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B KHHre a0 CHETEMATHYSCKOS HWAAOMEHN® NPHYHE ¥ DHICE 3aMACHHA
ropHIoHTaneHore TpyGIaToro ApeHaxa, NPHREAEHH pe3yaAnTaTW Jaabopa-
TOPHWX H nNofeskx HocaeAoBanuf SdupeKTHBHOCTH JAMHTHEX duasTpoR,
METOAHKAD nNPoeKTHROBIHNA 33IINTHILX Hl:]!l-nﬂ'pllﬂ'l‘llﬁ B PAaifHYiEREE Cpyi-
TOBLIX H rHApOre0MOriYeCEHY YCNOBHEX, TEODHA W METOAHKA dJHJ'I:LTDBI:I.HﬂH-
HEX PACYCTOR APEHAXMA C© YICTOM KOHCTPYKTHBNMX ocofeHHOCTeR Tnyd,
napaMerpos M cnocofos yeAaake dmastpos. [lpHeeleHa TeXHOMOrHA Mpo-

HAIROACTEA paloT no 3allHTe ApeHa)a OT ZaHJACHHA.
Eunra paccuutana Ha MWHMeHePHO-TEXHHYECKHX DaGOTHHEOR Mennopa-

THEHO-CTPOHTCABIBM X OPpraHnIaiiuil, npoeKTHRIX H HAYIHO-HOCASLOBATEAL-
CEKHX YRPeM LeHnR.
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NMPEAMCINOBME

FopusorTarerotld TpyOuaroul dpenai — camoli pacnpo-
CTPAHEHHBI 8 HACTOAWeEe 6pemMa Cnocol ocyuenus ceabrko-
xoaniicraenmoty yeodwil. flpasuavno 3anpoexrupogannnil i
KAHECTBEHHO NOCTPOCHHOLE, OH HOPMAALHO @UHKLURORUPYET
oueHb dauTeasHoul neprod 0e3 CYecTBCHHbBIY IKCHAYaTAa-
{UOHHBLX 3ATPAT HA PEMOHT, OHUCTKY 1 8occTanosaerue. Od-
HQKO MEANOPATHEHAR NPAKTUKA 3HAET MACCY cAyqaes, Ko-
eda TpyowaTHil Jperuit 3u KOPOTKUL NOCAECTPOUTEibHbL
nepuod nepecragal cNPasANThbCl €0 COOCCPEMEHHbIM OTEO-
dom U3OLITOUHLIX epYHTOGHIX 600, ébixoduar w3 cTpoa i ne-

pecrpausatci,
Kﬂ-‘i NOKA3LsdiorT NPARTUKG I cneyiadAbHneE uccaedosa-

HUA, OCHOGHOI nputiuHol chudxcenua aghghexTuarocTi Tpybua-
TO20 APEHANCA ABARCTCA €20 3AUACHILE — HACTHYHAA UAL NOA-
RAA 3AKYNOPKA NOAOCTH TPYO MUHEPAALHOIMIL 3epHAMU
SPYHTA, OTAOMENURMI MEALIUCTHX cOeduHerItl i coaeld, me-
XQHUYeCKUd, OHOA02UHECKUT 1 XUMIHECKUE KoabMaTam 680-
donpuemuvix oreepcruld 8 Tpybax, 3QUTHBLY PuILTPOS U
ceodoobpaszyowell npudpennold obaacru epysTa. Pakropasu,
O0YCAVBAUBAIOULUMI 3aUAeHLe dpenana, ABAROTCA: (G0Ab-
uide 2paduenTi PUALTPAYUOHHOZD NOTORKE B80AU3NL OpPer, OT-
cyTerene wau HenpasuavHeiti nodbop duasrpos, okucau-
TeAbHste npoyeccnl npu  apayuu Operuposannol sodet a
Tpybax, OdeATeABHOCTE JHeAe300aKTepul, HeKa4ecTeeHHoe
CTPOUTEABCTBO, Npusodawiee K Hedonycrumo Ooablium 34a-
gopas Memcdy Kepasmudeckumuy Tpyoamu 1 HeOpeIHol
yKAadxe PuanTpos, Maisie YKAOH OPEHANCHOIX ALHUE, He-
docrarounsie cKopoctu dsuxenus sodnt 8 dpexax, Hapyue-
HUe TeXHOAD2URECKUX npoyeccoa wap.
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Hecmorpa nu Tu, 410 3aurenue dpenaxca Keanercs Kpail-
HE HEMCeNATEALHLIM (L WUUPOKO PUCNPOCTPUHEHHDIM ABACHU-
eM, NPOEKTHbIE Ik CTPOUTEAbHbIE OP2aHu3ayul YoeinioT emy
sce euje Hedocrarouxoe snumanue. Moxrno npasuarbro 3a-
RPOEKTUPOBATH PACCTOAHUA MeNCOYy OpeHamu u ux 2aybuny,
NPasuALHO HasHawute duamerpol TpyG u YKIOHH Openaxc-
HOLX AuRrul, 6o10pare cOOTBETCTBYIOWILE 3a0anHbIM CA0BLL-
AM PUALTP U cxeMy e20 YKA1aodKui, HAKOHel, KawecT8eHHo no-
CTPOUTL JPeHam, HO HeCB80eBPEeMEHHO 3acolnath TPawnuleu,
w dpenax HOPMAAbHO (hyHKyuoHuposars He Gyder. C dpy-
20l CTOPOHLL, HEAL3A YTEePHOaTH, 4TO 8 HACTOAWee BpeMms
Hayka 6 docTaToONHOU cTeneHu U3YLUAQ 3TO CAONCHOE ABAe-
Hue u svidara npakrukasm Hademcusie pexosmendayuu no Me-
rodam u cnocobam saujuror dpenasca or saurenusn. o pa-
dy 80NPOCOB eCcTh NPOTUBOPEHUBLIE MHERUA 1 NPEdAONCeHA.

leavrwo nacroaweii paGore: aeaserca npexde sce2o 06%-
ACHeHUEe (Pu3uvecKoll CyufHOCTU NPoYeccos 3auieruss dpe-
HAaxMa, Yerarosaexue e2o0 nputur u caederaull u paspabor-
Ka pexomendayuli no merodam u cnocobam 3auurst.



YCNOBMA CTPOMUTENLCTBA MU PABOTHI
FrOPHU3OHTANBHOIO TPYBYATOIO APEHAMA

KPATHAR XAPAKTEPHMCTUMHKA TPYHTOBLIX YCNOBWMHA

[pynTH, B KOTOPBLIX YKA4ABIBACTCA FOPHIONTANLILIH TPV G-
YaTHil ApeHax ¢ UeJbI0 OCYHIEHHS CeJbCKOXO03ANCTBeHHBIX
VPO/IH, TOJIPa3feqfioTess Ha JIRe KATeropuu: MHHepaJblblie
W opranuveckie. ITepselie B cBOIO ouepeil JACTATCA 1A He-
CBSI3NbIC, K KOTOPBIM OTHOCATCA pPAa3HO3EPHHCTLIE TecKH H
IILIBY L, H CBA3HBIE — CYNECH, CYrHuKn H rauusl, Opra-
HOTEHHBIMI NOpOJAaMi sSBJAAIOTCH TOpg H canponead. Yka-
3AHHLE TPYHTH 110 CBOHM (PH3INKO-TEXHHYECKHMM XapakTe-
PHCTHKAM: TPaHyJOMETPHYECKOMY COCTaBY, IOPHCTOCTH,
BOAONPOHHILAEMOCTH, NJIACTHYHOCTH, (PHILTPALHOHIOH NpOY-
HOCTH, TWIOTHOCTH, XapakTepy jaedopmainui u ap.— secbMma
CYLUECTBENO Pa3JinualoTcss H NPH  pelleHiil BONpocoB, Ka-
CaroWHXCA 3AUHTHI Apenaka oT saujaenns, TpedyioT BO MIO-
THX CIy4adX COBEPLIEHNO Pa3sHOro NMojaxo/la.

[lokpoBHiLie UeTBEPTHUHBLIE OTJOMKEHHS N COBPEMeENHLIe
00pasoBaHHA MeJTHOPHPYEMBIX OOBEKTOB XapaKTepH3VIOTCS
pa3HooGpasmnem M UACTOH CMEHACMOCTLIO BHJAOB TPYHTA MO
npocrupannio n no rayobure. JocTaTouHo ckasaTh, 4TO He-
penKo Ha NpoTaxKeunn 0JAHOH APCHBI, He FOBOPA Ve 0 KOJ-
JEKTOpax, MOKHO BCTPETHTE 2—3 pa3HOBHAHOCTH TPYHTA.
Tak, HCTOK Mpenbl MOMKET 3aJ1eraTh B MEJKO3eDHHCTHX Nec-
KaX,cpelhasi uacTh — B Topde, a yeTthe — B cyraunke. Hawu-
GONBIIYI0O ONMACHOCTL B AAHIOM CJAYYae NpPe/ACTABJARET MeJ-
KO3IePHHCTLIH Necok,

Mumnepaniphsie TpyNTLI, KaK H3BECTHO, COCTOAT H3 OT-
1eqIbbIX OOJOMKOB TOPHLIX MOPOJL pasMepoM  oT Jlodeil
MHKPOHA 10 JIeCATKOB MuAnuMeTpoB. MameHenns paamepos
CAAralomWnX TPpyHT JeMeNTOB B CTOJL UIHPOKHX Tpejenax
CHJBIO CKa3bBAIOTCA Ha ero cpolctsax. Ileckn, wanpumep,
HeMIACTHYH LI, XOPOUIO BOAONPOHHIAEMbI, HMEIOT MaJyIo
PHALTP AUHOMIVIO NPOUHOCTD, CHIIYUH, BAAXKHOCTE HX He Bhl-
we 50%. Tannel obfnagaior GoJbioil NJIaCTHUHOCTHIO H
PHAKTPaUHOHNOIT  MPOUHOCTBIO, Majo BOJAONPOHHIIAEME,
Braknocts Hx pocturaer 60%. Mexons na storo kiaaccudu-
Ka1lHi MHHEPalbHBbIX I'PYHTOB OCYLLECTBJASACTCA NPEM /AL Beero
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no pasvepam cJiaraioiiix siemenTos. Huxuedt rpanniei
mecuaHoil (pakuMu cuntatorcs uacthus auamerpom 0,05,
sepxHefi — 2 mMm. K rpapuiinoit ¢)pakuuy OTHOCATCS 4acTil-

bl Kpynuee 2 MM. [JIHHHCTLIC §

pakuHH o0LEeAHHAIOT Yac-

THue <0,005, nuaesatwie 0,005—0,05 mm.

TaGauya [

FpanyJoMeTpHYecKAR KaaccHpHKaumua nopop (no OxoTuwy, 1840)

CDI,II,EPHI-IIIII: YACTHL, B NMpoUeHTaAx K Bacy

BLIC YiueRHoro ofpasya

rAH-

FpynTHl M TeBATHX
HHCTHX 0,005—0,05 NECHANM X
< 0,005 M 0,05—2,0 MM
jo k1
AN B =30 — —
CyraAHHOK TAMENbH 30—20 — —
» cpeanHii 20—15 -— Boaswe, 1eym nNuaeBarsix
» cpeaunit nune- |20—15| Boavwe,
BaThi yem mnec-
YaHblX
CyrauHoK Jerkuit 15—10j — To me
? NnelAepaTHi 15—10| Boasme, e
qyem nec-
YAHBIX
Cyneck TAMENasn 10—6 -_ Boabuie, ueM nuIeBaTh X,
[1peo6aafaoT HaCTHIW
2—0,25 mMm
y»  Mmeaxosepuucras |10—6 — Boabiue, uemM NHJIEBaTHX.
I JafaoT 4YacTHUK
0,25—0,05 mm
H TAaKeaad nuaepa- |10—6 | Boaswe, -
Tan wem mnec-
qaHKIX
Cyneck nerkas 6=—3 —_ Boable, 4eM NLAeBaTmx
‘TlpeoGaafaioT wacTHIL
2—0,25 mm
»  Jerkaa mejxkosep-| 6—3 — Boabwe, ueMm NueBaTHIX.
HHCTadA [MpeolnanaloT vacTHOL
0,25—0,06 mm
Cynect Jerkas neiaesatas | 6—3 | Boasue, -
eM mnec-
YaHeX
ITecox =3 — Boabwe, sem neAeBaThix,
[MpecBaanaoT YacTHUL
2—0,20 MM
»  MeJKOSepHHCTHI <3 — Boabwe, yem nNHASRATHIX.

MpeoGaagaorT YacTHUL
0,25—0,05 MM




DUAHKO-TEX I HUCCKITE  XapaKTePHCTHRIL  MIHePadbibX
FPYHTOB B OCHOBHOM ONPCACISIOTC CooTHOWeRHeM (ppak-
WM pasanubol Kpyvnnocti. KoJauyecTselnioe cooTHoleHHe
pasanuibLiX gpaKiil B AHCHepCHbiX NOPOAAX XapaKTepusy-
eTCH rpalyJoMeT PHYeCKIM COCTABOM, KOTUPBLI NOKa3biBaerT,
KaKOro pasmepa “acTHUL I B KA KoM KoJivecTBe COAepXKaT-
CSl B TOM I iHOM rpyviTe, CyllecTnyeT MHOro Kaaccugu-
Kalllil FPYHTOB 11O FPaHVIOMETPHYeCKOMY cocTaBy, Hanbdoab-
el H3BECTHUCTLIO NoJbayeTed Kaacenpusauns B. B. Oxo-
tHia (taba. 1). B sasucnmoctn o1 Tuna rpyira (ero rpasy-
JIOMCTPHUMCCKOrO COCTABA) NU3MCHAITCH Takue NokKasaTelH,
KadK HNOPHCTOCTE B BOAONPOIIILACMOCTE HOPO LI,

Topdansie rpyutel npe/lcrasiasior coboil Npupoaibie op-
ratnyeckne oipa30BaHIIA 13 PATOKIMUNLCH OCTATKOB MXOB,
Juaiinukons, tpas, apesecinn. Pasvepn vactuu Topdos Ko-
Jedjotes B oyl Goasmnx npeaeiax. HMisenepuble cBoii-
CTBA TOPMSAULX UPYHTOB 3aBHCAT OT COCTABA, CTPYKTYPH H
CTENeHN pasziokKeHla OpraliiecKoro pelecTsa, KOTopble B
CBOIO ouepean OnPCILARIOTCS Fele3ncoM, Bo3pacTom i coBpe-
MEHHBIMH YCAOBH M 3ajeraina Goaor,

[1poexTnposa Hie 3auITHLX MEpPoOnpHATIIT 042110 OCHO-
BLIBATLCA MPCAl/Le BCETo Ha yvieTe PHINKO-TeXHHYEeCKHX Xa-
pPakTepucTHK rpyHtos. pynropbie veJdosna sBAAIOTCH Tak-
e OnpereasilllHMH npu pudope TeXHOJNOTHH CTPOHTENb-
CTBA JAPEHAZA Il YKIAAKN 3aUNTHBIX QIJILTPOB.

FTEQTEXHMYECKME XAPAKTEPMCTHMKM HECBA3HbLIX IPYHTOB

OCHOBHBIMI  ICOTEXHHUECKHMH XapakTePHCTHKaMi He-
CBH3ULIX IPYNTOB ABJASIOTCHA: IPpaHyJOMETPpHYEeCKHH coCTas,
(puanyeckue, pojHO-PHINLECKIE, MexallHueckHe u cyddoau-
OHHble cBOficTBa. K HecBA3NLIM  MHHEPAJBHBIM  [PYHTaM,
BCTPCHAIOULHMCH TP MCAHOPATHBHOM CTPOHTCABCTBE, OTHO-
CATCHA Kpynmuoodacuounue, necuansie, a TAKMe MNJBIBYHEL
Ilo rpanymoserpnucckomy coctasy oln pasnensiotess Ha
paa rpynn (ra6a. 2, CIlall 11-15-74).

Baxnoil xapaKrepHCTHKON HEeCBA3HDLIX FPYHTOB, oNpele-
JAAOULEH MITorne (PU3HKO-TEXIHYCCKIE XapaKTePHCTHKH (BO-
JLONPOHHILAEMOCT B, MTOPHCTOCTL, Cloco0HOCTE K JedropMauu-
M I Lp.), SIBASCTCA HX 0JAHOPOAIOCTL 10 FPAHYJIOMCTPHYe-
CKOMY coctasy. Jlas cymacuna ol 0jHOPOLIOCTH TPYHTOB
npumensaior koxbduunent pasnosepiicrocti
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Tabauya 2
Kaaccudpukauna HECBAIHLIX TPyHTOB

Pacripegeaesne 9acTHL, No KpYMHOCTH,
Fpynra % OT BécAa BOSAYIIHO-CYXOr0o FpYHTR

A. KpynnooBaomosinme

Ipaenfineii rpynr (npn npe-| Bec wuactun kpynuee 2 mm — Goaee
pfnanaiil  HeoxaTamHux wac- | 50%
THIL — ApecBAHKI)

B. [Tecuanme
MNecok rpapenncThi Eﬂgc wacTHy kpyndee 2 mm — Goaee
o
»  KpynHwi Bec wacrm xpynuee 0,00 mm — Gonee
5094
» cpeaHeill KpynHocTd Eﬂgc vactit kpynuee 0,25 MM — Gonee
o
#  MeJKHil Bec yactuy kpyndee 0,1 um — 75% M
Gonee
»  NLJeBaThIA Bec wacruu  xpynnee 0,1 um — menee
76%
d
n=-e, (1)
{1

rae dgp, dyjp— AHAMETP YAaCTHI, MEHblIe KOTOPHX B rpynre
copepxnres 60 u 10% no secy (pue. 1).

YcAOBHO NPHHHMAIOT, 4TO MPH N==D CTPYKTYpa DNeckKa
paBHOMEpHO-3epHHCTas, NPH 1>5 — HepaBHOMEpPHO-3epPHH-
cTad.

Ocnosrble usuveckue ceolcrsa. [1noTHocTh NeCKOB Ko-
Jebnerca ot 2,64 no 2,7 n B cpeaneMm cocramianer 2,65—
2,66 rfcm?; obbeMHuas Macca 3aRHCHT OT IJIOTHOCTH, IMOpH-
CTOCTH H BJaMKHOCcTH H Kosebaercs ot 1,45 ao 1,70 (cyxux
neckos — ot 1,5 mo 1,8 rfem?). Jlaa neckos, JexaillHX HH-
Ke YpPOBHSA IPYHTOBHX BOJ, OO0beMHAas Macca CKeleTa C yye-
TOM B3BELIHBAKILEro JIHCTBHA BOJL onpeeasierca no ¢op-
MyJe

Yo = (1 —1,) (¥, — 7, ()

rje ny; — MOPHCTOCTh B JAOJAX eAHHHIIL;
Yy — MJOTHOCThL FPYHTA;
Yo — MJOTHOCTE BOAKI,
Ob6vemHass NOPHCTOCTL TPYHTA BHIYHCAfeTcs no opmy-
Jam:
Yob
vy (14w’ ©)

8

ny = |



S

&
|

1

1
\"h

/

PI— B s o B R T . __,% Il

4

L=
=

Codepmanue vacmuy, 7
=
R

|
i
|
|
I
e -
mi 1Ll .:;..f’r |
g ket J—!‘ -'!.'
0001 Q005 001 dig dpy 005 01dge025 05 2 3 § 10

duamermp vocmuy, MM

Pue. |. 'padms rpanyaomerpudeckoro coctapa rpynra.

rjle Yoo — 06beMHas Macca rpyHTa;

W —pecopas BIaXKHOCTL B OTHOCHTEJIBHBIX €/lH-
HHILAX;
g
ny = ———o| 4

rie § — kos(ppHuuenT NOPHCTOCTH TPYHTA NPH MOJHOM
3aN0JIHEHHH NOP BOLOH

. WYy
E = = (9)

[MopuetoeTh mMecuauslx TPYHTOB MOMKHO BHYHCIHTL MO
IMIHpHyeckol popmyJe

ny =0,40 —0,1 lgn. (6)

O6was nopuctocts neckos kKoaebGaercs ot 0,2 go 0,55,
HanbGojsee uacto naxoaurcs B npeienax 0,33—0,45. Beanun-
Ha OTACJBILIX OP H3MEHAETCH OT AECATLIX /10 THCAUNLIX J10-
JeH MHJIJIHMCTPA M 3aBHCHT OT CTeneni 0JHOPOAHOCTH rpa-
HyJIOMETpHYECKOro cocransa rpynra. B npejesax toaun ne-
CKa MOI'VT BCTpeuaThCA MAKPONOpH paaMepoM a0 1—3 mwm.
Cpeannii anamerp (uabTpallHOHNBIX XO/10B B 3ePHHCTHIX He-
CBASHBIX TPYHTAX ONMpeledsieTcd MO OAHONH H3 CJAEIVIOHX
3aBHCHMOCTEIN:



A. H. Iarpawesna

dq 7.12]/""‘"' . (7

M. I1. [TaBunua

n, 3 o
do = 0,455 ——— V' dys, (8)
T i
rae kep — Koshdguunent GuAbTpaunil rpyHTa;
v — KHHeMaTiHueckii Ko3gQuiuHenT BA3KOCTH BO/IN,
g — YCKOpEHHe CHABL THKeCTH;

dy7 — AHaAMeTp 4acTHU, Melblle KOTOpPHX B rpyHTe
copepkurca 17% no secy (puc. 1).

Hekoropute sodno-husuyeckue ceodcrsa neckos. I'papn-
TAUHOHHAS BOJAA NepejiBuraeTcess Nnoj JIeHcTBHeM CHJBL Ti-
HKECTH MO KPYNHBIM MOPaM, HAXO/AACh B COCTOANHH JIHGO
natenns (npocaunnannsn), AnGo rpynrosoro notoka. Ona o6-
Jajaer pacTsopsioniei cliocobHOCTLIO, OKA3LIBART THAPOCTa-
THYECKOC JaBieHHe Ha YaCTHIH I B3RCUINBaloULee Ha FPyNITH,
pacnosoxenubie [MH¥Ke YPOBHA BOJL, a8 TAKIKC BL3bIBACT Iil-
APOAHHAMHYECKOE faBaeline H sABJcHHA CY(Pho3nH, KOALMA-
TaulM, BLINOPa H KONTAKTIONO Pa3Meina,

B neckax HMeeT MeCTO, Kak NpaBuao, JaMiuHapioe na-
paaneabHo-cTpyiuaToe JABHAKENHE BOALL, NOLUHIIFIOUIeeCH 34-
xony Jlapcu v=Rkrp/, Korna ckopocth puabTpaiin v nponop-
HHOHAJbHA MNEePBOIl CTCNCHIL TPanANiYecCcKOro rpajinenTa

y_ _dn

= ——

BoaonponniaeMocTs necuanbix oTJAoenni KonebJaeres
B OMeHb GOJBIIKHX Npejeaax H 3aBHCHT He CTONBLKO oT obuleil
MOPHCTOCTH, CKOJILKO OT PasMepoB Mop, KOTOPhIe olpe/iess-
joTcd  raasiiM  0o0pasoM rpanyjJoMeTpHUeCKHM COCTaBoM
MecKOB, HX IJOTHOCTLIO i hopmoil 3eped. Yewm 1eoinopoiiee
MecKH MO rpanyJoMeTpHueckoMy cocTasy (uem OoJblle HX
KO3 MHILHEHT Pa3HO3ePIIICTOCTH), TEM OHIl Melce BO0IPOo-
HHUAEMBI.

Koadduuuentol ¢guabTpaunil neckos onpejicisiorcs Hi-
BECTHBIMH moAesbiMi i jgaGopaTtopueiMu Metonamu. Opnen-
THpOBOYlBIE 3HAUeHNA KO uuneHToR GHALTPaURN NecKon
Aatel B Taba. 3.

Hmeercs muoro smaoupuueckux GopMya aas onpeiedeiing
Kosfupunrenta GuUALTPanHN neckos, Hanbojce H3BecTHA
cpopmyaa M. I1. [Napunua

3,99 e
krll' — : I |.’r'.1'] df?' ﬁ:.“
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Tabauya 3

Ko ygneHt huasT HK
Fpyur ijpeh Bipe E':..-"'C!I-'T pau
IMecok KpynHLIl rpaBeancTHH o0—100
3 KPYNHO3EPHICTHIL 20—75
»  CpepHese pHHCTHIl 5—25
»  MEAKO3E PHHCTLAN |—5
» » FARNHCTLI 1-2
»  NBJAeBaTHI 0,5—1

KoTopas crnpase/iinpa aas Jo0uix 1 0 dyz (d Bem, keyp B
cM/c).

PuavTpayuorkeie deghopyayun necuarslx epyuros. [loa
AeiicTBHeM (puAbTPaUHOHHOro NOTOKA NPH pagvenTtax, npe-
BLIWLAWIWHX ONpe/le/elHble 3HaueHHs, IMeIOT MeCTO CIAeayIo-
e BHAL JiepopMalunil necuanslx FPYHTOR: BeINOP, cyddo-
3HM, KONTAKTHbBA BBINOP H KOHTaKTHLIH pa3MbB. YKasaHHble
SIBACHHSA HAOGNI01A10TCA JHIIL NPH ONPEAC/ICHION CTPYKTYpe
M COCTaBe TPYNTA H 3aBHCAT OT TPajAHeHTOR (PHJIBTPALLHOH-
HOro TOTOKA.

Buinop rpyita guALTPAIHONHLIM NOTOKOM i IEpexoi ero
B pasyiKeHIoe COCTOAHME BO3IMOMKE! TOJNLKO IPH onpejae-
JIEHHOM THIpaBJHYECKOM llanope. B KauecTBe KpPHTepHS
HCAONL3YETCH BeJIHUHHA KpHTHYecKoro rpaauneHTa lyp. [lo
AanubiMm H. K. ®aneesa, B neckax u cynecsix pasJiH4YHOro re-
HesHca Memwepekoi HusMennocTn fyp npu Bocxoasiuuem Quib-
Tpaunoiiom notoke kKoaebaercs ot 0,8 xo0 1,25, T'lo sannbim
1O. ®. Bbyprhica, aas necuanwix rpynros Bejaopycckoro [To-
Jeced fy=0,9—1,3.

Xapakrephoit 0coGellHOCTbIO NMecuansx PyHTOB SBJAACT-
Csl npolece BHeWwHel 1 sHyTpenneil cy(dosnn npu puantpa-
ILHH BOJIBl C onpesieqenibtiMi rpaanentami. B obuiem cayuae
MecyaHblii TPYHT MOKHO NPEACTABHTh KAK COBOKYIHOCTE ABYX
(ppakumii: ckenera rpynTa, cOCTOALLCrO M3 YACTHLL, Pa3JIHYHON
KPYnuocTi | liec nepeMellalomnxcd BHYTPH €ro npH Jr6biX
rpagnenTax (puibTpauHoOHHOIrO Hanopa, i HanoaHNUTeNs, CO-
CTOAULEID U3 MOIKIX HACTHIL, KOTOPBIC IPH rpagnentax, npe-
BLIUAIOINX  KPHTIHUECKHe, MOrYT [epeMemaThes BHYTPH
PPYHTA H BBIHOCHTECS 13 ero Toauu. dAsacine cydpdosun Kak
Pas H COCTOHT B MepeHoce YacTHI, HAaNOJAHNTEAS (HX NPHHATO
HassBaTh cydpoznonnemu yactuuamu). Jlna torouroGu B
rpylitax posanukjao sapienne cyddosnn, HeolxoauMbl ABa
YCAOBHA: pasmepbl cVi(p(POIHOHHBIX YacTHIL JLOAXKHE ObITh
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MeHbIIEe AHaMeTPoR GUALTPALHOHHLIX X008 B rpyHTe (reo-
METPHUYECKOe YCaOoBHe) i rpagdedThl (PHALTPALNONIOro NHO-
TOKA TPEBBIATL KPUTHUECKHE AJ51 3THX YacTHIL

[Tecyanple rpynTn 1o cy(ppOIHOHHOCTH MOXMKHO pa3IeJIiTh
Ha yeTblpe Katerophu: cydposuonnsie, Mazocyp@osHounke,
nmpakTHYecKH Hecyddosnominie n Hecyddoanonnse. Mexa-
HHuecKan cy@po3ns B HECBASHOM .TPYITE NPOHCXOAHT B TOM
cjyyde, eci B HEeM HMEIOTCSl YMACTHILL, pa3Mep KOTOPLIX
Melblie dnaMeTrpa nanboJabuiero (PHALTPALNONNONO X0/ B
IPYHTCEC. C.’IEHUHHTEJIhHD, YCGAOBHA BOSMOMKHOCTH PA3BHTHH
cv(iho3ni BupaXKaloTea 3aBHCHMOCTRIO

d = AT, (10)

rne dei — Anamerp cy®@hO3HOHHBIX YaCcTHL] B TPYHTE.
MakcnManpHan Kpynnocrs vactiil i | nepeMelnexne

KOTOPBIX BHYTPH TPYHTa H BEIHOC H3 HErQ BO3MOXKHLI, COTJAC-
Ho HceoegoBanuam A. H. Ilatpamesa, M. I1. ITapunua n ap.,
B 1,3 paza medHbuie MakcHMaJpHOTO (PHALTPAUHOHHOTO XO-
Aa, T. e

may — d':;;lx
dmax — (3 (11)
i ¢ yverom (8)
dmax = 0,35 ——d,, (1 + 0,050) /5, (12)

|l —n,

Ecaun 0,77d5* > dwin, TA€ dmin — MHIHMAJILUBIE gHaMeTp

YACTHLL IPYHTA, TO FPYHT fBAseTed Cydpo3HOHHBIM, TAK Kak
H3 ero TOJLLH NPH onpejeaenlsX FTHAPOAHHAMHUCCKHX YC0-
BHAX 10 FeOMeTPHUCCKOMY KPHTCPHIO MOTYT BHIHOCHTHCS BCE
uacTHIE pasMepoM de;<<0,77d™*.I1pi obpaTiom nepasencr-
Be (0,77dy** <dmim) rpyur oyner Hecypdo3noumsbiM, MOTOMY
UTO B JLAlIHOM cJyyac npH Jio6biX CKOPOCTAX HIH IpaJiHeHTax
[i)Hu’ILTIJ'EIH.HGIIIIUTG Hanopa BLINMOC CAMBIX MEJMKHX YaCTHL, He-
BO3MOKEH.

[pyHT cunTaercs nNpakTHUECKH Hecy((PO3IMOHHEIM, €eC/H
cobiioaaeTcs caelyouee yeaonHe:

<2 (0,32 +0,016n) Y 7 —4—, (13)
dyz | —n,

rae d; — AnaMeTp YacTHIl, MEHblIe KOTOPHIX B IpyHTE
copepaxures 3% no secy (onpeaeasiercs Mo HH-
TerpaJisHoH KpHBOH CPpAHYJOMETpHUCCKOTO CO-
CTaBa).
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Cy(oanotinse edopmMallitn 8 rpyHTe NP BHMIOJNCHIT
FEOMeTPHYECKOI'Q VCJOBIA MOIVT PA3BIBATLCH NP onpele-
JICHHBIX CKOPOCTAX HJIH rpaineitax (puapTpatioinoroe no-
toka, CKOpocTh (UALTPaumi, pu KOTOPOIl HapyumaeTca npe-
AeapHoe passopecne cy(po3nonnbix yacTHi, Ha3biBATCH
KpHTHUeCKOll ckopocThio cYddosnu, u, no nccaeropainnim
C. K. A6pavona [l], ona pasua

Oy =60y Tmn (14)

rae kep — Kosppuuient puasTpamnn rpyuTa, M/eyr.

Kontaktiuii spiop necualiplx FPYHTOB, KAK N0OKa3aan
MHorovncacunbie neeaciosanns [8, 18, 25| npoucxoant B
TOM CJyuae, ecJn BeJnib rHApasalyeckix rpajaicliton
MPEBBILIAIOT KP HTHYECKHE, OlpeeseMble MO CAEAVIONIHM 3a-
BHCHMOCTAM: NPH BocXoisiuteill puabtpauun f1® =1,5—2,0;

npu nuexoasueit [f* =>1,0—1.5.

Mavieyrnoe sisaerud. IabBYHB — CPYITL, KOTOPHIE IPH
BCKPBITHH NPUXOJAT B ABHZKeHHE 0 NPHIIHMAOT XapaKkTep Te-
Kyuero TeJsa. I lanbonee vacto oun serpeuaipTes cpein Bo-
JOHACLILLEINLEX  MeJKOIePHICTHIX nuienaTux neckos. [lo
A. ©. JleGegesy, cacayer pasinyath HCTHHHME IABIBYHL H
NCeBLOMIBLIBYILI. [lepBre XapakTepu3yoTcs naanumeMm nbl-
JEBATLIX H TAHHHCTO-KOJJOH/HEIX YACTHIL, 11O N0CJAe1HHM
MPeACTaBJeHIs M, B HX reHesHce CYILeCTBeHHYIO pPoJiL Hrpa-
eT KH3HC/LeATSILIOCTL bakTepuil.

[MapBy ikl — BHCOKONLLACBATHIC H FAHIICTHE [IeCKH i Y-
necH ¢ Goasioi (GoJice 40Y% ) nopucTocTLIO, HH3KOH BOLO-
oTAayeil 1 BolOTponHIlaeMOcTLIo. HeTniuble naLByiiibe ne-
CKH H cynech IauniatoT ONALBATL IPH BaaxKuocth 6—9% n
MOJHOCTLIO NEePEXOISIT B TeKyuee cocrosiine mpi @ = 15—
17%. Oun cozpaior 6Godsine TPYANOCTIE NPH CTPOHTEALCTBE
ApeHaxka 1 CYLULECTHBCHHO YCJAOKHSAIOT 3alnTy ero ot 3a-
HJIEHHA.

PuixJbie BojLOHACKIHLEHHIBIE TECKH He3aBHCHMO OT HX rpa-
HYJOMETPHYCCKOTO COCTABA NPt 3HAYHTEABLIBLIX CHipaBanye-
CKIX TPajHenTaXx cnocolitbl PasKIKATLCH 1| NPCBPANLATLCS
B FYCTYIO BAIKYIO KIJLKOCTL — FPYHTOBVIO Macey.

FTEOTEXHHUMECKME XAPAKTEPMCTHMKMA TNMHKWCTLIX PYHTOB

I{, FAHHHCTHBIM VPYHTaM, HA3SLIBACMBIM TAKKC CBA3HBIMH
HJH TPYHTaMIl C NJaCTHYECKHMH -::nuﬁcmaml, OTHOCHAT IMH-
HEBI, CYNeCH N CYTANHKI Pa3iaHuyHOro renesanca i poapacrta.
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B #x cocTaBe pasiiualoT jBa OCHOBHBIX KOMNOIEHTA: TOH-
KOJAHCIepelible ocaaounsie HopoobpasosaHuf  (NVIHHHCTLE
MHHEpaJbl) H necuaHo-neiesaToie ppakiuud. OTIHUHTENBHE -
MH CBOMCTBAMH IVIHHHCTHIX TPYHTOB fABJAAIOTCA MIaCTHYHOCTS,
cnocobuocTh HabyXaHus M ycaiKH, JHMKOCTh, B oTainuHe oT
necuyaHbix, OHK 001a1a10T 3HAUYHTENbHBIM BHYTPEHHHM CLLeN-
aenneM H spasiiorca necydpdosnonnbiMH. PHILTPAUHOHHAS
NPOYHOCTL IVIHIHCTHX PYNTOB NaMHOrO  BHIILE, YeM
necyaHblx.

Mexcly AHCNepeHoCThIO TIHHHCTOTO PPYHTA I ero TJAaCTH-
HeCKHMH CBORCTBAMH (CNocoOHOCTD PACKATLIBATLCH B LINYP
JAHAMETPOM 3 MM) CYWECTBYET Olpejie/ieHHasi 3aBHCHMOCTS,
NO3TOMY KJAACCHPHKAUMSA [VIHHHCTBIX TPYHTOB OCYLLECTBJfA-

ercA MO HHCAY NAacTHUHOCTH [p, MOA KOTOPHM MOHHMAIOT
Pa3HOCTh BaAaxKHOCTEH, COOTBETCTBYIOUINX JIBYM COCTOANHAM
rpyHTa: Ha rpaunne rekyuectd Wy H Ha rpaHune packarTh-
Banua (naacrrunoct) Wy

LoV, —W

CHull 11-15-74 rauuucTbie FPYHTLI pasjiedser no 4Hcay
nnactHunoct [, wa cymecu (0,01 =</,=<<0,07), cyrauHgn
(0,07<</p=<0,17) u raum (/>0,17).

BoaonponnuaemocTs raHiiucTEIX TPYITOB Onpeaesercs
onbiTHBIM nytTeMm. JLas cyrianukos Kosdduunent puabrpaunu
MOM¥eT ObTE NPHOMHKEHHO PACCUHTAH N0 IMIHPHIECKOH 3a-
BHCHMOCTH (9) npH 3amene B Hel 1) HA Mg 3HayeHHe Mg oN-
peaensiercs no dopmyie

Mg = M — WH?L‘H: {15}

rje yex — ODbeMHAN Macca CKelera CyXoro rpyHra;
Wy —MakcHManblias MOJEKYAspHas BJIATOEMKOCTh
CBfA3HOTO rpyNTa, olpeaeasiemas (Mo MHKpO-
arperaTioMy MeTtoay) no Qopmuyae

W, = 0,0164 - 0,045 + 0,1B 4 0,351, (16)

A, b, Bu I' npunumaroress (B DpoLEHTax) B 3aBHCHMO-
cTH oT paamepon uactil d: A—d=0,56—-0,25 um; b5—d=
=0,20—-0,00 mm; B-d=0,05—0,000 mm; I'—d<0,005 mu.
[Tpouents A, 5, B u I’ cuumaloTes ¢ KpHsoit rpanygoMeTpH-
4eCKOro cocTaBa CBASHOIO FpynTa,

nuuncToie rpyHTH 061a1a10T BBICOKHM CONPOTHBJEHHEeM
CABHrY, XapakTepH3yeMbiM BeJHUHHON cUenJeHHsg H MeHb-
IIHM, 4eM y MmecyanklX PYHTOB, YIVIOM BHYTPEHHEro TPeHHd.
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duapTpauHoliiibie paspyuwiedds TAHHHCTLIX TPYHTOB Ha
KOHTaKkTe ¢ rpyfonopucTbIMil FPYHTAMH [IPOHCXOAAT B BHJC
OTpHBa H OTCJanBaNHdg 4YacTHIL NpH rpajieHTax Hamnopa
GoJblile KPHTHUYECKHX.

HEKOSOPbIE ®M3MKO-TEXHMYECKME XAPAKTEPHMCTHUKM
TOPOAHBIX TPYHTOB

K Topdam oTHocaTca rpyuth, comepaiine Goaee 60%
pactutenblinix octatkos. Mo kaaceudpuxkaunn C. H. Tiopem-
HoBa [51], BujieasoTes TpH THna Ttopda: HH3HHHLIN, nepe-
XOAHBIA ¥ BepxoBoil. EctecTennas saauocts Toppos oueHb
BLICOKasi H HaXoauTcst B npejenax 87—098%. Crenenr paa-
JIOJKEHHA PAacTHTeNLHBIX OcTaTKoB Koaebaercsa ot 5—10 no
45% u Gouee. 3oapiiLix sjaementos Mano — 2—15%. IMaor-
nocte Topda — I,1—1.8 rfem® (B cpeanem 1,3—1,6 r/em?);
obsemian macca — 0,55—1,0 r/fem®. O6wemuan macca cKene-
tTa Topda, ABASAWWAACH NOKa3aTeJeM ero MnJIOTHOCTH, oObiv-
no xoaebuerca B npenenax 0,08—0,24 r/cm® n 3asucur s nep-
BYIO OUEPE/b OT €ro BJAaKHOCTH 1 cTenend paanomenus. [To-
pPHCTOCTL Hamensercst B npeaenax 80—95%.

QuabTpauHoONlbie cBOHCTBA dpe/lHe- H XOpouo paso-
Mupmnxcsa topdos A0B0JABHO HH3Kue, B cpeanem 04—1,2
mfeyr. B cnaGopasaomupBiinxca Topgax  KospguuHent
duapTpanun moxer pocrurats 10—15 m/eyr. Haauune caa-
6OpasnoKHBIUIMXCA PACTHTEAbHEIX OCTATKOB 00yC/IOBAHBACT
JOBOJIBHO cyulecTBeHHoe cuengerne rtopdaunix nous. Ilo
pnanHuiM A, @, TTeukyposa, CTPYKTYpHOe cuenselne topdon
kosebnercs ot 40 no 830 kr/m? (cpeanee 140—650 kr/m?).
Baarogaps cuenJenuio 1 MaJuM pasmepam nop topdh obaa-
aeT “10BOJLIO BLCOKON (PUALTPALHOHHON NPOYHOCTLIO H
OTHOCHTCH K rpyntaM Hecy ¢ o3noHHbIM.,

XapakTtepuoil ocofennocTnio TOpPAHHKOR SBIAACTCH TO,
HTO C AaBHOCTLIO OCYIUEHHS HX CTeNeHb Pa3forKeHHd, NAOT-
HOCTh H 30JbHOCTL YBEIHUHBAIOTCH, a BOJONPOHHILAEMOCTE
YMeHbIlAeTCA.

YCINOBHMA CTPOMTENBCTBA APEHAMA

CTponTebCTBO rOpH3OHTaALIOrO TPyOGUaTOro NpeHaxka
Ha 3eMASAX CeJILCKOXO3ANCTReHHOro NMoJb30BaHHA B HacTOA-
ILeC BpeMs OCYLLECTBJASETCS TPAlWEHNBIMI 3KCKaBaTopamn
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tina TL-202 w ATLI-202A. STH MamnHbL NO3BOAAIOT YKAA-
ALBaTH ApeHH Ha rayGuny ao 2,0—2,3 M B TpaHileH WHPH-

noit B=0,5 m. Yakorpanweiinne (3TLI-163, STLI-164, B=
=0(,25 M) u GecTpanmeiiible APEHOVKAAAUHKH B FYMHAHOfM
30HEe NMPHMEHAJHCH JHIIb 3KcnepuMeHntaasio. I[lepcnekTHs-
HOCTB Y3KoTpaHwefinoro ¥ fecrpaninednoro cnocoGoOB CTPOH-
TeJbCTBA Jipenaxka Oeccnopua, ocobenino npn 3aMeHe Ke-
pamuuecknx TpyO NiacTMacCoOBLIMH.

B nacrosiee BpeMs MOMTH HCKJIOYMHTEALHO NPHMEHSIOT-
CAl KepaMHYecKHe JApeHa)kible TpyObl, BhiNyCKaeMbi@-B COOT-
percteHl ¢ [OCT 8411—74 (npuaoxenne 1). B ouenp
OrpaHHYeNnHOM  KOJHYECTBE HCNOJBL3YIOTCH IJACTMAacco-
Bole TpPYy6ul (roQpupoBaHHEe M TJAAJKOCTEHHBIE) TO
MPTY 6-05-1078-72 u MPTY 6-05-917-68 (npunoxenuns
2 H 3) H GeroHHble ¢ QHUILTPYIOUKMH cTeHKamH (Tpy6o-
PHALTPHL).

CrpoHTenLCTBO jipeHaxa TpaHiweiinpiM cnocofoM Bejer-
Ci B TAKOH INOCAEA0BAaTEJbHOCTH: OTPLBalOT TpaHiueH (nmo
NPOEKTHHM TpaccaMm ¢ 3aJlaHHBIMH YKJOHAMH), YKJaabBa-
0T TPYOH ¥ 3aUHTHLIE OT 3aHJEHHA (PHALTPH (B HEKOTOPLIX
cayqanax QUABLTPLI He NPHMEHAIOT), NPHCHINAIOT APEeHL BpyU-
Hyio Ha sucoTty 20—30 cM CcyXHM CPYHTOM H3 MaXOTHOrO
C/0f, 3aTeM TpaHilen 3acunaior 6yJbAo3epaMH HA BCIO Bbi-
cotry. CTPOHTeNbLCTBO BEASTCH NMPAKTHYECKH KPYrJAOrofH4YHo,
3a HCKJOMeHHeM NepHo/ia Becennx nasoakos, [lpasaa, 3uM-
HAS YKJAaAKa JpeH BeleTcA B oveHbL OrpaHHYeHHHX MacliTa-
Gax. HaunGosiee 6,1aronpHATHHIM NEPHOAOM CJEIYET CYHTATH
NMO3AHIOK BECHY, JIETO H OCeHb, KOr/Jla YPOBHH I'PYHTOBHIX
BO/l Ha JIpeHHPYeMbIX Y4acTKax 3ajleraloT oTHOCHTeJILHO ray-
G6oko. B cayuae pacnoaoxenns YI'B 61H3K0 K noBepxHocTH
NOYBE CTPOHTEAbHLIE PabOTH CYUIECTBEHHO YCAOXKHAIOTCH
H3-33a NOABAEHHA B TPaHWIeAX BOJAbL, 0OBAJOB CTEHOK TpaH-
e, npocajiok mawun. B sTHX yeaopuax TpyaHo o6ecneynTs
KauecTseHlioe BuINOJHeHHe paboT, CHHKAeTCa NPOHIBOAH-
TeNbHOCTh TPyAa. [IpH 3uMHeM CTPOHTENLCTBE BO3HHKAIOT
3aTpy/iHeHHs mnpPH pa3paboTke 3aMepsliero cJos MOYBH, a
TAK¥Ke MPHCHINKH JpeH PYHTOM H3 MaXOTHOrO CJOA.

YCNOBHUA PAEOTbI APEHAMA

B 3aBucHMOCTH OT THAPOreoJIOrHYeCKHX VCJIOBHI H KaH-
MATHYECKHX (PakTopoB VCJa0BHA paboThl .rOpPH3OHTANLHOTO
Npenaxa B rOANYIOM UHKJIE H B MUOIOJAETHH OYeHb CHJABLNIO
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uamensiiotcst. Ilpu aTmocdepiiom 11 Ge3HanopioM rpyHTORBOM
NHTAHHH Apena;s, Kak npapivio, (pyHKILHOHHPYET OTHOCH-
TEJNBHO HEII]]!J,-II.[}.H}HIITEJ'IIJHMﬁ HepHod nocac cleroTasHng,
BECeHHHX [MABOAKOE H OOHJIBHLIX JeTHe-OCCHHHX O IeH.
B 3t mepHOAB YPOBHN FPYHTOBBIX BOJ MOPVT NOAHHMATLCA
OJI13KO K MOBEPXHOCTH NOYBL, BOAHAN HATPY3Ka ia Apenar
MarkciMalnHan, l"pa,iumn'rm {I'.IH..-']I:T['IHMH{'JII!It!]"[]n NOoTOKA B
MPHAPENNOH 3001¢, BCJAEICTBHC CYUICCTBEHHOD €ro CaTHd
npi nojaxole K ‘[‘P'_‘n'ﬁHM, MOPCYT AOCTHTATL 3HAUHTCALILIX
sedimunt (5—20). Koanuecrso nocrynaiomei B japenn Bo-
IbI 0 CKOPOCTH ee ABHMKeuna no tpylam Takmke MaKcH-
M aJILITEI.

B sretnee n snmuece spema ¥YI'B onvekaores, nnoraa uu-
e YPOBHA YIOXKeUHBIX TPYO, Apenaxk paboTaeT ¢ MajJuiMu
Harpy3KaM, CKOPOCTH IBHMKEHHA BOAM B TpyOax HebOJIb-
urHe, Ouedh YaCTo JIpeHaXXK JJINTebHBIT nepuol ne paGo-
Taer.

Bo BpemMsi npoxozKieHus NapoiKoR VCThH JApCHAMHBX
KOMWICKTOPOB HePCAKO [AXOAATCH B NOANOPE, 4TO 06VCJIOB-
JHBACT PE3KOC  Tancinie CKoOpocTeill  JIBHACHHS BOMLI B
Tpyhax.

Ha ocyinaembix o0LeKTax ¢ o0HALIBIM IFPYVHTOBLIM H OCO-
Genio rpynToOBo-HaANOPHBIM NHTAHHEM JipeHax aeficTrver Go-
Jee paBHOMCPHO H NpakThueckl Kpyraoroiudno, Ho u s stom
cayuae KonebaHua BOMNOI HArpy3KH 1la JIpeHam Hl CKOpo-
CTelt ABNKCHNA BOALI B TPYHAX MOPYT H3MEHATLCA B INHPO-
KHX npejenax.

Hamenenne yeaosuii pabornt apenaxa npeionpeacaneT
Il H3MeHenie npouceccor ero sauasemocti. [Ipu makenmane-
MBIX HATPY3KAX H@ APEHaX BOIMOKHO O0JbIIOE NOCTYIICHHE
HANOCOB Il pacTBOpeiiioro xedjesa. B To e ppems B cayuae
OTCYTCTBIA MOANOPA JIPEHAKHBIX CHCTEM CO CTOPONB OTKPLI-
TEIX Kd HAA0B CKOPOCTH ABIZKENNS poAn B TpyOax pocTira-
T BCJLEMHHE, UﬁEEIIE'—IIII!ﬂIﬂIIl!I:{ BLINOC HAHJKA H CaMOOUHCT-
Ky TpyO. llpn manonnrencusnoii paboTe apenaka nonajialo-
mHe B TPYOLI YacTHILLI FPYHTA H OTJIOKEIHA JKeNe3HCThIX
COeNHEHNT, KaK NpaBHI0, He sbiHocaTes 13 nux. Maer nocre-
ne il MPOLECC NAaKONNeHHA HAHAKA H MCEJCIHCTHIX COC/H-
Hemil, NpuANNanns NOCISANNX K CTeHKaM BO BpeMsi NepHo-
AHYMECKOI0 mpocbiXamus, H B jladbHellneM, HeCMOTPS Ha
BO3MOH HOE VBEJIHYEIIHC CKOPOCTEH NDHMKENHST BOABI B ITle-
PHOI NaBOAKOB, CaMOOQYHCTKA ApeHaxKa CTaHOBHTCA HepO3-
MOIKHOH.
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MPHUYMHBI U BMALI 3AUJIEHHUA APEHAMA

KOHCTPYKLIMM OPEHAMHbIX TPYB, CXEMbl YHNAALKW DWUNbLTPOB

[MpuMeHseMble B MEJHOPATHRIOM CTPOHTEALCTBE JIPeHa kK-
Hele TPYOLI CVILECTBENHO OTJHYAIOTCA N0 pa3Mepam, KOHCT-
pykuuam H Martepuanam. HaunbGonsiuee pacnpocrTpanenue
MOJYUHAH KOPOTKHE KepaMuueckue TpyObl ¢ KPYrABIMH H rpa-
HEeHBIMH HedHALTPYIOIHMH cTeHkaMu. Buytpennne aname-
Tpul Hx koJjebmoTes ot 50 no 250 MM ¢ rpajauuei yepes
25 (50) mm, napyxkusie — ot 72 10 300 mm (npuaozkenne 1);
aauna Tpy6é 0,33 M. OTkaoHeHHe B VKasaHHBIX pasMepax
nonyckaercsi or 2—3 10 6—8 mm. Toplosbe NJIOCKOCTH MO-
IYyT OTKAOHATLCA OT NEPHeHAHKYAApa BCAEACTBHE HCKPHB-
JeHHA NPOAOJBHON ocH MpH oGKure Ha 2—4 MM,

Ykaaaka tpy6 B TpaHiuleH NMPOH3BOAMTCH N0 CMYCKHOMY
wenoly uau Bpyunyw. Haxoaawmuiica sun3y pabounii spyu-
HYIO MONpaBJAeT HX cTHIKOBKY, A0GHBAasICh MHHHMAJILHO BO3-
MOMKHOro 3asopa. HopMaTusamu npejaycmaTtpupaercs, 4To 3a-
30p MeXAY CTHKYIOMHMHCA TPyOaMH He J0JMKel NPenLIAaTh
2 mM. Uepes Hero H NpOHCXO/IHT NOCTYI/IEHHE TPYHTOBOI BO-
Abl B apeHbi. B aefictBuTeanlocTH, BeJaelcTBHE HH3KOro Ka-
HecTBa KepaMHYeCKHX TPYD H CAOMKHBIX YCA0BHI NPOH3BOJ-
crea pabot, pakTHUeCcKHe pa3Mepbi CTHIKOBLIX 3330POB ABJA-
IOTCA BEJAHYHHOA cayydaiinof H konebaoTes B 0UeHb OOABLIIHX
npejenax, 4acrto HaMHOro MpeBbIlIas JAONYCTHMEIE.

Ha pue. 2 npeacrasaens rpadHkH pacnpejefeHus Mak-
CHMAJIBHEIX BeJHYHH CTHIKOBLIX 3a30POB MEX1y KepaMu-
YeCcKHMH TpyOKaMH T, NnocTpoeHHble no pesyiabtaTam ak-
THYECKHX 3aMepoB Ha pale ocvinaemux obsekros BCCP.
Kak Buanm, nanGoJsiee yacto BeTpeuaoulnecs BeAHUYHHLI 3a-
3opos apex-ocylHTeaeil — 1,0—1,5, koaaektopoB — 2,5—
3,5 mMm. IIpu 3TOM s TPYG Maabix AHAMETPOB T, =3 MM CO-
crasusier 16%, a aaa tpy6 Dy=125 mm — 42%. Makcu-
0 MaJibHble pa3Mcpbl 3a30poB
38 MeXay TpybaMmH JOCTHra-

0T 6—9 mMm. TTpakTHUeCKH
20
§ 10
0

= Puc. 2. Pacnpefeacunie BelHuiH
y 4 CTHIKORBIX 3a30p0OB MeMly TIoH-

qa HEIJI-'EH Tgﬂﬁamn:
=Lau=JU MM;
E 4 6 8 L E_DIII:IEE'HM.
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p36eaTh 3A30POB B OTACALILIX CTHIKAX Menee 4—5 MM
HEBO3MOMKHUO JaMKe LPH O4YCHb TWATEJNbHON YKAaike jape-
Haxa.

Jpenazxusie rofppuposanieie il raajikocrenise Tpy6nl U3
MOJHMEPHBIX MaTepHajos HMmewT aandy ot 9—6 no 100—
200 M. Kpyrible sojonpHeMiiuie OTBCPCTHS B CTEIKAX HJH
MNPOAGJILHBIC 11 NONEepeulLIe el yeTpaiBaloTes ¢ 1e60b-
IHMH PACCTOAHNAMH NO JLAHHE B HECKOJIBEKO I]'H..'U’JH 1o OK-
pyxunocrn, diamerpst orBeperiil do=1,5—3 MM, war Mex-
Ay HUMH S =5—15 MM, uncao pajos neppopaunii n=3—8 u
Gosee. Pasmepsl NpoOA0/ILHBIX I 1HONEPeUHbIX wedeil 1 X [—oT
0,46 no 2X25 um, n=3—10 u Gonee. Hapyixuuie aname-
TPBl MJAACTMACCOBLIX ApenamuuXx Tpyd wosebaiooTes B npe-
aenax 40—125 mm (npunoxenun 2 u 3).

TpyboduasTpul (KopoTKiie TPYOKH H3 CILEMeNTHPOBAHIIOH
Mecyano-rpaBHilHOA CMECH) HMelT (HABTpPYIOULHE CTEHKH
OTHOCHTEJLIO GOALIOH TOMUNHLE. [uameTpu TpyOObhHIb-
TpoB: BHyTpennie Dyy=100—300 mm, napymunue D=200—
400 MM u doaee. [louna Tpyd S, =0,5—1,0 M. Kosddunuen-
Thl duasTpaunn credor kg =100—300 m/cvT u Buiwe. [Ipae-
Aa, noche ykaaakd tpyfodHaLTpoB B rpynTt u o neH3Ges o
HACTHYHON KOJALMATAaIllH Nop, HMEUIHX cyKalolle-paciuips-
Ol HeCs NPOA0JLIbLIE CeUelHi B BIAC YCUCTOUHLX Kanuaas-
poOB, BOJONPOHHUAGMOCTL CTEHOK YMEHLIIACTCA BINIOTL [0
10—30 m/cyT.

