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3HaHMS 0COOCHHOCTEH TMAPOJMHAMHIECKOTO U HHEPLIMOHHOTO B3aMMOJCHCTBHS JIN-
HEEK U3 IUIOCKHMX CIUIOTOYHBIX E€IMHUI] C MOTOKOM JXKHUAKOCTH NPHU HEYCTAHOBUB-ILEMCS
JBIDKCHUH HEOOXOIWMBI IJIS1 pa3pabOTKM COBPEMEHHBIX TEXHOJIOTHH HaBHI'alMOH-HOM
CILUTOTKH JIECOMATEPUANIOB 110 MaJbIM U CPEHHM PEKaM.

HccnenoBanne HHEPLIUOHHBIX MPOLECCOB ABIKEHHS JIMHEEK B PA3IMUHBIX PEXKUMAX
(B yacTHOCTH — B TEPHOJA pPa3roOHa) HEOOXOAMMO Ui TPABHJIBHOTO BBIOOpa CPEICTB
OYKCHUPOBKU M NEPECTAaHOBKHU JIMHEEK, KOHCTPYKIMH IUIOTOCTOSIHOK M HX KpEIUICHHS, a
Taroke 3((GEKTHUBHOIO IPOBEICHHS TEXHOJOIMYECKUX M TPAHCHOPTHBIX PacyueToB II0
HaBUTaIlMOHHOM CIIJIOTKE JINHEEK.

Jnst aToro paspaboTaHa METOAMKA M BBIIOJHEHBI JKCIIEPUMEHTAIbHBIE HCCIIENO-
BaHUS HHEPIUOHHBIX XapPaKTEPUCTUK JMHEEK M3 IUIOCKUX CIUIOTOYHBIX eAuHMI. Ilo
pe3ynabTaTaM MCCIEJOBAaHUS YCTAaHOBJIEHBI 3aBHCUMOCTH MTHOBEHHBIX 3HAY€HHH IyTH,
CKOPOCTH, YCKOPEHUSI ¥ KO3(-(DUIIMEHTa HECTALIMOHAPHOCTH OT BPEMEHH M Oe3pa3MepHOi
ckopocTtu. PaccumTaHa HecTanMOHapHas 4YacTb CONPOTHBICHHS JBMKEHHIO MOJAEIH
muHelikn. C y4eToM JOMyLIEHHs O MPHPOJAE CONPOTUBICHUS, KaK IPEUMYIIECTBEHHO
CONPOTHUBJICHUH (POPMBI, paccunTaH KOd(PPUIIMEHT HeCTaIIMOHAPHON YacTH COIIPOTHUBIICHHS.
KoneuHnsle pe3ynbTaTsl KCIEPUMEHTAIBHBIX HCCIEJOBAHUN MO pa3srOHy MOJENEH JIMHEeeK
NpPEe/ICTaBICHbl B BHJEC  3aBHCUMOCTEH  KOA(pQHIMEHTa HECTalHOHAPHOCTH  OT
T€OMETPHUYECKIX XapaKTePHUC-THK MOJEIEH.

[MTonyueHHble pe3ynbTaThl AAOT BO3MOXKHOCTh pPaccuuTaTh KOd(QuIMEeHT HecTa-
[IMOHAPHOCTH, KOTOPBIH NO CBOEH CyTH sBiseTcs (yHKIMEH He MeHee MATH B3auMO-
3aBHCHUMBIX BEJIMYUH HA JIFOOOM y4acTKe Pa3rOHa JIMHEUKH.

Bripaxenuss mns ompeneneHuss Ko3()(UIIMEHTOB, IMOJNyuyeHHbIE B 0Oe3pa3MepHOM
BUJIE, MOTYT HENOCPEJCTBEHHO MPUMEHSTHCS JUIS HAaTYPHBIX YCIOBHH TpH OYyKCHpOBKE
JIMHEEK I10 MaJbIM U CPEJHUM M3BIWIIMCTHIM peKaM ¢ HEI0CTaTOUYHBIMH TITyOnHAMHU.

