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PU3UKA

UccnepoBaHue mexaHM3MoOB penaKCayuOHHbIX NpoLecCoB B MJIEHKAX NOJIMNPONUJIEHA
C BKJIDYEeHUAMU a3pocuna

®omuuesa E.E., uHxeHep
Poccuiickuii rocyfapcTBeHHblil neparoruyeckunit yansepcutet um. A.W. Tepuena (r.CaHkrt-MNetep6ypr)

Hpoeedeuo uccaedosamue PEeAAKCAUUOHHDBLX nTpoyeccos, NpOMeKarnujux 8 N1eHKax noaunponuirena, HanoOAHeHHoco
aspocuron. HOKLISG,HO, 4rmo 3a pesakcayuro dAeKkmpemniHoco CoOCmosaHusl 8 ucmedye/nbzx OépCLSL{ClX omseuaem 006o-
emHas npogoduMocmb. O6napy9fceﬂo, umo dobasaenue wacmuy adpocura 8 NOAUNPONULEH npugodum K NoABAEHUIO
npoyecca OUNoAbHOLL noaspusayuu. Ponae MaKpOdLlﬂO/leﬂ BOLILOAHAIOM Hacmuyobl a3pocura.

9JI€KTpeTbI U3 MOJIMMEPHBIX MaTepPHaJIOB IIMPOKO MpHUMe-
HSIIOTCSl B PA3JIMUHBIX 06JIACTSIX YeJOBEUeCKOl JIesiTellb-
HocTH. JlManasoH WX HUCMOJIL30BaHUSI MPOCTUPAETCs OT Obl-
TOBOH TEXHHKH JI0 T€XHHKH CllelMaJbHOro HagHaueHus. Ha
MCMOJIb30BAHUH 3JIEKTPETHOTO 3ppekTa ocHoBaHa pabora
3JIEKTPETHBIX MUKPO(OHOB, IO3UMETPOB, IATUHKOB IaBJICHHS,
cyproTesiepOHOB, BO3MYIIHBIX (HJILTPOB, 3JEKTPOMeXaHH-
yeckux rnpeobpazopateseii. [ToumepHbie seKTpeThl NpUMe-
HSIIOTCS! TIPH H3TOTOBJIEHUH MCKYCCTBEHHBIX KDOBEHOCHBIX CO-
CYJIOB C LIeJIbI0 YMEeHblLIeHHsT TpoMO03a KPOBH, YaKOBOUHBIX
MaTepuasoB i yBeJHYEHHs] CPOKa XpaHEeHHsl MPOJyKTOB,
AHTHKOPPO3UHHBIX U30JISILIUOHHBIX TIOKPBITHH.

[TocTosinHO pacumpsiiolasicss cepa NpUMEHeHHs! T10JH -
MEepHBIX 3JIEKTPETOB BbI3bIBAET MHTEpEC K MOJyYEeHHIO MO-
JIMMEPOB C OTpe/IesIeHHbIM COYeTaHHeM CBOKCTB, MPUCYLIHX
TOMy WM HHOMY MaTtepuajy. IloctatouHo OGOJbIIOH HH-
Tepec BhI3bIBAET BO3MOXKHOCTb PETYJIHPOBAHHS 3J1€KTPETHBIX
CBOWCTB MOJIMMEPOB MyTeM J00aBJeHHUsT B HCXOMAHYIO MOJIH-
MEpHyI0 MaTpHlly JHCIEPCHbIX HamnoJHUTesel. Bapbupys
COCTaB MaTpHLbl U HAMOJHHUTEJsI, UX COOTHOLIEHHe, OpHEeH-
TalMIO HAMOJIHUTEJS, MOJydaloT LIMPOKHH CIEeKTp MaTepH-
aJloB ¢ TpeOyeMbIM HAGOPOM CBOKCTB.

KommnosuTHble moJsiMMepHble MaTepHasbl U3y4aloTes yaKe
JIOCTaTOUHO JIaBHO, M B JIHTEpaType HMMeEEeTCsl J0CTaTOuHO
MHOTO CBeJleHHH 00 UX MeXaHHUYeCKHX, ONTHYECKHX U MTPOUHX
cBofictBax. OnHaKo MaJjlo H3ydyeHbl MeXaHM3Mbl TPOLECCOB,
MPOTEKAIOLIUX B KOMIIO3UTHBIX TOJUMEPHBIX MJEHKAaX W OT-
BEUAIOIIUX 32 peJlaKCalMIo 3JIEKTPETHOTO COCTOSIHUSI B HHX.
[Ipu 3TOM 3/1€KTpeThl Ha OCHOBE HAMOJHEHHBIX TTOJUMEPHBIX
MJIEHOK JI0CTATOYHO IIUPOKO MPOU3BOASATCS U MCMOJb3YIOTCS
B COBEPLICHHO PA3HbIX OTPAC/SAX IPOMBILIJIEHHOCTH, HAYHHAs
C UCIT0JIb30BAHHUS B KAUeCTBe YIIaKOBOUYHBIX MAaTepPHAJIOB /sl
MULLEBbIX MPOJYKTOB H 3aKaHUMBast aHTHKOPPO3HHHBIMH MOK-
PBITHSIMH.

B cBsI3M ¢ BbIllIeCKa3aHHBIM SIBJSIETCS aKTyaJlbHbIM HC-
CJIefloBaHHe peJlaKCAllHOHHBIX MPOIeCCOB, MPOTEKAIOUINX B
TJIEHKaX TOJIUIPOIHJIeHa, HAMOJHEHHBIX a3POCHJIOM, YTO U
SIBUJIOCH €610 JAHHOH paboThI.

J1s1 moJrydeHHsT KOMITO3UTOB HCIOJb30BAJICS TMOJHITPO-
nuied (I11T) mapkn 01030 «6anen» (FTOCT 26996—86) u
aspocus A-175 (pasmep uactuiy » 12 um). CMelleHne ue-
XOJHOTO TIOJIMMEPa C HAMOJHUTEIEM OCYLIECTBIISIIOCH B CMe-
cHTeJIbHON Kamepe mpu Temnepartype 1954+5°C B Teuenue 5
MuH. [TpUroTOB/IEHHE MJIEHOK KOMITO3HTHOTO MaTepHaJsa ToJi-
mrHoi 350 MKM ocylilecTBsiioch npeccoBanneM o FOCT
12019—66 npu temnepatype 195+5°C 1 BpeMeHH BblePIKKH
OJL IaBJICHUEM D MHUH.

CTabu/IbHOCTb 3JIEKTPETHOTO COCTOSIHHST KOMIO3UTHBIX
TUIEHOK HCCIe0Batach METOAOM M30TEPMHUECKOH pesiak-
cauun norenunana (MTPIT). O6pasubl 3apsikanuck B nose
OTPHIATENBHOTO WJIH TIOJOKUTENBHOTO KOPOHHOTO paspsiia
10 ToTeHIMasa nopsiika 2 KB. 3ateM cHuMaJjach BpeMeHHast
3aBUCHMOCTb TMOBEPXHOCTHOIO MOTEHLHAMa [PU TeMIlepa-
Type noJsipusaiuu o6pasia. PesynbraThl sKCnepuMenTa mo-
Kasaju 3HauMTeJbHOE yBeJHUYEHHE 3JeKTPETHOH CTabHJIb-
HOCTH TMOJIMIIPOITHJIEHA MTPH 106ABJIEHUH B HETO HATIOJHHTE/IS
(puc. 1). TTpuuem JsrydiiiMu 3/1€KTPETHHIMH CBOHCTBAMH U3
HccseyeMbix 06pasioB 061a1aloT KOMIIO3UTHbIE TJIEHKH C
2% conep:KaHueM a3poCHJIa.
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Puc. 1. BpemeHHasa 3aBMCMMOCTb NOBEPXHOCTHOIO
noteHumana ana o6pasLoB, 3apAXKEHHbIX B None oT-
puLaTesbHOro KOPOHHOro paspaga. T= 100°C.

1 — HeHanonHeHrHbin MM1; 2 — MM + 2% aspocuna; 3 — MMM+ 3%
aspocuna; 4 — MM + 4% aspocuna; 5 — MMM + 6% aspocuna.
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Puc. 2. 3HayeHnA NOBEpPXHOCTHOrO NOTEHLKUANA U TOKA
AenonApM3auumn Ana o6pasioB, 3apAXKEHHbIX B none
OTpULIATENbHOr0 KOPOHHOTO pa3pAAa. 1 — NoOBepPXHOCTHbIN
noTeHyman; 2 — Tok. Ckopoctb HarpeBaHua 5°C/mMuH.

B pa6ore [1] mokasano, 4to pesaxcauusi 3J€KTPETHOTrO
COCTOSTHHSI B HCCJIEyeMBIX MaTepuanax OCyLIeCTBJsIeTCs 3a
cyeT oObeMHON nposoaumocTH. Hocutensmu sapsna siBjs-
I0TCS1 OTPULATENILHO U MOJIOAKHTEJ/IBHO 3aPsKEeHHbIE BAKAHCHH
BOJOPOJA B LIEMSX MOJUMEpPA, KaTalu3aTopoM Ipolecca re-
HepaLuK HOCHTeJel 3apsiia sIBJsieTCsl BOja, CoAeprKallasicst
B MOJTUMeEpe.

J1ns1 BBISICHEHHS] TIPUPOJIBI PeaKCallHOHHBIX MPOIECCOB,
NpoTeKalolIMX B HCC/ICLyeMbIX MaTepHalax H 00yCJOB/INBA-
IOLLIUX UX 3JIEKTPETHYIO CTAOU/IBHOCTb, ObLIM MPOBEEHbI HC-
CJIe/I0BAHUST METOAAMH TEPMOCTHMYJIMPOBAHHON peJlakcalny
norentnana (TCPIT) u TepmocTuMynMpoBaHHON AEMOJSIPH-
zauuu (TCI).

O6pasiibl MOJUMPONHUIEHa 3apsKaluch MPH KOMHATHOH
TeMIepaTtype B 110Jie M0JIOKHTENLHOTO WM OTPHLATeILHOTO
KOPOHHOIO pa3psia, a 3aTeM H3MepsUIMCh 3HAYeHHs T10Bep-
XHOCTHOTO MOTEHLHANA WM TOKA JEMOJSPU3ALUU B pexKUMe
JIMHEHHOTO HarpeBaHusi. Peay/bTaThl pHUBeeHbl Ha PUC. 2.

B o6nactu remneparyp 70—120°C nabimonaercst crap mo-
BEPXHOCTHOTO MOTEHIMAJa, HO OTCYTCTBYIOT TUKH Ha CTIEKTpe
TCII, uto siBasI€TCS MOATBEPIKICHUEM MPEATNOJN0KEHHUS, YTO
3a peJslakcalMio 3JeKTPETHOro COCTOsIHMSI OTBeuaeT 00b-
eMHast IPOBOJIMMOCTH [ 2].

B nosb3dy 00beMHOH MPOBOAMMOCTH TOBOPAT W Pe3YJb-
tatel cpaBHennst crnektpoB TCPII, nosmydennbx a1 06-
pasloB, 3apsKEHHBIX B MOJIEe OTPULATENBHOTO H TIOJOKH-
TeJIbHOrO KOPOHHOTO Pa3psiioB (puc. 3). M3 pucyHka BUIHO,
UTO 3HAK KOPOHHOTIO pa3psijia He BJMSIeT Ha Craj IoTeHl1aa,
YTO FOBOPHUT B I10J1b3Y MPOLIECCOB, NPOTEKAOLIHUX B 0ObeMe
noJuMepa.

B o6nactu remnepatyp 120—150°C na cniekrpax TCJI na-
6Jo1aeTesl MUK, KOTOPBIH, BHAMMO, BBI3BAH BBICBOOOMXKIIE-
HHEeM 3apsijia ¢ TyOOKHX JIOBYLLIeK. BO3HHKHOBEeHHE JIOBYLIEK
MO2KeT ObITb CBSI3aHO C HaJlMuMeM NpuMecell, 1edeKToB Mo-
HOMEPHBIX €IMHHLL, HEperyjasipHocTell B LENsX H HecoBep-
ILIEHCTB KPUCTANINTOB. JloKanusauus 3apsyia TakKe MOKET
OCYIIECTBJISATHCS HA TPaHHUIle KPUCTAMIHUECKOH H aMOphHOH
(a3, MMEIOUIUX pasHble MPOBOJAUMOCTH. BbicBoGOXKIAN0-
Hiicst 3apsi 6yJeT nepeMellaThbest K OHOMY M3 9JIeKTPOJIOB
JIM60 B COOCTBEHHOM M10J1e, 06pasyoLeMcs 38 CUET HAJUUUS
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Puc. 3. TemnepatypHble 3aBUCUMOCTU NO-BEPXHOCTHOIO
noteHymana MM pna o6pasyoB, 3apaxKeHHbIX B Noje
NONOXMTENbHOIO M OTPULLATENLHOTO KOPOHHOIO Pa3pAJ0B.
CkopocTb HarpeBaHus b =5°C/muH.

rpaJyeHTa KOHLEHTPALMK HOCUTEJIeH 3apsaa, JHOo 3a cuer
yBeJIMIeHNUsT TTOABHKHOCTH CETMEHTOB MOJMMePHOH LIeTH TIPH
pasMsird4eHHH NosMMepa.

JloGaBJsieHue aspocusia B MOJUIPONUJEH MPUBOAUT K H3-
MEHEHHUAM B MOJIOKEHHH U popme nuKoB Ha crektpax TCJI
(puc. 4). IlosiBasieTcsl HOBBIM LIMPOKHE IMHK, MPOSIBJSIO-
wuics npu Oosiee HU3KOH TemIiepaType, MOJIOKEHHE KOTO-
pOro He 3aBUCHT OT COJEpPrKaHMsl HaroJiHuTe s (puc. 4), a
€ro BbICOTA MPSIMO MPONOPLHOHAJbHA JI0J1€ HAMOJHUTEJIs B
KOMIO3UTHOM MatepuaJe (puc. 5). [Tocaenuuii pakr no3so-
JISIET C/IeIaTh MPEANON0XKEHHE O TOM, UTO 3a MOSIBJIEHHE ITOTO
MHKa OTBEYAIOT MPOLECCHl, CBfI3aHHbIE CO CBOMCTBAMH Ha-
MOJIHATEST WM CO CBOHCTBAMH TpaHHLbl (a3 MoJuMep-Ha-
MOJTHATE .

McenenoBanue 3aBUCHMOCTH T0JIO2KEHHST TTHKOB OT TeM-
nepaTtypbl NoJisipusaliid 00pa3iioB TAKKe 110Ka3asuo CHIbHbIE
pas3Muus B CrieKTpax, MoJyuYeHHbIX JUIs HEHATOJHEHHOTO M0~
JIMITPOTTMJIEHA W MOJIUTIPOTIH/IEHA, COIEPKALLETO YACTHIIbI a3-
pocuaa. Eciy mosioxkenre MakcHMyMa TOKa AETOJIsIpU3aliH
B MOJIUTIPOTIUJIEHE He 3aBHCHT OT TeMIIepaTyphbl MOJIsIpU3aLHH
obpasua (Tabauua 1), To B KOMIO3HTHBIX MaTepHasnax yBe-
JIMUEHHE TeMIIePaTypbl MOJSIPU3ALIUH TIPUBOAUT K CMELLEHHIO
nuika B 06J1acTh OoJiee BHICOKUX Temriepatyp (Tabauua 2).

Ta6nnua 1. 3aBUCUMOCTb NONOKEHUA MAKCMMYMa TOKa
Aenonapu3aLmu B NOAMNPONUAEHE OT TeMnepaTypbl
nonspusaumu o6pasua

‘ Tnonnpusauuw °C Tinaw °C
50 144
100 147
140 147

Ta6auua 2. 3aBMCMMOCTb NOJIOXKEHNA MaKCUMyMa
TOKa AenoNApuU3aLum B KOMNO3UTHOM MaTepuane ot
Temnepartypbl nonspusaymu o6pasua

‘ Tnonﬂpuzauuw °C Tiaxr °C
50 62
80 98
100 111
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Puc. 4. Toku penonapusauuu B nonunponuneHe
M KOMNO3UTax Ha ero ocHose. Temnepatypa nonapusauum
100°C, ckopocTb HarpeBaHusa 5°C/MuH.
1 — HeHnanonHeHHbin MM1; 2 — NN + 2% aspocuna; 3 - MMM + 3%
aspocuna; 4 — MM + 4% aspocuna; 5 — MM + 6% aspocuna.

[IpuBeneHHble Pe3yabTaThl MO3BOJSIOT CeNaTh MPETo-
JIO’KEHHe O HaJIMUMH MeXaHW3Ma JUIMOJBLHON MOJspU3alii B
KOMITO3UTHBIX MaTe praJax.

B noJib3y 3TOr0 MexaHW3Ma CBHIETEJLCTBYET Pe3yJibTaT
MCC/IeIOBAaHUsT 3aBUCHMOCTH BbicoThl muka TCJIL oT Besu-
UMHBl 3JeKTpuaylolliero noss. Ilpeamonaraercsi, uto s
MHKOB JIMMOJILHOH TOJIIPU3AlMK 3Ta 3aBUCHMOCTh JIMHEHHA
[3], uTo 1 HabuonaeTCsl HA CTIEKTPaX HCCJIeNyeMbIX MaTepH-
aJioB (puc. 6).
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Puc. 6. 3aBMCMMOCTb BeIMYMHBI MAKCUMANbHOIO TOKA
TCAA, Tekywero B KomnosutHom matepuane (MM + 2 06.%
as3pocuna), oT BeIMYNHbI MPUIOXKEHHOTO NoNs

MexaHuam 006pa3oBaHMsi JIMIOJBHOTO MOMEHTA MOXKHO
OODBSICHUTb, MOJb3ysCh HH(OpMaLMell o CTPYKType dyac-
THLLBI 29POCHJIA U TTOJUIJIEKTPOJIUTHON Mofiesibio [4]. AToMbl
KPEeMHHsl, HAXOMSALIMECS HA MOBEPXHOCTH YACTHILL a9POCHIIA,
MMEIOT OJIHY HEHACBILIEHHYIO BaJIEHTHYIO CBS3b, KOTOpas Ha-
CBILLAETCS TyTeM TPUCOEMHEHHUS THAPOKCUIBHOH TPYIIbl
(OH). Ecoi takas rpynna tepsieT mpoToH, TO OHa CTAHOBUTCS
orpuniaresbHo 3apsikennon [OH]™, u naoGopor, npucoenu-
HeHMe MPOTOHA MPUBOIUT K 00PA30BAHUIO M0JI0KHUTE/BHO 3a-
pszkennoit rpynibl [HyO ]t Tpu nonaganuu takoii yactuiipl B
9JIEKTPHUUYECKOE T10JIe TPOUCXOJUT TIepeMellleHHe STHUX TPy
MO MOBEPXHOCTH YaCTHIbI B COOTBETCTBYIOLIMX HarpasJie-
HHUSIX, YTO TIPUBOJIUT K 00PA30BAHUIO MAKPOIHUIIOJS.

st noaTBepKACHNS HAJIMUMS AMITOJBLHON NOJIipU3aliii B
KOMITO3UTHBIX MaTepHasiax Obljl IPOBEJIEH CJEIYIOUIMH IKCIe-

Puc. 5. 3aBUCUMOCTb BeIMYMHBI MAKCMMYMa
TOKa AenoNApM3aLnK OT COAEPXKAHNA aspocuna
B NoAunponuieHe

pument. [lnenka nosunponuiena ¢ 4% cogep:Kanuem aspo-
cuna (yy = 0,04) nossipusaoBasiach B roJie KOPOHHOTO pa3psijia
npu Temnepatype 100°C. Hepes HECKOJIBKO JHEH MOC/IE MOJsi-
pusalmMu K o0pasiy MpHKAAAbIBAIOCh MEXaHHYeCKoe Harpsi-
JKEHHe U U3MePSIIOCh H3MEHEHHe TToTeHIHala Ha TOBEPXHOCTH
mieHku. OHO cocTaBusio Ag = 7 B, 4To COOTBETCTBYET H3Me-
HEHHIO MOBEPXHOCTHOH MJIOTHOCTH 3apsifa Ha 3,5% 1077 Kar/m2.

Jli1s1 TpoBepKH MOJIyYeHHOTo peayJbTata Obll IpoBe/eH
pacyeT U3MEHEHHsl MOBEPXHOCTHON MJIOTHOCTH 3apsiia B JH-
9JIEKTPHUKE 33 CUET U3MEHEHHUS TOJILLMHbI U TJI01aAH 06pasiia
MOJL A€HCTBUEM MPHUJIOKEHHOTO MEXaHHUECKOTO HATIPSIZKEHHUS.

Ecsu noj ieficTBHEM MPUJI0KEHHOTO MEXaHUUECKOTo Ha-
NpsRKEHUs TUIoNIAb 00pasiia S yBeJMUNIach Ha BEJHUHHY
AS, a ero ToJIIMHA A yMeHbIINHIACh HA BeJUUUHY Af, TO H3-
MeHEeHHe TOBEPXHOCTHOH MMJIOTHOCTH 3apsijla MOKHO BblUMC-
JITh 110 hopmyJie:

AO'ZO'A—h,
h

rie A — U3MeHeHHe TOBEPXHOCTHOH MJIOTHOCTH 3apsija;
G — [OBEPXHOCTHAs! MJIOTHOCTh 3apsiia JI0 MPUJIOKEHUST Me-
XaHUUEeCKOro HaMNpsikeHust; 1 — TosiuHa obpasua; Ak — us-
MeHeHHe TOJIIHUHbBI 00paslia.

[ToBepXHOCTHYIO TWIOTHOCTb 3apsila G Ha MCCJAETyeMOM
o0pasile MOXKHO PacCUMTaTh, 3HAasi KOHLEHTPALMIO TMIPOK-
CWJILHBIX TPYTIN HA MOBEPXHOCTH YACTHIIbI HATIOJIHUTEJIS, pa3-
Mepbl YaCTHIBl U 0OBEMHYIO JIOJII0 a3POCHJIa B MOJHIPO-
nusieHe. PacueTbl mokasaJii, 4ToO [0 HadaJla BO3JAEHCTBHS
MEXaHHUYECKOTO HampsiKeHHsl MOBEPXHOCTHAS MJIOTHOCTH 3a-
paa Gblia paBHa ¢ = 2,78x1072 Ki/m%. OtHocuTebHOE
H3MeHeHHe TOMIMHBL meHKH coctaBuio 0,001 %. Takum 06-
pasom, abGCo/IOTHOE M3MeHeHHe MOBEPXHOCTHOH MJIOTHOCTH
3apsijia coctaBuio Ac = 3% 1077 KJI/MQ.

Buano, 4to paccuutaHHoe 3HaueHHE MPAKTUYECKH COB-
naJjio co 3HaueHHeM, BbIUMCJEHHBIM M0 pe3yJbTaTaM MpoBe-
JIEHHOTO 9KCTIePUMEHTA.

JInst onpesiesieHUst SHEPTHH, OTBEUYAOIeH MEXaHU3MY JIH-
MOJILHOH  peJiakcaluy, OblIM 00paboTaHbl CHEKTPbl TOKOB
TCJI. Pacuersl nokasaju, 4To 3HaueHUsl SHEPIUH aKTUBALIUU
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npollecca JUMOJbHON MoJIipU3aliii HaXosaTCsl B iMana3oHe
0,7—1,3 3B.

Takum o6pa3om, MOXKHO CHe/aTh CJEIyIOLIUe BbIBOJbI O
MeXaHM3Max, OTBEUAIOIIINX 33 peaKcalliio 3JIEKTPETHOTO Co-
CTOSIHHSI B MTOJIMTTPOTIHJIEHE W KOMITO3UTAX HA €r0 OCHOBE:

— B MJIEHKax HEeHaroJIHEHHOTO TOJHUMponuIeHa HabJio-

Jluteparypa:

JlaloTCs JIBa rpolecca — o0beMHast TIPOBOJIMMOCTb U BBICBO-
6oxxK/IeHHE 3apsijia ¢ TyGOKUX JIOBYILIEK;

— 4YacTHUUBl a’pocusa, n06aBJsieMble B MOJUIPOIUIIEH,
MPeJICTaBSAIOT cOO0H MaKpPOAUIONN U TPUBOJAT K TOSIB-
JIEHUIO TIpoLecca JUMNOJbHON peslakCalut, KOTOpbId HabJI0-
naercst Ha criektpax TCIL u TCPT1.

l.  Tewmnos II.3., ®omuuena E.E. CtabuabHOCTb 3JIEKTPETHOTO COCTOSIHUS MJIEHOK MOJUITPONUIEHA B 3aBUCUMOCTH OT
cofleprKanust McrepeHoro Hanouutess (aspocua). // Ussectust Poccuiickoro rocyiapeTBeHHOro neiarornieckoro
yuuBepcuteta uM. A.M. I'epuena: Hayunsiit >xypuan. — CI16., 2010, Ne 135. C. 92—100.

2. Topoxosatckuii IO.A., TemHor J1.D. TepMocTUMyIMpOBAHHAS peJiaKcallisi TOBEPXHOCTHOTO MOTEHIMAJA U TEPMOCTH -
MYJIHPOBAHHbIE TOKH KOPOTKOTO 3aMbIKAHHUSI B [IPEBAPUTENLHO 3apsizKeHHOM JiuvjieKTpuke. Masectus PITIY um. A.M.
['epuena. EcrectBeHHble W TouHble Hayku. Hayunbiii :xypHas. Ne8 (38), Cankr-IlerepOypr, 2007. C. 24—34.

3. Quekrpersi: [Tep. ¢ anrn./ Tloa pen. T'. Cecciepa. — M.: Mup, 1983. — 487 c.

4. Topoxosarckuil 10.A., Anuckuna JI.B., Bukroposuu A.C., T'opoxoarckuit M.1O., Kapymuna E.A., Tazenkos B.A.,
Temuos [1.3., Huctsaxosa O.B. I[1posiBienne crnuH-opOUTAIbHOTO B3aUMOJENHCTBHS B KoJiebaTebHBIX CIIEKTPax Mo-
JIA3/IEKTPOJIMTOB — BOJIOKHHCTBIX H MJIEHOUHBIX 3/J1EKTPETOB Ha OCHOBE MOJIMNPOIU/IeHa U noJusthiena // Mssectus
PITIY A.W. Tepuena: Hayunblii )kypHaJsi. EcrectBenHbie H TouHble Hayku. 2009. Ne11(79). C. 47—61.
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MATEMATHUKA

0 HeKOTOpbIX HenapameTprMyeCKnx oL eHKax NJIOTHOCTU BEPOATHOCTH
M KPUBOW perpeccuu.
Yactb 1

Hemuenko fA.U., 6akanaBp TEXHUKU U TEXHOJIOTMUM, MAFUCTPAHT
C1OMpPCKMiA rocyAapCTBEHHbI a3POKOCMUYECKUIT yHUBEpPCUTET UM. aK. M.®. PewertHesa (r. KpacHosipck)

Moneﬂnposanue JIUCKPETHO-HellPePbIBHLIX [IPOLECCOB AABJ/ISeTCS OfHON U3 LeHTpaJ/bHbIX 11pobJeM kubepHeTuku. Huxe
paccMaTpUBalOTCsl HeNpepbIBHbIE BO BPEMEHH [TPOLLECChI, HO BXOAHbIE U BLIXOJHbIE [T€PeMEeHHbIe JOCTYIIHbI H3MEPEHHIO
B IMCKPETHbIe MOMEHTbI BpeMeHH. [IpousiocTpupyem cxemy Takoro npouecca Ha Puc. 1:

()

x(?) (1)
[Tpornecc (O6BEKT)
X y
HY [0 g l&o

Xt

Puc. 1. Cxema npouecca

3nech NpuHATH 0603HaueHus: y () — BeKTOpHAs BbIXOJHAs MepeMeHHasi rpoiiecca, x () — BeKTOPHOE YyrpaBJsiollee
Bosneiicteue, £(1) — BekTOopHOE CayuaiiHoe BogneicTBHe, () — HempepbiBHOE Bpemst, HY, H* — kanaibl CBA3H, COOTBETC-
TBYIOLLIME PA3JIMUHBIM MEPEMEHHBIM, BKJ/OYalollde B ce0si CPeACTBA KOHTPOJIS, MPUOOPDI Uil H3MepeHHs1 HabJltolaeMbIX e -
pPEMEHHBIX, Yy, X; — U3MEPEHHsl B IUCKPETHbIE MOMEHTbI BpeMeHu. KOHTpoJIb epeMeHHbIX (X, i) OCyLLEeCTBIIsIEeTCS Yepes HH-
TepBasl BpeMeHU AL, T.e. X;, ;, i = 1,5 — BBIOOPKA CTATHCTHUECKH HE3aBUCHMBIX M3MEPEHHIT IepeMeHHBIX npolecea (X, ),
(X2, Y2),e.., (Xg, Yg)s..., s — 0ObeM BbiGOPKH, A* (1), hY (1) — ciydaiinbie TOMexy U3MEPEHHI COOTBETCTBYIOLIMX [TePEMEHHbIX
npotecca.

3anaua uieHTHUKALMH TUCKPETHO-HETPEPBIBHBIX MPOLECCOB COCTOUT B MOCTPOCHHHM HX MATEMAaTHUECKOH MOJIEJH, Ha-
npuMep, Ha OCHOBE HerapaMeTpHYeCKUX OLLEHOK (PyHKIIHH perpeccht o HalJoAeHUsIM. B ¢Boto ouepeib, HenapameTpuiecKue
OUEHKH (DYHKLIMH perpeccud 0asupyloTesl Ha HenapaMeTpUUecKUX OLEHKaX MJAOTHOCTH BEPOSITHOCTH. B nanbHefiniem Ha 310 1
OyzeT cliesia OCHOBHOM akueHT. [Ipuuem, Mbl yUuTbIBaeM TOT (DAKT, UTO HMEIOLIHECS BbIOOPKH B MPOCTPAHCTBE «BXOJHBIX —
BBLIXOJIHBIX» MEPEMEHHBIX B PeajbHOCTH PacroiozKeHbl HepaBHOMepHO. Hacrosiliee vecneoBanue mocBsileHo HenapaMmeTpu-
YECKHMM OLIEHKAM TMJIOTHOCTH BEPOSTHOCTH H (DYHKIMM PETPECCHH, OTJIMUAOLIMMCS OT H3BECTHBIX, 8 HUMEHHO, KOTJa BhIGOpKA
(x1, Yy), (X9, Yo),-.., (Xg, Ys) pacriosiorkeHa HEKOTOPBIM XapaKTepHbIM 06pa3oM, OMnpesiesisieMbIM peasbHON CHUTYalMel, ¢ Ko-
TOPOH YaCTO NPUXOAUTCS CTAJIKUBATBCS HA MPAKTHKE. DTO 00YCJIOBIEHO CIEYIOILIMMH YePTAMHU:

l. cryuenuem 3HauyeHHH H3MePsieMbIX TaPaMeTPOB Ha HEKOTOPbIX yUacTKax MHTepBaJsla H3MepeHHus;

2. mycTtoTamMu — OTCYTCTBMEM 3HAYE€HHMI H3MepsieMbIX ApAMETPOB HAa HEKOTOPBIX yUacTKaX MHTEpBaJia H3MEPEHHUS;

3. pa3peKeHHOCTbIO — HaJMYHeM HECKOJIbKHX 3HaUeHWH U3MepsieMbIX MapamMeTpoB, pacnpeesieHHbIX 0 UHTepBaJy He-
PaBHOMEPHO.

HasoBewm ycsioBusi 1, 2, 3 yenousivu A.

CHayaJjia pacCMOTPUM HerapaMeTpHUYEeCKyto OLLEHKY MJIOTHOCTH BEPOSITHOCTH 110 HAOJIOACHUSIM M H3YYUM aCHMITOTHYECKHE
CBOMCTBA 3TOH OLLEHKH.
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. 2
[lyctb (x,y) — cayuaiinas BesmuuHa co 3Hadenusmu B npoctpanctee Q(x, V) < R, a p(x,y)>0 — nnotHocTs

pacnpeesieH|s IByMEPHOH CydyaliHOH BeJMUMHbI (X,Y), oHa HeudBecTHa. [1ycTb (x;,y,), (Xoys), - , (X,Ys) — BbIOOpKA U3 §

CTaTHUECKHU HE3aBUCHMBbIX HAGJIO/ICHUH IByMEPHOH CJlydaliHOH BEJIHUMHBI (X,Y ).

OO6bIuHO B KAUECTBE HEMapaMeTPUueCKOoi OLeHKH IoTHOCTH Beposithoet p(X) > 0 npunumaior cratucruky [ 1,2]:

() =—— ¥ o) |
x)= )
SRRl =Rayel )

X

rie uHTerpupyemasi ¢ kpaapatom dynkimst D( ) u napametp C,(K03(pHUMEHT Pa3MBITOCTH ) TAKOBbI, YTO YIOBJIe -

TBOPSIOT YCJIOBUAM CXOAUMOCTH [3]:
0< @ ( ) < 00,
Q(x) Cq

)dx =1, lim LCI)(

1
C_SQ([X)(D( CS §—>00 CS CS ) = 5()6 — xi)’

CS >0, s=12,., Sli_I;ﬂOOCSZO, Sli_I;ﬂooSCS =0,

HazoBem ycsioBust cxomumocty (2) yesoBusivu B.

HenapameTpuueckoii ouenkoil hyHkiuu perpeccid — M (y/x) sBisietcs:

X—X, X—X

S S .
y()= 2 yd—H/ T o(—H, 3
S l:1 i CS l:l CS ()

rje sHameHaresb - Pg(X) (1) ¢ TodHOCTBIO 10 , p(x) >0, a uncautens oGo3nauum @g(X). Acumnroruueckue
CBOWCTBa HeMmapaMeTpUYeCKHUX OlEHOK TUIOTHOCTH BeposiTHOCTH (1) u KpuBo# perpeccuu (3), a Takxke uX (DyHKIIMOHAJIOB,
nopo6GHO UCCIEIOBAJHCH B [4].

[Tpu HasMunu yesoBuit A B BbIGopKe HabJ10/laeMbIX EPEMEHHbIX MPE/IaraeTcsi HCNoJb30BaTh HOBbIE HEeMapaMeTpHUeCcKHe
OLIEHKH IJIOTHOCTH pacrpe/ieseHnsi BEPOSITHOCTH CJIeMyIOIIero BUaa:

1 S x—xl. x—xl.
Pe(X)=— ) ) 4
st= S N
1 KPUBOH PErpecCHu:
S X—X; X=X
g yl'q)l( C )@2( c )
s(¥) = ‘ .
T e e, "V
i=1 ! Cs 2 CS
_ 1
re 3HaMeHaTe b SABJAETCS OLUEHKOH IJIOTHOCTH PAClpeleseHHss BEPOATHOCTH ps(x) (4) ¢ TouHOCTBIO J10 c
N

P (x) >0, uncauress xke 0603HaUMM:

B 1 s x
P5(x) = Fzélyi(bl(
St—

Xl. X—)Cl.
) , 6
A (6)
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a (byHKLU/II/I @ ) YeTHbI€ OTHOCUTEJIbLHO xl- H, HaanMep, HUMEKT BU:
s
1;ecru C 2<z<C
z Lecnu z < Cg , S / S
D, ( )= D =<1/2:ecmu z < C 2
ICS O;ecmu z>Cy’ 2(Cs) / ’ - S/

0;ecnu z > Cg
3/1ech Z :‘x—xi‘.

Jlnist HerlapaMeTpHIeCKOil OLLEHKH MJIOTHOCTH BEPOSITHOCTH D¢ (X) (4) MMeeT MeCTo cileflylolias Teopema:

) ¥ NapaMeTp pa3MbITOCTH

N
. -1 - xi i .
Cy ynosieTsopsioT yesiosusimM cxotumoct B csoiierey Cg - | @ ( )@2( C )dx =1, Torna:

ox S s

lim Mi(p(x) - pg ())21=0, VxeQ(x).
S—>0

JlokasaresibeTBY TeopeMbl | MpeanonieM ciaeayionyio JeMmy.

Jlemma 1.1. Henapametpuueckast oLeHKa [IOTHOCTH Pacrpeesienns BeposiTHocTH P (X) B ycsioBusix Teopembl 1 siB-
JISIeTCsl ACUMITTOTHYECKH HEeCMElLleHHOH.

Hokasamenvcmeso aemmot 1.1. BozbMem MaTeMaTHIeCKOe OXKHIAHHE OT Pg (x) (4)

1 X—X. X —X.

Mipe(x);= — o LYo Lyt 7
{Ps(0}=M Sclgl A e (7)
N S
BocrosibayeMcst cBoiicTBaMH MaTeMaTHUECKOTO 0XKUAAHHS U TTOJTYUHM:
M{ﬁs(x)}=— > M{CD ( l)<D2< )} (8)
sC si=1
_ 1 s X —Xx; x;
M{pgl=——3% [ @ )@2( Pl (9)
[TockoJibKy p(xl) = p(xz) =...= p(xg) = p(t), T0 HMeeM S OIUHAKOBBIX HHTETPAJIOB:
— 1
Mipsl= oo 1 e, Gl (10)
Cs Q(1) Cs Cs
Cnenaem 3amMeHy NepeMeHHbIX:
x_tzu,t:x—CSu,du:—Csdt,dt:—Ldu, (11)
CS CS
Y, yuuTbIBast, 4to D, ( C ) u @2( C ) - yeTHble (DYHKIIMK OTHOCHTENBHO [, U3 Beipaxkenus (10) nosmyqaem:
S S
M{ps()f= [ ® @®,w)p(x—uC )du. (12)
Q(u)

Ianee paznoxum p(x — uCS) B psin Tersiopa ¢ octaTouHbM YieHOM B opme Jlarpanxa [2]:

2
C
M{ps(}= [ @)@, p(x) = Coup'(x)+ = p'(ex) (13)
Q(u)

riae 0<"”<1 — HeKOoTOpasi KOHCTaHTA.
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BOCHOHBSYGMCHCBOﬁCTBaMHIﬂﬂQFpaﬂOB,TOFﬂ&

M{ps(}f=p(x) [ © @O, Wdu~C p'(x) [ u® @)D, (u)du+

Q(u) Q(u)
(14)
2 5
+75;p"(9x) [ u q)l(u)d)z(u)du.
' Q(u)

[Tpumenum  cBoficTBa  (pyHKIIMIL (Dl (u) wm @2 (v) w  napamerpa  pasmbiroctn  Cg  mpm

s> | (Dl(u)(b2(u)du =1, ocTasibHble caraeMble 06palIAOTCsl B HOMb, MOCKOJILKY Sli—r)noo CS =0 Crenopa-
Q(u)

TE€JIbHO!

lim M{Ps(0)}=p(x). (15)
S—>00

To ecTb, olleHKa (PYHKIIMK MJOTHOCTH pacnpe/esieH|si BEPOSITHOCTH ﬁs (X) (4) sIBASIETCS ACMINTOTHYECKH HECMEILIEH-
Hol. Takum o6pasom, semma 1.1 nokazana.
AHaJIOTHYHO BBITVISIUT I0KA3aTENbCTBO ACHMITOTHUECKON HECMEIIIEHHOCTH OLIeHKH TJIOTHOCTH pacnpe/esieH|si BEPOSiTHO-
N |
)@2( ) MMeeM NMpoU3BeeH e 1

Cs Cs

X
CTH THIA OLEHKH Pg(X) (4), Kora BMECTO IPOU3BEEHNsT ABYX (yHKLIHiT (Dl(

Cs

Cs

X—X.
l

Cs

X X
byHKIM CDI( )@2( )CDn( ), rae n>2 u Bce 1 GyHKUMIA yI0BAETBOPSIOT YCJAOBHSIM CXOAUMOCTH B 1

] n xX—x,
cgoiiery Cg~ [ [T @ .( Lydx =1.
awi=1 7 ¢

— 2
Hokxazameavcmeo meopemor 1. Bosbmem matematuueckoe oxunatue ot ( p(x) — P (x))” unpu § —> 00 nosyunm:

tim M {p0= 7, (2= 202000 lim Mg+ tim M |p2o)]

C yuetom iemmbl 1.1 umeem:

. — 2 2 2 . _2 . _2 2
sli“ooM{(p(")‘ps(x)) f= 22 ("“STOOM{”S (x)}zsgan{ps @}~

JloKaxkeM, uTo:
lim M{Fz(x)}z pz(x) :
s—w %

BhiuncsauM MatemMaTHyecKoe 0yKuJIaHie OT KBaJIpaTa OlleHKH MJIOTHOCTH pacrpeesieHnsl BEepOsiTHOCTH ﬁs (x) (4):

B B 2

Tt I I S
Mp=(x)(=M > @ O ) =
s S2CS2 =1 1 Cs 2 Cs

1 s S x—xl. x—xl. x—xj —x].
=Mi——= X X D ( D ( )P ( YD ( )
Szcszizlj =1 : Cs 2 CS : CS 2 CS

MOCKOJIbKY X, H
JlBoiiHasi cymma pa3buBaeTcsl Ha JBa CJlaraeMblX, MepBoe — Korha (=j, BTOpoe - KOrja [#j, !

xj CTATUCTHUYECKH HE3ABHCHMbI, TO €CTh p(xi’xj) = p(xl. )p(x]) , TOTJI:
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{pu} LS o, b (x_xi)2 (x,)d
X p(x.)dx. +
2C21—IQ() 1 CS 2 Cs 770

(17)

Lo 3 1 o, ho,Chpedr, [ ©(—L)d, (—Lyp(x )d

p(x.)dx. p(x )dx .

2C31—1]—1§2( ) 1 Cs ARG i lQ(xj) 1 CS 2 CS JJ
i# ]

Tax, Kkax p(xl) = p(xz) =...=p(xg)=p(),0:

p2nj--!

S (0] —— ) p(t)dt )
SCS2 Qj(t) ( Cs ) 2( Cs )p() Qj(t) ( Cs

S

2
o ho. Y| p)de+
Cz Q(l)[ s 2 Cs ] g

(18)

2
—t x—t s—1
jlo,E b0, Y | pod+Y | o,
Q(r)[ e, 2t ] s€2| o)

C
s s

x—t

1
=u,t=x—CSu,du=—Csdt,dt=—c—du, M, YUMTBIBAs, 4YTO
S S

Cnenaem 3ameHy rnepeMeHHbX (11):

) - yeTHbIe PYHKIMH OTHOCUTEILHO ¢, MOJydaeMm:

x—t xX—t
D, (—)ud
1( Cs ) H 2( C

)

M{ﬁs(x)} = | @ wa, () plx—C u)du +

s Q(u)
(19)
2
il ®, ()P, () p(x— C u)dlu
* Q@)
[Ipn  §—>00  wunTerpan L [ (D (u)q)z(u)) p(x-C u)du CTPEMMTCS K HYJIO,  TOCKOJIbKY
s Q(u)
li C = :
slr)noo N g D | cren0BaTeNbHO!
2
-1
M{p (x)} lim Sl | @ (u)d) w)p(x-C u)du . (20)
S—) §—0 S Q( )
C y4eTOM yCJIOBHIi CXOMMMOCTH 1 IpH § —> 00 | CI)I(M)(I)Z(u)p(x C u)du = p(x) (cm. (12) = (15)), To ectb:
Q(u)
_ s—1 1
lim M{ps <x>}= lim —p? (@)= P ()~ i — P> @), (21)
§—>00 §—0 S §—>0 S

’ 1 2
Tak, Kak s"%°, 10 i — P (x) = 0. B urore nosnyuaem:
§—0 S

lim M P20 p2 ). (22)

Torma iy MA(p(x)— Py (x))z} = (. Takum o6pasom, Teopema | J10Kasana.
§—>00
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X— X X—X.
OLIEHKH ﬁs(x) (4), BMeCcTO Mpou3BeieHUsT JBYX (PYyHKIHI @1( c l)®2( c l) UMeeM TIpOU3BeJleHHe 71 PyHKIMI
S S

@1( C l)@z( C l)...®n( C L), rae n>2 u Bce 1 hyHKIMIA YIOBIETBOPSIOT YCJOBUSIM CXOIUMOCTH B 1 cBOMCTBY
A A

Jlnist HerrapaMeTPHIeCKOit OLIeHKH KPHBOH perpecc 1o HaGmogeHusim Vg (X) (5) nMeeT MecTo cieyioliast Teopema:

Teopema 2. Tlyctb yg(X) msaiapr muddepentypyema u ¢ BepositHocTbio emtnia pg(x) >0, Vx € Q(x), a pynk-

X=X, - X;
11K (Dl( c Ly, (Dz( c L) u napamerp pasmbiroctu Cg YIOBJETBODSIOT YCJIOBUSIM CXOMMMOCTH B cBoiicTBy
N S
—Xl. x—xl.
() ( YD, ( )dx =1, Torna:
L c 2 cC
Q(x) S

- 2
lim M) = ys(x)7; =0,  VrxeQ(x).
§—>0
Paccmotpum ciienytoliiee ToxnecTso [d]:

1 = 1 + 1 _ 1 _ 1 _pS(x)—M{pS(x)}.
ps(x)  ps(x) Mip ()} Mip ()i Mip (x);  ps(x)M{ps(x);

YMHOKUM 06€ YacTh BbIpakKeHHs1 Ha (DS (X) U BOSbMEM OT TTOJYYEHHOTI'O BbIpakK€HHUsI MaTeMaTHYE€CKOE O2KHMIAHUE!

@ (x) @ (x) @ () (ps(x)—M{pg(x)})
M{—=——} =M{———} -M{=
Ps(x) M{PS (x)} Ps(X)M{ps(x)}
¢ (x)

[TockoJibKy Yy (x)= =3 a B 3HAMeHaTeJIsIX cJlaraeMbiX pH (QUKCHPOBAHHOM X M{ps (x)} siBasieTcst KOHCTAHTOM
PsX

1 €€ MO2KHO BbIHECTH 3a 3HAK MateMaTHYeCKOIro O2KUaaHus, TO:

Mip ()} M{y (3)(ps ()~ Mipg()D)}

M — _
Vs M {ps(x)}
[Tpu s"co umeem:
I G My ()}M{(ps(x) = M {pg(x)})}
. N .
glim F mM@U}g% M {ps(x)}
) M{y (M {(pg(x)=M {ps(0})} i
JlaraemMoe 3 B CUJIY HE3AaBUCUMOCTHU HAOJIIOJEHUU X ,x ,...,x u orpa-
s, M {ps(x)} ’ : 2orts O
HUYEHHOCTH (hyHKIIMH o6paliaercs B HoJb. CJieloBaTeNbHO!
y Mip ()} N
Sh_r)noo {ys (x)} hm M{ (x)} . (23)

JlokasareJbCTBy TeopeMbl 2 MperowieM JeMMbl 2.1, 2.2 st oLeHKH Qg (X) (6) u emmy 2.3 1151 OLEHKH perpecchH
Vs(x) (5).

Jemma 2.1. Henapamerpuueckas oLeHKa QyHKLHH Qg (X) B ycn0BUsX TeopeMbl 2 SIBJISIETCA aCHMITOTHUECKH HecMe-
LIEHHOH.

Hokaszamenscmso aemmot 2. 1. Bouucaum Matematiueckoe oxnaanne ot @g(X) (6)
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{ } 1 S X xl. X — xl.

M \pg(x)j=M<—— D o : 24
st= S N

[TpousBesst B BhipaxkeHuH (24 ) npocTble MpeobpasoBaHusi, MOJYUUM:

1 x—t x—t
Migs@)}=—- | p()® ()P, (~dr. (25)
Cs Q1) ey 720 ¢
Cnenaem 3ameny nepemenubix (11): Xor_ u,t =x—Cgu,du =-Cgdt,dt = —%du, H, YYMTBIBas, 4TO
s s
D x—t D x—t '
1(C—) W 2( C ) - ueTHble (YHKIMH OTHOCUTEJBHO ¢, TIOJydaeM:
s s
Migs()f= | ©,@®,w@p(x—uC )du. (26)
Q(u)
TNanee pasnoxum @(x — uCS) B psan Teiinopa ¢ octaTounbiM usieHom B popme Jlarpamka:
2
Mips}= [ @)D, () p(x) = Cup'(x) +—-u"(E) du. (27)

Q(u)
rjie 0< "< — HeKOTOpasi KOHCTAHTA.

M@0} =p(x) [ ® @, @)du—Cgx) [ ub ()®(u)du+

Q(u) Q(u)
(28)
c? 5
+ —f(p"(Hx) [ u CI)I(u)CDZ(u)du .
[Tpumenum  cBo#cTBa  (yHKUMI CDI ) wu @2 (u) wm  napameTpa  pasMBITOCTH CS npu
s> | CDl(u)CDz(u)du =1, ocrasbHbie caraembie 06PALLAIOTCS B HOJIb, TTOCKOJIBKY Sli—r)noo CS =0 Crenona-
Q(u)

TeJLHO:

lim M @50} = 0(x). (29)
§—>00

To ectb, ouenka Pg(X) (6) siBAsETCS ACHMITOTHYECKH HECMELLEHHOI,
Takum o6pasom, jemma 2.1 oKasaHa.

AHaJIOTMYHO BBITVISIUT JIOKA3aTEJLCTBO ACUMIITOTHYECKOH HECMEIIeHHOCTH OLEHKH (DYHKIIMM TUIA OLEHKU (ﬁs (x) (6),

X —X; X—X;
KOrJa BMECTO IIPOM3BENEHHS  JBYX  (DyHKLWMi @1( C l)@z( C LY  umeem npoussenenne 1 (yHKIii
S S
D ( VD, ( )..D ( ), re n>2 v Bce 1 yHKUMH YIOBJIETBOPSIOT YCIOBHSIM CXOMMMOCTH B 1 cBOficTBY
1 Cy 2 Cy n C
-1 n X—X.
Cso | T1®.( c Dydx =1.
ami=1 7 ¢
Jdemma 2.2. Tlycts @(X) npaxibl uddepentmpyema, a hyHKIHH CDI( C ), CD2( c ) ¥ napameTp pasMbITOCTH
S S
1 X—x, X—X,
Cy ynosieTsopsiot yesosusim cxoumocth B u csoiietey Cg | (1)1( c l)(D2( c Lydx =1, rorza:
Q(x) s s

lim Mi(@(0) -7, (:)*}=0,  VreQ().
§—>00
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— 2
Hoxasameascmao aemmot 2.2. Bosbmem Matemathueckoe oxkuaanne ot (@(x) — ? (x))” unpu § = © nosmyuaem:

lim M {((p(x) (p (x)) } ) (x) 2¢p(x) lim M {(p (x)}+ lim M {(pz (x)}
§—> 0 § —> § —>©
C yuetom jiemmbl 2.1 umeem:

lim M{((a(x) 7,(x) } 0% (x) =202 (x)+ lim M{(pz(x)} lim M{(pz(x)} 0% (x).
S —> 0 S —> 0 S —> ©
JloKaxKeM, 4To:

SQOOM{@? ()= ().

BbluncsuM MaTemMaTieckoe 0yKHJaHHe OT KBAJpaTa OlleHKH (ES (x) (6)

X=X X —X. 2
A4L>(xﬁ 2C2 Z y<D( DO, (30)
S N

[TpousBenst B BoipaxkeHuu (30) mpocThle peoOpa3oBaHus W yUUTbIBASA, UTO X. MU X . CTATUCTHUECKH HE3aBUCHMBI, TO
l

cero M(y(x;), (x 1)) = My DM (p(x ;) , nonyumn:

2
] 2
(f y (X){CD( S’)Cbz( . Z)} po(x)+

Wkl iyt

i=1Q g
(31)
1§ s o e e N
S SR T e ey e 10y Dt
Cé z}; IQ(x)Q(x ) Cs Cys Cs
B cuty o6osnauenuit @(x) = y(x)p(X) u nockosnbky (D(xl) = (0(x2) =...=p(xg)=0(t) 10:
2
MR- [@D (- )@5—)} o> (0t +
C Q1) S s
s—1
1 o he J ®( (32)
sC2 Q1) Cs @ G
2 2
1
=— | [ o (—)] o> ()t +° ] ‘D( Do (—)(D(f)dl‘
2 1 2 2
SCS Q1) c s sC Q1) CS
Cnenaem 3ameny mnepemennbix (11): il =u,t =x—Cqu,du =—Csdt,dt=—CLdu, M, Y4UTBIBAsi, UYTC
A S
D (x—_t) u D (x_t) - yeTHble (DYHKIMHM OTHOCHTEJLHO £ , TIOJlydaeM:
1 Cy 2 Cy YHIH 1oy :

M{asz(x)} = Q{ )(CD (u)d)z(u)) 0 (x—CSu)du+
u
(33)

2
s—1
+ [ © w)P,w)e(x—C u)du| .
5 Ll(u) 1 2 s
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[lpp  §—>© unterpan —— | (CD (u)(l) (u)) Q (x—CSu)du CTPEMHUTCSI K HYJIO,  TTOCKOJIBKY
s Qu)
sli—r>noo SCS = 0 | coies1oBatesbHO:
2
2 s—1
M{(p (x)}— lim —| [ @ (u)CD (w)p(x — Cu)du : (34)

s§—0 S Q( )
C y4eToM ycJIoBHiT CXOMMMOCTH U Tpu § —> 00 | q)l(u)q)z(u)go(x C u)du @(x) (cm. (26) — (29)), T0 ecTh:

Qu)
M{pzm}— lim —co 20 =029~ i —02(). (35)
§—>00 §—0 S

1
Tak, KaK s, 70 |im —(/)2 (x) =0. B utore umeem:
§—>0 S

lim M{(DZ(X)} 0 (x). (36)

S§—>0
Takum o6pazom, jJemMma 2.2 oKasaHa.

AHaIOrMUHO BBINJISJIUT JI0KA3aTe/IbCTBO JIEMMbI 2.2 JUIsi OLEHKH (YHKIHH THIA OLLEHKH as (x) (6), Kora BMECTO MpoOU3-

X — x
BeJICHHUSI JIBYX byHKIHi CDI( C % )(D ( C L) uMeeM NpoU3BeJIeHHe n yHKIHIT
S S

X —
(Dl( Z)CD ( l) (Dn( ) e n>2 u Bee 1 QyHKIKE YIOBJIETBOPSIIOT YCJOBUSIM CXOAMMOCTH B 1 cBoiicTBy
CS CS CS
-1 n X —X.
Cso [ TI®.( Dydx =1.

owyi=1 7 €

Jemma 2.3. Henapamerprueckasi oLeHKa perpeccu V¢ (X) B yCJIOBHSIX T€OPEMBI 2 SIBJISIETCS] ACHMITOTHYECKH HECMe-

LLIeHHOH.

Hokasamenvcmso aemmot 2.3. BosbMeM MaTeMaTHUeCKOE OXKHIAHNE OT OLEHKH perpeccin Vg (X) (5)

S

> @ (C =2 )0 (€ - x))
M{Fg(x)y =M=

ZCD(C (x X))<I>2(C (x X))
i=1

C ydyerom (23) npu § —> 00, OJTYUUM:

MY 5.0(Co =)0 (T Mr—x )
lim M350} = Jigy —=] N
ST SO0 S @ (T =)@, (€ M- x))

i=1

[TockosbKy UMCUTENb BhIpayKeHust (37 ) mpeacTaBasieT co60il MaTeMaTHueCKoe OXKHUIaHHE OT OLEHKH ES (x) (6), c yue-
TOM JiemMmbl 2.1 Sli_r)nooMi(?S(x)kz @(x) (cm. (24) — (29)), a sHamMeHaTeJb — MaTeMaTHUECKOE OXKUAAHHE OT OLEHKH

MJIOTHOCTH pacnpesesenust BeposiThocTd P (X) (4), ¢ yuetom iemmbr 1.1 lim Mif? (x)}z p(x) (em. (7) — (15)), To
S §—>00 S
ra:

o MP® g
sh—r>nooM{yS (= sh—r>noo Miﬁs (x)}_ p(x) .
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@(x)

p(x)

B cunty 0603HaueHui = y(x), T.e. oteHKa perpeccun Y (X) (5) sIB/ISETCS aCHMITOTHYECKH HECMELLEHHOI:

lim M{ys(x)}=y(x). (38)
§—>0

Takum o6pasom, siemma 2.3 jokasaHa.

AHaJIOTHYHO BBIMJISIMT JI0KA3aTeJIbCTBO JIEMMbI 2.3 Uil OUEHKH (DYHKIHK PErPECCHH THIA OLEHKH )7S (x) (6), korna

X—X; X—X;
BMECTO  MPOU3BEJEHHS  JBYX  (YHKLHEI @1( c l)@Z( c L) umeem  npoussesenne 1 yHKUMI
S A
X = X; X = X; X=X
D ( VD, ( )..D ( ), tie n>2 u Bee 1 GyHKUMI YIOBIETBOPSIOT YCJIOBUSIM CXOIUMOCTH B 1 cBoiicTBy
e 72 cC nC
S S S
] n xX—x,
Cs | T1®.( Yx =1.

awi=1 7

= 2
Hoxasameascmeso meopemot 2. BosbMem matematuyeckoe oxuuatue ot ((x) — Y, (x))” nnpu § — 00 nosyunm:

lim M{( y(x)—F (x))2}= 32(x)=2p(x) lim M{y (x)}+ lim M{yz(x)},
§—> o § s—o Y s—w Y
C y4eToM jieMMbI 2.3 HMeeM:

. — 2 2 2 . _2 . _2 2
sgﬁgwkwm—y;m)}zy(@—2y(m+&ggwM$guﬁ=Sgigwbsuﬁ—ycm.
JloKa)keM, uTo:

Slir)nooM {Y? (X)}= yz(X)- (39)

Bbiunc/MM MaTeMaTHUeCKOe 0XKHIAHHE OT KBapaTa oleHKH perpeccun Vg (X) (5):

2
N
{z.n®ﬁc;%x—g»®gcg%x—g»}
M {5 F = p{H=L

2
s
-1 -1
LZCDI(CS (x=x )@, (C (x—xl-))}
C yuetom (23) ipu § —> 00, MOJYUHM:

2

S

M {zlyiopl(cs‘1(x—xi))q>2(c;1(x—xl.))}
1=

tim MFsF = ji )

§—>00 §—>00 s 1 1 2
i=1

[TockosibKy uncnTesib Boipaxkenusi (40) npencrapisier co6oil MaTeMaTHYECKOE OXKUAAHHE OT KBajapaTa OUEHKH as (%)
. _2 V2
(6), ¢ yuetom semmbl 2.2 sh—r)nooM : (X) (=@ (x) (cm. (30) — (36)), a 3HamMeHaTe b — MATeMAaTHUECKOE OXKHIAHHUE OT

KBaJipaTa OLEHKH [JIOTHOCTH paclpeje/IeHusl BEPOSTHOCTH ﬁs (x) (4), ¢ yuetom teopemni | Slir)nooM{‘E?(x)}: pz(x)
(em. (16) — (22)), Torna:

MpZ)| 2
lim M {ig ()} = 1im % }= ¢2(x)-
§—>0 §—>00 M{ps (x)} p (x)
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=y (x),re:
p-(x)

B cuny o603nauennii

coz x) _ 2
2

=2 2
lim M{ys ()} =y"(x). (41)
§—>0
Takum o6pasom, Teopema 2 10KasaHa, ¢ yueToM JieMMbl 2.2, TeopeMbl | U Bbipaxenusi 23.
AHaJIOrHYHO BBINVISIIUT JI0KA3aTEJIbCTBO TEOPEMbI 2 JJIsi OLIEHKH (PYHKIIMH Perpecchy THIIA OLEHKH )7S (x) (6), Korna Bme-

X—X. X—X.
CTO  MpOU3BEICHUsl  JBYX  (PYHKIM @1( L )@2( LY umeem  mpomssemenne  n yHKuii

CS CS
D (x_xi D (x_ % )..D (x _xi) rie n>2 W BCe 1 (yHKLMHA YIOBJIETBOPSIIOT YCJOBHSIM CXOIMMOCTH B 1 cBOfiCTBY
M ¢ 2 ¢ nCcy
1 n xX—X,
Cso [ TI®.( Dydx =1.
awi=1 7 €

TeopeMbl | 1 2 10Ka3aHbI 15 OLLEHOK MUIOTHOCTH pacrpejie/iens BepositHoctH P (x) (4) u kpusoit perpeccun Y (x)

(5), Koraa x — ckaJssipHast BesiMuuHa. B cydae, kora x — BeKTopHast BeJIMUHHA, OLEHKH MJIOTHOCTH pacrpesiesieHHst BeposIT-
HOCTH ¥ KPUBOH PErpeccuy BhINISIST CleIyIOLM 06pasoM:

_ L N
Ps(xeip) == X 11 & (D) (L0, (42)
Stei=1j=1 s s
I I
Ky n X.—X X.—X
X y; 11 @ Do, f )
_ i= =
T (X yorrnXg) = ——7 L > (43)
s n X.—x xX.—x"
Mo, —Ho, L4
i=1j=1 Cy Cs

Teopembl | u 2 st OLEHOK MJIOTHOCTH pacrpefiesieHusl BEPOSITHOCTH ﬁs(xl,...,xn) (42) n xpuBoi perpeccuu

Vs (xl""’ Xz ) (43) MMEIOT TaKylo XKe CXeMy JI0Ka3aTe/IbCTBa, UTO H VISl OleHOK Pg(X) (4)n Yg(x) (5).

Takum 06pasoM, B JaHHOI paGoTe NPUBE/IEHBI OLEHKH [JIOTHOCTH pacrpe/ie/eHust BepositHocTH Pg(x) (4) u kpuBoii per-
pecenn Y (x) (5), npeanasnaueHtple st pabOThI B YCJIOBUSX A, ¢ KOTOPBIMH 4aCTO MPHXOAUTCS CTAJIKHBATLCS Ha MIPAKTHKE,
Y JI0Ka3aHa UX cXoiMMocTb. HoBble HemapameTpruyeckrie OLEHKH KPUBOH perpeccuu siBJsitoTest 6oJiee YCTORYMBBIMU K paspe-
KEHHOCTH, MyCTOTAM H BLIOPOCAM B IPOCTPAHCTBE «BXOAHBIX — BBIXOJHBIX» 3HAUeHHUil, 4eM oueHkH V¢ (x) (5), 1 B 9THX ye-
JIOBUSIX [103BOJISIIOT alllIPOKCUMMPOBATb HCKOMBIH IIpoLecc.
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4. Bacusbes, B.A. Henapamerpuueckoe olieHHBaHHe (GYHKIHOHAIOB OT pacrpe/ie/ieHHil CTalliOHapHbIX MOCJeI0BaTe b=
nocreii / B.A. Bacubes, A.B. Jlo6posunos, .M. Komkun. M.: Hayka, 2004. 508c¢.

5. Hanapas, 9. A. 3amMeuanus o HemapaMeTPHUECKHX OLleHKAX MIOTHOCTH BEPOATHOCTH U KpHBoii perpeccun // Teopus
BeposiTHOCTH U ee rpuMenenue. — T. 15, Boim. 1, 1970.-c. 139—142.
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0 HeKOTOpbIX HenapameTprMyeCKnx oL eHKax NJIOTHOCTU BEPOATHOCTH
M KPUBOW perpeccuu.
YacTb 2

HemueHko fA.U., 6akanaBp TEXHUKM U TEXHOJIOTMUU, MAFUCTPAHT
C1OMpPCKMiA rocyAapCTBEHHbI a3POKOCMUYECKU yHUBEpCUTET UM. aK. M.®. PewertHesa (r. KpacHosipck)

Hacmamaﬂ pabota siBJIsieTCs POAoJKeHHeM CTaTbi «(O HEKOTOPBIX HerapaMeTpPUYeCKHX OLeHKAaX MJIOTHOCTH BEPOSIT-
HOCTH M KpUBOH perpeccuu. Yactb 1.», coxpaHsieT Bce 0603HAUEHHS M MOCBSALLEHA UCCIENOBAHUIO ACUMITOTHYECKHX
CBOHCTB HeMapaMeTpHIeCKUX OLIEHOK MJOTHOCTH pacrpeieieHHsl BEPOSITHOCTH U (DYHKLMH PETPECCHH 110 IKCIIEPUMEHTAbHBIM
JIAHHDBIM.

Heo6xoauMocThb HCC/IeoBaHHsT HOBBIX HerMapaMeTpUyecKHX OIeHOK TJIOTHOCTH pacrpesesieHdsi BEPOSITHOCTH U KPUBOH
perpeccun 0GbsiCHsieTCsI TTOTPEGHOCTbIO B MIEHTH(UKALMK THCKPETHO-HENPEPhIBHLIX MPOIECCOB, B peasbHOCTH MPOTeKa-
IOLIMX TTPU HAJIMUKK yei0Bui A [1]. DTH yc/10BUs 03HAYAIOT, UTO B BLIOOPKE «BXOAHBIX — BLIXOAHBIX» CTATUCTHYECKH HE3aBH-
CUMBIX MepeMeHHbIX mpouecea (x,,4), (Xoys), - , (XsYs), TAE S — KOJUUECTBO HAGJIOAEHUH WM 06'beM BbIGOPKH, TPUCYTC-
TBYIOT TaKHe 0COOEHHOCTH, KaK CryIIeHHs, BbIOPOCH], pa3peKeHHOCTH. B TakoM cjiydae mpesjiaraeTcsi HCMoJb30BaTh HOBbIE
HemapaMeTpHUecKHe OLeHKH MJIOTHOCTH pacrpe/eeHHs! BEPOSITHOCTH CJIEIyIONIero BUAA:

X=X,
13s(x)=7 (CD( l)+d> ) (1)
Shsi=1 S S
 KPHBOJI PErpeccH:
S X=X X=X
G G SR S S
() == s s
s s X—X; -X; (2)
> (@
=
! s s
~ 1
re 3HAMeHaTe/Ib SIBJSETCSl OLEHKON MJIOTHOCTH pacrpeesieHnss BeposTHoCTH Pg(X) (1) ¢ TounocTbio 10 o
S
D (x) >0, uncaurens xke o6ozHaunm:
> % T
€0s(x)=— Z y((D( )+ @, ( c ). (3)
sC l =1 S Ky
X—X. X —X.
a MHTerpupyemble ¢ KBAPaToM (QyHKIHH (Dl( Ly, @2( C L) u napametp C, (K03(dHLUHEHT pa3MBITOCTH ) TAKO-
S
Bbl, UTO YIOBJIETBOPSIIOT yCJIOBl/IﬂM CXOIMMOCTH:
0<c1>( Sl A Y iy A D, (1) <o, d. ()<
w’ w’ w’
S 2 S 1 CS 2 S
lim —(d) (
5% (¢ CS
1 X—X; 1 —X:
0<— | D ( Dydx <1, 0<— | D, ( Dydx <1 (4)
CS Q(x) Cs Cs Q(x) Cs
1 X; 1 X;
lim —® ( )=0(x—x.), hm —0 ( )=0(x—x.),
§=% C Cy i ® C Cq i

CS >0, s=12,., Sli_r)nOOCSZO, sli_1>nooSCS =00,
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i
) B ouenkax (1 - 3) yeTHble OTHOCHTENILHO X; W, HAanpuMep, MOTYT HMeTb BHJL, Tpa-

CDyHKL[I/]I/I(D( c ) (Dz( c
S S

(buueckun npeacTaBeHHbIN Ha Puc. 1 [1].

X — x—x.A
@, (—L) @ L c
1 Cy 2( C, ) 7s
3
C C
S S
0 > 0 . >
X. X X. X
1 l
x—xl- x—xl'
Puc. 1. Bun pynxumit @, ( ) 1 Dy ( )
Cs s

JI151 HemrapamMeTPHIECKOit OLIEHKH MIOTHOCTH BepositHocTH Pg(X) (1) umeer mecto criesyiomuast Teopema:

L ) W nmapameTp pasmMbITOCTH

). @y
S S

Teopema 1. Ilyctb p(x) nBaxnpl mucdepenunpyema, a QyHKIHUH @1(

—X; X—X;
C yIOBIETBOPSIIOT YCJIOBHSIM CXOAMMOCTH (4) H CBOHCTBY L [ (D ( Ly+ CI)2( Y)dx =1, torna:
s Q(x) S Cs

m M{(p() - Fg(x)?1 =0, VxeQ(x).
S—>00

JlokazaresbCTBY TeOpeMbl | MPearoLieM CleIyolLyio JeMMy.
Jemma 1.1. Henapamerpuueckas oLieHKa IVIOTHOCTH pacrpesenenust BeposTHocTH Py (X) B ycoBusix Teopemsl 1 si-
JISIETCST ACHMITOTHYECKH HECMEIIleHHOH.

Hokaszamenscmso aemmet 1.1. BosbMem Matematuueckoe oxuaanne ot Pg(x) (1):

Mg =M 5 (CD( (5)
sC . 1
si= s s
Bocro/ib3yemcst CBOHCTBAMY MaTeMaTHYECKOTO O3KHIAHHS] H IOy HM:
M{ﬁs(X)}——ZM{(CD ( } (6)
sC s i=1
~ 1 8
M=% [ (@ ) + 0, (=) play)ey; (M)
sCs i=1 Q(x;) Cs
[TockoJibKy p(xl) = p(xz) =...= p(xg) = p(t), 10 UMeeM S OUHAKOBBIX HHTErPAJIOB:
~ 1
M{ps} == | (@ CD+ @y pldr. (®)
Cs Q1) Cs Cs
CrienlaeM 3aMeHy repeMeHHbIX:
— =u,t:x—CSu,du:—CSdt,dt:—CLdu, (9)

S S
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H, yIUTBIBasH, YTO (Dl(x — t) il @z(xc_ t) - yeTHBIE (DYHKLHH OTHOCHTEJIBHO £, M3 BbIpakeHHst (8) nosyyaem:
S S
M{pg= [ (@) +Dyw)p(x—uC )du. (10)
Q(u)

Ianee paznoxum p(x — uCS) B psn Tefiiopa ¢ ocTaTounbIM ueHoM B hopme Jlarpamka [2]:

2
C
Mips)}= ] (@) + @) p(x)=Cup'() +—-u?p'(6) . (1)
Qu) |

re 0<”<1 — HeKoTOpast KOHCTAHTA.

Bocnosbayemcsi cBOHCTBOM HHTErpasioB, TOMMA:

M{Ps(0}=p(x) | (@) +® @)du—C p'(x) | u(® ()+D())du+

Q(u) Q(u)
(12)
2
£ | u? (@ () + D, ())du
' Q(u)

[TpumenuM  cBoiicTBa  (PyHKIIMiIt (Dl (u) m @2 () w  napamerpa  pasmbiroctn  Cg  mpm

s> | (q)l(u) + @2(u))du =1, ocTa/ibHble claraeMble 06PAIAKTCs B HOMb, MOCKOJbKY sli—r>noo CS =0 Cre-
Q(u)

JIOBATEJIbHO!

lim M{Ps(®)}=p(x). (13)
§—>0

To ecTb, olleHKa (PYHKIIMU MJOTHOCTH pacnpeesieHusi BEpOSITHOCTH l~7s (x) (1) sIBAsIETCSA ACUMNTOTHYECKH HECMelleH -
HOH.
Takum o6pasom, nemma 1.1 nokasaHa.

Ananorndno BbITVIAAWUT 10Ka3aTeJIbCTBO ACHUMIITOTHUECKOH HECMEUIEHHOCTH OLUEHKH IJIOTHOCTH pacrpeae/ieHus BEPOsiTHO-

X—X. X—X.
cti THna ouerkd Pg(X) (1), Korma BMeCTO CymMMbl AByX (yHKLHil @1( c Ly 4+ @2( C L) ymeem cymmy 7 yHKIHIA

S A
@1( C )+ @2( C ) 4.+ ch( ), e n>2 u Bee n yHKUMIH yIOBJAETBOPSIOT YCJAOBUSIM CXOAUMOCTH (4) u
S S S
1 n X—X.
cgoiiery Cg~ | X @ ( Dydx =1.

Q(x)j=1

~ 2
Hokxazameascmeo meopemot 1. Bosbmenm matematuueckoe oxunanue ot ( p(x) — P (x))” wnpu s — 00 nosyuuwm:

lim M{( P =P, (x))z}z P2(x)=2p(x) lim M{;S (x)}+ lim M{;f(x)}.
S —> 0 S —> 0 § —> 0
C yuetom jiemmbl 1.1, umeem:
lim M{( )=, (x))z}: P2(x)=2p%(x)+ lim M{;sz(x)}: lim M{;Sz(x)}— P2(x).
S —> 0 S —> 0 S —» o0

JloKazkeM, 4To:
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lim M{pz(x)} p (x)

S —> 0

Bruucanm MmaTematnuyeckoe OXKHJaHUe OT KBaJpaTa OLEeHKH MJOTHOCTH pacrpeie/ieHUust BEPOATHOCTH pS ()C) (1)

2
B2 ol= (@, -
M\p<(x)(= Z [} =
s 2C2 1 S 2 Cs
(14)
=M S Y (@ (— )+CD Ly+o,(—Lyt.
22 . 1 2
N CS i= 1] 1 CS S CS
MOCKOJIbKY X, W
JlBoiiHasi cymma pa3OuBaeTCsl Ha [Ba CJaraeMmblX, MepBOe — KOTJIa [=j, BTOpOe - KOTAA [#j, I
xj CTaTHCTHYECKH HE3aBUCHMBI, TO €CTh p(xl.,xj) = p(xl. )p(xj) , TOT/1a:
2
1 s x—
)= 53 L | {(cbl( p(x ), +
C l—lQ( ) S S
s S X—X.
S5 T T ] @b, hypd x (15)
SCSl—l]—IQ(x) Cy s
i#]j
x—xj x—xj
< [ @Dy Lypix ).
C Jo
Q(xj) s s
[TocKoabKy p(xl) = p(x2) =...= p(xg) = p(?), ro:

2
o)=L C2 Qm[@( — ] p(e)di +

s—1 X — —t
— | (@ ( )+‘D2( N p(t)dt = (16)
sCZ Q1) Cs
2 2
s—1
2 J l(‘b s @2(—))] p(ydt + — 2 [ (@ ( 4 q)z(—))p(f)df
SC Q1) s sC s Q1) s s
x—t 1 x—t
Crenaem 3ameny nepeMeHHbIX (9): =u,t =x—Cqu,du = -Cgydt,dt = ———du , u, yuursiBas, uro (Dl( )
s Cs Cs
H @2(XC_ ) - yeTHble YHKIMH OTHOCHTENLHO ¢, TIoJlydaeM:

S

M{pz(x)} = | @+ @2(u))2 p(x—Ca)du+
s Q(u)

MEE (@, (1) + D, () p(x — C u)du

Qu)
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[lpy §—>00  uHTerpan L | (CDI(M)+CI)2(M))2p(x—CSu)du CTPEMHUTCSl K HYJIO,  MOCKOJIbKY

s Q)
li C = :
sgloos g 0 | crienoBaTesbHO:
2
2 s—1
lim M S(x) = 1im —| [ (q)l(u)+<D2(u))p(x—CSu)du . (18)
§—>00

§—o0 S Qu)

C yueToM ye/0Buii CXoUMOCTH M ipy § —> 0 | ((I)l(u) + CD2(u))p(x — Csu)du = p(x) (cm. (10) = (13)), 10

Qu)
€CThb:
- s—1 1
lim M{psz(X)}= lim P = pP - lim ~p2w). (19)
§—>0 §—0 S S—>00 S

" 2
Tax, kak s"o0, 10 iy — P~ (x) = 0. B nrore nonyuaem:
§—>0 §

~2 2
lim M {PS (X)}= Pe(x). (20)
§—>00
Torna i, MA{(p(x) - Py (x))z} = (. Takum o6pasom, Teopema 1 10Kasana.
§—>00

AnajiortuHo BbITVISAIUT 10Ka3aTeJbCTBO TCOPEMbI 1, KOrjga B OLECHKE IJIOTHOCTH pachpeneseHus BEPOSITHOCTH, THIa
—X.
1

Cys

X X—X.
ouenkn pg(x) (1), BMecto cymmbl aBYX yHKUMIi CDI( )+(D2( C LY umeem cymmy n dymxupmii
S

X—X; X—X; X=X
(Dl( C Ly + @2( C Ly+..+ CDn( L) | rae n>2 u Bee 1 (yHKUMIA YIOBJETBOPSIOT YCJOBHSIM CXOIUMOCTH (4) 1
S S A
cgoiicrey Cg~ | X @ ( Dydx =1.
amj=1 7 €

Jlnis1 HerrapaMeTpHUIECKOit OLLEHKH KPHBOI perpecci 1o HaGmofeHusiM Vg (X) (2) nMeeT MecTo clefyioliast Teopema:

Teopema 2. Tlycts y(x) mpaxkabl auddepeHiupyemMa 1 ¢ BeposTHoCTbio eaunuua p(x)>0 Vx € Q(x), a dyukuun

X—X; X=X
(Dl (C—l) , (Dz( c L) u napamerp pasmbitoctn Cg  yIOBIETBOPSIOT YCJOBHSM CXOMMMOCTH (4) M CBOiCTBY
S S
-1 X — Xl. X — xl.
Cs | (q)l( C )+ CD2( c ))dx =1, torna:

im M{OG@) = Fe ()21 =0,  VreQ).
§—>00

[Ipoussens npoctole mpeo6pazoBanusi, U3Ja0KeHHbIE B [ 1 |, MoXKHO Mokasats, uro [2]:

Migp (x)}
lim MY (D)} = lim

. 21)
S—>00 S—>00 M{pS(X)}

JlokazaTesibcTBY TeopeMbl 2 npeanoliieM Jemmbl 2.1, 2.2 1151 oueHKH (ZS (x) (3) u nemmy 2.3 17151 OLEHKH perpeccHu

Vs(x) (2).
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Jlemma 2.1. Henapametpuueckas oleHka GpyHKkuun @g(X) B ycJ0BUsX TeopeMbl 2 sIBJSETCS aCUMITOTHUYECKH HEeCMe-
LLIeHHOH.

Hokasamenscmso aemmeot 2. 1. Boruncaum matematnueckoe oxunanne @g(X) (3):

MAGs(x)}=M{— Z y(@, ( (22)
sC 1
si= s S
[TpousBenst B BoipaxkeHHH (22) mpocTble npeoépaaoBaHHﬂ MOJTyYHM:

M g5 (x)}= (23)

S i=1Q

x—t 1 x—t
Crenaem 3ameny nepemeHHbIX (9): =u,t =x—Cqu,du =—-Cgydt,dt =———du , u, yuurbisas, uto d)l( )
A CS CS
x—t
U (Dz( - ) - ueTHble YHKIUH OTHOCHTELHO ¢, oJydaem:
S

M{Gs()f= [ (©)+®,w)ep(x~uC )du. (24)

Q(u)

Tlanee pasnoxum @(x — uCS) B psn Teisiopa ¢ ocTaToOUHbIM UjieHOM B (hopMme Jlarpa:ka:

2
C
MG} = ] (@00 + 0, @)] 0(x) ~Coup!(x) +—-u"(6) (25)
Qu)
rjie 0< "< — HeKOoTopasi KOHCTAHTA.
M{ps(t=p(x) [ (@) +D,@)du~C @) [ w(® )+ w)du+
Q(u) Q(u)
(26)
C2
—-¢"(&) [ u 2(@ 1)+ @, ())du.
Qu)

[Tpumenum  cBofictBa  (hyHKLUMIt @l () u @2 (u) w  napamerpa  pasMbITOCTH Cs 1npu

2!

s—ow: | ((Dl(u) + CDZ(u))du =1, ocranbhble ciaraemble 06PAILAIOTCS B HOJb, MTOCKOJIBKY hj)%o Cs =0 Cue-
Q(u)
JOBATEJILHO:

lim Mi@s(X)}= jim (@) =o(x). 27)
S§—>0 S—>00

To ectb, ouenka @g(X) (3) sIBASETCS ACHMITOTHYECKH HECMELLEHHOT.
Takum o6pasom, jiemma 2.1 nokasaHa.

Ananornyno BbIIVIAAHUT J0KAa3aTeJIbCTBO aCHUMIITOTHUECKOH HECMEIIEHHOCTH OLIEHKH q)yHKL[I/II/I TUIla OLEHKH @S(.X) (3)

KOrga — BMECTO  CYMMbl  JBYX  (DyHKIUMIi L uMeeM  cymmy 1 (yHKUMI
S CS
D ( )+ D ( )+..+D ( ), tie n>2 u Bce 1 (yHKUMHA YIOBJIETBOPSIIOT YCJIOBHSIM CXOAMMOCTH (4) U

M ¢ 2" ¢ n C
1 n xX—
ceoiicrey Cg | X J( C
Q(x)j=1

)dx-l



Hosbpb, 2010 r. « TomI « N2 11 (22) - «Monopnoit y4&Hblit» Matematuka | 27

X—X- X—X.
Jdemma 2.2. Tlycts " (x) asaxkasl auddepenuupyema, a GyHKUUU (Dl( C Ly, @2( c LY  napamerp pasmbitocth
S S
Cy yIOBJIETBOPSIIOT YCJIOBHSIM CXOLUMOCTH (4) M CBOHCTBY CS_1 [ (D ( C =1, Torna:
Q(x) s S

lim Mi(p(x) - ())21=0, VreQ).
§—>00

~ 2
Hokazamenscmeo nemmot 2.2. Bozbmem matematuueckoe oxuaanue ot (@(x) — P (x))” unpu s — 00 noaydaem:

lim M{((p(x) 7)) } 02 (x)—2¢(x) lim M{<zs(x)}+ lim M{af(x)}.

S —> 0 S —> 0 § —> 0

C yuetom nemmbl 2.1 nmeem:

lim M{(go(x) 5 () } P> (x) =202 (x)+ lim M{npz(x)} lim M{(/)z(x)} P2 (x).

S —> 0 S —> © S —> 0
JlokaxkeM, 4To:

i MP20[= 2.

Bbiumc/iiM MaTeMaTHIeCKOE OXKHIaHKE OT KBaapaTa OLeHKH Qg (X)(3)

- X — X. 2
M{w (x)} Z y(d)( )+<I>2( c | (28)
S

N

[IpousBenst B BoipaxkeHuu (28) mpocTble peo6pa3oBaHust ¥ YUHTHIBAsI, UTO xl. M X . CTATMCTHYECKH HE3aBHCHMBI, TO

et M (p(x;), (x ;)) = MO G)IM (y(x ;) , monyanw:

)+d)

o 2
M{zf(x)} 22t z ol .)yz(xi){@l( }p2<x,.)+
l

S

1 s s X—X;
>3 (o)) AT L)) x (29)
PaL P ol )Q& REECR! AR o)
X=x; X—x;
X(q)( )+CD2( cs Np(x)p(x ;)
B cuay o6o3nauennii @(x) = y(x) p(x) u nockosbky (D(XI) = (o(xz) =...=@(xg) = (1), 10:
2
2
Mip = (x) (@, ( @~ (t)dt +
{(p x} sC? Q(t)[ ]
$ 20 ] @t o e O LY
SCS Q(1) Cs Cs

[ (@ = C D (—))co(t)dt

2
— | [(CD( ) +O (—))] @ (f)df"'
¢ s SC2 Q1) s S

Q(t)
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x—t 1 x—t
Cruenaem 3amery nepementbix (9): —— =u,t = x — Cqu,du = —Cydt,dt = ———du , u, yaursisas, uro (Dl( )
CS S CS
x—t
u @2( C ) - yeTHble YHKIMH OTHOCHTE/ILHO £ , TIOJydaeM:

S

M{(Zsz (x)}: % J (@ )+ D) p? (x— C )du+

555 Q)
(31)
2
(@) 0 @) C
*low
[lpn s —>00  unrerpan 1 | (q)l(u)+(1)2(u))2¢2(x—Csu)du CTPeMHTCS K HyJIO,  TOCKOJIBKY
55 Q(u)
li C = :
siI)nooS g %0 | criel0BaTeNbHO:
2
_2 s—1
M@Z()f= fim ——| | (@ @)+®,@)ep(x~Cu)du | . (32)

s—0 S Q(H)

C yuer ycJIoBHil cxoqumocTd W pu § —>© | (q)l(u) + <I)2(u))(0(x — CSu)du =@(x) (cm. (22) — (27)), To-

Q(u)
raa:
- -1 1
M{wf(x)}= lim 9?0 =0> ()~ [im 07 (). (33)
§—o0 S §—»00 §

1
Tak, KaK s”°°, 10 |im —(02 (x) =0 . B urore umeem:
§—>0 §

, 2. 2
Sh_r)nooM{‘/’S (X)}—(p (x). (34)

Takum o6pasom, nemma 2.2 noxkasaHa.

AnaJsioruuto BbITVIAAHUT 10Ka3aTeJbCTBO JIEeMMbI 2.2 JJ1A OLI€HKH prHKUJ/II/I THITA OLIEHKH gD (X) (3), Korjla BMECTO CyMMbI
S

X—X. X—X. X—X- X—X. X—X-
nByx pynkumii @, ( Ly+a ( L) umeem cymmy n dynxumii @, ( Ly+ @, ( Dy+.+D ( L), e
1 S 2 CS 1 S 2 CS n N
_ n xX—x.
n>2 1 Bee n GyHKIMI yIOBAETBOPSIOT yeaoBHsM cxomumocTd (4) u cpoiierey Cg [ (I)]( Dydx =1.
Q(x)J =1

Jemma 2.3. Henapametpuueckast oLeHKa perpeccun Vg (X) B yCIOBHSIX T€OPeMbl 2 SIB/ISETCS aCHMITOTHYECKH HECME-

LLIeHHOH.

Hokaszamenscmeo nemmot 2.3. BosbMeM MaTeMatiiecKoe oxkuanue ot oueHku perpeccun Vg (x) (5):

T (@ (€ ), (€ )
M{Fs ()} = ML=

2 (@ emx )+ @, =)
i=1
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Cyderom (21) npu § —> 00, OMYUHM:

M{Y 3@ (€7 =)+ 0, (T - x )
lim M (75 (0} = jim —=] . (35)
’ ’ M{,zl(ch(c;l(x—x,.))+<b2(c;1(x—x,.>)>}
1=

[TockosibKy YHCIUTEb BhIpaykeHHst (3D) MpejicTaBisieT cO60H MaTeMaTHUECKOe 0XKHJIaHHE OT OLeHKH 55 (x) (3), c yue-
ToMm Jiemmbl 2.1 slir)nooMi(zs (x)}: @(x) (cm. (22) — (27)), a 3HameHaTesb — MaTeMaTHUECKOe OXKUAAHHE OT OLEHKH

MJIOTHOCTH PACTIPe/IeIEHHsT BEPOSITHOCTH ﬁs (x) (1), ¢ yuerom semmbi 1.1 Slg)nooMiis (x)}= p(x) (em. (5) — (13)), To-

raa:

0
) ~ - .. s _ P(x)
sh—r>nooM{yS ()} sh—r>noo Miﬁs (x)f p(x)

(x)

B cuiy o603HadeHuit = y(x), 1.e. ouenka perpeccun Vg (X) (2) SIBASETCS aCHMITOTHIECKH HECMELLEHHO:

lim M{Vs(x)}=y(x). (36)
§—>00

Takum o6pasom, siemma 2.3 ji0KasaHa.

AHaJIOTHYHO BBITJISIUT JI0KA3aTe/IbCTBO JIeMMbl 2.3 Uil OLEHKH (DYHKIMH PErpPecCHH THIA OLEHKH )N/S (x) (2), korna

X — X. X — X.
BMECTO CYMMbI JIBYX byHKLMi D ( N+ @, ( L) uMeeM cymmy n yHKILHI
1 CS 2 CS
X —X. X — X. X —X.
D ( L+, ( Dy+..+D ( LY | rie n>2 u Bee n yHKIW YIOBAETBOPSIOT YCJIOBHSIM CXOAUMOCTH (4) 1
1 CS 2 CS n CS
ceofictey Cg~ [ X @ ( Dydx =1.

