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INJIAHUPYEMBIE PE3YJIBTATBI OBYYEHUA*

Kon

pe3yJbTara

Pe3yabTar o0yuenus

(BBIMYCKHHUK J0J7KeH OBITH TOTOB)

IIpodeccnonaibHblie KOMIETEHIIUN

P1

Hcnonb30BaTh pe3yIbTaThl OCBOCHUS (YHAAMEHTAIBHBIX U MPHKJIAIHBIX JUCIUILTHH
OOIl wmarucTpaTypsl; TOHHMaTh OCHOBHBIE MPOOJIEMBI B CBOEH IpenMeTHON
00JacTH, BEIOMpaTh METOABI U CPEICTBA WX PEIICHUS: JIEMOHCTPUPOBATH HABBIKU
paboThI B HAYYHOM KOJUIEKTHUBE, TOPOXKIATH HOBBIC UJICH,

P2

AHaNMM3UpPOBATh COCTOSIHAE HAYYHO-TEXHHUYECKOH MpOONIeMbl TyTeM Moadopa,
M3YYCHUS M aHAJIM3a JIMTEPATYPHBIX M MATCHTHBIX MCTOYHUKOB; OMPEICNIAThH IICIH,
OCYIIECTBJIATh TOCTAHOBKY 3aJla4 MPOCKTHPOBAHHS MPUOOPOB HAHOIICKTPOHHKH,
CXEM U YCTPOWCTB Pa3NUYHOr0 (PYHKIMOHAIHLHOIO HAa3HAYCHHS C WCIOJNB30BaHUEM
COBPEMEHHOM 3JICKTPOHHON 0a3bl HAHOAJICKTPOHUKH, TOATOTABINBATh TEXHUICCKUE
3aJaHns Ha BBIITOJIHCHHUEC IMTPOCKTHBIX pa60T;

P3

@opMyJIMpOBaTh LEJIM M 33Ja4yd HAY4YHBIX MCCICAOBAHUM B COOTBETCTBHM C
MEPCTIEKTHBAMH DPAa3BUTHS JJICKTPOHHUKH, a TaK )K€ CMEXHBIX 00JacTeil HAyKH H
TEXHUKH, 000CHOBaHHO BBIOMPATh TEOPETHUYECKUE U IKCIIEPUMEHTAIBHBIE METOBI U
CpeAcTBa penieHus chOpMyIUPOBAHHBIX 3a1a4;

P4

OcBauBaTh MPHUHLUIBI [UIAHUPOBAHUS U METOJbl aBTOMATH3AI[MU SKCIIEPUMEHTa Ha
OCHOBE MH(OPMAIMOHHO -M3MEPHUTEIbHBIX KOMIUICKCOB KaK CPEICTBA TOBBILICHHS
TOYHOCTH W CHWIXXCHUA 3aTpaT Ha Cro IpoBEACHUC, OBJIaACBAaTL HaBbIKAMU
M3MEPCHUIl B peallbHOM BpPEMEHH; pa3padarhiBaTh (HH3MUYCCKAE U MATEMAaTHYCCKHE
MOJICNIM  DJICMEHTOB  HAHOJJICKTPOHHMKH,  KOMIIBIOTEPHOE  MOJCIUPOBAHHUC
HCCIIeyeMbIX (pU3HUECKUX MPOLECCOB, MPUOOPOB, CXEM U YCTPOMCTB, OTHOCSIIMXCS
K mpodeccnoHaNbHOM cdepe;

P5

Jlenath Hay4HO-OOOCHOBAHHBIC BBIBOABI [0 pE3yJibTaTaM TEOPETHYECKUX U
IKCIIEPUMEHTATBHBIX UCCIIEI0OBAHUIA, JaBaTh pEeKOMEeH TaIiK o
COBCPIICHCTBOBAHUIO YCTpOﬁCTB U CUCTEM, TOTOBUTH HAYYHO-TCXHUYCCKUEC OTHUCTHI,
0030pbI, pedeparbl, MyOJUKAIMKH IO pE3yJibTaTaM BBITOJHEHHBIX HCCIICIOBAHMUIA,
JOKJIaJbl Ha Hay4dHble KOH(EPEHIMH W CEMHHAPHI, HAy4YHbICITYOJMKAIUH B
[ICHTPAJIbHBIX M3AHUSIX M 3asIBKH Ha H300PCTEHHS,

P6

PaGoTath B KauecTBe mpemnojgaBaTelisi B 00pa30BaTENbHBIX YUPEXKICHUSX CPEIHErO
MpoeCCHOHANBEHOTO M BBICHIETO0 MPO(ECCHOHATBFHOTO 00pa3oBaHUS MO y4eOHBIM
TUCIHUILINHAM TIPEAMETHOW OOJACTH NaHHOTO HaIPaBIEHUS IO PYKOBOJICTBOM
npodeccopa, JONEHTa HITH CTApIIEro MPeroiaBaTersl.

YHI/IBepcaJH)HLIe KOMIECTCHIIUH

P7

CoBepILIeHCTBOBaTh M Pa3BUBAaTh CBOM HHTEIIEKTYaJbHBIH M OOLIEKYJIbTYPHBIN
ypoBeHb. (CaMOCTOSITENFHO TMPHOOpETaTh W WCIHOJB30BaTh B MPAKTUYECKOMH
JEeSITENIbHOCTH HOBBIE 3HAHHMA M YMEHUS, B TOM YHCJIE B HOBBIX OOJIACTAX 3HAHHM,
HETNOCPEACTBEHHO HE CBSI3aHHBIX cO chepoil NesITeNbHOCTH;

P8

Hcnonb30BaTh 3HaHUS PABOBBIX U ATUYECKUX HOPM IMPU OLEHKE MOCJIEICTBUI CBOEH
po(eCCHOHAIBHON EATENbHOCTH, IPH Pa3padOTKe U OCYLISCTBICHUU COIHAIbHO
3HAQUUMBIX MPOEKTOB. YYacTBOBaTb B IPOBEACHUU TEXHHUKO-3KOHOMHYECKOTO U
(hyHKITMOHAIPHO-CTOMMOCTHOTO aHaJIN3a PHIHOYHOHN 3()()EKTUBHOCTH CO3/IaBAEMOT0
MPOJYKTa;

P9

Pa3pa6aTBIBaTB IIJIaHBbI n IIporpaMMabl I/IHHOB&HPIOHHOIZ JACATCIIBHOCTHU B
noAapa3aCiICHUU, IMPOABIIATh MHUIIUATUBY, B TOM YHCJIC B CUTyallUAX PUCKA, 6paTB Ha
cebs BCIo IMOJIHOTY OTBETCTBECHHOCTH;

P10

CnocoOHOCTh HCIIONB30BaTh Ha IMPAKTUKEC YMCHHUA W HABBIKM B OpraHU3alun
HUCCIICAOBATCIBCKUX W IMPOCKTHBIX pa60T U TPOBCACHHUIO JSKCICPUMCHTAJIBHBIX
I/ICCJ'IC}_IOBaHI/Iﬁ C MPUMCHCHUECM COBPCMCHHLIX CPCACTB 1 MCTOAOB;
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P11

O0namaTh CMOCOOHOCTBIO K CaMOCTOSATEILHOMY OOYYEHHIO HOBBIM METOZAM
UCCIICIOBAHUS, K HW3MCHCHHIO HAyYHOTO W HAy4YHO-NPOU3BOJICTBEHHOTO MPOdMIIs
CBOCH MPOo(heCCHOHANTBHOMN
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PE®EPAT

Brimycknas kBanudukamnuonHas padora 99 c., 37 puc., 15 Tadm., 55
UCTOYHUKOB, 1 mipuiI.

KnroueBble cioBa: YCWIUTCIIb APKOCTH, MATCMATHYCCKOC MOICIIMPOBAHUC,
MMOHMKCHHBIN OHCPIOBKJIAI.

OOBEKTOM HCCIIEIOBAHUS SBISETCA YCHIMTENb SIPKOCTH C aKTUBHOM Cpeoi Ha
CaMOOTPAaHMYCHHBIX NIEPEXO0IAX B [TAPaxX MEIHU.

[leas paboTel — pa3paboTaTh MAaTEMaTUYECKYIO MOJIENb, OIMKMCHIBAIOIIYIO
BPEMEHHBIC U paJIualibHbIC XAPAKTEPUCTUKHU YCUIIMTENS SPKOCTH HA Mapax MeIu, U
HCCJIEIOBATh C €€ MOMOIIBIO BIUSHUE SHEPrOBKIa/a B aKTHUBHYIO Cpedy Ha paloTy
YCUJIUTETIS.

B mporiecce uccnenoBanusi mpoBOAMIACH pa3pabOTKa MaTEMATHYECKON MOJIEIH
YCUJIMTENS SIPKOCTM Ha Mapax MeIu, TECTUPOBAHWE AAHHOM MOJIEIM Ha OCHOBE
HKCIIEPUMEHTAJILHBIX JJAHHBIX U UCCIIEOBAHUE BIUSHUE TAPaMETPOB CXEMbl HAKaYKU
Ha pabOTy YCHIIUTEIIS.

