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3D-MOAEJIMPOBAHUE. JOCTOUHCTBA U HEJOCTATKHA

I'ankuna Kpucruna AjiekCaHApoOBHA
cTyneHT, ChI3paHCKUN MOJUTEXHUYECKUX KOJUIEIK
P®, r. Ce13panb

Amnjapeesa Jlapuca AjleKCaHApPOBHA
Hay4YHBIN pyYKOBOJUTEIb, ITpEnoaaBaTellb, ChI3paHCKUI NOJIUTEXHUYECKUX KOJUIEK
P®, r. Ce3pasb

AHHOTAIIUA

3D-MomenupoBaHue — 93TO TEXHOJIOTHSA, IIO3BOJISIIONIASI CO3/1aBaTh TPEXMEPHBIE
nu(poBble OOBEKTHl, KOTOpPbIE HAXOAAT ILIMPOKOE NPUMEHEHUE B WH)KEHEPHH,
apXUTEKTypE, AU3aiiHE, MEJULIMHE U Pa3BIIEKAaTEIbHON MHAYCTpUU. B maHHON cTaThe
paccMaTpUBaIOTCS] OCHOBHBIE NMPEUMYIIECTBA U HelOoCcTaTKu 3D-MonenupoBaHus, €ro
pOJIb B COBPEMEHHBIX TEXHOJIOTHSIX U MEPCHEKTUBBI JanbHeimero pa3sutusa. Ocodoe
BHUMAaHHUE YIEJIEHO BO3MOXHOCTSIM BHU3YyaJW3allUM, BIUSHHUIO Ha MPOIECCHI
MPOEKTUPOBAHMS M TPOU3BOJICTBEHHBIE TEXHOJIOTMH, a TaKke OapbepaM, KOTOpPbIE
MOTYT OFPaHUYUBATH €T0 IPUMEHECHHUE.

Kiarouesbie cioBa: 3D-MoaenupoBaHue, KOMIbIOTepHas Tpaduika, BU3yaIH3allus,
MIPOCKTUPOBAHKE, IU(PPOBBIE TEXHOJIOTHH, PEHICPUHT, aBTOMATH3AIIHSI.

BBenenue

TpexmepHoe MOAETUPOBAaHUE SBIISAECTCS BaXKHBIM MHCTPYMEHTOM B IIM(GPOBOM MHpE,
MO3BOJIASL CO3[IaBaTh BUPTYyalbHbIE OOBEKTHI, KOTOpPhIE MOXHO aHaJIM3UPOBATH,
MOAU(UIIMPOBATH M HCIIOJIB30BaTh B pasnuvHbIX cdepax. C pa3BUTHEM TEXHOJOTHH
nporpamMmHoe obecnieueHue st 3D-monenupoBaHus cTajgo Oojee JOCTYMHBIM U
MOIIHBIM, YTO PACIIMPHIIO BO3MOXHOCTH €ro mpuMmeHeHus. OmHaKo, HECMOTps Ha
OUYEBUJHBIC TPEUMYINECTBA, CYIIECTBYIOT W 3HAYUTEIbHBIC OTPAHUUYEHUS, KOTOPHIC
MOTYT YCJIOKHSITh €r0 BHEJIpeHue B pabouue mpoiecchl. PaccMoTpum Oosee moapoOHo
OCHOBHBIEC JOCTOMHCTBA U HEAOCTATKN JAHHON TEXHOJIOTHH.

IIpeumymecrsa 3D-moaesupoBaHus
1. BbicOKasi TOYHOCTD U AeTATU3ALMS

O,Z[HI/IM M3 TJAaBHBIX IIPCUMYLICCTB 3D-MO)1€HI/IpOBaHI/IH ABIICTCA BO3MOXHOCTD
CO3aaHuA ACTAIIN3UPOBAHHBIX 0O0BEKTOB C BLICOKOM CTENEHBIO TOYHOCTH.
-5-



B wHXXEHepUHM W METUIIMHE 3TO IO3BOJIIET pa3padaThiBaTh CIIOKHBIC MEXaHU3MBI,
aApPXUTEKTYPHBIE KOHCTPYKIIUU U JTaKe OMOMPOTE3hl C YIETOM METhbYaNINX HIOAHCOB,
YTO JIeNlaeT ux 0oJiee PyHKIIMOHATBLHBIMUA U 0€30TaCHBIMHU.

2. YJIy‘IIlIeHHaﬂ BU3yaJIn3anud U NMPE3CHTAllNA

3D-Mozenu NO3BOJISAIOT YBUIETh KOHEUHBIN PE3yJIbTaT €Ille Ha 3Tale NpOeKTUPOBaHUS,
9TO OCOOEHHO BaXXHO MJI JAW3AMHEpPOB, APXUTEKTOPOB M KHUHEMATOTpa(pHUCTOB.
Busyanuzanus aenaer BO3MOKHBIM aHaIU3 OyAylIero MPOAYKTa, MO3BOJSET BHOCUTH
KOPPEKTUPOBKH M YJIydIlIaTh €70 XapaKTEPUCTUKU A0 Hayajia MPOU3BOJICTBA.

3. DKOHOMUS BPeMEHHU U PecypcoB

Panee cosnmanue (QU3NYECKHUX IPOTOTHUIIOB TPEOOBAIO 3HAYUTEIBHBIX 3aTpaT, HO C
pasBuTtHeM 3D-MopenupoBaHWsS MOXKHO CHadaia paspaboTaTh HH(PPOBOM Maker,
MIPOBECTH BUPTYAIbHOE TECTHPOBAHHUE M TOJIGKO 3aTeM NMPHUCTYIHUTHh K TPOU3BOICTBY.
DTO0 COKpallaeT 3aTpaThl Ha MaTEPUajIbl, YMEHBIACT KOJIMUSCTBO OMTUOOK M YCKOPSET
poIiecc pa3paboTKH.

4. UuTerpanusi ¢ BUPTYaJIbHOM U JONOJHEHHON PeaIbHOCTHIO

3D-Momenu mMpoko mpuUMeHsoTCa B pa3paborke VR- um AR-texHomormii, 4to
OTKPBIBAET HOBBIE BO3MOXXHOCTU JJISI MEIULIMHBI, OOpa3oBaHUs, MPOMBIIUIEHHOTO
OoOy4eHHMs] W UIPOBBIX TeXHOJOrui. Hampumep, MeIWLMHCKUE CTYIEHTBI MOTYT
IIPOBOAUTH BUPTYAJIbHBIE ONEPALMH, 4 APXUTEKTOPHI — AEMOHCTPUPOBATH KIMEHTAM
CBOM MPOEKTHI B (hopMaTe TOMOTHEHHON PEaTbHOCTH.

5. ABTomarusaunusi MpoIeCcCoOB MMPOCKTUPOBAHUA

CoBpeMeHHbIE CAD-cucremsl (Computer-Aided Design) MO3BOJISIFOT
aBTOMATU3MPOBATh MPOECKTUPOBAHUE, CO3/1aBasi MapaMETPUUYECKUE MOJENH, KOTOpPbIe
MOXKHO JIETKO HW3MEHATh W aJanTHpOBaTh. OJTO 3HAYMTEIBHO COKpAIIAeT BpEMs
pa3paboOTKH CIOKHBIX KOHCTPYKIUH, yJIydllaeT TOYHOCTh PACUETOB W TOBBIIIAET
3¢ (PEKTUBHOCTH MHKEHEPHBIX MPOLECCOB.

Hepocrarku 3D-moaesinpoBanus
1. Boicokue TpedoBaHMsI K 000Py10BAHNIO

PaGota ¢ TpexmepHbIMH MOJENSIMH TpeOyeT MOIIHOTO BBIUUCIUTEIIBHOTO
000py1oBaHuUsl, OCOOCHHO TPU PEHJECPUHIe (POTOPEATUCTUUHBIX HU300paKeHU. ITO
JIeaeT TEXHOJIOTHI0O MEHee JOCTYIMHOM JJii HEOOJBIINX KOMIIAaHUH W YacCTHBIX
MoJb30BaTeNIe, TakK KaK TMOKYyMNKa CHEHUATM3UPOBAHHBIX KOMITBIOTEPOB MU
MPOTPaMMHOTO o0ecrieueHus: TpeOyeT 3HAYNTENbHBIX (PMHAHCOBBIX BIIOKCHHI.



2. CJ10XHOCTH OCBOCHUSA

[Ipodeccuonanpupie nporpamMmsel s 3D-moaenupoBanus, Takue kak Autodesk Maya,
Blender, SolidWorks, TpeOyroT miautensHoro oOydeHus U NpakTHKU. B oTimume ot
TPaOUIMOHHBIX METOAOB uepueHus, 3D-rpaduka BkIrodaeT B cebst pabory ¢
TEKCTYpaMH, OCBEIIEHUEM, PU3NUECKUMU CUMYJISIMSIMUA  aHUMAIUEH, 9TO YCIOKHSIET
npolrecc 00y4YeHusl.

3. Orpann4yeHus NPOrpaMMHOIo odecnevyeHnst

Xotst coBpeMeHHble 3D-pegakTopbl 00/1a1at0T OOIBITUM (PYHKIIMOHAIOM, OHU BCE K€
UMEIOT ONpeneNieHHble orpannyueHus. Hampumep, He Bce mporpaMMbl OIIEPKUBAIOT
omnpeneneHHble GopMaThl Pailyios, a JUisi HEKOTOPBIX 3a/1ad TpeOyeTcs UCIOIb30BAaHUE
HECKOJIbKUX MPOrpaMM Cpasy, 4TO YCIOKHSIET pabouuil mpoiiecc.

4. BpemsizaTpaTHOCTH npouecca

Coznanme ciaoxHbIX 3D-Moeneil MOKET 3aHUMaTh 3HAUUTENBHOE BPEMsl, OCOOCHHO
eciu TpeOyeTcsl BBICOKas cTeneHb JAertanu3auuu. I[Ipomecc Bkioyaer B ceds
MOJEIUPOBAaHUE, TEKCTYPUPOBAHHUE, HACTPOUKY OCBEIICHUSA U aHUMALUIO, YTO MOYKET
pacTAHYTh pabOTy Ha HEAENIU U JaKe MECSIIL.

5. Jloaruii peHJAepUHT U CJI0KHOCTH 00padoTKu

cDOTOpCaJ'II/ICTI/I‘IHEUI Fpa(bI/IKa Tpe6yeT 3HAaYUTCIIbHBIX BBIYHNCIINTCIIBHBIX MOMHOCTGﬁ. B
3aBUCHUMOCTH OT CJIIOKHOCTH CLCHBI, pPCHACPHUHI" OJJHOT'O I/I306pa)KeHI/IH NI aHMMallnu
MOXKCT 3aHUMATb OT HCCKOJIbBKHMX MHUHYT MO0 HCCKOJBKHX CYTOK. DTO0 0COOCHHO
AKTYAJIbHO JII KHHOMHAYCTPUU U FeﬁM-ﬂHBaﬁHa, I'I€ BBICOKOC Ka4CCTBO 1/1306pa>1<eHH51
SABIIACTCSA KPUTUYCCKU Ba’KHBIM.

3akJIoueHue

3D-MoaenupoBaHue — 3TO MOIIHBIN HHCTPYMEHT, KOTOPBIN MPOJI0JIKAET pa3BUBATHCS U
HaxoJIUTh HOBbIE O0MacTH HpuMeHeHus. Ero mpeummyiiecTBa, Takhe KaK BBICOKAs
TOYHOCTb, YJy4IlIEHHAs BU3yalln3alus, SJKOHOMUs pecypcoB U uHTerpauus ¢ VR/AR,
NENaT €ro HE3aMEHMMBIM B COBPEMEHHOM HUHAyCTpuH. OIHAKO OCTAalTCS H
HEJIOCTATKH, CpPEIUd KOTOPBIX BBICOKAs CTOMMOCTb OOOpPYIOBAaHHMS, CIIOKHOCTb
oOy4eHMs, BpEMEHHbIE 3aTpaThl U IJIUTENBHBIN Mpolecc peHaepuHra. B Oyaymem
JalibHENIIee pa3BUTHE HCKYCCTBEHHOI'O MHTEUIEKTa, OOJIaYHBIX BBIYUCICHUN U
aBTOMATHU3UPOBAHHBIX PEHJIEP-CUCTEM MOXeT caenath 3D-mozaenupoBaHue Ooliee
JOCTYIHBIM, OBICTPBIM U YJTIOOHBIM JJIsl MACCOBOT'O MCIIOJIb30BAHMUS.



Jlurepartypa

=

w

Yuctos B.B. OcHoBbl 3D-MoaenupoBanusi. — M.: bunom, 2021.

[Torocsan A.C. 3D-rpaduka u komnertorepHas Busyanuszanusa. — CII6.: [Turep,
2020.

baysp 1. 3D-moaenupoBanue: ot ujeu k peanusanuu. — M.: JIMK Ilpecc, 2019.
Kunmun A.H. KomnberlorepHoe mMojienpoBanne B nHxenepun. — HoBocuOupck:
HI'TY, 2022.

Autodesk Inc. PykoBoactso mo 3ds Max. — 2021.
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AKKYMYJHUPOBAHUE TEIIJIOBOM U JIEKTPUYECKOM SJHEPTUA

JlutoBka Mapusi AjleKkceeBHA
CTYyJIIeHT, [ 0Cy1apCTBEHHBIN YHHBEPCHUTET a3POKOCMHUIECKOTO IPHOOPOCTPOCHHSI,
P®, r. Cankr-IlerepOypr

AHHOTAIIUA

COBpeMeHHBIe TCXHOJIOTMHW HAKOIUICHHA OJSHCPIUM HUI'PArOT KIIOYCBYIO PpOJIb B
00eCreUYeHN CTaOMJIBHOCTH OQHCProCuCTeM MU YBCIIMUCHHUU 3(1)(1)€KTI/IBHOCTI/I
VCIIOIL30BAHUS  BO300OHOBIISIEMBIX HCTOYHHKOB OHCPIHUH. B ,HaHHOﬁ CTaThC
pacCMaTpuBarOTCA MCTOAbI AKKYMYJIHNPOBAHUA TEILIOBOM U BJIGKTpH‘IGCKOfI OHCPI'UH, UX
IIPUHIIUIIBI pa6OTBI, NpCHUMyHICCTBA U OI'PAHHUYCHUA. Ocoboe BHUMaHHE YACIICHO
IICPCIICKTUBHBIM pa3pa60TKaM B I[ElHHOfI 06J'IaCTI/I, BKIIFO9asd TCPMOXHUMHUUCCKHC
AKKYMYJEITOPBI, CYIICPKOHACHCATOPLI 1 HOBBIC TCXHOJIOI'NH XPAHCHUA DOHCPIUH.

KarwuyeBble  cioBa:  JHEpreTMka, HAKOIUIEHWE  DHEPIUM,  AKKyMYJSITODHI,
TEIUI0AKKYMYJISITOPBI, CYNEPKOHAEHCATOPbI, BO30OHOBISIEMbIE MCTOUYHUKH HHEPIHH,
TEPMOXUMHYECKOE XPAHECHHUE.

BBenenue

Poct notpebaenus 3HEprUr U HEOOXOAUMOCTh UCTIOIB30BAaHUS YKOJIOTUUECKH YUCTHIX
HMCTOYHUKOB TIPUBEIM K AaKTHBHOMY pAa3BUTHI0 TEXHOJOTUM XPAHECHHS HSHEPIHM.
TeruoBast u AneKTpUUEcKasi IHEPTUs MOTYT HAKAIJIMBATHCS Pa3TUYHBIMU CIIOCOOAMU,
YTO TO3BOJIIET CIJIaXUBaTh T[HKOBBIE HArpy3Kd, MOBBIIATh  HAJEKHOCTb
sHeprocHabxeHus: U 3G(PEKTUBHO UCIIOIL30BaTh COJTHEUHYIO U BETPOBYIO T€HEPAIIHUIO.
PaccMoTpyM OCHOBHBIE METOJZIBI AKKyMYJIMPOBAHUSI DHEPTHHM, UX BO3MOXKHOCTH H
OTpaHUYCHUS.

MeToabl aKKYMYJIHPOBAHUSA TENJIOBOM YJHEPTUM
1. YyBcTBHTE/IbHOE TEIJIOBOE HAKOILJICHHE

OTOT METOJ OCHOBaH Ha M3MEHEHUW TeMIepaTypbl MaTepuajga IpU HAKOIUICHUU W
BbIJICTICHNHU Teria. Yaille BCero UChoJib3yrTes KUIKOCTH (BOAA, Maciia) WA TBEPIbIC
Marepuanbl (6eToH, kupnud). OCHOBHOE MPEUMYIIECTBO — MPOCTOTA peau3aiuu, a
HEJI0CTaTOK — OTHOCUTEJILHO HU3KAasl IJIOTHOCTh XPAHEHUS DHEPIHH.



2. JIaTeHTHOE TeNJIOBOe HAKOIJIEeHHEe

Hcnone3yeT pa3oBbie mepexopl MaTEPUAJIOB, TAKUX Kak mapaduH, COIH WIH THAPATHI.
Bo Bpems miaBiieHHMs WM KPUCTAILIM3ALMU TAaKUE BEIIECTBA MOTYT HAKaIUIMBATh U
BBICBOOOKJIaTh 3HAYUTEIILHOE KOJIMYECTBO TEIUIA, YTO AeNaeT ux 3(p(HEKTUBHBIMU JUIS
CUCTEM OTOIUIEHUS U KOHAULIMOHUPOBAHUS.

3. TepmoxumMmn4yeckoe XpaHeHHe

OnuH n3 HamOoJiee MEePCIEeKTHBHBIX CIIOCOOOB HAKOIUICHHUS TEIIa, WCIIOJB3YIOMNN
oOpaTUMbIC XUMHUYCCKHE pCakIuH. Takue aKKyMyJsaTOpbl 00J1aJal0T BBICOKOMH
IUIOTHOCTBIO XPaHCHUS DSHEPTMM M MOTYT HCIIOJIB30BaThCS B IPOMBINUICHHBIX U
OBITOBBIX YCTAaHOBKAX, OJHAKO MX CTOMMOCTH OCTAETCSI BHICOKOM.

MeToabl aKKYMYJUPOBAHMSA 3JIEKTPUUYECKON IHEPTr U
1. XuMun4yeckue akKyMyJISTOPbI

TpanuuuoHHBIE JTUTUH-UOHHBIE, CBHHIOBO-KUCJIOTHBIE M HATPUH-MOHHBIE OaTapen
HIMPOKO MPUMEHSIOTCS B MOOMJIBHBIX YCTPOMCTBAX, AIEKTPOMOOMIISIX U SGHEPTOCETSIX.
Ux mnpeumymiectBa — BbICOKass 3(PQEKTUBHOCTh M KOMIIAKTHOCTb, @ OCHOBHBIE
HEJJOCTATKU — OTrPAHUYEHHBIM CPOK CIYKObl M 3aBUCUMOCTH OT PEAKO3EMEIbHBIX
METaJUIOB.

2. CynepkoHIeHCATOPbI

OOecneunBalOT  MTHOBEHHOE  HAKOIUIGHWE W OTAady DHEPrud 3a  CYeT
anekTpoctatuyeckoro sddexkra. OHU OTIMYAIOTCS BBICOKOM MOIIHOCTBIO H
JOJITOBEYHOCTHI0, HO HWMEIOT HHU3KYH DSHEPrOeMKOCTh, YTO OTPAaHUYMBACT WX
MIPUMEHEHNE B JUTUTEILHBIX IUKJIaX XPaHCHHUSI.

3. 'uapoaKkKyMyJMpyoume CTAHIMU

Hcronp3yoT pa3HUIly BBICOT IS TPEoOpa3oBaHUS DJICKTPUYCCKOW DHEPTUH B
MOTEHIMAJIBHYIO (32 CUeT MOJbheMa BOJABI B BEPXHHI pe3epByap) U MOCIEIYIOIIETO e
BO3BpaTa B BHJIE DJEKTPOIHEPTHHU. DTO OJUH M3 caMbIX I(P(PEKTHUBHBIX CIIOCOOOB
XpaHEHMsI, HO TPeOyeT 3HAUMTEIIbHBIX reorpadUuecKuX yCIOBUH.

4. Marautoruapoaunamuueckoe (MI'/]) HakonieHue

OJII/IH N3 MHHOBAIITMOHHBIX METOOO0B, I/ICHOJ'IBSyIOH_[I/Iﬁ MArduTHBIC IIOJIA OJIs1 XPpaHCHUA
OHCPIrur B TOKOIIPOBOJAINUX KHUAKOCTAX HJIM I'a3ax. I[&HHBII\/JI CII0c00 HaXoAUTCA Ha
CTaauH aKTUBHBIX I/ICCJ'ICIIOBaHI/Iﬁ H ITOKA HE IMOJIYUYHWJI HIMPOKOT'O paCIIpoOCTpaHCHHUS.
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HepCHeKTHBHLIe TEXHOJOTHH

Hayunbsie wuccnenoBaHus HampaBji€Hbl Ha co3aaHue Oonee 3(PQGEKTUBHBIX U
AKOJIOTUYECKH OE€30MaCHBIX CHUCTEM HaKoIuleHUs sHeprud. Cpenu MepcreKTUBHBIX
HampaBlIeHUH  —  TBEPAOOKCHIHBIE  TOIUIMBHBIE  DJEMEHTHI,  rpadeHoBbIe
CYNEPKOHACHCATOPHl W THOpPUIHBIE CHCTEMBI, COBMEIIAIONINE IPEUMYILECTBA
pa3IMYHBIX METOJIOB XPAHECHHUS.

3akJIroueHue

OddekTuBHOE aAKKYMYJIUPOBAHHWE TEIJIOBOM M SJIEKTPUYECKON DHHEPruu Urpaet
KJIFOUYEBYIO pOJb B Pa3BUTHM 3HEpreTuku Oyaymiero. CoOBpeMEHHbBIE TEXHOJOTHU
MO3BOJISIIOT ~ YJYYIIUTh HaJIeKHOCTh HHEPrOCHA0KEHHS, WHTETPUPOBATH
BO300HOBJISIEMbIE UCTOYHUKHA M COKPATUTh YIAEpOAHBINA ciies. OgHAKO OCTaloTCs
BBI3OBBI, CBSI3aHHBIE C CTOMMOCTHIO, A()(PEKTUBHOCTBIO U  JIOJITOBEYHOCTHIO
CYLIECTBYIOIIUX pelIieHUud. JlampHelme HCClenoBaHusT YW HWHHOBAllMM IOMOTYT
YCOBEPILIEHCTBOBATh METO/IbI XPAHEHUS JHEPTUU U C/IeNIaTh UX 00Jiee TOCTYIMHBIMHU.

Jlureparypa
1. Kanuna IL.JI. ITpo6nemsl coBpemenHoi suepretuku. — M.: Hayka, 2020.
2. UanoB C.A. Cucrembl akkymynupoBanus suepruu. — CII0.: [Turtep, 2021.
3. Smalley R.E. Future Energy Solutions. — New York: Springer, 2019.
4. Tesla Inc. Battery Storage Innovations. — 2022.
5. IEEE Transactions on Energy Storage. — 2023.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIIK-004.8

AHAJIN3 JAHHBIX IEHOBBIX KOTUPOBOK AKIIU KOMITAHUT
METOJAMH I'TYBOKOT'O OBYUEHHUS

AHTOH AJIeKkceeB
[IpenogaBatens, kadeapa MapkeTHHTa, MOCKOBCKHI TOCY1apCTBEHHBI YHUBEPCUTET
r. Mocksa, Poccus

Haranusa LlapskoBa

[Ipenonasatens, kadenpa ncuxonoruu, Cankr-IlerepOyprekuii rocy1apcTBEHHbIN
YHHUBEPCUTET

r. Cankr-IlerepOypr, Poccus

AHHOTALIUA

['my6okoe ob6yuenue (Deep Learning) akTHBHO mpuUMeHsieTCS B 001acTH (UHAHCOB JJIs
aHaJIM3a JaHHbIX O [IEHaX aKLHi, IPOrHO3UPOBAHMS PHIHOYHBIX TEHAECHIMN U IPUHITHUS
MHBECTULHOHHBIX PEHICHUN. B TaHHOW CTaThe paccMaTpPUBAIOTCS OCHOBHBIE METOBI
[IyOMHHOTrO OOYyYeHHs, UCIOJIb3yeMble i1 OOpaOOTKM M MpEeACcKa3aHHs LEHOBBIX
KOTUPOBOK, TaKuW€ Kak peKkyppeHTHble HeilpoHHble cetd (RNN), nnuHHas
kparkocpouHass mnamsatb (LSTM), cBeprounsie HeilponHsie cetd (CNN) u
TpaHc@opmepbl. Takxke aHATU3UPYIOTCS IPEUMYIIECTBA U HEOCTATKH 3TUX METOOB,
UX MPaKTUYECKOE IPUMEHEHNE U MEPCIEKTUBBI albHENIIEro pa3BUTHs B (PUHAHCOBOMN
aHAJIUTHKE.

KuroueBrble ciioBa: riryookoe oOydyeHHne, HEMpOHHBIE CETH, (POHIOBBIN PBHIHOK, aHATIU3
JaHHBIX, TPOTHO3UPOBAHUE, KOTUPOBKH aKIMW, MAITUHHOE 00y4€HUE, NCKYCCTBEHHBIN
WHTEJUIEKT.

BBenenune

AHanu3 KOTHUPOBOK aKIMH SBISETCS Ba)XHOW 3amadeil B ()MHAHCOBON aHaJUTUKE,
MMOCKOJIBKY TOYHBIC TIPOTHO3BI JUHAMHUKHU II€H MMO3BOJIAIOT WHBECTOpPAM W Tpeuaepam
npuHUMaTh 00OCHOBaHHBbIE pemieHus. C pa3BUTHEM TEXHOJOTHN HCKYCCTBEHHOTO
HMHTEIIJIEKTa METObI TITyOOKOTO 00yUCeHHS TEMOHCTPUPYIOT BBICOKYIO 3(P(hEKTHUBHOCTD
MpU aHAIKU3E CIOKHBIX BPEMEHHBIX PSJIOB, YTO JIETAET UX MOJE3HBIM WHCTPYMEHTOM
TUTsl PUHAHCOBBIX PHIHKOB.

['myOokue HEWpOHHBIE CETH CIOCOOHBI BBIABISTH CKPBIThIE 3aKOHOMEPHOCTH B
MCTOPUYECKHUX JAHHBIX O IIEHaX aKIMi, yuuThiBas (yHAaAMEHTAIbHbIE U TEXHUYECKUE
¢daktopel. OcHoBHbIE MoaenH, Takue kak LSTM, CNN u Tpancdopmepsl, MO3BOJSIOT
CTPOUTH TOYHBIE MPOTHO3bI M AJANTHUPOBATHCS K U3MEHEHHUSM DPBIHOYHBIX YCIIOBHIA.
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B ,HaHHOfI CTaTbC pacCMaTpuBaAIOTCA OCHOBHBLIC MCTO/bI FJIY6I/IHHOFO O6y‘{€HI/I}I,
IMPUMCHACMBIC B (bI/IHaHCOBOM AdHAaJIN3€C, a TaAKXKE UX CUIIBHBIC U cia0bIe CTOPOHEI.

MeToabl aHAIM3a HEHOBBIX KOTHPOBOK € PUMEHEHUEM IJIy0OKOro 00y4eHust

1. PexyppenTHbie HelipoHHbIe ceTH (RNN) 1 HX yCcOBepIICeHCTBOBAHUSA

PexkyppeHTHbIE HEHPOHHBIE CETH NMpEAHA3HAUEHBI ISl 00padOTKH MOCIIEN0BATEIbHBIX
JaHHBIX U YacTO MCIOJb3YIOTCS MpPU aHAJINW3€ BPEMEHHBIX psAaoB. OHU CHOCOOHBI
YUUTBIBaTh BPEMEHHbBIE 3aBUCHUMOCTH B KOTUPOBKAX aKIIMi, HO CTPagatoT OT MpoOIeMbl
MCYUE3alOIIEeT0 TIPaJUeHTa, 4YTO OrPAHMYMBAET HUX CIIOCOOHOCTH K JOJITOCPOYHOMY
3alOMHHAHMIO UH(OPMALIIH.

YcoBepuencrsopanuss RNN:

« LSTM (Long Short-Term Memory) - coemuanbubiii  tam  RNN,
pa3paboTaHHbIH 1)1 paObOTHI C TOJTOCPOUHBIMH 3aBUCUMOCTSIMH. LSTM 1mmpoko
IPUMEHSCTCS B TMPOTHO3MPOBAHWU (DUHAHCOBBIX JAHHBIX OJjarojmaps CBOCH
CMOCOOHOCTH 3allOMMHATh Ba)KHBbIC MATTEPHBI Ha JUTMTEIBHBIX MPOMEKYTKAX
BpPEMEHHU.

« GRU (Gated Recurrent Unit) — ynpormiennsiit anaior LSTM, koTopsliii TpedyeT
MCHBIIIE BBIYUCIUTCIBHBIX PECYpPCOB, COXpaHsAsi IPH OTOM  BBICOKYIO
3 PEKTUBHOCTD.

2. Ceprounbie HelipoHHbIe ceTH (CNN) 115 00padoTKH BpeMEeHHbIX PSA/IOB

XOTs CBEPTOYHBIE HEMPOHHBIE CETH TPAAUIMOHHO TPUMEHSIOTCA Ul aHalu3a
M300paKEHHUM, WX apXHUTEKTypa TaKXe YCIEHUIHO HCIONb3yeTcsl B (DUHAHCOBOMU
ananuthke. CNN crnocoOHbI U3BIEKATh CIOXHBIE 3aBUCUMOCTH U3 BPEMEHHBIX PAJIOB,
4TO JenaeT ux 3PHEKTUBHBIM HHCTPYMEHTOM JIJIsl aHAJIM3a KOTUPOBOK aKIUH.

