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YK-004

A3BIKH BBICOKOI'O YPOBHA

I'azaueBa Maaguna AadueBHA

CTyAeHT, HTYIICKHI TOCYIapCTBEHHBIN YHUBEPCUTET
P®, r. Marac

Jayp0exoBa Acsa MyxrapoBHa

HAYYHBIM PYKOBOAMUTENb, cTapiuuil mpenoaasatens kadeapst UCuT OMO,
HNHrymickuii rocy1apCTBEHHBIA YHUBEPCUTET

P®, r. Marac

AHHOTAIIUSA

SI3bIKM IPOTPAaMMHUPOBAHUSL BBICOKOTO YPOBHS SIBJSIIOTCSA OCHOBOM COBPEMEHHOIO
MporpaMMUpPOBaHus, oOecreunBas pa3pabOTYMKOB yIOOHBIMM HHCTPYMEHTAMU s
Hanucanusg 3(pQPEeKTUBHOTO M YUTaeMoro koja. B naHHOW cTaThe paccMaTpHUBAIOTCS
OCHOBHBIC XapaKTEPUCTUKHU S3bIKOB BBICOKOTO YPOBHS, MX MPEUMYINECTBA TMepe
HU3KOYPOBHEBBIMU SI3bIKAMH, a TAKKE COBPEMEHHbBIC TEHCHITUU X pa3BuTus. Ocoboe
BHUMAaHHE YJEISIETCS MX BIMSHUIO Ha pa3pabOTKy MPOTPaMMHOIO oOecreueHus u
o0nacTu NpuUMEHeHUs. B cTaThbe aHAIMU3UPYIOTCS MOMYJSPHBIE SI3BIKH, TaKHE Kak
Python, Java, C# u JavaScript, a Takxe X poJib B pa3uuyHbIX cepax, BKiIoUyas BeO-
pa3pabOTKy, MCKYCCTBEHHBIM MHTEJUICKT U HAYYHBIC BBIYMCIICHUS.

KuroueBble ¢ji0Ba: sS3b6IKH IPOrpaMMUPOBaHUS, BBICOKUM ypoBeHb, Python, Java, C#,
JavaScript, nporpammupoBanue, pazpadborka [10, KoMIbIOTEpHBIE TEXHOJIOTUH

1. BBeaenue

CoBpemMeHHOE MPOrpaMMUPOBAHUE HEBO3MOXKHO MPEICTABUTH 0€3 S3BIKOB BBHICOKOTO
ypoBHs. OHHM 3HAYMTENIBHO YIPOIIAIOT TMPOIECC HAMUCaHUs Koja, obecredynBas
pa3pabOTUYMKOB a0CTPAKITUEH OT arnmapaTHBIX JeTajIei U MO3BOJISI COCPEOTOYNTRLCS Ha
JIOTUKE MporpaMm. f3bIKM BBICOKOTO YPOBHSI WIPAIOT KJIIOUEBYIO POJIb B CO3JAHUU
CJI0’KHBIX IIPOTPAMMHBIX CUCTEM, & UX PA3BUTUE OTKPBIBAECT HOBBIE TOPU3OHTHI 1 [T-
WHIYCTPHH.

2. XapaKTepHCTUKH A3BIKOB BHICOKOT0 YPOBHA

SI3pIKM  TIPOTPaMMUPOBAHUSI BBICOKOIO YpPOBHS 00Jadal0T PAIOM OCOOEHHOCTEH,
OTJIMYAOIINX UX OT HU3KOYPOBHEBBIX S3bIKOB, TakuX Kak Assembler u C. K ocHOBHbIM
XapaKTEPUCTHUKAM MOYKHO OTHECTH:



o AOCTpaKkmuIO OT anmapaTHoro oodecmedyeHUsi — Pa3padOTUUKy HE HYKHO
VOPABJISITh MAMATHIO BPYYHYIO WM YYUTBIBATh apPXUTEKTYPHBIE OCOOCHHOCTU
mpoleccopa.

o JlerkocTh B 0CBO€HMH — CHHTAKCHUC TIPUOJIUKEH K €CTECTBCHHBIM SI3bIKAM, YTO
JenaeT 00ydeHue mporre.

o ABTOMATHYECKOE yINpaBJieHHEe NMAMATbK — TaKU€ MEXaHU3MBbI, Kak cOOpKa
Mycopa, YIPOIIAOT pa3paboTKy.

+ KpoccniargopmMeHHOCTb — MHOTHE SI3BIKM TO3BOJIAIOT MUCATh KOJ, KOTOPBIM
MOYET BBITIOJTHATHCS HA Pa3HBIX ONMEPAIIMOHHBIX CUCTEMaX.

3. l'[penMymeCTBa SI3BIKOB BBICOKOI'0 YPOBHS

Hcnonb30BaHne SI3bIKOB BBICOKOTO ypPOBHS JlaeT pa3paboT4vKaM MHOXKECTBO
IPEUMYILECTB:

o YckopeHue npouecca paspadoTku — 0ojiee MOHITHBIN CUHTAKCHC U MOIIHBIE
OMOIMOTEKH MTO3BOJIAIOT OBICTPO CO3AaBaTh CJIOKHBIE IPUIIOKEHHUS.

o YMeHbIIIEHHE KOJHYECTBA OIIMOOK — CTpOras TUNHU3alMs U BCTPOCHHBIC
MEXaHU3MbI 00paOOTKH UCKITFOUEHNI TOMOTa0T H30€XaTh MHOKECTBA MPOOJIEM.

o Jlyumasi ynTaemocThb KOJa — IPOrpPaMMBbI JIerue NOIepKUBATh U Pa3BUBATh.

4. HOIIyJ]SIle)Ie SI3BIKM BBICOKOT'O YPOBHA U UX IPUMECHECHUE

Ha cerognsininuii eHb CyIIECTBYET MHOXECTBO SI3bIKOB BHICOKOT'O YPOBHS, KOXKIbIN U3
KOTOPBIX UMEET CBOM OCOOCHHOCTU U cdephl NMpuUMeHEeHHus. PaccMoTpuM HaumOosee
MONYJISIPHBIE:

« Python — ucnonp3yercs B HCKYCCTBEHHOM HHTEIUICKTE, aHAIHM3€ JaHHBIX, BEO-
pa3paboTKe 1 aBTOMaTH3alluU MPOIIECCOB.

o Java — mMpoOKO NPUMEHSETCS B KOPHOPATHUBHBIX CHUCTEMaX, MOOMJIbHBIX
npuioxkeHusx (Android) u BeO-pazpaboTke.

o C# — ocHOBHOM s3bIK myig pa3paboTku Ha twiatdopme .NET, mpumensiercs B
co3nanuu urp (Unity) u Ou3Hec-ipuiIoKEHUH.

« JavaScript — ocHOBHO# 53bIK Uil BeO-pa3pabOTKH, IPUMEHSCTCS B CO3/IaHUM
KJIMEHTCKUX U CEPBEPHBIX MPUIIOKEHHI.

5. CoBpeMeHHbIE TEHACHUMH B PA3BUTHH A3BIKOB POrPaMMHUPOBAHUA

CoBpeMeHHbIE SI3bIKA MPOTPAMMHUPOBAHMS CTPEMATCS K TOBBIIICHUIO YyI0OCTBa
WCIIOJb30BaHMs, CKOPOCTH BBIMIOJHEHUS Koja U Oe30macHocTh. K OCHOBHBIM TpeHAaM
MOKHO OTHECTH:

o Pa3BuTHEe MHOTrOS3BIMHOTIO IPOTPAMMHUPOBAHUS (HCIIOJIB30BaHUE HECKOJIBKUX
SI3bIKOB B OJTHOM TIPOEKTE).

o ABTOMaTH3aIMs U MPUMEHEHUE UCKYCCTBEHHOTO WHTEIUICKTA JIJIsi ONTUMHU3AINH
KOJIa.



o Poct mnonynspHOCTHM (QYHKIMOHAIBHOTO MPOrPaMMHUPOBAHUS U CTPOTOM
TUTA3AIUH.

6. BLiBoabI

SI3b1KH TPOrPaMMUPOBAHMS BBICOKOTO YPOBHS UTPAIOT KIIIOUYEBYIO poJib B pazputuu I7T-
UHAYCTpUH, oOecreunBasi pa3padOTYMKOB MOIIHBIMU MHCTPYMEHTAMU JJIsi CO3JaHUs
MpOTPpaMMHBIX TPOAYKTOB. MX mpeumyiiecTBa Jenal0T HX HE3aMEHUMBIMH B
pa3nuHbIX cepax, oT Hayku 10 OuzHeca. COBpEMEHHbBIEC TEHICHIIMY [TOKA3bIBAIOT, YTO
pa3BUTHE A3BIKOB OYyJIET HAMPABJICHO HA TMOBBIICHHUE YA00CTBa, O€30MaCHOCTH M
POU3BOIUTEIILHOCTH.

Jlureparypa:

1. I'puropee C.B. S3bIkM nporpaMMHUpOBaHUsA: OT MAIIMHHOTO KOJa JO
BBICOKOYPOBHEBBIX S3BIKOB. — M.: bunowm, 2021.

JIytu M. Uzyuaem Python. — CII6.: [Tutep, 2020.

Okkenb b. @unocodusa Java. — M.: [Turep, 2019.

Puxtep JI. CLR via C#. — M.: Ilurep, 2018.

®mouaran /. JavaScript. [Tonpodnoe pykoBoactso. — M.: CumBou-ITtoc, 2022.
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MOJEJIMPOBAHUE MPOIIECCOB B DJIEKTPOJAX JIUTUMA-UOHHOT'O
AKKYMYJISITOPA C HAKETHBIMU SYEMKAMMU

Adery Tumyp EBrenneBuy

MAarucTpaHT, JJOHCKOH Trocy1apCTBEHHBIN TEXHUUYECKUH YHUBEPCUTET»
P®, r. llaxThl

AJlexuH AJiekceil ApreMOBHY

MAarucTpaHT, JJOHCKOH Trocy1apCTBEHHBIN TEXHUUECKUH YHUBEPCUTET»
P®, r. llaxTe!

KpsbuiaTtoB Biagumup AjlekcanapoBuy

MarucTpasT, JJoHCKOM rocy1apCTBEHHbI TEXHUUECKUN YHUBEPCUTET)
P®, r. llaxTe!

AHHOTAIIUA

JIutuii-uonHele akkymyuaropbl (Li-ion) MIKMPOKO NPUMEHSIOTCS B MOPTATUBHOMN
AJIEKTPOHMKE, NEKTPOMOOMIISIX M CUCTEMAX XPaHEHUs SHEPruu Oyarofaps BbICOKOH
YACIBbHOM €MKOCTH M JOJrOBeYHOCTH. OgHako uX 3(PQPEKTUBHOCTh 3aBUCUT OT
CJIOHBIX 3JIEKTPOXMMHUYECKHUX IMPOIECCOB, MPOUCXOAIIMX B 3JeKTpoAax. B nanHoU
CTaTh€ PAaCCMaTPUBAIOTCS COBPEMEHHBIE METOAbl MOJEIUPOBAHUS 3TUX IPOIIECCOB C
Y4ETOM TEMIEPATYypPHBIX TPaAUEHTOB, AUPGY3UH JUTHS U JAETpajalliil aKTHUBHBIX
MarepuanoB. OCHOBHOE BHMMAaHHE Y/EJIEHO MAKETHBIM sS4YEHKaM, UCIOJIb3yEMbIM B
BBICOKOOHEPTeTUYECKUX NpHIokKeHUsX. llpencraBneHbl MaTeMaTHYECKHE MOJEINH,
ONMCBHIBAIOIINE JUHAMUKY 3apsiia-pa3psaia U MEXaHU3Mbl CTApEHUs AKKYMYJISITOPOB, a
TaK)K€ paCCMOTPEHBI IEPCIIEKTUBBI UX ONTUMHU3ALINH.

KiroueBble ¢JI0Ba: TUTUI-UOHHBIA aKKYMYJISITOP, MOJICIIMPOBAHUE, ITAKETHBIEC TYEHKH,
AIEKTPOAHBIC MTPOIIECCHI, Jerpaalius, dSIEKTPOXUMUS, TEIIOBbIE 3DPEKThI, TMHAMUKA
3apsaa

1. BBenenue

JInTHII-NOHHBIE AKKyMYJISITOPBl MTPAKOT KIFOYEBYIO POJb B PA3BUTUUA COBPEMEHHOU
SHEPreTuKH, obecreunBas HajaexHoe M IP(EKTUBHOE XpaHeHue sHepruu. HMx
MPOU3BOAUTENILHOCTh ONPENENsAeTCs MHOXECTBOM B3aMMOCBA3aHHBIX IPOIIECCOB,
MPOUCXOMSIIUX B aHOJAE, Karoae M sJeKkTponurte. Pa3zpaboTka TOYHBIX MOAEINEH,
OMKCHIBAIOIINX 3TH MPOLECCHI, MO3BOJIAET YIYULIUTh XapaKTEPUCTUKH OaTapeil u
MPOJITTUTH UX CPOK CITYKOBI.



2. XapaKkTepuCTHKHU MAKETHBIX siYeeK B JIUTHH-HOHHBIX AaKKYMYJISITOpaXxX

[TakeTHble sUEHKH SIBIISIIOTCS OJHWM U3 PACHpPOCTPAHEHHBIX ¢opmaroB Li-ion
AKKyMYJISITOPOB, HCIOJIb3YEMBIX B MPOMBIIUIEHHBIX KW OBITOBBIX ycTporkcTBax. Mx
OTJINYUTENbHBIE OCOOEHHOCTH:

« Bpbicokas INIOTHOCTH YHEPTUU NPU KOMITAKTHBIX pa3Mepax.
o T'nbkocTp B KOHGUTYpALIUU U YTIAKOBKE.
o OnTUManbHBIN TEIIOOTBO O6Jaroaapst OOJBIION MIIOIIAIN TOBEPXHOCTH.

OnHako Takue AaKKyMyJSITOPBI IOABEP/KEHBI JErpajallid M3-3a HEOJHOPOAHOCTH
pacnpeziesieHus JIUTUS, TETUTOBBIX 3PPEKTOB M MEXaHMUECKUX HAPSIKEHUI.

3. OcHOBHbBIE NIPOLECCHI B JJIEKTPOAAX JUTHIH-HOHHOT0 AKKYMYJIATOPA

B snexTpogax nauTHI-WOHHBIX OaTapell MPOTEKAIOT CIOKHBIE (PU3UKO-XUMUYECKUE
IIPOLIECCHL:

o Juddy3us autus — nepemenieHue HoHoB Li* yepes rpanutis! das.

o ®dapajeeBCKHE PEAKUUH — IIPOLECCHI OKUCIICHUSA-BOCCTAHOBIICHUS HA TPAHULIE
AIEKTPOA-3JIEKTPOJIUT.

o Jlerpamauusi AKTHBHBIX MATEPHAJIOB — CTPYKTYpPHbIE HW3MEHEHHUS B
3JIEKTPOIaX, BEAYIIUE K CHUKECHUIO EMKOCTH.

o TemnoBblie 3(pPeKThI — BHIACICHNE TEILIA IPH 3aPAJIE U PA3PSAE, BIUSIONICE HA
CTaOMIIBHOCTD PabOTHI.

4. Metoabl MO1eJIMPOBAHUS YJIEKTPOAHBIX MPOLIECCOB
JIns aHanm3a IMHAMUKY aKKyMYJIATOPOB UCIIOJIB3YIOTCS CIEIYIOIINE MOJIEIH:

o @MeHOMEHOJIOTHYECKHe  MOJeJH —  ONHCBHIBAIOT  MaKPOCKOIHUYECKHUE
XapaKTePUCTHKN aKKyMyJIsTOpa (HalpuMep, cXxeMa SKBHUBAJICHTHOH IISTIH).

o  @DU3NKO-XMMHUYECKHE MOJIEJIH — YUYUTHIBAIOT KUHETUKY peakuui, nuddysuro
HMOHHBIX YaCTHII, TEPMOJTUHAMHUKY CUCTEMBI.

o« MoaeJn MAIIMHHOTO OOYYeHHMs] — TPUMEHSIOTCS Ui TPOTHO3UPOBAHMS
OCTaTOYHOTO pecypca U JTUArHOCTUKH HEHCTIPABHOCTEH.

KomOuHupoBaHHbBIN TOAXO0] MO3BOJSET JOCTUYh BHICOKON TOUYHOCTU MPEACKa3aHU U
ONTUMHU3UPOBATH XaPAKTEPUCTUKU AKKYMYJISITOPOB.

5. OnTumusanust padoThl JIUTHI-HOHHBIX AKKYMYJISATOPOB

COBpeMeHHBIC HCCIICA0BAaHA  HaAIpaBJICHBI Ha COBCPHICHCTBOBAHHC MOHCHCﬁ
AKKYMYJTOPOB AJIsI MMOBBIIICHUA HX 3(1)(1)CKTI/IBHOCTI/I. BaxubpiMu HalpaBJICHUAMHA
SABJIAIOTCA:



ViydiieHue TermI00TBOAA U YIIPABJICHUE TEMIIEPATYPHBIMU TPAIMEHTAMM.
Pa3paboTka HOBBIX KaTOAHBIX U AHOJHBIX MAaTEPUAJIOB C BHICOKON CTOMKOCTBIO K
Jerpaganni.

Ontumuzanusi aaropuTMOB 3apsija-paspsania s NPOJJICHUS. CPOKa CIYKObI
OaTapeil.

6. BeIBOaABI

MopenupoBaHue NpoOLUECCOB B IEKTPOAAX JIMTUM-MOHHBIX AKKyMYJISITOPOB SIBJISIETCS
BaXHOM 3a/1adeil JJIsl MOBBIMICHUS WX HaJEKHOCTH U 3pPextuBHOCTU. COBpEMEHHBIE
METOJIbI MOJETUPOBAHUS TO3BOJSIOT MPOTHO3UPOBATH IMOBEJACHUE OaTapedt mnpu
Pa3IMYHBIX YCIOBUAX HKCIUTyaTallMM M pa3paldaThIBaTh CTPATErHMH ONTUMHU3ALMH HX
paboThl. JlanpHeiliee pa3BUTHE BBIYUCIUTEIBHBIX METOJOB M MaTepUajOBEICHUS
OTKpPOET HOBBIE BO3MOXKHOCTU [yl CO3JaHMsl Oosiee O€30MaCHBIX U JOJTOBEYHBIX

aKKyMYJISITOPOB.
Jlureparypa
1. Heeepo B.B., Kum A.B. MoaenupoBaHue MNpoLECCOB B JIMTHI-HOHHBIX
akkymyJaropax. — M.: Hayka, 2021.
2. Goodenough J.B., Park K.S. The Li-ion Rechargeable Battery: A Perspective. —
J. Am. Chem. Soc., 2013.
3. Tarascon J.M., Armand M. Issues and Challenges Facing Rechargeable Lithium
Batteries. — Nature, 2001.
4. Zhang S.S. A review on the separators of liquid electrolyte Li-ion batteries. — J.
Power Sources, 2007.
5. Wang Q., Ping P., Zhao X., et al. Thermal runaway caused fire and explosion of

lithium ion battery. — J. Power Sources, 2012.
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MOJAEJIUPOBAHUE PACITPOCTPAHEHUSA BOJIH CKATUA
ITHEBMOUMITYJbCHOI'O 'EHEPATOPA B KOTJIE-YTHJIN3ATOPE

Mycraes Iarap UnbaapoBuyd
CTYJIEHT, Y GUMCKHUI rOCy1apCTBEHHbBIN aBUAIIMOHHBIN TEXHUYECKUM YHUBEPCUTET
PO, r. Yda

I'apunos Mapar JlannjioBu4
HAYYHBIA PYKOBOAMUTENb, I-P. TEXH. HAYK, podeccop, Y bUMCKU ToCy1apCTBEHHBIN

aBHaHHOHHLIﬁ TEXHUYECKUM YHUBCPCUTCT
PO, 1. Ya

AHHOTAIIUA

Kotnbi-yrunmszaropsl HCIIOJIB3YIOTCS TUISt TTOBBIIIICHUS SHEPIreTUICCKON
(D PEKTUBHOCTH MPOMBIIIUICHHBIX YCTAHOBOK 3a CUET YTHUJIM3AIIMU TEIUIa OTXOISAIIUX
ra3oB. BakHbIM HampaBieHHEM HX COBEPIICHCTBOBAHHUS SBIIICTCS HCIIOJIB30BaHHE
ITHEBMOUMITYJIbCHBIX ~ T€HEpPaTOpOB IS  HWHTCHCH(UKAIMA  TEIUIOOOMEHa M
MpeoTBpaIleHuss 00pa3oBaHUsS OTJIOKCHMM Ha TEIJIOOOMEHHBIX IOBEPXHOCTIX. B
CTaTh€ PACCMATPUBAIOTCS YUCICHHBIEC METO 1Bl MOJICTUPOBAHUS PACIIPOCTPAHEHUS BOJIH
CKaTHs, CO3JaBaeMbIX ITHCBMOHMMITYJILCHBIM TE€HEpAaTopoM, B 00BEME KOTJIA-
yrimsaTopa. [IpeacTaBieHsl pe3ynbTaThl pacieTOB TUHAMHUKHU Ta30BBIX ITOTOKOB, MX
B3aUMOJICCTBUSL C  TCIUIONCPEAAIONIMMHU  TOBEPXHOCTSIMH W BIHMSHUE  Ha
(D PEKTUBHOCTH OYUCTKH KOTJIA.

KiaroueBbie ciaoBa: KOTEN-yTWIM3ATOpP, ITHEBMOMMITYJIbCHBIM TI'€HEPATOP, BOJIHBI
CKaTHsl, YUCJICHHOE MOJICMPOBaHUE, TEIJIO00OMEH, Tra3oJuHaMHKa, aKyCTUYECKUE
ITPOLECCHI, YTUIN3aLUs TEIUIA

1. BBeaenue

KoTapl-yTunu3aTopbl  SBISIOTCS BaXKHBIM  DJIEMEHTOM OJHEPreTUYECKUX CHUCTEM,
MO3BOJISISE CHIDKATH TEIJIOBBIC TIOTEPHU MPOMBIIIIICHHBIX YCTaHOBOK. OJIHAKO OJTHUM U3
KJIFOUEBBIX BBI30BOB HX OKCIUTyaTallMM OCTAETCS 3arpsi3HEHHE TEITIOOOMEHHBIX
MOBEPXHOCTEH, UTO CHIKAET KodduimeHT Teruionepeaadn. OqauM u3 3GpHEeKTUBHBIX
METOJIOB OYMCTKHM SIBJIICTCS HCIIOJIb30BAaHUE ITHEBMOMMITYJBCHBIX TEHEPAaTOPOB,
CO3AIONTUX BOJTHBI CYKATHS, pa3pyIIarONIie OTI0KEHU. JIJIsT ONTUMU3AIHNK UX paOOThHI
TpeOyeTcs JAeTalbHOE MOJICTUPOBAHUE PACTIPOCTPAHCHHS WMITYJILCHBIX BOJIH BHYTPHU
KOTJIA.
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2. llpyHUUNBI pa00ThHI MHEBMOMMITYJIHLCHOTO FeHepPaTopa

[THeBMOMMMYJIBCHBIA T€HEpaTOp MpPENCTaBIsieT COOOW YCTPOIMCTBO, B KOTOPOM
IPOUCXOJUT pEe3KOoe BBICBOOOKICHHWE CKAaTOrO TIas3a, BbI3bIBaIOlLlee OOpa3oBaHUE
ynapHoii BoHbI. OCHOBHBIE STambl padOTHI:

« HaxormeHue c)xaTtoro Bo3ayxa B pe3epByape.

« BricBOOOXKIEHHE Ta3a yepe3 corio, GopMUpPOBaHNE UMITYJILCHON BOJIHEI.

« Pacnpocrpanenue BOJTHBI IO Ta30BOMY 00BbEMY KOTIIA, BO3JICHCTBHE HA TBEPABIC
YaCTHUIIBI OTIIOKCHHUM.

JleficTBMEe TakuX BOJIH IIO3BOJISIET HE TOJBKO pa3pyllaTb OTJIOXKEHHUS, HO U
MHTEHCU(UIMPOBATh IPOIIECCH TEINIO0OMEHA 3a CUeT TypOyIM3aliy MOTOKa.

3. MeToabl MOIeTUPOBAHNS PACTIPOCTPAHEHUSI BOJIH CHKATHSA

JUIsT 4HCIIEHHOTO aHaliu3a pacnpoCTPAaHEHUsT BOJIH MCHOJB3YIOTCS —CIEAYIOIINE
MOAXOIbI:

o YpaBHenusi HaBbe-CTOKCAa — ONUCBHIBAIOT JIBUKEHUE BSI3KOTO CKUMAEMOTO
rasa.

o Mopgean typoOyiaentHocTu (k-g¢, LES) — yuuThiBatoT BiusHuEe TypOYJIEHTHBIX
BUXpEW HA TMHAMHUKY BOJIH.

o MeToabl KOHeUYHO-Pa3HOCTHOrO aHaau3a (CFD) — no3BoisiroT paccunuThIBaTh
B3aUMOJICHCTBUE BOJIHBI C KOHCTPYKIMEH KOTJIA.

UucneHHoe MOAEIUPOBAHUE MTO3BOJIAET MPOTHO3UPOBATh PACIIPEICTICHUE JIaBICHUN U
CKOPOCTEH B Pa3IMYHBIX y4acTKaX KOTJIA-yTHJIM3aTOpPA, YTO KPUTHUECKU BAXKHO IS
BBIOOpA ONTHUMAJIBHOTO PEXUMa pabOThl TeHEpaTopa.

4. AHau3 pe3yJibTaTOB MO/IEJIUPOBAHUA
Pe3ynbTaThl YUCIEHHOTO KCIIEPUMEHTA MTOKA3bIBAIOT, UTO:

o Bounbl cxatus 3p(GEeKTUBHO pacnpoCTpaHsIOTCS B Ta30BOM 00bEME KOTJa,
JOCTUTask Jaxke TPYAHOJOCTYITHBIX 30H.

o TypOyneHTHbIE MOTOKH, CO3/1aBa€Mble BOJHAMH, 3HAYUTEIBHO YBEIUYMBAIOT
KO3 PUIIMEHT TEII00TIaYH.

o Onrumu3zanys 4acTOThl U aMIUIUTY/bl UMITYJIbCOB MO3BOJIIET MUHUMHU3UPOBATh
MEXaHUYECKHE HArPYy3KU Ha KOHCTPYKIIUIO KOTJA.

5. OnTuMu3anus NapaMeTpoB MHEBMOMMITYJILCHOM OYHCTKHU

Ha ocHOBe TpoOBEIEHHBIX PACUETOB MPEIIOKEHBI PEKOMEHIAIIMU I10 IapaMeTpam
paboThI TeHepaTopa:
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o OnTtumanpHoe napnenue Bozayxa: 0,6—1,2 MlIla.
o HurepBan mexny ummynbcamu: 30—-60 cexyHa.
o Kouduryparnus corma: kKoHycHasi ¢ yrjiom packpbitus 30—45°.

[IpaBuiibHass HacTpolKa ASTHX IAapaMETPOB IO3BOJSIET MOBBICUTH 3(P(HEKTUBHOCTH
OUYMCTKH 0€3 prcCKa MOBPEXKICHUS TEIUIOOOMEHHBIX TPYO.

6. BLiBoabI

MonenupoBaHue paclpoCTpaHEHHs] BOJH CXKATUs B KOTJIE-YTHJIM3AaTOpPE MO3BOJISIET
OLIEHUTh WX BIIMSHUE HA MPOIECCHl TEIUIOOOMEHAa W OYUCTKH. YWCIEHHBIE METOPbI,
OCHOBAHHbIE Ha PEUICHUM YPAaBHEHUH Ta30BOM JIUHAMMKH, IIOKa3bIBAIOT, 4TO
HCIIOJIb30BaHUE ITHEBMOUMIYJIbCHBIX TEHEPAaTOPOB CHOCOOCTBYET 3(P(PEKTUBHOMY
pa3pyLICHUIO OTJIOXKEHUN U yJIydlIeHUI0 Temonepeaadn. OnTuMusanus napameTpoB
MUMITYJIbCHOM OYUCTKH CHW)KAeT OSKCIUTyaTallMOHHBIE 3aTpaTbl W TPOJJIEBAET CPOK
CIIyO0BbI KOTEJILHOTO 000PYA0OBaHHUS.

Jlureparypa

1. UBanoB I1.A., CmupnHoB B.I'. UucinenHoe mMojaenupoBaHUe ra30IMHAMHAYECKUX
npoleccoB B kothax-ytuwin3aropax. — CI16.: [Tomutexmnpecc, 2021.

2. Anderson J.D. Computational Fluid Dynamics: The Basics with Applications. —
McGraw-Hill, 1995.

3. Zeldovich Ya.B., Raizer Yu.P. Physics of Shock Waves and High-Temperature

Hydrodynamic Phenomena. — Dover, 2002.

Patankar S.V. Numerical Heat Transfer and Fluid Flow. — Hemisphere, 1980.

Wang L., Liu Y. Study on the gas pulse system in waste heat boiler. — Journal of

Energy Engineering, 2018.

o s
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

V]IK-621.65

MOJEJUPOBAHUE TEUEHUS PABOYEN CPEJIbl UEPE3 3ATBOP
APMATYPBbI

BaaueB Pumsua Hlamuiiosuu
ctyaeHt, KazaHCKU rocy1apCTBEHHBIM SHEPTETUUECKU YHUBEPCUTET
P®, r. Kazanp

3arperaunoB Aiipat PudkaroBuyu

Hay4YHBIM pyKOBOJIMTEIb, KaH/. TEXH. HAYK, TOLUEHT, Ka3aHCKkHil rocy1apCTBEHHBIN
DHEPreTUYECKU YHUBEPCUTET

P®, r. Ka3zaup

AHHOTAIIUA

3anopHasi apMaTypa UIrpaeT BaXXHYIO pOJb B PETYJIHPOBAHUU MOTOKOB JKHIKOCTEH H
ra3oB B TEXHOJIOTMYECKHX cHUCTeMax. JlJi1 MOBBIMIEHUS €€ SKCIUTyaTallMOHHOM
3¢ (PEKTUBHOCTH HEOOXOAMMO JETATLHOE M3YYEHUE TUAPOJMHAMUYECKUX IMPOIIECCOB,
MPOUCXOSIIUX B 3aMOPHBIX 3JIeMEHTax. B nmaHHO#M paboTe MPOBOIUTCS YUCICHHOE
MOJICIUPOBAHUE TeUEHHUs paboydeil cpebl uepes 3aTBOP apMaTyphbl C UCIIOIb30BAHUEM
MeTo10B BhluucauTeNnbHOU TuApoauHamuku (CFD). AHanusupyrorcs mapaMerphbl
MOTOKA, MOTEPHU JaBJICHUS, KaBUTAITUOHHBIC dP(DEKTHI U BIUSHUE F€OMETPUU 3aTBOpPA
Ha XapaKTepUCTUKU TeueHus. [loydeHHbIe pe3ynbTaThl MO3BOJSIOT ONTUMU3UPOBATH
KOHCTPYKITUIO apMaTyphl JIJIs OBBIIICHUS €€ HaJIEKHOCTH U 3(PPEKTUBHOCTH.