B pe3ysnbrare uccienoBaHus MOCTPOCHA MOJICNb YCUJIMTENSI SIPKOCTH Ha Tapax
MeIM B TAaKeTe NPUKIAJHBIX MaremaTwueckux mnporpamm Wolfram Mathematica,
TIO3BOJISOIIAST UCCIICAOBATh BPEMEHHBIE M PaJUAIbHBIC XapaKTEPUCTUKU YCUIIATEIS
SIPKOCTH, B TOM YHCJIC TPU Pa3HbIX CXEMaX HAaKauyKd. AJICKBATHOCTh MOJIENH ObLia
NpoOBEpEHAa  HAa  OCHOBE  CPaBHEHHUS  PE3YJIbTAaTOB  MOJCIUPOBAHUS  C
IKCIIEPUMEHTATBHBIMHA PE3yJIbTaTaMH APYTUX aBTOPOB. C MOMOIIBI0 MOZETH OBLIO
U3y4eHO BIIMSHHUE IapaMeTPOB CXEMbl HAKAaYKH Ha pabOTy YCHIUTENs, a TaKxke
OTJIEJILHO UCCIIEIOBAH CIA00TOYHBIN PEXKUM PaOOTHI.

CrerneHb BHEIpEHUS: pa3paboTaHHAs MOEIb UCIOJIb3YeTCS B UCCIICIOBAHUSIX B
pamkax rpanta PH®, mpoext Nel14-19-00175.

OO6nacTb TpPUMEHEHUS: UCCIeNOBaHUE (DUIUKO-XMMHUYECKUX MPOLIECCOB B
aKTUBHBIX CPEJlaX Ha MMapax MEeTaJlJIOB.

B Oynymem mnnaHupyercs BBECTH B MOJEIb YYEeT 100aBOK, MOIUDUIMPYIOUIUX
KMUHETHKY aKTUBHOM CpeJIbI.



OmnpenesieHusi, 0003HaYEHUsI, COKPALLICHUS, HOPMATHBHBIE CCHLIKH
B Hacrosimieit paboTe nCnob30BaHbl CCHUIKH Ha CIIETYIOIINE CTaHAaPTHI:
1. I'OCT 12.0.003-2015 «CCBT. OmacHble ¥ BpeAHBbIE IPOM3BOJICTBEHHBIC
dakropsl. Knmaccudukarmsy
2. I'OCT 12.1.040-83 «CCBT. Jlazepnas 6e30macHocTh. OOIIHE MOT0KEHUSD
3. I'OCT 12.1.019-79 (c u3m. Nel) «CCBT. DnekrpobesonacHocTb. OOmue
TpeOOBaHUS M HOMEHKJIATYpa BUJIOB 3aIIIUTH)
4, I'OCT 31581-2012 «Jlazepnass Oe3omacHocTh. OOmme TpebdOBaHUS
0€30IacHOCTH MPU Pa3pabOTKE U IKCILTyaTalluy Ja3ePHbBIX U3ICTUI
S. CanlluH 2.2.2/2.4.1340-03 «['urneHuyeckue TpeOOBaHMS K TEPCOHAIBHBIM

QJICKTPOHHO-BBIYHUCIINTCIIbHBIM MAallTMHAM W OpTaHHU3alluH pa6OTI>I))

6. CanlluH 2.2.4.1191-03 «DOnekTpoMarHuTHBIE TMOJIA B TPOU3BOJCTBEHHBIX
YCIIOBUSIX»
7. CanlluH 5804-91 «CanutapHple HOPMBI W TpaBWIa YCTPOICTBA H

AKCIUTYaTallNH J1a3€pOB»

B nanno#i pabote mpUMEHEHBI CIEAYIOIINE TEPMHUHBI C COOTBETCTBYIONITUMU
ONPEAECICHUSIMUA:

JIa3epHbIIi MOHUTOP: YCTPOWCTBO [JIsi HAOJIOJEHUS B PEXHME PEATHHOTO
BpEMEHU 3a TIpolieccaMu B OOBEKTaX, HAXOASIIMMHCS 3a CHJIBHOW (hOHOBOMU
3aCBETKOM.

AKTHBHAas CpeJa: BEIIECTBO, KOTOPOE MOXKET YCUIIMBATh MPOXOASALIEE Yepes
HEro u3JydeHue Ojarojiaps WHBEPCHUU HACEJICHHOCTEH SHEPreTUYECKUX YPOBHEM,

CO3aBaE€MOM 3a CYET SHEPI MU HAKAUYKHU.
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Beenenue

Ha ceronHsmHui 1€Hb aKTUBHO PAa3BUBAIOTCS 00JIACTU HAYyKH, CBSI3aHHBIE C
METOJaMU KOHTPOJISI ~ Pa3iIUyHbIX mpoueccoB. OIHUM W3 METOJOB KOHTPOJIS
SBIISIETCS. BU3YaJbHBIM KOHTposb mpouecca. OgHaKo ¢ pa3BUTHEM TEXHOJIOTUN
BU3YaJIbHBI KOHTPOJIb MHOTHX CJIOXHBIX IMPOLIECCOB CTAHJIAPTHBIMH CpPEICTBAMHU
cTajl HeBO3MOXeH. OAHON M3 MPUYMH 3TOTO SBISETCS CUJIbHAs (POHOBas 3aCBETKA.
KonTtponbs Takux mporeccoB TpeOyeT METOAO0B, KOTOpbIE MO3BOJISATH OTICIHUTH
(GOHOBYIO 3aCBETKY OT H300pakeHHMs 0O0bekTa Buayanm3anuu. C Takoil 3amadeid
CHPABISAIOTCA JIa3epHBIE MOHHUTOpPBI Oyarojapst y3KOMY CHEKTpYy HX paOOThl.
N300paxkenne B Takux cucreMax (opmupyeTcss Onarogaps YyCUIMTEIbHBIM
CBOMCTBAM aKTUBHOM cpeabl ja3epoB. Hanbosee nepcrieKTUBHBIMU —SBISIOTCS
aKTUBHBIE CPEJbl HA CAMOOTPAHMYEHHBIX MEPEX0Jax B Mapax METAJUIOB 3a CUET MX
Ooonpmioro kod(g@UIMEHTa YCHJIEHHS M Yy3KOro cnekrpa padorel. Cpeau Takux
aKTUBHBIX Ccpell 0CO00 CTOUT BBIAEIMUTH aKTUBHBIE CPEIbl Ha Mapax MEAH, TaK Kak
OHM TMO3BOJISIOT MOJy4YaTh OOJBIION KOA(D(PHUIMEHT YCUIIEHUS TPU OTHOCUTEIBHO
BBICOKOM 4acTOTe PaboTHI.

XoTst paboThl MO UCCIEJOBAHMIO JIA3€pOB Ha Mapax MeAd HMMEIT JaBHIOKO
UCTOPUIO, 3Ta TeMa HMMeeT OoJibliue NepcnekTuBbl. OO0 3TOM CBUAETENHCTBYET
IIOCTOSIHHOE TOSIBJICHHE MPUHIMIMAIBHO HOBBIX JKCIIEPUMEHTAIBHBIX PE3YJIbTATOB.
Kpome Toro B mociegHue Trofpl UHTEPEC B aKTUBHBIX Cpelax Ha Mapax METauioB
OOJbIIE CMECTHJICA OT MCCIIEIOBAHUS Ja3€pOB HA HUX OCHOBE K MCCIEIOBAHUIO
YCUJIUTENBHBIX CBOMCTB JaHHBIX cped. B ToMcke wucciienoBaHWeM YCUIMTEIEH
SAPKOCTH HA Mapax MeIu aKTUBHO 3aHuUMaroTcs B MHcTuTyTe ontuku armocdepst CO
PAH.

JlanHast paboTa MOCBSIIEHa MOJACIMPOBAHUIO YCUIIUTENS SIPKOCTH Ha Mapax
Meu. OCOOEHHOCTBIO TAaHHOM MOJIENU SIBIISIETCA TO, YTO OHA OIMHUCHIBAET HE TOJIHKO
BpPEMEHHbIE XapaKTePUCTUKU aKTUBHOM Cpefibl, HO U paguaibHble. Heo6XxoauMocTs B
U3YYEHUU paJuaibHbIX XapaKTEPUCTUK aKTUBHOM cCpeapl BbI3BaHA TEM, 4YTO
panuanbHbIN MPoduIs Ko3pUIUEHTa YCUICHHS aKTUBHOM CPE/Ibl CUIIBHO BIIHSIET Ha

KauecTBO n3o0pakeHusi. Kpome toro yuer paanaibHbIX 3QGEKTOB B aKTUBHOU Cpejie
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MO3BOJIAET KOPPEKTHO OIMMUCHIBATh MIMPOKUH CIEKTP PEKUMOB pabOThI yCUIUTEIS
SIPKOCTH.

