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THE RESULTS OF THE TIMBER TRANSPORT UNITS ACCELERATION STUDY

PE3YJIBTATHI HCCJEJTOBAHWI PASTOHA
JIECOTPAHCHHOPTHBIX EJIMHUIL
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BEINOMHEHB! SKCIIEPHMEHTAIBHbBIE HCCIIEOBAHMS pa3roHa secorpancnoptHeix exunul (JITE) B ycmoBmsix
BIUSHUA «MenkoBoAbssy. JITE GpopmupoBanuch u3 1...6 CIIIOTOYHBIX AMHHUII, COCTOSIINX U3 YCTHIPEX IyYKOB Ma-
7010 oobema (10 5 M), COeIMHEHHBIX MEX/Ty COOOM C IIOMOILBIO KPEIeXKHbIX OpeBeH n rubkux cesizeil. Mccenosa-
HUSL IPOBOJMIINCE Ha Mozelisix B Macmurade 1:20. CoorHomenue umasl JITE k ee mupune u3meHsuiocs ot 1 1o 6.
Monenu OyKCHpOBAIUCH MPU TIOTIEPEUHOM PACIIOJIOKEHUH JIECOMATEpUaoB B 1uanasone ckopocrei 0,1...0,3 m/c.
OmnbIThl NPOBOJMIIN NPU COOTHOLICHUH IIIyOMHBI HamonHeHus Oacceiina k ocaake JITE h/T=7...1,6. [loayuena
3aBHCHMOCTH 0e3pa3MepHOro ko3 pUIneHTa CONPOTUBICHHS OT OTHOcUTeNbHOro yauHeHus JITE mst «nryboxoit
Boab» ipu h/T =7, KOTOpBIN BO3pacTaeT MpU yBENUueHUH yaiauHeHus. [lomydeHa 3aBuCHMMOCTh Oe3pa3MepHOro
K03 HIMEHTA, YYUTHIBAIOIIETO yBEIUYCHNE CONPOTUBICHN Bojbl ABIkeHHI0 JITE Ha «MenkoBoabey». Biusanue
«METIKOBOJIbsD» YMEHBIIAETCS C yBEIMYCHUEM OTHOIIeHHs DryOuHbl K ocagke JITE. IMomydens! nuHeiHble 3aBH-
CUMOCTH KO3 UIMEeHTa HECTAIIMOHAPHOCTH OT Oe3pa3MepHoit ckopocTr Juist JITE pa3nuuHbIX yaauHEHUA. DTOT
K03 (HIMEHT yYUTBIBACT BIMSHUE MAcChl BOJBI, 3anonHsromme myctotel BHyTpH JITE, npucoennHeHHO# Macch
1 JJOTIOJHUTEILHOTO CONPOTHBIICHNUS, BO3HHUKAIOIIETO IIpy HeycranosusnieMcs asikennn JITE. [l pacuera koad-
¢uIeHTa HeCTAlHOHAPHOCTH MOJTy4eHbl 3aBUCHMOCTH UL OTIPE/IeNICHHs IIapaMeTPOB JIMHEHHBIX 3aBHCHMOCTEH.
ITomydeHHble pe3ynbTaThl MO3BOJISIOT ONPEIEINTE BPEMs M ITyTh PAa3roHa Ipu pasiuyHelX yauuHeHusx JITE.

KuoueBble ¢JI0Ba: CIJIOTOYHAS €IUHUIA, IKCIIEPUMEHTAJTbHbIC HCC/ICTI0OBAHUS, HCYCTAHOBUBIICECS IBUKCHUE,

CONPOTHUBJICHHE BOABI, K03q)(bl/ll.[]/[eHT HEeCTAllMOHAPHOCTH, CKOPOCTh, Macca

Surov G.Y., Vatlina Y.V.
Northern (Arctic) Federal University named after M.V. Lomonosov,
Arkhangelsk, e-mail: ya.vatlina@narfu.ru, g.y.surov@narfu.ru

