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K BOMPOCY CEOAVMEHTALIN YACTUL,
COEPNYECKOWN ®OPMbI

B HacToslleli paboTe COMOCTABMSAKTCSA OMbITHbIE AaHHbIE O CKOPOCTAX
CBO6GOAHOI0 YCTaHOBMBLUErocs [ABVKEHUA TBEpAOro Llapa B >XWAKOCTU MOZ4
JeiicTBneM 3th(PEKTUBHONO Beca C PacCUMTaHHbIMKM MO hOpPMy/e B LUMPOKOM
AvanasoHe yucen Pe.

Cuna conpoTuBAEHUS ABWXEHUIO Liapa B BS3KOW cpefe paBHa [2]:

P = + K*4 + Ca-~p e (1)

MpupasHuBas cuny conpotusneHns (1) adekTMBHOMY Becy Lluapa B
XUAKOCTU  ANsi Clyyast CBOOGOAHOIO YCTAHOBMBLLEFOCSH [BWDKEHMSA Liapa, no-
Nyynm

Cay A 2, 4\Pr—p»
+cgp V[ MK+ CaYp ] 3(K+ CrAp

(2)
rae v, 4, p. — COOTBETCTBEHHO CKOPOCTb ABVDKEHUS, [AMameTp WU MIOTHOCTb
wapa; CB — KO3(h(hMLUMEHT BA3KOro conpotmeneHust; Cpg— KoahhuumMeHT
[LMHAMMYECKOro COMPOTMB/IEHWS, OTHECEHHBIA K MoOWaan Muiens lwapa; p
Mp — KO3(ULMNEHT AUHAMUYECKONM BAISKOCTM W MAIOTHOCTb  cpefbl; 8§ —

YCKOpeHue cunbl Tsxxectn; A = 3 ; b— MOCTOsIHHbINA Ko3thdn-

\// (PL— P)P*
?
LIMEHT.

MHoroumncneHHble [aHHble O CWe COMPOTWUBMIEHMA [OBVDKEHUIO Llapa
0606LLeHbl B 60/BLILIMHCTBE C/y4YaeB B BMAE OMbITHOMO rpaunka 3aBUCUMOCTH
6e3pa3mMepHOro KoagdmuneHTa CONpoOTUBAEHUS Wapy OT umucna PeilHonbAca
B /lorapumMuyeckmx KoopauHatax. [1ofo6HbIA rpauk BriosiHE MOXHO MC-
Nnofb3oBaTb [AN51 BbIABAEHUSA O0OLMX 3aKOHOMEPHOCTE, HO OH Masio MNpuro-
JeH Ans onpegeneHns NocTosHHbIX B hopmynax (1) un (2).

B nocnegHee Bpemsa MakcBopTu [2] 6bln NpoBefeHbl CrielnanbHble Kc-
CNefoBaHMsA MO OMPeAeNieHNt0 TOYHbLIX 3HAYEHWI CWMbl  COMPOTUB/IEHUS U
CKOPOCTW [ABWMKEHMA MPU Manbix umcnax PeinHonbaca (Ke go 6). Pe3ynbTaTbl
3TUX WCCNefoBaHWIA NUCNOMb30BaHbI [2] Ana onpeaeneHns MOCTOSHHbIX KO3g-
(mumeHToB B opmynax (1) m (2). Mpn 3TOM 0Kasanocb, YTO MOCTOSIHHbIE
BE/IMUNHLI paBHbl: CB =2,854; Cp=73; 6= 3,68. C MCNONb30BaHMEM YKa-
3aHHbIX KO3PMULMEHTOB NPWU COMOCTaBAEHUN MNONyYeHa [2] yA0BNeTBOPUTENb-
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Has CTereHb COBMAJEHUA OMbITHbIX AaHHbLIX, 0606LUEHHbLIX B BUAe rpaguka
3aBucumoctn = /(Ke), n pacyeTHbIX no gopmynam (1) mn (2). HekoTtopble
pacxoXpeHua MMenuce Nuib npu ymcnax Pe>330.