Pe3ynbpTaTel paboOThl OBUIM JOJIOKEHBI HA MEXKIYHAPOJIHOW KOH(EpeHIIUU
«Atomic and Molecular Pulsed Lasers» (AMPL) u «International Conference of

Young Specialists on Micro/Nanotechnologies and Electron Devices» (EDM).
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1. MoaenupoBaHue aKTUBHBIX Cpe/l HA MapaxX MeTAJJIOB
1.1. IlpumeHeHNe AKTUBHBIX CPe/l HA MAPAX META/LUIOB B KauecTBe yCHJINTeIeil
SIPKOCTH

B koHIle mocneqHEro BeKa HECKOJbKO HAay4YHBIX TPYyNIl  HU3ydaiau
WCIIOJIb30BAaHUE YCHIIUTENIEH SPKOCTH ISl aKTUBHOTO BHU3YaJlbHOI'O KOHTPOJIS
OOBEKTOB, B YAaCTHOCTH NPU MPOU3BOJCTBE HHTErPAIBbHBIX MHKpocxeM. OHu
WCIIOJB30BAIM  aKTUBHYIO  ONTHUYECKYI0 CHUCTEMY, Ha3bIBaEMYyIO0  Ja3epHBIN
MPOEKIIMOHHBIA MUKPOCKOI. OCHOBHBIM KOMIIOHEHTOM JIA3€PHOT0 MHKPOCKOIA ObLI
aKTUBHBIN SJIEMEHT JIa3€pOB Ha Mapax Meau, padoTarouui Kak yCHWINTENb SPKOCTH
Ha 4aCTOTE CJIC0BaHUS UMITYJIbCOB mopsiaka 10 kI [1].

B navane 2000-X rogoB pa3BUTHE HOBBIX TEXHOJOTHMH, OCHOBAaHHBIX Ha
BIIMSSHUU DHEPreTUYECKUX IMOTOKOB Ha OOBEKT, TaKuX Kak MoAupUKaIus
MIOBEPXHOCTU MaTepuaja, HalpaBJ€HHAs HA YJIYYIIEHHWE €ro CBOMCTB, CO3/IaHHE
HOBBIX MaT€pHUajoB, BKIIIOYasi HAHOCTPYKTYPUPOBAHHBIE, TIPOLIECCHI CBAPKHU U PE3KU
U CaMOPACTPOCTPAHSIONIUNCS BBICOKOTEMIIEPATYPHBIA CHUHTE3 HOBBIX MaTEpHAJIOB,
BO3POJMJIO UHTEPEC K TAKUM ONTHYECKUM cuctemam. lIpexnae Bcero, ymomsiHyThie
BBIIIE TMPOLECCHl 3arpakJ€Hbl WHTEHCUBHOM (DOHOBOI 3acBETKOH, KOTOpas He
MO3BOJISIET BU3YAIM3UPOBATh OOBEKT M  OCYHIECTBISATH KOHTPOJb  OBICTPBIX
nporieccoB [2-4]. AxkTHBHas cpeia Jjla3epoB HA CaMOOTPAHMYCHHBIX IMEPEXojax B
napax MeETajyioB, paboTarlias KaK yCWIHTENIb SPKOCTH, JaeT BO3MOXHOCTb
BU3yallM3allM TaKMX OOBEKTOB Oiarogaps BBHICOKOW CIEKTPAIbHON SPKOCTH U
00JIbIIOMY KO3(P(UIIMEHTY YCUJICHUS B Y3KOM CIEKTPaJIbHOM JuariazoHe (2—5 mm),
NpUYeM B pa3HbIX ONTHUYECKUX Juarna3oHax (oT OmwkHero yiabTrpaduosera 10
ommkHer wHGpakpacHOW 30HBI). MMIyIbCHO-TIEPUOIUYECKAN PEXKUM H3ITYUCHUS
JeJIaeT BO3MOXXHBIM MOHHUTOPUHT OOBEKTOB UM OCYIIECTBICHHUE JIMATHOCTHUKHU
OBICTPBIX TPOIECCOB C BPEMEHHBIM pa3perieHueM, COOTBETCTBYIOIIMM YacTOTE
CJICZIOBAHUS UMITYJICOB [5].

B HacTosimiee BpeMsi HECKOJIBKO HCCIEAOBATEIBCKUX TPYIN HM3Yy4arOT U
MPUMEHSIOT YCWINTEIN SPKOCTU Ha mapax meau. ['pymma mpodeccopa IIpokomieBa

B.I'. IoJiyunjia BaXXHBIC PEC3YJIbTaTbl KaCaTCJIIbHO BHU3YAJIHW3allUH IIPOLECCOB
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B3aWMOJICHCTBHST MHTEHCHBHBIX IMOTOKOB DHEPIHU C MOBEPXHOCTHIO [6]. Tloxoxwme
npobsieMbl u3ydanuch AoktopoM KysnernoBeiM A.Il. u mpodeccopom ByxkuHckum
O.W. ¢ xomneramu [7,8].

Pe3ynbpTathl Mo AMAarHOCTUKE OBICTPBIX MPOLIECCOB B YCIOBUAX CHIIBHOM
(OHOBOI 3aCBETKM OBLIM MOJYYEHBl IPU MCIOIb30BAHUM YCUIUTENS SIPKOCTH C
aKTUBHOM cpenod Ha mapax Opomuaa wmenu. Cpeau TakuxX —IPOLIECCOB
CaMOPaCIPOCTPAHSIOIINNCS BBICOKOTEMIIEPATYPHBIM CHHTE3, KOPOHHBIM paspsj B
BO3JlyX€, IPOLECC IOJY4EHUS HAHOYACTUI[ C IIOMOIIBI0 MOIIHOIO BOJOKOHHOI'O
na3epa u Tak ganee [9-11]. TunudHas JIMTEIBPHOCTh TAKMX MPOIECCOB COCTABIISET OT
NECATKOB MUKPOCEKYH/T 10 JECATKOB CeKyH/. i1 BU3yan3alny TaKUX MMPOLECCOB B
peXHUME peaJbHOro BPEMEHHM HEOOXOAMMa YacToTa CJIEJOBaHMUS HMITYJbCOB

u3inydyenus (ycusnenus) nopsiaka 100 xI'p u 6onee.

1.2. MeToabl MOEJIMPOBAHNS AKTHBHBIX Cpel HA Mapax MeTaJlJIOB

HMHuTepec kK aKTHBHBIM CpeJlaM Ha IMapax METaJJIOB BO3HHK €Il JI0 TOT0, Kak
OHHM aKTHBHO CTaJIM IPUMECHATHCS B KaUeCTBE yCUIIUTEICH spkocTh. [lepBoHaYaIbHO
TaKWe Cpelabl NPHUMEHSJIMCh TOJIBKO B KA4yeCTBE TI'€HEPaTOPOB KOT'€PEHTHOIO
u3IydeHus (J1azepoB). IHTepeC TEXHUKH K TAKUM CUCTEMaM ITOPOIUI M TIOTPEOHOCTh
B MOJCIIMPOBAHWN aKTHBHBIX CPEJ Ha IMapax METAIOB. METOJbl MOJICIMPOBAHUS,
KOTOPBIC CTAJIA IPUMEHSTHCS, OBLIIM 3aMMCTBOBAHBI M3 IPYTUX 00J1aCTel HAYKH.

OgHUM W3 METOJIOB MOJECIHMPOBAHUS SBJISIOTCS CTATHUCTUYCCKHE MOJICIIH.
OHM UCTIOIB3YIOTCS I CAMBIX Pa3HBIX TEXHUYECKHX CHCTEM, M aKTUBHBIC CPEbl HE
SBIIAIOTCS  MCKJIFOYCHHEM. 3HAYMTEIBHO MPOJABHUHYJINCh B OTOM HAIPaBICHUH
oomrapckue mnpodeccopa M. II. Hmues u C. I. Touea-Ummea [12].
[TpeMyIIECTBEHHO HMH  KCIIOJB30BAJIICS METOJ MHOTOMEPHBIX — aJIallTUBHBIX
perpeccronnbix cmiaitHoB [13]. OmgHako Takoil THII MOICIMPOBAHHS CHILHO
OrpaHUYEeH B CBOMX BO3MOJKHOCTSX. Bo-IepBBIX, MpeicKas3aTellbHas CIOCOOHOCTH
TaKUX MOjeJIeH OYeHb Malla, TO €CTh OHA MepecTaeT padoTaTh ISl IKCIIEPUMEHTOB C
IPUHIIAITAATHFHO HOBBIMHU TIOJIXOJ[aMH, 10 KOTOPBIM He HaOpaHa cratuctuka. Kpome

TOro Juisi  OOJBIIOW  JETEPMUHUPOBAHHOCTH MoOJENU Tpedyerca  Oosblias
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JKCIIEpUMEHTal bHast ©0a3a. Bo-BTOpBIX, CTAaTUCTHYECKHE MOJEINU  CIIOCOOHBI
OMUCHIBATh TOJBKO T€ XAPAKTEPUCTUKU AKTUBHOM CpEIbl, KOTOPHIE MbI MOXKEM
HETOCPEJICTBEHHO M3MEPHUTh (HAmpuMep, MOIIHOCTh TeHepauuu uainyueHus [14]).
Onnako 175 uccienoBaHus paboThl YCHIIUTEICH SIPKOCTH HA Mapax METAJIOB BaXKHO
NOHUMAaTh (U3UKY TMPOIECCOB B AKTHUBHOM cCpele, KOTOpble MPUBOAAT K
(bOpMHUPOBAHUIO TEX UM MHBIX SHEPIeTUUECKUX XapaKTePUCTHK rpudopa. g aToro
HaM HYXXHO 3HaTh MPOCTPAHCTBEHHO-BPEMEHHBIC 3aBUCUMOCTU KOHIICHTPALUI
COCTABJISIFONIMX IJIa3Mbl (ATOMOB M MOHOB aKTHUBHOTO BellleCcTBa, OydepHOro rasza u
Tak jajee). YacTHYHO 3TH 3aBHCHMOCTH MOYKHO M3MEPHTH (Harpumep, B padote [15]
OHM OBUIM H3MEPEHBbI CIEKTPAIbHBIM METOAOB), HO 3TH HM3MEPEHHUS CBS3aHBI C
OONBIIMMHU TEXHUYECKUMH TPyAHOCTAMU. [loaTomMy HaGOp OOIBIIOr0 KOJWYECTBA
AKCIEPUMEHTAJIbHBIX TAHHBIX [0 3TUM XapaKTEPUCTUKAM MPEJICTABIISIET TPOOIEMY.

