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CEKLUA «PUBUKO-MATEMATUHECKUE HAYKU»

YUCJEHHOE PEIIEHME TPEThEH KPAEBO# 3AIAUH
JUIS TAPABOJIMYECKOI'O YPABHEHHA

Aeanoea E.T.
DOLEHT Kadeapsl NPHKIAIHOH MaTeMaTHKH, THX0OKeaHCKHH

FOCYapCTBEHHbIHl YHUBEPCHTET, KaH1l. (H3.-MaTeM. HayK. JOLEHT,
Poccus, r. Xabaposck

Tamrko A.C.

MarucTp kageaps! NpUK:IaJHOH MaTeMaTHKH,
THXOOKEAHCKH TocyJapCTBEHHBbIH YHHBEPCHUTET,
Poccus, r. Xabaposck

B cratbe H3y4YeHa pa3peliiMoCcTh 0AHOTO MOJIE.TBHOTO HETHHEitHOro napaGo:chcKoro
YPaBHEHHA C HEABHBIM BBIDOKIACHHEM MPH I'IpOHZiBOIIHOﬁ MO BPEMEHH. npeilCTaB:leHbl JKCMEPH-
MEHTBI YHCIEHHOTO pellleHHs 3TOro ypaBHeHHA MpH Pa3THYHLIX BXOAHBIX NaHHBIX.

Kroueswie cro8a: HecTallHOHapHOE ypaBHEHHe. BBIDOXKAEHHOE ypaBHEHHE, KpaeBas 3a-
Java, I'lpH6.’1H)KCHHbI€ METOOBI.

3a nocsieaHHe JecATh J1eT napaboTHYECKHM YPaBHEHHAM ObLIO MOCBAILLEHO
6o:IbIIOe KOIMYECTBO pasHooGpasHbix paboT. M B GoblIMHCTBE Cly4yaeB pac-
CMAaTpHBAIOTCA Kak ;IMHEHHBle ypaBHEHHA, Tak W HeEMHelHble ypaBHeHus [1-3].
Ho yauie Beero, paccMaTpuBaeTcs TOIBKO CYLIECTBOBAHHE HIH €IHHCTBEHHOCTb
peleHus, ;100 CTPOUTCA pa3HOCTHas CXEMa, JU1i ypaBHEHHA, KOTOpoe He colep-
XKHT HEITHHEHHOCTH NPH TPOH3BOJHOI 110 BPEMEHH.

PaccMOTpHM TpeThio KpaeBylo 3aJavy: HaiiT QyHkuuio u(x,t), ynosie-
TBOPAIOILYI0 YPaBHEHUIO

ad s d’u
—(Zlulu + lu|2u) — == f(x,t),x€(0,1),0<t<T < ¢))
ot dx?

H yCIOBHAM

___au(:, t) +ou(0,t) =0, @)
_a“(i' Dt ou(l,t) = 0,6 >0, 3)
u(x,0) = uy(x), x€(0,1). 4)

s 3anauu (1)-(3) cymectsyet 06001IeHHOrO petieHns [4, c. 3]

AHanornyHo [5, c. 11] moctpouM NPHOIHKEHHOE PEILEHHE C MOMOIIBIO He-
ABHOH pa3HOCTHOH cxeMbl. Htak, BBEIEM B paccMaTpHBaeMoi o06:dacTH
Q=[0<x<1]x [0 <t < T) paBHoMepHY10 CeTKy, 06pa3oBaHHyl0 mnepeceve-
HHeM JuuMit x; = ih,i = 1,N u t; =jt, j= 1, M. 3nech h, T — 9TO Wark ceTky Mo
IEPEMEHHBIM X U ¢ COOTBETCTBEHHO. 3HaueHHA GYHKUHMH B y3i1aX CeTKH 0603Ha-
aum kak u} = u(x;,¢;).



Urak, ucxomHas 3anava (1) — (4) npuGAHKEHHO 3aMEHAETCA CHCTEMOW
Pa3HOCTHBIX YPaBHEHHH BHIA:

)
j+1 J i Vivi
@l = ) (2l B)  gor e

T = h2 L= f(xt),
‘ i=T,N—-1,j=0,M~-1
j+1 j+1
u - U i [,
1—h—°—+au{,+1 =0,j=0M-1
uj+1__ j+1 _
L—h—""—l+au,{,“ =0,j=0M-1
\ u) =up(x;), i=1LN-1

ITocrne mpeoGpa3oBaHuil MOJYMaeM CHCTEMY JMHEHHBIX ypaBHECHHA BHIA
Au = B, rae matpuua A 9BIj€TCs TPEXAHArOHATbHOH, MOITOMY CHCTEMY JIHHEI-
HbIX a1rebpanuecKHX ypaBHEHUi pelllaeM METOIOM NMpPOroHKH. Jlis faHHOM cH-
CTEMBbl BBIMOJHAIOTCA OCTATOYHBIE YCIOBHA KOPPEKTHOCTH M YCTOWYMBOCTH
METOA MPOTOHKH, TEM CaMbIM 3Ta CHCTEMa HMEET EAMHCTBEHHOE PELLEHHE.

JI1a uncaenHoro peuteHus 3agaqu (1) — (3) 6b11 cocTaBieH NporpaMmHbIi
NPOAYKT Ha sa3bike C++ B 06os10uke Qt Creator Bepcun 2.4.1. B xone paGotsl
ObIIH TPOBECHO HECKOIBKO IKCTEPHMEHTOB BBIYHMCIEHHA (YHKIMH U TpH
Pa3THUHBIX 3HAYEHHSX HAYATbHBIX YCIOBHH, QYHKUHH f H PasHBIX KOIHYECTBaX
TOYEK pPa3OHEHHA MO X H L.

CnHcox ;IHTepaTypbl

1. uumkuu I. K. PazHocTHasd cxeMa NOBBIIIEHHOH TOYHOCTH Ha anpHOPHO aJanTHPY-
JOIIMXCA CETKaX 1A CHHTY.IApHO BO3MYLIEHHOTO MapabOIHYECKOTrO YPaBHEHHUA KOHBEKLHH-
anddysun / T. H. Wnmkun / XK. Bbiunc. MateM. H mMaTem. ¢u3. — 2011, — T. 51, swin. 10. -
C. 1816-1839.

2. [Oagames T. K. CmewanHas 3aja4a A1 HEIHHEHHOro  MHTErpo-
nuddepeHHaIbHOTO ypaBHeHHA C MapadoIM4ecKMM ONEpaTopOM BBICOKOH CTemeHH /
T. K. IO17ameB // XK. pbiumc:1. MaTeM. H MaTeM. ¢u3. —2012. - T. 52, sein. 1. - C. 112-123.

3. ®uaaros O. I1. Ctabu;1H3auus 0Go0LIeHHOTO PELICHHA TPeTheil KpaeBOH 3a1a4uM 1.1
ypaeHenus napa6oianyeckoro tina / O. Il ®umatos // Bectn. CamI'Y. EcTecTBeHHOHayuH.
cep. — 2014. - Buin. 3(114). - C. 93 - 96.

4. Aranosa E. I'. PaspemtuMoCTb HeTHHEHHOTO ¢ BHIPOXKICHHEM MPH MPOH3BOAHOI BO
BpEMEHH Ha pellleHHH yPaBHEHHs TEILIONPOBOAHOCTH B KIaCCaX HEOTPaHHYEHHBIX QYHKLMI /
E.T. Aranosa // JlateHeBocT. MaTeM. Kypu. — 2007. - T.7, Baim. 1-2. - C. 3 - 16.

5. Aranosa E. . TlpiGamkeHHoe pelleHHe TpeThed KpaeBOH 3ajauM A1 HECTalHO-
HApHOTO YpaBHEHHA C HesABHBIM BblpokiaeHneM / E. I'. Aranosa // AktyanbHble npoGiaeMsl ry-
MaHHTApHBIX H €CTECTBEHHBIX Hayk. — 2014. - T. 09 (68), centabps 2014. - C. 11 -13.



UMHUTALIMOHHASA MOJEJIb B3AUMOITIPUTAKEHHUA TEJ

Heanoe C.O.

CT. npenojasarelb Kageapbl MAaTEMaTHYECKOTO

H annapatHoro obecneueHHs HHOOPMALHOHHBIX CHCTEM
YyBauickoro rocyzapcTBeHHoro yuusepcureta um. L.H. Yibanosa,
Poccus, r. UeGokcapbl

B crarbe OMHCHIBAIOTCA NOCTOMHCTBA MMHTAUHOHHBIX MaTe€MaTHUYECKHX Mojeneit s
OMHCAHHA CITOKHBIX CHCTCM. PaCCManHBaIOTCﬂ NpeHMYINECTBA HMHTALHOHHOi  MoAETH
B3aHMOCHCTBHS Ha npUMepe 3aJa4H B3AaHMONMPHTAKCHHS HECKOIBKHX TET.

Kirouessle c106a: UMUTalHOHHOE MOICTHPOBAHHE, BBIYHCIUTEIbHBII IKCNEPHMEHT.

CoBpeMEHHbIE CYLIECTBYIOIIHE W pa3pabaTeiBaeMble CHCTEMbI CTPEMATCS K
YCI0)KHEHHIO CBOEH OpraHH3ailid BO BCEX acmektax (CTPYKTypHOM, (yHkimo-
Ha1bHOM, NOBeAcHYeckoM). He BraBasch B pUYHHBI 3TOTO, MOXXHO OTMETHTD, YTO
ITOT MPOLECC 00:1aaeT OTPHLATEIBHON CBA3BIO, 3aKTHOYAIOLIEHCS B YCI10KHEHHH
HCCITIEI0BAHUA MIPOESKTUPYEMBIX H HCTIOIB3YeMbIX cHcTeM. [lepBas npobiema — He-
BO3MOXHOCTh aHATMTHYECKOTO HCCIIeNOBaHUA, ObL1a mpeoposeHa pa3paboTkoit
WMHTALHOHHOTO MoaXoAa. Bo3HHKIIAs BCICACTBHE 3TOTO, Cleayolas npobieMa
— OrpoOMHO€ KO.THUYECTBO BBIYHCIICHHI, peIINIach MYTEM HMCMO:Ib30BAHHS BBIYHC-
JUTEIbHOM TeXHHKU — KoMnbloTepoB. Chenyromas mpob:ieMa — HeoOX0aAHMOCTh
pa3paboTku MporpaMMHO| MOJE;H K1 KaXaoi 3a1auH, ObLi1a CHIKEHHAA 3a CYeT
NOSBICHUA CNCUUAIM3NPOBAHHBIX OHOIMOTEK W A3BIKOB NPOTPaMMHPOBAHHUA
(GPSS, SIMULA, u ap.) [1]. Heo6xoauMocTh H3yUeHHsS CHEeLHaTH3HPOBAHHBIX
CpencTB, Tak e Obl1a CHInkeHa 6:1arofaps pa3BHTHIO WHTETPHPOBAHHBIX Cpenl
(Simulink. Extend, Arena, Ithink, Pilgrim, Anylogic, u ap.) [1, 3], Bouaomme
HHTYMTHBHO MOHATHBIH HHTepdelic. HemocTarok 3THX cpem — BHICOKasA CTOMMOCTD
(xoTa cywecTBYIOT GecIiaTHble CHMCTeMBI — Hampumep Scilab, Maxima) u rpo-
MO31KOCTb. CTOMT 3aMEeTHTBb, YTO Kakas Obl pa3BuTas cpena He ObL1a, B €€ OCHOBE
JIEKHT OJIHA WTH HECKOTbKO MaTeMaTHUECKHUX MoIe1eH.

TakuMm o6pa3om, npeniaraemMoe petenne Mpo6:;I1eMbl FPOMO3AKOCTH CPeCTB
HMHTALHOHHOTO MOAEIHPOBaHHA MOXHO MPEO/0:1eTh, BEPHYBIUINCH HAa YPOBEHb
CNeuHa;TH3UPOBaHHBIX 6UG.THOTEK, B OCHOBE KOTOPBIX J1€KaT JOCTATOYHO YHHBEp-
CaibHbIC MateMaTH4eckue moneTH. [1pobiemsl, KOTOpbIe BOZHHKIH paHee, cero-
JHA CHH3W/IM CBOIO aKTyalbHOCTb, H3-3a Pa3BUTOCTH U AOCTYMHOCTH CPEACTB YHH-
BEPCAIBHOTO MPOrpaMMHPOBAHHS, BBICOKOTO YPOBHS KOMIBIOTEPHON rpaMOTHO-
CTH W MOMy:IApH3alMH MporpaMMHpoBaHus. [Ipy IToM MaTeMaTHYeCKHe MOMAETH
JOCTaTOYHO YHHBEPCANIbHBI, THOKH H MPOCTHI B PEATH3ALIMH.

Ha npumepe kiaccuueckoit 3a1aun onpeae;IeHHA NMOTOKEHHS NPHTATHBAIO-
HWINXCA Te.1, pacCCMOTPHUM MOCTPOEHHE UMHTALIMOHHOW MOJETH B3auMoAeiicTBHA, a
TaK K€ ¢€ NPEHMYIECTBA MPH MPOBEJEHHH BHIYHCIEHHH.

MMuTaunonnas Mozeab B3aMMoJeiCTBHS — 3Ta Modeib, OMHCHIBAKOMIASA
BO3NCHCTBHS CYGLEKTOB ApYr Ha Apyra MyTeM Nepeaauyd MMMY:IhCOB BO3feii-
CTBHA[2]. OcHOBHBIE 3:1EMEHTBI MOIE;TH: HCTOUHHKH H aIpECaThl — BHELIHHE CYlll-
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HOCTH, B3aHMOJAEHCTBYIOLME C MOLE:IbIO, CyOBEKTH — 06.1a1at011iHe CBOACTBAMH H
pearupyolIHe Ha BO3AEHCTBHA, 0L BIHAHHEM 3HaY€HHil CBONCTB, CBA3H BO3MEH-
CTBHS — CBA3H MEXTy CyObhekTaMH H 06BbEKTaMH MEPENAIOLIHE HMITYTTbChE BO3AEH-
CTBHA — BEJMYMHA ONpENEIEHHOTO BHIA, H MEpefalollas BO3LEHCTBHE MeXay
ofnpene;IeHHbIMH cyObeKkTaMu[2]. B3aHMOCBA3b MeXIY 31€MCHTaMH MOXKHO H300-
pa3uTh rpaduuecKH — pHCYHOK 1.

J113 Mone;THpOBaHHsA 3a0a4H B3aHMOIIPHTSXKEHHS JOCTATOYHO COMOCTABHTE
BCE TepeMeHHbIe CBOHCTBaM CYObeKTa, KOHCTAHTbl — HE CBA3AHHLIM CBOWCTBAM,
YPAaBHCHHA — peakUMAM, aNiLIHKALHH H KOMIIO3HLUHH ~ CBA3AM BO3JEHCTBHA H
BiuAHHA. [1oTyueHHyI0 MO (PHCYHOK 2) MOXHO PacUIMpATh Ha 10boe Koi1-Bo
00BEKTOB.

®dopMasiHiyeM MOTYYEHHYIO MOJEb:

(¢)=minll, - a01,,,,(t - At)}

b(n

- P, P,

Rl‘f (‘) = Ichnngn (’) o > =
Cal, BY st BT

- P, P,

Rl‘f(’)=1thangd;(t). P, = ~F - _3"- 7
dlSI(PzP,P )z drsl( z",,P,_P)

R, P,
alf, BT dlB. )
2,0)= Bt~ 41)- R, ()

P 0)= Pt~ )+ 1, (6)+ 1,00+ 1,,0)
Ly )= Loy 1= 20) R (0)= 11, 0)
—0 1.,.,.,.,-.,,(r = 81)= Py ()= 1 e 1)
Loanguip =1 (P 0) = Prylt = 21))2 0
k € {change, dp,move},i € {1,2,3}

R}J (’) = Ithangda (’) P,

cy6bexT
HMNYNBC
—t
pOACTB L
any dl=

LT

Puc. 1. CxemarnuHoe H300pakeHHe MOJETH B3IaHMOEHCTBHS
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Puc. 2. Cxema Moze:y B3aHMOMPHTSHKEHHA Tel

3anaya B3aMMHOTO MPHTHKEHHA UMEET NPOCTOE pellieHHe LA cydas ABYX
Te.1. B ciyuae Tpex n 6o:tee el npuxoauTes npuberate K HMMHTALIHOHHOMY Mo/jle-
JIIPOBAHHIO Tell Ha OCHOBE (hOPMY:1 B3aMMHOTO NMPUTAXKEHHS ABYX Tel.

OcHoBHas npo6;eMa MpH MOAEIHPOBAHNH — B KAKOM MOPSIAKE MEPECYHThI-
BaTh NO;10XeHHA Te1. [Ipu 00BIMHOM MOAEIHPOBAHHH HCTOIL3YETCA CACOYHOILHH
NpHEM — CUMYITALMSA NPOU3BOANTLCA B [Ba 3Tana. Ha nepBoM 3Tane onpene:ifioT-
cA BCe ACHCTBYIOLIHME CHITbI HA Tesa, HA BTOPOM MPOM3BOAMTCA MepepacyeT noJjo-
KeHHA. ITOT MPOCTOH MPHEM NMPHBOAHT K CHHXKEHHIO CKOPOCTH CHMYIALIMH B [Ba
pasa, a TaK ke K HeOOXOAUMOCTH XPaHUTb TPOMEKYTOYHbIE 3HAUEHHA.

B Monenu B3aMMOIEHCTBHS pacyeThl 3HaYeHHH BEIMYMH H MPOLECCH HX
M3MEHEHHS H3HAYaIbHO Pa3Ae;IeHbl. JTO MO3BOIAET cpaly HCMO;Ib30BaTh MOJEb,
HE MOJrOHsAA ee MOA 3ajady. ITO pa3JeIeHHe 321aHO He JKECTKO MO 3Tanam, a no
tazam. Takum 06pa3oM, B MOZEIH MOTYT CYLLECTBOBATh OTJEIbHBIE YACTH, HaXO-
IsMecs B pasHbIX ¢dazax pacuera.

Kak oTmeuanoch BO BBEJEHHH, A1 pea’IH3alMH MOICIH HE HYXKHO CHELH-
aIbHOE mporpaMMHoe obecrnieyeHHe. Tak, KAK OCHOBHbBIE IEMEHTBI JOMYCKAIOT
dopManulauMio B BHIAE WUTEPATHBHBIX (QOPMY1, TO IS MPOBENEHHA CHMYSIALMM
MOCTaTOYHO OOBIYHONH CHCTEMBI MPOrpaMMHPOBaHHA.

CniHcoK IHTepaTyphl
1. Xypasnes C.C. Kparkuii 0630p MeT010B H CpPEACTE HMHTALMOHHOTO MOAETHPOBAHUS
npou3BoacTBeHHBIX cucTeM. // CO PAH. — HoBocn6upek, 2010.
2. Heanos C.0. Monens mnpouecca B3aumoneiicTeus // BecTHHk PoccHiickoro
yHUBEpCcHTeTa koonepauiy. — Ne 1(15). — Yebokeaper: YKH PYK,2014. — 160c. — C.132-137.
3. Kysneuos 10.A., [leposa B.H. [IpiMeHeHHe NakeTOB UMHTALMOHHOTO MOIETHPOBAHHS

A4 aHATTH3a MaTeMaTHYeCKHUX Mozeleli skoHoMuueckHX cucteM. — Huxuuii Hosropoa, 2007. —
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HPUMEHEHME BEUBJIET-IIPEOGPA3OBAHMA JUUIS1 BBIYUCJIEHUS
CPE/ITHUX PAZMEPOB OBbEKTOB HA U3ObPAKEHHH

Kazarkoe C.M.

npogeccop kadenps! obueit puznku GPIBOY BIIO «yBaiickuit rocy1apcTBEHHbIH
. yuuBepcutet uM. UH. YassHoay, 1-p ¢.-M. Hayk, npodeccop,

Poccus, r. Uebokcaps!

Cemenos B.H.

JoueHT Kadeapsi obueii gpusnku PTBOY BIIO «Uyauickuit rocynapcTBEHHEBIA
yHuBepcuteT uM. U.H. YipsHOBa», KaHI. TEX. HAYK, JOLEHT,

Poccus, r. YeGokcaps!

Copoxun I'M.

nouent Kadeapsl obueii pusnku @PIBOY BIIO «Uypauickuii rocy1apCTBEHHbI
yuuBepcuteT WM. U.H. YbsHoBa», KaHa. §.-M. HayK, JOLEHT,

Poccus, r. Uebokcaps!

Hlypoun A.K.

CT. npenogasateb kKadenps! obwei dusukn GIBOY BIIO «Yysawickuii
rocyaapctseHHbii yHuBepcuteT uM. M.H. Yapsanosay,

Poccus, r. Yebokcaps!

BeitB.1eTh! HETIOCPEACTBEHHO CBA3aHBI C KPaTHOMACIITaGHBIM (MHOTOMACIITabHBIM) aHa-
JIH30M CHTHaloB. Pa3ieleHue (1€KOMIIO3HIIHA) CHTHATIOB HA Pa3HOTHIIHBIE COCTAaBIANONHE —
OCHOBa KpaTHOMaclITabHOTro aHain3a. B cTaThe Mcno:ab3yeTcs GhICTPOE HEMPEPHIBHOE BEHBIIET-
npeoGpa3oBaHHe 15 BHIMHCICHHS CPEIHHX pa3MepOB OOBEKTOB Ha H300paKeHHH.

Kuouesbie cioea: BeiiaeT-npeo0pa3oBaHHe, KpaTHOMaclITadHmi aHanus, ¢paktai,
CIYTHHKOBOE H300pakeHHe MECTHOCTH, pa3Mep OOBEKTOB.

Tonstue «kpaTHoMacluTabHeiil aHamu3» chopmyadpoBaHo B 1986 romy
Maia u Meiiepom A/ AHCKpETHBbIX BeiBileToB. KpaTHOCTE NE€KOMNO3HIMH CHT-
HaJIOB C MCIO/Ib30BAHHEM AMCKPETHOTO BeiiBneT-npeobpa3oBaHus paBHa JByM. C
HCMO;Ib30BaHHEM HEMPEPHIBHOTO BeiBIeT-NpeoOpa3oBaHUsl BO3MOMKEH KpaTHO-
MaciuTaOHblil aHAJIM3 CHIHAI0B ¢ KPaTHOCTBIO MEHbLIE IBYX. Tak Kak /Ul Henpe-
PBIBHOTO BeiiBIeT-Npeobpa3oBaHid CHrHAI0B 00:bIIOH BBIGOPKH HEOOXOMMMO
MHOTO BPEMEHH, BLIYHCSICHHE MPOH3BOAUTCSA B YACTOTHOMH 001acTH C NPUMEHEHH-
em ObicTporo npeodpaszosanns dypee [1,2]. {14 onpenesieHns CPEAHUX pa3MEPOB
Ha3eMHBIX 00BEKTOB ropoja, u3oOpaxeHne pasmepom 512x512 nukceneit pasia-
raetcsa Ha 100 ypoBHeil U CTPOHTCA THCTOrpaMMa paclpeieIeHHs CyMMapHOii HH-
TEHCHBHOCTH J, MPUXOASAIIEHCS HA KaXABIf YPOBEHb Pa3lOKEHHA. BhIUMCIEHHS
npoBepeHbl Ha H300paXKEHHIX MPOCTBIX 00BEKTOB, HMEIOIIHX OJHHAKOBBIE pa3Me-
pel H Ha H300paxeHuax ¢pakraioB. Ha puc. 1 a) mpexacrasieHo n3obpaxeHHe
koBpa CepnuHckoro. Ha pHc. 16) npeacTas;ieHO pacnpene;ieHHe HHTEHCHBHOCTH
OT YPOBHS Pa3IoKEHHA LT 3TOTO (hpaKTasia.
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Puc. 1. KOBCP CeanHCKOI‘O H pacnpeaeIeHHe HHTCHCHBHOCTH OT YPOBHS pa3.TOXECHHSA

s

Jns ¢ppakTa;10B XOpOUIO BHIAECIAIOTCA MHKH. COOTBETCTBYIOILHE Npeadpak-
Tany n-ro MOKOJIEHH, TO €CTh BbLIEAIOTCA HECKOILKO MHKOB, PacOIOKEHHbIX Ha
OMHAKOBOM PacCTOAHHH APYT OT Apyra. HHTEHCHBHOCTb 3THX NMHKOB, B 3aBHCH-
MOCTH OT THna ¢pakrana, pasHad. CpexHuii pasmep 06bekToB D BLIMUCIAETCS MO

topmy:te:

(1)

riae i — HOMEP pa3;IokKEHH,
J; — cyMMapHas HHTEHCHBHOCTb § — IO Pa3IokKeHHS.

Berancnenue no dopmyse (1) maet cpeanuit pasmep D ob6wekToB B jora-
pudmuveckoM Maciutabe. OcHoBaHHE 1OrapH(Ma BHIYHCIAETCS U3 COOTHOLICHHUA:

100 _ ~18
x =2
CpenHuii pa3zmep o0beKkTOB B MacimiTabe H300paKEHUA BBIYHCIAETCA MO

dopmy:e:
D, =x". ()

4

1 00cer

RBOTeB

=l ‘l,“f Dl |

no0e a0
3 LogN 6)

Puc. 2. Cuumoxk 1. Hapmx H pacnpeacieHHe HHTEHCHBHOCTH OT YPOBHA pa3IOKEHHA

Ha puc. 2 6) npencrasieHo pacnpese;ieHe HHTEHCHBHOCTH OT YPOBHA pas3-
JIOKEHUA 1714 3Toro cHuMia. CpeaHuii pa3mep coopyxeHHit T. [lapmk coctapaser
175 metpos. Ha puc. 26) MOXHO BBLICTHTE THKH, COOTBETCTBYIOILE NMpendpaKTa-
1y n-TO NOKOICHHS.
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Puc. 3. Cuumok r. JIOHI0H M pacnpeae;1eHHe HHTEHCHBHOCTH OT YPOBHS pa3.10)KCHHA

Ha puc. 3a) npe;acTapieH CHUMOK I. JIOHIOH, NOIy4€HHRIH O cyTHHKa. Ha
puc. 3 6) NpeAcTaBiIeHO paclpeliesIeHNe HHTCHCHBHOCTH OT YPOBHS Pa3ioiKeHHA
111 3TOTO CHHMKA. AHAIOTHYHblE BBIYMCIEHHA A T. JIOHAOH JAalOT CpeHHi
pa3mep coopyxeHHii 145 MeTpoB.

Paboma evinoinena npu noodepxcke POOHU, npoexm Ne 14-07-00143 a.

CnHCOK IHTEpaTyphbl
1. Xearos I1.B., Cemenos B.H., Lllyp6un A.K. IlpiMerenne HenpepbiBHOro Gu1CTpOro
BeitBreT-npeobpazopanns 418 06paboTkH H3oOpaxenuit. Materiali VIII miedzynarodowej nau-
kowi-praktycznej konferncji, Przemysl, Nauka i studia, 2012. C. 65-69.
2. CemeHor B.. CBueTeIbCTBO O TOCYAapCTBEHHOH PErvCTpalldy NpOTrpaMMbl JUIA
OBM Ne 2010616103. Henpeprisaoe cBepxGhicTpoe BeiipreT-npeodpaloBanie. 3aperHcTpHpo-
BaHo B Peectpe nporpamm a1 DBM 16 centabps 2010 1.

MHOTO3JIEKTPOHHBIE CITUHHOPHBI TSXKEJIBIX 3JIEMEHTOB:
TEOPUA U PACYHET

Hoeocaoos B.K.

BeyLIMi HayuHbIH COTPYAHUK MIHCTHTYTa FeOXHMHH H AHAJTMTHYECKOH XHMHH
nM. B.W. Bepuanckoro PAH, nokrop ¢u3.-maT. Hayk,

Poccus, r. Mocksa

B cTaThe paccMaTpHBaETCA METOM MMOCTPOEHHS MHOr0YIEKTPOHHBIX BO:THOBBIX CIIHHOPOB
IUIA aTOMOB HIXKHeH MoJToBHHBI NepHoaHdeckoii Tabauusl 1ementos /1. Menneaeesa ¢ ue-
SIb1O TIPOFHO3HPOBAHHS H HHTEPIPETAIMH CTIEKTPOB .TIOMHHECIEHIIHH COETHHEHHH TaHTaHH0B
H TPaHCYpaHOBBIX 3JE€MEHTOB.

Koueswie crosa: PeIATHBHCTCKAsA KBAHTOBAast MEXaHHKA, TKEIbIE€ aTOMBI, MYIbTHCIH-
HOPBI, 3IEKTPOHHAA CTPYKTYPA TAKEIIbIX aTOMOB, TCOPCTHYECKAA CIIEKTPOCKOMHSA.

1. TlocTtaHOBKa 3anavyu

CoBpeMeHHOE COCTOSTHHE TEOPHH TSKEIIbIX JTEMEHTOB HYXIAETCS B pa3BH-
THH MHOTO%;IeKTPOHHBIX MOAXOA0B, OOBACHSAIOUIHMX H CTIOCOOHBIX NPOTHO3HPOBATh
CMEKTPOXUMHYECKHE CBOHCTBA COEAMHEHHH C DIEMEHTAMH HHUAKHEH MOI0BHHBI T1e-
pronnyeckoii Tabanusl J.U. MeHneneeBa. AkTyabHbie npobieMbl QOTOXHMHH H
JIIOMHHECLICHTHOTO aHajH3a COeHMHEHHH 1aHTaHWAOB, TPAHCYPAHOBLIX H CBEpX-
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TSOKEIIBIX 37IEMEHTOB CTaBAT Mepell TeopeTHUYecKoi PH3HKOii 3a1auy MocTpoeHus
PEIATHBHCTCKON TEOPHH MHOTHX 4acTHU, B3aHMOAEHCTBYIOIIHX Mo 3aKoHy Ky:to-
Ha. JIo CHX MOp B TeOPETHUECKOH CIMEKTPOCKOMHH TAXKEIBIX IEMEHTOB HCIO:b-
3yI0TCS MOY3MMHPHYECKHE OJHOYACTHYHbBIE MOIEH, NpEACKalaTeIbHas cnocob-
HOCTh KOTOPBIX CYILECTBEHHO OrpaHHYEHa MOJENbIO MIEATLHOrO Ta3a [UIA JIIeK-
TPOHHOH I;1a3MBI ATOMOB. DTH MOJCIH HE BKTIOYAIOT PAA BaXKHBIX MHOTOYAaCTHY-
HbIX (QEKTOB KBAaHTOBOTO MOBEAEHHA YIEKTPOHHOro 00;1aka B aTOMe, KOTOpbIE
MOMOT.TH Obl MPaBH:ILHO HHTEPNPETHPOBATL CTPOCHHE H BATICHTHBIE CBOMCTBA Be-
IIECTB C TSOKEIBIMH 3:1eMeHTami. Kpome Toro, B nociieaHHe 1Ba AecATHISTHS BCE
60abillee  BHHMaHHE CHELMATHCTOB TMPHBICKAET HOBBIH paszden XHMHUYECKOM
HayKH, TaKk Ha3blBaeMas CMHHOBAs XHMHA, B KOTOPOH CYIIECTBEHHO HCTOb3YeTCs
NpeacTaB;IeHHE O CIHHOBOM pacnpefe;IeHHH Y1eKTPOHOB B aTOMaX M MO:IEKy:1ax.
QOueBHAHO, 00CYXAEHHE CIHHOBBIX CBOHCTB BEILECTBA MOXKET ObITh MPaBHIBHO
MOCTaB.ICHO HAa OCHOBE PEIATHBHCTCKONM TEOPHH CHCTEM MHOTHX 2IEKTPOHOB.

Iesbto maHHO# paboThl ABIAETCA Pa3BUTHE MHOTOYACTHYHOH pEIATHBHCT-
CKOM KBaHTOBOH MEXaHHKH aTOMHO-MOJICKYIAPHBIX CHCTEM, AAlOUIeH BO3MOXK-
HOCTb TPOrHO3UPOBATh UX CIIHHOBbBIE CBOWCTBAa M CNEKTPOXHMHYECKHE MpOsBIIe-
HHs B 9KcnepuMeHTe. OCHOBOI HallIMX MOCTPOCHHIA OYAyT CIYKHTh MpPeILI10KeH-
Hble B [1, 2] MHOrOYacTHYHbIE YpaBHEHHS PEIATHBUCTCKOI KBAHTOBOH MeXaHHKH,
apssompecs 06001eHHeM GHCITHHOPHOTO PEISTHBHCTCKOTO BOTHOBOTO YPaBHE-
Hus lupaka.

2. MHOr03J1eKTPOHHOE PEIATHBHCTCKOE BOJIHOBOE YPABHEHHE

3anuiieM CHCTEMY PEISTUBHCTCKHMX YPaBHEHHH 11 3JIEKTPOHOB aToMa B
MNpPOCTPAHCTBE HMITY;1bCOB

D(p)#(p)=Ev (p)-

_(2”)-3»-“1[(13‘,; [“i[djr’ exp[ig(p; -p,)r, ]V(r)]n;(p').

j=l
(1
IZie MaTpHLla KHHETHYECKOH JHEPTHH B BHAE CYMMbI NMPAMBIX MPOH3BEAECHUI MaT-
pHU 4-ro nopanka

n
D(p)=> Ix...xD,(p,)x..x1, )
k=1
COCTaBICHHBIX U3 MaTpHLl JlUpaka KUHETHYECKOM SHEPTHH KaX10T0 YIEKTPOHA
me*  co
D, =[ P;] 3)
cop, -mc

N eanHuyHbix Matpud /. TloTeHuMan atoma mpeacTaBlieH CYMMOH KY-IOHOBCKHX
NMOTEHLHAI0B B3aUMO/ICHCTBHA YacTHI[ aTOMa
n Zel n n ez
V(r)=—zT+ZZ——.
il

r

Q)
(R
Bolunciienne gypoe-npeobpazoranns notenumaia s (1) aaet GpyHKUMH UM-

Ny;1bCOB ;IEKTPOHOB — AApa HHTETPATBLHBIX ONEPATOPOB CHCTEMBI HHTEMPAILHBIX
YpaBHeHMii

13



D(p)'/7(p)=Ev7(p)+(27r2)—'ilezfd’qq‘zv7(pl,...,p.-+q,.-.,p,,)—
e )
—(27:2)_ eZZZId’q q'2y7(pl,..4,p,.+q,..‘,p,.-q,...,p,,).

> j=1

Bo:HoBas GpyHKLHA NpeacTaBideT coboii MyIbTHCIIHHOP aToMa — cToabeu ¢
4" KOMIIOHEHTaMH.

Marpuua D MoxeT GbITh MPHBEAEHA K AHAarOHaJbHOMY BHIY YHHTapHBIM
npeo6pa3oBaHHEM, PHYEM e¢ COOCTBEHHbIE 3HAYEHHA PaBHBI THHEHHBIM KOoMOH-
HAUHMAM KHHETHYECKHX DHEPTHH OTAEIbHBIX JIEKTPOHOB, H3 HHX TOJNBKO 2" Bbi-
POXIEHHBIX COGCTBEHHBIX YHCE PABHBI CYMME PEIATHBHCTCKHX PaAHKaIOB, a B
OCTaIbHble COOGCTBEHHbIE YKC:1a (TOH e CTENEHH BBIPOKAEHHA) GYRYT BXOAHTH
pagHKaiIbl ¢ OTPHLATEILHBIMH 3HAKaMH, KOTOPbIE HE HMEIOT (PH3HYECKOTO CMBIC-
74, a ABIAIOTCA KOPHAMH COOTBETCTBYIOLIEro aire6panyeckoro ypaBHEHHs MO-
paaxa 4”. B Teopun Jlupaka oTpHuaTenbHble PaaHKadbl HCMOB3YIOTCA A ¢op-
MHPOBaHHA NO3MTPOHHBIX cocTOsHUHA. Takum o6pa3oM, maTpuua D Moxer GbITh
a1refpavueckH NpeCTaBieHa B BUIE CNEKTPaibHOTO Pa3iIokKeHHA Mo CoOCTBEH-
HBIM YJIEMEHTAM, CPEIH 3HAYCHHIT KOTOPBIX NPHCYTCTBYET KIaCCHUECKOE PEIATH-
BHCTCKOE BbIpa)keHHE KUHETHUECKOH SHEPTHHU JJIEKTPOHOB aToMa.

B cdepuyeckux KoopAHHATAaX HMNY:bca A KaXKAOr0 JJIEKTpOHa

p, = psinfcoosg, p, = psinfsing, p, = pcosd (6)
W TIpH 3aMeHe MOy HMITY;1bCa TAHTEHCOM YTJIa a
P, =me 1g2a, (7

MaTpHLa npeobpa3oBaHus (MAaTPHLA COGCTBEHHBIX BEKTOPOB) KHHETHYECKO#H MaT-
puuel [lupaka, B KOTOPO#l CTOAGLBI CrPYINHPOBaHbl B THHEHHbIE 060;104KH OXH-
HAKOBBIX COOCTBEHHBIX 3HAYeHHi, HMeeT BHA (MHAEKC k OMYCTHM)

cosfcosa -sinfe™cosa —cosésing sinfe¥sina
2 2 2 2
sin¢e” cosa cos€cosa —-sin¢e“sing —cos¢sina
c=|%"2 2 2 2 (8)
cosfsinag  sinfe “sina cosfcosa  sinfecosa
sinfe“sina  —cosésina  sin§ecosa  —cos§cosa

[TepBoie ABa cTOA6UA MAaTPHULILI — 3TO COOCTBEHHbIE BEKTOPBI A MOI0KH-
TEJIBHOTO COGCTBEHHOrO 3HAUEHHS A4 =c\/mzcz +p*, a 3-i u 4-i cTo6LBI OTBEUAIOT
OTPHLATEILHOMY COOCTBEHHOMY 3HAUEHMIO A, =—c\fm’c’ + p’ . COOCTBEHHbIE 3Ha-

yenns Matpuust Dy (3) AByKpaTHO BBIPOXIEHBI. 3aMeTHM, YTO JaHHBIE COOCTBEH-
Hbl€ BEKTODHI 33aI0T HAaMpaBJIeHUA OPTOB H3 Hadaja KOOPJAHHAT K MOBEPXHOCTH
cepst B 4-MepHOM IIPOCTPAHCTBE.

Teneps HeTpyaHO cHOPMHUPOBATE MATPHLY COOCTBEHHBIX BEKTOPOB MaTpH-
ubl (2) 219 CHCTEMBI YJIEKTPOHOB H3 MAaTpHLl COOCTBEHHBIX BEKTOPOB KHHETHYE-
CKHX MaTpHLl OTACIBHBIX Y1eKTPoHOB C; B BHE KPOHEKEPOBCKOTO MPOH3BCICHHA
MaTpHL

C(p)=Cl(pl)xcl(p2)x"‘xcln(pn)' (9)

Jlajlee 3amuimeM CMEKTpalbHOE Pa3ioKEHHE KHHETHYECKOH MATPHUBI CH-

CTeMbl MHOTHX YaCTHL M0 ee COOCTBEHHBIM YIEMEHTAM
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-
D=CAC=YuAj, (10)

i=]
3neck ¥, — coOcTBEHHEBII BeKTOp-cTO16CN, a i, — BEKTOP-CTPOKa (C y4eTOM KOM-
MJICKCHOT O COnp)l)KCHHﬂ), A — IHaroHa;ibHasg MaTpHla CcOOCTBEHHBIX 3HaYeHHit
A,. CobcTBEHHBIE BEKTOPbl KMHETHYECKOH MAaTPHLbI CHCTEMbI LIEKTPOHOB CTPO-
ATCA KaK NpsAMbI€ NPOU3BEACHHA coOCTBEHHBIX BEKTOPOB NapUHaIbHbIX KHHCTHYC-

CKHX MaTpHLl (8) OTAEILHBIX 31EKTPOHOB.

3. IlpuBeneHHe CHCTEMBl HHTErpabHbIX YpaBHEHHWIl (5) K CIHHOBBIM
dhyHKIHAM

BBeneM npoekuuH My:IbTHCIIHHOPA ypaBHEHHS (5) Ha coOCTBEHHBbIE CITHHO-
Bbl€ BEKTOPbI MaTPHLIbl KHHETHYECKOH YHEPTHH CHCTEMBI 31EKTPOHOB (Ha30BEM HX
cnnuoBbIMH QyHKuMamH) § =4y . Kak BHIAHO, CNHHOBbIE QYHKLUMH SBIAKOTCH
CKIAPHBIMH QYHKLMAMH, OTOOPaXaloLIUMH ONpeIe;IEHHbIE CITHHOBbIE COCTOAHHUS
3;IeKTPOHHOH cucTeMbl aroma. Torna cucrema ypaBHeHHii (5) mpeoGpasyeTcs K
CHCTEME YPaBHEHHH 115 CKAIAPHBIX CIMHOBLIX PYHKUMHA (B MaTpHYHOH 3amucH)

A(p)¢(p)= Ed(p)+

+Zez(2;rz)_lijd’qIx...xK(p,..p,+q)x...xl 7Py P+ Qs P, ) -
i=1
(11)

—ez(Zfrz)?!ZZI:Pqu...xK(p,.,p,+q)x...xK(pI.pi—q)x...x1q‘z-
> y=1
(PP +Q..P, — 0GB, )
3nece MBI BOCHOIB3OBAINCH CHEKTPATBHBIM Pa3IOKEHHEM €IHHHYHOIO
onepatopa

I =CC= 30 (p)a(p). (12)

MarpuuHoe AOpPO HHTETPasILHOTO OMepaTopa paBHO MPOH3BEIEHHUIO
Matpun C:
Kp.p)=C(p)C(p) ; (13)
NIPH paBeHCTBE apryMeHTOB OHO oOpalllaeTcs B emHHMuHyl Matpuuy (12). B
ypaBHeHHH (11) moTeHUMAIbHBIA OMEPAaTOp MPENCTABIEH NMPOU3BEICHHEM AIEp:
BBIDOXKAEHHOTO0 MaTPpHYHOTO CIHHOBOTO f/pa M KY.TOHOBCKOTO f1pa B BHIE CKa-
AApHoit dhyHKUMM. Pasiaoxenne (pakTopHsaums) 3THX sep MO MEPEMEHHLIM aeT
CHCTeMy 6a3McHBIX (QyHKUMH JUI MOCTPOEHHS PELIEHHS WHTErpaibHOTO ypaBHe-
HUA. Takum 0Opa3oM, Ml BHAMM, YTO JMPaKOBCKHIl NEPEXOA OT AEKAPTOBBIX
KOMMYTHpPYIOIINX Oceli K KIN(pPOpAOBOMY NPOCTPAHCTBY ¢ HEKOMMYTHPYHOLUHMH
OCSIMHM KOOPAHHAT NPHUBOAMT K OCHALIEHHIO KYJIOHOBCKOTO MOTEHLHA1a CTHHOBbI-
MH MHOXHTEIAMH, KOTOpbi€ OMHCHIBAIOT HYTALHH B ABHKEHHH 3JI€KTPOHOB H
CNHHOBbIE MOMpPaBKH B MX 3Hepruio. Takxke U3 BUAA MHTETPATLHOTO YpaBHEHHs
CICAYET, YTO CIHHOBbIE MHOXKHTEIH B NOTEHLIHA IE HE HAPYLIAIOT ABYX YaCTHYHbIH
XapaKkTep B3aWMOJIEHCTBHI YacTHL. YTO HEH30€XKHO MPOHCXOIUT MpPH KBAIPUPO-
BaHHHN PEIATHBHCTCKHX MaTPHYHBIX YPaBHEHHIA.
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3amMeTuM, uTO cHcTeMa (11) pasbuBaerca Ha MOACHCTEMbI A1 KaKAOFO Bbl-
POKIAEHHOrO KOPHA MaTpHUbl KHHETHYeCKOH Heprun A. Hac HHTepecyloT KOpHH
B BH/€E CyMMbI pafMKa;I0B. B 3ToH rpynmne ypaBHeHHH CNHHOBBIC QYHKLHNH, OTHO-
cAmMecs K He(QU3HYECKHM KOPHAM, MpPEACTaBIAITCA MaibiMH BK1agamu (310
«MO3UTPOHHBIE» CITHHOBBIE KOMIOHEHTBE), UX MOXHO Yy4eCThb (1.1 COXpaHEHHs Op-
TOrOHA;IbHOCTH CITHHOBBIX (PYHKLIHIT) B BHE €:1a00r0 BOIMYLICHHSA 31EKTPOHHBIX
CMHHOBBIX KOMMOHEHT. MOKHO ONPEACTHTD HY;1€BOE MPHOIHKEHHE, €CTH TIpEHe-
Opeub Ha BpeMs THMH MO3HTPOHHBIMH CIIHHOBbIMH QyHKIMAMH. Toraa cucreMa
ypaeHeHuit (11) peayuupyercs K YHCTO HICKTPOHHBIM CIIHHOBLIM (DYHKUMAM; 3TO
ellle He ompee:iseT No;IHOe HEPEIATHBHCTCKOE MPHOIHAKEHHE, NOTOMY YTO KHHE-
THYeCKass DHEPrHs OCTAETCA BbIPaXKEHHOH B BHAE CYMMbl PalHKAJIOB H MaTpHUa
Apa HHTErPAJILHOTO OflepaTopa He 3aMeHeHa eIMHHYHOH. OfHaKo B JaHHOM HY-
AeBoM NpuGIHXKEHHH HeboMblIag 4acTh PEAATHBHCTCKHX BKJaloB B 3HEPTHIO
atoMma Oyner norepsiHa. Pemienne ypaBHeHust (11) MOXET ObITh TOCTPOEHO HA OC-
HoBe G;IM3KOTrO K uHTerpaibHoMy ypaBHeHHio llIpénuHrepa ypaBHEHHs ¢ BBIPOXK-
OEHHBIM CIIMHOBBIM SAPOM, €CJIH PakIoKHTh PaJAWKasibl B PAN MO OTHOLICHHIO
p/mc M YIEPXKaAThb KBaJpaTHYHbie MO HMITY.IbCAM 31EKTPOHOB WicHbl. Toraa
MOXHO TpPEACTaBUTH pelliecHHe B BHIE PALA M0 BOTHOBbIM QYHKUMAM ypaBHEHUA
Ipénnnrepa, HarpyKe€HHLIM MHOXHTEIAMH BBIPOXKIEHHOMH CNUHOBOIR YacTH Aapa
HHTErpajbHOro omepatopa. Takoe pa3ioKeHHE BCErJa CXOAUTCA, H €r0 OTPE30K
Jaet ynoOHoe 18 NOCIedyIOEro aHaIH3a NpHOIMKEHHE K TOYHOMY PELIEHHIO.
MeTo/ibl BHIUMCIIEHHS MHOTOJEKTPOHHBIX HEPEIATHBHCTCKHX BOTHOBBIX (PyHK-
umit ypasHenus LlIpéaunrepa nas atoma nansi B [1].

4. 3aki04eHHe

B naHHoii paboTe Mbl NPEeACTABIIM YHCAECHHBIR aITOPHTM BbIYHCIEHHA pe-
JISTUBHCTCKHX MY;IBTHCIHHOPOB METOMOM NPHBEACHHS A4pa HHTETPATILHOIO OMe-
paTopa K BHIPOXAEHHOMY H, COOTBETCTBEHHO, K PEIUEHHIO airebpaHuyeckoi npo-
6:1eMbl Ha coOGCTBEHHbIE 3HaUeHHA. OT CIIHHOBBIX PYHKIHIE MOXCHO JIETKO NEPENTH
K HCXOIHBIM PETATUBHCTCKUM MYIbTHCIIHHOpaM, cOOHpas CIHHOBbIE QYHKUHH B
cTo;16ubl U AeiicTBys Ha HUX MaTpuuel C. OTMETHM, 4TO B JaHHOM aJIFOPHTME HE
MCMOb3YETCA MPHHLMN 3amo;HeHHs opOHTaiell 3a OTCYTCTBHEM TaKOBBIX, MO-
CKO:IbKY TIpH peLieHHUH ypaBHeHus Lpéannrepa Mbl HCMOIB3YEM MHOFODJIEKTPOH-
Hble nouchepHueckue 6asHcHbie PyHKIMH.

Bcraeacrsue 60nb10H pa3MEPHOCTH MAaTpHULI BbIPOXKIEHHOTO CIIHHOBOTO
A71pa UHTErpaibHOro oneparopa (11) pe;ATHBHCTCKHIT MHOTO3IEKTPOHHLIH CIIEKTP
aToMa OyIeT XapakTepH30BaThCsA 30HHOH CTPYKTYpOH ypOBHEH, UTO B CNEKTpa/ib-
HOM JKCIIEpHMEHTE JODKHO HabiojaTeCs B BHAE M0S10C JTIOMHHECUEHUHH. Pac-
npene;icHHe B MOI0Ce HHTEHCHBHOCTH H3.TyUeHHs COCAHHEHHH C TAKEIBIMH aTo-
MaMH ONpPENCIACTCA MAaTPUYHBIM JIEMEHTOM YIEKTPHYECKOTO IHIMOJIBHOTO MO-
MEHTa CHCTEMBI YTEKTPOHOB.

CrHCOK JIHTEpaTYphl
1. Hosocanos, b.K. AnanTuyeckas MexaHuka atoma. M.: HoGess Ilpecc, 2014, - 322 ¢.
2. Hosocaaos, B.K. K TeopHit 2:1eKTPOHHBIX COCTOAHHIE TAKETBIX YI1EMEHTOB // XHMHA
BBICOKHX dHepruii. —2015. - Ne 5. - C. 1-6.
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YUHCJIEHHOE PEUIEHHE 3AJAYH TUDDYIHH
OCAJIOYHBIX NMOPOA ITPH CBPOCE I'PYHTA

Honoga T.M.

JIOLEHT Kaeapb! NpHKIaaHoH MaTeMaTHkH TuxookeaHckoro rocynap-
CTBEHHOTO YHHBEPCHTETA, KaH . (H3.-MaTeM. HAYK, AOLICHT,

Poccus, . Xabaposck

Hleguenxo B.C.

CTYHEHT rpymisl Gaky;bTeTa GyHIAMEHTAILHBIX U KOMMBIOTEPHBIX HAYK
THX00KeaHCKOT0 roCyJapCTBEHHOTO YHHBEPCHTETA,

Poccus, r. Xabapobck

B paGote paccMoTpeHa Moze:ts npouecca auddysHn BiBecH, nocie 3atnosoro cbpoca
rpyHTa B paiton Nel54 na zanaanom Gepery Tatapckoro npo.mBa Mexiay MbicaMu [TyTaTHHa u
3e1eHbIM, YCTaHOBNEHA Pa3peliMMOCTh HAY&TbHO — KPAeBOii 3a1a4H MPH IITAIKOCTH BXOIHBIX
JaHHBIX, TIOCTPOEHA HEABHAA KOHEYHO-Pa3HOCTHAA CXEMA, MPOBEIEH YHCIEHHBIH YKCIIEPHMEHT.

Kuouesble c108a: Moaeas KOHBCKLIHH-HHCbCl)y'jHH, METOA KOHEYHBIX pa3HOCTCﬁ. CETOY-
HBIC (pyHK].IHH, JAMMHHT, HEABHAA PA3HOCTHAA CXEMaA.

IMpob6aeMamu pacripocTpaHeHus B3Becel B BOJHOMH cpele 3aHHMATHCh OTe-
YecTBEHHbIE U 3apybexkHble creLHaTHCTBl ¢ koHUa 70-x ronoB. TeM He MeHee, B
HacTofllee BpeMsa OTCYTCTBYIOT HaJleXKHble METOAHKH, HA OCHOBE KOTOPBIX MOXHO
OCYIIECTBIATh MPOTHO3 pacHpOCTPaHEHHA B3Becell Ha HeOobLIME PacCTOAHHA
npH HX 3a1moBoM cOpoce. [l OLEHKH paclpocTpaHeHHs B3BecH NMpH cbpoce B
MOPCKYI0 cpelly PYHTOB JAHOYTAYyOIeHHA MOTYT ObITh MCIOIb30BaHbl Pa3IHYHbIE
PEIUEHHS, MOTYyYEHHBIE C MOMOIIBI) AHATHTHYECKHX, YHCIEHHBIX H CTaTHCTHYE-
CKkHX MeTonoB [7]. ONTHMH3ALHOHHAA YHCIEHHAA MOAENb 1M BbIOOpa MecTa OT-
Bajia IPyHTOB AHOYrayG:ienus Oblia mpemioxeHa 'oHyapoBeiM A. A. [7, 8). Mo-
Ie1b NOCTPOEHA HAa TPEXMEPHOM ypPaBHEHHH TypOy:leHTHOH nud@y3uH BIBeCH H
TIO3BOIAET HAa OCHOBE COMPSKEHHOH 3amaun myteM mepebopa (yHKUHOHATa
(byHKUMH mpeNnoIaTaeMOro MCTOYHHKA) MOIYUHTB KOODIAHHATH HMCTOYHHKA,
obecneunBalomero MHHUMATBHOE BO3IEHCTBHE (KOHLEHTPAUHIO B3BECH) B pac-
CMaTpHBaeMoi 06:1acTH.

PaccMOTpHM ypaBHeHHe pacnpOCTpaHeHHS B3BELIEHHBIX YaCTHL, KOTOPOE B
CHIMa-KOOPJHHATHO# CHCTEME HMeeT BHA:

BCi+6CiU +6C,VD+6C, ((.L)+(DC)

ot ax ay do
_ O [Keay o G +a[DAaci s 0ty (L
" dolD 60] ax[ Cax] ay Cay] Q(x,y,0),(1)

TI€ x,y,0,t — koopauHaTHas cucteMa; C;(x, y, 0,t) — KOHUEHTpaLHs (ppaKLHH
B3BELUEHHBIX YacTHLL, I/M’; U,V — FOpH3OHTAIbHbIC KOMIOHEHTHI TEUEHHHA, M/C;
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® — BepTHKaNbHas COCTaBIAIOUIAS CKOPOCTH, HOpManbHas K CHIMa-
MIOBEPXHOCTH, M/C; W.- COOCTBEHHas TpaBUTAllMOHHAs BepTHKaIbHas CKOPOCTh
¢pakiUuK B3BElIEHHBIX YacTHLL, M/c; D=H+n , rne H — riy0HHa, M; 1| — YPOBEHb,M;
K. 1 A, — BepTHKa;IbHbIH ¥ TOPU3OHTAIBHLIH KO3)(HLIHEHTH TypOy:1eHT-
HOM b dy3un, MY/c; Q(X,y,0)— MCTOUHHK 3arps3HEHHH, r/(M’c). YpasHeHHe onH-
ChIBAET H3MEHCHHE KOHLUEHTPALMH B3BELIEHHBIX YaCTHL B YCIOBHAX, YYMTBIBAIO-
IMX MEPEHOC TIPUMECH TeYeHHSMH, TOPHU3OHTATBHOH M BEpPTHKaIbHOH TypOy-
neHTHOH AU Py3ueii, a Takke PH3NUECKHE XapaKTEPHCTHKH YaCTHL B3BECH.
3apanuM rpaHUYHbIEC YCIOBUSA
C(0,y,0,t) = g,(3,0),C(xp, y,0,t) = g2(,0),C(x,0,0,t) = g3(x,0),
C(x: Ym, 0, t) = g4(x, 0'), C(x' Y 0! t) =gs (x' }'). C(x, Y, 0y, t) = g6(yr G)'
B Haua:1eHbIH MOMEHT BpeMeHH OyaeT Npou3BeacH 3almoBblii cOpoc rpyHTa.
3TOT IpoLIecC MOXKHO OMHCATh ¢ moMomblo GyHkunH [aycca:

1
C€(x,y,6,0) = ———mM———-
2moyoy ’1 - p)z(y
-exp| — 1 (X_Hl)z _ pry(x—ul)(y_pz) + (y_HZ)Z
2 (1 - p’z(y) o% 0,0y o2 ’

roe b, = 250,p, = 500,06, = 13,6, = 19, Pyy = 0,9.
PaccMOTpuM 4HCiIeHHOE pellleHHe TpeICTaBjIeHHOH 3adadd METOAOM KO-
HEYHBIX Pa3HOCTEH
HaHecem Ha npocTpaHCTBEHHO-BpeMeHHYI0 06:1aCTh
0<x<x, 0Ly <Syn 02572, 0<t<T
KOHEYHO-Pa3HOCTHYIO CETKY
—fy. =ih v.=jh 7 =eh: tl=1.
Whyhyh,t = {xi = ihy; y; = jhy; 2z, = ehy; tP =11}
X Z
C TIPOCTPAHCTBEHHbIMHU 1araMu h, = 7"; hy, = y;m; h, = 7('5; U 1IaroM no BpeMe-
uut=T/L.
AnnpokcuMupyem ypasHeHue (1), Mo HesBHOH KOHEUHO-Pa3HOCTHOH cxeMe:
!

] -1 ! ] i l l
Ci,j,k - Ci,j,k " Ci,j,k - Ci-l,j,k UD + Ci,j,k - Ci.j—l,k VD + Ci.j.k — Ci.i.k-l (w+w) =
T h’X hy ha ‘
Clojx—2CH, +Chy; Cliix—2CH, +C
— i-1,jk htZ)k i+1,j.k . DAC + i,j-1k hz,zj,k i,j+1.k " DAC +
X y
Clipy—2CH, +Ch
ijk=1 l,zj,k Lik+1 *ﬁ+ 0(x,,0).
hZ D

[MpoBeneM YKCIeHHbIE pacyeThl TIPU HYSIEBBIX FPaHMYHBIX YCIOBHAX. BBe-
ZIeM CpelHHe 3HaYeHHA KOdXPPHLIUEHTOB:

— k03 dbumeHT BepTHKAILHOH TypOysieHTHOH audpdysun K, = 1073mYc;

— k03(PHLIMEHT rOpH3OHTANIBHON TypOYy1eHTHOH auddysuu A, = 0,3 M?/c

— rOpH30HTAThHbIE KOMIOHeHTh Teyenns U=0,1m/c,V=0,15m/c;

— BEpPTHKa/IbHas COCTaBIAIOWAsn CKkopocTH, w = 0,068 m/c.
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Co6cTBeHHaa rpaBuTaLMOHHas BEPTUKanbHasA CKOPOCTb (PPaKLmu B3BELLEH-
HbIX YacTuL, 0)c BbluucnseTca no opmyne CTokca:
1gd2(pc-p)
Lt =18 J "(4)
rae cpefHuin guameTp yactuy B3gecm d = 0,5 « 10 3wm;
MMIOTHOCTb YacTul, B3Becn pc = 2650-7[11];

NAoTHOCTL  Bogbl p = 1023,77”~- , npu Temnepatype t = 10°C

n coneHoctu BoAbl S = 30%0[4].

MOfeKynapHasa BA3SKOCTb Boabl p = 1.308 «10_3[la c, npn Temnepartype
t = 10°C n coneHocTn Boabl S = 32%o0[4].
1 9,8+0,25 PO-6'(265A0- 999,77)
18 1,052-10-3

M3 rmaponornyeckoro oTyeta M3BeCTHO, 4TO B paiioHe Nel54 rnybuHa us-
MeHsieTca oT 18 Ao 30 M M TakK Kak Mbl pacCMaTpyBaem MpoLecC B TO/LLE BOfbIl, TO
Bo3bMeM 0 OT O go 17 m., Torga x paccmarpusaem B npegenax ot 0 go 500 m.,
ay - or 0 go 1000 m. TocTpoMM CETKY C LiaroM Mo X W Noy pasBHyl 25 M.
(T.e.bx=25, hy=25).

[ns pacueToB 3admkcupyem rnybuHy 0 U paccymTaem pacrpegeneHue B3se-
CV Ha MOBEPXHOCTW, MOKa3aHHbIA Ha pUCyHKe 1, puc. la nmokasblBaeT HavanbHyio
KOHLEHTpaL Mo B3BECW MPW 3aNOBOM Bblbpoce, puc. 16, 2 a,6 - M3MEHEHWEe KOH-
LeHTpaumMmn B pasfnyHble MOMeHTbl BpeMeHW. LLlkana cnpaBa 03HayaeT KOHLEH-
Tpauuio B3Becu B r/m3

L — = 0,21m/c.
[ ! 1

Puc. 1. KoHueHTpaums B3BecH Ha NOBEPXHOCTMN
a) t=0c. 6) t=4c
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a) 0)
Puc. 2. KoHUeHTpaLuuna B3BeCU Ha NOBEPXHOCTYU
a) t=8c. 6) t=18c.

PaccunTaem pacnpegeneHue B3BecK Ha rny6uHe 5M. pUCYHOK 3a NokasblBa-
€T HayaNibHY0 KOHLEHTpaLuuio B3BECU NP 3a/iNMOBOM BbIGPOCE, PUCYHKM 36-T U3-
MEeHeHMe KOHLEeHTpauun B pasinuHbie MOMEeHTbI BpemeHu. LLIKana crnpaBa o3Hava-
€T KOHL|eHTpaLuio B3Becu B /M3

B) r
Puc. 3. KoHUeHTpaumnsa B3Becu Ha rnybuHe 5m
a) t=0c. 6) t=4c. B) t=8c. r) t=18c.

UucneHHble METOAVKM Ha OCHOBe AnddepeHumanbHoro ypasHeHus (1) nos-
BOMIIOT  MPOBOAUTbL  BbIUMCMEHUS MO  AOCTaTOYHO MONMHLIM  a[BEKTUBHO-
ANdY3MOHHBIM YPaBHEHMSIM, MOJENIMPOBaTb BECbMA MPOW3BO/bHbINA TUAPOAUHA-
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MHYECKHIl PEXHM M CIOXKHbIE 3aBUCHMOCTH KO3(QHLHEHTOB OT BHELIHHX YCI0-
BHii, a TaKXKe YUHTHIBATL pa3;IHYHblE THIBI QYHKUHMHA MCTOYHHUKA U T'PaHHYHBIX
yCII0BHiA. OaHako 3TH MOJE]IH CTANKHBAKTCA C NpobieMod 3aiaaHWs NMpOCTpaH-
CTBEHHOTO pacnpene;ieHus nosisi TeueHus. OObIYHO A1 3TOro B MOJETh BKIIOYa-
eTcs FMIPOAHHAMHYECKHH 0:10K, Ha OCHOBE KOTOPOTO YHCICHHO MOJEIHpyeTcs
unpkyasuns. Ho 5To npuBoauT K elie Gosbied HEOMPENETeHHOCTH 3aJaHHs
HayaIbHBIX, TPAHHYHBIX YCJIOBHE H mapaMeTpoB MoAenn. UX npuMeHeHHe A1 110-
AyueHHS KO;THYECTBEHHBIX OLEHOK PEabHBIX IIPOLECCOB OTPAHHYEHO.

ChHcox JUTepaTypbl
1. F'onuapoB A. A. HcciaenoBaHHs MOIEIHPOBAHHS MPOLECCOB PacCesHHs PadIHHHBIX
BELECTB NMPH 3aXOPOHEHHH OTXOAOB B MopA W okeaHbl / A. A. Tonuapos, A. ®. Jlaulenko,
H. A. labirus — Boin. 1. O6HuHck — 1981, - 30 ¢.
2. lonuapos A. A. BeiGop MecTa cOpoca rpyHTa ¢ y4eTOM IKOITOTHYECKH 3HaYHMBIX 30H
na npumepe Ilapuyckoro 3anusa / A. A. I'onuwapos, M. A. Kpasuyk. — M.: ['uapoMeTeonsar,

1988. — 98c
3. Korepos B. H. MonenupoBante nepeHoca B3BEIIEHHBIX BEILECTB Ha OKEAHHYECKOM

wensde. Fopusontaishoe paccestue / B. H. Kotepos, 0. C. I03epanckas / XypH. BpIMHCIL.
MmateM. U MaTeM. ¢pu3. —2010. - T. 50, Ne 2. - C. 375-387.

MEXAHHU3MbI NOJAPU3ALINMNA U HHTEPOEPEHUHH ®OTOHOB

Paumkynoe M.H.
BeIylLIMit Hay4yHbIH cOTpYIHHK MHCTHTYTa QU3HKO-TEXHHYECKHX TIpobeM

M MatepHasioBeaeHHs HalnoHasibHOM akaAieMHH HayK, KaHI. TEXHHY. HayK, C.H.C.,
Ksipreisctan, r. bunikek

B HacTosluel cTaThe paccMaTpPHBAIOTCA MEXaHH3MBI HHTephepeHLIMH H MONAPH3aUMH Ha
OCHOBE TIPEILTOKEHHBIX paHee CTPYKTYp (JOTOHOB H MeXaHH3Ma HX pacnpocTpaHeHHs. [Tokasa-
HO, YTO Ha OCHOBE KOPIYCKYIAPHBIX CBOMCTB (JOTOHOB BO3MOXKHO OMHCATh HX BOJHOBBIC CBOIf-
CTBa, B YAaCTHOCTH MHTepdepeHUHio H noaspH3auuio. IlpuBeneHs! ¢akropsi, KOCBEHHO MOa-
TBEPKIAIOUIHE NPELTOKEHHYIO JTOTHKY.

Kawovesnie c10ea: BO:IHOBBIE CBOMCTBa, BTOPHYHBIE BUXPH, HHTep(epeHLHs, MepBHYHblE
BUXDH, MOIAPH3aLHs, HOTOHBI.

Tpu paccMoTpennn (OTOHOB ceroaHs Kiaccuyeckas (H3HKa, TOBOpSA O
KOpMyCKyAsipHO BOTHOBOM AyaldH3Me, NMPEACTABISET M OMUCBIBAET ITOT AYasH3M
HCpe3 OMHCAHHE INEKTPOMArHHTHBIX BOIH, HCITYCKaeMbIX TIOPLHAMH HIH KBaHTa-
MH, KOTOpBIE OBITM Ha3BaHel (GOTOHAMH. ITO MO3BOLIO OMHCATh MHOXKECTBO
CBOACTB MX PacHpOCTpPaHEHHs, HO, K COXKAJIeHHIO, HE Bce. HeT, HanpuMep ofHo-
3Ha4YHOro OTBETa Ha BONPOC, YTO CIYKHT CPedoil H, COOTBETCTBEHHO KaK pacrpo-
CTPaHsAeTCA 3;1eKTPOMArHMTHAS BOSIHA, €CTH BCTIOMHHTB O TOM, YTO (DM3HKH, CO
BpeMmeH JiiHmTeiina, 0Tka3aIHuCh OT CBETOBOTO I(Hpa.

Panee yxe 6bL1 npeniokeH HeckoIbKO APYToi MOAXON K MOHHMAHMIO H
OMHCaHHI0 KOPHYCKYSIAPHO BOTHOBLIX CBOHCTB (oToHOB. EciH, Kak 6BITI0 OTMe-
YCHO, B HacToslee BpeMA (OTOHBI, MPH PACCMOTPEHHH BOJHOBBIX MPOLECCOB,
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paccMaTpuBaloTCA KakK BOMHbI M3nyyaemble NOpUUAMU, T.e. Ha NepBOM MecTe CTa-
BATCA CBONCTBA BO/HbI, 8 KOPNYCKYNAPHbIE HA BTOPOM, KaK 6bl BCOMOraTe/IbHOM
mecTe (KaK MopLuio BOSIHbI), TO B JaHHOM C/ly4ae Ha MepBOe NoCTaB/eHbl Kopnyc-
KynsipHble CBOICTBA, a Ha BTOPOe, Kak CNeACTBME M3 MEPBOro, BOSHOBbE. O TOM,
4yTO (POTOH HYXHO paccmaTpmBaTb Kak 4acTuuy (6onee TOro ero perucTpupyroT
KakK 4acTuuy) 3TO OTMeyalT MHOrve yuyeHble. Hanpumep, ®eliHMaH roBopwT:
«Wccnepys cBeT Ha nyT M3 A B B MOXHO 06HapyXmWTb, 4TO OH BOBCE He Npej-
cTaBnseT co6oii BOMHY. Jlyun cBeTa, OKasblBaeTCsH, COCTOAT U3 (DOTOHOB, KOTOpPbIE
MOXHO 3aperncTpupoBaTb C NOMOLLbIO (DOTOHHOIO CYETYMKA, OHW 3aCTaBAAKT ero
wenkatb» [13, ¢.20].

Mpegnaraemblli NOAXOA paccmaTpuBaeT (POTOHbI VMEHHO KaK YacTuubl,
MMeoL e onpefeneHHy0 CTPYKTYypy, 6narogapss KOTOpOW NpPOABAAIOTCA BCe WX
cBOWicTBa (Hampumep, anekTpomarHuTHble [5 ¢. 91, 12 ¢.33]), BK/lO4as BO/HOBBIE.
Y>e ony6ankoBaHbl paboTbl, KOTOPble OMWCbIBAIOT Takue BOSHOBblE CBOWCTBA,
Kak pacrnpoctpaHeHne QoToHOB (6e3 HeOOXOAMMOCTU HaMums cneuuansHol cpe-
4bl) [6 ¢.89], oTpaxeHwe (BKIOYaA ONMCaHWe MexaHn3Ma COXPaHeHWUs NpaBOBWH-
TOBOFO PacrofOXeHWs BEKTOPOB 3/1EKTPUYECKOW U MarHWTHOW MHAYKUMM nochne
oTpaxeHus) [1 c.38], gugpakymio (C onucaHMem mMexaHu3Ma nosiBNeHUst MHTepge-
PEHLMOHHBIX NOMOC B ONbiTe KOHra ¢ ABYMA LeNsMu, Npu NponycKaHnW OANHOY-
HbIX poTOHOB) [7 ¢.59, 8 c.64], npenomneHune un gucnepcuio [1 c. 40, 44]. B paH-
HOV paboTe, OCHOBbLIBAACbL Ha TOM >Xe MOAXO04e, Mpef/oXKeHbl Ha pacCMOTpeHue
MexaHWn3Mbl MHTepthepeHLUn 1 Nonspru3aLmnm GoToHOB.