Qx)j=1 "7

~ 2
Hokazamenscmeo meopemot 2. Bosbmem matematuueckoe oxunanue ot (y(x) — Y (x))” unpu s — 0 nosyuum:

lim M{( Y -7, (x))? }: 32 (0) = 2y(x) lim M{;S(x)}+ lim M{ysz (x)}_
S —> 0 S —> 0 S —> 0

C ydyeToM JieMMbI 2.3 HMeeM:

lim M{(y(x) -7, (x))z}z 2 () =2y%(x)+ lim M{;f@)}: lim M{ysz(x)}— 12 ().
5§ —> 5§ —> 0 s —> 0

JloKaxkeM, uTo:
lim M{YS(X)}= »2(x). (37)
§—>00

Bo3bMeM MaTeMaTHIECKOe 0XKHIAHHE OT KBAAPATa OLEHKH perpeccuit Vg (X) (2):

2
S
{ ) yl.@l(c;l(x—xl.))+c1>2(c;1(x—xi>))}
i=1

M {5 Py =M

2
S
{zl(cbl(c;%x—x,.))+<I>2<c;1(x—xl.))>}
1=
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C yuetoMm (22) ipu § —> 00, MOJTYUHUM:

2
N
M {zlyl.(dq(c;l(x—xi»+<I>2<c;1(x—xl.))>}
1=
li, M5O} = i

§—>00 §—>0

> (38)
N

M _zl(®1<c;1(x—xl.))+d>2<c;1(x—xl.))>}
l:

[TockoJibKy umc/IuTe b BbIpaxKeHus (39) npeactapisieT co6oil MaTeMaTHUECKOe OXKUIAHHE OT KBajapaTa OUEHKH (DS (x)

(3), ¢ yuetom JieMMbl 2.2 Sh_r)%()M{@f(x)}: (02 (x) (cm. (28) — (34)), a sHameHaTe/ b — MaTeMaTHUECKOE OKHUIAHUE OT

KBajIpaTa OLUEHKH MUIOTHOCTH PACIPE/eJ€HHsT BEPOSITHOCTH ﬁs (x) (1), ¢ yuetom Teopemsl 1 S%M{ﬁ? (x)}z pz(x)
(cMm. (14) — (20)), Torna:

MG 2
lim M{)N;Lg(x)} = lim {ws } _® (x)
S—>00

SeM{p2) P

2
B cuity o603nauennii (02—()6) = y2 (x),re.:
p= ()

lim M2} = 92 (x).
S—>00

(39)
Takum o6pasom, Teopema 2 foKasaHa.

AHaJIOrHYHO BHITVISIAUT I0KA3aTebCTBO TEOPEMBI 2 ISl OLIeHKH (PYHKLMH PETPECCHH THIIA OLEHKH )N/S (x) (2), korna Bme-

X—X; X—X;
cTo CyMMBbl JBYX yHKumi D ( Dy+d ( L) nMeeM cymmy n yHKuMi
M ¢ 20 ¢
2 i +@ i +.+@D i

), tie n>2 u Bce 1 GyHKUMHA yIOBAETBOPSIOT YCJIOBHSIM CXOAMMOCTH (4) 1
S

X —X.
1

-1 n
cgoiictey Cg~ [ X @ (

Q=1 7 €

Ydx =1.

Teopembl 1 1 2 1okazaHbl 1J1s1 OLIEHOK MJIOTHOCTH pacripefie/ieHdsi BEPOSITHOCTH ﬁs (x) (1) u kpuBoO¥i perpeccun )7s (%)

(2), xoraa x — cxassipHast BesiMuMHa. B ciydae, Korja x — BeKTOpHast BeJIMUHHA, OLEHKH TJIOTHOCTH pacrpesiesieHusl BeposiT-
HOCTH ¥ KPHBOH PETrpecCHH BBITJISYSIT CIEAyIOLHM 06pasoM:

i

| s n X.—X, x, —x

PsCitm) =~ X1 (@) =D+, (L), (40)
§ sizljzl S Ky
S n x.—xl. x.—xl.
20 11 (@ AR )

T (xprenty) = L= - s (41)
S @l Dyva,
i=1j=1 1 Cy 2 Cy
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Teopembl | ¥ 2 115 OLUEHOK MJIOTHOCTH pacrpefie/ieHdsi BepPOSITHOCTH ﬁs(x sesXy) (41) 1 KpHBOil perpeccun
Vs (xl""’x”) (42) MMEIOT TaKyIo JKe CXeMy 0Ka3aTeJIbCTBa, UTo 1 Anst oLeHok Pg(X) (1)n Yg(x) (2).
TaknuM 06pasoM, B AaHHOI padoTe MPUBEAEHb OLEHKH IUIOTHOCTH pacripeaenetus Bepositioctn Pg(x) (1) n kpupoii

perpeccin Vg (X) (2), npeanasHauenmbie st pabOThl B yCJIOBHSIX A, 1 I0Ka3aHa HX CXOAMMOCTb.
Huzke 115t HarysiiHOro cpaBHEHHUsT pe3yJ/ibTaToB paboThl Pa3HbIX HelapaMeTPHUECKHX OLLEHOK KPHUBOH perpeccuu npeji-
CTaBJIEHbl YHCJIEHHbBIE TIPUMEPDI.

Unc/ieHHOe MOJEHPOBAHKE MPOBOAMIOCH C HCIOJIb30BAHHEM OIHOMEPHBIX OLEHOK KpHBOW perpeccru Vg(x) (2) u

Vg (x) (uactb 1 (5)). MctrnHast 3aBUCHMOCTb, HEH3BECTHAS! AJITOPHTMY H HEOOXOAUMAST TOJIBKO JUIst OTIPe/Ie/IEHHs KaueCTBa

3

Pe3yJIbTaTOB OLEHOK KPUBO# perpeccun, nmeet su: f(X) = X +x° —x+h ,re A - BeIMuMHa, XapakTepHayloLlas ypo-

BE€Hb C.Hy‘-laleHle MoMex C HyJIEBbIM MaTeMaTHYE€CKHUM O2>KHIaHHUEM K OFpaHHqEHHOﬁ ﬂncnepcneﬁ. I/ICCJIGI[OBaHI/IFl MPOBOJUJINCH

na untepsade [0,2], o6bem BbiGopki s=30 Touek. BeiGop napamerpa pasmbrroctn Cg 0CYIIeCTBIISICS TyTeM MHHHMH3ALAN

KpUTepHst:

2 1 $ 2 .
wi(Cs)=— X (yj—ys(xj,CS)) — min .
SJ:I CS

[ 2
OunbKa annpokcUMalul W HaXoJUTCsl, KaK 4| W (Cs) .

Huxxe npezacTtaBsieHbl pe3y/ibTaThl YHCJAEHHOTO MOAENMPOBAHMS PasHbIX OLLEHOK KPHUBOH perpeccuu, paGoTarolUX MpH

pas3janyHOM YpOBHE ITOMEX.

Ha rpadukax npuHATH ciaeayronye 0003Ha4eH s :
+++ - 3navenus f(x);

- TpadMK OLIEHKH KPUBOH perpeccun y¢(x) (dacts 1 (5)) [1];

e - rpaduK OLIEHKH KPHBOI perpeccuu y < (x) (wactp 1 (3)) [1].

15 - - — 15
0 ' )Ic ' D) 0 ’ p ; 2
Yposenb nomex 0%; Cy=0,12; Vposens momex 10%; C; =0,2;
ommbka w=0,3 st oueHKn y g (x) omnbka w=0,42 15 OUEHKH Y (X)
1 w=0,09 115t OLEHKH V¢ (x) u w=0,11 s oueHkn yg(x)

Puc. 2. CpaBHeHune pe3ysbTaToB paboThl OEHOK KPHBOM PErpeccuu Vg (x) U y¢(x) mpu

OUHAKOBBIX YCIIOBUAX

Kak Bunto Ha Puc. 2, npu Hasmuuu ycjoBuil A B BIGOPKE «BXOJIHBIX — BbIXOJHbIX T€PEeMEHHbIX» OLIeHKa KPUBOU perpec-

cun Yg(x) (uacts 1(5))[1]maer pesysbrarsl Jyuliie, 4eM OLeHKa Yy (x) (uacts 1(3))[1].



32 | Marematuka «Monopoi yuéHbiit» « N2 11 (22) - TomI - Hosbps, 2010 r.

Ha rpadukax mpuHsITE 0003HAYCHUS:

- rpauK OIIEHKH KPUBOH perpeccuu V¢ (x) (2);

15 g ¥ A 15

0
VYposens nomex 15%; Cg =0,08; Vposens nomex 10%; C¢=0,17;
ommbka w=0,28 1y1s oneHKu y(x) omuoka w=0,2 11 OIEHKH Y (X)
u w=0,03 1 oneHKn yg (x) u w=0,02 1 oneHkn g (x)

Puc. 3: CpaBHeHue pe3ynsTaToB pabOThI OLIEHOK KPHBOH perpeccun y¢(x)

U y¢(X) IPH OTMHAKOBHIX YCIOBHAX

Kak BuznHo Ha Puc. 3, npu Ha/munu yc/oBuil A B BLIGOPKE «BXOIHBIX — BBIXOJHBIX MTepeMEHHbIX» OlleHKa KPHBOH perpec-

cr Yo (X) 1aer pesysbTathi Jydlile, 4eM OLeHKa Y (x) (wactsb 1(3))[1].

3 Bbilie NPUBEACHHBIX 10Ka3aTeJ/bCTB U rpaq)m(os CJeAYyeT, YTO HellapaMeTpUieCKHe OLEHKH TJIOTHOCTH paclipeie/ieHust

BepositHocTH Pg(X) (1)1 kpusoit perpeccun Vg (X) (2), a Takke ouenkn Pg(X) (vactb 1 (4))[1]n Yg(x) (uacts 1 (5))
[1], MoryT GbITb HCTOMB30BaHBI MPH Hamuany ycaoBuil A. HenapameTpuieckue ouenkn kpusoii perpeccun Vg (X) (2) u
Vg (x) (uactb 1 (5))[1] nator ydune peaysbratsl, deM oueHka Vg (X) (dacts 1(3))[1].

Jlutepatypa:

1. Jemuenko, 51.M. O HeKOTOPBIX HeMapaMeTpHUIECKHX OLleHKaX MJIOTHOCTH BEPOSITHOCTH U KPUBOH perpeccnu. Hacts |
// Mouonoit yuenblit — Hura, 2010.

2. Hanapas, 3. A. Henapamerpuueckue olleHkH KpuBoii perpeccuy// HekoTopbie BONPOChl TeOPHH BEPOATHOCTHBIX
npoueccos. — AH I'pys. CCP: 1965, Bhin. 5, ¢. 56 — 68.

MHorokpurepuanbHasa AUHAMMYECKasa 3aAaya C IKCNEePTHbIMU OL,eHKaMM

Jlobapés [1.C., crapwuii npenoaasatens
IcKOBCKMit roCyAapCTBEHHbI Nearornyeckunii yHuBepcuTeT

BeepeHue

YeJsi0BeKy B CBOEH IeATeNbHOCTH /151 JOCTHXKEHHS TTOCTABJICHHDIX LieJiell MPUXOAUTCS PUHMMATL pelleHus. 3aj1auu, CBsi-
3aHHble ¢ BIOOPOM ONTHMaJIbHBIX PELICHHH, BCTPEUatoTCsl B 9KOHOMHUKe, TeXHHKe, BOCHHOM jiesie U T.1. [To Mepe pasButusi
3THX chep NPOLECChl MPUHATHS pelleHHH (oPMaINH3YIOTCsl M NPHOOPETAIOT BU MaTeMaTHIECKHX MOJIe/1el, KOTOPble 0TpaKaioT
npo6JieMy B aGCTPAKTHOH (popMe U MO3BOJSIOT YHeCTh HECKOJBKO PA3HOOOPA3HBIX XapaKTe PUCTHK.

[Ipu 5TOM Ha nepBblil MJ1aH BLIXOAWT M3ydyeHHe AMHAMHYECKUX cucTeM. [IpH HanMynu HeCKOJIbKHX KPUTEpHEB B JAMHAMM-
YecKHX 3ajauax HeoOXOAUMO UCKATh Pa3yMHbII KOMITPOMHUCC, KOTOPbIH 3aKJ/i04aeTcsi B BbIOOPE TAaKOro yrpasJieHHs, 4To J10-
CTaBJIfieT SKCTPeMallbHble 3HaUeHHUsl OJIHOBPEMEeHHO BceM Kputepusm. Hanpumep, B 5KoHOMHUKe, Korja B rpoliecce (hyHKIH-
OHHPOBAHUSI MPEIPHUSTHS OJHOBPEMEHHO CTaBSATCS pasHble LieJH: JOOUTbCs MAKCHMAJIbHO BO3MOXKHBIX PHOBLINM U BbIITYCKA,
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OJIHOBPEMEHHO C STHM BblJIep2KaTh yCTAaHOBJIEHHbIE [10KA3aTeJ/ 1 110 HOMEHKJAaType /M aCCOPTUMEHTY, CHU3HTb Ce0eCTOMMOCTb,
JOOUTBLCST OIPeIe/IeHHOTO YPOBHSI KaueCTBa M peHTabe/IbHOCTH TPOU3BOAMMON NPOoAyKLUHK U T.JL. [Tpnyem, B BbIGOpe Takoro on-
THUMaJIbHOTO PellIeHUs Jully, npuHumaioliero petnenue (JIITP) moryT nomoub He3aBUCHMbIE SKCIEPTbI, KOTOPbIE BbICKA3bIBA-
I0TCSl O BaXKHOCTH TMPEJICTABJEHHBIX KPUTEPUEB, HATIPUMED, YKA3aB MX BeCOBble KO3((HUIIMEeHTb. B 9TOM citydae MHOTOKpHU-
TepuasipHas AMHAMHUUecKasl 3ajada MoxKeT OBITh CBeJleHa K OHOKpUTepHanbHOl. MceaenoBanneM Takux 3aaad 3aHUMaeTcst
TEOpHsl ONTHMAJILHOTO yrpaBseHust. OCHOBBI 3TOH TeOpHH OblIN 3an0xkKeHbl akageMuKoM J1.C. [ToHTpsArnHbIM, [1eHTPaJIBbHBIM
pe3yJIbTaToOM 3J1eCh sIBJISIETCs TPUHIUT MakcumyMma [ 1 —3].

OueBUIHO, UTO VISl TPUHATHS 000CHOBaHHBIX pelieHuit JITTP Heo6XonMMo onupaThest Ha OMBIT, 3HAHUST U HHTYHLMIO CIIELH-
anuctoB. Tem cambiM HE0CTaTOK HHDOPMALMH MOXKHO KOMIIEHCHPOBATh (DOPMAaIU30BAHO MPEICTABIEHHBIMH 3HAHUSAMH SKC-
nepToB. /g nosydenus 1 06paboTku nogoGHOH HHPOPMALIMHK CTaJla pa3BUBATLCS CAMOCTOSITE/IbHAS IMCLIMIIMHA — TEOPHUS U
MPaKTHKA SKCTMEPTHBIX OLleHOK. DKCIEPTHBIE HCCAE0BAHUS TPOBOST C 1eJbI0 MOAr0TOBKH nHpopmatwmu aist JITIP. st mpo-
BeJIeHUsT PaGOTBI 10 METOJTY SKCIEPTHBIX OLIEHOK CO3/1aloT pabouyio TPyMy, KoTopasi opranuayet no nopyuentio JIIP nesitenn-
HOCTb 9KCMEPTOB, 0ObEIMHEHHBIX B 9KCIIEPTHYIO KOMUCCHIO. DKCIEPTHBIE OLLEHKH YacTO MCIOJb3YIOTCs TPU BBIOOPE OJHOTO
BapHaHTa U3 MHOIHX KDUTEPUEB HJIM ONpe/ieieHHsl Beca Kax/10ro KpUTepHsl. DKCIepTHbIe OLEHKH ObIBAIOT MHAMBUAyabHbIE H
KoJleKTHBHbIe. CylIeCTBYET MHOXKECTBO METOIOB MOJYyUEHUS SKCIIEPTHBIX OLLEHOK. B 0IHUX ¢ KaXK/IbIM 3KcrepToM paboTatoT
OTJIEJIbHO, B JIPYTHX SKCMEPTOB COOUPAIOT BMeCTe. B 0JIHMX MeTo/1aX UMc/10 9KCNepToB (PUKCHPOBAHO U HE UBMEHSIETCS CO Bpe-
MeHeM, B IPYTHX — YHCJI0 SKCIIEPTOB PacTeT B MpoLiecce MPOBEACHUS HCCIeI0BAHUS, HATPUMED, TIPH HCTOJIb30BAaHUH METOa
«cHexkHoro koMa». Meton «Jlesbu» UCMob3yeTcs sl TPOrHO3MPOBAHHST HAYUHO-TEXHHIECKOTO pa3BuTHsI, MeTos ClieHa-
pHEB NPUMEHsIETCs YISl SKOJOIMHYECKOr0 WK COLIHANbHO-9KOHOMHYECKOTO 9KCIIEPTHOIO MPOrHO3UPOBAHHUS, MOIYJISIPEH METOLL
Mosroporo witypma, rje 3KCrnepTbl BbICKA3bIBAIOT CBOM HIIEH H, 0OCYK/ast, NPUXOAAT K KOMIPOMUCCHOMY pelleHHIo [4].

C MaTeMaTHYeCKON TOYKM 3PEHHS MPOBOJAUTH aHANM3 MHEHHH SKCIEPTOB Jierde, ecjii OHU UMEIOT YHCJIOBYIO (OpMy, TeM
CaMbIM MOYKHO BBIBECTH KOMIIPOMMCCHOE, COTJIaCOBAHHOE MHEHHE, KOTOPOE YCTPaUBAET OJHOBPEMEHHO Beex skcrepToB. Cy-
ILIECTBYIOT /IB€ OCHOBHBIE ILIKAJIbl H3MEPEHHH: KOJHIecTBeHHasl H KauecTBeHHas [5]. Hanbosee yacTo MHEHHST SKCTIEPTOBR BhI-
paxkeHbl B KOJHYECTBEHHOH 1IKaJe, T.K. SKCIePT MOKET CKa3aTh, UTO OIMH ToKa3aTesb (KpUTepHil ) 6osee BazKeH, YeM JIPYyToil.
B kauyecTBeHHOH LiKaJe (MOPSKOBON LIKase U LKajle HAHMEHOBAHUH ) YUC/Ia UCIIOJIB3YIOTCS KaK METKH, 1I03TOMY HCIOJIb30-
BaHHe 3TOH LIKaJIbl He 1e/1eco00pa3Ho B 3aa4ax MHOTOKPUTEpHabHOro Bbibopa. CorsiacoBaHHoe e MHeHHe OyaeM orpeje-
JISITb KaK cpeiHee 3HauUeHHe MHEHUH BCex KCrnepToB; HanboJiee 060CHOBAHHBIM B MHOTOKPUTEPHAJIbHBIX 3a1auaX MOXKHO CUH-
TaTh CpeiHee apudMeTHIECKOe 3HaUeHHEe SKCNePTHBIX olleHOK. [1pu sTom Oynem cuntats, uto JIITP o6nanaer undopmatmeit o
KOMITETEHTHOCTH SKCMEePTOB U (POPMHPYET CBOIO OLIEHKY y2Ke 10 3KcrepTaM. TeM caMbIM HMeeM HepapXuio, Iyie cHavasa npe-
CTaBJIeHa OLIEHKA SKCIIEPTOB JIULOM, TPHHUMAIOLINM pellleHHe, 3aTeM MPUCYTCTBYIOT SKCIepTHHIE OLIeHKH KPUTEPHEB B 3a/1aue
MHOTOKpHTepHajibHOro Beibopa. [Ipouecc HaxoxKIeHUst KOMITPOMHCCHOTO BECOBOTO BEKTOPA KPUTEPHUEB C y4€TOM MHEHHI 9KC-
nepto 1 MHenust JITTP 06 skcneprax npeacrabieH HUKe.

Bo MHOrHX 3a/1auax MHOTOKPHTEPHABLHOTO BbIOOPA JI/IsT TPUHSITHST PellieHnE nenosb3yior Metos ananusa uepapxuit (MAU,
Analytic Hierarchy Process, AHP), npemyioxkennbiit Caati [6]. DToT MeTo/1 pecTasJsietT co6oi TeopHio, KOTopast 6azupyeTcsi
Ha 9KCMEPTHBIX OLEHKAX U CY KAEHHUSIX MHANBHIYaTbHBIX YUaCTHUKOB WM rpyn. Yucso crareil, B kotopbix MAM npumensiTbest
JUTS pellieHns] MPUKJIAIHBIX 3ajiad, B TOM YHCje ¥ MHOTOKPUTEPHAJbHBIX, TIPEBBICHJIO HECKOJIBKO Thicsiu. B Pocernn nomo6Hble
UceseloBaHusi MOXKHO BCTpeTuTh B [7]. Corstacio MAW skcnepramu popMHpyeTcsi MaTpHIA TAPHBIX CPaBHEHHH, a HCKOMBIH
BECOBOH BEKTOp (BeKTOpP NpUOpUTeTOB 110 CaaTH) BbIYUCASIETCS KAK COOCTBEHHbIH BEKTOP MAaTpULbl MapHbIX CpaBHEHHUH, OT-
BeUaloUIMi MaKCUMa/bHOMY COOCTBEHHOMY 3HAUEHHIO. DTOT BEKTOP OMNpee/sieT KOMITPOMUCCHBIH BbIOGOP KPUTEPHEB B 3aaue
MPUHSITUST PELIEHUH, PEeCTaBIeHHbIH B popMe BecoBbix KoahduiuentoB. Ho MAU He pa3 momseprasicsi KpUTHKE pasjind-
HBIMH aBTOpPaMH, TaK KaK MaTeMaTHueCKH He 000CHOBAH CMoco0 OrMpe/eeHNs] BECOBOr0 BEKTOPa M3-3a HapyLIEHHUsT CBOHCTBA
COBMECTHOCTH MaTpHIbI MapHbIx cpaBHeHui. Hanpumep, Hornnbim B 1. 6Bl npeyiozken yrporienHslii Bapuant MAM Ha oc-
HOBE HeJIMHEHHOMN CBEPTKH KPUTEPHEB, Iie pelleHa npobJeMa COBMECTHOCTH MaTPHLbl NapHbIX CpaBHEeHHI [8].

B nanHofi cratbe npejacTaB/ieHo pelleHle MHOTOKPUTEPUAJIbHON IMHAMHYECKOH 3a/1auk C 9KCIEePTHBIMU olieHKaMi. MHoro-
KpUTepHaJsibHas IMHAMHUecKas 3aaua iMeeT ctanaapTHyio opmy [ 1 —3]. DkenepTHbIe OLLeHKH OMpeiesioT MaTPULL, KarK/ast
CTPOKA KOTOPOH €CThb MHEHHE IKCIEPTa, NPEACTABJICHHOE B BHJIE BECOBBIX KOS(P(MUIMEHTOB KPUTEPHEB IMHAMUUECKOH 3aj1auH.
Takxxe nmeercst muenne JII'TP 06 skcneprax — BeKTOp ¢ KO3(P@HIIMEHTAMH BayKHOCTH (KOMIIETEHTHOCTH ) SKCTIEPTOB MPH Olle-
HUBaHWH KPUTEPHEB paccMaTpuBaeMoi 3anaun. CHauana HeoOX0MMO HaHTH HOPMHUPOBAHHBIH BECOBOH BEKTOP KPUTEPHEB, KO-
TOPbIH YUUTBIBAET KaK MHEHHS 9KCIepToB, Tak U MHeHue JITTP 06 skcneprax. 3aTeM npoBoaUTLCS JHHENHAS CBepTKa KpHUTe-
pHEB, OTHOCHTEJ/IBHO BECOBOIO BEKTOPA, U pellaeTcsl 3aa4a ONTHMaNbHOTO YIIpaBJeHHUs C OAHUM KPUTEPUEM.

MocraHoBKa u peweHue 3apayu.

paCCManI/]BaeTCH MHOTOKpHUTEpHUAJIbHAsA TMHaMH4YeCKast 3ajiadya ¢ 9KCINEPTHbIMU OLlEHKaMH1

P=(U4,} 0 P.L) (1)

i=l,m?
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Anasiornunble 3ajaun pacematpuaiotest B [2]. 3nech X — yrpasJsiemasi IMHAMUUYECKast CHCTeMa, KOTopast OMMChIBAETCS
CUCTEMOH JIMHEHHbBIX AU depeHumatbHbIX ypaBHEHHH U HaYalbHBIMU YCJIOBUSIMU

o

x(t)=4-x(¢)+ B-ult). (2)

x(t,)=x, . (3)
e A w B — marpuipi pasmepa (nxn) " (nxq) coorsercrBerno. Yepes U 0603HaueH0 MJOKECTBO YIPaBJICHUH,
BbIGOPOM KOTOPEIX pacnopsikaercst JITIP. [lyeTb Ha ynipaBiieHye orpaHHieHUil He HANIOXKEHO, T.e. U = \Uy,..., U, | € U=R".
3neck € |t,,1 | — npoMexKyTOK BpeMeHH (hyHKLMOHUPOBAHHA CHCTEMBL, T/ie [ W {; — MOMEHTbI Hauajia U OKOHUaHHsl T1po-
Lecca cooTseTcTBeHHo. B (2)—(3) npejcrasieHo uameHenue $hasoBoro Bexropa X = (X ,..., X, ) € R" non BoszelictBrem
ynpagaennsi. Hauanbnoe yenosue X\t ) = x, € R” 3anano n onpesessier HauanbHoe COCTOSIHUE CHCTEMBI.
HMmeem MHOXKECTBO KpUTEpHEB IMHAMUUECKON 3a1a4H:

4
T T -1
J, =Iu Dyudt +x"(¢,)Cx(t,), i =1,m (4)
fy
rie D, u C, — No0XKUTeJILHO ONpejie/ieHHbIe CHMMETPHIECKHE MATPHLIBI Pa3Mepa (q X q) 1 (n X n) COOTBETCTBEHHO
(9]

9KCﬂepTaM, HE3aBUCUMO Jpyr OT Apyra, [Jsi CPpaBHEHHUsI MO BeCy HJW BaxKHOCTH IIpeajiaraeTcs Ha6op KpUTEpPHEB

J,J, s, s 1N BBICTYNIAIOT B KauecTBe cpaBHUBAeMbIX 00beKTOB. TeM cambiM (hopMUpyeTest HeoTpHLATEIbHAS MaTPHLA

3KCMEPTHBIX OLEHOK P = (pi ) , TIIE Kaxkiast [ -asi CTPOKA yKA3blBAaeT Ha MHEHHE I -T0 KCIEPTa B BUIE KOIPMHIUEHTOB
pxm

1 4

BaxkHOCTH Kputepres (4) B samaue (1). Hanpumep, matpua P = 3 s FOBOPUT O TOM, YTO NEPBLIH 3KcnepT (nepas

CTPOKA) CUMTAET, 4TO KpuTepHii J, siB/isieTcsi MeHee BaxkHbIM, yeM Kputepiil J, B otHowennn 1:4; 1.e. Bec kpurepust J,

| _4 ;
COCTaBJIACT 4 , 4 KpUTEpUsi J2 5 . B’I‘OpOI/I IKCIIEPT TaKKe OTAACT MPEANOUYTEHHE BTOPOMY KPUTEPHUIO, HO Y2KE€ B OTHO-

wennu 3:5.

JInuo, npuHUMatollee pellieHue, JaeT OUeHKY IKCIepTam, HarpuMep, YUUTbIBasi HX KOMIETEHTHOCTb HJIM Ba)KHOCTb MPH

I, 0 0.0

0 4, 0.0
OLIEHMBAHHH KPUTEPHEB B paccMaTpuBaeMol 3ajaud. Tak onpejessiercsi anaroHajbhas marpuua L = ,

0 0 0.4,

9J1EMEHTbI Ha [JIAaBHOM JIMAroHa/IM KOTOPOTO MOJIOKUTEJIbHBI U YKa3bIBAIOT HA BaXKHOCTb (MJIH «BEC») HKCIEPTOB MPH OLEHU-

1 0

Bannu kpurepues. Hanpumep, matpuia L = ) FOBOPHT O TOM, YTO MHEHHE BTOPOro KClepTa B JiBa pa3a CUMTaeTcs

boJiee BaxKHbIM, HeM MHEHHE [1ePBOTro.

361[18'-{21 HaXO02KAEHHUST KOMITPOMUCCHOT'O pEeLICHUs, 1€ YYUTBhIBACTCsA KaK MHEHUE BCEX IKCIEPTOB, TaK U JITTP 06 IKCIIepTax
CBOJIMTCS K HAXO2K/I€HHIO BECOBOI'O BEKTOPA A = (C(l ,0(2 ,...,ap ) O‘{eBI/I[LHO, YTO TAKOH BEKTOP, JOJI2KEH ObITh MoJIy4eHbl U3

Matpuiibl skcrneptos P u matpuipl L, kotopas naet muenue JITP:

A=e,-L-P, (5)

rie e, — ecTb BeKTOP-CTPOKa, coctosumii ns p emunnit. Hanpumep, npn p =2 pextop e, = (l 1). Bekrop A on-

pesiesisieT cpejiee apuMeTHUECKOl 3HaueHHe BecoB B MaTpuile P 1o kpurepusim ¢ yuetom Muenust JITIP 06 skcneprax,



Hosbpb, 2010 r. « TomI « N2 11 (22) - «Monopnoit y4&Hblit» Marematuka | 35

BbIpaxkeHHOE MaTpuieil L . DjieMeHTbl ¢, BECOBOTO BEKTOPA MOKHO HOPMHUPOBATL, M0ITOMY [yCTb BeKTOp A TaKoii, uto

Zai=1.

HpI/IMeHeHI/Ie JAHHOTO METO/la HAXO2KACHHUsT BEKTOPAa KOMIIPOMHCCHBIX SKCHEPTHBIX OLEHOK A «x peleHnI0 MHOTOKPHUTE -
pHa.ﬂbHOﬁI IU/]HaMI/I‘-IeCKOIU/I 3a/1a4d OCHOBAHO Ha eé CKaJisgpu3aluu Mnpu rnomMouin JINHEHHON CBEPTKH KPUTEPHEB. A HMEHHO, Ha-
WJIydlIeM pelleHueM 3ajaavu (1) 00 bsIBJISIETCS TO, KOTOpPO€ JI0CTAaBJIsSIET, BOSMO2KHO, MEHbIIIEE 3HAYCHHE JINHEHHOH CBEpPTKe

m
KpHTEPHEB ZaiJi . [Tpumenenne MAMU K pelieHnio MHOTOKPUTEPHAJIbHBIX 3a/la4 Ha OCHOBE JIMHEHHOK CBEPTKE KPUTEPHEB
i=1
000CHOBaHO B [5,8].
Ha conepkaresibHOM ypoBHE B MHOTOKpPUTEpHAJbHOH AMHaMuuecKoi 3amade JI[TP, yuuTbiBast MHEHHE SKCIIEPTOB M CBOE

£
MHeHHe 00 3KcrepTax, BbIOMpPaeT TaKylo CTpaTeruio U (t), KOTOpast IOCTaBJsieT, BO3MOKHO, MEHbLIHE 3HAUEHHUs Cpa3y BCeM

kputepusm (4 ). OntumalsbHas napa (x* (t),u* (t)) HaxXoMTCs Kak peleHue 3anadu (1).

[ToJryueHHYI0 MHOTOKPUTEPHAJILHYIO AMHAMHUYECKY0 3a1ady (1) HeoOX0IMMO CBECTH K 3ajiaue ONTHMAJIbHOTO YIpaBJeHUs
(2)—(3) ¢ pyHKIMOHAIOM KayecTBa

J = JLuTD udt +x" (¢,)C x(z,). (6)

Iy

m m
e Bujg Marpuil D = ZaiDi uC= ZOtiCi yUHTbIBaeT MHeHHe sKcrepToB H JITTP.
i=1 i=1
Peuenne 3anaun suna (2), (3), (6) nogpo6Ho paccmoTpens! B2, ¢.336—338].
JIJ1s1 ero HaxoXK/IeHUs1, BOCTIOJIb3yeMCs aArOPUTMOM MPUMeHEHHs MPUHIIUTAa MakcuMyMma [loHTpsirnHa, KoTopbli siBjisieTcst
HeoOXOJIMMbIM YCJIOBHEM 3KCTpeMyMa (pyHKIHoHaa (6).
CocrapyisieM raMUJIbTOHHAH:

H(t,l//,x,u):t//T[A-x(t)+B-u(t)]—uTD u

HaXOIlI/IM MakKCHUMyM raMWJibTOHHaHa 10 YIIpaBJICHHUIO. Tak Kak OrpaHuveHus Ha yrpaBJjeHue OTCYyTCTBYIOT, MOXKHO TTpUME-

OH(t,w,x,u

HUTb HEOOXOUMbIE YCIOBHUs 6€3YCJOBHOIO SKCTPEMyMa: % = BTg//(t)— Du=0

OTcioia HaXOIUM BUJL OTITHMAJIBHOTO YIIPABJIEHUS:

* -1 pT
u'()=D"B"y(r) (7)
Hatinennoe ynpassenue obecreunBaeT MakCUMyM (PyHKUHKM [aMU/IbTOHA 110 yIIpaBJAeHUIO, TAK KaK YAOBJETBOPSIET 10CTa-
2
O°H (t,t//,x,u) i
TOUHBIM YCJIOBHEM MaKCHMyMa 8—2 = —D =0 B cu/1y N0JOKUTELHOF ONpe/ieIeHHOCTH MaTpHLbl D .
u

BoinucbiBaeM ypaBHeHHe CHCTEMBI € y4eToM (7 ) H YCJIOBHH TpaHCBEPCAJTbHOCTH:

o

x(t):A-x(t)+B-D_1BTl//(t), x(to)zxo,(S)
()= VX)) ()=o)

Takum o6pazom, 3anaua HaxoKAEHHsT ONTUMAJIBLHOTO YIIPABJIEHHs CBOIUTCS K pellleHUI0 IBYXTOU€UHOH KpaeBoH 3a1aun 1J1st
cucreMbl ddepeHIHaIbHbIX ypaBHeHUH (8).

MopenbHbIN Npumep
PaCCManI/]BaeTCH JBYXKpUTEpHaJibHagd JMHAMUYeCKas 3ajadya ¢ AByMsl SKCIIEPTHBIMA OLIEHKaMH U MHEHHUEM JIT'TP o komme-

TEHTHOCTH SKCIIEPTOB. ﬂI/IHaMHLIGCKaH ynpanJsieMasi cuctema, npeacraBjaeHa lII/Iq)qJepeHH,I/IaJIbeIMH YpaBHEHHUSAMH U HavaJlb-
HbIMH YCJIOBUSIMHU
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xlo(t)zul(t)» xl(o):xmv (9)

xzo(t): xl(t)+u2(t), xz(O): X920

3nech X = ()Cl,x2 ) eR’ u= (ul Uy ) eR’ te [0,2]. 3ananbl QyHKLUHOHAIbI-KPUTEPHH
2
J, :I(uf T du? it + 2x2(2) + x2(2), (10)
0

Jy = [ +ul e +2x2 (2)+4x2(2). (11)

O C—y 1O

1 4
VIMeeM OLEHKY KpPUTEDHEB 3KCIIepTAMH, MpPEICTaBJeHHyI0 MaTpuueid P =( . Ouenka JIITP otHOCHTENIBHO 3K-

1
0

cneproB umeet Bua L :( ] Torna u3 BblpaXkeHHsi (D) HAXOJUM BEKTOpP COIJIaCOBAHHS MHeHHH sKkcreptoB u JITTP:

0 2)\3 5

C Y4E€TOM IKCIEPTHLIX OUEHOK U MHEHHSI JITTP NPUMET BU

A=(%,%). (12)

Ha copepxaresibHoM yposhe LeJib JITIP coctouT B BblGope Takoro yrpasjeHust U = (u1 U, ), UTO JI0CTABJIAET, BO3MOXKHO,
MeHblllee 3HaYeHHe OJIHOBpeMeHHO JIByM (hyHKioHasiaM (10) u (11) ¢ yuetom skcnepTHbIX olleHOK (12). CBOAUM MoJydeHHYy0
MHOTOKPHTEPHAJBHYIO 3a/1a4y K 3ajiaue ONTHMabHOTO yripasjaenus (2), (3) u (6).

00 10 2 0 2 0) (2 0
= = =1 2 _
e A_(l 0)' B_(O J’ C‘A(o 1}4(0 4}(0 3)’
1 0 1 0 1 0
D= %[0 4} + %(O lj = (O ZJ . Lenesast gpyHkuus (6) npumer BUJL;

2
J = [(? + 203 Jar + 227 (2) + 353 (2) (13)
0

1 0\ (1 4
A= (1 l)( j[ j =(7 14). HopmupoBanublii BeKTOp BecoBbIX Ko3(puumentos mist kpurepues (10) u (11)

HCHOJH:ByH NPUHLUIT MaKCUMyMa I_IOHTpﬂI‘I/IHa, paCCMOTpeHHbIﬁ Bblllle, HaXOAUM BUJ OTITUMAJILHOTO YIIPaBJICHUA (7)

u*(r){(l) %}//(t). (14)

Hmeem cucremy nuddepeHuanbHbX ypaBHEeHHH ¢ KpaeBbIMH yCA0BHIMH (8):

£ 0= %, 0)= x.

0= 50+ 2,0)=
V/lo(t) =Y, (t) » ¥ (2) =—4x, (2),
V/zo(t) =0, y,(2)=-6x,(2).
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Penienunem sto [LByXTOLIGLIHOﬁ KpaeBoﬁ 3aJlavyH sABJIFAETCS:

x,(1)= (%ﬁ —t+1)x10 +(524t2 —%t)xzo,
t)= (112t3 —%12 +%t)x10 +(%2t3 —%tz —%4z+1)x20,
l/ll(t): (t_z)xlo +(%t_1)Y20: Wz(t): X0 _%xzo-

YuutbiBas ( 12) Haxonum BeKTOp OINTUMAJILHOTO YIIPaBJICHHUS u' ) ( *(t) *( )) e

0=050=ths (Bt Yoo 0= Vomo = 757

3HaueHue dJyHKLII/IOHaJIOB kauectBa (10) u (11) c yuetom skcnepTHBIX olieHOK (12):

= 4%6 Xio + 14%08’“10x20 * 71%296 s
JzA = 6%2 x120 + 18%167‘10)‘20 + 90%592 xzzo-

3aknyeHue

B paGore paccMaTpUBaiOTCst BOMPOCHI, CBSI3aHHBIE ¢ BLIGOPOM PEILeHH MPH HAJTHUHKE HECKOJIbKUX KPUTEPUEB. A HMEHHO,
NpeaCTaBIeHO pellieHHe MHOTOKPUTEPHAILHON THHAMUUECKOH 3a/1auk ¢ SKCIIEPTHLIMU OLleHKAMH. DKCIEPTHbIE OLEHKH Tpeji-
CTaBJISIOT COOOH KOJMUECTBEHHYI0 HH(OPMALHMIO 00 OTHOCHTELHONH BaXKHOCTH KpuTepHeB 3anauu. Takoi ke nHdopmaimen
obsaaet JIMLO, MPUHUMAIOLLEE pellieHHe, BbICKa3blBasi MHEHHE O KOMITETEHTHOCTH 3KcrepToB. OueHkH skeneptos U JITTP 06-
pasyloT HepapxHio, MOUCK BECOBOr0 KOMITPOMUCCHOTO BeKTOpa NoJApo6HO paccMaTpuBasuck B padorax Caaru (Meton ananusa
Hepapxuii) U ero rnocJjeaoBaTese.

3/ech pa3BUBaeTCS OPUTHHAJBHBIA MOJIXOJ K PELIEHHI0 MHOTOKPHUTEPHANIBLHBIX 3a/iad MPH HAJHYUK KOJMUYECTBEHHON HH-
thopmMaln 06 OTHOCHTENLHON BAXKHOCTH, KaK KDUTEPHEB, TaK H IKCIepToB. KosnuecTBO 9KCNePTOB, a TAKKe HX OLIEHKH MOTYT
MEHSTLCSl CO BpeMeHeM. B 9ToM cirydae HaxoxaeHHsl BECOBOrO KOMIIPOMMCCHOTO BEKTOPA, OTPaXKAIOLLEro KaK MHEHHE 9KC-
nepToB, Tak U MHeHue JITTP, npoBoauTes JiMHeliHas cBepTKa KPUTEPHEB W pellaeTcs 3aaya onTHMa/bHOTO YIpaBJjeHHs CTaH-
JIAPTHBIM CIOCOGOM, UCIOJIB3YI0 TPUHLIMIT MakcuMyMa [ lonTpsirnna. Menosb3ayst jiuiib KoHeyHbli Ha60p HHopMaLKHK 06 OTHO-
CUTEJILHON BaXKHOCTH KPUTEPHEB U IKCIIEPTOB, MOXKHO HANTH €IMHCTBEHHOE pellleHHe MHOTOKPUTEpHAJIbHON 3a1auu

B craTbe npejcTaBsieH MoJiesIbHbIH TIPUMEp IByXKPUTEPHAIbHON IMHAMHUECKOH 3a/1auk C IByMsl SKCIIEPTHBIMH OLlEeHKAMH U
muenueM JITTP 06 oTHOcUTeIbHON BazKHOCTH 3KCTepToB. HarineHo B sBHOM BHE ONTHMaJ/bHOE yIpaBaeHHe u €U u ornpe-
JleIeHbl 3HaYeHHsT COOTBETCTBYIOIINX KPUTEPHEB.

Jlurepatypa:

1. Tab6acos P., Kupunnosa @.M. OcHoBbl [uHAMHUECKOTO MporpaMmuposanust. Munck., Manarensctso BI'Y, 1975.

2. Ilanreneer A.B., boprakosckuit A.C. Teopus ynpasaenus B npuMepax 1 3agauax. M.: Beiciast mkona, 2003.

3. JKykosckuii B.M. KoonepatusHble HIpbl TPH HEONPEAEJIEHHOCTH U UX NpUJokeHus. M: dautopuan YPCC, 1999.

4. Opnos A.W. dkcniepTHbIE OlleHKH. YueGHoe ocobue. — M.: 2002,

5. Horun B.JI. I1punsitie pelieHnii B MHOTOKPUTEPHABLHON cpefie: KosindecTBeHHbIH nojaxon. — M.: @U3MATJINT,
2002.

6. Caaru T.JI. [Ipunsatre pelieHnii Mpy 3aBUCHMOCTSAX W 00paTHBIX CBA3sAX: AHasuTHuecKue cetH. — M.: Manaresberso
JIKH, 2008.

7. Anppeiiunkor A.B., Annpeitunkosa O.H. AHanus, cHHTE3, MJaHUpOBaHHe pellleHui B 9KoHOMHKe., — M.: ®uHaHChH 1
crarucruka, 2001.

8. Horun B.JI. YnpolleHHbIi BApMAHT METOa aHa/IM3a HepapXuil Ha OCHOBE HesIMHelHOi cBepTKH KpuTephen// YKB-
MuM®, 2004, 1. 44, Ne 7, C. 1259—1268.

9. Tantmaxep @.P. Teopust matpuu. M.: Hayka, 1967. 576 c.



38 | Maremartuka «Monopoi yuéHbiit» « N2 11 (22) - TomI - Hosbps, 2010 r.

MpumeHeHne METOA0B HEIMHEWHOrO NPOrpaMMMPOBAHUA
K peleHuIo IKCTpeManbHbIX reoMeTpudecKnx 3agau

Anppeesa E.A., nokTOp hU3MKO-MaTeMaTUYECKUX HAyK, Npodeccop;

LLBETKOBa E.l'., KaHauaat CbI/I3VIKO-MaTEMaTI/I‘-IeCKI/IX HayK, CT.npenofaBaTesib
TBEpCKOM rocyfapCcTBeHHbI YHUBEPCUTET

Pasnoo6pasHble 3a/1aun reOMeTPUM HAa IKCTPEMYM IJIOLIAJIM U 060'beMa MpHU 3aJ]aHHbIX OFPAHHUEHHUSIX PELLAIUCH C TYOOKOM
JipeBHOCTH. Kyaccuueckast ugoneprumeTpuueckast 3ajiaua CoOCTOUT B OTpeieJieHHH KpUBOH 3alaHHOM JJTMHbBI, OTpaHUYHBAIOLIEH
MaKCHMaJIbHYIO TI01aab. K 9KeTpeMabHbIM 3a7auaM reoMeTpHH OTHOCATCS 3a1aua Apxumena, B KOTOpo# TpedyeTes cpeiu
111aPOBBIX CErMEHTOB, UMEIOIIUX 3aJIaHHYIO TJI0111a/lb TOBEPXHOCTH, HAUTH CETMEHT MaKCHMaJ IbHOro o0beMa; 3afaua 3eHoopa,
B KOTOPOH CPeJi N-yroJbHUKOB, HMEIOIINX 33/IaHHbIH TIepUMeTp, He0OX0IMMO HAWTH N-YroJbLHUK HauboJIbilel MJI0MIajH; 3a-
Jlaua o reojle3uuecKoil KpUBOH HaUMeHbIIeH JUIMHbI, JieXKallled Ha 3a]aHHOl MOBEPXHOCTH, U MHOTHe Jipyrue. Pelienue skceTpe-
MaJIbHbIX TeOMETPUUECKUX 3aj1au BaXKHO He TOJIbKO C TEOPETHUECKOH, HO W MPAKTHUECKOH TOUKH 3peHusi. Takue 3ajaud Bo3-
HHUKAIOT MIPH packpoe W yraKoBKe MPOMBbILITIEHHbBIX MAaTEPHAJIOB, MPH pa3MellleHHH IPy30B Ha naJjybax Cy/l0B U MHOTHX JIPYTHX.
PaccmaTpuBaemble 3aiaud MOTYT ObITh (hOPMaJIH30BaHbBI M HCCIEN0BAHBI KaK 3ajlauk ONTUMAaJbHOTO yrpasienus [5]. Llesbio
JIAHHOH paboThl sIBJSIETCST pa3paboTKa YMCAEHHBIX METOJIOB H aJrOPUTMOB ONITUMHU3ALMH ISl PEllIeHHsT 3a/Iauk O TIOCTPOEHHH
BBIMYKJIOH MPOCTPAHCTBEHHON PUTYPHI BpallleHHsI MaKCHMaJIbHOH TJI0MIA/IH TOBEPXHOCTH MPH 3aJIaHHBIX OFPAHHUEHHSIX Ha ee
HIHPUHY.

[LnockocTb

M(n) = | (o) = H(n) = max(n,y) = H ()

HA30BEM OMOPHOI MJIOCKOCTBIO BBIMYKIOr0 MHOXKecTBa F B Hanpasaenuu n, dyukunio H (1) — onoproit ynkumeii du-
rypel .

3
Baejiem ceprueckne KOOPAHHATH B TPEXMEPHOM €BKIMI0BOM npoctpanctse R° . Torna

n = (cosfcosp,sinfcosp,sinp) 0<[0,2x], p [0, 7].
[Ton0xKxuM

h(0,¢9) = H(cos@cosp,sinfcosp,sing), 6 €[0,2x], ¢ €[0,7],

¥ Ha30BeM 3Ty PYHKLHMIO ONOPHOH hyHKLKel dhurypbl F .
OnpeieJinM LIHPHHY BBITTYKJI0F MPOCTPAHCTBEHHON (urypbl I B Hanpassienuu rn:

B(n)=H(n)+ H(-n)
JlnameTpoMm BbinyKJoi (urypsl F' HazoBem
D= 1‘na>‘< B(n).
n=1
Tosuuna Beinykaoi durypsl F' onpenessieTcsi paBeHCTBOM
A= r‘nin B(n).

n=l|

2
Onopuast pynkiwst osasa B R” noutw Beiony Ha Muoxkectse [0,277] ynosaetsopsiet e peHinaibHOMy ypaBHEHHIO:

.h.(co) +h(p)=p(p) p(p)20, )

rie o(@) =0 — panuyc KpUBM3HBI TPAHKLIBI OBAJIA B TOUKE KaCaHUst P ONMOPHOI NPSIMOIi, COOTBETCTBYIOLIEH HATIPABJIEHUIO
Q.

. . . 3
Onopuast  QyHKIMsI  BBINYKJIOH  3aMKHYTOH — perysisipHoii  urypel B R°  noutd  BCiooy Ha  MHOMKeCTBe

Q= {(49, (0)|9 €[0,27] ¢ €0, 7[]} YIOBJIETBOPSIET HEPABEHCTBY:

hw& (93 (D) >

0. 3)
sin’ @

2n(0,9) +h,(0,p)ctgp +h,,(0,0) +
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[lnio1a1b MoBEpXHOCTH BbIMYKJIOH npOCTpaHCTBeHHoﬁ cpnrypbl OHpE[LeJIﬂeTCﬂ BbIPaKEHHEM:

st= [, -l ( ) _I0 @01 waaig. @

2sin’ @

OnopHast hyHKIMSA pacCMaTPUBAEMBbIX cbnryp YAOBJIETBOPSIET IPAHHUHBIM YCJOBHSIM:
A<hO,0)+h(x—-0,7+@9)<D. )

TpeGyeTcst HallTH BLIMYKJIYIO (DUIYpPY BpallleHUsl, IMEIOLLYI0 MAKCHMAJ/IbHYIO MJ10LLab TOBEPXHOCTH MPH 3aaHHbIX OFPaHHye -
HHUsIX Ha ee rpuHy. [ToMCK Uryp OCYIECTBASIETCS B KACCE BBIYKJIbIX TeJl Bpaliienus ¢ onophoil pynkuuei £(6, @) = h(@)
. O6o3naunm uepes A(t) snauenue onopHoii GyHKIMKM GUrYphl B HATIPaBJIeHHH t.

Jlaist purypnl Bpatienust hopmyJia (4) umMeeT BUJL

o2

S(hy=2rx j R (t) - ﬁ sin(z)dt, (6)
OrpaHHYeHHs Ha LUMPHHY:
A<h(t)+h(z—1)<D, tel0,x], )
YCJIOBHUSI BBIITYKJIOCTH! e
h(t)+h(t)>0, te[0,x]. ®)

B 3aJlaHHbIX HanpaB.ﬂeHI/IﬂX Tj’ ] - 1, I’, HaKJIaabIBAKOTCA JOIOJIHUTEJ/IbHbIE OFpaHl/lquHﬂ Ha IJ_II/IpI/IHy:
h(r.)+h(7r—r)§a., 9)
J J J
rJie apameTpel @, T; YAOBJCTBOPSIOT YCJOBHSIM:
A<a, <D, Tje(O,ﬁ/2], jzl,_r, (10)
He orpanuunpas o61nocT paccMotpenust, nojoxuM ¢ = 0 B HanpapJeHUH TOMIUHBI HCKOMOH (UIYPbI:

h(0) = h(r) =%. (11)

[Tycrbpanee X, (¢) — wmpuna uanpasnennnt: x,(t) = h(t)+ h(wr —t), x,(t) = ).61 (1), %,(0)=—x,(7r) =N D> —A* .

3anaua (6)-(11) popmasuadyercst Kak 3ajiaua ornTUMaJLHOTO yIpaBJjieHust ¢ Pa30BbIMU ¥ TPOMEKYTOUHBIMHU OTPAHUUYEHUSIMHU:

T 1 .
I(u)= j(xlz () —Exzz (t)j sin(¢)dt — max , (12)
0
ﬂpl/l JUHAMHUYECKHUX OI‘paHI/I‘-IeHI/]HXZ
xi1(t) = x,(t), x2(¢) =—x,(t) +u(?), (13)
OTpaHHYCHUSAX Ha YIIpaBJCHHE:
u(t)>0,i.d. tel0,r], (14)
CbaSOBbIX OI‘paHI/IquI/lﬂXZ
A<x,(1)<D, (15)

MPOMEXKYTOUHBIX

(16)

~
I
X

x(t))<a;, x(r-7,)<a;,, A<a,<D, 7,€(0,7/2],

W rpaHUYHbIX YCJIOBHUSIX:
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x(0)=A, x,(0)=vD>—-A", (17)
x(m)=A, x,(x)=—D*-A". (18)

C ncnosib3oBaHreM MeToja MPOeKIUH TpajueHTa [6] moCcTpoeHo pellleHKe 3a/1auk NPH BbIGOpe NapaMeTpoB: A/D =0,8,

2
q=500 u 10MOJHUTEILHOM OrpaHHUEHUH xlq/ <0,8 . PesysbTarsl uMc/I€HHBIX PACUETOB NPUBe/IEHb! Ha puc. | —5 1 B Tads. 1.

Puc. 1. Tpacmk X, () Puc. 2. F'pacmk ).61(1) Puc. 3. pacdmk u(?)
. L — g= 500, AI0 =03
I “ a Heminieerao ntrpaadd .".j‘f;
Bl N
I T
Puc. 4. Bup ceyeHus Puc. 5. Bup purypbi Tabnuua 1.

Paboma soinoanena npu gpunarcosoti nodoepacke sedyujux Hayurolx uikor (HII-4096.2010.1)
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2. Annpeera E.A., llpetkoBa E.I'., CaBnueBa [O.A. PelieHne 3KcTpeMasibHBIX 3a/iad reOMETPHH JIBOUCTBEHHBIM Me-
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PeweHue 3agaum 06 ynpasneHun o6y4yeHneM CTyAeHYECKOro KOJJIEKTUBA

Llapbkos B.B., LipeTkoBa E.[., kaHaupat Gu3nko-maTeMaTtyecknx Hayk, CT.npenogasarenb
TBepCKOM rocynapCTBeHHbI YHUBEpCUTET

MHOFOLII/IC.HEHHble MOJIEJIH MPOILECCOB yIpaB/eHust oOydeHHeM onucaHbl B utepatype [2—>5]. i ux KauecTBEHHOTO Ue-
CJIe[I0BAHUST MO2KET ObIThb TPUMEHEH ILIMPOKUH CIIEKTP METOJ0B ONTHMAaJILHOTO ynpasjaenus. B To ke Bpems 3a1a4u yn-
paBJieHHsI He BCeraa MOTYT ObITb pellleHbl aHAIUTHUECKH, UTO MPUBOJUT K HEOOXOIMMOCTH pa3pabOTKH YHCEHHbBIX METO/IOB
UX pelleHusi. B Hactosiiee Bpems pazpadoTaHo GoJiblIoe KOJHYECTBO YHCIEHHBIX METO/I0B pellieHHs 3a1a4y ONTHMAaJbHOro
yrpaBJ/eHusl U HeJIMHEHHOTo MPOrpaMMUpOBaHus U padoTa 10 UX CO3AAaHHI0 M COBEPLUEHCTBOBAHHUIO MPOLOJKAETCS. Bblunc-
JIUTEJIbHbIE TOJXO/bl K PELICHUIO 3alau HEJHHEHHOTrO MPOrpaMMHUPOBAHUS M MOMCKA ONTHUMAJILHOTO YIPABJACHHUS MOJYUHIIU
LIMPOKOE OCBellleHHe U cucTeMatuzauuto B padorax [O.I.Epryuienko [ 1]. Llesbio naHHO# paGoThl ABAsieTCs pa3paboTKa U uc-
c/leloBaHNe YMCIEHHOTO alrOpUTMa AJ1sl PellieHusl 3aaun yrmpaBaeHust o6yueHueM CTyeHUeCKOro KOMJIeKTHBa, (hopMasnsy-
€MOH KaK 3ajiaua ONTHMaJIbHOTO yIpaBJeHHs.

PaccmoTpum Mojiesb pacrpe/ie/ie st BpeMeHH MKy OBJIaJicHHEM 3HaHUSIMU W pa3BUTHEM yMeHuid. [Tosiaraem, uto 3HaHue
COCTOUT U3 UH(OPMALUMK (YUCTOrO 3HAHHUS) U YMEHHUST (CIIOCOOHOCTH MCIOJ/Ib30BATH UMEIOLLHECS CBEEHHS VISl TOCTHAHKEHHS
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HOBBIX LieJIell, MeTojueckn padotath). [Tyetb V() — 00beM CBeICHHI, HAKOIICHHBIX CTY/EHTOM K MOMEHTY BPEMEHH !
(uncroe suanue), ¥, (#) — 00beM HAKOMIEHHBIX YMEHHIT, HABBIKOB PELLATh 3a/iaul, pa3oupaThesl B H3J1araeMOM MaTepHaile;
u(t) — 1015 BpeMeHu, OTBEJIEHHOTO Ha HAKOTJIEHHE 3HAHMI B poMexKyTKe Bpemenu [, + At]. [Tonaraem, uto yBesnuenue
,(t+At) — y,(t) o6bema 3HaHuil CTyIeHTa IPOMTOPLHOHAILHO 3aTPAueHHOMY Ha 9T0 BpeMenH U(#)At 1 HAKOMJIEHHBIM
ymeHusiM Y, () .
v () =ku(t)y, (1), (1)

re k) > 0 — K03 hUILMEHT, 3aBUCSIIII OT HHAMBHIaJIbHBIX 0COGEHHOCTEH ydallerocs.

YBesuenue yMeHuil 3a T JKe BpeMsi IPOIOpPLHOHAJILHO 3aTpadennomy Ha 510 Bpemenu (1 —u(?) At, umerouwmmes yme-
Husim Y, () v snannsam y, (¢):

¥, (0 =k (1=u(®)y, ()7, (0), @

e k, >0 — ko3(dUIKMENT, TaKKe 3aBUCSILMI OT HHAMBUAYANbHBIX 0COGEHHOCTE.

Takum 06pa3oM, yualuiics Tem GbICTpee MPUOOPETAET yMeHHs, UeM GOJIbLIE OH Y2Ke 3HAET U YMEET; ueM GOJIbLIE YMEET, TeM
ObicTpee ycBanBaeT HOBble 3HaHUsl. B To JKe BpeMst 3aMeTHM, UTO Ha MPaBYIo YacTh ypaBHeHust (1) BAUSIOT ToJbKO MpHoOpe-
TeHHbIE B MPOLILIOM AKTHBHbIE 3HAHKS, IPUMEHEHHbIE NP PELIeHHH 3a/1aU U NepPeLleue B yMeHH s,

3anaua 3akmouaeTcs B oMcke Takoro ynpaesaenust U(¢) us orpeska [0;1], koTopoe o6ecreunT nosyuense MakCHMaIbHOO
o0beMa 3HaHHii 3a 3ajlaHbli poMexkyToK Bpemenn T. Cresaem sameny nepemennbix: X, (£) =k, y,(¢), x,(t) =k,k,y,(t)
. B pesysibrare nepeiinem k cucteme, He cofeprKallleil HeM3BECTHBIX KOS(MMUIMEHTOB:

x1(8) = %, (Ou(e), x2() = (1-u(t) x,(O)x, (1) 3

Takum o6pasom, 3agaua 00 yrnpasaeHuu nporeccoM obydeHnst GopManu3yeTcst B BUe 333Uk ONTHMAJBHOTO YITPABJICHHS:
T
J(u) = —j x,(f)dt — min, (4)
0
[pU JMHaMHUY€CKHUX Or'paHUYeHHSIX:
x1(8) = x,(Ou(t) , x2(1) = (L=u(?) x,()x,(2), (5)
0<u(t)<l1,te[0,T], (6)

OrpaHUHveHHUAX Ha yIIpaBJeHHUE!

U rpaHUYHbIX YCJIOBHUSIX:

x(0)=a,, x,(0)=b, . (7)

Pa3zo6beM paBHOMEPHO OTPE30K [0, T] roukawn t, =iAt, i = 0,q, nonaras t, =0, t,=T, At= T/q,i=0,qg-1.
O6osnaunm X, (t,) =x,, x,(t,)=x,, u(t,)=u'. Vcnomsyem dopmyb iiepa annpoKCHMALUH MPOH3BOIHBIX:

. i+l i . i+1 i

xi(t) = IA—tl’ x2(t) = 22 = 0, —1. [lns Bbluncienus nuTerpana B 1eeBoM (yHKIMOHAJIE HCTIOJIb3YeM

At

thopMy.ty JIEBBIX TPSMOYTOJBHUKOB.

JluckpeTHast 3aja4a, annpokcumupytowas (4)—(7) ¢ tounoctbio O(At) , umeer By

q-1
I(u) ==Y XAt — min,
i=0
i+l i i i+l i PN 0 0
XU =x+xulAt, xy =x,+(1-u')xx5A8, x; =a,, x, =b, (®)
0<u' <1, i=0,g-1.
Beejiem dyHkimio

g-1 g-1
i+l i+l i i i+l i+l i N
L(/lo’xs”ap):/lo-](u)"'zpl (x," —x —x,u At)+2p2 (xy" —x; = (I —u")x;x,At)
i=0 i=0
3 HeoOXOMMMbIX YCIOBHH ONTHMAALHOCTH L — (hyHKLHMH 110/Iy4aeM PEKYPPEHTHbIE COOTHOLIEHHS /Il BbIYUCEHHST HM-
y y yd peKypp
1yJIbCOB, Y4TO M03BOJISIET CPOPMYIUPOBATD CJEAYIOLIEE YTBEPKICHHUE.
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Teopema. [Tycmo [u,x1,X2] — a0karono onmumarsroe pewerue sadauu (8), moeda pll ,p; onpedeasromes no
dopmyram:

p=p" +p (L—u' XAt + At
©)

Py =pi L+ (= u')x{Ae)+ p{u'Ar, i =0,g =1, pf = p3 =0.

i+1

oL : o N
npoussoonas L-pyrkuuu no ynpasienuio 8_' (Ag>Xou, p)=(p3'xl — pi™MxiALi=0,q —1.
u

C ucrosib3oBaHHEM MeTOfA MPOEKIUH TpaadenTa ¢ yuetoM Gopmya (9) mocTpoeHo pelleHHe 3aiadu MpH BeiGope napa-

metpos: a, =b, =4.8,q=1000, T=1. Pe3y/bTaTbl 4MCJIEHHbIX PACYETOB IPHBEEHBI Ha pHC. | —3, oNTHMAa/IbHOE 3HAYeHHe

W4
1040

dyukumonana J = —14.654, konmuectso urepaimii merona C;; = 3802.

u______:____: ! |“| ' I I I 200 31 ! ! !

1 , e : : : .
A 1504 ---4---4---- e it Sl AR ok
A 1004---4---d---- TN £ e
B of

ol T
T T T T T T T T T D T T T T T T T T T

T T
Puc. 1. Tpadmk u(t) Puc. 2. Tpadmk x,(¢)
[ R a— —
T R S N
sni- bobee- T
T R R PR R R
af o e R N

e
T
'
'
'
(i Autiie Bl el wlialie Tl
'
'
'
B e e e e

Puc. 3. Tpacuk x, ()

PesyJibTaThbl, MOJydeHHbIE YUCAEHHO, BIIOJHE COOTBETCTBYIOT IMITUPHUECKUM MPEJCTABJECHUSIM 00 ONTHMAaJbHON OpraHu-
3auuu yue6Horo npouecca. MojzeJib onpefessieT YucaeHHble 3HaueHHst 1011 BpeMeHH U(t), Wiylllel Ha MoBblleHHe 3HAHUH, H
nosn Marepuada (1-u(t)), uanaraemoro Ha 3ak/IIOUMTENbHBIX JEeKLUAX 6e3 NPopaboTKH HA ceMHHapax.

Paboma soinoanena npu punarcosoti noddepicke sedyujux Hayurolx uikor (HIUI-4096.2010.1)
Jlutepatypa:
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TEXHHYECKHE HAYKH

OnTumusauusa npouecca Ctepuinsaumnu npoayKToB NMTAaHNA B aBTOKJIaBaX

Abakapos A.l., kaHaupaT Gu3.-mat. HayK, Hay4HbIi COTPYAHUK
TexHuyeckuit yansepcutet CaHta-Mapus, Yunu, Bansnapanco

B pabome paccmampusaromes memod u 0uaroeosoe npoepanmioe obecneuerue, N0380s10ujue ONMUMUIUPOBANTL
N0 PASAUMHBIM KPUMePUIM NPOYece CMepuil3ayuu npooyKimnos nimanus 8 nPOMbLUACHHLLX asmokiasax. Paccmam-
pusaemoitl memod 6asupyemes Ha YUCAeHHOM peuileril 00O 3a0aiu ONMUMALLHO20 YAPABACHUL OAS YDABHEHUS
menaonposooHocmil. B kawecmse 0cHOBHO2O ANOPUMMA ONMUMUAYUL UCNOAL3YEMCS 3apeKoMerd08asuiuLl ceOs
HQ npakmuke a0anmusHoLl CAYHailHbLL noucK. Paspabomannole it a0anmuposantsie 100 0COOCHHOCMU peulaemol
3adauu duaroeosole cpedcmsa 0eaaiom paccmampusaemolii 8 cmamoe menoo 1e2Ko0oCmynHoim 0t NPAKMULeCKO20

npumeHeHust.

KnroueBbie caoBa: asmokaas, cmepuiusayus npo@yrcmoe numanus, onmumusayus, duanroeosoe npoepammHoe

obecneyerue.

1. BBepeHue

TensioBast crepunuzalnsi B aBTOKJaBax OCTAETCs 110 Ha-
CTOSILINY JIeHb HauboJiee pacrpocTpaHeHHOH U 3pPeKTUBHON
TEXHOJIOTHEH, MPUMEHSIEMON /s KOHCEPBUPOBAHUS TPO-
JyKTOB nuTaHust [1]. B W3rotoBjieHMH KOHCEPBOB Mpoliecc
TEIJIOBOH CTEpU/IM3aLUK SBJSETCS CAMbIM [VIABHBIM H OT-
BETCTBEHHbIM, TaK KaK OT TOIO, HACKOJbKO KOPPEKTHO Bbl-
MoJIHEHA CTEepPUJIM3aLMsl, 3aBHCAT: CTOHKOCTb KOHCEPBOB
NpH VIMTENLHOM XpPaHEHUH, KaueCTBO HTOrOBOIO TMPOJYyKTa
WM €ero MuuleBast LeHHOCTb, U 9KOHOMHYECKas 3(PPeKTHB-
HOCTb CaMOro Trpolecca crepuansaiiui. HekoppekTHo BbI-
T0JIHEHHAS1 CTePUJIM3ALIUS C OHOH CTOPOHBI MOYKET IIPUBECTH
K TOMY, YTO B HCXOJHOM MpPOyKTe OYIyT YHHYTOKEHbI HEe BCE
BPEIOHOCHbIE MHKPOOPraHHU3MBbl, a C JIpYroi, NPpUBECTH K Cy-
11LleCTBEHHOMY Pa3pPyLIEHHIO OCHOBHbBIX MUTATEJbHbBIX KOMIIO-
HeHTOB npojykta [1,2,15]. FiMenHo nosTomy, oueHb BaXKHO
MpH U3TOTOBJIEHUH KOHCEPBOB MPUIEPKUBATLCS TaK HA3bIBA-
€MBIX PEKHMOB CTEPH/IH3ALNH, 00€CNeYUBAIOLINX KaK 0e30-
MaCHOCTb K YNOTpeOJIeHHIO 10JIy4aeMOro MpolyKTa B TeYeHHE
YCTAHOBJIEHHOTO FapaHTHel Cpoka, Tak M HeoOXOAMMOe CO-
JiepaKaHue B MPOJLYKTe€ OCHOBHbBIX €ro MUTaTeJbHbIX KOMIO-
HeutoB [ 1,2].

Crepuin3aliist KOHCEPBOB BbIMOJIHSETCA B aBTOKJ/ABaX,
MpeACTaBASIONINX coO0H anmapaThl 3aKpbITOro THNa. ABTo-
KJaBbl ObIBAIOT JIBYX THIIOB — BEPTHKAJbHblE W TOPH30H-
tasibHble. HauGouibliiee pacripocTpaHeHue B KOHCEPBHOH
MPOMBILLJIEHHOCTH  MOJIyYWJIM  BEPTHKAJbHbIE ~aBTOKJABHI,
TaK KaK B HUX MOXKHO CTE€PHUJIH30BAThb BCE BUJIbI KOHCEPBOB B
JKECTSIHOH U cTeKJIsIHHOH Tape. Becb npolecc crepuiu3annu
MOZKHO Pa3lesIiTh Ha HECKOJIbKO CJIe/IyIOLLHX ITAIIOB:

Oran 1. 3arpyska; B aBTOK/1aB 3a/MBaETCs X0J10/1Hast BOJA,
KOTOPasl MOI0rpeBaeTcsi 10 HEKOTOPOH 3a/laHHON Havya/bHOH
Temnepatypbl. [1pu 10CTHKEHHM 3alaHHOH TeMmIepaTtypbl B

ABTOKJIaB OMYCKAETCs MPOIYKIIUS, H €0 KPbIIIKA FepPMETHUHO
3aKpbIBAETCSI.

Oran 2. TennoBasi 06paGoTKa; MPOJYKT TIOJBEpraercs
TenJ0Boi 06paboTKe COrJIacHO BbIOPAHHOMY IPOLLECCY CTe-
punuzauuu. [Ipouecce crepunusauuu onpeuesseT UCnob3ay-
eMyI0 /ISl CTEPUJI3AlUK TeMIepaTypy U BpeMsi, B TeUeHHe
KOTOPOTO 3Ta TeMIepaTypa BblJIe P;KHUBAETCSI.

dtan 3. OxJaxjaeHue; /s MJaBHOro OCThIBAHHUSI B aBTO-
KJaB MOJAI0T BOJYy ONpejeseHHol Temnepatypbl. Ha stom
npouece CTepuIM3aliui 3aBepLaeTcsl.

PacueTbl pexKUMOB CTepUJIM3alMK BBIMOMHAIOTCS HA 6asze
Pa3NMUHBIX SMIUPUUECKUX 3aKOHOMEpPHOCTEH, HauboJjee
BaXKHBIMH CPEJI KOTOPBIX ABJSIOTCH 3aKOHOMEPHOCTH MEXKTY
KOJIMYECTBOM  2KH3HECTIOCOOHBIX  BPEIOHOCHBIX MHKPOOP-
raHU3MOB W MCIOJIb3yeMbIMH MNapamMeTpaMH HarpeBa Mpo-
aykra [1,2,15]. ClieyrolliMi 10 Ba)KHOCTH MOTYT HJITH 3a-
KOHOMEPHOCTH MEXJIy NapaMeTpaMd HarpeBa M MHILEBOH
LeHHOCTbIO Npoaykra. Takum 00pa3oM, KOPPEKTHO M0100-
PaHHDIF PEXKUM CTEPUIIH3ALHMHN JOJKeH 06eCneunBath Tpedy-
€MYIO CTelleHb JIeTaJbHOCTH Tpoliecca, T. €. OTMHpaHHe Cy-
LIECTBEHHON YaCTH BPEILOHOCHBIX MHKPOOPraHU3MOB, W TpH
TOM — He [PUBECTH K 3HAYUTEJbHOMY YXY/ALIEHHIO OpraHo-
JIENITUYECKUX MoKa3aTeJiel MPoyKTa, T.e. o6ecrneuutb Tpedy-
€MYI0 THILEBYIO 1IEHHOCTb.

Pexxum crepuiusali MOXKHO OMPEAeNHTb Kak CJey-
IOLLYI0 YETBEPKY:

(g, %5, f (), x3),

rjie X4 — BpeMsl HeoOXoauMoe JIsl OBbILLIEHHS TeMIepa-

Typbl B aBTOKJIABE JI0 HEKOTOPOH HavyaJibHOH TeMrepaTtypbl

CTepUIN3ALUH, X5 — MPOJOJKUTEJBHOCTD TMpolecca CTe-
puan3ainu, f(t) — (hyHKIMS, BbIpakarollasi 3aBUCHMOCTD
TeMIepaTypbl CTEPUIHU3ALMH OT BPeMeHH, Xy — JUIUTE]b-

HOCTb CHHXKEHMSI TeMIepaTypbl OT KOHEUHOH TeMIepatypbl
CTEPUJIM3ALMH JI0 HEKOTOPOH KOHCTAHTHOH Temrepartypbl. B
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cayuae ecin f(E) ToxaectBenHo paBHa HEKOTOPON KOHC-
TaHTe, TO TAKOH pexKUM CTepPUJIM3alUU B 3TOH paboTe OyaeT
Ha3bIBATBCS KOHCTAHTHBIM, HHAue pPEXKUM CTE€pPUJIH3aALMH
Oy/IeT HA3bIBAThCsl BapHaOebHbIM.

B nuiieBoil MPOMBILIIEHHOCTH ISl CTEPUJIH3ALMN KOH-
CEepBOB LIMPOKO HCIMOJB3YIOTCS KOHCTAHTHBIE PEXHMBI CTe-
PHJIM3ALIMH, TaK KaK OHH CPABHUTEJILHO MPOLLLE B peasiu3aliuH.
Opnnako, Kak 1okasaji MHOTOYHCJEHHbIE MCC/IEI0BAHUSIMA,
BBIMIOJIHEHHbIE B TOM uucie B paborax [3—14], ucnosb3o-
BaHHe BapuaOesbHbIX PEXKUMOB CTEPUJIU3ALNM TTO3BOJISIET B
HEKOTOPBIX CJIydasix 3HAUMTEJIbHO YBEJIUUUTH SKOHOMUUECKYIO
3(hheKTHBHOCTD TIpollecca CTePUIN3allnu, obecreunBast npu
9TOM HEOOXOMUMBIH YPOBEHb JIETaJbHOCTH MTOrOBOIO MPO-
JIyKTa W He yXy[llasl ero MUUIeBOH LLEHHOCTH (KakK MpaBHJIo,
KauecTBO MTOTOBOTO MPOJYKTa B 3TOM CJyyae yJyuliaeTcs).
YBesnuueHne 5KOHOMHUECKOH 9(h(eKTHBHOCTH B 3TOM CJlyuae
JIOCTUraeTcsi B OCHOBHOM 3a CUET yMeHbILIEHUs] BpeMEHH (PyH-
KIIMOHMPOBAHMS CTEPUIN3ALMOHHON ycTaHOBKH. Kcrosb3o-
BaHHe BapHaOeJsbHbIX PEKUMOB 1103BoJsieT Gojiee 3ddek-
THBHO pellaTh ojpHOKpuTepuasbhble [3—8,9,10,11,13] u
MHOTOKpUTEpHaJIbHbIC 3aaud ONTUMHM3AlMK Tpolecca cre-
punuzaunu [8,12,14].

B nacrosiieit paGoTe paccMaTpUBAETCsT METOJL, HCTIOJb3Y-
OLIME BapuabesibHble PEXKUMbl CTEPUIIM3ALIUN JUIS OTITHMH-
3alMK 10 PA3JIMUHBIM KPUTEPHUSM T1poliecca CTepHJn3aluu
NPOJIyKTOB MUTAHUSI B MPOMBILIJIEHHBIX aBTOKJIaBax [3—14].
PaccmarpuBaembiil MeTon 6a3upyeTcss Ha UUCJAEHHOM pe-
IIEHHU OJIHOW 3a/lauk ONTHUMAJLHOTO YIpaBJIeHUs Il ypaB-
HEHHsI TETJIONPOBOAHOCTH. B KauecTBe 0OCHOBHOTO alropuT™Ma
ONTHMHU3AIMH HCTIOJb3yeTCsl 3apeKOMEHI0BABIINI ce6sT Ha
NpakTHKe aanTUBHbIN caydainbiil nouck (CIT)[11,13,14]. B
9TOH paboTe MpeoJaraeTcsl, YTo MOAroTOBJIEHHbIE K CTEPH-
JIU3ALMK TIPOJYKTHI MMUTAHUS YIIAKOBAHbI B LUJIHHAPHUECKHE
KOHTelHepbl. Iyl paccMaTpUBaeMoro MeToia aBTopoM Oblila
paspaborana mporpammuasi cucrema «OPT-PROx» (OP-
Timal PROfile), nnanorosuiii nutepdeiic u pyHKIIHOHAIbHbIE
BO3MOXKHOCTH KOTOPOH OblJIM alanTHPOBaHbl 0 0COOEH-
HOCTH HCIOJIb3YyEMOTo MeToja. IJTO JieslaeT paccMaTpuBa-
€MbIil B CTAaTbe MOJXOJ JIETKOAOCTYMHBIM /151 TPUMEHEHHS Ha
npakTHKe.

2. Crepunusytowuit 3peKT u nULLeBas LEHHOCTb

Cireyrollee BbIpakeHHE MCIOJb3YIOTCSl B KOHCEPBHOH
MPOMBILLIJICHHOCTH /151 TTOICYETA BEJHUMHbI CTEPUIIUIYIOLETO
sthchekra (M crenenu geranpHocth) [ 1,2,15]:

tp (L-Ty)
Fy(t) = jlo T odt, (1

e 1, — TeMnepaTypa B KPUTHYECKOH TOYKE KOHTEH-
Hepa (Touka, JI/Isi KOTOPOH B Ipollecce cTepuan3aiinu HabJio-
JlaeTcsl HaUMEHbILIMH HarpeB MPOJyKTa ), Tref
TeMrepartypa, Kotopasi B OOJBLUIHHCTBE CIyuaeB Gepercs
paBHo#t 121.1°C, Z — KOHCTaHTa TePMOYCTOHUHBOCTH MHK-
pooprannamoB (Gepetcst paBHo# 10°C), !, — Bpewmsi, 3atpa-
UEHHOE Ha CTEePUJIH3ALHUIO.

— 3TaJIOHHasd

Heckosibko KpuTepueB HCMo/b3yeTcsl B KOHCEPBHOMN Mpo-
MBILLJIEHHOCTH JIJIsl OTpejleJieHusl KauecTBa (THILEBOH 1eH-
HOCTH) rnoJsiydaemoro npojykra [1,2,15]. B nacrosiiein pa-
0ote OyIeT HCNOJNb30BATLCA CJACAYIOLUIMI  MHTEerpasbHbIA
KPUTEPHUH, XapaKTePU3YIOLIUHA CPEIHIOI0 MOTEPI0 BUTAMHUHOB

B 110JIy4a€MOM TMPOJYKTE:
ef)

_Inl 0 ©  \drdz,

()=

(2)

rie T — Temnepartypa BHyTpH KOHTeﬁHepa, T,
JIOHHAs! TeMIlepaTtypa, KoTopast B OOJLLUIMHCTBE C/ydaes Oe-
petca pashoit 121.1°C, z. KOHCTaHTa TEPMOYCTOHUH-
BOCTH BUTaMHHOB, [ — KOJIMUeCTBEHHAs XapaKTepPHCTHKA

CKOPOCTH TMpoLecca paspyuleHusi BUTAMHUHOB, CO_

— 9Ta-

KOHC-
paauyc KOHTelHHepa, 2L — npa-
BpeMsl, 3aTPA4eHHOE Ha CTEPUJIH-

taHTa, paBHas 100, R -
MeTp KoHTeiiHepa, f
3aLHIO.

Mcnosnb3oBanue B BblpazkeHHM (2) COOTBETCTBYIOLLMX
3HAYeHMH 115 KOHCTAHT Z. W D, NO03BOJAET BBLIYMCIATH
3HAUYEHUs] JPYrUX HHTErpajbHbIX KPUTEpHEB IHUIICBON LieH-
HOCTH, HanpuMep KPUTEPUH, XapaKTepusyloUUid CcTeneHb
paapyuienust oepmentos [1,2,15].

3. lNocTaHoOBKaA 3apauu

[Tpotece npoxoxKaeHusi Teria CKBo3b KOHTeHep, HaroJ-
HEHHbBII HEKOTOPBIM MPOIYKTOM, MOXKHO OMUCATh C MOMOIIBIO
CJIEYIONIEr0 YPaBHEHHST TEMJIONPOBOJHOCTH B LMJIHHIPH-
vecKux KoopauHatax [ 15]:

2 2
oT oT 10T 0T
—=a| —5+——+ : (3)
Ot or* ror oz

(&{0] CJ]E[Iy[OLU,I/lMI/I FpaHl/ILleIMl/l 1 HAYaJIbHbIMHU yCJIOBl/lﬂMl/IZ
T(R,z,t)= f(t),
T(r,L,t) = f(2),

oT
A 05 N :Oa
5, (020

oT
—(r,0,t)=0,
az( )
I(r,z,0)=T,

rne T — temnepatypa, { — BpeMsl, & — KO(PPHUIHEHT

TEMJIONPOBOAHOCTH NPoaykTa, R — pamuye konreiinepa,
auameTp KoHTefiHepa, I, — HauasbHasi Temrepatypa mpo-
nyKkta, f(1) — QyHKIMS, BbIpaxkarolasi 3aBUCUMOCThb TeMITe-
patypbl cTepunzatmu ot Bpemenu £, t €[0, l‘f] .

Takum 06pasoM, /sl ONTHMH3ALHMK [1POLIECCca CTepHJIH-
3alKMK HeOOXOIUMO HAHUTH (YHKUHIO f(1), JOCTaBJSIOLLYIO
MHHUMYM HEKOTOPOMY (PYHKIHOHAJY, XapaKTepH3YIolleMy
3 hEKTUBHOCTD MPOBOJAMMOK CTEPHIU3ALIUH.

Criefytoliie  OIHOKpUTEPHAJIbHbIE W MHOTOKPHTEpPH-
aslbHble 3a1aul ONMTHMM3alMK Mpollecca CTePUIH3aLH YKe
paccmartpHuBaJjiuch B paboTax JAPyrux aBToOpOB.
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OnHOKpHTepHANbHEIE 3314
1) Maxkcumuzanusi NUIIEBONH 1IeHHOCTH TIPOJyKTa TpH

HaJIMUMK OTPaHHUYEHHIl HA YPOBEHb JIETAJIbHOCTH HTOTOBOTO
nponykra [3,4,11,13].

2) MuHHUMM3aLMsT BPeMEHH CTEPUIN3ALMH MPH HAJIHIHH
OrpaHHYeHHH Ha YPOBHH IMHIIEBOH 1I€HHOCTH H JIETAJBbHOCTH
UTOTOBOTO MpojyKTa [5,7,9,11,13].

3) MuHHMM3alMs BPEMEHH CTEPH/IN3ALMH NPH HATMUHK
OrpaHHYCHHI HA YPOBHH MUILEBOH 1IEHHOCTH H JICTAJILHOCTH
MTOTOBOTO MPOJyKTa, a TAKyKe — Ha KOJHYEeCTBO SHEPTHH, 3a-
TpauMBaeMOH CTePUIN3ALHOHHON yCTaHOBKOH [ 6].

MHorokpuTepraabHble 3a1a4H1

1) B pa6orax [12,14] peuienbl 3anaun onTUMU3alKH 110
JIBYM Pas/IHiHbIM KPHUTEPHSIM, OTPaxKalollUM KauecTBO HTO-
rOBOTO TPOJyKTa, M MO BPEMEHH, 3aTpauynBaE€MOMY Ha Mpo-
11eCC CTePUINH3ALNH.

2) B pa6ote [8] periena 3anada onTHMHU3ALH /15 CIyyast,
KOrJa B OJHOM aBTOKJaBe OJHOBPEMEHHO CTEepPHJIHM3YIOTCS
TMPOJKTHI B KOHTEHHEPaX JIByX Pa3jMUHbIX THIIOB, TIPH 3TOM
06eCreynBaeTCs PEXKUM CTEPUJIN3ALIMH, YOBJIETBOPSIOLIHIT
3aJIaHHBIM OTPaHUYEHHAM JUISl TTHLIEBOH LIEHHOCTH U JIeTaJlb-
HOCTH UTOTOBOTO MPOAYKTA.

B nacrosiiieit paborte npuBeaeHbl MPUMEPHI PEllIeHHsT O/
HOKPUTEPHAJIbHBIX 3a1ay 1 1 2.

4. Metop peweHus

CdhopmyiupoBaHHbIe Bblllle 3a1auk ONTHMAJBbHOTO YIpaB-
JIEHHS] YCIelIHO PelIaloTesl YMCJAEHHO MyTeM OrpaHHdYeHHs
KJacca ympaBjeHHH NapaMeTpudecKUM ceMeHCTBOM (yH-
KUMH ¢ nocsielytolel peyKIel 3ajaqk OTbICKaHHsl KCTpe-
MyMa (yHKIHOHAJA K 3ajaue OTbICKaHHsl SKCTpeMyMma (yH-
KUK MHOTHX NepeMeHHbIX. B padotax[4—9]ucnonb3oBannch
KYCOUYHO-TIOCTOSIHHbIE W KYCOUYHO-JIMHEHHbIe YNpaBJeHHUs,
MpU 3TOM pa3MepHOCTb MHOTOIKCTPEMaJsbHON 3a1auu OMTH-
MH3alMH, TTOJYYEHHOH Toce penyKiuu, nocturana 50—60.
B pa6ore [10] aBTOpbl HCMOB30BA/M /7SI TIOUCKA ONTHMAJIb-
HOrO ynpasJeHusl yHKUMU SIn U exp, ToJydasi pe3yJbTaThl
yCTynaiolie pedysbTaTaM KyCOUHO-TMOCTOSIHHBIX H KYCOUHO-
JIMHEHHBIX annpokeumauuil. B padorax[11,13,14]B kauectBe
yIpaBJIeHUH HCMOJb30BANUCh KyOHYECKHE CIJIafHbI, 4TO
MO3BOJIHJIO 3HAUUTEBHO COKPATHTL pa3MEPHOCTb peliaeMoH

) vix, 2

sk By, r)

MHOTO3KCTPeMaJibHON 3ajauu onTUMH3auuu (10 5—7 nepe-
MEHHBIX ), T10Jly4ast IPU 9TOM Pe3yJ/IbTaThl, XapakTepHble /sl
KYCOUYHO-TTOCTOSIHHBIX H KyCOUHO-JIMHEHHbBIX arnpoKCUMAalUH.

B kauectBe MeTo/a ONTUMH3ALMK B 3TOH paboTe UCMOoJb-
3yeTcsl 3apeKOMEeHI0BaBLINI ceOsl Ha NpaKTHKe alalTHBHbIN
cayyaidublil mouck [11,13,14], a Tak:ke — HEKOTOpPbIE €ro MO-
JUUKALKH, O3BOJISIOLIHE B HEKOTOPBIX CJydasix yJyqlIuTb
anantuBHble cBoicrBa CIT M, TeM cambIM, COKPATHTb KOJIM-
YeCTBO BBIYUCJIEHUH 11eJIeBOH (DYHKIIUH, HEOOXOMUMbIX JIJIst
noJiydeHust npuemsiemMoro petiienus. [locaenHui pakt AB/s-
eTcsl BaXKHBIM, TaK KaK KpaeBas 3ajiaua, ornpejeJssiemMast Bbipa-
KeHusMu (3) u (4), petnaercst B 370l paboTe KOHEYHO-Pa3-
HOCTHBIM METOJIOM, H, /151 HEKOTOPbBIX CJlydaeB, OAHOKPaTHOE
BbIUMCJIEHHE 1eJIeBOH (yHKIMM MOxKeT 3aHumartb ot 30 ce-
KyHJ1 10 60 CeKyH]l KOMIBIOTEPHOTO BPEMEHH.

