HU3BECTUSI o
TOMCKOI'O OPJIEHA OKTSIBPbCKOM PEBOJIIOLIMN
1 OPJIEHA TPYJIOBOI'O KPACHOTO 3HAMEHH
[OJIMTEXHHMYECKOI'O HHCTHUTYTA nmenn C. M. KHPOBA

Tom 234 1974

BJAUAHUE YCJHOBUU NMPOAYBKU HA TENJOOBMEH
3EPHHUCTOTO CJi0od C NOBEPXHOCTbIO HATPEBA

A. J1. AJIEKCEEB, B. 1. OCHH

(TTpescraBiena HayuyHBIM CeMHHAPOM Ka(eaphl IPOLECCOB, MaliuH
U anmnapaToB XHMHUYECKHX NPOH3BOJICTB)

Ilenbto HccaenoBaHUA SBJASJIOCH ONpe/leieHHe BAHAHMS pexkHMa H Xa-
pakTepa IBHKEHHS OJKHKAIOIICH Cpefbl HA KO3((UIUEHT TemI00TIaud o
OT HarpeTol MOBEPXHOCTH K cioi0. MccenoBanus NpCBOAUINCH B iBa 3Tala.
BuauaJsie ©bliu CHATHI MHAPOAMHAMHYECKHE XapaKTEPUCTHKH CJIOS TIPH \CTa-
IIMOHAPHOM ‘M CHHYCOH/LaJBHO-MYJABCHPYIOLIEM XapaKTepax ABHzKeHHS OXKH-
JKAIOIlero areHTa M OMNpe/JeJeHbl 3aKOHOMEePHOCTH M3MeHEeHHs! COMpPOTHBJIe-
HUSL U 00beMa CJI0si OT CKOPOCTH (PUABTPALUH M YACTOThl MYJIbCALHM.

B kauectBe auCrepcHOro MarepHasa HCIOJAb30BAJCA pPEYHOI IeCOK
NIOTHOCTBIO p=12659 xe/m® (ppaxuus 0,51 mm). HacbinHas MI0THOCTD
CJI0S1 cocTaBisiia pex =—1430 ke/m3. Marepuan sarpyzKajacs B IPO3pavyHyIO
UuIuH/pUYecKyo kamepy aunamerpom 200 u BbicoTOH 470 mMm. Cunycou-
JLaJIBHO-NYJ/IbCUPYIOLIMI XapaKTep JBHKeHHs BO3JyXa uepe3 cucremy oobec-
TIeUHBAJICSl POTOPHLIM TpeodpaszoBaTeseM, MPHBOJ KOTOPOIO MO3BOJSI Me-
HATBb YacTOTy myJabcamuii ot 0 1o 25 ey.

[uaponunaMuuecKkie XapaKTepUCTUKH CJIOS ONPeAeNsyINCh TPH 4acToTe
nyJbcaluii BO3ayiHoro noroxka f=3,35; 6,7; 10; 16,7 ey u ocpeHEHHLIX BO
BpeMeHH cKopocTsx (puabtpanun ot 0 1o 68 m/cex. Bolin nomyuensl cOOTBET-
CTBYIOIIHE XaPaKTePUCTHKH TIPH NMPOIYBAHUH CJOST HEBO3MYIILEHHBIM (CTALH-
OHAapHBIM) TIOTOKOM.

Ha puc. la npuBenensl fanHble 00 H3MeHEHHH 00beMa, NoJyuyeHHbIe IIPH
HayaJabHOH BbicoTe 09 Ho=82 mm u oblieM Bece 3arpyKeHHOI'0 MaTepuasa
G=3780 e.

BusyanbupiMu HaOG/10J€HHSIMU YCTAHOBJIEHO KauyeCTBEHHOe OTJHYHE B
NOBEJEHHH CJI0S B C/lydyae ero NpoayBaHHUS CHHYCOHJAJIbHO-TYJ/JIbCHPYIOLIUM
IOTOKOM. DTO OTJIHUHE COCTOUT B TOM, UTO CTAJHU pacUIHpeHUs (IICEeBLO0XKH-
JKEHHs) CJ0A NpeIlIeCcTBYeT ero yIJOTHEHHEe, BeJHYHHA KOTOPOI'O 3aBMCHT
OT 4acCTOTHI MyJ/JbCalMil H CKOpOCTH (uabTpauud. M3 pucyHka BHAHO H KOJIH-
YeCcTBeHHOe OTJIMYHe, NPOSBJAOLeecs B TOM, YTO paCIIHpEHHE CJOs NPOHC-
XOJHUT IPH CKOPOCTSIX HAMHOIO MEHBIUHX, YeM B CJydae [BHKEHHUS uepe2
HEro HeBO3MYIIEHHOTO MOTOKaA.

