, YTO 3HAUEHUA ATOW (DyHKIMH
ABJISIFOTCS AMOILIMOHAJIBHBIMU yCTaHOBKamu. Jlpyrumu cioBaMu, 3MOLIMOHAJbHAs
YCTaHOBKa — 93TO SMOLMOHAIbHBIA «OTBET» poOOTa HAa HHPOPMALMOHHYIO
ycTaHOBKY. ITycTh Takxke 3anana ¢pyHkuus-unaukatop W, kotopas HeobXxoauma 1is
VOpPABJICHUS] CMEHOM 3HaKa MEXIy YPOBHSMH 3MOLMOHAIBHOTO BOCHUTAaHUS B
MHOTOYPOBHEBOM IIPOILIECCE.

[TycTh poOOT yk€ UMEET anpuopHu 3a1aHHbIE JCHUCTBUS:

A — B ciydae, eclid €ro «IOBEJACHUE» ONPEIEIITIOT IMOIINH,
B — B cityuae, eciu ero «ImoBeIeHUe» ONpeesseT JOTUUeCKUN OTBIT.

AGcTparupyemcs OT ClIeAyIOUX BOMPOCOB:

—  Kak nomanmaer nadopmMaImoHHbINH MMOTOK B podoTa?
—  Kaxkoii Bua umerot dpynxiuu fu g?
—  Kakue umenHo 3amansl aercteus A u B?
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bynem mnpennonarate, 4yTo B OCHOBY paboTbl Hakonutens OH mnosmokeHa
MaTeMaTHuecKass MOJENb Tpollecca SMOIMOHAIBHOTO BOCHHTAaHUA poOOTa Ha
HECKOJIBKMX YPOBHSIX C Y4YE€TOM CMEHbl 3HaKa 3MOIMOHAIIBHOM YCTAaHOBKH, a B
ocHOBY paboTbl Hakomutenss JIH momoskeHa maremarmdeckass MOJENb MpoIiecca
HAKOIUICHHUS JIOTHYECKOTO OMbITa pOOOTOM Ha HECKOJIBKHX YPOBHSIX C yY€TOM CMEHBI
3HaKa UH(POPMAIIMOHHON YCTaHOBKH.

[TocTpouM MaTeMaTHYECKYI0 MOJEIb «BBIOOpa» podOTa MEXIY IeUcTBHEM A,
KOTOpPOE OmIpeleNsieT SMOLUOHAJIbHAs COCTaBisiolas, U jAeiictBueM B, koropoe
OIIpe/EIsAeT JIOTUYECKAsl COCTABIISAIOIIA.

Boimie  BbIBeieHBI  (OpMyJBl  HAKOIUIEHHS — JIOTUYECKOTO  OIBITa U
HMOLIMOHAIIBHOTO BOCIIUTaHUSI COOTBETCTBEHHO. byaem cuurtarh, yTO Ha HaKOIU-
tene DH Ha kaxaom Takte | OyIeT BBIYUCISATHCS BEIUYMHA DMOIIMOHAIBHOTO
BOCIIUTaHus poOoTa no popmye

k-1 k
k D [k H h h] |ph
g

=1\ \ h=g+1

Taxxe 6yzxeM Imojararb, 4TO Ha BBIXOJAC HAKOIINTCJIA JIH na KaXXJJOM TaKTC i
6yz[eT BBIYHMCIIATBHCA BCJIIMYHMHA JIOTHYCCKOI'O OIIBITAa p060Ta I10 (bOpMYJIG

o = [ .
Q=g+ 3| | [TAMI Ol

m=1\ \ g=m+1

Panee ObLIO chenaHO MPEAINONOKEHHE, YTO HWH(POPMAITMOHHBIN TaKT paBEH
HMOILIMOHAIBHOMY TakKTy. JTO MMO3BOJUT HA KaXXJIOM TaKTe | MOJy4aTh Ha BBIXOJE
Hakorutenss OH BenmnunHy SMOLIMOHANBHOTO BOCHHTaHUs, Ha Bbixoge JIH —
BEJIMUYMHY HAKOIUJIEHHOTO JIOTMYECKOTOo omnbiTa poborta. [lpuuem 3TH BeTUYUHBI
MOXHO CpaBHUTh. TakuM 00pa3oM, MPOIECCHl AMOIMOHAIBHOTO  BOCIHUTAHUS
poOOTa M HAKOIUICHUS JIOTMYECKOrO OMbITa OyIyT HAUYMHATHCA B OJUH M TOT XK€
MOMEHT U MPOTEKATh NapaJIIEIbHO.

YcnoBueM BBINOJHEHUS JCHCTBMS Ha OCHOBE HSMOILMM, T.C. BBIIIOJHEHUE
neiicTBus A Ha TakTe i, OyJIeM CUMTATh CIIeAYOIlee HEPABCHCTBO:

R}~ [l

VYcaoBueM BBINOMHEHUS JEUCTBHSI HAa OCHOBE JIOTMKH, T.€. BBINOJHEHUE
neiicteus B Ha TakTe i, OyZem cuuTaTh Clieayrolee HepaBEeHCTBO:

R} <[t

Onpenenenue 51.1. DMOIMOHATBLHO-JIOTHYECKUM CTYIIOPOM HA30BEM COC-
TOSSHME po0O0Ta, TPU KOTOPOM BBITIONHSETCS YCIOBHE KOH(JIMKTA MEXIy
SMOLIMOHAJIBHBIM BOCITUTAHUEM U JIOTHYECKUM OTBITOM:

[k] [ _
R+ =0,
rae | — TeKyluid HOMEp TaKTa OTHOCHUTEIHHO Hadvaja IMpOoIecca dMOIMOHAIBHOTO
BOCIIMTAHHA W MPOHCCCAa HAKOIUICHUSA JIOTHYCCKOI'O OIIbITa p060TOM, k — YPOBCHb
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9MOIIMOHATIBHOTO TICBEIOBOCIIMTAHUS, | — YPOBEHb HAKOIUICHUS JIOTMYECKOTO OIBITA
pobora.

B cnyyae 3MOLMOHANBEHO-IOTUYECKOTO CTyHOpa poOOT HE MOXKET BHIOpATh,
Kakoe JeicTBue BbIMOMHUTH A wmm B. Jlns BeiBemeHus poOoTa W3 COCTOSTHUS
AMOITMOHAIBHO-JIOTHYECKOTO CTyIopa HEOOXO0IMMa JOMOTHUTEIbHAS WHMOpMaIus,
KOTOPYIO pOOOT MOXET MOIYYHUTh OT €T0 PEIICHTOPOB.

52. HCCJEJJOBAHUE COOTBETCTBUS MATEMATHYECKOHN
TEOPHUU POBOTOB IICUXOJIOI'MN YEJIOBEKA

st Toro 4toObl co3maTh poOOTa, KOTOPBIM SIBISETCA B KaKOW-TO CTENEHU
aHaJIOTOM 4YeJOBEKa, B JIAHHOM paszfeiie MpeasiararoTcsi CIOCOObl H3MEPEHUS
KPaTKOBPEMEHHON U JOJTOBPEMEHHOM MaMsTH YEJIOBEKA, a TAKKE€ €ro BHUMAaHMUSL.
Pe3ynbrathl 3TUX W3MEpPEHMI MOXXHO HUCIOJb30BaTh IPU MOJAEITUPOBAHUU TaKUX
poOOTOB B KauecTBE MapaMEeTPOB, ONPEAEAOMUX ero padoty. C Ipyroil CTOpOHSI,
TaKW€ WCCIEOBAHUS TOMOTYT TIOHSATh, HACKOJBKO TMPEICTABICHHBIC BBIIIC
MaTEeMaTHYECKUE MOJENH KPAaTKOBPEMEHHOM M JIOJTOBPEMEHHOW MaMsTh poOoTa
COOTBETCTBYIOT IICUXOJIOTUH U (PU3HOTIOTUH YEIOBEKA.

Hemeuxkuii yuenslii-icuxosnor I'. D00uHray3 BbIBEN 3aKOH 3a0bIBaHUSA YEJO-
BeKkoM OeccmpicieHHoro Matepuana [40]. Takum maTepwasioMm MOTYT OBITH Oec-
CMBICIICHHbIE CJOTH, LU(pbl. PucyHox 52.1 neMOHCTpUpYyeT 3aKOH, KOTOPBIH
MOKAa3bIBACT, KaK HM3MEHSETCS KOJMYECTBO 3allOMHEHHBIX 3JIEMEHTOB B KpPaTKO-
BPEMEHHOMN MaMATH YeJIOBEKa B 3aBUCUMOCTH OT BPEMEHH, IPOLIEIIEr0 ¢ MOMEHTA
3alIOMUHAHUS 3TUX JIEMEHTOB.

100
g
g 80 —
cR 70 —
® g
X~ 50“
l‘;’é
=" 40
s =
33
3 30
S 20
10 —
T T T T T T T
1 2 3 4 5 6 7

OHK, npolseplIne C MOMEHTA 3AaNOMUHAHWA

Puc. 52.1. KpuBas 3a0b1Banust 6ecCMBICICHHOTO MaTtepHana 1o I'. D66unraysy

Brimie Obuto moka3aHo, YTO B CiIydae, €ciau poOOT Ha MEPBOM TAKTE MOTYUHII
MOPLHUI0 HHPOPMAIMH, a HAa KAXKIOM MOCIEIYIOIMEM He MOIyYnsl HU OJHOU MOPIHH
uH(pOpMaIlMK, TO MOXHO CYHTATh, YTO B €ro MaMsiTH HPOUCXOAUT 3a0bIBaHHE
uHpopmanuu. J{ns pobota ¢ paBHBIMH KOI(PUIIMEHTAMU MaMATH TaKOl Mpoliecc
3a0bIBaHMs MHPOPMALIMM MOXKHO OIKCATH CleAyromel GopMyIoit:
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S, = Als, (52.1)

rae j — HoMep MH(pOPMAMOHHOTO TakTa, j=0,n; S, — mopuys MHGOPMAIMH,
IOJlyYCHHAs. HA HYJIEBOM TaKTe; S, — BENMYMHA MH(POPMALKS, KOTOPYIO 3allOMHHUII

poboT B pe3ynbrare | HMHPOPMALMOHHBIX TaKTOB, A — KO3(QQUIHMCHT
uHpopMaImoHHOH maMat (0< A <1-5).

Pucynok 52.1 moxarBepkIaeT MaTeMAaTHUYECKyl0 MOJETIh  3a0bIBaHUSA
uHpopManuu poOOTOM, T.K. KAuEeCTBEHHOE TMIOBEJACHHE KpUBOW 3a0bIBAHUSA
['. D606uHTay3a MOXHO onucath popmynon (52.1).

53. ABMEPEHUE KO®PPUILIUEHTOB
KPATKOBPEMEHHOM MAMSATHU YEJOBEKA

Teopust AMOIMOHATBHBIX POOOTOB TJIABHBIM 00pa3oM 3aHUMAETCS IIOCT-
POCHHEM MOJIEIM KOMMYHHUKAIIMM U B3aUMOJICUCTBHUS POOOTOB. DTO SABISETCS €€
OCHOBHOM 1enbto. OHa mpeamnosiaraeT JalbHEHIIEEe pa3BUTHE MOHATHITHOTO
amnmapara, B T.4. JIJIsl OIMCaHUs XapaKTePUCTUK MaMsITH poOoTa.

[IpoBenenne mnapamieneid MEXAYy XapaKTEepUCTUKAMHU IaMsITH 4YEJIOBEKa M
po0oTa MOXKET JaTh HOBBIE WUJEU JIJISl MOCTPOCHUS MOJETHU KOMMYHHUKAIIUU MEX]Y
pobotamu. C Jpyroil CTOpPOHBI, HCIOIB30BAHUE HEKOTOPBIX XapaKTEPUCTHK
YeJIoBeKa JIJIsl BHIYMCIECHUS TICUXOJIOTMYECKUX TMOoKa3areseld podoTa, COMOCTaBUMBIX
C YEJIOBEYECKUMH, MOXET 0OOCHOBATh WJIM OMPOBEPTHYTH MPUMEHUMOCTH TEOPUHU
AMOIMOHAJIHBIX POOOTOB Il OMHCAHUS HEKOTOPBIX CTOPOH TMCUXUYECKOU
NeATEIbHOCTH YeJI0OBEeKa.

[lenb ganHOTO paszaena COCTOUT B TOM, YTOObI HAUTH MCUXOJOTHUYECKUM METO]T
JUISL omipejiesieHus: o0beMa KPaTKOBPEMEHHOW MaMATH YeJIOBEKa, aJalTUPOBATh €ro
JUIST HaxXoXKJeHusT Kodh@UIMeHTa KpaTKOBPEMEHHOW TMaMsITH YEJIOBEKa TaKUM
oOpa3oM, dYTOOBI €ro MOXXHO OBUIO HCIIOJIb30BaTh B KA4eCTBE HKBHUBAJICHTA
Kod(uImeHTa KpaTKOBPEMEHHOM MaMsITH poOoTa.

53.1. MATEMATHYECKASI UHTEPIIPETALISI
METO/IA JUKEKOBCA

OnuH U3 MCUXOJIOTHYECKUX METOJIOB ONpelesieHUus 00beMa KPaTKOBPEMEHHOM
namMsATH 4esioBeka siisiercss meto JxekoOca [24; 74; 77], ocHOBaHHBINH Ha 3aKOHE
Munnepa [32], cyTh KOTOpPOH B TOM, YTO EMKOCTh KPaTKOBPEMEHHOW IaMsTH
cocTaBisieT 7+2 o0ObeKTa.

Merton Jl>kekoOca 3akirouaercss B crienayromieM. s ompeneneHus KpaTKo-
BPEMEHHOW NaMsTH YEJI0BEKa IPOBOIATCS N CEpUU HUCHBbITAaHUU. B Kaxaou cepuu
UCIIBITYEMOMY TPEABSBISIIOTCA I MOCIeAOoBaTeIbHOCTEH LHU(p, HAuMWHAs C
MUHHMaJIBHOW JiHbl | 1 3akanumBas |+r-K—1, T.e. uMHa Kaxaoi oueperHOlM
nocjenoBareabHOCTH mUdp oTinMuaeTcss oT mpensiaynieid Ha K. B pamkax omHoii
CepUU HCTBITAaHUN B KaXXIOW MOCIEIOBATEIBHOCTH HE JOJDKHO OBITH MOBTOPSIO-
mmxcs nudp. B kadecTBe mpuMepa npuBeaeM CIEAYIOUIYIO MOCIeI0BATEIbHOCTD
udp oxHON cepuu ucnbitanuii ipu r =7, 1 =4, k = 1:
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5840; 46023; 254061; 7842369; 34086125; 5986231 /74; 4520761938.

Ha mpakTtuke mOCIEIOBATENbHOCTH MPEABSIBISAIOTCS  HCIBITYEMOMY C
uHTepBasioM | cek. Ilocne mpocMoTpa KaKI0M NOCIEN0BATENBHOCTH yepe3 2-3 CeK.
UCIIBITYEMbBIE BOCHPOU3BOJAT 3JEMEHTHI PsAAa B TOM K€ MNOPAIKE, B KaKOM OHH
npeabsaBisuiucb. OO0BbEM KpPAaTKOBPEMEHHOM TMaMSATH 4YEJIOBEKA OIpPEAEIIsIeTCs
cienyromei hopmynoi [74]:

C k

V=A+—+—, (53.1)
n 2

rae A — HauMeHbLIas JUIMHA MOCIEN0BATEIbHOCTH, KOTOPYIO UCIIBITYEMBIA BO BCEX
CepusAX BOCIPOM3BEIN MpaBUiIbHO, C — KOMUYECTBO MPABUIBHO BOCTIIPOU3BEIACHHBIX
MOCJeA0BaTEILHOCTEH, JJIMHA KOTOPBIX O0JbIIE, yeM A.