4.1. OnucaHve aganTUBHOIO C/Iy4aHOr0 NOMCKA

Jlasiee npuBeieM KpaTKoe OlUCcaHue UCI0Jb3yeMoro B pa-
6oTe alanTUBHOrO cjyyarHoro noucka. OpraHusauuio npo-
ecca cJy4alHoro noucka B o6111eM BUIe MOYKHO MPEICTaBUTh
crenytoliim o6pasom. ITouck pasbuBaeTcsi Ha HEKOTOpoe
unesio waroB. Ha kaxnom 1iare 1o onpesieIeHHOMY 3aKOHY
c/lydailHbIM 00pa3oM BBLIGHPAIOTCS 3HAUEHUsS BEKTOpa apry-
MEHTOB LleJIeBOH (YHKLHH, U MOACYHTHIBACTCS 3HAYEHHE Lie-
sieBoil pynkiun. Ha kaxmom miare CIT 3akoH, o xoropomy
BLIOUPAIOTCS 3HAYEHMSI MEPEMEHHBIX H3MEHSETCS TaKUM 00-
pa3om, 4yToGbl BEPOSITHOCTD MOMAAaHUs B €-OKPECTHOCTb MC-
THMHHOTO MHHHMyMa YyBeJMuusach Obl. JIs STOro HCroJib-
3yeTcs MHGOpMAalUs, MoJyYeHHass Ha TMPEIbIIyIIUX 1larax
noucka. He Hapyuiasi oOLIHOCTH, MOXKHO CKasaTb, YTO ajar-
rauuio CIT nop ocoGenHoctu 1eneBoil ¢yHkuuu obecre-
UMBAET YMEHbILEHHE JUCTepcHd pa3bpoca BOKPYr TOUYKH
HanboJIee MpernosaraeMoro HaxoxaeHust ontTumyma. Ha pu-
cyHKe | ToKasaHo KaK U3MEHsSIeTCsl BUJL (PYHKIIUU TJIOTHOCTH
BEPOATHOCTH pacrpesiesieHust /s JIByX MepeMeHHbIX B 3a-
BHCHMOCTH OT KOJIMYECTBA LLIAroB cjy4aiiHoro noucka. Ha
nepsom uiare CII, xorna Her HUKaKo# MHpOpMaLMK O M0-
JIOXKEHUH MUHHMYMa, TOUCK BEJIETCS ¢ PaBHOMEPHOH MJIOT-
HOCTBIO pacrlpefeieHusl M0 BCeH 00/1aCTH  OMpele/IeHHs
uesieBol hyHkuuu (cMm. puc. la.). B npouecce noucka npo-
MCXOJIUT HaKOTJIeHHe HH(OpPMALMK O XapakTepe MoBeJeHH s

by fbirg,xa) e i

Puc. 1. Mpumep usmeHeHUs BUAA (PYHKLUUM NIOTHOCTU BEPOATHOCTU pacnpepeneHns Ans ABYX nepeMeHHbIX
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Ta6n14u,a 1. I'Iapameprl, ucnoJsibyemblie B YUCJIEHHbIX JKCNEepUMEHTax

Papuyc R

0.04375 m

BbicoTa 2L

0.1160 m

KoachdununeHT TennonpoBOLHOCTM NPOAYKTa

1.5443x107 m*s ™

HauanbHas Temnepartypa npoaykra 7,

71.0°C

HavmeHoBaHue MWKDPOOPraHn3moB

Baccillus stearothermophilus

netansHoctn F

Zp 10 °C
T, (°C) 121.1°C
Micnonb3yemblii KpUTEpMI KayecTBa NPOAYKTa CpepHss noTeps BUTAMUHOB
Ze 25.56 °C
D, 178.6 min.
T, 121.11°C
MUHUMaNbHO HEOOXOAMUMBI YPOBEHD .
8 min.

(bYHKIMH 11eJT1, U BUI (PYHKIMH MVIOTHOCTH U3MEHSIETCS] TAKHM
00pa3oM, 4To HanboJee HHTEHCUBHO MOUCK OCYLLIECTBJ/ISAETCS
B 00JIaCTH IPEAI0JaraeMoro pacroJioxKeHuss MUHUMyMa Lie-
JeBoil ¢yHkuuu (cM. puc. 1b). Ha s3aksounTtesibHbIX 1marax
(hYHKILMS JIOTHOCTH pacripe/ieieHHs BbIPOXKIAETCs B JIe/bTa-
dyHkuuio (cMm. puc lc). bosee nogpoGHO ¢ ajJropuTMOM CJIy-
4alHOro MOHCKA MOXKHO 03HaKOMHUTbes B padorax [11,13,14].

5. Mony4eHHble pe3ynbTaThbl

B rabauue 1 npuBeneHbl napameTpbl, HCHOJb3yeMble
Jajee B UMCJEHHBIX KcrepuMmenTtax. Creyioliye npeaBapH-
TeJIbHble pacueTbl OyIyT HEOOXOAUMbI U1 IEMOHCTPALUK pe-
3yJIbTATOB ONTHMM3ALMH C HCIOJb30BAHHEM BapHaOesbHbIX
pexxkumoB. Ha pucyrke 2 uzobpakena Kpupast, Kaxjasi Touka
KOTOPOH ormpeae/sieT TeMrepatypy M MPOAOJAKUTENbHOCTD
CTepUJIN3aLMH, HeOOXONUMble JYI TOJIyY€HHS HTOTOBOTO
NPOJyKTa ¢ MUHUMAJIbHO TpeGyeMbIM YPOBHEM JIETAJIbHOCTH.
B cBoto ouepesnb, 115t KaXK/I0H TOUKH KPUBOH, U300 PaKeHHON
Ha pUC. 2 ObLIO TMOACYMTAHO 3HAUEHHE KPUTEpHsl KadyecTBa
npojykra (2). Ilosydennasi Takum o6pa3oMm Kpubasi IMpejl-
cTaBsieHa Ha pucyHke 3. M3 pucyHka 3 BUIHO, 4TO KOHCTaH-
THBIH PEXKHUM CTEPUJIM3AlUKU 0OecrneunBaeT MaKCHMAJbHO
BO3MOXKHBIH yPOBEHb KauecTBa NpoayKTa, paBhbiil 53 %. Kak
BUJIHO M3 PHUCYHKA 2 3TOT YPOBEHb CTEPUJH3ALMH 0OecneuH-
BaeTcst Temrnepatypoi crepusudaiu — 118°C u nponosmxu-
TEJIbHOCTBIO CTEPUIIM3ALIUH, PaBHON 98 MUH.

5.1. 3agaya MaKCMMU3aLUM NULLEBOr0 KayecTBa
npoayKra

Ha pucynke 4 npueneHbl noJiydenHble nocie 600 nte-
pauuil amanTHUBHOTO CJIy4alHOro IOMCKA TeMIlepaTypHble

KpPMBbI€ aBTOKJIABA M KPUTHUECKOH TOUYKH KOHTeHHepa. Ypo-
BeHb KauecTBa MPOyKTa MPH 3TOM cocTaBui 55% MNpoTus
53% obecneynBaeMbiX KOHCTAHTHBIM PEXMMOM CTEPHJIH-
3allMH, a MPOJIO/IKUTEIBHOCT CTEPUIN3aLUH — 89 MUH., UTO
Ha 9 MHHYT MeHbllle TPOJIOJKUTENLHOCTH COOTBETCTBYIOLIETO
KOHCTaHTHOTO pexkuma (cM. puc. 3). Takum oGpa3om, Bapua-
OCJIbHBIA PEXKUM CTEPHJIM3ALUKN 0OeCeyns MoJlyyeHHe UTO-
TOBOTO TPOJyKTa OoJiee BLICOKOTO KayecTBa M 3a MeHbliee
BpeMsl CTepHJIM3aLHH.

5.2. 3agaya MMHMMU3ALUMN BPEMeHU CTepUNn3aLum

B 3ajaue MUHUMU3alUM BPEMEHH CTEPUJIU3ALMK OblJl Bbl-
6pan 50% ypoBeHb MUHHMAJLHO BO3MOXKHONO Ka4yecTBa HTO-
rogoro npojykra. [losydennnie nocsie 700 urtepaumii ciy-
YallHOro MOKCKa TeMIepaTypHble KPUBbIE MPECTABJIEHbl Ha
puc. 5. [1pogo/mkuTeIbHOCTD BapHabebHOTO PeXKuMa CTepHu-
JIM3AlMK coCTaBUIa 65 MUH., YTO Ha O MHUHYT MEHblle Bpe-
MEHH COOTBETCTBYIOIIEr0 KOHCTAHTHOTO pEXKUMa CTepHU-
JM3alUH, T.e. pexxuma, obecneunsaiouiero 50% yposeHb
KauecTBa Mpojykra (cm. puc. 3).

6. On1caHue AManoroBoi NPOrpaMMHON CUCTEMBI
«OPT-PROx»

Huanorosast nporpammuas cucrema « OPT-PROx» nosto-
CTbIO peaJiu3yeT ONUCAHHBIN BbIlle MOAXOM K PELIeHHIO 3a1ay
ONTUMHU3ALMK [pollecca cTepuandaluu. [Iporpammuast cue-
TeMa COIEPKHUT Cle/lytoline Be paboune BKJAAIKH (CM. puc. 6):

« «Thermal diflusivity estimation»: opueHTHpPOBaHA
Ha BblUMCIeHHE KO3 UIKMEHTA TEMIONPOBOAHOCTH MPO-
JyKTa; TIpolleaypa BBbIYUC/IEHHS KOo3(dHIIMeHTa TemnJonpo-
BOJIHOCTH 0a3upyeTcsi Ha HCIOJIb30BAHUH TeMIIePATypPHbBIX
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Puc. 3. KpuBas onpepensiowas 3aBMCMMOCTb YPOBHSA NULLEBOI LLEHHOCTU OT NPOAOIKUTENBHOCTH
¥ TeMnepaTypbl CTepUAU3aLum

KPUBbIX aBTOK/IaBa W KPUTHUECKON TOUKH KOHTEHHepa, MoJly-  MUIIEBOH IEHHOCTH U JIETAJbHOCTH UTOTOBOTO MPOJyKTa.
YeHHBIX SKCIIEPUMEHTANBHO (TeMrepaTypHasi KpuBasi aBTO- Hasiee paccMoTpuM 3Ty BJaKy 6odiee 1ogpo6Ho. I'pynbl
KJ1aBa MCIOJb3YeTCsl /151 PELIEHUs] TPUBEJEHHON BbIllle Kpa-  JMAJOrOBbIX 3JeMEHTOB, OObeIHHEHHbIX HAaUMEHOBAHUSIMH
eBOM 3ajlauu, a TemrepaTypHasi Kpuasi Kputuieckoi Toukd — «Heat transfer parameters», «Retort temperature», «Come-
KOHTeilHepa — Jisl TOJIcueTa 3HaueHust Kpurepusi, onpene-  up time» u «Cooling» npenHasHaueHbl AJisi TapamMeTpU3allu
JISTIOILEro GJIM30CTh TeKyllero Kos(@uirenTa TeMIoNpoBoA-  HCMO0Jb3yeMOl KOHEUHO-PA3HOCTHON CXeMbl 1 BapHaGeIbHOTO
HOCTH, MOAOUPAEMOTO CJyYAHHBIM TTOUCKOM, K HCTUHHOMY ). pexuma crepusmuaaiiyu (eM. puc. 7). [pynna auanorosbix sJe-
«  «Thermal processing optimization»: opuentupoBana  MeHToB «Thermal process lethality and quality parameters»
Ha pellieHHe OJHOKPUTEePHAJIbHBIX 3aa4 ONTHMH3ALMHU 1PO-  NpeHasHaueHa Juls BBOJAA KOHCTAHT, HCIOJb3YyeMbIX s
ecca CTepUIM3aLMu MPH HAJMUYMK OFPaHHYEHUH HA YPOBHM  MOJCYETA CTEPUJIM3YIOLLero ¢deKTa U KpUTEepHEB KauecTBa
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Puc. 5. TemnepaTtypHblie KpMBble aBTOKJIaBa U KPUTUUYECKOU TOYKU KOHTEWHEepa, COOTBETCTBYIOWME HaAEHHOMY
ONTUMANbHOMY PEXUMY CTEPUNU3ALUM ANA 3aAaYN MUHMMU3ALMU NPOJOJIKUTENIBHOCTU NPOLLECCa CTepUInU3aL UM

(nuieBo# nenHoctn). I'pynna anementoB «Optimization
problem definition» nosBoJisier noJsib3oBaTe 0 cHOPMYTHPO-
BaTb CBOIO 3ajlauy ONTHMH3aLMH, BbIOPAB M3 MPeoCTaBJleH-
HOTrO crucka Tpebyemyio LeseBylo (yHKUMIO W TIOMETHB He-
o6xoMMble orpanndenust. B npaBoit uactu Braajaxu «Thermal
processing optimization» pacrosio:keHbl cpejcTBa BH3yaJH-
3allMK T0JIy4aeMOro pelieHHtsl, MO3BOJISIOLIHE MOIb30BATENIO
KOHTPOJIMPOBATH MPOLECC ONTHMH3ALIMH.

[Iporpammuass  cucrema «OPT-PROx»  cuaGxena
(haitsioM-cripaBKoi, JOCTATOUHOH JIsi O3HAKOMJIEHHSI CO

BCEMM €€ BO3MOXKHOCTSIMM, HEYMOMSIHYyTbIMH B HACTOSILIEN
paborte.

7. 3aKknioueHue

Pacemotpennbiil B paboTe MeTO/ MO3BOJISIET MOBBICHTh
3 heKTUBHOCTL MNpolecca CTePUIM3alUK  MPOLYKTOB MH-
TaHUs B MPOMBILILJIEHHBIX aBTOKJaBaX. Pa3paboTaHHasi jua-
qoroBasi cucrema «OPT-PROx» nenaer npejcraBsieHHBIN
METOJL JIEMKOJIOCTYIHbBIM J1/151 IPAKTHYECKOTO TPUMEHEHMUS].
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AHanu3 cpeacts 6apbepH0|71 CUHXPOHU3aLUun
Hukonaes B.H., LokTOp TexHUueckux Hayk, npodeccop; Bonobyes C.B., acnupant
KypcKuit rocyfapCTBEHHbIN TEXHUYECKUI YyHUBEPCUTET
BeepeHue Tpe60oBaHMA K CPpeACTBAM CUHXPOHU3ALUU
DyHKIHOHUPOBAHKE  MHOTOIPOLECCOPHBIX  BBIYUCIIH- Onpezenm popMasbHbie TpeGOBaHUS K cpecTBaM Gapb-

TesibHbIX cucereM (MBC) npeanosiaraet KoopauHaiilio napads-
JIEJIbHBIX MPOLIECCOB, PAa3MELIEHHBIX B PA3JMUHBIX MOJIYJIAX
cucreMbl. OHOH M3 CTAHAAPTHBIX (OPM MOJOGHOH KOOPAH-
HaLWH aBJsieTest 6apbepHas cHHXpoHu3auus. OHa obecneyu-
BaeT CorJlacoBaHhe MOMEHTOB 3aBeplleHUs U 3aIycKa rpymnin
MPOLLECCOB B ONpe/ie/ieHHON TOUKe NPOrpaMmbl, Ha3biBaeMoi
6apbepoM. DpdeKTHBHASA peanu3alus JAHHOH MPOLEeLypbl
BJUSIET HAa MHOrHe XapaktepucTuku MBC: npousBopuresib-
HOCTb, HAPALLMBAEMOCTb, OTKA30yCTOHUMBOCTD.

€pHON CUHXPOHU3ALUH:

Ty — min;
Cps — max;
Eg <Eg,

e Tgs — cpennee Bpemsi cunxponusauun; Cgg — Kom-
EBS -
CTPYKTYpHasl CJOXKHOCTb CPEJICTB CUHXPOHHU3ALHH (EBS -

6HH8TOPH8H r’nb6KOCTh CPeACTB CHHXPOHHU3ALWH,

npeaesabHo 10MyCTUMOE 3HAYCHNUE )
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Bpewmsi Tgg onpesienisiercst Kak cpeiHuii HHTEPBAJ MEXKITY
MOMEHTOM JIOCTH:KeHHSI Oapbepa BceMM Mpoueccamu Oa-
PbEPHOH TPYMIbl 10 MOMEHTA AKTHBU3AlMK TMOCJEIHEr0 U3
HUX. [ToCKOJIbKY MOJHOCTBIO UCKJIOUMTL Oapbepbl U3 Tapai-
JIeJIbHBIX TPOrPaMM HEBO3MOXKHO, CHHKEHHE BpeMeHH | gg
npH pa3paboTKe MEXaHH3MOB OapbepHONW CHHXPOHH3ALMH
HOCHT OIlpefieJisiiolllee 3HauUeHHe Jylsl MOBbILIEHHSs TPOU3BO-
jutesibHocTd MBC. Oco6eHHo 3T0 XapaKTepHO JIJIsi CHCTEM C
MeJikoOsounbIM (fine-grained) napaJssienusamom.

Kom6unatophyio ru6Kocth cpejcets cunxporusatnn Cgg
MOXKHO (hOpPMaJIbHO TIPEJICTABUTh KaK OTHOLIEHHE YHcaa J0-
MYCTHMBbIX BApHAHTOB pa3MelIeHHs] CHHXPOHM3HUPYEMbIX
npotieccoB B MBC Kk o61iemy umncsy Takux BapuantoB. Ha-
wiyutinm nokasatesiem sipasiercss Cgg =1, npu kotopom
JIOTIyCKAaeTCsl MPOU3BOJIbHOE ~PACIOJIOKEHHE CUHXPOHU3H-
pyeMbIx mpoueccoB. CHKeHHe KOMOHHATOPHOH THOKOCTH
YCIOXKHSIET 3ajiady pasMellleHHs] CHHXPOHM3HPYEeMbIX Mpo-
116CCOB M BCTYMaeT B MPOTHBOPEUHE CO CTaHIapTaMH MapaJ-
JiesibHOTO nporpammupoBanust (OpenMP, MPI).

Besnuuna £gg xapakrepusyeT 0CHOBHbIE ACTIEKThI CII0XK-
HOCTH CPEICTB CHHXPOHM3ALMM W MOXKET BKJIoUaTh B cebs
annapatHyio CJ0XKHOCTb Wpgg, KOMMYHHKALMOHHYIO CJIOXK-
Hoctb (Dgs, CyMMapHoe 4MC/I0 ONepaTopoB B COCTaBe CHC-
TEMHBIX YTHJIMT, KOJHYECTBO MepeaBaeMbIX COOOIIEHHH H
T.1. [lpu peanusauuu annapaTtHoid MOLIEPKKH CHHXPOHH-
3alUH JIst MHOTOTPOLIECCOPHBIX CHCTEM Ha KPUCTAJIIE CTPYK-
TypHas CJOKHOCTb Fpg XapakTepusyeTcst MIIOMa/bIo KpHC-
TaJjlja, 3aHUMaeMoro MoACUCTEMON CHHXPOHU3ALIUH.

[ToMHUMO MpeacTaBAEHHBIX CyleCTBEHHBIMH XapaKTepHc-
THKaMH CpeJICTB GapbepHOl CHHXPOHH3AIMM SIBASIOTCS Ha-
paulMBaeMoCTb H ToMoJIorHyecKasi yHuBepcabHocTb. Hapa-
IMBAEMOCTb OLeHUBAETCS OOBEMOM CXEMHBIX H3MEHEHHH B
Cpe/CTBaX CHHXPOHM3ALMH MpH 100aBJeHHH/ Y eHH 1po-
IECCOPHBIX MOJyJIel, a TOMoJIorHuecKasi YHUBEPCAJbHOCTD
3aKJI0YaeTCsl B BO3MOXKHOCTH HCMOJb30BAHHsI CPEJICTB CHH-
xpoHusauuu B MBC ¢ passimuHoi TonoJsiorued.

Knaccugukaumsa v aHanus cpepcte 6apbepHoii
CUHXPOHU3aLUM

CyllecTByeT MHOXKECTBO OPUIHHANIBHBIX MOJIe/Iel, obecrie-
yMBaloLNX 6apbepHyl0 CHHXPOHM3aLMIO. Bee X MoxKHO pasjie-
JIUTb Ha TPU IPYNIIbL: TPOrpaMMHble, annaparHble, THOPUIHBIE.

[Iporpammuble petenust 6apbepHON CHHXPOHM3ALUH pe-
AJIM3YIOTCS UCKJIIOUMTENIbHO Ha MPOrPaMMHOM YPOBHE C HC-
MOJIb30BAHUEM PA3JIMUHBIX AJATOPUTMOB B3aHMOJIEHCTBHUS.
JlaHHble pelleHMsl, KaK [PaBH/IO, JIsi CUHXPOHH3ALMH HC-
MOJIL3YIOT pasjie/isieMblil CYeTYHK (MaccuB cueTynkoB) [1,2],
nporpamMHoe fepeBo [3,4] uin nosranHble ajiropUTMbl B3a-
umozericTBust [5]. Mcrosib3oBaHue MporpaMMHBIX pellieHHst
yIpoulaeT peasn3aluuio CHHXPOHU3ALMH, TaK KakK MPH 3TOM
HCTIOJIb3YIOTCS CTaHAAPTHBIE MporpamMmuble cpeactsa MBC.
Kpome 3toro, nporpaMmHble MOAE/IH HE 3aBUCAT OT TOIMO-
JIOTUH CHCTEMbl, YTO YBEJMYUBAET HX TMOKOCTb U MEPEHOCH-
MocTb. OJlHaKo, peasin3alysl NPOrpaMMHON CHHXPOHH3ALMH
B CHCTEMax, OCHOBAHHbIX Ha PA3JIMUHBIX TEXHOJOIHSX 00-

MeHa JaHHbIMH MJIH Pa3JIMUHBIMM annapaTHbIMH 0COGEeHHOC-
TIMH, TpeOyeT KOPPEKTHPOBKH H/WJIH pa3paboTKU HOBBIX pe-
LIeHUH (MexaHu3M 6apbepHON CUHXPOHU3ALIMK /1T CHCTEM C
6ecrnpoBOHON ceTblo [6], peanusalust 6apbepHON CUHXPOHHU-
sauun st MyJeTunpoueccopos CELL [7]). 'naBubiMu He-
JI0CTaTKaMM TPOrPaMMHBIX CPEACTB SIBJsIETCST Goslee HU3KasT
CKOPOCTh PaGoThl (BBICOKOE 3HaueHue | gg) M 3HAUUTEJbHAs
JIOMOJIHUTE/IbHAS HATPY3KA HA CEThb Mepelaul JaHHbIX.

['ubpuanbie cpenctBa OGapbepHOH CHHXPOHU3ALMH Xa-
pakTepusyloTes  MoauUKalKen MapLIpyTH3a-
tTopoB MBC, ynpassstioliyx nepefauell nakeTos, MyTeM J0-
6aB/JeHHs] CrelMabHBIX annapaTHeX GJ0KOB, Gepylnx Ha
cebst PYHKIHH YaCTHUHOH 06paboTKH GapbepHBIX COOOIIIEHHH
u/unn kondurypauuy G6apbepHoli rpynnbl. [logapasioulee
6OJILIIMHCTBO TUOPUIHBIX pellieHuil ajsi obecnieueHust 6apb-
€PHO¥ CHHXPOHU3ALIMH MOJU(ULMPYET CYLIECTBYIOLLYIO KOM-
MYHHKALIHOHHYIO CETh COMVIACHO BUPTYaJIbHONH OapbepHON TO-
noJjiorny (He3aBUCHMO OT huauueckoit ToroJsiorun MBC) [8,
9, 10]. I1pu sTom nu60 HacTpauBaloTCst MyTH Tepeiadn cooo-
L1eHUH 110 PUKCHPOBAHHBIM JUHUSIM CBsi3H [8, 9], 6o JnuHu
CBsI3U, OOeCreuuBalolie MpsMoe COeIMHEHHE YyYaCTHHKOB
cunxponuszaunu [10]. JlaHHble pellleHHs] HUCMOJB3YIOT HMe-
IOLILYIOCST TTPOTOKOJIBI TIepe/iayd JaHHBIX, BCJIEJICTBHE 3TOTO
UX HEJIOCTATKOM SIBJIIETCS CHHXKEHHE B TOW WJIM HHOH Mepe
NPOMYCKHOH cMOCOGHOCTH KOMMYHHKALLMOHHOH ceTH. Bpewms
CHHXPOHHM3ALMH TTOJ0OHBIX PeLeHUH 3aBUCUT OT TeKYLLEeH HH-
TEHCUBHOCTH UCIOJb30BAHUS CETH Nepenaun AaHHbix. Kpome
9TOr0 MOCTPOEHHE BUPTYaslbHOTO JlepeBa YBEJHUHBACT Ha-
YaJIbHYI0 3a7€PKKY CHHXPOHH3ALINH.

AnnapatHble pelieHusi 6GapbepHOH CHHXPOHU3ALIUH TIPE]l-
NoJIaralT peasnuadaliio Npoueaypbl CUHXPOHH3aLUMH Ha oc-
HOBE CrelUaIM3HPOBAHHBIX GaphepHbIX TPOLECCOPOB /WK
KOOPJIMHUPYIOUIUX Cpell ¢ 0COObIMH MPOTOKOJAMH B3aUMO-
neiictBus. 11 3T0ro B G0JBUIMHCTBE CIYyUaeB HCMOJb3YIOTCS
annaparHble cueTudkd [11] uanm nepeBbsi JOTMUECKUX 3Jie-
mentoB M [12, 13]. BMBC c o61ieli naMsTbio 10BOJILHO YACTO
HCTIOJIb3YIOTCS anmnapaTHble KOHTPOJUIEPBI WM (GUIBTPLI [ 14,
15], noxcoenuusiemble K MojCHCTEME MaMSTH M OTCJIEKHUBA-
IOLKE 3aMpOChl K pasiesnsieMbIM CUETUMKAM CUHXPOHH3ALMH,
OJIHAKO OHH TPUMEHUMbI TOJLKO K HEOOJBIIMM CHCTEMAM.
OTebHO MOXKHO BBIAENTh PELeHHs C HCMOMb30BaHHUe Crie-
[HaBLHON JIOTHKH (CXeMbl C HCTOJb30BAaHHEM MOHTAXKHOTO
N [16], G-line [17]). AnnapaTHble pellieHust oOecrneunBaoT
MakKcHMaJibHoe ObICTpOJeHCTBHE (MUHMMasIbHOE 3HAyeHHe
Tgs), onHako xapakTepusyloTcst psiioM HeaocTaTkos. Llen-
Tpanu3oBaHHble ycTpoiicTBa [11] HapyaloT oAHOPOAHOCTD
CHCTEMBI, YCJIOXKHSISI ee HapalluBaHue W HeraTHBHO CKa3bl-
BasiCb Ha OTKA30yCTOHUYHBOCTH. HeBblcokasi komGHHAaTOpHAS
ru6koets Cgg Muorux petennii [12, 16, 17] yeaoxusier 3a-
Jlauy MJaHupOBaHHUsl IPOLECCOB U IPOTHBOPEUHT CTaHAApTaM
napaJsJieJlbHoro nporpaMMupoBaHusi. BBepeHue 060JibLIOTO
uhcaa JIONONHHATENbHBIX (DU3MUECKUX JIMHUH CBA3M MEXKIy
npoueccopamu [16], yBesuurBaer cymMMapHyto mjolaas co-
eIMHEHUH ¥ 3alepKKy pacrnpocTpaHeHHs] CHTHala Ha KpHC-
tasne CBUC (6oabuioe snauenue £gg). Kpome Toro, Muorne
M3BECTHbIE arnapartHble MpoLelypbl CHHXPOHH3ALMH [TPUBSI-

CEeTEeBbIX
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3aHbl K KoHkpetHo# Tonosiorun MBC [14 — 17], uto orpanu-
yiBaeT 06/1aCTh UX IPUMEHEHHSI.

3aknyeHue

B pa6ore copmyinpoBansl TpeGoBanus K CpeACTBaM Oa-
pbepHOIl CHHXPOHH3ALIMH, NPUBE/eHa MX K/aaccHdukauus. B
XOJle aHaJ/IM3a BbIsIBJICHDI JOCTOMHCTBA U HeJOCTAaTKH CYLIeCT-
BYIOLLIMX [IPOrPAMMHDIX, allapaTHblX U FTHOPUIHDIX PeLIeHUH.
[Iporpammuble cpeactBa OGapbepHON CHHXPOHH3aUMH, 00-
Jlajiasi BbICOKOW FMOKOCTBIO M MPOCTOTON peanu3alui, siBJjs-

1oTcst HaubGoJsiee MeyieHHbIMU. [ToBBICHTH GBICTpOsIEHCTBHE
BO3MOXKHO IyTeM annapaTHON MO/l P:KKU MPOLIELYP CUHXPO-
Huzauuu. Jlo6aBsenue annapaTHbIx 6JIOKOB B CeTEBbIE Maplli-
PYTH3ATOPbI T03BOJISIET YBEJMUHTH CKOPOCTb CHHXPOHH3ALHH,
OJIHAKO OKAa3bIBAET 3HAYNTEJbHOE BJMSHHE HA TMPOMYCKHYIO
CMOCOGHOCTL CETH Mepeiaun JIaHHbIX. AnnapaTHble npolec-
Copbl U ceTH GapbepHOH CHHXPOHU3ALMK 00eCTIeunBaloT MaK-
cuMaJjibHoe ObICTPOJIEHCTBHE, MMO3BOJSIS 3HAYUTENBLHO TMO-
BbICUTH nipousBojutesibHocth MBC. Tlpu 3ToM HelocTaTKy,
XapakrepHble /151 OOJbILIMHCTBA annapaTHbIX pelleHuH, or-
pPaHUYMBAIOT KPYT UX TIPUMEHEHHS.

Jlutepatypa:

L.

[Marent Ne7512951B1 CILIA, MKW 7 GO6F9/46. Barrier synchronization object for multi-threaded application / R.
Marejca (CLIA). — Ne10/641172; 3asizieno 14.08.03; ony6a. 31.03.09. — 13 c.
[Tatent Ne2005/0050374 A1 CILIA, MKH 7 GO6F 12/00. Method for synchronizing processors in a multiprocessors

2.
system / T. Nakamura, N. Sukegawa (SInonusi). — Ne10/894064; 3asizneno 20.07.2004; ony6.1. 03.03.2005. — 14 c.

3. Tzeng, N.-F Distributed Shared Memory Systems with Improved Barrier Synchronization and Data Transfer [ Tekcr]
/ N.-F. Tzeng, A. Kongmunvattana // Proceedings of the 11th international conference on Supercomputing, Vienna,
Austria. P. 148 — 155. 1997. Publisher: ACM New York, NY, USA.

4. Mamidala, A.R. Efficient barrier and allreduce on InfiniBand clusters using hardware multicast and adaptive algo-
rithms [Texer] / A.R. Mamidala, J. Liu, D.K. Panda // Proceedings of the 2004 IEEE International Conference on
Cluster Computing, 2004. P. 135 — 144.

5. Suapioc, ['P. OcHOBBI MHOTOMOTOYHOTO, MaPaJIENbHOTO U pacrpeieleHHOro porpaMMupoBanus.: [lep. ¢ anra. —
M..: M3narenbckuil jom « Buibsime», 2003. — 512 c.

6. Tzeng, N.-F Efficient Barrier Synchronization on Wireless Computing Systems [Texer] / N.-F. Tzeng, B. Kasula, H.
Wu // 11th International Conference on Parallel and Distributed Systems (ICPADS'05), July 2005. Vol. 1. P. 782 —
788.

7. Bai, S. Barrier Synchronization for CELL Multi-Processor Architecture [Teker]/ S. Bai, Q. Zhou, R. Zhou, L. Li //
Ubi-Media Computing, Lanzhou, July 31 2008-Aug. 1 2008. P. 155 — 158.

8. Tlarent Ne5721921 CILIA, MKM 6 GO6F13/38, 15/16. Barrier and eureka synchronization architecture for multipro-
cessors / R.E. Kessler, S.M. Oberlin, G.M. Thorson (CILIA). — Ne450251; 3asBieno 25.05.95; ony6.1. 24.02.98. —
37 c.

9. Tlarent Ne6085303 CIIIA, MKU 7 GO6F15/16. Serialized race-iree virtual barrier network / G.Thorson, R.S.Passint,
S.L.Scott (CIIA). — Ne972010; 3assaeno 17.11.97; ony6a. 04.07.2000. — 22 c.

10. Sartori, J. Low-overhead, high-speed multi-core barrier synchronization [Teker]/ J. Sartori, R. Kumar // High Per-
formance Embedded Architectures and Compilers, Lecture Notes in Computer Science, 2010. Vol. #5952. P. 18—34.

11. Tlatent Ne6216174 B1 CLLIA, MKH 7 GO6F15/80. System and method for fast barrier synchronization / S.L. Scott,
R.E. Kessler (CIIA). — Ne09/162673; 3asizaeno 29.09.98; ony6.a. 10.04.2001. — 10 c.

12. Tlarent Ne5434995 CIIA, MKM 6 GO6F15/16, 15/80. Barrier synchronization for distributed memory mas-
sively parallel processing systems / S.M.Oberlin, E.C.Fromm (CILIA). — Ne165265; sassneno 10.12.93; ony6a.
18.07.95. — 25 c.

13. Tlarent Ne7444385 CIIA, MKW 7 GO6F15/16. Global interrupt and burrier network / M.A. Blumrich, D. Chen,
PW. Coteus u ap. (CLLIA). — Ne10/468997; sasizneno 25.02.02; ony6a. 28.10.08. — 10 c.

14. Sampson, J. Fast synchronization for chip multiprocessors [Tekcr] / J.Sampson, R.Gonzalez, J.-F.Collard [et al] //
SIGARCH Computer Architecture News. 2005. Vol.33, Ne4. P. 64—69.

15.  Monchiero, M. Efficient synchronization for embedded on-chip multiprocessors / M. Monchiero, G. Palermo, C. Sil-
vano, O. Villa // IEEE Transactions on very large scale integration (VLSI) systems, October 2006. Vol. 14, Ne10. —
P. 1049—-1062.

16. Delgado M., Kofuji S. A distributed barrier synchronization solution in hardware for 2D-mesh multicomputers //
Proc. 3rd Intl Coni. High Performance Computing, Dec. 19—22 1996. IEEE: 1996. P. 368—373.

17.

Abellan, J.L. Efficient and scalable barrier synchronization for many-core CMPs [Teker] / J.L. Abellan, J. Fer-
nandez, M.E. Acacio // Proceedings of the 7th ACM international conference on Computing frontiers, Bertinoro,
Italy, 2010. — P. 73—74.
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Ponb HAaHOMOPOLUKOB B MOAVICIJMLIMPOBaHVIM cnnaBoB

F'ynesckuit B.A., KaHOMAAT TeXHUYECKMX HayK, foueHT; Toctes A.C., 6akanaep; loctesa E.I., 6akanasp

B dannoil cmamoe Oviau paccmompervl Hogeliuiue cnocodvl MoOUPUYUPOBAHUL KOHCMPYKUUOHHLX CHAABOS, 8 HAC-
MHOCMU NPUMEHEeHIEe HAHONOPOULKOB 8 Kauecmae MoOupuKamopos.
KantoueBbie coBa: moduguuyuposanie, HAHOMOOUDUYUPOBAHLE, HAHONOPOULKU

Bnomeﬂﬂee JIeCsITH/IETHE HAHOTEXHOJIOTHH aKTHBHO BHEJL-
pAIOTCS BO BCE OTPAC/H MPOMBILIJICHHOCTH W HayKH, W
MeTaJulyprusi He uckJjioueHne. [IpaBuTesbCTBO BO TJaBe C
[Ipesunenrom PO nopnepkuBaloT pa3BUTHE HAHOTEXHO-
JIOTHH.

[Ton MoauduuMpoBaHHEM uyryHa MOHHMAlOT BBOJ B
JKUJIKHH UyryH Tiepesl 3a/IMBKOH B JIUTelHble (DOPMbI Crely-
a/bHBIX TBEP/BIX, MOPOIIKOOOPA3HBIX MJIH 2KHUIKHX, TIPOCTHIX
1 KOMIJIEKCHBIX MOJH(UKATOPOB, JIUTATyp, CIJIABOB M TaK
janee, Majo M3MEHSIOIINX XMMHUYeCKHI COCTaB, HO 3HAYH-
TeJIbHO yJIy4llaloliie CBOKMCTBA YyryHa, a TaKxKe CJIHBaHHE
¥ nepeMellMBaHue JIBYX KMJKHX CIIJIaBOB C Pa3/HUHBIMH XH-
MHUYECKHMH cocTaBaMu. MouHIIUPOBaHKE ABJSETCS OHUM
13 HauboJsee 3(h(HEKTUBHBIX METOJIOB BO3AEHCTBHSA HA KPHC-
TaJVIU3ALMIO C LJbIO MoJIydeHHs GJIarONPUATHOR CTPYKTYPbI
rpauTa W MaTpulibl, CJI€l10BATE/NbLHO, MOBbILIEHHE CBOUCTB

4yryHa.
Poccust  —

CTpaHa HHU3KOTEMIIEPATypHOTO BarpaHou-
Horo uyryHa. Ilns 3ddeKTHBHOrO HCMOJMb30BAHUS MarHUi-
coliepaKalX MOIU(MUKATOPOB M PE3KOro YJydllieHHs Ka-
YeCcTBa YyryHa y BarpaHOUHON TEXHOJIOTHH HET BaXKHEHIIero
napamerpa — TeMIlepaTtypbl Meperpena. B jydiiem ciydae y
BarpaHK{ IOCTUraeTCst TeMIlepaTypa Ha BLITyCKHOM 2KeJi00e
1360°C (naneko He y Kax[oil), KOTOpOi XBaTaer Iyisi o6pa-
OOTKH 4YyryHa TOJILKO (eppocHULINeM, TpuueM, 3(pdek-
TUBHOCTb MOJM(HUUMPOBaHUS KpailHe HH3Kas. B HacTosiiee
BpeMsi B MMPOBOH MpaKTHKE HET MOAM(HKATOpa, KOTOPLIN
pabotan 6bl ¢ BBICOKHM MOAM(HUIMPYIOMIIM 3(Hh(HEKTOM MPH
Temnepatypax pacriasa Huxke 1300°C. ITpennpunnmarorcsi
TMOMBITKK MOBBLICUTL TEMIEPATypy BarpaHOYHOro uyryHa 3a
CYeT BBOJA AJIOMHHMEBBIX TEPMUTHO-MOMUGMHULIUPYIOLIIX
NpHCAIoK B KOBILI, HO TeMIEPaTypy B KOBILIE YIAeTCs MOIHATD
¢ 1310°C no 1347°C, uto He periaet npoOJIEMBI.

Penienne mpo6/eMbl MofM(HIMPOBAHUST HU3KOTEMITepa-
TYPHBIX PACIUIaBOB YyryHa BO3MOXKHO Ha OCHOBE MPHHLIUITH-
aJIbHO HOBBIX TOJIXOJ0B C YY€TOM OTKPBITHS (hyJliepeHOBOI
MPUPOJIbI XKENE30YTJIEPOIUCTBIX PACTIIABOB. EC/IH CYIIHOCTbIO
TPAMIMOHHOTO MOIU(MHUIIMPOBAHUS SIBJSETCS CO3JIaHHE JI0-
MOJIHATEJIbHBIX 1IEHTPOB KPUCTAJIM3ALUH, TO CYIIHOCTbIO
HaHOMOJU(UIIUPOBAHHS SIBJISIETCS YIIpaBJIeHHe CTPYKTYPHBIM
COCTOsIHHEM pACIlIaBa, a Ha ero OCHOBE H MPoLeccoM 06paso-
BaHUsI OTMOJHATE/IbHBIX [IEHTPOB KPHCTAJJIH3ALNH.

C yueToM MaciITaGUPOBaHUsi CTPYKTYpbl pacrijiaBa 4y-
ryHa (puc.l), HaHOMOMM(HIIMPOBAHHE €CTb lleJieHanpan-
JIeHHOe H3MeHeHHe TeKYIero CTPYKTYPHOTO COCTOSIHHST pac-
TJlaBa Ha JaHHOM MacluTaGHOM YPOBHe CHCTeMBbI (pacriaB
UyryHa) ¢ LeJiblo BJHSIHUSI HA HepaBHOBeCHble (pa3oBble Ie-

pexonbl B pacrJiaBe, OTBeYalolMe 3a HAMpaBJeHHOCTb €ro
CTPYKTYPHOI caMOOpraHH3aluH.

O606111as1 BeCh CYILIECTBYIOIIUH OMNBIT MOAU(PUIIUPOBAHHS
1 B 3aBUCUMOCTH OT Maciutaba CTPyKTypHOIO COCTOSIHUS pac-
MJ1aBa MOXKHO BbIIEJIUTb TPH YPOBHSI CTPYKTYPHOH camoopra-
HU3alMK pacryiaBa uyryHa, a, cjefloBaTe/IbHO, H TPH crocoba
MoaubuLHpoBaHust (puc.2):

«Hanodasnoe» momuuiMpoBaHne XHMHUECKHMH 3Je-
MeHTaMH; CTPYKTYpHast 0CHOBA pacr/iaBa yyryHa — KJacTephl.

«Hanorerepochaznoe» MoauduipoBaHue HaHOMOPOLI-
KaMH; CTPYKTypHasi OCHOBA pacrjiaBa uyryHa — arperatipo-
BaHHblE HAHOCTPYKTYPbI.

«TepMoHHAMHUECKOE»  MOAU(DUIUPOBAHUE THIOBBIMU
MOM(bHKaTOpaMH; CTPYKTYpHAsi OCHOBA pacrjaBa 4yyryHa —
(bpakKTasbHbIe arperarsl.

[lepBble nBa crioco6a OTHOCATCS K «HAHOMOIM(MHIUPO-
BaHUIO», MOC/EIHUI K «MaKpoMOAM(pULHPOBaH1IO». B cBs3u
C BBOJIOM MTPUCTABKH «HAHO» HEOOXOAMMO CeJaTh CJeytollee
nosicHenre. B HacTosiliee BpeMst OKOHUATEJBHO YCTAHOBJIEHbI
pasMepHble KPUTEPHH HAHOCTPYKTYPHOTO COCTOSIHHST KpHCTaJI-
sudeckux ted [ 1]. BepxHuit paamepHbIi 1pejies1 HaHOCTPYKTYpbl
cootBerctByeT 100 HM, HIXKHII — 05...1,0 HM (cM. puc.1).

Hanodasnoe moauduuppoBatne obJanaeT caeiyolumu
MeXaHH3MaMH:

— ocyllecTB/sieT GJOKMPOBKY CBsI3€H B KlacTepax;

— BCTpPAUBAET JEMEHTbI U X XMMUUECKHUE COEIMHEHUS B
CTPYKTYPY byJliepeHoB (HHTEpKaJIHPOBAHHE );

— BBOJMT BO BHYTPEHHIOW MOJIOCTb (yJIePEHOB XUMH-
yecKHue 3J1eMeHTbl ¢ POPMUPOBAHUEM SHI03PAJBHBIX COS/IH-
HEHUH;

— CIIMBAeT KaK KJacTepbl, TaK W eIUHHUHbIE QyJiepe-
HOBbBIE CTPYKTYpPbI (MHTEPKAJATBI U SHI03]PAJibl) B arperatu-
pOBaHHbIE HAHOCTPYKTYPbI;

— CO3/A€T yryepojHble (yJIepeHOBbIE CJIOH 3a YaCTHLLAX
BTOPO# (ha3bl 3a cueT Katasuthueckoro neicteus [TAD.

Hanorerepocdaznoe MoauduiMpoBaHue HaXOAUTCsl B
CTaJIMK CTaHOBJIeHUs. Kak MpaBuiio, HauIyulnii ekt gaet
MOAM(MHULMPOBAHHE HAHOTIOPOLIKAMH C PA3MepPOM HacTHIL
meHee 100 HM [2]. JlaHHBbIe MeXaHU3MbI BO3JICHCTBHS (DaKTH-
YeCKH SIBJISIIOTCS HHCTPYMEHTapueM MeHHOH MHXKEHEepHH pac-
nsiaBa, GOPMUPYIOLIMMH 3aaHHOE CTPYKTYPHOE COCTOSIHHME
pacniaBa.

Tepmomnamuueckoe MOAMPUUMPOBAHME — 3TO KJACCH-
yecKoe MOAM(HUIIMPOBAHHE THIOBBLIMH MOAM(HUKATOPAMH M
JIUraTypamu, py BBOJIE KOTOPBIX B PACIJIaB UyryHa HAUMHAIOT
NpoTeKaTb XHMHYECKHE peakliM, OMUCbIBaeMble B paMKax
KJaCCHUECKOH TePMOJMHAMUKN U (PU3UUECKON XUMHUH.
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| Pacnnas I

Atom (0,154 Hm) I

Knacrep (0,3 Hm) | w

dynnepen (0,7 Hw) ]

3Hpo3apan (10..20 Hm) ] A "'~

Hanouactrua (100...200 Hm) J

dpakTansHelie arperatel (7,0 mem) ]

Kpuctann rpadura (0,1 mn) ]

Puc. 1. CTpyKTypHO-MacluTabHas opraHu3aLus Xene3oyrnepoaucToro pacniaea

[ Moanduuuposanne J

[ HﬂHﬂlI)ﬂ]Hl]E ] [ HHH[II"ETE]JU[I)HBH[IE ] [ TEPMOIHHAMHYCCKOE ]

i

mac‘repuue] -[HaHl]llﬂpﬂl.l.[HHJ '[ MOAH(PHKATOPBI ]

HHTEPKAJHPOBAHHOE ]

_[ ¢yanepenosoe ] _[ JIMTATYPBI ]

IHA0D/1PaAJIbHOE ]

JAHCCHITATHBHOE ]

Puc. 2. Knaccudmkauua npoueccos moauuymposaHus



Hosbpb, 2010 r. « TomI « N2 11 (22) - «Monopnoit y4&Hblit»

TexHU4yecKkue HayKu| 55

OCHOBHbBIM NPU3HAKOM HAHOMOJAH(ULMPOBAHHS SIBJSETCS
BbICOKAs JVIUTEJIbHOCTL MOAM(UUMPYIOLLEro sddeKkTa — 10
30 MuH., a yIs1 MAKPOMOJUHULIMPOBAHUST — HU3KasH JJIUTEJIb-
HOCTb MOAM(HUIIMPYIOLILEro (deKTa 10 7 MUH., UTO U MPEJO-
Npeaeuio pa3BuTHe BHYTPUMOPMEHHBIX METOI0B MOAU(HU-
LHPOBaHMS.

TexHomorust HaHOMOIM(HUIIMPOBAHHUS — 3TO KOBIIEBasi
TEXHOJIOTHsl BBOJA MojauduKaTopa, KoTopasi MPaKTHUECKH
He H3MEHSIeT CYLIECTBYIOLLYI0 OpPraHU3alHOHHO-TPOU3BOJC-
TBEHHYIO CTPYKTYPY JIUTEHHOTO 11€Xa U He TpeOyeT Cepbe3HbIX
KanUTaJbHbIX 3aTPAT Ha ee BHEJPEHHE.

Ec/u nofxouTh K OMUCAHUIO TEXHOJOTHH HAHOMOJH(H-
LUMPOBaHUsl ¢ OOLIMX KJIACCHYECKUX MO3ULMH, TO M0 CBOEMYy
MeXaHH3My HaHOMOAM(HUUHPOBAHHE COBMELLAET KaK MOJHU-
cdunmposanue 1 pona, Tak u mopuduuuposanue I pona. Mo-
nudunpoBanue [ pona Ha HaHOMacIITabe MPOsiBJIAETCS B TOM,
4TO 00pa3oBaHUe TOJUMEPHBIX CTPYKTYP OJIOKHPYET PacTBO-
peHue YrJepoJIHbIX HaHOUaCTHIL, a Mopuduimposanue 1l posia
NPOSIBJSETCS B TOM, YTO [OJMMEPHU3aLMOHHbIe NpoLecchl [3]
CrOCOOCTBYIOT arperaTUpOBaHHUIO YIJIEPOAHBIX YACTHLL B 110J1-
HOLLEHHbIE TOMOT€HHbIE LEHTPbl KPUCTALIH3ALMH TpaduTa.

Takum o6pasom, HaHOMOAM(ULMPOBAHUE TPEACTABJSET
co60i  Pa3HOBHAHOCTb KOMILIEKCHOTO MOAMMHIMPOBAHHUS
pacriaBa uyryHa[2-5].

Hanomonndukarop 3¢h¢heKTHBHO BJMsET Ha KpHCTaJ-
JIM3ALMIO He TOJIbKO rpacuTHOl (a3bl, HO U HA (ocduaHyo
9BTEKTHKY, M Ha T€PBUUHOE 3€pPHO UyryHa, U Ha (hasy Heme-
TaJIJIMUECKUX BKJIIOUEHHH, AKTHBU3UPYs MOCJEIHION B Ka-
UeCTBe JIOMOJIHUTEJIbHBIX T'eTEePOreHHbIX LEHTPOB TpadUTH-
3aunn. HaHoMonndUIMpOBaHe HOCUT eIMHbIA W BCEOOLIHH
XapakTep BO3JEHCTBUSA KaK Ha »KUIKHH, TaK W Ha KPUCTAJIIH-
3YIOLLMICS YYTYH, HE3ABUCUMO OT €ro npeiplcTopuu. pyroi
BaKHeilllel 0cO6EHHOCTbIO HAHOMOJU(PULMPOBAHUS SIBJISI-
€TCsl ero HU3Kask YyBCTBUTENbHOCTD K 3HAUUTE/IbHBIM KoJleOa-
HUSIM XHMHUECKOTO COCTaBa pacrjaBa 4yryHa v K crocobam

Jlutepatypa:

MJIaBKK, a TakKe MOJaBJEHHE TPOsIBJEHUS «HACJEICTBEH-
HOCTH» LIMXTOBBIX MATEPHAJIOB B CTPYKType YYryHHOH OT-
JIUBKH, 110cKoJIbKY [TAD, Bxosiiume B coctaB MoaudHkaTtopa,
BO3IEHCTBYIOT H30HUPATE/NLHO Ha (DOPMHUPOBAHHE CTPYKTYpbI
UyryHa W CTPyKTypooOpasoBaHHe MPH €ro KpHUCTaIIH3aliN.
Takxxe HaHOMOAM(UIIHPOBAHHE TTPOTHBOJIEHCTBYET SIBJIECHHIO
YBSIaHHs] HHOKYJTHPYIOLIEro s(deKTa B MPOIlecce BbIle PKKHU
pacrJiaBa B KOBLI€ Mepeji 3a/IMBKOH (hOPMbl, UTO YBEJHUUBAET
TEXHOJIOTHUECKUH LIMKJI KHBYY€ECTH paciliaBa yyryHa.

OcHoBHO!l pe3y/bTaT HAHOMOAH(MHULMPOBAHUS: TOJHAS
MOAH(HULMPYEMOCTb IOMEHHBIX H BarpaHOUHBIX YyTYHOB TIPH
Temnepatype :kupkoro uyryHa 1180..1280°C, mosblienne
MPOYHOCTHBIX CBOKMCTB 4UyryHa Ha 2—3 MapKH, JIMKBHIALUS
yCANIOYHBIX IBJAEHUH J106O0H TPUPOJIbI, MOJIHAS [IEPJHTH3ALUS
MaTpHlLbl YyryHa, CTaOUIH3aLMs U TIOBbILLIEHHE TBEPAOCTH HA
(20..30)%, uTo yJIyuIIMI0 MeXaHHUeCKYI0 06pabOTKy uyryHa
[6,7].

B Hacrositiiee Bpemsi ccepa NMpUMEHeHHsT HAHOMOJIUGH-
KaTopa 3HAuYMTeJbHO paciupunach. MoauduirpoBanye
KOBKHX UYIyHOB [03BOJIHJIO COKPATHUTh IJHTEJNbHOCTb I'pa-
(hUTU3UPYIOLLETO OTXKHTa 10 1.5 4acoB MpH CHUKEHHH TEM-
nepatypel omxura jo 850..950°C. Momucunuposanune
ANOMUHHEBBIX JIUTEHHBIX CMJIaBOB, OPOH3 U JaTyHel JHKBHU-
JMPOBANIO MOJHOCTBIO yCa0UHbIe SIBJEHHS B OTJHBKAX H I0-
BBICHJIO KayeCTBO MeXaHOOOpaOOTKH 3a CYeT MOBbILIEHHS H
CTaOM/IU3aLUMH TBEPAOCTH MPH CYLIECTBEHHOM M3MeJIbUeHHH
CTPYKTYpbI ciaBoB. [IpoBeieHbl 9KCIepUMEHTHI 110 MOJU(H -
LMPOBAHHUIO JIMTCHHON CTaJIH.

BoirosiHeHHble HCC/I€L0BAHUST CO BCEH ONPeesIeHHOCTbIO
MOKAa3bIBAIOT O HAJWYMHM €IMHOr0 MeXaHH3Ma BO3IEHCTBHS
HaHOMOJU(UKATOpa Ha U3MeHeHHe CTPYKTYPhl XKHIKOTO pac-
MJlaBa pPasjiMuHbIX KOHCTPYKUHMOHHBIX MaTepuasos, (yHuia-
MEHTaJIbHYIO OCHOBY KOTOPOTO €l1e MPEACTOUT BbIICHUTD, YTO
JacT TeopeTHueckylo 6ady st pa3paOOTKH HOBOH IPYIIIb
MPUHLMIHATBHO HOBBIX THIIOB MOAM(HKATOPOB U JIUTATYyP.
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Knaccudukauma cuctem o6HapyKeHUs yTedeK Ha MarucTpanbHbiX TPy6onpoBoaax
HedTH, ra3a u HepTenpoAyKTOB

MuwkuH 6., nHxeHep
000 «NHcueT ABTOMaTMKa»

UcTeMbl 0OHAPYKEHUsl YTeUeK Ha MarucTpajibHbIX Tpy-
6o1poBojax HedTH, raza 1 HeTENPOAYKTOB MPU3BAHbBI
PEUIUTD, IIaBHBIM 00pa3oM, CJeyIolIHe 3a1auH:

+  stdeKTUBHAsA 3alUTa OKPYXKAolIel Cpejibl OT 3arpsia-
HeHUs MyTEM CHIXKEeHHsSI 00bEMa HeTH, KOTOpas BHIHIET U3
TpyOoInpoBoja Npy BO3HHKHOBEHHH pa3pbiBa, 3a CYET COKpa-
LIeHHS] BPEMEHH OT BO3HMKHOBEHHUsI YTeUKH 10 €& oOHapy-
JKEHHUS,;

+  3ammra HedTEnpoBoAa OT HECAHKIMOHHPOBAHHbIX
BPE30K.

[TosiB/ieHre yTeuKH Ha MarucTpasbHOM TPyGOTPOBOJIE CO-
TPOBOK/IAETCST LIEJBIM  PSIIOM H3MeHeHHH (DH3HUKO-TeXHH-
YeCKOro COCTOSIHMSI TPYyOONpOBOAA W OKPY:KAaIOLLEro Mpo-
cTpaHCTBa BOJIM3H MecTa €€ MOosIBJICHHUS:

*  H3MeHEeHHe CKOPOCTH U JIaBJIeHUs TIOTOKA MepeKauuBa-
€MOro MPOJLyKTa;

*  H3MCHEHHEe MOLUHOCTH, NoTpebJ/seMoll epekaynBalo-
LLIMMU arperaTamu;

*  BO3HMKHOBEHHE
1yma;

*  TOBBILIEHHE MPOIIEHTA 3ara30BaHHOCTH BO3/lyXa OKpY-
JKaloLEH Cpebl;

*  M3MeHeHHe TeMrepaTypbl TpyHTa BOJU3H MeCTa yTeuKH
v 1p.

B cBsi3u ¢ BbllllecKa3aHHbIM, B HACTOsILLeE BpeMst J/isl 06-
Hapy»KeHHUs1 yTeueK U HeCaHKIIMOHUPOBAHHBIX BPE30K paspa-
60TaHO OPOMHOE KOJIHYeCTBO MeTOO0B [l —3], 0oCHOBaHHBIX
Ha Pa3JIMUHbIX (PU3HIECKHUX SIBJIECHHSX U 3aKOHAX.

Huxke npezicra/ieHa ofiHa M3 BO3MOXKHbBIX CHCTEM KJ1aCCH-
(buKalyu yrevex.

Knaccudukauus metonoB o6HapyKeHHs1 yTeueK B 3aBUCH -
MOCTH OT pexkMMa paboTbl TpyOOIpoBoja:

1. Metoabl, npuMeHeHHEe KOTOPbIX BO3MOXKHO IIPU CTa-
THYECKOM pexkume paboTbl TpyGonpoBoaa, T.e. Koraa rnepe-
Kayka MpOJyKTa OCTAHOBJICHA, a OT/AEJ/bHbIE CeKLHMH TpyOoI-
POBOJIA €r0 HAXOASTCS MO/, THAPABJIHUECKUM JaBJCHHEM,;

2. Metojpl, NpUMEHEHHE KOTOPbIX BO3MOXKHO TIPH JHHA-
MHYECKOM pexKuMe paboThl TPYyOONPOBOJA.

Knaccndukanys metooB o6HapyKeHUs yTeueK B 3aBUCH -
MOCTH OT Me€PHOANYHOCTH KOHTPOJIS:

1. MeTojibl MEPUOJMYECKON TIPOBEPKH HAJIHUMS yTeuek,
OCYLLECTBJISIIOLLMECS] Yepe3 HEKOTOpble MPOMEXKYTKH Bpe-
MeHd. K paHHO# rpynne oTHOCSITCS naTpyJ/bHble, ra3oBble,
PaJlMOAKTUBHbBIC W JIPYTHe METOJbl, NPUMEHseMble Uit 0OHa-
PY2KEHHSI MECT HE3HAUMTEJIbHBIX YTEUEK.

2. MeToabl HenpepbiBHOH MPOBEPKH HAJUUUS yTeuek,
JICHCTBYIOLIHME TTOCTOSIHHO.

Knaccudukauus metonoB o6HapyKeHHs1 yTeueK B 3aBUCH-
MOCTH OT MX KOHCTPYKTHBHOT'O HCIIOJIHEHHUSI:

CHeU,I/I(bI/I‘{GCKOI'O AKyCTHYECKOTO

l. Craumonapuble (BCTpOEHHbIE) CUCTEMbI (METOJL CpaB-
HEHHUs] PAcXO0B, OTCJEKHUBaHUE JaBjeHHs B TpyOOIpo-
BOJIE);

2. MeTojpl, HCMOJb3YIOIIME 3JEMEHTbI, TPAHCIIOPTHPY-
emble 110 TPyOOIMpOBOJLy C MepeKaulMBaeMbIM TPOJYKTOM, Ha-
npUMep, paHOAaKTUBHBIN KUIAKUH H30TOI;

3. Ilarpy/ibHble, 3TO, Kak MNpaBuo, OOXOMUMKH, OCHa-
LIEHHbIE YCTPOUCTBAMU OOHAPYKEHHUS yTeUeK.

Knaccudukauys MeToI0B KOHTPOJS yTeueK B 3aBHCH-
MOCTH OT (PM3UUECKOTO METO/IA:

1. CHuxKeHMe JIaBJIeHUs TTepeKaunBaeMoro MpoayKTa rnpu
MOsIBJEHUH YTEUKH (METOJL TTOHUKEHHS AaB/JIeHHs ¢ PUKCHPO-
BaHHOW WJIM CKOJIb3sIIIIeH YCTaHOBKOM );

2. CKOpOCTb pacrpocTpaHeHusi BOJIHbI TOHWXKEHUS JaB-
JIEHUs, OTpULATe]bHAs YyAapHas BoJHA (MeTOJl OTpHlA-
TEJIbHBIX YIAPHBIX BOJIH );

3. Pacxox nepexkaynBaemoro npojykra (MeTo/, CpaBHEHHS
pacxojioB);

4. VM3meHenue pacxona (MeToj CpaBHEHMSI H3MEHEHHs
CKOPOCTH PACXOJIOB;

5. KosuecTBo nepexaunBaeMoro npojaykra (JIHHEHHbIN
6ananc);

6. BBenennblii xkujiKuii H30TOM ( paIMOaKTHBHBIA METO/L);

7. AKycTHUecCKHe LIYMbl YTeUKH (yJIbTPa3BYKOBOH METO,
AKyCTHUECKHH (Ha3eMHBbIH ), METO/L aKYCTHYECKONH IMUCCHH );

8. T'az (MeTo TpaccUpyIOLIMX TAa30B, Ja3epHbIH raszoaHa-
JIMTHUECKUU METO/L);

9. M3ameHeHHe COCTOSIHUSI MOBEPXHOCTH Tpacchl TPyHOIl-
poBoJa (BH3yaJsIbHbIH MeTOo HAabJIOICHUS 32 TPACcCON );

10. laBnenue abcostoTHOE (METO/L KOHTPOJISI TepMEeTHY -
HOCTH THPABJIHYECKUM UCTIbITAHHEM — OTPECCOBKOH );

11. CkopocThb NMOHWKEHHsI JaBJieHHs] (METOJl CTaTHdec-
KOTO JIaBJICHHUS );

12.  CxopocTb nepenasa gaBaeHust (MeTox aAuddepeHiH-
aJIbHOTO JIABJIEHHUS );

13. H3amenenue nepenasa jaBsenusi (MeToJ repernaja
JIABJICHUST 30HI0BbIH ).

Knaccudukauus MeTo10B KOHTPOJIS yTeuek 1o XapaKkTepy
B3aUMOJICHCTBHSA C NEpeKAYNBAEMON CPeaOH:

1. AxTuBHBIE (H3JlyueHHE B MEePEKAUMBAEMYIO CPely YJib-
TPa3BYKOBbIX KOJIeOAHUI OMpele/IeHHON 4acTOThl U NIPHUEM B
MecTe MOBPeXKIACHHUS );

2. TlaccuBHble (M3MepeHHe LIYMOB YTEUKH );

3. Tlpsimoii crioco6 (30H/bI, Kabeu U.T.11. );

4. KocBeHHblil crioco0 (JaBjieHHe, CKOpPOCTb TOTOKA,
pPacxo/ ¥ CKOPOCTb PACTIPOCTPAHEHHS BOJIH ).

B Hacrosiiiee Bpemsi 3(h(DeKTUBHYIO MPAKTHUECKYIO pe-
aJM3alMIo TIPEACTABJSIOT JIBA HarpasJeHus, obecreyuBa-
IOLLMe TOUHBIN U ONlepaTHBHbINH KOHTPOJIb!
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l. MaremaTnueckoe Mojie/IMpoBaHue, TMpeacTaBJsiollee
co60H KOMIJIEKC METOJIOB U 9KCIIEPTHOK MOJIEJIH /ISl OTpejie-
JICHHS] yTeueK, peaJu30BaHHbIH TOCPEJICTBOM MPOrPAMMHbBIX
¥ annapaTHbIX CPEJICTB;

2. Axycruueckue METO/Ibl OTIpEIeeHHS yTeuek.

1 MeToabl MaTeMaTUYECKOro MOAENMPOBAHUA

B pesyabrate BHE3arnHOro BO3HHKHOBEHMSI T€UH B TpYy-
60MpoBOJIE MOSIBJSIETCS] KPAaTKOBPEMEHHOE U3MeHeHHe JinHa-
MHYECKHX [apaMeTpoB [0TOKAa, KOTOpPOe OT MecTa pa3pblBa
pacnpocTpansietcss B o0e CTOpoHbl TpybGonposopa. Yepes
OTIpe/ie/IeHHOE BpeMsi BOJIHBI BO3MYIIEHHS TOCTENEeHHO 3a-
TyXalT, W yCTAHABJHBAETCS HOBbIF CTAallHOHAPHBIA PeXKHUM
TEUEHHSI C yHeTOM BeJIHUMHbBI pacxoja yTeuku. MeTojipl, ocHO-
BaHHble HAa U3MEpPEHHH U aHa/M3e napaMeTpoB BO3MYIIEHHUS
[I0TOKA, BbI3BAHHOIO YTEUKOH, LUIMPOKO MPUMEHSIIOT B CHC-
TeMax yrpaBJeHHs.

[1pu coBepllIeHCTBOBaHMH CHCTEM OOHApPYKEHHS yTeueK B
TpyOONPOBOJAX OJIHUM M3 TJIABHBIX SIBJISIETCS] BOIIPOC HCKIIIO-
yeHHs1 olMOOK yrpaBJ/eHust 00CTyKUBAIOLIUM TepCOHANOM,
NorpeLHocTell noKasaHuil NpuOopoB, MaTeMaTHYeCKUX Me-
TOJ0B, CPEACTB cOOpa U Mepefayl AaHHbIX.

OnHUM M3 NEepCreKTHBHBIX HAMpaBJeHUH KOHTPOJS TPY-
6OMPOBOJIOB ABJIAETCS HCIOJIb30BAaHHE TApAaMEeTPHUECKUX Me-
TOJIOB, OCHOBAHHBIX Ha MCIMOJb30BAHUH LITATHBIX CePUHHBIX
npubopoB U cpeacTB cHopa W neperaur HHPOPMALMH B CO-
CTaBe THIMOBBIX IPOEKTOB aBTOMATH3aLIUH TPyOOIPOBOJIOB.

[TapameTpuyeckue METOIbl MOIYT TaKxKe YCHELIHO MpH-
MEHSATbCS /151 0OHApy»KEHUs1 MECTHBIX 3acopeHHil Tpybor-
POBOJIOB M OMpeEJie/IeHUst KOHTAKTa Pa3HOCOPTHBIX MPOYKTOB
MPH MOCJ/IEA0BAaTE/bHON MepeKauke 1o TpyOonpoBoy.

B cayuasix, Korja oTCyTCTBHE HEOOXOAMMBIX JATUHKOB
WIH CPeACTB c6opa M 00paboTKM MH(OpPMALUM He TMO3BO-
JISieT [POU3BECTH TOYHYIO OLEHKY TEXHUYECKOIO COCTOSIHMSI
o0beKTa TpyOONpPoOBOAA, LeJecO0Opa3HO MPUMEHATh KOM-
OMHMPOBAHHbIE METO/bl TEXHHYECKOH IHArHOCTHKH W KOHT-
pOJIsl, KaXKIbl U3 KOTOPbIX HUMEET Pa3/MuHyl0 (PU3UUECKYIO
ocHoBy. Tak, Hampumep, KOMOMHALMUSI METONOB AKYCTH-
YECKOH 3MHCCHHM M MapaMeTPUUeCKOHW IHATHOCTHKH M03BO-
JISIleT YMEHbLUUTb [IPOLEHT JIOXKHBIX cpabaTblBaHUH W [10BbI-
CHUTb YyBCTBHUTEJILHOCTb CUCTEMbl KOHTPOJISI JIMHEHHOMN yacTH
TpyOONpPOBOJA.

Kommiekcnast cuctema JMarHocTMKH MoxKeT Gasupo-
BaTbCsl Ha MapaMeTPHUYECKMX MeETOoJaX KOHTPOJIs KaK Ha-
nboJsee YHHUBEPCANbHbIX, JOCTATOYHO 3((HEKTUBHBIX U OT-
HOCHTEJIbHO 11POCTbIX. HuxKe H3/102KeHbl KpaTKHe ONHCaHUs
OCHOBHbBIX HanGoJlee UCOJIb3YyEMbIX METO/LOB.

2.1.1 MeToabl CTaTUYECKOrO KOHTPONA

Jlannasi rpynna MeTo10B 0GHapYKeHHS yTeueK NpUMeHnMa
K TeM TpyOOTpoBoiaM, Ha KOTOPbIX OCTAHOBJEHA MepeKayka.
[Tpn cTaTHUECKOM KOHTPOJIE YTEUKY MOXKHO OOHApYXKHUTh Me-
TOJOM TIAJeHHsl JaBJeHHs] U MeTOoM JuddepeHIHaIbHOr0
nasjenusi. [Ipu nenosib3oBaHWK MEPBOro METOA MepeKpbiBa-

I0TCS1 3aIBMKKH Ha HEKOTOPOM yJacTKe TpyOONpoBoJia, a 3aTeM
Ha 3TOM yyacTKe CO3[aETCsl JaBJeHHe ONpeleséHHON BeJu-
unHbl. B Teuenune Hekotoporo Bpemenu, Harpumep 20 MuH.,
HaOJIONAIOT 32 U3MeHeHHeM JlaByieHus. CHUXKEHHE JIaBJeHUs
CBHJETENbCTBYET O HAJIMYHM AedeKTa TPyOOMpoBOaa, yepes
KOTOPbIH TIPOUCKOJIUT yTeuKa. DTOT MeTOJ OoJibllie U3BECTeH
KaK MEeTOJI THIPaBINIECKUX HCTIBITAHUH HJIH OTIPeCCOBKa.

AHaJIornuHbIM HeJoCTaTKOM oOJsiafnaeT U Metol audde-
PEHLMAJBHOTO JABJIEHHS], IPU HUCIIOMb30BAHUH KOTOPOTO CO-
314I0T HEKOTOPOE JaBJeHHe BO BCeM TPyOONpoBOJE, MOC/e
Yero nepepbiBaloT 3aJBHAKKU U CPABHUBAIOT JABJEHHE JIO U
nocJie KaxKJo# 3a/iBHKKH. Pa3Hulia B JaBJeHUsX YKa3blBaeT
Ha CyllleCTBOBaHHE YTEUKH.

JlaHHble MeTO/bI CUUTAIOTCST IOCTATOYHO TOYHBIMH U I103-
BOJISIIOT 0OHApy:KHBaTh yTeukn nopsaka 0,1—1,0 m3/u. Cy-
ILIECTBEHHBIM HEJIOCTATKOM JAHHBIX METOJOB SBJSIETCS He-
BO3MOXKHOCTb (DMKCALIMK MECTa MOBPEKICHHUS TPYOOITPOBO/A.

2.1.2 MeToabl Ha OCHOBE MOAENMPOBaHMA Npolecca
nepeKayku

Hanbosiee npocTbiM MeTOIOM JIAaHHOH TPYMIbl SIBJISIETCS
MeToJ CpaBHeHHH pacxonos. Eci TeueHue npojpykra B Tpy-
601poBoje MOMIEPKHUBACTCS CTPOrO YCTAHOBHUBLUMMCS, TO
pacxol Ha BXoJie JIOJIXKEH CTPOro COOTBETCTBOBATbL PACXOMLY
Ha BbIXOJE, a Jito0oe pasjnyue pacxojoB OyleT CBHUIETEJb-
CTBOBATb O HaJWYMK yTeukd. OJHAKO HA MpaKTHKE TeucHHe
pPeaKo SIBJISIETCS YCTAHOBUBILMMCST BCJEACTBHE KoJieOaHUH
TemIepaTypbl, 1aBJeHUst U [JIOTHOCTH. Pasmep yTeukH, Ko-
TOPYIO MOXHO JICTEKTHPOBATh M0 M3MEHEHHIO PACXOMOB, 3a-
BUCHT OT TOYHOCTH H3MepPeHHUH KoJieGaHUH 9THX TapaMeTpoB
1 Bcerja OoJibllie JIOMYCTHMOH TorpelHoctd. Pacxonpl Ha
BXOJIe B JIAHHBIF YUaCTOK HJIM BbIXOJIC M3 HEro H3MepsioTcs
00ObIYHO pacxojloMepaMH, B KOHCTPYKIMH KOTOPBIX TMpeyc-
MOTpeHa KoMIleHcalust KosleOaHUi 1aBJleHUst U TeMIlepaTypbl.
Yem yalle NpoU3BOAUTCS CPAaBHEHHE PAcXO/oB, TeM OblcTpee
MOKeT ObITh OOHAPYKEeHa yTeyKa.

[Ipu BHe3anHo npousollelliel yTeuke B TPyOOIpoBoje
o0pagyeTcs OTpUllATEe/IbHAS BOJIHA JIABJEHHUS, TlepeMelliato-
1asicst B 000MX HaMpaBJeHUsIX OT MecTa yTeukn. OnHako 06-
HapyKeHHe YTeuKH 10 OTPULATEeLHOH BOJIHE JaBJIEHHS J10-
CTATOYHO 3aTPyAHHTEJIbHA, TaK Kak TpelyeTcs CJOXKHAas
cuCTeMa MIEHTH(UKALMH JIOXKHBIX CHTHAJIOB, SIBJISIOLLIAXCS
CJIEJICTBUEM MPOUCXOMSILLMX MPH MePeMeLeHUH BOJHbI J1aB-
JIEHUsT TIepeXoHbIX MpolieccoB. Heboubliine u MemJIeHHO Ha-
pacratolife yreuk He MOryT ObITb 0OHAPYKEHbI JAHHBIM Me-
TOJIOM.

2.2 AkycTnyecKkue meToabl KOHTPOJIA yTeveK

B ofuiem ciyuae akycTHueckuhe METOMbl BKJIIOYAIOT KOH-
TPOJIb SHEPTETHUECKHX XapaKTEPUCTHK KoJieGaHui, 1alolinx
npeacraBjgeHue 00 0oOLIEM COCTOSHHM OOBEKTa, M CIEKT-
pasIbHBIN aKyCTHYECKHE aHaJIu3, ¢ MOMOLLbI0 KOTOPOro, noc-
pPeaCTBOM OMpesie/leHHst U3MEHEHHsI aMIUIUTYL BUOpaluU B
LUIMPOKOM JMarnasoHe 4acToT, YTOUHSIIOT MeCTO M Xapakrep
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BO3HHUKIIIEr0 HapylIeHus. baarogapsi Takum npenmyiiecrsam,
KaK IMOJIHOTA TI0JyYaeMbIX CBEJIEHUI O COCTOSIHUM 3JIEMEHTOB
Tpy6ONpPOBOJIA, MAJ0OE YHCJIO UCITIOJb3YEMbIX IATYHKOB H ObIC-
TPOJIEHCTBHE, aKyCTHUECKUI METO/L KOHTPOJISI TTPUBJIEKAET K
cebe BCE HoJiblllee BHUMAHHE CIEeMATUCTOB.

AKycTHUeCKHe METO/IbI KOHTPOJISI IEJIATCS Ha JIBE TPYTIbI:

1. AKTHBHbIE METOJIbl, OCHOBAHHbIE Ha M3JIydeHHH aKyc-
THYECKUX KoJieOaHUH U BOJIH;

2. TlaccuBHble METO/IbI, OCHOBAHHbIE TOJILKO Ha MpUEME
KoJieOaHUH ¥ BOJIH.

AKTHUBHbBIE METO/Ib, B CBOIO OYepelb, MOAPa3NeNAoTCs
Ha JIBE TPYMIIbl ¢ UCMOJIb30BAHHEM OEryIIHX H CTOSUUX BOJIH.
YabTpasBykoBoil KoHTposib (Y3K) ocHOBBIBaeTCst Ha 3aKOHaAX
pacripoctTpaHeHust, PeJIOMJIEHHUsT U OTPAXKEHHUST YIPYTHUX BOJIH
yactoroi 0,5—2,4 MI'u. [1pu nanuuuu ecdekroB B MeTasie
noJie ynpyroi BOJIHbI H3MEHSIET B OKPECTHOCTSAX JedeKTa
CBOIO CTPyKTypy. [IpenmyliecTBO YJbTPA3BYKOBbLIX JETEK-
TOPOB TepeJ APYTHMH CPEJICTBAMH MPOBEPKH 00bACHSETCS
MPUPOJION 3BYKOBBIX M YJbTPa3BYKOBLIX BOJIH. [locKosbKy
3BYKOBbIE BOJIHbI UMEIOT GOJIbLIYIO UIUHY, TO OHH MOTYT MpPO-
HUKATh Uepe3 CTeHbl U KOMIIOHEHTbI 000PY/IOBAHUS, a TaKXKe
MOTYT OTPaXKaThCsl OT PA3/JHUHBIX MOBepXHOCTEH. Bee 310 3a-
TPYIHSIET OMNpeJiesieHHe MeCTOTOJNOKEHUS HCTOUHUKA T10-
JOGHBIX BOJIH. YJIbTPA3BYKOBbIE BOJIHBI PACIpOCTPaHSIOTCS
M0 NMPSIMOM JIMHWK U HE MOTYT NPOHUKATh Uepe3 TBep/Ible Tea,
HO B TO K€ BpeMsl MIPOXOJIST Yepe3 MeJibuaiiiiie OTBEPCTHS.
[IpuBeiéHHble CBOHCTBA YJIbTPA3BYKOBbBIX BOJIH JIEJAIOT YJlb-
TPa3BYKOBbIE JIETEKTOPbI MPAKTHUECKH HEBOCMPUUMUYUBBIMH
K BHELHEMY LIYMY.

Huzke npusenens ocHoBHble MeTobl Y3K:

. TeHeBoii MeTos, MpH KOTOPOM HCIOJB3YIOT 3BYKOBYIO
«TeHb» 3a jleekroM, T.e. ocjabJieHde aMILIUTYbl MpPO-
uiejiied BosiHbl. M3ayuaTtesib U npueMHHUK yJbTPa3ByKa pac-
MoJIaraloT COOCHO Ha MPOTHBOIOJIOXKHbBIX MOBEPXHOCTSX H3-
gyuatessi. TeHeBOH MeTOJ MOXKHO MPUMEHSATb TOJBLKO TPH
JIByXCTOPOHHEM JIOCTYTIE K OOBEKTY.

2. Dxo-MeToj, MpHU KOTOPOM B KayecTBe TMpHU3HaKa Jie-
(hekTa UCMOJB3YIOT CUTHAJ, OTPAXKAEMbIH TOBEPXHOCTHIO Jie-
thekTa. Ix0-MeTolL HauboJiee LIMPOKO MPUMEHSIETCS Ha MPakK-
THKe. Kpome npeumyiiectBa 0HOCTOPOHHErO JOCTYNA JUIst

Jluteparypa:

Hero xapakrepHa Hau0oJ1blIas «4yBCTBUTEJIbHOCTb» K BbISIB-
JIEHHIO MEJIKHX J1e(DEKTOB.

3. 3epKasibHO-TEHEBOH MeTOJl, PH KOTOPOM MPU3HAKOM
nedekra Cay:KUT ocaabjeHue aMILIMTYbl CHrHaJa, oTpa-
JKEHHOTO OT MPOTHBOMOJI0KHON MOBEPXHOCTH (€€ 0ObIYHO Ha-
3bIBAIOT JIOHHOH T0BEPXHOCTBIO ) H3/IE/IHsT. DTOT METOJ 1001 -
HSAET 9X0-METO/ Te€M, YTO I103BOJISIET BbISIBJSATL HAKJIOHHbIE
nedeKTbl, He aloline NPSIMOro OTPaXKeHHsI.

KoppessiuoHHbIi MeTO, MPUMEHSIOT MPH CHIIbHBIX aKyc-
THYECKHX ToMexax WJHM HelocsraeMocTH Tpybornposona. B
9TOM CJlydae LIyM YTeUKH MPOCYIIHBAIOT B ABYX TOYKAX MOB-
pexkieHHoro Tpy6onpoBoja. Tak Kak TOUYKM HaXoJsaTcs Ha
Pas3IMYHbIX PACCTOSIHUAX OT MeCTa MOBPEXKIEHHUsI, TO Ha NPo-
XOXKJ€HHE PACCTOSIHUSI LIYMOM YTeUKH TpebyeTcsl pasHoe
Bpems. [1o H3BECTHOMY PaCCTOSHUIO MEXKIy TOUKAMH M3Me-
peHMst U pa3HOCTH BpPeMeHH Mpolera CUTrHAIOB KOPPEJaTOp
TOUHO PACCUNTBHIBAET MECTO JiedheKTa.

HenocraTkom akycTHiecKnX MeTOIOB  OOHAPYKEHHs
yTeyek, OCHOBAHHBIX Ha 3amepe aKyCTHUeCKHX KoJeOaHHiH
Ha MOBEPXHOCTH MaTepuasa TpyO WM KOHTAKTa »KHAKOCTbIO
B Tpybe, fBJSIETCS HEOOXOAUMOCTb JOMOJHUTEIbHbBIX padoT
no 06ecrnevyeHnt0 HeMOCPEICTBEHHOrO KOHTAKTa JIATYMKOB C
MOBEPXHOCTbIO TPYO HJIM YCTAHOBKH TMAPO(OHOB (Ha Toj-
BOJHBIX TpyborpoBozaax). JocraTouHo pa3BUThIM HarpasJe-
HHEM aKyCTHYECKOH AMarHOCTHKH, HMCKJ/IOYalOUIMM 3TH He-
JIOCTaTKH, SIBJISIETCSl WCIOJb30BAHHE ABTOHOMHBIX CPEJICTB,
NPOMyCKaeMbIX BHYTPH TPyGONpoBoJa.

B Hacrositilee BpeMst aKyCTHUECKHE MeTOJbl 0OHAPYKEHHSI
yTeuek He MOTYT ObITh 3(h(hEKTUBHO MCMOJIb30BAHBI /IS TPY-
OOMPOBOJIOB U3 TJIACTHKOBBIX TPyO M TPyOOMPOBOJOB OOJIb-
oro uametpa (cbitie 500 Mm).

OueBKiHO, YTO HE CYLIeCTBYET KaKOro-TO OJHOro Me-
TOJIa, KOTOPbIH Obla1 Gbl OMHAKOBO 3(D(eKTHBEH Jyis Jua-
THOCTUKH JIOObIX yTeuek. C/enoBaTesbHO, UTOObl UMETh MaK-
CUMaJIbHYI0  3((EeKTHBHOCTL CHCTEMA JIOJDKHA BKJOUYATh
KOMOMHAIMIO pa3jniyHbIX MeToj0B. [Ipu ncnosb3oBanuu He-
CKOJIbKHX HEe3aBHCHMbIX METO/I0B, BOSHHKAET HEOOXOAMMOCTb
B cIelldalbHOM aJroputme (skcreptHoil cucreme). [loc-
KOJIbKY YCJIOBHSI SKCILIyaTallMd MEHSAIOTCS, TO CHCTeMa oOHa-
PY2KEHHs yTeueK J0/KHA ObITh alanTHBHOH.

1. Byrukos KO.A., Uypa H.U., llInpouenckuit C.1. CoBpeMeHHble JHCTAHLIMOHHbBIE METOJIbI H arnaparypa KOHTPOJIsi
yTeuek U3 MarucTpasibHbIX TpyGonposonos // ABTomaTnsaiysi, TeJeMexaHu3alys U CBA3b B ra30BOK MPOMBbILLIEH-

noctu. M.: UPLI 'agnpom, 1995.

2. Tonbsnos A.A. Auanus MeTo0B 0GHapyyKeHHs yTeuek Ha Tpy6onposoax // Tpaucnopt n Xpanenue HedTenpomyKTOB.

M.: HITITKATC. 2002. Ne10. C. 5—14.

3. Hexkpacosa A.Il. O cratucTHKe aBapHilHBIX U HeCAHKIIMOHHPOBAHHBIX BPE30K Ha MAruCTpasbHLIX He(hTenpoBoaax 1
MepONpHsATHS 110 UX cHIxkenHio // Tpancnopt u xpanenue Hedrenpoaykros. M.: HITIT KATC. 2000. Ne8. C.9—11.
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MNoBblweHMe HaAeKHOCTM NOJIy4aeMOoin U3MepuUTeNIbHON MHOPMaL MK

bparaHey C.A., acnupaHT; CaBumni A.B., acnupaHT; CeBactbsiHoB b.T., goueHT
Bonrorpafckuit rocyaapcTBEHHbI TEXHUYECKMIA YHUBEPCUTET

J’I}oéaﬂ M3MepHuTe/bHas MHpOpMalls, peACTaBieHHast B
aHaJIOTOBOM M JIUCKPETHOM BHJE, MOCTyNarollasi B KOH-
TpoJuiep, He Beeraa 00J1aaeT 10CTaTOYHOH JOCTOBEPHOCTbIO.
IT0 CBA3AHO, MPEXKIE BCEro, ¢ HAJHUUEM PA3JIHUHbIX cO0EB
B U3MEPHUTEJIbHBIX KaHasaX. Bece 9TH cGOM MOTYT MPUBECTH K
NpeXKIeBPEMEHHOMY HJIM OLIHOOYHOMY CpabaTbIBAHUIO 3aJ10-
YKEHHON B KOHTPOJIJIEP TIPOrPAMMBI, @ 3TO SIBJISIETCS HEJIOMyC-
THMO, B 0COOEHHOCTH Ha onacHbIX 0ObeKTax ynpasJseHus. K
TaKMM CHTyalMsIM MOXKHO OTHECTH: JIOXKHOe cpabaTbiBaHHe
CUTHAJIM3allUHM, JI02KHOE (POPMHUPOBAHHE KOMAH]L YIIPABJIECHHUS.
Kazknasi 3 nepeuncyieHHbIX CHTYallni MOYKET NPUBECTH K Bbl-
XOJly U3 CTPOsl JOPOroCcTosiLLero 000pyl0BaHusl, @ KaK CJle/C-
TBHE K Cepbe3HbIM (PUHAHCOBBIM 3aTpaTaM Ha TperpH-
arun [ 1].

OCHOBHOH 11eJ1bI0 JAHHOH CTaTbU SABJSIETCS UCCIEI0BAHUE
CUTyalMil, BOSHUKAIOLIMX B H3MEPUTEJILHOM KaHaJje U npej-
JIO2KEHHE aITOPUTMOB, MO3BOJIAIOLIUX MOBBICHTb HAJIE2KHOCTh
noJiydaeMoi MH(pOpMalnH.

B anasoroBoM M3MepuTENIbHOM KaHaje MOTYT, TMOSIBJIs-
eTcst caenytotue coou (puc. 1, Ay — JIONyCTHMOE 3HayeHue
curHaja): «BblGpoc», «rposai», o6pbiB. [locnennuit c6oit
MO2KHO OTHECTH K 0TKa3y H3MEePUTEJILHOTO KaHasa [2].

«Bpi6pocom» OyneM Ha3blBaTh CHUTYyallMio, KOrJa aHaJfo-
rOBBIF CHTHAJ KPATKOBPEMEHHO BO3pACTaeT U BO3BPAllAETCs
K CBOEMY 3Ha4YCHHUIO.

«[TpoBasom» GyneM Has3blBaTh CHTYaLMIO, KOTJIA 3HAUEHHE
aHaJIOroBOr0 CUrHasla KpaTKOBPEMEHHO YMEHbLIAETCsl U BO3-
BpallaeTcs K CBOEMY JIEHCTBUTEIbHOMY 3HAUECHHIO.

«ITpoBasbl», «BbIGPOCHI», MOTYT BO3HHKHYTb MPH Tepe-
605X B MUTaHUM JATYMKOB, HAJHUMH PA3JMUHBIX HABOJOK B
M3MepHUTebHBIX KaHanax. HaBoaku moryT GbiTh 00yc/oB-
JIEHbl OTCYTCTBHEM IKPAHUPOBAHHS TPOBOJIOB, IPO303ALLUTHI
Y npoJieraHue NpoBOJIOK B MECTaX C 3JeKTPOMAarHUTHbIMU Ha-
BOJIKAMH.

«OOpbIBOM» OyjleM Ha3blBaTh CHUTyallMio, KOTJa aHaJo-
rOBBIF CHTHAJ MepecTaeT MocTynarh B KoHTpoJsiep. To ecTb,

Iapametp
dy

€CJIM YHH(UIMPOBAHHbINH TOKOBbIH BXOIHOM cHTHaN 4...20 MA,
TO 3a «00pbIB» OyleT CYHUTATbCsl €ro OTpUUATe/bHOE 3Ha-
yeHue. «OOPbIB» MOXKET BO3HUKHYTb B CJEIYIOLIMX CHTya-
LMSX: €CJIH MOJHOCTBIO OTKAa3aJl AAaTYHK, TPou3olles 00pbiB
MPOBOJIA, a TaK »Ke B PEIKHX caydasx, otkas monys YCO B
KOHTpOJIIepe, OTBeYalolero 3a o6paboTKy BXOAHOW aHaJIO-
roBoi HHopMaLHH.

B ciyyae AMCKpeTHBIX CHTHaJIOB, MOTYT BO3HUKATb JIBa
cbost: «1pedesr» n KpaTKoOBpeMeHHOe HCYe3HOBEHHE CUrHaJa.

[Ton «apeGe3rom» mMoHUMaeTcsl cjaydalHoe, KpaTKOBpe-
MEHHOE TIOSIBIEHHE JIOTHIECKON eIMHUIbI B JIMCKPETHOM Ka-
HaJie (puc. 2).

