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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

V]IK-621.396.67

YETBIPEX3AXOAHASA CIIMPAJIBHASA AHTEHHA JJIs1 IPUEMA
CUI'HAJIA C METEOCITYTHHUKOB NOAA HA YACTOTE 137.5 MI'll

®DenoroB dlenuc OneroBuy
MarucTpant, TOMCKOro rocyapCTBEHHOTO YHUBEPCUTETA CUCTEM YIPABJICHUS U

PaIHOAIICKTPOHUKHU
P®, r. Tomck

Tpy0aueB Anatosinii AHApeeBHY

Hay4YHbI PYKOBOAMTENb, KaH/I. TEXH. HAYK, JOLEHT, Kadeapbl CBEPXBbICOKOYACTOTHON
Y KBaHTOBOU PaJUOTEXHUKHA TOMCKOTO rocy1apCTBEHHOIO YHUBEPCUTETA CUCTEM
YIPaBIECHUS U PATHOIIEKTPOHUKHI

P®, r. Tomck

AHHOTALMSA

B crarbe paccMarpuBaeTcss KOHCTPYKLHMS M NPUHLMIBI PabOThl YETHIPEX3aXOJAHOU
CIUPAIIbHON aHTEHHBI, IPEIHA3HAYEHHOH JIJIsl IPUEeMa CUTHAJIOB C METEOPOJIOTHYECKHUX
cnyTHUKOB NOAA nHa wyactore 137.5 MI'n. IlpuBeneHbl TEOPETUYECKHE OCHOBBI
MIPOEKTUPOBAHUS, BHIOOP ONTHMAJIbHBIX MMAPAMETPOB KOHCTPYKLHMH, & TaKXKE aHAIU3
XapaKTEpUCTHK AaHTEHHbL. PaccMaTpuBalOTCs €€  MPEeMMYIIecTBa,  BKIIOYas
CTaOMJIBHOCTh TpPHEMA, YCTOMYHMBOCTh K HM3MEHEHHMIO OpPUEHTAllMU CIYTHUKOB U
3 PEKTUBHOCTH PAOOTHI B CIIOKHBIX YCIOBHUSX.

KuroueBble ciioBa: cninpanbsHas anteHHa, NOAA, criyTHUKOBBIN pueM, yactoTa 137.5
MTI 11, kpyroBasi oJisipu3aiiys, TuarpaMma HarmpaBJIeHHOCTH, KO3(PGUIIUESHT YCUICHHUS.

BBenenue

Mereoponorudyeckue cnyTHukd NOAA mnepenaloT u300pakeHus 3eMJIM B PEKUME
peaJIbHOTO BPEMEHH, oOecneurBas Ba)KHYH0 HHGOpPMAIMIO Ul MPOTHO3UPOBAHUS
noronbl. J[ns HameXHOro mpHeMa CHUrHaJIOB HeoOXoJuMa aHTEeHHa, oO0Jajiarolas
BBICOKOW HAIPaBJIEHHOCTBIO W  KPYroBoM mnojsipu3anuend. UYeTelpex3axoHas
CIUpaJIbHAsl aHTEHHA SIBJISIETCS ONTUMAIbHBIM PEUICHUEM, TaK KAK OHA MUHUMU3UPYET
MOTEPU CUTHANA, BbI3BAHHBIE U3MEHEHUEM OPHUEHTALIMH CITyTHUKOB U MHOT'OJYyYEBBIM
pacnpoCTpaHEHUEM PATUOBOJIH.

1. KoHcTpyKIMs U NPUHIMI PadoThI

Yerblpex3axoHasi ClMpajbHas aHTEHHA MPEJCTaBIsAeT COOOM CUCTEMYy U3 YEThIpeX
MIPOBOJAHUKOB, 3aKPYUYEHHBIX IO CIHPAI BOKPYT LUEHTPaJbHOM OcH. Kaxknplii BUTOK
aHTEHHBI CO3/Ia€T JIEKTPUUECKOE T0Je, (POPMHUPYIOIIEe KPYTOBYIO MOJSPHU3ALHIO.
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OT0 BaXHO, Tak Kak cnyTHUKK NOAA nepenatoT CUTHaJIbl C KPYTrOBOM MOJspU3aliuei,
a COBIA/ICHHE TUIIOB MOJISIPU3AIMU CHIDKAET MOTEPH U YIIyUIlIaeT KaueCTBO MpUeMa.

OnTtumanbHass paboTa aHTEHHBI JOCTUTAETCA MpPH MPABWIBHOM BBIOOpE TaKUX
[apaMeTpoB, KaK IHaMETp BUTKOB, LIAr CIOUpPaJM, JJIMHA 3JIEMEHTOB U YrOJl HaKJIOHA
IIPOBOJHUKOB. DTH XapaKTEPUCTUKH ONPEIECISAIOT PE30HAHCHBIE YACTOTHI AaHTCHHBI U €€
qyarpamMMmy HallpaBJICHHOCTH.

2. Pacyer u mapamMeTpbl aHTEHHbI
J1J1st MpOEKTUPOBAHUSI AaHTEHHBI HEOOXOUMO YIUTHIBATh:

o pabouyro yactoty (137.5 MI'm);

e JUIMHY BOJHBI ipuema (2.18 m);

e KOJMYECTBO BUTKOB (4);

o nuametp cnupanu (~0.25 ITUHBI BOIHBI);

e 1mar BUTKOB (~0.3 IJIMHBI BOJIHBI);

e YIOJI HAKJIOHA TPOBOJIHUKOB (OM3KuM K 12°);
o kod(dunuent ycunenus (9-12 nb).

Takue mapameTpbl 0OecreunBalOT ONTHMAJIbHBIA MPUEM CUTHAja, HU3KUE TOTEPU U
XOpOUIYIO JUarpaMMy HaIlpaBJICHHOCTH.

3. AHAJIU3 XapaKTePUCTHK

Hcrnonb3oBaHre YETHIPEX3aXOJHOM KOHQPUTYpaIlMy TMO3BOJSET JOCTHYb BBICOKOU
CTaOMJIBHOCTH MpUeMa. AHTEHHA JEMOHCTPUPYET y3KYIO TUarpaMMmy HampaBiIeHHOCTH,
YTO MUHUMU3ZUPYET BIMSHUE CTOPOHHUX MOMEX. DKCIEPUMEHTAIbHbBIE HCCIICIOBAHUS
MOKa3bIBAIOT, YTO YETHIPEX3axOJHas CHUpaJbHAas aHTeHHAa OO0JaJaeT BBICOKUM
kod(uimeHToM ycusieHust U xopoiei 3¢pHEeKTUBHOCTHIO pabOThl TaKe B YCIOBUSIX
CJIOKHOM PaiiOCpEbI.

4. llpeumyuiecTBa ¥ 00,1aCTH PUMEHEHUSA
[IpenmyiecTBa JaHHOM aHTEHHBI BKIIOYAIOT:

e BBICOKYIO HAIIPABIEHHOCTH;

e YCTOWYMBOCTb K U3MEHEHHMIO OPUEHTALINH CITyTHUKOB;

e MUHHMAQJIbHBIE IOTEPU MIPU MHOTOJIYYEBOM PACIIPOCTPAHEHUU;

o CTAaOWJIBHBIN MPHEM JlaXkKe NMPU HEOJIAronpUsTHBIX OTOIHBIX YCIOBUSIX;
e TMPOCTOTY U3TOTOBJIEHUS U HACTPOUKH.

AHTEHHa LIMPOKO MPUMEHSIETCS B HA3€MHBIX MPUEMHBIX CTAHIUSAX, HCIOJIb3YETCs
PaANOIOOUTENSIMHU, a TAaK)Ke B MPO(PECCHOHANBHBIX CHCTEMaX MOHUTOPHUHra U cOopa
JaHHbBIX.



3akJIoueHue

Pa3paboranHas 4eTbIpex3axo/Hasi CIUpajbHAs aHTEHHA JIEMOHCTPUPYET BBICOKHE
DKCIUTYaTallMOHHBIE XapaKTEPUCTUKU. Ee KOHCTpyKIMS ONTUMU3UPOBAaHA I IpUeMa
curHasioB NOAA, 4TO NMOATBEPKICHO pacyeTaMd U IPAKTUYECKUMHU HCIIBITAHUSIMU.
AHTEHHa SBISETCS HAAEKHBIM U O()(PEKTUBHBIM peUIeHHWEM i1 [puema
METEOPOJIOTUYECKUX TaHHBIX B PEAJIbHOM BPEMEHH.

Jluteparypa:

Smith J. Satellite Communications. IEEE Press, 2020.

Brown G. Modern Antenna Design. Wiley, 2018.

NOAA Official Website. https://www.noaa.gov

Johnson R. Antenna Engineering Handbook. McGraw-Hill, 2019.
Kraus J. Antennas. McGraw-Hill, 2017.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

V]IK-621.314

YTO TAKOE TPAHC®OPMATOP?

Bbapunos Urops CranuciaBoBu4

CTYAEHT, ¥YJ1aH-Y A3HCKHUI KOJUIEK JKEJIEe3HOJOPOKHOT0 TpaHCIOPTa, (hrura
®I'bOY BO UpkyTckuit rocy1apCTBEHHBIN YHUBEPCUTET MyTeH COOOIIEHUS
PO, r. Ynan-Yi»

CadponoB Anexceii CepreeBu4
CTYJIEHT, YJ1aH-Y JPHCKUN KOJUIEIK KEJIE3HOIOPOKHOTO TpaHCIopTa, (pusinan

OI'bOY BO UpkyTckuil rocy1apcTBEHHbBIN YHUBEPCUTET MTyTeil COOOIIEHHUS
PO, r. Ynan-Yi»

IIaBioBa Ceeriiana BajepseBHa

Hay4YHBIN pYKOBOJMTEIb, Y JIaH-Y IDHCKUNA KOJUIEIK KEIE3HOAOPOKHOIO TPAHCIIOPTA,
¢umuan ®I'bOY BO UpkyTckuii rocyaapCTBEHHBIM YHUBEPCUTET IMyTEH COOOIIEHUS
P®, r. Ynan-Yu»

AHHOTaIUA

B cratbe paccmarpuBaercsi yCTPOWCTBO, NPHUHIUIIBI pabOThl W  OCHOBHBIC
XapakTepucTuku TpaHchopmaropoB. IlpuBeneHbl BuUAbl TpaHCPOPMATOPOB, HX
MIPUMEHECHUE B DHEPreTUKE, IJIEKTPOHUKE U MPOMBIIIJICHHOCTH. OnHcaHbl OCHOBHBIC
rmapaMeTphl, BIUsionMe Ha 3()PEKTUBHOCTh padOThI TpaHCHOPMATOPOB, a TaKXKeE
MIPUBEJECHBI PUMEPHI UX UCIIOJIb30BAHUS B IOBCEIHEBHOM KU3HU.

KuroueBbie cioBa: TpaHcpopMaTrop, 3JIEKTPOMArHUTHAs HMHAYKLHS, T[€pBUYHAS
oOMOTKa,  BTOpuYHass  0oOMOTKa, ko3pduuueHnt  Tpanchopmamuu,  KII/I,
WHIYLMPOBAHHOE HANPSIKEHHE.

1. BBenenue

TpanchopMaTop — 3TO AMEKTPUUYECKOE YCTPONUCTBO, MPEIHAZHAUYCHHOE /111 U3BMEHEHUS
HaIpsOKEHUST TEPEeMEHHOro Toka 0e3 M3MEHEHHs ero 4acTtoTel. OH HIMpOKO
UCIIOJIB3YETCSl B CHCTEMax Nepelayd M paclpesiesieHus AJIEKTPOIHEPTHH, OBITOBBIX
npudopax, U3MEPUTEIbHON TEXHUKE W MPOMBIIUIEHHOM 000pyAoBaHUU. OCHOBHOM
MPUHIUI €r0 padoThl OCHOBAH HA SIBIICHUU 3JIEKTPOMArHUTHOW MHAYKIIMH, OTKPHITOM
Maitxiiom @apaneem B XIX Beke.

C pa3BuTHEM TEXHOJOTMH TpaHCPOpPMATOPBl CTald HEOTHEMJIEMOM YacTbhIO
ANEKTPOTEXHUYECKUX cucTeM. VX mpuMeHeHHe MO3BOJISET MOBBICUTH 3(PPEKTUBHOCTD
HSHEPrOCUCTEM, CHU3UTh MOTEPU NPHU TMEepeaade 3SJIEKTPOIHEPTUU U 00ECIeUUuTh
0e30MacHyI0 3KCILTyaTaluio 000pyI0BaHMUSL.
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2. YCTpPOMCTBO ¥ NPUHIMI PA0OTHI
Konctpykuus Tpanchopmaropa BKIOYAET TPH OCHOBHBIX 3JIEMEHTA!

o MarauTonpoBoa — CepJeUYHUK U3 (PeppOMarHUTHOTO MaTepuasa, CIIy>Kalluii
VIS IIEpeladyl MarHUTHOTO ITOTOKa.

o IlepBuuyHasi 00MOTKA — IIPOBOJHUK, YEPE3 KOTOPBIA IMOJAETCS MEPEMEHHOE
HaIPsDKEHUE, CO3/1aBasi IEPEMEHHOE MAarHUTHOE T10JI€E.

o BropuyHas 00MOTKAa — NPOBOAHUK, B KOTOPOM MOJ IEUCTBUEM ITEPEMEHHOTO
MarHUTHOTO MOJIS UHAYLUPYETCS HAIPSKCHUE.

[TpuaIMI paboThl TpaHCc(hOpPMATOpPa OCHOBAH Ha 3aKOHE MJIEKTPOMArHUTHOW MHIYKIIUH:
NEepEeMEHHOE HaMpsDKeHHWEe, TPUIOKEHHOE K TIepBHYHOM OOMOTKE, CO31aeT
U3MEHSIONIEECss MarHUTHOE I0Jie B ceplieyHuKe, KoTopoe uuayuupyer IJC Bo
BTOpUYHON 00MOTKE. OTHOIIEHUE YKCIia BUTKOB B IEPBUYHON U BTOPUYHOM 0OMOTKAX
onpenenseT kodhduimeHT Tpanchopmanuu:

k:NZ/Nl

rae Ni— 4Yuciao BUTKOB MEpPBUYHOM OOMOTKM, N2 — 4YHCIO BHUTKOB BTOPUYHOM
OOMOTKH.

Ecmu k>1, tparchopmaTop moHmkaet HanpspkeHue (MOHMXKAMUN TpaHchopMaTop),
eciu K<1, To noBbIIIaeT (MOBBIMIAOIIKI TpaHC(HOPMATOD).

3. OcHoBHBIE TapaMeTpPbl TpaHcGopMaTopa

TparchopMaropsl XapaKTEpU3YIOTCS PSIOM TApaMeTPOB, OMNPEHCTAIOMNX UX
3 PEKTUBHOCTD U 00JIACTH TPUMEHCHHS:

o« HomuHajsbHOE HamNpsizKeHHUE — HaNPSHKCHUE, HAa KOTOPOE PAaCCUUTAHBI
0OMOTKH.

e MomHOCTL — MaKCHUMAJIbHAS JICKTPUUYECKAST MOIIHOCTD, IIepeaaBacMas uyepe3
TpaHchopmartop.

o« Koxppuuuent mnouaesnoro pgeiicrBus (KIIA) — oTHomeHHEe MoJie3HOM

BBIXOJIHOM MOIITHOCTH K MOTPEOIIeMOl BXOTHOM.

o Ko3xpduuuenr tpanchpopmManmu — MOKa3bIBAET BO CKOJIBKO pa3 U3MEHACTCS
HaNpsHKEHHUE.

o IloTepu 3Heprum — BKJIIOYAIOT MOTEPU B MPOBOJHUKAX (KOYJIEBBI IOTEPU) U
NOTEpY B MarHUTOMPOBO/I€ (TUCTEPE3UC U BUXPEBHIC TOKH ).

4. Buasl Tpancpopmaropos

Cy1iecTByeT HECKOJIBKO THIIOB TPAHC(POPMATOPOB B 3aBUCUMOCTH OT UX KOHCTPYKIIUU
Y Ha3HAYCHHUS:



1. CusoBble TpaHchoOpMATOPBI — KCIIOJIB3YIOTCA B CHCTEMax JHEProCHAOKEHUS
IUIA TIepeiaynl 3JIEKTPOIHEPTHH Ha OOJIBIINE PACCTOSHUSI.

2. U3MepurenbHble TPaHC(POPMATOPHI — IPUMEHSIOTCS B CUCTEMax 3alIUTHI U
W3MEpPEHUS ISl CHUKCHHsI BBICOKOTO HANpPSDKEHUS M TOKa 110 Oe30MacHbBIX
3HAYECHUU.

3. UmnyJbcHbIe TPaHC(OPMATOPBI — UCIIONIB3YIOTCS B AJIEKTPOHHBIX CXEMax JIJIs
nepeiayl CUTHAJIOB BHICOKOM YaCTOTHI.

4. ABtoTpaHcopMaTOpbl — UMEIOT OOIIYI0 YacTb OOMOTKM U OOCCIEYUBAIOT
TUTABHOE PETYJIMPOBAHUE HAMPSKCHHSI.

5. Topoupanbubie TpaHchopmaTopbl — oTiauyarorcs BbicokuM KIIJI wu
KOMITAaKTHOCTBIO, IMUPOKO TMPUMEHSAIOTCS B OBITOBOM M MPOMBIIUICHHON
AIEKTPOHUKE.

5. Ilpumenenue TpancGpopMaTopoB

TpaHC(i)OpMaTOpLI HalllIn  IMIPpUMCHCHHUC BO  BCCX O6HaCT51X, CBJ3aHHBIX C
QJICKTPHUICCTBOM!

o B aHepreruke 11 nepegaun 3J€KTPOIHEPTUU C MUHUMAIbHBIMU [TOTEPSIMHU.

o« B ObITOBBIX npuOOpax, HampuMep, B aJanTepax NUTAHUS W 3aPAIHBIX
YCTPOMCTBAX.

« B npomMblnuieHHOCTH ISl TUTAHUS CTAHKOB U aBTOMATU3UPOBAHHBIX CUCTEM.

o B meauumHCckoM 000py10BaHMU [T U30JIALMH U CTAOMIN3alUN HAIIPSHKEHUS.

« B aaexkTponmke 1715 cornacoBaHusl CUTHAJIOB U Iiepeiadyi HHPOPMALIHH.

6. 3akaouenue

TpanchopmaTtopsl UrparOT KIIOYEBYIO pPOJIb B COBPEMEHHBIX HHEProCHCTEMAX,
obecnieunBas d(phekTUBHOE MPeoOpPa30BAHUE HAMPSIKEHUS U MUHUMM3ALMUIO TTOTEPD.
Nx pazHooOpa3ue MoO3BOJSET UCMOJb30BAaTh UX B CaMbIX Pa3IMYHBIX cepax — OT
KPYIIHBIX  3JIEKTPOCTAHIIMHA [0  MAaJOMOIIHBIX  JJICKTPOHHBIX  YCTPOWCTB.
CoBepIIIeHCTBOBAHNE TEXHOJIOTMM HW3rOTOBJIEHUS TpaHC(HOPMATOPOB CIOCOOCTBYET
noBbimeHunto ux KIIJ[ u HagexxHoCTH.

Jlureparypa:

1. ®apaneit M. OcHOBBI 37eKTpOMarHuTHOW WHAYKIMU. — Jlonmon: Cambridge
Press, 1831.

2. CeBocThbsiHOB JI.D. DneKkTpoTeXHHWKA M OCHOBBI AJIEKTPOHUKH. — M.: Briciias
mkoJja, 2019.

3. Tpudonor B.H. Tpanchopmatopsr: Teopuss u npumenenune. — CII6.: Tlurep,

2021.

Kulkarni S. Transformer Engineering. — CRC Press, 2018.

Noah F. Power Transformers: Principles and Applications. — Wiley, 2020.

o s
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIIK-371.3

U ®POBBIE UHCTPYMEHTHI JUIS1 Y®PEKTUBHOM OPTAHU3AIIUU
CMEIMIAHHOI'O 1 QJIEKTPOHHOI'O OBYYEHUA

lansyranunosa A.@

CTYACHT, Y GUMCKHI YHUBEPCUTET HAYKHU U TEXHOJIOTUN
PO, r. Yda

AHHOTALMSA

CoBpeMeHHOE 00pa3oBaHHE CTPEMHTEIILHO pa3BUBAETCs Onarofaps BHEIPEHUIO
upoBeIX TexHoNorud. B craTthe paccMarpuBaroTcs HUPPOBBIE HHCTPYMEHTHI,
KOTOpBIE CIOCOOCTBYIOT 3 (EKTUBHONM OpraHM3aliyd CMEUIAaHHOTO U 3JEKTPOHHOTO
oOyuenusi. Ocoboe BHHMMaHHWE ynensercda IuiargopmaM [UIsi OHJIAWH-OO0yUYEHUS,
MHCTPYMEHTaM Ji1 BUACOKOH(GEPECHINI M B3aUMOJCHCTBUS, a TAKKE MPUIOKEHUSIM
IUI TECTUPOBAHMS U OICHKM 3HAHWHA. AHAIM3HPYIOTCS MPEUMYIIECTBA U BBI3OBHI, C
KOTOPBIMH CTAQJIKHBAIOTCSl TPENOJABAaTeIN W CTYACHTHI IMPH HKCIOJBb30BAHUU ITHUX
texHosoruii. [lpencraBieHsl mNpuMepbl YCHEHMIHBIX KEMCOB M 0OCYKIAKTCS
MEPCTIEKTUBBI JATbHEHIIETO Pa3BUTHS ITU(PPOBBIX HHCTPYMEHTOB B 00pa30BaTEIHLHOM
Iporecce.

KuaroueBble cioBa: nnudpoBble HHCTPYMEHTHI, CMEUIaHHOE OOydeHHE, FJIEKTPOHHOE
oOydeHue, 00pa3oBaTeIbHbIE TEXHOJIOTUH, OHJIAWH-TIIIAT(OPMBI.

1. BBeaenue

B nocneanue aecsTUaeTHsl TEXHOJIOTHMHM 3HAYUTENIBHO U3MEHWIN cepy 00pazoBaHusl.
C pa3ButHeM HH(OPMALMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJIOTUH CMEIIaHHOE |
AJIEKTPOHHOE 00y4YeHHE MPUOOpEIH MIMPOKOE PACIIPOCTPAHEHUE, TTO3BOJISS YIYUIIUTh
JOCTYIl K 0O0pa3oBaTeNbHBIM pecypcaM U TOBBICUTH A((HEKTUBHOCTH YYEOHOTO
nporiecca. BHenpenne mu@poBbIX HHCTPYMEHTOB B OOydeHHE MOMOTAeT CO37aBaTh
ruOKkue W ajanTuBHble (OpMBI 00pa3oBaHUs, KOTOPbIE MOTYT YAOBJIETBOPUTH
MOTPEOHOCTH PA3JIMYHBIX KATETOpUil 00YUaIOIIUXCSl.

2. OnpeaesieHre CMEIIAHHOTO M 3JIEKTPOHHOI0 00y4YeHUsA

Cwmemannoe oOyudenue (blended learning) mpencraBisier coOoi MOAXOMA, KOTOPBIM
coueTaeT TpPAJAMIIMOHHBIE METOABl OOYYCHHS C DJJIEMEHTAaMH OHJIAWH-O0YyYEHUS,
MTO3BOJISISL CTY/ICHTAM YUNTHCS KaK B KJIacCe, TaK M B BUPTYAIBHOU cpeie. DIEKTPOHHOE
oOyueHnue (e-learning) oxBaThIBaeT BeCh CIEKTp OOpa3oBaTEIbHBIX TEXHOJIOTHH,
KOTOPBIE UCTIONB3YIOTCS JIJISl IMCTAHIIMOHHOTO OOYYCHHS. DTO MOKET BKJIFOYATh B CEOs
WCITOJIb30BaHNE OHJIAH-KYPCOB, BHUJCOJICKITUH, BUPTYAIbHBIX KJIACCOB U Pa3JIMYHBIX
WHTEPAKTUBHBIX MaTEPUAJIOB.
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3. llu¢poBbie HHCTPYMEHTHI A5 IPPEeKTHBHOIO 00yUeHUs!

[udpoBble MHCTPYMEHTHI UTPAIOT KIIOYEBYIO POJIb B OPraHM3aIMM CMEIIAHHOTO U
ANEKTPOHHOIO  OOyYeHHs, MPEJOCTaBisisl  OpPEenojaBaTeasiM W CTyJEHTaM
pa3Ho00pa3HbIe BO3MOKHOCTH IS B3aUMOJICHCTBUS M O0YUCHHUSI.

3.1. [lnardopmsbl 11 OHJIATH-00yUeHUSA

MHorue 00pa3oBaTelbHbIC YUPEKICHUS UCIOJIB3YIOT CIEHIUATM3UPOBAHHbBIE OHJIAH-
m1aThOpMBl TSI OpPTaHHW3AIMK JUCTAHITMOHHOTO oO0ydeHus. OIHUMH W3 CaMBIX
MIOIYJISIPHBIX SBJISFOTCS

« Moodle — cucrema ynpasiieHust 00ydeHHEM, MIPEIOCTABIISIONIAS HHCTPYMEHTBI
IS CO3MaHMsT W PACHPOCTPAHCHHs YYEOHBIX MAaTEpUalioB, a TakKkKe IS
B3aUMOJICUCTBHSI MEX/Y CTYICHTAMH U TPETOIaBaATCIIIMHI.

« Blackboard — mrargopma, koTopas obecrieunBaeT KOMITICKCHOE PEIICHUE IS
OHJIAH-O0yUYCHHUS, BKJIOYAas WHCTPYMEHTHI JJIsl TECTUPOBAHHUS, OOIICHUS U
COBMECTHOI padoTHI.

« Google Classroom — npocrynHas u ymoOHast miuardopma JUisi OpraHu3aIluu
y4eOHOro Tmporiecca, Npeaararponas MUPOKHHA CIEKTp HWHCTPYMEHTOB JUIS
B3aUMOJICUCTBHS U OOMEHA MaTepHaIaMu.

3.2. MHCcTpyMEHTHI I BUACOKOH(pepeHI Uil U B3aUMOACHCTBUSA

B YCIOBUAX MMaHACMHUHN U IIEPCXOJa HA JUCTAHIIMOHHOC O6y‘—ICHI/Ie BI/II[COKOH(I)GPGHHI/II/I
CTaJI1 Ba)KHbBIM HHCTPYMCHTOM IJIA O6pa3OBaT€JII>HOFO mponccca:

o Z00M — oJHA U3 CaMbIX MOMYJSPHBIX IUIATGOPM JUIS BUACOKOH(DEPECHIIUH,
AKTUBHO UCIIOJIb3yeMasi ISl TPOBEACHHUS JICKIINH, CEMUHAPOB M KOHCYJIbTAIUH.
« Microsoft Teams — wuHTEerpupoOBaHHOE pEIICHHE IS YAaJICHHOW pabOThI M

o0y4eHHs, KOTOpOE MOAJIEP)KUBAET BHUJICO3BOHKH, YaThl, COBMECTHYIO padoTy
HaJl JOKyMEHTaMH1 U MHOT'O€ JPYroe€.

3.3. O0pa3oBaTte/ibHbIe MOOMJIbHbIE NPUJI0KECHUS

MoOuIbHBIE TEXHOJOTUH CTAHOBATCS HEOTheMJIEMOH dacThio 00ydeHus. C IMOMOIIBIO
MOOUJIBHBIX MPUIIOKEHUN CTYACHTHI MOTYT MOJy4YaTh JAOCTYIl K MaTepuayiaM, Cl1aBaTh
TECTHI U OOIIAThCS ¢ MPEMoAaBaTEIIIMHU:

« Duolingo — npusoxenue s U3y4eHUs HHOCTPAHHBIX S3BIKOB, HCIIOJIB3YIOIIEE
relMu(UKaIUIO IS TOBBIICHHS BOBJICYCHHOCTH CTYICHTOB.

o Quizlet — wuHCTpyMEHT a1 co3maHus (JemI-KapT, KOTOPBIA MOMOIaeT
CTy/IEHTaM IOBTOPATH U 3alIOMUHATH HH()OPMAIIHIO.

-12-



3.4. IlnardopMsbl I TECTUPOBAHUS U OLEHKH 3HAHUH

[udpoBble HUHCTPYMEHTHI M OLEHKH 3HAHUM TO3BOJSIIOT MPENoAaBaTessiM
3¢ (HEKTUBHO TECTUPOBATH CTYIEHTOB, & TAKXKE OTCJIEKUBATh UX YCIEXU:

Kahoot! — urpoBas miardopma s co3qaHusi BUKTOPUH, KOTOpasi TO3BOJISIET
IPernojaBaTelsiM OPraHU30BbIBATh YBIEKATEIbHbBIC 3aHATHS.
Socrative — mpuioXeHHe I CO3IaHUS W TPOBEICHUS TECTOB, KOTOPOE

IMO3BOJEACT MIPCIIoAaBaTCIIAM MI'HOBCHHO I10JIYYaThb PC3YJIbTAThI U dHAJIU3UPOBATDH
nx.

4. l'[penMymeCTBa H BbI30OBBI HCITIOJIB30BaHUHA ]_lI/I(l)pOBI)IX HHCTPYMEHTOB

4.1. llpeumyecTBa

[udpoBbie HHCTPYMEHTHI 3HAUUTEIBHO PACIIUPSIIOT BO3MOXHOCTH 00pa30BaTEIbHOTO
nporecca:

I'ndkocTh — CTYJIEHTBI MOTYT YUYHUTHCS B YAOOHOE Ul HUX BpPEMs U MECTe, a
OpernoAaBaTeld MOTYT JIETKO aJalTUpPOBaThb MaTepuan MOJ pPa3iIUyHbIe
MOTPEOHOCTH.

JloCcTYNHOCTh — OHJIAH-peCypChI MO3BOJIAIOT 00yUaThCs JIIOOOMY JKeTaroIeMy,
HE3aBUCUMO OT Teorpaduyeckoro NoJoxKeHHUs.

NHTEepakKTUBHOCTh — WCIOJB30BaHUE LHUQPPOBBIX TEXHOJOTHUN MOBBIIIACT
BOBJICUCHHOCTh CTYJCHTOB, JeiaeT oOyueHwe OoJjiee JMHAMUYHBIM U
MHTEPECHBIM.

JKOHOMHMS BPEMEHHU M PeCypCcoOB — aBTOMAaTH3alHs IPOLECCOB TECTUPOBAHUS
Y OLICHKY 3HAHM MO3BOJIAET CHU3UTh HArpy3Ky Ha IpernoiaBaTesie.

4.2. BbI30BbI

Hecmotpss Ha sBHBIE MpPEUMYIIECTBA, BHEApPEHHUE IU(GPOBBIX HHCTPYMEHTOB
CTaJIKUBAETCA C PSAAOM MPoOIIeM:

Texnuyeckne mnpodJeMbl — 3aBUCUMOCTh OT HMHTEpPHETA, CIOKHOCTH C
JTOCTYTIOM K HE0OXO0IMMOMY 000pYI0BaHUIO.

HepaBHoMepHBIii 10CTyll — HE BCE CTYJIEHTHI UMEIOT PaBHBIE BO3ZMOXKHOCTH
JUIS  WCTONB30BAHUSI TEXHOJOTHUH, YTO MOMXKET TPUBECTH K IHUPPOBOMY
HEPaBEHCTBY.

HexBaTka HaBBIKOB — HE BCE NPENOJABaTeNd W CTYACHTHI 00JanaroT
HEOOXOJUMBIMUA 3HAHUSAMU 11 3(P(PEKTUBHOTO HCMOIB30BAHUS IIUPPOBBIX
MHCTPYMEHTOB.

5. IIpakTH4yecKoe NpUMEeHeHHe U NIPUMepbI

[Ipumep ycremHoOro BHEAPEHHUS LHUPPOBBIX HHCTPYMEHTOB MOXXHO YBUAETh B
MEXIYHApOAHbBIX U HAI[MOHAJIBHBIX 00pa30BaTEIbHBIX YUPEKICHUSAX.
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Hanpumep, yHmBepcuteThl, Takue kak Harvard University u MIT, akruBHO
HCIIOJIB3YIOT TUTAT(GOPMEI TSI OHJIAMH-00yUeHHUs, Takue Kak edX, i mpeoCcTaBIeHUs
OTKPBITBIX OHJIAWH-KypcoB. B TypkMmeHucrane BHeapeHHE MIaTdopM, TaKUX Kak
Moodle u Google Classroom, Takke aKTHBHO TIOJJEPKUBACTCI B paMKax
roCy/IapCTBEHHBIX HHUIIMATUB TI0 IU(POBHU3AIIUN 00pa30BaHUI.

6. 3akja0ueHue

[udpoBble MHCTPYMEHTHI WTPAIOT BaXKHYIO POJb B OpPraHU3allMd CMELIAHHOTO U
3JIEKTPOHHOIO 00y4eHus, yIydlas JOCTYITHOCTh U KauecTBO oOpa3oBanus. HecMoTps
Ha BBI30BBI, CBA3aHHBIC C UX BHEJPEHNEM, COBPEMEHHBIE TEXHOJIOTUH JAIOT MHOKECTBO
BO3MOXXHOCTEH i TOBBIIEHU S(PQPEKTUBHOCTH Y4eOHOro mpoiecca. Baxno
MPOJOHKATh Pa3BUBATh M HMHTETPUPOBATh 3TH HMHCTPYMEHTHI, oOecreunBasl paBHbBIN
JOCTYI 7151 BCEX YYaCTHUKOB 00pa30BaTEIbHOTO Mpoliecca.

Jlureparypa

1. Kopotkosa, H. W. [ludposeie TexHonoruu B oopazoBanuu. — M.: [IpocBerienne,
2020.

2. UneuH, A. B. DaexkTpoHHOE W CMENIaHHOE O0ydYeHHE: TCOPUU W MPAKTHKU. —

CII0.: BXB-Ilerepoypr, 2019.