MHTepepeHumnsa hOTOHOB

UTo6bl MOHATH, KaK MOXET NMPOMCXOANTb MHTepdepeHLna Ans Havana HyxX-

HO PaccMOTpPeTb MPeA/IOKEHHYI0 paHee CTPYKTYpY (OoTOHOB (puc.1):

A

Vv
a) 6)

Puc. 1 BeposTHble CTPYKTYpbl (DOTOHOB

Kak BUAHO 13 puCyHKa (OTOHbI NPeAcTaBfieHbl B BUAE [BYX BEPOATHbIX BU-
[0B CTPYKTYP HanoMUHalLWMX TOpbl. ®OTOHbI MMEHOT COBCTBEHHOE BpalLeHue,
co3jaloLiee MarHMTHOE Mofie U CNWH, KOTOPOe MoKasaHo CTPenKoi B LeHTpe ¢o-
ToHa (puc. 1). Takxxe BpawaloTcs 60nee MeKMe YaCTUYKKU, U3 KOTOPbIX COCTOAT
(hOTOHbI (Ha3BaHHble (U3NYECKMMU TOUKamMy maTepum-aHeprum [10]), BLoMb Tpa-
eKTOPMW MePBUYHbIX BUXpeil. [lJaHHOe BpalleHne NoKa3aHOo CTPEeNKoW Ans nepBmy-
HbIX BUXpeli, OHO cO3AaeT 3nekTpuueckoe none [2 c.4]. MoyemMy OHU MOTyT UMETb
MPeA/ioXXeHHbIECTPYKTYPbI, 6b110 onucaHo paHee [9 ¢.307], NO3TOMY, B AaHHOM
cfyyae, Mbl MPOCTO PacCMOTPUM, KaK MOryT BecTU cebsi )OTOHbI, MMetoLLMe no-
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L06Hble CTPYKTYpPbl MPW CBOEM PacrnpoCTPaHeHWM, U Kak OHW MOTyT CO03[aBaTb
CBOWCTBO MHTepdepeHUnn. Ho npexzae Ham Heo6X0AMMO pa3obpaTbCs C HEKOTO-
pbIMK AeTanamu.

W HayHem c TOro, 4TO 3a4yMaemcs, YTO 03Ha4yat0T TEMHbIE W CBET/Ible MOJ0-
Cbl B UHTEP(EPEHLNOHHOW KapTUHE, WK eLie TOUHEee BOMPOC MOXHO CHOopMyu-
poBaTb Tak: «[loyemy Mbl rfje-TO BUAWM CBeT (CBeT/ble MOMOChI), a rAe-To CBeTa
He BMAUM (TeMHbIe Nonockl)»? Kakum Obl CTPaHHbIM He Ka3aTcs BOMpOC Ha nep-
Bbl/i B3rNAg MPMMEHWUTENbHO K UHTepdepeHLMM, OTBET OKasblBaeTCsH [OBO/bHO
npocT: «Haw rnas (unu no6oi Apyroin NpUeMHWK CBeTa) BUAUT CBET B OMpeje-
NeHHOM MecTe Torjaa, Korfa u3 aToro mecta B Hero nonagaroT oToHbI». Ecin go-
TOHbl M3 COOTBETCTBYIOLLEIO MecTa He NonagaltT B rna3 nog /obbiM yriom
Hab/Ml0[leHunsa, TO 3TO 03HaYaeT TO/IbKO OAHO - B 3TOM MecTe (POTOHOB HeT!

[Jpyroii Bonpoc, KOTOPbIA BaXKeH 417 NOHWMaHUA MexaHW3Ma MHTepdepeH-
LMK - 37O BOMPOC O TOM, YTO HeCeT WMHMOpMauMIo 0 «(a3e» MoToKa (POTOHOB
(3nekTpoMarH1THON BOMHbI). He yrnybnsasace B geTanu, MpocTo OTMETUM, YTO pa-
Hee Oblf0 BbICKA3aHO M 060CHOBAHO NPefnooXKeHWe 0 TOM, YTO (ha3oii B JaHHOM
Cnyvae ABMIAETCA Yros nosopoTa (oToHa. Mpu BpawieHun oToHa (puc. 3) cooT-
BETCTBEHHO 6GyfeT BpaliaTbCAd M MarHUTHbIA BEKTOP, & U3MEHeHWe ero yrna Bpa-
LLEHNSA U MPUBOAUT K M3MEHEHUIO «a3bl BONMHbI».

[na oTOHOB pasHbIX fMameTpoB asurarolmxcsa (B BaKyyme) CO CKOPOCTbIO
C, HecfnoXHO nokasaTb, YTO NPU CTONIKHOBEHWUW, HanpUMep, C aTOMamy (HOTOHBI
HayHyT BpaLlaTbCca M UX YacToTa BpalieHus cof byfeT 06paTHO NponopLUnoHanbHa
nX paguycam, a 4ivHa BOJIHbI A COOTBETCTBEHHO NPSAMO MPOMOPLUOHaNbLHA KX pa-
auycam T, [11 c.31]. 3T0 No3BONAET MOHATL, MOYEMY (DOTOHBI UMEIOT pasHbIi ne-
puog o6palieHns 1 COOTBETCTBEHHO PasHyO A4/IMHY BOSHbI.

| 1 i v

Puc. 2. MexaHU3M MHTepdepeHL M NA0CKNX BOSH
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IMonpo6yeM MOHATb, KaKk H3MeHeHHe (a3bl BOSHBI HiH, MPHMEHHUTEILHO K
HallleMy MOAXOAY, BpalleHHe ILIOCKOCTH GOTOHA, a ¢ HUM M BEKTOPAa MarHHUTHO
HHAYKLMH BIUsET Ha B3auMoaeiicTBHe POTOHOB Mexy coboil. Panee, npu onmuca-
HHH MarHHTHOTO B3aHMOJEHCTBHSA PAcCMOTPEHHOTO Ha OCHOBE MPENIOKEHHBIX
CTPYKTYp, ObIIIO MOKa3aHO, YTO B C1y4yae BPaLEHHUSA BEKTOPOB MarHMTHON HHIYK-
LMK B OJHOM HAMpaB;ICHUH (HANPHMED, Ii1i ABYX MPOBOAHHKOB C TOKOM, B KOTO-
PHIX TOKH JABHXYLIEMCSA B OXHY CTOPOHY) MPOHCXOIMT MpPHTHKEHHE, a B CIydae
BPAILEHHA BEKTOPOB MarHHTHOH HHAYKLMH B NMPOTHBOMOIOXKHBIX HAMpPaBICHHUAX
Hao00pOT MPOMCXOAUT OTTATKHBaHHE [5 ¢.91]. AHAIOTHYHO TaKOMY MarHHTHOMY
B3aHMOAEHCTBHIO, B CIyYae €CJTH BpALICHHE BEKTOPOB MarHHTHOW MHIYKUHH CO-
ceOHUX (OTOHOB MPOMCXOAUT B OJHOM HampaB;IeHHH, TaKxke OyleT MpUTATHBATh
nx. U cooTBETCTBEHHO NMPH BpaLIEHHH B MPOTHBOMOIOMXKHBIX HANpaBICHHAX BEK-
TOPOB MarHuTHON MHAyKuumu Oymer orrtankusaThb ¢oToHbl. Eciau ke ¢oToHBl
BCTPEYAIOTCA MO HEKOTOPBIM YIJIOM JADYT K APYTY, TO NPUTSXKEHHE HIH OTTaIKH-
BaHHE, BEPOATHO, OyIET He TAKHM 3HAYHTEIbHBIM.

Tenepb UMest B BUY NPENTOXKEHHYIO CTPYKTYPY (DOTOHOB, IPHYHMHY HalH-
94U TEMHBIX H CBETABIX M0JI0C HHTePd)EPEHIIHOHHOH KapTHHEI, B3aHMOCBSA3b (hasbl
C BEKTOPOM MArHUTHOM HHIYKLHH, 3aBUCHMOCTb JUTHHBI BOJIHBI OT PagHycoB ¢o-
TOHOB H B3aUMOJEHCTBHE MATHUTHBIX BEKTOPOB (OTOHOB Mexay coboii pazbepeM
BEPOATHBIH MEXaHH3M MHTEPGEPEHLHH JBYX TI0CKHX BOJH cBeTa (puc. 2). Ha pu-
cyHke: A W B — 3T0 HanpaBJieHHs ABHKEHUA GOTOHOB OT HCTOYHHKOB NPEAMETHOM
1 onopHo# BoaHbl. M3 naHHOTO pHCYHKa, COTJIACHO BBILIE MEPEUHCICHHOMY, BHI-
HO, 4TO B 30Hax I, II, IV v V $OTOHBI NPUTATHBAIOTCA, a B 30He [lI- OTTaJIKHBAIOT-
cs. JTo 03HayaeT, uto B 30Hax I, I, IV u V QoToHBI NpHCYTCTBYIOT, a B 30He [I] -
OTCYTCTBYIOT, YTO B Pe3y.bTaTe CO3AAET Ha 3KpaHE CBETIbIE U TEMHBIE MOJIOCHI
UHTepdepEHUIHOHHOH KapTHHBI.

B kauecTBe NOMO;IHMTE:ILHON MOATBEpXkAatoLleil 6a3bl NpenI0KEeHHOH J10-
THKH, pa3bepeM HEKOTOpBIE CBOWHCTBA, KOTOPHIE UMEIOT MECTO MPH MHTEpdEpeH-
LMK CBETA, TO, KAK OHH 0O BACHAIOTCA (MM He OOBACHAIOTCA) Ha OCHOBE KJlaccHye-
CKOTrO MOAX0/a U TO, KaK OHH MOTYT ObITh OOBACHEHBI, HCMOAb3YS MPENTOAKEHHBIA
MeXaHH3M HHTepdepeHLHH.

Hanpumep, ecM HMEThb B BHAY, YTO IEKTPOMArHUTHOE H3JIy4EHHE ITO
BOJIHA M NPH 3TOM HCNOIb30BATh KIACCHYECKOE CIOMEHHE BOJIH, TO A Cily4as
CJI0KEHHS IBYX KOTepEHTHBIX MOHOXPOMATHYECKHX BOJIH MPHXOIALIMX HA JKpaH B
npotuBodase Mbl, MO JIOTHKE BELIEH, JOKHEI MOTyYHTh HX MOJHOE rallleHHe, TO
€CTh M0JHOE OTCYTCTBHE CBETJIBIX HOsI0c. HO Ha MpaKTHKE, KaK HH CTapaThCs, MBI
He nony4uM noaoGHeli pesyasrar. Bonpoc: «Ilouemy»?

Jpyroit npuMep, KOTOPBIH Mbl MOMKEM MPOAHATH3UPOBATh ITO CyMMapHas
aMILIMTYIa, KOTOpasi MOJy4aeTcs MpH CJIOKEHHH ABYX BOJIH. MBI MOMHHM, 4TO
npH uHTEp(EpEeHHH BOIH UMEIOLIHMX OJHHAKOBYH) HHTEHCHBHOCTb, CyMMapHas
HHTEHCHBHOCTDb onpeaeisercs no gopmyne I=2Iy(1+Cosp) [2, c. 4]. 310 03HAYA-
€T, YTO B MaKCHMyMax CyMMapHas HHTEHCHBHOCTb OynmeT B 4 paza 6osbiue yeM
MHTEHCHBHOCTb Ka)KIOH M3 BO:IH MO OTAENBHOCTH (I=41p), TO ecTh oHa Oynet 6 2
paza 6oabuie cyMMapHOli UKINEHCUGHOCMU, KOTOpas NOKHA Obl1a OBl MOTY4HTH-
A, €CiH Obl MBI €€ CKJIAJIBIBATH B COOTBETCTBHH C JIOTHKOH BOJIHOBBIX MPOLIECCOB.
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MpunBeAeHHbIE MPUMEPbI MOKa3blBAKOT Ha HEKOTOPbIE HECOOTBETCTBUS K/1accu-
YECKMX MPeSCcTaBNeHNI N peanbHbIX MPOLECCOB, KOTOPbIE Mbl UMEEM Ha MPaKTUKe.

Monpobyem 3aHOBO 06BACHWUTL AaHHble (haKTbl, UCMOb3YS MPeAN0XKeHHbINA
MexaHu3M UHTepdepeHunn HOTOHOB.

1. CnoxeHune [Byx MOTOKOB (POTOHOB MPOMCXOAWUT HE Ha NPUHLMMNAX KOM-
neHcauuu [(+1) + (-1) = 0], koTopas NPOUCXOAUT NPY ralleHUn NUKOB BOSH, Npu-
XOAALWMX B NPOTUBO(DA3e, a Ha NPUHLMNE MPUTSHKEHWNS UIN OTTanKneaHus. [laH-
HbI NPUHLMN He MpeAycMaTpyBaeT UCYe3HOBEHWE (POTOHOB, CBA3AHHbIA C KOM-
neHcaumeid NMKOB BOJIH, a FOBOPUT /UL 06 M3MEHEHUWM WX TPaeKTOpUW U COOT-
BETCTBEHHO WX MECTOPACMO/IOXKEHNS Ha 3KpaHe BO BpeMs HabnofeHWs UHTepde-
PEHUMOHHOI KapTuHbl (30Ha 111puc. 2).

2. CnoXeHune gByXx NOTOKOB (POTOHOB MPOMCXOAMT Ha MPUHLMMNAX CNOXKEHUS
He TO/MbKO TeX POTOHOB, KOTOPbIE NMOMNaAalT HaNpPAMYH0 B COOTBETCTBYIOLLYIO 30-
HY MHTep(EPEHLMUN, HO U CNOXEHNS TexX (DOTOHOB, KOTOPbIE NIETAT B COCefHMe 30-
Hbl, HO 3a CYeT OTTanKMBaHWA TaMm (B Tex Ciayyasx, Korga (hOTOHbl MPUXOLAT B
npoTnBogase) Takxxe nonagarllme B 30HY CBET/bIX MOOC, TeM caMbiM 06aBnss
MHTEHCMBHOCTb 3TWX NOMOC W fasas pes3ynbTaT, COOTBETCTBYHOLMIA opmyne
1=410(puc. 3):

Puc. 3. MexaHn3Mm cnoxeHns )OTOHOB NPW MHTepdepeHLm

Monapusayua HoTOHOB

B 1808 r. 3tbeH J/lym Mantoc 3KCMepUMEHTMPYSA CO CBETOM, NPOMYLLEHHbIM
yepe3 MCMAHACKWUIA LWINAT, NPEANO0XKWI, YTO CBET MOXET UMETb «YNOPALOYEHHYO
CTPYKTYpY» B BUfe OnpefesieHHol opueHTauun hoToHoB. MpryeM Manioc, Kak Mbl
MOMHWM, ONUPa/CA Ha KOPMYCKYNAPHYIO TEOPUIO CBETa, CHOPMYNNPOBAHHYIO Hblo-
TOHOM. CerofjHa CBET pacCMaTpVBaeTCA Kak 3MeKTPOMAarH1THasa BOJIHa, KoTopas Mo-
XKET MEeHSTb BEKTOPb! BPALLEHWNS MarHWTHON W 3NeKTPUYECKON MHAYKUMKU W ONUCHI-
BaTb VMW KPYT, 3//IUNC WX NPAMYIO IMHUIO. Takoe ABeHne opueHTauuy yrnomsHy-
TbIX BEKTOPOB, MPY PacrnpocTpaHeHUy CBeTa, HOCUT Ha3BaHWe nosispusalum.

B HacTosAwel paboTe ()OTOHbI paccMaTpUBalOTCA KakK 4vacTuubl, MMetoL e
OnpefieNeHHyI0 CTPYKTYpY B hopme Topa. VI B 3TOM CMbIC/IE NOAXO[ aBTOpa COB-
nagaeT ¢ noAaxo4om Mantoca 1 onupaeTcs Ha KOPNyCKYyfPHYI0 TEOPUIO CBeTa.

B o6Lem cnyyae (hOTOHbI, B YACTHOCTMW BblNeTas U3 3/1eKTPOHOB 1 pacnpo-
CTPaHAACL B KAKOM-NM60 HanpasieHWW, MOryT BpawaTbCs B pasHbIX MIOCKOCTAX.
B 3ToM cfiyyae Mbl BOCMPUHMMAEM AaHHbIA NOTOK (POTOHOB Kak He MOASpU30BaH-
Hoe u3nyyeHue. [ng HarnAg4HOro NMOHUMaHUA ONMUCaHHOTO BPaLLEHUA Ha PUCYHKe
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4 nokasaHbl (*)OTOHbI, Bpawarounecd BO B3aMMHO  NepneHAUKYNApHbIX
MNI0CKOCTAX:

[0)
Puc. 4. BpalyeHune NnocKocTn (hoTOHOB

*a 0O o

B ToM cnyyae, Korga (hOTOHbI MPEeTepreBaloT, OTPaKeHWe WaKM npenome-
HUE, OHWM MOryT NPUOGPECTM YaCTUYHYH WM MOSHYK nonspusauuto. [ns Toro,
UTO6bI MOHATL MEXAHU3M MOMAPU3ALIMU, PACCMOTPUM C/yyUaii OTpaxkeHUs OToHa
0T 3epkana. [lns NpocToThbl BO3bMeM (POTOH, MIOCKOCTb KOTOPOro A0 CTO/KHOBE-
HUs C MOBEPXHOCTbIO BOOGLLE He Bpawanack (puc. 5). MNocne cTonKHOBEHUS ho-
TOHA C 3epKa/iOM U OTPAXEHUs! OT HEro, OH HauMHaeT BpawlaTbcs. BoT 3TO Bpalle-
HUWE NIOCKOCTU (hOTOHA B KAKOM-/IMBO HanpaBfieHWU Mbl 1 BOCMPUHUMAEM Kak Mo-
NSpU3aLMI0 3/1EKTPOMArHUTHOW BOMHbI. TpuyeM ecnm MIOCKOCTM BCeX (DOTOHOB
BPaLLAaTCA B OLHOM HarpaBfneHWU, Mbl UMEEM JIMHEHO NOSPU30BAHHYH 3/eK-
TPOMArHUTHYIO BOJHY. EC/in e (OTOHbI O CTONKHOBEHWS YXKe UMENN BpalleHue
CBOEI M0CKOCTM B KAaKOM-MGO HarpaBneHUW, TO 3TV HanpaBfeHWs BpaLleHUs
HaKNafblBAOTCA Ha TO HanpaB/leHUEe BPALLEHWs, KOTOPOe eMy MpUAaeT MOBepX-
HOCTb 3epKana. B 3TOM c/iyyae Mbl UMEEM 3//IUNTUYECKN MONMSAPU30BAHHYIO 3M1eK-
TPOMArHUTHYIO BOJIHY.

Puc. 5. Mpuro6peTeHune BpaleHUs Nocne 0TPaXeHUs OT NOBEPXHOCTYU 3epKana

B kayecTBe [OMOMHMTENBHOrO Npumepa pasbepem cnydvail, Korga QOTOHbI
nonagfaloT Ha NOBEPXHOCTb 06bIYHOro cTekna. Kak Mbl MOMHUM, B 3TOM C/ly4ae
4yacTb (DOTOHOB OTPA3nUTCA W NPMOGPETET NONAPW3aLMI0 NPEeVMYLLECTBEHHO nep-
NeHAUKYNAPHYIO K MAOCKOCTW nafeHus. [pyras yacTb ()OTOHOB NPOMAET CKBO3b
rpaHuuy pasgena cpef, ¥ npuobpeTeT NONAPM3auuio MPeMMYyLLECTBEHHO Mapas-
NeNbHYK K niockocTy nagexms [3, c. 432]. Pasbepem c 4yem 3TO CBSi3aHO, onupa-
ACb Ha MPeS/IOKEHHbI MexaHn3M Nonspu3saLmnu.

Mpu nonagaHun POTOHOB Ha rpaHULy pasfena ABYX cpef, A9 Cry4as, Ko-
r4a OHV NEeTAT B BO3J4yXe W nonafaroT Ha CTeK/I0, OHWU CTa/IKMBAKOTCA C YacTuLaMu
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cTekna (Monekynamu, aTomamm, 31eMeHTapHbIMU YacTuLamu) U 3T CTONKHOBe-
HUA MOryT 6bITb pasnuuHbiMu (puc. 6). Hanpumep, ecnu (OTOH CTankuBaeTcs
CBOE NOCKOCTbI C YacTULamu CTek/na TaK, YTO 3TO CTONKHOBEHMe 3acTaBnsieT
ero 0TpasuTbCA, TO BpalleHWe BEKTOpa 3NMEeKTPUYECKOW WHAYKUMW OyfeT, Kak
YNOMWHANOCh BbIle, NPEVMYLLECTBEHHO MEPNeHANKYNAPHbIM K M0CKOCTM naje-
HUA (puc. 6.a,6):

3)

B)

n

Puc. 6. Monsipusayus OTOHOB NPY OTPAXKEHUN W MPENOMIEHUN

PaHee yxe 6bl710 nokasaHo [5 ¢.91], yTo BTOpWUYHbIE BUXpPU PoTOHa (Top,
KOTOpbI/i Mbl BUAMM Ha puc. 6) CO34al0T MarHWTHOe Mofe, KOTOpOoe BpaliaeTcs
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nog yrnom B 90° N0 OTHOLEHWIO K MEPBUYHBbIM BUXPSM, CO34AOLLMM 31eKTpuYe-
ckoe none (puc. 1) [12 c.45]. Kak BugHO 13 puc. 6.a 1 puc. 6.6, N1ockocTb HOTO-
Ha, T.e. BEKTOP MarHWTHOrO nons H, nocne OTpaXeHWs BpawjaeTca napannensHo
MA0CKOCTW NafeHus, aT0 3HAUYNUT, YTO BEKTOP UHAYKLUW 3nekTpuyeckoro nons E
OyfeT Bpawarbca NepneHAnKyNapHO K MNOCKOCTWM NafeHus (oToHa, T.e. (POTOH
npvo6pen NONAPM3aLMI0 NePNEeHANKYNAPHYIO K NIOCKOCTU NafieHuns.

Mpy npenomneHnn GoToHa, B 3a8BMCMMOCTM OT TOFO KaK PacronoXeHbl ya-
CTWLbI, C KOTOPbIMW CTankneaeTcs POTOH, OH MOXET BPaLLaTbCa NepneHanKynap-
HO K NJ0CKOCTU NafeHuns (kak B ogHy (puc.6.B), Tak B Apyryto (puc.6.r) cTopoHy),
co3fasas MonApu3aLmMio NPeMmyLLecTBEHHO NapanfiefibHyr K NA0CKOCTW NajeHuns
WK NapannenbHo K NIOCKOCTU nageHus (puc.6.4), co3fasas MHYO NONAPU3aLMIo.
Takke crnefyeT OTMETWUTb, YTO MOMajarolle Ha rpaHuuy pasgena cped POTOHbI
YK€ VMeT pas/iMyHyl0 NIOCKOCTb BpalleHus. B aTom cnydae, nerko nokasatb,
4TO (DOTOHbI, MMEIOLLME NONAPW3ALMIO NEPNEHANKYNAPHYIO K MI0CKOCTU NajeHuns,
B 60NbLUNHCTBE CBOEM 0TPa3ATCA, & (DOTOHbI MMEIOLLME MPOTUBOMONOXHYHO MOSS-
pu3aunto B 60/bLLUMHCTBE CBOEM NPEoMATCA.

Puc. 7. HanpaBneHuns BEKTOPOB HaMpPs)XEHHOCTN 3MEKTPUYECKOrO U MarHUTHOro nonen

TakuMm 06pa3oM, HanpaB/ieHUs BEKTOPOB 3/71€KTPUYECKON Eu MarHuTHo H
WHAYKLMYU, NMPUMEHUTENBHO K CTPYKTYpe (OTOHOB PacnofioXeHbl B NepreHAuKy-
NSIPHBIX MI0CKOCTSAX Tak, Kak 3TO MOKa3aHo Ha pUcyHKe 7:

B KauecTBe OZHOI0 W3 OKa3aTeNbCTB NPAaBOMEPHOCTM MPESJIOKEHHOIO Me-
XaHW3Ma Nossipu3aLmMm pacCMOTPUM MPOXOXAEHUE CBETa Yepes 3KpaH B Bufe Ma-
pannenbHbIX NPOBOAALMX NPOBOAOB. Takue onbiThl NpoBogunucs ewe .Mepuem
[4]. Kak cnefyeT n3 3Toro 3KCrnepuMeHTa, MPOXOXAEHUE 3MEKTPOMArHUTHO BON-
Hbl Yepe3 TaKoii 3KpaH 3aBUCUT OT OPUEHTALMM MOIOCOK 3KPaHa Mo OTHOLLEHUIO K
HanpaBneHWO Kone6aHWii BeKTopa HanpskEHHOCTU E 3nekTpuyeckoro mons 06-
Nlyyarolleil 3KpaH BOSHbI. ECny nonocku NepneHAuKynsipHbl E, TO anekTpomar-
HUTHOE MO/ie MPaKTUYecKU 6e3 MoTepb MPOXOAWT Yepes 3kpaH. HaoGopoT, ecnm
MofocKW napannenbHbl E, To nafatollas Ha NOBEPXHOCTb 3KPaHa 3/1eKTPOMArHUT-
Hasl BO/IHA MPaKTUYECKU MOMHOCTLI0 OTPaXkaeTcs oT Hero (puc. 8):
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Puc. 8. MpoxoxpaeHne HOTOHOB Yepe3 NapannenbHbie NPOBOAALLME NPOBOAA

Wcxoas w3 npefioxXeHHOW CTPYKTYpbl (POTOHOB JIEFKO MOHSATb, YTO B TOM
Cnyvae, KOrfa NpoBOAALLME NPOBOAA NEPreHANKYISAPHbI BEKTOPY HanpsXKeHHOCTN

3N1eKTPUYecKoro nons E, oHN napasnnesibHbl BEKTOPY HanpAXeHHOCTU MarHUTHOro

nons H, T.e. OHKM NapannenbHbl NJ0CKOCTH (OTOHA. B 3TOM ciyuae hOTOHbI CBOEi
Y3KOW rpaHbio IErKO MPOX0AAT CKBO3b MpoBoAa. VIMEHHO 3TOT (hakT Mo3BONSET
(hoTOHaM MPOXOAWUTL UM He NMPOXOAUTL CKBO3b MPENATCTBUS B BUAE Mapasiefib-
HbIX MOMIOCOK UM CKBO3b NH06OI ApYyroii nonspusarop.
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NOAXO0Jbl K PEHIEHHIO 3ATAYU
ONITUMHU3AIMU PESEPBUPOBAHHA METOJAAMH
HEONPEJAEJIEHHOIO NIPOTPAMMHUPOBAHUA

Tacanoe A.H.
3aB. kadenpoii «KocMuyeckne TexHONOrHHY

PA3aHCKOro rocyaapcTBEHHOrO paHOTEXHHYECKOrO YHUBEPCHTETA, A-P TEXH. HAyK,
Poccus, r. Pa3anp

3axapos C.1I1.
acnupanT Kadenpsl «KocMHYeCKHE TEXHOIOTHH»

PA3aHCKOro rocyapcTBeHHOTO paaHOTEXHHUECKOTO YHHBEPCHTETA,
Poccus, r. Pa3ans

Hcosny B.I'.

acnupaHT kadeaps! «k KocMHueckHe TEXHOTOTHHY

PA3aHCKOro rocyaapcTBEHHOTO PaJHOTEXHHYECKOTO YHHBEPCUTETA,
Poccus, r. Pa3aus

B ctatbe paccMaTpHBAKOTCA MOAXO0AbI, OCHOBAHHBIC HA MOIC.TH UEJIEBOr0 MporpaMMHpo-
BaHHUs, K PEUICHHIO 3aa4yH ONTHMH3AIHH PE3EpBHPOBaHHA CHCTEM CaMOro pa3IHYHOro Ha3Ha-
YE€HHA, B TOM YHCJI€ CHCTEM YNPABJICHUA MPOCKTHBIMH DHCKAMH.

Kuoyeesie cioea: moaxon, 3aaaya ONTHMH3ALUHH, MOZETb LIETICBOrO NPOrpaMMHpOBAHHA,
METOABI HEONPECIEHHOT O NPOrpaMMHPOBaHHA.

OOHHM H3 OCHOBHBIX CMOCOOOB YBE;THYEHHS HAJXEKHOCTH CHCTEM CaMOro
Pa3IMYHOTO HAa3HAYEHHS, B TOM YHCJE CHCTEM YNPaBIEHHS NPOEKTHBIMH PHCKAMH
[1, 2] aBaseTca pe3epBHPOBaHHE, KOTOPOE OCHOBAHO HAa BBENEHHH CTPYKTYPHOMH
H30BLITOYHOCTH 1191 YIEMEHTOB, BXOIAIIMX B cHcTeMy. Torna ofHOKpHTEpHAIbHAS
3aja4ya ONTHMH3ALKH PE3CPBHPOBAHHA 3aKTIOYAETCA B HAXOXKAECHHH ONTHMATBHO-
IO YHCJIA PEIEPBHBIX IEMEHTOB /T KaXKIOTO H3 KOMIIOHEHTOB CHCTEMBI TaK, YTO-
Obl MaKCHMMHM3HPOBATh HJIH MHHMMH3HMPOBATh 3aJaHHYK XapaKTEPHUCTHKY CHCTe-
Mbl. JL1s CiIyuas MHOTOKPHUTEPHAIbHOH 3aaYH ONTHMH3ALHKH PE3ePBHPOBAHHS CO
CJI0KHBIMH (MPOTHBOPEYHMBEIMH) KPUTEPHAMH MpPELIAraeTcs HCMOIb30BATE LA €€
peLieHHs MeTOIbl U MOAXOABl TEOPHH HEONpEEIEHHOrO NporpaMmupoBanus [3].
Tlpu 7TOM B YHMCIE MPHOPHTETHBIX MOAXOJOB MOKET OBITH PACCMOTPEHa MOAETE
LeJIEBOT0 MPOrpaMMHPOBAHHS, KOTOPass MOXKET HCMOBL30BATECA KaK CIELHATbHAdA
KOMITPOMHCCHAas MOJAE;Ib MHOTOKPHTEPHAILHON ONTHMM3ALMH, KOHLENLUHA KOTO-
poi 6pl1a pa3paborana YapHcom n Kymepom. CyTh NpeanokeHHoOH KOHLEMIMH
3aK;TH0YA1aCh B TOM, YTO JIMLO, MPHHHMAIOLLEE PELIEHHE B COCTOAHHM 1aTh Mpel-
BapUTENbHBIE OLIEHKH YPOBHS NOCTHXHMOCTH KaXIOH LEH U [ajiee B Mpoiecce
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[OMCKa pEHIeHHA HeoOXO0AHMO MHHHMHM3HPOBaTh OTICIOHEHHA OT MO.IYYEHHBIX
OLICHOK YPOBHA. B o61ueM c:1ydae 3TH He:H 6bIBalOT HECOBMECTHMBI H TOTAA BO3-
HHMKaeT HEOOXOANMOCTb YCTAHOBHTh HEPAPXHIO BAXXHOCTH 3THX HECOT.TACOBaHHBIX
ue:iei TakuM 00pa3oM, YyToObl YAOBIETBOPHT KaK MOKHO G0:IblIIEMY HX YHCTY B
ycTaHOBIEHHOM nopszke [2, 4-6]. TpeGyembiit GaslaHc ue:lei B 3a1a4e ONTHMH3a-
LIMA PE3EPBHPOBAHHA B YCIOBHAX HEONpeeIeHHOCTH MOXKET ObITh MOTy4€H, €CIH
HCMO:IB30BaTh MOAETh LIEIEBOTO NPOrpaMMHPOBAHHA, B KOTOPOH 3Ha4€HHs ypOB-
Heil LeI€i M CTPYKTypa NMPHOPHTETOB YCTAHABIHBAETCA JTHLIOM, MPHHHMAIOIHM
pewenns [1, 2].

3anHiueM MOAE:Th LIEIEBOr0 MPOrpaMMHPOBaHHA B BUAE [2, 3]
l

minz !}Z(uijdg” +vd;)

j=1 =1
{ € y4eToM orpaHHyeHui:
fix)+df —d} =b,i=12..m,
gi(x)<0,j=12..p,
\d}, di =20,i=12..m,
rae P; — ko> dHUHEHT NPEHMYILECTBEHHOTO MPHOPHTETA, KOTOPhIH BhIpaXkaeT OT-
HOCHTESIBHYI0 BaXKHOCTb Pa3THUHBIX UeeH, P; 3> P,y 19 BCeX j; u;; — BeCOBOH
K03 HULHEHT, COOTBETCTBYIOIHI MOJI0KHTEILHOMY OTKJIOHEHHIO OT HETH i C
NPHCBOEHHBIM NPHOPHTETOM j; V;; — BECOBOH KOIQQHUHEHT, COOTBETCTBYIOLMI
OTPHLATETLHOMY OTKIOHEHHIO OT LETH i ¢ MPUCBOEHHBIM MPHOPUTETOM j; djf —
MONIOXKUTEIbHOE OTKJIOHEHHE OT Ha3HaueHHOTO YPOBHSA LEH i, KOTOPOE ompenae-
ASeTCs Kak

dt = [fi(x) ~ bV O;
d; - oTpHuAaTe:ILHOE OTKIOHEHHE OT Ha3HAUYEHHOTO YPOBHSA LIETH i, onpese-
;1eMoe KaK
di =[b; = fi(x)] V0
fi — GYHKLMA B LeIeBBIX OrPaHHYEHHAX; g - GYHKIHA B CHCTEMHBIX Orpa-
HHYEHHAX; b; — Ha3HauYeHHBIN ypOBEHb LEIH, COOTBETCTBYIOLIHIT 3HAUCHHIO LIEIH
i; / - 4HCI10 MPHOPHTETOB, N1 — YHCIIO 1I€IEBBIX OTPAHHYEHHH H P — YUCI10 CHCTEM-
HbIX OrpaHH4YeHHUH.
B npuHATHIX 0603HAaYEHHAX MOJETL LETEBOrO NPOrpaMMHPOBAHHA MOMXHO
3anMcate TaK)l(e B ApYToM BHze [2, 3]

lexmm{Z(ulld + vy df )Z(ulzd + vid7), . Z(u”d +vydi)}

npu orpaHuqumlx

fi)+d; —d} =b,i=12..m,

9i(x)<0,j=12..p,

df,di 20,i=12..m,
Iie lexmin npencrapiser coGoil ornepatop JeKcHKorpadHueckoii MHHHMH3aLHH
BekTOpa uestesbix dyukumii.
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B paccmatpHBaemoii 3aJade ONTUMH3ALHH PE3EPBUPOBAHUA CHCTEM LIMPO-
KOTO Kj1acca MOTYT ObITh KJacCH(HLUHMPOBAHBI OTAEIBHBIE MOAXONBI K PELICHHIO
3ajlauyll LENEBOrO MPOrpaMMHpPOBaHHA Ha 3a1a4H JTHHEHHOrO LENEBOro MpPOorpaM-
MHPOBAHHS 1 Ha MOAXOB! K PEIIeHHIO 3a1a4 HEHHEHHOrO LEIeBOro NporpaMMH-
posanus. ITpu 3ToM 3a1auM SIMHEHHOTO 1i€/1€BOTO NMPOrpaMMHpoBaHus 3 deKkTHB-
HO peLaioTcs ¢ MOMOIIBIO LEIEBOT0 CHMILIEKC-MeToa. B ¢BO odepens NoaAXoasl
K peIlieHUIO 33/1a4 HEJTMHEHHOrO LieJIeBOTO MPOrpaMMHUPOBaHHA MOXKHO KIacCH(H-
LUHMPOBATh CJICAYIOUIMM obpa3oMm [1 — 3].

1. Moaxonbl, ocHOBaHHbIE HA UCMONB30BAHHH CHMILIEKC METOAa, TaKHe, Kak
MeToA cenapabe;IbHOTO MPOrpaMMHPOBAHUA, METOA aNNpPOKCHMHPYIOLIEro Ipo-
TpaMMHpOBAaHHs, METO/Ibl KBaApaTHYHOTO LEJIEeBOro MporpaMmupoBaHus. OCHOB-
Has Hjed 3THX METOAOB COCTOHT B NpeoOpa3oBaHMH MOIEIH HEJIMHEHHOTO Leie-
BOrO NPOrpaMMHUpOBaHHUs B HA6Op annmpoKCUMHPYIOIHX JHHEHHBIX 3a/a4 LejeBo-
ro MpOrpaMMHpPOBaHHA, KOTOpblE MOXHO pellaTh ¢ MOMOLIBK) LEIEBOrO CHM-
IUIEKC-MeTOo/1a.

2. TToaxoasl, OCHOBaHHBIE HA HCMOIB30BAaHUH MPAMOTO MOUCKA, B YACTHOCTH
MoIH(HIMPOBaHHbIH METOX MOKCKa Mo 00pasly, MOAH(GHLHMPOBAHHBIH AITOPUTM
TIOHCKa Mo 06pa3uy 1 rpaaneHTy. B 3ToM nomxoze 3aaaua HETMHEHHOTO LEIEBOTO
NIpOrpaMMHpPOBaHUs Npeobpa3yeTcs B HaOOp OAHOKPUTEPHATIbHBIX 3alay HellH-
HEHHOTo MpPOrpaMMHPOBAHHsA, a 3aTeM 3afadd PeLIaloTCAd XOPOILO H3BECTHBIMH
METONAMH MOMCKA A8 OAHOKPHUTEPUATBbHBIX MoleleH HETHHEHHOro nporpamMMH-
POBaHHSL.

3. [Tooxonpi, OCHOBaHHbIE HA UCMOIB3OBAHWM PAHEHTOB. B 3THX MeTonax
TPalMEHT OTPaHHYEHHH onpeaesseT JONyCTHMOE HalpaBieHHe, oce Yero peiila-
€TCs 3a7a4a LeIeBOro NporpaMMHpPOBaHHS METOAOM JOMYCTUMBIX HaNpaB:ICHU.

4. VHTepakTuBHBI MOAXOM, KOTOPBIi NO3BOJNIAET YAOBIETBOPHTENBHO pe-
1IaTh 3aJa4M LEeJIeBOro NPOrpaMMHPOBAHNUA MPU OTHOCHTEIBHO HEGOIBILOM KOJIH-
YECTBE MTEPALMA MyTEM BKIIOYEHHMS JIMLA, MPUHHMAIOIIETO pELIEHHE, B HPOLIECC
TIONYYEHHS peLIeHHS.

5. I'eHeTHUECKHE AITOPHTMBI, ¢ MOMOLIBIO KOTOPBIX MOXKHO pellaTh IIHpO-
KU CIEKTP 3a7a4 CO CIOKHBIMH HE;THHEHHBIMH MOZEISAMH LIEIEBOTO IPOTPaMMH-
pOBaHHA.

PaccMoTpeHHble obLiMe MoAXOabl K PELICHHIO 3a7aYy LEIeBOro mporpam-
MHPOBaHHs B KOHTEKCTE 3a1a4 ONTHMHU3ALHH PE3CPBUPOBAHUA CHCTEM B YCIOBHAX
HEOTIPEIENICHHOCTH TPeOYIOT HA MpPaKTHKE CBOEH NeTaaH3alli U HCCICA0BAHUA C
Y4ETOM CrielH(UKH NpeaMeTHOH o6:1acTH [1, 2], 3anaHHbIX UeIeBBIX KPUTEPHER H
orpannyenuii [3 — 8].
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CEKUUA « TEXHNYECKWE HAYKWU»

PA3PABOTKA NNEPCIIEKTHUBHBIX CIIOCOBOB OYHCTKH NNOYB,
3AI'PA3HEHHBIX HEOTEOTXOJAMH

Abur6ex K. A.

nHxeHep Jlabopatopun nwxkeHepHoro npoduas PI'TI Ha [IXB
"KI'Y uM. KopksIT aTa", MarucTp TeXHH4eCKHUX Hayk,
KazaxcraH, r. Kei3sl10paa

Tauxcapuros I1.A.

npogeccop kadenpsl «HedTerazoperii HHXHMHHPUHT» KBI3BIIOPIHHCKOTO
rocyAapcTBEHHOro yHHBepcHTeTa HM. KopKsIT ATa, K.T.H., Ipodeccop,
KazaxcTaH, r. Kei3sl10paa

B crathe paccMaTpHBAaeTCs MEPCNEKTHBHBIE CMOCOOBI OUHCTKH MOYB OT He(TAHBIX 3a-
rpasHeHHR. B kauecTBe OCHOBHOro ChIpbsi HCIOJB3yeTCA pHCOBas Luenyxa, KoTopas obnazaer
copOLHOHHOH akTHBHOCTBIO K HedTH U HedTenpoayktam. O6paboTka pHCOBOI meayXH 6HOMO-
rHYeCKHM cyOcTpaTaM BedeT K HMMOOHIH3ALMH e MOBEepPXHOCTH. PacTHTeabHas OCHOBa MpH-
HHMMaeT Ha cebs 6akTepHH, H TOBEPXHOCTL PHCOBOH IIETYXH IT0ABEPTatoTcs OHOAKTHBH3ALIMH.

Kioyeanvie c1o6a; pucoBas meiyxa, HedTaHbIe 3arpa3sHeHHs, OHoaKTHBH3alHA, OHOAK-
THBHBIIi Npenapar, KOMIOCTHPOBAHHE.

Mo yTBepxkaeHHI0 aMepHKaHCKOTO YdeHoro X.BeHHeT M1 BOCCTaHOBIEHHA
Pa3pyLEHHOTO €104 MOYBbI B €CTECTBEHHBIX YC/IOBHAX TPEOYIOTCA COTHH, THICAYH
aet. IlostoMy Heobxommumo paspabartbiBaTh MEpCHEKTHBHBIE arpoTEXHHYECKHE,
(HTOMEIHOPATHBHbIE H MHKPOGHOOrHYECKHE CNIOCOOBI OYUCTKH MOYB OT HEPTA-
HBIX 3arpA3HEHHH, YTO CMOCOOCTBYET YCKOPEHHIO MPOLECCOB OUMIICHHA U BOC-
CTaHOBJIEHUSA NMOYBEHHOTO NMOKpPOBa.

ITpuHIHMN paboThl KOMNOCTHPOBAHHA OCHOBaH Ha Pa3IOAKEHHH YTIEBOAOPO-
JI0B MHKPOOPraHH3MaMH, KOTOPbIE B PE3Y/IbTAaTe CBOCH KM3HEACATEILHOCTH BhI-
pabaTbIBAOT (PEPMEHTBI, OKHCIAIOILHE OIHH HJIH HECKOILKO BHIOB YISIEBOI0OPO-
noB. KoHeuHbIMH npoaykTaMH MeTaboausma asiasiotes CO,, H,O, Temio u 60:1b-
11o¢e Kos14yecTBo GHoMacchi[7].

B 3koTokchuyeckux Hccile0BaHHAX HedTENpPoOayKTOB GO/IBILOE 3HAYECHHE
NPHOAETCA MOHCKaM PETYIATOPOB NMpPOLECca CAMOOYHILEHHS MOYBBI OT HeTH Mmy-
TEM YCKOPEHHOIi ee Aerpadauvy. Ha npakTHKe K TaKHM peTy:IATOpaM MOXKHO OT-
HECTH pa3jIHYHble OTXOAbl PACTHTEIBHOTO H XHBOTHOTO MPOHCXOXKICHHA, KaKo-
BBIMH BJIAIOTCS OMHIIKH, MOX, TOP®, KapPTOH, LEILTH:103a, SIMTHHH, a8 TAKKE HEKO-
TOPbI€ MHHEpAJIbHBIE H OPIraHHYECKHE BeEIeCTBa, CIyXKalllHe MHTATEIbHbIMH CY6-
CTpaTaMH 111 HOYBEHHBIX MHKPOOPraHH3MOB (TPaHC(OPMAaHTOB H JECTPYKTOPOB
HedTenpoaykros) [3.8]. B 91oii cBA3M HEOGXOAUMO OTMETHTB, YTO Pa3IHUYHBIE MO
6Ho10rHYeCKOMY MPOHCXOKAECHHIO, XHMHYECKOH CTPYKTYpPE H COCTaBYy Pery;arop
No-pa3sHOMY BJIHAIOT Ha CKOPOCTh TpaHchOpMalHH H OECTPYKLHH Hedrenpoayk-
TOB H PEKY.1bTHBaLMH No4Bbl. HMeroTcs elte 0aHa 0cOGEHHOCTD, M0 KOTOPOH BbI-
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6MpaloT X K HCTIOB30BAHHIO. ITO HX JIEUIEBU3HA M JOCTYNHOCTh, HTPatolIHE He-
Ma;I0BaXXHYIO PO.Tb Ha MPaKTHKe.

Mo pocTynHOCTH U AeiieBH3He Hanbo:1ee MepCneKTHBHBIM H I(PPEKTHBHBIM
JECTPYKTOPOM HedTH M HepTeNPOLYKTOB ABISETCS PHCOBas LIETyXa — BO30OHOB-
AseMblii MHOTOTOHHaXHBIH OTXO0JI PHCOBOACTBA. B 3TO# ¢BA3M HaM mpeACTaBIA-
7ach Lie;1ec000pa3HbIM HCMOIL30BAaHHE PHCOBOH HIETYXH B KauecTBe pery.1aropa
MpoLECcca CaMOOUHILEHHS NIOUBBI OT HeTeNpoayKTOB. [l18 3TOT0 HCMIBITBLIBATHCE
1Ba THMA NMPOAYKTa: MEPBBIH-3TO PHCOBasA LIETyXa B CMECH C APYTHMH Hano:IHH-
te;19MH (HaBO3, cEMEHa IUKOPACTYLIMX pacTeHHii U T. 4.): BTopoii — 6HOKOMIIOCT
na 6a3e pHcoBoii wetyxu [1].

MpennoxeHa crexyiolas cxemMa NpoH3BoAcTBa OHompenapara. Pucosas
ure;1yxa, BLIOpaHHas B KayecTBe OCHOBHOTO ChIPbf, 00:1afaeT cOpOLUHOHHOH akK-
THBHOCTBIO K HepTH U HedTenpoaykTaM. O6paboTka pHCOBO#i Lie1yXxH 6HOIOTH-
yecKHM cyOcTpaTam BeeT K HMMOOKIN3ALNH ee NOBEPXHOCTH. PacTuTe IBHasA oC-
HOBa MPHHUMAaeET Ha cebs GaKTepHH M MOBEPXHOCTh PHCOBOI WIETyXH moasepra-
10Tcs GHOAKTHBU3ALIHH.

Hamu pa3paboTaHa TeXHOIOTHA MO TydeHHs GHOAKTHBHBII mpenapaTt Ha 0C-
HOBE MECTHOTO CHIPBS (PHCOBOH MIETyXH, KYPHHOTO MOMETA H THILEBBIX OTXOIOB)
6Homnpenapar no:;y4aercs NyTeM crnenuaiibHoil o6paboTKH Chipbs B ManorabapHT-
HBIX MOAY:IBHBIX YCTAHOBKAaX, YTO Je;1aeT BO3MOXKHBIM MOTYYeHHe ero Henocpel-
CTBEHHO B perdoHe (Ha Mecte nmorpeburtens). buosloruyeckas akTHBHOCTB Mpena-
pata obecneuHBaeTcs HMMOOH.IM3aLHeH MOBEPXHOCTH PHCOBO# LIETyXH aganTH-
POBaHHBIMH KY:IbTYpaMH OaKTepHH-IeCTpPyKTOpoB. B KauecTBe KOTOpBIX BHICTY-
NaloT MOYBEHHbIE FETEPETPONHBIE MHKPOOPTaHH3MBI NPEUMYLIECTBEHHO H3 POLOB:
Pseudomonas, Achromobacter, Corynebacterium, Nocardia. kotopsie oTHOCATCA K
rpynne yr.1eBoJOPOAOOKHCAIOMNX 6aKTepHii H MOTYT HCIO1b30BaTh YIiI€BOJOPO-
Ibl HeTH B KauecTBE HCTOMHHKA MHTAHHA KakK B a3poOHBIX, TaK H B aHAIPOOHBIX
yC10BHsAX. BeienacTBHe 3T0ro0 noyBeHHble OaKTepHil MOMEHTAIbHO pearHpyloT Ha
He(TAHOE 3arps3HEHHE TOYBbl U OTBEYAIOT NOBBILIEHHEM BATOBOH YHCIEHHOCTH H
YCHIEHHEM aKTUBHOCTH. YHCIEHHOCTh ITHX MHKPOOPTaHH3MOB B 3arpsA3HEHHON
nouse poctHraet nopaaka 10-10 k:v/r noussi[4].

BakHoe 10cTOMHCTBO aHa3pOGHOI (epMeHTaUHNH- BO3MOXKHOCTD HCNIOJIB30-
BaTk ocTaTOK (LI;1aM) OPraHHYecKoro BellecTBa, 00pa3yiolierocs B METaHTEHKaAX,
Kak oprannyeckne 6HoyRro6peHus. AHadpoOHas TEXHOIOTHA NPUBIIEKaTE1bHA CLIE
H TEM, YTO ee ChIpbeBYI0 a3y MOXKHO CUHTATh HEOIPAHHYEHHOI.

Toa BimsauHeM depMenTa KIeTYaTKa UELTIOI03b THAPOIM3YeTCa ¢ ofpa3o-
BaHHEM NpOMeXyTOUYHBIX COSAHHEHHH THINA TTIOKO3bl H UEL106H03bL. TToc1enHss
"Ofl ReACTBHEM (pepMEHTa MEPEXOANT B ITIOKO3Y, KOTOpas MoABEpracTcs ailb-
HEHWHM npeBpaieHHaM MO THITY MaCIAHHCTOTO GPOKEHHS ¢ 06pa3oBaHHeM Mac-
IAHOH, YKCYCHOM, AHTapHOM, MOIOYHON H MypaBBHHO# KHCJIOT, BOAOpOaa, yTie-
KHCIIOTO Ta3a u wHorma cnmpTa, ¢ OCBOGOXIEHHEM HE GOJIBLIEro KOJIHYECTBA

9
HEpruu. TMpouecc noc:1e0BaTeIBHOTO PACILEINIEHH KIETYATKH MOXHO BbIpa-
3UTB 110 cxeme:
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(C6I'{1005)n + anO = nC6H|206 = CH;CH2CH2COOH +
+ CH;COOH +CO+X x[x

B HakomuTE;IbHOM Ky:IbType MOMHMO YKa3aHHbBIX MPOAYKTOB GpoxeHHs 06-
HapyxuBaetcsa MeTaH (CH,).

Bo36yautesiMH  aHa3po6GHOTO pa3IOKEHUA KIETYATKH SABIAIOTCA ME30-
¢usbHBIE M TepMOGHIbHBIE MHKPOOPTaHH3MbI, OTHOCALIHECS B CBOEM OO:IbILIHH-
ctBe K poay Clostridium.

A3pobHoe paztokeHHs Ki1eTyaTkH. [IpoTekaeT XOpouIO a’spHPYEMbIX CI0AX
nouBel. 37€Ch OHa pas;araeTcs a’poOHBIMH MHKPOOPTaHM3MaMH, BOBJICKasCh B
obumii kpyroo6opor yriiepoaa B npupose. OcobeHHO MHOTO a’poOHBIX OpraHH3-
MOB, pa3;aralollHX KJIETHATKY, B OKY;IbTYPEHHBIX MaXOTHbIX MOYBax, yaoOpeH-
HBIX, HABO30OM.

O61wuas cxema a3pobHOTO paki10kKeHHs KIeTYaTKH CBOAUTCA K TOMY, YTO MOJ
BIMAHHEM (epMeHTa LEeLTI0103b], BRIAEIAEMOTO MHKPOOPTaHU3MaMH, MPOHCXO0-
JHT THAPOTH3 KIETYATKH A0 0OPa3oBaHUS BOAOPACTBOPHMBIX YTSIEPOAHCTBIX CO-
€AMHEHH1, BO3MOXKHO CaxapoB, KOTOpas B MPUCYTCTBUH KHCIOPOIa OKUCIAETCS:

(C6H1005)n + H20 + XOz =R - CHOHCOOH + 03 =
= C02 + Hzo +X KH)K

O6pa3syiolHecs OKCHKUCIOTBI ABIAETCA XOPOLIMM JHEPreTHYECKHM MaTe-
pHaiIoM A:d rpynn a30TodHKCHPYIOWHX OaKkTepuil MOYBbl, 2 YPOHOBBIE KHCIOTHI
Y4YacTBYIOT B 0Opa3oBaHHH TyMYyca.

B a3po6HOM pa3noxeHHH KIeTYaTKH MPUHHUMAKOT YYacTHE MHOTME BHIbI
niiecHeBbix rpHboB (Aspegillus, Penicillium, Clodospoeium Botrytis, Fusarium)
aKTHHOMeLETHI H Gakrepuii. Hanbosiee dHepreTHYHBIMH paspyLIMTEIAMH ABIAIOT-
cs GakTepuid.

JlaGopaTopHble OMBITH MO AECTPYKLHH He(TENPOAYKTOB B MOYBE MPOBOAH-
7 ¢ npo6amH, oTo6paHHBIMH H3 HedTe3arpI3HEHHBIX YHaCTKOB MECTOPOXKACHHH
Kymkons. Hccienyemas HedresarpssHeHHas npoa MmouBbl NpeacTasisia co6oi
TEMHO-KOPHYHEBOTO LIBETA C PE3KHM HEMPUATHBIM 3aMaxoM HeTenpoayKTOB.

Hccaenyembie HapeckH npo6bl MOYBBI CMELIHBATH B Pa3HYHBIX COOTHOILE-
HHMAX ¢ PHCOBOH LIETYXOi ¢ TEM, 4TOOBl OLIEHHTH a’pHpymoweil YPheKTHBHOCTH
NO4BbI B PE3YJILTATE Pa3phIX;ICHHA €€ HanoHUTeReM (1eTyxoi )[6]. Cmech moysbi
C WETYX0H CMauyuBajIH BOJOM JI8 TOTO, YTOOBI CO3/aTh 61aronpHATHOE YCIOBHE
IU1A PaBHOMEPHOIO CMELICHHA KOMMOHEHTOB, TaK KaK TECHbIH M PaBHOMEpPHbIH
KOHTAaKT MO4YBHI ¢ IIETYyXOH CrocoOGCTBYeT MHTEHCHBHOH Aerpaiaiiui (paspyliie-
HHA) HePTEMPOaYKTOB.

Pe3yabTaThl CepHH OMBITOB MOKA3bIBAIOT, YTO BO BCEX BapHAHTAX JKCIIEPH-
MEHTOB M0 MEPE HCTEYEHHA BPEMEHH H NepeMeLIHBaHHsA 3arpA3HEHHas MoYBa 1o-
CTEMEHHO TEPsAIA 3amax HETENPOAYKTOB H COOTBETCTBEHHO €¢ LIBET CTAHOBH.ICA
cBeTiiee. Bo Bcex BapHaHTax ombiTa 6e3 MCKTIO4MEHHs depe3 2-3 Heneld Moysa
NO;THOCTBIO MPOCBETIENA, a 3a1aX BOBCE HCUE3. JTH BH3ya/IbHbIE U KAYECTBEHHBIE
TNOKa3aTe M CBHAETEIBCTBYIOT B MO;Ib3Y TOTO, YTO PHCOBas LIETyXa ABIAETCA Mpe-
KpacHBIM HaMo;IHHTE1EM 3arpA3HEHHOI MOUBBI, CIOCOOCTBYIOLIEH K HHTEHCHBHOM
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gerpajalmi  HedTenpoaykTos. PHcoBas Imelyxa, co3gasas BO3AYLIHONO TIPO-
CTPaHCTBA BHYTPH MOYBEI CMHOCOGCTBYET WHTEHCHBHOMY OKHCIEHHIO HedTenpo-
AYKTOB KHCJIOPOZOM BO3tyXa. TakuM 06pa3oM, B HHTEHCHBHOM OKHMCIEHHH H Je-
rpafaui HepTENPOAYKTOB IIIaBHYIO POiib HrPaeT PHCOBaA LUelyXa 3a CUET apH-
poBaHHA BHYTPEHHEH I-1aCThI 3arps3HEHHOI MOYBBI.

HHTeHCHBHOCTL Aerpagauud HedTenpodyKTOB B MOYBE I1aBHBIM 00pa3oM
3aBHCHT OT KOJIMYECTBA PHCOBOH LIETYyXH, BPEMEHH NepeMeIuMBaHUA, TTyOHHBI
a’pauui MOUYBbI, TEMNEPATYPhl Cpelbl H T. A. [IpH 3TOM HHTEHCHBHOCTL Aerpana-
uMH He)TeNpOIyKTOB NMOBHIILAETCS MO MEpe YBETHYEHUS JOTH PHCOBOH LIETyXH B
COCTABeE ITOYBHI 32 CYET YBEITHYEHHA MOPHCTOCTH NOC:IeHei U T.4. K nHTeHCcHBHO-
CTH OKHCJIEHHUS, CIeA0BaTeIbHO, Jerpafialiid HedTenmpoayKTOB TakKke MO;I0XKH-
TeIbHO BiIMAET W YacTOTAa MEpeMELIHBAHHA MOYBHI 33 CUET [OMO;HHUTENbHOH J0-
CTaBKH KHCI0pPOJia BO3AyXa B HHXKHHeE C;TOH 3arpA3HEHHO# M:1acThI.

[pu 310M B HedTe3arpsa3HeHHble MOYBLI HapsAAYy C PHCOBOM IIETyXOif BHO-
cATCA HAaBO3, CEMEHAa ANKOPACcTYLIMX pacTeHHit M ApyTrHe Hamo:IHUTEIH, cnocob-
CTBYIOLLHE BOCCTAHOBIEHHIO PacTHTEILHOTO Nokposa noyskl. HeoOxoaumo otme-
THTb, YTO PHCOBAA LIETYXa B CHIIY €€ YCTOHYHBOCTH K pa3pylUIeHHIO JO:IT0oe BpeMs
COXpaHseTca B MNAcTax MOYBbI, CO3MABast YC:IOBHS MOpooOpa3oBaHHA M HaKOILTe-
HHIO B HHX BO3lyXa W BIaru. B cBoto odepear HakOINIeHHA BJIard H BO3AyXa B 3a-
IPA3HEHHBIX MOYBaX CMOCOOCTBYET BOCCTAHOBIEHHIO PACTHTEILHOIO €€ MOKPOBa.
Hamnune B cocTaBe HaMO:THHUTEIA HaBO3a, OPraHMYECKNX H MHHEPATbHBIX ya00-
PEHHH HapsAay ¢ ceMeHaMH JMKOpacTYLIMX PacTeHHil co3paloT Taike 6:1aronpu-
ATHBIE YCIOBHA U1 BOCCTAHOBICHHS PaCTHTEIBLHOTO MOKPOBA MOYBLI U YCKOPEH-
HO# aerpanaluy HeTeNnpOAYKTOB.

H30xeHHBI METOA PEKy.IbTHBALHK HedTe3arpa3HEHHBIX Y4aCTKOB MECTO-
poxneHunit KyMkons fB:1seTcs Hanbo:1ee MPOCTHIM M JOCTYTIHBIM B MYCTBIHHBIX
ycaoBusix. OpmHako, HapsAay ¢ 3THM HMeeTcd elle Haubosiee MepCNEKTHBHOE
Hamnpas;IcHHE OYMCTKH MOYBHl OT HE()TENPOAYKTOB MyTEM pa3pylIeHHil UX C To-
MOILbIO MHKPOOPTaHHU3MOB, HCNOIB3YIOLINX HedTenpoRyKTHl B KauecTBE MHTa-
TEIbHON cpefbl H, CIeA0BATEILHO, PAa3iIaraloliue yriieBOIOPOIHbIE Chpbe Ha yT-
JAeKHCIBIH a3 u 6noMaccy. Metoas! peky:1bTHBALHH HedTe3arpa3HEHHBIX y4acT-
KOB € UCIT0:1b30BaHHEM PHCOBOH LIETyXH H GHOKOMIIOCTa Ha OCHOBE TOH e pHCo-
BOI LIETYXH MO YaCTH HX BHECEHUA M 06GpaGOTKH MOYBLI HH YeM HE OTIHHAIoTCS.
OT:muaercs mib B no1yueHHH GHOKOMINOCTA NyTeM NMPEIBapHTEIBHOTO GHOpas3-
PYWEHUs pHCOBOH WIETYXH ¢ MCMOIL30BAHHEM LELTIOI030-Pa3pylIAONX MOY-
BEHHBLIX a3pOGHBIX H aHAIPOOHBIX MHKPOOPTaHH3MOB.

KoMnoctupoBanme prcoBoii wweTyxH NpOBOAH:M B I1acTMaccoBoil Gouke
06beMoM 200 THTPOB ¢ MIIOTHO 3aKphiBaOmIeica kpbilKoii. 11 noydenns GHo-
KoMnocta Gouky 3ano;HaaM Ha 2/3 06beMa pHCOBOI LIETYXOi, 3aTeM 3LIMBAIH
Boz10di [5]. B Gouky BHOCHIHM Takke NMPEABAPHTETLHO 3aTOTOBIEHHbIE (KYIBTHBH-
POBaHHbIE) no4BeHHBIE LETTI01030pa3pyIIAIOWIHE MUKPOOPraHu3mbl. Coaepxu-
MO€ GOuKH TwaTe;ILHO NEPEMELTHBAIH H 3aKPBIBATH €€ KPHILIKO#, TEM CaMbIM CO-
MaBas anaspobHyio cpeny a1a Guopasiokenns. Ipotiece GpoxeHHs HaYMHaeTCs
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4epe3 HENEMIo H KOMITIOCTHPOBaHHE PHCOBOM IIEJTYXH 3aKaHYHBAETCA B TeUeHUE 2-
2,5 mecsaua. Ilpoliecc KOMNOCTHPOBAaHHA CONMPOBOKAAETCA C HHTEHCHBHBIM Bbije-
JICHHEM YTJIEKHCIOTO Ta3a, KOTOphIA MEPHOTHYECCKH BBITYCKAETCA MEpeMeLIHBa-
HHeM OHoMacchl. B Lesisax HHTeHcHHKAUHU npouecca 6poxkeHHs PHCOBOH LIey-
XH B 604Ky BHOCHIH B HE3HaYHTE;IbHOM KOIHYECTBE HABO3 H KYPHHBLIH riomeT [2].

Ilpouecc 6pokeHHs PHCOBOI WIETyXH CONMPOBOXKAAETCA 00pa30BaHHEM TPEX
tha3: xuakas, razoobpasHas 1 TBepaad. JKuakas — 3T0 OPraHUHUYECKHE KHCI0ThI, Ia-
3000pa3Has -yriIeKHCTblH ra3 u TBepias —OuoMacca. KommocTHpoBaHHe Macchl
NPOBOAMIM KaK B aHadpoOHBIX, TaK H a3poOHBIX ycioBusax. IIpu 31oM H3 oGwiei
Maccel cMecH 80% nepexonHt B GHoMaccy.

OnBITEl MPOBOAMJIHCH B JIETHHI NEPHOX BPEMEHH, MOSTOMY mpouecc 6Ho-
paspyleHHs He@TENpOAYKTOB LIET HHTEHCHBHO H3-3a BBICOKOW TEMMEPATYphI
(35°C) oxpysxkatomeii cpenpl. YCKOPEHHOMY BOCCTAHOBICHHIO TIOYBBI CIOCOGCTBO-
BAJIO YacToe NepeMeLInBaHHEe MAcChl.

B uensax BoccTaHOBIEHHS M PEKY;IbTHBALMHK 3arpsA3HEHHBIX H 3aCONEHHBIX
Y4YacTKOB HaMH HCMo:b3oBaics OnokoMnocT. Kak ocHOBHOH KOMMOHEHT, HeoGXo-
IMMBIA 1A GHopaspymieHns HedTenponykTroB. OHaKko Ha MPaKTHKE B MpoLecce
PEKY-IbTHBALHH He()Te3arpA3HEHHBIX YYACTKOB B CMeCH ¢ OHOKOMIIOCTOM HCIIOJb-
3y10TCA TTHILEBblE OTXO0ABI, 06pa3yloliie B BAXTOBBIX MOCEIKAX HEQTAHHKOB.
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ABTOMATH3ALHNA PABOYEI'O MECTA YUHUTEJIA
HA TUTAT®OPME «1C: IPEAITPHATHE»

bozooyxosa H.A.

CTyZA€HTKa Kadeaphbl NPHK1adHONK MaTeMaTHKH H HHpopMaTthHku HUY «beal V»,
Poccus, r. bearopon

Muzaas J1.B.

noueHT Kadenpsl HHpopMaLHOHHBIX cHcTeM ynpasieHus HUY «beal'Y»,
K.(.-M.H., IOLEHT,

Poccus, r. bextropoa

B crathe pacCMOTpPeH HOBBLIA MOAXO0A K pa3paboTke H HCIMOIB30BAHHIO AaBTOMAaTH3HPO-
paHHOTO paboyero MecTa yuHTe:Is Ha ocHoBe ni1atopmsl «1C: Ilpeanpusrue.

Kruovesoie ciosa: asToMaTH3HpoBaHHoe pabouee Mecto, 1C: [lpeanpusrtue, moaelb
IDEFO.

B HacTosliee BpeMs B LIKO:IaX CTa10 00A3aTe;IbHBIM BEACHUE YTEKTPOHHOTO
JHEBHHKA yHalluXcs W Mepexo] Ha 31eKTPOHHBIe XypHa1bl. OueBHAHO, YTO pabo-
vee MECTO YYHTE:I, KaK HHKOrJa, Hy>KJaeTcsd B aBTOMaTH3alHH, KOTOpas Mo3Bo-
JIMT YYHTEII0 YBETUYUTh NPOH3BOIMTEIBHOCTL TPYAA, NOBBICHTE Y(P(EKTHBHOCTD
paboThl ¢ AOKYMEHTaMH H yCKOPHTh OOMEH yTipaB;ieH4Yeckoii nudopmMameii [1].

CeroaHs cylecTByeT MHOMKECTBO MPOTPAMMHBIX NPHIOKEHHH, MO3BOIAIO-
IIMX MOBBICHTh KaYeCTBO H YCKOPHTbL PaGoTy YUMTEId, B TOM 4HHCIe H Ha Oase
«1C: IpeanpuaTue», npeacrapidioniee coboit cHCTeMy NPHKIAJHBIX PEIICHHH,
NMOCTPOEHHBIX MO €AWHbLIM NpPHHUMIAM H Ha €JHHOH TEXHOIOTHYeCKOH
maardopme. C nomombio cHeTeMbl nporpaMM 1C MoXXHO co3maTh YCIOBHA A
noucka, (QUIBTPallMH H COPTHPOBKH HMH(OPMALMH, KOTOpblE HCIIOIB3YIOTCS
yuHTEIEM B yueGHOM Mpotiecce.

ITepen Tem kak copmupoBaTh TpebGoBaHHA K pa3pabarTbiBacMoii noacucTe-
M€ aBTOMaTH3alMH, CIeyeT pa3odpaTbcd ¢ TEXHOIOTHEl npouecca paboThl yuH-
TeIA M CO3AaHUA OTYETOB 18 POANTE.IeH, YUEHHKOB H PYKOBOJCTBA IIKOIbI.

BxonHoii uH(opManueit GyaeT ycneBaeMoCTh 3a MpeabIAYUIHiA H TeKyLIHii
nepuoasl o6yuenus n tunsl Oyaywux pabor. Ha Beixoge OyayT oT4eThl MO ycme-
BAaEMOCTH, 3;IeKTPOHHBIH KYypHasl, BEOMOCTH MO nponyckam. OnHcaHHbIE Bbllle
Tpoueccel mpeacTap;ieHs! B Biae rpaduyeckoii moaesn IDEFO (puc.1) [2].

TIpu 60:1ee meTa;1bHOM PacCMOTPEHHH MpoLecca paboThl aBTOMAaTH3HPOBAH-
HOro Mecto (APM) yuuTe: 11 MOXHO BBIIEINTH LIECTh CTAAHI B 0OLIEM mpolecce
BLINOIHEHHs 06S3aHHOCTEN:

1. KalennapHoe nianupoBaHue, KOTOPOE MO3BOIAET YUHTEO M1aHHPOBATH
33paHee ypokH, KOHTPO:TBHBIE, CAMOCTOSATEILHBIE H IPYTHE BHbI paboT.

2. MOHHTOPHHT KauecTBa 06yueHHs, KOTODBIi MO3BOISET MPOCIEAUTH 3a
YCMEBAEMOCTBIO KAXI0r0 YUEHHKA,
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3. AHATH3 KOHTPOIBHBIX M CAMOCTOATENBHBIX PaboT, KOTOpHIA AaeT BO3-
MOXHOCTB CJIEHTh 3a YCTIEBAEMOCTBIO, KaK OTIC;IBHOTO YYE€HHKa, TaK H BCEro
Kiacca.

4. DneKTPOHHBIH KYpHal, KOTOPHIi MO3BOJAET OTCIEKHUBATL BCE OLIEHKH
YYallerocs, YTo YNpoLIaeT 3a1a4dy NpH BhICTABIEHHH OLIEHKH 33 Y€TBEPTh KM ro-
J0BOi1 OLIEHKH.

5. OueHkH B COBOKYITHOCTH 110 K1accCy A/ KI1aCCHOTO pyKoBoauTe:Id. JlaH-
Has QYHKUHSA NpeRocTaBiseT coboi OTHET 0 KakIOM yuenuke. Takas BOIMOX-
HOCTh YMEHBUIAET 3aTPATy BPEMEHH YUHTE]IS Ha MOArOTOBKY K PaiIHYHBIM TOY-
KaM KOHTPO/19 00y4eHHs H JacT NOJIHYI0 XapaKTEPHCTHKY YCTIEBAEMOCTH YUEHHKA.

6. ITponyckH ypokos.

Barmmcime necrpyvans
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Puc. 1. KonrekctHast moaens APM «Yuuteas»

bonee HarnsagHO CTaaMHM OEATENLHOCTH Y4YMTeNd NpPEACTABICHH Ha JHa-
rpaMMe frekoMnosuuuu moae:d B suae IDEFO (puc.2).
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Puc. 2. lnarpamma aekomnosumitn APM «Yuutens»
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K paspab6atbiBaemoii nogcucteMe APM «YuuTenb» npeabsBieHbl cnegyto-
e TpeboBaHuUA:

1) cucTema fomKHa obecrneymBaTb MHOFOMOIb30BaTENbCKUI 4OCTYN K 6ase
[aHHbIX B peaslbHOM BPEMEeHW, 417 MOMyYeHUs pe3ynbTaToB Mo 3anpocam U OTYé-
Tam C nocnefyoLeil pacneyaTkolii Ha 6YMaXKHbI HOCUTESb;

2) HacTpoiika MofACUCTEMbI AOMKHA 6bITb AOCTYMHA TONLKO YUMTENIO, Tak-
XKe OHa Jo/MKHa 06ecneynBaTh NErKOCTb PefaKTMPOBAHMA NIMYHbIX JAHHBIX Yyye-
HUKOB, (hOPM AOKYMEHTOB, 3/IEKTPOHHOTO0 XYpHana, BefOMOCTeli 1 BBOAA NepBuY-
HOIi MH(opMaLmy;

3) wnHTepdeiic cucTeMbl JOMKEH ObITb UHTYUTUBHO MOHATEH.

OfHUM U3 rnaBHbIX TpeboBaHMI nepen pa3pabaTbiBaeMoil MOACUCTEMONA,
[OMKHO 6biTb TO, YTOObI CBEAEHMS 006 YYeHMKaX, UX YCMeBaeMOCTU M MPoMycKax,
HaxoAunuchb B 6a3e flaHHbIX KaK MOXHO 60/ee B HariagHOM BUfe W NOSHOM 06be-
me. [lns aToro B nofcucteme 6bi CO34aH pAL CPaBOYHUKOB U NepevnucneHnii ansa
XpaHeHUs 3TuX JaHHbIX (puc. 3).

