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s pex ¢ MaibIMU [IIyOMHAMM TPEAJIONKECHA CIUIOTOYHAS CIUHMIIA, COCTOSIIAs U3
YeTHIpEeX MyYKOB MAIOro 00BeMa (10 5 M), COSIMHEHHBIX MEKILY COBOMH ¢ MOMOMIBIO Kpe-
TISKHBIX OPEBEH U TMOKNX CBSI3EH.

Henp Hame# paGOTHl — BBHIMOJHUTH 3KCIIEPUMEHTAIBHBIC UCCICAOBAHUS JBHKCHUS
necotpancnoptHeix eauHuUI] (JITE) B ycnoBusx MenkoBoabs. JIeCOTpaHCIIOPTHBIC €MHUIIBI
(dhopmupoBanu u3 1-6 CIIOTOYHBIX enuHUI. MccinenoBaHUS MPOBOIMIN Ha MOJEIIX Mac-
mraba 1:20. Otaomenne mmHe JITE k ee mmpuHe m3mensiock ot 1 go 6. [Ipu paBHOMEp-
HOM JBIDKECHHH MOJEIHPOBAHUE BHINOIHEHO NO Kputepuio @pyna B uaTepBane ot 0,16 mo
0,48, mpu HEeycTaHOBHBIIEMCcS — 10 KpuTepusam Opyna u ToMoxXpoHHOCTH. OMBITH IPOBe-
JeHbl Ipy gmcnax Peiironbaca 3,1-10% ... 5,5:10°. Mogenu OyKCHpOBaIX MPH MOMEPEIHOM
PAacIIOJIOKEHHH JISCOMATepHAIIOB B auamnasone ckopocreit 0,1 ... 0,3 m/c. JIBmwkeHne mMome-
neit pukcupoBanu OECKOHTAKTHBIM ONTUYCCKUM JAaTIYMKOM 000poTOB. JlaTunk obecneunBa
(opMHpOBaHHE HMMITYJIBCOB, YacTOTa IOBTOPEHHMH KOTOPBIX IMPONOPLHOHAJIBHA YacTOTE
MPOXOXKJICHUS TAXOMETPUYCCKAX METOK, HAHCCCHHBIX Ha BPAIIAIONIUIICS OJIOK CO CBETOOT-
paKaloUIMM MOKpPHITHEM. V3MEHEHHE YacTOThI UMITYJIBCOB 10 BPEMCHH (DUKCUPOBAIU HA
KOMIIBIOTEpE ¢ TOMOIIBIO Tporpammsl Zet Panel.

JIis KX I0i MOJEITTH MOJyYCHBI KBaIPATUYHBIC 3aBUCHMOCTH CHJIBI CONPOTHBIICHHUS
Boabl paBHOMepHOMY nBrkeHHIO JITE ot ckopoctu nBmxkeHus mozpenu. CONpOTHBICHUE
HEYCTaHOBUBIIIEMYCs TOCTynaTeabHoMy nBmxkeHnto JITE mpencraBieHO Kak COMPOTHBIIE-
HHUE BOJBI paBHOMepHOMY ABIbkeHHIO JITE M momoiHHUTENEHOE CONPOTHBIICHHE, BOSHHUKA-
o1Iee MIPHU HEYCTAHOBUBILEMCSI TBH)KCHHUH.

IIpu uccnenoBanumn HeycraHoBuBluerocs ABwxeHus JITE Takue BenuYMHBL, KaK IpU-
COEJIMHEHHash Macca, Macca BOJbI B ITyCTOTaX JIECOTPAHCIIOPTHBIX €IMHUI, BO3HHKAIOILEe
JOTOJHHUTCIBHOC COIIPOTHUBIICHUEC, YYUTBHIBAIOTCS KO3(1)(1)I/IIJ,I/ICHTOM HECTAallMOHAPHOCTH. }lﬂﬂ
BCEX Mouenei& MOJIy4CHbI 3aBUCUMOCTHU K03(1)(1)I/ILII/IeHTa HECTAlIMOHAPHOCTU OT OTHOCHUTECJIb-
HoWi ckopoctH nemwkenus JITE npu otHomeHnu riryouns! k ocanke 7,0; 5,0; 4,0; 2,7; 1,6.
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ITonydyenHble pe3yabTaThl MO3BOJIAIOT ONPENEIUTh BpeMs M IyTb pasroHa JITE.
MOXHO pemniath W APYTHE 3a7add, HAIPUMEpP, HAUTH HEOOXOIUMYIO CHITYy pa3rOHa JUIsl J0-
CTHXKEHHUS 3a ONpelelIeHHOe BpeMs 3aiaHHoi ckopoctu asrkenus JITE.

