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YIK 633.791 DOl:
BBIEOP OIITUMAJIBHOI'O IUAMETPA HITTAT'ATA ITPU NOJAEP?KKE XMEJIA

E. II. Anekcees, B. II. Eropos, A. B. Koporkos
Yysauickuti 20cy0apCcmeeHublll acpapbvlil YHUgepcumem
428003, Yeboxcapowt, Poccuiickas @edepayus

Annomayusn. B cmamve npouzeeden pacuem, HANPAGNIEHHLI HA ONpedeleHue ONMUMATbHOZO Oudamempa
wnazama, noo0epICUBAIOe20 XMeb. XMelb SIS pACeHUeM, KOMopoe He umeenm MHO2O0LemHel KPOHbl, HO npu
9MOM 6 8e2emayUOHHbIL NEPUOO Npespawaemcs 8 00CMAmMoyYHO MOWHDbIL KYCH 8bICOMOU 00 6-7 M, NPeoCcmasisiowuil
€0001l 8bIOWYIOCA TUAHY, 045 NOOOEPI’CAHUS KOMOPOU HeoOX00UMO UCNOIb308amb cneyudaivHvle KoHcmpykyuu. C
yuemom ocobeHHOCHell e20 PA3GUMUsL COOPYICAIOMCI WNAepsl 0Jisk NOOOEPAUCKU, NPedCmagnsauue ¢ codol OnopHsle
Ccmonbvl ¢ HAMsHYMOU 6 GePXHell YACMU NPOGOJIOKOU U BEPMUKALbHBIE NOOOEPICKU U3 NOIUNPONULEHOB020 WNA2AMA
unu cmanvHou nposonoxu. Ha kasicoyro nodoepaicky 3aeooumes no 2-3 cmebas 015 NOAyYeHuss 00CMAmoyHo NIOMHO20
Kycma. B npoyecce pocma u pazeumust Xxmejisk BPOUCXOOUM YEeIUuYeHue MACCbl PACMEHUs], a4 3HAYUM, YELIUYUBAenCs U
UHMEHCUBHOCTb PACHPEOeNeHHOl HA2py3Kku (| Ha npedsapumenvHo Hamsauymolll wnazcam. [lpu smom HeobXxo0umo
VUUMbIGAMb UHMEHCUBHOCMb BemMPOGOll HA2PY3KU, B6030elicmeyioujeli Ha pacmeHue U nogvluaowel oowyio
pacnpedenennylo nazpysky. eticmeue maxux cuil Hazpydcaem wnazam, d RpU ONPeOeieHHblX 3HAYEHUSX 0adce
evizvlgaem e20 00pvl8 u nadenue cmedaa. MakcumanvHoe namsadceHue HaOIOOAemcs moz0d, Koz20a pdacmeHue
HPOPOCNIO NOIHOCHBIO NO ONUHE WNA2ama: Mo NPOUCXooum 6 OCHOGHOM HA mpemuti 200y dcusnu pacmenus. J[s
onpeodenenus Hamsdcenus wnazama 1, 3aKpenieHno2o 6 08yx moykax A u B noo yenom 10° x eepmukanvhou
NIOCKOCMU, NOO OelCmEUeM PACnpPeOesieHHbIX CUl ObLI0 PACCMOMPEHO YCI08Ue CMAmuuecko2o paenogecus. llpu
peuenuu 3a0ayu HeobX00UMO pA3iodNCums Hamsicenue T HA 20PU3OHMANLHYIO U GEPMUKAILHYIO COCMAGISIOUUE
peaxkyuu onop.

Knrouegvie cnoga: xmens, winanepsl, N000epICKa, Wnazam, pacnpeoeneHnas Hazpy3Kd.