Puc. 3. Mpumep cnpaBoyHMKa «Y POKM»

MepBUYHLIM [OKYMEHTOM, C MOMOLLbIO KOTOPOro Y4YuUTeNb COCTaBMAET
KaneH4apHoe NiaHWpoBaHWe 3aHATWIA, ABNAETCA LOKYMeHT «[1naHnpoBaHue», OH
COCTOUT W3 Ccnefylowmx pekBusuToB: Knacc, Ypok, BapuaHtT 1, BapuaHt 2,
BuaYpoka, Mepuop, OTBeTCTBEHHbIN. [N BBOAA [aHHbIX PEKBU3UTOB Oblna
paspaboTaHa (hopma JOoKyMeHTa «lMnaHnpoBaHme» (puc.4).

OfHVM 13 caMbiX TpebyeMblX U HEOOXOANMbIX 371EMEHTOB Ha pabouem me-
CTe yunTens ABAAKOTCA OTYeTbl. B AaHHOW noacucTeme npefnaraeTcs HECKO/bKO
BapuaHToB 0TYeTOB (puUc. 5,6).
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Puc. 5. AHann3 KOHTPONbHbIX paboT

« PacusT nponycko*

Puc. 6. PacueT nponyckos

BHefpeHne aBTOMaTWM3MpOBaHHON nogcuctemMbl APM «YuuTenb» Ha 6ase
«1C: Mpegnpustue» 06ecrneymT NOBbILEHNE IPMEKTUBHOCTN 1 KayecTBa paboTbl
yuutens. TakKe NPUOPUTETHOCTb B aBTOMaTM3aLuW paboTbl yunTens v fOKasaH-
Has rMbKocTb pa3paboTaHHOW MOACUCTEMbl JAKOT NpevMyLLecTBa Npu eé Ncnosb-
30BaHNY B CUCTEMe 06pa30BaHNA B LIE/IOM.

Cnucok nutepaTypbl
1 3aliueBa, T B. DneKTPOHHbI NOpTHONNO Kak HOBas 06pasoBaTenbHas TEXHONOTUS
[Tekct] / O.MN. MycHasa, H.M. MNyTtusuesa, C.B. UrpyHoBa, E B. Hecteposa// BeCTHUK TynbCcKo-

42



ro rocyaapcTBeHHoro ynusepcuterta. Cepns CopemerHble 06pa3soBaTeibHbIC TEXHOTOTHH B
npernolaBaHiy eCTECTBEHHOHAYHBIX THCUMILTHH. ~ 2011. — Ne 10-2 (10). - C. 86-91.

2. Pomanosa, 10.J]. HHpopMaunoHHEIE TEXHOJNOTHH B MEHEIKMEHTE (YNpaBIeHHH):
yueGHHK H IPAKTHKYM / noa o6ur.pen. FO. . Pomanosoii. — M. : H3xa. IOpaiir, 2014. —478 c.

COBPEMEHHBII MOAXO K PA3PABOTKE
O/IHOCTPAHHYHBIX BEB INIPHJIO)KEHUH

Boopos M.IO.
Mmaructp CI'A (CoBpeMeHHas ryMaHHTapHas akajieMus),
Poccus, . MockBa

Hau6os1ee 4acTO OTKPBIBAEMBIM APHIOKEHUEM HA KOMABIOTEPE HIM IIAHIIETE ABIACTCH
pe6-6paysep. 3a nocienune 10 mer, Be6 npunoXeHHs BeMOTHAeMBle B Opaysepe cTaH
06BIAEHHOCTRIO H COCOOHBI BBHIOTHUTE 90% MOIb30BaTeILCKHX 33184, KOTOPBIE HCTOPHYECKH
BLIIOAHAIH NPUK.TAIHBIE MPOrPaMMBI

Kuoueevie cioea: web mnpunoxenue, JavaScript, html, Angular, ReactJS, TypeScript,
6Gpay3ep.

3a noc;1eAHHE TOIB HACT HIMPOKOE PACTIPOCTPAHEHHE ONHOCTPAHHYHBIX BE6
npuiokeHni, paboTatommx 6e3 nepesarpyskH cTpaHuubl. Cpeau NpHMeEpoB
MOXHO BBIICINTh TaKHe cepsichl kak Evernote', YouTube? u maxke Gpay3epHbie
BepcHM KJIHEHTOB couManbHbix ceteil Facebook, Twitter, Linkedin, BronTtakre
paGoraiot kak Single Page Application’.

Ha caiite YouTube wuepe3 Opay3ep MOXHO BBIIOJHATE MPOCTEiilIHE
HefiCTBHA MO MOHTaXy CBOEr0 BHACOPOIHKA, Takue Kak obpeska, KpoH,
UBETOKOppEKUHA H HajiokeHue cyOTHTpoB. B Hawame 2000x aake A1 TakMX
NpocThIX  ONepallMii, MOJB30BATE0 HeobXooguMo ObLIO  yCTaHaB;IMBaTh
crnenMaibHoe nporpamMMuoe obecnieueHue. B monynapuom  ¢oTo-xocTHHTE
Instagram ecTh BO3MOXKHOCTH pefaKTHpOBaTh (OTO H B HECKOIBKO KIHKOB
A00aBIATh paziHuHble 3¢dekTnl. PaHbure 11 3roro Tpebosasics Photoshop win
Apyroit rpadHuecKHit pedakTop YCTaHOBICHHBIA Ha KOMITBIOTEPE.

Front-end* pa3pa6oTka HacTONBKO YCIOXHHIACh, YTO HAYAJIH MOABJIATHCH
MHOXeCTBO OHOIHOTEK H QpefiMBOPKOB A1 yCKOpeHHsA paspaborku. Eme ner 5
Hasan mas Obictporo HamucaHus Front-end pis THmMuHoro caita GbL10
J0CTaTO4YHO MOAKTIOUHTL OHOIHOTEKY jQueryS‘ OHa mpenocTapiier yaoOHbIe
cpenctea s paGorsi ¢ DOM®, Ajax’. Jo nossienns Single Page Application,
bostbiero u He TpeGoBaIOCh.

Evernote — BeO-cepBic 1 HaBOP HPOrPAMMHOIO 0OECTICUEHHA 1A CO3IaHHA H XPAHEHHA 3aMETOK.

Buzeoxoctinr

Single Page Application — BeS npI0KeHHe COCTOSEE H3 OIHOH CTPAHHIIBI

FTOM-end ~ uHTepdeiic BanmozeiicTBIR MeKy 110.1p30BaTeIeM H back-end

JQuery - nony:;spxas JavaScript 616110TeKa

Document Object Model — «o6nekTHas MOI€1b JOKYMEHTa»

foutktiics s_ TI0IX01 K NOCTPOEHHIO HHTEPAKTHBHBIX 10:1b30BATETHCKHX HHTepdeiicoB BeG-NPIIOKEHHI, JaKTI0Ya-
«hoHoBOMY 06MeHe DaHHBIMK Bpay3epa ¢ BeG-cepBepoM.
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B Bactosmee BpeMs CylIECTBYET HECKOIBKO MMOMYIAPHBIX M BecbMa
MOIIHBIX BeO (peHMBOPKOB, MO3BOIAIONINE OYeHb GBICTPO MHCATh MPHIOKEHHS.
Angularjs omMH M3 caMeIx nomyaApHeIx  JavaScript  ¢peiiMBOpKOB,
noaaepxuBaeMblii koMnaHueii Google. OpeliMBOpK HCmoBeayeT AEKIapaTHBHEINA
noaxon K paspaborke. Bce omepaunn ¢ DOM, OGHHIHUHT OOBLEKTOB, CETEBBIE
3anpocChl peasTH30BaHbl BHYTpH (dpefiMBopka. Pa3pabotunk cocpenoraunBaeTcs Ha
613HeC JOTHKOH CBOETO NPHIIOKEHHS, a HE HaJl KHU3KOYPOBHEBBIMH» ONEPaLdsMH.

Angular pacumpser cuntakcuc HTML ', no3Bonss 3ammchiBaTh B Hero
BBIPAKCHUSA M JAKE MHCATh B HEM JIOTHKY (pPEKOMEHIYETCS MHCATh JTHIIb MPOCTYIO
J0THKY B mabroHe, KOTopas UMeeT NpAMOoe OTHOLIEHHE K BBIBOLY CONEP’KHMOTO).
Tomumo 3Toro Angular ananTupyer U pacupseT TpaguuHoHHbi HTML, uTo6b1
obecnevynTh ABYCTOPOHHION NPHUBA3KY HaHHBIX I AHHAMHYECKOTO KOHTEHTa, YTO
NO3BOJIAET ABTOMATHYECKH CHHXPOHH3MpOBaTh MoOZAENIb M MpencTaeieHue. B
pe3ynbrare 3Toro, Angular ymeHbmaer poib DOM-maHumyIsuumii ¥ ympoutaer
TecTHpoBaHHe [1].

MpeiimBopk  Angular 6bl1  crpoeKTHpoBaH ¢ yOexaeHueM, 4TO
JeKJIapaTHBHOE NMPOorpaMMHPOBaHHE Jy4llle BCETO MOAXOANT I MPOEKTHPOBAHHUS
MOJIB30BaTEIbCKHX HHTEP(EHCOB W OMHCAaHHA NMPOTPaMMHBIX KOMMOHEHTOB, B TO
BpeMsA Kak MMIEpPaTHBHOE MpPOTPaMMHPOBaHHE MPEKPacHO MOAXOAUT AJIA
OMHCaHHsA OH3HEC-IOTHKH.

JlBycTOopoHHEe CBA3bIBAaHHE JAHHBIX ABIAETCA Hanbosiee NMpHMedaTesTbHOM
0COOEHHOCTBIO. DTO YMEHBILAET KOMHYECTBO KO, OCBOOOKAas cepBep OT paGoThl
¢ mwabjoHamMHi. Angular cileauT 3a M3MEHEHHAMH B MOIENH H H3MeHseT GIoK
HTML-BblpaxkeHHA B MNpPENCTaBICHHH uepe3 KkoHTpouiep. IIpu 3ToM r00ble
HU3MEHEHHA B MPEACTABJICHHH OTPAXKaloTcs B MOJEIH.

Eme onux monysispabif GppefiMBopk, HauaBUIMii HAOUpaTh MONMY;IAPHOCTE B
2014 romy — 310 React]S. On 6511 paspabotaH B komnannu Facebook u B oTanunu
oT Angular He sBIgeTCA eqUHBIM KOMOaifHOM 11 paboThl ¢ MpeACTABICHHAMM,
MOIENbl0 H KOHTpO:LiepoM. React mocTpoeH Ha mnapagurMe peakTHBHOTO
nporpaMmHpoBanHs. Ero nonxon mpensiaraeT onHuchbIBaTh AaHHBIE B BHAE HabGopa
yTBepxkaeHuii H ¢opmyn. H3MeHeHHe onHoOro M3 napaMeTpoB BeféT 3a coBoOi
aBTOMAaTHYECKHH NepecyET BCeX 3aBUCHMOCTEH.

Haunbonee y3kuM MecTOM B MpPOH3BOMMTEIBHOCTH [MOMB30BATEIbCKOTO
HHTepdeiica apagercas DOM. JlioGsle obpamenus k nepesy DOM, naxke eciu ero
HE H3MEHATH, TpebytoT OonbLIMX pecypCcHBIX 3aTpar. [nsa onmtuMusauuu, React]S
HCnosb3yeT BUpTyaabHblii DOM. OH cocTaB:ideT OepeBo eMeHTOB AT HY)KHOTO
NpEACTaBICHHA M MEpPEepUCOBBIBAET TOMBKO TE€ IIEMEHTHI, riae ObUIM peaabHO
H3MEHEHDI JaHHBIE.

[loMrMo  wMcnonb3oBaHHA ~ COBPEMEHHBIX  ()peiiMBOPKOB,  MHOTHE
pa3paboTYHKH NPHMEHSIOT A3bIKH, KOTOpBIE KOMNUIUpyioTca B JavaScript. Koraa
pa3pabarbiBasica JavaScript, elle HHKTO He MOT MPEANOI0XHTb, YTO OH MOAYYHTh
CTO/IbL LIMPOKOE pacnpocTpaHeHue. B A3bIke OTCYTCTBYIOT MHOTHE MPUBBIYHBIE AT
MHOTHX NPOTPaMMHCTOB BELLH, TAKHE KAK KJIACChl, MOLY:IH, CTPOTas THITIIH3ALIHA.

! HTML - cran1apTHBIi #3bIK pa3METKH JOKyMEHTOB BO BcemupHoii nayTHue.
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Bce 3TH npoG:ieMbl pellieHbl B HOBOH BEPCHH EcmaScript1 6, HO ee MOKa e1le
cqabas moanepxkka GpaylepaMH He MO3BOIAET HCIMOIB30BaTh B nponaxiueHe .
TypeScript npoekT komMnauux Microsoft, A3b1k 06paTHO COBMECTHMSBII ¢ JavaScript
W NOTOJHAIOIMI emle kiacamu, HHTepdeficamu, CTPOKOH THNH.IM3ALUHEHd H
MOLYAAMH.

MOXHO ¢ YBEPEHHOCTBIO CKa3aTh, YTO COBpEMEHHBIE BEO MNPHIOKECHHA
MOTYT TOTHOCTBIO 3aMEHATh cOGOi NpHKIanHbIE TPUIOKEHHs. B3aTe Xo1a Gbl
HabHpaloLlHe MONMYIAPHOCTD XpoMmOyKy >, i€ OCHOBHOE MPHIOKEHHE — 3TO
6pay3ep Chrome.

Cnncok IuTeparyphbl
1. Taeex Koziroscknit, [lutep Bskon [lapsun. Pa3paGotka BeG-npuioxeHnd c
nenoss3oBaHueM Angular]S. 2014. — 39%4c.

HEKOTOPBIE BO3MOXHOCTH CMS
JJ11 MICITOJIb30BAHUSA CTYJAEHTAMMU B BY3E

Bacues 11.B., Heanosa /1.C.
koHcysTaHThl PaMCodTt EO/],
Boarapus, r. lo6puy

Bacuiesa CJIK.

JOKTOP, IJ1. ac. Y4H;IHIle KOMIMBIOTEPHbIX HAYK Bhiciiee y4H:INILE MCHEIKMEHTA,
Boarapus, r. lo6pny

B 1oki1aze npencraBleH BYXJIETHHI OMBIT HCTMOIB3OBAHHA CHCTEM YNpaB.leHHS
COIEPKHMBIM CTYAEHTaMH M TOIEPKKH CO CTOPOHBI MpenoaaBaTeleil  Co3JaHHOro
o0pa3oBare:TbHOro caiita 00CTY)KHMBAIOLIEro CTYIEHTOB chenHatbHocTH ,JHpopmaTHka W
HHQOpPMaUHOHHBIE TeXHOMOrMK™. PaccMaTpHBalOTCA BO3MOXKHOCTH CHCTEM  YTpaBJeHHS
coaepxkuMbiM Moodle 1 WordPress, koTopsie He TO:TbKO MOMY.TAPHBIE H AOCTYTIHbBIE, HO H C HX
TIOMOLIBIO MOXHO JI€TKO CO31aTh 06pa30BaTe;IbHBIil caifT [ AHCTAHUHOHHOTO 00yUeHHS.

Kriouegvle cioea: cHcTeMbl ynpasiIeHHs KOHTeHTOM, oOpasoBaTelTbHbIi web caiit,
Moodle, WordPress.

B yHuBepcHTeTax. KOLI€akKaX H BCEX BHIOB BBHICLIHX YYH.IHIL CYLIECTBYET
Npaktrka yToObl Kaxkgas rpymnia umesla CBoero crapoctsl. OcHoBHas (QyHKOHA
CTapocThl ~ ObITh CBA3YIOLUIAM 3BEHOM TPYMNBI H PYKOBOACTBOM/HHCIIEKTOPOM
yiebHoro otnera. OmHa M3 06A3aHHOCTEH CTapOCTBI TPYNNBl — CBOAMTH
HHDOPMaLHIO OT aKaleMHUECKOTO PYKOBOACTBA (yueBHOTo OTae:1a) OTHOCAIIEHCS
€ro komier. Takoii HHpopMaLHel MOKeT GbITh HHPOPMaLIHS C KAPLEPHOTO LEHTPA,
HHopMaums 06 YHUBEPCHTETCKHX TPOEKTaX, 0O MEKYHHBEPCHTETCKOM 0OMeHe
UTH 0 nipeAcTOAMIMX COOBITHAX/MEPONPHUATHAX H T.1.

\_——

1

ECMAScript - ner P Biit paciump (i He HMEIOLIHIT CPeICTB BBO1a-BLIBOIA A3BIK NPOrPaMMHPOBAHHA,
?c";:'“)’e&_mﬁ B KAYECTBE OCHOBbI :L1A NOCTPOCHHA JPYTHX CKPHITOBBIX A3BIKOB.
3 /Yodaction - pepeus cepaepa 1aH [10 A0CTYNHOro KOHEYHOMY NOTpedHTE 0.

Ctrome book - cepus HoyTOyxoB kommnannu Google ¢ yeranop:ientoii Google Chrome OS.
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CTouT BONpOC O TOM, Kak CBECTH HH(OPMALHIO K CTyAEHTaM rpymnnsl. EcTs
HECKO;1bKO CNIOCOOO0B, KOTOPHIMH MOXET BOCIIO/Ib30BAThCA CTAPOCTA:

- JluuHo COOOIWMTL KaXIOMy B TOT Ke A€Hb (3TO B HBIHEIIHEE BpEMS,
KOT/Ia Y KaKA0T0 €CTh COTOBBIH Te1edoH caMblif poCToit cnocoG)

IIpenMyiniecTBa: HHPOPMALUA COOOIIAETCH JINYHO — €CTh JIHYHBIA KOHTAKT
H MOXHO CMPOCHTb €C;IH COOTBETCTBYIOLUEMY CTYAEHTY YTO-TO HE MOHATHO HIH
HY>KHO YTOBOPHTBCA WIH MPHHATH PELICHHE H OaTh OTBET.

HenocTaTkn: BO3MOXHO NpHAETCA HHOPMALIHIO MOBTOPHTH HECKOIBKO pa3,
4TOOB! JOHECTH €€ K KOXKAOMY, HiTH KTO-TO H3 CTYAEHTOB He MOIYYHT BaXHYIO 115
HEro HHQOpMaLIHIO H3-3a TOTO, YTO OTCYTCTBYET B TOT JI€Hb.

- C noMoeo colUHanbHEIX ceTed

IMpenmymecTBa: HHboOpMaLHIO cOOOIIAIOT TOALKO pas.

HenoctaTku: He y Bcex CTyNEHTOB UMeeTCs npou.Ib B OOHON M TOi Ke
CoUHaTbHOM ceTH. ECTb M CTyZEHTBI, KOTOphie BOOOILE HE HMEIOT CBOIO CTPaHMLLY.
He xaxnaplii xodeT A00aBHTE CBOMX KO;LIET B Ipy3bd B COLMAIBbHOM CETH.
HudbopMauus pacnpocTpaHsaeTcs B IOTOKE H HEb3 KaTEFOPH3UPOBATh €€.

- Co3snatb web caifT rpynne!

3T10T cnocob He oYeHb MOMYIAPHLIA CPeaH CTYAEHTOB 0Oy4aromiuxcs Mo
HETEXHHYECKHM CMELHATBHOCTAM (CMNELHATBHOCTH, TRe Y4eOHble OUCLIMILIHHBI
Kak HHpopMaTHKAa W  HH)OPMALMOHHBIE TEXHOJIOFHH He  ABIAOTCA
o6s3aTeabHpIMH). OHaKo HabHparoLiHe ,.CKOPOCTh™ CpeaH ,HENPO(eCCHOHATOR™
B Web NpOrpaMMHPOBaHHH CHCTEMBI YRpaBjieHHs coaep:kuMbIM (Content
Management Systems — CMS) [2] u [3], MOFYT oKa3aTh OTPOMHYIO MOMOIIL H
CTyJ€HTaM HEMpOorpaMMHCTaM, a Takxke W caesaTh HX obyueHue x BY3-¢ Go.ee
HHTEPECHEBIM H ,,00raThiM™.

B noknane paccmatpuBaerca co3jaHue web caiiTa rpynmel CTYAE€HTOB
(o6ywarouwxcs no  cneuwateHocTH  MHdopMaTtHka M HHGOPMAaUHOHHbIE
TEXHOJI0THH). Web caliT co3naH no Maee CTapoCThl FPYNIBl M NOAAEPKHBAETCA B
OCHOBHOM WM. Mnes HpaBHTCA Bce Tpymie, a TakkKe H BCEM NPENOAaBaTe;IsM B
Kontenxe, koTopble NpenoOCTaBIfOT CBOH YydeGHble MAaTepHATIbl: IEKUHH.
YIIpaXXHEHHA U KHUTH. Web caliT cOCTOHT U3 ABYX YacTeii:

Hudopmaunonnas 4actb — HHOOpMaALHOHHBINH web cailT peaiuioBaH
cpeacteamu CMS WordPress [5]. Aapec caiita — www.iit]3.eu.

CMS WordPress GecriiaTHas nporpamMHas cHctema (I1C) ¢ OTKpBITBIM
KoaoM (open source), KOTOPYIO MOXHO MCIO:1b30BaTh A8 GJIOTOB H KaK CHCTEMY
ynpasiieHHs comepxuMbIM. JT1a [IC peasnusoBana cpeacteamMu PHP, a mia 6a3bl
AaHHBIX HCNoIb30BaH MySQOL. WordPress vMeeT caMble pasHbie CQepbl
NPHI0XKEHHA — OT JIHYHBIX 6;I0TOB IO CJIOXKHBIX pECypcoB HOBOCTEH M Haxe L
pealH3aUMH  HHTEpHET-Mara3suHoB. HMHTerpupoBaHHas cHcTeMa ,TeM™ H
»PaCIIHPEHHIA™, U XOpollias apXHTEKTypa 3Toit CMS, no3BosIAI0T HPOEKTHPOBaHHE
H KOHCTPYHPOBAHHE CaMbiX pasHbiXx mpoekToB. Ha nanHelii MoMeHT WordPress
OliHa 0A1Ha U3 caMblx nonyapHbIX CMS. Takue web caiiTsi kak caiitel pecTuBaiei,
6;70roB  0aHKOB, XOCTHHT MpOBAMAEPOB, KY/IMHAPHBIX CAHTOB, CalTOB ILKO:,
o6umH u ap. CucTeMHile TpeGOBaHHA He OTIHUAIOTCS CYLUECTBEHHO OT APYrHX
nonyaapHeix CMS, kak k npumepy Joomla!, Drupal. aa MMCTaTIMpOBaHHA
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WordPress 10CTaTOYHO HMeTh CBOI XocTHHT ¢ PHP Bepcun 5.2.4 WM Bbillle H
MySQL Bepcun 5.0.15 wiau Beiite. Ha ceroaHsInHHA neHb TaKOW XOCTHHT HMEET
n(;c-rynHylo ueHy (MoskHO mpHobpecTtn 3a 25 eBpo B roa). Eciin crapocta/rpynna
He XOTAT KYNMHTh XOCTHHT, TO MOXKHO HCIO;Ib30BaTh OECITaTHBIA XOCTHHT,
MpeNOCTaBISEMBIH  HEKOTOPHIMH KOMMAHHAMH Y4eHHkaM M cryaeHtam (B
ponrapun SuperHosting.bg sB:aseTcsa TakKUM IpHMEPOM).

ITo oTtHomieHHss 6€30MAaCHOCTH MOXXHO NPEINPUHATH HEKOTODHIC MeEpHI B
je:1X NpeaoTBpalleHHs NpopeiBa B cHeTeMy. Hanpumep ¢ nomouibio:

- 3amaHug npas Ha a1kl

- 3aMpeT Ha MOHCKOBbIE POGOTHI H MI0XHe 60Tkl 4TOOHI He ObLIO cama;

- Heno:ib3oBaHHe SSL xpunTHpoBaHHO#H cBA3u uepe3 SFTP.

MNpucraeka iThemes Security (OviBas Better WP Security) o6beanHseT B
cebe MOYTH BCE H3 BHILIEYNOMAHYTBIX Mep.

Ionnepxka WordPress

- Slonpo WordPress oOHOBIAIOT A0OBOJILHO uacTo. becrmmatHas u ¢
OTKPHITBIM KOIOM WordPress naeT BO3MOXHOCTH KakIOMY, KTO HHTEpecyeTcs
NpOrpaMMHpOBATh €€ B 3aBHCHMOCTH OT CBOHX MpPENOYTEHHIA,

- B WordPress umeercs 6oratelii BBIGOp paciiMpeHuii. boibiuas vacte U3
HUX oOHoBiseTcd 4acto. C HMX MOMOIIBIO MOXHO OTCTPaHATL OIIHOKH.
O6HOB:IEHHE MPHCTABOK JeNaeTcs JIerko — B cnHcke ¢ nobaBkaMu (pHuc. 1) HYyKHO
Ha)KaTb Ha KHOMKY ,,00HOB:IeHHE".
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Puc. 1. Cnncok HHCTATTHPOBaHHBIX paciuHpenuii B WordPress caiite rpynnsl

- WordPress noanepxuBaeT COBPEMEHHBIE CPEJACTBA I8 BCTPAaHBaHUA, K
npuMepy 4ToOBl BCcTpouTh Kaun W3 YouTube ROCTATOUHO B CTPaHHLIE/CTATBHH
MOCTaBHTh CCHLIKY Ha BUACO.

- WordPress nerko anMHHHCTPHPOBaTh — TaHE:Ib aAMHHHCTpAaTopa
MaKCHManbHO yNpOIUEHHbIH, YTO MNO3BOISET HECKOIbKUMH . JBHXEHHAMH™
CIeaTb nepBOHaYaAbHBIE HACTPOHKH.

~ C WordPress nerko mny6Gaumkosats — pepaktop B WordPress Buna
WYSIWYG (What You See Is What You Get). D10 04eHb ya06HO cTyneHTaM, 6e3
Oneita 8 HTML nporpaMMHPOBaHHH.

Uncrannauns WordPress nerxa: EcTb HECKOJIbKO OCHOBHBIX ILIArOB —
fepedpocuts uncraniaumio WordPress Ha XOCTHT, cO3maTh 6a3y naHHBIX,
MHCTampoBats. [ocae uucTasisumn WordPress, HYXHO clIelaTb HECKOJBbKO
*c*?::::ﬁoek. OnHa n3 HUX ~ OrpaHHYEHHS JOCTYNA K CAATY (3TO MOXKHO PEATH30BATh

Outeto npucrasku Password Protect WordPress. Ee MoXHO cxayaTb ¢ caiita

ordPress (anpec: https://wordpress.org/plugins/password-protect-wordpress
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HacTpoiiky npucTaBKM MOXHO cAenatb C MNOMOLWbI MeHO Private Blog u3
rNaBHOr0 MeH. Hy>XHO nnaTtuTb 3a NPUCTaBKY, HO €CTb Y HECKO/IbKO OCHOBHbIX
HaCTpOeK, KOTOpble ABAAOTCA 6ecnnaTHbIMW. TakuMu ABNAIOTCA AKTMBaLMA
naponu, ykasaTb MNapofib W aKTWBauWsa/AeakTuBauus OOHOBAEHWI. OTU onumi
BMO/MHe XBaTaeT B pamMKkax OAHOM rpynnbl. Ecan ecTb xenaHwe 6p3HAMpoBaTh
HavasbHYI0 CTpaHuuy (418 BXOAa B CaiiT) HYXHO 3annaTuTb MLEH3MI0. B Hawem
cnyvae (puc. 1* v puc. 2) ans  OPIHAMPOBAHWSA HAuYaNbHON  CTpaHMULbI,
afMUHMCTPATOP NOMeHsAn u3obpaxeHue noro B FTP caiita, (KapTWHKY C n0ro
MOXHO HalTm B oupektopuio  Avp-content/plugins/password-protect-
wordpress/skins/defaultcustom/static/images, ums taiina - logo.png).

KXT13
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Puc. 2. Bug caiita il13.en go BBOAa napons
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Puc. 3. Bug caiita iitl3.eu nocne BBofa napons n BXOXAeHUWe B CaiT

Mocnes BXoda B caiiT Mofb3oBaTenb BUAUT NOTOK HOBOCTeW M COOOLLEHWI
(puc. 3). B rnaBHOM MEHI0 YyKasaHbl KaTeropuv HOBOCTel. OTO MO03BONSET
nonb30BaTesNto yBUAETb TOMbKO ONpefefieHHble HOBOCTU. JTa ONUMS HeJOoCTyMHa B
coumanbHbiX ceTAX. KpoMe nOTOKka HOBOCTe Ha caliTe MOXHO HaiTu
MHKHOPMaLMIO 0 MPOeKTax, B KOTOPbIX CTYfAEHTbl MOryT nogkntountcs. bnarogaps
no3nuMn  CTapocTbl, CTYAEHTbl TPynnbl  MOryT npuobpetaTs 6ecnnaTHoO
nporpammHoe ob6ecrieyeHme (MO) komnaHuu Microsoft no  nporpamme
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DreamSpark. CTyneHTsl MoTryT mnpHoOperats nmo apyroMmy npoekty u IO ¢
autodesk.com. A Taxxke ¥ nosyunTs E-mail no npoekty Office365.

Yuebnas yacth (bu6auoreka). Bropas yacTs web caiita peain3oBaHa C
[OMOLIBIO CHCTEMBE yMpaBieHHA ydeOHoro koHTeHTa Moodle. Anpec caiita
http://coo.iit]3.eu.

Moodle 6ecinathHas open-source CHCTEMa IEKTPOHHOTO 0bOyueHHs
paspaboTanHoii  Ha PHP M HCKTIOYMTEIBHO  MOMMY:IApHA 61aronaps
pa3HOOOPa3sHBIM  BO3MOXHOCTAM, KOTOpble —Mpeltaraer — aaMHHHCTPATopaMm
31eKTPOHHBIX KYPCOB H mnpemnofaBaTte;1aM. [4] Cuctema pasnenena Ha Kypchl, TIpH
3TOM Y KaXJOTO Kypca CBOH CTYZHEHTHI H mpenoaasare:iu (Moodle nonnepxupaet
Thici4H KypcoB). B kypce mny6aHkyioTcs pa3sHoOOpa3sHele MaTepuaibl, €CTb
(opyMsl, B KOTOPBIX MOTYT y4acTByBaTb CTYI€HTHl W MNpenonasatenu. Moodle
HUMeeT TMpOCTOi, Jerkuil web-uHTepdefic, COBMECTHMBIH C  pa3THYHBIMH
opayzepaMH. MoxHO OQOPMAATE TECTHl, AHKETHl, 3aJayd, YbH OTBETHI
nyO:ukyioTcs online CTyaeHTaMH, YPOKH C BOMPOCAMH [ CaMOKOHTPOJA B
KOHLIE, YaT, CHCTEMY IUIA OLIEHHBAHHA H BCEBO3MOXKHBIX IPYTHX YJICCHEHHH A/
3;1eKTpOHHOTO 00yueHns. [1] u [4]

HncramtnpoBats Moodle HemHoXko TtpymHee ueMm WordPress. Kak u
WordPress MOKHO WHCTAJLTHPOBaTh Ha MpeRocTaBiIseMblil XocTHHT. TpeGosanus
108 UHCTaLIAUMH Moodle — PHP Bepcus 5.5 win Bbille, a Takke NOMKEH ObITh
aKTHBHpPOBaH opcache.

Ilocne wHctannsuMu ,JQycroro” caiiTa HYXHO CAenaTb HEKOTOpPbIE
HACTPOHKH:

- OrpaHHYeHHe JOCTyMNa. JTO OCYLIECTBJIEHO NYyTeM CO3JaHust 1A BCeX
cryfentoB rpynnel E-mail ¢ okoHuaHuem @iiti3.eu, 1 ¢ agMHHHCTPATOPCKOTO
maHens caliTa yka3aHo, YTO TOJBbKO Moib3oBarend y koro E-mail k momeiiHy
iit]3.eu MOTYT me;1aTh peTHCTPALIHIO Ha caiiTe.

- Tocie OTpaHHYEHHUA ROCTYMa K caiiTy MOXKHO yNpOCTHTh TPEOOBaHUA K
naponaM  mojb3opateieil. Ilo  ymonuanmiwo  Moodle 1pebyer  utoOmI
NoJb30BaTEILCKHE MApOIH HMETH HE MeHee 8 CHMBOJIOB, cpel HUX He MeHee 1
FnaBHOH 6ykBel, 1 mponucHo#t 6ykBbl, 1 wHdpst 1 1 Apyroro cHMBoIa. 3TO MOXKHO
cae1aTh U3 AIMHHHCTpHpOBaHHe caiita / bezonachocts / Site policies.

Bun HayajeHOW CTpaHMUBl CO31aHHOH y4eOHOHW 4YacTH calTa TpyMIBI
T0ka3aH Ha puc. 4.
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Puc. 4. HavanbHas cTpaHmua caiita coo.iitl3.eu

Korga co3gaem yuebHyt0 yacTb caiiTa rpynnbl XenaTenbHO Co34aTb e4NHYIO
cucTemy KypcoB. K mpumepy MOXHO €034aTb MO YMOAYaHWIO HOBble KypCbl. 3TO
MOXHO cAenatb M3 AgMUHUCTpUpoBaHue cainta / Kypcbl / HacTpoiikn Kypca no
ymonuaHuio. MOXHO yKasblBaTb A8 HOBOTO Kypca ObiTb BMAMMBIM WAU HeT.
MOXHO onpegensatb u: (QOpPMY Kypca - TemaTU4ecKuil, HefeNbHbli W 4p.;
MaKCMMasbHOE 4MCNO CeKUWid (TeMbl WAM HeLenu) Kypca; pacnonoXeHue Kypca
(BCe cekuMM Ha OAHOI CTpaHWLe UM Kaxgas Cekuus 4Tobbl 6blia Ha OTAENbHON
CTpaHuue). MOXHO HacTpauBaTb BHELUHWIA BWUf, MapameTpbl WHCTaNMPYEMbIX
thaiinos u ap. [1]

B Moodle moxHO co3gaTb kaTeropum n Kypcbl. O6s3aTeNbHO 40 Havana ux
COo34aHns Ha caiiTe oQOpMWUTbL CTPYKTYpPY KypcoB Ha Gymare. B Hawem cnydae
CaiiT MMeeT crefylolWyo CTPYKTYpy: CeMecTp 3TO kaTeropus, a Yy4ebHble
AucuunanHbl - Kypebl (pyc. 5), Kak aTo chenaHo B [1].

H M 18

talon W1 7pc netwcalep  HAnvucaira

HbiMwanpaTp MUY TY»w rgotM  Fb*n«n®. MLW» MMH.p abpM/IMH,?)
e *e Tyy i
B.mA3BN Course and category management
notpeénrten
Kareropu K\pcose MbpLL Kypc - 3u4en cevecTs (MbpBY CeMEeCTbp)
LIJ — CeHIME ko> e 1 Jlyapexmve > >ce<aat : PerptptiU*
w r — e Cm e r YfOsr.W 9V»o
Apamunuctpatop 1
AensH Bacunes .0 SOH 9 * mEx
*0 X3 5 X *H
Kareropuu .
o CriewkaMmaMmnay e tm a im * *X*t

Puc. 5. KaTteropus (cemecTp) ¢ Kypcamu (M3yyaemble AUCLUMANHbI) K HE

Mocne TOro Kak Kypc cO3f4aH, ero cnefyeT 3anonHWTb WHGopMmaumei
(y4yebHbIMN MaTepuanammn). ATO MOXKHO CAeNaTb BKMOUMUB pefakTUpoBaHMe Kypca
(HaxuMas Ha KHOMKy ,3KNI04YNTb pefakTupoBaHuedl B BEPXHEM MpaBoOM Yriy
puc. 6).



TbpceHe BbB
hopymuTe

Hanpepg
P3aTUsK TupcaH* (?)

Kanewaap —

* KN »>
Puc. 6. Pa3pelueHune Ha pefakTMpoBaHme Kypca

CTpyKTypa Kypca B y4e6HOI yacTu caiita cnegyrowas (puc. 7):

B nepBoil cekumm - 06wWwas uHpopmauna 06 yY4ebHON [UCUMMNIIUHE:
Has3BaHve AuUCUMNAWHBI, NEKTOP, acCUCTeHT, WHMopMauua ansa  CBA3M  C
COOTBETCTBYIOLLMM NpenogaBaTenem, Xopapuym u ap.

Cnefywouwme Ccekuum nNpefAcTaBAAlT  co60i  6mbnmoTeka  y4yebHbIX
MaTepuaioB M3 pasHbIX WCTOYHWMKOB 3aNUCKW NEKLUWiA, y4ebHble maTepuasnbl Mo
fucuunavrHe, cBO6OLHO pacnpocTpaHeHHble B VIHTepHeTe, y4ebHble MaTepuasbl
CBAI3aHHbIX C JaHHbIM KYPCOM MNPUCOEfMHEHHblE U3 Apyrux Kypcos (puc. 8). B
HEKOTOpbIX Kypcax ecTb W [OMNOMHWUTENbHAas WHGopMauus o0 KpUTepusx
OLeHVBaHMA KYPCOBbIX paboT, 3afaHunii u ap.

MocnefHss cekums Kypca 3To ,,BaxHble faThl“. B Heil ykasbiBalOTCA fAaTbl
[N TeKYLLero KOHTPOs, KOMINOKBUYMOB, 9K3aMeHOB 1 Ap.
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Puc. 7. O6bwuii BUA Kypca B y4ebHOI YacTu caiTta
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Puc. 8. MpucoefnHeHHble MaTepuranbl U3 ApYTUX KypcoB
BobiBOAbI

Peann3oBaHHbIN cpecTBaMM CUMCTeM ynpaBieHus KoHTeHToMm WordPress u
Moodle web caiiT rpynnbl  CTYy[eHTOB  Konnefka, o06yvalolmxcs Mo
cneuuansHocTn ,MIH(opmaTtuka W UHGpOpMaunoHHble TexHonorun” (LAT)
ABNAETCA MNPOEKTOM, OTpaXawwwuii npouecc co3fjaHua  06pa3oBaTe/lbHbIX
nopTanos 1 y4ebHbIX nocobuii B hopme web caiita ¢ nomoLyblo CMS.

Cuctembl  ynpaBfieHUs  COAEPXKaHWeM  pa3BMBAlOTCA  WHTEHCMBHO B
nocnegHve roAbl U ABASIOTCA OAHOW W3 CaMblX HOBbIX TEXHONOTMIA Ans
KOHCTPYVMpoOBaHWs web caiiToB, HO W WCKNIOYMTENbHO HaNpaBfieHHOW Ha
HenpogeccnoHanos B web nporpamMmmpoBaHumn, 4TOObI WUMeNU BO3MOXHOCTb
BbIHECTW CBOK [eATeNbHOCTb B web npocTpaHcTBE WM NPOCTO  fenuTcs
MH(OopMaLMeld 1 ONbITOM CO CBOMMM KOASieraMmu.

Pa6ota Hag npoekToM ,LleHTpa AucTaHUMOHHOro o6ydeHus WAT”
nokKasblBaeT KaK Jlerko W C [OCTYMHbIMW CpeAcTBaMu B VIHTepHeTe MOXHO
paspaboTaTb web caiiT He TONbKO MONe3HbId AN 06yyeHWs CTYLeHTOB Mo
BbIOPAHHON cneuynanbHOCTM, HO W paclMpsATb CBOM KPyrosop, a TakKxe Wu
yCOBEPLLEHCTBOBATL Cebs NprobpeTas AONONHUTENbHbIE 3HAHUSA U YMEHWS.

Cnucok nutepatypbl

1 Bacunes, ., /BaHoBa, [. BO3MOXHOCTU COBPEMEHHbIX TEXHONOIMIA AN 0BYYEHUS.
[3nekTpoHHbIii pecypc] / [. BacuneB. COBpeMeHHblIe TeHAEHLUN Pa3BUTUSA HAYKN U TEXHONOMUN.
C60pHMK HayuHblX TpyfoB no MaTtepuanam | MexayHapoAHOW Hay4HO-NpakTu4yeckomn
KOH(epeHuun, r. benropoa, 30 anpens 2015. (Yactb Il), CC. 25-32. - Pexum pgoctyna:
http://issledo.ru/wp-content/uploads/2015/05/Sb_k-1-2.pdf

2. PeyHuk Ha CpepuTe 3a enekTpoHHO O6yyeHune (CeO). Moodle. [SneKTpoHHbIN pecypc]
/ PeyHuk. - Pexum goctyna:

www.moodle.org/mod/glossary/showentry.php?courseid=43&eid=9281&displayformat=
dictionary

3. How to make a website WordPress vs Joomla vs Drupal [9nekTpoHHbIl pecypc] /
CMS. - Pexum goctyna: http://websitesetup.org/cms-comparison-wordpress-vs-joomla-drupal/

4. Moodle. [3nekTpoHHbIi pecypc] / Moodle. - Pexum goctyna: www.moodle.org
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5. WordPress. [Jnektpounsiii pecypc] / WordPress. — Pexum gocryma:
https://wordpress.com

O MAPAMETPAX PACNPEAEJIMTEJSI CEAJIKH CEMSIH ITIIUEHUIIBI

Boxob6os A.

accucTeHT Kadeapsl «CellbckoXo3giicTBEHHAs TEXHHKA, YKCITyaTalHs H PEMOHTY
AHIMKaHCKOTO HHCTHTYTA CESIbCKOr0 X034HCTBA,

V3bekucrtan, r. AHIHXKaH

Aboyxaiunros X.X.

MarucTpaHT kadenps « CesibcKoxXo3giicTBEHHAsA TEXHHKA, IKCITyaTalus H pe-
MOHT» AHIHXXaHCKOTO HHCTHTYTa CE;IbCKOTO X03icTBa,

V3bekucraH, . AHIHKaH

3prunos H.b.

MarucTpaHT kadeaps! «CellbcKoX039HCTBEHHas TEXHHKA, IKCILTyaTaluus H pe-
MOHT» AHIMXAHCKOrO HHCTHTYTa CEIbCKOTO X034HCTBa,

V136ekHcTaH, I. AHAHXaH

Caaueea P.3.

MarucTpaHT kadeaps «3aluTa pacTeHHH»
AHIHKAHCKOTO HHCTHTYTA CEJIbCKOTO X03AHCTBA,
V3bekHucTaH, I. AHIHKaH

B cTathe MPHBERCHBI HEKOTOPHIE CBEICHHA O MapaMeTpax pacnpeIcTHTENA CEATKH ce-
MAH MUIEHHUBI, 06€CMeuHBaIoIero MOJHOUEHHOE BBIMOMHEHHE TaKHX BaKHBIX arpoTexXHHue-
CKHX rpeﬁonanuﬁ KaK — pa3sMeLICHHE CEMAH IO BCeil nMnowanK nocesa cori1acHo HOpME, a TaKXe
PaBHOMEPHOC 33a€TbIBAHHE CEMSAH MO Bceil IuTolaay Ha onpene:lé'HHylo l'.l'[yGHHy nocena.

Kuouessie c106a: onsiT, mowans nUTaHus, GopMa, ceMeHa, COPT MUIEHHIIBI, CPOKH NO-
ceBa, ITyOHHa 3a/1eJKH, pacnpeaeanTe b, MapaMeTpbl.

H3secTHo, uTO y 51106BIX pacTeHHH KopHeBas chHcTeMa, obecneuHBaoas ux
TIHTATE;TbHBIMH BELLIECTBAMH, HMEET KOHHYECKYIO (opMy, a GOKOBBIE KOPHH pa3-
BHBAIOTCS B Pa3HbIE CTOPOHBI PABHOMEPHO H Napa;LIeNbHO ITaBHOMY KOPHIO. Pa3-
MEPBH KOPHEBOH CHCTEMBI 3aBHCAT OT BHAA H cOpTa pacTeHuii, ¢u3nko-
MEXaHMYECKHX CBOMCTB HOYBBI, a TaKke 00€CTIeYeHHOCTBIO BOJIOH H MUTATEIbHbI-
MH BewectBamu. Ha ocHoBe 3TOoro, onpenenaTcs NUTaTelIbHas ILUIOWIALL A5
ONpene;IeHHOro CTPOEHHS W Pa3MepOB KOPHEBOH CHCTEMEI pacTeHHs. B ToM umncie
000cHOBbIBaeTCA HEOGX0aHMAs TLIOWAAL A4 MOTyYeHHs MUTATEIbHBIX BELUECTB
417 pocTkos muennusl. KpoMe 31oro gopma MUTATE 1bHOH ILTOMAIN TAKKE HMEET
O4EHb Ba)kHOe 3HAUEHHE, KOTOpas MO:DKHO HMeTh (hopMy MpAMOYToIbHUKA HIH
KBajpara.

Ilpn nocepe pamoBEIM crmocoGoM ¢ pacCTOsHMEM Mexay pazamu 15 cM
Towans nutare;bHOl 30HB GyNeT COCTABIATH B cpeaHeM 23-28 cM? HCXOLd M3
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TOTO, 4TO (POpMa pa3MEIEHHA CEMAH HMEET NPAMOYTOIbHYI0 HOPMY C COOTHOLLIE-
HHeM CTOPOH 1:9 (paccTosHHe Mexay pagamu 15 cM, paccTOAHHE MeXAy THE3da-
mu 1,6-1,8 cm). Takoe pacnosoxeHHe moceBHbix THE3N (1:9) HeGnaronmpuaATHO
BJIMACT HA POCT H Pa3BHTHE KOPDHEBOH CHCTEMBbI pacTeHHs. 3a cYeT COKpalleHHs
PAacCTOAHHA MEXKIY PAZAMH MOXHO NMpHOAM3NTE 3Ty opMy K KBaZpaTHOH H
Y/1y4UIHTh YC;TOBHA /1 Pa3BHTHA PacTEHHiA.

Caenyetr oTMETHTB, YTO y4HTbIBas paGoUyl0 CKOPOCTb NMOCEBHOTO arperara,
COKpALICHHE PaCCTOAHHA MEXIY pAJaMH MeHee YeM Ha 6,5 cM, MOKET oTpHLa-
Te;TbHO MOBIMATH HA Ka4€CTBO MOCEBA, HAMH Npe1araeTcs MOCEeBHOMH arperat, Ko-
TOphIA 00ecneYHBaeT yMEHbLIEHHE PACCTOAHUA MeXAY psAdamu 10 7.5 cM yBeiu-
YeHHe pacCTOAHHE MeXAy ceMeHaMH 10 3.2 — 3,6 cM. Takas paccTaHOBKa THE3N
ceMAH obecneyHBaeT COOTHOLICHHE CTOPOH YETHIPEXYTOJbHHKA Kak 1:2 H coot-
BETCTBYET PEKOMEHIALIHAM BEAYIIHX HAYYHO — HCCIEA0BATENILCKHX OpraHH3aumii
Pecniy6auku — BeicenBaTh N0 450-500 wWTYK CeMAH MIIEHHUBI Ha KaXIblil KBaz-
paTHeiil MeTp miowaan. OnHako, MpH APYTHX cnoco0ax mocesa MUIEHHLb! HEBO3-
MOXHO JOCTHYb T2KHX MOKa3aTeslel pacCTOSHHA MeXIy ceMeHaMH MuieHHLbl. B
YaCTHOCTH, MPH MOCEBE CEMSAH MEXIY pAaMH XI0M4aTHHKA nocsie nepBoro cbopa
XJIONKZ B KA4Y€CTBE OBTOPHOH KYJIBTYpHI.

ObecnieueHHe ONTHMAIBHBIX Pa3MepOB ILIOLIAAH MUTATENBHOH 30HBI H
($OpMEI pa3MeLlIeHHs CeMsIH BO3MOXHO NPH MPaBHILHOM BhIGOpEe KOHCTPYKLHH, 3
TaKXKe MapaMeTpPoB YCTAHOBKH PAaclpENE/INTEIA CeMAH CEMANPOBOIA MOCEBHOIO
arperara. Kpome 31oro, Bi6Op KOHCTpYKLIMH H NapaMETPOB YCTaHOBKH MOCEBHOTO
arperara B/IHSAET Ha PaCCTOAHHE MEKIY PANAMH.

Cemanposon npejHa3sHaYeH [T NOjlaya CEMsH, MAYIIMX U3 pacnpeaenTe-
J1, B OCEBHOM arperaT. [l paBHOMEPHOH nogayu ceMsH HeoGXoaumo BeIGpaTh
NoAXoAsAIHe MapaMeTphl cemanposona. IIpx 3ToM HeoGxoaumo yAeTHTbL ocodoe
BHHMaHHe PacnpeNe;MTENo. 3aadel pacnpenestnres ABiseTcad He TOJIbKO HOp-
MHpPOBaHHe KOJIMYECTBA CEMAH, HO H PaBHOMEPHOE pacnpejeiieHHe 1 obecneueHne
TOro, 4TOOBI ceMeHa He medopMHPOBaIHCh M He noruGaau. IlpH noceBe ceMsH
NIUEHHLBI B OCHOBHOM HCMOJB3YIOTCS pOTHKOBbIE pacnpenenutead. HeparHo-
MEPHOCTb PACNpeaETCHUA CEMSH CYILECTBYIOUIMX pacnpeleiauTencii cocTapiseTr
oT +10 110 -6 %. DTy HEPaBHOMEPHOCTH MOXKHO YCTPAHUTh ¢ OMOLIBIO H3MEHEHHUS
YTJI0BOH CKOPOCTH PO;IMKa, 3a30pa MeXIy POTHKOM H My(TOH, a TakK ke yBeinde-
HHeM HopMbl noceBa. Hamu npensiaraercs KOHCTPYKLUHSA pacnpenciITes CeMsH,
KoTopas Obl 06ecneunBaia paBHOMEpPHOE pacnipeie/ieHHe CEMAH W UX GecrpepsiB-
HYI0 nojavy, a TaK e COKpauamollas MeXaHH4eCcKyl aehopMaiHio ceMsH

(pHCYHOK).
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Puc. Pacnpegenutens
1- pacnpepenuTenbHas Tapenka; 2 - KOHYCHbIV 0TAenuTenb; 3 1 4 - BEPXHUIA N HAXHUIA
CemMAnpoBOAbl; 5- COeanHUTENbHAsA OCb; 6 - 3aKpbITUI KOHYC

PacnpegenuTens cocTouT u3 Tapenku (1), KOHYCHOro pacnpegenutens (2),
BepxHero(3) u HWXHero cemanpoBogoB (4), coegnHuTensHoli ocu (5), 1 3aKpbITo-
ro koHyca (6). Pabouwnii npouecc pacrnpefenvTens 3akNi04aeTcs B CrefytoLlem:
CeMeHa NOCTYMaloT Yepe3 BepxXHWil cemanpoBog (3) B Tapenky (1). KoHyCHbIN
pacnpefenvTenb CEMAH pacrnpejenseT paBHOMEPHO CeMeHa, MoCTynaroLne cBepxy
B KaXKayto ny3y (0TBepCTUe) Tapenku. V13 0TBEpCTUiA Tapenku Yepes HYDKHWIA ce-
MAMPOBOA (4), ceMeHa NOCTyNatoT B BbICEBAIOLLMIA annapar.

BbiBoabl. MpenmyLiecTBa NPef/ioKeHHOVW KOHCTPYKUUW pacnpefenuntens
COCTOST B C/ieAytoLLeM:

* C MOMOLLbIO OLHOr0 POSIMKOBOrO pacnpefennTens MOXHo obecneynTb
NOTOK ceMsiH Ana 10 - 0TBEPCTWIA BbICEBAIOLLErO annapara;

* obecneuynBaeTCs HeMpepbIBHOCTb NOTOKA CEMSAH NPU MOCEBE;

* YMeHblUeHMe 3a30pa Mexgy PoavkoM u My(TOi obecrneymBaeT 3Hauu-
TeNbHOe CoKpaLleHne Apo6aeHNs 1 NONOMKMN CEMSH;

» 06ecneynBaeTcs paBHOMEPHOCTb pacrpedeneHns CemMsH ¢ MoMoLbo 10-
KpPaTHOr0 YBe/IMYEHNS HOPMbI Ha OfMH pacnpegenvTesb.

Mo NpefnoXeHHON HaMM KOHCTPYKLMM Obl1 N3rOTOB/EH NabopaTopHbIi 06-
pasel, pacrnpegenuTens W MCMbITaH B Y4e6HO-OMbITHOM XO3SACTBE WMHCTUTYTA.
PaBHOMepHOCTL pacnpegeneHuns cemaH + 4,5%.

CrnucoK nuTepaTypbl
1 CameHoB. A H. 3epHoBble ceankn. Mawrus. Mocksa - 1959 r. 320 cT.
2. Hay4Ho-nccnefoBaTenbCKMil MHCTUTYT 3epHOBbLIX M 6060BLIX Ha OPOLLAEMbIX 3eMASAX.
«PeKOMeHaL MK N0 YX04Yy 3a BO3Ae/bIBaEMbIM B pecny6anke 03MMbIM COPTaM MLIEHULbI».
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AHAJIM3 MPOMEXYTOUYHbIX PEJBCOBbIX CKPEIJIEHHH
IPH SKCIIVIYATAUHH BBICOKOCKOPOCTHOI'O TPAHCIIOPTA
C HO3UIHH OBECHEYEHHSA BE3OITACHOCTHU ABUXEHUSA

Iatioavauenxo M.E.
6akanaBp kadenpbl YIpaB:IeHHs SKCILTyaTallHOHHON paGoToii M Ge30MacHOCTEIO Ha

TpaHcnopTe MockoBCKOTo rocy1apcTBEHHOTO YHHBEPCUTETA MyTei COOOLIEHN S,
. Poccus, r. Mocksa

Kyssmuna I’ /1.

JOUEHT kKadeapsl yIpaBIeHHA IKCILTyaTalHOHHON paGoToii  Ge30MacHOCTbIO Ha
TpaHcnopTe MoCKOBCKOro rocy1apcTBEHHOTO YHHBEPCHTETa MyTei COOOLIEHNH,
KaHIM/JaT TEXHHYECKHX HayK, JOLICHT,

Pocchs, r. Mocksa

Cratba nocesimena 3HauuMoli npobiieMe Kene3HOAOPOKHOTO TpaHcnopTa — ofecneye-
HHI0 G€30NaCHOCTH JABHXEHHSA Ha BBICOKOCKOPOCTHBIX MarHCTPaIsiX. AKTYallbHOCTb JaHHOM Te-
MBI MOATBEPXKAAETCA MHOXECTBOM MPHYHH. Bo-mepBbIX, pasBHTHE BBICOKOCKOPOCTHOTO IBHXe-
HHA YXKe CTaT0 HEOTHEMIEMON YacThio TEXHHUYECKOro nporpecca. Bo-BTophIX, XOTb Hallla cTpa-
Ha 10Ka H He BXOIHT B YHCIIO CTPaH ¢ BBICOKOCKOPOCTHBIMHM MarMCTPasLIMH, HO yie obi1anaer
NporpaMMaMy NMPHOPHTETHBIX HanpaBieHHH pa3BuTHA BCM c nocieayromert Hx peatusauueii.
B-TpeTbux, ans Toro, 4Tobel obecneunTs 6€30MacHOCTL MEPEBO3OYHOTO MPOLECCa HA BBICOKO-
CKOPOCTHBIX MarucTpaisx Heo0XomHMO 00ecrneuHTh HaleKHOCTb paboThl BEPXHETO CTPOEHHsA
MYTH, YTO BO MHOIOM 3aBHCHT OT MPaBHIBHOCTH BbIOOpa MPOMEXYTOUHBIX PEIbCOBBIX CKpenie-
HHU.

Karouegbie cr06a: pOMEKYTOUHOE PENBCOBOE CKpEMIIEHHE, BbICOKOCKOPOCTHBIE MarH-
CTpaTH.

Pa3BuTHE POCCHI CKHX MKEIe3HBIX AOPOT B HAMPABICHHH YBE;IHYEHHS CKOPO-
CTH JABHKEHHS CAEPKHMBAETCA HEAOCTATOYHBIM KaUYeCTBOM BEPXHETO CTPOEHHUS My-
Tei, B YACTHOCTH HH3KHM YPOBHEM KadeCTBa H yCTAPEBaHHEM HEKOTOPHIX THIIOB
PENBCOBBIX CKpemIeHHH. [loaToMy peweHne npoG:ieM opraHu3aiii NPOM3BOACTBA
H YKJIaJKH B MyTh 60jlee Ka4eCTBEHHBIX, MPHTOAHbIX 519 CKOPOCTHOrO JABHXKCHHUS
NOE3A0B HHHOBALIHOHHBIX DEIBCOBbIX CKPEIUIEHHH, ABIAETCH aKTyasbHBIM LA
Pa3BHTHA Xesle3HbIX gopor Poccuu.,

Pe1bcoBBIe MPOMEXKYTOUHBIE CKpPETIEHHS ABISIOTCH BaXKHENLIMMH J;1EMEH-
TAMH XKEIE€3HONAOPOKHOTO MyTH. CKpEILIeHHa JOKHB o0ecrneyHBaTh CTabH:Ib-
HOCTb LUMPUHBI KOJEH, YIEKTPOM3OIALHIO PEIbCOB OT OCHOBaHHSA, MPOCTpaH-
CTBEHHYIO YNIPYroCTh H BHOPOCTOHKOCTB Y3:10B, PEry;IMPOBKY Mo BeicoTe. OT Ka-
Y€CTBA UX MPOM3BOACTBA H COOPKH 3aBHCHT HaAEXKHOCTb MyTH. IMEHHO moITOMY
HE06X0IMMO TIIATETBHO MOJOHTH K BLIGOPY PEIbCOBOTO CKPEMIEHHS A8 obecrie-
YEHHA JBHXXECHHS Ha BHICOKOCKOPOCTHBIX MarucTpaiax Poccumu.

Ha nanHplii MOMEHT pa3BHTHA, B Hallel CTpaHe NMPHMEHSIOTCH HECKOIBKO
THIOB PEIbCOBLIX NMPOMEXKYTOUHBIX CKperuleHHH, Takue kak KbBb-65 (kectkoe),
XKBP-65 (ympyroe), XBP- 65 ITLI (ynpyroe), APC-4 (aHkepHoe). PaccMoTpuM
noapo6Hee KaxA0e U3 HUX.
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Ckpenienne Kb-65.

OCHOBHOE MPEHMYIIECTBO CKPEILIEHHA 3aKTIOYAETCS B TOM, YTO OHO 3KC-
nayatupyetcs Gostee 60 set. o Hapa6oTkH ToHHaxa 300 MIH TOHH GpyTTO OTKa-
30B METALTHYECKHX %1eMEHTOB (MOAKIANOK, KIEMMHBIX H 3aKIafHBIX 60:1TOB) Ha
HCIBITATEIBHBIX YYACTKaX MPOH3OLLI0O HEMHOTO. JIOCTOMHCTBAMH NAHHOTrO THMa
PE;ILCOBOrO CKPEILICHUS SBIAKTCA BOIMOXKHOCTb PETYTHPOBKH PE.IbCOBBIX HHTEH
[0 BBICOTE, Xopolilee BUOPOralieHHe U COXPAHEHHE TO10XKEHHS PElbCOBBIX Ie-
Teit B pebopaax MOAKIANOK Jaxe MPH MOTHOCTbIO OECKOHTPO:ILHOM 0C:1a0;1eHUH
60:;ITOBBIX COEIHHEHHH H H3HOCce nmpokiamok. OnHako, NOMHMO JOCTOHHCTB, CY-
IeCTBYET LEbI MepedeHb HEJOCTATKOB: MHOTOACTAILHOCTE (21 meTaib B Kak-
ZIOM y371€ CKpeIUICHHH); MaTepHalloeMKOCThb (00Ias Macca METALTHIECKHX H Mo-
JMMEPHBIX AeTaiiell Ha 1 KM MyTH COCTaB;IseT COOTBeTCTBEHHO 41,6 m 2,1 T);
ckperieHHe KB - 65 Tpe0yeT 3HauMTEILHBIX TPyA03aTpaT Ha TMEPHOAHYECKYIO
OYHCTKY OT TPA3H, CMa3Ky M MOATATHBAHHE TaeK KIEMMHBIX H 3aK;I1aaHBIX 60:1TOB;
BBICOKaA JKECTKOCTh; 0¢.1a0;IeHHEe MOMEHTOB YCH.IMA 3aTSXKKH raek MeHblle Aony-
CTHMBIX BeJIH4MH nipuMepHo B 1.8 pa3a (npu Hapabotke ToHHaxa >300M:IH. TOHH
6pyTT0); HEGOIBLIOH CPOK Cay*Obl HAMATLHBEIX NPOKT1AI0K B KPUBBIX paanyca R
< 650 M. UeM MeHbLIe pagHyc KpuUBOH, TeM Oollbllie YHIHMPDEHHE KOJIEH, B OCHOB-
HOM H3-3a cpe3a OYpTMKOB HalMadbHBIX MPOK:IajoK. TakuM obpasoM, AaHHoe
CKpeILICHHE XOTh U ABIAETCS CaMbIM PaclpOCTPaHEHHBIM B HallleH CTPaHe, OHO He
MOXeT ObITh HCMOTH30BaHO HAa BBICOKOCKOPOCTHBIX MArHCTpansx, Tak Kak cyile-
CTBYeT OONbIIasg BEPOATHOCTh 0C:1a0:1eHHA 3aTAKKH TaeK, YTO MOXKET MPUBECTH K
YUIHpEeHHIO Koi1eH [2].

Ckpennenne XKBP-65.

Mpenmymecteamu ckpercieHus tuna JKBP-65 no cpaenenuio ¢ Kb-65 sB-
as0tca 6osibliee COMPOTHUBIIEHHE YTOHY, MOBHIILICHHE YNPYTOCTH, YMEHBLICHHE
4Hc:ia AeTaneid U Hx Macchl. OHAKO €CTh H pAl HEIOCTATKOB:

-HEBO3MOXKHA PETY.THPOBKA PE:IbCOB M0 BHICOTE;

-HEJIOCTATOYHOE COMPOTHBIIEHHE TOPH3OHTATbHBIM OOKOBBIM  CHJIAM
B KPHBBIX;

-0TKa3bl YIPYTHX MPOK:IaaokK [2];

-HaIH4He B CKPEILIeHHH pe3b0oBbIx aeTaieil, mostoMy JKBP -65 3aBucur ot
YCH.IHA 3aTAXKH raek, a BCI€ICTBHE HEJOCTAaTOYHOTO YCHIHA 3aTSXKKH MPOHCXO-
AHT CMo;13aHKeE K1EMM C MOJOUIBLI PETbCA H YIIHPEHHE KOIEH.

Ckpemnienns XXBP-65 TT11.

OcobeHHOCTBIO AaHHOTO THMA CKPETUIEHHS ABIAETCA MEPEXoa OT 3aKIaJHO-
ro 6o:11a K WypynHo-a100ELHOMY TIPHKPEILIEHHIO. B naHHOM CKperLieHnH macca
H 4iciio netaneii yMeHbieHsl 6osiee yeM B 1,5 pa3a 1o cpaBHEHHIO CO CKpEILIEHH-
eM KB-65.

ITocnie npoBeneHHs UCNBITAHHIH BLIABIIEHBI Ci1eIYIOLIHE HEAOCTATKH:

- noc;1e HapaboTkH ToHHaxa 60 MIH TOHH OpyTTO cpelHee 3HAYEHHE LIHPH-
HBI KOJIEH B IpAMBIX y4acTkax MyTH U kpHBBIX R>500 M Haxoaw:1och B npeaeiax
1518- 1523 mm. Mocae HapaGoTKH 76 MIH TOHH OpYTTO Cpe/iHee 3HAYEHHE LIHPH-
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Hbl KojieH B kpuBoi R=185 M Ha [la:IbHeBocTOYHOI Aopore cocTaBu:1o 1539 Mm

2%

- Ha HCNBITATEIBHBIX YYaCTKaX H3MEPEHHBIE MOMEHTHI YCHIIHA 3aTAKKH L1y-
pYNOB B OCHOBHOM OKa3aiHCh MEHbLIe HOPMAaTHBHBIX BEIWYHH NPpHMEpPHO B 1,5-2
pa3a [2].

Ckpemienne APC-4.

Hnxenepamu MHHUTa 6110 pa3spaboTaHo aHKepHOE PeiibCOBOE CKPEILIEHHE
(APC), xoTopoe npenHa3Ha4yeHo I;11 MarHCTPaIbHLIX JIHHUI Ge3 orpaHHYeHHit o
TPY30HANPAKEHHOCTH H CKOPOCTAM [BHXKCHHA TNMoe3/i0B. PenbcoBoe cKkperieHHe
JIAHHOTO THIIA OTJIMYAETCS CBOEH BBICOKOH HamEXKHOCTBIO H CTaGHIBHOCTBIO KO-
JIEH, @ TAKXK€ MEHBIINM KO,IMYECTBOM ACTA/ICH, MpOCTOTOH cOOpKH M 3KCILTyaTa-
umH [4].

B HacTos1lee BpeMs CKpeILIeHHe fBISETCA MO CBOMM MapaMeTpaM KOHKY-
PEHTOCNIOCOOHBIM  TyYIIIHM MPYKHHHBIM 3apyOeKHbIM CKpEILIEHHAM THIIOB
Vossloh, PANDROL, Nabla u ap.

IpenMyiecTBa NPOMEXKYTOYHOIO peslbcoBOro ckpersienus APC ciaenyro-
mue:

- obecneyeHHe HaieHOTO 3aKPEILIEHHS PEILCOB OT HX MPOAO;ILHOTO Mepe-
MCLLUEHHS;

- ctabuibHOE ycHiHe npuxkarus pesbea — 28 kH Ha y3eu. Tlociie nponycka
420 M;IH. TOHH OpyTTO yCHIIHE MPHKAaTHA CHU3WIOCH Beero Ha 10 %;

- YMEHBIIIEHHOE YHCI0 ACTAIEH, CHHXKEHHE PAaCXOA0B METajk1a Ha H3roTOB-
JICHHE;

- cTabH:IbHOE NMOSI0KEHHE PE;IbCOBOM KOJIEH M0 IUHPHHE;

- BO3MOXHOCTh PETY;THPOBAHHSA PE;IbCOBLIX ILIETEH MO BBLICOTE HO 25 MM ¢
MOMOUIBIO PETY;IHPOBOYHBIX NMpok:1aaoK (B Kb-65 14 Mm);

- M3-32 OTCYTCTBHSA pe3bOOBBIX COCAMHEHHH TrapaHTHPOBaHa PaBHOXKECT-
KOCTb MyTH;

- YCTpaHEHHEe HEOOXOAHMOCTH PEry;IApHO NMOAKPYYHBATE M CMa3biBaTh 60.1-
Thi H Taiiku;

- PETY/IMPOBKA IUHPHHEI KO;IEH MyTeM MOCTAHOBKH CMELHANBHBIX PETYIHPO-
BOYHBIX H30:;1aTOpOB [1].

HecmoTps Ha Bce mpenMylllecTBa, HENOCTATKOM [0 CHX NOP OCTAETCs pyy~
Has cbopka y31a. [TosTomy TpebyeTca pa3paboTKa TEXHHUECKHX CPEACTB A Me-
XaHu3auuu cbopkh ckpersiennii APC npH yk1aaxe B nyTb.

[ToMHMO OTEHECTBEHHBIX CKPEILICHHI CYIECTBYIOT H MHHOBALIHOHHBIC 3a-
pybGexubie. Onnnm n3 Hux aeasercs PANDROL FASTCLIP, koTopoe Mo10kH-
TE/IbHO 3aPEKOMEH10Ba;10 ce6s BO MHOTHX CTpaHaX MHpa.

Pesbcooe ckpensienne PANDROL FASTCLIP.

PANDROL FASTCLIP sB:iseTcsi KOMILIEKCHOH CHCTEMOM, BCe KOMIOHEH-
Thl KOTOPO# MOCTABIAIOTCA HA MECTO YCTAHOBKH MPEABAPHTEIBHO COOPaHHBIMH Ha
wnane M GeToHHol ninte. Ilocile yKIaaky WNat H YCTaHOBKH PESIbCOB CKpET-
JeHHe NPUBOANTCA B pabouee 11010)KEHHE MPOCTHIM HAXATHEM Ha KieMMmy. JliA
NPHBEACHHA CKPEILIEHHs B pabouee MOsI0KEHHE HCIOb3YIOTCS MEXaHH3MBbI, KO-
TOPbIE YCTaHABIHBAIOTCA NPAMO Ha paMy MYTEYKIa40YHOro 1o€3aa.
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«[Tannpo:1-350» — 3710 :10KaTH3oBaHHas BepcHA ckpemiennss PANDROL
FASTCLIP, oTAe/IbHbIE 3]1EMEHTBI KOTOPOrO aianTHPOBAHBI JIsl YCIOBHH IKCILTy-
aTalMH Ha PoccHiickix Jejle3HbIX A0porax.

IMpenmyiliecTBa TaHHOTO CKPEILIEHHA BO MHOTOM COBMAaAaloT ¢ MpenmMylite-
ctBaMi APC-4 1 3aK;11049aloTcs B CIEAYIOIIEM:

- PUMeEHEHHE aHKepa YCTpaHAeT HEOOXOAMMOCTh PETYIIPHO MOAKPYYHBATD
M cMa3biBaTh 6O;ITHE M TaiKy;

- B KOHCTpYKUHH ckper:ienust [lanapos — 350 MeHpllee KOIMYECTBO A€Ta-
qeii. 1 B uTOre, Ha KaXkablii KHWJIOMETP MYTH pacXodyeTcs MEHbLIE METalIa Mo
cpaBHEHHIO cO ckpemiieHuamu THna Kb, XXbP;

- CHIKEH BeC ChEMHbIX JETaIcH 3a CUeT 3aMOHO;IMYEHHOIO B ILMNATY aHKe-
pa;

- CHHJKEHBI IKCILTYaTallHOHHBIE 3aTPaThi B CBA3H C MEPEXONAOM Ha MEXaHH-
3HPOBAaHHbIE TEXHO;IOTHH TEKYLIETO COAEPKAHHS MyTH;

- ofbecneynBaeTCa HalEXHOE 3aKPEILIEHHE PEIbCOB OT HX MPOJOIBHOrO Mne-
peMeLIEHHS;

- cTabHIIBHOE MOJTOKEHHE PETLCOBOI KOIEH MO IIHPHHE;

- BO3MOXHOCTB PETy;IMPOBaHHs PeIbCOBBIX ILIETEH MO BBICOTE 70 25 MM ¢
MOMOIIIBI) PETY.THPOBOYHBIX NMPOK:IAOK;

- M3-3a OTCYTCTBHA Pe3b0OBBIX COEAHHEHHH O00ECNEYHBAETC PaBHOXECT-
KOCTb IyTH H YCTPaHsAETCA HEOOXOAMMOCTE PETYIAPHOro MOAKPYYHBAHHS [acK;

- obecneuHBaeTCsA PEry.;IMPOBKa LIMPHHBI KOJIEH MYTEM MOCTAaHOBKH CIELH-
aNbHBIX PETYIUPOBOYHBIX H30:19TOpOB [3].