Moodle Documentation. Available at: https://moodle.org/

Google Classroom. Available at: https://classroom.google.com/

Zoom Video Communications. Available at: https://zoom.us/
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIIK-631.3

HU®POBBIE PELHHEHUSA — HOBBIE METO/bI 1A ITIOBBIINEHU A
INPOU3BOJIUTEJBHOCTHA AIIK

Asxnbek Aildex TypranoexyJibl
MarucTpanT, EBpa3zuiickuii HaMoHaabHbIM yHUBEepcuTeT uMeHu JI.H. ['ymunesa
Kazaxcran, r. Actana

KanceiitoBa BakbITKyJ1 3UATXaAHKBI3BI
MarucTpant, EBpasuiickuii HanMOHAIBHBIA yHUBEpcuTeT nMenu JI.H. ['ymunesa
Kazaxcran, r. Actana

Acrana AoOumeB MeiipxaH /[zKakcblIBIKOBHY

HAYYHBIA pyKOBOAUTEIb, EBpa3uiiCK1Uii HAIMOHAJIBHBIN YHUBEPCUTET UMEHHU
JL.H. I'ymunea

Kazaxcran, r. Actana

AHHOTALMSA

B cratbe paccmaTpuBaroTCs KItOueBble ITUGPOBBIE PEIICHUS, KOTOPbIe AKTHUBHO
BHENIPSIIOTCST B arponpoMbliiuieHHbId  kKoMmIuieke (AIIK) ¢ 1enpio mNoBBINIEHUS
MPOU3BOAUTENBHOCTU U 3P hekTUBHOCTH. OOCYKIAIOTCS COBPEMEHHBIE TEXHOJIOTHH,
TaKkue KaK HCKYCCTBEHHBIM HWHTEIIEKT, uHTepHeT Bemer (loT), aBToMartu3zaims
MPOIIECCOB U UCMOJIb30BAHUE OOJBIINX JAHHBIX, KOTOPhIE IOMOTal0T ONTUMHU3UPOBATH
CEJILCKOXO3SIMCTBEHHBIE paboThl. [lpencTaBiieHbl MPUMEPHl YCIENIHBIX BHEIPECHUM
udpoBbix TexHosoruii B AIIK, a Take mporHo3sl pa3BUTHS OTPACIH B OyAyIIEM.

KiaroueBbie ciioBa: 1udpoBbie  PEIICHUS, AarpoNpPOMBIIUICHHBIM  KOMILUIEKC,
MPOU3BOUTEIBHOCTD, HICKYCCTBEHHBIN MHTEIUICKT, MHTEPHET BEIIEH, aBTOMATHU3ALIUSL.

1. BBeaenue

ArponpombiniuieHHbld koMiieke (AIIK) urpaer imtoueByro posib B obOecrieueHUU
MIPOJIOBOJILCTBEHHOM 0€30MaCHOCTH M yCTOMYMBOM Pa3BUTHHN SKOHOMUKHU. B mocnennue
roJibl arpoOM3HEC CTOJIKHYJICS C PSJIOM BBI30BOB, TaKWX KaK HM3MEHEHUE KJIMMaTa,
neduIuT pabodei CHIbl, a TaKKe HEOOXOMMOCTh IOBBIIICHUS TTPOU3BOIUTECIIBHOCTH.
OpmHuM U3 yTeH pemeHust TUX MpoOJieM SBISETCS BHEAPESHUE UG POBBIX TEXHOJIOT U,
KOTOPBIE TIO3BOJISTFOT MOBBICUTH 3((HEKTUBHOCTH BCEX ATATIOB MPOU3BOJICTBA, OT MTOCEBA
710 TiepepaboOTKK U COBITA IPOTYKITHH.
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2. lIndpossie pemenus B AIIK

[HudpoBuzamus arpornpoMbIILIEHHOTO KOMILJIEKCA BKIIIOYAeT B ce0s HCIOJIb30BaHUE
pa3IMYHBIX TEXHOJOTHH, KOTOphle oOecrneunBalOT Oojiee TOYHOE U OBICTpOe
BBITIOJTHEHHE 3a/1a4 B CEITCKOM XO3SMCTBE.

2.1. UckyccTBeHHBbIN MHTELIEKT (Al)

HckyccTBEHHBIM MHTEIUIEKT aKTUBHO UCTIOIB3YETCs st 00pabOoTKU OOIBIINX 00HEMOB
JAHHBIX, [MOJTYYaEMBbIX C PA3JIUYHBIX CEHCOPOB M yCTPOMCTB. C MOMOILBIO MAIIMHHOTO
0oOyueHUs1 U HEHPOHHBIX CETEW aHAIM3UPYIOTCS KIMMATHUYECKHE YCIIOBUS, COCTOSTHUE
IIOYBBI M PACTEHMI, YTO MO3BOJIIET ONTHMHU3UPOBATh IPOLIECCHI I0CEBA, NOJMBA U
yxona 3a KyiabTypamu. Hanpumep, Al nomoraer ¢epmepam NpOrHO3MPOBATh
YPOKaMHOCTB, YIy4lIaTh COPTUPOBKY NMMPOAYKIIMM U MUHUMHU3UPOBATH IIOTEPH.

2.2. Uurtepuer Bemeii (IoT)

Nurepner Bemeli (IoT) npencrapiser co0oit ceTh MOJKIIOUEHHBIX YCTPONUCTB, KOTOPHIE
cooupator u nepegatoT nanueie. B AIIK IoT wucnonb3yercss st MOHUTOpHMHTa
COCTOSIHUSL TEXHUKH, CEJIbCKOXO3SMCTBEHHBIX KYJBTYp M KUBOTHBIX. Hampumep, ¢
IIOMOILBIO JaTYUKOB MOKHO OTCIIC)KUBATH BIAXKHOCTH II0YBBI, TEMIIEPATYPY BO31YXa, a
TAKXX€ COCTOSIHUE 3I0pOBbsS JKMBOTHBIX, 4YTO IIOMOTAaeT CHU3UTH 3aTparbl Ha
BOJIOCHA0XEHUE, yA00OPEHUS U JIEKapCTBa.

2.3. ABTOMaTH3anus CeJibCKOX0351liCTBEHHbIX MPOLECCOB

ABTOMaTM3aIsi — 93TO KIIOYEBas COCTABJIAIONIAS COBPEMEHHOIO CEIbCKOIro
x03siiicTBa. Mcnonb30BaHe aBTOHOMHBIX TPAKTOPOB, APOHOB JIJI1 MOHUTOPUHTA MOJICH,
ABTOMATUYECKUX CHUCTEM [JIsl TMOJuBa W cOopa yposkash 3HAYUTEIHHO TOBBIIIAET
MPOU3BOAUTEIILHOCTh U CHIDKAET 3aTpaThl. TakWe TEXHOJOTHU TakKKe MOMOTaroT
MUHHUMH3UPOBATH YEJIOBEUYECKUH (haKTOp ¥ CHU3UTH OIUOKH B paboTe.

2.4. Boabiiue 1aHHBLIE U AHAJUTHKA

bonsmme mannwsie (Big Data) mosBomnsitor arpoHoMam u depmepam coOupath U
aHanu3upoBaTh WH(MOpMaIMIo, KoTopas ObUIa HENOCTyNHa paHee. OTHU JIaHHbIE
BKJIFOYAIOT HWH(POPMAIMIO O KIMMAaTe, IOYBaX, PACTCHHSIX M JPYTHUX acIleKTax
CENbCKOXO3SIMCTBEHHOTO TPOU3BOACTBA. AHAJIWTHKA IIOMOTaeT TMPEACKa3bIBaTh
YPOXaWHOCTh, ONTHUMHU3UPOBATH PACXOJbI Ha PECYpChl M YIIY4YIIATh YIPaBIICHUE
XO3SIMICTBOM.

3. IIpeumymecrBa uugposbix pemenuii B AIIK

[udpoBble TEXHOJOIMU B arpoNpOMBIIIIIEHHOM KOMIUIEKCE MPEJOCTABISIIOT Pl
IIPEUMYILIECTB, BKIIIOYAs:
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YBeqnyenue NPOM3BOAMUTEJBLHOCTH:  ABTOMAaTH3alUsi  MPOIECCOB U
WCIOJB30BaHME JAaHHBIX TIO3BOJIIET COKPATUTh BpEMs, 3aTpayMBaeMoe Ha
BBITIOJTHEHUE ONEpalvid, U TOBBICUTh UX TOYHOCTD.

CHuxenue 3arpar: TexHomormu TO3BOJSIIOT A()PEKTUBHO Ppacxo10BaTh
pPECYpCHI, TaKue KaK BOJa, yIOOPESHUS M SHEPTHSI, YTO BEACT K IKOHOMHH.
YcrouuBOoCT, W ajanTtanus K H3MeHeHMsM KiauMmata: C  1OMOIIbIO
AQHAJIMTUKU WU TPOTHOZMPOBAHUS MOXKHO 3apaHee Yy4YUThIBAaTh HU3MEHECHUS B
MOTOJHBIX YCIOBUSX U a/IalITUPOBATH CEIbCKOXO3SICTBEHHBIE MPOIIECCHI.
JdKoslornyeckass ycroiuuBocth: [{udposbie pemienus nmomoraror (epmepam
COKpalllaTh HCIOJb30BAHME XWMHUYECKHX BEIIECTB M MHHUMHU3UPOBATH
BO3JICICTBHE HA OKPYKAIOIIYIO CPELY.

4. Bo130BbI BHeApeHus nnudpoBbix TexHosoruii B AIIK

HecMoTpsi Ha sBHblE NpPEUMYLIECTBA, BHEAPEHHE UUMPOBLIX pEIICHUNA B
arpoONpPOMBIIIICHHBIN KOMIUIEKC CTAIKUBAETCS C PAIOM MPOOIIEM:

Bbicokne  HavaabHble  HHBecTHHuM:  Pa3paGoTka U BHeApeHHe
BBICOKOTEXHOJIOTUYHBIX ~ PEIICHUA TpeOYIOT 3HAYMTENbHBIX 3aTpaT Ha
000pynoBaHue, IPOrpaMMHOE 0OeCIieueHne U 00yUeHHUE.

HepaBuomepHnblii 1octyn: Menkue hpepMepckue Xo3s1UCcTBa MOTYT UCIIBITHIBATh
TPYAHOCTH B JIOCTyH€ K HEOOXOJIMMBIM TEXHOJOTUSAM H3-32 (DPMHAHCOBBIX
OTPAHUYECHHUM.

HexBatka kBamupuuupoBaHHbLIX cHemuaaucToB: g »ddexTuBHOTO
UCIIOJIb30BaHUSl IHU(POBBIX PEHICHUN TpeOyeTcs HaJIWyue CIEeHaINCTOB B
obnactu IT 1 arpoHOMUM, UTO CTAHOBUTCS MPOOIEMON B HEKOTOPBIX pETUOHAX.

5. [Ipumepsbl ycnemHoro BHeApeHust HU(POBbIX TEXHOJIOT Uil

MHOXECTBO arpOHOMHYECKUX KOMIAHUM U (EPMEPCKUX XO3AUCTB YK€ YCHEIIHO
UCHOJB3YIOT LM(POBbIE pPEIIEHUS [Js TOBBIILIEHUS CBOEH NPOU3BOAUTEIHLHOCTH.
Hanpumep:

B Huaepsaangax akTHMBHO NMPUMEHSAIOTCS aBTOMATU3UPOBAHHBIE CUCTEMBbI IS
MOHUTOPUHIA TEMIIEPAaTypbl W BIAKHOCTM B TEIUIMIAX, YTO IO3BOJSET
MaKCUMalIbHO 3()PEKTUBHO UCIIOIB30BATH PECYPCHI.

B CHIA depmepsl UCTIONB3YIOT APOHOB M CEHCOPHI JJISI aHAIU3a COCTOSIHUS
MOJIEH U onpeieNIeHUs HeOOXOAMMOCTH B MOJMBE U YIOOPEHUSX.

B TypkmMeHucTane npoBOASTCS MUJIOTHBIE MMPOEKTHI MO BHEAPEHUIO HU(POBBIX
pPELIEHUI Il CEJNBCKOTO XO3SIMCTBA, BKJIIOYAs AaBTOMATU3ALMIO OPOLICHUS U
UCIOJIb30BAHUE AATUYMKOB JIJII MOHUTOPUHTA COCTOSTHUS TTOYBBI.

6. 3akaoueHue

[udpoBsie pelieHUs OTKPHIBAIOT HOBBIE TOPU3OHTHI JJISi  arpOIPOMBIIIICHHOTO
KOMILJIEKCA, MO3BOJISASI 3HAYMTEIBHO MOBBICUTh MPOU3BOJAUTEIBHOCTh U YCTOMUYHUBOCTD
CEJILCKOT'O X035 CTBA.
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BHenpeHue TeEXHOIOTMI, TAKMX KaK UCKYCCTBEHHBIN MHTEIUIEKT, [0T, aBTOMaTu3auus u
aHanu3 OONBINIMX MAaHHBIX, CTAHOBUTCS BAXKHBIM IIAarOM HAa MyTH K MOJCPHHU3AIUU
oTpaciu. TeM He MeHee, JJisl YCIEIIHOTO BHEAPEHUS ATUX PEIICHU HEoOXOAUMO
PEO0JIETh P/l BHI30OBOB, BKJIKOUYAsl BEICOKHME 3aTpaThl MU HEXBATKY CIECIIUAIUCTOB.

Jlurepartypa

1. bengep, B. M. Hudpossie Texnonoruu B arponpounsBoactse. — M.: Hayka,
2020.

2. JIn, C. X. ABTOMAaTH3aIMs CETHLCKOTO X031 CTBA: TeopuH U mpakTuku. — CII0.:

BXB-IletepOypr, 2019.

loT for Agriculture. Available at: https://www.iotforall.com/iot-in-agriculture

Big Data in Agriculture. Available at:

https://www.agriculture.com/technology/big-data
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@ HAYUYHBIA ) KYPHAJI

IKOJOTMYHOCTH BOJOPOJIA

AHapesiHOB [leHUC AJIeKCAHAPOBUY
cTyneHT, Kazanckuii ['ocyqapcTBEHHBIN DHEPreTUUECKUI Y HUBEPCUTET
P®, r. Kazanp

YuuupoB AHapel AJIeKCAHAPOBHY

Hay4HbIN pyKoBoauTeNb, Kazanckuii I'ocy1apcTBeHHbI DHEPreTHUYECKUI
YHuBepcurer
P®, r. Kazanp

AHHOTAIIUA

CraTbsi TIOCBSILIIEHA M3YYCHHUIO HKOJIOTMYECKON YCTOMYMBOCTH BOJOPOJAa Kak
aJbTEPHATUBHOIO  MCTOYHMKA DJHEPruM. PaccMaTpuBarOTCS  MOTEHLMUAJIbHBIE
DKOJIOTHYECKHUE TPEUMYIINecTBa BOJOpPOAa, TaKHe KaK OTCYTCTBHE BBIOPOCOB
VIJIEKMCIIOTO Ta3a IIPU €ro CrOPaHUM M €ro poJib B IMEPEXOAE K YCTOMYHUBBIM
sHepreTudeckuM cucremaM. Ocoboe BHHUMaHHUE YIEJIECHO METOJlaM ITPOM3BOJICTBA
BOJIOPO/JIa, a TaKXe MpoOsieMaM, CBI3aHHBIM C €r0 XpaHCHHUEM U TPAHCIIOPTUPOBKOM.
OO6cyxmaroTcsl IePCHeKTUBBI BOJIOPOIHON SKOHOMHKHU M €ro BIMSHHUE Ha OOphOy ¢
KJIMMaTHYE€CKUMHU U3MCHCHHUSIMU.

KuiroueBrblie cjioBa: BOJOpPOA, HKOJIOTMYHOCTh, BO30OHOBIIsIEMAasi SHEPrUs, BbIOPOCHI
YIIIEKUCIIOro ra3a, BOJOPOIHAs DKOHOMUKA, YCTOMUNBOE pa3BUTHE.

1. BBenenue

Bopopon, kak WCTOYHMK DHHEPruy, [aBHO IMPUBJIIEKAECT BHUMAHUE YYEHBIX U
CHELUAINCTOB B 00J1acTU SHEPreTuku. OH pacCMaTpUBAETCS KaK SKOJIOTUYECKH YUCTOE
TOIUIUBO, KOTOPOE MOYKET 3aMEHUTH TPAAULIMOHHBIE UCKOTIAEMbIE UCTOYHUKHU SHEPTUH,
Takue KaK yrojib, HedTh W MpUPOAHBIN ra3. Mcmonp30BaHHE BOAOPOJA B KauyecTBE
MCTOYHMKA SHEPTUHU TO3BOJIIET CHU3UTh BHIOPOCHI YTIEKHUCIIOTO ra3a, 4YTo KPUTUIECKU
BXKHO J1J151 00pbOBI ¢ TT100aTbHBIMU KIIMMATHUYECKUMU U3MeHeHussMH. OHAKO JJIs1 TOTO
9TOOBI BOJOPOJ JEHCTBUTEIHHO CTall YCTOMYHMBBIM U IKOJOTHYECKH O€30MacHBIM
HMCTOYHUKOM HEPTIHH, HEOOXOAMMO PEIIUTh Pl POoOIeM, BKIIOYash TEXHOJIOTUU €0
MIPOM3BOJCTBA, XPAHEHHS U TPAHCHOPTUPOBKH.

2. IIpeumymiecTBa BOAOPO/Aa C TOYKHU 3PEHUS IKOJIOTHHU

OCHOBHBIM 3KOJOTHUYECKUM MPEUMYILIECTBOM BOJOPOJIa SIBISIETCA €ro 'yucrora" mpu
MCIIOJIb30BAaHUU.
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B mpouecce cropanus Bogopoja o0pa3yercsi TOJIbKO BOJSHON IMap, YTO JENaeT €ro
VMCTOYHHKOM 3HEPI'HH C HYJIEBBIMH BBIOPOCAMHU YTJIEKUCIOTO ra3a U JpYruX BPEIHBIX
BEIIECTB. OTO 3HAYMUTEJIBbHO COKpALA€T YIJEPOJIHBbIA cleJ IO CPaBHEHHUIO C
TPAJAUIIMOHHBIMUA HMCKONAEMbIMM HCTOYHMKAMHU 3HEpruv. Bogopoa MoXeT ObITh
WCIIOJB30BaH B PA3JMYHBIX OTPACisAX, BKIIOYAass TPAHCIOPT, MPOMBIILICHHOCTh H
HHEProcHa0KEeHUE, CIOCOOCTBYS CHUKEHUIO 3arpsI3HEHUS OKPY KAIOILEN CPeIbl.

2.1. 3HepreTquCKue CUCTEMBI HA OCHOBE BOAOpoaa

OgHuM M3 NEpCHEKTUBHBIX HANpPaBJICHUM SBISIETCS HCIONB30BaHHWE BOAOPOJA B
KaueCTBE MCTOYHMKA HHEPIUU JUIsl aBTOMOOMWJIEH M JIPYTUX TPAaHCIOPTHBIX CPEJICTB.
BogopoaHble TOIUIMBHBIE 3JIEMEHTHI, HCIOJb3YEMbIE B TaKUX TPaHCHOPTHBIX
CpEICTBaX, BBIICIAIOT TOJIBKO BOAY B Kauy€CTBE MOOOYHOrO MPOAYKTA, YTO JEIAET UX
HAMHOTO 0oJiee AKOJOTUYHBIMU MO CPaBHEHHUIO C TPAAUIMOHHBIMHU JBUTATEISIMU
BHYTPEHHETO CropaHus. ITO MOXKET MOMOYb COKpaTUTh BEIOpochkl CO2 B TpaHCTIOPTHOM
OTpaciu, KOTOpas ABISETCA OJHUM U3 KPYMHEHIINX UCTOYHUKOB 3arpsA3HEHUS.

2.2. Bogopoa kak akKKyMYJSITOP JHePruu

Bomopoa Takke MOXKET HWCIOJIB30BATHCSA IJISI XPAHCHHS DHEPTHUH, IMOIYYECHHOH U3
BO300HOBJISIEMBIX MCTOYHUKOB, TAKMX KaK COJHEYHBIC W BETPOBBIE DJICKTPOCTAHIIUH.
N30bITOuHAs »HEprHs, NMPOU3BEJACHHAsS B TEPHOJBI HU3KOTO CIPOCa, MOXKET OBITh
HCIIOJIb30BaHa JIJI IIPOM3BOJICTBA BOJOPOJIa Yepe3 dIEKTPOIU3 BOJbI. DTOT BOAOPOJ
MOXET OBITh 3aTE€M HCIIOJIb30BaH B KaUe€CTBE TOIUIMBA JJIsI TCHEPAIMH JJICKTPUICCTBA B
MIepUObI, KOT/Ia BO3OOHOBIIsIEMasl SHEPrUs HEAOCTYITHA (HampuMmep, B O€3BETPEHHBIC
WA 00JayHbIe JTHH).

3. MeToabl MPpOU3BOACTBA BOAOPOAA

Ha ,Z[ElHHBIﬁ MOMCHT CYHICCTBYCT HCCKOJBbKO MCTOJ0B ITPOU3BOACTBA BOAOPOAA, OJHAKO
HE BCC U3 HUX OAMHAKOBO 3KOJIOT'MYHBI.

3.1. [TapoBas pedopmanus mertana (SMR)

OTOT MeToa sBIsieTCs Hanbosiee pacpOCTPAHEHHBIM U YKOHOMHUYHBIM, HO OH UMEET
Cepbe3Hble dKoJornyeckue Hemoctatku. [lapoBas pedopmarius mMeTaHa HCHOIB3YET
MPUPOJHBIA Ta3 B KAYECTBE CHIPhS, YTO MPUBOJIUT K BHIOpOCAM YTIEKHCIIOrO rasa.
Takum 006pa3zom, BOJOPOJ, MPOU3ZBEIACHHBIM C HMCIOJIB30BAaHHUEM JITOTO METOJa, HE
SIBJISIETCS MOJTHOCTBIO KOJIOTHYECKH YUCTHIM.

3.2. DJ1eKTPOJIN3 BOJBI

DIIEKTPOJIN3 SABIIETCS 0OJIee SKOJOTHYHBIM METOIOM IIPOM3BOJICTBA BOAOPOAQ, MPH
KOTOPOM BO/Ia pa3aeiisieTcsl Ha BOJIOPO U KMCIOPO/I C HOMOIIBIO DJIEKTPUUECKOT0 TOKA.
Ecnu qu1st 3TOTO0 MCTIONB3yeTCs SHEPTHs, TOJIyYeHHAs U3 BO30OHOBISIEMbIX HICTOUHUKOB,
TaKUX KaK COJIHEUHAs WM BETPsHAsl DHEPTHUsl, TO MPOIECC MOXKET OBITh MPAKTUUYECKH
0e3BpeTHBIM JIJISl OKPYKAIOIIEH Cpebl, He CO3/1aBasi BLIOPOCOB YIJIEKUCIIOTO ra3a.
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DTO MO3BOJIAET MPOU3BOAUTH «3EJEHBIN BOJOPO», KOTOPBIH SBISETCS BaKHBIM [1arOM
B MIEPEXO0JIC K YCTOMYMBOU SHEPTETHKE.

3.3. I'asupukanus 6uomMaccol

lMazudukarus 6momaccbl — 3TO €IIe OJWH METOJI ITPOU3BOJICTBA BOJIOPOAa, KOTOPKII
MOKET OBITh PKOJOTHUUECKH YHCTBIM, €CIIH MCIIOIh3YETCS OPTaHUYECKOE ChIPhE, TAKOE
KakK JIpEBECUHA WJIU CETbCKOXO3IMCTBEHHBIE OTXObl. ITOT METO/I MMO3BOJISIET COKPATUTD
3aBUCHUMOCTH OT UCKOIIA€MbIX TOTUIMB M CHU3UThH BHIOPOCHI YTIIEKUCIIOTO Ta3a.

4. IIpods1eMbl, CBSI3aHHBbIE ¢ BOJOPOAHOH IKOHOMHKOM

HCCMOTpH Ha TIICPCIICKTUBBI BOJOPOdd, CYIICCTBYCT pPsAd BBI3OBOB, KOTOPLIC
HGO6XOI[I/IMO npecoaoJICTh AJId €TI0 MaCCOBOI0O BHCAPCHUS.

4.1. TexHo10TM XpaAHEHUS ¥ TPAHCIIOPTHUPOBKH

OpHoit M3 TJIaBHBIX MPOOJIEM BOJOPOJHON HIKOHOMHKHU sIBisieTcsl 3(h(eKkTuBHOE
XpaHEHHE W TPAHCIOPTHPOBKA BOJopoaa. Bomopoa obnamaeT HU3KOW TUIOTHOCTHIO
SHEPTUU B Ta3000pa3HOM COCTOSIHMHM, YTO TPeOyeT HCIOJIb30BaHUS CIEIUATBHBIX
BBICOKOHAMOPHBIX OAJJIOHOB WJIM KPUOTEHHBIX TEXHOJIOTHH ISl €ro XpaHEHUs. ITO
JENaeT MPOLECC TPAHCIOPTUPOBKU BOJOPOIa JOPOTOCTOSIIINM U SHEPTO3aTPATHBIM.

4.2. Bbicokasi CTOUMOCTb IIPOM3BOACTBA

Ha panHBIE MOMEHT NPOU3BOACTBO BOAOPOJA YEpE3 BJIEKTPOJIU3 BOJBI OCTAECTCS
JOPOTHM MPOLIECCOM, YTO OTPAHUYMUBAET €T0 UCITOJIB30BAHUE B IPOMBIIIUIEHHOCTH. {715
TOT'0 YTOOBI BOJIOPO/T CTAJI SKOHOMUYECKH BHITOJAHBIM, HEOOXOUMO CHU3UTh CTOUMOCTh
MPOU3BOJICTBA U Pa3BUTh HHOPACTPYKTYPY MJIsl €r0 IPUMEHEHUS.

5. IlepcniekTUBBI BOAOPOAHOM IKOHOMHUKH

Bonopon nmeeT orpoMHBIN MOTEHIMANT JIJIT U3MEHEHUS T100aTbHON SHEPreTHUSCKOM
CUCTEMBI U OOpPHOBI C KIMMAaTUUYECKUMU HM3MEHEHUSIMU. B Onumxkaiiiive necsaTuiieTus
BOJIOPOJ MOXKET ChITPATh KIIOUEBYIO POJIb B IEPEXOAE K HUZKOYTIEPOAHON IKOHOMUKE.
MHorue cTpaHbl YK€ HHBECTUPYIOT B HCCIEIOBAaHHUS W pa3pabOTKM B 00yacTu
BOJIOPOAHBIX  TEXHOJIOTMWA, C€O3/laBas IUIAHbl 1O  Pa3BUTHIO  BOJOPOJHOMU
MHOPACTPYKTYPBI U UHTETPAIIMH BOJIOPOJIA B IHEPTETUUECKHUE CUCTEMBI.

6. 3akaouenue

Bonopoa sBisieTcsi SKOJOTUYECKH YUCTBIM HCTOYHUKOM JHEPIUH, KOTOPBIA MOMKET
3HAYUTEILHO CHU3UTh BHIOPOCHI YTIIEKUCIOTO ra3a u MoModb B 00pb0e C Ti100anbHbIM
noteruieHneM. OpHaKoO It TOro 4ToObl BOAOPOJ CTall MAaccoBO JOCTYIHBIM U
AKOHOMUYECKU 3(P(PEKTUBHBIM, HEOOXOIUMO PEIIUTh MPOOJEMBbI, CBSI3AHHBIE C €ro
MIPOU3BOICTBOM, XPAHEHUEM U TPAHCIIOPTUPOBKOM.
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Pa3BuTHE BOJOPOAHON SKOHOMUKH SIBJISIETCA BaXKHBIM I11arOM Ha MYyTH K YCTOMYHUBOMY
Pa3BUTHIO U HKOJIOTHYECKU YHCTOMY OYIyIlIeMy.

Jluteparypa
1. bo6pos, M. II. TexHomoruum BOAOPOAA: IKOJOTHUS M IKOHOMHUKA. — M.:
DHeproaromuzaar, 2021.
2. Iletpos, B. H. Bomopoanas sxoHOoMuKa: BbI30BBI M mepcrnektuBbl. — CII6.:

Hayunsrit mup, 2020.

3. Hydrogen Economy. Available at: https://www.hydrogen.eu

4. Clean Hydrogen: Technologies for a Sustainable Future. Available at:
https://www.cleanhydrogen.info
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SKCHEPUMEHTAJIbHBIE HCCIEJOBAHUS OUYUCTKH YACTUYHO
3AT'PA3HEHHOUM BO/JbI

OcTtposepxoB Buraunii EBrensesuyu
CTyZIEHT, BOpOHEKCKHI rOCYTapCTBEHHBI TEXHUUECKUN YHUBEPCUTET
P®, r. Boponex

BoaabipeB IMutpuii AjleKCaHAPOBUY

MarucTpaHT, BopoHeKCKUil TOCyJapCTBEHHBIM TEXHUUECKUN YHUBEPCUTET
PO, r. Boponex

ITomoraesa Banenruna BacuibeBHa

Hay4YHBI pyKOBOJIMUTEIb, KAH/. TEXH. HAYK, TOLEHT, BOPOHEKCKUI rOCY1apCTBEHHBIN
TEXHUYECKUI YHUBEPCUTET

P®, r. Boponex

AHHOTALUSA

B crarbe mpenacraBieHbl  pe3yJbTaThl  AKCHEPUMEHTANbHBIX  UCCIEIOBAHUM,
HaIlpaBJIEHHBIX HAa OYHMCTKY YAaCTUYHO 3arpsi3HEHHOM BOJBI C HCIOJb30BAaHUEM
pPa3IMYHBIX METONOB (UiIbTpanuu W aacopOuuu. M3ydeHbl (PU3HKO-XMMHYECKHUE
CBOMCTBA 3arpsi3HAIONIMX BELIECTB, UX BIUSHHUE HA Ka4yeCTBO BOJbI U 3(h(PEKTUBHOCTH
OYMCTKH TPU TNPUMEHEHHUH PA3IUYHBIX (UIBTPYIOIIUX MaTepuanoB. Pe3ynbrarbl
MOKa3aJId, YTO MCHOJb30BaHUE KOMOMHAIMU aJICOPOEHTOB U MEMOpPaHHBIX (PUIBTPOB
MO3BOJIAET CYIIECTBEHHO TMOBBICUTh CTENEHb OYMUCTKU BOAbL. OOcCyxaaroTcs
BO3MOYKHBIE NPUMEHEHHUs IOJIYYEHHBIX IAHHBIX JUIS YJIYYIICHHMsS KadecTBa BOJHBIX
PECYpPCOB B YCIOBUSIX YACTUYHOTO 3arpsi3HEHUS.

KuroueBble ci10Ba: O4MCTKAa BOJBI, 3arpsi3HEHHAs BOjAa, (QuibTpauus, aacopOLus,
MeMOpaHHbIe (PUITBTPBI, SKCIIEPUMEHTAIIbHBIE HCCIIEI0BAHUSI.

1. BBenenue

OuncTKa 3arps3HEHHON BOJBI SIBISIETCA OJHOM W3 HamOoliee aKTyallbHBIX MpPOoOJeM
HKOJIOTUU U BOAOCHA0XKEHUS, OCOOEHHO B YCIOBHUSAX YaCTHUYHOI'O 3arpsi3HEHMs, KOTJa
BOJIa COAEPKUT KAK OPTAaHUYECKUE, TAK U HEOPraHUYECKUE 3arps3HUTENN. B ycrmoBusx
OBICTPO YBEJIMUYMBAIOIICHCS HArpy3kd Ha BOJHBIE PECYpPChl Ba)KHO pa3paldaThIBaTh
3¢ (pexTUBHBIE METOAbl OYMCTKM BOJbI, KOTOPHIE MOTYT MPUMEHSTHCS B Pa3IUYHBIX
CUTyalUsaX. OKCIEPUMEHTAIBHBIE HCCIECAOBAHUS IIO3BOJISIIOT HE TOJBKO OLEHUTH
3¢ (HEeKTUBHOCTh Pa3IMYHBIX METOJOB OYMCTKH, HO W OMNpPEIEIUTh ONTUMAaIbHbIE
YCHOBUS ISl UX TPUMEHEHMUS.
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2. lleab nccjiea0BaHus U 3aa49H

[lenpto HacTOsmIel pabOTHI SBIACTCS HCCiIenoBaHUE S(PPEKTUBHOCTA Pa3IAIHBIX
METO/IOB OYMCTKH YaCTUYHO 3arpsi3HEHHOUN BOJIBI, BKIIIOUAs (HU3UYECKUE, XUMUICCKUE
1 KOMOMHUPOBAHHBIE TOAXObI. 3314l UCCIEOBAHUS BKIIFOYAIOT:

« H3yueHue coctaBa 3arps3HSIONIMX BEIIECTB B 00pa3liaX BOJbI.

o Ouenka 5>PQPEKTUBHOCTH  PANMUYHBIX  (QUIABTPYIOIIMX  MaTEpUANOB H
a7COpOCHTOB.

o UccnenoBanme BAMSHHS pa3lUYHBIX I[apaMeTpoB (TemrmepaTypa, BpeMms
KOHTaKTa, KOHIEHTPAIHS 3arpA3HSIOIINX BEIIECTB) Ha MPOIIECC OUUCTKH.

3. MaTtepuajibl 1 METOIbI

I[J'IH IMPOBCACHUA MCCICAOBAHNA HCIIOJIb30BAJINCH O6p33].H:I BOJbI, 3arpsA3HCHHBIC
CMCCBIO OPIraHNYCCKUX U HCOPIraHMYCCKHUX BCHICCTB, TAKHMX KaK Macja, COJIN TAKCIIbIX
MCTAJIJIOB U OCTATOYHBIC XMMHUKATLBI. MCTOIIBI OYMCTKH BKJIIOYaJIN:

o @Ousuyeckass GUIAbTPAIUA: UCIOJIb30BaHUE (GUIBTPOB C  PaA3IMUYHON
MOPUCTOCTBIO JIJIS1 YAAIEHUS! KPYITHBIX YaCTHI] 3arpsI3HUTENEH.

o XuMuueckass ajacopOuUMsA: HCIOJb30BaHUE aJCOPOCHTOB, TaKUX Kak
AKTUBHUPOBAHHBIN YTOJIb, TO MO3BOJISIET YAAISITH PACTBOPEHHBIE BEILIECTBA.

o MeMmOpannass  ¢uabTpanusi:  UCIHOJB30BaHUE  MUKPODUIBTPALMH U
yIbTpadUIbTpAIUy IS yaaleHus 00Jiee METTKUX 3arpsi3HSIIOIINX BEIIECTB.

Kaxnprii meTon ObLI MPOBEPEH NPH Pa3IMYHBIX YCIOBUSX, BKIIOYAs H3MEHEHHUE
BPEMEHU KOHTAKTa, TEMIIEPATYPbl U KOHIIEHTPALMH 3arPA3HAIONINX BEIIECTB B BOJIE.