BOJIbIIMHCTBO M3 JIAaHHBIX CUTyalil oGpabaTbiBaeTcs U
yCTpaHsieTcsl B CleLMaJH3UPOBAHHBIX MOJYJISX, Ipesara-
€MbIX Pa3JIMYHBIMK [TPOU3BOJAMTE/ISIMU  KOHTPOJIEPOB Bbl-
cokoro knacca(Cumenc). Bee aTH cutyauuu mMoxHO oGpa-
6aTblBaTh M HA MPOrPAMMHOM YPOBHE, TEM CaMbIM OTMajaeT
Hajl00HOCTD MJIATHTh 38 JIOMOJHUTEbHbBIE MOYJ/IH U 3aHHMATD
JIOTIOJIHUTEJIbHBIE MECTa B CTOHKE JI/Is1 KOHTPOJIIepa.

Haunem ¢ paccmoTpenusi c60eB, BO3HHKAIOUIMX B JHCK-
peTHbIX KaHasax. JI/1s1 HCKIoUeHHS TTPOHHKHOBEHHUS1 JIOZKHbBIX
JIUCKPETHBIX CUTHAJIOB B CHCTEMY KOHTPOJISt U PETYJIMPOBAHHS,
MOXKHO peajii30BaTh 3alIUTy J06ABHUB B TIPOrpaMMy 3 (yHK-
LMOHAJILHBIX GJI0KA: 2 TaliMepa (¢ 3a/1epXKKOH Ha BKJIOUEHHE )
u RS-tpurrep. Ha puc. 3 npeacraBiena peanusanys 3aiuThl
B Codesys 2.3 na si3bike FBD.

Pa6ora saummtbl oT «apebesra» 3akjoyaeTcsi B Cley-
IOLLEM: NP TIOSIBJIEHUH €IMHUYHOTO CUrHaJja B MepeMeHHOM
Din, Timer_1 nauuHaeT oT4yeT BpeMeHH JI0 BKJIOYEHHS Bbl-
xona Q. Bpemst ycraHaBiMBaeTcsi paBHOE 3 CeKyHIaM, MOKHO
1 MeHblile. Ecin B TeueHHe 3 CeKyHJl JMCKPETHBIH CUrHA He
M3MeHs1/ICs, To Ha Bbixoje Q TailmMepa Timer_1 ycTaHoBHTBCA
€/IMHUYHBII CHIHAJ, KOTOPbIH Oy/IeT 3allOMHEH B TPUITepe U 3a-
nucad B nepemennyto Dout. B npotusHoM ciyuae, eciu eu-
HUYHBIF CHTHAJ OY/IeT MOosIBJASTHCS U ponaaath, Taimep Oyier
MOCTOSIHHO COPAChIBATBLCS U €T0 BBIXOJ He BKJIOUNTCS [ 3],

Chipne

LT )

Bpewmas,c

Puc. 1. Buabl cutyaumii B UsMepuTenbHOM KaHane
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Puc. 2. Cutyauum B guckpetHom Kavane (7;...7, u T5...T, — UHTepBanbl BO3HUKHOBEHUA «apebe3ray,
Ts...Tg M T5...Tg — MHTEPBANbI KPATKOBPEMEHHOTO UCYE3HOBEHUS CUTHANA)

3aumra oT KpaTKOBPEMEHHOr0 MCUE3HOBEHHUSI CHrHaJja
pabotaer cienytoum oopazom: Tpurrep Trigger 3anomHui
MPHULLIEIIINH CUTHAJ U 4TO Obl COPOCHUTD 3Ty NMAMATh, HEOOXO-
JIUMO YCTaHOBUTb Ha BXoje Reset Tpurrepa Jiornyeckyro eiu-
Huly. JlauHblii BXoJ coenHet ¢ BbixoaoM Tailmepa Timer_2,
KOTOPBIH HAYHHAET paboTaTh MPH OTKJIIOUEHUH BXOIHOTO JIMC-
KPeTHOTo curHajia (MHBepcust Ha Bxode In raiimepa). Ecu
JICKPETHBIE CHTHAJ OTCYTCTBOBaJ Oojee 3 CeKyHJ, TMpo-
u30iaeT cOpoC TPUrTepa M CHUTHAJ TIPEKPaTHT MOCTyNnaTh B
nporpammy.

3almra aHajoroBoro CHUrHaja ot «BbIOPOCOB» U «IIPO-
BaJIOB» CBOJUTCS K (PUJIbTPALMH BXOIHOH aHAJIOTOBOK MH(OP-
Mal|K C TIOMOILbIO CTAHAAPTHBIX OJIOKOB SKCMOHEHIMAIBHOTO
CTJIaXKUBAHUSA WJIH (PUIBTPALIMK TTHKOB, KOTOpPble HMEIOTCS B
GO0JILLLIMHCTBE CPEL TPOrpaMMHPOBAHUS KOHTPOJIJIEPOB.

AnropuTt™ (QUILTpPAIMK TIHKOB MOCTPOEH Ha CJIeIyIolleM
NPeanooKeHHH: JIo00H 0ObEKT yrpaB/eHHs UMeeT 3anas-
JIbIBAHME M CKOPOCTb POCTa MapameTpa, 3a TakT Mpocyera
KOHTpOJIJIepa, He MOXKeT ObITb GOJIbILE ONpPEeIeJeHHOro 3Ha-
uenus Limits [4].

Peanuszauus Ha s3wike ST:

IF ABS (INtek-Qtek) <= Limits THEN

Out:= [Ntek;
ELSIF (INp-Qp)<=Limits THEN
Out:=Qtek;

ELSE

Out:=INtek;

END_IF;

[IpousBoauM cpaBHeHHE 3HAYEHMs BXOIAHOTO Mapamerpa
INtek co 3nauenuem Bbixojia U3 GJIOKA TIPOBEPKH, HA TPEJIbl-
JylieM TakTe npocuera Qfek. Ecan pasHuua menblie Limits,
Ha BbIxoZ Onoka Ouf TojaeM Tekylllee BXOJIHOE 3HAUeHHe.
MHave, ecim pasHuLa MOKAa3aHHH NPEblLyLero 3HayeHHs
napamerpa /Np co 3HaueHueMm Bbixoja (Qp(3amoOMHEHHOrO
JIBA TaKTa Hasajl) u3 6Jsioka, Menblie Limits, To Ha Bbixon Out

nonaem Qfek. Muaue na Outl nopaetcst TEKyLUIMH BXOJIHOU
CHTHAJI.

Tak ke MOXHO HCIMOJIL30BATH aJTOPUTM OTpaHUUCHHS
pocra curnaga. Peanuzanys Ha s3bike ST:

Qp:=Q;

IFABS (IN-Qp) >Limits THEN

IF (IN-Qp)>0 THEN Q:= Qp+Limits*1;

ELSIF (IN-Qp)<0 THEN Q:= Qp+Limits*(-1);

ELSIF(IN-Qp)=0 THEN Q:= Qp+Limits*(0);

END _IF;

ELSE Q:=IN;

END _IF;

Ecnu pasnuiia Mexkty BXOAHBIM cUrHa/oM /N 1 BBIXOAHBIM
@p OTJIMUHA OT 3aJlaHHOTO OTPaHMUEHHST POCTa JAHHOTO CHT-
HaJla, TO BLIXOJHOH curHas §) OyjeT hopMHpoBaTHCS 10 hop-
MyJie, B 3aBUCHMOCTH OT 3HaUeHHsl pasHulbl Mexy IN n @Qp.

Anroput™M pacriosHaBaHusi 0OpbIBa MOXKET ObITh CJIE/y-
IOLIMM: TIPOU3BOAUM 3allOMUHAHKE 3HAYeHUs1 curHana IN no
ero ¢usnueckoro o6peiBa. Peanusalust 3akaouaercst BO BHe-
CEHUM B JIOTIOJIHUTEJIbHYIO TIlepemMennyio [Nm, uepes omnpeje-
JIEHHDBIH MIPOMEXKYTOK BpeMeHU T 3HaueHHsi CUrHasa, jajnee
OCYIIIECTBJISIETCS] CPABHEHHE 3HAUEHHsT CHTHAJIA C HEKOTOPBIM
yncsiom LIMITS, koTopoe xapakTepu3yeT MUHUMAJbLHYIO I'pa-
HUILy CUTHAJA JIsl JAHHOTO KOHTPOJIIEpPA, B 3aBUCUMOCTH OT
norpetHocer ALTT. Ecain npoucxoaut o6pbiB, B porpammy
nepenaercs rnocJjeiHee 3arlOMHEHHOE 3HAUEHHE CHrHaJla M
BbllaeTcsi cooblieHue o6 aBapuu Alarm.

Peanusauus na sisoike ST:

Timer(IN :=TRUE, PT:= T#0.5s);

[F In>LIMITS THEN

Alarm:=FALSE;
INout:=In;
[F Timer.Q=TRUE THEN
INm:=In;
Timer(IN :=FALSE, PT:= T#0.5s);



Hosbpb, 2010 r. « TomI « N2 11 (22) - «Monopnoit y4&Hblit»

TexHnyeckue HayKu| 61

Timer_1 Tringer
TOM F3
Cin—I= ] SET (my Dout
T#35—4FT ET— RESET1 ﬁTﬁ
Timer_2
TN
Cin{ Il 8]
T#35—PT ET—

Puc. 3. 3awuTa ot gpebe3sra u KPaTKOBPEMEHHOTO UCYE3HOBEHMSA LUCKPETHOTO CUrHaNa

END_IF

ELSE
Alarm:=TRUE;
INout:=INm;

END_IF;

B cratbe Gblin paccCMOTpPEHbI OCHOBHbIE c6ou B aHaJso-
FOBBIX U IMCKPETHLIX U3MEPUTEJIbHBIX KaHaJ/laX. HpeLIJIO}KGHbI

Jlureparypa:

NporpaMMHble aJrOPUTMbI, T103BOJISIIOLIME HE JOMYCTHTb
npoxoxiaeHue cb6oeB B nporpammy. Peasuzauusi THX ajro-
PUTMOB MO3BOJIUT TOBBICHTb HAJIE)KHOCTb U JIOCTOBEPHOCTD
noJjiydaeMoi U3MepUTEIbHON HHPOPMALIMH, a TAK XKe CHU3UTD
KOJIMYECTBO JIOXKHBIX 3aIyCKOB TEXHOJIOIHYECKOro 060py/o-
BaHMsl, aBapUiHble CUTyallMd W HArpy3Ky Ha peryJjupymolme
KJ1arnaHsl.

1. HMuxosuu 2.J1., Tpaxrenrepiy .A. AAropUTMBI LIEHTPATM30BAHHOTO KOHTPOJISI U YTpaBJIeHHs] TPOU3BOACTBOM. M.:

Cosertckoe paano, 1967. 352c.

2. CesactbsinoB B.I'. BesylapHocTb U HaleXKHOCTL CHCTEM aBTOMAaTHUECKOro peryJuposatusi// [IpuGopbl 1 cucTeMbI.
YrpasJieHue, KOHTPoJb, quartoctika. 2003, Nel2. C.40—43.
3. [Ilerpos W.B. Ilporpammupyemble kontpossiepsl. CtanpapTuble s3blikid 1 uHetpyMenTsl. M.: Coson-IlIpecc, 2003.

256 c.

4. Jlenucenko B.B. KomnbioTepHoe ynpasieHnne TeXHOJOTHIECKUM MPOLIECCOM, IKCIIEPUMEHTOM, 060pynoBaHreM. M.:

[opstuast iunust Tesekom, 2009. 608c.

MpepBapuTenbHOE NPOEKTUPOBAHUE KaMep CropaHus
BO3AVILUHO-PEAKTUBHbIX ABUraTenen

XapI/ITOHOB B.(D., KaHOWAAT TEXHUYECKNX HaYK, JOLEHT; CeHtowkHu H.C., KaHOMAAT TEXHUYECKNX HaYK;
Muctopa 0.B., Mnagwuit Hay4HbI COTPYAHUK
YumcKnit rocyaapcTBeHHbIN aBUALMOHHbIN TEXHUYECKMIT yHUBEpCUTET

poliecc pa3pabOTKH Kamep CropaHHusi BO3JYIIHO-peak-
tuBHBIX ABurateseil (BPIL), Bkimovaonmi craguu npo-
€KTHPOBAHHsl, SKCIIEPUMEHTAJIbHBIX HCC/IEOBAHHI W JI0-
BOJIKH, SIBJISIETCST BECbMa JJTUTE/IbHBIM U TPYIOEMKHM.
Cospanue Kak OCHOBHBIX, Tak U (opcaxubix kamep BPJ]
HaulHAeTCs ¢ 3Tarna MnpeiBapUTeIbHOrO TPOEKTUPOBAHUS, Ha
KOTOpOM hopMmupyeTcsi 06JHK Kamepbl (ONpeiesisfioTes oc-
HOBHbIE pa3Mephl U apaMeTpbl TEXHHUECKOTO COBEPIIIEHCTBRA ),
BLIOGHPAETCS] TUIT OCHOBHBIX 3J1eMEHTOB (JiHdy3opa, CHCTEMBbI
TOIJIMBOTIOAAYH, OXJIAXKJIEHHsI, CTaOHIM3aTOPOB
MJIaMeHH, YCTPOUCTBA PO3KHUra U Jp.), MPOU3BOIUTCA TIPej-
BapUTEJIbHbIN TAa30/IMHAMMUECKUI pacueT 1/isi OLeHKH MOTepb
TMOJIHOTO JIABJICHHUS ¥ pACUEeT TEIJIOBOI0 COCTOSIHUS CTEHOK.
UeM TouHee OLIEHKH, MOJIyUE€HHbIE HA HayaJbHbIX 3Tarnax
MPOEKTUPOBAHHUSI, YeM OOJIbllie BAPHAHTOB y[aeTcsl MpoaHa-

CHCTEMbI

JIU3UPOBATh /151 0OOCHOBAHHOTO BbIGOpPA HAMJY4LLEro, Tem
MeHblle MPOLOJLKUTEJNbHOCTh U CTOMMOCTb MOCJEIYIOLIHX
9TanoB (B 0COOEHHOCTH, JIOBOJKH KaMep CropaHusi).

Peanuzauusa srana npeapapuTesbHOrO MPOEKTHPOBAHUS
Hepa3pbIBHO CBSI3aHa C UCMOJIb30BAHHEM METOJIOB MAaTeMaTH -
4eCKOTo MOJIEJIMPOBAHUST KAMep CropaHusi.

Knaccudmkauma metogoB maTteMaTMyeckoro
MOJenupoBaHUA, UCNOJIb3yeMbix MPpU pa3paboTke
Kamep cropaHus

I/ICHOJIbSyeMbIe METO/Ibl OTJWYAIOTCA APYr OT Apyra Cre-
MEHbIO JeTa/Mu3allii ra3oBO3AYUIHOTO TpakKTa KaMepbl, sB-
JIEHUH paéoqero nporecca, 3J€MEHTOB KOHCTPYKUHUH, a
Tak:Ke 00J1aCTbI0 UCII0Jb30BaHHS (T.e. 9TalaMu TMpOeKTUPO-
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BaHMsl, Ha KOTOPbIX 9TH METO/IbI 11e/1€CO06Pa3HO TPUMEHSITD ).
Ananus pa6ot B 06/1aCTH MaTEMaTHYECKOTO MOJIE/IHPOBAHHUS
KaMep CropaHusi MO3BOJISIET BbIICAUTD CJle/yIOLIHe METO/bL:

— UHTErpajbHbIH,

— PEAKTOPHBIH,

— CTpYyHHBIH,

— MOCJIeJI0BATEbHO-0JIHOMEPHBII,

— CeTeBOH,

— MOJLyJIbHbIH,

Humeepanorolii memod

Kamepa paccmarpuBaercst Kak eIMHOE LeJoe, ee MaTe-
MartuyecKasi MojieJs1b NpeIcTaB/eHa COBOKYMHOCTbIO MOjieJ/1eH
OCHOBHBIX F€OMETPHYECKHX XapaKTePHUCTHK M MapaMeTpoB
TEXHUYECKOI0 COBepLIEeHCTBA (KOI((PULHEHTOB MOJHOTbI
CropaHusi, BOCCTAHOBJICHHsI MOJHOTO JaBJEHHS, HEPaBHO-
MEPHOCTH TeMIePaTypHOro TMOJIsT Ha BBIXOAE, COAEpKaHUs
TOKCHYHBIX BELIECTB B NPOJAYKTaX CrOpaHMsi, 'PaHUL yCTON-
4uBO# pabOThI, Macchl).

Mertoz ucrosb3yeTcst Ha Tarne GopMHpoBaHus 06JHKa
KaMmepbl, a Takxke JJis aHa/ju3a padodero npoliecca JBHra-
TeJIs B LIEJIOM.

BBeneHo nousitie 0000LLEHHON XapaKTepUCTHKH KaMepbl
cropanus [ 1], mo3BoJistiollief MpeiCTaBUTh OCHOBHBIE Ge3pas-
MEepHbIe BEJIMUMHbI, XapakTepuaytoliie padouuil npouece, B
BHJIe 3aBUCHMOCTH OT OIPEJIeJIeHHbIX YhCcesT T0f00Us /15 pe-
JKMMOB PaBOThl KAMePbl CrOPAHHUSI.

PeakmopHrolii memod

Pa6ouuii 06beM KaMepbl pa3buBaeTcsl Ha HECKOJIbKO Xa-
pakTepHblx 06J1acTell U KaxK1asi U3 HUX paccMaTpUBaeTcst Kak
peaxkTop TOro WM WHoro Tumna (puc. l.): wpeanbHOro cme-
LLIEHHs], HETOJHOTO0 MAaKpO- U MHKPOCMeLLeHHs], H1eaJbHOro
BbITECHEHMST UK JIPyroro [2].

Mertop 103BOJISIET MOJEJAHPOBATH MPOLECCHl TOPEHHS,
Ten0- U MaccooOMeHa; HCMOMb3yeTcs /IS TEOPETHUECKOro

ucc/eloBaHusl paboyero rpotiecca, aHajnsa pesysbTaToB
9KCIIEPUMEHTOB, Ha 3Tanax MnpeaBapuTe/bHOro U AeTajlbHOro
NPOEKTHPOBAHUSA U JIOBOJIKM KAMEP CrOPaHHUS.

Meton schdekTHBeH Ui TPEIBAPUTENBHBIX pPaACUETHBIX
OLIEHOK MOJIHOTBI CrOpPaHUsl U MPH MOAEIHPOBAHHH 00paso-
BaHHs1 TOKCUUHbBIX BELECTB B 30HE TOPEHHUS.

Cmpytinoli memod

Kamepa cropanusi npejicrap/jeHa B BUe CHCTEMbI CTPYH
[3] akTHBHOTO MOTOKA, OXJIAXK/IAIOIIET0 BO3/yXa, LIUPKYJIsILHI-
OHHOTO TeUeHHsI, BTOPHUHOTO Bo3ayxa (puc. 2).

Merton moaBossieT copMHPOBAThL YMPOLIEHHYIO Ta30/H-
HaMHUYeCKyIO MOJiesb JUIsT OLIeHKH MOTEPh TOJHOTO IaBJIEHHS
Ha 3Tarne npeBapUTebHOrO MPOEKTUPOBAHHS.

[Tocaedosamenvro-o0HoOMepHbLL MemMOO

Kawmepa npezncrapisier co6oil cUCTeMy MOCJIEI0BATENBHO
(0OblYHO He-
CKOJIBKO JIECATKOB) (pHC. 3), HA KaXKJIOM H3 KOTOPBIX MPO-
LLeCChbl OMUCHIBAIOTCS OAHOMEPHBIMH COOTHOLLEHHSIMH [4].

Paspaborana ogHoMepHast AByXcJl0iHasi MOJeJIb Ipoliecca
B 30HE FOpeHUsl, YUUTbIBatOLLAsl o6paTHOE TeYeHHe B LHUPKY-
JISIMOHHOM 30He [5].

Meton n1aeT BO3MOXKHOCTb paspabaTblBaTh MOJEJH, HC-
NoJib3yeMble Ha Haua/JbHbIX CTaJMUAX MPOEKTHPOBAHHUS, a
TaKKe B Mpolecce JOBOJAKH KaMep CropaHusl.

Cemesoti memod

Best npotounast yacTb Kamepbl cropatusi pa3oéuBaercsi Ha
60JIbIIOE YUCJO JIEMEHTOB — MPOCTEHIINX KaHauoB, 00b-
€/IMHEHHBIX C MOMOLIBIO Y3JIOB B €/IUHYI0 ceTh (puc. 4)[6].

B ceTeBoli MoaeIH MOTYT HCITOTB30BATHCS HE TOJIBKO ra3o-
JMHAMHYECKHe, HO U TETJIOBbIE CBSI3H MeXKay y3aamu. Hucso
3JIEMEHTOB MOXKET JIOCTHTaTh HECKOJIbKUX COTEH.

OcHOBHbIE ypaBHEHHSI COXPAHEHHS] MACChl, SHEPTHH, UM-
nyJibca PelialoTesl B y3Jax; Ui OMUCcaHUs TeUeHWH B 3Jie-
MEHTaX UCMOJIb3YIOTCS MOJTYyIMITUPUUECKUE COOTHOLLIEHHS.

pacnoJiozKeHHbIX  3JE€MEHTapHbIX Y4YaCTKOB
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Puc. 1. MopenupoBaHue 30Hbl FOPeHUA CUCTEMOMN PEAKTOPOB:

PUC — 6e3pa3mepHblit peakTop uaeanbHoro cmewweHus, P — 6e3pasmepHslii peaktop, PB — peakTop BbITeCHEHUS, 611;13“ — pacxop

. 173 . Peuy
npoayKToB ropenus B nepeuuHoit 3oHe, G, ~ — pacxop Bo3pyxa B NePBUUHOIA 30He, GIYF — pacxof NPOLyKTOB rOpeHus,

Dp . '
peuMpKyMpyloLMxX B nepanyHyio 30Hy u3 peaktopa P, G, '~ pacxop Bo3ayxa uepes hpoHTOBOE YCTPONACTBO, G- pacxon
BO34yXa yepes HepBbIVI NoAC OCHOBHbIX OTBepCTMﬁ, g; — pacxopg Tonsiuea.
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Puc. 2. Cxema MOAEe/IMPOBAHUA KaMepbl CrOPAaHUA Ha OCHOBE CprﬁHOfO metoaa
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Puc. 3. Cxema MoAe/IMpoBaHUA KaMmepbl CrOpaHnA Ha OCHOBE nocsiefoBaTes/ibHO-04HOMEPHOro metoaa

Metog, paspaboTaHHbIi HA OCHOBE CETEBOro MOJXOAA,
M03BOJISICT MOJIEJIMPOBATh MPOLECChl TEYEeHHs W Tenyoo0-
MEHa C y4eTOM TellJIOBbIIeJIeH s TIPH TOPEHHH, 1aeT BO3MOXK-
HOCTb OLEHMBATb MOTEPH MOJHOIO JaBJIeHHs U TelJIoBOe CO-
CTOSIHHE CTEHOK.

Meton 3¢ heKTHBEH KaK MpH MPeABAPUTENbHOM, TaK U Jie-
Ta/IbHOM aHaJ/Iu3e KaMep cropaHusi.

Modyasrolii memod

Kamepa paccmaTpuBaeTrcst Kak COBOKYMHOCTb THIOBbIX
3J1eMEHTOB (MOOyAell), KaxK/blil U3 KOTOPbIX BBIIOJIHSIET OIl-
penesieHHble yHKIMH [7](puc.d).

Ka7plil 5/1€MEeHT MMeeT CBOI0 MaTeMaTHUECKYI0 MOJiesb
[8]. Daementnl o6pasyioT GUOIHOTEKY, U3 HAOOPa KOTOPOH
thopMHpyeTcsi MOJIe/Ib KaMephbl JitoGoi cxeMbl. bubnoTeka
MOXKET HerpepbIBHO TOMOJHATbCS HOBBIMH 3JIeMEHTAMH.

B pacueTHOll cxeme 3JIeMEeHTbl COEIUHSIIOTCS B COOTBETC-
TBUH C IBHKEHHEM pabouero TeJsa B IPOTOUHON YACTH KaMepbl.

JInst peltieHust cUCTeMbl YpaBHEHHH, COCTaBJsIIOLIEH MO-
JleJlb Kamepbl, uernoJbdyeres Metox HbloToHa.

B peasbHOll pacyeTHOH cxeme Kamepbl ofllee KOJH-
UECTBO 9J1EMEHTOB (C Y4€TOM HX MOBTOPEHHS) MOXKET JOCTH-
rate 100...150.

MopybHBIH METO, OTJIHYAETCS YHUBEPCANBbHOCTBIO, MPO-
M3BOJUTENLHOCTBIO, yA0OCTBOM MPUMEHEHUS JJIsi pelleHusi
3aj1a4 Npe/IBapUTENILHOTO TPOEKTHPOBAHHUSI.

CpaBHUTEJIbHBIF aHa/M3 METOJIOB, HCII0JIb3yeMbIX MPH
NpeIBAPUTEIILHOM MPOEKTUPOBAHUH Kamep CropaHusi, Jaer
BO3MOKHOCTb CJIEJIATh CJIEYIOIIME BIBOJIbL.

1. PeaxTopHblil U HHTErpaJ/IbHBIH METO/bI LieJ1eco06pasHo
MCI0JIb30BaTh Ha yTarne popMHUPOBaHUs 00HKA KaMephl Cro-
paHwusi.

2. HaunboJsiee npoctble Jijist UCMOJIb30BAHUST PE3YJIbTAThI
aHajM3a JiaeT M0CJIe/loBaTe/IbHO-0fHOMepHbIH MeToa. Of-
HaKO TIPU €ro MPUMEHEHHH OCYLIECTBJSAETCS KeCTKas MpH-
BsI3Ka MaTeMaTHYECKOH MOJIe/IH K CXeMe MPOTOUHOH YacTH H,
TakiM 06pa3oM, Mepexojl K Kamepe JIPyroro THMa CoNpsiKeH
C HeOOXOJIMMOCTBIO MepecTPOHKH BCel MaTeMaTHYeCKOH MO-
JIQJH.

3. CeTreBol MeTOJ, TaKxKe KakK U I10CJe10BaATEeJbHO-0HO-
MEpHBbIH, TaKKe TpeGyeT MPUBA3KH MAaTeMaTHIECKOH MOJIe/H
K cXeme TpPOTOYHOHM 4acTH Kamephol. [y ero peanusauuy,
BCJIEJICTBHE CJIOXKHOCTH CTPYKTYPHOH MOJIEJIH KaMephl H 0CO-
6GEeHHOCTEeN HCI0JIb3YEMOT0 YHCJEHHOTO METO/1a, HEOOXOUMBI
3HAYUTEJIbHbIE BHIUUC/IUTE/LHbBIE PECYPCHI.
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Puc. 4. Cxema MOAEeNIMPOBAHUA KaMepbl CrOpaHUA Ha OCHOBEe CceTeBoro metopa
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Puc. 5. Pac4eTHas cxema 0CHOBHOM Kamepbl CrOPaHUA ANA MOJAENMPOBaHUA HA OCHOBE MOAYJIBHOFO MeToAa:
1,2 - puddy3sop, 3 - pasgenutens, 4 — GPOHTOBOE YCTPOMCTBO, 5 — KONbLIEBON KaHan,
6, 8,9 — OTBEPCTUA B CTEHKAX XApOBOM TpyObl, 7 — apoBas Tpyba

4. CrpyiiHbIll MeTOJL MO3BOJIIET MOJYYUTh JIMIIL Kauec-
TBEHHYIO OLEHKY THIPABJIHYECKUX XapaKTePUCTHK Kamepbl;
Takhe BayKHble OCOOEHHOCTH TEUEeHMSs, KaK MOJABOJ TeIlla,
YUHTBIBAIOTCS TPUONHIKEHHO.

5. MoJy/ibHbIE METOJ JIaeT BO3MOXKHOCTb CO3/IaTh orepa-
TUBHBIH, JOCTaTOYHO TMOKHH W yHUBEpCAJbHbI HHCTPYMEHT
NPeIBAPUTENILHOTO MPOEKTUPOBAHUS Kamep CropaHusl pas-

JIMYHBIX THITIOB H CXEM (B TOM UHCJIE CO CJIOXKHOM reomeTpHeﬁ
HpOTO‘{HOﬁ qacm) WJIK BapHaHTOB KaMep, OTJIM4atolInXcs pas-
HOBHJIHOCTbLIO OJHOT'O HJIM HECKOJIbKUX COCTAaBHbLIX 3JIEMEHTOB.
METO[L MO3BOJISIET B T€YEHHWE OrPaHUYCHHOI'0 CpOKa Bbl-
MOJIHUTD CpaBHHTeJIbeIﬁ ra3ofMHaMMYeCKHi aHaju3 He-
CKOJIbKHX BAPUAHTOB KaMepbl AJd BbIGOpa HauJiyuuiero B co-
OTBETCTBHH C TpeﬁOBaHI/IHMI/I TEXHHUYECKOTO 3aJlaHusd.

Paboma seinoanena npu gpurnancosoii noddepcke Murnobprayrku PP.
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Ocob6eHHocTn Knaccudmrauum BMNJIA camoneTHoro Tuna

YcoB [.B., ctyneHT; Mypaesa M.A, ctyfeHT; CeHtowkuH H.C., KaHAMAAT TEXHUYECKMUX HAyK, CTAPLWKNii HAYYHbI COTPYAHMK;

fimanues P.P., accucrent
YUMCKNA rocyaapcTBEHHbIN aBUALMOHHDI TEXHUYECKNIA YHUBEPCUTET

[TJTIA caMo/ieTHOTrO THIIA MOYKHO Pasfie/IMTh Ha KJIacChl

M0 Pa3J/MuHbIM MPU3HAKAM: JAJbHOCTH [0JeTa, Ipy3o-
MOLEMHOCTH, PajMycy NEeHCTBUs, B3JETHOH Macce W T.J.,
HO, TOXasyi, Hauboaee ynauHOU siBJIsieTCs Kjaccudu-
KalKs 0 B3JIETHOH Macce, KOTopas MO3BOJIET TOUHEH U
yno6He# pasnesntb BITJIA Ha knaccwl. Takoil nmoaxos nos-
BoJIsieT OObEJMHUTL arnmnaparthbl, CXOXKHE 10 TeXHUUYECKHUM
pelleHHUsIM, BLINOJHSEMbIM 3aayaM, Haxoislluecss B J0-
CTaTOYHO Y3KOM JMara3oHe APYruX TeXHHYECKHX Xapak-
TepuCTUK. Bbinenum 4 rpynnbl 6€CUIOTHUKOB MO MAKCH-
MaJIbHOH B3JIETHOH Macce:

1) Jlerkue, BaseTHast Macca MeHblie 20 KUJI0rpamMm

2) Cpennue — BaJjierHas Macca ot 20 1o 200 Kusorpamm

3) Tsokenbie — BaseTHast macca Gosiee 200 Kusorpamm.

4) CepxTtsikesible (B3sieTHast macca GoJiee 1500 xuio-
rpamm)

Jlerkue BITJIA co BasetHoit maccoil Mmenee 20 Kr, mo-
JIYUMJIM PAClpOCTpaHeHHe TOJbKO B MOCJEJHEe BpeMs B
CBSI3H C MPOTPECCOM B JICKTPOHUKE W yJlellleBJIeHHeM Ma-
JIoraGapuUTHBIX 3JEKTPOHHBIX YCTPOHCTB. DBoJbLIMHCTBO
BITJIA 3To#i pasHOBMAHOCTH MMEIOT MACCy MOJIe3HOH Ha-
rpy3kd 0 kujnorpamma. Haubosee muHHaTIOpHblE anmna-
paThl UMEIOT Pa3mMax Kpbljia JI0 MoJyMeTpa U Maccy nopsijaka
0,25 xr. OcHOBHOe HagHaueHHe — TAaTPyJIHPOBAaHHE, TaK-
THUYeCKasl pa3Bejlka Ha yPOBHE B3BOJA M OTJEJIeHHs, 0OHa-
pyKeHHe MaJIbIX OTPSIOB MPOTHBHUKA (HA TaJbHOCTH 10 O
KM). B cBSI3M ¢ 3TUM aKUEHT MpPU NPOEKTHPOBAHUHU JeJjia-
€TCsl Ha KOMINAaKTHOCTH, y100CTBE TPAHCIOPTUPOBKH (60Jb-
LIMHCTBO annapaToB MOXKET MePEHOCUTBLCS PaCUeTOM U3 2-X
ueJIOBEK ) U ONepaTHBHOCTH 3anycka. bosbiinnerso BITJIA
9TOH IPYMNIbl BLIMOJHEHBI [0 CXeMe JieTalolllee Kpblio, 06-
Jajatollell Hanoosblleld Hecylled MIoUa/blo U MOJe3HbIM
00beMOM NPH MUHUMAJbHBIX rabaputax. B nanHom kiacce

MOXKHO BbIICJIHTL JBE€ PA3HOBMAHOCTH annapaTtoB MO THITY
JIBUraTesIsl-C JEKTPOJBUraTesieM U JIBUTATeIeM BHYTPEH-
HEro CropaHusi.

DJIEKTPOIBUraTe/H SBJSIOTCH NMPAKTHYECKH EIHHCTBEHHO
BO3MOXKHBIM BApHAaHTOM CHJIOBOH YCTAHOBKH JUIi CBEpX-
gerkux BIVJIA. Jlna annaparoB maccoit g0 30 kr craHo-
BUTCSl BO3MOXKHbIM NpuMeHeHue JIBC majol u cBepxmasoit
KyOaTypbl, BbIOOp JBUratesisi B 9TOM CJlyyae JUKTYeTCs Ke-
JIAeMbIMH TEXHHYECKHMH M 3KCIJIyaTalUMOHHbIMM Xapakre-
puctukamu. st Gosee tskesbix BITJIA npumeHenue sseK-
TpoJBHraresedl BO3MOXKHO, HO BCTpeyaeTcsi oueHb peaxo. B
HacTosilllee BpeMsi B OeCIUJIOTHDBIX amnraparax IpHMeHsI0TCs
Tpex(asHble 6e31aTINKOBbIE GECKOIEKTOPHbIE SJEKTPOIBH-
ratesiu rnepemenHoro Toka. Takue aBuraresin obecrneynBatoT
calelytollKe MpenMyLLecTBa:

+  Bbicokyto MaccoByio yiesibHyt0 MOLHOCTb

+ MaJjoe KoJHMUeCcTBO MOJBUAKHBIX YacTell — BbICOKAsi
HAJIe?KHOCTb M HU3KHUH YPOBEHbD 1lIyMa ¥ BUOpaLUH.

+ Tlpocroty ynpas/eHust TAroH U yCTOHYMBYIO paboTy B
LIMPOKOM JiManasoHe 060poToB

+  BosmoxkHOCTb 0OCcTaHOBA U 3aMycKa ABUratesis B t000i
MOMEHT roJieTa.

»  Buoicokun KIT/]

+ Huskyio TenioByio 3aMeTHOCTb

OnHaKo 3/1EKTPOABUIaTe/ M UMEIOT HELOCTATKH:

+ CJI0KHOCTb POEKTHPOBAHHS

+  JloporoBu3Ha H3-3a PUMEHEHUS PEIKMX MaTEepPHaJIOB

+ Jlna pabGoThl 3JeKTpoaBUrartesisi TpebyeTcst c/0KHas U
JIoporast CucTeMa yrpaBJieHHs.

+  Manasa yaesbHasi mMaccoBasi 9HEProeMKOCTb aKKyMy-
JIITOPOB 110 CPaBHEHMIO C CrOPAIOLIMMM TOMJMBAMM( TpH-
MepHo ot 200 Br*uac/Kr 115t IMTHIi-HOHHBIX aKKYMYJIATOPOB
1 11600 Br#uac/kr mwisi 6eH3uHa).
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Bce st Henocratku fesaioT HeshDeKTHBHBIM TpHMe-
HeHMe 3JIeKTpoJBUraTeell B annaparax Mmaccoi 6osee 40 ku-
Jgorpamm. OnHako B GoJiee JIeTKUX annaparax MHOTHE U3 HHX
MOTYT ObITb TIPEOJI0JIEHbl KOHCTPYKTHBHO, HAITPUMED, 38 CUET
NpUMeHEHHUs ObICTPOCMEHHbBIX AKKYMYJIITOPOB.

Hapsny ¢ snekrpoasurarensmu B jerkux BITJIA npume-
nstotr coppemennble JIBC wmasoit ky6atyphl. JlocTouHCTBa
TaKMX IBUratTesed:

« JIBC BblnyckaioTcsi B 3HaUUTEJIbHOM JHana3oHe pas-
MEPOB U MOLIIHOCTEH

+ Cropatomige TomIMBa 06€CMeUMBAIOT BBICOKYIO IHEp-
rOEMKOCTb, @ COOTBETCTBEHHO BBLICOKYIO JalbHOCTh H TIPO-
JIOJKHTENBHOE BpeMsl NoJleTa.

« Yacro ns JIBC He Hy:keH cyioxKHbIH GJIOK yrIpaBJieHUs]

OcHoBHbiMU Hegoctatkamu JIBC siBjsiiorest:

» Huskuit KITJ1

+ OTHoCHTeNBHO Y3KHH Hana3oH 060pOTOB yCTOHIHBOH
paboThl

+  Boicoku#i ypoBeHb 1iiyMa U BUOpaIMi, UTO 3aTpyjHsIET
paboTy annapartypbl HaOJIOAEHUSI.

+  3HauuTesIbHBI HarpeB pabOTAIONIEro JIBUraTesisl M0-
BbilllaeT 3ameTHocTb BITJIA B HHdpakpacHOM juanasoHe.

« JIBC umeroT MaJjiblil pecypc 1o CpaBHEHHIO C JIEKTPO-
JIBUTATEJISIMH

+ Yacro HeBO3MOKHO 06ecneunTs 3anyck JIBC B nosiete
B CJlyyae ero 3arjoxaHus.

Tunuuubim crioco6om B3neta BITJIA nanHoro kmaacca siB-
JIIETCS CTapT C Jieepa-KaTanyJibThl, COCTOSLIEH U3 TPOYHOTO
PE3MHOBOTO JKIyTa, KpENsillerocs OJHHM KOHIOM K (hro3e-
JISKY B3JICTAIOLLEro arnmnapara, a ApyruM K LITbIPIO, 3aKper-
JIEHHOMY Ha 3emJie. JlocToMHCTBaMH Takoro cnocofa crapra
SIBJISIOTCSl MaJIbli BeC M KpalHsisi IpocToTa HEOOXOAMMOro
060opynoBaHusl. AJbTepHATHBOH MOXKET ObITh 3aMyCK C 2Kec-
TKOH KaTamyJsbTbl ¢ Hanpasasiolleh. Takag karanyabra Ts-
xKeJlee Jieepa, HO [103BOJIsieT 3allyCKaTbh 3HAUMTeJ/IbHO OoJlee
TsDKeJIble anmapartbl. Anmapartbl ¢ Maccofl MeHee 5 KHJO-
rpaMMOB yallle BCEro MOTYT B3JIETaTb, MCIOJB3Ysl TOJbLKO
CBOH JBUratTeJb, 1Jisl B3JeTa HX J0CTaTOYHO OPOCUTb PYKOH.
Haubosee pacrnpocTpaHeHHbIM CIMOCOOOM MOCAAKH SIBJS-
eTcsl CllycK Ha napauote. Takoil cioco6 BbIOUPAOT 0TYACTH
U3-3a [POCTOTbl €ro peaju3alil Kak ¢ TeXHHYeCKOH CTo-
pOHBI (MapauioT Ha CKOPOCTH BbIOPACHIBAETCS MPYKUHHBIM
WM IMPOMEXaHW3MOM M3 amnmapata), Tak 1 CO CTOPOHbI KBa-
JuduKaluMu onepatopa — Tako# crnoco0 nocaaku Tpebyer
TOJIKO JIaTh KOMaHJy Ha BbIMYCK NapauiioTa Hajl KeJaeMblM
paitoHom npudemsienusi. OJIHAKO €CTh U 3HAUUTE/IbHbIE HEJO-
CTaTKW — MapallioT 3aHUMaeT 3HAYUTEJbHBIH 06beM B Kop-
nyce, CHH2KAeT IPy30NobeMHOCTb, CIYCK Ha NapaLlioTe He-
yrpasJisieM M B BeTpPeHylo 1orojy Hemnpejackasyem. Muorna
MPUMEHSIIOT aJIbTePHATUBHbIE CIIOCOOBI MOCAJKH — a3POJIHU-
HAMHYECKOE TOPMOXKEHHE OpraHaMi yrpaBJeHHs ¢ Moc/ey-
I0LIMM NapatoTupoBanneM (annapar Raven, Dragon), niu
M0CaJKy M0 caMOJIETHOMY — Ha Oproxo WJM waccu. Takue
croco6bl MOCAJKH Cyl0KHEe U TpeOyIoT MO0 yyacTHs KBaJu-
(bULPOBAHHOTO OTlepaTopa, JUOO CJ0KHOH MPOrpaMMbl yII-
paBJIeHHUSI.

[Tosiesnast Harpyska Jsierkux DBITJIA Bkatouaer B cebsi
OJIHY WJIM HECKOJIbKO (POTO-, BUaeoKamep (0ObluHast U HHD-
pakpacHasi). B HekoTopbIx anmapaTax mnoJie3Hasi Harpyska
BBITIOJIHEHA B BHJIE OTAEJIBHOTO ObICTPOCHEMHOTO MOJYJIS U
MOKET YCTaHaBJMBATLCA B 3aBMCHUMOCTH OT pellaeMod 3a-
Jla4d, BPEMEHH CYTOK M T.N. Tak Kak OCHOBHOH (pyHKLHEH
9THX aNnaparoB SIBJSETCSl pa3Bejika MKW HaOJOfeHHE CTaH-
JIAPTOM CTaJjla YCTaHOBKA pajlMooOOpyLoBaHUsl, B peajbHOM
BpeMEeHH, TpaHCAupyolleM u3obpaxkeHue. TUMHUHBIM Mpej-
CTaBHTEJIEM 3TOro Kijacca arnapatos siBisiercs BITJIA poc-
cutickor pupmel ZALA-aero.

BIMJIA cpepHero knacca

AnnapaTbl 3TOro Kjacca siBJisioTcst HauboJiee pacrnpocTpa-
HEHHbIMH M MHOTOUYHCJIEHHbIMU. 13-3a BBICOKOH B3JIETHOH
Macchl UX TPAHCMOPTHPOBKA W 0GCTyKUBAHHE BPYUHYIO 3Ha-
YUTEJIbHO YCJI0XKHSIETCS, OTOMY OOJIbLIHHCTBO KOMIIJICKCOB
BITJIA MOHTHPYIOTCS Ha OJIHY HJIM HECKOJIbKO TpaHCIop-
THBIX MalnH. OcHOBHAsI BoeHHast 3ajaua, petnaemast bITJIA
CpeJIHEero Kjacca — TaKTHUecKasi pa3Befika B OJIMKHEH Mpu-
¢dpontoBoit 3one (1o 200 KM); rpakaaHckas — OCMOTP
NPOTS2KEHHBIX 00beKTOB (TpyOonpoBoioB, Junui JIIDIT),
Kaprorpaguueckas cbemka u T.1. BITJIA sToro knacca B no-
JlaBJsiiollleM OOJIBIIMHCTBE HUMEIOT KJACCHUECKYIO a’pOojiu-
HAMMYECKYIO CXeMy MOHOIJIAHA C BbICOKOPACIOJOMKEHHbIM
KPbLIOM, KOMIIOHOBKOH THIA «paMa» W 3aHUM pacroJioxKe-
HHEeM JIBUratesisg. DTO MO3BOJISET PACHOJOKHUTL MOJNE3HYIO
Harpysky B nepejHeit yactu kopryca BITJIA, o6ecrieunts xo-
poruit 0630p NepeaHed Moycdepbl, OIHAKO MPH aBapUHHOH
nocajike J10poroe paspejiblBaTesbHOE 06opylnoBaHue Oyner
cTpazath nepsbiM. Tak:ke LIMHPOKO pacrnpocTpaHeHa KOMIO-
HOBKA C TPAIMLMOHHBLIM pellleHheM XBOCTOBOH Gasiki U Bbl-
HeCEHHbIM BBEpPX Ha MUJIOHE. B TaKOM BapuaHT KOHCTPYKIUK
JBHraTeb 0ObIUHO pacoJfiozKeH OJIM3KO K LEeHTPYy Macc Ma-
LUIKHBIL, YTO MO3BOJISIET MEHSTh MOJIEJIb ABUraTe st 6e3 cyllec-
TBEHHOIO0 H3MEHEHHUSI LIEHTPOBKH.

OcHOBHBIM cIOCOGOM 110CAJIKH TAKUX alllapaToB sIBJSETCS
CrycK Ha napatiiore, ogHako aist BITJIA ¢ BajetHoit Maccoi
okoJsio 200 KuorpamMm oH yxKe He SIBJsieTCsl O€CCIOPHO OIl-
THMaJIbHbIM, TaK Kak He obeclleuuBaeT JOCTATOUHYIO BEpo-
SITHOCTb 0e3aBapuIHOro MpuaeMJieHus. J1ig yMeHbllIeHHs
neperpysok, Bo3HUKaWIIUX MpH nocanke Ha BITJIA ucnosb-
3YIOLLMX 9TOT METOJ YCTAaHABJMBAIOTCSl rabapUTHbIEe LIACCH-
amoptuzatopbl. Tak Kak (oTo U BHIEO 060py/lOBaHUEe ycTa-
HABJIUBAETCSl B HIXKHEN uyacTu (rozessizka DITJIA, mis ero
O0JIbILICH COXPAHHOCTH TPU NapallOTHON MOCAJKe 4acTo Me-
pesopaunBator BITJIA Bo Bpems crycka (Takoe pelieHHe
npumeneno Ha annaparax Luna X-2000 n Phoenix. Ha noc-
JieIHEM Ha BepxXHel yacTu (hro3eJisika B1o0aBOK yCTaHOBJIEHA
MEeHOMJIACTOBAs CMUHAEMAs CEKLIHS ).

AJIbTepHATHBON $IBJISIETCST MOCAKA MO CAMOJIETHOMY.
Taxoil crioco6 noasoJisieT ¢ 60JiblIeH BEPOSITHOCTbIO FrapaH-
TUPOBATb COXPAaHEHHE arnmnapara, oAHaKo obJiajaeT LeJsblM
psimom MuHycoB. On TpebyeT HalWuusi KPYyMHOH pPOBHOMN
MJIOLIANIKH, OTCYTCTBHSI BbICOKHX CTPOEHHH WJIM JIepeBbeB
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Ha TPAeKTOPHH MOCAJKH, CHJIBHO YCJIOXKHSeTCsl B HeOJaro-
MPUSITHBIX MOTOAHBIX YCJIOBUsIX. ABTOMaTHUeCKasi Mocajka
Ha HEMOArOTOBJIEHHYIO MJIOLLAJAKY celyac HeBO3MOXKHA, MO-
9TOMY 3TO JEHCTBHE TIOJHOCTbIO KOHTPOJUPYETCS orepa-
TopoM. 17151 ocyliecTBAEHHST TaKOH MOCAAKK anmnapaTsl 060-
pY/IytoT 3aKpblikaMu. Ellle 0HUM HHTEPECHBIM COCOOOM
nocajaku siBJsieTcsl NpUMeHeHMe ceTkd (anmnapat Luna
X2000). Cetb BbicoTOl npubausutesnbio 10 MmeTpoB HaTsi-
TUBAeTCsl BEPTHKaJNbHO M 3akpemdsercs. [locse nocanku
amnmnapara B CeTb €ro TPaHCMNOPTHPOBKA OCYIIECTBJISETCS
BPYUHYIO.

WMHuTepecHoe pelieHHe npuMeHeHo B anmnapare I-View
Mk150 (puc. 1): BMecTo mapaiitota rnpuMeHeH napariiaH.
Takoe pelnenue sipasieTcst GakTHUECKH FMOPUIHBIM MEXKILY
MOCAJKOH 110 CAMOJIETHOMY M TMapallioTHbIM CIyCKOM — Ma-
parnJaH BbIIyCKaeTCsl Kak MapailioT, HO sIBJSETCs MO CyTH
JIOMOJIHUTEJIbHBIM KPbLIOM GoJiblliol miioniaad. CooTBeTc-
TBEHHO PE3KO CHHXKAETCSl CKOPOCTDL MMOJIeTa H CBaJIMBAHHUS,
anmnapaT 3aXOJUT Ha MOCAJKy MPaKTHYECKH CO CKOPOCTBIO
neiexoja, MOJHOCTbIO COXpaHsisl TPU 3TOM YINpaBJeHHe
YTO PE3KO MOBBIIIAETCS TOUHOCTH MOCAJAKH H CHHXKAET re-
perpysku. OjHaKO €roco6 COXpaHHJ MHOTME MMHYChI Ma-
palIOTHOH MOCAJKKH M MOCAIKH 0 CaMOJETHOMY — He-
BO3MOXKHO OTMEHHUTb TOCAJ0UYHBIH PEXKUM TOC/€e BbIMycKa
naparnJiasa, v Jyisl paBU/IbHON 1Mocaiku TpeGyeTcs: TOUHOe
yrpaBJeHue.

Puc. 1. Mocapka c ncnonb3oBanmem napannasa [1]

[Ipaktuueckn OGe3aJbTePHATHBHLIM BapUAHTOM JIBUra-
tesisi 17151 BJIA 910 BeCOBOIl KaTeropuu siBJISI€TCs IBUTATE b
BHyTpeHHero cropatus. OOGbIUHO MCMOJb3YIOTCH UeThipex-
TaKTHbIE JIBYXUMJIMHIPOBblE OEH3UHOBbIE JBUraTe/ M, HMe-
[ollle MeHbIIUH ypoBeHb BUOGpalmi. OJHAKO MOTYT MpUMe-
HSATbCS KaK JIBYXTAKTHblE OIHOLMJIMHPOBbIE, TAK U IBUraTEJ/H
¢ 6OJIbIIKM uyucaoM 1HAKHAPOB. Bo muornx BITJIA 3Toro
KJ1acca yCTaHOBJIEH TeHepaTop, MUTAIOUIMI 6OPTOBOE 000PY-
Jl0BaHHe.

Jlnanason mnoJie3nbix Harpysok s DBITJIA  cpennero
Kaacca Kosebsetcest B npesesiax ot 20 1o 50 kusorpamm. B
COCTaB T10JIE3HOH HArpy3KW OObIYHO BXOAAT OOblUHAS M MH-

(hpakpacHasi Kamepa, 4acTo JOMOJHHUTENbHO yCTaHaBJIMBA-
eTcst pagap, goToanmnapar BbICOKOro pa3pelleHust, Ja3epHbli
JnanbHoMep. Bce 3Tu ycTpoiicTBa MOHTHPYIOTCS Ha Bpaulato-
1ekcst B ABYX MJIOCKOCTSAX CTaGUIM3UPOBAHHON MiaTdopMme.
CHcrema nepesauy AaHHBIX annapaToB 3TOTO KJaacca MOXKeT
obecreunTh nepenady MHPopMaliu Ha 1ajabHocTh 10 500 Ku-
JIOMETPOB.

BIMJIA Taxenoro knacca

BecnuioTHbIe JieTaTesbHble anmnapaThbl TSXKeJI0ro Kjiacca
NPUMEHSIOTCS I JaJbHEH TaKTHUECKOH pa3BelKH, liefey-
Ka3aHWsl U HaBeleHUs1 Ha roJie 60s. MoryT oHM TakKe MpH-
MEHSITbCS U1l METEOPOJIOTHYECKHUX, IKOJOTHUECKUX U IPYTHX
uccse0BaHui, TpeOYIOLIUX AJIUTEJLHOTO MpeObiBAHUS B BO3-
nyxe. Anmapatbl 3TOro Kjaacca UMEIOT pasMax Kpbljia oT 5 10
15 MeTpoB, 06BIYHO MOCTPOEHbI [0 HOPMAJILHOH a3POHHAMMU -
YeCKOH CXeMe € BbICOKOPACIIOJI0KEHHBIM KPBIJIOM U TIOJ0GHbI
BITJIA cpennero knacca. OnHako BeTpevarTesi U GoJiee K-
30THYECKHE a3POJIMHAMUYECKHE CXeMbl — TaKHe KaK TaHIeM,
6ecxBocTKa U Jipyrue. OTJIHUUTENbHON 0COOEHHOCThIO armna-
paToB TOTO THMA ABJSETCS JUIUTEJbHOE BpeMs peObIBaHHS
B Bozayxe (ot 8 1o Gosiee uem 20 yacon). JIjisi 1OCTHKEHMUST Ta-
KOT0 JI0JITOTO BpeMeHH T0J1eTa He0OXOIUMO BBICOKOE a3pOJIH-
HaMHUeCKoe KauecTBO IJ1aHepa, 6oJblioe YJIMHEHHE Kpblia
1 3HAYUTEJIbHBIH 3anac TOMJnBa.

Bosbunucerso BITJIA Tskesioro kimacca 6asupyioTesi Ha
aspojipomax. [To cBOMM B3JIETHO-MOCAIOUHBIM XapaKTepHc-
THKaM OHH MOJAOGHBI JIETKHM BHHTOBBIM CaMOJIETAM IpaxK-
JIaHCKOH aBMaliH, C TIONPaBKo# Ha 6oJiee BLICOKOE KauecTBO
nyianepa BITJIA. Ouu MoryT BaJjieTaTh W cajuTcs Ha achalib-
TOBbIE U IPYHTOBbIE a9pojpoMbl. HekoTopble o6pasiibl MOryT
B3JIeTaTh C KATaMyJ/bThbl UJIH C HCMOJb30BAHHEM TBEPIOTOI-
JIUBHBIX YCKOPHUTEJIEH.

B ocHOBHOM Ha anmapaTtax Takoro Kjacca NpUMeHSIOTCS
OEH3HHOBbIE JIBUTATeIH BHYTPEHHETO CropaHus (Jalie BCero
4-X UWJIMH/IPOBDIE ).

Bosibinnerso BITJIA Tsikesioro kjaacca MMET rHpocTa-
OUJIM3UPOBAHHYIO MOBOPOTHYIO MJAT(MOPMY /IS YCTAHOBKH
nosie3Hol Harpy3ku. OOGbIYHO HAa Hee yCTaHABJIMBAETCS HH-
dpakpachasi/o6bIUHass KAMEPBI ¢ TeIe00LEKTHBOM BBICOKOTO
KauecTBa, JIa3epHHI 1leseyKasaresb, pajap u T.J. MHorue
BITJIA Tspkesnoro Kjiacca nepenanT coGpaHHYH HHQOP-
MaLMIO Yepe3 CyTHHK.

BIMJIA cBepxTaxenoro knacca

Takue annaparbl MOSIBUJIHCH CPABHUTEJBHO HEIABHO M
MaJjio pacrnpoctpaHeHbl. Ecin paccmaTpuBaTh 0oOLLyl0 TEH-
JEHLIMIO Pa3BUTHSI 3TOrO KJacca, TO MOXKHO BbIICIUTL JBe
BETBM — alllaparbl-aHaJIOrd MHJIOTUPYEMbIX CaMOJIETOB H
cBepxJa/lbHUE CcTpaTernyeckue passefduku. HauGousblini
MHTEepeC BBI3BIBAET dKcnepuMeHTanbhbii anmapat Northrop
Grumman X-47 Pegasus — npoTotun KopateJbHOro MHO-
rotiesieBoro 6ecnuaoTHoro uerpedutess. OCHOBHON 3a1aveit
nporpaMmbl 00bsIBJICHO CO3JlaHMe CBepXMaHeBpeHHOro Gec-
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MUJIOTHOrO NajyOGHOro MCTpeOUTE s, OIHAKO YpPOBEHb pas-
BUTHSI COBPEMEHHOH KOMIbIOTEPHOH TEXHHKHM TOKa He T103-

BOJISIET peaJsiu30BaTh IMOJIHOCTbIO aBTOHOMHbBIE JIedCTBUS B
KayecTBe HCTpe6I/IT€JIH.

Paboma soinoanena npu ¢hurancosoti noddepacke Murobprayku PP.

CITMCOK HCTOYHHUKOB:

. www.dpla.ru

NepenpodunuposaHue pabouen pewerku TypouHsl P2118B -
YncNeHHoe MOAEeNMPOBaHMeE TeYeHUA BA3KOro rasa

Tyaneten [x. B., acnupant
CaHkT-MeTepbyprckuit rocyAapCTBEHHbINA MONUTEXHUYECKNIT YHUBEPCUTET

[Ipedcmasaerol peayromamol HUCACHHO2O MOOCAUPOBAHUS MedeHUs 8i3K020 ea3a Npu nepenpopuiuposamul
naockotl pabouetl peutemxu P2118B ¢ npumernenuem npoepammel Fluent.
KntoueBble cnoBa: nepenpoduiuposanie, 4icieHHoe MOOeAUPOBAHILe, KUHeMmUu1eckas snepeus, pabouas peuemsa.

Bblcomﬁ KO3(@ULHEHT MOJe3HOr0 JeHCcTBUS Typ6o-
MalIMH MOKeT OBITh IOCTUTHYT TOJIBKO TIPH MPABUJIBHBIX,
OCHOBAHHBIX Ha 3HAHWM 3aKOHOB a9POAMHAMHUKH, pacyeTe H
TMPOEKTHPOBAHUH a3POJIMHAMHUYECKHX PELIETOK.

[ToBbitienye 3p(EKTHBHOCTH W HAJEKHOCTH TEIJIOBBIX
TypGOMAIIHH TPeOyeT COBEPILICHCTBOBAHHUS HX MPOTOUYHBIX
yacTei, B MepBylo ouepe/ib — JIOMATOUHBIX annapaTtos. B Ha-
cTosiliee BpeMsi B TypOOMAIIHHAX HCTIOJB3YIOT GOJBILIOE KO-
JIMYECTBO JIOMATOYHBIX PEIIETOK, BhICOKast 3(PHeKTHBHOCTh
KOTOPBIX TIOATBEPIK/IEHA SKCTIEPUMEHTaM Ha CTEHAaX M Ha-
TYPHBIMH HCIIBITAHUSIMH.

PasBuTHe YHC/JIECHHOrO MOJENMPOBAHHS TEUEHHS B pe-
1IeTKaX TypOOMALINH T03BOJSIET CYyLIECTBEHHO COKPATHTh
JIOJIIO0  3KCMepUMeHTaMbHbIX paboT. B kauectBe mnporpam-
MHOTO CPE/ICTBA MOKHO BOCIOJIb30BATHCS OJHUM U3 MTAKETOB
TMPUKJI/IHBIX TPOrpaMM, Kak 0O1Iero Ha3HaYeHHsl, TaK H OpH-
EHTHPOBAHHBIX MPEHMYILIECTBEHHO HA YHCJICHHOE MOJIEJIHPO-
BaHHE a9pOJIMHAMHUKH NPOTOUHbIX YacTeil Typbomatiut. [1pu
JIOCTaTOUHOM BHHMaHHM K METOJMKE MPUMEHEHHs YHHBEp-
CasIbHBIX T'HAPOAMHAMMUECKHX MAaKeTOB JUIsl UMCIEHHOTO MO-
JIeJIUPOBAHUS TeUEHHs BI3KOTO ra3a B pelleTKax 0CeBbIX Typ-
GOMalIMH OKa3bIBAETCST BO3MOXKHLIM 00€CNEeYHTb TOYHOCTD
OTpeJIe/IEHHsT X ra30JMHaMHUECKHX XapaKTEPUCTHK He HHXKe,
ueM B sKcnepumenre [ 1].

[ToTepu, cBfizaHHbIE C OTPLIBOM MOTOKA Ha CIHHKE JIO-
MaTok, 3aBUCAT OT popMbl mpodust. Ecmu popma npoduas
He COOTBETCTBYET B JOCTATOUHOH CTEMEeHH rapameTpam T0-
TOKa, TO BO3MOXKHBI OTPBIBBI MOTPAHHYHOTO CJIOST OT CTEHOK
KaHaJia. DTo MOKET HMETb MECTO MPH HHTEHCHBHOM MECTHOM
TOPMOZKEHHH MOTOKA y KOHTYpa npoduist. O6/acTH CHIBHOTO
najieHdst CKOPOCTH MO Jiyre KOHTypa COMNpPsKEHbl CO 3HAYH-
TeJIbHBIM MOBBILLIEHHEM JAABJEHHS B MOTOKE.

Pacriosio;keHne 30HBI OTPbIBA M €r0 HHTEHCHBHOCTb BO
MHOTOM OTIPEJIENISIIOTCS CTPYKTYPOH W MapaMeTpaMu CMelIH-
BaIOLLUXCS [OTPAHUUYHBIX CJIOEB, B TOM YHC/IE B 3HAUUTE/ILHOH

CTeNeHU — HavyaJbHbIMH MapamMeTpamMu MOrPaHHUHOTO CJIOS
Ha TOPLEBOH MOBEPXHOCTH.

Jlnst npochusiei aKTUBHOTO THIA XapaKTEPHO 00pa3oBaHHe
TN DY30pHBIX YHACTKOB Ha CTOPOHE BBIMYKJIOH MOBEPXHOCTH
npoussi. OKoJ10 BBIXOJHON KPOMKH B 00J1aCTH KOCOT'O cpe3a
BO3HHUKAET PE3KO BbIpaKeHHbIH Juddy3opHblil yuactok. Ha-
JIMUHE PE3KO BbIPAXKEHHBIX JU(D(30PHBIX y4acTKOB CBHJIE-
TeJILCTBYET O MOBBILIEHHBIX MOTEPSIX SHEPruH [2].

B craTtbe mpeacTaBiieHbl pe3ysbTaThl YHCIEHHOTO MO-
JIeJIMPOBAHUST TE€YEHUs] B HCXOAHBIX M YCOBEPILEHCTBO-
BaHHbIX HEe3aKpyYeHHbIX pelleTkax paboyero Koseca TypOUH
P2118B.

MeTop 1 06bEKT uccnefoBaHUA

Jlns1 mpoBesieHusT pacueToB TIPO(UIBHBIX MOTEPb KHHe-
THYECKOH 3HEPruu 1o nporpamme fFluent neoGXoaumo npes-
BAPUTEJILHO 3a1aTh F€OMETPHUIO PACUETHON 06JaCcTH U MoC-
TPOUTb B HEH CTPYKTYPUPOBAHHYIO CETKYy C MpPUMEHEHHEM
npeanpoueccopa Gambit. On no3BoJsieT GBICTPO CO3AABATH
1 06pabaTeiBaTh reOMETPHIO HCCIIEAyeMbIX MTPOLECCOB H 00-
JlalaeT MOLIHBIM FeHEepPaTOPOM CETOK, T03BOJISIOLIMM CO3/1a-
BaTb Pa3HO0OPA3HbIE THIIbI CETOK.

Jlnist pacueta 06TeKaHUs B3KUM Fa30M MJIOCKUX PELICTOK
MCIO0J/Ib30BaHA KOHCEepBATHBHAS (popMa ocpeaiHeHHbIX 1o Peii-
HOJIBJICY YPABHEHUI HEPa3PbIBHOCTH, JBHXKEHHS H SHEPTHH.
Teuenne onucbIBasoCh 0CpeHEHHBIMH 10 PefiHosbICY ypaB-
Henusimu Hasbe-Croxca.

B pacuerax xopaa npoduJisi npuHumasack pasaoit b = 20
MM; 1ar npoduss ¢ =125 MM; yroj ycTaHOBKH MPOQuJIsi
B,= 88,83°.

B Tta6muie 1 mokasaHel KOOPAMHATBEI MPOUIS MIOCKOH
TypGHHHOH pelIeTKH 0 U T0C/e MOAEPHU3AUH H OCHOBHbBIE
reoMeTpHyecKHe NapaMeTpbl, KOTOpble COOTBETCTBYIOT TpH-
HATBIM B 9KCMEPUMEHTaX. DTOT NpPoduIb sBJSETCS CBEPX-
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Tabnuua 1. Koopauxatel npocuna P2118B (TP-1B) [3,4]

N° Toyek 1 2 3 4 5 6 7 8 9
X B MM 2 3 4 5 6 7 8 9 10
Yen B MM - | 8475 | 10,90 | 12,77 | 14,27 | 15,36 | 16,05 | 16,44 | 16,60
(no mopepHusaymu)
Yen B MM - | 8475 | 10,90 | 12,77 | 14,19 | 15,06 | 15,60 | 15,94 | 16,10
(nocne mopepHus.)
Voo B MM 2,725 | 4,00 | 5,085 | 592 | 6,55 | 7,055 | 7,405 | 7,63 | 7,72
Ne Touek 10 11 12 13 14 15 16 17
X B MM 11 12 13 14 15 16 17 18
Yen B MM 16,56 | 16,30 | 15,80 | 14,93 | 13,47 | 11,60 | 9,375 | 6,725
(no mopepHu3aumu)
Yen B MM 16,06 | 15,85 | 15,44 | 14,67 | 13,40 | 11,57 | 9,375 | 6,725
(nocne mopepHMs.)
Voo B MM 7,71 | 7,575 | 7,31 | 6,92 | 6,37 | 5,615 | 4,575 | 3,06

J0 MOICPHHIALMN |-

1noce MOJEPHH3ALMH |~ \

3BYKOBOH paGouell pemietkoil (rpynmna B) ¢ cyxupatolie- JIst MpoBe/IeHHs1 PACUeTOB HCIMOJIb30BANUCh CTPYKTYpH-
pacumpsitouMucst Kananamu [3]. Ilocsie MomepHM3alu — poBaHHbIE CETKH C YeTBIPEXYTOJBHBIMH sUEHKaMU Ha MOBEpX-
KOOPAMHATBI TIPO(GUIIsT U3MEHWJIHUCh TOJbLKO Ha CruHKe B HOcTH (puc. 1). [1pu nmocTpoenuu ceTkn BOJIM3H MOBEPXHOCTH
Toukax 5+15. lllupuHa KaHana B cpeiHeM ceueHWH (a,) JIONATKH pacyeTHash ceTKa J0JKHA HUMETb CrylleHHs. 3Ha-
yBeJIMUMBaJach ot 2,62 MM ji0 3,12 mMm. yenue y* Haxoaures B auanasoue ot 0,2 10 2.
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Puc. 1. CtpyKTypupoBaHHas ceTka npocuna P2118B



70 | TexHu4ecKue HayKu

«Monopoit yuéHbiity « N2 11 (22) - TomI - Hosbps, 2010 r.

J171s1 mpoBeneHusT necseIoBaHui BJIUSHUS MOJENH TypOy-
JIEHTHOCTH Ha pe3yJibTaThbl pacueTa ObLIH BbIGPAHbI MOJEJH
Cnanapra — Asuimapaca (SA) ¢ onnum auddepeHurasbHbIM
ypaBHEHHEM, JBYXMapaMeTpuueckue Mojesu ke-realizable n
ko-SST.

Ha puc. 2 npuBelieHbl 3aBUCUMOCTH K03(h(hHIIMEHTa TM0-
Tepb HEPTHM OT yuciaa Maxa Ha BbIXOJe U3 pelleTKH JUisi
pasHbIX Mojesiell TypOyJeHTHOCTH. Bbiuncientbie ko3hdu-
LIHEHTHI MOTE€Pb KAYeCTBEHHO COBMAAIOT U OJIM3KH K SKCIIe-
pUMEHTAJIbHBIM 3HAUEHHSIM Ui BCeX Mojesiell TypOyJsieHT-
Hoctu. C yBesquuenueM uncaa M, BeJnuuHbl KO3(D(HUIHEHTOB
MOTePb IHEPTHH YMEHBILIAIOTCS U IOCTUIal0T MUHHMAJbHBIX
3HaueHHi npu uncaax M = 1,35 + 1,5.

Bce mopesu TypOyJIEHTHOCTH IMOKA3bIBAIOT MajieHHe T10-
TepH KUHETHYECKOH 3SHEPTHH, Ha KOTOPYIO BJIUSIET YBEJH-
yeHue yucaa M, u coBnazator ¢ skcriepumentom. Ilpu nasnb-
HelllleM yBeJHueHud uncaa M i Moaesiu TypOyIeHTHOCTH
ke-realizable nocne uncna Mo, = 1,4 KO3(pPUIHMEHTBI MO-
Tepb BO3pacCTaloT.

Pe3synbTatbl pacyeToB

Ha Bbinyk/io# nosepxHocty npoduJisi mocjae MUHUMyMa
CEUYEHHsI MPOMCXOUT OTPbIB MOTOKA H3-3a OOJIbIIOH KpH-
BH3HbI, TaK UTO YBEJHUUUBAIOTCS MOTEPH SHEPTHH (pHuC. 3).
[ToToK K BbIXOJly 10 3TOH CTOPOHE KOHTypa CTAHOBUTCS NHd-
(hy30pHBIM, UTO COTIPSKEHO C yBeJMYEHHEM TOJIIMHBI TOT -
paHuuHOTO CJ1osi. MecTHble CBEPX3BYKOBbIe CKOPOCTH BO3-
HUKAIOT B 00J1aCTH IOTOKA, MPUMbIKAIOLIEH K BbIXOIHOH
KpOMKe.

Ha puc. 4 nokasanbl JUHUM TOKa BOJM3M BBIXOAHOH
KPOMKH pelleTKH. BuxpeBble ciiefibl 3a BBIXOIHBIMH KPOM-
KaMH JIOTIaTOK PeLIeTKH CHUKAIOT MOJEe3HYI0 KMHETHYECKYIO
9HEPTHI0 MOTOKA. DTO sIBJIEHHE 3aBUCHUT OT KOHCTPYKIIUH Bbl-
XOJIHBIX KPOMOK r1pochusisi. Buxpesoii cyiet, o6pasytoiiuiics 3a
KPOMKaMH, 3aTpauuBaeT KHHETHUECKYIO 9Hepruto notoka. Ha
CTPYKTYPY KPOMOUHOTO CJle/la OKa3biBaeT OOJbllIOe BIHSHHE
pacripeiejieHie CKOpPOCTed B MOrPAaHUYHOM CJo€ B TOUKax
CXOJla MOTOKA C KPOMOK, a TaKxKe pa3HOCTb JABJEHUH B 3THX
TOUKAX Ha BBIMYKJIOH U BOTHYTOH CTOPOHAX MPOQUJIS.

rr/

L] T

0.4 0.6 (.8

L0 1.2 14 My,

Puc. 2. 3aBucMMOCTb Ko3(huLMeHTa noTepb OT Yucna Maxa Ha BbIxofe U3 peweTKU ANA PasHbix Moaeneil TYypoyneHTHOCTH.
B1=21° ¢=0,625, B, =8885° (@ - akcnepumeHT; [ll - SA; A - koo-SST; @ - ke-realizable) (no monepHu3aLum)

Brimyknas
NOBEPXHOCTE ¥

Puc. 3. JIuHum ToKa CKOpPOCTU B MEXI0NATOYHOM KaHajie pelleTKn
(f =0,575; By = 21° ; My = 0,91; ko-SST)
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Typ6yneHTHBIH CJI0H  SIBJSIETCS HENpPepbIBHBIM HCTOY-
HUKOM BHXpeoOpaszoBaHusl B OTOKe. Tak Kak ToJLKHA CJ10s]
HeBeJIMKA, TO TPAJMEHThl CKOPOCTeH B 3TOH 06/1aCTH JOCTH-
raloT OOJbIINX 3HAYEHHH H, CJeA0BaTe/bHO, ITOTOK 37eCh 00-
Jagaer 60JbLIOTO OTPbIBa. B COOTBETCTBHM C OTPHIBOM HA
BBIMYKJIOH MOBEPXHOCTH MPOGUJIS CAeNaHO MepenpodUInpo-
BaHHE PEUIeTOK JIIsl YMEHbILIEHHS TTOTePb SHEPTHH.

CpaBHeHHe XapaKTepPUCTHK PELIEeTKH JI0 U Noc/1e MOAEPHHU-
3allK NpejIcTaB/eHo Ha puc. b. [Tocsie MoiepHU3aLMK PellieTKa
MMeeT MeHbllMe nortepu npu My, = 0,57 + 1,53. Otnocu-
TeJIbHO HEBBICOKHH YPOBEHb MOTEPb 00YCJ/OBJEH OJ1aronpu-
ITHBIM paCIpe/ieJieHHeM JaBAeHHS 110 TTOBEPXHOCTH 1POQUIIS.

Pacnipeniesienne Ge3pasmepHoil CKOpocTH Ay, 1o S mo-
KazaHo Ha puc. 6. Buano, 4to nepepaciurpenue noToka Ha
1,24, npuuem Ha
CTIMHKE MMeeTCs MPOTSKEHHBIH y4aCTOK HHTEHCUBHOTO JU -
(hy30pHOTO TeUeHHs, HAUHHAIOLIMICSA BHYTPH MEXKJIOMATOY-
HOr0 KaHaJa.

B pesy/abraTe onTHMH3aUMK CIHHKH B pellIeTKe yIaloCh
YMeHBLHTb HeboJbllIoe MaKCHMaJslbHOe MepepaclliupeHne

CIMHKE BECbMa 3HAUMTENBHO Ay

"
S
020

0.15

MOTOKA J10 Aoy = 1,22 W yCcTpaHUTB yuacToK 11ddy30pHOTO
TeYeHHsl Ha CIIMHKE. DTO MPUBEJO K CHUKEHHIO YPOBHS T10-
Tepb sHepruu [5].

Ha puc. 7 nokasano pacrpeaenenue Kos(guinenTa as-
JieHust Mo 06BojLy MPouJIst 10 U TTocsie MofiepHH3aluu. Buano,
4TO TMOC/e MOJEPHU3ALMH pacrlpe/eeHne AaBJeHHsT Ha Bbl-
MYKJIOH MOBEPXHOCTH HECKOJIbKO CHU3MJIOCH (CM. JIMHHH TIPH
My, = 0,7). MecTo MUHUMyMa CTATHYECKOTO JIABJIEHHUS] CMe-
uiaetcst OJIMKe K BBIXOJHOH KPOMKe.

CpaBHeHHe 3aBUCUMOCTH KO3(HUIHEHTA NOTePb OT yria
BXOfa /sl paGoueil perIeTKH 10 MOAEPHU3ALNN U TTOCIe MO-
neprusatyn npu My, = 0,91; ¢ = 0,575 npusenenn Ha puc.
8. Ha puc. 9 nokasana 3aBucHMOCTb KO3(ppUIIHEHTa MOTEPh
OT OTHOCHTeJIbHOTO 1ara npu My, = 1,32 u yryia Bxona no-
Toka B; = 21°. Buano, uto nepenpouaupoBaHie perieTku
TMPUBEJIO K CHH2KEHUIO KO3(D(DHULIMEHTA TTOTePb.

CpaBHeHne (hparMeHToOB MOJsT CKOPOCTH JI0 U TI0C/IE MO-
JlepHU3aluu nokasano Ha puc. 10. OyeBunHo, yto npu My, =
0,91 ecTb pas/iMyus MezKJLy MOJSIMH CKOPOCTH BHYTPH MEKJIO-
natouHblx KaHaJgos. [Tocjie MoaepHHU3aUMK NPOTSIKEHHOCTD

(IR KL

0.4 0.6 0.8

1.0 L4 My,

Puc. 5. 3aBMCUMOCTb KO3(h(hULMEHTa NoTepb OT Yucna Maxa Ha BbIXOAeE ANA PeLleTKu
Ao moaepHusauuu (Ill) v nocne mopepHusaumum (A). B, =21°, 7 =0,575

0.5

(.40

T

0.5

S

Puc. 6. PacnpepeneHue 6e3pasmepHoit CKOPOCTH NOTOKa no o6Boay npocduns
(M - o mogepHuzauuu; A - nocne MmofepHusaumuu; B,=21°; ¥ =0,575; M, =0,7)
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* M 2=0,52

AN2E=0.71
1l WA[2=0.91
*M[2i=1.11
SN 2=0.88

OMN2e=0.70

Puc. 7. PacnpepeneHue paBneHus no o6soay npoduns go (----) u nocne ( ) MOAepHU3aLUU.

t =0575;B,=21°% p= M
b~ D,
& (%)
5 l___
24 P S E—
20 .
15 ‘h"“l--..___
16 7 .
16 18 20 22 24 B4

Puc. 8. 3aBucumoctb Ko3thuymeHTa notepb ot yraa Bxoaa ana pewetku go mopepHusauuu (lll) v nocne mopepHusauuu
(A). M, =091; £ =0,575

E(%) 1

28

T4 1\

20 N

16 "D
M:m:.

12 T -

0,500 0525 0550 0575 00600 0625 t

Puc.9. 3aBUcMMOCTb KO3(hULMEHTa NOTEPb OT OTHOCUTENbHOrO Wwara ans pewertku ao moaepHusaumu (ll) v nocne
moaepHusauumn (A). M, =1,32; B, =21°
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AFiee AFweE

17z =1 1 i 5 T & Tt " i e

A0 MOoAepHuU3auuu nocne mojgepHusauuu

Puc. 10. CpaBHeHue pparmeHToB nons ckopoctu (M/c) Ao 1 nocne moaepHusauum (¢ =0,575; B =21°; M,=0,91)

OTPBIBHOH 00J1aCTH MOTOKA BO3HUKAET TOJIbKO B HEOOJIbLIOH B KPOMOYHOM CJle/le yMEHbLLIACTCS ¢ POCTOM Yncsa Maxa.
YaCTH Ha BbIMYKJIOH MOBEPXHOCTH. B cBA3b ¢ 3TUM, OTPLIB MO- Takum o0pa3om, B pe3yJbTaTe YMCJAEHHOTO MOJEJIHPO-
TOKA Ha MOBEPXHOCTH MPOQUJ/IS yMEHbLIAETCS. BaHMs1 Obla TOATBEPKIEHA 11e1ec006pasHOCTb nepenpodu-

YBesinueHue uncsa M ABJsieTCs CIeACTBHEM ObICTPOro H3-  JiHpoBaHus pabGouux peiuetok P2118B B npouecce monep-
MeHEeHHs CKOPOCTH MOTOKA Ha crniiHKe. OOpasoBaHue BUXpeH  HU3ALUM.

Jlutepatypa:

1. Tanaes C.A., Kupunos A.W., Cvupros E.M., Epmonaes B.B., I'ynikos H.H., ba6ues A.H., [Tetposa O.H., Ouenka
KayecTBa repernpouinpoanus jgonatok TypouHsl T-100—12,8 uucieHHbIM MOJEHPOBAHHEM OOTEKAHUS MJIOCKHX
TypOUHHBIX peleTok, Tennosnepretuka Ne 4, 2007, c. 38—41.

2. Kupuanos, V.M., Kupusios A.M., Teopust typGomatunu (npumepst u 3apaun), — JI.: Mamnocrpoenue, 1974, —

320 c.
3. Heitu, M.E., Qumunnos [".A., Jlazapes JI.5l., Atnac npocuseil peietox oceBbix Typ6uH, M.: MammnHocTpoeHue,
1965. — 96 c.

4. Heiu, M.E., CamoitnioBuy, I'.C., OcHOBbI a3poiHHaMUKH 0ceBbIX TypOoMallint, M.: MalHoctpoenue, 1959. — 428 c.
5. Benenukros B.J1., [a3onnnamunka oxnaxnaembix TypouH, M.: MauHoctpoenue, 1990, 240 c.

CHuXeHue 3aTpaTt dHeprun B TennoxnanocuaGHeHMu KOM6MHMPOBaHHOI'O COOpYyXKeHuUua
«oBoulexpaHunuwe-reanorenainua» C UCNoab3oBaHueM TenJioBbiX HAaCOCOB

Y3akoB '.H., KaHAMAAT TEXHNYECKNX HAYK, fOLeHT
KapwuHcKuii nHKeHepHO-3KOHOMUYeCKUi MHCTUTYT (Y36ekucTaH)

B cmamove paccmompera 3a0aua IKOHOMUL IHepeuu onmumarbHOcO mepmocmamuposanusl 8 ICOM6LLHLL[)OB(1HHOL1
cucmeme «osouwlexparuruie-cesuomeniuyas». Onpede/Leua IHepeemuueckas 34)4)8Kmu3ﬂ00mb npumeHeHus menio-
8020 HACOCA 8 cUCMeEMe MEeNAOXAA00CHADHCeH S «cosoujexparuruuje-cerunomeniuyar.

SHeprocéepemeHHe B CHCTeMaX TeIVIOXJaf0CHAGKeHUH SIBJISIETCS OHUM W3 HarpaBJieHUH SKOHOMMH SHEPIHH, TaK Kak
SHepreTHyecKHe 3aTpaThl Ha OTOTJIEHHE M KOHIMIMOHMPOBaHHe cocTaBsioT okosio 30—50 % cToumocTH sKemyaTalum
3nanuii [ 1].

CTpouTeIbeTBO 9HEProaPPEeKTUBHBIX 3AAHUH CTANO OJHUM M3 TVIABHBIX HANpaBJeHUH 3HeprocOepeKeHus, 10CTUraeMoro
3a CUeT LeJIOr0 psiia MEPOTIPUATUIL: 3a00P BO3/yXa J/Isl BEHTHJISLMK Uepe3 TI0JA3eMHBbIH TeMJI00OMEHHUK, TT0JIHAs PereHepalius
TernJsa yxo/silero BeHTH/ISILIMOHHOTO BO3/yXa, TeMJIox1af0cHabKeHHe ¢ HCTOJMb30BaHUEM TETIOBBIX HACOCOB 1 TIp. B pesynb-
Tare sHepronoTpebeHNe TAKUX 31AHUI B YeTbIpe-111eCTh pa3 MeHblIle, YeM 3IaHUH 0OBIYHOH KOHCTPYKIHH.

B oBolexpaHuIHIIaX U reJJTHOTETUIHIAX TpebyeTes MojiepkaHue 3aIaHHOTo MoJist TOTEeHIMAJI0B TeMITepaTyp, BAAKHOCTH H
KOHLIEHTPALMHK BO3yLIHOH cpefpl. [lJist 3TOro Heo6X0AMMO TOABOIUTE K 3TOH CHCTEME MIOTOKH BelllecTBa U sHepruu. CHCTeMbl
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TEMJI0XJa0CHAGKEHHS OBOLLEXPAHUJIHLL UCTIOMB3YIOTCS WIS TTOJUIePKaHHUsl 3a/laHHOTO MoJIsl TeMIepaTypbl H BJIaXKHOCTH BO3-
JlyXa, a B YCJIOBHSIX 2KAPKOT0O KJIMMaTa — OBOLLEXPAHUJIULLE OJIMH U3 OCHOBHBIX OTpeOUTE e sHepruu [2].

OBollexpaHuImiia J10/KHA o6ecrneurBaTh COXPAHHOCTb BbIPAIIEHHOH CEJIbCKOXO35HCTBEHHOH MPOYKIUU H KPYrJIoro-
JIMUHOE o0ecreyeHne Hace eHHs MPOoAyKTaMu uTaHus. OBolIeXpaHUJIHLIE MTPEACTABgeT COG0H CriellHaNbHbIX KAace 31aHUui
1o napameTpaM MUKPOKJINMATa H HUJIMUHIO GHOJIOTHUECKH aKTHBHOTO ChIpbsl. BaxkneHim Tpe6oBanieM K XpaHeHHIO OBOLIEH
1 (PPYKTOB sIBJIsIETCS TeMIepatypa Boanyxa B uHTepBase 0 <+ +10 °C, KoTopasi mojaepKuBaeTcst Ha MOCTOSTHHOM ypOBHE 3a
cyeT paboTbl XOJNOAUJBbHBIX YCTAHOBOK. XpaHeHHe MPH HU3KUX TeMIrepaTypax o0s13aTe/bHO axKe NP UCMO0Jb30BAHUH HOBbIX
Cr10coGOB XpaHEeHHs!, TAKUX KaK HaJHUMe PeryJupyeMoi ra3oBoH Cpejibl, U SIBJSETCS SHEPrOEMKUM [TPOLLECCOM.

[Tostomy, B Lie/IIX NOBbILLIEHHE SHEPrO3PPEKTUBHOCTH 3AaHUS, HCIOIb30BAHHE a/IbTEPHATHBHBIX UCTOUHUKOB SHEPIUU U
9HeprocOepeKeHUs B CUCTEMAX TEIJIOXNA0CHAGKEHUST, HAMHU NPEYI0KeH KOMOMHHPOBAHHBIN BAPHAHT «OBOLLEXPAHUJINIILE —
renyorenuua» ¢ remnaossiM HacocoM (TH) [3]. Mcnonb3osanne xonomumpnoro uukiaa TH a5 ogHoBpeMenHoro mpon3BoacTBa
TernJa 1 XoJ101a 3(h(heKTHBHO, KOT/Ia psiIoM HMeeTcst oTpeGHTe b Tema i Xosnoaa. [lepruop! XonouapHoro XpaHeHus OBOLIEH
B XpaHUJIULLE H IKCIIIyaTalllsl FeJIMOTEIIIULL YIauHO COBIA/AIOT, TAK KaK OJMH U3 HUX (TeJIHOTENINLA ) SIBJSIeTCS NoTpebuTe1eM
TernJia, a Apyro TpedyeT XoJ0 (T.€. UCKYCCTBEHHOE OXJaxKICHUE ).

[Tokagzaresb «3HepreTHueckasi 3PPeKTUBHOCTb 3AAHUS» XapaKTEPU3YETCs BEJIHUMHON YAEJBHOTO PacXoia TEeMJIoBOH
9HEPrHH Ha OTOMJIEHUE W BEHTHJISALMIO 3IaHUS B XOJIOHbBIH eproj rofa. OMHAKO 3TOT MOKa3aTesb 11 KOMOMHUPOBAHHOH CHC-
TeMbl €OBOILEXPAHUJHIILE — TeJHOTENINLIA» CAeIyeT MOHUMATh 3HAUUTEJbHO [IMpe, HMesT B BHY YCTAHOBOUYHYIO MOLIHOCTb
OTOTIJIEHHs], 3aTPaThl SHEPTHH HA BEHTHJISILIMIO TIOMEIIeHHH U YCTaHOBOUHYIO MOIIHOCTb CHCTEMBI OXJIaXKIIEHHS B SKCITyaTalll-
OHHOM TIepHojie. 3aTpaThbl SHEPIHU B CHCTEMAX TEMJIOXJIAJ0CHA0KEHHH TTPH HCTo/b30BaHUU TH 3aBUCAT OT MX KOHCTPYKLHH,
thopmbl 11MKIA, Ko3duienTa Tpanchopmaliny Ternsia (otonurebHbll KoadduimenT) u notpebasiemoit MotHoctd N (kBT).
PaccmaTpuBast KOMGMHUPOBAHHOE COOPYXKEHHE «OBOLIEXPAHUJIHULIE — TeJHOTEIINLA» KAK MHYIO SHEPTeTHUECKYIO CUCTEMY,
BCE 3JIEMEHTbl KOTOPOH — 3HEPreTHUECKH B3aUMOCBS3aHbl MKy COOOH, MOXKHO BbISIBUTH OCHOBHbIE Pe3epPBbl U (PaKTOPbI
SHeprocOepeKeHHs.

OnuH U3 akTopoB sHeprocHepeKeHHs: — TePMOCTaTHPOBaHHE MTOMeleHHH B KOMOUHHPOBAHHOM SHeprocHeperaroiiem co-
OPYKEHHH <OBOLLEXPAHUJIUILLE — TeJMOTeNMLa». 3aiada onTHMaNbHOrO TEPMOCTaTHPOBAHHUS COCTOUT B TOM, YTOObI MOJIE-
PKUBATh 3a/laHHbIe TEMIIEPATYPhl TOJNbKO B YACTH MOMELLEHHUH MPH TIPOU3BOJIbHBIX TEMIIEPATYPAX B OCTA/bHBIX TOMELLEHHSIX,
3aTpauuBasi PH 3TOM MUHUMaJIbHOE KOJMUECTBO 9HeprHu. M coctaB TepMocTaTHpyeMbIX MOMELIEHHH, U 3a/laHHble 3HAUCHHS
TeMIepaTyp MOTYT UBMEHSATBLCS OT Ce30Ha M BpeMeHH cyToK. [Too6Has 3ajaua BO3HUKAET B MJI0I00BOLIEXPAHUIIUIILAX H XOJI0-
JMIBHUKAX TIPH TTO/IeprKaHUH HU3KOH TeMIepaTyphl B XOMOIUIBHON KaMepe 3a cueT 0TO0pa Tema ¢ HCMOJb30BAHHEM XOJI0-
JIMTBHOTO LIUKJIA.