KuoueBble ciioBa: 3aTBOp apMaTypbl, YUCICHHOE MOJICTUPOBAHUE, TUAPOIUHAMUKA,
CFD, xaBuTanus, 1aBjieHue, TypOyJIeHTHOCTh, paboyas cpeaa

1. BBegenue

3anopHasi apMaTypa MUPOKO MPUMEHSETCS] B TPYOOITPOBOIHBIX CUCTEMAaX Pa3IMYHBIX
oTpacjeil MPOMBIIIICHHOCTH, BKIIOYas JHEPreTUKY, HEPTEra3oBYH0 U XUMHUYECKYIO
MPOMBINIUICHHOCTh.  KimtoueBoW  3amadeil  sBisgeTcss oOecrneueHue  HaAeKHOTO
MEPEKPBITUSI U PETYIUPOBAHUS TIOTOKA pabodeil cpellbl ¢ MUHUMAJIbHBIMU TIOTEPSIMU
JNABJICHUS W IPEIOTBPAILICHUEM KAaBUTALUMOHHBIX MOBPEXIACHUM. YuCIeHHOE
MOJICJINPOBAHUE TEUYEHUS Yepe3 3aTBOP apMaTypbl IMO3BOJSET IPOTHO3MPOBATH
MOBEJAECHUE TOTOKA M BBISABISATH KPUTHUYECKUE 30HBI, BIMSIONIME HA JOJITOBEYHOCTH
KOHCTPYKIIUHU.

2.TeopeTquCKHeOCHOBLIMOHeﬂHpOBaHHHqueHHH
I[J'IH OIIMCaHUA IBMKCHHUA JKUIAKOCTHU MJIN I'a3a 4YCPC3 3aH0prIﬁ 9JICMCHT HCIIOJBb3YIOTCA

ypaBHeHus1 HaBbe-CTokca B cOUeTaHUM ¢ MOACIIAMH TYpOYJIEHTHOCTH:
-14 -



o k-& Mmogenn — npuMeHsieTCs U1 OLICHKH CPETHUX XapaKTEPUCTHK MOTOKA.

o Large Eddy Simulation (LES) — ucnone3yercs st 6ojiee TOYHOTO aHaIHM3a
TypOyJIEHTHBIX CTPYKTYD.

o VOF-meton (Volume of Fluid) — mo3BomnsieT yuuTthiBath 1ByX(a3Hbie TeUCHHUS,
Harpumep, NPy KaBUTAIUH.

['panuyHBIC yCIIOBUS BKJIIOYAIOT 3aJJaHUE BXOJHOIO JaBJICHHUS, pacxoja pabouelt cpebl
Y XapaKTEPUCTUK CTEHOK apMaTyphl.

3. MoaeupoBaHue MOTOKA Yepe3 3aTBOP apMaTyphbl

J1J1sl YMCIIEHHOT0 SKCIIEPUMEHTA BBIOpaHa MOJIEIb 33JIBUXKKH C PA3JIMYHBIMU CTEIICHSIMU
OTKpbITUs. MccaenyroTces clieayronye napaMmeTpsl:

¢ pacmpejielieHue CKOPOCTEN U aBIICHUS,
o KO3(PPUIMEHT THAPABIUICCKOTO COMPOTUBIICHUS,
o KaBUTAIIMOHHBIC 30HBI U IPO3UOHHBIC PUCKH.

PaccmoTpensl Tpu BapuaHTa OTKpbITUA 3aTBOpa: 25%, 50% u 100%, yto mo3Bonser
OIICHUTD BJIMSIHUE TEOMETPUU HA XapaKTEPUCTUKHU MTOTOKA.

4. AHam3 pe3yJibTATOB MO/IeJIMPOBAHUS
[TonyueHHbIEC TaHHBIC TOKA3BIBAIOT:

o Ilpu HemosHOM OTKpbLITHH (25%) HaOMIOAAIOTCS 3HAYUTEIBHBIC IOTEPH
JABJICHUSI 1 THTEHCUBHBIE BUXPEBbIE 00pa30BaHUS.

o Ilpu 50%-HOM OTKpPBLITHM BO3HUKACT 30HAa YCKOPEHHOTO  IIOTOKA,
yBEJIMYMBAlOIasi pUCK KaBUTAIIUH.

o IloJHOCTBIO OTKPBITHIN 3aTBOP 0OECTIEYMBAET HAMMEHbIIIee COMPOTUBJIEHHE, HO
JIOKaJIbHBIC TYPOYJICHTHBIC 30HBI BCE JK€ MPUCYTCTBYIOT BOJIU3H CTCHOK.

KaBHTaHHOHHBIﬁ dHaJIN3 IIOKa3bIBACT, YTO CHMKXCHHUC JOaBJICHHSA HHXKXC OaBJICHHA
HaACbINICHHOI'O IIapa BCIACT K O6pa3OBaHI/IIO IMapOBBIX IIY3bIPBKOB, BbI3BIBAIOIINX
9PO3HMOHHBIC ITOBPCIKACHNA.

5. OnTuMu3anMs KOHCTPYKIMU APMATYPbI

Ha ocHoBe MozenupoBaHus TPEAJIOKEHBI PEKOMEHIAMU MO  YJIYYIICHHIO
KOHCTPYKIIMHU:

o OnruMmuzanusi TEOMETPUHU CElIJIa U AUCKA 3aTBOPA 11 CHUYKEHUSI JIOKAIbHBIX 30H
pa3peKeHUs.

o IlpumeHeHME  AHTUKABUTAMOHHBIX  YCTPOMCTB Il  NPEAOTBpAILCHUS
Pa3pyLIMTEIBHOTO BO3AEHCTBHUS My3bIPHKOB.

o BriOop MarepmanaoB ¢ BBICOKON YCTOMYMBOCTHIO K KAaBUTAITMOHHOW JPO3HH
(HampuMep, KOMITIO3UTHBIE TTOKPBITHS WU HEPKABEIOIAs CTaJIb).
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6. BLIBOabI

YucnenHoe MoOJeNUpOBaHUE TeueHUs pabodeil cpeapl uepe3 3aTBOP apMarypbl
MO3BOJIUJIO BBIABUTH KJIIOUYEBBIE (DAKTOPHI, BIUAIOIIME HA TMOTEPU JABICHUS WU
oOpa3oBaHue KaBUTaluMu. ONTUMU3ALUS TE€OMETPUH U YIIYUILIEHUE KOHCTPYKLIMOHHBIX
pPELICHUI IO3BOJISAIOT TOBBICUTH HAJEKHOCTH M JIOJITOBEYHOCTh apMmaTrypel. B
JAIbHEMIIEM IUIAHUPYETCS TNPOBEACHUE HKCIIEPUMEHTAIBHBIX HCCICAOBAHUM IS
BepU(UKALUN YUCICHHBIX PACUETOB.

Jluteparypa

1. benses B.M. T'mapogumnamuika TpyOONpOBOJHOM — apMmaTypel. — M.:
Mammunoctpoenue, 2019.

2. Anderson J.D. Computational Fluid Dynamics: The Basics with Applications. —
McGraw-Hill, 1995.

3. Patankar S.V. Numerical Heat Transfer and Fluid Flow. — Hemisphere, 1980.

4. Wang L., Liu Y. CFD Analysis of Flow Characteristics in Valves. — Journal of
Fluid Mechanics, 2020.

5. Zwart P.J. Cavitation modeling in CFD. — Journal of Hydraulic Research, 2018.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

YK-621.396

MOJIEPHU3AIIASA PAJITUOJIOKAITMOHHOM CUCTEMBI C
NCITOJBb30BAHUEM IINUPOKOMNOJIOCHOI'O 3SOHAUPYIOLET'O
DPAZOMAHUITYJIMPOBAHHOI'O CUT'HAJIA

I'punenxo Anapei Uropesuy
MarucTpaHT, Y IbsIHOBCKHNA FOCYJapCTBEHHBIM TEXHUYECKUN YHUBEPCUTET
PO, r. YiabsHOBCK

I'yabmun BiaaguMup AJleKcaHapPOBHY

HAYYHBI PYKOBOAUTEIb, TOLUEHT, Y IbSIHOBCKUN FOCYAAaPCTBEHHBIA TEXHUYECKUI
YHUBEPCUTET

PO, r. YibsHOBCK

AHHOTAIIUA

CoBpemenHnble panuosiokannonnbsie cuctemsl (PJIC) TpeOyroT moBbIIEHUS TOYHOCTH
oOHapyXeHMsI M pa3pemiatonieil crnocoOHoctd. OJHUM U3 CIIOCOOOB MOJIEPHHU3AINU
TaKUX CHUCTEM SBJISIETCSI BHEAPEHHUE IIMPOKOIOJIOCHBIX (ha30MaHUIYIMPOBAHHBIX
CUTHAJIOB, KOTOPBIE ITO3BOJISIIOT 3HAYUTEIBHO YIYyUIIUTh XapaKTEPUCTUKHU OIIPEIEIICHUS
JAJIBHOCTH U YIJIOBOM TOYHOCTH. B cTarbe paccmaTpHuBaeTCs MPOLECC MOJACPHU3ALNN
PJIC ¢ wWCcHOJIB30BaHMEM  O3TUX  CUTHAJOB, BKIIOYas MeToAbl  (ha30BOro
MaHUITYJIMPOBAaHUS, UX BIUSHUE HA YBEIUYECHHE IIUPHHBI MOJOCHI MPOIMYCKAHUS U
MOBBIIICHHE  pPAa3pellalolIe  CIOCOOHOCTH  cucTeMbl. Takxke MpeacTaBiIeHO
MOJCJIUPOBAHUE U IKCIIEPUMEHTANIbHBIE PE3YNbTaThl, IEMOHCTPUPYIOLIKE YIyUIlIEHUE
XapaKTEPUCTHK IO CPABHEHMIO C TPAJAULIMOHHBIMH METOAMMU.

KuaroueBble cjioBa: pajnosIOKallMOHHASI cUcTeMa, (Pa30MaHUITYyJIMPOBAHHBIN CHUTHAJ,
HIMPOKOIIOIOCHAS nepenaya, paszperaronias COCOOHOCTb, JAIbHOCTD,
MOJICJIMPOBAHUE, CUTHANIbHAA 00pa0O0TKa, pauoIOKaLIHs

1. BBeaenue

COBpCMCHHBIe pPaarOJOKAINOHHBIC CUCTCMBI UCITIOJIb3YIOTCA B PA3JIMYHBIX 06J]3CT$IX, oT
O60pOHI>I A0 TI'paxKIaHCKOro IIPUMCHCHHUS, BKIKOYAadA CHCTCMbI MOHHTOPHHIA H
YIpPaBJICHUA. OI[HI/IM N3 OCHOBHBIX HaHpaBHeHI/Iﬁ COBCPIICHCTBOBAHUSA TAKHX CHUCTCM
ABJIACTCA IIOBBINICHUE HUX paspemafomeﬁ CIIOCOOHOCTH M TOYHOCTH. I[J'ISI JOCTHXKCHU
I9THUX ueneﬁ AKTHUBHO HUCIIOJB3YCTCA IIUPOKOITOJIOCHAA nepeaada 151
(baSOMaHI/IHy.TII/IpOBaHHBIC CHUTHABI. DTO MO3BOJISICT 3HAUUTEIIHLHO paCIupuTh AUAIIa30H
4JaCTOT U IMOBBICUTD PAa3pCIICHUC KAaK 110 AAJIBHOCTH, TAK U I10 YIIIY.
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2. TeopeTnueckue OCHOBBI (PA30MAHHUIYTHPOBAHHBIX CHTHAJIOB

da30MaHUITyIMPOBAHHBIE CHUTHAJBI TPEACTABISAIOT COOOW CHUTHAIBI, B KOTOPBIX
¢dazoBas mH(pOpMAIUI W3MEHSETCS B COOTBETCTBHM C 3apaHEe 3aJaHHON CXEMOW.
OCHOBHBIMH METOJIaMU MAHUITYJISIITUU (a30i SBISIOTCS:

o IlceBpomymoBasi MaHUNMyJsiuMsi — H3MEHEHHE (a3bl B 3aBUCHUMOCTU OT
MICEBIOCTYYalHOM MOCIIEI0BATEIBHOCTH.

o JIuHeiiHass MaAaHMIYJaAUMS — Pa3a U3MEHSAETCS MPONOPLIMOHAIBHO BPEMEHH, UTO
o0ecreynBaeT onpeieIEHHOE YIyUYllleHUue B JAIbHOCTU U TOUHOCTH U3MEPEHUM.

I[JIH peam3aliii 3THX MCTOJOB Ha PAJUOJIOKAIMOHHBIX CTAHIHWAX Tp€6y€TCSI
HCIIOJIB30BAHNC ITUPOKOIIOJIOCHBIX I'CHCPATOPOB, O6CCH€‘II/IB3IOHII/IX 6OJ'II>IHYIO IIOJI0CY
qaCTOT, 4TO CHOCO6CTByeT YIYYHICHHUIO Ka4CCTBA CUT'HAJIa U ITOBBIIICHUIO PAa3pCIICHUS.

3. [IpuMeHeHNe IMPOKOIOJIOCHBIX (pa30MaAHMITYIMPOBAHHBIX CUTHAJIOB

OcHOBHOII OCOOEHHOCTBIO HCIIOJIb30BAHUS IMUPOKOIIOJIOCHBIX CHUIHAJIOB ABJIACTCA
paciupCHUC CIICKTpa IICPCAABACMbBIX YaCTOT, YTO IIO3BOJIACT IIOBBICUTH TOYHOCTDH
H3MepeHHﬁ. 910 IIpUBOAUT K YMCHBIICHHIO HOI‘pGIHHOCTGﬁ InIpu OnpcaAcCiaICHNnu
JaJIBHOCTH U yrHOBOﬁ KOOPAHWHATLI 00BEKTOB. BHGI[pGHI/Ie TaKUX CHI'HAJIOB Tpe6yeT
YIydHaICHHA 3JICMCHTOB aHTCHHBI U CUCTEM O6pa6OTKI/I JaHHBIX.

[Ipy WCHONB30BAaHMKM IIUPOKOIOJOCHBIX CHTHAJIOB MOTYT OBITh JIOCTHUTHYTHI
CJICTYFOIINE TTPEUMYIIIECTBA:

e YBeEIUUYCHHE JaJIbHOCTH 06H21py>KGHI/IH ueneﬁ.
o IloBbIlIEHHE TOYHOCTH MO yIi1y U JaJIbHOCTH.
e YMCEHBIICHUE BIUSIHUS IOMEX U mryma.

4. MoaeanpoBaHue cuCTeMbI ¢ (PA30MAHUITYJTHPOBAHHBIM CUTHAJIOM

Jist otieHKu 3P PEKTUBHOCTU BHEAPEHUS IMUPOKOMOJIIOCHBIX (Pa30oMaHUTTyIMPOBAHHBIX
curHasioB B PJIC Obu10 MpOBEIEHO MOJEIUPOBAHUE C MCTIOIB30BAHUEM CTaHIAPTHBIX
PagUOJIOKAlMOHHBIX ~ Mozelled. MoaenupoBaHue IOKa3ajno, 4YTO CHCTeEMa C
(ha30MaHUMYIMPOBAHHBIMU CUTHATAMHU UMEET CIEAYIOIINE MPEUMYIIECTBA!

o IloBbleHue pazpemaronieid cnocoOHOCTH MO JanbHOCTH 110 25%.
o YnyumieHue yrioBoi TouHocTd Ha 15-20%.
o CHmxenue ypoBHs nomex Ha 30% npu yBEIMUEHHUH MOJIOCHI IPOITYCKaHUS.

Tax>ke OblIIH YUYTCHBI TapaMCTPbl aHTCHHBI 1 IPUCMHBIX CUCTEM, UTO I103BOJINJIO Ooiee
TOYHO CMOACINPOBATE PCAJILHOC IMOBCACHNUC CUCTCMbBI B YCJIOBHUAX BHCUIHCTO IIyMa U
ITIOMEX.
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5. Pe3yabTarhl 3KCHEPUMEHTAJIBHBIX HUCCIEA0BAHUIM

Jns npoBepku 3(PPEKTUBHOCTU MPEATIOKEHHOM MOJEPHU3ALUU OBLIO MPOBEACHO
HECKOJIBKO OKCIIEPUMEHTAJIBHBIX HCCIECOBAHUN, BKIIOYAIOUINX HCIOJb30BaHNE
(a30MaHUTYIMPOBAHHBIX CHUTHAJOB B  PAa3NMYHBIX YaCTOTHBIX JAHMAIa30HAX.
OKCHIEpUMEHTBl  MOKa3ajih, YTO LIMPOKONOJOCHAas Iepenaya JIEeWCTBUTEIBHO
3HAYUTEIBHO YIIy4YlIaeT pa3pelleHue MO AaJbHOCTH U YTy, a TaKkKe IMOMOTaeT
YMEHBIIUTH BIUSHIUE MHOTOJIYYEBOTO PACIPOCTPaHEHUSI.

6. BLiBoabI

MopepHuzaiusi paauoiIOKaIMOHHBIX CUCTEM C HMCIOJIb30BAaHUEM IIMPOKOIMOJIOCHBIX
(a30MaHUMYJIMPOBAHHBIX ~ CUTHAJOB  TO3BOJISIET  3HAYUTENBHO  MOBBICHUTH  HX
s pexTuBHOCTL. BHEApEHNE TAKUX CUTHAJIOB YJIY4YIIAET XapaKTEPUCTUKHU CUCTEMBI KaK
N0 JalbHOCTHU, TaK M 1O YIJIOBOM TOYHOCTH. Pe3ynbTaThl MOIEIUpPOBAHUS U
AKCIEPUMEHTAIIbHBIX UCCIEIOBAHUN OATBEPKAAIOT IEPCIEKTUBHOCTD UCTIOJIb30BAHUS
ATUX TEXHOJOTUH g yiydmieHuss padotel PJIC B yclOBHSIX IIYMOBBIX U
MHOTOJIyYEBBIX TTIOMEX.

Jlureparypa

1. Hukonaes A.U., PomanoB A.A. Ilpumenenue (azomMaHUITYyTUPOBAHHBIX
CUTHAJIOB B paauosiokanuu. — M.: Paguo u cBa3b, 2018.

2. Cnobomsarok  C.B.  MogenmupoBanue  paavoJOKAIlMOHHBIX  CHCTEM  C
WCIIOJb30BAaHUEM IIUPOKOMOJIOCHBIX curHaiioB. — JXypnan «Pamuodusuka u
3JIEKTpOHUKay, 2019.

3. Kuznetsov V.P., Shevchenko A.A. Wideband Radar Signals and Their
Applications. — Wiley, 2020.

4. Zhang Y., Zhao J. Wideband Radar Systems: Technology and Applications. —
Springer, 2017.

5. Muxaiinos B.E. OcHoBbI Teopun paauonokanuu. — M.: Beiciias mkona, 2003.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIIK-621.396.6

HEI'ATUBHOE BJIUAHUE ABTOMATU3UPOBAHHBIX CUCTEM
YIIPABJIEHUSA HA ITPOU3BOJACTBO ITIOJIETOB

KoJuioc Aprém Biagumuposuy

cTyneHT, kadenpa Nel3 «Cuctemsl aBTOMATU3UPOBAHHOTO YIPABICHUSY,
Cankr-IlerepOyprckuit Tocy1apCTBEHHBIN YHUBEPCUTET TPAXKIaHCKON aBUAIUH
P®, r. Cankr-IleTepOypr

Kpsbixkos UBan CepreeBuu

cTyneHT, kagenpa Nel3 «Cuctembl aBTOMATU3UPOBAHHOTO YIIPABICHUS,
Cankr-IlerepOyprckuii rocy1apcTBEHHbIN YHUBEPCUTET I'Pak1aHCKON aBUAIH
P®, r. Cankr-IlerepOypr

Coxkoui0oB Outer ApkaagbeBuY

Hay4HbI PYKOBOJUTENb, KaHJ. TEXH. HAYK, 1o1eHT, CankT-IlerepOyprekuii
rOCYJapCTBEHHBIM YHUBEPCUTET IPAKIAHCKON aBUALIUU

P®, r. Cankr-IlerepOypr

AHHOTAIIUA

ABTOMaTH3UpOBaHHBIE cUCTEMBI yIpaBieHus (ACY) cylecTBEeHHO U3MEHUIM MTPOLIECC
yIpaBiI€HUs] BO3AYUIHBIMU CylaMH, HOBBICUB 3()(PEKTUBHOCTh U 0OE30MACHOCTb
skcutyataiui. OJJHaKo, HECMOTPS Ha 3HAUYNUTEIbHBIE TPEUMYILIECTBA, OHU TAK)KE HECYT
B ce0e psAll MOTEHUUANIbHBIX YIPO3 U HETaTUBHBIX MOCIEICTBUMA NJisi MPOU3BOJICTBA
noJIeToB. B cTarhe paccMaTpuBarOTCS OCHOBHBIE aCMEKThl, CBA3aHHBIE C HETaTHBHBIM
BJIMSIHUEM aBTOMAaTHU3allMM Ha 0€30MacHOCTh U 3PQPEKTUBHOCTH MO0JIETOB. OnucaHbl
po0JIeMbl, CBA3aHHBIE C OIITMOKAMH B pa0OTE CUCTEM, 3aBUCUMOCTBIO OT TEXHUUYECKOTO
oOCIy’>KMBaHUS, a TAKXKE BIMSIHUE HA pEUIeHUs] MUJIOTOB U ornepaTopoB. MccnenyroTes
IIPUMEPHI CUTYAIMK, KOTJa aBTOMAaTU3alus CTaJIa IMIPUYMHON aBapui U UHUHUJICHTOB.
IIpuBeneHsl peKkOMEHAAIMHN 110 MUHUMHU3alUN PUCKOB, CBSI3aHHBIX C UCIIOJIb30BAHUEM
ACY B aBnanum.

KarwueBble cjoBa: aBTOMaTU3UPOBAHHBIE CHUCTEMbl YyHOpaBJICHUSA, OE30MACHOCTH
MOJIETOB, AaBUALIMOHHBIC WHIIUJICHTHI, OIIMOKH AaBTOMATH3aIlMH, 3aBUCUMOCTH OT
TEXHOJIOTHA, IKCIUTyaTaI[AOHHBIC PUCKH, aBAPUH, YEJIOBEUYECKUH (haKTOp

1. BBenenue
ABTOMAaTH3alMsgd B aBUAIIMM 3HAYUTEIBHO VYIYUIIWIA YIPABICHUE BO3IYIIHBIMU

CyJlaMH, CJiejiaB ux 0oJjiee TOUHBIMU, HAJIC)KHBIMU U 3((HEKTUBHBIMU.
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Copemennbie ACY 1MO03BOJISIIOT CHU3UTh YEJIOBEYECKUM (PAKTOp, ONTUMHU3UPOBATH
MpOIeCChl 1 MUHMMH3UPOBATh OIIMOKH, OJHAKO BHEIPEHHE aBTOMATHU3UPOBAHHBIX
TEXHOJOTUNA HE M30aBIISIET OT MOTEHIMAJIbHBIX PUCKOB. B mocneaHue necsTuieTus
HaOII0/1aeTCsl pacTylas 3aBUCUMOCTh OT aBTOMATU3WPOBAHHBIX CHCTEM, UYTO B Psijie
CJIy4aeB MPUBOJUT K YXYJUIEHUIO KAYECTBA YIPAaBJICHUS, MOBBIIIEHUIO BEPOATHOCTH
UHIUICHTOB U JIa)ke aBapuil.

2. IIpo6JieMbI aBTOMATH3ALMH B AaBUALINH

ABTOMaTH3UPOBAHHBIE CHUCTEMBI YMPABICHHUS, HECMOTPs Ha CBOIO 3()(PEKTHUBHOCTS,
MMEIOT PSJ HEJOCTAaTKOB, KOTOPBIE MOTYT IPHUBECTH K HETATUBHBIM IOCIIEICTBUSM.
Haubosee 3HauMMbIMM U3 HUX SIBIISIFOTCSI:

o HeraruBHoe BJMfIHHME HAa HABBLIKH NWJIOTOB — C YBEIUYCHHEM CTEICHU
aBTOMATH3AIMHA THJIOTHI MOTYT TEPATh HABBIKM PYYHOTO YIIPABJICHHS, YTO
CTaHOBUTCS IPOOJIEMOI! ITPU OTKa3aX CUCTEMBI.

o Ommubxu B padore ACY — cOou B paboTe MpOrpaMMHOT0 0OECIICUCHUS WIIH
CEHCOPHBIX YCTPONCTB MOTYT MPUBECTH K HEBEPHBIM pacdeTaM, HEKOPPEKTHOMY
(YHKIITMOHUPOBAHUIO CUCTEM M, KaK CJIEJICTBUE, aBAPUNHBIM CUTYAIHSIM.

o 3aBHCHMMOCTB OT TEXHOJIOI'HI — B CITy4ac 0TKa3a aBTOMAaTHYECKON CUCTEMBI UJTU
cbost B ee paboTe MUIOTHI MOTYT HE YCIIETh aJeKBaTHO CPEarupoBaTh, TaK Kak
OHM TIOJIATAIOTCSl Ha AaBTOMATHUYECKHE CUCTEMBI AJII MPHUHATUS KPUTHIECKHX
PELICHUMN.

3. IlpyuMepbl HHIUIEHTOB M ABapHH

OnHUM U3 SPKUX TMPUMEPOB HETATUBHOI'O BO3JECUCTBHUS ABTOMATU3ALUM SIBISCTCS
MHUUJEHT ¢ aBuanaiHepom, npousomenmuii B 2009 roay, korga omudKa B cCUCTEME
ABTOMATHUYECKOIr0 yIPaBIICHUS MPUBEJIA K KPYIIECHUIO camoiieTa. B pe3ynbprare aBapun
OBUIO YCTAHOBJIEHO, YTO aBTOMAaTU3MPOBAHHAs CHUCTEMa YIMPABJICHUS OIIMOOYHO
WHTEPIPETHPOBAIA TAPAMETPHI M0JIETA, ¥ TUJIOTHI HE YCIIEJIM BOBPEMSI BMEIIATHCA. ITO
CTajJo pe3yJbTaTOM Kak cOOs B aBTOMATHKE, TaK M HEIOCTATOYHOM TOJTOTOBKH
JKUIAXKA K JIEUCTBUAM B KPUTHUYECKOW CUTyalINH.

JpyruM NmpuMepoM SBISETCA CIIydail, KOTa 3aBUCUMOCTh OT aBTOMAaTH3UPOBAHHBIX
CUCTEM IIpUBENA K TOMY, YTO MHJIOTHl HE CMOIJIM OINEPATHUBHO BEPHYTh CAMOJIET HA
PYYHOE YIIpaBJICHHE, HECMOTPsI Ha sIBHbIE IIPU3HAKU HEUCIIPABHOCTH.

4. Biiusinue 4esi0Be4eckoro paxkropa

OnHUM W3 TIaBHBIX ACIEKTOB, KOTOPBIM HEBO3MOXHO HCKJIIOYWTH MPU BHEAPECHUH
aBTOMAaTU3allMM, SBIsSIeTCS  4esioBedyeckumii  ¢akrop. OmuOKu  onepaTropos,
HEBHMMATEJIbHOCTh WJIM HEJOCTaTOYHasl MOJrOTOBKAa MOTYT YXYAIIUTH PaboOTy Jaxe
caMOM HaJexHOM cucteMbl. B ciywasx, korma ACY HE MOXKET KOPPEKTHO
MHTEPIPETUPOBATh MU3MEHEHUS B CUTYyalUsIX, TPEOYIOIIMX HEMEIJICHHBIX PEIICHUH,
POJIb YETIOBEKA B IPUHATUU PELICHUN CTAHOBUTCS PEILIAIOLICH.
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O,Z[HaKO M30BITOYHAS aBTOMAaTu3aluda MOKET YMCHBIIUTD CITOCOOHOCTh YEJIOBEKa
6I>ICTpO p€arupoBaTb Ha HCCTAHAAPTHLIC CUTYalluH.

5. PUCKH ¥ MepbI 10 MUHMMU3AUUM HETaTUBHbBIX MOCJIEICTBUI

I[JIH MHUHHUMH3AOUN PUCKOB, CBA3AHHBIX C aBTOMaTHSaHHCﬁ, Ba)XHO IIPpUMHUMATb
KOMIIJICKCHBIC MCPBI, TAKUC KaK:

o lloBbIIeHUE YypPOBHSA MOATOTOBKH MUJIOTOB U TEXHUYECKOIO MEpPCOHaNa IS
paboThl C aBTOMAaTU3MPOBAHHBIMU CHUCTEMaMH W JCHCTBUSAM B OSKCTPEHHBIX
CUTYaIUX.

o OOHOBNEHHME U TecTUpoBaHUE mporpammHoro obOecneuenus ACY s
penoTBpaIieHus: cOOeB.

o PerynsipHble TPEHUPOBKH U CUMYJISIITUU KPUTHUECKUX CUTYallMi, BKIIIOUast OTKa3
CUCTEMBI U MEPEX0/]l Ha PyYHOE YIIpaBJICHHE.

o Pazpabotka cucTeMbl MOHUTOPWMHTAa H JIMATHOCTHKH, KOTOpas MOXKET
CBOEBPEMEHHO OOHAPY)KMBATh HEHUCIPABHOCTH B paboOTe aBTOMATUYECKUX
cucteM U HHGOPMHUPOBATH OTepaTopa 0 HEOOXOAMMOCTH BMEIIATEILCTRA.

6. BeiBOabI

ABTOMaTH3aIMsl YNPABICHUS B aBUALIMM IPUBHECHA 3HAYUTEIbHBIC YIYUIICHUS B
6e3onacHoCTh U 3P(HEKTUBHOCTH MoJieToB. OJIHAKO OHA TaK)XEe HECET B ceOe PUCKH,
CBSI3aHHBIE C 3aBUCHUMOCTBIO OT TEXHOJIOTHUI U BO3MOKHBIMHU OIlIOKkaMu B padote ACY.
BaxHO mpoaoipKkaTh COBEPIICHCTBOBATH CHUCTEMBI, MUHUMHU3UPOBATH YEIOBECYECKUU
(GakTOp M PEryJspHO NPOBOAUTH OOyYEHHE IMEpPCOHAIa JJII CBOEBPEMEHHOIO
pearupoBaHus Ha JIOObIE HEIITATHBIE CUTYAIIUU.

Jlureparypa

1. Jxeiimc C. Xepuor. IIpobnembl aBTOMaTU3allMk B aBuanuu. — M.: DHeprus,
2016.

2. lleBuenko B.E. YenoBeueckuii pakTop B aBUaLMU: TMPOOIEMBI U PEIICHUS. —

CII6: Ilomurexnuka, 2018.

Norman D. The Design of Everyday Things. — Basic Books, 2013.

