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HNCCIEJOBAHUE NPOBJEMbBI CBOPKU BETPAKOB:
AHAJIN3 U PEIIEHUSA

A.b. Aoenos, B.B. Kupunnos

AHHOMauyusi. PaccMOTpeHbl TeXHWYeckue, IKONOormyeckme u SKOHOMUYECKME acnekTbl C60pKVI BETPOYCTaHOBOK,
npeanaratTcA MWHHOBAUMOHHbIE MeToAbl WM TexXHoNorun Ana ontuMmsaumm  3TOoro  npouecca. MCCJ'IG,D,y}OTCFI
I'IpOGJ'IeMbI, CBfA3aHHble C npoLleccom C60pKVI BETPSIKOB. NPOBEAEH aHanu3 BblSBIIEHHbIX NPENATCTBUNA U pa3pa60TKM
Sdr')q)eKTI/IBHbIX peLIJeHVIIh no uX YCTpaHeHuto, BKI4Yaa TexHU4ecCckne HeCOOTBETCTBUA, IKOJIOrM4yeckme BOMpPOChl
N pMHaHCOBbIE OrpaHnN4eHus. Pana6OTaHbI npakTuyeckne pekoMeHgauun Ans nosbieHns apdeKTUBHOCTM aTana
MOHTaXa BEeTPO3HepPreTu4eCknx YCTaHOBOK. PesyanaTbl ncenenoBaHna MoryTt ObITb NoONe3Hbl Ans n0Tpe6|/|Tenel7|,
MCNonb3yrLunx BO30OHOBMSIEMbIE UCTOYHMUKM 9Heprnu, a Takke crneuuanucTam AN NpUHATUA pelleHuin B cdepe
yCTOIZLII/IBOFO Pa3BUTUA BETPOIHEPIETUKN.

Kroyesble crioea: cbopka BeTpsikoB; 3(PPEKTUBHOCTb BETPOYCTAHOBOK; WMHHOBALMOHHbIE METOAbI peLleHus;
BO30GHOBNSIEMble UCTOYHUKY SHEPTUN; YCTONYMBOE pa3BUTUE.

IMAMAJI TYPBUHACBIH UOT'YJITYY KOUT'OMYH U3NJI100:
TAJJ00 KYPI'Y3YY ’KAHA YEUYY

A.b. Aoenos, B.B. Kupunnos

AHHOmauyusi. Makanaga waman TypOuHacbiH YOrynTyyHYH TexHWKanblK, 3KOMOMMAMbIK >KaHa 3SKOHOMMKarbIK
acnekTunepu kapanbin, Gyn npouLeccTy onTUMangalThipyy YYYH MHHOBaUMSINbIK bIKManap xaHa TexHororusinap
cyHywTanraH. LWaman Typ6rHanapbiH YOrynTyy npoueccy MeHeH GaiinaHbillkaH Keirennep U3ngeHreH, aHblkTanraH
TOCKOoOonAyKTapra Tangoo OKYPrysynyn,  aHblH MYMHAE TeXHWKanblk binanbik  KenbecTukTepam, 3SKONormsinbik
Macenenepam xaHa yHaHChINbIK YekTeenepay YeTTeTyy GotoHYa HaTbikanyy Yeuumaep MwTenun ublkkad. LWaman
3HEpPreTKacbiHbIH OPHOTMOMOPYH MOHTaXO00 GacKbIYbIHBIH HaTbIXanyynyryH oropynatyy GotoH4Ya npakTukanbik
CYHYLUTap MLITENUN YblKTbl. VI3UAGEHYH XblbIHTbIKTapbl SHEPrUsHBIH Kaiipa kapanyydy GynaktapbiH nanganaHyyyy
KepekTeeuyrnep y4yH, OLLOHON ar1e Lwamar SHEepPrusiCbiH TYPYKTYY OHYKTYPYY XaaTblHAa Yeuynm kabbin anyydynap yqyH
nanganyy 6onyLy MyMKyH.

TylyHOyy cesdep: waman TypOuHaCbIH YOrynTyy; waman TypbuHanapbiHbiH 3deKTUBAYYNYTY; MHHOBALMANbLIK Yeuyy
blKManapbl; 3HEpPrusiHbIH Kanpa xxapanyydy 6ynakrapbl; TYPYKTYY ©HYryy.