Jlns npeloxpaHeHns Apenamiubx Tpy6 0T MeXxaHH4YecKoro
3aHJIEHHS NPHUMEHSIIOT PHALTPL H3 BCEBO3MOMKHBIX XOPOIIO
BOAONPOHHIIAEMBIX MaTepHat oB. CXeMbl YKJajAKkn (PHIBTPOB
3aBHCAT OT KOHCTPYKTUBILIX ocoBeHHOCTell TPYO, rPYHTOBBIX
YCJAOBHH, a Takme OT cBoiicTs HIABLTPYIOLLEro MaTepHasa.
DuapTpsl H3 CHOYYHX MaTCPHaJOB (necuaHo-rpaBHiiHas
CMeChb, TOPMOKPOWIKA I T. 1), KaK [PABHJO, VKJAAALBAIOT
CIVIOWHBIM ClTOeM PAa3JHYHOH TOJUHHBI BOKDPYT APEHaXIIBIX
TpyO. CTpyKTypHble GUALTPH H3 TAKMX MaTepHaJiOB, Kak
CTEKJIOXOJICT, CTeKJORATa, CTEKJAOTKAHH, YCTPaHBAIOT N0 pas-
JHUHBIM CXeMam: cnJaowHana obsepTtka TpyO, VKIadKa V3-
KHX MOJIOC TOALKO BOKPYT CTLIKOD HAH CIOLINOIN NOJOCH N0
TpyOamn H nonepeunbix MoJ4oc Hajl cTolkaMi, B (puianTpawn-
OITHO YCTOHUYHBBIX TPYITAX (CVIVIHIKN I NAQTHLE TOPhANHKH)
CLINYUHE U CTPYKTYPHbe (QUALTPHI HIONIA VKIa/ALIBAIOTCS
CINIOWHLIM CA0EM HJH NPepeBHCTO (Ha/A CTHKAMH Kepamu-
decknx TpyG) ToabKO cBepxy. B nexoTopeIX cayyasx ape-
Ha)KHele TPYOLI KaaayT noobite Ges ¢uantpos. Caeayer or-
METHTD, YTO NMPH NCNOAB3OBANNN TPYOOPUIBTPOR CTHIKH MEXK-
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Yy TpyOGaMH TaKKe HCOOX0AHMO 3aUlHIATE 0T BO3MOMKIOrO
NPOHIKHOBCIHA HAHOCOB B NOJAOCTL TPYD Yepes cTHKOBLIE 3a-
s0pel, Jlaa 9Toi wean obbIyNO NMPHMEHAIOT BIYTPEHHHE BTYJ-
KH HWJIH HapyxHble MyQTH H3 PasauuHbX (uYalle NoJIHMep-
HbiX) MaTepHaJOB WIH NOAOCHI (PHIABTPA H3 CTPYKTYPHBIX
MaTepHaJ 0B BOKPYT CTLIKOB,

NOCTYNNEHKUE BOARI B APEHLI,
rPAOHEHTBI ®MNLTPALIMOHHOMO HANMOPA

[MocTymuienne poabl B ApPeHbl NPOHCXOAHT TOJBKO uepces
nepgopainoHiibie OTBEPCTHA WIH CTLIKOBbE 33a30PHl, TAK KakK
CTEHKH NpHMElseMblX B HacTosllee BpeMsa TpyO npakTtHue-
CKH lie QHALTPYIOT (3a HekaloueuHeMm TpyboduabTpoB). Xa-
paKTep mocTymJaeHHs Boabl (M HaHocoB) B TPyOuI onpenens-
eTcd KOHCTPYKTHBHBIMH HX ocOGeHHOCTAMH, HaJIHYHeM 3a-
WHTHHEX QHJILTPOR H FHAPOrecJOrHuecKiM yeaosuamu. Kak
npasujo, ApeHaxiiie TpyOn paboraioT HeGOALILIOH YMaCTBIO
cBoero ceueHus. ToAbKO B NePHOA NABOAKOB H NPH HAJHIHN
Mojanopa co CTOPOHL OTKPWTOH CETH OllH KPaTKOBpeMcellllo
paboTaloT NOJAHLIM CeycliHeM, HO H TO He no Beeil aanne. Ha
JLOBOJILHO 3HAYHTEABHOM NPOTAKEHHH OT HCTOKA JIpeHbl 3a-
NOAHENB 4acTHYyHO, W00 BOJa HaKaNJHBACTCA B HHUX MOCTE-
MEHHO H CTeNnelb HANoJHeHHA YBeJHUYHBAeTCHA OT HCTOKa K
yeroio, [lpn pacuetniXx Moayasix €ToKa TOJLKO YCTLCBBIE
YH4acTKH ApeHaxnbix Tpyd paboTaloT NoJHEIM ceueHHeM.

[IpoBeaensniMH HAMH ONBTAMH B TPYHTOBOM JOTKe CO
CTEKJANNOI CTEeHKOH yeTanosaero [32], uto B ronuapunie Tpy-
Gul BO/la, a BMeCTe ¢ Heil H Halochl B HECBA3NBIX TPYHTAX NO-
CTYRAKT PCHMYILECTBEIIHO B 30He BHYTPEHHEro CMOYEeHHO-
ro nepumerpa. Ilpn paGote Kak YacThi, TaKk H MOJIHBIM
ceveninem 20 70% necyaHblX HAOCOB NPOHHKACT UEPe3 HHXK-
Hiol0 30Hy utened. Jlaxe B naacTMaccoBux Tpy6ax ¢ pasiio-
MepHOH No nepHMeTpy H JJaune nepdopauneil nabaoapaercs
TdKas Ke 3aKOHOMepHOCTh. [looToOMY WHPOKO npuMenseMbl i
panee cnocob ykaAajikn GUALTPOB B HECBAZHBIX IPYHTAX TOMb-
KO caepxy TpyO He Mor HajexHO NPeAoOXpaHHTL ApPeHaK OT
3anaenms.

[Ipn noaxode rpyntosoro noToka K ApPeHamubiM TpyGam
MPOHCXOAHT CYLLECTBEIHOE ero cxKaTHe B NPpoA0ILHOM H 0=
nepediiom Hanpapaenuax (puc. 3). [dpeHupyemast Boga u3
JOBOJIBHO 3HAYHTE/BHOrO 00bemMa rpyHTa, HCUHCAAEMOTO Jie-
CATKaMil KyOHuecKuX Mmerpos, moctynaer B TpyOH uepe3
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Pue, 3. Cxema noctynjieHus BOAW B FOHMAaPIBe Apeis (THIPOIHHaAMHYC-
CKaA ceTKa):
a — ¢ puastpos: 6 — Gea dmawTpa; I — rowsapuan Tpy0a; 2 — JAHEN Toka; 3 —
JHIHHE PAaniEy  nanopon.

miean  H OTBEPCTHS, pasMepbl KOTOPBIX He MpeBHIlaloT
3—4 MM, a naomans 15—20 cm?/nor. m apenn. Bcee 3TO
00yCAOBIHBAET OYEHL CHALHOE CTYIICHHE JHHHI rHApPOLHHA-
MHUYECKOH CeTKM y LUEJeH W pa3guTHe DOJBLIHX TpajiHeHToB
b uasTpannonnoro nanopa I s npuapennoi obnacrw.

Ha puc. 4 npeiacrasaen rpaduk 3aBiUCHMOCTH IPajiHEHTOB
Hanopa ot paccroaunii [ 10 cTHKoBOro sasopa (nonepeuioi
mieJin) roHyapHoil Japeun, yiaoxennoit O0e3 dunasrpa. Kak
BHIHO H3 rpadukKa, rpa-
JHENTbl BO3JC BOLONPHEM- j
HB'X wieaed pocruratt 20, IT
Hem Menbilie wypHna uie- %
JH, TeM rpajgHceiTbl 00Jib-
we. C yaajacunem ot wean 2
rpajiHeHTsl  Halopa pe3ko

\
ymenbimaioresi. O6nacts so- ©
4
Puc. 4. Pacnpeaeaemie rpaaguen- 0 S—
TOB  (PHARTPAUHOUNOIO  Hanopa, J0 60 0 120 L
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=5 - Puie, 5. dmopbl puabTpaunonnsix rpa-

p— i W ANCHTOB (NOApYcAOBas Apena).
b T s e
ar 1
0z _
05 - KPYr Apeibl, rae OHH NPCBLIIIAIOT
KPHTHUCCKHE 3HAYCHHA 10 PHNb-
L. mia 041 TPalHOHHOH TNPOYNOCTH TPYHTOB
4 05 1 (Tak paszLBacMan akTHBHAS 30-
06 1 na melnopa u cypdosnn), pac-
a7z MPpOCTPAHSIETCA BOKPYDr CThiKa Ha
08 { ANAYHTELIBIC PACCTOS THA.
|44 Kak nokasmpalor pacuctbl M
Y .&% g AaGopaTopHble ONLITH, MaKCH-
[ I MaflbHad DBeJIHUHHA TNpHApel-

HOIl  301L, B KOTOpPONl rpaimu-
eHThl (PUALTPALHONHOIO HAMNOPa MPEeBLIAIT KPHTHUECKHEe
no (pHUILTPaUHOHHOR NPOMHOCTH FPYHTA, HMEET MECTO TOr/1a,
KOrja TpyHTOBbl€ BOAbLI BHIXOJAAT Ild NMOBEPXHOCTL, a CaMmu
TPYOu yAOMKeHB ¢ (PHALTPOM HAH ABAAITCA NMOPHCTBIMH,
B cayuae HecoBepmeHnoi Apeinl nNo XapakTepy BCKPBITHHA
naacta (Tpyou Ges pHALTPOB — NpocTpalicTBeHHAad 3a/ava
GHALTPAUHN) HENOCPE/ACTBEHHO Yy JAPeHaMHBIX OTBEPCTHH
rpaiHelTsl Hanopa JAOCTHTalOT oOuellb GosslInX 3Ii3‘[ElIHﬁ.
NpHYEM OHH Pe3KOo 3aTyxaloT ¢ yiadenuem ot wenaeid. Ecau
TpyOu nopuerbie (nA0CKas 3ajaya QHALTPALNH), TO IpaiH-
eNTbl HANOPA OKOJO ApPeH HMeloT MellplllHe 3lavyeHHs, oaHa-
KO OHH ropasilo Me/l1elHee 3aTyXaloT NPH YlajdeHuHn ot Tpy6.
O6aacTb, /e ¢ TOYKH 3pelHdA (HJALTPAIHOHHON TPOYHOCTH
FPYHTOB rpajuelTH Hanopa NPesLaloT A0NYyCTHMble N0 Bbi-
nocy cyd@O3HOHHBIX YACTHL, BO BTOPOM cJydae pacnpocTpa-
HATCA ropaszio aaisine. OTciona onacHoCTh MexaHHuecKo-
ro 3anjaeHHs NnopHeTux Tpyl BeaeiacTeie cydho3nOHHOro BH-
HOCA 4aCTHI H3 TOMUWIH TPYHTA 3HAYHUTENBHO DoJblUe.

Jas onnHouHOl MOAPYCAOBOI APeHbl ¢ NOPHCTHIMH CTEH-
KaMu npu raybokKoMm 3agerallHu sojoynopa (puc. 5) cko-

POCTh PUALTPALHH MOXKHO ONpeAedHTh No hopmyae B. B. Be-
jepunkosa [9]

Q.r V'EUJ’H]
:: T Fd 22 ' (17)

ﬂkrp (fr - h_u} (18}

-~ t k
ath T3

rje { — paccrosiiie OT [MOBEPXHOCTH 3eMAH N0 Apeiibl;
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fi+hy — nanop nan apenoit (fin — BoicOTa CN0A BO-
Abl Haji no4yBoil) ;

d — jHaMeTp ApeHbl;

Z=X+iif — KOMNOJIeKCcHas KOOpJAHHATA.

o .
I'paauents puabTpaLHOHHOTO Hanopa = Brp 184 APEHOH

(npAaMas o—y, ANA KOTOpO# u=0; v=I(v; X=0, 2= —Y) W3
(17) Buipaxalorcs cieiyionleil 3aBHCHMOCTBIO:
h—+h L (f+d

Arth ]{f’: _:_ﬂ [ (f + d) — 4?)

B tabGa. 4 npupeiiensl 3nayeHnd rpajauedToB QIAbTpallH-
OHHOrQ Hamnopa, BuiuHcaennse no (19), npu caexyouHx 1aH-
Heix: i=0,965 1 0,925; hy,=0; {=1,0; d=0,07 1 0,15 M. B neii
JUIS CpaBHEHHS IPHBEIEHB TaKkKe Pe3yasTaThl onpeaeieHusn
rpajuenTtors nanopa Ha npubope T JIA,

Tabauya 4
lpagnentsl Hanopa aa% NOAPYCJAOBOR APeHbI
Ipaguent GuALTPAILMOHHOrS Nanopi
npu d=0,07 M I npu o =0.15 M
e M
no (19) 0 AT o (19) -

0 0,46 0,45 0,63 0.55
0,25 0,49 0,50 (0,68 0,70
0,50 0,61 0,70 0,82 0,80
0,70 0,82 0,80 1,12 1,30
0,80 1,16 1,40 1,45 1,50
0,91 2,05 2.50 2.30 4,30
0,94 e SR 4.70 s o
0,96 3,47 = s o

M3 tabanuw u rpaduxon puc. 5 BUAHO, UTO Henocpeact-
BEHHO B 30H¢ KOHTAKTA FPYHTA C JAPEHOK rpajHeHTsl Halnopa
HAMHOTO NPeBLIaloT AONYCTHMBIE MO VCIO0BHK KOHTAaKTHOI'O
BbIIOPA. 30la onaclblX FpajaneHToB (aKTHBHast 3ona) pac-
npocrpausiercs ua 110—150 MM oT nosepXuocTH Apensl.

Ecam B ruaporexnimueckHx cOOpyKeHHsAX nyTeM H3MeHe-
HHSl KOHTYPa QHALTPAIHH HIH € NOMOIULBIO APYTHX KOHCTPYK-
THBHBIX NMPHEMOB MOZKHO BAPLHPOBATL IPajHeHTaMH (HJb-
TPalHOHHOTO Hanopa B LIHPOKHX Npejiesax H OTHOCHTeNLHO
HECJAOKHO MOJYYHTDH TIPaiHenTbl MeHblIe AOMYCTHMBEX 110
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YCAOBHAM (HALTPALLMONHON MPOYNOCTH IPYHTOR, TO B obna-
CTH FOPH3OHTAJIBHOrO JpeHa)a 3TH BO3MOXIOCTH KpaiiHe
OrpaHH4YeHsl. ¥ MeHblleHHe rpagHEHTOB lla KOHTAaKTe Tpylil-
Ta ¢ ApeHoli ((PHABTPOM) MOMKHO IOCTHYL TONLKO MYTEM YBe-
JHYeHHA aHamMeTpa Tpyd (Toaumuel duasTpos). OaHako, Kak
BHAHO H3 Tabn. 4, naxe yeennyenne auamerpa Gonee uem B

2 pa3a He npHBeJIO K JKeJaeMOMYy pe3yasTaty. I'paaventsi Ha
KOHTaKTe OKasaJich Goablie AONYCTHMBIX.

KNACCHMOHUKALMA NMPOLECCOB 3AMNEHHA

3ausenue Opexanca — npouece, BKJAKUaloUHil B ollueM
caysae OTJIOKeHHe B nojocTsax TPyG 3epen rpynra, coJed i
MeJe3HCTHIX coefnnelnil, 3aKynopKy BOAONPHEMHBIX OTBep-
CTHI H KoabMaTaX (puJAbTPOR TEMM Xe BellecTBaMH, KOJb-
MaTa< NpHApeHHOA 30HBL cyGdPO3HOHHBIMH YaCTHILAMMH, BH-
MBBAEMLIMH H3 MaccHBa (HIABTPALHONHBIM MNOTOKOM, H,
HaKoHell, 3apacTanue nojocrteii Tpy6 Kopuamu pacrenuil. [To-
3TOMY 3alJieHiie JipeHaxa MnojapasjieasieTcs na caeayiouiie
BHAL: MeXaHilyeckoe, XHMHUECKOe, XHMHKO-OHOJOrHYECKOe Il
Guosornyeckoe. B KamkaoM KOHKPETHOM cAyvac HMeeT Me-
CTO OJIHII W3 HHX HAH COoYCTaHHE HECKOJbKHX BHAOB 3a-
HACHHA.

Hecpsiznuie H cBA3HLIE TPYHTH CCTECTBEHIION U HHapylien-
HOfl CTPYKTYPH MNPH JAOCTHXEHHH B OKoJoApennoi obaacTn
KPHTHYECKHX 3HAYeHHH THAPOAHHAMHYECKHX CHJ NMOABEpIice-
Hbl cAeayiomnM (HABTPALUHOHHEM JedopMalnaM: HeTeve-
HHIO TPYHTOBOH Macchl, cyQdo3uH, KOHTAKTHOMY BHINOPY H
KOHTAKTHOMY pasMuIBy.

Hereuenue epyntosoid macce npeacrapiser coboil Takoil
B/ 1eOpMallHOHHOrO paspyuieHus, Korjia npoHCXOLAHT M0-
Tepa o6l yCTORYHBOCTH FPYHTA H BLITCKAHHE €ro uepes BO-
AONpHEMHBIE OTBEPCTHA BHYTPL TPYG B BHjle BA3KOH HKHL-
kocTH, Jledopmalnn HeTeYeHHS HMEIOT MECTO TOJNBKO B IiC-
CBSI3HBLIX FPYHTAX MPH OTCYTCTBHH (HALTPOB H HAJHUHH
ONpeneJIeHHBIX COOTHOWEHHA MEXKAY TPaHYyJOMETPHYECKHM
COCTABOM TPYNTa W pasmepamu orsepcTHit B TpybGax. Hcre-
yenHe mpojloJkaercs Ao oOpasoBaHHA OKOJO OTBEPCTHH
VCTORUHBBLIX CBOAOB H3 Gojiee KPYMHBIX YACTHIL FPYHTA HJH
n0 nosuoft aakymopkd Tpy6. Ono MOKeET HMeTh MEeCTO H
TorAa, Koraa GHJLTP BOKPYr TPYO YJI0MKeEH, 10 OTBEpPCTHA B
HeM CTOJAb BeANKH, 4To He ofecneynBaeTrcs yCToliunBoe CRO-

24



jaooGpazopanne. Ilpanaa, stor cavuail n npakTHke peTpe-
HACTCH PCAKO.

[loa Tepatiiom ceodoobpadosanue NOHHMACTCA Npouece
HAKOIJIEHNS Hal CTHKaMH Wil orBepctHaMu B Tpybax Go-
Jee KPYNHBIX YaCTHIL COACPAAULIXCH B FPYHTe, 0 oOpasoBa-
HHE YCTOHUMBNX CBOIHMKOB, KOTOpPBE NPEenATCTBVIOT AaJlb-
HeilmeMy eTeuei e rpyHTIBoI Maccnl B NoJocTL TpYyG.

Mexanuueckas cyphoszun npejeranaser coboil nponecc
yBJacuctid 1 ssHOCa QUALTPAILHOHHBLIM TIOTOKOM 13 TOJLLH
rpynTa Medkns gacrig (anoannrean). Oua cooilcTeenna
TOJALKO OT/ACJALIOH KaTeropun necsasinbx rpyHTon, nasnisae-
MuIX evipdodnonsiMi, Pasaniaior BHyTPennomn i BHe oo
mexannieckyo cydpdosnio. Ieppaa xapakrepuavercs nepe-
MeutetieM (prIbTPauloHHBIM NOTOKOM MCJAKHX 4acTHIl BHY-
TPH rPyNTa 1 OTAOZKCIIICM HX B OKOJ0ApeHnoil oGaacTi HAN
B (pHALTPE, UTO MOZKET BbI3BATL KoabMaTax apeunama. [lpu
3aKOALMATHPORAHMH NPHAPCHNONH 30HKW (CcBOa000pa3zyolLeil
ofJacTil) wan jpeHaKlLX PpUJALTPOBR BOAONPHEMHARA cnocob-
HOCTh JIpell, IX oCYmnTeauiuil adpexT cyilectselino normn-
Aatores. Tlpn snewein mexannmeckoi  evpdoann menkue
HACTHILLL FPYITE BEBIHOCHTCH b JLPEHLE 11t MOTYT OTKAAABLIBATL:
CHl TaM, BLI3LIDAA YACTHUNYIO 3AKYNOPKY TpyO.

KORTAKTHWI 86tnop — paspyuICHHe FPYATA HA KOHTAKTE
C BOJAONPHEMHBMI OTBepeTHAMI TPYO npu oteyTeTiin G-
TPOB W 11a KOHTakTe ¢ QUILTPOM, XapakTepHaviouleecs
BLINOPOM  (PHALTP ALHOIHILIME CHAAMI HEKOTOpOro oGbeMa
rpyuta suytps TpYG6 Han s nopu $puabtpa. ledopmaunn
KOHTAKTHOTO BWITOpPAa NPHCYULH CBA3HBIM Il HECBA3NLIM
rpyutTam.

KourarkrHuwil paasme npeictapasier coboil paspyuieine
FPYITa NPOAOILILIM GUALTPAHOINBIM TOTOKOM 114 KOHTaK-
Te ero ¢ OoJee KPY NUO3EPHHCTHIM PUALTPOM I MOKET paa-
BHBATLCA B CBA3NLIX 0 HEeCBA3NLIX rpyuTtax. B meanoparui-
HOI NPAKTHKE ABJIEHHA KONTAKTIHOrO BHOOPa H pa3MbiBa
BCTPEUAIOTCH PEIKO Il PA3BHBAIOTCH TOALKO B IMTHIICTLIX M
TOpQsinux rpyitax npn ovenn OGOJLIIHX BOAONPHEMILIX OT-
BEPCTHAX B TPy0ax 1 pLIXJoil TpaHeiinoi sacwike,

B ranuueTux rpyitax npy rpaisentax Hanopa menblie
FPajAlelToOB KOHTAKTHOrO BHINOPA BCJAEACTBHE PacKJANIHBAIO-
IWero JcHcTBHA TOHKIUX NMPOCIoCK BOJAB MPOHCXO/ANT OT/Aee-
HHE 112/l BOJONPHCMHELMH  OTBEPCTHAMI JpeH WK nopami
buanrpa Hexkoroporo oGbeMa rpyiuTa it Bulagelie ero s
TpyOul 1an gpuastp. 310 ABJACHIE B OTJUYIE OT KOUTAKTHOrO
BBINOPA HA3BAN0 OTCAQUBAHIECM TPYHTA.
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B Tpemuuax raunncroro rpynra npu 60abiioi CKOPOCTH
GHABLTPALHOHNOIO NOTOKA MOMKET NPOHCXOJANTL pasmbuis. Llpn
3TOM CONPOTHBJAAEMOCTL TPYITA pa3MblBY B cocToAlHy, Oan3-
KOM K BO3AYIHO-CYXOMY, HHYTOXKHO Maja No cpaBHEHHIO C
CONPOTHBAACMOCTBIO TPYHTOB, HaXOAMULHUXCA B COCTOSIHHH
NOJHOr0 BOAOHACbILLCHHS.

Bee shienepéunicienible NpoLecch B3aHMHO CBA3aHB H
ABAAIOTCA COCTABHOH wuacThio obilero jiedopmManHonnoro
npouecca rpyHToB, NPHBOJASLLErD K MexalnyeckoMy 3auJe-
HHIO ApeHaxa.

Hapaay ¢ stum Beaeacteie GuiabTpaunonuuix i pusnko-
XHMHYECKHX NpoLeccos, BO3HHKAKUHX B IPYITE NpH ocylle-
HHH, B Onpejle/eHHLX YCAOBHAX MOXKEeT NPOHCXOIHTE XUMU-
HecKOoe 3auACHUEe JIPeHAXa — BBLIHOC coJlel N3 MaccHBa H OT-
Joxenne ux Buytpu Tpy6, B nepdopauHoHiibX OTBEpPCTHAX,
a TakxKe B puipTpax. B nocaeanem cayuae B 3allUTHOM Ma-
TepHaJ/ie NPOHCXOANT ajcopbuns coseil, nepeHocHMbIX (PHb-
TpauHonusiM notokom. B rpyuntoBoit Boje noytn Bceria
MPHCYTCTBYET TO MJH HHO® KOJHYECTBO OKHCHOIO H 3aKHCHO-
ro xenesa. [1pu nocrynaennn B TpyObl, a Takke B NpHApPeH-
HYIO 300y NOJL BJHAHHEM OKHCJIHTEIBHBIX NPOIEccOB 3aKHC-
Hoe KeJle30 BbinajaetT 8 ocajok # 3abusaer nojoctH Tpyb
WIH KOALMATHPYET (HALTPH M NPHAPEHHY 30HY TPYHTA.

Xumuro-buonroeuneckoe aauiexue apenaxka — 3akynopka
noaoctH TpyO, KoMbMaTtax GuAbLTPoOB H nNpuapentoi odaacTu
rPyHTa pas/HYHLIMH COJNAMH H HKeJe3HCThIMH coeJHHeHHs-
MH, @ TaKme NpoJAyKTaMH }XH3HeleATeabHOCTH Keae3obakTe-
puit. eso B TOM, 4TO B nojocTAX TpyO NpH HAJHYHH B FPYH-
TOBOH BOjde 3HauHTeAbHoro (OoJee 5 Mr/i) KoJndecTBa 3a-
KHCHOTO JKeJle3a HHTeHCHBHO Pa3BHBAIOTCA JKeae3obaKTepHi.
OTxoAbl HX MHIHEAEATEJNBLHOCTH MOTYT OCTaThcsl B Tpybax
H 4acTO NOJIOCTLIO HX 3aKynopusaioT. Hekotopuwe asTops
[54] 80—85Y, sansenus ApeH »KeJe3HCTHIMH COEJHHEHHAMH
OTHOCAT 3a c4er Jaeareabtoct Gaxkrtepuit. Jlpyrue uccaeno-
BATEJIH CMHTAIOT, UTO NPEBAJHPYIOT XHMHUECKHE NPOIECCH.
SIcHOCTH B 3TOM BOIpOCE NOKa HeT.

K gucro Guosozuweckomy 3aUACHIO APeHaa OTHOCATCH
npoueccsl 3apacTaHHsd NOJOCTH JpeHarKHbiX TPYG KOpHAMH
pacrennil. B 3acymansuii nepHoa KOPHH OTAeJIbHHX BH/O0B
pacrenuil, B ocofetnoctn GJH3KO pacnoJoKeHHLIX OT JApen
AepeBbeB, NPOHHKAIOT rAY6G0KO B MOYBY H B NOHCKax BJArH
HepeaKo BHYTPb TPY0, 4ACTHUHO HJAH NOJHOCTLIO 3a6HBast HX.
XapakTepHo, YTO KOpHH B TpyOGax MOryT JOCTHraThb O4YeHb
GoABIIOMN IOTHOCTH H JLIHILL,

26



Mz pcex puios 3amaenns japedaxa nauboablllee pacupo-
cTpaleHHe nHMeeT KoanMaTax B caMmom obGuem suae. Tlpu
ITOM PasjHualotT KOALMAaTaM NpHApCcIioil 300 rpynTa,
BCJIe/ICTEIe OTA0eHus B ueil cydupoanonnpbx vacTiu, coaei
H M[POAVETOB MH3HCACATENBHOCTH OaKTCpHil, H KOJbMaTamK
(pHALTPOB MeXaHMeCKHH, XUMIYecki 1 OHoJ0rnyecku (3a-
pacTaHie NnNop B pe3v.ibTaTe AHIHEJACHTCILIHOCTH MHKpOOD-
raHnamos). KoabmaTtamx nop $uanTpa ModeT OblTh KOH-
TAKTHLIM — 3aKVUOPKa 1nop Ha KOHTaKTIO NOBCPROOCTH H
BHYTPECHHIM — 3AaKYNOPKa NOp B TOJAULE 3AULHTHOrO Mare-
pHaaa.

Bosnuknosennne n passutiie vEasaniuix BuE BHIOB 3a-
HAEHNUs Apenaa, CTencin i NpoJioJKITeNbIIOCTL OTIAe b-
HBIX ¢a3 # NpPoONCCCOB 3aBUCAT OT CACAVIOULHX (PaKTOpPOB:
rpanyaoMeTpHUYECKOro COCTapa rpviTa, cro (pu3HKo-XuMiue-
CKHX 1 (PUABTPALHOHNLIX XAPAKTEPHCTHK, (POPMBI H pa3zMe-
POB BOAONPHCMILIX OTBEPCTHIl JIPCHAMKIIBIX TPYVO, rpannuibx
yeaoBinil GuanTpaiuin, cocTaga rpynToBLX BOJ, Martepuada,
H3 KOTOPOro H3roTOBJAEHL TPYOLL, CBONCTR 3allNTHLIX (PHIL-
TPOB Il jJaie OT TCXHOJAOrN CTPOHTeILCTBA Apenaxa. B 3a-
HJAEHHN JApeiaxa MOTYT NpepajHpoBaTh OJAHH HJAH jIBA H3
nepeylc/jeHibiX BhlIIE BI0B, 10 BeCLMa YacTo OHN BLICTYIIA-
I0T B TAKOH COBOKYNHOCTH, OIEHHTHL KOTOPYIO 1 pazpadoTaTh
HajemNble cnocobn 3auliThl OUeHb CAOKIIO.

YCNOBUA, NO3BONAIOLWIME YKNAABIBATE APEHAM BE3 ®@MNLTPOB

Heceaansie rpyntel. PuanTpannonnas npoynocTs He-
CBAZHLIX TPYHTOB H CTeNCHL 3aHJCHHUA JPCHaKA BO MHIOIOM
OnpeieNsioTes npoieccamin  csogooGpazoBanng. Yacruus
CKeJIeTa TPYHTa e npocunamnTes (He BLITCKAnT) B NoJocTh
TpyD B TOM cJyuae, ecili B KONTaKTHONH obJaacTH Hajl BOJO-
NPHEMHLIMH OTBEPCTHAMH 0OPa3yIOTCH YCTOHUHBLIE CBOAMKH
(puc. 6). [lo wceacposannam A. H. Martpawesa u ap. [40,
41, 38], nanbonee npounLl H YCTONUHBLI CBOARKH, COCTOAULHE
H3 JABVX OJHHaKOBOIO IHa-
METpa YacTill, KOTOPbIE la-

Pue. 6. CxemMa KOHTAKTHON 0f-
AACTH  METKOICPHICTOr FpyiTa

- } ey
b mapee e e ey, A

CBOACOGAIVIOMINY §ACTHIL
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spiBaloTCA  coaoobpasyiownmn  (dey). BeposTnoctn  nx
06pa30BaANNS 3UAYHTEILIO BBILC, UCM CBOAHKOB H3 TPCX I
Oodce uactiil. CosfaoTes onu 3a Golec KOPOTKOC BPeMms.
MuorouncaennbiMu sxciiepumentamu [40, 53] VCTaloBJIEHO,
4TO VCTOHUHBOC cBojoofpaszoBanie Ha KONTAKTE co 1egaeod-
pasHpiMi OTBEPCTHAMH B cTeHKax TPYO H CTLIKOBBIMH 3a30-
paMi Meay TpydaMu NpoHCXoAnT npn cobaodeciun cae-
AVIOWHX YCJAOBHIL:

‘L.E; 1,8, uau d.. = 0,6A, (20)

dfll

ric A — wHpHna weaeil van CTLIKOBLIX 3a30pO8,

CaepoBatedbno, MUHHMAABLHLIT AnaMeTp cBogooGpasyio-
ULHX vacTH JoakeH ObITh He Gosee veMm B 1,8 pasa Meubiue
WHPHHBL [LEJH,

Ecan soaonpuemubie otseperus B crenxkax tpyd nmeior
Kpyrayio (opmy, To yctoildnsoe csojooGpasosaine npouc-
XOJIHT npH AHaMmeTpax uactuiul rpynta B 2,7 pasa Mmedblle
Anamerpa orsepethit (D). Yeaosus csojpoobpasonanis
BEIPaKalOTCA CAAYIOUHMH 3aBHCHMOCTAMH

D
Lt < 2,7, na d* = 0,360, g, (21)

K
L L]

rue Doy — fHaMeTp KPYIJibiX  OTBEPCTHIl B ApeHaKILiX
Tpybax.

Cpasunsaa (20) u (21), BHANM, uTO YCJIOBHS CBOA0OG-
PAa30BaHHA HaJ KPYIMILIMH OTBEpPCTHAMH Oogee GJAArOnpHAT-
HBl, ueM Haj weasMu. Orciofa no yceaoBHi0 He3aHJSCMOCTH
jpeHama mnpeinouTHrejblice B TpybGax (nmjaacTmaccoBbix)
yeTpanBaTh nepdopaunio B Buae Kpyriasx oTBepeTHi,

Hanuune B rpyHrte c¢Boj006pa3syiomux 4acTHU eHie He
rapaHTHpPyeT HENpoCHNAeMOCTH TPyHTa B TPYOH M He HC-
KAI0YaeT OnacHOCTH MeXaHHyecKkoro samaenns aped. B mpo-
llecce CBOA00OOPA30BAHHA PENIAIONICE 3HAYEHHE HMCCT TIpo-
ICHTHOE COJepAaHHe B IPYHTEe cBOA00OPA3YIOULHX YaCTHIL
Ilpn A0CcTaTOMHOM HX KOJAHYECTBe HaA OTBCPCTHAMIL B TPY-
0ax 3a KOPOTKHH mnepHoj o0pasyloTcs (HIALTPLI-CBOANKH,
NpensiTCTBYIOUIHE jajbHeHIIeMY TPOHHKHOBEHHIO YaCTHL
CKeJTeTa TPYHTa B JpeHbl. Ecan ke mpoueHTHoe cogepskanue
CBO/1000pa3yOLUIHX YacTHIl HeBeJHKO, TO 3a MepHOoJ CBOJO-
obpasoBanns TpyOGul MOTYT CYLIECTBCHHO 3ananTLes. Muo-
rouHcAeHHBIMI sKkenepuMentamu [38, 44, 53] yerauosacuo,
UTO LIS NIpeoTBpauleins Onacioro 3aujicHus JapeH sepHaMmu
OKPY#alolero rpyHTa B €ro cOCTaBe A0JKHO OblTh He Me-
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Hee 40% csonoobpasvioulnx uactii, T. €. st Tpyd co ulean-
MH (CTBIKaMi) 1 KPYIJILIMIL OTBCPCTHSIMH COOTBETCTBCHHO:

dep == dgo, MM dgg = 0,6A;

d* = dgy, WA dgg > 0,360, 4. (@)

Hdpyrumn caosamu, cean 60T -puil anamerp zamnutae-
MOTO rpyHTa Pgo Goable wan pasen 0.6 wupunbl weaci
tpybax A uan 0,36 anamerpa neppopainn D, 4, 1O apenax
B 3TOM I'PYHTE MO YCJOBHIO 3aNAMCMOCTH MOMKHO VKAA,1ILIBATH
0e3 puaLTpOB.

[Tpasomeprno noctasuth n oGpaTHYIO 3a1auy: no 3ajaH-
HOMY TPAHYJIOMETPHYCCKOMY  COCTABY  TPYHTA  HOA0GPATL
pasMepul BOJONPHEMHBIX OTBCPCTHI B JAPCHAAKHLIX Tpyhax
TaK, YTOOB UX MOXKHO OLLIO YKAAALBATL Ge3 huabTpos (no
ycaoBsuio Henpoceinacmocti). las sToro no kpueoil rpanyio-
METPHYECKOrD cOoCTaBa HAXOAUM JAnaMmeTp uactiil, GoJaplie
KoTopux B rpyvite coaepxntes 40% no peey, 1. e ds. o
HaitaennoMy anamMetpy dgy BHUHUCIAIOTCH HCOOXOMIMBIC pas-
Mepbl nepdopaini.

L thin ‘
ﬂ&;"{].ﬁ ¥ "n.T.IH D::ﬂg HEHE s {23}

Coraacuo pexkomenjgaunam A, [l Tlarpawesa wn
H. M. Xpucanosna [45, 48, 53], sunoanenne ycaosuii csojo-
0Opa3oBaHHus i NpeIOTBpAalleHHs HCTeuelns rpynToOBOH Mac-
CBl B NOJIOCTL TPYD He SIBASETCS ClUEe JIOCTATOUHLM OCHOBA-
HHEM /I YKJaAKH apeHaxa Oe3 duabrpos. [To ux muenmo,
B cy(pPo3nonnblx rpyntax Momer NpoHcXoAdlTh KOJdbMaTam
cBofoofpasywuleil o6aacTH BHHOCHMBIMHE NOTOKOM cyddo-
3HOHHBIMH yacTHiami, Yrolsl nabexaTh KONbLMaTaka, peko-
menayercs [45, 48] BuINoAHHTL YCaoBHe E<C5, KOTOpOE onpe-
ASJACTCA NO 3aBHCHMOCTH

- A
£ =94 2
. K (24)

oTkyna dgo=0,007A. OuHako dg No YeaoBIIO HegonyLLes
HCTEUEHHA TPyHTOBOH Maccul (CBOACOOPA30BAHHS) JOJIKHO
GHITL papHo 0,6A, Ho Hnkaxk ne 0,067A. Kpome Toro, A. E. JTy-
GoykoBbIM [46] yOeaHTeALHO AOKA3BIBACTCH, UTO KOJbMa-
Tax ceoaoobpasyoweil odaactn cyPPoOINOHHBIMH YACTHILA-
MH BOOOGULE (DHIHYECKH HEBO3MOKEH, HOO CKOPOCTH JIBH#E-
HHA BOALL B npejedax cpojion Ovayt Ooablue, UeM n
MAaCCHBE OCylIaeMOro rpynTa, a Ko3QpQHIHeHThl CONpoTHB.Ie-
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HHSI BLIHOCY MEJKHX uacTHIl B CBojooGpasyiollei obaacty
MeHbllle, YeM B TpyHTe.

Hrak, aas- Toro utolnl ApcHaxcHble TPYOb B HECBA3NOM
rpyHTe MOXKHO Obl10 yYKAaabBaTh 6e3 (uIbTpoB, 1neobxojiu-
MBIM H JOCTATOUHLIM YCJdoBHeM aBasercs (22).

JLng BeISCHEHHS BONpoca, MMceTes JiH M B KAKHX npeje-
Jax peaJjbHasi BO3MOXHOCTbH YK/4AbIBATh APEHAayK B HECBH3-
HBIX TpyHTax 6e3 GHALTPOB, MBI NPOAHAJIHIHPOBAJII Pe3yJlb:
TATH MACCOBBIX aHAJH30B NecuaHblX FPYHTOB OCYLIAeMBIX
o6bekToB-3 BCCP. Kospuunents HeoAHOPOANOCTH FPYHTA
N BeuHcasan no ¢opmyae (1), anamerpnl cyvpdosHonbX
yactiil d.; no (12), anameTpsl CBOA000OPA3YIOULHX HaCTHIL
den no (22). Beero o6paGorano Goaee 600 ananusor rpyH-
TOB Hanbojee THNHYHEX MEJHOPATHBEHBIX 00'BEKTOB.

B paccMaTtpHBacMoM acnekTe HanboAbWKIl HHTEpeC npea-
cTaBasieT rpauysomerpuveckuil cocras. PesyanTtartn npo-
BeACHHOrQ aHaJn3d CBHAETENBCTBYIOT, Y4T0 B DOJIBUIHHCTBE
FEHeTHUECKHX Ipynn nmecuanuix rpyHToe bBeaopyccuu npesa-
JHPYIOT MEIKO3CPHUCTHIE H PAa3HO3EPHHCTBIC NECKH ¢ npe-
obmapannem medaxkux ¢paxuuii, HaunGoabsliee KOJHUECTBO
MEJIKO3ePHHCTHIX NMecKoB 3a(HKCHPOBAHO Cpeil OTJAOMKeHHil
0 HOI 30nu pecnybankn (B [Noaecse). Coaepxanue pak-
unit d<0,4 mm 3jecks coctapasier Goaee 40—607%. Bee rene-
THYECKHE THNBI MECYAHBIX TPYHTOB BOAOCGOPOB OCHOBHBLIX
NOJIECCKHX PeK HEPEeaKo COACPAKAT IHAUHTEBHLE KOJHYECT-
Ba nblaeBateix (d=005—0,01 MM) o PAIHHHCTBIX YACTHL
(d<<0,005 mm). B cesepo-3anannoii 30He pecnySaAHKN lTaps Ly
¢ npeobaajaHHeM MeJKO3epHHCTHIX BCTPEvalnTes cpejiHe- H
KPpynHO3CpHHCTBIC neckd. [paBeancTo-rafcyHHKOBBIX OTJAO-
MeHHil B BepxHell mokKpoBHOIT 30He (rayOunoit a0 2,5—

100 —% 3,0 M) na mMeaHOpaTHBHBIX

\1‘,3‘ 00'beKTaX NPAKTHUYECKH HET.
\

1A\

Bee renernueckHe rpyn-
nbl MecyanbiX TPYHTOB OT-
JHYAIOTCSl  3HAUHTENbLHOM

80

S

Puc. 7. Pacnpepeneune cpoao-
oGpasyiomnx (de) uMacTH W Ko-
shpHUHEHTOB  HEOLHOPOAHOCTH
(n) HecRA3HWX TIPYHTOB MEAHO-
patueubix obGuekton BCCP:

I, 2 — KpHpde ofecneyeHHOcTH Co-

OTBCTCTBEHHD CROMOOGPA Y UK da-

Tl M KosbPUUHERTOR HeOaHOPODA-
HOCTH.

Nobmopseracms, %
S S




opnopoanocthio (pue. 7): 552% uwmeor koadpuument ne-
oanopoanocTn <5, v 11.5% on koacGaeres B amanasone
n=10—20 1 ToabKo 4,3% M3 peex Hecae oBaNiBI rPYVITOB
XapaKkTepH3yI0TCl BLICOKHM KOI(D(HUHENTOM 11COHOPOHO-
et (m>20). pyutl ¢ KosphUILHCHTOM 1EOIHOPOSHOCTH
n<=10 cocrapasior 84,2%. llanGoace oanopoanvie rpynThl
uMetotes B 30He Tloaecks, menee coprupopannue — g Ipojt-
neHckoit 1 Butebekoi obaacTax.

Bee 6e3 HekMouenng HecBAsHBEe FPYHTL MCJIHOPATHBILIX
oOwektos benopycenn B TOl wan Hoi CTencun ABISIOTe
cypposnonubiMn (Aaa npuMepa B Tada. 5 u 6 npupeacHa
HACTL ﬂpﬂﬂliﬂ.’l”.’ﬂ[i]ﬂllﬂHHI]E"E] MHTE‘FHH.-T[EI}. G."UIHHG KOJTH-
YeCTBCHHOE cojdepianie cypho3nonnux MacTiil B rpyHTaX,
HX MAKCHMAJILHLC .II.TT.E}?-.-'IQT['II:I KodedaoTes B JA0BOJBHO 3HA-
upTeabublx mpeiacaax. Tlpakriueckn necyddosznonuux ne-
cualiplx rpynros (P, . <<3%) nmeeres B cpeanem 33%. K ka-
TEropHu npakTHueckn Hecypoanonnuix n Magocyd@doanoH-
noiX (P,.,<<5%) otnocurca 6oace 60% Bcex nccaezosaii-
nelx rpynros. Oxkoao 30% rpyvutoB copepxar 5—10%
cypoznonubix vacTnil. MakcumalsHoe cojepiatne cvd-
(PO3HOHNBIX HacTil, COMACHD NPOBEACHIILIM pacueTam, He
npesviiaer 13%, a uneao tTakny cayuaen menee 2%.

[Mpeobaasanne na MeanopaTHBHbIX OOBCKTAX XOPOUIO
COPTHPOBANNLIX (OLHOPOAHDBIX) W MEJKO3ePHICTLIX NecyanbiX
OTJIOKeHHH 00ycaoBAnBaeT TO 06CTOATRALCTRO, YTO AHAMET-
pul cypdosionnbIX YacTHL HMCIOT O4YeHb MaJjible pasMepbl.

aK BHHO 13 tabu. O puc. 8, nanbojee pacnpoctpanenibim
MAKCHMAaJLHLIM JiHaMeTpoM cv(pgro3noninix 4acTiil apjiseT-
ca di* =0,03 mm. B 92,3% ua obuwero unesaa npoanatiu-

supopanunix rpyitos di'* =0,05 mm, a B 61,7 % —dU* =

= 0,03 mym. [pynTos, v KOTOpEIX MaKCHMAJbHLIE AHAMETPHI
cyddosnontnix uactuy npepuiwatot 0,06 My, nveerca 4,4%,
H OHIH OTHOCATCA K KaTeropuu cpeiie- 1 Kpynio3epuicThix.

Ha puc. 7 npejerasiaeno pacnpegencime cnojloobpasyio-
ux vacrin dy. HMa uero pnino, uro npepaanpyiotT cBoa0-
obpa3syolile 4acTHILL MaJoro jaMerpa: dgp<0,35 MM co-
crasaser 76,5% wu Toabko v 829% M3 Beex rpveTOB
dsp=>0,75 mm.

[lepdopauns s naacTmaccopsx apenazcnux Tpydax Ko-
aebserca B npejeaax do=1,0—1,5, 1;,=0,8—1,1 mm. Hexons
H3 3TOro AHaMeTpu CpoA000pPaayIoNIHX YaCTHIL JAOJIHHEl OBITD
lte mexee 0,6 mm. B ofitem o6beMe TAKHX TPYHTOB HMEETCH
He Gonee 10% (pue. 8). Kax ykasusasaock pauce (¢M. puc. 2),
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Puc. 8. Pacnpenesenne cyddo3Honnbly 4acTui, B HECHH3IHBIX IPYHTAX
meanopatieH X o6sekToB BCCP:

[, 2 = gKpnpeie obecnedelHOCTH COOTBETCTREHHAD MAKCHMAAbBHBX AHAMETPOB l:_':"lib'-h‘l:ll'
ANONNBY THCTHL B ITPOUCHTIGDS HX CORepHAanHA.

IHPHIIA CTLIKOBLIX 3a30pOB MEXAY KepaMmuueckinmu tpyda-
MH KojebJercs B odvelib O60JbIIHX Mpedenax H SABIAETCHA
BeJHUHHOM cayuaiinoil, Ecain faxe npeanonomxuTs, 4To ona
He NMpeBsllaeT 2 MM, TO CBOA0OOpa3yIOUIHEe YACTHILI J0J K-
1Bl HMeTh pasmep der=1,2 MM, I'pviThl, v KOTOpLIX dg=
=1,2 MM, B 0OmeM obbeMe MENHOPHPYEMBIX HMeeTCH He 0o-
Jiee 59%,.

Taknm ofpaszoMm, TOALKO Ha He3HAUHTEABLHON uacTH (H—
10%) HeCBA3HBIX IPYHTOB JpeHaK MOXKIO 3aKJaiLBaTh (e3
BAIHTHBIX OT 3aHJIeHH (QPHALTPOB. YUHTHIBAS 4ACTYIO CMe-
HEMOCTh BHIOB IPYHTa MO OCYIIACMOH MJIOIALN H HEAOCTA-
TOYHO€ KOJIHYECTBO MNPOBO/HMBIX H3EICKAHHI, NPaKTHUECKH
3axnajibBaTe roHUYapHwil apeHaxX Ges GHALTPOR B NHecBd3-
HBIX FpYHTaX HejonycTuMo. Yro KacaeTcs apenaxa u3 nJjacr-
MAaccoBHX TPyO, TO AAd YEKIaJAKH HX Oe3 (QHIABTPOB MaKCH-
MaJbHBe pasMepbl neppopauny B GOMBIIHHCTBE CJAYYaes He
JLOJIACHEL NpeBsIaTh 0,4 MM.

CBasnbie rpyuTel, Cynecu w nutaeearsie YAkl oTIo-
CATCA K rpyHTaM, ob/ajalomus onpeleJeHHbIM CHEnIeHHeM,
H cofgepxaT 00MbLUIOE KOMHYECTBO IBIAEBATHX YACTHIL, DHIbL-
Tpauxonuas NPovYHOCTh UX Topasino BHILIE, YEM HCCBAZHLIX
'PYHTOB, a MexaHuveckasl cyddosusi Mo reoMerpHUECKHM
YCHOBHAM TIpaKTHUeCKH Tepo3MoxHa. Bumecre ¢ Tem 1e-
YILIOTTICHHEIE CylecH I NhIJeBaTsle CYMIHIKH NPH Hackilie-
HHIL BO0/T GBICTPO Pa3MOKAIOT, CTAHOBSTCS JEIKO NOLBHIK-
HEIMH #l cBOGOAHO MPONNKAIOT B [0JOCTh TPYS NpH OTCYTCT-
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BUH 3amuTHRIX Guastpos. Cuaeayer HMeTs B BIAY, HTO 110
cyulecTByiolllei Texuosoru TPyOH YKJAaALIBAIOT Ha AHO
Tpauwed B Xes1060K, a cBepXy NPHCHLINAKT TPYHTOM H3 na-
xoTHoro cnos Ha Bwicoty 20—30 cm. Tak uto TonLKO ol
TpeTs mepuMerpa TpyO conpuxkacaercsi ¢ FPYHTOM Henapy-
weHHoH CTpyKTypu. Bepxusa wacts na ?/3 nepumerpa co-
MpHKacaeTcs ¢ HeymaoTHeHnum rpyiarom. Hexoas ns wnsao-
HEHHOro, B CyMecsax H NblAeBaTHIX CYMIHHKAX YKJaAbBaTh
jpeHayiuble Kepamuueckue Tpyb6nl Oesz ¢uabTpon 1eno-
NyCcTHMO.

Faunst u cyeaunku OoTHOCATCA K CBASHBLIM TPYNTaM W B
HEHApYLIeHHoM COCTOSIHH 00J1aal0T BHICOKHM CIelJieHHeM
H Goabwoft ¢puaAbTpauHoHHOll mpouHocThio. Haanune cassm
MEXAY OTAeNbHBIMH YacTHIAMH H MHKpoarperaTaMH 3a-
TPYAHSIET BOIHHKHOBeHHe (HABTPALHOHHBLIX AehopMaunii B
3THX 'PYHTaX, KOTOpLIe OOBIMHO BHpaXKaloTcA B OTPLIBE U OT-
ClaHBAHHH arperaToB YaCTHIL HA KOHTAKTE ¢ BOJAONPHEMHBIMH
OTBEPCTHAMH B JipeHaKuuX TPybOax.

JlonycTHMbie NONepeuHsle pasMepbl BOAONPHCMIILIX OT-
BEPCTHIl N0 YCAOBHIO OTPHIBA H OTCJAHBAHHSA arperaTos riH-
HHCTHX TrpyHTOB onpejeasiiores no sasucumoctn B, C. He-

Tomunoii [19]
- 0,214
§ ]/ = (25)

uan I. K. [Ipaseanoro

—_- 0,34
- ‘/ qf +cosB . (26)
{p=“il?}/’fp_li {En

rie 0 — nonepednblii pazMep OTBepCTHA B ApeHarkHol

TpyGe (wupuua meaH, AHAMETP KPYrioro oTsep-
CTHA), CM;

Iy — pacueTHblifl TpajiHenT (PHALTPAUHOHHOTO HaTNO-
pa B npuapeutoii sone, /p=2-—25;

I — rpaaHent nanopa y oTBepCTHS;

© — yronm Mmexay HanpasienHeM CKOPocTH (puabT-
pallHH H CHJIOH TAMKECTH.

B MeqHOpaTHBIOM JIpeHa)Ke rpajleHTLl Hanopa JA0CTH-
raan 10—20 u GoJace, NOITOMY JONYCTHMBIE pa3Mepbl BOJO-
npHeMHBIX OTBepCTHil KoJebaoTes B cpeilleM B npejedax
3,5—5.6 MM. CrenosatedbHO, FTOHYAPHBI H NJACTMACCOBLIH
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apenazk Mo VCIA0BHIO ZaLAeiig noaocti Tpyo Muiepaibib-
MH JacTHuaMin B FIMTHNCTLIX TPYITON JWONVCKAeTes VREJIa4LI-
path Ge3 Ppuinrponr, OANaKo, Kik VEASLIBAI0CH BLILE, JIPCHLI
NPHCHINAIOTCST TPVHTOM 1 PVIHCHION cTPYKTYPEL. B nem nae-
eTcA MIOro Makponop, BO3NIKACT BO3MOAHOCTL Pa3MbIBa
FPYHTa QPHABTPALHONLLIM MOTOKOM I BHIIOCA ero B TpyOLL,
[Mostomy Bepxuw0io uactk TPVO (MunnMyM na ?/y nepumerpa
ceveHNs) HCOOXOANMO 3aKPBIBATE JAILNTIHLIM  (PHABLTPOM.

Topganuku otnocarcas K necvpoznonbiM FpyuTaM.
PuapTpannonibie acdopmalun 1X NPOABRIHIOTCH B BIJLC BH-
Mopa H 3aBiCAT OT IPAICHTOR Hallopa, CTPYRETYPLL Topda,
ero NJOTHOCTI H CTCOCHH PAZIOKEHUT OPranieckoro pe-
mectea. DPuabTpanionias npovnocTh  HENpHIPYIKEHIoro
TOp(ha HAPYVIICHHONH CTPYKTYPH JIOBOJALHO 1H3KaA, 1t aedop-
MauuH BBINOpa NPONCXOAHT NpH BEANUNNAX pailclTos,
OnpeacaacMulX 3aBHCHMOCTLIO

Ip = (1 —n,) (v, — 0,9). (28)

[Mpu paotnoeth vactui Toppa yy=1,06—1.65 rlen?® n
nopuctocth 1y =0,8-09 /,(,=0,06—0,15. B npuapennoii ob-
JACTH JAcHCTBHTENDLHBIE TPajiciTH Hanopa no MHora pas
BBILlIE.

Topdut unenapywennoi 1 Hapymenioi  CTPYETYpL 6
YIJOTHENNOM COCTOSNHH Hecy(po3HONHBL HPH BCEX NpakTi-
YUECKI BCTPeUYsaeMulX BeJIHUHIIAX MApasiiieckIlx TpajlnelTon,
EAUHCTREHHD BOIMOAHIBEM BHAOM HX (PHALTPAIHOHHEIY Je-
hopmaunit Ha rpaimiie ¢ BOJONPUCMUILIMI OTBEPCTHAME TPYO
ABJIAETCA KOHTAKTHLI Buinop. Beanunna paspyiiaoniux
THAPABANYECKHX TPaAMCITOB 3ABHCHT OT Pa3MCpPOB BOILO0-
npHeMHbiX orpepetnit B tpvbax. [lo  ncenezonanmsy
0. ®. Bypruca [8], paspymaioutne rpatienTel NP cpeiiem
anamerpe oteeperiil D=1 em a1aa topda nenapvureioi
CTPYKTYPb [y =00,

HonycetuMuie pasvepsl BOAONPHEMIBLIX OTBEpCTHIT B jpe-
Hax, yaomennblx 6e3 GuanTpa B HEUAPVIUCHHOM YIUIOTIHEI-
HOM HH3HHHOM TOpge cpeinieli cTenclin pasaomeid, MoryT
ObITh onpeacaens mo 1|:rupm vie

D= — l [ 1’ } MM, (29)

o h. i
rie f,.—pucuenn.m FpasnentT Hanopa B ipuipeinnon
301¢, AN MCANOPATIRHOTG JIPpeiiada J’p=£—
ke —Hu:-.nltnpillu[un'l' aanaca,  UpIInMacMuil pan-
nLiM 4—35.
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JInaMeTpnl BOAONPHEMHBIX OTBEPCTHIT JPEH 0 YCAOBHAM
dbuabpTpaunonuoii npounoctu topha (29) moryr poctirath
13—15 mm. JlelictBnreaslisie pasmepsl nepgopauiy B Tpy-
Gax M 3a30pbl B CTHIKAX 3HaUUTeALIIO Melblle. Kasanoes 0w,
B TOPQANHKAX JONYCTHMO YKJa/bIBATL ApeHax Oe3 (QHIbT-
pos. O1laKko cJieayeT HMeTh B BHAY caeayiolLie o6cTonTeNb-
crea. [Ipn oTpuiske jJpeHamubIX Tpauied MPoHCXO/HT pas-
pylienne Toppa, KpoleHue ero Ha Kyckil pasianiHblXx pasme-
pos. OGpathHasi npucLINKa JApeH COCTONT H3 BECbMA PBIXAOTO
Toptha Hapymennoil ¢ctpykTypul. B et nMeetea Mnoxectso
GPHALTPAIHOHHBIX XOA0B JIOBOJILHO KPYIIHEIX pa3Mepos, Med-
KHE YacTHIlbl H arperaThl NOTOKOM JApPelHpYyeMOi BOAB MOTYT
NPHHOCHTLCA K TpyOaM M NomaiarTh BHVTPE. HacTbh H3 HHX
nerko Buinocutes u3 apen (y=1,02—1,05 r/cm?), a GoJee
Kpynmuble Hakaminnaores B Tpyfax nmJan okolo BOJONpHEM-
neix orseperuit. [MTockonbky uactuust Topda wacto numewr
CTPVKTYPY OTHOCHTEALHO JJHHIMX BOJOKOI, OHH HEPEAKO
MOYTH NOJMHOCTLIO MEPCKPLIBAIOT BOAONPHEMIILIE OTBEPCTHS B
Tpybax, peisbiBag HX kKoabMatauuno. Ocymnreapitoe aecr-
BHe JApeHaxa pe3ko yMmenpluaercd. [TosToMy nepxiiono yacTsb
pv6 (/3 nepumerpa) mneoGXojUMO 3alIHIMATh (PHIABTPOM.
Huxuioo wactn Tpy6 (ne Goaee '/s mepumerpa) B naoTt-
HBX Top(ax MOKIO He 3aKPLBATH QUIBTPOM, TAK KakK B
3TOH 30He FPYHT HAXOAUTCH B HCHAPYIUCIIIOM COCTOAHHH H
OHALTPaLHOHHAA NPOYHOCTL €T0 OMelih BhICOKAaf.