4. Jlucakos B.P. OmmOku B aBuanuu: OT NMPUYUH 0 NpeaoTBpaiieHus. — XXypHai
«ABHaNMOHHBIE TeXHOIOruM», 2019.

5. FAA Safety Briefing. Human Factors in Aviation. — Federal Aviation
Administration, 2015.

w
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIIK-629.7

HEOBXOIUMOCTbDb BHEJIPEHUS AKTUBHbIX
ABTOMATHU3UPOBAHHBIX CUCTEM INTPEJOTBPAILIIEHUSA
BBIKATBIBAHUSA BO3AYIIHBIX CYIOB 3A ITPEJEJIBI BIIIT

ITaBaenko OJuer BagumMoBuu

ctyneHT, CankT-IleTepOyprckuii rocy1apCTBEHHBIM YHUBEPCUTET TPaKIaHCKOMN
aBHaIuu uMeHu [ 'maBHoro mapiana aBuanuu A.A. HoBukoBa

P®, r. Cankr-IlerepOypr

AHHOTAIIUA

B crathe paccmarpuBaeTcsi akTyalibHash mpoOjeMa MNpeaoTBpaIEeHUsS BBIKATHIBAHUS
BO3AYIIHBIX CYAOB 3a TMpeaeibl B3jleTHO-nocanouHoil mnojockl (BII), koropas
MPEACTABISIET COOOW OJHY M3 3HAYUTEIBHBIX Yrpo3 O€30MACHOCTU BO3AYIIHOIO
IBWXEHUSI. BHeIpeHWe aKkTHUBHBIX aBTOMATU3UPOBAHHBIX CHUCTEM NPENOTBPAILICHUS
BbikaThiBaHUs (AAC) MpeCcTaBIseTCsl BAKHBIM IIATOM JIJIs TIOBBIIIEHUSI 0€3011aCHOCTH
Ha a’poapomax. OnucaHue CUCTEMbI BKIIIOYA€T OCHOBHBIC MPUHIUIBI €€ PadoThI,
METOJbl MHTErpalydi C APYTMMHU a’3pOAPOMHBIMU CUCTEMaMH, a TAKXKE IPUMEPHI
YCIICIIHOTO NPUMEHEHHSI TAaKUX TEXHOJIOTMU. PacCMOTpeHbl Takke NMOTEHIUAJbHbIC
PUCKM, CBSI3aHHBIE C HENpaBWIbHBIM (QyHKUMOHUpoBaHueM AAC, a Takke
PEKOMEHJAIUH 10 JaJIbHEHIIIEMY YIYUIICHUIO UX 3()PEKTUBHOCTH.

KiaroueBble ciioBa: ABTOMATU3UPOBAHHBIC CUCTCMEI, ITPCAOTBPAIICHUC BbIKATbIBAHUS,
0e30MacHOCTh IMOJICTOB, BO3AYIIHLBIC CYyJid, B3JICTHO-IIOCAA09HAas 1I10JI0Ca, adpOJAPOMHBIC
TCXHOJIOTHH, aKTUBHBIC CHCTCMBbI 6630HaCHOCTI/I, aBHallMOHHAas1 0e3011acHOCTh

1. BBenenue

CoBpemeHHas aBualus NPeIbIBISET BHICOKHE TPeOOBaHUS K 0€30MacHOCTHU TOJIETOB,
0cOOEHHO Ha JTamne B3jeTa W nocagku. OIHOW M3 CaMbIX CEPBE3HBIX Yrpo3 i
0€30IMacHOCTH Ha a’pOJAPOMaxX SBJISIETCS BO3MOXKHOCTh BBIKATBHIBAHUSI BO3IYIIHBIX
cynoB 3a mnpenensl BIIIIL, 4to MOXeET mnpuBeCTM K AaBapUWHBIM CUTYyalUsM U
karactpodam. [losiBneHue M pa3BUTHE aBTOMATU3MPOBAHHBIX CUCTEM YIIPAaBJICHHUS B
aBUAllMM TIO3BOJIUJIO TIPEJIOKUTh pEHIeHUs JUIsi TPEIOTBpAIICHHs] T0I00HBIX
WHIUJECHTOB.

AKTHBHBIE aBTOMATH3WPOBAHHBIE CHUCTEMbI MpenoTBpaiieHusi BoikaThiBaHUS (AAC)
ABJISIFOTCS BQXKHBIM JIEMEHTOM TaKUX PEIIEHUNA. DTH CUCTEMbI pabOTalOT Ha OCHOBE
PA3JIMYHBIX JaTYUKOB U AJITOPUTMOB, KOTOPBIE MTO3BOJIAIOT MPEICKA3aTh BO3MOKHOCTh
BBIXO/JAa BO3AYIIHOTO CyJHA 3a MpEeIesbl IMOJOChI U CBOEBPEMEHHO BMEIIATHCS B
IIPOLIECC YIIPABJICHUS.
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2. IIpoGsiema BoikaThIBaHuA 32 nipenesb BITIT

Brixar 3a npenensr BIIIT mokeT mpoU30MTH 1O MHOKECTBY IPUYUH, CPEAU KOTOPBIX
MO>KHO BBIJICIIUTD:

« Hapymenue pexuma nocajku UM B3JeTa, KOTJA CAMOJIET CIUIIKOM OBICTPO
WIHM CIIUIIKOM MEJIJIEHHO MOJ0UPAET CKOPOCTh, UTO YBEJIIMYMBAET BEPOSTHOCTH
BBIXO0/1A 32 IIPEAEINBI MTOJOCHI.

o HenpaBwibHble JefiCTBUS IKHMIIAKA B SKCTPEMAIIBHBIX YCJIOBUAX, TAKUX KaK
JI0Xast BUIMMOCTh WJIH OTKa3 000pyA0BaHUSI.

o Cocrosinue BIIII, nampuMep, HAJIMYKE JIb/IA WU CHETA, UTO CHUXKAET CLICTIICHUE
I1aCCHU € ITOBEPXHOCTHIO.

Takue HHIUACHTBI MOI'YT HMCTb KaTaCTPO(i)HIIGCKI/IG IHOCJICACTBHA, BKIIIOYasd
MMOBPCIKACHUA BO3AYIUIHBIX CYA0OB, d TAKIKC YI'POKATD JKU3HU IMACCAKUPOB U IKUIIAXKA.

3. MeTOIH)I npeaorBpamecHusi BbIKATbIBAHUA C HCIOJIB30BAHUEM AKTHUBHBIX
ABTOMAaTU3HPOBAHHBIX CUCTEM

AXTHUBHbBIC ABTOMATHU3HUPOBAHHBIC CUCTCMBI ITPCAOTBPAIICHNA BHIKATBIBAHWA pa60Ta10T
B PCAaJIbHOM BpPCMCHH, OTCICKHBAA IIapaMCTPBI IIOJICTA M COCTOAHHA ad’poApoma.
HpHHIII/IH ux pa6OTI)I 3aK/IIIOYaCTCA B aHAJIN3C MHOXKCCTBA JdHHBIX, BKIIIO4YasA CKOPOCTD,
YIoJl HaKJIOHa, COCTOSAHHUC BHH, a TaK¥XC I/IH(I)OpMaIII/II-O OT CHUCTCMbl HaBUI'allUM H
JaTYUKOB BO3AYITHOI'O CyaHaA.

KuaroueBbie MeTOABI:

o IlpeaynpexaeHue 3KMIAKA C ITIOMOIIBIO 3BYKOBBIX U BU3YAJIbHBIX CUTHAJIOB O
BEPOSTHOCTH BBIKaThIBaHUs 3a npeaensl BIIIL.

o ABTOMATHYECKOE BMENIATEJIbCTBO B CUCTEMY YIPAaBJICHUS CAMOJIETOM ISt
KOPPEKTUPOBKHA HAMNPABICHUSI W CKOPOCTH, €CIIM PACUETHBIE NapaMeTpbl
YKa3bIBaIOT HA YIPO3y BBHIKATHIBAHUS.

o HHTerpamus ¢ cucremMamMu YNpaBJIEHUSl JABHKEHHEM HA a3poJApoMe, 4TO
MO3BOJISIET ABTOMATU3MPOBATh B3aUMOJICUCTBUE MEXAY BO3AYIIHBIM CYJIHOM U
HA3eMHBIMU CITy>KOaMHU.

4. IIpumeps! npumenennss AAC

BHenpeHnne Takux CHCTEM YK€ AKTHBHO HCIOJIB3YETCS Ha HEKOTOPBIX KPYITHBIX
MEXIYHApOAHBIX a’poapomax. Hampumep, B aspomoprax CIIIA u EBpomnbl Obuin
MPOBEJICHbI HCMBITAHUS U YCHEIIHO BHEJIPEHBI CHUCTEMBI, CIIOCOOHBIE B pPEaIbHOM
BPEMEHHM KOHTPOJIMPOBATh ABWKEHUE BO3AYIIHBIX CYAOB, MPEAYNPEXAaTh O
BO3MOXKHOCTH BBIKATHIBAHWS W, B Cly4ae HEOOXOJUMOCTH, aBTOMATUYECKU
BMENIMBATHCS B mporecc. OHUM U3 TPUMEPOB SIBISIETCS UCIIOIb30BAHUE CHCTEMBI
Runway Incursion Prevention System (RIPS), kotopasi HMHTErpupyeT AaHHBIC C
JAaTYAKOB BO3JIYLIHBIX CYJAOB M a3pOAPOMHBIX CHUCTEM JUISl MPEIYIPEKICHUS
BO3MO>KHBIX UHIIUJECHTOB.
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5. PUCKH ¥ BBI3OBBI

Hecmotps Ha BricoKyt0 3 dextuBHOCTs AAC, CyIIeCTBYET psii pUCKOB, CBSI3aHHBIX C
UX BHEJPEHUEM:

o Texnuueckune cOom B paboTe CUCTEM, KOTOPHIE MOTYT NPUBECTH K JIOKHBIM
OpeIyNpPEKICHUSM WIH, HA0O0OPOT, K OTCYTCTBUIO HEOOXOIMMBIX CUTHAJIOB.

o 3aBHCHMOCTb OT TEXHOJIOTMH — €CIIi CHCTEMbl HE OYIyT MpPaBUIIBHO
MHTETPUPOBAHBI C JAPYTMMHU a’pOAPOMHBIMU CEPBUCAMH, MOTYT BO3HHUKHYTh
poOJIEMBI C KOOPAUHALMEN TEHCTBUI SKUINaXXa U HA3EMHBIX CIIYXkO.

o BpIcoKasi cTOMMOCTH BHEJAPEHUS] U 00CIYyKUBAHUS, YTO JIEIAECT 3T CUCTEMBI
HEJIOCTYIHBIMU JJIs1 HEOOJIBIINX U CPEIHUX adPOIOPTOB.

6. BeIBOABI

HeobxonumocTh BHE/IPCHUS AKTUBHBIX aBTOMATU3UPOBAHHBIX CUCTEM
MpEOTBpAICHUs BBIKATHIBAHMUS BO3IYIIHBIX Cyl0B 3a mnpenensl BIII oueBuana.
CucTeMbl MOTYT 3HaUUTEIIBHO MOBBICUTH 0€30MaCHOCTh Ha a’poIpoMax, MUHUMUZUPYS
PHCKU aBapUITHBIX CUTYAIINH, CBSI3aHHBIX C HEMTPABWIbHBIM YIIPABICHUEM BO3IYIITHBIMU
CyJlaMH Ha MOCaJKe WM B3jeTe. BaxkHO MpomoOIKaTh HCCIENOBAaHUS U Pa3padOTKHU B
0o0JIaCTH aBUAIMOHHBIX TEXHOJIOTHH, YIydlllas CHUCTeMbl IS TIOBBIIMICHUS HUX
3 PEKTUBHOCTH U CHUXKEHUS BEPOSITHOCTH OIIMOOK.

Jlureparypa

1. [eBuenko B.I1., Ky3nenoB A.b. ABTOMaTu3upoBaHHbIE CUCTEMBI YIIPABIEHUS B
aBHAIMU: TeOpuM U npaktuka. — M.: Hayka, 2018.

2. denepanbHOEe  aBHAIMOHHOE  areHTCTBO. PyKOBOJCTBO 1O  cHCTEMaM
MpeI0TBpaIlleHUS BbIKaThiBaHUs. — Bamuurron: FAA, 2020.

3. MensaukoB C.H. TexHomorum Oe3omacHocTn Ha al’poapomax. — CIIG.:
ITomurexumka, 2019.

4. CumonoBa H.B. VHHOBanMOHHBIC MOJIXObI B aBHAIMOHHON OE30MAaCHOCTH. —
Kypnan «Aspoapomubie TeXHOIOTUW», 2021.

5. FAA Safety Briefing. Runway Safety Systems. — Federal Awviation
Administration, 2017.

-25-



/ﬁlﬁi‘é‘h

N7 HAYKA 1 MUPOBO33PEHUE

VIIK-662.7

@ HAYUYHBIA ) KYPHAJI

BOJOPOJI KAK AJJbTEPHATHBHBIN BUJI TOTLJIMBA

CxopuxoB Biraguciaas Pyciianosunu
cTyneHT, [lonurexauueckuit unctutyt, punuan AI'TY
P®, r. Taranpor

AHHOTAIUA

B crartbe paccmaTpuBaeTcs BOJOpPOJ KakK IEPCHEKTUBHBIM allbTEpHATUBHBIA BH[
TOIUIMBA, KOTOPBIA MOXET CYIIECTBEHHO IOBIUATh Ha OyIyllee SHEPreTU4ecKou
orpaciau. Bomopoa sBIETCS SKOJOTMYECKH YHMCTBIM MCTOYHUKOM DJHEPTUM, IIPU
C)KMTaHUHM KOTOPOro o0pa3yercs TONbKO BOJA, YTO JIEJaeT €ro MpUBIIEKATEIbHBIM JUIS
NPUMEHEHUS B Pa3JIMYHBIX OTPAciisiX, BKJIOYash TPAHCIOPT, HNPOMBIIUIEHHOCTh U
sHepretuky. OnucaHbl OCHOBHBIE TEXHOJIOTMM IMOJYYEHUS BOJOPOJA, TaKHE Kak
ANEKTPOJIU3, MApOBasi KOHBEPCHUS METaHa U pyrue. Takke paccMOTpPEHbI NPOOJIEMbI U
BBI3OBBI, CBSI3aHHBIE C XPaHEHUEM HW TPAHCHOPTUPOBKOM BOJAOpPOAA, a TaKKe
aHAIM3UPYETCS €ro 3KOHOMHYECKas LEeJIecOO0pa3HOCTh B KOHTEKCTE TIJ00abHBIX
TEHJCHUUI B YHEPTE€TUKE U IKOJIOTHU.

KuroueBnie cioBa: BOJOpOJ, albTEPHATUBHOE TOILIMBO, JHEPrETHUKA, 3JIEKTPOJIU3,
HKOJIOTUS, TOIUIMBHBIE  3JEMEHTHI, BO300HOBJIIEMbIE HMCTOYHHUKH  OJHEPIUH,
DHEPreTUYECKUM MEPEXOL

1. BBegenue

C yBenuueHneM NoTpeOHOCTH B SHEPTUHU U PACTYILIMMHU 3KOJIOTUYECKUMHU ITPOoOIIeMaMH,
CBA3aHHBIMM C HCIIOJIb30BAHWEM TPAJMIMOHHBIX HCKOMAEMBIX TOILUIUB, CTAHOBUTCS
OYEBUJHONW HEOOXOAMMOCTh IOMCKAa QJIbTEPHATUBHBIX W DKOJOTUYECKH YHUCTBIX
VMCTOYHHMKOB 3HEpruu. Boaopox, Kak OIMH W3 TAaKUX MCTOYHUKOB, IPUBIIEKAET
BHMMAaHHUE YYEHBIX U MHKEHEPOB MO BceMy MUpy. OH HE TOJIBKO MMEET OOJbIION
AHEPreTUYECKU MOTEHIMald, HO M HE 3arpsi3HseT arMochepy MpU CKUTaHUH, YTO
JIENaeT €ro KIIYEBBIM 3JIEMEHTOM B OOppOe C TIIOOANbHBIMU KIMMATUYECKUMU
WU3MEHEHUSIMU.

2. IIpodJiema MCHOJIB30BAHUS TPAAUIIMOHHBIX HMCTOYHMKOB JHEPIUH

TpaJII/II_II/IOHHBIC HNCKOIMACMbIC HMCTOYHHUKHU OHCPIrHH, TaKHE KaK He(l)TB, YIrojlb Hu
HpHpOlIHBIﬁ ra3, ABIAOTCA OCHOBHBIMH KOMIIOHCHTaAMH rJI00aJIbHOM 3HepFeTI/IIIeCK0ﬁ
CHCTCMBEI.
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OpnHako UX UCHOJB30BAHKUE MPUBOAUT K HEFAaTUBHBIM MOCIEACTBUAM JIJIsl OKPY>Karolen
Cpelbl, BKIItoUasi BRIOPOCHI YTAEKUCIIOTO Ta3a U APYTUX 3arpsA3HSIONIMX BEIIECTB, YTO
CHOCOOCTBYET IrI00aNbHOMY MOTEIUICHUIO U yXYALICHUIO KadyecTBa Bo3ayxa. B cBs3u ¢
TUM BO300HOBIISIEMbIE MCTOYHUKW SHEPTUU, TaKMEe KaK COJHEYHBIC M BETPSHBIC, a
TaK)Xe BOJIOPOJ, PACCMATPHUBAIOTCA KaK MEPCIEKTUBHBIE PEIICHUS IS JOCTHKEHHUS
YCTOMYUBOIO SHEPTeTUYECKOT0 Oy TyIIIETO.

3. TexHo10ruM NMOJIy4eHHUs] BOAOPOAA

BOI[OpOI[ MOJKHO II0JIy4aTb pPa3JMYHbIMU MCTOAdMH, KOTOPBIC MOKHO YCJIOBHO
Pa3acCinTb Ha IBa OCHOBHBIX THIIA:

doccuibHbIE MeETOAbI — TIOJYYEHHE BOJOPOJa IMyTeM IepepaboTKu
yIIEBOAOPO/IOB, TAaKUX KakK MPUPOJHBIA ra3, ¢ HUCIOJIb30BAaHUEM MapOBOU
KOHBEPCUU MeTaHa. DTOT MPOIECC ABISIETCSI MEHEE IKOJIOTMYHBIM, MOCKOJIBKY
COTPOBOXK/IAETCS BBIOPOCAMHU YTIIEKHCIIOTO ra3a.

Bo3o0HoBJIsIeMbIe MeTOIbI — KCIOJIH30BAHNE BO30OHOBIISIEMBIX HCTOYHUKOB
SHEPruu [JIs TMPOU3BOJACTBA BOJOPOJA, TaKUX KakK »dJIEKTPOJIM3 BOJBI C
WCITIOJIb30BAHUEM OSHEPrUU COJHEYHBIX U  BETPAHBIX YCTAHOBOK. JTO
AKOJIOTMYECKHA YUCTHIA METOJ, OJIHAKO €ro BBICOKHE KalUTaJbHbIEC 3aTpaThl U
CTOMMOCTb SHEPIUU OCTAIOTCS BBI30BOM JIJIs1 MACCOBOTO IPUMEHEHHS.

4. HpenMymeCTBa BOJ0POJa KakK aJIbTEPHATHBHOI'O TOIJIMBA

OcHOBHBIE npeuMyniecTsa BOAOPOJAAa KaK aJIbTCPHATHBHOIO HCTOYHHKA OJOHCPIHUH
BKJIIOYAarOT:

JKojJoruyeckasi 4ucrora. Bomopon He BBIOpachIBacT YIVIEKHCIOTO Ta3a M
JIPYTHUX 3arpA3HSIONIMX BEIIECTB MPU MCMOJIb30BaHNU, YTO 3HAUUTEIBHO CHHUYKAET
ero Bo3jelcTBUE Ha aTMOchepy.

Bbicokasi 3Heprusi Ha eIUHUIY Macchl. Bogopoa uMeeT BBICOKYIO YICJIbHYIO
DHEPrui0, 4YTO JenaeT ero dS(PGEeKTUBHBIM HCTOYHUKOM DHEPrHUU IS
TPAHCTIOPTHBIX CPEJACTB U IPYTUX PUMEHEHHUI.

I'mOkocTh B MCNOJIB30BaHUU. BOIOpOoa MOXKHO MCIIOIB30BATh HE TOJIBKO IS
MPOM3BOJICTBA JICKTPUUYECTBA, HO U JJIsI OTOIJICHHUS, B IPOMBILIIJICHHOCTH U Kak
TOILJIMBO JIJISI TPAHCIIOPTHBIX CPEJICTB.

5. IIpo0JieMbl ¥ BBI30BbI IPUMEHEHHUS BOJOPOAA

HecmoTtpst Ha siBHBIE TPEUMYIIECTBA, CYHIECTBYIOT HECKOJBKO MPOOJEM U BBI3OBOB,
CBSI3aHHBIX C IIMPOKHUM ITPUMEHEHUEM BOJIOPOAA:

TpancnopTupoBka u xpaHenue. Bojopon o06mamaer HU3KON TUIOTHOCTHIO
DHEPTUU B KUIKOM BHUJEC U TPEOYET CIOKHBIX TEXHOJOTHUU NJIsi XpaHEHUsS U
TPAHCIIOPTUPOBKHU, TAKUX KaK CKUKEHUE WU CKaTHE B OaJlJIOHAX.
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o BrpIcOKass CTOMMOCTHL NPOU3BOACTBA. TEXHOJIOIMM IIOJyYEHHs] BOJOPOJA,
0COOEHHO IKOJIOTUYECKH YHUCThIE, TPEOYIOT BBICOKUX 3aTpaT Ha 00OpYyI0BaHHE U
SHEPrulo, 4YTO OTpPaHMYMBAET WX OHKOHOMUYECKYIO I€J1ecOo00pa3HOCTh Ha
TEKYIIN MOMEHT.

o MHudpacrpykrypa. HeoOxoaumocTs co3gaHus HOBOM HHQPPACTPYKTYPHI IS
XpaHeHus!, TPAHCTIOPTUPOBKU M MCIOJIB30BaHUs BOJIOPOAA B OONBIINX 00BbeMax
TpeOyeT 3HAUYUTEIbHBIX HHBECTHULII.

6. HepCHeKTHBbI H 6yuymee BOA0pPOda KaK aJIbTEPHATHBHOI'O TOILVINBA

IlepciexkTrBBI BOAOPOJA KaK QJIBTEPHATUBHOIO HWCTOYHUKA DJHEPTUU  BBITJISAAT
MHoroo6emiaromne. Bo MHoOrumx crpaHax yxke pa3paOaTbhiBalOTCS MPOrpamMMbl I10
YBEJIMYEHHUIO MIPOU3BOJICTBA U MCIIOJIB30BaHMsI BOJAOPOAA, YTO OyAeT CoCOOCTBOBAThH
CHIDKEHHIO €r0 CTOMMOCTH M yIydlleHHI0 HH(pacTpykTypbl. COBMECTHBIC YCHIIHS
rocyZapcTB M YaCTHBIX KOMIAHUN MOTYT IPHUBECTH K 3HAYUTEIBHOMY CHH)KCHHIO
3aTpaTr Ha XpaHEHHWE U TPAHCIIOPTUPOBKY BOJOPO/A, @ TAKIKE YIIYUIICHUIO TEXHOJIOTUN
€ro IIPOU3BOJCTBA.

7. BbIBOaBI

Bomopoa mpencraBisger co0OOi IMEpPCHEKTHBHBIM abTCPHATUBHBIA BHUJ TOILIMBA,
KOTOPBIE MOJKET CBHII'paTh KIIOUEBYIO pOJIb B DSHEpreTH4YeckoM mepexonae. OH
IpeiaracT dKOJIOTHYECKH YHCTBIM CHOCOO  YAOBJIICTBOPEHHUS OSHEPreTHUCCKUX
nmoTpebHOCTel 0Oe3 ymepOa miIg okpyxkaromeld cpenpl. OmHAKO I IIHPOKOTO
pacipocTpaHEHHUS BOJIOPO1a HEOOXO0IMMO IIPEOI0JICTh TEXHHUYECKUE M SKOHOMUYCCKUE
Oapbepbl, TaKWe KaK BBICOKAs CTOMMOCTh M CIOXKHOCTH C HHMpacTpykTypoiul. B
OyaymeM BOJOPOJ, BEpOSTHO, CTAaHET HEOTHEMJICMOM YacThiO0 TIJIOOANBHOU
HHEPreTHUECKON CHCTEMBbI, OCOOCHHO C Pa3BUTHEM TEXHOJIOTHH W CHIDKEHHEM IICH Ha
TIPOU3BOJICTRBO.

Jlureparypa

1. Pe6pos B.A., Kapnenko H.W. Bomopos kak TormmuBo OyayIiero: BO3MOXHOCTH U
BbI30BBI. — M.: DHeprus, 2019.

2. Ilerpor C.H. TexHOIOTHN MPOU3BOJACTBA BOIOPOA ISl SHEPTETUUSCKUX HYX ]I,
— CI16.: ITomurexnuka, 2020.

3. Xaeeep T., Tomac Il. AnpTepHaTHBHBIE WCTOYHUKHA dSHeprun. — JKypHam
«OHepreTukay, 2018.

4. JlxxoHcon P. BomopojHble TEXHOJOTMHU: MYTh K YCTOMYMBON SHEPreTHKE. —
Heto-Hopk: Springer, 2017.

5. MexayHapoqHOe SHEpreTUYeckoe areHTCTBO. IlepCrneKTHBBI  BOJOPOIHOM
snepretuku. — IEA, 2021.
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@ HAYUYHBIA ) KYPHAJI

HECTAHJAPTHBIE CITOCOBBI ITPOBEAEHUSA TPEHUPOBOK
I'A30ABIMO3AIIMTHUKOB HA CBE’KEM BO31YXE

Kyaunos I'eopruii BacuibeBuu

obyuarommiicss UBaHoBcKo# mokapHo-cracarenbHoi akagemun ['TIC MUC Poccun,
CTapIIMM CEPIKAHT

P®, r. UBaHoBO

AHHOTAIIUA

B crathe paccmaTpuBarOTCS HECTaHAAPTHBIE CHOCOOBI MPOBEIECHUS TPEHUPOBOK
ra3o/IbIMO3AIMTHUKOB, HAlNpaBJICHHbIE Ha MOBbIIEHUE UX 3(P(PEKTUBHOCTU U
MOATOTOBKM K JCHCTBUSAM B SKCTPEMaJbHBIX YycCHOBHUSAX. llpuBeneHsl MeTOAbI,
BKJIFOYAIOUIUE HCIIOJIb30BAHUE PA3JIMYHBIX TPEHUPOBOYHBIX CIIEHAPUEB, TaKUX Kak
CUMYJIALIMS BO3JEHCTBUA BBICOKHX TEMIIEpaTyp, IUIOXOM BHUAMUMOCTH, a TaKKe
UCIIOJIb30BaHUE HOBBIX TEXHOJOTMM M 00OpyAOBaHHUS, TaKUX KaK BHpTyajbHas
peanbHOCTh. OLEHEHBl NPEUMMYIIECTBA M HEIOCTaTKU 3TUX METOJOB B KOHTEKCTE
IIOATOTOBKU CHELUAIMCTOB, KOTOPHIE JIOJKHBI JIEUCTBOBAaTh B YCIOBHMSX ONACHOCTH,
CBSA3aHHBIX C [OXKapaMH, aBapUsIMH Ha XUMHUYECKUX M HEYTEXUMHUECKUX
NPEeNNpUATHSIX, a TaKKe Ha OOBEKTax ¢ BBICOKMM pUCKOM aBapuil. IlpencraBieHbl
pe3ynbTaThl BHEIPEHUS TAKMX METO/I0B B TPEHUPOBKHU Ia30AbIMO3AIIMTHUKOB, & TAKKE
UX BJIMSIHUE Ha MOBBINIEHUE YPOBHS MOATOTOBKU U O€30MaCHOCTH.

KiioueBble ci10Ba: Ta30/bIMO3AIIUTHUKN, TPEHUPOBKH, HECTAHIAPTHBIE METObI,
0€30MacHOCTh, BHUPTyallbHAs PEANTbHOCTh, DJKCTpEMajbHBIC YCIIOBHUS, TMOKapHas
0€301acHOCTb, aBapUUHbBIE CUTYaLIUH

1. BBenenue

["a30pIMO3aIIUTHUKN UTPAIOT KJIIOUEBYIO POJIb B OO0ECIEUeHUH O€30MacHOCTH MpH
JMKBUAALAN TTOXKapOB U aBapuii. OCHOBHOM 33a/1a4€il SIBIIACTCS 3aIlUTa UX 3I0POBbS U
KU3HU TIPH BBIMOJHEHHH MPO(ECCHOHANBHBIX O0S3aHHOCTEH B YCIOBHSX BBICOKOM
onacHOCTH. TpaJAuIMOHHBIE METOAbl TPEHUPOBOK Tra30[bIMO3AIIMTHUKOB HE BCEraa
CITIOCOOHBI B ITOJTHOM Mepe MOATOTOBHUTH UX K pealbHBIM yIPO3aM, TAKMM KaK TOKCUYHBIC
ra3bl, BBICOKAsl TEMIIEpaTypa, a TaKke YyXyAIIEHHas BUAMMOCTb. B CBsi3U C 3THM,
BHEJIPEHUE HECTaHJAAPTHHIX IIOJIXOJ0B B TPEHUPOBOYHBIA MPOIIECC CTAaHOBUTCS
HEOOXOMUMBIM ISl yAyd4lleHus d()PEeKTUBHOCTH MOATOTOBKM M OOecreueHus
0€e30MacHOCTH.
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2. IIpobsieMa TpaAMIMOHHBIX METO/I0B TPEHUPOBOK

TpaI[I/II_II/IOHHBIe TPCHHUPOBKU ra3zoJbIMO3allITUTHUKOB qacCTo OI'paHUYINBAIOTCA
CTaHAAPTHBIMU YIIPAKHCHUAMHU, TAKUMHU KaK 3aHATUS B CIICHUAJIIBHBIX TDCHUPOBOYHBIX
OCHTpax C HCIIOJb30BAHUCM OOBIYHBIX CpCACTB 3alllUTHI. Ot MCTOJbI HC BCCTIa
3(1)(1)6KTI/IBHO MOACIUPYIOT YCIOBUA, C KOTOPBIMHU MOTI'YT CTOJIKHYTBCA CIICHUAJIMCTHI B
PCAIBbHBIX qp€3BLIqaﬁHBIX CUTyalu:iax. 210 OIrpaHUYIHUBACT BO3MOXHOCTH IJIA
aHeKBaTHOﬁ IMOATOTOBKHU K CJIOKHBIM W HCOKUJAHHBIM CLICHAPHUSM.

3. HectanmapTHbie MeTOAbI TPEHUPOBKHU

I[JIH IMOBBINICHUA Ka4dCCTBAa IIOATIOTOBKH TI'a30AbIMO3AIIUTHHUKOB, IIPCAJIararoTCA
HCCKOJIBKO HCCTAHAAPTHBIX MCTOAOB, KOTOPBLIC BKIIOYAIOT B ce0s MCITOJIb30BaHHE
COBPCMCHHBIX TEXHOJIOTUHN 1 IIoAXO040B, TAKHUX KaK:

o CumyasiuMsi 3KCTpeMaJbHBIX YCJOBHMil. lcrnonp30BaHHE TPEHUPOBOUYHBIX
CTEHJIOB C MMHUTALlMEd BBICOKMX TEMIIEPATypP M TOKCHYHBIX Ta30B IO3BOJSAET
0oJjiee pEeaTMCTUYHO MOATOTOBHUTH CHEIUAIMCTOB K JEHCTBUSAM B OMNACHBIX
CUTYyalMsIX. DTU TPEHUPOBKH MOMOTAIOT Pa3BUTh HABBIKM MPUHATHSA OBICTPBIX
pELIEHNH B YCIOBHSX CTpecca.

o Bupryanbnaa peanbHocTh (VR). OnHuMmM u3 Hambosee NEpCrEKTUBHBIX
METOJOB SIBISAETCS MCIIOJIb30BAaHUE TEXHOJIOTMM BUPTYAJIbHOU PEAIBHOCTH IS
CO3/aHus 0€30MacHbIX, HO MAKCHUMAaJIbHO PpEATMCTUYHBIX TPEHUPOBOUHBIX
CleHapueB. BupryanbHas peaJbHOCTh II03BOJISET TIa30AbIMO3ALIUTHUKAM
TPEHUPOBATHCS B PA3IMUHBIX YCIOBUAX 0€3 pUCKa JUIs 310POBbSL.

o MHcnoub3oBaHHe HECTAHAAPTHBIX O00BEKTOB. TPEHUPOBKM HA OTKPHITOM
BO3/yX€, BKJIIOUas B3aUMOJICHCTBUE C IPUPOAHBIMU dJIEMEHTaMH (HalpuMep, Ha
IJTOIIAIKAX, MOJAETUPYIOIINX aBapUIHBIE CUTYallMH B JIECAX WJIM HA XUMUYECKHUX
00BEKTax), NAIOT IONOJHUTEIbHbBIE HABBIKM B HECTAHAAPTHBIX YCIOBUSX.

o Ilcuxonorunvyeckass mMoaAroroBKa. BKitOUeHHE TPEHHHIOB, HAIIPABICHHBIX Ha
pPa3BUTHE CTPECCOYCTOMYMBOCTA M HABBIKOB IICHUXOJIOTMYECKOM aTanTalvu B
DKCTPEMAJIBHBIX YCIOBHUSX, IIOMOTaeT Ta30JbIMO3AIIUTHUKAM OCTaBaThCS
CIIOKOMHBIMH U COCPEIOTOUYCHHBIMU B YCIOBUSX IMOBBIIIEHHONW YIPO3BI.