IMoc:ie NpoBeJeHHs aHANN3a HEKOTOPBIX TUMOB CKpeILieHHii, Hanboee on-
THMA.TbHBIMH BapHAHTAMH MPOMEKYTOYHBIX PEIBCOBBIX CKPEILICHHH, NMpeaHa3Ha-
YEHHBIX LI YK1aAKH B MYTh HA CKOPOCTHBIX H BBICOKOCKOPOCTHBIX MarHCTpajIsx
PoccHu, SBIAIOTCS aHKEPHbie peibcoBeie ckpersieHus Ilannpoa-350 u APC-4.
HauHeie ckperieHHs obecnednBaloT cTaOWIBLHOCTE LIHPHHBI KO;IEH, MPOCTPaH-
CTBEHHYI0 YNPYyrocTb, MHHHMa IbHbIE TPYAO3AaTPaThi Ha COAEPXKAHHE MMYTH, a TaK-
XKe Pery;IMpOBaHHE LIMPHHBI KOJEH ¢ MOMOLIBIO MOCTAHOBKH CMEUHANIBHBIX H30:15-
Topos. Ckpemienns Ianapo:i-350 u APC-4 06:1a1a10T BEICOKHMH TEXHHYECKHMH
H 3KCILTyaTaUHOHHBLIMH XapaKTEPHCTHKAMH H CMOTYT 00ecneuHTs A0KHBIA ypo-
BeHb 5e30MacHOCTH HA BHICOKOCKOPOCTHBIX MarucTpasiax Poccuu.

CRHCOK .THTepaTypsi

1. Kpyrios B.M., Akcénos HO.H., boraues A 10., Kypsuna E.I. MoaepHisiposaHHoe
pebcosoe ckpenienne APC. [TyTs u nyTeBoe xo3sifctso. 2011. Ne 3. C. 10-12,

2. Kpyraos B M., KysHenos B.B. CpaBHHTEIbHbIE HCTBITAHHA PETBCOBBIX CKpeErLTe-
HHii. Mup Tpancnopta. 2011. T. 9. Ne 5 (38). C. 70-75.

3. Huctpykumus Ha cO0pKY, YKIAAKy H IKCILTYaTalMIO MYTH C aHKEPHBIM PEI1bCOBBIM
ckpentenneM [lanapoi-350 Ha kee306eTOHHBIX WNatax; YTeepikieHa pacnopmkennem OAQ
"PXI" ot 12.11.2012 r N 2270p.

4. Huctpykums Ha c6OpKY, YKTaIKy. SKCILTyaTallHIO MyTH H PEMOHT MyTH ¢ Gecrno.-
KIaIouHbIM peTbcoBBIM cKkpennelHeM APC Ha xkele300eTOHHBIX WNaiax; YTBepXKaeHa pacrno-
pskeHnem OAO "PXI" ot 31 aexabps 2013 r. N 2986p.

59



HUCCJIENOBAHHUE BUBPALITMOHHOM HATPY3KH
THAPOATPETATOB )XHUI'YJEBCKO#M I'C

Manuwiuna H.E.
JOLEHT KapeAphl YNpaBieHHs NPOMBILLTEHHOH H 3K0;10rHYeCKoi 6€30MacHOCTH

ToabATTHHCKOTO rOCYIapCTBEHHOTO YHHBEPCHTETA, KAaH. ME/l. HAYK, IOLCHT,
Pocchus, r. ToeATTH

*

MManuwiee AJIL

HayaTeHHK MexpalOHHOro 0TA€s1a o Ha30py 3a NPOMBILLIEHHOH H 3HEpreTHYeCKoi
6e3onacHocTeio Cpeane-TloBomkckoro ynpasienus PoctexHansopa,

Poccus, r. TosibatTn

B craTthe mpoBeaeH aHalIM3 NOCIEACTBHI Ype3BbHYafiHBIX cHTyauuit Ha Xuryiesckoif
THAPO3IeKTpocTaHUHH. JlaHa TexHHYeCKas XapakTepHcTHKa o6bekToB XKuryaesckoii I'DC. Ilo-
TeHUHaNnbHO onacHeIMH oObexTamMu I'DC aBasioTca ruapoarperathl. llenslo HeciaeaoBaHHA AB-
NAT0Ch CHIDKEHHE BHOpalHOHHO# Harpysku ruapoarperatoB JKuryneeckoii '9C kak yclioBHA
obecneyeHHs HAAEKHOCTH, OecnepeGoifHOCTH YMeKTpocHa0XKeHHs Topoa.

Kuouegnie c106a: rvapoI1eKTPOCTaHLMS, THAPOArperaT, aBapHs, kaTacTpoga, nociel-
CTBHA, BUOpaLMs, TypOHHa, H3MEPEHHS, MOHHTOPHHT.

Xuryaesckas I'DC 3aHMMaeT UEHTPaIbHOE MECTO H ABJACTCH LIECTOH CTy-
neHplo H BTOpOoil o MowHocTH I'3C Bommkcko-Kamckoro kackaga. OHa npeaHa-
3Ha4€Ha 1,19 MOKPbITHSA NMHKOBOH 4acTH Harpy3kd B EnuHoii 3HepreTuyeckoil cu-
cteMe Poccuiickoit @enepauuu.

VYcraHosiaeHHas momiHocTs I'2C — 2300 MBT, cymMMapHblif pacxon 4epes
COOPYKEHHUS TIPH MO;THOCTBIO OTKPBITBIX 3aTBOPAX IUIOTHHBI, JOHHBIX BOgocGpo-
coB M npu pabote 20 ruapoarperatos — 68000 M /cek.

BeipaboTka 3;1€KTpOIHEPTHH B CPEAHHHA MO BOTHOCTH roJl COCTABIACT OKOJIO
10 mapa. kB1/u. B coctap ocHOBHBIX coopysxeHuit 'DC BXoaat: 3naHHe ruapo-
CTaHUMH, BONOC;IMBHAA ILIOTHHA, 3eMIIAHAs LIOTHHA, CYAOXOQHBIE COOPYXKEHHS,
OTKpPBITHIE pacHpeAesHTeIbHbIe yCTpoicTBa HanpskeHneM 500, 220 u 110xB ot
KOTOPBIX OTXOIAT 17 ;MHHMI 31ekTponepenay, cBassiBalolux I'2C ¢ 3Heproods-
extamu Llentpa, Ypana u Cpeaneit Boaru.

IMoTeHunaabHO onacHbIMH 00bekTaMH I'DC ABJAAIOTCA: BONOCIMBHAA IL1O-
THHA, KPOBJIA MalMHHOIO 3aJ1a, THAPOArperarThl, I1aBHble TpaHCHOpMaTOphl, KOT-
JIbl Mac;I0HaMOPHBIX YCTAHOBOK, ONOPhl H MPOBOJA CHCTEM LIHH, MEKCEKLHOHHBIE
IBbI.

Hamu paccuntano, 4To npH npopsiBe HamopHoro ¢poHTa mioTHHel [IC
pacxon Boabl MoxkeT cocTaBHTB R0 100 ThIC. METPOB B CEKYHHY, YTO BBI3OBET
MOJBEM BObl B HHXKHEM Obedpe 10 17 MeTPOB NPOTHB HOPMBI H TIPH 3TOM 3aTOMN-
SIEHHIO OBEPTHYTHCA YacTh TeppHTOpHii CaMapckoii 06:1acTH (0ko:10 2300 KMP).

Ha 3atan;uBaemoi#i TeppHTOpuH — HacesieHHs 0koi0 200 TeiC. 4e10BeK, 60-
7ee 80 00BEKTOB IKOHOMHKH, JKeJIE3HOIOPOKHBIE H aBTOMOGHIbHBIE MAarHCTPATH
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PETHOHATBHOTO 3HAYEHUA MPOTAKEHHOCTEIO 40 KM, 0K0;10 130 THIC. rekTap ce:lb-
X03YTrOiuH.

U3 30HbI 4-x yacoBoro noberaHus BOJIHBI MOATIEkAT HEMEUIEHHOH 3BaKya-
1HH OKO:10 24 Thic. x)uTeded. OxnaaeMoe BpeMs cliaga ypoBHA KaTacTpodmde-
CKOTO 3aTOMJIEHHA — 5 cyTOK (10 0TMeTKH 39 M).

AHanu3 nepevHs MeponpuaTHii XXuryiesckoit I'2C no npeaynpexaeHHo H
cHmxenno nocieactsuif YC nmoka3zal Heo6XOOUMOCTb MPOBENCHHA PEKOHCTPYK-
unu ruaporeHepatopos I'IC [1.3].

IautesbHas pabota (ruapoarperatsl 1opabaTeIBalOT BTOPOH CPOK OT HOp-
MbI) B HEPEKOMEHIOBaHHBIX 30HaX Harpy30K COMNpPOBOXKIACTCA NEPEXOIHBIMH THI-
POAHHAMHYECKHMH MPOHECCaMH, NMy:1bCALHAMH JaBIEHHA B MPOTOYHOM TPAKTE H
noBbILIEHHOH BHOpauuei ruapoarperata. Jlaxxe KpaTKOBPEMEHHBIE H 3HaKoMepe-
MEHHBIE TOBBILICHHA — MOHMXEHHS Harpy3oK maryGHO BiIHMAIOT Ha Onopkbl THApO-
arperara. B pe3y;ibTaTe MHOTOKPAaTHBIX AOMOTHHTEIbHBIX HArpy30K NEPEMEHHOTO
XapakTepa Ha THApOarperart, CBA3aHHBIX C MEPEXOOM Yepe3 HEPEKOMEHIOBAHHbBIE
30HBI Harpy30K M. KaKk MPaBH:10, paGoTa ¢ moBbllIeHHOH BUOpaLuel NPUBOAMT K
00pa30BaHHIO U Pa3BHTHIO YCTa1OCTHBIX NMOBPEXACHHH Y310B KPEIIeHHS THAPO-
arperata, B TOM YHCJIE KPBILIKH TYpOHHBI. OCOOEHHO OTpHLATEILHO AMHAMHYE-
CKHE HAarpy3KH NEHCTBYIOT Ha LUMAIBKH KPEILIEHHUs KPBILIKH TypOHHBI, Hanbonee
HarpyeHHoOro TypOMHHOTrO MOALIHMHHKA.

B nepnona 3ameHbl ruApoTYpOHHBI CT. Ne2 npoBeleHa PEKOHCTPYKLIHA THA-
poreHeparTopa ¢ 3aMeHoil poTopa reHepatopa. [loc;ie npoBeleHHS KOMILIEKCHOTO
onpoGoBaHus B TeueHHe 72 4acoB M BCEX HCMBITAHMil, B TOM 4Hcae Ha cOpoc
Harpy3skH. PocTexHanzopoM 66110 0QOpMIEHO pa3pelieHHEe Ha AONYCK B 3KCILTya-
TauMio reHepatopa ctanuun Ne 2. Ha ruapoarperate craHums Ne 2 duamaiom
OAO «CwioBele ManmHbel» — «JIM3» ycraHoBlleHa HOBas cHCTeMa BHOpo-
KOHTpPO;1A, NPeIHa3HaY¢HHAA [T HeNMpepbIBHOTO KOHTPO:IA BHOPALIMOHHOIO CO-
CTOSIHUA THOpoarperara ¢ Bblgadell KOMaHA Ha OTKIIOYEHHE OT TIPYMIOBOTO
yNpaBIeHHd aKTHBHOH MOIIHOCTH B C.Iy4ae MPeayNpeAHTE;IbHOTO MpPEBBILIEHHS
JOMYCTHMOTO YPOBHA BUOpauMH ;10 OGHEHHA Bala OT CHCTEMbI BHOPaLHOHHOTO
KOHTpO:151, ¥ Ha OCTaHOB B CJTy4ae aBapHHHOrO NpeBbILIEHHs JOMYCTHMOTO YPOBHS
BHOpauuii wM OueHus Baia. CHcTeMa BUOPALIMOHHOTO KOHTPOIA COCTOMT U3 JaT-
YHKOB, YCT@HOBICHHBIX Ha THApOArperate, M MpPOrpaMMHO-TEXHHYECKOTO KOM-
T7IeKCa MOJCHCTEMbl BHOPALIMOHHOTO KOHTPO:1 Pa3sMELEHHOTo B NaHeje H ycTa-
HOBJIEHHOTO B MAallIHHHOM 3aj1€ B OJHOM PANY € arperaTHbIMH LIHTaMH YTIpas;ie-
HHUs ruapoarperata ctanunu Ne 2. TTonoGHele cucteMbl anpobupoBaHel Ha CasHo-
Ulymenckoit I'3C.

B xone ucciienoBanis HaMu ObL1 clies1aH aHATTH3 IKCILTyaTalldu rHapoarpe-
ratos I'DC Poccun ¢ 1903 mo 2014 roasl, B pe3y;IbTaTe KOTOPOTO ObLTO BBIABICHO,
YTO CPOK IKCILTyaTallMH TMAPOArperaToB NpesbillleH B cpeaHeM Ha 25-27 net. Ha
80% rumpoaaextpoctanumii Poccuiickoit denepaunu 3adHKCHPOBAHO HECOOTBET-
CTBHe napaMeTpoB BUOpailHM THAPOArperaToB HOPMaTHBHBIM 3HAUEHHAM.

B cooTBeTCTBHH ¢ HOPMATHBHBIMH JOKYMEHTAMH He JOMYCKAeTCH JLTHTE b~
Has paGoTa ruapoarperata mpH NOBBILIEHHBIX YPOBHAX BHOpauuH: pa3sMax ropH-
30HTa1bHON BHOpaUWH, JBOHAA aMILTUTYAa, KOpMyca TYpOMHHOrO MOALIMNHHKE,
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a TaKke pasMax rOpH3OHTAILHOH BHOpAIlMKM BepXHEH U HUKHEH KPECTOBHH IeHe-
patopa, €C/i1 Ha HUX Pacroi0XKEHBI HAMPaBJIAOLHME MOANITHHKY, B 3aBHCHMOCTH
OT YacTOTH! BPAaLICHHA POTOPA THAPOArperara He J0/KeH MPEeBbILATh ONPEACICH-
HBIX 3HadeHui [4]. He nomyckaercs miurtensHas paGoTa ruapoarperata npH mo-
BBILIEHHBIX YPOBHAX BUOpAlMH: pa3Max rOPH30HTAIBHOH BUOpauHHu (ABOHAsA aM-
NIMTY/Aa) KOpHyca TypOHHHOIO MOIUIHNHHKA, a TAaKKe pa3Max rOpU3OHTAIBHOM
BUOpaLMH BEpXHEH H HHXXHEH KPECTOBHH reHepaTopa, €C/IM Ha HUX PaclojIoKeHb!
Hanpas;IAILHe NOAWHIHHKH, B 3aBHCHMOCTH OT YaCTOTHl BPALLEHHA pOTOpa TH-
poarperata He IOJDKEH TPEBBILIATh HOPMATUBHBLIX 3HAYEHHI.

B pesyasraTe nMpoH3BENCHHBIX 3aMepOB M pacueToB [2] ypoBHA BHOpauuH
THAPOArperaTros, MOXKHO CAEIaTh BBIBOA O TOM, YTO YpOBEHb BHOpaLUH HE COOT-
BETCTBYET HOPMAaTHBHBIM 3Ha4eHUAM, npeactasieHHbIM B CH 2.2.4/2.1.8.566-96
«Ilpon3spoacTeeHHas BUOpaLisa, BUOpALHA B ITOMEILEHHAX XWIbIX U OOILECTBEH-
HBIX 37aHHH» U [lpaBHnax TeXHHMYECKOH IKCILTyaTallMH TEXHHYECKOH 3KCILTyaTa-
UMM 2JIeKTPHYECKHX CcTaHUMH H cerel Poccmiickoi ®eaepauun. Pazmax BepTH-
KanbHOH BHOpALIMH KPBIIIKY TYPOUHBI B 3aBUCHMOCTH OT 4acToTsi o ocam X, Y, Z
BBILIE ACMYCTHMOrO B cpeaHeM Ha 0,015 mMm.

Hamu coBmectHo ¢ Poctexnanzopom rr. Toabattu u Cei3paHu pa3paboTaHsl
MEPOMPHUATHS MO CHHXKEHHIO YPOBHA BHOpaUUH ruapoarperatoB Ha JKUry1eBcKoi
I'SC: HeoOxonnmMa 3aMeHa 4-X rUAPOTYPOHH (Ha MICCTHIIONACTHRIE C YBEINYCHH-
€M eIMHHYHOH MOLTHOCTH THApoTYp6HH 10 120 MBT) 1 Tpex (Ha naTHIONACTHBIE
C YBEIHUYEHHEM €IHHUYHOH MOIIHOCTH TMApoTYpOuH mo 125,5 MBrT), HeoOxonu-
MO YCTaHOBHTb CHCTEMY CHTHAM3aLMH Ha NOSBIEHHE 3BYKOBBIX H CBETOBBIX CHT-
HAJIOB Ha HIUTE YIIPABJICHHUS TIPH MPEBLIIEHNH TapaMeTpoB BUOpalluy ruapoarpe-
ratos caeitiie 0,16 mM. Hamu paccuutato, 4To nocsie peKOHCTPYKIHH BCEX THAPO-
arperatroB yCTaHOB;ICHHAsA MOLIHOCTb CTAaHUMH BbIpacTeT Ha 147 MBT.

CHucteMolf MOHHTOPDHHTAa M 3KCILUTyaTalHOHHOTO KOHTPO:;SA NapaMeTpoB
BHOpalHH NO3BOIHT NPEAOTBPATHTE aBapHH MOIOOHBIE TEXHOTeHHOMH KaTacTpode
Ha CasHo-1llymeHckoii I'2C.
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CTPYKTYPHOE MATEMATHYECKOE MOJEJIMPOBAHHE.
JAUHAMHUYECKHE PEAKLIHH B MEXAHHYECKHX
KOJIEBATEJIbHBIX CHCTEMAX

Enuceee C.B.

i1aBHBIA Hay4HBIH COTpYAHUK-aupekTop HOLL coBpeMeHHBIX TEXHOIOTHH, CH-
CTEMHOTO aHA;IM3a H MOJIe.THPOBaHNA UpKyTCKOro rocy1apcTBEHHOIO YHHBEPCH-
TeTa myTei cooblleHns, 1.1.H., podeccop,

Poccus, r. UpkyTtck

boasuaxos P.C.

miiaaunit HayuHsri corpyannk HOLL coBpeMeHHBIX TEXHOIOTHIA,
CHCTEMHOTO aHaH3a H MOJETHPOBaHUSA MIpKyTCKOTO rocy1apcTBEHHOTO
YHHBEPCHTETA MyTed coobIEeHHs, K.T.H.,

Poccus, r. UpkyTck

Kunaw HX.
Ha4aTBHHK KOHCTPYKTOPCKOTO oTAe1a, JlopoXKHbIH HHKeHEPHBIH TEXHOIOTHYECKHI

uentp (AU TLL) MockoBckoii sxe:1e3H0ii qoporu, dpuanaia OAO «PX]I»,
Poccus, r. MockBa

Heoyen J1.X.

acnupadT HOL] coBpeMeHHBIX TEXHOIO0THH, CHCTEMHOTO aHAIH3a H MOJIETHPOBAHHA
HpkyTckoro rocy1apcCTBeHHOTO yHHBEpCHTeTa IMyTei coobLIeHHA,

Poccna, r. Upkytck

PaccMaTpHBaeTCs METO: ONpeileNeHHs peakuHil cBslei B BHOPO3aMIMTHBIX CHCTEMAX,
cocTosuIHX H3 0GbeKTa 3amMTel H BUGPO3aHTHBIX ycTpoiicts (B3Y). B npocreiimem dopme
B3V MoryT conepxaTh B CBOEM COCTaBE YMPYTHE YIEMEHThI, AHCCHMATHBHbIE 3BEHBS H YCTPOH-
CTBa sl MpeoGpa3soBaHUA ABHKEHHS, B TOM YMCIE H PHIYaXHbIe MEXaHH3MBbI, H HMETh 10CTa-
TOYHO CIIOXHYIO CTPYKTYpy. IIpH 3ToM peakuun Ha BXone W Ha Beixoae B3V MmoryT cosnanars
NPH OTCYTCTBHH B COCTaB€ MAaCCOMHEPUHOHHBIX IEMEHTOB C HE3aBHCHMBIMM KOOpAHHATaMH
IBHXeHHA. B NPOTHBHOM caydae AHHaMHYECKHe peaKUHH CBsA3eil Ha BXoje W Ha Bbixoae GyayT
Pa3THYHBIMH, YTO 3aBHCHT OT OCOGEHHOCTEH HHEPLUHOHHBIX CH:1, BO3HHKAIOLINX NPH IBHKEHHH
NPOMEKYTOUHBIX 3neMeHTOB. CYIIHOCT METOa 3aKTH0HAETCA B HCMOIb30BAHHH CTPYKTYPHBIX
Mozeleit B BHe CTPYKTYPHBIX CX€M IKBHBAIEHTHBIX B IHHAMHYECKOM OTHOLIEHHH CHCTEM aB-
TOMaTHYECKOTO YNpaBAeHUs. [IpH 3TOM CTAHOBHTCA BO3MOXHBIM BbLIeTIeHHe 00beKTa 3aLIHThI B
BHIE HHTETPHPYIOLIETO 3BeHa BTOPOTO NMopAaka. B aToM cilyuae AMHAMHYECKas peakiHs CBs3el
HHTeprpeTHpyeTCs Kak oGpaTHas oTpHHATeIbHas cBA3b. KodpdHUHEHT ycHICHHS CBA3H COOT-
BETCTBYeT KOI(HLUHEHTY XKECTKOCTH MEXaHHYECKO#t CHCTEMBI, COPMHPOBaHHOMN B pe3y.TbTaTe
CTPYKTYPHBIX NpeobpasoBanuii. CTaTHHYECKHE PEAKUHH ONpPeaeIAIOTCS Ha TOH ke aIropHTMHYe-
CKOit OCHOBE MpPH «3aHYIEHHH)» KOMILIEKCHOH MePeMEHHOIT ¢ yUeTOM pacno;10KEHHS NOCTOSHHO
deficTBytoumx cil. [o1Has peakuus cBsseit onpeaeIseTcs Kak CyMMa CTaTHYECKOH H IMHAMH-
4eckoi cocTap:siowHX. [TpHBoaAsTCA npHMepsl Mpeo6pa3oBaHKii M MPHIOKEHHH.

Kaouesvie c106a: peakunu cBsa3ell B MeXaHM4ecKHX ko01e6aTeIBHBIX CHCTEMax, CTPYK-
TYpPHBIe Moae:H, npeoGpa3oBaHHe CTPYKTYPHBIX MoIeled, CTPYKTYPHBIH MeToa onpeleieHus
JHHAMHYECKHX peakUHi CBsi3ei.
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Beeneune. 3anauu AMHAMHKH GOJIBIIMHCTBA TEXHHYECKHX 00BEKTOB, pabo-
TAOIIHX B YCIOBHAX BHOPALMOHHBIX HAarpy30K pa3jM4HON MPUPOILI, PEILAKTCA
Ha OCHOBE HCIO;1b30BAHHMS PAacUETHBIX CXEM B BHIAE MEXaHHYECKHX Kojaebareib-
HBIX CHCTEM C OJHOH H.IH HECKOJIBKHMH CTeNeHAMH cBoGoabl. M3BecTeH pan pa-
60T, B KOTOpBIX pa3BHUTa METOROJIOrHYECKas OCHOBA JUHAMMYECKOTO CHHTE3a
BHOPO3aILUTHBIX CHCTEM, BKIHOYAIOIIHX B CBOH COCTaB MACCHBHBIE H AKTUBHEIE
THIIOBEIE IeMenTHI [1-3]. BMecTe ¢ TeM, obecreuenne 3a1a4 MOBILICHHA HAlEHK-
HOCTH MAallHH U 6€30MacHOCTH HX dKCILTyaTalHH TpeOyeT AajbHei1Iero pa3BuTHs
TEOpeTHYECKOro 6a3ica NOHMCKOBBIX H MPEANPOEKTHBIX HCCICAOBAHUH B IIaHE CO-
31aHus COCOBOB M CPEACTB OLUEHKH IHHAMHYECKOTO COCTOAHHA 0OBEKTOB BUOpa-
LHOHHOH 3aIUTBI H ONpedeieHHs AHHAMHYECKUX DEaKuHii, BO3HHKAIOIHX BO
B3aMMOACHCTBUAX HJIEMEHTOB BHOPO3ALIHTHBIX CHCTEM MexIy coboif, a Takke ¢
00BEKTOM 3aLIMTHI H C ONIOPHBIMH MOBEPXHOCTAMH.

B npennaraeMoM poksiage o6CykaaroTcs BO3MOXKHOCTH METOJA CTPYKTYp-
HOTO MaTEMaTHYECKOIo MOJE;IHPOBaHUA.

B paMkax paccMaTpuBaeMOT0 NoAX0/a BUOPO3AIHTHOH CUCTEME COMOCTAB-
NS€TCA pacyeTHasd CXeMa B BHAE COOTBETCTBYIOIIEH JTHHEHHOH MEXaHHYECKOH Ko-
nebaTesIbHOH CHCTEMBI, KOTOpas, B CBOKO odepeab, HHTEPNPETHPYETCA Ha OCHOBE
MeTola AWHAMHYECKHX aHATOTHH KaK CTPYKTYpHas CXeMa IKBHBAJICHTHOH B Iu-
HAMHYECKOM OTHOILEHHH CUCTEMBI aBTOMaTHYECKOTrO ynpas:;ieHus {4, 5.

I. O6mue nonoxennn. [locraHoBka 3anayn HccaegoBaHUA. TeopeTHue-
ckoe 00OCHOBaHHE MOAXOJa OCHOBAaHO Ha OOLIHOCTH MaTeMaTH4eCKOH Moleilu
JHHAMHYECKOr0 COCTOAHHUA 3ajay BUOPALIMOHHO 3aIINThl H YIPaB;ICHHA AHHAMH-
4YeCKUM COCTOAHHEM B paMKaxX CHCTEMHBIX MPEACTAaBICHHH 0 AMHaMHKe CHCTEM
aBTOMaTHYeCcKoro ympasnenus [4, 5]. Ha puc. 1a—B npuBeneHsl NPHHUHMHATbHBIE
CXEMBI, OTpaXKaroIne 0COOEHHOCTH NMOCTPOEHHA BUOPO3ALIHTHEIX CHCTEM, 3aKITIO-
qalmuecs B HEOOXOIUMOCTH BBIIEIEHHA B CHCTEME CHELMATBHOTO YCTPOIHCTBA,
Ha3siBaecMoro BHbpousozaTopom (B3Y). Takoe ycTpoHcTBO GOPMHPYET CHIIOBbIE
B3aHMOJEHCTBHA MEXKIY OOBEKTOM 3aLIMTHI H YIEMEHTaMH cHCTeMbl, GopMa Ko-
TOPBIX 3aBHCHT OT KOHCTPYKTHBHO-TEXHHYECKHX ocobeHHocTel oOnekrta. Ilpu
B3auMoaeiicTBuH 06bekTa ¢ B3Y 1 OMOpHBIMH MOBEPXHOCTAMH, KaK 3TO CIEAYyeT
u3 puc. la—B, BO3HHKAIOT JHHAMHYecKHe peakuuH cBsased. Ha puc. 2 (a,6) npuse-
ZIeHbl pacueTHas cxeMa BHOpo3awmTHO# cuctemsl (B3C) (puc. 2a) 1 ee cTpyKTyp-
Hasg MaTemaTHueckas moae:ns (puc. 26). Ilepenarounas bynkums W(p) (puc. 26)
oTpaxaeT JUHAMH4YecKHe CBOHCTBA CHCTEMbI NMpH cHIOBOM (Xf) U KHHeMaTHde-
CKOM BO3MYILEHHSX (BbipaxceHHus (1) u (2)).
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Puc. 1. O606LieHHbIE 0 Tp +bp+k
npeacTasneHns o 3agadax subpalm-

OHHOVA 3aLNTbI PHC 2. PacueTHas (a) u cTpykTypHas (0)

cxema B3C

I11. CTpyKTypHOe MaTeMaTW4yeckoe mofenuposaHue. Ha puc. 3 npeg-
CTaB/eHa MeTOfMKa OnpefeneHns ANHAMUYECKNX peakuuii CBs3eid B MexaHuue-
CKMX KonebaTenHbly CMCTEMAX C OAHOM CTeMNeHbi0 CBO6GOABI.

MocneposaTeNbHbIA Nepexod OT MO3WUMK a 40 no3uuum o puc. 3. Ctaguu
npeobpa3oBaHnii UCXOLHbIX MaTeMaTUYECKUX MOfefieli NpuBefeHbl Takxke Ha no-
3nymax (3)-(25). Ana peanvsaummn MeToAWKN ONpeaeNieHns peakunii B BbI6paHHbIX
TOYKAaxX Ha OCHOBE pacyeTHOW cxeMbl (puc. 3a) cocTasBnseTcs gudhepeHLManbHoe
ypaBHeHue (2), KoTopoe TpaHC(opmupyeTca nocne npeobpasosaHuii Jlannaca B
ypaBHeHue (3), a 3aTemM - B CTPYKTYpHble CXeMbl Ha puc. 3 B,r. pn 3Tom
p =jco - KOMMMEKCHAas MepeMeHHas, a 3Ha4yoK (-) Haf MepeMeHHbIMU 03HayaeT
n3obpaxeHne no flannacy. ®usmyeckas CyLHOCTb METOAa 3aKNHOYaETCH B TOM,
4YTO 06BEKT 3alyuTbl NpU LeCTBUM PasNMUHbIX BO3MYLLEHWIA BbifeNnseTca Ha
CTPYKTYPHOIi CXeMe Kak 3BEHO C NepefaTOYHOW (hYHKLMEA TUMOBOro MHTErpupy-
IOLLEro 3BeHa BTOPOro nopsfka. B CBOK ouyepedb TUMOBbIE 3/IEMEHTbI BMOPO3a-
LMTHOWM CUCTEMbI MPeACTaBNAOT CO60M aneMeHTbl CTPYKTYpPHOI Teopun B cregy-
IOLMX CBA3AX: MPYXKMHA - 3BEHO C MepefaTOYHON (YHKLWEN YCMIMTENBHOrO 3Be-
Ha; Aemndep - 3BEHO C NepefaTOMHON (YHKUWER AntdepeHLMPYIOLLEro 3BeHa;
NPOMEXYTOUHbI MaCCOMHEPLMOHHbI/ 31EMEHT - 3BEHO C MepefaTouHON MyHKLN-
el andhepeHLMPYIOLLEro 3BeHa BTOPOro nopsaaka. JuHaMmmyeckas peakuus npeg-
cTaBnseT coboil NpounsBefeHne NpUBeLEHHON UHAMUYECKOR XEeCTKOCTU B 3aaH-
HOIi TOUKE Ha ee KOOpPAMHATY CMelleHus. MprBeAeHHas AMHAMMWNYECKas XeCcTKOCTb
(hommpyeTcs Lenbio 0TpuLaTenbHOM 06paTHOW CBA3M OTHOCWUTENbHO 06bekTa 3a-
WNTbI, YTO JOCTWUraeTcs npeobpasoBaHUAMM, NpaBuia KOTOPbIX XapaKTepHbl 415
annapara Teopun aBTOMaTUYeCKOro ynpasnexnus. [ins yao6cTea nonb30BaHWS puc.
3 npuBefeH Ha 0TAenbHOM nucTe. bonee nNogpo6HOE M3N0XKEHVE METOAUKN Omnpe-
[eneHns [UHaMUYecKnxX peakumnii npuBoanuTCs B cTaTbsx [6, 7.
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I1l. MaTemaTM4yeckoe MOLENNPOBaHUE U OMpefefieHne AWHAMUYECKUX
peakuuini B MeXaHM4Yeckux KonebaTefNbHbIX CMCTeMax C BYMS CTeneHAMU
cB0604bl. B gaHHOI cTaTbe M3naraloTCH OCHOBHbIE MONOXEHWS METOAWMKM Onpe-
[eNneHns UMEHHO AWHaMWYeCKUX peakumii. B npakTnyeckux 3agadax BMOpaLMOH-
HOW 3aWWTbl ABMXEHMA 00beKTa pacCMaTpuBalTCA Kak Maible KonebaHws 0THO-
CUTENIbHO MOJIOXEHWS CTaTUYECKOro paBHOBECHS.

BmecTe ¢ TeM, cTaTuyeckas Harpyska B B3C opmupyeT COOTBETCTBYHOLLME
cTaTuyeckme peakuuu. MonHas peakuusa B XapaKTePHbIX UK BbIOMPaEMbIX TOUKAX
onpefenseTcs CyMMOl ABYX KOMMOHEHT. [pn paBeHCTBE HY/IO NOMHON peakuun B
TOYKaxX BO3MOXHO BO3HMKHOBEHMWE 33a30pOB MPU HeyAepXXMBaloLWMX CBA3AX, YTO
TpebyeT B cnyyae Heo6XOAMMOCTU COOTBETCTBYIOLLEr0 KOHTPONS 3a BENUYMHAMM
peakuun. OCO6EHHOCTM OMNpefeneHns CTaTUYeCKUX peakuWil pacCMOTpeHbl B pa-
6ote [8].

B cuctemax ¢ ABymA CTeneHAMM CBOOOAbI MeTOAMKA OMpefeNieHns JuHamu-
YECKMX peakunil 0CTaeTCA NPeXxHeli, TO eCTb BbIAENAETCH 00bEKT 3aluUThbl, BHELL-
HWe CW/bl NPUBOLATCS K 0OBEKTY, MPOMN3BOAATCS CTPYKTYPHble Npeo6bpa3oBaHus, B
pamkax KOTOpbIX (hOpMUpYyeTCcA Lenb 06paTHOW OTPULATENbHON CBA3W OTHOCK-
TeNbHO 00beKTa 3aWWThbl, MPefCTaB/IEeHHOro WHTErpuUpYIOLWMM 3BEHOM BTOPOro
nopagka. KoaphuumeHT AMHaMUYECKOR >KecTKOCTH 0bpaTHOW CBA3W (MK ee Ko-
3PDOULMEHT YCUNEHNA) NMPU YMHOXEHUN Ha CMeLleHue (UM KOopAMHaTy) Mo3Bo-
nAeT onpefenvTb peakLuio CBA3N.

OG6Lee npescTaBieHne 0 NOCNeA0BaTEIbHOCTM AeCTBUIA NPU ONpeaeneHnm
peakuuii gaet puc. 4 a,6, puc. 5 a—, puc. 6 a—B 1 puc. 7 a,6, NpMBeeHHbIE AN
yAo6cTBa Mofb30BaHMA Ha OfHOM nucte. bonee nofpo6HO feTanu onpegeneHms
OMHAMMYECKUX peaknii B MeXaHMYecknx KonebaTenbHbIX CUCTeMaxX NMpUBEAEHbI B

[9, 10].
a) 6)
TB
oS | B-
ab) TA
Tn*

TA

~777TIfMT 7777777 ~
Puc. 4. PacueTHas (a) n CTPyKTypHas (6) cxeMbl BUOPO3aLLUTHO CUCTEMBI

6

)

W5 *1

Puc. 5. Mpeo6pa3oBaHns UCXOAHON CTPYKTYPHON CXeMbl, MpUBEAEHHOI Ha puc. 3.16,
OTHOCWTENbHO 3MeMeHTa T\
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a) 6) A (T 24K, #A)+A, " Ar**))
[ LR Y { S—

TP +Kr+K. O ~ J d > t(-)

m> +A +K2 a

T2p +K2+Kb

Puc. 6 . CTPyKTYpHble CXeMbl NPW NOC/Ne[0BaTeIbHOM NMPeo6pa3oBaHnK NapymanbHbIX CUCTEM
OTHOCUTENbHO 3M1eMeHTa mi

Puc. 7. CTPYKTYpHas cXema 415 OnpejeneHus cuibl MHEPLMK 31eMeHTa mi

3akntoueHue. 1 VccnefoBaHbl 0CO6EHHOCTU (DOPMUPOBAHUS CTATUYECKUX
W AMHAMUYECKMNX peakuuidi B MEXaHUYECKMX KONeGaTeNbHbIX CUCTEMAaxX Ha OCHOBE
MCMO/b30BaHNS aHA/IMTUYECKOTO annapaTa Teopuu Lienei 1 Teopumu aBToMaTuye-
CKOTO YMNpaBfieHNsi U MPUMEHEHUN CTPYKTYPHbIX UHTEPMpeTauuidi CUCTEM U UX Ne-
peaaTouHbIX QYHKLUIA.

2. [lokasaHo, uTO Ans OLEHKU CTATUYeCKWX peakuuid, CBA3aHHOW ¢ onpefge-
NIEHNEM MOJOXKEHUS CTaTUUECKOTO PABHOBECWSI MEXAHUYECKON KoNebaTeNbHOM cu-
CTEMbI, (hOPMUPYEMOTO AECTBMEM CWUM Beca W [LOMONMHUTENbHBIX MOCTOSIHHbIX
CW/1, MOTYT MCMONb30BATbCSH CTPYKTYPHbIE CXEMbI W MepefaTouHble YHKLUM Cu-
CTeMbl B MPeANoMOXEeHUN, YTO KOMMJ/EKCHash MepeMeHHas B COOTBETCTBYHOLLNX
nepeAaToUHbIX QYHKLMAX NPUHUMAET HYNeBoe 3HaueHue.

3. MpeanoXxKeH METOf NOCTPOEHWS! MAaTEMATUUYECKUX MOZENeli Ha OCHOBE KO-
TOPOro NoKasaHo, YTOo B CTaTUYECKOM COCTOSIHUM MPUBEJEHHaAs YXECTKOCTb Mexa-
HUYECKOW CUCTEMbI OMPeAEeNsieTCs Ha OCHOBE WCMONb30BaHUS COOTBETCTBYHOLLEN
nepefaTouHoOl (YHKLMM CUCTEMbI C MOCNEAYIOLWNM «OGHYNEHUEM» MapaMeTpoB
MacCO-UHEPLMOHHBIX 3/1eMEHTOB. [MOHATWE MPUBELEHHON >XECTKOCTU CUCTEMbI
MOXET MPUMEHSTbCS [/ OMpefesieHnsl CTAaTUUYECKUX peakumii, BO3HMKAKOLWMX
MEXAY 3N1eMEHTaMU CUCTEMbI U MPU UX B3aWMOAENCTBUSX C OMOPHbLIMW MOBEpPX-
HOCTSIMU.

4. MpefnoxeH v paspaboTaH MeTof OnpeseneHns AMHAMUYECKNX peakuunii B
MEXaHWYECKUX KO/ebaTeslbHbIX CUCTEMAxX NpW AeCTBUM FapMOHUYECKUX BHELU-
HUX CWJ, OCHOBaHHbI/i Ha WMCMO/Mb30BaHUN CTPYKTYPHbIX CXEM W COOTBETCTBYH-
WMX MepefaTodHbIX (YHKUMIA. MokazaHbl BO3MOXHOCTM MOCTPOEHUSI MaTeMaTy-
ueckux mMogeneli 0606LLEHHBIX YNPYrMX 3/1EMEHTOB, CBOICTBA KOTOPLIX Onpefe-
NATCS AMHAMUYECKUMM XKECTKOCTAMU.

5. IMHaMu1yecKre peakLyuy B BUGPO3ALLUTHBIX CUCTEMAX MOTYT paccMmaTpu-
BaTbCA KaK MapameTpbl, XapaKTepu3yloLine UHAMUYECKOE COCTOSHUE TaKXe, Kak
U KOOPAMHATbI, CKOPOCTM U YCKOPEeHUsl 0GbEKTa 3alluUTbl U 3/1EMEHTOB CUCTEM.
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Kpome Toro, nuHaMHyecKie peakiHH MOTYT pacCMaTpHBaThCA B MPEACTABICHHSAX
AMILTHTYJHO-YaCTOTHBIX XapaKTEPHUCTHK, NPH 3TOM 4acTh AWHAMHYECKHX PEaKLHi
W3MEHSACTCA 10 3aKOHaM H3MeHEeHHs KOOPIHHAT CHCTEM, a YaCTh AWHAMHYECKHX
peakuuii HMeeT B opMax CBOEro M3MEHeHHs pAX ocoOeHHOCTEH. ITH ocobeHHO-
CTH TIPOABIAIOTCS TIPH TOABIEHHH JHHAMHYECKHX PEXHMOB, MPH KOTOPBIX NMpPHBE-
JIEHHast JKECTKOCTh OTIpelEICHHON LN CHCTEMbI CTPEMHTCS K 6eCKOHEeHHOCTH
(nipu OTCYTCTBHH CH:1 TpeHHs). [l onpeneIeHHs THHAMHYECKHX peakuuii npen-
JIOKEH METO/l, OCHOBAHHBIH Ha BhIIEIEHHH O0BEKTA 3allUThl (MM .Ttoboro HHep-
UMOHHOTO 31¢MEHTa) B Ka4ecTBe OTAE;IbHOro 31EeMEHTa, OTHOCHTEILHO KOTOpPOro
paspelaeTcs ypaBHEHHE KHHEMATHKH Mo BbIOpaHHOH koopauuate. CTpyKTypHas
HHTEPNpPETalHd MeTo/la OCHOBaHA Ha BBIIECIICHHH O0OBEKTa 3allUTH! (HIH APYTOro
HHEPLHMOHHOTO 3B€HA) KAaK 3BEHa C NepeNaTouyHol (yHKuHel MHTEerpupyrouero
3BeHa BTOporo mopsaaka. Llenms oGpaTHO# CBA3M I Takoro 3BEHA TNpeACTaBIsAeT
co00i THHAMIYECKYIO PEaKLHIO.

Hccaeoosanus  svinoanenst no cpanmy 6 pavkax Pedepaibholi yeieeoit
npozpavmsl «Hayunvie u nedazozuyeckue kadpwl unHosayuonnoli Poccuuy» na 2012 —
2013 2.2. (veponpusimue 1.3.2. — ecmecmsennsvie nayku) Ne 14.132.21.1362.
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OUEHKA BJIMSIHUS BHEHH I BYPUJILHOM KOJJIOHHbI
HA MEXAHUYECKYIO CKOPOCTb BYPEHHUA

3auxkun C.@.

CTapLuHii penoaaBaTess kadeaps! « PH3HKA U XHMHA,
PoccHiickas oTKpbITas akageMHa TPaHCIIOPTa,

Poccus, r. YXta

boixos H.1O.

npod. kadeapbt « MauHbI 4 060pynoBaHHe HeTAHOH H ra30BOH MPOMBILLICHHOCTHY,
VXTHHCKHIT FOCydapCTBEHHBIH TEXHHYECKHI YHHBEPCHTET,

IOKTOp TEXH. HayK, nmpocdeccop,

Poccus, r. Yxra

Ilepmunos b.A.
JOLEHT Kadeaps! « ;1eKkTpudHKaLMa H 31eKTPOCcHabKeHHe»,

Poccniickas OTKpbITasi akaAeMHs TPAHCIIOPTa, KaHI. TEXH. HAYK, NOLEHT,
Poccus, r. Yxta

B cTatse onpeaeleHo BisHHe KkosieGaHuil GHeHHI GypIIIBHON KOIOHHBI Ha MOTEpH
MOIIIHOCTH, MOMEHTa COTPOTHEJIEHHS H OCEBOl Harpy3kH Ha aoioTe. IlposeneHa oueHka CHH-
KEeHHs MEXaHHYeCKOH CKOPOCTH 3a CUET koTebannii GHEHHI.

Kouegvie c106a: MOIHOCTD, 6ypH:IbHAas KO:IOHHA, KoneOanHs GHEHHI, MeXxaHHYecKas
CKOpOCTH OypeHHs.

Buenns (BuGpauun) BhI3BaHHBIC yJapaMH OYpH.IbHO# KOJOHHBI O CTEHKH
CKB@XXMHBI MU OYpEeHHH ABIAIOTCA OXHOH H3 OCHOBHBIX NMPUYHH NOJIOMOK CKBa-
AHHHOTO HHCTpYMeHTa. OHH Takxe NIPHBOAAT K MOBPEKAEHHIO CTBO:1a CKBAXKHHBI,
YBEIMUUBAIOT NOTpe6HOCTL B 6oslee 4acToM PEMOHTE CKBAaXXMHHOrO oGopynoBa-
HHA, YMEHbUIAT KNI NpuBoAa OypoBoii YCTAHOBKH, H CYLIECTBEHHO CHHXAlOT
MEXaHHYECKYI0 CKOpocTb OypeHns. CBOEBpEMEHHOE BbIABICHHE H MHHUMH3aLHA
NOCIEACTBHH OWEeHWi B CTBO:IE CKBaXHHbl HMEIOT KIIOYEBOE 3HAUYEHHE 1S
NpefoTBpalleHns NoTeph pabouero BpeMeHH Ha GypeHHE M COKpalleHHIO noBpe-
MJAEHUI CKBaXXHHHOTO 060pyn0BaHHs.

M3BecTHO, uTo noa GHeHHAMH TIOHMMAIOT [4] coynapeHHe H3THOHBIX MOTY-
BOJIH OYPHIILHO#M KOJIOHHBI O CTEHKH CKBa)<HHBI. [ToTeps yCTOHYNBOCTH NPAMOIIH-
HeiiHON QopMbl GYPHIbHOI KOJIOHHBI NPH BEPTHKATLHOM OYpEHHH M 3aKpy4HBa-
HHe €€ B NPOCTPAHCTBEHHYIO CIIHpAlb OMPENAENACTCA KPHTHYECKUM 3HAUYEHHEM
0CeBOii Harpy3KkH M LTHHBI 6ypU:IbHOH KOTOHHHI [1].

3aTpaTsl MOLHOCTH NMPHBOAa poTopa OypHILHOH KOJIOHHbI Ha €€ BpalleHHe
MOXHO OLEHHTb He TO:ILKO TeoperHdecku [1], HO H ¢ MOMOLIbIO IMITUPHIECKHX
dopmyn [4]. U3BecTHO, uTO:

N

op

=N, +N, (1)

rae N, —3aTparth MoimHOCTH Ha X0:10CTOE BpallieHUe KOMOHHEI, BT;
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Nd- 3aTpaTbl MOLLHOCTM Ha paspyLUeHne Noposbl fonoTom, BT.
3aTpaTbl MOLLHOCTM Ha XON0CTOE BpaLlieHne 6YpUbHON KOMIOHHbI COrnacHo
[4] onpepensitoTcs BblpaXXeHWEM:
N,, =13,5x10-’ LdnI5D 05yx 2)

rae L - onuHa 6ypunbHOR KONOHHBI, M;

d - gumeTp 6YpuUbHbLIX TPY6, M;

D - gnameTp CKBaXWHbI, M;

M- 4yacToTa BpauleHus, 06/MuH;

Y-y enbHbliA BeC pacTBopa, H/M3.

[nsa pacyeTa 3aTpaT MOLLHOCTM Ha paboTy A0N0Ta MO Pas3pyLUEHUI0 MOpoabI
npeanoxeHa No pesynbrataM UCMbITaHUA TPEXLIAPOLIEYHbIX LOM0T AMaMeTPOM
120-450 MM (pupmoii «HO3» CLLIA thopmyna:

Nd=cxlO-2n>dAu, 3)
rae ¢ - KoappuuMeHT KPernocTu Nopoa, 4NA necyaHvuka ¢=2,6; Ans KapboHaTHbIX
nopog c=2.3;

D,,- gvameTp fonoTa, MM;

P - oceBas Harpyska Ha 01070, KH;

M- YacToTa BpalleHus fonota, 06/MUH.

MpuBeaEHHbIV aHanM3 3aTpaT MOLLHOCTW OnpeaenseT NoTpe6HOCTb MOLLHO-
CTW OT fBWraTens NpuBoja npu paBHOMEPHOM YCTaHOBMBLUEMCS MpoLecce Oype-
HMS| N HE YUNTbIBAeT MOLLHOCTb, 3aTpa4ynMBaeMyr0 Ha NpeofosieHne konebaHuii 6u-
€HWU  OYPUIbHOKOMOHHBI. TEOPETUYECKU OLEHUTb COCTABAANLLYH 3TON MOLY-
HOCTM HEBO3MOXHO B CBSA3M CO CTOXACTUYHOCTHIO U CNOXXHOCTbIONPOTEKAIOLLUX
(hM3NYECKMX NPOLLECCOB.

MpoBeféHHbIe 3KCNepMMeHTa/bHble WccnefoBaHua [1,2], no3BOAMAU He
TONbKO OMpefe/iMTb MOMEHT BO3HMKHOBEHUSA GUEHWIA, a TaK e OLeHUTb 0T6op
MOLLHOCTW Ha 6UeHNs OT ABUraTeNns NpuMBoaa.

Puc. 1 OcuumnnorpamMma MOLLHOCTM NpU OCEBOI Harpyske 120kH

Ha ocuunnnorpamme (puc. 1) npuBefeHO 3Ha4yeHne MOLLHOCTY NpuBoAa, Npu
oTCyTCTBUM GUEHWiA, C oceBOl Harpyskoi 120 kH npu gnvHe KOMOHHbI 6ypuib-
HbIX TPy6 2500 MeTpoB. KpuTuueckoe 3HayeHve 0CeBOIi Harpysku onpeaengéHHoe
[Onsa 3TOr0 c/iy4yas cornacHo BbipaxkeHuto (1) coctasnset 123 kH, T.e. Pu< Pip. by-
punbHas KOJOHHA NPU 3TOM He TepseT yCTOMYMBOCTb (OPMbI, BMEHWIA 3a CHET co-
yZiapeHuii MoNyBOSH O CTEHKW CKBaXKMHbI He NPOWNCXOAWT, COCTaBnAoWasn 61ueHni
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3a CYET HapyLUeHWUsi COOCHOCTM (3KCLEHTPUCMTETA) HUUTOXHO Masia, AOMOHU-
Te/bHOro 0T60pa MOLYHOCTU OT [BUraTeNs He MPOUCXOAUT:

Niyp  tiNoe (4)
roe /l = 0,95 - Kng nepefaun 3NeKTPUUECKON MOLLHOCTW ABUraTeNs B MexaHuye-
CKY10.

OfHako npouecc 6ypeHnUs Npu 3TO OCEBOI Harpyske COMpPOBOXAAeTCs aB-
TOKONe6aHNsIMU, 3aTpaThl MOLLHOCTYU HA KOTOPblE HE3HAYUTESBHBI.

Puc. 2. Ocuymnnorpamma MOLLHOCTM NPU OCEBOI Harpyske 160kH

Ha puc. 2 npuBegeHa ocuuinorpamma U3MeHeHMs MOLLHOCTW fABurarens
npueoga npu ocesoi Harpyske 160 kH. Cnyuvaii onpefenseT HepaBeHCTBO, Mpu
KOTOPOM 0CeBas Harpyska npeBsblliaeT KPUTUYECKOE 3HayeHue P,, > Py cnefosa-
TeNbHO rapaHTUPYeTCs MOABNEHWE U3TMOHbIX MOYBOMH U UX COYfapeHne O CTeH-
KN CKBaXWHbl. BO3HUKHOBeHUe KonebaHWii GUeHU pe3Ko yBenuumBaeT 0THOp
MOLLiHOCTKN OT Asuratens npusoga. CornacHo ocuunnorpammam (puc.1, puc.2) ot-
60p MOLLHOCTW OT ABWraTens Npueoga yBennuunca Ha 59 %. V3 aToii MoLyHOCTM
0K0n0 47% MOLU0 Ha NMPeoA0IeHNe NOCEACTBNIA BUEHWIA.

WHbIMK cnoBamu 6anaHC MOLLHOCTM B 3TOM C/lyYae MOXET ObiTb 3anuncaH:

tjiNfa  (Nfiyp (5)

Tak KakK MOLHOCTb ABurartens Bbi6bupaetcs n3 cooTHoweHus Nds = |,5N6p
TO MPW BO3HWKHOBEHWUMN 6UeHWIn ABWUraTeNlb HauMHaeT paboTaTb B MpefefibHbIX pe-
XWMax, MOLLHOCTb, 3aTpaymBaemMas Ha paspyLUeHWe Mopofbl, Kak U MOLLHOCTb,
naywas Ha BpaweHue GYpubHOW KOMOHHbLI Pe3Ko najaloT. ITO NPMBOAWUT K
YMEHbLUEHNIO KPYTALLEr0 MOMEHTA U NajeHNI0 MeXaHNYeCKOoN CKOPOCTW BypeHus.

M6p=N6Yco; [ M6 = AN6pco = 22 % npu = const. (6)

MonyyeHHble pe3ynbTaTbl XOPOLIO WAMOCTPUPYHOTCA 3KCMEPUMEHTANbHbI-
MU [JaHHbIMW. Ha puc. 4 npuBefeHa ocuuinorpamma KpyTAWero MOMeHTa npu
0ceBoin Harpyske 160 KH, N0 KOTOPOI MOXHO OMpeAennTb YMeHbLUEHNE KpyTALLle-
ro MOMeHTa fBuUraTens Mo OTHOLIEHWIO K OCLMANOrpaMme Ha puc. 3 Ans 0CeBOK
Harpysku 120kH.
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Puc. 3. OcumnnorpamMmma KpyTsLLero MOMeHTa Npu oceBoit Harpyske 120 kH

Puc. 4. OcuunnorpamMmma KpyTsiLLero MOMeHTa Npu oceBoi Harpyske 160 kH

M3 cpaBHEHMA OCLMINOrpamMmm Moslyyaem:

4 MmB=40 MED- A MEISO= 3650 - 2930 = 720(Hm).

Wnn 4 Mas% = 720/3650*100% = 19,7%.

PeanbHOe 3HauyeHWe OCEBOV Harpys3kum Ha MOpPOAOpaspyLlaloLleM WHCTPY-
MeHTe onpefenuM 13 amnupuyeckoii 3asucumocTtu E. M. ConoBbésa [5]:

M, =0,4aD;P(1 + €h+50 )
rae Mh- MOMeHT COnpoTVBNEHUS BPaLLEHUIO [0/10Ta (MOMEHT Harpysku), Hwm;

ooh - CKOPOCTb BpalleHus OYypuibHOWA KOMOHHbI Npu eé AnnHe paBHOW H,
pag/c;

Po-ocesag Harpyska Ha gonoto, U;

60- 1,25 paa/c;

L ,- guametp fonorta, M;

B - amnupuueckas MOCTOAHHASA, W3MEHAIOLAACA B 3aBUCUMMOCTU OT KOH-
CTPYKUMn gonota. B —7,25 gns TpexiwapoLeyHoro 40/0Ta;

a0- aMNUpUYeCKnin KO3IHULMEHT, onpefensemblii TBEPAOCTbIO MOPOAbI.
Ana cpegHux nopog 0,770,8.

Mpy aTOM ANA HAXOXAEeHWs MOMEeHTa COMPOTMB/IEHWA Ha [0/10Te BOCMO/b-
3yemcsi 3aBWCUMOCTbIO MPeACTaBfieHHOM Ha AuarpaMme puc. 5, oTpaxaroLei
CBA3b MEXAY KPYTALLMM MOMEHTOM Ha 6YPMIbHOM MHCTPYMeHTe B 3a60e CKBaXu-
Hbl W COOTBETCTBYIOLLMM KPYTALWMM MOMEHTOM, AeWCTBYIOWMM Ha OYpuUibHYHO
KOMOHHY B YCTbe CKBaXKWHbI:
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Puc. 5. PacnpefeneHue KpyTALero MOMeHTa No AAnHe 6ypubHOA KONOHHbI

£RdNf3
24£7 (®)

roe Mok—saHaueHUe pacnpe/ie/IeHHOro MOMEHTa CONPOTUB/IEHMS MO CXaTOol YacTu
KO/IOHHbI, Bpalljatolleiics BOKPYr COGCTBEHHOI ocu. HM;

g - Macca NOroHHOro metpa 6ypunsbHoi Tpy6sl, Kr;
R - pasuyc CKBaXMWHbI, M;

d - Hapy>Hblil fuameTp TPy6 O6YpUIbHOW KOMOHHLI, M:
/1- 3thcheKTUBHBIA KOIPDHULNEHT TpeHMS;

E |- >XecTKOCTb KOMOHHbI Ha u3rno, Mamz2;

K>K- fiiMHa cxaToro yyacTka 6ypVIJ'IbHOI7I KOJ/IOHHbI, OTCYMTaHHasa OT 3a60s,

[ns pacTsHyTON YacTu:

)

rae Fp- peakums CTEHKU CKBRXUHbI Ha GYPUIIbHYH KOMOHHY, H

M3 BbipaxkeHns (7) MOXHO HaliTu 3Ha4YeHUs 0CeBOW Harpysku ang M/B2o un
halsr*

(10)
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Po=—Mu . (11)
o,4a0dg[1+ _B ]
@, + 6,
Ipu atoM Py, =112 kH, Po> =140 kH.
OnpeneinM yAETBHYIO OCEBYIO Harpy3Ky COIIaCHO OTPAacieBOii HOpMaiH
H554 - 61:

Py =5:, (12)
rae Py — oceBas Harpy3ka, kH;
D, — nnaMeTp J10J10Ta, M,
P, 112 xH _ P, 140 KkH
:—:—:5 3—' :£:—2654——.
Po=p T02a " T T T

IMo M3BeCTHOM 3aBHCHMOCTH MEXaHH4eCKOii CKOPOCTH OypeHHs OT yne.lb-
HOI{ Harpy3kM Ha J10;10T0 V... (P,) cortacHo [4] onmpenesuM MexaHHYecKHe CKOPO-

ctu Oypenus. IIpH 3TOM HEOOXOAUMO YyUYeCTh, UTO B swooﬂ ;1S TIOpOn cped-
MY yq D, y P

Hell TBEPIOCTH M A010Ta AxameTpoM 214 MM MpH JHMHEHHOH 3aBHCHMOCTH
Vo (Do W) UMEEM, Vyexs = 18 M/, Vyeq = 26 M/u. [TameHHe MeXxaHHUECKOH CKOPOCTH

HpOX0JKH cocTaBuiao 8 M/4 nan 31%.

Takum o6pa3oM, BO3HHKHOBEHHE OHeHHi OypHIBHOH KOJOHHBI B MPOLECCE
YIIy6/IeHHst CKBOXKHHBI NIPHBOINT K CYIIECTBEHHOMY NOHIKEHHIO MEXAHHYECKOH
ckopocTH GypeHHs B CBS3H C yMEHBLIEHHEM KpYTSLIEro MOMEHTa Ha 6ypoBoM HH-

CTpyMEHTE.

BriBoABI.

1. bueHuns OypHIbHOH KOJOHHbI TIPHBOAAT K CYILECTBEHHOMY CHHXKEHHIO
MOIIHOCTH Ha NMOpPOAOpa3pyllalonieM HHCTpyMeHTe 1o 47%;

2. CHHXeHHe KPYTAILLEro MOMEHTa Ha [J0JI0Te MOXET JoCTUraTh 48%;

3. Kaxk ceacTBHe CHHKAETCA OCEBas Harpy3ka Ha J0SI0T€, 4TO npuBonm K
YMEHBLUICHHIO MEXaHH4eCKo# ckopocTH Oypenus no 30%.
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NPOTOYHBIE DJIEKTPOTEHEPATOPbLI HA MII-3®®EKTE

Kawaee P.C.

npogeccop kadeapbl NPHOOPOCTPOEHHS U aBTOMATH3HPOBAHHOTO IEKTPOIIPHBOIA
Ka3aHckoro rocy1apcTBeHHOTO IHEPreTHIECKOTO YHHBEPCHTETA,

IOKT. TeX. HayK, npocgeccop,

. Poccus, r. Kazans

Mameees /1.B., Hllunuoe H.A.

Gaka;1aBpbl Kadeapbl IPHOOPOCTPOEHHS U ABTOMAaTH3HPOBAHHOTO YIEKTPONPHBO/A,
Kasanckoro rocy1apcTBeHHOro HepreTHY€CKOro yHHBEpPCHTETa,

Poccus, r. Kazans

B ctaTtbe npeaiararotes ycTpoiicTBa BEIPaGOTKH 1€KTPOIHEPTHH IS MHTAHHA JATUHKOB
Ha Tpy6onpoBoax MOCPEACTBOM HCMONB3OBAHHA YHEPTHH ITOTOKA KXHIAKOCTH B Tpy6onposo.e.

Kirouegvie c106a.; BrIpaboTKa 3MEKTPOIHEPrHH, MOTOK KHIAKOCTH, HHAYKIHOHHBIH, Mar-
HHTOTHApOAHHAMHYECKHIT dddekT.

[Tpo6iiema no:TydeHHs 3:1EKTPOIHEPTHH OT MOTOKOB KHIAKOCTEH M ra3oB B
TpyGonpoBoaax BO3HHK:IA B CBA3H C HEOOGXOAWMOCTBIO MUTAHUS JATYHKOB H NpH-
OOpOB. YCTaHOB.IEHHBIX Ha TPyGONMpoBOAaX B TPYAHOJOCTYIHBLIX H yAATE€HHBIX
paiionax HeTenobbIuM H HedTerasonepekayki. [1o TexHnueckoMy 3aganuio OAO
«TaTHeTb» NpoTOUHBII reHepaTop KO:KEH HMETh napametpel U =24 B, 1 =4 A,

PaspabatbiBaeMbie B paboTe NpOTOYHBIE HCTOMHHKH JIEKTPOMHTAaHHS
(IIN7J) npeanasHaueHsl I8 BHIPABOTKH IEKTPOIHEPrHH Ha 3ddekTe 271eKTpo-
MarduTHOH MHAykuun (OMH) n marnutornapoauHamudeckom (MIT) s>ddexre,
BO3ZHHKAIOLIHX OT MMOTOKA NPOBOJALUCH KHIKOCTH (BOABL, CKBAKHUHHOM )KHIAKOCTH)
B Tpy6Ge. OHH MOTYT ObITb MPHMEHEHbI, HAaNIPUMED, B Ka4€CTBE aBTOHOMHBIX [THD
IUTA PacXoJ0Mepa KOHTPO:IA 0O6beMa »KHIKOCTH 3aKayHBagMOW BOILI B ILIACT Ha
HarHeTaTeIbHBIX CKBaXHHaAX. Tak MOeT ObITh perieHa npobiemMa 31eKTponuTa-
HHS DacXoJOMEpOB H MepesnayH MHPOPMAUMH CO CKBRXKHH. HaXOIALLMXCA Ha
60.1b1I0M yaT€EHHH OT HCTOYHHKOB IEKTPONHUTAHHS.

Hunanazon pacxomos. tpebyembix B T3 OAO «TaTHedTs» cocTabiser
Q =0+ 50 t/cytku. 1o coorsetctByer Q = 0 + 0,014 M’/cek. Ecim Gpats
BHYTpEHHHIT auameTp Tpy6bl B &= 0.1 M (I:15 3aKa4KM BObI), TO yUHTBIBAA, YTO
pacxon @ = v S, rae v — CKOPOCTh MOTOKA B M, S — ceYeHHE TPYGbl B M7, no;ry-
YHM IHana3oH ckopocTed v = 0+4.6 m/cex. Bo3bMeM aMama3zoH CKOpOCTEid, NpH-
HATBIA 519 [POMBILLIEHHBIX pacxofomepoB v = 0+12 m/cek. Toraa, yuuThiBas,
YTO MOJ AeiCTBHEM MarHUTHOro noiad B = 10000 aycc = 1 Tu1, HoHbl, Haxoas-
IHEC B XHMAKOCTH (MPOBOAHMOCTH KHMAKOCTH AODKHA ObITh HE Menee 5-107
*CmM) OTHAIOT CBOM 3apsbl 21€KTpoJaM, co3aaBas Ha Hux JJIC &, nponopuuo-
H&TbHYIO CKOPOCTH TIOTOK2 B COOTBETCTBHH C YPABHEHHEM:

e=B-v-J -k (MB) N

IMoactanoBka 3Hauenuii B =1 Tn, v = 12 M/c, & = 0.01 M maer £ = 0.12 B.

B HaweM c.1yyae MOCTOAHHOTO HANPsHKEHHs HCNOIL3ys Gopmyay (1) oueBHIHO,
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4TO I;18 JOCTHXKEHHA 3HaueHHs B £ = 24 B HeoOxoauMel 24 KaHas1a poToka pabo-
yeit cpeasl. Metonom noseiteHns JJIC B reHepaTope ABIAETCA TAKKe MOBbILIE-
HUE YIEKTPOIIPOBOAHOCTH & pabouyeil cpesibl, KOTOPOro MOXHO NOOMTBCSA HCTIO;Ib-
30BaHHEM TpUbO31eKkTpHueckoro 3¢dexta. HaMu npeanaraetcd BapHaHT MHIYK-
LIMOHHOTO T€HEPaTopa, B KOTOPOM OCYIIECTBIACTCS B3aHMOIEHCTBHE JIHHEHHO Te-
PEMEILAIOLIErocs MarHHTHOTO Mojia B ¢ aBuxkyuleiica nposoasuled cpenoii. bia-
rofaps B3aUMOIEHCTBHIO TOKa HOCHTEle# 3apAnoB j u B B KaHaje co3daercs
9;IeKTPOMarHuTHas cuiaa fy = j - B. Ecin ckopocTe NoToKa vV > Vg, CKOPOCTH
9;1eKTPOMarHUTHOTO Mo, T.e. pabouee Tesl0 onepexaeT OGerylee MarHMTHOE Mo~
;1e, TO HanpasiieHue M cu:ibl fy OyaeT npenATCTBOBATh JBHXKEHHIO paboyero Te-
1a. YacTe MeXaHHYeCKO# PHEPruM, 3aTpauHBaeMoH Ha NPEOIoICHHE TOPMO3sLIeH
cHiIbl mpeoOpa3zyeTcs B aKTHBHYIO YICKTPHYECKYIO JHEPTHIO, T€HEPHPYEMYIO B
06GMOTKE H TIMTAIOLIYIO HArPY3KH B CETH, K KOTOPOii MoaK:1I04eHa o6MoTka. Kanan
paboTaeT B FEHEPaTOPHOM PEKUME.

Beryliuee 3;1eKTpPOMarHUTHOE M0s1e MOXKHO NPeoOpa3oBaTh BO BpallaloUIeec
MarHuTHoe noiie (BMII). D10 naer eule oAMH BapHaHT HHAYKLUHOHHOrO reHeparo-
pa, B KOTOPOM OCyLIeCTBideTcs B3auMonciicteue BMI ¢ nBuxyrueiics nposoas-
uleii cpenoil. Beoas NoHATHe CKONbkKeHHA S = (Vg — V) /Vp TaKkxke, KaK H B K;1aC-
CHYECKHUX aCHHXPOHHBIX MallHHaX HMEEM TCHEpaTOPHbIA pEXHM  MpH
—o0 < § < 0. Ecin siuHeiiHas ckopocTh v = woR Oynet v > vg, (g — yrioBas
ckopocts BMII, R — paauyc BHHTOBOrO MPOTOYHOTO KaHama), T.e. pabouee Te:io
onepexaer muHeitHylo ckopocts BMIT 1 kaHan paboTaeT B reHEpaTOPHOM peKH-
me. Jns ycunenus 3¢dekra mpeasiaraeTcs B NOTOK paGouero tela MOMECTHTh
MarHHTHYI0 TypOHHKY, CO3JAIOILYI0 JOMOHHTEILHEIA 3(PexT B3auMoneicTBuA
cpensl ¢ BMIL.

B npenioxenHoM Hamn MIJl-renepatope (MIJII') nmpu nBHKeHHH Cpessl
nonepék MarHUTHOTO MO BOSHUKAIOT MOTOKH HOCHTEIEH 3apaloB MPOTHBOMO-
TIOKHBIX 3HaKOB. OCOBEHHOCTL KOHCTPYKLHH B OT:IHYHE OT mpoToTHmna [1] B Tom,
YTO MOTOK XMAKOCTH BXOAMT B LWIHHAPHYECKHH KaHal (eppoOMarHuTHOro Kop-
nyca {(¢opmMa TpaHcopMaTOp «TOPLIKOBOrO» THMA) H lajiee OCYLIECTBISET ABH-
KEHHE B PAAMAIBbHOM HampaBleHHH Mo 24 kaHaiaM, GOKOBBIE CTEHKH KOTOPBIX
NpeacTaB;ifioT co0oi pa3HONOIApHbIE 1eKTPodbl. BHYTpH Kopmyca pacnoioxe-
HbI IBA KOJIbUEBBLIX H OIHWH OHCKOBBIH MOCTOSHHBIX MArHHTA, 10J19 KOTOPLIX Mpo-
HH3BIBAIOT NOTOKH XHAKOCTH NMEPNEHAUKYIIAPHO BEKTOPY CKOPOCTH €€ ABHKEHHA.
B pesyabtate Ha HOHBI Oslel B %HAKOCTH (06pasyrolHe ee NPOBOAMMOCTb) A€H-
cTBYyeT cHibl JIopeHLa, KOTOphlE CMELIAOT 3apaAbl K CTEHKaM KaHajIoB, TEM ca-
MbiM hopmupys DC e.

CnHcoK JUTEPaTyphl

1. DekTpHuecKas MallHHa paaHaTbHOrO ABHAEHHS AHIKocTH / Kypbacos A.C. nateHt
Ne2346378 Poc.®ex. 23.10.2007.
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TEPMOJJIEKTPUYECKH TEHEPATOP

Kawaee P.C.

npodeccop kadieapsl NPHEOPOCTPOEHHA H ABTOMATH3HPOBAHHOTO YIEKTPONPHBO/IA
Ka3aHCcKoro rocynapCTBEHHOTO 3HEpreTHUeCKOTO YHHBEPCHTETA,

JIOKT. TeX. HayK, nmpodeccop,

Poccud, r. Kazausp

Xycruapoe H.D.

6axa;1aBp xadeapb! IpHOOPOCTPOEHUA H AaBTOMAaTH3HPOBAHHOTO YIEKTPONIPHBOA,
Ka3aHckoro rocynapcTBeHHOrO SHEPreTHYE€CKOTO YHHBEPCHTETA,

Poccus, r. Kazaup

Kak onHo u3 peinennii npoGieMbl BEIPaGOTKH >IEKTPOIHEPTHH OT Tel:1a MOTOKOB XKHI-
KOCTeH MPOMBINLIEHHBIX TPOH3BOACTE AT% DAEKTPOMHTAHHS aBTOHOMHBIX JaTYHKOB H CPEICTB
aBTOMATHKH B KPYT:IOCYTOUHOM PexcHMe TIpe/lTaraiorcs ycTpoiicTBa Ha TepMO3IIeMEHTaX, OCHO-
BaHHbIE Ha dekTe 3eebeka — mpeoOpa3oBaHHH Mepenana TeMnepaTyp oT (a3oBIX HepexoaoB
nox AeficTBHEM TEMNIa COHLA, BOIbI H BO3AYyXA.