B ncuxonoruu CymecTByeT «IpaBWIIO, COTJIACHO KOTOPOMY OOBEM KpaTKO-
BPEMEHHOM MaMsATH HE 3aBHCHUT OT KOJIMYECTBa HWH(OpMAnuMu B OTIEIHLHOM
AJIIEMEHTE, a ONPEACIAECTCS MOCTOSIHHBIM YHUCIOM SYEEK MaMATH, KOTOPbIE MOTYT
ObITh Kak Ooratbl, Tak u OeaHbl wuHMOpMarmei» [42]. CremoBaTenbHO, IS
UCCJIEIOBaHMsI KPAaTKOBPEMEHHOM IMaMATH MOXHO HCIOJIb30BaTh OTHOCUTEIIbHBIE
uin Oe3pa3MepHble BEIUYMHBI, KOTOpbIE OyAyT CpaBHUMBI MpU 3allOMUHAHUH
pa3iauuHbIX 00beKTOB. [loaTOMY ciemaeM BBIBOJ, YTO LiE€IecOOOpa3HO MEPEUTH K
O0e3pa3MEepHbIM BEIMYMHAM UM U3MEPEHHIO KOI(PPUIMEHTa KPAaTKOBPEMEHHOU
uHpopManMOHHOW maMsiTH uyenoBeka A. Takodl KoO3(p(UUHEHT MOXKET ObITh
HCIIOJIB30BaH B KayecTBE KOA(P(UIIMEHTA KPATKOBPEMEHHOM MaMsiTh poboTa.

Jlns monydenus (GopMyibl BbUMCIeHHS Kod(dduimeHnta A BOCHOJIb3yeMcCs
aHAIUTHYECKOW (QopMysnoil oO0bemMa KpPAaTKOBPEMEHHOM MaMATH 1O METOLIY
JxexoOca [24].

U3 dpopmynsr (53.1) cnemyer, uro BenmuumHa V HE TMOAXOJUT B KA4eCTBE
KO3 puImeHTa KpaTKOBPEMEHHOM MaMITH YeJIOBEKa, T.K. 3HaYeHUs1 Ko3PuuueHTa
/. MOJDKHBI pUHAIexkath uatepBany (0,1 —J], rue o € (0;1), O =const, B To Bpems
KaK B 00ILEM CiTydae CIpaBelInBo HepaBencTso V > A>1>1,

s monydenuss kodh@UIMEHTa KPAaTKOBPEMEHHOM MaMaTh 4 HEOOXOAUMO
BBIMOJIHUTH HOPMHUPOBKY 3HAUEHHUSI 00beMa KPaTKOBPEMEHHOM MaMsATH yesoBeka V-

A= v _Vmin
=y (53.2)
max Y min

V pocTrraeT MUHAMyMa B TOM ClTydae, €CJIM TECTHPYEMBIN YeIOBEK He 3alIOMHHUI HU
oHOM mocnenoBaTenbHOCTH 1P, T.6. A =0, C = 0. Torna

0 k Kk
=0+—+—=—.

n 2 2

Jlns Haxoxaenust Mmakcumyma (ynkiun V (A, C) npeobpasyeM ee K QYHKIMH,
3aBUCSINEH TONBKO OT mapametpa A. KosimyecTBO mMmocienoBaTeibHOCTEH U,
MPEII0KEHHBIX HCIBITYEMOMY BO BCEX CepHsx, 0003HauuM I -N. MakcuMasbHas
JUTMHA TIOCJCIOBATEILHOCTH B K&KIOW CEpUU HCIBITAaHWS paBHA M, Te
m=1+(r-1)k. MuHUMAIBLHOE KOIMYECTBO MOCIENOBATENbHOCTEH h, KoTOpbIE

\Y

min

HCHBITyeMBIﬁ BOCIIPOHU3BCII IIPABUJIBHO CPEAN BCCX cepnﬁ HUCIIbITaHUA, UMCCT BH]
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h :L_I+1. KonmnuectBo  mocnegoBaTtesbHOCTENW,  KOTO-PbIE  HCHBITYEMBIN
BOCIPOM3BEIT HEMPaBMIBHO, I —h.

MakcumanbHOE€ KOJUYECTBO MPABHIBHO BOCHPOM3BEIEHHBIX IIOCIIEI0BA-
TEJIBHOCTEM, JJIMHA KOTOPBIX OoJiblIe YyeM A, BO BCEX CepUsX, OyleT BBIYUCIATHCA
o ¢popmyne C,,, = m—hn—(r—h). [ocie npeobpasoBanuii momydaem

1-n n-1

mox =~ A+ - | +(n—1)r-1).

Jst Haxoxmenust Vi, moxcrasum C.. B ¢yHkmuio V(A ,C). O6osnayas

C

V(A)=V(A,C,,, ), TOITy4uM COOTHOIEHNE

\7(A)=(1— n_1)A+ -1, (n—l)(r—1)+g.

nk nk n

OueBumHO, uTO V(A) ABIsAETCA JMHEHHOM (YHKIHEH OTHOCUTENBHO A, rie
Aec [I,m], Q:1_n_k1, P= n;1| +(n—1)(r—l)+l; Hccnenyem  pyHKIHIO
n n n

V(A) = Q- A+ P na makcumym.
OTMeTuM, 4TO COTJIaCHO MPAKTUYECKOMY CMBICTY 3a1aun n,r,l,k € N . Otcrona

Q>0 u P> 0. 310 o3Hauaer, 4yTo V(A) JIOCTUTAeT MakcuMyma B Touke M. PucyHok

53.1 unmoctpupyet rpadux GyHKIHH \7(A)

A

v

Puc. 53.1. Makcumym GyHKINHA \7(A)

OTMCTI/IM, 4TO COrJIaCHO IIOCTPOCHHMIO, CIIPpaBCIJIMBA NLCIIOYKAa PABCHCTB

V(m)=V(m)=V,_.,.
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u VB

dopmyiry (53.2), momydaeM Kod3(pPHIIMEHT KpaTKOBPEMEHHOW ITaMSTH YeJOBEKa,
KOTOPBIN MPHUMET BH/T

OcCHOBBIBasACh Ha IPOBEIECHHOM HCCIIEIOBaHUM, MOJACTaBUB V ;.

C
M (53.3)
A= .
_n-1 a1 (-1 -1)
(1 - j(l+(r 1) " d (0

Takum oOpazoM, KOIPPUIMEHT KPATKOBPEMEHHON MMaMATH 4YeJIOBEeKa
MOKAa3bIBACT, KAKYIO JIOTI0 WH(OPMAITMU YEJIOBEK CIIOCOOEH TOYHO BOCIPOU3-BECTH
MOCJIE €€ OJTHOKPATHOTO MPEIbSIBICHHUS.

B Tecopum »MomMOHANBHBEIX po0OOTOB [65] mpuBEeACHO MaTeMaTHYEeCKOe
onpenencHue kKodhpunreHTa KpaTKOBPEMEHHON TaMATH po00Ta, KOTOPHIN SBIISICTCS
Ge3pasMepHOl BenuuuHON. Dta BenmuuHa A e (01-5], tme §5=(01), &=const.
[Tostomy ko3pduiment (53.3) mo ¢opmaabHBIM MaTEeMaTHUYECKUM CBOMCTBaM
MOJKET OBITh HCIIOJIb30BaH B KauecTBe Kod((duIlMmeHTa KPaTKOBPEMEHHON MaMSTH
pobora.

53.2. UBSMEPEHUE KO®OPUIIUEHTOB KPATKOBPEMEHHOU
HAMATHU YEJIOBEKA C IOMOLIBIO
MMPOI'PAMMBI « CMEMORY »

JUiss  mpakTHUYecKOoro  OmpeAesieHus  Kod(p@puuueHTa KpaTKOBPEMEHHOU
3pUTENTBHONM W CIIyXOBOM MaMsTH 4YeJOoBeKa pa3paboTaH JE€MOHCTPALIMOHHBIN
npoToTull mporpamMmmel «CMemory», ucronb3yromuii Mmeton Jxexoobca.

53.2.1. Anroputm padoTsl nporpammbl «CMemory»

[lepen Tem, Kak TMPUBECTH aIropuT™M (GYHKIUOHUPOBAHMS MPOTPaMMBbI
«CMemory», 0603Ha41M HEKOTOPbIE TTepEMEHHBIE, KOTOPBIE OYIyT UCTOIB30BaHbI B
HEM:

— S, TEKyLIMA HOMEP CEPUU UCTIBITAHUM;

— S, MaKkCUMaJIbHOE KOJIMYECTBO CEPUI UCTIBITAHMUIA;

— |, Texyimas aIMHA CreHEPUPOBAHHOW MOCIICIOBATEIBHOCTH ITUQD;

— L, MakcuManpHas JyIMHa CTEHEPUPOBAHHOM MOCIIEIOBATEILHOCTH LUPP;
— td, Bpems (B CeKyHJIax) JIEMOHCTpAIMH OJHOW HHU(PBI (IS TECTH-
pOBaHUs BU3yaJIbHOM MaMsITH);

— tp, Bpemsi (B CeKyHAax) IMOCJIE JAEMOHCTpallMu IOJIb30BATENI0 BCEH
MOCJIEAOBATEIBHOCTH IMGP 10 MOSABIEHUS HKpaHa IJs BBOAA IOJb30-
BaTeJIEM ITOCJIEIOBATEIBHOCTH, KOTOPYIO OH 3aIIOMHHJ;

— 1S, Bpems (B CeKyHAax) MEXAy KOHLOM MNPEIbIAYLIE CepUn UCIIBITAHUI
Y Ha4aJioM CJIEAYIOIIEN CEPUU UCIIBITAHNUMN.
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Anroput™m paboThl MpOrpaMMbl BKJIIOYAET B ce0S aJrOpUTM OIpeesICHUs
Kod(uIMeHTa KPAaTKOBPEMEHHOW MaMATH YEJIOBEKa, a TakXKe HEKOTOpHIE JOMOJI-
HUTEJbHbIE (PYHKIIHH.

[Mar 1. CuuteiBaeM HaCTPOUKH U3 Xml-(aiinos.

[ar 2. IIpeniaraem mMoJIb30BATENIO 3aMOTHUTL AHKETY C TIOJISIMH TIOJI, BO3PACT
U 1p. (Ha OCHOBE HACTPOCUHBIX JaHHBIX U3 Xml-(aiinoB).

[llar 3. IlpemyiaraeM TOJIB30BATENIO BHIOpPaTh, KakOW BHA HaMATH (3pH-
TEJIbHBIM UK CIIYXOBOM) OyJIeT TECTUPOBATHCS.

[Iar 4. IlpucBauBaeM B S 3Ha4YCHHE 1.

[ar 5. IlpucBauBaeM B | 3HaucHHME MUHUMAIBHON [UIMHBI ITOCIIEIOBA-
TEJIBLHOCTH IIUPP, CYNTaAHHYIO U3 Xml-daiina.

[lar 6. I'enepupyeM MoCIeA0BATEILHOCTD CIYYaHBIX ITU(PP ATUHOH .
ar 7. IlpucBauBaem | 3HaucHwue 1.

[Iar 8. IlpeabsBiseM MOJIB30BATEIIO I-10 IUGPY W3 TEKYIICH IOCIIeI0Ba-
TEIBHOCTH B TedeHue td cekyHa WM BOCHPOM3BOIUM mp3-Gaii c
MIPOM3HOIIEHUEM COOTBETCTBYIOIIECH HHU(PHI (B 3aBUCHMOCTH OT THIIA
TECTUPYEMOU MaMSTH).

[Mlar 9. i=1+1.

[lar 10. Ecmm i ve npesbimaer |, To nepexoaum k Illar 8, nnave nepexoaum k
[ar 11.

[Iar 11. XXnxewm tp cexyH.

[lar 12. TlpenmaraeM MOJb30BaTEI0 BBECTH 3alIOMHEHHYIO IIOCJIEJIOBATEIIb-
HOCTB IIUD.

Mlar 13. I=1+1,

[lar 14. Ecnu | He npesbimaer L, To nepexoaum k Illar 6, nHaue nepexoaum K
[Iar 15.

[Mlar 15. s=s+1.

[ar 16. Ecnu S He npeBbIiiaer S, To nepexoaum K Llar 17, nnadye nepexoaum kK
[ar 18.

[lar 17. XXnewm ts cexyna. [lepexoaum y Ilar 5.

[ar 18. OnpenensieM ciaeayromue MOKa3aTeN:

a. A — HauOonpInas JJIMHA TIOCJIEIOBATEILHOCTH, KOTOPYIO
MI0JIb30BaTENh BOCITPOU3BEN MIPABHIBHO.

b.C — konmM4yecTBO MPAaBHIBHO BOCHPOM3BEAEHHBIX MOJH30BATEICM
MOCJIEIOBATEIBHOCTEN, JUTMHA KOTOPBIX O0JbIle, yeMm A,

. OnpenensieM 00beM KpaTKOBpeMEHHOM namsTH 1o opmyiie (53.1).

d. Onpenensiem k03D HUITUEHT KPATKOBPEMEHHOHN MaMSITH Y€JIOBEKa I10
dopmyie (53.3).
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[Iar 19. CoxpansieM pe3y/ibTaThl TECTUPOBAHUS B BRIXOAHON XMI-aii.

[ar 20. ABTOMaTHYEeCKH OTHpABIsIEeM  pE3yJibTaTbl TECTUPOBAHUS  Ha
ANIEKTPOHHYIO  TOYTY IS TPOBEACHUS  HUCCIENOBAaHUS, €CIHU
KOMITBIOTEp TOJAKIIOYeH K ceTh HHTepHeT W moJjib30BaTellb JaeT
COrjacue Ha OTIIPaBKY Pe3yJIbTATOB.

53.2.2. ApxurekTtypa nporpammbl «CMemory»

Pucynok 53.2 wurocTpupyeT apxXUTEKTypy pa3paOOTaHHON NporpamMmbl
onpezaeneHuss KodppuuueHTa KpaTKOBPEMEHHOW 3pUTEIbHOW U CIyXOBOW MaMSTU
«CMemory». Ha pucyHke noka3aHsl Iaru ajaropurMa padoTsl nporpammsel. CTpenku
0003HAYaIOT Nepeavy JaHHBIX OT OJJHOrO 0JIOKa MPOrpaMMBbI K IPYyroMy.

bnok urenms HacTpoek uwmraer XMl-daliner ¢ HacTpoiikm s
MICUXOJIOTUYECKOT0 TECTa KPAaTKOBPEMEHHOW MamsTH J[ekoOca M TeKcTaMu ISt
aHKEThl MoJsib3oBaTeNsl. HacTpolKM NMCUXOJOTHMYECKOro TecTa mepenarorcs B Biok
VOPABJICHUS] TECTUPOBAHUEM, TEKCTbl AHKEThl — B OJOK aHKETUPOBAHUS
COOTBETCTBEHHO.

biiok aHKeTUpOBaHUS Yepe3 MOJIb30BATENbCKUN HHTEP(ENC Tpeaaract
II0JIB30BATEIIO 3aII0OJIHUTh AHKETY U COXPaHSAET OTBETHI.

biiok ymnpaBiieHHs TECTUPOBAaHMEM 3alyCKaeT MPOLECC TECTHUPOBAaHUSA C
napamMeTpaMH, KOTOpBIC OIpEIeNiCHbl Ha OCHOBE HacTpoewyHoro Xml-daima. B
Ipolecce TECTHUPOBaHUS TE€HepaTop LU(p CO3JaeT  MOCIEI0BATEIbHOCTH
ciydaiiabix 1udp. Busyanuzatop mudp Ha OCHOBE MapaMETPOB, ONPEIEICHHBIX B
xml-aiine, 1 mocaeaoBaTeabHOCTEH UGP U3 reHepaTopa U300pakaeT CUMBOJIBI Ha
MOHUTOPE.

Ecnun monb3oBaTens BbIOpaJl TECTUPOBAHHME KPATKOBPEMEHHOM CIIyXOBOM
naMsaTH, To u3o0paxenre Hu@p He mosBisieTcss Ha 3kpane. [IpeoOpazoBarens HUdp
B 3BYK BBIOMpAET COOTBETCTBYIONIUH 3apaHee 3amicaHHblii MP3-¢aiin ¢ ToI0COBBIM
BOCHIpoM3BeeHNEM 1Pl W 3amyckaeT MpP3-mpourpeiBaTens. [lomb3oBarens
CJBILIUT 3BYK Y€pe3 AMHAMUK KOJOHOK WJIM HAYIIHUKU.
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» biok
biok uTeHust HacTpoek
y AQHKETUPOBAHMS
o
A
< I\
IToab30BaTeIbLCKUH ™~
uHTepheiic 1
p .
O0pabOTYHUK OTBETOB : >
:-:IEI:-: p biok YIIpaBJICHUS reHepaTop
HOHBEI0BATCIA TECTHPOBAHHEM mdp
[H_Iar 3-5,7,9-1 1,13-17]

v

Y

Brsyamsatop madp brnok o6paboTk
pe3ynsTaToB | [Ilar 18
TECTHPOBAHUS
(( <+ IIpeobdpaszosarens uugp N ¥
B 3BYK 4 [ar 19-20
OtnpaBurens
pe3yJIbTaToB

Puc. 53.2. Apxutexrypa nporpammsl «CMemory»

ITocne tectupoBaHusi 00K OOpabOTKU PE3yJIHTATOB TECTHUPOBAHUS OIpese-
JAE€T TICUXOJIOTMYECKUE XAPAKTEPUCTUKH, oTpaxeHHble B I[llare 18 amropurma, a
TaKke KodPOUIIMEHT KPaTKOBPEMEHHOM IMaMsITH 4YelioBEeKa, BBEJCHHBIM B JaHHOU
pabore.