4. IllpenMyniecTBAa U HEJOCTATKH HECTAHIAPTHBIX METO/I0B

H€CTaH,Z[apTHBIC MCTOJbI TPCHUPOBKHU Ta30AbIMO3AIIMTHUKOB HWMCIOT HCCKOJIBKO
SHAYUTCIIbHBIX IIPCUMYIIICCTB!

o PeammcTuyHOCTb. OTH METOABl MO3BOJISIIOT CMOJEIMPOBATH  YCIIOBHS,
MaKCHUMaJbHO TNPUONMKEHHbIE K pEaJbHbIM, 4YTO CIOCOOCTBYET JIyullei
IIOATrOTOBKE CIIELIMAIMCTOB.

o J¢¢eKTUBHOCTb. TpPEHHPOBKM C HCMHOJB30BAHUEM HOBBIX TEXHOJOTHM
MO3BOJISIIOT TIOBBICUTH YPOBEHb 00Yy4a€MOCTH M MOJTOTOBKH CIECIMAIMCTOB 32
CYET  CO3/JaHUsl  pa3sHOOOpa3HBIX  CHUTyalud, TpeOyroUUXx  OBICTPOTrO
pearupoBaHus.
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o be3omacHoCTb. BHpTyaanaﬂ PCAIIBLHOCTD U APYIrH€ HMHHOBAIIMOHHBIC MCTO/bI
ITO3BOJIAIOT ITPOBOJUTH TPECHHUPOBKHU oe3 PHUCKaA OJIA 310POBbAI.

O,Z[HaKO €CTb 1 HCKOTOPBIC HCAOCTATKM:

o Bpicokas crommocTb. BHepeHne HOBBIX TEXHOJIOTHI TpeOyeT 3HAUUTEIbHBIX
(PMHAHCOBBIX BJIOXEHUI, YTO MOXET CTaThb NPENATCTBUEM JJIS IIUPOKOTO
MIPUMEHEHUS.

o Heo0xomuMocTh KBAJIM(PUUMPOBAHHBIX cHeMUATHCTOB. [[1s1 paboTel C
COBPEMEHHBIMH TEXHOJIOTHSIMU TpeOyeTcsl Halnyue OOYyYEHHBIX KaJpOoB, 4YTO
YBEJIMYMBAET 3aTpaThl Ha 00y4YE€HUE U BHEIPEHUE STUX METOJIOB.

5. PGSyJIl)TaTLI BHECAPCHUA HECTAHAAPTHBIX METOA0B

Pe3ynbpTaThl BHEAPEHUS HECTAHJAPTHBIX METO/I0B B TPEHHUPOBKH I'a30/IbIMO3aLIUTHUKOB
MOKa3aJIH MOJIOKUTETbHBIN 2P ekT. ['a30ApIMO3aIUTHUKH, TPOILIEIINE TPEHUPOBKH C
MCIIOJIb30BAaHUEM BUPTYaJbHON PEaNbHOCTU M CUMYJISIIUU 3KCTPEMAJIBHBIX YCIOBUU,
MIPOJIEMOHCTPUPOBAIN O0Jee BBICOKHI YPOBEHb YBEPEHHOCTH B CBOUX JCHCTBUSX,
VIYUIICHHYIO PEaKLMI0O Ha YTPO3bl U MOBBIIIEHHYIO 0€30aCHOCTh IPH BBINOJHEHUN
cBonx oOs3aHHocTer. McciemoBaHus Takke ITOKAa3bIBAIOT, 4YTO TAaKHE METObI
CHOCOOCTBYIOT YJIYUYIIEHUIO TCUXOIMOIIMOHAIBHOIO COCTOSHUS CIIELMAJIMCTOB, YTO
BAYKHO /I pabOThI B YCIOBUSIX CTpecca.

6. BeIBOaBI

HecrangapTHbele MeTOABI TPEHUPOBKU Ta30/IbIMO3ALIUTHUKOB MPEACTABISAIOT COOOM
3¢ (deKTUBHBIHN CIIOCOO MOATOTOBKH K CIIOKHBIM U OIACHBIM ycI0BUsM. Mcnonb30Banne
HOBBIX TEXHOJIOTMM, TAaKUX KakK BHUpPTyajbHas pEAIbHOCTb, a TAKXKE METO/BI
MOJEIUPOBAHUSA OJKCTPEMAJIBHBIX CHUTYallMd, 3HAYUTEIBHO IIOBBIIAET YPOBEHb
MOJFOTOBKU U 0€3011aCHOCTh cienuanucToB. OIHAKO AJIs IUPOKOTO MPUMEHEHUS 3TUX
METOJIOB HEOOXOJUMO MPEOJI0JIETh Psil SKOHOMUUECKUX U TEXHUUECKUX MPETSITCTBUH,
TaKUX KaK BBICOKasi CTOMMOCTb TEXHOJIOTUH U HEOOXOAMMOCTh KBAIU(DPHUIIMPOBAHHBIX
KaapoB. B Oyaymem »3TH MeETOAbl MOTYT CTaThb OCHOBHBIMH B TPEHHUPOBKHU
ra3o/IbIMO3AIIMTHUKOB M JPYIMX CHEIUAIKMCTOB, pPa0OTAIOMIMX B ASKCTPEMAaJIbHBIX
YCIOBUSX.

Jlureparypa

1. UBanoB C.A. OcHOBBI 0€30IT1aCHOCTH KU3HEAEITEIbHOCTA U METOILI TOATOTOBKH
razofpIMo3aiuTHUKOB. — M.: Texnocdepa, 2020.

2. I'yce JI.M. BuptyanbHas peanbHOCTh B oOyuenun Oe3omacHoctu. — CII6.:
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3. Cunmopor B.M. HoBble moaxoabl B TPEHUPOBKE cracaTelbHBIX CIyX0. — M.:

By3oBckas kaura, 2021.
4. JlesixoB A.A., Knumoa O.B. NHHOBaIuy B 00y4eHUH CIEIUATMCTOR MO 3aIUTe
OT Upe3BbIYaiiHbIX cutyanuii. — M.: [Ipocnekr, 2022.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

V]IK-338.47

OBOCHOBAHUWE AKTYAJBHOCTH CO3JIAHUSI PAWUJIIIEPUHI OBOI'O
CEPBUCA JJIAA PYCCKOT'OBOPALIEI'O COOBIIECTBA B
PECIIYBJIMKE CEPBUH

Ilepmunosa Mapusi IOpbeBHa
MarucTpant, TOJBATTHHCKUI TOCYy1apCTBEHHBIN YHUBEPCUTET
P®, r. TonpsaTT

AHHOTAIIUA

Cratbst oCBAIIeHa 00OCHOBAHUIO aKTyaJIbHOCTU CO3J[aHUS palIIIIepUHT-CEpBUCA IS
pycckosi3praHOro coodmiectsa B Pecriyonuke CepOusi. B ycnoBusix pocta MOOMIBHOCTH
W MUTpAllMd HACEJICHUS, a TaKXKe YBEJIMYECHHS] 4YUCIa TYPUCTOB, MPEICTABIISIONIMX
WHTEpEeC Uil TpeanpuHUMareiaeii B 00JacTH TPaHCHOPTHBIX YCIYT, CO3/IaHUC
CIEIMAIN3UPOBAaHHOTO  CEpBHCAa  CTAaHOBHUTCS  HeoOxXomauMbiM. B craThe
paccMaTpPUBAIOTCS KITIOYEBBIE SKOHOMUYECKUE, COITMANTBHBIC W KYJIbTYPHBIC aCTICKTHI,
KOTOPBIE JCIAI0T MPOSKT 3HAYMMBIM M BOCTPEOOBAHHBIM B COBPEMEHHOM KOHTEKCTE.
Oco0oe BHUMaHUE yAEIEHO OCOOCHHOCTSIM CIIPOCa CPEIU PYCCKOSA3BIYHOTO HACEIICHUS,
a TakKe TPEUMYIIECTBAM, KOTOPbIE MOTYT OBITh MPEAOCTABICHBI C ITOMOIIBIO
WHHOBAIIMOHHBIX TEXHOJIOTMM W MOOWJIBHBIX mpuiiokeHuil. [lponecc paspadoTku
CEPBHUCA, YYUTHIBAIOIIETO MHTEPECHl KaK PYCCKOS3BIYHBIX T'PAKJaH, TaK U MECTHBIX
YKUTEJICH, BBIICNICH KaK BaXKHBIH AT 1JIs1 YKPETUICHUS CBS3H MEXIY IBYMsI KYJIbTypaMu
1 yJIydIIeHNs Ka4ecTBa TPAHCIIOPTHBIX YCIYT.

KiroueBbie cjioBa: paiiiimepuHr, MOOUJIBHOCTh, TPAHCHOPT, PYCCKOS3BIYHOE
coob1ectBo, CepOusi, ”HHOBAI[MOHHbIE TEXHOJIOTHUH, MUTPALIKs, COLIUATIbHBIE YCIYTH

1. BBenenue

MoOUIIBHOCTh HAaCEJIEHHsS] B COBPEMEHHBIX YCIOBUAX CTPEMHTENIbHO YBEJIMYUBAETCA,
YTO B CBOIO OYEpEeIb BBI3BIBAET POCT NOTPEOHOCTH B 3(P(EKTUBHBIX M YAOOHBIX
cnocobax mepeABWKeHMs. B yacTHOCTH, i1 PYCCKOSA3BIYHOTO  HACEJICHUS,
npoxuBatoniero B CepOum, a Takxke IJIsI PYCCKOS3bIYHBIX TYpPUCTOB, BO3HHKAET
HEO0OXOJAMMOCTh B CIELUATM3UPOBAHHBIX TPAHCIOPTHBIX YCIyTrax, KOTOPbIE MOTYT
CTaTh BAXHBIM BJEMEHTOM COLMAIBHOM M KYyJbTYpHOW HWHTErpalid B HOBOM
okpyxeHuu. OITHUM W3 TaKUX PEIIEHUM SIBISIETCS CO3JaHHUE pPANAIIEpPUHI-CEPBHCA,
KOTOPBIN CTaHET BAXKHOW YaCThIO TPAHCIIOPTHOU HH(MPACTPYKTYPHI CTpaHbI, 00ECIICUNB
yA00CTBO U IOCTYMHOCTb NMEPEABUKEHUS IS 1IEJIEBON ayIUTOPHH.
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2. IIpoGsieMa ¥ OTPeOHOCTH B CO3IAHNH CEPBHCA

Ha opgansbiii  mMoment B CepOud  CymIeCTBYeT 3HAUMUTEIbHOE  KOJHMYECTBO
PYCCKOSI3BIYHOTO ~ HACENIEHWs, BKIIOYAas MHIPAHTOB, CTYAEHTOB, TYPHUCTOB U
OM3HECMEHOB, KOTOpbIE CTAJKHUBAIOTCA C Tpo0ieMaMu MpU  HUCIOJIb30BAHUU
TPAJAUIIMOHHBIX TPAHCHOPTHBIX YCIYr, TaKUX KaK TaKCU WM OOIIECTBEHHBIH
TpaHCHOPT. A3BIKOBOM Oapbep, KyJIbTYpHBIC PA3INYUs U OCOOEHHOCTH KOMMYHHUKAIIUU
CTAaHOBSITCS CEPbE3HBIMU MPEMATCTBUSIMU I  KOM(OPTHOTO U  0€30MacHOro
NepeABUKECHHUS.

Cozpanue palaepuHr-cepBuca, OPUEHTUPOBAHHOIO HAa PYCCKOSI3BIYHBIX KIIMEHTOB,
MO3BOJIUT PEUIUTH HECKOIBKO MPOOIIEM:

e Y1006cTBO M JAOCTYNHOCTH ycayr. Crnenualnu3upoBaHHbIA CEPBUC OOECIIEUUT
IPOCTOTY U JOCTYIHOCTh B IUITAHUPOBAHUH MOE30K HA PYCCKOM SI3BIKE.

o Kyabrypnass unterpamusi. Takoit cepBuc Oyner crnocoOCTBOBaTh OoJee
JErKOMY BKJIIOYEHUIO PYCCKOSA3BIYHOIO HACEIIEHUSA B COLMAIBHYIO W
AKOHOMHUYECKYIO k13Hb CepOuu.

o JKOHOMHYECKaAsA ueecoo0pa3sHocTb. Cripoc Ha TPAHCHOPTHBIE YCIYTH JUIS
PYCCKOSA3BIYHBIX I'PAKJIAH PACTET, U CEPBUC, OPUEHTUPOBAHHBIN HA JTY LIENEBYIO
ayJIUTOPHUIO, MOXKET CTaTh BOCTPEOOBAHHBIM U MPUOBUIBHBIM OU3HECOM.

3. MeToaoJiorusi pa3padoTKu cepBuca

OcHOBOI pa3pabOTKH palIIIEPUHT-CEPBUCA SIBISETCS aHAIU3 TEKYIUX TPAHCTIOPTHBIX
cucTeM, cyuiecTByroumx B CepOun, a Takke U3y4eHHUe MoTpeOHOCTEN U MPEANOYTEHU I
ueneBoil aynuropuu. [ns cozmanus 3p@PpexTuBHOro M (yHKIMOHAIBHOTO MPOIYKTa
Ba)KHO:

o Amnanu3 peiHka. HeoOxommmo wuccienoBaTh CYIIECTBYIONIUE TPaHCHIOPTHBIC
CEPBUCHI, UX JOCTYMHOCTb, CTOUMOCTh U KOM(MOPTHOCTh JIJIsi PYCCKOS3BIYHOTO
HACEJICHUS.

o Pa3paboTka MOOMJIBLHOIO NMPUIIOKeHUsI. Y TOOHBI M JOCTYIHBIM UHTEpdEHcC
Ha PYCCKOM SI3bIKE OyAET KIFOUEBBIM aCIIEKTOM YCIEIIHOCTH CEPBUCA.

o MHHTerpamusi ¢ MeCTHbIMH TPAHCHOPTHBIMH CHCTEMaMH. DTO 00eCHeyuT
JOCTYyNl K Hauboyiee TONMYJSPHBIM MapHipyTaM U YIYYIIUT  OOIIyIO
(YyHKIMOHATBHOCTh CEPBHUCA.

o BHeapeHue WHHOBAIMOHHBIX TexHoJoru. Hampumep, wucnosbp3oBaHuE
HMCKYCCTBEHHOTO WHTEJUICKTa JJIsi ONTUMHU3AIMKA MApIIPYTOB W TOBBIIICHUS
0€30IacCHOCTH.

4. O:xxugaemMplie pe3yJabTaThbl OT CO3AAHUS PaiiilIEPUHI-CEPBHCA

Co3nganue  palJIlIEpUHT-CEPBUCA,  OPUEHTUPOBAHHOTO  HAa  PYCCKOS3BIYHBIX
MOJIh30BaTENEH, Oy/1eT UMETh HECKOJIbKO 3HAUUTEIHHBIX MTOCIICICTBHA:
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YiaoBieTBOpeHHe TMOTPeOHOCTEl IeJeBOl ayAUTOPUU. PyCCKOSI3bIUHBIC
MOJIb30BATEIN CMOTYT MOJIb30BATHCS CEPBUCOM C KOM(OPTOM, YTO MOBBICUT UX
YAOBJIETBOPEHHOCTD.

Ykpemnenne cBs3zeil Mexay KyJabTypamu. CepBUC CTaHET BaXKHbIM
MHCTPYMEHTOM B  00JIacTU  KyJIbTYpHOM  HMHTErpauuu, oOecreyuBas
PYCCKOSI3BIYHBIM ~ JKUTEJIIM M TypUCTaM  BO3MOXHOCTb  OOLIEHUA H
B3aMMOJICHCTBUS C MECTHBIMU JKUTEISIMU.

JKoHOMHUYECKHUI pocT. CIpoC HA TPAHCTIOPTHBIE YCIIYTH, OPUEHTUPOBAHHbBIC HA
MUTPAHTOB M TYPHUCTOB, MOXET CIOCOOCTBOBATH CO3JAHHUIO PabOUMX MECT U
YBEJIMYEHUIO JOXOJ0B B cpepe Typru3Ma u MOOMIBHBIX CEPBHCOB.

5. BeIBOaABI

Co3nmanue paiIepuHT-CEpBUCA JIJIST PYCCKOS3BIYHOTO cooOmecTBa B PecmyOmmke
CepOus mpenctaBiasieT cOOOM HE TOJBKO SKOHOMHYECKH OIPaBJaHHOE M COIMAIBHO
3HAYMMOE MEPOIPUATHE, HO U BaKHBIN IIIar IS yJIYUIICHUS KaueCTBa TPAHCIIOPTHBIX
yCIYr, a TakKKe IOBBIIICHUS YPOBHS MHTErPALMU PYCCKOA3BIYHOTO HACEIICHHUS.
[IpruMeHEHnEe COBPEMEHHBIX TEXHOJOTMHA M CHEIUAIU3UPOBAHHBIX MOAXOAOB K
00CTy>KHBaHUIO 11EJIEBOM ayTMTOPUH TIO3BOJIUT OOECTIEYUTh KOMPOPTHOE U Oe30I1acHOe
MEPEBIKCHUE, A TAKKE YKPEIUTh SKOHOMHUKY M MEXKKYJIbTYPHBIE CBS3U MEXKIY
CepbOueit 1 pyCCKOS3bIYHBIMU CTPAHAMU.

Jlureparypa

1. Iletpo C.H. TpaHcnopTHbE YCIYIM WM WHHOBAIIMOHHBIE TEXHOJOTMH. —
benrpan: Dxonomuka u 6usnec, 2020.

2. BanoBa O.A. MoOMIBHOCTD U TPAHCIIOPTHBIE CUCTEMBI: BBI30BBI M PEILICHUS. —
M.: Hayka, 2019.

3. Ilomos B.I'. Pa3Butue paiinmepunra B crpaHax EBpOmbI: ONBIT U MEPCIEKTUBEI.
— CI16.: Tpaucnopr, 2021.

4. Kysneunoa M.A. CouuanbHas HMHTErpanus MHUTPAHTOB uepe3 MOOUJIbHBIE
texHonoruu. — M.: Commonorust, 2020.

5. HxosanoBuu C. Tpancnopt B CepOun: COBpeMEHHbIE TPOOIEMBbI U PELICHUS. —

benrpan: Yuausepcurer Cepoun, 2022.
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N7 HAYKA 1 MUPOBO33PEHUE

YK-621.314.1

@ HAYUYHBIA ) KYPHAJI

OBOCHOBAHUE TAPAMETPOB CUCTEMBI I'C C MI'PII

IHomos Ouier Biaagumuposu4
CTYJEHT, TIOMEHCKUI MHAYCTPUAIbHBIN YHUBEPCUTET
PO, r. Tromenb

Coxomko Cepreit KOHCTAHTMHOBHY
Hay4YHBIM PyKOBOJUTEIb, TIOMEHCKUI UHIyCTPUAIbHBI YHUBEPCUTET
P®, r. TromeHb

AHHOTAIIUA

Cratbhsi mocBsillieHa OOOCHOBaHMIO MapameTpoB cuctembl razocHaOxenus (I'C) c
MEXaHU3UPOBAHHBIMU TraszopacnpenenutenbHbiMu yHkramu (MIPII). B ycrmoBusax
pacTyIIEro Crnpoca Ha ra30Bble PECYPChl U MOBBIIICHUS TPEOOBAHUM K HAJEHKHOCTH U
0€30I1aCHOCTH AKCIUTyaTallMu Ta30BbIX CETEH, ONTUMU3AIINS TapaMeTPOB TAKUX CUCTEM
CTAHOBUTCSl KpailHe BaxkHOW. B pabore paccmaTpuBalOTCd OCHOBHBIE MapaMeTphl,
BIIUSIONINE HAa pabOTy ra30CHA0MXAIOIIMX CHCTEM, BKIIOYas JaBJICHUE, MPOIMYCKHYIO
CIIOCOOHOCTh M HAJIEKHOCTh MEXAaHM3MOB, HCIOJb3YEeMbIX JIJII KOHTPOJS U
peryiaupoBanusi mogaud Traza. Ocoboe BHUMaHHUE YJEJICHO pacuery U BBIOOPY
KOMIIOHEHTOB CHUCTEMbI, a TaKXe BIUSHUIO OKCIUTyaTallMOHHBIX (HAKTOPOB Ha
addexktuBHOCTE padoTel MI'PII. IlpemiokeHpl PEKOMEHIAMH IO IOBBIIICHUIO
9HeprodPHEeKTUBHOCTH U CHUKEHUIO PUCKOB MPHU IKCIUTyaTallMN TAKUX CUCTEM.

KiarueBble cioBa: ra3zocHaOKeHHWE, MEXaHHU3UPOBAHHBIC Ta30pacIpeleIuTeIbHbIC
MyHKTHI, JaBJICHHE, TPOIYCKHAs CHOCOOHOCTh, O€30MacHOCTh, OSKCILUTyaTallus,
SHEpProcHabKeHue, HAAC)KHOCTh

1. BBenenue

["a3ocHabxeHUE SIBISCTCS OJHON U3 BOKHEHIITUX MHPPACTPYKTYPHBIX COCTABIISIFOIINX,
obecnieunBaonMx komMpopT U 0Oe30mMacHOCTh KU3HM HaceneHus. C pa3BUTHEM
TEXHOJIOTMA W YBEJIMYEHHWEM TIOTPEOHOCTH B TIPUPOJAHOM Ta3e, BO3HUKACT
HEO0OXOAMMOCTD B YIYUIICHUU W ONTUMHU3AIIMN TTAPAMETPOB T'a30CHA0KAIOIIUX CUCTEM.
MexaHnu3upoBaHHbIe Tazopacnpenenutesibibie MyHKTbl (MIPII) urparT kiroueByro
POJIb B paclpeie]ICHUH ra3a MeX Ty MOTpeouTensaMu, a X 3PpQPeKTuBHas IKCIITyaTalus
HaIPSIMYIO 3aBUCHUT OT MPABUIILHO BHIOPAHHBIX U PACCUNTAHHBIX TAPAMETPOB CUCTEMBI.
Jlns obecrieueHns HaIC)KHOCTH U O6e3onmacHocTr padboThl I'C, He0OX0IUMO TTPOBOIUTH
TIIATETbHOEC 00OCHOBAHUE MTapaMETPOB, TAKUX KaK JIABJIEHUE ra3a, €ro pacXo/l U APyTue
AKCIUTyaTaIllMOHHbBIE XapaKTEPUCTUKH.
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2. IIpobs1eMa 1 HEOOXOAMMOCTH 00OCHOBAHUS MapPaMeTPOB

OpnHOM M3 aKTyalbHBIX MPOOJIEM SIBIISETCS ONMTHUMHU3AIMS PaOOTHI Ta30CHAOKAOIINX
CHUCTEM C MEXaHM3WPOBAHHBIMU Ta30paclpeleIuTeIbHBIMU TTyHKTaMu. OmuOKkd B
pacyeTax MapaMeTpoB, TAKMX KaK MPOMYCKHasi CIOCOOHOCTb TPYyOOINpPOBOJOB WU
HEMpPaBUJIBHOE PETYIMPOBAHUE AaBJICHUS, MOTYT MIPUBECTH K HEAIPDEKTUBHOM padboTe
CUCTEMBI, yTE€UKaM ra3a Wil JaKe aBapUHUHBIM CUTYaIUSIM.

o Hapexnocts cucrembl. I[lapamerpel cuCTEMBI JODKHBI —00eCIeUHBAThH
ctabuinpHyto padotry I'C m uckiItouaTh BO3MOXKHOCTH aBapHil, CBS3aHHBIX C
neperpy3kamu uinv HeucripasHoctsasmu B MI'PII.

o JHepro3pdexkTuBHOCTL. OOOCHOBAHKE MAPAMETPOB JOJIKHO TAKXKE YUUTHIBATH
BO3MOXKHOCTH CHIKEHUS SJHEPro3arpaT Ha (yHKIIMOHUPOBAHHUE CUCTEMBI.

o Jkosornyeckne pucku. HenpaBuibHO BbBIOpaHHBIE TapaMeTpPbl MOTYT
HOBBICUTh YPOBEHb BBIOPOCOB U 3arpsiI3HEHUS, UTO aKTyaJbHO B CBETE PACTYIIMX
AKOJIOTUYECKUX TPEOOBAHUM.

3. MetoxoJiorusi BbIOOpa mapamMeTpoB CHCTEMBbI

Jlns obocHoBanust mapametrpoB cuctembl ['C ¢ MI'PII HeoOxoamMo HMCIOJIB30BATH
METOJbl HMH)KEHEPHBIX pAaCueTOB W MOACIUPOBaHUA. [IpUMEHSIOTCS Cleayromue
MTOJIXOMBI:

e AHAJU3 CYHIeCTBYIOIIMX HOPM M CTaHAApPTOB. /(711 BBIOOpa ONTHUMANILHBIX
MapaMeTpoB CJEAYeT ONUPaThCi Ha CYIICCTBYIOIIME CTPOUTEIbHBIE U
AKCIUTyaTallMOHHBIE HOPMBI, PETYJIUPYIOIINE pad0Ty ra30CHAOKAIOIIUX CUCTEM.

o MopaeanpoBanue padoTbl cucTeMbl. lcronp3oBaHuMEe MaTeMaTHYECKHUX
MoJiesIeH NI MPOTHO3UPOBAHUS PA0OThI ra30paACIPEICIUTEIIbHBIX MYHKTOB MPHU
Pa3JIMYHBIX YCIOBUSAX MO3BOJISIET TOYHO OMPEACIUTh ONTUMAIIBHBIC TApaMETPHI,
TaKue KaK JaBJIEHUE raza, Harpy3ka Ha CUCTEMY, BEJIMUUHA YTEUEK U IPyTHE.

o Pacuerbl u TectupoBanue. J[ns xaxzaoro tuna ['C mpoBoasAT moapoOHBIE
pacyeTsl 1O BBIOOPY TOAXOMSIIEr0 OOOpYAOBaHMS, BKIIOYAs KJIAMaHBI,
KOMIIPECCOPHI, GUIBTPHI, C YYETOM MAaKCUMAJIbHO BO3MOXKHBIX HAarpy3oK.

4. OcHoBHbIe napametTpsl cuctembl I'C ¢ MI'PII

st obecnieuenust >pdexkTuBHON M Oe30macHO pabOThl Ta30CHAOKAIOIIUX CHCTEM
HEO0OXOMMO YUYHUTHIBATH CICAYIOIINE KITFOYCBBIC TAPAMETPHI:

o /JlaBiaenme raza. OrmnpenensieT, HACKOJbKO J(P(EKTUBHO Tra3  MOXKET
TPAHCIIOPTUPOBAThCA  4Yepe3 TpyOompoBoiwl. JlaBieHue JOKHO  OBITH
JOCTAaTOYHO BBICOKUM [IJIsi OO€ecIieyeHusi CTAOMJIBHOrO IOTOKa Tra3a, HO He
CJIMILIKOM BBICOKMM, YTOOBI M30€KaTh MOBPEKIACHUN TPyO 1 000pPyI0OBAHMUS.

o IIponyckHasi cmocoOHOCTH. DTO mapaMeTp, KOTOPBIM TMOKa3bIBAET, KAKOE
KOJIMYECTBO Ta3a CHUCTEMa CHOCOOHA MPOMYCTUTh 3a EAUHUILY BPEMEHHU.
[Iponycknas cnocobnocts MIPII  gomkHa OBITH  amanTUpoBaHa K
MaKCHUMaJbHbIM Harpy3kam, BO3HUKAIOIIMM B 4achl TMKOBOT'O MOTPEOICHUSI.
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o HapgekHoCTh cHCTEeM KOHTPOJISI M peryJupoBaHusi. Bxirouaer mapamerpbl
paboThl JATYMKOB, ABTOMATHYECKUX PETYIUPYIOLIUX YCTPOMCTB M CHUCTEM
3aIIUTHI OT aBAPHM.

o TemmnepaTypa M BJIaXKHOCTB ra3a. DTU NapaMETPhl JTOLKHBI MOIEPKUBATHCS
HA  YpPOBHE,  COOTBETCTBYIOIIEM  TEXHHYECKHMM  TpEOOBAaHUAM IS
MpEeA0TBpALIEHUS] KOHAEHCAI[MH BJaru Wik o0Opa3oBaHus JbJa B CUCTEME.

o JHepro3peKTUBHOCTHL. BaXXHBIM aCHEKTOM  SIBISICTCS ~ MUHUMM3AIMS
AHEpro3arpaT Ha MojjiepkaHue paboThl CHUCTEMbl TIPU  ONTUMAJIBHBIX
IapaMeTpax.

5. PexoMeHIalluy ¥ BBIBO/BI

Jlist moBbITieHUsT 2 (GEKTUBHOCTH M HAJIEKHOCTH ra3zocHadkaronux cuctem ¢ MI'PIT
HEOOXOJAMMO YYHTHIBATh IENbIH psa (PaKTOpOB, BKIIOYAs TPABWIBHBIA BBHIOOpD U
HAaCTPOMKY OCHOBHBIX mapameTpoB. Onrumusanus JOaBIAEHUSA, MOPOIYCKHOM
CIIOCOOHOCTH M HAJIEKHOCTH CUCTEMBI MTO3BOJIUT CHU3UThH IKCILTyaTaIllMOHHBIE PUCKH,
MOBBICUTH AHEProdh(HEKTUBHOCTh U COKPATUTh 3aTpaThl Ha oOchmykuBaHue. BaxxHo
TaKKe COOJII0IaTh aKTyaJbHbIE CTaHJAPTHI U HOPMBI, YTO 0OECTeUnuT OE30NMacHOCTh U
JOJTOBEYHOCTD SKCIUTYaTAI[MA TAKUX CHCTEM.

6. Jlutrepatrypa

1. Tlerpoe  W.H. Ta3ocHaGxkeHue U pacmnpejesieHue: MNPOEKTUPOBAHUE U
skcruryaranus. — M.: Ctpoinzaart, 2020.

2. 'ycee A.B. MexaHu3upoBaHHbIE  Tra30paclpeieTUTEIbHbIE  ITYHKTHI:
npoekTupoBanue u skcrryaramus. — CII0.: Tpancnopt, 2019.