INVESTIGATION OF THE PROBLEM OF ASSEMBLING WIND TURBINES:
ANALYSIS AND SOLUTIONS

A.B. Adenov, V.V. Kirillov

Abstract. This article is a study of the problems associated with the wind turbine assembly process, with the main
focus on analyzing the identified obstacles and developing effective solutions. Here | have considered technical,
environmental and economic aspects of wind turbine assembly, suggesting innovative methods and technologies to
optimize this process. The results of the study can be useful for people interested in the field of renewable energy as
well as for decision making in the field of sustainable development. The study analyzes the challenges encountered in
wind turbine assembly, including technical inconsistencies, environmental issues, and financial constraints. The study
aims not only to identify difficulties in the assembly process, but also to provide practical recommendations to improve
the efficiency of the assembly phase of wind turbines.

Keywords: assembly of wind turbines; wind turbine efficiency; innovative methods solutions; renewable energy;
sustainable development.
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B coBpeMeHHOM MHpe BETPSIKH SBISIOTCS OAHUM U3 3P (HEKTUBHBIX M HKOJIOTMYECKH YHCTHIX HCTOUHHKOB
sHepruu. OIHAKO NpoLecC BHEAPEHUS BETPSIKOB MOXKET CONPOBOXKIATHCA PSIIOM POOIEM, 3aMeISIOIINX UX
MaccoBO¢ BHEJpEHHE. B cTaThe paccMOTpEHBI OCHOBHBIE MTPOOIEMBI, KOTOPBIC BCTPEUAIOTCS TIPH BHEAPCHUN
BETPSIKOB, NPEAJIOKEHbI BO3MOXKHBIE MyTH UX peuieHus. Oouryro npodieMy cOOpKH MOXKHO Pa3ioKHTh Ha
IISITh OCHOBHBIX KPUTCPHEB:

1. TexHOJIIOTHYECKUE CIOKHOCTH.

2. IlpoGnemsl ¢ MaTepHaIaMu.

3. TpancnopTupoBKa U cOOpKa Ha MECTe.

4. DKo0ruuecKye BOIpOCHI.

5. DPPEeKTUBHOCTH U MPOU3BOAUTEIEHOCTD.

Texuonozuueckue cnodycrocmu. I1pobIeMbl TEXHOIOTHUCCKUX CIOKHOCTEH MpH cOOpKE BETPSKOB Ha-
CTO CBSI3aHBI C UCIIOJIb30BAHHMEM HWHHOBALMOHHBIX TEXHOIOTUN. IH)KEHEephI CTAIKUBAIOTCS C BBI30BaMU B 00-
nactu 00y4YeHHUs ¥ BHEIPEHUSI HOBBIX METOHOB cOOpKH. OCHOBHOII pobieMoii 31ech sBisieTcs AeuuT ¢pu-
HAHCHPOBAHUS UCCIIEIOBATEIBCKUX POEKTOB CO CTOPOHBI FOCY/IapCTBa.

Ipumep. DKCTpEeHHAs CUTYAIUs: BAM CPOYHO HY)KHO OOJIbIIIE OTHOPA30BbBIX MOATY3HUKOB. BhI camuTech
B MalllMHy W BEpHTE, UTO Balla moe3nka Oyaer Oe3omacHoii. bnaronapss GPS Bamero tenedoHa U MUKpOUH-
mmaM, KOTOpBIC UM YTPaBIISIOT, BBl ONpeenseTe, Kak ObIcTpo Ao0parhes 10 MarasuHa. Kaxelif mar B 3ToM
IpoIiecce — 3TO JaHb YBaXCHUsI YHUBEPCUTETAM, HCCIICA0BATEISIM, CTYICHTAM U (peepabHON (PHHAHCOBON
noanepxke CIIA, 6rarogapst KOTOpOH 3TH MPOXYKTHI M TEXHOJIOTHH ObUTH BHEAPCHBI B )KU3HB BCETO 00IIIe-
CTBA U KaXKJIOTO 4YeJIOBEKa, B YACTHOCTH.

ITo HEKOTOPBIM MOZICUETAM, TTOYTH JIBE TPETH TEXHOJIIOTHH, OKa3aBIINX HanOoOJIee CYIIECTBEHHOE BO3ACH-
CTBHE Ha Pa3BHTHE OOIECTBEHHBIX OTHOMICHUH 3a mocienuue 50 yiet, ObUTH CO3MaHbl B pe3yibTare (hHHaH-
cupyeMbIx u3 ¢eaepansaoro Oromxera CUIA mcenenoBanuii U pa3paboTOK B HAMOHAIBHBIX Ta00paTOPHIX
U UCCIIEIOBATEIbCKUX YHUBEPCUTETAX.