4. Pe3ybTaThl HCCACI0BAHUS
4.1. ®usnueckas puiabTpanus

[Ipu npumeHeHUN (QUIBTPOB C PA3IUYHON MOPUCTOCTHIO IPHEKTUBHOCTH OYUCTKU
3aBHCceNla OT pa3Mepa 4dacTul] 3arpssHuTened. OunpTpanus yepe3 KpYyMHONOPUCTHIE
¢uneTpsl (TecyaHbie M yrodbHbIE GUIBTPHI) A(G(HEKTUBHO YCTpaHsia KPYITHbBIE
OpPraHUYECKHE YACTHUIIbl, HO HE MOTJIa IOJHOCTHIO YCTPAHUTh PACTBOPEHHbBIE BEIIECTBA.
HaunOonbmas s¢dextuBHOCTh ObUIa JOCTUTHYTa NpH NPUMEHEHHH (QUIBTPOB C
MOPUCTOCTHIO 5-10 MKM.

4.2. Xumuyeckas agcopouust

Hcnonp3oBaHre akTHBUPOBAHHOTO YTJIs TS a7ICOPOITMU PACTBOPEHHBIX 3arPSI3HSIOIINX
BEIIIECTB TOKAa3aJl0 BBICOKYIO A(PEKTUBHOCTh. 3a cueT OOJBIIUX TOp Yrojib
afcopoupoBan 10 80% 3arpsA3HAIOMIMX OPTaHUYECKUX BEIIECTB, TAKUX KaK macjia H
XUMHUKATBI, OJHAKO J((PEKTUBHOCT, B YAAJICHWH TSOKEIBIX METaUIOB Oblia
3HAYUTETHHO HIDKE. [[71s ymydieHus pe3yabTaToB ObLIO MPEIIORKEHO KOMOMHUPOBATH
aKTUBUPOBAHHBIN yTOJIb C IPYTUMU aJCOPOCHTaAMH, TAKUMU KaK IICOJTUT.
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4.3. Mem0OpanHasi GuiabTpanus

MembOpanubsie  QuiabTpbl  (MHUKpOGUIBTpaLlMs W yIAbTpaQUIbTpalys) M[OKa3alu
HAWIyYIlUe Pe3yJabTaThl IJs yNajeHHsl KaKk OPraHUYECKUX, TaK U HEOPTaHMYECKUX
3arpsi3Hsitonux  BemiecTB. OcoOeHHo »ddexTtuBHa Obuta ynbTpadUIbTpALMS IS
yJaJieHus COJIeH TSKENbIX METAIIOB U IPYTUX PACTBOPEHHBIX BEIIECTB. DTO MO3BOJISET
UCTIONb30BaTh MEMOpaHHbIE (QWIBTPHI JJS OYHMCTKH BOJBI C HHU3KHUM YypPOBHEM
3arpsi3HEHUS, YTO JeNIaeT WX TMOJE3HBIMH [UJISI OYHCTKH BOJOEMOB C YaCTUYHBIM
3arpsi3HEHUEM.

5. O0cyxaeHue pe3yJbTaTOB

PesynbTaThl HcclieOBaHUS TOKa3aid, 4YTO KOMOWMHUPOBAHHOE HCIIOIb30BaHUE
HECKOJIBKUX METOJIOB OYMCTKH 3HAUYUTENHHO TMOBBIMIAET 3()PEeKTUBHOCTH Mpolecca.
Hampumep, coderanue meMOpaHHOW GUIbTpAlMM W aAcOpOLMKM AKTUBUPOBAHHBIM
yIJIEM TO3BOJISIET 3HAYUTEIBHO MOBBICUTH CTENEHb OYMCTKH, TIOCTUTHYB ypoBHS 90-
95% nns oprannueckux 3arpsizauteneit u 80-85% 11t paCTBOPEHHBIX HEOPTaHUYECKUX
BelecTB. BaxkHO OTMETUTH, 4TO 3((HEKTUBHOCTH METOJOB 3aBUCHUT OT KOHKPETHBIX
YCIIOBUH 3arpsA3HEHUS, TAKUX KAK TUII 3aTPA3HAIONIMX BEIIECTB U MX KOHIEHTPALUS.

Hcnonb3oBaHue Q)HHBTpaI_II/II/I )51 azxcop6m/m B KOM6I/IHaHHI/I C MGM6paHHBIMI/I
(bI/IJII)TpaMH OTKPBIBACT IICPCIICKTUBBLI JIA p33pa6OTKI/I HOBBIX CHCTCM OYMCTKH,
KOTOPBLIC MOT'YT OBITH aJalITUPOBAHBI JJII OYHCTKHU BOABI B PA3JIMYHBIX YCIIOBHAX — OT
IMPOMBIINIJICHHBIX CTOKOB 1O OUYMCTKHU MU THEBOM BOJBI.

6. 3akiaoueHue

OKCHepUMEHTAIbHBIE ~ HMCCIEIOBAHUA  TMOKa3aJid  BBICOKYIO 3¢ (HEKTUBHOCTh
KOMOWHHPOBAHHBIX METOJIOB OYMCTKH ISl BOJbI, YACTUYHO 3arpsSI3HEHHON Pa3TuYHBIMU
BemectBaMu. (OCOOEHHO TEPCIIEKTUBHBIMU  SIBIIAIOTCS  METOJIBI  MEMOpaHHOU
GuIbTpal U XUMUYECKON ajCcOpOIMU, KOTOPhIE MOTYT OBITh HCIOJIH30BaHBI B
COUYETAaHUU JIJISl IOCTHXKCHHS BHICOKUX TTOKa3aTeNie OYMCTKHU. ITU PE3yIbTaThl HMEIOT
MPaKTUYECKOE 3HAYCHHE I pa3paboTKu 2P(HEKTUBHBIX TEXHOJIOTHI OYUCTKU BOJIBI B
YCIIOBHSIX YAaCTHYHOTO 3arps3HEHUS, YTO TIOMOXET YJIYYIIHTh KadyeCTBO BOJHBIX
PECYpPCOB U CHU3HUTH HArPYy3Ky Ha SKOCHCTEMBI.
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PynakoB Asnexkcanap UBaHoBu4

HAYYHBIM PYKOBOAUTENb, I-p TEXH. HAyK, npod., Kazanckuit ['ocygapcTBeHHbII
DHepreTuyecKuil Y HUBEPCUTET
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AHHOTaAIUA

CraTthsi MOCBSIIEHA MCCICAOBAHUIO (PU3UUECKUX MPOIECCOB, MPOUCXOASANIUX B
KHUJKOCTHOM OJIOKUHT-T€HEPATOpE, MPUMEHSIEMOM B Pa3IMYHBIX 00JIACTSIX UHKCHEPUHU
Y MIPOMBIIIUICHHOCTH, BKJIIOUYas TEMJI0OOOMEHHbBIE CUCTEMBI U CUCTEMbI, OCHOBAaHHbBIC Ha
(ha3oBbIX Mepexonax. PaccMarpuBaroTCs KIIIOUEBBIE acleKThl pabOThI TeHeparopa,
TaKue KakK JUHAMUKA KUJIKOCTH, TEIIOBBIC MIPOIIECCHI M (Da30BbIE N3MEHEHHS, a TAKKE
BIIMSHUE OTHX TIpolecCoB Ha d(PdekTuBHOCTH paboThl ycTpoiicTBa. Takke
MPOAHAIU3UPOBAHBl METOJbI TOBBIIMIEHUS IPOU3BOJUTEILHOCTH TI'E€HEPATOPOB U
yCTpaHEHUsI HEXKeIaTeIbHBIX SBICHUMN, TAKUX KaK OJJOKUPOBKA.

KiroueBble ci10Ba: KUAKOCTHBIM OJOKMHT-TEHEpATop, Teruionepenava, (asoBbie
nepexobl, OJIOKUPOBKA, TUHAMUKA KUJIKOCTH, 3 (HEKTUBHOCTS.

1. BBenenue

XKunkoctHeie OnokuHr-reHeparops! (JKBI') mHUpoKo NPUMEHSIOTCS B TEMIIOOOMEHHBIX
CUCTEMaX, CUCTEMAaxX OXJAXKJIEHHUS U B MPOLECCE OYUCTKH ra3oB, IJe HEoOXOIUMO
yrpasiieHue (pazoBbIMU IEPEX0IaMUA U UHTEHCUBHAs TerooTAada. OAHUM U3 TJIaBHBIX
aCHeKTOB, KOTOPHBIN onpenenseT 3¢ pexktuBHOCTh padoTsl KBI', siBisieTcs npaBuiibHOE
MOHUMAaHUe (PU3NYECKUX MPOLIECCOB, TAKMX KaK JUHAMMKA KUIKON (Da3bl, MEXaHU3MbI
OJIOKUPOBKM U ympasiieHue (pa30BbIMU NepexoaaMu. B 3Toil cTatbe aHAIM3UPYIOTCS
OCHOBHBIC (pusnueckue mporecchl, npoucxosamme B JXXbI', a Ttakke mpenmararorcs
MOAXO/bI AJI ONTUMHU3ALMHI pabOThl YyCTPOIMCTBA U MOBBILIEHUS €10 3PPEKTUBHOCTH.

2. lleab nccjie0BaHUs U 3aa4H

[lenbto JAHHOTO MCCIEAOBAHUS SIBJISIETCS M3Yy4YE€HHE (PU3MYECKUX IPOLIECCOB,
MPOUCXOSAIINUX B )KUJIKOCTHOM OJIOKMHT-T€HEpaTOpe, U OLIEHKA UX BIMUSIHUS Ha paboTy
yCTpoiicTBa. 3a1auu UCCIEA0BAHUS BKIIIOYAIOT:
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o AHanW3 TMHAMUKH KXUAKOHU (pa3bl B OJIOKUHT-TEHEPATOPE.

o Omenka BmusHHUS (HaA30BBIX TEPEXOA0B (HCMApEHHWE W KOHJEHCAIWs) Ha
s dextuBHOCTH paboThl XKBI'.

o MHccnemoBanue mMeTonOB yMEHbBIICHHS 3(PPEKTOB OJOKHMPOBKH WU TOBBIMICHUS
CTaOMILHOCTH pabOTHI YCTPONCTBA.

3. MaTepuajibl 4 METObI

JIns mpoBEACHUS HUCCIIEIOBAHUS MCIIOIB30BAIMCH IKCIIEPUMEHTAIIBHBIE YCTAHOBKHU C
pazIMYHBIMHA PA0OYMMHU KUJKOCTAMH, BKIIIOUYask BOAY, CIIUPTHI U CMECH, UCIIOJIb3yEMbIE
B IPOMBIIUICHHBIX IMpoleccax. OJKCHEPUMEHTbl MPOBOAWINCH IPU Pa3INYHBIX
TeMIEepaTypax W JaBICHHUSX, C MCHOJIB30BAHUEM JATYUMKOB JUII HW3MEPECHUS
TEMIIEPATyphl, JAaBICHHUS M pacxoJa JKUAKOCTH. B kadectBe Meroma aHanmsa
IIPUMEHSUIACh KOMIBIOTEpHass cumysinus mnpoueccoB B JKBIT ¢ wmcnonp3oBaHnem
MOJIENEN, OCHOBAHHBIX Ha MPUHIUIIAX TUAPOJUHAMHUKN U TEPMOJUHAMHUKHU.

4. Pe3ybTaThl HCCICI0BAHUS
4.1. InunaMuka xkuakoii ga3pl

I[I/IHaMHKa KHNIKOCTH B 6JIOKI/IHF-FeHepaT0p€ TCCHO CBiA3aHa C paclapCaciICHUuCM
TCMIICPATYPhI U OABJICHUS B YCTPOﬁCTBG. HaubOoiee Ba)KHBIM IMpoHcCCOM ABJLACTCA
BBaHMOIIGfICTBI/Ie KUAKOCTH C TCMIICPATYpPHBIMH TI'paduCHTAMH, 4YTO IIPUBOAUT K
CI)aSOBBIM InepexogaM, TaKMM KaK KHIICHHUC WM KOHIACHCAIH:. B YCIIOBUAX CHUJIBHOTO
rpagucHra TEMIICPATYpP, BOSHUKAIOIICTO B PA3HLIX YAaCTAX I'€HEpaTopa, Ha6J'HOI[aeTCH
I/IHTeHCI/ICI)I/IKaI_[I/IH T€HJ'IOO6MCHa, OJHAaKO IIpyu 3TOM MOI'YT BO3HHKATb ABJICHUIA
6JIOKHpOBKI/I, Korga 9aCThb KUJIKOCTH B I'CHCPATOPC IICPCCTACT HUPKYJIUPOBATD.

4.2. ®a3oBbIe nepexoabl B mpouecce padoTsl

OpgnuMm u3 kimouyeBbIX (akTopoB, Bausitoux Ha padoty XBI', sBasercs ¢azoBbiit
nepexoj JKuIKocTu. [Ipu HarpeBaHUM KUJIKOCTU A0 TOYKH KUIIEHUS B ONPEICICHHON
YacTH TEHepaTropa MPOUCXOAUT BBbIAEIEHUE I[apa, 4YTO CHOCOOCTBYET CO3JaHUIO
JOTOJHUTENbHBIX KaHAJIOB s TemiooOMeHa. OnHAaKO TIpU  HEJOCTATOYHOM
PEryJIMpOBAaHUM  TEMIEPATYpbl, WM U3-32 HEPABHOMEPHOIO  paCHpeesICHUs
TEMIIEpaTypbl MO TEHEpPaTopy, MOXKET BO3HUKHYTHh JIOKAJIbHOE 3aMOpaKMBaHUE
KUJAKOCTH B OJIHOM M3 YacTel yCTpOMCTBa, YTO MPUBOIAUT K OJIOKMPOBKE MOTOKA U
CHWKEHUIO 00111el 3()(PEeKTUBHOCTH.

4.3. Metoasl ontumu3anuu padorsl KbI'

JI71s1 IOBBIIIIEHUST MPOU3BOAUTEIHLHOCTH U MUHMMU3AUU OokupoBku B JKBI' Obutn
MPEIIOAKEHBI CICTYIOIINE METO/IbI:

o Hcnonb3oBaHue TEMIOOOMEHHBIX IJIACTMH C YIYYIIEHHOM TreoMeTpuen s
PABHOMEPHOTO PaCIPENCIICHUs TEMIIEPATYPHI.
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o PerynupoBanne CKOpOCTM IOTOKAa JKMIKOCTH B 3aBHCUMOCTH OT W3MECHEHMM
TEMIEPATyPbl, YTOOBI MUHUMHU3UPOBATH TEMIIEPATYPHBIE THKH.

o IlpumeHeHne MHOTOKOHTYPHBIX CHCTEM C BO3MO>KHOCTBIO M3MEHEHHs pabouynx
[IApaMETPOB B PEATBHOM BPEMEHH JJIsI KOHTPOJSA 32 COCTOSTHUEM KUIKOCTH U
PEIOTBPALICHHS JIOKAIbHON OJJOKUPOBKH.

5. O0cyxaeHue pe3yjbTaTOB

OcHoBHOM npoOeMoii B paboTe KUAKOCTHBIX OJIOKUHT-TEHEPATOPOB SBJIAECTCS HMEHHO
OJIOKUPOBKA, KOTOpasi MOKET OBITh BbI3BaHA JOKAJBLHBIMU TIEpENajaMi TeMIEpaTyp U
(daz0BbIMH NTepexoaMu. Y CTAHOBJICHO, YTO MPHU HEMPABUILHOM PACTIpeCICHNN Teria
B YCTPOMCTBE MMPOUCXOAUT 3aMEIJIEHNE TOTOKA KUJKOCTH, YTO IPUBOJUT K CHUKEHUIO
TEIUIONEPEauy U YBEJIMYEHHUIO BPEMEHU LMKJIa paboTsl reHeparopa. Mcnonb3oBanne
MPEIIOKEHHBIX METOJIOB, TAKMX KaK YJIYYIIEHHE TF€OMETPHH TEIIOOOMEHHHKOB M
HACTpOMKa CKOPOCTH IOTOKAa JKUAKOCTH, IIO3BOJIIET YMEHBUIUTh BEPOSTHOCTH
OJIOKMPOBKH M MOBBICUTH O0LIYI0 3(()EKTUBHOCTH YCTPOMCTBA.

6. 3akiaoueHue

dusnyeckre MPoIecchl B JKUIKOCTHOM OJOKHHT-TeHEepaTope, TaKue Kak JWHAMHUKa
KUJIKOCTH M (DAa30BbIE IEPEXO0Jibl, WUIPaOT KIOUYEBYIO POJIb B ONPEACICHUU €ro
addextuBHOCTH. [IpOBeneHHBIE AKCIEPUMEHTHI IMOKAa3ald, YTO ONTHMM3ALUS ITUX
MIPOIIECCOB C MOMOIIBIO YIYUIIIEHHOW T€OMETPUH TEINIOOOMEHHHUKOB U PETYIUPOBKH
CKOPOCTH TTOTOKA KHUAKOCTH MO3BOJISIET 3HAUYUTEIIBHO TTOBBICUTH CTAOMIIBHOCTH PA0OTHI
YCTPOMCTBA M CHU3UTHh BEPOSTHOCTH OJOKHUPOBKH. Pe3ynbTaThl MCCIIEIOBAHUS MOTYT
OBITh TIOJIC3HBI JJIA JaJbHEHIIeH pa3pabOTKH M COBEPIICHCTBOBAHUSA OJIOKUHT -
TEHEepPaTOPOB ISl PA3IMYHBIX OTpacieil MPOMBIIIJICHHOCTH, TPEOYIOIMIMX BBICOKOM
3 PEKTUBHOCTH TEIJIO0OMEHA 1 MUHUMH3AIIMH TIOTEPb.

Jlureparypa

1. PyaxkoBckuii, B. H. JXKunkoctHele TeHepaTopbl M HX MpPUMEHEHUE B
TEMI000MEHHBIX cucTteMax. — M.: Dueprus, 2018.

2. Yepnos, U. B., Kysmemo, C. B. ®usmka u MexaHUKa KUIKOCTEH B
Termoo0MeHHbIX mpoueccax. — CI16.: Hayka, 2020.

3. Smith, R. J., Williams, D. T. Fluid Dynamics in Heat Exchangers. Journal of
Thermal Science and Engineering Applications, 2021.

4. T'onuapos, A. C. OCHOBbI TEPMOJMHAMUKH U (DA30BBIX MEPEXOI0B B KUIKOCTHBIX
cucremax. — XapbkoB: XHY, 2019.
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@ HAYUYHBIA ) KYPHAJI

®U3NYECKU YPOBEHb MOJEJIA OSI

I'aznueBa MaauHa Aj1ueBHa

CTYAEHT 4 Kypca, pu3nko-maTeMaTuyeckuil ¢pakynbreT, HanpasieHue « CuTy,
NHrymckuit rocyapCTBEHHbI YHUBEPCUTET

P®, r. Marac

Myp3abekoBa Mapem UcmaniioBHa

Hay4YHBIN PYKOBOJUTEINb, CTapIInii npenoaasaTenb kadeapst UCuT OMO,
HNHrymickuii rocy1apCTBEHHBIA YHUBEPCUTET

P®, r. Marac

AHHOTAIIUA

Cratbs mocBsilieHa aHanuzy ¢uzndeckoro ypoBHsi mMojaenu OSI, KoTopslil siBisieTCS
OCHOBOW JIJIs1 IIEPEIauy TAHHBIX B KOMIIBIOTEPHBIX CETAX. PaccMaTpuBaroTCsi OCHOBHBIE
(GyHKIIMU (PU3MUECKOTO YPOBHS, BKJIIOUAsl OMPEICIICHHE JJICKTPUUYECKUX CHUTHAJIOB,
(u3nyecKoe COeIMHEHUE U Tepefauy JaHHBIX Yepe3 pa3iuyHblie HOCUTENU. B crathe
TaKke OINUCaHbl OCOOCHHOCTH TEXHOJOTHM, KOTOpble pPabOoTaloT Ha (PU3NUYECKOM
YPOBHE, U POJIb 3TOTO YPOBHS B OOCCIIEUEHUHM YCTOWYMBOCTU U HAJEKHOCTU CETEBBIX
KOMMYHHKALIUH.

KuroueBblie cioBa: ¢usudeckuit ypoBeHb, mojaenb OSI, mepenaya naHHBIX, CETEBBIC
TEXHOJIOTUHU, DJICKTPUUECKUE CUTHAJIBI, PU3NUECKOE COEAMHEHNE.

1. BBeaenue

Mogens OSI (Open Systems Interconnection) — 3To KOHIENTyajbHAas MOJIESb,
MPEIHA3HAYECHHAS JJIs1 ONUCAHUS IPOLIECCOB, MPOUCXOISIIUX B KOMIIBIOTEPHBIX CETSX,
U Ul CTaHJAPTU3alMU B3aUMOJECUCTBUS MEXIY Pa3IMYHbBIMU KOMIIBIOTEPHBIMU
cuctemamu. Mogens OS] cocTouT U3 ceMu ypoBHEH, HAUMHAS ¢ (PU3HUECKOTO YPOBHS,
KOTOPBIN SIBIIIETCA CaMbIM HUYKHUM W OTBETCTBEHHBIM 3a (DU3UUYECKOE COCTUHEHUE U
nepeaady JaHHBIX depe3 ¢uznueckue HocutTenu. dusznyeckuil ypoBeHb mojenu OSI
UTPAET BAKHEUIIYIO POJIb B OpraHM3aluy Mepeayu JaHHBIX Ha YPOBHE anmnapaTHBIX
CPEICTB, BKJIIOYAsi KaOeu, pa3beMbl M YCTPOMCTBA JIJIs TIepeIaun CUTHAJIOB.

2. leab Mcciiel0BaHUSA U 3212494

Lenp qaHHOTO MCCIEIOBAHUS 3aKIII0YAETC B aHaIu3e PYHKIUHN U 3a1a4 (PU3NIecKoro
ypoBHsI Mojienu OSI, a Takke B pacCMOTPEHUM TEXHOJIOTHUM, KOTOPbIE HCIOIb3YIOT
JAHHBIA YpOBEHb g obecrniedeHus: 3P(HEKTUBHON W HAACKHOM Tepeaadyu JaHHBIX.

3az[aq1/1 HCCICAOBAaHUs BKJIOYAIOT:
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o U3ydenne ocHOBHBIX QyHKIINH (u3nuecKoro ypoBHs B moaenu OSI.

o Ommcanue MpPOIECCOB, CBA3AHHBIX C TEpeaadeii W KOJUPOBAHWEM JTaHHBIX Ha
¢u3rUecKoM ypOBHE.

o PaccmoTpenue TEXHOJNIOTHII W CTaHAAPTOB, HWCIOJIB3YEMBIX HAa (U3HYECKOM
yYpOBHE.

3. MaTepuajibl 4 METObI

UccnenoBanre OCHOBAaHO Ha TEOPETHYECKOM AaHAIM3€ JUTEpPaTypbl IO CETEBBIM
TEXHOJIOTUSM W CTaHJapTaM Iepeayd JaHHBIX, a TaKKe Ha MpUMEpax peabHBIX
YCTPOMCTB M TEXHOJIOTHH, HCTIONb3ytomuX pusuueckuit yposenb OSI. [l nomyyeHus
TOYHBIX JAHHBIX MUCIOJB30BAINCH NCTOUYHUKH, BKIodas crannapTel ISO/IEC, IEEE, a
TAaKXK€ CHEIUATM3UPOBAHHBIC TEXHUYECKUE PYKOBOJICTBA IO CETEBBIM TEXHOJIOTHSIM.

4. Pe3yabTaThl HCCJIEIOBAHUSA
4.1. OcHoBHBIE¢ QyHKIUM (PU3UIECKOTO YPOBHS

Ouznueckuii ypoBeHb mojenun OSI oTBeuaer 3a mepemadyy OUTOB JaHHBIX B BUE
ANEKTPUUECKUX WM ONTHYECKUX CUTHAIOB Yepe3 (pu3mvyecKkue HOCUTENH, TaKhe Kak
ka0enu, BOJIOKHA WM PaauoBONHBL. K OCHOBHBIM (PYyHKIUSIM (U3UYECKOTO YpPOBHS
OTHOCSITCS:

o KopupoBanue nannbix: I[IpeoOpazoBanue uHpopmanuu B (popMy, KoTopas
MOXET OBbITh MNepeJaHa uepe3 (QU3MYeCKHe KaHaubl CBs3M. [l 3Toro
HCIIOJIB3YIOTCSL Pa3u4Hble METOAbl KOAUPOBAHMS, HANpUMEp, aMIUIMTYJIHas
MOJyJIALUS WK (pa3oBast MOIYJIISALMS.

o YcraHoBJIeHHE U NoAAepxkaHue GU3HIECKOr0 COCAUHEHMs: JTO BKIOYACT B
cebs (usmyeckoe coeAMHEHUE IBYX YCTPOMCTB, HCIOJIB30BaHUE Kabenel u
pPazbeMOB JUIsl IEpEIaul CUTHAJIOB.

o Ilepemaua nannbix: Ha gusnyeckom ypoBHE MPOMCXOIUT HEMOCPEIACTBEHHAS
nepegavya CUTHaJIOB 10 KaHaly CBsI3U, Oy/b TO MPOBOAHAS WM OECHpOBOAHAS
CBS3b.

o Cunxponmzanusi: ®u3nyeckuil ypoBeHb TaKKe 00eCceurnBaeT CHHXPOHU3ALUIO
Nepefaynd JaHHbIX, YTOOBI TOJIydaTelb MOT KOPPEKTHO HHTEPIPETHPOBATH
nepeaBacMbic OUTHI.

4.2. Tunbl pusuvyecKux HoCUTeE e

DU3NYECKNN YPOBEHD NCTIOJIB3YET PA3JIMYHBIE TUIBI HOCUTENIECH JIJTA NIePEIaun JaHHbIX.
OcHoBHBIE TUTIBI (PU3UYECKUX HOCUTEICH BKITIOYAIOT:

e Meanble kabeau: OguH U3 HauOoyiee PACTIPOCTPAHCHHBIX THUIIOB Kalesei,
BKJIIOYAsl BUTYIO Tapy U KOAaKCHAJIbHBIE KaOeau, KOTOPHIE MCIOIB3YIOTCS IS
nepeavyu JaHHBIX Ha KOPOTKHUE U CPEHUE PACCTOSTHUS.
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o OmnToBosoKkHO: Vcrionb3yeTcs ISl Iepeaadn JaHHBIX Ha OOJIbIINE PACCTOSTHHS
C BBICOKOH CKOpPOCTBIO. [IpermMyIecTBO OMTOBOJIOKHA 3aKJIIOYAETCSI B €T0
CIIOCOOHOCTH TIepeIaBaTh JaHHbIC Ha OOJBIINE PACCTOSHUS 0€3 3HAUUTEITHHBIX
MOTEPh CUTHAJIA.

« becnpoBoanbie TexHosioruu: Briarogaior B ceOst paaroBOIHBI, WH(PAKPACHBIE
U MUKPOBOJIHOBBIE CHTHAJbI, KOTOpPHIE WCIOJB3YIOTCSI B  Pa3IMYHBIX
OECIIPOBOJIHBIX CeTAX, TakuX kak Wi-Fi u coToBas cBs3b.

4.3. KonupoBaHue 1 MOAYJISIMS

Ha ¢usnyeckom ypoBHE JaHHBIE IPEACTABISAIOT CO00M OUTOBBIE MMOCIEI0BATEIBHOCTH,
KOTOpBIE HEOOXOAUMO 3aKOJUPOBATh U MOAYJIUPOBATH JJIS TIEpeladll 4Yepe3 HOCUTEITb.
KoaupoBanue onpenensier, Kak OUThI OyIyT NPEACTaBICHBI B BUIE JIEKTPUUECKUX HIIN
ONTHUYECKUX CUTHAJIOB. MOIYIALINS )K€ PETYIUPYET, KAK H3MEHSIOTCS XapaKTEPUCTUKH
CUTHaja, TaKhe KaK aMIUIMTyJa, yacToTra wiM (as3a, JUisl MPeICTaBICHUS JIaHHBIX.
IIprmepbl METONOB KOAMPOBAHUS U MOIYJISILUH BKIIFOYAKOT:

« Manchester Encoding: MeTox KOAMpPOBaHWS, KOTOPBIA HWCIOIB3YETCS JUISI
CUHXPOHHM3AIMH TIePeIaur JaHHBIX M MPEIOTBPAIICHUS OITHOOK.

« ASK, FSK, PSK: Meroapl MOAYJISAINN, HCHOJB3YIOIIHE aMIUTUTYIHYIO,
YaCTOTHYIO U ()a30BYIO MOJIYJISIITUIO COOTBETCTBEHHO.

4.4. IIpo0JiemMbI 1 pelieHUs HA GPU3MYECKOM YPOBHE

Ha ¢usnueckoM ypoBHE MOI'YT BO3HHMKATh PAa3IM4YHbIE MPOOJIEMBI, BIMSIOLIME Ha
Ka4eCTBO IIepeauy JaHHbIX, TAKUE KaK:

o Hllymbl u wuHTepdepeHumMsi: BHemHHe 3JIEKTpUYECKUE IO WA JIPyrue
VMCTOYHHUKH MOTYT CO34aBaTh IIOMEXH, KOTOPBIE CHUYKAKOT KAYECTBO CUTHAJIA.

o 3aryxanue curhana: CurHaa MOXKeT ocjiabeBaTb 1O Mepe TOro, Kak OH
IPOXOJIUT 4Yepe3 Kadelnb WM 1O BO3AYIIHOMY MPOCTPAHCTBY, YTO Tpedyer
VICTIOJIB30BAHUS YCUIMTENEN WIIK IOBTOPUTEIICH.

o Ommbxm mnepenaum: M3-3a cimaboro curHamza Wid MOMEX MOTYT BO3HUKATH
OmMMOKKW B Tepefadye JaHHBIX, JJIsI YCTpPaHEHUS KOTOPHIX MPUMEHSIOTCS
pa3IUYHbIE METObI KOPPEKIIUU OIIHUOOK.

5. O0cy:xneHue pe3yabTATOB

du3NYecKUii ypoBEHb HWIrpaeT KIOUEBYHD pOJh B O0OCCIEYCHHHM CTaOWIBLHOH H
HaJIe’)KHOM mepenaun naHHbiX. OH OTBeUaeT 3a KOJAUPOBAHUE, MOYJISIIIUIO U Nepeavy
CUTHAJIOB 4epe3 pasiuuyHble Hocutenud. OJHAKO Ha ATOM YPOBHE HE IMPOUCXOJUT
00pabOTKM JaHHBIX, YTO TPeOyeT B3aMMOACHCTBUS C 00Jie€ BHICOKUMH YpPOBHSIMU
Moaenu OS] nns HagexxHoro obmeHa aaHHbIMU. OOOpymOBaHUE, HCIOJIB3YIOIICE
(bu3nyecKkuil ypoBeHb, JOJHKHO OBITH TIIATEIHLHO HACTPOEHO M ONTUMH3UPOBAHO IS
oOecrieueHuns CTaOMIBbHOCTU U 3((HEKTUBHOCTH CETEBBIX KOMMYHUKAIIHIA.
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6. 3aka0ueHue

@usnueckuii ypoBeHb Mojienu OSI sBisieTcs OCHOBOM JUisi MEpeiauyd JaHHBIX B
KOMIIBIOTEPHBIX CETAX. JTOT ypPOBEHb OOECHEeYMBAET IMpeoOpa3oBaHHE ITaHHBIX B
CUTHAJIbI, KOTOpPbIE MOTYT OBbITh NEpelaHbl uepe3 (PU3nyecKue HOCUTENH, TaKhE Kak
ka0enu U paauoBoiiHbl. [loHMManue QyHKIUI U MpoIEccOB Ha PU3UUYECKOM YPOBHE
ABJISIETCSI HEOOXOJMMBIM JUIsl pa3paOOTKU U YIYUIICHHS CETEBBIX TEXHOJOTUH U
ctanaaptoB. HecMoTpst Ha TO, 4TO (U3HUECKUI YPOBEHb HE 3aHMMAaeTCsi 00paboTKOM
JAHHBIX, €T0 POJb B 00ECIIEYEHUU KaueCTBEHHOTO 1 3(pPpeKTUBHOr0O 0OMEHA TaHHBIMU
KpaiiHe BakHa U1 (PyHKIMOHUPOBAHUS CETEH.

Jluteparypa

1. ISO/IEC 7498-1: Information processing systems — Open Systems

Interconnection — Basic Reference Model: The Basic Model.

Tanenbaum, A. S. Computer Networks. 5th Edition. Prentice Hall, 2011.

Forouzan, B. A. Data Communications and Networking. McGraw-Hill, 2007.

4. Kysnenos, B. M., Uepnsbies, B. 1. OcHOBBl KOMIBIOTEPHBIX ceTei. — M.:
HznarensctBo "Pammo u cBsa3e', 2019.
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HAYYHBIN )KYPHAJI
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VIIK-662.7

OTOPITIOJIMMEPBI B HE®TEI'A3OBOM KOMIIVIEKCE POCCUH

Jilsiep Auimna EBrenbeBHa
cTyleHT, TroMmeHcknit e yCTpraibHbIi YHUBEPCUTET
PO, r. Tromenb

I'ym6aToB ImMup DiIb4YUHOBHY
CTyZIeHT, TroMeHcknii HaycTpranbHblil yHUBEPCUTET
P®, r. TromeHb

Cunopos lanuna UBanoBu4
cTyaeHT, TroMmeHnckui HayCcTpranbHblii YHUBEPCUTET
PO, r. Tromenb

Ilerpenko ExaTepuna AHapeeBHA
CTyIEHT, TroMeHcknii THayCcTpranbHbId YHUBEPCUTET
P®, r. TromeHb

AHHOTALMSA

CraTps mOCBsIIIEHa TPUMEHEHHUIO (PTOPIIOIIMMEPOB B HE(PTEra30BoM MPOMBIIIIICHHOCTH
Poccun. PaccMmarpuBaroTCsi OCHOBHBIE XapaKTEPUCTUKU  (TOPIIOIMMEPOB, HUX
IpeuMyllecTBa U O0JIACTU NPUMEHEHHUS B YCJIOBMSX He(TerazoBoro KOMILJIEKCA.
Oco0oe BHMMaHHME YJEJIEHO POJIM 3TUX MATEPHAIOB B YIydlleHUU 3((HEKTUBHOCTH
MpOLIECCOB  AOOBIYM,  TPAHCIOPTHUPOBKM U  MEepepadOTKH  yIIIEBOJOPOIOB.
PaccmaTtpuBaroTcsi TakKe TMEPCIEKTHBBI NPUMEHEHHsS (TOPIOIMMEPOB B HOBBIX
TEXHOJIOTHUSIX U B PEIICHUH YKOJIOTUYECKUX TTPOOIIeM HEPTEra30BOro CEKTOpa.