3. Huxutun C.A. be3onacHOCTh ra30CHA0XKAIOMIMX CUCTEM: TEOPUH U PAKTUKU. —
M.: Duepretuka, 2021.

4. Jlykmna AWM. TazopacmpenencHue U TPAHCHOPTUPOBKA: COBPEMEHHBIC
tenaeHunn. — M.: Hayka, 2020.

5. CmupnHoB A.I'. Dxonoruueckue acnekThl padoThl ra30CHA0KAOIMINX CUCTEM. —
HoBocubupck: Cubupckoe yHUBEpCUTETCKOE U3AaTeNbCcTBO, 2018.

-37-



HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

V]IK-621.824

OBOCHOBAHUE NPUHIIUIA JEHCTBUS KAUEPA BPOBUHA U
YBEJIMYEHHUE EI'O MOIIIHOCTH

IHantroxun Mapk BaaagumupoBuy
maructpanT, Kazanckuii ['ocy1apcTBEHHBIN DHEPreTUYECKU Y HUBEPCUTET
P®, r. Kazanp

PynakoB Asnexkcanap UBaHoBu4

HAYYHBI PYKOBOAUTENb, I-p TEXH. HAyK, mpod., Kazanckuit ['ocygapcTBeHHbII
DHepreTuyecKuil Y HUBEPCUTET

P®, r. Ka3zaup

AHHOTAIIUA

CraTpsl mocBsieHa 000CHOBAHMIO MPUHLIMIIA JeHCTBUS Kauepa bpoBuHa u mertomam
YBEIIMYEHHsI €ro MolnHocTd. Kauep bpoBuHa sBIs€TCS BaXKHBIM YCTPOMCTBOM B
CUCTEMAaxX »JJIEKTPOCHAOKEHUS, HCHOJB3YIOUIMX MEPEMEHHBIH TOK MJs CO3JaHUs
AJIEKTPOMAarHUTHBIX KoJieOaHuil. B cTaThe paccMOTpeHbl OCHOBHBIE IPUHIUIIBI PA0OOTHI
JaHHOT'O YCTPOMCTBA, 0COOCHHOCTH €0 KOHCTPYKTUBHBIX 3JIEMEHTOB, a TAK)KE METO/IBI,
HaIpaBJICHHBIE Ha yBEJIWYEHHE ero MourHoctd. Oco0oe BHUMaHHME YJEIEHO BBIOOPY
MaTepuaoB JJi1 KOHCTPYKIMH Kadepa, ONTUMHU3ALMH €ro paldoThl MpU H3MEHEHUU
BHEIIHUX YCJIOBUM M YJIYUYLIEHUIO €T0 dHEPreTUYECKUX XapakTepucTHUK. Oxuumaercs,
YTO NPEAJIOKEHHBIE METOJbl MOMOTYT MOBBICUTH 3(P(PEKTUBHOCTH PabOTHI Kauepa
bpoBuHa, yIydlllMB €ro 3KCITyaTallMOHHbBIE XaPAKTEPUCTUKHU B PA3IMYHBIX 00IaCTIX
IIPOMBIIIJICHHOCTH.

KiaroueBbie cioBa: kauep bpoBuHa, MOIIHOCTH, 3JIEKTPOMArHUTHBIC KOJI€OaHUS,
MEPEMEHHBIM TOK, KOHCTPYKLHS, VIYUYIIEHUE XAPAKTEPUCTUK, HIEKTPUUECKOE
000py0BaHUE, YCUIIEHUE MOILIIHOCTH

1. BBeaenue

Kauep bpoBuHa (Takxke U3BECTHBIN KaK F€HepaTop NEPEMEHHOIO TOKA) UCIIOIb3YETCS B
Pa3NUYHBIX O0JACTSIX MPOMBIIUICHHOCTH IS TEeHEpaluh  dAJIEKTPOMATHUTHBIX
KoJebanuii n obecnieyeHus: nmutanus o0opynoBaHus. I(H(HEKTUBHOCTH W MOIIHOCTH
Kadepa 3aBUCIT OT MHOXECTBa (haKTOpPOB, BKJIIOUYAss KOHCTPYKTHBHBIE OCOOCHHOCTH,
WCMOJIb3yEMbIE MaTepuabl U MapaMeTPbl BXOJSIIErO 3JIEKTPUUYECKOro Toka. [lns
TIOBBIIIIEHUS €r0 MOIIHOCTH W YIYUYIIEHHUS XapaKTePUCTHK HEOOXOAMMO JAETaIbHO
PacCMOTPETh MPUHITUIIBI €70 paOOTHI U BBIIBUTH CITOCOOBI ONITUMH3AITUH.
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2. IIpoGsieMa 1 HEOOXOAUMMOCTH YBeJINYEHUS MOIITHOCTH

B COBpeMEHHBIX TEXHOJOTHYECKHX TMPOIeccaX BaXKHBIM ACIIEKTOM  SIBIISCTCS
YBEJIMYECHIE MOIITHOCTH JJICKTPHUECKOT0 000pyI0BaHus, BKIItoUas kauep bpoBuna, aiis
oosiee addekTUBHOTO ObOecreueHuss padoThl MPOU3BOJCTBEHHBIX M J1A0OPATOPHBIX
ycTaHOBOK. OCHOBHBIE MPOOJIEMBI, C KOTOPBIMU CTaJKUBAIOTCS WHXKEHEPHI MpHU
SKCIUTyaTalu kauepoB bpoBuHa, 3aKi0o4aroTcs B:

o OrpannyeHHoctd MomHOCTH. CTaHAAPTHBIE Kayepbl UMEIOT OTPAHUYEHHYIO
MOIIHOCTb, YTO MOXET CKa3blBaTbCA HA MX NPUMEHEHHH B KPYIHBIX
IIPOU3BOJICTBAX U CUCTEMAX.

o Hwuskmii KIIJ. HeontumaneHble KOHCTPYKIMM MOTYT HPHUBECTH K
3HAYUTEIBHBIM NIOTEPSIM IHEPTHH.

o Heo0xoamMocTh B HAI€:KHOCTH U J0JITOBEYHOCTH. YBEIUYEHUE MOILIHOCTH
4acTo TpeOyeT TOMOIHUTENbHBIX YCHIINN IO YIyUIIEHUIO CTAOMIIBHOCTH PabOThI
YCTPOMCTBA U IMPEAOTBPALICHUIO IIEPETPEBA.

3. IIpunnun neiictBus kayepa bpoBuna

Kauep BbpoBuHa paboTaer Ha OCHOBE MPUHLHUIIA T€HEpPAlMUd NEPEMEHHOI0 TOKa C
MTOMOILBIO 3JIEKTPOMAarHUTHBIX KOJieOaHUW. Ero KOHCTPYKIIUS BKIIFOYAET:

o JuexkrpoMarHuT. OH UCHOJB3YyeTCA JUIsl CO3/IaHHUSI MATHUTHOTO TI0JIsI, KOTOPOE
3aTE€M B3aUMO/ICHCTBYET C AIICKTPUUECKOMN LETBIO.

o Karymka. Ona cioyXuT mI co34aHUs TEPEMEHHOTO TOKA, KOTOPBIM
B3aUMOJICUCTBYET C AIEKTPOMArHUTOM M HHIYLIUPYET MarHUTHbIE KOJICOaHUSI.

o Konagencarop. OTOT »3JIEMEHT HAKaIUIMBAET DJIEKTPUYECKYIO DHEPIUI0 U
peryaupyeT IpoLecChl BKIFOUEHHS U OTKIIIOUEHUS.

OcCHOBHOI NMpUHIMN A€UCTBUS Kauepa bpoBuHa 3akitoyaercss B TOM, YTO MpHU MOAayde
MEPEMEHHOTO TOKA Ha €T0 KaTYIIKYy CO3J]al0TCSI MarHUTHBIE KOJIeOaHMsl, KOTOPbIE 3aTeM
YCWJIMBAIOTCS Yepe3 DJICKTPOMArHUT. DTO IMO3BOJIAECT MOJy4aTh CTAOWIBHBIA TOK C
3aJJaHHBIMU TTapaMETPaMHU.

4. Metoabl yBeJIlH4eHUsI MOIITHOCTH Kayepa bpoBuna

JIyist yBenmu4eHus MOIIHOCTH Kadepa bpoBrnHa MOTYT OBITH IPUMEHEHBI CIEAYIOIINE
METO/IbI:

o OnTrumMu3anus KOHCTPYKTHBHBIX 3JIEMEHTOB. Y BEIMYEHUE MOIIIHOCTH MOYKHO
NOCTUYb Yepe3 YIY4YIICHHE KOHCTPYKTHUBHBIX XapaKTEPUCTHUK YCTPOWCTBA.
Hanpumep, yBennueHue auaMeTpa KAaTyIIKHM W DJIEKTPOMATHUTA MO3BOJISET
co3iath 0ojiee MOIIHBbIE MarHUTHBIEC MOJIS, YTO B CBOIO OYEpPE]b YBEIMYMBAET
MOIIHOCTb YCTPOWUCTBA.
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o MHcnoab3oBaHue MaTEepPHAJIOB ¢ BBICOKOH MPOBOAUMOCTHIO. J1J1s1 TOBBIIIEHUS
a3 pexTUBHOCTH PabOTHI yCTPONCTBA MOKHO MCTIOB30BATh MAaTEPHAIIBI C HU3KAM
COTIPOTUBJICHUEM, TAKHE KaK MEJb WK Cepedpo, A KaTyIIeK U KOHTAKTOB, YTO
CHIKAET MOTEPU SHEPTUU U YBEINYHNBAET BBIXOIHYIO MOIIHOCTD.

o YmnpasjieHMe TOKOM U HampsikeHueMm. [IprMeHeHUE ONMOJHUTEIBHBIX
PETYJISTOPOB TOKA W HANPSDKEHUS TIO3BOJISIET CTAOMIIM3UPOBATH BBIXOIHBIC
mapamMeTphl Kauepa W u30eKaTh MeperpeBa, 4TO CYIIECTBEHHO MOBBIMIAET €O
MOIITHOCTB M JIOJITOBEYHOCTD.

o Hcnoab3oBaHue OXJIaKIAOMUX cUcTeM. JJ1s penoTBpalieHus reperpesa u
MOBBIIICHUSI MOIITHOCTA MOYKHO MHTETPUPOBATH B KOHCTPYKIIUIO Kauepa CUCTEMBbI
MPUHYAUTEIBLHOTO OXJIAXKIEHUSI, KOTOPbIe OyAyT MOJACPKUBATh ONTUMAIBHYIO
TeMIIepaTypy padOThl YCTPOICTBA.

o MoaepHu3anusi cMCTeMbl peryJupoBanmsi. BHeagpeHre aBTOMAaTU3UPOBAHHBIX
CHUCTEM YMpPaBJICHUS TOKOM U HAMNPSKEHUEM C MCIIOJIb30BAHMEM JAaTUYUKOB U
COBPEMEHHBIX MHUKPOIPOLECCOPOB TO3BOJISIET 00Jie€ TOYHO PETYIUPOBATH
paboTy Kadepa, MOBBIIIAs €r0 MOITHOCTh U 3 ()EKTUBHOCTD.

5. PexoMeHIallu ¥ BBIBO/IBI

YBennueHne MOIMHOCTH Kadepa bpoBuHA BO3MOMKHO 4epe3 KOMIUIEKCHBIA ITOAXOL,
BKJIIOYAIOIIMM  YJIy4YIIEHWE  KOHCTPYKTHMBHBIX  DJIEMEHTOB,  HCIIOJIb30BAHHE
BBICOKOKAQYECTBEHHBIX MATE€pUAIOB M  BHEAPEHHE COBPEMEHHBIX TEXHOJIOIMHI
yrpasieHus. BaxxHo, 4TOObI IPU yBEIMYEHUH MOIIHOCTH YYUTHIBAJIMCH BCE MMAPAMETPhI
paboOThl YCTpPOWCTBa, TaKHE€ KaK TEMIEpaTypa, HalpsSKEHUE M YacToTa KOJEOaHMIl.
Hcnonp30BaHne NPEMIOKEHHBIX METOJOB IMO3BOJUT 3HAYUTEIBHO IIOBBICHUTH
AKCIUTyaTallMOHHbIE XapaKTEPUCTUKU Kauepa bpoBuHa, yinydius ero 3p(heKTUBHOCTh U
JOJTOBEYHOCTh B PA3JIMYHBIX 00JIACTAX IPUMEHEHHUS.

6. JIluteparypa

1. Koznor C.B. Dnektpruueckue reHepaTopsl U UX ycTpoicTBa. — M.: DHepreTuka,

2019.

Npanos I1.[]. OcHoBbI anexkTpomarautHoi Teopuun. — CI16.: Hayxka, 2018.

3. CmupnoB A.B. MoaepHu3aIius aIeKTpUUEeCKIX YCTPOUCTB: TEOPUHU U TTPAKTUKH.
— M.: MammHocTtpoenue, 2020.

4. bense U.H. CoBpeMeHHbIE CIOCOOBI YBEIMYECHHSI MOITHOCTH SJIECKTPUUECKUX
MaivH. — M.: DHepreTuka, 2021.

5. Jlebener B.A. Dnextpuueckoe obopymoBanue u ero moaepuuzanus. — CII6.:
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

YK-004.65

OBIIASI XAPAKTEPMCTHUKA BA3BI JTAHHBIX (B)

I'azaueBa Maaguna AadueBHA

CTyAeHT, HTYIICKHI TOCYIapCTBEHHBIN YHUBEPCUTET
P®, r. Marac

Myp3abexkoBa Mapem UcmanioBHa

HAYYHBIM PYKOBOAMUTENb, cTapiuuil mpenoaasatens kadeapst UCuT OMO,
HNHrymickuii rocy1apCTBEHHBIA YHUBEPCUTET

P®, r. Marac

AHHOTAIIUSA

Cratbs ipeiocTaBisieT 00IIyI0 XapakTepucTuKy 0a3bl qanHbiX (BJ]) kak cuctemsl st
XpaHeHus, 0oO0pabOTKM U YIpaBiICHUS JaHHBIMH. ba3bl JaHHBIX SABJISIIOTCS
HEOTHEMJIEMON YacThI0 COBPEMEHHBIX MH(POPMAIMOHHBIX TEXHOJOTUH, oOecrednBas
sddexTuBHOE XpaHeHUE U OBICTPBIA JocTyn K uH(opmanuu. PaccmatpuBarorcs
OCHOBHbIC KOMIOHEHThl b/, mnpuHuunbl uX ¢GYHKIUOHUPOBAHUS, a TaKkKe
kiaccudukanys TumnoB 0a3 JaHHBIX. B cTaThe yaeiaeHo BHUMaHUE apXUTEKTYpe, I3bIKaM
3apoOCOB M MOJIENSIM JIAaHHBIX, HCIIOJIb3yeMbIM [IJIi OpraHu3anuu 0a3bl JTaHHBIX.
Oxunaercs, 4TO MaTepUaabl CTaTbU MOMOTYT YUTATEISAM TIy0Ke MOHSATh MPUHITUIIBI
paboThI 6a3 TaHHBIX U UX POJIb B COBPEMEHHBIX HH(OPMAIIMOHHBIX CHCTEMaX.

KuarwueBble ciioBa: 0a3a JaHHBIX, YIIpaBleHUE JaHHBIMH, Mojenu JaHHbIX, CYB/I,
aApXUTEKTYpPa, S3bIK 3aIIPOCOB, CTPYKTYPA HAHHBIX, PEJISIHIUOHHAS MOJIEIIb.

1. BBeaenue

baza panneix (BJl) mpeacrtaBisier coOOi OpraHU30BaHHYIO KOJUICKIIMIO JaHHBIX,
KOTOpasi UCTIOIB3YETCS JJISI XpaHEeHHs, yIpaBieHus: 1 00padboTku nHdopmaruu. basbl
JAHHBIX WTPAIOT KIIOYEBYI0 pOJb B HHGOPMAIIMOHHBIX CHUCTEMax, oOecredyuBas
XpaHEHHE JIaHHBIX B YZ0OHOM JUIsl TOJIh30BaTENsl BUJIE, @ TaKXKE Tpeajiarasi Cpe/icTBa
st uX 3((PEeKTUBHOrO NOCTymna, OOHOBIEHUS M MaHUITYJIMPOBaHUS WUMHU. B crarbe
paccMaTpUBAIOTCSI OCHOBHBIC KOHIIEMIIMU 0a3 JaHHBIX, UX KOMIIOHEHTHI, a TaKXKe
MIPUMEHSEMBIC TEXHOJIOTHH JIUIS UX OPTaHU3aIliN U YIIPABJICHHUS.

2. IIpoOJeMa 1 3a1a41 OpPraHU3anum 0a3 JTaHHBIX

CoBpeMeHHbIE WH(OPMAIMOHHBIE CHUCTEMBl TPEOYIOT YIpaBIE€HUS OTPOMHBIMU
o0beMaMH JaHHBIX, KOTOPbIE HEOOXOJWMO HE TOJBKO XpPaHUTh, HO M 3((PEKTUBHO
oOpabatbiBath. [IpoGiembl, BOZHUKAIOIIME IPU opranu3anuu b/, BKIovyaroT:
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o M30bITOUHOCTD JaHHBIX. [Ipu HEAhDexkTUBHOM opranu3anuu bJl qanHHBIE MOTYT
AyOnupoBaThCsl, UYTO MPUBOAMT K UBIUIIHEMY MOTPEOJNICHUIO TMaMATH U
TPYAHOCTSIM B 00paboTKe HHPOpMAIUH.

o Huskas ckopocTs 00padOTKH 3anPoCcOB. HeonTUMaIBHO CIPOEKTUPOBAHHBIE
0a3bl JAaHHBIX MOTYT 3HAUUTEIHHO 3aMeISITh pab0OTy IPHUIIOKEHUH, TPEOYIOLTIX
OBICTPOTO JOCTYIIA K JaHHBIM.

+ Heo0ocHoBaHHOE HcHOJIb30BaHUE pecypcoB. HemoctaTtounas onTuMHU3anus
3apOCOB MOJKET INPUBECTH K HEHYXXHBIM Harpy3skaMm Ha CEpBEpPbl U Jpyrue
AJIEMEHTHI CUCTEMBL.

OcHoBHOI 3amayedt mpu mnpoektupoBanuu bJ[ sBasercs cosznanue 3(pQexkTuBHON
CTPYKTYpPBI XpaHECHHS JaHHBIX, KoTopas Obl oOecreunBaiia OBICTPBIA TOCTYI |
MUHUMU3UPOBAJIA U30BITOYHOCTD.

3. ApxuTeKTypa 6a3bl JAaHHBIX

ba3pl gaHHBIX MOTYT OBITH CIPOEKTUPOBAHBI C  HCIOJB30BAHUEM PA3HBIX
apXUTEKTYpHBIX Mojenel. Haubomnee pacnpocTpaHeHHbIC U3 HUX:

o OpHoypoBHeBasi apxuTeKTypa. JTO camas MpocTas MOJEeNb, Iae Bcs 0asa
JTAHHBIX YIPABIAETCS B OJJHOM MECTe, 0€3 pacipeiesieHus [0 YPOBHSIM.

« MmHuoroypoBHeBasi apxutekTypa. B 310l Mmonenu pasnensitorcs GU3NUECKUN U
JIOTUYECKUM YPOBHHM JIAHHBIX, YTO TO3BOJISIET Oojee TUOKO YIpPABISTH
polieccaMy XpaHeHUsI 1 00pabOTKU TaHHBIX.

o Kumnent-cepBepHas apxurekrypa. B sToit mogenu b/] paznensiercst Ha cepsep,
Ha KOTOPOM XpaHATCS [JaHHblE, U KIHUEHTCKUE NPUI0XKEHUSI, KOTOpbIC
WCTOJIB3YIOT 3TH JJaHHBIE.

Ka>1<):[a;1 N3 JOTHUX AapXUTCKTyp HMCECT CBOM IIPCHUMYIICCTBA W HCIIOJB3YCTCA B
3aBHCHMMOCTH OT MaciTada U THIa CUCTEMEI.

4. MoaeJia JaHHBIX

Mopenu naHHBIX ONPENENIOT Coco0 MPEACTaBICHUS U OpraHU3alliy JaHHBIX B 0a3e
naHHbIX. K OCHOBHBIM MOJENSIM JJaHHBIX OTHOCSITCS:

o PeasiuuoHHass moaeab. B pensiuMOHHONM MOJENM JaHHBIE OPraHU30BaHbI B
TaOJIMIIBI, KOTOPBIE MOTYT OBITH CBSI3aHBI MKy COOOM C TOMOIIBIO KITF0Ueh. ITO
OJIHA M3 CaMBbIX MOIYJISIPHBIX MOJIEJIEH, UCIIOIB3YEMBbIX B COBpeMEHHBIX b/I.

o MHepapxuyeckass Moaesb. B 1aHHONW MOJENN aHHBIE OPraHU30BaHbl B BUJC
JIepeBa, TI€ OJUH BJIEMEHT MOXET OBbITh CBSI3aH C HECKOJIBKUMHU JIOYEPHUMU
AJIEMEHTAMH, HO KaXIbI JIEMEHT MOKET UMETh TOJIBKO OJTHOTO POAUTEIIS.

o CereBble MOeaU. B oTiune OT MEpApXUUYECKOW, CETh MO3BOJISET KAXKIOMY
AJIEMEHTY OBITh CBSI3AHHBIM C HECKOJBKHUMH JPYTUMH dJEMEHTaMU. JTO JaeT
00JIBIITYI0 THOKOCTh B MOJIEIMPOBAHUN JAHHBIX.
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o OO0BbeKTHO-OpUEHTUPOBAHHASI Mo/ieJb. B 3TOi MOjIe/ 1M TaHHbBIE TTPECTABIICHbI
B BHJI¢ OOBEKTOB, UYTO TMO3BOJIIET HWHTETPUPOBATH JAaHHBIE C OOBEKTHO-
OPUEHTUPOBAHHBIMU MPUIIOKECHUSIMH.

5. AA3bIK 3anpoCOB

Jlnst paboTel ¢ 0a30if JaHHBIX HCIIOJIB3YETCS SI3BIK 3aPOCOB, KOTOPBIH IMO3BOJISET
U3BJICKATh, U3MEHSTh, T00ABIATh U YAAIATh AaHHbIC. CaMbIM MOMYJISIPHBIM SI3BIKOM
seistercss SQL (Structured Query Language), KoTopslii MoAIepKUBaCT PEISIIMOHHBIC
0a3bl 1aHHBIX. SQL M03BOJIIET BBHIMOIHSITH CIICAYIONINE OTICPALIUH:

e SELECT — usBieueHue qaHHBIX U3 0a3bl.

e INSERT — noOaBneHne HOBBIX JTaHHBIX.

« UPDATE — 00HOBIEHHE CYIIECTBYIOIINX JaHHBIX.
o« DELETE — ynanenue naHHbIX.

Jlpyrue s3bIKA 3alpOCOB MOTYT HCIIOJIb30BaThCA B 3aBUCUMOCTH OT THIA MOJCIH
JAHHBIX U CUCTEMBI yrpaBieHus 6azamu ganHbix (CYB/).

6. Tunsl 023 TAHHBIX

CymiecTByeT HECKOJIbKO TUIIOB 0a3 JAaHHBIX, KOTOPBIE PA3IMYAIOTCS MO CTPYKTYpE U
Ha3HAYCHHUIO:

o Peasiumonnble 6a3bl JaHHBIX. DTU 0a3bl JaHHBIX OPraHU3YIOT UHPOPMAIIUIO B
TaOMUIBL, T€ Kaxaass TalnMla MpencTaBIsieT cOOOM KOJUIEKLUHUIO CTPOK U
CTOJIOLIOB.

o OObeKkTHO-OpUEHTHPOBaHHbIe ©0a3bl JaaHHbIX. B ostux bBJl naHHbBIE
IPEJCTaBICHbI B BUJIE OOBEKTOB, KOTOPbIE BKIKOYAIOT HE TOJIBKO JaHHBIE, HO U
METOIbI KX 00PabOTKH.

o JlokyMeHTHBIe 0a3bl JAHHBIX. DTOT TUI UCIOJIB3YETCS NIl XpAaHEHUS TaHHBIX
B BUJIE JOKYMEHTOB, HanpuMep, B popmare JSON mnm XML.

o I'padoBbie 0a3bl gaHHbIX. OHU NpeaHA3HAYEHbl NI paboThl ¢ rpadaMu U
UCTIOJIb3YIOT BEPIIUHBI U pEOpaA JUIsl IPEICTABICHUS CBSI3€H MEXy JTaHHBIMU.

7. BbIBOABI

ba3bl MaHHBIX SBISIOTCS HEOTHEMJIEMOM YacThblO COBPEMEHHBIX HMH(POPMALMOHHBIX
cucteM M obOecrnieunBaroT 3P(HEKTUBHOE XpaHEeHHWE M 00paboTKy AaHHBIX. IIponecc
MPOEKTUPOBAHMS U OpraHU3alMK 0a3bl JaHHBIX TPEOyeT yueTa MHOXKECTBA (PaKTOPOB,
BKJIIOYAsi BBIOOpD MOJENM JAHHBIX, apXUTEKTYphl M si3blKa 3ampocoB. [IpuMeneHue
MPaBUJILHOM CTPYKTYphl M TE€XHOJIOTMM yrnpasieHus BJl cnocoOcTByeT yBeIMYEHHIO
CKOPOCTH pPabOThl CHCTEMbl W CHIKEHHUIO HM30BITOUHOCTH AaHHBIX. COBpEeMEHHbIE
CYB/l u MmeToibl TPOSKTUPOBAHUS TIO3BOJIIOT CO3/[aBaTh TMOKKE U MACIITaOUPyeMbIe
0a3bl IaHHBIX, KOTOPbIE MOTYT aIalITUPOBATHCS K MOTPEOHOCTSIM MOJIb30BATENS.
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HAYYHBIN )KYPHAJI
HAYKA 1 MUPOBO33PEHHUE

YK-005.591.6

OB30P I''TOBAJIBHOM I[HCTPHBBIOTEPCKOfI CUCTEMbI «<AMADEUS
GDS»

AoapaduxoBa Codbs Paucona
ctyneHT, Cankr-IlerepOyprckuit monmuTexHuIeckui yaupepcuteT [lerpa Bemukoro,
P®, r. Cankr-IleTepOypr

AHHOTAIIUA

CraTps nnpeacTaBisieT 0030p 1006anpHOM AucTprObloTepckoit cuctembl Amadeus GDS,
UCIOJIb3YEMON B TYPUCTHUECKON M aBUAKOMIIAHUU MHAYCTPUHU JUIsl OPOHUPOBAHUS U
npofaxu OWIIETOB, a TAaKXKE YIpaBJIEHUs ycilyramu. PaccmaTpuBaroTCsl KIHOYEBbIE
(GYHKIUM CHUCTEMBI, €€ apXUTEKTypa M IMPEUMYLIeCTBa Il aréHTCTB M KOHEYHBIX
Mojb30BaTeNneil. AHaMM3UpylOTCsl OCHOBHBIE Moaynu Amadeus GDS, Takue kak
OpOHUpOBaHHE aBUAOWIIETOB, OTENEH, apeHAbl aBTOMOOWIEW W JPYruxX YCIYT.
Onucanve TEXHOJOTMi, 00eCeuynBaOIMX pabOTy CUCTEMbI, IOMOTAET MOHATh, KAK
rJ100aJIbHBIE CUCTEMBI JUCTPUOYIIMU U3MEHAIOT JJaHIIapT Typru3Ma U myTemecTBui. B
CTaTh€ TAKKE PACCMATPUBAIOTCS TEKyLIME TEHICHIMHU B pa3Butun GDS-cucrem m mux
Oyayliee B yCIOBUAX pOCTa HU(POBBIX TEXHOJIOTHIA.

KiaroueBbie ciaoBa: Amadeus GDS, rnobGanbHas aUCTpUOBIOTOpCKAash CHUCTEMA,
OpoHUpOBaHHE, aBUAOWIETHI, TypUCTUYECKAs  HWHIAYCTPHUSA, TEXHOJOTHMYecKas
apXUTEKTypa, HU(POBU3AIUS, TyTESHISCTBUS.

1. BBeaenue

['mo6anbubie qucTpubdbroTOpckue cucteMbl (GDS) sSBsSIOTCS BaXXHBIMU AJIEMEHTaMH B
TYpPUCTUYECKOW WHAYCTpUHU, oOecrieunBasi >(PQPeKTUBHBI OOMEH IJaHHBIMH MEXKIY
nocraBlMKamMu yciyr u areHtamu. Cpeaum kpynseimmx GDS-cucrem wMupa
BbIIeNsieTCs: Amadeus, KOTopasi CITy>KUT OCHOBHBIM HHCTPYMEHTOM JUIsi OpOHUPOBAHUS
U YIpaBJICHUS yCIyraMu sl TYPUCTHUECKUX areHTCTB M MOCTaBIIMKOB. Cucrema
MO3BOJIAET TMOJIH30BATEISIM UCKATh M OPOHUPOBATH aBUAOWMIIETHI, TOCTUHUIIBI, apEHY
aBTOMOOUJIEH M JIpyrue CBS3aHHbIE C TypH3MOM Yyciayru. B naHHOU cratbe Oyner

paccMOTpeH (pyHKIIMOHAJI, BO3MOXHOCTH U OCOOEHHOCTH paboThl cucTteMbl Amadeus
GDS.

2. IIpobaema u 3apgauun cucrembl GDS

B ycinoBusix ObICTpO pa3BHBAIOLIETOCS pbIHKA TypU3Ma, TJ€ MOTPpeOHOCTU
MyTEIIeCTBEeHHUKOB U KOMIAHUN-TIOCTABIIMKOB MEHSIOTCS, 3a/1auu 3PGEKTUBHOTO U
OBICTPOTO MOUCKA, OPOHUPOBAHUS U MPEJOCTABICHUS YCIYT CTAHOBATCS KPUTHUHBIMHU.
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Bomnpockl, ¢ KOTOPBIMU CTaJKMBAIOTCS TYPUCTUYECKUE areHTCTBA U I0JIb30BATENH
GDS, BKIIIO4aIoOT:

o BpbicOKasi KOHKYpPeHIIUA CPpeIy MOCTABIIMKOB yCayr. CyliecTByeT MHOKECTBO
KOHKYPHUPYIOIIUX CHUCTEM, U HEOOXOJUMO MOJJIEP)KUBATh BBHICOKUUA YPOBEHBb
yI00CTBa U aKTyaJIbHOCTU MH(OpMAIUK.

o CuoxHoctn B wuHTerpamum. boinbimime Typoneparopsl U aBUALIUOHHBIC
KOMITAHUM YacTO CTaJKUBAIOTCA C MpoOJieMamMu HHTErpaluud CBOMX YCIYT B
EANHYIO CUCTEMY C y4eTOM pa3zHooOpa3us popMaToB U CTaHAAPTOB.

o be3onmacHocTh [JaHHBIX W TMOJb30BaTeIbCKasi KOH(PUIECHINAILHOCTD.
BBegenue HOBBIX CTaHIApTOB 0€30MACHOCTH JAaHHBIX U 3alllMTa MEPCOHATBHON
uH(pOpMAaIMU CTAaHOBSITCS BaXXHBIMH acriekTaMu padbotel GDS.

Cuctema Amadeus pemaet 3Ty 3aJ1auu, MPEIOCTABIISASI BO3MOKHOCTH JIJ1s1 ONITUMU3AIINU
MIPOIIECCOB OPOHUPOBAHUS U TTOBBIIICHUS Ka4eCTBA OOCITYKUBAHUS KIIMCHTOB.