Ecnu xoMnbroTep noAkitoueH K ceTu MIHTepHET, OTpaBUTENL pe3yJIbTaTOB Ha
OCHOBE JaHHBIX, MMOJYUYECHHBIX B pE3yJIbTaTe aHKETUPOBAHUS U IMCHUXOJIOTHYECKOTO
TecTupoBaHus, GopmMupyer smt-haiiyi ¥ OTHPABISIET €ro Ha AJICKTPOHHYIO MOYTY
uccinenoBareneid. JlanHas omnepauusi TMPOU3BOAUTCS TOJIBKO TPU  COIJIaCUU
MIOJI30BATEIIS.

Pucynok 53.3 uzo0Opaxaer MOJieb JaHHBIX MPOrpaMMBbl Ha JuarpaMmMe KJiaccoB
B HoTamu UML-auarpamm.
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Psy Settings MP3Player Sequence
-n -comand -len
-k -isOpen -curdigit
-minlen " +digits[]
-maxlen :DFEH—.?”d—pla'-"'-] -rand
time_bt_digits closel -s_right
-time_bt_seq :
4ime bt seria +Sequence|_||_3n_]l
font Boid +get_next_digit()
font italic +get_next_sequernce()
font_underline :Checkrepeatl_]_
font_size Test seq_compare()
-font_name datetime
+psysettings() -a
+def_init() -C
+def_err() -psesets . 1
-MEem_coe
I -cursessionnum
Settings Mem System -curnsegnum
e -curseqlen .
Hlogin_texts(] .giﬁggtdse fileresultname Seria
-sex_texts[] -modality -modality -rlen
-age_texts[] +rand - -
-education_texts|] +begin_test() +test(psysets, modality) -psysets
-academic_degree_texts[] +save_user_datal) +ore 'gre} results( Y +1.n +serialosvset
e +check_seq)) +F3' IP B f']] seria(psysets, 1)
+::|I]elfl - +check_password() +c:tcgrenr|ieergl__coe { +get_sequence()
_init() +sendmail{) +Set_next équ.]
| +representsequence()
+check_seq()
User +digitout()
-lagin +paint_digit()
-password +clear_digit{)
-SBX +say_digit()
-age +close_digit{)
-education
-academic_degree
-selfmark
-psysets
-maodality
-short_mem_coeff
-long_mem_coeff
+user()

Puc. 53.3. Jluarpamma kiaccoB nporpammer «CMemory»

53.2.3. OcHOBHBIE BO3MO:KHOCTH nporpammsbl «CMemory»

[Iporpamma «CMemory» njsi ompeneneHus 3pUTENbHOW M CIYXOBOM Kpart-
KOBPEMEHHON MaMsITH peajlu30BaHa Ha s3blke mNporpammupoBanus C# B cpene
paspaborku Visual Studio 2008. Moxer ObITh 3amyllieHa Ha TMEPCOHATBHOM KOM-
neroTepe kinacca IBM/PC ¢ onepanmonnoit cucremoir Windows XP u Beimie. O6bem
nporpammel 60 K6 (exe-¢aiin). IlporpaMMHOe pelieHrne pacipoCTpaHseTcss C
HeoOxoauMbiMu Oubrotekamu .dll, mp3-gdaiinamu, HacrpoeunbiMu Xml-daiinamu.
O6meM Bcero nporpamMmmHoro pemieHus 30,4 MO.

OcHOBHBIMU (YHKITUSIMHU TIPOTPAMMBI SIBIISTIOTCS:

1. TectupoBaHre KpPAaTKOBPEMEHHOW 3PUTENBHOM U CIyXOBOW MaMATH
M0JIb30BATENsI HA OCHOBE MCUXOJIOTHUEcKOoro metoaa Jxexobca;

2.0mnpenenenre kKodHPUIMeHTa KPATKOBPEMEHHON 3pUTEIHHOM U CITyXOBOMH
MaMsTH TO0JIb30BATES.

BcmomoratetbHBIMU (DYHKITUSMHU SIBJISIFOTCSI:
1.AHKeTHpOBaHUE TIOJIB30BATENSI ISl CO3/IaHUS €r0 0000IMIEHHOTO MOPTpeTa
C TIEJIBIO TIOCIICAYIOMIETO aHanm3a M 0000MmeHns nH(pOpMaIUu UCCIIeN0-
BaTeIISIMM,
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2.B0O3MOXXHOCTh HACTPOMKHM TEKCTOB AHKEThl W IapaMeTpPoOB IICHUXOJIO-
THYECKOT0 TECTHPOBaHMS uepe3 Xml-daitibr;

3.IIpoBepka Hamu4us, KaueCTBa W TPOMKOCTH 3BYKa TEpe]l TECTUPOBAHUEM
CIIyXOBOM KPAaTKOBPEMEHHOW MaMSITH:

4.0TnpaBKa JaHHBIX AHKETHUPOBAHUSI W TECTHUPOBAHUS IOJb30BATENs Ha
AJIEKTPOHHYIO TOYTY UCCIEA0OBATENEH MPU HAIMYUU TOAKIIOUEHUS K CETH
HNHTepHeT u coriacus Mojab30BaTeNs Ha OTIPABKY PE3yJIbTaTOB.

[=] psysettings =ml 3
<?2xml version="1.0" encoding="utf-8" 2>
Hl<settings>
<n>4</n>
<k>1</k>
<minlen>4</minlen>
<maxlen>10</maxlen>
<m>digit</m>
<td>1</td>
<tp>2</tp>
<t5>360</ts>
<b>false</b>
<i>false</i>
<ux>false</u>
<font size>76</font size>
<font name>Tahoma</font name:>
<volce directory>m</voice directory>
-</settings>

L

S [ e T i Y SO S T %

bt b e b et
o L T Y =S T B % B e e O e B

'}
=

Puc. 53.4./leMoHCTpupanus HACTPOMKH MAPAMETPOB IMCHUXOJOTMYECKOr0 TecTa
nporpamMmbl «CMemory», koTopsie BeIHECEHBI B XMI-aii.

[=] psysettings xml E3 l
<?xml version="1.0" encoding="utf-8" 2>
H<settings>
<n>4</n>
<k»1</k>
<minlen>4</minlen>
<maxlen>10</maxlen>
<m>digit</m>
<tds>1l</td>
<tp>2</tp>
10 <ts>360</ts>
<b>false</b>
<i>false</i>
<urfalse</u>
<font size>76</font size>
<font name>Tahoma</font name>
<voice directory>»m</voice directory>
17 L« /settings>

o [ AT 3 Y R R

5o oo

I
S LT BT - TR R

Puc. 53.5. Hactpoiiku 1151 ICUXO0JIOTMYECKOTO TECTa
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B ¢aiine psysettings.xml 3agarorcs ciieayromye HaCTPONKH:
— N, KOJIMYECTBO CEPUN UCTIBITAHUM;
— Kk, moka3zaTens yBenuueHUsI JUIMHBI TTOCIIEIOBATEILHOCTH;
— minlen, MuHrManBHAas JIMHA [TOCIIEI0BATEILHOCTH;
— maxlen, makcumalnpHas UTHHA TIOCIEI0BATEIFHOCTH;
— M, TUII CHMBOJIOB (Ha JaHHBI MOMEHT PEaTu30BaHbl TOJIBKO IUPHI);
— td, Bpems (B CeKyHJIax) JCMOHCTPAlMA OJHOTO CHUMBOJIa  (JIJIst
TECTUPOBAHUS BU3YaJIbHOMN MaMSTH);
— tp, Bpems (B ceKyHJax) IIOClie JEMOHCTpAallMu I0Jb30BATENI0 BCEl
MOCJIEIOBATEILHOCTY CHMBOJIOB /IO TOSIBICHUS OJKpaHa Uil BBOJAA
M0JIb30BATEJIEM 3aIIOMHEHHOM MOCIIE0BATENbHOCTH;
— S, BpeMs (B CEKyHJ1aX) MKy KOHIIOM MPEbIAYIIeH CepUu UCTIBITAaHUHN U
HA4yaJIOM CJIEYIOLIEH CEPUU UCTIBITAHUM;
— b, nonyxupHbIii THIT IPUQTA I BBIBOAA CUMBOJIA HA DKPaH;
— 1, KypcHBHBII THT mpudTa A5 BBIBO/Ia CUMBOJIA HA dKPaH;
— U, NOJYEPKHYTHIM TUN MpUdTa sl BBIBOJIA CUMBOJIA Ha 3KPaH;
— font_size, pa3mep mpudTa 11 BEIBOJA CUMBOJIA HA YKPaH;
— font_name, Ha3Banue mpudTa 1 BEIBOAA CUMBOJIA HA DKPaH;
— voice_directory, Ha3Banue mankd ¢ MpP3-daiaMd C  TOJIOCOBBIM
BOCITPOU3BEAEHUEM LU(DpP: M — MY>KCKOH To0¢, W — JKEHCKHUH ToJ10C.

[Tanka ¢ Mp3-daiinamu, KOTOpBIE COAEPKAT TOJOCOBOE BOCIPOM3BEICHHE
nudp My>KCKUM U KEHCKHUM TOJIOCOM, BKIFOYEHBI B MPOTPAMMHOE PEILIEHUE.

Taxxe B mporpamme «CMemory» MOXHO HACTPOUTH TEKCTHI AJIsi BOIIPOCOB U
OTBETOB AHKETHI. J[J1s1 U3MEHEHHS TEKCTOB HE HY’KHO M3MEHATh NIPOTPAMMHBIA KO U
MEPEKOMIIMIIUPOBATh MPOTrPaMMy, MOXKHO H3MEHHTh TeKCT B Xml-daiine wim
100aBUTh, U3BMEHUTD, YAAJIUTH BApUAHThl OTBETOB. PucyHok 53.6 n3o0paxaer yacTh
daitna settings.xml, B KOTOpoM 3a1al0TCSI TEKCThI HA PYCCKOM U aHTJIMCKHX SI3bIKaX.
EcTb  BO3MOXXHOCTb  pacHIMpsATh  KOJIMYECTBO  SI3bIKOB  IporpaMMbl  0e3
MEPEKOMITWISLIUA TIPOTPAMMBI.
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[ settings xml E1 |
% B <sex>
10 <s5ex0 lang="ru">&lt /BuGepure noms&qgt;</sex0l>
1 <sexl lang="ru">Myxckoi</sexl>

<s5ex2 lang="ru">KeHCKMI</Sex2>

<s5ex0 lang="en">&lt Choose sex&gt; </sexl>
<sexl lang="en">Male</sexl>
<sex2 lang="en">Female</sex2>
- </sex>
18 H <age>
19 <agel lang="ru">&lt /BubepuTe BOSpacTigt;</agel>
20 <agel lang="ru">go 7 meT</agel>
21 <age? lang="ru">7-17</age2>
22 <age3 lang="ru">18-24</age3>
23 <aged lang="ru">25-30</aged>
24 <age5 lang="ru">31-40</age5>
25 <age6 lang="ru">41-50</ageé>
26 <age7 lang="ru">51-70</agel>
27 <aged lang="ru">71-90</aged>
28 <age9 lang="ru">cTapme 90 meT</age9:>
-
30 <agel lang="en">&lt Choose ageigt; </agel>

e

31 <agel lang="en">up to 7 years</agel>

o

32 <age? lang="en">7-17</age2>

29

33 <aged lang="en">18-24</agel>

;
=] Oh WNod L B

Puc. 53.6. TekcTsl Id aHKETHI

JIJist mosTydeHusl Ka4eCTBEHHBIX Pe3yJbTaTOB TECTUPOBAHUS KPATKOBPEMEHHOM
namatu «CMemory» He MOXET MOJIHOCThIO UCKITIOUUTh UCCIE0BATEINsI U3 Mpollecca
TecTUpoBaHUs. B nmaHHOM ciy4yae uccienoBarenh CTAHOBUTCS HaOIIofaTelieM 3a
XOJIOM TECTUPOBAHMS, 3a YHUCTOTOM OKCIEPUMEHTA, MPEAYyNpexXaas TMOMbITKH
PECTIOH/ICHTOB «OOMAaHYTh» MPOTPAMMY.

Tem ©He menee, mporpamma «CMemory» mo3BOISET KAYECTBEHHO ONTHUMHU-
3UPOBATh MPOIIECC UCCIICTOBAHMS U B3aUMOJICHCTBHS C PECTIOHCHTAMH.

[IpumeHeHre porpaMMbl HCKITIOYACT CYOBEKTHBHBIA (PAKTOP TECTUPYOIIETO
BO BpeMs TPOBEACHHS DKCIIEPUMEHTA «BPYYHYIO», CHIDKACT PUCK OIIMOKH TIPH
MojicyeTax pe3ysbTaToOB, M30aBISET HCCIENOBATEN OT PYTUHHOM palboThl cOopa
nH(}OpMAITUH, OTIIPABJIASA PE3YJIBTAThl TECTOB HA SJICKTPOHHYIO MOYTY.

«CMemory» mpemnocTaBiseT pe3ybTaThl aHKETHUPOBAHUS M TICHXOJIOTHYECKOTO
TECTUPOBAHUS €AUHOOOpa3HO, B OTKphITOM XMI-popmare, KOTOpBI MOXKET B
ABTOMATU3UPOBAHHOM PEKHUME MTPOAHAIM3UPOBAH CTOPOHHEH MTPOTPaMMOi.

53.2.4. llpunumnsl pyHKIHOHMPOBaHMA porpammel «CMemory»

[Tporpamma mpeaHa3HadeHa sl paboThl B omeparronHoi cucteme Windows
BBUJy TOTO, 4TO Hcmoiib3yer oudmuoreku Al ams pabotel ¢ Windows-o0bekTamy.
[To sTo¥ mpUuMHE MporpamMma He paboTaeT B JPYTrUX ONEPAIMOHHBIX CHCTEMaxX Ha
KOMIIBIOTEPE U HA MOOMIIBHBIX YCTPONCTBAX.

Kak ObIIO oOmMcaHO BHINIE, MPOTPAMMHOE PEIICHHE PACHPOCTPAHSIETCS C
HeoOxomumbiMu Oubrotekamu .dll, mp3-gaitnamu, HactpoeunbiMu Xml-daiinamu,
MOJTOMY IIOJIHOE PEIIEHHEe MOXKET OBITh 3aITyIlleHO Ha KOMIIbIOTepe 0e3 YyCTaHOBKU
(MHCTAUIAMKA) W HE HYKIAeTCs B HAJIMYMU cpeapl nporpammupoBanus Visual
Studio (irro6oit Bepcun) u ee OUOITHOTEK.
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OtcyrctBue mp3-(haiiioB, KOTOpbIE COAEpPKAaT TOJIOCOBOE BOCIPOU3BEICHUE
mupp MYXKCKUM M JKEHCKUM TOJOCOM, HE SBJSETCS KPUTUYHBIM I OOIei
paboTtocrocobHOCcTH TporpamMmbl. OJHAKO TECTUPOBAHUE CIYXOBOW KpaTKOBpeE-
MEHHOM MaMsATH YeJIOBEKa B ATOM CiIydae Oy/ieT HEBO3MOXKHO. TeM He MeHee, B 3TOM
Clly4ae IOCTYITHO TECTUPOBAHUE 3PUTEIBHON KPaTKOBPEMEHHOM aMATH YEJIOBEKa.