Experimental investigations of the timber transport units (TTU) motion in the shallow water conditions were
performed. The TTUs were formed from 1...6 raft sections composed of four small volume bundles (up to 5 cubic
meters) linked by the means of the fastening logs and flexible couplings. The experiments were carried out at
the 1:20 «model-prototype» relationship and at the «depth/model draft» ratios: #/T'=7,0...1,6. The «length/beam»
ratio of the TTU varied from 1 to 6. The models were towed at velocities of 0,1...0,3 m/sec. Dependence of the
dimensionless resistance coefficient on the relative «length/beam» TTU ratio for the «deep water» conditions at
h/T =7 was derived. The coefficient of resistance increases proportionally to the «length/beam» ratio. Besides that,
increase of the dimensionless resistance coefficient in the «shallow waters» conditions was found out. The “shallow
waters” effect declines when the //T ratio grows up. Linear dependencies of the resistance coefficient on the
dimensionless velocity for the TTUs of different «length/beam» ratios were developedt. The resistance coefficient
takes into account: associated mass, water mass in the TTU hollow space and additional water resistance during the
non-stationary motion of the TTU. Linear dependencies for the coefficient of nonstationarity were worked out. The
results obtained by the researchers allow to determine the duration and distance of a TTU acceleration at the variable
«length/beamy ratios.

Keywords: raft section, experimental investigations, non-stationary motion, water resistance, coefficient of

nonstationarity, velocity, mass

Jis pek ¢ MajbIMU TIIyOWHAMH MPENJIO-
xena crutorouHast enununa (CE), cocrosmas
U3 YeThIpeX My4KOB MaJloro oobema (1o 5 M),
COETMHEHHBIX MEXIy c000i C IOMOIIBIO Kpe-
TIe)KHBIX OPEBEH W THOKUX CBsI3ei [4].

B naGoparopuu kadeapsl BOAHOTO TpaHc-
IopTa Jieca W THJIPABIUKU BBITIOJIHEHBI 3KC-
[IEPUMCHTAJIbHBIC HCCICIOBAHUS HEYCTaHO-
BHBIIIETOCS  JIBMDKCHUS  JICCOTPAHCIIOPTHBIX
equann  (JITE), xotopele dopmupoBainch
m3 1...6 CE [2].

HccnenoBanusi mpoBOJMIM Ha MOJENISAX
B Mmacmrtabe 1:20 mpu COOTHONIGHUSIX ITy-
ounbl HarojgHeHus: OacceliHa k ocanke JITE
WT=17,0; 50; 4,0; 2,7, 1,6 u mmusl JITE
k ee mmpuHe L/B=1...6. MonenupoBanue

NPU ATOM MaciuTade HaZEeKHO C TOYKH 3PEHHS
MacmTabHoro 3¢ ¢exra, 4To JOKa3aHO IKCIIe-
PUMEHTAIILHO Ha MOJEISAX W B HATYPHBIX yC-
noBusix [3].

[Ipu paBHOMEpPHOM JBHIXKCHUU MOJIEIIH-
pOBaHME BBIMIOJIHEHO MO KpuTeputo Dpyna
B untepBaie ot 0,16 mo 0,48, a mpu Heycra-
HOBHBIIIEMCS — 110 KpuTepusiMm Dpyna u romo-
XpOHHOCTH. OTBITBI MPOBEACHBI MPH YHCIAX
Peiinonbaca 3,1-10%...5,5-10°.

Mopenu OyKCHpPOBAINCH TIPU MTOTIEPEYHOM
PacToNOKEHUH JIECOMATepHAlIOB B THAIIA30HE
ckopocreii 0,1...0,3 m/c.

JBmkenue mojened GuKCUpoBaioch Oec-
KOHTAKTHBIM ONTHYECKHM JaTYuKkoM 000pO-
ToB. Jlarumk oOecneunBan (hopMHpOBaHHE

B FUNDAMENTAL RESEARCH Ne 11,2014 H



B TEXHUYECKME HAYKN H 53

AMITYJTbCOB, YacTOTa IIOBTOPEHUH KOTOPBIX
MPOIOPIIMOHATFHA YaCTOTE TIPOXOKICHUS Ta-
XOMETPUUECKUX METOK, HAHECEHHBIX Ha Bpa-
HIAFOIIUNCS OJIOK CO CBETOOTPAXKAFOIIUM TIO-
KpeITHEeM. VI3MEeHeHHne YacTOThl WMITYIIBCOB
0 BpeMEH! (PHKCHPOBAJIOCh Ha KOMIBIOTEpPE
¢ TIOMOTIIbIO TIporpaMMbl Zet Panel.