KiarueBble cjoBa:  (ropnommMepsl, HedTEra3oBblii  KOMIUIEKC, J0ObIYa
YTIIEBOJOPOIOB, XUMUYECKAsI CTOHKOCTh, MAaTEPHAIIBI, SKOJIOTHUECKHE TEXHOJIOTHH.

1. BBeaenue

dTopriosiMMepbl  MPEACTABISAIOT CcOOOM  Tpymmy  TOJMMEPHBIX  MaTepHalioB,
o0nagaronmMX YHUKaIbHBIMU XUMAYECKUMH U (PU3UYECKUMH CBOMCTBAMH, YTO JEJIaeT
WX HE3aMEHHUMBIMU B Psijie OTpaciie, BKIIoUast He(pTera3oByro MPOMBIIIIEHHOCTh. OHU
XapaKTEPU3YIOTCSI BBICOKOM TEPMOCTOMKOCTBIO, CTOMKOCTBIO K XHMHUYECKUM
BO3JCUCTBUSIM, a TaK)KE€ OTIMYHOM M3OJISIMUOHHOM CIIOCOOHOCTBIO, YTO AE€JIAaeT HUX
WJICAUTBHBIMUA U1 TIPUMEHEHHUS B JKCTPEMAJIBHBIX YCIOBHUSX, TAKUX KAaK BBICOKHE
TeMIepaTyphl U arpecCUBHbBIE XUMHUECKHE cpenibl. B HedTerazoBom komiuiekce Poccuu
(dbTopnosMMepsl aKTUBHO MCTOJIB3YIOTCS B Pa3IMUHBIX Mpolleccax, BKIIOYas J00bIUY,
nepepadoTKy ¥ TPAHCIIOPTUPOBKY yTIIEBOAOPOIOB.
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2. lleab nccjieoBaHUs U 3aa4u

Lenbp maHHOM CTaTbu — U3YYUTH POJIb (GTOPHIOIUMEPOB B HE(PTEra30BOM KOMILIEKCE
Poccun, BBISIBUTH UX IPEUMYILECTBA, 00JIACTH PUMEHEHHUS U IEPCIIEKTUBBI Pa3BUTHS.
3aza4ym UCCIIEeN0BAaHUS BKIIOYAIOT:

o AHanu3 QU3NYECKUX U XUMHUYECKHUX CBOWCTB (PTOPIIOINMEPOB.

o Omnucanue npuMeHeHus (TOPIIOIUMEPOB B Pa3IMUHBIX IIpolieccax HedTerazoBoi
OTpaciu.

o UccnenmoBanme mepcrneKTUB HCIMOJB30BaHUA  (PTOPIOIMMEPOB B  HOBBIX
TEXHOJIOTHSIX.

o OOCyxaeHHE DJKOJOTUYECKUX AacCleKTOB NPHUMEHEHUs (TOPIOINMEpPOB B
HeTera3oBoi oTpaciu.

3. MaTepuajibl 4 METObI

JUist HanMcaHus CTaThbU UCIOJIb30BaHbl JAHHBIE U3 HAYYHBIX MyOJIHKAUN, OTPACIEBBIX
OTYETOB, a TaKXe pe3ylbTaTbl JIA0OPATOPHBIX HCCIEAOBAHUI H TEXHUYECKHX
XapaKTEPUCTHK (TOPHOJUMEPHBIX MAaTEpPUANOB, IMPUMEHAEMbIX B He(TerazoBou
ITPOMBIIUICHHOCTH. VICTOYHMKH BKJIFOYAIOT MAaT€pUaJIbl HAYYHBIX )KYPHAJIOB U IATEHTHI,
a TaKXe OMbIT KPyNMHEeNInx Hedrera3oBbix KoMmnanuii Poccun n mupa.

4. Pe3ybTaThl HCCJICI0BAHUS
4.1. Xumn4yeckue u pu3ndeckKue cBoiicTBa GTopnoanmMepon

dToprnonumepsl, Takue kak noiauterpadropatuiieH (IITDI), propupoBanHas FTHIICH-
nporuiieHoBast pe3uHa (OIIIP) u dropupoBaHHbIE SMOKCUIHBIE CMOJIBI, 00JIaaI0T
VHUKAJIbHBIMU CBOWMCTBAMH, KOTOPBIEC JENAIOT MX HE3aMEHUMbBIMU ISl He(TerazoBoun
oTpaciu:

o XuMHYECKAS CTOMKOCTH: @PTOpPHIOIMMEpPHl YCTOWYMBBI K BO3JCHUCTBHIO
OOJIBIIMHCTBA arpeCCUBHBIX XMMHYECKUX BEILIECTB, BKIIOUYAsl KUCIOTHI, IIEI0YN
Y PaCTBOPUTEIH, YTO ITO3BOJIAET UX UCIOJIB30BATh B JKECTKUX YCIOBUSAX.

o TepmocroiikocTh: OHM COXpPAHSIOT CBOM CBOICTBA B IIMPOKOM JUAIa3OHE
temmneparyp — oT -200°C no +260°C.

o JuexkrTpuyeckas wm3oasuus: OTIMYAOTCS  BBICOKOM  JUAJIEKTPUYECKOU
IPOYHOCTBIO, YTO JENAeT UX MNOAXONAIIMMHM Ul HCIIOJIb30BaHUA B
BBICOKOBOJIBTHBIX CUCTEMAX.

o Huskoe ko3pPpuumeHT TpeHus: IT0 CBOWCTBO (TOPIOIMMEPOB YIYUILIAET UX
UCIIOJIb30BaHUE B HACOCAX, KJIAMIAHAX U IPYTUX MEXAaHU3MaX, CHIKAKOIIUX U3HOC
JeTaJeu.
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4.2. llpumeHeHue GTopnoaIuMepoB B He(TerazoBoil MPOMbIIIIIEHHOCTH

droprnoauMepbl  HAaXOASAT IIUPOKOE TMPUMEHEHHE B HePTErasoBod OTpaciu,
oOecrnieunBasi BBICOKYIO 3((EKTHBHOCTh pabOTHl pa3iMyHBIX cucTeM. Hekoropeie
00J1aCTH NPUMEHEHMUSL:

o TpyOonpoBoanbie cucteMbl: OTOPNOIMMEPHBIE TOKPHITHS TPYO 3aIUIIAIOT UX
OT KOPpO3HH, OCOOEHHO MpPU TPAHCIOPTHUPOBKE arpeCCHUBHBIX XUMHUYECKHX
BEILIECTB, TAKMX KaK KUCJIOTHI U I'a3bl C BEICOKOW TEMIIEPATYPOH.

o YIIOTHHUTEJbHBbIE U TepMeTU3NpYIOIIHe MaTepuajbl: M3 ¢ropmonnmepos
MIPOU3BOJAT YIUIOTHUTENBHBIE KOJbLA WM MPOKIAAKH Ui NPEJOTBPAIICHUS
YTEYEK YIJIEBOAOPOAOB U APYIUX XUMUYECKHUX BEIIECTB.

o Kourpous 3arpsisHennii: B cucremax O4MCTKH BOJBI M ra3a (TOPHOIUMEPHI
HCIIONIB3YIOTCS. B KayecTBE (PMIIBTPOB, TaK KaK OHU HE B3aUMOJICHCTBYIOT C
OOJIBIIMHCTBOM 3arpsi3HUTENCH.

o PesnHoTexHnuyeckue usaeaus: OroprnonvmepHbie pe3UHbBI UCIIOIb3YIOTCS IS
U3TOTOBJICHUS MAaHXET, CaJbHUKOB MW JAPYIUMX JETaJed, KOTOpPbIE IJOJIKHBI
paboTaTh B arpeccCHBHBIX YCIOBUSIX, HallpuMep, B cucTeMax Al OypeHus u
100641 HEPTH U raza.

4.3. JkoJIorH4ecKne aCneKThbl NpuMeHeHns GropnoimMepon

Okosornueckasi  0€30MaCHOCTbh  SIBIISIETCS ~ BaXHBIM ~ ACTIEKTOM  ITPUMEHEHUS
¢dbroprnonumepoB. HecMOTpsi Ha UX XMMHUYECKYIO CTOMKOCTb U JIOJITOBEYHOCTb, €CTh
OMAaceHWs] OTHOCUTEIBHO  BO3JACUCTBUS  (TOPCOAEpPKAIUX  COCJUHEHUH  Ha
OKpyXkarolyto cpeay. Mcnonb3oBanue ¢ToprnonnumMepoB B He(TerasoBoil OTpaciu
CIIOCOOCTBYET MHUHUMU3AIMM 3arps3HEHUs, TaK KaK 3TH MaTepHalibl HE BBIICISIOT
BpEJIHBIX BEIIECTB B TMpolecce HKcmuryatauuu. OIHAKO YTWIM3AMMUS CTapbIX
dbTopnoMMEpHBIX U3ACIUN TpeOyeT 0coO0O0ro MoAXoJa M3-3a BBICOKONW XUMHUUYECKOU
CTOMKOCTH 3TUX MATEPUAJIOB, UTO 3aTPYIHSAET UX MEpepadboTKy.

4.4. IlepcnieKTUBBI UCNIOJIB30BAHUSA (PTOPIOJIUMEPOB B HEPTEra3oBoil 0TPaCIU

dToproMMephl  MPOJODKAIOT Pa3BUBATHCSI, W WX MPUMEHEHHWE B HedTerazoBoit
oTpaciu OyAeT TOIbKO pacmupsaThesa. B Oymyriem oxxugaercs:

o Pa3paboTka HOBBIX KOMIIO3UTHBIX MAaTE€pPUAJIOB Ha OCHOBE (TOPHOIUMEPOB,
KOTOpbIE OYAYT UMETh YJIYUIICHHbIC MEXaHUYECKHUE U TEPMOCTONKHIE CBOMCTBA.

o VYBenuueHue TPUMEHEHHUS (PTOPIOJIMMEPOB B  HOBBIX DHEPrEeTHUYECKUX
TEXHOJIOTUSAX, TAKMX KaK COJIHEYHBIC W BETPOBBIE YCTAaHOBKHU, TJe TpeOyercs
BBICOKAsl CTOMKOCTH K BO3/ICHCTBUIO BHEITHUX (PAKTOPOB.

o YydlieHue 3KOJIOTHYECKUX METO0B YTHIIH3aUU (PTOPIIOTMMEPOB, YTO CHUZUT
HETAaTUBHOE BO3/ICVICTBUE HA OKPYKAIOLIYIO CPELY.
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5. O6cyxkaeHne pe3yJibTaTOB

@droprioMMepsl  UTPAIOT KIIOYEBYIO pPOJb B HedrerazoBoM komimiekce Poccwuwu,
oOecrieunBasi HaJEKHOCTh W JOJITOBEYHOCTh OOOPYJIOBAaHWS, a TaKKE IOBBIIICHUE
0€30MacHOCTH  MPOU3BOACTBEHHBIX MpoleccoB. OnHako, HECMOTps Ha HX
MHOTOYHUCIICHHbIC  TPEHMYIIECTBA, HEOOXOIUMO MPOAOIDKATH  HCCIICAOBAHMS,
HANpaBJICHHbIC HA YIYYIICHHE AKOJOTMYECKOH YCTOMYMBOCTH (TOPIIOIUMEPOB U
pa3BUTHE TEXHOJNOTMHA WX yTHIM3aluu. B To ke BpeMms, JalbHeIiee
COBEpIICHCTBOBAaHHE (TOPIIOJMMEPHBIX MAaTEPUAIOB TMO3BOJUT HCIONB30BaTh UX B
OoJyiee MIMPOKOM CIIEKTpE TPHUMEHEHHs, YTO TPUBENCT K YBEIHUUCHHIO UX POJIU B
He(Tera3oBoi oTpaciu.

6. 3akiaoueHue

cDTOpl’IOJ’IHMe]:’)I)I ABJIAOTCA BAKHBIM MAaTCpHUAJIOM B HG(bTGI‘&SOBOﬁ IMPOMBIIIIICHHOCTH,
oOecnieunBas 3alllUTy O60py,Z[OBaHI/ISI N ITOBBINICHUHC 3(1)(1)CKTI/IBHOCTI/I IIpOnIcCCOB. Ot
MaTCpHaJbl O6HaIIaIOT YHUKAJIbHBIMHA (1)I/ISI/IKO-XI/IMI/ILI€CKI/IMI/I CBOﬁCTBaMI/I, KOTOPLBIC
IIO3BOJISAIOT UM pa6OTaTB B arp€CCUBHLIX YCIIOBUAX, XaPAKTCPHBIX IJIA He(l)TeFEBOBOFO
CCKTOpa. HepCHCKTI/IBBI HNX HCITIOJIB30BaHUsA B HOBBIX TCXHOJIOTHAX, 4 TAKXKC BHUMAHUC
K OKOJIOTHYCCKUM AaCIICKTaM HX IMPUMCHCHHA, OTKPBIBAIOT HOBBLIC BO3MOKHOCTH IJIA
YIYUIICHUA AKOJIOTUYECKOM YCTOﬁqHBOCTH oTpaciii U €€ TEXHOJIOTHYCCKOM Oa3Hl.

Jlureparypa

1. Ilerpos, A. U., Cunopos, B. JI. "®@Toprnonumepsl B XUMHUYECKOM
MpOMBINUIEHHOCTH . — M.: Xumuns, 2018.

2. Kysnernos, A. H. "HoBsie MaTepuansl 1y Hedrerazosoii orpaciu”. — CII6:

Hayka, 2020.

I'OCT 30232-96 "®dtopnonumepsl. Texnuueckue TpeOoBaHus".

S. N. Ramaswamy, A. N. Kulkarni. "Application of Fluoropolymers in Oil and

Gas Industry". Journal of Materials Science, 2017.

B~ w

-36 -



/ﬁlﬁi‘é‘h

N7 HAYKA 1 MUPOBO33PEHUE

V]IK-004.94

@ HAYUYHBIA ) KYPHAJI

®YHKIIUU IPAVIBEPOB

I'azaueBa Maaguna AadueBHA

CTyAeHT, HTYIICKHUI TOCYIapCTBEHHBIN YHUBEPCUTET
P®, r. Marac

Myp3abexkoBa Mapem UcmansioBHa

Hay4YHBI pPyKOBOJMTEIb, CTAPILINN MIPENOAABATENb, IHIYIICKMI TOCY1apCTBEHHBIN
YHUBEPCUTET

P®, r. Marac

AHHOTAIIUA

CraTbsl MOCBAILIEHA HM3YYEHHIO (PYHKIUH JpaliBEpOB B KOMIIBIOTEPHBIX CHCTEMaX.
PaccmarpuBaroTcs OCHOBHBIE 33Ja4M, KOTOPBIE BBINIOJHSAIOT APAWBEPBI, UX POJIb B
oOecreyeHnn B3auMOCICTBHUS ONEPAlMOHHON CHCTEMBI C AMIMAPATHBIM 00ECTIEYUEHUEM.
B crartbe paccMaTpuBarOTCs THUIBI OPAiBEPOB, UX CTPYKTypa W MPUHLMIBI PAOOTHI.
Taxke mnpeAcTaBlieHbl COBPEMEHHbIE MOJIXOJbl K pa3pabOTKe U ONTHUMH3ALUU
IpanuBepOB I Pa3IMYHBIX YCTPOMCTB, a TAKXKE UX 3HAYCHHUE B KOHTEKCTE ITOBBILLICHHUS
3¢ (PeKTUBHOCTH pabOTHI KOMITBIOTEPOB.

KiaroueBble cjioBa: ;[paﬁBepr, OncpanMoOHHasA CHUCTCMa, allllapaTHOC O6€CH€‘I€HI/I€,
BBaHMOHGﬁCTBHe, YCTPOﬁCTBO, OIITUMM3alusA, IIPOU3BOAUTCIBHOCTD.

1. BBenenue

JpaiiBepbl SBISIOTCS Ba)KHEHIIIEH YacThIO OMEPAIMOHHBIX CHUCTEM, O0ecrednBaromen
B3aMMO/ICHCTBUE MEXKTYy anmnapaTHbIM 00eCieYeHUEM U TPOTPaMMHBIM 00ECIICUCHHUEM.
Nx ocHOBHas (PyHKIMS 3aKjIHO4YaeTcsl B TOM, UTOOBI OMEpallMOHHAs CHUCTEMa MOrja
KOPPEKTHO paboTaTh C Pa3JUYHBIMU amlapaTHBIMU YCTPOMCTBAMH, TAKUMH KakK
MIPUHTEPHI, BUICOKAPTHI, )KECTKHUE JUCKU U Apyrue. bes apailBepoB KOMITbIOTEP HE CMOT
OBl MCMOJIB30BaTh BO3MOXKHOCTH MOJKIIFOYEHHBIX YCTPOMCTB, MOCKOJIBKY OHM CITy>Kat
"mepeBoTuMKaMuU'" MEXIY YCTPOMCTBAMU U ONEPALIMOHHON CUCTEMOM.

2. leab ucciie10BaHNA U 321241

Lenp naHHOM CTaThU — paccMOTPETh GYHKIMU JPaiBEPOB, X POJIb B KOMIIBIOTEPHBIX
CHUCTeMax U 0COOEHHOCTH UX pabOThl. 3a/lauM UCCIIeI0BAaHUS BKIIOYAIOT:

o Omnwucanune OCHOBHBIX (DYHKITUI ApaiiBepoOB.
o PaccMoTpeHne TUIIOB IpallBEPOB U UX CTPYKTYPHI.
o AHaIW3 IPHUHIMIIOB paOOTHI IPaiBEPOB U UX B3AMMOJICHCTBHUSI C ONEPAITMOHHOM
CHUCTEMOM.
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0O0630p COBpEMEHHBIX METOIOB pa3paOOTKX U ONITUMHU3AIINN JIPANBEPOB.

3. MarepuaJjibl 1 METO/bI

JIIsi HamuWcaHWS CTaThbH MCIOJB30BaHbl MaTepHabl W3 HAYYHBIX ITyOJUKAIIHA,
y4eOHUKOB 10 KOMITBIOTEPHBIM CUCTEMaM, a TaKKe HHPOPMAIIHUS O THIaX JPAWBEPOB U
UX peajau3aiiy B MOMYJSIPHBIX OMEPAIIMOHHBIX CUCTEeMax, Takux kak Windows, Linux
1 macOS.

4. Pe3yabTaThl HCCJIEIOBAHUSA

4.1. OcHoBHBIC (pyHKIIUM JpaiiBepOB

I[paﬁBepLI BBIITOJIHATOT HCCKOJIBKO KIIIOYCBBIX q)YHKHI/If/'I B KOMIIBIOTCPHBIX CUCTCMAaX:

OolecneyeHne B3aMMOJECTBHA € aNnmapaTHbiM olOecmedenueM: JlpaiiBepsl
NEpPEBOJAT KOMAaHJIbl OINEPAllMOHHOW CHUCTEMBl B KOMAaHIbl, IIOHATHBIC
KOHKPETHOMY YCTPOMCTBY. DTO MOXKET BKJIFOUATh B ce0s yIpaBjieHUE TUTAHUEM
YCTPOMCTBA, IEpeAavy JaHHBIX U KOHTPOJIb HAJl €T0 COCTOSITHUEM.

AOcTpakuuss W YHH(QUKAUA [0CTyma K YycrpoiictBam: [lpaiiBepsl
MPEOCTABIISIOT OMEPAIMOHHON cUcTeMe eAuHbIi uHTepdeiic s paboThl ¢
pa3IMYHBIMM ~ YCTpOMCTBaMU. ITO  YNPOINAET  Mpolecc  pa3paboTKu
MPOTPAMMHOTO OOECIEUEHHS], IMOCKOJIbKY MPOrpaMMbl MOTYT HCIOJIb30BaTh
oOwmmit API ayig B3auMoAeicTBuUS ¢ yCTPOMCTBAMH.

Oo0padoTka npeppiBaHuii: MHOTHE yCTPOMCTBA, TAKME KAK CETEBBIE KAPThI WJIN
KECTKUE JUCKH, TEHEPUPYIOT MpPEpPbIBAHUS ISl YBEJOMJICHUS CHCTEMBI O
3aBEPILCHUU OTepalii WM U3MEHEHUU cocTosiHus. [paiiBepbl 00pabaThiBatOT
AT NPEPHIBAHUS U COOTBETCTBYIOIINE COOBITHS.

YupasJienue pecypcamu: [[paiiBepsl yNpaBisiFOT UCIIOJIb30BAHUEM PECYPCOB,
TaKuX Kak IlaMsITh W TOPTHI BBOJA/BBIBOJA, oOecreunBas 3(PpGheKTUBHOE
pacrpeneneHue H3THUX PECYpCoOB MEXAY pPa3IuyHbIMU YCTPOMCTBAMH U
MPUIIOKCHUSIMH.

4.2. Tunsl apaiiBepoB

Cy1iecTByeT HECKOJIBKO TUTIOB IPaiBEpOB, KOTOPHIE BBHITTOIHSIIOT Pa3IMUHbIE PYHKITUU
B 3aBUCHUMOCTH OT THIIa YCTPOUCTBA:

JpaiiBepbl yCTPOMCTB: DTU JApailBephl OTBEUAIOT 3a PabOTy C KOHKPETHBIMU
anmapaTHBIMM YCTPOMCTBAMHM, TAaKMMHU KaK MPUHTEPHI, BHUJICOKAPTHI WJIU
KiaBuaTypbl. OHU O0ECIeUnBaIOT OMNEPAIMOHHYIO cUCTeMy HHTepdenc s
B3aUMOJIEUCTBUS C YCTPOHUCTBOM.

JlpaiiBepbl yCTPOWCTB BBOJA/BbIBOJA: OTH JpaiiBepbl paboOTalOT C
nepuepuiiHBIMU  YCTPOMCTBAMHU, TAKMMU KaK KIJIABHATYPBI, MBIIIH, a TaKXKe
CETEBbIMU KapTaMH.

CeteBble apaiiBepbl: OTBeualoT 3a pabOTy C ceTeBbIMU HUHTepdercaMu,
obecrieurBasi KOpPEKTHYIO Mepeiady JaHHBIX 10 CETH.

-38-



JpaiiBepsl ¢aiiioBbix cuctem: OOGecreunBaroT B3auMOICHCTBUE C (DaIOBBIMU
CUCTEMaMHU U JUCKOBBIMU ycTpoilcTBaMu. OHU MPEIOCTABISAIOT ONEPALMOHHON
CHUCTEME MEXaHHU3M JJIsl pa0OThI C TAHHBIMU, XPAHSIIIUMHCS Ha JUCKaX.
JpaiiBepbl sigpa: OTu jApaiiBepsl (YHKIMOHUPYIOT Ha YypOBHE sjpa
ONEpPalMOHHON CUCTEMBI, 0OECIIeunBasi HU3KOYPOBHEBYIO CBSI3b C allapaTHBIM
obecreueHueM.

4.3. llpuHumnsl padoThl ApaiiBepoB

JpaiiBephbl, Kak MpaBuiIo, padOTaIOT B TECHOM CBSI3U C ONIEPAIIMOHHON CUCTEMOM, CIeAys
HECKOJIBKHUM KJIFOUEBBIM MPUHIIAIIAM:

MoayabHocTh: JlpaiiBepbl pa3palOaTbIBalOTCSl KaK HE3aBHCHMbIE MOJYJIH,
KOTOPBIE MOTYT OBITh 3arpyKEHbI U BBITPYKEHBI 110 Mepe HEOOXOAUMOCTU. ITO
MO3BOJISIET ONEPAIMOHHON cucTeMe d(DPEKTUBHO yNPABIATh PECYPCAMH.
Hcnoab3oBanue mnpepbiBaHMd W TaiiMepoB: JlpaliBepbl UCIOJIb3YIOT
npepbIBaHus Il 00pabOTKH COOBITHII OT YCTPOMCTB, TaKUX KaK 3aBepUICHUE
nepeayu JaHHBIX WM U3MEHEHHUE COCTOSIHUSL YCTPOICTBA.

Ynpasienue Oydepusaumed u odepensimu: s ontumuzanuu pabOThl ¢
YCTPOMCTBAMM JIpaiiBEphl UCMIOJB3YIOT Oypephl W OYEepeAH, UTO IO3BOJISET
MUHUMHU3UPOBATH BPEMsI OKUJIaHUS JAaHHBIX U MOBBICUTH MPOU3BOAUTEILHOCTD
CHUCTEMBL.

Oo6padoTka omuboK: J[paiiBepsl JOMKHBI o0ecreunBaTh 00pabOTKy OIIMOOK,
KOTOpbIE MOTYT BO3HUKHYTH BO BpeMsi pabOThI C YCTPOWCTBaMH, HAITPUMED, U3-
3a HEUCITPABHOCTU 00OPYI0OBAHUSI WJIM HEKOPPEKTHON pabOThI IPOTrpaMMBL.

4.4. CoBpeMeHHBIE TOAX0bI K pa3padoTKe ApaiBepoB

CoBpemeHHbIe JIpaliBepbl pa3padaThIBAlOTCS C YYETOM MHOTHUX (haKTOPOB, TAaKUX Kak
MIPOU3BOAUTEIILHOCTh, 0€30MACHOCTh U COBMECTUMOCTh. HEKOTOpBIE N3 HUX BKIIOYAIOT:

ABTOMaTHYeCKOe OOHOBJIeHHEe ApaiiBepoB: COBpEeMEHHBIE OINEpPalMOHHbBIC
CUCTEMBbI TMpEIJIaraloT MEXaHWU3Mbl IS aBTOMATHYECKOTO OOHOBIIEHUS
JpaiiBepoB, YTO MOMOTAET MOJIb30BATENISIM MOAIEPKUBATh CBOM YCTPOUMCTBA B
aKTyaJIbHOM COCTOSIHUH.

Hcnonb3oBanue apaiiBepoB ¢ OTKPBITBIM MCXOAHBIM KOAOM: B HEeKOTOpBIX
OTIEPAITMOHHBIX CHUCTEMaxX, TaKUX Kak Linux, HCMONB3YIOTCA ApaiBephl C
OTKPBITBIM UCXOJHBIM KOJIOM, YTO TIO3BOJISIET pa3pabOTUUKaM U MOJIb30BATENSIM
WM3MEHATh U aIallTUPOBATh UX MO/ CBOU HYK/IbI.

Onrtummsanusa s MHorozagadHoctu:  CoBpeMeHHbIE — JIpaiiBepbl
MPOCKTUPYIOTCSI  TakuM  obOpazoM, uToObl d(dexkTuBHO paboTath B
MHOT'033/Ia4yHbIX OMNEPAIMOHHBIX CHCTEMax, TIJIe pa3Ju4yHbIE YCTPOWCTBA U
IPOLIECCHI MOTYT padOTaTh OJHOBPEMEHHO.
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5. O0cyxKkaeHne pe3yJIbTaTOB

OyHKIMK ApaiiBEpOB UTPAIOT KIIOYEBYIO POJIb B OOECIEUEHUU KOPPEKTHOU pabOThI
KOMIBIOTEPHBIX crcTeM. OHU 00eCreYnBarOT B3aUMOACHCTBHE MEXIY alllapaTHbIM
o0ecrie4eHneM M IPOrpaMMHBIM OOECIEUYEHUEM, IO3BOJISISI ONEPALMOHHON CUCTEME
3¢(}EeKTUBHO YIPABIATh PECYpPCAMHU M BBIIOJHATH ONEPALUU C YCTPOMCTBAMH.
CoBpeMeHHbIE TOAXObl K pa3paboTKe JpailBEpOB OPUEHTHUPOBAHBI Ha IOBBILICHHUE
IPOU3BOAUTENBHOCTH, ©O€30MaCHOCTh U YIy4YIIEHHWE COBMECTUMOCTH  MEXIY
Pa3JIMYHBIMHA YCTPOMCTBAMM.

6. 3akiaouenue

JpaiiBepbl SBISAIOTCS HEOTHEMJIEMON YacThl0 KOMITBIOTEPHBIX CHUCTEM, oOecrednBas
B3aMMOJICCTBHE ONIEPALIMOHHON CUCTEMBI C alapaTHbIM obecnieueHreM. Ux pyHkiuun
BKJIIOYAIOT YIOpPABJIICHHE pecypcaMu, o00paOOTKy TMpepbhiBaHUl U oOecrieyeHue
YHU(UIMPOBAHHOTO JOCTYIa K Pa3IMuHbIM YycTpoiicTBam. Pa3paboTka apaiiBepoB
MPOJOJIKAET COBEPIICHCTBOBATHCS, YYWUTHIBASI HOBBIE BBI30OBBI, TaKHE Kak
0€301acHOCTh, MPOU3BOJUTEIBHOCTh M  COBMECTUMOCTH B  MHOI03aJlauyHBIX
ONEPAIMOHHBIX CUCTEMAX.

Jlureparypa
1. Yunesamc, . JIx. "Cucremsl u npaiiBepsl onepaiimoHHbix cuctemM". — M.: Hayka,
2. g(%gﬁnc, M. "MukpoonepanroHHbie cuctembl u Apaiisepbl”". — CII16: Ilutep,
3. égfe;pn JI. "CoBpemeHHbIe TTOAXOAbl K pa3paboTke npaiiBepoB". — JIoHAOH:
O'Reilly, 2018.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

V]IK-621.317

I'EHEPATOP IOCTOAHHOI'O TOKA

Iorpedenko Aprem AJieKCAaHAPOBUY
CTYIEHT YJaH-Y A3HCKOro Koyuteaxka XKene3HomopoKHOro TpaHCIopTa
P®, r. Ynan-Yi»

I'pebenmukoB Aprem MuxaiijioBu4
CTYAEHT YJIaH-Y J3HCKOTO KoJuieaka JKelne3HoJ0poKHOTO TpaHCcopTa
P®, r. Ynan-Y»

IIaBnoBa Ceeriiana BasieppeBHa

Hay4HBII PYKOBOJUTEND, Y JIaH-Y IPHCKOTO KoJuleka JKene3Ho10poKHOTO
TpaHCIIOpTa

P®, r. Ynan-Yu»

AHHOTaANUA

CraTthsi TOCBSIIEHA TPUHLIMIY padOThl, YCTPOHUCTBY M 00JacCTIM NPUMEHEHUS
IF€HEepAaTOPOB MOCTOSTHHOTO TOKa. PaccMaTpuBarOTCd OCHOBHBIE KOMITOHEHTBHI TaKHX
T€HEepaTOPOB, BKIIFOYAS SIKOPb, IIIETKA M KOJUIEKTOP, a TakKe MX (yHKIIMOHUPOBAHUE B
pa3IMYHBIX pexuMax. B cTarbe Takke OCBEIICHBI COBPEMEHHBIE IOJAXOAbl K
YIYUYIIEHUI0 WX XapaKTEPUCTUK, MOBBIMICHUIO S()PEKTUBHOCTH U NPUMEHEHUIO B
Pa3IMYHBIX OTPACISAX TPOMBIIIIICHHOCTH.

KuroueBbie cj0Ba: reHeparop NOCTOSHHOTO TOKA, SKOPb, IWIETKH, KOJUIJIEKTOP,
ANEKTPOMATHUTHAS MHIYKIUS, JIEKTPUUECKUI TOK, 3(pPEKTUBHOCTB.

1. BBenenue

['enepatopbl MOCTOSIHHOTO TOKa MPEACTAaBISAIOT cOOO0M yCTpoiicTBa, nmpeodpasyrolue
MEXaHUYECKYIO SHEPTHUIO B DJIEKTPUUYECKYI0. DTU T€HEPATOPHI LIUPOKO MCIONb3YHOTCS
B Pa3JIMYHbIX 001ACTAX, OT SIHEPIETUUYECKUX CUCTEM JI0 JIEKTpOTpaHcnopTa. B orianune
OT T'€HEepaTOpPOB MEPEMEHHOr0 TOKa, T€HEepaTopbl MOCTOSHHOIO TOKa 00eCreuyrBarOT
CTaOMIJIBHOE HANPSHKEHUE U TOK, YTO JIEaeT UX HE3aMEHUMBIMU B PAJI€ TPUIIOKEHUH.

2. lleab nccjie0BaHUA U 3aa49H

[lenpr0 MaHHOW CTaThU SIBISAECTCS PACCMOTPEHHE YCTPOWCTBA M TPHHIMMNA PaOOTHI
TEHEPATOPOB MOCTOSHHOTO TOKA. 3a1a4X UCCIIEIOBAHUS:

o OmnucaHre KOMIIOHEHTOB r'eHepaTopa MOCTOSIHHOTO TOKA.
« Pa36op npuniMna paboTsl reHeparopa.
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. PaCCMOTpCHI/Ie MNpEUMYyLICCTB H OFpaHI/I‘IeHI/Iﬁ HCIIOJBb30BaHUs T'CHEPATOPOB
IIOCTOAHHOI'O TOKA.
. O630p COBPECMCHHBIX ,Z[OCTI/I}I(eHI/Iﬁ B o0JracTu reHepaTropoB IMMOCTOAHHOI'O TOKA.

3. MaTepuajibl 4 METObI

CtaThsl OCHOBBIBACTCS HA aHAJIU3E JIUTCPATYPHBIX UCTOYHUKOB, 4 TAKIKC COBPCMCHHBIX
TCXHOJ’IOFI/IfI, IMPUMCHACMBIX JJIA YIIYydIICHUA XapaKTCPUCTHUK I'CHCPATOpPOB
MMOCTOSIHHOTO TOKa. B xauecTBe MCTOAO0B HUCITIOJIb30BAHBI TCOPCTUUCCKUC NCCIICTOBAHUS
N SKCIICPUMCHTAJIBHBIC JAHHBIC O XaPAKTCPHUCTHKAX TAKHUX I'CHCPATOPOB.

4. Pe3yabTaThl HCCJIEIOBAHUSA
4.1. YcTpoiicTBO reHepaTopa moCTOSSHHOTO TOKA
['enepatop MOCTOSTHHOTO TOKA COCTOUT U3 HECKOIBKUX KIFOUEBBIX KOMIIOHEHTOB:

o Sxopb: DTO BpAIAKOMIUKCA 3JIEMEHT, COCTOSIIMA M3 KaTyIIKH MPOBOJIOKH,
KOTOPBIM HAaXOAUTCA B MAarHUTHOM II0JI€ M TEHEPUPYET NIEKTPUYECKUHN TOK.
SIkopb OOBIYHO COEAMHEH C BajJOM, MPUBOJUMBIM B JIBUKEHHE BHEUIHUM
MCTOYHHKOM 3HEPrUM (HapUMep, IBUTATEIEM).

o IIlerkmu: ll{eTkn KOHTAKTUPYIOT C KOJUIEKTOPOM H IIEPENAIOT AIEKTPUUECKUHN TOK
OT SIKOPSI K BHEIIIHEH L[ETIH.

o KouekTop: 9T0 yCTpOKWCTBO, COCTOSIIIIEE U3 HECKOJIBKUX CETMEHTOB, KOTOPBIE
COEIMHSIOTCS ¢ MpoBojaMu sikops. KosuiekTtop obecnieunBaeT npeodpa3zoBaHue
IIEPEMEHHOI0 TOKa, KOTOPBIA '€HEPUPYETCS B KaTYIIKE, B IOCTOSAHHBIN TOK.