HTak, no yeaonnw GuiasTpaltHOHHON NPOYNOCTH FPYHTOBR
VEJaaKa ronuapisix Tpy06 O6e3 pubTpoB BO3MOXKHa B 0UY€Hb
OrpaHHUEHHBIX CAyUYaax (cpe/He- H KPYMHo3epiHcTHIe NEecKH
NpH TILATEALHOM cODJIOAENHE JAOMYCTHMLIX PasMepoOB CTHi-
KOBBLIX 3a30poB). B naotuuix TopdAHHKAX, IVIHHAX W CYIVIHH-
Kax (puanTp TpelOyercs TOALKO CBEpXY.

CAMOOYMCTKA APEHAM(HBLIX TPYE OT HAHOCOB

[Tpu oreyTeTBHH QIJIBTPOB HJAN HEKAUCCTBEIHOM BBINOJ-
HEHHM 3aUTHLIX MePOoNnpHATHH B ApcHaxibie TpyOLl B Na-
HaALIILIL NCpHOJL HX paldOTH MOMKET NPOHHKATL A0CTaTOMHO
Goapluoe KoaHuecTso nanocos. CocTas MX NMpakTHUYECKH He
Ovier OTVIHYATLCHA OT COCTaBa I'pyHTa NPUAPeHHOI 30HBL
Ecan ykJaons apeHaxmubux JHIHI 1 MOAYyan cToka ne obec-
MeyiBanT cKopocTeil JABIMKeHHs BOAL B Tpybax OoJblue
KPHTHYECKHX 112 Pa3MbIB, TO OUICTKA APCH OT HAHOCOB Npo-
HexoanTh He Gyaer. Ilpu jgocratowno Goapumx MoOAyJsX
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ApeHAKIIOT0 CTOKA, KOMLa TPYOB paGoTaloT nogubi il
OOUTH NOJINLIM cevennes, 1 A0CTaTounLN VEAOHANX APCHdis-
HBIX JHHHH CO340TC CKOPOCTH BOABL, NMPH KOTOPHIX MNPOHC-
XOAHUT NepeMelielie HanoCos 1 1acTHYNAs WK MOJHAA caMo-
o4YHCcTKa TpYO.

MuteHcHBHOCTL PasMbiBa 1l CKOPOCTL Nepemeluenis ia-
HOCOB B TPYy0ax onpele sioTes, ¢ OA10I CTOPOHDBI, BEANUHHOK
NOHHOM CKOPOCTH NOTUKA, KOTOPAS 34aBUCHT OT VKJOHOB jpe-
HAMKILIX JIHHNE, UII}'TPEIIHL‘:H uiepoxosaTocTi TpyO 1 cTeneiH
HX HANOJHENNs, ¢ APYroi — KPYIHoCcThio YACTHIL OTAOKIR-
IWHXCS Hanocos. Jletaiaplinie 1 BeecTOPOING Hecag oBalng
Mo PasMbIBAIOULIM CKOPOCTAM I TPalCAOPTHPYIOULCIH CNo-
coBIOCTII NOTOKA B JipenazkipiXx TpyDax HOKa OTCVTCTBYIOT.
K. &. Anekana nsyuna pacnpejedactie ckopocrteil B ronvap-
HeIX TPVGax inaMeTpoM 79 MM I IPCAAOAHI IMITHPIIECKYIO
3aBHCHMOCTb AJ151 PA3MBLIBAIOULHX CPEJAIHHX CKOPOCTEH 10TOKA:

05
Oy = ?Iﬂfdﬂ TR, d < 0,25 mum; (30)
ﬂ.Eﬂ(TD‘") T
. 0,25 <d < 1,6 ww, (31
ﬂlip: "I " y W LD =-..._‘__|lf ih l,l.] MM, [‘ }
-D.EB[-D—) ——— |

rae D — suyTpennunii anaMetrp Tpyo, M;

t — pbicOTa 1HANOAHENHs, M;

d — aHamMeTp 3epell necka, M.

¥YKazaHisle 3aBHCHMOCTH NOJAYYEHEl Ha OCHOBE 3Kcnepi-
MeHTaabHBIX hopuya B, C. Kuoposa [24] ana naockoro no-
ToKa. Hawun pacuerst 11 cpannenns ¢ Apyriumil MeTolaMH no-
KazaJu, uto (30) gact 3apsiuenibie pe3vibTatsl, 0co0elnHo
nas yactHi d<S 0,1 ymwm.

Tpancnoprupyioniyio crnocofHOCTH NOTOKA B JIPEHAKHBIX
TpyOGax K. @. Aaexkana pekoMmeniayer onpeiciasTis No 3aBu-
CHMOCTII

lgm = L (32)
{_"" —""i-'.[l}"
rae m — pacxoid Hanocos, cM3fc;
U —cpealiasa cCKOpoCTb BOABI B APEHAX, eM/c.

[Tapamerput a 1 b 3aBHCAT OT TOAULIHILI €108 OTAOKEHHIT
B Tpybax 1 xapaxktepa nepesmemenns namocos, Hasg nesa-
HAeHHsIXx TpyO a=—584, H=0,123, s vacTiuio zannen-
Hux (fy=10n d>0,5 mm) a=—4,88, b=0,141. Ecau cuoii
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OTAOMKCHHIT COCTONT H3 MeEJKO3cpuHceTuHx Hanocos (d<
< 0,5 MM), TO TPAUCHOPTHPVIOWAR CHOCOOHOCTL NMOTOKA NPH
JAOHHO-TPAJOBOM NepeMelleHHH HAHOCOB CPABHATEABHO MNO-
crosttia: m=10"T wm¥/c. [MToacueTsl nokaswiBaoT, 4TO MpPH
JOHHO-TPAA0BOM MEpCMEeNienHd  HAaHOCOB H TNPAKTHYECKH
BCTPEUAIOUINXCS YKAOHAX JIPetaKHbIX JHIHE B QaKTHYCCKHX
MOJYJIAIX CTOKA /ISl CAMOOUHCTKH Jpen OT NaHOCOB Tpe-
Gyercs neckoanko Jet. [1pn nepexone nanocos BO B3Bellell-
HOE COCTOsIHIE TPAHCNOPTHPYOILASA cnocofloCT NOTOKA yBe-
AIMNBaeTcs B JIECATKN paa3.

Onuru [1. B. JKarapuca [14] nokasaau, uTo npH JBHKe-
HITE HANOCOB B Kepaminuecknx Tpybax B siie A0HHBIX TP
Pe3KO CHIKAETCH Nponycknas cnocobiocTts Apen 1o cpaslie-
HHIO ¢ Hesauentsimil, PaaMuls Hanocor BOIMOKENL PH CKO-
poctax soas B Tpybax 0,25—0,35 m/c. Omn02KenHe HANOCOB
B TpyDax BOIMOMKHO TOJLKO B TOM C/ayuae, eClH YACTHILH
rpyHTa, NPOHHKIUIHE C BOJOH uepe3 BOJAONPHeMHble OTBEp-
cTHst, OVAYT oce/laTb. ITO NPOHCXOANT MPH CKOPOCTAX BOAM
B JipeHax, He obecneunpaoULHX B3BCIIHBAHNE H nepeMelleHHe
Hatocos. MuoroutcenibMl HCCAEI0OBAHHAMH B OTKPBLITHIX
notokax n tpyGonposojax [10, 13] yeranosaeio, 4To ABHKE-
Iile HAHOCOB 3ABICHT OT TPeX OclOBHLIX (PAKTOPOB: reomeT-
pHUECKHX Pa3MCpPOB YaCTIil, BHparKaeMblX Yepes HX cpeiinit
JANAaMeTp; CKOPOCTH JIBHKEHHS BOALL il MOJOXCEHHSA YacTHILLI
B noToke (HaxXOJAHTCSl OHA BO B3BCWENIIOM COCTOSIHHH HJN
ner). Hanocuw nonagaor B Jpelbl B0 B3BEWEHHOM COCTOMH-
uuu, Jlaapleiwee nojoxenne 4acTHilkl B NOTOKe onpejens-
eTcsl COOTHOIIEHHeM MeXay IHApPaBJ/HYecKol ee KpYNHOCThIO
U, MO KOTOPOH NOHHMAETCHA CKOPOCTh PABHOMEPHOIO OCaX-
JIeHHST YacTHIBI B HENO/ABHMKHOI Bojge, H BeJTHUHHONH BepTH-
KaJdbHoil cocTaBsiiouleil NyJAsCaUHONNBIX CKOPOCTeH @ M
Wmax.

ITo oTHOWEHHIO # I @ BCE YACTHUBL MOXKIO pas3jleJiuTh Ha
TpH Kateropun. Ecau ruapasinyeckass KpyuHOCTb HacTHL, u
Mellble cpeanero 3navenus adbcoJIIOTHOH BeJIHYHHEl COCTaB-
Jsiolleii nyJLCallHOHHOH CKOPOCTH @, TO ONH YCTOHYHBO Ha-
XOJATCA BO B3BELUEHIIOM COCTOAHHH H JIETKO BHHOCATCH M3
apeit. Takue wactHibl oTHocsiTes K nepsoft rpynne. Eciin xe
rupasindeckas KpynuocTs Hanocon i 6oJbilie @, HO MeHb-
1@ Wpax, TO HX B3BEIUHBalIHE OKA3LBAETCH OTHOCHTEJLHO
HeyeroiuupuiM. Ono ofycaosieno BpeMeHHBIM YCH/IEHHeM
BePTHKAJAbHHX NYJbCAUHOHHBX TOKOB. Yactuiu moryTt oce-
J1aTh 11a AHO ApeH, # /WIS HX BBIHOCA HCOOXOJHMH CKOPOCTH
BOAL Hasmuoro Gojbuiie, dem JAAs YacTHIL NEePsol rpynmnsl.
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Hakouell, K TpeTbeil Ipyiie oTHOCHTCH MacTHLLbL, THAPABAL-
yecKafl KPVIIOCTL KUTOPBIX # BBIIE MAKCHMAILHOI BeJi-
HH BePTHKAJILHON COCTABARIOUICH NYALCANHONNOT CKopoc-
TH Wmax. 1 AKHE 4acTHILLI HE B3REINBA IOTCH, O 11AK0 N0/ Bil-
sIHHEeM TIPOAOJBLIOIT COCTABASIOWLEN DUKTOPA CKOPOCTH OHI
MOFYT mepemetitaties, LeTectnenno, uro jas storo Tpedy-
101¢s1 ropasio Goape CKopoetit noToka, CKOpocTs nepeme-
nelHs vaetiw no iy B oaceatkn (1o 30 n Goace) pas melin-
e, vyeM papewiceinuX. JLs ouneTKin MeHopaTiBiuoro apena-
KA NpAakKTHHCCROC 3naycHie HMeetT  BbIHOC HACTHIL BO
B3BELUCHHOM COCTORUNIL.

[To A. B. Kapaymeny [22], aas soliioca B3BClIEHNLIX
HacTHIL CpedHHe CROPOCTH NOTOKA UKW AKHBL VIOBJAETRBODATD

CJe/LVIOLLEMY COOTHOWEHNIO!
v u ) IV (33)
rjie 4 — FHApaBJAHYecKas KPYITHOCTh MacTHIL,
N — Gespazmepuas BeIHUNND, XAPAKTEPHCTHUECKOE
YHCAO, BBIpaKaloliee Lnnamuueckoe noaobne
TYPOYACHTIHLIX MOTOKOR

- (34)
g
C — kosdppuunent Mlesn;

& — VCKOPCHHE CIIB TAALECTH,

M — goapduunenr, pasiiit 20, n3MeNSIOUUICH OT
22,3 (no bycennecky) 1o 24 (no baseny).

Jaa 10 C<60 3apucnMoetn Mexay M n C anueiinasn
M= 0,7C 6. (39)

Koappunent C moxer GuTL onpeaedicll no n3secTHuM (op-
Mynam, tnanpumep no popmyae Baaena
8 ,
C = L {‘iﬁ}
| g
I —
VR
riae g — Kosjpiient wepoxonaTtocTi, I8 KepaMie-
cKlx TpyO ne=027;

=

R — ruapananuecknii paanve, paniil npu 1od-

|
HOM 3400 HeHI TPy O, NPH BWCOTE HalOATEeHsT,
pasHoil i
n 180
R = .

' 2h,
arc Cos f | — -—-—-—)
\ D

(37)
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B rabn. 7 npeacrasienst 3uadeHis KPUTHICCKHX CPEJAHHX
cKopocTell NOTOKa M Heo0Xo/inMBLIe VKJAOHB! JApeHaMHbiX JI-
i st Tpy 6 anamerpom 50w 100 MM, BWYHCAeHHBE 110
(33) — (37). M3 TaGanusl BUAHO, 4TO JAaXKC NPH CAMBIX MH-
HHMAJbHKIX }'H.’IDIIE]H ,'l[JEIIﬂ}HHhI:{ .'IHH][ﬁ, NpHMCHACMBIX B

- Y
MCTHOPATHBHOH NPaKTHKC, W HanoJgueHimn Tpyo, [}E"lBI-IlJMI’

yacTuunt guamerpoM d==0,1 MM A0JKNIL BLHHOCHTLCA H3
JIpeH BO B3BCLICHNOM COCTOAHHH. ITO NOATBCPKAACTCH TaAK-
Me aHaJIH30M MeXcoCTABa HAWJAKA B TPyOHAX, MOJAYUCHIBIM
Jlaypcenom [66] npn packonkax apenazka, i HalWHMH Ja-
GopatopubMH onwiTamu. JlnA BuNOca uacTHL AHaMETpOM
d=03 mm neobxoanumpl yeaoHu =0,005—0,01 npu nono-
BHHHOM nanoaHedan Tpyé n i=0,003—0,006 npu noanom.
Jdas ppinoca wactuu, umeiomux d=0,4 ms, ny:muo, utoGnl
i1=0,01—0,03. Ilpaktiueckn vactuubl d =03 MM oTKJaAbl-
BaoTea B Tpydax.

MeanopatHpnuii Apenax B ryMHIANOH 30He YKAAALIBAET-
¢l ¢ ykaonamu (=0,002—0,005 1 AHIL B HCKTIOUHTCNBHBLIX

Tabauya 7

KpuHTHYECKHE CKOPOCTH BOAB M HEOGXOAMMBIE YKIOHBI ApEH
LIS BHOcA wacTHl rpyHTa W3 Tpyb

E T-:‘. 'g";. Kpirrisieckan cpefliag clopneTh HeoGX oiiMule VR0
- =W BBNIOCE MACTHIL Ty, CA/C apen i
o 3 S .
b 2
EE EE,{ h | R h [ k I B h |
-} =4 I — — — T m— — — e — — = —
a2 | F2E| o p 2| Db 4 |D p 2 | D 4

Huasempn mpysd D, = [0 um

0,101 0,50 4,84 4,18 3,42 10, 00005 0,00016] 0,00031]
0,15 | 0,82 7,95 6,87 5.62 |0,00012] 0,00042{ 0,00085

0,201,501 14,53 12,55 10,26
0,30 1 2,77 | 26,80 23,90 18,93

00004 10,0014 | 0,00074
0,00258 10,0048 | 0,00590

Huamempo: mpyd Dy, = 50 um

0,00 | 0,50 3,92 | 3.57 2,68 10,0002(0,0003 | 0,0007
0,015]0,82| 6,43 5.53 4,40 |0,0005(0,0000 | 0,0018
0,20 | 1,50 ] 11,78 | 10,10 8,04 |0,0017{0,0030 | 0,0059
0,30 | 2,77 21,73 | 18,68 | 14,8 |0,0060(0,0100 | 0,0200

Mpusmenanue. mapananyeckas xpyniocrs Yacrtill B3gTa npH
: f
TeMneparype voaw 9—I12° C, E — cTenels HanoaHenpns Tpyé BojOM.
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cayuaax i=0008—0,01. Moayam apenaixHoro ¢roka peiko
MPCBLILAIT .0—1,5 afe-ra. Otcioaa cropoctn BoX B
apenax TaKoBB, 4TO HACTHIIb d=0,3 MM 11¢ BLIHOCATCH 13
Tpy6. Bee 370 00yc/IOBINBACT Nen30emineTs 00pasonanis
HaWIKa B TPYOax (X MCXAHIMCCKOe 3a1JCHIC) B TOM Cy-
yae, CCJLH JAPCian vaomed 003 QUALTpon B rpynTax, B KOTo-
PbBIX HEC O0CCHCHNHBACTCS ﬁh:erm:-. ChoodpasoBaiine naj
BOAONPHEMIILINI OTBCPCTHHMI TPVD.

Odfcaegonanue APCHAMAIBIY CHCTCM, 3aJ0/KCHHBIX B I1CC-
yaHblX TpyHTax (Tads. 8), NOATBCPAUIACT VEA3aNI0e BLILC
noJaoxerne, [lpir 10B0JbHO 3MAMNTEILHEN  VRJOHAX  JApe-
HamNBIX il 350 CHnd, KAk NPagiio, He oOHapyaKeHo.
[Ipn MHHHMABIBIX VIJAOHAX OHO gacTo OO He0NyeTHMO
Goaswnm. [Tpu i =0,001—0,0035 sauacnne coctaniao 2,4—
3,0 cM, npu i=0,009 Guan oduapyvACHL TOJABLKO cJiejibl HAA,
Anajornynast Kaprtnna IMmeaa Mecro 1o ua Apyrux o0b-
EKTAX.

Takum oGpazom, BEpOSITHOCTL CAMOOUNCTRH JIPEHAMKHBIX
TpyO oT necuank X nanocos npn 1= 0,005 joroabio ni3Kas.
Capantuposan Teabko suioc wactiil d==0,1 mum, Tlostomy
3AUNTA APCHAKD OT MCXAHHUCCKOTO 3011ACHIA B HCCBASHIN
FPYHTax o0A3aTeAbRA, PUABTP A0IKCH OLITH VIOKEH BRPY-
TOBYIO MO BCCMY NMEPHMCTPY.

C apyroit croponnl, cy(posnoHiue MACTHILL, KOTOPLE
AOJIAKHBL DPONNKATE B TPYOL, Huaue oni OVIAVT KOJALMATIH-
poBath MIIALTPL, BCerja Bolnocatest nz jAped, O0yeaosacHo

Tadaunya 8

3anaenne ppen wa obvekte oJlynunens

= o B
a E % EH & #; -
mE : ‘i? %_ﬂ = E :-_; - kel = : P
3 | 2| 25 | =° 353 = & & A8 E
2 — A4 10 [ 0,5—1 .I}Ifl_llﬂi—fl,!lﬂ:} Mox coepxv]| 2,0=3.5
a CTHKAX
. . rpyo
2 5 | 5 1,0 [, 0025 To we 2.1
i | 5 1.0 {002 P 2.0
s | 5 | 1.0=2.0] 0,002 2 2.0
— I 3 | 1.0=3.0] 00,0025 » 1.6
- ] o 1.0 {1, 0035 B 1,0
— | o |0 00,0025 » 1.5
3 G 5 [1.,0=2.0] 0,009 » Het

13



ITO TeM, 4TO AHaMerphl cyddoIHOHHBIX yacTHI KoaeB oTes
B npeaesax 0,03—0,05, ouenn peaxo npessiwas 0,09 mm (eM.
Taba. 6 u puc. 8). [laa Takux yacTHU HYXHL TPAHCNOPTH-
PYIOLLHE CKOPOCTH B npeaeaax 3—5 cum/c, H oHH Beeraa obe-
CnecYeHbl B MEJTHOPATHBHOM ApCHANE,

B nocaeanee spems nauaj BHCAPATLCS TAK 11a3blBAEMbII
Gesyxaouublil gpenax npu i=0,001—0,0005 n menee. B atom
CAyUae BbUIOCA JlAXKe MEJKHX MACTHL, MOTOKOM BOABLI MOMET
He Owith. [TosToMy HyXKHa OueHb TLLATE/IBHAA 3alIMTA TAKO-
ro jlpenia)ia OT MeXxaHH4eCKOro 3aMJiennst, a NpH OMACHOCTH
3AMJICHHA MCJAEINCTHIMH coeHHeHuAMn  (cojepxaHue 3a-
KHCHOTrO Kejiesza B IpyHToBoii soje GoJee 5 Mria) Ge3yKJOH-
Hblil ApcHam BooluHle yeTpamBaTek He pexkomenayercsi. Ha-
ACIKHBIX H JOJATOBCUHBIX crnocofoB 3alllHThl OT «3a0XpHBa-
HHSA» Jperaxca noka ner. Jlas caMOOYMCTKHM JpeHarka OT
KEJE3HCTHIX COCAHHCHHIT HYXKHB CKOPOCTH BOAbl 35 cM/c H
Gosiee. TIpH yKa3aHHBIX YEJOHAX JPEH TaKHE CKOPOCTH He
GyayT oGecncunBaThes.

MNOAOEOP MU PACYET DMUJILTPOB
FTOPU3OHTANIbBHOIO TPYBYATOINO APEHAMKA

TPEBOBAHWA, MPEABLABNAEMBIE K 3ALMTHBIM ®UNBTPAM

Bce npumensiembie B HacTosuee Bpemsi (HABTPHL Jpe-
HAXKHBIX CHCTEM MOXKHO Pa3sfe/inTb HA JABE TPYNbl: GHABTPHI
H3 CHINYYHX MaTepuHalioB, K KOTOPLIM OTHOCATCA NecuaHo-
rpaBHilible cMecH, wWeOCHb, PasHO3CPHHCTHE MECKH, LWAaK
H AP., H CTPYKTYpPHBE — MOX, Top(, CTeKJ0X0JCT, CTEKIO-
BATA, CTEKJIOTKAHH H JIP. YKa3auHble Ipynns MaTepHaloB
Pe3Ko OTJAHYAIOTCHA M0 CBOHM (PH3HKO-TCXHHUYCCKHM CBOMHCT-
BaM, H TpeOOBaHHA, MpeAbAB/JASEeMble K HHM, pPasJiHUHEL
B o6mem cayyae puaALTp JA0JMKeH caM He NPOHHKATHL (He
NpOCHINATLCA) Mepe3 OTBEPCTHA APCHAKHBIX TPYO, He mpony-
CKaTh 4acTHILI CKCJEeTa OCVIIACMOre IpyHTa, He KOJNbMAarH-
POBATBCA N HE COINABATE AOMOJHHTCIBHBLIX CONPOTHBJICHHIT
nocrymaciinie Bojk B Apenbl. OcnosHbiM TpeboBaHHeM,
NpeAbsasisieMbM K (PIJABTPaM H3 ChIIIY4HX MaTepHanios, fAB-
JAfercs obecnevenye yeaosuii csojoo0pa3oBanng Hajl BOLO-
NpHEMILIMH OTBEPCTHAMH B JpelaKinbx Tpybax H HA KOH-
TaKkTe QuianTpa ¢ ocymaeMmslM rpyntoMm. I pyrumu crosamu,
CHYYHH PHILTP JOMMEH HMeTh AOCTATOYHOE KOJHYECTBO
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CBOAOOGPA3VIONLNX MACTHIL I BHOJNC olpedenclipe pa3Me-
pu nop (He Guvaee 1.8 diy).

PuABTPLI H3 CTPYRTVMIBLIX MATCPIAIOB NPH VEJIAAKE B
cyPPOIHOHNLIX TPYHTAX Z0JAHLI oOCCHeIHTL YCJI0BHA He-
NPOCLITACMOCTH MACTHLL ChUVICTE ocyUulacMoro rpyHta H He-
KOJALBMATHPYCMOCTH canmory (puabTpa. Jlas atoro ncob6xoau-
MO, MTOOB  Dopul (pUALTPA, ¢ o/iil cropolbl, ¢BoOOANHO
nponyckaan cvdpposnonnive vactuiu, pilckoMmbule PHALTpa-
IHOHHBIM TOTOKOM, © JAPYIOil — 1131 HopaMi 10J4KH0 NpoH-
30ATH cBoIOOOpazoBAHNe 13 YacTuw ckedeta rpynrta. Chae-
AOBATEABHO, PaINMEPL NOP CTPVKTVPHOTD (PHIABTPA A0AAHBLL
HMCTh  BOOJIHC onpeTedciiibie rpaiiiiu, cOOTBETCTBYIOWHE
FAAANH LM TPYHTOBLIM A CJOBHAM,

O6umny 1 samuuiM Tpedosadnem K GuaLTpaM 13 coiny-
HHX 1 CTPYKTYPHLIX MATCPHAJOB SIBASICTCH HX BLICOKas Bo-
JAONPOHHNACMOCTh. Ecau APpcHaR YRLGVILBACTCH B HCCBA3-
HBIX MHHCPaJBHBIX FPYHTAX, TO BOJOAPOINHILAEMOCTh (PHABT-
poB nocae aapeplicHns Ae@opMalioniiy npolweccos B HUX
H YACTHUHOH KOALMaTallMN A0JxHa OMTh B 3 H Ooace pa3
BLILIC BOAGH PONNILAEMOCTH OCVIIacMolro pviTa, T. e,

k‘l .\'\-\. - [
—.-t_ = (-5-3)
kep
H LTJI}"lHE !I-'H.'lilﬂl'l.ll ,.'I,|}{}|IHH‘EH B IITHHHCTR X I'P}'ITT-']:{
HEOOXOANMBIM YCJAOBICM 10 BOAONPONIIAEMOCTH (PHALTPA
SBJINCTCH

R
; ¥ - 90. (39)
rp

KpoMe ykasamiwx  rpebosannii, apenazxusie GUALTPLI
AOJANBL 00J121aTh AOCTATOMHON  MPOUIOCTHI0 M 10JATOBCY-
HOCTHIO, BHCOKON XUMIYCCKoN # OHOJ0r nIeC Kol ¢TOIKOCThIO,
OblTh  TPaucnopTabeabiubiMil H 3KOHOMIILIME, TO3BOJIATS
MPHMCHCHIE MCXAHHIAWNH NPH IX VEIAJIKC,

OCHOBHbLIE XAPAKTEPMCTHUKKM OAPEHAMHbLIX ®©MNLTPOB

B kaucetpe sammriux ILsTpon Apenaka npnMensior-
CH CdMEIC I‘J;l,‘j.’lll'ltih{t' MIATUPHAAW Oplranimechoro H Heopra-
HHUCCKOTO npodcxoasienns, K opranmieckivm  guasTpam
OTHOCATCH: MOX, MOXOBON ouce, TopoKpollKa, cooMa,
BCPECK H Ap., K HEOPralitiecKkiM — ecTecTrelnsle (necyato-
FpapuiliLie cMecH, KPYNHOICPHICTLIC HCCKH) H HCKYCCTBCH-
HLIC M:'I'I‘E'[HIH J10I {t‘Tl‘H.'lﬁ.‘EIL'IL‘ Fol, CTCRJOTRAHE, MHHCPA A bBHAA
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H CTCKJAHHAA BAaTa, H3JACJAHH H3 0a3aJabLTOROTO BOJIOKIA,
naeHkn). Beebma vacto (0coOCHHO B IVIHHHCTHBIX FPYHTax)
B KAuecTBEe MPHCHINKH APEH NPHMEHAIOT NaXoTHLIHA CAOf
NoOYBLI, KOTOPBI OTHOCHT K CCTECTBCHHLIM CbimydHM (PHALT-
pam. On He apJasietcs CAMOCTOATENbHBLIM 3allMTILIM MaTe-
PHAJIOM, HO B coueTatHy ¢ APYIHMH CHHMAACT ONaCHOCTh
FAMJICHHA H YAYHWACT OCYWHTEIBHOC jJelicTiHe JipeHaxa.
B HacTosuiee speMs B MeJNHOPATHBIOM JIpeHA#HOM CTpPON-
TeARCTBC B KauecTde 3aulUTHLIX (GHABTPOB MaKCHMaJibHOC
pacrnpocTpaHciie MOJYUHJAH  CTEKJOXOJCTL, CTeK/J10BaTa,
CTEKJIOMAaTL 0 CTEKAOTKaHH, DT MaTepHaJsl nandonee noJ-
HO OTBCUAIOT T|]EﬁﬂHIIHHH:\L NpCeibABJASCMBIM K JAPCHA A HbI M
uanTpam, i B 60ALIOM 0DBEMEC BLINYCKAIOTCH NPOMBILIICH-
HocTeio. OclloBHBLIE XAPAKTCPHCTHKH Hanboaee pacnpocTpa-
HEHHBIX CTCKIOMHALTPOB Aanbl B TabJ. 9.

CrexaoxoacTet (1leTKaHble MaTCpHAJABLI) NpeEACTaBAAIOT
co00il KJaecHnsic, pexe BA3aJbHO-NPOLIHBHbBIE H3LCAHA, TTOAY -
YeHNbIe 113 JeMEeHTAPHOro WTaneIbioro il HenpepbiBHOTO
BOJOKOH, XA0THUECKH PACTOJOMCHHLIX H CKACCHHBIX MEHKAY
coboil ceaszkaMu. B kauecTse cBA3yIOUIMX TNpPHMEHAETCHA MO-
ansuinaaneratnas ([IBA) nan mouesunogopmaibiaernjinas
IMVJILCHS, JAATEKCH HJH HX KOMOO3HUHH. ITOT MaTepHaJl
obaanaer Goaploii nopuctocTbio (rn;=0,90—0,95) u Mazoit
obfseMioi Maccoit — a0 0,13 rfemd,

Crexkaosara — W3ACAHA H3 NEpenyTallibIX FICMCHTA PHBIX
CTEKJSHHBIX BOJOKOH, VIEpMHBACMBIX JIPYr ¢ JpPYrom cHaa-
M €CTCCTBCHHOTO cluenJiennss u Tpenus. Ilocrapaseres B BH-
AC UITYHHLIX MaTOB HaK B pydounax. Toaumuna matos ot 20
a0 100 MM, cpeAHHil AHaAMeTP 3JeMeHTapHoro BoJokua l—
13 Mk, nopuctoets 0,93—0,95.

Crek 080000K — PYJOHHLIT WIH JIHCTOBOH MaTcpuaJs H3
CTCKJIAHHBIX HWJIH 0a3ajibTOBBIX BOJIOKON, PacnoJOMCHHBIX
XA0THYECKH, HC CKJCCHHBIX HJH CKJACCHHBIX Memay coOoi
OPraHHYCCKHMI HJIH MHIIEPAJIbHBIMI CBASAMH.

CrexkaoTkane  (CTCKJOCETKA) — TKAHBIH  MaTepHaJ M3
MEPBHYHBIX CTCKJIOHNTEH, H3TOTOBACHHBIN HA TKALKHX CTaH-
kax. Buinyckaercst noJoTHusioro, caTHHOBOrO WIH capienoro
nependierenns. TKanp NOJAOTHAHOTO [EPENCTCHHA HMET
pasmepst OTBepcTHil no aamue 217—378, no wupune 16—
77 MK, Cap/KeBOro NEeperIeTcHHs — 3JJAHICH, PacnoJoHeH-
HBE MOMAPHO MO JAHATOHAJLHBIM JHHHAM, HMCIOT GOJbILKH
pasmep 253—300 MK,

CTeKA0X0JACTHl YCTORUHBL B TPYHTOBLIX Bojaax ¢ pH or
4 no 9, crekaotkann — npu pH=7—9. Ilpasaa, nmetoTcs
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s Aty py g Rl %
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J = — =——=——————|
Q&1 085 as9 a4 _ as7
Puc. 9. 3asucumocts B=[(dsw, ny) AN munepaankoii BaTe 1 HenponH-
TAHHBLIX CBASKAMN BONJOKOD, MaToB M NOJAOC H3 IITANEJALHOTO, CTCKANI-

noro # Gasaabtosoro sojokon (no [Muposapy).

BLICKA3bIBAHHA, YTO CTEKJIOBOJOKHICTLIC MaTepliaibl yeroil-
yuBbl npu pH=2-—16. [TpouHoCTs CTEKASAHNEIX BOJAOKOH HA
pasnoM H paspLiB JOCTATOYHA NpH Harpyskax jo | kr/cm?.
B yc/0BHAX MHOTOKPATHOrO 3aMOPaXKUBAHHA M OTTAHBAHHH
NPOYHOCTh CTEKJIOBOJOKHHCTLIX MaTepHaJioB He yMeHbIua-
erca. BogonponHilaemocTh HX /10BOJIbHO Bhicokas. Koaddu-
UHEHTB (QHILTPAUHH MOMKHO ONpeaenHTh 1Mo Qopmyae
H. I'. ITuBosapa [12]
n’B
o= (40)
6(1 —n)v
riae B=[(n) — koapduunenr, sapucautnii oT nopHeTOCTH
H IHAMETpa 3JEMEHTAPHOIO BOJOKHA, H3
Kotoporo cieaan ¢uABLTP; onpenenser-
cH no pHc. 9;
My — NMOPHCTOCTL CTEKJO(HABTPA, 3aBHCHALLAN
OT AHAMEeTpa 3JeMEeHTapHOro BOJAOKHAa H
dedcTByouleit na GQUALTP  HATPY3KN;
onpejeasercs no puc. 10;
v — K03 OULHEHT KHHEMaTHUECKOH BS3KOCTH
BOAbI.
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Puc. 10. 3asucuvocts ay=[(P.ids ) 0
AAR MHHEPAIBHON RATH il HEUpONi- 097
TAHHEE CHAIKAMN DOIIOKOR, MaTol

I NOJ0C M3 WTANEIBHOMO, CTERARN- g5 B
HOrO 1t ﬁ..':'j[l.rileili'llH'H B TE ¥R “T"

Munponapy). 093
aar

Kos(pprnent  (puanrpa- ad
HHil  Mulicpajsitoi  Batu 0 047
BOITOKa NPH HaMeTpax ae- ..
MEHTaAPHLIX  ponokon  2—40
MK It panpasacunn puaprpa- 08
IHIT MOMCPEK BONOKON onpeie- pa
asorca no rpapuxy H. T, [Tn- M‘U
posapa (puc. 11). [Las Tex
#xe wmarepnanos npn d,,=10—40 mx B 3aBHcHMOCTH OT
VACABHOIO jlanieHns Ry namensnerca or 25 no 1500 m/eyr n
COOTBETCTBYCT NPOHNILACMOCTH CPEANC3epHHCTHIX NECKOB 1
necyaHo-rpasuiinbix emeceil. Ocpeancnnsie 3naucing Koagp-
duuenToR  (PIILTPALHI  CTEKAOXOJACTOB 11 CTEKJOTKAHCH
C YUETOM KoJiLMaTaunit npupseaens n taba. 1.

Y QOABITHNCTEA CTCKJAOXOJCTOB, TRANCH M CCTOK [POHH-
UAECMOCTL BBINNE, MIeM Y OCVIIACMBIX FPYHTOB, TNO3TOMY HX
NPHMCHEHHE Uallle BCCro orpannuusacrea ne Guanrpainon-
HOIT CHOCOOHOCTLIO, 4 ONMACHOCTBLIO KOTLMA T,

10 20 Pnglon’

Tabanga 1
Koadgduumen Tt guasTpainn CTEXKIOXOACTOR B CcTeKAoTHaHedn [48]

Mutepman Mapia 1 unp kg, MfeyT
CrexkJoBooKHBCTLIL Xodcer BB-I 30—6l)
—_—— » BBE-M 30—060
—_— » BB-T =8
e » BE-IK | 7—235
XoacT mecrkmii  KoHcT Pysitson sl NACKEH 1:20)
Cetka crekasHHAR THallas CHCOCT2-0) 1735
Hetn pexyusitsil yoenae il ey xanue-
BOIl CcaTuy TCCH«D [0
Tkatu b creranniran ACCT(6)-C, 1]
» 3 ACCT (6)-C, 0
» 5 dnbLTpoBaisian TCM(G6)-7C Y
» > TOICTOAHCTONAA Tin g 0,23
» FICKTPOH30ARILIOH -
HaH =-0,08 22—60
Crekaotkatb 2-0,06 9—17
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Pue. 11. 3asucumocts kg =f(P, dsa).

Cpeaunit auamerp nop B GHIALTPAX H3 CTEKJOBOJOKIIH-
CTLIX MaTepHaJoB onpejeasercs Gopmynoi

Dv= 1,78 ——V B cm, (41)

| —n,

CTekNOTKaHH, BCJCACTBHE HAJHYHA 3aMac/AHBATENH Ha
HHTAX H NJIOTHOTO nepernJereHHa Hx, obJ1a1aloT OTHOCHTE b=
HO HH3KHM EKoadduuuentoM duantpauuu. Kpome Ttoro, ue-
Goaplloi pasmep nop cnocoOCTBYCT HX KoabMaTatiu, [oaTto-
MY NpPHMEHEHHEe CTCKJOTKAHEel B KauceTse (PUALTPOB OUCHB
orpanuveno, He pekoMenayercs NPHMEHSThH CTEKJAOTKAHH
3-0,1; 3-0,08 u 3-0,06 B cpeiHHX H JErkMx CYrJIHHKax
ﬁEEI NMPHCHINKH HX TPYHTOM H3 MaXOTHOTO CHOH, TAK KaK I'VIH-
HHCTBIl pacTBOp OBICTPO 3aKYNOPUBACT NOPH H JAPEHaMK MJ10-
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X0 OTBOANT Boly. B nopaaxe ncKIoucus nx MoAHO Henodik-
30B4Th 1151 UILTPOB KOJJIERTOPOR,

Cpeannii pazmep otsepetiii B ctexaoxoqcrax koaebaer-
ca p nperenax 0,15—020 MM H, NOCKOJABLKY AHAMCTpPHL cy -
(pO3HOHHLIX HacTHIL B OCYIACMBIX TPYHTAX HMEIOT OUelb
MadbIC PA3MCPLl, OMACHOCTBL KOJIBMATAMKA HX He3lHauHTeb-
na. Kak noKazunaloT pacyuersl, CTERIONOJCTBL MOTYT NpHMe-
HATHCHA B a0CoTioTHOM GOJIBNHCTEE HCCBA3HBIX 0 CBA3NLIX
FPYHTOBR (38 HCKJIIOUCHNEM Kpynunozepiceruix cyddosnon-
HBIX NECKOB, V KoTOpLIX dei >0,05 Mu),

Mox. Pakee n ApenazkioM CTPONTCIALCTRE B KauecTne
(PUALTPOD  IHNIPOKD  HPIMCHAAICH CPAarHoBBIC 11 THITHOBRLIC
Mxi. Onn 0Oaa1a10T XOPOTINMI 34 0WTHLIMIL CcBOHCTBAMI NMPH
OTHOCHTEIBHO O0JLIIOHE HAYaABHOI NOpHCTOCTH. AKTHBHAA
MOpPHCTOCTE MioB cocTtasiasicer 0,5—0.55. OHako noa BJaus-
HHCM HArpy 3Kl i BCJACACTBIC 1len30e/RHbIX [poleccos pas-
JOKCIHHA ¢ TeleHneM BPeMCHN OTa CVUICCTBCHHO VMCHBILA-
etcd, CooTneTcTnelio yMenbllaloTes it KOO UIUHEeHTH (hiih-
TPalK MXOB. Ecan Ry HEnpurpysennnx MXon Koaedaercs
B npejeaax 20—70 mfevr, 10 npu Harpyaske 0,2 krfem?, uto
COOTBETCTBY CT AABJCHHIO 3ACHMIKH B TPAHIICE, OH YMeHbIA-
etcd Jo 0,1 —0.5 Mfeyt n menee. Caclosatesibio, MXH B Ka-
HCCTRE PUABTPOB MOUNT NPUMEHHATLCH TOJILKO B CAa00(IIL-
TPYIOULIX FPYHTAX; B NeCKax oM OVAVT VXVIAWATE OCVIllN-
TeALIlOC IeHeTBle Apcladka. BononpoiniiaeMocTe runioBLix
MXOB  HCCKOJIBKO Bbilie, ey chariopbix, Oanako nepsuic
pasjaralrces GucTpee i Menee MpHrojiibl B KaueeTse huinT-
pon. Charnonpe MXI BCJACICTBHC Kneaoil peakitun  Godee
NOJATOBCYHLL 11 O0JAJLI0T AV IMI 3aUHTHEMHE - CBOICT-
BAMIIL,

JInaserpu GUALTPAUHONIKMX X010B CTPYKTVPHLIX MaTe-
PHAJOR, B TOM YHCJAC H MXOB, MOXHO BBIUHCANTL no dopmy-
Jc [48]

/ k
D, = n,niral;' L M, (42)

n;f.:

rac fy— NOPHCTOCTL MATCPHAJIA HPH 32AHION HATPY3KC;
kg — woatpdninenT  guanTpaunn npn Toil e na-
TPV3KeC, M/,

I: — wosppuunenT, VURTBLIBAIOULIHIT CTPYKTYPY MaTe-
puata; jaas mxos [o,=08, 118 CTEKJIOBOJOKIA
I,=1,0.

Toppanas kKpowika — waMeabuennplii caadopasnomnn-
mnies cdarnopuiii TOpY, OTAGICHHLI OT MCJAKHX HBICBATBIX
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nactui. [Nponnuaemocts TopoKpoIIKH A0BOABHO BLICOKAf,
OAHAKO TPYAHO TapAHTHPOBATL HENPOCLINAEMOCTh CKeJeTa
MedKo3epHHCTHIX rpynuTos. [Tostomy ee, Kak H ¢pesepHHH
chabopasomHBUIHIICA TOpd, B KauecTEe CaMOCTOSTE/bHOMO
puabTpa obuuio He npuMednatoT. Menoas3yioT atH MaTepHa-
JAbl NpH KOMOHHNPOBANHLIX BHAAX 3alMTh ApeHaxa BMecTte
CO CTERKJOXOJICTOM, KOTOPLIH fABAfeTcd COGCTBEHHO 3alLiT-
HBEIM (PHABTPOM, a TOPp(POKPOWIKa cay AKNUT GHALTPYIOULCIH TTpH-
CRIMKOH. MeponpuaTie 370 noJaesnoe, Tak Kak cyUecTBeHHO
VAVYIIACT OCYLUHTEALHOC AeNCTBHE JPCHaKA.

PACHET 1 NOABOP MNBbTPOB B HECBA3HbLIX MPYHTAX

PHALTPBHI H3 CTPYKTYPHBIX MaTepHaaos. JIpenax, yJao-
AKeHHBI ¢ PUALTPOM H3 CTPYKTYPHOTO MaTcpuaaa B HECBA3-
HOM FpYHTE, HOPMaJbHO (PYHKILHOHHPYET B TOM cJy4dae, €cJau
GuaeTp obccneunBacT HENPOCHNACMOCTL HacIHIL CKeJleTa
rPYHTA B TPYObl, HC KOABMATHPYETCA H HE CO3/laeT JoN0iH-
TEJABHLIX COMPOTHBAEHHH TMOCTYINICNHIO BOJLI B Apennt. [Tpn
NPOEKTHPOBAHMH 3ALLHTLI APCHAKA OT 3aUJCHHA ¢ NIPHMCHE-
HHEM CTPYKTYPHLIX QUALTPOB B HECBS3NBLIX FPYHTAX Mpexje
pcero 11eobXoJHMO HMCThL /lAHHBIE O TPaHYJOMETPHYECKOM
cocTase I'PyHTOB ocyuwaemoro obbekta. B cBasn ¢ TeMm, uTto
HA MPAKTHKE COCTABLI IPYHTOB Ha OJHOM H TOM Ke 00BCKTEC
KoaebaoTea B ovenb 00JBIUMX npejesax, a (PHALTP HKeJaa-
TeABHO noaebpaTh OAMH JIIS Beell MX raMmel, HeoOGXoAHMO
BHOpaTh H3 HMEIOUHXCH TPYHTOB nanboee ONacHble B CMBIC-
Je zanaennsn gpenaxa. OO6uuno gas pacyeton clACAYeT Bbl-
GupaTth /iBa TPYHTAa: caMblil MCJAKO3CPHHCTLINT I caMblil Kpyn-
HBIT, 3T0 00YCAOBACHO TeM OOCTOATENLCTROM, MTO MEJKO-
3EPHHCTLIC TPYHTL! ONACHE IO NPOCLINACMOCTH Yepes PuAbTP,
a KpyMHO3CPHHCTHE — N0 KoJbMaTHpyemocTn ero cyddo-
3HOHNBIMH yacTHLaMH, YeM Kpynnee coctas cyddosnonnoro
rpyara, TteMm GoJblie pasMepsl cy®dosHoHHLIX YacTHU, H
ONACHOCTL KOJABMATAXKA CTPYKTYPHOrO (PHALTPA BO3pACTACT.

Kpome Mexamuyeckoro cocrasa  rpyHTos, neoGXogumMo
HMEThL Jlainpie 00 IX NopucTocTH, 00BLEeMHONI Macce n Koad-
Guunentax uabTpanuu. [pubanAeHno Beanunns ny H Rep
MOMHO BBIUHCAHTDB No (opmyaam (6), (9), (15).

Pacuersl no noja6opy cTpyKTypHbiX (PHABTPOB CBOAATCH K
yCTAaHOBJCHHIO TpaHnl pasmepos ero nop. Ilpexje Bcero
onpeaeasercs cyddoznonnocts BuOpaunmx rpynros. as
3TOr0 MO HX TPAHYJOMETPHUECKOMY COCTaBY BBIYHCAAIOT MO
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(12) makcumaibiuie auaMerTpu evddosnounuix uactuy dmax,

Coraacuo xpurepuio A, H. [larpawesa, ¢puantp He Gyier
KOJBMATHPOBATLCH, CCN BHINOJHACTCS CACAYVIOULCE VCJIOBIHE:

/ 1.

ﬂu. |_ 11. lﬂifq“. (!‘J)

rac Do, MAKCHMAABIBI tnaxeTrp nop dbuabtpa;
A KOSMPUILICHT, 3aBUCHILNA OT CRBONCTB KOJb-

MATHPYIOUIHX  vacTuw u uueaa Pefinoasica;
onpejacasercea no Tada. | 1.

Tafauya 11
FoassMaTupysemme 9acTHilld,, Ms gy Re
MNeraesarne, or 0,01 go 0,05 4.0 1,0
Meakuit necox, or 0,06 10 0,25 3.0 0.5
Cpeanunit necok, or 0,25 40 0,5 2.5 0.1

C Apyroit cTOpoHLl, HENPOCKINACMOCTE HaCTHIL CKeJleTa
Oyzer obecrnicucHa, ccan anaMerpul nop guabtpa Oyayr
YAOBACTBOPSTH VCAOBHIO

Dy o< 1,850, (44)

rie dgo — 60%-untii jmaserp wactimiy nanGodee MEJAKOro
FPYHTA.
DUALTP OTECMACT 321aNILIM FPYHTOBLIM YCAOBHAM, ecdll
CPCJIHHE AHAMETPLL CrO 11O VIOBJAETBOPAIOT HePABEHCTBY

ﬂfi.l 5-:; nﬁ ‘Dﬂ.ﬂ- {45]

[To nemy u noadupactes u3 UMEIOWCHCS raMMbl CTPYKTY]-
HBIX QHJALTPOB HaNboACe MoAXO AW, Kpome Toro, no guin-
TPALHOIHOIT CNOCODHOCTH OH JI0JKeH VAOBJIETBOPATh YCJ0-
BHIO (38).

Mpumep. H3 uveomuxes va oO6LeKIE Pa3HOBHIHOCTEN MECYAHWIX
rpyHTes  (RecK#, 3ajeraumie Ha rayvOuie 3akJajKN apen) nauGonee
KPY NIMIT — CpenesepHICTLI Necok, Y KOToporo: d'é, = 0,005; d;=0,055;
d;ﬂ = 0,093, rIlll- 0,115 n :!;m = 0,30 mw, HauBonee mMeAKHi — nwiae-
BaThiil NCCOE TaKUIo COCTaNa: ;i';;= 0,02, d; —= {), 009, ”ll-t,l- = (Y2
diz = 0013 1 dgy= 0,10 s,

Buuncazem no (1) gosdunciiel passose pHUCTOCTH K Py NHO3EPHUC-
TOTO necKa

P
. s —3 i
dy, 0,005

ol



Mo topuyne (6) naxogum ero NOPHCTOCTH
n"=0,40—0,1lgn =0,40—0,11g3,16 =0,35.
Ianee no popmyae (12) BolukciseM MakcHMadbHLIe AHaMETpPH cyd-
GoBHOHHBX YaCTHLL

n’ 6

_ ’ ' , 0,35 :
dﬂ:I},Eﬁi:?dw{l-I-ﬂ,ﬂﬂq}Fn =ﬂ.35m§'ﬂ.”5 (1 +

&
+0,05.3,16) 13,16 = 0,03 mm.

3a pacueTHuit Juametp cyOIHOHHHIX WMACTHIL MPHHHMACM n';[ =
0,03 mm u no 1aba. (11) Haxogwm a, = 4. [dnameTp HexoAbMaTHpYe-
MBX Mop Buuucasem no (43)
Da1=1,1-4.0,03 = 0,132 mm.

Haxogum neoSxoamuuii AnaMeTp nop no  ycdoBmo olecneyeHus He-
NPOCLIMAEMOCTH MEJKOoro rpyHTa no (44)

Do,2=1,8dg, = 1,8-0,1 = 0,180 mm.

Cornacuo (45) cpeguuit  amametp nop ¢uiabTpa AOMKEH JeKaTh
B mpeaenax

0,132 = Dy = 0,180 mm.

ITHM YCAOBHAM OTEEYEET CIEKACECACKHMCILE xoaetr Tena BB-T
(em. TaGa. 9), umerownit cpeanui auametp mop Dy = 0,175 mm.

[NMposepym TeNEpPb COOTHETCTBHE €ro 3ajlaHHBIM  YCJaoBHAM Mo QHIbL-
Tpaitnonnoli cnocoGuocta. o storo no (9) BuvuHceanem KosggHUHENT
GIABTPaid CPeHe3CPHICTOrO NeckKa

3,99.0,35% N ’
kep = 3710 —H1 — 0,385 } 3,16 -0,0115* = 0,0057 cwi/c;

ktp = 00,0057 -864 = 4,93 at/eyT.
Mo 7a6a. 9 paa crexnoxoncta BB = I' npunnmaem kg =35 mfcyr
i npopepsesm ycaosne (38)

ke 35
W e IS g
kep 4,93 =T7,1>5.

Yenorne punonusnercd. ChaepopaTeNsilo, no BCeM TOKasaTeflaM 3a-
JAAHHBEIM TPYHTOBHM VCAOBHAM COOTBETCTBYCT (HABTP H3 CTEKJOBOMOKHHC-
tToro xonacra tuna BB-T.

PUALTPH H3 CHINYYHX MATEPHANOB (NecHaHO-rpaBHHHBIX
emeceii). Pacuerst no noaGopy pHABTPOB W3 ChIMYYHX MarTe-
PHAJIOB B HECBI3HLIX FPYHTAX 3aKII0HAIOTCS B ONPCACJAEHHH
rpanyJOMETPHYCCKOro HX cOCTaBa, YAOBJACTBOPSIOULETrO cJe-
AYIOLULHM YCJAOBHA M: HeNpocLITaeMocTH (pUABTPa uepe3 BOAO-
NpHEMIble OTBEPCTHA JAPEHAXHBIX TPYD; HenpochnaeMocTH
3aIHILAEMOro FpPyHTa 4epes caM GuisTp (npoeepouHoe
yeaosue). Kpome Toro, Heo0xoAuMo yA0BJETBOPHTL YCJAOBHE

o4



Puc. 12, Pacuernags cxema
rPYHT — uanTp — Apena, (Y-
aoia: 1) Dee=06N dep=
;’ﬂ.ﬁﬂﬂ: 2) Der= Diy, dee=
=ds.)

BOJIOMPONYCKIOI cnocobio-
c¢TH (puasTpa (38). Pacuer-
Hafg cxeMa npejacraegena
Ha puc. 12, HMcexomnumu
oaunsIMH JJIsT pacyeTra sB-
JASIIOTCS:  Tpauny/ioMeTpHue-
CKHH COCTaB oOCyllaemoro
rpyNTa, ero maoTnocts H o6beMHas Macca, BOLONPOHHLA-
eMOocCThL, Tpejanojaraemass NJOTHOCTE 1 oOBbemIiias Macca
necuaHo-TPaBHITHON cMecH (3TH AaHHLIC MOXKHO B3ATb 110
npeanojiaraeMuM KapbepaM), a TAKKC pasMepbl BOJONPHEM-
HBIX OTBEPCTHH B ApPeHaMHBIX TpyOax.

MeTtoan pacuera coctaBa CHNYYHX (PHABLTPOB IAJ# CCJb-
CKOXO3SICTBEHHOro  JIpeHa)kKa  JAcTaJabiio  pa3padoTaHbl
A. H. IMatpamesuim 1 ero yucHukamu [20, 21, 38, 40, 48, 53]
H COCTOST B cheaytoueM. Crojloodpasyiolinx yactiil B Gpuab-
Tpe AonxHo OuviTh He menee 40%, 1 HX pasMepnl JOJKHbI
vA0BNeTBOpATL ycioBHiO (22). lMostomy no pasmepam Bo-
NOMPHEMHALIX OTBEPCTHII B ApeHakuuX TpyOax (A nan Dy y)
pbluncasierca 60%-ubrii AHaMeTp 4acTHU 3allHTHOIO MaTe-
puana

Do = 0,64, uan Dy = 0,360, 5. (46)
KosdduunedT pasHo3epHHCTOCTH 1)y PEKOMEHAYCTCH [IPH-
uamats He Oodee 10. Torpa 10%-umit auamerp uwacTH
buaLTpa onpeaeasercs no opmyae
l':]I!rlil DIH'I

El“ - 'T = 0 [4?]

JluaMeTpul 4acTHll, onpcaecasioune pasMepst puabTpa-
WHOHHBIX X0/10B, A0MXKHb ObITh B 1,0 pa3a Goastue D), T. €.

LS (T Dﬂﬂ'
Dy, = 1,60, =1,5 - (48)

M3 ¢puabTpa ne 100KHO BLIHOCHTBCA Ooqaee 5% wactHu,
MnoaToOMy

D, = Di*x = DD, ., (49)
rae D% — qnameTp MaKkciMaabiloro xoxa B (uALTpe,

a0



—n

ng = 0,40 —0,11gn,. (51)

MakcuMaabhbii AHaMetTp vacTHl (HAbTpPa HAXOAAT NHO
3aBHCHMOCTH

Dy = (3=5) A, nan Dyay = (3= 0)Dg, 1 (52)

Boiuncacnuple no (46) — (52) a3navenws auamMeTpoB
GUALTPA NO3BOJAIOT MOCTPOHTH PACHETHY KPHBYIO €ro
rPaHyJOMETPHYCCKOr0 COCTABA H 10 HeH nojolpartk rpyHT
M3 GJH3KO pacnojiodKeHHBIX OT ocyllaeMoro ofLeKTa Kapbe-
pos. [Ilpn 3tom gomycKalTcsi OTKJOHEHHA 0T PacyeTHOro
anamerpa Dgo (M cOOTBETCTBENNO BCeX APYTHX AHAMETPOB)
Ha +20%, T. e.

Dgo = (0,4=0,8)A, wiu Dgo = (0,3=0,43) D, 5. (53)

Ecau B BeIOpasHOM KapbepHOM TPYHTE cojiepHTCA GoJiee
7% cyddosnonnmx yactu, T. €. DN**= Dy, T0 MeaKkHe ppak-

LHH HCOOX0AHMO OTCEATh.