Kniouegvie cnosa: mnockas CINIOTOYHAS eIUHMIEA, KO3()(OUIMEHT HEeCTallMOHAPHOCTH, CKO-
POCTb, YCKOpeHHE, Oe3pa3mMepHast CKOPOCTb.

st pa3paboTKu COBpEMEHHBIX TEXHOJIOTMH HaBUTAMOHHOM CIUIOTKHU JIECO-
MaTepHajoB [0 MaJbIM U CPEJHUM PeKaM HE0OXOIUMO 3HATh OCOOCHHOCTU THIPO-
JUHAMHUYECKOTO M WHEPLIMOHHOTO B3aUMOEHCTBUS JIMHEEK M3 IUIOCKUX CIUIOTOY-
Hbix equaull (IICE) ¢ moTOKOM )HAKOCTH MPU HEYCTAHOBUBILIEMCS IBIKCHHUH.
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Ienp Hameil paboThl — UCCIEIOBAHUE HHEPIMOHHBIX MPOIECCOB JIBUYKCHUS
nmuHeek u3 [ICE B paznuuHbix peskuMax (B 4aCTHOCTH — B MEPHOJ pa3roHa) s
MPaBUIILHOTO BhIOOpa CpesicTB OyKCUPOBKHU H nepecTaHoBku nHeek u3 [ICE, kon-
CTPYKIIMHU IJIOTOCTOSTHOK M WX KPEIUICHHSI, a Takke 3(PPEKTHBHOTO BBIMOIHCHHUS
TEXHOJIOTHYECKUX M TPAHCIIOPTHBIX PACUYETOB MO HABUT'AIIMOHHOW CTLIOTKE.

MeTtouka MpPOBEICHUS UCCICIOBAHUN MHEPIIMOHHBIX XapaKTCPUCTUK JTH-
Heek u3 IICE u ommcanme o60pyAoBaHus OMBITOBOTO OacceiiHa MpUBEICHHI B pa-
6otax [4, 5]. ToYHOCTP MOYYEHHBIX OMBITHBIX JAHHBIX OIEHUBAIN MO CKOPOCTH
PaBHOMEPHOI'O JABIXKEHHA L, Mojenei aunHeek u3 IICE. Ilpu sToM mnomyueHsl
cpenHee kBaapatuuHoe oTkioHeHwe S, = 0,045...0,537 cm/c, koddduimeHT
Bapuarmu ¢ = 0,140...1,908 %, cpenmHss omuOKa CpeaHEro apupMeTHUIESCKOro
Sy, = 0,02...0,24 cm/c mrst yposs smasumoctd g = 0,05 B mpezpemax TOYHOCTH

P =0,063...0,853 %.

B nanHOli cTaThe NPUBEACHBI JUIIL PE3YJIbTAaThl UCCACAOBAHUI MO Pa3roHy
Moneneit nuHeek u3 [ICE.

[Ipu 00paboTke pe3yNbTaTOB HCCIEAOBaHUA paccUMTaH KOIPQPHUIMEHT He-
craronapuoctu [1-3]:

kM+MBiARHeCT/dUM
N dt
M 1

pis

rIe Ay — IPUCOETMHEHHAS Macca, KT;
M, — macca BOJIbl, 3aII0JHSAIOIIEH ITyCTOThl BHYTPH JINHEHUKH, KT
ARjjecr — TOTIOTHUTENHHOE COTPOTHUBIICHHE, BBHI3BAHHOE HECTAIMOHAPHOCTHIO
nBwxenus, H;
% — YCKOPEHHUE JBUKEHUS MOJICTIH, mM%c;
M, — macca npeBecunbl Mmogenu auHeiku [ICE, kr.
Koaddumment HecTarqmoHapHOCTH N YYUTHIBAET COBOKYITHOE BIUSHUE B3a-
nmopericTeus muHerku u3 [ICE ¢ M, Ay 1 AR eer
[Ipu pacuere kKO3 hUIMCHTa HECTAIIMOHAPHOCTH IS ClIydas pa3roHa MoJie-
JIEH UCIIOJIB30BAJIA BEIPAKEHUE

b
n:PM—aUM 1
dv '

M M

odt

rae P, — ycunue OyKCHUpOBKHU Mojenei, H;
a, b — xoaddurentsr.