PesynbraThl THX WHBECTHIIMN MPOSBIWINCH B OSCUMCIICHHBIX aCIEKTax Halled MOBCEIHEBHOMN KHU3HH.
Hanpumep, cets MHTEpHET, KOTOpasi MO3BOJISIET OBICTPO HAXOAUTH BCIO HEOOXOIUMYIO MH(POPMALUIO, TaKKe
o0s[3aHa TOJIApOBBIM BIMBaHMAM M3 (enepanpHoro Oromkera CLIA. MunncrepcerBo obopons! CIIA mon-
JIepXKaJlo YCTAaHOBKY IEPBOI0 y3Jla KOMMYHUKalMoHHOM cetu non HazBaHueM ARPANET B Kamudopuuii-
ckoM yHuBepcurere B Jloc-Anmxkenece eme B 1969 roay.

Kpome Toro, HeoOxoauMoe (PHHAHCHPOBAHUE MOYKHO MOJXYYUTHh M OT YACTHBIX JIUI], HO JUIS ITOTYYICHUS
MOAOOHBIX TPAHTOB TPeOyeTcsl MMETh IEPBUUYHBIC MPAKTUICCKUE HApAOOTKN ¢ OM3HEC-TUIAHOM BHEAPCHUS
MIPOEKTa U CPOKOM OKynaeMocTH He 6onee 5—10 jer.

B KsIpreizcrane e, HOMHUMO CIOKHOCTH B NMOHMCKaX (pUHAHCHPOBAHUS Ha COOPKY TECTOBBIX 00Pa3IoB,
WH)KEHEP CTaJKHBACTCS M C YOBITOUHOU TapU(pHUKALIUCH DIEKTPOIHEPTHHU, YTO JeNacT 00y WHHOBALIUIO
SKOHOMHUYECKHN HEBBITOJIHOM, a BCIo sHeprocuctemy KP — crarnupyromieit.

CornacHo uctounuky [1], B 2024 rogy ¢uHaHCUpOBAaHHE CEKTOpa SHEPreTUKU YBEIHYUTCS BIBOE.
[To manupIM MunnCcTEpcTBa (PUHAHCOB Ha (PUHAHCHPOBAHUE CEKTOPA SHEPTETHKH U MEPONPHSITHIL, CBSI3aH-
HBIX C ITOJTOTOBKOM M MPOBEACHUEM OCEHHE-3UMHEro nepuona, Ha 2024 roj nperycMoTpeHsl 74 mipn co-
MOB, 4T0 Ha 40,7 MiIp cCOMOB OOIbIIIe CPEACTB, BhIeNeHHBIX B 2023 oy (33,2 Mupy comoB). M3 HUX: — Iu1st
YBEJIMYEHHUS ycTaBHBIX KanuTajaoB OAO «DnekTpuyeckue cTanuun» U «HanuoHanbHas 2JIeKTpUUYECcKas CeTh
Ksipreizcrana» — 55,8 Mipz coMoB;

»  Ha IIOITOTOBKY K OCCHHE-3UMHEMY MEPUOAY — 7 MIIPA COMOB;
»  Ha BbIICICHUE OIOHKETHBIX KPEIUTOB — 2,7 MIIPI COMOB;
» IO mporpaMMaM ToCyIapCTBEHHBIX HHBECTHIU, a TAKXKE Ha PEaM3alfio IPYTUX MEPOIPHUSITHH TPea-

YCMOTpPEHBI cpesicTBa B cyMMe 8,1 MiIpj; COMOB.

