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HA TPAHCINOPT WWIAMA NO CTBOJ1Y
rOPN30OHTAJIbHOU CKBAXXVHDI

Kak u3secmHo, nepBbie CKBAXKUHbI C 20pU30HMAJIbHIM OKOHYAHUEM
6b11u npobypeHsbl 8 1953-1955 22. Ha meppumopuu bawkupuu. Tony-
KOM K 0anbHeliweMy pa3sumuro GypeHus 20pU30HMAbHbIX CKBAXKUH
(IC) 8 Mmupe nocny»xuna ycnewHas npogodka 8 1981 2. 8yx 20pU30H-
ManbHbIX CKBAXKUH Ha MecmoposxdeHuu Pocne-Mape (Umanus).

B 10 e BpeMs, HeCMOTPS Ha 3HAYUTE b~
Hbli pocT 06beMOB bypeHus 1 bonee yem
nosyBEKOBOI NepuoL NPOBOAKM TaKUX
CKBAXMH, CYLLECTBYIOT Pa3inyHble MHEHMS
0 BAUAHUN PEOIOTMYECKMUX NAPAMETPOB
MPOMbIBOYHOMN XUAKOCTU HA TPAHCMOPT
BbIOYPEHHOI NOPOAbl MO FOPU30HTab-
HOMY CTBOJIY CKBaXWH.

CTU — N, €CNY XUJKOCTb ONUCbIBaeTCA
cteneHHon mopenbto OcTBanbpa — fie
Baans.

B.W. Kpbinosbim 1 B.B. Kpewynom npegno-
XeHa hopmyna Ans onpefeneHns Heobxo-
AMMOr0 pacxofia NPOMbIBOYHOM XKUAKOCTH
Ans npombieku C

N3 dopmynbl (1) cnepyeT, 4To pacxog
KUAKOCTM [ TOPU3OHTANLHOrO CTBONA
LOJKEH ObITb B 2 pa3a 6osblue, yem Ans
BEPTUKANbHOIO, U YBEJIMYEHHE T, CNOCO6-
CTBYET TPAHCMOPTY WnaMa — Heobxoau-
Mblit Pacxop Npu 3TOM yMeHbLaeTcs.

CornacHo uccneposaHuam Kawkaposa
H.I. [2], npoBeaeHHbIM B NIOCKOI Wenu,

AD2.n.2
MHorue uccneposatenu [1, 2, 4] pna Q= m-(Dc-Dr’) - 3(eKTMBHBIN pa3MblB NECHAHOrO OCafKa
0,0008-p+(330-n+1,)-(2-sina) 4
npombiBKM ['C pekoMeHAyI0T pacTBOpbI C 600 252 Habnopaetcs npu 1, / n>150 ct. Cnegyet
BbICOKUM JUHAMUYECKUM HanpsXeHnem (WM) (1) npu 3TOM OTMETUTB, YTO NNOCKASA WeNb He
M+

casura (OHC) — 1, unu c BLICOKO BA3-
KOCTbIO MPU HU3KMX CKOPOCTAX CABUra
(BBHCC), uTo, B npuHLMMe, OAHO U TO
#e. Ho BBHCC cooTBeTcTBYET HU3KOM
BENIMYMHE MOKa3aTens HeNUHehHo-

roe D¢, D; — AMameTpbl CKBaXWHbI 1 Oy-
PUNbHBIX TPYO; 1), T, — CTPYKTYPHAsA BA3-
kocTb M [JHC pacTBOpa; o — yron HakoHa
CKBaXMWHbI K BEpTUKANM.

Ta6nuua 1. Peonormyeckue napameTpbl NpUMeHAEMbIX XUAKOCTEN

MOLENUPYET IKCLEHTPUYHOE KONbLEBOE
MPOCTPAHCTBO, HE YYUTLIBAETCS IKCLIEH-
TpucuTeT n B hopmyne (1).