HanexHnoe tpancnoptuposanue JITE Bo3-
MOXKHO TPHU YCJIOBHH UX yNPABISEMOCTH. DTO
0COOCHHO BaYKHO B PEYHBIX YCIIOBUSX MIPH Pac-
XOXKJICHHH CO BCTPEYHBIMH KapaBaHaMH Ha TI0-
BOPOTax M y4acTKaX CO CBAJIbHBIM TCUCHHEM.
Ympasmsiemocts JITE oGecrieunBaercs mpu 10-
CTHDKEHUHU CKOPOCTH OYKCHUPOBKH B HATYPHBIX
YCIIOBHUSIX OTHOCHTEIbHO ToToKa 0,4...0,9 m/c.
[Ipu BRIMONHEHUH TEXHOIOTUUYECKUX PACUCTOB
niepemectutenbHbIX onepanuit ¢ JITE HeoO-
XOJIMMO 3HaTh Bpems u nyTh pasrona JITE no
CKOPOCTH, TIPH KOTOPOH oOecrmeunBaeTcs WX
YIIPABISIEMOCTbD.

JuddepennmaibHoe ypaBHEHHE pa3roHa
JITE u3 coctosiHus mokos [5]:

Mﬂ(l+n)@:P—R, (1)
dt

rae MZI — macca JITE, kr; n — Koaq)v(bI/IuI/IeHT
HECTAlMOHAPHOCTH, YUYUTHIBAIONIUA  BIHUS-
HHE MAcChl BOIbI M, 3aMONHSIOMIEN ITyCTOTHI
BayTpu JITE, mprcoennnenHol Macchl A 1 10-
TIOJIHUTENIBHOTO CONPOTUBIIEHUS AR, BO3HH-
KAIOILEro MPU HEYCTAHOBUBIIIEMCS JIBUKCHUU

JITE; % —yckopenune apwkenus JITE, m/c?;
t

1.6
14 F

1,2 -

b}

P — ycunmue 6ykcuposku JITE, H; R — compo-
TUBJICHUEC BOABLI PABHOMEPHOMY OBHKXCHUIO
JITE, H;

2,
Rzurp, 2)

r — TIPUBEIEHHOE COTMPOTHBIICHUE BOJBI JIBHU-
sxernio JITE, H-c?/v?;

p
=ckQ—; 3
r=c 5 3)

¢ — KO3 QHIMEHT CONMPOTUBICHUS; kK — KOI(-
(DUIHMEHT, YYUTHIBAIOUIMN BIHSIHUE «MEJIKOBO-
Ibs»;  — XapakTepHas IUIOmanb (IUIOIAab
cedeHus 1o Muzaeno BxT), M, p — INIOTHOCTb
KHIKOCTH, KI/M’; U — CKOPOCTh PaBHOMEPHO-
ro JIBMIKEHHS, M/C. ’

JL71st KasK 101 MOJIEINH TIOJTyYeHbI KBaIpaTH-
HBIE 3aBUCHMOCTH CHJIBI COMPOTHBICHHS BOJIBI
PaBHOMEPHOMY ABHMKEHHIO JIECOTPAHCIIOPTHBIX
©IIMHUI OT CKOPOCTH JIBVKCHHSI MOJICIIH.

ComporuBnenue HEyCTaHOBHBIIEMYCS
HOCTYNATeIbHOMY  IBIDKEHHIO  JIECOTpaH-
CTIOPTHBIX CJIMHUI] TPE/ICTABICHO KaK COIpO-
TUBJICHHE BOJBI DPaBHOMEPHOMY JIBUYKEHHIO
JIECOTPAHCIIOPTHBIX EIUHML] U JOTIOJHHUTEIIb-
HOE CONPOTHBJICHHE, BO3HUKAIOIIEE TPH He-
YCTaHOBHBIIEMCSI JBHKEHHU.

ITomygena 3aBucumMocTts ¢ =f(L/B) mis
«ryOokolt Boab» nipu A/T =7 (puc. 1) (ko3¢-
¢unment koppemsuuu 0,973):

c:0,136%+0,943. 4)

6 L/B

Puc. 1. 3asucumocmo ¢ = f(L/B)

ITo pesynbraTam 00pabOTKH OITBITOB TTOJTY-
yeHa 3aBucuMoctsb k = f{h/T) (puc. 2) (koppe-
nsuoHHoe oTHoleHue 0,932).