4.2. lIpuHumn padoTel reHepaTopa MOCTOAHHOI0 TOKA

[IpuHuun paboThl TeHeparopa TOCTOSHHOIO TOKA OCHOBAaH Ha  SIBJICHUU
ANEKTPOMAarHuTHOM MHAYKUMH. Korma skopp BpamaeTcss B MarHUTHOM IIOJIE, B €O
MPOBOJIAX HMHAYLUUpPYETCS TMepeMeHHbId Tok. Il[eTku M KoJUIeKTOp oOecredyuBaroT
npeoOpa3oBaHUE ATOTO TOKA B MOCTOSHHBIM. DTO JOCTUraeTcs IMyTeM IMEPEKITI0UEHUs
HAaIlpaBJICHUS TOKA HAa KAXKJIOM CETMEHTE KOJUIEKTOPa, YTO IO3BOJIAET IOJY4YUTh
OJIHOHAINPABJIEHHBIN TOK B HAPYKHOM LIEMN.

4.3. Ilpermy1iecTBa reHEPATOPOB MOCTOSTHHOTO TOKA

o CradunbHocTh TOKA: ['eHepaTophl TMOCTOSSHHOTO TOKa OO€CIEeUYUBAIOT
CTAOWJIBHBIA TOK, YTO BaXXHO JJISl MUTAHUSI YYyBCTBUTEIBHBIX DJIEKTPUUECKHUX
YCTPOUCTB.

o IIpocroTra koHCcTpyKIUM: Takue reHeparopbl UMEIOT OTHOCUTENIBHO MPOCTYIO
KOHCTPYKITUIO U MOTYT OBITh UCIIOJIH30BAHBI B PA3JIMYHBIX 00JIACTSIX.

o T'mbkocTh B perynupoBke: HanpsikeHre U TOK T€HEPATOPOB MOCTOSIHHOTO TOKA
MOYHO PETyJIUPOBaTh C HOMOIIbIO U3MEHEHHUI B CKOPOCTH BPAILICHUS SIKOPS WIIN
C TIOMOIIBIO PETYIUPOBKHU TOKA BO30YKICHUS.
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4.4. OrpaHu4eHNs TeHEPATOPOB MOCTOSTHHOT0 TOKA

o M3HoC merok M koJuIeKTOpa: [IOCTOSHHBIM KOHTAKT IIETOK C KOJUIEKTOPOM
MOXKET TPHUBECTH K HX OBICTPOMY H3HOCY, YTO CHHXAET JOJITOBEYHOCTH
reHeparopa.

o CuoxHocTM B MacmITa0MpoBaHuM: ['eHepaTophl MOCTOSHHOIO TOKa MOTYT
ObITh MeHee A(PPEKTUBHBIMU TPU OOJBIIMX MOIIHOCTSAX, MO CPaBHEHUIO C
reHepaTopamMu MepPeMEeHHOI0 TOKa.

o Heo0xonmMocTh B NOCTOSSHHOM OOCJHY:KMBaHMU: /[[7s mpenoTBpalieHus
U3HOCA U MO AepKaHus paboTOCIOCOOHOCTH TeHepaTopa TpeOyeTcs perysipHOe
oOcCTy’KMBaHUE, BKJIIOYAs 3aMEHY IIETOK U YUCTKY KOJIJICKTOpa.

4.5. CoBpeMeHHbIE pa3padOTKU M NIPUMEHEHUS TeHEPATOPOB MOCTOSIHHOTO TOKA

B IMMOCJICAHUC T'OAbI ITPOUCXOAAT 3HAUUTCIIBHBIC YIIYUIIICHUS B obOnacTn I'CHCPATOPOB
IIOCTOAHHOTI'O TOKA, BKJIKOYAAd.

o Hcnoab3oBanmne 0e3leTOYHBIX reHepatopoB: CoBpeMEHHbIE O€3IIETOYHBIC
rE€HEepaToOpbl TMOCTOSHHOTO TOKAa (HampuMep, Ha OCHOBE MAarHUTHBIX
MOIIMITHUKOB) CYIIECTBEHHO YMEHBIIIAIOT U3HOC U MOBBIIIAIOT JOJITOBEYHOCTh
YCTPOMCTBA.

o JJleKTpU4YecKHMHd TpPaHCHOPT: ['eHepaTopbl MOCTOSHHOTO TOKa AaKTUBHO
UCIIONB3YIOTCSL B CHCTEMAax »AJIEKTPONPUBOAOB JUIsl  DIIEKTPOTPAHCHOPTA
(Hanmpumep, B AIEKTPOMOOWIISIX U JIEKTPUUECKHUX MOE3/1aX).

o Bo3o0OHOBIAsIeMble HCTOYHHUKH JHepruu: [eHepaTopbl MNOCTOSIHHOTO TOKa
IIMPOKO TMPUMEHSIIOTCS B COJTHEUHBIX U BETPSHBIX YCTaHOBKAaX, Ijie TpeOyeTcs
CTAOMIJIBHOE AIIEKTPUYECKOE MMUTAHUE.

5. O0cyxaeHune pe3yjbTaTOB

['eHepaTopbl TOCTOSIHHOTO TOKa MPOJOJKAIOT WrpaTh BaXXHYKO pOJib B  psilie
MPOMBIIUICHHBIX M TEXHOJOTUYECKUX TMPUIIOKEHUN, HECMOTpPS Ha pa3BUTHE
TEXHOJIOTUWA TEeHepaluud MepeMEeHHOro Toka. COBpEMEHHbIE YIy4dlIEHUS B UX
KOHCTPYKIIMM M OKCIUTyaTallid TO3BOJISIOT MOBBINIATE A()PEKTUBHOCTL PabOTHI,
YMEHBIIIAasi U3HOC U YBEJIMUUBAs CPOK CITY>KOBI.

6. 3akaouenue

['eHepatop MOCTOSHHOTO TOKa TMPEACTaBISET COO0OM BaKHOE YCTPOWCTBO IS
npeoOpa30BaHUs MEXAaHUUECKOM IHEPTUU B AJIEKTPUUECKYI0, 00ecTieunBasi CTaOMIbHBIN
Y IIOCTOSIHHBIN TOK JUIsl PA3JIMYHBIX NPUMEHEHUH. HecMoTpst Ha CBOM OrpaHUYEHUs],
TaKHUE KAK U3HOC ILIETOK U KOJUIEKTOPA, F€HEPATOPbl IOCTOSHHOTO TOKA IIPOJOJIKAOT
MCIIOJIb30BATHCS B BAXKHBIX OTPACIIAX, TAKUX KAK 3JIEKTPOTPAHCIIOPT U BO30OHOBIIsIEMast
DHEPreTHKA.
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Jlurepartypa

1. I'pun, . P. "Dnexrpuyeckue MalluHbl U UX UCIOJIb30BaHue". — M.: DHeprus,
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@ HAYYHBI 5)KYPHAJI
HAYKA 1 MUPOBO33PEHUE

VIIK-622.276

\ e/

TEOJIOTHUYECKU ®AKTOP U TEXHOJIOTHUECKUE OCOBEHHOCTH
BEJAEHUSA BYPOBBIX PABOT ITPHU CTPOUTEJIBCTBE IIOABO/HBbIX
IHHEPEXOJ10B MAT'MCTPAJIBHBIX HE®TEITPOBOJ10B METOAOM HHb

Kapkos Hukura BagumoBu4

CTyJlleHT, kKadenpa «TpybomnpoBoausiil Tpancniopt», ®I'BOY BO «Camapckuii
rOCyJJapCTBEHHBIN TEXHUYECKAN YHUBEPCUTET

P®, r. Camapa

AHHOTALMSA

B crathe paccmarpuBaroTcs reosiormueckue (akTOphl, BIUSIONIME Ha MPOBEICHUE
OypOBBIX palbOT TMpPU CTPOUTEIBCTBE IMOJABOJHBIX IMEPEXOJOB MAaruCTpaIbHBIX
He(TENpPOBOJOB C HCIOJB30BAHUEM METOJIa HAKIOHHO-HAMPABICHHOTO OYypeHUs
(HHB). Ananu3upyroTcs OCOOCHHOCTH T'€OJIOTHYECKHX YCIOBHM, KOTOPHIE MOTYT
MOBIUATh Ha 3(P()EKTUBHOCTH OypeHUs, a TaKKE€ TEXHOJOTWHU, MPUMEHSEMbIC IS
MUHUMU3AIUHA PUCKOB TMPHU BBIMOJHEHUH TakuxX padoT. Ocoboe BHUMaHUE YIEICHO
TEXHOJOTUYECKUM PEIICHUSIM, PUMEHSEMbIM IIPU OYPEHUH U YKJIaJKe HE(TEIPOBOIOB
10J, BOAOEMaMHU.

KiroueBble cioBa: TMOJBOAHBIE TMEPEXOJbl, MarucTpajibHbie HEPTEIPOBOIBI,
HAKJIOHHO-HAINpaBJIeHHOe OypeHue, reosiorudeckue (akTopel, OypoBbie pabOTHI,
MO/IBOJIHOE CTPOUTENBCTBO, HEPTEMPOBO/.

1. BBeaenue

CTpouTenbCTBO MOABOJHBIX MEPEXOJI0B MAarucCTpalbHBIX HEPTENPOBOJOB SBISETCS
OJTHOM M3 HamOoJIee CIIOKHBIX 3a/1ad B He(pTera3oBoi oTpaciau. DTOT Mpolecc Tpedyer
yuyeTra MHOKeCTBa (DaKTOpPOB, B TOM YHUCJIE TE€OJIOTMYECKUX, TEXHOJOTHYECKUX U
skonorndyeckux. HaknonHno-nanpasnennoe 0ypenue (HHbB) npencrasnsier codboit ogHy
U3 KJIIOYEBBIX TEXHOJIOTHWH, WCIOJIb3YEMbIX ISl TMPOKIAJAKU MOJBOIHBIX TMEPEXOJ0B
He(dTenpoBooB. OJHAKO YCHEIIHOE BHIMOJHEHHE OYypOBBIX padOT HEBO3MOXKHO 0Oe€3
yudera CHelU(PHUKU T€0JIOrMUECKUX YCIOBUM, B KOTOPBIX OHU MPOBOJISTCS.

2. leab ucciie10BaHUA U 321244

Llenpto HacToOsAlIEH CTaThbU SBISETCS MCCIEIOBAHUE TEOJIOTMUECKUX (PaKTOpOB,
BIMSIIONIMX Ha OypoBble pPabOTHI TP CTPOUTEIIHCTBE TMOABOAHBIX IEPEX0JI0B
MarucTpajibHbIX HeTenpoBooB MeTooM HHB. 3amaun nccienoBanms BKIIOYAIOT:
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o AHanu3 reoJOTMYECKUX YCIOBUH, KOTOPhIE MOTYT MOBJIMATH HAa 3P(HEKTUBHOCTH
OypeHus.

o Omenka TexHonornuecknx ocooennocreir HHb mpu crpouTenbcTBe OABOIHBIX
MEPEXOJIOB.

o M3ydeHue COBPEMEHHBIX MOAXOJ0B K MHUHUMH3ALMU PUCKOB U TOBBIIIEHUIO
HAJIEKHOCTH B MpoIiecce OypeHusl.

3. MaTepuajibl 4 METObI

JIng aHaiM3a MCHOJIB30BAHBI JTAHHBIE O TEOJIOTMYECKUX  XapPAKTEPUCTHUKAX
MECTOPOXKIECHUN M CYLIECTBYIOIIMX NPOCKTUPOBOUYHBIX pEIIeHUM. Takke B CTaTbe
IIPEACTaBIICHBl pe3ysbTarel npuMeHeHnss HHb Ha pa3nmnuHbIX dTanax CTpoUTEnbCTBA
ITOJBOJHBIX IEPEXOA0B M ONBIT pealv3aluy TaKUX MPOEKTOB. B kauecTBe MeTONOB
HCCIICIOBAHNS NPUMEHEHB! CPABHUTEIBHBIA aHAJIW3 W WU3YYEHHE OIBITHBIX JAaHHBIX
OypOBBIX PaboT.

4. Pe3ybTaThl HCCICI0BAHUS
4.1. I'eostornueckne paxkTopbl, BAUSIOHINE HA OypOBbIe padoThI

I'eonornyeckue YCIOBHA, TAKHC KaK THII II0YBbI, HAJIHW4YHC BOJOHOCHBLIX CJIOCB,
YCTOI}JIIIHBOCTL IMOABOJHLBIX ITIOPOA N HAJIMYUC MCTAHOBBIX WX YITICBOJOPOJHLBIX I'a30B,
OKa3bIBAlOT 3HAYUTCIILHOC BIIMAHHUC HA ITPOLCCC 6ypeHI/I$I.

o Twunsbl rpynToB: [Ipu OypeHnu B MOJIBOJIHBIX YCIOBUAX HEOOXOAUMO YUUTHIBATh
coCTaB TIpyHTa (MECKHU, TIJIMHBI, KaMHH), KOTOPBHI MOXET 3HAYUTEIHHO
BapbUPOBATHCS 10 TIyOMHEe. Hamnuue TIMHUCTBIX CIIOEB YCIOXKHSET IMPOIECC
OypeHus U TpeOyeT MPUMEHEHUS CIICIMATM3UPOBAHHOTO 000PY/I0BAHMS.

o I'maporeosiormyeckue 0codeHHOCTH: BOJHBICE W MOA3EMHBIE TEYEHUSI MOTYT
CYIIECTBEHHO BJIMATh HAa CTAOMIIBHOCTH CTPOUTEIIBHBIX IMPOIIECCOB M Ha BBHIOOD
criocoba OypeHwus.

o T'azoBble W BoOAsiIHbIe KapMaHbl: [Ipy HaIUUYUM METAaHOBBIX KapMaHOB
CYIIECTBYET OINACHOCTh BO3HHUKHOBEHHUS JaBJICHHUS Ha OYpOBYIO yCTaHOBKY M
yTedeKk rasza. OTo TpeOyeT MPUMEHEHHS HAJCKHBIX TEXHOJOTHM 3alluThl U
MOHHUTOPHHTA.

4.2. Texnosornveckue ocobennoctu HHDB mnpu crpoutesbcTBe MNOABOAHBIX
nepexoaoB

MeTor HaAKJIOHHO-HAINPABJICHHOIO OYPEHMs IO3BOJSET CO3/1aBaTh  IOJBOHBIC
MePexX0/Ibl Ha OOJIBIIMX TIyOHHAX U Yepe3 BOAOEMbI ¢ MUHUMAJIBHBIMU Pa3pyIICHUIMHU
DKOCHCTEMBl MW B KpaTdaumme cpokd. OIHAKO STOT METOJ Tak)Ke HMEET CBOHU
TEXHOJIOTHYECKHE OCOOEHHOCTH:
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TouHocTh HanpaBJieHus1: /151 OCTHXKEHUSI TOUHOCTH OypeHus, He0OX0IMMOMN
I YKJIaKH TpyOOonpoBoia, TpeOyeTcsi BRICOKOTOUHOE 000py0BaHHE, KOTOPOE
MO3BOJISIET KOHTPOJMPOBATh YIrojl HAKJIOHA W HalpaBlieHHE OypoBOTO
WHCTPYMEHTA.

MOHUTOPHHI COCTOSIHUSI CKBAKUHbI: BaXHEHIIMM AaCNEKTOM SIBJISIETCA
KOHTPOJb 32 COCTOSHHEM CKBAXKMHBI BO BpeMsi OypeHHs, YTO JOCTHUTaeTcs ¢
MIOMOIIBIO CUCTEM MOHUTOPHUHTA, KOTOPhIE 00ECTICUYMBAIOT JJAHHBIC O JaBJICHUU,
TEMIIEPATYPE U APYTUX NapaMeTpax.

Ocob6ennoctu odopynoBanus: /i1 HHB ucnons3yrorcs crienuann3npoBaHHbIC
OypOBBIE YCTAaHOBKH, KOTOpbIE CIIOCOOHBI PabOTaTh B CIOXKHBIX MOJBOIHBIX
ycloBusX. BxitoueHue cucTeMbl  OypoOBBIX  3arOTOBOK U 3alIUTHBIX
TPyOONIPOBOJOB MMO3BOJISIET MPEIOTBPATUTh NMPOHUKHOBEHHUE BOJIBI U TPSi3U B
CKBAXKUHY.

4.3. Pucky 1 MUHUMU3ANUA yliepoa

OCHOBHBIMH pUuCKaMu, CBA3aHHBIMU C ITOJABOAHBIM 6ypeHI/I€M, SABJIAIOTCA:

IIpoGaemsl ¢ OypoBbiM obopyaoBanneM: Hapymenus paboTsl 000py1oBaHus
MOTYT IPUBECTH K 3aCTPEBAHUIO NHCTPYMEHTA B TPYHTE WJIH YTEUKE JKUJIKOCTEH.
Jkosiorudeckuid ymep0: HeBBINOMIHEHNE SKOJIOTUYECKAX HOPM MOXKET
MPUBECTU K 3arpsA3HEHUI0 BOJOEMOB, YTO TpeOyeT COOJIIOIEHUS >KECTKHX
CTaH/IapTOB O€30MaCHOCTH U MOHUTOPHHTA.

I[J'DI MHWHHUMMU3AUN 3TUX PUCKOB UCITIOJIB3YIOTCA Pa3JIMIHBIC MCTOAbI, BKJIKOYas:

PeryJsipHbie NpoBepKH U 00CIy;KMBAHUE 000PYIOBAHUS.

Hcnonb3oBanue 3KOJIOrMYECKH 0€30MACHBIX JKUAKOCTEH 115l OypeHus.
Nurerpauuss cucreMbl MOHUTOPMHIA B pPeajJlbHOM BpPEMEHH I
OIIEPATUBHOI'0 BMEIIATEIbCTBA B CIy4ae BOSHUKHOBEHMS aBAPUNHBIX CUTyaLUH.

4.4. CoBpeMeHHbIE€ TEXHOJIOTMHM U MHHOBALIMHU

CoBpemennbie TexHosiorun HHB BkitouaroT WHHOBaNMM B 00JacTH OYpOBOTO
000pyI0BaHUSs, TAKUX KaK:

HNcnonb3oBaHue 0eCMUJIOTHBIX MOABOAHBIX ANNAPATOB JJII MOHUTOPUHIA U
TEXHUYECKOT0 00CITyKUBAHHUS.

Moaepuu3anusi O0ypoBBIX YCTAHOBOK C IPUMEHEHHEM HOBBIX MaTEpHaJIOB,
YCTOWYMBBIX K BO3JICUCTBUIO BOJIbI U JIABJICHUS.

ABTOMATH3AIUsl MPOUECCOB OypeHHUsi C TOMOIIbIO aJTOPUTMOB MAIIMHHOTO
0Oy4eHMS /JIs1 TOBBIIICHHS] TOYHOCTH U O€30MaCHOCTH.
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5. O6cyxkaeHne pe3yJibTaTOB

Haknonno-nanpasinenHoe Oypenue sBisieTcs: 3()PEKTUBHBIM  METOIOM  TpHU
CTPOUTENHCTBE MOJIBOIHBIX MEPEX00B, OAHAKO €T0 YCIEIIHOE BBHIMOJHEHHE TPeOyeT
yuyeTa MHOXKECTBAa TIe0oJOoruueckux (akropoB. COBpPEMEHHBIE TEXHOJIOTHUYECKUE
pelIeHus, Takue KaK MCIOJIb30BaHUE OCCHMWIOTHBIX CHCTEM M aBTOMAaTH3alus
IpPOIIECCOB, IMO3BOJISIOT 3HAYUTENBHO TMOBBICUTH 3(PPEKTUBHOCTH U OE30MACHOCTD
OypOBBIX PaboT.

6. 3akiaouenue

[Tpu cTpOUTENIBCTBE MTOABOIHBIX ITEPEXO0I0B MAaruCTPAIbHBIX HEPTETIPOBOAOB METOAOM
HHB Heo0X0aMMO YYHTHIBATh T€OJIOTHYCCKHE OCOOCHHOCTH PETHOHA, TAKHE KaK THIIBI
IPYHTOB, THJIPOTCOJIOTHYCCKUE YCIOBHS U HAJWYWEC NPHPOJHBIX OMACHOCTEH.
CoBpeMeHHbIE TEXHOJOTUM TIO3BOJISIOT MHHUMU3UPOBATH PUCKA M TIOBBICHUTH
3 PeKTUBHOCTh OYypoBBIX paboT, oOecreunBas OE30MACHOCTh U JOJITOCPOUHYIO
AKCILTyaTaruio He(TeIPOBOIOB.
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nepexonoB". — M.: Henpa, 2017.

2. WBanos, C. A. "I'eosiorudyeckrie 0COOCGHHOCTH B HE(PTEra30BOM CTPOHUTEIHCTBE" .
— CII6.: Hayxka, 2019.

3. Cunmopos, U. II. "HakioHHo-HampaBieHHOE OypeHHE M €ro NpUMEHEHHUE B
noaBoiHOM cTpouTenbcTBe”. — Tromens: TTHTY, 2020.
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NHHOBALIMOHHBIE TEXHOJIOT B ABTOMATHU3NPOBAHHBIX
CUCTEMAX YIPABJIEHUSA B ABUALIMU: OT BECIINJIOTHBIX
AIITAPATOB 1O UICKYCCTBEHHOI'O HHTEJIVIEKTA

OcTpoyxoB AHTOH BacuiibeBu4

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

P®, r. Cankr-IlerepOypr

YckoB EBrenuii Basnepsesuu

ctyneHTt, CankT-IlerepOyprckuii rocy1apcTBEHHbBIN YHUBEPCUTET TPaXkKIaHCKON
aBuauu uMeHu [ maBHoro mapmaina asuanuu A.A. HoBukoBsa

P®, r. Cankr-IlerepOypr

Coxkou10B Outer ApkaagbeBuY

Hay4YHBI PYKOBOAUTENb, KaHA. TeXH. HayK, CaHkT-IleTepOyprckuil rocyaapcTBeHHBIN
YHUBEPCHUTET IPAXKIAHCKON aBUallui UMEHU [ 1aBHOTO Mapiiiana aBuanuu

A.A. HoBukoBa

P®, r. Cankr-IlerepOypr

AHHOTALMSA

B cratbe paccMmaTpuBarOTCS HMHHOBAIMOHHBIE TEXHOJOTUM, IPUMEHSIEMBIE B
aBTOMATH3UPOBAHHBIX CUCTEMAX yIpaBiieHusl B aBualuu. Ocoboe BHUMaHUE YACIsIeTCs
BHEAPECHUIO OeCHWIOTHBIX JeTaTenbHbiX anmapatoB (BIIJIA) u ucKycCTBEHHOrO
unremnekra (M) B ympaBiieHWe BO3IYIIHBIM JBHXKEHUEM U OMNEpalUsIMU  C
BO3AYIIHBIMU cyfaMu. OOCyX Iat0TCsl IEPCIEKTUBBI UCIIOIB30BAHUSI UCKYCCTBEHHOTO
WHTEIIJIEKTa JIJI TIOBBIIIEHUSI 0€30MacHOCTH TMOJIETOB, ONTHMM3ALUM MapIIPyTOB U
pa3pabOTKH HOBBIX MOJIEIeH aBHAITMOHHON TEXHUKH.

KiioueBble cjioBa: OeCHWIOTHBIE JIeTATEJIbHBIE alIapaThl, HCKYCCTBEHHBIN
WHTEJUICKT, aBTOMAaTHU3UPOBAHHBIE CHCTEMbl YIIPABICHUS, aBHAIUs, O€30MaCHOCTh
[I0JIETOB, TEXHOJIOTUH B aBUALIUH, YIIPABIECHUE BO3AYILIHBIM JIBUKCHUEM.

1. BBeaenue

ABI/IaHI/IOHHa}I oTpaciib B IIOCICAHUC JOCCATHIICTHUA IIPCTCPIICBACT 3HAYUTCIBHBIC
HU3MCHCHMUA, O6YCJ'IOBJ'IGHHI)IG BHCAPCHHNCM HOBEUIIINX TEXHOJIOT Ui B
ABTOMATHU3UPOBAHHBIC CUCTCMBI YIIPABJICHUAA.
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Ot mnosBiacHHMS OCCHHMIOTHBIX JjerareibHbIX ammapatoB (BIIJIA) mo wuHTerpaiuu
uckyccTBeHHoro mHteiuiekra (M) B ympaBiieHHe moJieTaMH, 3TH TEXHOJIOTHYECKUE
WHHOBAIlMA KapJWHAJIBLHO W3MEHSIOT TMOAXOAbl K 00ecmeueHur0 Oe30macHOCTH,
3¢ (}HEKTUBHOCTH M ONTHMH3AIUH aBHAIIMOHHBIX OIEPAIIH.

2. lleanb uccaenoBaHuAa U 33124

L[eJILIO CTAaTbM ABJIACTCA aHAJIN3 COBPEMCHHBIX MTHHOBAIITMOHHBIX TEXHOJIOTHH B 00J1aCTH
ABTOMATHU3HUPOBAHHBIX CUCTCM YIIPABJICHUS B aBUAIIUH. 3a11a111/1 HCCIICOJOBAHUA:

e Ouenuts ponb BIIJIA B COBpEMEHHBIX CHUCTEMax YIPaBICHUS BO3IYIIHBIM
JIBMDKCHHEM.

o HccnenoBaTte BO3MOXHOCTH TipuMeHeHuss MW nis ymydineHuss mpolieccoB
MoJIeTa M YIPABJICHUS BO3AYIITHBIM JBHKCHHUEM.

o Ilpoananmu3upoBaTh TEPCIEKTHBBI HWHTETPAllMM HOBBIX TEXHOJOTHH B
aBUAI[MOHHBIE CUCTEMBI JJIsl HOBBIIICHUST 0€30MacHOCTU U Y(PHEKTUBHOCTH.

3. MarepuaJjbl 1 METO/bI

B xonxe ucciienoBaHus HMCIIOJIb30BaHbI JAHHBIE O TEKYIIEM COCTOSHUU aBUAIMOHHOMN
OTpaciii, a TakKXe IIpUMEpPbl BHEAPECHUS WHHOBAIMOHHBIX TEXHOJOTHUM B
ABTOMATHU3UPOBAHHBIE  CUCTEMBI  yIpaBJCHHUA. METOAbl  BKJIOYAIOT  aHAJIMU3
TEOPETUYECKUX M MPAKTHUYECKUX acnekToB nmpuMmeHeHus BIIJIA u MU B aBuanuu, a
TAK)KE CPABHEHUE CYIIECTBYIOIIMX IMOJAX0I0B U TEXHOJIOTHH.

4. Pe3ybTaThl HCCJIEI0BAHUS

4.1. Poab 0eCMMIOTHBIX JIeTaTeJIbHbIX anmnaparoB (BIIJIA) B
ABTOMATHU3MPOBAHHBIX CHCTEMAX YIIPABJICHUS

becnmniotHeie nerarenvHble anmapaThl  (BIIJIA) sBisoTCS OgHOM M3  cambIxX
OBICTPOPA3BUBAIOIIMXCS TEXHOJIOTUI B aBuauuu. OHM MIMPOKO MPUMEHSIOTCS KaK JJIst
BOCHHBIX, TaK M JUIA TPaXAAHCKHUX LIEJIEH, BKIIOYAs JOCTABKY TOBAPOB, MOHUTOPHHT,
pa3BEIKY U BBIIIOJHEHUE HAYYHBIX UCCIEAOBAHUN. B KOHTEKCTE aBTOMATU3UPOBAHHBIX
cucteM ymnpasienus, bIUIA moryr:

« ABTOHOMHOe ynpasJjieHue noJjieramu: BITJIA ciocoOHBI BBIOIHSTH CIOXKHBIE
MaHEBphl 0€3 yuyacTHs YeJIOBEKa, YTO OCOOEHHO BaXXHO JUIsl MPOBEACHUS
ONEpAIUH B CIIOKHBIX U ONTACHBIX YCIIOBUSIX.

o MHHTerpanmussi B cucreMy yHOPaBJICHUS  BO3AYWIHBIM  JIBUKCHHEM:
Cospemennbie BIIJIA ocnamensl cucremamu GPS, KOTOpblE TO3BOJIAIOT
MHTErpUPOBaTh UX B €IMHYIO CETh NIl oOecreueHrs 0e30MacHOCTH TMOJIETOB U
MIPENOTBPALICHUS CTOJIKHOBEHUH C APYTMMH BO3AYIIHBIMU CYIaMH.

o Mmnoro3zagaunocts: bBIIJIA wMoryT wucnons3oBaTbCs JiS  BBIIOJHEHUS
pa3auuHbIX (YHKIUHA B pEXUME pealbHOrO0 BPEMEHH, 4YTO paclIupsier
BO3MO>KHOCTH aBTOMAaTU3UPOBAHHBIX CUCTEM B ABUALIHH.
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4.2. IlpuMeHeHHEe UCKYCCTBEHHOr0 uHTeiekTa (M) B aBHAIIMOHHBIX CHCTEMAaxX
ylpasBJieHUs

UckycctBennbii unTemnekt (M) craHoBuUTCS HEOThEMJIEMOM YacThio Oyayliero
appaiuu. OH NPUMEHUM B aBTOMATHU3UPOBAHHBIX CUCTEMAaxX YIPABICHUS MJIS
Pa3INYHBIX LETEU:

o Onrummsanuss mapumpyroB mojeroB: WM mnos3Bonser aHamu3upoBaTh
OrpOMHBIE OOBEMBI JaHHBIX O MOTOJHBIX YCJIOBHSX, BO3IYIIHOM JBUKEHUH,
COCTOSIHUSIX CAMOJIETOB U APYTUX (PaKTOPOB, UTO JAET BOZMOXKHOCTh IPE/ICKA3aTh
ONTUMAJIBHBIA MAapLIPYT U1 KaKJI0I0 perca, MUHUMU3HUPYS 3aA€PKKU U PACXOL
TOILJIMBA.

o Ilpeackasanue HeucnpaBHocreil: Cuctempt WM Moryr  BBIABIATH
IMOTCHUIHAIbHBIE HEUCIIPABHOCTH B JBUIATEISIX WIM JPYTHMX CHUCTEMax
JIETaTEeIBbHOrO amnmapara J10 UX MpPOsBIEHUS, YTO CIIOCOOCTBYET IOBBILIEHHIO
0€30I1aCHOCTH.

o ApTOMaTH4YecKOe ynpasjeHue moJseramu: MM ncnonws3zyercs s co3laHus
ABTOMATUYECKUX ITUIIOTOB, KOTOPBIE MOI'YT HE TOJIBKO YIIPABJIATH I10JIETOM, HO U
OPUHUMATh PEIIECHUS B DKCTPEHHBIX CHUTyallMsX. OTO TO3BOJISIET CHU3UTH
Harpy3Ky Ha MUAJI0Ta U YBEIUYHUTH O€30MMaCHOCTh MOJIETOB.

4.3. IlepcunektuBbl uHTerpauuu TexHosoruii BIIVIA u UU B aBuauMoOHHBbIE
CUCTEMBI

[TepcnekTuBsl ncnonb3oBanus bIIJIA u MU B aBuaiuy BKIIFOYAKOT:

e ABTOHOMHBIE CHCTEMBbI YIIPABJIeHHsI BO3AYUIHbIM ABHKeHUeM: B Oynyiiem
cucteMbl MM u BIIJIA MOryT NOJHOCTBIO HWHTETPUPOBATHCS B IPOLECC
YIPaBJICHUS BO3AYIIHBIM JBWKCHUEM, TIO3BOJISIA  CO3/1aTh  IOJIHOCTBIO
ABTOMATU3UPOBAHHYIO CUCTEMY, T/i€¢ OyJAeT MUHUMHU3UPOBAHO BMEIIATEIHCTBO
YEJIOBEKaA.

« HMHHOBanmuoHHbIE aBHALIMOHHBIE TeXHOJ0TruHu: Pa3Butue texuonorui bITJIA u
U oTkpbIBaeT HOBBIE BO3MOXKHOCTH JIJIs1 CO3TaHUS OSCIMIIOTHBIX TPaKIaHCKHUX
CaMOJIETOB, YTO MOXKET PaAUKAIbHO U3MEHUTH IMOJIXOAbI K aBUAIIEPEBO3KAM.

o CHmkeHHMe BO3JICCTBHSI HAa OKpy:Kawmyw cpeay: Vcnons3oBanue
ABTOHOMHBIX U OECHHIJIOTHBIX CHCTEM IO3BOJISIET MUHUMHU3UPOBATH KOJIUYECTBO
BBIOPOCOB YIJIEpO/ia, a TAKXKE MOBBICUTH 3P(HEKTUBHOCTH TOIIIMBOMOTPEOJICHHUS.

5. O0cyxaeHune pe3yjbTaTOB

Texnonoruu BIIJIA u UM mpomomxaroT pa3BUBAThCs, MPEAOCTAaBIsAS aBHAIIMOHHOM
OTpaciy HOBBIE BO3MOXHOCTH JJIsi TIOBBIIIICHUS 0€30MacHOCTH U 3()PEKTUBHOCTH.
OnHako CymiecTBYeT PsiJl BBI30BOB, TaKMX Kak oOecredeHue KubepOe30macHOCTH,
pa3BUTHUE 3aKOHOAATENILCTBA JJIsI OCCHUJIOTHBIX allapaToB W MHTErpamus TaKuxX
TEXHOJIOTUN B CYIIECTBYIOIIUE aBUAIMOHHBIE cucTeMbl. HecMOTpst Ha 3TH TIpoOJIeMBlI,
MOTEHIUAJ JIJI1 IPUMEHEHUS WHHOBAI[MOHHBIX TEXHOJIOTUNA B aBUAIIMU BEJHK, U UX
BIIMSIHUE Ha OyJyIliee OTpaciv TPYIHO MEPEOIECHUTb.
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6. 3aka0ueHue

NunoBanmonukie TexHomornn, Takue kak bITJIA u U, npencraBnstoT coboii Oyayiee
apranmd. OHHM O0ECIEYMBAIOT HOBBIE YPOBHU O€30MACHOCTH, ONTHMH3AIUU U
ABTOHOMHHM, YTO OTKPBIBAET HOBBIE TOPU3OHTHI [JII ABUALMOHHBIX TEXHOJOTH.
Brenpenue 3THX TeXHOIOTUN TpeOyeT KOMIUIEKCHOTO MOJX0/1a, BKIII0Yask pa3padoTKu
B 00JacTH 3aKOHOJATENIbCTBA, OE30MAaCHOCTH U HWHTErPAallUd HOBBIX CHUCTEM B
CYLIECTBYIOIIUE CTPYKTYpbl. OXHAAETCSA, YTO C PA3BUTHEM OTUX TEXHOJOTHM
aBUAllMOHHAsA OTpacib cTaHeT Oosee 3(h(PeKTUBHOM, O€30MACHON M HKOJIOTHYECKU
YCTOWYHBOM.