[IpenmymectBa CNN:

¢ BBICOKAs CIIOCOOHOCTD K BBISIBICHHUIO CIOKHBIX CTPYKTYpP B JAHHBIX;
e MEHBIIAs YyBCTBUTEIBHOCTD K IIIYMY IO CPABHEHMIO ¢ TpaauUMOHHbIMU RNN;
e BO3MOXHOCTb 00pabOTKH 60IbIINX 00bEMOB (PUHAHCOBON MH(MOPMAITUH.

3. Tpancdopmepsl U X IPUMEeHEeHHE B (DUHAHCOBOI aHAJIMTHKE

Tpanchopmepusie  mozenu, Ttakue kak BERT  (Bidirectional Encoder
Representations from Transformers) u GPT (Generative Pre-trained
Transformer), noka3anu BbIAIOIIAECS PE3Yy/IbTaThl B 00pabOTKe MOCIIEI0BATEIbHBIX
JaHHBbIX, BKIIIO4YaA aHaJIn3 BPCMCHHBIX PAJI0B.
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B ¢unancoBoii ananutruke TpaHc@opmMepbl IPUMEHSIOTCS AJIS:

e TNPOTHO3MPOBAHMS KOTHUPOBOK AKLUNA HA OCHOBE UCTOPUUYECKUX JTAHHBIX;

o BBIABJICHHS KIIFOUYEBBIX PBIHOYHBIX CUTHAJIOB B HOBOCTHBIX JICHTAX;

e QAHAIM3a pPBIHOYHBIX HACTPOCHUM C MCHOJB30BAaHUEM TEKCTOBBIX JIAHHBIX
(counanbHbIE CETH, HOBOCTH, OTYETHI KOMITAHH).

APXHUTEKTYpa npeacKa3areJbHbIX Mojiesieil 1 00padoTKa JaHHBIX
1. IIpeno6padoTKa JaHHBIX

[Ipexne yeM MPUMEHSATh aarOpUTMbl MAIIMHHOTO OOYYEHUs, JaHHBIE O LEHAX aKUIUN
JOJDKHBI OBITh OUYMIIEHBI M HOpManu3oBaHbl. OCHOBHBIE 3Tambl MpenoOpaboTKu
BKJIFOYAIOT:

e yJaJIeHHE BHIOPOCOB U aHOMAJIUIA;

e HOpPMAJIM3ALHUIO 3HAYCHUN I YCKOPEHHS CXOJIUMOCTH MOJIEIIEH;

e TEHEPALMIO JONOJIHUTEIBHBIX MPU3HAKOB (HAIPUMEpP, CKOJIB3SIIUX CPEIHUX,
BOJIATUIILHOCTH).

2. Bb10Op apXuTeKTYypbI MO/1€JIH
Bb100p apXUTEKTYphI 3aBUCUT OT MOCTABJICHHOM 3a]a4H:

e JUIA KpaTKOCpO4HOro npornoszuposanus noaxoast CNN u GRU;

e JUISl AOJATOCPOYHOTrO aHanu3a npeanouyrutesbisl LSTM u Tpancdopmepsr;

e JUIS BBISBIICHUS CKPBITBIX 3aKOHOMEPHOCTEH TOJIE3HBI THOPUIHBIE MOJIEIH,
COYETAIOLIME PAa3HBIE TUIIBI HEUPOCETEH.

IIpenmymectBa ¥ OrpaHMYeHHMsl MeETOJOB IJyOOKOro oOy4YeHUs1 B aHaIM3e
(puHAHCOBBIX JAHHBIX

IIpeumyuecrna:

v BbICOKast TOYHOCTH MPOTHO30B 3a CYET aHAIN3a CIIOKHBIX BPEMEHHBIX 3aBHCHMOCTEH.
v BO3MOXHOCTH aBTOMATUYECKOW OOpabOTKM OOJIBIINX OOBEMOB JIAHHBIX.
v THOKOCTH B alanTalyi K Pa3IMYHbIM PHIHOYHBIM YCIIOBHUSIM.

Orpannyenmus:

X Bpbicokass BBIYHMCIUTENIbHAS CIIOKHOCTh W mOTpeOHOCTH B MomHbix GPU.
X HeobOxomumocTh OO0JBIIOr0O 00bEMa HCTOPUYECKUX JIAHHBIX JUIS OOYYeHUS.

X BO03MOXHOCTh TMepeoOydeHus MojeaeH NnpH HEIO0CTaTOYHOH 00o00maroei
CIIOCOOHOCTH.
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IIpakTH4Yeckoe NpMMeHEHNE U NIEPCIIEKTUBBI PA3BUTHS

['myOokoe oOyueHHE yXKe AaKTUBHO HCIIOJIB3YETCS B aJIrOPUTMUYECKON TOPTOBIE,
MHBECTUIIMOHHOM aHalW3€ M yHOpaBlIeHUM puckamMu. B OynymeMm oxugaercs
MHTETpalysi HEHPOCETEBBIX MOJENEH ¢ KBAaHTOBBIMU BBIYMCIIEHUSMHU, YTO IOBBICUT
CKOPOCTb ¥ TOYHOCTh IPOTHO3UPOBAHMUS.

HCpCHCKTHBleJe HaIlpaBJICHUA:

e pa3paboTKa CaMOPETYJIUPYEMBIX MOJENEH, CIOCOOHBIX aJanTUPOBaThCS K
U3MEHEHUSIM PHIHOYHBIX YCIIOBUMH;

o KOMOMHHMpOBAaHHE METOAOB TJIyOOKOro OOy4YeHUsI C 3KOHOMETPUUYECKUMHU
MOJIEIISIMU;

e TNPUMEHCHHE TEHEPATHUBHBIX MOJEJICH Jii CUHTE3a PBHIHOYHBIX CIICHAPUEB U
TECTUPOBAHUS CTPATETUH.

3akJIroueHue

Hcnonb30BaHne METOI0B INIyOOKOro 00y4eHHsI B aHAJIN3€ LIEHOBBIX KOTUPOBOK aKIUH
OTKPBIBAET HOBBIE BO3MOMKHOCTH [JIi TOYHOTO THPOTHO3UPOBAHMS PHIHOYHBIX
teHaeHuui. CoBpemeHHble Mojaenu, Takue kak LSTM, CNN wu Tpanchopmepsl,
ITO3BOJISIIOT  AHAJM3UPOBATh CIIOKHBIE BPEMEHHBIE 3aBUCHMOCTH W IOBBIIIATH
3¢ (HEeKTUBHOCTh MHBECTUIIMOHHBIX pelieHui. OJJHaKO OCTalOTCs BbI30BBI, CBA3aHHBIE C
BBIUHUCIUTEIBHBIMA 3aTpaTaMM U HUHTEPIPETUPYEMOCTBIO MOJENEH, 4YTO TpedyeT
JTaTbHEUIINX UCCIEIOBAHUN U pa3pabOTOK.

Jlureparypa

1. Goodfellow 1., Bengio Y., Courville A. Deep Learning. — MIT Press, 2016.

2. Hochreiter S., Schmidhuber J. Long Short-Term Memory. — Neural Computation,
1997.

3. Vaswani A. et al. Attention is All You Need. — Advances in Neural Information
Processing Systems (NeurlPS), 2017.

4. Zhang Y., Zohren S. Deep Learning for Stock Market Prediction. — Journal of
Financial Data Science, 2020.

5. Tesla R. Neural Networks and Stock Market Forecasting. — IEEE Transactions on
Financial Computing, 2022.

-15-



/ﬁlﬁi‘é‘h

N7 HAYKA 1 MUPOBO33PEHUE

V]IK-621.382.3

@ HAYUYHBIA ) KYPHAJI

AHAJIN3 KOD®PUITUEHTA IIIYMA BKP-YCUJIUTEJEN

Bosiooyes Bagum Ouierosuu
Axanemust @CO Poccuu, PO, r. Open

AHHOTAIIUA

[Iy™m siBIsi€TCSI OAHOM U3 KIIFOUEBBIX XaPAKTEPUCTUK YCUIIMTENEU C BBICOKOW KPYTU3HOM
nepenaun (BKP-ycunureneil), ucnonap3yemMbix B pagUOTEXHUUYECKUX M ONTHUYECKUX
CUCTEMaxX CBsA3U. B TaHHOHM cTaThe pacCMaTPUBAIOTCS OCHOBHBIE MCTOYHHMKHM IIyMa B
BKP-ycunurensx, MeTonbl €ro u3MepeHuss U cnocoObl MuHMMM3anuu. [IpoBeneH
CPaBHUTEIIbHBIM  aHamW3 pasnuuHblx TUNOB BKP-ycmmurenmelr 1mo  ypoBHIO
ko3 duimenTa 1mryma, a TakKe€ PACCMOTPEHbl COBPEMEHHBIE TEXHOJOTHH,
II03BOJIAIOIIME CHU3UTD €r0 BIUSHKUE HAa IIapaMeTPhl YCUIICHUs U Ka4eCTBO CUTHAJIA.

KiroueBble cioBa: kodgdunuent myma, BKP-ycunurens, paqno4acToTHbIN cUrHai,
YCUJICHUE, UHTEPMOIYJISIIMOHHBIC UCKAKECHUS, TEMIIEPATYPHBIA 1IyM, (QIMKKEp-IITyM,
MOJTYTIPOBOTHUKOBBIC YCUIIUTEIIH.

BBenenue

CoBpemennble BKP-ycunurenu mupoko NpUMEHSIOTCS B cHCTEMax OecHpOBOIHOM
CBSA3M, pAJUOJIOKALINM, CIIyTHUKOBOM CBSI3M W  JPYIMX  BBICOKOYACTOTHBIX
npuioxeHussx. OJHUM K3 rIaBHbIX (AKTOPOB, OTPAHUYMBAIOIINX UX 3(PPEKTUBHOCTS,
aBisieTcsl KOA(Q(UIMEHT IIyma, OINPEAENSIIOUMiA ypOBEHb JEerpajJallid BXOJHOIO
CUTHAaJA.

CHwxkenue kodduimenta mryma OCOOCHHO BaKHO B YYBCTBUTENBHBIX MPUEMHBIX
CUCTEMAX, TJI€ YPOBEHb COOCTBEHHOTO IIIyMa YCUIIUTENSI MOKET 3HAUUTETHHO MOBJIUSAThH
Ha Ka4eCTBO MPUHUMAEMbBIX JaHHBIX. B MaHHOW cTaThe paccMaTpUBAIOTCS OCHOBHBIC
MexaHu3Mbl reHepaunu myma B BKP-ycunurenax, meToasl ero aHaimsa, a Takxke
COBPEMEHHBIE CITOCOOBI €T0 MUHUMHU3AIUH.

OcHoBHbIe HcTOYHMKH IIyMa B BKP-ycuimrensix
1. TenoBoii mym

Ternnoo#t (unu J»xoHcoH-HallkBHUCT) 11IyM BO3HUKAET M3-3a XaOTHUYECKOTO JIBUKEHUS
AJNIEKTPOHOB B MPOBOAHUKE. OH NPONOPLHUOHATIEH TEMIIEPAType aKTUBHBIX 3JIEMEHTOB
YCUJIUTENS U BhIpaxaeTcs popMyJioit:
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P,=kTBP

rne K — mnocrosHHas Bonpumana, T — TemmepaTypa B KenbBHHAX, B — monoca
IIPOIYCKAHMS CUCTEMBI.

I[JIH CHHKCHUA TCINNIOBOI'O IIyMa IIPUMCHAIOTCA

e HCIIOJIB30BAHHC CBCPXIIPOBOAANINX MATCPHUATIOB B PAANOTACTOTHBIX CUCTCMAX,
e  OXJIAKACHHNC aKTHUBHBIX 3JICMCHTOB (HaHpI/IMep, KPUOI'CHHBIC YCI/IJII/ITGJII/I);
e ONTHUMH3AINA COIIPOTUBJICHUS HATI'PY3KHU.

2. ®uukkep-mym (1/f-nrym)

OUKKep-IIyM MPOSIBISETCS HA HU3KUX YacTOTaX U 00YCIOBJICH HEOJHOPOIHOCTSIMH B
MOJIYIPOBOJHUKOBOM CTPYKTYpE€ aKTHUBHBIX JJIEMEHTOB ycwiutens. Ero ypoBeHb
3aBUCHUT OT TEXHOJIOTUY U3TOTOBJICHUS TPAH3UCTOPOB M KAUECTBA UX CTPYKTYPHI.

MGTOI[I)I MHHUMHU3allUH:

e INPUMCHCHHC BBICOKOKAYCCTBCHHBIX I'CTCPOCTPYKTYPHLIX ITOJIYIIPOBOAHUKOB,
e HCIIOJIb30BAHNEC KACKOJHBIX CXEM YCUJICHHUA AJII KOMIICHCAIUH HECTAaOMJILHOCTH.

3. 'eHepanMOHHBIH-PEKOMONHALMOHHBIN IIIyM

OTOT BUJ IIyMa CBsI3aH € MPOLIECCAMU I'€HEpally U PEKOMOMHAIIMN HOCUTENEHN 3apsaa
B IOJIyIPOBOAHUKAX. OH MMEET SKCIOHEHIIMAIBHYIO 3aBUCUMOCTb OT TEMIIEPaTyphl U
3HAYUTEJIEH B MOJYIPOBOJHUKOBBIX YCUIUTENSX C BBICOKUM TOKOM YTEUKH.

CHWXKEeHME JaHHOTO IIyMa JOCTUTaeTCsl MPUMEHEHUEM HHU3KOTEMIIEpAaTyPHBIX
TEXHOJOTUH U MAaTEPUAJIOB C BBICOKOM ITOJIBUKHOCTBEO HOCUTEIICH 3apsiia.

Metoabl usmMepeHusi Ko3gpguuueHTa myma

Kosddumument myma (F) xapaktepusyeT yxyAlleHHE OTHOIIECHUS CUTHAJ/IIYM TMpU
MIPOXOKJICHUU CUTHANIA yepe3 ycuuTenb. OH onpeensieTcs Kak:

_ SNR Bxo[,
SNR BbIXO[,

B norapudmuueckoit mkasne ero BeipaxkaroT B aenuodenax (dB):
NF=10logF
Mertonp! uamepenus kodpuiuenTa nryma BKIFOYAOT:

o« MeToa ropsiuero m XoJI0HOro MCTOYHUKA (Y-METOX) — UCIOIB3YETCS A
OLICHKU IIIyMa B IPUEMHBIX CUCTEMAX;
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o MeToa kaJIMOPOBAHHBIX IIYMOBBIX MCTOYHHKOB — OCHOBAaH Ha CpPaBHEHHUH
BBIXO/IHOTO CUTHAJa YCUJIUTEIS C 3TAIOHHBIM IITyMOM;
¢ ABTOMATH3HPOBAHHBbIE MeTOAbI Ha 0a3e HM(PPOBHIX AHATU3ATOPOB CIIEKTPA.

CpaBHenue ko3¢puuueHTa myma pasandHbix THOB BKP-ycuiauresei

Ko duument
Tun ycunuresas bepru IIpumenenue

myma (dB)
['eTepocTpyKTypHBIE 05_2 CnyTHHKOBas CBS3b,
ycunurenu Ha GaAs ' paanoIoKaUs
Kpemuuessie MOSFET- 55 becnipoBonHbIe cetw,
YCUJIUTEIIH MOOUIIbHAS CBSI3b

PaIIPIoaCTpOHOMI/IH, KBAaHTOBBIC

Kpuorennsie BKP-ycunurenun <0.5
BBIYHCIICHUS

HepCHCKTI/IBHBIC CHUCTCMBI

I'paeHOBBIE yCUIUTENH 1-3 5G/6G

CoBpeMeHHbIE UCCIEIOBAaHUs HANpaBICHbl Ha pPa3pabOTKy HOBBIX MaTepuajoB M
ApPXUTEKTYp YCWINTENEW, TMO3BOJSAIOUIMX CHU3UTh KOIPPUIMEHT IIymMa IMpH
COXPAHEHUU BBICOKOW TUHEHHOCTH U 3(PPEKTUBHOCTH.

MeTtoabl CHUKEHUSA KOIPPUIHEHTA IyMa

1. OnTuMHU3aIMA TONMOJOTHH YCHIUTEJIs
o [lpuMeHeHHe KaCKOJHBIX CXEM JJIsl YMEHbBIIICHUS MAPa3UTHBIX €eMKOCTEH.
o MHcnonp3oBaHWe aKTUBHBIX WHIYKTUBHOCTEH BMECTO TPAIUIIMOHHBIX
KaTyIICK.
2. Ucnojb30BaHUE HOBBIX MATEPHAJIOB
o Terepoctpyktypbl Ha ocHoBe GaN u InP oGecneuuBarotr Gosiee HU3KUi
YpOBEHB IITyMa.
o I'padeHOBBIE  TpaH3UCTOPHI  OOJAJAIOT  BBICOKOM  IMOABUKHOCTHIO
HOCHUTEJICH, YTO CHIYKAET TCHEPAIIMOHHBIC IITyMBI.
3. KpuorenHnoe oxJjiaxjaenue
o B KBaHTOBBIX W pPagMOACTPOHOMHUYECKHX CHCTEMaX YCUJIUTENU
OXJIAKIAIOT J0 Temreparyp nopsaka 4 K mns MUHUMU3aluKU TETIOBOTO
nryma.
4. TlpuMeHeHHE AJITOPUTMHYECKOH KOPPEeKIUN
o B coBpeMeHHBIX paguocHCTEMax HCIOJb3yeTcs mudpoBas oOpadoTka
CUTHAJIa JJI1 KOMIICHCAIIUA IITyMOB HAa OCHOBE aJITOPUTMOB MAITUHHOTO
oOy4eHwUsI.
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IepcnexkTussbl passurusa BKP-ycuiauresnei ¢ HU3kuM ko3¢gppuuueHToM myma

bynymue pa3pa®oTku HampaBieHbl Ha CO3JaHUE HOBBIX MaTepuajoB C BBICOKOM
HOJBWKHOCTBIO HOCHUTENEW, KBAaHTOBBIX YCHUJIMTENEH Ha OCHOBE S(PQEKTOB
CBEPXIIPOBOAMMOCTH M HHTETPAIUIO IIYMOIOAABIIAIONIUX TEXHOJOTHUI Ha YpPOBHE
CXEMOTEXHUKH.

HCpCHCKTHBHBIE? HallpaBJICHUA I/ICCJ'I@I[OB&HI/II\/'IZ

e HCIIOJIB30BaHHC HaHOTp}I6OK 151 rpa(beHa B aKTHUBHBIX 3JICMCHTAX YCHHHTGHQﬁ;

e INPUMCHCHHC HCKYCCTBCHHOI'O HHTCIIJICKTA I AHHAMHWYCCKOI'O VYIIPABJICHHA
I[mapaMCcTpaMu YCHUIICHUA,

. pa3pa60TKa FI/I6pI/I,ZIHI>IX cXemMm ¢ KOM6HHI/IpOBaHHBIM HCIIOJIb30BaHUCM
OIITHYCCKUX N PAIOTYACTOTHBIX TEXHOJIOTH.

3akijroueHue

Koaddurment mryma siBasieTcss KpUTHUECKH BaKHBIM napamerpoMm BKP-ycunureneit,
BIIMSIIOLIMM Ha KaueCTBO OOpPa0OTKU CHUTHAJIOB B PAAUMOTEXHUUYECKUX U ONTUYECKUX
cuctemax. COBpEMEHHbBIE METO/Ibl CHIDKEHUS 1IyMa BKJIIOYAIOT UCTIOJIb30BAHUE HOBBIX
MaTepUalioB, ONTUMHU3AIMIO CXEMOTEXHUKH M KPUOTCHHBIC TEXHOJIOrMHU. bymyiiee
pa3BUTHE HAIMPABJICHO HA WHTErpalMi0 KBAHTOBBIX TEXHOJOTHI M alrOPUTMOB
MaIIMHHOTO O0Yy4YeHHUs Ui aJalTUBHOTO YIIPABICHUS IIYMOBBIMH XapaKTEPUCTUKAMU
YCUJIUTENEN.

Jlureparypa

1. Pozar D. M. Microwave Engineering. — Wiley, 2011.

2. Razavi B. RF Microelectronics. — Prentice Hall, 2012.

3. Lee T. H. The Design of CMOS Radio-Frequency Integrated Circuits. —
Cambridge University Press, 2004.

4. Kurokawa K. Noise in High-Frequency Amplifiers. — IEEE Transactions on
Microwave Theory and Techniques, 1965.

5. BopooseB A. B., CmupHoB B. A. PanguoyacToTHblE YCHUIUTENH: TEOPHUS H
npakthka. — Mocksa: Paguo u cBsa3b, 2018.
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AHAJIM3 METOJA I''ITYBOKOI'O MYJIBTUATEHTHOI'O OBYYEHUSA HA
OCHOBE T'EHEPATUBHO-COCTSI3ATEJBLHBIX CETEN

EpemnyeB Koncrantun AnapeeBuy

CTyZIEHT, MOCKOBCKHI TOCY/1apCTBEHHBIN TEXHUUECKUN YHUBEPCUTET
uMm. H.D. baymana

P®, r. Mocksa

Andumues Anexcanap Hukonaesnu

Hay4HbI PYKOBOJUTENb, 1-P. TEXH. HAYK, podeccop, MOCKOBCKUI
rOCyJJapCTBEHHBIN TEXHUYECKAM yHUBepcuTeT uM. H.O. baymana
P®, r. MockBa

AHHOTAIIUA

B nanHo#l cTathe paccmaTpuBaeTCs METOJ TNIyOOKOrO0 MYJbTHAareHTHOTO OOYy4YeHHs,
OCHOBAHHBIN Ha TeHEPATUBHO-cOCTA3aTeIbHbIX ceTAX (GAN). B cTtaThe aHaM3UPYyIOTCS
OCHOBHBIE TTPUHIIUIIBI PAOOTHI ATUX CETEH, UX OCOOCHHOCTH U MPEUMYIIIECTBA, a TAKKE
BO3MOYKHBIE PUMEHEHHUS B MYyJIbTUAr€HTHBIX cuctemMax. Mccnenyercs sppekTuBHOCTD
npumeHenuss GAN B 3ajayax oOy4yeHHUs areHTOB C II€JIbI0 TOBBIIMICHUS KayecTBa
B3aUMOJICUCTBUS W ONTHUMHU3AIMU TPOIECCOB OOY4YEHUS B CJIOXKHBIX Cpeax.
OOCy>KnaroTcsi TEPCHEeKTUBBl Pa3BUTHUS M BBI3OBBI, C KOTOPHIMH CTaJIKHWBAIOTCS
WCCJIEIOBATEIN MPHU BHEIPEHUU 3TUX TEXHOJIOTHUH.

KuarwueBsble cioBa: ['myObokoe o0yueHue, MyJIbTHAareHTHOEe OOydYeHHEe, TeHEPATUBHO-
cocts3atenbHble ceTd (GAN), MCKYCCTBEHHBIH HMHTEIUIEKT, aJITOPUTMbBI OOYy4YEHUS,
ONTHUMM3AaLMs B3aUMOJCICTBUS ar€HTOB.

BBenenune

B nocnennue ronapl HaOMOAAETCS 3HAYMTEIBHBIM POCT HHTEpeca K METoJaM
MYJIbTHAr€HTHOTO OOYYEHHS] M WX MPUMEHEHHIO B Pa3IMYHBIX O00JIACTAX, TAKUX Kak
poOOTOTEXHMKA, AaBTOHOMHBIE CHCTEMbl W HWHTEJUIEKTyaJbHble ceTH. B 1eHTpe
BHUMAaHUsI HaXOAATCS TEXHOJIOTUH, KOTOPBIE ITO3BOJIAIOT areHTaM B3aMMOJIEHCTBOBATH
¥ 00y4aTbCsl B YCIOBUSAX HEONPEIAECICHHOCTH U JUHAMUYHON cpenbl. OAHUM U3 TaKUX
METOJIOB SIBJISIETCSI TIIyOOKO€ MYJbTHAareHTHOE OOy4YeHHE Ha OCHOBE T'€HEpPaTHBHO-
COCTA3ATENBbHBIX CETEH, KOTOPBIM AaKTUBHO MCIIOIB3YETCS Uil pELICHUsA 3anad
ONTUMH3ALNHU, TPUHITHUS PEIICHUN U OOYUYEHHS C MOJKPEIIICHUEM.
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O0630p MeTOI0B I1y0OKOI0 U MyJIbTHATEHTHOI0 00y4YeHH S

['mybokoe o0ydueHHEe BKIIFOYAET HMCMOJIL30BAHME HEUPOHHBIX CETEH Mg 00pabOTKU
CJIIOKHBIX JTAHHBIX U MPUHATUS penieHud. MynbTHareHTHOe 00y4YeHHUE MPEACTaBISACT
co0oli mpoliecc, B KOTOPOM HECKOJIBKO areHTOB B3aUMOJIEHCTBYIOT JPYT C APYTOM UITU
C OKpY Karollen cpefioi st JOCTHXKEHUSI CBOMX Liefiel. B oTiuune oT TpaauliMOHHOTO
noJxo/a, Tae oOydeHHe MPOUCXOJUT B paMKax OJHOrO areHTa, MYyJbTHAreHTHOE
oOydyeHHe BKIIOYAE€T B3aUMOJICHCTBHE MEXJIy areHTam, 4To J00aBiseT
JOTIOJTHUTENIbHBIE CI0KHOCTH.

I'enepaTuBHoO-cocTszaTesibHbIe ceTh (GAN)

I'enepatuBHo-cocTszatenbHble ceth (GAN) cocTosT W3 JBYX HeHpocered —
reHeparopa U JUCKPUMHUHATOPA, KOTOPble 00y4aroTCs B MPOIIECCE COCTSA3aHUS APYT C
npyroM. I'eHepatop co3aaeT JaHHbIE, a TUCKPUMHUHATOP OLIEHUBAET UX MOJIMHHOCTD.
B3aumogenictBue  3TUX  ceTe  IO3BOJISIET  CO3[aBaTh  BBICOKOKAYECTBCHHBIC
CUHTETUYECKUE JaHHBIC, KOTOPbIE MOTYT OBITh MCIOJIB30BAHBI /ISl OOYUEHHUS IPYTUX
MOJEIEH.

MeTtoa riry0oKoro MyJibTHAT€HTHOTO 00yueHus Ha ocHoBe GAN

JlaHHBIN METOJ1 IPEACTaBIAET COOOH CAMsIHIE MyJIbTHAreHTHOro o0yuenus u GAN, rie
KQKJIbIl areHT B CUCTEME MCIOJIb3YET T€HEPATUBHYIO MOJENb JUIS B3aUMOJIEHCTBHS C
OKpYy)Karolel cpemod. ITO TMO3BOJISIET areHTaMm A(@PEeKTUBHO OOMEHUBATHCS
uH(popmanuen u 00y4aTbCsi Ha OCHOBE CJIOKHBIX, MHOT'033/1auHbIX clieHapueB. Ocoboe
BHHMAaHHE yJENAETCSd BONPOCAM KOOIEpalUuy U KOHKYPEHIIMU MEXKIy areHTaMH, YTO
ABJISIETCS KJIFOYEBBIM aCIEKTOM /IS YCIEIIHON PeaIn3alii TAKUX CUCTEM.

IIpuMepsI U HccIeI0BAHUA

[TpumMepbl UCTIOIB30BaHUS METO/IA TTyOOKOr0 MYJbTUAreHTHOTO O0y4YEeHHSI HA OCHOBE
GAN MoryT BKJIIOYATh 3aJa4d B 00JaCTH POOOTOTEXHUKH, TJ€ HECKOJbKO pOOOTOB
oOyyaroTcsi paboTaTh B TpyIMIe, UCHOIb3YSl CTpaTeruto oOydeHHs, OCHOBAHHYIO Ha
B3aMMO/ICHCTBUU C OKpY>KeHHEM. B Takux cucremMax MOXXHO HAOJIOJaTh KaK areHTHI
y4aT ApYr Apyra, aAanTUPYIOT CBOU CTPATErMU U B3aUMOJICUCTBYIOT IJIsSI TOCTHKEHUS
o0IIuX IeeH.