Kniouegvie cnosa: cruioTouHas eAWHHIA, SKCHEPHMEHTAIBHBIC HCCIIECAOBAHUS, HEYCTaHO-
BUBILIEECS ABMKEHHE, CONPOTHBICHUE BOJBI, KOA(P(UIMEHT HecTaIMOHAPHOCTH, CKOPOCTh,
Mmacca.

Jist pex ¢ MansiMu TITyOnHaMu TipeaiokeHa cruiotounas eaunania (CE) [4],
COCTOSAIAs M3 YETHIPEX IMYYKOB MAoro odbeMa (0 5 M), COCAMHEHHBIX MEKIY
co0OH ¢ MOMOIIBIO KPEMeXHbIX OpeBeH M THOKux cBszell (puc. 1). Konctpykums
CE no3BoJsieT CIIaBiIsATh JIUCTBEHHBIE COPTHMEHTHI. [Ipy 3TOM IydYKH U3 TUCTBEH-
HBIX COPTUMEHTOB YCTaHABIMBAIOT MEXAY IyYKaMU U3 XBOWHBIX.

4 B ycrnoBusx mabGopaTopun
\:t \f \3 R\. ‘x\_ Kadeapsl BOAHOTO TpaHCIOpTa Jie-
\ e b gl ca u rugpasnuku CADY nposoau-

: JU JKCIIEPUMEHTAIbHBIE HCCIIe0-
BaHWS HEYCTaHOBHBIIETOCS J[BU-
JKEHHSI JIECOTPAHCIIOPTHBIX €IUHUI]
(JITE), kotopele (opmupoBamu us3
1-6 CE. UccnenoBaHus HEyCTaHO-
BUBIIIETOCS JIBUKCHHS IUJIOTOB BBI-
nonusm A.A. Murpoganos [2],
M.M. OBunHHHKOB [3], Ipu pa3Bo-
pOTe JIeCOTPAHCIIOPTHBIX SIUHUI] —
B.A. bapa6anos [1].

HccnenoBanmst mpoBoamm Ha MozAemsax macmrada 1 : 20. MonmenupoBaHue
HeycraHoBuBierocs AsmkeHus JITE mpu 3tom macmtabe HafeKHO C TOYKH 3pe-
HUSl OTCYTCTBHUS MaclITaOHOTO 3 QeKTa, YTO TOKA3aHO IKCIEPUMEHTAILHO Ha MO-
NesIX U B HaTypHBIX ycioBusx [2]. Jmamazon pasmepos: Beicota CE H = 0,05 m;
OTHOIIIEHWE TITyOWHBI HanoJHeHus OacceiiHa k ocanke 4/T = 7,0, 5,0, 4,0, 2,7, 1,6;
otHomenue juuHbl JITE k ee mmpune: L/B = 1...6. KoadduuueHTt monHoapesec-
Hoctu JITE n=0,5.