JpyruM METOAOM MOJIETUPOBAHUS SIBIIIETCS MOJIENIb TPEX COCTOSIHUUN
(monens Bunepa-Po3en0Omrora). M3HaganbHO 3Ta MOJIenb co3laBajiach B OMOJIOTUU
JUIsS. OMUCAHUsI TOMYJSIMK M TO3TOMY TMOJy4YWsia Ha3BaHHE MOJIENIb KJIETOUYHBIX
aBToMaToB [16]. OmHako celiyac OHA UCTIONB3YETCS B CAMBIX Pa3HBIX 00JIACTIX HAYKH
Oyaroapsi CBOEM YyHHMBEPCAIBHOCTH. B ee OCHOBE JEXKUT NPEINoNOKEHUE O
MTHOBEHHOCTH MEPEXOJ0B aTOMOB MEKIY TPEMSI COCTOSIHUSMH: COCTOSIHUEM IOKOS,
BO30Y)KJICHHBIM COCTOSSHUEM U TPOMEXKYTOYHBIM COCTOSHHEM, TOJy4MBIIICE
Ha3BaHUE pPePpPaKTOPHOTO. ['JTaBHBIM MPEUMYLIECTBOM TAaKHUX MOJENEH SBISIOTCS,
OYEBUAHO, HUX TMpocTtoTa. Ho pAaHHBII BUA MOJETUPOBAaHUS HE TO3BOJISET
MOJICJIMPOBATh AKTUBHYIO CPEay C JOCTATOYHOM JUIsl BBINOJIHEHHS MOCTaBJIECHHBIX
3a/1a4 MoJPOOHOCTHIO.

Eme oanuM MeTOIOM MOJEIUPOBAHUS SABISETCA KHUHETHYECKAs MOJIEIb
akTUBHOW cpenpl. OnHa mpexacraBisier co0oil  cucteMy AuddepeHuranIbHbIX
YPaBHEHHUM, OMMCHIBAIOIINX KHHETUKY pPEAarcHTOB B AKTUBHOW cpene. B ciydae
MPOCTPAHCTBEHHO-BPEMEHHOM MOJENH muddepeHnuanbHbIe YpaBHEHHUS
MPEACTABIAIOT COOOM HenuHelHble ypaBHeHUs AUGPY3ud U TEIIONPOBOIHOCTH.
Kunernueckass Mo/ielib MOXKET PEIIATHCS JIByMsI Pa3HbIMU YHMCICHHBIMU METOJIaMM:

MCETOAOM KOHCYHBIX 00BEMOB U Pa3HOCTHBIM METOAOM. Pa3HocTHBIM METOJ ABJIACTCA
14



3HAYUTENbHO OoJiee OBICTPHIM, HO HE MOAXOIUT IJIsl MOJECIHUPOBAHHUS CHCTEM CO
CIIOXHOUM reoMeTpueil. OCHOBHOM CJIOKHOCTBIO MPU MCHOJIb30BAHUM KHHETHYECKOU
MOJIEH SIBJISIETCS TO, YTO CUCTEMBI AU(PPEpEeHIINaTbHBIX YPAaBHEHUH, OMUCHIBAIOLINX
KHHETHKY aKTHUBHOW CpeJlbl, BCErJa OKAa3bIBAIOTCS JKECTKHUMH. JTO CYIIECTBEHHO
YCIIOKHAET UX YHUCIeHHOe peuleHue. [loatoMmy ydeT B mpOCTpaHCTBEHHO-BPEMEHHOM
Mozienn Oosiee OAHOW MPOCTPAHCTBEHHON KOOPAMHATHI TpeOYyeT HCIOJIb30BAHUS

CYyNEPKOMITbIOTEPOB.

1.3. CyuiecTBylomue Mo/ieJii AKTUBHBIX CpPe/l HA MapaxX MeTaAJJI0B
[lepBpiMu  paboTamMu, KOTOpble  OBUIM  TIOCBSILEHBI  YUCIECHHOMY
MOJICIMPOBAHUIO XAPAKTEPUCTUK T'E€HEpallMy aKTUBHBIX Cpell Ha Mapax METaljIoB,
apisiack  [17-21]. B atux paboTax ObUIM  PacCMOTPEHbl  MEXaHU3MBI,
OTPaHWYMBAIOIIME TE€HEPALMOHHBIE XapaKTepUCTHKU JazepoB. Cpeaum Takux
MEXaHU3MOB OTMEUAIUCh CTOJIKHOBUTEIBHOE MEPEMENTMBAHNE BEPXHETO U HUIKHETO
Ja3epHBIX YPOBHEH, a Tak)Ke HMOHU3ALMS YacTH aTOMOB Menu. B mocnemyronimx
paboTax OBLIO MOKa3aHO, YTO TH MEXaHH3MBbI, MPEIOKEeHHbIe B padorax [17-20],
ca00 BIUSIOT HAa YAaCTOTHO-DHEPreTHUECKUE XAPaKTEPUCTHUKHU JIAa3€pOB Ha mapax
meTaiioB. B pabote [21] Cmunanckuii BccaemnoBaa BO3MOKHOCTh 3HAUMTEIHLHOTO
CTOJIKHOBHUTEJILHOTO BO30YXICHUSI METaCTaOMILHOTO HUKHETO JIa3epHOTO ypoBHs. B
pabote [19] Takke paccMaTpUBaIKCh CICAYIONIUE MPOIECCHI:
® poJib OyQepHBIX ra3oB;
® CTOJIKHOBUTEIHHOE BO30YXKIEHHWE HIDKHUX METACTaOWUJIBbHBIX JIa3ePHBIX
YPOBHEM;
® [IpollecC pEKOMOMHAIIMY B MTOCIECBEYCHHH,
® BO30YXKICHHE BHICOKOJISKAIUX YPOBHEH.
B stux paborax Takke yUMTHIBAJIUCH MapaMeTpPhl AJIEKTPHUUYECKOW CXEMBI KOHTYypa
paspsjia u mapaMmeTpbl ra3opas3psIHON TpyOKu.
[TozmHee mOSIBUINCH PabOTHI MO YHCICHHOMY HWCCIEOBAaHUIO KUHETHKHU
Ja3epoB Ha Mapax MeTauioB, BeimoiHsemble B HIIO «Actpodusuka» [22-28], a