CornacHo AaHHBIM [2], OTCYTCTBYyeT HH(pOpMAIWs 0 (PUHAHCUPOBAHHH HMPOCKTOB, CBSI3aHHBIX C allb-
TCpHATUBHBIMH HCTOYHHKAMHU DHEPTHH. Bes MHBECTHIIMOHHAS MOJIWTHKA HANpaBICHA TOJIBKO HA pa3BUTHE
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TPaJUIIMOHHBIX UCTOYHUKOB OHCPI'UH. O}IHaKO C Y4C€TOM MNPOUCXOIAAIINX DIO0AJIBHBIX KIIMMAaTHYECKUX H3Me-
HCHUH U TastHUS JICTHUKOB, TaKasl CTPATETUs SBJSICTCS] BECbMa PHCKOBAHHOM.

st pemienust 310 mpoOaeMbl HEOOXOAMMO CYIIECTBEHHO YIYUIINTE 00pa30BaTeIbHBIC IPOrPAMMBI, KO-
TOpBIE OOecHeyar CIEHaINCTOB HEOOXOAUMMBIMU 3HAHUSMH B OOJACTH COBPEMEHHBIX TEXHOJIOTHHA. JTOMY
MOT'YT CIIOCOOCTBOBATH M OPTAaHU3ALUH YKCKYPCHH ISl CTYICHTOB Ha padoTaromiie MEKIyHapOaHbIC SHEpre-
trueckue npoektel. Hanpumep, Ha TOO «Kanaracckast BeTpoBasi 2EKTPOCTaHIUD» (PUCYHOK 1).

Kpome Toro, KIltoueBbIM aCTIEKTOM MOXKET CTaTh pa3paboTKa 00jee COBEPIICHHBIX CUCTEM COOPKH, KOTO-
pBIe TTO3BOJLIT Hanbosee YPPEKTUBHO UCIIONB30BaTh HMEIOIUECS HHHOBAIMU. Ha Hamr B3, HEoOX0auMO
paspaboTaTh mporpaMmy 0O0yUeHHS IS TEXIIEPCOHAIA COBMECTHO C KOMIIAaHUAMH-IIPOU3BOIUTEISIMH, K TIPH-
Mepy — ¢ KomraHueil DHepku Buna — ogHoil u3 nepBbix HavaBweil B 2003 . npouszeoocmeo eempanvix
INeKMpoCmanyuil coocmeennoil pazpadomxu na repputopunr CHI™ [3]. D10 Oyaer cmocoOCTBOBATh COBEP-
IICHCTBOBAHUIO TIpollecca 0OYUICHUs, B TOM YUCIIE M B OOIACTH JHU3aifHa U MPOIECCOB COOPKH, YTO ITOMOXKET
CYIIECTBCHHO YCKOPUTH M YIPOCTUTH MPOLECC CO3aHUS BETPSKOB, M CIIOCOOCTBOBATH MX OOJIee MIMPOKOMY
MIPUMEHEHHIO.

Ilpoonemut c mamepuanamu. BeIOOp MOIXOSAIINX MATEPHUAIIOB JIJIS JIOMACTEH M APYTUX KITFOYEBBIX KOM-
MIOHCHTOB BETPSKA CYIISCTBEHHO BIUSCT Ha €ro 3()(EKTHBHOCTh U OJITOBEYHOCTH. Vcmomp3yemble B KOH-
CTPYKUOHU MaTepuaJibl MOT'YT OBITh HEAOCTATOYHO MMPOYHBIMHU, OKA3bIBATh HCTATUBHOC BO3I[GI7[CTBI/IC Ha OKpy-
JKAOLIYIO Cpely, U KpOME TOro, UIMETh OTPaHUUECHHBIE PECYPCHL.

JIJ'ISI pCeUICHUs 3TUX HpOGJ'IeM H€06XO)II/IMO AKTUBHO HCCJICJOBATHL HOBBIC KOMITO3UTHBIC MaT€pHralibl, KO-
TOpBIE 00JIAIAIOT BHICOKOH MPOYHOCTHIO MPH HU3KOW Macce. DKOJOTMYeCKH YCTOMYHMBEIC MaTepHAIbl, TAKHE
Kak OnopasnaraeMblc CTCKIOBOJIOKOHHBIC WM TIepepadoTaHHBIC MOIUMEPHI, TAKKE TOJDKHBI CTaTh 00BEKTOM
BHUMaHUs. BaKHO TakyKe IPOBOIUTE aHAIN3 )KU3HECHHOTO IIAKJIa MaTePHAJIOB ISl MUHUMH3aIUU HETaTUBHO-
IO BO3JICUCTBHS UX Ha OKPY)KAIOIIYIO CPEy. BaskHBIM aclieKTOM MOXKET CTaTh U pa3padOTKa HOBBIX METOJIOB
YTUIU3AUHI U epepadOTKU MaTepuajioB, UCIOJIb30BAaHHBIX B CTapbIX BETPSAKaxX, YTO TAKKE SIBJISETCS BaX-
HBIM HaIpaBlICHHEM paloT MO CHIDKCHUIO OOIIETO SKOJIOTHYECKOTO CIIEAa OT MCIOJIB30BAHUS BETPOIHEpre-
THKH.