TabNMyHbIX AaHHbIX OMbITOB O CKOPOCTAX MafeHWs LIapoB B XUAKOCTU
M3BECTHO Masio. Takme AaHHble 6blIv ony6ankosaHbl AnneHom [3], M. J1. Be-
nvkaHoebiM M A. T1. 3erxpga [1].

ANNEHOM 3KCMepUMEHTa/IbHO MCCNEf0BAaHO ABWXeHWe sHTapHbIX (Ke=
= 23—224) wn cTanbHbiXx (Pe=2470—4170) wapos B Boge. OTHOCUTESIbLHO
TOYHOCTU OMbITOB AJlIeHa CO CTa/lbHbIMM Llapamu BblCKa3blBAOTCH COMHe-
HuA [1]. Bonee TOYHbI OMbITbI AMMeHa, UCCNef0BaBLIErO ABUXKEHUE AHTapHbIX
lwapoB B Boge. B Tabn. 1 conocTaBnslOTCA pacyeTHble W OMbITHbIE 3HaYeHUS
ckopocTeii [1] paBHOMePHOro NafeHus AHTapHbIX WapoB B Bogde npu /=16°C.

Ta6bnuuya 1

n, cm 0,1138 0,1200 0,1710 0,2320 0,2780 0,3464
p. rlcm3 0,9990 0,9990 0,9990 0,9990 0,9990 0,9990
21, Tlews 0,0760 1,0770 1,0770 1,0770 1,0780 1,0760
{x nyas 0,0111 0,0111 0,0111 0,0111 0,0111 0,0111
onwiT 2,04 2,20 3,27 4,36 5,24 6,55
c™M
cex
pacuet 2,04 2,19 3,20 4,30 5,07 6,25

ConocTaBneHMe pacyeTHbIX (Mo qopmyne (2)) W ONbITHLIX 3HAYEHWUIA
ckopocteir (Pe= 0,05—418) nageHMs WwapoB M3 CMecu napauHa C KaHu-
hoNblo U MapbnToBbIX B Macnax «Benocut J1» (tabn. 2) n «Parallnnt—
Haoublut» (Tabn. 3), nonydyeHHbix M. A. BenukaHoebiM n A. Tl. 3erxpaa,
[laeT XOPOLUYHO CTereHb COBMAAEHNSI.

Tabnunuya 2
V, cm]cek

oM p, r/ox8 pI( r/cm* (% nyas onbIT pacueT
0,9420 0,876 1,040 0,1660 12,20 11,92
0,7030 0,876 2,565 0,0956 50,00 47,50
0,6720 0,876 1,040 0,1655 8,621 8,32
0,6010 0,876 2,565 0,0956 41,67 41,32
0,6010 0,876 2,565 0,0820 45,46 42,82
0,5800 0,876 1,040 0,1430 7,81 7,49
0,5000 0,876 2,565 0,0820 38,46 37,52
0,4200 0,876 1,040 0,1703 4,50 4,44
0,4000 0,876 2,565 0,0956 27,78 28,60
0,4000 0,876 2,565 0,0820 29,41 29,97
0,3020 0,876 1,040 0,1735 3,012 3,0
0,3000 0,876 2,565 0,0820 21,74 22,76
0,2200 0,876 1,040 0,1617 1,996 1,965
0,1420 0,876 1,040 0,0820 1,613 1,610
0,1148 0,876 1,040 0,1796 0,621 0,615

10:
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JononHeHneM K yKasaHHbIM MOFYT ObiTb OMbITHbIE AaHHbIE, MOMYYeH-
Hble HaMW MPU WCCNEef0BaHUN CKOPOCTWM MafeHUst WapoB W3 OpraHU4YecKoro
ctekna B Boge (Pe= 328—7000), ctekna (Ke=0,00033—2670) n meTanna
(Ke= 0,056—7000) B BOAE W rNNLEPUHE.

