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Y cmammi euxnadeni eapianmu @ynoamenmie Onsi  6imMpoOSuUSYHIE PI3HOI
NOMYHCHOCMI ma 8UCOMU, AKI 30AMHI CHPULIMAINU 3HAYHI 2OPUBOHMANILHI | KPYMUTbHI
naganmadicenns. Koncmpykmueno ycmanosxu modcyms 6ymu MOHOGIMPOPYXAUSUMU
(nonami posmauwiogyromuscsa y cmosOypi woeau) i noxigimpopyxaueumu (nonami abo ix
KOMNJEKC 3HAX00AMbCsl NepneHOUKYIAPHO Hanpamky woenu). Iliozemna yacmuna
Cnopyou nosuHHa 3abesneuumu cmadinizayiiuny cmitiKicmo.

B sxocmi ¢ynoamenmie moducymov 3acmoco8y8amucsi MOHOAIMHI CMOSNYACMi
NAUMHI; NATbO6i 3 NIpamioanbHux abo KO3M06UX NAlb, WO CAMO3AKPUBAIOMbCS NPU
3a6usanui; Oyposi KOMOIHOBAHI.

In the article the variants of foundations for wind engines of different capacity and
height, able to withstand considerable horizontal and torsional loads, are stated. Wind
power plants for homes have been widely used on country plots and other sites that are
remote from the main power grid. The height of the mast is 4-6m with a wind speed of
2.5 to 35m/s. The wind direction is determined by the side from which it blows.
Meteorological data about wind direction is laid out in the form of a wind rose, which
indicates its average speed in different directions.

Structurally, installations can be mono-wind (blades are located in the mast
alignment) and multi-wind (blades or their complex are located perpendicular to the
mast direction). Structurally, the mast can be one-piece tubular. At higher heights,
lattice-space masts with strakes are used.

The underground part of the structure should provide stability. The loads which
affect the foundations are as follows: permanent (its own weight, vertical load),
temporary, temperature, and seismic.

Monolithic columnar slab foundations, piles made of pyramidal or batter piles,
self-closing when driven, and drill-combined foundations can be used.

The construction of combined drilled-injection foundations is divided into several
steps:
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- drilling a hole $250-350mm to a depth of 2.5 to 4.0m (image 1a);

- installation of a metal embedded pipe #217mm with slots (4-8 pieces), in which
the blades are embedded, attached to the pipe with special bolts (image 1b);

- lay the pipe in the drilled hole, and then with an anchor to crush the blades so
that they through slots entered into the ground (image 1c);

- fill in the tube with anchor with concrete C15/20 with layer-by-layer compaction;

- ready-made combined drill-injection foundation can be used at installation of
wind turbine with mast height 4.0-6.0m.

The main conclusions of the article are:

- wind turbines with a horizontal arrangement of the generator and the blades
found wide application in suburban areas and other objects, which are remote from the
main power grids.

- features of their work is the independence of the action of different wind direction
from the wind rose, and the value of the load is transferred through the mast to the
underground part of the structure.

- the joint operation of soil base with foundations on horizontal and torsional
loads depends on the physical and mechanical characteristics of soils (density of dry soil,
moisture, friction, etc.)

- from the considered variants of foundations, the most effective are foundations of
driven seal piles (pyramidal batter), as well as combined drilled-injection foundations
that allow to increase the resistance of piles to external loads due to compaction of soil
during pile driving.

Kniouoei cnosa: eimpoosucyH, woena, mpyouacmi wjoenu, pewimuacmi woenu,
GyHOamenmu MoHORIMHI CMOBNYACMI NAUMHI, NATLOBI 3 NIPAMIOATLHUX A00 KO3I08UX
nanw, Oyposi KOMOIHOBAHI.

Keywords:  wind turbine, mast, tubular masts, lattice masts, foundations
monolithic columnar plate foundations, pyramidal or batter pile foundations, drill-
combined foundations.

AKTyanmbHICTh THTaHHS  BITPOCHEPTreTHKH B  YMOBax  JeQiluTy
eHepropecypciB B YKpaiHi He Mae CyMHIBIB i JoBefieHa B nipani ["aiimaenko [1].

Criopyti BITPOJBUTYHIB CIIPUHMAIOTH 3HAYHI TOPH30HTAIBHI 1 KPyTHIIBHI
HaBaHTa)KCHHS. [IpUYMHOI0 BUHMUKHEHHS BITPIB € TOTJHMHAHHSA 3€MHOIO
aTMoc(epor0 COHSIYHOIO BHUIPOMIHIOBAHHS, LIO NPHU3BOJIUTH /IO PO3MAPEHHS
MOBITPS 1 TOSABHM KOHBEKTOPHHX Teuiil. MeTeomani mpo HampsM BIiTpY
BiOOpaXaloTh y BUTISAI TPOSHAW BITPiB, IO BKa3ye Ha HOro CepemHio
IIBUJIKICTB Y Pi3HUX HaIPSMKaXx.