BreixonHoit Smt-gaitn momywaercss 3a cderT TexHoJorum XMl-cepuanmszanum
nporpaMMHBIX KkimaccoB User um  PsySettings, o0o03HaueHHBIX Ha pPHCYHKE.
Pacmpenue aitma sSmt oOpazoBaHo OT cokparmeHuss Short memory test (tect
KpaTKOBPEMEHHOU NaMsITH).

HccnenoBarenb MMEET BO3MOXKHOCTh YKa3aTh B MpOrpaMMe€ 3JIEKTPOHHBIN
aZipec, Ha KOTOPBIM OH XOTel OBl MOTy4YaTh Qailiibl ¢ pe3yabTaTaMu 3KCIIEPUMEHTOB.
Jlia nepenaun Smt-paiisia Ha 3JIEKTPOHHYIO TOUYTY HCIIOJIb3YETCS HU3KOYPOBHEBBIM
nporokon SMTP. [Ins ocymiectBieHuss 5Tod  (yHKIMKA ObUT BbIOpAH XOCT
smtp.gmail.com.

Ha pucynke 53.7 uzoOpaxkeHa yacThb BbIXOJHOro SMt-chaiina. JlaHHas yacThb
(aiina conepKUT OTBETHI MOJIB30BATENS HA aHKETy. CHHMMHU TOYKaMH 00OO3HAYEHBI
BUJl TECTUPYEMOW MaMsiITH (3pUTENbHbIA) M KOA(POUIMEHT KpPaTKOBPEMEHHOM
3pUTETBHON MaMsITH, KOTOPBIN ObLI MOIYYEH B PE3yJIbTaTe€ TECTUPOBAHUS.

(%]

EciSOAP—ENV: Body>

F<al:User id="ref-1" xmlns:al="

http://schemas . microsoft.com/clr/nsassen/CMemory/CMemory%2C%20Version
4 < login xsi:null="1"/>

< password xsi:null="1"/>
< sex ild="ref-3">Mywckoi</ sex>
<_age id="ref-4">25-30</ age>
8 < education id="ref-5">Bucmee (mMarmcTp)</ education>
9 < _academic degree id="ref-6">HeT yueHoNM cTememm</ academic degree>
1.0 < selfmark>0.5</ selfmark>
11 < _psysets href="§ref-7"/>
12 < modality>visual</ modality>
12@ | < short mem coeff>0.7</ short mem coeff>
14 |</al:User>

Puc. 53.7. Pesynbrar TectupoBanus B Smt-paitne

53.2.5. BusyaubHblii naTepdeiic nporpammsl «CMemory»

[Ipu 3amycke mporpaMmbl MOJIb30BATEN0 MPEIIATaeTCs 3all0JHUTHh AHKETHBIE
naHHble. OH MOXET B T.4. HA CBO€ YCMOTPEHUE OLIEHUTh CBOK MaMATh OO Hadaja
TecTUpOBaHUsA. PUCYHOK 53.8 n1eMOHCTpHUpYET DKpaH 3all0OJTHEHUS AaHKETHI.
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-
ol Ankera ﬁ

Mon Mycrol -
Bospact 2530 -
O6pasosaHie Boicwes (MarvcTo) -
YueHan cTenert  Hat yueHol cTensHM -

KaK Bbl OLEHWBAETE BALLY NEMATE #

OrcyteteyeT HopmaneHan WoeaneHar

I

[omes ] (o |

Puc. 53.8. 3anonHeHne aHKETHI B IporpaMmme

Pucynox 53.9 wimoctpupyer sKpaH BbIOOpa TUMa (MOJATBHOCTH) TECTUPYEMOM
MaMsITH.

. iy
o5 BapwaHTel TECTMPOEAHWA Iﬁ

BrifepuTe BMA MEMATM ANA TECTMPOEAHWMA

(7} BusyanoHaA NaMATL

(71 Cnyxosaf naMaTs

Puc. 53.9. Dxpan BrIOOpa MOTATIBHOCTU MAMSITH

Pucynok 53.10 uzoOpaxkaeT sKpaH MNPOBEPKU 3BYyKa Mepell TECTUPOBAHUEM
CIIyXOBOM MaMSITH.

-l Mpoeepka seyka ﬁ

HaneHsTe HaywHWKNM unK BknounTe KonoHkw. Mocne
HaxaTWA Ha kHonky "lduHaMuk” GyneT urpate
MEnoOMA, CNOMOWEK KoTopoM Bl MOXeTe HECTPOWTE
KOMcpOPTHLIA YPOEEHE TPOMKOCTM.

)| [ | [mamer | [ Bwen ]

Puc. 53.10. Dxpan npoBepku 3ByKa

Jlanee ToNb30BaTElIb HMEET BO3MOKHOCTh O3HAKOMHUTBCA C HHCTPYKIMEMH,
IIPUBEICHHON B mporpamMe. B 3aBHCMMOCTH OT MOJANbHOCTH MNaMATH UHCTPYKLIHH
paszubie. Pucynok 53.11 geMoHCTpupyeT 3KpaH C MHCTPYKUUEH IJis TECTUPOBAHUS
3pPUTEIBLHON MAMATH.
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ol MHcTpykuma @
I'IDpﬂJ:LDI{ NpPOXOX OeHWA TeCTUPOBaHWA

InA onpeneneHnA KpaTKOEPEMEHHOA BU3YankHOM NaMATY YENDEEKE NPOBOAMTCA
4 cepum MCTLITaHWEA.

B kaxnoi cepun Ha 3KpaHe NOABNAKTCA UMgPLL KoTopble BaMm HeoGxoonMo
2anoMHUTE.

Mocne sToro 6yAeT NPeANOXeHo BEECTH LWL, KoTopsle Bel 2anoMHmn.
MopAOok Uydpp BaxxeH. BEOOWTE Lndpel HEOEX0AMMO NOAPAA 682 NPOGENOE.

OBpaTuTe BHYMaHWE, UTO TONLKD NOCTE NPOXOXOEHWA BCeX cepui Bul nonyunte
Baw Ko3phHLMEHT KPpaTKOEPEMEHHOR EM3YansHOM NaMATH.

‘ < Hasag H Oanee = H Bemog, ‘

|

Puc. 53.11. Dkpan ¢ HHCTpyKIKEH

ITocne 3TOro UCHBITYEMBI HAYMHAET TECTUPOBAHUE, B IIPOLIECCE KOTOPOTO HA DKPAHE
MOHUTOpA MOSABISAIOTCS HU(PPBI. ITU HUPPBI UCIBITYEMOMY HEOOXOIUMO 3alIOMHHTb.
Pucynok 53.12 wnmrocTpupyeT X0 TECTUPOBAHUS MTOJIb30BATEIIA.

-
o5 Tecr Pg

4

Puc. 53.12. TectupoBanue. BoiBox nzodpaxenus mudp

JIist mosydeHusi PENpe3eHTATUBHOW TOCIEAOBATEIbHOCTH LUdp s Tec-
TUPOBAHUS UCIIOJIB3YETCS TEHEpaTop CIydalHbIX yucen u3 auanazoHa ot 0 mo 9.
[TocnenoBarensHOCTH U(P BHIBOAITCS Ha dKpaH. Kaxaas mocienoBaTebHOCTh HE
coiep>kUT nopTopsromuxcs mudp. Ilociae Toro kak cucrema BhIBEJET HA DKPaH BCE
u@phl  MOCIEI0BATEILHOCTH, MOJIb30BATEN0 MpEAjaraeTcsi BBECTH Te LHQPHI,
KOTOpbIE OH 3anoMHMII. PucyHok 53.13 mokasbiBaeT 3kpaH BBojAa LUp.
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[ ol Oteer ld_:hy
Beem Te wappel nogpas, Ges npobenos
5684
l Hanee = ] l 2aKOHIMTE ]
—————

54. ACCJAEJOBAHUE 3ABUCUMOCTU OTHOCUTEJBbHOM
BOCITPUMMYNBOCTHU POBOTA K HAKOIIVIEHHUTIO
UH®OPMAILIUUA OT KPATKOBPEMEHHOM
U JIOJTOBPEMEHHOUW MAMSITU

Lenpio wuccienoBaHus craja BepuHKanus B3aUMOCBI3U KO3(P(PUIMEHTOB
KPaTKOBPEMEHHOW HH()OpPMAIMOHHOW MaMsATH A ¥ KO3(DPHUIMEHTOB TOJTOBpE-
MEHHOM WH(OPMAIIMOHHOW MaMSITH A['], a TaKXX€ OTHOCUTEJIbHOM BOCHPUUM-
YUBOCTH pOOOTa K HAKOIIEHUIO HHPOpMALIUK f3 .

Jma mpoBeneHHUs HCCIEIOBAaHWM MAaTEMaTHYECKOM MOJIEIM BOCTOJIb3YyEMCS
dbopmyoit

B A
P A
1-A" -

Jlns  mpoBeleHUsT  TCUXOJIOTMYECKUX  HCCICNOBaHMM W Bepudukaiuu
MaTeMaTU4eCKOM Mojenu OyJeM CUMTaTh, YTO KPAaTKOBPEMEHHas JOJrOBpEeMEHHas
nHpopMaliMoHHass  TaMsiITh  poOOTa  SKBUBAJICHTHA  KPAaTKOBPEMEHHOW U
JIOJITOBPEMEHHOM MaMsITH YeIOBeKa.

Jlns TepMHHA TEOPUM ASMOIMOHAIBHBIX POOOTOB «OTHOCUTEIbHAS BOCIPH-
MMUYHUBOCTh POOOTa K HaKOIUICHHI0 HHGoOpManuu» B HET NpsIMOro aHajora B

MICUXOJIOTUHU.
OnHako COBETCKHM, POCCUHWCKUN W €BPONEHUCKUN TCHUXOJIOT, JTOKTOp ICHUXO-
Jornyeckux Hayk b.M. BennukoBCKkui [1€J1a€T aKIEHT HAa TOM, YTO BHHUMAaHHE M
NEpPBUYHAS [KPAaTKOBPEMEHHAsA| MaMATh B COBPEMEHHOW HAYKE IMOHMMAKOTCA Kak
eAUHBIA PYHKIIMOHAIBHBIA MEXaHU3M, KOTOPBIN BBIMOIHSAET OypepHble PYHKIIUU 1O
OTHOIIICHHIO K Pa3HOYPOBHEBBIM IIPOAYKTaM KOTHUTHBHOM 00paboTku [11].
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OcHoBbIBasich Ha 3ToM yTBepkaeHun b.M. Bemuukosckoro [11], Oynem
CUMTaTh, YTO OTHOCUTEIbHAs BOCIPHUUMYMBOCTH POOOTAa K HAKOIJICHHIO HH()O-
pMaluy SKBUBAJICHTHA BHUMAHUIO YEIOBEKA.

Lenpro mpoBeneHus: Bepu(UKAIUU SBISETCA OINpPENEIEHUE TOr0, HACKOJBKO
OTJIMYAETCs OTHOCHUTEIbHAs BOCHPHUUMYUBOCTH POOOTa K HAKOIJICHUIO HHQOP-
Maluu f,, BBIYMCIECHHAs HAa OCHOBE AMIHUPUYECKU MOIYyUYEHHBIX KO3((OUIIMEHTOB

KPAaTKOBPEMEHHON A W JIOJTOBPEMEHHOM A TaMATH 4YesOBEKa, OT AMIIUPHUYECKOU
OTHOCHTENbHOM BOCHIPUMMYHMBOCTH POOOTa K HAKOIUICHMIO HHpopmauun [,

MOJIYYEHHON HAa OCHOBE TECTUPOBAHUS BHUMAHUS YeJIOBEKa.

JIist mpoBelleHUsI UCCIEIOBaHUM HEOO0XOJUMO OMNpPENeIUuTh Ha0Op IMCHXO0JIO-
TMYECKUX TECTOB OIpeleseHus] o0beMa KPaTKOBPEMEHHOW W JIO0JITOBPEMEHHOM
MaMsITH Y€JIOBEKa, a TAK)KE er0 BHUMAHMA.

Heo0OxoaumMo ydecTh, YTO TICHUXOJOTH BBIICISIIOT pPa3HbIE BHUABI MAMITH U
BHUMAaHMUS.

Hampumep, B 3aBUCHMOCTH OT MOAAIBHOCTH TMAMSTH (KaHAJIOB BOCIIPHSTHS)
[36, 39, 40, 83] BeImensIOT:

1) 3putenbHyto (BU3yaabHYIO) TAMSTh;

2) CnyxoBylo (ayIHaIbHYIO) TaMSTh;

3) TakTWIbHYIO (KHHECTETUYCCKYIO) TAMSTh;
4) wu ap.

[Icuxonorn OMUCHIBAIOT HECKOJHKO BUJOB BHUMAaHHUS TaKHe Kak, pacrpese-
JIeHWE BHUMAaHUA, KOHIIEHTpAIUsl BHUMAaHHUS, YCTOWYMBOCTh BHUMaHuA u 1ip. [3; 10;
44; 74 — 76; 82; 96; 105; 119].

[lcuxonoruueckue ucciaeqoBaHus ObUIH MPOBEICHBI IPU COBMECTHOM padoTe C
sKcriepraMu Kadeapsl o0mel u KIMHUYecKor ncuxonoruu [lepmckoro rocynapcr-
BEHHOIO HAIIMOHAJILHOTO  HCCIIEOBATEIbCKOTO  yHUBepcuTeTa. Tabmuia 54.1
COJICP’KUT METOJMKH, KOTOPbIE OBLIM MPEUIOKEHBI dKCIIepTaMH Il BepuUKaIuu
MAaTEMATUYECKON MOJEIH.

Tabauna 54.1
[lcuxomornueckre METOIUKH MPOBEACHHOTO MCCIICIOBAHMS

Hccnenyemble XapakTEpUCTUKH YeJIOBEKa [Icuxonoruyecku METOAUKHU
OnocpenoBanHas 3putenbHas namsaTh | «lIukrorpamma
KparkoBpemenHas
OO6pazHas 3puTenbHast MaMsATh «Y3HaBaHue Guryp»
U JI0JITOBpEMEHHAs 10 (
« CIIOB» METOIUKA
NaMATh CnyxoBas namsTh a
A.P. Jlypus)
Pacnipenenenne BHUMaHuA «PaccranoBka yncen»
Baumanue
KonuenTpanus BHUMaHuUs «[lepenyranHble TUHUI

B mpwiokeHnn | W TpWIOKEHWH 2 ONMHUCAH TMOPSIOK TPOBEIACHHS BCEX
MICUXOJIOTHYECKUX METOJMK, UCIIOJIb30BAHHBIX B MCCIICOBaHUU. B JTaHHOM pasiene
NPHUBEACHB  (QOPMYJBI  JUISI  BBIYUCIICHUS HEOOXOIUMBIX  IICHUXOJIOTHUSCKUX
XapaKTePUCTHK 4YEJIOBEKa WM JKBHUBAJCHTHBIX IOHATHH TEOPHUH SMOIMOHAIBHBIX
poOOTOB.
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54.1. CITIOCOBLbI OINIPEJAEJEHUSA KOJIMYECTBEHHOI'O
3HAYEHUSA KPATKOBPEMEHHOU U JOJI'OBPEMEHHOU
IHAMATHU U BHUMAHUA

IIcuxonornyeckue TeCThl, ONUCAHHBIE B IPWIOKEHUAX 2 U 3, TAIOT PE3YIbTAThI
UCCIIeIOBaHN B Oaiyax WM B KOJIMYECTBE 3alIOMHEHHBIX 00BEKTOB. Jlyisi TOTrO
YTOOBl HCIIOJIB30BATh TAaKUE PE3yAbTaThl [JIsI HCCIEIOBAHHS 3aBHCUMOCTH
OTHOCUTENFHOM BOCHPUMMYHUBOCTH pPOOOTa K HAKOIUIGHHWIO HWH(GOpMalud OT
KPaTKOBPEMEHHON W JIONTOBPEMEHHON TMaMATH HEOOXOAUMO TMPHUBECTH ITH
pe3ynbTaThl K 0€3pa3MEPHBIM BEIMUMHAM.