2

k=0,013 I —0,180£+1,632. (5)
T T

I[Ipu 006paboTke pe3yIbTAaTOB OIBITOB
[0 Pa3roHy MOJAENCH MONy4HJIH 3aBUCUMO-

CTH CKOPOCTH W YCKOPEHHS MOJENH OT Bpe-
MCHU BHUA:

— _ —qt.
v=v,-ae"”;

—qt

dv
—=ae ",

dt
e a, a, ¢ — NapaMeTphl, ONPEIETIAEMbIE IKC-
MePUMEHTANBHO.
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Puc. 2. 3asucumocmo k = f(h/T)

IIo pesyapraram HCCIENOBAaHMM  pas-
rona JITE mpu coorHomenusx L/B=1...6
uh/T=1,6...7,0 nonaydeHsl 3HaUCHUS KO-
¢urmenta n [1].

[Tony4eHHbIe 3aBUCHMOCTH ANMPOKCUMH-
POBaHBI YPaBHECHHUSIMHU BHJIA

L
n=n,+n,—, (6)
P

e n,n,— napaMeTpbl SMIIUPUICCKOU (I)OpMy—

L
JIBI; — — OTHOCHUTCJIbHAsA CKOPOCTD.

Ha puc. 3 nmpuBeneHsI 3HaUCHUS 3aBUCUMO-

L
ctu n=f [—j, MpU JTIOCTHXKEHUU CKOPOCTH
L

P
paBHoMepHoro asuxeHus JITE B HaTypHBIX
YCHOBHSX V= 0,45...1,2 M/c 1 COOTHOIIIEHH-
ax L/B=3 u h/T="T (Ko3pPpUILHEHT KOppeIs-
i 0,842). 3aBucuMocTty Buaa (6) OTydeHBI
npo¢d. MutpodaHoBbEIM A.A. IS TTYYKOBBIX

v, COPTUMEHTHBIX IIOTOB [3].
3,0
25 A‘M”v. M
' 000“'@‘
2.0 R AN M
s ot S e
%S oe*?
b e
’ NRER ol ®
1.0 ‘3“‘/“- .« *
s - e
PSR 4
0,5
0,0
0,0 0,2 0,4 0,6 0,8 v /v,
L
Puc. 3. 3asucumocms N= f | — | npu coomnowenusx L/B = 3 u h/T =7
L,
Ha puc.4, 5 npuBeneHsl 3aBUCUMOCTH

n, =AL/B) nn,=fL/B) npu h/T=1,6...7,0.
B pesynerare nomy4deHs! pacueTHble (OPMYIIBI

4 3 2
n1=0,01[%j —0,19(%) +1,23(%) —3,70%+5,02;

4 3 2
n2=0,01(%j —0,17(%) +1,12(%J —3,38%+5,67.

IS ONIPEENEHHs! TapaMETPOB N, | N, (KOppe-
nsuronHoe oTHomenne 0,856 u 0,8211 COOT-
BETCTBEHHO):

(7)

(8)
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B pesynbrare ncciaenoBaHui Mony4eHsl 3a- References

BHCHMOCTH JJISl ONpPEAENICHUs] TapaMeTpoB 7,
¢ 1 k, IO3BOJISIFOILME ONIPENEITUTD COIPOTUBIIE-
HHE BOJIbI PABHOMEPHOMY JIBHIKEHUIO, 4 TAKKE
BpeMs U 1yThb pasroHa JITE u3 cocTosiHus no-
KO$1 10 CKOPOCTH, TIPY KOTOPOH 0OecIieunBaeT-
Csl UX YIPaBISIEMOCTb, IIPU PA3IUYHBIX YCIIO-
BHSX dKCIUTyaTannu. MOXKHO pemars 1 Jpyrue
3aJa4y, HallpUMep HalTH HEOOXOOUMYIO CHITY
pas3roHa Jiyisi JOCTUKEHHUS TOM MM UHOM CKO-
poctu aeuwxenust JITE, 6nuskoii kK paBHOMED-
HOMH 3a OIIPEEIIEHHOE BpEMSL.
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