B nannoit pa6ote paccMaTpuBaetcs 3anada oNTHMaNbHOTO TEPMOCTaTHPOBAHHUS B SHEPTOI(PPEKTHBHOI CHCTEME «OBOILIEX-
paHUJIMLLE — TeJIHOTEIIULA», T.€. 3aa4a TenJioxaagocHabKeHust (060rpeB Wik OXJIazK/IeHHE ) TOMELLEHHH C UCT0/b30BAHHEM
LMKJI1a TEMJIOBOrO HAcoca.

3anaua 0 MUHUMyMe CyMMapHbIX 3aTpaT YHEPrUu TPU UCMOJIb30BAHWH TEMJIOBBIX HACOCOB (3a/aua KOHAUIIMOHUPOBAHHS )
UMeeT CJCAYIOLINI BUL

n
- ; 1
J= ZN,. — min» (1)
i=1
e J—kpurepuit ontTuManbHocTH; N—o0b11ast MOLUIHOCTb, 3aTpaylBaeMast Ha MPUBOJL TEIJIOBBIX HACOCOB, BT.
MPH YCJIOBHSIX TEIJIOBOT0 GasiaHca /st Kaxkioro noMellieHHst

>, (T, T)+q, =0; i=1l.... , N, (2)
=0
OrpaHHYEHHUS! Ha TEIJIOBblE TOTOKH
g >0,i=1, oyl (3)
Y yCJIOBHSI, HAJIOXKEHHBIX HA TEMIIEPATyPhl TEPMOCTATHPYEMbIX TOMELIEHHU
T;=fix, i=0, ..., m (4)
rie T; — Temneparypa i-it kamepni (i=0,1,....., n), °C; Kj — kosdppuumentsl Tennionepenaun Mmexny i-it u j-ii kamepamu, Ko-

TOpbIE 3aBUCAT OT Temiepatypbl B 91X Kamepax (K = K; >0), Br/(m?xK); qj = K;j (T; = Tj) — tenoBoil notok ot i-it kKamepbi
K j-Hi, B1; gip = Kip (Tg — T;) — TenuioBoil noToK oT okpyxKatouleit cpeabl ¢ Temneparypoit Ty K i-it kamepe, Br; q; — Teno no-
JaBaemoe (oTOrpaemoe) B i-10 Kamepy, BT.

[Tos102KHUTEIbHBIM CUMTAETCS HAaNlpaBJIeHHe MOTOKa TerJia K Kamepe. [ToctaBuM 3a1aun TepMOCTaTHPOBAHUS TAKUM 0OPA3OM.
[lyctb Temnepatypsl B m kamepax Ty, ..., T, dukcupoBansl (m< 1), Kak 1 Temnepartypa okpyxaioiieh cpest Ty. Tpebyercs,
yTOGBI 00111ast MOIIHOCTb, 3aTpaunBaeMast Ha MPUBOJ TEMJIOBbIX HACOCOB, OblTa MUHUMAaJbHa. O6Ias pacueTHasi cxeMa, €0BO-
LLieXpaHHJIHLLLEe -FeIMOTENIMLA» MTOKa3aHa Ha puc. 1.
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Puc. 1. 061was pacueTHas cxeMa «OBOLYEXPAHUAULLE-TeIMOTENIULAY

OTONUTEbHBIA KOSPPUIMEHT TETJIOBBIX HACOCOB OTIpeiesieTcs o opmyJe [4]:

4 (5)
¢1 N.,

1
OtonurebHbIA K03hhULeHT (Koo hULMeHT TpaHChOopMalMK TEIJIa) @ 3aBUCHT OT TeMIepaTyp OKpyKatolei cpenbl T,
BHYTpPEeHHero Bosayxa kamep T; v 0T nnogaBaeMoil MOLIHOCTH N;.
Torna ycnosue (2) sanuinem:

Zq;,-(T;aTj)"'Ni'(pi(To,TiaNi):OQ (6)
j=0

Takum o6pazom uckombIMU nepeMeHHbIMH B (1), (4) 1 (6) sBasitiorest nojgBoarMble MotHoctH N;>0 u TemriepaTypbl npo-
n
MexyTouHblx kamep T (i=m+1, ..., n). Eciu B ypaBHeHue (6) Zq” (T;,T;)< 0, TO TEMIOBOM HACOC LI i-1 Kamepbl paGoTaeT B
n J=0
pexxume otoriennst. Ecan Y g, (T,,T;)> 0 , T0 Te1oBoii Hacoc paGoTaeT B pexxnMe OXJIaK/IeHusl, IPHYeM TemrepaTypa B i-ii
j=0

kamepe T<Ty.

YesioBre onTUMasibHOCTH 3ajiauu (1), (4) v (6) chopmynnpyem depes pyHkimu Jlarpanxka [5]:

L IR R P (7)

IIJIH HaxXoxKAEHUS SKCTPpEMyMa 9TON Cl:)yHKLlI/II/I Onpeae/IMM NMPOorU3BOAHBIC MO TTIEPEMEHHBIM Ni Hu TUZ

0.
OL _0, Tocoa 0T, T,N)+N, 22 __ L (®)
ON, N, 4,
aiL:OiNVﬂ/v a¢v+ﬂ/‘/ N 6qvi+zn:li 6qiv :0’ iiV, (9)
or, or, " “ear, T =",

[1pu ucrosb3oBaHUK 06GPAaTUMOH OLIEHKH OTOMUTENLHOTO KO3 dUIMeHTa 3a1ada yrnpoiaetcs u cucrema (6), (8), (9) npu-
BOJIUT K YPaBHEHHIO:
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To
A
T, T, qo1 q20
XOHO}IHHBHH}I Kamepa TEINOTEIIINIIA 512 =?121
T, Tz
Ni
To
qo1
qJ20
v
Puc. 2. Mnan un pacyeTHasa cxema «OoBoLyexpaHuIuwe-reanorenaunla»
_ 10
N, =1 - zq,,( 7} (10)
re o = T, _ otonuresbhbiii KOS MHLEENT TENIOBOro Hacoca B pexime otortennst, T,>Tg
L Tx - To

B stom ciyuae T; — Temnepatypa BeicoKonoTeHInanbHol cpenpl, K; Tg — Temnepatypa HuskonoteHUuanbHOH cpefpl (0K-
pyzkatouieit cpenrl) K. Koaddument npeobpazopanust TH B pexxnme oxnaxaenus (T;<Ty) pasen:

r, I, .
To - T: Tk - Tl
rae T, — Temnepatypa KoHaeHcallusl napa xaafgoarenta; T; — Temnepatypa Bosayxa B i — i kamepe, K.

Taxkum 06pasoM, YUUTBIBasi 3Ha4€HUE @; MO2KHO HaUTH KOJUYECTBO pacxogyemoﬁl 9HEPruu Ha NpUBOJ TEIJIOBLIX HACOCOB B
i-ol Kamepe

o= (11)

Ni=(pizqij(Ti’Tj)’ (12)
J=0

Ha ocHoBe npuBeeHHbBIX BbIpaXKeHHI ONTHMU3ALHKE PACCMOTPUM KOMOUHHPOBAHHOE COOPYKEHHE «OBOLIEXPAHUIIHILIE-Te-
JIMOTEIUIHL@A», TIJIaH KOTOPOTO U COOTBETCTBYIOLIASI €My pacueTHast CXeMa MPUBEeIeHbl Ha pUc. 2.
Temneparypsl Ty u T, paBubl cootBeTcTBeHHO, 283 K1 273 K. KosdduinenTts Tenmonepenadn Mexy nomeiieHusiMu Ko
= Ky, = 0,3 Br/m?xK 1 oxpyzkatoeii cpenoit Kjg = 0,4 Br/m?xK, Koy = 0,47 Br/m?xK [8].
Haxomum temnepatypy Ty Bo BTopoMm nomelieHre 0 MoliHocTH N 3aTpaunBaeMoil Ha MPHUBOJ TETJIOBOTO Hacoca. 3anauy
(1), (4),(6) 0 MUHUMYMe 3aTpaT SHEPTHUU HA TIPUBOJ] TEMJIOBOTO HACOCA 3aMUIIEM B CJIE/IYIOIIEM BHJIE:
J =N, »>min; (13)

KOI(TO _Tl)+K12(T2 _Tl)"‘N1¢1 :0}

(14)
Kzo(Tz _To)+K12(T2 _Tl)"'N1¢1 =0

(15)
0,47(T, —283)+0,3(T, —273)+3N, =0

-7 ,9+0,3-T, +3N, =0}

0,4(283 -273)+0,3(T, —273)+ 3N, = 0}

0,7 -T,-214,9+3N, =0
7.9-03-T,

3 (16)
2149-0,7 T,

3
Ty = 291,48 K (t, = 18,33 °C)

N, =

1 =

Hawmu nccnenoBan tennosoit 6ananc xosnoauabHo# kamepbl XK — 180 pazmepom 6000x 10000 MM nipu oxsaxienue 610K
[6]. Cpennsisi Temniepatypa Bo3ayxa B Kamepe 3a LMK/ oxJaxaeHusi t. = +0 °C. $16J0kH nocTynatoline ¢ TemrepaTypoi
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Puc. 3. Tpachmk UsMeHeHMi1 TeNNONPMTOKOB B NEPUOJ, XpPaHEHUA B XOJIOAUNBbHOMN Kamepe.
1 — cyMmMapHble TeNIONPUTOKM C YYETOM U3MEHEHUA TEMIOThI bIXaHWA; 2 — TENNONPUTOKMN Yepe3 OrPaXAeHNs Kamepsbl;
3 — TennoNpuUTOK OT OXNAXKAAEMbIX MPOAYKTOB C YYETOM TENAOTbl AbIXaHUA.

t; = 25°C oxstaxknatoTcst nepej XxpaHeHHeM JIo TemrepaTypbl ty = 6°C.

CrpouTesibHas miotazp nosa kamepbt Fop = Ly x By, (17)

rie L, — pmna kamepsl, M (L, = 10 m); B, — wpuna kamepel, m (B, = 6 M), emkocts kamepbl G = Fopyxgp = 60 x 400
= 24000 kr = 24,0 1.

st onpenesienue teruioBoi Harpy3ku TH Ha ocHOBe moJiydeHHBIX pacyeTHBIX U 9KCIEPUMEHTAIbHBIX TaHHbIX [6] or-
peJieJieHbl TEMJIONPUTOKH B KaMepy XpaHeHHus 1o Mecsiam (puc.d).

Kak BHIHO M3 PHCYHKa, TEMIOBbIICJEHHS MPOLlecca XpaHeHUs 3UMHUX COPTOB 16/10K cocTabasieT 51—82% oT cymmbl
BCeX TEMNJONPUTOKOB B XOJOMUJIbHYIO KaMepy U uamensiiorcst 2,5—3,0 pasa.

Ouepreruueckasi 3peKTUBHOCTb PUMEHEHHsI TEMJIOBOrO HAacoca Jlsl TEIUIOXJIaf0CHAGKEHH ST OLleHHBAETCsT SKOHOMHEH
nepBUuHON sHeprued [7]. Onpenesnm 5KOHOMHIO TOMJIUBA MPU HCIIOJIL30BAHUH TEMIOHAHOCHOH YCTAHOBKH [IJIs1 OTOTJIEHHUS T'e-
quoterumupl. Cpensist TenoBast Harpyska Ha TH B nepuon xpanenust npoaykroB Q,=15 kBT, kosthduument rpanchopmarmu
tervia TH @ =3,0: KT sanekrpoceteit n.=0,95: KI1/] aBToHOMHO# KoTebHOH 1, =0,8.

MolHOCTh, oTpebJisieMast SIeKTPOJIBUraTeieM KOMITPEeCCopa TEMIOHACOCHOH YCTAHOBKH.

Nf :%zl—S:S KBm;
o 3
[Torpebiisiemasi MOLIHOCTb C yU€TOM MOTEPb B 3JEKTPOCETSIX
NX
N, =— :i=5,263 kBm;
n. 095

Pacxoa torinBa Ha TOC aist Bpra6OTKI/I 9JIEKTPOSHEPIUH /11 [IPUBOJIa KOMIIpeccopa TENJOHACOCHON YCTaAHOBKH

B, =N, 6, -24-30 = 132624 KT y.T./MeC; T1i€ 6,,. = 0,350ke y.T./(KBTxu) — yie/bHblii pacxo yeJ0BHOTO TomiuBa Ha |
KBTx4 smeKTposHepruy, BeipabaThiBaeMO Ha TETIOBBIX dJeKTpruieckux craniui (TIC).
Pacxop Ton/mBa B KOTesbHOH Ha BEIpa6oTKy 15 KBT Tema:

9 _ 15-3600-24-30. =1658,13 M,rz{e Q: = 29310 kJIx/Kr — TenoTa cropaHusi ycJ10BHOTO TOMIUBA.

oo 29310-0,8 Mec
Takum 06pa3oM, SKOHOMHSI YCIOBHOTO TOTJIMBA 3a CYET NPUMEHEHHS TEMIOBOT0 HACOCA B MECSILL COCTABJISIET:

AB=B, -B,=33189 =T
mec

[1pu 3TOM yzie/ibHAst 9KOHOMHUST YCIOBHOTO TOIJIMBA (HA €IMHULY OTIYLIEHHOTO TEMJa) paBHa

s AB_ 33189 ke
0, 3888 oo

Pacuet npousse/ieH Npu pa3yiMuHbIX 3HaUEHUSX Ten10BoH Harpy3ku TH u pesysbraTsl npuBeetbl B TabJuile 1.



78 | TexHu4eckue HayKu

«Monopoi yuéHbiit» « N2 11 (22) - TomI - Hosbps, 2010 r.

Ta6nuua 1. Pacyet 3KOHOMUU 3HEpruu Npu ucnonb3osauuu TH ana TennoxnagocHabxeHus
«OBOLEXpaHUANLLE-TeNUOTENTNLAY»

Tennosas MoTpebnsemas Pacxop ycnoBHoro Ton- Pacxop ycnos- | IkoHOMMs ycnoB- |  YaenbHas 3Ko-
Harpy3ska Ha TH molHocTb TH /MBa Ha BbIPabOTKy anek-| Horo Tonnuea B | Horo Tonnuea, AB | HoMus ycnoBHOro
Q, kBT N, kBT TPO3HEPruun Ans nNpuBoaa | KotenbHow, By, kr/ Kr/mec Tonnumea, Ab kr/

TH B, kr/mec Mec [PIRS

10 3,51 884,2 1105,42 221,2 8,52

15 5,263 1326,24 1658,13 331,89 8,53

20 7,01 176842 2210,8 442,43 8,54

25 8,78 2210,53 2763,56 553,03 8,534

30 10,53 2652,63 3316,26 663,63 8,53

Takum o6pazom, UCXOfIs U3 KPUTEPUS pacxoa MepBUUHON
9HEPruu, NMPUMEHsITh TEMJOBOH Hacoc /sl TeMNJoXaa10CcHa0-
»KeHHs1 KOMOHHHPOBAHHOTO COOPYKEHHsl SHEPreTHYECKH Bbl-
rojiHee Mo CPaBHEHHIO C TPAAMLMOHHON KoTesbHOH. Kpome
BbILIe M3JI0’KEHHOTO, CHCTEMA TeIJIOX/Ia0CHA0KEHHS C Terl-

Jlutepatypa:

JIOBbIMHM HacoCaMH HMeeT CJeaytouie nperumyuiectsa: OT-
CYTCTBYIOT CaKa, Ibl/ib, 3alac BCeX BHUAOB TOIJIMBa, 30J1a U
J1akK, obecrieuuBaeTcs MoJiHas HO)KapO@eSOHaCHOCTb, oTmna-
JlaeT HEeOOXOJMMOCTh TPAHCIIOPTUPOBKH U XPaHEHHUs1 TOIJIMBA,
U COOTBETCTBEHHO 3KCIIyaTallHOHHbIE 3aTPAThl HAa 3TH LIEJIN.

W. Feist. Passivhaus — ein neuev standard mit hohem entwicklung spotential // Enevgie Effizientes Bauen, 2000
Ne 1.
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MeToauKa uccnepoBaHUA TENJIOBAAXKHOCTHBIX NPOLLECCOB B XONO0AUNbHBIX KAaMepax

pu pagpaboTKe sHeprocOeperarolleil TeXHONOTHH Xpa-

C TeNJIOHACOCHOMN YCTaHOBKOM

Y3akoB [.H., KaHAMAAT TEXHUYECKUX HAYK, [LOLEHT
KapLnHCcKMit MHXEeHEPHO-IKOHOMUYECKUI UHCTUTYT (Y36eKkucTaH)

METO/Ibl TIO3BOJIAIOT IMOCTPOUTL MaTeMaTHHYECKUE MOIEJIN

HEeHHsl TJIOJOB W OBOLLUEH, palMOHAJbHBIX CIOCOOOB
CHWKEHHSI 10Tepb IMPOAYKTOB W JJIs1 UCCJEAOBAHUS TEIJO-
MaccoOOMEHHBIX MMPOLECCOB, MPOUCXOASALLNE B XpaHUIUIIAX
MCNoJb3yloTesl Tennoduandeckue Metosbl. [loabysch Ter-
JIO(U3UUECKUMH METOJAMH, MOXKHO OOBEKTHUBHO CYIUTH 00
ONTUMAJIbHBIX YCJOBUSIX XPaHEHUS KaXKJIO0ro U3 MPOAYKTOB,
BbIOHPATh palMoHa/IbHble TeXHHYECKHE CPeJCTBA IS UX MOJL-
JiepaKaHusl B TUIOJI0OBOLIEXpAHUIIUIIAX. Ternjodu3nieckie

JUISl U3y4eHHs] KOHKPETHBIX MPOLECCOB B UCCeLyeMOM 00b-
ekre [1].

OjHako, B OTE€UECTBEHHOW M 3apyOexKHOH MpaKTHKe He
UMeeTCsl OOLLENPHUHATON CTAHAAPTHOM METOAMKH JIIs M3Y-
YeHHsl TEMJIOBJIAXKHOCTHBIX TPOLECCOB B XOJIOAMJIBHBIX Ka-
mepax. Mcxozst U3 aToro, Ha OCHOBE KOMIJIEKCHBIX TEOPETH-
YeCKO-9KCIePUMEHTANbHBIX HMCCAe/I0OBAHUK, HAMH CleJaHa
MOMbITKA JaThb PeKOMEHJAUMH [0 METOIUKE HCCJeI0BaHUS



Hosbpb, 2010 r. » TomI « N2 11 (22) - «Monopnoii y4&Hblit»

TexHU4yecKkue HayKu| 79

TEMJIOBJIAXKHOCTHBIX TMPOLIECCOB, CHUKEHHIO TMOTEPhb MJIOI0B
M OBOLLEH TIPH XpaHeHWH. BbisiBJeHbl pe3epBbl 3KOHOMHH
SHEPrUK B yrayGJIEHHBIX [J10JI00BOLIEXPAHHIIHIIAX B yCJIO-
BHSIX 2KaPKOT0 U CYXOTo Kaumara. [lyist neesie1oBanust Tensaos-
JIAYKHOCTHOTO pPeXHMa HAMH CO3/laHa OMbITHAST XOJOAUIbHAST
kamepa XK-180 co crpoutesibHbiM 00beMoM Vi, = 180 M,

TemnepaTypHO-BNa:KHOCTHBIE W Ta30Bble PEXHMBI Xpa-
HEHUSI TPOJYKTOB B OMbITHOM OObEKTE H3yyasMCh IKCIEPH-
MEHTaJIbHBIM MTyTEM.

OcHoBHBIE TOKA3aTesNM peKUMa XpaHeHHsl MJIOJOB U
OBOIEH — TeMrepaTypa M OTHOCHTeJbHAsT BAAXKHOCTb BO3-
nyxa. B XxpaHusuiie ¢ akTHBHBIM BEHTHJIMPOBAaHHEM He0OX0-
JIUMO Y4YHTBIBATh, KPOME TOT0, CKOPOCTD ABHKEHHSI BO3yXa B
BEHTHJ/ISILIMOHHBIX KaHaJsax, B witabesie MPOJyKIHUH, B XpaHH-
JILIEe ¢ perysaupyemoii razoBoit cpeyioit (PI'C) — conepxanue
JIMOKCHJA YTJIEPOfia U KUCIOPOJA.

J1nst uceneoBaHust TEMJIOBAAYKHOCTHOTO PeXXUMa 1 H3Me-
peHHst TeMIepaTyphbl IPyHTa B yriyGIeHHOH XpaHUJIHIIE HAMH
paspaboTaH Tenao(hHU3HIECKHIl H3MEPUTEJbHBIA CTEH], KO-
TOPBIii NTpeCTaBIeH Ha pUc. 1.

B xpaHusuile Temrepatypy onpeiessiii B HAachllU Mpo-
JyKUuu (1uTtadese), mpoxoaax M BEHTHJ/ISLMOHHBIX MarucT-
paJibHbIX Kanajax. lnsi peuieHdst Bornpoca o Liejecoobpas-
HOCTH aKTMBHOT'O BEHTHJIMPOBAHMUS ONpeEJIesieM TeMeparypy
aTMocepHoro Boayxa. Ecnv oHa Bblllle, ueM B XpaHUJHIIE, a
MPOJYKIHIO HEOOXOMMO OXJIa/IUTh, TO BEHTHJHPOBATH HEJb3S,
1 HaoGopoT. OnpejeseHue TeMrepaTypbl aTMOChepHOro Bo3-
JiyXa JaeT BO3MOXKHOCTb CYIUTb 00 OJHOH W3 MPHYHH H3Me-
HEHU$ TeMIepaTypbl B XOJOUIbHBIX KAMepax U XpaHUJIHLLAX.

HaGustoniennst 3a pe;KUMOM NMPOBOJIMJIM B TeUEHHE BCEro
nepuosia xpaHeHusi (OKTsAOpb-mMaptT). OceHblo Temrepartypy
U3MePsIIM exKeJIHEBHO, a HHOT/IA /IBA pa3a B IeHb (YTPOM H Be-
4epoM ), 3UMOH — OJIMH-/IBa pPa3a B HeJeJIo.

OTHOCUTEJIBHYIO BJIaXKHOCTb BO3/lyXa B XpaHWJIMLLE H3Me-
psiin TicuxpomeTpamu ABrycra, u rurporpacdamu. [lenxpo-
METPbl yCTAHOBJIEHBI B CPEJIHEH YaCTH XPAHUJIMIILA HA BBICOTE
1,5—1,7 m.

CKOpPOCTb JIBU?KEHHUS BO3/lyXa B MOMEIIIeHHH XPaHUJIHIIA
M BEHTHJISILMOHHBIX KaHaJlaX U3MepsiJid MpH MOMOLLH KaTa-
TEPMOMETPOB H AHEMOMETPOB.

V1

VII

11

hi=2500 Mm

Vv
A

6)

Puc. 1. TennotexHuyeckaa usmepuTesbHas cxema ANsA UCCNeA0BaHUA TeMnepaTypHOro nons
B Yrny61eHHOM OBOLLEXPAHUAMLLE
a) nonepeyHbIil pa3pe3 0BOLLEXPAHMANLLA U TOYKU U3MepeHUid TeMnepaTypsl B rpyHTe (1,2,3), xpaHunuile (4,5), Hackinu oBoLei
(6,7,8), HapyHblii BO34yX (9) M BHYTPEHHAS MOBEPXHOCT orpaxaeHus (10); 6) anekTpuyeckas cxema U3MepeHus Temneparypbl. I
- noteHumnometp, IT — nepeknioyatens; III — tepmonapsl; IV — cbopHas kopobka; V — cocyn [Abtoapa; VI — xonoaunbHas Kamepa;
VII - rpyHTOBOM Maccus; VIII — ncuxpometp Asrycra.
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Tabnuua 1. Pe3ynbTaThl U3MEpeHMii TENJIOBAAKHOCTHOrO PEXKUMA XPaHEHMA NOAO0B 1 0BOLLEN
B onbiTHOM xpaHunuie XK-180 (B ycnosusx r. Kapwu) 3a lekabpb 2009 r.

[aTa u Bpems Temnepartypa, °C Moka3aHusa Tep- OTHOCK-
yueta momeTpa, °C | TenbHas Bnax-
Atmoc- B xpaHunuwe B rpyHTe B 3akpome Hacbinu | cyxo-| cMOYeH- | HOCTb BO3AyXa
tepHoro |y aepu | B UueHTpe | H=1 | h=2m | h=3 1 » 3 ro HOTO B XpaHuaunue
BO3JyXa Kamepbl M M jr %
01.12.09 2400 -1 +2 +4 +2 +5 +6 +4 | +45 | +5 +4 +3,4 90
02.12.09 800 +6 +4 +6 +8 +9 +9,5 | +6 +7 |[+75 | +6 +5 85
03.12.09 800 +5 +3 +4 +8 +9 +9,5 | +5 +6 +7 +4 +3,2 87
05.12.09 800 +2 +2 +3 +5 +5,5 +6 +4 | +45 | +6 +2 +1,6 93

CocraB PI'C KoHTpo/IHpOBa/M XMMHUECKUMH ra30aHalu-
saropam [TIX-3M u ycranoskoit CAI'-1. [Tociennsisi oGec-
MeunBaeT AaBTOMATHUYECKYID TMPOBEPKY CONAEPKaHUS KHC-
Jgopona ot 0 o 21 % W JHOKCHIIA yraepona ot O o 20% c
Tounoctbio +0,2 %.

PesysibTaTbl H3MEepPEHHH U KOHTPOJISI TEMJIOBJIaKHOCTHOTO
pexKuMa XpaHeHHs MJI0JI0B ¥ OBOLLEH B OTIBITHOM XpaHUJIHILLE
3aMuchiBad B XKypHasa (NMpoTokoa HabgoaeHuit). OmuH 13
(hparMeHTOB HAOJIIOIEHHI MTpe/IcTaB/eH B Ta0. 1.

[Ipn oxsaxkaeHHM U TEIJIOBJaXKHOCTHOH 0OpaboOTKH BO3-
JyXa B XOJIOAMJIbHBIX KaMepax, a Takxke Jjs 9KOHOMHH pac-
XOJIOB 3SHEPrHM Ha TervioxJaagocHabKeHHe BaxKHO 3HATb
OCHOBHbIE TEMJOTEXHUYECKHE TTapaMeTpbl Bo3ayXa (BJaroco-
JiepaKaHue, OTHOCHTE/IbHYIO BJIAXKHOCTh, TEMIEPATYpy TOUKH
POCHI, SHTAJILITHIO, MapLUHaIbHOE JaBJeHHe U T.1. ) [2].

B pacuetax mnpoleccoB OXJaXKIeHHs, CBSI3aHHBIX C
BJIaXKHBIM BO3/IyXOM, LIHPOKOE pacrpocTpaHeHHe MoJyyuiia
i — d nmarpamma, Kotopasi yuuTbiBaeT GajlaHC TEMJOThl
BJIATH B Mpolieccax, Mo3BOJSIeT HAMJISAHO NPEACTaBUTb COOT-
HOLLIEHUE MEXIY UX H3MePEHHEM, a TAKKe JIETKO ONPeeTUTh
napameTpbl U XapaKTePUCTHKH €r0 B TIPOLeCCe OXJaXKIeHHS.

MHkeHepHble MeTOIbl pacyeta peKHMOB paboThbl X0J0-
JMJIbHBIX YCTAHOBOK OCHOBAHbI HA HCIOJb30BaHuK i — d aua-
rpaMMbl BJIA?KHOTO BO3JyXa, Ul MOCTPOEHUsI KOTOPOH HC-
MOJIL3YIOTCS CIEYIOLIHe TEPMOJAMHAMUYECKHEe YpaBHeHHs [3].

d=622.—LPu_ , (*/(xr cyx. B.)) (1)
B-¢-

H

J=c -t+\r,+c -t)——, (2)
wot+lren )1000
B-d
P 622+d’
-3
622:1000.&:1OOO.M’
Hey 28,97-10
B d
== .——.100,
v p, 622+d (4)

rjie d — Biarocosiep:kanue Bo3yxa, r/Kr; p, = 18,016x1073
MOJISIPHAsT Macca BOISTHOrO napa Kr/Mouib; pe,=28,97x107°

MOJIIpHAst Macca BO3JIyXa KI'/MoJIb; ¢ — OTHOCHTE/IbHAs! BJIaK-
HOCTb BO3J/lyXa, BblpaxkeHHas B 101X euHupl (0<p<l); P, —
JlaBJeHne HackIllleHHoro napa, [1a; B — naBienne Baaxuoro
Bo3ayxa, [1a; i — sHTanbnus cyxoro Bo3myxa, KILK/KT; CpB -
yllebHas M306apHas TemaoeMKoCTh CyXoro Boamyxa, KIIx/
(krxk); t — temneparypa Bozuyxa, °C; r, — yJeJjbHasi Tell-
nota napoo6paszosanust npu 0 °C kIDK/Kr; Cpn — ynmesbHast
u3o6apHas TerI0eMKOCTb BOASHOTO napa KIK/(Krxk).

[lapupanbHoe naBjeHue BOJASHOTO Mapa B HACBHIIIEHHOM
BO3JIyXe SIBJSAETCSH HEOOXOMMMbIM HCXOIHBIM TaHHBIM JUIs OTl-
pezesieHus1 BaarocosiepKanus. Jlapjenue BoasiHOro napa B
HACBILIEHHOM BO3JyXe sIBJsIeTCs (yHKUHEH TOJbKO TeMIle-
patypbl 1 onpesessieTes no TabJauuaM, noJydeHHbIM pasJiuy-
HBIMU MCCJIE/IOBATE/ISIMU B pedyJsibTarte JabopaToOPHbIX HCCIe-
JoBanui [4].

Hawmu npoBesieHo ucciieioBaHne oXJaxAeHHsT KapToes
1 g6J10K B XOJOAWJIbHON Kamepe, Ijle BHYTPEHHUH BO3MyX C
napamerpamu t = 33°C, ¢ = 35% oxsaxkuaercst 10 Temiie-
parypol t = 5°C. Bapomerpuueckoe JiaBjeHle Bozjyxa JJisi
yenosuit r. Kapum B = 981x10? Ila, TpeGyemasi oTHOCH-
TesIbHAsA BJAAKHOCTL BHyTPHKaMepHoro Bosayxa ¢ = 90%.

Ha nuarpamme i — d Haxonum touky B ¢ mapamerpamu
t=>5°C, @ = 90 % u onpesensieM ocTajbHble NapaMeTphI:
i=17,5 kllx/xr, d = 5,0 r/kr. [lapamerpbl HauaILHOTO
coctosiuusa Boaayxa: i = 62,1 kJx/kr, d = 11,3 r/kr. Cae-
JIOBATeJIbHO, MTPH OXJaXKIeHHe BO3/lyXa B KaMepe MPOUCXOIUT
MOHIKeHNe TeMMepaTypsl, SHTaNbNUU (Al = 62,1 — 17,5 =
44,6 xJlx/xr) u BJIarOCOJiep2KaHMs, T.€. BbINAJCHUE BJAaru
Ad=11,3—-5,0=6,3 r/kr.

[To pacueTHbIM 3HAYEHHSIM TEMJIOTEXHUYECKUX Mapa-
METPOB XOJIOUILHON KaMepbl, I/ XpaHeHUs KapTodeJs, MpH
atMocepHOM GapomeTpuueckoM jasiennu B = 981x10?
[la corsmacHo mpuBeneHHON METOAMKH, MocTpoeHa i — d aua-
rpamMMa BJIaXKHOTO BO3IyXa.

[To noJstydeHHbIM pesyJ/ibTaTaM HUCCJ/IeI0BaHUI TEIJIOBIAXK -
HOCTHOTO PEKUMa XOJIOAUJILHON KaMepbl MO2KHO ONPEIeNHUTD
KosiuecTBO Teria (Q,, Br), ynansemoe ua wrabessi npo-
JIYKTOB, BO3/LyXOM MPH aKTHBHOM BEHTHJIUPOBAHUH:

Q8=GBXCpoHX (tm'tg) xM, (5)

[otepy Baru npoaykuun (W, Kr/c) saBuCHT OT TermJio-
MPUTOKOB B XOJIOAMJILHYIO KaMepy, pacxoja BEHTHJIMPYEMOro
BO3/lyXa U TEIJIOTEXHUUECKHUX TapaAMETPOB BJIAXKHOIO BO3/LyXa.
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L K/PK /KT

d, I/kr

Puc. 2. i - d guarpamMma M3MeHeHMA COCTOAHUA BIAXKHOIO BO3AYXa NPU OXNAKAECHUM

B npakTHueckux pacueTax noTepu Bjaard NpojyKLU1ei npu ak-
THUBHOM BEHTHJIMPOBAHUH OTPEJEJISIOTCS 110 [D]:
W=7,8x10"%xGx(P;-P,)xM, (6)
rae: G, — KOJMUECTBO BO3/yXa, M0JIaBAeMOro Ha eIMHUILY
Macchl PORyKIKH, M>/(Krxc); ty, t, — COOTBETCTBEHHO TeM-
nepatypa npoayKuuu Bosayxa, °C; P, P, — napumasnbhoe
Hacblllaollee JaBjeHHe BOJAHBIX MapoB B BO3JyXe COOT-
BETCTBEHHO MPU TeMmIepatype NpoayKUUMH W Bosayxa, [la;

Jlureparypa:

M — macca NpojyKIuH, Kr; ¢, — TeMJI0eMKOCTh BO3JIyXa, Jix/
(krx°C); p, — IJIOTHOCTD BO3/IyXa, Kr/M>.

VcenenoBanust poBeieHbl B OMBITHOM [1J10000BIIEXPa-
e XK — 180 BMecTUMOCTbIO 24 TOHH, /15 XpaHEeHHs
16/10K 3uMunx coptoB. Ilpn G, = 50 m>/(Txu) Tennora yna-
JsieMast U3 1Tabesist NpoayKToB (0J0K) BO3ILYXOM COCTaB-
asieT Q, = 8,54 kBr. [Totepu BJaru NPoyKIHH B 3THX yCJIO-
Busx papia W= 0,83 kr/u.
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Pa3paboTka kKnaccuuraumum BCnomoratenbHbIX KOMMOHEHTOB,
MCNOJb3yeMbiIX NPY NPOU3BOACTBE GUOIOrMYECKU AKTUBHbBIX 06aBOK

FopbyHuukosa M.C., maructpanT, ®ageesa H0.U., maructpant
KemepoBCKMil TEXHONOTUYECKUIA UHCTUTYT NULLEBOI MPOMbILNEHHOCTH

BI/IOJIOFI/I‘{QCKI/I aktuBHble 106aBKH (BAJL) ¢ KaxKabIM rogom
3aHUMAlOT Bce HoJiee BaXKHOE MECTO B HallleM NMUTaHuu. B
YCJOBHUSIX COBPEMEHHOTO 00I1eCTBA OTKA3 OT YyNoTpeOseH s
BAJl v (uan) oGoraiieHHbIX MPOJYKTOB MOXET TPUBECTH
TOJILKO K OJIHOMY pe3yJibTaTy — pocTy 3a60JieBAeMOCTH.
@akruuecku 6e3 ynorpebsenusi BAJIL cerofHsi HEBO3MOKHO
BOCTOJIHATD JA€(MHUIUT MAaKpPO- U MHKPOHYTPHEHTOB B HallleM
nutauud. [1—3]. [TostoMy B mocsenHee BpeMsi MOBBICHJICS
MHTepec K GHOJIOMMUECKH akTHBHBIM loOaBkaM. BAJ] HecyT B
ceGe GHOJIOTHUECKH aKTHBHbIe BellecTBa (BAB): BUTaMHUHBI,
BUTAMHUHOMO/I00HbIE ¥ MUHEpaJIbHbIE BellecTBa, pepMeHTb

1 KO(DEePMEHTBI, SKCTPAKThl PACTHTEILHOTO ChIPbS U T.J., KO-
TOpbI€ COCTABJAIOT JEHCTBYIOLIee AApO N00AaBOK B 3aBHCH-
MOCTH OT (PYHKIMOHAJbHOH HampaBaeHHOCTH. OHM Heo6X0-
JMMBI JIJTsT BOCTIOJTHEHHST Ie(hHIUTA CyIECTBEHHbIX (PAKTOPOB
nuTaHus; o6./1a/1al0T aanToreHHbIM 3(deKToM; coepxkat
BELLEeCTBA, pery/upymouue B (U3HOJOTMUECKHX TIpaHHLax
(byHKLHOHAMBHYIO aKTHBHOCTb OPTaHoOB M cucteM u ap. On-
HAKO, Kak IMpaBWJIO, BO3HHKAET MOTPEOHOCTb BO BCIIOMOTra-
TeJIbHBIX KOMIOHeHTax B coctaBe BAJL.

MO2KHO BBIIE/IHTD CJIeyIOLIHEe OCHOBHbIE 11e/1H BBeleHHs
BCIIOMOraTeJsbHbIX KOMIIOHEHTOB!
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+ (opmHpoBaHHe U coXpaHeHHe (HU3UKO-XHUMHIECKHX Xa-
pakTepucTHK pasinunbix Gopm BAJL (nopouikos, Tabierox,
Jipazke, KaricyJi, H30J5ToB, 6aJ1b3aMOB, CHPOIOB, SKCTPAKTOB,
HACTOEB, CYXHX M KHUJIKMX KOHUEHTPATOB H3 PACTHTEJBHOTO,
»KMBOTHOTO HJIM MHHEPAJILHOTO CHIPBSI U JIP.) B TeUeHHE Ompe-
JIeJIEHHOTO CPOKa;

* B HEKOTOPBIX C/ydasix yJyuyllleHHe YCBOEHMs JeHCTBY-
IOLLEro 51/1pa;

*  yJyylleHHE OPraHoJNEeNTHYECKUX CBOWUCTB M YBEJH-
YyeHHe UX CTaOUJIbHOCTH;

+ crocoGCTBOBaHHE yIO6CTBY MPUMEHEHHSI.

B cBs31 ¢ pagHoo6GpasrieM HCMOJIb3yeMBbIX B TPOU3BOJICTBE
BAJl BcriomoraresibHbIX BEIIECTB BO3HHKJ/1a HEOOXOAMMOCTD B
UX Kaaccudukauuu. Besenersuie 3Toro Ha OCHOBaHHM cyllec-
TBYIOLLEH KJacCU(UKALMM BCTIOMOTaTe/bHbIX BELECTB YISt
MPOU3BOJICTBA JIEKAPCTBEHHbIX NpenapatoB [4] u knaccudu-
Kallu{ MUIIEBbIX 106aBoK [ 1,5,6] B 3aBUCHMOCTH OT MX HA3Ha-
YeHHs HaMu Obla TPOBeieHa CHCTeMAaTH3alHsT JaHHBIX KOM-
nonentoB BAJI (puc. 1).

M3 pucyHKa BHIHO, YTO BCIIOMOraTesbHble KOMIOHEHTbI
BAJl nensitest 1o IByM MpPU3HAKAM: [0 POUCXOXKIEHHUIO H M0
Ha3HA4YEeHHIO.

[To cBoeil mpupoae BcroMoratesbHble BeleCTBA MOXKHO
pasziesuTh Ha TIPUPOJIHBIE (OpTaHUUECKHe U HeOPraHHUeCKHe )
¥ CHHTETHYECKHE.

KoMMnoHeHTbl MPUPOAHOrO MPOUCXOXKACHUS NOJyYaloT U3
PaCTUTEJBHOTO, KUBOTHOTO, MHKPOGHOTO M MHHEPAJBbHOTO
cbipbst. OHaKo Gosee LIMPOKOE TPUMEHEHHe HALLIH CHHTe-
THUECKHe BCIIOMOraTeJibHble BElIeCTBa, TaK KaK HX CHHTE3
9KOHOMHUYECKH BBITOJIEH.

[To HagHaueHHI0 BCIIOMOraTesbHble KOMITOHEHTbI AeJIATCS
Ha NSTb rPynIt: popmoodpasyolye, cTabuIM3upyloLue, co-
JIOOUJIM3UPYIOLIHE, aHTU(PPUKLMOHHbIE, KOPPUTHPYIOLIHE
BeleCTBa.

Dopmoodbpasyrouue seujecmsa nal0T BO3MOXKHOCTb H3-
rotoBuTb BAJI, HCX0s HX arperaTHOTO COCTOSTHHSI, CO31aBaTh
HeoOXOUMYIO Maccy, MpHIaBaTh ONpPEeeeHHYI0 eOMeTpH-
yeckyto gopmy. K HUM OTHOCATCS HAMOJHUTENN U CBSI3bIBA-
[OLIME BEL1eCTBRA.

Hanonnutenn — 3To BellecTBa, MCMOJb3yeMble JIsl
npunanust BAJL onpenenentoil Maccel 1 06beMa B TeX CJIy-
yasix, korga BAB BxoauT B ee coctaB B HeGOJBIION JO3M-
poske (0,01 —0,001r), 06b19HO 3TO CHIILHOJEHCTBYIOLIIEE Be-
1LIECTBO.

Cps3blBalolIde BellecTBA BBOAATCS Jyif oOecredeHus
npouHocTH rpatys u tTabaerok BAJL. Ipu cyxom rpany/inpo-
BaHUU J00aBASIOT HeOOJbIIOE KOJMUECTBO CBA3BIBAIOIIMXCS
BelllecTB. [IpH BJIaXKHOM TpaHyHPOBAHUU CYLLECTBYET Tpa-
BWJIO: ecsii TpedyeTcs 106aBUTb HeGoJIbLIOE KOJIHYECTBO YB-
JIAZKHUTEJIS, TO CBSA3bIBAIOLLME BELECTBA BBOASIT B CMECh B
CYXOM BMJIE, €CJIM KOJIMUECTBO YBJAXKHUTEJST GOJbILIOE, TO
CBsI3bIBalOLIlEE BELIECTBO BBOJAT B BUJIE pacTBopa. PacTBopu-
MOCTb CBSI3BIBAIOILIETO BEIECTBA TAKKE OKa3bIBAET BJMSHHE
Ha BbIOOp criocoba ero BBeneHHs. [lisl KaKaoro TaGaeTupy-
eMoro mMaTepuaJa 1iesecoobpasHo noaduparth ONTHMAaJbHbIH
KOJIMYECTBEHHbIH U KaueCTBEHHbIH COCTaB CBSI3bIBAIOLLMX Be-

LLECTB, YTOODI, MOJYUHB HAHUJyULLHE MEXaHHYECKHe CBOHCTBA
rpanyJssita u TabJeToK, o0ecrneyuTb B TO Ke BpeMs Tpely-
eMYI0 HX pacrnagaeMocTh H CKOPOCThb BhICBOOOXKAeHHST BAB.

Cmaburusupyrowue seujecmsa — OIHM H3 HHUX CIO-
COOCTBYIOT COXpaHEHHIO (DU3MKO-XHMHUECKHX CBOWCTB (cTa-
OUJIN3ATOPbl, 3MYJILFATOPbl, BELLECTBA, MPENATCTBYIOLIUE
CJICKMBAHUIO M KOMKOBAHHIO, MJ€HKO0Opa3oBaTe/M U T.JL.), a
JIpyrue MpensiTcTBYIOT MUKPOOUOJIOTHUECKOH nopue (KoHeep-
BaHTbl) B T€UEHHE OMpPEeJeHHOr0 BPEMEHH ¢ MOMEHTA Bbl-
nycka BAJL.

IMynbratopsl 06pasyroT UK MOIEP:KUBAIOT OHOPOAHYIO
CMeCh JIBYX HJH OoJiee He CMeIINBaeMbIX (ag3. IMyJIbraTophbl
— XUMHYECKHe BELLeCTBa, ClOCOOHbIE (NP PACTBOPEHHH HJH
JICIIEPrUPOBAHUH B 2KHKOCTH ) 00pa30BbIBaTb H CTAOUJIU3H-
poBaTh 3MYJbCHIO, UTO JOCTUraeTcsl OJarofapsi X crnocob-
HOCTH KOHIIEHTPUPOBATLCA HA MOBEPXHOCTH pasiena (a3 u
CHIKATh MeX(a3Hoe MOBEPXHOCTHOE HATSKEHHE.

CrabunuzaTopbl  MO3BOJISIIOT ~ COXPAHATb  OHOPOJHYIO
CMecCh JIBYX MJK GoJiee He cMellnBaeMblX BellecTs. [IpuHLmn
JIeHCTBUS CTaOMJIM3aTOPOB aHAJIOTHYEH JACHCTBUIO IMYyJblra-
TOPOB, OT KOTOPbIX OHM OTJIMYAIOTCS MMOHMXKEHHOH TOBEpX-
HOCTHOH aKTHBHOCTbIO. DPeKT cTabUIM3aLHUN MOKET ObITh
JIOCTUTHYT 3a CUeT aicopOLMH UX MOJEKYJa Ha MeK(asHbIX
rpanuuax, o6pasyeMblx yacTHLAMU JHCIIEPCHON (ha3bl U AuC-
MEePCHOHHON Cpefibl WM 3a CYET MOBBILIEHHS B3KOCTH JIMC-
MEePCHOHHON Cpeflbl, CcojlepKalllell YacTHlbl JAMCIepCHON
dazwbr [1].

[laenkoobpasosamenu — BellleCTBa, HAHOCUMbIE B BHJIE
MJIEHKH WJIM TOHKOTO cJiost (TUIsiHIA) HAa MoBepXHOCTh BAJI
WK SIBJSIIOLLMECS KOMITOHEHTAMM 3alUUTHBIX TOKPBLITHH [O].
OHu 3alMUIAIT OT BbICBIXaHUs, CHHXKEHMsI Beca, M0TepH
BAB, a Takke OT HexKeslaTeJbHOrO BO3NEHCTBHSI OKpyKa-
tollei cpenbl. Kpome Toro, ¢ momouibio mieHKooOpas3oBa-
TeJieil MoxKHO nipuaaTh BAJ] npuB/ieKaTebHbIN BHEILIHII BUIL.

KoncepsanTel mpojyieBaioT cpok xpanenust BAJI, 3a-
LIMLIAst HX OT MOPYH, BbI3bIBAEMOH MUKpPOOpraHu3MamH (6ak-
TEPUAMH, JIPOXKKAMH, TJIECHEBLIMH IpHOaMH, B TOM YHCIE
naToreHHbIMH MUKpoopranuamMamu). OHU MOIYT OKasblBaThb
OGaKkTepULUIHOE U PYHIHLMIHOE (YHHUTOXKAIOLLee OAKTEPUU H
rpu6bl) Wil GaKTepHOCTATHUECKOE U (pyHIHCTaTHUeCKoe (3a-
MeIsiioLLlee POCT U pa3MHOXKeHHe OaKTepuit U rpuboB) aefic-
TBUe. KoHCcepBaHTbI 10JLKHBI ObITh G€3BPE/IHbl, HE U3MEHSTh
opranoJientuueckux csoiicte bAJL [5].

BelectBa, npensTCTBYIOLME CAEKHBAHHIO W KOMKO-
BaHMIO, CHWKAIOT TEHACHUMIO YACTUL, K MPUJUNAHUIO JPYT
K JIPDYTY ¥ COXPaHSIIOT ChIMyyecTb MOPOLIKOOOPasHbIX (opm
BAJL.

Coaoburusupyrowue (paspolxigiowjue) Beu,ecmsa
YBEJIMUMBAIOT PACTBOPUMOCTb TPYIHOPACTBOPUMBIX HHIpe-
nuentoB BAJL. Coso6uiusaiiyst — Mpolece caMmorponusBoJib-
HOTO Mepexojia HepacTBOPUMOTrO B BOJie BEllleCTBA B pasBe-
nennbli pactop [TAB ¢ o6pasoBanueM TepMOAHHAMHUYECKH
ycToiunBo# cucrembl. [IpumMenenune cogioOuaM3aTopa mos-
BOJIsIeT TOTOBUTh (popmbl BAJl ¢ HOBBIMM MpaKTHYECKH He-
pPacTBOPUMBIMH  BBICOKOS((EKTUBHLIMU ~ GHOJIOTHYECKH
aKTUBHbIMM BelllecTBaMH. OHM CIIOCOOCTBYIOT MOJIHOH pe-
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3opbiuun BAB, uTo MoxKeT MpHUBECTH W K CHHXKEHHIO J03HU-
POBKH 3THX BELLECTB.

[To MexaHu3My paspylualollero AeHCTBUS BCE Pa3pbiXJisi-
IOlIMEe BelleCTBA MOXKHO Pa3e/IMTh HA TPH IPYMIIbL:

. Habyxaioume — paspyuiaior TabaeTky 3a cuer Haly-
XaHwUsl.

2. ['agoobpagytollie — Tak HasblBaeMble LIMIyYHe CMECH,
paspyuiatoT TabJIeTKy 3a cueT ra3oo0pa3oBaHHusl.

3. Yayduialoluye cMauuBaeMOCTb H BOJOTIPOHHIIAEMOCTb
TabJIeTKH

Koppueupyowue sewecmea yJydllaloT OpraHoJienTH-
yeckue cpoiictBa BAJl u noppasnensitores Ha KOMIIOHEHTHI
JUTS KOPPEKIIMK BKYCa U 3araxa M i KOppeKILHUH 11BeTa.

AnmugpuKkyuonHtble 8eujecmaa 1ensiTcst Ha CKOJb3sIIne
M CMasblBalolllMe BellecTBa. Takue BelllecTBa BBOJAT B CO-
cTaB TabJETUPYEMON MaCChl JYIsl YJy4lleHHsI CBOMCTB TEKYy-
4eCTH M CKOJIbKeHHMs1, 00J1er4aloT MporJaThiBaHue.

Jlutepatypa:

CkoJib3silliMe BelleCTBa, 3aKpPerisisicb Ha [MOBEPXHOCTH
YacTULL (rpaHyd), yCTPaHsIOT HX LIEPOXOBATOCTb U TEM CAMbIM
MOBBIIAIOT TeKyuecTb nopoiika. Haubosbliell sddekTun-
HOCTBIO CKOJIbKEeHHs 00J1a/Ial0T YacTHIlbl, UMetoline chepH-
yecKyto opmy.

CmasbIBalolye BellecTBa He TOJIbKO CHHUXKAIOT TPeHHe Ha
KOHTaKTHBIX yJacTKax, HO 3HauMTeJbHO obJjeryaior nedop-
MalM1Io YaCTHLL BCaeICTBHE aACOPOLUOHHOTO MOHHKEHHS HX
npovyHocTH. [7].

Knaccudukauus — 370 HeoOGXomuMmoe 3BEHO B Hallleh
MPaKTHYeCKU-I03HABATEbHON AEATeJNbHOCTH, MOTOMY YTO
OHa TIpe/BapsieT BLIOOP W TMpPUHSTHE pelleHHsl O JEHCTBHM.
JlanHasi KnaccuduKalus No3BoJIsieT YIopsIouuTb U CHCTEMa-
TU3UPOBATb MHOr00Opasue HCoJb3yeMbIX BCIOMOraTe bHbIX
KOMMOHeHTOB B npoussojctse BAJl. Ee MoxHO Hcrmosib3o-
BaTh Mpu BeiGope opmbl BAJL n pazpaGoTke pelenTypHOro
cocTaBa.
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2. Tunar T.JI. OcHoBuble npunLunel paspa6otku BAIL / T.J1. [unat // Tluiiesbie MHIpeAHEHTH: Chipbe H 100aBKH. —

2003. — Ne2. — C. 60 — 64.

3. Tyrenbsn B.A. buosornyeckyn akTuBHble 106aBKH B MUTAHWK YejioBeKa (OlleHKa KadecTBa U Ge3omacHOCTH, 3hdek-
THUBHOCTD, XapaKTePUCTHKA, IPUMEeHeH e B TPO(HIAKTHICCKO! 1 KauHHuecKoil Meauumte) / B.A. Tyrenbsiu, B.I1. Cy-
xanoB, A.H. AscrpueBckux, B.M. ITosusikosckuii. — Tomek: Manarenscteo HTJI, 1999. — 296 c.

4. Bcnomoratesbuble Betlectsa. [duektponnblii pecype]. URL: http://pharmic.ru/article/21/ (nata o6pauienus:

22.10.10).

5. Jlanuua T.I1. [Tuiesble 1 GHOMOrHYECKH aKTHBHBIE 106aBKK: yue6noe nocooune / T.I1. Jlanuna. — Kemeposo: Kem-

THIIIT, 2004. — 73 c.

6.  Maiopuukosa JI.A. [Thuiesbie H GHOJOTHUECKH aKTHBHBIe 106aBKU: yue6Hoe nocodue / JI.A. Maiopuukosa, M.C. Ky-

pakuH. — Kemeposo: KemTUIIIT, 2006. — 124 c.

7. BcromoraTesibHble BelllecTBa W Harosnutes . [aextponubiii pecype]. URL: http://techlekiorm.ru/tverdyie-
lekarstvennyie-formyi/tabulettae/vspomogatelnyie-veschestva-i-napoln.html (1ata o6pauenus: 22.10.10).
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MH®POPMATHUKA

AHanus anroputma RSA.
HeKoTopble pacnpocTpaHEHHbIe 31IeMeHTapHble aTaKu U Mepbl NPOTUBOAENCTBUA UM

Aptioxos H.B., acnupaHt
CTaBpONONbLCKMIA FOCYAAPCTBEHHBI YHUBEPCUTET

BOCHOBe KPUNTOrpaUUecKUX CHCTEM C  OTKPbITbIM
KJIIOUOM JIEXKUT T€OpPHsi HeoOpaTUMbIX (OJHOCTOPOHHUX )
(hYHKLMI.

Onpedenenue. Pynkuus f :{0,1}*—> {O,l}* Ha3bIBAETCST O]
HOCTOPOHHEH, €CJIH, BO-TI€PBBIX, OHA BBIYUC/ISIETCS 38 TIOJMHO-
MHaslbHOE BpeMsl, a, BO-BTOPBIX, VISl J1I06Or0 MOJMHOMHAJb-
HOTO BEPOSITHOCTHOTO aJiropuT™Ma A CyLIeCTBYeT HCUe3alolie
Manass (GyHKUHA & Takas, 4To P[A(f(x)) € f"(f(x))]<£(n),
rjle BeposiTHOCTL Gepetest paBHoMepHoMy BbiGopy X € {0,1{ u
6POCKaM MOHETKHU MPH BBIMTOJHEHUH A4 .

[IprBeneM OCHOBHBIE CBOWCTBA, KOTOPHIMHM 00J1A/IAI0T OJ1-
HOCTOPOHHHE (DYHKLIMH:

1) Ecsin usBectHo X, TO BblUHC/IEHHE f(x) 0/1HO3HAYHast
3aj1aua;

2) Ecan ussectHo y:f(x), TO CJIO?KHOCTb X Heorpeje-
JIEHHO BO3paCTaer.

B ocHoBy Kpunrorpaduueckoil CHCTEMbl C OTKPBITHIM
kiouoM RSA Haxonmutest 3aaua yMHOXKEHHsI M Pa3JIoKeHHs
COCTABHbIX UMCEJ HA TPOCTbIE MHOKUTEJIH, KOTOPAsl SIBJASETCS
BbIYUCJUTELHO OTHOHANPABJICHHON 3a1auel.

B kpunrorpaduueckoil cucteMe ¢ OTKPBITBIM KJIOUOM
KaxX/Iblil yUaCTHUK HMEET B CBOEM pPAaCMOpPsKEHHH Kak OT-
KPbITbIM KJIt0U (aHr1. public key), Tak U CEKpeTHBIM KJoU
(anra. secret key). Kaxipiit K104 — 3T0 4acTh HHMOPMALIHH.
B cocraB kitoua, MCMO/b3yeMOro B KpUITOrpaHuecKoi cuc-
teme RSA, BXOIUT napa, mpuHaIesKalliasi MHOKECTBY L1eJIbIX
unces. Kaxknplii yuacTHUK cO31aé€T CBOH OTKPBITHIH W CeK-
PETHBIH KJII0Y caMoCTosATeIbHO. CeKPETHbBIH KJTIOU KaX/bli 13
HHUX JIEPIKHUT B CEKPETE, @ OTKPBIThIE KJIOUH MOKHO COOOMIATD,
KOMY YrOZHO MJIM JiaxKe MyOsuKoBaTh UX. OTKPBITBIH M CeK-
PETHBII KJIOUM KaxKIOro ydacTHUKa oOMeHa COOOLLEHHSIMH
00pasyloT «COIJIaCOBAHHYIO Mapy», KOTOpas OTHOCHTEJBbHO
Apyr Apyra B3aumMooGpartHast.

Ha cocrosinne 2009 rona cucrema mmdposanns RSA cun-
TaeTcsl HaJlexkHOH yxke ¢ 1 paBHoil 1024 6Gura. Mcenenosa-
TesqbCKHe Tpynmbl U3 EBpornbl, A3un U AMepHKH ycremHo
peLInIK 3a/1a4y 110 paclM@poBKe JaHHBIX TP MOMOLLM KPHIT-
torpacguueckoro Kioua RSA mmunno# 768 6ut. [lo cioBam
uccsieioBaTesieid, nocje Ux paboTbl B KAYeCTBE HAJCXKHOU
CHCTeMBbl LIH(POBAHUS MOXKHO PacCMaTpUBATh TOJMBKO RSA-
Katoun JyiHoil 1024 6ura u 6osee. [1puuém ot mmdposanus
KJat04oM juinHoi B 1024 6ut cTout oTKasaThes B OJKanIIHe
Tpu-uethipe roaa.[l] Ha nepsbiii mar (BoiGop napbl noJu-

HOMOB cTerneHd 6 U 1) OblI0 MoTpayeHo OKOJIO MOJYTrojla Bbi-
uncsiennii Ha 80 mpoueccopax, uTo cocTaBuao okoso 3 %
BpPEeMEHH, MOTPAYEHHOr0 Ha IVIaBHbIH 3Tarn ajropurma (mpo-
CeMBaHHUE ), KOTOPbIH BBIMOJHAJICA HA COTHSX KOMIBIOTEPOB B
TeueHue MOUTH JBYX JieT. EC/IH HHTEPNoJIMpOBaTh 3TO BPeMsi
Ha paboty oaHoro npoieccopa AMD Opteron 2.2ITu ¢ 216
namsitd, To noJydusoch Obl nopsiika 1500 ser. O6paboTka
JIAHHBIX TOCJe MPOCEUBAHUS /I CJACIYIOEr0 Pecypcoém-
Koro mara (JIMHeHHOH anre6pbl) MoTpedoBasoch HECKOIbKO
Hejlle/lb Ha MaJloM KOJIMUECTBE MPOLECCOPOB. 3aKJ/ouu-
TEJIbHBIN 1Iar T0C/Ie HAXOXKIEHHUS HETPUBUAJIBHBIX PEllIeHHH
OCJIY 3ansin He 6ogiee 12 yacos.

Peienne OCJIY npoBoauioch MetonoM Buiemana na He-
CKOJIBKHX pas/ie/IbHbIX KJacTepax v HJI0Ch UyTh MeHee 4 Me-
csitieB. PagmMepHOCTb MaTpHLBl NP 3TOM OKasanach 192 796
550x192 795 550 npu Hananuuu 27 795 115 920 HeHyJeBbIX
3J1EMEHTOB (TO eCTb B cpejiHeM 144 HeHyJIeBbIX 3/1eMEHTOB Ha
CTPOKY). /151 XpaHeHHs1 MaTpHLbl Ha 2KECTKOM JIUCKE MMOHA0-
ousock okosio 105 ruradaiit. B To ke Bpemst MoHaa00HI0Ch
0K0JI0 5 TepabalT CxKATbIX JAHHBIX JUIsi MOCTPOEHUsT IAHHOM
MaTpPHLLBL.

['pynime yueHbIX ya10Ch BBIUUCAUTD 232-11IHPPOBOH KJTIOY,
OTKPBIBAIOLIMI JIOCTYI K 3allnpoBaHHbIM JaHHbIM. Vcene-
JIOBaTeJ/IH YBEPEHbl, UTO MCMOJb3Ysl UX MeTOJL (haKTopHU3alllH,
Basiomathb 1024 -6utHblit RSA-kitou 6y1eT BO3MOXKHO.

3Hasi pas/jioxKeHHe N Ha TPOU3BEAEHHE IBYX MPOCTHIX
uKceJ1, 3J0yMbILIIIEHHUK CMOYKET OTIPEJEIUTh CEKPETHYIO K-
crionenty d u Banomath RSA.

Jlanee paccMOTPHUM HECKOJILKO 3J1eMEHTapHbIX aTak H
NPOUJLTIIOCTPUPYEM BO3MOXKHbIE NPOOJIeMbl TPH HE KOppeK-
THOM HCIOJIb30BAHWU aJiropuTMa tindposanust RSA. [2].

[Ipexxne Bcero, Ha caydaiiHble yucaa P U ¢ HeoOXOAUMO
HAJI0’KUTh CJIe/yIolIHe OrpaHUUYEHHUS:

. D n ¢ He 10/KHBI ObITh CJAUIIKOM OJIM3KH APYT K APYTY,
T.K. OHH B TAKOM CJTyuae MOTyT ce0si CKOMIPOMETHPOBATH;

* Heob6xommo BbIOHpaTh «CHJIbHbIE» TMPOCTblE YHUCIA,
4TOGBI Hesb3st GbLIO BocnosbsoBathes P—1 meronom ITosi-
Japa.

Cxema ¢ 06wum mogynem 71

Jlnst nipefioTBpallieH st reHepalun Moyaeil 1= p*q s
KaXKJI0ro [0J1b30BaTes, CepBep MCMOJb3yeT OAMH M /s
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wndposanust uHdopmaimn. Cropona A HCmoJb3yeT 3TOT
cepBep ist noJtydenst coooiuennst M .

3/1I0yMbILLIJIEHHUK XOUeT paclinidpoBaTh cooblleHHEe CTO-
porbl A . Mludporeker C =M *“ modn, oTnpasjeHHbi
cropone A, ne moxeT GbIThb pacumdpoBan croponoii B
, €/ OHa He o0Jsiazaer cekpetHbiM kitouoM d, . OpHako
cTopoHa B MoKeT HCro/ib30BaTh CBOM 9KCIOHEHTH €, , d,
, 4TOObI Pa3JIoKUTh MOJyJIb 71, U 1I0C/Ie 3TOr0, 3Has €, , Bbl-
YUCJIHTD CEKPETHYIO SKCTIOHEHTY d .

JInst KaXK7Ioro mMosib3oBaTesst JIOJMKEH HCMOJMb30BAThCS
CBOU MOIyJ1b 71 .

Ataka Ha nognucb RSA B cxeme ¢ HoTapuycom

[Iyetb (n, e) — OTKPBITBIH KJIOU HOTapuyca. 3JI0yMbILLI-
JIEHHHK TIOJlydaeT OTKa3 MpH MOMbITKE MOAMUCATHCS Y HOTA-
puyca coobuienuss M € Z,

3/I0yMbILLIJIEHHUK CTPEMUTCSI ONMPEAC/IHTb MOAUCh HOTa-

puyca Ha coobuwenun M € Z . IIpoTHBHHK BLIOHpaET cJ1y-

yaiiHoe r e Z, u Haxomut M'=r°M modn. Ilocne yero
OH TIOCHLJIAET 3TO COOBILEeHHe Ha MOAMKChH K HoTapuycy. Ecin

d
JlanHast cxemMa oKaHuMBaeTcstycnexom, 1o S’ = (M') mod n

!

¥ 3JI0yMbILIIEHHUK (BblUHCIUB S =— mod n ) moJsydaer
r
noanuch coobienus M .

B npouecce MnoArnucu MOzKHO JI06aBJATh HEKOTOpOE CJy-
yalHOe YMCJI0 B COOOIIIEHHE.

Manble 3HayeHusa CeKPETHOﬁ JKCMOHEHTbI

YroObl YBEJIHUUTb CKOPOCTh paciiupoBaHus (MU CO-
31aHust M(POBOH MOAMHUCH) OBIIO YMEHBILIEHO YHCJIO0 HEHy-
JIEBBIX OUTOB JBOWYHOTO MPEACTABIEHHS] CEKPETHOH 3KCIO-
Hentol d .

Boiuncauts cekpethyto skenonenty d . B 1990 rogy Mu-
xas/1b Bunep (Michael J. Wiener) nokasaJg, uto B ciyyae ma-
Joro 3Hauennst d BO3MOXKeH B3J10M chHcTeMbl RSA.

Teopema (Bunepa). Ilyctb n = pgq, rie g < p <2q

(n,e),

ed =1 mod ¢@(n), 10 cyuectByer 3hdeKTHUBHbIA CrIOCO6

1
=> J<=—p*. Torma, ecju H3BECTHO rje
3

Haxoxaenus d .

Takum o6pazom, ecau 1 umeet pasmep 1024 Gura, Heob-
XOUMO UTOObI d OblJ He MeHee 256 OUT IVTMHOH.

Manble 3HayeHusn OTKprTOﬁ JKCNMOHEHTbI

Jlnst yBesiueHHsl CKOpPOCTH IIM(POBAHUSI M MPOBEPKH
U POBOH MOAMUCH, HCMOMB3YIOT Masble 3HAYEHUST OTKPBITOH
9KCTOHeHTHI € . Ho 11st moBkIIenust KpunrtocToiKocTH RSA,
peKoMeHIoBaHo GpaTh € = 20 + 1.

ATaka XacTaga

Cropona B nocbinaer sawndposannoe coobiienue M
HECKOJIbKMM  MoJib3oBatesiam  (nonyctum B, P, ..., B ).
Kaxnplit mosb3oBaTesb  HMMeET CBOH  OTKPBITHIH  KJIOY
(”n ei), npuieMm M < n,,Vi. Cropona B umbpyer coo6-
ILIEHHST C TPUMEHEHUEM O4YEPEHOTO OTKPBITOTO KJIto4Ya KaxK-
noro roJibaoBartesisi. [locsie yero cooGuieHust MochlIaloTCs
COOTBETCTBYIOLIEMY ajipecaTy. 3JI0yMbILIJIEHHHK TOJK/I0Ua-
eTcst K KaHajly nepejiaud faHHbiX W cobupaer Kk sammgpo-
BAHHBIX COOOILEHHUH.

[IpOTHBHUK CTPEMHUTCSl BOCCTaHOBUTb cooOleHHe M.
JefictBuTesbHO, npemnonokiuM e, =3, Vi, rtorza mnpo-
THBHUK MOXKeT BoccTanoButs M, ecan k >3 .

[TpuBenem 10Ka3aTe/bCTBO JAHHOTO YTBEPXKICHHUS.

Ecin  snoymbiutennuk  onpenennn  C, = M® modn,
, C,=M’modn,, C;=M’ modn, u n,n,,n, ssa-
MMHO TIPOCTHI (HHade cucteMa RSA He BemosHsiIach Obl).
[Tpumensisi kutaiickyto teopemy o6 ocratkax Kk C,, C,, C,
moxno nosyunts C' = Z 1 w23 - Hockonbky M < n;, Vi, 1o
M? < nynyng, Yin C'=M?. CleroBaTe/bHo 3/10yMblll-
JIEHHHK MOYKET BOCCTAHOBHTb COOOLIEHHE BBIUMCIHB KyOH-
yeckuit kopenb uz C' .

JlaHHast aTaka BO3MOXKHA TOJIBKO TIPH MaJibIX 3HAUEHHSIX
CEKPETHON 9KCMOHEHTbI € . Mepoli 3al1UThl B JaHHOF CHTYaLUH
MOZKET CJTY?KHTb, TPHUMEHEHHE TIPOM3BOJIHON M€PECTaHOBKH.

Ataka ®paHknuHa-Peiitepa

Mmeroress  nBa  cooOLLEeHUSA Ml, M2 IS Zn, npuuem
M, =f(M2) mod n, me feZ, [x] — OTKPBITHIH MHOTO-
unier. Cropona A ¢ OTKpPbITHIM KittouoM (71, €) nosydaer 51u
COOOGIIEHHsT OT CTOPOHBI B, KoTopasi 3aundpoBbiBaeT coo6-
LIeHUs U TepefaeT MoJydeHHylo 3alngpoBaHHyl0 HHDOP-
vauno C;, C, .

Paccmorpum creytoiee. 3/10yMbILIICHHHK UMEET rapa-
metpel n,e,C,,C,, f v ctpemutcea Hailtu M,, M, .

Nmeer mecto, cnenytoliee yreepiaeHue: [Tyctb (n,e) -
3TO OTKpPBITHIA Kaiod cuctembl RSA, a e=3. Tak xe
M, #M,eZ, v M,=f(M,)modn, uves nuneiinbiii
MHOTOUJIEH caleflytollero Buaa f =ax+be Z, [x], b#0.

Orciona cneayer uTo, wHMess HaGop TapamMeTpoB
n,e,C,,C,, f , moxHuo onpenesurs M, u M, .

Jlokaxem nantoe yrsepxkietue. [leficTBUTENBHO I JTIO-
6oro e: C,=M; modn— M, cylecTBYIOT KOPHH MHO-
rowtena g,(x) = f(x)° = C, &, (x)=f(x)" -C, . Taxnm
06pa3oM 06a MHOTOYJICHA JeNATCS Ha (x—Mz). 3J10yMbillI-
JIEHHHK MOXKeT HCIOJIb30BaTh airoput™ EBKaupa st Ha-
xoxknenne HOML g,u g, . CienoBaresibHo npi € =3 1 ecin
HOﬂ(gl, gz) ecTb JIMHEHHDI MHOrou/eH, ToO MOXKHO (-
dbekrusHo onpeneauts M, u M, .

Mepoii npotuBoneiicTBusi arake Ppankanna-Pefitepa
MOXKET CJIyKHTb yBeJinuenre e > 3 . B nannom ciyuae Bpemst
B3/I0MA CHCTEMBI CTAHOBHTCS POTIOPLHOHANBHBIM €, CJie-
JI0BaTeJIbHO, 3Ta araka MOXeT ObITb MCMOJb30BaHA TOJIBLKO
TIPH MaJIbIX 3HAY€HHUSIX OTKPHITON SKCIOHEHTDI.
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Tak e naHHble aTaku BO3MOXKHBI TIPH HapPYLIEHWH TIPO-
ueaypbl ayrentudukanuu [3]. Hrobbl nepecaath cekpeTHYIO
uHhopMalilio, 3alMPPOBAHHYIO OTKPBITLIM KJIIOYOM, OTIpa-
BUTEJIb, TPEXK/IE BCETO, JI0/KEH YOEIUThCS, YTO HHPOpPMALIUS
JoifeT o anpecara. Tak »xe cyliecTByeT HeOOXOAUMOCTb CO-

Jlutepatypa:

3/laHKst 3ALIAIIEHHBIX KAHAJIOB CBS3H JI/Is1 TIepelaui KloueH.
OnHaKo B KPUNITOTPAGHH ¢ OTKPBITHIM KJIOYOM BbIIOJIHSETCS
yenosue Rl = kd. Cnenosatesibho, B o6lIeM cliydae opra-
HU3allks CEKPETHOTO KaHaJia iepeiaun Kiodel mudpoBaHus
CBOJMTCSA K 3ajiaue ayTeHTH(HKALMH,

1. Cryptology ePrint Archive: Report 2010/006 [sekTpounbiii pecypc]: pecype copep:KHT pasHooGpasHylo HHbOp-
Malio B 06/1acTH KpunTorpadguu — DJeKTpoH. aan.— Pexxum joctyna: http://eprint.iacr.org/2010/006.pdf, cBo-
6onubiii. — Factorization of a 768-bit RSA modulus.— $13. anr.

2. Cwmapr H. Kpunrorpadust M: Texnocepa, 2003 — 528 c.

3. Ben6o Mao CoBpemenHasi Kpunitorpadusi. Teopusi u npaktiika = Modern Cryptography: Theory and Practice. — M.

Busbsime, 2005. — 768 c.

TexHonorusa npenoaaBaHuA Kypca «MaTtemaTtuyeckoe 1 KOMNblOTEpPHOE
mopesaunposaHue» C NOMOLLbI0O UHTEPAKTUBHOIO 3JIEKTPOHHOTO yqe6Hm<a

BopoHkoga W.A., cTapwunit pa3paboTumnk
HOY «OTKpbITbI MONOAEKHBIN yHUBEPCUTETY (T. TOMCK)

TeXHOJTOI‘I/]H (ot rpeu. Téchné — muckyccTBO, MacTepeTBo,
yYMEHHe W OT rped. logos — ¢J0BO, ydeHHe) — COBOKYII-
HOCTb METOJ0B 00PaGOTKH, M3TOTOBJIEHHS, H3MEHEHHUsI CO-
CTOSIHUSA, CBOKCTBA, (POPMbI CbIpbsl, MaTepuasa WU TOJy-
(habpukara, OCyLIeCTBJSEMbIX B MpoOllEeCCe MPOU3BOACTBA
MPOAyKUHH. 3aaaua TEXHOJOTHH KaK HAayKH — BbIsIBJEHHE
XMMHYeCKHX, (pU3HIECKHX, MEXaHHUeCKHX U JIp. 3aKOHOMep-
HOCTEH C LeJIbIO ONpe/leJIeHUst U UCTTOJIb30BAHUS HA IPAKTHKE
Haubosee SPPEKTUBHBIX U SKOHOMUUHbIX TPOU3BOACTBEHHBIX
NPOLECCOB (U3 FHIMKJIONEANIECKOTO CI0BAPS ).

Ha naHHbI MOMEHT CYLIECTBYET IOBOJBHO MHOTO OTpe/e-
JIEHWH MeIarornieckor TeXHOMOTHH:

*  COBOKYIMHOCTb CPEJCTB M METONOB BOCTIPOH3BEJIEHHS
TeopeTHYeCcKH 00OCHOBAHHBIX MpoLeccoB 0OydyeHHsT M BOC-
MUTaHKS1, M03BOJISIIOLLIMX YCIEHO PeajH30BbIBATh MOCTaB-
JieHHble ob6pasoBaTesibHble 1esd («Poccuiickasi nejparoru-
yecKasi SHIUKJIONEUS» );

*  MpoayMaHHas BO BCEX JAETa/sIX MOJE]b COBMECTHOM
Telaroruueckol AesiTeJbHOCTH MO MPOEeKTHPOBaHHIO, opra-
HHU3aUMK U NPOBEJIEHHI0 ydeOHOro npouecca 6e3yc/oBHbIM
obecrieyeHHeM KOM(OPTHBIX YCJOBHH WISl yUalLlerocsl U yuu-
tesist (B. M. MoHaxos),

*  ONTHUMAJbHbIH COcO0 IEHCTBHUS (IOCTHAKEHUS LIeJH ) B
3ajiaHHbIX yeaoBusx (A. M. Kyuuup);

*  COBOKYMHOCTb MCHXOJIOTO-TIeIarOrHYeCKUX YCTaHOBOK,
onpesesoIMX CrelranbHbli Habop U KOMIOHOBKY (hopM,
MEeTOJIOB, CNocoGoB, NPUEMOB OO0Yy4YeHHS, BOCIUTATEJbHBIX
CPEJICTB; OHA €CTb OPraHW3aLMOHHO-METOAMYECKHH HHCTPY-
MeHTapuii nefaroruyeckoro npouecca (Bb.T. Jluxaues);

*  coleprkaresibHasl TeXHHKA peasiu3aluuu yueOHOro npo-
necca (B. I'l. Becnanbko);

*  OINMCaHWe [polecca JOCTHKEHHS MJaHHPYeMbIX pe-
gysbratoB o6yuenusi (M. T1. Bosikos);

*  coCTaBHas rpolieccyasbHas 4acTh AMAAKTHIECKOH CHC-
tembl (M.YHo1anos);

*  CHUCTEMHbIH MeTOJl CO3[aHUsl, NIPUMEHEHHsST U Orpee-
JIEHHs BCETO TIpollecca NpernojaBaHust U yCBOCHUS 3HAHUH ¢
YUETOM TEeXHHYECKHUX M YeJIOBEUEeCKHX PECypCOB H HX B3aHMO-
JIEHCTBUSA, CTaBSALIMI CBOEH 3a1auell oNnTHMH3aLUI0 hopM 00-
pazosanus (FOHECKO);

*  [ejaroruyeckasi TeXHOJIOrHsl 03HayaeT CHCTEMHYIO CO-
BOKYIHOCTb M MOPSIOK (DYHKUMOHUPOBAHUSI BCEX JIMYHOC-
THBIX, HHCTPYMEHTAJIbHBIX U METOIOJOTHUECKHUX CPEJICTB, HC-
MOJIb3yeMbIX JUIS IOCTHXKEHUS Nefarornueckux tenei (M. B.
Knapun).

Taxkum o6pazom, 0 TeXHOJOTM3UPOBAHHOM OOYyYEHHM TO-
BOPHTCSl TOMA, Korjaa peub HAET 00 aJropUTMHYECKH Bbl-
BEPEHHOU I10C/eI0BATENLHOCTH  JICACTBUE nejarora, ¢
KOHKPETHO C(OPMYJIMPOBAHHBIMU LEJNSMH U 3a1a4aMH, J0-
CTHXKEHHE KOTOPbIX Ha KAXKJIOM dTare 00yueHHsi TPOBepsieTCst
pa3paboTaHHBIMH KOHTPOJIbHO-U3MEPUTEIbHBIMA MaTepHa-
samu. Ha npumepax ypoKoB 3/1€KTPOHHOTO HHTEPAKTHBHOTO
yueOHUKA KpPaTKO OIHILEM OCHOBHbIE T1€arorHyeckue TeX-
HOJIOTHH 0OyUYeHHsl, NOJ0KEHHbIE B OCHOBY MHTE€PAKTHBHOIO
3JIEKTPOHHOTO yueOHuKa « Mojie/iupoBaHUe B 3a1aUax>.

[lenarornka corpyaHuuecTBa. Bee JIMUHOCTHO-OpPHEHTH-
pOBaHHbIE TEXHOJIOTHH OCHOBAHbI HA TOM, 4YTO Mpoiiecc 06y-
YeHHUsl peasii3yeT pPacKpbITHE M pPeasM3aluio TeX BO3MOXK-
HOCTeH JIMYHOCTH peGE&HKa, KOTOpble CIOCOOCTBYIOT €ro
CaMOPA3BUTHIO, CAMOOIPE/IEJIEHUIO U CaMOAKTYyaJH3al1H.
HMnesi vHTepaKTUBHOrO 3JEKTPOHHOTO YyuebHuKa «Moge-
JIMpOBaHHE B 3ajlauax» 3akJ/i04aercss B TOM, YTO COTPYIHH-
4eCTBO MEXK/Iy YYEHHKOM U yUUTEJIeM OCYLLECTBISIETCS uepes
CBsI3ylolllee 3BEHO — YPOKH 3JEKTPOHHOTO yueOGHHKA, KO-
TOpble BBICTPOEHbI TaKUM 0OpPa3oM, YTO MO3ULHMS YUHTEJs]
CBOJSITCSl K KOOPAMHALIMOHHOK, HanpapJ/siolled U OpraHu-
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3ylollell posii, a y4eHWKy MNpeaocTaBJsercs cBoOOAa BbI-
6opa NpH BLINOJHEHHH TBOPYECKUX 3a/1laHUH K JJaHHOH Teme
B YpOuHOe WJIM BHeypouHoe BpeMsi. BriosHe ecrecTBEHHO,
4To MpH 0OyUYeHUH CTABKA JIeJIaeTCsl Ha CaMOCTOSITE/IbHOCTb
U CAMOJESITE/IHOCT Y4YallUXCsl, HX YBJIEUEHHOCTDb I1pobiie-
MaMH, MOCTABJICHHBLIMH B y4eGHO-T03HABATE/bHbIX 3a/1a4ax
pPa3HOTo YPOBHsl, OXBATBIBAIOIINX pa3Hble 006JIACTH HaAyKH.
[Tpuuém, yyalmicst MOXKeT MOAXOAUTb K pelleHHto npodsem
B MPHUCYLLEM TOJIbKO eMy TeMmrle, 06yC/JOBJICHHOM HMHIMBH-
JlyaJIbHbIMH 0COOEHHOCTSIMH JIMYHOCTH, 4TO JIOJKHO, M0 Ha-
11eMy MHEHHIO, PUBECTH €ro K CHUTyalluu ycriexa U (popMH-
pOBaHHIO MOJIOKUTEJIbHON f1-KoHUenuuu. Mrak, KoHuenuus
COTPY/IHMYECTBA MMOCTPOEHA HAa CUCTEMe «yUeHHK — 3JeK-
TPOHHBIN y4eGHUK — YyudTesb». YueHUK paboTaer C 3JeK-
TPOHHBIM HHTEPAKTHBHBIM YUeOHHUKOM, KOTOPbIH COCTOUT U3
Tpex yacted (puc. 1):

*  «YnpaxHeHUss» — [0 CyTH, 3TO HabOp MOLIAroBbIX
MHCTPYKLMH, HHTEPAKTHBHbLIX 0OyyaloLIMX 3JE€MEHTOB, 1103-
BOJISIFOILIMX JIOCTHYb HEKOTOPOH LEJH, BBIMOJHUTh 3aKOH-
UEHHbIA « MUHU-TPOEKT>», PELLUTb OCTaBJEHHYIO 3a/1a4y;

¢+ «CrnpaBOYHMK» — 3JeChb MMPUBEJEHbI OCHOBHbIE CIIpa-
BOUHbIE CBEJIEHHsI, Pe3IOMUPYIOLIHE UK YIyOJIsTtolHe noJy-
YeHHble [P BbINOJHEHUH YIIParKHEHHs1 3HAHUS;

*  «3ajayHuK» — B 3TOH YaCTH PacroJIOKEHbl 3aaHUs
JUIS1 CAMOCTOSITE/IbHOTO BBITTOJHEHHS.

B HWKHEH naHesu HHTEPAKTHBHOIO 3JEKTPOHHOIO yyeb-
HHKA MPUCYTCTBYET OTJIABJEHUE YNpPaxKHEHUs (yrparKHeHHe
pa3buBaeTcsi Ha OT/eJbHble 3aBeplIEHHble IlIarH), C MOo-
MOLLBIO KOTOPOTO Y4aLLUHACS MOXKET IepPelTH K cilelylolemy
Lary, a MoxKeT BEPHYTbCs K NPEbIIyLIEMY.

Ha kaxkom ypoke yuaiuiicst o0ydaeTcst oHOMY «YTpaK-
HEHHMI0» MHTEPAaKTUBHOIO 3JieKTpoHHOro YyueGHuka. [Ipo-
rpamMma MocTpoeHa TakuM o6pas3oM, 4YTO, K KOHLY roja OH
OBJIAJICeT TeMH KOMIETEHUHSIMH, KOTOpPble MPeyCMOTPEHO
copMHpoBaTh B Mpolecce H3ydeHHsT Kypca, W monpobyer
CBOM CHJIbI B Pa3HbIX 00J1aCTAX HAYKH, TO €CTb NPOHIET ABYX-
BOCbMHYACOBYIO NPOhecCHOHabHYIO pody.

K Tomy ke, nogo6paHHblil B 3J1eKTPOHHOM yueGHUKE JIU-
JIAKTHYECKUH MaTepHasl, OXBaThIBAIOLMH pas3Hble LIKOJbHbIE
(M He TOJILKO LIKOJIbHbIE) AUCLHMIJIMHBI, MPEeAnoJaraet, yTo
o0y4eHHe, Npex/e BCero, OPHEHTHPOBAHO HA Pa3BUTHE JIMY-
HOCTH peGEHKA, ero MBICJUTENBHBIX COCOOGHOCTEMH, PopMH-
poBaHHe TeX KOMIeTeHLHH, KoTopble OyIyT BOCTPeOOBAHBI
001LECTBOM B €ro JajbHelllel, B TOM yucie, U npogdeccuo-
HaJIbHOH, 1eSITeJIbHOCTH.

Urposbie TexHosoruu. [Tocko/bKy neaaroruyeckast urpa
BCerja UMeeT YETKO [0CTaBJEHHYIO Lie/ib 00ydeHHsl U Mpej-
roslaraeMblil pesayJibTaT, TO BCE UIPbl, peasM30BaHHbIE ¢ MO-
Mollbto flash-TexHosorui, HcrnosnbayemMble B 3J€KTPOHHOM
MUHTePAKTUBHOM y4yeOHHMKE XapaKTepH3ylTcsl yueOHO-1103-
HaBaTeJbHOH HanpaB/JeHHOCTbIO. MrpoBble HHTEPAKTHBHbIE
3J1eMEHTHI MO3BOJISIIOT y4allleMycsl ICUXOJIOTHYECKH OTKPBITO
00y4aTbCsl, B CBOEM COOCTBEHHOM TEMIIE, yCBaUBasi MaTepHaJl
ypoKa BIIOJIHE OCO3HAaHHO W peanudys ceOsi Kak cyObekra.
Urpel  obecneunBaiotest 106pOBOJILHON MOTHBAlMEH, yT-
BEPrKIEHHEM Y4alllerocsi B COPEBHOBATEJBbHOM HJIH y4eOHO-

M03HaBaTeJ/bHOM Ipoliecce ce0s JIMYHOCTbIO, CIOCOOHOM ca-
MOYTBEPAUTBCS U CAMOPEeaT30BaThCsl.

B ssekTpoHHOM HHTepakTUBHOM yueOHUKe «Moaennpo-
BaHHe B 3ajlauax» WIrpbl UCMOJb3YIOTCA B HECKOJbKHX CJIy-
qasx:

*  Kak TeXHOJIOTHS /ISl OCBOEHHsI MOHSTHS, TO €CTh Kak
o0yy4arolue Urpbl;

*  KakK 3J1eMEHTbl TeCTHPOBAHHUSI, TO €CTb, KAK KOHTPOJIHU-
pytolye U 0600611aI0LIHe UTPbI;

*  Kak TEXHOJIOTHS HArJIsJHOrO pelieHusl yueGHO-T103Ha-
BaTeJIbHOH 337a4H, TO €CTh, KAaK T03HABATE/bHbIE UTPBbI;

*  Kak UMHUTallksi HEKOTOPOTO Tpolecca, To eCTh KaK pas-
BUBAIOLLME U TBOPUECKHE HUIPHI.

PaccMOTpuUM ypoK 3JIeKTPOHHOTO HHTEPAKTHBHOIO yueh-
Huka «OT kjeTkd K kietke, uiu Urpa «)Kusub»». [lepen
yuallMMKCsl B UTPOBOH (popMe CTaBUTCA Liesib MOHATh U pa-
3bITPaTh peasibHble MPOLECChl, MPOUCXOJSIINE TIPH 3aPOXK-
JIEHUH, PA3BUTHH U TMOE/N KOJOHUH KHBBIX OpranuamoB. O3-
BYYMBAIOTCS [IPaBUJIa UIPbl, KOTOPBIM MOAYMHSAETCS ydeOHast
JiesITeJILHOCTD (puc. 2):

3arem B X0Jie BBINOJHEHUH 3aJlaHdi, Urpasi, ydauiuucs
ocBauBaeT ydeOHbIH MaTepuas W MoJydaeT KakKoH-Ju0o pe-
3yJIbTaT, KOTOPOH B HHTEPAKTHBHOM pPeKHME OTC/IEKUBAETCS
3JIEKTPOHHBIM y4eOHHKOM (pHC. 3):

MmeHHO B X071 HMHUTALMOHHON MIPbl MPOUCXOAUT OCBO-
eHHe HOBOrO Marepuasa, K TOMYy »Ke TaKue WIpbl Mperio-
JIaraloT Pa3BUTHE W MPOSIBJAEHHE JIOTHUECKOTO MbILLJICHHUS Y
yuauiuxcsi. [ToMHMO 3TOro ocBoeHHe yyallUMHUCH MUMHTALM-
OHHBIX UI'P, MOMUMHSIOIIMXCS HEKOTOPBIM TpaBuiaM, 1aéT oc-
HOBaHMe MpejroJarath, UTo, BbiGUpas B lajnbHeleM cdepy
CBO€Il MpochecCHOHANBbHOH 1eTeTbHOCTH, YUaLUHCST CMOXKeT
CO3HATEJIbHO W CAMOCTOSITEJIbLHO MOJEJHPOBATL CBOH MPO-
(heccroHaIbHbIE IEHCTBUSI.