[MopoGpanusbiii onHcannuiM  Bohilne cnocofom  NecyaHo-
rpaBuiiiblit puabtp 6yACT YAOBAETBOPATE TOJBKO YCIOBHAM
HenmpocuinaeMocTh ero B Tpy6ul. Ho 310 B 0061men cayvae eue
COBCCM HE 03HAYaeT, UTO OH YIAOBJCTBOPAET YCAOBHIO HENpO-
chinaeMocTH apennposannoro rpyura. Ilosromy nogobpan-
HBIH cocTaB HEOOX0AHMO MPOBEPHTL HA BBINOJIHEHHE YCJOBHS

der = 0,6D,, uau Dg“-* < 1,8dgo. (54)

[TockoabKy necyaHo-rpashiiibie QHALTPH B NPHHIHNE Bhi-
GupaloTcs TOJABKO TOTAA, Korja oTBepcTHs B TpyGax He ole-
CMEYHBAIOT YCJAOBHA HEMPOCHIIaeMOCTH JAPEeHHPYEeMOro rpyH-
T4, OHH 110 COCTABY 3aBEJIOMO KPYlHee i HX BOAONpOHHLAE-
MOCTEL HAMHOI'O BBHILUC. GI!HEHUI‘:T]{ KOJbBMATAIHH [I'IH..TII-T['.I'E]
ﬂ}'(t](llﬂﬂl!l]l!llhtmll YaCTHILAMH T'PYHTA, eCJIH Ol H HMelTCH,
NPAKTHUECKH HeT. YCJOBHA BOAONpPOHHULaeMocTH (puasTpa
NOYTH BCErla BLINOAHAIOTCS.

Caejyer yMeTh TAKKE B BHY, YTO NPH NPOEKTHPOBAHHH
GUABTPOB ANA TONYAPHOTO ApeHama pasMephl cTbIKOBLIX 3a-
30POB J0JIKHLI OBITh MPHHATLL 110 MAKCHMAaJAbHOMY (aKTHYe-
CKOMY HX 3HaueHnio. Bo BesiKoM cayuae HeJlb3d MPHIHMATD
A<<4—5 mM.

Mpumep. Tonvapuuit gpenax 3aKAaLIBAETCH B MeAKO3EPHHCTOM
MMJIeBaToM MNecke, uMeouleM creaywoowni coctas: d,,=0,010; d,;=
=0,013; dgy=0,08 mu. Tpedyerca nogolipate coctas UALTPa H3 mec-
HaHO-Tpasuiitoll cMeci.

Dmax — 0,455 (1 - 0,051,) 7/ My ——— Dy (50)
$
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Pacuetnyin REJMHITY 3A30P0R MCHKAY FoNMaPULINMG TPYVGamil piii-

maest A =4
Io (46) suuucasent 60%-nwil tnamerp gHILTpa

D= 0,6-4 =24 mm.
[punnyaen  xoapdunenT pasnozepuneroct vy = 10 uw no (47
BLIYHCAEM

L

St

o
Dp=—= 15 = 0.4 an.

17%-umil anametp qactni ¢ubTpa Haxogs no (48)
D,-=1,5-0,24 = 0,36 mw.
Hanee  BeUCASCM  OOPHCTACTh  (MALTPR, NOJAB3YACL  3aBHCH-
aocTeID (51)
ry, —=0,40—0,11210= 0,3,
H no (50) Haxoxum pasme) MakciManbHore QHALTPALHONIOIO XoAa

b — 0,3

DI — 0,455 (1-0,05-10) 110 930,36 = 0,155 .

Briuncasiem 5%-nelil J#aMeTp YacTHIL PHALTPA M0 {49]

D, = 0,155.0,36 = 0,066 am.

MakcHMasiBI QIAMETP UaCTHL HaXolnm no (52)

.Dmn:ll: - 3‘4 e Ill'-l|l bll-:"-ti-

[Mpose psaes duauTp 1a nenpocunaemMects rpyira no (54)

0,1557>1 .8.0,08 =0,144 aar.

Yeaosne ne pumuimsercd. ChejozatedsHo, 1 JAHHOM CPYHTE O)HO-
CJONHEIH Mecuablil PUALTP noaoipaTe Heabsd, Hy:HO Wi yMEIUBIIHTD
AONYVCTHMAIIL pasMep CrblKOBRX — 3a30POB, HAH NPHMEHHTL CTPYKTYPHBIR
tudbTp. OnHako, NOCKOJBRY OTKIADHEHHE AHamerpa mop 8 ¢HALTPE oT

Tpefyemoro He npepwmaet 1094, MOAHO OCTANOBHTLCA Ha  NoJgoGpan HOM

cocTage.
Hpm:-:—: PHM YOJTORAC RO POIIILAEMOCTIL o {Iﬁn]_'}!-ly.’EE {q] BuncTaeN

KO3 uuue T fuabrpaLiin duabipa
4,99.0 3

kp =T 3-10-2 (1-0,3)°

Jna ocyuwaemore rpyHTa maxom Kos(pIIHERT HEOMHOPOAHOCTH

0,08
1= 60 = °

3
V10 - 0,036% = 0,046 cwn/e.

H BM4HcHTeM Kox(pbiuuHeNT NOPHCTOCTH
n,=04-—0,1lgé= 0,31
Kospduuuest duabTpaun rpyHTa HaXoaus no (9)

3.99.0,31®
Rep = T3 16-2 (1 —0,30)

&
E-VE_-[},UI“I]E‘J = 00, 00007 cm/e.
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[Mporepaen ycaosne (38)

Ry 0,04600 -
g L0007 Rl S

Yenoene BRMOAHASTCH.
Hrak, coctas ¢uastpa: Dy, = 0,056; D= 0,24; D, = 0,36; Dg=
=2,4 U Dy = 12 mum.

PACYHET M NOABOP ®MNLTPOB B CBA3HLIX MPYHTAX

K cBs3NLIM TpyHTaM, NOMHMO TJIHH, CYIJVIHHKOB, cyneceii
I Topos, ciaejLyer OTHOCHTb NblAEBaTHE TPYHTH € coleprKa-
nnem uactn d<0,05 MM Gosee 20%. Ilpu coBpemeHHOM
TEXHOJIOTHH CTPOHTE/IBCTBA JpeHa)ka TpyOnl yKJAaAbBaIOTCA
B JKeJIOOOK Ha JIHe TPAHLIEH NPAaKTHYECKH B HeHapyLIEeHHbIH
rpyHT. IlpHchinKa e npoH3BOAHTCA TPYHTOM HapyLIEHHO
CTPYKTYPbl, B3SITHIM H3 MAXOTHOrO rOpH3oHTa. B HeHapyweH-
HOM COCTOSIHHH CBA3HLIE FPYHTHI (33 HCKJIOUCHHEM MNblJeBa-
ThIX) 00J4agaloT GoJbluoit (HALTPAUHOHHON NPOYHOCTHIO.
C napyuienneM HX cTPYKTYPHI, UTO HMEET MECTO NPH OTPLIBKE
H 3acbilKe TpaHilueH, BOJONPOYHOCTH OTAENBLHLIX arperaros
JHAUHTEJAbHO cHHMKaeTcs. B Hapyuennoil u HeynJoTHeHHOI
TPAHIWEHHOH 3acHNKe BO3HHKAET ONACHOCTh pPa3MOKaHHA
H pasMblBa arperatos rymMycHoro rpyHta H npoHHKHOBEHHE
ero B NOJ0CTs TPYO uepes BojonpueMusie orsepetus. Ouenky
BOJOIPOYHOCTH ArPEraToB IMIHHHCTBIX PPYHTOB MOMKHO clle-
JaTh no opmyne
(o B
b

%0 (55)

rae a— coaepxanne vactuu<0,001 mMm mo mukpoarpe-
TaTHOMY aHaJu3y;
b —To ke, MO MexaHHUECKOMY aHaJjlHay.

[Ipu C<5Y% arperatsl BechMa Bojgonpounb; C=5—
20% — oTtHocuTeasto Bogonpountl; C=20—50% — caato
Bojonpouns u npn C>50% — aerko pacnagawTtest B BoJe.

[Tockoabky HH3 ApeHAMKHLIX TPYO pacnoJiOXeH B HeHa-
PYLIEHHOM CBA3HOM TpyHTe, 006JajalolleM 3HAYHTCABHOM
NPOYHOCTBIO, H YKA3AKa (MHALTPOB CHH3Y BO MHOTHX CJAyuasix
HeoOfA3aTe/bHa, HEOOXOAHMO MNpexAe BCEero OWCHHThL 3Ty
BO3MOXKHOCT MO JOMYCTHMBIM pa3MepaM BOJONPHEMHbLIX
OTBEPCTHH W3 YCJOBHA OTCAaHBAHHS H OTPHIBA arperaTos,
B ramHax u TAMeabX CYrJHHKAX NpoLece OTCJAanBAHHA NpO-

58



HCXOHTL 11e OYJAeT, ecili pasMepbl JAPEHAMHBLIX OTBEPCTHI
QTBCUAIOT YCJIOBHAM (23) — (27).

Mpumep. lpenax U3 nsactmaccoBux TpyS ¢ kpvrioii nepdopa-

uueil dg = 3 MM 3akAaiuBaeTcs B Tamesom cyrauuke [, 0,17, Pac-
4eTHRIH rpaaHenT nanopa f =5, TlposepHTs DO3MOMHOCTE YKJAAKH Ape-
Haxa Ges duALTpa cnmay.

¥ron Meiy wanpanieHHeM CKOPOCTH GHALTPAWHN H CHIAMH TSMec-
T 8= 45°, cosf = 0,71. I'lo dopmynam (26) — (27) onpeaeasem gonyc-
THMBIA pasmep nepdopatnl W3 yoIonut NPeJoTRPaeHis OTPUBa 0 oT-
eAauBallitd arpPeraToB rpyHTa;

= 0 .34 i
eI R . B
) 0,315 10,71 S

9=0,17V5—=1=0,34.

[Mockonbky 0=38">dy=3 mv ¢uIbTp cHH3Y non TpyvGauu
MOMHO HE YKAAALIBATE.

Ecan JAPpcHadl 3aRJAANLBACTCA B CYDJHHKAX, YV KOTODLIX
yuesto nnactuunoetn 0,07</p=<0,17, To npeaeabHo AonycTH-
MBIC PASMCPLEI H["pd]ﬂpﬂl.[llﬂ B apeHax onpefefaioTcs no l'|Jﬂ1'J'
My.Jie

T - / 0,17 _
“ I - cos @ 0 (o8)
Iaa cyneceii, y kotopsix 0,01</,=<0,07,
— _ " ‘.".F ﬂ.l :
g ‘/ Ip +-cosl e (57)

Ecan apenupyeMblii rpyHT nNeieBaTHI IECOK ¢ cojepHa-
HHeM ppakuun d<<0,05 MM Goabwe 20%, To

= = 0,08
6 = "V e CM. (58)

MMpumep. OnpeleanTh MaKCHMaIbHO JONYCTHMBA pasvep nepdo-
paurn B TpyOax, sakfajusaeMux Ges pHALTPA B HHMHEH YACTH B nLae-
HaEJM I;EEH& ¢ copepxaineM vactHil o 2> 0,05 Gomwwe 209 npn [, =5
H 0= 45"

ITo (58) naxoaum
o 0,025

50,71

Tophsaubie rpyHTH €CTECTBEHHOTO CJOKCHHA H HAPYUICH-
HBIE B YNJIOTHEHHOM COCTOAHHH 06,1a1a10T BHICOKOH (HABLT-
PauHOHHON NPOYHOCTHIG, 'NTO NO3BOJHET YKJA4JALIBATbL JApe-
Haxisle TpyOu 6c3 3alWuTHbLIX GuiasTpos. OAHako Takuce

= (1,66 MmMm.
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YCJAOBHA rapaHTHPOBaHbl TOJNBKO B HH/KHEH YacTH JIpeH, T. e.
nog Tpy6amu. IpyHT naa TpyGamu ne oGnanaer 10cTaTOYHOM
NJAOTHOCTBIO H (PHALTPALLHOHHOH NPOYHOCTLIO, TAK KakK, BO-
NepBHIX, B IEPHOJ CTPOHTEILCTBA CJAOH NepBHYHON NPHCLINKH
HAXOAHTCA B PHLIXJIOM COCTOAHHH M TIPH HaCHILIEHHH BOAOIl
HepeJKo npespailaercs B Oy3y, KOTOpas KOJbMaTHPYeT BO-
JoTIpHeMHbIe OTBEPCTHA B TPYDaxX H NPOHHKAET B HX NMOJIOCTb;
BO-BTODLIX, MOC/AE 3aCBHIMKH TpaHlleH YNJAOTHEHHe TpPyHTa
NPOHCXOJAHT HE cpasy, QHALTPaUHOHHAA NpovdHocThL TOpda
B nepeuift mepuos Heboabllasg H ONACHOCTL KoJbMaTama
BEPXHMX OTBEpPCTHH B TpyDax AOCTATOMHO BHICOKas.
OcHoBHOE Ha3HaueHHe 3AKTHLIX QHALTPOB B TOPHAHBIX
rPyHTax — npejorspauiente aedopmauuii Beinopa, npeno-
XpaHeHHe OTBepPCTHH B TPy Oax OT KOJbMATALHH H yJy4llleHHe
YCAOBHH NMPHTOYHOCTH BOAB K JpeHam. [Tockoasky topd —
rpyHT HecypdosHonnuii, To pacyernl mo noabopy GHALTPOB
COCTOAT B obecneyeHHH HeOOX0AHMOH HX BOJAONPOHHILAEMOCTH

LIS T (59)
krp

B manonnoTHbx TopAHuKax, oObeMHan Macca TBEPAOTO
BelleCcTBa KOTOPHIX Yex<<0,09 r/em?, HeoOXx0AHMO NPHMEHATD
KPYroBYIO 3alIHTY. B NAOTHBIX TOPpPAHHKAX 3aLUHTY MOMKHO
ycTpauBaTh TOJBKO cBepxy (Ha 2/; mepumerpa). [Ipu sTom
pasMepsl BOAOTIPHEMHBIX OTBEPCTHH AOJMXKHB OLITh MeHblUe
AONYCTHMBIX yeaoBueM (29).

IMprmep. MakcHMaibHasw WIHPHHA CTHIKOBHX 3a30pOB MEMAY TOH-
yapHiMH TpyGamn auamerpom 150 mm cocrasaser 4 mu. [Tposepurs Bo3-
MOXKHOCTE YKAAAKH ApeHaxa Ge3 ¢uALTPa cHE3Y B mJoTHOM Topde, ¥ Ko-
Toporo n, = 0.8, naotHoete py = 1,6 r/fem® nmpun pacvyerHoM rpapnenTe
Hanopa y menefi /=35,

Mo dopmyne (28) onpeneasem

Ip=(1—0,8)(1,6—0,9) =0,14.
JLoNyCTHMYIO WHPHHY CTHIKOBLIX 3a30pOB HaxofHM no (29)

= ] 50 3
E_TI/-(E'—T.[I) = 6,6 mm.

Tak kak T=4< 8§ =26,6 mm, To pedopmawnn Bunopa Topda npo-
HCXOJHTL He OGyAeT H JpeHax MOMHO 3aKJaikBaTe Ge3 ¢umTpa CHH3Y.

Takum o6pasoM, BO BCcexX CBA3HLIX TPYHTax, no KpafiHe#
Mepe B BepxHeii wacTH Tpy6 (Ha %/ nepumerpa), Heo6GX0AHMO
yKAaAbBaTh (GuALTPH  (AYYUWIHM BapHAHTOM, Y4YHTHIBAs
co3jlaHHe ONTHMANBHBX YCJOBHII NPHTOYHOCTH BOALI K Ape-
HaM, ABJAETCA KPYyrosas 3ali4Ta).
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Ecan ¢uapTp B rAHHUCTBIX TPYHTAX VCTpanpaercs M3
CHINYYUX MaTepHaaon (mecyano-rpasnilibic cMecH, cpejiie-
H KPY NHOZEPHHCTLIC NCCKH, NLIAK H T.IL), TO pacyeTbl Mo ero
nojifopy 3akdwuatored B obfecncyciinn VeAoBli Henmpochina-
eMOCTH 3CPCH uepes pojonpuemunie orsepetud Tpyd. Tpedo-
BaHHA QUALBTPAUHOIHON NPOYHOCTH (OTCVTCTEHE OTPLIBA H
OTCJAAHBAHNA arperatos APCHHPYEMOro CBH3NOTO TPYHTA Ha
KOHTAKTE ¢ (DIJABTPOM) H BOAOHPOHRUACMOCTH Beerja npH
3ToM O0ecneqynpaloTes, i COOTBETCTRVIOULIX PACHeTOD NPOBO-
AHTH ne caeayer. Pacvernl mo npocunaemoct GUILTpa B
TPYOLI HHUCM 1@ OTAHYAIOTCH OT HIJNOMEIHILIX B Npejibijy-
eM naparpade.

B HekoTOpbIX  cayuasX B KavecTBe (uabTpa MOMKHO
HCNOJIB30BATH MaxoTHbll choil raunnetsix nouys. Oanaxo
NpeiBapiTEILHO HYKHO VCTAHOBHTE €ro NpHrojgH0CTh Ha
ocHoBC TpeboBanil, HPCABABAACMBIX K CLITYUNM 3aLUIHTILIM
matepHatas. JLas atoro no rpanvJoMeTpHUCCKOMY COCTABY
Ha OCHORC MUKPOAarperatiore analnia Tpynuta naxoTHoro
CJIO  TIPOBCPHCTCS VCAOBHC cBO/006pa3oBaliig HajJ BOJO-
npHeMHBME oTBepeTHaME Apen (22). Kpowme Toro, onpejead-
eTCsl BOAOIPOUNOCTL arperatos (55) u vesonie zoctatounof
BoAonpokniaemMoctit hitasTpa (39). Kak nparnio, na okyvib-
TYPCHHBIX TJAHHECTLIX NOUBAX BOAONPOINHIIACMOCTL NAXOTHOTO
cqaon 1a | —2 nopaaka BbllIe BOACTPONHILACMOCTI NOANAXOT-
HOro cJof M KoacGaetcsa B npeaeaax 0,6—3,5 u Godaee MfeyT.

Ec/ii Ha eBA3NLIX NouBaX B KauecTne (PUALTPOBR [IpHMe-
HAWOTCA CTPYKTYPHBIC MaTepHaan (CTEKJOXOJICT, CTCK/I0BA-
Ta, MOX, cOJOMa, OUec pepxoporo Topda H T.1.), TO €IHHCT-
BEHHOM OIMACHOCTBIO ¢ TOMKH 3PEHHA 3aMWJICHHA JPeHaKa
ABJAECTCA MX KOJAbBMATAUMSA., XOTA TCOPETHUECKH CBA3HLIE
TPYHTLI He SIBAHI0TCH cV(PDOINOHHBIMI I KOJLMATaMXKa CTPYK-
TYPHBIX PHABTPOB HE A0AKHO GWTh, HA NPAKTHEE, NOCKOILKY
Tpaleinas 3acunka J0BOALIHO PLIXJash B HaYaALIBLIA ne-
PHOA, HCKOTOpas 3akynopka nop umeer secro. Merojos
pacueTa KOJAbMAaTALHH CTPYVKTYPHBIX (HABTPOR B CBA3HLIX
rpyHTax B Hacrosllee spems neT. Eanncrsennyio po3Mox-
HOCTh OICHKI 3TOro SABJCHIS NMPCJAOCTABJNIOT CHCUNAJABHbIE
ONBbITH B JA0OPATOPHBIX YCAOBHAX, O MCTOAHMKEC KOTOPBLIX H
pacuetax OYACT cKasaHo HHAKE,

Hwmemnuiniicss npakTHYCCKHH ONLIT H CHeLHAALHBIC Heeae-
NOBANNS CBHAETCALCTAYVIOT O TOM, UTO Hanb0Jaee NpHeMJIeMLl-
MH CTPYETY PHLIMH MATEPHAJAMA B KauecTRe (PUALTPOB ApeH
B CBAMILIY FPYHTAX ABJASIOTCH CTeRAOX0ACTHL Ol naaemxno
NpeAoXPaisiioT APCHaK 0T 3alIeHns, XOoTa NPH 3TOM MOryT
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ﬂ}"lILECTBEHHU HUJII:MHTlfI|H'.II!~HTI.'rCFE. b"ri.':'l"EIHt.:I'HJIEHE], UTo KO3()-
buuHenTsl QWILTPAILHH JAKE CHILHO 3AKOALMATHPOBAIILIX
CTCKJAOX0JICTOB COCTABJAIOT He MeHee 2 M{eyT, 4To BO MHOTO
pas NpeBLIACT BOJAOTPOHHUACMOCTL cyneceli i CYTJIHHKOB.
Ias yMeHBIUEHHS CTENeHH KOJbMATAUHH CTEKJI0XOJICTOB B
9THX IPYHTaX HEoOXOAMMO NMPHCHINATL HX CJAOEM TYMYCHOTO
rpytta B 15—20 cM. Onwit JINTBH CBHJIET@NBLCTBYET, HTO JYY-
wnii 3ddeKkt noayuaeTcH, ecjaH Nosepx CTEKJAOX0JCTa Npej-
BAPHTEALIIO YJI0KNTE 3—4 oM caaGopasiomusuicrocs gpe-
aepioro Topha (topporpowky), a crepxy npucunars na-
XOTHLIM cjioeM B 15—20 cm.

OLEHKA YCNOBWMKA NMPUMEHMMOCTH
PA3NKMYHBIX DUNBTPYHOLWIMX MATEPHMANOB

B peuteini BONPOCOD 3aUHTH JApcliara 0T MCXaHHIeCKo-
ro 3aHJAeHHs B MHPOBOH MEJAHOPATHBHOH NPAKTHKE HAMETH-
A0Ch HECKOJBKO pa3JHUHLIX noiaxonos. Hdauteannoe Bpewms
CyLIeCTBYET cTpemMIenue nofobparh (co3nath) Takon Mare-
pHaa, KoTophii Gul OBl NPHIOJIEH B KauecTBe QHALTPOB ApeH
BO Bcex BCTpeuaiollHXCs B MEJHOPATHBHOM CTPOHTENLCTBE
rPYHTOBHIX YC/JOBHAX H NMPH 9TOM GBI TEXHOJAOTHYHLIM H KO-
HOMHYHBIM. C JIpyroil  CTOPOHBLI, NPCANPHHHMAIOTCH MHOTO-
YHCJCHHBIC MOMBITKH cO31aHust Tpy6 ¢ puabTpoM, YCTpaHBa-
eMBIM B 3aBOACKHX YCJOBHAX, KOTOPLIC MOKHO Oulj10 661 yKaa-
ALIBATH BO BCEX TPYHTaX (MMeoTcs B BHAY MJ1aCTMACCORBIC
Tpy6ul ¢ (puasTpoM-oBonoukoi). K nakomneu, HameTHJIoCh
nanpasjenne p MarotopJaeiul Tpyb ¢ QHALTPYIOLLHMH CTCH-
KaMu (nopuctble TpyOuI, TPYyOODHABLTPLI H T.M.), a TaKKe
pa3paloOTKH TaKoii HX KOHCTPYKUMH (no nepdopaunu), Ko-
Topast no3soanJa 66l YKAAAKY Apeilaxa B JIOOLIX TPYHTO-
BBIX ycloBHAX O¢3 GHALTPOR,

C npou3BOJICTBEHHON M 3KOHOMHUECKON TOMKH 3PCHUA
HACAJBHEIM ABJsAeTcA nocaeanuii cayyaii. Cpasy pewaiorcs
BONPOCH TCXHOJIOTHH H MCXaHH3allHH CTPOHTEILCTBA, cHAO-
eHus MaTepuagaaMu u ap. Onnaxko B o0mem cayuac, yuHThl-
Bast Bce MHorooOpazHe IPYHTOBBIX YCJAOBHI, B Takoit nocra-
HOBKE MOJHOCTLIO PELINThL 3TY 3a1a4y, BHAHMO, HEBOIMOMKHO.
BasaTth, K npumepy, martepuaint Aaa duastpos. Hanboaee
MOAXOASULHMH W3 HHX SABJAAIOTCSH MMeCcYaHO-TpaBHillibic CMEeCH.
B npunnnme 5o BeeX 6e3 HCKMOYCHHA FPYHTAX i IS M00HIX
Tpy6 (M0 KOHCTPYKUHH) MOMHO N0A0GPATH COCTAR (DPHABTPA
H3 NecuaHo-rpaBuilHO cMecH, NycTh Jaxe ABYX- HJIH Tpex-
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chaoitnplii. Oanako, Bo-nepBbIX, HEOOXOAUMB COOTBCTCTRYIO-
e pacuctbl, noidop KapnepoB, oTces (pakuHil H T. 0o,
Bo-sTopblx, AaJieKo He Ha Beex oObeKTax uMerTcsl OJH3KO
pacnoJoxkennblec Kapbepbl MOAXOASIWEro coctaBa, HeoOX0au-
Mbl 3HAUHTEIbHBLIE TPAHCNTOPTHLIE PACXO/LbI, HE PEelIeHH BO-
NpoOCckl Mexanuzauiuy VKJIaJAKH (PHJALTPOB, BEJIHKH TpyJo03a-
Tpatul. Bee 310 nNpHBOJAHT K TOMY, 4TO H3 NPHMCHSACMEIX B
HacTosnuee spems GHABTPOB Mecuyano-rpaBHHHBIE CMeCH ca-
mele aoporue. Onn namuoro (3—10 pa3) npeBbIAIOT CTOH-
MOCTL caMux aApenamuwx TpyO. I'lpakTinueckn B ryMuaHOf
zone CCCP necuano-rpapuiinpiec cMecn B KauecTse (puabTpos
MCJAHOPATHBHOrO JApCcHAaMa NPHMCHAIOTCST Kpaiine peiko.
Hanboapmee pacnpocTpaHeHHe IMO3ITOMY NOJYYHJAH CTPYK-
TYPHLIC PHABTPLI H3 BCEBO3MOMKILIX CCTCCTBEHHBIX H HCKYC-
CTBEHHBIX MATCPHAJOB.

Tenepn paceMoTpHM, HACKOJABKO peadnbHo co3aath (nojao-
Gpath) CTPYKTYPHBLIH GHALTP, NPHIOAELIIE BO BeeX Ge3 HCKJI0-
HeHHs TPYHTOBHIX VcaoBuaX. Boaemem cHauwajaa cpsi3Hble
rpyuThl. Kak nokKassBaoT pacueTsl 00 NPHBEJACHHLIM Bbille
GopmysaMm, npakTHYECKH ST BCEX CBA3HLIX TPYHTOB, BKJIO-
qas H NLVIEBATHIE MECKH ¢ cojepaannem vactHy o <0,05 mm
Gosee 20%, H3 YCJAOBHA HEAONYULEHHA OTPLIBA H OTCAaHBA-
HHSl arperatop pasMep nop o guiabTpe AoJ¥eH ObiTh He Do-
aee 0,6 MM, PHALTPLI ¢ TAKHMI pasmepamu nop (iLa v nep-
dopanmo B TpyGax) cosznath Hecaoxno., Hrto Kacaercs
HECBAZILIX IPYNTOB, TO, ¢ OO CTOPONIL, 31ecCh Mbl HMeeM
Maccy OUCHB MEJIKO3E€PHHCTLIX NMCCKOB, BKJAI0UaA H MJBIBYHE,
¢ Apyrod —Ha rayOHHe 3aKkJ/JajlKH JpCH, XOTA H peaKo, HO
BCTpCUYaloTes cpejiHe- H Kpynio3epHucThie neckHu. las Toro
YToOL (PUALTP 00CCNeMHBA HCNPOCHNACMOCTL YaCTHLL CKe-
JAeTa CaMoro MCMKO3CPHHCTOIO HECBA3HONO rpyHTa, pa3Mcp
ero nop, Kak NoKassLBaloT pacueTsl u armajMasl (cM. puc. 7),
noaxen Owth 1e Ooaee 0,15 mm. B 10 e Bpems,
qTOOL  (PHALTP 1Ie KoJibMaTHpoBaJica B Hauboaec Kpyn-
oM necke (cM. puc. 8 u tabsu. 6), MHIIMAJBILIIT pa3Mep ero
nop JaoJaxed Owith OGoaswe 03 myx (1,1-3-0,10=0,33).
Coszaarn taxoit GuALTP, ¥ KOTOPOro nopbl 6bl1H 651 0A110BpE-
mernHo <0,15 u >0,3 MM, HEBO3MOZKIO. 3HAYHT, TEOPETHYEC-
CKH MOYKHO cO3/4Th QHIALTP, VAOBJICTBOPAIOUHI TONbLKO Ka-
KOil-TO onpejleJIeHHOH 4acTi H3 BCeH raMMbl BCTpevaloluxea
rpynrton. HanGosee npuemMaeMBIMH H3 CYILECTBYIONHX H MPH-
MCIfIEMLIX B MCJHOPATHBIOI NMPAKTHEE ARIAIOTCA CTEKJOBO-
JOKHHCTEIE XOJICTLI Mapok BB fl!ﬂ.’i,{[}-‘[l“lt}r‘ﬂ HhiTH[‘HEE’IIIHH].
M3 noBbIx MarTepHajsoB 370 — NOJHITHJAEHX0JCT, paspado-
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Tanusiii MucTHTYTOM  MeEXannkH  MeTaJdJonoJHMepHBIX CH-
crem AH BCCP cousmectio ¢ asropamn jaannoil paoTl.
[Teperie HecaepoBalHA B CTPANE MO NPHMEHEHHIO CTEKI0XO0-
cros Tuna BB-I" u BB-T B kauecrse dpuaptpon apenaxa
peinoJauens Hamu eile B 1961 r. Haunnasa c 1964 r. 8 BCCP
CTCRJIOXOJICT HBJANCTCH HPHHTII‘[ECI{H C/JAHHCTBCHHBIM MaTe-
PHAJAOM, NPHMCHASMBIM JUIR 3ALMTH JAPEHAKA OT MCXaHHueC-
ckoro 3auaenus. [Nosxe on ctan ocHoBHbIM PuALTPOM ApeH
B [IpuGaartuiickux pecnybankax, na YKpanHe H B JPYyTrHx
sonax crpainl, Miorouncaennsie aabopaTopHsie H AJMHTEb-
HLIC NMOJICBLIC IKCNCPHUMCHTH H NPAKTHKa nokaswpalor [32,
33, 39, 27], uro crekaoxoqact s adcoJ0OTHOM (0JILUIHHCTBE
CAYUAECB ABJAACTCA BMOJAHE HAACKHBIM H JIOJrOBEYHBLIM (PHJIb-
TpOM,

Paamepnt (HABTPALHOHHBIX XOJAOB CTEKJIOBOJOKHHCTHIX
xoJicToB KojieGawores B npegenax 0,12—0,20 mm. Cnenoba-
TENbHO, N0 YCAOBHAM CBOA0OOPA30BAHHS OHH MOI'YT NpHMe-
HATbesl B rpyHTax, 60%-uulii gmaMerp yacTHul KOTOPBIX He
meree 0,066 mm, a no ycJoBHIO HEKOJBMATHPYEMOCTH —
B FPYHTax, MAKCUMAJBHBIH aHaMeTp cy(Pppo3HOHHBIX WwacTHI
KoTopux ie npesstinaet 0,06 mm. K neppuiM oTnoesTes ouens
MeJIKIe NBJeBATHE MECKH, KO BTOPBIM — KPYNHO3CpHUCTHIE
necku. JLas HECBA3HBIX IPYHTOR, MO MEXalHYECKOMY COCTaBY
JieKallHx B MPOMCHKYTKE MeMNJly YKaszauHeMH [peaeaami,
YCAOBHA ¢BOJL000PA30BAHHA H HEKOALMATHPYEMOCTH BHINOJ-
HAIOTCA ABTOMAaTHYECKH.

[Iposenennnblit Hamu anaaus (eMm. Tabu. 5, 6 u puc. 7, 8)
CBH/ETE/ILCTBYET O TOM, YTO M3 BCEil raMMbl HECBA3HbLIX TPYH-
TOB B benopyccun menkosepunctoix neckos (dsp<<0,066 mm)
nMeercs Medee 6%, a kpynnosepuncrnix (d7*>0,06 mm) —
ne Gosee 5,59 . Takum obpazoM, CTEKJOBOJOKHHCTBIE XOJ-
e¢Tbl ¢ pasmepamn auamerpos nop 0,12—0,20 MM npuroansl
B KauecTse (puAbTPOB MEJHOpPATHBHOrO jpeHaxka B 88—89%
HECBAI3HBIX FPYHTOB H [AJA BCEX CBA3HLIX rpyuros., Kak xe
OGLITh C 3AIHTON ApeHaxa B ocTaBIIHXCA caydanx? B ouenn
MEJIKO3EPHHCTBIX NecKax M MILIBYHAX AOMYCKAeTCH YKJ/aabl-
BaTh CIJIOWHON GHJIBLTP H3 cTeksgoXodcra B 2—3 cJos, a
CBEPXY, KaK yKassBaJIOCh BLILIE, NMPHCLINATE €ro cjaoem 4—
5 cm topdokpowkn. IMpucwnKy Tpauwieii npu stoM cJiaeayer
JeaaTh TPYHTOM H3 maxotHoro cjos (20—25 cM). B kpyn-
HO3EPHHCTBIX NeCKaX, BCTPevualolHXcAd HHorna Ha riaybGHHe
3aKMaJKH JpeH, NJacTMaccoBele W ronyapusie TpyGnl, ecJu
pasmepul nepopani # CTHKOBBIX 3330POB HE NPEBLILAIOT

64



1,50—2,0 MM, MOMHO ykJAaabiBaTh Ge3 HABLTPOB H MNpHCHI-
MaTe HX TyMycHuiM rpyHtoM (20—30 cm), Jlyuwe B KauecT-
BE NPHCHINKH HCMOJbL30BaTh TOPHOKPOIIKY, a NPH ee OTCyT-
CTBHH YKJIaAbBaTh Ha CThIKAX TOHYapHHX TpyO MOX, co-
JIOMY H T. I

B nocaennee BpeMs NOABHJANCH MHCHUA, CTABALLHE MOJK
COMHeHHe Le/iecooGpasHocTh HCNOMb30BAHNA CTEKJA0X0JACTOB
B KauecTBe (PHJALTPOB MeauopaTHBHoro apenamxa, [Tpu sToM
CChlMIKa aedaercia Ha 3anaflHoesponeHdckuii onwit, Ham ne-
H3BECTHBl paloThl, rae Onl NPHBOAHJHCE (PAKTHUECKHE AaH-
Hble, MOATBEPHAAIOIHE HENMPHEMIEMOCTh CTEKIOX0JICTOB B
KayecTBe (HJBTPOB B ONpPeAeNeHHBIX TPYHTOBHIX YCJIOBHAX.
JanaanoeBponefickuit e OnbLIT co CTEKJIOXOJCTAMH H ApY-
FHMH aHAJOTHYHLIMH MaTepHaNaMH, IO HalleMy MHEHHIO
(XOT# MBI H He 3HaeM HaydHBIX padoT No 3TOMY NOBOAY),
MOT OKa3aTeCH leyAayHBIM M0 cJleAyouum npuynnam. Hassa-
HHE €CTEKA0XO0JCT®, €«XJOPHH® M T. . TOBOPHT TOJBLKO O TOM,
H3 Kakoro marepuaJja ciedad (HALTP, H OUeHb MAaJoO 0O ero
CTPYKTYpe H (H3HKO-TeXHHYEeCKHX XapaktepucTHkax, Ha
CTEK/JIAHHEIX, XJOPHHOBBIX H JIPYTHX 3JeMENTapHLIX BOJOKOH
B 3aBHCHMOCTH OT HX JAHAMETPOBR, NJIOTHOCTH YIHAKOBKH M
npuMeHsieMoro cpfisyloulero (uam 0Ge3 Hero) MOXKHo cae-
AaTh (PHABTP ¢ OveHb DOABIIHM KOJHYECTBOM OUEHB METKHX
nop. Boaonpounuwaemocts takoro ¢puasTpa GviAET BLICOKOH,
JalNTHBie (OT NPOCLINAeMOCTH TFPYHTa) cBOICTBa BeaHKO-
Jenibie, Ho O Oyaer o4yeHb OLICTPO KOJLMATHPOBATLCH B
OOJIBIIHHCTBE HECBASHLIX rpyHTOB. BOoasmem Takoit npumep.
[Iyeth nHameTpnl (HABTPALHOHHBIX X0A0B Dy B CTEK/10X0J-
cre xoaebatores B npexeaax 0,08—0,12 um. Henpocuinae-
MOCTb YACTHIL CKGNETa rpyHTa Yepe3 Takoii CTeKJoXoacT
oGecrieueHa NMPakTHYECKH BO BceX TpyHTax. Buiuncaunm pas-
Mepol cy(HO3HOHHBIX YacTHI, KOTOpLie Gy ayT cBoGoaHo npo-
XxoAuTh uepes Takoil duanTp. ITo popmyane (43) u rada. 11
HMeeM:

D, 0,08

d;,= = = 0,0182 mm;
ci,l |.|ﬂ'* 1.1-4

]—ﬂllid — 0,0273 my,
T. €. cy(poznoHuble yacTuln pasmepom de;==0,03 MM e Gy-
AyT MPOXOAHTL 4ecpe3 (pUALTP H Hen3OerKHO ero 3aKo.gbMma-
THPYIOT.

Teneps mocMOTpHM, a Kako#l MPOLENT BEPOATHOCTH KOIb-
MaTtamkar? [lo Kpaiineii mepe aasa veaonnii besopyecnyu Taknx

de2 =

i, 3 3ak. G456 65



HECBA3HBIX TPYHTOB, Kak 3TO BH/JAHO H3 rpaduxa puc. §,
umeerca modtH 40%. 3uauut, ecan CTeKAOPUILTP HMeeT
0,08<D,=<<0,12 M, TO o1 ne 6yaer coorBercTBoBaTh Gogce
qeM /3 HecBASHBIX rpyHTOB. M3secTHrle HaM o6paslbl 3anai-
HOeBpoOMeHcKHX QUILTPOR H3 CTEKJ0X0ACTa HaMHOIO NJIOTHEE
(Menee mpoHuuaeMs aas cydbdosHonHbLIX HacTHL), 4eM oTe-
yectBennsle. B aToM, coberBenno, H 3aKJouaercs NpHUHHA
HeyJdayHoro (ecqJu OH AEHCTBHTEJALHO €CTh) ONLTA MpHME-
HeHHA OYeHb NIOTHLIX (PHALTPOB H3 CTCKJOBOJIOKHHCTLIX Ma-
tepuanos B 3anaanoii Espone. Ciieiyer OTMETHTL, UTO H ¥
Y HAc B mocjie/Hee BPEMA CTANH MOABJAATLCH TNPeAJOHKeHH:
MO NPHMEHEHHIO HOBBIX (DHALTPOB C OMCHb MENKoil NOpHCTO-
CThiO (XJOPHH M Ap.).

Crexaoxonctst mapok BB-T', BB-T u ap. se asaswotcs
MaTCPHAJIOM, NOJHOCTEIO COOTBETCTBYIOULIHM MelHOpaTHBHO-
My cTponTeabeTBY. OCHOBHOM HX HELOCTATOK — MaJsias mpou-
HOCTb Ha Pa3phbiB, YTO HE NO3BOJAET MCXaHH3IHPOBATL MpPoO-
uecc ykanaak guastpor. Kpome Toro, pasmepsl BHNyCKaeMBIX
CTEKJOXO0JACTOB (MO IMHPHIE) HAMHOrO [peBbllualoT Tpedye-
Mbl€, MaTepHaJ He BCErja 0jJHOPOAEH — BCTPEYalOTCs BKpal-
JAeHna cTekaa (KOPOJABKH), HHOTJAA OTACAbHLE KPYNHLIC
nopsl, OGpalileniie co CTEKAOXOACTOM Tpebyer onpejleenibix
mep npegoctopoxuoct. PabGouux Heob6xoanmo obecneymn-
BaTh OYKaMH, NepyaTKamMH, MapJeBLIMH MOBA3KAMH. XOJACTLI
J0 VKJaJKH B PYHT cJeAyeT NpeAoXpaHATh OT HAMOKaHHA,
TAK KAK OHM TepAIOT NpH 3TOM npoyHocTs, [TpenMyulecTsa
CTEKJIOXOJCTOB COCTOAT B XOPOWHX 3allHTHBIX (OT 3aJe-
HHA) CcBOHCTBAX, TpAaHCNOPTABEILHOCTH, JICIEBHINE,

[TosiBHBILIHECA HEAABHO NOJHITHIACHXOJCTEL HMEIOT Npak-
THYECKH OJHHAKOBYIO CO CTEKJOXOJICTAMH (HABLTPALLHOHHVIO
CMOCcOOHOCTL, pa3Mephl NMOpP KoAeOAI0TCH B TaKHX 2Ke npeje-
aax. Onnramn B. A. Boponuosa ycraHoBJeHa uX BLICOKas
3alnTHas cnocoBHOCTB, NPH 3TOM NPaKTHYECKH OHH JIHIIe-
Hbl BCEX MepedyHC/IeHHbIX BLIIe HeA0CTATKOB CTeKI0X0JCTOB.
[TpounHOCTb NOAHITHIAEHXOJACTOB Ha Pa3puiB B 5—7 pa3 BLilleE,
4EM CTEKJOXOJCTOB, YTO MO3BOJIAET MEXallH3HPOBATh HX
vKaaaky. Omn aﬁcm}m-r:m OesonacHsl B oOpalllenty, He pas-
MOKAIOT, MOPO30CTOHKH, 3JaCTHUNBL, OAHOPOJAHBI MO COCTABY.
[lo nawemy MHEeHHIO, CO BpeMeNeM NOJHITHISCHXOACTH A0J-
AMHbl CTATb OCHOBHLIM MaTepHaJoM a8 (PHALTPOBE MeaHopa-
THBIOTO JApeHax<a, TeMm Gojee A48 NJacTMACCOBBIX TpYvo.
Jdeno B ToMm, 4TO yiKe padpaGoTaHa TEXHOJIOTHA HaAHECEHHSA
[19-xoqcToR Ha TPYOLI B 3aBOJICKHX YCJAOBHAX OJIHOBPEMEHHO
¢ ux sxerpysuell. [Tpumenenne Tpys ¢ puabTpoM-060a04KOI
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n3 [19-XojcTa MO3BOAHT MOJHOCTBI MEXaHH3HPOBATH MpPO-
necchl CTPOHTENLCTBA JApeHaa, BHEApPATL HauboJee npo-
rpeccHBHbIA GecTpaHWelnblil cnocoo.

Tabauya 12

Martepuanast H ONTHMAAbHBE CNOCOOB! 3AWMTH TOPHIOHTAABHOIO
TpyGYyaroro ApeHaxa OT MEXAHHYECHKOTO 3AHACHHA B PAINHYHBIX NO

COCTABY TPYHTAX

XapakTepueTHRA

PexoMOHAYEMEE MATCMIONN rllil JALTROB

TRYHTA H cnocoli HX YKAAAKH
CannbL, rasense | CTeKA0X0/CT CHAOLINLIM CA0EM BOKPYT TPYyo
cyranHkd i Tske- | CTeKA0XoAcT CNJIOWHBIM  CJI0EM  CBEpXY Tpyl

ALle cynecH

Cynec H nNuJaepa-
THIE CYIVIHHKH

MeakoszepuucTaie o
MEJIEBATEIE  TTECKH
IlaeieyHe:

Cpeaxe- u Kpymuo-
SCPHHCTHE NECKH

Topd  wusuHHBL
nacTnetid (v, 0,09

r/em®, R=35%)

Topdh HH3HHHLIA Ma-

(Ha %/, nepumerpa) npu paauegax BOJON PHEMIILIX
OTBEPCTHH B TpyOax He Ooaece MM
Ilecuano-rpasuiinas cvechk caoem = 10 cm, mo-
Jo(paHnan H3 yCJIOBHA HenpockimaeMocTH duasTpa
UE€pes BOAOMPHEMHBLIE OTBERCTHA B TpyGax
Bo meex cnyuaAx npHceinka ¢mabTpa rpynToM Ha
NnaxoerHoro caod Ha selcory 20—30 cMm
CTeKA0X0NCT CIJOLWHLIM CAOEM BOKPYr Tpyo
CrexnoxocT CNJOWHEM CJ0eM BOKpyr Tpyh |
Topdo-Kpolka cihoeM 4—D5 cM cpepxy
INecwano-rpasnitipie cxecu chaoem > 10 oM, no-
JoGpaHHbie B2 YCJAOBHA HenpocunaeMocTd QuabT-
pa B TpyGnhl
CTeKA0X0ACT CIAOMINLIM CR0EM BOKPYT TPYG
CrexaoXoncT CIJIOWHHEM CcloeM BOKPYT TpPYG H
Toppok poluKa caoem 4—5 oM cpepxy

0 BCEX CAYYAAX [NPHCHIIKA TPYHTOM H3 NaXOTHO-
ro cioa na BeICOTY 15—25 ¢m o HemeanenHan sa-
Culllka TpaHwed Ha BCl raydnny
Creknoxoner B 2—3 caos pokpyr TpyS, NpHewn-
Ka cdoem 4—5 oM TophokpolIKE H FYMYCHBIM
IPYHTOM H3 NaXOTHOrO cios Ha BuicotTy 20—30 oM.
Hewmeanennaa 3ackinka TpaHileil Ha BCO rayGHHY.
CTeKNOX0ACT CNAOUIKKM cAceM (¢ MpoBepKoi yc-
Jnosuil HeKoALMaTH pyeMocTi cythpo3MONHEIMK Yac-
THUAMH)
Des ¢mabrpos NPH pasMepax BOJONPHEMHEX OT-
BepeTHii < 1,5 MM H Ha/UMK B TpyHTE MacTHU
1,0 MM He mcHee 4004,
CTeknoXoCcT ClIowWHLIM cacem ceepxy (Ha */4 ne-
puMeTpa) Tpy0, NpPHCHNKA cyXHM TopdoM U3 Bepx-
HEro cJof MOYUBLI, HEMEAJEeHHAf 2acLiNKa Tpanie
Ha ncio ray6uny

CTeRADXONCT CNAOLUNEIM CADEM, NPHCHNKA cJabo-

Aol NACTHOCTH : :
: pasiodHBIIHMCH  cyxuM Tophom (R<Z15%) caocewm
il 4 )
(Ver<.0,08 rfem?, 10—15 cM, Hememaennasm 3achiNka Tpavlied Ha
R>35%) BCIo rayGuuy
a3 G7



B ta6a. 12 npuse/ieHsl peKoMeHAyeMble MaTepHaJbl B Ka-
qecTBe (PHALTPOB JIpeH W HauboJee npHemjemsie crnocolsl
HX VKJaAKH.

OCYLWWMHTENLHOE AEWUCTBUE APEHAMA

BNIUAHHUE DdUNLTPOB HA OCYLUMTENBHOE AEACTBME APEHAMA

CloXujaocs Tak, 4TO IIPH HCCAEA0BAHHAX, MPOEKTHPO-
BAHHH H CTPOHTEILCTBE IOPH3OHTaJbLHOrO TpybuaToro npe-
Ha:Ka BOMPOCHl 3aUHTLI €ro OT 3aHJeHHS H OCYWHTENbHOro
aeficTBHA pewlanuchk pasgenbHo. OAHH HeCaeA0BATEH TNPH
pelleHHH HayyHbiX il MPAKTHYECKHX acNeKTOB 3allHTHI /peHa-
#a UTHOPHPOBAJIH BOTIPOCH OCYLWIHTEJIBHOTO €ro AeHCTBUA,
Ipyrue npn paspaborke MeToA0B (PHJABLTPAIHOHHBIX pacue-
TOB, T. €. YCTAHOBJEHHH OCYWIHTENLHOTO JeHCTBHA JIpeHaxa,
He oOpalaJH BHHMAHHA Ha HAJHYHE HJH OTCYTCTBHE 3aLILHT-
HBIX (PHABTPOB, HX CBOHCTBA M BAHsiHHe Ha cTOK. Bee 3710
YacTO NPHBOAHJIO K HEBEPHBLIM PEKOMeHJaluAM, HeSKOHOMHY-
HBIM pelIeHHAM H KO MHOTHM JPYTHM OTpPHUaTeIbHBIM [0~
caeactsuaM. JloctatounHo ckasaTh, MTO OJAHO BpeMst Mpeasa-
rajoch roHuapubie TpyOnl YkaaansaTh Oe3 duabrpa, HO Kak
MOJKHO ITOoTHee (c 3asopom okotao 0,1 MM, Aast 4ero pexo-
MeHjoBajoch oO0TauHBaTh TOpubl TPYOOK Ha chneuHabHBIX
Haxaauuelx crankax). Ilpeasarajoch Takxke ycTpausarTb
hUALTPL U3 MEHee NPOHHILAEMOro MaTepHaJa, yeM ApeHipye-
Mblii FPYHT, HaNpPHMEpP, B MCCYAHOM TPYHTE yCTpaWBaTh Kpy-
ropoil ¢uALTp H3 nepemAToro H yrpamGoBaHHOro TOpha
nT. n. [IpH BEINONHEHHH YKa3aHHLIX peKOMeHLauuil TpyOwl
JeHCTBHTEJNLHO HE 3aHAAJIHCh, HO H JIpeHa:X HOpMaJbHO
(PVHKLLHOHHPOBATEL HE MOT, OCVILIHTENBHOE AelicTBHE ero Oblao
O4YeHb HH3KHM.

KoMnaexenslit noaxoA, ocHOBaNHLIH Ha B3aHMOCBA3H 3a-
IWHTHBIX MEpPOoNnpHATHH ¢ MPHTOYHOCTBID BOALI K /lpeHaMm n
X OCYIIHTeNBHBIM 3((heKToM, HaMeTH/IcA TOJAbKO B Hauyaje
60-x roaoe. TeopeTHueckKue uccae0BaHHs H MHOI'OUHCJIEHHbIE
IKCIIEPHMEHTHI NMoKasaau, uto oba pemieHus TecHo cBA3anbl,
H Jla)Ke B Tex CJAy4adx, Korga no rpyHTOBBIM YCJIOBHAM H
KOHCTPYKTHBHBIM napamMerpam TpyO ApPCHAX MOXKHO YKJa-
AuBaTh Ge3 GuiAbTpOB, JenaTs sToro He caeayer. H sort no-
yemy. Ecan, K npumepy, ApeHa 3 roHuaphbix Tpyb yjoxen
Oes EI]HJIpra, TO TPYHTOBBI NOTOK NMPH NojAxXoje K IIeIsM
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Pue. 13, CxeMul NPHTOKA ROAL K APeHAM H 3NOPLI FPAAHEHTOB:

BEEPXY — K TPy6e © TPeMA pagosMil opodlofsislx wenefl, anday — ¢ nonepedisMH
CTRKORE M Adopamu (mennMn): @ — Gea puaetpa, 6§ — ¢ dwasTpoMm; J — TpyGa;
2 — dhranrp.

CHJABHO CIKHMaAETCA, NPUTOM B JIBYX HanpasiaeHuax. C oaHo#
CTOPOHB, HJACT CAHATHE B MAOCKOCTH NEPHEHAHKYJISAPHON OCH
Apennt (eM, pHe. 3), ¢ ApYyroH — B/0JL OCH, TaK KakK UleJH
pacnoamKeds dyepes 0,33 M, a crenkn e guanTpyior. Beaea-
CTBHE 3TOI0 B OKOJIOJpeHHOH o0JacTH co3zjaeTcs MOoTeHIH-
A/JBHOE TEYEHHE ¢ OYeHb DoabWHMY rpaguenTamu. IIpuToM
OCHOBHAfA J0Js1 NOJIe3Horo Hamopa TepseTcs OKoJAo liejel
(no nexkoropsim fauusim jgo 509% wma paccrosiuuu 2,5 M ot
uean ). Bee 3TO NpUBOAKT K TOMY, UTO NPHTOK BOAK K JpeHe
(ce Bopo3axpaTHass cnoco0HOCTB) OUYEHb HE3HAYHTEJIBLHBIN.

EcJan Bokpyr roHuaproi ApeHbl YI0MHTL NMPaBHIAbHO TO-
nobpaunbtit QUALTP (Ry > Rrp), TO CTPYKTYPa TPYHTOBOIrO NO-
TOKa cyuiectsernno uiMenntca (pHc. 3 u 13). Cxkarue 6yner
HATH NPEHMYULECTBEHHO B NMEPNCHAHKYJIAPHOH K OCH JPEHbl
MJAOCKOCTH, a BJIOJIb OCH H 0cOOCHHO B Mpejedax QuiabTpa
noTepy Hanopa GyAyT nesnauHTeabHsl. MensiorTes u 3Mops
rpajlMCHTOB HAMOpPa NpH NOAXoAe K WeanaM. Bee 3To npHeo-
OUT K TOMY, YTO NPHTOK BOJABI K JApPCHE HAMHOTO YBEJHYHTCH.
Ana/oriyHas KapTHHa HMCET MeCcTO H B clyuae MIacTMacco-
Boro apexaxa. Ilpu nojaxoae K nepdopallHOHHEM OTBEDCTH-
AM, ecqd HeT (PHABTPA, cKAaTHE HAET B JBYX NJIOCKOCTAX, NMPH
Haaduun GUABLTpa — npeuMyllecTBenHo B ojHofl, Caeayer
TAKHKE HMETh B BIJY, UTO (PHABTP Kak Obl YBeJIHUHBaeT JeH-

3 3ax. G435 (311



CTBYIOUIHI AHAMETP APeHbl. JKCNepHMeHTOon (N0JACBBIX | Ja-
GOpPAaTOPHBIX), NOJHOCTHIO MOATBEPIKAAIOWHX YKa3aHHbe
BelE noJoXeHus, 6ojee uem jaocratouno [32, 35, 49]. Pac-
CMOTPHM OCHOBHBle (PaKTOPHI, BJAHAIOLLIHE I1d BEAHUHHY H3Me-
HEeHHS BOA03aXBaTHON cnocoOHOCTH APEHaxa NPH HAJAHYHH
¢uALTPOB H OE3 HHX.

I. Koxerpykrushole napamerpol openaxcnoix Tpyd (pas-
Mepbl, pacnojioxeHHe H KOJHYECTBO BOJONPHEMHLIX OTBEp-
cTHii). Yem Jayulle KOHCTPYKLUHA ApeHaxHOl TpyObl, T. €. ueM
GoJgblue pasMepsl BOAONPHEMHBIX OTBEPCTHH H ueM paBHO-
Mepliee U vallle OHH pacnoJioikelul, Tem Gojblie MPHTOK BO-
ABL K ApeHe NpH OTCYTCTBHH (UJABLTPA H MCUBIIE OTHOCH-
TEJbHOE YBeJHUYEHHE NPHTOKA NPH ero HaJHuyHH ([IPH Npounix
PaBHBIX YCAOBHSX).

CaMbpiM HecoBeplUeHHBIM MO CTenedH BCKPLITHA MOBEpX-
HOCTH TpyD sABJjfeTcsi roHvapusiil apenax. Boaonpuemubie
e H HMEIOT Ha NpakTHKe IWHPHHY B cpeatem |—3 mM, pac-
MOJIOMeHbl OHH vepe3 33 cM Mo AJuHe, oblas maouals HX
Ha | mor. M Apensl Kogaebaerca B npeaenax 3—6 cm? Bes
(HALTPOB BoOAO3aXBaTHas cnocobHOCTL TFOHYUAPHOrO ApeHa-
AKa Majaas; oHa 3aKOHOMEpHO BO3pacTaeT ¢ yBeJdH4YeHHeM
IUHPHHB! CTHIKOBLIX 3a30poB. [Iposenennbie namn [32] sxcne-
PHMEHTHl MOKA34JH, 4TO C YBEJHYEHHCM 3A30POB MEHAy
TpyGamu Dpp=250 mm ¢ 0,25 a0 3,0 MM apenaxubiii CTOK
yeesnundca na 90%. B To ke BpeMs yKJaiKa BOKpPYr rol-
JapHBIX TPYO npH 3a30pax Mexay HHMH | —2 MM npaBHAbHO
noaobpavHoro (HALTPAa YBEJHYHBACT CTOK W3 JipeH B 2—
3 paza u GoJee.