[Ipu paBHOMEPHOM ABIKEHUH MOJICITMPOBAHUE BBITIONHEHO IO KPUTEPHUIO

1]
I

vt .
pusim @pyna u romoxponHoctu Ho =T. OmnbIThl IPOBEACHB! NpH 4Kchax Peid-

[ — ' :

Puc. 1. Cnnorounas eguHuna: / — Mydkd H3

XBOMHBIX COPTUMEHTOB; 2 — ITyYKH U3 JINCTBEH-

HBIX COPTUMEHTOB; 3 — KpelekHbIe OpeBHa; 4 —
ruOKHe CBSI3U; 5 — (UKCATOPHI THOKHUX CBSI3E

Opyna Fr= B unTepBate (0,16...0,48), npu HEyCTaHOBHUBIIEMCS — 110 KpUTe-

HONBACAa Re _ol (3,1:10*...5,5-10°).
A%
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311ech v — CKOpPOCTH;

g — YCKOpeHHEe CBOOOIHOTO MaiCHUS;
{ — BpeMms;
| — nomna JITE.

Mogenn OyKCHUpOBaTU IPH MOIMEPEYHOM paCIOJIOKEHUH JecoMaTepHajoB
u ripu ckopocta v = 0,1...0,3 m/c. [Ipu kaxx10M 3HAYEHUN CKOPOCTH, OTIPEIACISICMON
ycuianeM OyKCHUPOBKH MOZEIIH, OIIBIT TIOBTOPSUICS HE MEHEE IISITH Pas.

B nmanpHeiimeM ombITHl 0003HaYand mH@POM, COCTOSIIUM H3 Tpex Hudp:
nepsasi — Homep JITE (1 — onna CE, 2 — aBe CE u 1.4. 10 6); BTOpas — cepusi OIbI-
TOB; TPEThsI — OPSIIKOBBII HOMEp B CEpHUH.

JBwxkenne mMozenell GUKCUPOBaAIN OECKOHTAKTHBIM ONTHYECKUM AATYHKOM
o6opoTtoB. [latunk obecneunBan GopMUPOBaHUE UMITYJIBCOB, YACTOTa OBTOPEHUS
KOTOpBIX TPONOPLHOHAIBHA YacTOTE IPOXOXKACHUS TaXOMETPUUYECKHUX METOK,
HAaHECEHHBIX Ha BPAIIAIONIUICS OJIOK CO CBETOOTPAXKAIOIIUM MOKPHITHEM. V3MeHe-
HUS 4aCTOThI MMITYJIbCOB II0 BPeMEHH (DPUKCHUPOBAIM HAa KOMIIBIOTEPE C ITOMOIIBIO
nporpamMmer Zet Panel.

Hdns oOpaboTKM TMONyYEHHBIX MAaHHBIX B MPOTPaMMHOM OOECTIeYeHUH
Microsoft Office Excel aBropamu Hamucan makpoc nocpeactsoM Visual Basic for
Applications.

Cuina conpoTUBIEHUs BOJbI paBHOMepHOMY ABmxkeHuto JITE

R =C%QU§, (1)

rae ¢ — O6e3pasMepHBIA KOA(DPUITHMEHT CONMPOTUBIICHHUS IBUKCHHIO;
p — IJIOTHOCTH KUJIKOCTH, Kr/M;
Q) — xapakTepHas iomans (momanb muaens B x 1), Mz;
Up — CPEIIHSA CKOPOCTh MOJIETH IIPH PABHOMEPHOM JBHKEHHHU, M/C.
Hnst xaxgon mogenu (puc. 2) MOMydeHbl 3aBUCUMOCTH BUja R = avp2. 3Ha-
YeHMs MapameTpa a npuBeeHs! B Tab. 1. CpenHee KOppensuOHHOE OTHOLIEHUE —
0,99.

Ta6numa 1
WT 3Hauenne mapamerpa a, H-c*/m?, s JITE npu pasnuussix L/B
1 2 3 4 5 6

1,6 10,2 13,7 14,4 14,6 16,2 18,1
2,7 8,9 11,1 12,5 13,7 13,8 15,5
4,0 8.4 10,0 11,1 11,3 12,1 13,4
5,0 6,6 9,1 9,5 10,4 11,4 13,4
7,0 6,5 8,0 8,7 10,0 10,9 13,3
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Puc. 2. 3aBucUMOCTb CHJIBI CONPOTUBJIEHHSI BOABI OT CKOPOCTH
IBWOKEHUS Mozener ipu 4/T = 5,0 1 9ucina CITOTOYHBIX IHUI]
(HOMep kpuBoii cooTBeTcTBYeT "nciay CE)