BriBoaLI

Mertoa riry00OKOro MyJbTHareHTHOro ooyuenus Ha ocHoBe GAN mnpeacrasisieT cooon
MOIIHBI WHCTPYMEHT AJIs PEUICHHs CIOXKHBIX 3a/ad, TNl BaXKHO B3aUMOJICHCTBUE
HECKOJIbKMX areHToB. HecMoTpss Ha MHOTOYHMCIICHHBIE MPEUMYINECTBA, TaKHE KaK
BbICOKast J(PGEKTUBHOCTH U CIOCOOHOCTh K CaMOOOYYEHHIO, CYIIECTBYIOT H
OTIpe/ieNICHHbIE BBI30BBI, TAKHE KaK CJIOXHOCTU B OOy4YEHMHM Ha OOJBIIMX JAaHHBIX U
HEOOXOUMOCTh JaJbHEWUIIEro COBEPUICHCTBOBAHUS AJNTOPUTMOB JUIsl OOECIeueHUs
CTAaOMJIBHOCTH U HAJIC)KHOCTH.
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Jlurepartypa

1. Goodfellow, 1., Pouget-Abadie, J., Mirza, M., Xu, B., Warde-Farley, D., Ozair,
S., et al. (2014). Generative adversarial nets. Advances in Neural Information

Processing Systems.
2. Vinyals, O., et al. (2017). StarCraft II: A New Challenge for Al Research.

arXiv:1708.04782.
3. Li, Y., & Song, L. (2019). Multi-Agent Reinforcement Learning: A Review. IEEE
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIIK-550.34

AHAJIM3 METOAUKHU 3TAJTOHHBIX KPUBBIX BBITECHEHUS HA
IHPUMEPE ITPUOBCKOI'O MECTOPOXIAEHUA

Banees IOnup 3yabpapoBuu

CTYJIEHT, Y GUMCKUI roCy1apCTBEHHbIN HEDTIHON TEXHUUYECKUN YHUBEPCUTET
P®, r. YVoa

AHHOTAIIUA

B cTatbe npencTaBieH aHaIU3 METOIMKH TOCTPOEHUS 3TAJIOHHBIX KPUBBIX BBITECHEHUS
Ha mnpumepe I[IpuoOckoro mectopoxkieHusa. PaccmaTpuBalOTCS OCHOBHBIE ATarlbl
paboOTbl C HJTUMHM KPUBBIMH, HMX 3HAUUMOCTb JJIl ONPEIEICHUs MOTEHIMaNa
MECTOPOXKACHUS M ONTHUMM3ALUU IPOLECCOB pa3padOTKu. MeToauka OCHOBaHA Ha
rIIyOOKOM aHallM3€ JaHHBIX 10 HW3MEHEHUIO [aBJieHWs W Jjaedura B Ipouecce
JKCIUTyaTallikM, a TaKXke Ha NPUMEHEHUU MaTeMaTH4YeCKUX MoOAeNed i
MIPOTHO3MPOBAHUS BBITECHUTENIbHBIX XapaKTepUCTHK. OLIEHUBAIOTCS MPEUMYILECTBA U
OTpaHUYEHUS HCHOJIb3YEMbIX METOJOB Ha OCHOBE peajbHBIX JaHHBIX [IproOckoro
MECTOPOKACHHUS.

KuarwueBble ciioBa: DTamoHHbIE KpUBBIE BhITeCHEHHs, [Ipnobckoe MecTopoxkacHUE,
HeTSHbIE MECTOPOXKIEHUS, METOJAUKA aHaln3a, MOJCIUPOBAHUE BBITECHECHMUS,
HedTerazoBbie pazpabOTKU, reoPU3MKa.

BBenenune

BrlTankuBanue yrieBOAOPOIOB W3 PE3epPBYyapoB HEDTAHBIX  MECTOPOXKIACHUMN
MpelcTaBIsieT co0Oi OJWH W3 KIIOYEBBIX AacleKTOB B Ipolecce pa3paboTKu
MECTOPOXACHUN. TaJOHHBIE KpPUBBIC BBITECHCHHUS WIPAIOT BAXKHYIO pOJIb B
MIPOTHO3WPOBAHUH TOBEJICHUS pe3epByapa, MIOHUMAHUHA 3aKOHOMEPHOCTEH M3MECHCHUS
JaBJieHUs W Je0uTa, a TakKe B ONTUMM3ALUU Tpoliecca paszpadoTku. [Iprobckoe
MECTOPOXKACHHUE, OJHO U3 KPYIMHEHINX B Poccuu, SBIsSETCS OTIIMYHBIM TIPUMEPOM IS
MPUMEHEHUS JaHHOW MeTOAWKH. Mcrmomp3yemMble METOMbI  TO3BOJISIOT  TOYHO
MOJICIUPOBATH BHITECHUTEIbHBIE XapAKTEPUCTUKH, YTO, B CBOIO OUYEPEIb, CTIOCOOCTBYET
6osiee 3(pheKTUBHOMY yIIPaBICHUIO J00BIYECH.

TeopeaneCRne OCHOBbI ME€TOJIMKH ITAJOHHBIX KPUBbIX BBITCCHCHUSA

OTaJIOHHBIE KPUBBIE BBITECHEHHUSI CTPOSITCA HA OCHOBE JAHHBIX, MOJYYaE€MbIX B XOJE
HKCIUTyaTallil MECTOPOXACHUS. BaxkHO, 4TOOBI JaHHBIE OBLIIM TOYHBIMU U COAEPIKAIU
nH(}OpMaIUIO O TABJICHUSIX, JEOUTAX U APYTUX XAPAKTEPUCTUKAX.
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KpuBble BBITECHEHUS CTPOSITCS C UCIOJIB30BAHUEM MAaTEMaTHUYECKUX MOJECIICH, TAKUX
Kak Meroabl lleckmHa, W TO3BOJSIOT OLEHUTH SPPEKTUBHOCTH pa3zpabOTKU
MECTOPOXKACHHUSI, & TAKXKE POTHO3UPOBATh OyAYLIUME U3MEHEHMSL.

MeTtoauka mNOCTPOeHHSI JTAJOHHBIX KpuBbLIX Ha mnpumepe IIpuodekoro
MEeCTOPOKIEHUS

s [lpuobckoro MecTOpoKAeHHs OB MPOBEICH aHATU3 IaHHBIX C UCIOJIb30BAHUEM
COBPEMEHHBIX METOJOB MOJEIMPOBAHMUA. B 4acTHOCTH, B CTaTbe paccMaTpPUBACTCS
IIPUMEHSIEMas MOJIENIb BITECHEHUS, OCHOBAHHAS HA YPAaBHEHNUHN COCTOSIHUS pe3epByapa
Y WCTOJIb30BAHUH JAHHBIX O CKOPOCTH BBITECHEHHUs. TakyKe BaKHBIM JTAIlOM SIBIISETCS
aHaJIU3 BIIMSAHUA T'€OJOTHYECKON CTPYKTYPBhl MECTOPOKICHUS HA IOBEICHUE KPHUBBIX
BbITeCHeHUA. B manHom ciydae [IpnoOckoe MecTOpoXKIEeHHE C €ro pazHooOpa3HOM
IEOJIOTUYECKON  CTPYKTYpOHM IPEAOCTABISAET YHHUKAJIBHYIO BO3MOXHOCTH IS
IIPUMEHEHUS U IIPOBEPKHA METOIUKHU.

HpeuMymeCTBa H OrpaHUYCHUS METOdAa

Metoarka TOCTPOSHHSI ATATIOHHBIX KPUBBIX BBITECHCHUS MMEET HECKOJIBKO SBHBIX
NPEUMYIIECTB, BKJIIOYash BO3MOXKHOCTH TOYHOTO IPOTHO3UPOBAaHUS U OoJee
3¢ PEKTUBHOTO YIPaBICHHUS MPOIECCOM pa3paboTku. OHAKO OHA TaKXKe UMEET DA
orpanudeHuil. OAHUM W3 HHUX SIBJISETCS 3aBHCHUMOCTb DPE3YJIbTaTOB OT TOYHOCTH
UCXOJIHBIX JAaHHBIX, a TaKKe HEOOXOAMMOCTh B PETYJISIPHBIX OOHOBICHUSX MOJEIEH,
OCOOCHHO B YCIIOBUSX H3MEHEHHI B CTPYKTYpE pe3epByapa.

IIpumepsl npumeHeHust Ha IIpuodcKOM MeCTOPOKIEHNH

[Ipumenenue metoauku Ha IIpHOOCKOM MECTOPOXKIEHUW IMO3BOJUIIO 3HAYUTEIILHO
VIYYIIUTh TOYHOCTb TPOTHO3UPOBAHUS M TMOBBICUTH 3(PHEKTUBHOCTH pPa3pabOTKH.
JlaHHbI€, MOTyYEHHBIE B MPOIIECCEe IKCIUTyaTalliy, ObUIA HCTIONB30BAHbI JIJISl KOPPEKIIUU
CYILIECTBYIOIIMUX MOJIEJICH, UTO MO3BOJIAIIO YIYUIIUTh MMApaMeTphl BeITeCHEHUs. O1IeHKa
KPUBBIX BBITECHEHMSI Tak)Ke€ CTaja OCHOBOM Il TPUHSATHS pEHICHUH 10
JIOTIOJTHUTEIIBHBIM CTaIUsAM Pa3pabO0TKH MECTOPOKICHUS.

BoiBOABI

Meronrka TIOCTPOEHHUS  ITAJIOHHBIX  KPUBBIX  BBITECHEHHS, HCIOJIB3YIOIIAs
MaTeMaTUYeCcKoe MOJICTUPOBAHNE Ha OCHOBE JaHHBIX, MOJYYEHHBIX B TIpoliecce
AKCIUTyaTallil MECTOPOKJICHUMN, SIBISIETCS Ba)KHBIM HMHCTPYMEHTOM JJisi TIOBBIIICHUS
s PekTUBHOCTH pa3pabOTKU HEPTAHBIX MeCcTOopokacHuU. IlpumeHeHue gaHHOMN
METOIWKH Ha mpuMmepe I[IpuoOCKOro MECTOpOXKIEHUS IOKa3aJlo €€ BBICOKYIO
3¢ (PEKTUBHOCTH B TOYHOCTH MTPOTHO3WPOBAHUS U ONTHUMH3AINHU TTporieccoB. HecmoTpst
Ha CYIICCTBYIOIINEC OTPAHWYCHUS, TaKHE KaK 3aBUCUMOCTH OT TOYHOCTH HCXOJIHBIX
JAHHBIX, METOJIMKA TPOJOJIKAET Pa3BUBAThCI M MOXET CTaTh OCHOBOM s Oosee
9 (PEKTUBHBIX U YCTOMUUBBIX METOJIOB Pa3pabOTKH MECTOPOKICHUH.
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6. JIuteparypa

1. Usanos, B. 1., Iletpos, A. K. (2018). Mooeruposanue npoyeccog evimecnenusi 6
Hedmsanvix mecmopodicoenusx. I eodpusuka.

2. Cmupnos, O. H. (2020). Onmumuzayus memo0oe pa3pabomxu He@dmHbIX
Mmecmopodicoenuti. Hayka n TEXHOJIOTHH.

3. TI'yces, M. JI., Anekcees, H. B. (2017). Memoow: u mooenu ons ananuza Kpuswix
8bimecHeHUst yene8000p0o0os. Poccuiickuii )xypHall He()Tera30BbIX TEXHOJIOTHA.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIIK-004.4

PABPABOTKA WEB-CEPBUCA OIITUMAJIBHOT' O 3AKA3A JIEKAPCTB

Camurynun Anexcanap ®apuroBud

CTyAeHT, ['ocynapcTBeHHBIN YHUBEPCUTET MOPCKOTO U peYHOTO (hJI0Ta UMEHU
agmupainia C.O. Makaposa

P®, r. Cankt-IleTepOypr

BbapbsimnukoBa Harauabs IOpbeBHa

HAyYHBIM PYKOBOAUTENb, KaH/A. TEXH. HAYK, No1eHT kadenpsl BCU,
["ocynapcTBeHHBIN YHUBEPCUTET MOPCKOTO U PEYHOTO (hJI0Ta UMEHH aMupana
C.O. Makaposa

P®, r. Cankr-IlerepOypr

AHHOTAIIUA

B cratee paccmarpuBaercsi mpoliecc pa3paOOTKH BeO-cepBHca IS ONTUMAIBHOTO
3aka3a jekapcTB. [IpuBoguTcs onucanne pyHKIMOHAIBHBIX TPEOOBAHUN K CUCTEME, a
TaK)X€ HCIIOJIb30BAHHBIX TEXHOJOTMH W METOAOB JUIS CO3AAHMS BEO-IPUIIOKECHHUS.
Omnucanbl aNrOpUTMbI, 00ECTIEUYUBAIOLIUE BHIOOP ONTHUMAJIBHBIX JIEKAPCTB Ha OCHOBE
3alpOCOB MOJIb30BATEINs, TAKUX KaK HAJIMUUE B alTeKax, [IeHa U CPOK JOCTaBKH. Takxke
PaccMOTPEHBI BOIPOCHI O€30MaCHOCTH JIAaHHBIX [OJb30BaTeNIed M HHTErpaluu ¢
CYHIECTBYIOMUMU (hapMalleBTHUECKUMU CUCTEMaMH.

Kaiouessbie cioBa: \Web-cepBuc, ontumanbHbIi 3aka3, JeKapcTBa, anTeYHOE JEIIO,
MporpaMMUpoOBaHue, O0€30MaCHOCTh JAHHBIX, BEO-NPUIIOKEHUE, (apMalleBTUYECKUE
TEXHOJIOTHH.

BBenenune

B nociegnue roasl HaOM0a€TCA POCT MHTEPECA K pa3paboTke BeO-CEpBUCOB B 00J1aCTH
3IpaBOOXpAHEHUsI, B TOM YHUCJE JUIsl ONTUMHU3AIMM MpOIecca 3aKa3a JIEKapCTB.
OcCHOBHOM 3aJayell TaKUX CEPBHUCOB SBIIETCS YNPOILUECHHE M YCKOPEHUE IOKYNKH
MEIUKAaMEHTOB C MUHUMH3alMEH BPEMEHU OKUIAHUS M CHUKEHHUEM CTOMMOCTH.
Pa3paboTka Takoro cepBuca TpeOyeT KOMIUIEKCHOTO MOJXO0Ja, BKJIKOYas CO3/aHHE
yno6Horo uHTepdeiica, 3PpeKTHBHBIC ANTOPUTMBI JIJIsi TIOUCKA M BHIOOpA JIEKApCTB, a
Tak)Ke MHTETpaInio ¢ 6a3aMu JaHHBIX anTeK U (papMaleBTUYECKUMU CHCTEMaMHU.

TpeOoBanus k BeO-cepBUCY

Hust  cozmanus d¢hdexTuBHOTO  BeO-cepBUCAa HEOOXOIMMO  YUYUTHIBATH  PAJl
(YyHKUIMOHATBHBIX TPEOOBAHMIA:
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1. Ilouck u ¢uabTpanuss JeKapcTB — II0Jb30BATENU JOJDKHBI HMMETh
BO3MOKHOCTb HAWTH HY>KHBIE ITPENapaTsl 0 Ha3BaHUIO, COCTABY, LIEHE U IPYTUM
rapameTpam.

2. UnTerpanms ¢ anTekaMu — BeO-CEpPBUC JODKEH OBITh CBSI3aH C alTEYHBIMU
CEeTSIMH JJIS TIOJIYyYEHHUS aKTyalbHOU MH(OpPMALIUK O HAJMYWU TOBApOB, IIEHAX U
CpOKax JOCTABKHU.

3. be3onacHocTh JaHHBIX — XpaHEHHE M 00pabOTKa MEPCOHATBHBIX JaHHBIX
[I0JI30BATEJIE  JTOJDKHBI ~ COOTBETCTBOBATH  COBPEMEHHBIM  CTaHAApTaM
0€30MacHOCTH U KOH(PUACHIINATIBbHOCTH.

4. AHAJIMTHKA — CUCTEMa JI0JKHA 00ecreunBaTh BO3MOKHOCTh aHAIN3a JAaHHBIX
[0 3ampocaM II0Jb30BaTeIed, YTO IO3BOJIIET YJIY4YIIaTh PEKOMEHAALMHU U
ONTHMHU3UPOBATH MPOLECC 3aKa3a.

TexHoJsiorum pa3padéoTku
Jliist pa3paboTku BeO-cepBrca ObUT BBIOpaH CTEK TEXHOJIOTUH, BKIFOYAKOIIIHINA:

« Frontend: HTML, CSS, JavaScript (React.js) — s co3iaHust HHTEPaKTUBHOTO
1 yioOHoro uHtepgdeiica moiab30BaTes.

. Backend: Node.js, Express.js — mis pa3paboTKu cepBEpPHOI YacTH BeO-CepBHCa.

o basel pannbix: MongoDB — gansg xpaHeHuss AaHHBIX O JIEKapCTBaXx,
MOJTB30BATEIISIX U AlITEYHBIX CETSX.

o APIl: RESTful APl nns wHTCrpalii ¢ BHEIIHUMH CHCTEMaMH aIlTeK H
dapmareBTHIeCKUMH 0a3aMu TaHHBIX.

AJIFOpI/ITMI)I JJIA OIITUHMAJIBHOI'O 3aKa3a

Jlist BBIOOpa ONTUMAabHBIX JIEKAPCTB HA OCHOBE 3alpOCOB MOJB30BATEN pa3padoTaH
ITOPUTM, KOTOPBIN YUUTHIBAET HECKOJBKO (haKTOPOB:

1. Haau4vue JleKapcTBa B aliTeKe — CEPBUC UIIET OJMHKaNIINe anTeKu ¢ HATMYUEM
TpebyeMoro mpenapara.

2. Llena nexapcTBa — IOJIB30BATENIO MIpeIaraeTcsi Haubosee BbIroAHas 1IeHa, C
Y4E€TOM BO3MOKHBIX CKHIOK U aKIUH.

3. Cpok A0CTaBKM — CHCTEMa aHAIM3HUPYET OJIMKallne anTeuHble CEeTH H
npeiaraeT Jy4Iini BapuaHT 10 BPEMEHU JOCTAaBKH.

Be3onacHocTh JaHHBIX MOJIL30BaTeICH

BaxkupiM acnekToM  pa3pabOTKH  SIBISIETCS  3alluTa TEpPCOHAIBHBIX  JAHHBIX
nosb3oBaTeneit. [ 3Toro ObUIM UCTOIB30BAHbI COBPEMEHHBIE METO/IbI IIMGPOBAHUS
JTAHHBIX, a TAKKE MPETYCMOTPEHBI MEXaHU3MbI ayTEHTU(UKAIIUN U aBTOPU3AIIUU Yepe3
0e3omacHble MPOTOKOJBI. J[OMOJHUTENBPHO BHEApPEHAa CHUCTEMa 3alllMThl OT aTaKk Ha
YPOBHE CEpBEpPHOM 4ACTH, BKItOouUass 3amury oT SQL-MHBEKIMA W APYrux BHUJIOB
B3JI0Ma.
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IIpoGsieMBbl M IEepCIEeKTUBBI PA3BUTHS

HecMoTpst Ha 3HauMTenbHBIE JOCTMIKEHUS B pa3paboTKe BeO-CEpBHUCA, CYIIECTBYIOT
npo0JieMbl, CBSI3aHHBIE C TOYHOCTBIO JAHHBIX O HAJIWYHUK JIEKAPCTB B PEATBLHOM
BpeMeHu. [l pemieHuss 3TUX MpoOlieM MpearnoJiaraeTcsi BHeIpeHue Oolee
NPOJBUHYTHIX JITOPUTMOB MAIIMHHOTO OOYYEHHMs, KOTOpble OYIyT MPOTHO3UPOBATH
HaJM4Me JIEKAPCTB Ha OCHOBE aHAIN3a OOJBIINX JaHHBIX.

BriBOaALI

Pa3zpaboTka BeO-cepBrca JjIsi ONTUMAIBHOTO 3aKa3a JIEKApCTB — 3TO BaXKHBIM IIar B
YIIY4IIEHUH JTOCTYMHOCTU MEIUIIMHCKUX MpenaparoB [y HaceneHus. Mcnonbs3oBanue
COBPEMEHHBIX TEXHOJOTUA W aJrOPUTMOB TO3BOJISICT 3HAYUTEIBHO TOBBICUTH
7 (PeKTUBHOCTH Mpolecca 3aKa3a U ceNarh ero 0osiee ya00HBIM ISl MTOJIb30BaTEICH.
B OyayieM cepBHUC MOYKHO paCIIUPUTH 33 CUET J00aBJICHUS] HOBBIX (DYHKIIMOHATIBHBIX
BO3MOKHOCTEM, TAKMX KaK MHTErpamusi ¢ 3JEKTPOHHBIMU pELENTaMU U YIy4llICHHE
aIrOPUTMOB TTOUCKA.

Jlureparypa

1. I'punbepr, A. JI., u np. (2019). Paspabomra u onmumuzayus 8e6-npuioiceHull
ons papmayesemuuecxkou ompacau. XKypHall ”HQOPMAITMOHHBIX TEXHOJIOTHH.

2. Usanos, I1. C., CmuphHoB, U. B. (2021). Beb6-cepsucul 6 cghepe 30pasooxpanenusi:
meHOenyuu u uHHosayuu. Hayka m TeXHOJIOTHH.

3. ®emopoB, M. B. (2020). Texnonoecuu 6ezonacHocmu OaHHbIX 8 6e0-
npunoxcenusx. bubamorexa HHPOPMAITMOHHBIX TEXHOJIOTUMA.

4. BacunweB, P. A. (2018). Aneopummur ons obpabomru u 6vi60pa OAHHLIX 8
onaaun-cucmemax. CoBpeMeHHbIE HH()OPMAITMOHHBIC TEXHOJIOTHH.

5. Kysuenosa, H. II., u ap. (2022). Uumezpayus anmeunvix cucmem c¢ 6eo6-
cepgucamu 01 A8MoMamu3ayuu 3aKasa jexapcme. MeauimHCKIe TEXHOJIOTHH.
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BbIBOP MHTEJUIEKTYAJIBHON CUCTEMBI IMUATHOCTHUKH JJI51
HUHTEJ/UIEKTYAJIBHOI'O AHAJIN3A JAHHBIX ITPU UCIIBITAHUAX
TYPBOPEAKTUBHOI'O IBUI'ATEJIA

EaunzapoBa AHHA AJieKCaHApPOBHA

maructpadT, ®I'bOY BO VY pumckuii rocy1apcTBEHHBIN aBUAIIMOHHBIA TEXHUYECKUN
YHUBEPCUTET

P®, r. YVoa

CaurtoBa I'y3eqb AcXxaToOBHA
Hay4HBIA PYKOBOJUTENb, TOIEHT Kad. TexH. kubepHetrku, DI'BOY BO VY dumckuit

rOCyJJapCTBEHHBIN aBUALIMOHHBIA TEXHUYECKUN YHUBEPCUTET
PO, r. Yda

AHHOTAIIUA

CraTthsi TOCBAILIEHA BBIOOPY MHTEUICKTYaIbHOM CHUCTEMbl JUArHOCTHKU  JJIS
MHTEIJIEKTYaJIbHOTO aHajin3a JaHHBIX MIPU UCTIBITAHUSX TypOOPEaKTUBHOIO JABUTATENS
(TPI). B cratbe paccMOTpEHBI KIIFOUEBbIE METObI aHATN3A U TMArHOCTHKY, TAKUE KaK
QITOPUTMBI MAIIMHHOTO OOYy4YeHHs, HEHUPOHHBIE CETHU U HKCIEPTHBIE CHUCTEMBI.
[IpuBeneHbl NpUMEPHl MPUMEHEHHUS ITUX METOAOB sl 00pabOTKU M MHTEPIPETaALUU
JAHHBIX, TTOJTYYEHHBIX B X01€ ucnbiTaHuid TP/l, C 11ebI0 MOBBIICHUS UX HANEKHOCTH
u 3pdextuBHOCTU. B cTathe Takke 0OCYKIIalOTCS BO3MOKHOCTH MHTETPAIIUM TaKHX
CHUCTEM B COBPEMEHHBIEC CUCTEMbI YIIPABJICHUSI U MOHUTOPUHTA.

KuaroueBblie cioBa: HTemnekTyanpHas CUCTEMa, JUArHOCTHKA, WHTEIUICKTYaJbHbIN
aHanu3, TypOOpEaKTUBHBIN JBUTaTeNib, MAaIMHHOEC OOy4YeHUEe, HEHPOHHBIC CETH,
JKCIIEPTHBIE CUCTEMBI, AHAJIU3 TAHHBIX, UCIIBITAHUS JBUTATEIIEH.

BBenenune

CoBpemennsbie TypoopeakTuBHble npuratenu (TP]l) craHoBsTCs Bce 0oJiee CI0KHBIMU
1 BBICOKOA((PEKTUBHBIMU, YTO TPEOYET MCIOIB30BAHUS HOBBIX METOOB JTUarHOCTUKHU
W aHajau3a JJId oOecIeueHrus MX HaJeKHOCTH M Oe3omacHoctH. Mcneitanms TP]I na
Pa3JIMUHBIX dTanax pa3paOOTKH U AKCIUTyaTaluu TpeOyroT cOopa U aHainu3a OOJBIITUX
00bEMOB TAHHBIX, YTO 3aTPYIHAET UX 00paOOTKY TPaAUIIMOHHBIMU MeToAaMu. B cBsi3u
C OTHUM, WHTEJUICKTyaJIbHbIE CHCTEMbl JIMATHOCTHKH, OCHOBAaHHBICE Ha MeETOJaX
HMCKYCCTBEHHOT'O MHTEJIJIEKTA, MPEACTABISIOT COO0M MEPCIEKTUBHOE HAIIPABIICHUE TSI
YIYUYIIEHUs] TOUHOCTH U OBICTPOTHI aHATIU3a IAHHBIX TTPU UCTIBITAHUSX.
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MeToabl HHTE/LIEKTYAJIbHOU IMATHOCTUKH

s s dextuBHOTO aHanu3a nanHeix ucnbitanuil TP/ Hanbonee yacto nCnoabp3yroTCs
CJICYIOLINE METOIBL:

1. MammnHHOe 00y4eHHe — FHCIIOJIb30BaHHE aJTOPUTMOB, KOTOPHIE MO3BOJISIOT
cucteMe 00ydaThCs Ha JAaHHBIX M yIy4IIaTh CBOIO IPOU3BOAUTENBHOCTD 10 MEpe
HAKOIUIeHUs onbiTa. [IprMeHeHne MeToloB KiIacCH(UKAIMA U PErpecCHH
MO3BOJIAET TOUYHO MPEJCKa3aTh COCTOSHUSA KOMIIOHEHTOB JIBUTATENsl Ha OCHOBE
apamMeTpoB padOTHI.

2. HeiipoHHble ceTH — Oyaroapsi CBoei cmocoOHOCTH K O0yUYEHUIO Ha OOJIBIIIOM
o0ObeMe JaHHBIX HEMPOHHBIE CETU CTAHOBITCSA BaXKHBIM HHCTPYMEHTOM B
JMArHOCTUKE CJOXKHBIX cucTeM. OHU MOTYT BBISBIISITH CKPBIThIE 3aBUCHMOCTH
MEX1y mapaMeTpaMu padOThI ABUTATENS U €T0 COCTOSTHHEM.

3. JKcnepTHbIe CHCTEMbI — CHUCTEMbl, OCHOBAaHHbIE HA 3HAHUIX JKCIEPTOB B
o0JjacTi aBUALMOHHBIX JABHUTaTelei, KOTOpbIE MO3BOJSAIOT MHTEPIPETUPOBATH
naHHbIE ¢ yuyeToM cnetuduku padotsl TPl 1 popmyarpoBaTh TMarHOCTUYECKHE
BBIBOJIBI HA OCHOBE 3apaHee 3a/IaHHbIX TPaBHIL.

Bb100p MHTEIEKTYAJbHOM CHCTEMBbI ISl TUATHOCTHKHU

[Ipu BbIOOpE HHTEIUICKTYyaJIbHOW CHCTEMBl JUArHOCTUKHU JUIsI TYypOOpEaKTHBHBIX
JBUTATeNIe HEOOXOIUMO YUYUTHIBATH HECKOIBKO (PAKTOPOB:

o KauvecTBO M 00beM JaHHBIX — I OOYYECHHS CHCTEMBI HEOOXOIUMBI
BBICOKOKAUECTBCHHBIE JaHHBIC O pabore aurartenss. OHH MOTYT BKIIIOYATh
mapamMeTpbpl TeMIEpaTyphl, JaBJICHHS, OOOPOTOB U Jpyrux (GakTopoB.,
MTOJTYYCHHBIX B XOJI¢ UCTIBITAHHH.

o CJ0XKHOCTH CHCTEMBI — CHCTEMa JOJDKHA OBITh CHocOOHa 00pabaThiBaTh
JAHHBIC B pEaJbHOM BPEMECHM WM TPUHUMATh pPEIICHHS 0e3 3aJepiKeK, UTO
KPUTHYHO 1151 OKcIuryarauuu TP]I.

o HHTepnperupyeMocTb — BaXXHO, 4YTOOBI CHCTEMa MOTIJIa HE TOJIBKO
JTUarHOCTUPOBATh, HO U MPEOCTABIIATh OHSATHBIE OOBSCHEHHSI CBOUX BBIBOJIOB,
yTO0 OOJerdaer padoOTy CHEIUATUCTOB IO TEXHUYECKOMY OOCIYKMBAaHUIO U
PEMOHTY.

IIpuMeHeHHe METOA0B aHAJIU3Aa JAHHBIX B HCnIbITaHUsAX TP/]

Ucnbitanust  TypOOpEakTUBHBIX —JABUTATENed TPeOYIOT TOYHOTO MOHUTOPHUHTA
MHO>KECTBa IMAPAMETPOB, UYTO JAET BO3MOKHOCTH C IOMOIIBI0 HHTEIUICKTYaJbHBIX
CHUCTEM JMAarHOCTHKH 3apaHee BBIIBUTh HEUCIIpaBHOCTU. Hampumep, ucnosib3oBaHue
HEHWPOHHBIX CETEH MOXKET MO3BOJUTH OOHAPYKUTH OTKJIOHEHHsI B pabOTE JBUTATEIS,
KOTOpbIE MOTYT OBITh HE3aMETHBI MIPU TPAJUIIMOHHOM aHaJM3€ JaHHbIX. MalmHHOe
oOydyeHre, B CBOIO O4Yepelb, I[IO3BOJSET HAa OCHOBE MCTOPUYECKUX JaHHBIX
MpEeCKa3bIBaTh BEPOSITHHIE MPOOJIEMBI, YTO MO3BOJISIET 3apaHee MPUHATh MEPHI I X
MPEIOTBPALIECHUS.
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IIpoGsieMbI M IEepCIEKTUBBI

HecMoTpst Ha o4eBUAHBIC MPEUMYIIECTBA MPUMEHEHUS HHTEIICKTYATbHBIX CHCTEM,
CYIIECTBYIOT OMpEEICHHBIE TPOOJIEMBbI, TaKMe KaK HEOOXOAMMOCTh B OOIBIIMX
o0beMax JaHHBIX JJIs OOydYeHHs, a TaKKEe BBICOKAs CTOMMOCTh BHEAPEHUS TaKUX
cucteM. OJHAKO TMEPCHEKTHBBI MCIOJb30BAHUS TaKUX TEXHOJOTHMH B Oymyiem
OTPOMHBI, OCOOCHHO B KOHTEKCTE HWHTETpAIMM C CHUCTEMaMH MOHUTOPUHTa |
YVIPABJICHUS IBUTATEIISIMU.