Jluteparypa

1. MaprteiHoB, B. U. "MHHOBaIIMOHHBIE TEXHOJIOTHH B aBHaIuu'". — M.: ABuauzjar,
2019.

2. CmupHoB, A. JI. "ABTOMaTHU3UPOBAHHBIC CUCTEMBI YIIPABJICHUS B aBUAIUU'". —
CIIO.: Hayxka, 2020.

3. Uepnos, WM. II. "becnunoTHble JeTaTeibHBbIC ammapaThl: TEXHOJIOTUU H
npumenenne". — Tiomens: TTHTY, 2021.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIK-504.064

WHHOBAIIMOHHBIE TEXHOJIOI'NY AJI51 Y TUJIA3ALIUNA SO2 U3
OTXOAHMUX I'A30B METAJINTYPITHUYECKUX ITPEJANIPUATUN

Kasioexosa ’Kanap

MarucTpant, Kazaxckuii HalMOHAJIbHBIN UCCIIEA0BATEIBCKUI TEXHUYECKHUM
yauBepcuteT umenu K. . CarnaeBa

Kazaxcran, r. Aimatsl

Hocmyxamenos Hypaan Kanuesuu

Hay4YHBI PyKOBOJAMTENb, KaH/I. TEXH. HaYK, Ipodeccop, Kazaxckuii HallmoHanbHbBIN
MCCIIEN0BATENbCKUM TexHnueckuil yausepcuteT umenu K. M. CarnaeBa
Kazaxcran, r. AaMartsl

AHHOTAIIUA

Cratbsl MOCBAIIEHA NTHHOBAIIMOHHBIM METOJIaM yTHIM3AIUU aquokcuaa cepol (SO2) u3
OTXOJSIIMX Ta30B METAUIYPrUYeCKUX Mpeanpuaruii. PaccMOTpeHbl pas3iudHbIe
TEXHOJIOTUYECKHUE MOJIXO0/Ibl, BKJIFOUasi a0COpOIHI0, KAaTAIUTHYECKOE BOCCTAHOBIICHUE U
Ipyrue METOAbl OYMCTKM, a TakKe UX DOKOJIOTHYECKass M HSKOHOMHUYECKAs
s pexkTuBHOCTh. OIEHEHBI TMEPCIEeKTUBBl BHEAPEHUS HOBBIX TEXHOJOTUM IS
CHUKEeHUS BbIOpocoB SO2 ¥ MUHUMU3ALIUU BO3JICUCTBUS Ha OKPY>KAIOIIYIO CPEy.

KuarwueBsblie ciaoBa: yrunuzanusa SO2, METALUTyprUue€CKUe NPEANpPUITHS, OTXOISIINE
ra3bl, a0COpOLKs, KaTAIUTUYECKOE BOCCTAHOBJIEHHUE, SKOJIOTUYECKHUE TEXHOJIOTHH.

1. BBeaenue

Meramrypruyeckasi IpOMBIIIIIEHHOCTb SIBJIIETCS OAHUM M3 KPYITHEUIINX NCTOYHUKOB
BBIOPOCOB 3arpsi3HSIONINX BEIIECTB B aTMOc(epy, B TOM 4yucie auokcuaa cepsl (SO2),
KOTOPBI BHOCUT 3HAYUTENIbHBIN BKJIAJ B 3arpsI3HEHHUE BO3JyXa M KUCJIOTHBIE JIOMKIH.
Yrummzanua SO2 U3 0TXOAAIUX Fa30B METALTYPTrUYECKUX MPEANPHUITHII CTAaHOBUTCS
BAKHOM 3ajadeil Juisl YIYyYIICHHS SKOJOTMYECKOW CHUTyalluM W TOBBILIECHUS
YCTOMYMBOCTHU NpeAnpusTHil. B mocnennue roasl pa3padoTaHbl HOBbIE UHHOBALMOHHBIE
TEXHOJIOTMHM, KOTOpble  MO3BOJSAIOT  3(p(dekTuBHO  yTuiaum3upoBatb SO2
MUHHMH3UPOBATh €0 BIMSHUE HA OKPYXKAIOLIYIO CPENLy.

2. leab Mcciiel0BaHUSA U 3212494

[{esnbt0 TaHHOM CTAThM SIBJISIETCS AHAJIM3 COBPEMEHHBIX MHHOBAIIMOHHBIX TEXHOJOTUH
st yruom3auu SO2 13 OTXOASIIMX Ia30B METALTYPIrUYECKUX MPEeANpUsSTUI. 3a1aun
HUCCJICIOBAHUS:
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o PaccMoTpeTs OCHOBHBIC METOJIBI OYUCTKH OTXOASIINX ra30B oT SO2.

o Ouneauth H>PPEKTUBHOCT W OIKOJOTUUYECKYIO OE30MaCHOCTh TEXHOJIOTHA
yrwimszanuu SO2.

o [IIpoananu3upoBaTh MEPCIEKTUBHI MPUMEHECHHUS WHHOBAIIMOHHBIX METOJIOB B
METAILTYPTUYECKOM OTpaciy.

3. MartepuaJjbl 1 MeTObI

B wuccnenoBaHMM HMCHONIB30BaHBI JAHHBIE O COBPEMEHHBIX METONAX OYMCTKH
OTXOJSIIMX Ta30B, BKIOYas a0COpOLHIO, KAaTaIUTHYECKOE BOCCTAHOBIEHUE U
XUMUYeCKue Meroabl. [IpoaHamm3upoBaHbl pe3yabTaTbl  pabOThl  Pa3IMYHBIX
METAJLTYPTAYECKUX MPEANPUATANA, BHEAPUBIINX 3TH TEXHOJIOTUU. METOIbI BKIIOYAIOT
CpaBHUTEIbHBIA aHamu3 3((EKTUBHOCTH TEXHOJOTHH, a TaKKe HJKOJIOTMYECKUE H
DKOHOMMYECKHUE OLICHKHU.

4. Pe3yabTaThl HCCICI0BAHUS
4.1. MeTtoasbl abcopOuun aas yruiausanuu SO2

OnuH n3 HanboJ1ee MUPOKO MPUMEHSIEMBIX METOAOB OYUCTKH OTXOSAIINX ra30B oT SO2
— 93710 abcopbOmusa. B manHOM mporiecce ra3oBeii SO2 MOTTIOIMIAETCS KUJIKHM
pacTBOPUTENIEM, YACTO 3TO U3BECTKOBBIM PACTBOP WJIM PACTBOP aMMHUaKa. DTOT METO]
MMEET HECKOJBKO KITFOUEBBIX TPEUMYIIIECTB:

o Bpicokas 3¢ppekTuBHOCTB: AOCOPOIMS TO3BOJISIET JOCTUTaTh BBICOKOM
CTETIEHU OYMCTKH, CHIKasl KOHIEHTpauio SO2 10 MUHUMAJIbHBIX 3HAYEHUN.

e  DKOHOMHYHOCTB: DTOT METOJ TpeOyeT MUHUMAJIbLHBIX 3aTpaT Ha 000py10BaHUE
Y DKCILTYaTalUIo.

o Ilepepadorka mpoaykroB: Ilocime abcopOiuu u3 pacTBOpa MOKHO H3BJICKAThH
MOJIC3HBIE TPOAYKTBHI, TaKWe€ Kak CylIbdaT Kaablldsg, KOTOPBIH MOXKET
WCTOJIb30BaThCSl B CTPOUTENBCTBE.

OnHako €CTh U HEKOTOPhIE HEAOCTATKU, TAKUE KaK MOTPEOHOCTh B PETYJIIPHON 3aMEHe
PACTBOPUTEIIS U BHICOKAsI CTOMMOCTD €T0 MepepabOoTKH.

4.2. KataauTnueckoe BoccTaHoBJenue SO2

Karanmutnueckoe BoccranoBiaeHnue SO2 — 310 mnpouecc, npu kKoropom SO2
BOCCTaHaBIUBaeTcs 10 cepoBoaopoaa (H2S) ¢ ucnonbpzoBanuem kaTtaau3aTopoB. ITOT
METOJI UMEET HECKOJIbKO MPEUMYIIECTB:

o CHmxenue BbIOpocoB: KaramuTuueckoe  BOCCTAaHOBJIICHHE  ITO3BOJISICT
MOJTHOCTHIO YCcTpaHuTh SO2 U3 OTXOAIIUX ra30B, MpeBpalias ero B 6e30macHoe
BEILIECTBO — CEPOBOIOPO.

o  OJKOJOrMYHOCTH: CepoBOJOPOJ MOXKET OBITh HCIIOJIB30BAaH B Pa3IMYHBIX
XUMUYECKUX TMpoIeccax, BKJIHOYas TMPOU3BOJCTBO CEPHOM KHUCIOTHI, YTO
CIOCOOCTBYET BTOPUYHOMY HCIIOIB30BAHUIO PECYPCOB.
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HC,Z[OCTaTKOM METOOa SABJIACTCA HCO6XOI[I/IMOCTB IMPUMCHCHHS BBICOKOKAYCCTBCHHBIX
KaTajin3aTopoB, KOTOPBIC MOI'YyT OBITH JAOpOIrnuMH, a TaKKC CIO0KHOCTb KOHTPOJIA
Imponecca.

4.3. Xumuveckue MeToabl yruausanuu SO2

CyIecTBYIOT M XHMHUYECKHE METOABI, TaKHE KaK HCIOJb30BaHUE COJIEH, KOTOpHIC
pearupyior ¢ SO2, 00pa3ys yCTOWUYMBBIE COCIMHEHWs, HApUMEp, CYIb(aThl. DTH
METO/BI MOTYT OBITh KaKk aOCOPOITMOHHBIMH, TaK M B BUJIC XUMUYIECKON HEUTpaTU3allun
B CHICIIMAIEHOM PEaKTope.

o IlpeumymectBa:  XWMHUECKHE  METOABI  MO3BOJSIIOT 3P PEKTUBHO
yTuin3upoBatb SO2 U NPOU3BOAUTH JOINOJIHUTENbHBIE 1IEHHOCTH, TaKHE Kak
CepHasl KHCTIOTa.

o Henocratku: K HHM OTHOCSTCS BBICOKHE OKCIUTyaTallMOHHBIC 3aTparthl,
HEO0OXOIUMOCTh PETYJISIPHOI 3aMEHbI PEareHTOB U CIIOKHOCTh B 00CITYKMBAaHUU
000py10BaHUSI.

4.4. UHHOBAIITHOHHBIE METOAbI U MEePCINEKTUBbI

Cy1iecTByeT psiJi MHHHOBAllMOHHBIX TEXHOJIOTHH, KOTOpblE aKTUBHO pa3padaThIBatOTCs
g 3pdextuBHor yrunuzauun SO2. Hampumep, ¢ noMompio MeMOpaHHBIX
TEXHOJIOTUM HWIIM HOBBIX BHUOB KaTaJW3aTOPOB BO3MOXKHO 3HAYUTEIBHO YJIYYIIUTh
3¢ (PEKTUBHOCTh OYUCTKU NMPU MEHBIIHUX SKCILUTyaTalMOHHBIX pacxonax. Kpome Toro,
IIEPCIIEKTUBHBIMU ~ SIBJLIIOTCST  METOAbl  yTuiam3zaruu  SO2 ¢ HCHOJIb30BAHHEM
OMOTEXHOJIOTHI, HampuMep, C TOMOIIBIO MHUKPOOPTaHU3MOB, CIHOCOOHBIX
nepepadaTbIBaTh AUOKCU]] CEPBl B OE3BpEAHbIE BEIIECTRA.

5. O0cy:xneHue pe3yabTATOB

Paccmotpennbie meToanl yrunu3anuun SO2 U3 OTXOASIIMX Ta30B METAJUTYPTrAYECKUAX
MPEANPUATAN UMEIOT pa3IMYHbIC TPEUMYIIIECTBA U HegocTaTKU. Cpeau HUX abcopOus
OCTaeTcsi OJHUM U3 CaMbIX MOMNYJSIPHBIX METOAOB, OJHAKO JJisi TOBBIIICHUS
3 PEKTUBHOCTH M CHIKEHHUS 3aTpaT Ha JKCIUTyaTallul0 Ba)XHO pa3BUBATh HOBBIC
TEXHOJIOTUU, TaKH€ KaK KATAIMTHYECKOE BOCCTAHOBJICHHWE U MEMOpaHHbBIE METOJbI.
NHHOBaIMOHHBIE TTOAXO/IbI, BKJIFOYasi OMOTEXHOJOTMYECKUE PEILICHHUS, TTPEACTABIISIOT
coOOM WHTEPECHBIC IEPCIEKTUBBI JIJIA YJIYUYIICHHS DKOJOTHMYECKOHW CHTYyallMu B
METAJLTYPTrAYECKON OTPACIIH.

6. 3akiaoueHue

NuHoBamonHble TEeXHOJMOTMU i yrwimzaimu SO2 U3 OTXOASIIUMX Ta30B
METAJUIyPruueCKUX NPEANPUATHI HUIPAIOT BAXKHYKO POJIb B CHUKEHUU BO3JCHCTBUS
3arpsI3HAIONIMX BELIECTB HA OKPYKAIOIIYIO cpeay. Pa3BUTHE HOBBIX METOJIOB, TAKUX KaK
KaTaJTMTHICCKOS BOCCTAHOBJICHHUE, MEMOPAHHBIC TEXHOJOTHH U OMOTEXHOJIOTHYCCKHE
pelieHns, OTKPHIBACT HOBBIC BO3MOXKHOCTH I TOBBIMICHHUS 3(G()EKTUBHOCTH U
AKOJIOTMYECKON 0€30MaCHOCTU METAJLUTyPTUUE€CKOM OTpaciIy.
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OpHako AJi1 TMOJIHOTO BHEJIPEHUS ATHUX TEXHOJOTHM HEOOXOAMMO pelIeHHe psaa
TEXHUYECKUX M SKOHOMHYECKHX BOMPOCOB, a TAKXKE Pa3BUTUE COOTBETCTBYIONICH
HOPMATHUBHOMU 0a3bl.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

YK-338.43

WHHOBAIIMOHHBIN TEXHUKO-9KOHOMHWYECKHWI METO/] OLIEHKH
IOOPEKTUBHOCTH JIECO3AT'OTOBUTEJIBHOT'O TPEAITPUATUA

ActrameBckuiit Muxanjg CTaHHCIaBOBHY

MarucTpaHT MOCKOBCKOI'O TOCYJapCTBEHHOTO TEXHUYECKOT0 YHUBEPCUTETA
uMm. H.D. baymana

P®, r. MerTuimm

AcTameBcKasi AJIMHA AJIEKCAHIPOBHA

MarucTpaHT MOCKOBCKOI'O TOCYJapCTBEHHOTO TEXHUUECKOI0 YHUBEPCUTETA
um. H.O. baymana

P®, r. MprTuimm

Maxkapenko Auapeit BragumupoBu4

Hay4YHBI pyKOBOJIUTEIb, KaH/. TEXH. HAYK, TOUEHT, MOCKOBCKOTO TOCYAAaPCTBEHHOTO
TexHU4eckoro ynusepcurera um. H.O. baymana

P®, r. MerTuimm

AHHOTaIUA

CraTthsi moOCBsIIEHAa pa3pabOTKe HW TPUMEHEHHI0O WHHOBAIIMOHHOTO TEXHHUKO-
SKOHOMHMYECKOTO MeTo[a g OIEeHKH 3S(PQGEKTUBHOCTH JI€CO3arOTOBUTEIBHOTO
npeanpusTus. PaCCMOTPEHBI KIIIOUEBBIE ACIEKTHI, BIMSIOIIAE HA SKOHOMHUYECKYIO U
AKOJIOTUYECKYI0 YCTOMYMBOCTbD, BKJIIOYass WHHOBAIMOHHBIE MOAXObl K YIPABJICHUIO
pecypcaMu, ONTHMH3AIIMU TPOIECCOB 3arOoTOBKH Jieca M MepepabOTKH JPEBECHHBI.
OueHeHbl TPEUMYIIECTBA HCIOJBb30BaHUS HOBOTO METOAa IO CPaBHEHUIO C
TPAJIUIIMOHHBIMU METOJAMH OLICHKH U MPEIIOAKEHBI PEKOMEHIALINU 110 €r0 BHEAPECHUIO
JUIS1 IOBBILIECHUST IPOU3BOAUTEILHOCTH U COKPAIICHUS BO3ACHCTBUSA HA OKPYKAIOILYIO

cpeny.

KiarwueBble cioBa: neco3arotoBka, 3(PeKTHBHOCTh, HTHHOBAIIMOHHBIC TEXHOJIOTHH,
PKOHOMHYECKAsl yCTOWYHMBOCTH, SKOJIOTHS, ONTHUMH3AIUS, TEXHUKO-PKOHOMHUYECKas
OIICHKA.

1. BBeaenue

JlecozarotoBuTENbHAS OTPACIIb SBJISETCS BaXKHOW YaCThIO SKOHOMHMKH MHOTHX CTpaH,
o0ecrnieunBast CIpbeM CTPOUTENBHYI0, OyMakHYIO U MEOEIbHYIO MPOMBIIUIEHHOCTh. B
YCIOBUSIX PACTYUIMX OKOJOTMUECKUX TpEeOOBAHUW U HYXAbl B IOBBIIICHUH
3¢(EeKTUBHOCTH  YIpaBJICHUA  pecypcamMH, Ba)KHBIM  aClleKTOM  CTaHOBUTCS
UCIOJIb30BaHNE HMHHOBALIMOHHBIX TEXHUKO-3KOHOMHUYECKUX METOIOB [UIsl OLCHKHU
AESITeIbHOCTH JIECO3arOTOBUTENBHBIX MPEAPHUSATHIHA.
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TpanuioHHbIE METOIBI OIICHKH, OCHOBAaHHBIC MPEHMYIIECTBEHHO Ha (DMHAHCOBBIX
MOoKa3aTeNsiX, He BCET/a MAl0T MOJHOE MPEJCTaBICHUE O peanbHOu 3(PdekTuBHOCTH
paboOTHl TIPEANPUATHS, BKIIOUYAs SKOJOTHMUYECKHE W COIMAIbHBIC aCTeKThl. B cratbe
MIPEICTABIICH HOBBIA METO/I, KOTOPHI YIUTHIBACT KOMILIEKC (haKTOPOB, BIUSIOMNX Ha
3 PEKTUBHOCTD MPEIPHUSATHS.

2. lleanb uccaen0oBaHuA U 331241

Lenbto uccnenoBaHus sABIsETCS pa3pabOTKa U anpoOaIus MHHOBAIIHOHHOTO TEXHUKO-
SKOHOMHUYECKOTO METOAa Il OLEHKH S(PPEKTUBHOCTU JIECO3arOTOBUTEIBHBIX
OPEANPUATUNA. 3314l UCCIICIOBAHNUS:

o U3yuurs CYILIECTBYIOIIHE METO/IbI OLICHKHU s pexTuBHOCTH B
JIECO3aroTOBUTENBLHOM OTpaciH.

o Pa3zpaboraTh U npeIOKUTH HOBBIA METO/I, BKJIIOUAIOIINA KaK 9KOHOMUYECKHE,
TaK ¥ YKOJIOTUYECKHUE TTOKA3aTEH.

o OueHUTh NPEUMYIIECTBA U HETOCTATKH MPEIJIOKEHHOTO METO/A [0 CPABHEHUIO
C TPAIUIIMOHHBIMU TTOX0JaMHU.

3. MarepuaJjbl 1 METO/bI

JUis pa3pabOTKU HOBOTO METO/A MCIOJIb30BAINCh JIaHHBIE O (PYHKIIMOHUPOBAHUU
JIECO3arOTOBUTENbHBIX MPEANPUATHI, BKIIOYas CTaTUCTHKY MO 00bEeMaM 3aroTOBKH,
nepepabOTKU JPEBECUHBI, 3aTpaThl HA 00OPYAOBaHUE, TPAHCIIOPT, & TAK)KE JAHHBIE O
BO3JICWCTBUM Ha OKPYXAIOLIYI Cpely. AHalu3 MpPOBOJAWIICS C HCIOJIb30BAHUEM
METO/I0B SKOHOMUYECKOTO MOJIEIUPOBAHMS U IKOJIOTMUYECKON OLEHKH BO3JIEHUCTBHS, a
TaK)K€ CPAaBHUTEIBHOIO aHAIM3a PA3JIMYHBIX MOJXOJI0B K TEXHUKO-PKOHOMHYECKOU
OLICHKE.

4. Pe3ybTaThl HCCJICI0BAHUS
4.1. CymecrByomuue MeToAbl OlleHKH 3(PPEeKTUBHOCTH

TpanuunonHo 3P GHEeKTUBHOCTH JIECO3arOTOBUTENIBHBIX MPEANPUATUNA OIECHUBACTCS T10
(MHAHCOBBIM TOKa3aTesiM, TaKUM KakK MPUOBLIb, PEHTA0ETHLHOCTh W BO3BpAT Ha
uHBecTulMK. OTHAKO ITH MOKA3aTEIN HE YUUTHIBAIOT HEJIbI psll (haKTOPOB, TAKMX KaK
HKOJIOTUYECKOE BO3JICHCTBUE 3arOTOBKU JIECa, BOCCTAHOBJICHUE JIECHBIX MAacCHUBOB, U
COIMATBHBIE TIOCIICICTBUS AEATSILHOCTH MPEATIPHSITHA.

4.2. THHOBAIMOHHBIH METO/ OLleHKH 3(P(PEeKTHUBHOCTH
PazpaboTanHbIil METO/I BKIIOUAET B CE€OS1 HECKOJIBKO KITFOUEBBIX KOMIIOHEHTOB:

1. DOxonomuueckasi IPPeKTUBHOCTDH: TPAAUIMOHHBIE TOKA3aTeNld, TaKUE Kak
CTOMMOCTh TPOIYKIIMHU, 3aTpaThl Ha JOOBIMY W TEepepabOTKy ApPEBECHHBI,
npUObLIb, PEHTA0EIBHOCTb.
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2. JKoJorHYecKasi yCTOMYMBOCTB: BKJIIOYAET B ce0sl OLIEHKY BO3JECUCTBHUS Ha
JIECHBIE AKOCUCTEMBI, BOCCTAHOBJICHUE JIECOB, YPOBEHb BBIOPOCOB YTiEpoja,
HCIIOJB30BaHNE YCTOMYMBBIX METO/IOB 3arOTOBKH.

3. CoumajibHasi OTBETCTBEHHOCTDb: OIICHKA BIMSHUS Ha MECTHOE HaCEJICHHE,
co3JlaHrue pabOYnX MECT, YCIIOBUSI TPY/1a U COLMAIbHBIC POEKThI, HAITPaBJICHHbIE
Ha TIOJIIEP’KKY MECTHBIX COOOIIECTB.

4.3. Meroauka pacuera

Jns  kaxagol W3 KaTeropuid (PKOHOMHUYECKOW, HKOJOTUYECKOM, COIMaJIbHOM)
pa3pabaThIBAlOTCS OTJIECIbHBIC UHIUKATOPHI, KOTOPBIE 3aTEM CYMMHUPYIOTCS C YYETOM
UX BAXHOCTH Ui KOHKPETHOro mnpeanpusitusi. Hampumep, miga mnpennpustuii,
OpPUEHTUPOBAHHBIX HAa YCTOWYMBOE JIECOMOJb30BAaHUE, SKOJOTMYECKUE IOKA3aTeNH
OynyT uMeTh OoJbIHil Bec. st pacueTa UCIOIb3yeTCsl METOA MHOTOKPUTEPHUATEHOTO
aHaIM3a, 9TO TO03BOJIIET MOJTYYUTh 00JIee TOUHYIO U BCECTOPOHHIOIO OIICHKY.

4.4. IlIpumeHeHre METOAA HA NPAKTUKE

JUta anpo®anuy MeToAa UCIOJIb30BAIUCH JaHHBIE HECKOJIBKHX JIECO3arOTOBUTEIBHBIX
MPEANPUATUNA, KOTOPbIE IPUMEHSIOT Pa3JIMYHbIE MOAXOAbI K 3arOTOBKE U MepepadoTKe
apeBecuHsbl. B xone vccneaoBanus ObUIO BBISIBJIECHO, YTO MPEANPUATHS, UCIIONIb3YIOLINE
MHHOBAIIMOHHBIE TEXHOJOTMU (Hampumep, mepepaboTKy JApPEBECHBIX OTXO/OB,
yCTOMYMBBIE METOJIbI 3aroTOBKH), IIOKa3bIBalOT 0o0Jiee BBICOKHE pE3yJIbTaThl 110
COBOKYNHOM 3¢ (EKTUBHOCTH, HECMOTpPs Ha MHOIZA MEHbIINE (PUHAHCOBBIC
ITOKa3aTelIN.

5. O0cyxaeHune pe3yjbTaTOB

IIpenmyIiiecTBa HOBOrO METOA 3aKJIKOYAKOTCS B €r0 BCECTOPOHHOCTH, ITOCKOJIBKY OH
YUUTBHIBAET KaK IKOHOMUYECKHUE, TaK U IKOJOTHUYECKHE U COLMaIbHbIE (PaKTOPBL. DTOT
MOJIXO/] MIO3BOJISIET HE TOJIBKO OLIEHUBATh MPUOBUIBHOCTH MPEANPHUATHS, HO U €T0 BKJIaJ]
B YCTOWYMBOE pAa3BUTHE, CHIKEHHME BO3JECUCTBHA HaA OKPYXKAIOLIYIO Cpeay H
yJIydllIEeHUE KauyecTBa >KM3HM MECTHBIX cooOuiecTB. OgHAKO JUIsl BHEIPEHUS METojia
HEO0OXOJAMMO TPOBOJUTH COOTBETCTBYIOLIYIO MOATOTOBKY Ha YpPOBHE YIPaBIEHUS
MpEANPUATHSL, a TAaKXKe pa3padoTaTh HOPMATUBHBIE aKThl, KOTOPbIE OBl MOAAEPKUBAIIN
HCIIOJIb30BaHNE KOMIUIEKCHBIX METO0B OLICHKH.

6. 3akaouenue

NHHOBAaLIMOHHBIM ~ TEXHUKO-DKOHOMHYECKHI  METOJ  OLIEHKHM  3(]PPeKkTuBHOCTH
JIECO3arOTOBUTEIIbHBIX MPEANPUITUN TPEACTaBIsICT COO0N HOBBINM MOAXOM, KOTOPBIN
MO3BOJISIET OOJIee MOJHO YUYUTHIBATh BCE aCMEKThl pabOThl MpeanpuaTus. BkiatoueHue
AKOJIOTMYECKUX M COIMATIbHBIX (PAKTOPOB B OIEHKY A((PEKTUBHOCTH CHOCOOCTBYET
0oJiee yCTOMYMBOMY Pa3BUTHUIO OTPACU U CHIKEHHIO €€ HETaTUBHOTO BO3/ICHCTBUS HA
MPUPOJYy M MECTHbIE cooOlecTBa. PekoMeHayeTcsl BHEIpEHUE JaHHOTO METOoJa Ha
NPEINPUATUSIX, OPUECHTUPOBAHHBIX HA YCTOMYMBOE PA3BUTHE U IKOJOTMYECKYIO
OTBETCTBEHHOCTb.

-59-



Jlurepartypa

1.

2.

[letpoB, A. C. "lHHOBalMOHHBIE METOABI OLEHKH 3(PPEKTUBHOCTU
JI€CO3aroTOBUTEINbHBIX TIpeanpusTuii". — M.: JlecHast pOMBIIIIEHHOCTD, 2022.
CunopoB, . M. "Oxkonoruueckas yCTOWYMBOCTH B JIECO3arOTOBUTEIBHOM
ousHece". — CIIO.: Dxomornyeckoe oo1ectno, 2021.

HNBanos, JI. H. "Meroapl 5SKOHOMHUYECKOTO aHalM3a B  JICCHOM
npoMbIniuieHHOCTH" . — ExatepunOypr: Ypammarr, 2020.

-60 -



HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

YIK-621.391.7
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['ocymapCTBEHHBIN TEXHOIOTHYECKA YHUBEPCUTET
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AHHOTAIIUA

CraTbsi MOCBAILEHA MHTErpalMyd rojocoBoro Ttpaduka B cetu HHTepHET ¢
ucnons3oBanueMm nporokojia VoIP (Voice over Internet Protocol). PaccMoTpens
OCHOBHBIE€ TNpPUHLUIIBI padboTel VoIP, ero mpenmMymiecTBa W HEIOCTAaTKH, a TaKkKe
TEXHOJOTMM U CTaHAAPThI, 00ECIEUMBAOIINE KAaYeCTBEHHYIO Ieperady roJIOCOBOIO
Tpapuka no HWurepHery. Ocoboe BHUMaHHE YAEJIEHO BOIpOcaM O€30MacHOCTH,
KauecTBY CBsI3M U MpodiemaM, cBsizanHbIM ¢ QoS (Quality of Service) u npuopureramu
Tpaduka. Onucanue apxuTekTypbl VolP-cucteMbl 1 METOZ0B MHTETPALIUU TOJOCOBBIX
Y JIAaHHBIX CEPBHCOB B €ANHYIO HH(MPACTPYKTYPY.

KawueBbie ciaoBa: VoIP, wunTepHer, romocoBoil Tpaduk, wunterpamus, QoS,
0€30MacHOCTb, MPOTOKOJIBI, APXUTEKTYpa.

1. BBenenue

CoBpeMEHHbIE TEXHOJOTMM Tepelayd JaHHbIX B ceTh HHTEepHeT MO3BOJISIIOT
nepeaaBaTh HE TOJBKO TEKCTOBYIO U MYJIbTUMEAUNHYIO MH(GOpPMAILMIO, HO U TOJIOC.
[Ipotokon VoIP cran ocHOBO# Jj1s1 UHTErpallK TOJ0CcoBOro Tpaduka B cetu IHTEpHET,
3aMeHsisl TPaJULUOHHBIE TeJe()OHHbIE CETH U OTKPhIBask HOBbIE BO3MOXKHOCTH JJIs
CBsI3U. VOIP-TEXHOJIOTMM TO3BOJISIOT CYIIECTBEHHO COKPATWUTh 3aTpaThl Ha CBSA3b,
oOecnieunBasi MpU ATOM KAadEeCTBEHHYIO Iepefady rojoca B pealbHOM BpeMeHu. B
CTaTh€ PAacCMAaTPUBAIOTCS KIIOUEBBIC MPHUHIUIBI padoThl VolP u ero uHTterpamus B
CETH, a TAKKE BIMSIHUE PA3IUYHBIX (DAKTOPOB HA KAYECTBO CBS3H.

2. lleab nccjie0BaHUA U 3a1a49H
[lenbto KiccienoBaHuUs SBJISIETCS aHAIU3 MPOIIECCOB MHTErPAIlUU TOJIO0COBOTO Tpaduka

B ceTb MHTEpHET ¢ ucnonab30BaHueM npoTokosia VolP. 3agauun ucciegoBanus:
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o Onucanue npuHIUIIOB paboThl VOIP.

o HM3syuenwne apxurextrypsl VolP-cucrem.

o Ananu3 BIusiHUS (PAKTOPOB, TAaKUX Kak Q0S, Ha KaUeCTBO rOJIOCOBOH CBSI3U.

o Orwenka 0€30MaCHOCTH MEepeJadyy roJIOCOBBIX JaHHBIX B c€TU MIHTEpHET.

« Paspabotka pexomenaanuii mo uarerpanuu VolP B coBpeMeHHbIE CeTH CBSI3H.

3. MaTepuajibl 4 METObI

HccnegoBaHre OCHOBAHO HA aHAIM3€ TEOPETUYECKHX MATEPUATIOB M MPAKTUYECKHX
npumepoB unTerpaun VolP B ceteBbie uHGpacTpykTypsl. [t aHann3a ucCoab3yroTcs
JTaHHBIEC 0 paboTe pa3muuHbIX VolP-cuctem, Takux kak SIP (Session Initiation Protocol),
H.323 u npyrux. OueHka KadyecTBa Mepeiadn roJocoBOro tpaduka MpoOU3BOAUTCS C
WCIIOJIb30BAaHUEM CTAHIAPTHBIX METOJ0B U3MepeHust QOS, TaKMX Kak 3aJepKKa, HoTeps
MIaKETOB | jitter.

4. Pe3yabTaThl HCCICI0BAHUS
4.1. lIpununnel padorsl VolP

VoIP (Voice over Internet Protocol) — »3To TexHOJOTUs, KOTOpas TMO3BOJISIET
nepeaBaTh roJIOCOBbIE COOOIICHUS 110 IHTepHET-TIPOTOKOY, UCTIONb3YS CTaHIapTHBIC
uHTepHeT-coequuenus (Hanpumep, TCP/IP). OcnoBHbIM KOMTIOHEHTOM VOIP-cuctemsl
ABJISIETCSI KOJIMPOBAaHUE U JEKOAMPOBAHUE TOJOCOBOIO CUTHANIa (CXKATHUE), a TaKKe
IIPOTOKOJIBI TIepeaaun JaHHbIX, Takue kak SIP u RTP (Real-Time Transport Protocol).
[TIporokon SIP wmcnonb3yercss Mg yCTaHOBJIEHUS U 3aBEPIICHUS COCAUHECHUH, B TO
Bpems kak RTP orBewaet 3a nepenady ayIno JaHHBIX B peaJIbHOM BPEMEHH.

4.2. Apxurexkrypa VolP-cucrem
VoIP-cucrema cOCTOUT U3 HECKOJIBKUX KOMIIOHEHTOB:

1. IP-Tenedonbl — ycTpoiicTBa WU MPOrPAMMHBIE MPUIIOKEHHUS, TO3BOJISIOIINE
MOJIb30BATEI0 MHULIMMPOBATh 3BOHKH uepe3 HTepHeT.