3. Apxurekrypa u pynkuuu cucreMbl Amadeus GDS

Amadeus GDS mnocTtpoeHa Ha CIIOKHOW TEXHOJOTMYECKOH apXUTEKType, KOTopas
1o3BoJisieT 3G(HEKTUBHO 00pabaThiBaTh OIPOMHBIE 00bEMBI JaHHBIX U MPEIOCTABIISAThH
IIOJIB30BATENSIM IIUPOKUM CIIEKTP YCIYT. B cucrteMe BBIIEIAIOTCS HECKOJIBKO OCHOBHBIX
KOMITOHEHTOB:

o Pe3epBupoBanue u OpoHHpOBaHMe aBHAOWJIETOB. DTO OJHA U3 KIIFOUEBBIX
(yHKUMNA, TMO3BOJSIONIAS IMOJIB30BATENSIM M areHTaMm HCKaTh U OpOHUPOBATH
aBUapEeiChl, C YYETOM pa3IUYHBIX [apaMeTpOB, TaKHX KaK Jara, KJacc
00CITy>KUBaHUS U 1ICHA.

« bponupoBanue roctunul. Amadeus npeasaraeT pemeHus Ajis OpOHUPOBAHUS
oTesiell 1Mo BceMy MHpY, oOecrieuuBas JOCTYN K aKTyalbHOM MH(OpmManuu o
JOCTYIIHBIX HOMEpPAaxX, [IEHaX U yCiIyrax.

o Apenaa aBtroMoOmieid. CucremMa TakXke II03BOJISICT  I0Jb30BATENSAM
OpOHUPOBATH ABTOMOOWIIH Y BEYIIUX MPOKATHBIX KOMIIAHUH.

o« OOMeH mMaHHBIMU ¢ mapTHepamu. Amadeus MOANEPKUBACT WHTETPALUIO C
pa3IMYHBIMH NapTHEPAMU, BKIIFOYAsi aBUAKOMIIAaHUU, TypOIIEpaTOpPOB, ar€HTCTBA
U JpyTrHe MOCTABIIMKU YCIIYT, YTO JA€T BO3MOXHOCTH 3((HEKTUBHO YNPABIAThH
BCEU LIENOYKON TYPUCTHYECKUX YCIIYT.

Cucrema Taxke BKIIIOYAET B ceOs MOIIHBIC AHAJIUTHUYCCKHUEC MHCTPYMCHTBI, KOTOPLIC
IIOMOrar0oT KOMIIAHUAM JIy4dlI€ IIOHUMATb HOTp€6HOCTI/I CBOUX KJIHMCHTOB H
aJarITUpOBaThb CBOU IMPCIIOKCHUA.

4. IIpeumymiecTBa 1 0COOCHHOCTH MCNOAb30BaHusA Amadeus GDS

Amadeus GDS uMeeT MHOXECTBO MPEUMYIIIECTB KaK JIJIsl TYPUCTHUECKUX ar€HTCTB, TaK
Y JUIs1 KOHEYHBIX [TOJIb30BATENEH:
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« MacmrTadupyemMocTh ¥ riao6aabHocTh. Amadeus GDS oxBartbsiBaeT 6oiiee 190
CTpaH W TMOJJICPKUBACT MUJUIMOHBI TPAH3aKUUN €XKEeIHEBHO, YTO IO3BOJISIET
MOJIb30BATENSIM HAXOIUTH JIYUIIUE MPEIOKEHUS 10 BCEMY MUDY.

o MHWurerpamus c¢ apyrumu cucremamu. CucremMa MO3BOJSIET HMHTETPUPOBATDH
pa3iuuHble yCOYyrd B E€OUHBIA Mpolecc OpOHHPOBAHUS, YTO YIPOIIAeT
B3aMMOJICICTBIE MEXAY KIMECHTAMH U TTOCTABIIUKAMHU.

o Onrumm3anus padorsl arenrcTB. C nomompeo Amadeus GDS arentctBa
MOTYT ONTHMHU3HUPOBATH CBOM MPOIIECCHI, CHU3UTD M3/IEPKKH Ha 0OCITy>KUBaHUE
KJIMEHTOB U OBBICUTH dPPEKTUBHOCTH OTIEPAIIHIA.

o IMomaepxka MHOrokaHajJbHocTH. Amadeus mpeanmaraeT HE  TOJBKO
TpaJUIMOHHbIE KaHAJIbI OPOHUPOBAHUS, HO U MOOWJIbHBIE U BeO-TIPUIIOKECHHUS,
YTO MOBBIIIAET JOCTYMHOCTH JJIS1 TOJIb30BATENEH.

5. Texkymue Tenaenuuu u oOyaymee GDS-cucrem

C Pa3BUTUCM III/I(l)pOBLIX TEXHOJOTUU U HCKYCCTBCHHOI'O MHTCJLICKTA GDS-CI/ICTGMBI,
BKJIIO4as Amadeus, IMPpOOOJIZKAIOT PAa3BUBATLCA, IIpCajiarasd HOBBIC BO3MOKHOCTH JIA
YIYUIICHUA O6CJ'IY)KI/IB3HHH KIIMCHTOB. HCKOTOpLIG N3 aKTyaJIbHbIX TGH,[[GHI_II/Iﬁ
BKJIIOYAIOT:

o ABTOMATH3ALUS MPOLECCOB. BBeIeHHE HWCKYCCTBEHHOTO WHTEUIEKTA U
MAIIMHHOTO O0YYEHUS 11 aBTOMATUYECKOTO MPEAJIOKEHUS JIYUIIINX BAPUAHTOB
OpOHHMpPOBaHMS, YTO CHHUXAET BpEeMsS OTKIMKA W YJIydlllaeT TOYHOCTh
PEKOMEHIAlMH.

o MHHTerpanus ¢ MoOWIbHBIMH ycTpoiicTBamMu. [lyTeM co3gaHusi MPUIIOKEHUI
Jutst cMapT(OHOB U TUIaHIIeToB, Amadeus jenaet npoiecc OpoHUpoBaHus 0oJiee
JOCTYITHBIM M YJIOOHBIM JIJIS MTOJIh30BaTENCH B JIF000€ BpeMs.

o buokueiin aas  0e3omacHbIX TpaH3akmuii. B Oyaymem  BO3MOXKHO
UCIOJIb30BAaHUE OJOKYEHH-TEXHOJOTHI 11 oOecrieueHus 0e30MacHOCTH U
MPO3PAYHOCTH JAHHBIX, 0COOCHHO B 00J1aCTH ()MHAHCOBBIX TPAH3AKIUH.

6. BLIBOabI

I'moGansHas quctpubproTOpcKas cucremMa Amadeus GDS sBisieTcss OTHUM U3 BEIYITUX
HHCTPYMEHTOB B cdepe TypusmMa M aBHANEPEBO30K, OOecIreurBas KOMILICKCHBIC
pelieHus i1 OpOHUPOBaHUS M yIpaBJieHus yciyramu. biarogaps cBoei MOIITHOCTH U
ITUPOKOMY (DYHKIIMOHATTy CHCTeMa MPOJI0JDKAET 3aHMMAaTh JOMUHHUPYIOITUE TTO3UIIAN
Ha PBIHKE, MPEIOCTABIISIA MOIB30BATEIISAM OBICTPBIN TOCTYT K HEOOXOAUMBIM yCIIyTaM U
MO3BOJISIE areHTCTBaM OINTHMU3UPOBATH TMPOIECCHl. Pa3BUTHE HOBBIX TEXHOJOTHN
OTKPBIBACT HOBBIC TOPH3OHTHI U1 ycoBepieHcTBoBaHuS GDS-crucreM u naibHEHIIIEero
VIIYYIICHHS Ka4ecTBa 00CTyKUBaHUSI.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIK-004.72

BO3MOXKHOCTHU JAVA IIPU PABPABOTKE VR-TIPUJIOKEHU

Bunorpanos Ausiekcanap Jleoungosuyu
ctyneHT, MOITY Cuneprus
P®, r. MockBa

I'agpuioB Cranucaas BuraabeBud
Hay4HbIU pykoBoauTenb, MOITY Cuneprus
P®, r. Mocksa

AHHOTAIIUA

B naHHOIl cTathe paccMaTpUBAIOTCS  BO3MOXKHOCTHM  MCIOJIb30BaHMUS  SI3bIKA
nporpamMmupoBanus Java mnpu pa3paboTke BUPTyalbHBIX peanbHocTed (VR) u
NPWIOKEHUN JUIsl HUX. AHAIM3UPYIOTCA KIIOYEBbIE OCOOEHHOCTH Java, KOTOpbIE
JETA0T €ro MOAXOMSIIUM MHCTPYMEHTOM JJIs1 CO3MaHus VR-NpHIIoKeHUH, BKIIKOYas
ero KpoccmiathOpMeHHOCTh, JAOCTYNMHOCTh OHOIMOTEK M (PEHMBOPKOB, a TaKKe
nomuepxkky rpadpuueckux u  3D-addexToB. PaccmarpuBaroTcs  moOmMyssipHBIC
UHCTpYMEHTHl U (QpeiimBopku, Takue kak JavaFX, jMonkeyEngine, u npyrue,
UCIIOJIb3yeMbI€ JIJIsl pa3pabO0TKU BUPTYaJIbHBIX MUPOB U HHTEPAKTUBHBIX MPUIIOKECHHM.
Cratbsl Takke 3aTparuBaeT NPOOJIEMbl U OTPAHUYECHUS, C KOTOPHIMHU CTAJIKHUBAIOTCS
pa3zpabotuuku VR-nipuiioKeHuil npy UCIONIb30BaHUU Java.

KarwueBble  ciaoBa: Java, BHUpTyalnpHas  peallbHOCTb,  VR-IpuioxeHwus,
kpoccmiarpopmenHocts, JavaFX, jMonkeyEngine, 3D-rpadguka, pa3paboTka
MIPUJIOKEHUM.

1. BBenenue

C pa3BuTHEM TEXHOJOTMH BUPTYyalibHOM peanbHOCTH (VR) mosiBisieTcss Bce Ooiblie
NPWIOKEHUN ISl pa3inyHbIX cdep, OT pa3BiICUYEHU M WP A0 0O0pa3oBaHUs U
MeauuuHbl. [Ipy 3TOM OAHONW M3 aKTyaJbHbBIX 3aJad SBJISETCS BBIOOP MOIXOISLINX
MHCTPYMEHTOB I CO3JaHUSl BBICOKOKA4eCTBEHHBIX VR-mpunoxenuit. Cpemu
MHOKECTBA S3bIKOB TporpaMmupoBanus, Takux kak C++, C#, Python, Java
MIPEICTABIISIET COO0I MHTEPECHYIO OMIIHIO /TSl pa3paboTku VR-nipunoxenuit 0narogaps
CBOEH KpocCCIUIaTOPMEHHOCTH, MIUPOKOMY HaO0Opy OHOIMOTEK W BO3MOXKHOCTSIM
MHTETpaINK C pa3INYHBIMU IJ1aTGopmamu. B ctaThe OyayT paccMOTpeHb 0COOEHHOCTH
MCIIOJIb30BaHUs Java B KOHTEKCTE pa3pabOTKU BUPTYaJTbHON pEealbHOCTH.
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2. IIpodsaema u 3axaun VR-paszpadorkn
Pa3pabotka VR-npunoxenuii TpeOyeT peiieHns psajaa CI0XKHbIX 3a1a4, TAKUX KaK:

o Peanm3zanus BbicOKOKa4YecTBeHHOM 3D-rpaduku u anmmanmii: /{711 co3nanus
yOeIUTEeNbHBIX BUPTYAJIbHBIX MUPOB TPeOyeTCs BBICOKAs TPOU3BOAUTEIBLHOCTD U
TOYHOCTb BU3YyaAJIU3ALIHN.

o MHMHTepaKTMBHOCTb M NOJb30BATEJbCKHMH HHTepdeiic: BaxHBIM acCIeKTOM
ABIIIETCSA CO3JaHHe YIOOHOTO M WHTYUTHUBHO TOHATHOTO uHTepdelica s
B3aMMOJEHUCTBUA MOJIb30BATENS C BUPTYAIbHOU CPEIOM.

o Kpoccmiarpopmennocrs: BO3MOXHOCTH — 3aIlyCKaTb  IPWIOKEHHE  HaA
pasnuuHbx yerpoiicTBax (1K, MmoOmapHBIX yeTpoiicTBax, VR-mremax).

o CoBMecTHMOCTHh C anmapaTHLIMHU CpeAcTBaAMHU: BupryanbHas peasbHOCTb
TpeOyeT HMHTErpal ¢ pa3IMYHbBIMU CEHcOpaMHu, TpekepaMmu U VR-
000pyIOBaHUEM.

Java, HCCMOTPA HAa HCKOTOPBIC OI'PAHNYCHHA, O6J'IaI[aGT pAOIOM JOCTOHMHCTB, KOTOPEIC
IIO3BOJIATIOT PCIIATh 3THU 3ada4HU.

3. IlIpeumymecrBa Java nis pa3padorku VR-npuinoxeHuit
KpoccmiiargopmeHHOCTH

Java u3BecTHa CBOE CTOCOOHOCTHIO CO3/1aBaTh MPUJIOKEHUS, KOTOPhIE MOTYT pad0oTaTh
Ha pa3M4YHbIX IUIaTpopMax Oe3 HEOOXOOUMOCTH B MEPENUCHIBAHUU KOAA. IJTO
0COOEHHO BaXHO M1 VR-mpuiioskeHuii, KOTopble JOKHBI padoTaTh Ha Pa3IMYHBIX
ycrpoiictBax — oT IIK g0 moOunpubix miargopm u VR-rapautyp. UcnonszoBanue
Java no3BosisieT pa3paboTyMKaM 3arycKaTh OJJHO U TO K€ ImpuiiokeHue Ha Windows,

macOS u Linux, a Takyke HHTErpupoBaTh ¢ MOOMJILHBIMHU TIIaThOpMaMu yepe3 Java aiis
Android.

Moanep:kka 3D-rpadpuknu

Java mpenocrapiser paznuyHbie OMOIMOTEKH Jisi paboThI ¢ TpadUKOMA, YTO JIETAET €ro
xopomuM BbiOOpoM 1t VR-pazpabotku. OnHUM U3 CaMbIX  MOMYJSPHBIX
MHCTPpYMEHTOB siBIisgeTcs JavaFX, KoTopplii BKIIIOYaeT KOMIIOHEHTHI IS co3aanus 2D
u 3D-rpaduku. OgHako s co3nanusi 6oJiee CIONKHBIX U JUHAMUYHBIX BUPTYaJIbHBIX
MUpOB  Java-pazpaOoT4MKM MOTYT HCIOJb30BaTh Takue (pedMBOpPKH, Kak
jMonkeyEngine, koTopslii sBjsieTcss MOLIHOW IaTGOpMoi it co3aanus 3D-urp u
VR-npunoxennii. OH noaaepxxusaeT pusuky, 3D-rpaduky, aHUMaLUIO U UHTETPALIUIO
C pa3JIMYHBIM 000PYAOBaHUEM.

Pa3zButHe hxocucreMbl O0MOJINOTEK

B Java cymectByeT MHOXECTBO OMOINOTEK, KOTOPBIE MOTYT OBITH MCIIOJIb30BAHBI JIJISI
CO371aHusl BUPTYaIbHBIX MUPOB U 00paboTku 3D-rpaduku.
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Hanpumep, LWJIGL (Lightweight Java Game Library), kotopas momaep:xuBaer
paboty ¢ OpenGL u OpenCL, u JBullet, ouGnmoreka s cumyisiiun Guszuke B 3D-
MPOCTPAHCTBAX, YTO MIOMOTAET MPU CO3JaHUU PEATUCTUYHBIX VR-TIpHiiokeHui.

HNurerpauus ¢ VR-o60opynoBanuem

Java nmopnmepxuBaeT HWHTErpalMio ¢ pasnuyHbiMH - VR-ycTpoiicTBamu  uepes
cTaHaapTHbIE nHTEpdeiics u onbmuorexku. Hanmpumep, MmoxkHO ucnonb3oBath OpenVR
u Oculus SDK nmns pa6oter ¢ monyispabiMa VR-nutemamu. 9t SDK 103BOJISIOT
pEaTM30BBIBATh MOACPKKY KOHTPOJUICPOB JBIKCHUS, TPEKWHTA TOJOBBI M JIPYTHX
CEHCOPOB.

4. OcHOBHbIE (PpeiiMBOPKH U HHCTPYMeHTHI it VR-pa3padorku Ha Java

Java mpemyiaraetT HECKOIbKO (HPEHMBOPKOB, KOTOpPHIE MOMOTAIOT B pa3paboTke VR-
MIPUIOKEHUM:

o JavaFX: Dra mnardopma mUpeNOCTaBISCT HHCTPYMEHTBHI JJIsi  CO3JIaHMS
rpaduuecKkux mojab3oBarenbckux nurepdericoB u 3D-rpaduku. Xots JavaFX ne
ABJISIETCS CIIELMAIM3UPOBAHHBIM UHCTPYMEHTOM 111 VR, €ro BO3MOXXHOCTH 11O
co31aHnI0 3D-00bEKTOB MO3BOJISIOT pa3padaTbiBaTh NPOCThie VR-IIpUoKeHusl.

« JMonkeyEngine: Oaun 13 Hanboee U3BECTHBIX (PEUMBOPKOB JJIs pa3pabOTKH
3D-urp u VR-npunoxenuit Ha Java. On nomnepxkuaetr OpenGL u Java 3D,
MO3BOJISIET paboTaTh ¢ rpadukoi, PuU3NKON, aHUMALUSIMU U J1a’Ke UHTerpanuen
VR-nuiemos.

o LWJGL: bubnuoteka mis Hu3koypoBHeBoro goctyna k OpenGL, OpenAL u
apyrux rpaduueckux TexHoiorud. OH ucnosb3yercs IS CO3JaHus
BBICOKONPOU3BOJUTENBHBIX VR-NIpuioxkeHnii, TpeOyomMUX TOYHON HACTPONKHU
rpa@uku U QU3MKU.

« VRTK (Virtual Reality Toolkit): 910 Habop MHCTPYMEHTOB IUIsl pa3pabOTKH
VR-npunoxxeHuii, KOTOPBI MO3BOJIIET UHTETpUpoBaTh Java-nporpammsl ¢ VR-
000py1I0BaHUEM.

5. OrpannyeHus u npodJjaeMbl HCNOJIb30BaHus Java 1 VR-pa3padorku

Hecmotps Ha cBoum mnpeummyiiecTBa, Java HMEET HECKOJIbKO OTrPAaHUYEHHH MpU
pa3zpabotke VR-npuiioxeHuii:

o Ilpou3BoauTeILHOCTH: Java He SBISIETCS CaMOW  MPOU3BOJIUTEIBLHOU
TexHoJoruen Ay 3D-rpaduku Mo CpaBHEHUIO € TAKUMU s3bIKamMH, Kak C++. 3T1o
MOXKET CTaTh MPOOJEMOM MPU CO3JAHUU CIIOKHBIX U BHICOKOKAYeCTBEHHBIX VR-
IIPUIIOKECHUM.

o Ilopnep:xkka VR-ycrpoiicTB: X0Ts Java MOKET HHTETPUPOBATHCS C PA3TUYHBIM
VR-060pynoBaHuem, Ipoecc HaCTPOUKU U pa3pabOTKU MOXKET ObITh CIOKHBIM
U TpeOOBaTh JOMOJIHUTENIbHBIX YCHWIMA MO CPABHEHHUIO C APYTMMH SA3bIKAMHU,
takuMu kak C# u Unity.
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o OrcyrcTBHe cnenMaJM3UPOBAHHBIX OuOaMoTexk: HecmoTps Ha Hammuue
MOIIHBIX (PpelMBOpKOB, Takux Kak JMonkeyEngine, Java He nmMeer ctonpb xe
0O0JIBIIOTO KOJMYECTBA CHEMUANIN3UPOBAHHBIX OMOIMOTEK U UHCTPYMEHTOB JIsA
VR, kak 1pyrue si3plku nporpamMmmupoBanus, Takue kak C# B Unity.

6. BeIBOaABI

Java mpennmaraer MHOXXECTBO BO3MOXKHOCTEH [uisi pa3paboTku VR-mnpunoxenuit
Onaromapsi cBoei KpoccriaT(OpMEHHOCTH, MOIIIHBIM OMOJIMOTEKaM U (periMBOpKaM.
OpHako Juisi cO3JaHUSl BBICOKOKAYECTBEHHBIX, CIIOXKHBIX VR-IIPUIOKEHUH MOTYT
MOTPEeOOBAThCA JOMOJHUTENbHBIE YCHIIHS, CBSI3aHHBIE C IMPOU3BOAMTEIIBHOCTHIO U
unrerpanuein ¢ VR-obopynoBannem. Hecmotps Ha 3TO, Java ocraercs OJHUM U3
MHTEPECHBIX BBIOOPOB I pa3pabOTKH BUPTYAIbHBIX MUPOB U MIPHIIOKEHUH Oaroaaps
CBOEH YHUBEPCAJIBHOCTHU U IIMPOKOMY COOOILIECTBY pa3pabOTUHKOB.

7. JIuteparypa

"JavaFX 3D Graphics" /J. N. Yu, 2018.

"IMonkeyEngine 3.0 Beginner's Guide" / R. O'Byrne, 2013.
"Learning Java Game Development” / A. P. Kennedy, 2017.
"Virtual Reality Programming in Java" / A. R. Smith, 2015.
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@ HAYUYHBIA ) KYPHAJI

Ob30P CUCTEM 3JIEKTPOHHOI'O CYJIEVCTBA COPEBHOBAHMUMH 11O
XYJAOXKECTBEHHOU 'MMHACTUKE

EnuceeB Anekcanap AHapeeBu4
MarucTpant, TOMCKUI rocyAapCTBEHHBI YHUBEPCUTET
P®, r. Tomck

IHereaun Anexkcanap EBrenbeBuy

HayYHBIA PYKOBOJIUTEND, TOIECHT Kadeapsl HHPOPMAITMOHHOTO 00ECTICYCHUS
MHHOBAIIMOHHOM JESITEIHHOCTH (haKyJIbTeTa MHHOBAIIMOHHBIX TEXHOJIOTHH, ToMCKMiA
rOCYJIapCTBEHHBIN YHUBEPCUTET

P®, r. Tomck

AHHOTAIIUA

CraTpsi mocBdllleHa 0030py COBPEMEHHBIX CHCTEM DJIEKTPOHHOIO CyJEHCTBa,
MPUMEHSIEMBIX B COPEBHOBAHHUAX M0 XY0’KECTBEHHOM rUMHacTHKe. PaccMarpuBatoTcst
pa3juyYHble BUABl CHCTEM, HCIIONb3yEeMbIE ISl OLICHKH BBHITIOJHEHHS YINPaKHEHUN
CIIOPTCMEHAaMHM, a TaKKe€ METOJIbl aBTOMAaTU3UPOBAHHON 00paboTKM jJaHHBIX. Ocoboe
BHUMaHUE yIeJICHO TEXHOJIOTHSIM, UCTIOIB3YIOIINM KOMIIBIOTEPHOE 3pEHHE, AITOPUTMBI
OLICHKH M OmpeJieseHus 0aIoB, a TAK)KE€ MHTErPaliK ¢ HUPPOBBIMU MIIaT(GOpMaMu JJis
MOBBIIICHHUS] TOYHOCTH ¥ OOBbEKTHUBHOCTH CyACHCKUX pereHnid. Onrcanne 0XBaTbIBAacT
O0COOEHHOCTH HCIOJIb30BAaHUSI TAKUX CUCTEM Ha MEXJYHAPOJHBIX COPEBHOBAHMSX U B
TPEHUPOBOYHOM Iporecce. Takke paccMaTpUBaIOTCS MEPCIEKTHBBI Pa3BUTHUS TAKUX
TEXHOJIOTHI U WX BIWsSHUE Ha Oyaylee CyneicTBa B Xy0KECTBEHHON THMHACTHKE.

KiroueBble ciioBa: SJIEKTPOHHOE CYAEUCTBO, XYJO0KECTBEHHAs TI'MMHACTHUKA,
KOMITBIOTEPHOE 3pEHHE, AaBTOMATU3ALIMS OLIEHKH, IIU(POBbIE TEXHOJIOTUH, CIIOPTUBHBIE
COPEBHOBAHMS.

1. BBenenue

XyIn0KECTBEHHAs! TUMHACTHKA SIBJIETCS OJHHMM M3 CaMbIX CJIOYKHBIX M M3BICKAHHBIX
BUJIOB CHOPTa, B KOTOPOM OIPOMHOE 3HAYE€HHE MMEET TOYHOCTb U OOBEKTUBHOCTH
OILIEHOK, BBICTABJISIEMBIX CyIbsIMHU. TpaJulIMOHHAS CUCTEMA CY/IEMCTBA, OCHOBAHHAS Ha
YeJIOBEUECKOM BOCIHPHUATHU M OIEHKE, MOXET ObIThb MOJABEp)KEHAa OIIHUOKaM U
CyOBEeKTUBHOCTH. B CBs3M ¢ 3TUM, Bce OoJiee MUPOKOE MPUMEHEHUE HaXOAAT CUCTEMBbI
AIEKTPOHHOIO CYJEWCTBA, KOTOPbIE MOTYT 3HAYUTEIBHO ITOBBICUTH TOYHOCTHh H
O00BEKTUBHOCTH OLIEHKH MCIIOJHEHUS YIPAKHEHUH.
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Takue cucremsl HCIIOJB3YIOT COBPCMECHHBIC TCXHOJOIMH, BKIIIOYass KOMIIBIOTCPHOC
3pCHUC H I/ICI(YCCTBGHHHﬁ HHTCJIJICKT, YTO OTKPBIBACT HOBBLIC BO3MOKHOCTH IJIA
CHOpTHBHBD(COpCBHOBaHHﬁ.

2. IIpoGsiema u 3a1a4u Cy/eiicTBA B Xy/10:KeCTBEHHOH TMIMHACTHKE

OcHOBHOI1 1Tpo0IEMOii B CyJIeCTBE XY0KECTBEHHOM TMMHACTUKU SIBISIETCS BBICOKAs
CTeNeHbh CYOBEKTHBHOCTH B OIICHKE OJCTETHYECKUX ¢ TEXHUYECKUX aCIEKTOB
BbIcTyIUIeHUs. CyJlbM MOTYT TO-Pa3HOMY BOCIHPUHUMATH CIIOKHOCTBH BBITOJHEHUS
AJIEMEHTOB, IJIABHOCTh ABMKEHHM, TApMOHUIO MEK]Ty THMHACTKON U PEKBU3UTOM. JTO
CO3/1a€T TPYAHOCTH MPHU BBICTABJICHUHU OLICHOK, YTO MOXKET MOBJIUSITH HA 00ObEKTUBHOCTh
pE3yNbTaTOB COPEBHOBAHUM.

Jlist perieHust 3Tol mpoOsieMbl pa3paOOoTaHbl U BHEAPEHBI CUCTEMBI AJIEKTPOHHOTO
CyJlelicTBa, KOTOPbIE MOMOTal0T MUHUMH3UPOBATh BIUSHUE YeIOBeUeCKoro ¢akropa u
MOBBICUTHh TOYHOCTh BBICTABJISIEMBIX OAJIJIOB.

3. CucreMbl JJIEKTPOHHOIO CyAeiicTBa
3.1. CucTeMBbI HA OCHOBE KOMIIBIOTEPHOI'0 3peHUS

OnnuM u3 HauOoJiee TMEPCIEKTUBHBIX HaNpaBieHUA B 00JIaCTH aBTOMAaTHU3allUU
CyJIeliCTBa SIBJISIFOTCSI CUCTEMBI, UCIOJIb3YIOIINE KOMIIBIOTEPHOE 3PEHHUE JUIsl aHaIn3a
JBUKCHUSI CIIOPTCMEHKH W BBINOJHEHUS 3JIEMEHTOB. Takue CUCTEMBbl CIIOCOOHBI B
peaJbHOM BPEMEHHU OTCIICKUBATH MOJIOKEHUE CIIOPTCMEHKHU, PACIIO3HABATH KIIFOUEBbIE
AJIEMEHTHl TMPOTPpaMMbl M aBTOMATHYECKH OIEHHMBATh WX BBINOJHEHUE. ITO
3HAYUTEIBHO YCKOPSIET MPOLIECC CY/ICUCTBA U MOBHIIIAET TOYHOCTh OLICHOK.

[Ipumeppl Takux CHCTEM BKIIIOYAKOT MCIOJIB30BAHUE KaMEP C BBICOKOW YaCTOTOU
KaJIpoOB, KOTOpble (DUKCUPYIOT [BIJKEHHE THUMHACTKH B 3D-mpocTtpanctBe, u
aJTOPUTMOB, CIIOCOOHBIX PACIO3HABATh U KJIACCU(PUIIUPOBATH HIEMEHTHI UCIIOTHEHUS.
DTa TEXHOJIOTUSI aKTUBHO MCIIOJB3YETCA HA MEXIYHAPOIHBIX COPEBHOBAHMSIX, TAKUX
KaK YeMIHOHAThl MUpa U OJIUMIUNCKUE UTPBHI.

3.2. Murerpanus ¢ uugpossiMu miargpopmamu

CoBpeMEHHbIE CHUCTEMBI BJIEKTPOHHOIO CYyJEWCTBa TakKe€ MHTETPUPYIOTCS C
uuppoBbiMU IaTGopmamMu ast O6osee ObICTpol 0O0paOOTKH JaHHBIX M TMOTYYEHUS
UTOTOBBIX PE3YJbTaTOB. OTU IUIATQPOPMBI TO3BOJISIIOT HE TOJBKO OTCIEKUBAThH
JBUKEHUS CIOPTCMEHOB, HO M aBTOMAaTUYECKHU BBICTABJISTh OLIEHKU HAa OCHOBE 3apaHee
3anporpaMMHUPOBAHHBIX KpUTEpHEB. Takue CUCTEMbI 3HAUYUTEIBHO YCKOPSAIOT MPOLIece
MOJIBE/ICHUS! UTOTOB U YMEHBIIAIOT BEPOSATHOCTH OIIHOOK.

[IpumMepoM TakuxX HWHTETPUPOBAHHBIX PEIICHUM SABJISETCA CHUCTEMa, KOTopas
oOpabaThiBaeT BUICOMOTOKUA C KaMmep, aHATU3HPYET IBMIKEHHWE THMMHACTKH U Cpasy
BBICTABJISIET OIIEHKY 3a Ka)KJI0€ BHIIIOJIHEHHOE YIPaKHEHUE.
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Bce JaHHBIC CHHXPOHU3HUPYIOTCA C CUCTEMOM yue€Ta, 4YTO IIO3BOJIICT CYAbIMU
OIICPATUBHO IMIPUHUMATL PCHICHH.

3.3. IIlporpaMmmHbIe AJITOPUTMBI IJIS1 OLIEHKHU

AJNTOPUTMBI, UCHOJIb3yEMbIE B CHUCTEMAaX CYJEHCTBA, BKIIOYAIOT B CEOSl HECKOJBKO
cTaauii oOpaboTku naHHbIX. Ha mepBoil cTajiuu OCyIIeCTBISETCS paclo3HaBaHUE U
aHaJu3 JBWKEHUS CIIOPTCMEHKH, Ha BTOPOM — BBIJESIOTCS KIIOUYEBBIE MOMEHTHI,
KOTOpbI€ MOTYT MOBJUSATh Ha UTOTOBYIO OLIEHKY, HAIPUMEpP, CIOKHOCTh U TOYHOCTh
BBINIOJTHEHUS 3yieMeHTa. Ha mocnenHem srtame cucteMa aBTOMAaTHUYECKH T€HEPUPYET
OaJlITbl, KOTOPBIE MOTYT OBITH CKOPPEKTUPOBAHBI B CITy4ae HEOOXOIMMOCTH.