[Ipo6aemuoe oGyueHue. [Toa npoGaeMHbIM 0OyueHHEM B
HacTosilee BpeMsl MOHUMAETCsl Takast opranu3anys yueOHbIX
3aHSTHH, KOTOpasi MmpejrioJiaracT CoslaHue Mo PyKOBOJC-
TBOM Y4HTeJIsl TPOGJEMHBIX CUTYallMil U aKTUBHYIO CaMOCTO-
SITEJIbHYIO JESTENBHOCTb YYalllMXCsl M0 MX pas3pelleHuio, B
pesyJibTaTe Yero M MPOUCXOAUT TBOPUECKOE OBJAJICHHE MPO-
(heccHOHAJILHBIMH 3HAHUSIMH, HABLIKAMH, YMEHUSMH H pas-
BHUTHE MBICJHTEJ/IbHBIX CIIOCOOHOCTEH.

[les npoGaeMHBIX YPOKOB He OTJIMYAIOTCS OT TeX, UTO
CTAaBUT yuuTe/b Ha JIOOOM JIpYyroM CBOEM ypoke. D10 —
npuobpeTeHne 3HAHWH, YMEHHH, HABLIKOB, YCBOEHHE CIIO-
COOOB CAMOCTOSITE/IbHOH JeSITeJbHOCTH W Pa3BUTHE MO3Ha-
BaTeJIbHLIX U TBOPYECKUX crocoOHocTel pebéHka. ToJbKo
MPOUCXOJUT JIOCTHKEHHE 1ieJIeH IPYTUMH METOJAaMH — TpO-
OJIeMHBIMH.

Kak cosnath mpoGiemHyio cutyaluio? (marepuan 1o
kuure I'. K. CesnieBko «CoBpeMeHHble 06pa3oBaTe/ibHble TeX-
Hosloruu», M: «Haponnoe o6pazoBanue», 1998 r.)

+ VI3/102KUTb HA ypOKe pas/iMuHble TOUKH 3pEHUS Ha OJIHH
U TOT K€ BOMPOC U MPEAT0KUTh AETSIM HAHTH ONTHMaJbHOE
peleHne — cjesaTh BbIOOP MPUHATHS TOH HJIH HHOW TEOPHH,
000CHOBATb ITOT BbIGOP, HCXOAS1 H3 COOCTBEHHOTO JIETCKOTO
OMbITa U 3HAHUH.
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Puc. 4.

Ham 1agecTHbl: gnuHa NecTHMybl L, yron eé HakNoHa K CTeHe — ¢, HOMep CTYNeHbKW, Ha KOTOPOW CHAWT Kowka — K, YMCno cTyneHex N.

BepxHuiA KOHSY NeCTHUUbI A CKONbIWT BAOMb CTEHbI. Y HEro MAMEHASTCA TONbKO oAHa koopauHaTa ¥ — oT L go 0. KoopawHaTta X scerga

pagHa 0.
Kak M3MEHAKITCA KOOPAWHATE ANA KOHUA B7? BeeguTe 3HAUSHKA,
KoopawHaTa X AnA koHYa B: oT Ao

KoopauHaTa ¥ Ans koHua B:

MNpoeepbTe celin

Puc. 5.

+  Tloasectu yyaumxcst K NPOTHBOPEUHIO U MPEIIOKHUTh
CaMOCTOSITENIbHO HAKUTH coco6 ero paspelleHus;

«  Tlpenyioxuth yyalumest pacCMOTPETb HEKOTOPBIH MPO-
1leCC HUJH SIBJIEHHE C PA3JIMIHBIX TTO3UIKH (HAampuMep, I0pHuCTa,
9KOHOMHCTA, Bpaya, fejarora, 3KoJiora 1 Tak jaajee);

+ TlocraButb nmpoGJ/eMHble 3a1a4u (HarpUMep: ¢ HeLo-
CTATOYHBIMH HUJIH H3OBITOYHBIMU UCXOAHBIMH JAHHBIMH, C He-
OTIPE/IeJIEHHOCTDBIO (HJIM TPOTHBOPEUUBOCTBIO) B MOCTAHOBKE
BOIpOCA, C MPOTHBOPEUUBBIMH JaHHBIMH, C 3aBEIOMO JIOTY-
11I€HHBIMH OLIMOKAMH, C OTPAaHHUEHHBIM BPEMEHEM pelleHHs,
Ha MPeojioJieHHe <TICUXOJIOTHUECKONH HHEePIUU» U JIp. ).

+  TlocraButb npoGJeMHbIE HCC/IEA0BATENLCKHE 3a/1aUH.

+  TlpemioxuTh KOHKpeTHbIE 3aa4H, NOOYKAt0LIME yda-
LLIMXCS JIesIaTh CpaBHEHUs!, 000011eHHS, BbIBO/IbI U3 CUTYAllHH,
COMOCTaBJIATL (PAKTHI, IPUMEHSATh JIOTHKY PACCYKIAECHUH.

PacemoTpuM ypok 3/71€eKTPOHHOTO MHTEPAKTHBHOTO ydyes-
HUKa «3ajaua o Majaiolled KoliKe, WiIH DTarbl MaTeMaTH-
yecKoro mojespoBanusi». LessiMu 1 3aayamMu ypoka siBJisi-
eTcsl HayuuThb peGEHKa Ha KOHKPeTHOH nmpobseMHO 3anade
CO3/1aTh MAaTEMaTHUYECKYIO MOJICJIb €€ PELICHHS U UCCIeIoBATh
BO3MOYKHBIE MMOCJIEICTBUS PH U3MEHEHUH NapaMeTPOB.

[TocTaHoBKa 3amayd BbLIVISAUT CJELYIOLUM 00pasoM:
«[IpucraBneHHasi K CTeHe JeCTHHIA HauWHAeT MajgaTb —
KOHLLbI CKOJIL3SIT BJI0JIb CTEHBI U 1oJ1a. Ha oiHoil u3 crynenek
cuMT Kollka. [locTpofite MaTeMaTH4eCKyto MOJe/b MaaeHHs
KoWIKH. Mcnosib3ysi MoCTPOEHHYI0 MAaTeMaTHYECKYI0 MOJIEJIb,
uccaenyiTe, Kak 3aBUCHT TPAEKTOPHSI MajeHHUsi OT BbICOThI
CTYMEHbKH U OT YIJ1a, TOJl KOTOPBIM JIECTHHLA TTPUCTaBJIEHA K
crere. B nanHo# 3ajaue Kollika oueHb TPyCJMBasi U MPbIrath ¢
JIECTHHLLbI €l HEeT HUKAKOro pe3oHa».

McXoaHbIM TYHKTOM /1151 [TOCTPOEHUST MaTeMaTHYeCKOH

MOJEM  SIBJSIETCSl  dMOMpHUeckast (HaOstopatoliascs B
omnbITax) KapTuHa siBaeHus. [lisi Hayasa ¢ MoMollblo YepTexKa
MPOBOJIMTCS aHAJN3 00'beKTa HeeieloBaHust (puc. 4):

3aTeM B HHTEPAKTHBHOM pPEKUME yUalIHHCS CTPOUT MaTe-
MaTH4EeCKYI0 MOJIeJib (puc. S):

[Tocsie nocTpoeHHst MaTeMaTHYECKOH MOJIE/IH TPOBOJNTCS
npoBepKa aaeKBaTHOCTH Mojesu siBjeHuto. [locTpoennas
MOJIe/Ib MCCJIElyeTCsl B 9J1eKTPOHHON TabJiule, JaHHble B KO-
TOPYIO BHOCSATCS YUallIUMCS CAMOCTOSITENILHO, M HA OCHOBE eé
aHaJu3a BbIIBUTAIOTCH THIIOTE3bl O BO3MOXKHOM MOBEJIEHHUH
M3y4aeMoro siBJIeHHs, 3aKOHOMEPHOCTSIX ero (PYHKIIMOHUPO-
BaHusl. CpaBHUBAETCS HECKOJILKO JHarpamm, Korjaa KollKa
CHJIMT Ha CTyTEHbKE BbILLE CEIbMOH, HUXKE CEIbMOH, Ha caMOi
BepxHel cTynenbke. JlenaloTes npeanonokeHust o Haubosee
BBITOIHOM J1J1Sl KOLIIKH MeCTe CHICHHS.

Hanpumep, takasi TpaeKTopHs NajeHusi NOJYUUTCS, eC/u
KollIKa 3abpaJiach Ha camblil Bepx (puc. 6).

BbiBosibl, K KOTOPBIM Y4YHTEJb JOJIXKEH [OJIBECTH y4a-
LLIMXCSl, TPUBOJATCS B YACTH 9JIEKTPOHHOrO y4eOHHUKA, HA3bl-
Baemoit «KopoTtko o riiaBHoM» (puc. 7):

Ecsu paccMOTpeTh 3TOT YPOK 3J1EKTPOHHOTO MHTEPAKTHB-
HOTO yueOHHKA, KaK OJIMH U3 BAPHAHTOB NMPO(eCCHOHANLHOM
npoObl B 061aCTH (PU3HKK C TPUMEHEHHEM HOBBIX HH(opMa-
LIMOHHBIX TEXHOJIOMMI W TEOPUH MOJEJMPOBAHHUS, TO MOXKHO
NPENoJ0KITb, YTO YYalMiCs B KAKOH-TO CTEreHH MOXKeT
camMooNpesie/IuThest B BbIOOpe CcBoell MpodeccuoHa bHOM
JIeATeJIbHOCTH WJIM OTKasze OT Heé. DJIEKTPOHHBIH yueGHUK
«MojesMpoBaHie B 3aiauax» COAEPKUT He MeHee MATH NPo-
OJIEMHBIX (PU3HUECKUX YPOKOB, COJIEpKALIIUX MOpsiaka 15 npo-
OJIeMHBIX 3a/1a4, KOTOpblE MMO3BOJAT yyallleMycsl U YUUTEJIO
OCYLLLECTBHUTb IECATHYACOBYIO NPOECCHOHABHYIO TPOOY.
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¥ lonersponane BERHAT TR OCHONNGE ITANE 3HAME 0SETa HCCNEQ0NM-, NOCTROEHIEE MOJEMA. NOMEEIe PETTRTATON
W NpOREpKY.
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CORMHRDUME SEPUNHL| OTPE3KN HSLESI0TCR PROpaw Mada

Noapasagen!

ALK BENCHEHD MR,

Kpome ToOro, sjemeHramMu NpoGJEMHOr0 0OyYeHHsl sIB-
JISIIOTCS1 TIPOEKTBI, KOTOPbIE MPEIaraeTcsi BbINOJHHTD yda-
HIUMCsl TOCJIC U3YyUEHHST Kypca «MaTtemMaTH4ecKoe U KOMIIbIO-
TEPHOE MOJEJIUPOBAHHE .

[lenarornyeckass TexHojsoruss Ha ocHoBe 3(eKTnB-
HOCTHM yNpaBJeHUsl U OpraHu3auun yuebHoro npoiecca u
TEXHOJOrHs POrPaMMHPOBAHHOr0 00y4eHus. PaccMoTpuM

noapoOHee CTPYKTYPY 3JIEKTPOHHOIO HHTEPAKTHBHOTO y4el-
HMKa W TeXHOJIOTHIO paboThl ¢ HUM yvalerocs. Kak Obl10
CKa3aHo paHee, OCHOBHOMH 4aCTblO YPOKa 9J1eKTPOHHOIO yues-
HHKa sIBJseTCs pases «ynpaxHeHus». OH CONEPXKHUT 1MoC-
TAHOBKY MNpoOJeMHON y4eOHO-TI03HABATEJNbHON 3a/aud U3
HEKOTOPOH 00J1aCTH HayKH, HeOOJbLIONH BCTYMHUTEbHbBIA Te-
OpETHYECKHH TEKCT, KOTOPbIH cpasdy Ke MOAKPENJIseTcs Bbl-
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MOJIHEHUEM HHTEPAKTHBHOIO YIPaXKHEHHS, MPU3BAHHOIO
MOMOYb y4alleMycsl BOCIPHHATL MPOYHTAHHOE B Mpouecce
cBoell jedTesbHocTH. Hampumep, paccmoTpeHue Teopuu
rpachoB HAUUHAETCSI C ONPeJieJIeHHs], UTO Takoe rpad, a 3aTeM
yUallUMCs CTPOUTCS «rpac PyKOTOKATUI», peasu30BaHHbIH
¢ nomotibto flash-rexunosoruit (puc. 8):

B koHue «¥YnpaKHEHHs1» HHTEPAKTHBHOIO 3JIEKTPOH-
HOro yuyeOHMKA ydallemycsi NpeylaraeTtcsi NpoOBEpPUTb CTe-
NeHb YCBOEHHsI MaTepHala ypoka ¢ MOMOLIbI0 HHTEPAKTHB-
Horo Tecta. B ciydae HeBepHOro oTBeTa peGEHKY 1aéTes el
HECKOJIbKO TOTBITOK, MOCJ€e KOTOPbIX BBIBOJSITCS BEPHbIE OT-
BeTbl (pHc. 9):

Pasnen «3anayHuk» COAEPKUT 3afaHusl JUIs CaMOCTOs1-
TEJILHOTO BbINOJIHEHHUS], TO3BOJISIIOLLHE TTOBTOPUTD, PAa3BUTh,
yryOUTh MPOUICHHBIA HA YPOKe MaTepuas U NPUMEHUTh €ro
npu peleHnu 3aaad. [loce BbIMOMHEHHS «YTIPaXKHEHHS» H
YCIELLHOrOo [IPOX02K/EHHs TecTa yuuTe b JaéT ydallemycs 3a-
JlaHHe U3 3aJla4yHuKa JIMOO0 ydallMicsl BLIOUpaeT 3alaHue ca-
MocTosiTesibHO (puc. 10):

Pasnen «CnpaBouHHK» CONEPKUT TeopeTHuecKre (PakTbl
M MHTEpECHble CBEIEHMS, Kacalollhecs TeMbl YPOKa 3J1eKT-
POHHOI0 HHTEePAKTUBHOIrO yueGHUKa (puc. 11):

[Tocne pabGoThl ¢ MHTEPAKTHBHBIM 3JEKTPOHHBIM ydyeH-
HUKOM ydallliecsl MPUCTYNaloT K BHITIOJHEHUIO 3aJaHu U3
yuyeOHOro nocobusi «Marematuyeckoe M KOMIbIOTEPHOE
MoOJleJIpOBaHue» 1podeccopa, JN0KTopa (U3.-MaT. Hayk,
TrACY C. H. Koaynaepoii. [1pakruueckue 3ananusi yue6-
HOTO TOCOGUSI TIPOBEPSIIOT M 3aKPEMUISIOT HAaBbIKM, MOJY-
yeHHble Ha ypoke. [Topsiiok paGoTbl ¢ nocobueM MoxKeT Ba-
pPbHPOBATHLCS B 3aBUCHMOCTH OT BO3MOYKHOCTEH KOHKPETHOTO
KJacea:

* MOXHO BBINOJIHATL MPaKTHYECKYI0 PaboTy, Mpemio-
JKEHHYI0 B yUeOHOM MOCOOUHU, cpasy MocJe MPOXOKACHUs YIi-
paXKHEeHH$S1 UHTEPAKTHBHOTO 3JIEKTPOHHOTO yueOHHKA, a B Ha-
yajle CJIeyIOLero ypoKa [pOBEpPUThb BbLIIIOJHEHHE 3alaHus,
00CY/IUTDb €0, H, COOTBETCTBEHHO, TOBTOPUTb TEMY ITPOLLIJIOTO
ypoKa;

* MOXKHO [10CJ/I€ BbINOJIHEHHUS 3alaHUi UHTE€PAKTHBHOTO
9JIEKTPOHHOTO y4eOHHKA OMPENE/NUTh YCTHO, KaK BbIMOJIHATD
NpaKkTHIECKYl0 paboTy, He 3amluChiBasi PA3MbIIIJIEHHS, a Ha
CJIeMlyIOLEM YPOKe, MPH MOBTOPEHUH, BBIMOJHUTh HX B TOH
cpezie, KOTopast NOAXOMUT JYIsl BBINOJIHEHUS 3alaHUs;

*  TaK )Ke NpaKTHYeCKHe 3alaHnsl MOXKHO BBIMOJIHATD KaK
B KOHLE YpOKa, Cpagy Iocje NPOXOxKAeHHs TeMbl (3aKper-
JIeHHe ), TaK U B HauaJle CJIe/lylollero ypoka (MoBTOpeHue ).

[TockosibKy Bce fieTH paboTaloT ¢ MHTEPAKTHBHBIM 3J€K-
TPOHHBIM YUeOHHKOM M yueOHBIM 1ocobruemM B cOOCTBEHHOM
TeMIe M, NPEXKAe BCEro, CaMoCTOATE/bHO, 3ajaya yuuTess
CBOJIUTCS K KOOPJAMHUPYIOLLEH, HanpasJsiiollel poJin, poJi
COpaTHUKAa W COTBOPLIA, HEHABSI3YWBO Y4aCTBYIOLLETO B Jie-
ATEJBLHOCTH yUalllerocs.

CTpyKTypa TEeXHOJOrM4eckoro npouecca odyuyeHus: 3a-
JIOXKeHa B MPUHUMIIAX MOCTPOEHHUS! 3JIEKTPOHHOro yuyeb-
HMKa, NpejrioaratoLux

*  CTPYKTypHpOBaHHe colep:KaHus yuyeOGHOH HH(Op-
MalKH, TIpeIbsB/seMOl yueHuKy. Paszesbl «YnpaxueHus»

1 «CrnpaBOUYHHK» MPEIOCTABJSIOT ydallemycss Ty HHQOp-
MalLMio, KOTOpasi MO3BOJIUT €My BbIINOJHUTL 3ajlaHue, yc-
MELHO MPOUTH MPOMEKYTOUHOE W MUTOTOBOE TECTHPOBAHUE,
MOJIydUTh HOBYIO yueOHyl0 HH(pOpMalMio, B cjydae Herpa-
BHJIBHOTO OTBETa BEPHYTHCS K MpeplIylleMy Hiary «Ympax-
HeHUsT» UK 06paTuThes K « CripaBOuHUKY »;

*  ylpaBJ/ieHHe H OpPraHu3aLuio yueOGHO-103HaBaTeNbHON
JIeSITeIbHOCTH Ydalluxcst. AJIrOPUTM BBINIOJIHEHHsT 3alaHHi
NPOMUCAH B YNPa)KHEHUSAX HHTEPAKTUBHOIO 3JIEKTPOHHOTO
yueOHHKA, U4TO MOMOraeT ydailemycst ObICTPO OPHEHTHPO-
BaThCsl B BBIMOJHEHHH MOAOOHBIX WK OJU3KHX MO YPOBHIO
3a/IaHMH, He MCKJIIoUast U 3aJJaH1s1 TIOBBILLIEHHOH CJI0’KHOCTH;

*  HCMOJIb30BaHHE BO3MOXKHOCTEH WHAMBHIyaJIbHBIX ca-
MOYIpaBJsIEMbIX MPOLECCOB YCBOEHHS MHGpOPMaLMH yue-
HUKOM. WMHIMBULyanbHOE OCBOEHHME W OBJAEHHE KJjloue-
BbIMH CI10COOAMH JIEATEJNbHOCTH TIPOMCXOMUT HA OCHOBE
CHCTEMbl 3aaHui M aJrOPUTMHUUYECKHX MpeArnUcanui, H3-
JIOKEHHBIX B YMPaXKHEHUSIX UHTEPAKTHBHOTO 3JEKTPOHHOTO
yyeOHHKA, KOTOPbIF MPHU3BAH MEepPeHeCTH aKLEHT ¢ paboTbl
yyaulerocs B Kjacce Mol HernocpeCTBEHHbIM PyKOBOICTBOM
YUMTeJIs Ha €ro CaMOCTOsATE IbHYI0 paboTy, KakK B KJacce, Tak
M JIOMa, KOTJa YYHUTeJb BBICTYMAET JIMIIb B KAuecTBE KOH-
Cy/bTaHTa U nomolHuka. [Ipu 3ToM Hncnosb3oBanue HHTEpP-
AKTUBHOTO 3JIEKTPOHHOTO ydeGHUKA TPUIAAET HOBBIH CTATyC
CaMOCTOATEIbHOH paboTe ydalluxcs, Ipu KOTOpoi oOyyeHue
CTAHOBUTCSI MHAMBH/YaJbHbIM, CAMOCTOSITE/IbHBIM H CAMOYI1-
PaBJISIEMbIM, TIOCKOJIbKY KarK/IblH ydallMics UMEeT BO3MOXK-
HOCTb Pab0TaTh C JEKTPOHHBIM y4eOHHKOM B TPHUCYLLEM
TOJIbKO €My M OOYCJIOBJIEHHOM €ro CroCOOHOCTSIMH TeMIle.
OpHako, Mo CyTH OCTa€Tcsi KOHTPOJHPYEMBbIM W yINpaBJsi-
eMbIM;

* opranusaluio 3(hHeKTHBHOTO KOHTPOJIsl 3@ YCBOEHHEM
uHpopmauuu. B xone oOyueHust yuauumes 10 Hauaga BbInoJi-
HEHHUS YPOKA 3JIEKTPOHHOTO yueOHUKA MPeIaraloTest Herpo-
JIOJKUTEJIbHBIE, paccunTaHHble Ha D— 10 MUHYT paboThl st
MPOBEPKH YPOBHST OCBOEHHST U3YyUeHHbIX CITOCOOOB JIEHCTBHI
WM MOBTOPEHHST aKTyaJIbHOTO JI/Is1 HOBOH TeMbl MaTepHaJa.
Kpome Toro, npoBoisTcsi MHTEPAKTUBHbIE TECTOBbIE HCIIbI-
TaHus /151 onpesiesieHust riyouHbl 3HaHui. KoHTpoJsibHbIE 3a-
Mepbl obecrneynBaloT 3PQPeKTHBHYI0 06paTHYIO CBfI3b, M03-
BOJISIIONLYIO  0OY4YaIOUIMMCSl KOPPEKTHPOBATh COOCTBEHHYIO
JIESITENILHOCTb.

Kpome Toro, cucremaTtiuiyeckoe moBTOpPeHHE CocoOCTBYET
6oJiee 11€JIOCTHOMY OCMbICJIEHHIO H3YYEHHOTo Martepuala,
MOCKOJIbKY LieJieHanpasjaeHHoe o0palleHue K H3y4eHHbIM
paHee TeMaM TI0O3BOJISIET y4allUMCSl BCTPAUBaTh HOBbIE MMO-
HSTHSI B CUCTEMY YK€ OCBOEHHBIX 3HaHWH. MHauButyanbHas
ydyeGHasi IeiTeNIbHOCTb COYETAETCS C MPOEKTHBIMU (hopMaMu
paboTbl, Bk/oYamllel B cebs MOMCK, aHajM3, TMpeACcTaB-
JIeHHe U Tepeiady MHpopMalMK. 3alluTa NPOeKTOB CO3AaET
OJ1aronpUATHbIE MPEANOCHIIKH /151 CAMOCTOSATEbHON OLEHKH
pojieslaHHOl paboThl.

TexHosorus MHAMBUAYaAU3aUMU OOYYEHHUSI U KOMIIbIO-
TepHasi (HoBasi MH(OPMALMOHHAS) TEXHOJIOTHUS 00yUeHHusl.
3ajaya coBpeMeHHOro o6pas3oBaHMsl — HayYHTb YyalllMXcs
YUUTBCSl  CAMOCTOSITEJIbHO, TPUOOPETaTh 3HAHWUSI H3 pas-
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Tabnuua 1.
Hanpaenetue Ypoku — npodeccuoHanbHble npobbl MHTEPAKTMBHOTO 3NEKTPOHHOTO yyebHMKa

OcHoBHOW MOZYNb

Ypok 1. CnoH 1 MbilKa B pa3segke, Ui 06bEKTbI U UX CBOCTBA

Ypok 2. Kak cnoxuTb mo3auky, unu lMoHatue cuctemsi

Ypok 3. Pa3 — uetouek, iea — rpuboyek — OyfeT neceHka, unu Mogenu u mofennposaHue
Ypok 4. Teopusa ronofHoii Ko3bl, unn Kak cTpoat mogenu

Ypok 5. My3bika Moelt ayiu, uam Yem 3aHUMAETC CUCTEMHBINA aHANMU3

Ypok 6. 3arafika KesbTCKOro KamHs, uan Mogenb «4EPHbIN ALMKY

dusnka
Ypok 16.
Ypok 23.
Ypok 24.

Ypok 7. HepBuxumocTs Ha JlyHe, unu Knaccudukaums mopenei

3apayva o nafaroLen KowWKe, MAK ITanbl MaTEMATUYECKOr0 MOENNPOBAHMSA
MapTbiwKky 1 ouku, unu Mpumepsl Mmogenei B oNTuKe

ConHeuHblit 3an4uK, unu Npumepsl MOAeneil B ONTUKe

Ypok 25. Jlebefib, paK v uiyKa, unu Mpumepbl MOfieneit B MexaHuKe

JKOHOMMUKaA Ypok 18.

Oxota Ha nuc, unau Npumepsl GOpPMYNUPOBKY MATEMATUYECKUX MOLENEN B IKOHOMUKE

buonorua Ypok 19.
Ypok 20.
Ypok 22.

3KoJioruun

Bocnpon3soaunm, usyyaem, rectupyem, uan MeTofbl UMUTALLMOHHOTO MOLENMPOBAHMA
OT kneTkm K knetke, unu Nrpa « usHo»
XnWwHUKn—xepTBbl, au Mpumepsbl HOPMYINPOBKN MaTeMaTUYECKMUX MOLENe B

KomnbtoTepHas rpaduka

Ypok 8. JlereHga o lpomeTtee, unu PasHble nogxoasl K MOAENNPOBAHMIO

MaTematuka
Ypok 10.
Ypok 11.
Ypok 12.
Ypok 17.
jnenen

Ypok 19.
Ypok 21.

Ypok 9. 'pacpckune passanuHbl, unu BeegeHve B Teopuio rpados

3apaya KMTancKoro noutanboHa, unu CeasHble 1 3inepoBbl rpadel

[loporu Haww pasownuce, unu [lepessbs, nec, nyTb

Hutb ApuagHsl, uan Kak ¢ nomowblo rpaca HaiTu BbIXO4 U3 NabUpuHTa

Lenb onpasabiBaet cpeactsa, uau Mpumepsbl hOpMyANPOBKM MaTeEMATUUECKMX MO-

Bocnpon3soaunm, usyyaem, tectupyem, uan MeTofbl UMUTALLMOHHOTO MOLENMPOBAHMA
Ero Bennyectso Cnyyan, unu Mpumepsl MOJeNMpoBaHUA Cay4anHbIX NPoOLEeCcCOB

NHdopmaliMoHHble TeXHOA0rUM
(pabota c 6a3amu AaHHbIX,
3N1EKTPOHHbIMM TabnuLamu)

Ypok 13.
Ypok 14.
Ypok 15.

Mbl Haw TabAMYHbIA MUP NOCTPOUM, UK CTPYKTYPU3ALMUA AaHHBIX
N cHoBa TabauLbl, uan CTpyKTypU3aLMsa pa3HOPOLHBIX JAHHBIX
Haszag k Tabnuuam, unu CTpykTypusaums faHHeix ¢ nomolbio CYB]

JIMUHBIX HCTOUHHKOB HH(OPMALIUK CAMOCTOSATEJIbHBIM MyTEM,
OBJIAJIETh KaK MOXKHO OOJIbIIMMH MEeTOIaMH OpraHu3alliu
yueOHOl JearesibHOCTH. CTPYKTypa 3JEKTPOHHOIO HHTEp-
AKTHBHOTO yyeOHMKA MOApa3yMeBaeT, YTO MpsiMasi MOMOLLb
YUUTEJIsl B OCBOCHUHU MpeMeTa YyMeHbLIAeTCs, a 3HAYUMOCTh
yyaulerocsi B rnpotecce oOyuyeHHsi, HAaoOOpOT, YBEJUYMBA-
etcst. Kaxknpii yualnicst uMeeT 3/71eKTPOHHBIN YUeOHUK <TI0
PYKOH» KaK B LIKOJIE, TAK W JIOMa, YTO CIIOCOOCTBYeT MHJU-
BUlyaJIbHOH CaMOCTOATEJLHOH paboTe BHE OTpaHUYEHHbBIX
pPaMOK IIIKOJILHBIX 4acoB. [JlaBHOE JOCTOMHCTBO 3JIEKTPOH-
HOro yueOHUKA COCTOUT B TOM, UTO TEMIIbl [10 OCBOEHHIO CO-
JIepKaHUs, METObl paboThl ¢ YueOHUKOM, WHAWBUIyasbHAS
TpaekTopusi o6yueHHst, 0cO6eHHO, BHE ILIKOJbI, OINpeeJs-
I0TCSl CAMUM YUalllUMCsl, @ YUUTeJIb SBJIsSIeTCs HabJoaaTeiem
¥ TIOMOIIIHUKOM B MyTH y4alllerocst K 3uanusim. [1pn atom Hu B
KOel Mepe He MPUHUAKAETCS ero poJib, CKopee, YUUTeJIb Bbl-
CTynaeT CTapliuM W 6oJiee OMbITHbIM HACTABHUKOM, BHOCS
HeoOXOMMble KOPPEKTUPOBKH B TPAKTOBKM MOHSATHH U Jie-
STeJIbHOCTh obyuatolierocsi. Kpome Toro, y yunTessi BbICBO-
OoxKnaeTcss Bpemsi VISl MHAMBUAYasJbHOH pabOoThl CO «cJa-
ObIMH» y4eHUKAMH, TOCKOJIbKY HHTEPAKTUBHbBIH y4eOHUK B
HEKOTOPOM pOjie BBITIOJIHSIET poJib TpenojaBatess. K Tomy
JKe, MCIOJIb30BAHHE B MHTEPAKTHBHOM 3JIEKTPOHHOM y4eh-

HUKE JUIAKTHYEeCKHUX WUIpP, JHAJIOrOBOr0 «OOLLEHUs» C KOM-
NbIOTEPOM,  dBTOMATHYECKOH I[POBEPKH  MPaBUJILHOCTH
paccyKIeHUH ydaulerocsi, obOpalleHue K MPOrpaMMHOMY
00ecCreyeHHIO KOMITbIOTePa Kak K CPeICTBY JOCTHKEHHUS 110C-
TaBJICHHOU LeJIM, HECOMHEHHO, SIBJISIeTCS KOMIIbIOTeDHOH
TexHoJoruell oOyueHusi. KommbloTep, Kak CpeacTBO pea-
JIU3ALUU 3JIEKTPOHHOIO ydeOHMKA, MCIOJb3YeTCsl Ha BCeX
sTanax oOydeHus:: pH 0ObACHEHUH HOBOIO MaTepHaJa, Mos-
TOPEHHH, TECTUPOBAHUH, U Y ydallerocst GopMupyeTCcs: HHIH-
BHJlyaJibHOe MH(OPMALIMOHHOE MPOCTPAHCTBO /s 0OYYeHHUs,
B KOTOPOM OH «H Llapb, W Tepoil», IPOCTPAHCTBO sl CO-
3[aHUs1 COOCTBEHHDIX IPOrPAMMHBIX [1POYKTOB B Pa3JIMUHbIX
MH(OPMALIMOHHBIX CPeAaX, YTO, HECOMHEHHO, MPHUBOIUT K
YCUJICHHIO [0JI02KHUTEJIbHOH $1-KOHLIE MU,

Wrak, npemaiokeHHas TEXHOJNOrHs1 00y4eHHs] MOACJHPO-
BaHHIO U OJIHOBPEMEHHOTO TTPOXOK/ICHHUSA MPO(eCCHOHANbHBIX
1npo0 ¢ MOMOLLBIO 3JIeKTPOHHOIO MHTEPAKTUBHOIO ydeOHHKA
SIBJISICTCS] HA JAHHBIE MOMEHT 4aCTHOIEAArOrHYeCKOH TeXHO-
JIoTHeH, mpeaiaraeMoil aBTopckuM KosiektusoM HOY «Ot-
KPbITbIE MOJIOAEKHBIH YHUBEPCUTET» M MCIOJIb3YyeMOH IpH
00y4eHHMH LIKOJNBLHUKOB Ha Tepputopun Poccuiickoil Pepe-
pauuu u OamxkHero 3apybexkbsi (Keipruscran, Kasaxcrah,
Besopyccust).
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B cBasu ¢ aTMM Kype « MaTemaTHyeckoe U KOMIbIOTepHOe
MOJE/IMPOBAHME» U JIEKTPOHHDBIH MHTePAKTUBHBIA yueOHHK
«MogesupoBaHue B 3aa4ax» UMeeT CBOMMHU LIeJISIMH:

+  chopMHpOBATh HEOOXOAUMBIE KOMITETEHIUH B 06JIaCTH
MOJIEIMPOBAHUST  JUIsT  TTPOXOXKAEHHsT MPOheCcCHOHAMBbHBIX
npoo;

* cdopMHUpoBaTh y Y4allerocss HaBBIKM MPUMEHEHHS
CHCTEMHOIO aHaJ/IM3a Jylsl MOJeJIMpoBaHus 1000l cBoel Je-
SITeJIbHOCTH, B TOM UMCJIe, H TPO(ECCHOHANBHOM.

CraBurtcst 3a1a4a chOPMUPOBATL TAKHE CHCTEMHbIE KOMIIE-
TEHIMH, KaK CMIOCOOHOCTb K CaMOCTOSATEIbHON paboTe U 00y-
UCHHIO; aKTHBHOE COTPYAHHYECTBO M COTBOPYECTBO B IPyIIIE;
MPUHATHE PellleHUi; NPUMeHeHHe 3HaHUI Ha NTPAaKTHKe.

[Tomumo sTOro, dopmupyercst MOHUMaHHe MOJENHPO-
BaHUs1, KaK MeToJa 0TOOpaXKeHHsl pealbHOCTH, yyalllhecst oc-
BaUBAlOT HOBble CIOCOOLI MbILJICHUS B YC/IOBUSIX caMoopra-
HU3aUMK U CAMOPA3BUTHSI JINYHOCTH, BLIABUIAIOT JIHYHOCTHO
3HAYMMbIE LIEJIH U OMPEAEJISIIOT MyTH MX JOCTHKEHHUS B onpe-
JIeJIEHHOM BHJIe J1eSITeNLHOCTH, MOARJINPYS C ITOMOLLBIO MOJIe -
JILPOBAHHUS! NPO(eCCHOHAJBHYIO 11POOY.

OnucaHHble BbIle MeJarorHieckue TeXHOJOTHH, HCMOJb-
30BaHHble B HHTEPAKTUBHOM 3/1EKTPOHHOM yueOHHKe, [103BO-
JISIIOT:

*  HHTepecHO W 3((eKTHBHO OpPTraHM30BaTh HHIMBHIY-
a/JibHoe oOy4yeHHe B paMKax IpynnoBoro oOy4eHHs B KJlacce;

*  JMarHoCTUpOBATb CTeleHb OBJAJeHUs] KOHKPETHLIMU
HaBbIKAMM;

*  BbICTpPAUBATb HHAUBHIYaJ/bHbIE TPACKTOPHH 00y4EHHUS;

+ opmHpoBaTh MHAMBHAya/JbHble pabouHe MaTepHasbl
(KOHCIIEKTbI, IHEBHUKHM 00yUeHHs );

Jlutepatypa:

* HacTpauBaTb paboyee MPOCTPAHCTBO B COOTBETCTBHH C
WHMBHyaIbHBIMH MTPEANOUTeHUSIMH;

*  MOBBILIATH MOTHBALMIO K 0OyuYeHHI0 U (HOPMHPOBATDH
HABbIKH OpraHu3aluy y4eOHON 1esiTeJIbHOCTH.

Kpome Toro, mist Toro, uyroObl HCIOJb30BAThb 3JIEKT-
POHHDIF HHTEPAKTHUBHBINH yueOHHK B KaueCTBEe CPEACTBA A
NPOXOXKIAEHUS MPO(ecCHOHAIBHBIX P00 yyalllUMHCS, Mpej-
noJsiaraetcst BbIOpaTh Pl HaNpaBJeHUH (MofyJel), cooT-
BETCTBYIOLLMX 06pa30BaTe/bHbIM 3aMIPOCAM CAMHX YYalllUXCsl.
Pas6uenne Ha MOy MPOU3BOAUTCS CJAEIYIOIIUM 00pa3oM
(trabsinua 1).

Takum 00pa3om, Mbl MOXKEM IPELJIOKHTb €LIE OHY
KOHLIETILIMIO  HCIOJIb30OBAHHUST MHTEPAKTHUBHOTO  3JIEKTPOH-
HOro yueOHMKA — «MOJIEJHpOBaHHe + MpodecchoHalbHast
npo6a». [lpennaraemoe MoJyJibHOe OOyueHHEe OOCCHeuuT
ydallMMcsl He TOJIbKO BO3MOXKHOCTb pelleH sl yueOHbIX 3aj1ady,
UCI0J/Ib30BAHHE CBOEr0  HHTEJUIEKTYaJbHOr0 MOTeHLHasa
U yCBOEHHE y4yeGHOro MaTepualsa, HO W I03BOJIMT HEHaBsA3-
YHBO, COOOPA3HO HHIMBHIyaJbHBIM HAKJIOHHOCTAM U CIOCO0-
HOCTSIM Monpo6oBaTh cebsl B HEKOTOPOH NMpodeccHoHaNbHOMI
JIesITeJIbHOCTH.

[TpennoxkeHHblil yueGHO-METOUUECKHH KOMIJIEKC, COCTO-
SILLMIA U3 y4eOHOro 110co0Usl, HHTEPAKTHBHOIO 3JIEKTPOHHOIO
yueOHHUKA, TMAAKTHYECKHX, METOIHYECKUX U KOHTPOJIbHO-H3-
MEepHUTEJILHBIX MaTepHaJsioB, MpeHasHaueH AJs TOro, YToObl
pacIIMPUTb MPAKTHYECKYIO 3HAYUMOCTb MPOGHUILHOrO 00-
pa3oBaHMs, TMOMOYb YyYalleMyCsl COBEPLIHTb MNpodeccho-
HaJIbHYIO 11po0y B pa3HblX 00J1acTsIX 3HAHMI, HAyYHTLCS CO-
31aBaTh MOJlesIH cBoell Oyaylell mpodeccronaabHON cdepbl
JeITe/IbHOCTH.

I.  T. K Cenesko «CoBpementble 06pasoBaTesibHble TexHosorun», M: «Haponnoe o6pasosanue», 1998 r.

MpakTuyeckas peanusauymsa web-unrepdeiica
ANA aBTOMaTU3MPOBAHHOM cucTeMbl ynpaBieHua «FocTuHuya-macTep»

DemypuH B.b., acnupant
MoCKOBCKMit rOCYAAPCTBEHHbI ITYMAaHUTAPHBI YHUBEPCUTET

BCOBpeMeHHOM MHpe Web-TexXHOJIOrHH  MCIOJb3YIOTCS
noscemectHo. He crasa nckJ/toueHueM u 06J1acTh COLHO-
KyJIbTYPHOTO cepBHca M Typuama. BeemupHast KomnbloTepHast
cetb MHTepHeT pasBuBaercsi HACTOIBKO CTPEMHTEJNBHO, YTO
€XKEroJIHO YHCJIO €€ MOJMUCUMKOB H 00'beM HH(OPMAIIHOHHBIX
pecypcoB TpakTHYecKd yiapauBaetcs. ObGecrieyeHHe BbICO-
KOTO YPOBHS 06C/1y2KMBAHUS B TOCTUHHLE B COBPEMEHHBIX yC-
JIOBUSIX HEBO3MOXKHO JIOCTHYb 6e3 MPUMEHEHHs HOBBIX TeX-
Hosorvil. Pesynbratom sBjsieTCsl aBTOMATH3alMH MHOTHX
FOCTMHUYHBIX MPOLECCOB, 3JEKTPOHHOE pe3epBUpPOBaHUE H
T.1. ABTOMaTH3MpOBaHHbIE cHcTeMbl yripasJjenus (ACY) Ha-
npaBJ/ieHbl Ha MOBbILLIEHHE POU3BOAMTEJLHOCTH TPYa, MOJ-
HSTHE YPOBHSI 3HAHWMI Y BbICLIMX YyIpaBJjeHuecKux pabort-

HUKOB. ['OCTHHMUIII ellle OHUMH U3 TIePBLIX MpeJCcTaBUTe el
TYPUCTHUECKON HHIYCTPUHU OCBOWJIM TIPEUMYIIECTBA HCIIOJb-
3oBaHus cetd Mutepuert. [ToMUMO TpaIuMOHHOTO OMUCAHHS
NpeoCTaB/IeMbIX YCJYT, MOJb30BATEIN JIOJXKHBI HMETH BO3-
MOKHOCTb GPOHHUPOBAHHS TOCTHHUYHBIX HOMePOB. [1pH 3TOM,
Heo6X0/IMMO, YTOObI IaHHbIe, BBOJAMMbIE KIMEHTOM Ha caiTe
MOCTYyNaJIi HeMocpeACcTBeHHO B 6a3dy AaHHbIX ACY rocTHHHY-
HOro npenpusTusi. [1]

CJielyeT yUuTbIBATh BaXKHYI0 OCOOEHHOCTb CHCTEM OPOHHU-
poBanus uepe3 MurepHer. B otimune oT craHpapTHbIX Kop-
NOPAaTUBHBIX Web-TNPUJIOXKEeHUH, MPH MCMOJb30BAHUH CHC-
TeMbl GPOHHPOBAHHST HEOOXOIMMO YUUTHIBATh, YTO KOHEUHDIH
KJHEHT MOXKeT paboTaTh ¢ Hell B Jil060e BpeMsl, UCIOJb3Ysl
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Jo060e KOMMYyHMKaLMOHHOE 000py/l0BaHHe, B TOM YHCJE CO-
TOBbIA TesiedOH WM HaNaJoHHBIH KoMnbloTep. B cBsisu c
STHUM, HHTep(EHc NPUIoKEeHHs 10JKEH ObITh COBMECTHM C
HauboJiee IOMyJsIpHbIMH Opay3epamu. Tak:ke HeoOXOAMMO
o6ecrneynTb OTCYTCTBHE OUIMOOK W YHTa0eJbHOCTh TEKCTOB
npu paborte ¢ calToM uyepe3 HeGOoJbIIHEe TePMHUHAJBI, K KO-
TOPBIM OTHOCSITCS COTOBbIE TeJ1e(POHBI, KAPMAHHbIE KOMIIbIO-
Tepbl, KOMMYHHKATOPBIL.

[Tpu paspaGotke ACY «locrunuua-macrep» Oblia pe-
aJM30BaHa BO3MOXKHOCTb OPOHUPOBAHHS HOMEPOB B ToOC-
THHULE uepe3 web-untepdeiic. B Xoae npoekTHpoBaHus
web-uHTepdeiica 6Bl ONpeeseHbl CleIyIolie 0CHOBHbIE
3ajlauk, BbIMOJHEHHE KOTOPBIX TPHUBEJO K 2KeJaeMoMy pe-
3yJIbTaTy:

— nepeHoc cTpyKTypbl u nanubix BJI ACY «[octununua-
mactep» B opmat cepeepa 6a3 fanubix MySQL;

— paspa6orka maotaonoB HTML-untepderica;

— pagpaborka ckpuntoB Ha PHP ansi otoGpakenus
JanHbix 13 6a3bl MySQL B HTML-unrepdeiice;

— yCTaHoBKa paspaGoTaHHoll cucTeMbl Ha Web-cepsep u
obecrieyeHre o6MeHa JaHHBIME U UX CHHXpoHH3alHmio ¢ ACY
«[ocTuHnIa-MacTep».

PaccmorpumM  ocobeHHocTH web-nHTepdeiica Kak Tex-
HOJIOTHH padpaboTku. [lo cpaBHeHHMIO ¢ TpalULHUOHHON
TEXHOJIOTHEH pa3paboTKH TaK Ha3blBAEMbIX —«TOJICTBHIX»
npusioxkenuit 1t Windows uan Linux, paspa6orka Web-un-
Tepdelica npeacrapisier co60i pazpaboTKy «TOHKOT0» KJIH-
enrta. CjielyeT OTMETHTDb, UTO TaKHe TeXHOJIOTHH Kak Ajax,
Java-anmzetsl, Flash u np., mosBossiior pacumpute (yHK-
npoHan web-uHTepdefica 10 MHOTHX BO3MOXKHOCTEH KJjac-
CHYECKHMX «TOJICTBIX» KJIHeHTOB. O/HaKO, B JIAHHOM CJyyae
HeoOX0MMO MCIO0Jb30BaHHE KJacCHYeCKOH Moaesu. B stom
cjlydae Ha KJIMEHTCKOH CTOpPOHE peasiu3yercsi MUHUMYM (pyH-
KIMOHaJIa.

[Tockosibky ¢ cucremort OymayT paboTaTh KaK KJHEHTHI,
TaK ¥ ornepaTopbl, HeOOXOAUMO PA3JIC/IUTh €€ Ha JBe YacTH —
KJIHEHTCKast U cyxKebHasi. ¥Y100HO, Korga o0e 4acTd IpH-
JIO2KeHHs1 coOMpaloTesl U3 0OLIMX HCXOAHBIX (ailyoB, HO NpH
9TOM MPOUCXOIUT pasjiesieHue no (yHKUMAM, NpaBam U J0-
CTYMHBIM CTPaHULAM.

Ha ypoBHe cTpanui npusoKeH1ue COCTOUT U3 OTAEIbHBIX
KJ1aCCOB, YHac/eIOBaHHLIX OT ofLlero kKJjacca Be6-cTpa-
nuipl — TDataPage. [Tockosbky 1anHasi cucremMa OpueHTH-
poBaHa Ha paboty ¢ 0a30il JaHHBIX, TO B apXUTEKTypy BBO-
JUTCs onosHuTeNbHbIR Kiaace — TDataPageFB, kotopbiii
Mo3BOJIIET Bce (DYHKUMH, KOTOpblE PpaspelleHbl KJaccy
TDataPage, no npu sToM peannsyer HHTepdelic B3auMo-
JeficTBUA ¢ 6a30i JaHHbIX.[2]

Kasknblii  KJace cTpaHuipl CBs3aH co cBoum html-
wadgoHoM. THMMYHAS cXeMa BKJIOYEHHsI CTPAaHHULbl B Bbl-
XOJIHOU (hopMmar npejctapjiena B uctuHre 1.

String s ;

TDataPage DP = new TExampleDataPage() ;
DP.Exec(s) ;

System.out.printin(s) ;

Jlucrunr |

PaccMOTpUM  HECKOJIBKO TMPOCTBIX THIIOB CTaHHLL, Ha-
npuMep, BbIBOJ TeKcTa. B cucTeMe OPOHHUPOBAHMS OH HC-
MOJIb3yeTCsl, HarpuMep, s BbIBOAA TeKCTa J0roBopa H
yCJIOBHIL HCTIoNb30Banus cepsuca. Ero meton intExec, dop-
MHUPYIOLIHH CTPAHHLL TTPEACTaBAeH B JUCTHHTE 2.

boolean intExec()

{

String s ;

TjoUIBQuery Qry = CreateOpenQueryfmt( “SELECT
textname, textdata FROM texts WHERE

id=%d” ,GetCGIVarAsint (“id” ) ) ;
Qry.ReadBlob(1,s) ;
ht.SetVar(“TEXT”,s) ;
ht.SetVar (“TEXTNAME” ,Fields.AsString (0)) ;
/

Jlucrunr 2

ITOT KJIACC M3BJIEKACT U3 6a3bl 3aJaHHbIH TEKCT U BKJIIO-
YyaeT ero B 3apaHee MOJrOTOBJEHHBIH 11a0JOH CTPAHHIIBI.
[Ia6sioH a/1s1 MPOCTbIX TEKCTOBLIX CTPaHWI, MMEET CJIey-
IOLLMIH KOJI, TPEJICTaBJIEHHbIH B JIUCTHHTE 3.

<table class=data width=100% >

<tr>

<td align=justify vAlign=center>

<p class=title> { TEXTNAME} </p>

<table class=data width=100% >

<tr><td>

{TEXT}

</td></tr>

</table>

</td></tr>

</table>

Jluctunr 3

AHaJIOTHYHO MOCTPOEHBI U JIpyrHe, GoJiee CI0XKHbIE CTpa-
Hulbl. OHU OT/IMYAIOTCS BHAOM 111a0GJIOHA UM JIOTHMKOH o6pa-
OOTKHU JAHHbIX.

Cucrema 11a6JI0HOB 103BOJISIET 3(PPEKTUBHO Pa3EIUTD
oopmyienre uHTepdeiica U Koj €ro reHepaldi Ha U30JH-
poBannble uact. Lla6jonel npeacraBasiior coGol (aibl
¢ pacwupenuem .tpl, cozmepxkaiiye, Hapsity ¢ OObIYHBIM
HTML-konom, creunasbHble Koibl 3aMeH. B ucrosbay-
eMoM kJacce 1abionos FastTemplate Mmoo ncnosnb3oBathb
J00YI0 KOMOMHALIMIO CUMBOJIOB JUIsl 3aMeHbl Ha IPYrof TEKCT.
B npumepe Ha siuctunre 4 npuBoautcst hparMeHT mabJioHa
TJIABHOW CTPAHULLBL:

<TD class=content>

<table width=100% cellPadding=5><tr><td>

MENU_PAGE

</td></tr>

</table>

</TD>

Jluctunr 4

PHP-xon yist 06paboTku Takoro mabJ/oHa BbITJISAUT CJle-
JyIOLIUM 00pas3oM:
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Puc. 1. Bup opmbl 3aKasa Homepa

Stpl->define (array (menu_cont => «*.tpl»)) ;
Stpl->parse (MENU_PAGE, «menu_cont»);
Jlucruur 5

DTo 03HAYAET, YTO MPOUCXOJUT CUMThIBaHHe haiiia *.tpl
M BCTABKa €ro cojaepkumMoro Bmecto nojacraHoBkn MENU_
PAGE.

[IJaGsioHbl  Tak:Ke T103BOJSIOT MOBTOPSITL (DparMeHTbl
TeKCTa HECKOJILKO pas, 4To yoOHO NPH BbIBOJIE TaOJIHLL.

Pacemotpum MexaHu3Mm OpOHMPOBaHHMS HOMEpPa B TOCTH-
HHLIE ¢ TOUKH 3peHus KnveHta. [1pn Bxosie Ha caliT KJIMeHT Mo-
JIy4aeT CITMCOK KaTeropuil HOMEPOB, TOCTYIHbIX /15 OPOHHPO-
BaHUsl. PsIOM ¢ KaxkIl0i UeT KpaTKoe onucanue. Ecin kaveHT
xouer GoJiee MoAPOOHO H3YYHTb XapaKTEePUCTHKY KaTeropuu
HOMepa, TO OH € MOMOLLBIO LEJNYKA 110 KATETOPHH 1€PEXOJUT K
JleTa/u3ali HoMepa, OTHOCSLLEr0Cs K BbIOPaHHOH KaTerOpHH.

KieHT MokeT HaxkaThb Ha KHOMKY «3a0pOHHPOBATBH»,
nocJsie 4ero oTKpeiBaercst popmMa GPOHHPOBAHHUST HOMEpa M3
KoHKpeTHOH Kateropuu (Puc. 1).

Kak BHiHO, B 9TOM cJlydae B (hopMe y:Ke OTMeUeH THI HO-
Mepa, Ha KOTOPOM OCTaHOBHJI CBOM BbIGOP KJaueHT. [Tocsie 3a-
nosiHeHust GopMbl, KJIMEHTY HeOOXOAUMO BBECTH LU(POBOK
KoJl. D10 00ecreunBaeT 3aluTy OT crnam-poOOoTOB, KOTOPble
MOTYT aBTOMATHUECKH 3anoJiHATh (hopMbl. Takas »xe 3aiura
CTOMT M Ha OCTaJIbHBIX CTPAHHUIIAX CaKlTa, C KOTOPHIX MPOUC-
XOJIUT 3aruch popm B 6a3y JaHHbBIX.[ 3]

Cylectsyet elle oaHa ¢opma, Kotopasi npeaHasHayeHa
171 mondopa HoMepa B rocTuHHLe. Ec/u KIUEHT He MOXKET
OMpPeJIe/IUThCS, KAKOH THIT HOMEPOB €My Jiyullle MOJIXOJHUT, TO
oH BbiOUpaeT yeayry «ITonGepute MHe...», U 3aMOJIHSIET COOT-
BETCTBYIOLLLYIO PopMY.

O6a BHIa 3a5BOK B KOHEYHOM HTOre MONajaloT B Na-
neJib yrpansenusi ACY «[ocTuHuIa-mactep», rjie ornepaTop

MOKET MPUCBOUTH UM CTAaTyC, B COOTBETCTBHH C XOJOM X 00-
pabotku. Takum o6pasom, cucTeMa aBTOMaTH3ALIUK CIy2KObI
OPOHUPOBAHUSI MECT YETKO pasjiesieHa Ha aIMHHUCTPATHBHYIO
(orepaTopcKyto 4acThb), B KOTOPOH paboTaloT TOJLKO KOp-
MOpATHBHBIE TI0JIb30BATENH CUCTEMbI, H FOCTEBYIO (KOTOPOH
MOJIb3YIOTCS TOJBKO TIOCETUTEJH CallTa U KIMEHTbI CHCTEMBI ).

Tak Kak B cHCcTeMe MCMOJIb3YIOTCS BaxKHbIE JaHHbIE O TOC-
THHHLE, a TakkKe KOH(HUAEHUHMAJbHbIE JAHHblE O KJHEHTE
(®UO, TesedoHbl, CBeJIEHUsT 0 MATEXKAX), TO HEOOXOJAUMO
npejgycMoTpeth 3¢ heKTUBHbBIN MexaHnaM 6e3onacHoctu. He-
xoast U3 TpeboBaHui GesomacHocTH, Mpu pazpaboTke web-
UHTepdeiica OblLI0 peasn30BaHoO Ba YPOBHS 3alIUThl KOH(U-
JIEHIIHA/IbHBIX JIAHHDBIX:

l. HMcnonb3oBanue 6a3oBbix KpunroasroputmMo DES
win FOCT nast tnucpoBanust camux JIaHHbIX;

2. Mcnoab3oBaHue cTanaapTHoro rnpotokosa SSL ¢ noj-
NUCAHHBIMU cepTHrKaTamu X503 s ndpoBaHus KaHaa
nepeayu JIaHHbIX.

TakKe HEOOXOJMMO OTMETHTD, UTO OJIHUM U3 NPEUMYIIIECTB
paspaboTaHHOro web-NpuIoKeHHsl SIBJSETCS €ro Jerkas
pactuupsieMocTb. To ecTb OH MOXKET UC0JIb30BATLCS /151 Ma-
JIOTO TOCTHHHYHOTO X035HCTBA, HO C HE3HAUMTE/ILHBIMU H3Me-
HEHHSIMH B CTPYKType Oa3bl JAaHHbIX €10 MOXKHO HCIT0J1b30BATh
B FOCTHMHUYHBIX KOMIJIEKCAX, HMEIOIIHUX B CBOEM COCTaBe He-
CKOJIbKO rocTHHHIL. Tornma moJib3oBatesib CMOXKET BbIOMpaTh
He TOJIbKO MOCTHHHYHBIF HOMEp, HO M FOCTHHHMLL, B KOTOPOH
OH XOT€J1 Obl NOCEJUTHCSI.

Takum o6pazom, pazpabGoranHbiii web-uHTepdeiic nos-
BOJISIET TIPUBJIEUDb KJIHEHTOB uepe3 ceTb MIHTepHEeT, UTo B BEK
MOBCEMECTHOH HMH(pOpPMATH3alMK 3HAUMTEJIHO pacLIupsieT
NOTEHIIHA/bHbIE BO3MOYKHOCTH TOCTHHUUHOTO TMPEANPUSATHS.
Kpowme toro, web-unrepdefic cueteMbl MOXKHO HCIONB30BATDH
KaK OCHOBY JJIsl He3aBUCUMOTO caiita, 6e3 npussisku K ACY.
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D10 ObIBAET yll06HO JIJ1s1 HeOOJIBILINX FOCTHHHIL, UMEIOLIIHX Ce-
30HHYIO 3arpysky u He IpearnoJiaratoinx UCroJib30BaHue OoT-

Jlureparypa:

JE€JIbHBIX KOMIIBIOTEPOB 1J151 onepaTopCKoﬁ pa6OTbI HJIM Ha-
6I/Ipa}OHJ,I/IX KJIMEHTOB B OCHOBHOM 4epe3 I/IHTepHeT.

1. Pomanosuu JK.A. CepBucHas JIeIT€LHOCTD. Vue6uuk / KA. Pomanosuy, C.J1. Kanaués. — M.: Hanarenbeko-Top-

roeasi Kopriopatus «Jlamkos u K°», 2006. — 284 c.

2. Munocnasckas H.I'. Mutpacetu: noctyn B Mnrepuer, satwra / H.I'. Munocnasckas, A.M. Toactoit.— M.: KOHUTU -

JIAHA, 2000.—527 c.

3. Ilnaronos B.B. [IporpammHuo-annaparuele cpeAcTBa o0ecneueHust 6e30MacHOCTH BEIUMCIUTENbHbIX ceTell. — M.: M3-

JaresibCKuil eHTp «Axkanemus», 2006. — 240 c.

MpoeKkTMpoBaHue KOPNOpPaTMBHON MHGOPMALLMOHHOMN CUCTEMbI BY3a
KaK OpraHu3auuoHHO-TEXHUYECKOM CUCTEMbI

Jlateinosa B.A., acnupanT
YuMcKnit rocyaapcTBeHHbIN aBUALMOHHbIN TEXHUYECKWIT yHUBEpCUTET

Haraeaemces memod npoexmuposanus kopnopamusrot urgopmayuonnot cucmemol (KHC) BY3a kak opeanusa-

uuonHo-mexuudeckot cucmemol (OTC)

Y3 kak u mi06oe MpeanpusitHe Hyxpaetcss B 3ddek-

THUBHOM YIpaBJ/IeHUU. YTpaBJeHHE OCYLIECTBJSETCS C
nomotiibio pazanunbix KMC. CoBpemennnie KMC npoexTupy-
IOTCS C UCITOJIb30BAHHEM METOJI0JIOTHI, KOTOPbIE, TI0 MHEHHIO
aBTopa, He SIBJSI0TCS SPMEKTUBHBIMHU /151 AaJbHelIel pas-
pabotku cucreMbl. OOBEKT MPOEKTUPOBAHHUS MPEACTABJSI-
eTcsl He B LesiocTHOM BHe, B Buje OTC, cocrosiiieil U3 Tex-
nuueckoro (TO), nporpammuoro (I10), unpopmanronHoro
(MO) u opranuzalMmoHHO-TEXHOJIOTHUECKOTO 06ecrneyeHust
(OTO), a B BUIE MOjiesiel, (hOpMaJIbHO HE CBSI3AHHBIX JPYT C
Jpyrom. DTo MpUBOAUT K Tomy, uto KMC paspabateiBaioTcst
MPaKTHUECKH BPYUHYIO, OTCYTCTBYeT BO3MOKHOCTB TIOJHOH
reHepaiuu kopja. Ilostomy BcTaerT Bompoc O MpUMeHeHHH
HOBO# METO/IMKH, HOBBIX MOJieJIel, KOTOpble MOMOTYT MOBbI-
cuthb a3 dexTuBHOCTh pazpaborku KMC

1. CemaHTUYECKOE mMojaesinpoBaHue KaKk HoBas
MeToA0/10rnA NPOEKTUpPOBaAHUA

Mertoz1 ceMaHTHYECKOTO MOJIeJIMPOBaHust paspabotan Tiop-
ranoBbIM A.I". B cBOMX cTaThsIX OH OAPOGHO ONUCHIBAET HOBLI
meton. Mnest 3ak/ouaercst B cozganuu takoi moxesin OTC,
KOTOpasi OyJIeT MPeCTaBJsITh HHTErPUPOBAHHYIO MOJIEJb, 00-
pasyolLyto GopMaJjibHYI0 CHCTEMY. DTO TTI03BOJIUT, BO-TMEPBbIX,
OCYUIECTBUTH TMOJIHYKO I'eHepalllio KoJa, BO-BTOPBIX MpecTa-
BuTH OTC KaK 11e/10€, Iie BCe MOJIENH CBSI3aHbI MEXKTy COOOH.

Cucrema rpoektupyercsi B 4 sramna:

1) dopmanusyioress OCHOBHbIE MOHSATHSI TPEMETHOH 06-
JIacTH;

2) NoHATHST OOBEAMHSIOTCS BO MHOXKECTBA, (DOPMHUPYS
MPUKJIAJHON SA3BIK;

3) ycTaHaBJMBAIOTCS TpaBUJIa COOTBETCTBHUS MOHSTHH, HX
NPOBEPKHU U MpeobpazoBaHusi;

4) cosnaloTcsl CeMaHTHYECKHE MPOLECCOPHI,
IOllMe TIpaBUJIa TTYHKTA 3.

DTanbl MeTola CeMaHTHYECKOro MOJEJUPOBAHMS Mpel-
cTaBJieHbl Ha pucyhke 1[1].

MeTox CceMaHTHUECKOrO MOJAEJNMPOBAHUSI HMEET He-
KoTopoe cxofcTBo ¢ TexHoJsorued DSL (Domain Specific
Languages-crieluain3upoBaHHble A3bIKM TPEIMETHBIX 00-
nacteil). B DSL Takke BblIesIfilOTCS TMOHSATHIHHbIE MHO-
JKecTBa WM TpeIMeTHble 00JIaCTH, IJie CrelHaIncTbl pa6o-
TalOT, MCIOJIb3Ys MPUKAANHON si3blK. OHAKO CO3[aHHble Ha

peaJjiuay-

PasHbIX 513bIKAX MOJIEJN OJHON CHCTEMbl M3HAUYaNbHO HECBSI-
3aHHBI, [I09TOMY HYKAAIOTCS B AaJIbHEHIIEM PYYHOM OOBEU -
HEHWH C TIOMOLIbIO MHTerpatopa mojeJsed. A MeTon ceMaH-
THYECKOr0 MOJIeJIMPOBAHHUS MIPENoaraeT BCTPOCHHYIO CBSI3b
MEKIy MOJICJISIMH

2. KUC BY3a, pa3paboTaHHasa C UCNOJIb30BaHUEM
CeMaHTNYeCKoro MoJeNnnpoBaHusa

CyllecTBYIOLHE MHCTPYMEHTBI O3BOJISIIOT [TPOEKTHPO-
BaTb CUCTEMYy CBEPXY BHU3, UTO MPUBOJAUT K HETHOKOCTH CHC-
TeMbl, OTCYTCTBMIO Har/saHoctTH. Hanpumep, Bce paHHble
BY3a npejcrapasiiotes B 0HOH Mojiesin 6a3bl 1aHHbIX (BJL).

Wurerpuposannast moness KMC BY3a npesncrasnsiercs B
BHJIe HAbOpa CBSI3aHHBIX MOJYJICH, KaK/bIH U3 KOTOPBIX UMEET
ceou TO, 10, MO, OTO u 6usnec-npoueccsl (bIT). Takas
MOJIe/Ib T103BOJISIET YJIYYLIMTh HAMJISIHOCTb, MMOKOCTb CHC-
TEMbl, IA€T BO3MOXKHOCTb BHOCHTb H3MEHEHHUS B CYLLECTBY-
IOLLYI0 CTPYKTYpY 6e3 GOJIbLIMX MOCAe/ICTBUH /sl BCel cHC-
TEMbI B 11eJIOM (3aTparuBaeTcsi TOJbKO OJIUH MOJIYJIb ).

Mopenr KMC BY3a npencrasnena Ha pucynke 2. 31ech
M300paxKeHbl TPH BHEAPEHHbIX MofyJst: « OOydeHue», «Pu-
HaHCbI», « BubMoTeKa» ¥ TPU MOTEHIUAIBHBIX TIPUKJIAIHDBIX
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Puc. 1.

Bubnnorexa

DuHAHCH

Monynsb 6

Puc. 2.

MoayJist: «Monyiib4», « Moaybb», « Moayb6». [Tocneanue
NPEACTaBISIOT COO0H IOMONHUTE/bHbIE MOLYJIH, KOTOpblE He
BXOJAT B 6a30Bbi KommiekT KM C.

B kauectBe mpumMepa paccMOTpuUM oauH Moaysb KHC
BY3a «O06yuyenue», KOTOpbIi NpecTaB/ieH Ha PUCYHKE 3.

Pa6ora ¢ momynem KMC mnpoucxomut chemyommm 06-
pazom. Kaxnplil ipenogaBaTes b UMeeT JOCTYN K 3TOMY MO-
nyJto. B ero pacnopsikenuu 1sa BepxHux okHa: «Kyinenrekoe
npujoxenue» u «bll». Pabortasi ¢ KJAHEHTCKUM MpUJIOXKE-

HHEeM, OH BbIOWpPaeT B opMme CBOH MpeaMeT W cTyleHTa. B
okHe «bII» npenonaBaTesb MOXKET MPOCHAEIHTb, HA KaKOM
ITarne HaxoAUTCs JaHHbIH CTYAEHT: TOJILKO MPUCTYMHJ K U3Y-
UeHHIO MaTepuaJia, HaXoUTCsl B Mpollecce U3ydeHHsl, U3yUmJl
Martepuall, [POXOAWUT TeCTUPOBaHWe, [poLle] TecT yc-
MewHo, npoBaju tecT. CTyaeHT 0003HayeH TaK Ha3blBaeMOH
(DULLIKOM: YePHBIH KPYAKOK.

Ecnn npenogasatesib XxoueT nocMoTpeTh, Kak MAET MPo-
ecc oOydeHust BCeH Tpymribl, TO BbiGHpaeTcsi B opme

Kimentckoe npunoxenue

dakynbTeT OH®
Kommnsrorepnas

Kadenpa MaTeMaTHKa
I'pymnma CAIIP-124
0)5(0)
CTyIEHTa
[Ipenmer ®usnka

busnec-npoueccel

Marepuan usydeH

H3zyunts @
Q Marepuan
A
He npomen TectupoBanue

[Ipomen

O

Puc. 4.
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KnuenTtckoe npunoxxenue BIT
dakynbTeT OH® Marepuan usydeH
/ N3yuunts
KommbrorepHas Q Marepralr - —p
Kagenpa MaTemaTHKa A
He npomen TectupoBanue
I'pymnma ’CAHP—124
DUO L — /
CTyeHTa I/I;SaHOB B.B. O [Ipomen
[Ipenmer (D,I/BI/IKa :
|
/ [ ] | | l
b/l /
Opranu3zaimoHHas
q)aKy.]IBTE{T ] CTpyKTypa YTATY
< >1 ) Comr 1/
n
I
Kadenpa
— KomnerotepHas
1 I MaTeMaTuKa
K
CAIIP-
. | 1 124
I'pynna ! [ |
Hpem{/IeT
1 v
n
n
Crynenr /I/ B
n
RO/

Puc. 3.

KJIMEHTCKOrO TPHUJIOKEHUST TOJIbKO rpynna. JlaHHasi cuTy-
auusi usobpaxkena Ha pucyrke 4. Jluarpamma BIT nokasbi-
BaeT, HAa KAaKOM 3Tare oOydeHHsI HAXOAMTCS KaxK/IblH CTy-
JeHT oaHo# rpynnbl. s onucanus BIT ucnosbsytores
pacuinpenuble ceTd [leTpu, B KOTOPBIX MCHOJB3YIOTCS pac-

KpateHHble Guiiku. OHU MO3BOJSIOT HAEHTH(HIIHPOBATD
KaxIyto (DULIKY: 10 UIAEHTH(PUKATOPY OMPENEJUTh KOHKPET-
HOTO CTyJIeHTa.

Ha pucynke 4 B okne «BI1» BuaHo, uTo oiMH CTy/IeHT Ha-
XOJIUTCSl B Mpollecce M3ydeHUsi Marepuasa, OJIUH CTyJeHT
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U3y4HJl MaTepuaJl, OIMH CTYJIEHT NMPOXOAUT TeCTHPOBaHHE, a
JIBa CTYJIEHTA TPOLLJIH TECT YCIIELIHO.

Cetu Tletpu mnpexactaB/sioT MOJHOCTbIO (HOPMAIU30-
BaHHYIO MOJIeJ/Ib. DTO MO3BOJSET TecTUpoBaTh Mojeaun BIT ¢
MOMOUIbIO PAa3JIMUHBIX MATEMATHUECKUX METOJIOB, HAMIPUMED,
C MOMOLIbIO MOCTPOEHHUS rpada TOCTHKUMOCTH.

Corpynnuk BY3a u3 otnena kajpoB CTylieHTOB UMeET JI0-
cTyn K okHy «Opranuzaurontas ctpykrypa». Ou n1o6aBasiet
WM yAJISET CTYIEHTOB, PEIAKTUPYS 3TO OKHO.

B/l reHepupyeTcst aBTOMATHUECKH T10 JAHHBIM, BHOCUMbIM
B okHe «OpraHu3allMoHHasi CTPYKTypa» U oToOpaxkaercs B

oxHe «BJ1». Hekoropble corpynnuku BY3a umetor nocryn ko
BCEM OKHaM.

Takum o6pasom, B pesyJibTaTe UCMOJb30BAHUS CEMAHTHU-
yecKoro MojeanpoBanus npu npoekruposanun KMC BY3a
Mbl TIOJIyYHJIH MHTETPUPOBAHHYIO MOJIEJ/b, OMUCHIBAIOLILYIO
BY3 kak OTC. Jlannasi Mozie/ib HarJISIAHO OTPaXKaeT B3au-
MocBsidb Mexy [1O (kanenrckoe npusoxkenue), 1O (B),
OTO (opranusauuonnasi crpykrypa) u bBIT BY3a. dta mo-
JieJib TI03BOJISIET TMOJHOCTbIO aBTOMATHU3MPOBATh IpOLLECce
paspabotkn KUC, nukBuampyst HeOOXOAUMOCTb PYYHOTO KO-
JIUPOBaHMUS.

Jlutepatypa:

1. dopmanuzoBaHHble MOHATHIHbIE MOLEJH /11 TPOEKTHPOBAHHUSI OPraHU3alMOHHO-TexHHueckux cucteM// COOpHUK
Hay4HbIX TPYI0B X HALMOHAILHON HayuHO-TexH. KoH(pepenunu PAVU ¢ mex. yuactuem «KMM-2006» — M., Ous-
mataut, 2006. — T. I, ¢. 183—188

2. B.Aancr, K. Xefi. Ynpa/eHue noTokamu paGoT: MO H, MeTobl M chcteMbl / — M.: ®DU3MATJINT, 2007.

HekoTopble 3BpUCTMYECKUE aNrOPUTMbI ANNA peLleHUA 3aAa4u PopMUPOBAHUSA
MHBECTULUOHHOrO nopTens

Mycnumosa I'.P., acnupaHT
YumMcKnit rocyaapcTBeHHbIN aBUALMOHHbIN TEXHUYECKMIT yHUBEpCUTET

Payuonanrvioe unsecmuposanue cpedcma a8aaemes 8axcHotl 3adaudell, cmosaueil neped unsecmopamu. OHa 8axcHa
KaK 048 UHBECmopos8, Mak u 041 HAPOOHO20 X03ALcMBa 8 YeAoM. 3a0auu OPMUPOBAHUL ONMUMALOHOLX (8 MOM UL
UHOM CMbLCAe) nopmgheseli U3 UHBECMULUOHHbLY NPOEKMO8 PACCMAMPUBAALUCH MHO2UMU Ucciedosamenanu [1,c.21; 2, c.
235;3,¢.17;4,¢.48; 5,¢. 230; 6, ¢c. 800]. B danrot cimamoee paccmampusaemcs npooiema Gopmuposaniis Onmumals-
HO2O UHBECMULUOHHO20 NOPMenss, COCMOAU,e20 U3 UHBECMUYUOHHLLX NPOCKINOB, C Y4emOoM epYNninoselx naamescell.

3apaya popmupoBaHusa noprensa

Nmeetest na6op npoextoB Cy, Cq , ..., C,, (Ci=(cig, Ci1, -y Cin )), U3 KOTOPBIX MHBECTOPY HEOOXOAUMO BbIGPATh HEKOTOPbIE
MHBECTUIIMOHHbBIE MTPOEKTHI (TMOTOKU MiaTexel ) st puHancupoBanusi. MuBectuionnni# npoekt C; = (¢, Cjf , - » Ciy) 3TO
BEKTOP, Y KOTOPOTO MepBasi HeHyJieBast KOMIIOHEHTA, €CJIM TAKHE CYLIECTBYIOT, OTpULIATE IbHASI, 8 TIOCJIEHSST HeHyJIeBasi KOM-
TOHEHTa MoJI0XKHTe/IbHast. KOMIOHEHT BeKTOpa ¢;; — CymMMa IJ1aTeKa Ml BO3BpaTa cpe/ICTB 110 POEKTY i B MOMEHT BPeMeHH J.
Bynem cuutath, 4TO BCe MPOEKThI COCPEIOTOUEHBI Ha 0OIIEM BPEMEHHOM HHTEpPBAJIE, /sl TOr0, MPU HEOOXOAUMOCTH, MOXKHO
JIOTIOJIHUTD POEKTbHI HYJIEBbIMU M1aTexkamu. [Ipu 5ToM npesronaraercsi BO3MOXKHAs 3aBUCHMOCTb MEXK/Ty HEKOTOPBIMU MTPOEK-
TaMH, T.€. BLIOOP NPOEKTA JJIs BKJAIOUEHHS B OPTQEb 3aBUCHT OT TOTO, C KAKMUMH MPOEKTAMH OH CBsi3aH. 3aBUCHMOCTb MOYKHO
NPeCTaBUTh B BUJIE OPHEHTHPOBAHHOTO Tpada, Ijie BepIIHHaM COOTBETCTBYIOT POEKTHI, a pebpa OnpeesitoT 3aBUCHMOCTD
MeK/1y MPOeKTaMU TaKMM 00Pa30M, UTO J/Isl BKJIIOUEHHsT B TOPT(Eb HEKOTOPOTo MPoeKTa HeOOXOAMMO BKJIKOUEHHE H €ro Mpej-
urecrBenHukoB. [Tocsie psina npeoGpasoBanuii [12,¢.56;13,¢.174;14,c.108] 3asaua cBOAMTCSI K YACTHUYHO 1IEJIOUUCJIEHHON 3a-
Jiaue JIMHERHOro MPOrpaMMUPOBAHHS.

Haiit uncna
Xy X €{0,1};

ylv'"ayse{oa 1 }a
Fi,..,F,€R
TaKue, 4To

y; = in npui € U;

EEUJ-'
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X2 Xp
sl 3aBUCHUMBbIX [TPOEKTOB;
F o 1ZqF, npu k=0,1,...,n-1;
Fyy 1 SrF,npu k=0,1,...,n-1;
F, > max

MpubnnkeHHble METOABI peLleHus

JIist pelenust 3a1a4u NPUMEHSIIUCH CJIe/LyIoLIHe 9BPUCTHYECKHE METOIbI:.

MonrduIMpOBaHHbIN METOJL BETBEH W IPAHULL

[IpumeHsiics ceylolIni SBPUCTHUECKUI NIPUEM, aleKBaTHBIH CTPYKType 3aiaud. [IpuMeHUM MeToJ BeTBeH U IrpaHHll K
MHOKecTBY npoekToB Ul, B pesysbrare mogyunm noprteens [11. 3ateM nMpuMeHHM TOT Ke METOJ K MHOXKECTBY TMPOEKTOB
U2 nipu ycsioBuH, UTO B MopTdesb yKe Bolii NMpoekTsl n3 [11. B pesyabrare nosmyunm noprdens [12D111. [Tponomkast stoT
npotiecc, rnoctie (s+ 1) maros nosyuum noprgenns [1 (nmpoexTsl, He BXOJsIIME HU B OJIHO U3 MHOXKecTB Uj, aHaJM3upyloTCs Ha
nocJjeaHeM ware) . Takoil mpueM J0CTaTouHO 3PpeKTUBeH, ecyu MHoKecTBa Uj He SIBJSIOTCS HU CJAMLLIKOM OOJIbLIMMH, HH
CJIMLIKOM MaJlbIMM Herepecekaioluxes MHoxkectBax Uj paBHOroO padmepa CJ02KHOCTb BbIYHCJIEHUH MOXKHO OLLEHHTb YHCJIOM

s (LJ) P < nls (LJ) P n! rie s — 4ne/10 MHOXKECTB.

AJIrOpUTM pellieHnst
War 1. Insj ot 1 10 S BBINOJHAT!

1.1 Bxox: G;, Uj, g, r, m, k. TIposepka: ecan Ujr']Hj, TO pacCMaTPUBAIOTCS ISl BKIIOUEHHUS B TOPTHEJb TOJIBKO T€ TIPOEKTHI,
u3 MHoxkecTBa Uj, KoTopbix HeT B MHOKecTBe [1j. [IpumensieTcst cranaapTHbiil MeTO/L BETBEH W rpatuil Ko MHOXKecTBYy Uj.

Boixon: TToprdens IT;, kanuran nusecropa Rbest.Ecan j=s, To nepexon k wary 2, unaue — mar 1.2.

1.2 Bxou: IT;, Iy . Ty 1T — war 1.1

Brixom: I_IjH.

Iar 2. Ecsin ects CieUj, To npumensieTcs cTaHAapTHLI METOJL BETBEH U PAHULL K OCTABLLEMYCS] MHOXKECTBY TPOEKTOB.
Kownel anroputma [7,¢.36; 8,¢.85; 11, ¢.253].

Apogotonnbii aaroputm (14+1)-EA[9, ¢.57; 10, ¢. 182; 12, ¢.56]

J1ns1 omvicanyst 3TOro ajaropuTMa pacCMOTPUM CJIEIyIOLIHe TePMHHBI.

« Ocobo (undusudyym) — UHBECTHIHOHHBIN TTOPT(hENb.

+ Xpomocoma — NPUOPHUTETHBII CITUCOK MPOEKTOB .

«  [lonyaayua — B JaHHOM AJITOPUTME COCTOUT U3 OJHOH 0COOH.

+ Bocnpoussedenue (onepamop penpodykyuu) — penpoiyKuus ocoou, T.e. popMupoBaHue noprgeJis Ha OCHOBE Te-
KYLLIETO MPUOPUTETHOTO CITUCKA.

«  Omobop (onepamop ceaexyuu). IIpuMeHsieTcs Tak Ha3bIBAEMbIH 3JIUTHBIA OTOOP, TO €CTh U3 BCeX 0c00ei 0TOUPAIOTCs
0co6H ¢ HanOOMBIIIMM BO3MOKHBIM KarUTaJ0M Ha KOHEL BpeMeHHOTO FOPH30HTA.

* Onepamop mymayuu. ITpoeKTbl B IPHOPUTETHOM CIUCKE MEHSIIOTCS MeCTaMM caydaiiHbiM o6pa3oM. B pesyJibrare ro-
JlydaeTcst HoBast XpOMOCOMa.

AsiropuTm peliienust

Bxox:
+ Muoxectso npoekros Cl, C2, C3...Cn;
* HauvanbHbiit kanuTan ueBectopa F .
+ Tlommuoxectna Uj;
+ MHoxKecTBO BeKTOpOB njarexeit Pj;
« CraBkH qQUT;
+  Ilpuopurernsiii cnucok npoekros I;
+ Port — nnBecTHIMOHHBIN TOPTheENs;
+  F-uTOroBbIi Kamurtas TeKyIiero noprdeds;
+  FBest — siyutunii uToroBbI# Kanurad;
[ar 1.1: gast i=1 1o n BoinosusTh: paccuutbisaercst NPV kaxioro npoekra ro gopmyJe

Cy Cy
NPV=23"0g - 1_:;}.‘.- i D»HM}.: +I(XRs D,1+ }.c = “‘.1+q}'f)/N Ui))

Marl. 2: g5t i=1 10 N BLINOMHATBL: B NPUOPUTETHBLIN crivcok [T 3anucbiBaloTest HoMepa NpoeKToB B NOpsiIKe YObIBAHUS UX

NPV.
[Iar 2: Bocnpousseenue
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2.1 nnsti=1 no n BeimosHsATh: Port:=TI1[i] B Tekyuwmii nopTdesb nomeniaercsi mpoeKT U3 NpruopuTeTHoro crucka [1.
2.2 paccuutbiBaercs F st atoro noprdedisi o hopmyiie:

F,,, =max<qF; + inci(kH) +Zyjpj(k+1)’rFk +2xici(k+l) +Zyjpj(k+])
J=1 j=1

i=1 ' i=1

[ar 3: Cenexiys

3.1 eciin F> FBest, To FBest:=F n nepexon x mary 2,

3.2 ecsin F< FBest, To nocnennnii npoext us noptdess Port Bosepaiuaem B Konetl cniucka [T v nepexon k wary 2,

3.3 ecsin F< FBest iBa wiu 6osiee paz, To nepexoj K wary 4.

3.4 ecnin F< FBest Goablile Z pas, To KOHeLL a1rOpUTMA.

[ar 4: Myrauus — ciyvaiiHasi nepectTaHoBKa 37eMeHTOB B crucke [1 ¢ momouibio HauBHOro anroputma: M3 npuopurer-
Horo crimcka [T onepartop random ciyuaiibiM 00pa3oM BbIGHpPaeT | 371eMeHT, OH cTaBUTCA B Hauajsio crnucka I, 3Ta rnpotie-
Jlypa MoBTOpsieTCs1 10 TeX Nop, 1noka B cnucok I1 e cranet nyctbiM. [Tepexon k wary 2.

Boixon: FBest — stydiiuit utorosblii kanutas, Port — nHBeCTHIIMOHHBIN MOPTdEIb.

Ha 6a3e npeacraBieHHbIX aJITOPUTMOB Obl1 pazpaboTaH NPOrpaMMHbIN MPOIYKT, ¢ MOMOLLbIO KOTOPOTO ObL1 MPOBEIEH YHC-
JIEHHBIH SKCIIEPUMEHT, MOKA3aBIIMI CJIeyIOlIHe Pe3ybTaThl: MOAU(PULMPOBAHHBIH METO/ BETBEH U IPAHHULL H IBOJIIOLIMOHHAS
cTpaTerus Mokasasm Xopollhe pesyJabTaThl B COOTHOLIEHHH BPeMsi paGOThl/TOUHOCTD, B UACTHOCTH, TOYHOCTD YIIPOIIEHHOTO
metona 97 %, a 3BOIOLMOHHON cTpaTerun 88 % NpH MPAKTHUECKH TeX »Ke BPeMEHHbBIX 3aTpaTax.

Paboma soinoanena npu noddepacke POPH (npoexm 07—06—00021).
Jlureparypa:

1. Bunenckuii IT.JI., Jlusmmu B.H., Cmonsx C.A. (2002): OueHka 3(h(heKTUBHOCTH HHBECTHIIMOHHBIX MPOEKTOB. M.:
JleJio.

2. Lorie J.H., Savage 1.J. (1955): Three Problems in Rationing Capital // Journal of Business. v.XXVIII. Ne4.
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9KOHOMHYeCKHX rpotieccoB. M.: IOMUW PAH.

5. Balinski M.L. (1970): On a Selection Problem // Management Science. v.17. Ne11.
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10. Bopucosckuii [T.A., Epemees A.B. O cpaBHEHHH HEKOTOPLIX 9BOJIOLHMOHHBIX aNFOPUTMOB // ABTOMATHKA U TesieMe-
xaHuka, Ne2, 2004.

11. Kop6yr A.A., Curan M.X., ®unkensiureitn [0.10. Merton Beteti n rpanuil. O630p TeOpHH, alrOPUTMOB, TPOTPAMM H
npunoxenuit // Math. Operation Forsch. Statist. Ser. Optimization. 1977. V.8, Ne2.

12. Mycaumosa, I'. P. JlonosiHuTeIbHBIE YCIOBHS TPH (OPMUPOBAHHH ONTHMAJIbHBIX MOPTdeei, COCTOSIIMX U3 HHBECTH-
LMOHHBIX IPOEKTOB // Mousonoii yuenbiit. 2010. Ne6.

13. Mycaumosa I'.P. 3anaua ¢opmupoBaHusi onTuMagbHOrO HHBECTHIIHOHHOTO NMOPTQEs U3 HHBECTHUIIMOHHBIX TIPOEKTOB
C JIOTIOJIHUTEJIbHLIMU YCI0BUSIMH. CHCTEMHOE MOJIE/IMPOBAHHE COLMAJIBHO-9KOHOMHUYECKHUX TIPOIIECCOB : MaTepHalIbl
MeX/yHapOJIHON HayuHOM 1IKoJbl — ceMuHapa uM. akagemuka C.C. llartanuna. [IIDMU PAH, Boponex, 2008.

14. Mycnumosa [.P. Metonpl pelenust 3afaun (popMHPOBAHHsST ONMTHMAJIbHBIX HHBECTHIIHOHHBIX TOPTdeseil ¢ yueToM
TPYMIOBBIX BEITUIAT. AKTyasbHbIE 3a/la4d MaTeMaTHIeCKOT0 MOJIeJMPOBAHUS H HH(OPMALIMOHHBIX TEXHOJIOTHI: MaTe-
puaJibl 6-1 BCEPOCCHICKOH OTKPBITON HaydHO-TIpaKTHuecKoi Kongepeniuu. Couun, 2010.
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NMpuHUMNbI OpraHM3aymMm NporpaMMHO-annapaTHoOM 3awWwuTbl (ainios
Ha XXECTKUX AUCKAX NEPCOHANbHbIX KOMNbIOTEPOB

TaHbirvH M.0., KaHAMAAT TEXHUYECKUX HayK, AoLeHT; Mnaskos A.C., acnupaHT
t0ro-3anapaHslit rocysapctBeHHblil yHusepcuteT (Kypckuii rocyfapcTBeHHbIi TEXHUYECKNiA YHIBEPCUTET)

LLIHpOKo pacnpocTpaHEHHbIM CI0COOOM OrpaHHyYeHHs
HeCaHKIIMOHUPOBAHHOTO JIOCTYNa K XPAHUMbIM Ha HO-
CUTEJISIX JJAHHBIM IBJISIETCS TPUMEHEHHEe MaHIaTHON 3alIUTHI,
KOTOPAs 3aKJII0YAETCS] B KOHTPOJIE OlepaLiil, BbIIIOJNHEMbIX
NporpaMMaMH, M IMpPoBepKe UX COOTBETCTBHS 3apaHee onpe-
JIeJIEHHBIM MTPaBHJIaM, OCHOBAHHBIM Ha CreLMaJbHBbIX aTpH-
OyTax 0e30MacHOCTH — [pH3HAKAaX, M0 KOTOPbIM OMNpejesi-
eTcsl BO3MOXKHOCTb JIocTyna K JaHHbIM [1]. B coBpemeHHbIX
OBM on peanusyeTcst IpOrpaMMHBIMU CPECTBAMH OMepali-
oHHbIX crucreM (OC), UTO MPUBOAUT K CHUXKEHHIO CTOHKOCTH
3alIUTHl B CBSI3N C BO3MOXKHOCTBIO HECAHKIIHOHMPOBAHHOH
MporpaMMHOH MOAM(HUKALIMK aTpUOYyTOB 0Ge30MacHOCTH WU
00X0JI0M MIPOrPaMMHBIX MEXaHU3MOB KOHTPOJIs1 TIOJIHOMOUHI.