2. CepBepbl SIP — ymnpaBnsiOT YCTaHOBJICHHEM, MapIIpyTU3alUed W
3aBEPIIIEHUEM T'OJIOCOBBIX COCIMHEHUM.
3. lnmo3st VoIP — ycrpoiictBa, oOecreunBamomnyie CBi3b Mexay VolP-

CUCTEMaMU U TpaauluoHHbIMH TenedonubiMu ceTsimu (PSTN).
4. Menua-cepBepa u RTP — o0pabaTsiBatoT mepenady rojiocoBoro tpaduka B
peaabHOM BPEMEHH.

OTH KOMIIOHEHTHl HMHTEIPUPYIOTCS B E€IUHYI0 CHUCTEMy, oOecreuyuBas mepenady
rojiocoBoro Tpadpuka yepe3 MHTepHET ¢ MUHUMAJIbHBIMU 33JEPKKaMU U BBICOKUM
KaueCTBOM CBSI3U.
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4.3. QoS u npuopurTeTsl TPapuKa

OgHuM M3 KIIOYEBBIX acnekToB uHTerpauuu VolP B cerb WHTepHeT sBisieTcs
yhnpaBiieHue kauecTBoM oOciykuBanus (QoS). J{ns ycnemHo# nepeaadu roiocoBoro
Tpapuka HEOOXOAUMO TapaHTHUPOBaTh MUHHUMAJbHBIEC 3aJ€PHKKU, TOTEPIO MAKETOB U
jitter. QoS BkuIOUaeT B ce0s HECKOIbKO MEXaHHU3MOB:

o Ilpuopurusanms ros10coBOro Ttpaguka — UCIOIB30BAHUE PA3IMYHBIX
METOJIOB MAapKHUPOBKH IAKETOB I OOECIEeUeHHs] MPUOPUTETHOW 00paboTKU
T'OJIOCOBBIX JIAHHBIX.

o KoHTposb 3ajep:KKH — YMEHBIICHHE 3aJ€p)KKU MpPU IEpeaye IaKeTOB
JAHHBIX JJI1 00ECIIEYEHHs] KAYECTBEHHOTO OOIIEHUS B p€aIbHOM BPEMEHH.
o YmnpapiieHHe IO0JIOCOI NMPONMYCKAHUSI — BbIJCIIEHHE HEOOXOAMMOro o0bema

MIPOMYCKHOM CITOCOOHOCTH JIJIsI TIepeiau TOJIOCOBBIX JJAHHBIX.
4.4. bezonacuoctb VolP-cucrem

Ilepenaua ronocoBoro Tpaduka yepe3 UHTEpHET conpsikeHa ¢ pucKkaMu 0€30MacHOCTH.
OcHOBHBIE YTpoO3bl BKIIIOUYAIOT NEPEXBAT Tpaduka, NOJIMEHY JaHHBIX U aTaKyd Ha OTKa3
B oOcinyxuBanuu (DoS). ns 3ammtel VolP-cuctem wHcnonbs3yroTcs pazinyHbIe
MexaHu3Mbl mudpoBanus, Takue kak TLS (Transport Layer Security) ms
curHanimzanuu 1 SRTP (Secure Real-Time Transport Protocol) ans aynno JaHHBIX.
Taxoke BayKHBIM aClIEKTOM O€30MAaCHOCTH SIBJISIETCS] ayTEHTU(DUKALIMS MOJIb30BaTeNeh U
MIPENOTBPALIECHNE HECAHKIIMOHUPOBAHHOTO TIOCTYIIA K CUCTEME.

4.5. MaTerpanus rojiocoBoro Tpapuka ¢ JaHHbIMHU

CoBpemennbie VolP-cuctemMbl 4acTO MHTETPUPYIOT TOJIOCOBBIE 3BOHKH C JIPYTUMU
CEepBUCAMHU TMepefaud JaHHBIX, TaKUMH KaK BHJACOKOH(EpeHIIUHu, dYaThl U
MYJIbTUMEIUIHBIE COOOIIeHus. ITO TpeOyeT NpUMEHEHUS THOKOW apXUTEKTYpHI,
nmo3BoJisitonied dOPEKTUBHO YOPABISATH PA3MMUHBIMU TuUNaMu Tpaduka. Takum
o0pa3oM, MHTErpanus rojocoBoro Tpadguka B cetu MHTEpHET MOMOraeT He TOJBKO
ONTUMH3UPOBATh PACXOAbl HA CBSI3b, HO U CO3/1aTh €IUHYI0 KOMMYHHKaIIMOHHYIO
maTdopmy A Ou3Heca.

5. O0cyxaeHune pe3yjbTaTOB

HNurerpauus VolP B coBpeMeHHbIe ceTh MHTEpHET NMO3BOMISET CYLIECTBEHHO CHU3UTH
3aTpaThl HAa CBS3b U YJIYYIIUTh KAYECTBO KOMMYHHMKAIIMU OJIaroapsi UCIOJIb30BAHUIO
IIMPOKOIIOJOCHBIX HMHTEpHET-coeNuHeHn. OnHako 17 o0ecreueHus BBICOKOTO
KauecTBa TOJIOCOBOM CBSI3M HEOOXOJIMMO YYHUTHIBaTh psAl (AKTOPOB, TaKUX Kak
3ajiepKKa, jitter, moTepsl MaKeToB, a TakKXXe MpoOJieMbl C 0E30MaCHOCTBIO Mepeaadyu
naHHbIX. Baenpenue s¢ddexTuBHbIX MeTON0B yrpasieHus QoS u 3amuThl Tpaduka
3HAYUTENBHO Yyiydiaer paboty VolP-cucteM W 1O3BOJISIET WMHTErpUpPOBATH HX B
KOPIIOPaTUBHbBIC U YACTHBIE CETH.
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6. 3aka0ueHue

Hcnons3oBanue nporokona VolP nns nepenaun ronocoBoro tpaduka B cetu MHTepHeT
— 3T0 3((PEeKTUBHOE pelIeHHEe, KOTOPOE MO3BOJISIET COKPATUTh PACXOJbl HA CBSI3b U
yJIy4lIUTh KaueCTBO KOMMYHHUKalMWA. BaxHO oOecrednTh NpaBUIIBHYIO HACTPOMKY
ceTu U ynpasiyieHHe QOS I TOCTHMKEHHUS BBICOKOIO KadecTBa CBA3U. Taxxke ciaeayer
yIEIUTh BHUMaHuE€ BoIpocaM O€30MaCHOCTH M 3alIUThl  JAHHBIX, YTOObI
MUHUMHU3HUPOBATh PUCKU U YTPO3bI B MPOLIECCEe TIEpeaun roJ0COBOro Tpaduka.

Jluteparypa

1. Muxaiinos, A. B. "OcHoBsl TexHonoruu VolIP". — M.: Texnocdepa, 2021.

2. Upanona, O. A. "Apxutekrypa VolP-cucrem". — CII0.: JIans, 2020.

3. IletpoB, U. H. "besomacHocte VoIP u 3amura nepegaun JaHHBIX". —
ExarepunOypr: Ypanmaii, 2022.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

YIK-004.7

UHTEIPALIYSI U ONTUMU3ALUA NPUKIIAJTHOM UH®OPMATHUKHU B
BU3HEC-ITPOLHECCHI: BBI3OBbI U IIEPCIIEKTHUBbBI

BbricTpoB AHTOH Biiagumuposuy

CTYJI€HT, MOCKOBCKHI1 TOCYJTapCTBEHHBII TEXHOJIOITMYECKUN YHUBEPCUTET
«CTAHKHWH»

P®, r. MockBa

AHHOTALMSA

Crarbss paccMaTpuBaeT IIPOLIECC HHTErpallMM M ONTUMHU3ALUU  IIPUKIATHON
MH(GOPMAaTUKU B OM3HEC-TIPOLIECCHI C LIEIbI0 TOBBILICHUS 3PPEKTUBHOCTU YIPABICHUS
U YCKOpeHMs ornepauuil. IIpuBoaATCS OCHOBHBIEC NMPUHIUIIBI, METOABI U TEXHOJOIHH,
UCIIOJIb3yEeMbI€ NIl BHEAPEHUS MH(POPMAILIMOHHBIX CUCTEM B KOPIIOPATUBHYIO CpELYy.
Oco0oe BHUMaHHE yHENAETCA BbI30BaM, C KOTOPBIMU CTAJIKUBAIOTCS KOMIIAHUU MpU
nHrerpaunu MT-pemiennii, a Takke MEpCIEKTUBAM Pa3BUTHUS TEXHOJIOTHN, TAKUX KaK
aBTOMAaTHU3allMsI, MCKYCCTBEHHBIM MHTEJUIEKT W MallMHHOEe oOyuyeHue. Takxe
paccMaTpUBAOTCS MPUMEPBI YCIENTHBIX BHEIPEHUN B PA3JIMYHBIX OTPACHsX U OLIEHKA
UX BO3JIEHCTBUS Ha OM3HEC-TIPOLIECCHI.

KiioueBble cjioBa: mnpukiagHas uHboOpMaTHKa, OWU3HEC-TIPOLIECCHI, WHTErpalus,
ONTUMH3ALMS, THPOPMALIMOHHBIE TEXHOJIOTUH, UCKYCCTBEHHBIN HHTEIIEKT, MAIIIMHHOE
o0yueHue, aBTOMaTU3aIIUs.

1. BBeaenue

CoBpeMeHHbI Ou3HeC HE MOKET A (HEKTUBHO (PYHKITMOHUPOBATH 0€3 UCIIOIH30BAHUS
MHPOPMAITMOHHBIX ~ TexXHOJOrui. MHTerpanmus ©  ONTUMM3ALUS — MPUKIATHOM
MH()OPMATUKU CTAHOBATCS OCHOBOM JIJIsl yIIy4IlIeHUs OU3HEC-TIPOIECCOB U TTOBBIIICHUS
KOHKYPEHTOCTIOCOOHOCTH oOpraHu3alvii. BHeapeHne HHHOBAIIMOHHBIX TEXHOJOTUM
MO3BOJISIET aBTOMATU3UPOBATh PYTHUHHBIE OINEpAlMU, YJIy4dllaThb KAa4€CTBO MPUHSITHUSA
pELICHUH U YCKOPSATH BBINIOJHEHHUE 3a7ady. B cTaThe paccMaTpUBAOTCS KIIFOYEBBIC
MOMEHTBI, KOTOPbIE HY>KHO YUYUTHIBATh MPU BHEIPEHUHU HHPOPMAITMOHHBIX TEXHOJOT U
B OM3HEC-TIPOIIECChI, a TaKX€ BBI30BbI U BO3MOKHOCTH, KOTOPbIC OTKPBIBAIOTCS JIJIs
OpraHu3alyi.

2. leab McciieI0BaHUSA U 3212494

Lenpto ucciaenoBaHMs SIBISETCS aHAJIU3 CIOCOOOB HHTErpallMM U ONTHUMHU3ALUU
NpUKIAAHOW MHGOPMATUKU B OW3HEC-TIPOLIECCHl NJIsi MOBBIIIEHUS 3(PPEKTUBHOCTU
paboThl opraHu3aluii. 3a1a4m UCCIETOBAHUS:
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o N3ydenne MeTONOB M MOAXOM0B MHTETpAMA WH(OPMAIIMOHHBIX TEXHOJIOTHH B
OM3HEeC-TIPOIIECCHI.

o OreHka BBI30BOB, C KOTOPBIMU CTaJKUBAIOTCS KOMITAHUW Tipwu BHeapeHun NT-
pELIEHNUN.

o O030p MEPCHEKTHUBHBIX TEXHOJIOTHUH, TaKMX KaK HCKYCCTBCHHBIH HHTEJUICKT,
aBTOMATH3AIMsI U MAIIUHHOE O0YYCHUE, U UX BIHSHHE HA OU3HEC-TIPOIIECCHI.

o PaccMoTpenue mpuMepoB yCTICTHBIX BHEAPEHUH U OIICHKA MX 3((HEKTUBHOCTH.

3. MaTepuajibl 4 METObI

JIns mpoBeneHUs MCCIEAOBAaHUS HCIIOIb30BaHbl METOJBI CUCTEMHOIO aHAIN3a H
CPaBHUTEIIBHBIX HCCIECIOBAHUM. PacCMOTpEHBl KEMC-CTaauy YCICIIHBIX BHEIPECHUU
MH(GOPMALIMOHHBIX TEXHOJOTHM B PAa3lMYHBIE OTPAC/d, MPOBEACH aHAINW3 JAaHHBIX O
pe3yJibTaTax MCIOJIb30BAHUS IPUKIAJHON HH()OPMATHUKH B peaJIbHBIX OM3HEC-Cpeax.

4. Pe3yabTaThl HCCICI0BAHUS
4.1. lIpyHUMNIBI MHTETPALMA NPUKJIATHOH HHPOPMATHKH B OM3HEC-TIPOLECCHI

WNurerpanms npuxiagHod uHGOpMATHKU B OM3HEC-TIPOLIECCH TPENCTaBIAET COOOM
KOMILJIEKCHBIN TMPOIIECC, BKIIOYAIOIIUNA BHEAPEHNE WH(POPMAIIMOHHBIX CUCTEM, TaKHX
kak ERP (Enterprise Resource Planning), CRM (Customer Relationship Management)
U JApyrHe, JUisl aBTOMATH3aIMK Pa3IMYHbIX aCTeKTOB OusHeca. [IpuHIMIBI yenenHon
WHTErPallMK BKIIOYAIOT:

o Corunacobanue UT-cTpaterun ¢ Ou3Hec-cTpaTrerueii — obOecrneyeHue TOro,
4yTo0b!I UT-perienns noaaepKuBaiiy ey U 3a1a4u Ou3Heca.

o MoayJbHOCTH CHCTEM — BO3MOXHOCTb aJaNTallud UH(MOPMALIMOHHBIX CUCTEM
1oJ1 M3MEHEHUS B OM3HEC-TIpoIeccax.

o OOyyeHume ¥ TMOArOTOBKA IEPCOHAJNIA — TIOBBIIICHUE KBaJIU(UKAIUH
COTPYAHHMKOB AJ11 ()P (PEKTUBHOTO UCIIONB30BAHNS HOBBIX TEXHOJIOTHA.

4.2. Meroapl onTUMHU3AUMH  OM3HEC-POLECCOB €  HCIOJb30BAHHEM
UH(POPMALMOHHBIX TEXHOJIOTHHI

OHTI/IMI/ISaHI/IH 6I/IBHGC-Hp0HeCCOB ¢ ucnojb3oBanueM HUT Moxer OCYHICCTBIIATHCA
4Cpe3 HECKOJIBKO MMOAXOA0B!:

o ABTOMATH3allUsl PYTHHHBIX ONepaluil — BHEApPEHUE POOOTU3UPOBAHHBIX
CUCTEM U aBTOMATH3alMsl ONEpalMii, TaKuX Kak oO0paboTkKa HaHHBIX U
JOKYMEHTOOOOPOT, MO3BOJISIET COKPATUTh BPEMsI Ha BBIMOJIHEHHUE 3a/1a4.

o AHAJIMTHKA JAaHHBIX — HCIIOJIb30BAHUE HWHCTPYMEHTOB OW3HEC-aHaIu3a M
OO0JIBIIMX TAHHBIX JJIS YAYUIICHUS TPOLIECCOB MPUHATHUS PELICHH.

o MHcnonb3zoBanue 00/1a4HBIX TEXHOJOTHH — OOJauyHBIE PELICHUS MO3BOJSIOT
CHU3UTD 3aTpaThl HA UHPPACTPYKTYPY U MOBBICUTH THOKOCTh OM3HEC-TIPOLIECCOB.
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4.3. BbI30BbI IPH HHTErPALMU NPUKJIATHON HHpOpPMATHKH B OM3HEC-TIPOLECCHI

Buenpenne nH(pOpMaIlMOHHBIX TEXHOJIOTHI B OM3HEC-TIPOLIECCHI COMPSKEHO C PSIOM
BBI30BOB:

. COHpOTI/IB.]IeHI/Ie H3MECHCHHUAM — COTPYAHHKH MW PYKOBOAUTCIU YaCTO
IMPOTUBATCSA BHCAPCHUIO HOBBIX TEXHOJIOTUH 13-3a CTpaxa nepeca nepeMCcHaM 1
HCOIIPCACICHHOCTLIO.

o BpbIcokue 3aTparbl Ha BHEAPEHUE — HA4YaJlbHbIC HWHBCCTHIOUN B

MH(GOPMALIMOHHBIE TEXHOJIOTMH MOTYT OBITh 3HAYUTENBHBIMHU, YTO TpeOyeT
YETKOT0 00OCHOBAHUS OKYIAEMOCTH BJIOXKEHUH.

o MHMHTerpanusi crapbiX CHCTEM ¢ HOBBIMM — B OPTaHM3ALMAX C YCTApEBIIMMHU
WH(POPMALIMOHHBIMU CHUCTEMaMH TIPOIECC HMHTETPALMd HOBBIX TEXHOJIOTHHA
MOJKET OBITh CJIOKHBIM U JJOPOTOCTOSIIINM.

4.4. llepcieKTUBBI PA3BUTHUS TEXHOJIOTHH VISl ONTUMM3ALMH OM3HEC-TIPOLECCOB

TexHosioruu, Takue Kak UCKyccTBeHHBIM uHTeiUiekT (M), mamumHHOe oOydeHue u
aBTOMATHU3aIIMsI, OTKPHIBAIOT HOBBIE BO3MOXKHOCTH sl OW3HEC-TIPOIIECCOB:

o MHckyccTBeHHBI MHTEIEKT IO3BOJISIET aHAJIM3UPOBATh OOJIBIINE OOBEMBI
JaHHBIX, ABTOMATU3UPOBATh MPUHATUE PEHIEHUWH U [EPCOHAIU3UPOBATH
B3aMMOJICHCTBHE C KIINEHTAMH.

o MamunHoe o0y4yeHHMe HCIOJB3YyeTCs Uil NMPOTHO3UPOBAHUSA TEHACHUHUU M
aHaJM3a TMOBEICHMS KIHWEHTOB, YTO IOMOTaeT YJydllaTh MapKETUHTOBbIE
CTpaTEeruu U NOBBILATE 3P (HEKTUBHOCTH OM3HEC-ONEPALIHIA.

o ABTOMATH3alUsl NPOLECCOB IO3BOJISIET YCKOPUTH BBIMOJHEHUE PYTUHHBIX
3a/1ay, CHU3UTh BEPOSITHOCTH OITUOOK M MOBBICUTH O0IIYI0 3 (HEKTUBHOCTD.

4.5. IIpumepsl ycneIHbIX BHEAPEHUH

[Ipumepsl ycremHbIX BHEAPEHU NH(OPMALIMOHHBIX TEXHOJOTUN B OM3HEC-TIPOLECCHI
BKJIIOUAIOT Takue KoMmmaHuu, kak Amazon, Walmart, u Uber, KoTOpble HUCIOIB3YIOT
nepenoBble UT-pemenns Mg aBTOMaTHM3alvy CKJIAACKHX OIEpalyid, YIPaBICHUS
LIETIOYKAMU MOCTABOK M B3aMMOJCHCTBHS C KIMEHTaMU. BHeIpeHne Takux pelieHui
MO3BOJIMJIO 3HAYUTEIBHO MOBBICUTH CKOPOCTh PaOOThI, CHU3UTh 3aTPAThl U YIYyUIIUTh
KJIMEHTCKUM OTIBIT.

5. O0cy:xneHue pe3yabTATOB

WNurerpaus npukiagHoil MHPOPMATUKK B OW3HEC-MPOLECCHl JAET OpraHU3alUsIM
MHOKECTBO MPEUMYILIECTB, TAKUX KaK MOBbIIICHHE 3(D()EKTUBHOCTH pabOThI, CHUKEHUE
3aTpaT M YJIydllleHHE KauecTBa OOCTYyXHBaHUS KIUEHTOB. OJHAKO YCHEIIHOe
BHeapeHue UT TpebyeT KOMIUIEKCHOTO MOJX0Ja, BKJIIOYAIOIIET0 CTPATerH4ecKoe
IJIaHUPOBaHKE, 00yUeHUe TIepcoHana u 3pPeKTUBHOE yIIpaBICHHE U3MEHEHUSIMU.
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HecmoTps Ha BBI30BBI, TAKME KaK BBICOKME HAaYaJbHbIE MHBECTULIMU U CONPOTUBIICHHUE
W3MEHEHUSM, TEPCIEKTUBBI HCIOJb30BAHUS HOBBIX TEXHOJOrMH, Takux kak UM u
aBTOMATH3alMs, JeJal0T BHEAPEHHE MNPUKIAAHOW HMHPOPMATHKH  KIFOUYEBHIM
AJIEMEHTOM JIJIsl YCTOMYMBOTO pa3BUTHA OM3HEca B OyIyIleM.

6. 3akja0ueHue

WuTerpamss v onTuMM3aius MNPUKIAAHONM HHOpPMATUKH B OH3HEC-TIPOLECCHI
npencTaBisieT co00M Ba)KHBIM dTanm Ha MyTH K udpoBu3anuu OuszHeca. BHeapenue
COBPEMEHHBIX NH()POPMAIIMOHHBIX TEXHOJOTHI MOMOTaeT KOMIAHUSIM MOBBICUTH CBOIO
KOHKYPEHTOCIIOCOOHOCTh, YIJYUYIIUTh YIPABJICHHE pecypcaMd H ONTHMH3UPOBATH
B3auMojeiicTBue ¢ KiMeHTamu. OOHaKo I JOCTIKEHHS MaKCHMaJIbHOU
3¢ (}HEeKTUBHOCTH BaXHO HE TOJBKO BHEAPUTH TEXHOJOTHMH, HO M aJalTHPOBATh
OpraHU3alMOHHBIE MPOIECCHl K HOBBIM YCIOBUSAM. B Onrrkaiinme rofpl Mbl OXKUIAEM
poCTa 3HAYUMOCTH TaKHUX TEXHOJOTMH, KaK UCKYCCTBEHHBIM MHTEIJIEKT U MAIIMHHOE
oOyueHue, KOTopble OyAyT UIpaTh KIIOYEBYIO pOJIb B JajbHEHIIEH ONTHUMM3AIUU
OM3HEC-MPOIIECCOB.

Jlureparypa

1. 3axapos, C. B. "Undopmarmonasie TeXHOJIOTUU B OU3HEc-Tiporieccax”. — M.:
N3narenscTBO «busnec-Axkagemusy, 2021.

2. Upanona, JI. A. "Ontumusanus 6U3HEC-IIPOLIECCOB C Ucnoab3oBanueM UT". —
CIIO.: [Turep, 2020.

3. Muxaiinog, I1. 1. "TexHonoruu u BeI30BEI UG POBOM TpaHchopManmu OusHeca'.
— ExkatepunOypr: Ypanmari, 2022.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

YIIK-004.5

HUHTEIPALIMSI UHTEPHETA BEIIEN B TOPOJICKOE IIJIAHUPOBAHMUE:
CO3JAHHUE YMHBIX I'OPOJOB C UCITIOJIb3OBAHUEM TEXHOJIOT'UHA
loT

BbricTpoB AHTOH Biiagumuposuy

CTYJIeHT, MOCKOBCKHI1 I'OCYJapCTBEHHBIN TEXHOJIOTNYECKUN YHUBEPCUTET
«CTAHKWH»

P®, r. Mocksa

AHHOTAIUS

Cratbs IOCBAIICHA U3YUCHHIO poid TexHoyiorui Mutepuera Bemeit (1oT) B ropoackom
MJIAHUPOBAHUM U CO3JIaHUU YMHBIX ropojioB. B paboTe paccMarpuBaroTCsl KIIIOUEBbIE
acriekThl npuMeHeHus 10T B pa3nuuHbIX 00JaCTAX TOPOJACKOIO XO3MCTBA, TAKUX Kak
TPaHCIIOPT, PHEPrOCHAOXKEHUE, yHpaBiIeHUEe UHPPACTPYKTYpOH, 3ApaBOOXPAHCHHUE U
oe3omnacHocTh. [loguepkuBaercs, kak uHTerpamus [oT mo3BosisieT co3gaBath Oosiee
3 PeKkTUBHbIEC, YCTOMYMBBIE U YIOOHBIC MJIsI KUTEJIEH TOPOJICKUE DKOCHUCTEMBI.
Onucanbl TEKylMe AJOCTHXKEHUS B TAaHHOW 00JIACTH, @ TaK>K€ BBI3OBBI U MEPCIICKTHUBBI
Pa3BUTHS YMHBIX TOPOJIOB B OYIyIIIEM.

KuarwueBbie cioBa: HTepHeT Bemied, yMHbIE TOpOJa, TOPOACKOE IUIAHHUPOBAHUE,
texHonoruu loT, ynpasnenne uHPpacTpyKTypoi, yCTOMYMBOE pa3BUTHE, TOPOJCKAS
AKOCUCTEMA.

1. BBeaenue

CoBpeMeHHbIE TOpoJia CTAJIKMBAIOTCS C PSIOM IpoOJieM, TaKUX Kak MepenojiHeHUe
HacesieHus, Hed((EeKTUBHOE HUCIOJIb30BAaHUE PECYPCOB, 3arps3HEHHE OKpYKarollen
cpenbl u mpoOku Ha goporax. C passutrem TtexHosoruit Murepuera Bemieit (IoT)
MOSIBUJIMCH HOBBIE BO3MOKHOCTH JJIs PEIIeHHs] 3TUX mpobaem. MHTepHeT Bemieit — 3T1o
CETh B3aMMOCBSI3aHHBIX (PU3HUUECKUX YCTPOUCTB, KOTOPbIE COOMPAIOT U OOMEHUBAIOTCS
JAHHBIMH, YTO MO3BOJISET YIYUYIIUTh YIIPABIECHUE TOPOJICKUM XO3IMCTBOM U MOBBICUTH
KaueCTBO KU3HU ropokad. Ctares paccmaTpuBaeT, kKak [oT MmosxeTr ObITh HHTETPUPOBAH
B TOpPOACKOE IUIAaHUPOBAaHUE JUISI CO3JAHUS YMHBIX TOpPOJOB, KOTOPBIE CMOTYT
3¢ (PEeKTUBHO MCHOB30BATh PECYPCHI, YIyUllaTh HHPPACTPYKTYPY U CO3/1aBaTh OoJiee
KOM(DOPTHYIO Cpey JUIsl IPOKUBAHUS.

2. leab McciieI0BaHUSA U 3212494

Lenpro umccnenoBaHus SBJISAETCA aHAJIW3 BO3MOKHOCTEM M BBI3OBOB BHEIPCHUSA
TeXHOJOTuM MHTEpHETa BElEr B TOPOACKOE INIAHUPOBAHUE C LETIBIO CO3/IAHUSI YMHBIX
ropo0B. 3a/1a4u UCCIICIOBAHMUS:
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o Ouenuts poisb [0T B paznuuHbIX cepax ropoackoro xo3siicraa.

o HM3yuuTh KIIIOYEBBIE TEXHOJOTHMU W MOJAXOJbI, UCIOJIB3YEMBIE 11 UHTErPALUU
[oT B ropoxackoe miaHupoBaHuE.

o PaccMmoTpers BBI30OBBI M BO3MOXKHOCTH JUISI YCTOWYMBOTO PA3BUTHSA YMHBIX
rOpoJIOB C UCIoab30BanueM [oT.

o OueHUTh NEPCNEKTUBHI NajdbHENero passutusa u BHenpenus [oT B ropoxackoe
YIPABJICHHUE.

3. MaTtepuajibl 1 METOIBI

Jns wuccnemoBaHms OBUIM  HCIOJAB30BAaHBI METOABI CHCTEMHOIO aHalW3a U
CPaBHUTEIIBHOTO aHanu3a. PaccCMOTpEeHbl MEXAYyHApOJHBIE MPUMEPHI BHEJIPCHUS
texHosiorud [0T B ropoackoe nmiiaHupoOBaHUE, a TAKKE MPOBEICH aHAIN3 aKTYaJIbHBIX
HayYHBIX MyOJIMKAIMK U UCCIICAOBAaHUMN B IAaHHOM 00JIaCcTH.

4. Pe3yabTaThl HCCICI0BAHUS
4.1. Poas IoT B ropoackoM niaHMpoOBaAHUH

Texnonornn HMHTepHETa BEHIEH OKa3bIBAIOT 3HAYUTEIBHOE BIUSHHE HA PA3BUTHE
ropojackoro TuiaHupoBanus. Muterpamus loT B ropoackyio HHPPACTpyKTypy
MO3BOJISIET PELINUTD CIEAYIOIINE 3a1aUu:

o Ynpasienue Tpaduxom: Vcrnonap30BaHue TaTYNKOB U YMHBIX CBETOQOPOB I
peryJupoBaHUs TOTOKA aBTOMOOUJIEH U ONTUMHU3AIUU JJOPOKHOTO JIBHXKEHUS.

o JHeprocOepe:keHue: YCTaHOBKA  HHTEJUICKTYaJbHBIX  CUETYMKOB  JJIS
MOHHUTOPHUHTA U ONITUMU3AINH MOTPEOJICHUS SHEPTUH B PEaIbHOM BPEMEHH.

o MoHnuTopuHr kayecrsa Bo3ayxa M Boabl: Vcrons3oBanue loT-ceHcopoB s
IIOCTOSIHHOTO KOHTPOJISL 3arpsi3HEHUSI OKPYKAOLIEH CPeIbl U NPEAYIPEXKICHUS
00 DKOJIOTHYECKUX YIpo3ax.

o YmnpasiieHue orxoaamMu: BHeapeHne yMHBIX KOHTEHHEPOB Mjisi cOopa mMycopa,
KOTOPBIC aBTOMATUYECKHU YBEIOMIISIOT O HEOOXOIMMOCTU BBIBO3a OTXOIOB.

4.2. TexHoJsioruu v noAxoabl Ajas nurerpannu loT B ropoackoe miianupopanue

Nurerpamms [oT B ropoackoit nHdpacTpykType TpeOyeT MCIONb30BaHUS PA3IUYHBIX
TEXHOJIOTUI:

o Cencopsl u yerporictBa IoT: YcrpoiicTBa, Takue Kak JaTYUKH TEMIIEPATYPBHL,
BJIQXXHOCTH, 3arpsA3HEHUs] BO3AyXa, BHUJIEOKAMEpHI, JATUYMKHU IBUKEHUS U Ap.,
o0ecreunBaioT cOOp TaHHBIX B peaJbHOM BPEMEHHU.

o OoOunaunbie maardopmsel: g xpaHeHus U 00paOOTKU OOJBIIUX OOBEMOB
JaHHBIX, TOJYyYeHHBIX OT ycTpoiicTB [oT, ncnonb3yroTcst 0bauHbIe TEXHOJIOTHH,
KOTOpPBIE 00ECIeUnBAIOT JOCTYIMHOCTh JAaHHBIX U UX 0€30MacHOE XpaHEHHUE.
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Boabmme pannble W aHaauTuka: Jis aHanm3a COOpaHHBIX JTaHHBIX
UCTIOJNB3YIOTCS ~ aJTOPUTMbl  MAlIMHHOTO OOy4YeHHsI ¥  aHAIUTHYECKHUE
wIaTGOpMbl, YTO TO3BOJSET BBLIBIATH TEHICHIWW ¥ POTHO3UPOBATH
MOTPEOHOCTH ropoa.

5G-ceru: BricokockopocTHBIE MOOMIIBHBIE ceTH MO3BOISIIOT loT-ycTpoiicTBam
OBICTPO OOMEHUBATHCSI JAHHBIMHU, YTO KPUTUYCCKH BaXKHO JIJISI CBOCBPEMEHHOTO
pearupoBaHus Ha U3MEHEHUS B TOPOJICKO HHPPACTPYKTYPE.

4.3. Bo13oBbI 1 1podJiembl BHeapenus 1oT B ymubie ropoaa

Hecmotpss Ha MHOroumcieHssle npeumylnectBa, BHeapeHue [oT B ropoxckoe
IUTAaHUPOBAHUE COTPSIKEHO C PSAJIOM BBI30BOB:

KonduaenunanbHocts M 0e30MACHOCTh JAaHHBIX: YBenMueHue oObema
coOMpaeMbIX JaHHBIX MOXET IPUBECTH K Yrpo3aM yTedeK U KuOeparax.
HeoOxoauMpl yCuiIeHHbIE MEpbI MO 3allUTe JUYHON MHGOpMaluu U JaHHBIX
I10JIb30BATEIICH.

Nudpacrpykrypabie npodiembl: Bueapenune loT TpeOyeT 3HAUMUTETBHBIX
MHBECTHLIMM B MOJEPHHU3ALMIO TOPOJACKONH MHPPACTPYKTYPHI, YTO MOXKET OBITH
CJIOXKHO JIJI1 MHOTHUX TOPOJIOB, OCOOEHHO B Pa3BUBAIOIIMXCS CTPaHAX.
HNureponepadenbHocts  yerpoiicTB:  [IpoOiieMbl € COBMECTUMOCTBIO
pa3imuHbIX [0T-yCcTpOMCTB MOIYT IPUBECTH K CIOKHOCTSIM B HMHTETPALMMU U
CHI)KEHHUIO 3()(PEKTUBHOCTU CUCTEMBI.

4.4. IlepcnieKTUBBI PA3BUTHUSI YMHBIX T'OPOAOB € McoJb30BaHueM [oT

[lepcriekTrBBI CO3MaHUS YMHBIX TOPOJOB C HCHONb30BaHWEM TexHonorund [oT
BKJIFOYAIOT:

YcroituuBoe passurtue: lVcnonp3zoBanue loT ans MOHUTOpPMHra 3KOCHUCTEM
ropojia, yrpaBjieHUs dHEpPTUel U pecypcamu, YTO CIOCOOCTBYET YCTOMUMBOMY
Pa3BUTHIO U CHU)KEHUIO HEFaTUBHOTO BO3JECHCTBHS HA OKPYIKAOILYIO CPELy.
I'uOkocTh M aIANTHBHOCTH: YMHBIE Tropojaa OyayT CIOCOOHBI ONEPaTUBHO
aganTUPOBATbCS K M3MEHEHUSIM, TakKUM KaK HW3MEHEHHE KIMMaTUYECKHX
YCIIOBHM, MOTPEOHOCTEN HACEIEHHS U COLMATIbHO-3KOHOMUYECKHUX (DaKTOPOB.
Yaydumenue kauyecTBa :KU3HU: 3a CUET aBTOMATH3ALIMY YIIPABJIEHUS TOPOIACKON
uHPpacTpykTypoi u 3¢ (HEKTUBHOTO UCTIOIB30BAHUS PECYPCOB, KU3Hb B YMHBIX
ropojax ctaHeT 6osee KoMGpOPTHON U 6€30MaCHOM JIsl UX KUTEICH.