B naacrmaccoBoM apeHaxe nJomanb nepdopaiud Ha
| nor. m Tpy6sl Koaebaercs B npegenax 10—20 cm? Orsep-
CTHS PacrooxeHbl OTHOCHTELHO PABHOMEPHO N0 MOBEPXHO-
ctH TpyO. [TosToMy NpHTOK BOAB K MJacTMacCOBOMY JipeHa-

. Ky 06e3 ¢uabtpa Goablle,

a = HEM K FOHYapHOMY, a BAHA-
12 — HHE NpaBHALHO NOA0OpaH-
° o il HOTO (pUJIBTPA CKA3bIBAET-
- E .-""{J ¢sl B MeHbluel crenedu. Tak,
L

4 / Puc. 14. 3apucHmocTh Apenax-
HOTO CcTOKa OT naouand Bxoj-
HEX OTEEPCTHI NOAHITHIASHOBOH

0 apens D =40 mum:
8 16 ﬂfﬂu‘l‘ﬁ"ﬂﬁh‘l‘ g = (puabTp H3 crTexroxoacra; 6 —

& Ges duasTpa.
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Puc. 15. 3asucumoct,, apenaxuoro 4
CTOKd (4Cpes O CTLKOBOR 3a30p)

OT Hamopa: &a
[ — uasTh H3 CTEKADXONCTA 'I:-l.'-.‘1llu__1llfrﬁ
| mm: 2 — I:LIII.-!II-TH Wi NECTaHOD-IHABAHIOH

cMecH Toamnnedt 25 mm; §— Gea uasTa.

04

npH naowmain neppopaunn f=
=4 cm?fnor. m (puc. 14) ysean-
yeHHe NpHTOKa BOAb K apeHe @ 0 P 0T
noj pananHem GHALTPA COCTABH- g 7+ M
a0 909%, npn F=12 cv¥nor. m — 36% u F=28 cMm*/nor. M
Toabko 12% . OdsacHsaeTes 3TO TEM, 4YTO yeMm OoJblle MAo-
11ajlb BOACINPHEMHON NOBEPXHOCTH B Tpydax, TéM MEHbIIE
BXOJHLIC CONPOTHRJICHNUA NIPH OTCYTCTBHH (PHJALTPA, H OH YiKe
HE MOJKET CYLIECTBEHHO HX YMEHBLUHThL H CHAbHO NOBJHATH
Ha YBEJHUEHHE CTOKA.

2. CootHotlenue sodonporutiaemocTu ¢huieTpa u dpe-
nHupyemoezo epyara. Yem Goablue pasidila Mexay BOJIOMNpO-
HHILACMOCTBLIO UALTPA U APECHUPYEMOr0o IpyHTa, TeMm GoJbllue
BJHAHHE €ro Ha H3MCHEHHE OCYLWHTeNbHOro A€HCTBHA Jpe-
Haxa. [Ipn aTOM HYHO HMETH B BHAY, YTO H3MEHEHHS MOTYT
OBITh KAK NOJOXMHTENBHEIMH, TAK H OTPHUATEIBHEIMH, Ecan
kgy<Rrp, TO Apenaxubliii CTOK YMEHbIAETCA 110 CPABHENHIO C
TCM, KOTOPHI GuJ1 GBI B c/yyae YKJAalKH JpeHaxka 0e3 QHib-
Tpa. 1 HaoGopor, yem OoJibllle B H3RECTHHIX npejgeaax OTHO-
mepHe kb, Tem Godblue yBeaHunBaerca crok. [Ipueesennbe

krp
B Tabu. 13 1 Ha pHc. 15 pe3yabTATH OMNBITOB B FPYHTOBLIX

JOTKAX ¢ acTMaccOBLIMH H rOHYapHbBIMH Tp},’ﬁEMH NoOKAa3Bl-

Tabauya I3
Bananuwe dwasTpor HA ApPeHaAMHBLIE CTOK
Hpenakibifl cTOK
'F‘:I.- Ton muwma S Q
Marepuan §iabT pa 2 dasTpa _a'_
rp Ua MM Ge3 PHMb-| € AHALT- ,
P2 Qg pom @,
Crekaoxoact BB-I 5.3 1.0 48 65, 1,35
CrexJonaTta 5,2 12 18 65,1 1,35
CreraoTiaHb
C/CCT 1,3 0.8 48 49.5 1,03
CrexaoTkaus 3-0,08 (1,32 0.5 48 17 .8 (0,37

3 7l



BAlOT, CKOJMIb CYIUICCTBCIHHO MOMET YBCJAHYHTBCH HJAH YMCHB-

IUHTBCHA ﬂpEl[E}HﬂbIﬁ CTOK B 34aBHCHMOCTH OT COOTHOlLLE-
k

HuA—"

k{'p

[Ipu k4> krp cToK BO3pactan B 1,3—2 pas, a npu kp=<
<" Rrp — yMeHblwaaca noutu B 3 pasa. Ilostomy, nonbupas
(HALTPH, CASAVET YVUHTHIBATL, UTO HX BOAOMPOHHLAECMOCTH
poaxHa ObiTh HaMHoro (B 5—10 pa3) Goablue BOAONPOHH-
aeMOCTH OCYLLAeMOro rpyHTa,

3. Toauwjuna ¢uasvtpa. Kak noxkaspiBaioT MHOTOMHCJIEH-
Hble SKCMEePHMEHTH B PYHTOBBIX JIOTKaX u nojaessle HadJi0-
JeHus, ToaluHa GuAbTPa, ecan ero BOJAONPOHHUAEMOCTb
HAMHOTO TMPeBHILUAET BOAONPOHHUAEMOCTh JAPCHHPYEMOro
FPYHTA, OKa3bIBACT BECbMA HE3HAYWTEJbHOC BJIHAHHE Ha W3-
MeHEeHHe BOJ03axBaTHOIl crocobHocTn apenaxa. OO6bicHa-
eTcsl 3TO TeM, UTO TO KOJHYECTBO BO/AbI, KOTOPOE NOCTYNaeT K
¢uALTPY, OH cnocoden NMPoNyCcTHTh AaKe npu ouelb MaJoi
TOJLLHHE, NOCKOJIBKY CKOPOCTH PUALTPaIlH B HEM NpPH OJIH-
HAKOBHIX € TPYHTOM TpajHeHTAX Hamuoro Boile. Tak,
CTEKJOXOJCT H CTEKJOBaTa HMEIOT MpPHMepHO OJHHAKOBYIO
BOJONPOHHUAEMOCTh. ToJHHa cTeKaoxoacta | MM, cTeko-
BATHl B YNJAOTHeHHOM cocTofaHHH 12 MM, Ho Kak BuaHO H3
ra6a. 13, o6a ¢uaAbTpa OKa3ann OAHH H TOT e 3pPeKT na
yBeJIHYeHHe TIPHTOKA BOALI K apenc. [IposejaeHnsie sKcnepH-
MeHTB! (pHc. 15) CBHAETEJILCTBYIOT O TOM, YTO CTEKJOXOJICT
(6=1 mm) okazaa game Goaswnuit spdexr, yvem necuano-
rpaBuiiHan cMeck (6=25 mM). [Ipasaa, BogonpoHHLAEMOCTD
cTeKJoxoacTa GbiJia HAMHOTO BbIILIE, YEM CMECH.

4. Cxemot ykaadsu puasrpa. Boiie paccMoTpeHs! cay-
Yyau, Koraa GuALTp ykJjaajabiBajacsl BOKPYr TpyO CIIOLIHBIM
C/I0eM, HO Ha TPAaKTHKe MPHMCHAIOT passHuible cxeMbl. [oH-
yapHele TPYOBl 4acTo YKJAAABBAOT ¢ QHABTPOM TONBLKO Ha
CThIKax B BHAE MOJOC CTPYKTYpHOro MartepHana (cTeKJo-
X0JicT M Ap.) HeGoaAbWONH WIHPHHB, HHOrAA QHABTP YKJa/lbl-
BAETCA TOJbKO cBepxy u T. /. EcTecTsenno, 4To Ha yBeaHue-
HHE BOJAO3aXBATHON CNOCOGHOCTH ApeHaXKa BJAHAHHE (HJb-
TPOB, YJOKEHHBLIX 10 VKA3aHHBIM cXemaM, OyJeT MelblliHM,
4eM MpPH CNJAOWHOM KpyroBoMm duastpe. Ha pue. 16 npusee-
Hbl pPEe3YJAbTATHl OMBLITOB B IPYHTOBOM JIOTKE 10 H3Y4YEHHIO
BAHAHHA WHPHHE NOJOCH (GuabTpa [, yKIaaHBaeMoro BOKpyr
nomnepeuHoil WIeJH, Ha H3MEHeHHE CTOKA H3 ApPEeHbl. YCTaHOB-
JEHO, YTO C YBEJAHUCHHCM WIHPHHLI MOJOCH! NPHTOYHOCTL BOAL
3aKoHoMepHo BoapacTacT. HanGodee uHTeHCHBIOE HapacTa-
HHE TMPOHCXOJHT MMPH YBCJAHUEHHH ¢¢ /A0 pasMepos, paBHbIX

72



Pue. 16, Bausoue mmpnie 3auinT-

HOFL A0N0CH CTEKAOXOACTA Ha npH-

TOK oAbl Kk gpene. (Tpyow [1BIT,

D=A40 mm, panua nonepesnol uean

50, wupuma | mm: nanuLaih
1.8 cvinor, u.)

|

/ {iema onsima

a

8

&

s,
2 L
)

NOJIOBHHE  PACCTOAHMA Mew-
AV~ NONEPCYHLIMI  LHEJAMI 8 5 2 Lew
(cThKaMH).

Hrak, samuthpie $uabTphl HE TOABKO TPCLOXPaHior
APCHAZK OT MEeXaHHYCCKOTO 3aHJICHHA, HO H CVLIeCTBeNlo
(B 2—3 paza u Goacc) yBEJAHUHBAIOT Cro BOAO3AXBATHYIO
cnOcoOHOCTh, YTO NO3BOASICT HAMHOTO YJIVHIINTE OCYIIHTENb-
Hoe 1CHCTBHE MEANOP ATHBIBLIX CHCTCM I VBOJINUYHTE paccTos-
HHS MO APCHANKH BLIMI Annnami. TlosTony B abcomiornom
GOJBIIHHCTBE CAYYACH (pHABTP neoGxoanmul.  [lanbonee
OpHeMJIeMOIl cXeMoill VEAaakH $HALBTPOB ABJAACTCA CHAOLI-
nast. Bananue duavtpa na cTok 3aBiciT OT KOHCTPY KTHBILIX
napaMeTpOB caMHX APCHAMKHBIX TPYD, CXCMbl VEAALKH (PHb-
Tpa, ero ToAWHNN H BojonpouulacmocTi. Hanboaee cyue-
CTBEHITLIM ['I'JHHTD[J{}M BJAHANIHA lla NPHTOYHOCTL BOJALI K Jpe-
HAM ABJACTCH COOTHOWEHHE BOJAONPOHHUACMOCTH (UABTPA
il OCVIIaCcMOro rpyura.

PACYET MEHKAPEHHBIX PACCTOARHWMIA

B meamopaTtugnoil npakTHke B HaCTORUIES BPEMHA HAaXO-
AAT NDHMEHEHHE CaMBIe DPasHOOOpAa3Hble JIPeHaMHBIC TPY-
ObI: KepaMHYyecKHe PA3IHYHLIN AJHI M IHAMETPOB C He-
(PHALTPYIOULHMH CTel AMH, INTACTMACCOBLIE Il acBecTOleMeHT-
Hble CO lleJes0l MAH Kpyroeoll nepdopauuneil, niaeHouHble
¢ PAa3JIHYHLIMH 3aMKOBHMH COUICHEHHAMH, TPYOodHALTPH ¢
NOPHCTLIMHE cTeHKamMu. Jlpenax, kak npasuno, 6e3 sautnr-
HBIX OT 3aHJieHHA QUJILTPOB HE YKJAAALIBAETCH, 34 HCKIDYe-
HHeM TPYSODHALTPOB.

JIns saluThl ApeHaxHbix TPyO OT MeXxaHHUeCcKoro 3a-
HJTeHHsT HCMOAB3VIOTCS QUALTPpYIoULHE 0OGO0N0UKH H3 pasJiHi-
HLIX MaTepHaloB (MOX, mecqyano-rpasiiiHLIC CcMecH, CTeKJo-
XOJCTHI, CTEKJOBORAOK It T. 11.), CYUIECTBEHHD OTAHYAKULHXCS
no soaonponnuaemocTi. Toainda ¢QUHABTPOB Kogelierca
(ot | mm a0 20 cu). B uckoTopux cayuasx Apclaxiue Tpy-
OBl JOoNycKaeTcs yKJAa1WMBaTh Ge3 3auluTiIbX PUABTPOB.
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A6coaioTHOC GONBUINHCTBO MPHMEHAEMBIX B HacTosllee
BpeMsi JIPEHaMHBIX TPyO uMeeT HePHJLTPYIOUHE CTCHKH, a
rPYHTOBAf BOJA NOCTYNAeT BHYTPL HX ucpe3 CTbIKOBbLiE 3a-
sopbl HAH nepdopannonnuie orseperTHa. Takne TpyOul Ha3bl-
BAKOT «HECOBCPIICHHBIMH 110 XapaKTCpy BCKPLITHA MJaacTas,
[Mox 3THM TepMHHOM NOHHMAIOT (GOPMY H CTenelb BCKPBITHA
NOBEPXHOCTH ApeHaxkHoi TpyObul. Crenens HecoBeplleHCTBa
KOHCTPYKIHH JApeHaxHOH TpyDbl onpeaensierT BeJHYHHY J0-
GaBOUHBLIX COMPOTHBJAEHHI, BHI3BAHHLIX CryLIEHHEM JHHHHA
TOKOB Y BOJOTNPHEMHBLIX OTBEPCTHH, MOBLIIICHHEM CKOPOCTH
buabTPaUHH H BO3pacTaHneM rpaaneHTos AasaeHuil. Kax
cJeicTBHE, BoAo3axBaTHad (BojonpHeMHas) cnocoOHOCTDL
HecOBepLIEHHON N0 XapaKTepy BCKPbITHA MJacra ApeHbl Ha-
MHOTO MEHbLUE, YeM €HAeaNbHON» — TMOJOCTH B FPYHTE.

C apyroit cTopoHbl, yKJAadKa BOKPYr JApeHaKHLIX TpyO
xopowo GUALTPYIOIWHX o0oJo4YeK CYLIECTBEHHo ocaabasier
BJAHSHHE HCCOBEPIIEHCTREA KOHCTPYKIHH TPyOhl Ha ee BOJO-
3axBaTHY cnocobHocTb. PHALTPH HE TOJLKO MNpeaoxpa-
HAIOT TPYGLl OT MEXaHHYECKOTrO 3aHJEHHA, HO H 3HAYHTEALHO
YBEJIHYHBAIOT MPHTOK BOJALI B APEHbl BCJACACTBHE YJIYYIIEHHS
YCJIOBHIT NOJAX0Ja FPYHTOBOro NMOTOKa K BOAONMPHEMHBIM OT-
BEPCTHAM, OKa3uBaloT GoJblIoe BJAHAHHE Ha HX OCYUIHTE]b-
Hblft 3(deKT H, cleloBaTeNbHO, HA PacYeTHLIE PACCTOSAHHA
MEXIY JAPeHaX HBIMH JHHHAMH.

Mexay TeM npuMeHsCMbie B HACTOSLEE BpPeMsl METOJAb
pacueta pacCTOAHHA Mexay JApPeHaMULIMH JHHHAMH HE YuH-
THIBAIOT BJHAHMA YKas3aHHBLIX BbllIe (akTopoB B HX COBO-
kynaoctH. CoBceM HeoGOCHOBAHHO MPH BbIBOAE PacCUCTHLIX
dopmysl GOJBIIHHCTBO ABTOPOB AONYCKAaIOT, 4YTO JIPEHAa K-
Haf TpyOGa ABAAETCH MAeaNbHOH, HJAH COBEPUICHHON, TOuHee,
MoJsIOCTBIO B FPYHTE, MPpHHHMAalOLLEeH BOAY BCeH cBoel nmoBepx-
HocThio. [IpH 3TOM pekoMeHAyIOT NPH HaJAH4YHH (HABTPOB
AHaMeTpul TpyO B pacueTHHX QopMyJaax NPHHHMATL PaBHEI-
MH auamerpy ¢uabTpa, a 6e3 Hero — AHaMmeTpy Apenbl. O6e
PEKOMEH/JAlHH HeJb3% CUHTATh NpaBHJAbHBIMH, Besakuil
buABTp OKasbiBaeT CONPOTHBJAEHHE JABHKeHHo BoAbl. Ecamu
K€ OH OTCYTCTBYET, AOMOJNHHTEAbLHLIE CONPOTHBJACHHA Obl-
BAIOT JAOBOJBLHO GONBIIHMH H HX HTHOPHPOBAHHE MOXKET MPH-
BECTH K CyUIecTBeHHbIM olHOKaM. kK3asecTHhie peweHus
[56, 67] ¢ yueToM HecOBEpIIEHCTBA KOHCTPYKUHH Tpyl HrHo-
pHpPYIOT BAHAHHEe (GuabTpa. [lepsuie naww [31, 35] pemenusn
Mo y4eTy BJAHAHHA KOHCTPYKIHI TPYO u (HJABTPOB TaKHKe
HeJb3A CYUHTATH COREpPIICHHBIMH. BBe/leHuble naMu B pacuer-
Hble GOPMYALl BeJHYHHBI KO3 PHUHEHTOR BAHAHHA (PHALT-
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POB, NOJYUCHHBLIE IKCHCPUMCHTATBHEIM NYTEM, CTPOro roso-
psA, AeHCTBHTEAbIH TOJAbKO /IS YCJAOBHH NPOBENEHHBIX OIbl-
TOB I HC MOTYT OLITh pacnpocTpalcHsl Ha Bece MHOTooOpasue
NPaKTHUECKHX PacueTOoB,

[IpuToK BOABLI HA EAHHHILY JUVTHIB Jpeibl (CKBaMHHBI) B
ofLIeM cayuae MoKeT ObTh BLIPaJKeH CaeAyIouleli 3aBHCH-
MOCThIO:

0 2rnkH
Dy - g + Cap

rie My — OQUABLTPAUHOHHOE CONPOTHBJICHHC HACAJb-
HOH Jpelibl, Onpeie/isieMoe rpaHHYHbIMH
VCAOBHAMH DHABTPALHH;

Vo — npupawenne GQUALTPALIHOHHLIX COMPOTHB-
JeHHH, 00YCNOBAEHH0Ee HAlHUHEM dUHIbTDA;
Cap — (UALTPAUHOHHOE CONPOTIBJIEHHE, 06YCI0B-

JEHHOEC HECOBEPILCHCTBOM  KOHCTPYKIUHH

JIpeHaMHOH TPYOBI.
ConpotueieHns ¢puipTpa, ecaH ol MoI06pal NPaBHJABHO
H HE KOJBMATHpYeTcs B npouecce padoOTH JApeHa)a, 3aBH-
CAT OT €ro ToJUHNbl § H BOJAONpOHHLAEeMOCTH ky. BennunHa
JOTIOMHHTEABHBIX COTIPOTHRAEHHIT Ha HecoBepeHcTBO KOH-
CTPVKUHH TPpyOBL! onpejeisercda ee AHaMeETpOM, pacnoJioxe-
HHeM H (popmoil soponpueMHux oTeepeTHit. Ilpu oTeyTeTBHU
bunasrpa Wa =0, nas naeaabnoi Tpy6u Cyp=10, coBepuiennoi

CKBaKHNB (NAcaabHoil ApeHsl B palnaJibioM noToke) Dy=

R, <
:lnF FOPH30HTAALHOrO TPYOUATOro JApesaxa mu:ﬁ’ ric
1

{—rayOuna apeHs.

JlJs BLISIBACHHA CVULHOCTH [PEJaraeMoro HaMiu MeTola
GHALTPAUHOHHBIX PACUETOB APEHAXKA H TPOCTOTH! BLIKJA 10K
paccMOTPHM cHAuaaa Apeny (CKBAMHHY) B pajHaJbHOM M0-
ToKe: Tpy6a lle HMeeT CTeHOK, YJoxeHa ¢ QHILTPOM ToJ-
WHHoH 8, Koa(p@uiHeHT QHALTPAIHH KOTOPOro paBen kg, Ira
cxema npremaema 1Jia TpybodpuabTpa, YV KoTOporo 8 — tod-
HHa NOPHCTOH creHKH TPYOB. llockoJibky ABHIKeHHe Oce-
CHMMETPHYIIO, /LOCTATOYIO PACCMOTPETh BePXHIOK MOJOBHHY
obaacTH GuAbTpauun (puc. 17, a) ¥ noJiyieH il pesyabrar
YABOHTL. Pelleiine BLINOANHM METOA0M KoHGOPMHEIX 0TOG-
paXKeHuii:

I. Pacuetnylo o6nacts GHALTpaUHH 2 oToGpaxaeM Ha
MPOMEKYTOUHVIO NPSMOYTOJIBHYIO ofJ1acts o ¢ NoMOULbIO
JorapupMuUecKoli PyHKUHH
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Puc. 17. Pacuernaa cxema:
a a — ofiaacts PuasTpamun; 6 — pop-
MANLHWA NPAMOYFOALHHE,
w= Alnz+ B, (60)
X rae z=x+iy;, w=u+iv;
A n B — nocTosHHLIE.
d [MpunaBs oCHOBAHHE MpS-
MD}-’Fﬂ.‘thIIHEl PHHHHM nH
x |, ONPEACJHHB MOCTOSHHLIC A
| L = 1 B H3 COOTBETCTBHA TOUCK
Y B ol 2, 3 u 5, naxoaum otobpa-
o § ey fon Tty AT At T TR
_ip'ﬂ' R # bty 1-!‘45‘- MAKIWYIO (PYHKIHIO
':I-'_.'ul" = = ut iy _.:.._..I.
1 0 5 fu o _ .
SN | x__ | w=—-iln . (61)
4 2 L ra

[To (61) onpeirenseM BLICOTY NPAMOYTrOJBHHKA H pac-
CTOSIHHE MeXAY Toukamu 5—5' n &' —4:

r 3 o R o E 3 T . E-
S'—4 - -Irp = In PR = n o -F'q":"'ﬁ ' {ﬁ }
Bl s R (63)

Mg

OGaactb duastpaunn (puc. 17, 6) npeactasasier coGoi
NPSIMOYTOJBHHEK ¢ ABYXCAOHHBIM FPYHTOM H FOPH3OHTAJIBHOM
rpanuileil pasiena. Pacxoa BOAb Yepe3 Hee BbipaiKaeTcs
3aBHCHMOCTBIO

s ﬂk'kEH E‘I
Q= Lks + Lok, ' w3
rie
s iin 5 RO R gy - ro+ 6
ky =Fkey; Ro=Fe: h=In prpliw g [y =1In =

Vuuoxnus (64) va 2, noaydynMm NPHTOK BOAB K ApeHE C
puasTpom (Tpy6odhuABLTPY)

2nk.oH
& =0 . (65)
R | i 3 kr—p | g ‘!" ﬁ
— - n
ln o Gk o ra+8 ' Ry Fo
ObBo3naunn . I
o rp a1
- In 6
Wy =0 ro + & & kg Fo (66)
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Puc. 18. Cxema KonopMublx otoGpameritil.
R
H yuuThiBasi, uto @, = In , NOAY4YHM
Fa
2nke,
- (67)
Py 1+ P

M3 (66) npu §=0, ¥y=0 umeem naeadbHylo ApcHy Oe3
duabtpa. To e moayuaem npH Rrp=Rg. _

PaccMOTpPHM Teneps NPHTOK BOjbl K ApeHaykHoil TpyGe
(cKkBaskhHe), HMelouleil IBe CIUIOWIHLIC LCAH MO KOHUAM
BEePTHKAAbHOrO AHaMeTpa H Kpyropoit (uibTp TOJUHHOH &
(puc. 18,a). Ipumen TaKYIO NOCAEIOBATCIBHOCTD PelICHNA:
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1. Pacuetnywo oGjacte ¢GHALTPaUKH 2 oToOpa)Kaem Ha
NpAMOYroasHylo obaacth @ (puc. 18, 0) ¢ nmomouisio Jora-
pudMuueckoi pyuxkunu (61).

2. IpomexyTouHbIf MPAMOYTOJbHHK MPHBEJEH K OAHO-
poaHoMy rpyuty (puc. 18, 8).

3. IMpomexyTounblii npsiMoyroabiuk (puc. 18, 8) oT006-
pa3HM Ha BCMOMOraTeNbHYIO ToOJymJIockoeTe (pHe. 18, 2)
TakK, 4ToObl Ha4aJo KOOP/AHHAT COBNAJIO, a TOYMKA J, B KOTO-

E ffﬂ-"{"ﬁ EE}H : )
B\ o ) , nepeiia B GECKOHEUHOCTL B

naockocth w. [Mpumenns dopmyay Kpucroddens — Lsap-
a2 H BLINOJHHB pPAlL npeobpasoBaHHil, NOJAYYHM:

poit v, = iln

K )
Ki - kl'l! ’ (EE]
k
21n R ( .I"n'{"ﬁ ) b
ro -+ 6 o
rae K n K, — moaubie 3JJHNTHYECKHE HHTErpalibl COOT-

BETCTBCHHO MpH MoavJae & u k=1 T—.
4, Oto6paxaeM HOpPMaJbHbIl NPAMOYTOJbHHK CO CTOPO-
HaMu 2p M ¢ Ha BepxHiolo noaynaockocTs . [o gopmyae
Kpucroddeans — lllpapua

£
3 dw
— - + B,, 69
W Atév [b‘ -—-w'} {t:l —w‘*] N B Bi { ]
HJH
W = -lq\.:! F{q]t k]} _}' Bﬂl‘
rae F (g, k1) — 3aaunTHuecKHil HHTErpaJ nepeoro poaa npH
MOayJ1e
C

ky = = @=arcsin—.
b c

[Tocae onpeacJeHHA NOCTOAHHGLIX H3 COOTBCTCTBHA TOUEK

Ky ol (70)
K, q
rae K; n K,— noanbie 3JJHNTHUECKHE HUTErpajul COOT-
BETGTBEHHO NpPH MoayJe &y H R =/ 12
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OTHoleHne MoayJaei HUCTBCPTOro M TpeThero npeodbpaso-
BAHHH:

R, s HT
=< =sn(KL, &) 1)
rae Sn(u, k) — saauntnueckuit cunye SIkoOu;
0, = 2arcsin —.
: csin—- (72)

{ﬁli-ﬂhT]}HLLH[JHHI:IEL"I pacxojl HOpMaJbHOTOo NOpAMOYIoJb-
HHKA
Qu = ey £ = 2k % (73)
I

Chenas H3BECTHLIC YNPOLWEHHSA 3JJIHNTHICCKHX HYHKILHH,
ana cayuans k—-0, nocne psana npeoGpasosannii OGyaem
HMCTD

K .
K,
o _ |
= R i Rrp rg -+ 0 Rep T
] ] 5 Ll |
: rg L rg + 6 i kg i ry T L n Tg
(74)
[Toacrasus B (73) anauenue (74), nonyunm
2rthepH
Q AT 111':Il - ¢Lll e ':'jp ¥ (Tﬁ}
rae
krp
C.J-‘l = WC‘I; {?ﬁ}
C,=In2e, (77)
Ty
Ci — ¢OuabLTpaUHOHHBIE CONMPOTHBJEGHHSI JPeH, 06YcJ0B-

JCHHbIE HECOBEPLICHCTBOM KOHCTPYKLHH TpPYOHL.

H3 (77) npu to=2r; (nopucras tpyda) C;=0 noayuaem
NPHTOK BOAB K HAcaabHOH Apene ¢ ¢puasTpoM (Tpyboduab-
py). [Ipn 6=0 (orcyrcrBue duabtpa) We=0 uMeem npu-
TOK K Apene 6e3 dpuabrpa (Do5=0; Cprp7=0).

[To Metoay, H3anoKenHOMY BbLILE, MOXHO NOJYYHTE pac-
HeTHHIEe (QOPMYJBI MPHTOKA BOALI K JApeHaxibiM TpyGam pas-
JHMHBIX KOHCTPYKLHIT.
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|y Pue, 19. HopMaasnwit npaMoyvroas-
HHK.

B obutem cayuae npu pe-
o [UCHHM 34jla4 0 HaXOMKAEHHH
7 |5 KospduuHEnTa HECOBEpIIEH-
¥ ZlscTBa BOLOMPHCMHOI NOBEPX-
S HOCTH TpyD B  OAHOPOAHOM
4 rpynre no metoay KoHpopm-
HbIX OTOOpameHuil pesyabTat
noJy4aercsa B BHIE

Eﬂkrl;H

R
+C;
Fo

Ha nopMmaJbhoM npamoyrodshuke (puc. 19) Ci paBHo AaH-

He yvactka [—2, a Inri — yyacTky 2—4. [lpn Hanuuuw
]

PHABTPA HACTb JUIHHB HOPMAJBLIOrO MPAMOYroJabHHKa 2—3

=T

g
9

In

ecTh He 4UTO HHOE, Kak In r-!:—a’ rae & — ToJlLIHHA (PHABLTpA.
Ob6o3naunmM:

31=3+4=1n%41n%; (78)

R O e [ W L AR (79)

o

Pacxo/i HOpMaJbHOrO NPAMOYToJbHHKA B cay4ac ABYX-
CJI0IHOro IPYHTA onpejensieTca 3aBHCHMOETLIO

Q 2 krpkd_}l‘f Eﬂkr"H

s tlklll T f:kru =

(80)

[ -} 'f
i ] k.lj 2
[Toactasue B (80) snauenus (78) u (79), noayuum
2rikepH
= = I = BI
Q I R 1 Fo kepp (] g+ 0 FC) (81)
HAN I [ =—— .

Takum obpasom, pewcine (81) apasgerca oOwuMm Aad
ApeHamHoi TpyOnL 11000 KONCTPYKLLHH.

Beauwuunbl C; A4S pasjHYHbIX KOHCTPYKUHIT ApeHamHBIX
tpyG npuseacns B pabotax [23, 35, 56, 59, 60] u onpeaens-
I0TCSt CAEAVIOUIHMH 3aBHCHMOCTSI MH:
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a) Tpy6ul ronuapuwic (dopmvaa H. T. Ddenanena)

O (R 5 W T (82)
n D N
siNMN—w~ &
7

G) TpyOBl MAaCTMAcCcoBLIC ¢ NMPOAOJALHO wWeaeBoii nepdo-
pauueii [23]

C:=0C,= E;j In 1{ ¢ T2 (83)
rn oon
sin —5g 0
— i 0.
© = arcsin - (84)

B) TpyObl naacrtMaccosble ¢ ABYMS pAlaMH HECHMMeT-
PHUYHO PACTOJOMKEHHHIX ueaed [35]

o W, N "f In : — (85)
cos ﬂ;m sin S 0

r) Tpyoul naenounbie (0AHA NpojoJibias ueab) [35]

Bl =i : =; (86)
/()

A) TpyObl ¢ KPYrilbIMH BOJONPHEMHLIMH OTBEPCTHAMH

[56]

i 49,4 (1,0124,"%2 4 1)
e (n )[ﬂ.ﬂﬁﬁd;'5+l.ﬂ33} !

doBcM, SBM (87

S
rae D — HapyxKHEI AHaMeTp TPyOH;
Tg, TI — UWHPHHA WeJel (CTHKOBHX 3a30P0OB MEXay

KepaMHYecKHMH Tpy6aMn);
| — anuna wenei;
dy — AHAMETD BOAONPHEMHBLIX KPYIALIX OTBEPCTHIl;

S, 8| — war nepopauun (aanHa apenaxuoii TpyGsl);
@ — Yroi Mexiay pajiamd nepdopatinn;
N — upco paaoB nepgopaium,

Taxknm oGpasom, npuTOK BOABI K Apeie B 00lLeM CJayyae
(HaAHUHE HJIH OTCYTCTBHE (PHJLTPA, HECOBEpIUeHHAs TOBEpX-
HOCTB) onpejensercss 3aBHcHMocTei0 (75), B Kotopoi Wy

l{!g;{;)ﬂ.ﬂ'r no gopmyne (66), Cypy — mo (76), C; — no (82) —
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[IpuMennum noaydcuuuie 3asucumoctn aas Wy u Cyp npn
BeIBOAE (OpMYyJa AN pacueTa MEeA/IPCHHBIX PAaCCTOAHHM,
HCIMOJIBE3YA MeTOA (GUABTPAUHOHHBLIX CONPOTHBJEHHH, KOTO-
PEIil TO3BOJISACT HECOBEpUIEHHLIE APEHbl H CKBAMKHHLI TPHBE-
CTH K 3KBHBaJIEHTHbIM COBepleHHbM. QPHIbTPALLHOHHEE
CONPOTHBJEHHA ydyacTKa noroka @ onpenensiioTcsi Kak OTHO-
LIeHHe NOTepPb Hanopa Ha HeM K pacxody, MNpoTeKaloleMmy
yepes 3ToT yvactok. OOGuuHe CONPOTHBAECHHS CKJAa/biBalOT-
cf H3 COMPOTHBJIEHHHA OTAeNbLHBLIX ero yuactkon. OcHOBHBIM
NOJOKEHHEM MeTOAa SABJASIETCHA BbiIEJeHHE CONPOTHBJCHHH
B 30HaX C Pe3Ko AeGOpPMHPOBAHHBIM XapaktepoMm (QHJbTpa-
UHOHHOTO MoTOKA. Ecau 3oHBl pe3Koil aedopMaluHH pacno-
JaraloTesl Ha JocratouHo OoJdblioM paccToaHuH 0T 00Ja-
cTeH NMHTAHHA H APYT OT Apyra, TO (PHILTPAUHOHHBIE CONPO-
THBJEHHA B 9THX 30HAaX MOryT ONpeaesATLCA TOJbKO
JOKaJAbHBIMH YCAOBHAMH OPMHPOBAHHA NOTOKA B 3THX 30-
Hax He3aBHCHMO OT ycJ0BHH popMHpOBaliug Beero GuALTPA-
[LHOHHOrO MOTOKA B LEJIOM.

CornacHo OGLUHM TPHHIHMAM METOAA CONPOTHBJCHHI
GHALTPAUHOHHLIA NMOTOK HA HEKOTOPOM PACCTOAHHH OT jpe-
Hbl MJIH CKBaXXHHB! CNPeleJseTcsl TOJIbKO pacXojoM MOTOKa,
3abHpaeMoro JpeHaMH HJH CKBaXXHHaMH HE3aBHCHMO OT TO-
ro, ABJASIOTCA OHH COBEpPUIEHHLIMH HJH HeCOBeplLIeHHBIMH.
Pasuuua B cTpykType notokoB, ofpasyioliascsi TaKHM 00-
pa3’oM, HMEeT MEeCcTOo TOJbKO BOJH3H JpeH HJAH CKBAaXKHH H
o0ycJoBJHBAET NOTEPH Hanopa, HEOOXOJHMBIC HAa TNOAXOL
NOTOKAa K APEHAM HAH CKBAXXHHAM B HENOCPCACTBCHHOM GJIH-
30CTH OT HHX [55].

Meroa GUALTPAUHOHHEIX COMPOTHBACHHH TMPHMEHHTENb-
HO K TOPH30HTAJbHOMY JIPEHa)Ky OCHOBaH Ha TOM, YTO He-
COBEPIIEHHYIO (MO CTeNneHH H XapaKTepy BCKPBLITHA MJjacTa)
ApeHy ¢ Hanmopom My 3aMeHAIOT COBEPIIEHHBIM KaHaJOM C
Hanopom M5, BBOJAA NPHBENECHHOE CONPOTHBJEHHE HeCOBep-
weHHON ApeHb Py [loTepu manopa H, — Hj, onpenense-
MbLIE 3THM COMNPOTHBJCHHEM, Bblpaycalorcsi o0lLEH 3aBHCH-
MocThio (pHc. 20)

H,—H, = ‘fi‘ﬁ""; (88)
EHA = kM, (89)
rie ¢y — TOFOHHLIA MPHTOK K JApEHE;

Oyy — PHALTPALHOHHBIE CONPOTHBAEHHSA,
B ycaopusx HeycranoBHplIeHcd (PHALTPANHH BEJHUHHDI
NPHBEACHHLIX COMPOTHBJCHHH H3MCHAIOTCA BO BPEMEHH, O]1-
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Pue. 20. /lpena wa nopoynope (pacuerdas cxema).

HaKO OHH JA0BOJABHO OLICTPO CTpeMsTCA K CBOEMy mnpejefb-
HOMY YCTaHOBHBIUEMYCS 3HAYEHHIO, TAK UTO NPH pacuerax
BOJONOHHKEHHA H JAPCHAXa 3ITH BeJHYHHL MPaKTHYECKH
MOMHO CUHTATHL noctoannsiMu [37, 53]

PaccMoTpuM TOpH3OHTAaNBHYIO JpeHy Ha BOJoOynope.
B jaanuom cayuae OHa ABJAACTCH HECOBEPLICHHOH TOJNBKO MO
XxapakTepy BCKpbITHi naacra (mosepxuocTi). Ilpx mnocrto-
SIHHOM TIPOBOAMMOCTH IJIACTA M HAJNHYHH HHPHABTPAUHH C
HHTEHCHBHOCTBLIO § NOrOHHLIH MPHTOK K JApeHaM, pacnonao-
JKenHnelM Ha paccrosiin B,

gy = g¢B. (90)

3aMennm Il]'.lll'ltly a BOJIOYTIOpe COBEPLUEHHBIM KaHaJoM
¢ Hanopom H — H . [laa nero cease Mexay H w Hy Buipa-
KACTCHA H3BECTHHIM YPaBHCHHEM
B
"H=H L 91
= (91)

H3 ypasrenus (88) ¢ yuerom (90) naxoaum

g3

Hy= Hy 4~

@y (92)

[Toactasue snauenue Hy B (91) u o6o3nauun

kmu —_ Tl {93]
NOJIYHHM

H=H, + —‘;-? (B + 8Dyy). (94)
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[Mpuuss nanop B apene f{y=0 u paspemnn (94) oTHOCH-
TebHO B, noayuum dopmyay AJds pacuyeTa paccTOAHHH Mex-
Ay ApeHaMH Ha Bojoynope

B=4(y/ @2, + 1L ). (95)

Ilns onpeaenenns (PUALTPALUHOHHBIX CONPOTHBJAEHHI Ape-
HBl Ha Bojoynope pocnoabayemcs pewenunem I1. f. TToay6a-
puHoBo#i - Kounnoii [43]

ke (H — Hg) stk (H — Hyy)
"B T 2D

B cayuae HHGHABTPALHOHHOTO NHUTAHHA MOMHO TPHOJIH-
MEHHO MPHHATL MOIMHOCTL co T=my (cM. puc, 20).
Torzna
' nk {H.'I_'Hlp}
= (96)

1
nnD

d ¢ y4YeToM HeCOBCpLUCHCTBEA BﬂﬂﬂanEHHDﬁ NOBCPXHOCTH
ApeHaxHoll TpyOHl
: ak(H,—Hpy)
0p =

- (97)
Iﬂﬁ 4+

[MpunuMas BO BHHMaHHE, uTO ¢,=0,5¢), OKOHYATE/NbHO
MOy UHM

k(H.— H
qx .48 i { ﬂ‘h"ﬂ .ﬂ.l—"q'I : (93-]
2 In s 20

QHABTPAUHOHHBIE CONPOTHBAEHHA Apelb Ha Bodoynope
nafimem, noacrasue (98) e (88),

i - L] 4511. Emﬁ
Dy, = In = o = @, (99)
MoacTaeus (99) B (95) u oGoauauns Ly,= B, TOIyYHM

popmyily AJas pacuera pacCTOAHHH MeXjly ApeHaMH Ha BO-
foynope

B=4(1/ L3;+2!£ %Lﬂn), (100)
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rae
T = kypitiy;

Lo = 1,47m, g ""‘" +%mnm; (101)

D krp D + 26
pos T o (In g +Ci). (102)

{_I] = In

Mpumep. Onpegentnts paccTORHNA MEMXAY COBEPIIENTILIM KaHaJOM,
HACaALUOR ApeHoli wa pojoynope W ronyapuoi apeHol Gea ¢uabTpa Ha
BOAOYMOPE NPH CALNYIOMHKX fAannblX: ke = 1,0 wicyr; H = 0,8 m; my =

l;—f = 0.4 m; T=krp"ﬂn= 1.0,4=0,4 m¥cyr; D=0,072 mM; 7, =

=0,002 M; §,=0,33 m; g=0,003 m/cyT.
Haxoamm paccrosHne mexay cosepweHHbuMH wawadamu no (100),
npunAB Ly, = 0

B;_dl]‘-' ﬁg:-‘! %ZE&FEM

Onpegenuy paccTOAHHE MeKAy HACANBILIMK IPEHAMH Ha BOJOYMOpE,
Tlpu s1oM C; =0 1 b= 0. Tlo (101) u (100)

4.0.4
L= 1.47 - ﬂd!gm_l} 5 M

0,80.0,
-""I(VI}E‘ — 2?}]{.1]34_“.5):25.3 Al

Haxogum paccTosnMe MeXay roHvapHeIMH APEHAaMH Ha Bogoynope
6ea duawtpa. Ilo dopuyne (82) euuncaseM KoOPPHILHEHT

| 4.0,33 1
Ci =I’.'.‘,-— 314 In 0,072 In —3.14.0,002 = 4,31,
sin—5 5733
[Mockonsxy B (102) 6 =0 u kyp = kg, TO
¢=C; =4,3].
[To (101) duasTpaunontoe conpoTHsieHe

4-0.4 2
Lug=1, d?ﬂ4&m—2—|"—{}4431—1ﬁﬂm

Mo (100) onpeneasem pacueTHLIE PAacCTOHHHA MEXAY ToHuapPHBIMH
JipeHaMH

_4(]/1 6% - Eggﬂ; —-I,E)=22,E M.

HTak, B 3ajaHHBIX VCJOBHAX PACCTOAHHE MeEX1Yy COBEpPLICHHLIMH Ka-
Hadamu pasro 29,2 m, waeadbHeivi apedamn — 26,8 M W roHvapubiMH

]



fes ¢uaetpa — 22,6 M. B nocaeaunem cayvae paccTofiHHA MO CPaBHeHHIO
¢ COBEpIIEHHBIM KaHaJoM yMmeHbwuaock Ha 22,605, [lo cyulectsyioulny
ceflyac MeTofaMm pactera 3TOro He AoKHO OblTh, T. €. CAGAYET NPHHH-
Math B =292 M. Onutel B GHALTPAUMHOHHKIX AOTKAX H HaGMoOJEHHA B
HATYpe MOKasbiBAKOT, YTO OCYMIHTeNbHOE JeiicTBHe CoBEpmEeHHOR JApensl
Ges (pHALTPA M COBEPWEHHOr0 KAHANA 3HAYHTEALHO OTJAHYAKTCH, CTOK MO-
et ObiTe MeHnble B 2—3 pasa.

CylecTBeHHBIM YIYILCHHEM NPEABIAYIULHX HCCaeL0BaAHMNI
SIBJSIIOCE TO, UTO NPH HCIOJBL3OBAHHH MeTOAa (PHAbLTpalLHON-
HBIX COMPOTHBJAEHHH HeoGOCHOBAHHO CUYHTANOCH, OYATO Ka-
Has H TpyOuaras ApeHa Ha BOJOYNOpe Mo CBOEMY OCYLUIH-
TesbHOMY 3ddeKTy paBHo3HAYHB. B AeACTBHTEALHOCTH 3TO
aaJjexko He Tak. [lpena n3-3a GoJbiiero c:KaTHa NMOTOKa MpH
noaxojAe K TpybaM W BCACACTBHE HABHCAHHA TPHHHMAaET ro-
pasllo MeHblle BOMb, YeM KaHaJ/J B TeX Ke YCJOBHAX.

Yyer HecoBeplleHCTBA BOAONPHEMHON MOBEPXHOCTH ApeH
NpH (QHALTPAUHOHHBIX PacuCTax APEHaXKa, NPCAJIOKCHHbIH
H. T. denaneBbiM, 3akJA04aeTca B TOM, 4TO B (opmyJe
C. @. AsepbsiHoBa KOSQHHUHEHT €«BHCAUCCTH» AONOJAHEH KO-
3OPHIHEHTOM HECOBEPUICHCTBA MOBEPXHOCTH TFOHYAPHBLIX
Tpy6 @. Popmyna pacuera PACCTOSIHHA MEKAY JPeHAMH B
0JAHOPOAHOM TPYHTE TpH HerayOokoMm 3ajieraliy BOAOYMOpA
HMEEeT BH]

B=V Bi+(TBy —TB5, (103)
raoe
- L 2Ty .
B, — 2H q(1+ ”). (104)
_4 ! .
5= (mmi'i +¢-], (105)
2 T

T — paceTosiHHE OT OCH JIpeH JI0 BOJOYNopa.

®opmysa (103) aaer BnoJsiHe npHeMJeMble pe3y/abTaThl.
Ho cyluecTBeHHBLIM €€ IPOTHBOPEYHeM ABJAETCS TO, 4TO NPH
T=0 (7. e. B cayuae yKJaJAKH ApeHbl Ha BOjOynope) mnoJy-

yaecMm
B — 2H ]/ % : (106)

1. e. dopmyay Pote aas kanana na sojoynope. Kax suaum,
MOJIHOCTLIO HCUE3aeT BJHAHHE HEeCOBEPIIEHCTBA KOHCTPYK-
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WHH JApeHaAnon Tpyou. PaceTosHus MeKay ApenaMi He 3a-
BUCHT OT HECOBCPLICHCTBA KOHCTPYKUHH TpyO M HX AnaMer-
pa, uTo MPOTHBOPCUNT JeiicTBuTeabnocTH, O6BAcHACTCA 3TO
NpHIHMAEMOIl PABHOUEHHOCTBIO KaHaaa H TpyOuaToil ApeHbl
Ha BO,1OVIIOPE, YCTrO Ha NPAKTHKE HE CYLIeCTBYeT.

[MocTviaenne poaw B Kanaa NpoHCXOANT no sBeeil naoula-
Al CMOUYEHHOTO NCPHMETPa I yepe3 30HY BLICAYHBANHA HA
orkocax. B ronuapuwsle Apenn Boia MOCTYNAaeT Yepe3 CThIKo-
puic 3a30pul. [losromy Bojonpuemuas naomais Kanajaa Bo
mioro paz boaple, yem apenns. anpuwmep, npu rayGune
poabl B Kanaae 0,3 n suicore puicaunsanua 0,1 M ona cocrag-
asiet 8000 em?/nor. M. Ecan gonyeruts, uTo apena anamer-
POM 75 MM npHiUMaer poly Beell cBoeil MoBepXHOCTHIO, TO
it TOr1a BojonpuemMias ce naowais coctasut 2370 em?/nor.
M, wan B 3,4 pasa meubuwe, yem kKauaaa. [Ipasaa, npsamoi
NPONOPUHOHANBHOCTH  MEMAY OCVIUHTENbHBIM 3¢ deKToM
APCHAAHOTO COOPYIKCHHA H €ro BOJONPHCMHON# MOBEPXHO-
CThK) HET, HO 4eM OHa Goabwie, Tem 0oablue APCHHPYETCH
soabl. CaegoBateibHo, ocyIUHTeNbHbIN 3¢ dekT kanana
APCHbl HE 10 CH ObITh OAHNHAKOBLIM,

B ueasx veTpaneHns yKa3aHHBIX NPOTHBOPCUHIT, YUHTHI-
BaA MOJYYCHHOC pPeUICHHE Aas APCHBLI Ha BoJjoynope, neobxo-
ANMO npr onpeaeaciin QUALTPALHOHHBIX  CONnPOTHBJEHHI

TPYOUATEX  APCH  MOJAL30BATHCA  JAONOJAHEHHON  (POPMYIOI
(88), T. e.

H,—H

Lun = km A L2, (107
ta
rie Ly — (GUALTpauKONHOE CONPOTHBICHHE APEHLI Ha BO-

poynope, onpegeasemoe no sasucuMocti (101).,

PaccmoTtpum cayuail, korjga apexa 3ajaeraet Bbillle BOJAO-

yvnopa B oanopoanom rpyute. Ilo C. &, Apepbsnosy

(puec. 21), NPUTOK K JAPCHC € YYCTOM HECOBEPLUCHCTBA MO Xa-
PAKTCPY BCKPBLITHA MMJacTa ONPCAeasieTcs 3aBHCHMOCTBIO

= i’ﬂk“.-'n—H_,,l l I | I ! E'i’l ! l ! ! !
- 2m

In LD Kep
nl
M__ H
Ny, S

- g AR | %

tH

E
Pue. 21, lpena n oanopoanom . !
FpynTe,
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Moacrasus (108) & (107) npu g, =0,5¢}, noayunm:

Boaies 15 20 o SO gy LT (109)

L
i ﬂ'ﬂ (IFiY

iu ¢ yaetoM (99)

2m =
) G e g A 7o
g 1 aD T L,

(110)

rac

i 4, dmg | 2 [ m, d
LS, = —myln —2 - — ( - E—m,.)l[. (111)

C apyroii ctopousl, a5 JApelsl, pacnoJOKCHION B OAHO-
POJIHOM TPYHTC Bhllle Bogoynopa (cM. puc. 21), rpyHTORBI
NOTOK MOMHO pa3buThL Ha JjaBe o0JacTH: HHKHIOIO — OT OCH
APEHBbl 0 BOJAOYNOpa MOULHOCTBIO My H BEPXHIOIO — OT OCH
apenbl o ¥T'B MomHocteio mp. Toraa ofuine GpHALTPALHOH-
Hble cOompoTHBJEHHA OyAyT cJaraTeCsd H3 CONPOTHBJAEHHH
HHMKHEH 30HBI, KOTOPYIO C/lelyeT paccMaTpHBaTh Kak nJjact
MOLILHOCTBIO My, W CONPOTHBJEHHIl BepXHeil 30HBI, noJaras,
UTO JIpeHa JedHT na erogoynope. [Ipu atom caeayer yuecTs,
4TO JApeHakHuie TPYGhl 00/1a/1210T HECOBEPUIEHCTBOM NO Xa-
paKTepy BCKPBITHA NJACTa, a TAKKE NPHHATHL BO BHHMAaHHe
BIHAHHE QHJALTPA.

Jlas apennl, BekpwhiBaloulcii oAHOpoAlbil nAACT, MO H3-
pecTHoiM peweHuaM C. @, Apcpoanoea [2] u B. M. Illecra-
KoBa [55]

. 1 2m
Lmz-;nznln nﬂﬂ’ (112)
a ¢ Y4ETOM JONOJHHTEIBHBIX CONMPOTHBAECHHH
A— L Eml B M5
L,.= s my In g D, (113)
M3 npuseaeHHbIX BLIIE PEUICHHI AR APEHL HA BOJAOYTNOpE
L“ﬂ:-Tm“ In =5 + : myD. (114)
Cymmupyst (113) u (114), noayuum
2in o
Lia=—In—2 4+ L0, 115
- n nD ¥ A [113]

rae

— 2 4m 2 [ m
LV = —myln— - ( L mg | D.
HA F ) i 2 Ty
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Takum ofipaszom, noavaum To ke pascuerno (111). [Tpu
pacueTax paccTosHil MCKIY KaHadaMu cJjelyeT noJarath
0
Luz =0. Ilpy ykaanke Ttpvé maeanapuux, 1. e. npy 6=0,
Cop=0mRg="Fryuz (111), (110) u (102), noayunm

2m, 4
Lyz == 0,73m, g ”L - 1,47m, lg =2 "L“ (116)

Mpumep. Onpereanti paccToRNiMs MEMAY ApeHamH B oguopoa-
HOM TPYHTE NPH HerayGoKoMm 3aseratiy BOJoYIopa I cAeayIoulnx Wexo-
WX X By =1 sfeyry, H=08 n; ma — 1 »; g = 0,003 m/cyr;

[
Ci—43l D-0,072; §,=033m 7,—0,002 m; mu='%"-“14=
T=1.4wm.

Haig>y paccrosinina wexay apenamn Ges yuera wecoeepiuenctna Tpy
(C; = 0). Mo (116)

L = 0,73.1,01 147 .0 384 2
¢ 002 14704 ggom = 1.2 m

Henoasays dpopuyay (100), naxogum

1/ 1,4-0,8
il : ~ —- . —— T
E  — "1 (I 'rfll} 'I "2 +- Enﬂlrmg II '2) = 5“ 'I'q.

Onpeaeany paccrositnd MExAY TONYAPHBIMH APCHAMH, YAOMEHHLMH
Ges puantpa (€ == 4.31). Mo gopmyae (102) npu & =0 n £y — &y,

P =C; =4,31;
4-0.4 2(0,540,4)
0 .
L“;_I 47.0 4 Iy 3.14.0.012 314 4,31 = 2,96 m.
Otwue ¢uabTpaunonnue conpotusienns no (115) 6yayr
2.1

Lys = 0,73.1 Igw—l—ﬂiﬁ= 3,65 wm.

Paccrosune mexay apevamu maxoausm mno (100)

B ( ]f’z.ﬁa'+%—a,ﬁa) e

Taxim oGpazom, npu ykaaake apen Ges guabTpa B 3afaHHBIX yCIO-
BHAX pacCToAlNA Mo ‘.‘."[}HHHEIII!ID C HACHAbHBEMH APCHAMH A0MAHEI ﬁ-hl'l':l:
yumenbwens wa 8 s, nan 169

[Tpusenennuie srne peweniiss MOMKIO  PacnpocTpainTb
Ha CJAVYAH VRKJAAKH JIPEHaxKa B MHOroCHONHLIX IPYHTaXx.
Teopetnueckn nanGoace ofocHoBaHuue GopMyanl jas pac-
veTa MeApelHbLX pPAaCCTOAHHH B HEOAHOPOAHO-CJAOHCTHIX
rpyutax 6e3 yuyerta HecoBeplIeHCTBa BOJAONPHEMHON NOBepX-
HOCTH TPpvO W BANHANHA 3aUHTHLIX (PUIALTPOB NOAYUEHB
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A. §. Ouacitnuxom [37]). Hamu [36] caesnano aonosHenue pe-
meHui A. §1. OaeilHuKa HA HecoBeplleHcTBO TPYD No Xapak-
Tepy BCKPBLITHA [J1ACTa H YYTEHO BJAHAHHE 3aLIHTHLIX (PHABT-
POB, HCXOJA5 H3 NPHHLHNOB METO/Aa (PHALTPALHOHHBIX CONPO-
THBJIEH HH.

B npuBesennsx pacyeTHBIX 3aBHCHMOCTAX TOJIIHHA
duabTpa 6 npuUHHUMaeTCH paBHOR TOJUIHHE MaTepuajsa B
cayyae yeTpodcTea (QHABTPA H3 HCKVCCTBEHHBIX PYJAOHHLIX
MaTepHaJ0B (CTEKN0X0JCTa, CTEKJAOBATLI, CTCKJIOBOHIOKA H
7. 1.). Ecan B KauecTee 3aHTHLIX QHALTPOB NPHMEHAIOTCS
CHINMYYHE MaTepHalbl (necuaHo-rpaBuiinas cMmech, Topdanasn
KpOWKa, coJIoMa, MOX H T. 1), TO TOALLHNY QHABLTPA ClelyeT
pPacuHTHIBATE NO (opmye

§_ 058P —D (117)

2

rae P; — NONOBHHA CMOYECHHOrO mepHMerpa (hHALTPA.

[Tpu ykaajaKe jpeHa)a B TPaHWEH ¢ BEPTHKAJbHBIMH
CTCHAMH M NPHMEHCHHH CBINYUHX QHALTPOB TOJILHHY HX
caelyeT NPHHHMATL N0 3aBHCHMOCTH

§_ 0.53(b,+h)—D
2

. (118)

rae by — lHpHHA TPAHLIEH;
Iy — BBicOTa chinyyero gpuabnTpa.

B cayuae npumenenusi TpyGo@HALTPOB BEAHUHHA & NPH-
HHMAeTCH paBHOll TOJAWHHE CTCHKH TPYOb,

[MosayuenHble pellleHHs MO3BOJAIOT, MOMHMO pPacueToB
MEeXK/PeHHBIX PacCTOAHHI MPH 3aJaHHBLIX TOJNIUHHAX H BOAO-
npoHHIlaeMOCTH (QuabTpa, noaobpatsh caMu (HALTPH, 3a-
JaTh HX mapamerpnl Ry u 6 agas 11060r0 KOHKPETHOro CJay-
yas npoekTHpoBaHHA. IIpu 3TOM BNOJHEC CCTECTBEHHO MO-
CTABHTHL VCAO0BHEC — noaolbpaTth (PHALTP TaKHM, uTOOB OH
HECOBEPIUIEHHYIO N0 XapaKTepy BCKPbITHS NOBEpPXHOCTH TPY-
6y NPHBOAHJ K HACAALHON MO OCYLHTEALHOMY ACHCTBHIO NPH
TOM JKC PACHCTHOM Hapy:KuoMm jauamerpe, s BblNOJAHEHAS
AAHHOTO YCJAOBHA HCOOXOAHMO, UTOOL!