Kuovesnie c1oea: BeipaboTka 1eKTpo3HEpriH, 3ddekT 3eebeka, nepenan TeMmeparyp,
MOTOK KHAKOCTH, (ha30Bblii nepexon.

IMpob:ieMa 110:Ty4eHHs 3TEKTPOIHEPTHH OT Telliia NOTOKOB KHAKOCTEH H ra-
30B TEILIOBBIX IEKTPOCTAHLMI, OKpyxaroilel cpensl, OpOCOBOro TerLia mpo-
MBILLTEHHBIX TIPOM3BOICTB M CO3[AaHHS BO300HOBIAEMBIX HMCTOUYHHKOB 3ICKTPO-
sHeprun (BUDJ) 114 31eKkTponuTaHus aBTOHOMHBIX JATYHKOB, CPEICTB aBTOMATH-
KH B KpPYyTJIOCYTOHYHOM pexHMe ABIfeTcA akTyanbHoil. MenepaibHblil 3aKOH
Ne261-03 «O6 sHeprocbepexeHHH H O MOBBILIEHHH JHepreTHueckoil ddekTHB-
HOCTH H O BHECEHHH N3MeHeHHit B OTJeIbHbIC 3aKOHOAATe IbHbIe akThl PD» Takke
CTUMY:IHPOBA.T Pa3BHTHE HETPAAHLHOHHOM JHEPTeTHKH.

Jl1s nuTaHHA aBTOMaTH4eCKHX AAaTYHMKOB B HACTOALIee BPeMs LIMPOKOE
PacnpoCTPaHEHHE MOIYYIIH TEKTPOr€HEpaTopbl Ha (POTOVICKTPUUECKHX 3le-
MeHTax (P3) — costHeuHbIx naHessx. Ho ucnoas3yemsiii @ nuana3soH ysistpadu-
0;1€TOBBIX ITHH BO:IH A = 200-800 HM oxBaThIBaeT TO:IbKO S8% Beeil YHEpreTHYC-
cKkoil 3¢PeKTHBHOCTH COHEUHOro H3TydeHHs. 42% suepruu Co:HLA NEXKHT B
auanasone A = 800-3000 M u HezoctynHa mia @3, I1o 06.1aCTh TEMIOBOrO (MH-
(pakpacHOro) H3.TyueHHs, KOTOpas MOXKET ObITh HCTIO:Ib30BaHA TEPMOYIEKTPHYE-
CKHMH 3IeMeHTaMH JUIs TeHEePaLHil 3TeKTPHUYECKOTO TOKA.

Kak omno u3 peureHuit npo6:temMbl Gonee 3)(eKTHBHOTO HCIIONL30BAHHA
COIHEYHOI paaMauHuH MpeiaralTcs TepMmodiekTporeHeparopst (T317), ocHoBaH-
Hble Ha 3¢ dekTte 3eebeka [1] — npeobpaszoBaHuH Nepenana TeMEpaTyp akKyMy.Is-
TopoB Temia or CoiHua, a Takke MNepenaga TeMOepaTyp OKpyxawowei
cpeabl H Jp.

Tepmonape! B 00:;IBLIOM YHCIE COCAMHEHHBIEC B TEPMOIICKTPHYECKHI TeHe-
PaTOpHBIil Moy:Tb (TepMOieMeHT — T3) MO3BOIAIOT M101y4YaTh 3HAYUTEIBHBIE BE-
JIMYHHBI TOKOB W HanpsxkeHui. Tak, TepMoreHepatopHblii Moxy:te TI M-199-1.4-
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1,5 obecnieurBaeT BbIXONHOE HanpsxeHHe nopsaka 0.4 B M BLIXOIHYIO MOLLIHOCTD
nopsaka 45 MBT npHu Hanuyuy MHHUMAaIbHOH pasHocTH Temnepatyp 10 °C. Heo6-
XOIMMOE IUTA YCTOHYNBOH paboThl COBPEMEHHBIX MHKpOcxeM HanpsikeHHe 30 MB
obecrieunBaeTCayke MpH pasHOCTH TeMmnepatyp B 2-3 °C.

Mpoctefimum TIT aBigeTcsa nNpoTouHslii, paboTalomni Ha nepenaae TeM-
nepaTyp NPOTOYHOH MHMAKOCTH (BOIbI WJIH HeTH) M OKPYKAIOLWIETO MPOCTPaH-
CTBa, Kak HalpUMep pa3HOCTh TEMMEPATyp BOABI apTe3HAHCKOH CKBaKHHBI HIH
HedTH cO CKBaxKHHBI U OKpykatouieil cpensl. Ilepenan Temneparyp AT MoxkeT co-
cTaBATh 15 Boasl AT = 20-30 °C, a 1A Hedtu 3umoit AT = 60-80°C. Ha TIT,
pa3paboTaHHOM HaMH Ha 3TOM NpHHUHNE Ha 12 TD HaMM AOCTHrHYTHI 3HaYEHHS
pa3HOCTH MOTeHUHa10B Vg, = 10-14 B. DkcrepHMEHTBI, TOCTAaBICHHBIE HAMH C
tepMoxieMenTamMn TEC-127-06C (na 127 tepMonapax) moka3ajiH, YTO Ha OIHOM
T3 moxkHo moctuus JIC 8 30 MB/rpan.

Jlpyro# opuriHambHeii croco® Mo;TydeHHs TEPMO3JIEKTPOTeHepalHi — He-
MO;Ib30BaHHE HarpeBa TEILIOAKKYMY/IHPYIOIETo pabouero BELLECTBA B TEILIO0-
BOM/CO;THEYHOM KOJIIIEKTOpE AHEM H pocTa Iepenaja TeMIepaTyp 3a cueT 3K30-
TepMHUeCKOTO 3bdeKTa npH ocThiBaHHN pabodero BellecTBa HOYBIO.

TepMOdIeKTpHYECKHE 3aBUCUMOCTH 11 TEILIOaKKYMYIHPYIOLIMX MaTepHa-
agoB  (TAM) -  kpucrawtorugpatoB  CaCl,:6H,O, Na,S,0;:5H,O0 wu
CH;COONa-3H,0 1eMOHCTpUPYIOT MaKCHMYM 3K30TEPMHMUYECKOro ITHKa TepMo-
IAC U(r) ana CaCly-6H,0, 3x3oTepMuueckuii dazosslii nepexon (PIT) kotoporo
Ha tepmodteMeHTe TEC-127-06C Benmet k ckauky tepmodJJC AU = 0.3- 0.4 B,
npHYeM BBIIEIEHHE TeILTa pacTAHYTO Ha 3 4Yaca. DTO JaeT BO3MOXKHOCTb HCHOb-
3oBanHsa aaHHoro TAM u TEC-127-06C aas BbIpaboTKH 3/IEKTPOIHEPTHH JakKe
npu Manom (30-40°C) nepenane Temnepatyp. Hamu paspa6otansl T kpyriocy-
TOYHO# TeHepaluy IeKTPUYECKOH SHEPTHH OT nepenaja TeMneparyp OKpykKaio-
Ileii cpefibl, onHcaHHble B paboTax [2-4] u 3ammmeHHsie nateHTamu PO [5-6]. B
HHX HCMOjb3yeTca 0aTapes TEPMO3IEMEHTOB, TOPAYUM CNaeM KOHTaKTHPYIOLIas ¢
TEILIOBBIM/CONHEYHBIM KOJLIEKTOPOM H3 Napabo;iHdyeckoil eMKOCTH ¢ pabounum
BeecteoM PBI. B TOI Tem:10 cpenibl H COHLEA akKKyMY;IHpYeTca JHEM M HCTO:Tb-
3yeTcs HOYBIO OT CKa4yKa TEMITEPaTyp NP 3k30TepMUyeckoM dddekTe.
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CHCTEMA SHEPTOCHABXXEHHA
KOTEJBbHOM TOIIUBHOM YMYJIbCUEHN

Koseaxos O.B.

3aBeayroiHii kadeapoit npuéopoCTpoeHH H ABTOMATH3IHPOBAHHOTO IEKTPONpPH-
Boaa Ka3aHckoro rocy1apcTBEHHOTO IHEPreTHYECKOTO YHHBEPCHTETA,

KaH[. TeX. HayK, IOLEHT,

Poccus, r. Kazane

Kauwaes P.C.

npogeccop kadeaps mpHGOPOCTPOEHHA H ABTOMATH3HPOBAHHOTO Y1EKTPOTIPHBOIA
Kazanckoro rocyaapcTBEHHOTO IHEPreTHYECKOTO YHHBEPCHUTETA,

JIOKT. TeX. HayK, podeccop,

Poccus, r. Kazans

Hypzanueea A.P.
MarucTpaHt kageapbl IpHOOPOCTPOSHHS H aBTOMAaTH3HPOBAHHOTO 3;1EKTPOIIPHBOAA

KazaHckoro rocyapcTBEHHOTO IHEPTETHYECKOTO YHHBEPCHTETa
Poccus, r. Kazanp

B paboTe omncaHa CTPYKTYpa IHeprocHabKeHHs KOTETbHBIX TOMIWBHON BO10-Ma3yTHOH
sMy:IbcHelt. [lpennaraercs aBToMarHyeckas CHCTEMa MOANEPKAaHHA KOHUEHTPallHH BOAM B
IMYIIBCHH.

Krnoyesbie cr08a: 3HCp1'0CHa6)KeHHC KOTECIbHBIX, TOTLTHBHAS IMYIbCHSA, aBTOMaTHYCCKaA
CHCTEMA, KOHILIEHTPALIHA BOABI.

MupoBas 3HepreTHka Bce B 60.1blLEiH CTENEHH AC/IAET CTaBKy Ha TOILIHBHbIE
IMYIIBCHH KaK albTEPHATHBY THKEIbIM HE(TAHBIM OCTaTKaM B KAaueCTBE TOILTHBA
s Ters1oBbix dnektpoctanuuii (TIC). Henoab3oBaHue, BORO-Ma3yTHBIX (OHTYM-
HBIX) SMyibcHil (BMD) naeT mpenMyliecTBa CBA3aHHBIE C JAHMCIEPTHPOBAHHEM
TOILTMBA 32 CYET B3phIBa Kamleilb B I1aMeHH (akea, T.e. OBICTPOE H MPAKTHYECKH
TIO;THOE CrOpaHHe 3MYJIBCHH M KOHBEPCHS YT.Iepoaa, BO3MOXHOCTh CXXHIaHHs TPH
MaJIBIX KOHLICHTPALMAX KHCIOpPOAa; HHU3Kas TEMNepaTypa CKHTaHHsA U CHHKCHHE
Ha MOpsI0K BEIOPOCOB B aTMOc(epy MO.THAPOMAaTHYECKHX KaHIEPOTE€HHBIX COEMH-
HeHuil. Mcnonb3oBaHHe Bomo-Ma3yTHbIX dMy:1bcHH Ha TIC H KOTEIBHBIX T03BO.14-
€T 9KOHOMMTBb Ma3yT, pH 3ToM obopynoBanHe KoT:10B TIC n KoTebHBIX TpebyeT
MHHUMAJILHOH aJanTalMH, 3aTpaThl HA KOTOPOE OKYMNAlOTCS B TEYEHHE HECKO.Ib-
KHX MECSLIEB.

[puMeHeHre OGBOAHEHHBIX JKHIKHX TOILTHB B BHAE 3MYIbCHH SABIACTCHA
IKOHOMHYECKH UesiecoobpasubiM. [losBiaseTrcs BO3MOXKHOCTE HCHOIB30BaTh
60.Ib1I0€ KOTHYECTBO OPOCOBBIX, CHILHO 0OBOJHEHHBIX HE(DTAHBIX OcTaTKoB. J0-
GaB;ieHHEe BOIb K KOTEIbHOMY TOILTHBY M MOMEPXKAHHE €r0 B ONPEAECICHHOM CO-
OTHOWIEHHH MO3BOIAET IKOHOMHYHEE PACX00BaTh TOILTUBO H HMEET BaXKHOE 3HA-
YeHHe ¢ TOUKH 3PCHHs IKOIOTHH, Tak KaK B aTMocdepy BbIAEIAETCS MEHbLIIEe KO-
SIMYECTBO MPOJYKTOB cropanus [1).
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14 Hcnosib30BaHHA BOAO-Ma3yTHBIX IMybcHii (BMJ) HeobxoauMa cucte-
Ma ToAIepX aHHA KOHUEHTpauuu Boabl B BMD mnpu onpeneineHHOM 3HaueHHU
20+2%. HaMu npeiodkeHa peaH3amis CHCTEMBI MOLIEPKaHUA TOH KOHUEHTpa-

UMK Ha npumepe kotesbHOH JIKBP-10-13. B kauecTBe BUIa TOILIMBA NPHHAT Ma-
KKa1

3yT ¢ TEMI0TBOPHOI criocobHOCTBIO Q7 = 9170 .
Ke

B cucTeMme noanepxaHusa KOHUEHTpauuH BM3 HeoGxoauMo pery:;1HpoBath
NPOLECHTHOE COOTHOLIEHHE BOABI B CMECH ITOCTYMAIOLLEH B KOTE:1, H MOMUIEPKH-
BaTh 3TO COOTHOLIEHHE, YTO MOXKHO OCYIIECTBHTH OTC.IEKHBAsA KOIHYECTBO BOIbI
B CMECH ¢ TIOMOMIBIO JaTYHKA TEXHOIOTHYECKOTO MapaMeTpa Ha OCHOBE MPOTOY-
HOTO 3KCIPECC-aHa;IN3aTopa AAEPHOro MarHHTHOro pedonanca (JMP). M3 Bcex
n3BECTHEIX MeTonoB SIMP aBngercsa enMHCTBEHHBIM, KOHTPOIUPYIOIIHM KOHLICH-
TpalLMio BOABL, HE(PTH H ra3a Bo BceM aAnanasoHe 0 — 100% [2]. BMD oGpazyercs
CMELIEHHEM KOTEIbHOTO TOMTHBA (Ma3yT) M BOABL.

CTpykTypHas cXeMa yYTpaBIEHHS BBITISAHT B BHIE, NPeICTaBICHHOM Ha
puc. 1.

Bl B2
4 4
Ay N 2% | K¢
ATI LIH B9

Puc. 1. CtpykTypHas cxema ynpaB:1eHHS

OCHOBHEIMH J71€eMEHTaMM B JaHHOH CXeMe ABIAIOTCA YIpPaBifiolee
yctpoiicTo (YY), KOTOpoe MosTy4aeT CHTHATBL C JATYHKOB H MOCHIIAaeT COOTBET-
CTBYIOIIHE CHIHAJIbl HA HCIIOJHHTENbHbIE opranbl, 1Y — natuuk yposHs, JTII —
JaTYHK TEXHOIorHYeckoro napametpa, IIH — mectepennsiii Hacoc, B1, B2, B9 —
BeHTH;IH, K6 ~ knanan.B cxemax ympaB;ieHHs 30€KTPONPHBOAaMH HCTOIB3YIOTCH
OecKOHTaKTHBIE MEPEKTIOYAIOUIHE YCTPOHCTBA, MOJIYYHBIUHE HA3BAHHE JIOTHUE-
CKUX JnmeMeHTOB. OHH HCMOMNB3YIOTCS BMECTO 3ICKTPOMATHHTHBIX KOHTAKTHBIX
pene ynpasneHus. Ha ocHoBe ;TIOrHYecKHX 371€MEHTOB (POPMHUPYIOTCS OECKOHTAKT-
Hble CXeMBl, BBIMOIHAOLINE JIOTHYECKHE (HYHKUMH YIIPABICHHA, 3aLHTH H GAOKH-
POBOK. JIOCTOMHCTBOM TakHX CXE€M fABIAETCA BBICOKas Ha/EAKHOCTb, Majible raba-
PHTBI, HH3KO€E Hepronorpeb ieHue.

CHiMCOK JIHTepaTyphbi
1. Kamaes P.C., Manawon C.®@., Camuryius ©.M., Maryxun B.J1. TemnepatypHas
3ABHCHMOCTE CTPYKTYPHO-JAHHAMHYECKHX 11aPAMETPOB M METOIMKA JKCHPECC-aHaIH3a TOMIHB-
HBIX BOJ0-GHTYMHBIX IMYIIbCHIT Ha OCHOBE MeToa SIMP// H3BecTHs BBICIIHX yueGHBIX 3aBede-
Huil. ITpo6emsr 3HepreTuk. -2003, -Ne. -C.11-12.
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METO/bl HTU®POBOH MOAYJIALUHA
B COBPEMEHHBIX BECITPOBOAHBIX CETAX

Kovpaxos A.A.

MarucTp no Hanpae:1eHnio «[IpukiaaHas nHpopMaTHKa»,
TexHo:;torHYeCKUiH YHHBEPCHTET,

Poccus, r. Kopo:sier

B cTaThe paccMOTpeHb! MeTOIb! IH(POBOIl MOIYTALHH, HCMOIB3YIOUIHEC B COBPEMEH-
HBIX O€CNPOBOAHEBIX CETAX.

Kiouesbie c106a: 6ecnpoBoaHsie ceTH, UHpoBas MOy IALHS, LHGPOBOH CHrHAIT.

B HacTosi1liee BpeMs BCE IMIMPE HCMOIB3YIOTCA BBIYHCINTEILHBIE CETH TAE B
KayeCcTBe HOCHTEIA MHPOopMauuH BbicTynarT BosHbI CBY nnanazoHa. B Takux
CETAX NEPENaéTCs HE HEMPEpHIBHBI MOIY.THPYIOLIMII CHTHAl, a ANCKPETHBIN,
NpeACTaBIAOLIHN COOOH MOCIeR0BaTE;IBHOCTE CHMBOIOB MPHHHMAIOIIHX 3HaYe-
HHS M3 KOHEYHOrO MHOXKECTBa {n, m,....n} [1-5]. B naHHo# ctatbe GynyT pac-
cMaTpHBaThca cnocobbl npeobpa3oBaHHA 3TOro LHQPOBOro CHTHajla B aHAJIOTO-
Bblii MOJY.THPOBaHHBII CHTHAI.

IMpouecc npeoGpa3oBaHHst MOCIEAOBATE;ILHOCTH KOIOBBIX CHMBOIOB B MO-
C.IEI0BATE;ILHOCTb )ICMEHTOB CHTHA1a Ha3bIBaeTCA MaHUNYIALHEH.

OOBIYHO HMCNOSIB3YETCH CIICAYIOUIHI MOAXOA — KaXAOMY H3 BO3MOXHBIX
3HAYEHHI CHMBOIA COMOCTaB;1eTc Habop napaMeTpoB Hecylero konebanus. Tak
KaK UHPPOBOit HHHOPMALIHOHHDIH CHIHA ABIIAETCS AHCKPETHBIMH, COCTOALINM H3
KOHe4HOoro uhciIa cuMBo;ioB (HampuMmep {0.1}), JUCKpeTHbIM ABIAETCA TaKkKe H
BO3MOJXKHBIH HaOOp 3HAYEHHIT KaXIO0T0 H3 NapaMeTpoB.

Hecymmit curaan coaepXHT TpH napaMerpa KOTophie MOTYT ObITh HCMOThb-
30BaHbI, HCXOIA H3 ITOrO CYLWICCTBYIOT CICAYIOIIHE THIBI MAHUTTY: 1AL (puc. 1):

e ammiutyanas Mmanuny;isauns (ASK anra. amplitude-shift keying) — aia
TpEeACTaBIEHH CHMBO:IOB HCNO;Tb3YETCA KOHEYHOE YHCI0 YPOBHEH aMILTHTYIbI;

e uactotHas mauuny:suus (FSK aur:. frequency-shift keying) — ucno:e-
3yeTCsi KOHEYHOE YHCT0 H3MEHEHHH 4acCTOThI;

e (azosas Manunyasuus (PSK anra. phase-shift keying) — ucnoassyercs
KOHEYHOE YHCI10 H3MeHEeHHH (a3bl;

e kBaipaTypHas aMmIUiUTyaHas Mauunyasuus (QAM auri. quadrature
amplitude modulation) Hcrmoab3yeTcs KOHEYHOE YHCII0, HO HE MEHEe IBYX H3Me-
HeHHii a3bl M He MeHee IBYX H3MEHEHHIT aMILTUTY b
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c(t) = Asin 2uf.t + @)

AMnnutypa  Yacrora asa

i QQQJpoaaﬂ MoAynaunA

ASK FSK PSK
AMnuTygHas YacrotHas dazosan
MaHUNYNAUNUA |MAHUNYNAUMS  MAHUNYNSALWA
- QAM
KeagpartypHas amnnutygHas
MaHUNYNAUNS

FSK ' ‘ PSK
Puc. 1. Tunel MarHImy1AL08

Mpu amMnauTyaHol MOAYNSLIHH CHMBO:IBI MPEICTABIAOTCA pa3sHOH aM-
IUTHTYAOH CHrHa1a. Moy 1HpOBAHHbIH CHTHa 1 HMEET BHI:

s(t) = A(c(t) + B) *sin(2nf.t + @) (n
rae c(t)- nHopmMauHoHHbIH UH]poBoii curHai, A, B 1 ¢ - noctosHHble, 0> B

Ec:in MHOX€ECTBO BO3MOKHBIX 3HauYeHHH c(t) orpaHuyexo {0,1}, a B=0, 10
aMILINTyJa CHIHaIa NpUHHMaeT 3HadeHue O npH HyleBOM 3Ha4eHHH HHGOPMaLH-
OHHOrO CHTHajna W A TNpH €IHHHYHOM, TOTAA MOAYJIHPOBAHHBINA CHIHAT HMEET
BHI:

s(t) = Ac(t) *sin(2rf.t + @) 2)

Takoii Buo Moaysisuuu HaseiBaetcs Tak xe OOK (anri. On-Off Keying,
Bxmoueno-BoikioueHO).

Hecmotps Ha TO 4TO MBI MOXeM HCHO:IB30BaTh MHOIO YpOBHEH CHTHajIa
06b14HO peanu3yoTcs TosbKo aBa: {0,1},

AMNIMTYIHBIE BHABI MOLY:;IALHH HMEIOT HEBBICOKYIO JHEPTETHYECKYIO 3¢~
dexTHBHOCTS, He 06:1a1a10T BLICOKOH MOMEXOYCTONYHBOCTBIO, OHAKO A0CTATOY-
HO npocTel B peaimzaumd. Buay yka3aHHBIX HEJOCTATKOB aMILTHTYAHBIE BHIbI
MOLYNISHNH HaXOAT OFpaHHYEeHHOE MPHMEHEHHE.

Ipu uactoTHoit maunnyasuun (FSK) HocuteneM HHpopMaimH sBiseTcs
HeCylnas yactora:

s(t) = Acos(w t + @o) cos(wg c(t)) — Asin(w.t + @o) sin(wg c(t)) (3)
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FlIe W, — TOCTOSHHAA LIEHTPasIbHas 4acToOTa CHTHAIA, Wy— AeBHaLua (M3MEeHEeHHe
4acTOThl), ¢(t)- HHPOPMAILTHOHHBIN CHTHA, (po— Haua.IbHad ¢a3a.

B cirywae nBonunoro HH$opMauHoHHoro curnana {0,1} komupyeMbIM CHM-
BOTaM CTaBHTCA B O/HO3Ha4YHOE COOTBETCTBHE H3MEHEHHE 4YacCTOThl CHIHAjIa
{0 — w4, 0 + wq}

MHorono3uunoHHas(MHOroypoBHesas) moxy:isauus M-FSK dopmupyetcs
KaK M Ipyrie MHOTOMO3HLHOHHBIE BUIBl MOAYTALIMH, TYTEM TPYNIIHPOBKH OHT B
CHMBOIBI M BBeJE€HHEM B3aHMHO-OJHO3HAaYHOTO COOTBETCTBHA MEXAY MHOXKe-
CTBOM 3HA4Y€HHIl CUMBOJIAa H MHOXECTBOM 3Ha4eHWH 4acTOThl MO/Y.IHPOBAaHHOTO
Ko:1e6aHus.

YacToTHas MOAYISAUUA ¢ MUHUMaTBHBIM caBHroM (MSK) MoxkeT paccMart-
PHBATBCS KaK 4YacTOTHas MOAY.ALHA ¢ HenpepblBHOH (a3oit. OcHoBHas ocobeH-
HOCTB 3TOT0 ¢Nnocofa MOMLYJIALUHH COCTOUT B TOM, UTO MpUpallleHHe (a3sl Hecylle-
ro Ko:;ie0aHns Ha HHTEepBasle BpeMeHH, PaBHOM JUTHTeNbHOCTH Tc omHoro cuMBoIa,
Bceraa paBHo + 90° uam -90° B 3aBUCHMOCTH OT 3HaKOB CHMBOJIOB MOAYIHPYIO-
wero curHaza. [Tocko:IbKy Ha WHTepBaie KaXJA0ro O4epelAHOTO MMIY;IbCa MOAY-
JIMPYIOLIETO CHIHAJIA MTHOBeHHas (da3a HecyIero ko:1e0aHus, OTKIOHAACH OT da-
3b1 HEMOIY.IMPOBAHHOTO TAPMOHHYECKOTO Ko1ebaHHs, H3IMEHAETCS THHEHHO, yBe-
JIMYMBAACH WIH YMEHbBIIAACh, TO MTHOBEHHAS YaCTOTa TAKOTO paJHOCHTHa:1a 6yneT
HU3MEHATHCA CKaukaMH. Takoil BHI MOIYyIALHH 00MafacT BBICOKOH CNEKTPATbHON
3¢ dekTUBHOCTBIO.

s orpannuenns cnektpa curHaioB FSK m MSK wacto mpumeHnsercs
¢uwetp Faycca. CoorBercTByrolHe THITBI MoAyAsiui HasbiBaloTca GFSK (anra.
Gaussian Frequency Shift Keying) u GMSK (aur;i1. Gaussian Minimum Shift Key-
ing). Moay:asuns GMSK ucnoassyercs B cranaapte GSM.

dazoMaHUNYIHPOBAHHBIN CHIHA UMeeT CICAYIOMN B

s(t) = Asin(2rf.t + @q + @(t)) “)
rae A M @y— NocToAHHbIe, f.— Hecymlas dacToTa. HH(opmaLus xoaupyercs u3-
MeHeHHeM a3l @ (t).

K pazsHOBMAHOCTAM (ha30MaHHNYTHPOBaHHOTO CHTHANIA OTHOCATCA:

JBonunas ¢azosas monyaauns (BPSK aur:i. Binary Phase Shift Keying),
Koraa UHGopMalHOHHBI cUrHaT NpHHUMaeT 3HadeHus {0,1} KOTOpBIM CTaBUTCS B
OJHO3HAYHOE COOTBETCTBHE MHOXECTBO M3MeHeHuit daswr {0, 7}

[Mpu kBazparypHoii ¢asooit Moayaunn (QPSK anra. Quadrature Phase
Shift Keying) nudopMauoHHbIil CHTHA TIpeACTaBIeH MHOKECTBOM H3 YETHIPEX

cumBosioB au6HTOB — {00,01.10,11} KOTOPHIM CTaBUTCA B COOTBETCTBHE W3MCHE-
L4 T 3n 3w

Hue $a3bl {:, -7 _T'T}' Kaxnomy 3Ha4yeHHi0 ¢a3sl MOAYTHPOBaHHOTO CHI-

Haj1a cooTBeTCTBYeT 2 6uTa HHGOPMALHH, C1e10BaTE;IbHO H3MEHEHHE MOXYIHPY-

towtero curiaia npu QPSK-momyasuuu npoHcXOaHT B 2 pas3a pexe, YeM MpH

BPSK-Moay1s11HH NPH OXWHAKOBOH CKOPOCTH meperaiyyd HHPOpMaLHH.
MHorono3uiMonHas ¢a3osas Monyasuns(M-PSK) dopmupyetcs myreMm

TPYNNHPOBKH B CHMBO:IbI H BBEIEHHEM B3aHMHO-OAHO3HAYHOIO COOTBETCTBHA

MeKAy MHOXKeCTBOM 3HA4€HHI CUMBOJIA U MHOKECTBOM 3HaueHHH capura Qasbi
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MOJYNMPOBAHHOI0 KonebaHWs. 3HayeHUs chsura (asbl U3 MHOXECTBA OT/INYAtOT-
CS Ha OAMHAKOBYO BEINYUHY.

[ns kogupoBaHWs nepefaBaeMoii MH(POPMAaLMM MOXHO WMCNO/b30BaTb He
OAWH NapameTp Hecyluero konebaHus, a Ba 04HOBpeMeHHO. Mogynauus, npu Ko-
TOPOI NPOMCXOAWUT OLHOBPEMEHHOE M3MEHEHWe [BYX NapaMeTpOB HECYLLero Ko-
nebaHuna- aMnanTygbl 1 asbl HasbliBaeTCA aMNAUTYLHO-(PaA30BON MogynsAumein
(QAM). B QAM wucnonb3yeTcs ABe HECYLLMX C OJMHAKOBOIW 4YacTOTON, HO C pas-
Huuel B ha3e Ha YeTBepPTb Nepuoja.

s(0 = KO cos(2nf00 + <?(t)sin(27r/0t) (5)
roe 1(0 n Q(0 mogynupytowwme curHanel, /0 - Hecywas yactoTa.

CurHan nony4yeHHbIli B pesynbTaTe Takol MOAynauuy 06bl4HO M306paxatoT
B BWJE CUrHaNbHOro Co3Be3fusA, rAe rno BepTUKanu v ropu3oHTann OTKNaAblBalOT
paBHbIE UHTEPBa/bI COMTaCHO BO3MOXHbLIM 3HAUYEHUAM MOLY/MPYIOLWNX CUTHASIOB.
Ko/imyecTBo TOYEK Ha MOMyYeHHON fuarpamme O6bIYHO PaBHO [BYM B CTereHu
(8,16,32,64,256),

Hanpuwmep, B 16-Tn no3uunoHHoii QAM (16-QAM) cyLuecTByeT Mo YeTbIpe
BO3MOXHbIX 3HaYeHUsA 4N KaXXA0N U3 KBafPaTypHbIX KOMMOHEHT | n Q. 3Tum fo-
cTuratoTcsa 16 3Ha4YeHMn cyMMapHOro curHana (pwc. 2).

Voo SO v Ve 01
O o O O
@  an o am
O o O O
& & 2 f

& & B &

Puc. 2. CurHanbHoe co3sge3gne 16-no3mumoHHoro QAM curHana

OueBUAHO, YTO YEM BbILUE YPOBEHb MOAYNSLMM, TeM 6O/bLUMMU CKOPOCTHBI-
MU BO3MOXHOCTSIMU (Tab/11Lia) ¥ MeHbLUEH NOMEX0YCTONUYMBOCTbIO OHa 061aaeT.

Tabnuua
TeopeTuyeckas appeKTUBHOCTb MCNONb30BAHUSA NONOCHI NPONYyCKaHUA
Bug maHunynaumun AhpexTrBHOCTL (6UT/C/TLL)
BPSK 1
QPSK. 2
8-PSK 3
16-QAM 4
32-QAM 5
64-0AM 6
256-0AM 8

CornacHo wuccnegoBaHuam [6] mpu uucne ypoBHelhk M<4 QPSK saBnsetcs
CMeKTPanbHO U 3HepreTnyeckn Hanbonee a(HeKTUBHLIM BUAOM MOAynauun. Mpu



uHcie yposHei M>4 Hanboiee s¢dextHBHBIM apaseTca QAM. C yuétom TOro
uto QPSK sB1seTcs vacTHRIM c.Tyyaem QAM npn M=4, MOXKHO CYHTaTh MOKHO
cuntath QAM HanGo:ee 3PPeKTHBHBIM BUIOM MOIYIALHH.

CospeMeHHbIe cTaHaapThI GecnipoBoaHoii ceasn WiMAX, LTE, u nocien-
Hue Bepcun WiFi ucnoabsytor moay:1saunn BPSK, QPSK 1 QAM.
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NNOJAXO0JbI K PA3BPABOTKE CUCTEMbBI MEHEJI)KMEHTA
KAYECTBA PACIPEJEJIEHHOIO HCNBITATEJBHOIO HEHTPA

Kocmorresa B.M.

HayaILHHK OTAE1a XUMHH DenepalbHOro rocy1apcTBEHHOTO NMpeanpHATHS
«BcepoccuiickHii HaydHO-HCC:1e10BaTEIbCKHI HHCTHTYT

CTaHAApTH3aIHH MAaTePHATOB H TEXHOI0THIT»,

Poccus, r. Mocksa,

Mypamoea H.M.

3aMeCTHUTENb AUPEKTOPA N0 HayKe DeepaIbHOro rocynapcTBEHHOTO NpeANpHs-
THA «Beepoccniickuii HayyHO-HCC1eJ0BaTE IbCKHIT HHCTUTYT CTaHAApTH3ALKH Ma-
TEPHATIOB H TEXHOIOTHII», KaHA. XHM. HayK,

Poccus, r. Mocksa,

Anysighepoe C.C.

3aBenytoLii kadenpoit MeTPOIOTHH K CTAHAAPTH3AMHH MOCKOBCKOro rocyaap-
CTBEHHOTO YHHBEPCHTETAa HHYOPMALIHOHHBIX TEXHOIOTHIL, PAAHOTEXHHKH H Y€K~
TPOHHKH, JIOKT. T€X. HayK, npodeccop,

Poccus, r. Mocksa

B cTatbe pacCcMOTpeHbl OCHOBHBIC MOAXOABI K paapaﬁorxe CHCTCMBI MCHEKMCHTA Kaue-
CTBa pacnpea€IEHHOro HCIMbITaTE.TbHOrO LEHTpaA.
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Kuouesote crosa: pacnpenenennmii HCHBITaTEIbHbII LICHTP, HCTIBITAHHA, HCCIEI0BAHHA,
H3MEpPCHHS, HCNBITAaTCIbHAsA na6opar0pm, HCTBITAaTE IbHBII LEHTpP, CHCTEMAa MEHCIAKMEHTA Ka-
4yeCcTBa, pYKOBOACTBO MO Ka4cCTBY.

Pacnpene:ieHHblii UcTbITaTE IbHBIA LEHTp (Oa1ee — PULL) npeacrasaser co-
60ii CI0KHOE OpraHH3alIHOHHOE 0Opa3oBaHHe, OObeNHHAIOIIHE B €JHHOE LEI0e
pa3IHYHBIX CMELHATUCTOB, IKCHEPTOB, HCMLITATEIbHBIE ;JA00PATOPUM H LIEHTPBI,
paGoTaloliHe Hajl Pa3HbIMH YacTAMM OHOM 3aaauH [1-2].

C:10%HOCTh MOCTPOEHHS CHCTEMbI MeHeIkMeHTa kauecTsa (nanee — CMK)
PHLI COCTOUT B TOM, YTO B €0 COCTaB MOTYT BXOJHTh aKKPEAHTOBAHHBIE HA COOT-
perctBHe Tpeboanuam [OCT NCO/MIK 17025-2009 [3] 1 KpuTepHAM aKKpeaH-
taunu [4] ucnbiTatebHble ;1Tabopatopun (LeHTpsI), o6:1anaromue csoeit CMK co-
ri1acHo [4], ;1abopaTopuH MPOHW3BOACTBEHHBIX NPEANPHATHH, HMEIOLIMX, KaK Npa-
10, CMK, oteeyatontyro tpeGosanusam 'OCT ISO 9001-2011 [5], Tak u Heak-
KPEAWTOBaHHbIE HCCIEA0BATE;IbCKHE 1a00paTOPHH HHCTHTYTOB H NpEANPHATHH.
CMK PHL] go.1kHa 0XBaThiBaTh KaK JeATEIbHOCTh CAMOTO LIEHTPa B LEIOM, TaK H
CTPYKTYPHBIX €IMHHL, BXOAALIMX B ero cocTaB. [Ipu stom CMK PHL] u CMK nc-
NBITATEIbHBIX JJA00paTOpHii H LIEHTPOB, BXOAALIHX B €70 COCTaB, He JO.IKHEI MPO-
THBOPEYHTDb APYT ApPYTY.

Paspabotka CMK PHL] oc:i1okHA€TCA TaKKE OTCYTCTBHEM HOPMAaTHBHOTO
JNOKYMEHTa, YCTaHaB;IMBAIOLIETO NPABH;Ia, TPHHLIMIEI, TPeOOBAHHA K MOCTPOECHUIO
CMK Takoii ctpykrypsl kak PUL. Hanbo:1ee 6:113kHM Mo MoCTaB.IeHHBIM 3a/1a49aM
apaserca TOCT 31890-2012 [6], onHako, OH pacnpoCTpaHAETCA Ha HEKIHHHYE-
CKHE HCCIeAOBaHHA MENLHHCKOI 1 3K0:10rHYeckoii 6€30MacHOCTH.

Paspa6otrka CMK PHL] noaxHa HauHHaThes ¢ pa3pabOTKH CTPYKTYpHI py-
KOBOICTBA MO KauyecTBY (aajiee — PK), B kOTOpOM cilegyeT oTpasHTh NO;IHbIH LHK.T
nesteapHocTH PUL. CMK PHULl no.kuHa ObiTh HampaB;ieHa Ha OMNpefelleHHE H
ymnpap;ieHHe CHCTEMOH B3aHMOCBA3aHHBIX MPOLIECCOB B LEIAX AOCTHKEHHA 001b-
el pe3y:;1bTATHBHOCTH U 3()()eKTHBHOCTH.

PaspaGorka CMK PUL] TpeGyeT MHOrorpaHHo# oLeHKH, pa3paboTkH KOH-
KPETHBIX MEPONPHATHE, HEPA3PBIBHO CBA3AHHBIX C JEATETbHOCTBIO LEHTPA, OLEH-
KH PHCKOB, BHIAEICHHEM BHELIHHX H BHYTPEHHHX (DaKTOPOB, CMOCOOHBIX MOB.IH-
ATH Ha pe3y:1bTaThl HcnbiTaHui. [pu paspabotke CMK ocoboe BHUMaHHE caeayeT
yaeauth B3auMocBA3H PULl co CTPYKTYpHbIMH eAWHHUAMH (MCIbITAaTE;IbHBIMH
LIEHTpaMH H :1abopaTOpHAMH).

B PK npexae Bcero a0:kHa ObITh ycTaHOB:1eHa 00:1acTh npuMeHeHHs CMK
PHL], xoTopas n0.1kHa pacnpoCTPaHATHCA Ha BCe MECTa OCYUIECTBIICHHS JeATe b
Hoctu PULL, a Takke Ha MecTa OCYLLECTB.ICHHA BpeMEHHBIX paboT. [Ipusoanmas B
PK noautuka B 061actu kavectsa nesare;sHoctd PULL nosnkna GbiTh noanepxaHa
H paineasemMa BCEMH €€ CTPYKTYPHBIMH e IHHHLIAMH.

B PK mo:kHbl ObITh MpONMHCaHbl NMpaBa H 00A3aHHOCTH BCEX YYaCTHHKOB
AeareasHoctn PULL, B TOM uncile npaBa B 06A3aHHOCTH CTPYKTYPHBIX €AHHHL 110
oTtHowenuo Kk PULL, a Takke Mepbl NpeIOTBpALICHHA M pa3pelleHHs KOH(IHKTa
HHTepecoB. BakHo ommcats NpaBh:a obecnedeHHd KOMIETEHTHOCTH BCEX CO-
Tpyauukos PULL 1 KOHTPO:14 32 HX OEATEILHOCTBIO.

87



s Bcex s1aGoparopuii (ueHTpoB), Bxoaauux B coctaB PULL, TOTKHBI ObITH
OMpelelieHbl €AHHble MNpaBH1a Mo oOpamendrd ¢ oO0beKTaMH HCCTeloBa-
HHH/MCTIBITaHNIi/H3MEePEHH . HCIIBITATEIbHBIM 000PYIOBAHHEM H CPEACTBAMH H3-
MepeHHii, 06eCneyeHHI0 M KOHTPOIO YCITOBHHi MPOBENCHHA HCCIea0Ba-
HHH/HCTIBITAHHA/M3MePEHNiA, YIIPaBIeHHI0 KaUueCTBOM Pe3y;ThbTaToB.

B xone BbinosiHeHns pabot corpyannkaM PHULL MoryT GBITh NpeaoCTaB;IeHb
JOKYMEHTBI, colepxalliie KOHQHUACHIHAIbHbIE CBEEHHA, NOITOMY OYEHb BaXXHO
YCTaHOBHTD npaBH;1a ob6ecnevyeHns KOHPUAEHIHATEHOCTH HHGOPMaLIHH.

CMK PHL gonxHa 6bITh HanpaBieHa Ha ONITHMU3A1HIO M obecneyeHHe Ka-
4ecTBa BHYTPEHHHX MpoueccoB. Takas cIOKHag CTPYKTypa ¢ OpraHM3alMOHHOM
TOYKH 3peHHs, Kak PUILl. nomkHa uMeTk 4eTKylo cHCTEMY HOKYMEHTooOopoTa.
CMK po:pkHa npenycMmaTpHBarh pa3paboTKy, COrllacoBaHHE, YTBEPKIECHHE NOKY-
MEHTOB, HanpaB]ICHHBIX Ha YNOPAZOYMBaHHE AEATEILHOCTH, obecrnieunBas mpo-
CJIEKHBAEMOCTL M MNpPO3PayHOCTh mpoueccoB. JIOKHBI OBITH JOKYMEHTATBHO
o opMIIEHBI IPOrPaMMBl, MPOLIEAYPHI U HHCTPYKLUH B 00beMe, He0OXOMMMOM 1
obecreueHns kayecrsa. Bea pa3paGoTaHHas JOKyMeHTalMs AOXHa ObITh J0Be-
JI€Ha 0 CBEJEHUSA BCeX CTPYKTYPHBIX eauHul PULL

IMpn BO3HHMKHOBEHHH B XoAe BHIMOJIHEHHA 3aga4y PHLI HeobxomumocTH B
TIPOBENECHHH JOMO;IHUTEIBHBIX HCCIIENOBAHHNA/HCTIBITAaHHI/N3MEPEHHIT BO3MOXHO
npuB;ieyeHHe ;1abopatopuii (UeHTPoB), He Bxomaumx B cocras PULL. [I;1a oGecne-
YEHHs Ka4yecTBa TaKHX JOMO;THUTENbHBIX paboT B PK PULl nomtxHa GeITh npexy-
CMOTpEHa crieuHaibHas npoueaypa.

PaspaboTka, BHeApeHHe H noaaepxaHue B paboueM coctosunn CMK Gyzer
crocoGcTBOBaTh 3P PEKTHBHOMY YIIpaBIeHHIO BCell aeaTebHocThio PHULIL
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UCMOJIb30OBAHUE METO/A NBCEJOUBETOBOIO
KOJIUPOBAHHUSA ONITHYECKHUX H30BPA’KEHHH
JUIA KOHTPOJIA NEYATHDBIX TUIAT

Kysneyoe M.M.

JOLEHT Kadeaphl CNeUHATbHBIX YCTPOHCTB H TEXHOIOTHH,

CHGHpCcKuil rocyJapcTBEHHbIA YHHBEPCHTET FeOCHCTEM H TEXHOIOTHH,
KaHOHJaT TEXHHYECKHX Hayk,

Poccus, r. HoBocu6upck

B cratee paccMaTpHBaeTCA HCMOJb30BaHHE METOa MCEBAOLIBETOBOr0 KOXHPOBAHHS OIl-
THYECKHX moGpa)keHuﬁ I.11 KOHTPOJIA MMEYATHBIX I1aT.

Koueevie c106a: nceBaoUBETOBOE KOJIHPOBaHHE ONTHYECKHX H306pa7kemlﬁ, neyarHas
rn;arta.

MHorue u3ae:ns 31ekTponHoii TexHukH (H3T), Takue xak ¢oromab10HbI
(®1L), nevatsbie mwiats ([1T) u unterpaashsie cxemsl (MC), HecMoTpa Ha pa3zau-
ype M0 MaTepHAIAM H TEXHOIOTHH H3TOTOBJIECHHS, XapaKTEPH3YIOTCA OXHHAKOBbI-
mu 1eMeHTamMd tomnosiorud (JT), KoTopble MpeXcTaBIAOT coOo0i 0ObeANHEHHE
pa3IHYHBIX TEOMETPHYECKHX (HIYp, H C TOUKH 3DPEHHA NEIEKTOCKOMHYECKOro
KOHTPO/IS MOT'YT CHHTAThCA ILIOCKHMHU. B Go/blIMHCTBE C.IyyaeB TakMMH (urypa-
MH ABAAIOTCA TPAMOYTOILHHKH CO CTOPOHAaMH, mapaiieibHbiMH cTopoHam MDT,
kpyrH, koabua. [Ipenmerom koHtpois MIT apiserca naimume, UETOCTHOCTH H
pasmepbl DT, TOUHOCTb HX PAacHOI0KEHHS OTHOCHTEILHO JPYT Apyra W (Wiu) ot-
HOCHTEIBHO YCJI0BHOH koopanHaTHoi ceTkH. Kpome Toro, B npouecce KOHTPOIA
OnpeneAoTCA 31EMEHTHI, He ABAIOLINECA COCTABHBIMH YaCTAMH HCXOIHOTO pH-
cyHKa (-TMLHKE U oTcyTcTBYoLIHE IT).

O6vem 0OpabaTbiBaeMOi HHGOPMALMH JOTOHHTEILHO BO3PACTAET, €C.IH
HeoOX0MHMO BBLIABIATH AedekTbl doToauTorpadun, anddysnu, okcHia 0 MEKC-
JOHHOFO IHYJIEKTPHKA, TAK KaK MPU 3TOM NMPHXOAHTCA aHAAM3HPOBaTh MHOrOrpa-
HIallHOHHOE H LBeTHOE H306paxenne UC[6].

HenpepbiBHoe H3oOpaxkeHHe B 00l1eM cTydae MpeCTaBIseTCs TPEXMEPHOH

dynkuueii 1 {5].

oC
S(x.y.t)= [ Z(x,y.t,1)- £ (A)dh, (1)
0
rae Z(x,y,t,\) — pacnpene;icHHe SHePTHH HCTOYHHKA CBETOBOTO M3TyYEHHA; X, ¥
~ MPOCTPaHCTBEHHBIE KOOPAHHATBI; ¢ — Bpems; A — J1HHa BoaH; f(A) — crek-
TpalbHasi YYBCTBHUTEILHOCTh JaTHHKA.
ITpn 310M UM pOBBIE MeTOBI 0OPAOOTKH H30OpakKEeHHH pelaeT TPH OCHOB-
Hble 3amauy — y:ayyilieHHe KauecTBa H300pakeHHa 11 yAydIIeHHA €ro BOCnpHs-
THS 4eJOBEKOM, 3aMHCh H306pakeHHs ¢ Le1blo €ro XpaHeHHs H npeobpa3oBaHHe
NIPOCTpaHCTBEHHOrO W300paKeHHs B NOCICAOBATEILHOCTD YIEKTPHUECKHX CHIHa-
-10B 115 mepeAayy, HaNIpHMEP, CO CIyTHHKA Ha 3eMTi0.
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[o cux nop He cyllecTByeT OOLLENPUHATON TOYKW 3pEHWS, TAe Lenecoob-
pa3HO 3aKOHYMTb KOMMbIOTEPHYI 06paboTKy M306paXKeHNs 1 NepeiTn K BU3yaib-
HOMY aHanu3y 06paboTaHHOW KapTUHbI.

Mpn 3TOM, ynydlleHne KayecTBa M300pPaXXeHWs, NOHMMAeTCs BecbMa Cybb-
eKTUBHO. BONbLINHCTBO MCCNefoBaTenell CXOANTCA Ha TOM, YTO yay4lleHne n3o6-
paXeHWns - 3TO yBenuueHue wunn ocnabreHne KOHTpacTa, obliee ycuneHue unu
ocnabneHve n306paxeHns, a TakKke KOLMPOBaHWE uYepHO-6enbix M306paxKeHunid B
ncesgouBeTHble [3].

Vcnonb3ys MeTof MCeBAOLBETOBOIO KOLMPOBAHWA, CYLLHOCTb KOTOPOro
onucaHa B pabotax [1, 4], aBTop CTaTbu MOAY4YMN NCEBAOLBETOBOE M306paxKeHne
yyacTKa MeyaTHOW nnaTbl PUCYHOK 1, NpeAcTaBNeHHOe Ha PUCYHKE 2 N MOHTaX-
HOrO0 BWHTa NnaTbl, CMOTPW PUCYHOK 3.

CneayeT OTMETUTb, YTO MPeLCTaBNEHHbIA METOS MOXET WCMO/b30BaTHCA U
L5 KOHTPONA LUepoX0BaTOCTU MOBEPXHOCTM [7], a Tak e ANfS KOHTPONs npo-
3payHbIX 06bEKTOB [2].

Puc. 1. YyacToK neyaTHOW nnatbl

Puc. 2. VicxofHoe v NceBAoLBeTOBOE N306PAKEHNE YUaCTKa NeyaTHol nnatsl
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Puc. 3. N306paxkeHne BNHTa U NCEBAOLBETOBOE M306paXeHMe ero yyactka, yBennyernme 56x

BbiBo4: ucnonb3oBaHVWe MeTofa MNCEeBLOLBETOBOr0 KOAWPOBaHMA OMTUYe-
CKUX I/I306pa)KeHI/II7I ANA KOHTPO/A NneYvyaTHbIX NaT MOXXET MOBbICUTb Ka4eCTBO BU-
3ya/ibHOr0 KOHTPO/14 BbllWle YKa3aHHbIX VI3A€]'II/II7I.
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METOIHUKA H“OCJIEI[OBATEJ]LHOFI KOPPEKIIUHN
ACTATHYECKOH MAJIOKOJIEBATEJIbHOH CUCTEMBI
YIIPABJIEHHUS DJIEKTPOIIPHBOJIOM

Maaée H.A.
JOLEHT Kaeapbl NPHOOPOCTPOEHHS H aBTOMATH3UPOBAHHOTO IEKTPOTIPHBOAA

KasaHckoro rocyaapcTBEHHOTO SHEPreTHYUECKOTO YHUBEPCHTETA,
Poccus, r. Kazaup

Hocoouykuii O.B.

NOLEHT KaeApsl NPHOGOPOCTPOECHHS H aBTOMaTH3HPOBAHHOTO 3JIEKTPONpPHBOIA
KasaHckoro rocy1apcTBeHHOTO HEPTETHYECKOTO YHHBEPCHTETA,

KaHA. TeXH. HayK, MOLEHT,

Poccus, r. Kazaup

JIveoea T.H.

JoLEHT kadeapsl NpHOOPOCTPOEHHS H aBTOMATH3HPOBAHHOTO IEKTPONPHBOIA
KasaHckoro rocy1apcTBEeHHOTO SHEPreTHIECKOT0 YHHBEPCHTETA,

KaHJ. ¢H3.-MaT. HayK, AOLIEHT,

Poccus, r. Kasaus

Tyxaeea E.IL
1abopaHT KadeApsl NPHOOPOCTPOEHHS H aBTOMAaTH3HPOBAHHOIO JIEKTPONPHBOA

Kasanckoro rocy1apcTBEHHOTO SHEPreTHIECKOTO YHHBEPCHTETA,
Poccus, r. Kazanp

PaccMoTpen HHXeHepHBII METON CHHTe3a perynsTopa MOMOXeHHs IS acTaTHYeCKHX
3MEKTPONPHBOOB, O6ecneuHBaoIIHIi BRICOKYIO TOUHOCTb H Mailylo K0/1e0aTenbHOCTh nepexo-
HBIX mpoueccos. [lokasan nmopaaok pacyera KemaeMmoif mepeNaTouHoM QYHKUHH CHCTEMEI C
NpUMEHEHHEM TH((EePEHIHPYIOLIEr0 KOHTYpa MepBoro nopsika. [IpHBeseH npuMep CHHTE3a H
MOJIETHPOBAHHS CHCTEMEI YTIPABJIEHHS TEKTPONPHBOA C ACTATH3MOM [EPBOT0 NOPAAKA,

Krioveswie c106a: cuntes, PeEryasaTop, acTaTH3IM, TOYHOCTD, k0.1€0aTE;IbHOCT®.

B coBpeMEHHBIX MEXaHOTPOHHBIX CHCTEMAX MPHMEHAKOTCA BBICOKOTOYHBIE
cucTeMbl yrpasiieHHs snektponpusoaoB (CYJII). Ipobiaema obecrreyenus Tou-
HOCTH COMpPSHKEHA ¢ yBEIHYEHHEM KosleGaTebHOCTH NpoLecca ynpapjieHHs, YTo
HEraTHBHO CKa3bIBaeTCcs Ha dHeprocOepexxeHun. Paa meroauk [1, 2] nossonser
yMeHbIIHTE KonebatensHocTs CY DI, npubiamkas npoLecc yrnpapieHHs K anepu-
oxnyeckoMy. Tak, NIpu CHHTe3e perynaropa Ha OCHOBe TpeGOBaHMIl K AMHaMHYe-
CKOW TOYHOCTH MPHHMMAIOT MOKa3are:b KoidebatenbHoctn M = 1,1 + 1.3. [pu
HCTIO;1b30BaHHH HOMOrpamMM Co0;I0MOBHHKOB2 MHHHMAIBLHOE TIepepery;IMpoBaHHe
coctaBnser 10%. YMeHblIeHHe K0:1e6aTeqbHOCTH H MepeperyIHpOBaHus BOIMOXK-
HO MPH HMCTO/Ib30BAHHA METOJOB MOJATBHOTO YNPaBiIeHHs, KOTAA XapaKTEPUCTH-
4YeCKHil MHOrouleH 3ajaeTci B CTaHAapTHOH QopMe OGHUHOMHAILHOTO
pacnpene;1eHHs.
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IMepeuncneHHble METOBI HE MO3BOIAIOT B MOIHOH Mepe obecneuuTh nepe-
XOIHBIE TIPOLECCHE, OTM3KHE K anepHOAHYECKHM, MPH YCIOBHH COXPAaHEHHUA Tpe-
OyeMoil TouHocTH. B cTaThe npemiaraercs YCTpaHHTb 3TOT HEAOCTAaTOK NMPH CHH-
T€3¢ PEry/IATopa NoaokeHus Wyn(s) Ha s1ane GOpMHPOBaHHS KE;TaeMOli nepena-

TOYHOH QYHKUHH W, (s), KOTOpas paccUMTBIBaeTCA Hcxoas H3 TpeboBaHMi K no-
PANKY acTaTH3Ma, TMOKa3aTearo KojlebaTelbHOCTH M, a TakKe YCTAHOBHBLIMMCA
omnbkaM npH oTpaboTKe 3alaHHBIX YIJIOBBIX MapaMeTPOB ABHXKEHHA HCTIOIHH-
TE;IBHOTO Basla ICKTPONPHBOIA.

B cTathe paccMaTpHBAaeTCA CHHTE3 PETy;IATOpa MOJIOKEHHS 3IEKTPONPHBO-
Jia C acTaTH3MOM NepBoro nopsaka. s pacy€éToB NMPHHATHI CIedyIOLIHE Mapa-
METPBI:

- MaKCHMas1bHag YT;I0Bas CKOPOCTb Harpy3kH ..., = 0,992 pazn/c;

- MAKCHMAJTBHOE YT;IOBOE YCKOPEHHE HaTPY3KH € = 0,623 pan/c’;

- ourbKa no ckopocTH Adag = 15 yri1. MuH;

- om1ubKa No yCKopeHuio Aa,; = 15 yri1. MuH;

- MoKa3aTeab KojebaTeapHocTH M= 1,1,

IlepenaTouHas GyHKIHsS HEU3MEHAEMOM YACTH /18 Pa3OMKHYTOH CHCTEMBI

6,0265

0,000014s% +0,0078s2 + 5

Wa(s)=

J1o6pOTHOCTB MO CKOPOCTH

o) -
Ko =2 2me _ 509925008 -1
Aag 0,052

ba3oBasg yactora

wp = V2 fmax [ 30823 gt
0,052

Aa,

)

XKe1aeMble MOCTOSHHEIE BPEMEHH OIPEICIATCA 110 q)opmynaM
MM-1)  JLia1-1
T3)K=‘/ ( ) _ LK ) =0,038
op(M+1)  4116(1,1+1)

Top == | M1 }1’1 =0.806 c.
wg VM -1 4116\11-1

Ipu 3anaHHOM NoKasatesie kojdebaTenbHocTH M = 1,1 3HaYeHHe NPOTAKEH-
HOCTH yyacTka xei1aeMoil JIAUX ¢ Hakionom —40 nb/nex /) = 2,05 u cootset-
CTBYIOLIasA TOCTOAHHAA BpeMeHH

N =T, =0.806-2.05=165 c.

XKenaemas nepenatouHas ¢yHKUHS U9 ANMEKTPONPHBOAA C ACTATH3MOM

nepeoro nopsaka

L)

W (s)= @ (Trus+1) 2698(0.806s+1)
”‘ S(Tyes + T35 +1)  5(1,655 +1)(0,0385 +1) |
21,7465 + 26,98 (1

0.0627s3 +1,688s2 +5
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B pesynbTaTe pacueToB C NpuMeHeHUEM (opmysnbl (1) MMeeM nepefaTou-
HYI0 DYHKLMIO perynstopa nosoXxeHus

w /,4_0,0003044s54 +0.17s3 + 21.9652 + 26.98s

0.3779sj +10.17s2 + 6,027s
0TKyfa BWAHO, 4TO MOPAAOK YMNCAUTENA mepefaTouHON yHKUMM Fpn(s) 6onblue
-
nopsiaka 3HameHaTens, YTo rOBOPUT O HEBO3MOXHOCTU (hU3MYECKOW peann3auum
nofo6Hol cTpyKTypbl. Mepexogum K noctpoeHuto JTA4X perynsaropa nosioXKeHus
C nocnegyoLleil eé annpokcumaLmeid NATbI0 aCUMNTOTaMU C LieSibio YNPOLLEHNS

nepeaaToyHOl yHKLMN.
JIA4X perynatopa nonoXeHus npejcrasfieHa Ha puc. 1.

Puc. 1. JIA4X perynsitopa nonoxeHus

C yyeTom MoMYYeHHbIX 3HayYeHwni nepegatoyHas (MYHKLMA
CMHTE3VPOBAHHOI0 PerynaTopa NonoXeHWUs NpUHUMaET BUL:

w N kyn(T2s + 1)(T3s +1) ~ 4.467(0,072s +1)(0,0018s +1)
pn 5 Ts+0)(7T4s+1) ~ (1,51s+ 1X0,0001s+ 1)

Pe3ynbTaTbl MOAENNPOBAHMA MOKa3anu, YTO CTyrneH4YaToe BO3feiicTBue OT-
pabaTtbiBaeTcs 6e3 OWIMOKM 3a NPUMEPHO 3a 6 ¢, C nepeperynuposaHneM 52%, 4to
rOBOPMUT O 3HAYNTENbHOW KOebaTeNbHOCTU CUCTEMDI.

Owwnbka no ckopoctu [Jan coctaBnsieT MeHee 15 yTn. MWH, YTO COOTBET-
cTByeT Tpebyemoil TOYHOCTU. [NA YMeHblUeHNA KonebaTesbHOCTW NepPexofHOro
npouecca B COOTBETCTBMM MPeS/I0KEHHOW MeTOAMKOM paccyuTbiBaeM MapameTpbl
anddepeHumpytowero KoHTypa. Ctpoum xenaemble JTUX. YacToTa cpesa xenae-

moii JIA4X cocTaBnsieT coic = 12¢’1. Toraa NOCTOSHHbIE BPEMEHN

7pK=— =—=0,0833 ¢; T=0,001 c
o 12
1 nepefatoyHas PyHKLUMSA AndhepeHLUpyOLWero KoHTypa
15+ 1 0.0015+1
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HaxofuM HOBYIO Yenaemyro nepefaTouHyO (hyHKLNIO

A5 +1 X0 (745 +10)
_ *) — _ “
re(s) =WNe(sSWX (") =- a1 s(Tis + 1x735 + 1)

0,08335+1 21,7465 + 26,98 1,8266645 + 24,012325 + 26.98

0,0015 + 1 0.062753 + 1,68852 +5 0.000062754 + 0.06438853 +1.68952 +5

Onpegensem JIAUX peryndatopa MNOMOXEHUS C Y4YeTOM TepesaToyvHoin
(hYHKL MUK Annpokcumupyem nosyyeHHyto JTAYX natbio acumnrotamut u

BblUMC/ISEM MapameTpbl nepefaTouHON PYHKLMKN perynsatopa nonoxeHns wn(s).
4 *pn(725+1)(7's5+1)  4,467(5 + 1)(0,01545 + 1)
ITpn °) (¢ + IXIM45+1) B (1,985 + 1)(0,0015 + 1)
PesynbTaTbl NOBTOPHOIO MOLENMPOBAHWS NpeSCcTaBeHbl Ha puc. 2.
a3(t), a(t), pan

3ajaloLLem Bo3aeiicTBum

OyeBMAHO, 4TO (*)aKTVI'-IeCKOG 3HaYeHMe OLIMOKN He M3MEHWIOCb U COCTaB-
naeT

A«lpakt = 0,003 -57-60 = 10,3 yrn. MuH < A«q = 15 yrn. MmuH
Takum 06pa3oM, 3MeKTPONPUBOA C Perynatopom nonoxernms fvpn(s)

(DYHKUMOHMPYET ¢ TpeGyemMbiM 3HaueHUEM YCTaHOBMBLUENCS OLIMGKM W 3HAUU-
TENbHO MeHbLUEel KonebaTeNbHOCTbI0 NMEPEXOAHOI0 NpoLecca.

Cnucok nuTepaTtypbl
1. bBecekepckuii B.A., Monos E.M. Teopusi cucteM aBTOMATMYeCKOro ynpasfieHus /
B.A. Becekepckuii, E.M. Monos. - W3g. 4-e, nepepab. n gon. - CM6, N3g-Bo «Mpodeccusi»,
2004.
2. Teopus aBTOMaTu4yeckoro perynuposaHus // Topg pes. ConopgoBHukoBa B.B. -
M.: MawwunHocTpoeHue, 1967.
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KOMINBIOTEPHOE MOJEJIHPOBAHUE CLUEHAPHEB OCBELIEHUS

Meswcenun A.B.

JoueHT Kadeaps! koMnbloTepHOi rpadukn YHusepcutera UM TMO,
KaH/. TeXH. HayK, JOLEHT,

Poccus, r. Canxt-IletepGypr

Cepzeesa 10.H.
acnupaHT Kadeaps! KoMNbIoTepHO#H rpadukn YHusepcutera UTMO,
Poccus, r. Cankr-IletepOypr

PaccMaTpHBalOTCH BOMPOCH! KOMIIBIOTEPHOTO MOE.THPOBAHHS CLIEHAPHEB OCBEHICHHA
MpOeKTHpYeMBIX HHTepbepoB. JlaeTca kpaTkuii 0630p MporpaMMHOro oGecnedeHus, HCnoab3ye-
MOTO [PH NPOEKTHPOBAHIH OCBELIEHH. B paMKax MpoBOAHMBIX HCC:IeAoBaHHii pa3pabateiBaeT-
¢ METOAHKA Toy4YeHH (OTOMETPHYECKHX MapaMeTpoB CBETOBBIX NPHOOPOB H OLIEHKA YPOB-
Heli OCBEIIEHHOCTH MOJEIHPYEMBIX CLEH.

Kiioueeble c106a: CBETOTEXHIUECKOE MOAETHpPOBaHHe, I100anbHOE OCBELIEHHE, aIro-
puts Radiosity, IES dopmar.

CucteMbl "yMHBIH 10M" noapasymeBaioT obecneyeHHe KoMGOpTHOro mpo-
KHBaHUA. BaKHeElHM 7]1eMEHTOM TaKHX CHCTEM sABIfeTcst ocBemeHue. [Jlas
yao0cTBa ynpaB:leHHs OocBellleHHeM pa3pabaTbiBaioTCs MpelyCTaHOBIEHHbIE CLe-
HapuH. X HCno:;ib30BaHHe MO3BOJSET YCTaHABIMBaTh KOM(OPTHOE OCBEIEHHE,
KaK BO BCEM JIOME, TaKk U B KOHKPeTHBIX 30Hax. CueHapuu pa3pabarbiBaroTcs A
KOHKPETHBIX COOBITHIA: IPOCMOTp Te:leBH30pa, NMpHeM rocTeil u T.4. [Ipy noMomwu
CBETa MOXHO PELLATh MHOTHE MPaKTHYECKHE H ICTeTHYECKHE 3a1a4H 0QOpMIEHHS
HHTepbepa. YIpaBiieHHe OCBelleHHeM TaKkKe SABIACTCA YHHBEPCAILHBIM Cpen-
CTBOM 30HHpOBaHMs. Ha cTaauu npoeKTHPOBaHHUA CHCTEM OCBEILEHHS J0CTATOYHO
CJIOKHO OUEHHUTh KOHEYHBIH pe3y:IbTaT. B 3TOM cyuae, 4aiie BCero NpHXOIHTCA
No:1araThCs Ha OMBIT MPOEKTHPOBLIHKA. McnpaB:ieHHe omMOOK MOC;1e peaiu3auuH
npoekTa 0OXOAUTCA OUEHb JOPOTO, a OOl MPOCTO HEBO3MOXKHO. Hcnob3oBaHne
CBETOTEXHHYECKOTO KOMIBIOTEPHOTO MOJEHPOBAHHA MO3BOIAET, B ONpeleIeH-
HO#i cTeneHu, peuats 3T npob:iemMsl [1, 3]. B pe3y:bTare, ellle Ha cTaJHH pa3spa-
GOTKH, 3aKa34MK MOXKET NOTYyYHTh CEPHIO H300paXKeHHH MPOEKTHPYEMOTO HHTEPSH-
epa. MO3BOIAOIHX NPEJBAPHTEILHO OLEHUTD NpeasiaraeMble CBETOBBIE PELIEHHUS.
s 32784 CBETOTEXHHYECKOO MOJETHPOBaHUA H PacyeTOB OCBELIEHHOCTH HC-
NO;Ib3YIOTCA pad;IMuHble MPOTPaMMHBIE pellleHUs — YHHBepcaibHble Makersl 3D
Moze;TMpoBanua ;6o creunainsupoBanHeie [3]. Tlporpammusiii npoxykt Auto-
desk Revit n;11 apXHTEKTypHOTO MPOEKTHPOBAHHUS MO3BOJIAET BBIMOIHATL pacueTh
OCBELIEHHOCTH H BU3yaJbHO OLEHHBATh KOJIMYECTBO cBeTa (puc. 1). B nakerte 3ds
Max 1.1% OLEHKH YPOBHS OCBELIEHHOCTH MOJEIHPYEMBIX CLEH HCMOIIb3YyeTcs all-
roput™ Radiosity. Ha puc.1 npeacras:ieHsl pe3y:;1bTaTsl BU3yaTH3aLHUsS CLEHBI, M0~
aydeHHsle cpeactsamu Pseudo Color Exposure Control.
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i W. i. muuiiu w.g9iuoiiiuvin f nporpammax Autodesk Revit n 3ds Max

[na npodeccrnoHanbHOro NPOeKTUPOBaHWUSA OCBELLEHMA pa3paboTaHbl Mpo-
rpammbl Relux n DIALux (puc. 2). Mporpammbl UCNONbL3YHOTCA A4N18 pacyeTa u Bu-
3yann3aunm BHYTPEHHETO W HAapY>XHOrO0 OCBELLEHWA U CNOCOBHbI paboTaTb Mpak-
TWUYECKN CO BCEMU LUMPOKO W3BECTHLIMW MPOU3BOAUTENSAMMW OCBELLEHUA C MOMO-
b0 YCTaHAB/IMBAEMbIX MIarMHOB.

[na nepefayuv (hOTOMETPUYECKMX [AHHBIX CBETOBbLIX MPUBOPOB MeXAy pas-
HbIMU KOMMbIOTEPHLIMU MPOrpaMmamMmn UCnonb3yeTcs cneunansHblii gopmat IES,
pa3paboTaHHbIii CBeToTexHMYeckuM ObuiectBom CeBepHoit Amepuky (Illuminat-
ing Engineering Society of North America, IESNA) [4]. ®aiin IES npegctasnset
co60l1 TEKCTOBbIA (haiifi, ONUCbIBAIOWNIA MHTEHCUBHOCTb MCTOYHMKA CBETa B TOY-
Kax cepuueckoli ceTku. Mcnonb3oBaHue gaHHbiX IES thalinoB no3sonset nony-
unTb 60Nee PeanNCTUYHbIV BU3yasbHbIN 3deKT. STOT hopmart NoAgepX unBaeTcs
60NbWNHCTBOM NPOrpaMM, B KOTOPbIX UMEOTCH CpefCcTBa MOLENNPOBAHWS OCBe-
weHna. OBbIYHO MPOU3BOAMTENN NpefocTaBnAloT (ainbl IES, ogHako He Bcerga
OHW [OCTYMHbI ¥ BO3HMKaeT npobiema (HOpMMPOBaHUA Takux (aiinos. B pamkax
npoBoAMMOii paboTbl paspabaTbiBaeTcad METOAMKA MONYYEHNSA TaKnX (ainnos.

Puc. 2. AHanus ocBelyeHHocTM B nporpammax Relux n DIALux

Heo6x0a4MM0O OTMETUTb, YTO MOJENNPOBaHWE AaeT He COBCEM TOYHble pe-
3ynbTaTbl. [lOCTOBEPHbIE pe3y/bTaTbl BO3MOXHbI TONLKO MpW KCNOb30BaHUK o-
TOMETPUYECKNX WCTOYHUKOB CBeTa W TaK Ha3blBaeMbIX (IM3NYECKN KOPPEKTHbIX
Penpepepos Physicallybasedrendering (PBR) [3]. /3mepeHns ¢ nomoulb ¢oTo-
MEeTpMYecKMx NpubopoB M nocnegyrowias KannmbpoBKa MO3BOAAT MOBLICUTbL TOY-
HOCTb NO/yYaeMblX AaHHbIX. [poBOAMMbIe PaboTbl HanpaB/eHbl HA UCCNef0BaHNSA
8310 06nacTN 1 NoNyYeHne NPaKTUYECKUX Pe3ybTaToB.
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OPTAHM3ALIUSA CEJBCKOI'O CTPOUTEJIBCTBA INOJTHOTI'O HHKJIA
C HCITOJIb30BAHHEM MOJH®PHULUHUPOBAHHOI'O MEHOBETOHA

Mecmnuxos A.E.

npodeccop kadenps! ctpoiimatepuaioB Cesepo-Boctounoro denepaisHOro yHH-
BepcuTeTa M. M.K. AMMoOcoBa, 1-p TexH. Hayk, npodeccop,

Poccus, r. SIkyTck

B cTaThe paccMaTPHBAIOTCS OCHOBBI OPFaHH3alHH CENIBCKOTO CTPOHTEILCTBA OT BHINTYCKa
NPOIYKIIHH O ONMBITHOFO J0Ma € HCMOTb30BaHHEM MAJIOIHEPTOEMKOIl TEXHOIOTHH H MECTHOTO
CBIpBA A1 TPYAHOMAOCTYMHBIX paifoHoB CeBepa. B npoH3BOACTBE CTPOMTEIBHBIX MaTepHaToB
HCMO:Tb3YETCA MOAHPHIHPOBAHHLIIT MEHOGETOH HEABTOKNIABHOTO TBEPAEHHA TEMIOH30IAUHOH-
HOTO H KOHCTPYKUHOHHO-TEILTOH30.TALHOHHOTO Ha3HaueHHs. 18 CTpOHTeTbCTBa MaTOITAKHBIX
31aHHIi Ha BEYHOMEPLIBIX TPYHTAX NPEATONKEHBI anmpoOHPOBaHHLIE W 3aMaTEHTOBAHHbBIE KOH-
CTPYKLHH TEM.TOH30.THPOBAHHBIX JIEHTOYHBIX H CBaifHBIX (YHAAMEHTOB M3 XKe1e300eToHa.