Hccnenosanua tenoo6mMena npoBOLHINUCH TIPH OCPELHEHHBIX CKOPOCTAX
¢uabrpanuun 6uiuzkux x 0,063; 0,073; 0,1; 0,175; 0,225; 0,38; 0,51 u 0,58 »m/cek.
3HauyeHnsl CKOPOCTeil BLIOPAHBI Ha OCHOBE Pe3yJIbTATOB HCCJAeI0BaHHsT NHJ-
POAMHAMHKH (€101 ¢ YY€TOM TOTrO, UTO IPU BCEX YaCTOTaX HaO0J/I0/1aIHuCh
CXO/THbI€ COCTOSIHUSA, 8 HMEHHO:

a) ckopoctu ¢uuabrpauuun Menbune 0,075 M/cek COOTBETCTBYIOT HHCXO-
AAIIUM KPUBLIM YIJIOTHEHHS CJIOS;

6) ckopoctu Gausxue K 0,1 m/cex cOOTBETCTBYIOT MaKCHMaJsbHO YIJIOT-
HEHHbIM COCTOSIHHAM;
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Puc. 1. Bausgnne ckopocTH (QHUAbTPAUMH M YCJAOBHH IPOJAYBKH Ha H3MeHEHHE
o6bema cjos (a) u xKospduuuenta terooriaun (0)

H p— BBIcOTa c/10s1 B pabounx ycnaosusix. [=0-—mnoTox cramuonapiuiii;

[==3,35...16,7 — yacrtora myJbcauuii, ey

B) B auanasone ckopocteir ot 0,1 mo 0,175 m/cex caoii pacmupeHn, HO
€ro MOPO3HOCTh MeHbllle MOPO3HOCTH CBOGOJHO HACHIMAHHOTO NeCKa;

r) ckopoctH, Goabine 0,175 m/cex, cOOTBETCTBYIOT Pa3JHUHBIM ITpOMe-
JKYTOUHBIM COCTOSIHMAM CJO9.

HarpeBatenbHblit BaeMeHT pacrnoJarajcs 1o OCH anfiapata Ha paccro-
STHUU 28 MM OT paclpepequTe/ibHON pelleTkH. Tepmonapnl pasmelmanuch B
JIMHUIO HA pasJIMUHOM PAacCCTOSIHMH OT HarpeBartess. lHesamuiienuoi@ cmnau
pacrnosnaranuch Ha BbolcoTe 41 mm or peuwletku. B mpoiecce skcnepumenTa
3aMepsJIUCh CHJIa TOKA [ M TeMmeparypa B TpeX ydacTKax cJjos.

Cpennue 3HaueHHs] KO3(PPUIMEHTA TENJIOOTAaut o OTNPeesInch pac-
yetom 1o Gopmyae |[1]

ap = 92612 8T[M?-epad.
85— teq
Ha puc. 16 nokazan xapakrep H3MeHEHHS ot B 3aBHCHMOCTH OT CKOPOCTH
(puabTpanuu.

13 npuBeneHHbIX MaHHBIX BHUAHO, YTO NPH NPOAYBAHHH HEIOJBHKHOTO
CJ10sl CTAlMOHAPHBIM MOTOKOM (pexum ¢uabTpanuu) Habdal01aeTcsd MeAJeH-
HOe BO3pacTaHHe ot , YTC BbI3BAHO, B OCHOBHOM, YBeJHUEHHEM CKOPOCTH ra-
3a, OMBIBAlONLEro NoBepxHocTb HarpeBa. C mepexojoM c¢jiosli B IICEB/JLOOKH-
}KEHHOe COCTOSIHHE MOBBIUIAECTCY MHTEHCHBHOCTb IyJbCALMOHHOIO NepPEeMeLIH-
BaHHS YaCTHL U KaK Pe3yJJbTaT 3Toro 6osaee OblcTpoe Bozpacranie ot Mak-
CHManbHOe 3HaueHHe KO3(pdHIHeHTa TenaI00TAaul HUMeJ10 MeCTO MpH CKOpo-
cTH (puabtpamuu, 6a1M3Koi K 0,68 m/cex, u «umcye mceBLooKuKeHus» 1,8.