J17151 TOBbBILLIEHUST CTOHKOCTH 3aLUTbI, UCK/IIOUCHHUS BJIH-
SHUS BO3MOXKHBIX JIECTPYKTHBHBIX MPOrpAMM Ha CHCTEMY
KOHTpPOJISl olepaluil ¢ JaHHbIMU, NpelaraeTcsl epeHecTH
Ha annapaTHbLI yPOBeHb KOHTPOJb 0GpallieHni K KECTKOMY
maruutHoMmy aucky (KMJL). B komnbloTephyto cucremy BBO-
JIUTCS IONOJHATE/IbHOE annapaTHOe CPECTBO — YCTPOHCTBO
orpanuueHus joctyna K uudopmaiuu (puc. 1). OHo Bbinodi-
HfIeT XpaHeHue, 06paboTKy U MoaudHUKaLUI0 aTpUEYTOB Oe-
3onacHocTH JaHHblX. [TyTém aHasusa nortoka Komauj, 3a-
MHUCbIBAEMBIX B TOPThl KoHTpoJsiepa JKMJI, ycrpoiicTBo
KOHTPOJIMPYET JIOCTYIl CO CTOPOHbI MPOrpaMmMHoro oodecre-
UeHUs1 K KaxK1oMy OJIOKY JaHHbIX, HMEIOLEeMy CBOH aTpuOyT
6e3onacHocTd. McnosHenue 3anpeuiéHubix aTpubyTamMu Ko-
MaHJ Ha JIOCTYN K GJIOKaM JIaHHbIX, GJOKUPYeTCsl YCTpoHC-
TBOM. BJsloKMpoBaHHe MPOUCKOUT MyTEM (QUIBTPALIMHI TTOTOKA
KOMaHJ, TO eCTh paspelIéHHble KOMaHbl ePENUChIBAIOTCS B
MOPTbI KOHTPOJIIEPA, a 3anpeliéHHble HeT. MUHHMa/bHBIMHU
OJIOKAMH JIaHHBIX, KOTOPbIM MpUCBauBatoTcst aTpubyThl Ge-
3onacHocTH, siBJstorcest cekropa YKMJI. YerpoiletBy orpa-
HUUYEHUs JI0CTyna Heobxomumo obJaaaTh HHdopMaluer 060
BCeX cekTopax (aiioB, KOTOpPbIE TOCTABJEHbI TM0Jb30BA-
TesieM oA 3auTy. CHHUCOK TaKMX CEKTOPOB OMNpelessieTcst
JIOTIOJIHUTEJIHBIMM TTPOrPAMMHBIMU CPEACTBAMHM 110 TabJIMLe
paamellleHns1 PailyIoB U nepelaéTest B yCTPOHCTBO. DTUMHU 2Ke
nporpaMmmamMu (yTHJIMTaMK) OpraHu3yeTcsi WHTepderc Je-
raJibHOTO MoJib3oBatess (puc. 1).

B nepconanbubix IBM 1m1pokoro HagHaueHHs 11e71€C006-
pPa3HO BBECTH TPU THUNA aTpUOYTOB OE30MACHOCTH CEKTOPOB:
NepBblil — K CEKTOPY paspelleHbl Bce BUbI I0CTYIa; BTOPOK
— 3anpelieHa MoaupHUKaLUs JaHHbIX B CEKTOpe (3anpeLieHo
thopmaTHpOBaHHUE U 3aIUCh ); TPETHE — 3arpellieHbl BCe BUJIbI
JIOCTyTA K ceKTopy (uTeHne u Momucukarus ). ArpubyThl nep-
BOTO THMA TPHUCBANBAIOTCS CEKTOPAM CHCTEMHBIX (DaiiyioB,
KOTOpble MOAM(HILMpPYIOTCS B mMpolecce pabotel DBM, a
TaK:Ke CeKTOpaM 4acTo MOAU(HIHPYyeMbIX (GailoB MoJb30Ba-
TeJsisl U BpeMeHHbIX aitnoB. CeKropaM CHCTEMHbIX (haiiJioB,

MOJM(UKALMS KOTOPbIX BBINOJHSETCS PELAKO WM HE BbINOJI-
HseTcst BoBce, M (haiiyiam MoJib30BaTe/1s1, XpaHsALIUM BaxKHYyI0
JUI HETo HMH(OPMALMIO, 1eJeCO00Pa3HO TPUCBOUTL aTpPH-
OyThl BTOpOro Tumna. Takue e aTpubyThl MOXKHO MPHUCBOUTH
CeKTOpaM pe3epBHBIX KOMHH PasHIHbIX (PaiIoB U TabJIMI]
paamelrieHus: aisioB. ATpUGYTHI TPETbETro THIIA MPHUCBANBa-
I0TCS1 CEKTOPaM KOH(UAEHIMANbHBIX H JIMUHBIX PailsIOB MOJIb-
30BaTeJisl, KOTOpble HE J0JLKHBI ObITh MPOYHTAHbBI UM MOJIH-
(hULMPOBAHbI TOCTOPOHHUMH JIHIIAMM.

Pexkumbl paboTbl YCTPOHCTBA ONpPEAEJISIOTCS 110J1b30Ba-
TeseM MyTéM MporpaMMHO—arnnapaTtHol HMHULMAJIH3aLMH.
[1pu HasmMuuu y nosib3oBaTessl CrelMasbHOrO HieHTH K-
TOpa OH MOXKET 3aaBaTh pas/iMuHble PeKUMbl 00PaOOTKH
aTpuOyTOB: HATIPUMEP, MOJHOCTbIO HTHOPUPOBATHL aTPUOYThI
WJIH UTHOPHUPOBATh aTpubyTHl, 3anpeliaiolye 3anuck [2].
[Tocnennuit pexknum HeOOXOAUM ISl TOTO, UTOOBI Jiera/lbHbIN
N0J/1b30BaTe/b HMeJl BO3MOXKHOCTb YTEHHsl CBOMX coOc-
TBEHHBIX KOH(MHUIEHIHAIbHBIX (haiIoB, KOTOPLIM OH MpH-
CBOWJI aTpUOYThl TpeThero THna. B cBoio oyepelp, A1 MO-
JudUKalUy 3aliliEéHHOr0 OT 3anuck (aijia HeoOXOAUMBbI
clleflylolllie orepaluu: NpucBoeHue Qaiiay atpubyra nep-
BOrO THMa, MOAUMHUKALMSA JAHHBIX (aiiaa, BOCCTaHOBJIEHUE
uexopHoro arpudyra. OOyc/OBJICHO TO TEM, YTO MPH MO-
JTndUKauu arsa BO3MOKHO H3MeHeHHe YUC/Ia CEKTOPOB B
HEM, KoTopoe noTpebyeT U3MeHeHHH aTpUOYTOB HEKOTOPBIX
U3 HUX.

YCTpOHCTBO BBIMOJHSIET MOAM(HKALMIO aTpUOYTOB, Xpa-
HSIIIIMXCS B €r0 MamsiTH, TMOJ yrpaB/JeHHeM MHULHAJU3UPO-
BAaHHON MO0JIb30BaTeJIeM YTHJMTBI, KOTOpasi 3aluCbiBaeT B
nopThl ycrpoiicTBa aapeca cekropoB KM, atpubyTbl Ko-
TOPBIX JOJKHBI ObITb MU3MEHEHbI, U KOMaH/bl Ha YCTAHOBKY
atpubyTtoB HoBoro tuna (puc. 1). Monudukauus Bo3aMoxKHa
TOJIBKO B KPAaTKOBPEMEHHble HHTEpBaJbl BPEMEHH, KOrja
noJib3oBaTeIeM HHULHATU3UPOBAH PeXKUM MOAH(HKALIMH aT-
pubyToB. Tak ocyliecTBisieTCs 3alUTa aTpUOYTOB OT HecaH-
KIIMOHHPOBAHHOTO HCKaxeHHsl. CaM pexuM MOAH(HKALMH
atpuOyTOB TpebyeT KOMIUIEKCHOro obecrieyeHust Geszorac-
HOCTH: KOHTPOJISl JaHHBIX, TMEpelaBaeMblX MEXKIy YNpas-
JISIIOLLEH YTHJIMTOH M YCTPOHUCTBOM, KOHTPOJA Iepexoia B
pexuM MoJaucUKalMd aTpuOyTOB, KOHTPOJIS arnmapaTHbIX
HIEHTH(PUKATOPOB MOJMb30BATEJIsI TIPHU HAXOXKAECHHH B TAHHOM
pexKuMe, KOHTPOJIsI BHOCHMBIX B aTpUOYTbl M3MEHEHHH, KOH-
TPOJISI LEJIOCTHOCTH TPOTPAMMHBIX MOJyJeld yTHauThl. [lo-
MHMO 3TOTO B JAHHOM peKUMe HeOOXOAUMO KOHTPOJIMPOBATD
[1IpaBOMOYHOCTb OOpalleHuil K AUCKy. MOoxKHO peKoMeH0-
BaTb I10JIHOE 3alpelleHue oOMeH JaHHBLIMH MexKly olepa-
uuonHoi cucremoit 1 JKMJI Bo HzbekaHue BOZHMKHOBEHHSI
KOH(JIMKTHBIX CHTyalMi, Koraa aTpuOyThbl OHOH YacTH CeK-
TOPOB (haiia MOryT ObITb MOAMMHULIHPOBAHDI, a IPYroi — HeT.



Hosbpb, 2010 r. « TomI « N2 11 (22) - «Monopnoit y4&Hblit»

Wudopmatuka | 105

[Monb3oBaTenb
?é . OnepaunoHHaga cucTema
g g EE Tabnuua pasmelwjeHns | |*KypHan gocTtyna
g3 § & chaiinos K thaiinam
tsl 8= AN
& E E'E‘ 3annch UTteHne
za zr ! Ha ancK ¢ ancka
g8 £°
£ A4
g x O6paboTyumk .
% Z YTunuta mogucukagun - Lpavieep 1 06paboTumkm
£y aTpuBGYTOB CEKTOPOB npepbIBaHi npepbiBaHWUiA o3y
H VCTpOMCTEa KECTKOTo AMcka
= 3 0 I = VAN
g 2| |k
[ ~ N/ % "
YCTPOWCTBO orpaHuYeHna gocryna %i fﬂt
z £
S N N

KOHTponnep HakonuTens Ha XECTKOM MarHUTHOM UCKe

Puc. 1. ApxMTeKTypa cMCTeMbl 3aLWUTbl UH(OpMaLUM

WMHuuupanuzaunsi pexkuMoB  paGoThl MOXKET  OCYIIECT-
BJIATbCA Pa3jMuHbIMH criocobamu. Hanmpumep, mMoxKHO mnpe-
JYCMOTPETb [10/1a4y paspellaolinX CUIHAJI0B Ha YCTPOHCTBO
MoJ1b30BaTe/IEM BPYUHYIO C NepekJ/oyaresiell Ha naHeau yi-
paBJieHUsl, MOHTHpPyeMOil B cucteMHoM Gjioke DBM. Ha na-
HeJIH JIOJIKHBI HAXOIUThCS Pa3béM HAEHTU(MUKALNH, KJIaBULLIH
W, KaK JIOTIOJIHEHHE, UHAMKATOPbI PA3/JHUHBIX COCTOSIHUH pa-
60Tbl YCTPOKCTBA: IITATHBIH PEXHUM, PEXKUM MOAHU(PHUKALMH
aTpuOyTOB, PEXKHUM HTHOPMPOBaAHUs aTpUOYTOB, OOHApPY-
JKeHHe (haKToB HeCAaHKUMOHMPOBAHHOIO JOCTYNA K JaHHbIM,
o6GHapy:KeHHe TIOTbITOK HEeCAHKIIHOHUPOBAHHOU MOJUDH-
Kaluu atpubyToB. B pasbém upeHTHdUKAlLMKM BCTaBIseTCs
MepCOHAJIbHBIH HAEHTUMUKATOP JIeraJbHOTO T0JIb30BaTE S,
BHEIIHWE paspellaiolide CHrHaJbl MOJATCs TPU HAXKaTHH
Ha MaHeJM ynpaBJeHHsl COOTBETCTBYIOLIUX KiaaBuil. OJHaKoO
JIaHHBIH cnocob npefnoJaraetT HajJuyde JAOMOJHUTENLHOTO
uHTepdeiica MexJy yCTPOHCTBOM U HIEHTH(UKATOPOM MOJIb-
3oBaTesisi. B anbTepHATHBHOM 2Ke BapuaHTe MOXKeT ObITh HC-
M0JIb30BAHO MPOTPAMMHOE YIpaBJeHHe peXUMaMH paloThbl
YCTPOKCTBA € 00513aTE/IbHBIM YCJIOBUEM — TMOIK/IIOUEHUEM K
IBM unentrudrKkaTopa nosib3oBatesisi (BbIMOJHEHHOTO, Ha-
npumep, B Buge USB — yerpoiictBa, mnoaxsiouaemoro B
o6b1uHbIN opT). Takoil cnoco6 He TpebyeT opraHU3alUHu J10-
MOJIHATEJIbHBIX UHTEP(ENHCOB, OIHAKO /IS €ro peajusalyu
TpeOyeTcsi OJHOBPEMEHHBIH KOHTPOJIb 1IEJOCTHOCTH TPO-
rpaMMHOTO oOecredeHus, BBIMOJHAOIIEr0 HHHIIHAIU3AIIHIO,
KOHTPOJIb MICHTH(HUKALMOHHBIX T10C/Ie10BaTEIbHOCTEH MOJb-
3oBareisi, 3anucanubix B USB — upentuduxarop, u KoHTpoJib

CEAHCOBBIX NMapaMeTpoB PabOTbl yCTPOUCTBA OMpeaeIsieMbIX
Ha 3Tane HavyaJbHOU 3arpysku DBM, Korna orcyTcTByeT Te-
OpeTHYecKasl BO3MOXKHOCTb BMELIATENbCTBA B 3TOT MPOLLECe
JIECTPYKTHUBHBIX MPOrYCTPOHCTBO OTpaHUYEHHUs JOCTyNa HC-
MoJIb3yeTcsl KaK HHTepMeNCHbIH SKpaH, BKIIOUAEMbIH MEXTy
pazbémom Konutposiepa KM u nunrepdelicHbM eiidom,
1 00pabaTbIBaIOLIMI 3aMHCbIBAEMbIe B MOPTbI KOHTpOJIIEpa
JKM]I xomannel 9BM na poctyn K cekropam. YCTPOHCTBO,
NpH 3aMuCH Koila KOMaH/bl B MOPTbl KOHTpoJiepa, OJIOKH-
pyeT repejauy CHUrHaJOB Ha pa3bém KOHTpoJIepa H OIHO-
BPEMEHHO C 3THM BbIMOJIHSET aHa/IU3 KOJAa KOMaHJbl, MOC-
TYMUBILIErO ¢ HHTEPEHCHBIX JUHUHA, U UYTEHHE U3 NaMATH
aTpuOyTOB ceKTOpOB. Ec/iM NOoCTYyNUBLINHA KO COOTBETCTBYET
KOMaH/ie Ha TOT BMJ J0CTYyIa, KOTOPbIA paspelleH aTpuby-
TaMH, TO YCTPOHCTBO TMEPENUCLIBAET €ro B MOPT KOHTPOJI-
Jiepa, B MPOTHBHOM CJlyyae MepenuchiBaeT Tyla KoJl MycToH
onepauuu. Takum o6pazom, koHTposiep KMII He cmoxkeT
BBITIOJIHUTh KOMaH/Ibl, 3anpeliéHHble aTpHOyTaMi CEKTOPOB.

O6nacts nmamsitu DBM, rne xpansrcst atpuoyThl Ccek-
TOPOB, JIOJ2KHA ObITb HEAOCTYNHA OOJBLIMHCTBY IpOrpam-
MHBIX cpeacTB. OINHCAaHHBI METOJ OrpaHHYeHHs JocCTymna
M03BOJISIET XPAHUTb aTpUOYThl B NaMSTH BBEAEHHOTO MepHu-
tepuittoro ycrpoiictBa. O6bEM UH(DOpPMAlIUK, 3aMTHCAHHON
B CEKTOp »KECTKOr0 MarHMTHOTO AMCKa, 0OBIMHO paBeH 512
OailTam, 1109TOMy, NPH AJIHHE Koja aTpuOyTa, paBHOH 1ByM
o6uTam, 00bEM NMaMATH, TpeOyeMblil 1J11 XpaHEHUs aTPUOYTOB
BCeX ceKTopoB jmcka, B 2024 paza meHblile o6béma Xxpa-
HUMOM Ha icKe HHOopMaLKH.
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Jlnst coxpaHenust aTpubyToB 6€30MaCHOCTH CEKTOPOB MpH
Bbik/todeHnd IBM, M0XKHO HCMOJBL30BAaTL B YCTPOUCTBE
9HEPrOHe3aBUCHMbIE  3JIEMEHThI Onnako,
MeTOJl, TaK »Ke, KaK ¥ METOJ, MpeayCMaTPUBAIOILMI coxpa-
Henue aTpubyToB OGe3onacHocTn Ha camom JKMJL B 3apanee
OTpeAe/IEHHON 00/1aCTH, TIPOTHBOPEUNT MPUHLMITY, KOTOPBIH
UCIOJIb3yeTCs, HAlpUMep, B KpUNTOrpaduu, 3akjodarolile-
MyCsl B pasjieJibHOM XpaHeHUH 3allluiaeMol UHpOopMalld 1
KJtouen goctyna K Heit. Jlist cobJ1io1eHUsl JAaHHOTO MPUHIIKMIA
MOYKHO COXpaHfITb aTpuUOyThl Ha anmnapaTHOM HIEHTH(HKA-
TOpE M0JIb30BaTES. Emkocts COBpeMeHHbIX MUKpocxeM flash
— MaMsTH MO3BOJISIET COXPAHUTL B HHUX aTpUOYTHI BCEX CEK-
TopoB aaxe cambix Gogbiinx XMJI. Ha srane nauasnbHof
3arpy3ku OC W MHHUIIHAJU3ALUH YCTPONUCTBA, aTPUOYThI CUH-
TBIBAIOTCS B OTI€PATUBHYIO MaMsITh YCTPOHCTBA, a MO OKOH-

naMsiTH. 9TOT

uaHUH pabOThI 3aMHUCBIBAIOTCS 06PATHO HA HeHTH(UKATOP (B
cslydae, ecyiv OHH ObLTH MOIU(HUIIMPOBAHBI ).

[IpuMeHeHre MHKpPOCXeM OMepaTHBHBIX 3aMOMHHAIOIINX
YCTPOHCTB JUIst XpaHEHHs1 aTPUOYTOB CEKTOPOB 1103BOJISIET 10~
BBICHTb, 110 CPABHEHHIO C IPUMEHEHHEM MHKPOCXEM HEpro-
HE3aBUCHMOH MaMsITH, ObICTPOJEHCTBHE YCTPOUCTBA U feJ1aeT
MPaKTHUECKH He3aMeTHBIMH 33/IeP2KKH, CO3/IaBaeMble UM MPH
obpauennn I9BM k J)KMJI. A cxema ¢ coxpaHeHuem aTpu-
6YTOB Ha OTUyKAaeMbIll HOCHTEJNb TTOBBICUT 3aLMIIEHHOCTD

JIaHHbIX, TaK KaK 0e3 HayaJbHOH HHULMAIU3aLIUH YCTPOICTBA
OrpaHUUeHHUs! IOCTyNa U 3arpy3Ky aTpuOyTOB UT€HHE JAaHHbIX
¢ aucKa 6yaeT HeBO3MOXKHO

[Ipu kaxa0d oOHApy:KEHHOH W IMPeLOTBPALLEHHON I10-
NbITKE HECAHKLIMOHMPOBAHHOIO pocTyna K cekropam YKMJI
YCTPOHCTBOM (DOPMHPYETCST COOTBETCTBYIOIIEE CJIOBO CO-
CTOSIHHSL M FeHepupyeTcsl annapaTHoe npepbiBande. O6ciy-
JKMBAIOLIAs NPOrpaMMa YuTaeT U3 MopTa yCTpoHcTBa JaHHOe
CJIOBO M Ha €ro OCHOBAHHMH JeJaeT 3aMHuCh B CrELHAJbHbIH
cucteMHblil Qaitn — xypuan (puc. 1). Ilo comep:xkumomy
3TOr0 2KypHajla CyLLeCTByeT BO3MOXKHOCTb B JajlbHeHlleM
KJIaCCH(UIIMPOBATL TIOMBITKH HECAHKLIMOHHPOBAHHOTO JI0-
cryna K afisiaM, 1 HeCaHKIIMOHHPOBAHHOH MOJN(HKALIUH aT-
puGyTOB.

Taxum o6pasom, BBesieHre B DBM crielipabHON CUCTEMBI
annapatHoro orpaHuueHus 10cTyna K uHpopmainu Ha )KMJ]
C ayTeHTH(HULMPOBAHHOH MPOrPaAMMHO — YIIPaBJsSeMOH Mo-
Judukanreil atpubyToB 6€30MaCHOCTH MO3BOJISIET TIPU He-
3HAUYNTE/ILHOM CHHXKEHHH CKOPOCTH oOMeHa HHdopMmaLueh
¢ JKMJI cylecTBeHHO MOBBICHTb CTOMKOCTb MaHIATHOH 3a-
LIUTBI (ANJIOB U HX OT/EJbHbBIX CEKTOPOB, CBOEBPEMEHHO 00-
HAPY’KHUBATh MOMbITKM HECAHKIIMOHMPOBAHHOTO JOCTyMa K
cektopaM W npenocraB/iath OC HeoOXoAUMble JaHHbIE ISt
KJIaCCH(UKALINN THTA aTaKN Ha YKECTKHH TUCK.

Paboma seinoanena npu noddepacke eparuma llpezudenma PP das eocydapcmseroli noddepiicKku
MO0A006Lx pocculickux yuerolx — kanoudamos Hayk (Kouxype — MK-2010). Hlugpp MK-3642.2010
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The Evaluation of Vitamin A & Bet-Carotene Levels during Postpartum Period
in Semi Industrial Dairy Farms in Iran

Maysam Tehrani Sharif, Reza Moffari, Mortez Rezaee Ghale,
Faculty of Veterinary Medicine Islamic Azad University, Garmsar Branch, Garmsar-Iran

Jamal Gholami
Faculty of Veterinary Medicine, Shahid Chaman University, Ahwaz-Iran

Abstract. Vitamin A, retinol, plays a vital role in vision sense. Due to the presence of large amounts of beta-carotene
in cattle’s foods & vitamin A stores in liver, the hypovitaminosis is not probable. Increased secretion of vitamin A in
milk during postpartum period increases the risk of hypovitaminosis occurrence in cattle’s feed on poor beta-carotene
nutrition. The aim of this study was to evaluate the value of vitamin A & beta-carotene during postpartum period in
some semi — industrial farms with poor beta-carotene based nutrition in Ghaemshahr — Iran. Keywords: Vitamin A,
hypovitaminosis, bet-carotene levels during postpartum period

Material & methods: Blood samples were obtained from
88 dairy cows during postpartum period. The samples were
centrifuged and froze pa at —20° C. To prevent direct contact
of samples with air and light, serum were preserved at dark
pockets. Cows were classified at 9 groups based on post-
partum period (1,2,3,4,5,6,7,8,9 month after parturition).
Vitamin A & beta-carotene were determined by spectropho-
tometric method.

Results: The mean value of vitamin A & beta-carotene
were 38.064+9.16 pg/dl & 33.8+9.74 pg/dl respectively.
The mean value of vitamin A in 1,2,3,4,5,6,7,8,9 month
postpartum were 33.98+7.26, 29.51+3.5, 35.23+1.44,
37.20+7.62, 38.7449.06, 38.09+8.20, 39.91+6.96,
42.89+4.87, 46.05+5.01 respectively. The mean value
of beta-carotene in 1,2,3,4,5,6,7,8,9 month postpartum
were 37.02+3.45, 40.17+1.56, 26.79+3.40, 40.29+6.26,
18.07+4.02, 36.15+3.6, 59.61+8.36, 36.31+7.31,
31.11+8.19 respectively. Discussion: The mean value of vi-
tamin A was normal in spite of consumption of poor beta-
carotene based nutrition. It might be due to high level of liver
stores. There were not significant differences in mean vitamin
A during postpartum period. The mean beta-carotene was
lower than reference ranges during post partum period. The
decreased level of beta-carotene indicates the nutritional de-
ficiency of beta-carotene.

Introduction

Vitamin A is an essential vitamin for sight, bone & muscle
growth, protection of the integrity of epithelial cells, immune
cell functions, gene arrangement, and normal reproductive
activity in cows (1—=>5). The clinical signs of vitamin A defi-
ciency towards the end of pregnancy are abortion, RP, night
blindness, diarrhea and an increase in the number of dead,

blind, weak and sick calves (2,4). Persistence of vitamin A de-
ficiency after parturition may decrease the conception rate (5).
An adult cow needs 76 1U of vitamin A/kg/d in the diet in order
to maintain its normal reproductive function (4). B-carotene,
the precursor of vitamin A, shows antioxidant effect and in-
fluences reproductive and thyroid functions (6). One mg of
B-carotene is equivalent to 400 IU of vitamin A (5,4). B car-
otene deficiency in cows prolongs the estrus period, delays
ovulation, increases abortions and early embryonic death
rates, weakens the estrus signs, increases ovarian cysts, RP
and metritis risk, increases delivery rates of dead, weak, and
blind calves and reduces fertility (2—6). An adult cow needs
0.18 mg of B-carotene/kg/d in order to maintain its normal
reproductive functions (6). Vitamin Due to the presence of
large amounts of beta-carotene in cattle’s foods & vitamin A
stores in liver, the hypovitaminosis is not provable. Increased
secretion of vitamin A in milk during postpartum period in-
creases the risk of hypovitaminosis occurrence in cattle’s feed
on poor beta-carotene nutrition. The aim of this study was to
evaluate the value of vitamin A & beta-carotene during post-
partum period in some semi — industrial farms with poor
beta-carotene based nutrition in Ghaemshahr — Iran.

Material & Methods

The study was performed on 88 dairy cows during post-
partum period, aged 2—9years, at the semi-industrial farms
of ghaemshahr & Joibar in Iran. Jugular vein blood samples
were collected into sterile containers between July till au-
gust 2007. The blood was centrifuged at 3000 r.p.m. for 20
min and sera were placed into sterile tubes and then frozen at
—20°C. To prevent direct contact of samples with air and light,
serum were preserved at dark pockets. Cows were classified
at 9 groups based on postpartum period (1,2,3,4,5,6,7,8,9
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Table 1. The serum vitamin A & Beta carotene values during postpartum period
Parameter | 1 month 2 month 3 month | 4 month 5 month 6 month | 7 month 8 month 9 month
Vit A 33.98+7.26 [29.51+3.5 [35.23£1.44 [37.20+£7.62 (38.7449.06 [38.09+8.20 [39.91+6.96 |42.89+4.87 |46.05+5.01
Beta
Carotene 37.02+3.45 |40.17+£1.56 [26.79+3.40 |40.29+6.26 [18.07+4.02 |36.15+3.6 59.61+8.36 [36.31+7.31 |31.1148.19

month after parturition).Vitamin A & beta-carotene were de-
termined by spectrophotometric method.

Results

The serum vitamin A & Beta carotene values are given in
Table 1. The mean value of vitamin A & beta-carotene were
38.06+9.16 pg/dl & 33.849.74 pg/dl respectively. The mean
value of vitamin A in 1,2,3,4,5,6,7,8,9 month postpartum
were 33.98+7.26, 29.51+3.5, 35.23+1.44, 37.20+7.62,
38.74+9.06, 38.094+8.20, 39.91+6.96, 42.89+4.87,
46.05+5.01 respectively. The mean value of beta-carotene
in 1,2,3,4,5,6,7,8,9 months postpartum were 37.02+3.45,
40.174£1.56, 26.79+3.40, 40.2946.26, 18.07+4.02,
36.15+3.6, 59.614+8.36, 36.31+7.31, 31.11+8.19 respec-
tively. There were no significant differences in vitamin A &
Beta carotene levels on different groups.

Discussion

It is well known that vitamin A and B-carotene deficiency
causes negative impacts on fertility and increases RP inci-
dence in cows. In addition, abortion, night blindness, in-
crease in the birth of weak and sick calves, weakening the
estrus symptoms, and delay in ovulation are other negative
outcomes related to deficiency of vitamin A and B-carotene.
Increased secretion of vitamin A in milk during postpartum
period increases the risk of hypovitaminosis occurrence in cat-
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3HEKTp0MarHMTHOE nsnyyeHme n xumnyeckue peakuumu
bepesoBuyk A.B., WaHTtpoxa A.B., Ctapwos M.A.

CapatoBcKuii rocyjapCTBeHHbII yHUBEPCUTET

Lleavio danHoL pabomol 649eMC USYHEHUE BAUAHUSL IACKMPOMAHUMHO00 usayuerus (IMH) mm-duanasona na
U30MPonHole B0OHbLE PACMBOPLL CAAULUAOBOL KUCAOMbL U e KOMNACKCOB C HCEAe30AMMOHULHbIMU KBacyamnu. [Ipuso-
dsameces peayrbmameol 0aHH020 83aumodeiicmaust. [loryuenHolil agpghekm HaxoOoum npumeHerue 8 pa3iuuHblX OMpacAix
XUMUYECKOL NPOMBLUACHHOCUL U CBA3AHHBLX € Hell 0OAACTILX.

A};:mm IKCTIEPUMEHTAJIbHBIX ~ MCCJIEIOBAHHI,
€HHbBIX BO3IECHCTBUIO MUJIJIUMETPOBBIX BOJIH Ha YKUBbIE
1 HeXKHMBble 0O'bEKThI, CBUIETENBCTBYET O BHIPAYKEHHOM BJIH-
suund Ha Hux KBY Bosin. K npumepy, B KUBbIX 06bekTax ¢
KJI€TKAMH PACTUTEJILHOTO WJIH XKHUBOTHOTO MPOUCXOXKIEHHS,
KOTOpbIE 3aTParuBaloT yHIaMEeHTa/bHbIE ACTIEKThl UX YKH3-
HeJIeATEJILHOCTH U (PYHKIIHOHHPOBAHKE KJIETOYHBIX MeMOpaH,

[MoCBs -

a TakXKe B HEXKHUBBIX 00beKTaX — B XHMHUUECKHUX cucTeMax [ 1.

OHeprouHpopMallHOHHbIE CBOHCTBA XHMHUYECKHUX BELLECTB
pacnpocTpaHsOTCsl B IPOCTPAHCTBE NMOA0OHO BosiHaM. HacTb
SHEPruu NpeacTaBieHa B BUAE MOJS U MOXKET M3JydaThes B
MPOCTPAHCTBO, MEPeaBaThCs JIPYrUM TeJiaM, TPU STOM, H3-
MeHsist MX CBOHCTBa. TakuMm o6pasoM, MpearnoJaraercsi, 4yTo
HEKOHTAKTHOE BJIMSIHME XMMHUECKHX BELIECTB HMEET 3JIeK-
TPOMArHUTHYIO TPUPOLY. DJIEKTPOMATHUTHBIE TPOLLECCH
MPOUCXOJAT HA BCeX YPOBHSIX (DYHKUMOHUPOBAHHUS JIIOOBIX
BUJIOB — OT MPOCTEHIINX N0 UYeJOBeKa. YCTaHOBJICHO, UTO
MaKCHMaJIbHOH UYBCTBHUTEJBHOCTBIO 00GJIAAI0T 11€JOCTHBIE
OpraHu3Mbl, MeHbllIed — M30JUPOBaHHbIE OPraHbl U KJIETKH
ellle MeHbllel — pacTBOpbl MakpoMoJiekyJl. [6]. [To MHeHHIO
akazemMuka Ouodusnka C. 3. IlIHossi, OCHOBHBIM Mexa-
HHU3MOM (DYHKLMOHUPOBAHUST MOJIEKYJI SIBJISIETCS] U3MEHEHHE
UX KOoH(hopMaluu. BpalatesbHble U Apyrue JABUKEHHS MO-
JieKyJl 00ycaaBauBaloT nordonieHne DIMB, a koHdpopmaliu-
OHHble KOJIeOaHUS OTIEJbHBIX MOJIEKYJ MOTYT CHMHXPOHH3M-
posatbes nocpeacrsom IMIL. B pesysbrare nepuoanyeckux
M3MEHEeHUH 00beMa MaKpOMOJIEKYJIbl T€HEPUPYIOTCS aKyCTH-
yeckue BOJIHbI W HU3KouactoTHble IMII. BsaumoneiicTue
MaKpOMOJIEKYJl OCYLLECTBJSAETCS MOCPEACTBOM 3THX MOJEH
[7]. B xauectBe BO3MOXKHBIX MyTeH peanu3alnu JeHCTBUS
IOMII npenyaraloTcsi MeXaHU3Mbl: H3MEHEHHE OpHEHTAlUH
GOJILILIMX MOJIEKYJT B CHJIBHBIX MOJISIX, TOPMO3silllee BIUSHHE
Ha BpallaresbHyto aud@y3nto MakpomosieKys, H3MeHeHHe
yrjla XHMHYECKOH CBSI3H B MOJIEKYJe, H3MEHEHHEe CKOPOCTH
peakuuu. B Teuenue nocnennnx 25—30 siet ObL10 ony6/M-
KOBaHO 3HAYHUTEJbHOE KOJMUECTBO PpaboT, MOCBSALLEHHbBIX MO-
UCKY 9(h(heKTOB U MEXAaHU3MOB JIEHCTBHUS 3JIEKTPOMArHUTHOTO
U3JydeHust kpafiHe Bblcokux yacrtor (OMU KBY) na 6Guo-
Jloruyeckue o6bekTbl. B HacTosillee BpeMsi BbIIEJISIIOT clle-
JyIOLLMEe TUIOTEe3bl HU3KO MHTEHCHBHbIX DMMU 1 mas xumu-
uecKUx 06'beKTOB: u3MeHeHust ceorictB HyO, Kak cBsizaHHOM
[2], Tak 1 B cpene[ 3], mosisipu3anusi GHONOrHUECKUX MOJIEKY.T
[4] 1 kneTok [4,5], croxacTHuecku# pe3oHanc [6], uamMenenue
BEPOSITHOCTH B3aUMHbIX COY/IapPEHHH.

CylectByeT ornpesiesieHHas MOTPeGHOCTb B OLICTPOM H
OECKOHTAKTHOM OINpeJeJIeHUH HEKOTOPbIX MapaMeTpoB XH-

MUYECKHX, OHOJIOTHYECKMX W IKOJIOMMYECKHX CHCTEM B yC-
JIOBHSIX BHELIHETro OOIIEro 3JeKTPOMAarHUTHOTO 0OJydeHHs .
[Ipu stom sBAsIOTCS aKmyanvHoimu BbIGOP MOJETLHON
CHUCTEMbI, TTO3BOJISIIOLIEH OLEHUTh KaueCTBEHHbIE H KOJIHYec-
TBEHHbIE XapaKTePUCTHUKH Mog06HOr0 BossekctBusi. Orpe-
JieJIeHHble TIPAKTHIECKUH W HAYUHbIH UHTEpeC MpeACTaBJIseT
olieHKa BozzelictBusg DMU MM — nuanazoHa Ha U30TPOMHbIE
KOHJIEHCHPOBAHHbIE CHCTEMbI, B YaCTHOCTH PacTBOPbI MPO-
JIyKTOB JIerpajialiid HEKOTOPbIX HanboJjiee 4acTo HCIOJIb3y-
eMbIX JIEKAPCTBEHHDLIX BeLIECTB — CaJIMIUJIOBOH, alleTHJI-
caJiMuMaIoBON U jip. KUcjaoT. C noJoGHbIMU BO3JIEHCTBUSIMHU
ueJIOBEK BCTpevaeTes NPAKTHUECKH €XKeIHEBHO.

[TocraBnenHas 1eab JOCTUrajach BbHIMOJHEHUEM CJIEIy-
IOLIUX 3a/1a4:

— 0060CHOBaHHE COCTaBa 3KCIEPUMEHTAJLHOH CHCTEMBbI
JUIsl U3ydeHusl B Xapakrepa Boajelctaus DMU;

— TMpOBeJIeHHe 3IKCIEPUMEHTANIbHBIX HCCJIE0BAHUI 110
ouetke BauaHusg IMU 58—73 ' Ha BomHble U GydepHble
pacTBOPBI CANUIUIOBOH KHCJIOThI U €€ KOMIIJIEKCOB C 2KeJe-
30aMMOHHHIHBIMH KBaCLIAMH;

— OlleHKA pe3yJbTaTOB BBIMOJHEHHbIX 3KCIEPHMEH-
TaJbHbIX HCCJE0OBAHUI W (DOPMYJIMPOBKA HarpaBJ/ieHHs
JNAJIbHEHIITHX HCCJIeIOBAHUH.

Hosu3na paboTbl COCTOUT B TOM, UTO BIEPBblE H3yUeHO
CBETOINPOIyCKaHWEe BOJHBIX U Oy(pepHbIX PacTBOPOB OIHOTO
M3 OCHOBHBIX MPOJIYKTOB T'MIPOJIM3a alleTHJICATHIIUIOBOM
KHCJIOTHI (aCMMPHHA ) — CAJIUIIUJIOBON KUCJIOTBI — B YCJIOBUSIX
BosaercTBuss DMU.

Hayuno-npaxmuyecxkas 3nauumocmo

[IpoBeneHHble HCC/IENIOBAHUS JIAIOT OCHOBAHME CUMTATD,
UTO YCTAHOBJIEHHBIE B XOJI€ IKCTIEPUMEHTOB 3 EKThl MOTYT
ObITb HCIOJb30BAHbl B Pa3JIHUHBIX OTPACJSAX MPOMBIIJIEH-
HOCTH, B YACTHOCTH, MPH BOJOTIOJNOTOBKE, a TaKXKe OYHCTKe
CTOUYHBIX BOJI TPOMBILIJIEHHBIX MPEANPUSATUI U JIP.

Marepuans! u 06opyaoBaHue

— CIIEKTPO®OTOMETP SPEKOL-221; TEHE-

PATOP YACTOTDBI 'Y — 142
MopenbHas cuctema

CeH5-COOH-OH+NH, Fe (SO4)y12H;0+NayB,0,
x 10H,0.

MojiesibHasi cHCTeMa COCTOMT W3 CaJIHIUJIOBOH KHCJIOTDI,
2KeJie30-aMMOHHEBBIX KBACLIOB, TeTpabGopara HaTpHsl 1 BOJIbI.
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Xapakmepucmurku OCHOBHbIX KOMNOHEHMO8 MO-
denbHoll cucmemol

Caauyunosan kucaoma (CK) O-oxkcubeH3olHas KUC-
nota. MB = 138,12 r/mosb. 10 GecliBeTHble KpHCTa/LIbl,
Jetydue ¢ napamu Bombl; t,, 159°C t.,, 211°C. PactBopu-
MocTh B Bozte, 1/a1: 0,8 (0°); 1,8 (20°); 8,2 (60°).

scene3o-ammonuessrexpaciibl NH, (FeSO,)o x 12H,O—
KPHUCTAJIJIOTHAPATBI JIBOHHBIX CEPHOKHUCJBIX coJell. KX or-
HOCSIT K KOMIUIEKCHBIM COEIHHEHHSIM C O04YeHb HeGOJIbILIOH

CTEMEHbI0 YCTOHUMBOCTH KOMIIEKCHBIX HOHOB. MTak, MHIH-
KaTOpbl MPEACTAB/SAIOT COOO0H peareHThl, CoAeprKallye T0-
MHMO (DyHKIIHOHABHBIX IPYIIM, XapaKTePHbIX AJIsT KOHTPOJH-
pyeMoil cUCTeMbl, elile U XpoMOo(OPMHYIO Ipyriy.

Xo sKcnepumenTa ['oToBAT pacTBOpPbI CANMLMUIOBOK KHC-
JIOTbI, »KeJ1Ie30aMMOHHEBbBIX KBACIlOB U TeTpabopaTta HaTpHs
onpeJiesieHHbIX KoHlleHTpaluil. K pacTBopam, moJiydeHHbIM
MyTeM CMelleHHs] | MJ1 KaXKa0ro U3 paHee MoJydeHHBIX pac-
TBOPOB, K aHAJIMTHYECKOH MaTpuile npubasasior 4 ma 0,2 %
pacTBopa »KeJse30aMMOHHMEBBIX KBACLIOB M KOJMYECTBEHHO
paz6agJsiior 6ycdeprbiM pactBopom jio 100 mur. TTosyuentnie
pactBopbl potromeTpupytot rpu |, um: 335—450. JlanHble 3a-
HeceHbl B Tabauiy (cMm. [Ipunoxenue). Temnepatypy uame-
pSIIOT C MOMOIIIBIO PTYTHOTO TepMoMeTpa, pH pactBopa — ¢
MOMOIIbIO HHIUKaTOpHOH GymMard. Pa6oTta BeIMoMHATACH TPH
HOPMaJIbHBIX YCJOBHSIX.

Pe3ynbTaThl UCCNE0BAHMIA U UX 06CYXKAEHUE

AHnasu3 npesicTaBIeHHBIX JIAHHBIX MOKA3bIBAET, UTO TMpPH
00JlydeHUH M3MEHSIeTCsl ONTHUYeCKast MJIOTHOCTb PacTBOPOB
¥ He3HAUNTEeJbHO TMOBBLILIIAETCS TeMIlepaTypa MOJeJbHBIX
cucteM (Ha 1—3°C), ckasbiBaeTcst TeMaoBoe BoszekicTere. B
3aBUCHMOCTH OT BPeMEHHM MEHSIeTCsl LIBET PacTBOpa U JIaKe
MPOUCXOJIUT OCBETJIEHHE PACTBOPOB, a TaKKe BbIMAJeHHE
ocafika. BrosHe BeposiTHO, uTO 006pa3oBaBLIMHCS 0CATOK
npeacTapsieT coboi aMmopdHyto okuch kesesza lII. Ona 06-
JiaflaeT pa3BHTOH TMOBEPXHOCTbIO M BBICOKHMH COPOIMOH-
HBIMHU CBoiicTBaMU. JlaHHOe 06CTOSITEILCTBO MO3BOJISIET pac-
CMaTPUBATh MOJOGHBIN TPOLECC B KauecTBe OCHOBLI HOBbBIX
MeTOJIOB 00e33apaKWBaHUsI OBbITOBBIX H MPOU3BOJICTBEHHbBIX
cTouHbIX BoJ. [TostyueHHble pe3yabTaThl MO3BOJISIOT MPEANO-
JIOXKHTb, UTO HCIOJIb30BAHHbIE B PA0OTE METO/Ibl TAKXKE MOTYT
HafTH IpUMeHeHNe B (hapMalleBTHKe.

Jlurepatypa:

Heo6xonumo oTMeTuThb, 4To BozueictBHe DMM Ha uc-
c/le/loBaHHble MOJIe/IbHbIE CHCTEMbI TIPUBOJUT K CIBUTY Kpasi
UX 1oJi0c nordiouleHus. JlaHHble npejacraB/ieHbl B BUae Tab-
JMLBI U arpammbl, cM. [Ipusoxenne. 1o sBieHne o6Ha-
PYKUJIOCH IPH H3MEPEHHU ONTHUECKOH MJIOTHOCTH PacTBopa
CaJIMLIJIOBOM KUCJOThI B Gydhepe ¢ 1o6aBjieHneM HHAMKAaTOpa
(>Kesre30aMMOHMIHBIX KBacLoB). [losydeHHble 1aHHblE KOC-
BEHHO YKa3bIBAIOT HA MIPUCYTCTBHE KOMIIJIEKCA 2KeJie3a.

Mbl Takke npejniosaraem, YTo 3T0 CBA3aHO C U3MEHEHHEM
KoH(MOpMaLIMil B3aUMOJICHCTBYIOIIMX MOJIEKYJI, TIPUBOJSAIINX K
HapylIeHUIO HX B3AUMHOH KOMIJIEMEHTAPHOCTH U pacrajy, y2Ke
00pa3oBaBILKXCA KOMIJIEKCOB »KeJie3a, 0 UeM M CBHJETEJbC-
TBYET BblJleJIeHusT ocajika okcuzia »xedieda (I11). MosexynsipHo-
MAacCoBble XapaKTePUCTHKU M KOH(OpMalMK B pacTBope fiB-
JISIIOTCS KJIOUEBbIMU MTapamMeTpamu, o0yC/10BJAMBAIOLIMMH KaK
BBIXOJI, TAK U XapaKTEePUCTHKH KOHEUHOTO MPOYKTa.

Heo6x0o1uMo OTMETHUTb, UTO JaHHBIH 3(hdeKT «10303a-
BHCHM>» — 4YeM JIoJIbllle MOJIeJIbHAs CHCTeMa TojIBepraercs
00JIy4eHHIO, TeM B 00JIbLIEM KOJIMUECTBE BbIAEJSETCS OKCHla
KeJesa.

Heo6xonuMo TakKe OTMETHTb, UTO IpaUKH «KOHIIEHT-
pauys-TnporyckaHue» B MOJIEJbHBIX CHCTEMAaX CXOXH C rpa-
(bvKaMu, NpeCTaBJCHHBIMHU B JIMTEPATYPE H, OTPaXKAIOLIUMHU
BbIXKMBAEMOCTb YKMBOTHBIX ( MbILLIEH H IPO30HIT) OT JUTUTEJb-
HOCTH 00JIy4eHHUs1 (1aHHble He TIPUBOJISTCS ).

Taxeke npu onpejeseHHH ONTHYECKON MJOTHOCTH OJIHOTO
M3 aHAJM3UPYEMbIX PACTBOPOB Mbl OGHAPYKUJIM IKCITOHEH-
LIHAIbHYI0 3aBUCUMOCTb MPOMYCKAHUS OT MX KOHLEHTpPALHK
(laHHbIE He TIPUBOJISATCS ).

B xojie ucenenoBanuii oGHapy»KeHo, 4To 3P heKT Bo3aeic-
TBUsE DM 3aBUCHT He TOJILKO OT BPEMEHH, HO U OT o6'beMa
U IeOMEeTPUUECKHX Pa3MepoB peakTopa, COIEprKallero Mo-
JIeJIbHYI0 cucTeMy. D(QeKT 3aBuces] OT PACCTOSIHUSI peak-
TOpa JI0 BOJIHOBO/A. BriosiHe BepOSATHO, UTO 31€eCh MPOsIBJIS-
eTcst «3(eKT 00paTHOH BOJHBI».

[IpencTaBisiio HHTEPEC BBIICHUTh, YTO OYAET MPOUCXO-
JUTb ¢ pacTBopamH B yauike [Terpu. OkasbiBaercsi, npu 0641y -
YeHHUU MOJEJbHBIX PACTBOPOB, MOMELIEHHbIX B Yallku [leTpy,
5T0T 3(heKT He nposiBjsieTcsi. B psiie ciyuaeB KOHKpeTHast
MHTEPIIpeTAllUs U aHaJu3 ObIBAIOT 3aTPYJIHEHbI XapaKTepom
He u3ydeHHbIX cucteM. Hacrosiiast pabota nocpsiiiieHa patee
He U3ydeHHbIM 3ddekram, uto TpebyeT NpUBJIeUeHHe MaTe-
MaTH4eCcKoro arnmnapara.
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Ha HepBHYyIO KaeTKy // Tea. 1oka. cuMmo3nyma «MeXaHH3Mbl GHOJIOTHUECKOTO IeHCTBHS 3]1eKTPOMATHUTHEIX H3JTy-

yenuit». [Tyumno, OHTHW HLIBU, 1987. — 35—36.

2. . Anosckast AA., T'aonyaxakosa A.l'., I'anees A.B., llenkoa E.H., Cadponosa B.I'"., ®ecenko E.E., Uemepuc H.K.
Buonornueckuii sdpdpext IMU KBY onpenesieTcs hyHKLUHOHATBHBIM CTATyCOM KTOK // BeCTHUK HOBBIX Me/IHLIMH -

ckux Textosornid. — 1998. — T.V,N 2. — C.11—15.

3. Auosckas A.A., T'aneeB A.B., Cadponosa B.T"., ®ecenko E.E., Hemepuc H.K., SIkyminna B.C. Pe3onancHoe un-
ru6UpOBaHe aKTHBHOCTH MePUTOHeANbHbBIX HEHTPO(HUIOB MBIIIH MPH AeHCTBUHM HU3KOMHTeHCHBHOrO DMK KBY
B GJIMXKHCH U asbHel 30Hax aHTeHHbl // BeCTHHK HOBBIX MEIHIIMHCKHX TexHomorui. — 1997. — T. IV, N 3. — C.

38—45.
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4. Anuppeera A1, JImutpuea M.I'., Mnbuna C.A. Bansnne CBY-ussydenust Majioil MOIIHOCTH HAa reMOTJIOOHH //
Auexrponnas Texuuka. Cepust dsekrponnka CBY. — 1971, — Buin.11. — C.121—-123.

5. Adpomees B.1., Cy66otuna T.U., Slumn A.A. CoBpeMeHHbIe MEHIIMHCKHE TEXHOJIOTHH, HCMOJb3YIOIIHE BbICOKOUAC-
TOTHbIE 0J151, B ACTIEKTe HOBBIX KOHLMLHUI KATOUHbIX M CyGK/IeTOUHBIX B3anMozieficTeuil // ABToMaTH3aLMs H COBpe-
MeHHble TexHojioruu. — 1998, — N 4. — C.24—28.

6. Dbpioxora A.K., bysik JI1.1., 3unoBbeBa H.A., Mcaesa B.C., Jlannay H.C., Parress H.H. Hekotopbie ocobeHHOCTH
JefCTBHSA 9JIeKTPOMArHHTHBIX H3JlydeHuil MHJJIMMETPOBOTO IManasona Ha MuKpoopranuambl // B c6. crateii “Me-
JIMKO-GHOJIOTHYECKHE aCleKThl MHIMMeTpoBoro uaiyuenus” / TTox pen. H.JI dessatkosa. — M.: P2 AH CCCP,
1987. — C.98—103..

7. Tanees A.B., Cacponosa B.I"., Uemepuc H.K., @ecenko E.E. Moandukains akTHBHOCTH MepHUTOHEANIbHBIX HEHTPO-
(HJIOB MBILIH TTPH BO3AEHCTBUH MHJIAMETPOBLIX BOJIH B G/IMzKHel 1 laibHel 3oHax uanydaress // Bruodusnka.-996.-

Mpunoxenune

CaoBur Kpada nonocesl nornouweHuUA

AdnwHa eonHel | T, % go T %nocne | T, % nocne |T, % nocne |T, % nocne
A, HM SMIA 9 MrH MK | 8 mrH SMKL | 12 mid MK | 24 mud SMIA
420 49,26 52.56 44.04 42.90 42 06
421 49,32 53,94 49,14 44,52 43,56
422 52,80 66,72 44.94 42.06 44,22
423 56,28 57,24 43,80 45,36 44,94
424 51,18 52,86 46,92 46,74 45,42
425 49,38 53,88 47.94 50,34

4286 £8.86 5916 4518 42,96

427 48,12 60,24 45,96

428 486,74 54.06 44 .46

429 53,62 55,44 49,86

430 53,04 62,46 51,48

431 52,62 64,26 51,78

432 48,84 61,08 46,56

433 47,64 65,04 45,72

434 49,86 60,06 46,02

435 56,04 68,88 49,92

436 51,48 60,36

437 53,64

438 55,56

439 57,66

440 53,76

441 64,38

442 64,86

443 60,06

444 69,24
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AKOJIOIui

BuotectupoBaHue nous Komcomonbckoro MmukpopanoHa ropoga KpacHopapa
c nomoLblo TecT-06beKkToB Daphnia magma Straus u Scenedesmus quadricauda

Bbicoukas N.®., kaHanpaT 6M0N0rMYeckux Hayk, LOLEHT;

KonecHukosa W.M., kaHaMpaT Guonoruyeckux Hayk, foueHr; Jletaesa H0.A., cTygeHT
KybaHckuit rocyaapcTBeHHbIi arpapHbliii yHusepcuteT (r.KpacHopap)

Hoqsa SIBJISETCSA HEOTHEMJIEMbIM 3JIEMEHTOM TOPOJICKOT0
JaHauadTa, U MU3ydeHue COCTOSHUS TOPOJICKUX MOUB M03-
BOJIMT YJIYULINTb UX KauecTBo. [locene fecatuieTs xapak-
TEPU3YIOTCSl pa3pacTaHueM ropoioB, 00pa3oBaHHeM YpOAaKOH-
rJIOMEpaToB, YTO, B CBOIO O4Yepelb, MPUBOAUT K YBEJUYEHHIO
AHTPONOreHHO-MPeoOpa30BaHHbIX MOYB, TaK HA3bIBAEMbIX Yp-
6aHo3eMOB. FIMEHHO OHH 3HAUYUTEJILHO YXYALIAIOT CAHUTAPHO-
TUTHEHUUECKOE, IKOJIOTHIECKOE COCTOSIHME TOPOJICKHX JaHjl-
1adToB, co3naBas yrpo3y KU3HH U 310pOBbIO Jitofiek [ 3].
CyloxkHast 9KoJsloruyeckasi oOCTaHOBKA TOPOJOB MOXKET
ObITb yJydllleHa 3a CYeT O3eJIHEHHS, TaK KaK UMEHHO 3e-
JIeHble HACAXKIEHUS OCAXKIAIOT Mblb, YJAy4lIalOT KayecTBO
MOYBbI U BJIbIXAEMOTO BO3JlyXa, OUMLIAS U YBJAXKHSAS €ro, TO
€CTb BBIMOJHSAIOT CPelo3alluTHY0 hyHKLMI0. OHAKO pacTH-
TEJILHOCTB B TOPOJIE HAXOJUTCS TTO/L CHITbHBIM aHTPOTIOT€HHBIM
JaBJeHHeM, TIOBEPraeTcsi XUMHUECKOMY, (DH3MUECKOMY H
6uoJioruueckomMy Boaeictuio. B Hanbosee yrueTeHHOM co-
CTOSIHUM HAXOJATCS PACTUTEJbHbIA OKPOB MarucTpaJe, aB-
TOTpAce, UL C HHTEHCHBHBIM aBTOMOOUJ/IbHBIM JIBUXKEHUEM,
OyJ/IbBAPOB LIEHTPAJILHON 4acTH ropofoB. MIMeHHO B Takux
MeCTax B [104Be HAaKaIJIMBAIOTCsl pa3HOOOpasHble COeAMHEHHS
€CTECTBEHHOIO W AHTPOINOrEHHOTO MPOUCXOXKACHHUS, 0byc-
JIOBJIMBAIOLLHE €€ 3arpsi3HEHHOCTb U TOKCHYHOCTS [ 1].
OnpenesuTb cTeneHb TOKCUYHOCTH MOYBBI MOXKHO C T10-
Molllblo OuoTecTHpoBaHust. C 3TOH 11€Jbl0 MCMOJIb30BaIACh
MEeTOJIMKA, OCHOBAHHAS Ha OIpeJieIeHHH CMEPTHOCTH U U3Me-
HeHnH B myogoBuTOCTH Aacuuit (Daphnia magna Straus) mpu
BO3/IEHICTBIH Ha HUX TOKCHUECKHX BEIECTB, TPUCYTCTBYIOIINX
B HCCJIelyeMOH BOJIHOH cpejle, M0 CPaBHEHHIO ¢ KOHTPOJILHOM
KyJIbTYypoil B 1po6ax, He CoepKallluX TOKCHUECKHX BELEeCTB
(KoHTpOJIb). OCTpoe TOKCHUECKOE JIEUCTBHE PACTBOPOB OTJIE-
JIbHBIX XHMHUECKHX BELLECTB, UCCIIEyeMOH BOJHON BBITSXKKH
U3 MOYB, Ha JaHUE OTpeessieTCs] MO CMEPTHOCTH (J1eTallb-
HOCTH) 3a ONpeJIeJICHHbIH Mepuoj KCcno3uuu. Kpurepuem
OCTPOI TOKCHUHOCTH CJyKHT rH6esb 50% u 6osee naduuil
3a 96 yacoB B uccieyeMol Bojie TPH YCJIOBHH, UTO B KOHT-
POJILHOM 3KcIiepiMenTe ru6esb He npesbinaet 10%.
BuorectrpoBanue, Kak MNpPaBWIO, HCHOJB3YIOT JIO XH-
MHYECKOr0 aHaJ/li3a, T.K. 3TOT METO/ I103BOJISIeT I1POBECTH
IKCIIpecc-oLeHKy MPHUPOAHON Cpefpl M BBISBUTH “TOpsude
TOUYKM”, YKa3blBatolllne Ha HauboJsee 3arpsi3HEHHbIE Y4aCTKH
Tepputopuu. [TouBa yuacTKoB, Ha KOTOPbIX BbISIBIEHbI KaK1e-

JM00 OTKJIOHEHHS!, XapaKTePU3YeTCsl KaK TOKCHUHAS, U SBJIs-
eTcst 00beKTOM HoJiee MoIPOOHOro H3ydeHus [2].

B npouecce cratnctnueckoit 06paboTKM pacCuUThIBAIUCh
cpenHne apucmMeTHIecKHe 3HaUeHHs TPU3HAKOB. JlocToep-
HOCTb Pa3JIMuMi MeXKy CPeIHUMH 3HaUEHUSIMHU OTIpeieIsiach
C OMOLBIO OJIHO(PAKTOPHOTO IUCIIEPCHOHHOIO aHaJIH3a.

Jlnst uceneioBanust OGbl1a B3siTa CeBEPO-BOCTOUHAS YacThb
Komcomosibekoro pationa (KMP) ropona Kpacnonapa, ko-
TOpast UHTEepecHa TeM, YTo B Hell HauboJjlee aKTHBHO IPOSIB-
JISIIOTCS TTOC/IEACTBHUS 1eTE/IbHOCTH YesioBeka. B ugyyaemom
pailoHe aHTPOIOreHHOE BJIHSIHHE KOMIJIEKCHOE, HO OCHOBHbIM
HeraTUBHbIM (DaKTOPOM BO3IEHCTBHS Ha ypOatanauadr sB-
sisiercst aBroTpaHcnopt. Oco6o He6IaronpUsiTHasE 3KOJIOTH-
yeckast 0OCTaHOBKA CJI02KUJIACh B paioHe YJ/HLL ¥YPajbCKOH U
CHuMdeponosbcKot, e oTMeueHa HanOOJbIIAsT 3arpyKeH-
HOCTb [1poe3Kell 4YacTH aBTOTPAHCIIOPTOM M OJIM3KHUM pacro-
JIOXKEHHeM TpaMBaiHbIX 1yTeil. [ToMmuMo 3TOrO cKasbiBaeTcst
HaJlMuMe MSITH 3alpaBOYHBIX CTAHLMH, BBICOKAs MJIOTHOCTD
ceuTeOHON 30Hbl. MHOro3TaXKHbIE 3aCTPOUKH SIBJSIIOTCS Ce-
PbE3HBIM MPENATCTBUEM /IS BBIHOCA BETPOM 3arpsA3HAIOLINX
BELLECTB, YTO [PUBOAUT K 3aCTOI0 BO3/lyXa B paioHe, B CBOIO
ouepesb, MOBbILIAETCS TemIepaTypa,
NbIIEHHOCTb, YCHJIMBAETCS HAKOIJIEHHE 3arpsi3HsIOLIMX Be-
utectB. Tak:Ke HeraTHBHOE BJIMSIHME OKa3blBaeT W HaJMuMe
LIEHTPOB ObITOBOr0 06C/YKUBAHHS HACEJEHUS, Mara3uHoB,
TOPrOBbIX MAMATOK BOKPYT KOTOPBIX YIJIOTHAETCS MOUYBa, Ha-
KalJIMBAlOTCsl TBep/ble ObITOBbIE OTXOMbl, @ CO CTOSHOK aB-
TOTPaHCIOPTa BO BPEMs JIOXKJSI CMbIBAIOTCSl B TOYBY He-
(TEnpoyKThl, Mac/a u JApyrue sarpssmsioline Bellectsa. B
YCJIOBUSIX TTIOCTOSIHHOTO Pa3BUTHSI H CTPOUTEJIbCTBA B palioHe
pacTeT u MJIoLLa/b acPasbTOBOTO MOKPBITHS.

COBOKYITHOCTb JIAaHHBIX BO3JICHCTBUI OKa3blBaeT KOMII-
JIEKCHOE 3arpsi3HeHue, B CBSI3H C 3THUM JYIsl IPOBEJEHHS] MO-
HUTOPUHTA C LEJbI0 BhISBIEHHs HauboJiee 3arpsi3HeHHbIX
Y4aCTKOB MCCJIEyeMOH TePPUTOPUH Oblla HasloXKeHa ceTKa
pazmepom 2000%1500 m ¢ warom 500 m. CorziacHo ceTke Me-
TOJIOM KOHBepTa 6bl10 0To6paHo 12 nouBeHHbIX 06Pa3loB U
MPOBOJIMJIOCH OTpeJie/ieHHe MX KJjacca OMacHOCTH /sl OKpY-
JKalolleH MPUPOHOH cpesibl MeToioM GHoTecTHpoBanust. Po-
HOBasl TOUKa Obljla B3siTa HAa TEPPUTOPHH Moceska ArpoHoM,
KOTOPbIH XapaKTepHu3yeTcsl CXOIHBIMH YCJIOBUSIMHU C HCCIEy-
eMbIM ypOajianuapToM, HO MeHbLIEH aHTPONOreHHOH Ha-

yB&JIMUUBACTCS 3a-
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Kapra-cxema Tover otbopa npob nove cepepo-s0CTOMHON YacTH
KomcomMonscroro MukpopaiodaHa r. KpacHogapa
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Puc. 1. KapTa-cxema Touek oT6opa npo6 noys ceBepo-BOCTOYHON YacTu Komcomonbckoro MukpopaiioHa r. KpacHoaapa

rpy3Ko# 1 pacroJgiozkeH B 10 KM OT ceBepo-BOCTOYHOH YacTH
KMP r. Kpacnonapa.

B pesysbTate nceenoBanuii 66110 BbISBJIEHO, UTO 9 1pob
u3 12 oTHocsATCA K 4 KJ1accy onacHocTH (MaJioonachbie), a 1, 2,
3 mpobbl — K 3 KJaccy onacHocTH (yMepeHHO onacHble ). Ha-
JIMUMEe YMEPEHHO OMacHbIX Mpo0 cBsizaHo ¢ OJH3KUM pacro-
JIOXKEHUEM »KeJie3HOU fopork. B nasnbHeliiem B 3THX npobax
HeoOXO0/IMMO TIPOBECTH MCCIeIOBAHKE HaA OTpesieieHle coflep-
JKAHUSI TOKCUKAHTOB (HE(TENPOIYKTbI, TSKeJble MeTalbl —
KaJMHi, 1IMHK, cBUHell). [Ipo6a, B3siTas B GOHOBO TOUKe, B
pe3yJibTaTe aHasu3a MeToloM OMOTEeCTHPOBaHHS Obl1a OTHe-
ceHa K 4 Kjaccy onacHOCTH, YTO XapaKTepHO st GO/bIIMHCTBA
npo6, oToOpaHHbIX B ceBepo-BocTouHON yacTh KMP.

[Ipeobnananne B HcclelyeMOM palioHe MaJloolacHbIX
nouB (4 Kjacc) Ha Halll B3N] CBA3aHO C MOCTOSTHHOH aHT-

Jlutepatypa:

POMOreHHON HArpy3KOH: MOUBbI MEPEYNJIOTHEHbI, TOYBEHHbIE
TOPU3OHTHI MepeMellianbl i 06oralleHbl CTPOUTEbHBIM MYy-
copoM, ObITOBBIMH OTXOJAaMH, M3-3a Yero umelot 6oJee Bbl-
COKYIO LIeJIOYHOCTb, YeM MPUPOJHBIE UX aHaJoTH. BoJbiiryio
poJib B 3arpsi3HeHUH MMEIOT U MOOUJIbHbIE UCTOUHHUKH, 0CO-
6eHHO aBTOTPAHCIOPT, KOJUUECTBO KOTOPOTO C yBeJIHUEHHEM
pas3MepoB ropojia MOCTOSIHHO MOBbLILIAETCS.

B pesysibraTe nccseoBaHus MOYBBI C MOMOLIbIO METOA
61oTeCTHpOBaHUS1, OB BbISIBJIEHbI 3arpsi3HeHHbIE yUaCTKH
TEPPUTOPHH, TMOUBbI KOTOPBIX XapaKTEpHU3YIOTCs Kak yMme-
penHo onachble. [lpociexknBaercsi B3aMMOCBSI3b HaJMUUs
3-T0 KJlacca OMacHOCTH UCC/elyeMbIX Mpob ¢ GJIM3KUM pac-
MOJIOYKEHUEM KeJIe3HOH oporu. B nanbHeliiieM Heo6X0IUMO
AQHAJIUTHYECKUM [yTeM YCTAHOBHTb MPUUYHHBI TOKCHYHOCTH
JIAHHBIX TTOYBEHHBIX 06PA3IOB.

1. Ka6upos P.P. Pazpa6oTka 1 ucrosb3oBaHne MHOTOKOMITOHEHTHOH TECT — CUCTEMbI /151 OLEHKH TOKCHUHOCTH MOUBEH-
HOTO MOKpoBa ropojickoii Tepputopun /Kadupos P.P., Carutosa A.P., Cyxanosa H.B. // dkouiorust, 1997, Ne 6 — C.

408 — 411.

2. Meusnexosa O.I1. Brosornueckuit KOHTPOJIL OKpY2KatolleH Cpeibl: GHOMHAMKALUS U OHoTeCTHpoBaHKe: yueb. mocobue
JUISl CTYJL. BHICII. y4ue6. 3aBejleHnH /CapanynbueBa E.N, EBceepa T.1. u [Lp.// 2-e uan., uenp. — M., 2008. — 288c.

3. Cusos A. T1. O HOBOM MojIX0/Ie K HCUHCIEHHIO padmepa yilepOa, BbI3bIBAEMOro 3axJaM/IeHHeM, 3arpsi3HEHHEM H Hapy -
eHneM ropojckux semenn/ Cuszos A. I1., Mensenesa O. E., Kmoes H. H., Ctporanosa M. H., Camaes C. b., Ma-
nees M. M. // Tlousosenenne, 2001, Ne 6. — C. 732—740.

4. ®enoposa A.W. [TpakTHKyM M0 5KOJOTHH H 0XpaHe oKpyxKaioleii cpeast / ®enoposa A.M., Hukomnckas A.H. — M. —

2001. — 288 c.
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0c06eHHOCTM CMCTEMbI MOHUTOPMHIA U NPOTrHO3MPOBAHUA YPE3BbIYaNHbIX CUTYALMUIA

CeHtowkuH H.C., kaHanaaT TexHuyeckux Hayk, Cyxanos A.B., maructpanT; WapuHa A.B., uHxeHep
YuMCcKnit rocyaapcTBEHHbIN aBUALMOHHBI TEXHUYECKMNIT YHUBEpCUTET

Cerozum IKoslorudeckasi mpobjema sIBASETCS ORHON M3
caMblX OCTPBIX /11 MJaHeThl 3eMJisl B LesoM. B atmoc-
(hepy monasaloT COTHH BELLECTB, KOTOPble OTCYTCTBOBAJIH B
npuposie. Ha teppuropun tosbko Poccnn B atmocdepHblit
BO3/IYX €XETOMHO MPOJAOJIKAET MOCTyNaTh okojso 20 MJIH.
TOHH XMMHUECKUX BEIIECTB.

[Ipu sToM BesencTBHe mpeobJafaHust 3amajHbIX BETPOB
Poccusi nosyuaer ot cBonx 3anajaubix coceien B 8—10 pas
6oJibliie aTMOC(EPHbIX 3arpsI3HEHHH, YeM oTHpasJ/seT M. B
MUPOBOH OKeaH cOpolieHo okoso 20 MJpA. TOHH Mycopa H
€XKeroJiHo BbliBaetcs 6osiee 10 MJIH. TOHH HETH.

B nacrosiiiee Bpemsi BO BceM MHpe pacTeT KOJHYEeCTBO
TEXHOTEHHBIX UPE3BbIUAMHBIX CUTYaLHH U MPOUCXOJHUT YBEJIH-
yeHHe MacliTaboB MPUYMHEHHBIX UMH yliepOoB. [1o naHHbIM
UCC/Ie/IOBAHNH, TPOBEIEHHbIX BEAyLUUMH CleldajucTaMu
PAH no ananusy pucka u npo6jemam 6€30MacHOCTH, aBapyH
¥ KaTtacTpodbl B MPUPOJHO-TEXHOTEHHOH cepe HAHOCAT
NPSAMOH U KOCBEHHBIH ylIepO HALMOHAJBHOH 3KOHOMHKE B
pasmepe 10 3—5% BBIT.

OcHoBnast 3anaua mouutopunra [1OO cocrout B uHdop-
MaUMOHHOM OOecreyeHUH MPEBEHTUBHBIX MEPONPUSATHH 110
yJlepyKaHuIo TIpoliecca B 30He JIonmycTUMoro pucka (dasa 1),
a B CJIyuae ero BbIXOJIa U3 ITOH 30HbI — B OJIOKHPOBKE JaJb-
HEHIIero ornacHoOro pa3BUTHs BIJIOTh JI0 BO3BPALIEHHUST B 30HY
6e30MacHOCTH.

PopmupoBaHHEe €IMHOTO MHPOBOIO HH(OPMALHOHHOTO
NPOCTPAHCTBA B YCJOBUSIX TJ106aH3alMH CIOCOOCTBYET CO-
31aHUI0 OJIarONPUATHBIX YCJIOBHH /15 (DYyHKUMOHMPOBAHHS
PBIHKOB TOBApOB, YCJIYT, KalUTaJ0B 1 pabouell CHJlbl, 00Jier-
yaeT TPOLIECChl COMVIACOBAHMUSI B PA3JIMUHBIX Chepax AesiTelb-
HOCTH U T.JI. Befyliasi posib pu 9TOM MPUHAJIENKUT CITyTHH-
KOBBIM CHCTEMaM CBSI3H.

Baxknelinm acreKToM MexKIyHapoHOro COTPYIHUYECTBA
B 00J/1aCTH 3aLUTHI HACEJEHUSI U TEPPUTOPHI OT MPUPOHBIX
u antponorennbix YC u katactpod sIBJsIETCS COBepILIEHC-
TBOBAHHE MEXIYHAPOIHON CHCTEMbl MOHUTOPHHTA U MPOTHO-
supoBanus YC 1o JaHHbIM KOCMHUECKMX HH(OPMALMOHHBIX
CHCTEM.

Ee OCHOBHBIMM COCTABJISIOLMMU  SIBJISIOTCSL  HALIMO-
HaJIbHblE CHCTEMbI, OObe/IUHEHHbIE CUCTEMAMH CIyTHUKOBOH
1 IPyruX BUIOB cBsisu [ 1].

B nacrosiiiee BpeMsi OTCYTCTBYeT 11€J10CTHAsl MEXKIyHa-
poanasi cucrema monutopunra HC. CyllecTBylOT MexKyHa-
pOJIHbIE COrJIalleH s, MO3BOJSIOLHE OCYLIeCTBIATL 0OMEH
JIAHHBIMH MOHHUTOPHHTA 110 HEKOTOPbIM BUJAM MPUPOAHBIX U
AHTPOIOTEHHbIX OMACHOCTEH.

Hacyurolt 3anauein siBasietcs: (GOpMHMpOBAHHE MEXKILy-
HApOAHOK JOTOBOPHO-TIPABOBOH 0a3bl M HA €€ OCHOBE 00b-
elMHeHne HH(OPMALIMOHHBIX PECYPCOB BCEX CTPaH B eIMHOe
MH(OPMALIHOHHOE MPOCTPAHCTBO MEXKIYHAPOAHOH CHCTEMBbI
MOHUTOPHHIA U 1poruosupoBanus HC.

Cucrema MOHMTOpPMHTA M MPOTHO3UPOBAHHUST YPE3BbI-
YaWHBIX CUTYalMH TpeJicTaB/sieT co60H COBOKYITHOCTb CHCTEM
HaOJIOEHUS, aHAJIN3A U OLLEHKH COCTOSIHUS M U3MEHEHHS] Bbl-
SIBJICHHBIX U MOTEHUMAJbHBIX HCTOUHHKOB UPE3BbIUaiHbIX CH-
Tyalui U MPOrHO3UPOBAHUS UPE3BbIYaNHBIX CUTYaLUH, BJIH-
oKX Ha 6e30MacHOCTb HACeseH s, OKPYzKalollel cpefpl, B
1esisIX pa3paboTKH U peasn3aliii Mep 110 NPeynpexKaeH IO U
JIMKBHJALIMK YPe3BblYaiiHbIX CHTYalMi, MUHUMHU3ALIUK HX CO-
LHAJIbHO-9KOHOMHYECKHUX W 9KOJIOTHYECKHUX TTOC/EICTBHH.

CylIHOCTb W Ha3HAYeHHe MOHUTOPHHIA W MPOTHO3UPO-
Banuss YC — B HaOJIIOJIEHUH, KOHTpOJIe W TIPEABHIAECHUH
OMACHBIX MPOLIECCOB U IBJEHUH MPUPOJIbI U TEXHOCHEPDI, B-
JISTIONIMXCST UCTOYHMKAMHU Upe3BbYaHHBIX CHUTyallui, JUHA-
MHKHM Pa3BUTHs Upe3BblYalHbIX CUTyalMil, ONMpeieseHUsT UX
MaclITaboB B LEJSX MPELyNpekieHusl 1 OpraHu3alln JnK-
BUaLUu GencTBUH[2].

JleATeNIbHOCTh 10 MOHUTOPHUHTY M MPOTHO3HPOBAHMIO
Ype3BbYANHBIX CHTYAlMH OCYILECTBJSIETCS MHOTMMM Opra-
HU3ALUSAMA (YUPEXKIEHUSIMHU ), TIPH 3TOM HCIOJIb3YIOTCS pas-
JIMUHbIE METO/bl M CcpejacTBa. Hanpumep, MOHHUTOPHHI H
MPOrHo3 COOBITHH THAPOMETEOPOJIOTHUECKOr0  XapaKTepa
OCYLLECTBJISIETCH YUPEXKACHUSIMH U opraHudauusMu Pocruj-
poMmeTa, KOTOPbIH, KpOMe TOr0, OPraHu3yeT U BeIeT MOHHUTO-
PHHT COCTOSIHUS U 3arpsi3HeHUs1 aTMOChEPDI, BOJbI H TOUBDI.

KauecTBo MOHHTOpHHTA M MPOrHO3a UpE3BbIYAHHBIX CUTY-
auui onpenessolM 00pa3oM BJHsET Ha 3((HEKTHBHOCTb
CHUKEHHS] PUCKOB MX BO3HHKHOBEHHSI U MaclUTa0oB.

BaxkHoCTb 3TOr0 HanpaBJ/eHus B Jiesie 3aLUThl HACEJEHUS
¥ TEPPUTOPHI OT MPUPOJIHBIX U TEXHOTE€HHBIX YPE3BbIUANHbBIX
CUTyaUMi Hallla cBoe oTpaxKeHue B pacropsikeHud [Ipesu-
nenta Poccuiickoit @enepaunn ot 23 mapra 2000 r. Ne 86-
pr, onpejesuBIIEM HEOOXOAMMOCTb H MOPSIOK CO3[aHHsl B
CTpaHe CHCTeMbl MOHUTOPHHIA M MPOrHO3HPOBAHMST UPE3BbI-
YalHbIX CHTyallUuH.

CucreMa MOHMTOPHHTA M TMPOTHO3UPOBAHHUS UPE3BbI-
YalHBbIX CUTyallMid siBjseTcs (PYHKIMOHAJIBbHOH HH(OpMAalH-
oHHO-aHasmuTndeckoi nnoacucremoil PCYC. Ona o6beuHsier
YCUIHSL (DYHKUMOHANBHBIX W TE€PPUTOPHAJILHBIX MOJACHCTEM
PCYC B yacTu BOrpocoB MOHUTOPUHTA W MPOTHO3UPOBAHHUSI
Upe3BblUAWHbBIX CUTYalMH W MX COLMAJBHO-I9KOHOMHUYECKHX
MOCJEACTBHH.

B ocHoBe CTpPyKTypHOTO MOCTPOEHHST CHCTEMbI MOHHTO-
pUHTa ¥ MPOTHO3UPOBAHUS UPE3BbIUAHHBIX CUTyallMH JiexKaT
MPUHLIMITBL CTPYKTYPHOH OpraHW3alMd MHHMCTEPCTB M Be-
noMcTB, Bxoasaumx B PCYC, B COOTBETCTBHM C KOTOPbIMH
BEPTHKA/b YNPABJEHUS HUMEET TPH ypoBHs: (eepasbHbIH,
PErHOHAJIbHBIN U TEPPUTOPHAJIBHDIH.

Mertonnieckoe pPYKOBOJACTBO M KOOPAMHALMS JesITelb-
HOCTH CHCT€Mbl MOHHUTOPHUHTA M TPOTHO3HPOBAHUS Upe3-
Boruaiiiblx cutyaunin (CMIT YC) Ha denepanbHOM ypoBHe
ocyllectBisieTcss BeepocCHHCKMM  LLEHTPOM  MOHUTOPHHIa
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¥ MPOrHO3MPOBAHHUS UPE3BbIYAHHBIX CHTYaLMH MPUPOIHOIO
u TexHorenHoro xapaktrepa MYC Poccuu (Llentp “Antu-
ctuxusi”), B elepalbHbiX OKpyrax u cyObekrax Poccwuii-
ckoit Desiepalit — peruoHaJbHLIMU U TEPPUTOPHATIBHBIMH
LEHTPaMH MOHMTOPMHTA, JabopaTOPHOTO KOHTPOJIST W TPO-
THO3MPOBAHUST YpE3BbIUANHBIX CUTyallUH MPUPOJHOTO H TeX-
HOIeHHOTr0 Xapakrepa (Jajee — perHoHalbHbIMU H TEPPUTO-
pHaVIbHBIMU LIEHTPAMHW MOHHTOPHHTA).

B uesom cucTteMa MOHUTOPHHIA W TIPOTHO3MPOBAHHUS
Upe3BblYalHbIX CHUTYaUMH MpeACTaBJsieT COOOH LeNblil s
M€e’KBEJIOMCTBEHHBIX, BEIOMCTBEHHBIX M TEPPUTOPHAJIBHBIX
cucreM (MOJCHCTEM, 3BEHBEB, YUPEXKIEHHWH W T.M.), K KO-
TOPBIM MOXKHO OTHECTH:

— Bcepoccuiickuii UeHTP MOHUTOPHHIa W TPOTHO3UPO-
BaHUSl UPE3BbIYAHHBIX CHTyalMH TPUPOAHOTO W TEXHOIeH-
Horo xapakrepa MYC Poccun; pernonasbible U T€pPpPUTO-
prajibHble LEeHTPbl MOHUTOPHUHTA UPE3BbIYANHBIX CHTYalLMH
MPUPOIHOTO U TEXHOTEHHOTO XapaKTepa B COCTABE COOTBETC-
TBYIOIIMX opraHoB ynpasJjenus [OYUC;

— Cetb HaOuoieHUs1 U J1aGOPATOPHOrO KOHTPOJISI TparxK-
JlaHcKoil o6oponbl Poceutickoit Desepatini;

— EnuHyio rocynapcTBeHHYI0 aBTOMATH3WPOBAHHYIO CHC-
TeMy pajlallioOHHOTO KOHTPOJIS;

— Eaunylo rocynapcTBEHHYIO CHCTEMY 3IKOJIOTHUECKOTO
MOHHUTOPHHTa;

— CreuyaJjbHble 1EHTPbl M YUpexKIeHHs, IOABEIOMC-
TBEHHbIC UCTOJHUTENbHbIM OpraHam cyobekToB Poccuiickoi
Denepaly 1 opraHaM MECTHOTO CaMOYIPABJIEHUS.

Bce orHouleHnsi W B3aMMOCBSI3M TMPHUBEAEHHBIX BBhIIIE
cucreMm (noacuctem) B pamkax PCHC onpenesiensl cooTBeTc-
TBYIOLLUMH HOPMaTHBHO-IPABOBbIMH aKTaMH.

TexHuyeckyto OCHOBY MOHMTOPHHIA COCTABJSIIOT Ha-
3eMHble€ W aBUALIMOHHO-KOCMHYECKHE CPENCTBA COOTBETCTBY-
IOLIMX MHHUCTEPCTB, BEJIOMCTB, TEPPUTOPHAJBbHBIX OPraHOB
BJIACTH U OpraHu3alluil (MpeanpusTHii) B COOTBETCTBHU CO
chepaMu UX OTBETCTBEHHOCTH (puc.1).

[Tpu 3TOM ryIaBHOM cocTaBJsOLLEH ABJAAIOTCS Ha3eMHble
cpeacrtBa Certu HabuoieHUs1 M J1aGOPATOPHOrO KOHTPOJIs
rpaxkiaHckoi o6oponbl Poccuiicko ®esepainu, ee oc-
HOBHBIX 3BEHbEB, MOJBEIOMCTBEHHBLIX Pocrunpomery, MuH-
cesaibxody Poccun, Munznpary Poccun u MITP Poccun, a
TaKyKe CPeaCTBA KOHTPOJISI U IMarHOCTUKK COCTOSIHUSI TIOTEH-
LHAJIbHO OMACHBIX 0O'bEKTOB SKOHOMHKH, SIBJISIIOLIMXCS OC-
HOBHBIMH MCTOYHUKAMH UPE3BblYARHBIX CUTyalMil TeXHOreH-
HOTO Xapakrepa.

KocMuueckue cpeiicTBa MOHUTOpPUHTA MpeiHA3HAUAIOTCS,
B OCHOBHOM, JI/I51 BBISIBJIEHUST 1 yTOUHEHUS] 06CTAHOBKH, CBSI-
3aHHOHN C JIECHBIMH MOXKapaMH, HABOJHEHUSMH W APYTUMU
KpynHOMaclITaOHbIMH, OMAaCHBIMU [PUPOAHBIMH SIBJICHUSIMH
Y T1polleccaMu ¢ He3HAUMTEJIbHON IMHAMHKOH.

ABHAlLMOHHbIE CPEJICTBA HCIIOJB3YIOTCS [JIsT TeX XKe LeJIek,
UTO M KOCMMUECKHE, a TaKxKe /s TOJydeHHs JaHHBIX O CO-
CTOSIHUM PaJAHALMOHHOM OOCTaHOBKH, OOCTAHOBKH B 30HAaX
HIMPOKOMACIITAOHBIX pa3pyllleHHH, O COCTOSIHHM MAarucr-
paJibHbIX TPYOOMPOBOJIOB U JAPYrol 0OCTAHOBKH (J0POKHOH,
CHEXKHOH, JieloBo# U T.11.). OHK nMeloT 6GoJiee LIMPOKHE BO3-

MOKHOCTH, 10 CPABHEHHIO C KOCMHUECKHMH CPEICTBAMH, KaK
10 cocTaBy 00bEKTOB HAGJII0EHHS, TAK U 110 OTIePaTUBHOCTH
1 M03TOMY HAXOJATCS HA OCHALIEHHUH 11eJ10T0 psila COOTBETC-
TBYIOIIMX MOHHTOPUHTOBBIX MOApA3/ie/ieHHH ¢ yueToM cdep
OTBETCTBEHHOCTH [OCJ/IE/IHHUX.

O6uwi nopsiok (HYyHKUMOHUPOBAHUST CHCTEMbl MOHHTO-
pHHTra u nporuHo3uposaHus onpenensercs [losoxenuem o cue-
TeMe MOHMTOPUHIA, JaGOPaTOPHOrO KOHTPOJIS U MPOTHO3UPO-
BaHHUSA UPE3BbIUAHHBIX CUTYAlMH MPUPOAHOTO U TEXHOTEHHOTO
Xapakrepa, yreepaienHbM nmpukazom MYUC Poceun ot 12 Ho-
16pst 2001 r. Ne 483, a ee oT/1e/IbHBIX 3BEHBEB H 3JEMEHTOB —
MOJIOKEHUSIMH, YTBEPIKIEHHBIMU COOTBETCTBYIOLIUMH (pefie-
paJibHBIMH MHHUCTEPCTBAMH, BEJOMCTBAMH, PErHOHAJBbHBIMH
¥ TepPUTOpHAJIbHBIMK OpraHamu yripassenus TOYC.

B 3aBucumocTH OT CcKJaabiBalolleicsi 0OCTaHOBKH, Mac-
wtaba MPOrHO3UPYEMOH MJIM BO3HHMKILEH UPe3BbIYaHHON CH-
Tyalliy CHCTeMa MOHHUTOPHHTA W MPOrHO3UPOBAHUS UPE3BbI-
YalHBIX CHTYalME (QYHKIIMOHUPYET B PEXKMME TOBCEIHEBHOH
JIeITeIbHOCTH, PEeXKUME [MOBBbILIEHHONH TOTOBHOCTH MJIH pe-
JKHMe Ype3BblYalHON CUTYALIHH.

[IporHo3supoBaHue upe3BblUAHHbBIX CUTYallMl BKJIOUaeT B
ce6s1 I0CTaTOYHO IMPOKUI KpyT 3a1au (06'beKTOB HJIH MpPejl-
METOB), COCTaB KOTOPbIX 00YC/IOBJIEH 1IeJISIMU 1 3a7a4aMHU Y-
paBJICHYECKOr0 Xapakrepa.

HauGosiee 3HauMMbIMK U OCTPO HEOOXOAMMBIMH 3aa4aMU
(00bEKTaMU HJIK PEMETaMU ) TPOrHO3WPOBAHHUSI IBJISIIOTCSI:

— BEPOATHOCTH BO3HUKHOBEHHS KayKJIOr0 W3 HCTOUHHKOB
Upe3BBIYAHHBIX CHTyalMH (OMacHbIX MPHUPOAHBIX SIBJIEHUI,
TEXHOTEHHBIX aBapUH, 9KOJOTHUECKHX OCICTBUH, SMMACMHH,
SMH300THH U T.I1.) M, COOTBETCTBEHHO, MACLITA00B YPE3BbI-
YalHbIX CHTYaUMH, pa3MEPOB UX 30H;

— BO3MOKHbIE JUIUTEJIbHbIE MOC/EACTBUSI P BO3HUKHO-
BEHHM YPE3BbIYANHBIX CUTyalMil OMpeieeHHbIX THIIOB, Mac-
1TaboB, BPEMEHHBIX HHTEPBAJIOB HJIM UX OMpe/ie/eHHbIX CO-
BOKYITHOCTEH;

— MOTPeOHOCTH CHJT U CPEJICTB /ST JIMKBUAALMH TTPOTHO3H -
PyeMBIX Upe3BblUaNHbIX CUTYaLUH.

Jlas1 petuenust 3aa4 IPpOrHO3MPOBAHHUST HCTIOJBb3YIOTCS CO-
OTBETCTBYIOILIME METOIUKH.

B uenom pesyabTathl MOHHTOPHHIa M TMPOTHO3HPO-
BaHHUS SIBJISIOTCS UCXOAHON OCHOBOH Il pa3padOTKU J0JIr0-
CPOYHBIX, CPEIHECPOUHBIX W KPATKOCPOUHBIX 1€JEBBIX MPO-
rpamM, IJIAHOB, a TakKe JJIsl TIPUHSATHS COOTBETCTBYIOLLHUX
peLIeHUI 10 MpeyNnpeKIEHUIO U JIMKBUIALMH YPe3BblYaHHbIX
CUTYyaLUH.