Beenenne. XMmenb OTHOCUTCS K PacTEHUSIM-IMAHAM U HMMEET JOBOJBHO BBICOKYIO BEPTUKAIBHYH) CKOPOCThb
pocra. 3a cyeT CHenuaJbHBIX BOJOCKOB, MMEIOIIMXCS Ha CTeOle, pacTeHHe IOCTATOYHO IMPOYHO 3aKpeIuisieTcs Ha
MOJIACP)KKE. YUHTHIBas OCOOCHHOCTH TAaKOI'O POCTa, MPH BBIPALNIMBAHWN XMEJIECBOABI HMPUMEHSIOT CIIEIHAJIbHBIE
COOPY)KEHHSI — INMajepsl cO CTOI0aMH BBICOTOH 10 8,5 MeTpoB, COeAWHEHHBIE B BEPXHEH YaCTH METAJUIMYECKOM
MPOBOJIOKOW B BUJI€ KJIETKHU.

Jns ynepxaHus MOOETOB NPAKTHYECKH B BEPTUKAIBHOM MOJOKeHWH (mox yriaoM 10° kK BepTHKaIBHON
IUTOCKOCTH), HAYMHASI C PaHHEH CTaJnu pocTa, MPUMEHSIOT IPOYHBIE TOAJIEPKKH [2], B KadecTBE KOTOPHIX HCIIONB3YIOT
XMMHUYECKHE HUTH (IInaraT IOJIMIIPONIJICHOBBIM) WIM CTaJbHYIO HPOBOJIOKY auamerpoM B 1 MM. Ha kaxnmyro
TIOJIJIEPIKKY 3aBOAUTCS 110 2-3 cTeOuIst T HOIyYeHHUs! IOCTaTOYHO IUIOTHOT'O KYCTa Maccoi 110 6 KI.

Marepuanbl M MeTOAbl HcciaenoBaHmil. VccienoBaHHIO THOKMX HHUTEH IIOCBSIIEHO MHOXKECTBO paldor,
BKJIIOYas U T€, KOTOPBIE HANIPABIEHBI HAa PELICHUE 3a/1a4 [0 TEOPETUUECKOM MEXaHHUKE.
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B pabote Mepkuna JI.P. [4] ucrions3yroTcs cTaTHYECKHE W THHAMAYECKAE YPAaBHEHHS IS pacyeTa ImapaMeTpoB
MO/BCIICHHBIX Ha OMOPaX HUTEH, NMEIOIIUX Pa3INYHbIC TOUKH ONOPHL. PaccCMOTpEeHBI AeHCTBUS paclpeielIeHHbIX CUII C
Y4eTOM COOCTBEHHOM MacChl HUTH M BHEIIHUX CHJI B BUJIC JaBJICHUS BETpa.

Jlnst onpeniesieHust yCIOBHHI, ONPENENSIOIUX TPOYHOCTh MOAIEPKEK XMETs, U BBIOOpa ONTUMAaIbHOTO JHaMeTpa
LIraraTa npeiCTaBuM €ro B BUJe THOKOW pacTsHKUMON HUTH, M3MEHEHUEM JAuaMeTpa KOTOPOi MOXHO NpeHeOpeys.

[narar, Harpy>KeHHBIH pacTeHHEM, KpOMe COOCTBEHHOW Macchl (MacCOBBIE CHJIBI) UCIIBITBIBAET HArPy3KY IO/
JIelicTBHEM BeTpa (IIOBEPXHOCTHBIE CHJIBI), CHJIa KOTOPOTO 3aBHCHUT OT a3POAMHAMHUYECKOT0 KO (PHUIIMEHTa U CKOPOCTH
Hanopa. JIefcTBUS TaKUX CHJI IPEJICTABUM B PACTIPE/IEJIEHHOM BUJIE C MHTEHCUBHOCTBIO (] ©

a:\a12+azz ! (1)

rae (J; — MHTEHCHBHOCTb Harpy3KH, CBS3aHHOI C Maccoll pacTeHus, Bbiollerocs mo mmaraty, H/m; (, -

UHTCHCUBHOCTb BeTpOBOﬁ HarpyskKu Ha crebenb XMeNs U mirarar, H/m.