B pesynbrare npumeHenus metoauku «Ilmkrorpamma) OyneM BBIYMCIATH
KO3(Q(UIUEHT KpPaTKOBPEMEHHON HMH(POPMAIMOHHON NaMsATH 1O CIeAyIouei

dhopmyie:

. P
pic '
24

rnc p -— 63.]1.7[51, KOTOPLIC IIOJIYYHJI HCHBITyeMBIﬁ HCIIOCPCACTBCHHO IIOCJIC

MPOXO0XKACHHUS TeCTa METOAUKH «IIuKkTOTrpamMmay.
Koaddumment gonroBpeMeHHONW HHGOPMAIMOHHON IaMSITH COOTBETCTBEHHO
OyJileM BBIYHUCIISITE IO (hopmyJie

An =P
24
rae p — Oaibl, KOTOpPBIE MOy UCIBITYEMbIN depe3 24 4. mocie MpOoXO0KIECHUs
tecta MeToauku «[Iukrorpammay.
B pesynbrate nmpuMeHeHHs METOAMKU «Y3HaBaHue ¢(uryp» OyaeM BbIUMC-

JATh KO3 PUIMEHT KPaTKOBPEMEHHON HH(POPMALIMOHHOMN NaMsTH 1o Gpopmyiie

rae M — Yuciio NpaBUIbHO Y3HAHHBIX (PUTYP HEMOCPEICTBEHHO MOCIE MPOXOKACHUS
METOAMKH «Y3HABAHUS PUTYDPH.
Koadduiment noarospeMeHHoi ”HGOPMALIMOHHON NaMsATH — o (popmyie:
m_M

rec 9
r7Ie M — YKUCIO MPABUWIBHO Y3HAHHBIX (puryp uepes 24 4. mocie npoxoxAeHUs TecTa
METOJIMKH «Y3HaBaHUE PUTyp».

B pesynbrare mnpumenenus wmetonuku A.P.Jlypus OyneM  BBIYUCIATH
KOO PUIIMEHT KpaTKOBPEMEHHOW WH(POPMAIIMOHHOW TaMATH MO CIEXyIoei

bopmyre

Hra 10
rae b — ymucno mpaBWIIBHO BOCIIPOM3BEIACHHBIX CJIOB IOCI]E MEPBOTO 3alIOMUHAHMS
psana cnoB Mmeroguku A.P. Jlypus.

Koaddutment nonrospeMenHoi nHGOPMALIMOHHON NAMATH — 10 GopmyIie
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Al R

word 10 !
r7ae b — 4KcIiio MpaBUIILHO Y3HAHHBIX GUTYp depe3 24 gaca MOCIIe MATH TIOBTOPEHHI
psna cioB Meroauku A.P. Jlypus
B pesynbrare npuMeHeHHs METOIMKH «PaccTaHOBKa 4Hcel» OyleM CUMTaTh
OTHOCHUTENFHYIO BOCIPUUMYHUBOCTh POOOTa K HAKOILICHUIO MH(OpPMALIMKU S PaBHOM
OTHOIIEHUIO TI0Ka3aTelsl pacHpelesieHuss BHUMAaHMS TECTHUPYEMOIO K MakcCu-
MaJIbHOMY MOKa3aTeJll0 pacHpeeleHUs BHUMAHUS, T.€. BBIUUCIATH O CIEAYIOUIEH

bopmyiie

B = D
D o~
DMAX
rie D — mokaszatenb pacrnpeneneHuss BHUMaHUSL TECTHPYEMOrO IO PE3ysbTaTam
Metoaukun «PaccranoBka uwncem», D,,, — MaKCUMAJIbHBIA ITOKA3aTElIb pacmpe-

JACJICHUA BHUMaHU.
O6paTI/IM BHHMMAHHC, YTO MaKCUMAaJIbHBIA IIOKa3aTelb pacipcaciaCcHuss BHU-

25
MaHHS BbIUucisercsa mo ¢opmyne D,, =—— U B oOIlIeM cllydae paBeH Oecko-
MIN

HeuHocTH. byneM cumtarth t,,, =t,,,, A€ t,,, — MUHUMaJIbHOE BpEMs, 3aTPAuCHHOE

Ha BBIIIOJHEHUE 3TOT0 TECTA CPEJIA BCEX YYACTHUKOB HKCIIEPUMEHTA.
B pesynbrare mnpumenenus Meroauku «llepemyraHHble JMHHUWY OyleM
CUMTATh OTHOCUTEIHHYIO BOCIPUMMYHBOCTh pOOOTA K HAKOIJICHUIO HHPOPMALIUU f3

pPaBHOM TMOKA3aTENK0 KOHIEHTpauuu BHUMaHUS C W BBIYUCIATH MO CIEIYIOIICH
dbopmyiie

rae W — KOJIMYECTBO ITOJTYUYCHHBIX 0aJIOB 3a TECT ((HepeHy'TaHHLIC JJMHUN.

54.2. PE3YJIBTATHI HPOBEJAEHUSA NCCJIIEJOBAHUSA

B tectupoBanum yuyactBoBano 17 yenosek B Bo3pacte oT 19 no 25 ner. s
WCCJICTOBaHMSI HCTIOJIH30BAIMCH TICUXOJIOTHUECKHUE TECTHI, MPUBEICHHBIC BHIIIIE.

OOpatuM BHUMaHUE HA TO, YTO KOA(D(HUIIMEHT MOITOBPEMEHHOU OIOCPEIOo-
BanHoi mamsatH AUl | KOd(pQUIMEHT I0ArOBpEMEHHONW 00pa3HON mamstd Al wu

pic » rec

KOO(QQUIMEHT CIyXoBOW mamstu Al

word

3aBHCSAT OT YPOBHA HAKOIUICHUS
uH(popmaIuu.

B n1aHHOM wuccienoBaHMM U3MEPEHHE MPOUCXOAUT Yepe3 CYTKH Mocie
3allOMUHAHMUS MaTepuana, 4To SIBISETCS MUHUMAIbHBIM CPOKOM JJIsi U3MEPEHHUs
JOJTOBPEMEHHOM MaMiTH (Ha OCHOBE METOAOB IICMXOJIOTMH, OIKMCAaHHBIX B
ucrounnkax [83; 96]), mosToMy mnsi 0OpabOTKM pPE3ylbTaTOB HCCIEIOBAHMS
BO3bMEM MHHHMAJIbHO BO3MOXXHOE 3HAYEHHE YPOBHSI HAKOIUICHUS HH(pOpMAIUH,
IpU KOTOPOM BO3MOKHO ONpeAeNICHHE AOITOBPEMEHHON HH()OPMAIIMOHHON TaMSsITH.

JUnst  uccnenoBaHMsl CBS3M  MEXAY IONYYEHHBIMH pe3ylbTaTaMHu OyJaem
MCIIOJIb30BaTh COOTHOILICHHE
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rae A% — oTHOcUTeNbHAS BOCIPUUMYHMBOCTh POOOTA K HAKOIUICHUIO MH(pOpMAIIUH
Ha ypoBHE | =2, A — k03 dunmeHT kpaTkoBpeMEeHHONH NHPOPMAIIMOHHON ITaMSTH U

A

,B[Z] —
1

@A a-AT)

1- A -2

A? — nonrospemenHoi namaT Ha yposHe | = 2.

[lonnkIe PE3YJIbTAThl IMCUXOJIOTHICCKUX I/ICCJIG,ZIOBaHI/Iﬁ ImaMATH W BHHMAaHH

YeJI0BEKa MOKHO HAalTH B IMPUITOKCHHUHN 3.

Tabnuma 54.2 conepkuT 000O0IEHHbIE PE3yJIbTaThl UCCICIOBAHUN C YYETOM

BCEX I[OHyH_[eHI/If/'I, IMPHUBCACHHLIX BBIIIC.

Taoauna 54.2
Pe3y.]II)TaTbI HCCJIeJ0BAaHUA BUI0B IaMATH U BHUMAaHUA Y€JI0BEKA
1. OnocpenoBan- 2. O6pa3Has 3. CityxoBast A. B. Konnent-
Has 3pUTEIIbHAS 3pUTENbHAS namsTh / Pacmpe- pauus
namsTh / METO- MaMsTh / METO- | METOJIMKa JieJIeHue BHUMaHUs /
JIMKa JIMKa «10 croB» BHUMAaHHS | METOAMKA
«ITuxkToropamma «Y3HaBaHUE / «lIepenyran
buryp» METOJIMKA | -HbIE
No «Paccra- JTUHUN
HOBKa
YHUCEI»

K03 (. K03 K03(. K03, | kK03(. | k0o3(. | K0d. ko3¢. BOCTIp.
Kp. JIOJIT Kp. J10J1 Kp. JIONIT. | BOCHP. iR
ram. nam Iam. nam [am. nam IBD
/’{‘pic A[;Z)i]c ﬂ‘rec /\[rZG]C ﬂ’word A[vzvg)rd

1 0,96 0,92 0,78 0,89 | 0,70 0,70 0,53 0,33

2 0,96 0,96 1,00 1,00 | 0,50 0,90 0,73 0,56

3 0,96 0,96 1,00 0,89 | 0,60 0,90 0,80 0,56

4 1,00 0,96 0,89 0,78 | 0,60 0,60 0,84 0,56

S) 0,96 0,96 0,89 0,89 | 0,60 0,70 0,84 0,56

6 0,96 0,96 0,78 0,56 | 0,50 0,50 0,57 0,44

7 0,96 0,88 0,89 0,89 | 0,60 0,70 0,73 0,44

8 0,88 0,83 0,89 0,67 | 0,60 0,50 0,67 0,44

9 0,92 0,96 0,89 0,89 | 0,80 0,60 0,60 0,56

10 0,88 0,88 0,33 0,33 | 0,50 0,30 0,84 0,56

11 0,96 0,96 1,00 0,67 | 0,80 0,70 0,60 0,44

12 1,00 1,00 1,00 1,00 | 0,80 0,60 0,67 0,56

13 0,92 0,92 0,67 0,56 | 0,90 0,90 0,84 0,67

14 1,00 1,00 0,89 0,89 | 0,80 0,70 0,70 0,22

15 0,96 0,96 0,78 0,56 | 0,60 0,80 0,60 0,44

16 0,92 0,96 1,00 0,67 1,00 1,00 1,00 0,56

17 1,00 1,00 1,00 1,00 | 0,80 0,90 0,84 0,56

Ilpumeuanue: uvepe3 1, 2,3 B Tabimie 00O3HAUEHBI TMCHUXOJOTHYCCKUE METOIUKHU IS
WCCIeoOBaHus mamsTh; udepe3 A, B — mcuxosnornyeckre METOAMKU JJIsi HUCCIETOBAHMUS

BHHUMAHMUA.
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OOpatuM BHUMaHHWE HAa TO, 4YTO Tabmuma 54.2 CONEPKUT MPAKTHUYECKHUE
K03 UIIMEHTH TaMATH U KO3 (PUIIMEHTH BHUMAHHUS.

Jnsg Kaxaol mapel TMCHUXOJOTHYECKHX TECTOB MCCIEAOBAaHUS MaMATH U
BHHMaHHUSl YeJOBEeKa TMOJYyYeHbl IIECTh TaOJHMII CO 3HAYCHHUSIMH CpEIHEH
OTHOCHUTENFHOM TOTPEIIHOCTH M CPEIHEKBAIPATUYHOTO OTKJIOHEHHUS OT CpeaHen
OTHOCHTENLHOK MOTPEIIHOCTH TEOPETHYECKUX f; M mpaktnieckux S, xooddu-

IIMEHTOB OTHOCUTEIHHOW BOCIPUUMYHUBOCTH pOOOTa K HAKOIUICHUIO WH(GOPMAIIHIH.
Tabnuna 54.3 coepKuT pe3yabTaThl KCCIENOBAaHUSI COOTBETCTBUS TEOPE-THUECKOTO
kod(dduiieHTa OTHOCHUTENBHOW  BOCIPUMMYHMBOCTA POOOTAa K  HAKOIUIEHHUIO

uHpopMaLKMK fB; IpaKTHIecKoMy [3,,

Taoauna 54.3
Pe3y.]'leaTLI HCCJICA0OBAHHUA COOTBCTCTBUA ﬂt OTHOCUTECJIBbHO ﬂp
Pacnipenenenne BHUMaHUs KonrenTpaniys BHUMaHUs
Buib! maMsTH Cp. otn. mopr | CpkB otk oT | Cp. otH. mopr | CpkB OTKJI OT
(%) cp. oru. Ilopr | (%) Cp. OTH. IOPr
(%) (%)
Oo6paznas 21 1 44 9
3pUTEIbHAS TAMSTh
OnocpenoBanHas 24 1 48 1
3pUTEIbHAS TAMSITh
CrnyxoBasi maMsTh 24 3 28 4

Haunyummii pe3ynapTaT MojgydeH Mg KOMOMHAUMU OO0pa3HOMl 3pUTENbHOMN
naMaTH M paclpeiesieHus BHUMAHUA 4YeJoBeKa. Tak CpeaHsis OTHOCUTENbHAs
MOTPEMHOCTh cocTaBwia 21%, a cpeaHEKBaApATUYHOE OTKIOHEHUE OT CpEIHEU
OTHOCUTEIBHOM morpemHocT — 1%.

Heckonbko Ooublllas MOTPEIIHOCTh TOJMy4aeTcs MpPU  SKCIEPUMEHTAX C
OMOCPEIOBAHHOW 3pUTEIBHON MAMSATHIO U paclpe/ieIeHUEM BHUMaHUs yejoBeka. B
ATOM CIIy4ae CpEIHsIsi OTHOCHUTENIbHAs NOrpemHoOCTh coctaBuia 24%, a cpen-
HEKBaJI[paTUYHOE OTKJIOHEHHUE OT CpeHeN OTHOCUTENbHOM norpenHocty — 1%.

IIpn skcnepuMeHTax €O CIYyXOBOM NHaMATBIO M PACHpPEIEICHUEM BHHMaHHS
YeJI0oBEKa CpENHSSl OTHOCUTENIbHAas MNorpemHocTs 24%, a CpelHeKBAaIpaTUYHOE
OTKJIOHEHHE OT CpeHEH OTHOCUTEIHLHOM morpemHocTH — 3%0.
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3AK/IIOYEHUE

B »T0l MOHOTrpaduu aBTOPHI C/EIaH TMOIBITKY IMOCTPOUTh U MaTEMaTHYCCKU
OIHMCATh BUPTYAIBHBIA MUP pOOOTOB, 00JIQTAFOIINX IMOIUSAMHU U 3a4aTKaMH JIOTHKH,
U OIICHUTh BO3MOXXHOCTH INPUMEHHUHCHHS MAaTEMaTHYCCKOTO OIHUCAHHS «IICHUXO-
JIOTUU» POOOTOB K OIMMMCAHUIO IICUXOJIOTHH YEJIOBEYSCKOTO COITUYMA.

Eciim kacatbcs peaslbHBIX ICHXHUYSCKHUX IPOIECCOB, MPOTEKAIOMUX B JKHBOM
OpraHM3Me, TO 3ajJiada OIPEICICHHUS 3aBHCHMOCTECH 3MOITMH OT BPEMEHHU JIOBOJIHLHO
CJIOKHA M, HaBEpHOE, B 00IIeM citydae Hepaspemmma. Ho npu cozmanuu poOOTOB
MIPOSKTUPOBIIUK MOXKET CaM YCTaHABJIMBATh MaTeMaTHUECKHAE (YHKIIUU H3MEHCHUS
3HAYCHWA 5SMOLMH BO BpeMEHHU (Tak ke, KaKk W KOI(DPHUIMEHTHI NaMATH, U
MPOW3BOJHBIC BEIWYMHBI OT (QYHKIMH 5SMolui). B 3TOoM cioydae Teopus,
MpHUBEICHHAS B MOHOTpaduH, MO3BOJSIET MPOSKTHPOBATh POOOTOB C 3aJlaHHBIMH
MICUXOJIOTHYSCKUMH XapaKTEPUCTHUKAMHU, a 3aTeM aHAJU3UPOBATh M ONPEICIATh MX
OMOIIMOHAIBHOE U JIOTHYECKOE TOBE/ICHHE Ha OCHOBE CUMTHIBAEMBIX M3 MX MaMSTH
YHUCJIOBBIX JIAHHBIX.

B kadectBe nmpumepa JIagMM  ONHCAHUE XAOTHYECKOTO  3aMKHYTOI'O
BHUPTYaJIbHOTO MHpa 3MOIMOHAIBHO-IOTHYCCKUX pOOOTOB, OCHOBAHHOTO Ha
KOMITBIOTEPHOW peau3allid MaTeMaTHYCCKUX MOJIEJICH, MPHBEIACHHBIX B MOHO-
rpadpun. [lpm omnmcanmm 3TOro Mupa OyIeM OINCPUPOBATH TEPMHUHAMH,
OIpe/ICICHHBIMH B KHHTE.