BriBOaALI

I/IHTCJ'IJIGKTyaJILHBIG CUCTEMbI TUAI'HOCTHUKH, OCHOBAHHBIC HA MCTOJaX NCKYCCTBCHHOI'O
HHTCJUUICKTA, UI'PAOT BAJKHYIO POJIb B ITOBBINICHUU B(l)q}CKTI/IBHOCTI/I 1 0e30MMacHOCTH
OKCILTyaTallun Typ60p€aKTI/IBHBIX ,Z[BHFaTeﬂeﬁ. Hcnonbp30BaHrEe MAIIMHHOTO O6YIIGHI/I$I,
HCI?IpOHHBIX ceTen M OKCIICPTHBIX CHUCTCM IIO3BOJEICT CYIICCTBCHHO YIIYUIINTDH
AUArHOCTHUKY, IIOBBICHUTH TOYHOCTL aHAJIM3a JAaHHBIX M CBOCBPCMCHHO BBIABJIATH
HCHUCIIPABHOCTH, YTO B CBOIO OYCPCIb CHOCO6CTByeT YBCIMYCHUIO CPOKa CJIy}K6I>I
IIBHF&TGJIGﬁ U CHUKCHHIO 3aTpaT HAa TCXHUYICCKOC O6CJIy7KI/IBaHI/Ie.

Jlureparypa

1. munr, U. C., u ap. (2020). Memoowvl mawunro2o obyuenuss 8 OuacHOCmMuKe
aAsUAUUOHHBIX 08ucameriell. ABHAITMOHHBIC TCXHOJIOTHH.

2. Usanos, /1. B., u n1p. (2019). Unmenrexmyanvrvle cucmemul 015 aHaiu3a OAGHHbIX
8 aspokocmuyeckol ompacau. XypHai aBUallUOHHON U KOCMUYECKOM TEXHUKH.

3. Kysuenos, I1. M. (2021). Hetipounvie cemu 6 ouacnocmuxe mypoopeakxmueHbuix
osucameneti. HaydHblii )xypHail « ABUALIMOHHBIE UCCIICIOBAHUSY.

4. TlaBnos, U. A. (2022). Dxcnepmuvie cucmemvl u ux NPUMEHEHUE 8 ABUAYUOHHBIX
cucmemax. HayuHsie nuccnegoBaHus U pa3pabOTKU.

5. Anpapees, C. U., u ap. (2018). Ilpumenenue unmeniexmyanioHoix mMemooos OJisi
ouazHocmuku ogueameneti 8 asuayuu. MexXIyHapOIHBIN KypHaJl aBUAITMOHHON
HayKH.
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BUOPA3JIAI'AEMBIE ITIOJIMMEPHBIE MATEPHUAJIBI

Hlypsiruna Exarepuna CepreeBna

MarucTpant, BiagumMupckuii rocyAapCTBEHHBI YHUBEPCUTET UMEHU AJIEKCaHIpa
I'puropseBuua n Hukomnas ['puropseBruda CTOIETOBBIX

PO, r. Bmagumup

Xpucrogpopona Upuna AjiekCaHApPOBHA

Hay4YHBbIN PYKOBOJUTEINb, -p TEXH. HAYK, npodeccop, Bragumupckuii
roCyJlapCTBEHHBIN YHUBEpCUTET UMEeHU Asekcanapa ['puropeeBuua u Hukomnas
I'puropreBrua CTOJIETOBBIX

PO, r. Bmagumup

AHHOTAIIUA

Cratbsl MOCBSILIIEHA WCCIEAOBAaHUIO OHMOpA3IaraeMblX MOJUMEPHBIX MaTEPHATIOB, HUX
XapaKTEpUCTHKaM, METOAaM CUHTE3a, IPUMEHEHUIO U IKOJIOTHYECKOMY BO3ECHCTBUIO.
PaccMoTpeHb! pa3uyHbie TUIIBI OMOpa3IaraéMbix MOJMMEPOB, TAKUX KaK IMOJIUITHIICH,
nomaktua (PLA), momuruapokcuOytupar (PHB) u apyrue. IloapoOHO omucanbl
MPOLIECCHl UX PA3JIOKEHUsI B MPHUPOJIE, @ TAKKE BO3MOKHOCTU HCIOJIB30BAHUS ATHX
MaTepUaloB B PA3JIUYHBIX OTPACISIX MPOMBILIIEHHOCTH, OT YIIAKOBKUA 10 MEAUIIMHABI.
OneHeHbl NEPCHEKTHUBBI NMPUMEHEHHUs OuopasjiaraéMbIX IOJMMEPOB B KOHTEKCTE
YCTOMYMBOIO PAa3BUTHS U OXPaHbI OKPYKAIOIIEN CPEMBI.

KuroueBbie cioBa: buononumepsl, OuopasiaraeMble MaTepHasbl, IOJIHAKTUI,
MOJIUTUAPOKCUOYTUPAT, HKOJOTUS, YCTOMYMBOE pa3BUTHE, CHUHTE3 IOJIUMEPOB,
pa3IoKEeHHE B PUPOJIE.

BBenenue

B nocnegnue pgecsatwietwss HaAOMIOAAETCS YCTOMYMBBIM pPOCT MOTPEOHOCTH B
AKOJOTMYECKM YHUCTBIX MaTepualax, CHOCOOHBIX MHUHHUMHM3UPOBATh HETATUBHOE
BO3JCHCTBUE HA OKpYyXawllyr cpeny. OOHUM U3 TaKux PEUICHUN SBISIOTCS
OuopasnaraemMble MOJIMMEpBI, KOTOpPbIE, B OTJIMYME OT TPATUIMOHHBIX IUIACTMACC,
pasnararorcs moj ACHCTBUEM MHUKpPOOPraHU3MOB, CBETA WM BOJbI, U HE OCTABISIOT
JOJITOBEYHBIX  3arpsA3HUTENel. OTH  MaTepualibl CTaJId  aKTyaJbHbIMU  JJIA
MCIIOJIb30BAaHUSI B PA3IUYHBIX OTPACIsX, TAKUX KaK YIMAaKOBKa, CEJIbCKOE XO3SMCTBO,
MEJUIIMHA U ApYyTHE.
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Kuaaccupukanust 6nopasiaraeMbix oJMMepoB

CyliiecTByeT HECKOJIbKO THIIOB OHOpa3iaraéMbpiX MOJUMEPOB, KOTOPBIE MOKHO
pa3ielIUTh Ha IBE€ OCHOBHBIC IPYIIIIbIL:

1. MoanMepbl CHHTETHYECKOT0 MPOUCXOKIAEHUA, Takue Kak nonuaktua (PLA),
nonudTIieH (PE) ¢ mobaBnennem OnopasnaraeMpix KOMIIOHEHTOB U APYyTHE.

2. IMonumepbl NPUPOIHOTO MPOUCXOKIEHHUS, TAKUE KAK TTOJUTHIPOKCHOYyTHUpAT
(PHB), kpaxmabHbBIE B IPOTEHHOBBIC TTOJUMEPHI, a TAKIKE TIOTMCAXaAPHIBI.

Kaxnpiii u3 3TUX TUMOB 00JajaeT CBOMMHU MPEUMYIIECTBAMU U HEIOCTATKAMHU B
3aBUCUMOCTH OT oOmactu npumeHeHus. Hampumep, PLA mmpoko ucnosb3yercs B
yMaKoBKe 0yiaroiapsi CBO€ MPOYHOCTH M CIIOCOOHOCTH pasfiaraThCsi Moj JEHCTBUEM
MuKpoopranuzmoB, a PHB sBisieTcss mepcrneKTHBHBIM MaTepuaioM i CO3JaHUs
MEIUIMHCKUX UMIUIAaHTATOB.

MeToabl CHHTE3a U CBOICTBA OMopa3iaraemMbixX NoJMMepPoOB

buonomumepsl MOryT OBITh CHHTE3MpPOBAaHbl KAaK C HCIOJIb30BAHUEM HPUPOTHBIX
pecypcoB (Hampumep, Kpaxmajga WIM caxapa), TaK M CHHTETUYECKH uepe3
MOJINMEPU3ALMIO PA3NMYHBIX MOHOMEPOB. JUIA IOJy4eHUS BBICOKOKAYECTBEHHBIX
OunopaznaraeMbIX MOJIMMEPOB HEOOXOIUMO YUYUTHIBATH HECKOJBKO (PAKTOPOB:

o Cra0MIbHOCTH MOJHMMeEpAa: Ui WCHOJIB30BAHMS B YIAKOBKE WA JPYTHUX
MIPUWIOKEHUSX, IJI€ BaXKHA JOJTOBEYHOCTh, MOJUMEDP JTOJKEH OBITh JOCTATOYHO
CTOMKHM K BHEIIIHUM BO3JICHUCTBHUSIM.

o CKopocTh pa3/IoKeHHsI: B 3aBUCUMOCTH OT YCIIOBHM OKpY>KAarOUIEH Cpelbl,
NOJINMEP AOJDKEH PA3JIaraTbCs 3a ONPECICHHBIN IIEPUO BPEMEHH, HE OCTaBJIAA
TOKCUYHBIX OCTATKOB.

« buocoBMecTHMOCTBH: B MEAMIIMHCKUX MPUIIOKEHUSX 0CO00€ 3HAUCHHE UMEET
0e30MacHOCTh MaTepuana sl >KMBBIX OpPraHU3MOB, UYTO TpeOyeT BBICOKHX
CTaHAApTOB MIPU CUHTE3€ U TECTUPOBAHUMU.

Pa3noxxeHue 6mopasiaraeMpIX MOJTUMEPOB

Paznoxenue 6nopasnaraeMbiX MOJIMMEPOB MPOUCXOIUT PA3TUIHBIMUA MEXaHU3MaMHU, B
3aBUCUMOCTH OT THIIA MOJIUMEPA U YCTIOBUHM OKpyxatoiei cpenbl. OHUM 13 Haubosiee
pacpoCTpaHEHHBIX MPOIIECCOB SIBISETCS OUOJIOTHYECKOE PA3IOKEHUE, MPU KOTOPOM
MHUKpPOOPTaHU3MbI (0aKTepuH U TPUObI) UCTIOIB3YIOT MOJUMEP B KaU€CTBE MCTOYHHKA
yriepona. B cnywyae ¢ PLA u npyrumMu CMHTETMYECKMMH MOJUMEPAMH PA3JTI0KEHUE
MOYET MPOUCXOJIUTh B YCIOBUIX KOMIIOCTUPOBAHUS WJIM HAa CBAJKaX, /i€ MOBBIIMICHA
TeMIepaTypa U BIa)KHOCTb.

B cBoto ouepenn, npupoaneie noJuMepsl, Takue kak PHB, pazmaratorcs jierde, Tak kak
OHH UMEIOT CXOJCTBO C MPHUPOIHBIMH OPTaHUYECKUMHU BEIIECTBAMU U MOTYT OBITh
OBICTpO TIepepaboTaHbl MUKPOOPTaHU3MaMHU.
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IIpumeHenune GMopasiiaraeMsbIX NOJMMEPOB

buopasznaraemblie monuMepsl HAXOAAT MPUMEHEHUE B PA3IMUHBIX OTpacisx. OgHuM u3
HanOoJiee MOMYJISIPHBIX TPUMEHEHUI SBISIETCA YIAaKOBKA, IJI€ OHU UCIIOIB3YIOTCS IS
IIPOU3BOJICTBA OJJTHOPA30BBIX TUIACTUKOBBIX U3JIETUH, TAKUX KAaK YIAKOBOYHBIC IJICHKH,
MaKeThl, CTAKAHYMKUA U MOCY/bl. JIpyruM Ba>KHBIM HaAIpaBJICHHEM SIBJISIETCS CEIbCKOE
XO035MUCTBO, TJe Ouopasznaraemple TOJUMEPHl  HUCIOJNB3YIOTCS B KauyecTBE
MYJBYUPYIOIIMX MAaTepUajoB, KOTOpPHIE pa3jararoTcsi B TOYBE M HE 3arps3HSIIOT
OKPYXAaIOILyIO Cpeay.

B meaunnne 6uopasnaraemple MOIMMEPHI UCTIOIB3YIOTCS ISl CO3JaHMsI MMIUTAHTATOB
U [IOBHBIX MaTEPUAJIOB, KOTOPHIE CO BPEMEHEM pas3jaraiorcs B OpraHusMe, He Tpedys
ynaneHus. Takke OHM TPHUMEHSIOTCS JUIsl TOCTaBKU JIGKAPCTBEHHBIX CPEICTB, a B
00JaCTH OMOTEXHOJIOTMM — ISl CO3JaHusl OMOpas3inaraeMbIX KOHTEHHEPOB IS
(bepMEeHTAaTUBHBIX MPOLIECCOB.

IK0JIOrHYeCKHEe U IKOHOMHUYECKHEe NMEPCNEKTUBLI

buopasnaraemple MOJNMMEpPHl UIPAIOT BAXHYIO pOJIb B PEUICHUU NIPOOIEMBI
IJTACTUKOBBIX OTXO00B. [I[puMeHEHNEe TaKuX MaTEpUaIOB MOKET 3HAYUTEINBHO CHU3HUTD
0o0BEM Mycopa, KOTOpbI HE pas3jiaraeTcsi B IMPUPOAE B TEUEHHUE CTOJETHH. ITO
CIIOCOOCTBYET 3aIIUTE YIKOCUCTEM U CHHKEHUIO 3arPSI3HEHUS OKEAHOB U 3€METIb.

OpHako CyHIeCTBYIOT U BBI30BbI, TaKW€ KaK BBICOKas CTOMMOCThH IPOM3BOJCTBA
OunopaznaraeMbIX MOJIMMEPOB U HEOOXOAUMOCTb B CO3/IaHUU UH(PPACTPYKTYPBI IS UX
nepepabOTKh.  DKOHOMHUYECKHE  aCleKThl  MCIOJIb30BaHUs  OMOpasiiaraeMbIX
MaTepHuaoB, BKIKOYasi UX CTOMMOCTh U KOHKYPEHTOCIOCOOHOCTh € TPAAUIIMOHHBIMU
MJIACTUKAMH, TaKXKe SBJISIOTCS BaXXHbIMU (DaKTOpaMHu, KOTOpPbIE HEOOXOAMMO
YUHUTBIBATH IIPY BHEAPEHUH 3THX MAaTEPUAIOB B TPOMBILUIEHHOCTb.

3akiroueHue

buopaznaraemble MOJUMEPBI MPEACTABISAIOT COO0OM NEPCIEKTUBHOE pPEIICHUE IS
MHOTHUX COBPEMEHHBIX DJKOJIOTHYECKMX TMpobsemM. B  pesynbTaTe aKTUBHBIX
HCCIICIOBAaHUM M Pa3pabOTOK ATHU MaTepUalibl CTAHOBSTCS 00Jie€ JOCTYIHBIMU U
3 PEKTUBHBIMU, YTO OTKPHIBAET HOBBIE BO3MOXHOCTH I WX TPUMEHEHUS B
pasNUYHBIX OTpacisx. TemM He MeHee, I MacCOBOTO BHEAPEHUS HEOOXOIUMO
MIPOJIOJDKATh UCCIIEIOBaHUS B 00JIACTH CHHTE3a, YIYUIICHUS! CBOMCTB U ONTUMH3ALUN
MIPOU3BOJICTBA ITUX MaTEPHUAJIOB.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

YIK-552.571

AHAJIN3 TEXHOJIOTUH IO IMTPOKJAJIKE HE®@TETA30ITPOBO/IOB B
MHOTI'OJIETHEMEP3JIBIX I'PYHTAX

I'adgaposa IlapBana A¢ran Kbi3bl
cTyneHT, @unman TIOMeHCKOro MHAYCTPUAIbHOTO YHUBEpcUTeTa B roposie Cypryre
P®, r. Cypryr

AK4YypHHA AUr0Jb AKCAHOBHA

Hay4HBIN pyKoBOAUTENb, Punran TIOMEHCKOrO HHIAYCTPUAIBbHOTO YHUBEPCUTETA B
ropose Cypryre

P®, r. Cypryr

AHHOTALIUA

Cratbst MOCBSIIIEHA aHATIN3Y TEXHOJIOTHI U METOJIOB MPOKJIAAKN He(TEera3onpoBoI0B B
YCIOBUAX  MHOTOJIETHEMEP3JbIX  TpyHTOB.  PaccmarpuBaroTcsi  0COOEHHOCTU
MIPOCKTUPOBAHUSI M CTPOUTENBCTBA TAaKUX OOBEKTOB, BKIIOYAS BIMSHUE HHU3KHX
TeMIiepaTyp ¥ OCOOCHHOCTEH TpPYHTOB Ha BBIOOp MaTepuajoB U METOJIOB
cTpouTeNbcTBa. ONKcaHue HOBBIX U TPAJAUIMOHHBIX TEXHOJOTUM, TAKUX KaK ropsiee
OypeHue, UCIO0JIb30BaHUE TEPMOCBAEB U TEIUIOM30SMOHHBIX MAaTEPUAIIOB, TO3BOJISIET
BBIJICTIUTh KJIFOYEBBIE TMPOOJIEMBbI U MPEIJIOKUTH BO3MOXKHBIC PEIICHUS IS
3 PeKTUBHON AKCILTyaTallMU TPYOOIPOBOJIOB B TAKUX YCIOBUAX. Takxke pacCMOTPEHBI
DKOJIOTMYECKHE W JKCIUTyaTallMOHHBIE AaCMEKThl, CBA3aHHbIE C MPOKIAAKOMN
TpyOOIIPOBOIOB YE€PE3 MHOTOJICTHEMEP3IIbIC TPYHTHI.

Kirouesnbie ciaoBa: HedrerazonpoBojbsl, MHOTOJIETHEMEP3JbIE TPYHThI, TEXHOJIOTUN
MPOKJIA/IKK, TEIUIOM3OJAIMs, Topsdyee OypeHue, TEpMOCBaHW, OKCILTyaTalus
TpyOONPOBOJOB, KIIMMATUYECKUE YCIOBUS, UH)XCHEPHBIC PELICHHUSI, DKOJIOT U

BBenenue

[Ipoknagka HedTera3onpoBOIOB B MHOTOJIETHEMEP3JIBIX TPYHTAX SIBJSETCS CIOXKHON
WHXEHEPHOW 3aj71aueii, 00yCIOBICHHOW HU3KUMU TEMIIepaTypaMu, HECTaAOUIbHOCTHIO
IPYHTOB M BBICOKMMH PUCKaMH pa3pylieHHi nHGpacTpyKTypbl. MHOTOETHEMEP3IIbIE
IPYHTHI IPEJICTABIIAIOT COOOM crieliM(pUIecKre re0TEXHUUECKHUE YCIOBUS, TPU KOTOPBIX
BAXHO YYHUTHIBaTh 3aMOPaXMBAaHUE M OTTAMBAHME IIOYBBI, YTO MOXKET BBI3BATH
MOABUKKY T'PYHTOB U MOBpEXACHUS TpyOonpoBo1oB. [Ipodiema BbiOOpa onTUManbHON
TEXHOJIOTUM MPOKIAAKA TaKUX OOBEKTOB OCTAETCS aKTyaJbHOM MJii PErHOHOB C
CYpPOBBIM KJIUMATOM, TakuxX kak CuOupb, ApKTHKa U IpyTrUe CEBEPHbIE TEPPUTOPHUH.
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Oco0eHHOCTH MHOT0JIETHEMEP3JIbIX TPYHTOB

MHoroyieTHEMEP3Jble TPYHTBl — 3TO TPYHTBI, KOTOPbIE OCTAIOTCSA 3aMEP3UIMMHU Ha
MNPOTSKEHUU HECKOJBKUX JIET WIM Jaxe JecaTwieTuil. Takue TpyHTBl 4YacTo
BCTPEUAIOTCS B CEBEPHBIX M ApPKTHYECKUX pEruoHax, IJie TeMIleparypa BO3ayXa
OCTaeTCs OTPHUIIATEIIbHON B T€UCHHE 3HAYUTEILHON YyacTu roja. Ha aTux teppuropusix
TPYHTBI 00J1a1at0T HU3KOM IIPOYHOCTHIO, TTOABEPIKEHBI CE30HHBIM U3MEHEHUSAM (TaKUM
KaK OTTaMBaHUE B JIETHEE BpeMs) U TPEOYIOT MPUMEHEHHUsI CTICIIUaIbHbIX TEXHOJIOTHUN
JUISL X CTAOWJIM3allui.

OcHoBHbIE TPOOJEMBI, CBA3aHHBIE C MPOKJIAAKOW  HEedTEra3omnpoBOJOB B
MHOTOJIETHEMEP3JIBIX TPYHTaX:

o IloaBumikkm rpyHTOB: lI3MeHEHHE TemIiiepaTypbl BbI3bIBAET PACIIMPEHUE U
C)KaTHE TPYHTOB, UTO MOXKET IIPUBECTH K MOBPEXKICHUSAM TPyOOIIPOBOOB.

o Hu3kasi IPOYHOCTH M CKJIOHHOCTH K pa3pyumieHHI0: MHOrojieTHEMep3Jible
TPYHTBI HE 00J1a/1al0T JOCTaTOYHOW MPOYHOCTHIO B OTTAsIBIIEM COCTOSIHUH, YTO
YBEJIMYHMBAET PUCKU MOBPEKICHUM.

o Ycaaka u NOABHKKH TPYOOnpoBoaoB: TpyOorpoBoIbl MOTYT IEPEMEIIATHCS B
3aBUCUMOCTH OT U3MEHEHUI TEMIIEPATYPbl U COCTOSIHUS TPYHTA.

TexH0JI0ruu MPOKRJIAAKHA He(l)TeI‘al}Ol'lpOBO)IOB B MHOT'OJICETHEMEP3JIBIX I'PYHTAX

CymiecTByeT HECKOJIBKO TEXHOJIOTM M METOJIOB, KOTOpbIE NPHUMEHSIOTCA IS
MPOKJIAIKM HE(PTEra3onpoBOJOB B TAKHX YCIOBHIX. BaXKHO y4HTHIBATH OCOOEHHOCTHU
MECTHOCTH, TJyOMHY MpoMep3aHusi M JApyrue (aKkTopbl, BIHAIONIME HA BBIOOP
TEXHOJIOTUH.

1. I'opsiuee OypeHMe DTO TEXHOJOTHWsA, NMPU KOTOPOH B IMpolecce OypeHuUs
UCIIOJIb3YIOTCS TEIII000Pa3yIoIIiue YCTAaHOBKU JJIsl TTOJICPyKaHUs HEOOXOIMMOM
TEMIIepaTypbl TPYHTOB, YTO MO3BOJIAET U30€KATh UX 3aMEP3aHUS U pa3pyIICHUN.
Texnonorus s¢dexkTuBHa UIsI TPOKIATKH TPyOONPOBOJOB B PETHOHAX C
[IIyOOKOM MEp3JIOTOM, T/I€ BaXXKHO HE JOMYCTUTh MEPEMEIIECHHUS TPYHTOB B
MPOILIECCE CTPOUTENILCTBA.

2. Ucnoan3oBaHue TepMocBaeB TepMocBan — 3TO CIENUATIbHBIC CBalHBIC
KOHCTPYKIIMH, OCHAIIEHHBIE CHUCTEMOM TMOAOTpeBa, KOTOPhIE IMOMOTAIOT
MOAACPKUBATh HEOOXOJMMYIO TEMIepaTypy TPYHTOB B 30HE (yHJAaMEHTa
TpyOomnpoBoAa. DTOT METOJA HCHONb3YeTCs Jid CTa0WIM3alMud TPYHTOB U
MPEOTBPAICHUS UX MOJIBMXKEK, UTO OCOOCHHO Ba)KHO B 3UMHUI MEPHUO/I, KOTIa
TPYHT MOJBEPKEH 3aMOPAKUBAHUIO.

3. Temnon3oasiuuOHHbIe MaTepuaibl lcnonp30BaHWe TEMIOU3OIANMA HaA
TpyOOTIpOBOZaX TO3BOJSET TMOJJACPKUBATH CTAOWIBHYIO TEMIIepaTypy U
mpeaoTBpamarh  3aMmep3aHue  TpyO.  Teriou3oMslUOHHBIE  TOKPBITHSA
MpPENOTBpAIalOT BO3JEHCTBUE HHU3KHX TEMIEpaTyp M COKpallaloT PUCKHU
paspylieHust TpyOonpoBOI0B.
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4. T'anyOokas 3aki1aaka TPyOOnpoBoaoB B HEKOTOPHIX cilydasix TpyOOIpOBOAbBI
MPOKJIAABIBAIOTCS HA OOJNBIIYIO TIyOUHY, e TeMIepaTypa ocTaéTcsi CTaOUIbHON
U TPYHTBI HE TMOJBEP)KEHBbI 3aMep3aHui0. DTOT METOJ TpedyeT Oosiee Joporux
WH)XCHEPHBIX PEIICHUNH M CIOXKHBIX CTPOUTENIBHBIX pabOT, HO OH IO3BOJISIET
rapaHTUPOBATH JIOJTOCPOYHYIO SKCILTyaTaluio 0e3 MOBPEKICHUN.

IKO0JIOTHYECKHE aACIEKThI MPORJAAKH prﬁol'[pOBOIIOB

[Ipoknanka HePTErazonpoBOAOB B MHOTOJIETHEMEP3JIBIX IPYHTaxX TAKXKE CBSA3aHa C
AKOJIOTMYECKUMH pucKamu. HapymeHns cTaOMIBHOCTH T'PYHTOB MOTYT NMPUBECTH K
3arpsA3HEHHUIO DKOCUCTEM, U3MEHEHUIO CTPYKTYPHI MOUYBBI U HAPYIIECHUIO ITPUPOIHBIX
nponeccoB. IIpy 3TOM BaXHO yYMTBIBATH MOCIJEICTBUS I MECTHBIX JKOCHCTEM,
0COOEHHO B YCIOBUAX APKTHKH, [€ 1aXe HE3HAUUTEIIbHbIE H3MEHEHUS MOTYT BbI3BaTh
JOJITOCPOYHBIE IKOJIOTMYECKUE TIOCIEACTBUS.

3KCIIJ1yaTaHl/IH H MOHUTOPUHT

[locne 3aBepuieHUs CTPOUTEIBCTBA TPYOONPOBOAOB HEOOXOIUMO OOECIEeUnTh
MOHUTOPUHT HMX COCTOSIHMS, 4YTOOBI MPEIOTBPATUTH BO3MOKHBIC TOBPEKICHUS.
CnenuanbHble JaTYUKA TEMIEPATypbl W JABWIKEHHS TO3BOJSIOT OTCJCKHUBATH
M3MEHEHUS B COCTOSIHUU TPYOOIPOBOIOB, YTO IIOMOTaeT BOBpEMsI OOHAPYKUTh YIPO3bI
Y TIPUHATH MEPHI I UX YCTPAHEHUS.

3akiIoueHue

[Tpoknanka HedTEra30npoOBOIOB B MHOT'OJICTHEMEP3JIBIX TPYHTaX — 3TO KOMIUIEKCHAS
3ajaya, TpeOyrolmas MPUMEHEHUs CHEIUATN3UPOBAHHBIX TEXHOJIOTHMM U METOJIOB
cTpouTeabcTBa. OCHOBHBIE MPOOJIEMBI BKIIOYAIOT HECTAOMJIBHOCTh TPYHTOB, HU3KHE
TEeMIIEpaTypbl U BBICOKMW PUCK TMOBpEXACHHUS TPyOOmpoBojoB. BaxkHo BbIOMpaTh
ONTUMAJIbHBIE TEXHOJOTMM W MaTepualibl, KOTOpbIE IO3BOJIST TapaHTUPOBATH
0€30MacHOCTb U JIOJITOBEYHOCTh 0OBEKTOB B TAKUX YCIOBHIX. IKOJIOTUUECKHUE ACTIEKThI
TaK)Ke UTPAIOT BAXKHYIO POJIb B MPOSKTUPOBAHUH U IKCIUTyaTaIllUU TAKUX 0OBEKTOB, UTO
TpeOyeT yueTa NPUpPOAHBIX OCOOCHHOCTEHN peruoHa.

6. Jluteparypa

1. Kyszuenos, A. H. (2020). Texnonoeuu cmpoumenbcmea 8 MHO20JeMHEMEP3IbIX
epyumax. ' e0TeXHUYECKHUE UCCIEIOBaHUS.

2. Wsanos, C. B., u np. (2019). IIpoexmuposanue negpmeeazonpo8ooos 8 cesepuuix
pecuonax. CTpOUTEIBCTBO U TEXHUKA.

3. Yepnos, 1. A. (2021). Dxonoecuueckue acnekmvl cmpoumenbcmea 8 yCio8Usx
MHO2071eMHeMEeP3NbIX 2PYHMOE. IKOJIOTUS U CTPOUTETHCTBO.