9,=05-C,-p-V2.d, )
rae Cy — aspomunamuyeckuii koaddurment (Cy=1,2); p — mioTHOCTH BO3ayXa, (p=1,205 Kr/M3); V — ckopocTh
BeTpa, M/c (IaHHBIC O CKOPOCTH BETpa MOJYYEHbI Ha arpomereopoiiormueckor cranimu ®I'BOY BO «Uysamckuii
T'AVY»3a2019-2021 rr. [3], [5]); d — muameTp KycTa XMeJIst, M.
PacnipeneneHHyr0 Harpy3Ky MpeaCTaBUM B BHIIE CHCTBHS CIII BIOJIb TOUEK ITOIBECA:

qg=—3—, 3)
COS o

TJIe 0L — YTOJI PACIIONIOKEHHUS MOICPIKKH XMEJIsL, TPal.

PaccMOTpHUM yCITOBHE CTaTHYECKOTO PABHOBECHS IS HATSHYTOTO IIIIarata MpH MOAIEPHKKE XMeNs ITUHOM L
(puc. 1), 3aKpemieHHOTO B JBYX ToukaX A W B. BBICOTY pacloJOKEHHS OIOPHBIX TOYEK 0003HAuMM uepes h,
rOpH30HTalIbHOE paccrosHue — depes |. Harsokenue mmarata T pasinokuM Ha BepTHKANBHYIO (Q) M TOPHU30HTANBHYIO
(H) cocraBusromue.

OueBHIHO, UTO YT PABHOBECHS HEOOXOANMO, YTOOBI

> x=0,
> y=0, 4
> M =0.

UIIn

Puc.1. Cxema aeiicTBHS CHJI HA TIOIJEPIKKY XMEIST
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-H,+H;=0,
QA+QB _ql =0, (5)

H,=H;=H;
h ql
QB:HT+%;
ql h
:——H—,
% 2 [

PaccMOTpUM eMMHWYHBIA y4acTOK Immimarata OX B IMPOW3BOJBHOM CEUYCHHWH, Ha KOTOPBIA JEHCTBYeT CHila
HATSDKCHHS T.

-H,+T,=0,

Q,—ax-T, =0, (6)
XZ

Qux-H,y--=0,

rJe X — KoOparHaTa yyacTka 0X Ha TOPU30HTAIBHOM OCH, M; Y — KOOPIMHATA y4acTKa UX Ha BEPTHKAIBHOM OCH, M.
Pemrenue cuctemsl (6) 3amuiieM B BUAE:

T, =H. )
ITonctaBus ypaBHeHHE (7) BO BTOpOE ypaBHEHHE CUCTEMBI (6), HOTy4HM:
h |
TyZQA—qXZHT+q(E—X). (8)

CyMMa cuJ1 HaTsDKSHUS LIIararta onpeessieTcst CIeAyoIM 00pa3oM:

2
h |
T=\T?+T?=_|H*+|H—+q - —x]|| . 9)
X y I q 2
U3 TpeThero ypaBHEHHS CHCTEMBI (6) MOITydIUM

y:(qlJrhjz_qzz (10)

2H | 2H

[Mpou3BoiHASE MAKCUMAIILHOM TOYKH MPOBUCAHUS MOABEIICHHOMN MOIEPKKH PH Y=Ymax U3 KPUBOU IIPOBUCAHUS
(10) paBHa

11
dy_d L hoax_, (1)
dx 2H | H
U3 Beipakenus (11) onpenenuM HU3IIYIO TOYKY ITOABEIICHHON MOIICPIKKH:
2 ql
OTKy/la HAaTsDKCHNE HUTH
ql |
H=—"—|x-——]| 13
4x-5) B
Jlomyctum, 4TO HHXKHSS TOYKA KPUBOH Iporuda mimaraTta CoBIaJlaeT ¢ TOUYKOH nojseca B, Toraa
ql? (14)
H=-"1_.
2h

Pe3yabTaThl HeeaeqoBaHuil U MX 00cy:xkaeHue. [Ipy oacTaHOBKE YHCICHHBIX 3HAUYEHUH OBLT MOyYeH TpaduK
3aBUCHMOCTH HATsDKeHWsl Immarata or ckopoctu Berpa (puc. 2). CormacHo I'OCTy [1] paspeiBHas Harpyska
MOJIUIIPONMIIEHOBOTO IMaraTa B 3aBUCUMOCTH OT ero auametpa 0;=1,0 mm; d,=1,2 mm; dg=1,4 mm; dg=1,6 mm; ds=1,7
MM U J5=2,0 MM nipencTapieHa B BUIC MyHKTUPHO# JTHHUH.