B T0 e Bpems U3BeCTHO [5, 6], 410 yBE-
nunyenue HC pacTBopa MOXeT NpMBECTH

Peonoruyeckue napameTpel no mopgenu
YcnoBHas BuHrama OcTtBanbaa — ae Baans
Bup xxupkoctu BAskocTb (YB) To=To+T1d*U r=k(d—U m My, Ma.c
no CNB-5, c dr dr
N, Ma-c T,, [a K, [Ma-c™ n

1. Boga 15 0,001 0 0,001 1 0,001
2. 1,0% pactop KML| 25 0,015 1,0 0,05 0,8 0,028
3. 1,5% pactsop KML| 35 0,017 2,5 0,14 0,7 0,043
4. PacTtBop AkBa-llak 35 0,011 3,5 0,41 0,5 0,056
5. PacTBop rnunuepuHa 25 0,009 0,0 0,009 1,0 0,009
6. PactBop rnuuepuHa 35 0,015 0,0 0,015 1,0 0,015
H,p — 3 deEKTUBHAA BA3KOCTb NPM rpajueHTe ckopoctu 50 ¢
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K 06pa3oBaHMi0 B IKCLLEHTPUYHOM KOJIbLLEBOM MPOCTPAHCTBE
3aCTOMHBIX 30H, 4TO, ECTECTBEHHO, 3aTPYAHAET TPAHCNOPT WNaMa.
Mo mHeHuto C. Okpamxun u Lx.[Ox. Azapa [3], npu 3eHUTHBbIX
yrnax 55-90° ypesimyeHne OTHOWEHUA T, / 1| He NPUBOAUT K
VIyYLEHMIO BbIHOCA WNaMa.
C uenblo paspelweHuns yKkasaHHbIX NPOTMBOPEYUIA Ha Kadeape
OypeHus YumMcKoro rocyfapcTBEHHOr0 He(TAHOTO TEXHUYECKO-
ro yHUBepcuTeTa 6bnM pa3paboTaHbl ABE IKCNEPUMEHTANIbHbIE
YCTaHOBKM, NO3BONAIOLME UCCNE0BATb NPOLLECC TPAHCNOPTUPO-
BaHMA TBEPAbIX YaCTUL, NPU U3MEHEHUM IKCLEHTPUCUTETA KOJTb-
uesoro npoctpaHcTsa (KM) I'C npu ucnonb3oBaHum xupgKocTen
C pa3NUYHbIMU PEONOTUYECKUMI NapameTpamu [4].
Manas ycTaHoBKa nNo3Bonsna NpoBOAUTL UCCE0BaHUSA NpK
pasNMYHbIX yrNax HaKJ0HA MOAENU CKBAXMHbI K TOPU30HTaNN,
a 6onbluas — Npu BpalLeHUM «OYPUITbHBIX TPYO».
B kauyecTBe NPOMbIBOYHBIX XUAKOCTEN MCNONb30BANUCL BOAA U
BoAHble pacTeopbl KMLL, nonnaHnoHHas uennionosa MALL map-
ku AkBa-llak u ranuepuHa, napamMeTpbl KOTOPLIX NPUBEAEHbI B
Tabauue 1.
B kayecTBe 06pasLoB WaMa UCMONb30BANCA KBApPLEBbIA ne-
cok (c pasmepamu yactuy 0,17+0,2 MM M 1 MM U NAOTHOCTbIO
2300 kr/m®) n nponaHT (d=1 MM, p=3600 Kr/m°).
YcTaHoBKM pa3pabaTbiBanuUCh C y4eTOM COOIOLEHUS KpUTEPUEB
noao6us reoMeTpUYeCcKoro, rpaHUYHbIX YCAOBUMA, PEXUMOB
TeyeHUs U NpUbAUKEHHOTO Nofo6UA KpuTepus Apxumena.
Ncnonb3oBaHue Npo3payHbIX pacTBOPOB U CTEKNAHHBIX TPY6 Ha
OCHOBHOM y4acTKe YCTAHOBKW NO3BONMIO BU3YyaNbHO HAOIOAATH
1 GUKCMPOBaTL C NOMOLLLID BUAEOKAMED NPOLLECC ABUXKEHUSA
TBEPAbIX YacTWL, M 06pa3oBaHMe 0Cafika Ha HUXHel CTeHKe
MOAeNM CKBaXMHbI. B npouecce akcnepumeHTOB Onpepenancs
MUHUMANbHbIA PACXOA XUAKOCTU, MPU KOTOPOM HE MPOUCXOAUT
o6pa3oBaHuUs 0cafika. Pa3nnyHble 3HaYEHMsA IKCLEHTpUCUTETA
KM co3zpaBannce ucnonb3oBaHWeM pasnnMyHoOro AuameTpa «3am-
KOB» Ha MakeTe GYpUIbHbIX TPyO. Mpn 3TOM OTHOCUTENbHbIN
JKCLeHTpUcuTeT e nameHancs ot 0,4 fo 0,67, 4To cooTBETCTBYET
IKCLEHTPUCUTETY OYpUALHBIX TPYO B peasbHbIX CKBaXKUHAX
eDcDs @)
D¢-Dyy
roe D¢, D,, D, — COOTBETCTBEHHO AMAMETPbI CKBAXMUHBbI, OYpHIIb-
HOro 3aMKa u Tpy®.
Pe3ynbraThl ONbITOB (pUC. 1) NOKA3bIBAKOT, YTO HEOBXOAMMIi AN
TpaHcnopTa TBePAbIX YaCTUL, PAaCX0A NPOMbIBOYHON XUAKOCTH
CYILEeCTBEHHO 3aBUCUT OT BEIMYMHBI IKCLEHTPUCHUTET], Pa3MepoB
¥ NJOTHOCTU TPAHCMOPTUPYEMbIX YacTuL,. B TO e Bpems Obiau
noflyyeHbl NPOTUBOPEYMBBIE Pe3yNbTaThbl O BAUAHUN BA3KOCTH
pacTBOpOB.
Ecnu yBenuueHune BA3KOCTU (KaK yCIOBHOW, Tak U 3 EKTUBHOI
npu HCC) pacteopos KML, u Aksa-lak Tpe6oBano yBenyeHns
pacxopa, T.e. BbICOKOBA3KME pacTBOPLI Kak Obl 06naganu 6onee
HU3KOI Hecylei cnocobHOCTbIO, TO € Gonee BA3KUMU PacTBO-
pamu raMuepmuHa HeoOGXo0ANMbIN pacxop YMeHbLancs.
Hymepaums nuuuit cootsetcTayeT Tabauue 1.
[lns BbIACHEHMSA 3TOrO, Ka3anoCh Obl, NAapafoKCaNbHOTO pe3yJib-
TaTa 6bIN0 UCCNe[0BAHO pacnpefesieHne CKOPOCTeN TeYeHus
XWAKOCTU NO OKPYXHOCTW 3KCLLeHTPUYHOTO KOJMbLIEBOTO Npo-
cTpaHcTBa. LupuHy 3a3opa B akcueHTpuyHom KI1 (puc. 2) MoxHo
BbIPa3uTb 3aBUCUMOCTbIO
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BYPEHVIE