4.5. lIpumeps! yenemnbix BHeApenuid loT B ymHubIe ropoga

B mupe cymecTByroT yenenisbsie npuMepsl BHeapeHus [oT B ropoickoe nuiaHupoBaHue.
Hanpuwmep:

Cunramyp akTuBHO BHenpsieT TexHojoruu loT mms ynpamieHus Tpadukom,
MOHHWTOPHHTa Ka4yecTBa BO3JIyXa M BOJBL, a TakKke I YIydIICHHS
3Heprod3(pHEeKTUBHOCTH.
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o bapcenona wucnonezyer I[oT st ynpaBiaeHuss TOPOACKHM OCBELICHUEM,
MOHHUTOPUHIA YPOBHEW 3arpsi3HEHMS, a TAKXKE Ul YIy4IIECHHs] TPAHCIOPTHOMU
CETH.

« Huio-Mopk mnpumenser Ttexmomormu IoT amd KOHTPONS 3a COCTOSHHEM
JOPOKHOM MH(PPACTPYKTYpHI, @ TaKXKe IS ONTUMHU3ALMUU CUCTEMBI YIUIHOTO
OCBEIIICHMS.

5. O0cyxaeHue pe3yjbTaTOB

WNurerpannss MHTepHeTa Bemed B TOPOJICKOE IJIAHUPOBAHHUE OTKPBIBAET IIHPOKHE
BO3MOXKHOCTH I CO3JIaHUSI YMHBIX TOpPOJIOB, KOTOphIe OyayT Oojiee yCTONYMBBIMH,
3¢ deKTUBHBIMU U KOMGOPTHBIMU IS sku3HU. OJTHAKO yCTIeITHAs peanu3aius TaKux
IIPOEKTOB TPeOYyeT 3HAYUTENbHBIX HMHBECTHIMH, BHEIPEHUS HOBBIX TEXHOJIOTHI W
pa3paboTKu cTaHIapToB Oe3omacHOCTU. BaxkHO, 4TOOBI TOPOAA aKTUBHO padOTaIN Hall
pelieHrueM mpobseM 0e30acHOCTH JaHHBIX, a TaKKe pa3padaThlBalid CTPATETHM IS
o0ecrieyeHrss  YCTOMUMBOCTH  TOPOACKOM  MHQPacTpyKTyppl B YCIIOBHUSX
TEXHOJOTUYECKUX U3MEHEHU.

6. 3akiaoueHue

Co3naHre yMHBIX TOPOJOB C HCIIOIB30BaHWEM TeXHOJOrui loT sABisIeTCS BaKHBIM
11arOM B HaIIpaBJICHUU YJIYYIICHUs Ka4€CTBA )KU3HU TOPOKAaH U YCTOWYHUBOI'O Pa3BUTHS
ropoackoro xossucresa. Buenpenue [oT mo3Bonser onTUMHU3MPOBATH YIIPABICHUE
pecypcamu, YIy4IIUTh 3KOJIOTMYECKYIO CUTYalUMI0 U co34aTh Oosiee KOM(MOPTHYIO
cpeny miua npoxkuBaHusA. OpHako JUId yCHEHNIHOTO pa3BUTUS YMHBIX T'OpPOJIOB
HEO0OXO0IMMO MPEO0JI0JIETh PsiJl BBI30BOB, TAKMX KakK 3alllUTa JAHHBIX, BBICOKHE 3aTpaThl
Ha BHEJIPEHUE U MPOOIEMBbI COBMECTUMOCTH YCTPOUCTB.

Jlureparypa

1. Kypues, B. A. "UnrepHer Bemeit B ymMmHbIX Toponax". — M.: Hayka, 2021.

2. IImunr, P. M. "Pa3paborka u BHeapeHue [oT B ropoackyro uHGpacTpykTypy'.
— CII6.: ITutep, 2020.

3. Ilerpoa, JI. A. "TexHomormum yMHBIX TOpofoB u HMHTepHeT Bermiei".
ExarepunOypr: Ypanmai, 2022.

-72-



HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

YK-004.85

HUHTEJJIEKTYAJIBHOE YIIPABJIEHUE TIAPAMETPAMU
MUKPOKJINMMATA B HEHTPE OBPABOTKH JAHHBIX

MyparoB Apcenuit BuraabeBuy
cTyaeHT, OpeHOyprckuii rocy1apCTBEHHbIN YHUBEPCUTET
P®, r. OpenOypr

CemenoB AHaTtoJuuii MuxaiijioBuu

HAy4HBIA PYKOBOJIUTENb, KaHJ. TEXH. HAYK, TOIIeHT, OpeHOyprcKuii rocy1apCTBEHHBIH
YHUBEPCUTET

P®, r. Openbypr

AHHOTALMSA

CraTthsi MOCBSIIIIEHA TPUMEHEHUIO WHTEIUICKTYalIbHBIX CHUCTEM [JIsl yIpaBJICHUS
napameTpamMu MUKpOKIMaTa B ueHTpe o0padotku nanHbix (LIO/). PaccmaTtpuBatorcs
OCHOBHBIE aCIEKThI MOAACPKaHUSI ONTUMATIBHBIX YCJIOBHUH ISl paOOThl CEPBEPHBIX U
BBIYMCIIUTEIBHBIX CHUCTEM, a TaKXE BIMSHHE MHUKpPOKIMMAara Ha HAAEKHOCTb U
s pekTuBHOCTD PaboThl 000pynoBaHus. Ocoboe BHUMaHHUE YACICHO HCIIOIb30BAHUIO
texHosoruit uatepHera Beme (IoT), uckyccrsennoro unremiekra (Al) u mammHHOTO
OoOy4eHHs] HJii MOHUTOPUHTA M PETYJIUPOBAHUS TEMIIEPATYPHBIX M BIIAXKHOCTHBIX
MoKa3artesiel B pealbHOM BpeMeHU. OLIeHEHBI IPEUMYIIECTBA TAKUX PEIICHUI, a TAKXKE
BBI3OBBI, CBSI3aHHBIE C UX BHEAPECHUEM.

KuiroueBrble ci10Ba: HHTEIJIEKTYaIbHOE YIIPABICHUE, MUKPOKIUMAT, EHTP 00paboTKU
JAHHBIX, MCKYCCTBEHHBIN WHTEJUIEKT, WHTEPHET BEIleW, MaIIMHHOEe OOydYeHHe,
9HEprod3pHeKTUBHOCTD, CUCTEMbI OXJIAXKICHUS.

1. BBenenue

Lentpsl 06padoTku nanubix (LIO/l) sSBASIOTCA KPUTHYECKH BaKHBIMU OObEKTaMHU, T'I€
HEIPEPBIBHOCTh pa0OTHI U BHICOKAs MMPOU3BOAUTEIBHOCTh CEPBEPHBIX CUCTEM 3aBUCAT
OT yclIOBHM MHKpokiumata. HempaBuiibHas Temrmeparypa WM BIAKHOCTh MOTYT
NpPUBECTH K TeperpeBy OOOpYAOBaHUS, €ro HEUCHPABHOCTH WM CHUXXEHUIO
npousBoaAuTeNbHOCTU. [loaTOMy 3dexTuBHOE yrpaBnenune mukpoxiumarom B [{O/]
CTAaHOBUTCS BaXXHOU 3a7aueil Al o0ecrieueHus: CTaOuIbHOCTU pabOThl U yBEIMYCHHUS
cpoka ciyxObl obopynoBanus. B mocineaHee Bpemsi, ¢ pa3BUTHEM TEXHOJOTUH
Nurepuera Bemeit (IoT) u wuckycctBenHoro wuHTemiekta (Al), mnosBisiercs
BO3MO’KHOCTb BHEJIPUTh UHTEJUIEKTYaJIbHbBIE CUCTEMBI YIIPABIICHUS KIIMMATOM, KOTOPBIE
MO3BOJISIIOT ONTUMU3UPOBATH SHEPro3aTpaThl U MOBBICUTH HaiexKHOCTH LIO/1.
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2. lleab nccjieaoBaHus U 3aa4u

[lens wnccnenoBaHWsT — aHaIW3 NOPUMEHEHUS WHTEIUICKTYaJbHBIX CHUCTEM IS
ynpasiieHua mukpokiaumatom B LIO/] ¢ ucnonb3zoBanuem [oT u Al. 3agauu:

o OueHuTh BIUSIHUE MUKPOKJIMMATA HA pabOTy CEPBEPHBIX CUCTEM.

o PaccmoTrperp MeTOmBl  MHTEIUIEKTYaJIbHOTO  YIPABICHUS  IlapameTpamMu
MHKPOKJIMMATA.

o UM3yuntp BO3MOXHOCTH mpuMeHeHus texHonoruii loT m Al B cucremax
YIPaBJICHUS KJIUMATOM.

o PaccmoTpers mnpenmymiecTBa W BBI30OBBI BHEAPEHMS HWHTEIUIEKTYaJbHBIX
pemenuii B LIO/I.

3. MaTepuajibl 4 METObI

J{ns nccnenoBaHus UCMIOJIBb30BAIUCH METOJIBI CUCTEMHOIO aHAJINW3a U MOJICIIMPOBAHUS
nporeccoB, npoucxonsmux B I[OJ], a Takke METOABl MAIIMHHOTO OOYYEHHS MJis
ONTUMU3AIMUA YIPABICHUA TEMIEPATypOl M BIAXHOCTHIO. B aHanm3 BKIIOYEHBI
MPUMEPHI PEATBHBIX BHEJIPECHUN HWHTEIUICKTYAJIbHBIX CHUCTEM YIIPABJICHUS B LEHTPHI
00pabOTKH JTaHHBIX.

4. Pe3yabTaThl HCCICI0BAHUS
4.1. 3navyenue MukpokJnMara s pynkuuonuposanus O/

MukpokiuMar B IEHTpe 00paOOTKU JTaHHBIX BKJIIOYAET B ceOsl TaKUe MapaMeTphl, KaK
TeMIepaTypa, BIaXXHOCTb U YPOBEHb 3arpsA3HEHUs] Bo3ayXa. ONTUMAaJIbHBIE YCIOBUS
JOJKHBI 00€cTieunBaTh CTAOMIILHYIO pabOTy CEpPBEPOB, MIPEAOTBpAIIaTh UX MEPETPEB, a
TaKXe CIocOOCTBOBATh JIOJITOCPOYHOM OKCIuTyaTanuu obopynoBanus. I[leperpes
CEPBEPOB MOXKET MPUBECTU K COOSIM B paboTe, a TaKKEe 3HAYUTEIHHO COKPATUTH CPOK
CITy>KObI KOMIIOHEHTOB. Kpome Toro, nmojajepkaHnue mpaBUIbLHOTO YPOBHS BIIaXKHOCTH
BAXXHO JUISl MPEIOTBPAILCHHUS HAKOIUJICHUS CTAaTUYECKOTO JJIEKTPUYECTBA, KOTOPOE
MOKET MOBPEIUTH 000PYIOBAHUE.

4.2. MeTtoas! ynpasjaeHuss MUKpokaumaTom B LHO/L

TpagunmonHo ymnpasieHne Mukpoxkimmatom B L[O/[ ocymecTtBiseTcs ¢ MOMOIIBIO
CUCTEM KOHJIULIMOHUPOBAHUS, BEHTWIISILAN U OXJaxAeHUsA. OHAKO 3T CUCTEMBI YaCTO
ABJISIFOTCS. DHEPTOEMKMMHU M MOTYT HE OBITh ONTUMAJIbHBIMU ISl PA3JIMYHBIX YacTen
O/, rne moryt ObITh pa3Hble TpeOoBaHMs K Temneparype. COBpeMEHHbIE CUCTEMbI
YIPaBJIEHUS MPEANOIaraloT MUCIOJIb30BaHUE JATYMKOB JJII MOHUTOPUHIA COCTOSHUS
MHKPOKJIMMATa B PEAJIBHOM BpPEMEHM W aBTOMATHYECKYI0 HACTPOMKY IapamMeTPOB
KOHJUMIIMOHUPOBAHMS U BEHTWJIALIMK B 3aBUCUMOCTH OT Harpy3Ku Ha 000pyJ0BaHUE.
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4.3. UHTeUIeKTYaIbHbIE CHCTEMBbI YIIPaBJeHus ¢ ucnoyab3oBanuem [oT u Al

Hcnons3zoBanue [0T 1 HCKYyCCTBEHHOTO MHTEIJIEKTA MO3BOJISIET 3HAYUTEIBLHO MOBBICUTD
s dextuBHOCTS, ympaBneHuss kiaumatom B I1[OJ[. HekoTtopeie wu3 KIFOYEBBIX
TEXHOJIOTUU:

o loT-paryuku: VMcnonb3yroTcs AJii MOHUTOPUHIA TEMIEPATYpPhl, BIAXHOCTU U
3arpsA3HEHUs BO31yXa. /laHHbBIE C JATYMKOB MTOCTYNAOT B [ICHTPAIBHYIO CUCTEMY
YIPaBIICHHUS], TJ1€ OHU aHAJM3UPYIOTCS JUIsl IPUHATHS PEILICHNAMN.

o Al u mammHHOe oO0y4eHue: AJNTOPUTMBI MAIIMHHOTO OOYYEHHS MOTYT
AHAJIM3UPOBATh TOJIyYEHHBIE JAaHHBIE M MPOTHO3UPOBATH W3MEHEHHS B
MHKPOKJIMMATE HA OCHOBE aHAJIN3a UCTOPUYECKUX JAHHBIX U TEKYIIUX YCIOBUMU.
OTO TO3BOJISIET CHCTEME aJalTHUPOBATHCA K HM3MEHSAIOIIMMCS YCIOBUSM U
MPEe/ICKa3bIBaTh BOZMOXKHBIE COOH.

o AJanTHBHBIE CHCTeMbl OXJiaxaeHusi: Ha ocHoBe COOpaHHBIX [aHHBIX H
nporHo3a Al, CUCTEMBI OXJIQXKIEHHSI MOTYT aBTOMaTHYECKH ITOJACTPANBATHCS MO
M3MEHEHUsl B Harpy3Ke cepBepoB, oOecrieunBasi HEOOXOAUMYIO TeMIepaTypy U
BJIAXKHOCTH B pa3nuuHbIx yactax [O/I.

4.4. llpeumy1iecTBAa MHTEIEKTYAJIbHBIX CHCTEM YNIPABJIEHUS MUKPOKJIMMATOM

o JHepro3pPpeKTUBHOCTD: HNHTemnekTyanbHbIe CHUCTEMBI IIO3BOJISIFOT
ONTUMHU3UPOBATH UCIIOJIB30BAHNUE SHEPTUH, TaK KaK CHUCTEMa OXJIaXeHUs OyIeT
paboTaTh TOJILKO IIPU HEOOXOAUMOCTH, B 3aBUCUMOCTH OT PEabHBIX YCIOBUM.

o TloBbllIeHHUE HAMEKHOCTH: 32 CUET JUHAMUYECKON PEryJIMPOBKHU TEMIIEPATYPbI
Y BJIIAKHOCTH yAA€TCS MPEeAOTBpaIllaTh MEPErPEB CEPBEPOB U CHMKATh PUCK HX
BBIXO/Ia U3 CTPOS.

o CHMkeHHMe HKCIUIYaTAIMOHHBIX 3atpar: HHTemnekTyanbHOE YNpaBieHUE
MO3BOJISIET MHUHUMM3UPOBATh MOTPEOJICHUE DHHEPTMM U PECypcoB, UTO
3HAYUTEIBLHO CHUXKAET OTIEPAI[MOHHBIE PACXO/IbI.

e YcroiiumBocth K wu3MeHeHussM: Cucrembl Ha 0Oase Al cnocoOHBI
MPOTHO3UPOBATh BO3MOXHBIE W3MEHEHUS] B HArpy3ke W MHUKPOKIMUMATE, 4TO
MO3BOJISIET 3apaHee TMOJATOTOBUTHCS K TMOTCHIMAIBHBIM HW3MEHECHUSIM U
MpeoTBpaIiaTh UX HEraTUBHbBIC MTOCIEACTBUS.

4.5. Bp130BbI M IP0O0JIeMbI BHEAPEHUS HHTELJIEKTYAJbHBIX CHCTEM

HecMoTpss Ha sBHbIE MNpPEUMYIIECTBA, BHEAPEHUE HWHTEJUICKTYaJbHBIX CHCTEM
yrpasiieHus: MuKpoksiimmaToMm B LIO/] conpsizkeHO ¢ HECKOJIBKUMU BbI30BAMMU:

« Bbicokas croumocTs BHeApeHus: HauanbHbIe 3aTpaThl HA YCTAHOBKY CHCTEMBI
[oT, naTunkoB 1 cepBepoOB 17151 00PaOOTKU JAHHBIX MOTYT OBITh 3HAYNTEIIHHBIMH.

o HeoOxoaumocTs 00yueHusi nmepconasa: s >3pPeKTUBHOIO HCIOJIB30BAHUS
TaKUX CcHUCTeM Tpelyercss oOydeHHe COTPYAHMKOB, YTO MOKET MOTpeOOBaTh
JOTIOJTHUTENBHBIX PECYPCOB.
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o IIpoGaemsbl ¢ nHTerpaumei: MIHTErpaius HOBBIX HHTEJUICKTYIBHBIX CUCTEM C
YK€ CYIIECTBYIONIUMH CHUCTEMaMH YIPAaBICHUS W OOOPYIOBAaHHUEM MOXKET
BbI3BAaTh TPYAHOCTH.

o 3ammTa DaHHBLIX M KuOepOe3omacHocTh: Vcronp3oBanue [oT u Al TpeOyet
HAJISKHBIX MEp 0€30MaCHOCTH JJISl 3alUThI TaHHBIX, TIEPEIaBACMBIX B CUCTEME
yIpaBJICHUS.

4.6. IlepcnekTMBBI Ppa3BUTHSI W HWHHOBAUMM B 00J1aCTH  yIPaBJIEHHS
MHUKPOKJIUMATOM

Bynymiee nHTEIIEKTYalbHBIX CUCTEM yIipaBiieHus: MUKpokiauMaroM B 11O/] cBsizaHo
JanpHeMmuM  pa3zButueMm TexHonorut loT w wuckyccTBeHHOro wuHTEmekra. B
MEPCIEKTUBE IUIAHUPYETCS YIIYUIICHHE aJTOPUTMOB MAIIMHHOTO OOYy4YeHHUs, YTO
MO3BOJUT Oo0Jiee TOYHO MPOTHO3WPOBATh HM3MEHCHHS B MHKPOKJIMMATE. Takke
BO3MOJKEH Iepexoi K 0ojiee MHTErPUPOBAHHBIM M aBTOMATHU3HPOBAHHBIM CHCTEMaM,
KOTOpBIC OYIyT aBTOMAaTHYECKH aJIalITUPOBATHLCS K U3MEHEHUsIM He Tobko B 1O/, HO
U B €r0 OKPYKCHUU.

5. 3akaouenue

NHurennekrtyanbHoe ynpasineHue Mukpokaumarom B IO/l ¢ wucnosb3oBaHuEM
texHosioruit [0T U MCKYCCTBEHHOTO MHTEIUIEKTa MPEACTaBIseT co00i d(PpPpeKTUBHBIN
croco0 obecreueHus CTabuiIbHOM PabOThI CEPBEPHBIX CUCTEM, CHUKEHUS SHEPTO3aTpaT
U TIOBBIINICHUS] HAJACKHOCTH 00OpynoBaHusi. BHenpeHue Takux CHUCTEM IO3BOJIUT
CYLIECTBEHHO YIYYIIWTh 3KCIUTyaTalMoHHble xapaktepuctuku L1OJl, HecMoTps Ha
BBI3OBBI, CBA3aHHBIE ¢ MX peanu3anued. B OyayiieM MOXHO OXUIATh JajbHeiIee
COBEPIIICHCTBOBAHUE JTHX TEXHOJOTHH, 4YTO TMPHUBENET K ele 00yiee BBICOKUM
nokazatesisiMm 3 eKTUBHOCTH.

Jlureparypa

1. Usanos, I1. C. "UuTemnekTyaabHble CUCTEMBI YIIPaBJICHUS B IIEHTPax 00pabOTKu
naHHbIX". — M.: Dueprus, 2021.

2. CumopoB, A. B. "Hcnomb3oBanue IoT B ympaBieHUHM MHKPOKIUMATOM:
coBpemenHble TeHaeHuun". — CII6.: Hayka, 2020.

3. Ilerpoa, JI. A. "Al B ynpaBnenuu wunppactpykrypoit LIOJl: BBI3OBHI u
nepcrnekTuBbl”. — ExatepunOypr: Ypanmari, 2022.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIIK-631.1

HUCIHOJB30BAHUE BECIIUJIOTHBIX JIETATEJIBHBIX AIIITIAPATOB B
CEJBCKOM XO3SIMCTBE

bopoaun Urnat BagumoBuyu
CTYJIEHT, benropoAackuii rocy1apCTBEHHBIN arpapHbiii yHuBepceuteT uM. B.A. ['opuHa,
P®, r. benropon

HoBuuknii Anexkcanap CepreeBuy4

Hay4YHBI pYKOBOJMTEIb, TOLEHT, benropoackuii rocy1apCTBEHHBIN arpapHbIN
yHuBepcuteT uM. B.S. ['opuna

PO, r. benropon

AHHOTALMSA

CraTbsi IOCBAIIIEHA MPUMEHEHUIO OECWIOTHBIX JieTatesbHbIX amnmaparoB (BIIJIA) B
CEJIBLCKOM XO3SIIICTBE, HUX BO3MOXHOCTSM JUIsi TMOBBIMIECHUS S(P(HEKTUBHOCTH U
YCTOMYMBOCTU arpapHoOro IpOU3BOJICTBA. PaccmaTpuBarOTCS OCHOBHBIE 00JacTH
npuMeHeHus: BIIJIA B celbckOM XO3SIMCTBE, TaKWE€ KaK MOHUTOPUHI COCTOSTHUS
MIOCEBOB, YIPaBIEHUE OPOIIIEHUEM, OOpKOa C BpeAUTENsIMU U 3a00JI€BaHUAMHU, & TAKKE
cOOp [MaHHBIX JUIs aHalu3a ypoxaWHOCTH. OILIEHEHbl MEepPCIEeKTUBBI Pa3BUTHS
TEXHOJIOTHI OECIHIIOTHBIX CHUCTEM B arpoCEeKTOpPE M UX BIIMSAHHE Ha TOBBIINICHUE
MIPOU3BOJIUTEIIBHOCTH, COKpAall€HHWE 3aTpaT W MUHHUMM3ALMI BO3JCHUCTBUS HaA

OKPYXAaIOILYIO Cpeay.

KiaroueBble cjaoBa: OeCIMIOTHBIC JIETATEIbLHBIC arraparbl, CCEJIbCKOC XO3HﬁCTBO,
MOHHUTOPHHI', OPOLMICHUEC, AIPOTCXHOJIOTHH, YCTOﬁqHBOG pPa3BUTHUC, TOUYHOC 3EMJICACIINC,
APOHOBBIC TCXHOJOTHUH.

1. BBenenue

COBpEMEHHOE CEIBCKOE XO3SIMCTBO CTAJIKHUBAETCS C PAIOM BBI30OBOB, TAKUX Kak
HEO00XOJIMMOCTh YBEIUUYEHHUS TPOU3BOJICTBA MMPU OTPAHUUYEHHBIX IPUPOJIHBIX pecypcax,
O0opb0a C HW3MEHEHHMEM KJIMMaTa M TOBBIIIEHWE TPEeOOBaHUN K SKOJOTMYHOCTH
mpoiieccoB. B oTBET Ha 3TH BBI3OBBI, OeCMIOTHBIC JieTarenbHble anmnapatsl (BI1JIA)
CTAaHOBSITCS HEOTHEMJIEMBIM HWHCTPYMEHTOM Il TOBBIMICHUS d(PPEeKTUBHOCTH
arponpon3BojcTBa. BIIJIA mo3BONSIOT cOOMpaTh JaHHBIE C BO3AyXa, MPOBOIUTH
MOHUTOPUHT TIOCEBOB, YJydlllaTh METOJbl 0OpaOOTKH 3eMJIM U OPOIICHUS, a TAKKe
BBINIOJIHATH APYTHUE 3a7a4H, KOTOPbIE TPAAUIIMOHHBIE METO/IbI HE MOTYT PELIUTD C TAKOU
K€ TOYHOCTHIO U SKOHOMHUYHOCTHIO.
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2. lleab nccjiea0BaHus U 3aa49H

Henp uccnenoBanusi — aHanu3 npumeHeHus BIIJIA B cenbCKOM XO3sICTBE ISt
NOBBITIEHUS Y(PPEKTUBHOCTU U YCTOMYMBOCTH arpapHOro Mpou3BOJICTBA. 3a1auu:

PaccmoTtpeTs obnactu npumenenust BITJIA B cenbckom Xo3siicTBeE.

OueHuTh TMpeuMyllnecTBa W HEAOCTATKH  MCIOJb30BaHUS  OECHMIOTHBIX
TEXHOJIOTUH B arpOCEKTOPE.

HccnenoBars nepcenekTuBsl ucnonb3oBanus bIIJIA s pemeHns akTyalbHBIX
Ipo0JIeM CeJIbCKOTO XO3SiCTBa.

3. MaTepuajibl 4 METObI

JIns aHanM3a KMCHOJIB30BAJIMCh MaTe€pualibl COBPEMEHHBIX HCCIEHOBAHUM, a TaKXKeE
MpaKTUYecKue npumepbl ucronap3oBanuss BIIJIA B cenbckom xo3sicTBE. MeTOnBI
BKJIFOYAIOT CUCTEMHBIN aHAJIN3 TPUMEHSAEMBIX TEXHOJIOTUNA U MOJIEJIE MOHUTOPHHTIA, a
TaKxke aHan3 A(QPEKTUBHOCTH MPUMEHEHHUS OCCIMIOTHBIX aIlllapaToB JJis Pa3IMUYHbIX
3a71a4 B arponpOU3BOICTBE.

4. Pe3yabTaThl HCCICI0BAHUS

4.1. OcHoBHbIe 001acTH npuMeHeHus1 BIIJIA B cesibckoM xo3s1licTBe

MonuTopunr moceBoB: BIIJIA MoryT wHcmosib30BaTbCsl UIsl PETYJSPHOIO
MOHUTOPHUHIA COCTOSIHUS ITOCEBOB C MOMOIIBIO KaMep BBICOKOW pa3peliaronieit
CIIOCOOHOCTH U MH(PPAKPACHBIX ATYMKOB. DTO MO3BOJISIET BBISIBISITH MPU3HAKU
3a00s1€BaHUM, HEXBATKY BOJIbI MJIM MUTATEIBHBIX BEIIECTB, a TAKKE OMPEIEIATh
TOYHBIE YYACTKH, TPEOYIOIINE BMEIIATEIbCTBRA.

Opouenne: J[poHbl MOTYT OBITh MCIIOJB30BAHBI IS TOYHOTO paclpeeIeHUs
BOJBI TIO TOJSIM, YTO OCOOCHHO Ba)KHO B YCJIOBHSIX OTPAHMYEHHBIX BOJHBIX
pecypcoB. B3anmopelcTBue € CHCTEMAaMU YMHOTO OpOUICHHS TTO3BOJISET
ONTUMHU3UPOBATH BOJONOTPEOICHNE U CHU3UTh 3aTPaThI.

Oo0padorka moJieit: BIIJIA Takke MOryT ObITb OCHAIIEHBbI CPEACTBAMU IS
00pabOTKM pacTeHU, TAKUMH KaK PACIbUIATENN 1J11 BHECEHUS YI00peHUN Win
MEeCTUIIMAOB. DTO 3HAYUTEIILHO COKpaIllaeT BpeMs U YCUJIUSI, HEOOXOUMBbIE JIJIsi
BBITIOJTHEHUS TAKUX OTEpaIlii, a TAK)Ke MOBBIIIAET TOYHOCTh UX BBITIOJHEHHUS.
Ouenka ypoxkaiiHocTu: C nmomonisio BITJIA M0XHO OBICTPO M TOYHO OLICHUTH
COCTOSIHUE YPOKasi, YTO ITOMOTaeT MPUHUMATh 00Jiee 000OCHOBAHHBIE PEIICHUS O
cpokax coopa u MeTojiax oOpabOTKH.

4.2. llpeumymecra npumeHeHusi BIIJIA B cesibckoM xo3s1iicTBE

YBenueHue TOYHOCTH arpoHoMuuyeckux meponpusituii: BITJTA no3Bosstor
IIPOBOAUTL TOYHBIA MOHHUTOPHHI COCTOSIHHS IIOCEBOB M ONTHUMHU3UPOBATH
arpOHOMMYECKHUE MPAKTUKU. DTO BEJET K IMMOBBIIEHUIO YPOKaWHOCTH M KAUECTBY
CEJIbCKOXO03SIMCTBEHHON MPOIYKIIMH.
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o CHuxenue 3aTpat: BIIUIA 1o3BOJSIOT CYIIECTBEHHO COKPATUTh TPYA03aTPAThI
U BpeMs, HEOOXOAUMOE Il BBIIOJTHEHHUS psAla OIepanuid, TakuX Kak
ONPBICKMBAHUE U KOHTPOJIb 32 COCTOSIHUEM PACTCHUMU.

o CHmkeHHe BO3IeHCTBMS HAa OKpYyxKawiyw cpeay: brarogapss TouHOCTH
MPUMEHEHUSI YJI0O0peHuil W mecTuiuoB ¢ nomonisio BIIJIA cHmxkaercs ux
oOmuii pacxoj, 4TO CIOCOOCTBYET CHUKCHHUIO XMMHUYECKOTO BO3JCUCTBHS Ha
OKPYXaIOUIYIO Cpeny.

o IloBblmeHue ckopocTH 00pPadOTKU: B oTiMuMe OT TpaAUIIMOHHBIX METOJIOB,
ucronb3oBanue BITJIA 1mo3BOJIIET YCKOPHUTH BBHITIOJHEHHE PabOT, TaKUX Kak
MOHUTOPHUHT TI0JIeH, 00paboTKa U OpOIICHHE.

4.3. Henocratku u Bb130BbI BHeApeHusi BIIJIA B cesibckoe X0351iiCTBO

o Bpicokue HayaabHbIe 3aTpaTbl: HecMmoTps Ha cHmxkeHne neH Ha bIUIA, ux
BHEJIpeHHE TpeOyeT 3HAUNTEIbHBIX THBECTULIUNA B 000pYyI0BaHUE, IPOTPAMMHOE
obecrieueHre U 00yUeHHE MepcoHara.

o IIpoOaemsbl ¢ peryasinueii: B HEKOTOpBIX CcTpaHaxX HCIIOJIB30BAaHUE JIPOHOB B
CEJIbCKOM XO34KMCTBE OTPAaHMYEHO 3aKOHOAATEJIBCTBOM, YTO MPEMATCTBYET HX
IIMPOKOMY PaclpOCTPAHECHHUIO.

+ Heo0xoanMocTh B 00yUeHUH U TeXHUYeCKOi nopaepxkke: /s sapdexruBHOro
ucnonb3oBaHus bBIIJIA Heo0X01uMO 00YyYUTh ArPOHOMOB M OIIEPATOPOB, & TAKKE
00€CreunTh TEXHUYECKYIO MOIIEPKKY Il OOCITYXUBaHHS JAPOHOB U HX
CEHCOPOB.

o Ilorpanuunbie yCJI0BHSI IKCIUIyaTanuu: B ycIoBUSX HENpeaCcKa3yeMbIX
MOTOAHBIX YCIOBUM, TAKUX KaK CHJIbHBIN BETEp WUJIU JOK/b, APOHOBBIE CUCTEMBI
MOTYT ObITh MeHee A (DEKTUBHBIMU WIH JIaxke HEPAOOTOCTIOCOOHBIMHU.

4.4. IlepcnexkTusbl ucnoab3oBanus BIIJIA B ceqbckoM xo3siiicTBe

Bynymiee npumeneHust 0€CMIOTHBIX JIETaTEIbHBIX alapaToOB B CEIHCKOM XO3SMCTBE
CBSI3aHO C Pa3BUTHUEM TEXHOJOTHUW aBTOMATHU3allMHM, UCKYCCTBEHHOTO HMHTEJUICKTA U
MHTEepHeTa Bemer. Oxuaaercs, 4YTo C Pa3BUTHEM MCKYCCTBEHHOTO WMHTEJICKTA U
MaIlIMHHOTO O00Yy4YeHUsI APOHBI OyAYT CHOCOOHBI Ha OCHOBE COOpaHHBIX JAHHBIX HE
TOJBKO MPOBOJWUTh MOHUTOPHHI, HO M NPUHUMATh PEIIEHUS MO ONTHUMHU3ALNU
arpoHOMHYECKUX TpakTuk. B Oymymem Bo3mokHa unterpanus BITJIA ¢ apyrumu
TEXHOJIOTHSIMH, TaKUMH Kak POOOTH3WPOBAHHBIE CHUCTEMBI JUIsi cOOpa yposkas, 4To
MMO3BOJINT aBTOMATU3MPOBATh MPAKTUYECKHM BCE OTallbl CEIbCKOXO03SI1CTBEHHOTO
Ipo1ecca.

5. 3akaouenue

Hcnonp3oBaHne OECHWIOTHBIX JIETATENBHBIX alllapaToB B CEIBLCKOM XO3SHCTBE
OTKPBIBAET HOBBIE BO3MOXXHOCTH ISl TIOBBITIICHUS d(PGEKTUBHOCTH U YCTOWYUBOCTH
arporipousBojctBa. IIpumenenune BIIJIA mno3BonsieT TOYEYHO KOHTPOJUPOBATH
COCTOSIHHE TIOCEBOB, ONTHUMH3UPOBATh CHCTEMBI OPOIICHHUS M OOpaOOTKU, a TaKkKe
CHIKATh BO3JEHUCTBUE CEINBCKOTO XO35MCTBA HA OKPYKAIOIIYIO CPENY.
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HecMoTpsi Ha BBI30OBBI, CBSI3aHHBIE C BBICOKMMHU 3aTpaTaMd U HEOOXOJUMOCTHIO
pa3pabOTKN HOPMATHUBHOM 0a3bl, MEPCIEKTUBBI BHEAPECHHS OSCITUIOTHBIX TEXHOIOTHMA
B arpoCEKTOpe KaXyTCs BeChMa IPHUBIEKATEIBHBIMA M OOCMIAIOT 3HAYUTEIHHBIC
AKOHOMUYECKHE U IKOJIOTUYECKHUE ITPEUMYIIIECTBA.
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