Kioueswie ciosa: MOZIH(I)HIIHPOBGHHbm neHo0eTOH HEeaBTOKIIaBHOTO TBEpJACHHA, Majl0-
ITAKHOE CTPOHUTEILCTBO, CTCHOBLIC KOHCTPYKIHH, Q)ymameﬂ'rbl Ha BEYHOMEP3IAbIX TPYHTAX.

B ceisckoM CTpOHTEIBCTBE SIKYTHH HEOCTIOPHMOE MPEHMYLIECTBO HMEIOT
JoMa M3 LebHOH ApeBecHHBI (Opyca, sadera, oTecaHHoii apeecuHsl). Ha cero-
AHA 3aCTPOMILHKH -1 3KOHOMHH TOILTHBA B J€PEBAHHBIX JOMaX YCTpaHBaloT J0-
TMO;THHTEILHYIO TEMSIOH30ALNI0 JOCTYTIHBIMH criocobaMH, Yaie Bcero, MHHepa-
10BaTHBIMH TTHTaMH. OOLIMBKY HApYKHBIX CTeH OGBIYHO YCTPaHBAKOT JOCKaMH.
HO B MOC/I€HEE BPEMS B MOy BOILLTa OOLIHBKA W3 METALIHYECKUX Tpoduiei, Kak
TOBOPHTCH, «JELICBO U CEPAMTO», MPH KOTOPOM TEPAETCS CMOCOGHOCTE ApeBecH-
Hbl «BILIATE», HEPEAKO HAO:II0JACTCH CHIPOCTH B CTEHOBBIX KOHCTPYKLHMAX H
BC.ICACTBHE 3TOTO MosBieHHe rpHOKkoB. Ho caMbIM BaKHBIM MOMEHTOM B obecrie-
4eHHH JO;ITOBEYHOCTH YacTHOTO JOMa AB.IAETCA BHIOOP H IPaMOTHOE HCIO:1b30Ba-
HHeE BHAA QyHIaMeHTa H MOArOTOBKH OCHOBaHHA. Kak Npasui0, nepeBaHHbIE A0Ma
CTPOATCA Ha JEPEBAHHBIX JIEKKAX M OKIAJHBIX BeHIax 0e3 COOTBETCTBYKOMIEH
NOArOTOBKH OCHOBaHHA, o0ecreynBatolleil 3alHTY OT ChIPOCTH, FPYHTOBBIX H
JOXKIEBBIX BOJ. YTO BEAET K MPEKAEBPEMEHHOMY 3arHHBaHHIO OKJIaJHBIX BEHIOB
H3 IPEBECHHBI.

Hpyroii pasHOBHIHOCTBIO AEPEBAHHOTO AOMOCTPOEHHS ABIAKOTCA AEPEBAH-
HO-KapKacCHble I0Ma ¢ HCMO;1b30BaHHEM Y(DEKTHBHOMN TEIIOH30ALMH H3 MHHEPa-
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JIOBATHBIX ILTHT H MEHOILIACTOB ([EHOMOTUCTHPO:, (PeHO IbHBIE H MO;THYPETAHOBLIE
MEHOIN.TaCThl H Ip.), KOTOPhIE B COBETCKOE BpeMA Hanbo:Ibillee PacnpoOCTPaHEHHE
NOJIYYHIM B CEBEPHBIX TPYAHOMOCTYNHBIX paiiOHaX I CTPOHMTEILCTBA BAaXTOBbIX
noce1KoB HePTAHHKOB M Ta30BHKOB Mo Bcel Tepputopuu Poccun. Hapany ¢ u3-
BECTHBIMH MPEHMYILECTBAMH TaKHe CTeHOBble KOHCTPYKLMH 00:1a4al0T H HEAOCTaT-
Kkamu: 1) noBblLIEHHas MOXKapHasA ONAcHOCTb NMPH HCMO;Ib3OBAHWH MEHOILIAaCTOB,
0COOCHHO MEHOMO:IMCTHPO:1A; 2) HEAOCTATOYHAA AOTOBEYHOCTh TEMIIOH30IALUMH
TpH HCNOIb30BAHHH HH3KHUX ILIOTHOCTEH MHHEPAIOBATHBIX ILIHT; 3) BBICOKas CTO-
HMOCTb Ka4eCTBEHHBIX MHHEPAIOBATHBIX ILTUT € ILIOTHOCThIO 120-200 Kr/M’.

Ha ceroaHs noTeHUHaIbHO TPEOOBAHUAM TEXHHKO-IKOHOMHYECKOH (P dek-
THBHOCTH B MaJIO3TaXXHOM (MHAHBHAYa;1bHOM) CTPOHUTEILCTBE OTBEYAIOT H3ICIHA
M3 HEaBTOKIABHOTO AYeHCTOro GeTOHa, B YacTHOCTH, NMEHOOeToHa. PesyibTaThl
Hay4HbIX MCCICAOBAHHI H MPAaKTHYECKHi OMBIT MPHMEHEHHA B CTPOMTE/ILCTBE B
pa3sHbIX perHoHax PoccHu u OBIBLIMX COIO3HBIX pecry6;IHKaX CBHAECTEIBCTBYIOT O
TOM, YTO HEaBTOK;IaBHBIH NMeHoGeToH — Haubo:iee OOCTYNMHBIA H 3()(peKTHBHBIA
MaTEPHAT LT Maj03TaXHOro (MHAMBHAYATbHOTO) CTPOHTETbCTBA. MOGHILHOCTD
M HEBBICOKas CTOMMOCTb OTEYECTBEHHOTO TEXHOJIOTHYecKoro o6opylaoBaHHd,
HATHMYHE BBICOKOKAYECTBEHHBIX MeHooOpaszoBaTeeil MO3BONAIOT OCYLIECTBIATH
NPOU3BOACTBO MEHOOETOHOB H CTPOHMTEILCTBO JAOMOB Ha MX OCHOBE HaXe He-
60/1bIIMM XO3AWCTBEHHBIM CTPYKTYPaM MpPH CPaBHHTEILHO MaIbIX KaMHTaIbHBIX
BroxeHusax [1].

B ycioBuax Slkytun neHoOeToHHBie 6.TOKH MEPHOAHYECKH BBIMYCKAKOTCA
HECKO;IbKHMH MTBIMH MPEANPHATHAMH, B OCHOBHOM, B MPOMBILLIEHHBIX LEHTPaX,
kak 1T. SIkytck u Hiop6a, noc. Himxuuii bectax u ap. Kak npasuio, npoussoaure-
JIH He OTBEYAI0T 32 KAueCTBO BLINYCKaeMOH NMPOIYKLHH, a Takxke 1519 obecnedeHHs
TpefyeMbIX MPOYHOCTHBIX XapaKkTepUCTHK OHH H3TOTaBIHBaIOT O10KH BBICOKOMH
ICI0THOCTH, TIopaaka 900-1000 kr/M°, 4To He NO:Ib3YETCA YCNEXoM Y nmoTpebHTe s,
OrpaHHyeHHOe NpHMEHEHUE UMEET MOHOIMTHLIA NeHOOETOH, MPOU3BOACTBO KO-
TOPOTO HE KOHTPOJIMpPYETCS M3TOTOBHTEIAMH, YTO MPHBOAMT K OpakaM npH
YCTPOIHCTBE TEIUIOM3OMALMOHHOTO €108 B JepPeBAHHO-KAapKacHBIX 3aaHuAx. He
CeKpeT, YTO MHOIAA 3aKYTLICHHOE TEeXHOsI0THYeckoe 000pyaoBaHHE MPOCTaHBAET
WM CO BPEMEHEM MPHXOAUT B HETOJHOCTb W3-3a HEHATEXKalLlero KOHTPO;s NpH
MNpPOH3BOACTBE M OTCYTCTBHA TPAMOTHBIX CIELHAIHCTOB, T.€. BMECTO Pa3BHTHA
6u3Heca no.yyaeTca, Kak BCeraa «AeHbTH Ha BETepy.

Cotpyauukun HMHXeHepHO-TEXHHYECKOTO HHCTHTYTa HMEIOT NPaKTHYECKH
20-neTHuii onbiT paboTel ¢ neHobeToHoM. Hamu BniepBhie B YC:IOBHAX SIKYTHH B
1995-1999 rr. 66111 NpoBeAEHBI IKCEPHMEHTA IbHBIE pabOThI 110 YCTPOHCTBY MO-
HOJIUTHOI TeMIoM30:1ALMH U3 neHoGeToHa Mapkn D400 B pase o6bekToB.

OcHoBy HHTELIEKTYa1bHOH CcOBCTBEHHOCTH HALIHX Hay4yHO-
HHHOBALMOHHBIX pa3pa0dOTOK MPEeACTABISIOT HOBble KOMMO3HUHH NMEHOOETOHHBIX
CMECeif. HOBbIC TEXHMYECKHE H TEXHOIOTHYECKHE PEeIUCHHA B H3ACIHAX H KOH-
CTPYKUMAX CTEHOBBIX OrpaxkAeHHil U (yHIaMEHTOB &4 CypoBblx yc:1oBHil Cese-
pa, kotopeie 3aummennt 12 mateHtamu P® [2]. Ha ceroaHs HamM ycoBepuIEH-
CTBOBAaHL! M BHEAPEHBI CIeIYIOILHE TEXHOIOTHH MPOM3BOACTBA W NMPHMEHEHHS
MoaudHuMpoBaHHOro neHoGeToHa B YCI0BHAX SIKYTHH:
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1) moHo:mTHBIH NeHoGeToH Mapkn D300 (matent P® Ne 2361985) B cTpou-
TesseTBe (mareHT PO Ne 119769) 5-31akHOr0 MOHOIMTHO-KapKacHOTo 34aHHA Mo-
J10JIe)KHOTO 001Ie)KHTHA 1O Yi1. JKOpHHLIKOrO M pAaa KoTTekeil B I. SIKyTcke, aepe-
BAHHO-KapKaCHBIX HHAMBHIYaIBHBIX TOMOB B cesle Annanbl Hamckoro paiioHa;

2) 3-xcooiinbie neHobeToHHbIe 6;10kH «KomnozuT» (natent PO Ne 108774)
¢ TepPMOBK:1afIbILIEM W3 MEHOMOIHCTHPOIA, M3 KOTOPBIX MOCTPOEHBI PAA KOTTe-
JoKeH W rapaxeii B 1. SIKyTCKe, MoKa3aBIlHe BHICOKYIO IKCILTyaTaUHOHHYIO 3bdek-
THBHOCTh MOAUGDHLHMPOBaHHOTO ICHOGETOHA;

3) TenI0M30:IMPOBaHHBII JICHTOUHBIH /6 ¢yHmameHT ¢ 3ddekToM «Ten-
Joro no:1a» (mateHT P@ No 137036) npoiue:1 npakTHyecKyro anpobanuio H no;y-
YHIT MOJOKHUTETBHBIE OT3bIBB B CTPOUTEILCTBE 2-X3TAXHOr0 OpycoBoro aoMa 8x8
M (2002 r.), psna nepeBsHHO-KapKkacHbIX 1oMoB 7,5%7,5 m B c. Annadsl Hamckoro
(2011-2014 rr.);

4) Terou3oAMPOBaHHBIA CTOIOUATO-IEHTOUHBIH K/0 (yHAAMEHT ¢ HHX-
HHUM yurHpeHueM (nateHT P® Ne 148793) s kaMeHHOro Maj03TaXXHOTO CTPOH-
TeJIbCTBA B HAcTOAILEE BpEMS MPOXOAHUT NPaKTHYECKYIO anpobaiHio.

Ha Ham B3risa, peHTaOeslbHBIM i1 MalOHace:1eHHbIX MOCEeTeHHH MOTryT
OBITH CE30HHBIE Malbl€ MPOH3BOIACTBA BBICOKOMOPHCTHIX (BO3AYILIHBIE Mopbl 60-
80%) HeaBTOK:1aBHBIX MEHOGETOHHBIX MAaTEPHAIOB H H3EIMH C HCTIOIL30BAaHHEM
JOCTYMHOTO PEeYHOro Mecka. ueMeHTa U Hebo:butoro kostnuectna (0,6-3%) noba-
BOYHBIX MaTEPHAIIOB ¢ YUETOM NOTPeOHOCTH H BO3MOKHOCTH CEIbCKUX JKHTEei.

OcHoBHEIe 3Tanbl paboThl MO CO3AaHHIO CEIBCKOTO CTPOHTENILCTBA MOTHOFO
LIMK:1a 3aKTIOYAIOTCA B ClIeAYIOIEeM:

1) Beibop u cor;tacoBanme pa3MellieHHs POH3BOACTBA, ChIPbA H HCXOTHBIX
KOMIIOHEHTOB, BHJa H 00beMa BbINYCKaeMO#i MPOAYKUHH, HCTOYHHKOB (PHHAHCH-
poBaHHs, TDO NpoH3BOACTBA H ONBITHOTO CTPOUTEILCTBA;

2) O160p npo6 H Hcc:Iea0BaHHE HCXOTHOTO ChIPbS H KOMIOHEHTOB, BEIOOD,
COIIacOBaHHeE, MOCTAaBKa, MYCK H Haalka TEXHOJIOTHYecKoro o6opyaoBaHus, Bbl-
NycK ONMbITHOH MAPTHH MPOAYKUMH 06BeMoM 50 M>, IOCTATOUHOI AT CTPOHTE:1b-
CTBa OJIHOTO 2-X3TaXKHOTO JIOMa ¢ OTATLTMBAEMOl MIOIANbI0 He MeHee 100 M7

3) O6yuenue pabouero rnepcoHaia H CTAXHPOBKA MOIOIbIX CNIELHATTHCTOB B
yuebHO-TIpoH3BOACTBEHHOI 6aze CBOY;

4) Pa3paloTka, cor;iacoBaHie H YTBep:KACHHE NPOEKTHO-CMETHOH JOKyMeH-
TAlUHH ONBITHOIO CTPOMTEILCTBA HHAHBHAYAILHOTO AOMA, YCTPOICTBO TEILIOH30-
JIMPOBAaHHOTO CTO:169aTO--TEHTOYHOro */6 ¢yHaamMeHTa moa 2-X3TaXKHBIH IOM
pa3mepamu 8§x8 m;

5) Hay4Ho-TexHH4ecKkoe COMPOBOXIEHHE OPraHW3allHH CEpUIHOTO MPOU3-
BOJACTBA M OMNBITHOTO CTPOHMTEIbCTBA HHAMBHAYAJIBHOIO AOMa, MEpefaya «HOY-
xay» 3aka3yHKy Ha OoCHOBe JIHMLEH3HOHHOrO coriallieHHs ¢ perucrpauueii dexe-
PaIbHOTO HHCTHTYTA NPOMBILLIEHHOH COOCTBEHHOCTH (2 naTeHTa).

CHHCOK .THTepaTypbl
1. Oruet o koudepenunu «Ilenobeton-2014» / Oduunaissiii caitt komnanuu «COBBH
['PYIII1», pybpuka «HoBoctiy», CI16. URL:http:/sovbistroy.ru (n1ata o6pattenus: 21.06.2015).
2. MectHikoB, A.E. TleHoGeToH B M3neauax H KoHcTpykunsx / A.E. MecTHukoB. —
SAxyrck: Hinareasckuit Jom CBOY, 2013. - 138 ¢.
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AHANN3 AKYCTUYECKUX CUTHAJTOB OB BEKTOB,
N3AAKWUX AKYCTUUYECKUIA LWIYM
C NCIMOJIbBOBAHMNEM OBEPA30B CIMEKTPOB

MoxceH Ll amcaH Axmen icmaun

acnupaHT KOro-3anagHoro rocyapcTBeHHOro0 YHUBepCUTETa,
Poccus, r. Kypck

PaccmatpuBaeTcs BO3MOXHOCTb aHanin3a akyCTUYeCKUX CUTHaN0B 06BEKTOB, M3[aloLLmxX
aKyCTVI‘-IeCKI/Iﬁ wym, C UCNoNb3oBaHUEM 06pa303 CNeKTpoB, UMerLWnX ogunHaKoBble YPOBHU.

Kniouesble cnoBa: akyCTUUECKUi LyM, 06pa3sbl CNeKTPOB, ABOUYHbIE KOAbI.

[na aHann3a cocTosHWI 06BLEKTOB MO M34aBaeMOMY UMW aKyCTUYECKOMY
WyMy B OCHOBHOM MPMMEHSNCA CNeKTpaNbHbll aHanu3. [ocTaBneHa 3agava, U3
6€ecUnCNeHHOro Ynca CNeKTPoB annapaTHO BblAeNnTb MX 06pasbl CMEKTPOB, Mpu
3TOM y4MTbIBaTb BCE BapuMaHTbl 06pa30B CMEKTPOB W AN C/yyaeB, KOrfa WHTEH-
CMBHbIe CNeKTpasibHble COCTaBNSAOLME N0 BENUYMHE COBNafaloT. B TakoMm cryyae
KONNYECTBO BCeX 06pa30B CMEKTPOB cocTaBuT 44= 256. B 1abn. 1 na 4-X UHTEH-
CUBHbIX COCTaBAAOLWMX NPUBEAEHO KOAMPOBaHUE 06pa3oB CNeKTPOB C MCMO/b30-
BaHMEM KBagpaTHbIX MaTpuu. B Tabn. 1 npueefeHsbl 24 obpasa cnekTpa, No WeCTb
HayanbHbIX M3 YeTbIpéx CTON6LOB. [N KOAMPOBaHWA TakMx 06pa3oB CMEKTPOB
NPUMEHeHbI KBagpaTHble MaTpuubl Tabn. 1. [lBOM4YHbIe KOAbl B KBagpaTHbIX MaT-
puuax MepeBOAAT B ABOWYHbIA NMHEAHBIA KO4 W B AECATUYHbIE KOAbl, MPX 3TOM
MMafLLUniA pa3pag LBOMYHOMO Koja cnpaBa. HavMeHbLee AecATUUYHOE YMC0 PaBHO
15, 3T0 COOTBETCTBYET 06pa3y CNeKTpa, rae no Bcem cTtonbuam o6pa3oB CNeKTPOB
«eAUHWLBI» HA NepBOM ypoBHe. Hambonbliee gecATnyHoe yncno 61440, korga no

BCeM CTONOLaM 06pa30oB CNEKTPOB «eANHNULbI» HA YeTBEPTOM YpPOBHe.
Ta6bnuua 1

O6pa3sbl CNeKTPOB MMEKL X 0ANHAKOBbIE YPOBHU U UX ABOUYHbIE aHaNormn

)
10000100000000
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NHT.)—] - 1
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MpuBenéHHble 06pasbl CrMekTpoB B Tabnuue 1 COOTBETCTBYHOT o06pasam
CMEKTPOB C YETbIPbMA YPOBHAMU. TMpy aHaim3e akycTMYecKoro Lyma Ucnosb3y-
eTca BocbMupaspsagHbii ALIM. Ha Bbixoge ALIM dopmupyeTcs nocnefoBatesb-
H°CTb C/lyYaiiHbIX BOCbMWPAa3PA4HbIX 6aiiT ABOMYHBIX C/IOB, KOTOPbIE MOXHO Me-
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peBecTn B nocnenoBate/lbHOCTb 06pa3OB CNEeKTPOB ansa BapunaHTa
4<=2 >M23% ¢ yenonbsosanmem anroputma (1).
/,=(a,+0,)+1, npuno, =0
(8, +a,)+2. npuo, =1
I, = (a, +a4)+1, npusa, =0
(83+a4)+2, npu A4=1
/,=(A5+96)+1, npua6=o, (1)
(a,+96)+2, npu s6=1
A= (9;+4a8)+1, npuar=0

(nri+ag)y+2, NpU A, =1

[ins 06pa3oB CMEKTPOB UMEIOLLMX Pa3Hble YPOBHW PaHXMPYEM WX YNCIOBbIE
3HaueHus 1 nx 06pasbl CrekTpoB (Tabn. 2). Takoe ynopsgounBaHue KOLOB W UX
UMCMOBBLIX 3HAYeHUIA NMO3BONNT MPUMEHSTL MPOMNOPLMOHALHBIA KOf ANS BblUKC-

NIEHNA CpeaHero Koga.
Tabnuua 2

PaHxupyemble gecATUYHbIEe Yncna, 06pasbl CNEKTPOB U UX JBONYHbIE KOAbI
13 npocTpaHcTBa 4!

27 ->1234 -> 000000, 75->2134->100000, 135->3124->110000, 198->4123->111000,
30->1243->000001, 78->2143->100001, 141->3142->101001, 201->4132-> 111001,
39->1324->000100, 99->2314->010100, 147->3214->110100, 210->4213-+111100,
45->1342->000011, 108->2341->001011, 156->3241->101011, 216->4231->111011,
54 —1423 —000110, 114->2413->010110, 177->3412->011110, 22574312->111110,
57->1432->000111, 120—2431 —001111, 180->3421 ->011111, 228->4321->111111.

[Ona aHanu3a akyCTMYECKOro Lyma nyefivHbIX CEME MOXHO NPUMEHUTDb

06pasbl CreKTpoB M3 npocTpaHcTea (Tabn. 3)
Tabnuua 3

O6pasbl CNEKTPOB AN Pa3NNUHbIX pa3mepHoOCTei
44=(2")4=2s, 88=(2)8=224, 16'6=(24)16=264 32 = (25 =21
64«4 = (26)64= 23, 1281®= (27)'* =

Mpy NpakTUYecKoi peannsalnm aKkyCTUUECKUA WyM pPerncTpupyeTca MukK-
podoHOM, 3aTem ycunusaetcs, GunbTpyetcd 4-ma, 8-Mu, U T.L. KPaTHbIM [BYM
KO/IMYECTBY Y3KOMOMOCHbLIX YacTOTHLIX (PUALTPOB. OTHUILTPOBAHHbLIE CUTHASbI
LeTeKTUPYIOTCA, BeMYMHBI KOTOPbIX OLUMKPOBLIBAIOTCA C NMpumeHeHnem ALIM.
[na 4yeTblpéx Y3KOMONOCHbIX YaCTOTHbIX (M/IbTPOB KOMMYeCTBO 06pa3oB crnek-
TPOB cOCTaBUT 44 =256, /19 BOCbMU Y3KOMOIOCHBLIX YaCTOTHbIX PUALTPOB COCTa-
BMT 8806pa30B CreKTPoB.

Takum 06pa3om, MCMNONb30BaHME BCEX BapuaHTOB 06pa30B CMEKTPOB Mpu
aHann3e aKyCTMYecKOoro Lwyma 06beKkTOB, M3AaloLWMX aKyCTUYECKWUIA LWyM Cylie-
CTBEHHO MOBbILLAET WH(OPMATUBHOCTb KOLOBOIO COOGLLEHMS, 4TO MO3BONSAET
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pacllIHpHTh HH(bOpMal.lHOHHbIC BO3MOXHOCTH CHCTEM JHAarHOCTHpPOBaAHHA. IloBbI-
WIal0TCA pa3peiaruie BOIMOKHOCTH H JOCTOBEPHOCTh AHArHOCTHPOBAHHA.

CnHcok aHTepaTypbi
1. Pribouknn A.@., 3axapos H.C. CHcTeMHBIH aHATH3 aKYCTHYECKHX CHTHAIOB C HC-
No:1b30BaHHEM ko10BbIx coobenHit / KI'Y . Kypck, 2009. — 400 ¢.

ABTOMATH3AIIUA ITPOLECCA YIIPABJIEHUSA
COOTBETCTBHEM TPEBOBAHUSIM

Hurugopoea K.A.

cTyaeHT Kadeapel 6e30nacHbIX HHYOPMALMOHHBIX TEXHOIOTHIT
Cankr-IleTepbyprckoro HaHOHATBHOTO Hay4YHO-HCC IEA0BATEILCKOTO
YHHBEpCHTETa HHYOPMALMOHHBIX TEXHOIOTHH, MEXAHHKH H ONTHKH,
Poccus, r. Cankr-Iletep6ypr

B crathe paccMaTpHBaTCA ﬂpOG.’lCMbl, C KOTOPBIMH CTaJIKHBACTCA OpraHH3alHs TpH
BEACHHH MpoLecca yTpaBiieHHA COOTBETCTBHEM MPEABABIACMBIM eit Tpeﬁonammu. B kauectBe
cnocoba NoBbILIEHHS 3q)q)CKTHBHOCTH NMPOBEACHHA TaHHOTO Mpouecca MOXeT OBITE paccMmoTpe-
Ha €ro 4YacTH4YHas aBToOMaTH3alHA.

Kiroueevie cioea: nHpopMaltHOHHaas Ge30MacHOCTb, KOMILIaeHC, aBTOMATH3aUMs, NMpo-
ecc ynpas1eHHs HHdopMauHoHHOH Ge3omacHocTbio, GRC.

OneHka cooTBeTCTBHA TpeGOBaHHAM MO HHHOPMALUMOHHONH GE30MacHOCTH —
3TO BH JCATEIBHOCTH OPraHH3alMH M0 OTIpeIe;IeHHIO COOTBETCTBHS OPraHH3alluH
TpeOOBaHUAM, NIPeaBABIAEMbIM K HEH POCCHHCKMMHU H 3apyGe:HBIMH HOpMAaTHEB-
HbIMH JMOKYMEHTaMH, CTaHIAapTaMH, KOHTPAKTaMM, JOTOBOpaMH, a TaKke BHYT-
PEHHHMH JOKYMEHTaMH KOMIAHHH.

Caienyer oTMETHTb, YTO MPOLIECC YIPABIEHHA COOTBETCTBHEM TpeGOBaHHAM
(nanee — YCT) B ues0M HE paccMaTpHUBAETCA HH B OAHOM H3 HMEIOLIMXCA B OT-
KPBITOM 0CTYIE AOKYMEHTOB. B OCHOBHOM MaHHBIE JOKYMEHTBI PacCMaTpHBalOT
TOSIEKO TIPOLIECC MPOBEAECHUA OLIEHKH COOTBETCTBHA TPeGOBaHUAM.

B uacTHOCTH, noaxoab! K NPOBEAEHHIO OLEHKH CTENEHH COOTBETCTBHSA Tpe-
GoBanuam npusenedst 8 MEHARI 2010 [4], NIST SP800-53A [5], CTO BP
WBBC-1.2 [3] u MMo:oxenne Banka Poccun N 382-1 [2].

Kaxamiit nokymMeHT HMEET CBOH ILIIOCH H MHHYCbI, HaPHMED, ABa POCCHii-
CKHX JOKyMEHTa, XapaKTepHO OTCYTCTBHE NOHATHA Beca TpeboBaHHA. 310 06CTOA-
TEIbCTBO femaeT Bce TpeOOBAHMA PaBHO3HAYHBIMH I KOMIIAHHH, YTO HE COOT-
BETCTBYeT peabHoili cuTyaunn. Kpome Toro, 10kyMeHTHl npexycMaTpHBAalOT
CIOKHbIE pacyeThl HTOrOBOH CTENEHH COOTBETCTBHS, KOTOPHIE, BBINOIHAACH IKC-
NepTOM BpyuHYI0, HEH3MEHHO BIEKYT 33 COOOMH OLIMOKH.

OB1WHM MHHYCOM BCEX MPELTONKEHHBIX MOAXOMI0B ABIAETCA MPHMEHHMOCTh
METOAMKH nmpoBencHHS OUEHKH TOJIbKO K OJHOMY MCTOUHMKY TpeGoBanmii. Tak,
Hanpumep, ucnosib3ys MeTomMKy, npeaioxenHyio MEHARI 2010, MoxHo npoBe-
€TH ouenky cootserctBHa TpeGoBanuam ISO/IEC 27001. Onxako HOpMaTHBHaA
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6a3a KOMMaHuu OOBIMHO He OrpaHH4YMBaeTCcs TOJIBKO OAHHM JOKYMEHTOM, 4TO
NpPHHYXAaeT aHA.THTHKA MO0 CaMOCTOATEIBHO aJaNTHPOBATh MOJXOA K APYTHM
HCTOYHHKAM TpeGoBaHHil, ;1HOO MPOBOIMTE KOHTPO:Th COOTBETCTBHS MO-Pa3HOMY
IUIsl K&XI0TO UCTOYHHKA. [laHHasA AeATEIbHOCTh B KOMIMAHHH OOBIYHO HOCHT CTH-
XHIiHBIH XapakTep H NPOBOIHTCA HEPETY:IAPHO. BBIXOJHBIM JOKYMEHTOM ABIAETCA
NepeYeHb BhIABIEHHBIX HECOOTBETCTBHH, HE MO3BOIAIOWIMIA NPEAOCTABHTL KOTH-
YECTBEHHYIO OLIEHKY CTEMeHH COOTBETCTBHS KOMIAHHH TpeGOBAHHAM PETYIHPY-
IOIHX €€ AeATe;IbHOCTh IOKYMEHTOB.

PewenneM gaHHON npoGiieMsl AB;iserca BHeapeHue YCT kak oaHoro 3
TpOLIECCOB yNpaB:IeHHA HHPOPMaLIHOHHOH Ge30MacHOCTRIO.

B nanHo# pa6oTe npeaiaraercs caeayiowas cTpykrypa npouecca YCT:

1. Hnentudukau{s npuMeHUMbIX TpeGoBaHuii o HHPopmMaHoHHOH Ge3-
onmacHocTH (naiee — UB), Bmouaromas B ce0s BIABICHHE H KIAaCCHPUKALHIO
TpeboBaHHi.

2. Tlposepka cooTBeTcTBHS TpeGopaHusaM mo Hb, Brioyalomas nmoaroTos-
KY K TPOBEAEHHIO BHYTPEHHEH OLEHKH, cOOp CBHACTEIBCTB BHYTPEHHECH OLCHKH,
aHATH3 COOTBETCTBUA TpeOOBAHUAM H (POPMHPOBAHHE HTOTOBOTO YPOBHS COOTBET-
CTBHA opraHu3auiH Tpebosanmam mo Hb.

3. MOHHTOPHHL H KOHTPO:1b YNPaBIeHHs COOTBETCTBHEM TpeOOBaHHAM MO
UB. BK:IIOYaOWMI aHAIN3 OTYETHBIX MATEPHAIOB, ONpeae;ieHHe HeoOXoAHMOCTH
BBLINO;IHEHHS KOPPEKTHPYIOLIHX JeiicTBuii, GopMupoBaHHe 3a7a4, BBHINOHEHHE
3aay M KOHTPO:1b BHIMOIHEHHA 3aaay.

Bc:leacTBHE OTCYTCTBHA BO3MOXHOCTH MTPOBEACHHA MOTHOH aBTOMaTH3aLIHH
npouecca (B CBA3H ¢ HEBOZMOXKHOCTBIO OTKa3a OT y4acTHs B OLIEHKE JKCIIEPTOB),
ONTUMANIBHBIM pellieHHeM OyaeT aBTOMaTH3alUa PacyeToB, XpaHeHHs TpeboBaHHH
H PE3y:IbTaTOB OLIEHOK, FeHePaLHH OTYETHBIX JOKYMEHTOB H ydeTa B3aUMOCBA3eil
Mexay TpeboBaHHAMH.

IyTem yacTH4HOI aBTOMaTH3aLHH npouecca YCT BO3MOXKHO CYIECTBEHHO
CHHM3WTH TPYAO3aTPATHI H MOBBICUTH OMEPATHBHOCTL MPOBEACHHS NMPOBEPKH COOT-
BETCTBHA TpeGOBaHUAM, YNMPOCTHTh TEHEPALHIO OTYETHHIX JOKYMEHTOB H YNpO-
CTUTB AEATEIBHOCTL ayauTopa. YacTHuyHas aBTOMAaTHM3aLHs MoxeT ObITh oCy-
ieCTBIeHa nyTeM co3aanus moay:aa YCT B cucTeMe aBTOMaTH3alUHH NPOLECCOB
ynpas:;1eHusA HHpOpMaLHOHHOIT 6€30MacHOCTLIO.

B HacTosLIee BpeMA Ha PbIHKE MPEICTaBICHO MHOXECTBO pELUEHHH 114
(GOPMHPOBaHHA CHCTEMBI aBTOMATH3ALIHH NPOLIECCOB YTPaBIeHHA HHPOPMALIHOH-
Ho#i 6e3omacHocThIO. [IpHMepaMH TakHX pelIeHHH ABIA0TCA:

1. SecurityVision oT koMnanuu AHTH;

2. MetricStream GRC Platform;

3. RSA Archer GRC;

4. IBM OpenPages GRC Platform.

BriGop KOHKpeTHOH N:1aTGOPMBI 3aBHCHT OT CNeLH(PUKH AeATE;TbHOCTH Op-
ranu3aund. JlaHHble cHeTeMbl oTHOCATCA K Kaaccy GRC. Pesy:iibtatel noapo6xoro
CPaBHEHMA W aHAIN3a JaHHBIX M1aTQOPM EKETOAHO NPEACTABIAOTCA B OTYETaX
“Magic Quadrant for Enterprise Governance. Risk and Compliance Platforms™ ot
kxoMnaHuu Gartner u “The Forrester Wave™: Governance, Risk, And Compliance
Platforms, Q1 2014™ ot komnanuu Forrester. B HacTosiiee BpeMsa -1HaepaMH Ha
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MHpPOBOM pBIHKE SABIAIOTCA PELUEHHA OT 3amaaHbBIX KoMnaHuii. Poccuiickue xe
pa3paboTKH TOJIBKO YAaCTHYHO peaTH3YIOT HeoGXomuMblii Habop mpoleccoB
yTIPaB.IEHHA, HO, ABIAACH OTCYECTBEHHBIM NIPOJYKTOM, HMEIOT NPEHMYLIECTBO Ha
poccuiickoM pelHke. [1, c. 79]

Beicokas cTOMMOCTb CHCTEMBI H HEOOXOIHMOCTD 3aTPaT Ha pa3paboTKy Mo-
Iy;i8 KOMIIEHCHPYIOTCS CYLLECTBEHHBIM CHHXKEHHEM TPYAO3aTpaTr M MOBBILIEHHEM
ONepaTHBHOCTH MNpoBeAcHHA npouecca YCT, a Takxke HCKTIIOUEHHEM OIIHOOK,
HEH3MEHHO BO3HHKAIOIUMX IPH IIpOBENE€HHH pacyeToB CTENEHH COOTBETCTBUA

BPYYHYIO.
Cnncok auTepatypbl

1. bopucenko I1.C., Hapun HU.B., KaneB A H., Hukudoposa K.A. AHatu3 coBpemeH-
Horo peiHka npoaykToB GRC // «HayuHoe coobimecTBo cTyaenToB XXI ctoetua. TexHuueckHe
HaykKH». JIeKTPOHHBIH cOopHHK cTaTeii no Matepuatam XXXI ctyaeHueckoli MexayHapoaHoii
Hay4Ho-npakTiueckoii koHdepeHunn. — HosocuGupek: H3ia. «Cu6AK», 2015, Ne 4 (30) —
[Dnextponnsiii pecypc] — URL: http://sibac.info/archive/technic/4(30).pdf — Pexum aoctyna:
cBobOaHKIH; JaTa oOpatenus: 25.06.2015.

2. Iloaoxenue banka Poccun N 382-I1 O 1peboBaHsAX K 0GecreyeHHIO 3alHTHI HH-
topMallHH NPH OCYLIECTBICHHH NMEPEBOAOB JeHEkHbIX cpeacTs 2014 — [IaekTpoHHsIii pecypc].
— URL: http://www.cbr.ru/credit/Gubzi_docs/st-12-14.pdf — Pexun aoctyna: cBobonHslii; 1ata
obpatenis: 20.06.2015.

3. CTO BP UBBC-1.2-2014 MetoaHka OLUEHKH COOTBETCTBHA HH(POPMALMOHHOIH Ge3-
OMacHOCTH opraHu3auHit 6aHkoBckoii cucTeMbl Poccuiickoii denepauny Tpebopannsaym CTO BP
HBBC-1.0-2014 [Iaektponuslii pecypc]. — URL: http://www.cbr.nv/credit/Gubzi_docs/st-12-
14.pdf — Pexum noctyna: ceoboanslii; nata obpatuenus: 20.06.2015.

4. MEHARI 2010: Evaluation Guide for security services — [:1eKTpoHHBIi pecypc]. —
URL: https://www.clusif asso. fi/fr/production/ouvrages/pdff ~ MEHARI-2010-Evaluation-
guide.pdf — Peskum goctyna: cBoGoaHBI; JaTa obpaienns: 29.06.2015.

5. NIST SP 800-53A Guide for Assessing the Security Controls in Federal Information
Systems and  Organizations, 2010 -  [Daektponusiii  pecypc]. —  URL:
http://csre.nist.gov/publications/nistpubs/800-53A-rev1/sp800-53A-rev1-final.pdf — Pexum mo-
cTyna: cBo6OaHbIH; AaTa oOpamenns: 27.06.2015.

PEAJIM3AIIMA CHCTEMbI NPHHATHA PELIEHUHA
HA OCHOBE HEYETKOMU JIOTHKH JJIAA CUCTEMbI YIIPABJIEHUS
JOPOXHBIMHU HHIIUAEHTAMHU

Huxkonaes A.b.

3aBeylollHii kadenpoii « ABTOMaTH3UPOBaHHbIE CHCTEMBI YIPABIICHHS»
MockoBckoro aBToMOGH;IbHO-0POKHOTO rOCYAapCTBEHHOTO TEXHHYECKOTO
ynusepcHtera (MAJIH), nokTop TeXHHYECKHX HayK, mpodeccop,

Poccug, r. MockBa

Canezo 10.C.
acnHpaHT KadeaApbl « ABTOMaTH3HPOBAHHBIE CHCTEMBI YNIpaBIEHHA»
MockoBckoro aBToMOGH;IbHO-IOPOKHOTO FOCYAaPCTBEHHOTO TEXHHYECKOTO

yHHBepcuTeTa (MAIU),
Poccusg, r. Mocksa

B nanHoii paboTe 119 peaT3aLHKt CHCTEMBI MPHHATHS PELICHHH B CHCTEME YTPaBIEHHS
BOPOKHLIMI HHLMICHTAMH MPEATOKEH METO] HA OCHOBE HEYETKOTO CHTYalIHOHHOTO YTpaB:e-
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uHs. PaccmorpeHsl H opMaTH3HPOBaHHBI OCHOBHbIE MOA3aNavH LTSl peaTH3auMH NpHHATHA
peuleHHs Ha OCHOBE HE4eTKOii JJOTHKH, a TaK)Ke PacCMOTPEHO NMPaKTHYECKOE PHMEHEHHE Nped-
JI0KEHHOTO METOAa Ha MpHMepe MPHHATHA pellieHHs o BhiOope YMpaBIMIOLIETO peuleHHs AT
nepecTpoeHHs MPH MoAy4eHHH HHPOPMALIHH O PaCNOI0KEHHH NPENITCTBHS Ha A0pore.

Krrouegwie c1o6a: CHCTEMY YTIpaBIeHHA JOPOXHBIMH HHUHACHTAMH, HEYETHOE CHTYallH-
OHHOE YTIpABJACHHEC, HEYETKAs JOrHKa.

Beenenne

Pa3paGoTka CHCTEMbl YNpaBIeHHs AOpOXKHbBIMH HHuuAeHTamu (CYH)
obecrneynBaeT CHCTEMAaTHYECKOE, CTLIAHHPOBAHHOE M CKOOPAMHHPOBAHHOE HC-
MO:;1b30BaHHOE TIOACKHX, MEXaHHYECKHX H TEXHHYECKHX PECYPCOB L11 YMEHbLIe-
HHA NPOJO;KMTEIBHOCTH NPOUCLIECTBHA H €0 BO3JEHCTBHA Ha JOPOXKHOE IBH-
HKEHHUE.

INpouecc ynpap:ieHHs HHLUHAEHTaMH MOXHO OXapaKTEpPH30BaTh Kak KOM-
TLIEKC MEPOMPHATHIA, B CIEAYIOMHX KaTeTOPHAX: BBIABIECHUA, NPOBEPKH, HHGOD-
MHMPOBaHHE YYACTHHKOB [BHXXEHHA, YNpaBICHHE OOBEKTaMH, YNpaBlIcHHE
JBHXXEHHEM.

Onnoii u3 paccMatpuBaembix noaciicreM B CYJIN aBnserca noacucteMa
NPHHATHS PELIEHHH, 115 pea;Iu3aliH KOTopoii OblT npeUiokKeH MaTeMaTHYeCKUi
anmapaT Ha OCHOBE OLEHKH H CHTyalMii u BeIOOpa Ha MX OCHOBE TpebyeMoro
YIIPaBIAOIETO BO3ACHCTBHA, TO €CTh Ha OCHOBE HEYETKOTO CHTYalHOHHOrO
ynpas:ieHus (HCY).

B moacHcTeMy NOMAEPXKKH PelleHHH MocTynaeT 60:IblIoe KOJIHYECTBO He-
3aBHCHMOIA, He Bceraa no:;iHoi 1 GbICTPO MeHsoLeH A BXOAHOH HHPOPMaLHH, Ha
OCHOBE KOTOpOii B JajlbHeHIUeH MO.DKHO NPHHHUMAThCA DPELIEHHE B CHCTEME
yTpaB.IeHHA.

Caeayer OTMETHTD. YTO MOCTPOEHHE MOJETH YTIPAB;ICHHS TIPH HCIO.Ib30Ba-
HHMH GOIBIIOr0 KOJHYECTBA BXOAHBIX AaHHBIX TpeOyer Gombuioro obhema 6asbl
3HAHHI, YTO BEAET K YBEIHYEHHIO MpaBH:1 06paboTKH Mo Mepe yBEIHYEHHS BXO-
OB MOZE:TH, YTO TIPHBOIUT K CHHXKEHHIO Ka4eCTBa HEYETKOTO JIOTHYECKOTO BIBO-
na. IToaroMy 1151 3¢ PeKTHBHOTO MOCTPOEHHA MOJE.TH YIIPABIEHHA CaMO YINpaB:ie-
HHE JODKHO OCYILECTBIIATHCA He Mo mapaMeTpaM (dakTopaM), a MO COCTOSHHSAM.

OCHOBHOE MOHATHE B TEOPHH CHUTYALHOHHOTO YMPABJICHHA 3TO IOHATHE
«CHUTyalHH», KOTOpas XapakTepH3yeTcs Kak Habop 3HaueHHi (aKTOpoB, OMHCHI-
BAOLIMX COCTOAHHE OOBEKTA YNpaB;IeHHs B OMpeae;ICHHbIH MOMEHT BPEMEHH.

MocTtaHOBKA 321241

OcHoBHas 3agaya HCY 3aki1ro4aeTcsa B pacno3HaBaHHH BXOZHOH HEYeTKOH

5,
CUTYallMH ~°, KOTOpas XapakTepH3yeT TEKyLiee COCTOSHHE CHCTEMBI, H BbIOOpY

o R Ri..R,
COOTBETCTBYIOUIEH €H YIPABIAKWIETO PEIICHHUA ' H3 MHOXKECTBA {R’ R' N} .

JL15 3T0r0 HEeoOX0AHMO. YTOOHI OBLTH peaTH30BaHbI CIEAYIOLIHE TI0A3a1a4YH:

. {5,5,...5,
e Ormnpene:ieHHE THIOBBIX HEUETKUX CUTyallHH {8158 },

¢ Onpeneiienne Mepbl 6:IM30CTH M COCTOAHHA 0ObEKTa YTIpaB:1eHHs
o TlocTpoeHue HeueTkoii cutyauunoHHoi cetH (HCC)
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e dopMHpPOBaHHE YNIPABIAIOLIETO PelIeHHA

Teneps paccMoTpuM Gosiee NOAPOGHO KaxKabIH M3 331aHHBIX BhILIE MOA3aIaY.
OnpeneneHye ITAJOHHBIX HEHETKHX CHTYaLMIf

B cHuTyauHoHHOM yTpaB:IeHHH BCE BO3MOXKHBIE COCTOAHUS OOBEKTa ympas-

JIEHHS OMHCHIBAIOTCA HabOpOM ITAJIOHHBIX CHTyaUMi §=85,5,50} , kaxnas u3
KOTOPBIX MPEICTAB/IAET COBOKYNMHOCTb JIMHTBHCTHYECKHX 3HAYEHHH MPH3HAKOB,
T.C.

5={<u )y, >y €Y
rae ¥ =04-52-2m} — MHONKECTBO (AKTOPOB, 3HAYEHHAMH KOTOPBIX OMHCHIBAIOTCA
cocTosgHHE 06beKTa ynpap:ieHHs. Kaxablii NnpH3HaK OMUCHIBAETCH COOTBETCTBYIO-

" . . <y,I.,D > —ITLTE Tl
Wil JMHTBHCTHYECKOH nepemennoi 2 17 | rge T =TEThwTh) — qepm-

MHOX€CTBO JTHHIBHCTHYECKOMH nepemeHHoﬁ b (H860p SITAHTBHCTHYECKHX 3HAUYCHHI
. D,
MpPHU3HaKa, ™i— YHCI0 3HAYCHHH npmHaKa); ! — 0a30BOE€ MHOXKECTBO NpH3HaKa Ji.

#) =l T T hjelied dyHKUHMA NPHHALTIEKHOCTH STMHTBUCTHYE-

cko#i nepeMeHHo#H (¢akTopa) Yi , XapaKTepPH3YIOLLYIO CHTYaLHIO 5.

Otclona cienyer, 4yTo He4yeTkas CHTyallMs MpelcTaBiIfeT coboil COBOKYIM-
HOCTb HEYeTKHX 3HayeHHH (aKkTOpoB, XapaKTepH3YHOIIHX COCTOAHHA OOBbekTa
ynpaB;1eHHA.

B kauyecTBe mMpHMepa pacCMOTPHM HEYETKYID CHTYalLHIO, XapaKTepH3Yyio-
LIyI0 COCTOAHHE (PACIOIOXKEHHE) NPENATCTBHSA, BO3HHKILETO Ha Jaopore, A
NasibHERIEro NMPUHATHS DELIeHHs MEPEeCTPOHTLCS HA APYTylo M0I0cY WIH HET B
3aBHCHMOCTH OT Pacno;10:K€HHA NPENATCTBHA.

ITycTb cHTyalHs ONMCHIBAETCA HEYETKHM NMPH3HAKOM «PACIIOI0KEHHS Tpe-
NATCTBHA Ha goporey». OnpeaeauM TepM-MHOXKECTBA 3TOrO NPH3HAKa:

T, = {T} — npenATCTBUE HAXOANTCA Ha TOM ke M0;10Ce, YTO H MAaCCaXKHPCKHH
TpaHcnopt, i — NpenaTCcTBHE HAaXONMTCA Ha IpYroil mosoce, T — npensTcTeus
Het}.

Torma onucaHHe HeE4YeTKOH CHTYallMH HMeeT CICAYHOIHUH  BHA:
§ ={<<ul IT} >,< yy IT) >,< 3 1T} >/ pacnozosicenie _npensimemeus _na_dopoce>}

Onpenenenne Mepbl 6JIM30CTH H COCTOSHHA 00bEKTA YNIPaBJIeHUSA

JL1a onpeneieHUA TEKYILEro COCTOAHHA o0beKTa ynpap:IeHHS HeoOX0aHMO

BXOIAHYIO HEYETKYIO CHTYaLHIO %o CPaBHHTB C Ka)XIOH HEYETKOH CHTyalMeH M3
3ajjaHHOro Habopa HeYeTKux cuTyaumi S .

JL1a 6o.1ee TOYHOTO OMpene:IeHNs JOKHA ObITh 33laHa Mepa 0;1M30CTU He-
YETKHUX CHTyauHii. B kauecTBe Mepbl 6:1M30CTH MEXIY TEKYLIMM COCTOSHHEM 00b-

5,€8,je{l..N}

s " .
€KkTa "0 ¥ HeveTKoii CHTYyaUHii 00BIUHO paccMaTpHBAIOT JBa KpHTe-

pus:
o 5, S
® cmenenv He4emro20 6KUOYEHUs HedeTkol cuTyauuu “° u /. Heuetkas
5, 5 v(3,.5,) 21
CHTyauus “° BK:1I042€TCA B HEYETKYIO CUTYaLHIO , eCiiH 50:5;) .
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rae V(Jﬁ’sl)- BENMYMHA CTeneHW BK/IIOYEHWS, KOTopas 3ajaeTcs Mnpu YcnoBuu
S UV VHS FB )Y knepyowum  soipaxennen  <0H)=& ()
Mt (K))*korga M (Y,) _ dyHKUVA npuHagnexXHocTn MMHIBUCTUYECKO MepeMeH-

HOM (thakTopa) -*'n3 HekoToporo MHoxecTBa Ke{yl(y2, —Ym}-

f - HexkoTOpbI NOPOr BK/IHOYEHWNSA HEUETKUX CUTyauuid, KOTOPbIA 3afaeTcs
YCNOBUAMMW YNpaBieHns, 0CO6EHHOCTAMM 00beKTa yrnpaBneHus, TpeboBaHUAMN K
KayecTBY YNpaB/ftoLWUX peLleHWid.

SA S S
e CTeneHb HeyeTKoro paseHcTsa On J. HeueTkasa cutyaums ~0 paBHa
o Y,, //(TY i>?’
B HEYETKOM CUTyaLmm ~¢'.ecnu ,

Yo

rpe H( 0 {)—BeﬂVILIVIHa CTeneHn HeYyYeTKOoro paBeHCTBa, KOTOpad 3afaeTcda npu
//(?.,,7)= & oY),

Bbille 3afjaHHOM YyCnoBuu cCneayrownmMm  BblpaXKeHUEM =d

9

1- HeKOTOpbIiA MOPOr HEYETKOTO PaBEHCTBA CUTYaLUIA.

PaccmaTprBaeMble Mepbl 67M30CTW 06513aTENIbHO HAXOAATCS B MHTepBase
[0,1]. Mpwn 3Tom cTeneHb 6IM30CTW paBHA 1, TO cuMTaeTCs HaMBOMbLUEH CTEMEHbIO
CXOfCTBa, ecnut 0, TO HaWMeHbLUe, ecnm 0,5, TO 3TO 03HAYAKOT MOJHYIO Heomnpese-
NEHHOCTb. B faHHOI paboTe B KauecTBe Mepbl 6/M30CTH 6yAeT pacCMOTpeHa CTe-
MeHb HEYETKOTO BK/IHOUEHMS.

PaccMOTpMM MpPOLLECC pacrno3HaBaHWs CUTYaLuW MpW PeLleHun 3afaun o06-
X0f4a TPaHCMOPTHOTO CPeAcTBa MpPensTCTBUS Ha fopore. MpeanoXeHsl cregfyro-
Lve 3TANIOHHbIE CUTYaLUUW NpU ABUXXEHWM MO MPaBoii nonoce:

Puc. STaTOHHbIe CUTyaLWs NPU ABVMXEHWUM N0 NpaBoii nosoce
npy BO3HUKHOBEHUW MPENsTCTBUSA

W nycTb TekyLiaa cuTyaums uMeeT onucaHue:
M={«0,1/7j>,<0,8/7"2>,<0/7'3>/ pacnono>keHHe _nNpensiTCTBUA _Ha_ fopore >}

Tenepb BXoAHasa (TeKyLlas) HeveTKas CUTyalUWst CPaBHMBAETCS C KO 3a-
[aHHOI 3TaNOHHON HEYeTKON cuTyauueil.
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Onpe,ue:mm CTENCHb BKTHOUCHUA TCKylHCﬁ CHTYallH B KaXXAYH M3 J3Ta.10H-

§
HBbIX, JUIA MPUMEpa PacCMOTPHM 3TalOHHYIO CHTyallHio "3, KOTOpas 3ajaHa ce-
IYIOLIHM 06pa3oM:
5, ={<<0,2/T} >,<0.7/T; >,<0/T; >/ pacnoaoxcenue _npensmcmeus _na_oopoze>}
rorma = W, O 4, 0)) = (01> 02) & (0.8 5 0.7) & (0> 0)=09&1&1=09
’

Ha ocHoBe nosTy4eHHBIX pe3y:IbTaTOB MOXHO ClIe1aTh BIBO, UTO Hanboiee
6:1M3KOM cUTyalHel saBiigeTca cuTyauus 3). OnpeaeieHHe THNA CHTYaLHH MO3BO-
AA€T MepedTH K BRIOOPY YMPaBIsIOIIEro pelieHHs.

®opMipoBaHHe YNIPABJISIOINET0 PeLIeHHA

OmnpenesaeHHe TEKYIIEro COCTOAHHS CHCTEMBI NPHBOAUT K HEOOXOIUMOCTH

— i pi i
R e R={R|.R,..Ry} , Ha OCHOBE MaTpHIIbI OT-

¥,

BBIOOpa YTIPABIAIOLIETO BO3ACHCTBHA
HOLUEHHH, OTHCHIBAIOLINX BO3AEHCTBHE YNPABIAIOMINX pEelleHHH Ha (aKTopbl

Jl1sa onpedesaeHHs TEKYILEro COCTOSAHHA OOBEKTa YNpaBiIeHHA So CyLIECTBYET
MHOX€ECTBO METOAOB, CPEIH KOTOPbIX MOXKHO BBIACIHTD CIICAYIOLLHE:

* yemoo «bauxcaiiue2o coceda» BO MHOXKECTBE THIIOBbIX HEYETKHX CHTY-
ammit S, T.e. cuMTaeTcs, uTO O6BEKT YNPaBIEHUS HAXOAUTCA B THIIOBOI HEUYETKOMH

5. €8 .
CUTyauHH /', ec;IM MMeeT Haubo:IbIIyIo cTeneHb 6:IM30CTH ¢ HEYETKOH CHTya-

LS .
uMel ~°, To Ha OOBEKT YNPaBIeHHS I0.KHO BO3JAEHCTBOBATh YNpapifioLIee pe-
€R
HIeHHE R

e BRHIOODP YNPABIAIOLWIETO PEWIEHUA C YYemoM 6ceX MUNOGbIX HEYemKux

cumyayuii 3 MHOKECTBA S , T.e. YNpaBisiolllee BO3IEHCTBHE T Ompene:seTcs
. Re

o0beIHHEHHEM BCEX YNPABIAIOLINX pelieHHii ', MOAH(MHLMPOBAHHBIX B CO-

. § € "
OTBETCTBHH CO CTeMeHb OIM30CTH THMOBBIX CHTyauHH / C TEKYILUCH

CHTyalHe# 5o,

B nauHoii paGoTe paccMOTpHM HMCnosb30BaHHe MeToAa «OimKaiLIero coce-
dan. [Tyctb ynpasisionide peuieHus Ui $GaKTopa «pacno1odiCcerus npenimemeus
Ha dopoce» OyAYT 3aAaHbl CleayoLHM o6pa3oM:

1 1
R={ k. NEPECTPONTLCA Ha APYTYIO mosocy, Ry ocratses s TeKylue no-

Joce}
Onpene; MM MaTpHILy OTHOLWIEHHH:

02 0.7 03 08 02 0.1
M ={03 08 0.1/ M;=[02 06 02
01 1 1 0.1 02 0.1

3ateM ompenei MM CTeNeHH MPEeANOYTEHHA A1A 3alaHHbIX YNPaBIAIOLINX
Pellenwuii;

a(R'.5,)=04,a(R).5,)=0.7
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t
Tak Han6o:IbIIYI0 CTEMEHD MPEANOYTEHHA HMEET YIPaBIfIoIIce PELIeHHE Rl,
TO A1 BO31€HCTBHA HA OOBEKT yNpaB;1eHHsA BLIOHpaeM ero.

3

ﬂﬂﬂ MOACTUPOBAHHA TNPHHATHA BLlﬁpaHHoro ynpasfmlomero pel.uemm -
HeOﬁXOllHMO BBINNOTHHUTDH MaKCHMHHHy}O KOMMO3HIHIO HCXOAHOIO HCUYETKOro 3Ha-
YCHHA an3HaKa H He‘-[eTKOl‘O OTHOIUCHHUA RZ

§, = max{min[ 5,, M} ]} = {<< 0.2/T;' >,<0.6/T, ><0.2/T} >>}

Takum 06pa3oM, MoXkKeT ObITh MO;Ty4eHa MO/IE;Tb HOBOM CHTYaLUH.

3aK/Il04YeHHe

B Z[aHHOﬁ pa60Te paccmorpem,l OCHOBHBI€ MOHATHSA HEYETKOIro CHTyaIIHOH-
HOTro ynpa&'lemm. (DOpMaJ"BOBaHbl OCHOBHBIE 3aday4yH, KOTOpble JOTAKHBI 6bl’rl>
pea:unosaubl B CUCTEME l’IpHHHTHﬂ peu.IeHl/lﬁ HAa OCHOBE He'-lCTKOf;{ JIOTHKH.

PaCCMOTpeHO npakmqecxoe npumeHeHue I‘IpCZUIO)KCHHOI‘O METOda, Ha I‘lpll-
Mepe MPHHATHA pellieHHA O BhIbope yNpapifiollero pelleHHs 118 NepecTpOeHHs
npu no:lyquml HHd)OpMal.lHH [+ pacno:lox(emm nperlsn'cnalm Ha ,'.lopore.

CNHCOK JIHTEPATYpbI

1. Acxy:os /1. B. [IpuMeHeHHe Moeeli HEUETKOTO JTOTHYECKOTO BbIBOAA NPH Bepbain-
HOM OMHcaHHH cHryauun/ HisecTis IOxHoro denepaipHoro yHuBepcHTeTa. TeXHHUYECKHE
HaykH. — H3B-Bo: TexHosmornueckuii HHCTHTYT DellepaibHOTO rocyiaapcTBeHHoro obpasosa-
TEILHOTO yYpex:IeHHs Bbicuiero mpodeccHoHatbHOro obpasoBanns lOxHblil deaepanbHerit
yHHBepcHTeT B I. Taranpore — Ne 7/ Tom 84 / 2008

2. Meaxos A H., bepureith JI.C., Kopoeua C.5. CHTyauHOHHbIE COBETYIOUIHE CH-
cTeMsl ¢ HeueTKoii JJorukoit. — M.: Hayka, 1990.

3. Canero 10.C., Hukoaes A H. Pa3paboTka cHcTeMBI YNpaBIeHHs MOPOXKHBIMH HH-
uuaentamu/ TeopeTHueckHe M MPHKIIafHBIE acMEKThl COBPEMEHHOH HayKH: COOPHHK HayyHBIX
Tpy10B no Matephaitam VIII MexayHapoaHo# HayuHO-npakTHUeckoH koHdepexunH 27 depa-
as 2015 roxa. Iloa peaM.I.Ierposoii. — bearopon: UIT IMerposa M.I'., 2015 — Yacts III -
156 c.

4. Xanraxaesa H.b.. lambaesa C.B., Awmeesa H.H. Beenenne B TeopHio HeYeTKHX
MHOXecTB : Yue6Hoe mocobue. — YacTs 1. — Yaan-Ym3: Hia-so BCITY, 2004. — 68¢.

5. 1lros6a C. /I. Beenenue B TEOpHIO HEUETKHX MHOXKECTB H HEYETKYIO TOTHKY
(http://matlab.exponenta.ru/fuzzylogic/book 1/index.php)

CUCTEMHOE MOJAEJIHPOBAHHE ITPOUECCA OYHCTKH
HE®TECOIEPXKAIIUX CTOYHBIX BOJ

Caesoyp C.H.
ACCHCTEHT Kadreapbl IKOHOMHKO-MaTEMaTHYECKOTO MOJE;IHPOBaHHA

HHcTuTyTa ynpas:ieHus, 5koHOMHKH H dHHaHcoB K(IT)DY, kaHa. TexHH4. HayK,
Poccus, r. Kazans

PaccMaTpiBaeTcs TEXHOIOMHYECKHH MOIY:Ib OUHCTKH HedTecoaepxalHx cTokos. [Toka-
3aHa 11e1eco00pa3HOCTh HCMOIb30BaHHA MaTeMaTHYECKOTO annapara TeopHH ceteit IleTpu npH
MOZETHPOBAHHH H MPOEKTHPOBAHHH JaHHOTO TeXHOTorHueckoro moay:1a. IloctpoeHa Mozers B
puae mMoaudHuHpoBaHHOH ceTH IMeTpH H Ha ee ocHoBe pa3paboTaH MPOrpaMMHBIA KOMIIEKC
CHCTEMBI YTIPaBIeHHA OYHCTKH YIIIEBOIOPOACOAEPKALIUX CTOKOB.
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KntoyeBble cnoBa: ceTb MeTpu, 0UNCTKA HedhTecofepXKaliuX CTOUHbIX BOJ.

HenpepbiBHbIA POCT HethTen06b14M 1 NOTPebaeHne HepTeNnPOAYKTOB BeYeT
3HauYMTeNbHOE YBennyeHUe 06bEMOB HedhTecodepXawux CTouHbIX Bog (HCB),
3 (heKTUBHAA 0UMCTKA KOTOPLIX ABNAETCH HEOOXOAMMBbIM YCNOBMEM COXPaHeHMUs
OKpyXatoLieii cpefbl. COBPEMEHHbIE OUMUCTHbIE COOPY>KEHUS KPYMHbIX HelhTexu-
MUYECKMX NPeanpUATWIA XapaKTepu3ykTCA CNOXHON MHOTOYPOBHEBOMN CTPYKTY-
poii, MO3TOMY MOFYT PacCMaTpMBATbCS Kak CNOXHble KMBepHeTUYecKne CMCTeMbI.
S heKTMBHOCTL (YHKLMOHNPOBAHWS TaKMX CUCTEM MOXHO 06ecneynTb C MOMO-
b0 COBPEMEHHbIX MEeTOLOB 06paboTkM MHGhOpMauuu, NpUMeHss MeToAbl Cu-
CTEMHOr0 aHanm3a C/IOXHbIX O6BEKTOB Ha OCHOBE MaTemMaTU4yecKoro OnuncaHus
TEeXHON0ormyeckoro npouecca [2, c. 252].

MprMeHeHNe MeTOA0B CUCTEMHOIO aHanu3a onpeenseT npouesypy paspa-
60TKM CMCTEMbI YNPaBAeHNs YCTaHOBKM OYUCTKM CTOYHbIX BOA HepTeXMMUYECKOo-
ro NpPousBOACTBa, KOTOpas MpeAycmMaTpuBaeT COCTaB/lEHWE MaTeMaTW4eckoin Mo-
[ienn Ha ocHose ceTeil MeTpwm, 4TO obecneymBaeT ynpasneHme NoTokamu B ycTa-
HOBKe. TexHOMornMyeckas cxema yctaHOBKN OUMCTKMN HedhTeCOo4epKallMX CTOUHbIX
BOJ npefcTaBneHa Ha puc. 1[3, c. 382].

Puc. 1. TexHoMornyeckas cxema yCTaHOBKM AN OUUCTKU HepTecodepyKalux CTOUHbIX BO4

Ha pucyHke 1 n3o6paxeHbl: 1- Hacoc nogayu CTOYHON BOfAbl; 2 - MpoMe-
XYTOUHBIN COOPHUMK (Cekuma ans cbopa rpssHoi BoAbl); 3 - MecKonoska (Cekuus
NpuaMKa 418 OCaXAEHWS Mecka); 4 - NoBYLLIKA TPy6bIX MeXaHUYecKnx BKAKOYe-
HWA; 5 - TOHKOCNOWHbIA 610K; 6 - OTCTOMHUK; 7 - QUALTP C 3epHUCTOI (Yrofb-
HO) 3arpyskoii; 8 - posatop; 9, 11 - 3nekTpoHHOe pene ypoBHSA; 10 - knanaH
noANWTKA BOAOMPOBOAHOW BOAbI; 12 - naTpyboK Mojaynm OYMLLEHHOW BOfAbI;
13 - cekuus 6aka gns cbopa O4UMLEHHOW BOAbl; 14 - cekuusi 6aka NPOMEXyTou-
Hasi; 15 - KpaH; 16 - Hacoc unbTpa; 17 - maHomeTp; 18, 20 - naTpy6Ku Ang cnm-
Ba 0CafKka; 19 - c60PHMK HepTENpPOAYKTOB.

TexHONOrMYeCKMA MPOLLECC OUYNCTKM CTOYHBIX BOA B YCTaHOBKE paLyoHanb-
HO MOXET 6blTb ONMcaH MOAUPULMPOBAHHBIMU ceTamun TMeTpu. Ans onucaHnus cu-
CTEeMbl HaMK rpef/iaraeTca ucnosb3osaHve N-cxem, onuparoLmMxca Ha maTeMaTu-
yeckuii annapaT ceTeii leTpu, OAHWM U3 JOCTOMHCTB KOTOPOrO fABASETCS BO3-
MOXHOCTb NpPeACTaBNeHNA CETEBON MOAENN KaK B aHa/IMTUYeCcKon (opme, C BO3-
MOXHOCTbIO aBTOMaTW3aLMW MpoLlecca aHanusa, Tak U B rpaduyeckoii gopme ¢
obecneyeHvem HarnagHOCTY paspabaTbiBaeMoli MOAeNN.



IMpu aHaIHM3e TEXHOIOTHYECKHX CXEM CIEAYeT YYMTHIBaTh OCHOBHOE OIpa-
HHueHHe popMain3imMa N—CXeM. KOTOpOe COCTOHT B TOM, YTO OHH HE YYHTHIBAIOT
BpeMeHHbIE XapaKTePHCTHKH MOAEIMPYEMBIX CHCTEM, Tak Kak BpeMs cpabaTeiBa-
HHA MEPeXo/la CYHTAETCA PaBHbIM HY:II0. YUYHMTHIBadA 3TH YCIOBHA, HAMH IIPELIO-
xeHbl Moauguuuposanteie cetu Iletpu (MCII). MCIT — cersp Ilerpn BHOa
C=<P,T.I.OM., 1,,75>,
rae T={t;} — KoHeuHOe HEMyCTOe MHOXECTBO CHMBOIOB, Ha3bIBAEMbIX nepexoda-
MU, OLEHHBAIOTCA HCXOAA M3 KOJIHYECTBA YC:IOBHBIX MOPUHH MPOAYKLHH MpPH He-
ApepLIBHOI MoJaye B annaparhl TEXHOIOTHYECKOH CXEMBI.

P={p;}- KoHeuHOe HemycToe MHOXECTBO CHMBOIIOB. Ha3bIBAEMbIX HO3ZUYUA-
Mu. B HameMm ciIyyae — 370 MHOXKECTBO aInapaToB TEXHOOTHYECKON CXEMBI;

I: PxT—{0, 1} — BxoaHas ¢yHKLUHA, KOTOpasA ;1 KaXAOro nepexona t; 3a-
JaeT MHOXKECTBO eTo no3uuuii p; e I(t)).

O: PxT— {0, 1} — BeixoaHas ¢yHkuns, KoTopas otobpaxaeT nepexol B
MHOECTBO BBIXOJHBIX MO3HLHH P; € O (t;).

M: P — {1, 2, 3...} — dyHKUHA MADKHPOBKH (pa3METKH) CETH, KOTOpas CTa-
BHT B COOTBETCTBHE KaXIOH MO3WLUHH HEOTPHUATEIbHOE LIEIOE YHCIO, PABHOE
YHC1y METOK B JAHHOM MO3HLIMK, KOTOPOE MeHAeTCA B npouecce paboTbl ceTH.

CpabaTbiBaHHe Tepexoia MTHOBEHHO H3MeHseT pa3meTky M (p)=(M (p;). M
(p2). M (p3)...M (p,)) Ha pasmeTky M’ (p) o cienyiommeMy npasi.y:

M/(p) = M(p) - I(t;) + () (1)

3anuch ypaBHeHud (1) 03HauaeT, 4TO MepPexoA t; H3bIMAET MO OJHOH METKe
W3 KaXKIO#H CBOCiH BXOAHOI No3uunu H No06aBiaseT Mo OAHOH METKe B KaX Iyl M3
BBIXOJHBIX.

71: T>N u 1: PN ¢yHKunH, onpeaestomye BpeMs 3aaepKKH HpH cpa-
GaTbIBaHHH Mepexoaa U BpeMs 3aJepKKH B MO3HLHH.

Jnnamuka soinosiieHus MCTI onpenenseTcs ABHKECHHEM METOK, MOAEIH-
PYIOUINX ABHXEHHE AHCKPETHBIX MOTOKOB MOIYNPOLYKTOB.