3acTocyBaHHS BITPOJBHUTYHIB IOLIMPIOETHCS JUIs OYIMHKIB 1 3aMiCBKHX
IUISHOK, SIKI BiJJaJICHI BiJi OCHOBHUX EJIEKTPHYHHX MepexX. Pi3HOMaHITHICTH
BITPOJBUTYHIB JIO3BOJISIE 3aCTOCOBYBAaTH iX TIIpH pi3HOMY pO3TallyBaHHI
pobounx Jomnaredl. MOHOBITPOABUTYHHM MalTh 2-3 poOouux JomaTi, SKi
3HAXOJMTHCS B CTOBOYpI IIOINIHM, TMOJIBITPOABUIYHH 3aCTOCOBYIOTBCS 3
MEPIECHANKYISIPHIM PO3TAallyBaHHSAM JIONATel MO BIAHOMICHHIO A0 pPoOouoi
IIOTJIN.
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Bucora mormu OyBae 4-6M 31 mBHIKICTIO Bitpy 2.5-35 w/c.
KoHCTpykTHBHO mOTIM MOXyTh OyTH TpyO9acToro 1 TIpaTd4acToro
MIPOCTOpoBOro mepetuHy. [Ipn HEoOXiTHOCTI IMIOTIHM TONATKOBO MiJACHIIOIOTH
BiATsDKKaMU (pc. 1), 0COOIMBO IIpH BEpXHHOMY PO3TaIllyBaHHI TeHepaTopa.

OCOOIMBICTIO TOPU3OHTAIBHOTO PO3TAlIyBaHHA pPOOOYHMX JomaTed €
MOJJIMBICTh PI3HOTO HAIPSIMKY BiTpy. KpyTwibHI HaBaHTaXeHHS HPH IHOMY
MOXYTh MaTW pi3HO3HaKOBI HampsMKu. [1omiOHI HaBaHTa)KEHHS IEPelAIOTHCS
Yyepe3 IOy Ha MMiJ3eMHY YaCTHUHY CIIOPYAH.

Y  OyniBenmbHIH — HpakTHLI — 3aCTOCOBYIOTBCS — Pi3HI  KOHCTPYKIIi
¢ynnamenTiB. Ha ixHIO chiibHy poOOTY 3 OCHOBOKO BIUTMBAIOTh OCOOJIMBOCTI
(hI3UKO-MEXaHIYHUX XapaKTepUCTHUK IPYHTIB (IIIIBHICT CKJIJaHHS CyXOro
IPYHTY, BOJIOTICTh, TEPTS TOWIO). [PYHTH MOKYTH OyTH SK B IPUPOAHOMY CTaHi,
TakK i YIIUTbHEHI TIpH 3a0MBaHHI Tl 1 3aHyPEeHHI OKPEMHUX EIEMEHTIB.

AHaJti3 nonepeaHix 10c/igxKeHb

VY miteparypi IHPOKO OOrOBOPIOBATHCH MUTAHHSA IMPOCKTYBAaHHSA OamiT
BITPOTCHEPATOPIB 3 TOYKM 30py MHapaMeTpiB QyHmameHTy. /i BH3HauCHHSA
nmapaMeTpiB  (yHIAMEHTY 3alpoNOHOBAaHO AaHAIITHYHHH, a TaKOXX HOBHH
eKcriepuMeHTanbHui miaxin [1].

Epix Him (Nim 2007) [2] 3ampomnoHyBaB i 3anaTeHTYBaB HOBHUil IIaBy4Hit
dbyHIaMeHT [uIs BITpOTEHEepaTopiB, Ae¢ (GYHIAMEHT, MO CYTi, CKIaJaEThCs
HIOHAMMEHIIIEe 3 TPHOX 3aHYPEHUX T MIABYYOCTI, 3'€IHAHUX 3 HIKHIM KiHIIEM
OamiTH BiTpOreHeparopa y CHUIBHOMY BY3J, PO3TAallOBAaHOMY JaJIEKO Hal
MOBEPXHEI0 MOps. 3aBIsSKH KOHCTPYKIii (yHIaMEHTy, Y BIINOBIAHOCTI 10
IIbOTO BHHAXOMy, 3MEHIIYIOTHCS KOHIIEHTpamii HampyXeHb 1 MOMEHTH B
€JIEMEHTI BY3J1a, 3aBASKH YOMY CTAa€ MOXKJIMBUM 3aCTOCOBYBAHHS BiJIHOCHO
JIETKOTO 1, OT)KE, ZICHIIEBOTO By3J1a.