4. CmupnoB, B. JI. (2018). HUcnonvzosanue mepmocsaes 0ns1 cmabuiuzayuu
MHO20NemHeMeP3NbIX ePYHMOo8. I eOnHKeHEPHsL.

5. Tlomog, A. K. (2022). Hosvie mexnonocuu 6 npoxiaoke mpyoonposooos 8
IKCMPEMANbHBIX KAUMAMUYECKUX ycaosusx. TpyOOnpoBOAHBIE CUCTEMBI U
TEXHOJIOTHH.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIIK-004.9

AHAJIN3 CYHECTBYIOHIUX KOHCTPYKTOPOB BEB-®OPM C TOYKH
3PEHUSA UX/UI

YubpukoB Ajiekceil AjekceeBHY
MarucTpaHT, Boarorpaackuii rocyapCTBEHHbIM TEXHUUECKUN YHUBEPCUTET
PO, r. Bosrorpan

CunkeBu4 [leHuc AsiekceeBu4
MarucTpaHT, BoJrorpaackuii rocy1apCTBEHHBIN TEXHUYECKUI YHUBEPCUTET
P®, r. Boarorpan

AHHOTAIIUA

B crathe mpejacTaBiieH aHaM3 CYIIECTBYIOIIUX KOHCTPYKTOPOB BEO-(POPM C TOUKU
3penus npunnunoB UX/Ul-guzaiina. PaccmaTpuBaroTcs MOMyJsIpHbIE UHCTPYMEHTHI
st co3naHus  BeO-popMm, uX (QYHKIHMOHAIbHBIE BO3MOXXHOCTH, OCOOEHHOCTU
uHTepEeNCcoB U UX BIUSHUE HAa Y00CTBO UCIONIb30BaHuA. Oco00e BHUMAHUE Y/IEJICHO
aHanu3y TakuxX (aKTOpOB, KaK aJalTUBHOCTh, JOCTYIIHOCTb, BHU3yajbHas
MPUBJIEKATEILHOCTh U MPOCTOTA B UCIOJIb30BaHUU. OOCYKIAIOTCA TUIIOCHI U MUHYCBI
Pa3JIMYHBIX PEUICHUM, a TAKXKE PEKOMEHAIIMU IO BBIOOPY MOAXOASAIIEr0 KOHCTPYKTOpa
B 3aBUCHMMOCTH OT 1I€JIeil U ayJJuTOpuHn BeO-caiTa.

Kirouesbie cioBa: Konctpykropsl BeO-popm, UX/Ul-nuzaitH, monb3oBaTeIbCKUAN
uHTepdeinc, MOCTYIMHOCTh, aJalTUBHOCTh, BHU3yaJbHas MPUBICKATEIbHOCTh, BeEO-
pa3zpaboTka, popmbl, UHTEp(PEiic, yT0OCTBO UCTIOIB30BAHUS.

BBenenue

Be6-(hopmbl UrparoT KIOUEBYIO POJIb B MOJIL30BATEILCKOM OIBITE HA CalTax, TaK Kak
OHH SIBJISIOTCSI OCHOBHBIM CITOCOOOM B3aMMOJCHCTBHS TOCETUTEEH C CEepBUCAMU H
npoayktamu. Ilporniecc co3ganus >pdexkTuBHBIX (GopM TpeOyeT HCIOIb30BaAHUS
HHCTPYMEHTOB, KOTOPBIC TMO3BOJSIOT OBICTPO M KA4YeCTBEHHO pa3padaThiBaTh
UHTEep(EIChI, yIOBICTBOPSIONINE MOTPEOHOCTH TOJIb30oBaTeell. BakHBIM acmeKToM
SIBJISIETCS BEIOOP KOHCTPYKTOPA BEO-(POpM, KOTOPBIHN TOKEH COOTBETCTBOBATD JIYUIIIM
npaktukam UX/Ul-gu3zaitHa 111 oOecriedyeHusi BBICOKOW [03a0MIMTH U yno00CcTBa
B3aMMO/JICCTBUS.

Ocob0ennoctu UX/UI B koHTEeKCcTE BeO-(popm

UX (monb3oBatenbckuit onbiT) U Ul (monp3oBarenbCckuil uHTEpQENc) SBISIOTCA
BOKHEUIITUMU aCMeKTaMH MPU MTPOESKTUPOBaHUH BeO-Popm.
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[TpaBunbHOE BHenpenue npuHIuoB UX/UI mo3BoseT co3aaTh HE TOIBKO ACTETUYECKH
npusiTHele, HO U 3(pdexTuBHbIe MHTEpPeiicsl. Cpenn KIOYEBBIX ACHEKTOB MOKHO
BBIJCIIUTH:

o AnantuBHOCTB: BeO-popMbl T0KHBI KOPPEKTHO OTOOpAKAThCsl HA PAa3IMUHbIX
ycrporictBax (IIK, mmanmerax, cmaptdoHax) W moAIepKUBaTh pa3IUYHbIC
pa3penieHus: IKpaHoB.

o Ilpoctrora u sicHocth: DOpMBI JOKHBI OBITh MHTYUTUBHO MOHSATHBIMH, C
YETKUM PA3ACIICHUEM AJIEMEHTOB MU MUHUMAJIbHBIM KOJUYECTBOM IIAroB MJis
3aBEPILICHUS IEUCTBHUSI.

o JoctynmHocTb: ®OpMbI T0KHBI OBITH TOCTYIHBI JJIS TFOJEH ¢ OTpaHUYEHHBIMU
BO3MOKHOCTSIMH, BKJIIOYAsl TMOJACPKKY OJKPAHHBIX UHUTAJIOK, a TaKxke
BO3MOXHOCTh HACTPOMKH pazMepa mpudTa U KOHTpaACTa.

Hony/sipHbIe KOHCTPYKTOPHI Bed-(popm

Ha cerognsmHuii AeHb CYyIIECTBYET MHOXKECTBO KOHCTPYKTOPOB BeO-(hopwm,
npeylararonux pa3HooopasHbie GYHKIUU 71 CO3MaHUST YAOOHBIX U A(DPEKTUBHBIX
dbopm. PaccMoTpuM HECKOIBKO MOMYIISIPHBIX HHCTPYMEHTOB ¢ Touku 3penust UX/UI:

Google Forms

[IpocToii B MCIIOJIb30BAaHUN UHCTPYMEHT, KOTOPBIN WICAIbHO MOJXOIUT AJIs CO3aHUs
0a30BbIX (opm. OH mnpenaraer CTaHAAPTHBIE JJIEMEHTHI YIPABICHUS W HUMEET
J0CTAaTOYHO yI00HBIN UHTEp(EIC, HO OTPaHUYEH B IJIAHE KACTOMU3ALIUU AU3aiiHa.

UX/UIl: OrpaHudeHHbIC BO3MOXKHOCTH I10 HACTPOMKE BHEIIHErO BHA, OIHAKO,
JTOCTYIHOCTh ¥ IPOCTOTa UHTEp(Peiica AenaroT ero yJ00HbIM /1J11 HAYaJIbHOTO YPOBHSI.

Typeform

OauH M3 caMmblX MOMYJAPHBIX KOHCTPYKTOPOB BeEO-(OPM, KOTOPBIA IMO3BOJISET
CO3/1aBaTh KpacUBbIEC U HHTEPAKTUBHBIE (DOPMBI C BHICOKOW CTETIEHBIO MEPCOHATU3AIINH.

UX/UI: Typeform obnamaeT coBpeMeHHbIM HHTepdErcoM, ¢ OOIBIIMM aKI[CHTOM Ha
BU3YAJIbHYIO TIPUBJICKATEIILHOCTh W TUIABHOCTh MEPEXOJOB MEXKAY BOIPOCAMHU.
OTnuyaeTcs BBICOKOM aIalTUBHOCTBHIO M XOPOIIEH MOJIb30BATEILCKON OIMBITOM.

JotForm

[Ipenyaraer mmpokuii HaOOp MHCTPYMEHTOB M TOTOBBIX ITAOJIOHOB MJIsS CO3JaHUS
dhopM, KOTOpBIE MOTYT OBITh HHTETPUPOBAHBI C PA3IMYHBIMU CHCTEMaMHU.

UX/UI: Otnuuaercst pasHOOOpa3ueM JIW3aifHOB, BBICOKUM YPOBHEM HACTPOWKH, a
TaKk)Ke HATMYUEM MHOXKeCTBa (DYHKIMHU IJIs MOBBIMICHUS yIOOCTBAa MCIIOJIB30BAHMUA,
TaKUX KaK aBTOOTBETHI M MHTETPAIs C IJIATSKHBIMU CHCTEMaMH.
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Wufoo

IIpocTtol B  WCIONB30BAaHMM  HMHCTPYMEHT C  BO3MOXHOCTBIO  CO3JaHUSA
MHOTO(QYHKIIMOHATIBHBIX (OPM M BO3MOXXHOCTBIO HMHTETpPAllMM C Pa3INIHBIMU
CepBUCAMU.

UX/Ul: Wufoo mnpemocTaBiaseT HECKOJbKO CTaHAAPTHBIX IIA0JIOHOB M XOPOIIYIO
HAaCTpPOWKy BHemHero Buma. OmgHako, WHTEPDENC MOXKET TOKAa3aThCs HECKOJIBKO
yCTapeBIIINM I10 CPaBHEHHIO ¢ 00JI€€ COBPEMEHHBIMH PEIICHUSIMH.

Formstack

[IpodeccnonanbHbIl UHCTPYMEHT AJIS CO3/aHMS CIOXKHBIX (OpPM, HCIONB3YEMBIH B
KOPIOPATUBHBIX pemeHusAX. [[oax0auT A1 CO31aHusl aHKET, OITPOCOB, 3aKa30B U T. [I.

UX/UI: TIpocToit 1 MHTYUTHUBHO MOHSITHBIM MHTEP(EHC C BO3MOXKHOCTBHIO TTyOOKHX
HAaCTPOEK, YTO JENAET 3TOT MHCTPYMEHT XOPOILIMM BBIOOPOM il 00Jiee CIIOMKHBIX
MIPOEKTOB.

Ouenka KoHcTpyKTOpa Be0-hopM ¢ Touku 3penus UX/UI

[Ipu BbIOOpE KOHCTpYyKTOpa BeO-()OPM BAXKHO YUHUTHIBATH HECKOJBKO (PAKTOPOB,
KOTOpBIE HAIPSIMYIO BIMSIOT HA MTOJI30BATEIbCKUN OIIBIT:

1. AnantuBHOCTB: BO3MOXHOCTH KOPPEKTHOrO OTOOpa)keHUs (hOpM Ha pasHbIX
yCTPOMCTBAX, BKIIOYas MOOWJIbHBIE TeNe(OHbl, WIPAET BAXHYIO pOJb.
Hanpumep, Typeform nmeer otianunyro azantuBHOCTb, a Google Forms HemHOr0O
OTrpaHUYEH B 3TOM aCIEKTeE.

2. TIpocroTa B ucnoJb3oBanuu: [Ipocroil nuTEpdeEiic momMoraeT MoIb30BATEIAM
obicTpo co3aaBaTh QopMmbl. Google Forms u Typeform — 310 nBa HambGoiee
MHTYUTUBHBIX KOHCTPYKTOpA.

3. doctynHocTh: DOpMBI TOMKHBI OBITH JOCTYIMHBIMH IS TOJIb30BaTEIeH C
OTpaHUYCHHBIMH  BO3MOXKHOCTSMU. Hamnpumep, Typeform wu JotForm
NOJJIEP)KUBAIOT 3JIEMEHTHl JIOCTYIIHOCTH, BKJIFOYas TEKCTOBBIE IOJCKA3KH M
NOHSTHBIE KHOIIKU.

4. Unterpanum: Bo3MOXXHOCTH HHTETpAIMU C APYTUMHU CEPBUCAMHU TaKKE UTPAIOT
KIIOYEBYIO pOJb, 0COOeHHO i OusHec-pemeHuii. JotForm um Formstack
npeiaralT TaKue UHTETPALMY, YTO MO3BOJISET PaCIIUPUTh PYHKIIMOHAT (POPM.

5. Kacromuszanusi qu3aiiHa: Hekotopbie KOHCTpYKTOpHI (Hampumep, Typeform u
JotForm) mpennarator 6oratble BO3MOXKHOCTU JJISI HACTPONKHU BHEIIHEr0 BHJIA
(opMbI, BKJIIOUAsi UCIIOJIB30BAHUE PA3INYHBIX IIPUQPTOB, I[BETOB U aHUMAIHI.

3akiroueHue

Br160p koHCTpyKTOpa BeO-(HOpM 3aBUCUT OT MOTPEOHOCTEN KOHKPETHOTO TIpoeKTa. Jljis
CO37aHUs IPOCTHIX M OBICTPBIX (DOPM JTyUIIle BCETO MOIONHAYT HHCTPYMEHTHI, TAKHE KaK
Google Forms wim Wufoo.
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Jlis GoJiee CHOXKHBIX PELIEHUH, e TpeOyeTcsi BhICOKas CTENEHb MEPCOHAIU3ALUN U
UHTETpali C IPYTMMH CEpPBHCAMH, CTOMT 0OpaTuTh BHMMaHue Ha Typeform wumm
JotForm. BaxHo yunThIBaTh 0COOCHHOCTH UHTEpdEiica, JOCTYIHOCTh U aalTUBHOCTD
KOHCTPYKTOpA, YTOOBI 00€CTIEYNTh JYUIINHA ONBIT B3aUMOJICUCTBUS C I10JIb30BATEISIMHU.

6. Jlureparypa

1. MapteiHoBa, O. U. (2019). Ocnoswr UX/Ul-0uzatina ona eeb-paspabomuuros.
M.: U3natensctBO "TexHOmpuHT".

2. ©umunmos, . A. (2020). Jusaiin noavzosamenvckux unmepgheicos: meopus u
npakmuxka. CII6.: TTutep.

3. Xour, [Ix. (2021). Web Forms: Creating Responsive User Interfaces. New York:
O'Reilly Media.

4. ConoBbéBa, H. B. (2020). Humepdgeticwl ¢ gvicoxoti 103aburumu: Memooonio2us u
uncmpymenmol. M.: Kypc.

5. benoycos, I1. M. (2018). Be6-ou3zaiin: cozoanue yOoOHbIX U KPACUBLIX (POPM.
Cankr-lletepOypr: BXB-IletepOypr.
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o T

@ HAYYHBIHA KYPHAJI

N7 HAYKA 1 MUPOBO33PEHUE

V]IK-628.52

AHAJIN3 CITIOCOBOB 3AXOPOHEHUSA BBICOKOAKTUBHBIX
PAJMOAKTUBHbBIX OTXOJ10B PA3HbBIX CTPAH

Boayna Apuna BurajbeBHa
CTyIeHT, ['ocynapCcTBEeHHBIN YHUBEPCUTET a9POKOCMUIECKOTO MPUOOPOCTPOSHUS
P®, r. Cankr-IlerepOypr

AHHOTAIIUA

B cratee NpOBOAMUTCS CPABHUTENBHBIM AHAIW3 PA3JIUYHBIX METOAOB 3aXOPOHEHUS
BBICOKOAKTHUBHBIX PaJUOAKTUBHBIX 0TX0A0B (BAPO), wucnonbs3yemMbiX B pa3HBIX
ctpaHax. PaccmarpuBaroTcs pasiIM4YHBIE TOAXOAbI, TAaKHME KaK 3axXOpPOHCHHE B
reoJIOrnYecknx (opmanusax, MoA3eMHbIE XPaHUIIUIIA, UCIIONb30BAHUE MOPCKUX HIIU
KOCMHUYECKHX METOJIOB, a TAKKE€ MX MPEUMYIIecTBa U HegocTaTku. Ocoboe BHUMaHue
YACNEHO JKOJOTHYECKMM, TEXHHMYECKMM M COLMAJIBbHBIM ACHEKTaM, CBS3aHHBIM C
0€30MacHOCThIO TaKUX METOJI0B. Mccnenytorcs npuMepsl U3 ONbITa CTPaH, TAKUX Kak
Ounisinaua, CIIA, Poccus, @pannusa u AnoHus.

KiroueBble ¢J10Ba: PanuoakTuBHEBIE OTXOJbI, BBICOKOAKTHBHBIC OTXO/bI, 3daXOPOHCHHUC,
rcOJIOTHYCCKOC 3aXOPOHCHHUC, ITIOJA3CMHBIC XpaHUIIMIIA, SKOJIOTrH4CCKas 6C3OH3CHOCTB,
MCTOJbI 3aXOpPOHCHHA, PAAVUOAKTHUBHOCTb, AACPHAA OHCPICTHKA, 0e30IMacHOCTh
O0TXOOOB.

BBenenune

BricokoakTuBHBIC paauoakTHBHBIE OTXOABI (BAPQO) sBISIOTCS OMHMM W3 CaMbIX
OTMAaCHBIX THUIIOB OTXOJIOB, OOpa3yIOIIMXCs B MPOLECCE IKCIUTyaTalluM aTOMHBIX
AIEKTPOCTAHLIUM U IPYTUX AJIEPHBIX OOBEKTOB. ITU OTXOJIbI IPEACTABIISIOT OMACHOCTh
JUTSL OKPY>KaIOIeH Cpeibl M 3I0POBBS UEJIOBEKA HA TPOTSHKEHUU THICSY JIET, UTO TPEOyeT
0co0Oro BHHMMaHHUS TPU BBIOOPE METOJOB HX 3aXOpoHEHHs. Pa3Hble CTpaHbl
pa3pabaTbiBatOT COOCTBEHHBIE CTPATETUN U TEXHOJIOTUH JIJ1s1 0€30MaCHOT0 3aXOPOHECHUS
TaKuX OTXOJOB, OCHOBBIBASICh Ha YHUKAJIbHBIX T€OJOTUUYECKUX U HKOJOTHUUECKUX
YCJIOBUSIX, @ TAK)KE HAYYHBIX U TEXHUYECKUX JOCTUKEHUSX.

Cnocoosbl 3aXO0POHECHHUS BBICOKOAKTHBHBIX PAJIMOAKTUBHBIX 0TX0/10B

1. T'eosioruyeckoe 3aXxopoHeHHe ['€0I10rMuecKoe 3aXOPOHEHHE SIBIISIETCS OJJHUM U3
HauOoJee NOMyIIPHBIX METOIOB 3axopoHeHus BAPO, KoTOpBIi HCToIb3yeTcs B
CTpPaHax C pa3BUTBHIMU IIEPHBIMU TEXHOJIOTUSMHU.

-43-



OTOT MeToA BKIIOYAaeT B ce0s IOMEIIEHHE OTXOJ0B B  CIELHMAIBHO
MOJIFTOTOBJICHHBIE TEOJIOTUYECKUE (popMalny, TaKue KakK COJSHBIC MIAXThl WU
riyOOKHe TOpHBbIE MOPOABI, KOTOpPHIE OOECIEYUBAIOT H3OJSAIHUI0 OTXOJOB OT
OKpY>KaloIllel cpeibl Ha JOJITHUE ThICAYU JIET.

o OuuasHausa: CTpaHa akTUBHO pa3paldaThIBa€T MPOEKT 3aXOPOHEHUs
BAPO B reonoruueckoii gopmaiuu B parioHe octpoBa Okyna (IMpOEKT
Onkalo). D10 ogHO K3 KpyMHEHIIUX U HAMOOJIee aMOUIIMO3HBIX MTPOSKTOB
10 3aXOPOHEHMIO PAJIMOAKTUBHBIX OTXOJIOB B MUPE.

o CHIA: IIpoekt 3axoponenus B HeBane (Yucca Mountain) Obu1 ipu3HaH
OJIHOM U3 BO3MOXHBIX (POPM TE0JIOTHYECKOTO 3aXOPOHEHHUS, HO €ro
peanu3anus ObLIa MPUOCTAHOBIIEHA M3-32 MOJUTUYECKUX U COLMAIBHBIX
poOsem.

o Poccusi: B Poccun Takke pa3pabaThIBaeTCs NPOEKT IO 3aXOPOHEHUIO
BAPO B pa3inuuHbIX Te0JOrHYecKuX (popManusix, BKIoYasi ApKTHKY, T€
MpeajiaraeTcss  Co3JaHue  CHEUUAIM3UPOBAHHBIX  OOBEKTOB IS
0€301acHOro 3aXOPOHEHUS.

2. llopzemuble xpanwauma IlogzeMHble XpaHunuma — 3T0 emé OAMH
5¢(EeKTUBHBI METOJ 3aXOPOHEHMsI, KOTOPBIA MCIOIB3YETCd B HEKOTOPBIX
cTpaHax. OHU MPEACTABIAIOT COOOM CHELMAIbHO MOCTPOCHHBIE XPaHWIUIIA,
pacrnojoXKeHHble Ha OOJbIION TIIIyOMHE, 4YTO MHMHHUMHU3HPYET PHUCK YyTeueK
PaAMOAKTUBHBIX BEIIECTB B OKPYKAKOLIYIO CPELyY.

o ®Opanuusi: PpaHIUA aKTUBHO HCIOJIB3YET ITOA3EMHBIE XPaHWINAILA JJIS
3aXOPOHEHUS HU3KO- U CPEHEAKTUBHBIX OTXOA0B. JlJI1 BBICOKOAKTUBHBIX
OTXOJIOB TAaK)X€ pacCMaTpPUBAIOTCS TMOJ3EMHbIE XPAHWIWILNA, HO OHHU
TpeOyIOT 00JIee CIOKHBIX TEXHOJIOTHYECKUX PEIICHUH U JOTIOTHUTEIbHBIX
Mep O€30MacCHOCTH.

o Snonusi: B SnmoHmM paccMarpuBarOTCs NOA3EMHBIE XPAHWIWILNA IS
0€30MacHOr0 3aXOPOHEHUsI PAJUOAKTUBHBIX OTXOJIOB, a TAK)KE MPOEKTHI,
CBSI3aHHBIC C TMOTJIOIICHHEM M TepepabOTKON OTXO0JI0B B O€30IMacHbIC
MaTepHUaJIbl.

3. Mopckue meToabl 3axopoHennsst Mopckoe 3axoponenune BAPO — 3t0 meTon,
KOTOPBI HMCIOJIB30BAJICS B IPOIILJIOM, HO B HACTOSIIEE BpEMs 3allpelieH B
OOJIBIIMHCTBE CTPaH HM3-3a Yrpo3bl 3arps3HEHUs OKEaHOB. TeM He MeHee, B
HEKOTOPBIX CTPaHAaX MPOAODKAIA PACCMATPUBATH ITOT METOJ KaK BAPUAHT
BPEMEHHOT'O PELIECHUS MPOOIIEMBI.

o CCCP: B mpomutom Cosercknidi Cor3 HCHONB30BAI  MOPCKOE
3aXOpPOHEHUE JJIsI HEKOTOPBIX THUIOB PAJAMOAKTUBHBIX OTXOAOB. ITO
pelIeHre O0Ka3aJloCh OMNAacHbIM JUIsI 3KOCUCTEMBl M TMPHUBEIO K
MEXAYHapPOIHBIM 3alpeTaM Ha TaKOH METO/I.

4. Kocmuyeckne MeToabl 3axopoHeHusi HekoTopele  cTpaHbl — Takxke
paccMaTpuBajId BO3MOXKHOCTh 3aXOPOHEHHUS paJUOAKTUBHBIX OTXOJOB B
KOCMOCE, HO 3Ta TEXHOJIOTHSI OCTAaETCS HEJOCTHKUMOMN M3-32 BBICOKHX 3aTpart, a
TaK)K€ PUCKOB, CBA3aHHBIX C 3aITyCKOM pakeT. Ha JaHHbII MOMEHT KOCMHYECKOE
3aXOPOHEHNE HE PEAIn30BaHO HU B OJIHOM CTpaHe.
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HpenMymeCTBa H HEJO0CTATKH PA3JIHYHBIX ME€TOAOB 3aXOPOHCHUSA

Kaxnpli M3 METOIOB MMEET CBOM NPEUMMYILNECTBA M HENOCTATKU. |'eonmormueckoe
3aXOpPOHEHHE W IIOA3EMHBIC XPAHWJIMILA CYUTAOTCS HauOosiee OE€30IacHbBIMU U
JOJITOBEYHBIMU METOJIaMH, OJTHAKO OHM TPEOYIOT 3HAUNTEIbHBIX MHBECTULIUN U MOTYT
BBI3BATh MECTHBIE KOJIOTHYECKUE PUCKH. MOpPCKHE U KOCMUYECKUE METObI, HECMOTPS
Ha CBOIO IIPUBJIEKATEIBHOCTb, HE IOJYYWIH IIMPOKOIO INPUMEHEHMs H3-3a PHUCKA
3arpsA3HEHUs OKPYKAIOLIEN CPEIbl U TEXHUUECKUX TPYIHOCTEH.

IKoJIOTHYeCcKHue H COnMHAJIbHBIC ACIIE€KTbI

OnHMM M3 Ba)XKHEWIIMX AacleKTOB NpU BBIOOpE METO/AA 3aXOPOHEHHUs SIBISIETCS €ro
JKOJIOTHYECKass Oe30MmacHOCTh. Jlake HE3HAUUTENbHBIE YTEUKH pPaJlOaKTUBHBIX
BELIECTB MOTYT IPUBECTH K JOJIOCPOYHOMY 3arpsi3HEHUIO U Yrpo3aM Uil 310POBbs
gesioBeka. Kpome Toro, conuanbHble aCleKThl, CBA3aHHBIE C Pa3MEILEHUEM XPaHUIIMILL
B ONpEIENEHHbIX pEeruoHax, TpeOyloT ydéra MHEHUM MECTHBIX JKHUTENeH U
DKOJIOTUYECKUX OPTaHU3aLAMN.

3akiIroueHue

Ha cerogusmHuii JeHb TIEOJOTMYECKOE 3aXOpOHEHHE sBIsieTcs  Hauboliee
NEPCIEKTUBHBIM U O€30MacHbIM  METOJOM  3aXOPOHEHHUS  BBICOKOAKTHUBHBIX
pPaZOaKTUBHBIX OTXOJI0B, HECMOTPS HAa CBOM TEXHUYECKHE U (PMHAHCOBBIE CII0)KHOCTH.
BaxxHo, 4T0oOBI CTpaHbl MPOJOJIKAIM Pa3BUBATH HOBBIE TEXHOJOTMU M TOIXOBI,
KOTOpBIE MOMOTYT MUHHUMHM3HUPOBATH PUCKHU JUISI 3J0POBbS U OKPY’KAIOLIEH CPEIBI B
JOJITOCPOYHOM IIEPCIIEKTUBE.

6. JIluteparypa

1. Dmkununa, H. W. (2018). bezonacnocme 3axoporeHus paouoaxmueHvix
OmMX0008: MUPOBAsi NPAKMUKA U nepcnekmussl. M.: DHeprusi.

2. JIxoncoH, JI. (2019). Geological disposal of nuclear waste: Challenges and
opportunities. Cambridge: Cambridge University Press.

3. bemsier, B. B. (2020). Memoost 3axoponenus paouoaxmusHwviXx OMX0008:
akonoeus u bezonacrnocmo. CII10.: Hayka.

4. KpaBuyk, M. A. (2021). Hoepusie omxo0wl u memoowl ux 3axoponernus. M.: PUL]
MI'TY.

5. Maprun, Ix. (2017). Environmental impact of radioactive waste disposal. New
York: Springer.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIIK-629.7

ABTOMATHU3ALIAS BKJIIOYEHW S OCBELHIEHUST PE3SEPBHBIX
ITPUBOPOB HA BC MAJIOU ABUAIINUA

Ky3bmun BsiueciaB UropeBnu

ctynent, Cankr-IleTepOyprckuii rocyJapcTBEHHBIN YHUBEPCUTET TPaXKIAHCKON
aBHAIlUN

P®, r. Cankr-IlerepOypr

Kopotsies UBan BiagumupoBuy

ctynent, Cankr-IleTepOyprckuii rocyJapcTBEHHBIN YHUBEPCUTET TPaXKIaHCKON
aBHAIIUU

P®, r. Cankr-IlerepOypr

Coxoui0B Ouer ApkaagbeBu4

Hay4HbIA PYKOBOJUTENb, KaHJ. TEXH. HAYK, 1o1eHT, CankT-IleTrepOyprekuii
roCyJapCTBEHHBIA YHUBEPCUTET TPAXKTAHCKON aBUAITUU

P®, r. Cankr-IlerepOypr

AHHOTALIUA

Cratbs mocBsileHa pa3paboTKe U BHEIPEHUIO CUCTEMBbI aBTOMATH3AIlMU BKIIOUCHUS
OCBEIICHUS PE3EePBHBIX NPUOOPOB Ha BO3AYIIHBIX CyAaX MaJloW aBwaluu. B Hel
paccMaTpUBalOTCS MPOOJEMbI, BO3HUKAIOIIME TMPU IKCIUTyaTallud aBUAIMOHHOMN
ANEKTPOOOOPYNOBaHUS, a TaKXKE€ METOJbl MX pEUIeHUs ¢ HCMOJIb30BaHUEM
ABTOMATU3UPOBAHHBIX CUCTEM YIpaBieHUs. [ [puBoasITCA MpUMEpPHI, NOATBEPKIAIOIINE
3 PEeKTUBHOCT, aBTOMATHU3AllMM TIPOIlECCa BKJIOUECHHS OCBEIICHUS PE3EPBHBIX
MPpUOOPOB IJIsl MOBBIIICHUST OE30MAaCHOCTH M yJI00CTBA MUJIOTUPOBAHMS BO3IYIIHBIX
CYJOB B YCIIOBUSIX HU3KOW BUJIMMOCTHU U ABAPUUHBIX CUTYaALIUM.