taoke rpymnmoi M.G. Kushner [29-31]. B pa6orax M.G. Kushner BnepBbie Oblia
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paccMOTpeHa paboTa aKTUBHOTO »JJEMEHTa Jia3epa Ha mMapax Meau OOJBIIOro
auaMeTpa W ObUTHA CHCJIaHBl TOMBITKH MPOBEACHUS YHUCICHHOTO aHaIN3a KUHETUKHU
ja3zepa Ha mapax xJjopuja mMeau. C momoibio pa3paboTaHHOW MOJ PYKOBOACTBOM
npodeccopa Momoapix O.M. mporpammer MOJIOT B paborax [23-28] Obuim
paccuuTaHbl reHepalMOHHbIe XapaKTePUCTUKU JIa3epoB Ha mapax Oapus, Maprasiia,
MEJM, CBHUHIIA, 30JI0Ta U eBpomnusi. B 3Tux pabortax Obljla pacCMOTpEeHa Hakauka, B
TOM YHUCJIE AJIEKTPOHHBIM MyYKOM. OTH paOOThl BKIIOYAIU B CE0s aHAIU3 BIIUSHUS
MPEABIMITYJIbCHBIX KOHIEHTPAIM 3JIEKTPOHOB M aTOMOB MEJIM B METACTAOMJIbHBIX
COCTOSIHUSIX Ha YacTOTYy CJICJIOBAHUS MMITYJIbCOB TeHepanuu. B pabore [20] Taxxke
MPOBOAWINCH PACUYEThl MPOCTPAHCTBEHHO-BPEMEHHBIX XapaKTEPUCTUK W3ITyUCHUS
KOPOTKOTO JIa3€pHOTO HMITyJIbCa B YCIOBUAX MEpPEeMEHHOro KoddduimenrTa
ycuienus. B padorax [32-33], npoenennbix B BT AH, xnHeTHKa aKTHBHOW CPEJIbI
paccMaTpuBaiach JIsl ra3opa3psaHoNd TPyOKH KOaKCUAbHON reOMETpUH. Y CTIEXOB B
YHCICHHOM MOJEIUpoBaHuu goctur Takke A.H. Manbue [34]. Dtu monenu
UCIIOJB30BAIM [JIJII PEIICHUS XKECTKUX cucteM auddepeHimaibHbIX ypaBHEHUI
meroabl ['mpa u Pynre-Kyrra ¢ aBTomarnueckum BbIOOpOM miara. B ymoMmsiHyThIX
paboTax HCMOJb30BAIUCh HE peajbHbIe CceYeHHUs, a smmupuueckue Gopmynsl. [Ipu
ATOM YacTO UCIOJb30BAJICS PAJl NOATOHOYHBIX MapamerpoB. M3-3a OTCYyTCTBHS
HAJISKHBIX JIAHHBIX O CEYCHHSIX BO30YKIECHHS aroMa MEIu aBTOpHI MoJjarajiv
BO30YXKJIEHUE METacTaOWIBHBIX YpPOBHEH aroMa MeId B TEUEHHE HMITYyJibCca
BO30YX1eHUs clla0biM. OCHOBHBIMU JIOTYIIICHUSIMU B JAHHBIX pab0OTax sIBJISUTUCH:
® ICMOJIb30BAJIOCh MPHUOIMKEHNE MTHOBEHHOW HMOHHU3AIMU YPOBHEH, JIEKaIUX
BBIIIIE PE30HAHCHBIX, M TOCTOSHCTBO TEMIIEpaTypbl AJICKTPOHOB BO BpeMs
UMITyJIbCa BO30YKICHNUS;
® CCUCHMS TEPEXO0JIOB aTOMa MU, B TOM YHCJIE U Ja3epPHBIX, PACCUUTHIBAIHUCH
0 anmnpoOKCUMAIIMOHHBIM (QopMysnaM (HauboJjiee YacTO MCIOJIb30BaNIaACh
dbopmyna ['puszunckoro) [35].
CTouT OTMETHTh, YTO TOIXOJ C HA0OPOM BapbUPYEMBIX TMapaMETPOB
MO3BOJIWJI  aBTOpaM  JIaHHBIX paboOT JOOUTHCA HEIJIOXOTO COBMHAJACHHS C

SKCIICPUMCHTAJILHO PACCUUTAHHBIMU XAPAKTCPHUCTUKAMH, HECCMOTpPA Ha CACIIAHHBLIC
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JOIYIIICHUS, ¥ TOJIYYCHHBIE B ITHUX paboTax pe3yibTaThl CHITPAIM CBOIO POJIb B
MOCTPOCHNN  (U3MYCCKOW KApTUHBI TPOIECCOB, IMPOTEKAIONIMX B aAKTUBHBIX
DJIEMEHTaX JIa3epoB Ha Mapax MeTayuioB. B Hamieit paboTe ncmoib30Bauch Hanbosee
JIOCTOBEPHBIC JIAHHBIC O CEYCHHSX BO30YXKICHHS B aTOME MEH, NMPEIACTABIICHHBIC B
pabote [36].

BaxxHbie pe3ynbTaThl B IPOCTPAHCTBEHHOM MOJICIIMPOBAHUM aKTHBHBIX CPEJI
Ha IMapaX METAJUIOB OBLIM IOJIydeHBl B pabore [37]. ABTOpHI pazpaboTanu
AHATMTUIECKYI0O MaTEMaTHYECKYI0 MOJIEIb, OMMCHIBAIONIYIO KaK MPOJIOJIbHEIC, TaK U
IIOTIEPEYHBIC XapaKTePUCTHKU aKTHBHBIX CPEJl Ha Tapax CTPOHIUS M KajblHs. beum
OTMEUYCHO HEKOTOpbIC Ba)KHBbIE OCOOCHHOCTH aKTHBHBIX Cpel Ha Mapax METallIOB,
CBOWCTBCHHBIC TAaKXK€ M AaKTUBHBIM cpelaM Ha mapax wMend. KuHeTndeckas
YUCJIEHHAs] MOJIeb, TaKXKe OINHCAaHHash B 3TOM paboTe, paboTaeT TOJIBKO C OJHOM
paaranbHOM TPOCTPAHCTBEHHOW NMEPEMEHHOM, TaK KakK y4eT OOJBIIero KOJINYecTBa
MPOCTPAHCTBEHHBIX KOOPJIWHAT B UHWCICHHOH MOJENH CBsi3aH C MPOOJIEMaMH,

ONMHMCAHHBIMU B MPEBIYIIEM pa3iee.
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4. ®UHAHCOBBIN MEHEIKMEHT, pecypco3GeKTUBHOCTh M pecypcocldepe:keHue
4.1. O0beKT uccjiaer0BaHusA

JlaHHast BBITTyCKHAs KBaTU(UKAIMOHHAS pab0oTa MOCBSIIEHa KOMITBIOTEPHOMY
MOJICTTUPOBAHUIO YCWJIMTENS SPKOCTH Ha OCHOBE Jiasepa Ha TMapax MeH,
paboTaromiero Ha anuHax BoJH 510,6 M (3eneHHas yuHUA) U 578,2 HM (KenTas
auHYs). MoOaens OMHMCHIBACT JJICKTPUUYCCKUE, IUTA3MOXUMHUYECKHE TIPOIECCHl B
aKTUBHOM cpele, a TakXke ee onTudeckue cBoicTBa. I[loctpoeHHas Mojenb
UCTIONB3YETCSl U HMCCIENOBaHUS (PU3NYECKUX TPOIECCOB, JICKAINUX B OCHOBE
(YHKIIMOHUPOBAHUS ~ YCHIUTENS  SPKOCTH, W  HMCCIEJOBAHHUS  BO3MOXHOCTH
yIy4IIEHUS] CBOMCTB YCHUJIMTENs SPKOCTH HA Tapax MeAu (TOBBIIMICHHWE YacTOTHI
paboThl, K0O3PhUIMEHTa YCUIIUTENS U €T0 PaAHaIbHOW U BPEMEHHOU OJTHOPOHOCTH
U T.J.) 332 CYET CXEMOTEXHHYECKUX peIIeHUH (MOAECPHHU3AIMU CXEMbl HAKAYKH),
KOHCTPYKTUBHBIX OCOOCHHOCTEH, UCTIONb30BAHMSI CTIEHU(PUUECKUX PEKUMOB PAOOTHI.
B nanpHeiiiieM TIaHUPYETCS HKCIONB30BATh PE3YNbTAaThl PabOTHI IS CO3JAaHMS
DKCIIEPUMEHTAJIBHBIX ~ OOpa3lOoB  YCHWJIHMTENEH  SPKOCTH € YIyYIIEHHBIMU
XapaKTEePUCTHKAMU. TakuM 00pa3oM, TMIAHUPYETCS HCIOJIb30BaTh IMOCTPOCHHYIO
KOMIBIOTEPHYIO MOJENbh Ha HAyYHO-HCCIEAOBATEIbCKOM JTale MPOSKTUPOBAHUS
YCWINTENSL SIPKOCTH. Pe3ynpTaThl MOJENIMPOBAHUS JODKHBI  OJTHOBPEMEHHO
MOBBICUTH d(PPEKTUBHOCTH ITOTO dTAla U CHU3UTDH 3aTPaThl BPEMEHU U PECYPCOB Ha

HETO.

4.2. llenu u 3apaum

Pazgen  «®UHAHCOBBIA  MEHEIXMEHT,  pecypcoddPeKTUBHOCTL U
pecypcocOepexeHne»  TMOCBAIIEH  ONPEACIICHUIO  TMEPCHEeKTUBHOCTH  HAy4YHO-
HCCJIEIOBATENLCKOTO TMPOEKTa, KOTOPOMY TMOCBsIIEeHa 3Ta pabora. llempro 3Toro
paszmena SBISICTCS HAxXOXKJICHWE TPUOPUTCTHOTO TYTH Pa3BHTHS  IPOCKTAa,
YYUTHIBAIOIIETO €T0 XapaKTEPHBIE YEPThI U COBPEMEHHBIC PEATIHH.

OrneHnBaTh JAaHHBIA MPOEKT OyAeM IO KaueCTBEHHBIM Mpu3HaKkaMm. J[Jis aToro
xopomio mnoaxoauT SWOT-ananmu3. OH BKiIOYaeT B ce0s ONMUCAHUE CIA0BIX H
CHWJIBHBIX CTOPOH MpoekTa ((PpakTopoB BHYTPEHHEW CpEeIbl), a TAKXKE OIMCAHUE
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BO3MOXKHOCTEH M Yyrpo3 Ui peain3alnuu IpoekTa ((pakTopoB BHEIIHEH Cpebl).
3amagua SWOT-ananmn3a — yCTaHOBUTH COOTBETCTBHE MEXy (DaKTOpamu BHELIHEH U
BHYTPEHHEW Cpebl, YTO MO3BOJISET ONMPEACTUTh, KaKue (GaKTOpbl BHYTPEHHEH CpeIIbI
MO3BOJISIET TPEOJOJIETh TPYAHOCTH B pealHM3aldd TPOCKTa, a TaKkKe BHIOpaTh
IPEANOYTHTENFHBIC HANpPABICHUS Pa3BUTUS TPOEKTAa HA OCHOBE MOJYYECHHBIX

PE3YIIbTATOB dHAJIN34A.