Ilycmob supmyanvhviii Mup éxirouaem 8 cebst pobomos, Koauuecmseo KOmopwix
koneuno. Kaowcowvti u3z pobomos obradaem  coOCMBEHHOU  NAMAMbIO,
xapakmepusyowelucs: UHOUBUOYALbHLIMU KOIDDuyuenmamu SMOYUOHAILHOU U
ungopmayuonnou namamu. B npoyecce cywecmeosanus mupa podoomul
CAVYAUHBIM 00pA30M 8030€lCMBYIOM Opy2d HA Opyed ClodCemamu, Nopoicods
aMoyuu, npuobpemas Onvim U UMeHsAA Socnumanusi opye opyea. Ilpuuem
pobomom-eocnumamenem, Om KOMOPO2O B0CHUMYEMOM) Nepeoaomcs dMoyul,
aeasgemcs pooom ¢ HAubOILWUM NO MOOYIIO eocnumanuem. B pezynibmame
IMOYUOHANLHLIX ~ KOHMAKMO8  poOOmMos8  c030aiomcsi  OpyiceCmeeHHble
2PYNNUPOBKU, U YeM DOoNblule UX 3HAUeHUs OpyucObl, mem npouHee pYnnuUpoBKuU.
Hekxomopuie epynnuposku ecmynaiom 6 KOHGIUKMbL Opye ¢ OpY2oM, 8 MOM YUce,
JI02UHECKU-IMOYUOHATIbHbIE. DMu KOHMIUKMbL B03HUKAIOM, HAnNpumep, 6 MmoM
cayuae, ecliu CyMMAapHvle 60CNUMAHUSA 2PYNAUPOBOK CIAHOBIMCS PABHLIMU HYJIIO.
Kaocowviii pobom umeem yenwv, oougyio 011 6ce2o mupa. B pezyiomame ee Haauqus
C meueHuem 8pemeHU 8blABNAIMCA Udepbl — poOOmyvl ¢ HauboabULell CULOU 80U
u cnocobnocmamu. IdPgexmusnocmv  ocnumaHus  KaxC0020  poboma
xapaxkmepusyemcs KoO3QQOUYUeHmom noie3Ho20 O0eucmesus 80CHUMAmelbHO20
npoyecca. B pesynomame eviuucnenus KIIJ] onpeoensromcs pobomvl, komopule
nO CBOUM NPUPOOHBIM XAPAKMEPUCMUKAM HAUuboiee CKIOHHbl K B0CHUMAHUIO.
Hekxomopuwie pobomul obraoarom npecvluyyeHHbIM 80CRUMAHUEM, NO OMHO-ULEHUTO
K maxkum poboomam npu OOCMUICEHUU ONPeOesieHH020 3HAYeHUS Npe-CblujeHUs.
npekpauwiaemcs 8030elcmeue smoyusamu opyaux pooomos. Eciu 6 supmyaivHom
Mupe cywecmeyrom pooomvl, KOMopwvle He UMeiom NpecbluyeHusi 60CRUMAHUS, MO
opyaue pobomvl B0CNUMbBIGAIOM UX HaAubonee aKmueHo, 0O1a200apsi >mMomy
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Gdopmupyromes  audepvl mupa pooomos. Jluoep mupa pob6omos HA OCHO8e
NOCMPOEHUsL IKBUBATIEHMHBIX NPOYECCO8 KAHNCO020 U3 pobOmMos8 u nociedyroueo
PAHICUPOBAHUSL NPEOETbHBIX B0CNUMAHUL BbIABTISIEN C80€20 OANIbHE20 NPeeMHUKA Ha
nocm audepa. B pesynbmame cO0s kKomnvlomepos unu 8upyco8 pobomuvl Mocym
«3abonesamuvy. Bpau mupa pobomos neuum 3a60.1e8uiux pobomos, KoppeKkmupys ux
amoyuu. B pesynvmame obwenus poobomoe opye ¢ Opy2om ¢ meyeHuem 6pemeHu
MEHSAIOMC 80CNUMAHUSL O ONbIM POOOMO8 — UJEHO8 GUPMYAILHO20 MUpd. Mo
gleyem CMeHy JuUO0epo8 U  (opmuposaHue  HOBLIX  OPYIHCECMBEHHbIX U
KOHGauxmywwux  epynnuposox.  Ilapannervno y  pobomos  gopmupyrom
HeoOX00uMoe 00WecCmeeHHoe CO3HAHUEe C HNOMOWDbIO CPeoCcms  MAaccoBol
ungopmayuu. Tax cywecmsyem 60 8peMeHU BUPMYATbHBIL MUP IMOYUOHATLHO-
JloOwuYeckux pobomos...

[ToMmuMo omHcaHus «IICHXOJOTHW» pPOOOTOB B MOHOTpadUM  OIMKCAHBI
MPWIOKEHUS, TOCBSIICHHBIE MPUMEHEHUIO TEOPUU POOOTOB K UEIOBEYECKOMY
COIIYMY.

Kaura sBnsercs pe3yapTaTOM HCCIEAOBaHWM, TPHUBEACHHBIX B padoTax
aBTopoB ¥ yueHukoB O.I". [lenckoro B pasusle roasl [20; 33 — 37; 46 — 73; 97 — 104;
107 — 118; 155 — 157], Bximrodaet B ceOsl HOBBIE Pe3y/IbTaThl U HOCHUT, MPEXKJIC BCETO,
MMOCTAaHOBOYHBIN XapakTep JJIs HOBBIX 3a/1a4.

Mgl HameeMcs Ha TO, 4TO KHWTa OyAeT IMOJE3HA CIeNUaaucTaM B 00JacTh
MPOEKTUPOBAHUS TPOTPAMMHOIO 00€CIEeUEHUs AMOIMOHAIBHBIX POOOTOB M HX
rpynm. Mbl Takke HajJeeMcs, YTO Ha KHHUTY OOpaTaT BHUMaHUE COBPEMEHHBIE
TMICUXOJIOTH.

OT3bIBBI O MOHOTpau¥ TPOCUM HAIpPABJIATh €€ aBTOpaM Ha JJIEKTPOHHBIN
anpec ogpensky@mail.ru .
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ITPUJIOKEHHUE 1

IlcuxoJsiornyeckne MeTOAMKHA U3MEpPEeHUus 00beMa
KPAaTKOBPEMEHHOM U 10JI0OBPEMEHHOM MAMATH YeJI0BeKa

YenoBek B 3aBUCHUMOCTH OT JJIMTEIBHOCTH XpaHEHUS HHPOpMAlMd HMEET
KPaTKOBPEMEHHYIO U IOJTOBPEMEHHYIO MaMSTh.

KpartkoBpeMeHHas dyenoBedeckas naMsTh — 3TO MPOMEKYTOUHOE XPAHWIINILE U
UH(GOPMAIIMOHHBIA KaHall, KOTOPbIM OTQUIBTPOBHIBAET HEHY)KHbIC JaHHBIE W
OCTaBJISIET MOTEHLUMAIBHO TIOJIe3HbIe. XpaHeHue HWHOOpPMAIMU TPOUCXOJUT B
TEUEHHE KOPOTKOrO MIPOMEXKYTKAa BpPEMEHH. JUINTENBHOCTh YAEPKAHUS MHEMU-
YECKUX CJIEIOB HE MPEBBIIIAET HECKOJIBKHUX JECATKOB CEKYH]I, B CpeIHEM OKoJio 20
(6e3 moBTOpeHHus). DTa maMmiATh paboTaeT 0e3 MpeABapHUTEIbHOM CO3HATEIBHOM
YCTAHOBKM HA 3allOMMHAHWE, HO 3aTO C YCTAHOBKOM Ha IOCIEAYIOLIEE BOCIPO-
U3BEJCHUE MaTeEpHUAIA...».

O0beM KpaTKOBPEMEHHON MNaMsTH U3MEPSAETCS YUCIOM CHMBOJIOB, KOTOpBIE
MOTYT OBITh BOCIIPOU3BE/IEHbI HEMEIJIEHHO MOCJIE UX OJIHOKPATHOTO MPEAbIBICHUS.
O0beM KpaTKOBpPEMEHHOW NaMsATH OTHOCUTENIbHO O€3pa3iuyeH K KOJIUYECTBY
nH(OpMAIUU U OTPAHUYEH YUCIIOM 7+£2.

JlonroBpeMeHHasi MaMsATh YeJIOBEKa — OTO IMaMsTh, CIIOCOOHAs XpaHUTh
uH(OpMaIMI0O B TEUEHHUE MPAKTUUYECKH HEOrpaHHMYEeHHOro cpoka. HMudopmarus,
MOMNAaBIIasi B «XPaHWIUILA» JOJTOBPEMEHHOW MAMSITH, MOXKET BOCIPOU3BOJIUTHCS
YeJIOBEKOM CKOJIbKO YroJHo pa3 0Oe3 yTpatbl. boiee Toro, MHOrokpatHoe Hu
CUCTEMAaTUYECKOE BOCIIPOM3BEACHUE JaHHOM MHGOpPMAIUU TOJIBKO YIPOYHUBAET €€
ciedbl B 1OATOBpeMeHHOM maMsTiy. OHa o0J1aaeT moYTH OECKOHEYHBIM 00bEMOM.

JlonroBpeMeHHasi maMsATh paccyuTaHa Ha JJIMTEIbHOE 3allOMHHAHWE, Ha BCHO
*u3Hb. [Ipu HcclienoBaHUU JOJITOBPEMEHHON MaMSITH MOYKHO OLEHUTH CKOPOCTb
3allOMHMHAHMS, TOYHOCTb YJEp>KaHHUs 3allOMHEHHOM HH(OpManuu U CKOpPOCTh €€
BOCITPOM3BEICHUS.

WccnepoBanusi, NpUBEACHHbIE ICUXOJIOTAMH, TIOKa3bIBAIOT, YTO «KPATKO-
BpEMEHHAsl NaMSTh SIBISETCS HE CTOJIbKO HE3aBUCHUMBIM XPAHWIMIIEM, CKOJIBKO
bparmeHToM Oosiee TPOAOIKHUTEIBHOW (POPMBI TAMSATH [ JOJTOBPEMEHHOM |».
[TooToMy B nmaHHOW paboTe JuIsi HCCIAEAOBaHUS KPATKOBPEMEHHOW M JIOJITO-
BPEMEHHOHN MaMsITH 4YeJoBeKa OyJeM NMPUMEHSTh OJHU M T€ YK€ MCHUXOJOTHUYECKHE
TecThl. OJIHAKO B TIEPBOM CIyyae BOCIPOM3BE/ICHUE MaTepuaa OyJaeT MPOUCXOIUTh
HEIIOCPEJICTBEHHO I0CJE 3aloOMHUHAaHMs. Bo BTOpoM ciydae — uepe3 24 4. mocie
3alOMHHAHMUSL.

Meroauka «IIukrorpamma»

Meroavka HampaBjeHa Ha HUCCIEIOBAHME OCOOEHHOCTEW OMOCPEIOBAHHOTO
3alIOMHMHAHMS, €r0 POJYKTUBHOCTH, OCOOEHHOCTEW MBICIUTENBHON NEATEIbHOCTH U
BKJIIOYAET B ce0sl MpeabsIBICHUE UCIBITYeMOMY i 3anoMuHanus 10-15 nonsTui,
KOTOPBIE OH JIOJDKEH HApUCOBATH TaK, YTOOBI BIIOCIEACTBUU MO PUCYHKY BCIIOMHUTD
3a/1aHHBIE OHSTUSL.

Oco0EHHOCTH ONOCPEIOBAHHOTO 3allOMUHAHUS BBIPAXKAKOTCS 4YEpe3 KayeCTBO
PUCYHKOB HCIBITYyeMOro. MOXHO NpPOCIEAUTh MO KAYECTBY PHUCYHKOB HAJIMYUE Y
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UCHBITYyeMOro uctouaemMoctd. O0 3TOM CBUAETEIBCTBYIOT HapacTarouas HeOpex-
HOCTb, OCNla0JieHWe HakKUMa MPH PUCOBAHUHM K KOHIY HCIOJHEHHS 3aJaHMA.
DKCHEpPUMEHTATOP BBICTYNAET B POJIA 3KCHEPTA M MO CHEUUANIbHOU 24-0ajibHON
IKaJIe OLIEHUBAET MPAaBUIBHOCTh 3AIIOMHEHHBIX PUCYHKOB.

Metoauka y3HaBaHus puryp

C noMmoIp0 METOMKY y3HaBaHUS (QUIYyp UccieayeTcs oOpa3Has 3pUTelbHas
naMaTtb. Ha mepBoM miare SKCHEpUMEHTATOP, MCIOJb3Yys HarJISIAHBIA MaTepual,
NOATOTOBJICHHBIM U1 JaHHOM MeToauku, U B TeueHue 10 c. mokaseiBaeT
UCHBITYEMOMY  (IE€BSATh  pa3iM4HbIX (UIryp) C  YCTAHOBKOM  3allOMHUTb
npeabsaBisiemble GUrypbl. Pucynok 1 neMoHcTpupyeT Martepuai A UCCIENOBAHUS
oOpa3HOi aMsATH Ha IIEPBOM LIare.

O T

Y

Puc. 1. Matepuan 15 ucciaenoBanusi 0opasHoit mamsitu 3x3

3atem pucyHok yoOwuparor. Ha BTOpoM mmare WCIBITYeMOMY HEMEIJICHHO
MPEABSBISICTCS  JBaAIaTh TATh (GUTYp, TA€ Bce (UTYpHI, KOTOpBIE BHUICI
MOJIH30BATENIh HA MPEIBIIYIIEM PUCYHKE, pa30pOCaHbl Cpeiau APYruX IIECTHAANATH
¢uryp. HWcneiTyemblii [OJDKEH HAWTH mepBbie AeBATH ¢uryp. Pucynox 2
JEMOHCTPUPYET MaTepuall JIJIsl UCCIIeIOBaHUS 00pa3HOM MaMsITH Ha BTOPOM IIIare.
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Puc. 2. Matepuain 115 ucciaeaoBaHus 00pa3HOi mamMsaTu 5X5

Metoauka A.P. Jlypus «10 cioB»

Mertonuka 3ayuuBaHus JecsATH cJIoB Oblna mnpenioxkeHa A.P. Jlypus. Ona
MO3BOJISIET MCCIIE0BATh MPOLECCHl CIYXOBOM MAMSTH: 3alIOMUHAHUE, COXPAHEHHUE U
BOCITpOM3BeJeHUE. MeTonuKa MOXKET HCHOJb30BaThCsl JUIsl OLICHKHM COCTOSIHUS
MaMaTH, TPOU3BOJLHOTO BHUMAHHUS, MCTOMIAEMOCTH OOJBHBIX HEPBHO-TICHXHU-
YECKUMH 3a00JICBAHMSIMH, a TAKXKE JIJISI M3YUYCHUS TUHAMUKH TEUYCHHsS] OOJE3HU U
ydeta 3O PEeKTUBHOCTHU JICKAPCTBEHHOMN TEpaIlnu.

UcnbityemoMy 3a4uThiBatoT psii ciaoB. [lo OKOHYaHMM 3a4UTHIBAHHS (PUK-
CUPYIOT CJOBa, KOTOpPbIE 3allOMHWJI PECHOHJEHT, B mporokoje. Ilocne dukcauun
JAHHBIX B MPOTOKOJIE HCTIBITYEMOMY 3aUMTBIBAETCS TOT K€ PSJ] CJIOB €IlIe pa3, Mocie
Yero MpoUCXOAUT (ukcanus CcJIOB B MPOTOKoJe. Marepuan mnpenbsaBisieTcs
HECKOJIBKO pa3 10 MOJHOTO 3allOMUHaHuA J100 5 pa3. Takum 00pa3oM, Ha KaxIOM
ATane UCCIEI0BaHUs 3al0JHAETCS MPOTOKOJ.
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ITPUJIOKEHHUE 2

IIcuxosornyeckue MeTOTUKH H3MEPECHUHA KOJUIECCTBCHHDBIX
XAPAKTCPUCTUK BHUMAHHUA Y€JI0BCKA

Huxe PacCMOTPCHBI HCCKOJIBKO BHJIOB BHHMAHMHA, OIIPCACIICHUC KOJIUYCCT-
BCHHBIX XapPaKTCPUCTUK KOTOPBIX, HA B3ITIAA HAIIUX KOJIJICT-IICUXOJIOI'OB, HauoOoee
MMoAXOOUT IJIsI HAIICTO UCCIICAOBAHUA.