Hcxonst u3 rpaduka (prc. 2) MOXHO CHieNaTh BBIBOJ, YTO NpH ckopocTH Betpa V 1o 20 m/c, HabmomaeMoil Ha
xMenpHuKax Yysanickoro ['AY B 2020 r., 1onmycTUMBIA AuaMeTp Imarara paBeH 1,7 MM 1 MoxeT ObITh Bbimie. IIpu
MEHBIIIEM JHaMeTpe HaTsDKEHHE INIaraTa 3a cueT JACHCTBHS pacHpeielIeHHOW Harpy3KH OKa)KeTCs BBIIIE JOIMYCTHMOTO
3HAYEHWSI, YTO COOTBETCTBYET TOUKAM MEPECEUCHHMS MYHKTUPHBIX JUHUH ¢ rpadukom 3asucumoctu T=f(V).
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Puc. 2. T'paduk 3aBucuMOCTH HaTsDKeHHUs mmarara 7' oT ckopocTu Betpa V.

BeiBoabl. O4eBHIHO, YTO BEIMYHMHA MAcCCOBBIX M ITOBEPXHOCTHBIX CHJI, ACHCTBYIOIIMX Ha MOIJIEPXKKY, Oyner
3aBUCETH OT (ha3bl pOCTa PACTEHUS, a HanOOoJIbIee 3HAYCHHUE OHA UMEET P HOJIHOM PACIIOJIOKECHUH CTEOIS 10 JUTHHE
noanepxkku. Ilpn nanpHeimeM pocte 3a cueT oOpacTaHWsl BOKPYI METaJUIMYECKON IMPOBOJIOKH IIMAIEphl CTEOEIh
MEPEXOJUT B MOJBEUICHHOE COCTOSIHHE, YTO NPHBOJUT K CHIDKEHHWIO HAarpy3kd Ha ImnmaraT. BeiOop onTuManbHOTO
JMaMeTpa IImnarara B 3aBUCHMOCTH OT HAaTsDKCHHMS ITO3BOJISIET HCKITIOYHUTH €ro 0OPHIB B BETETAIMOHHBIN TIEPHO/.
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SELECTION OF THE OPTIMUM TWINE DIAMETER WITH THE SUPPORT OF HOP

E. P. Alekseev, V. P. Egorov, A. V. Korotkov
Chuvash State Agrarian University
428003, Cheboksary, Russian Federation

Brief abstract. The article made a calculation aimed at determining the optimal diameter of the twine that
supports hops. Hop is a plant that does not have a perennial crown, but at the same time, during the growing season, it
turns into a fairly powerful bush up to 6-7 m high, which is a climbing vine, to maintain which it is necessary to use
special structures. Taking into account the peculiarities of its development, support trellises are constructed, which are
support poles with a wire stretched in the upper part and vertical supports made of polypropylene twine or steel wire.
For each support, 2-3 stems are planted to obtain a fairly dense bush. In the process of growth and development of
hops, an increase in the mass of the plant occurs, which means that the intensity of the distributed load q on the pre-
tensioned twine also increases. In this case, it is necessary to take into account the intensity of the wind load acting on
the plant and increasing the total distributed load. The action of such forces loads the twine, and at certain values even
causes it to break and the stem to fall. The maximum tension is observed when the plant has grown completely along the
length of the twine: this occurs mainly in the third year of the plant's life. To determine the tension of the twine T, fixed
at two points A and B at an angle of 10° to the vertical plane, under the action of distributed forces, the condition of
static equilibrium was considered. When solving the problem, it is necessary to decompose the tension T into horizontal
and vertical components of the support reaction.

Key words: hops, tapestries, support, twine, distributed load.
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