Monndukauus ceteii [leTpn no3Bo:iseT pemarh CJIEAYIOUIHE 33Aa4H:

1) aHa1n3 (yHKLUHOHHPOBAHMA aNMapaToOB CHCTEMbl B YCTOBHAX HEIUTAaT-
HbIX CHTYaLHH;

2) aHa;M3a MePeKTIOYEHHS YNPABICHHS Ha CETEBOM YPOBHE;

3) aHaiM3a TEXHOIOTHYECKHX CXeM JHCKPETHO-HETIPEPBIBHBIX MPOH3-
BOJICTB 1 o0ecneyeHHs YCTOHYHBOro, cTabH:IbHOTO COCTOAHHA.

s ynpaeieHus npoueccom ounctkn HCB paspabotana mateMaTHyeckas
MOIEIb TEXHOJIOTHYECKOH CXeMbl H €€ MporpaMMHas peain3auns. Matematnue-
ckas Mogens cHeTembl ouncTkH HCB pa3paborana B Bune MCTI, peainsauns ko-
TOPOIi 1MO3BO:1HIa HCC.I1eI0BAaTh CHCTEMHBIE CBA3H M 3aKOHbI ()YHKLIHOHHPOBAHHA
yCTaHOBKH B 1ie:10M [1, c. 231]. ITocTpoeHs! Takke MOJEIH OCHOBHBIX anmnaparos.
pean3ylomux TexHoaorudeckuit npouecc ounctkn HCB. U3 CII — moneaeii th-
NOBbLIX annaparoB ObL1a CHHTE3UPOBaHa MO b Beeit yCTaHOBKH (pHc.2).
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Puc. 2. Moae:ap TexHoI0rHYeCKOro Moay:1a B Biae MCII

C ucno:s3zoBanneM CII-monenn HaMH pa3paboTaH NporpaMMHBIH KOMILIEKC
CHCTeMBI TEXHO;IOrHyeckoro Mony:1a ounctkd HCB, uMutHpymoiei ¢pyHKUHOHH-
pPOBaHHE OYUCTKH B BUpTyaibHOM BpeMeHH. CpeactBamu SCADA-TexHOIOTHH
TRACE MODE paspabotaH nporpaMMHbIH KOMILIEKC CHCTEMEI YIIpaB;IeHHs Tex-
Hos10rH4ecknuM npoueccoM ouyncTkH HCB. CyluecTBeHHON 0cOGeHHOCTBIO pa3pa-
60TaHHOrO NMPOrpaMMHOIO KOMILIEKCA CHCTEMBI YIPaBJIEHHA TEXHO;IOTHYEeCKHM
MPOLIECCOM ABIA€TCA €ro cnocoGHOCTh aJaNTHPOBATHECA K TEXHOIOTHYECKOMY MO-
ayao ourctkn HCB mo60ii MowHOCTH, KaK 51 YCTAHOBKH B PAMKax OTETBHOM
6eH30K010HKH (TaHKepa), TaK W CHCTEMBI BOJOOYHCTKH KDPYMHBIX MpPOH3BOICTB
Hedrexumuu [4, c. 67].

CucreMa ynpas;IeHHS TEXHOIOTHYECKHM NMPOLECCOM MO3BOIAET BHINOIHATH
JUCTIETYEPCKHA KOHTPO:1b OCHOBHBIX %;IEMEHTOB CHCTEMbI YNpaB.IeHHA, OCTaHaB-
nuBath cHcTeMy ouHcTkH HCB 1 aHann3npoBath ee cOCTOSIHHE KaK B L€I0M, TaK H
B LI€;I9X NIPOTHO3HPOBAaHHA Pa3BHTHA BHEIUTATHBIX CHTYalUHH

BoiBoABI

1. IpennoxkeHo ucnosb3oBaTh Moaudukaunio cerelt IlerpH, opHeHTHpO-
BaHHYIO Ha MOJACIHPOBAHHE H aHATH3 JHUCKPETHO-HENPEPBIBHBIX CHCTEM, MYTEM
BK/IIOYEHHS NPHOPHTETHBIX MEPEXOA0B, BpEMEHH 3aJI€PKKH METOK B MO3HLHAX H
nepexoaax.

2. Moctpoena MaTemaTHuecKas MoAeIb (YHKLUHOHHPOBAHHA CHCTEMBI
OYHCTKH HeTecoAepKalIHX CTOYHBIX BOJ, peaTH30BaHHad B BUAEC MOAHOHLHDO-
BaHHO# ceTH [leTpH, Mo3BossdlOIIA8 HCCAEA0BAaTh CHCTEMHBIE CBA3H H 3aKOHBI
Cb}'HKI.lPIOHHPOBaHHﬂ YCTAaHOBKH B LIC;TOM.

3. Pa3paboTaH mporpaMMHBINl KOMILIEKC CHCTEMbl OYHCTKH CTOYHBIX BOJ,
MO3BOIAIOUIHIA AHATH3INPOBATb COCTOAHHA CHCTEMBI OYHCTKH B LEJIOM H NMPOTHO-
3UpOBaTh Pa3BUTHE BHECIUTATHBIX CUTYaLHH.
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CBOWCTBA MSICA IITHULBI, MOJYYEHHOIO OT YBOS
C PA3HBIMH CITOCOBAMH OI'TYHIEHHUA

Cemuxonenxo H.H.

acmupaHT Kadexpbl TEXHOIOTHH NPOAYKTOB )KHBOTHOTO MPOHCXOXKIACHHUS
BopoHekcKoro yHUBEpPCHTETa HHKEHEPHBIX TEXHOSIOTHid,

Poccus, r. BopoHex

Anmunosa JLB.

npodeccop kadeapbl TEXHOIOTHH MPOAYKTOB SKHBOTHOTO MPOUCXOXKIAECHHS
BopoHeXCKOro yHHBEPCHTETa HHKEHEPHBIX TEXHOIOTHIA,

JOKTOP TEXHHUECKHX Hayk, nmpodeccop,

Poccus, r. Boporex

Opexos O.I'.

JOLEHT Kadeapsl TEXHOIOTHH NPOAYKTOB KHBOTHOTO MPOUCXOXIACHHA
BopoHekcKoro yHHBEPCUTETa HHKEHEPHBIX TEXHOIOTHH,

KaHAMAAT TeXHHYECKHX HAYK, IOLEHT,

Poccus, 1. BopoHex

OrayuleHHe NTHUB — OHH H3 OCHOBOIO:IaraloLIHX 3TamoB B TEXHO;IOTHYECKO#! Lenouke
yOost MTHUBL, onpeaensionlnii nanbHeiiiree eé kayectBo. CpaBHEHHE palIHYHBIX crocoboB
OFTylWICHHSA, TPHBEAEHHOE B CTAaTbe, [MO3BOINIO  BBISBHTE pPa3HYHA  KauECTBEHHBIX
XapaKTePHCTHK MsiCa UBIMIAT-0poiinepoB. Pe3yabTaThl CpaBHHTENBHOTO aHATH3A MOATBEPKAAIOT
6or1ee MeIIeHHOE pa3BHTHE aBTOTHTHYECKHX MPOLIECCOB, a, CIeA0BaTeNbHO, 6o1ee CTaOHIbHBIE
MOKa3aTeIH Msca Ha dTamaXx TEXHOJIOTHYECKOro mpouecca H MpH XpaHeHHH. [aybuHa u
XapakTep aBTOIH3a  OMpEIEIAI0T  KauyeCTBEHHBIE  MOKA3aTEIH  MsAca, OLIEHHBAEMBIE
norpeburensmu.  OYHKIHOHATEHO-TEXHOIOTHYECKHe CBOHCTBA Msfca MNTHIBI  OKAa3aTHCh
JYYIIHMH TIPH  HCTIOJNB30BaHHH OLTYIIEHHS B KOHTpPOJHpyeMoil ra3oBod cpeae. Taioke
cpaBHeHHe BBIXOZa Msca LBIMLIAT-OpOiIepoB HArSMHO IMOKa3alo MpPEHMYILECTBO Ta30BOTO
OTSTyLIEHHs, PabOTaIOLIEro B KOMILIEKCE € HIEKTPOCTHMYIISLHEH.

Kaouesvie croeqa: OTTYIIEHHE MNTHUBI B ra3oBoii cpeae, HHHOBAIIHH,
KOHKprHTOCl'lOCOﬁHOCTB, Ka4yeCcTBO MsACa MTHIILI.

I'aBHas nelb B NMTHULEBOACTBE Ha COBDEMEHHOM JTane¢ — MNPOU3BECTH
MPOAYKUHIO 3(1)(1JCKTHBHO, C HAaHMEHBIIUMH 3aTpaTaMH M OT.IHYHBIM Kau€CTBOM

[1].

MomHocTh MsiCO- M TTHUenepepalbaThIBAlOIIMX NPEANpPHATHI pacTeT C
KaXIbIM TOOM W CTaBHT IMepe/l MPOH3BOAHTEIAMH DAl TEXHOIOTHYECKHX 3a1ay
Mo aBTOMATH3allMH MpOLECCa, BKIIOYas TPAaHCMOPTHPOBKY Bce 0ObILIETO
[OrOJI0BbS  CETBCKOXO3AHCTBEHHOM MNTHLUBI M KHUBOTHBIX OT ¢(epMbl fo y6os.
IMpouecc mocTaBku H OrTyIIEHHS HE MOKEH HAHOCHTh BpeJl *KUBOTHBIM H MTHLE.
TaK Kak OT JTOro HanpAMyH0 3aBHCHT KayecTBo Msaca. Ho riaBHbBIM (akTopOM:
CTHMY:THPYIOLINM NepeXoA MACO- H nTHuenepepabaThiBaroleii MPOMBILLICHHOCTH
Ha 3amage k TrymMaHHOMy oOOpallleHHIO K JKMBOTHBIM H MTHUE, ABHIOCH
NPHCTAILHOE BHUMaHHe 00ILEeCTBEHHOCTH K 3TOMY Bompocy [2].
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Jlemarorus BOKDYT BONpPOCAa HPAaBCTBEHHOCTH caMoro mpoliecca y6os
KHBOTHBIX W NITHIIBI [PHBEIa K TOMY, YTO MHEHHE MHPOBOH OOLIECTBEHHOCTH H
notpeburteneii  yxe chOpMHPOBaiIOCh, H  HOAKPENIEHHOE  Hay4HBIMH
HCCNIENOBAHHAMH MHOTHX MHPOBBIX BEAYIIHX YUEHBIX HanpsAMyilo BJIHAET Ha
3aKOHBI B Pa3BHTHIX CTpaHaX H GOPMHPYET HOBBIC TPeOOBaHUA K NPOH3BOAUTEIO.
O6LIECTBEHHOCT W TIPEACTABUTEIH MHPOBOH HayKH paccMaTpusaioT cdepy
OTJIyHIEHUs H Y003 CenbCKOXO3AMCTBEHHBIX )KUBOTHBIX H NTHLBI KaK NpobaeMHyI0
¢ COUHAaNBHOH U MpaBoBOH To4yek 3peHHs. X OCHOBHas 3ajava — HHHLHHPOBATDH
YCOBEPUICHCTBOBAHHE TCXHOJIOTHH TPAHCTIOPTHPOBKH JKHBOTHBIX M NTHUEI Ha
yGOii, BHEIPHTH TEXHOJIOrHM TYMaHHOTO OLNMylIeHHs W y6od, 4To MOLI0 Obl
3HAYHMTEIBHO MOBBICHTE O;1aromnosiyyde >KHBOTHBIX, a Takke obnerdyutb paboty
yeJioBeka U cienaTh ee Gonee 6e30macHOM.

MupoBsie  0OILleCTBEHHBE OpPraHW3allid  OKa3bIBAIOT  JaBjIeHHE Ha
npousBoauTesiell ¢ TpeOOBaHHEM 3ampeTHTh TEXHOJOTHYECKHE MPOLIEAYDSI,
BBI3BIBAIOLINE Y NTHIB H )KUBOTHBIX CTPaAaHHA U PpH3HUECKYIO 60b.

Ctpecc, nepesKuThIil )HBOTHBIMH BO BpeMs IIEPEBO3KH H HEMOCPEACTBEHHO
BO BpeMs Y605, MOXET He TOJIbKO NPHYHHHTE UM CTPaJaHHsA, HO U CKa3aThCsA Ha
KauecTBe Msca. B pesyneTaTe B MBIMICYHOH TKaHH PE3KO COKPAILAIOTCS 3amachl
[JIMKOreHa, HeoOXOAMMOro i MOIepXaHHs HOPMAasibHON KHCIOTHOCTH Msca.
TeMHoe Ha paspese MsAcO — TOKasaTenb cIpecca, TpaBM, OOJE3HM HIH
YTOMIEHHOCTH KHBOTHOTO niepex yboeM [2].

Bce paccy:kneHus o npaBaX KHBOTHBIX H JK&TOCTH K HHM, HEMOCPEACTBEHHO
CaMHM TIOTpeGUTEIeM MACHBIX NPOAYKTOB, MOATAJIKHBAIOT NPOHM3BOAHTENEH Ha
MOUCK M IPUMEHEHHE ATbTePHATHBHBIX TEXHOJIOTHI IpH yOoe MTHLIBL.

Bo MHOTHX cTpaHaX yxXe NMpeAnpHHATHI ONpeeleHHbIE ark 10 KOHTPOJTO
Hajq mpoueccoM 3a06os TakuM o06pa3oM, 4YTOObl YMEHBIIHTE MOTEHLMATBHBIE
BO3MOXKHOCTH TIPHYHHEHHS KUBOTHOMY cTpaxa, 6oimH H cTpecca. [Ipumensemeie
HHHOBAIMH PemaioT GONBIIKHCTBO TEXHOIOTHYECKHX npobieM B mpouecce y6os,
aBTOMATH3MPYIOT MpOLlecC MOJAYH NTHIBI H XKHBOTHBIX Ha yOoH, cam mpouecc
rnymenus. COOTBETCTBYS OKHAaHHAM MOTPEOUTENs B TYMaHHOM OOpAIiEHHH C
OTHUCH W JKHBOTHBIMH, TNPOH3BONHTENM, KOTOphle MHpPHMEHAIOT HHHOBALMH,
TIOIY4aIoT BCE BRITOABI OT MOAEPHH3ALIHH CBOMX NPEANpHATHIL [3].

BOMBIIMHCTBO KPYTIHBIX 3alafHOEBPONEHCKHX NTHLENepepadaThIBAICIIMX
TIpeANPUATHI, HEKOTOpBle AMEPHUKAHCKHWEe, a C HeJaBHHX IOp M POCCHHCKHE,
TIPUMEHAIOT WIH 3aIUIAHHPOBANIU MepeXol Ha HOBYIO CHCTEMY OTJIYLIEHHS NTHLBI
CMECBIO ra30B B KOHTpOJIHpyeMoii aTmocdepe.

H3 marepuanos World’s Poultry Science Journal: «Hanbonee Baxubie
TOKa3aTeny KayecTBa Msica NITHLBI — 3TO BHEIIHHH BUJ U TEKCTypa. BHemHuil sua
~ KpUTHYeCKHii IToKa3aTenpb A moTpeGuTens npu BeIGope Kak MAca NTHLEL, TaK H
TOToBoro mpojykra. TekcTtypa — 3T0 HanOosee BaXHBIH (aKTOp, ONpeNeIAIOIIHI
BHEWIHHI B Msca, BAKAIOLIMI Ha MoTpeGHTEIbCKOoe nmpeanoyTeHHe. BHeunuii
BHI NipoaykTa ompeesisercss UBETOM KOXH, LBETOM Msca, LBETOM TOTOBOTO
PoykTa u fedexTaMu, TAKMMH KaK CHHAKH M KpOBOMOATEKH. CleoBaTelbHo,
"PousBOMTE IO HEOGXOOMMO BBHIYCKAaTh MPOAYKT BBICOKOTO KayecTBa BO
Wbexanne cuikeHns LeHbl Ha Hero. MCTOPHYECKH HEKHOCT Msica Gbita
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HaMpsAMYIO acCCOLHHPOBAHA ¢ KaueCTBOM MTHLKI (1opoza, o1 1 Bo3pacT). OnHako
COBpPEeMEHHAs MHIYCTPHS MPOH3BOAHT BBICOKOOJHOPOAHYIO MONIOAYI0 NTHUY, B
CBA3M ¢ YeM OONBITHHCTBO MPOGJIEM KauecTBa CETOAHs CBA3AHO ¢ TEKCTypoH Msca
W pe3yJbTaTaMH OLIHMOOK NMpH mepepaboTke WM paHHeH oOBaike (CHATHS Msca ¢
KOCTH). XOTA TakHe MOKa3aTelH, KaKk COYHOCTh WJIH BKYC, TaKKE BaKHBI, OHH
HauOo;1ee 3aBHCAT OT KauecTBa MPHIOTOBJICHHSA TOTOBOH MPOAYKUHMH, H JIETKO
KOPPEKTHPYIOT OIUHOKH MepepaboOTKH, €cM  TakoBele ecTb. [loHHMas
6OIBUIMHCTBO KPHTHYECKHX ()aKTOPOB, BIMAIOIIMX HA LBET H HEXKHOCTH Msca
MTHIBL, MOXHO MTPOH3BOAUTH OHOPO/IHBIH KauecTBEHHBIH npoxykT [4].

OraylleHHe — MepBblil UIar NPH «TYMaHHOM» yboe, MpexycMaTpHBaIOIEM
3a00i nTHUBI B Oecco3HaTe:IbHOM cocTosHHH. [Ina 3toro 6v110 paspaboraHo
HECKOJIbKO MerojoB. Haubosiee mpuemieMblii M OOWH H3 CaMBIX MPOCTBIX —
JMEKTPHUECKHM TOKOM. [IpM HaBeuIMBaHHM 3a HOTH TOJOBBI NITHI BXOMAT B
KOHTaKT ¢ coieBeiM pacTBopoM (koHueHTtpauueil NaCl npumepro 1%) wim
00bIYHO BOJOH, B KOTOPOM 3JIEKTPOABl PacnoloXkeHbl TaK, YTO TOK MPOXOAHT
yepe3 MNTHIy HAa KOHBEHep HAaBELINBAaHHA, BBIMOIHAOMNI (YHKUHIO 3EMIH.
CooTBeTcTBYIOUIHH pa3pan oridymaeT npuOau3uTensHo Ha 60-90 c, B TeucHue
KOTODBIX HOTHUA He CNocoOHA CaMOCTOATENIBHO CTOATh WJIM JIBUTAThCA.
Hemoorayuienne MoXeT NpHBECTH K IedeKTaM TylleK, HalpUMeEp, K HEMOJIHOMY
00eCKpOBIIMBaHHIO, B TO BpeMs KaK 4Ype3MEpHOe BO3JIEHCTBHE TOKa MOXET
BBI3BIBATh TaKHe MOPOKH KaueCTBa, KaK MepesIOMBI KIIOUHI H KPOBOMIIHAHHA H3
pa30pBaHHBIX apTepHi M Kanu:LApoB [6].

B eBpomefickux cTpaHax B ULeJAX 3aMEHbl JJICKTPOONIYLICHHS €
HCIOIB30BaHHEM YJTEKTPOLIOKa ObLIM pa3paboTaHbl ApYTrHe METOMABI OFSTYHIEHHA.
OnxHUM U3 MPOMBILLICHHBIX METOIOB ABIAETCSA BBIAEPXKKA MTHL B aTMocdepe rasa,
BBI3BIBAIOILIETO AHECTE3HI0 HIM KHUCIIOPOAHOE Tos10AaHMe. JInsg IToro Moxer
HCIMOTBb30BATECA ABYOKHCH YTTIEpO/a — aHeCTe3HUPYIOIHH ra3, KOTOphIii OBICTPO
OPHBOANT K MoTepe co3HaHHA [5]. AproH M a30T — HHEPTHBIE Ta3bl, KOTOpBIE
BBITECHSIOT BO3AYX M BBI3BIBAIOT Oecco3HaTellbHOE COCTOSHHE B pe3y;bTaTe
OTCYTCTBHS KHC:I0pozAa [8; 8].

CylLecTBYIOT HECKOJIbKO METOIOB OFJYILCHHS NTHLGI C MOMOLLUBI) ra3a,
MpelyCMATPHBAIOILIHX PA3THYHBIE CMECH Ta30B H MX KOHUEHTpauu#. OCHOBHBIX
CHCTEM OJHO(A3HOTO OriIylIeHHs — ABe. B mepBoil U3 HUX HCMOIB3YETCS CMECh
yriaekucioro raza (10-40%) u Bo3gyxa (60-90%), kotopas Bo3acicTBYeT B
TeUeHHE HeNpOROIKHTENbHOro BpeMeHH (30-45 c¢), mpH 3TOM OIITyIUAaeT, HO He
YMEpPILBIAET NTHIlY. JpyrHe CHCTEMBI, HCMOMB3YIOIIHE CMecH aproHa (55-70%).
azota (10 15%) u yraekucaoro rasa (30%), aeiictBytor gonsiue (01 2 1o 3 MHH) H
TIPHBOJAT K TOMY, YTO MTHUA MOCTyMaeT Ha yooii yxe MepTBOii [4].

Jnsa poccuiickoit nTHUenepepabaThiBalomIell MPOMBILLIEHHOCTH MOXET
ABIATHCA Goslee MPEANOYTHTEILHBIM ABYX(a3HbIi MeTOA OrylieHus nruusl. OH
ocymecTsaseTca B 2 dtana. Ha nepsoit craaun yposens» CO, coctapiser 30%
o6bveMa ra3oBoil cMecH, a Ha BTopoit — 70%. Beck mByxcTyneHuartblii mpouecC
3aHMMaeT NpHOIM3UTETBbHO 2,5 MHH, pacxoa CO, — nopaaka 1012 r ua nuuy [7]

Craeayer OTMETHTb., YTO OIIYLIEHHBbIE Fa30M MNTHUBI TMAcCHBHO BHCAT B
MoJBecKax, KOHBeiiepa. ABHWXywlerocs B kamepy y6os. B a3rom ciydac
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060pyA0BaHMe He HY)XXHO KaXblii pa3 perynmposaTb Ans 3axBaTa NTULbI, Kak 3TO
NPOMCXOAUT C OKOYeHeBLIel NTUUEA MOCne HKeCTKOro  3/71eKTPUYEecKoro
orfnyLeHus.

B HacTosllee Bpemsa B Poccum obopyfoBaHWE AN1F OrNyLeHUs NTUlbl B
KOHTpo/ipyemoin rasoBoii cpege (pucyHok 1) npefctasneHo B 00O
«benrpaHkopm» (B CTPYKTYpe XONAUHIa UMEeloTCA NPeAnpuaTys, UCNonb3yloLine
¥ TPaAULMOHHBIA CNOCO6 OrNyLeHNA NTULbI - 3EKTPUYECKUM TOKOM).

Puc. 1. Cuctema rasoBoro ornyweHus ntuybl CAS-1000
1- nogaya NTWLbI B KOHTeHepax; 2 - BbIFPy3Ka NTWLbI Ha KOHBelep; 3 - cMCTeMbl MOKMN
KOHTEeiHepOB; 4 - cucTema OrflyLIeHUsi NTWLbI B ra3oBoil cpefe (nepsBas CTyMneHb - OrNyLIeHne
C MOBbILWEHHbIM cogepxxaHvem O2); 5- cucTeMa OFNyLLIEHUS NTULbI B ra3oBoii cpede (BTopas
CTYNEeHb - OrNyLUeHWeE C NOBbILEHHbIM cogepXxaHnem CO?); 6 - HaBelUVMBaHWe OFNYyLLIEHHO
NTWLbI Ha Kapycenb

[ns cpaBHeHWs KauyecTBEHHbIX MoKasaTefieid maca NTUUbl, 6Gbln NpoBeseH
pSf OMNbITOB C MACOM, MNOMY4YeHHbIM OT Y60s MpW pasfMyHbIX Ccrnocobax
OrNYLWeHNA: 3NEKTPUYECKUM U ra3oBbIM.

MTuly, OrnyLWweHHYI0 B YCNIOBUAX KOHTPONMPYEMOli ra3oBoi cpefpl, 4ennnu
Ha [Be NapTuw, A8 OAHOM W3 KOTOPbLIX WMCNOMb30Banu 3NEKTPOCTUMYAALUIO
TYLUEK, A1 BTOPOWA Xe 31eKTPOCTUMYNALMA He NPUMEHSNACh.

3amepbl pH B MAce NTULbI MPOBOAWN B FPYAHbLIX U B6eAPEHHbIX MbILILAaX Ha
crneuunanbHoOM CcTaHAapTHOM pH-meTpe. HaBecky W3MenbyeHHOro msca 5 1
noMeLLany B KOHUYeCKy Konby Ha 130 mn, gonusanu 50 Ma AUCTUAIMPOBaHHOW
BOZbI, TWaTeNbHO B36anTbiBanu MONYYEHHbI pacTBop B TedeHne 30 MUHYT, 3aTeM
BbITSXKKY OT(M/IbTPOBbLIBA/IM Yepe3 CyXOil Cknaguatblii GUALTP B XUMWUYECKUI
CTakaH. B uccnegyembiii pacTBOp MOrpyXanu 3/1eKTPOAbl, B TEUEHWUE NATU MUHYT
Habntogany 3a pesynbtaTamu.

M3meHeHue 3HaveHuii pH MsAca NTULbl NPy OFNYLUEHWN B KOHTPOAMPYEMON
TasoBOW Cpefie W OrNYLUEHWW 3NEKTPUYECKMM TOKOM WMEeT CrleAyioLlyto
TeHAEHUMIO (PUCYHOK 2):



BfipeaLym
¢ DMVAY ryMIpooTWA

——nIKItVK» ny KM

ISMXMYT>KYMr 35w **wr.ie  2-my3Me« 3ty 2K B-pvyiwn S-rrvrxnt KVrryrs*
CecwaxTas wioARKW; e<jeMd«kney6oa

Puc. 2. N3meHeHne pH B rpyAHbIX MblwwLax (hune 60nbL10e) LbINASAT-6poiinepoB npu
pasnnyHbIX cnocobax OrnyLeHWUs ¢ UCNONb30BaHWEM 3/1IeKTPOCTUMYNALUM UK 6e3 Hee

3pecb 1 ganee: Ana uccnefoBaHuUii MCMONb30BaNach NTULA OT OAHON NapTUm
(ognH Bo3pacT - 40 gHeid, Bec - 2,150 Kr B cpefHeM, Kpocc - Ko66, cuctema
cofepXXaHus v KopMneHus, NTuua Bbipawmeanacb B 04HOM Kopnyce). Mpu oTnose
caXkanacb B KOHTeHepbl 1 Hanpasnsnach Ha ABa 3aBofa no y6oto 1 nepepaboTke,
paccTosiHMe Mexay KoTopbiMu cocTaBnseT 200 meTpoB. Takum o6pasom, nNtuua
6bina abCoONOTHO MAEHTUYHA U OGHOPOAHA.

M3 faHHbIX, MOMYYEHHbIX NpW y60e NTWLUbl C pasfuyHbIMKU Ccrocobamm
ornyweHus, HabnogaeTcs, 4To 3HaYeHUs pH MMET NONOXUTENbHYIO AVHAMUKY
ana  Bcex  Tpex BapuaHToB. CpaBHMBasA  pesynbTaTbl, BWAHO, 4TO
3NEKTPOCTUMYNALNSA NOBAEKNa 3a COO0M pe3kuii CKavyoK 3HauyeHuid pH B kucnyto
CTOPOHY B CpPaBHEHWW C APYrUMK rpynnaMu TecTupyembix obpasuos. Mcxogs u3
3TOro, MOXHO cfAenaTb  BbIBOL4, 4TO MNpPU  rasoBOM  OFflylWweHun
3NeKTPOCTUMYNALMeA MNpoLecc CO3pPeBaHWA MPOMCXOAMT ObICTpee, 4em npu
OrNyWeHUn 3NeKTPUYECKUM TOKOM WX ra3oM 6e3 aneKTpocTumynauuu. 3pecb
MOXHO cfiefiaTb BbIBOJ, 4YTO CO3peBaHWe And MNocnefHUX [ByX 06pa3LoB
MpPOoTeKasio Mo WCTeYeHWW MepBbIX CYTOK, KOrAa U3MepeHWUs He MpPOBOAWUCH, U
HarnsgHoM MANKCTPaLMN HeT.

padkn MANKOCTPUPYIOT NOCTOSAHHBLIA POCT 3HayeHuidi pH. OueBWAHO,
Takue 3Ha4YeHUA MONyYeHbl BCNEACTBME TMPUXKWU3HEHHOrO pacnafa FINKOreHa,
KONM4ecTBO 06pasoBaBLUeiics nocsie y60s MOMOYHOW KWCMOTbl B MACE HEBENKO.
MoBbiWeHHbIe 3HayeHMs pH Ana Takoro wMsca npejnonaraldT  XOPOLUYH)
B/1aroCBA3bIBAIOLLYI CMOCOOGHOCTb BC/MEACTBME [AOCTATOYHOM pPacTBOPUMMOCTU
MUOUBPUNAPHBIX GENKOB.

Ons  oueHKM  (YHKLMOHANbHO-TEXHONOMMYECKNX CBOWCTB CpaBHMBaNu
B/1arOCBA3bIBAIOLLYI0 W BNaroyAepXuBaroLlyo CnocobHOCTb MAcCa, MOMYYEHHOro
0T y60s NTUUbl C 3MEKTPOOr/NylWeHWeM W OFNyLUeHWeM B rasoBOW cpege C
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1CMoJib30BaHNEM 3NIEKTPOCTUMYNALNN. PesynbTathbl npescTaBneHbl
Ha pUCyHKax 3 n 4.

[patmkn HarnggHo WANOCTPUPYIOT MPEUMYLLIECTBO Fa30BOr0 Or/yLUEHMS,
npy  KOTOPOM  BRaroyfepXusatrolwias  CnocobHOCTb  Bbile, YeM  npu
3/IEKTPOOTNyLWeHUN B 6efipeHHbIX MbIlLax - Ha 3,2%, a B rpyAHbIX MblLLax - Ha
5,6%.

BCC,%
74,0
—_ ¢ —
72.0 * - aa
70,0 o>
66 0
66,0
«,0
62,0
60,0 .
58,0
10 MUHYT 2 vaca yepe324  uyepe348 yepes 6 yepes 10
{nocne (nocne uac vac CYyTOK cy’ Oy cyT oK
obecriep.)  o*naxan Bpems nocne y6os
e-«*6e/]p0 »SEKIPOOT/«. m  Geapo razccn  W» T pyAHa SNeKTPooOT royaxa ras.orn.
Puc. 3. BnarocBsisbiBatoLas cnoco6HOCTb Msica LbliNaaT-6poiinepos
npu pasnnyHbIX cnocobax ornyLeHuns
BYC,%
65.0
60.0
55.0
50.0
45.0
40.0
10 MuHyT 2 vaca yepes 24 yepes 46 «epe3 6 yepes 8 vepes 10
(nocne (nocne vac. yac. CYTOK CyTOK CYTOK
obGeenep.) ownaxg.) Bpems nocne y6os
—*— GeApeaseKkTpocrn. 6eApo”33-0T . —s —rpyAKaBAekTpoors. * "rayapgaras.orn.

Puc. 4. BnaroyzepxuBaroLias cnoco6HoCTb Msica LibINaaT-6poiinepos
npv pasnnyHbIX CNoco6ax OrfyLeHns

Ecnn cpaBHMBaTb BbIXOL Msica LbINIsAT-6pOiANEpOB OT >KMBOIO Beca,
NperMyLLEeCTBO ra3oBOro OrMyLIEHUs Takxke Hanuuo (Tabnuua 1): Bbixog Msca B
Y6oiiHoM Bece Npy ra3oBOM OF/IyLUEHUM (C MCMONb30BAHUEM 3/IEKTPOCTUMYSALMN)
Bbille Ha 0,4%. HO ec/im 34ecb MOXHO FOBOPWUTb O BAWSIHUM U APYTUX (haKTOPOB
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(nanpumep, 3anoaHeHHocTh JKKT), To pasHHua B Bbixoae (uIe rpyAKH OYEBHIHA:
y TYILEK, OFTYIIEHHRBIX B ra30Boii cpelie H C HCMOIb30BAHHEM 3IEKTPOCTHMY.TALIMH
BbIX0A Bbilie Ha 0,86% MO CpaBHEHHIO C TYLIKAMH, OTTYILEHHbBIX YIEKTPHYECTBOM.
KpoMe Toro. npm orayweHHu B ra3oBoii cpefe, Bbixoa kpoBu Ha 0,3% 6osbiue,
uT0 TOBOPHT O 60ee MOIHOM 00ECKPOBIMBAHHM H, CIEAOBATEIBHO, JyUlllEM
KayecTBe TYILEeK NTHLbL.

TakuM 00pa3oM, NPUMEHEHHE Ia30BOr0 OrTylLIeHHSA, MOMHMO Y:1y4LIEHHs
BHEWIHETO, TOBAapHOTO, BHAA TyWIeK (CHIDKEHHE KOIM4YEeCTBa MEpeEliOMOB.
KPOBOMOATEKOB) M YIydllleHHd YCIOBHIt Tyda paGOTHHKOB YYacTKa HaBECKH
JKMBOH TTHUBI (CHIDKEHHE MbLIH, IIyMa, COMPOTHRICHHA NTHILI), YJIy4llaeT H
(GYHKLUMOHAILHO-TEXHOIOTHYECKHT CBOHCTBA MAca NTHLBI (B1arocBs3biBatoias H
BJIArOyAepKHBAOIAs cHOCOOHOCTB), @ Takke IKOHOMHYECKHe TMoKasaTelH (3a
CYeT YyBEIMYEHHS BbIXOJAa MNPOIYKUHH CHHXKaeTca e¢e cebecTOMMOCTh H
yBe;THYHBaeTCA peHTabe;IbHOCTh MPOHU3BOCTBA).

Tabauua 1
CpaBHeHue BbIX0/1a KPOBH, 11epa H MAca LbILIAT-6poii.iepos
npuﬂamuqm.lx BH1aX Or1YIUCHHSA, %
BbIXOI KpoO- BLIXOX M#Aca uE BBIXOA BBIXO, (bH-
Ne n/n B P BeIXOJ mepa | (TYLIKH NOTpo- R e A -
LIEHHBIE) pya e Tpya
JnexTpiieckoe 1.8% 3.82% 73,09% 3439% | 22,68%
OITYIUCHHE

ra3°"°§:e”ym"" 2.1% 3.85% 73,49% 3436% | 23,54%

BesyciosHo, npuobpereHne H 06C.Ty)KHBaHHE CHCTEMBI OLTyLIEHHS NTHLbI B
KOHTpO/MpyeMoii atMocdepe — IOBOJIBHO 3aTPaTHOE MEPOTPHATHE, OJHAKO MpH
ee¢ BHeAPeHHH poOcCCHiickHe nepepaboTYHKH CMOryT YCHelHO KOHKYpHpOBaTh B
KaueCTBe  BBIMYCKAaeMOH  MPOAYKUHH ¢  BedylIHMH  3apyOexHBbIMH
NPOH3BOIUTETAMH.

[puMeHeHne MHPOBBIX HHHOBALIMOHHBIX TEXHOIOTHiA 103BOINT 00ecneunTh
TEXHO;IOTHYECKUil MPOPLIB H CYIIECTBEHHO MOBBICHTh KOHKYPEHTOCMOCOOHOCTD
OTEYECTBEHHOTO NTHLEBOICTBA.
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. NMPOTPAMMHOE OBECIIEYEHHE
POPCAUT-AHAJIMTHKA JJIEKTPOHHOI'O NIPABUTEJILCTBA.
NOTPEBHOCTHU U KOHUEINUUA

Codores A.A.

acnHpaHT Kadeapsl IKOHOMHYECKOH HHPOPMaTHKH

HoBocHOHPCKOTO rocyAapcTBEHHOTO YHHBEPCHTETA JKOHOMHKH H YIIPaB;IeHHA,
Poccus, r. HoBocubupck

Conoevés B.H.

npogeccop kadeapbl IKOHOMHUECKOI HHHOPMATHKH

HoBocubHpckoro rocysapcTBeHHOTO YHHBEPCHTETA 3IKOHOMHKH H YTIpaB;IeHHS,
KaH/l. TeXHHYECKHX HAYK, TOLIEHT,

Poccus, r. HoBocuGHpck

Heno:s3oBanie MeToa010THH «¢opcaiiT» MO3BOIHT OLEHHTH A0JTOCPOYHbIE MEpcHek-
THBBI Pa3BHTHA EKTPOHHOTO NMPaBHTEILCTBA B PoccHH 3a CYET onpeaeieHHs CTPaTErHYECKHX
Hanpap.IeHHH HCC1eJ0BaHHH H HOBBIX TEXHOJIOTHH B 2aHHOH 001acTH, a TakiKe AOCTHIKEHHA
KOHCEHCyca MeKIy 3aHHTepecoBaHHBIMH cTopoHamu. Ha ceroansmnuit aeds y ¢opcaiit-
aHanuTHKOB HabmodaeTcs ocTpas MOTPeGHOCTh B HHQOPMAUHOHHOM obecneueHHH HarpapieH-
HOM Ha MPOLIECC B PaMKaxX KOTOPOro MPOHCXOAUT cGop, popMHpOBaHHeE, aHATH3 MHEHHH 3aHH-
TEPECOBAHHBIX CTOPOH, a TaKkKe JalbHeiflllee YMpaBIeHHE KOPPEKTHPOBKAMH AaHHOI
HHpopMaLHH.

Kuouessie c106a: 3aektpontoe npasuteabetBo, HKT, ®opcaiit, MeToao0rH, cTpate-
THA, BHAEHHE, HHPOPMaLIHOHHOE O0LIECTBO.

npOlleCC TUTAHHPOBAHHA ONPEacII€T OCHOBHBIC a-TbTEPHATHUBBI, KIKOYEBBHIE
BONIPOCEI, CBA3aHHBIE € KaXIOH a1bTepPHATHBOKH, H MOMOTaeT B OLEHKe H 0TOope
HauGo:1ee KN3HECIOCOOHBIX AMLTEPHATHB A0 Hayasla 3a1a4yu. B nensx ycnemsoro
BbINIO;THEHH A 3aJa4 1o CO3JaHHIO ICKTPOHHOIO NMPaBHTEIBCTBA, HeO6X0ﬂHMbl co-
OTBETCTBYIOLUHE CTPATETHH H ILIaHBI AeiicTBHH. DopcaiiT ABIdeTCA MOAXONALUIHM
HHCTpYMEHTOM /119 ONpEAE;TIEHHs CTPRTETHH YIEKTPOHHOIO TOCYAapCTBEHHOTO
ynpae:ienns {2, c. 1].

DopcaiiT cocpeOTOYEH Ha CO3NAHHH H aHATH3E BO3MOMKHBIX BAPHAHTOB 6y-
IIYIHero H BblpaﬁOTKe AIBTEPHATHBHBIX CTpaTerl/lﬁ Ha OCHOBE KaK HMEIONIHXCA
SHaHWH, Tak M TaHHBIX MOAYYEHHBIX B NPOLIECCE NPOrHO3MpoBanHs [1, c. 2].
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dopcailT ICKTPOHHOrO NMPABUTEIHCTBA MOKET HMETh MY.TbTHILTHKATHBHBIH
I dekT a5 npoBeneHHs ero cnuH-opdoB (B ob1acT: Hanorossix pepopm, HUT-
ceKkTopa, 00pa3oBaHua M T.4.). Pe3y:ibTarsl dopcaliTa 3IEKTPOHHOTO MPABHUTE b~
CTBa HMEIOT 3HAYMTEIbHbIE NMOCIEACTBHA JUTA PeTH3ALUHH U NEPECMOTpa MO;TUTH-
K [3 c. 4].

B03MOXHOCTH aJlaNTallHH MIEKTPOHHOTO NMPABHTEILCTBA MOA HYKABI H HH-
Tepechl COOCTBEHHBIX MPaXKJaH B 3HAYHTEIHOI CTENIEHH 3aBUCHT OT YPOBHA CTpa-
TErHYecKoro TUTAHHPOBAaHHA H NporHo3upoBaHHd. Hcno;is3oBaHHe METON0.I0THH
«(opcaliT» MO3BOJIUT OLUEHHTH NOITOCPOUHBIE MEPCIEKTHBEI Pa3BHTHA 31€KTPOH-
HOTO MpaBHTEIbCTBA B Poccuu, 4ToOB! ONpeneInTh CTpaTETHYECKHE HanpaB.IeHHs
HCCIe0BaHKil H HOBBIE TEXHOIOTHH B JaHHOI 00:1aCTH, a Takke JOCTHYb KOHCEH-
Cyca MeXay 3aHHTepecOBaHHBIMH CTOpOHaMH [4, c. 3-4].

Jnsa nposeneuus Popcaiita HeobxoauM c6op H aHAIN3 OTPOMHOTO KOsIHYE-
CTBAa MHeHHil M TpeGOBaHMI MO Pa3BUTHIO IEKTPOHHOIO MPAaBHTEILCTBA. JTO
OueHb OOJTHI M TPyao3aTpaTHbIH npouecc. B cBA3M ¢ 3THM uesecoo6pa3Ho Hc-
no:ib30BaHHe HHQPOPMaLHOHHOEe obecneyeHHe, KOTopas 00;1erYHT H YCKOPHT 3TOT
npouecc.

IporpamMmHoe obecneyeHie MO3BOISET ABTOMATHYECKOE NTPOTHO3ZHPOBaHHE
M HHTETPalHI0 NPOTHO30B BO Bpems Mi1aHHpoBaHua. Ho 6o:binas wacTe npo-
IPaMMHBIX MPOAYKTOB 10 CHX NOp MPOTHO3MpYeT Nno rpybsiM MeTomaM, coaepxa-
IMXCSA B CHCTEMAaX M1IaHHPOBAaHHA, a BOIMOXKHOCTH NPHMEHATD 601ee C10/KHBIE H
TOYHBIE METOIbI HE NpedIarawTces [3, c. 4].

IMporno3Hoe nporpaMMHoe obecnedyeHHe He SABIAETCA COBEPIICHHDBIM.
OcTaroTCA HeAOCTaTKN B OTHOIIEHHH 00pabOTKH JaHHBIX, MO;I630BATEILCKHX HH-
TepdeiicoB 1 HHTELIEKTYyaTbHOH MONXEPXKKH MPOLECCOB NMPOTHO3MpPOBaHHA, K
COXAIEHHIO, 10 CHX MOp, GOILIUIMHCTBO CHCTEM NPOTHO3HPOBAHHA He ObIIN Opra-
HHM30BaHbl BOKPYT Moje:H pabodero mpolecca ¢ YeTKO OnpeAe;ieHHBIMH NMpoueay-
pamu. BeIx0a0M M3 JaHHOI CHTYallHH MOXET MOCIYXHTb HCMO;1b30BaHHE KEHCOB,
KOTOpbIE ONpeAe;IAoT pa3THYHBIE POIH NO:1L30BaTEIeH B COOTBETCTBHH C KOMIE-
TEHUMAMH H 3aladyaMH, a TaKXke NPHMEHEHHE MPOLECCHO-OPHEHTHPOBAHHLIX HH-
CTpYyMeHTOB pa3paloTKH nporpaMMHoro obecrieyenust Takux kak UML (ynusep-
CaTLHOTO A3bIKa MOJETHPOBAHHA).

Ha naHHblii MOMEHT 415 $opcalT-aHATUTHKOB HE CYLLECTBYET NpOrpamMm-
HOTo OfecneyeHHs, KOTOPOE MOTHOCTBIO YAOBIETBOPSIO Obl HX MOTPeOHOCTAM.
EcTb HecKO:1bKO NPHYHH A1 3TOrO.

Bo-nepBbix, TpeGoBaHHs K JaHHBIM ABIAIOTCA 0OpeMEHHTEIBHBIMU: TETEPO-
reHHbIe JaHHble JO.DKHBI ObITh cOOpaHbl M 0OBEIHHEHBI H3 PA3THUHAIX JIOK&IbHBIX
M yaasteHHsIx 6a3. [U1d pa3MelleHus pa3HooOpa3HbIX HCTOYHHKOB JaHHBIX, CHCTE-
Ma MPOrHO3HPOBAHHA NOIKHA BKCTIOHATh B cebs 60:1bloe KO:THYECTBO HMMOpPTA H
9KCMOPTA JaHHBIX OOBEKTOB, TAKHX, KakK OH.IAHH-MOJKTIOHEHHS K Oa3e JaHHBIX
(ODBC). noak:trouenus Java Database (JDBC), XML- napcepsl u HHTEphEHCH
onepaTHBHOI aHa1MTHYecKoi 00paborku naHHbIx (OLAP), Takne kak Cognos, @
TaKXke CpeACTBa JUTA CO3JaHHA 3anpocoB. B uieaste cucTeMa NporHO3MpOBaHHA
JO;KHA pa3peuiaTh AOCTYN K PEIAUHOHHBIM CHCTEMaM ympasleHus 6a3amH aaH-
Heix (CYB/J) npu nomowmm SQL (cTpyKTypHpOBaHHBII A3BIK 3aMpPOCOB) 3aNpOCOB-
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Takxke Ob110 6Bl MOJIE3HO 1aTh AHAIHTHKAM CTAHAAPTH3UPOBAHHBIH JOCTYN K
Haubo:1ee YacTo UCMO.Ib3yeMbIM SKOHOMHYECKHM 6a3aM maHHbIX [5, c. 5-6].

BTopas TpyRHOCTH B TOM, 4TO /114 cOOpa JaHHBIX C LEIbI0 HCMO;1b30BaHHS B
KayecTBe He3aBUCHMBIX NMepeMeHHBIX B JHHAMHYeCKOi MOJie;IH, OHH JODKHBI CHa-
Yajia O;KHBI KOAHPOBATHCA 1A MPEICTABIEeHHS THHaMH4eckuX 3¢ dekToB. [Ipo-
TpaMMHoOe o0ecrneyeHHe AODKHO MPEIOKHUTH MPOUEIYpPhl, KOTOphle 06:1eriart
KOZHPOBaHHE AHHAMHYECKHX 3((eKTOB, H, BO3MOXKHO, BKIIOYAKOT B cebs aBTOMA-
TH3HPOBAHHYIO OCHOBY MPABH1 CHCTEMBI, YTOOBI CO3aTh pa3yMHble KOMOHHALMH
perpeccopos.

B-TpeTbHX, 3TO TPYAHOCTh MOAe;HpoBaHHs. PopcaHT-aHAIUTHKH penKo
ONHpAIOTCs Ha pe3y.IbTaThl 0AHOI MoaeaH. OHH JOKHBI HMETh YAOOHBIH criocob
CpaBHEHHS PEe3YJIBTATOB PATHYHBIX MOXeIel. BaxkHO Takke HMETh BO3MOXHOCTb
100aB;11Th KOMMEHTADHH O OAaHHBIX, BBIYHCIICHHBIX MOXENEH, liarax MOXEIHpo-
BaHHA B KaXIOi MOIEM H pe3yibTaTax OleHKH. B mpoTHBHOM cilyyae, BaxkHas
KOHTEKCTHast HHpopMauna 6yner notepsHa.

INporpammuoe ofecneucHHe OOKHO Takxke MNoOLIepKHBaTh ¢opcaiT-
AHATMTHKA B €r0 C)KCAHEBHBIX MOBTOPAIOWIMXCA 3aaadyax. CHCTeMa 10:1KHA Mpo-
H3BOIAMTH Npe3ecHTabeIbHble OTYETHI, CMELHBas TaOaHLbl, rpapUKH U KOMMEHTa-
pHH U npexnaraeM 6ubIHOTEKY 1WA0I0HOB 0TYeTOB. BBI10 OBI MO1€3HO UMETH HH-
CTPYMEHT, KOTOpPBIH MOXET I'eHepHpOBaTh IIA6G;I0OH Ha OCHOBE CYILIECTBYIOLUMX
OTYETOB.

TakumM obpaszom, B npouiecce c6opa U ynpaB;IeHHs RaHHBIMH. KOTOPBIE BaX-
HbI ;1 MPOTrHO3HPOBaHHA OYAYLIEro %IEKTPOHHOTO MPaBUTEILCTBA, MPHUCYTCTBY-
€T 3HaYHTesIbHAas OpPraHU3aLHOHHAs COCTABIAIOLIAs, KOTOpas C Le;1bi0 NOBBILICHHA
pdextHBHOCTH paboThl PopcaiiT-aHaTHTHKE TpeOyeT aBTOMaTH3aIHH 32 CYET HC-
TNO:1b30BaHHUS CMELHATBHOTO MPOrpaMMHOTO 00ecreyeHHs. YTO NO3BOHT ONTHMH-
3HpoBaTh Mpouecc npoBeAeHHA PopcaiTa 3TEKTPOHHOTO NMPaBUTEILCTBA.
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IMOBBILIEHUE YPOEKTUBHOCTH
BbICOKOCKOPOCTHOM ®PE3EPHON OBPABOTKH NYTEM
ONPEAEJIEHUA UBMEHEHHUSA NAPAMETPOB PEXKUMA
OBPABOTKH OT 3AJIAHHBIX B CJEJACTBHH CJOXHOH
TPAEKTOPUH IBUXKEHUA HHCTPYMEHTA

Cmpensyos I1.A.
acrupanT Kadeaps! « TeXHOJIOruA MalIHHOCTPOEHHA»

V1bAHOBCKOTO FOCYyIapCTBEHHOTO TEXHHYECKOTO YHHBEPCHTETA,
Poccus, r. YIbSHOBCK

B naHHOH cTaThe paccMaTpHBaeTcs MoBemleHHe 3(HEKTHBHOCTH BBHICOKOCKOPOCTHOH
¢pe3epHoit 06paboTKM MyTeM COBEPLIEHCTBOBaHHA BbIGOpa 3HaueHHil pekuma pezaHus. Kak
NpPaBUIO BHICOKOCKOPOCTHOE (hpe3epoBaHKe NPHMEHSETCA 112 06paGoTKH CNOXHO MPOQUITLHBIX
3arOTOBOK, IMOYTOMY HHCTPYMEHT HMEET CII0XKHYIO TPAacKTOpHIO NBHXKEHHS U MPHHHMAET pa3-
JHYHBIE MPOCTPAHCTBEHHEIE MOI0KEHHSA, B pe3ybTaTe: NeHCTBHTENbHBIE 3HAYEHHS PEKHMA pe-
3aHUA GyRYT OTJIMYAThCA OT 3aJaHHBIX B Havajte 06pabOTKH, YTO NPHBORHMT K YXYAHICHHUIO Kade-
CTBa MOBEPXHOCTHOTO CJIOA NETaAIH.

Koveswie cro6a: noseitieHHe 3)PeKTHBHOCTH BBICOKOCKOPOCTHOH 00paboTKH, peXUMBI
pe3anus, CAM-cucrema.

JlaHHas Tema MOCBsIEHA OMpeleNeHHI0 JICHCTBHTENbHBIX 3HAUCHHH (MX
H3MEHEHHS OT 3aJlaHHBIX) PEXHMa Pe3aHHS B 3aBUCHMOCTH OT TPAacKTOPHH JIBH-
JEHH MHCTPYMEHTA TIPH BBICOKOCKOPOCTHOH 06paboTke, COBEPLIEHCTBOBAHHIO
BbIOOpa 3HAYEHHI NIEMEHTOB pexHMa 00paboTKH, H BO3MOXKHOCTH €O31aTh ajira-
PHTM, KOTOPBIii BO3MOXKHO 3anporpamMuposats B CAM-cucteme H/Min pearnso-
BaThb aNnaparHo, BO B3aHMOCBA3H ¢ cucTeMoit UITY BbICOKOCKOPOCTHOrO CTaHKa —
pean3oBaTh aTanTHBHYIO 00paboTKy.

B npoueccax MexaHuyeckoil 06paboTKH BaXXHBIM BOMPOCOM ABJIAETCA TOY-
HOCTh 00paGoTaHHOM 3aroTOBKH H KauyeCcTBO MOBEPXHOCTHOro cios. OaHo#l u3
TIPUYHH, BHI3BIBAIOLIMX MOTPEIIHOCTH F€OMETPHYECKHX NapaMeTpoB AETaslei, AB-
As10TCA nedopMaLMK TEXHOIOTHYECKOH CHCTEMBI, B YaCTHOCTH AedopMaliiy Bbl-
3BaHHbIE B pe3y:IbTaTe ACHCTBUA CHI pe3aHHsa Ha 06pabaThiBaeMyl0 NOBEPXHOCTb,
a TaKKe TEMJIOBLIX MPOLECCOB B 3aHE pe3aHHs, KOTOPOE TakikKe OKa3bIBAET BIIHAHHE
Ha KayeCTBO MOBEPXHOCTHOrO C:I04.

B a3pokocMHYeCKOii TEXHHKE NETATH H3rOTaBIMBAIOTCS TOHKOCTEHHBIMH H
KyPHBIMH HJIH U3 METALIOB ¢ HH3KOH TEILIONPOBOAHOCTLIO, YTO 00ycaaBIHuBaeT
COOTBETCTBEHHO HH3KYIO )XXECTKOCTh camoii aetatn, Gonbmmne pedopMaunn nNpH
00paboTKe W MOHMXKEHHE KAauyecTBa TOBEPXHOCTHOTO CJOA, B YAaCTHOCTH OTITYCK
MOBEPXHOCTHOTO €104 3aKa;IeHHOH 3aroTOBKH.

Ha ceroansinuii aeHb HauOGosbluee PacnpOCTPAHEHHE MMOJTY4aeT BbICOKO-
ckopocTHast o6pabotka dpeseposannem (BCD). Umes BozMoxkHocTs BecTH BCP
3aKaJIEHHBIX CTaTel, MOXHO 06ecneynTh KauecTBO MOBEPXHOCTH, COH3MEPHMOE C
9J1EKTPO3PO3HOHHO#H 00paboTKoii. ITO NMO3BONAET NEPECMOTPETH CTPYKTYpY NPO-
H3BOACTBEHHOTO npouecca. [naBHblit 3¢pdext BCO 3axmouaercs He B cokpaile-
HHH MAIMHHOTO BPEMEHH 3a CUeT WHTEHCH(HKALMH PEXXHMOB pe3aHHs, a B 06-
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LM YMPOLLEHNN NPOW3BOACTBEHHOIO MNpoLecca U B NOBbILEHUN KayecTBa 06pa-
60TkM [1].

Heo6Xx041MOCTb COBEPLLUEHCTBOBAHMA BbI6Opa pexxuma pesaHns npyu BCP un
onpejdeneHns [eiCTBUTENbHLIX 3HAYeHWA obycnosfneHa Tem, UYTO ANA YCNOBWIA
BC®, nepectaloT 6biTb aAeKBaTHbIMU fIMHENHbIE, MO0 cnaboHennHeliHble MaTe-
MaTu4yeckme MOJENN, XOpoLo 3apeKOMeH/oBaBLLne cebs Ha CKOpoCTAX npu Tpa-
OVLUMOHHON 06paboTke, U CTAaHOBATCA He3a(eKTUBHLIMU GOMbLLIOE KOAUYECTBO
METOAOB OLEHKU COCTOSIHWS [UHAMWYECKOW CUCTeMbl CTaHKa W npouecca
pesaHus [2].

Kpome TOro, BblCOKas CKOPOCTb MPOLIECCOB NNacTUYECKoi fedopmauuu u
TennoBbIX npoueccoB Npu BC® B COBOKYMHOCTW C CYLLECTBEHHOW HENMHelHO-
CTbIO 3aBMCMMOCTMW CUAbI PE3aHMA OT TO/LLMHBI CPe3a U CKOPOCTY pe3aHns npuBo-
OAT K BO3HVKHOBEHWIO Xa0TWYECKOro COCTOAAHWS AWHAMWUYECKOW CUCTEeMbI, BCAes-
CTBME Yero AMHaMMyeckas CucTema CTaHka CTaHOBWTCA O4YeHb 4YYBCTBUTENbHOMN
[aXKe K He3HauMTeNbHbIM BHELLHUM BO3MYLLEHUAM, HanpumMep, He6OMblLMe Kofe-
6aHMs NpuNycka 3aroToBKM B NpoLecce pe3aHus NpMBOAAT K 3HAYMTENbHbIM MC-
KaXXeHWAM TpaekTopuy popmMoo6pa3oBaHns N Kak CefCTBME CHYKEHUIO KavecTsa
o6pabaTbiBaeMoii moBepxHocTu [2].

3TO NPOMCXOAMT M3-3a TOr0, YTO BCe paboume opraHbl CTaHKa MMeKT 3Ha-
YMTENbHYIO MAcCy U Kak CNneAcTBUe, MHEPLMOHHOCTb, 419 UCKTHOYEHNS U3NNLLHNX
HarpysoK Ha NpuBOAbl 1 0becneyveHns cpoka cnyx6bl, B cuctemax UMY saknagbl-
BAlOTCA MapameTpbl pasroHa U TOPMOXXEHMA NPU U3MEHEHUW HanpaBfeHus ABVKe-
HuA. Tak e 3a4aeTcs, Tak HasblBaeMblil, yron pesepca v MNpU BCEX U3MEHEHUSX
HanpasfieHWs ABMKEHWS Ha 3TOT, uan 60/ee OCTPbIA Yros, cucTeMa ynpasieHns
BbINONMHAET TOPMOXEHUE B KOHLIE MEPEMeLLeHUs nepes nepesoMoM W pasroH rno-
cne Hero [3]. B cnyuyae, ecnu AnvHa nepeMelleHmns, 3ajaHHas B Kagpe nepej nepe-
NIOMOM MeHbLL€e, YeM Heo6X0AUMO AN TOPMOXKEHUSA, CUCTEMA YNPAB/IEHNS HE MO-
XeT obecneuntb c6poc mogay. MNpu 3TOM MHCTPYMEHT OTK/IOHUTCS OT 3afaHHoW

TPaeKTopWU 1 Ha 06pabaTbiBaeMoli MOBEPXHOCTU NONyuuTCs nogpes (puc. 1).
TeopeTunyeckas

TpaekTopus

/ thakTunyeckas
TpaekTOpMA

®dpesa

HeTans -
Puc. 1 MorpewHocTb Ppe3epoBaHnsa B pesynbTaTe eicTBUSA AUHAMUYecKnx cun [16]

MoMMMO 3TOrO, BbIAENAIOTCH HEKOTOpble CAy4an TPaeKTOPWUU [BUDKEHWS
WHCTPYMEHTA, B pPe3yfibTaTe KOTOPbIX BO3HWKAET N3MEHEHWE BENNYUHBI CPe3aemo-
ro Npunycka n a@eKTBHOIo gnameTpa pesbi.
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- Ha pUC. 2 MOKa3aHbl H3MEHEeHHs MO:IoKeHHA ¢pe3sl (B HA4AIbHBIA H KO-
HeuyHblii MOMEHT BbIX0/a H3 Ma3a). H3-3a MOYTH NPAMBIX YIJIOB B TPAEKTOPHH ABH-
KeHHs OyaeT HMeTh MECTO H3IMEHEHHA CKOPOCTH PE3aHHA U MOJauH;

- Ha puc. 3 nokasaHo u3MeHeHHe IhGheKTHBHOTO AHaMeTpa Qpe3bl, KOTOPLIi
MEHSETCH B 3aBHCHMOCTH OT YT:l1a Hak:IOHa ¢pe3bl K 00pabaTeiBaeMoil TOBEpXHO-
CTH. 0COOEHHOCTH ee reoMeTpHUYecKOH (GOopMbI M TTyOHHBI pe3aHHs, YTO TaKkKe
NPUBOAHT K H3MEHEHHIO CKOPOCTH pe3aHHs.

- Ha pHC. 4 MOKa3aHO U3MEHEeHHEe CHHMAeMOro MpHNycKa, KorJa CHUMAKTCs
CTYHEHH, OCTaBLIHeCsA MOcie YepHOBoit 06paboTkH, YTo TpebyeT HEOOXOAUMOCTH
COOTBETCTBYIOLLET0 H3MEHEHHsS CKOPOCTH MOJayH H KOPPEKTHPOBKH peXHMa pe-
3aHHA H3-3a H3MEHEHHSA CH.IbI pE3aHHA.

Puc. 2. BosmoxHble no1oxeHus dpessl npH 06paGoTke nasa

'
L]

" K
Pic. 3. Hamenenne 3¢dextiiBHOro aiameTpa $pessl, B C1eACTBHH H3MEHEHHSA HAKTIOHA OCH
KOHUEBOH ¢pe3bl k 06pabaTbiBacMOil NOBEPXHOCTH
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Cxema o6paboTku
rti

(]
0
Puc. 4. «CTyneHun», o6pasytoLimeca nocne YepHOBOM 1 NOMYyYNCTOBOM 06paboTKu

Bo3moxHocTn nporpammHoro obecneyeHns CAD/CAE/CAM sBnsoTca
K/OYeBbIMK B 06ecneveHnn athekTuBHol BCO.

TexHonornsg BC® HaumHaeTcsq C CO3faHUA COOTBETCTBYIOLUMX YMpPaBfsto-
KX Nporpamm, No3ToMy BO3HMKaeT HOBOe TpebosaHue K CAM-cuctemam - aB-
TOMaTnyeckoe onpegeneHme HakTUYECKMX 3HAYEHWUIA 3N1eMEHTOB pPeXxuma pesaHus
(MX M3MeHeHWs), C Lento onpefenieHns Hawbosnee Nyyllein TpaeKTopun ABVXEHNS
WHCTPYMEHT NS KayecTBEHHON 06paboTKM NMOBEPXHOCTH.

YuutbiBasa BAVUAHWE MapaMeTpoB TPAEKTOPUM [BUMXKEHUSA WHCTPYMEHTa, a
TaKXXe ero reoMeTpuu Npu co3faHuy ynpasnawowmx nporpamm ang BC® Heobxo-
[LUMO YyUNTbIBaTb CrefytoLlee:

- [AVHaMUYecKue XapaKTepucTukn obopynoBaHus;

- TEOMEeTPUIO PEXYLLEro MHCTPYMEHTE;

- hopmy 06pabaTbiBaEMOI MOBEPXHOCTH;

- MWHUMa/bHO [OMNYCTUMble 3HAYEHWS B CUNOBBIX W TEMOBbIX NPOLECCax.

M3 Bbllle Cka3aHHOro Ans MoBbiweHus ahekTMBHOCTM BCD HeobxoanmMo
MOZENNPOBaHNE MNpoLiecca pesaHna C y4yeToM [MHAMWYECKUX U TEmnioCu/IoBbIX
MpoLieccoB, YTO MO3BOMIUT OMPeAenUTL MOC/ef0BaTeIbHOCTL pacyeTa (axTuye-
CKMX 3HAYeHW 31EMEHTOB pPeXnMma pe3aHus.

MoBbiweHne 3PMEKTUBHOCTU NyTeM pacyeTa (akKTUYeCKMX 3Ha4YeHWid ane-
MEHTOB peXuMa pe3aHuns A5 KOHKPETHbIX y4acTKOB TpaekTopmn 06paboTkm Ha
cTagum reHepupoBaHus B CAM-cucTeme w/unu co3gaHus afanTUBHOW CUCTEMBI
(Kak Hanbonee NepcneKkTUBHOM) MO3BOMUT:

- YMeHbLUMTb BpeMs Ha pa3paboTKy ynpasnsioLleli Nporpammbl 418 CTaHKa
cyny;

- MaKCMManbHO COKPaTUTb YMCNO TECTOBbIX 06pPaboTOK C LeNbl0 HaxoXpe-
HUA ONTUMasbHbIX 3HAYEHWI 3N1EMEHTOB PeXVMa pesaHus.

- YMEHbLUNTb BEPOATHOCTb MONyYeHns bpaka.

[ns coseplleHCTBOBaHWSA Bblbopa pexuma pesaHus Heo6XoAWMO YUUTbI-
BaTh:

1 B oT/MymMmn OT cTaHAapTHbIX PeXUMOB (hpe3epoBaHuns, rfe 3afaeTca M
HyTHas mogaya, npu BC® pgna ¢pe3 Heobxogmmo 3ajaBaTb nogady Ha 3y6. Ans
«CTaporo» MHCTPyMeHTa anroputMm paboTan XOpOoLUO, TaK KaK M3MEeHeHWe nojaun
coctaBnano 30...50% [1]. C npumMeHeHWEM COBPEMEHHOrO WMHCTPYMeHTa, Korja
HEoBX0AMMO U3MEHEHWNE MUHYTHOM NO4AYM B HECKO/IbKO pas, 3TOT afiropuTM npu-
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- Ha puC. 2 MoKasaHbl W3MEHEeHUs MONMOXKEHWs (pe3bl (B HauanbHbI U KO-
HEYHbIi MOMEHT BbIX0Ja M3 Masa), U3-3a NOYTW NPSMbIX YII0B B TPAEKTOPUN BU-
XeHUs GYJeT UMeTb MECTO U3MEHEHMS CKOPOCTU Pe3aHns 1 Nofauu;

- Ha puC. 3 NOKa3aHO U3MeHeHMe 3P(EKTUBHOTO JUaMeTpa (pe3bl, KOTOpbIii
MEHSIeTCS B 3aBMCUMOCTHM OT YI/1a Hak/IoHa (pe3bl K 06pabaTbiBaeMoii NoBEPXHO-
CTU, OCOBEHHOCTU €€ reoMeTpUYecKoii hopMbl U Fy6MHbI pe3aHnsi, YTO TaKkKe

npneoanT K N3MEHEHNIO CKOPOCTU pe3aHns.
- Ha puc. 4 NoKasaHO M3MEHEHME CHMMAaeMOoro npunycka, Korga cHMMarTca

CTyneHwW, OCTaBLUMECH MOCNe YepHOBOW 06paboTKM, YTO TpebyeT HeOOXOANMOCTM
COOTBETCTBYIOLLEr0 M3MEHEHUSI CKOPOCTU MOJayMm U KOPPEKTUPOBKM pexuma pe-
3aHWA M3-3a U3MEHEHWS CWMbI Pe3aHuns.

Puc. 2. BO3MOXHbIe NOM0XeHUs (pe3bl Npu 06paboTKe nasa

Puc. 3. I3meHeHMne ahtheKTUBHOTO AnameTpa hpesbl, B CNEACTBUM U3MEHEHWS HAK/IOHA OCU
KOHL,EBO hpe3sbl K 06pabaTbiBaeMOil NOBEPXHOCTH
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Puc. 4. «CTyneHun», ob6pasytoLymecs nocne YepHOBON M NONYYMCTOBON 06paboTKm

Bo3moxHoCcTM nporpammHoro obecneyeHns CAD/CAE/CAM sBnsoTcs
KMYeBbIMK B 06ecneveHnn aghekTnBHon BC.

TexHonornsg BC® HauuMHaeTca € CO3[4aHMA COOTBETCTBYIOLMX YMpPaBfflo-
LLMX MporpamMmm, no3aTomMy BO3HWMKaeT HOBOe TpebosaHWe K CAM-cuctemam - aB-
TOMaTMyeckoe onpegenieHne HakTUYECKMX 3HAYEHWUIA 3/1eMEHTOB pPeXxuma pe3aHus
(Mx M3MeHeHWs), C Lento onpefeneHns Havbonee Nydlleid TPaeKTOPUN ABVKEHNS
WHCTPYMEHT [/19 Ka4yecTBEHHOV 06paboTKM NOBEPXHOCTK.

YuynTblBaa BAWAHME MapaMeTpOB TPAeKTOPUU [BWKEHWUS WHCTPYMEHTa, a
TaKXXe ero reoMeTpuu Npu cCo3gaHnM ynpasnsowmx nporpamm gns BC® Heobxo-
OMMO YyUYmnTbIBaTb CnegytoLuee:

- AVHaMMYecKue XapaKTepucTUKM 060pya0BaHuS;

- TEOMETPUIO PEXYLLEro MHCTPYMEeHTa;

- hopmy obpabaTbiBaeMOli NOBEPXHOCTH;

MWHVMAIbHO AONYCTUMbIE 3HAYEHWNA B CUNOBbIX U TEMNOBbLIX MpoLeccax.

M3 Bblle CKa3aHHOro A4 NoBbleHUSA 3pdekTMBHOCTU BCP Heobxoaumo
MOJennpoBaHne MnpoLecca pe3aHns C YYeTOM AUHAMUYECKUX W TenaoCuoBbIX
MpoLeccoB, 4YTO MO3BOMIUT OMpPefeNnTb MOC/ef0BaTeNbHOCTb pacyeTa (hakTuye-
CKMX 3HAYeHWIi 31eMEHTOB peXxxuma pesaHus.

MoBbiweHne 3hheKTUBHOCTU NyTeM pacyeTa PakTUUECKMX 3HAYeHWi 3ane-
MEHTOB peXxuma pesaHus AN KOHKPeTHbIX Y4acTKOB TPaeKTopum o6paboTKM Ha
cTaguu reHepupoBaHus B CAM-cucTemMe W/ co3gaHUs aganTWBHON CUCTEMbI
(Kak Hambonee NepcrneKTUBHO) NO3BOMUT:

- YMeHbLUINTb BpeMs Ha pa3paboTKy ynpasnstoLeil nporpaMmmbl 418 CTaHKa
cuny:;

- MakKCMMa/IbHO COKPaTWUTb YMCMO TeCTOBbIX 06PabOTOK C Lie/bl0 HaXoXje-
HUA ONTUMASTbHbIX 3HAYEHWNIA 3/1EMEHTOB PEXMMaA Pe3aHuns.

- YMEHbLINTb BEPOATHOCTb NOMyYeHus 6paka.

[ns coBeplleHCTBOBaHWA Bbl6Opa peXxuma pe3aHns HeobXO04UMO YUUTbI-
BaTb:

1 B oT/MuMmM OT CTaHAapTHBIX PeXUMOB (hpesepoBaHus, rhe 3afaeTca m
HyTHasa nopgaya, npy BC® gna pes HeobxoAMMO 3afiaBaTb nogavy Ha 3y6. Ans
«CTaporo» WHCTPyMeHTa anroputm paboTtas XOpoLlo, TaK KakK M3MEeHeHWne nogauun
coctasnano 30..50% [1]. C npuMMeHeHMeM COBPeMEHHOro WHCTPYMeHTa, Korpa
Heo6X04¥MO M3MEeHEHNEe MUHYTHOW NOJAYM B HECKONLKO pas, aTOT anroputMm npu-
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BOIHT K MOBBIMIEHHOMY H3HOCY HHCTpyMeHTa. Urto nesaer HeobxoammbiM 60:iee
JIMHAMHYHO M JOCTAaTOYHO TOYHO, B CTPOTO AOMYCTHMBIX Mpejes1aX, H3MEHATh MH-
HYTHY1O rojauy.

TMogaua Ha 3y6 onpeae;seT TOIMHHY CHUMAaeMOi CTPYXKH H obecneynBaer
co3AaHue HeoOXOIMMOTO YCHIIHA A8 pe3aHHs — MOCTOSHCTRBO TONNLIMHBL CTPYXKKH.

Heo6x0auMo BBIAEPKHBATh MOCTOSHHOM nMogayy Ha 3y0, IPH ITOM MHHYT-
Has noJaYa MOXeET M3MEHATHCA H OYeHb 3HauuTeslbHOo. Hanbo:ee npocteiM mpH-
MEepoM 3TOTO CIyXUT (pezepoBka OTBepCTHIT H 0OKaTka yrinoB Ha koHType. Ilpn
OBixeHUN (pesbl MO TpaeKTOpHH 06pabOTKH BHYTPEHHETO paanyca, BOSHHKAeT
CHTyauHs, Koraa nepHdepHs HHCTpYMEHTa nepeMeuiaeTcsa ¢ ropasao Goabriei
CKOpOCTbIO. COOTBETCTBEHHO pealbHasA Mojaya Ha 3y0 MOKET BO3PAacTH BO MHOTO
pa3. JTo, KOHEYHO e, MPHUBEAET K no;ioMKe HHcTpymeHTa. [Ipn o6paboTke BbI-
NyKIbIX NOBEPXHOCTeM, MostydaeTca oOpatHeiil s¢dekt. [onaua Ha 3y6, npu no-
NyTHOM (pe3epOBaHNH, MEHbIIE MHHUMATBHO JOMYCTHMOH MPUBOAHT K yXylle-
HHIO YCTOBMIi pe3aHHs M MOBBILEHHOMY H3HOCY. DTO MPOHCXOOHMT MOTOMY, YTO
nepBblii 3y0 He MOXET cpe3aTh CIHIIKOM TOHKHI1 C;T0H MeTa;L1a H NPOCKaib3biBa-
€T, 1 HAUHHAET Pe3aTh TONLKO BTOPOI HUIH TpeTuii 3y6 (114 rddexTHBHOI peaiu-
3aiuH BC® Heobxoanmo obGecreyuBaTh BCeraa « TOHKYIO CTpYxky»). ITpu stom,
BO3HHKAET JOMOIHUTEIbHAsA HAarpy3ka Ha WHCTPYMEHT H CTaHOK, M3-3a H30bITOY-
HOTO TPEHHA MpH NPOCKaTb3bIBAHHH 3yObes [3].