4.3. CuiibHbBIE CTOPOHBI IPOEKTA

Hns mnpoenenus SWOT-ananusza mnepeynciuM W TOSICHUM  CHIIBHBIC
CTOPOHBI, TPUCYIIHE JAHHOMY TPOEKTY.
1) OnHuM U3 IPEUMYIIECTB KOMITBIOTEPHOTO MOJEIUPOBAHUS SIBISIETCSI TO, YTO BHE
3aBHCUMOCTH OT CJIOKHOCTH MOJENTH €IWHCTBEHHBIMA HMHCTPYMEHTaMHU €€
peanu3zanuu SBIAIOTCS KommbioTep. [loaToMy co3naHue M UCHOJIB30BAaHUE TaKOM
MOJIeJN He TpeOyeT JOPOroCTOSILUX PECYPCOB, HAIIPUMEp, Ul CO3/IaHUS MAKETOB.
3aTpaThl Ha pacxXxoAHbIe MaTepuaibl (Hampumep, Oymara), KOTOpbI€ HCIOJNb3YIOTCS
IIPU TaKOM BHUJE pabOThl, JOCTATOYHO MaJbl.
2) IlpoekT mo co31aHHuI0 KOMITBIOTEPHOW MOJENIH MOKET OBbITh peaii30BaH BCETO
OJHUM YEJOBEKOM. OJTO CBSI3aHO C TEM, 4YTO, BO-TIEPBBIX, OTCYTCTBYET
HEO0OXOJMMOCTh B KaKOM-JTMOO 0OCITY>KMBAIOIIIEM IEpPCOHANIe, a BO-BTOPHIX, 00BEM
HEOOXOJMMBIX HCCIEOBAaHWN M HAlMCaHUE TMPOTPAMMHOTO KOJa MOXKET OBITh
JNOBEACHO JO0 HEKOTOPOrO 3aKOHYEHHOIO COCTOSIHUS OJHUM YEJIOBEKOM 32
CpPaBHUTEJIBHO HEOOJBIION CpPOK (HECKOIBKO MecsleB). bonee Toro, naxe mnpu
MaKCHUMaJIbHO BO3MOKHOM pa3JieJIeHUH Tpyda i JaHHOW paboThl HELEenIecooopa3Ho
ydacTtue 0oJblile, 4eM TPEeX—UeThIpeX YeNIOBEK.
3) [Ipenmy1iecTBOM JaHHOW MOJEINH SBIISETCS Maloe KOJIMYECTBO BXOAHBIX JTaHHBIX.
MHorue CymecTByIOIIME MOJEIH OINUCHIBAIOT JUOO TOJBKO 3JIEKTPUYECKHE
IPOLECCHI, TUOO0 TOJBKO MmIazMoxumuyeckue. [Ipu 3Tom Hegocraromas nHdopmanus
yepraercss HENMOCPEJACTBEHHO W3 JKcrepuMeHTa. [lake B TeX MOJENsiX, KOTOpbIe
SBIISIIOTCA ~ PE3yJAbTATOM  COBMECTHOTO  TEOPETHYECKOrO  OMHCAaHUs  Kak

QJICKTPUYICCKHX, TaK KW IIJIa3MOXHMMHYCCKHUX IIPOLECCCOB, OOBIYHO YaCTh JaHHBIX O
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CONPOTHUBJIEHUH IUIa3Mbl, O CIIOHTAHHOM HU3JIyY€HHH M JPYTUX NapameTpax IJIa3Mbl
OepyTcsi W3 JOMOJHUTENBHBIX AKCIIEPUMEHTOB, MPOBOJAMMBIX HEIOCPEICTBEHHO C
OOBEKTOM MOJEIUpPOBaHUsA. B naHHOW e MojAenu LeJeHanpaBiIeHHO ObUIO
MaKCHMaJbHO YMEHBIICHO KOJHMYECTBO BXOJHBIX JAHHBIX, YTO OBLIO peajrn30BaHO
Onarogapsi OOJIBIIOMY KOJMYECTBY TEOPETUUYECKMX pPAcCyeTOB, KOTOpbIE TpeOOoBau
yIIyOJIEHHBIX 3HAHUM B OTAEIBHBIX 00JacTsIX 3HaHWW. Bce 3TO CBUIETENBCTBYET O
OOJBIION CTENEHW YHHUBEPCAIBHOCTH MOJEIN CO BCEMHU BBITEKAIOIIMMH W3 3TOTO
IIPEUMYILECTBAMM.

4) bnaronaps ¢pyHAAMEHTAIBHOCTU 3aKOHOB, MCIOJIb30BABIIUXCS JIJISl COCTABIICHUSA
MAaTE€MaTUYeCKOrO0 OINMUCAaHUA paldOThl YCUIIUTENS SPKOCTH, JAHHOW MOJENH
CBOMCTBEHHA NpeJCcKa3aTreabHas (PyHKIHs, TO €CThb B paMKaX 3TOH MOJAEIU MOXHO
NOJIYYUTh NPUHLMUIIHAIBHO HOBBIE pe3yibTaThl. [103TOMY ¢ MOMOIIBIO 3TON MOAEIU
MOXXHO MPEIJIOKUTE M IPOMOJEIMPOBATH HOBBIE TEXHUYECKHE PELICHUS,

IMO3BOJIAIOIMINC IMOJTYYUTh HOBBIC, YIIVUIICHHBIC XaPAKTCPUCTUKHU YCUIIUTCIIA APKOCTH.

4.4, Cnabble CTOPOHBI MPOEKTA
PaccmoTpum citabbie CTOPOHBI, KOTOPHIE CBOMCTBEHHBI JAHHOMY MPOCKTY.

1) Pa3zpabotannass Mozellb Ha JAHHOM JTare €€ Pa3BUTHUS HE OMHUCHIBACT MPOIECC
BHEIITHETO0 HarpeBa Tra3opa3psiaHod TpyOwsl. Hapsamy ¢ mpoekTHpoBaHHEM CXEMBI
HaKauykyl ¥ BbIOOpa Ta30BOTO COCTaBa aKTUBHOW CpEabl MPOCKTUPOBAHHE CHCTEMBI
HarpeBa aKTUBHOM CpPebl YCUIIUTENS IPKOCTU TaKXKe SBIISETCS BaXKHBIM IIIarOM TpU
ero pa3paboTKe, OJHAKO B paMKax J[JaHHOH MOJETM OJTH TPOIECCH He
paccMaTpuBarOTCA.

2) B ocHOBe MoOJenM JICKUT MHOTOKPATHO YHCICHHO pellaemMas CHucTteMa
HEJTMHEHHBIX KECTKUX NU(PGEpPCHITNANBHBIX YPaBHCHUH. XOTS TCOPHUS YUCICHHOTO
pEeIIeHs] TaKUX CHUCTEM XOpOIIO pa3BUTa B HACTOAIIEE BpPEMs, MPOTPaMMBI,
peaNu3yronMe HTH AITOPUTMBI, JOCTATOYHO CJIOXKHBI M TPEeOYIOT XOPOIIeH
ONTHMM3AIINN, YTOOBI COKPATHTh BPEMsI BBIYHCICHHH, KOTOPOE MOXKET IOCTHUTaTh
OYeHb OOJBIMUX 3HAYCHWH C TMOBBINICHHEM WX CJI0KHOCTH. OIHAKO MPOCTHIM

PCHICHUEM ABJIACTCA HAIIMCAHHUC IIPOrpaMMbI KOMHBIOTepHOﬁ MOJCJIM B ITIaKECTax
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OPUKJIATHBIX MaTEeMaTHMYECKUX TMporpammM, OHUOIMOTEKM KOTOPBIX BKIIOYAIOT
MOIIHBIE BBIYHCIATEIBHBIE aITOPUTMBIL. Takne MaTeMaTUYECKHUE IMAKETHI MO3BOJISAIOT
3HAYUTENIbHO YIPOCTUTh TEXHUUYECKYI0 padOTy IO CO3JaHUI0 MOJENH, Ojaropaps
VCIIOJIb30BAHUIO CIENUAIM3UPOBAHHOTO A3bIKA IPOIPAMMUPOBAHUS U IPOTPAMMHOTO
OKkpyxeHus. OTCI0/1a BBITEKAET CYIIECTBEHHBIN HEOCTATOK, 3aKIIOYAIOIINANCS B TOM,
YTO COBPEMEHHBIE MOIIHBIE MAaTEMATHYECKHE IAKETbl HMMEIOT OYEHb BBICOKYIO
ctouMocThb. [loaToMy 3arpaThl Ha NPOrpaMMHOE OOECIEYEHUE MOTYT CYLIECTBEHHO
IIPEBBICUTH BCE OCTAJIBHBIE, €CIIM NTOKYNAaTh €70 CIENUAIbHO JUIS JAHHOIO MTPOEKTA.