B o0mem citydae riaBHbBII BEKTOP THAPOIMHAMUYECKUX CHJI, AEHCTBYIOIINX
Ha TeJNO INPH IBI)KCHUW B BA3KOW HECKUMAEMOM JKUAKOCTH, ONpPEAEIseTCs Kak
CyMMa Tpex CHJI: IUIABY4YEeCTH P, WHEpLUUOHHOW TMIPOJUHAMUYECKON Py, Bs3-
KOCTHOM TMAPOIMHAMUYECKON P,

P=P +P, +P,.
PaBHogelicTByromas cuibl 1aBydectd U Beca JITE mpu oTCyTcTBHM yKIOHA

CBOOO/THOM MMOBEPXHOCTH paBHA HYJIIO.
HHeprinoHHas Cuiia OMpeaesieTCs 1Mo CIeIyIoeit popMyre:

dv
PI/IH = )\'M P
dt
rac )\,M — NIPpUCOCANHCHHAA MacCcCa, KT,
dv 5
7 — YCKOPCHHUEC ABUKCHUA TCJIA, M/C .
t

[Ipoexiust BA3KOCTHOW COCTABIIAIONICH TNIaBHOI'O BEKTOpa THAPOJUHAMUYE-
CKHUX CWJI Ha HampaBlIEHUE, MIPOTUBOIOJIOKHOE MOCTYNATEIBHON CKOPOCTH LIEHTpa
TSOKECTH, TaeT BBRIPAKCHUE JUISI CHIIBI THApOAMHAMHUIecKoro conportusinenus JITE,
KOTOpoe ompeaessuid no BeipakeHuto (1). Cuna conpoTUBICHHS HEYCTaHOBHUBIIIC-
Mycs moctynarensHoMy nerxkennto JITE mpeacraBnser coboit cymMmy IBYX CHIT:
R'=R*AR_,,
rae R — cuna conporuBnenus Boabl paBHOMepHOMY ABwxkeHuto JITE, Beruncnen-
Hasl TI0 TUIIOTE3€ cTaluoHapHoCTH, H;
ARyecr — TOTIOIHUTEIHFHOE CONIPOTUBIICHUE, BO3HUKAIOINIEE TPU HEYCTAHOBUB-
memcs aprxeHun, H.

55



ISSN 0536 — 1036. UBY 3. «JlecHoii :xxypHam». 2014. Ne 2

Macca JITE, xapaktepu3ytoiiasg €€ MHEPIMOHHBIE CBOMCTBA, CKJIAJbIBAETCA
13 CyMMapHOU MacChl APEBECUHBI, KOPHI U Takenaxka M, U HEKOTOPOM 4acTH BOABI
M, 3anonHstomieit mycrorsl BHyTpu JITE.

CoriiacHO TeopeMe W3MCHECHHS KOJHMYECTBAa IBIDKEHHUS Tela, MO KOTOpPOH
MPOU3BOAHAS M0 BPEMEHU OT KOJIMYECTBA JIBIIKCHHUS TeJia PaBHICTCS T[JIABHOMY
BEKTOPY BCEX ACHCTBYIOMINX HA TEJIO CHII:

[d(M, + M, + \,) v)/dt = —F + P, @)

rae F — rinaBHbIM BEKTOp BHENTHUX cuil, H.

Bemuuunst Ay, My U ARyeer B3AMMO3aBUCUMBI U TIEPEMEHHBI TIPU PA3HBIX Pe-
skumax nBrkeHus JITE. Onpenenenne ux TEOPETUYECKU WM HKCIEPUMEHTAIBHO
HE TIPEJICTaBIIEeTCS BO3MOXKHBIM. Bocmonb3yeMcst K03 GUITMEHTOM HecTalnoHap-
HOCTH JIBYDKCHHS 71, KOTOPBIA 00beIUHSICT UX [2]:

7\'M +MB i ARHQCT/Z;)
n= . 3
" (3)