Hcnonp30BaHuE TakMX AJIr'OpUTMOB CHHIKACT HAI'PY3KY HaA cyﬂeﬁ, a TaK¥XC
MUHUMHU3UPYCT BCPOATHOCTD OHII/IGOK, CBsA3aHHBIX C YCTAJIOCTBIO HJIH CY6T)CKTHBHI)IM
BOCITPHUATHCM.

4. IIpeumymiecTBa M BbI30BbI IPMMEHEHHS JJIEKTPOHHOIO CyJAeiicTBa
4.1. IlIpeumyiecrsa

o OO0bexkTHBHOCTBL: CHCTEMBI JJIEKTPOHHOIO CYAECHCTBA ITOMOTAKOT UCKIIOYUTh
CyOBEKTHBHBIN (PaKTOp B OLIEHKE, Jieasi pe3yJbTaThbl 00jiee CIpaBeIJIMBbIMU.

o Ckopoctb 00padOTKM JaHHBIX: DJIEKTPOHHBIE CHUCTEMBI CIOCOOHBI OBICTPO
00paboTaTh OrPOMHOE KOJMYECTBO MH(POPMALIMH, YTO CYHIECTBEHHO YCKOPSET
MpolLecC MOABEAECHUS UTOTOB.

o IIpo3paunocTs: Vcnonap30BaHHE BBICOKOTEXHOJOTMYHBIX CUCTEM TO3BOJISIET
3pUTENSIM U YY4aCTHUKAM JIydllle MOHUMAaThb, KaK OBLIM BBICTABIIEHBI OLICHKH,
TMOBBIIIAS JOBEPUE K CYACHUCTBY.

4.2. BbI30BBI
HecmoTpst Ha Bce mmpenmyIecTBa, CymeCTBYIOT U ONIPEICIICHHBIE BBI3OBHI:

o CioxkHOCTL B HACTpPOiiKe M O00Cay:KHBaHUM 00OpynoBaHusi: Bbicokas
CTOMMOCTb U CJIOKHOCTb B HACTPOIKE 000pYyJ0BaHMsI, @ TAK)KE€ HEOOXOAUMOCTh B
pEryJIipHOM O0OCITY>KMBAaHWU, MOTYT CTaTh NPETpagoil JUisi BHEAPEHUS TaKuX
CUCTEM B MEHEee 00€eCTIeUeHHbIE CIOPTUBHBIE OPraHU3aLIUH.

o IIpobaemsbl ¢ aganTtanueii: Hekotopbie Cyibl U TPEHEPHI MOTYT UCIIBITHIBATD
TPYAHOCTH IIPH MEPEX0JIE OT TPATAULMUOHHOTO CYACICTBA K CHCTEME, OCHOBAaHHOM
Ha AJIEKTPOHHBIX OLEHKAX.

o 3aBHCHUMOCTH OT TexXHOJIOruii: Bo3mMoxxHOCTh cO0eB B paboTe 00opymoBaHMS
WIM TIPOrPaMMHOTO 00€CIeYeHUsI MOKET MPUBECTU K BOZHUKHOBEHHIO MPOOIIEM
B IIPOILIECCE COPEBHOBAHUM.
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S. IlepcnieKTUBBI pa3BUTHS TEXHOJIOIMH

TexHOJIOruu ANEKTPOHHOTO CYAECHCTBA B XYI0KECTBEHHOM TMMHACTUKE IIPOJOJLKAIOT
pa3BuBatbca. B OynymieM MOKHO OKUIATh JATbHEHIIIETO COBEPIIICHCTBOBAHUS CHCTEM,
BKJIIOYAs MHTETPALMI0 C HCKYCCTBEHHBIM HMHTEIUIEKTOM Uil OoJjiee TOYHOM W
OOBEKTUBHON OLIEHKH, a TAK)KE PACIIMPEHHE BOZMOKHOCTEN BUPTYaJIbHOM peanbHOCTH
U1 TPEHUPOBOK M aHaNIM3a BBICTyIUIEHUH. B0o3MOXXHO BHenpeHue Oosiee TMOKHX U
MOOWJIBHBIX PELICHUM, KOTOPbIE MO3BOJIAT HCIIOJNB30BaTh TAKUE CUCTEMBbI Ha OoJiee
LIMPOKOM YPOBHE.

6. BLiBoabI

Hcnonp30BaHue CUCTEM AJIEKTPOHHOIO CYZAEHCTBA B XYy/I0XKECTBEHHONM T'MMHACTHKE
MMEET 3HAYUTENbHBIN NOTEHIINAN 1)1 OBBIIIEHUSI OOBEKTUBHOCTH U TOUHOCTH OLIEHKU
BbICTyIUIEHUH. COBpEMEHHBIE TEXHOJIOTUM, TaKHE€ KaK KOMIIBIOTEPHOE 3pEHHE U
ABTOMAaTU3HPOBAHHBIE aJITOPUTMBl OLICHKH, YXKE€ AaKTUBHO HCIIOJIB3YIOTCA Ha
MEXIyHapOAHbIX cOpeBHOBaHUAX. OnHaKo it Oosiee MIMPOKOTO NPUMEHEHUS TaKUX
CUCTEM HEOOXOJMMO peniaTh BOMPOCHl CTOUMOCTH O0OpYyAOBaHUs, 00yUeHUs Cylierd U
TPEHEPOB, a TAK)KE MOBBIIICHNS YCTOMYUBOCTH U HAJEKHOCTH ITUX TEXHOJIOTHIA.

7. JIuteparypa

1. "CucteMbl BUACOHAOIIOACHUS M aBTOMaTH3anuu cyaericrea B criopte” / U. C.
ITaBmos, 2019.

2. "Hcnonb30BaHuE HCKYCCTBEHHOTO MHTEJUICKTa B CIOPTUBHOM cyaekicTee" / A. B.
HBanos, 2021.

3. "Poib 3EKTPOHHBIX CHCTEM B COBPEMEHHBIX CIIOPTUBHBIX copeBHOBaHUX" / C.
H. Muxaiinos, 2018.

4. "KoMmnbloTepHbIE TEXHOJOTHMU B OLIEHKE CIIOPTUBHBIX BBICTyIieHUH" / B. A.
['opbyHos, 2020.
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OLEHKA 3®®EKTUBHOCTU METOJA 3AIIUTHI XPAHUTAIIA
3AJAHUU JUIA PACIIPENJEJIEHHOU ACY HA OCHOBE TEXHOJIOT'MA
BJIOKYEHNH

Mensenes Bukrop AnekcanapoBuy

MarucTpat Kadeapsl BBIUUCIUTEIbHON TEXHUKHU U 3allUThI HH(pOpManuu,
OpeHOyprckuil Tocy1apCTBEHHBI YHUBEPCUTET

P®, r. Openbypr

I'anumoB Punat PaBuibeBu4

Hay4YHBIN pYKOBOJMTEIb, KaHJ. TEXH. HAYK, TOLEHT, OpeHOYPIrCKUi rocy1apCTBEHHBIN
YHHUBEPCUTET

P®, r. OpenbOypr

AHHOTAIIUA

Cratbs niocBsieHa oreHKe 3((HEKTUBHOCTH MPUMEHEHHS TEXHOJIOTHU OJIOKYEHH 1JIs
3alUThl XPaHWJIUIL 3aJlaHUil B pacnpeAciCHHBIX aBTOMATU3UPOBAHHBIX CHUCTEMax
ynpasienus (ACY). PaccmaTpuBaroTcs pa3iMyuHbIE aClIEKThl UCIOJIb30BaHMs OJ0KYEHH
JUIsl o0ecrieueHus: 0€30MaCHOCTH JaHHBIX B YCIOBUSAX pacHpeaeEHHON apXUTEKTYpHI,
BKJIIOUas XpaHEHHWE, Imepenadyy M o00paboTky 3amanuili. OmnucaHue OXBaThIBACT
MEXaHU3MbI KpUnrorpaduueckoi 3aiuThl, BEpUYUKALNIO JAaHHBIX U IPEI0TBPAILICHUE
HECAHKIIMOHUPOBAHHOTO JOCTyma. B cTaThe Takke aHAIM3UPYIOTCA PE3yJbTaThl
MIPUMEHEHUS MPEJITI0KEHHON MOJIENIM B PEATIbHBIX YCIIOBUSX, & TAKXKE CPAaBHUTEIbHBII
aHAJIN3 C TPAJAUIIMOHHBIMHA METOJAMHU 3aIIHUThI TaHHBIX B ACY.

KawueBble ciaoBa: OyiokueitH, 3ammra JaHHbIX, pacnpenenénHas ACY,
Kpunrorpadus, XpaHeHUE JaHHBIX, O€30MaCHOCTh WH(OpPMAIUU, paclpeicTEéHHbIE
CUCTEMBI.

1. BBenenue

B coBpeMeHHBIX pacmpeleNéHHbIX aBTOMAaTU3UPOBAHHBIX CHCTEMax YIpPaBICHUS
(ACY) 3zammura JOaHHBIX, OCOOCHHO B OTHOIICHMHM XPaHWIMIL 3aJaHUi, HrpaeT
KJIIOYEBYIO poJib B oOecrieueHHMHM MX O0e30mMacHOCTH M 1ienocTHOCTH. COBpeMeHHbIe
METONIbI  3aIUTHI, TaKWe KaK TPAAUIMOHHBIE CHUCTEMBI MHUQPPOBAHUS U
ayTeHTUPUKaLKUK, XO0TAd U 3((HEKTUBHBI, HO UMEIOT CBOM OTPaHUYEHHMs, OCOOCHHO B
YCIIOBUSIX BBICOKOW JUHAMHYHOCTH ¥ MAacCIITaOUPYEMOCTH pactpeeiéHHBIX cucTeM. B
MOCJICAHHUE TObI OJTHOM U3 MEPCIIEKTUBHBIX TEXHOJIOTHM JJIs PEIIEHUS 3TOM MPOOIeMbI
ABIIIETCS OJIOKYEHH, KOTOPBIM CIOCOOEH 00eCneunTh HAAEKHYIO 3aIIUTY JaHHBIX C
HCIIOJIb30BaHUEM KPUMNTOTPahUISCKUX METOIOB M TUCTPUOYTUBHBIX MTPOTOKOJIOB.
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2. ITpobsaeMa M 3a1a4M 321U THI XPAHUJIUIL 331aHUi B pacnpeneJéHHbix ACY

Pacnipenenéunnie ACY, cocTosiiye 3 MHOXKECTBAa Y3J0B M OOJIaYHBIX CEPBHCOB,
TpeOyIoT 3(P(EeKTUBHBIX MEXaHU3MOB 3allUThl JaHHBIX, BKJIIOYas 3aJa4ydl IO
o0ecreyeHnI0 KOH(PHUACHIINATBFHOCTH, EJIOCTHOCTH M JTOCTYIHOCTH HH(OPMAIUH.
XpaHunuiia 3aaHui, Kak 4acTh 3TUX CHCTEM, SIBISIFOTCS YS3BHUMBIMHU K pPa3iIMYHBIM
TUNIAM aTaK, TaKUM KaK HECAHKIIMOHMPOBAHHBIM IOCTYI, U3MEHEHHE [aHHBIX WU
yTpara uHpopmanuu. TpaIuiMOHHBIE METO/IbI 3aIIUTHI, TAKHE KaK LIEHTPATU30BaHHbIC
0a3pl JaHHBIX WM TPATUIHOHHBIE KpUNTOrpaduiyeckue METOAbl, MOTYT OBITh
HE/I0CTaTOYHBI AJIs 0OecredeHns OJIHON 0€30acHOCTH B TAKUX CHCTEMaXx.

B cBsi3m ¢ 3TUM BakHOU 3amadeii sSBISIETCS pa3padOTKa W BHEIPEHUE HOBOTO METOJIA
3allUThl XPAHWUJIUII 3aJaHUN, KOTOPBIM OYJIET OCHOBBIBATHCS HAa TEXHOJOTHIX
OmokueiiH, oOecmeunBas  JUCTPUOYIIMIO W HEW3MEHHOCTh  JIaHHBIX  0Oe3
LEHTPAIU30BaHHOTO KOHTPOJIA.

3. MeToa 3alIUTHI HA OCHOBE TEXHOJOIMH 0JI0OKYEeH

TexHomorus 0J0KYEH NpeICTaBIIAeT cCO00M pacnpeenéHHY0 0a3y TaHHBIX, B KOTOPOU
uH(pOpMaIUs COXpaHIETCs B BUE OIOKOB, KaX/IbIi U3 KOTOPBIX CBS3aH C MPEIBITYIINM,
oOpa3ys nenouky. Takoil MoaxoJl rapaHTUPYeT HEM3MEHHOCTh JTaHHBIX U JENAeT UX
JOCTYIHBIMHU TOJIBKO TE€M, KTO UMEET COOTBETCTBYIOIIKE MpaBa JocTyna. B KoHTekcTe
3alUThl XpaHWINL] 3a7aHuil nas pacnpenenéHHoll ACY OGnokyeiiH MOXET ObITh
UCTOJIb30BAH JJIs 00€CTIeYeHNUs CIECAYIONINX KIIOUEBbIX acleKTOB:

3.1. O0ecneueHme MEJOCTHOCTH JAHHBIX

Kaxnprit 6510k B OJ0KYEiTHE CONEPKUT KPpUNTOrpaduyecKyro MOAMUCH MPEAbIYIIEro
0JI0Ka, YTO TrapaHTUPYET HEBO3MOXKHOCTh M3MEHEHHS JaHHBIX 0€3 M3MEHEHHUs BCel
LEMOYKH. DTO MPENOTBpAllaeT HECAHKIMOHMPOBAHHBIE M3MEHEHUS B XpaHWIUIIAX
3a/laHnii, obecrieunBasi HEM3MEHHOCTb 3alMCEd O BBIMOTHEHHBIX WM TMEpPeJaHHBIX
3a/1aHUSIX.

3.2. IIpo3payHoOCTb U AYyAUT

Texnonorus OyokuelH oO€cIeurnBaeT IMOJHYIO MPO3PAYHOCTh BCEX OINEpaluid ¢
naHHeiMH. Kaxkmoe u3MeHeHHe B XpaHWIMINE 3aJaHuil (QuKcUpyeTcss B OJIOKax u
JOCTYITHO JIJIsi TIPOBEPKHU JIFOOBIM YIOJHOMOUYEHHBIM TOJIb30BATEEM. JTO CO3MaET
ayAUTUPYEMYIO CPENY, TI€ MOKHO OTCIIEKHUBATh BCIO UCTOPUIO U3MECHEHU.

3.3. leneHTpajau3auus U 0TKa30yCTONYMBOCTH

Hcnonp3oBanre OJIOKYEHH TMO3BOJSET M30€KaTh IEHTPATU30BAHHOTO KOHTPOJS 3a
XpaHWINILLEM 3a0aHni. Kax bl y3es1 CuCTEMbI UMEET TOCTYII K HOJIHOW KOIUY TAHHBIX,
YTO JIelaeT CUCTEMY 0oJiee yCTOWYMBOM K COOsIM MJIM aTakaM Ha IEHTPaIbHBINA CepBep.
Kpome Ttoro, OmokyeldH-CUCTEMBI OOECIEUMBAIOT 3alIUTy OT aTak TUHa "OTKa3 B
obcnyxkuanuu" (DoS) 6maromapst cBoeit TUCTPUOYTUBHON TTPUPOJIE.
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3.4. Kpunrorpagpuueckasi 3a1ura

Jns  obecrieyeHus: O€30MAaCHOCTH TEpPEelaBaeMbIX JAaHHBIX M MX 3alllUThl OT
HECAHKIIMOHUPOBAHHOTO JOCTYIA HWCIOIB3yeTCs KpHUNTOorpadus C OTKPHITHIM U
3aKpBITHIM KITt0YaMu. Bee 3amucu B 0710K4eiiHe MOTYT OBITh 3aIUPOBAHBI, a JOCTYII K
JaHHBIM  TIPEIOCTABIISICTCS  TOJLKO  aBTOPU30BAHHBIM  TIOJB30BATESIM €
COOTBETCTBYIOIIUMH KITFOYaMH.

4. Ouenka 3¢ PpexkTHBHOCTH METOAA

Jiist orieHKH 3P (HEKTUBHOCTH TPUMEHEHU S OJTIOKYEHH-TEXHOJIOTUHN B 3aIUTE XPaHUIIHUIIL
3a/laHuii ObUT IPOBENIEH PSIJT SKCIIEPUMEHTOB U TECTOB B PEAIbHBIX YCIOBUSIX. BaxkHbIMU
KpuTepusiMu 3H(HEKTUBHOCTH SBIISIOTCS:

4.1. CxopocTh 00padOTKH JAHHBIX

OI[HI/IM 13 BaKHEHIIINX MapaMETpOB ABJISACTCSA CKOPOCTD 3allMCH X U3BJICUCHUA OAHHBIX
n3 OnoKYelH-cucTeMbl. B OKCIICPUMCHTAX OBLII10 BBIABJICHO, 4YTO MCIIOJIB30BaHUC
OJok4JeliHa MOXKET IMPUBCCTH K HEOOJIBIION 3aJICPKKC B IIPOHOCCCC 3aIllMCH JTAHHBIX,
OJHAKO 3TO KOMIICHCUPYCTCA BBICOKOH CTENEHBIO 0€3011aCHOCTH B 3aIlIUThI OT aTak.

4.2. be3zonacHoCcTh

Hcronp3oBanue 0J0KYCHHA ITOKA3aJI0 3HAYUTEIIFHOE YIYUIICHHUC B 3allUTC JaHHBIX OT
arak. B YaCTHOCTH, CUCTCMaA IIPOACMOHCTPHUpPOBAJIa CTOMKOCTh K TUIIMYHBIM yrposam,
TaKHMM KaK Q)aHBCH(l)HKaHI/ISI JaHHBIX WU aTaKW Ha OCHTPAJIN30BaHHBIC CCPBCPHI.

4.3. Macmuradupyemoctb

brokuelin-TexHomoruss  00JaaeT  XOpOIIeH  MacITadupyeMOCTbIO,  MO3BOJISIA
s pekTHBHO paboTaTh C OOJIBIIMMHU 00bEMaMH JIAHHBIX B pacpeIeIEHHBIX CHCTEMaX.
OpHako, ¢ yBEJIMYEHHEM KOJMYECTBA IOJh30BATENEH M Y3JIOB CHCTEMBI MOKET
BO3HHKHYTh HEOOXOJIMMOCTh B ONTHUMHU3AIMHA TMPOU3BOJUTEIHLHOCTH OJOKYEHH-

CTPYKTYpBHI.

4.4. CtoumocTh

XoTsi OJIOKYEWH-CUCTEMBbl MOTYT OBITh JOPOKE B pealu3alii 1O CPaBHEHUIO C
TPaJAUIIMOHHBIMU METOJIAMHU 3aIUTHI, X MIPEUMYIIIECTBA B 00ecTeueHnn 6€30macHOCTH
U JICIICHTpAIN3alluid JIeNIaloT WX 0oJjiee NPUBJICKATEIbHBIMUA JUISI TIPUMEHEHUS B
pacnpenenénubix ACY.

5. BeIBOABI

Merton 3a1UThl XpaHWINII 3a1aHui 17151 pacnipeaenéHubix ACY Ha OCHOBE TEXHOJIOTHH
OJIOKYEHH MPOAEMOHCTPUPOBAI CBOIO 3(PGHEKTUBHOCTh B 00€CIICUCHUN IIEIOCTHOCTH,
0€30IaCHOCTH U JIOCTYITHOCTH JaHHBIX.
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bnokueiin mnpenocTtaBiuseT 3HAYUTENbHBIE MPEUMYIIECTBA IO CPaBHEHHUIO C
TPaJMLIMOHHBIMU METOJaMH, TAKUMH KakK ILIEHTpPaJM30BaHHbIE 0a3bl JAHHBIX WU
cuctemMbl  mudpoBaHusA, obOecreuuBas  JEUEHTPAIU3alUI0 M 3alIUTy  OT
HECAaHKIIMOHUPOBAHHBIX H3MEHEHMH JaHHBIX. 1eM HE MeEHee, CYIIECTBYEeT
HEO0OXOMMOCTD B ONITUMHU3AIIMHA CKOPOCTH OOPAOOTKH JAHHBIX M CHIYKEHUN CTOMMOCTHU
peanu3anuu 11 6osee MUPOKOTO BHEAPEHUS TEXHOIOTHH.

6. Jlureparypa

1. Nakamoto, S. "Bitcoin: A Peer-to-Peer Electronic Cash System." 2008.

2. Wood, G. "Ethereum: A Secure Decentralized Generalized Transaction Ledger."
2014,

3. Pilkington, M. "Blockchain Technology: Principles and Applications.” 2016.

4. Tapscott, D., & Tapscott, A. "Blockchain Revolution: How the Technology
Behind Bitcoin and Other Cryptocurrencies is Changing the World." 2016.

5. Yermakov, M. A. "Blockchain: Principles, Technologies, Applications." 2020.
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OIIEHKA D®PEKTUBHOCTH OBECIIEYEHUA WHO®OPMAIIMOHHON
BE30OITACHOCTH B YUYPE/KJAEHUU ®EJEPAJIBHOI'O OPT'AHA
UCIHOJHUTEJBHOM BJIACTH B YCJOBUAX IEPEXOJA HA
OTEYECTBEHHOE IPOT'PAMMHOE OBECIIEYEHUE

OpJioBa Enena BajepbeBHa
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P®, r. MockBa

CusoB Banepuii AsiekcanapoBu4

Hay4YHBIN pyKOBOJMTEIb, POCCUINCKNI DKOHOMUYECKUN YHUBEPCUTET
uM. ['.B. Ilnexanosa

P®, r. MockBa

AHHOTALIUA

B craTthe paccmarpuBatorcs mpooemMsl o0ecnieueHrs HHPOPMamOHHON 0€301acCHOCTH
B YUPEXKIEHUAX (elepalbHbIX OpraHOB MCIIOJHUTEIBHON BIACTH NPHU IEpeXo]e Ha
oteuecTBeHHOE nporpamMmmuoe ooecnedenue (I110). Ocoboe BHUMaHUE YACICHO aHATTU3Y
3¢ (}EeKTUBHOCTH Mep O€30MaCHOCTH B YCIOBHUSAX HCIIOJNb30BAHUS HAIMOHAJIBHBIX
pElIeHM], a TakXe COIOCTABICHUIO UX C 3apyOekHbIMU aHanoramu. I[IpoBonutcs
OLICHKAa YpOBHS YIrpO3, CBSI3aHHBIX C TMepexonoM Ha otedectBeHHoe [1O, u
BBIPA0ATHIBAIOTCS PEKOMEHAAIIMH IO MOBBILIEHUIO 3aLUTHl HHPOPMALIMOHHBIX CUCTEM
Y JAHHBIX, XPAHUMBbIX B TAKUX YUPEKICHUSX.

KuaroueBble cioBa: nHopmalrioHHas 0€30MacCHOCTb, OTEUECTBEHHOE MPOrpaMMHOE
oOecnieueHue, QenepaibHble OpraHbl HCHOJHUTENBbHOM BIIACTH, 3alllUTa JAHHBIX,
krOepyrpo3sl, 6ezonacHocTs 110, HarmoHanbHas 0€30MacCHOCTb.

1. BBeaenue

C nepexonoM Ha oTeduecTBeHHOE TporpammHoe obecrieuenue (I10) B rocymapcTBEHHBIX
Y MYHUIIUATIATBHBIX YUPEKICHUSX BOSHUKACT PsiJ BHI30BOB, CBSI3aHHBIX C 00€CTIeueHUEM
uH(popmaImoHHoi Oe3onacHOCTH. B ycnoBusx uudpoBu3anuu rocyaapcTBEHHBIX
MPOLECCOB M pacTylux yrpo3 B cepe kubOepOe30macHOCTH, BaXKHO HE TOJIBKO
o0ecreynTh 3alUTy JaHHBIX, HO MW TapaHTHUPOBaTh pPabOTOCHOCOOHOCTH U
coBMecTuMOCTh [1O ¢ pa3nuuHbIMU cUCTEMaMH. DTOT MEPEX0]i CTAHOBUTCS OCOOEHHO
aKTyalbHBIM JUIsl eiepabHbIX OPraHOB MCIIOJHUTENBHOW BIACTH, Iie 0€30MaCHOCTh
JaHHBIX U YCTOMYUBOCTH pabOThI CUCTEMBI UMEIOT KPUTUYECKOE 3HAUCHUE.
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2. IIpobaemsbl 1 3a1a4n o0ecneyeHust HHGpopMaALMOHHOI 6€30IaCHOCTH

[Tepexon Ha oreyecTBeHHOE [10 mpencTaBnsieT co00it HE TONHKO TEXHOJIOTHIECKUH, HO
W OpraHU3allMOHHBIA BBI3OB. Bo-MEpBBIX, BaXXHO OTMETUTh MOTECHIUAILHBIE
ySI3BUMOCTH, KOTOpPbIE MOTYT BO3HHMKAaTh MpPHU 3aMeHe 3apyOeKHBbIX pelIeHUH Ha
OTEUECTBEHHbIC, BKJIIOYas PHUCKHM HEIOCTATOYHOM  3PEJIOCTH  HAIMOHAJIBHBIX
TEXHOJIOTUI U MPOOJIEMbI COBMECTUMOCTH C CYIIECTBYIOUIUMU ccTeMaMu. Bo-BTOPBIX,
HE0OXO0IUMO 00€CNeUnuTh BBICOKMUA ypOBEHb 3alllUThl JAHHBIX, TOCKOJBbKY
NEeSTEIbHOCTh ~ OPraHOB  HUCIHOJIHUTENBHOM  BIACTH  CBsi3aHa ¢  00pabOTKOU
KOH(DUIEHIIMaTBbHON HHPOpMalIUU, KOTOpast TPeOyeT NOMOJIHUTETBHBIX MEp 10 3aIUTE
OT BHEUIHUX U BHYTPEHHUX yTPO3.

3anagamu onleHKH 3PPEKTUBHOCTH OOecreueHuss HHPOPMAIIMOHHOW 0€30MacHOCTH B
JAaHHOM KOHTEKCTE SIBJISIFOTCSL:

o AHamu3 TeKylmmx yrpo3 HHGOPMAIMOHHONW O€30MacHOCTH B YUPESKICHUSX,
ucnoJip3yromux oreyectseHHoe [10.

o OmeHka ypoOBHS 3alIUIIEHHOCTH JAHHBIX B YCIOBHUSIX TIepexojila Ha
OTEYECTBEHHBIC PEIICHUS.

o CpaBHenue oteuectBeHHOro IIO ¢ 3apyOexHBIMM aHajJOoraMu IO YPOBHSAM
0€301MacHOCTH U (PYHKIIMOHAJIBHOCTH.

o Pa3paboTka pekomeHJAIMi O MOBBIIMICHUIO OE30MACHOCTH MPU BHEAPECHUU
oTeuecTtBeHHOTO 110.

3. Mepsbl obOecnevyennss MHPOPMANMOHHOI 0e30MACHOCTH NpPH IepexoAe Ha
oreyecteenHoe I1O

Jist obecneyenuss MHGOPMAIIMOHHOM O€30MaCHOCTH B YCJIOBHUSIX Iepexojia Ha
oreuectBeHHOE [10 HEOOXOAMMO YUUTHIBATD CIIEIYIOIINE KIIFOUEBbIE ACTIEKTHI:

3.1. OueHka ypoBHs YIpPO3 U PUCKOB

Ilepexon Ha oreuectBeHHOE [IO MOXKET cONpspKEH C PpAIOM PHUCKOB, BKITIOYAS
HECOBEPIIEHCTBO CHUCTEM 3alllMThl, OTCYTCTBHE HWHTErPALMH C MEXKIYHAPOIAHBIMU
cTaHAapTaMu O€30MaCHOCTM M HEAOCTAaTOYHOE TECTHPOBAHUE OTEYECTBEHHBIX
MPOJIYKTOB HA YA3BUMOCTH. JIJIsi MUHUMHU3AIMU 3TUX PUCKOB HEOOXOAMMO MPOBECTU
KOMIUIEKCHYIO OLIEHKY YTpO3, B TOM YHCJIE:

« Bo3moxHble kubepaTtaku Ha CUCTEMBI U JaHHBIE.

o YTeuka KOHQUACHIMAIBHON HH(pOpManuu yepe3 ysa3Bumoctu 110.

o IlpoOnemMbl c coBMecTUMOCTBIO oOTedecTBeHHOro I[IO ¢ uMeronmMucs
pELICHUAMM.
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3.2. Pa3paGoTKa 1 BHeJpeHHe MOJUTHK 0e30I1aCHOCTH

Baxxnoil Mepoit siBJsieTCsl CO37]aHie U BHEAPEHUE YETKUX MOJUTUK WH(GOPMAIIMOHHON
0€30MacHOCTH, BKIIOYAIOIINX TPEOOBAHUS K 3alIUTE JAHHBIX, KOHTPOJb 32 JOCTYIIOM U
PETYIAPHYIO POBEPKY YSI3BUMOCTEH. DTO BKIIOYAET B ceOs:

o YCTaHOBJIEHHE CTAaHJAPTOB IO 3AlIUTE KOHPHUIECHUMAIBHOCTH U LIEIOCTHOCTU
JAHHBIX.

o Co3naHue HEeHTPATM30BAHHBIX CUCTEM MOHUTOPUHIA U KOHTPOJIA.

o IlpoBenenue perynsipHbIXx ayAauToB Oe3zomacHOCTH M TectupoBanus [1O Ha
HaJu4yue ysI3BUMOCTEH.

3.3. Ucnouab30BaHue KpUNTOrpagpuueCKUX METOA0B 3alUThI

Kpunrorpadguueckne MeTOapl SBISIOTCS HEOTHEMJIEMOM dYacThio oOecreueHus
6e3onacHocTn nH(pOpMaruu. [l 3amuTh TaHHBIX, OCOOCHHO B KOHTEKCTE Iepexo/ia
Ha otedectBeHHOEe [IO, BaXXHO WUCMOJB30BaTh OTEYECTBEHHBIC PEHICHUS JIA
mudpoBaHUs U ayTEHTU(PUKAITUU, KOTOPbIE 00ecreyaT BHICOKUI YPOBEHD 3aIUThI. ITO
BKJIIOYACT:

o [IlpuMeHeHHE OTEYECTBEHHBIX CEPTUMUIMPOBAHHBIX  KPUNTOrPAPUUECKUX
aJITOPUTMOB.

o Peanuzanus MHOTO3BEHHOM ayTeHTU(UKAIIUU TIOJIb30BATEIIEH.

« (OOecrneueHnre 6€30MaCHOCTH KaHaja Mepeayu TaHHbIX.

3.4. O0y4eHue ¥ MOBBINICHUE 0CBEIOMJICHHOCTH COTPYAHUKOB

OpnHoil U3 BaXHEHIIMX COCTABISIOMMX MHGOPMAIIMOHHONW OE€30MacHOCTH SIBIISIETCS
00y4eHHe COTPYJHUKOB. DTO BKJIIOYAET:

o IlpoBoauTh peryssipHble TPEHUHTH MO OE€30MaCHOCTH.

o PazpabarbiBaTh U BHEIPATH CUCTEMY NPEIOTBPAILICHHS YETOBEYECKUX OLITMOOK.

o OOy4arb COTPYAHHMKOB MPABUIBHBIM METOJAM PadOThl ¢ KOH(PUIECHIUATBHOU
uH(popmanuen.