Kpowme Toro, Tak kak ¢pe3a paboraeT yepes 3y0, a To M ABa, BO3HHKaeT BHO-
patHs, KoTopas NPUBOAMT K pa3pyLICHUIO pexylnell KPOMKH HHCTpYMEHTa H Mo-
BBILIEHHOMY M3HOCY Y3I0OB CTaHKa, M ILIOXOMY KauecTBy oOpabaTwiBaemoil no-
BEPXHOCTH.

OyeBHAHO NMPHMEHAEMOE B YIPABIAIOLIMX NpOrpaMMax A1 CTaHAApPTHBIX
PeKHMOB pe3aHus NMpPaBHIO MOCTOAHHOH MHHYTHOH mMoJa4yH B AporpaMMax NI
BC® HenmpueM:iiemo [3] — HeobXxoauMO 3a1aBaTh, KaK HCXOAHYIO HHGOPMALIHIO, He
MHHYTHY1O NoJauy, a nogadyy Ha 3y0, KO:THYeCTBO 3yObeB ¢pe3sl H 060pOTHI, .14
pacyeTa MHHYTHOH NOZa4YH Ha KaKIOM ydacTke oOpabotku. Beaenue 30H TOp-
MOXeHUS JOKHO OBbITh 00YCIIOBIEHO TO:IBKO JHHAMHYECKHMH XapaKTepHCTHKa-
MM CTaHKa, TO €CTh KOTAa MepeMeLIeHHe CIHLIIKOM Majio JIIs TOPMOXKEHHS, HIH
W3IMEHEHUAMH YCJIOBHH 00pabotkn (HampuMep, 3HAYMTEIBHBIM YBETMHEHHEM
NIPHITYCKa).

K coxa;ieHuio, Ha JaHHbI MOMEHT BpeMeHH HH onHa CAM-cucTema, aaxe
BBICOKOTO YPOBHS, HE YIOBIETBOPSAET BBIIIECKa3aHHOMY B MO;THOM 00beMe.

2. B ynpas1soimux nporpaMmMax Yyic;10 o60poToB LIMMHAEA, KaK NPaBHO.
3aJaeTcs BHaya’te MporpaMMbl H B daiTbHeiilleM He H3MmeHseTcs. Kak ormedanocsh
BBIIIe, MUHYTHas MoJada JBHeHHs Gpe3bl JOKHA HIMEHATHCA, COrIacHO ycilo-
BHAM 00paboTKH Ha KaKIOM y4YacTKe TPaeKTOPHH, A1 obecrieyeHHs ONTHMAIb-
HBIX pe;kHMOB 00paboTkH H AHHaMHYecKHX TpeOoBaHHUii cTaHKa. U B CBOKO O4e-
penb noxaya Ha 3y6 10:1%Ha ObITh MOCTOSHHOM.

OTcloza OYEBHIHO, YTO HEOOXOIUMO M3MEHATH AHHAMHYECKH (amanTHBHO
WM 331aHO) YacTOTYy BpaUIeHHA LUMHUHIEIA Ha KOHKPETHBIX Y4acTKaxX TpaeKTopHH
IBHXKEeHHA ¢pe3bl 111 obecneyeHHs MOCTOAHCTBA NMOJaYH Ha 3y0. ITo cienyer U3
ypaBHeHHs (1) CTAHOBUTCA OYEBHIHBIM, YTO B YNpaBIAOLIEH NporpaMMe 4acToTa
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BpALLEHHA LUNMHHAEIA CTAHOBHTCA NMEpPEMEHHBIM 3HaueHHEM Ha NMpPOTHKEHHH BCeH
06paboTKH C;105KHO NTPOH.TLHEIX 3aTOTOBOK.
fo=n-z'f, 5
rie f, — MHHYTHas CKOPOCTb M0JaqH, MM/MHH; 1l — YacTOTa BpallleRHA IINHHICHA,
MHH'; Z — uHC10 3y6ber dpesbl, ex.; f; — noaaya Ha 3y6, MM/06.
B pesysbTaTte NMOCTOSHHOTO HM3MEHEHHS YacTOTHI BPAlllEHHs IINHHAEIA B

npouecce o006pabOTKH — H3MEHAeTCd CKOPOCTh pe3aHHs, YTO BHAHO U3
ypaBHeHHs (2):
m-D.-n
V= —_— (2
1000

rde ¥ — CKOpOCTb pe3aHHsA, M/MHH; D, — 3¢ dekTHBHBIR auaMeTp ¢pesbl, MM; 11 —
4aCcTOTa BPALICHHSA HINMHIACIA, MHH .

W3 ypasHenuii (1) u (2) BUIHO, 4TO CKOPOCTDb pe3aHHA B mpouecce 00paboT-
KH CI0XKHONPOUIbHOM 3aroTOBKH B AEHCTBHTEIBHOCTH OyZIeT OTAHYHOH OT 3a-
JAHHOI M3-3a H3MEHEHHH MHHYTHOI Moa4yH H YQPEKTHBHOTO qHAMETpa Qpe3bl.

N3 ocHOB pacyeTa CKOPOCTH pe3aHHA H3BECTHO, YTO CKOPOCTh PE3AHUA HMeE-
€T HEMOCpeICTBEHHOE BIMAHHE HAa CHIy Pe3aHHs W pacnpelesleHHE TEILIOBbIX
NPOLIECCOB B 30HE Pe3aHHs, a TaKke Ha nAedOpMaLHIO 3arOTOBKH Yepe3 3HaueHHe
HOPMaTbHOH COCTaBIAIOIEH CHiIbl pe3aHHs K obpabaTbiBaeMOil MOBEPXHOCTH H
TeMNepaTypy 3TOH MOBEPXHOCTH.

OueBHAHO, YTO OCHOBHBIM NapaMeTPOM L1 ONpeAe;IeHHS AeHCTBHTEIbHOTO
pexuMa 06paboTkH uenecooGpa3HO HCMOIb30BATh CKOPOCTh PE3aHHs.

Takum obpa3zom BbIOOp pexHMa pe3aHls JO.KHA OCHOBBIBAETCA Ha Moe-
JAUpOBaHUH Tnpouecca pe3anns npu BC® no napamerpam B 3aBHCHMOCTH OT CKO-
pOCTH pe3aHus, HallpUMep:

P, =f,..), 3)
9[]05 = f(v’ .o )' (4)
rae P, = f(v,..), — HOpMaiIbHas COCTaBifoWAA CHIbl pe3adus, H;

6oz = f (v, ...), — TeMnepatypa oGpabGoTaHHol noBepxHOCTH, °C.

MaTemaTHuyeckas MojJelib CHJIbI pe3aHHA.

Kak u3BecTHO, HaHbo:Iblllee BIHAHHE Ha CHIY pe3aHHs OKa3blBalOT Mapa-
METpBbI MOMEPEHHOro CEYEHHd CHUMAEMO# CTPYXKKH, pa3sMepbl KOTOPOTO 3aBHCAT
OT noAayH Ha 3y0, HMIMpEHbl (Ppe3epoBaHHs, yTi1a NepeHeil NOBEPXHOCTH pexy-
el KPOMKH H CKOPOCTH pe3aHus, H yuHThIBad, uTo B nmpouecce BCD Hepo3mox-
HO 00pa3oBaHHA HApoCTa Ha NepeaHeil MOBEPXHOCTH PEXYIIEro HHCTPYMEHTa, a
TaK)Ke MHHUMATLHOTO BIWAHHA IPYFHX GaKTOPOB — BO3MOKHA PYHKUHA CHIbI pe-
3aHHA ClIeayIOLIETO BHA:

P(v) = f(v,a..hy), (3)
Tlle v — ckopocTh pe3aHHs, M/MHH; Q, — LIMpHHA pe3aHus, MM; h = f, - siny —
TO;IlHHa cpe3a, MM; f, — moaaya Ha 3y0, MM/00; y— yro: KoHTakTa ¢pessl, rpax;
Y ~ C1aBHbli NepeHHI YTO:1 peXKyLIETO HHCTPYMEHTA.

HUcmonb3ys ypaBHEHHs PETPECCHOHHBIX MoJeiell M MOTEHLHPOBAaHHA HX,
dyukumio (3) Bo3mokHO TIPHBECTH K YpaBHEHHIO BHIa (4), B KOTOPYIO BXOJAT Ye-
Thipe mapameTpa pexHMa pe3ands H KOYDPHLMEHTBI, yKa3bBAIOIWIME HX 3HAUYH-
MOCTb B 3aBHCHMOCTH OT QH3HKO-XHMHYECKHX CBOHCTB MaTepHaiia H YCIOBHI 06-
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paGoTKH.

P(v) = Cp - v* - a)® h*r-y%, (4)
€ U — CKOpPOCTh Pe3aHusd, M/MUH; d, — IUIHPHHA pe3aHud, MM; h — TO:ILLIMHA cpe3a,
MM; ¥ — TJ1aBHbIi NepeHHIT YTO:1 pexXylIero HHCTPYMeHTa; Cp, Xy, Xg, X, Xy — KO-
3¢ dHIMEHTH YIHTHIBAOIIHE CBOHCTBA H yCI0BHA 06paboTKH.

MaremaTHUYecKas ModeJb TeMNepaTypbl of6pabaTbiBaeMoii NMOBepXHO-
€TH.

H3BecTHO. 4TO HanGOIbILIYIO TEMNIEPATYPY B 30He pesaHus npH BCD umeer
06:1aCTh YCIIOBHOIO CABHTa, @ OCTATEHBIE MPeHeOPeRUMO MaIbl, TOITOMY OINpee-
JIEHHE TOIBLKO JIMIIE 3TOi TEMNepaTyps! HMeeT 3HaYeHHE LT ONHCAaHHA KpHTH4YE-
CKHUX TeMIlepaTyp B 30He pe3aHus. Takxke, €C:IH IPH pacyeTe TEMIEPATyPhl B 30HE
cIBMra npeHeGpeyb TEMLI00TBOAOM OT ITOH 30HBI, TO NPH 3TOM BO3MOXKHA OLIHOKa
UMb B CTOPOHY 3aBbILIEHHS TEMNEPATYphbl POTHB ACHCTBHTEIBHBIX.

s pacueTa TeMmepaTypsl B 30He CABHIa CTPYXKKH HCMOIB3yeTCs ypaBHe-
Hue (5) npexioxenHoe B [4]. ¢ monyieHHeM TOro, YTO MeXaHHuYeckas paboTa
TpeHHs 1o NepeHeii MOBEPXHOCTH NpeHeOpexnuMo Masa:

P(v)- 108
O () = a(,)l—pc +60, ®)
TAE U — CKOPOCTh Pe3aHns, M/MHH; a4, — LIHPHHA pe3aHHs, MM; h — ToTIHHa cpe3a,
MM; p — ILIOTHOCTb 0GpaGaThIBaeMOTO MaTepHaia, Kr/M’; ¢ — KoddduuHuenT Ten-
soeMkocTH obpabarteiBaeMoro Martepuaia, Jx/(kr - °C); O, — HauabHas TeMrne-
paTypa oGpabaTbiBaeMoii 3aroToBkH. °C.

Jlo6GaB:1sis B ypaBHeHHE (5) 3KCMOHEHUHAIBHYIO 3aBHCHMOCTb — YUHTHIBAIO-
LYK KOJIMYECTBO Terl1a MNeperleAliero B MOBEPXHOCTh 3arOTOBKH, ypaBHEHHE
NpHHHMaET BHI:

v

.e 80 -10°
6. (v)= [P I o 6)

a."h-p-c

v

B skcrnoHeHuHa1sHOI GyHKUHH (e 80), unc:10 «80» AB:1seTcs KodbhdHLHeH-
TOM HENOCPeACTBEHHO A:18 00paGoTKH 3aroToBOK M3 MatepHaia ctaan 30XI'CA.
TeopeTnyecku npeano:iaraeTcs, YTo JaHHBIH KOYQHLUHEHT ABIAETCA 3HAYCHHEM
CKOPOCTH pe3aHisi, IpH KOTopoii TeMneparypa B 06:1acTH cABHTa CTPYKKH AOCTH-
raeT 3HayeHus 65 % [5] oT TeMnepaTypsl 1aBIEHHA MaTepHaTIa:

v = 80 M/mMuH,npu 8., = 0.65 - 8 — a1a ctamm 30XTCA, (7
rae Op — TeMnepartypa I1aB;IeHHs MaTepunaa, °C.

B nepcnektiBe AB:1seTCA HEOOXOANMOCTE OATBEPAKICHHA JAHHOH TE€OpHH
H YCTaHOBIEHHH TAaKHX 3HauUeHHIl 119 APYTHX MATEPHAIIOB.

MaTeMaTH4YecKasi MOJedb OTKAOHeHHs mpoduas obpaboranHoi 3aro-
TOBKH.

J1s 0o6paboTkH Majl0KeCTKHX 3arOTOBOK WJIH HX OTAEIbHBIX 371€MEHTOB
MMeeT LEeIecooBpa3HOCTh OfpetesieH s BO3MOKHOTO OTK:I0HeHHs npoduis oGpa-
60TaHHOIi 3aTOTOBKH B pe3y.IbTaTe AeHCTBHA CH:IbI PE3aHHA C YYETOM H3MEHEHHA
($H3HKO-MEXaHHYECKHX CBOFCTB MaTepHala 3arOTOBKH M3-32 NEPEXONAILETO B HE-
ro oOpa3yeMoro Ter:1a B 30He ciABHra ctpyxku (10):
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Ay, = f(F.Qn. ), (10)
MareMaTHueckas Mofesb, OMHCBIBAOIad OTKJIOHEHHE Mpodu:as obpado-
TaHHOH 3aroTOBKH, B 3aBUCUMOCTH OT CKOPOCTH p€3aHHs MOXKET ObITh NpeacTaB-

JICHA B BUAEC ypaBHeHHﬂ:
ay) = —2D__. ®)
I- E(enos(v)) e

rae P, — HopMmalibHas COCTaBISIOWIas CHIIbI Pe3aHHA K oOpaGaThiBaeMoil MOBEpX-
HOCTH YCTaHOB:ICHHas B 3aBHCHMOCTH OT CKOPOCTH pe3aHus, H; E — Mony:1s ynpy-
TOCTH, 3aBHCAIUHI OT TeMIepaTypbl MaTepHaia 3aroToBkH, MIlla; | — MoMeHT
HHEPUHH 06pabaTHIBAEMOrO CEYEHHS 3aroTOBKH CM*; k., — YUMTHIBAIOWIMIT OHO-
CTOPOHHIOIO HJIH ABYXCTOPOHHIOI (CHMMETPHYHYHO) 00pabOTKH TOHKO# CTEHKH,
npH 06paboTKe CTEHKH C OHO#H CTOPOHbI K., = 1, ¢ IBYX ko = 2.

B ypaBHeHuu (8) Moay:1b yNIPYTOCTH ompede;seTcs B 3aBHCHMOCTH OT TEM-
nepaTypbl MOBEpXHOCTH, T.K. YUHTBIBas, YTO JaHHOE ypaBHEHHe NPHMEHSETCS B
cirydyae oOpaboTKH HEeXeEeCTKOH 3aroToBKH, TO TEMMEpaTypa MOBEPXHOCTH C Teye-
HHEM OTHOCHTEIbHO KODOTKOTO BpEMEHH CTaHeT cpelHeil TemmepaTypoit
MaTepHaa.

B utore, moydyeHHble MaTeMaTHYeCKHe Mo npouecca BCD, nospois-
IOT NIPH COBMECTHOM MX PEIUEHHH OMPEACIHTh JONYCTUMBIH HAMa30H CKOPOCTH
pe3aHHs Ha TeKyLIeM yyacTke TpaeKTopHH 06paboTkH.

B o6weM Buae penieHHe HAXOXIACHHA CKOPOCTH PE3aHHsA 115 BBICOKOCKO-
pocTHO# 06paboTkn 6yaeT HMETb BUA:

PW) = f(v,apf,v)
{P' enos'Ay} = f(l?) « 6nox(v) = f(Pn v, apvfnp' c, 60) (9)

By(W) = f(P(v),1, E(Oron))

Ha puc. 5 nokazaHo BelpaxeHue (9).

JonycTuMbiii AHAMa30H M3MEHEHHA CKOPOCTH pe3aHHs OIpeae;IseTcs npo-
EKUHAMH AONYCTHMBIX 3HaYCHHH KOHTpOaMpyeMbix napametpoB (P, 0., 4y) Ha
ock abeuwce (V) u B KadecTBe JOMYCTHMOFO AMaNa30Ha CKOPOCTH pe3aHua BhIGH-
paeTcs y4acToK, B KOTOPOM HH OHH H3 KOHTPOJHPYEMBIX NTapaMETPOB HE BHIXO-
AMT 3a mpejeTbl AOMYCTHMbIX 3Ha4YeHHH. 3HaYEHHE V4, ONPEAETAETCS HCXOASA H3
AWHAMHYECKHX XapaKTEPHCTHK TEXHOOTHYECKOH CHCTEMbl H BO3MOXKHOCTH TOH-
Ko 0asaHCHPOBKH OCHACTKH. 3HaY€HHE V,,;, ONpeeIseTcs HCX0Ad H3 «TpyObix
H3MeHeHHi1» B (PH3HUECKHX NpOLECcCcax, BO3BPAILAIOLINX CXEMY CTPY#KKooOpa3o-
BaHHsA K cX€ME TPaJHLHOHHBIX CKOPOCTeH 06pabOTKH, MPH KOTOPBIX MaTeMaTHye-
CKHe MOJeIH He 3HaYHMbl W.IH HMEIT HeOoOOCHOBaHHYK MOIPELIHOCTh
BBIYHCICHHA.

M3 Bcero paccMOTpeHHOTO MOXHO MOJBITOKHTB. 3aJaHHbIE YCJIOBHS pe3a-
HHs B npouecce BC® Oyayr obecneunBaThes NMpeHMYLIECTBEHHO ONHMM napa-
MeTpomM — n (06/MHH) — YaCTOTOIl BpaLiCHHs NPHBOIA IIABHOTO ABHAKEHHS.

B taGamue npencraBieHa ki1accHHKaUHA H 3HAYHMOCTH BCeX HeoOxodM-
MEIX mapameTpos.
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Puc. 1. BnnaHue ckopocTy pesaHuns Ha cuny pesaHusa (1), TemnepaTypy o6pa6aTbiBaemoii no-
BEPXHOCTYU (2) U OTKNOHEHWe Npoduns o6paboTaHHONR 3aroToBKM (3) npu BCP

Tabnuua
Knaccnpukaums M 3Ha4YMMOCTb NapaMeTPOB pexunMa BbICOKOCKOPOCTHOU 06paboTku
MapameTpsl
Tpebyemble McxogHble MocTosHHbIE MepemeHHble Mposepsiemble persnmpoza-
napameTpbl [laHHble napameTpbl napameTpbl napameTpbl s
P TeDe -n n
v~ 1000 " ap ap
@08 Yy Y ae ae Qp
Oy 2 De De
ae n
aP
MpumeyaHme:

1 Tpebyemble NapameTpbl - MapameTpbl, KOTOPble HEOGXOAUMO MOAAEPXKMBATL B AOMYCTUMbIX Mpe-
fenax. [ins peanusaLyv adanTMBHOTO YNpaBaeHNs PEXVUMOM pe3aHus, XOTA bl OANH U3 3TUX Napa-
METPOB JO/MKEH N3MePATLCA HEMOCPEACTBEHHO B MpoLiecc 06paboTky (Hanbonee NpeAnoYTUTENbHbIV
- Cuna pesaHus), a ocTabHble ByAyT ONpefenaTbca Yepes MaTeMaThyeckyto Mogens BC®;

2. WcxopHble laHHble - BCe HEOOXOAMMbIE JaHHbIE /1 OMpeAeneHNs PexXuma pesaHus;

3. ocTosHHbIe MapameTpbl - NapamMeTpbl, He M3MeHsieMble Ha NPOTSHXKEHUM BCero mpotiecca 06pa-
60TKM, 3a7at0TCA OAWH pa3 B Hauane HanMcaHNa ynpasnstoLLeli Nporpammbl.

4. TlepeMeHHble NapameTpbl - MapameTpbl, KOTOpble GYAYT U3MEHATLCS Ha NPOTSHKEHWW BCEro NpPo-
Liecca 06paboTKM B 32BUCUMOCTY OT KPUBU3HbI TPAEKTOPUM [BVDKEHNS VHCTPYMEHTa 1 (opMbl 06pa-
6aTblBaEMOI NOBEPXHOCTY.
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5. TlpoBepserbl MapaMeTpsl — MapaMETPhl, H3 YHCIA NEPEMEHHBIX MAPAMETPOB, 3HAYUECHHA KOTOPhIX
BO3MOKHO OMPEIEIHTD IPH PyYHOM pacyeTe Pe/KHMA PE3aHNA (TIPH PACCMOTPEHHH ONPEICACHHOTO
Y4acTKa TPACKTOPHH ABH/KEHUA HHCTpyMeHTa) HiaH B CAM-cucTeme (UITY) B aBToMaTHUECKOM pe-
KHME IPH T€HEPaLHH 3TOH TPaeKTOPHH.

6. TapaMeTpsl peryanpoBanis — NapaMeTpbl, H3MCHAA KOTOPBIE BO3MOMKHO NOIACPKHBATL Tpedye-
MbIE IAPAMETPE B JOMYCTHMBIX NIPEIE:1aX H KOHTPO;IHPOBATH HX BbIXOJ 33 Npede:ibl.

B obwmeM Buae npensaraetcs ciaeayIoLHii aropHT™ BeIOOpa pexima obpa-
60TKH:

1. Buibupath pexyuii HHCTpYMeHT, HeoOXOAHMBIH 1718 06paboTkH 3aro-
TOBKH:

— onpeaeauTs 3$PeKTUBHBIA auameTp dpe3ssl D,

— NepeaHHH yroay.

2. OnpeneauTs CKOpOCTb NMOJAYH f,

3. OnpeneauTs rayOuHy pe3aHus a,,.

4. Onpeae nTh peKOMEHAYEMYIO CKOPOCTB PE3aHHA V.

5. Onpeaenuts r1y6HHY pe3aHus d,.

6. Ha ocHoBe pa3zpaboTaHHOH MaTeMaTHYECKOH MOJEAH aHATHTHYECKH HIH
rpadHyecKH Onpeae;TUTh JOMYCTHMBIE 3HAYEHHs CKOPOCTH PE3aHHs.

B cayuae Brixona mapameTpos P v Ay 3a npeneiibl AONYCTHMBIX, HX 3Haue-
HHE KOPPEKTHPYETCS NPEeHMYLIECTBEHHO W3MEHEHHEM IUHPHHBI PE3aHUs A, NPH
HEBO3MOKHOCTH H3MEHEHHS LIHPHHBI pe3aHHs — H3MEHSIOT IJ1yOHHY pe3aHus.

B cnyvae BbIXOJa KOHTPOIHPYEMOTO mapaMeTpa — G, 3a MpeAeIsl J0Iy-
CTUMBIX, €ro 3Ha4YeHHE KOPPEKTHPYETCA M3MEHEHHEM YacTOThl BpalllEHHS
IOHHAENS.

Takum 006pa3oM: aaropuT™M MOKET ObITh IPUMEHEH:

— NpH pacyeTe pexnMa o6paboTKH BpY4HYIO Ha 3apaHee BBIABJICHHBIX KpH-
THYECKHX y4acTKaxX 3aroTOBKH M YCTAHOBKH HX 3HAYEHHil Ha 3TUX yYacTKaxX, NpH
pa3paboTke ynpasisionied nporpaMMel A5 ctalika ¢ UITY;

— OJIHO3HAYHO ompe[esleHHas CTPYKTypa alropuTMa BeIOOpa peXHMa pesa-
HHS TIO3BOJIAET C YKa3aHHEM AONMYCTHMBIX H MCXOIHBIX MapaMeTpoB 3anporpam-
mupoBath ee (Hanpumep B CAM-cHCTeMe), YTO MO3BOJIHT aBTOMATH3UPOBAHO
NPOH3BECTH pacyeT pexXHMa pe3aHHs Ha KpHTHYECKHX YYacTKax Ha JTamne reHepa-
UHH TpaeKTOPHH IBH)KEHHA HHCTpyMeHTa (Mpd yciaoBuH, ecni CAM-cuctema
TIO3BOJISIET HaMHCaHHe COOCTBEHHBIX Moxdyseil obpabotku), 1ubo co3mate mpo-
TpaMMHoe obecTieueHne 1 aOanTHBHOH BBICOKOCKOPOCTHOMH 00paboTKH Ha CTaH-
ke 00opyqoBaHHOM aBTOMAaTH3UPOBAaHHOH CHUCTEMOHW OMpeAeneHHs Harpy3ku Ha
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OCHOBHBIE ACIIEKTbI MOJEJIN ITO OUEHKE NNEPCIIEKTHB
PA3ZBUTHUSA KACEIAPDI

Tomawesckuii C.B.

acMUpaHT Kadeapbl KOPNOPATHBHBIX HHPOPMALIHOHHBIX CHCTEM

MOCKOBCKOTO TOCYIapCTBEHHOTO TEXHHYECKOTO YHHBEPCHTETA paJHOTCXHHKH,
IEKTPOHHKH H aBTOMaTHKH,

Poccus, r. Mocka

B cTatbe NpHBOAMTCSH ONHCaHHE CO31aHHOIl CHTYallHOHHOH BEPOATHOCTHON MOJETH 11
CTOXacTHYECKON OLeHKH HeoOXoaHMbIX Kadeape pecypcos. O6ocHOBaHa aKTyalbHOCTh BBEE-
HHA Takoll MoneaH. BoizereHbl rpynmbl pHCKOB NpH yrpaBieHHH kageapoii. Beeaena npo-
rpamMHas MoJIeb pacyeTa PHCKOBbIX MokasaTeteii yueGHol xadeapbl TEXHHYECKOTO YHHBEPCH-
TeTa NPH MPHHATHH YNPaBICHYECKHX PElIEHHH.

Kiwoueeste croea: aBToMaTH3alHA yTpaBICHHA, PHCKH, K,"laCTCprlﬁ aHa1H3, Nporpam-
MHpyeMas AHHaMHYeCKasg MOI€eb.

Beenenne. CTpyKTYpHOIi eaMHULEH TEXHHYECKOrO yHHBEpPCHTETa, obecme-
yuBawoLel GYHKLHOHUPOBAHHE €IHHOro 06pa30BaTEILHOTO NPOCTPAHCTBA, AB/A-
eTca ydeOHas kadeapa texundeckoro yuusepcurera (YKTY). Yuebnas kadeapa
OpTraHu3yeT W MONLICPKHBAECT €XEIHEBHbIH y4eOHBIH mpouecc, (POpMHPYET H
HaKaITMBaeT HHPOPMAIMOHHO-METOTHYECKHIT KOHTEHT Y4eOHbBIX TUCLUHMILIHH, H, B
KOHEYHOM HTOTE, OTBEUYaeT 32 KOMIIETEHTHOCTD BbIITYCKAEMOT0O CIIELIHAIHCTA.

BulIeIMM TEKYIIYyI0. HIH OMepallHoHHYI0 (GOopMy IedTeTbHOCTH Kadeapsl.
KOTOpas BKIH0YAET MPOLECCHI, BHIMOTHAEMbIE TOCTOSHHO NPH O0YYEHHH, PE3Y.ib-
TaThl KOTOPO# €XeIHEBHO BIHAIOT Ha (opMHpOBaHHE KOMNETEHLHH o6yyaeMbIX.
¥ TPOEKTHYIO AeATEIbHOCTD, MO3BOSIAIONIYI0 KAUeCTBEHHO MOAH(MHLUHMPOBATh 00-
pa3zoBaTeilbHoe mpoctpaHcTBo. [locie pemeHus Bcex 3THX 3amad, H BHEAPEHHA
NOTy4€HHBIX HHOOPMAUHOHHBIX H METOAHYECKHX PE3yNbTaToB B Y4eOHBIH mpo-
Hecc, MOABIAETCA HOBbIH HHCTPYMEHT 00y4eHHs, NPUMEHEHHE KOTOPOro B yueb-
HOM TPOLIECCE MOXHO OTHECTH K OMEPALMOHHOH AEATEIbHOCTH. Tpebyrouieil Bbl-
NOIHEHHA Kadexpoil CTaHAAapTHHIX MPOLELYp CONPOBOXACHHS ydefHoro mpouec-
ca.

Jl1s npoBedeHHA MORXOGHBIX MPOEKTHBIX MeponpusaTHii yueOGHoH Kadeape
HeoBXOaMMBl Pecypehl: KaapoBble, (PMHAHCOBBIE, METOAHYECKHE, TEXHHYECKHE H
np. YunteiBas, 4To pecypchl kadeapsl orpaHHUuEHbl, MPH NPHUHATHH PEUIEHHs 1O
BBIOOpPY BEKTOpa MPOEKTHO# JeATeTbHOCTH (KakK MOJTOCPOYHOM, TaKk M KpaTKo-
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CpoyHOi) HEOOXOMMMO OLIEHHTDH 3aTPaThl U CTENEHb BO3MOXKHOTO BJIMAHHA BHEN-
PEHHA pe3y;IbTaTOB Ha H3MeHeHHe 0Opa3oBaTelIbHOTO MPOCTPAHCTBA Kadieapbl.
JuHamuka pa3BHTHA yueGHO# Kadenpsl mokasbiBaeT, YTO Kageapa HyxkIaeTcs B
COBpPEMEHHON H JOCTATOYHO CJI0XKHOH CHCTEME YMNpaBiIeHHs, C.le0BaTebHO, He-
00X0HM MaTeMaTHYeCKHii annapar H peajH30BaHHbIH HA €ro OCHOBE MPOrpaMM-
HbIH HHCTPYMEHT, NO3BOSIAIOLINE IPOTHO3UPOBATH MOC.1eICTBHA NIPHHATHS YIpaB-
JIEHYECKHX pellleHHH 1o AeATe;1bHOCTH YueOHoil kadenpsi [1].

Ha ceroansununii neHp OCHOBHbIE HampaB/ieHHS Pa3BUTHA yueOHoH kaden-
pbl nocTaTtouyHo npopabotaHbl M 3akpersieHsl B @3 06 obpazoBanuu [3], Takxe
OHH HalILTH OTpakeHHe (MpaBaa, B OCHOBHOM KauyeCTBEHHOE) B pa3;IMuYHbIX Kaden-
pajdbHBIX HOKYMEHTaX, Per;iaMeHTax M IuiaHax. Hampumep, B THnoBoM Iosioxe-
HHH 06 yuebHol kadenpe nox 0CHOBHBIMH HaNpPaBICHHAMH NEATEIBHOCTH Kaden-
pbl MOHHMAIOTCA: Pa3BUTHE PyHIAAMEHTAIbHBIX H NPHKJIANHBIX HAYYHBIX HCC1e10-
BaHHii B IpeaMeTHO# 00:1acTu paboTsl kadenpsl; pa3BUTHE cHCTEMbI YpdeKTHBHO-
ro BOCMPOH3BOJCTBA KaJpOBOTO MOTEHLMA1a Kageapsl, B HYaCTHOCTH: NMpUBIeUe-
HHE MOIOABIX MEpPCMEKTHBHLIX HAYUHbIX KaApOB Yepe3 pa3paboTKy M BHEIpEeHHe
MEXaHH3MOB 3¢()PeKTHBHOTO KOHTPAKTa CO CTYAEHTaMH, aCITHPAHTaMH, IOKTOPaH-
TaMH, NpodeccopcKo-NpenoaaBaTebckHM COCTaBOM H JIPYTHMH pabOTHHKaMH
kadenpsl [2]. OnHako caMH MeXaHH3MbI peasH3allHi ITHX HampaBIeHHH He Mpo-
TMHCaHbl, TaKkXKe OOLIYHO OTCYTCTBYIOT KaKHe-THOO KO;IHYECTBEHHbIE OLIEHKH.

B nannoli pabote paccmaTpHBaeTCs CO3JjaHHe CHUTYyallHOHHOH BepOATHOCT-
HOM MOJEIH 111 CTOXACTHYECKOH OLEHKH HeoOXomMMbIx kadelpe pecypcoB He
TO;1bKO Ha AaHHBIH MOMEHT, HO U C MPOTHO30M Ha 0003pHMBIii cpok B 1 yuebHbIit
ro. Moae:s ABnAETCA ANHAMHYECKOi, TO €CTh OHa Jie1aeT MPOTHO3bI 0 OyayIiem
COCTOSHMH Kadepbl HE Ha OCHOBAHHHM CTAaTHYECKOTO cpe3a (PUHAHCOBBIX M MPO-
YHX Noka3sartesed kadenpbl (PHHaAHCOBasA OTYETHOCTH), @ HA OCHOBaHHH CTOXacCTH-
YeCKOro MOIE;THPOBAHHA Pa3BUTHA CHTyalHH B Oyaymem. [loqo6Hele moaxonsl no
ollcHKe (DHHAHCOBBIX BO3MOKHOCTEH HCMO;B3YIOTCA B Pa3HbIX IKOHOMUYECKHX
cepax, TakHX Kak OaHKOBCKHE, CTPaXxOBbl€, IPOH3BOACTBEHHbIE KOMIIAHHH.

Takas Mozenb MO3BONUT 3HAUMTEILHO COKPATHTH CPOKH YTBEPKICHHA H
BBEICHHS B ACHCTBHE HOBBIX 3a/1a4, YTO B CBOIO OYEPEb MOBbICHT 3¢ (eKTHBHOCTH
pabotsl kadeapsl.

Onucanue Moaean. J:1a mporHo3MpoBaHHa HeoOXoMMMBbIX Kadenape pecyp-
COB HEOOXOAHMO TOYHO MPEICTaBHTE BCIO cHcTeMy paboThl kadenpsl, ee B3aHMO-
AeACTBHA ¢ APYTHMH KadeapaMH, ee NpHMepHbIe 3aauH Ha Ginxkaiimii ron. Ipu
NOMOIIH MaTeMaTHYeCKHX H JIOTHYECKHX CBsA3ell BCe BXOAHbIE MapaMeTpbl MOTYT
ObITh yuTeHbl B OJHOW ympaB:stoiuell GpyHkumu. i yHIpOILEHHA COCTaBIeHHs
3TOH (yyHKUHH BCe BXOAHBIE MapaMeTpbl CTOHT pa3bUTh Ha HECKOIbKO O:0KOB.
CHauazia npou3BeCTH K1aCTEPHbIN aHaiIH3, a [IOTOM CBA3aTh Mexay coboil pa3Gu-
Thle OJIOKH B €IMHOE LieJIoe NMPH MOMOIIH KOPPETALHOHHOH MaTPHLIbi, MOCYHTAH-
HOIf Ha OCHOBaHHH CTAaTHCTHYECKHX JaHHBIX.

Takum o6pa3oM H3HaYaILHO BCE OCHOBHbIE ACTMEKThl JEATEIbHOCTH Kaden-
Pbl 6bITM nETAIM3HPOBaHBI [0 MEIBUANLIMX COCTABIAIOWMX. Y KakIoi H3 Co-
CTaB;IAIOLIMX €CTh CBOH YC:I0BHbIH Bec B paboTe kadeapbl H pUCK (HEBBINMOTHEHHS
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/ CTMUIKOM BBICOKO# 3aTpaTHOCTH). Ha OcHOBaHHH THX napaMeTpoB GI0KH 3a1ay
6bL1H pa3OGHUTHI Ha TPH KaTEropiHH:

* nocTogHHbIe (00yueHHe CTYyIEHTOB);

* nepHoANYHbIe (IPOBEAEHHE OIMMMHAL, MOMOLIB APYTHM KadeapaM B uy-
XKoii 11 HHUX cdepe);

* pa3oBble (0GHOBICHHE 00OPYIOBaHHA ).

IMpuyeM BOIMOXHBI MEPEXOABl 33a4a4 H3 ONHONH KaTeropuu B IpYTYIO TIpH
M3MEHEHHH COOTBETCTBYIOIUMX HTOroBbIX Lesiell. B ntore noiyyaerca pacnpene-
JIeHHe 3ajay4, H300pakeHHoe Ha pHCYHKe 1.

! 1‘ HoctoAHABIE l

3anauu k _ | Iepuoauunbie i e { PHckn
<l Pa3zosble | —

Puc. 1. Pacnipeaesedue 3aaay 1o BHAY HX pelICHHS

VY kaxpaoro 6:;10ka €CTb CBOH BXOJHbIE MapaMeTpPbl: apXHBHO-HCTOPHYECKHE
JaHHbIE W.TH YKCIIEPTHBIE OLIEHKH.

TMpoire Bcero OLEHHTh OXHAaEMbIE 3aTPaThl MO MOCTOAHHBIM 3aJa4aM, T.K.
B 3TOM BHIC ICATEIbHOCTH yXe HAaKOTLIEHa HeKas CTaTHCTHKA JeATEIbHOCTH Kak
no caMoil kadeape. Tak H 1o ApYTuM Kadeapam, ¢ KOTOPbIMH OHa B3aHMOIEHCTBY-
et. Ho 3atparsl Ha nepHoAHuHble 3a1a4y, a TeM 6ojlee Ha pa3oBLIE 3a0a4H, OLie-
HHUTb 3HAYHMTEIbHO TPYAHEE, T.K. MO HUM CTAaTHCTHKA MOXET OKa3aTbCA JOCTATOY-
HO CKyIHOH WM BooOwIe OTCYTCTBOBaTh. [10 OTAENBHBIM Pa30BLIM 3adauaM pe-
CYpCHas Harpy3ka MOKeT OKa3aThCsl 3HAUMTEIBHO BHILIE, YEM MO NOCTOAHHBIM 32-
nadaM. Tak, Hanpumep, i MOTyYeHHA CTYAEHTaAMH COBPEMEHHOH npodeccHo-
HATBHON TIOATOTOBKH MO KOMIBIOTEPHOMY MOAEIHPOBaHHIO NoTpeboBaiach ycTa-
HOBKa B J1a60paTOpHH Kadeapbl COBPEMEHHOTO NMPOrpaMMHOro obecreyeHns. Ko-
Topoe 3¢ hekTHBHO PYHKLIHOHHPOBAJ0 TOILKO HA KOMMBIOTEPaX ¢ 60bLINM pa3-
MEpOM OMEPAaTHBHOM MaMATH, YTO MOTPeGOBaI0 COOTBETCTBYIOIUHX 3aTpaTr M Ha
anmapaTHYIO 4acTb. B HTore peieHne 3a1au 0Ka3aji0Ch OYEHB 3aTPATHDIM.

TMo3TOMY 19 NMPOrHO3UPOBaHUA pecypCHOi 6a3bl MPHHATO PELICHHE:

* 3aTpaThl Ha MOCTOAHHLIE 331a4H MOJETHPOBATh B COBOKYMHOCTH (Ha OCHO-
BaHHH HMEIOLEHCS CTATHCTHKH 3a roipl HaGaroAeHHsa (QYHKUHOHHDOBAHHMA Ka-
denper);

* 3aTpaThl Ha MEPHOIHYECKHE 3a7a4H Pa3OHTh Ha J1Ba COCTABIAIOILHNX, OAHO
H3 KOTOPbIX OTHECTH K pa3psay €KEroAHO BbINOJIHAEMBIX H MOICIHPOBATh 3aTpa-
Tbl Ha HHX B COBOKYIHOCTH, @ APYFHe CYUTaTh MEHEE BEPOSATHBIMH H MOAETHPO-
BaTh HX HHAMBHAYAILHO;

* BCE Pa30BBIC 331890 MOJETUPOBATh HCKTIOUHTEILHO HHAHBHAYAIBHO.

be3yc:10BHO, kaxablii 610k 3a1a4 kadeApsl NOABEPKEH HEKOTOPLIM PHCKaM.
M OTHIOIb HE ABIAETCA CTAaTHYHBIM OT T0Ja K roay.
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[Ipn Moae1MpoBaHuH GbL1a NPEANPHHATA MONBITKA Y4eCTh BCE BO3MOXHBIE
PHCKH, BO3HHKAIOWHE NPH QYHKLHOHHPOBaHHH yyeGHOro 3aBedeHHA. Tak Kak na-
JIEKO HE BCE PHCKH B3aHMOCBS3aHbl MEXIY COOOM, U HaCTYILIEHHE OJIHHX PHCKOB
3HauMTEILHO 60.IEe BEPOATHO, YeM HACTYILICHHE APYTHX, M03TOMY ObLIH BhIAEIE-
Hbl OCHOBHBIE THIBI PHCKa, 1O KOTOPBIM Jasibllie MPOBOAHICA aHaTH3. MOKHO BhI-
JEMTB CIEAYIOLUIHE THMB AKTYaNbHbIX 114 y4e6HOH CTPYKTYpBI PHCKOB:

1) TocroAHHBIH pHcK. DTOT pHUCK BKIOYaeT B ceba Oynyiuue 3aTpaThl H
JOXO[bI MO ACHCTBYIOILHM MOCTOAHHBIM H MEPHOAHYHBIM 3371a4aM H NOSBHBLINM-
sl B TEYEHHH paccMarpHBaeMoro yueOHoro roaa.

2) UYpesswyaiiHblii pucK. B 3TOM pHCke 3aKTiOYEHBI 3aTpaThl Ha BBINOIHE-
HHe BEpOATHBIX Pa3OBbIX 3a/aY.

3) Puck HemooleHeHHOTO pe3epBa. JTOT pPHCK OTpa)kaeT yke NpoH3oLe]-
LIHE HA OTHETHYIO JATY 3aTpaThl H YUHMTHIBAET HEONpeEAeIeHHOCTh B OyayILnX 3a-
TpaTax MO YyKe PeasH30BaHHbIM 3aJadyaM (OTKIOHEHHEe PeajJbHOro KamuTaia Ka-
(enpbl OT NPOTHO3HOTO).

4) Puck 6aHKpOTCTBa CMOHCOPOB. JTOT PHCK YYHTHIBA€T BO3IMOXHBLIH Je-
¢oaT cnoHcopa, YTO MOXET MOBIeYb 3a coboil yBesHueHHe 3aTpaT camoi kaden-
Phl Ha peanH3alHIO yiKe HAMEYCHHBIX 3a1a4.

5) OnepaunoHHbI# puck. B 3ToM pucke y4YHUTHIBalOTCA BO3MOXHBIE YOBIT-
KH, CBSI3aHHBIC C OMEPALHOHHON AeATEIbHOCTHIO Kadeapel. Cloaa BKTIOHAIOTCA
«yes1oBedeckHii pakTopy, Hemo:nanku ¢ IT-npoueccamu, omwnbGouHble ynpaBiIeHde-
CKHe peLleHHs, MOLIEHHHYECTBO, YORITKH OT WTPathoB H APYyTHE.

6) PHCK akTHBOB. DTOT pHCK BKIIOYaeT B ce0s NEpEOLEHKY aKTHBOB,
H3MeHEeHHe CTOMMOCTH UMYILIeCTBa, A€(O:IThl 32eMILIMKOB H IPYTHE.

OnuceiBaeMas B pabore Moje:lb ABi1sgeTcs abcTpaKTHBIM MPEACTABICHHEM
kadeaps! B Biuae Habopa 0:10KOB, CBA3AHHBIX MEXAy co00H MaTeMaTHYeCKHMH H
JIOTHYECKHMH 3aKOHOMEPHOCTAMH. Monelb BOCMPOH3BOAMT IEHEXKHBbIE TNMOTOKH
Kadenpsl, Bo3ACHCTBHE pa3;IHUHBIX (PAKTOPOB Ha Pe3y:1bTaThl (HYHKUHOHHPOBAHHS
kadeapel H KOIMYECTBEHHO oLieHHBaeT Oyaylive ¢pHHaHCOBbIe nokasaTeu. [Ipen-
CTaBJIcHHe MOCTPOCHHOI Moae:H no 6:10kaM npeacTas:1eHo Ha pHc. 2.

Peanusauns monein. 1A peaiuzauni cTOXacTHYECKOTO MOAETHPOBaHHE
ucnoss3oBasica metox Mounte-Kap:io. Ipu TakoM noaxone nopoxkaaercs 00:sioe
KOIH4ECTBO HHAUBHIYAIBbHBIX «CLECHAPHEB®, MPHYEM «CLIEHApHii» — 3TO BOCIpO-
H3BeAeHHe nokasarteieit kadenpot B OyayiieM ¢ y4eToM 3a10XKeHHOH B MOIEb
«IOTMKHY» U 3aBUCHMOCTEH. A 3aTeM Ha OCHOBaHHM Habopa clieHapHeB HCCIeay-
10TCS BEPOATHOCTHBIE XapaKTEPHCTHKH pe3y;1bTaToB Kagedpbl H, COOTBETCTBEHHO,
BBIYHCIAETCA HEOOXOAUMBIH PHCKOBBIH KalHTAI.

J1s TexHH4eCKOil peasTH3alMH MOZAEIH MCNo:b30Basack cpeaa EMB Igloo
Extreme 4.3.1, BpeMEHHO NpenoCTaBieHHasA U1 03HAKOMIICHHS. JTa MporpaMma
XOPOLIO MOAXOAMT 1 MPOBEACHHA CTOXaCTHYECKOro MOJIETHPOBAHHA, O YeM Mo-
IpoBHO MII0KEHO B KHHre paspabotunkoB [4]. Ho Bce aHaTorHuHbele pacyeTs!
MOXHO nOCTPOUTh U B Gonee obLienocTynHoii cpene Excel.
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Puc. 2. O6wana cxema mogenu

[na cpaBHeHWs 6blAM NOCTPOEHbI 2 MOAYNS MOCTOAAHHOrO pUcKa B 06enx
nporpammax. HavanbHble faHHble OblAY OLMHAKOBLIMW, & YACNEHHOCTb CUMYNS-
uMin ycTaHaBnuBanach B pasmepe 1 MaH. Ho T.K. Excel He sBnsetcs cneymanunsm-
pOBaHHOI MPOrpamMMoii Ans TakMX pacyeToB, BbIYMC/IEHWS B HE BEIMCb 3HAYU-
TeNbHO AO0/MblUe, XOTb Pa3HWLbl MeXAy MOMYYeHHbIMWU pesy/nbTatamyi MOYTW He
Habnaanochk.

Ecnu cTpouTb BCto Mogenb B Excel, Torga nog kaxablii Mogynb Heobxoau-
MO 6yfJeT 3aBecTW CBON OTAeNbHbIV (haiin, AN YMeHbLUEHUS Harpys3kum Ha npo-
rpammy. W B oTgenbHOM (aiinie cobupaTb WTOroBble AaHHble MO 06CHMTAHHBIM
mMofynsaM. Takoi MofXof YNPOCTUT BHECEHWE W3MEHEHWI B HauyaslbHble AaHHble
MOZENN NpU MX U3MEHEHWM, HO HECKONbKO 3amMeAnuT MOAy4veHuWe MTOroBOro pe-
3ynbTaTta (XOTS peyb UAET ANLWb O CYTKaX BbIYWC/IEHWUS Ha OAHOM MepPCcOHaNbHOM
KOMMbOTEpPE).

BbiBog. PacyeT no faHHOW MOZenu NpoBOAMTCA B JOCTaTOYHO KOPOTKMe
CPOKM W B 3HAUYWUTENbHOI CTeNeHW [0BefeH L0 aBTOMATUYeCKol peanusauuu. [o-
NOMHUTENbHO CTOMT OTMETUTb CPaBHUTENbHO BbICOKYIO TOYHOCTb OLIEHKW: aHann3
pesynbTaTa NPOBeLEHHOr0 pacyeTa Nnokasan 4ocTaTouHyr 6/1M30CTb pesy/bTara K
(haKTMYECKN NOMYYEHHbIM AaHHbIM MO 3aKPbITUIO (PUHAHCOBON OTYETHOCTU roAa,
XOTb NPOrHO3MPOBaHWE W MPOBOAWIOCH HA OCHOBAHWMU [aHHbIX, COOTBETCTBYIO-
LMX UMEIOLMMCS Ha NpefblayLLyto OTUETHYIO daty.

B cBA3K C 3TUM HY>XHO OTMETWUTb XenaTenbHOCTb NPOBEAEHNs Takoro aHa-
Nu3a B AanbHeiwem AN Nyywero npeAcTaBieHns BO3MOXHbIX BapnaHTOB pas3Bu-
1A Kagenpbl. Mpyu BOSHUKHOBEHUW NOOLIX U3MEHEHWIA MU NOSABMEHWN HOBOBBE-
[eHWA MofieNb [OCTaTOYHO NErko NOA HUX NOACTPanBaeTCs.

B panbHeiiwem npegnonaraeTcs BBECTU B MOLeNb U 6onee LMPOKMUE ropu-
30HTbl PACCMOTPEHUS, 417 BO3MOXHOCTM MOMYHEHUS OLEHKM NO CPefHECPOYHbIM
1 ONTOCPOYHBIM 33a4vam.
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MOBbILIEHHE 3KOHOMHWYHOCTH U MPONYCKHOM
CIHOCOBHOCTH CUCTEMbI JVIEKTPOCHABXKXEHHUA
3A CYHET YHIPABJIEHHS! PEXKHMAMM U BHEAPEHHUA
COBPEMEHHOI'O OBOPYIOBAHUA U MATEPHAJIOB

Tpemssaxos E.A.

noueHT kageapsl IIIC OMckoro rocyaapcTBEHHOTO yHHBEPCHTETA
nyTeii cooOLIeHHA, KaH l. TEXH. HayK, OLICHT,

Poccus, r. OMck

npelL'lO)l(eHbl H peaTH30BaHbl HAa MOJCIH METOAbl HHTELICKTYATbHOFO YNpaBICHHS
PEKHMAMH B CHCTEME 3IICIﬂ'p0CHa6)I\'CHPDl HETATOBBIX n01pe6lrre.1ei'l KECIE3HBIX 10pOT, obecneuu-
BalOlIIHE NMOBBILICHHE HAICAKHOCTH, Ka4eCTBa 3.'ICKTpH'-leCKOﬁ IHEPrHH H CHIDKCHHSA NOTEPh.

Kuouessie c106a; cHcTeMa 1€KTPOCHA0KEHHA, HETATOBBIE MOTPEOHTEIH, PETyIHpPOBa-
HHE TapaMeTPOB peXHMa, KOOPIMHAUHA YNPaBISIOWHX BO3NECHCTBHH, HHTELIEKTYyaTbHbIE
peryasTop.

3a noc;ieaHHe rofibl NPOH3OLLIO CTapeHHe OCHOBHBIX (POHIOB 3IEKTpHUE-
CKHX C€Teif M 3JCKTPOYCTaHOBOK C OJHOBPEMEHHBIM POCTOM 3IEKTPHYECKHX
Harpy3ok.

BuespeHne coBpeMeHHOTO 060OpyI0BaHHA H MaTEpPHAI0B, COBEPILICHCTBOBA-
HHe IKCILTyaTaud 3ICKTPHYECKHX ceTeH H MOACTaHUMH, pa3sBHTHE ONMEPATHBHO-
TEXHOJIOTHYECKOTO YMpPaB;IeHHA CETAMH OYAYT OCHOBHBIMH HANpaBJIEHHAMH pa3-
BHTHSI CHCTEMBI JIEKTPOCHA0KeHHs, TPeOYIOIHMH COOTBETCTBYOLIHX TEXHHKO-
IKOHOMHYECKHX OLIEHOK.

B HacTosuice BpeMs OCHOBOI yNpaBi1eHHs MapaMeTpaMH PEKHMa CHCTEMbI
971eKTpOCHAOKEHHSA KEJIE3HBIX JOPOT ABIAETCH  ONECPATHBHO-AHCIETYEPCKOE
YTIpapJjieHHe NEePEKTOUEHHAMH, BBIMOTHAEMOE EPCOHAIOM.

MMo3ToMy A1 pa3spelieHHs MpPeCTaB/ICHHbIX HEAOCTATKOB CYLIECTBYFOLIHX
NOAXOA0B U Pa3BHTHA MepcreKTHBHBIX TpebyeTcs pa3paboTka METONOB ONEpaTHB-
HOTO YNpaB;IeHHs CHCTEMOM IEKTPOCHAOKEHH XKeTe3HBIX A0pOr Ha OCHOBE CO-
BPEMEHHBIX TEXHO:IOTHIi MpeAcTaB;leHHs W 00paboTKH 3HaHHii (a3 3HaHMH) H OH-
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TO;IOTHi, a TaKKe MyNbTHareHTHOro noxxoja [1, 2].

ITpeanaraemelii NOAXOA K pery;IMPOBaHHIO NIApaMETPOB PEXHMA BKTIOYAET B
cebs apXHTEKTYpy C pacTpele;ICHHBIMH IlEHTpaMu MIPHHATHS pelleHui (yrpasis-
IOllIHE KOHTPO.11EPLI-ATCHTHI-KOOPAHHATOPBE) HA OCHOBE M3MEPEHHH M BBICOKO-
CKOPOCTHOTO aHajIH3a C MOMOUIBIO BBIMHUC.IHTEIBHBIX CPEACTB Ha Dade My:1bTHA-
TEHTHBIX CHCTEM, HEOOXOMMMBIE NATYMKH ICKTPUUECKHX (HANpsHKeHHA, TOKH,
MOMLIHOCTH, KO3((}HUHUEHT MOLIHOCTH, MOKa3aTeIH Ka4yecTBAa IEKTPOIHEPTHH H
T.IL.) ¥ HEYIEKTPHYECKUX BETHYHH (MOI0KEHHE KOMMYTAIHOHHBIX annapaTos, OT-
naex PITH, I1BbB, BossTOon06aBOUHBIX TpaHCHOPMATOPOB, CTYNIEHEH KOMIEHCHPY-
IOLIHX YCTPOWCTB H T.I1.); JIOKA/IbHbIE KOHTPO:LIEPHI HCMIOMHUTEIBHBIX YCTPOHCTB.
Vnpasasiomde KOHTpo:LIepbl (PHC. 1) BBICTYMAlOT B KayeCTBE areHTOB-
KOOPAHHATOPOB, PEaTH30BaHbl MO (YHKLIMOHATEHOMY NPH3HAKY, HATIPHUMEP, KOH-
TPOJIEPH! YNPABIEHUA HaNpsKeHHEM, YTPaBIeHHS CEKUHOHHUPOBAHHUEM H MOTO-
KaMH MOLLIHOCTH, YNPABICHHs Ka4€CTBOM IEKTPOIHEPTHH H Ap.

H A
r————--— ——————— ————-—-———-5————'
: Hanneie i
I v :
[ Maswre T Ouenka Peamsnms |E
\ Basa shavnif ..p|__COCTORNHS ’ i
] K = B ! Ouenxa no
{ Y Hporuomposanng : BCCM OOBCKTAM
i N '_/ 1
Faisr s s e aa e ua g wn v B e a0 e S e ke \ 4
i | Aaropurmnt | ot Koopausas, |- Obyueune
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Puc. 1. CTpykTypa ynpas:siowero Konrpon:lep;

Marematnyeckoe 0G00LIEHHOE OMHCaHHE COCTOSHHS CHCTEMBI YIIPaBIEHUs
3NEKTPOCHAGKEHHEM KeSIe3HBIX OPOT MOXKHO NPEACTABUTH B BHE:

f (IYMA(‘ > RnF) = 0: (l)
rae .X,4c — BEKTOp TEPEMEHHBIX COCTOSHHMII MapaMeTpoB pexuma (y3I0Bble
HanpsKeHHA H Qa3kl, TOKH, MOLIHOCTH H T.N.); R,r— BEKTODP COCTOSHHMI KOHTPO.1-
JIEPOB HCTOTHHTENBHBIX YCTPOHCTB OOBEKTOB yNpaBICHHA.,

J19 OueHKH KOOPAMHHPOBAHHOTO YNpaBIeHHsA MapaMETPOB pexHuMa pac-
CMOTPH Y4acCTOK ;1€EKTpHUEcKOi ceTH u3 8 y310B M 7 BeTBE.

IMapamMeTpbl COCTOAHHA CETH COOTBETCTBYIOT YPABHEHHUAM YCTAHOBHBILETO-
cs pexxHMa ciieayroluero suaa [3]:

N
P =P, =Y. UU |G, cosd, -6, - B, cos(8, -6 =0, i =1.2..N, =&
" @
0s ~0u - YUU |G, sin(6, ~6)- B, sin(8, —6)| = 0. i =1.2...N,,
=1
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rae P Qss By»9,,,U,, Gy, B, 6,6, — COOTBETCTBEHHO aKTHBHaA M PEaKTHBHaA

MOHLIHOCTh TeHepalMH i-r0 y3:1a U Harpy3KH, HalpSXeHHE i-TO y3ia, aKTHBHAs H
peakTHBHas MPOBOAMMOCTD JIHHHH MEXKIY i-M H j-M y3:1aMH, (a30Bblii yTol.

AZIrOpHTMBI MY.IbTHar€HTHOTO YNPaBIeHHs HanpsyKeHHEM TPH H3MEHCHHH
Harpy3kH, ee MeCTONO;10/KeHHUs, HAKOMIEHHH H reHepallit B CETh HCC/1E€I0BaHbl Ha
TECTOBOW CETH C MOMOLUBI0 BCTPOeHHbIX (yHkumii Matlab Simulink B Buae oT-
Ie;1bHBIX 033124 Ha OCHOBE CXeMBI 3aMelleHus (Tab:Hua).

Tabanua
Pe3y1bTaThl MOICIHPOBAHKS
CKO Hanpsxenus, B MoumHocTE B BETBAX,
IoTepu 1eKTPOIHEP-
Viea (OTHOCHTEABHO KB A (cpeanee 3nave- T, kBT
(Tou- _ 25kB) Ber _ HHE) _
Ka) oe3 ¢ ynpasie- | Bb oe3 ¢ ympab:ie- oe3 c
ynpas:ie- HHEM yTpas:ie- HIHEM ynpaeie- | ynpas:e-
HHA HHA UL HHEM
1 458,04 408.36 1-3 2710.2 23832 1897.2 1429.8
2 455,19 379,29 3-4 22314 1961.1 892.5 627.6
3 488,46 403,71 4-5 1541.1 1348.8 616.5 4317
4 630.48 473.52 5-8 724,5 651.3 289.8 208,5
5 905,7 552,87 2-6 2644.8 23445 1057.8 750,3
6 763,92 519,99 6-7 1873.5 1654.8 7494 529.5
7 952,35 564.51 7-8 1134,9 1017.6 7944 610.5
8 11584 575,1
Hroro 6297.6 45879

Bce notpe0uTe: M 3a1aBATHCH PaCUETHLIMH CYTOYHBIMH IpadHKaMH Harpy3ok.
K apyrum nonylieHHAM TakKe MOKHO OTHECTH YTIPOLLEHHbIE OHTOIOTHH OTHOLICHHH
1-ro nopsiAka, OTCYTCTBHE CTATHCTUYECKOTO ONMHCaHHA Harpysok, T.K. Ipearno;iaracTes
ynpasieHHe B pealbHOM BpeMeHH. Takoke A1 YNpOILEHHs pacyeT BbIIOIHAICA AHC-
KPETHO B 24 BPEeMEHHBbIX TOYKax. J[Nd KakAOH TOYKH PACCYHTBIBAIHCH yNpaBiis-
I0lI[HEe BO3ACHCTBHA B BHIE YCTaBOK CPEICTB PEry.IHPOBaHHs.

BoiBoasl. Pe3y:ibraTel MOAEIMPOBAaHHA MOATBEPAHIN 3PQeKTHBHOCTD KO-
OPIMHHPOBAHHOIO YNPABICHHUS ;TOKaNbHBIMH OOBEKTAMH.

TakuMm 00pa3oM, HCNIOIb30BaHHE MPHHLMMOB KOOPAHHHUPOBAHHOIO YTpaB-
JeHHs 0ObeKTaMH CHCTEMBI JJeKTPOCHaOXKEHHs JKeJIe3HBIX 0POr MO3BOJIHT OCY-
IECTBHTH PEATH3ALMI0 MPHHLUKITHAILHO HOBBIX BO3MOXHOCTEH: CEKLIHOHHpOBa-
HHE CETH MO0 30HaM KayecTBa J;IEKTPOIHEPTHH; YIIpaBieHHE CMpOcoM (C HAKOMH-
TE;IAMH U pacnpele;IeHHON reHepalHeii); aBToMaTHyeckas pekoHQHrypaius To-
NOJIOTHH CETH (CaMOBOCCTAaHOBIIEHHE); pacnapa’UieIeHHblE ONTHMH3AaLHOHHbIE
BBLIYHC:IEHHS.

Mexay TeM ans peain3aums NpecTaBICHHBIX pe3y;1bTaToB B BHIC amna-
PaTHO-NPOTPaMMHOTO KOMILIEKCA HEOOXOAHMO MPOAOKHTL MOIEIUPOBAHHEC Ha
OCHOBE COBPEMCHHBIX ar¢HTCKMX MiiaTgopMax M CNEUHATbHBIX NPOrpaMMHBIX
NpoAyKTax MOJAC.IMPOBAHHA MY:IbTHAr€HTHBIX HHTCLICKTYAIbHBIX CHCTEM, 4YTO
ABIAETCA LE/IbIO AATbHEHIIHX HCCIEAOBaHHH aBTOpA.

Brigaua ynpap:isiolMx BO3AEHCTBHII Ha HCTIOTHHTEIbHBIE YCTpOHcTBa 06D-
€KTOB 2;1eKTPOCHAOXKEHHS OCYLLIECTBIIAETCA KaK B aBTOMaTHYECKOM PEKHME, TaK H
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B pe3y.bTaTe AeHCTBHH 3HeproaucneTdepa, KOTOPhIH OCYLIECTBIAET CBOH (QYHK-
LUHH B LIEHTPE YIPABIEHHs CHCTEMONH 31€KTPOCHa0XKeHH.
CnHcok aHTEpaTyYphE
1. Paccen. C. HckyccTBeHHBIi HHTELIEKT: coBpeMeHHBIH noaxoa [Tekct] / C. Pacce,
[1. Hopsur; nep. ¢ anra. — M.: H3nateabckuii Jom Buabamc, 2006, — 1408 ¢.
2. Tpetbakon, E. A. YnpapieHue KauecTBOM IIEKTPHYECKOH JHEprHH B pacnpenc.H-
TEIBHBIX CETAX ke:le3HbIX aopor [Texct]: Mmonorpadus / E. A. Tpetpskos. — Omck: OMITVIIC,

2013. - 196 c.
3. Onextpuueckie cuctemel: B 7 1. T. 2. DekrpuueckHe ceTH : YUueGHHK 115 21€KTpo-
IHEPreTHUECKHX creuHaTbHocTed By3os / Iloa pea. B. A. BeHukoBa. — M.: Bricuias wko:a,

1971. - 440 c.

PA3PABOTKA U UCNTBITAHUSA CUCTEM BJIMKHEH JIOKALIUM

30eabnux B.I.

3aMeCTHTETh TEHEPATTLHOTO AHPEKTOPA [0 PA3BHTHIO

OAO «HayuHo-Hcc1en10BaTe IbCKHIi HHCTHTYT %1€KTPOHHBIX TPHOOPOB»,
KaHANIAT TEXHHYECKHX HayK, WIeH-KoppecrioHaeHT PAPAH,

Poccus, r. HoBocnGupck

Pa6oTa nocasuena o630py mpobieM, CTaBUIMX fepea Co3aaTe;IaMH CHCTEM GaiKHeH ToKa-
UHH, MCTIO-TB3YIOILHXCS, B OCHOBHOM B PaKETHO TeXHHKe. Yka3aH KpYT BOMIPOCOB, CTOSIBILIMX repen
pa3paoTYHKaMH JaHHBIX CHCTEM, B TOM YHCIE Ha JTane aBTOHOMHBIX MCTbTaHmit. [TpHBeaeHsb!
CCBUTKH Ha MCTOYHHKH, OCBEIIAIONIHE BaKHBIE MPOOIEMBI H IMYTH HX PELICHHS NPH KOHCTPYHpOBa-
HHH JaHHBIX 610KOB H CHCTEM GIHKHeli TOKaLHH B LIETTOM, 8 TaK)Ke IPH HCTBITAHHAX.

Krouessie c106a: 61IHKHAA JTOKALMA, pAAHOTOKALIHS,

Paszsntne pakeTHoi TeXHHKH BO BTOpOii mosioBuHe XXBeka o6ycoBHI0
BaXHOCTb HajiMuMs Ha GopTy cucteM OmmkHedt nokaumu (CBJT), ucnonb3yeMpix
U1 PEIICHHs BaXKHBIX JIOKALIHOHHBIX M HABHMALIMOHHBIX 33/1a4 B TEXHHKE BOEHHO-
TO M IPaXAAHCKOro HasHaveHHd. IlepBoit cepbe3Hoii paboToii no ocHoBaM Gamx-
Hell Jokalmu U mpHHUMnaM moctpoednss CBJI ciieayer cumTath, Mo BHOMMOMY,
paboty [5].

3a Gonee, yeM MO:TyBEKOBOIl MEpHOA Pa3BHUTHA OTEYECTBEHHOH TEXHHKH
CBJI pa3paboTyHKaMH TakuxX CHCTeM ObLTO NMpeiIokeHo GOAbLIOE KO:THYECTBO
OPHIHHAIBHBIX HEH KaK CXEMOTEXHHYECKOTO IIaHa, TaK H KOHCTPYKTHBHBIX pe-
LIEHUHA, KAacalOUINXCA CHCTEM B LEIOM H HX (GyHKUHOHATbHBIX 6:10K0B. Tak, a1
4aCTOTHO-MOIY;THPOBAHHBIX MPHEMOMNEPEAATYHKOB PAAHOAHANA30HA NPELTOKEHO
OPHTHMHATTbHOE YCTpOHCTBO (uKkcaunu u3mepsaeMoit CBJI paiesHocTH 10 0GHapy-
xupaemoro obbekra [3]. g CBJI, nenoab3yeMbIx L1 06HapyKEHHS HAa3EMHbIX
06BEeKTOB M pabOTAIOMMX B ONTHYECKOH M TEILIOBOMH YacTH CIIEKTPa 2IeKTpoMar-
HHUTHBIX H3.Iy4EHHiH, H3BECTHBI CXEMHbIE PELICHHA ABYXKAHATbHBIX YCTPOWMCTB C
napa;uiebHoH 06paboTkoi CHIHATOB ONTHYECKOTO M TETLIOBOTO KaHa:aos [4, 16].
Ilpn cospanun onthyeckux asepHsix CBJI BaxHeHmIMMH 3aAavaMH SABIAIOTCA
obGecrieyenne cTabHIH3aLMH AATBHOCTH AEHCTBHA B MOMEXaX a3po30;bHOTO Xa-
pakTepa, yeMy moceauieHa paborta {12]. a Takke KOHCTPYKTHBHBIE pEIiEHHS KI5
Npe0TBpaLIEHHs 3aMOTE€BAHHA OKOH MPO3PAayHOCTH Ha OOBEKTE NpPUMEHEHHA
CBbJI. npuMepoM yero AB:1s€TCs YCTPONCTBO, OnKMcaHHoe B [15].
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Ha cBepXCKOPOCTHBIX pakeTax HCMOJb3YIOTCH CI0XKHBIE aHTEHHBIE CHCTe-
MBI, U3 KOTOpPBIX, MOXa:1yil, HaHGo.lee COBEPLICHHBIMH ABIAIOTCH GOPTOBBIE aH-
TEHHBI C JEKTPOMEXaHHuYeCKUM ckanupoBanueM [1, 2]. TexHuueckHe peleHHs,
HamnpagJIeHHbIE Ha MOBbILIEHHE XapaKTEPHCTHK NMpHEMHBIX ycTpoiicTs CBY auana-
3oHa x1a CBJI, onucausl 8 [10, 11].

3uHaunMoil npobGiaemoit npu coznaHun CBJ1 sABiIserca MHHHMH3auMA (2 B
uieale — HCKIKYEHHE), BHYTPEHHHX MoMeX (HaBOKOK), LUIA YETO CXEMOTEXHHKH
JOSKHBI BJIaJ€Th COOTBETCTBYIOIUMM pacyeTHhIM anmapatoM. C mpakTHYeCKoH
TOYKH 3pEHHs NPEACTaBIAETCH LEHHBIM METOM PACu€Ta XapaKTEPUCTHK IKPaHHPO-
BaHHA, ONHCaHHBIH B [7].

Oanoii M3 BaKHEHIIHX TEHAEHUMI Pa3BHTHA DPAdHOJIOKALHMOHHBIX CHCTEM
Boobue u CBJI, B 4acTHOCTH, ABIAETCA HCMO:Ib30BAHHE IIHPOKOMONOCHEIX H
CBEPXUIHPOKOMOIOCHBIX CHIHAIOB, YTO MO3BOIAET KapAHWHAIBLHO Y.Iy4YLIMTb pas-
peluaioLyo cnocoGHocTh H nomexoyctoiunsocte CBJI. 1M Bonpocam nocss-
meHa MoHorpadus [3].

KoncTtpykropckuMm pacyetam CBJI Ha ctaguu aBaHnpoekTa (TMpH aHalu3e
TpeGoBaHHiT TEXHUYECKOTO 3a/iaHHs H NpPEABAPHTEIbHON OLIEHKE) MOCBAMIEHBI pa-
60THI [6, 9].

BaxcHeiiiumuM 3tanom cozgaHus CBJI — tak 1 HOBOH TeXHHKH BooGile — sB-
J€TCA MCTIBITAHUE HA CTOMKOCTH K AWHAaMH4YecKHM Bo3aeiicTBuaM. Cnocobam no-
BBILIEHHs AOCTOBEPHOCTH H HAaAEKHOCTH HCTILITAHHH NOCBALLEHbI paboThl [8, 14].

Takum o6Gpaszom, paspaGotunkam CBJI npuxoantcs oBIaeBaTh ITyGOKHMH
NO3HAHUAMH H3 pa3HOOOpa3HbIx obracTeil NPHKIaAHOH HayKH — OT TEOPHH 3/IEKTPO-
MarHUTHBIX T10/1€H, 10 MEXaHHKH TBEPAOTO Te:ld, AHHAMHKH H BHOPOHU3MEPECHHI.
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