¢'¢+Cn.p=n1
HJIH
D ' D42
b b (In == +C)=0. (119)
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Paapewns (119) oTHocHTeAbHO & H kg, NOAYUHM:

D k
= 7 |ex (TETP c)—1}, (120)
C
k.,,:krp( s L ) (121)
"D+
ﬂﬂﬂ CAYHAH YRJA4AKH FTOHYapHOro ApcHaxa
D[ ( by 1 4S5,
6= — |exp S In—5— n?)— 1]. (122)
| 48, 98,
In D In
kp = kep| 1 — = = 11 (123)
5%

Jaa oueHb TOHKHX (PHALTPOB, TaKHX, KaK CTEKJAOXOJICT,
pacueTHbIM ABJACTCA NMPOAOABHLIA Ko3(pduuuenT dpuabTpa-
LHH, KOTOPBIH € YUCTOM KOJAbMAaTaXKa, Kak NpaBHJO0, 3HAYH-
TeJbHO MeHblIe nonepeydoro. HanpuMep, aas cTekaoXolcToB
tuna BB-T', BB-T u ap.

kv = (0,05 == 0,2) kron,

[Toawayscs opmyaamn (119) u (120), moxkHO paccyn-
TaTh HEOOXOAHMYI0O MHHHMAJbHYIO TOJAIHHY GHABTPA NpPH
H3BECTHOM Ko3(ppuiheHTe ero GuabTPauUHH HAH HeoOXO0AH-
MYI0 MHHHMaJbHYIO BOJONPOHHUAEeMOCTh (PHALTPA NpH 3a-
JAAHHOH ero ToJililuHe Aas J1000ro OCyWaeMoro rpyHTa M
10001 KoHCTPYKUHHK TPyObl. PaccunTanuslii no sTuM dopmy-
JdaM GHALTP NpHBEAeT 3a/anHyl0 Apenaxuyio TpyGy (D, Cy)
K uaeaapnoii (D, C;=0) no ocymwnrteasiomy 3dpdexry B 3a-
JIAHHBIX TPYHTOBLIX YCJAOBHAX.,

Mpume p 1. Tpelyerca onpeneHTs MUHEMATLHO HEOGXOAHMYIO TOJ-
ULHHY (DHALTPA H3 CTEKNOBONOKHHCTOrO XosieTa, uMewomero ky, = 100 M/cyT
(MpoponsHas GuAbTPaWLMA), ANH TOHYAPHLIX TPYG BHYTPeHHHM JaMa-
MeTpom Dy = 50 MM, 3ak/1a/bIBaeMbIX B MEAKO3EPHHCTOM MECHaHOM FPyH-
Te, krp — I-E Ma'r':YT-

Mo (81) maxoamm GuALTPALHOHHLIE COMPOTHBACHHN, 0GYCJOBAEHNE e
HecORePLIENCTBOM Bojonpuemioll nosepxnocte 1py6 (D = 0,072; 8, =
= 0,33; 1,= 0,002 m)

i s l
Ci=3gIngore " 313 0,002 — 431
ﬁ'll'] E . Gpaa
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ITo (120) waxoaum

1.5
0,072 wo—T5"" )
=—5—\¢ _I. = 0,00242 M.

Tak xkax ToaulHHa crekqaoxoncta tina BB-T coctasaser 0,8—
I MM, B 3agaHHBIX YCAOBHAX HEOGXOAHMO YKAaasBaTh (GiuAeTp B TPH
caon. Oanako Ma NpakTHKe ero yeaaausaor 8 ogun  ciofi. [lostomy
pACCTORHHA MEMAY APeHaMu AIKNL OblTh Mensime, wem 404 yeaoniii
HaeadsHOl ApeHit.

Mpumep 2. [lnr ycroBuil npeasayumero npuMepa onpeaennthb
MEHAMANLIEA  KOXppHUHEHT BOZONPONHIEAEMOCTH  HECHAHO-TPaBilHOro
fuabTpa Tonmunof 50 mm.

Mo (123) naxopum

4,31
k.l, = 1.5 (l S — - — 8,85 m/eyT;
Ing oz 20,05
ky 855 g
krp 1,5
ke

[TpH BRIMOJAHENHH YCAOBHA = 5,9 pacctosHne Memay ApeHaMu

rp
B 33JaHHBIX YCAOBHAX paccH nmuazf:mm KaKk AIA cayyas mpeansHol gpe-
nei, Ho npu D = 0,072 m. Cornacno crapuM pekoMeijauusaM, aHamerp
APeHbl chaefoBado Obl npEHHMate D = 0,172 M, a orciona pPacCTOAHHSA
moyuannck Gbl 3aBLILIIEHHBIMH.
OTMETHM, 4TO CYUleCTBYWOILHE HOPMATHBLRL TpebywT, UToGL NpH

Rk
YEAQAKE NecHano-rpasHinEx QuasTpon BLNOJHAAOCE YCAoBHE B =5,

rp
4YTO BNOAHE COrAacyeTCd ¢ MOAYICHHLIMH PEWICHHAMH.

B TaGua. 14 npuBeseHul pacueTHLIE pAacCTOSIHHA MEXAy
JpeHaMHbIMH JHHHAMH, Onpeje/ieHHEIC O BhIIIENpeA/IOHEH -
HOMY METOAY NpPH CAeAYILIHX HCXOAHBIX AaHHBIX: TPYOH
ronyapusie $;=0,33 m; 1,=0,002 m; D=0,072 m; /=08 m;
kp=1,0 mfcyT; g=0,005 MfcyT; m;=>5 M.

Kak suano u3 tadbaunel, NpH yKAajlke JApeH H3 ronvap-
HeIX TpyO 6e3 guanTpa neobGX0AHMO YMENBUNTL PACCTOAHHA
B 3a/laHHbIX yeaoBusx Ha 25 M, nan 36%. Creknoxoder B
KavecTse GHALTPA cyliecTBeHHo yJAy4YllaeT NMPHTOUYHOCTL BO-
Abl K JlpeHaM H pacyeTHbie PACCTOSHHA N0 CPAaBHEHHIO C He-
anbHOM JPeHoil A0JKHb OGbiTh yMeHbIIeHbl ToqbKo Ha 13%.
Yrnanka ¢HJALTPOB H3 nNecHaHO-rpaBHAHOH CMCCH TOJILLH-
ot 30 M u wHpuHON 50 cM (HA BCIO LUKPHHY TPaHLIEH) NO
3BOJIfIET YBEJIHYHTh paccTosiiua Mexay Apesamu na 10%
10 CPABHEHHIO ¢ JipeHaMH, 06BepHYTEHIMH cTeKaoxoacToMm. [To
BAHAHHIO HA OCYIUHTEABHBIN 3(ekT ApeHa)<a CTEKI0XO0/ICT
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-3
S
-

=
=
—
iy,

AUaMETH ;- =

XapakTepieTHRa ""rll* L -]

D, D PiABTpOR M/eyr .M | B M E;E B, L

QO 9

G 72 | bes duabTpa — - 44 | 69 |0,64] 25

Crexkaoxoacr, f=

50 72 RN 15 (0,001] 60 |69 |0.87] 9
K pynnoae pructuil

50 72 | necok, 50%30 cwm 15 |0,176| &5 | 75 |0.87] 10

511 72 I'pasnit, 5030 cm o 0,176 66 75 |0 88 9
Topok poinka, b=

50 72 15 M a (0,060 60 |71 ]0,85 11
TpyGoduasrp, b=

100 200 | 5O mm 25 |0,050] 63 | 720,87 9
Kanan, b=>50, h=

— | 930 | 25 em, Iy=1,4 W™ — —_ 6 |76 11,0 —

H TopdOoKpoIIKA NPAaKTHUYECKH paBHOLEHHB, XOTH NepBBIN
HAMHOTO JIEUIERJe H A0JTOBEUHee,

TpyboduanTput (Dy =100 MM, D=200 mMmM) no ocyuu-
reasnoMy 3(p¢CKTY 3aHHMAIOT NPOMCKYTOUHOE MOJOKEHHE
MCHY FOHYApPHBIMH TPYGAMH CO CTCKJAOXOJCTOM H TOHYAp-
HLIMH TpyOaMu ¢ necqyaHo-rpasuiinuiMu puasTpamu. [lpas-
la, pasauune ne npeswiiaet =5% (no paccroauuam). Chae-
AYeT, oJHaKo, OTMETHTL, YTO NOKa eule He pellieHa 3ajava,
KAK 3aWHWATE CThIKH MeXAy TpyOO(QHALTpPAMH OT NPOHHK-
HOBEHHS 4HacTHIL rPyHTa BHYTPb TPpy6. Ecau npumeHsTs Ha
CTLIKAX TOT K€ CTEKJOXOJCT, TO BCTAd€T BONpPOC O UeJeco-
00pA3HOCTH HCNOJbL30BAHHS TPYGO(p HALTPOB,

Pacuernl paccroanuii Mexay ApcHaMu no crapoit MeTo-
AHKE, KOTAa NPHHUMAGTCA 33 Hapy:KHLIH AHameTp TpyO Ha-
py#HBLIl anametp ¢uabtpa (uam TPyOLl TNPH OTCYTCTBHH
(pHabTpa), AAIOT 3HAMHTEAbHOE 3aBulleHHe (B npelesax
13—36%).

Kak n caenosajo oHAaTh, MAKCHMaJbLHBIH OCYIIHTEb-
nblit appext (na 2—159% no paccTofHHAM) 1aIOT OTKPBITHE
Kanaau. OLaKko cTPOUTENbCTBO OTKPBITHIX KaHAJAOB BecbMa
OrPAHHYEHO YCJOBHAMH TPOH3BOACTBA CEALCKOXO3AHCTBEH-
HBIX paloT HA OocylUIacMbIX MaccHBaXx.

METOOMKA DUNLTPALUHMOHHBIX PACYETOB APEHAMA

PaccmMoTpum MeToAM pacuera paccTOSHHI MexXay pery-
JHPVIOUHMH TOPH3OHTAJABHEIMH TPYOUATLIMH JApeHaMH, yJo-
AKCHHBIME TpanueinsM 1 GecTpantleiinbiM cnocobami ¢ 3a-
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MATHBIMH (QUABTPaMH U3 €CTECTBCHHBIX H HCKYCCTBEHHBIX
MaTeprasoB u 0e3 HHX. [IpHTOUHOCTE BOALL K APEHAM H HX
BOJ03aXBaTHAR CNOCOOHOCThL, ONpele/siiomas pacucTHble
PACCTOSAHHA MEMXAY JpPelaKHbIMH JHHHAMH, 3aBHCAT OT HA-
HaJILHBIX M IPaHHYHEIX yoaoeuil ¢uabTpauus, XapakTepa
HATIIACTOBAHHSA TPYHTOR, HX BOJONPOHHILACMOCTH M BOJOOT-
JAuH, KJHMATHYECKHX YCA0BHI, KOHCTPYKTHBHLIX Oco0eHHO-
cTell CAMHX JIPEHAXHBLIX TPYD (HX AHAMETpPOB, JJHH, pasMe-
poB, (POPMBLI H pPAacnoNoXeHHs BOAONPHEMHBIX OTBEPCTHH),
cxeM VKJ4JKH H NapaMeTpoB 3alUUTHLIX QHJABTPOB (TOJILLH-
Hel W BojonpoHuuaemoctH). Hsnaraemble nHuxe MeTOAH
(GHALTPAUMOHHBLIX PACYHETOR [pEHA)Ka YUHTHIBAIOT NPAKTH-
uecKH Bece nepeuncieHHsle (pakropei. Pazpaboranbl oHH Ha
ocHoBe o6o0uienua pewwenuii, noayuednbix C. @. Apepbsino-
seim [2], T1. §1. TTonyGapunosoii-Kounnoit [43], A. 5. Oueii-
nukom n B. JI. Hocukosckum [37], B. M. lecrakosuim [59]
i ap. [56, 67], a TakiKe CODCTBEHHBIX TEOPETHUECKHX, TOJE-
BLIX H Ja6OpaTOpHBIX HceaedoBaunuit asropos [32, 35, 36],
4ACTh M3 KOTOPBIX H3JO0MKeHAa B MpeibVIIHX paspgenax Ha-
cTOfAWEeH padoThHI.

HAperaxcroie Tpybol. B MennopaTHBHON NPaKTHKE TyMHJL-
HOH 30HBI MPH CTPOHTE/NLCTBE TOPH3OHTAJNLHOTO JpEeHaNKa
MPpHMeHAOTCA TPYOLI:

kepamuueckue (FOCT 8411—74, npunoxenue 1);

naacTMaccoBbie ro)pHpoBatHbie H raaakocrenHsle (TY
6-05-1078-72, MPTY 6-05-917-68 M, npuaoxenua 2 u 3);

TpyGoduabTpe  (ecuaHo-ueMeHTHBle, KepaMHUeCKHe M
ApyrHe TPyObl ¢ NOPHCTBIMH CTEHKaMH).

Mapkuposka kepamuueckux TpyO NPOH3BOAHTCA M0 BHYT-
peHHemMy Anamerpy (B MM), MJIacTMacCOBLIX — MO Hapy-
HOMY. B QHAbTpauHOHHBIX pacueTax ApeHama aas Tpyod ¢
He(PHIBTPYIOLIHMH CTEHKAMH 3@ pacueTHLiH NpHHHMAaercs
HADPYMHbBIH AHaMeTp, AJsi TpybopHJABTPOB — BHYTPEHHHH,

KoncTpykTtusHee ocobennoctn tpyd (D, Sy, t, do, S, 1)
OKa3biBAIOT CYILECTBEHHOE BJAHAHHE HA OCYWHTENALHLIH 30-
dekT apeunaxka, BBI3BIBAS JONOJHHTENbHBE (HIALTPALHOH-
Hble COMPOTHBJCHHA, H JOJMKHB 00A3aTECABHO YUHTHBATHCH
B pacueTax.

Hexoduste napaserpst, Ias npopejenns (PHABTPALLHOH-
HbIX pacueToB FOpPH3OHTAaJbLHOrO TpyOuaToro JpeHaxa He-
00XOAHMO NPpCABAPHTENBHO VCTAHOBHTBH CJEAVIOLIHE [OKa-
3aTe/n:

. T'eonoro-ruaporeoJiorHyeckKoe cTpoerie oObeKTa: MOLIL-

HOCTb BOAOHOCHOM TOJLH, TAYOHHA AKTHBHOH 30HEI,
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HAJAHYHC HANOPHOCTH H GOKOBBLIX NPHTOKOB, riayGHHA H
GanaHc rpyuTOBLIX BOJ, HaJHUHE BOJAOYNOPOB, Npo-
CN0EB, pa3rpy3ouHLIX OKOH.

2., QuabTpauHOHHBE CBOCTBA TPYHTOB: BOJONPOHHILAE-
MOCTb, BOJA0OOTAAYA, HEJOCTATOK HACHLIIICHHA (B Npak-
THYCCKHX pacueTax HEJ0CTATOK HAaCHIEHHA OOBIYHO
MPHIIHMACTCH PABHEIM BOAOOTAAYE ).

3. Kaumatuueckue ycJoBHSA: pacnpejpeneHie ocaikos,
HCMapenHe, 3anackl BOJAbLl B CHEre K Hauajly cHerotas-
HHS, CJOH 3aTONJIEHHSA H AP.

4, XapakTep HaMe4aeMoOro CeJbCKOXO3AHCTBCHHOTO HC-
MoAbL30BAHHA NJOLLALEH: KyJAbTVPLI, pacueTHule pe-
KHMBI TPYHTOBBIX BOJA (HOPMBI OCYILEHHN), MJIHTE/b-
HOCTh W CPOKH HadaJjla pacyeTHbIX MEepHOLOB.

D. XapaKTepHCTHKH APEHAaXHBIX TPYO: AnameTpnl, JJIH-
HBl, pasMepsl CTHIKOBBIX 3a30poB, opma, pasMmepbl H
pacnoJqiokenue mepipopannu,  BOAONPOHHLLAEMOCTD
cTeHoK (aasa TpyboduabTpos).

6. XapakTepHCTHKH (UALTPOB: MonepeyHble W NPoAOJb-
Hble KO3 UUHEHTE PHALTPALLHH, TOJLIHHBL,

7. I'ayOuubl 3aJ10eHHA APeH, cXeMbl YKJIa1KH GHALTPOB,
CXEMbl pAacnoJlOXKeHHss PperyJjupyiouleil apeHaxKHoOM

CeTH B NJaHe.
Pacuernoie nepuodo. Ocnoslsie GuibTpallHOHHBIE pac-
4eThl B TYMHAHOH 30He BeayTcss H3 ycjaoBHA obecneyeHus
Heo6xoauMoit HHTencusnocTH cnaja YI'B no merony yerano-
BHBLWIEHCA H HEeyCTaHOBHBLIEHCS (uabTpauuH. JledcTBUTENE-
Hblif XapakTep paloThl MeJNHOPATHBHOIO JApeHaXa OIMUCHI-
BaeTCS YCJAOBHAMH HEYCTAHOBHBLUErocs pemiuMa TPYHTOBBIX
Boa. Mexapenuslie paccTosHua GoJlee NPaBHJALHO PACCUHTHI-
BaThb Nno stoMmy meroay. Oanako paspaGoraH OH JIHIIL AJIH
OTpaHHUYCHHOr0 Kpyra npocThiX HALTPAUHOHHEIX cXxeM. [To-
ITOMY BO MHOPHX CJAY4Yasix HCNOJb3YeTCsl MeTojl YCTaHOBHB-
weiics GRALTPALLHH NPH onpeae/ieHHH Hanopa, HHTEHCHBHO-
CTH HH(PHABLTPALHOHHOIO MHTAHHA H JIPEHAXKHOro MOIYJA.,
310T MCTOJL JlaeT HEKOTOpPHIH 3anac B pacuerax.

PacuetnsiMi nepHosaMu sIBASIIOTCH BeCeHHHWl u JeTHe-
ocennuii. [Tepeniit aantensnoctoio f=10—15 cytok nocae
OKOHYAHHA CHEroTasiHHA CYMTACTCA OCHOBHBIM, BTOPOH —
MpoBePOYHbIH. PHALTPAUHOHHBIE PACYCThl HA BECCHHHH ne-
pHoa mpeiycMaTpusaloT obecneyenne HEoOXOAHMON HOPMBI
OCYUIEHHA K HayaJy nojessiXx paGoT M BereTallHH pacTeHHH.
31ech BOIMOXMHBI /IBa BaApHAHTa: 4) OTCYTCTBHE 3aTOMJEHHS
NOBEPXHOCTH NMOUBLI npu pacnoJoxennn YI'B Kk navaay pac-
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PacueTHole NepHOALI W

PacyeTHan cxeMa

PacweTnne

Becenund

e aaTorAeiiH

Yetanosupiiascn UALTpauHs
|a— Ge3 zatonnenus |6 — npu 3aTon-
JEHHH

Cxema a
Hg=b—a, —0,6(a—a,) (1.1)*%
my = 0,5H, (1.2); ¢ :E (1.3);
w=Hu(l—0)+(a—a)p+

+(p—e)t (1.4);
ANE MHHEPAJBHOTO rpyuta (no
IpEHBY):

= 0,056 Vep 5 —H, (15);
ans topda (mo Hemuxowmy):
o= 0,116 EX3(b — H,)¥4 (1.6);

rp
0= ﬂ.EF[I' =_0,01);
a=0,8—0,9(0.01< i<_0,05); (1.7)
o =0,9—0,95 (i > 0,05);
! =10—15 cyr.

Heycranoryminasica (puALTpanm
[s—npH cnajge YI'B [a —NpH nojLeme
YI'B

P i P = |
s e
e ——=

[Tpn pacuerax no
Hy=b—a, (1.13); ly==b—a (1.16);
A=a—a, (1.17); m,=0,5h, (1.18);
= 0,056 J %, R -
-} Hey (1 *‘“L‘i" (p—e)i (1.19);
= 0,116 kpf® AY4 -

= aft Heu (1 —ﬂi_i- (0 —e)t (1.20);
i .?; = C - "
S I kp o no (1.7); { = 10—15 cyT
- 8
2 z '
[Ipn pacuetax no
ffu:brﬂ. (1.31); hy=a,—a (1.32);
filg = I],E"ffn {1-33]; i =
= Hey(l —0)+ (p —elt (1.34);
f L
w=0,056Frp v (1.35);
= 0,116 £ n3 (1.36);
i ' rp & -90);
o no (1.7)
* 3neck o janee B cxemax (opmytisl  MMEOT  CAMOCTOATENbIYIO

HOMEp gopMyNul B CXCME.
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HCXoAHMwbie napamerpw [2, 11, 34, 36

Cxema [

SARKCHMOCTH
[1K3 ERELERIY JleTHe-acennnf e g
MPH 3ETOMRMCHIH 10 HOPMe OC Y eI |m,::H“,:hr:,T;;'T:§;:;ﬁ:::c'
Cxema 0 Cxema a bﬂxeﬂwqﬁ f (113
Hy=1b—0.6a (18); |p — 0,6(b—a (1.11);|Hp=b—0,6a, (1.13);
my = 0,5H, u L Eh—[{b-JE}pi w=Hy 4 ayp —
il ) ?F 10) g no (1.3); u'g]:u“ " (16);
- {(p —& AL iy . no HAHK
w no (1.5) wan (1.6); e (1.5) nau (1.6) : f=1—3 cyr.
t=5—10 cyr. a — HOPMA OCYLICHHA
B JeTHe-oCeHHHA ne-
prioi

Ho="5 (1.21); a,=0;
.ﬂ.—al[l ?2] h; nu(l lﬁ]

m,,-, mo (1. IEF:I
= 0,056 /5y a +
4m*f‘mumL

p=0,116 k?;ﬂ a4
._‘_Hu + (p — &) f{]dg{!};
[

{=10—15 ey,

Heobxoaumony nonmkennio YI'B (cxema o)

Ho=b—a, (1.25);

ac:EHE, (1.26);

hy=>b—a (1.27);
my no (1. :s}

W U Uﬁﬁ]’rkrp ¥ A+

4 Eh—e "’;""" (1.28):
w=0,116 £2/° A4}

% fr b
1 Zh—et o).
x (1.29)

a, —ray6una ¥IB x
Havany noxaedt

= l]‘. Hn no [1.2”]:
= b —a, (1.30);
= ag (1.31);

mg no (1.18);

w no (1.23) nau (1.24)
NpH a = ag;

f=1—23 cyT.

i

hy

AONYCTHMOMY MOABEMY

¥YTB (cxema 2)

Hu—.‘}—a, (1.37);
hy =a, —a (1.38);

lg = -"{—' (1.39);
w no (1.35), (1.36);
my no (1.33)

H Y MEPaLLiio;
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B yxeennwe oboanauenus K cxesam [—6;

B — paccTosnie MEKIY OCAMHN APCHAMNX JMiail, m;
Rrp — KOXPDHILHCHT (RALTPaMI TPYHTa, M/CYT;
kg — 10 e, guanTpa, mfeyr;
m — MOUWHOCTL PACMCTHOrO CAOH FPYHTA, A;
T = Rpprt — NpoBOAMMOCTD MnACTa, M3/CYT,
I — RO3(PHLULMEHT BOAOOTAAYH (HEAOCTATRA HACLULCIIEA);
Hp — pacverustii wanop (npesuuuenne YTB memuy apenamu nai ocbio
Apen), M;
T — Bpema CTabuansauni, cyT.;
! — AAHTEALHOCTh pacMeTHOTO NEpHoja, CyT..
g — HITEHCHRHOCTh WHPHALTPANNOHHOrO MHTaHNs (Cpeauniii 3a pacuer-
HEIl NepHoA NPHTOK K jpeHam), M/cyT,
Jp — PACUETHBLIH MOAYJL APEHAMHOrO CTOKA, JAfC.rd I_:'i."; M/CVYT;
Lyy—o0wne PHALTPAUHOHHLIE COMPOTHRIENNA (M0 CTenenH H Xapakre-
PY BCKPBLITHH NAaCTa), »
C;— GMALTPAUNOHHLIE CONPOTHBJACHUA JPeHAAHEX  TPyo Oe3  (PpuaL-
TpOB;
Oy — PHALTPALHONUEIC CONPOTHBACHHS NU XAPUKTEPY HBCKPLITHS NAACTY;
¥p— npupalienne  QUALTPAUHONILX  COnpoTRBaeHItl, obycaoBiennoe
RAHANHEM (PHABTPA,
D — napyxuuiil Inaverp ,flp-‘:lm:ra-:lrnﬁ TpyoLl, M;
Dﬂ — BHYTpeHHUA JguameTp,
& — ToauHa uasTpa {f:'rmiha TpyhoduasTpa), w;
T, — UWIHPHHA CTHIKOBOrO 3a30pa MEKAY JApeHamiubMu TpyOasu, M;
-rﬂ—-mupuua NPOAGALHO-IEAeR0l nepdopailHi, M;
8, — anuHa Kepamuueckux TpyG, m;
S — war nepdpopawin, M,
n —uncao pajos nepdopallbi;

N = g———HDJIH'-IECTE!D oTpepeTuit na 1 mor. M TpyoL!;

dy — aHameTp nepdopauHoHHLIX OTBEpPCTRHIL, C©M;
| — paMba weaen, M;
[, — wHpHHa NoJocu (MALTPA, VKJAALBAEMOro BOKpPYI CTLIKOR Kepa-
MHYCCKHX TpyG, M;
4 — HOpMa OCYUIeHHA K KOHILY pacqMeTHOTO Nepnoaa, M;
@, — rayGHna aaqgeranws ¥T'B K navany pacuetvorn nepHoaa, M,
(fp — MOWULHOCTH NaxoTHOrO CAO0A MNO4BLL, M,
b —rayGuxa ApeH, pPacCTOAHHE OT MOBEDPXHOCTH 3eMJH a0 ocn jgpe-
HAMHON TPYOH, M;
H.y—3anac soas 8 cuere 10Y%-woit obecnedenuocTH K Hadany TaA-
HEST, B,
Hy —ray0Hua o 3aTonaenus noBepxHocTH NOYDLL, M,
0 — KOSQPHILHEHT CTOKA TANbIX BOJL
€ — HHTEHCHBHOCTE MCNAPCHHH, M/CVT!
£ — HHTEHCHBHOCTE aTMOCeplLIX OCajIKoB, M/CYT:
Eh —cyMMa OCaJKOB 38 pPacHueTHnil mepHom, M;
[ — YKJOH NOBCpXuocTH 3esman;
W — KOJARYECTRO BOAM, MNOAACHALEH OTBSICHHID APCHAMKEM, M;
@ — KOIMPHILHENT, YUHTLIBAIOULHA CXeMY YK puabTpa.
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YeTHOro nepHoaa Ha raybuHe @p; 6) nonHoe HACBLILLCHHE [0Y-
Bbl BOJOH H 3aTONJEHHE NOBepXHOCTH caoem Hg.

[Ipoeepounsie GpuALTPALlHOHHLIE PACYETH Ha JIeTHE-OCEH-
HHI MEPHOA BeAYTCA MO CAEAYIOUHM YcJAOBHAM: a) obecne-
qyeHHe HYMKHOH HOPMBI OCYLUCHHA B 3TOT NepHOA NPH BbiMa-
JeHHH HHTEeHCHBHLIX AomjaeH; 6) obecneueHHe HeoGXoAHMOH
CKOPOCTH 0CBOGOMAEHHA MaXOTHOTO CJAOA OT I'PABHTALLHOH-
HOH BOAB (f=1—3 cyr.). [Aa TAMKENBIX FIHHHCTHIX MOYB
noc/e/iHee YCJAOBHE SABJAACTCA OCHOBHBIM H AAA BECEHHEro
nepuoaa, npu atoMm {=10—15 cyr., 4p=0,2—0,3 M.

Kak npasuio, npoBepouHble pacueTbl Ha HHTEHCHBHBIE
JIOMAH B JIETHHI NepHojA He JeJalTcs BBHAY TOro, uto noy-
Ba B 3TO Bpems obJjanaer 0ONBINOH AKKYMYJHPYIOWIEH em-
KOCTbIO, BEJAHKO HcnapenHe, noabeM Y['B He3dHauuTe/bHbIA.
Yro Kacaercs oceHHero nepuoaa, To B pacuerax ¥I'B k Ha-
HaJy 3aTAMKHBIX LOMAeH NPpHHHMaeTcsa Ha riybuHe 3aj0xke-
HHA JIpeH, mouBa He obJajaer aKKyMyJAHPYOLWeld eMKOCTbIO,
nopma ocyweHna a=0,6—0,8 M, Hcnapenne e=0—
0,5 mm/cyT.

Pacuetnsie mepHoib ¢ yKasaHHeM 3aBHCHMOCTed Jns
onpejesedus HCXOAHBIX NAPAMETPOB NpPHBeIeHH Ha cxeme 1.

[Tpn Hcnosb3OBaHHM METOAA HeycTaHOBHBLIeHCH (HIb-
TPALHH BO3MOXHB (HIBTPAUHOHHBIE PacyeTH ApeHa)ka Mo
JonycruMomy noavemy ¥I'B. Ecan Kk navaay cHerorasnus
¥IB pacnonoxen na Goabluoii rayGHHe, TO MeX/ApeHHbe
paccToAHHA MOMHO ONpEJAeNHTh H3 YCJA0BHA, uTO0B K Haua-
JIy noJieBbix paGoT OH MOAHAJICA HE BbllE HOPMBI OCYLUEHHA B
BeceHHHH nepHold. B setHe-ocennuit nepuoj rakuM tpebopa-
HHEM fBJsAeTCA noabem Y¥I'B OT HHTCHCHBHHIX A0XAell He
Bblllle HOPMBI B 3TOT MEpPHOJL HJIH HeJONylleHHe 3aTOIMJeHHsS
KopHeoOHTaemoro cnoda noussl [50].

Pacuernoie puavTpayuonnsie cxemot. OUILTPALHOHHAS
ofcTaHOBKa MeJHopHpyeMoro MaccHBa (o0beKkra) A0JMKHA
ObITh NpejcTasjieHa pacyeTHOH GUABTPALHOHHON CXeMoO#,
KOTOpas fBASIETCH OCHOBHOH AAs BeiGOpa MeToja pacuyeTos
npenaxa. CxemMa cocTaBiAfeTcs AJA BCEro MacCHBa HJH Bbl-
AeJEHHBIX XapaKTepHblx yuacTkoB. [Iad noctpoedus ¢uab-
TPALHOHHOH CXeMbl HCNOJABL3YIOTCH JMAaHHBIE MO PeXHMY,
CTPOEHHIO H CTPYKTYpPe NOTOKOB, YCJOBHAM THTAHHSA, TH-
JIPaBNHYECKHM XapaKTepHCTHKaM BOJOHOCHHX TOPH30HTOB,
HX CBA3H ¢ aTMocepoii, reOMeTPHYECKOMY OuepTaHHIO 06aa-
creil huabLTpaUMK H AD.

MejopaTHBHBIE MEPONPHATHA OCYIIECTBAAIOTCH HA NJO-
waaax ¢ Ge3HaNOPHLIMH M HANMOPHBIMH TPPYHTOBHLIMH BoJa-
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MH, OCHOBHBIMH BHAAMH MHTAHHS TPYHTOBLIX BOJL ABJAIOTCS
Hilq]'llu'lhTPﬂul{DIIHHE, BEJAH'INHA KOTOpPOr VETdHABJAHBACTCH
Ha OCHOBEC BOAHOOAIAaHCOBBLIX pdcyeToB, riayOHHHOE H3 Ha-
MOPHBIX FOPH3OHTOB H NPHTOK CO CTOPOHBI.

[Ipn anaunTe/bHBIX paaMepax MEJaHopHpPyeMoro o00hek-
Ta HMcer mecro Ocananopuas obaacth QHALTPALHK ¢ OO-
BEPXHOCTHLIM HHPHALTPALHOHILIM NHTANICM HPH OTCYTCT-
BUHH (peako naauunn) rayonuvoro nputoka. [las yuacTkos,
NPHMBIKAIOILHX K BOAOXpaNIlIHILAM, O3epaM, KPYNMHLM pe-
KaM 11 Kaiajam, CVUIECTReNNyio poib nrpaer GOKOBOM n1pH-
Tok, B Taasserax yakux 3aGoa0MeHHBIX NOIM, KAK NPaBHio,
HMEET MEeCTO ZHAUNTCALIOC NANOPHOE NUTAHIE ¢ HIAIHX
ROJOHOCHLIX FOPH30HTOR,

Bepxueit rpannueit GminTpanHoOHHON CXCMBL ABASETCH
NOBEPXHOCTE NOYBH, HHAKNEH — BOAOYNOP HAH KPOBJA OOHIL-
HOTO HanopHoro ropusonTd. Bojgonocnas toama, Kak npa-
BUJAO, HEOHOPO/LIA 1 NPHBOANTCH K ABYX- HJAH TPeXCNOHHOM.
Ian6oaee pacnpocTpancHbl ABYXCAOHHLIE ToawH. BuyTpen-
Heill MX rpannueil srasieTcs 0CKOCThL pasjieia ABYX CJOER
C CVUILECTBEHNO pasuoil nponnnaemocthio. Ecan sojonpon-
LaeMOCTb Bepxuero cnos ne menee vem 8 300 pas Goabue
HHAKHEr0, TO NOCJACIHHIA NPHHUMAETCS 34 BOAOYNOP.

[Tpunumunm cxemaTH3alii NPHPOAHBIX VCJIOBHH H NOCTPO-
CIISL pacueTHLIX (PHALTPAUHONNBIX CXEM AeTanbiio pasdpabo-
TaHbl NPHMEINTENbHO K CHAporeoJornyeckum pacvueram [6, 7,
30], KOTOPBIMH H CleAYVeT PYKOBOACTBOBATLCH NPH cOCTapae-
HUH  pacueTHBIX (PUABTPALLHONIBIX CXEM MEJIHOPATHBIOIO
JpeHaka.

OcrosHble pacuetHsie sasucumoctu, B obuiem cayuae
NPHTOK BOJLI HA EUNIHILY AW

2nkH
Q= ;
Dy - By
©; = P + C,,

rae g — GUILTPALHONIILIE COMPOTHRJACHHA HieallbHOR Jpe-
HBI (MOJOCTH B TPYHTE), ONpe/ieaeMble rpaiHuHbl-
MH YCAOBHAMH QUABTPALHHY (CONPOTHRAEHHAMH Ha
HECOBEpPIUIEHCTBO jIpeHaXka No CTeneHH BCKPHTHA
maacra).

GuabTpauitonibie CONPOTHBJEHHA Ha HECOBEPUICHCTBO
ApeHAaXKa MO XaPAKTEPY BCKPLITHS MJACTA 3aBHCAT OT KOHCT-
pyKiguit Tpy6, napaMeTpoB GHIABTPOB H CXEMBI X VK&K
B OGIEM cAyuac BLpamKalorces 3apiciMOCTbIO
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D; = oy +Ci(l—rx+ ':T: c:).

[Mpupauienne GpUALTPALHOINLIX CONPOTHBJACHHIT, OBYCI0B-
Jeiliioe naanuneMm GHALTPA,

D - 26

lkl‘
'll'.'q, — ( k._: = 1]]” T.

Paccroanua Mexay ApeHazKHbIMH JJHIHAMI ONpeaeasior-
cA no 3aBucumoctam [2, 36, 37, 55]:
NpH yCTaHOBHBIIEHCA QUALTPAlHH

/ HT
sV B 1)

IpH IIE}'CTEI[EHHELUEHCH

;’I . T
E=4(I’; Lfm‘—l— P _Lu,u_)r

T
rie Lug = Lug + Dy

0
L,z — QuAbTPaLHONNLIC CONPOTHBJECHHS 11a HECOBEp-
IWEHCTBO JipeHa)a No cTenei BCKPLTHSA NaacTa.

Beanununl Ly OnpeiensioTc no NPHBOAHMBIM B paboTax
[2, 36, 37, 53] dopmysiaM B 3aBHCHMOCTH OT NpHHATOI Piib-
TPallHOHHOI CXeMBl, Ha4aJdbHBIX H TPalHYNLIX ycaosHil. Pop-
MYJABl A5 Bulyncaenns GUALTPALHONHBIX CONPOTHRACHHI i1a
HECOBCPILUEHCTBO Jpeliaxa Nno XapakTepy BCKPLITHS naacTa
M B 3aBHCHMOCTH OT KOHCTPYKLUUiT Tpy6, napaMerpon dpHALT-
poB H cnocofa MX YKAaAKH npHBefeHsl Ha cxeme 2 [35, 36,
56), a o6wne puabTpauHouHbie conpoTusaenus Ly, — na cxe-
Max 3—6.

Merodura nposedenus pacveros. PUABTPALHOHIILIE pac-
YeTbl TOPH3OHTAJBHOrO TPYOUATOro Apenaxa CBOAATCHA K
VCTAHOBJCHNIO MEMKAPCHIBLIX PACCTOAHHIT H MOAYJEH CTOKa
NPH H3BECTHOM reo/JOrHYecKOM CTPOeHHN TOJLLH, 3a/1aiHOoH
Avpamuke ¥TB (nopme ocviienus), H3BECTHBIX KOHCTPYK-
uHax Tpyb, cxeMax ykJAajKH H nmapaMmerpax (QUALTPOB H
NPHHATOH (l1a OCHOBE TeXIHKO-3IKOHOMHYECKIIX pacueron)
rayGHIe 3210 CHHS IPCH.

Metoanka n nocaenoBaTe/bOCTs GHALTPAILHONIIBIX pac-
YETOR JIPeliaa COCTOAT B CACAVIOEM:

. Cocrasaserca pacuernas (puAbTpaLONHAA cxema.

2. IIpHHNMAIOTCA pacueTHbIE NepHo/Abl H CPOKH H BBIUHC-
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Cxema 2

PHAbTPAUHOHHBIE CONPOTHBACHHA NO XAPAKTEpY BCHPHTHA njacta

|32, 35, 36, 56]

Bapuanrs cXeMm YKAaaku Tpy6
i pHALTpOR

PacqeTHLEC 3aBHCHMOCT H

I. Kepamuyeckue tpyou

IITII . :11-1",:, —|— r“l' {1 — 2

———

kl'p
+—La) (2.1)
i
a —Ges GuaAbTpa B ¢ BHYTpennumn | @ = 0
CORQUHHTENBHUMI  BTYAKAMH (My]- | g 1 4, 45, In [
TaMH) N sin .2 T
15—
4 i ..__-__-@ 2.2).
> Mpw 7, = DHIUEfS lEu
TI

T, — WHpHUa aaaup.a MeRAy Tpyh-
KaMH HAH WHpHia QUL TpyolLei
HACTH BHYTPCHHNX BTYMOK (MyiT)

O — HALTP COAOINOI

—

D4 25

o eu

Ilpn T, -
"'I'E = 3(

Dﬂl DELgS. =1,2 u
\. D428

]llg -}

45, 28

+ 1,68 ; D fg (2.5)

& — (PUALTD NPCPHBHCTHA HAK Ha-
PYAHBC PHABTpPYIOIHE MyDTH

wan C.= 1,68 IgLf;ln:ESl
D128

(2.8);

W2 3[.__-—1 J 2.9);

.1=I/

I \3
5 1 ) (2.10)
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[Tpodoascernue cxemue 2

BapudTH cXeM YEAMAKN TPy 0
B LT OB

s erinnge 3aBensoeT i

2 —PuanTp KoMGHINPOBIN B

P no (2.6); r:'r no (2.7) nan (2.8);

‘i'|. no (2.9); - 0,95—=0.98
nps .|" = 0,35,
Co 4 28
;=23 __-—I)
; -’h:rl / ]g Iy
(<.11)
. Naacruacconwie, acGonesent- .-.Eﬁ
HEE 31 Apyrie Tpy Gl - 2, '”: Fu =] J ==
frp 3 1
4 =G (2.12)
Ry
@ — € Npo1oaslo-uieacsoil nepdo- 25 o
paupeil Gc3 QuasTpa = rn sin g ot

r%-

tv 53*"‘

28
() = arcsin22 (2,14
s D { !

[Ipn 1 = 85 8 < 160; [ - b
D 1O e

=462 925D 19135
nl = nivt,
L , » ' 1.9
0 — e, ¢ IibTpoM D — 2.3 f_'_'i i J g D426 :
key, r
k S5
0 ot R | 7 (2.16);
fi‘,;l, ”’ -'!-“:1. " E]
—]L
. D9
=t gl — '
" >
_Jn_ I.{.J L' -—I'i [E.I-I'J:
ky i - nilr,

0 no (2.14)
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Mpodoawenue cxemor 2

Bapuantel cXem YEIaaARM Tpys
W puasTpos

PacqeTnnic 3aBiCHMOCTH

8 — ¢ Kpyraoit nepdopauneit Gea
tuabTpa

49 4 (1,012d451% 4 1)
( (0,006643-5 + 1,033)

0
‘tlll_-.' = y

|5
(2.18);
deBCM; S B M

m,._zal )]n_+a+
) q.

I 4.0 .

E.I.m. (2.19);

*l**r no (2.18);
dyscu, S B M

@ no (2.4), {?5} (2.16), (2.17),

.$}EJF.:1%{ .f‘- : % nPH ﬁ E-':] {-bl 'E.h]} -
L2 el ! "
PR TV IRARY &y S
G A 2k (2.20
B e .r'.',-‘]rr..-' #
AR R
B AN IR s/
G ey
LSS j SRR
L --:’F _-—-_—r}f"—t'..-’;_,.-l_,.. y
BN s an i YA
VI ar o YA
V. ®uabtp amyxcaodiniii D
a — Tpylu mobue Py2==2 3[ Ig DT2 (511 03) 1+
| Fep g ﬂ+2[51+1511 +
B 7 in E-E-D + ﬁ
k
Wb, AL i P ) (2.21);
Rim D
Ci=%; no {2.2}, [EJ]_ (2.13),

(2.15), (2.18);
an TpyGoduantpa: D= D, &=
=0 (cxema II); C;=0; kp1=
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Ipodoawenue cxeum

Bapuadra cXeM YRAaAKH Tpvo

H HUABTPOD Pacqetnse sapucHmocTn
6 — Tpylul ¢ PUALTPOM B nNecHalo- P:.2 no (2.21) npn §, =
Ipasuitioll oOCcK Ko _ 0.53(by--h))— (D+-28)
- E‘ {_.EEEL

Ci= 4y no (2.2), (23), (2.13),
L 2.15), (2.18); i

"o,"l
oy
N
N
LY Qx
M
%
"
,
.

AR
WO R AN

Lo iler A TpyGoduasTpa ¢ oficHNKoi
..-"lﬂl ..-'"""':-" e g
S ;F” 2 H;"'?f’:;.f D= D, § =08 (cxema 2); Cj=
f{-fff:’ff j = ;f’_::": -"f- = Rl = Rrd
::'::"j’..ri = GE\ -""'..-""_,:::
LS ] Al ’
f;”r’f%ﬂ._ il
LY el e
Ty 1 -i;—';-*zj PSS
Yl s b LSS
PP ITIIIIIII I IS

JAIOTCS PACUCTHLIC HATOPL! I BeJAHUHHBI BOANOrO NHTa-
Hug no dopmyaas, npusejeHnsM na cxeme 1.

3. HMcxoas 1a napecTiuiX KONCTPYKINHA TpyO, napaMeTpos
GHALTPOB N NPHIATLIX CXEM HX VKAAAKH BLIYHCARIOTCS
(GUALTPAUNONNIBIC CONPOTHBAEHNA JApPCH NO Xapakrepy
BCKPLITHA MJacTa 1o popmyaam cxemnl 2.

4. Pacctosuna Memay ApeHamubiMil JHIHAMH BLIYHCAA-
1oTcA no Gpopmyaam, NPHBEACHIBIM 11a cxemax 3 (ABYX-
caoitnas toawa), 4 (oanopoauntit rpyurt), 5 (Tpex-
cjaoitHas ToJua) u cxeme 6 (nanopuoe nutanne). Ha
cxeMe 3 JlaHLl 3aBHCHMOCTH /151 PACUCTOB METO/laMH
yeTaHOBHBIICHC PUALTPAUHH NPH 3a/IAHHOM TTOHHHKE-
nun YI'B n weycranopusuieiica (puantpaunn no nouu-
AKennio i gonycrumMomy noabsemy ¥T'B. B ueasx coxpa-
uenns obbeMa na cxeMax 4 u 5 He npuseern popmy-
JAbl AJA pacuetoB no gonyctuMoMmy moawmemy YIB,
31ech MOAKIO BOCNOJAb30BATLCH (POPMYJIaMH cXeMbl 3,
NOACTABAAA B HHX COOTBETCTBYIOUIHE 3HAaYeHns OOLLKX
GHABTPAUHOHHBIX conpoTusicunit Ly, n3 cxem 4 u 5.
Bee nHeobxoanMule 415 pacueTos napaMeTpbl npuBeje-
Hbl HA cXemax.

[Tonpasoununii kosdgpuunent fs, pxoaauwnit 8 GopMynanl
cxeMbl 3, onpeaeasiercsa no rpadukam f=q (r, m, ), cocras-
aeineim A, $1. Oaeiinnkom [37] (pue. 22), npn caeayiouunx
napaMetrpax
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Paccroanua mesny JpeHaMHBIMH JHHHAMH

DUALTPALIGIEN CXeMa

PacHeTHuC

¥eranopnewan 8 GuaAsTpanns

no aajaiHoMy

@ — NOHHKEeHHE
¥I'B

Hp
! I ﬁ.I;EJII

TS SRt

LR il R WD
il
£z

! Hg_th ! ﬂi

| O — nopwem ¥I'B

Cxema a

i (]/ Lﬁﬂ-f- ..A)
(3.1);

T=ky (My-}-mg)4-k,my (3.2);
Hy no cxeme 1; my=0,5H, (3.3);

k 2m
Lua = Bs ﬁ[ﬂ,?ﬂm ]E:E_I:T -

4
+ 1,46mg g2+ 0,318 (m -+

- 2my) ®;

=
“ “[i::;ran-gE lg

+1 46m, Ig -| 0,318

(mg 4+ 2my) II-'-;] (3.4);

B, mo puc. 22; r, A, m no (124);
@; no cxeme Z;
q no cxeme |

& — NOHHXKeHHe

¥I'B

l 2 —nonsem ¥YT'B

Cxema @

B no (3.1); my mo (3.3);

T =k, (my 4 my) (3.20);

Lya =0,73m,, ig%_‘t‘l& T

1 ,46m, |g4ﬂls 0,318 (m,+
-+ 2my) d; (3.21);

0; no cxeme 2;
q no cxeme |;
H, no cxeme 1

[Mpumevanune Hua cxem @ u 0 xoachbanne ¥IB B Bepxuem
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Cxema 3

B ABYXCAoAHMX rpynTax |2, 35, 36, 37, 55]

SABNCHMOCTH

l HeycranopuBWadch GuAbT palna

nodwsenmo YTB

no gonycruMoMy nogsemy YT'B

Cxema a

T
B=4¢ ( l.r" Iﬂﬂm T E'_'Lli.ﬂ_)

(3.5);
T = kg (my + mg) + kumy  (3.6);

ht..H,,—a (39); A=a—a, (3.10);

t

n=g 311); 1= — (3.12);

H' f
t=1M. m)s prec. 27;

T

= 3.13);
M hekg (3.13)
L“l mo [3 .4} nPH mp — mu:

(3.14);
p no (1.19), (1.20), (1.23), (1.24)

@; no cxeme 2, m.;=t-i2—t

ht=b—a (3.7); H,=b—a, (3.8);

Cxema 6
B no (3.5);

T = ky (my |- m;;} -+ kym, (3.15);
mg = 0,5H, (3.16); Hy=b —a,

(3.17);
ht=a, —a (3.18);
P= -"E‘Ih_f (3.19); t—f{-,v} puc. 25;
T no (3.12);

Lpy no (3.4) npu my = rn,;:
q no (1.34), (1.39);

p mo (1.35), (1.39);

P; no cxeme 2

Cxema @

B no (3.5);

T = ky (my -+ my)
my no (3. 14);

Lyy mo (3.21) npw m.,=m,;:

hy mo (3.7); n no (3.11);

Hp no (3.8); T mo (3.12);

t no puc. 27; nm mo (3.13);

A no (3.10); ¢; no cxeme 2;
p oo (1.19—1.24)

(3.22);

CxeMa 2

B no (3.5);

T = ky (my +mg) (3.23);

my no (3.16); y mo (3.19);
1 no puc. 25; T no (3.12);

Hy no (3.17); ht no (3.18);
Laz 10 (3.21) npu mg = mg;

d; no cxeme 2,
q mo (1.34); p no (1.35)

cnoe;, 8 H & — NPEIMYIICCTBCHHO D HHEHEM.
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Cxema 6

PaccTosinna Mexay ApeHamM NpH HHOHABTPAUHOHHOM H HANOPHOM

nuTanun |2,36,37]

P b T PO IO a5

Cxehid

PacuetHue 38BHCHMOCTH

Ry

i
AHTCH

noabopom

sapnanHomy H

no

- My '%‘ Ff’.l T Uﬂ [ﬁ.l};

“pipe mI --]-1 m, - m, (6.2);
—]-_—'{Hh [].5[}]—5—-"{]—111{[

2
_ @y (6.3);
My = m, 4+ my (6.4);

y m m
0,73l — - 1,46 —L
oot S5+ e

2. D,EE-E(D,5+ —mL] ¢,]+
i,

[ﬂ 731

I"'z
4

X lg——2— 1 0,636 (ﬂ,s m ﬂJ—) ®, ] (6.5);
nhD Iy,

u, (6.6);

nB
u=1,27 exp (—- :m ]ms I;m
/ m
un,

B
u.=|,2?e.~=p(— :_ )cus —0_ (5.8);

m, Zm,

(6.7);

@, = [{r, m, A) no pue. 23; q:f( E
-

—_—

k,

- ) no pue. 26;
m

q no cxeme 1; @ no cxeve 2; @ =5b — H
(6.19)

6 — TO e npH

ks
kl

< 0,01

H no (6.1); Q no 0 (6.3); mno (6.2); m, no (6.4);
T 2m, 1, Ig dm,
m, nD

2
.__(:] b4 ::“ )fbﬁ—ﬂ.ﬁi‘,ﬂtthﬂn (6.9);

L *

0,5C, .
Uy = shﬂ., (6.10); By = 0,5BC, (6.11);

C,= 6.12): C, =
¥ o i o

k m.

q mo cxeme 1; ®; mo cxeme 2; a no (6.19)
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Mpodoaxentue cxesmst 6

brasTpanOHNAR
C e

Pacuernnie 3aBiciMoCTH

Pp = 0,73 Ig

_a Q

Kk, 0T g
1 1
k, [ﬂH -+ I-:i (m, 4 EI,E-D}‘I

L

(Py—u) (6.14);

(6.15);

|
m g anl) ¥

)"—Il'j [ﬁ | EI],.

T,
u=1,27ex cos
,I,J( m ) 2m
m = m, -}- my (6.18);
q no cxeme 13y no cxeme 2; a nmo (6.19)

8m

41,46

5
+ 0,636 (u Gl

(6.17);

=— Hy—k r
i ;.méﬂ,-i = T e R .
fll_".l I ku"!"ku Iﬂ”
| Se- 2 m—Matm 104y
08 M~ T 4 iy
| Fa01 19
Kosdbdunuentet B, o,
0,6 fs ansa dopmya cxems 4
— HAXOMATCS O TéM e rpa-
11 7 03] 2 ;
' 7 = hukam
f .
— HApYAHBIT  pajuyc  jpe-
0.9 e = Z .
| F=g05] P~ T T4 HaxHoit Tpyow). [Ipn ux
=9 ONPeeqCHHH NPHHHMAETCS
0,7 COOTBETCTBeHHO aas  fy,
[ Im<as Pa i Py
Al .
1
2
ﬂrg ) I"""-—-_
Fe@0f | T—4—|_ ‘}
07 Puc. 22. 3asuenmocts B=f(A,
"0 82 05 06 08 A r, m).
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09

07

06
10

03

04

1.0

0.9

08

fah Gt mmy  (125)

Puc. 23. 3asucumocts uy=[(A, rn n).
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1.0 —\
30 %24
N {"’
04 N
.r'f \r\ s
0z 7'/
T ——
N/
0 L/ J#"T-T“"‘
a i 20 Ja w0 408
M 2 i 4 1?
0 02 04 a6 s ot

Pue. 24. 3asncumocts E-HEL

[Monpasounsi Koappuunenr a; (cxema 4) onpeaeasercs

no rpadukam A. . Ogneitnnka [37] @, =[(r, m, A), npHBeaeH-
HM na pue. 23. [1pu stom.

__ i"_l - k —k-! RS s H‘I’,
r= e s l__L—-k."i-ﬁg , m_--—--—ml T (128)

Mpu A<<O; p=1na,=I1._
Kosdpuuunenr E=[(C, B) onpenensiercsi no rpaduxy
pHc. 24 npn
B = 0,5CB. (129)

Pacuer BeayT no METOAY NMOCAEAOBATENBHBIX NPHOJNMKEHHIT,

3a1aBIDHCL HavalabHoil Beanunnoit B. [lpu B>3, g=1.
Otuocurenpioe spems craGuansamun { (cxema 4) onpe-

peasiercs no rpaguky (=[(y) (puc. 25) npu pacuerax no jo-

TR

ﬂﬁ AU 7 7=
06 oA '&L\

04 4 =

02

2
Ll |

—

ga O3 g3 ar a3 4 13 15 17 19

[

il

Pue. 25. 3anncenmoctn (=f(y): | —n=1; 2—n=5.
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3 ————
0.9 : =
2,
07 2 5
/ .
a5 = |
oy T T =4
0.3 - |
a1 W
o 5 10 15 20t
Puc. 26. 3asucumoets {=f [, Np): 1 —Mp=05 2—nu=1;
3—Nm=2 I— Nm =3 (no Aﬂepmhnm:-ﬂ}'}. "
nyctumomy noabemy YTB u i=f [ Tgl T ]/ P
(n, Mm) — no puc. 26 npu pac- 'm,+mffﬂf 7
YyeTax Mo 3afaHHoOMy TMOHHIKeHHIO © ,‘,"
[37]. TTpu aTom o A
4 Ly
y=t gl A EuP
gt ' Ho ' 3 i b L7
it ] 2% i
= s =
» '&Ikﬂ 2 f #F.‘.j-d:
Hunpal?bnuuuﬂ Ko3(pdHILH- e 2
ent n=f(=, &k, B,), pxoxawnii
*
B hopMyanl cxembl 6, HaxoauTCH v
nmo rpadpuky A. . Ouaeiinuka
[37]) (puc. 27). ITpu a1om
Falgl, Howm2,
k: it
My = My My, M=y~ My - My.

(130)
Pacuer mBesercs Merojom mo- J
CAELOBATENBHKX NPHOIHMKeHHIl, #7
e
5. Moayan apenaxnoro cro- --'"'-4"‘}1'

Ka onpepeasiotes no ¢op- M l=== e

Pue. 27. 3aBucuMocts

9281, g
qﬂ:ﬁiﬂ'i"ﬂfqm} ale-ra. (131) 1]=f{§ k, B,).

H7



[Mposopumocts T onpeaenserca no NPHHATOH pacueriion
CXeMe H H3BECTHLIM Napamerpam m; 0 k; no dopmyae

T = Zm;k;.

PUALTPAUHOHHBIC CONPOTHBACHHS Ly I PACCTOAHHA MEXK-
AV JipenaMH HaXOJAATCA no (opMyaaM, NpHBEJICIHEM Ha
cxemax 3—Do.

[Tpn ocvurennn tTopchfHNKOB pacyeTsl CACAVET BecTH Ha
Hauaabublil nepnoa oceocund (£y, byp) n na nepros skenaya-
raunn (ks, &), yuntumas, uto Bogonpouniaemocts Topgha
nCcAeacTRHE ero }-’]].-'I(]TIIE."IIIIH }.'MEI[]:IIIHE‘TEH, a4 TaKzKe }'ML‘HI:-*
maetca raybGuna jgpen.