KioueBble ciioBa: aBToMaTH3alvs, BKIIOYEHUE OCBEUICHUS, PE3EPBHBIC MPUOOPHI,
BO3NYIIHBIC Cy/Ja, Mayias aBWallvs, CUCTEMbI YMpaBJICHUS, O€30MaCHOCTH MOJIETOB,
aBUAIMOHHBIE MPUOOPHI, ABAPUIHBIC CUTYAIINH, SJIEKTPOOOOPYAOBAHHE.

Beenenue

Cuctembl OCBEIICHHS Ha BO3AYIIHBIX CyJaX MaJIOM aBUAIIMU UTPAIOT BAKHYIO POJb B
obOecrieuennn Oe3omacHOCTH U A(PPEKTUBHOCTH TOJIETOB, OCOOCHHO B YCIOBHUSX
OTPAHUYEHHOW BUIAMMOCTH WJIM NPU BO3HUKHOBEHHM ABAPUMHBIX CHUTyaluu. BaxHo,
yTOOBI PE3epBHBIC MPUOOPHI, OOecIeUnBaroIIre padoTy B Cllydae OTKa3a OCHOBHBIX,
ABTOMATHYECKU BKJIIOYATIUCh U OCBEIIATIUCH, UYTO TOMOTAET MUJIOTaM OPUEHTHUPOBATHCS
Y IPUHUMATH IPABUJILHBIC PEIICHUS.
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B crartne pacCMAaTpuBArOTCA MPCUMYIICCTBA H HGO6XOI[I/IMOCTB daBTOMaTuU3allun
BKJIIOUYCHHA OCBCUICHUA TaKUX HpH60pOB Ha BO3OYHIHBIX Cydax MaJioM aBHAIWM.

IIpo6s1eMbl BKJIIOYEHUS OCBEIIEHUs pe3epPBHbIX NPUOOPOB

Ha MHOrmx BO3QyIIHBIX CyJax Majloil aBUALMM B HACTOSIIEE BPEMS OCBEILCHHE
PE3EpPBHBIX MPUOOPOB BKIIIOYAETCS BPYYHYIO, YTO MOXKET NPHUBECTH K OIIHUOKaM,
0COOEHHO B 3KCTPEHHBIX CUTyaluusX. [Iu10T MOKeT He ycneTh BKIIFOUUTh OCBEILIEHUE B
YCIIOBHSIX TOBBILIEHHON Harpy3KH, 4YTO YBEJIMYMBAET PUCK OIIMOOK B MPOLECCE MOJIETA.
Takxe Ba)XHO Y4YUTBHIBATh, YTO B YCJOBHUSX OIrPAaHUYECHHOW BHJIMMOCTH Ha MaJIbIX
BBICOTAX, KOTJa MPOUCXOIUT paboTa B HOYHOE BpeMs WIM B OOJlakaX, HaJIM4Ue
PaBUJILHOTO OCBEILICHHUS SABJISIETCS peIIalouM (HakTOpoM.

Cucremsbl aBTOMAaTHN3allM1 BRIIIOYCHHUA OCBCIIICHUA

ABTOMaTH3aIMsl BKIIIOYAET B CeOS CO3/IaHUE CHUCTEMBI, KOTOpasi OyIeT OTCIICKUBATH
paboOTy OCHOBHBIX NPUOOPOB M, B cCllyda€ HMX OTKa3a, aBTOMATUYECKH BKIIIOYAaTh
OCBEIICHUE pe3epBHbIX MpuOOpoB. PaccmarpuBaemas cucTema JOJKHA HWMETh
CIEAYIOIINE KIIFOUEBBIE JIIEMEHTHI:

1. laT4ukM OTKA30B OCHOBHBIX NPHOOPOB — JUIsI MOHUTOPUHIA COCTOSIHUS
npuOOpOB U OOHAPYKEHUST HEUCIIPABHOCTEM.

2. Pe3epBHbIe HCTOYHMKM MUTAHUA — I oOecrieueHus becriepeOoitHOM paboThI
OCBEIICHUS B ciiydyae c00s B OCHOBHOM CHCTEME 3JIEKTPOCHAOKEHUS.

3. Unrepdeiic ynpaBaenuss — 151 WHOOPMUPOBAHHS TMUJIOTa O BKIIOYCHHH
CHUCTEMBI U €€ padoTe, a TAKKE BO3MOKHOCTH PYYHOTO BMEIIATEILCTBA B ClIydae
HEOOXOAUMOCTH.

HpenMymeCTBa aBTOMAaTHU3allMu CHCTEMbI OCBCIIICHUSA

ABTOMaTH3aIMsl TMpOIEecCa BKJIIOUYEHHUS OCBEIICHHUS PE3EPBHBIX MMPUOOPOB Ha
BO3AYIIHBIX Cy/IaX MajaON aBUALlUA IPUHOCUT HECKOJIBKO BAXKHBIX IPEUMYLIECTB:

1. IoBbimenne 06€30MACHOCTM — AaBTOMATHYECKH BKIIOUYEHHOE OCBEIICHUE
MIOMOTaeT MUJIOTY OBICTpEe aAanTHPOBATHCS K U3MEHEHHSIM U pearupoBaTh Ha
CUTYaIlNH, TPEOYIOIINEe HEMEIJIEHHOTO IPUHSTHS PEIICHUN.

2. YMeHbIIIeHUE YeJI0BeYeCKOro (pakropa — MCKIIOYEHHE OMMOKH MUTI0Ta TIPH
BKJIFOUEHHH OCBEIIIEHUS PE3EPBHBIX MPUOOPOB B KPUTUUECKUX CUTYAIIUSIX.

3. CHM:KeHMe HArpy3Kd Ha MNWIOTa —  aBTOMAaTHU3alus  yMEHbBIIAeT
HEOOXOAMMOCTh B JOTIOJHUTEIBPHOW HArpy3ke Ha THWJIOTa, IO3BOJISS €My
COCPEIOTOYNTRLCS Ha YIIPABJICHUHU CYTHOM.

4. CHM)KeHHe BPeMeHHM peaKIUH — B DKCTPEHHBIX CHUTYaIllMsIX aBTOMAaTH3aIlUs
MO3BOJISIET MTHOBEHHO BKIIFOUUTH OCBEIIEHUE, HE TEPSIsl APArOIIEHHOTO BPEMEHHU.
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I[IpuMeHeHNe aBTOMATU3ALMHU B IPYTUX OTPaCIsAX

Cucremsl ABTOMATHU3allUKM B dBHAIIMU AKTUBHO PA3BHUBANOTCA W HMCIIOJB3YIOTCA B
Pa3INIHBIX ACIICKTAax, HAIIPUMCP, B ABTOMATHUYCCKOM YIIPABJICHUHU IIOJICTOM HJIM B
CUCTCMAaX MOHHUTOPHHIA. HpI/IMeHeHI/Ie AQHAJIOTUYHBIX TEXHOJOTMHA B MaJIOU aBHanuu
ITIO3BOJHUT IIOBBICUTD O6HIYIO 0e30I1acHOCTh | 3(1)(1)€KTI/IBHOCTI> OKCILTyaTallun
BO3AYHIHBIX CYIOB.

3akijIoueHue

ABTOMaTI/IBaHI/IH BKIIFOYCHHA OCBCHICHUA PC3CPBHBIX HpI/I60pOB Ha BO3AYIIHBIX CyIaX
MaJioun aBUallMM ABJDICTCA BaXHBIM IIAaroM B ITOBBIIICHHWH 0Ee30I1aCHOCTH IIOJICTOB U
y,Z[O6CTBa OKCITyaTallud aBHAIIMOHHOI'O 060py,Z[0BaHI/IH. BHGI[peHI/IG TaKuX CHUCTCM HC
TOJIBKO ITOBBICUT 3(1)(1)6KTI/IBHOCTL pa6OTI>I IMAJIOTOB B 3KCTPCHHLIX CUTYyaAllMAX, HO U
CYIICCTBCHHO CHHU3UT BCPOATHOCTDH OIHI/I6OK, 4dTO B CBOIO O4YCPCAb ITOBBICHUT O6HIYI-0
HaJAC)KHOCTD SKCILTyaTalluy BO3AYIIHBIX CYyIOB.

6. Jlutrepatrypa

1. Usanos, U. B. (2019). Asmomamuzayus cucmem ynpaseieHus HA 6030)UIHbIX
cyoax manou asuayuu. M.: ABUatexipecc.

2. KypueB, A. M. (2020). Coepemennvie cucmemvi YNpagieHusi HA MAlblX
camonemax. CI16.: HeBckuii TeXHUYECKUI IIEHTP.

3. Boponoma, T. A. (2018). Onexmpuueckoe oceewenue asuayuu: NPUHYUNDBL U
mexnono2uu. EkatepunOypr: YpanbCKuil yHUBEPCUTET.

4. Nesxo, C. II. (2021). Texwonoeuu 6ezonachocmu 6 asuayuu U Uux
asmomamuzayus. M.: MI'TY.

5. Xpamos, B. B. (2022). Illpumenenue asmomamuueckux cucmem HA MAlbIX
asuayuonusix cyoax. Hoocubupck: U3narenbckuii 1oM «ABUaTEX».
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

YIIK-629.7.05

ABTOMATHU3UPOBAHHAS CUCTEMA MOHUTOPHUHI'A BO3AYILIHOI'O
JABUKEHU A

Kanuyn Hukonaii HukonaeBua

ctynent, Cankt-IleTepOyprckuil rocy1apcTBEHHBIN YHUBEPCUTET TPaXIaHCKON
aBuaruu uM. A. A. HoBukoBa

P®, r. Cankr-IlerepOypr

Crasp Amutpuii AHATOJILEBUY

ctynent, Cankr-IleTepOyprckuil rocy1apcTBEHHBIN YHUBEPCUTET IPasKIaHCKON
apuanu uM. A. A. HoBukosa

P®, r. Cankr-IlerepOypr

Coxoui0B Ouer ApkaagbeBu4

Hay4HBIA PYKOBOJUTENb, KaHAMAAT HayK, CankT-IlerepOyprckuit rocy1apcTBeHHBIN
YHUBEPCUTET rpakIaHckoi aBuauu uM. A. A. HoBukoBa

P®, r. Cankr-IlerepOypr

AHHOTALIUA

Cratbst mocBsillieHa pa3pabOTKe W NPUMEHEHUIO aBTOMATH3WPOBAHHBIX CHCTEM
MOHUTOPUHTA BO3JAYIIHOTO JBWXXEHHUS, KOTOPbIE WIPAIOT KIIOYEBYID pOJb B
obecnieueHun 0Oe30MacHOCTU T0JIETOB. B pabote paccMarpuBaroTcsi 0COOEHHOCTH U
MPUHIUIE  QYHKIIMOHUPOBAHMS TaKUX CHCTEM, WX BIMSHHE Ha YIpaBIICHUE
BO3IYIITHBIM JBMKECHUEM, a TAKXKE MEPCIEKTHBBI UX COBEPIICHCTBOBAHUS B YCIOBUSIX
COBPEMEHHOTO aBHUAIMOHHOTO Tpaduka. AHAIM3UPYIOTCS OCHOBHBIC KOMIIOHEHTHI
TaKUX CHCTEM M UX POJIb B MPEAOTBPANEHNN aBHAIIMOHHBIX MPOUCIIECTBUH, C 0COOBIM
aKIICHTOM Ha MHHOBAIIMU B 00JIACTH aBTOMATH3alIUU.

KiaroueBbie cjaoBa: aBTOMaTU3UMPOBAHHAS CHUCTEMA, MOHUTOPUHI BO3AYIIHOTO
JIBMOKEHUSI, 0€30MaCHOCTh TMOJIETOB, CHUCTEMbI YIPABJICHMS, aBUAIIMOHHBIN Tpaduk,
MPEIOTBPAIIEHAE MPOUCIIECTBUM, TEXHOJOTUM MOHUTOPUHIA, AaBTOMATHU3alus,
ABUALIMOHHBIE CUCTEMBI, BO3IYIIHOE IBUKCHUE.

Beenenue

ABTOMAaTH3aIMS IPOLIECCOB MOHUTOPHHTA BO3IYILIHOTO JBUKEHHSI UTPACT BaKHEHIIIYIO
poiib B o0ecrieueHnn 0e30macHOCTH U 3()PEKTUBHOCTU 3KCILTyaTallud BO3AYIIHOTO
Tparcmopta. C KaxAbIM TOJOM OOBEM aBHAIIMOHHBIX MEPEBO30OK pacTeT, U 0e3
MCIIOJIb30BaHMs aBTOMATU3UPOBAHHBIX CUCTEM HEBO3MOKHO 00ecreunTh 3 (HeKTUBHOE
yIpaBJI€HUE BO3AYIIHBIM JBIKEHUEM Ha BCEM MPOTSXKEHUU MOJIETA.
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Cratbs IMNOCBAIIICHA HCCICOJOBAHUIO COBPEMCHHOI'O COCTOSIHHUSA CHUCTCEM MOHUTOPHUHIA
BO3AYIIHOTO ABWIKCHUSA, d@ TAKIKC IICPCIICKTHUBAM HX PA3BUTUSA W BHCAPCHUA HOBBIX
TEXHOJIOTUH B 0071aCTH ABTOMAaTHU3allnH.

HpOﬁJIeMLI " 3a1a491 MOHUTOPHUHTA BO3AYITHOI'O IBUKCHUSA

OCHOBHOI 3amadell MOHMTOPUHIA BO3IYIIHOIO ABMKEHUS SIBISIETCS OTCIIECKMBAHUE
MECTOIIOJIOKEHHS BO3IYIIHBIX CYJI0OB B pealbHOM BPEMEHHM U Tepeaada uHGopMaluu
aUcneT4YepaM JJId IPUHATHUS ONIEPAaTUBHBIX pelIeHUi. B yCIOBHUsIX BBICOKOM MIIOTHOCTH
Tpapuka, OCOOEHHO B 30HaX C MHTCHCUBHBIM aBHACOOOIICHHEM, BaXXHOCTh
CBOEBPEMEHHON Mepefayd JaHHBIX O COCTOSIHUM BO3AYIIHOTO IHPOCTPAHCTBA
Bo3pactaer. IIpoOsieMbl, BO3HMKarOIME B IPOLIECCE YNPABICHUS BO3AYIIHBIM
JBVKEHUEM, BKJIOYAIOT HEJAOCTATOYHYIO TOYHOCTBH OIPENEIIEHUS MECTONOJIOKEHHUS,
npoOJEMBbl C KOOpPAMHAIMEN MEXAY pa3Iu4YHbIMM YacTSIMH CHCTEMBl U BBICOKHE
TpeOOBaHMs K HAJEKHOCTHU NEpeaadn HH(HOpMaIUu.

KommnoHneHTBI aBTOMaTI/ISI/IPOBaHHOﬁ CUCTEMBI MOHUMTOPHHI' A

ABTOMaTH3UPOBAHHBIE CHCTEMBl MOHHTOPHHTA BO3AYIIHOTO ABM)KCHHUS COCTOAT W3
HECKOJIbKMX KJTFOUYEBBIX KOMIIOHEHTOB, KaXIbIi U3 KOTOPHIX UTPaeT BaXXHYIO POJIb B
oOecrnieueHnun Oecriepe0oitHON padOThl CUCTEMBI:

1. Pagapuble cucTteMbl — OO0ECIEUYMBAIOT OTCICKHBAHUE BO3AYIIHBIX CYIOB B
pEeaIbHOM BPEMEHH.

2. CucTeMbl PaAHOJIOKAIIMN — TIO3BOJISTIOT TOYHEE ONPEACIIATh MECTOIOJIOKCHHE
BO3YIIHBIX CY/IOB, @ TAKXKE UX BBICOTY, CKOPOCTh U HANPABJICHHUE.

3. ABTOMATHU3HPOBAHHbIE JTHCIIETYEPCKHE CHCTEMbI — ITOMOTAIOT OIEPATHBHO
oOMeHuBaThCs WHMOpMalMEel MeXAy AUCIeTYepaMU W TUJIOTaMH, a TaKkKe
OCYIIECTBIISITh YIIPABICHUE IBUKECHHUEM.

4. Cucrembl ynpaBJjeHUs] BO3AYIIHbIM IBHKEHHEM — O00€CIICUUBAIOT MPUHSITHE
pELICHUN Ha OCHOBE JaHHBIX O BO3AYIIHBIX CyAaX U COCTOSHHUSX BO3LYIIHOTO
IIPOCTPAHCTBA.

5. UnTepdeiicbl aAasi QUCHEeTYEPOB — BHU3YAIU3UPYIOT JaHHBIC O JBWKCHHUH
BO3YIIHBIX CYJIOB, CO3/1aBasi MOJHYIO KAPTUHY CUTyallMu Ha SKpaHE.

HpenMymeCTBa ABTOMAaTU3allMM B MOHUTOPHHIE€ BO3AYIIHOI'O IBHKCHUSA

ABTOMAaTH3aIMsi MOHUTOPHHTA BO3AYIIHOTO JIBIJKCHUS 3HAYUTEIBHO YJIydIlaeT
3¢ (PeKTUBHOCT, PabOTHl AWCIETYEPOB, MHUHUMHUBHPYS KOJUYECTBO OIIMOOK U
3aIepKEK, a TakKe TOBBINIAS YPOBEHb Oe3omacHOCTH 1oJeToB. OCHOBHBIC
MPEUMYIIECTBA aBTOMATH3UPOBAHHBIX CHCTEM:

1. CHmkeHue HArpy3km Ha JHCHEeTYEpPOB — aBTOMATH3alUs TMO3BOJISIET
ONTHUMH3UPOBATh MPOLECCHl KOHTPOJS, MUHUMHU3ZUPYS HEOOXOAUMOCTH B
[IOCTOSTHHOM BMEUIATEJIBCTBE CO CTOPOHBI YEJIOBEKA.
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2. TloBbllIeHHEe TOYHOCTH JAHHBIX — CHCTEMbl MOHUTOPHUHTIA C UCIIOIb30BAHUEM
COBPEMEHHBIX paJapoB U CEHCOPOB 00eCTeUnBalOT 00JIee TOUHOE OTCIC)KUBAHNE
BO3/IYIIHBIX CYJOB.

3. YMeHbllIeHHEe BEPOATHOCTH OMIMOOK — aBTOMATH3alUs  MO3BOJISET
MUHUMU3HUPOBATh OMIMOKU, KOTOPbIE MOTYT BO3HHUKHYTH H3-3a YEJIOBEYECKOTO
dakTopa.

4. YBeqnuyeHue NMPOMYCKHOH CHOCOOHOCTH BO3AYNIHOIO NMPOCTPAaHCTBA — 32
cueT 6osee 3(pPEeKTUBHOTO yNpaBICHUS BO3AYIIHBIM ABMKEHUEM YMEHBIIACTCS
BEPOSITHOCTb 33/IEPKEK U COOEB.

Byuyluee aBTOMaTHU3alilMd MOHUTOPHUHTA BO3AYITHOI'O IBMKCHUSA

Bynyiee cucteM MOHUTOPHUHTA BO3AYIITHOTO JBIKEHUS CBA3aHO C MHTETPAIMEH HOBBIX
TEXHOJIOTHI, TaKWX KaK WCKYCCTBEHHBIM WHTE/UICKT W MAIIMHHOE OOyYeHHE, IS
yIIy4IlIeHHs TPOTHO3UPOBAHUS U MPUHSATHUS pELICHUH B pealibHOM BpeMeHu. Oxkujiaercs
BHeJIpeHUE 00Jiee COBEPIIEHHBIX CHUCTEM OOpaOOTKM M aHaliv3a JIaHHBIX, KOTOpPbIE
cMOTYT 00pabaThiBaTh OOJBINI 00beM HHGOPMAIIMK U TIPEIOCTABIATh 00Jiee TOUHbIC
MPOTHO3bI O COCTOSIHUM BO3AYIIHOTO Tpaduka. TakkKe CTOUT OXHUIaTh pPa3BUTHE
TEXHOJIOTHM, KOTOpBHIEC TO3BOJIAT HWHTErPUPOBATh HHPOPMAIMIO W3 PA3TUYHBIX
MCTOYHHUKOB, TAKUX KAaK CITyTHUKU U OECIIMIIOTHBIC JIETATEIbHBIC aNapathl, B €UHYIO
CUCTEMY MOHUTOPHHTA.

3akiIoueHue

ABTOMaTI/I3I/IpOBaHHBI€ CUCTCMBI MOHHTOPHHI'a BO3AYIIHOI'O JABHKCHHUA HUI'PAIOT
Ba)XHYIO POJIb B oOecrnieyeHMN 0€30ITaCHOCTH ITOJICTOB U 3¢)(1)GKTI/IBHOM YIIPaBJICHUH
BO3YIIHBIM Tpa(bI/IKOM. COBpCMGHHBIG TCXHOJIOTHHU IIO3BOJIAIOT 3HAYHUTCIIBHO
YIy4lIIUTb Ka4€CTBO YIIPABJICHHA BO3AYIIHBIM JABHXCHHUCM, MHUHUMU3HUPYS PHCKU U
yiaydniada KOOpJAWHALIMIO MCKAY AUCIICTYCPAMU MW IMHJIOTaAMMH. BHCI[peHI/IC HOBBIX
TEXHOJIOTUH B CUCTCMY MOHHUTOPHHIA, TaKHX KaK HCKYCCTBCHHBIﬁ HUHTCIIJICKT,
OTKPBIBACT HOBLIC TOPWU3OHTHI JIs YJIYUYIICHUSA HAACKHOCTH U 0e30MmacHOCTH
ABHUAIIMOHHBIX IICPCBO30K.

Jlureparypa

1. benenukrtos, B. B. (2019). Asmomamu3zayus cucmem MOHUMOPUHEA 8030YVULHO2O
osudicenusi. M.: ABuaTtexmpecc.

2. ITomoB, M. II. (2020). Cucmemwvt ynpasieHus 6030VUIHbIM OBUINCEHUECM.
npunyunsvl u mexuonoeuu. CI10.: HeBckuii TeXHUUECKUI LIEHTP.

3. Muxaiinos, U. JI. (2018). Cospemennvie cpedcmea monumopurea u ynpaeieHus
8030yuiHbIM O8udicenuem. EkatepuHOypr: YpalbCKUil YHUBEPCUTET.

4. Npskos, C.I1. (2021). Asmomamuszayus MOHUMOPUH2A 8 2PANCOAHCKOU ABUAYULL.
M.: MI'TY.

5. XpamoB, B. B. (2022). Hunosayuu 6 cucmemax ynpaeneuusi 6030YUIHbIM
osudicenuem. HoBocubupck: M3narenbekuii 1oM « ABHATEX.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

V]IK-629.7.04

ABTOMATHU3UPOBAHHBIE CUCTEMBI YITPABJIEHUS [TPU 3AXO/IE
HA MIOCAJIKY

Boponosa Exarepuna BaagumupoBHa

ctynent, Cankr-IleTepOyprckuii rocy1apcTBEHHBIN YHUBEPCUTET TPaXKIaHCKON
aBuanuu uMeHu [ maBHoro mapmana asuannu A.A. HoBukosa

P®, r. Cankr-IlerepOypr

XoasaBko Mapus OpbeBHa

ctyneHt, CankT-IlerepOyprckuii ToCy1apcTBEHHBIN YHUBEPCHUTET TPaXkKIaHCKON
aBuanuu uMmenu ['maBHoro mapmiana aBuanuu A.A. HoBukosa

P®, r. Cankr-IlerepOypr

Coxoui0B Ouer ApkaagbeBu4

Hay4HbIA PYKOBOJUTENb, KaHJ. TEXH. HAYK, 1o1eHT, CankT-IleTrepOyprekuii
roCyJIJapCTBEHHBIN YHUBEPCUTET IPAKIAHCKON aBUAIIMM UMEHH [ TaBHOTO Mapiiana
aBuanuu A.A. HoBukona

P®, r. Cankr-IlerepOypr

AHHOTAIIUA

B cratee paccmarpuBaeTcs poJib ABTOMATHU3UPOBAHHBIX CHUCTEM YIIPABIICHHS IIPH
3axX0/le Ha TMOCAAKy, KOTOpbIE 00ECIEUMBAIOT BBICOKYIO CTEIEHb OE30IaCHOCTH U
TOYHOCTH TPU IOCAAKE BO3AYLIHBIX Cyn0B. Oco00oe BHUMAHUE YIEIAETCS aHAINU3Y
COBPEMEHHBIX TEXHOJIOTMM, NIPUMEHSAEMBIX B CUCTEMAxX aBTOMAaTUYECKOM MOCANIKH, a
TaK>Ke BIMSHUIO 3TUX TEXHOJIOTHI Ha 3P(HEKTUBHOCTH U O€30MaCHOCTh aBUANEPEBO30K.
PaccmarpuBaroTcs paznuyHble MOAXOABI K aBTOMATH3alMUA IPOLIECCOB YIIPABIICHHS,
po0JIeMbI, CBSI3aHHBIE C X BHEPEHUEM U NIEPCIEKTUBBI 1aIbHEUILIEro pa3BUTHUS TAKUX
CHUCTEM B YCIIOBHAX PACTYLIETO aBUANIOTOKA.

KuawudeBble cj10Ba: aBTOMATU3UPOBAHHAS CHCTEMA, YOPABIECHUE TOCAAKOM,
aBUAIMOHHBIE CUCTEMBbI, O€30MIaCHOCTh MOJIETOB, AaBTOMATHUYECKas MOCaaAKa, TOYHOCTh
yIOpaBJI€HUs, TEXHOJOTMU aBHAIlMW, 3aXO0Jl Ha TOCAJAKy, CHUCTEMbl YIIPaBIICHUS
MOJIETaMHU, a3pOHOpT.

BBenenue
ABTOMATU3HPOBAHHBIE CUCTEMBI YIIPABJICHUS 3aX0J0M Ha MOCAIKY SIBISIOTCS BAXKHBIM

AJIEMEHTOM COBPEMEHHOM aBHAIIMOHHOM 0€301MacHOCTH.
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OTu cucteMbl O0ECHEUMBAaOT TOYHOCTh BBIIOJHEHUS MAHEBPOB, MHHHUMHU3HPYIOT
BEPOSITHOCTh YEJIOBEYECKOW OMMOKM M IO3BOJISIOT BO3AYIIHBIM CyJaM COBEpILATH
MOCAaJIKy B CIIO)KHBIX METEOPOJIOTMYECKUX YCIOBHSAX. Pa3BuTHE TakuX TEXHOJOTWA
CTaJI0 BO3MOKHBIM OJlarofaps nporpeccy B 00JIaCTH paJapHbIX CHUCTEM, CEHCOPOB, a
TaK)K€ KOMITBIOTEPHBIX TEXHOJOTHM, CIOCOOHBIX 00pabaThiBaTh OOJBIINE OOBEMBI
JaHHBIX B pEaJbHOM BPEMEHH.

3anaqu aBTOMaTH3allMM Ipouecca 3axoaa Ha MoCajiRy

['maBHas 1enb aBTOMATU3MPOBAHHBIX CHCTEM IMIPH 3aXOA€ Ha TMOCaAKYy — ITO
oOecrnieueHre 0€30MacHOr0, TOYHOTO U IPPEKTUBHOTO MPUZEMIICHHS] BO3IYIIHOTO
cyaHa. ABTOMaTH3aIMs MIPOIecca BKIOYAET B ce0sl HECKOIBKO KIIOYEBBIX 33/1a4:

1. KoHTpo/b BHICOTHI U CKOPOCTH — CHUCTEMbI YIPaBJICHUS MO3BOJIAIOT TOYHO
NOJIJIEP>)KUBATh HEOOXOJIMMYIO CKOPOCTh M BBICOTY JJIsi O€30IacCHOTO 3aX0jla Ha
IIOCAJIKY.

2. Ajnantanusi K U3MEHSIIOIIMMCSH YCJIOBHSIM — aBTOMATHU3UPOBAHHBIE CUCTEMBI
MOTYT OBICTPO pearupoBaTh Ha U3MEHEHUSI METEOPOJIOTHYECKUX YCIOBUM, TAKUX
KaK MOPBIBBI BETPa, 00JaYHOCTh WM U3MEHEHUE TEMIIEPATYPHI.

3. MuHuMH3anus OMMOOK MHUJI0TA — aBTOMATH3alUs MPOIECCa 3HAYUTEIHHO
CHIKAET BIUSHHE YEJIOBEUYECKOro (hakTopa, o0ecreunBas TOUHOCTb BBITTOJIHEHUS
MaHEBPOB.

4. YnpasiieHHe TPaeKTOpHeH 3aX04a — CHCTEMbI YIIPABJICHUS IOMOTAaI0T TOYHO
BBIUMCIIUTH TPACKTOPHUIO JIJIs1 O€30MaCHOT0 MPU3EMIIEHHUS, OCOOEHHO B YCIOBHSIX
OrpaHUYEHHOW BUJIMMOCTH WJIH CJIOKHBIX METEOYCIOBHIA.

OcHOBHbIE KOMIIOHEHTBI ABTOMATHU3UPOBAHHBLIX CUCTEM 3ax0/1a HAa MOCAAKY

Cucremnl ABTOMATH3alMU 3ax04da Ha ITOCAJIKy COCTOAT M3 HCECKOJBKHX KIIIOYCBBIX
KOMIIOHCHTOB:

1. PagapHble M CIYyTHUKOBBIE CHCTEMbl — WCIIOIB3YIOTCS ISl OTCICKUBAHUS
MECTOMOJIOKEHUSI BO3AYIIHOIO CYJHA M OIpPEICIICHUS €ro KOOpPAWHAT Ha
MIPOTSKEHNHN BCETO ATalla 3aX0/1a.