[Ipu BEIOOpE MaTepHaza aBTOpaMH IPEIOKEHO OCTAHOBUTCS Ha LIEJUTIONO3HBIX MOINMEpax.

Lemmiono3a — 3T0 CTPYKTYPHBIH MOJMMEpP, ECTECTBEHHO BCTPEUAIOLIUICS B KIIETOUYHBIX CTEHKaX pacTe-
HUH ¥ MUKPOOPTaHU3MOB, TAKUX KaK JPEBECHHA, XJIONOK U TOp¢. XMMHUUECKUIl COCTaB HEITION03bI OKa3bl-
BacT HauOoJIee 3HAYNTEIHHOE BIHSIHUC HA €€ MEXaHIMUSCKUE CBOWCTBA, a TAK)KE 3aBUCUT OT TAKHX (PAKTOPOB,
KaK pacIiojioKEHHE B pacTEHHUAX (ceMs, cTeOelb, JHCT), MPOIECCHl Pa3AeNCHHUs, 3pEIOCTh M THIT TTOTOAHBIX

temeentiy

PI/IcyHOK 1 — JKanaracckas BETPOBas JICKTPOCTAHIIUA
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ycnosuid. HanoBonokna nemutronossl (CNF), npencrasstoniue coOoi 1eNToN03HbIe BOJIOKHA ¢ HAHOpa3Mep-
HBIMU JIMAMETPaMHU, SABJISIOTCS YITIEpPOJHO-HEUTpalbHbIMU, YHHUBEPCAIbHBIMU, OMOCOBMECTUMBIMH, HETOK-
CHYHBIMH U TIPUTOTHBIMHU JJISI BTOPUIHON niepepa®oTkn. OHH MIMPOKO HCHONB3YIOTCS B PA3IMYHBIX OTPACIIAX
MIPOMBIIIUICHHOCTH, BKJIFOYAs! TEKCTHIIb, CTPOUTEIBCTBO, MEIHIIUHY, MIEKTPOOOOPYI0BaHHE, ITUIIEBYIO IPO-
MBIIIJICHHOCTh, YepHHJIA, KPACKH, TPOM3BOACTBO OyMark M OTHECTOMKHUX MaTepranos [4].

Tpancnopmupoexa u coopka na mecme. IIpobnembl, CBSI3aHHbIE C TPAHCIIOPTUPOBKOM U COOPKOI Be-
TPSIKOB Ha MECTE, 3aTPyAHAIOT UX MaccoBoe npuMeHeHue. OUH U3 KIIIOYEBBIX aClEKTOB — JTO JIOTUCTHYE-
CKUE TPYAHOCTH, BO3HUKAIOIINE NPU MEPEMEIIEHUN KPYIHBIX KOMIIOHEHTOB BETPSIKOB, TAKMX KaK JOMACTH
1 OanHH.

Jist perieHust AToi mpoOiIeMbl HHKEHEPBI MOTYT CTPEMUTHCS K CO3JAaHUI0 00JIee KOMITAKTHBIX U JISTKHX
KOMIIOHEHTOB, UTO 0OJEryacT TpaHCIOPTHPOBKY. VICTIONB30BaHNE MOIYIBHBIX CHCTEM, TIO3BOJISIIONINX COOM-
parh BETPSK Ha MECTe W3 OOliee MEJIKHX YacTel, TaKKe MOXKET 3HAYUTEIBHO YIPOCTHTH IPOIECC COOPKH.
Kpome Toro, onTuMu3anys 1u3aifHa i JIETKOCTH pa300pKH U TOBTOPHOTO MCIIOIh30BAaHUS MOXET CHU3HUTh
HEOOXOIMMOCTh B OOJIBIIIOM TPAHCIIOPTHOM 00OPYIOBAaHHH. DTO HE TOIBKO YAyUIIHT 3()(HEKTHBHOCTE TpaHC-
MTOPTHUPOBKH, HO U C/ICNACT OOCTYKMBAaHHIE I MOACPHU3AINIO BETPSIKOB Oosiee ToCTymHBIMH. Hike mpencras-
JIEHBI BBIKJIAJIKU U3 CTaThU NP0 Ha3eMHbIE BETPsHbIE TYPOUHBI C THOKUMHU JIOTIACTSIMH, TPAHCIIOPTUPYEMBIMU
IO pelibcaM, a TaKXKe CPAaBHUBAIOIICH MEXy COOOM Pa3IMYHbIC TUIIBI BETPSHBIX JIomacTel [S] (pUCyHOK 2).