Orcroia mpu M3BECTHBIX 3HaueHWsiX My, a, b u M), a Taxxke MIHOBEHHBIX
CKOpOCTEH M YCKOPEHH paccUUTHIBaIN KO3(QOUIIMEHT N B KKA0H (QUKCUPOBAHOM
TOYKE IYTH MOJIEIH.

[TomyueHHBIE SKCIIEPUMEHTAILHO 3HAUCHUSI MTHOBEHHBIX CKOPOCTEH U YCKO-
PEHUii anmpOKCUMHUPOBAHbI BRIpAXKEHUsIMHU Buja [3]:

Uy = Upy — ave (@h)
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dv _at
M _ge ® 2
dt a ( )
TAe ay, d,, § — HapamMeTpbl SMIUPHYECKUX GOpMyT,

t — Bpems, c.
[Tapametpst hopmyn (1) u (2) paccanTaHbl METOJOM HAMMEHBIINX KBAIPATOB.
[Mpumep obpabotku pe3ynbTaToB ombita A1021 npuBeaeH B Bujie rpa)koB Ha pHC.

L
1, M3 KOTOPOro BUAHO, 4To 3aBucuMocTh N = f(—-) npakTuuecku nmuuelinas:
Vp
UM
n=0,12 +1,06.
Up.M

ITo naHHBIM OOPAOOTKH MOXKHO OTMETHTh OTCYTCTBHE B MPHUHATHIX KOOP.IH-
HaTax 3aBUCUMOCTH KO3()(dHIHEHTa N OT KOHEYHOH CKOPOCTH PasroHa L, UL BCEX
MOZENEH.

[MprHUMAast BO BHUMAHKE BBIBOJI O MPAKTUYECKU MOCTOSIHHOM 3HAYCHUU A, + M
B KQOKJIOM KOHKPETHOM OIIBITE, TIOJICYMTHIBAEM HECTAIIMOHAPHYIO YacTh COMPOTHBIIC-

HUSL JIBIDKSHUIO MOJIENN AR .., TSI Pa3HBIX 3HAYECHUI Oe3pa3MepHO CKOPOCTH Ou
v
p-M
o popmye [2]:
dv,,
AR or =M (n—ny) prat
nr @M B U“"’% B SM, B
M
20 25F 251
-1,6F2,0F 20F
12 LS ISE
08F 1,LOF 10F
04F 05F SF
0= 0= oF

0 0,15 030 045 060 0,75 090 %M

M

Puc. 1. 3aBHCHMOCTh MTHOBEHHBIX 3HaueHuit myTtu S, (1), ckopoctu v, (2), Ko-

dv,,

s¢dunnenta n (3), yckopeHus (4) or Bpemenu t u ko3bduumeHTa N oT

Oe3paszMepHoii ckopocti Um_ 1y ombita A1021

Vpu
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Pesynprarel BerancieHuid AR ., NI psiia OMBITOB MPUBECHEI B BUJIE rpadu-

KOB Ha puC. 2.
AR

0,08

0,07
Puc. 2. 3aBucummoctn AR, =

= f( Y ) ami pasmmumeix 0,06
Vpm

omeiToB: 1 — Al1265;, 2 - 0,05

C1144; 3 — Al1144; 4 — ]11121;

5 A5141; 6 A4041; 7 — 0,04

B3041; 8 - B2161
0,03

0,02

0,01

0

PM

[lo nmpuBeneHHBIM TpadukaM MOXHO CHENATh BBIBOJ, YTO OIPEACISIONIee
BIUsIHUE HA AR, OKa3bIBaeT mupuHa Mozenu juneiiku B, u3 [ICE.