UncenbHI Ta  eKCHCPUMEHTAJbHI  JTOCHI/DKCHHS  TOBEHIHKH  IIPH
KOPOTKOYacCHOMY Ta JIOBFOCTPOKOBOMY IMKJIIYHOMY HaBaHTa)KCHHI MaJbOBUX
(dyHIaMeHTIB A1 MOPCBKUX BiTporeHeparopiB oorosopioBas Kyemmap (Cuéllar
2011) [3] y cBoiii auceprarnii. CBenccon (Svensson 2010) [4] mocmimkyBas
OCHOBH HA3eMHHX BITPOTE€HEpaTOpiB, JA€ MOCHIIKYETbCA SIK  OUIBII
KOHBEHIIIOHAIbHUN METOJ 3 BETUKOI0 OETOHHOIO TUIUTOIO, TaK 1 allbTePHATHUBHI
MeTonau (yHIAMEeHTy, MepeBaxHO mansoBi (yHmamentu. bipa Ta Xayncbi
(Byrne 2003) [5] mocmimkyBanmn mpoGiieMHd HHBIIBHOTO OYHiBHHIITBA, IO
BUHHMKAIOTh Y MOPCBKHX BITpOI'€HEpaTopax, Ta BUBYAIM HEJONIKA Cy4acHUX
MiAXOMIB 10 TpoekTyBaHHS. Pykommc Jlominika Popmie Ta immmx (Roddier
2010) [6] y3aranpHIOE TEXHIKO-EKOHOMiYHE OOIPYHTYBaHHS, HpOBEICHE IS
texHosorii WindFloat.

IIle onuH HOBMH THUII NAJILOBOro (QyHIAMEHTY OyB pO3pOOJICHUIH
Camoxsanoeum (Samokhvalov 2017) [7]. Cratuuni HOCHimKeHHS maii, MIO
MarOTh Ha CBOEMY KiHIII pO3UIUPEHHS Yy BUTJISAI MEMOpPaHHOI YaIllKu, TTOKa3aJIH,
0 KOHTPOJIbOBAHE PO3MIMPEHHS HAa KiHII Tali B CEPEAHbOMY BHKIIHNKAE
JIBOKpaTHe 30iJbIICHHS HECydoi 3JaTHOCTI MacuBy IPYHTY B paioHi
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posmupenns. [Iponosin (Pronozin 2018) [8] Takok BHBUAB KOHCTPYKIIO
OypoiH’€KIIIHHUX Tajlb, BUTOTOBIICHUX 32 TEXHOJIOTIEI0 YAIllKW, 3 HATHITAHHIM
pO3UMHY B pPEXUMi YTBOpEHHS 'TipaBIiYHHAX pyHHYBaHb"' 3 YTBOPEHHSIM
KOHTPOJILOBAHOTO PO3IIMPEHHS B KiHI ITai.

PiznoBuau dpyngameHTiB

Posrnsmarotecs pizHi Buan GyHIAMEHTIB:

* OkpeMO pO3TallOBaHi MOHOJITHI 3ai300€TOHHI IUINTHI (YHIaMEHTH,
Maca SKAX 3HAa4YHO TIIEPEBHUINY€E BEIWYMHY pPI3HO3HAKOBHX KPYTHIBHUX
MOMEHTIB. ParionanbHo 3aCTOCOBYBATH TaKi (byHIaMeHTH B
CepeHbO3EPHUCTUX INIIAHUX IPYHTAX 1 IIUIBHUX TDJIMHUCTHX, NPU pd =
1.45r/cm3. 1orna »xopcTKo NOB'si3aHa 3 TijIoM QyHIaMeHTy.

* OyHIaMEHTH 3 NOXWINX NMPHU3MATHYHUX Iallb, TOJOBU SIKUX KOPCTKO
3'eqHaHi OCTOHHMM pocTBepkoM. [lami cBOIMH BICTPSAMH CIHPAIOTBCS Ha
NPaKTUYHO HECTHCKYBaHi IPYHTH.

e OyHIaMEeHTH 3 MipaMiJalbHHX [anb. HaBaHTaXeHHS Big ILOTIH
HepenalTbesi yepe3 OCTOHHUIA POCTBEPK, KOPCTKO MOB'SI3aHHH 3 TOJIOBAMHU
Hanb, Ha 6igHi rpadi. IpyHT B300BX IpaHel Iaji HONEPETHBO YIIUILHEHHI IPH
3a0uBaHHI 1 HoOro mIUThbHiICTH 30UThIeHa B 1.15-1.2 pasm B moOpiBHSAHHI 3
MIPUPOTHUM TPYHTOM.