3) Ilpu OPOEKTUPOBAHMM YCWIMTENS SIPKOCTH MOIYT BO3HUKHYTH MPOOJIEMBI,
KOTOpbIE HE YUMTBIBAIOTCS CO3AaHHOW MOJEINbI0. Takue nmpodieMbl MOTYT MIPUBECTU
K HEBO3MOXXHOCTM TEXHHYECKOW pealu3allMi TeX pPELICHUN, KOTOpbIE Ka3aJIUCh
BO3MOKHBIMU TIPH MAaT€MaTHYECKOM OINKUCAHUHM B paMKax pa3pabOTaHHON MOJemu.
XOTd MaTreMaTU4eCKUe MOJEIM U II03BOJIAIOT MWHHUMM3HMPOBATH 3aTpaTbl Ha
ONBITHBIE O0pa3lbl M TMOJIY4YUTh MPOAYKT C YIYyYHIEHHBIMH CBOMCTBAMH,
OTrpaHUYEHHOCTH JIFOOOT0 MaTEMaTUYECKOTr0 OMUCAHUSI MOXKET MPUBECTU K TOMY, YTO

MOJIEJIb PUBEJIET K HEKOPPEKTHOMY TEXHUUECKOMY PELICHUIO.

4.5. Bo3MOKHOCTH /ISl peajin3ainu NpoeKTa
K BO3MOKHOCTSAM [1JIs1 peanu3aiuy IPoeKTa OTHECEM CIICYIOIINUE MMYHKTHI:
1) ToMmckuii TOJUTEXHUYECKUM YHUBEPCUTET HMEET OOIICYHUBEPCUTETCKYIO
JULEH3UI0 HAa OJUH W3 JIyYIIMX COBPEMEHHBIX MAKETOB  MPUKIAJAHBIX
maTemaTrueckux mnporpamm «Wolfram Mathematica». DToT MareMaTH4eCKuil maker
IIMPOKO HUCIOJIB3YeTCs JJII MaTeMaTH4eCKOro MOJIETUPOBAHMS TIPOLECCOB B
pasnUYHBIX 00JacTAX 3HaHWK. TakuM 00pa3oMm, B MpoIecce peanu3aiiy TMakeTa
OTHaAAIOT 3aTPaThl HA MOKYIIKY JIMIIEH3MOHHOTO TTaKeTa MaTeMaTUUYECKUX MPOTPAMM.
2) B nHame BpeMs MIUPOKOE pa3BUTHE MOJYYWIIM TaK Ha3bIBAEMbIE JIa3€pPHbBIC
MOHUTOPBEI. OHM HAXOJAT CBOE MPUMEHEHUE B PA3JIMYHBIX 00JIACTAX JEATEIHHOCTH,
TaK KaK OHU MO3BOJIIOT OCYILECTBISATh MOHUTOPUHT MPOLIECCOB B YCIOBUSX CUIBLHOMN
(GhOHOBOW 3acBETKH (HAmpuUMeEp, I MOHHTOPHUHTA OOBEKTOB TPHU CBAapKe WU

MPOLIECCOB B IJIa3Me). Y CUIIUTENS SIPKOCTH C aKTUBHOM Cpelod Ha mapax MeTauloB
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SBJITFOTCSL HamOoJiee TIEPCIEKTUBHBIMU g J3TuX 1eneid. [loatomy BmecTe cC
Pa3BUTUEM JIA3€PHBIX MOHUTOPOB IOIYYAET CBOE AKTYAIbHOCTh U PA3BUTUE JTAHHOTO
npoekta. [loaTromy B naHHO# paboTe Jemaercst ynop Ha MCCIEIOBAHUE UMEHHO TeX
XapaKTEPUCTUK, KOTOPBIE BAXHBI JJISI YCHIMTENS SIPKOCTH KaK YacTH JIA3€PHOTO
MOHHUTODA.

3) B TomMcke mpucyTCTBYET XOpollas dKCIepUMEHTallbHas 0a3a Mo MCCIEAOBAHUIO
aKTUBHBIX cpell Ha mnapax wmeau. I[lomumo yxke TroTOBbIX pabouux oOpasioB
MPOBOJISATCA HOBBIE HUCCIIENOBAHUSI C CO3JaHMEM ONBITHBIX 00pa3loB (OJHUM U3
IEHTPOB TaKOW JesATeNbHOCTU sBisieTcs WMHcTuTyT ontuku atMocdepsl). IOty
AKCIEPUMEHTANIbHYI0 0a3y MOKHO MCHOJIb30BaTh JJIS PA3BUTHUSI MPOEKTA, a TaKXKe
MOJIb30BAThCSl TMOJYYEHHBIMU B pE3ysbTaTe JaHHOW padOThl pe3yibTaTaMu IS

CO3aaHUs OIIBITHBIX 06pa3u013 H TOTOBOTI'O IIPOAYKTA B ﬂaHBHCﬁmeM.

4.6. Yrpo3sl 1Jis1 peajn3aniu NpoeKTa
Yrpo3amu AJs peaau3aii MPOeKTa SIBISIETCS CIIEeIYIOIIee:

1) MopenupoBaHue akTHBHBIX Cpel Ha IMapax METAUIOB SIBISIETCS aKTyalbHOM
3aa4eid, MOITOMY CeHdac CyIIeCTBYeT MHOXECTBO pa3iMuHbIX Mojeneit. [Tomumo
y)K€ H3BECTHBIX paboOT MO HJTOH TeMe MPOBOISTCS W HOBBIC HCCIEAOBAHMS,
PE3YJIBTATOM KOTOPBIX MOTYT CTaTh HOBBIE MOJIEIH WUJIU JAPYTHUE CIIOCOOBI pacyeTa u
OMHCaHMS PadOTHI JIA3EPOB U YCHINTENCH SPKOCTH Ha TMapax MEIH, KOTOPHIE HMEIOT
MperuMyIecTBa mnepes cyuecTBytonmuMu. COOTBETCTBEHHO Takue pabOThl MOTYT
COCTaBUTh KOHKYPCHITUIO JAaHHOMY ITPOCKTY.

2) HecmoTpss Ha BCe NPEMMYIECTBA aKTUBHBIX CpeJl Ha IMapaX MEAW M JAPYTHX
METaJUIOB, CYIIECTBYET MHOXKECTBO JPYTrUX BHUJOB AaKTUBHBIX CpEl, KOTOPHIC
UCTIONB3YIOTCS B Jazepax. [[oATOMy eCTh BEpPOATHOCTH, UTO B OYIYyIIEM YCHIUTEIN
Ha mapax Meau OyIyT BHITECHEHBI IPYTUMU BUIaMU. JIaHHBIN k€ TTPOEKT MOCBSIICH
UCKIIFOUUTETTFHO MOJICIMPOBAHUIO M MCCIICIOBAHUIO YCHIIUTENEH SPKOCTH Ha Tapax
Meau. HecMOTpsi Ha OTHOCHTENBbHYIO YHHUBEPCAJIBLHOCTH MOJAETW (HarpuMmep, OHa
MO3BOJISIET TAKXKE OIMUCHIBATH YCWINUTENTW SPKOCTH M Ja3ephl Ha Tapax Meau ¢

MOIU(MDUITMPOBAHHON KMHETHUKOM, TO €CTh ¢ J00aBKaMH B BUJIE, HAIPUMEP, BOJOPOIa
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i OpomMua BOAOPO/A), OHA HEMPHUTOAHA /IS OMHUCAHMS APYTHX TUIIOB aKTUBHBIX
cpen (He Ha mapax MeTauioB). [10ATOMYy BO3MOXKHOE CHUKEHHE aKTYallbHOCTH TaKUX
aKTUBHBIX CpeJ TIOBIICYET 3a COOON M MOTEPIO 11eJeco00pa3HOCTH Pa3BUTHS JAHHOTO
MPOEKTa.

3) Ycwiurenu SpKOCTH Ha Mapax METAUIOB SIBIISIOTCS JOBOJIBHO JIOPOTUMH I10
3aTpaTaMm pecypcoB Ha ux co3manue u umeroT manenbkuii KI1/1. [Toatomy noBoibpHO
CIIOKHO HAWTH CpEACTBA W BO3MOXKHOCTH [UJII WX OKCIEPUMEHTAILHOTO
UCCJICIOBAaHMSI ¥ MAacCOBOTO KOMMEPYECKOTO HCIONb30BaHUs. Tak Kak JaHHBIC
(bhaKTOpBI HAMIPSMYIO CBSI3aHBI M C MPAKTHICCKUM WHTEPECOM JAHHOTO MPOEKTA, ATO

SBJISIETCA €T0 C1ab0l CTOPOHOM.