Cnenyer oTMETUTh, YTO ARyee; MONYUMINCH PA3IMYHBIMHU 0 BEIMYUHE, HO
KOHIIBI TPa(huKOB HANpPaBICHBI K 3HAYEHHUAM 0e3pa3MepHOl CKOPOCTH L, /U, = 0 1
K 1. DTO MOXXHO OOBSICHUTH TEM, UTO KOTJIA TE€JIO OTHOCUTEIIFHO IMOTOKA KUJIKOCTHU
HEMOJIBUKHO (YCKOpPEHHE OTCYTCTBYET), WHEPIMOHHBIE CIJIBI M CONPOTHBIICHHE
UM

Up

cllydae YCKOPEHHE HACTOJBKO Majo, YTO YK€ HE MOXKET MMETh CYIIECTBEHHOI'O
BIIMSIHHS Ha XapakTep B3aUMOJICHCTBHSI MOJIENEH C TIOTOKOM.

JIst pacyeTa HeCTallMOHAPHOW YacTH CONMPOTHUBIICHHS MCIOIB30BAIH CIIETY-
oiyo Gopmyny [2]:

ARyecr paBHBI HyTFO. TO e camoe u Tpu

OJIM3KOM K CANHUIIC, TaK KaK B 3TOM

ARHeCT = EJH % FX UI\Z/I '

riae &, — 6e3pa3MepHbIid KO3 PHUIHEHT;
p — IUIOTHOCTh BOJIBI, KI/M;
2
F«x — xapakTepHas TIomaab, M .

Tak kak mns nuHeek u3 [ICE nonst BOTHOBOrO cOMpOTUBICHUS HE3HAYU-
TeNbHA, TO JOIYCKAaeM, YTO COMPOTHBICHHUE AR, 0 CBOSH MPHUPOJIE SBISACTCS
MPEUMYIIECTBEHHO COTPOTUBICHHEM TpeHus wiu ¢Gopmbl. [IpuHSB 3a Xapaktep-
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HyI0 omanap Fy mpoussenenue mwupuHbl B, Ha ocanky T, paccuuTanu Oe3pas-
MepHBIN KO3 (UIIMEHT HECTAIMOHAPHOW YacTH CONMPOTHBIEHUS . Pe3ymprars
BBEIYHICIICHUN MPUBEIICHBI B BHIe TpadUKOB Ha PHC. 3, TMIE IO OCH aOCITHCC OTIIOXKE-
HBI 3HaYCHHUSI JIorapu(MOB OTHOIIICHHS YKuciia PeitHonbca k unciy Mapuu [2]:

Re v
lg—=1g—>—,
Ma v do,
dt
rae V — k03QpHUIreHT KHHEMaTHYEeCKON BA3KOCTH BOJIBI, Mm/c.
&[l
30
Puc. 3. 3aBucumocTtb £, ="f(g E)
Ma

JUIS pa3nuuHbIX ombIToB: 1 — B2021;
2—-A5025;3 — A1025; 4 — B2023;
5 —B5225
10

lgl}\%a

3aBUCHMOCTh &, = f(Ig%) pH I0CTOBEpHO# ammpokcumarmi R? = 0,98
a

UMEET CIeNYIONINA BU/I:

_1031gR&
€, =9743% Ma

Koneunble pe3ynbTaThl SKCIEPUMEHTAIBHBIX HUCCIEIOBAHUN pa3roHa MoOje-
neit muueek w3 IICE mpexncraBneHsl B BuIe 3aBUCUMOCTEH Ko3QuimeHta N ot
TEOMETPUIECKUX XaPaKTEPUCTUK MOJIETICH JIMHEEK.

UM

[TomyuenHsle 1 Bcex Mozenei 3apucumoctd N = f ( ) anImpoKCHUMHUPO-
)
p-M

BaHbI JTUHEHHBIMH YpaBHCHUAMU

L
n=n +n, —-, (3)
Vpn
rzie Ny, Ny — napaMeTpsl IMIUPUICCKUX HOPMYIL.
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Kak yxxe oTMeuanoch BbIIIE, COMPOTUBICHUE AR .., TIABHBIM 00pa30M 3aBU-
cuT ot mwmpuHbl uHeiiku B, u3 [ICE, a npucoennnennas macca A, 1 Macca BOJbI
M, — B OombImei creneHn OT o0bemMa U (OPMBI TIOTPYKEHHON YacTH TUHEHKH U3
[ICE. Iloatomy ko3¢ dummenTs Ny 1 N, B BeIpakeHUH (3) SBISAIOTCA QYHKIHUEH OT
napametpa K (4), mpeacTaBasiomero coooi coueTaHue 3TUX BETUIHH:

N Y (4)
oPap 1 T
p
ny = f(k); nz = f(k). ()

[omyuennsie mist moneneit tuaeek u3 [ICE pacuernsie popmynsl onpenene-
HUS KOOQPUIHUEHTOB Ny U N, B BEIPAKEHUH (5) UMEIOT CIIETYIOLIHIA BUI:

n; =0,17k - 0,08; (6)
n, = 0,16k + 0,94. (7

JluneitnocTh 3aBHCcHMOcTel (6) u (7) moaTBepkmaeTcs TpaduKaMu, Mpe-
CTaBJICHHBIMH Ha pUC. 4.

[lomy4eHHble pe3ynbTaThl JAIOT BO3MOXKHOCTH PACCUMTATh HA JIOOOM ydacT-
ke pasrona juHerkn u3 IICE xoaddummeHT HecTanmnoHapHOCTH N, KOTOPBIHA IO
CBOCH CyTH siBlIseTCS (QYHKIIMEH HE MEHEe MATH B3aUMO3aBUCUMBIX BEJIIMYHH, 00b-
CIIMHEHHBIX B apaMeTp K.

Bripaxkenus st onpeaeneHust Ko3GGUITUEHTOB Ny U Ny, MONIyYeHHBIE B 0€3-
pa3sMepHOM BHJIE, MOTYT HEMIOCPEACTBEHHO IPUMEHSATHCS Ul HATYPHBIX YCIOBUIL.

ny,

1.5F

Puc. 4. T'paduku 3aBu-
CUMOCTH KO3 duIneH- 10k
TOB Ny ¥ N, OT mapamer- ’

o1
.2

pakil—-ng;2—ny 3 — -
n=fk);4-n=f(k)  05f e ~
. * ’.00 *
. * Y *
0_ OQ. * ’. .. *
0,5 ' ' ' : '

[TpuBeneHHYI0 METOMKY MOXHO MCTIONB30BaTh st tuHeek u3 IICE mmuHoM
13,0...44,0 m, mupunoii 4,5...6,0 M, ocaakoii 0,2...1,0 M ¢ ko3unmenTOM TOI-
HoxpeBecHocTH 0,42...0,49 npu OyKCHpPOBKE MO MajbIM U CPEJHUM H3BHIMCTBIM
peKaM C HeJOCTaTOYHBIMHU TITyOHHAMHU.
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Knowledge of specificity of the hydrodynamic and inertial interaction between the
flat rafting units lines and a fluid flow during nonstationary current is necessary for
engineering of navigation rafting state-of-the-art technology at small and medium rivers.

Research of the inertial moving processes of the units at the various regimes
(specifically — during acceleration) is necessary for correct choice of facilities for tugging
and transposition of the units and proper design of raft moorages. Besides that, this
information allows to increase correctness of the technological and traffic calculations
concerning the navigational rafting of the lines.

The technique of experimental studies of inertial features (acceleration) of the lines
was developed for this. By the research results, following dependencies have been derived:
instantaneous value of a route, velocity, acceleration, coefficient of nonstationarity, by the
time and dimensionless velocity.

The nonstationary member of the tractive resistance of the line model, was
computed. Taking into account an assumption of the character of resistance, as a shape
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based one, the coefficient of a resistance transient part, has been designed. The final results
of the experimental studies of the lines acceleration are presented in a form of dependence
of nonstationarity coefficient, on the geometric characteristics of the FRU lines models.

The findings allow to compute the nonstationarity coefficient, which inherently is a
function of at least five interdependent values, at any section of a line acceleration, on the
base of the features of a line, combined in a parameter.

The formulas for deriving the coefficients, obtained in a dimensionless form, may be
applied directly for full-size conditions during towing of the lines at the small and medium
shallow rivers.

Keywords: flat rafting units, coefficien of nonstationary, velocity, acceleration, dimension-
less velocity.
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