2. CucTeMbl CBSAI3M M KOOPAMHALMU — JIJIS CBSI3U C TUCIIETYCPCKUMU ITyHKTAMH H
MOJTy4YeHHUs] HEoOXOAUMON WH(OpPMAIMK O TEKYIEM COCTOSHUU BO3IYITHOTO
IIPOCTPAHCTBA.

3. Untepdeiicbl ynpaBjeHuss s MUIOTA — XOTS CHUCTEMbI aBTOMAaTH3AIUH
YIPABJISIOT MPOLIECCOM MOCAAKHU, MTAJIOT OCTAETCSI OTBETCTBEHHBIM 32 KOHTPOJIb
CUCTEMBI, U UHTEPGENC JOKEH OBITh MHTYUTUBHO TMOHSATHBIM U YJIOOHBIM.

4. CucteMbl MOHUTOPHHIA W MpPeAyNpe:KIeHUs 0 PUCKAX — 00ecTeunBaroT
YBEJIOMJICHHSI O BO3MOKHBIX OTKJIOHEHHSIX OT TPACKTOPUM WJIU IapaMeTpPOB
noJiera.
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HpenMymeCTBa ABTOMAaTHU3allUHU 3aX0/1a HA MOCAAKY

ABTOMAaTH3alMsa MPOLECCOB 3axXx0Ja HAa TMOCAAKYy MPUHOCUT 3HAYUTEIbHBIE
PEeUMYIIECTBA:

1.

2.

IToBbIIeHNe 0€30MACHOCTH — MHUHHUMU3ALMS PUCKA YEJIOBEUYECKON OIIMOKH U
YJIy4IIEHHE TOYHOCTHU BBIIIOJIHEHHSI MAHEBPOB.

YBeqnyenue NPOIMYCKHOW CHOCOOHOCTH a3poApoMa — aBTOMAaTU3ALUA
MTO3BOJISIET COKPATUTH BPEMS MEKy ITOCAAKaMU BO3AYLIHBIX CYJI0B, YBEJINUUBAS
MPOITYCKHYIO CIIOCOOHOCTb.

CHM:KeHHe 3aTpaT Ha JKCIUTyaTauul — Onarogaps 0ojiee TOYHOMY pacueTy
apaMeTpOB MMOCAJKNA CHUKAETCS U3HOC 000PYI0BaHUS U TOTUIMBHBIE 3aTPATHI.
Yiay4diieHue B3aMMOAEHCTBHA € AUCIETYEPAMH — CHUCTEMbI aBTOMAaTH3alUN
UHTETPUPYIOTCA C JUCHETYEPCKUMHU IyHKTaMH, YJiaydlmias KOOPAUHALUIO
JNEUCTBUM U YCKOPSS IPUHATUE PEILICHUM.

HpOﬁJ’IeMbl H BBI3OBLI IPA BHEAPCHUU aBTOMATU3UPOBAHHBIX CUCTEM

H@CMOTPH Ha 3HAYUTCJIIbHBIC IPCUMYIICCTBA, BHCAPCHUC ABTOMATU3NPOBAHHBIX CHCTEM
IIpH 3aX0J€C Ha ITOCAAKY COIIPAKCHO C PAA0OM HpO6HCM H BBI3OBOB!

1.

Bbicokue Tpe6oBaHus K HHPpacTPyKType — U1t 3PPEKTUBHOM pabOThI TAKUX
CUCTEM TpeOyeTcs HaJIU4Yue BBICOKOTEXHOJOTMYHOIO OO0OpYyIOBaHUS, BKIIOYAs
pajapHble M CIIyTHUKOBBIE CHCTEMBI, YTO TpeOyeT 3HAYMTENbHBIX 3aTpaT Ha
0OHOBJIEHUE UH(PACTPYKTYPHI.

3aBHCUMOCTH OT BHEIIHUX (PAKTOPOB — aBTOMATHU3HPOBAHHBIC CHCTEMBI
MOTYT OBITb UYBCTBUTEJHHBI K BHEIIHHM IOMEXaM, TAKUM Kak aTMoc(epHbIe
SIBIICHUS WM TEXHUYECKUE COOM B 000PYI0BaHHH.

ConpoTuBiieHHe W3MEHEHUSIM — HE BCE MWJIOTHI U MEPCOHAT a’pONOPTOB
TOTOBBl K TIOJHOMY TEpPeXOqy Ha AaBTOMAaTHYECKHE CHUCTEMBI, YTO MOXKET
BBI3BIBATh OMPEEICHHOE COMTPOTUBIICHUE U HETOBEPHE K TEXHOJIOTHUSIM.

Byayiee aBTOMaTU3MPOBAHHBIX CHCTEM 3aX0/1a HA MOCAAKY

B Oynymem oxugaercs 3HAYUTENbHOE pa3BUTUE TEXHOJOTMM aBTOMATU3ALIMH.
NHHOBanmy, Takue Kak MCIOJIb30BaHUE MCKYCCTBEHHOIO MHTEJUIEKTa M MAIIMHHOTO
oOyueHus st 0ojiee TOUHOM MpeCKa3aHus TPAGKTOPUHU 3aX0/a, a TaKKe MHTEerparus
0ojiee COBEpLICHHBIX CEHCOPOB U paJapHbIX CHCTeM, OyAyT cIocoOCTBOBATh
YJIY4IIEHUIO TOYHOCTU W Oe3omacHOCTH mnocaiku. OkupaeTcs, yTo B Ommkaiiime
NECATUIIETHS] aBTOMATU3UPOBAHHBIE CUCTEMBI MOTYT CTaTh CTAHAAPTOM ISl BCEX THUIIOB
BO3AYIIHBIX CYAOB, OT MAaJbIX YAaCTHBIX CAMOJIETOB JO KPYHHBIX MACCAKUPCKUX
aBUaJIalHEPOB.
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3akJIoueHue

ABTOMATHU3UPOBAHHBIE CHUCTEMBI YMNPABICHUS MPHU 3aXOAE€ Ha MOCAIKY SBISIOTCS
BOKHBIM IIarOM K TOBBIMICHUIO 0Oe30macHOCTH W 3P (GEKTHBHOCTH aBUAINIEPEBO30K.
CoBpeMeHHbIE CHCTEMbl MO3BOJISIIOT 3HAYUTENBHO YIYUIIUTh TOYHOCThH BBIMOIHEHUS
MaHEBpPOB, MUHUMU3HPYS PUCKH, CBS3aHHBIE C YelloBeuecKUM (paktopoM. BHenpenue
TaKMX TEXHOJOTUH B OyAylIeM OTKPOET HOBBIE BO3MOKHOCTHU JJIS TOBBIIICHUS
0e30MacHOCTH W TMPOIMYCKHOM CIIOCOOHOCTH a’poApPOMOB, a TaKKe YMEHBIICHUS
OTepaIlMOHHBIX 3aTpart.

6. JIuteparypa
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2.

I'ycer, B. B. (2020). Asmomamuzayus npoyeccosé nocaoku 8030VUIHbIX CYO08.
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benenuxros, U. C. (2019). Cucmemsr asmomamuueckoeo ynpasnenus 6 aguayuul.
CII6.: HeBckuii TeXHUUECKUI LIEHTP.

Muxaitnos, U. JI. (2021). Cogpemennvie mexuonocuu asmomamusayuu 6
asuayuu. ExatepuHOypr: YpanbCKuil yHUBEPCUTET.

Uepnos, JI. C. (2018). Texuuueckue cucmemvr asmomamusayuu YHpaeieHUsl
nonemamu. M.: U3parenscteo MI'TY.

[Tomos, I1. A. (2022). byoywee asmomamuzayuu 8 a8UAyUOHHOM MPAHCHOPHIE.
HoBocubupck: ABuamoyib.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

V]IK-004.45

AHAJIN3 CETEBBIX OBJIAYHbBIX CUCTEM CEPTU®UKALIUU CISCO

YeObikun Anapeit MuxaiijioBuy

cryaent, ®I'bOY BO Kybanckuii rocy1apcTBEHHBIN arpapHblii YyHUBEPCUTET UMEHU
N.T. TpyObununa

P®, r. Kpacuonap

Ceprees Asiekcanap IayapaoBu4

kaHg. us.-mat. Hayk ®I'bOY BO Kybanckuii rocyapcTBeHHBIN arpapHbIi
yauBepcuteT umenu U.T. TpyOunnna

P®, r. KpacHogap

AHHOTAIIUA

CraTbsl MOCBAILIEHA aHAIN3y CETEBBIX OOJAYHBIX CHUCTEM, CEPTH(PUIMPOBAHHBIX IO
crangaptaM Cisco. PaccmaTpuBaroTcss ocoOeHHOCTU 0OfauHbIX pemeHuit Cisco, ux
UCIIOJIb30BaHUE B KOPIOPATUBHBIX M 00pa30BaTENbHBIX CTPYKTypaxX, a Takke
TpeOOBaHUS U BO3MOXHOCTH CEPTHU(PUKAIMM CHELHAINUCTOB AJi pabOThl C 3THUMHU
cucremamu. OOCyk/1at0TCsl OCHOBHBIE HarnpaBieHus cepTudukanuu Cisco, Takue Kak
CCNA, CCNP u CCIE, a Taxxke BIusHHUE OOJAYHBIX TEXHOJOTHMH Ha pa3BUTHE
COBPEMEHHBIX KOoprnopaTuBHbIX IT-uHdpacTpykTyp.

KawueBbie ciaoBa: Cisco, o0nau"bie cuctembl, ceptudukamus, certu, [T-
undpactpykrypa, CCNA, CCNP, CCIE, o6nauHble BBIYUCIICHUS, KOPHOPATUBHBIC
CETH, CETEBbIC PELICHUS.

BBenenune

CoBpeMeHHBIE O00JIauyHBIC BBIYUCIICHHS HWTPAIOT BAXXHYIO pPOJb B  Pa3BUTHU
kopniopaTtuBHBIX  IT-mHPpACTpyKTyp, TPEAOCTaBISAsI OpraHU3alUsIM THOKOCTD,
MacImTabupyeMOCTh U HaASKHOCTh. Cisco, Oyaydu OJHUM M3 BEAYIIUX MMOCTABITUKOB
CETEBBIX pEIICHWUH, TpemaracT pa3nYHble OOJAaYHBIE CEPBHCHI W CHCTEMBI,
o0ecreunBaroIIre YIpaBiIeHHE CETIMHU U O€30MTaCHOCTHIO JaHHBIX. [[715 cieruanucTos,
paboTalIMX C TaKUMH cucTeMaMmH, HeoOxomauma ceptudukamus Cisco, KoTopas
MOATBEPKIAET UX KOMIIETCHIIMM B OOJACTH HACTPOWKW M YMPABICHUS OOJAYHBIMU
CETEBBIMU PEIICHUSIMH.

CerteBble 001aunbIe cucteMbl Cisco

O6naunsie cucteMbl Cisco TPEACTABIAIOT COOOM KOMILIEKCHBIE PEIICHHS IS
OpraHU3alliH, yIpaBJIeHHU B ontuMu3auu [ T-uappacTpykTyp.
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OTH CUCTEMBbI BKIIOYAIOT B ce0sl Kak TPAAMLMOHHBIE, TaK M HOBEWIINE OOJIayHbIe
TEXHOJIOTUHU, KOTOPBIE TO3BOJSIOT I(PPEKTUBHO YHPABIATh CETSMH M JaHHBIMUA Ha
pa3nmmyHbIX ypoBHX. Cisco mpeiiaraeT pemeHus JUIsi XpaHEeHUs JaHHBIX, 00JaYHbIX
BBIUMCIICHHUM, BUpTyalnu3alMu U oOecnedeHus Oe3omacHocTH. OnHuM U3 Haunbolee
HOIYJISIPHBIX 00JIaYHbIX penreHuil siBisiercs Cisco Meraki, kotopoe mpenocraBiser
ruOKHe BO3MOXKHOCTH JJIs YIIPABIIEHUS CEThIO B 001ake, BKirodas Wi-Fi, 6e30macHOCTb,
MapUIpyTU3aLHUIO U 00J1a4HOE YIIpaBJICHUE.

IIpenmymecrBa o0aunbix cucrem Cisco

1. Macmirabupyemoctb — oOmaunble pemenust (Cisco  MOTyT  JIETKO
MacImTabMpoBaThCS B 3aBUCUMOCTH OT TOTPEOHOCTEW OpraHW3allid, 4YTO
MO3BOJISIET KOMIMAHUSM YBEIMYWBATh WM YMEHBINATh PECypChl IO Mepe
HEOOXOIUMOCTH.

2. T'ubkocTb — 0061aunHbIe TexHOI0TUU CiSCO MO3BOJISIIOT KOMIIAHUSAM BBIOMPATH U
aJanTHPOBATh PEIICHUS B 3aBUCHMOCTHU OT CIIeU(pUKH X OH3HEca.

3. YnpaB/jieHMe 1 MOHUTOPHHI — C TIOMOIILI0 00Ja4HBIX HHCTpyMEHTOB Cisco
MOXKHO YMPABJIATh BCEMU aCHEKTaMHU CETH, OT MOJKIIOYCHHUS 10 MOHUTOPHHTA
0€30ITaCHOCTH U MPOU3BOAUTEILHOCTH.

4. be3zonacHocTb — Cisco BHeIpseT IepeOBbIe METOAbI 3aIlUThl JIAHHBIX,
BKJTFOYas MK(poBaHUE U UHTETPAIUIO C IPYTUMHU CUCTeMaMHu O€30ITaCHOCTH.

Ceprudpurkanus Cisco: OCHOBHBIE IPOTPAMMBI

CereBbie 00saunbie TexHONMOrHUH CiSCO TPEOYIOT OT CHEIUATIUCTOB BHICOKOTO YPOBHS
3HAHUM ¥ KOMIETEHIUH, 4TO JeNaeT CePTU(PUKALNIO OJTHUM U3 KIIOYEBBIX (DAKTOPOB
ycrnexa. Cisco mpeajiaraeT HeCKOJIbKO YpOBHEHN cepTU(UKAIIUN:

1. CCNA (Cisco Certified Network Associate) — navanbHas cepTHQHUKAIMS IS
CIICOUAIIMCTOB, KOTOPBLIC XOTAT OCBOUTHL OCHOBHBLIC ITPUHIIUIIBI H&CTpOﬁKH nu
YIPABIICHUSI CETSIMH, BKITIOUYasi paboTy ¢ 00JIaYHBIMH PEUICHUSIMHU.

2. CCNP (Cisco Certified Network Professional) — 6osee BbICOKHI ypOBEHb
CepTI/ICI)HKaI_[I/II/I JJI1 CIICUaJIMCTOB, pa60Ta101uHx C KOMIUJICKCHBIMU CETCBBIMHU
pEelIeHUsIMH, BKIIIOYas yIpaBieHUEe 001auHbIMU HHPPACTPYKTYpaMu.

3. CCIE (Cisco Certified Internetwork Expert) — bskcnepTHbIH ypOBEHb

ceptuduKalMM,  OpeJHA3HAYEHHbIH 7  BBICOKOKBAJIM(UIIMPOBAHHBIX
CHEUUATUCTOB, palOTAIONIMX C KOPIOPATUBHBIMU CETIMU M OOJa4YHBIMU
CUCTEMAMU.

Kaxnas u3 stux ceprudukaiuii momoraer cnequajncTaM yriyOuTb CBOM 3HAHUSA U
MPAKTUYECKHE HABBIKM B 00OJACTH HACTPOWKH, SKCIUTyaTallMd W 3allUThl OOJayHBIX
ceteBbIX pemenuit Cisco.

Bausinue ceprudukannu Cisco Ha kKapbepy

Ceprudukamuss Cisco OTKpBIBAaET INepel CHeHUAIUCTaMU I[IUPOKUE KapbepHbIE
BO3MOKHOCTH B 00JIACTH CETEBBIX TEXHOJOTUN U O0JAYHBIX PEIICHUN.
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Komnanum, pabortaromue ¢ o6nauHplMU cepBUcaMu U ceTsiMU Cisco, aKTUBHO HILLYT
KBAJIM()ULMPOBAHHBIX CIELUAIUCTOB JUIsi paboThl ¢ uX cucremamu. CepTuduKanus
ITOATBEPKIAAET BBICOKMM YPOBEHb 3HAHUM U IPAKTHYECKUX HABBIKOB, YTO 3HAYUTEIBHO
YBEJIMUMBAET IIAHCHI HA TPYAOYCTPOMCTBO U KapbepHBIM pocT. KpoMe Toro, Hanuuue
ceptuukaroB CiSCO MOXKET CTaTh 3HAYUTEIHHBIM KOHKYPEHTHBIM MTPEUMYIIIECTBOM Ha

PBIHKE TpyJa.

IIpoGJsieMbI M BbI30BBI IPU BHeAPeHUH 001a49HbIX cucteM Cisco

HecmoTpst Ha oueBHIHBIE TPEUMYILIECTBA, BHEAPEHUE 001auHbIX crucTeM CiSco MOXKET
COIPOBOXKATHCS PAJIOM TPYAHOCTEHU:

1. CaoxkHOCTH WHTErpalMM —  HHTErpamus  OO0JauHbIX  PEIIeHHH ¢
CYILIECTBYIOIIMMH KOPIIOPATUBHBIMU CUCTEMAaMU MOXKET ObITh CIOXKHOW U
TpeOOBATh 3HAUUTENIbHBIX YCUJIUH 1JI1 HACTPOUKHU M ONITUMU3AIUY.

2. 3aBMCHUMOCTD OT MHTEPHET-COeIMHEeHNs — OOJIBIIMHCTBO O0JaUHbIX pEUICHUN
TpeOyIOT CTAOMJILHOTO M OBICTPOTO MHTEPHET-COCAUHEHMSI, YTO MOXKET OBITh
po0JIEMOl B peTHOHAX ¢ HU3KOM CKOPOCTBIO HHTEPHETA.

3. be3onacHocTh [JAHHBIX — HECMOTPS Ha BBICOKYIO CTENCHb 3aIlHTHI,
HCIIOJIb30BaHUE OO0JIAYHBIX CEPBHCOB TPEOYeT JOIMOJHHUTEILHOIO BHUMAHHUS K
BOMpocam 0€30MaCHOCTH U 3aIIUThI JTaHHBIX.

IlepcnekTuBsbl pazBuTs 00a4HbIX cuctem Cisco

Cisco aKTHMBHO pa3BUBAET CBOM OOJIaUHBIE PEIICHMS, BHEIPSS HOBBIE TEXHOJOTHUU U
yiIydiias CyIIECTBYIOIIME TMPOAYKTH. B OyaymeM oxugaeTcss yBEIHYEHHE
ucnonb3oBanus TexHoioruii Al/ML mns ynydmenust paboThl 00JIAYHBIX CEPBUCOB, a
TaKkKe JanbHeiliee pa3Butue o00Ja4yHoii Oe3omacHocTH. CisCO MPOJOIKHUT
COBEPILIEHCTBOBATh CBOW PELICHUA IJI YNPABICHHUS OOJIAYHBIMH CHUCTEMaMH, 4YTO
OTKpPOET HOBBIE€ BO3MOXKHOCTH J1J1s1 OM3HECA U MOBBICUT 3(PPEKTUBHOCTH UCIOJIb30BaH U
CETEBBIX TEXHOJIOTUH.

3akiroueHue

O6mnaunbie pemenuss Cisco UIParOT KIIOYEBYIO POJb B Pa3BUTHH COBPEMEHHBIX
kopnopatuBHblX [T-undpactpykryp. Ceprudukauus Cisco SBISIETCS BaXKHBIM
WHCTPYMEHTOM JIJISl CIICIMAIIMCTOB, KOTOPHIE XOTIT TIyOke MOHSTh U 3()PEKTUBHO
UCIIOJIb30BaTh OOJIayHbIe CHUCTEMBI B cBoeil pabore. HecmoTps Ha cyuiecTByrommue
BbI30BBI, 00J1auHble TexHoJoruu Cisco MpOJOHKAOT pa3BUBATHCS, U UX MPUMEHEHUE
OyZeT TOJIbKO PacIIUPSITHCS B Oy TyIIEM.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIK-656.2

ABTOHOMHAS CUCTEMA PEI'MCTPAIIUU
HEPEI'JTAMEHTHUPOBAHHBIX TPAHCIIOPTHBIX IIEPEI'PY30K

Hlummop Baaguciaas BiaagumupoBuy

cTyneHT, Huxeropoickuii rocy1apcTBEHHbIN TEXHUYECKUM YHUBEPCUTET
uM. P.E. AnekceeBa, Ap3aMacCKnAi MOJUTEXHUYECKUN HHCTUTYT

P®, r. Ap3amac

[Iapos Baagumup AJieKcaHAPOBHY

HAYYHBIN PYKOBOIUTENL, HMKETOPOICKHUM TOCYAaPCTBEHHBIA TEXHUUECKUI
yHuBepcuteT uM. P.E. AnekceeBa, Ap3amaccKuil MOMUTEXHUYECKUN HHCTUTYT
P®, r. Ap3amac

AHHOTAIIUA

Cratbst mocBdileHa pa3pabOTKEe W BHEAPEHHIO ABTOHOMHOM CHCTEMBI PErHCTpaluu
HEpErJIaMEHTUPOBAHHBIX TPAHCIOPTHBIX MEPErpy30K. PaccMaTpuBarOTCs KIIHOUEBBIE
acnekTbl padOThl CHUCTEMBI, BKJIIOYAas aBTOMATH3AlMI0 MPOLECCa MOHUTOPHUHIA
Meperpy30kK, ONpeieseHue KPUTEPUEB ISl UX PETUCTpaliy, a TaKkKe HCIIOIb30BaHUE
TEXHOJIOTHMA JUIsl MPEJOTBPAILEHUS HapyLIEHUs TPaHCHOPTHhIX HOpM. Ocoboe
BHHMAaHHUE YJAEJICHO OOECHEYEHUI0 TOYHOCTH H3MEPEHHM, MHTErpalli CUCTEMBI C
CYILLIECTBYIOIIMMH TPAHCIIOPTHBIMU CPEACTBAMHU U MPOTPAMMHBIM 00€CTIE€UEHUEM ISt
YIPABJICHUS EPEBO3KAMH.

KuarwudeBble c10Ba: aBTOHOMHAs CUCTEMa, TPAHCIIOPTHBIE IEPETPY3KHU, aBTOMATU3AIMS,
TPAHCIIOPT, MOHUTOPHHT, YIIPaBJICHUE MEPEeBO3KaMU, UH(POPMAITMOHHBIE TEXHOJIOTHH,
perucrpanus, neperpyska, CucteMa KOHTPOJISI.

BBenenune

TpaHcnopTHbIE TNEperpy3Ku, BO3HHUKAIOIIME B IPOLECCE TPAHCIIOPTUPOBKU IPY30B,
ABJISIIOTCS  OJHOM M3 OCHOBHBIX MpO0OJieM, BIUSAIOIMMUX Ha 3PPEKTUBHOCTh U
0€30MMacHOCTh TPAHCIIOPTHBIX NEPEBO30K. B nocneaHue roapl HAOMIOAAETCS POCT YUCIIa
CJIydaeB IPEBBILIECHUS JOIMYCTUMOW Macchl Ipy3a Ha JIOpOrax, 4To BJIEYET 3a cOOOii
YCKOPEHHOE U3HAIIMBAHUE TPAHCTIOPTHBIX CPEICTB, MOBPEXKACHUS UHGPACTPYKTYPHI U
YBEJIMYECHUE aBapUUHOCTU. s pelleHus 3TuUX MmpoOjieM mpeajiaraeTcsi BHEApPEHUE
ABTOHOMHOW CHUCTE€Mbl  PErMCTPAllMM  HEPErIaMeHTHUPOBAHHBIX  TPAHCHOPTHBIX
neperpy3ok (ACP HTII), xoTopas mMO3BOJISIET aBTOMAaTU3UPOBATh MPOIECCHI
MOHUTOPHUHIA U MPEIOTBPAILICHUS IEPETPY30K.
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IpuHuMnb padoThl ABTOHOMHOI CHCTEMBI

ABTOHOMHAs CHUCTeMa PETUCTpallid  HEPErJIaMEHTUPOBAHHBIX  TPAHCIIOPTHBIX
MEePErpy30K BKIOYAET HECKOJIBKO KIFOYEBBIX KOMITIOHEHTOB, PA00OTAIOIINX B KOMITJIEKCE
i obecriedeHust 3pPEeKTUBHOTO KOHTPOJIS:

1. CeHcopbl a1 HM3MepeHHMsI Beca M HArPy3KM — YCTAHOBJICHHbIE Ha
TPAHCIIOPTHBIX CPEICTBAaX, OHU IMO3BOJLIIOT B PEKUME PEATBHOIO BPEMEHU
MU3MEPATh MACCY I'Py3a U KOHTPOJIbHBIE ITAPAMETPBI, CBA3AaHHBIE C IEPETPY3KaAMHU.

2. Cuctema o00pa00oTKM [JaHHBIX — COOpaHHBIE JaHHBIE IMEPENAIOTCS B
LEHTPaJIbHBIA OJI0OK 00pabOTKH, IJle OCYLIECTBISETCS aHAJIW3 IoKa3aTeled Ha
COOTBETCTBUE HOPMATUBHBIM TPEOOBAHHUSIM.

3. IIporpammHoe ob0ecnieuenne — it 0ToOOpakeHUs MHPOPMAIUHU O HArpy3Ke U
MPENYNPEKICHUS BOAMTENIEW O TMeperpy3kax HCIOIb3YeTCs CIENUaIbHOE
OporpaMMHOe  OOecliedeHHe, KOTOPOE€  MOMKET  MHTETPUpOBAThCS €
HABUTALIMOHHBIMU CUCTEMAMH TPAHCIIOPTHBIX CPEACTB.

4. CucreMa OmNoOBeleHUs] — B CIIy4yac BBbIABICHHUS MEPErpy3Kd CHUCTEMaA
TEeHEpUPYET CUTHAJ, KOTOPBIM MOXET OBbITh IepelaH BOJUTENI0 WIM Ha
LIEHTPAJIbHBIN CEpPBEP IS AANbHENUIIErO0 KOHTPOJIA.

IIpeumyniecTBa 1 0COOEHHOCTH MCIOJb30BAHUSI ABTOHOMHOM CHCTEMBbI

BHCIIpGHI/Ie ABTOHOMHON CHCTEMBI perucrpanun IICpCrpy3ok HUMCECT HCCKOJIBKO
CYIICCTBCHHBIX IMPCUMYIICCTB!

1. ABTomMaTM3auMs NpoLecca PerucTpauuyd — HCKIIOYAETCS YeIOBEYECKH
(akTop, UYTO TMO3BOJIET MHUHUMHU3HPOBATH OWIMOKA TPU PETUCTPALMH
IIEPETPY30K.

2. IlpenorBpaimenue mTpadoB U NOBPexXIeHNH MHPPACTPYKTYPHI — TOUHAS
nH(pOopMaIus 0 COCTOSIHUM TPAHCIOPTHOTO CPEACTBA MO3BOJISET MPEJOTBPATUTD
HapyILICHUS U CBA3aHHBIE C HUMU IITPaQBbl.

3. CHM:KeHMe 32aTPAT HA 00C/Ty:KMBaHUE M PEMOHT — CBOEBPEMEHHOE BbISIBJICHHUE
NEPErpy30K IIOMOraeT CHU3UTh Harpy3Ky Ha TpPaHCIOPTHOE CpPEICTBO U
UHPPACTPYKTYPY, UTO CIIOCOOCTBYET COKPAILIEHUIO PACXOA0B HA PEMOHT.

4. YBejanueHue 0€30MaACHOCTH — CHCTEMa MO3BOJISIET MPEJOTBPATUTH aBApUMHbIE
CUTyalluu, CBSI3aHHbIE C TMeperpy3skaMmu, yiydmias oOuryro 0e30MacHOCTb
JIOPOYKHOT'O JIBUKEHUS.

B3aumopeiicTBHe ¢ CyHIECTBYIONIUMH TPAHCIOPTHBIMH CHCTEMAMM

ABTOHOMHAsI CHCTEMa PETUCTpPAIMM TEPErpy30K MIOJDKHA OBITh WHTETPUPOBAHA C
CYIIECTBYIOIIMMHA  CHUCTEMaMH  MOHHUTOPHMHTA  TPAHCHOPTHBIX  CPEICTB U
UHDPACTPYKTYPHI. DTO BKIIOYAET B ceOs B3aUMOJCHCTBUE C:

o HaBuranuoHHbLIMH CHCTEMaMM — JIJISI OTCJICKHUBAHUS MapIIPyTa U YTOUHCHUS
uH(pOpMaIK O MECTOMOJIOKEHUN TPAHCIIOPTHOTO CPEICTBRA.

-61-



o CucremamMu ynpagsJjeHHs TPAHCIIOPTOM — IS IEPEJayy JAHHBIX O TEKYILEM
COCTOSIHUM TPY30B M TPAHCHOPTHBIX CPEICTB HA LEHTPAJIbHBIM CEpPBEpP I
JAJIBHEUIIIET0 aHAIN3a U IPUHATHUS PEILICHUM.

o CucremaMu KOHTPOJISI 32 COOJIIOICHHEM 3aKOHOAATEJIbCTBA — JIJIS IIEpelau
MH(pOpPMaIIMU O HAPYIICHUSX B TOCYIapCTBEHHBIE OPTaHbl WM OIlepaTopam.