B noc/iennne rofpl aKTHBHO BHEJPSIOTCS METOJIbI TIJIAHU -
POBaHMS MEPOINPUATHH MO JaHHOK NpobGJeMe Ha OCHOBE TPO-
THO3MPOBAHMS M aHAJIM3a PUCKOB UPE3BbIYARHBIX CUTYALHH.

OCHOBHBIMH  3aJlayaMH  aHasiM3a W [POrHO3HPOBAHMS
PUCKOB Upe3BbluaiiHbIX CUTYALUH SIBJISIIOTCS:

— BBISIBJICHHE U UAECHTU(DUKALNSA BO3MOXKHbBIX HCTOUHHKOB
Upe3BbIYAUHBIX CUTYalLIUH TPUPOIHOTO U TEXHOTEHHOTO XapaK-
Tepa Ha COOTBETCTBYIOLLEH TEPPUTOPHH;

— OlleHKa BEpOSITHOCTH (4acTOThbl) BO3HMKHOBEHHS CTH-
XUAHBIX O€CTBUH, aBapUi, MPUPOIHBIX U TEXHOIeHHBIX Ka-
tacTpod (MCTOUHHKOB Upe3BblUaHHbIX CUTYALHH );
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Puc. 1. CTpyKTypHasa cxema CpefCTB MOHUTOPUHIa

— TIPOTHO3HPOBAHHE BO3MOXKHBIX MOCJEICTBHI Bo3MeHc-
TBHSI TIOpaXKaloINX (aKkTopoB, UCTOUHHKOB Upe3BbUANHBIX
CUTyaUMi Ha HACEJIEHHE U TEPPUTOPUH.

[Ipu BbISIBIEHUM HCTOUHHUKOB UPE3BbIUAHHBIX CHTyalUi
HauboJiblliee BHUMAHHUE YIeJaseTcs MOTEHIHANLHO OMacHbIM
06beKTaM, OlleHKe MX TEXHHUECKOTO COCTOSTHHSI M YTPO3bI IS
HaceJ/IeHHs, MPOXKUBAIOLLEro BOJIM3H OT HHUX, a TakkKe 00b-
€KTaM, HaXOISILIMMCS B 30HaX BO3MOXKHBIX HeOJ1aronpHsITHBIX
1 ONACHbIX TPUPOHBIX SIBJEHHH U TPOLIECCOB.

[IporHos BeposITHOCTH BO3HUKHOBEHMSI aBapuil HA 00b-
€KTaX 3KOHOMHMKH W HX BO3MOXKHBIX TOCJEICTBHE OCYIIECT-
BJISIETCS] PYKOBOUTE/SIMH U CMIELMAIHCTAMH 9THX 00BEKTOB.
[IporHo3 puCKOB Ype3BbIYAHHBIX CHTYalUH, BbI3bIBAEMbIX
CTUXHHHBIMM O€/IICTBHSIMH, ABAapPUSIMH, MPUPOAHBIMM M TeX-
HOIeHHbIMM KaTacTpoamu, BO3MOXKHBIMH HA TE€PPUTOPHSIX
cy6bekroB Poccuiickoit ®enepatiyu, MyHHIMNAIBHBIX 06pa-
30BaHHUi, OCYLIECTBJSETCH COOTBETCTBYIOIIMMH TEPPUTOPHU-
aJIbHBIMHU 3BeHbsIMH (1ieHTpamu) CMIT YUC.

[1IporHo3 pUCKOB Upe3BbIYAHHBIX CHTYallMid Ha TeppH-
TOpPUU CTpaHbl B 1iesioM ocyliectBasercs MUC Poccun Bo
B3aUMOJIEHCTBUHU C APYrMMH (peliepasbHbIMU OpraHaMu Hc-

MOJIHUTEJILHON BJIACTH.

Bes yyera paHHBIX MOHMTOPHHIa M MPOTHO3UPOBAHMS
Yype3BblYalHbIX CHTyallMi HeJb3sl IJIAHHPOBaTh pa3BUTHE
TEeppUTOPHH, MPUHUMATL PELIEHHs] HA CTPOMTEJbCTBO IPO-
MBILJIEHHBIX U COLMAJbHLIX 00BEKTOB, pa3padaTblBaTh MPo-
IpaMMbl U IJIAHbI 110 MPELYIPEXKACHUIO U JIMKBUAALUHY BO3-
MOXKHBIX YpE3BbIUANHBIX CUTYalHH.

OT 3(h(heKTHBHOCTH U KauecTBa NPOBe/IeHHsI MOHUTOPHHTA
1 [POrHO3UPOBAHUSI BO MHOTOM 3aBUCHT 3(PPEKTUBHOCTH H
KauecTBO pa3pabaTbiBAE€MbIX POrpaMM, MJIAHOB U MPUHSATHS
peLeHnH 1o NpeaynpekaeHHIO U IMKBUAALMH Upe3BblYailHbIX
CUTYaLUH.

B nacrosiiee Bpemsa MYC Poccuun nposoaur patdory,
HarpasJ/ieHHYyl0 Ha (pOpPMHUpPOBAHHE HALMOHAJIBLHOIO MH(OP-
MalLMOHHOIO MPOCTPAHCTBA M0 Bonpocam 60pbObl ¢ Hejc-
TBUSAIMH M KatacTpodamu. B HeM COOTBETCTBYIOLIMMH HH-
(hopMaLlMOHHBIMH  pecypcaMu  OyfyT MpeJCTaBJeHbl Bce
sJ1eMeHThl M ypoBHH Poccuiicko cuctembl. Takum o6paszom,
MOXKET ObITb peasi30BaHa COBPEMEHHast KOHLIEMLUS € 3J1eK-
TPOHHOTO MHHHCTEPCTBA» B paMKaX «3JIEKTPOHHOTO MpaBH-
TeJIbCTBA».

Paboma soinoanena npu ¢hurancosoti noddepacke Murobprayku PP.

Jlutepatypa:

1. 1. Mutepuer-pecypc: [peaynpeskienye u IMKBUAALHS Upe3BbluaiiHbix cuTyauuil. http://obzh.ru
2. 2. Kanunun B.M. MOHUTOPUHT NPUPOIHBIX cpell: YueOHoe nocobue. TiomeHb: u3nareibeTBO TioMEHCKOro rocyaape-

TBeHHOro ynusepcuteta, 2007. — 208 c.
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FTEOIF'PA®UA

0co06eHHOCTM NPUMEHEHMUA KNacTepHON MOAENN B TYPUCTCKO-PeKpPeaLMoHHOM 0Tpacau

CuHunubiHa E.T., acnupaHT
AnTalickuin rocyfapCcTBeHHbI yHUBEpCUTET

Bﬂacromuee BpeMsi BO MHOI'MX perdonax Poccun peruo-
HaJIbHblE BJACTH HAUMHAIOT PEaslM30BbIBATh KJ1ACTEPHYIO
MOJIUTHKY KaK 3(P(PEKTUBHBIN MEXaHU3M TOBbBILIECHUS KOHKY-
PEHTOCNOCOGHOCTH 3KOHOMUKH. [IpuMeHeHHe KiacTepHOH
MOJIMTHKH TOZIpadyMeBaeT MojJ CcoOO0i 0003HAYeHHE pas-
JIMUHBIX CIOCOOOB MOMICPXKKH HHULMATHB [0 CO3AaHHIO U
Pa3BUTHIO KJacTepoB Ha cejepanbHoM ypoBHe. [Ipn sTom
(hyHKUMH erepasbHOro LEHTPA CBOASATCS K HAXOXKIEHHIO
KJIACTEPOB U CO3AAHUIO CTUMYJIOB JUIi PETHOHOB 0 HX pas-
BUTHIO, Jla/ibHElIIee pa3BuTHE 0003HAUEHHOTO KJacTepa Ha-
NpsSIMyI0 3aBUCUT pabOThl pervoHa/bHbIX AJAMUHUCTPALMH,
HanpaBJeHHON Ha BbISBJICHHE KJACTEPHbIX 00pa3oBaHU M
onpejesieHHe MPHOPUTETOB B KJIACTEPHOH MOJUTHKE, aKTH-
BalMIO KJACTEPOB, MHTErpalMio Npouecca KjaacTepusaluu
B OTpacJjieBble MW KOMIJIEKCHbIE MPOrpaMMbl PA3BUTHS pe-
THOHA.

[IpumeHeHMe KJaCTepHOH MoOJeNM Pa3BUTHUS I1POMBILL-
JICHHbIX OTpac/ell MpPOU3BOACTBA YK€ HMEET BIOJHE [10-
HATHYIO CTPYKTYpY, OJHOBPEMEHHO C 3THM MpPHMEHeHHe
KJIACTEPHONH MOJIEJH 1Sl pa3BUTHS cepbl YCayT, K KOTOPOU
COOCTBEHHO M OTHOCHMTCS TYpPHUCTCKO-peKpealMoHHas OT-
pacJ/ib, OCBellleHa, Ha Halll B3rJsij, HepoctatouHo. Crenyer
TaK »Ke OTMETHUTb, YTO 10 HACTOSILLLEr0 BpEMEeHH He [10sIBUJI0Ch
€/IMHON TPAKTOBKH TMOHSITHS KJIACTep, YTO MPUBOJAUT K HEKO-
TOPBIM CJIOKHOCTSIM B OMPEJIe/IeHHH TE€OPETHKO-METOL0JI0TH -
yeckol 6asbl puemsieMoi 1yisi 0003HAUEHUST U U3YUEHUS TY-
PUCTCKO-peKpPeallHOHHbBIX KJIACTEPHBIX MOJEEH.

CorJylacHO TEOPHH CO3/IaTE/s1 KOHLIETIIUH TPOMBILIJIEHHOTO
ka1acrepa Maiikia [loprepa [4], knactep — 3To rpynna reo-
rpauuecKn COCEICTBYIOLIMX B3aUMOCBSI3aHHBIX KOMMaHWH
(nMocTaBLIMKH, TPOU3BOAUTE/IH U JIp.) W CBSI3AHHBIX C HUMH
opranuszauuii (oGpasoBaTesibHble 3aBeIEHHs, OpraHbl rocy-
JIAPCTBEHHOTO YNpaBJeHUs, MHPPACTPYKTYPHbIE KOMIAHHH ),
JIEHCTBYIOLIMX B OMpeNesieHHOH cdepe U B3aUMOJONOJHS-
IOLMX APYT Apyra. Tak ke UM pazpaboTaHa cucTeMa ileTepMu-
HaHT KOHKYPEHTHOTO MPEUMYLLECTBA, [0Jy4nBLLIasi Ha3BaHHE
«KOHKYPEHTHbIH poM6» (MM «ajmMasd») Mo YHUCJIy OCHOBHBIX
TPy NPEUMyYLIeCTB, K KOTOPbIM OTHOCSITCSI:

— (aKTOopHbIE YCJOBUS: JIOACKHE H MPUPOIHBIE PECYPChI,
HayuyHO-UH(POPMALIMOHHBIH MOTEHIMA, KaruTasd, WHppa-
CTPYKTYPa, B TOM UHc/ie (haKTOpbl KauecTBa KU3HH;

— YCJIOBMSI BHYTPEHHErO Crpoca: KayecTBo crnpoca, cooT-
BETCTBHME TEHJCHUHUSIM Pa3BUTHs CIIPOCA Ha MHPOBOM PbIHKE,
pa3BuTHe 00beMa CIIpoca;

— CMexKHble M 00C/yKHBaIOLLME OTPAC/H (KJIacTepbl OT-
pacJieit): cepbl MOCTYIJIEHHST ChIpbsl M MOJyhabpUKaTOB,
cepbl MoCTyruieHUs: 000pyI0BaHusi, chepbl HCMOJIb30BAHUS
ChIpbsi, 060PYLOBAHUS, TEXHOJIOTHII;

— CcTpaTerusi ¥ CTpykTypa (GUpM, BHYTPHOTpac/aeBasi KOH-
KYPEHLIUs: 1eJI1, CTpaTerdu, CcrnocoObl OpraHu3alludu, Me-
HE/DKMEHT (DUPM.

M. TToprep Bbiaesn 1BE IONONHUTE/bHbIE [IEpEMEHHbIE B
3HAUUTEJILHON CTEMEHH BJUSIOIIME HA 0OCTAHOBKY B CTpaHe —
9TO CJlydaiiHble COOBITHS (TO €CTh Te, KOTOpble PYKOBOJICTBO
(hUpM He MOXKET KOHTPOJIMPOBATh) U TOCYapPCTBEHHAS TT0JIH -
THKa [5].

Mcnonbayst TpaKTOBKY TepMHHA KJacTep, NPeyloxKeHHY0
M. Tloprepom, Kak 0CHOBOIOJIAratolLyto, MOXKHO 0603HAYHTh
TYPUCTCKO-PEKPEALMOHHBIN KaacTep, Kak epynny eeoepa-
unecku CKOHYEHMpUPOBAHHbLX, 00aadaOWuUX pecyp-
CHOUL 6a301i, 83AUMOCBASAHHOIX KOMNAHULL U CBA3AHHbLY C
HUMU Opeanu3ayuil, deticmsyrowux 6 cghepe mypucmeko-
PeKpeayUOHHbLX ycaye, 83aum000noAHAIOUUX Opye Opyea
U YCUAUBAIOWUX KOHKYDEHMHble npeumywecmsa, Kax
0MOeAbHbIX KOMNAHUL, MAK U KAacmepa 8 YeAoM.

CocTaBiisii CUCTEMY JIETEPMUHAHT KOHKYPEHTHOTO Tpe-
MMYILIECTBA TYPUCTCKO-PEKPeallMOHHOr0 KJjacrepa, B yc-
JIOBUSIX POCCHHCKOTO PbIHKA, 11eJ1ec006pasHo K (PakTOPHbIM
YCJIOBHSIM OTHECTH XapaKTEePUCTHKH TEPPUTOPHH, KOTOPYIO
3aHMMaeT KJacTep; K YCJOBUSM BHYTPEHHEro cripoca — Ty-
PHCTCKO-PEKPEalMOHHYIO  CIelLHaNU3alUI0 TEPPUTOPUH U
CJIOXKMBLIIEECS HAMpaBJeHHE TYPUCTHUECKOTO TOTOKA; K (PaK-
TOPY CMEXKHBIX H 00CJYy»KUBAIOIIMX OTPAC/Iel — MOCTABIIMKOB
YCJIYT, KaK HETOCPEACTBEHHBIX YUACTHUKOB KJacTepa; U 00b-
€/IMHUTb TaKHe CrocoObl OPraHM3allMH, KaK CTpaTeruio U
CTPYKTYPY (DUPM U TOCY/IapCTBEHHYIO MOJIUTHKY (pUCyHOK 1).

Jlnsi TpUMEHEHHUs] KJACTEepPHOW MOJENH pa3BUTHS Ty-
PHCTCKO-peKpPeallMOHHOR  OTpac/ii, TepBoOYepeHOEe 3Ha-
YyeHHe HMeeT BbIGOP TEPPUTOPHUM, B TMpeaesax KOTOPOH
pa3BUTHE TYPHUCTCKO-PEKPEallMOHHON CeTH MpHHECeT Ha-
UOOJIbLINHE 9KOHOMUUYECKHH pedysbTat. PasBuThe TypHCTCKO-
peKpealMoHHOro KoMmruiekca 6GoJiee  BBICOKOTO  ypOBHS
HanpsIMyl0 3aBUCHT OT TEPPUTOPHAJBHON OpraHW3alud Ty-
PHCTCKO-peKPEallHOHHON JIeATENIbHOCTH (OMpeie/ieHrHsT Mo-
TeHIMANa), ¥ KaK CJECTBUE, ONTUMU3ALIUN HCIOJIb30BAHUS
TYPHUCTCKO-PEKpeallOHHbIX pecypcoB. [lpu onpenesnennu
TYPUCTCKO-PEKPEALIMOHHOr0 MOTeHLHala TEPPUTOPHU Ha-
uboJjiee MpUeMJIeMO, Ha Hall B3IVIsL, M3yYeHHE cOoYeTaHHsl
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TEPPHTOPHA,  0OJ3aJar0mmas
OImpeJeTeHHEIM TVPHCTCKO-
PEKpPEAIHOHHEIM IOTCHLIHA-
ToM

TOCTABIIMEH VOIVT (VHacT-
HHEKH KIacTepa)

TVPHCICKO-
pPeKpealHOHHELR
KIacTep
TVPHCTCKO-peKpeallHoOHHaA CIOCoOE OpPTaHH3AIMHH:
CIeLHATHIANHA TEPPHTOPHH, CIpaTerHd H  CIPVEIVpA

HATIPABJIEHHE TVPHCTHYECKO-
TOIIOTOKA

tbupr. rocvIapcTEeHHAd TIO-
TTHTHEA

Puc. 1. CucTemMa feTepMUHAHT KOHKYPEHTHOrO NpeuMyLLecTBa TYPUCTCKO-PeKpPeaLMoHHOro Knacrepa

MPUPOIHbBIX, KYJbTYPHO-HCTOPHUECKUX M COLMAJBbHO-9KOHO-
MHUYECKHX PECYPCOB (PUCYHOK 2).

B ofuiem Buae ¢yHKUMOHANbHAS MOJEb MPUMEHEHHUSs
KJIACTEPHOTO TMOJIX0/Ia B TYPHUCTCKO-PEKPeallHOHHON 0Tpacsu
npejcTaB/ieHa Ha PUCYHKe 3.

LlenTtpasbHoe MeCTo B MPEIIOKEHHOH MOIEIN 3aHUMAET
TEPPUTOPHUS, BbleNeHHAsh HAa OCHOBe (DaKTOPHOTO aHa/ju3a
CYLIECTBYIOIIET0 TYPUCTCKO-PEKPEallMOHHOTO TOTeHIHAa.
HaubGoJsiee npuB/ekaresibHast TEPPUTOPUS XapaKTEPU3YeTCs:

— OJ1aroNpUsITHLIMH KJIHMATHUECKUMH YCJIOBUSIMH, HaJIH-
4HeM BOJHBIX 00'bEKTOB, pa3HOOOpA3HeM U aTTPAKTUBHOCTbIO
JanamadToB [3], HajoHuMeM 0cOOGOOXpaHSIEMbIX MPUPOIHBIX
TEPPUTOPUH, KAK MECT SKCKYPCHOHHON HAMPaBJEHHOCTH;

— arpapHbIM MOTEHIHAJIOM H BO3MOKHOCTbIO MO3ULHOHHU-
pOBaHUs TPOU3BOJUMBIX MPOJIYKTOB MUTAHHS, KaK 3KOJIOTH-
YECKH YHCTBIX;

— HaJIMuMeM MaMATHUKOB HCTOPHM (TMaMSTHUKH apXu-
TEKTYPbl M 30/4€CTBA, MECTa, CBSI3aHHbIE CO 3HAMEHATeJb-
HbIMM COOBLITHSIMH WJIM 2KH3HEIEATEJBHOCTbIO BbIIAIOLIMXCS
JIMUHOCTEH U T.JI.), apXeOJIOTHUH (KypraHbl, CTOSHKH, METPOr-

JIUbI), KyJIbTYpbl (My3€eil, XpaMbl, MOHACTLIPU U T.JL.);

— CJIO>KMBLIUMCSI CIIPOCOM HA TYPUCTHUECKHE YCJYTH, a
MMEHHO CYIIECTBYIOIEH TYPHCTCKO-peKpealuoHHOH HHppa-
CTPYKTYPOH, HarpaB/JeHHeM TYpPUCTHUECKOTO MOTOKA, CIelH -
aJu3auyell NpeocTaB/IsieMblX YCayr (aKTHBHbBIH, JeueOHO-
03[10POBUTEJIbHBIH, — TUISKHBIA, — HAy4HO-M03HABATEJbHbIH
TYPH3M U T.JL.).

CJlelylolliM  11aroM MPUMEHeHUs! KJIACTEPHOH MOJIEJH,
nocJsie Bblie/1eHHsl Hanbodee NMPUBJEKATENLHON TePPUTOPHUH
1 0603HaYeHHs] YUACTHUKOB KJacTepa, siBiseTcss (GopMHpo-
BaHHE Mep eocydapcmeennoeo peeyauposanus u nodde-
pacKU, TO €CTb NPOBEJIEHUE KAACTEPHOH MOJUTHKH MO Me-
Tojly «cBepxy-BHU3» [D]. [IpoBeneHne KiacTepHoO# MOJUTHKH
HAIpaBJIeHO B MEPBYIO OYepPe/lb HA CO3JaHHe HA BbIOPAHHOU
TEPPUTOPHH GJArONPUSTHOrO MHBECTHLMOHHOTO KJAHMaTa H
HaleJieHa Ha TIPUBJeYeHHe TMOCTABIIMKOB YCIYT (TIpearpH-
HUMaTeslel, HHBECTOPOB) W Ha CO3[AaHHE CETH B3aUMOCBS-
3aHHbIX 0O'BEKTOB, PEIOCTABJSIOUINX yeayrd. OnHol U3 Mep
rOCyapCTBEHHOTO PEryJMpoOBaHUs U MOJUIEPIKKH SIBJISETCS
cosjlaHie 0COObIX SKOHOMMUECKHUX 30H TYPUCTCKO-PeKpeall-

TVDHCTCED-DS

DS EIH 0 HHEDL

IO TEHIIAT
1 1

TR O THES EVARTYDHO-HOT ORI SCEIS COMMETEHD-

paCyYDCR paCyYDCE SEOHOMHMECEHE DECVDCE
r’g:- 003 H EMHMAET, E:-:I-];I:-;\ NDETEEN BTN n:\. I/:/::':Eh'h[ DEINSTISHAE ':rh
OORERTEL (PSR, ©3EpE, HO- ]
ToMEIDY), pamesd  (mEpsEa-
TE[, ESPINMGEEL, IEIHIEE B

T.OL), DECTHTSTEHEI H EH-

HEIZ PH

HTIO

IE[E TIDEDOIEEIR TEOT
(MEMETHARH TIPHDOIEL

:li'_-':-i"i'-]. XDEWEL H MOBSCTEIDE

THHHAIEL, CSHITOTHEE,

HEI, CTOMOEHE, kade)

TOEEIR LSHTREl (SRIEVPIHOE
DEIETSRITETEEEIZ),

CVHER H T.OL),

/

Puc. 2. CocTaBnsaiowwme TYpUCTCKO-PeKPeaLMOHHOro NoTeHuuana
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TOCVIAPCTECHEOES PeTVIHPOEAHHES H
NoIIepEEa

IOCTARIMHEH VCIVT
HHEECTOPE

TeppPHTOPHA

COITHAIBHO-3HOHOMIES CHIE

pecvpca

EVIBTVPHO-HCTOPHEE CEHE
pecypCE

NpHp 0JHEIE PECyVPCE

IOTPeduTeTH

!

cihepa vemvr
HHPPacTPYKTVpa

Puc. 3. Mogennb nNpUMeHeHuUA KnaCTepHoro noaxopa

OHHOTO THIA, KOTOpbIE B JaJbHEHIIeM MOIyT CTaThb Havalb-
HbIMM TOYKaMH (DOPMHUPOBAHUS TYPHUCTCKO-peKpPEallHOHHbBIX
KJ1aCTepOB.

HenocpenctBennbiMu nocmasujuKamu ycaye BbICTyNaoT
OCHOBHbIE YYaCTHUKH KJacTepa, B3aMMOJEHCTBHE KOTOPbIX
HanpaBJ/eHO Ha BLIMYCK LieJIeBOM /ISl KnacTepa NpoiyKuuu. B
HalleM cylyyae yuacTHUKaMH KJacTepa siBJIsIioTCs:

— 0a3oBble YUpEeKICHUS OTAbIXa, BbICTyMAalOUIUe CBOEOO-
pa3HbIM spoM KJjacTepa. K HUM oTHOcATCS 0OBbEKThbl caHa-
TOPHO-KYPOPTHOTO JiedeHHsl, PagHooOpa3Hble TOCTHHHUIBI U
6a3bl OT/IbIXa, KEMITUHTOBbIE JIareps;

— OpraHusallii, MOCTaBJIsIIOIME MPOAYKLHIO (TTPOAYKTbI
MUTaHHUs, pecypcHyto 06asy Julsi MpoBeJleHHs JeueOHbIX U 03-
JIOPOBUTEJIbHBIX TPOLELYP) WK OKa3blBAlOUIME YCAYTH (K-
CKYPCHOHHbIE, TPAHCIIOPTHbBIE, I0CYTOBbIE) Jiist 0A30BbIX yu-
PEXKICHUI OT/bIXA;

— o6cayKHUBalollide OpraHu3alii, 3aHUMaIolIHeCsT HHKe -
HepHOH (BOJO-, raso-, 3JeKTPOCHAOKEHHE ), TPAHCIIOPTHOH,
MH(POPMALIHOHHO - TeJIEKOMMYHUKALIHOHHBIMK  HH(PACTPYKTY-
pamu;

— MPEeANPHUSITUST TOPTOBJIH U OOLIECTBEHHOrO MUTAHMSI, Op-
raHMW3alli, OKasblBalollle (UHAHCOBBIE M CTPAXOBble yC-
JIyTH;

— oOpasoBare/ibHble M Hay4YHO-HCCJE/I0BATEIbCKHE YyU-
perk/ieHHs], KaK OpraHu3alik CrocoOCTBYIOLME MMOBBIILICHHIO
KauecTBa MpeloCTaB/IeHHUsT YCIYT.

[lompebumenamt ycayr TypPHUCTCKO-PEKpeallHOHHOTO
KJacTepa BbICTYNAIOT TYPUCTbI — JIIOJH, TTOCELIAOLIHE BhIjie-
JIEHHYIO TEPPUTOPHIO C 11€JIbI0 BOCCTAHOBJIEHHS (DU3HUECKHX,
MICHXUYECKHUX, HHTEJJIEKTYaJIbHbIX U JYXOBHBIX CHJI, Uepe3 Hc-
M0JIb30BAHUE KaK TMPUPOJAHBIX, TaK W MPUPOAHO-AHTPOIO-
reHHbIX (hakTopoB. [IpuB/eKaTe/LHOCTL TOU WM UHOU Tep-
PHUTOPHH 3a4aCTYIO OLIEHHBAIOT 110 MOTPeOUTE/ILCKOMY CITPOCY
Ha MpeloCTaBJeHle TyPUCTCKO-peKpeallMoHHbIX YCIyT B ee
npejiesiax, KOTopbIi XOPOLIO MPOCJeKUBAETCS B HAMPaBJIeHUN
TYPUCTHYECKOTO 110TOKA. OHOBPEMEHHO C 3THM, CJIeLyeT OT-
MeTUTb TaKoe HarpaBJjeHHe, Kak <«JIuKui» Typuam. [loc-

KOJIbKY COOpP CTaTHCTHYECKHX JAHHBIX B 9TOM HarpaBJeHHH
NPaKTHYECKH HE BOBMOXKEH — €0 PEJIKO YUUTBIBAIOT [P aHa-
JM3e TypucThueckoro notoka. Ho npu npoBeneHuu anaju-
THYECKOH OLEHKH C yUeTOM BbIllIeyKa3aHHOTO BHAA TypU3Ma
BBIIEJISIIOTCS JIOMOJIHUTE/IbHBIE TIOTOKH, HamnpaBJeHHble Ha
nepCreKTHBHbIE JUIsT OCBOEHHsS] TePPUTOPHUH. AHAIU3 TIOTpe-
OUTEJILCKOrO CIIpoca Ha TYPUCTCKO-peKpealHoHHbIE YCayTH
B MpefesiaX BblICJEHHONH TEePPUTOPUU MO3BOJSIET paspaba-
TBIBATh CTPATETHH ee pa3BUTHS, HarpaBJeHHble Ha paculu-
penue cet 6a30BbIX yUpexKIeHUH OTAbIXa. B cBoIO ouepesp,
POCT NOTPEOUTENLCKOrOo Clpoca Ha NpelocTaBJsieMble YCIyTH
(MpoKUBaHMS1, MUTAHUS1, IOCTABKH, Pa3BJeyeH s U T.11.) NPH-
BOJIUT K YBEJIMYEHHIO KOHKYPEHLIMM MexK/y OCHOBHBIMH ydac-
THHUKAMH KJlacTepa, U, KaK CJAeCTBUE, K POCTY KayecTBa rnpe-
JIOCTABJIIEMbIX YCJYT, KOTOPOE 3aKJ0UaeTcs B yJyullleHHe
urppacmpykmyprot cemu u cgpepol Yycaye B LEJOM.

Mcexonst M3 BbIIIECKA3AHHOTO, MOYKHO BBIIEJNUTh CJIEJy-
tole 0CoOEHHOCTH NPUMEHEHHS KJIaCTePHOH MOJEH B Ty-
PUCTCKO-peKpeallHOHHOH OTpaCIH:

Bo-nepBbix, 3T0 cBoeoOpasHasi TEpPPUTOPUAIBLHO-pE-
cypcHasi OpHMEeHTHPOBAHHOCTb, KOTOpasl 3akJtovyaercss B Tsi-
TOTEHUH K TEePPUTOPHUSIM, 0O0JafaoUM MaKCHMaJlbHbIM
TYPUCTCKO-PEKPEAMOHHBIM TMOTEHIHAIOM, B Mpeieaax Ko-
TOPbIX BO3MOXKHO Pa3BUTHE PAa3JIMUYHBIX BHIOB TYPHCTCKO-
peKpealnoHHON 1eTeJIbHOCTH.

Bo-BTophbIX, 3TO NPUBSIBaHHOCTb MOTpeOUTENEH K TeppH-
TOPHH M HEBO3MOXKHOCTb peasin3allii MPOyKIHH JAaHHOTO
KJlacTepa 3a ero IpejeJsiaMHu.

B-Tperbux, 3T0 ueTKas opueHTalUsi TTOCTABIIMKOB yCJIyT
Ha mnoTpeOUTeJIsl, MOOWJIbHOE pearupoBaHMe Ha MOTpeOu-
TeJIbCKUH Crpoc.

[IpuMeHeHHe KJIAaCTEpHOro MOAXOAa B TYPUCTCKO-PEKpe-
ALlMOHHOH OTpac/ii MO3BOJISET He TOJBbKO MOBBICHTH KOHKY-
PEHTOCTIOCOOHOCTL BCEX YYACTHMKOB KJacTepa W yKPeruThb
CB$13M MEXKJly HUIMH, HO 1 YBEJIMUNUTb MOTPEOUTENbCKUH CPOC
Ha NpeLoCTaBIsieMble KIAAaCTePOM YCJIYTH M MPUBJIEYb JI0MO0J-
HUTEJIbHbIE HHBECTHLIHOHHbIE TTOTOKH.
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IKOHOMUKA U YIIPABJIEHHE

BHyTpeHHME CUTYALMOHHbIE YCJI0BUA KaK COCTABHAA YaCTb CUCTEMDI
ynpaBJieHYeCKUX TeXHONOruin

BrickpebeHuesa A.C., KaHLMAAT 3KOHOMUYECKUX HAYK, LOLEHT
Py6uoBckuit MHCTUTYT (hunuan) AnTaickoro rocyfapcTBEHHOrO YHUBEPCUTETA

KommuiekcHbll  aHamu3 (MOCTOSIHHBIA TOMCK BO3MOXK-
HOCTEH) W MPOTHO3UPOBAHME CHCTEMbl BHYTPEHHHX CHUTya-
LIMOHHBIX YCJOBHH CJY:KHT LeJISIM CTPaTerHuecKoro rnijaHu-
pOBaHUsl M NPOBOJUTCS C 1€PUOJMUHOCTDIO, 3aBUCSLLEH OT
JAMHAMUYHOCTH H3MEHEHHUH BHYTPEHHEH CHTyaUUn U Heo6X0-
JIMMOCTH afianiTalliy K BHEITHUM H3MeHeHUsIM. AHAH3 BHYT-
PEeHHHUX CHTYallMOHHBIX YCJIOBHH KacaeTcsi BONPOCOB pabOTh
(hYHKIHOHA/BHBIX TMOAPA3eACHNH, XapaKTepUCTHK KOMII-
JIeKca MapKeTHHra W XapaKTepUCTHK MOTeHIHajla OpraHu-
3aluu. AHa/mM3 MOXKeT MPOBOAUTHCS HAa OCHOBE KOMILIEK-
CHBIX I1POLIEYP 3aKJIIOYHTENBLHOTO KOHTPOJIS.

PykoBomuTen  GOJBIIMHCTBA OTHOCHTENBLHO  3dek-
TUBHBIX OpPraHU3alMi B paMKax TEKYyLLero KOHTPOJs Mpo-
BOJSIT OMEPATUBHbIH MOHUTOPUHI TeKylled paboThbl Moc-
pPeICTBOM onpejiesieHnsl OTKJIOHEHHH B COMOCTABJEHUH C
MPOLIIBIMU JIOCTHKEHUSIMH (B TOM UMCJe, YCTOSIBIIHECS
cTanaapTbl ucnoJHeHust). [Tockosbky B GOJbLIMHCTBE CJly-
yaeB (opMmasii30BaHHble pe3yJabTaTbl MJIAHUPOBAHUS OT-
CYTCTBYIOT, TO He MPOBOJAUTCS CONOCTaBJeHHe TeKyllel pa-
60TbI C NJIAHOBBIMU ToKazaTessiMu. Tekylas uHpopmalus
BHYTPEHHEH CHTyalUHH COOUPAETCs B OTHOLICHHH:

* TeKYLUMX MaTepUasbHbIX MOTOKOB (OCTATKM H H3Me-
HeHHUs );

*  TeKYLIHUX JIeHEKHBIX TOTOKOB;

*  KauyeCTBEHHbIX XapaKTePUCTHK MPOIYKIIHH;

*  OTKJIOHeHHH B paboTe nmepcoHasna.

CXeMaTHYHO METOJIMKY YIPOILIEHHOTO aHalu3a MOXKHO
NpeaCcTaBUTh B celytolieM Buze (puc. 1).

AHanu3 haKTUYECKNX U BO3MOXKHBIX XapaKTepUCTUK
KOMNEeKCa MapKeTUHra

1. Anasu3 ¥ MpOrHO3UPOBAHHE XaPAKTEPUCTHK TOBAp-
HOTO MPeJINIOKEHHsT

AHaJiM3 ¥ IPOrHO3HPOBaHHE XapaKTEPUCTHK TOBAPHOTO
NpeyIoyKeHNsl I0JPKEH UMETh B KauecTBe 1eJeBOH OpHeH-
TalUK onpejiesieHHble (PaKTUUECKHE U TIPOTHO3HbIE MOTPes-
HOCTH 06CJy>KMBAaeMble OpraHu3alyei 1eJieBble PhIHKH (Xa-
PAKTEPUCTHKH TOBAapa He CyLIECTBYIOT abCTPAaKTHO OT TeX
noTpeOGHOCTEH MoJb30BaTesNed TOBapa, KOTOPble OH YI0B-
JgetBopsieT). MHorue poccurickue npeanpusiTUs CTPeMsITCs
K JIOCTHXKEHHIO KOHKYPEHTHOTO MpenMylilecTBa B XapaKTe-
PUCTHKAX TOBAPHOIO MpeJioxKeHusi 6e3 KOHIeHTpaluu Ha

«CBOUX» LEJIEBbIX PblHKAX. BbICOKUI ypoBeHb KOHKYPEHT-
HOTo napureta (TBeplible PIHOUHbIE TIO3ULMH) MO3BOJISIET,
a0bcTparupysicb 0T PbIHOYHBIX MOTPeGHOCTEH, MAaKCHMU3HU-
poBaTb 06beMbl [IPOU3BOACTBA [TOCPEACTBOM PEryJIHPOBKH
LICHBI.

2. Anayiu3 M TMPOTHO3UPOBAHHE XapaKTEPUCTHK LIEHBI
BKJIIOUaeT B ceOs:

1) aHayu3 U nNporHo3upoBaHue JOXOJAHOCTH MO3UIHI TO-
BAPHOTO MPELJIOXKEHUS, B TOM UHCJE, ¢ MO3ULHUU 3aTpaT
Ha JOCTHXKeHHe TpeOyeMOro ypoBHsl KauecTBa; C I103HLHH
amopTH3auun 00OpYI0BAaHUS W TEXHOJOTHYECKHUX paspa-
60TOK, C MO3HUMH MepeHananok; ¢ Mo3uluk TpedyeMoit
cObITOBOI paGoThl (HanpUMep, HajlMyMe 3anacoB, cpoyHas
nocTaBKa, B3ATKH, pekJaMHas MOJAAEPrKKa); aHaju3 H
MPOTHO3UPOBaHHE 06beMa U CTPYKTYPbI 3aTPaT Ha MPOU3-
BOJICTBO H peasiu3aluio NpolyKLHH;

2) aHa/aM3 ¥ NPOrHO3MPOBAHUE BO3MOXKHOCTEH MpH-
OJIMAKEHUST XapPaKTEePUCTHK LEeHbl MOTPEOHOCTAM «CBOMX»
LeJ1eBbIX PbIHKOB, BO3MOXKHOCTEH peryJMpoBKH Xapakre-
PUCTUK DPBIHOYHOTO MpelioxKeHus1 1eHol. JloyKHA OblTh
OpHEHTAlIUS XaPAKTEPUCTHK 11€Hbl HA MOTPEGHOCTH <« CBOUX»
LeJsieBbIX PbIHKOB. LleHa Jo/KHA perysupoBaTh pas/inyus
(MpeanouTeHUst 1LeJEBBIX PBIHKOB) B PBLIHOYHOM TpEJJIO-
JKEHUH:

*  XapaKTepUCTHKH KauyecTBa TOBApoOB (cTabUJbHblE Xa-
pPAKTEepPUCTHKH ), pasHble MOTPeOUTeJNbCKHE CBOKCTBa, Tra-
paHTHiHble 00513aTe/bCTBA,;

+  0o0beM NocTaBku (MapTHH TIPOU3BOACTBA) (MUHHUMH-
3auus 3aTpar Ha nepeHataiky o60pyloBaHus );

*  IJAaHOBOCTb, B TOM 4HcJe CTaOMJIBHOCTb MOCTABOK
(npeaBapu, TesbHbIN 3aKa3);

*  YCJIOBHUS OMJIATHI;

*  CPOK BBINOJHEHHUs 3aKa3a (YpOBeHb MJAHOBOCTH pa-
60THl OpraHU3aLMH );

*  CE30HHOCTbL cripoca. Ec/iu HeT onpefesieHus LeseBblX
PBIHKOB, TO TPAKTHYECKH HEBO3MOXKHO BbISIBUTb (DaKTOPHI,
onpeessiollie Ce30HHOCTD;

*  YCJIOBHUS JIOCTABKH (MOrpy3ku) (cTaGu/bHble XapaKTe-
PUCTHKH).

[IposiBieHHEM HeNOCTAaTKOB (HEe MpOopabOTaHHOCTH)
MeTola 11eHo06pa30BaHus SIBJASETCS Hanuue «He agu-
LIMPYeMbIX>» JIbFOTHBIX corJalleHuil. bBasanc uHTepecoB
JIOJDKEH ObITb JOCTHUTHYT B PaMKax OTKPBITBIX XapakTe-
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AHanu3 GaKTUYECKUX U BO3MOKHBIX AHanu3
XapaKTepUCTUK KOMILIEKCa MapKeera U IIPOTHO3UPOBAaHUE NOTEHIUAIA

| |
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4 N
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N ) MOTEHIIMaNa

Puc. 1. Cxema aHanu3sa BHYTPEHHUX CUTYALLUOHHbIX yCﬂOBMﬁ B cucteme ynpaByieH4€CKUxX TeXHONOoruni

PUCTHK KOMILJIEKCA MAPKETHHTa JIjisi OTOOPAHHbBIX LEJEeBbIX  OTOOpPAHHBIX PhIHKAX ((paKTHUeCKHH CObIT MacCuBeH — J1006-
PBIHKOB (OoulIHaNbHble auIIHPyeMble JIbIOTHI 32 OMpe/ie-  POCOBECTHOE CTPEMJIEHHE XOPOILIO pearnpoBaTh U YIOBJET-
JIEHHbIE YCJOBUSI COTPYJHMUECTBA ), TJle LieHa CJYKHUT Pery-  BOPSATb crpoc). be3 opueHTallu Ha OMpejie/IeHHbIE 1leJIeBbIe
JIUpYIoLLeH BEJTMYMHOH. PBIHKH cHCTeMHasi cObITOBAsi aKTUBHOCTb (OpHUEHTAallHsl Xa-

[1pu oTcyreTBHH paGoThl CO «CBOMMH» pbIHKAMH 60Jib-  paKTEPUCTUK OOCJY:KMBAaHHUS, JIOCTYMHOCTH W CTHUMYJIH-
IIMHCTBO OpraHU3alluil MPUXOAUTCS yUacTBOBATh B 1IeHOBOH — poBaHusi cObiTa Ha TOTPEOHOCTH OTOOPAHHBLIX PLIHKOB) H
KOoHKypeHlun. OpueHTalllsl Ha LEHOBYIO KOHKYPEHIIHIO 03-  yIpaBJieHHe pblHKaMU HeB03MOxKHbl. Heobxonuma nudde-
HayaeT MpHU3HaHHe, UTO PbIHOYHOE MpPEeJIOKeHHEe TOH WJIH  peHUMalUsl XapaKTepPUCTHK CHCTeMbl CObITOBOH paboTh /115
MHOH OpraHu3aldu He sBJseTCs TPUOJMKEHHBIM K TMOT-  pasHbIX LeJeBbIX PbIHKOB. OTCyTCTBHE AU(QepeHiranu
peOHOCTSIM 11eJ1€BBIX KJIUEHTCKUX I'Pymnn. Ec/u ecTh pa3-  11eJeBbIX PHIHKOB JIMILIAET KPUTEPHS B IPUHSATHH pellieHnsT —
JIUYUSl B KauecTBe MPOAYKIHH, YCIOBUSAX 0OCTYyKUBAHUSA,  KJAMEHTbI, U3 KAKHX 11eJIeBbIX PhIHKOB HMEIOT TIPEUMYIILECTBO.
JIOCTYITHOCTH M CTUMYJUpPOBaHUM cObITA, TO 1leHOBOH KOH-  [lo3ToMy He0OX0MM: aHa/M3 BO3MOXKHOCTEN MPUGJIIKEHUS]
KYpPEHLUH ObITh HE MOXKET. XapaKTePUCTUK 0OC/YKUBAHUS, TOCTYMHOCTH U CTUMYJIHUPO-

B GosblnHeTBE ciydaeB cObiToBasi paboTa CBOAUTCS K BaHHUsl cObITa K MOTPEGHOCTSIM «CBOMX» LeJIEBbIX PHIHKOB;
MAaCCHBHON JIUCTIETUEPCKON (PYHKIMH TMOJYUYE€HHUsS W BbINOJ-  aHajdu3 CTaOMJIbHOCTb CYLIECTBYIOLIEH KJAMEHTCKOH 6a3bl B
HeHWs 3aKa30B (JIOCTYMHOCTb) H WMH(QOPMHUPOBAHUS KJH-  paMKax 3aKpPErJIEHHOTO 3a OTBETCTBEHHBIM COBITOBHUKOM Li€-
€HTOB O XapaKTEePUCTHKAX PbIHOYHOTO TMPEIJOKEHHUs] Opra- — JIeBOTO PbIHKA; aHAJU3 ONepaTUBHOM JOCTYITHOCTH TOBAPHOTO
HU3alWK (CTUMYJHMpoBaHue cObiTa) 6Ge3 KOHUEHTpAllMK Ha  MPeJIozKeHHUs], UCMOJIb30BaHHE TEXHOJOTMH «TOYHO B CPOK>.
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Kpowme Toro, Tpebyercs:

*  [JaHMpOBaHHE OCTAHOBOK MPOM3BOACTBA (MPOTHO3M-
pPOBaHUSl TEXHHYECKHUX HEMOJAN0K) U MJaHUpPOBAHHE CoXpa-
HeHM$1 PBIHKOB (3arachl FOTOBOH TPOJIYKIMH ); MJIAHHPOBAHUE
00eCIevYeHHs ChIpbeM,;

+ pabora 110 HaJllaXKMBAHHUIO H MOIEP2KAHUIO CBSI3H C I10-
TeHUHAJIbHBIMHU MOKYTATENSIMU 110 pacpoCcTpaHeHHIO HHOP-
MalKH O PHIHOYHOM MPEUIOKEHHUH OPraHu3aluH (CTUMYJIUPO-
BaHue cObITA) ¢ KOHIIEHTPALMEN HA « CBOMX» PbIHKAX.

AHa/su3 ¥ TMPOTHO3UPOBAHUE CMAOUALHOCMI XapaKTe-
PHCTUK KOMILJIeKCa MapKeTHHIa BKJIloYaeT B ceOs:

*  aHaJIu3 U POTHO3UPOBaAHHE TEKYLLEH U IepCIeKTHBHON
CTaOMJILHOCTH (YNPaBJ/IsieMOCTH) XapaKTEPUCTHK KOMIlIeKca
MapKeTHHTa;

*  aHaJM3 BO3MOXKHOCTEH MOBbILLIEHHs] CTAaOMJIbHOCTH Xa-
PaKTEPUCTUK KOMILJIEKCA MAPKETHHTA.

BoJ/IbLIMHCTBO poCCHICKUX opraHusauuii He obecreuu-
BaeT CTaOWJILHOCTb XapaKTepPUCTHK CBOETO KOMILIeKca Map-
KeTHHTra (B TOM YMcJ/e, TOBAPHOTO Nnpeioxkenus ). Ecan y Toit
WM MHOH OpraHu3aluu CyLLecTByeT Heo053aTe/IbHOCTh, He-
MOCTOSIHCTBO XapaKTEPUCTHK KOMIJIeKca MapKeTHHra (Ha-
npuMep, CPOKH MOCTABKHU MPH TPEABAPUTELHON OMIaTe ), TO
9TO OJIHa M3 OCHOBHbBIX XapaKTEePUCTHUK ee paboTbl. Berpeua-
I0TCAl CJlydad HecTaOU/IbHOCTH CJIELYIOLIMX XapaKTepHUCTHK
KOMIIJIeKca MapKeTHHTa:

*  KayecTBa NPOAYKLMH;

*  CpOKa BbINOJHEHUS 3aKa3a (B TOM UMCIIE, OTIaYeHHOr0);

*  LI€Hbl B 3aBUCHMOCTH OT MPOTHO3UPYEMbIX (PaKTOPOB
(Harmpumep, ce30HHOCTL cripoca); Hanuuue He aduuimnpy-
€MbIX JIbIOTHBIX COIVIalleHUH o3HayaeT He npopadoTaH-
HOCTb CHCTEMbI CKHJIOK.

*  JIOHECEHHUs] JI0 «CBOMX» LI€JIEBbIX PbIHKOB HMH(DOP-
Malli1 O PHIHOYHOM MPEJIOKEHHUH;

*  pEeKJaMHbIX MEpONpPUATHH,
HeYyHoe notpebJieHue.

AHaJIu3 ¥ TPOrHO3NPOBAHUE XAPAKMEPUCTUK 2UOKOCMU
KOMIIJIeKCa MapKeTHHTa BKJtoUaeT B ceOst:

*  aHaJu3 M MPOrHO3UPOBAHHE TEKYLIMX M IepcreK-
THUBHBIX XapaKTEPUCTHK T'MOKOCTH PBIHOYHOTO TPEIo-

CTUMYJIMPYIOIIUX KO-

skeHust. OrnpesiesieHye 10MyCTUMbBIX OTK/JIOHEHUH OT 0611ero
KOMIIJIeKCa MapKeTHHTa (B pa3pese 11eJ1eBbIX PHIHKOB );
BO3MOXKHOCTEeH TPHOJIMKEHUST XapaKTe-
PHCTHK THOKOCTH PBIHOYHOTO TMPEJOKEHHST K TOTpes-
HOCTSIM «CBOHMX>» LIEJICBbIX PbIHKOB.

* daHaJiu3

AHanus un NPpOrHo3MpoBaHue noTeHyunana

KosmuecTBeHHO M KayeCTBEHHO ornpenaeJeHHbie UeJU B
OTHOUIEHHWH XapaKTEPUCTUK KOMIIJIEKCA MapKEeTHUHTa (Ha ocC-

HOBE aHa/M3a BHELIHeH CHUTyaluH) SIBJIAIOTCS KpUTepHeM
JUISl aHaJiu3a W TPOrHO3UPOBAHUS MOTEHLHAA U OCHOBOH
JUISl OTIpEe/ie/IeHU LieJIel B OTHOLLIEHHH MOTEHIIHAJ/a OpraHy-
3alMHU (pecypcHbIH U yripaB/aeHYecKHH ).

AHaauz u npoeHo3uposarue YnpasaeHuecKkoeo no-
MEeHYUALQ COCOUM U3

*  aHaJM3a M [POrHO3MPOBAHMS CHCTEMbI YIpaBJleH-
YeCKUX TEXHOJIOTHH HA ypOBHE OpraHu3alluM B 11eJIOM W Ha
ypoBHE (DYHKUMOHAJbHBIX TIOAPA3NCJACHUH [0 pasjiesam:
cTpaTertueckoe TMJIAHHPOBAHUE; OMepPaTHBHOE MMJIAHHUPO-
BaHHe;, CTPYKTYpPHUPOBAaHWE W OpraHuzalus paboT; ynpas-
JIEHHE TIePCOHAJIOM; KOHTPOJIb 3((EKTHBHOCTH PaboT;

*  aHaJM3a W NPOrHO3MPOBAHMS PabOTHI yrpaBJjeHYec-
KOro nepcoHasa (Mo pedysnbraTaM 3aK/OUMTEJNbHOTO KOH-
TPOJIs );

*  aHa/u3a BO3MOXKHOCTEH COKpallleHHs YIpaBJeHIeCKUX
3arpar.

AHaaus u npoeHO3UPOBAHUE QUHAHCOBO20 NOMEH-
yuara sxarouaem 6 cebs:

*  aHaJIM3 BO3MOXKHOCTEH COKpallleHHsi (PUHAHCOBbIX
3aTtpart (3a noJjib3oBaHue UHAHCOBBLIMU UCTOYHHUKAMH ).

AHaaus u npoeHo3uposarue npouU3BOOCMBeHHO20o
nomenyuara 8Kaowaem 8 ceos:

*  aHaJii3 U TMPOTHO3HPOBAHHE MPOU3BOJICTBEHHOIO MO-
TEHLMaNa B COMOCTABJEHUH C MEPCHEKTUBHBIMH PbIHOY-
HBIMH LLEJISIMU;

*  aHa/J U3 M TMPOTHO3UPOBAHHE TEXHOJOTHYECKHX (Ha-
YUHO-HHHOBAIIMOHHBIX ) BO3MOXKHOCTEH;

*  aHaJM3 TEXHOJIOTHM KOHTPOJIS KauecTBa MPOIYKIIHH,
paGoTa Mo BbISIBJEHUIO «HEMOJKOHTPOJBbHBIX» TPOU3BOJIC-
TBEHHOMY Mpoleccy (akTopoB BJMSIHHS (B pamMKax ynpas-
JIEHHS] KayeCcTBOM JIOJLKHO ObITb BbISIBJEHO MaKCHMaJbHOE
(ucxonst U3 Tpe6GoBaHus 3PHEKTUBHOCTH KOHTPOJIsT) YHUCIIO
MOJKOHTPOJIbHBIX (PAKTOPOB BJIHSAHUSA );

*  aHaJqM3 BO3MOXKHOCTEH COKpallleHus MPOU3BOJC-
TBEHHbIX MaTePHAJIbHBIX 3aTpaT (B TOM UHCJIE, ChIPbS, KOM-
MJIEKTYIOLUX, SHEPIHH, MHBEHTAPs!, NPOYUX MaTepHaJIbHBIX
3aTpaT, KOMaHIMPOBOUHbIX PACXOLOB, UCIOJb30BAHUS Tep-
PUTOPHH ) U HAYUHO-HUCCIEN0BATENbCKUX 3aTPaT.

B naHHO# craThe paccMOTpEeH JHIb OMH 3JE€MEHT CHC-
TEMbl YIPaBJEHUECKUX TEXHOJIOTHH (CTpaTeruuecKoe mJiaHu-
poBaHue ), 0JIHAKO OTMETHM, UTO BCs CHCTEMa TpeJICTaB/eHa
CJIEIYIOLLMMH SJIeMEHTaMH:

*  aHaJiM3 U MPOTrHO3MPOBAHHE CHCTEMbl BHELIHUX CHTYa-
LUUOHHBIX YCJIOBUI;

*  aHaJu3 W TIPOTHO3UPOBAHHE CHUCTEMbl BHYTPEHHHUX CH-
TyalMOHHbIX YCJIOBHI;

*  pbIHOYHOE TMJIAHMPOBAHME;
uuaJga.

NnJgaHupoBaHue IOTEH-
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Mpo6nembl U NnepcNeKTMBbI KOMMEpPLMANU3aLMM UHHOBALUM
Ha 6a3e manbix npeanpuaTuit B Poccum
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[lanbHeBOCTOYHbIN FOCY[APCTBEHHBIN YHUBEPCUTET NyTeil COOBLLEeHN
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Lleab cmamou goldeaumo areopumm OYeHK UHHOBAYLOHHOL paspaboOmKL HA 8APUAHIT B03MONCHOU KOMMEPYUA-
AUBAYUL U PACCMOMPENnb KpUmepu OyeHKu UHHOBAYUOKKO20 NOMEHYUALA MAL020 NPeOnpUAmuUsL 04 yeael nocae-
dyrowett KOMMepyuaIu3ayul Ha ee 0OCHOBE HAYYHO-MeXHUYeCKux pa3pabomok u opyeux uHHosayull.

The article aimed to describe and stress the algorithm of innovation project appraisal on case of possible commercial-
ization and consider estimation criteria of innovation small-scale enterprise with the object of further commercializa-
tion on basis of scientific and technical researches and others innovations.

prHO‘-IHaH 9KOHOMHKA CyllecTByeT B Poccun GyKBasbHO
JBa fecsitunetusi. Kommepimanuaaiys vHHOBAlME ¥ Ha-
VUHBIX Pa3padboTOK, CJAeJ0BATEJNbLHO, UMEET TaKKe HeJaBHIO0
UCTOPHUIO, TAaKXKE KakK M MaTeHTHoe MpaBo. B naHHoM ac-
neKTe aBTop coOHMpaeTcsi pacCMOTPETb BOMPOC O Meperek-
THBAX Pa3BUTHS MaJblX MHHOBALMOHHBIX Mpeanpusithii. M-
HOBALIMK MOTYT ObITb KOMMEPLMANH30BaHbl, JHOO CaMHUM
usobpeTtaTesieM, MOCPEJICTBOM OTKPBLITUSI HHHOBALMOHHOTO
NpeANnpUsTUsl, JUOO MPUMEHSIT OTKPbITHE HA Y2Ke CYLLECTBY-
oKX pupmax, JMO0 MyTeM Mepeiaud TPeTbUM JIMIaM NpaBa
Ha KOMMepLHa/lu3aLuio HHHOBALMOHHON pa3paboTku. Hefic-
TBUTEJILHO, €CJIM MOCTABUTb BOMPOC, KAKOU MyTh AJI1 HHHO-
BaTopa HauboJiee MPUEMJIEM: MPOAATH MAaTEHT KOPIOpPaTHB-
HOMYy OM3HeCY WM BHeJPSTb HHHOBALMIO B MPOU3BOJCTBO B
CEKTOpe MaJIoro NnpearpuHUMaTeNbCTBA, BLICTYNAKD U KaK HH-
HOBATOP, U COYUPEIUTENb HHHOBALMOHHOU (DUPMBbI.

Eciu 00paTuTbCst K NOHATUHHOMY anmapary, TO B OCHOBe
LEHTPOBBIX B JAHHOH CTAaThe TEPMUHOB — HOBIIECTBO, HHHO-
BallUsl U KOMMEpLHAIU3aLus CTOAT CJI0BA aHIVIMICKOro Mpo-
ncxoxaeHusi. [ToHsTHe «HOBIIIECTBO» TPAKTYeTCsl KaK HOBast
ujesi, KOTopast MoxKeT ObITh peoOpa3oBaHa B HOBbIH MPOLYKT
WJIH HOBYIO TEXHOJIOTHIO, HOBBbIH MeTon. [loHsiTMe «HMHHO-
BaLMsI» MOHUMAETCST KaK HOBBII HJIH yCOBEPIIEHCTBOBAHHBIN
MPOJYKT WJIM TEXHOJIOTHIO, CO3JIaHHYIO B Pe3yJbTaTe MCIOJb-
30BaHUS1 HOBILIECTBA M pPeaJM3yeMyl0 Ha pPbIHKE WJIH BHEJ-
PEHHYIO B MPOU3BOJACTBEHHYIO, YIPABJEHUECKYIO WJIM HHYIO
JlesitesibHoCTh. [Ipoliece Takoro npeo6Gpa3oBaHusi HA3bIBa-
eTcsl MHHOBALIMOHHBIM mpolieccoM. [Ipoliecc BBeneHUS] HOB-
111€CTBA HA PBIHOK MPHUHSITO HA3bIBATh MPOILECCOM KOMMEPIIH-
anusaiyi. C MOMEHTA MOSIBJICHHST HOBLIECTBA HA PbIHKE OHO
CTaHOBUTCS HHHOBALIMEH.

BnauaJie ciiejtyeT oCBETHTD acreKT BHEJIPEHHsT MHHOBAIIHH.
OTO MOXKET MPOUCXOJUTh HA KOMMEPUYECKOH OCHOBE, TO €CTh
3a JeHbru. Torma 3To To, YTO MPHUHATO HA3bIBATH KOMMEPLIHA-
Jausatert. MoxkeT W He C 1eJblo ToJrydeHust NPUObIIN — He-
KOMMepuecKoe BHeapeHne. PaccMoTpum npoliecc BHEAPEHHUsT
MHHOBALMK M CO3[aHHEe MHHOBALIMOHHOTO MPOJYKTa Ha Oase
MaJIoro MHHOBAIMOHHOTO TPEANPHUATHS. 3/1eCh BaXKHbI JIBa
MOMEHTAa — OpraHuW30BaTh MPOU3BOJACTBEHHbIH Mpoliece, U

BTOPOH — He MeHee BaXKHbIH C TOUKH 3pEHUsT IOCTHIKEHHUST KO-
HEYHOro peayJbTaTta — IPEACTaBUTb MHHOBALMOHHBIA MpO-
JIYKT Ha pblHKe, «rpofatb». Cie/lyeT MOMHHUTb, YTO WHHO-
BallMOHHAS JIeITEJbHOCT MUMEET YHHUBEpCaJbHbIA Xapakrep.
Ona npucyTcTBYeT Ha JIOOOM H3 9TAroB HHHOBALMOHHOTO
npotuecca MCC/1e10BaHUs - Pa3padoTKH -TPOU3BOJICTBO-pac-
npocTpaHeHue (MCMoJb30BaHKWE HA MPAKTHKE), HO U BHE €ro,
B rpoliecce MpuoOpeTeHust NaTeHToB, JULEH3HH, PACKPbITHS
Hoy-Xay, noJsieaHblx uiaei. CieayrouuM OCHOBHBIM YCIOBHEM
JUIsl BHEJIPEHUS] MHHOBALUH SIBJSETCA HAJIHYHe SPPEKTUBHON
CHUCTEMbl MAPKETHHTA U COBITA, OCYLIECTBISAIOLIEH CBA3b MPe/l-
MPUSATHS C KOHEUHBIMH MOTPEOUTEISIMHU C LIEJbIO TOCTOSTHHOTO
BbISIBJIEHUS] HOBBbIX TpeGOBaHWH TMOKyMaTesel, MpebsiBisi-
eMbIX K KayecTBY MPOH3BOAMMBIX TOBApPOB H ycIyr. OTMETHM,
YTO J/I51 OCYLLECTBJIEHHSI HHHOBALIMOHHON J€SATEJIbHOCTH HEOO -
XOIUMO HaJIMuMe HHHOBALIMOHHOTO MOTEHIIMAJA MPETPUSITHS.
Boo6uiie, ecsin 06paTHTCSl K MCTOKAM TepPMHHA MOTEHIHAJ, TO
CJIOBO «TOTEHLMAN» B CBOEM 3THMOJOTHYECKOM 3HAaYeHHH
MPOUCXOUT OT JIATHHCKOTO cjloBa «potentia» 4to o3Hauyaer
CKPBITbI€ BO3MOKHOCTb, MOLLHOCTb, cHily. B Bosbluoi Coset-
CKOH DHUMKJIONENMH PUBOAUTCS ONpe/ieJieHle TePMUHA «T10-
TEHUMaN» KaK «CPeJCTBa, 3arachl, ICTOYHUKH, UMEIOLLHeCs B
HaJIMUKK U MOTYIIHE ObITh MOGUIM30BAHBI, IPUBE/IEHDI B JleHiC-
TBHE, UCIMOJb30BAHbI JIIsl JOCTHKEHHS OTpeeJIeHHbIX 1leeH,
OCYILIECTBJIEHHS TJIaHa; pelleHusl KakoH-iubo 3a1adu; BO3-
MOKHOCTH OTJIEJILHOTO JiMla, 00lllecTBa, rocyaapersa B oOll-
pesiesieHHoi obaactu». Takum 06pasom, MOXKHO B3sITh 3a OC-
HOBY, UTO HHHOBALMOHHBIH MOTEHLMAJ NPENPUATHS, 3TO BCE
BO3MOXKHOCTH (DUPMBbI, B MaTepHaJbHOM M HeMaTepHaJbHOM
BHJIe, KOTOpblEe MOTYT ObITh HarpaBJjeHbl Ha CO3[aHue, BHE-
peHHe ¥ MpOJABHKEeHHE HHHOBALMOHHOTO Mpoaykra. KHHo-
BALlHOHHBIA MOTEHLIMAJ XapaKTepU3yeTcsl KaK COBOKYIHOCTD
pasJyiMuHbIX rnoreHuuano. KosnyecTBeHHO, HHHOBALMOHHBIN
NoTeHLKa/ NpeylaraeTcst OLleHUBATh, HCMOJb3Ys cucTeMy 6a-
30BbIX MoKazareJiek (popmysna Ne 1):

[T npennpusitus = I1,+ [, + 1, + I+ T4 I1,, rae
[1, — uHTeNeKTyaJbHBIH MOTEHIHA, OTIPeaeseMbIH KOJIH-
YeCTBOM CIELHANUCTOB, 3aHSATbIX MHHOBALMOHHON JesiTelb-
HOCTbIO B 00LLeH YUCAeHHOCTH Tpyasaimxes; 11, — naydno-
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HpOBepKa Ha HOBU3HY UJCHU U IIPOBEACHUEC ITATEHTHOI'O IIOUCKA, OIPEACIICHUE IKOHOMUYECKOU HeHeCOO6pa3HOCTI/I MMaTCHTOBAHUA
1 OILICHKA U paCcy€T CTOMMOCTH PETUCTPAILIUU TOBAPHOT'O 3HAKa

v

v

OIIpEACIICHUE 9KOHOMUYECKOM HCHeCOO6paSHOCTI/I KOMMC IuajIu3alun

busnec naecs HC HOBa U HE MOXKET OBITH

v

3almaTCHTOBaHa

JIpyroil 5KOHOMHYECKOH BBITO/IBI

Wnes nmeet maHc Ha KOMMEpIHAITA3AINIO UIIN ITIOJTyYCHUEC 000t

Wpest 5KOHOMHYECKHU HeleaecoodpasHa

Br16op BapuanTOB puHAHCHPOBAHHS POCKTA
BuyTpennue HCTOYHHKHI Brenmue nctouHUKN GHHAHCHPOBAHUS (3a€MHEIC CmMereHHOE
¢uHaHCHpOBaHUS (COOCTBEHHBIN KAIIUTAI) CpencTBa, NPSIMbIC HHBECTUIINY U T.1.) (uHaHCHpOBaHHE
MIPOBEPKA TEXHUIECKOW M MIPOMBIIUICHHOH 000CHOBaHHOCTH HJICH
3amyck HHHOBALIMOHHOTO MPO/IYKTa B HPOBE/ICHUS TOTIOTHUTEIBHBIX
HPOU3BOJICTBO Hay4YHBIX MCHIBITAHU BBUJY IPONU3BOJCTBECHHOIN COCTOATEIBHOCTH

Figure 1. (Puc. 1) Exemplary algorithm of innovation commercialization
(NpUMepHbIN aNropuTM KOMMepLManm3aLmm MHHOBALMK)

TeXHHYECKUH 3ajiesl 10 MHHOBALMSM (MaTeHThI, HOy-Xay H
T.1.); I1,, — ynesbHbI BeC HCMOJIb3yeMbIX HOBBIX METO0B IPH
reoJIoruueckom ugydenuu neup; I, — yaesbHblil Bec HOBOTO
000pYNIOBAHUS U UHCTPYMEHTA, HOBBIX TEXHOJIOTHH B 001leM
ux Kosmuectse; [, — Hajuune CepBUCHBIX yCJIyT, MOJB3YIO-
LHXes maatexxecnocoOHbiM cnpocoM; Il — ynesbHbIil Bec
HOBBIX BHJIOB JIESITEJBHOCTH B 00111eM 00beMe BhIMOJHIEMbIX
pa6ot. [Tpexie ueM B3sAThCS 3a MOMNBITKY KOMMEpLHAIH3aLH1H
MHHOBALIMOHHON pa3paboTKH, (hUpMa J10/2KHA OLLEHUTb CBOIO
KOHKYPEHTOCIIOCOOHOCTL U CPABHUThL cebsi ¢ PUpPMaMK KOH-
KypeHtamu. [lpenyaraercsi olleHHBATbh KOHKYPEHTOCTOCOO-
HOCTh MaJiol MHHOBALMOHHOHM KOMMAaHUH B COOTBETCTBHM C
thopmyaioit Ne 1.

Caenytolnii BOpoc Juisi pacCMOTPeHHsI — TPUMEPHBIN
aJrOPUTM KOMMEpLIHa/IM3allid UHHOBALMH M OLEHKA MHHO-
BalMK 1Sl Lesielt komMepuuanudauud Figure 1 (Puc.1).

[IpakTika ycnemHo pasBUBAIOLIMXCS B MHHOBALMOHHOM
nJiaHe KOMMaHWH MOKa3bIBAET, UTO Mpolecc oT6opa HHHO-
BALMOHHBIX MJEH JIOJDKEH MPOUTH MOLIATOBYIO CXEMY, COCTO-
SILLYI0 U3 MHOYKECTBA M0C/I€10BaTe/NbHBIX 3TanoB. OcHOBHAas
1eJib TAKOTO MOJIX0/1a K BbIBEAECHHIO MHHOBALIMK HA PbIHOK 3a-
KJI04aeTcsl B TIIATEJIbHON MPOBEpPKe HOBUHKH HA SKOHOMH-
UeCKyIo 11€J1ecO06pa3HOCTb U COOTBETCTBHE TOTPEOHOCTAM
notpe6utens. HoBuHKa, Kak NpaBHsIO, TMPOXOAUT TaKYIO
MOCJIeI0BATENbHOCTL 3TAMNOB: TreHepalys uiaed — ot6op
wiel — paspaboTKa M MpoBepKa KOHLIEMLMK Ha Ollpeie/IeHHe

Jlutepatypa:

9KOHOMHYECKOH 11e1eCO00Pa3HOCTH NaTeHTOBaHUsl — oIpe-
JleJleHrMe 9KOHOMHUYECKOH 1es1ecoo0pa3HOCTH KOMMepLHaJIK -
3alMK naTeHTa— (DUHAHCOBBIN aHa/IM3 — BbIOOP BAPHAHTOB
(hvHaHCHpOBaHUSl TpoeKTa—  KoMmMepuuanusauus. [lpu
TAKOM MOJX0Je K pazpaboTKe HOBOH MPOIYKLHH PbIHOYHBIN
PHCK 3HAUUTEJLHO CHH2KaeTes. BmecTe ¢ TeM MOXKeT BO3HHK-
HyTb Jpyras OMacHOCTb, a UMEHHO: 3aro3/1a/bli BbIBOJ MPO-
JyKTa Ha pblHOK. [Ipu mnocsenoBaTe/ibHOM Mojxoje paspa-
60TKa U IPOBepKa KOHLEIILHUH CTPOUTCS IIPUMEPHO 110 TaKOH
cxeMe. CHauasa BeleTCsl HayuHO- HCC/1e10BATebCKUH MTOUCK,
KOTOPBIH BOMJIOLLAETCST B HEKYIO Hfel0. 3aTeM B OIbITHO-
KOHCTPYKTOPCKOM OTZEJIe HIes MOJydaeT MaTepHaIbHOE Bbl-
paxkeHue B hopme HeKoToporo npoaykra. ITocsie sToro npo-
M3BOJCTBEHHOE NOoJpas/iesleHne MpoBepsieT TeXHUYECKYI0 H
MPOMBILLIEHHYI0O 00OCHOBAHHOCTb MJEH. 3/leCb HHHOBALU-
OHHAsl LleNloYKa MOXKET He MepedTH B cJlefylolliee 3BeHO, a
CHOBA BEPHYTLCSl B MCCJEI0OBATE/bCKUH OTHeJ Yl MpoBe-
JICHUs! JIOTIOJIHUTEJNIbHBIX HAYUHbBIX MCIBITAHUHA BBHIY MPOM3-
BOJICTBEHHOH COCTOATEIBHOCTH.

B zakstoueHuH, cieiyeT OTMETHTb, YTO MHHOBALIMOHHbIH
[poLecc MOXKET JJINUTbCS OT HEeCKOJIbKMX MecsleB J0 He-
CKOJIbKHX JIeT H, Korjga odopmJeHHasi HOBUHKA roToBa Jyist
BbIXO/Ia HA PBIHOK, OHA MOXKET OKAa3aTbCsl yKe yCTapeBILEH.
N36exaTb N10106HOM CUTyaLMH MOXKHO IPH IPUMEHEHHH Ma-
paJIeNIbHO-TI0C/0BATRNLHOrO 110AX0/a K pa3paboTKe HH-
HOBALMH.

1. IOputt AMMocoB «BeHuypHbIil KanuTanuaMm: oT UCTOKOB 10 coBpementoctn», PABU, CAHKT-TIETEPBYPT, 2005.
2. Jlamonapah, «MHBecTHIIMOHHAs olleHKa», U31. AnbnuHa, Mocksa, 2005 r.
3.  Tounu Hasuna, Mapk JIk. dnureiin, Po6ept [llenton «Pa6otaiomias unHoBauusi», Manarenncrso bananc busnec
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CneuuanbHbIN IKONOrUYECKUI TAMOXKEHHbIU Tapud, Kak 3P PeKTUBHbIN UHCTPYMEHT
rocyfapCTBEHHOr0 yNpaB/eHUA 3KCNOPTHO-MMMOPTHLIMU ONepaLuAMu
C y4eToM 3KoJsiornyeckoro akropa

MpuweHko B.®., KaHAMAAT IKOHOMUYECKMX HayK, 3aM. 3aBefyloLLero kadgeapoi ynpasneHus

Ipuwenko WN.B., Begywuii cneunanuct*
CyMcKuit rocynapcTBeHHbIN yHUBEPCUTET
*naBHoe ynpasnexne cratuctuku B Cymckoit obnactu

Ycosepuiencmeosar HayuHO-Memooudeckul no0xo0 K 3IKOHOMUUECKOL OUeHKe IKOA0UUECKOU eMKOCMU JKC-
NOPMHO-UMNOPMHbLX OnepayuLl, KOmopoLii 6azupyemcs Ha onpedesenul NoKazamenel IKOHOMULECKO20 yuepda om
BAUSHUSL IMUX onepauull Ha okpyxcarowyto cpedy. [Iposedena skonomuteckas oyeHKa 8030eLicmaus IKCNOPMHO-UM-
nopmHelx onepayutl Ha okpyxicarouyio cpedy (Ha npumepe Cymckoil obaacmu).

KatoueBble ciioBa: saxcnopm, umnopm, 3KCROPMHO-UMNOPMHbLE ONePAYUL, KOMNACKCHAA IKON020-IKOHOMULECKAS

oyenka.

33KOHOMeprIM pe3yJIbTaTOM 9KOHOMHUECKOTO Pa3BUTHS U
UH(pOpMaTH3alKK 001IECTBA ABJSETCS HHTEHCU(HUKALIUS
MeXKJIyHapO/IHbIX 9KOHOMHMYECKHX oTHouleHud. [Iporiecch
pa3BUTHSI MPOMBILIJIEHHOTO MPOU3BOJACTBA B COUETAHHU C
YCJOBUSIMA  PHIHOYHOH SKOHOMHKHU OOGYCJIOBUJIM 3KOHOMH-
yecKue, HayuHO-TEXHHUECKHE, IKOJIOTHUECKHe, aeMorpadu-
yecKHe U JIpyrue npouecchl, KOTopble TPUBEJIH K HHTEHCH(DH -
Kallik 9KCMOPTHO-UMIOPTHBIX onepatni. MuTeHcupukaus
9KCMOpTHO-UMMOpTHBEIX onepaiwit (IMO) okaswbiBaer 3Ha-
YUTEJIbHOE BJIMSIHHE HA MPOLECChl PA3BUTHs MPOMBbILIJIEH-
HOTO TMPOU3BOJICTBA, OMpEJIeJisisi TIPOCTPAHCTBEHHYIO OpraHu-
3alMI0 €0 CTPYKTYPbl. DTO CMOCOOCTBYET TPAHCTPAHUUHOMY
nepeMelleHNI0 TPOU3BOJICTBA TOBAPOB U YCJIYT, YBEJIUUEHHIO
00EMOB TOBAPHBIX H (DMHAHCOBBLIX MOTOKOB, MAaCCOBOH MMT-
patuu pabodeil CUJIbI, TPAaHCTPAHHUHOMY PacMpOCTpaHEHUIO
YHUPUIUPOBAHHBIX TOBAPOB H YCJIYT.

[Ipu wuccsieoBaHUM HayYHO-METOIMUYECKUX TOJXOJI0B K
9KOHOMHUYECKOH OlleHKEe BJUSAHUA 3KCINOPTHO-UMITOPTHBIX
orepalMi Ha COCTOSIHUE OKpYzKalolel cpeabl OblIM NpoaHa-
JIM3UPOBAHHDI HAYUHbIE Pe3yJIbTaThbl, H3JI0KEHHbIE B paboTax
O. @. bBanaukoro [1], A. M. Temmxenxko [2], JI. . MeJb-
nuka [3], E. K. Choi, S. Johnson [4], S. K. Kim, H. Fukui,
Y Shimazu [5], T. Nagai, Y Shimazu [6]. Bmecre ¢ Tem nasb-
Hel1lero naydeHust TpeGyroT BOMPOCH], CBS3aHHbIE C y4eTOM
BJIMSIHUS] 9KCMIOPTHO-UMIIOPTHBIX OMEPalil Ha OKPYKAIOLILYIO
Cpefly, MX 9KOJIOTH3allMell Ha OCHOBE CHCTEMHOTO MOJXOJA.
Henocrarouno paspaGoTaHHbIMU SIBJSIIOTCST HAyYHO-METO-
JIMUeCKHe TMOJXOJbl K (POPMUPOBAHUIO 3KOJOTOOPUEHTHPO-
BaHHOH BHEIIHEKOHOMHUECKOH JesITeJIbHOCTH.

Takum 006pas3oM, akTyasbHOCTb TEMbl MCC/EIOBAHUS CO-
CTOMT B OOBEKTUBHOH HEOOXOJMMOCTH JaJbHEHIIEro co-
BEpLIEHCTBOBAHMS OpraHU3alMOHHO - 9KOHOMHUECKOTO
MeXaHu3Ma TOCyIapPCTBEHHOTO YMpaBJeHUs] SKCMOPTHO-HUM-
MOPTHBIMH OTIepalUsSIMHU C YUETOM IKOJIOTHUECKOTro (aKTopa

Ha OCHOBE KOMIIJIEKCHOH SKOHOMHUYECKOH OLIeHKH UX BJIUSHUS
Ha COCTOsIHHE OKPY)KZIPOLU,GI;I Cpenbl. He[[OCTaTO'—IHaH paspa-
GOTAaHHOCTb TEOPETHYECKUX W HAYYHO-METOJAHMYECKHX OCHOB
9KOJIOTHU3allUH  SKCITOPTHO-HUMITOPTHBIX onepaunﬁ O6yCJIO-
BWJIK OCHOBHYIO L€JIb U 3aJlaHusl UCCJIENOBaHusI.

MocTaHOBKa 3apgaHuA

OCHOBHOH 1leJIbl0 HCCJIEI0OBAHUST SIBJISIETCS] COBEpLUEHC-
TBOBaHHE HAyYHO-METOIHUECKHUX MOJXO0I0B K IKOHOMHUYECKOH
OLIEHKE BJIUSIHUS IKCTIOPTHO-UMIMOPTHBLIX OMepauuil Ha co-
CTOSIHME OKpy»Kalollel cpefbl. B cooTBeTcTBHE € mocTaB-
JIEHHOH 11eJ1bl0 OblIM OrpesiesieHbl Takue 3ajauu: 1) uccie-
JIOBaTh (haKTOPbl BIAUSAHUS KCIIOPTHO-UMITOPTHBIX OMepalinii
Ha OKpy:Katoliyto cpejy; 2) pagpaboTaTh METOAHYECKHE TOJL-
XOJIbl K OLleHKE 9KOHOMHYECKOro 3pdeKTa 9KoJI0TH3aluu K-
CTMOPTHO-UMIOPTHBIX Ofepalyil; 3) pa3BUTb METOJHUYECKHE
MOAXOJbl K TOCYIapCTBEHHOMY YIPABJIEHHIO BHEIIHEIKOHO-
MHUECKOH JeATeJIbHOCTbIO Ha OCHOBE BHEIPEHUS] KOHOMMU-
YeCKUX HHCTPYMEHTOB 9KOJIOTH3AIMH SKCTTOPTHO - UMITOPTHBIX
ornepauui.

Pe3yn bTaTbl UCCief0BaAHUA

Murencudukauns MexKIyHapoOAHbIX SKOHOMHUECKHX OT-
HOILIEHHH SBJSETCS TMPOLEeCCOM NIyOOKHX KaueCTBEHHBIX W
KOJIMYeCTBEHHBIX M3MEHEeHMH XO3sHCTBEHHOH AeATeJbHOCTH
B pernote. [locnenyouiee pasuTHe M HHTEHCH(UKALMS K-
CMOPTHO-UMIIOPTHBIX orepaluil OyaeT ocHOBOH cbHasiaHCH-
POBAHHOIO POCTA €r0 YKOHOMHKH, UYTO CIOCOOCTBYeT MHTEr-
paLMK PErHOHA B CHCTEMY B3aHMOBBITOJHBIX ME2KIyHaPOIHbIX
XO3UCTBEHHBIX CBf3€H, BBIXOLY MPEANPUATHH HA MHPOBOH
PBIHOK, aKKyMYJISILUU IeHeKHbIX CPeJCTB Il MOJIe PHU3ALMH
U CTPYKTYPHOH [IePeCTPOHKH [IPOU3BOACTBEHHDBIX CHCTEM.
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Tamoorcennasn epanuya Yxpaunol

Hmnopm Oxcnopm
Y
[ToTpebnenue [TorpeGiienne |I[Ipon3BoACTBO [TpousBoacTBO
UMIIOPTHOH | — 3! IPOYKIMK HA | IPOJYKIUK HA |—3»{ IPOLYKIIMH Ha
MPOAYKLIMHU TaMOXXEHHON | TaMO>KEHHOU 3KCIOPT
TEPPUTOPUHU TEPPUTOPUHU
% CTpaHbI CTpaHbI %
[Torpebnenune [TpousBomacTBO
MPOTYKITHH 151 |« TIPOTYKIHH JJTs1
BHYTPEHHETO BHYTPCHHETO
MIPOM3BOJICTBA HOTpeOJICHUS
Tt T ompymcanowas | T ]
v . cpeoa v .
YCJIOBHBIE OBO3HAYEHUMI:

——p — U3BATHE NPUPOIHBIX PECYPCOB U3 OKPYKAIOIIEH CPEJIBI;
———» — BBIOPOCHI BPEHBIX BEIIECTB B aTMOC(EPHBII BO3TYyX;
;. — cOpOCHI 3arpsI3HSIIONINX BEIIECTB B BOAHBIE OOBEKTHI,

— pasMCIICHUC OTXOO0B.

Puc. 1. BausiHue 3KCNOPTHO-MMNOPTHbIX ONepaLuii Ha COCTOAHME OKpYIKaloLen cpeabl

[To nauiemy MHeHHIO, BJIMSIHHE 3KCIOPTHO-HMIMOPTHBIX
ornepauuil Ha COCTOSIHME OKpy:KalolleH cpeibl perHoHa He-
00XOJIMMO pacCMaTpUBaTh B CUCTEME IIPOM3BOJACTBO — MOT-
pebsienne — oKpyxKatolas cpena». [Tono6Hoe B3aumosetic-
TBHE MO2KET ObITb PEJCTABJIECHO B BHJIE CXEMbI, TIPUBEJICHHON
Ha puc. 1.

[IpoBeaeHHbIE HCC/IEAOBAHUS [I0Ka3ask, 4YTO M IPOU3-
BOJICTBO MPOAYKLHH, U €€ NoTpebJeHHe CBS3aHO C HCII0Jb30-
BaHHWEM TPUPOJHBIX PECYPCOB H 3arpsi3HEHHEM OKpy»KatoLlei
CpeJibl, TO €CTh ¢ aHTPOTIOreHHON HArPY3KOH Ha OKPY2KALOLLYO
cpeny. CuieyeT OTMETHTb, UTO aHTPOMNOreHHasi Harpy3ka Ha
OKpY»KaIollylo cpejfly, CBsi3aHHAs C MPOU3BOJACTBOM TOBAPOB
U ycJyr, OyIeT OTJIMYaTbCsl OT aHTPOIOIeHHON HarpysKH, KO-
Topasi cBsi3aHa ¢ ux notpeGsenuvem. Kakas u3 3Tux yacreit
AHTPOINOreHHON Harpy3kd Ha OKpyxKaiollyto cpeny OyjeT
60oJibliIe 3aBUCETh OT CHELIUPUKH KOHKPETHOTO TOBAPHOIO MO-
TOKA, TO €CTb OT TOr0, KaKasi POJYKLHsl BXOAUT B COCTAB TO-
BAPHOT0 MOTOKA U K KAKOH OTPACJM MPOMBbILIJIEHHOCTH OTHO-
CHUTCS €€ IPOU3BOACTBO.

OcHoBbIBasicb Ha pesyJ/bTaTax [POBEIEHHOIO HCCJIe10-
BaHUs, Mbl MOXKEM OIPEIEJHTb pacrpeseseHie CTereH aH-
TPOINOreHHOH HArPY3KH Ha OKPYKAIOLLYy0 Cpely NP MPOH3-

BOJCTBE IIPOJYKLMH OIPeLe/eHHON OTpac/u Ha 3KCIOPT U
NpH N1oTpeOIeHHM UMITOPTHON MPOLYKLMH, H3TOTOBJICHHOM 3a
npejesaMi TaMOXKEHHONH TEPPUTOPHM YKpPaUHbI Ha MPEeTpH-
STHSIX, KOTOpbIE PUHAIEKAT K TOH 2Ke oTpac/u (BUILy KO-
HOMMYECKOH iesiTesibHOCTH ). [TostydeHHble pedyJibTaThbl Mpej-
CTaBJIeHBl HA PHC. 2.

PesysbTaTbl NPOBEICHHbIX HCC/IEL0BAHUN [103BOJISIOT HAM
OLEHHTb BJIMSIHME KaXKAOrO M3 SKCIOPTHO-MMIIOPTHBIX I10-
TOKOB Ha COCTOsIHHE OKpy:katoller cpesibl CyMcKoi 06/1acTH.
PacueTbl BblMoJIHEHbI 151 KaXK/I0TO 9KCIIOPTHOTO W UMIOPT-
HOTO TOBAPHOTIO MOTOKA ¢ nomolibio IBM. PesysbraThl pac-
UETOB MpeJICTaByeHbl B BU/Ie TaOJulibl 1 U Tabuuipl 2.

Yyer B cHCTeMe 9KOHOMHYECKMX PAacyeTOB BJIMSIHMSI IKC-
MOPTHO-UMIIOPTHBIX ONEpPaLMi Ha OKPYKaloLLyl0 Cpely Mo3-
BOJISIET ONTHMH3UPOBATb HX TOBAPHYIO CTPYKTypy. C 0jHOH
CTOPOHbBI, 3TO CHOCOOCTBYET ONTHMU3AUUM (C yUYETOM 3KO-
JIOTHYECKOro (hpakTopa) MPOU3BOJACTBA OINPEACTEHHBIX BUIOB
MPOIYKIKH, a C APYyroil — JMaéT BO3MOXKHOCTb ONTHMH3ALHUH
notpebJeHUst pecypecoB, YTO MOXKET BKJIOYaTh pecypcocOepe-
»KeHHe U BbIOOp a/lbTepHATHBHBIX BUIOB pecypcoB. Peluenue
5THX BOIPOCOB B KOPHE CMOCOGHO BJMATL HA 3P(PEKTHBHOCTD
OCYLLECTBJICHUSI  9KCTIOPTHO-UMIIOPTHBIX — ofepauui. ITo
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Budb1 skoHOMuYecKol dessmesisHocmu

3Kcnopm

Mpoussodcmeo npodykyuu Ha

Mompebnerue umnopmHoli npo-
OyKyuu

YCJIOBHBIE OBO3HAYEHNA:

1 — cenbckoe XO03sHMCTBO; 2 — MOOBIBAIOIIAst IPOMBIIITIEHHOCTD; 3 — IUIIEBasi IPOMBIIUICHHOCTD;
4 — xuMHYecKas IPOMBIIIIEHHOCTD; 5 — IPOM3BOCTBO HEMETAILTIYECKOI MHHEPATbHOH IPOIYK-
II1Y; 6 — METaITypru4ecKoe MPOU3BOACTBO; 7 — MPOU3BOJACTBO MAIIMH U 000pYyJOBaHUS,

8 — MPOM3BOACTBO U pacIpeielIeHHe YHEPTUH; 9 — CTPOUTENBCTBO; 10 — TpaHCIIOPT;

11 — ogpyrve BUABI 5JKOHOMHYECKOH 1ESTEIbHOCTH.

Puc. 2. PacnpepeneHue aHTPONOreHHOM 3arpy3Kn OTAENbHbIX IKCNOPTHO-UMNOPTHbIX MOTOKOB HA OKPYKAIOLWYI0 Cpepy

JIaeT BO3MOXKHOCTb TIOJHOCTBIO H3DBSTh M3 TOBAPHOH CTPYK-
TYypbl IKCIOPTA-UMIIOPTA IKOJIOTHUECKH HeOJIaronpHsTHble
BHJIbI TOBAPOB U YCJIYT, YTO, B CBOIO 0Y€pe[lb, [TO3BOJUT B He-
CKOJIbKO pa3 CHM3UTb aHTpornorennyio Harpyaky MO Ha ok-
PY2KaIOLLLyIO Cpety (YMEHBLINTb NOTpeG/eHHe PecypeoB, MeperTH
Ha UCIO/Ib30BAHNE TEXHOJIOTHH, KOTOPbIE TTO3BOJSIIOT YMEHBILINTh
YPOBEHb 3arpsi3HeHHsT OKPYKaIOLIel CpeJibl TIPH TTPOU3BOICTBE H
noTpeG/IeHHN TOBAPOB U YCIyr). MexaHuaM KoJIOrH3alll 9KC-
MOPTHO-UMIOPTHBIX OIe