* OyHIaMEHTH 3 KO3JIOBUX I1ajlb, IO PO3KPUBAIOTHCS CAMOCTIHHO IpH
3abuBaHHi. OCOOIMBOCTI IX CHIIBHOI pOOOTH 3 IPYHTaMH OCHOBH IOJISITAIOThH Y
BIIAINTYBaHHI [PU 3a0MBaHHI YLILIEHEHOTO IPYHTOBOTO Azpa 3 pg > 1.75r/cm® i
30BHIIIHLOT 30HM YHIUIbHEHHA 3 pg > 1.65r/cm®, ski chpuiimMaoTs airoui
HaBaHTa)XCHHS Yepe3 POCTBEPK.

* Kom0inoBani Oypoid'eknifini ¢ynnamentn (puc.l). PamionaapHEM €
3aCTOCYBaHHS IUX (YHIAMEHTIB B IIIMHUCTUX IPYHTAX CEPEIHBOI LIITBHOCTI.

TexHoJioris

BrnamryBanHs nux QyHIaMEHTIB po3aijeHe Ha KUIbKa eTaIliB:

* Oypinnst cBepmioBuHn $250-350MM Ha rmMOuny Bin 2.5 mo 4.0m
(Puc.16);

* BJIAIITYBAaHHS METAJIEBOI 3akiamHoi Tpyou ¢217mMMm 3 mpopizamu (4-
8mIT), B SKi 3aKjazeHi Jomati, IPUKPIMJIeH] 10 TpyOH CHeIiaJlbHUMH OOJITaMu
(Puc.18);

* B NpoOypeHy CBEpUIOBHHY 3aKIacTH TpyOy, a MOTIM 3a JOIOMOTOI0
aHKepa 3aJaBHUTH JIONATi TakK, MI00 BOHM 4Yepe3 IpOpi3u YBIHIUIM B IPYHT
(Puc.1r);

* TpyOy 3 aHkepoM 3amoBHUTH OertoHoM C15/20 3 TOKPOKOBHM
VINTBHCHHSIM;

* rOTOBUH KOMOiHOBaHuii OypoiH'ekuiiiHi (yHZaMEHT Moxe OyTH
BHKOPUCTAHHUH MPU MOHTaXKi YCTAHOBKH BITPOJBHTYHIB 3 BUCOTOIO Ioriu 4.0-
6.0M.
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Puc. 1. Komb6iHoBaruit OypoiH’ exIiiiHuid GYHIAMEHT: a - 3aTalbHUIN BUTIIAL 3
MiACHICHHSAM BiATSKKaMH, O - OypiHHS CBEpUIOBUHH, B — BCTAHOBJICHHS
METaJNEBOi TPYOH, T — PO3KPHUTTS JonaTei

Omip TOpU30HTAIBHUM 1 00€pPTAILHIM HaBAHTAKEHHSM 3IIHCHIOETHCS 3a
JIOIIOMOT'OI0 BUITYCKHHX JIOTIaTeH 1 BEPTUKAIBHOI TPYOH.

BucnoBku

1. BitpoaBHMryHM 3 TOPHM30HTAJILHHM pO3TAlllyBaHHSIM TreHeparopa i
jonareil 3HaWILIM HIMPOKE 3acCTOCYBaHHS Ha 3aMICBKMX AUISHKAX 1 I1HIINX
00'exTax, sIKi BiIaNieHi Bil OCHOBHUX EIEKTPOMEPEIK.

2. OcobmuBocti iX pobOTH TONATAIOTH B HE3aJEKHOCTI  Mil
PI3HO3HAKOBOTO HANPSMKY BITPY BiIl pO3H BiTpiB, a BeIMYMHA HABAHTa)KCHHS
TiepelacThCs Yepes MIOrITy Ha IMTiI3EMHY YacTHHY CIIOPYAH.

3. CninbHa po0OTa IPYHTIB OCHOBH 3 (hyHIaMEHTaMU Ha TOPU3OHTANIBHI 1
KPYTHI HaBaHTAXXEHHS 3aJeKUTh BiI (I3MKO-MEXaHIYHUX XapaKTePUCTHK
IPYHTIB (IIIJIEHOCTI CyXOTO TPYHTY, BOJIOTOCTI, TEPTS TOIIO).

4. I3 3ampomoHOBaHUX BapiaHTIB (yHIAMEHTIB HaWOLNbII e(eKTUBHUMH
MOJKHa BBaXKaTH (pyHAaMEHTH i3 3a0MBHUX Haib YIIUTbHEHHS (IipamMiZaabHHX,
KO3JIOBHUX), @ TAKOK KOMOIHOBaHI OypOiH'€KITiiiHi, 1110 JO3BOJSIOThH MiABUIIUTH
omip manb Aii 30BHIMIHIX HABaHTA)XEHb 3a PaxXyHOK YIIIJIBHEHHS IPYHTY NPH
3a0HMBaHHI.
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