2

LK 1]

hmax

0,40 0,53 7 Puc. 2. U3meHeHHne BennUYMHbBI 3a30pa
Mo OKPYXXHOCTU IKCLLEHTPUYHOrIO
KOJIbILEBOro NPOCTPaHCTBA
Q, n/c
A U(p)=c h*(¢), (4)
14
A = - -
13 A roe x=0,57+0,5 npu TypbyneHTHOM pe
/,-3 // a2 KUME TeyeHUs; X=2 Npu NaMUHAPHOM
12 — —— = TeYeHUM HbIOTOHOBCKOW XWUAKOCTU W

P
....
.o

x=(n+1)/n npu namMHapHOM TeYyeHuu
BMX; n — nokasatenb HenuHekHOCTH B

L e
Amet R o1 mogenu OcTeanbaa — fe Baans.
? T Ans wupkoctu buHrama
@--cmmoc=mommotT T
8
; U(e)=[h*(e)/12n]-[AP/l-25/h(0)].  (5)
[ -~ OTHOCKUTENbHAA CKOPOCTb TeYEHUS KUA-
0,3 0,4 0,5 0,6 0,7 - KOCTU N0 OKPYHOCTU 3KCLEHTPUYHOTO

Puc. 1. 3aBUCUMOCTM MMHMMAJIBHOTO PACXOAA OT IKCLLEHTPUCUTETA U CBOCTB
UAKOCTH
a) Manas ycTaHOBKa, KBapueBblil necok pasmepom ot 0,17 go 0,2 mm;

KOJIbLLEBOro NPpOCTPaHCTBA onpepenaeTca
M3 BblpaXeHusa.

6) 6onblas ycTaHOBKA, — NPONAHT, ----- necoK KBapLeBblit pasmepom 1 Mm. (1-e-cos@)"
UOTH=7 M (6)
h(p)=h,(1-e-cosp), (3) R, — cpenHunit paanyc KONbLEBOro Npo- (1+e2-)L21))

CTpaHCTBa.
CKOpOCTb TeYEHUS XKUAKOCTM 3aBUCUT
OT pa3mepa KaHana npu Npounx paBHbIX
YCNOBMAX COMNACHO ypaBHeHMIO (4)

rge hy=0,5(D-D;).
rae Ny, Nyax — COOTBETCTBEHHO MUHU-
MasbHbIi U MaKCUMaNbHbIA pasmep u

PaccuutaHHble B cooTBeTCTBMY C (6) pac-
npefeneHns CKOpoCTei AN pasNnyHbIX
pacTBOPOB MoKa3aHbl Ha pUCyHKe 3.