Mpumep 1. Ha ocyimaemom oGsexte, pepxuuil caoi (hy = 2,5 M)
KoToporo npeacraeacu cynecsmu (k= 0,5 m/cyr), a Bropoit ToawHHoil
O M — MENKO3EPHHCTBIMH neckKamH (R = 3,5 M/cyT), NofcTHAAEMBIME THHKE-
Apisn cyrannkamn (k= 0,001 m/cyT), na rayGune b= 1,2 M ykaagusaetcA
Apenam n3 KepamMHueckux Tpy6 jumamerpom B0 mm (D= 0,072; §, =
= 0,333, 1, = 0,002 ) ¢ puabTpoMm B BHAE NOJOC CTEKJIOXOACTa LUN-
puncii 10 cm na cTmkax ({, =0,1; § = 0,001 m; ky =15 wmfcyr). Tay-
Guua rpynToBwx Boj K Hataay cuerotasuua a, = (0,2 M, 3anac Boju B
cuere He,= 0,15 M, ykiow nopepxwocth mousws § = 0,002, K navaay
nojaesux paGor 3a Bpems =10 cyr. HeoGxoaumo nounsuts ¥IB jo
rayGune a = 0,7 M. HutencuonocTe ocajkos B pacqeTuuil nepuoa p =
= 0,002, wcnapenne ¢ =0,0005 m/cyr. Haitt paccrosnne mexiy Ape-
HAKHBIMH AHHHAMH NP YCTanoBHEWERCH (HALTPaLLNH.

[. Hexopa w3 sapannex ycnosuii, pacuetnyio gHAbTpauHOHRYIO CXE-
MY NpHHHMaeM ApyXchoiinoit (cxema 3) ® naxXogmum:

My=Hhg—b=25—1,2=1,3 M; m=5,0 m;

m=50-41,3= 6,3 M; kg = 0.5; ky=3,5 ufcyr.
II. Tloawayack cxemoit 1, BapuawT @, DLIYHCAAEM HCXONHbE napa-
MEeTpL:

no (1.1) H,=1,2-0,2—10,6(0,7—0,2) = 0,7 x;
no (1.7) npn i = 0,002 npunumaes wosdpuumnent croka o= 0,80
poficoTRauY onpejeasem no (1.9)
3
w=0,06)0,5)1,2—0,7 = 0,0315;
caofi Bogel, nogmexamnii oteony, wuaxcaum no (1.4) w=0,15(1—
—0,80) -- (0,7 — 0,2)0,0315 4 (0,002 — 0,0005) 10 = 0,0532 m;
no (1.3) peyucasey HHTEHCHBHOCTE HHOHALTPALHOHHOTO MHTAHHSA

0,0532
=19 = 0,00532 m/cyT.

. PrasTpautolliLe CONPOTHRIEHHA APEHaXa No XapakTepy BCKp.-
THA nJjacta P; vaxoany Mo 3aBHCHMCCTHM, NPHECACHNLIM Ha CXEME 2, Ba-

pHauT I, a.
Chavana no (2.8) nuyMcelseM cOMPOTHBAGHHA APena)nux TPyl
40,333 2.0,333
Cr=1.68k—5 757 & 3,17.0,002 — 9!
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[To (2.9) naxoamm npupautenne conpoTHeIenuil, ofycioBaeHHoe
BAHAHHEM (PHALTPA,

0.5 0,072 L 2. 0,002
‘F¢=213(1—5'—1)' 0.072

Kosdduunenrt, yuntoiparoul il BAMANKE cXeMH YKJaAKH PHALTPa Bbl-
qeasen no (2.10)

0,333 —0.1\3
a=]/1—( 0333 ) =0,81.

[To (2.6) naxoanm
0,5
¢; = 0,81 (—0,0554) | 4,31 (1 — 0,81 l—;ﬂ,ﬂl) = 0,881,

= —0,05654.

IV. Buiuseasiem ofuine duabTpanHontue conpoTHeaenns L, no 3a-

sucHMocTH (3.4) cxemm 3.
[To (3.3) uaxommm my=0,5-0,7 = 0,35 m, 3aTem onpegensiem Ko-

srprunenT fly no puc. 22, BuHeaHB npeasapureasio no (124) wosbdu-
IHEHTH
3!5_'_“!5 = ﬂ.uﬂ-ﬁ - 113+0135
A E RS 08— i P ey el iRm0,
3uan A, r, m, no puc. 22 Haxopnum fiy = 1,06.
Mo (3,4) Bwuncasem

3,5 26,3 4.0,35
LIII:I'mﬁ[ﬂITSTE‘EIg 3.|4+ﬂlﬂ?'2 —I_'I .qﬁ-ﬂ.EﬁIE 3*14_‘]'“?'2 +

1,08—3,58 2-1.3
.1-0,313{!3.3+2-ﬂ.351lﬂ.33|]+ ~ 0h [“*?3'1*3"3 3.14-0,072 T

4-0,35
---1,46.0,35 ]gwl— 0,318 (1,34 2.0,35) ﬂ,EBl] = 656 .4 M.

V. lNposogamocts naacta Haxosum no (3.2)
T=0,5(,340,35) +3,5-5= 18,33 m¥cyr

H no (3.1) swyncasen paccrostne MEXRAY APEHaRHLIMH JAHHHAMM

0,7-18,33
B=4 ( Vﬁid’%—m “'55-4) =35 M.

Mpumep 2. Tpn ycaosuax, ykazannwx n npusepe 1, naiith pac-
CTOAHHE MEMAY ApeHaMH no MeToldy Heycraliopusuieficss (PHALTpPAaLUH.

I. Tlonb3ysce cxewmoii 1, BapuanT 6, HaXoaum HCXoAHBE paccuer-
HEe mapaMmerpol

Heo=12—02=1,0 (1.15)
h=12—0,7=0,5u; (1.16)
A=0,7—02=005m (1.17)
My=20,5.-06=0,25 m (1.18)
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Boaooraauy onpegeases no (1.19)

3
3 0.15(1 —0,80)4-(0,002—0,0005) 10
n=0,05%61/035 Va5 + 20 3]1& r}ms 0,0005) |

1l. Buuncanem (puastpaumonise conpotusieHus no (3.4) npu
mg = m'

2.5,3 4-0,25
Lyg= 1| ﬂﬁﬂ [ﬂ 19:6 3 Fag,0 T 4605k T o +

= 0,108,

05-35 iy [l
+013|B[ﬁ.:5+2~ﬂ.ﬂﬁ}ﬂ,Bﬂl]-f- %—l" Bl 333002 T
4.0,25

+ 1 .4E~U,E5lgm 10,318 (1,3 + E-ﬂﬂE]D,Eﬂl] = 61,6 M.

IlI. Hafiaen mpema cra6uwinsaunn 1. Jlag uwero, nolb3yAck cXemoil
3, BapuaMT a, npeaBapHTEILHO BLIYHCTHM:

no (3, 1]]:1._,?_3_05

no (3.13) ,, — % — 69,

Ha pec. 27 npyw | —q=0,5 n nypy =69 >3 (kpuran 4) naxodum
oTHOCHTENIOE Bpema | — 0,3,

Teneps nmo (3.12) onpeaeasiem

10
:[],—--333 CNT.

IV. Mpoveanmocrs niacra maxoaum no (3,6)
T=0.,5(1,34+0,25) 4-3,5:5= 17,225 m?/cyr.

Paccrosanua mexay gpetamn suupcasiem no (3.95)

1/ ~ 33,3-17,225
E=4(~]/ 61,6 + ——55153 —ﬁl,ﬁ);.-dﬁm.

Mpumep 3. IpyHtonue ycaopHa Takue ®e, Kak B npumepe 1.
Hawany ocensnx aoxaeit ¥YI'B naxoauren wa raybme g =1.2 wm

Cymma ocaakon 3a nepnog { = 15 ceyr. coctasnser X i — 0,09 m, nena-
penne o 3ror nepuon e = 0,0005 sfcyr. Haittw  pacercanne mexay

apedamt w3 veaosns, wro ¥IB noananca we Gapme a — 0.4 m or no-
RePXHOCTH (10 AunyCcTHMOMY nojsemy).

I. Tlo copuyaam cxemul |, npapranT 2, onpeiesnM HCXOAHLE pac-
YCTHLIE NapaMerpi;

(1.37) Hy=b—a,=12—1,2=0;
(1.38) 4, =1,2—0,4=0,8 u;
(1.33) my=0;

—— g,
(1,39) g = 0:09 ‘]]E;U{IDJ 15

— 0,00567 m/cyT;

(1.35) meroctatok Hacwmewns p = 0,056 ) 0,5 5)0,8=0,0355.
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II. Haxonum spems craGuan3anue no cxeme 3, papuant 6, onpejge-
JAHB NpeABapHTCALHO

no (3.19) y = g*ggf'ﬁg‘?ig — 0,334,

u no pue. 25 f = 1,45.
Ha (3.12) 1 — l]:’i 10,35 cyr.

L

HI. dnasTpaunodnue conpoTHBACH DLIYHCASEM 110 (3.4), npunsn
W3 npusepa lim=6,3m; my=1,3 »; [} = 1,06; my =0; &, =0,88]

3,5 2.6,3
Lu=l.ﬂﬁu—5[ﬂ.?’3-ﬁ,ﬂlg 5140072 +0.318-6,3- uaal]+

'D-FE'—"'HWE 2'113
-+ -—"T[HJE- 1,3 Igm + 0,318:1 .3~ﬂ,ﬂﬂl] = 64,6 W

1V. MeXapeHHbie paccToAlua BEYHCAHM no (3.5)

L'IEE 7,18
-44(]/546 : 1 -—E4.E)=3-E M.

Mpumep 4. Hailth MexmapeHHue paccTosHHA np:{ cAeAY oMK
Y CJIOBHAX: rpgur Tpexcaoitiui m, = 2,0; m, _l 5 =6.,5 m; k=
= 0,5; &k, = 1,0 m/cyT; H, mﬂ 8 M; E'l M/cyT; Tp)'ﬁu
NAACTMACCOBME C npu.lﬂﬂhﬂn—mEﬂEnnﬁ nepqaupauueﬁ (S = 0,05;
= 0,025; 1,=0,002; D= 0,08 m; n = 6) yJokeHw B TpaHueH {b =
= 0,5 M) ¢ necuado- rpannﬁuum tpHALTpOM BrcoToll ft, = 0,3 M, BOJO-
nporuuaemocts huasTpa ky = 10 m/cyT.

PacyeTsl BLIMONHHM NO METOAY YCTAHOBHBUWEACH (QUALTPAUNM, NpH-
HAB 3a pacqeTHYK cxemy 5, BapHaHT a, Tak Kak k,, ky<_ k&,

[. Haftnem (QHABTPALHOHHLE CONPOTHBJCHHA APeHama no XapakTe-
Py BCKpuTHA naacta P Jlna sroro cHavaaa no (2.20) cxemm 2, mapu-
aut IV, sulyHCAnEN NpHBSAEHMHYIO TOMUHHY (HALTPA

0,53 (0,5 -10.,3) —0.0
§ == ( +2 ) &
Mo (2.17)
0.5 0.08 L 2.0.172 0.05 2.0.05.0.08
“'EZ*”{E"' )13 008 +46%0.0% %0025.0,002—
e

[I. Bouncasem pacyeTHule MOIHOCTH chaoes no (opmyaasm  cXeMul
5, BAPHaHT a:

m=2+415+6,5=10 m; (5.4)
my=241,56=3,5; (5.5)
me=0,5.0,8=0,4 m (5.8)

Hafizem conpotHsaeHue f;, noawbiyack dopmynof (5.6):

2m 2.10
= 0,73 lg— = 0,731 = 1,385;
f &2D 8 =3714-0,08
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2 2.3,5
=07 Ig%=ﬂ,?3 lgs e 0e=1 ,055;

2m 2.9
= 0,731 =073l ——= _ = {.85/.
i €D D ES,H-U.GB

[Mo (5.7) peluHCIAeM CONpOTHBAEHHA f[;

n:; 4.0.4
R wrw R

fo=1 4ﬁ’”° Ig “’“ﬂ—f {l}d—'— "“)I:I- 1,46

E 4
-- 3 (ﬂ,ﬁ—[--]-ﬂ') ( —1,4 ) = —0,434;

f_,ﬂ=1,4ﬁf1:1g“:5 + i{:ﬂ.ﬁ Q*%)ﬂi’;—l 45-@%&#
(o534 ) o

fo=1.4611g *”L‘! P i‘r{]j )ti-i = 453 e T4ﬂn¢ﬂa+
s a'ﬁ ( 5+ 2‘_:3)(—1 .4): —0,389.

Kosdwpuunentr [ maiizem H3 pHC. 22, BLIUMCIMB nNpejpapuTebHO
no (125) — (127) napamerpu b, m u r

— by 0,04
F—E"—‘T*-—:ﬂ,ﬂi'
1.0—=2.0
Ilo (12 Nl bl P | .
o (125) & 020 0,333;
m*=rmg+m=65-+4+15=8,0m;
— my 6.5
m=—_r'n";=§’—{}=ﬂ,312;
Tak kak A= —0,38<_0, 10 B, =1.
Mo (126) & = 2:0=0.5 _ 4.
SoT0.8
2 m* 8.0

= 3,33,

Coars my+mg ~ 2,04+04

M3 puc. 22 anEr =0,02; = 0,6 nm=3,33 naxoaum p,=0,93.
—0,0

Mo (127} A = — 0.6
Lkt 2405 0.5
m= : L8 = (},625.

m,+my ~ 2--0,4

Tpu panmwix XA, m, r ua puc. 22 p, = 1,02,
. ©uasTpaunonnsie conpotunaenus Ly, onpeeasem no (5.3)
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1.0 2.0—1,0
—— ({1,385 —0,434)4-1,02.3,6 — -
:E.U“' e -1 » 0,5 G

% (1,055 — 0,439) 4 2,0 M{ﬂ,w —0,389) = 6,0 .
O

Lyg = 1.0.0,93.10

Mposoaumocts naacta no (5.2) Gyaem
T=05(12,0+40,4)--2,0.1,5+41,0.6,5=10,7 m¥/cyr.
PaccTontue memay apeHamu Haxoaum no (5.1)

= L l’f ¢ -+ 2517 6 ) = 62 M.

2.0,01

NMpumep 5 Toppanuk rayounoit h, — 2.5 m (B, =05 mfeyr
NOACTHAZCTCA CANPONEICBLIMH  OTJAOKENHAMH MownocTtbio 3,0 M (B, =
== 0,004 m/cyr). FayOmxe zaneraor cpejHe- H KPynumole pPHHCTHE NECKH,
B KOTOPLIX nbesoMerpHuecknil nanop jocturaer 0,2 M or nosepxHocTH
foaota. Maccue ocywaerca rouvapHum gpenamen (D=0,072; §, =
= 0,33; 1, = 0,002 m), sanoxmeHHEIM Ha ray6uiy & = 1,5 M co cnaow-
HeiM QHABTpOM u3 cTekaoxoacta (6 = 0,001m; kg = 15 m/cyTt). HuTeR-
CHEHOCTE HHPHILTPAUHOHHOrO NUTAHNA § = 0,0315 sm/eyr. Hailte  pac-
cmaugne MeMAY APCHAKHLIMH JHHNAMM NPH HOPME OCYWEHHA a=
= W, M.

k 0,004

Menoabayem sasuensoct cxemnl 6. Tak Kak k_’z- — =0,008<
<. 0,01, npumennm Qopmyaw (6.9) — (6.13).

. Buuueasesm GpuantpaiuMoHHKE CONPOTHICHNIA APEHaNKA N0 XapaKTe-
py BCKPBTHA naacta Oy, ucnoabays dopmyay (2.5) w3 cxemw 2, sa-
puaut 6

0,5 0,072 42.0,001 0,5 4.0,33  2.0,33
By=2,9 (TET— ‘)' 0,002 1185k oz e 50,002
=0,117.

Hanee HaxonHM:
H=b—a=1,5—0,8=0,7 n;
AH=b—02=1,56—0,2=1,3 m;
ftg= 0,54 =10,5-0,7= 0,35 m;
m=hy—b=25—156=1,0m
m,=3,0 M;

mo (6.2) m=1,04+3,040,35=4,35 wm;

no (6.4) m, =1,0-40,35=1,35 m.
[I. INepBoHauaabio mnpukumaem B =20 m. Bemuucasem no dop-
MyJaaM:

. 0,004 L
2 — . —3.3445 i II|
6.12) ¢ ‘/u.ﬁ.l.aﬁ-s.u ;

— Jrl’- u|5TBIﬂ =lﬁ E?-
©.13) Co= l 0,004-1,35 "
(6.11) By = 0,5-0,445.20 — 0,445,

0.,3-16,67
(6.10) U-‘”W: 18,13.
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Ofimpe puaLTpaunoHRLe conpoturaeHna no (6.9) cocrasar
- 2.1 ,35 0,35 4.-0,35
0y =078 370,02 14T T I 007 T
2 0,35 4 i
-1 :‘m'(ﬂ,5+ 1—55) 0,117 L0,5:16 .67 cth 0,445 =21,1.
I1I. Pacxon Boanl seiuucasem no (6.3)

“*5['*3+ 0.005 () 0—0,5.0,072) - 2:99% 3 ¢

0.5 0,004
Q= TN =0,12 m?/cyT.

[To (6.1) maxoaum Hanop

0,005 -, 0,12 .
- 0304 2(21.,1— 18,13) =07 :
H 03 .1.{}‘5{[] 18,13) 15 M

[Mposepry acaaem no (6.19)
a=15—0,715=0,785<a2=10,8 u.

Crejopaten b0, 23ajlaHHad HOpMa OCYWEHHA He obecneunmaeTcs

ITpunimaem B = 19 M M nosropsem pacuer. [Monyuaem = 0,685 m n

=E!I].EIE M, T. €. Goabiue 3ajanforo. OxoHYaTeNbHO npuHAMaem B =
= 19,0 m,

Ecan mropoit caoit (k, = 0,004 m/cyT) npHHATL 33 BOAOYNOP, Kax
STO HHOrAa JAenaeTcs NPpH oCyweHHd TOPMHHHKOB, NOACTHIACMLIX Canpo-
NeaaMi, TO MOJYUHM paccToaHie mexly apenamu 34,5 M, 1. €. spHo
3aBbILIEHHOE,

HManoxenHas suiuie METOAHKA pacueTa MERPeHHuX pac-
CTOAINHH MNO3BOJHET npe NPpOCKTHPOBAHHH YUCCTh INPAKTH-
HECKH Bee OCHOBHBIC GakTopul, HX o6YCAOBAHBAIOWHE, H 1A
OCHOBE TEXUHKO-IKOHOMHYECKOro ananMmsa pelbpaTh onTH-

MaJLHple BapHauTe, B npuH-

. IIHMEe TIpH TIPOEKTHPOBAlIHH
Jpelaxa MOAKHD NPDHHATE JdH-

Ooit marepuaJd (pHILTPA H €ro

&0 TOJUHHY, PAa3aHUHBIE CXEMBI
VKJAAaAKH (UILTPOB, pasHBIC

50 KOHCTPYKUHH H  JIHAMETPH
Tpy6. Bee 3T0 cyllecTBenio

OTPA3nTCH  1la  MEMAPCHNBIX

40 PACCTOAHHAN H VRJIbHLIX Ka-
AHTAJOBJAOKENNAX Had MCAHO-

pauiio. CpapucHue pasHbixX

20
Puc. 28. 3asuciavocts B=[(D):
0 for 200 J00  Dyme  1,0+-220 — papianty no Tafia. 15,
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BAPHANTOR NO3BOJAHT BLIOpaTL nanGosace npueMaeMuii B 3a-
JAAHHBIX VCJOBHAX.

B kauectee npumepa B taba. 15 n na puc. 28 npusejieHbl
BLYHCICHHBIE N0 NPELTATracMOMY METOY PACCTOAHNA MEAK LY
apenami B npu cjaeaviolux HeXoAHbIX AaHibiX: TPyObl rou-
yapusie (8,=0,333; 1,=0,003 m); ;=08 m; ¢=0,005;
kep=1,0 m/eyT. Pacuersl caeiannl M0 METOAY VCTaHOBHB-
meics  uapTpaunn  (cxema 4) aas cayvas oJHOPOAHOrO
FrpylTa n 3ajacralidis jpciiaska Ha Ill}ﬂﬂ}'[lﬂp{‘, a TaKkmxe DJanN3-
KOM M OTHOCHTCABHO rAYGOKOM 3ancraiin sojoynopa. Ana-
a3 Matepuajon Tabinls 1 rpaPUROB NO3BOASCT CACJNATh
CACAVIONLNC BRIBOALL

|. Tlpumencune cnjaomHoro GuabTpa B 3aBicHMOCTH OT
cro EU;I.UII[']{]'I"![IHEMHETH I TOMUHLHIL NO3BOANCT }-'H-'-'."J]II'*HITIJ
Me)KpelHLie pacCTOAHHA (MO0 CPaBHENHIO C YKAAAKOH jpeil
6e3 gpuabrpa) Ha 18—57% ana Tpy6 Duu=>50 mm. C ypean-
yenueMm jaunaMmerpa Tpy6 pansuue (uapTpa ymeHbluaercs.
ITpu mowmnoii rpasuiinoil o0GCHINKe paccTOAHHA MEKIAY Jpe-
NaMH NPAKTHUYECKH e 3aBHCAT OT Anamerpa Tpyo.

2. CpoitctBa duAbTpa (BOAONPOHHIACMOCTL, TOJULHIE),
a TaKxe cnocob (cxeMa) ero VKJajJAKH CYyUleCTBENHNO BAHAIOT
na Mexapennsie paccroasus. [lpn stom Toanmua ¢guabrpa
HPPaeT He3HAUHTEJBIYIO Poab npu kg =const. Tax, pas Tpy0
Dyy=50 MM yseaunyenne ToJunus puasrpa or 1 ao 50 MM
NO3BOJACT YBEJAHUHTL PACCTOAHNA MEXKAY ApeHaMil TOJLKO
na 7%. Yeeanuenue roawunus puantpa ¢ 1 1o 176 mm (Ba-
puantel 4,5 u 6,5, Taba. 15) npu soapacrauun kg o 3,3 pasa
no3poJujo ypeanunts B na 17%. Caeaonsatenpio, cTpemJe-
jie YBeJHUHTL TOAWHHY QHAbTPpa coepX HeobXOANMOH a4
JAULNTLL OT 3anaennd neuenecoobpasno.

3. Hanbonee npuemaeMoil cxemoil yKAaikH (uiaLTpoB
apaseTca kpyroeas oOGreprka. OQuuako cijowmnag y3kas no-
JOca CTEKJOXOACTa CHH3Y M NOJOCKH na cTenkax TpyO npak-
THYECKH MaloT nesnauntennhoe (1—2%) ymenswenne B no
¢paBleHHIo ¢ Kpyroeoil oGpeptkoii (sapuantm 3,5 u 4,5).
leckoabko xyke 3pdrekT OT npuMenemisa nojocoOK CTeKJO-
XOJICTA TOJLKO HA cThKax. Ywvensiicnne B cocrasasier 8%
(apnantw 4,5 n 2,5). Ho ecan yuecets npn 31om nesmau-
TeAbI LI pacxol noka OTHOCHTCALHO leIll-IEI.lliTltﬂl'ﬂ MATCPHA-
Ja, TO M 3Ta CXeMd MOMET OKa3aTLCs BHOJIIC NPHeMJIeMoil,

4. Banaune yeeanuennsa anamerpon Tpy0 na creneb BO3-
pacTalus MEMAPCHIBIX PAcCTOAHHIT 3aBHCHT OT TAYGHHBI
BOAOYNOPA H 3aKONOMEPHO BO3PACTACT ¢ YBEAHYEHHECM MOIL-
HocTi ApenHpyemoro caosi. Kax snjaio n3 rpadgukos puc. 28,
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Tabaruya 15

Pa cHeTHBIC PACCTOAHHA MEAAY FOHYAPHBIMH JPEHAMH TPH
pPa3i HYHBIX !IFI‘IHH'I.'H.I JAMHTE HX OT JaMiIeHHA

Homep

BAPHANTH

Matepnan dnanTpa
I cnocol ero yKAaaxu

B (M) npit peyTRCHRCM QHaMeTpe
rofuapes X TpyG6 Dy, (D). um

PaccTonnme MeMXAY APeHaRCHBME JHITHSMH

50
(72)

73
(100}

100
{130)

135

150
(181) ({190

(219)

175 | 200
(248)

250
(300)

2,0

1,5
2,5

3,0

4,5

5,5

6,5

1,20|
9.90

Hpenw wa sodoynope

Bea ¢uasrtpa
BapuauT I, a)
PHALTP H3 CTEKJOX0JCTA
CNACIIHEM coeM O=1 mwM,
kp=15 wmfcyr (cxema 2,
sapuaut [, 6)

(cxema 2,

17 .4

20,5

17,8/18,5

20,821,1

I aybuna sodoynopa om ocu dp

Bea ¢mawTpa (exema 2,
papraiT 1, a)

GHALTP M3 CTEKJOXOACTH
B Bige nonoc =10 cn
BOKPYT cTwKoB (cxema 2,
Bapuat I, @)

PHALTP H3 CTEKJ0XOACTa
CMAGIHOA NOAOCOH LUHPH-
Hofi I=15 cm cHH3Y ¥ no-
Jockn [;=15cMm Ha cTHKaX
(cxema 2, mapuanr [, 2)
QuaLTp M3 CTeKJoXoJcTa
BKpyrosyio (cxema 2, sa-
puaiur 1, 6)

"T-'HJILT]} H3 CTEKJOXOJCTH
(wan TopdoK polIKK) BKPY-
roeyw (8=50 mm, kg=15
MfcyT, cxema 2, papuant
i

DumsTp H3 necuaHo-rpa-
BHHHOH cMecH B Buje 3a-
CHINKH mMHpHHOH g, ==50,
BeicoTolt hy =30 cm, ky=>50
m/cyt (cxema 2, BapHaHT
V)

bGes ¢mauTpa
sapuaHT I, a)
DHABTP H3 CTEK/OXOJCTE
mEpyronyio (cxema 2, Ba-
puant I

(cxema 2,

44,2

155,9

58,4

59,3

19,0/19,2]

21,3121 ,5

46,5019.3

08,3160,5

60,6/62,2

61 .5[53,3

64,966 ,3

IE’FJ ,Ei?ﬂ . El'fﬂ'.?

T'aybuna eodoynopa om ocu Openst m, =20 m

49,0152 ,3/57 ,5/60,6|62,2

74 0|77,2]80,5

51,8563 4

61,7629

63,6 64,7

64,6 65,5

67,0 67,5

70,7170,8

|

82,4|85,4

EHb mn=.5 M

63,9

65,4

19,6{19,8

21,6

54 ,7/56,0

66,4

66,267 ,2

?ﬂ,‘:’ll?l ,0

65,8/67,2

86,6

20,2

21,8{22,0

58,0

66,6

67,7

68,4

69,9

71,0

7l .4

88,3(90,5
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NpH 3aJleranyy Jipel 1a Bo/Oynope BJAHSIHNE AHaMETPoOB He-
sitauntenpno. I'lpn nerny6oxkoMm 3ajeraunn BoJ0OYNIOpa 0 Kpy-
rosoM (HALTPE ypeauudenue jinaMerpos Tpy6 ¢ 50 no 75 w
100 mm nossoasier yeennunts B na 4 n 6%. B 1o xe spems
CTOHMOCTL TpyO Bo3pacTaeT oyenb cyulecTBenHo. CpaBHH-
TEJbHBIC PACYCTH NMOKA3LIRAIOT, YTO B ITOM CJyuae yBeJHyH-
BATh AHAMETPHI JIpenaKiLX TpyO ¢ TOMKH 3peins HX OCYIIH-
TEJABLNOrO AeficTBHA Heneaecoobpaano, Uto kacaeres cayuyas
Gonee rayboKoro sanxeranust sojoynopa my;=20wm, T0 BANA-
e aHaMerpos Tpy0 3nech HecKoabko Goastuee. Hanpumep,
yeeanuenne D ¢ 50 no 75, 100 n 150 MM naeT BoO3MOKHOCTD
YBeAHYHTh paccronuna na 7, 14 u 24% cooreercrsenno. On-
HaKo H B 5TOM cJyuae uesecoolpasHocTb YBeJHUEHHS aHa-
MeTpos TPy6 HeoOXOAHMMO NOATBEPANTH 3IKOHOMHUECKHMH
pacuyeTaMmH.

0. DBrpiTylolee MHeHHE O TOM, YTO JVUWIE HATH HA OTKa3
OT NpHMeHeHHA (PUALTPOB H B3aMeH YBCAHYHBATL HAMETpLI
TPYO, N0ONycKas HX HEKOTOpOE 3anJeHHe, HUUCM He onpaBaa-
no. Tak, npu Dypy=50 MM ¢ KpyropsiM GrABTPOM H3 CTEKJAO-
xojera B=59 m (sapnanr 4,5), a npu Dyy,=100 MM, o Ges
GpuabTpa B TEX XKe yeaopusax B=49 m. JKollomnyeckasa 1e-
1ecoobpastocTk TAKOr0 MEPONpHATHA #ABHO COMHHTEALHA.

ONPEAENEHWE BOAOMPOHULIAEMOCTA ®UNLTPOB

Ilpu pacuerax MexIpeHHLX PpaccTOAHHH HeoO0XO0AHMO
3HaTh KO3phHUHEHTH (HABLTPALHH MaTepHajoB, NpHMeHse-
MBIX JIISl 3allUTH JApena)ka OT MexaHHYecKOoro 3aHJIeHHS.
O6buHo noab3ylotes TabannaMu uan GopMynaMmu, coepxka-
WHMHCA B Pas3JIHUHBIX CHPABOMHHKAX, IIOPMATHBHBLIX /LOKY-
MeHTax H T. 1. [IpuBojinMBLIe B HHX JIANALIC COOTBETCTRYIOT
nonepeuHoii (HMewTes B BHAY H TOHKHE MaTepuain) (ruib-
Tpaulin B MHCTOI BOAC NpH  OnpeacacHiiLlX Harpy3kax Ha
¢buasTp B npubopax tTnna Ilapen, Kamenckoro u 1. n. Onna-
KO HeoOX0AHMO VUHTHIBATH TO OGCTOATENLCTBO, 4TO B CJAV-
yae roHYapHoro jpenaxa so scex ¢puanTpax, H B ocobeHHoC-
TH OYeHb TONKHX, TAKHX, KAK CTEKJAOXOJCT, HMEET MCCTO lie
nonepevyHas, a npoAoaLHan puiaptTpauns (cm. puc. 3). C npy-
rofi cTroponsl, Bee f6e3 HCKJIIOUEeHHS (PUALTPLI B TOH WJIH HHOH
CTENEeHH KOJBEMATHPYIOTCH B npouecce paboTh jpenaxa,
CreneHp KOJILMATAlHH 33aBHCHT OT (PHINKO-TEXHHYECKHX
cBOHCTB (UABLTPa ¥ rpanyJOMeTpHYECKOro COCTABA IPYHTA,
a4 TaKMe OT KONCTPYKTHBHLIX ocolenHocTeil caMux JipeHak-
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Puc. 29. Cxema noapycaopoil
apent (AOTOK):

I — npona; I — porePXNocts FPYRTa;
o = IOBCHPINGCTH B,

HBIX TpyD, Oonpeaeasioumx
panpasaerne  (PHALTPALH~
OHNoera MOTOKa I pacnpe-
ACACHHE €TI0 TPallicHTOB.

Ecait npH NPpOCKTHPOBAINE NOJAL30BATLCH JaHHBIMH O 110-
nepedHoil ROJONPOHHILACMOCTH MATEPHAIOR, OMPeleieHHOH
B ylcToil poje na npubopax lapeH, TO MeXJIpenHLIE pacCTONn-
1151 BCJeACTBHE NeyyeTa xapakrepa (pPHAbTPauHH 1 KOJbMa-
THPOBAHHA MaTepHana MoryT OHTh 3aBbieHuMH. B nacro-
FUEE BpeMa HeT METOMHKN OnpeieneHns BOJOTIPONHIaeMo-
CTH (PIILTPYIOLULIX MATCPHAAOB IPHMEHNTEJIbIO K YCIOBHAM
Hx pabotel (¢ YueTOM KONICTPYKTHBIEIX OCOORIIIOCTeH Ape-
Haxuex Tpy0, BOAHLIX H I'PYHTOBBIX HArpys30Kk H KoAbMaTa-
#a). Hamu npeaaaraerca Aas onpefencHHs Kos(HiHeH-
TOB (PHABTPAIHH MATEPHANOSE, NPEAla3HadelibIX IS 3aliH-
Tbl JIpEelaza OT 3aMJIeHHs, TNPOBEPKH COOTBETCTBHS HX
3alailBIM FPYHTOBLM VCJAOBHAM, 8 TaKKe NpH HCNHTAaHHAX
I onpejenenin £y Tpy GOPIILTPOB NOJALIOBATLCS Aa6OPaTOP-
HLIM METOAOM C NPOBEACHNECM 3KCHEePHMEIITOR 13 IPYHTODLIX
AOTKAX N0 cXeMe noapycaopoii apensl (puc. 29).

[MpuTox BoALI K NOAPYCAOBOIT Apelie, 11eCoBe PLieniioi mno
XapaKTepy DBCKPBLITHS TITacTa M YJOKeunoi ¢  (GuianTpom,
onpejenserca caeiylolield 3aBHCHMOCTbIO:

e 2nk HL
Py + Iy 4

CoraacHo crporomy pewennio B. B. Belepuunkosa s
nojpycaosoii japenst [9]

b, = In[tg HWT L ctg ;_1“ ]. (133)

(132)

rae Ty — MOULHOCTh BOJIOHOCIIONO CJI04;
[ — raybuHa JIpeHhbl.
B coorneTcTB ¢ TIPHBEACHHLIM BBIE HauIIM pelleniem

k D -|- 268 k
Iy = ( k:;., s ljln ;} L k:;." C;. (134)

IMoacrasasn (133) u (134) B (132) u paspewns ero
OTHOCHTEALHO Ry, NOAYUIM
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D - 25

L ¢ |
R — . —
2nk, HL n (4 — D) nD l D -|- 26
- —— t S I ——
0 i {tg g =gy

(135)

Bee pxoasiume B (135) napasmerpsl H3BCCTHL 3apaHee,
BeJIHUNHA ApeHaHoro croka (2 samepsiercs B npouecce npo-
pe/leHiist aKenepuMenta, Jlasa nojayuenns JOCTOBEPHLIX AaH-
HLIX FPYHTOBOI JOTOK 1l CXEMil ONDLITa JOJAIL VAOBIETBO-
PHITL CACLYIONLHM YCJAORHAM:

< 0,03; L > 0,66 M, (136)

S D B
T { B,

raie B,— nonepeuHbiii paamep N0TKa,
L — npopoabuwil (no ocH Jpens) pasMep JoTKa.

Kpome Toro, onuiThl JOJKIL TPOAOAKATLCH 10 cTabnin-
3a1HH PacxojoB, HO He Menee 2 cyTok. BoaonpoununaeMocTn
FPVHTA onpeaensieTcs nasectinuimin Metogamn (npubop Hap-
cH, No rujpoannaMudeckoil cerke uoap.). Ilpu usyvennn Ry
Tpy6oduasTpos B (133) — (135) D — uyrpeunnit anamerp,
& — tomunna  credkn. Tloayuennsle no jganHoMy MeTomy
anaueHnn kg, crporo ropops, GyAVT COOTBETCTBOBATL TOJb-
KO AaillloMy FPyHTY B jAauioil KoHeTpyskuun Tpy6wu, Onpeje-
JHUB Ry B YHCTON BOAC H CPABIINB €r0 ¢ NOJYUYCHHBIM B FPYlH-
TOBOM JIOTKE, MOAHO OUCHHTL CTCNCHE KOJABMATALLHN
(puawTpAa.

EctecTsenno, utTo npoBoANTL IKCNEPHMENTH 110 onpeje-
JEHHO Ry CO BCEMH BCTPEUAOUIHMHCH TPYITAMI H KOHCTPYK-
IWHAMHE ApeHa)Knuix Tpy0 npakTHueckn nesoamoxkio. Ilosromy
HYHKHO BIOpaTh Kpaifiiie 1o onacinocti KoabMaTtaiun (pHALT-
pa pasHOBHANOCTH rpyHTa (c/lenaTth 3TO MOMKNO HA OCHOBE
NPeABAPUTEALIOH OUCHKH COMVIACHO NOJOMCHHAM, HIJN0XKeH-
HLIM Bbile, c¢M. cTp. 62) w Kpaiinne 100 BCKPBLITHIO TO-
BepxnocTh TpyOul, nanpuMep roduapisic H NOpHCTHE.

Mpumep. B rpyntorom dorke roHwapnas jpena (D =0,1; L=
=1,0; §;, =0,33; 1, = 0,003 &) yaoxena co cnaoliHsiM (QHUALTPOM H3

crekaoxoncra (6 = 0,001 w; k& = 300 m/ecyT1). JloTOok 3arpysen Menko-
3CPHHCTHIM neckom (Ry, = 1,2 M/eyr). Ilpn yeaosunx onwra — T, =

=10 {=07un H=08wm apcnaxnuit crox cocrarna 46,3 cm?/c
(Q =46,3:11,57 - - 4,0 m¥cyr). Onpesenntn pacuernui  Kosdghuument
(puasTpaun crexnoxoncTa.
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Mo gopmyae (2.2) n3 cxembl 2 Haxoanm

48, ., 9 1.0,33,, 2.0,33 _
Cr=1.681g4511e By — | 681033 38 3,75
: =D " ar, 0.1 " 3,14.0,003

u no (135) eouncasem

f

I.El?;ﬂg 0.1+ 2-0,001

0,1

by, = '

VT 2314081y g |4y 31440701 g 3:14:0.1 |
1,0 8-1 81
-1.3,?5)

= 15,8 m/eyT.

Ecan  cpasuuts kg ¢ kgj. MOJYIEHHEM B YHCTOl Boge npu no-

ITEPE'F!I{[H-I [i}HJILT]JEIIlHH. TO BHJAHM, 4YTO BCACIACTHHE KOABMATANHN H IT]'.ID+
AoAbHOR fuabTpanun By cymectoenno (v 19 pas) MeHbwe,

B npunoxenun 4 jaaubl ocpeaHediible 3HAYCHHA pacyer-
HbiX KOIQMHUHEHTOR (HALTPALHH MaTepHaJoB, NpPHMeHse-

MBIX B Ka4eCTBC ApCHaKlIbIX 'LIJIIJ'II-.-T[.IE}[!-, KOTOPBIMH H HYEIO
MOJB30OBATRLCH NPI NPOEKTHPOBAHIIIL.

COEOAMHMTENDBHLIE AETANKM-@HUNLTPEI ANA FTOHYAPHOIO
APEHAMA

B nacrosuiee spemsi ronuapiuntii apenax » BCCP erpo-
HTCA ¢ (PUALTPAMH H3 CTCKJA0X0JICTA 110 npepuBHcToil (no-
JAOCKH HAa CTHIKAX), KOMOHIIHpOBANHOH H CcNJIOWHONH ¢cxemMaM
(puc. 30, a, 6, 8). Yknaaka crekjgoxoacta B OGOJBLIHHCTBE
clyyaes BejeTcsl BpPyUHYIO pafoulis, naxoXsipMcsa B Tpau-
ee B JAOBOJALHO HeGaaronpuaTtHLIXx veaosnsax. CrpemaeHue
YIAYHIWHTE YCAOBHA NPON3BO/CTBA paboT, NOBECHTL POH3BO-
AHTEABHOCTE TPYA3, oOfecneynTs NaJAeKHOCTh COYJICHECHHS
TPYO npH OZIOBPEMCHHON 3alHTE HX OT 3aHJIEHHA MNpH-
BEJIO B NOCJe/IHHE 0/Lbl K [HPOKOMY 3KCIEePHMEHTHPOBAHHIO
H HACTHUYHOMY BHEAPEHHIO BCEBO3IMOMKHLIX COCAHHATENbIBIX
netanei-puapTpos (MydT, BTYJ0K, Waibd u T. n.) u3 pHALT-
PYIOUNX H BOAOHCNpoHNULaeMbx MaTepruaaon. MasecTnnl pas-
paGotaiubie JILBOBrHNPOBOAX0O30M COCAHHHTEILHLIE BTYAKH
H3 NOJAN3THIEHA, HMEllue NpojoJbHo-Leesyo nepdopa-
ILHIO B cpelHell YacTH ¢ HaKJeeHHOH CBepXy noaocoii cTekao-
xoacta mupunoi 15—19 mm (puc. 31, a). Bryakn scrasns-
loTes BuvTph TpYOok (pue. 30, ) ogHOBpeMENHO ¢ HX YKAa/L-
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Puic. 30, Cxemnl yKA2AKH FOHYAPAOTO ApeHaXKa:

@ — ¢ UpepueucTey  GuanTpor wan Mydrasmu; 6 —c KOMOSHNHPOPANHEIM JHALT-
POM; 8 — CO CRADIWNLM GHALTPOM; 2 — Gea fuanTpa; o — ¢ wWandami B CTHKAX]
& = ¢ BTYAKAMIL.

KOI 1la CKAN3 3KcKaBaTtopa pabounM, HAXOASLLIHMCA Ha No-
pepxioetH, HeckoabKo OTIHYNVIO KOHCTPYKIHIO BTYJIOK
npeatoxua CeHHUUIuM, Bryakn n3 nmoansTHieda nMmeior
B CpPeAHEli YacTH MeJKHe KPYIJIble OTBEPCTHS H (UILTPOM He
nepekpuigalores (puc. 31 2). BeraBasiores ovH BHYTPb TPYD
TaK Ke, KakK M JbBoBcKHe BTvAKH. [lo muenmio astopos,
apeliax< 3aiAThCS He JLOJIZKeN BBILLY TOTO, UTO 1HaJd MeJKHMH
oTBepCcTHAMH Beeria Oyaet ofecneunsaThes YCTOHYHBOE CBO-
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Puc. 31. Coeanunrensnue aetain-puisTpeo.

@ — BTYAKA ALBOBCKARA; # — manGa-guantp  HHHHMICX: a — MydTa
BeaHHHMuBX; ¢ — prvaka CesHHUHInM.

131



nooGpasoBanie 13 yacTHIl ckeaera rpyura. M3 apyrux npea-
JozKennii Moxno ormetuth maiitu LIHMWUM3CX na erekao-
BaTL WAN crekaoxoscra (puc. 31, 6), BcTaBineMble B CThIK
mexkiy Tpvbamn (puc. 30, 9), u mypTor bentHHMHMuBX us
MOJHITHJACIHXOJACTd, Ha/leBaeMeIC Ha TPEHE‘HIJIE T|}}’ﬁh] cHa-
pyxu (puc. 31, @ n 30, a).

[Tpu cozyauun (H npUMeneHin) TPHEMJEMBIX A4 Mpak-
THEKH COCOAHHNUTEILIEX ,’EETHJIEFI CAeJIYET, HapHily C oGecneye-
HUeM HaJeKHOCTH COYJETICITHA Tj[]:!.*'ﬁ.f 3AlllHNTLI HX OT 3aHJeHHdA
H yaobeTE MeXaHH3NPOBAHIOH YKAAAKH, lleé YIYCKaTh U3 BH-
Y TAABIULIT BOOPOC — OCYWHTEAbHBIH 3(PekT ApeHaxa.
C nomomeio pasanunblx My(T, BTYJIOK H T. [I. B NPHHIHNE
MO0 OCYLIECTBHTh BHOJIHE Hajlexnoe cowienenue Tpyo,
yOpaTte pafouero H3 TpaHWeH, MNOBLICHTE MNPOH3BOLHTCbL-
HOCTb TPV/la, HO MPH 3TOM OCYIIHTEABHHH 3@ QeKT ApeHaxa
No cpaBleHHio ¢ KpyropuM (cniaomuniM) ¢HALTPOM Oyner
zaperoMo nike. [ToareepacaennesM ABASIOTCH IKCNCPHMENTI,
NPOBCACHHLIE HAMH B TPyHTOBBIX JOTKax (taba. 16).

Tabaua 16

Ctok M3 apeH, YIOMEHHWMX C PA3AHYHBIMH COENHHHTEALHBIMH
AetTanamu-pHALTPAMM

Crok . i

CxeMn YHAAZKD ronaapHnis aApen oM /e Qs
Bes duabtpa, T,=2 MM 0,33 0,38
C waiibami LHHMMICX, 7,=10 mu 0,35 0,40
C nuBoBCKHMH BTYJKaMH, T,=15 MM 0,36 0,42

C mydrasm BeaHHUMMuBX, [,=90; §=2; t;=2 mm 0,58 0,67
C noJockaMu CTeKJoXoacTa Ha crekax O=I;

H=200; T,=2 MuM 0,80 0,92
C Kpyrosely hanwTpon w3 crekaoxoacta (@),
f=1; 1,=2 mu 0,87 1,0

[Mpumenciine My(pT, BTYI0K H waiib B3aMeH CIJIOWHOrO
diibTpa 13 CTCKAOXOJACTA HAMUIOrO YMEHbLIIACT NPUTOMHOCTD
BOALI K jpenam, nx ocymnteabibll 3pdext. OTciona uens-
Gexuo BO3NHKAET HeolXOJUMOCThE COKPAULCHIA Memjiped-
ubix paccrosiitnii. Kpome roro, onwitet H. M. Bapnakosa no-
Kasza/l, 4TO BCTABKd BUYTPL ronyapHbuIX TpyD COeNHIHTEL-
HBIX BTYJOK, BCJAEACTBHE YMeHbIIeHHA MAOLajAH HX CeYelTHs
0 Cco3janus JONOJNNTENLHON BIYTPEHHEH WepOXOBATOCTH,
CYMLECTBCHHO  YXWIIACT THAPABANYECKHE XapaKTeplUCTIKI
apenazka. [Iponveknast cnocoOHoCTh cHuKaeres 8 1,8—2 pa-
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Tatauya 17

PacueTHsle paccrosHua memay apenamu (H,=0,8,
mjj_=5lﬂ:l 3[:{'?33 M, krp:l u QZH,HUE M,IF':]’T]

b

Cxemi YEIa H roHmapioro Apenaxa B B,
Bea duastpa, 1,=2 ™ 44,0 0,73
C wafiamn [IHHHUM=CX, 1,=10 mm 48 .8 0,81
C JbBOBCKHMM BTYAKame, T,—=1D mm 00,0 0,83
C mydrann  BeaHHMMMuBX, 1,=2, [ =100, i
0=2 MM, fy=30mfcyT 56,8 0,95
C npepuHEHCTLIM (HALTPOM N3 CTEKAOXCCTA,
1,=2, 1,=100, 8=1 mm, k=15 m/cyT 56,0 0,93
C xpyroseiM (HABTPOM 3 cTekioxoncTta, O=I,
T,=2 MM, kg, = 15 MmfeyT (By) 60 1,0

34, a chaeAoBateiblio, nHeofxoanmMo OyAeT yMeHbWAaTh Npe-
JENbHBIE JJHHL APEHAMKHBIX JHHHA H NepexoiuTh Ha 6O0Jb-
LIHEe AHAMETPHL

B raba. 17 pans pe3yaLTaThl pacueTos MEKAPCHHEIX pac-
CTOSIHMI MO H3NOKEHHOH Bullle METOJNKe JJA pasjHdlbIX
CXeM VKJaAki rouyaphoro apenaxa, Caenano jonyuienue,
YTO OCYLIHTEJbIOE AeHCTBHEe Apell ¢ BTYAKamH H QUIABTPYIO-
mHMH waibamu Mexay TpybGamu pasHoziiauno ¢ pabGotol
Apen 683 HUX, 1O CO CTBIKOBBIMH 3a30PaMH, PABHBIMH LIHPHHE
bHALTPYIOLLEH YaCTH BCTABAAEMEIX JeTalled T). Takoe jgony-
uleHHe (B MOJR3Y BTYAOK M waiib) HecylecTBenHo HeKaKa-
€T AeHCTBHTENbHYIO KAPTHHY (DHABTPALHH.

Kax pugno 13 TaGaniel, npuMenetne coelHHHTeNLHBIX 18-
TajieH BLI3bIBaeT Heo0XO/IHMOCTh YMEHbIICHHA MEHKAPEHHDIX
paccrosiunit: ¢ wanbamu [IHHHUM3CX — nva 19, ¢ nbsos-
CKHMH BTysnKaMu — na 17 u ¢ mydramu BEJIHAMMuBX —
na 5% no cpasuenuio ¢ Kpyropoil o6GBeprkoil Tpy6 cTekno-
xoncrom. CaejloBaTenbHO, ¢ TOYKH 3PEHHS OCYIIHTENBHOTO
JeHCTBHA Apenaka (M THAPABAHKH) TNPHMEHEHHE BCTaB-
JIAEMBIX BHYTPb roHuapuslx Tpybd BTYJO0K neieaccoobpasno.
[Tpapna, npH 3TOM HECKOJLKO YBEJHUHBACTCA NPOHIBOAN-
TEJLHOCTE TPYyia W yayumaioTcs ycoiaosua pabotw. Ho ne-
o6XOAHMBl  JONOJHHTENbHbE 3aTpatel Ha Jjeranu, Ha
1 mor. M jipenaza CTOMMOCTb MaTe€pHa/la COCTaBJSCT: NPH
KpYroBoH OGBepTHe CTEKJIOX0JCTOM — 3,06 KOT., MpH HCNOJb-
30BAHHH JBBOBCKHX BTYJIOK — 15,3 Kon. Ecau yvecTs, uTO B
MocJAeneM cjayuace nymIio eme yMenbliTh Mexjipennuie pac-
cTosinuda, nanpumep, emecro 500 M npenaxka na | ra yao-
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#uTL 585 M, TO, GeccnopHo, YBeJHUYEHHE TTPOHIBOJIH-
TEJBHOCTH TPY/Aa NpH 9TOM HE JAACT IKOHOMHH JICHCMKHBIX
CPEeACTB.

Taxkum o6pa3oM, MOKHO C/1€1aTh BLIBOL, YTO NPHMEHEHHE
Tex WJIH HHBIX COCJHHHTCABHHX jAeTajeil Tpebyer TuaTeNb-
HOro TEXHHKO-IKOHOMHYECKOr0 aHa/In3a Ha OCHOBE Yyuera
BJAHANNA HX 1a OCYIINTEJbHOE 1€HCTBIC JApenaxia H 3aTpart
Ha Martepuansl, paGouyw cuay, Texunky. [lo Hamum pacye-
TaM, NPHMEHHTELHO K ycaopusam bBesopyccun BHelpeHne
COCIMINTENBHBIX BTYJIOK 3KOHOMHYECKH 1¢ onpaBAbiBaeTCH.
Kpome Toro, BepoATHOCTh YXYAWEHHS ¢ TEUCHHEM BpEMCHII
OCYLIHTENBLIOro JeiicTBHA penaka 10BOJbLHO BucoKasn. Ha-
nboJee NnpHeMJEMBM BapHAHTOM CJACAYCT CUHTATL HapyKible
cnaoIHbe PHALTPH H3 MaTepHaJa, COOTBETCTBYHOLLErO 3a-
nanubiM rpyntosum yegosnsis. Inpoxne (4,=100 mm) na-
pyHBIE MY(PTH 13 XOPOmO (PUALTPYIONICIO MaTepHaaa B lie-
KOTOPHX CJAyUasix TAKKe MOryT okazatbed pdexTnHbIMu.

TEXHONOIMMS 3ALWLMTbEI APEHAMXA
OT MEXAHWUYECKOIo 3AMINEHMUA

CNOCOELI (CXEMbI) 3ALLMTHBIX MEPOMPUATHHA

Vkaaaka GuABTPOB OCYUIECTBAAETCS NO CJAEAYIOUHM CXe-
Mmam (pue. 32):

cXeMa a — nepea YKAaJKOH B TpaHuled HIH B npouecce
CTPOMTENBLCTBA TJIACTMaccoBbie THOKHE TPYOLl 000pauHBaIOT
Mo cHEpanu JIEHTON crekaoxoiacta wHpHHoi 15—25 cm c
HaxJecTKoH Kpaen ne Menee 30 mm;

cxeMa 0 — npejBapuTeNLHO VIOKEHHYIO Ha 110 TpaH-
MeH CNJOIIHYIO MMOJIOCY CTEKJNOXO0JCTa LIHPHHOH ue mMenee
yeM na 50 MM Goablue HapyKHOro nepuMmerpa /ipeH saBopa-
YHBAIOT BOKPYT TpyO nocie HX VKJaJIKH, HaXJeCTKY AeaaloT
cBHOoKYy;

CXeMa 8 OTJIHYACTCH OT cXeMbl O TOJNBKO pacnoJioxeHHeM
HaxaecTkn (CBepxy yJomenHbux Tpy0);

cxXeMa 2 — Ha pa30CTaaliylio no AHY TPaHlleH CIAOUIHYIO
ONIOCY CTEKJ0XO0JCTa WHPHHOI 11e MeHee 15 CM YKAaLLBaloT
Tpy6Bl 1 HAKPHIBAIOT CBEPXY CIIOUIHOH NOJOCOH CTEKAOXO0J-
cTa, WIMPHHA KOTOpoil ne menee 30); HIKHARA NOJOCA HA3bI-
BACTCA NOACTHIAOUHOI, BEPXHAA — NOKPOBHOI;
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Puc, 32, CxeMbl 32iTH APEH OT 3aiAeHHA:

I — tpyBa; 2 — creknoxoncr; J — crekaosata, charnosmit Mox, dpesepuwit Topd,
IWAAKOBATA H T. Il

cxema 0 — TpyOel KAaAyT B KeJoDOK Ha JHE TpaHLueH
H CBEpPXY HAKPBLIBAIOT CIVIOUIHNON MOKPOBHONH JIEHTOH CTeKJO-
XOJIcTa WHPpHHOoi e Menee 30,

CXeéMa € — Ha JHe TpaHUIEH PacCTHJAAKT CILVIOLIHYIO no-
JOCY CTEKJOXO0JICTa IUHpHHOH He menee 15 cM, yJOKeHHbIE
Ha Hee TPyOW (roHvapHnie — B MecTax CTHKOB, NAACTMacco-
Bhle — CIVIOWb) MOKPHIBAIOT 3—D5-CaHTHMETPOBHM  CJ0EM
CTEKJOBATHI;

cxXeMa o — rouyapHsle TpyObl YKIAJHBAKOT B KeJoboK
TPaHlWeH, Kaibli CTHK NePeKPHBAIOT NOJ0COH CTEKJI0X0JI-
cTa wHpHHOH 10—15 ey 1 gaunoi 30;

CXeéMa 3 — Ha JHEe TPaHIWEH PACCTHAAIOT CIJIOWHYO NoJA0-
CY CTEKJIOXOJICTA INHPHHON He MeHee 1D cM, HA Hee YKJaAbl-
BAlOT TOHUapHbIe TPYOLl H KaXAbIH CTHK NEepexkpsBaloT Mo-
Jlocolt cTekJoxoscra mupuHOH 10—15 oM n gaunoit 3D,

cxeMa i — B KenoOOK TpaHeHn VKIaALBaloT CIJOWHYIO
nojiocy crekjoxodicra wHpnnoil 10—15 ¢Mm; KaXAbiH CTBHIK
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TaGamya 18

OcHoBHME cnoco0bl 33WHTE FOHYAPHOFO APEHAKA OT 3AHICHHH

TpyHTH, B KOTOPWIX o
YHEASAWDAETCH APeHan Cnocolkl 32UMTH

Maweynw  #n neaesatsie | Cnaowdas o6oeprka TpyG  CTEKJOX0JCTOM
necKd, HacuheMHue po- | b 1—2 cnoda no cxemaym &, @ WM 2, 11pH-

ol CLINMKa FYMyCHBLIM FPYHTOM Ha BelcOTy He
MEHEE CM, HeMeIJaCcHHAf 3achillka Tpail-
weil Ha BC BLICOTY

Cynecu, NbIJIEBATHE CY- [Mpy yeroRuHRBIX OTKOCAX Tpamweil H oT-

FAHIKH,; HECKH MEAKO- H CYTCTHHH B HHX DOML TPHMEHANDT CTEKA0-

cpearese pHHCTLIC XOJACT MO CXeMam ¢, 3 A0 u;

B BOJOHACKINEHHEIX | E.ﬁﬂﬁlﬂx Fp}'liTE‘lK —
CMAoIUHAH ﬂ-ﬁﬂﬂp‘]‘i{a Tp'_l,rﬁ CTERMOXOMNCTOM
o txﬂmahlﬁ. & HJAH &, B E}'HEEH?{ H E}'FJII{H-
KaXx NPHCHEIIKA JPeH OCCYLWECTBIAETCH Ty-
M}"CHI‘J!I-I FP}’IITU-I'-I HA BEICOTY HE pMeHee
20 cm; B BOloHACcHIEHHBIX H caalmx

FpyHTaxX — HeMeLJleHHa# 3achiiKa TpaMiuei
Ha BCIO BHICOTY

(bl B CYrAMHKH, Kpo- | 3amuTta CTEKAOXOJCTOM MO cXeme d HITH ',
Me NBLTeBaTLIX MPUCLINEA  JipeH  TYMYCHLIM FPYHTOM Ha
BLCOTY He meHee 20 oM

Topp HHUIHHHKIL, MA0T- | 3ampTa CTEKJOXOACTOM (10 CXeMe X, TpH-

HHliT, npeapapuTeibHO | ChfKA APEH TOPpOM ¢ BEPXHHX cloen
ocyleHHul, npH raydune

rpyutoBux sog > 1,2 M
Topp HusuHHWG, manoll | JawpTta CTEKJOXONCTOM Mo cxeme d, 1pH-
NAOTHOCTH M NAOTHBIH, | ChiNKa ApeH Kyckamu Topda c sepPXHHX
NPH BLICOKOM YPORHE rpyH- | (CyXHX) cJjaoes, HemejpleHHad 2achilKa
TOBLIX BOJ TpaHweit Ha NMoaHyo rayOHHy; npu Heob-

XOOHMOCTH JPeHaw }'Hu‘IH,ﬂ,h[ﬂﬂﬁTCﬂ a CTeja-
JI

VJIOZKEINBIX CBEPXY ronyapibix TPyO NepekpHBaT NOJOCOH
crexqoxoncta 10—15 em n jannoit 3D, nogsopaunsas Kpas
Noj NOACTHACUIVIO JENTy.