Tabnuua 3
V, cm/cek

", cm P ricma Py r/cm |X, nyas onbIT pacuer
1,230 0,874 1,043 0,960 8,043 7,680
1,192 0,874 1,043 0,960 7,565 7,460
0,998 0,874 1,043 0,960 5,819 5,860
0,988 0,874 1,043 0,960 5,819 5,820
0,944 0,874 1,043 0,960 5,404 5,440
0,930 0,874 1,043 0,960 5,327 5,330
0,836 0,874 1'043 0,960 4,557 4,560
0,850 0,874 1,043 0,960 4,728 4,700
0,722 0,874 1,040 1,083 3,511 3,400
0,630 0,874 1,040 1,075 2,660 2,600
0,580 0,874 1,040 1,167 2,201 2,210
0,492 0,874 1,040 1,120 1,658 1,715
0,446 0,874 1,040 1,075 1,443 1,500
0,364 0,874 1,040 1,051 1,047 1,059
0,298 0,874 1,040 1,244 0,625 0,640
0,250 0,874 1,040 1,170 0,478 0,468
0,217 0,874 1,040 1,430 0,293 0,300
0,172 0,874 1,040 1,063 0,248 0,250

CKOpoCTb MafileHWs LWapoB W3 MeTan/ia W OpraHW4Yeckoro crekna B
Bofe (Tabn. 4) wusydyanacb B CTEKNAAHHON Tpy6e amametrpom 20 CM U Bbl-
coTor 350 CM C NOMOLLLI0 KMHOCHEMKU Kamepoit «Knes 16C-2» €O CKOPOCTbIO
CbeMKM 64 Kagpa B ceKyHay. BHyTpb cocyga nomewanacb MacliTabHas
NuHeika. CKOpOCTb MafeHus Wwapa onpegensnacb Nno BPEMEHU MPOXOXAEHWS
WapoM 3afaHHOro y4yacTka. Bpemsa nafeHus onpegensnocb Mo YWCy Kaf-
poB. CKOPOCTb YCTAHOBMBLUErOCS MafleHUs Lwapa NpPUHUMaNach PaBHOM CKO-
POCTW MAafieHUsi B KOHLE y4acTKa BbicOTOM 350 CM. PacyeTHble W OMbITHbIE
3HaYeHUs CKOPOCTeli PaBHOMEPHOro MajeHusl LapoB W3 MeTanna M opra-
HMYECKOro CTEKNa B BOAE MpUBeAeHbI B Tabn. 4.

Tabnuuya 4
V, cm/cek
4, cm P r/cws pl.r/ew” *, nyas onb pacweT
Wap b M3 wMeTanna (1—15°C)
0,3000 0,9991 7,800 0,0114 76,7 74,80
0,4000 0,9991 7,800 0,0114 91,2 90,00
0,4765 0,9991 7,800 0,0114 102 100,35
0,4990 0,9991 7,800 0,0114 105 103,37
0,5035 0,9991 7,800 0,0114 106 104,17
0,5555 0,9991 7,800 0,0114 111,0 110,20
0,6740 0,9991 7,800 0,0114 119,0 124,40
lWlapbl M3 opraHmyeckoro cTtekna ((— 20°C)
0,3244 0,9986 1,187 0,01056 10,65 10,63
0,5511 0,9986 1,187 0,01056 15,95 15,85
1,0070 0,9986 1,187 0,01056 22,85 23,67
1,1410 0,9986 1,187 0,01056 24,62 25,62
1,6190 0,9986 1,187 9,01056 31,30 31,55

2,0210 0,9986 1,187 0,01056 34 90 35,87
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CKOpOCTb MafeHns WapoB W3 CTEKMA B BOAE M3yyanacb B CTEK/ISIHHOW
Tpybe amameTpom 55 CM 1 BbICOTOM 225 CM. CKOpPOCTb MageHWsl LiapoB
onpefensinach Mo BPEMEHM MPOXOXAEHUS y4vacTKa BbICOTOM 225 cM. Bpems
nageHns W3MepPSNoCb  3MEeKTPUYECKUM  CEKYHZOMEPOM C  TOYHOCTBLIO [0
0,01 cek. CKOpOCTb YCTaHOBMBLLEroCS MafeHusl Wwapa NpUHUManacb pPaBHOMN
CpeAHer CcKopocTM Ha ydacTke B 225 cMm. B Tabn. 5 conocTtaBnstoTca pac-
yeTHble (N0 opmyne (2)) W ONbITHbIE 3HAYEHMS CKOPOCTE PaBHOMEPHOrO
nageHns WapoB 13 cTekna B Boge (npu ~=20°C).