MeTtoauka «PaccraHoBka ynucen

JInsT NCHUXONOTHYEeCKOW AWMArHOCTUKW PACHPENCICHUS BHUMAHUSA YEJIOBEKa
HCMOJIB3YIOT TECT HA PACCTAHOBKY YHCEII.

Pacnpenenenrie BHUMaHUST — CHOCOOHOCTH pacCpeOTOUYUTh BHUMAHHE Ha

3HAYUTEIIBHOM MPOCTPAHCTBE, MAPAJIICITBHO BBIMOJHATh HECKOJBKO BUJIOB JESATEIb-
HOCTH WJIM COBEPIIIATh HECKOIBKO PAa3IUYHBIX JICHCTBUM.
JI71s1 ICUXO0JIOTUYECKON TMArHOCTUKY pacIipe/iesICHUsI BHUMaHUA UCIIOJIb3YIOT TECT Ha
paccTaHOBKY 4Hcen. PUCYHOK 37AeMOHCTpUPYET CTUMYJIbHBIA MaTepual B BHJIE
Omanka ¢ 25-10 KJIeTKaMH. B KJIeTKH B CilydyalHOM TIpsKE 3alyCaHbl OJIHO- U
nByx3HauyHbIe yncia (0T 1 — 10 99).

5 (2017 9 | 35

19 3 | 77| 91 | 87

12 | 56 | 24 | 71 | 64

33 140 | 10 | 68 | 1

23 | 82| 8 | 14 | 42

Puc. 3. bnank ns uccnegoBaHus pacipeaesieHUs] BHUMAHUS

B nmporiecce TecTupoBaHUs HCIBITYEMBIM MPOCMATPUBAET TAOIUITY CO CITy4aiHO
pacrojoXEeHHBIMU IIUppaMy, He Jenas B Hel HUKAKUX MOMETOK. 3aTeM OH JOJIKEeH
nepenucath HU(psl B BO3pacTAIOIIEM MOPSAKE B PAaCHOJOKEHHYIO CIpaBa YHUCTYIO
tabuiy (puc. 3).

Hudps! 10KHBI OBITH MEPEMHUCAHBI 10 BO3PACTAHUIO OT CAMOT'0 HAUMEHBILIETO —
K camomy OousbiioMmy. IlepBoe dyuciio (HauMeHblIee) 3alKMCHIBAE€TCS B MEPBYIO
SA4YEHKy MepBOM CTPOKHU mycToi Tabmuipbl. [lycTas Tabiuia 3anoaHsAeTCs] MOCTPOUHO
CJIeBa HAIIPaBO, CBEPXY BHU3. [Iporyckars SUEKU HENb3A.

Eciu B mnpomecce 3amofHEHUsT YMCTOM TaONMIIBI HCIBITYEMbIA 3aMedaer
MPOIMYIIEHHOE YHCJIO, OHO 3aliChIBACTCS B CIEAYIOIIYIO KIIETKY, OOBOIUTCS
KPY’KKOM M HE 3aCUUTBIBAECTCS KAaK OLIMOKA.

Ha BbinosnHeHue 3ajaHus OTBOAMTCS 2 MHUH. 3a 3TO Bpemsl TpeOyercs mpa-
BUJIBHO PACCTABUTh KaK MOXHO OOJIbIIIE YMCEI.
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Meronuka HWHTEpeCcHa TEM, 4YTO MO pe3yjbTaTaM TECTUPOBAHUS MOXKET
CTPOUTHCA KpHUBasg YTOMIISIEMOCTH (HampuMmep, MO KOJHUYECTBY JOMYIIEHHBIX
OIK1OOK) B KaXKJI0M CTPOKE.

[Toxazarens pacnpenenenus BHuManusa D onpenensercs o hopmye

p-P-P
t
riae P — oOlee KOJIMYECTBO 3aUCAHHBIX (PACCTABIICHHBIX ) YKCET,
b — konM4yecTBO OMMOOK (POMYIICHHBIX YUCEN);
t — BpeMst BBINIOJIHEHUS 3a7aHus (2 MUH.) WIH K€ BPEMS, 3aTPAYE€HHOE UCIIBITYEMBIM
Ha BBINOJIHEHUE 3aJJaHus, €CJIM OH CIpaBUJICS ObICTpee.

Metoauka «IlepennyraHHbie JUHHN

JlaHHAs METOJIMKA MCIIOJIB3YETCS JJI UCCIIEN0BAHNS KOHIICHTPAllUY BHUMaHUs
YeJ0BeKa.

KoHueHnTpaiuss BHUMaHUSI — 3TO CTENEHb COCPEIOTOUECHUS HA OJTHOM OOBEKTE,
OIHOM  gesiTenbHOCTU. Jlpyrumu cioBamu, YpoBeHb (HE JJIMTEIBHOCTH!)
BOBJICUCHHOCTH B paboTYy.

KoHueHTpanusi BHUMaHUSL XapaKTEpPHU3yeT CTENEeHb, TNTyOMHY COCPEIOTOYEH-
HOCTH Ha pabore. B maHHOM cilydae 1mosie BOCHPHATHS pe3Ko cyxaeTcs. Bricokas
KOHIICHTpAalMsi BHUMAHMS IIO3BOJSIET 3aMeudaTb B IIPEAMETax U SABJICHUAX
3HAYUTEIBHO OOJIbIIIE, YEM MPU APYTHX COCTOSHUAX NCUXUKU. Kpome Toro, BhICOKast
KOHIIEHTpAalUsl NMO3BOJSIET YBUAETh B NPEAMETE WIM SIBICHUU TO, YTO HE HAECTCH
OerioMy B30py. BbICOKMII ypOBEHb KOHUEHTpPALMU OIPEAEISETCS TaKKe TEM, YTO
YEJI0BEK HE OTBJIEKAETCS OT «CBOETO» MIPEAMETA, Ja)Ke €CIIN B I10JIE €T0 BO3MOXKHOTO
BOCIIPUATHS NOSABIIAIOTCSA IPYTU€E OYEHD APKUE Pa3IpaKUTEIH.

BpICOKMII ypOBEHb KOHIICHTPALMM YacTO COCEACTBYET C PACCEIHHOCTBIO,
KOTOpasi SIBJSiETCSl OOpaTHOM CTOPOHOW YBJIEUEHHOCTH, MOTJIOMIEHHOCTH KaKUM-TO
aenoM. Pucynok 4 wunoctpupyer OJaHK JUisi JAMArHOCTUKM KOHIIEHTpAIUH
BHUMAaHMUSI.
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NENEESENSEENENERNEE

Puc. 4. bnank 11 METOAMKHU NEepENyTaHHbIE JTMHUU

B HeMm wucneITyeMbIM HEOOXOAMMO MPOCIEAUTh MBICIEHHO B30poM (0e3
WCIIOJIb30BaHUs yKa3zaTelel: pydyKd, Majiblia U Mp.) TPACKTOPUH 25 MepenyTaHHbIX
JUHUHN ciieBa HampaBo. Tam, rjae 3akaH4YMBaeTCs JIMHUHA, HEOOXOAMMO MOCTAaBUTH €€
HoMep. Ha BbInosIHEHUE 3a1aHusI 1AaETCs TOJIBKO 7 MUHYT.

Tabmuua 1 copepxkut wuHbopMmaruioo o 9-tTu OanbHON IWIKajde MepeBoja
KOJIMYECTBA MPABWJIBHBIX OTBETOB B IPABOM CTOJIOIIE.

Ta0muma 1
banbHas mkana qs meroauku «llepenyraHHbie TMHUN)
KomnuectBo
MIPaBHIIbHBIX 7 11 12-13 | 14-16 17-19 | 20-21 |22-23 |24 |25
OTBETOB
Ornenka B 0amax 1 3 4 5 6 7 8 9

w
[Tokasarens koHmeHTpamuu BHUMaHus C ompexaensercs no dopmyine C 25,

rac W — KOJIM4eCTBO IOJIYUYCHHBIX 0aJIIoB 3a TECT «HCpCHYTaHHI)Ie JINHHUN)).
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HPUJIOKEHHUE 3. ITonapHoe cpaBHeHUE Pe3yJIbTATOB IICUXO0JOIMYECKUX UCCIAEAOBAHUI BUI0B NAMATH U BHUMAHUSA

YeJ10BCKa

Ta6JII/IIIa 2 COACPKUT PCIYJIbTAThI IICUXOJOTHUYICCKOI'O HMCCIICOOBAHUA OHOCpGHOBaHHOfI ImaMATH 4YCJIOBCKA. I[J'I}I HCCICOOBAHU
IMPUMCHSJIACh MCTOJHKA ((HI/IKTOI‘paMMa».

Ta0mura 2
Pe?)y.TILTaTBI HNCCIICA0OBaHUA OHOCpe,ZIOBaHHOﬁ InamMAaATH, MCTOJUKa «HI/IKTOFpaMMa»
OmmsKoe Koad . Koado.
Onu3koe KOJI-BO KOJI-BO o bamst

pecI. | Makc. | KOJ-BO KOJI-BO Oasbl 24 Kpar. AOIT.

Ne R T T — 110 D NPaBUIIbH. | HCMPABHJIb. | 3HAYCHHIO | 1C€PE3 . naMsaTh HaMsTH
3HAYEHUIO yepes 24 4. | yepes 24 u. yepes 4. p 1 Al2
24 4. pic bic
1 24 11 0 1 23 11 1 0 22 0,96 0,92
2 24 11 0 1 23 11 0 1 23 0,96 0,96
3 24 11 0 1 23 11 0 1 23 0,96 0,96
4 24 12 0 0 24 11 0 1 23 1,00 0,96
5 24 11 0 1 23 11 0 1 23 0,96 0,96
6 24 11 0 1 23 11 0 1 23 0,96 0,96
7 24 11 0 1 23 10 1 1 21 0,96 0,88
8 24 10 1 1 21 9 1 2 20 0,88 0,83
9 24 10 0 2 22 11 0 1 23 0,92 0,96
10 24 9 0 3 21 9 0 3 21 0,88 0,88
11 24 11 0 1 23 11 0 1 23 0,96 0,96
12 24 12 0 0 24 12 0 0 24 1,00 1,00
13 24 10 0 2 22 10 0 2 22 0,92 0,92
14 24 12 0 0 24 12 0 0 24 1,00 1,00
15 24 11 0 1 23 11 0 1 23 0,96 0,96
16 24 10 0 2 22 11 0 1 23 0,92 0,96
17 24 12 0 0 24 12 0 0 24 1,00 1,00
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Tabnuia 3 coaep>KUT pe3ynbTaThl ICUXOJOTUYECKOTO UCCIIeIOBAHUS O0OPAa3HON U CIIyXOBOM MmaMsaTu yenoBeka. J{is
UCCJIeIOBAHUS PUMEHSIIACh METOAUKH «Y3HaBaHUs GUryp» u «10 cI0B» COOTBETCTBEHHO.

Tabmuna 3
Pesynbrathl ccnenoBanus 00pa3HOi U CITyXOBOW NaMsITH

OO6pa3Has namsTh CnyxoBas mamsiTh
BCETO KOJI-BO Kog- | Kon-
puryp | 0 | puryp | Koodd | Koo Kon-Bo | Kon-so | Kon-Bo | Bo BO Kon-Bo | Koadd. | Koad.
peJ\(gI a MpaB. | ones | .Kpar. | . 0N | peero CIIOB 1 CIIOB CIIOB CIOB | CIOB | oy 1om Kpar. JIOJIT.
SN oy | YRHAE | oy mamsT | maMAT | opop | MOCHC nocue 2 | mocue 3 | mocnie | mocnie yepes maMgTH | maMsTH
— duryp aca WA | A2 MOBTOpa | MOBTO- | moBTO- | 4 5 4 b A Al
. m m rec b pa pa TOBTO | TOBTO word
pa pa
1 9 7 8 0,78 0,89 10 7 9 9 9 10 7 0,70 0,70
2 9 9 9 1,00 1,00 10 5 9 10 10 10 9 0,50 0,90
3 9 9 8 1,00 0,89 10 6 8 8 9 10 9 0,60 0,90
4 9 8 7 0,89 0,78 10 6 7 9 9 10 6 0,60 0,60
5 9 8 8 0,89 0,89 10 6 9 10 10 10 7 0,60 0,70
6 9 7 5 0,78 0,56 10 5 7 8 10 9 5 0,50 0,50
7 9 8 8 0,89 0,89 10 6 8 9 8 10 7 0,60 0,70
8 9 8 6 0,89 0,67 10 6 8 9 9 9 5 0,60 0,50
9 9 8 8 0,89 0,89 10 8 10 10 10 9 6 0,80 0,60
10 9 3 3 0,33 0,33 10 5 5 9 10 10 3 0,50 0,30
11 9 9 6 1,00 0,67 10 8 8 8 8 10 7 0,80 0,70
12 9 9 9 1,00 1,00 10 8 9 10 10 10 6 0,80 0,60
13 9 6 5 0,67 0,56 10 9 7 10 10 10 9 0,90 0,90
14 9 8 8 0,89 0,89 10 8 8 9 9 10 7 0,80 0,70
15 9 7 5 0,78 0,56 10 6 8 10 9 9 8 0,60 0,80
16 9 9 6 1,00 0,67 10 10 0 10 10 10 10 1,00 1,00
17 9 9 9 1,00 1,00 10 8 9 10 10 10 9 0,80 0,90
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Tabnuna 4 coaepKuT pe3yiabTaThl ICUXOJIOTMYECKOI0 UCCIICIOBAHUS PACIIPEACIICHUS U KOHIICHTpAIlMM BHUMaHUs yenoBeka. J{is
UCCJIeIOBaHUS PUMEHsIIach MeTOANKH «PaccTtaHoBka yucen» u «llepenyranHble IMHUNW» COOTBETCTBEHHO.

Tabmnura 4

P€3y.]'II>TaTI>I HCCICAOBAHMNA PACIIPCACICHUS BHUMAHNA 1 KOHICHTPAIINH BHUMAHUA

"PaccranoBka uncen". Pacnpenenenve BHUMaHUS

"[lepenyrannsie tuHuun". MccnenoBanue
KOHIIEHTPAIlMi BHUMAHUS

P?\r(:_)H. P, obmee B, t, 3aTpaveH- Hoxazaress Makc. Kox-so Ornenka | MakcumaiabH
KOMMACCTBO |y yveer- | Hoe Bpems, pactipeAeies pe3nbTar MPABWIb™ | o Il pe3nbTar, | B
PACCTABICH | o) 6ok | mun HH_ﬂ BHAMATHA | Dmax HbIX Oammax | Gamisl
HBIX YHCET D=(P-B)/t OTBETOB

1 17 1 2 8,00 14,97 0,53 13 3 9 0,33
2 23 1 2 11,00 14,97 0,73 17 5 9 0,56
3 24 0 2 12,00 14,97 0,80 18 5 9 0,56
4 25 0 2 12,50 14,97 0,84 17 5 9 0,56
5 25 0 2 12,50 14,97 0,84 18 5 9 0,56
6 17 0 2 8,50 14,97 0,57 16 4 9 0,44
7 22 0 2 11,00 14,97 0,73 16 4 9 0,44
8 20 0 2 10,00 14,97 0,67 14 4 9 0,44
9 19 1 2 9,00 14,97 0,60 19 5 9 0,56
10 25 0 2 12,50 14,97 0,84 18 5 9 0,56
11 18 0 2 9,00 14,97 0,60 14 4 9 0,44
12 23 3 2 10,00 14,97 0,67 19 5 9 0,56
13 25 0 2 12,50 14,97 0,84 21 6 9 0,67
14 23 2 2 10,50 14,97 0,70 11 2 9 0,22
15 18 0 2 9,00 14,97 0,60 14 4 9 0,44
16 25 0 1,67 14,97 14,97 1,00 17 5 9 0,56
17 25 0 2 12,50 14,97 0,84 19 5 9 0,56
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Tabnuia 5 CcoaepKUT pe3ysbTaThl HCCIEIOBaHHUS CBS3M  KOA(PPHUIIUEHTOB
KPaTKOBPEMEHHOM, JTOJTOBPEMEHHOM NMAaMSITH U OTHOCUTEIBHOW BOCHPUHUMYHUBOCTH
po0oTa K HAKOIUIEHHWIO HMH(OpPMAalMd Ha OCHOBE OIOCPEAOBAHHON 3PUTEIBHOM
MaMSTH U paclpeiesiCHUs] BHUIMaHMSI YeJIOBEKa.