Pacuernbie Harpy3ku (DLC), BitoueHHble B 1aHHOE uccienoBanue: U — npenenbHast; F — ycTanocTs;
PSF — wactuunsnii koaddunuent d6ezonacHoct; WS — ckopocTh BeTpa; Vr — HOMHUHAIIBHASI CKOPOCTh BETPa;
Vin — ckopocTh BeTpa Ha BXofe; Vout — CKOPOCTh BeTpa Ha Bbixone; V50 — ckopocth BeTpa 3a 50 jer; V1 —
ckopocThb BeTpa 3a 1 rog; NTM — mozens HopManbsHOW TypOynaentHocTH; ETM — Monens sKkcTpeMaibHOIM
TypOynenTHocTH; ECD — sKkcTpeMasbHbIi KOrepeHTHBIH MOphIB ¢ n3MeHeHneM Harpasienus; EWS — skcrpe-
MaJslbHBIN caBUr BeTpa; EWM — Mozens skcTpemMalibHOro BeTpa. [leTaiu 3TUX pacdeTHBIX Harpy30K OIMCAHBI
B [EC-61400-1 (2005), 1 npeacTaBieHbl HAa pUCYHKE 3.

DKonozuueckue 6onpocyl. JKOIOTNIESCKHE ACHIEKTHI IPU COOPKE BETPSKOB TPEOYIOT 0COO0TO BHUMAHHS,
HauyuHasi OT IPOU3BOACTBA KOMIIOHEHTOB M 3aKaHYMBasl yTUIM3alKMel ycTapeBIIUX BeTpskoB. [Ipobiema 3a-
KITIOYAeTCs B HEKOHTPOJIUPYEMOH YTHIIM3ALUH CTAPBIX BETPSKOB M UCTIOIB30BAHUN MaTEPHAJIOB (PUCYHOK 4),
KOTOpBIE MOT'YT OKa3aTh HETaTUBHOE BO3/IEHCTBUE HA OKPYXKAIOILYIO cpeny [6].

CrnenyeT OTMETUTD, YTO BAPUAHTOB MEPEpabOTKU MIIH yTHIIN3AIMH JIoTIacTel TypOMH He Tak MHOTO, a Te,
KOTOpBIE CYLIECTBYIOT, OY€Hb JOPOTH, B TOM YHCJIE U IIOTOMY, YTO BETPOIHEPreTHUKA TOJIBKO 3apOXKIAAeTCs.
310 mpobieMa OTXOAOB, KOTOpPasi IPOTUBOPEUHUT TOMY, YeM CUHTACTCS 3Ta OTPACib: UACATLHBIM PEIICHUEM
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Pucynok 5 — Cxema OCHOBHBIX KOHIICTIIIMH HHTEUICKTYaJIbHBIX JIONACTEH BepToiera:
PZT — nbe3oanekrpuk; AFC — akTHBHBIE BOJIOKOHHBIE KOMITO3UTHI; SMA — CIIaB ¢ HaMsThIO ()OPMBI

JUISL 9KOJIOTOB, OOPIOIMINXCS ¢ U3MEHCHHEM KJIMMATa, MPUBJICKATCIIFHON MHBECTHIIMEH JJISI KPYITHBIX TpaHC-
HAIIMOHATBHBIX KOMIIAHUH.

1. 90 % neraneli TypOMHBI MOXKHO TiepepadoTaTh WM MPOAATh, HO JIOMACTH, H3TOTOBICHHBIC U3 MPOY-
HOU, HO TIOATJIMBOM CMECH CMOJIBI M CTCKJIOBOJIOKHA, TIOXOXKEH Ha TY, M3 KOTOPOH JIENAI0T IeTall KOCMHUYe-
CKHX KOpabJIeid, — 3TO COBCEM JIpyrasi UCTOPHSI.