U((R)OTH
2,0
1,6 Z
s
1,2 / +- x=0,5 (TypOyJECHTHBINA PEIKUM)
S +- x=2,2, n=0,8 (JaMUHAPHBINA PEKKIM)

0,8; — /4 =- x=3,5, n=0,4 (JlTaMUHapHBINA PEKUM)
0,4 =

, __/// >

—_
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Puc. 3. PacnpepeneHne CKOPOCTEN Te4EHUs XUAKOCTN NO OKPYXKHOCTU IKCLLEHTPUYHOIO KO/IbLLEBOro NPocTpaHcTBanpu e = 0,4
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N3 aHanu3a rpadmkoB Ha pUCyHKe 3 BUAHO, YTO YEM MEHbLIE
3HayeHMe nokasaTens HenuHekHocTu n (Bbiwe 3HaYeHune JHC
pacTBopa), TeM MeHbLIE CKOPOCTb TEYEHUS KUAKOCTH B HUXKHEI
y3Koii yactu akcueHTpuyHoro KM, roe, co6cTBeHHO rosops,
n cobupaetcs BbIbypeHHas nopoga (wnam), cnefoBaTesbHo,
Gonblue Heo6XxoAMMBbIN NS TPAHCMOPTA WaMa Pacxos npo-
MbIBOYHOW XUAKOCTU.

PacTBOpbI C HU3KMM 3HAYEHMEM NOKA3ATEN HEMHENHOCTU N 1
BbICOKMM 3HaueHueM [JHC umeloT, Kak U3BecTHO [3, 4, 8], nnockuit
npouIb CKOPOCTH, OAHAKO 3TO CNOCOBCTBYET NyULIEMY TPAHC-
nopTy wnama no cteony I'C T01bKO NPU KOHLEHTPUYHOM (MK
GIM3KUM K ITOMY) PacnonoxeHuu 6ypunbHbix Tpy6.

B T0 e BpeMs BbiCOKas CTPYKTypHas BA3KOCTb pacTBOpa npw
OAMHAKOBBIX 3HAYEHMAX NOKa3aTess HeNUHERHOCTU N (MUHKUK
51 6 Ha puc. 1) cnoco6CTBYET TPAHCMOPTY WaMa.

NPOBEJEHHBIE NCCNEQOBAHUA NO3BONAIOT

CAENATb CNEAVIOWMUE BbIBOAbI:

1. Heo6xoanmblit L0 TpaHcnopTa wnama no cteony 'C pacxop
MPOMbIBOYHOM XMULKOCTU 3aBUCUT OT BEJIMYMHBI IKCLLEHTPUCUTETA
KOMbLIEBOrO NPOCTPaHCTBA. IhHEKTUBHOCTb TPAHCMOPTA WAMA
BbILUE MPU MUHMMAJIBHOM 3HAYEHUN IKCLEHTpUCUTETA.

2. Npu TypbyneHTHOM pexume pasHOCTb CKOPOCTel TeYeHNs
XUOKOCTMW B WWNPOKOI 1 Y3KOI 4acTAX IKCLEHTPUYHOTO KOJb-
LLeBOro NPOCTPAHCTBA MUHUMANbHA, YTO ABNAETCA OLHOW U3
npuymnH 6onee 3hHeKTUBHOro TPAHCNOPTA WNaMa.

3. Ecaun pexkum TeyeHus no cteony [C naMmuHapHbIi, TO nNpu
3KCLLEHTPUYHOM PaCnosioXKeHUU GYpPUIbHON KONOHHbI Lenecoo-
Gpa3Ho UCMOJIb30BaTh KUAKOCTU C MUHUMAJIbHBIM 3HAYEHUEM
OHC 1 makcMmanbHOW CTPYKTYPHOM BA3KOCTBIO.

4. BA3KOCTb NPM HU3KMX CKOPOCTAX CABUTa He ABNAETCA XapaK-
TEPUCTUKOW Hecyllei cnoco6HOCTM pacTBopa.
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Kniwoyessie cnosa: 20pU30HMAJIbHAA CKBAXUHA, mpaHcnopm
wama, SKcyeHmpucumem.
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