Ta0muma 5

HccnenoBanue cBA3M Ha OCHOBE OITIOCPEAOBAHHOM 3pUTEIIBHON MTAMSATH U
pacupeneseHus: BHUMAaHUSA

1. A

OmnocpenoBannas | Pacnpenenenue

3pUTEIbHAS BHUMaHMUs /

naMATh / MCTOHMKa Pacu. koa0. OtHocur.
Ne METOJIMKA "PaccraHoBKa OTH. MOTPEIIL. Cpen. kB.

= | "lukroropamma" | uncen" BOCIIPUHM. |Brip.- Breop.|/ | otk
Brp. Brip.

Egmb ;gi? Ko3(. OTH.

mam. & | mam. A | PO preop.
1 0,96 0,92 0,53 0,96 0,45 0,04
2 0,96 0,96 0,73 0,96 0,24 0,00
3 0,96 0,96 0,80 0,96 0,17 0,01
4 1,00 0,96 0,84 1,00 0,16 0,01
5 0,96 0,96 0,84 0,96 0,12 0,01
6 0,96 0,96 0,57 0,96 0,41 0,03
7 0,96 0,88 0,73 0,96 0,24 0,00
8 0,88 0,83 0,67 0,88 0,24 0,00
9 0,92 0,96 0,60 0,92 0,35 0,01
10 | 0,88 0,88 0,84 0,88 0,05 0,04
11 | 0,96 0,96 0,60 0,96 0,37 0,02
12 | 1,00 1,00 0,67 1,00 0,33 0,01
13 [0,92 0,92 0,84 0,92 0,09 0,02
14 | 1,00 1,00 0,70 1,00 0,30 0,00
15 | 0,96 0,96 0,60 0,96 0,37 0,02
16 | 0,92 0,96 1,00 0,92 0,09 0,02
17 | 1,00 1,00 0,84 1,00 0,16 0,01

OTKJIOHEHHE OT CpeHEN OTHOCUTEIBHOM MOrpemHocTy paBHo 1%.

€IHSIS OTHOCHUTENbHAsl MOTPEUIHOCTh paBHA 0, CpeaHEKBaJpPaTUYHOE
C 24%,

Tabnuua 6 coaepKUT pe3ysibTaThl MCCIEIOBAaHUS CBA3M KOI(PPUIMEHTOB
KPaTKOBPEMEHHOM, JOJITOBPEMEHHOM MAaMSATH U OTHOCUTEIBHOU BOCIPUUMYUBOCTHU
po0oTa K HaAKOIUIEHHIO HMH(POpPMAllMd HAa OCHOBE OIOCPEIOBAHHOW 3pUTEILHOMN
[IaMATH U KOHLIEHTPAllU BHUMAHUS YEI0BEKa.
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TaOmura 6
Hccnenoanue cBA3M Ha OCHOBE ONOCPEAOBAHHOM 3pUTEIIBHON ITAMSATHU U

KOHOCHTPpAIU1 BHUMAHUA
1. Onocpero- B. Konnenr-
BaHHAasl 3pUTEIb- patit
BHUMaHU /
Has TamsTh /
METOJIHKA METOAMKA Pacu. xoad. OTHOCHT.
Ne | "uxroropamwa” "[lepenyrannbie | orm. Torper. Cpen. KB.
} JuHAR" BOCIIPUHM. |Brip.- OTKIL
Brp. Breop.|/ Prp.
K03(. K03(.
Kp. O K03(. OTH.
mam. & | mam. A | POSTP preop.
1 0,96 0,92 0,33 0,96 0,66 0,03
2 0,96 0,96 0,56 0,96 0,42 0,00
3 0,96 0,96 0,56 0,96 0,42 0,00
4 1,00 0,96 0,56 1,00 0,44 0,00
5 0,96 0,96 0,56 0,96 0,42 0,00
6 0,96 0,96 0,44 0,96 0,54 0,00
7 0,96 0,88 0,44 0,96 0,54 0,00
8 0,88 0,83 0,44 0,88 0,50 0,00
9 0,92 0,96 0,56 0,92 0,39 0,01
10 0,88 0,88 0,56 0,88 0,36 0,01
11 0,96 0,96 0,44 0,96 0,54 0,00
12 1,00 1,00 0,56 1,00 0,44 0,00
13 0,92 0,92 0,67 0,92 0,27 0,04
14 1,00 1,00 0,22 1,00 0,78 0,09
15 0,96 0,96 0,44 0,96 0,54 0,00
16 0,92 0,96 0,56 0,92 0,39 0,01
17 1,00 1,00 0,56 1,00 0,44 0,00

CpenHssi OTHOCUTENbHASI MOTPEIIHOCTh OCKJIIOHEHHSI PACUETHBIX JAHHBIX OT
AKCIEPUMEHTANIbHBIX JaHHbIX paBHa 48%, CpeaHEeKBaJIpaTUYHOE OTKIOHEHUE
pPacyeToB OT Cpe/lHEeH OTHOCUTEIHLHOM MOrpemHOoCTH paBHO 1%.

Tabnuia 7 COAEpKUT PE3yNbTaThl KCCICIOBAHUS CBA3M KOIPPHUIIMEHTOB
KPaTKOBPEMEHHOM, JIOJTOBPEMEHHOM NMaMSITH U OTHOCUTEIBHOW BOCHPUHUMYHUBOCTH
po0OoTa K HaKOIUIEHWI0O MH(POPMAIUU HA OCHOBE OOpPa3HOW 3pUTEIHHOW MaMSTH U
pacripe/iesieHrss BHUMaHM Y€JIOBEKa.
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Ta0muma 7
HccnenoBanue CBsA3M HA OCHOBE OOpa3HOM 3pUTENBHON MAMATH U pacipeieeHus

BHUMAaHUS
2. Ob6pasznas A. Pacripene-
3pUTEIBHAS JICHUE BHHU-
namsTh / MaHus /
METOAMKA METOAMKA Pacu. ko30. OTtHOCHT.
Ne «Y3HaBanue "PaccTaHOBKa | OTH. HOTrpENL. Cpex. K. Tk
uryp» aucen” BOCIIPHUHM. |Brp.- Breop.|/
K03d. | K0dd. prip. prip.
Kp. JONIT. | KO3(d. OTH.
maM. | mam. | Bocmp. freop.
A A
1 0,78 | 0,89 0,53 0,78 0,32 0,01
2 1,00 | 1,00 0,73 1,00 0,27 0,00
3 1,00 | 0,89 0,80 1,00 0,20 0,00
4 0,89 | 0,78 0,84 0,89 0,06 0,02
5 0,89 | 0,89 0,84 0,89 0,06 0,02
6 0,78 | 0,56 0,57 0,77 0,26 0,00
7 0,89 | 0,89 0,73 0,89 0,18 0,00
8 0,89 | 0,67 0,67 0,89 0,25 0,00
9 0,89 | 0,89 0,60 0,89 0,33 0,01
10 | 0,33 | 0,33 0,84 0,81 0,04 0,03
11 | 1,00 | 0,67 0,60 1,00 0,40 0,04
12 | 1,00 | 1,00 0,67 1,00 0,33 0,01
13 | 0,67 | 0,56 0,84 0,63 0,34 0,02
14 | 0,89 | 0,89 0,70 0,89 0,21 0,00
15 | 0,78 | 0,56 0,60 0,77 0,22 0,00
16 | 1,00 | 0,67 1,00 1,00 0,00 0,05
17 | 1,00 | 1,00 0,84 1,00 0,16 0,00

CpenHsAsi OTHOCUTENbHAS TOTPEMIHOCTh paBHa 21%, cpeaHekBaapaTUYHOE
OTKJIOHEHHE OT CpeHEN OTHOCUTEIBHOM MOrpemHocTy paBHo 1%.

Tabmuua 8 comepXUT pe3yiabTaThl HCCIEIOBAaHUA CBS3U KO3(DPUIMEHTOB
KPaTKOBPEMEHHOMU, JOJITOBPEMEHHOM MAaMSATH U OTHOCUTEIBHOU BOCIPUUMYUBOCTHU
po0oTa K HAKOIUIEHWI0O MH(POpPMAllUM HA OCHOBE OOpa3HOM 3pUTEIBHOM MaMsITU U
KOHIICHTPAallM BHUMAaHUs Y€JIOBEKa.
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TaOmura 8

HccnenoBanue cBs3M Ha OCHOBE OOpa3HOM 3pUTENBHON MaMATH
Y KOHIICHTPAIlM BHUMaHUs

2. O6pasnas | B. Pacu. ko3¢. OTtHocHr. Cpen. kB.
3pUTEIIbHAA Konuenrpanus OTH. Horpett. 0TI
aMsTh / BHUMaHUs / BOCLPHHM. [Brzp.- Breop. |/
METOMKA METOMKA prip. prip.
«Y3unaBanue | "llepenyraHHbl
Ne buryp» € JIUHUH"
K03 (. | K03.
Kp. | monr. | Ko3d. OTH.
naM. | mam. | Bocrmp. freop.
AL A
1 0,78 | 0,89 0,33 0,78 0,58 0,02
2 1,00 | 1,00 0,56 1,00 0,44 0,00
3 1,00 | 0,89 0,56 1,00 0,44 0,00
4 0,89 | 0,78 0,56 0,89 0,37 0,00
5 0,89 | 0,89 0,56 0,89 0,37 0,00
6 0,78 | 0,56 0,44 0,77 0,43 0,00
7 0,89 | 0,89 0,44 0,89 0,51 0,00
8 0,89 | 0,67 0,44 0,89 0,51 0,00
9 0,89 | 0,89 0,56 0,89 0,37 0,00
10 | 0,33 | 0,33 0,56 0,81 0,31 0,02
11 1,00 | 0,67 0,44 1,00 0,56 0,01
12 1,00 | 1,00 0,56 1,00 0,44 0,00
13 | 0,67 | 0,56 0,67 0,63 0,07 0,14
14 | 0,89 | 0,89 0,22 0,89 0,75 0,10
15 | 0,78 | 0,56 0,44 0,77 0,43 0,00
16 1,00 | 0,67 0,56 1,00 0,44 0,00
17 1,00 | 1,00 0,56 1,00 0,44 0,00

Cpennsis OTHOCHUTEJIbHAsI MOTPEIIHOCTh paBHa 44%, cpeaHeKBaApaTUYHOE

OTKJIOHEHHE OT CpeHEN OTHOCUTEIBHOM MOrpeHOCTH paBHO 2%.

Tabmuua 9 comepkutT pe3ysbTaThl MCCIEIOBAaHUS CBA3M KO3(PPUIMEHTOB
KPaTKOBPEMEHHOMU, JOJITOBPEMEHHOM MAaMSATH U OTHOCUTEIBHOU BOCIPUUMYUBOCTHU
poboTa K HAKOTUICHUIO MH(OPMAILIMK HA OCHOBE CIIYXOBOM MaMSTH U pacrpeeicHus

BHHUMAaHUA 4YCJIOBCKaA.
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Tao0mura 9
HccnenoBanue CBSA3M HA OCHOBE CIIYXOBOW MAMSTH U PacCIpeieJICHUs BHUMAHWS

A.
3. CnyxoBas Pacnipenenenu
amsITh / € BHUMaHHS /
meroauka "10 | Meroxuka Pacu. k03¢. OrHoCHT.
No cioB" "PacctaHoBKa | OTH. HOTPELL. Cpex. KB, otk
yrcen" BOCITPHUHUM. |Brp.- T ’
koD, | K05, Brp. Breop.|/ Prp.
Kp. JONT. | KOo3(. OTH.
mam. | maMm. | Bocmp. freop.
A A
1 0,70 0,70 0,53 0,69 0,23 0,00
2 0,50 0,90 0,73 0,48 0,51 0,07
3 0,60 0,90 0,80 0,59 0,35 0,01
4 0,60 0,60 0,84 0,53 0,58 0,11
5 0,60 0,70 0,84 0,56 0,49 0,06
6 0,50 0,50 0,57 - - -
7 0,60 0,70 0,73 0,56 0,29 0,00
8 0,60 0,50 0,67 0,45 0,47 0,05
9 0,80 0,60 0,60 0,79 0,24 0,00
10 | 0,50 0,30 0,84 0,89 0,06 0,04
11 | 0,80 0,70 0,60 0,80 0,25 0,00
12 | 0,80 0,60 0,67 0,79 0,16 0,01
13 | 0,90 0,90 0,84 0,90 0,07 0,03
14 | 0,80 0,70 0,70 0,80 0,12 0,02
15 | 0,60 0,80 0,60 0,58 0,03 0,04
16 | 1,00 1,00 1,00 1,00 0,00 0,06
17 | 0,80 0,90 0,84 0,80 0,05 0,04

CpenHsisi OTHOCUTENbHASI TMOTPEIIHOCTh OTKJIOHEHMS] PACUETHBIX JAaHHBIX OT
AKCIIEPUMEHTOB paBHa 24%, CpeaHEKBaJApaTUYHOE OTKIOHEHHE OTHOCHUTEIbHOMN
MOTPEUTHOCTH PACUYETOB OT CPeHEN OTHOCUTEIBHOM MorpeHocT 3%.

Ta6numa 10 copepxut pe3yabTaThl HCCIEAOBAaHUSA CBSI3U KOA(PQPUIIMEHTOB
KPaTKOBPEMEHHOMU, JOJITOBPEMEHHOM MAMATH U OTHOCHUTEIBHOU BOCIPUUMYUBOCTHU
po0O0Ta K HAKOIUICHUIO MH(OPMAILIMK Ha OCHOBE CIIYXOBOM MaMSTH M KOHIIEHTpaIUU
BHUMAaHMS YeJIOBEKA.
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Taomuma 10

HCCJ’ICI{OB&HI/IG CBi3HU Ha OCHOBC CJIyXOBOfI IaMsATH 1 KOHOCHTPAIlY BHUMAHUA

B.

3. CnyxoBas KonuenTpanus

aMsATh / BHUMAaHUS /

meronuka "10 | Meronuka Pacu. OTHOCHT.

No cyoB" "Ilepenryrannble | ko3(. OTH. | IOrpEILL Cpen. KB.

B uHuK" BocrpuuM. | |Brp.- freop.|/ | oTkIL.

K03d. | Ko3(. pup. prp.

Kp. JIOJIT. | KO3(. OTH.

mam. | maMm. | Bocmp. freop.

A A
1 0,70 | 0,70 0,33 0,69 0,52 0,06
2 0,50 | 0,90 0,56 0,48 0,16 0,01
3 0,60 | 0,90 0,56 0,59 0,05 0,05
4 0,60 | 0,60 0,56 0,53 0,05 0,05
5 0,60 | 0,70 0,56 0,56 0,01 0,07
6 0,50 | 0,50 0,44 - - -
7 0,60 | 0,70 0,44 0,56 0,22 0,00
8 0,60 | 0,50 0,44 0,45 0,03 0,06
9 0,80 | 0,60 0,56 0,79 0,29 0,00
10 0,50 | 0,30 0,56 0,89 0,37 0,01
11 0,80 | 0,70 0,44 0,80 0,45 0,03
12 0,80 | 0,60 0,56 0,79 0,29 0,00
13 0,90 | 0,90 0,67 0,90 0,26 0,00
14 0,80 | 0,70 0,22 0,80 0,72 0,20
15 0,60 | 0,80 0,44 0,58 0,24 0,00
16 1,00 1,00 0,56 1,00 0,44 0,03
17 0,80 | 0,90 0,56 0,80 0,30 0,00

CpenHsst OTHOCHUTEIbHAS! TOTPEIIHOCTh — 28%, CpeIHEKBaAPATHUHOE

OTKJIOHEHHE OT CpeHEH OTHOCUTEIHLHOU MorpemHocTH — 4%.
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