Tabnunya 5
V, cm/cek
i, cm p, ricm* P r/cm* X nyas
onblIT pacueT
0,0390 0,9982 2,96 0,01005 5,95 6,027
0,0400 0,9982 2,96 0,01005 6,23 6,270
0,0410 0,9982 2,96 0,01005 6,62 6,487
0,0720 0,9982 2,93 0,01005 11,38 11,52
0,0740 0,9982 2,93 0,01005 11,90 11,83
0,0800 0,9982 2,93 0,01005 12,80 12,72
0,0900 0,9982 2,93 0,01005 14,87 14,21
0,2060 0,9982 2,99 0,01005 28,15 28,98
0,2100 0,9982 2,99 0,01005 28,30 29,48
0,2270 0,9982 2,99 0,01005 31,60 31,26
0,2790 0,9982 2,96 0,01005 34,73 36,01
0,2980 0,9982 2,96 0,01005 35,75 37,78
0,5060 0,9982 2,99 0,01005 53,58 54,16
0,5450 0,9982 2,99 0,01005 55,90 56,78
Tabnuuya 6
0, cm/cek
i, cm p r/cm3 p!, ricm* X nyas onurr . pacaer
Wapbl M3 mMeTanna
0,3000 1,25828 7,80 14,99 2,20 2,17
0,4000 1,25828 7,80 14,99 3,74 3,77
0,4750 1,25828 7,80 14,99 5,30 5,19
0,5035 1,25828 7,80 14,99 5,77 5,78
0,5560 1,25828 7,80 14,99 7,10 6,92
0,6740 1,25828 7,80 14,99 9,84 9,74
Wapbl M3 ctekKkna
0,0898 1,25828 2,93 14,99 0,0525 0,0510
0,0900 1,25828 2,93 14,99 0,0491 0,0520
0,2135 1,25828 2,99 14,99 0,2999 0,2999
0,2273 1,25828 2,99 14,99 0,3460 0,3455
0,3057 1,25828 2,96 14,99 0,6025 0,6000
0,3353 1,25828 2,96 14,99 0,7050 0,7286
0,5220 1,25828 2,99 14,99 1,6430 1,7040

CKopocTb NafleHns LWapoB M3 CTeKNa M MeTanfia B [MUEpUHE U3yya-
nacb B cocyae AvameTpom 55 cM u BbicoToil 45 cM. CKOpOCTb MageHust
l1apoB onpegensnacb Mo BPEMEHW MPOXOXAEHWUS ydacTKa BbiCOTOM 40 CMm.
CKOpoCTb YCTaHOBMBLUEroCcs MafieHUs wapa NpUHUMAaNach pPaBHOW cpefHeit
CKOpoCcTM Ha y4yacTke B 40 cm. B Tabn. 6 conocTaBnawTcs pacyeTHble (no
thopmysie (2)) 1 OMbITHbIE 3HAYEHWUSI CKOPOCTEM PaBHOMEPHOrO MajeHus Lia-
pOB M3 MeTanna u ctekna B ravuepuHe (npw /= 20°C).
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B KkauecTBe BA3KUX cpef OblIM MCMONb30BaHbI AUNCTUAIMPOBaHHas BoAa
n ravuepyH mapku YOA (FTOCT 6259—52) c cofep>XaHWEM OCHOBHOIMO
BewecTBa 99,89%.