Corsacuo 12, 3] MakcuMaJpHOe 3HAYeHHe KO3(PQHUIHEHTa TenJooTLaun
JUIs cJ10s1 TlecKa CcocTaBJsier okoJo 238 kkaa/m?uac-epad. (205 sr/m%epad)
H HaOJI0aeTcss MpH «4yuc/ae IMCeBLoOKHKeHus» 1,7--1,9. B mammux skcie-
PHUMEHTAaX Qrmax =198,6 87/M2epad, uTo mMpaKkTHUECKH (COBIALaeT C aHHbI-
MH APYrUX HCCaef0BaTeNel.

M3 puc. 16 BMAHO, YTO B cJaydyae NPOAYBKH lieCKa HeCTallMOHAPHBIM IO-
TOKOM 3aBHCHMOCTb o7 = {w) HOCHT HHOIl xapakrep. Kospdumuenr temio-
OT/laud pe3KO BO3pacTaer YyzKe INPH CKOPOCTAX (DUIbTpPAIMH, MEHbIIHX
0,1 m/cex, uto, BepositHO, OOYCIOBIEHO GoJiee MIOTHBIM pasMelleHHeM dua-
CTHIL B cJioe. B ymJIOTHEHHOM COCTOSIHHM CJeyeT OKHMAATh OOJBIIEro BJHS-

36



HHSI Ha TemIoo0OMEeH TeIJIONPOBOJHOCTH MaTepHana, TaK KakK paccTosiHue
MEeXK/ly yacTHIaMH COKpallaeTcs, TIOBEPXHOCTb MX CONPHKOCHOBEHHS YBeJIH-
yuBaeTcd, a OTHOCHTE/bHAA IOJABHKHOCTL YacTUl] HeBesMKa. C yBelHyeHHeM
CKOPOCTH TEMIl poCTa o T 3aMEAJsAETCs, a IMOoc/ae JNOCTHMKEHHS MaKCHMalb-
HOro 3HaueHns HAOJIOLACTCS ero CHUKeHHe. MakcuMaJbHOE 3HAUECHHE o T
IPH NyJAbCHPYIOIEM TIOTOKE HMEET MECTO NMPH MEHBIIUX CKOPOCTSX (QuIbTpa-
wun. Tak mpu uacrorax 3,35; 6,7; 10 ey or.max HAOMIOLAETCA NPH CKOPOCTSX
¢uaprpauun oxoso 0,5 s/cex, uto Ha 329 MeHbLIe COOTBETCTBYIOLIHX 3HA-
YEHHH CKOPOCTH CTAIlMOHAPHOTG pexKUMa MCEeBAOOKHKeHHs. IIpn ckopocTH
HecTaiHoHapHoi ¢uabTpawny, 6uanskoil K 0,25 m/cex, U yacToTaxX MyJbCalui
2,35 w 6,7 ey K03DPUUUEHT TemI00TJaYy MaJ/do OTJIHYACTCs OT MaKCHMaJlb-
Hono s atux uvacror. Tak npu [=3,35 ey un w=0,25 m/cex ar =
173 81/M22pad., a ctmax= 185 81/m?epad. uro umeer mecronpu w=0,51 u/cex.
B 310M Cayuae ap yMEHBIIMJIOCH BCEro Jiulib Ha 6,5%, a CKOpPOCTb CHH3H-
Jack B JiBa pasa.

ITpu yacrorax nmyabcauuit 10; 16,7 ey 1 MaablX CKOPOCTAX (PHABTpPALMH
TeMI Bo3pacTanusi ot ©Oojee 3ameaneHHblli. C yBelHYeHHEM CKOPOCTH
¢uabrpanuu HabalonaeTcd oOpatHasg kaptuia. KpuBble 3aBUCHMOCTH @ 1 OT
W npu OOJBLIMX YACTOTAX 3aHUMAIOT IPOMEKYyTOUHOe II0J0XKEHHE MeMkIy
KPUBOH MPH [POJYBAHUHM HEBO3MYLLEHHBIM I[IOTOKOM M TICEB/LOO0KHKEHHS
NyJAbCUPYIOIUM IIOTOKOM Ha HH3KHX yacToTaX. Yem GoJblle yacTora myJb-
cauuy, Tem OJHKe KpUBaAs o NMOAXOAUT K KPUBOH TeIJIOOOMeHa CTalMoHap-
HOTrO pexKuma, UTO CBHAETEJNbCTBYET O TOM, YTO MOBBILIEHHE YAaCTOTHI IyJbCa-
IIMH Ta30BOro MOTOKa NPHUOMHIKAET peXKHM TelnoobMeHa K CTallMOHAPHBIM
YCJIOBHSIM.