HpOﬁJIeMLI U BbBI3OBbI BHCIPCHUSA

Baenpenne  aBTOHOMHOW ~ CHCTEMBI  PETHCTPALMM  HEPErVIAMEHTHUPOBAHHBIX
TPaHCIIOPTHBIX MEPETPY30K CBA3AHO C PSIOM MPOOJIEM U BBI30BOB, BKIKOYASL:

1. Bbicokne mnepBOHAYAJbHbIE 3aTPaTbl — HAa YCTAaHOBKY 0OOpYJIOBaHUs,
pa3paboTKy MpOrpaMMHOTo obecrieueHus U 00ydeHue epcoHania.

2. Heo0xoauMocTh B CTaHAAPTH3aAUMU — JJIsI 00ECIEUEHUS] COBMECTUMOCTH
Pa3HBIX TPAHCIOPTHBIX CHUCTEM M CEHCOpPOB TpeOyeTcsi pa3zpaboTka oOIImX
CTaHJapTOB.

3. TexHuyeckmne CJ0KHOCTH — TpPeOyeTCS BBICOKAs TOYHOCTb U HAJIEKHOCTh
PabOThI CUCTEMBI, YTO MOXKET OBITh 3aTPYHEHO B YCIOBUSIX CIOKHBIX TOTOIHBIX
YCJIOBUH WJIM HA JOPOrax C INIOXUM MOKPBITUEM.

HepcneKTan Pa3sBUTUA ABTOHOMHBIX CUCTEM PErMCTPAllMM NIEPETrPYy30K

B Oynymem oxxumaercs, 4TO TaKHE€ CHUCTEMbl OyIyT 3HAUYUTEIBLHO pPa3BUBATHCA,
HCIIOJIB3Ys HOBBIE TEXHOJIOTMH, Takue Kak MutepHer Bemielt (IoT), 6onbiine 1aHHBIE U
MalnHHOEe oOydeHue. MHTerpamuss ¢ JIpyruMH SJIEMEHTaMH WHTEIJIEKTYalbHbIX
TpancnopTHbIX cucteM (ITS) mo3BOMUT yaydIIUTh TPOLIECCHI KOHTPOJISI U YIIPABIICHUS
TPAHCIIOPTHBIMU TEpPErpy3KaMH, a Takxke OOecrneyuT 0oJiee TOYHBIE MPOTHO3BI U
PEKOMEHIAIMH U1 YIIPABJIEHUS TPY30IIEPEBO3KAMHU.

3akiroueHue

ABTOHOMHAsi CHCTEMa PETUCTPALUM  HEPETJIAMEHTUPOBAHHBIX  TPAaHCIOPTHBIX
Meperpy30K MpEeJCTaBIsSIET COO0OM BaXXKHBIM IIar B HAMPABJICHUU TOBBIIICHUS
0e3zonacHOCTH U 3()PEKTUBHOCTH TPAHCHOPTHBIX MepeBO30K. OHa crnocoOCTByET
MUHUMU3ALWN HApYyIIEHWH, CHIKEHUIO M3HOCA TPAHCIOpTa W WHMPACTPYKTYpPHI, a
Tak)Ke YBEITMYMBACT HAJACKHOCTh U 0€30MacHOCTh JAOPOXKHOTO ABMKECHUA. BHeapeHue
TaKUX CUCTEM TpeOyeT BHUMATEIbHOTO MOAX0/Aa U yUeTa MHOXKECTBA (PaKTOPOB, OHAKO
B IEpPCHEKTUBE OHU MOTYT CTaThb HEOTHEMJIEMON 4YacTbi0 CUCTEMBI YIPaBIICHUS
TPAHCTIOPTHBIMH TTOTOKAMH.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIIK-681.3

AHAJIN3 METOAOB OBECHEYEHWSI BEBOHACHOCTU U
KOHOUAEHIINAJIBHOCTHU JAHHBIX B MHTEPHETE BEILIEN

baunos Poman Bukroposuyu
ctyneHT, CuOUPCKUI TOCYIapCTBEHHBIM MHIYCTPUATIbHBIA YHUBEPCUTET
PO, r. HoBoky3Henk

bbrukoB Kupuiia BsaueciiaBoBu4
cTyneHT, CuOMpCKUi roCyJapCTBEHHBIN MHIYCTPUAIbHBIA YHUBEPCUTET
P®, r. HoBoky3Henk

Kupuyea Auimna CepreeBHa
cTyaeHT, CHOMPCKUI rOCYJapCTBEHHBIM HHIYCTPHAIbHBIA YHUBEPCUTET
P®, r. HoBoky3Henk

MamenoB UiabkuH Baxua orJibl
cTyaeHT, CHOMPCKUI rOCYJapCTBEHHBIM HHIYCTPHAIbHBIA YHUBEPCUTET
P®, r. HoBoky3Henk

AHHOTAIIUA

Crathst  MOCBSIIIIEHA  aHAIM3y  METOAOB  obOecrmeyeHuss  O€30MaCHOCTU U
KoH(puneHunanbHocTH nanHbix B aTepHere Bewel (10T). B ycnoBusix moBceMecTHOTO
pacnpoctpanenus [oT-ycTpoiicTB 3ammTa nepeaBaeMbIX JaHHBIX CTAHOBUTCS BaKHOU
3ajayed g NpeAoTBpAlleHUsT yTeueK HHPOpMAalMK U yrpo3 0Oe30MacHOCTH.
PaccmaTpuBaroTcst KJIHOYEBBIE METOABI IIM(PPOBAaHUS JaHHBIX, ayTEHTHU(HUKALUU
YCTPOMCTB M 3alIUTHl OT pa3iu4HbIX BUJOB arak. Ocoboe BHUMaHUE YyAENseTcCs
COBPEMEHHBIM I0/IX0/IaM, TAKMM KakK OJIOKYEHH U MalllMHHOE 00y4YeHUeE, ISl yCUIICHUS
6e3onacHocTH B loT-ceTsx.

KuarwueBble cioBa: nTepHer Beleid, 6€30MacHOCTh JaHHBIX, KOH()UICHIINATBLHOCTD,
mundpoBanue, ayreHTuguKanus, loT-ceTu, O0KYElH, MallIMHHOE O0y4YeHue, 3alluTa
JAHHBIX, KHOEPYTPO3HI.

BBenenue

WNurepner Bemieit (IoT) mnpencraBmser coboii ceTh (U3MYECKUX YCTPOWMCTB,
MOAKIIOYCHHBIX K HMHTEPHETY M CIIOCOOHBIX OOMEHMBATbCsl JaHHBIMH. C pocToM
konmyectBa [0T-yCTpOWCTB 3HAUUTEIIBHO YBEIWYMUBACTCA KOJMYECTBO JIAHHBIX,
KOTOpbI€ OHHU TEHEPUPYIOT. OTH JaHHBIE MOIYT COJEpPKaTh YYBCTBUTEIbHYIO
uH(}OpMAITHIO, YTO JENAET UX YSI3BUMBIMHU JUISI PA3IMYHBIX YyTPO3 OE30MaCHOCTH.
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O6ecrieuenne 6€30MacHOCTH U KOH(PUIECHIIUAIBHOCTH TaHHBIX B [0 T-ceTaX CTaHOBUTCS
OJIHOM U3 CaMbIX aKTYaJIbHBIX 3a]]a4 COBPEMEHHOCTH, TaK KaK yT€UKa UJIU MOBPEKJICHHUE
JTAHHBIX MOKET MPUBECTU K CEPHE3HBIM MOCIIEICTBHUSIM.

IIpo0siembl 0e3onacHocTu B UHTEpHET Belen

bezonachocts B loT-ceTsix crankuBaeTcs ¢ psaoM mpobiieM, BKITIOYast:

1.

2.

3.

OtcyrcrBHe cTaHAapTOB Oe3onmacHocTH — MHorue loT-ycTpoiicTBa HE UMEIOT
€MHOM CUCTEMBI 3aIlMTBI, YTO JEJIAET UX ySI3BUMBIMH JUJIS ATaK.
OrpanuyeHHble BBIYMCIHMTEIbHBIE pecypcbl — MHorue ycrpoiicta [oT
UMEIOT  OTPAaHWYEHHBIE  MOULIHOCTH, YTO  3aTPyIHSAET  HCIIOJIb30BAaHUE
TPaJIULMOHHBIX METOJIOB MN(DPOBAHUS U 3AILUTHI.

JlocTynmHOCTB JaHHBIX — ycTpoiicTBa [oT uacTo nepenatoT JaHHbIE B 00JaUHbIE
XPaHWIMILA, YTO YBEIUYUBAET PUCK YTEUEK U aTaK.

MeTtoanl o0ecnieuenus 6esomacuoctu B loT

JUist 3ammTel JaHHBIX B [0T-ceTsax MCIOb3YIOTCS pa3IMYHbIE METO bl O€30MMACHOCTH:

1.

IlIndpoBanne 1aHHBIX

[IudpoBanue sBISETCS OAHUM M3 CaMbIX 3(QQEKTHUBHBIX CIIOCOOOB 3allUThI
NaHHBIX, mepeaaBaeMbix uepe3 loT-ycrpoiictBa. OCHOBHBIE  METOMBI
mU(poBaHU BKIIOYAIOT CUMMETPUYHOE U aCUMMETPUYHOE IKppoBaHue. DU
METOJpl 00ecreynBalOT KOH(QUACHIMAIBHOCTh U  LEJIOCTHOCTh JaHHbIX,
MpeaoTBpanias ux nepexnsaT U H3MEHEHHE.

AyTeHTH(HUKAIUA U ABTOPU3ALNS YCTPOHCTB

AyTteHTu(UKalMsT YCTPOWCTB — 3TO TMPOLECC MPOBEPKH MOJIMHHOCTH
yCTPOMCTBA Mepesl ero MOAKIIOUEHUEM K ceTH. Ba)kHO UCTIOIB30BaTh Ha/I€KHBIE
METO/Ibl ayTeHTU((UKAINH, TaKKe Kak MHOrodakTopHas ayreHTudukamms (MFA)
U uudpoBble cepTUPUKATBL. ITO TMO3BOJSAET MCKIIOUUTH BO3MOXKHOCTD
HECAHKIIMOHUPOBAHHOTO AocTtyna K loT-ycTpoiicTBam u ceTsam.

3ammura ot atak DDoS

Ataku tuma "otka3z B oOcayxuBanuu" (DDoS) sBisitoTcs 0MHOW W3 TIIaBHBIX
yrpo3 mnsa loT-yctpoiicts. 3amura or DDoS-atak mMoxeT ObITh JOCTUTHYTA
MyTEM MPUMEHEHUS PACHpPEICICHHBIX CHCTEM 3alllUThl W HUCIOJIb30BaHUS
TEXHOJIOTUN (pusibTpanuu Tpaduka.
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4. MexaHM3MBbI KOHTPOJIS 10CTYyNA

KoHTposib nocTyna mo3BOJsieT OrPAaHUYUTHh BO3MOXKHOCTH B3aUMOJIEUCTBHS C
YCTPOMCTBAMH M JAHHBIMH TOJBKO ABTOPH30BAHHBIMHU IOJIb30BATEIIMH HIIN
cucteMaMH. J{J1s 3TOro UCIOJIb3YIOTCA CUCTEMBI YIIPABJICHUS IPaBaMU JOCTYIIa
(RBAC) u apyrue MeToapl KOHTPOJIL, OCHOBaHHBIE HA MOJIUTUKE OE30MaCHOCTH.

HUcnoub3oBanue 0JI0KYEHH-TEXHOJIOTHH

brokueiin mpemocTaBiIseT NeNEHTPATN30BaHHYIO U 0€30MMacHYIO TaThOpMYy IS
XpaHEHUs JaHHBIX, TJe KaXJI0€ M3MEHEHHE 3alMChIBA€TCSI B OJIOK, KOTOPBIN
HEJb3 U3MEHHUTh. ITO MOJKET OBITh ITOJIE3HO I 0OecIeueHusl 1IeJIOCTHOCTH U
Oe3omnacHocTH HaHHBIX B loT-ceTsx, a Takxke 11 ayTeHTU(UKAITUN YCTPOMCTB 1
MOJIL30BaTENICH.

MamuHHoe 00y4YeHue 1Jisi O0HaAPYyKeHHus YIpo3

MamnHHOe 00y4eHHe O3BOJISET aHAJIM3UPOBATh OOJIbIINE 00BEMBI JAHHBIX IS
BBISIBJICHUS AaHOMAQJIWN, KOTOpPhIE MOTYT yKa3blBaTb Ha KuOepaTaku.
Hcnonp30BaHne Mozeeil MalIMHHOTO 00yUYEHHS IOMOTaeT 3apaHee OOHAPYKUTh
YIPO3bl M IPEJOTBPATUTH UX 0 TOTO, KAK OHU HAaHECYT yuiepO.

CoBpeMeHHbIE TEHIEHIIUN B 3aUTe JaHHBIX 10T

C Pa3BUTUCM TEXHOJIOT UM ITOSIBJISIIOTCS HOBBIE IMTOAXO0/IbI K oOecrneueHnIo 0€30MacHOCTH

B loT:

HNuTe/uiekTyasibHasi 0€30MACHOCTh C HCIOJb30BAHUEM aHaIW3a OOJBIINX
JAHHBIX U UCKYCCTBEHHOI0 MHTEIEeKTa (Al) momoraer onepaTuBHO pearupoBaTh
Ha yrpo3bl U aJalITUPOBATHCS K HOBBIM THUIIAM aTaK.

3amura Ha OCHOBe (PU3MUYECKHX YCTPOMCTB BKJIIOYACT HCIOJIb30BAHUE
CHEeMaIN3UPOBAaHHBIX aNMapaTHBIX CPEJICTB, TAKUX KaK MOAYJIM 0€30MacHOCTU
(TPM) u anmapaTHble cpeAcTBa AJis U(POBAHUS.

YnpasiieHue KOHQUICHIMAJTBHOCTHI0 JAHHBIX C YYETOM 3aKOHOJATEJIbCTBA
(manpumep, GDPR) craHoBuTCS BaXHBIM acCMEKTOM Il oOecreyeHus
0e30MacHOCTH JTUYHBIX JAHHBIX, epeaaBaeMbix yepe3 loT-ycTpoiicTaa.

IlepcniekTBBI pa3BUTHSA METOA0B 3aIUUTHI B [0T

C kaxapiM TOIOM KoJMuecTBO loT-yCTpoMCTB pacTeT, U COOTBETCTBEHHO
YBEJIMYMBAETCS Yrpo3a KuOepaTak M yTeUeK NaHHbIX. B OyayieM cienyeTr oXuaarh
JaTbHEUIIero pa3BUTHS METOJ0B O€30MaCHOCTH, TAKUX KaK:

1. Anrerpaumsa ¢ 5G — wucnons3oBanue S5G-ceredt oOecrieyuT Oosee

BBICOKOCKOPOCTHYIO Mepefiady AaHHBIX, HO TakXe MOTpeOyeT HOBBIX METOJ0B
3aIIUThI U3-32 YBEIMYEHHUS YUCIIA IOJKIIFOUEHHBIX YCTPOMCTB.
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2. YMHbIe KOHTPaKTbl — HCIOJb30BaHUE OJIOKYEHHA U CMapT-KOHTPAKTOB JIJIs
aBTOMATUYECKOM TMPOBEPKU MJAHHBIX U TPHUHATHS pelieHuid 0e3 ydactus
YEeJIOBEKA.

3. JleneHTpPaIu30BaHHbIE CHCTEMbI 0€30MACHOCTH — C POCTOM YHCIIa YCTPOMCTB
[oT BaxHO pa3BUBaTh CUCTEMBI, KOTOpbIE 00OecreynBaloT 0e30MacHOCTh 0e3
HEOOXOIMMOCTH LIEHTPAJIN30BAHHOTO YIIPABJICHUSI.

3akJIroYeHue

Obecneuenne 6€30MacHOCTH W KOH(MUICHIIMATBLHOCTH NaHHBIX B VHTepHeTe Bemen
ABJISIETCS CJIOKHOW, HO BKHOM 3aJaueil, KoTopasi TpedyeT KOMIIEKCHOIO MOAX0Aa U
WCITOJTH30BAHUS PA3JIMYHBIX TEXHOJIOTHH 3alTUThL. [[puMeHeHre MeTO10B M ()pOBaHUS,
ayTCHTU(UKAIIMKA, MAIIMHHOTO OOyYeHHs] ¥  OJIOKYCHH-TEXHOJIOTHA  MOJXKET
3HAYUTEIBLHO TOBBICUTH YpOBeHb Oe3omnacHoctu loT-ceteit. BaxHo, 4TOOBI 3TH
TEXHOJIOTHH Pa3BUBAIIMCH U aIaITUPOBAINCH K HOBBIM YIpo3aM, oOecrieunBas 3aiuTy
JAHHBIX ¥ TPEIOTBpAaIlasi BO3MOXKHbBIE PUCKH IS TOJIb30BaTENEH U OpraHU3alui.
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AHAJIM3 OgOBEHHOCTEﬁ METAJUVIMYECKHUX XOJIOJHOI'HYTbBIX
IHPOPUNJIEN

Kosases Kupunia Cepreesuu
cTyneHT, CUOMPCKUiA rOCyJapCTBEHHBIM aBTOMOOMIBHO-TOPOKHBIA YHUBEPCUTET

(CubAIN)
P®, r. OMck

AHHOTAIIUA

CraTbsi TMOCBSIIEHA aHaIU3y OCOOEHHOCTEN METANIMYECKUX XOJOJHOTHYTBIX
npoduiieid, KOTOpPbhIE HUCHOJIb3YIOTCS B CTPOMTENBCTBE I CO3JAHUS Pa3IMYHBIX
KOHCTpYKUMH. PaccmarpuBaroTcss NperMyllecTBa W HEAOCTATKH XOJOJHOTHYTBIX
npoduIIei o CPAaBHEHUIO C APYTUMHU MaTepUaiaMi U METOJJaMU, & TAKKE UX KITFOUEBBIC
XapaKTEPUCTHKHU, TaKWe KakK MPOYHOCTh, JKECTKOCTb M YCTOMYHMBOCTh K KOPPO3HH.
Oco0oe BHMMAaHHE YJEIEHO TEXHOJIOTUSAM MPOU3BOJACTBA M HUX INPUMEHEHHIO B
pPa3IMYHBIX OTPacisIX CTPOMTEIBCTBA, a TaKXKe IEPCHEKTUBAM HCIIOJIb30BAHMS
XOJIOHOTHYTHIX MPO(UIEH B YCTOMYMBOM CTPOUTENIBCTBE.

Kurouesrble ciioBa: Metammueckue npoQuin, X0JI0JHOTHYThIe TPO(HIIN, TEXHOJIOTUH
MIPOU3BOJICTBA, CTPOUTEIbHBIE KOHCTPYKIUH, IPOYHOCTh, KECTKOCTh, YCTOMUMUBOCTD K
KOPPO3HUH, YCTOMYHNBOE CTPOUTEIHCTBO.

BBenenune

XOJOHOTHYThIE METAJUIMYECKUE NPO(PHUIN TPEACTaBIAIOT CO00M KOHCTPYKIIMH,
KOTOpBIE MPOMU3BOAATCS MYTEM THYTbS JHUCTOBOTO MeTaula IpPH KOMHATHOM
TeMriepatype. OTH NpoQUIM HAXOJIT IIMPOKOE MPUMEHEHUE B CTPOMUTENIBCTBE,
MaIlIMHOCTPOEHUU U IPYTUX oTpacisax. OHU 001a1at0T psIIOM MPEUMYIIECTB, TAKUX KaK
BBICOKAsi NMPOYHOCTh IPH MaJiOM BECE, YCTOMYMBOCTh K BO3JCUCTBUIO BHEUIHUX
(aKTOpPOB ¥ BO3MOYKHOCTh UCIOJIb30BAHUS B PA3JIMYHBIX KIMMATHUYECKUX YCIOBUSX. B
JAaHHOM CTaTb€ pAcCMaTPUBAIOTCS  KIIOYEBbIE OCOOCHHOCTM U TEXHOJIOTUU
NPOU3BOJCTBA 3TUX Npoduiei, a TakKe HX HCIOIb30BAaHHUE B CTPOUTEIBHBIX
KOHCTPYKIIUSX.

IIpenmyiecTBa X0J10JHOTHYTHIX NpoguIen
1. JlerkocTh M NPOYHOCTH

X0JI0JHOTHYTHIE IPOGUIHN 001a1at0T BRICOKOW MTPOYHOCTHIO MTPH HU3KOW Macce,
YTO JeaeT WX HJCATBbHBIMU I WCIIOJB30BAHUS B TE€X O0JACTSIX, TJI€ BaXKEH
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K&)K,Z[I)Iﬁ rpramMm Marcpuala. HaHpHMep, B CTPOUTCILCTBC OHH IIO3BOJIAIOT
CO3/1aBaThb IMMPOYHBIC U JOJTOBCUYHBIC KOHCTPYKIIMKN C MUHUMAJIbBHBIMU 3aTpaTaMu
Ha MaTCpHUaJIbl.

2. Koppo3uoHHasi CTOHKOCTH

Mertannnueckue npouiav, OCOOEHHO W3 HEP)KABEIOIIUX CTaled WM C
AHTUKOPPO3UMHBIM TOKPBITUEM, OOECIEYMBAIOT BBICOKYIO YCTOMYHMBOCTH K
BO3/ICHCTBUIO BHEIIHEH Cpelbl. ITO OCOOEHHO BaXKHO AJIi OOBEKTOB, KOTOPHIE
[IOJIBEPKEHBI BO3/ICHCTBUIO BJIarM, XUMUKATOB WM DKCTPEMAJIBHBIX TEMIIEPATYP.

3. I'mOkocTh B IPOEKTHPOBAHUM

X0JIOJHOTHYThIE TPO(UIN MOTYT OBITh M3TOTOBJIEHBI B Pa3IMYHBIX QopMax U
pa3Mepax, 4YTo MO3BOJISIET UX HUCIIOIb30BAHUE B Pa3HOOOPA3ZHBIX KOHCTPYKIIMSIX.
HNx rubKocTh B MPOEKTUPOBAHWU TMOMOTAET YAOBICTBOPUTH CHEHH(PHUECKUE
TpeOOBaHMs Pa3IUYHbIX OTPACIIECH U TUIIOB 3/IaHUH.

4, IKOHOMHYHOCTH
[Tporecc X0M0HOTO THYThS MO3BOJISET MOJYUYUTHh MTPOPUIN ¢ MUHUMAJIbLHBIMU
3aTpaTaMd Ha DHEPTHI0 M 00O0pyJOBaHWE, YTO CHIJKACT OOIINYIH0 CTOMMOCTH
IIPOM3BOJICTBA. ITO TAKXKE IMO3BOJISET YMEHBIIUTh OTXO/bl MaTepHalla, TaK KaK
MIPOIIECC THYThSI IMEET BHICOKYIO TOYHOCTb.

TexHoJI0rus MPOM3BOACTBA XOJOAHOTHYThIX Npoduiei

Hpouecc HU3IrOTOBJICHUA XOJIOJHOTHYTBIX HpO(i)I/IJIeI‘/JI BKJIIOYa€CT HCCKOJIBKO OCHOBHBIX
OTaIlOB.

1. IMoaroToBKAa MCXOHOIO MaTepHaja

Hcnonb3yercss TMCTOBOM MeTalll, KOTOPBIM MOXET OBITh M3 CTaJM, aTlOMUHUS
WK JIpYTUX CIUIaBOB. JIMCTOBas 3aroToBKa IIOJBEPracTCs IpeaBapUTEILHON
00paboTKe, BKIIIOUasi pe3KY Ha HYKHBIE pa3MephI.

2. Ilpouecc rHyThst

OCHOBHOI 3Tall — THYTbE€ MeETajula MPU MOMOIIM MPECCOBBIX MAIIWH WU
CHeIMaIn3upPOBaHHBIX CTAHKOB. B 3aBucHMOCTH 0T hopmbI U pazMepa npoduss,
MOTYT UCIOJIb30BAThCS PA3TUYHBIC TEXHOJOTUUECKUE METObI THYThSI.

3. JonosHuTe/ibHasE 00padoTKa

[Tocne dopmupoBanus npoduias MOTYT OBITh BBITIOJHEHBI JOTOJHUTEIHHBIC
onepanuy, TaKuMe KakK Hape3Kka OTBEpPCTHM, CBAapKa WA HAHECEHUE
AHTUKOPPO3UMHOTO MOKPBITHSL.
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4. KoHTpoJb KayecTBa

["oToBbIe poduIM MPOXOAAT TECTUPOBAHKE HA MPOYHOCTD, KECTKOCTD U IPYTHe
napaMeTpsl, 4TOObI YOCTOBEPUTHCS B UX COOTBETCTBUU CTaHIAPTAM.

HpnMeHeHne METAIVIHYCCKHUX XO0JO0AHOTHYTBIX Hpoqm.ﬂeﬁ

1. CrpourenbcrBo

XOJ0JHOTHYThIE MNPO(UIN YacCTO MCHOIB3YIOTCS I CO3/aHHUsS KapKaCHBIX
KOHCTPYKIIMM, TaKMX KaK CTEHBI, MEPEKPBITHs, KPBIIIU U IPYTHMe DIEMEHTHI
3nanuii. OHU MOTYT OBITh MPUMEHEHBI KaK B JKHJIbIX, TAaK U B MPOMBIIIJICHHBIX
3IAHUSX.

MamuHoCTpOeHHE

B MammHOCTpoeHHMH MeTainyecKue MPOPUIM HCIONB3YIOTCA ISl CO3JaHus
Pa3JIMYHBIX JETaJed U KOHCTPYKIHNN, BKIIFOUask KapKacHbIE U TOIEPKUBAIOIINE
JJIEMEHTBI.

Tpancnopr

Hcnonb3ytoTes B IPOU3BOACTBE TPAHCHOPTHBIX CPEACTB, TAKUX KaK aBTOMOOMIIH,
KEJIE3HOJIOPOKHBIE BaroHbl, U JPYTrH€ TPAHCIOPTHBIE CPEACTBA, IJ€ Ba)KHA
SKOHOMMS MacChl IPH COXPAHEHUHU IIPOYHOCTH.

JHepreTuka

XO0JOJHOTHYThIE MPOPUIN HAXOAAT NPUMEHEHHE B 3HEPreTUYECKON OTpaciu,
HalpuMep, B CTPOUTENBCTBE TPYOONPOBOAOB, KOHCTPYKLUMW [JISI COJIHEUHBIX
ITAHEJIEW U IPYTHUX IEMEHTOB.

HpeuMymeCTBa H HEAOCTATKHU XO0JOAHOTHYTBIX HpO(l)HJIeﬁ

IIpenmymecrna:

Bricokast mpoO4YHOCTH ITpU MajoOM BeECE.

Y CTOMYUBOCTH K KOPPO3HUHU.

J10oATOBEYHOCTh Y HAJEKHOCTb.

DKOHOMUYHOCTh U HU3KHE 3aTPAThl HA TPOU3BOJICTBO.

HenpocraTku:

OrpanuyeHHbIE BO3MOXXHOCTH TIO HU3MEHEHUI0 (OopMbI Mpoduis Mociae ero
IIPOU3BOJCTBA.

[ToTeHnuanbHO BBICOKAsE CTOMMOCTb TIPH HCIOJB30BAHUU CHEIU(DUUSCKUX
MAaTEPHUAJIOB, TAKUX KaK HEP>KABEIOIIAs CTalb.

TpebGoBaHUs K TOYHOCTH MPU MTPOCSKTUPOBAHUU U TTPOU3BOICTBE.

IepcnekTHBBI HCIOJIBL30BAHUS XO0J0JHOTHYTHIX MpoduJiei

C pa3BuUTHEM TEXHOJOTUH U yBEJIMYEHUEM TPEOOBAaHUM K YCTOMYMBOCTH KOHCTPYKLIUH,
MCIIOJIb30BAHUE XOJIOAHOTHYTHIX METAJUTMUECKUX MPO(dUIIeH B CTPOUTENBCTBE U APYTHUX
oTpaciiix OyAeT TOJbKO BO3PACTaTh.
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B uactHOCTH, C y4YeToM pocTa cropoca Ha YCTOMYMBOE M 3HEprodpQpexTuBHOE
CTPOUTEIBCTBO, 3TH MaTE€pHUalbl MOLYT ChIFPaTh KIIOYEBYIO pOJIb B peaM3aLUU
AKOJIOTUYECKU YUCTHIX MPOEKTOB. COBEPUIEHCTBOBAHME TEXHOJOTHIA MPOU3BOJCTBA U
WCIIOJIb30BAaHUE HOBBIX MAaTEPHAIOB OTKPOET JOIMOJHHUTENIbHBIE BO3MOXXHOCTU IS
NPUMEHEHUS XOJOIHOTHYTHIX MPOQPUIICH.

3akJIr0YeHue

Metannudeckue XOJOJHOTHYThIE TPOGMIM  SBIAIOTCS BAXKHBIM  KOMIIOHEHTOM
COBPEMEHHBIX CTPOUTENIBHBIX KOHCTPYKIMM OJarofaps CBOMM BBICOKOI(PPEKTUBHBIM
XapaKTepUCTHKaM. BaXHO NMpOAOIDKATh pa3BUBATh TEXHOJOTMH UX MPOU3BOACTBA U
MIPUMEHEHUS, YTOOBI MAKCUMHU3UPOBATh NMPEUMYIIIECTBA IPU MUHUMAJIBHBIX 3aTpaTax.
B Oyaymiem X010 1HOTHYThIE TPOMUIN CMOTYT YOBIETBOPHUTD PACTYIIUE MOTPEOHOCTH
B [IPOYHBIX, JIETKUX U JOJITOBEYHBIX MAaTEpUAIaX Ul CAMBIX Pa3JIMYHBIX OTPACIIEH.
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