Pl

Psin aBTOpOB 3KCHEpUMEHTANIBHO HOKazaiu [2, 5], uro macca Boas! B JITE
[IPY JBIKEHUH €€ 10 BOAHOW MMOBEPXHOCTH BEJMUYMHA MOCTOSIHHAS. B manHOM city-
4ae 3a IVIaBHBIA BEKTOP BHEIIHUX CHUJ /' NPUHUMAETCS! yCUINe OyKCUPOBKH MOJie-
neit. C yuerom (3) ypaBHeHue (2) MpUMET CIEIYIOMNNA BU:

Ma(l+n)%=—R+F. (4)

B pesynbrare monyyuM BBIpaXXEHUE ISl SKCIEPUMEHTAIBFHOTO ONpeIeIeHHS
K03 GUIeHTA 1:

F—av®
n=—a !
M _

A dt

Jnst BeIYHCIIeHUs KOdQQHUIMEHTa 7 TP M3BECTHBIX 3HAYEHMsX F, a u M,
OIIpeJieIeHbl MTHOBEHHBIE 3HaUeHUs yckopeHus pasrona JITE.

[Ipu 006paboTKe pe3ynbTaToOB OMBITOB 110 Pa3TOHY MOJENEH MOJNy4YeHbl 3aBU-
CUMOCTH CKOPOCTH M YCKOPEHHSI MOJENIH OT BPEMEHH:

—qt

v=0,-ae "
do
—qt
t

rae a,, a, ¢ — napaMeTpsbl, OMPECACIACMbIC SKCIICPUMCHTAJIBLHO.
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[Tpumep pesynbraToB 06padoTku pasrona JITE cepun onbiToB 23 mpuBeneH
Ha puc. 3. CpeaHee KOppeIALMOHHOE OTHOLIEHUE JUIsl IEPBOM M BTOPOMl 3aBUCH-
mocrteii — 0,99.

. v
[lomydgennsie st Bcex mopeneil rpaduku n = f | — |anmmpoOKCUMHUPOBAHBI
Yp
JTUHEWHBIMH YPaBHEHUSMH BHJIA

D
Up

TAe 1y, Hy — mapaMeTpsl (GOPMYIIBL.

do, Wi’ v, M/C
dt’ |

0,016 0,161
0,0141 0,147}
0,012 0,121

Puc. 3. Pesymerater oOpa- 00108 0,107
60TKM  cepum ONBITOB 23 0,008} 0,08
0 Ppasrony MoOICIHW TpU 0,006 0,06
h/T =5: a —3aBUCUMOCTD D U 0004F 0,04}

dv
—or #; 6 — 3aBucumocts n H002p 0,021
dt ol .
OT ¢ u Ge3pa3MepHoil CKOpo- 0 he
v a
cru—; 1 — v = flf); 2 - ne
Up
4
dv 4 2,5F
o f;3-n=(—); ’
Up 2ol 3
4—-n=A£1) ’
1,5¢
10N
05 ’ - : : : .
5 10 15 20 25 te
0 0,2 04 0,6 0,8 1,0 L
p
6
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JomonHuTenbHOE CONMPOTUBICHUE ARyec; 3aBUCUT OT IIUPHUHBI SAWHUIBI B,
Macchl A, 1 M, — ot o0bema u ¢opmsl norpyskernoi yactu JITE. [Toatomy koad-
(bUnHeHTHI 1] ¥ 1y B ypaBHEHUH (5) ABISIOTCS (DyHKIMEH mapameTpa K, IpencTaB-
JSFOILEH cCOOOW coveTaHHe ITUX BEJINYMH:

m = f1(K); ny = f,(K);
B

322 g
p
IJi€ P, — ILIOTHOCTD APEBECHHBI, KI/M’.

Juist kaxxa0i Mozenu ObUTH TIOTyYeHbl 3HaueHHs K03()OUIEHTOB #; U 1 TIPU
otHouieHuu A/T B uccnenyeMoM HaMu AuanasoHe (puc. 4).