2. Pa3mep nonacrteil MOXKET MOCTaBUTh CBAJIKU B 3aTPYIHUTEIBHOE MOIOKCHHUE.

Penrenune stoit npobnemsl TpeOyeT pa3pabOTKH, BHEAPEHUS U JIOTIOITHEHHS dKOJIOTUYCCKUX CTaHIapTOB
Ha BCEX dTanaxX BHEIPEHHs U DKCIUTYaTAIMOHHOTO IUKJIA BETPSKOB. DTO BKIIIOYACT B CeOsl MCIIOIH30BAHUE
OKOJIOTUYCCKU YUCTBIX MaTCpUaos, pa3pa60TKy TEXHOJIOT UK Hepepa6OTKI/I, 1 CO31aHUC CUCTEMbI PCUUKIINH-
ra Juisl yCTapeBIIUX BETPSKOB. Ba)KHO Takke yHelmsITh BHUMAHUC YIYYLICHUIO IPOILECCOB IPOU3BOICTBA
C TENIbI0 CHUYKEHUS OOIIETO IKOJIOTHYECKOTO ciie/la BETPOIHEPTeTHKH. MIHHOBAIMK B 001aCTH KOJIOTHYECKH
YCTOWYMBBIX MaT€PHAaIOB M METOIOB MPOHM3BOICTBA OYIyT CIOCOOCTBOBATh CO3MAHUIO OTBETCTBEHHOW JKC-
ITyaTalliy BETPSHON SHEPIUU.

Aphexmusnocmo u npouszsooumenvrocms. [1podiaempl, cB3aHHbIE ¢ 3D(HEKTUBHOCTBIO BETPSIKOB, MO-
TYT BKJIIO4aThb B ce6$1 OrpaHUYCHUSA MPU HU3KUX CKOPOCTAX BETPa U HECONTHUMAJIbHOC HCIIOJIB30BAHUC DHEP-
run. Pemenne 3Toi mpoOiemsl TpeOyeT (pyHIaMEeHTaIbHBIX HCCIICIOBAHUI U MHHOBALIUI B TU3aifHE BETpPS-
HBIX YCTaHOBOK. OHUM M3 ITyTeH yaydmieHns ux 3(h(HEeKTUBHOCTH SIBISETCS pa3padOTKa HHTEIUICKTYaIbHBIX
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CUCTEM YTIPaBIICHUS, KOTOPBIE MOTYT aalTHPOBATHCS K U3MEHSFOIIMMCS YCIOBHUSM BETpa. DTO MOXKET BKITIO-
yaTh B ce0sl UCIIOJIb30BAaHUE CEHCOPOB U aJIFOPUTMOB, ONTUMHU3UPYIOLIUX YIOJI aTaky JIONACTeH i MaKcu-
MaJIBHOTO cOOopa »Hepruu. MccnenoBanus B 001acTH HOBBIX (POPM JIONIACTEH M X MaTepPHAaiOB TAaKXKE UTPAIOT
BECbMa BaXHYIO poiib. [IpuMeHeHrne a’poauHaMUYeCKUX WHHOBALMHM, TaKUX KaK FMOpHIIHBIE JONACTH WIH
MOp(hUPYIOIIHE TOBEPXHOCTH, MOXKET YBEITHUUTH d3PPEKTUBHOCTh YCTAHOBOK MPH Pa3IUYHBIX yYCIOBHSIX Be-
Tpa (pucyHku 4, 5).

Crnenmyer Taxxe 00OpaTHTh BHUMAHKE U Ha MPOLIECCHI BRIPAOOTKH, XpaHEHHUS, TIEpElaud M UCTIONB30BaHUS
sHepruu [7]. Pazpaborka 3(h(heKTUBHBIX CUCTEM XpaHEeHHUs U NIepeaady YHEPTUU MOJKET YCTPAHUTh POOIIEMBI
C HECTaOMIILHOCTBIO MTPOU3BOJICTBA, CBS3aHHBIE C U3MEHEHHUSMHU BETPOBOTO peknMa. CHcTeMaTH4ecKoe uc-
CIICZIOBAHUS U MHHOBAIIUH B 3TUX OONACTAX MOTYT 3HAYUTENHHO IIOBBICHTE OOIIYIO ((PEKTUBHOCTH BETPSHOMN
SHEPreTUKH, Jeiast ee 0oIee KOHKYPEHTOCTIOCOOHOH M YCTOWIHMBOM B TOJITOCPOYHOH MEPCIEKTHBE.

[Moctynuna: 12.03.24; peuensuponana: 26.03.24; npunsrta: 28.03.24.
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