4.7. YcTaHOBJIEHHE COOTBETCTBUH

Hist ynoGctBa crpynnupyeM U TpoHyMepyeMm (GakTopbl BHYTPEHHEH U
BHEIIIHEN Cpeibl, IEPEYUCIICHHBIE B MPEABIAYIIUX TyHKTAX.
CuIIbHBIE CTOPOHBI:
C1) OtcyrcTBHE OONBIINX JACHEKHBIX 3aTPAT HA PECYPChI
C2) Manoe KoIM4ecTBO Y€JIOBEK, HEOOXOIUMBIX JJIs peaiu3alluu MPoeKTa
C3) OTHOCUTENBHAS YHUBEPCATBHOCTD MOJEIN
C4) Bo03MOXHOCTh TPEIJI0KEHUS HOBBIX TEXHUYECKHX PEIICHUM Ha OCHOBE
MOJICTUPOBAHUS
CnaObie CTOPOHBI:
Cnl) He pemaercs mpoOjema oOmvCaHUs W MPOCKTUPOBAHUS CUCTEMbI Harpena
razopaspsiHoN TpyObl
Cn2) HeoO6xoammocTh B TIOPOTOM MPOTPAMMHOM 00€CTIeueHUN
Cn3) Bo3MOXHBIE CIO0XHOCTM TMPAKTUUYECKOW  peanu3alud  MpejjiaracMbIX
TEXHUYECKUX PEIICHUN
Bo3moxHoCTH:
B1) OoOmeynuBepcuterckas JuneHsuss TIIY Ha TpeOyemoe mporpaMMHOE
oOecrieueHue

B2) IlepcieKTUBHOCTD Pa3BUTHSI JIA3€PHBIX MOHUTOPOB
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B3) Xopomras sxcnepumenTanpHas 6a3a B ToMmcke

Yrpo3sr:

V1) KonkypeHiuus co cTOpoHbl aHAJIOTMYHBIX POEKTOB

VY2) Bo3zMoxxHas MOTeps aKTyaJIbHOCTU aKTUBHBIX CPEJl HA Mapax METAJIOB B MOJIb3Y
JIPYTUX BUJIOB aKTUBHBIX CPEL

V¥ 3) Ciio)kHOCTH ¢ IPAaKTUYECKUM IPUMEHEHUEM PE3YJIbTaTOB MOAEINPOBAHUS

Ha tabmumax 11-14 mnpuBeneHsl MaTpullbl COOTBETCTBUH MEXIy (GaKTopamu
BHYTpPEHHEHN U BHEIIHEHN cpebl. 3HAK «+» 0003HAYaeT CHJIBHO COOTBETCTBUE, a 3HAK

«-» — ciadoe.

Tabnuna 11 — ConocTaBieHne CUIIbHBIX CTOPOH U BO3MOXKHOCTEH MpOeKTa

CuiibHBIE CTOPOHBI IPOEKTA
Cl C2 C3 C4
Bo3mosknoctu | Bl - - - -
MPOEKTA B2 - - + +
B3 - - - +

Tabmuma 12 — ConocTaBieHue c1adbIX CTOPOH M BO3MOXKHOCTEH MTPOEKTA

CrnalOble cTOpOHBI MPOEKTA
Cnl Cn2 Cn3
Bo3smoxnoctn | Bl - + -
MPOEKTA B2 - - +
B3 + - +
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Tabmuma 13 — ConocraBienue ciadbIXx CTOPOH M YTPO3 MPOEKTA

Cnabble CTOPOHBI TPOEKTA
Cal Cn2 Cn3
Vi + + +
VYTrpo3sl IpoekTa
y2 - - +
y3 + - +
Tabnuna 14 — ConocraBieHHe CUIBHBIX CTOPOH U YTPO3 MPOEKTa
CunbHBIE CTOPOHBI POEKTA
Cl C2 C3 C4
VYrpozer | V1 + + + +
npoekra | Y2 - - - +
v3 - - - +

B tabnune 15 npuBenem utorosyto matpuity SWOT-ananm3a ¢ ykazanueM

(GhaKkTOpOB BHYTPEHHEW 1 BHEIIIHEN CPEibl M BHISIBJICHHBIX COOTBETCTBHIA.
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Tab6muma 15 — Utorosas matpunia SWOT-ananmmza

CuwibHBIC CTOPOHBI:
C1) OrcyrcTBHE
OOJBIINX JEHEHKHBIX
3aTpaT Ha pecypcChl

C2) Masioe Koin14ecTBO
YeJIOBEK, HEOOXOTUMBIX
JUTsL peau3aluu
pOeKTa

C3) OTtHocHuTeNnbHAS
YHUBEPCAIbHOCTD
MOJIeNN

C4) Bo3M0OXHOCTB
MPEII0KEHHS] HOBBIX
TEXHUYECKUX PEIICHUN
Ha OCHOBE

Canalble CTOPOHBI:
Cnl) He pemaercs
npoOiemMa ONMUCaHus U
POECKTUPOBAHMUS
CUCTEMBI HarpeBa
ra3opazpsAHON TPYyOsI
Cn2) HeobxoauMocTh B
JIOpPOTOM ITPOTPaAaMMHOM
obecrieueHnn

Cn3) Bo3moxHbIe
CJI0’KHOCTH
MPAKTUYECKON
peanuzauuu
npeajaraeMbIx
TEXHUYECKUX PEIICHUN

MOJICJIMPOBAHUS
Bo3mo:xHOCTH: 1) B2C3C4 1) B1Cn2
B1) O6meynuBepcuTeTcKast 2) B3C4 2) B2Cn3
munien3us TITY Ha TpebyeMoe 3) B3CalCn3
IporpaMMHOe 0O0ecrieUeHHe
B2) IlepcieKTUBHOCTh
Pa3BUTHS JIA3EPHBIX
MOHHUTOPOB
B3) Xopomas
JKCIIEpUMEHTaIbHas 0a3a B
Tomcke
Yrpo3sri: 1) V1C1C2C3C4 1) VICalCn2Cn3
V1) Konkypenmus co 2) V2V3C4 2) V2Cn3
CTOPOHBI AHAJIOTUYHBIX 3) V3CnlCn3

MIPOEKTOB
¥Y2) Bo3morxHast noTepst
aKTyaJIbHOCTU aKTHUBHBIX CPEJI
Ha Mapax METaJIOB B MOJb3Y
JIPYTUX BUJIOB aKTUBHBIX CPEJI
V3) CrioXHOCTH C
MPaKTUYECKUM IMPUMEHCHUEM
PE3YJIBTaTOB MOJIEITUPOBAHHSI

3 MMPOBCACHHOI'0 aHaJin3a BHJAHO, 4YTO CYIICCTBYIOT BO3MOKHOCTH [JIA

IpeoAoeHHUs] CcHabbIX CTOPOH TMpPOEKTa. Takke CHIIbHBIE CTOPOHBI IIPOEKTa
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MO3BOJIIOT MPEOJI0ETh BHEUIHUE YTPO3bl 71 €ro peanu3auur. OTMETUM OCHOBHBIE
BBIBOJIBI, KOTOPHIE TOJKHBI OBITH YUTCHBI TIPH PA3BUTHUU TIPOSKTA.

N3 matpunel SWOT-ananu3a BUIHO, YTO COYETaAaHUE YIPO3 U CIA0BIX CTOPOH
MPOEKTa MOXKET TMPUBECTH K HEBO3MOXKHOCTA MPAKTHUUYECKOTO MPUMEHEHUS
pe3ynbTaToB paboTel. O6 3TOM CBUAETENLCTBYIOT cooTBeTCTBUS Y3CnlCn3, Y2Cn3,
Y1CnlCn2Cn3. DT TPYyIHOCTH MOTYT OBITH MPEOOJICHBI 3a CYET MPEUMYIIECTB
JAaHHOW MOJENH Mepell APYTMMH MPOEKTaMHU, BBICOKOM KOHKYPEHTOCIOCOOHOCTH
(Y1IC1C2C3C4). Takke CTOMT aKTHBHO HMCIIOJIb30BaTh BO3MOXKHOCTH, KOTOPBIC €CTh
B ToMcKke Ji71st pa3BUTHS IPOEKTA U HAXOXKIACHUS MYTeH YCTPAHEHUS €r0 HEJOCTATKOB
(B3CnlCn3).

C TOYkM 3peHHsI KOMMEPUYECKOTO CIIpOca MEPCHEKTUBHOCTh UCCIEHOBAHUS
YCUJIUTENEH SIPKOCTU 3aKJII0YAETCA B UX JAJbHEUIIEM HCIIOIb30BaHUU JJISI CO3/IaHMS
Ja3epHBIX MOHUTOPOB, KOTOPBIE CIIOCOOHBI OCYIIECTBISATH BU3YaJbHBIX KOHTPOJIb
TEXHOJIOTUYECKHX TMPOIECCOB B YCIOBUU CHUIIbHON (hoHOBOI 3acBeTku. CUIbHBIC
CTOPOHBI JTAaHHOW pa0OTHI TMO3BOJISAIOT JIBUTAThCS B 3TOM HampasieHun (B2C3C4).
Takum o00pa3oM, XOpOIIMM BapUaHTOM MPUMEHEHHUS pa3paboTaHHOW MOAeIn
SBJISIETCS MCCJICJIOBAaHUSI BO3MOXKHOCTEH TMOJYy4YEeHHUS Crenuduueckux CBOWCTB
YCUJIUTENEH SAPKOCTH, KOTOPbIE BaXKHBI UMEHHO ISl UX UCHOJIb30BAHUS B JIA3E€PHBIX
MOHHUTOpax (K TaKUM CBOMCTBAM OTHOCSITCS, HAIIPUMEp, MOBBIIIICHHAS JITTUTEIBHOCTh
UMITYJIbCa TEeHEepalliy, BBICOKAas YacToTa paboThl M paaualibHasi OJHOPOJHOCTH
koddduieHTa ycuieHHs, TaK KaK OTH TMapaMeTpbl BIHUSIOT Pa3peliarollyio

CIIOCOOHOCTh M KAYECTBO MOHUTOPUHTA OOBEKTOB).
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