4. CpaBHenne oreyectBeHHOro 11O ¢ 3apy0exxHbIMH aHAJIOTAaMHU

Anamu3 3¢dexktuBHOCTH oTedyecTBeHHOro I[IO mo cpaBHEHUIO C 3apyOeKHBIMU
pPELIEHUSAMU NTO3BOJISIET BBISIBUTH CJIEAYIOLINE KIIFOUEBbIE PA3IUUHMSL:

4.1. Be3zonmacHocTh

OteuectBennoe I10, kak mpaBuiIo, MEHEE TMOJBEP)KCHO BIMSHUIO BHEIIHUX YTPO3,
CBSI3aHHBIX C YCTAaHOBKOM 3apyOeKHBIX MPOTPAMMHBIX MPOIYKTOB, OHAKO OHO MOXKET
UMETh MEHEE Pa3BUTYIO CUCTEMY 3alIUTHl OT CHEIU(PUIECKUX YIPO3, TAKMX KaK Zero-
day ys3Bumoctu. BaxxHo, yTo6s1 oTeuectBeHHOE 110 mpoxoauino perysisipHbie TeCThl Ha
YS3BUMOCTH M cepTU(UKAIUIO B 001acTU KHOEpOE30aCHOCTH.
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4.2. CoOBMeCTHUMOCTH

3apyOeXHbIC PEIICHHs, KaK MPaBUIo, OOECIEUMBAIOT JIYUIIYI0 COBMECTHMOCTH C
MEXKyHAPOIHBIMHA CTAHAAPTAMH U APYTUMU MIPOTPAMMHBIMU ITPOTYKTaAMHU.

OI[HaKO, nepexoa Ha OTCUYHCCTBCHHBLIC PCIICHUA MOXKCT 00eCIeUYnTh 6OJH)HIy1-O
ABTOHOMMIO 1 HC3aBMCHUMOCTDH OT BHCIITHHUX (baKTOpOB, TaKHUX KaK CAaHKIIHH.

4.3. CtonmocTh

CrouMocTh pa3paboTKu M BHeApeHus otedectBeHHoro IO, kak mpaBmiio, HIKE B
JOJITOCPOYHOM TEPCHEKTUBE, OJIHAKO Ha HAyaJbHOM JTale I[epexoja MOTYT
BO3HUKHYTH JIONOJHUTENIbHBIE 3aTpaThl, CBs3aHHbIE C OOYyYEHHEM IIepcoHaja u
aJanTanyen nporeccoB.

S. Pexkomenaauuu 1o NOBBIICHUI0 J(PekTUBHOCTH HHPOPMALUOHHOH
0e3onacHocTH

Jiist noBeitieHus 3GpGEeKTUBHOCTH o0ecriedeHus: THPOPMAIMOHHON 6€301acHOCTH MpHU
nepexojie Ha oredecTBeHHOE [10 MOKHO PEKOMEHI0BATh CIEAYIONINE MEPHI:

1. TlpoBecTH OIICHKY yIpO3 M PHUCKOB C YYETOM CHEIU(GUKH HCIIOIb3yEeMBIX
TE€XHOJIOTUH.

2. Buenputh craHmapTthl 0€30MACHOCTH M KpUOTOrpauyecKue perieHwus,

cepTU(PUIIMPOBAHHBIC B paMKaX HAIlMOHAIBHOU O€30MaCHOCTH.

Perynsapuo npoBoauTh ayauT 6e3omacHocty U TectupoBanue [10.

4. ObecnieunTh 00Oy4YeHHE COTPYIHUKOB U PA3BUTHUE CHUCTEMbl MPEIOTBPAIICHUS
YEJIOBEUECKHUX OIIUOOK.

5. Pazpaborath cTpaTeruro mo o0ecrneyeHuI0 COBMECTUMOCTH C MEXKTyHAPOTHBIMH
CTaHAapTaM# 0€30MTaCHOCTH ¥ KOHTPOJTIO 32 BHEITHUMHU YTPO3aMHU.

w

6. BLIBOabI

[lepexonq Ha oredectBeHHoe I[IO B yupexneHusx (denepanbHBIX OPraHoB
WCIIOJIHUTENIbHON BJacTH TpeOyeT KOMIUIEKCHOTO TMOoAXoAa K OOeCleyYeHUuto
uHpopmaImoHHoi Oe3onacHocTH. [IpuMeHEeHHWe OTEYECTBEHHBIX PEIICHUA MOXKET
MOBBICUTh YPOBEHb 3allUThl OT BHEIIHUX YIrpo3 M YKPENUTh HAIMOHAJIBHYIO
0e30MMacHOCTh, OJTHAKO 11 00eCIeUeHUsT MaKCHUMAJILHOM 0€301acHOCTH HEOOXOIUMO
Y4ECTh PHUCKM HECOBEPIIEHCTBA OTEUECTBEHHBIX TEXHOJOTMH UM TPOBECTU UX
MHTETPAILMIO C MEXKTyHAPOIHBIMH CTaHIapTaMu 0€30MacHOCTH.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

V]IK-624.047

BO3MOKHOCTH ITPOI'PAMMbI KOMHIAC-3D AJI51 PEHHIEHWA 3ATAY
SBEMUIEYCTPOUCTBA U KAJACTPOB

Kuxapes Baaaucaas JImurpueBuy

CTYJIEHT, benropoackuil rocy1apCTBEHHbBIN TEXHOJIOTUYECKUNA YHUBEPCUTET
nMm. B.I'. [llyxoBa

P®, r. benropon

IIupuna Haraabsa BaaagumMupoBHa

Hay4YHbI PYKOBOJAMTENb, KaH/I. TEXH. HAYK, JOLEHT, TOLIEHT KadeIpbl TOPOIACKOTO
KaJacTpa U UHKCHEPHBIX U3bICKAHUM, beIropoackuii rocy1apCTBEHHbIN
TexHonornyecku yausepcurer um. B.I'. Illyxosa

PO, r. benropon

AHHOTAIIUA

B cratbe paccmaTpuBaroTcs Bo3MOKHOCTH porpammHoro obecrneuenuss KOMITAC-3D
JUTSL PEIIeHHs] 3a/1ady B 00JIaCTU 3eMJIEYCTpPOICTBA M KaaacTpoB. OnucaHbl OCHOBHbBIE
(GYHKIIUM IPOTPaMMBbI, KOTOPBIE MOTYT OBITh IOJIE3HBI 1151 MOAEIMPOBAHUS 3€MEIbHBIX
YYacTKOB, CO3JlaHUSl M 0OpabOOTKM KaJacTpOBBIX KapT, a TaKxke Ui pa3paboTKu
IPOEKTHBIX pEIIeHHH B cdepe 3eMeNbHbIX OTHOUIeHuH. Takke paccMOTpeHbI
nepcrektuBbl  ucnonb3oBaHuss KOMITAC-3D B aBTOmMaTu3anmuu  IPOLIECCOB
3€MJICYCTPOKCTBA, MOBBIIICHUS] TOYHOCTH JAHHBIX W YJIY4YIIECHHUsS B3aUMOJACHCTBUS C
rocyJapCTBEHHbIMH KaJIaCTPOBBIMHU CUCTEMaMHU.

Kuaruessie ciioBa: KOMITAC-3D, 3emiieycTpoiicTBO, Kagactp, 3D-mMonennpoBaHue,
KaJaCTPOBBIE KapThl, aBTOMATU3AIMS, TPOCKTUPOBAHHUE.

1. BBenenue

3emMIIeyCTpOMCTBO U KaAaCTPOBOE KapTOrpapupoBaHUE — HTO BaKHEUIIUE MPOIECCHI B
YIOPaBJICHUH 3E€MEJIbHBIMH pPECypCaMH, KOTOpbIe TPEOYIOT TOYHBIX pPAacyeToB U
s dextuBHOrO MOAenupoBaHus. C pa3BUTHEM HWHQPOPMAIMOHHBIX TEXHOJOTUUA U
MPOTPAaMMHOTO  00€CTHeYeHUsT 3HAYUTEIBHO YBEIUYWINCh BO3MOXHOCTH IS
aBTOMATH3ALIMK ATUX ITporieccoB. OJTHUM U3 TAKHMX UTHCTPYMEHTOB ABJISIETCA IpOrpaMMa
KOMITAC-3D, npenHa3HaueHHass [Jii  TPEXMEPHOTO  MPOEKTUPOBAHUS U
MOJICJIMpOBaHus. B [TaHHOM CTarbe paccMaTpPUBAKOTCA BO3MOYKHOCTH JAHHOU
MporpaMMBbl JIJI1 MPUMEHEHUS B 33/1a4axX 3€MJICYCTPOMCTBA U KaaCTPOB.

-66 -



2. Ocobennoctu nporpammbl KOMITAC-3D

KOMIIAC-3D — »st10 cuctema aBromarusupoBaHHoro mpoektupoBanus (CAIIP),
KOTOpasi MO3BOJISIET CO37aBaTh TPEXMEPHbBIE MOIENIM OOBEKTOB, TPOBOAUTH UX aHAIIN3 U
TeHEpUPOBATh MPOEKTHYIO AOKyMeHTanuo. OHa BKIIOYAeT B ceOs MIMPOKUI CIEKTP
MHCTPYMEHTOB IS IPOEKTUPOBAHUS B PA3IMYHBIX 00JACTAX, OT MAIIMHOCTPOSHHUS J10
aApXUTEKTYPHI U CTpOUTENbCTBA. Cpe/in €e OCHOBHBIX BOZMOKHOCTEI MOKHO BBIACIUTH:

o 3D-moaesupoBaHMe — CO3/JaHHE M BU3yalIM3alUsl TPEXMEPHBIX MOJIEJeH
OOBEKTOB, BKIIIOYAs 3€MIIIHbIE DPAOOTHI, COOPYXKEHHS W JPYrHe 3JIEMEHTHI
UHQPPACTPYKTYPHI.

o MWHTerpaunusi ¢ APyrumMu nNporpaMMaMu — BO3MOXHOCTb OOMEHA JTaHHBIMU C
IPYrUMH CUCTEMaMH M TpwiokeHusmu, Bkmodas [MC (reorpaduueckue
nH()OPMAITMOHHBIC CHCTEMBI ), YTO OCOOCHHO BaXKHO sl PA0OTHI ¢ KaaCTPOBBIMU

KapTaMH.

. ABTOMaTI’I3aHI/IH NMPOCKTHPOBAHUA -— HAJIUWYUC BCTPOCHHLBIX OMOJIMOTEK
CTaHIapPTHBIX OOBEKTOB H 9JICMCHTOB, 4YTO IIO3BOJIACT YCKOPHUTH IIPOLCCC
IMPOCKTUPOBAHUA].

 BpIcOKasi TOYHOCTDH pacdeToB — BO3MOXHOCTb BbIIIOJHCHUA CIIOXKHBIX

HHXCHCPHBIX PpPAaCdYCTOB, YTO KpPUTHYCCKH BaXXHO I KaZaCTPOBBIX H
3CMIICYCTPOUTCIIbHBIX pa60T.

3. llpumenenue KOMITAC-3D B 3emJieyCcTpPOMCTBE

3amaun  3eMIICYCTPOMCTBA BKIIOYAIOT B ce0s co3gaHue, oO0pabOTKy | aHau3
KapTorpaduuecKoi u MpoCTpaHCTBEHHOM nHpOopMaIluu. B 3TOM KOHTEKCTE ITporpaMma
KOMITAC-3D moxeT ObITh UCIIOIB30BaHA JIS:

3.1. MonenupoBaHus 3eMeJIbHBIX YYACTKOB

KOMITAC-3D mno3BoJiieT co3maBaTh TOYHbIE 3D-MOJEnu 3€MENbHBIX YYaCTKOB C
Y4E€TOM WX Tomnorpaduu, reoMeTpund U JPYrUX XapakTepUCTHK. Takue MOIEIu MOTYT
OBITh WCIOJIb30BaHBI JUIsI pacyeTa IUIOMIAay Y4YacTKa, €ro KOH(pUrypaluuu u
B3aUMOJICUCTBUS C OKpYyKaroleld nHHPaCTPYKTYpO.

3.2. [IpoekTHpOBaHuUs 3eMeJIbHBIX pa0d0T

C nomo1s10 MporpaMMbl MOKHO pa3padbaThiBaTh MPOSKTHBIC PEIICHUS JIJISl IPOBECHUS
3eMJIIHBIX Pa0OT, HampuMmep, MJIAHUPOBAHUE BBHIEMKH M 3aCHIIKM TPYHTA, CO3/IaHUE
npeHaxHbIX cucteM u npyrue 3agaun. KOMITAC-3D no3BossieT BUSyaIM3upoBaTh 3TH
MIPOIIECCHI U OIIEHUBATh X d()PEKTUBHOCTS.

3.3. PazpaboTka KagacTpoBbIX KapT

[Iporpamma mnoaaepKUBAEeT CO3JAAHUE M PEIAKTUPOBAHUE KaJacTPOBBIX KapT, 4UTO
BOXXHO JIJI1 y4€Ta U PETUCTPAllMU 3E€MEJIbHBIX YYaCTKOB. JTO TMO3BOJISET YIYUIIUTh
TOYHOCTh JAaHHBIX U aBTOMATU3UPOBATh MPOLIECCHI BEAECHUS KaaacTpa.
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C nomonisto KOMITAC-3D M0XHO c03/1aBaTh ACTATU3UPOBAHHBIE KAPThI, HA KOTOPHIX
OTOOpPaXKAIOTCS TPAHUIIBI YYaCTKOB, HH(PACTPYKTYpa U APyrue 0ObEKTHI.

3.4. OneHKa U aHAJIN3 3eMeJIbHBIX PeCypcoB

KOMITAC-3D no3BossieT mpOBOAUTh aHAJIU3 3€MEJIbHBIX PECYPCOB, BKIIIOUAS pacyeT
Iom@AaA, 00beMa 3EeMENbHBIX YYacCTKOB, a TaKXKe OIpeJesieHHe BO3MOMXHBIX
OTpaHUYCHHI Ha WX HCIIOIh30BaHUE. DTO MO3BOJISET OOJIEe TOUHO OIIEHUTH CTOMMOCTD
3€MJIM U TIPUHATH ONTUMAJIbHBIE PEIICHHUS 110 €€ UCTOIb30BAHMIO.

4. IlpeumymecrBa u orpanunvyeHus nporpammbl KOMIIAC-3D pgas 3agauq
3eMJIeYCTPOICTBA U KAIaCTPOB

4.1. llpeumyecTBa

o HHTYMTHBHO NOHATHBIA HHTepdeiic — mnporpamMmma HMeEET YIOOHBIH H
JOCTYIHBINA HHTEpQENC, YTO NO3BOJISIET CHEIUAINCTAM OBICTPO OCBOUTH padOTy
C HEl.

o BpICOKasi TOYHOCTH M THOKOCTH — BO3MOYKHOCTB CO3/1aHHs TOUYHBIX MOJIEIIEH U
pacyeToB, 4YTO BAXXHO [JI1 TOYHOCTU KaJaCTPOBBIX JAHHBIX U IPOEKTHBIX
PELICHUMN.

o MHoro3aga4yHocTb — BO3MOXKHOCTb paOOThl C HECKOJBKUMHU HPOEKTaMU
OJIHOBPEMEHHO, YTO NOBbIIIAET 3()(HEKTUBHOCTH PabOTHI.

o MWurerpanus ¢ 'MC — BO3MOXHOCT, OOMEHA TaHHBIMU C reorpauyecKuMH
MH()OPMAIIMOHHBIMM CUCTEMAMH, YTO MO3BOJSET pabOTaTh C KaJacTPOBBIMU
KapTaMH U 3€MEJIbHBIMU JaHHBIMU OoJiee 3 (HEKTUBHO.

4.2. Orpanuyenus

o Heo0xonuMocTh /1ONOJHUTEIBHOTO O0y4YeHUs] — HECMOTpPsSI Ha YAOOCTBO
uHtepdeiica, maa 3P(YEKTUBHOIO UCIMOJIB30BAHUS MPOrpaMMbl TpedyeTrcs
olpezeseHHas MOAr0TOBKAa U 00y4YEHHE.

o 3aBHCHMOCTH OT TOYHOCTHM MCXOAHBIX JAHHBIX — 3(P(EKTUBHOCTD
MporpaMMbl HaNpsAMYI0 3aBUCHUT OT TOYHOCTH JAHHBIX, MOJYy4aeMbIX I
ITOCTPOECHUS MOJENEN U KapT.

o MWHTerpanusi ¢ BHEIIHUMM CHCTEMAMM — HECMOTPS Ha BO3MOKHOCTh 0OMEHa
JaHHBIMH C JIPYIMMHM CHUCTEMaMH, HWHTErpanusi MOXeT MOTpedoBaTh
JOTIOJTHUTENbHBIX HACTPOEK U JOPAOOTOK.

5. lHepcnexkTussbl pazsutus nporpammsl KOMITIAC-3D B cepe 3emiueycrpoiictBa
U KaJacTpoB

C yuerom pactymield moTpeOHOCTH B MU(PPOBU3AIUHU MPOIIECCOB 3€MJICYCTPONUCTBA U
KamacTpoB, MOXKHO 0xuaarh, 4To KOMIIAC-3D Oyner npoaomkaTh pa3BUBATHCS U
BHEIPSITH HOBbIC (DYHKIUU ISl PEIICHUS 3a]1ad B 9TON 00JIaCcTH.
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Hampumep, mnpenmomaraercs — paclMpeHUE  BO3MOXKHOCTEM  MHTErpallud €
coBpemeHHbIMH | IC-cuctemamu, yinydiieHrue TOYHOCTH PAaCueTOB U MOAEIUPOBAHUS,
a TaKXKe CO3JaHUe CIEUUATU3UPOBAHHBIX HHCTPYMEHTOB JUISl y4eTa HPUPOIAHBIX
PECYPCOB, JKOJOTHYECKMX (aKTOpOB U JAPYTrUX MapaMeTpoOB, BAXKHBIX IS
3eMJICYCTPOKCTBA.

6. 3akja0ueHue

[Iporpamma KOMITAC-3D sBasieTcss MOIIHBIM HHCTPYMEHTOM JJIA PEIUEHUs 3adad
3eMJICYCTpOMCTBA W  KajgactpoB. FEe Bo3moxHOocTH B 3D-MozaenupoBaHuM,
MPOEKTUPOBAHUU 3EMENbHBIX PA0OT M CO3JAHMM KAJAACTPOBBIX KapT 3HAYUTEIBHO
MOBBIIIAIOT TOYHOCTH JAHHBIX M 3PPEKTUBHOCTH PAOOTHI CHEIHAIMCTOB B AITOH
obnactu. Buenpenne KOMIIAC-3D B mpouecchl 3eMiIeyCTpOCTBa CIIOCOOCTBYET
MOBBIIICHUIO KAayeCcTBAa YIPaBJICHUS 3E€MEIbHBIMA pECypcaMH H  YIYYLIEHUIO
B3aUMOJICUCTBUS C TOCYIapPCTBEHHBIMU KaJaCTPOBBIMA CHCTEMAaMH.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

V]IK-616.996.1

A®PUKAHCKHUN TPUITAHOCOMO3 (COHHAS BOJIE3HbB)

MaprupocsH JleBoH ApreMoBHY
ctyneHT 1 kypca gededHoro dakynprera [IMI'MY um. CeuenoBa
P®, r. MockBa

MeunukoBa CBeriiaHa AHApPeeBHA

HAy4YHBIA PYKOBOJIUTENb, KaH. OMOJI. HAyK, CTAPIINI PETnoaBaTeb Kadeapsl
ononoruu u ooment resetuku [IMI'MY

P®, r. Mocksa

AHHOTALIUA

AdpukaHckuii  TPUMAHOCOMO3, WJIM COHHasi OOJE€3Hb, SBISETCA  TAKEIBIM
MH(DEKIIMOHHBIM 3a00JIeBaHUEM, BBI3BIBAEMBIM Iapa3uTamMu poja |rypanosoma,
KOTOpBIE TIEPEIaloTCsI Yepe3 YKYChl MyX Iiele. bosie3Hs BcTpedaercs riiaBHbIM 00pa3oM
B A(dpuKe 1 MOKET MPUBECTH K CEPHE3HBIM HAPYIICHUSIM 3/I0POBbSI, BKJIIOUasi HEPBHYIO
CUCTEMY, 4YTO [€JaeT €€ KpalHe OMAacHOW s KU3HM TnalnueHTta. B craree
paccMaTpUBAIOTCS AMUIAEMUOJIOTHS, MMATOTE€HE3, KIMHUYECKUE MPOSIBJICHUS, METOMbI
JTMArHOCTUKH U JieueHUs: adpuUKaHCKOTO TpUMaHocoMo3a. Takke yneleHO BHUMaHUE
COBPEMEHHBIM MMOAX0aM K KOHTPOJIIO U MPOPUIAKTUKE ITOTO 3a00JIeBaHUSI.

KuroueBbie ciioBa: A(dpuKaHCKUN TpUIIAaHOCOMO3, COHHasi Ooyie3Hb, Trypanosoma,
MYXH TIe1le, STUAEMHUOJIOTHSI, TUarHOCTHKA, JICYeHHE, TPOPUITAKTHKA.

1. BBenenue

AdpukaHCKUI TPUIIAHOCOMO3, TAK)KE€ M3BECTHBIM KaK COHHas O0Jie3Hb, SIBISETCA
BOXXHOU MEIUIIMHCKON TTPOOJIEMOM B TPOITUUECKUX CTPpaHaX, 0COOEHHO B CyOcaxapCKoi
Adpuke. Ito 3a0oseBaHue 00YCIOBICHO TMapa3uTaMH, KOTOPbIC MEpPENaloTCs 4depes
ykycol MyX 1erie (Glossina). bosie3Hb BI3bIBaET MPOrPECCUPYIOIIUE HEBPOJIOTHUSCKHE
CUMIITOMBI, BKJIIO4Yasi 0ECCOHHUILY, C1a00CTh U KOTHUTUBHBIE PACCTPOMCTBA, UTO MOXKET
IIPUBECTH K JIETAIbHOMY HCXONy, €CIIM HE IPUMEHSIOTCS COOTBETCTBYIOILINE
TepaneBTHYECKrUe Mepbl. 3aauell JTaHHOW CTaThU SBJSETCS 0030p OCHOBHBIX ACIIEKTOB
apUKAHCKOr0 TPUIIAHOCOMO32, BKJIIOUAs €r0 IMarHOCTHUKY, JICUEHHUE U TPOPUITAKTUKY .

2. DTHOJIOTHUA M DIIUIEMHUOJIOTUSA

AdpukaHCKHII TPUTIAHOCOMO3 BBI3BIBACTCS TapasuTaMy pojia 1rypanosoma, cpeau
KOTOpBIX HamOoJIee 4acTO BCTPEUaroTCs ABa BHaa: 1rypanosoma brucei gambiense u
Trypanosoma brucei rhodesiense.
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[lepBbIil BUJ BBI3bIBAET XPOHUUECKYIO (GOopMy 3a00J1€BaHuUsl, KOTOPas MOXKET JJIUThCA
roJlaMmu, B TO BpeMsI KaK BTOPOM — OCTPOE T€UEHHE 00JIE3HU, KOTOPOE MOKET MPUBECTH
K CMEpPTHU B TEUEHHE HECKOJIBKUX MECSIIEB.

Myxu 1eue, SBIAIOIMIMECS MEPEHOCUMKAMU MApa3uToOB, OOUTAIOT B CEIIbCKUX U
JIECUCTBIX paiioHax Tpornuyeckod Adpuku. APpUKaHCKUI TPUIAHOCOMO3 SIBISIETCS
SHAEMUYHBIM JIJ1s1 36 cTpaH AQpUKH, U B MIOCTeAHEE BpeMsl HAOII0JaeTCsl YCTOMUHUBOE
CHUKEHHE 3a00JieBaeMOCTH OJyiarojiapsi yJAy4dlICHUIO CAHUTAPHBIX YCIOBUM U
BHEJIPEHUIO MTPOTPAMM KOHTPOJISI 32 MyXaMHU LIEIIe.

3. IIaTorenes

[Tapasutsl Trypanosoma npoHUKalOT B OpraHU3M 4epe3 YKYChl MyX LI€1I€ U MOIaJIaloT B
KPOBEHOCHYIO cucTeMmy. [locie 3TOro OHM MOTYT paclpoCTPaHSATHCS IO BCEMY
OpraHu3My, BKJIIOYasi JUM(PaTHUYECKYI0 CUCTEMY, LIEHTPAJbHYI0 HEPBHYIO CUCTEMY U
JIpyrue opraHbl. XpOHMUYECKOE TE€UEHUE 3a00JIeBaHUSI MPHUBOAUT K MPOrPECCUBHOMY
MOBPEXKJIEHUIO TOJIOBHOIO MO3ra, 4YTO BBI3bIBAET COHJIUBOCTh, 3aMEMJICHHOCTb
JNBWKEHUH U 3aTPyAHEHUE KOHIIEHTPAIUU.

B ¢aze BTropuuHOl uHGpEKIUU HAOMIOJAETCS 3aTMEHUE CO3HAHMSI, YTO MPUBOIAUT K
COCTOSIHUIO "COHHOW OoJie3HH", TJe MNalMeHT CUJIBHO YTOMIISIETCS, MPOSIBISETCS
OECCOHHHUIIA U CITyTaHHOCTh MbIcJeil. Eciu jedenne He MpoBOAUTCS CBOEBPEMEHHO,
3a00JIeBaHUE MOKET MPUBECTU K KOME U CMEPTH.

4. Knuan4yeckne nposiBJICHUS
CumntoMbl ahpuKaHCKOTO TPUITAHOCOMO3a MOKHO pa3/iesIuTh Ha ABE (ha3bl:

o @a3a nepBuuHoii mHpexkuun: B Havane Oose3Hn HAOIIOMACTCS JIMXOPAJIKa,
TOJIOBHBIC OOJIM, YyBEIWMYCHUE JMMGATHUCCKUX Y3JI0B, OOJIM B MBIIIIAX U
cJ1a00CTh.

o @a3a HeHTPAJbLHON HePBHOI cucTeMbl: Korna napa3ut npoHUKAET B TOJTOBHON
W CIIMHHOM MO3T, HOSBJISIOTCS TAKHE CUMITOMBI, KaK O€CCOHHUIIA, COHINBOCTH
JTHEM, CITyTaHHOCTh CO3HAHUS, HapyIICHUE KOOPAUHAIIMY JBUKEHUM, IICUX03bI U
KOMa.

HpH OTCYTCTBHUU JICHCHUA 00JIC3Hb MOJKET IMPUBCCTH K JICTAJIBHOMY HUCXOAY B TCUCHHUC
HECKOJIbBKHUX MCCALICB UJIN JICT.

5. IlmarnocTuka

Juarsoctuka apuKaHCKOIO TPUITAHOCOMO3a BKIIFOUAET B CE0s1 HECKOJIBKO ITAIOB:

o Mukpockonusi KpPOBH — JUIA BBISBICHHS TPUINAHOCOM B  KpPOBH,
TUM(}ATUYECKOM UM CHUHHOMO3TOBOM KHUKOM BELIECTBE.
o Ceposornueckue TeCTbl — I BBISIBJICHUS AHTHUTEN, BbIPAaOATHIBAEMBIX

OpraHu3MOM B OTBCT Ha I/IH(l)eKLII/IIO.
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o IIIIP-TtecTupoBanue — wucnosp3yercs s obHapyxkeHnus JIHK mapasura B
PA3TUYHBIX OMOJIOTUYECKUX YKUIKOCTSIX.

o JlioMO0apHasi MyHKUMA — JJISI UCCIEAOBAaHUS CIMHHOMO3TOBOM KUJKOCTH M
0oOHapy>KeHHMsI Mapa3UTOB HA MO3/IHUX CTaAUIX 3a00IeBaHUS.

6. Jleuenue

Jleuenue appUKAHCKOTO TPHUIMAHOCOMO3a 3aBHCHT OT CTaiuM 3a00jeBaHMs U BUIA
nmapasuta. Ha paHHUX CTaausX WCHONB3YIOTCS TIpemaparhl, HapaBJICHHBIE Ha
YHUUYTOXEHUE Tapa3uTOB B KPOBHU, Takue Kak [lenmamuoun u Cypmuamuo. Ha mo3nHux
CTaausIX 3a00JIEBaHMsI, KOT 1A TApa3uThl MPOHUKAIOT B IICHTPATLHYIO HEPBHYIO CUCTEMY,
MPUMEHSIOTCS 0o0Jiee TOKCHYHBIC TIpemaparhl, Takue Kak Menapconpon WH
DpropHumun.

BaxxHBIM acIieKTOM JICUCHUS SIBISICTCS MOHUTOPHHT MOOOYHBIX 3(1)(1)€KTOB IpCIaparTos,
ITOCKOJIBKY MHOTHC N3 HHUX MOTYT BbI3BATh TAXKCIBIC TOKCHYCCKHC PCAKIINH. Takxe B
IHoCIACAHNUC TOAbI pa3pa6aTLIBa10Tc51 HOBBIC TCPAIICBTUYCCKUC IIOAXObI, BKIIHOYasd
KOM6I/IHaHI/II-0 Pa3INYHBIX IIPCIIAPATOB.

7. llpopunakruka

[TpodunakTrka ahpuKaHCKOTO TPUIIAHOCOMO3a BKITFOYAET B Ce0s HECKOJIBbKO OCHOBHBIX
METOOB:

o KOHTpOJIl) 3a MyxaMH peue€ — YHHUYTOXKCHHUC HW IMPCAOTBPAIICHUC
pacupoCcTpaHCHUA MYX C ITOMOIIbIO MHCCKTUIUAOB, JIOBYHICK H 3KOJOIrHYCCKHUX
MCTOJOB.

o 3ammra JIJaeil — UCIOJIb30BAaHUE 3AIIMTHON OJIEK]IbI, PENEINIEHTOB U CETOK
JUIS 3aIIUTHI OT YKYCOB MYX LIEIIE.

o CKpHHHUHI HacCeJeHUSI — PETYJSIpHbIE MPOBEPKH JIIOACH, MPOKUBAKOIIUX B
SHJIEMUYHBIX palloHaX, /IS BBISIBIICHUS pAaHHUX CJIydaeB 3a00JIeBaHUS.

3akiIoueHue

AdpukaHCKUii TPUITAHOCOMO3 OCTAETCS OJTHOM U3 CePhE3HBIX MH(PEKITMOHHBIX MPOOIIeM
B Adpuke, 0COOEHHO B OTIAJICHHBIX pailoHax. XOTs 3a00JIeBA€MOCTh 3HAYUTEIHHO
CHU3WJIACH OJlarojiapsi yCHWJIMSIM 10 KOHTPOJIIO MYX II€le U YIyYIICHUIO METUITMHCKON
MOMOIIIY, 3a00JIEBaHUE BCE €I1I€ MIPEACTABISIET COO0M yrpo3y NSl 3I0POBbsI HACEIICHUS.
CoBpeMeHHbIE METOJIbl TUArHOCTUKU M JICYCHUS TO3BOJISIIOT YCIICIIHO OOpOTHCA C
OOJIE3HBIO TIPU PAaHHEM BBISBIICHUH, OJHAKO HEOOXOMMMBI JAIbHEHUININE yCWIIAS IS
MOJTHOTO UCKOPEHEHHUs COHHOM 00JIe3HHU.
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