K=

1y, 1
25
20
L5 r
1,0

05

0 0 L L 1 1 L 1 I J

)

Puc. 4. 3aBucumocts K03 duimentoB ni(l) u ny(2) npu
nWT=1,6...7,0

3Hauenus mapamerpa K s Mojeneii IpuBeaeHBI B Ta0I. 2.

Tabnuma 2
L/B 1 2 3 4 5 6
Iapamerp K ms JITE 2,12 1,68 1,47 1,33 1,24 1,17

ITo pe3ynbraTam SKCIIEPUMEHTANBHBIX UCCIIEA0BaHU 00paboTano 150 cepuii
omnbiToB pasrona JITE u momydeHsl pacueTHbie GOpMYIIbI onpeaeieHus koadduiu-
€HTOB 1| U My, CTIPaBeJIMBBIC 1JIsl cooTHOINeHu# A/T=1,6...7,0:
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n =111K —0,79;
ny =1,12K +0,22.

Koaddumment xoppensun st 3Tux 3aBucuMocteii pases 0,75.
3nas napametp K u ucnons3ys Gopmyisl (5) u (6), MOXKHO paccuuTaTh KO-

(6)

"
s punmenT n s TFOO0T0 COOTHOIICHUS — .

Y

PesynbTaThl HaMX SKCIEPUMEHTAIBLHBIX UCCICIOBAHUN 1| U 1, Ha «TIIy0o-
koi» Boze (A/T = 7,0) comoCTaBUMBI C pe3yiIbTaTaMH, IMOJYIeHHBIME A.A. Mutpo-

(daHoBBIM [2].

Hcnonp3ys momyueHHble JaHHBIE U ypaBHEeHHE (4) [2], MOXKHO ompenenarsb
BpeMs u nyTh pasroHa JITE. Kpome TOoro, MoxHo pemwats U ApyTrUe 3ahaud,
HalpuMep, HAWTH HEOOXOIUMYIO CHIIY pa3rOHa IS IOCTYDKCHHSI TOM WM WHOU
ckopocty aemkeHus JITE, 61u3koii K paBHOMEPHOI 32 ONpeeTICHHOE BpeMsl.
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The Results of the Study on Water Resistance to the Motion of Timber Transport
Units

Ya.V. Vatlina, Postgraduate Student

G.Ya. Surov, Candidate of Engineering, Professor
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A raft section consisting of four small volume bundles (up to 5 m®) linked by means
of fastening logs and flexible couplings has been proposed for shallow rivers.

Experimental investigations of the motion of timber transport units (TTU) in shallow
waters were conducted. TTUs were formed of 1-6 raft sections. The study was performed
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using models on a scale of 1:20. The length—beam ratio of the TTU ranged between 1 and 6.
At uniform motion of the TTU, modelling was carried out using Froude number ranging
between 0.16 and 0.48. At unsteady motion, the experiments were performed using Froude
number and homochronicity criterion. The research was conducted at Reynolds numbers
ranging between 3.1-10* and 5.5-10°. The models were towed at the speeds from 0.1 to 0.3
m/sec. A non-contact rotational velocity sensor was used to register the motion of the
models. The sensor formed impulses at a frequency proportional to the frequency of passing
the tachometric marks on the light-reflecting rotating block. Variation of impulse frequency
was recorded by means of Zet Panel computer program.

Quadratic dependences of the water resistance force to the uniform TTU motion on
the model velocity were derived for each model. Water resistance to TTU’s unsteady motion
is represented as water resistance to uniform motion plus additional resistance arising at
unsteady motion.

The values taken into account as nonstationarity factors were: associated mass, water
mass in the voids of TTUs, and additional water resistance. For all TTU models we derived
dependences of the nonstationarity factor on the relative motion speed at the following
depth—draught ratios: 7.0; 5.0; 4.0; 2.7 and 1.6.

The results obtained allow one to determine TTU’s acceleration time and distance.
Some additional tasks can be solved, such as determining the acceleration force required to
reach a given TTU motion speed in a certain time.

Keywords: raft section, experimental study, unsteady motion, water resistance, nonstation-
arity factor, velocity, mass.
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