Mpu m3yyeHUN NafeHUs LWapoB MNpuM MajblX 4ucnax Ke ocyluecTsns-
Nlocb TWAaTeNbHOE TepmocTaTupoBaHue. KonebaHue Temnepatypbl Npu 3TOM
He npesblwano +0,2°C. OwunbKa npu OMpeaeneHnn BSSKOCTU KUAKOCTEN
B 9TOM C/lyyae He morna npesbicuUTb 1,5%.

JnameTp WwapoB M3MepAncs MUKPOMETPOM W MPOBepssicA B3BeLUMBa-
HMEM Ha aHaMTUYeckux Becax. pn 3TOM MakcumanbHas cpegHeapudgme-
TU4Yeckas owWMOKa NpY M3MEPEHUN AMaMeTpa caMoro Manoro wapa (M=
= 0,0898 CM) npu MHOFOKpPaTHOM W3MEPEHUW He Morja npesbicuTb 1,0%.
OwwnbKa Npy M3MEPEHUM MUHUMAILHOTO BpPeMeHW MafeHus wapa (=
= 0,674 cm) B cocyge BbicoTo 40 CM ¢ TouyHOocTelo Ao 0,01 cek He morna
npesbicnTs 1,0%-

ConocTaBneHMe pacyeTHbIX 3HayeHWi no dopmyne (2) M O6LUMPHbIX
(Ke= 0,00033—7000) onbITHbIX AaHHbIX (Tabn. 1—6) nokaszano yAOBNETBO-
PUTENbHYI0 CTerneHb COBMageHus. B 0O6LEeM OTK/IOHEHWS pacyeTHbIX 3Haue-
HWA OT OMbITHLIX COCTaBAAT He 6onee 5%, 4YTO He MPEBbILIAET TOYHOCTU
pacyeToB U M3MepeHWi B OnbiTax. Takum 06pas3oM, MOXHO C [JOCTaTOYHbIM
OCHOBaHMEM pekomeHAoBaTb topmynbl (1) u (2) gns pacyeTa Cuibl COMpo-
TUB/IEHNSI U CKOPOCTU ABWXEHUS TBEpAOro wapa npu umcnax Ke<7000.

JlnTepartypa

1. M. A. BenukaHos, A. Tl. 3erkpa. PaBHOMepHOe ABWKEHME Lapa B >XMUAKOCTU.
«M3B. Hay4yHO-MenMopauuoHHOr0 MHCTUTYTa», Bbin. 19, 1929. 2. M. B. KpaBuos. Conpo-
TUBNEHME CBOOGOAHOMY YCTaHOBMBLUEMYCS [BWKEHWIO Chepbl B BSA3KOM cpege. «HX.-us.
XKYpH.», T. XV, 1968, Ne 3. 3. H. 5. Allen. Tbe wolon of a 3pbere 1M a Yl3coms Pmi<l-
PblMo3opblca! Ma”arwe, 1900, No 1.
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Npy pasnMyHbIX 3HAYEHUAX FyOMHbI 3aKNagkm ApeH. [na 3Toro ypaBHeHWs MOJflydeHa TakxKe
(hyHKUMA yuwep6a, NO3BONAIOLWLAA BbIYUCAATL CTOMMOCTb MOTEPAHHOW MNPOAYKUMM B CBSI3U C
OMno3faHreM CeBa 3ePHOBBLIX KY/IbTYP Ha APeHNPYEMOM Y4acTKe.

YpaBHeHWe yfenbHbIX 3aTpaT U yHKUMA yulepba oT Hefo6opa ypoXkas NO3BOMAKT Bbl-
YNCAUTL ONTUMAIbHYIO FNYyOUHY 3aKnagky ApeH W ONTUMabHbI CPOK NMPOW3BOACTBA MOCEBHbIX
paboT Ha OCyllaeMOM ApeHaXXem «TUMOBOM» yyacTke. — Wnn. 4. Tabn. 3. bubn. 12,

YAK 628.136

On'qpe,qeneHme HavBbIrOLHENLWEro pacnonoXeHUs COOPHbIX pe3epByapoB BOL03aOOPOB MOA3EM-
Hbix Bog. CTap nHekuin B. T. «BogHoe xo3aiicTBo Bbenopyccum». Bbin. 1. MuHCK, «Bbl-
Wwanwan wkona», 1971, c. 131—140. [Pecn. mexseq. c6.]