Baunsinue na Tensioo6MeH 4acTOTHI MyJbCalliil NPEeICTaBAeHO HA pHC. 2a,
H3 KOTOPOrG BHJIHO, UTO TPH CKOPOCTAX (UIAbTpauud, MeHblIHx 0,3 x/cex,
Haubo/IblIMe 3HAUEHHS o, MMEIOT MeCcTO IPH YacToTe myJbcaiui f=3,35 ey.
C panpuefiinM Bo3pacTanueM CKOPOCTH MaKCHMaJbHble 3HAaueHls Ko3(hQH-
IIMeHTa TelJOOT/aul CMEIIalTCs B CTOPOHY OOJIBIIHX 4acCTOT.

Ha puc. 26 nokasano B/iusiHHEe MyJbCHPYIOILEH MoAaun Ha 3(QeKTHB-
HOCTb TeNJI000MeHa.

W3 npuBefeHHbIX JaBHBIX BHIHO, YTO MaKCHMaJIbHOE 3HAauYeHHe KO3 dH-
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Puc. 2. Bansinvwe cxopocTd (pHALTPAIHH H YCJMOBHIT MPOAYBKH Ha KO3dHIHEHT
Terooraun (a) u 3ddexTuBHOCT TemnoooMena (0)
Qo, % q—KO3(QUIHEHTbl TeNJOOTAAYH ISl CTALMOHAPHBIX M HecTalHoHap-
HbIX yesaoBuil. [=3,35...16,7 —uactora nyJabcauuii, ey
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uuenrta 3¢dekTHBHOCTH HAOMIOA2€TCs NPH CKOPOCTAX (DUIbTPALMH, MEHb-
wux 0,175 m/cek, n MaJIbIX YacTOTaX MyJabcallil Ta30BOTO NOTOKA. JTO ABJA-
eTcsl elle OJHHM MOATBEpIK/IeHHeM MPEeUMYLLIeCTB TCeBLOOKHKEHNA 3€pHH-
CTBIX MAaTepHaJOB MYJbCHPYIOIIUM IOTOKOM.

XoTsl ¢ POCTOM CKOPOCTH (HJALTPALMH M BO3pacTaloT 3Havyenns Kosddu-
[HEeHTa TeIIOOTAaul, HO OTHOCHTeJbHasl 3(P(EeKTHBHOCTb MNYJAbCHPYIOUIHX
BO3/IEHCTBII CHHzKAETCS, MPUOMHIKAACH K eJMHHILC.

BoiBO1bI

1. Buibpanuass MeToJMKa HCCAEI0BAlNl MO3BOJSICT KAUECTBEHHO H KO-
JUUECTBEHHO OIICHUTL BJMSIHHE PeKMMa H Xapakrepa JBHKCHHS OKHzKalo-
lleil cpebl HA TENJI000MEH Ca0s C TOBEPXHOCTHIO HATpEBa.

2. MakcumanabHbiii Kod(p@uuuent TennoobmMeHa  IpH  1YJAbCHPYIOLLEH
NPOAYBKe CJI0s JAOCTHraercss npu Menbmux Ha 309% cKOpocTsX, a 4Hc/aeHHbIe
€ro 3HauyeHHsl Ma/jgo OTJAMUAIOTCSI OT COOTEETCTBYIONIHX 3HAUCHHIl AJs cia0f,
IIPOAYBAEMOTO0 HEBO3MYILUCHHBIM TMOTOKOM.

3. Hauboapmuit 3QpGext ot npUMeHeHUs 1yJbCHPYIONIECTO Ta30BOTr0O Mo-
TOKa HaOJI0aeTcsl pH uacrorax 3,39; 6,7 ey u «paszKuzKCHHOM» COCTOSTHHU
CJ1051.

4. Yucaennole 3HaveHus Koa(pguuuenra tenaoodmena npH Majbix ua-
CTOTAX IyJbCalMil MAJ0 MEHAITCHA B IHPOKOM JHANA30He CKOPOCTEl (PUbT-
pauuu.

5. C noBblllIeHHEM YaCTOTbI MyJabCalHil XapaKrep U3MeHeHHsT KO3 PHiu-
enrTa TemnaoodMena NpubaHzKaeTcs K TAKOBOMY B YCJIOBHSAX MPOAYBaHUS CJIOS
HEBO3MYLIEHHBLIM Ta30BbIM IOTOKOM.
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