M3naraeTca MeToAMKa OMpeAeneHnst HauvBbIFOAHENLLEro MecTa PacrofiokKeHUs COOPHbIX
pesepByapoB BOA03a60POB MOA3EMHbLIX BOL Ha Tpacce Mepekayku BOAbl OT BOLOMCTOYHMKA
K notpebutento. MpuBOAATCA aHIMTUYECKME 3aBUCMMOCTU [N PelleHus paccmarpuvBaeMoi
3agaun. — Mnn. 2.

YAK 532.543+ 532.555
YpaBHeH/e B3BELLEHHOr0 pacxofa HaHOCOB MO BEPTUKAIN A/ OTKPbITbIX MOTOKOB C Hepas-
HOMEPHbLIM ABVKEHMEM MPU MEPEKPLITUN PEK MUOHEPHbIM cnocobom. HA6MNO0HCKWUI B. VY.
«BogHoe xo3ancTBo Benopyccum». Bbin. 1L MuHcK, «Bblwaliwaa wkona», 1971, c. 141—145
[Pecn. mexsen. c6.]

MNonyyeHo ypaBHeHWe AN1S TBEPLOro B3BELUEHHOr0 pacxoja HAaHOCOB MO BEPTUKaIU, KO-
TOpOe MOXET 6bITb YCMELWHO UCMO/Mb30BaHO MPW pacyeTax MepekpbITUSA pek. YKasaHbl Mpegenbl
nNpUMeHeHns ypaBHeHus. — Mnn. 1 Ta6n. 1 bubn. 7.

YAK 532.501.312

K Bompocy cegumeHTaumMm 4actuy —cdepuueckoir dopmbl. Kpasuyos M. B, CyBo-
pos B. B. «BoaHoe xo3saicTBo Bbenopyccum». Bbin. 1 MuHCK, «Bblwanwan wkonay», 1971,
c. 146—150. [Pecn. mexseq. c6.]

OKCNepuMeHTaIbHbIMM  UCCNeloBaHNAMU Haf, [BVMXEHWeM TBepAblX LapoB Mpu ymcnax
Ke=0,00033—7000 npoBefeHbl paHee BblBefeHHbIE (POPMY/ibl, ONpPeaenstoLine CKOpoCTb U cuny
CONPOTUB/IEHNS ABVMXEHWIO TBEPAOro Luapa.

Mnnioctpupyetcs xopowasi CTeneHb COBMNAAEHWA PaCYETHbIX W OMbITHbIX [aHHbIX. —
Tabn. 6. bubn. 3.

YAK 627.83

MaBoaKoBbI Bogocbpoc Conmropckoro rugpoysna Ha p. Cnyus. Anbdeposuy A H,
dnnmnnnoe JI. M. «BogHoe xo3alicTBo benopyccum». Bbin. 1 MwuHCK, «Bblwaiiwas
Wwkona», 1971, c. 151—153. [Pecn. mexseq. c6.]

[aeTca onucaHve KOHCTpyKUMWM Bogocbpoca C conpsbkeHwem 6beoB Npyv COeAUHEHWM
NOTOKOB, MOCTPOEHHOr0 Ha OfHOM M3 BOLOXO03AMCTBEHHbIX 06bEKTOB Benopyccun. Ocselyaetcs
OMbIT CTPOMTENLCTBA COOPYXEHUS C MPUMEHEHVEM COOPHBIX 3aMOHOMNYMBAEMbIX XKeNe306eTOH-
HbIX 31eMeHTOB. MpuBOAATCA pe3ynbTaTbl 06CNef0BaHUS B HWDKHEM 6bede nocne Mpornycka
nasogka. — Wnn. 4.