BuiGop cnocoba (cxembl) 3aBHCHT, KaK ViKE OTMEYaJIoCh,
OT THAPOreIOTHYECKHX YCJIOBHH VKAAAKH ApeHaxka, mexa-
HHYECKOr0 COCTaABAa TPYHTA, KOHCTPYKTHBHEIX ocobennocTtei
TPYO N NpHUMEHAEMBIX MexaHuaMoB. B ta6a. 18 u 19 npuso-
AATCS OCHOBHBIE cnoco0bl 3alMTH Apenarxa oT 3aujaeHuns B
3aBHCHMOCTH OT TPYHTOBBHIX YCJOBHH,

[TpH OTCYTCTBHH HJAH HEJOCTATKE CTEKJOXOJICTa B CXe-
Max 2, ¢, 3 H t NOJACTHJIOUNYIO JIEHTY BO BCeX MPYHTaX MOXKHO
3aMennTh NnoansTHAenonoil naenkoi toaupnoi 50—100 Mk
HAN CRADIIHON  nonocoil ctekaorkann, [lokposuyio Jedry
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Tabauya 19

Ocxosiibie cnocolu 3AWNHTH NAACTMACCOBOrO APEHAMA OT 3AMINEHHA

TPYHTEI, B KOTODWMX
YHAAMLIBACTCH QPEHAH

Crroeolhs S

Meakoze pHHCTHE H NuAe-

RaATHE TMEecKH, [MALIEYNL,
cynecH H [MLACBATLC CYI-
JIHHKEH

Cpeade- B KpynHoIEPHIC-
Thie NCCKH

Topp Hu3MUNEE, naOT-
HBll, npeapapuTenbHo
oCyWwennuil, npi rayOuHe
rpyaTopux sog - 1,2

Topdp Huanuuui, madnoi
NAOTHOCTH, MPI BRECOKOM
ypoBHEe FPYHTOBBIX BOJL

Cnaocwmnan obGeeprea 1pylG  CTEKIOX0ACTOM
no cxemam a, 6, 6 WAH 2, TNPHCHNKA
CBEPXY IVMYCHBIM TPYHTOM HAa BLICOTY He
vernee 20 cm, nemegacnnan 3acunka Tpan-
mel mg Belo BLCOTY

l. ¥kaaika cnaomHoll  noJiock  CTEKJo-
XOACTA cnepxXy no  cXeMe d, npnicuiiga
FYMYCHRIM FPYHTOM caoesm Me menee 20 cu.
2. bez unHTH, NPHCHNKA IYMVCHBIM rPyH-
ToM cacesm He meHee 20 cm.

H nm tom n B apyrom cayuae HesejuneHpas
JACKHINKA TPaHWel Ha BCK BLICOTY
CnniomHas noaoca CTEKJAOX0JCTa  CBEPXy
no cxesme d, NpUCLIKa JApeH CYXHM Top-
pov ¢ BEPXHUX choes, HemeAleHHan 3a-
ChHINKZ Tpalweil Ha BCIO BHCOTY

3amuta CTexkJoxoactoMm Mo cxemam a, 0,
g, ¢ WIH d, nPHCRNKA JIPeH KYCKaMu cy-
Xxoro Topipa ¢ BepXMHX CAoeB, HeMeLJeH-
Ha®m 3aCkNKa Tpanmueil HA BCK BLICOTY

TabGauya 20

Pacxon CTEKJOXOACTA NPH 38ULHTE FOHYAPHOrO JPeHANA

0T 3AHJEHHA

In ] - M .
Pyanofl cnocob: nﬂﬂﬁ:;ﬂg::ﬁun%u Moaysexa- | Meoxannanpo- p:f:ﬂf:r::
JAMATA CTHKOB HEMI0W yacT | BESHPOBAH- | papygil cnocof:|  cnocol:
o | noaocof crek- | Tpyf—cnaoumoft e fi r.llln-r.'c-ﬁ; cnaouiue Aed-| enaocmman
& NOX0ACTA, aentoll, cTHKn— Hi}:?;iﬁ’:’:“ Thl CDCPXY M | nOJGCA Cle-
; cxXeMa o I:Hl:p}é',;':‘:gﬂ:tﬂﬁq At i ::lg:grn';pgﬁ. pz;ezgyg.
il -
E 3- - |e= “i Ei - = |5 ; . | ;
= | = 3 g a s & |2 — -
& |2 E r. =3 = o %_ = |= -] 2 2
5 7] ¥ ) = =5 % . la 7]
E[2 2|5 |5a|28 | & [ |5 |effes| £ |3a| &
=z |= . 2 .| o= = - 1Z22l2 =2 - |8 .
R |2 |E% |Ed| iz | B O[EE| B |2%|Ed| & |Ed| B
= u = = = = = oo ] & -
s3l5z|% |82 BE| 5%z 8= \§2| &5 B3|F2| &< HE| A4
50| 10 | 30 0,090] 13 {1025/ 0,183 | 30| 0,30 |13|22| 0,35 | 22| 0,22
75/ 1013810,114|16 |10 25|0,213|538 ] 0,38 |16|30]| 0,46 [ 30| 0,30
100010 ] 4810,144/19 |10 30|10,261 (48| 0,48 | 19|38 | 0,57 | 38| 0,38
125/ 10 | 58 |0,174|24 |10 35/ 0,322 58| 0,58 | 21|47 0,68 | 47| 0,47
ISDl 10|67 [0,201| 27 |10x43{0,360|67 | 0,67 |25|56)] 0,81 |56] 0,56
o dax. 45
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CTEK/IOX0JCTA B CXCMax 2, M, 3 Il ¢ MOMKIO 3aMeHHTL S5—
T-calTHMETPOBLIM CJlIOCM cparnoporo Mxa, (gpesepuoro Top-
(pa nan cTeKJOBATH.

B Ta6a. 20 aannl pekoMcHAYEMbIE pa3Mepnl H pacxoj
cTekaoxoicra Ha | nor. M rondapuioro Japena)<a npx pasJiHu-
HBIX CXeMmax YkJaaiku ¢puastpon. B npuaomennn 5 npupe-
ACHB OPHENTHPOBOYIBLIC CTOHMOCTH 3aLLHTHbIX (PUALTPVIOLLHX
matepuaaos [48].

TEXHONCIMA PABOT

Mexaunsuposannyio YKJAajKy (pUJIALTPOB H3 CTCKA0XOJ-
CTa OCYUECTBARIOT ¢ NOMOULBLIO chelHadsHuX npucnocobJie-
HH, yCTAHABANBAEMLIX 1A TPpauweiinslx sxkckapatopax. as
3alTL Apenama no cxeme & 8 Tpy0OyKJIaAMHK IKCKanaTopa
ITL-202 yeranapaupalor Ape O6006HIILI: B BCPXHCH uYacTH ¢
MOACTHJAOUHONH JEHTOH, B HIKHEH — ¢ NOKpoBHOH (pHe. 33).
IToacTuaoyiias Jenta NpoTAruBaeTcs Mo COycKHOMY »Keaoby
Tpyboykaanunka, na nee ygaaawipatores Tpy6ul. [Tpn jnn-
JEHHH IKCKABATOPA JIeNTL, passopayusanck ¢ Gobui, obBep-
TeiR2lOT TPYOL. IlpHewnka npoHapojHTCs neMelello.

[Ipu 3awnTe aAped CTEKJIDXOJCTOM no cxemam O W 8 B
TpyOOyKAAAUHKE YCTAlABJHBAIOT TOJALKO Bepxuioio OobdHuy.
JeHTa jlBnaeTcs no cnyckHomy xkeloby BmecTe ¢ Tpybami,
padounii BPYyuHVIO 3aBOpauHBaeT Kpasi JeHTh Haj Tpybamu
uiH cOOKY H NPHCBINAET HX TPYHTOM.

Puc. 33. Cxema yecrauonkH GOGHH B AULIKe-TPYOOYKAAA'IMKe Tpanwed-
HOID SKCKABATOPA:

| — GoBuma noacTnacunofl Jentw; 2 — meaol; 3 — Tpylun; 4 — Gobuna nokpopiod
AelTH; § — npunMuoll poask.
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Puc. 34. Cxena yoTpoiicTRa 148
(3 HE[! TIAAMITH MAACTMACCOBLIX
Apenamuux Tpye CTERAOXOICTOM:

f— apenamHan Tpyha, 2 — CTekao-
XOACT, 3 = OTPEIOK  METAS N ANeT Kol
Tpybu A4 L0974 —aTpeaok MeTan-
Aauseckofi tpyou (A 37 8 — wahioa-
OrpaMnuHTeaL; 6 -- AWCK 113 cTaau
f=1 MM: 7—EKOICCO 0 CHILAMN.

Huast  sautntel TpyG 1o
cxeMe 3 NyMHA  TOJBKO
Hinaa  Gobuna. Tlosock ¢TeKJA0XOACTAa 1Ha CTLIKH TpyO
YKJAQALIBAIOT BPYUIYIO.

[MaacTMmaccopble jpenamiinie TpyObl nepej VKJaaikol B
Tpalien ofBOPAYNBAIOTCA NO CHHPAJH CTEKJOXOJICTOM 1=
punoii 15—25 cm naxgsecrom ne menee 30 mm (cxema a)
MPH NOMOLLE YCTANABJANBACMOrO 11a SKCKABATOPE YCTPOICT-
Ba, npeaaoxennoro Cavuknm  CMY  Munmeanopojixosa
BCCP (puc. 34). IlnacTMaccosple KOJJACKTOPIILIC TPY ORI, 110-
CcTanJIsieMbie B OTPE3Kax, B VCTOHUHBBIX FPyHTAax 3alllHILAIOT-
ca no cxemam a, 0 n a.

Bee coeanHenns naacTMaccoBbelXx H oroinuapnux Tpyo ne-
3aBHCHMO OT NMPHHATON CXCMBl 3aWHTH TIATEILHO oOBOpa-
UHBAIOTCSA €O BCEX CTOpON cTekaoxoacToM. Ocoboe piumanue
caejyer o6panlaTh Ha MecTa cMelnl aHaMeTpos TpyO M noju-
KJAIOUenHs jpen K Koajdekrtopawm. [locae npopeacins samur-
HBIX MeponpuaThil mecta cogauienus Tpyvé neobxojnmo ne-
Measenino npucunaTh coeMm rpynta B 20—30 M 1 yTpam-
O0OBATL.

Jlpenol, ykaaisiBaemeie ita 60J0Tax, NPpHCHINAKTCH TOIL-
KO CYXHM TOpPIOM C BEPXHHX CJ0OCB, NPHCLINATL BBEIHYTHIM
MOKPBIM FPYHTOM KaTCTOPHUECKH 3anpeulaeTcs.

IHepenko cayuyaercs, YTo NPaBiaLHO 3aNPOEKTHPOBA LI
H KAuecTBEHHO NOCTPOEHHBIH 3aKPHITHI JPena: He OKadbl-
BAET JIOCTATOMHOTO OCYITHTEILHOrO ACHCTBHS: YPOBHH IPYH-
TOBLIX BOJA CTOAT OJH3KO K NOBEPXIOCTH, & MOLYJH JApena-
HOTO CTOK 3HAYNITENLIO Melnbine pacyeTiuX. H B To e ppe-
MA JIpeHaaiple TpyO6n e sanaenst. ITpununnoii enadoro ocy-
WHTEILIONO JAeiiCTBHA ApeHarka B TAKNX CJAyuaax MOKeT
SABHTBLCH HEMpaBpHAbHAA TEXHOJIOTHS ero YKJAaiKkn.

B wnacrosulee BpeMa CTPONTEALCTBO jpeHaxa OCYlIECT-
BasieTesl caeayioutnM obpasom. ONIOBPEMEHHO ¢ OTPLIBKOH
TpaHumen veaaiwpalores TpyObl, 3aKPLIBAIOTCH 3aULNTHRIMH
dunbTpamu (tam, rae neob6XoanM0) H HEMCANEHNO NPHCHI-
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naiorcst 10—15-canTHMerposLIM  cJoeM  PHIXJAOFO  TFPYHTA.
OkonuartenbHas sacHnka Tpauueil, KaKk NpaBHio, NpOH3BO-
JAHTCA COVCTA HECKOABLKO AHeH, a Huorjla M Heledb, NoKa
TEXHAA30p HE MPoBepHT KauecTBo pabor. Takas TeXHOJAOrHH
He BBI3bIBACT OCOOBLIX BO3pamkennil, ecim Ha yyacTKe CTpOMH-
Te/IbCTBA YPOBIH IPYUTOBLIX BOA CTOAT TAVHOKO H HeT J0MK-
nei. Oanaxko pecbma yacto, ocofenHo BeCHON W oceHbio, ape-
Ha# 3aKJa/IMBAETCH NPH JOBOALIO BHICOKHX YPOBHAX I'PYH-
TOBBIX BOA. Hepenko 3a BpeMs OT YKAAAKH U NPUCBINKI APeH
0 OKONYATENLHON 3ackiNKi Tpanuieii BLINa/aeT 3HAUYNTEb-
HOE KONHUECTRO OCAIKOB.

BLIKAHHHBAHHE TPYHTORBIX BOA Uepe3 OTKOCH l1e3ackinaH-
HHIX TpaHIUEll H cTexanue Mo UHM arMocdepnux o0cankoB
MPUBOAAT K MOBEPXHOCTHOMY PasMbiBy TPYHTA HA CTEHKAX
H CKOTITEHHIO CJ0A BOABLI 11aA npucuinkoii. [lockonbry nopwi
B PLIXJION NPHCHNKE HMEIOT A0BOALHO OOJLIINEG PA3MEPH], B
HHX BO3HHKACT TYPOYJACHTHEIA NOTOK MHAKOCTH ¢ OOJBILHMH
CKOPOCTSIMH, UTO NPHBOJANUT K [IEPeHOCY YACTHLL FPYHTA K Nnep-
gopauuam apen van puastTpam. [IpouexoauT 10BoSALHO GLICT-
puiii KonbMartax orsepcTHi B TpvOax naun guasrpon. B xo-
poOLIO Pas/OMHBUMIMXCA TOPGDAHHKAX, CYMECAX, MBLICBATHIX
CYTIHHKAX W JIPYIHUX JIEFKO Pa3sMuIBaCMBLIX rpynrax nabuaio-
AAeTCA TaKKe pasKiKeHHe clos NPHCLINKH ¢ olpa3oBaHHem
OAHOPOAHOH FPYHTOBON MACCH, KOTOpas, ABHrAfCh K APCHAM,
KONLMATHPYET (QHABTPLI HJAH BOLONPHEMHLIC OTBEPCTHA B
Tpy6ax. IlpakTHueckH TO K€ TPOMCXOAHT W TOrJ/La, KOTiaa
ApeHa ykaajibipaeTrcs B BoAy. PeaybTaTOM yKazaHHEIX Npo-
neccoB, O0VCAOB/JCHIBIX HeNpaBHALIOH TexnoJorHef cTpoiu-
TeJBCTEA, ABJAAETCHA TO, UTO APEHAX MA0X0 (PYHKILHOHHPYET
H HE CNPaBJARETCH CBOCBPEMEHHO OTBOAHTh IPYHTOBBIE BOJLL.

Yrobu H3bemaTs KoAbMaTaXka OTBEpPCTHH Tpy6 HIH 3a-
WHTHBIX QHJIBTPOB, CJAENYET APEHaX YKJAa/AbBaTh HACYXO H
No BO3MOXHOCTH OnicTpo (Jyyiue cpa3y »Ke) 3acwnaTh TpaH-
wew Ha Beio rayouny. B stom cayuae sacwunka sbauan Tpyo
GLHCTPO YNAOTHHTCH, (PHABTPAUHOHHBIE XOJAE CTAHVT MaJbi-
MH, cyddHo3HH 1 paswHKeHHA TPYHTA He GYACT H OTNAcHOCTb
KOMLMAaTaMa BOJONpHeMHBIX OTEepCTHIl Apel HAH HX GHanL-
TPOB CBCAETCH K MHHHMYMY. YCJAOBHA HOPMANLHOTO (PyHK-
UHOHHPORAHHA JpeHara Oyiyr oOecneueHn. Kpome Toro,
HeMPEPHBHOCTE TEXHOJOrHYECKOrQ Tnpolecca No VRKJAaake
ApeHa<a MOMKEeT NMOJOACHTCJBHO CKa3aThCH Ha NPOH3IBOJH-
TeJILHOCTH pador.

[Mpupescnnbie Boie crnocofs 3anliThl ApeHayka oT 3a-
WICHHS Aalbl A CAYYAEB OAHOPOAHEX I'PYHTOR H Iay0oKHx
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(6oaece rayonnu yraaakn apen) tophpaunukon. Ha npaktuke
B MAaccHBe Fpynta a OTACILILIX YUacTEaxX BeTpevaloTcs
JHH3B IJILIBYHOB, NbelJiesateix neckos u ap. Ilpn yvkaaake
apenaxa neoGXoHMO CTPOTO CJAEUNTh 332 NOSRJACHHEM TAKHX
MECT H IPOH3BO/IHThL 3allliiTY B COOTBETCTBHH € H3MEHTIBIIH-
MHCH rpynTopsiMH vesosusMi [lpn cwasnoit neerpore u
qyacToil cMeHe TPpYNTOB [0 TPACCe Jpchbl ITH KOJJICKTOpA,
BulGHpasa cnocob 3alNTHLIX MCPONPUATHI, 3a OCHOBY cCJe-
JYeT npHHuMathL HanbGosee HebAaronpHATILIA NO 3a1a5eMO-
cti caydail. Ha meakux topdanikax 3amnta OCyULECTRAA-
eTCH HCXOAR H3 CBOCTH NOANOUYBLI, T. €. NPHMEHACTCA O/IHII
H3 cnocoBos, PEKOMCHAOBAHHLIX I8 MHIEPAJbHBIX IPYHTOR.

[Mpu uenoanzopanny GUALTPOB N3 CTCKJIOXOACTOR A0JIXK-
Hbl coBI0AaTeCA Npasuia Texiunkn 6esonacnoctn (paboune
AOMKHBL O0CCNCYHBATLCA 3alUHTHBIME OUKAMH, NEPUATKAMH,
MapJaeBuLIMI NOBA3KAMH i T. J.). CTeRJOXOJCT Henocpenct-
BCHIO MNepel YKJAAJLKOH PeKoMCIAYeTCs HeMIoro ¢MOuHTL
BO/0H, yTOOL H30eHKATE Cro Kpouienia H obpa3osains NnbiJin.
[leap3a ocrapisith OOPLIBKH CTCK/JAOMATEPHAJOB 1ta NOBEPX-
MOCTH MOYBLIL.

B cayuasix, ecan MOAHO NPHUMCHHTL PA3JAHYHBIE CXCMbl
3alHTLI H 3alLHTHLIC MATEPHATbI, PEKOMCH/IVETCH BuOHpaTh
Hanbojee IKOHOMHUIIBIH cnocob, 1CX0AA N3 KOHKPETHBIX
yeaoBHi 00beKTa OCYIUCHHA H NAJHYHA MaTepHaloB,

3AMNIEHME AOPEHAXKA XENE3UCTbIMK
COEOHMHEHHMAMM, METO ikl U CNOCOEBLI ETO
NPEAOTBPALLEHMA *

NPHUYHUHBI OTNOMEHKMA MENE3WUCTLIX COEAMHEHMIA
B APEHAMHBIX TPYBAX

OaHO# 13 Cephe3NLIX W TTanMelee H3YUCHHBIX NPHYHE Bbl-
X0l1a H3 CTPOS FrOPH3OHTANLHOrO TPYOYATOTO JipeHama sBJs-
CTCA 3aHaenne nojocteil TpyhG 1 BoAONpHEMNBIX OTBEpCTHil
B HHX COGLHIENHAMN 7KCJIC3a, TAK 11a3LIBAEMOE 3a0XpHBAaNHHC
JpeHana.

Muorouncacunsie nccaeaoBaHns NOKa3LIBAOT, YTO TEp-
HﬂleH‘]HHUﬁ 3d0XpHBANNA ApCilaska ABJAHCTCH NOBLITNCHHOC
COJIepKaHNe IAKNCIOro #eaesa s rpyntopux nogax. Mo co-

* Pa3aea namican conmectito ¢ T, B, Beasesoil.
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AepiKaniio Boanrechepe KEAC30 3ANUMACT BTOP0C  MECTO
(4,669%) cpean metaanon. B nouse npi naniuinn wopraiiie-
cknx sewecers Fe*t pocerauanansaetea ac Fe?t n gerko Mu-
rPHPYET B aHaspolHbX VOIOBHAX B HOHHOH I Opralio-
MincpaiabHOi dopMme, a NP BCTPEUE ¢ KHCJAOPOOM BO31Y Xa
Fit+ ogucagercs, obpasys ckomicuna ruapookucei, Orao-
KEIHHe H HAKOIIEHHE KeACIHCTHIX COUANIeHi i: NTOJIOCTSX
ApenamnsLix TpyO MOMKeT NPOHCXOANTL B Pe3yJIbTaTe XHMIue-
CKHX I MHKpOOGUOJOrnyeckix npoueccos. BoabuHncTBo He-
caepoBaTencii cunTalor, uTo B odUleM NpoLecce 3aMXpHBANHA
ApeHaka Npepannpyiowese sHauelle tMelT MIKPodHOI0rH-
MECKHE NPOILeCCh.

B noupenuo-rpyiutonbix BOJAX KQJIC30  COACPKHTCA D
dopme ruapokapOonaron. Ypapinenne oKHCAEHHA TIPOKaP-
GOHATOB JIBYXBAJCHTIONO KEAC3A MOMIIO MPCACTARAITE B CJl1e-
AVIOUIEM BIE:

4Fe (HCOy), -|- 6H,0 + O, = 4Fe (OH)y) + 4H,COY -+ 4CO..

Mukpoonoaoriueckoe 3aHJjenne ApeHarka NponcxoiinT B
PE3YIILTATE KI3HEAEATENLHOCTI Jene300aKTepHill, KOTopbie
OKHCASIOT 33aKHCHBIE CcOCANNenna JKejesa 1 Henoab3yior
0cBOGOMKLAI0ULYIOCS NPl TOM 3NEPrHio Ha YCBOEne yriae-
poJa M3 VIVIEKHCAOro rasza win kapbonaTop. ITOT Npouece B
VIPOLILEINOM BH/€ OMHCHIBACTCH CJEAYIOUICH pPeaKiieH:

9FeCO;, 4 3H,0 - 0,50, = 2Fe (OH),} + 2CO, + 29 kan.

Maer oiia ¢ He3launTeAbLHBM Buiedennem siepirnn, Jlasa
cuiire3a 1 T KJETOUNOrO BellecTha KejaesobDakTepun  BiLa
gallionella okucamor 279 r 3akicnoro »xeaesa ¢ «0bpasoBa-
nnem 534 r rujapaTta okHcH Kediesa [47, 54].

BoapmiiieTBO ABTOPOB 3a OCHOBHOH KPHTEPHIl OMacHO-
CTH 3aNJICHHSA JIPENAMKA MEeIC3UCTHMHA COCTHIIEHHAIMH NPHHH-
MaloT coAepiKaHie 3aKHCHOro MeJie3a B NOYBCHINO-IPYITO-
BRIX Bojax. B taGa. 2] npupesenbl npeanaraembie pasiuu-
NBIMH  HCCTEA0BATEAAMI  JalNLIC O CTeneHn onacnocTH
Jangens Jipenazia ¢ 3apucHMOCTH OT coacpaansg F*+ B
rpvuroBelx Bojax u pH cpean. M3 tabnnuw caeayer, uTo
NpH COAEPIKAHHM 3aKIICHOTD »eJe3a B TPYUTOBRX BoAaX
<3 Mr/n ONacHOCTL 3a0XPHBAUIA JipeHaxa OTCYTCTBYET HJIH
OHA HeanaulTeabHa, 3apyOeanpie HecaeloBaresil onachocTh
aamfeHIsl CRA3BIBAIOT elle il ¢ nokasatenem pH cpeab:, cun-
Tas, ¥TO B NeATpaabHoil 11 B caaboKIcaol cpeie «onaciocThb
330XPUBAHIIA JIPenaza 1amMioro lixe, uem B Kucmoit. OnHa-
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TaGauya 21

no Copepsaine
P | e |
depaa 10., OreyreTever 0,3—0,7 (0,5) | 3,5—5,5
1969, Huskas — cpeanss 0,2—33,5(54) | 4,.7T—T7 .4
[61] Cpeanss — BuICOKAA 0,8—19,3 (8,7) | 3,6—86,1
Huakasn — niicokan 0,3—43,3 (8,7 | 4.3—7,0
Buicokaa — ouels prico- |2,1—58,5 (13,8) | 4,3—=7,7
Kas
egorona 3. 1. OrcyreTayer <3
u Crpaytuna B. I, | Huakasn 3—5
1972, Cpeansns 5—8
[52] Bricokasn =8
Kynrue [, Oreyrereyer < | -7
1974, Hu3kas -4l <7
[63] < 3 >7
Cpeanan | —3 <7
3—6 ~>7
Bricokas >3 ok g
b 7
Zaiinensman @. P., | Oreyrernyer < 3
1975, Cnaban 3—6
115] Cpeannas 6—12
CHasnasn 1220
Ouelib CuabHan =25
Macaos B. C. n OrcyTeTeyeT <3
ap., 1975, Chaabasn 3—5
1291 Cpeannn o—8
CuabHas 8—14
Oyens cuabHas >14

Ko, no aaHuuiM B. M, 3voua n A. E. Bakapa [16], npu coaep-
KaHHH XKeae3a B rpyntoBod soae Ao 2,7 Mr/a yseanuyeHue
pH ¢ 6,4 a0 7,3 BblaBaao BO3pacTaHHe CTEMeHH 3anJeHHs
nosaocrei Tpy6 or 2,2% mo 6,7%, T. e. Habmonaercs obGpar-
HOE COOTIIOLICHHE.

B s70ii ceAa3n npeacTaBARIOT 3HAYHTENLILIA HHTEpeC Bbl-
ckaswiBanug B, C. Anekceesa [5], KoTopulii Ha OCHOBe aHaH-
3a paGor, Beinoanennslx 8 PPT no nayuennio npuunn 3aunne-
HUSA HEAC3HCTHIMH OTJIOMKeHUHAMH B0A03abOpHBIX CKBaMKHH,
NpHIIEeJ K BEIBOAY, YTO HITEIICHBHOCTE PasBHTHA Keae3obak-
Tepuil, a clejoBaTe/ILHO, H CTeNeHL 3aHJIelHs 3aBHCAT OT Be-
JHYHHBL  OKHCJANTE]LHO-BOCCTAHOBHTEABLIONO  MOTElHaka
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(Eh). Bo Bcex cayyasix, rjie perHcTpHpyercs MOJOXKHTENb-
nasi seanunia Eh, umeer MecTto M MakciMaJiblioe passnTie
eseso- M mapraduessx 6axtepmil. Ilpepesnbubie 3navyeHHA
Eh, npH KOTOpLIX npeKpauiaercsi HX pasBHTHe, OJIH3KH K
—10 mB. Kpurtepuem, 60/ice TOUHO ONPeAesiOMHM BOSMOXK-
HOCTbL PA3BHTIA KeJI€30- H Mapra HUCBBIX DaKTepHH, ABJIALT-
cd [MOKA3ATeNb JaBJes neaJHCCOHHDOBAHHBIX BOAOPOAHBIX
HOHOB B TpyHTOBO# Boje rH, onpejeaseMulil MO 3aBHCHMOCTH

rH = Eh/0,029 + 2pH.

Beauunna rH, mike Koropoit keJsesobaxrepii He pa3sHpa-
iores, pasia 14,54+0,8. Cacposatenniio, NpeinochliiKaMi,
0GYCAORINBAIOULIMHE TY HAN HHYIO CTEMECHbL ONAacIOCTH 3anJie-
HHS JipeHaa KeJe3HCTLIMH coelHIeHHAMH, ARJAAIOTCA: M0-
BHILIEHIOE COJEpKAHHe 3aKHCIOro JKejge3a B TPYHTOBLIX
pozax F2+, peaxuus nousesHoil cpeast pH H OKHCAHTENbHO-
BOCCTAHOBHTEAbHHIH noTrenuuanl Eh. Oanako npakTHKa Mo-
Ka3slBaer, 4To HefaaronpuaTHOE coYeTaHHE YKa3aHHBIX BhI-
e NpHPOAHLIX (PAKTOPOB JajeKO He BCEerja TPHBOJHT K
CYIIECTBEHHOMY 3a0XpHBannio apenaxa. [Toatomy HxX MOXKHO
KaaccHGHIUpoBaTh kKak ieoOXoaHMBle YCJOBHA
XHMHYECKOro 0 OHONOrHUECKOro 3alIeHus.

Mukpo610J0rHyecKiie NPOUeCCH, XHMAUECKHE PeakliH i
OTJIOMKEHHE JKEJE3HCTHIX COCANIennii B noJocTax TpyO BO3-
MO3KHBE TOABLKO NPH BHIMOJAHEHHH AO0CTAaTOYHB X YC0O-
B H i, K KOTOPLIM B MEPBYI0 OUepe/ib OTHOCATCA: COAeprKaline
KHCJIOpO[a B ApPEHUpYioniei Boje (aspauus) H MajbC CKO-
pocTH ABHMKenus sojibl B Tpybax. [lejo B TOM, YTO XHMHUE-
CKHE peaKllHH H pasBHTHe iKeJjezobakTepnit HAYT NPH HHTEH-
cHBIOM norpebJeHuy Kucropopa. Ecan Kucjaopojaa Heno-
CTATOYHO, TO 0Opa3oBaHHe JKEJNE3HCTBIX COEJHHeHWH
npekpauiaercs. I1pasja, coefien il 0 HHXKHUX NpPEIeaax KOH-
UCHTPAalHH KHCJ0poAa, HeoOXoAHUMOro AJsl PasBUTHA HKeJe-
soGakTepuil, He umeercs. MHorue Hec/icoBaTeIH OTMEHAKOT
TOJLKO, YTO NPH 3aTOMJICHIH VCThEB KOJLIEKTOPOB H APEH CTe-
nelbL 3aOXpHBaHus mnojocreli  TpyO pesko yMeHbIIAETCH.
C pyroit CTOPOIILI, OTJOKEHIE MKEeNe3HCTHIX COeHHeHHH B
NOAOCTAX TPyO, KaK MOKA3LIBAIOT MHOTOUHC/IEHHBIE HCCAE10-
BaHus, HaGJ101a0TCH NP CKOPOCTAX JABHKEHHS BOLEL MEHee
0,3—0,4 mjc. [Tpu GOABLIX CKOPOCTAX TPOHCXQAHT CaMmo-
ouHeTKa TPyO OT HKENC3HCTOr0 HAHIKA NMOTOKOM BOAB H JIpe-
HaK NpaKTHUEeCKH He 3aHAfAeTCH.

B ofuiem suae HUTEHUCHBHOCThL OTVIOMCHNSA HaAWJAKa JHKEJIE-
3HCTHIX coefuHcHiii B TpyBax (crenenp 3aoxpHBaNHA Jipe-

144



Haxa) mMoxer OBITh BLpaskela cacayronieli pyHKIHONaTBHOI
3aBHCHMOCTBIO:

»= f(Fe*+, pH, Eh, rH, O, R, v, ),

dP
rae A= —z — HITEHCHBIOCTD ofpasopanusg NamaKa,

P — pee (o0beM) oTaokuBIIHXCH B TpyOax mede-
IUCTHLIX cCoennIIeHnH;
t — BpeMs;
Oy — copepianie KHCI0pOAa;
R — KoHueHTpaiia HOHOB THXKEJLIX MEeTaJlloB;
fig — cTenelb 3aTONMJEHHA YCThEB,
U — CKOPOCTH ABHIKCHHS BOJLI B TpyDax,
v=f(i, Dwm q);
[ — YKJIOH ApeHay<HblX JHHHI;
g — ApPeHaKHLH CTOK.

Taxum ofpasoM, NPHUHHOH 3anJeHnsd ApeHaxa KeJe-
3HCTHIMH COGAHHENHAMH SBJSETCA COUETalHe LEeJOro Komn-
JeKca NPHPOJAHEIX H HCKYCCTBEHILX (paKkTopoBs. TOJABLKO H3Y-
YHB BAHSHHE KAXJI0ro H3 HHX B OTACNLHOCTH H B COYETAlIHH,
MOMKHO TOJAYYHTL HANEKHLIE PEKOMEeNaluH 1no KiaccHgn-
Kaluy NOMBOTPYHTOB MO ONACHOCTH 3a0XPHBAHHA Jpenaka
H crnocoboM 3allHuThl €ro OT XHUMHKO-OGHOJOTHYECKOro 3a-
HJTeIHS.

OynaamMeHTaAblILIX NCCACAOBAIINH, OXBATHIBAIOILNX OJIHO-
BPEMEHHO BAHAHHE BCEH COBOKYNHOCTH NPHBEACHIBIX BLINIE
(aKTOpPOB Ha CTENneHb 3a0XpHBAHKHA jJpenaxa, noka Her. Her
H KPHTEPHER, TTO3BOJAIONHX YCTAIOBHTL NpejiesbHble 3Have-
HHS OT/eJIbHLIX (PAKTOPOB, MPH KOTOPLIX MPaKTHYECKH HCKJIO-
yaercs OMACHOCTE 3aHJIEHHS JIpeHaMa MeJNe3uCTHIMH COe/IH-
HeHHAMH, DKcMepHMEHTH, B KOTOPHIX H3y4aJoch BJHAHHE
OAHOrO-ABYX (haKTOPOB Ha CTENneNhL 3aW/ICHHA B OTpLBE OT
Beell HX KOMIUIEKCHOCTH, lle ABJAIOTCH yOeluTelblbiMi H lie
MOIYT CJAYIKHTL OCHOBOI JiA BLpabOTKH HAEKHBIX Mep 3a-
HUIHTHI.

AHaJus IUTepaTYPHLIX AalllikiX H HMeloliHHCs TIpakTHYe-
CKHI ONMBIT NO3BOJNSAIOT NPETOKHTE CJIEIYIOLlLie OPHEHTHPO-
BOYHEIE KPHTEpPHH, NPH BHITOJHCHHH KOTOPBLIX 3a0XpHBanne
apenaxa nanbosec BEpPOHTHO:

Fet+? ™ 3 mr/a,

5,2 <<pH <74,

Eh > —10 mB,
rH>= 14,5,
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i << 0,004,
v < 0,3 ve,
h, =1

OAnako Aasd OKONYATEALHOMO PpPEeeHns 3TOH BamHOH
npobaembl HEOGXOANMBI €HIC OOMTPHBIC KOMIIIEKCHLIE Hece-
NOBAaIHA B TeucHne ATNTeNuoro IIL‘|‘}IIﬁ:lE1.

COOEPHMAHUME 3AKMCHOrO MENE3A B MPYHTOBbIX BOAAX
MENMMOPATMBHBIX OBBEKTOB

JIAs NpaKTHKY NPOCKTHPOBAHNS 3AKPLITOIO JApeHaxa ie-
ﬂﬁ."iﬂ,ﬂ,!-[l‘i{ﬂ NMpeAic BCero 3Hatb KOHUENTPAINIO Jaxkncnoraog
wedesa Fe?t B rpynToBLX BolaX, TAK Kak oHa ABAACTCH
OAIHM N3 pewaloullix (pakTopos, BJAHAIOUINX Na CTenenn 3a-
oxpupannsa. Ia nepeypiazKHCHHBLIX JePHOBO-NOAS0MICTHLIX
NOYBAX B YMYCOBOM FOPH30ONTE 11a naouann | ra cojepxKa-
ue Fp0s neuncasieres muoramn tonnamn [26] v, kasanocw
Gbl, ONACHOCTL 3A0XPHBAINS JAPCHAKA BCCILA 3HAYHTELIIA.
ONHAKO PACTBOPHMOCTE HOPMaAbIBX COMEH TPEXBaJenTIoro
wede3a neseanka. o pannsv M. I, CepaoGoasekoro [26],
ona 3aBUCHT OT KHCJAOTHOCTH Cpein N cocTapasceTr. NpH
pH 4 —7-10-7; pH 5—7:107° 1 pH 6 —7-10~"% moan ua
| 1. B cBaA3n ¢ 3THM NOARJIEHHE NOABIKIIOTN0 3AKHCHOrO #Ke-
032 B 30AYNTCALULIX KOAHUYECTBAX CUNTACTCS BO3MOMIILIM
Mie B cHapHokneaom mureppate pll. Cymeersyer (3]
YCTONYHBAA B3aHMOCBA3L MENLY COJICpHKAleM 3aKHCIOro
weaesa Fe2d, oKHCANTENBHO-BOCCTAIOBHTEIBHLIM NOTRIIIHA-
aom Eh u peakuneii cpeau pH, kotopas moxer ObITb BHIPa-
JKeHna CAeAYIOUHM YpaBHEHHEM:

Fe2+ — 6981 exp (17.93 — 16,95Eh — 3pH) mr/a.

®, P. 3aiipeasmanonm [15] veranosdienio, 4To cojiepmannie
FAKICHOrn Xoeaeia Teclo CBH3dHo ¢ I'hil'!]]('l‘.l'{}l'ﬂiIETIILIEEI{IIMH
cpofieTRaMM Minicpaabiux nous (Tabi. 22) 1 uTO PYAAKOBLIC
FOPH30OHTHL B OCYWACMbIX N04BAX CAYKAT Ge3ycJAOBHBIM 1HH/LN-
KATOPOM BO3MOMKIOCTH 3alJIEHHS 3aKPLITOTO JpCHAXKa Ke-
aAesncTeiMi coennneniavi B munepaipibix i Topdsio-rac-
CRLIX NOYBAX B 34BUCHMOCTII OT HX CBONCTB cojlepixanne 3a-
KHCHOTO JKeJe3a MOKCT Pe3Ko H3MeHAThCH 1o naomann (oT
| 10 100 Mr/n Ha 0AHOM rekrape).

anmMy HeCAeA0BAHIAMHE HA Pfjle OCYIIEHHBIX 60J0T B
BCCP ycranosficilo, U4TO colepkanne Fe*t B ropde Toxe pes-

14b



Tabauya 22

Cenze copepxanna Felt ¢ tunamu nous
Oxcko-Mewepckoro lMoaecsn

I CrenceHb J-IIIH"E"FH SENLELHI Eﬂnﬂpﬂ?‘

L PR T rpyHTOBRX ROJ mue Fe |
MiIC /1

Oprsangoesie jephoso-nogsoanc- | [lpecusie <3

THE  HEorJieenune, rayboxkoor-
JCeHHBE, TFAeEBATHE H  r/eenne
necyano-cynecqalse
Oprsanjonsie jepuono-nofzonnc- | CaaGoMHHE PATHIOBANHbIC 3—5
ThEe rAceRwEe cCynecuano-cyrJin-
HUCTHIE

Mouwnse opT3anjossie H opyae- | CpeduenmiHepaaH3oBaH- 15—25
Heasie AepPHOBO-NOA30NNHCTE Ie- | HLie
CBbie W J€PHOBO-TIeeBbie

Il pennymecTeeuno Aepuossie | CHAbHOMHIEPaIH30BAN- 25—100
opyleHensie HEle
PyaskoBbie raeesbie Bucokosmune pannsosannste | 100

KO H3MCHAeTCH M0 MIOWaan n ne ctabnanio no Bpemedi.
B kauectse npuMepa na puc. 35 npusejena auiaMHka name-
HEHHS COJepPAANHS 3aKHCIOrO JKeJiesa B rPyHTOBBIX BOJaX
na njowaan 1,12 ra oowvekTa «3eacuwii Ayr». B neaom no
OGBEKTY OTMENCHO Pe3Koe H3MCHCHNE 10 MIOWaLH KOHILCHT-
pauxd Fe?* u yBesnuenue ee B BeceHHHI H OCeHIHIT NEPHOA
Mo CpaBHEHHIO C JETHIM,

Taxk kax Beanunna pH Goaee uwam Menee crabuiabHa 1o
MJAOILAJAH H BO BPCMCIH, & COACPKAIIHE 3aKHCHOIO XKeJiesa
CHJABLHO H3MEHUHBO, U3 TIPHBEAENNOro Bhille ypaBHelHs Bo-
TCKAGT, UTO H BEJHUHIIA OKHCAHTRALHO-BOCCTAIIOBHTENLHOTO
NOTEHIHAJA TAKMKC J0JIKHA BapLUpOBaTh B IMIPOKHIX Mpe-
AcJIax.

B npeawiayuiem naparpage yKasniBadoch, UTO CojepiKa-
nne Fe?t, Eh n pH sasasiercs onpeaeasiomnm neobXoaHMbIM
VCJIOBHEM 3a0XpHBaHHA ApeHaxa. B csere BbllIEH310XKEN-
HOTO BLI3BIBAIOT HEA0YMelHe NPHBOAHMBIE BO MHOTHX pabo-
TAX AANNbIE N0 COAEPKAHNIO 3AKIUCIIOTO HKCAC3a B PYHTOBBIX
BOAAX 11a TOM HJIH HHOM ocymiacmom olbekTe 0/iHoil uHppoH,
nanpumep Fe?t=5 mr/a, u Toasko na 370il oclloBe cleaalnbe
BLIBO/1bl O CTEMEIH ONacHOCTH 3aoxpHBanus apenaxa. C 1py-
roil CTOPONLI, BCTAaeT BONPOC O HeoOXOAHMON JETaJIbHOCTH 1
BpeMeHH TNpopejieHnns H3uCKanuil ¢ Leablo YCTaHOBJAeHHSA
CTEMeHH OMACHOCTH 3aMJIEHWST KEJe3HCTHIMI COCJAHHCHHAMH,
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Puc. 35. lunamuka songenrpawnmm sakicnoro meaesa Fet n rpynro-
BLIX BOAAX (0OBCKT “3eaCHBil Ayra):
i cenTaGpe 1973 1. 6 npryet 1974 1.

Otsera na svero noka ner. [Ipeacronr eute nayuuTh 3aK0HO-
MepiliocTH pacnpejeaenns u annamuky Fe?* u Eh na meano-
paTHBHBIX OOLEKTax Il 1a OCHOBE BePOHTHOCTIBIX METO/0B
HATH ONTHMAJBLIIBIE C TEXHHYCCKOH 1| 9KONOMHYECKON CTOPOH
l}ﬁ'hl.‘MH i MCTO LI uamcuauui’l, d TAKAMC BPEMH HX MNpoBe-
JACHIIH.

METO/ZIMKA OMPEAENEHMA COAEPHAHMA Fe't, Eh U pH

B ceaan ¢ Tem, uTO BO1OPACTBOPHMDIE COCANIIENNA HKec-
34, NOABEPrafAchL OKNCACHIND, H3MensoT cBoil coctan, oTbop
FPYHTOBBIX BO/ j1as onpeieaennsa cogepxanna Fe?! nposo-
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AnTest ¢ cobalojeneM M@Ep NPeEAOCTOPOMKITOCTH N0 Npeso-
TBpPALLEHHI0 nonajanns By npoOu Kucaoposa. Ilpu 3ToM
NOABL3VIOTCH JIOBOJILHO TPWAOEMEKOH, JOporoH H Majo TpH-
roanoil agas noaesbix onpeetesaennii meronukoin A. 1. Mac-
JAKOBA,

Mexons U3 npeanocslJiml, 4To B NOAICMHEIX BOJAaxX B3a-
MOJAefcTBHE JIBYXBAJEHTHOND A CIE34 ¢ KICJOPOA0OM BO3/1YXa
KpaiiHe OrpaHHueno, a okicienne ¢ o6pazoBanneM TOHKOI
JIEHKH THAPOOKHCH KeJle:da MPOoHCXO/AHT TOJBKO Ha HX Mo-
BEPXHOCTH, l1aMi onpobupwsana ynpoulenas MeTodilka oT-
Gopa npo6. CyTs ee 3akaiowaeTcs B caeayiouiem. JlonacTHbM
Gypom D =15 cm npoxogsr ekBaxnny rayounoit 1,5—2,0 o,
JAKPLIBAIOT ee AncToM (nanepul 11 OOKIa/ALIBAIOT AeplOM,
Uepes 10—20 mui ckBaimny OTKpuiBaioT H HabupawT npo-
GOOTGOPHHKOM MNOPLHIO IPYHTOBON BOAb B CKJAAHKH €O
crabuansupyiomum OGypepisim  pactsopom. CoaepiKanue
Fe?* onpepensiercd No CaHAAPTHOH METOIHKE [4] ¢ o' —
« NUOHPHAHAOM W Npe/iB:apHTeapnoi crabuaunzaineil mpob
BOALI alletaTHbiM Gvdepuiuv pacrtsopom. Pesyabratel auna-
AH30B NP6, B3ATHX no MuacisaKoBy H 110 YIPOUENHOH MeTo-
JUIKe, OKasaJHch NpakTHMecKH maentuunbimun  (Taba. 23).
310 00CTOATEJNLCTEO L4eT OocHOBanie pPeKkoMEeHAonaTh YIIpo-
WENHYI0 MEeTOAHKY AJIs npakTHueckoro npumetenns. [Toap-
jopalile el0 3HauNTeNbHo of6Jerunt H yckopur otbop npob
NOUBEHHO-TPYHTORLIX BOJ, a CJIEAOBATEbIO, H Onpelejenne
KOHICHTPaIHH 3aKHCHOrO sKeje3a.

Tabauya 23

Kosuenrpauus Fe>l (mr/a) 1 npo6ax sopsi, B3ATHX PAIAHUHBIMH
metopamu (2/X 1975 r., oGvext «Kpacubiii ay4»)

cfh?:;f.f:m IMo A. [1. Macmaxony Ile ynpomennofl MeToguKe
2 32,5 32,75 32,5 32,5
6 2,25 2,5 2,75 2,25
30 4,5 4,25 4.5 5,0
17 25,0 %.0 25,75 25,5
2] 9,75 9,75 4,75 9,

Bo muorux cayuasax ompeleJiciine 3aKHCHOrO enesa B
rPYVHTOBBIX BOJAAX KOJODHMIETP HUECKHMH METOLAMH cpa3y Ke
nocie orGopa npolG HEBOFBMOAKHO H3-3a HAJIHYHA B3BECEH H
OKpawHBanust rpyHToBeX sod. B cssaan ¢ 9THM OBLIO yCTa-
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HOBJCHO MpEAe Lo AONYCTHMOE NOc/e B3ATHA npob rpeMa
NpopeicHis aliaJdn3on la colepzmaine 3akncuoro Aencsa
B cTaONAN3HPOBAHHBIX aueTaTibiM OydepuwyM  pacTBOpoOM
rpynTOBLIX BoAax., Pesyaptatnl anaJu3oB  NpuUBeJCHLI B
Taba. 24,

Tabauya 24

HimeHeHHe KOHUEHTPALHN Fe’t & npoGax BoAb
(10/VIl 1973 r., obbekr «3apeuber)

ConepHaie F:.-ﬂ r', M/

B Noacsuy yeao- B naGopatopimx ycaomiax (¢ Gydwoepom)
wax (Goa Gydurpa.
wi?.,?&.’,:;;“. epes 24 4 weped 48 4 wepes 72 4 yepes 9G4
18 20 17 18 13
23 25 24 25 19,25
25 23 24 25 18,75
8 8 T 8 4.5

15 15 14 14 10,5
14 14 13,5 15 10
24 25 24 23 14

M3 taGanusl caeayer, yto npu ctabuandainn npobd soji
aneraTibiM OygeplibiM pacTBOPOM COACPIKaNNEe 3aKHCHOTO
JKeJae3a NPaKTHUCCKH lie MenseTcs B Tedenne 72 4. 3to 00-
CTOATEALCTRBO MO3BOJNET TPANCNOPTHPOBATL HPoODLI ¢ OT/1a-
JeHHBIX OOBEKTOR H NMPOH3BOAHTL KAYecTBEHIIbIe aHaln3bl B
AabopaToOpHbIX YCAOBHAX.

Onpeaenenne pH nousenmo-rpyHTOBLIX BO/L MOKIO OCYIILE-
CTBHTL JABYMS  cnocobaMi: KOJOPHMETPHYECKHM I NOTEH-
uHoMerpHueckunM. lleppulit ocHOBAH na H3MENeHNH OKpacKl
uHankatopa ¢ uamenenuesm pll cpean. B cnssn ¢ TeM, uTO
KOJOPHMCTPHUECKIT MCTOJL MOMCT JaBaTh 3HAUNTCALILIC
omHOKI, OH NPHMCHACTCA PEILKO N 3aMCHE! NOTENUHOMETPH-
yeckM. Texunra onpepencuns pll ¢ noMoulso noTenuHoOMeT-
POB OnHCANa BO MUOMHX PYKOBOJACTBEX 110 arpOXHMHYCCKIM
Heeaejopannam nous [3, 4].

Onpeaededne oKNCANTEABIO-BOCCTAHOBUTEABLIIONO NOTEN-
unaaa Eh, tTak ke xak n pH, M0KI0 nponssoants ABY M
METOMAMH: KOJIOPHMCTPHYECKHM H  NOTCHUHOMCTPHMCCKHM,.
Oanakoe seaegctsie GOJABLLIX MOTPELIHOCTEN KOJOPHMETPH-
yeckoro cnocoba b ouacrtosiiee BpeMs Ol NPAKTHYECKH e
npumenserca. Meroanka onpejeaenna Eh B aabopatoprinix
VCJAOBHAX MPHBOANTCH B PYKOBOACTBAX NO ArPOXHMIMCCKOMY
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HCCNeOBAHHIO MTOYB; UTO K€ KACACTCA NOJNeBLIX onpeneserui
OBII, To nanbonee noaxoasummu npuGopaMn aiaa 3THX 1Le-
aci apafwTes JCK-1 n AI-72 ¢ ucnoasioBanuem nAaTHHH-
poBalHLIX 3jgekTpojaor [17]. 3tu npubopw obaanaioT BLICO-
KO YYBCTBHTEJALHOCTBIO H IHPOKO NMPHMEHSAIOTCA TpH reo-
(pu3HYECKHX HCCACIOBAHNSAX.

METOAblI U CNOCOBL!I BOPbBbI C 3AMNEHHMEM [OPEHAMA
MENE3MCTEIMH COEAUHEHMAMM

B obuiem cayyae 3aoxpusande Apenaiia BopaxKaerca B
HACTHYHOH WIH NOJHOR 3aKynopke nojocreil Tpyvl, Koanma-
TALHH HX BOJAONPHEMIBIX OTBEPCTHI, 3alHTHLIX GHALTPOB N
npuapentoi aoun rpyura. INpasaa, ny6ankaunit o crenens
KOJbMaTaIlin NpHApPeHHoil 30HbLI H BJHAHHH €€ Ha OCVIIH-
TEJALHOE JICHCTBHE [IpeHazka HeT, H 3TOT BONPOC OCTAETCHA NOKa
HenccaepopaimuM. Mepul 60psOB ¢ 320XPHBAHHEM O HEI
OLITH HATIPABAEHB HA NPEAOTBPALLCHIE BCeX YKaszaHHLIX OT-
pHIATENBHBIX NOCAEACTBHIL, HOO Kamjaoe H3 HHX MOMKeT
OKa3aTh pemalomee po3AeicTBHe 1a yMellblleHHe ocyln-
Teasnoro sderrta jipeHaka,

CyutecTsyioT pasaudiunlie MeTojibl H cnocobu Gopubbl ¢
JaNJEHHEM Jipelaxa KeaesnceTsiMH coepnnennsimu. [pu stom
NOA TeEpMUHAMH €METOA» NONNUMAaCTCH llejesas wanpasaen-
HOCTL NPOBOAHMOrO MEPONPHATHS, «cnocob» — TexHHyecKoe
CPeACTBO AOCTHXKENHA uesn. B meanopatHBHoill npaxkTHKe
H3BECTHB! CJelyioulHe MeTo/lbl 60pLbnl ¢ 3a0XpHBaHHeM ape-
HaKa:

yYMEHBILICHHE COACPHMaHHA 3aKHCHOTO MKeJes3a B TpyHTO-
BbiX BOAAX;

YrHETEHHE NPOUECCOB MHIHEACATEALHOCTH Xeaeszobak-
TepPHiL;

noajlepaaiie jKeje3a B 3aKHCOH hopMe B ApeHHposail-
HOH BO/le 10 BbIHOCA €ro H3 JIpeH;

obecnevenne ycJaosHil TpancnoptHposanns obpasyiouie-
rocs ocaaka 3a npejedsl Apenlaza (ero caMoouHCTRY);

MpeAoTBpallenie KoJdbMaTauHl BOJAONPHEMHBIX OTBEp-
CTHH H 3alUHTHBIX (PHALTPOB;

OYHCTKA 3alJINBLIEroca Jipenaska,

[MocaeaHunil METOL OTHOCHTCH K SKCIIYAaTALHONHBIM MEpO-
MPHATHAM, OCTAJbLHBIE — K NPOEKTHO-CTPOHTELHBIM,

H3secTHO, YTO OCHOBHOC YCJOBNE TEpexoja 3aKHCHOTO
AKedesa g okuciioe ¢ o6pasdoRaiemM MajJonoaABHKIOND ocalKa
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Fe(HCOj3) 2 — npucyteTeHe 1eo6X0AHMOr0 KOJHYECTBAa KHC-
aopoaa. Kpome Toro, ¢ oanoit croponsl, coaepxanne Felt
B TPYHTOBBLIX BOJlaX NpPONOPUHOHAJBHO KHCJAOTHOCTH CPeAbl,
a ¢ Apyroit — uem HHKC nokasarteib pH npu oanom H TOM
Ke conepannu Fe?t, tem Gonblue BeposSITHOCTh 3a0XPHBAHHA
apeHaxa (cM. Taba. 21). [TosroMy aafa yMEHbIIEHHS COAEp-
MaHHsA 3aKHCHOTO JKeJe3a B TPYHTOBLIX BOJaX OCYIIACMBIX
06BbeKTOB 11e06X0/AHMO VBEAHYHTL COAEepMaHHe KHcJopoja
B NIOYBE H YMEHBLIUHTL KHCJIOTHOCTE. JIJAS 3TOr0 CyWecTsyoT
caefyouHe cnocobu:

aspupoBanue (oGorauleHne rpynTOBLIX BOJ BO3AYXOM ny-
TeM ray6okKoro poixjaeHHsd, rayOoKoil Bcnallki, KPOTOBAHNS,
leJeBaius H T, 1.);

H3BeCTKOBAHHE MOYB ¢ TMOCJAeAVIoUed 3anenkoil TNpH
Benawke Ha raybuny 30—40 cm Han BHecelHe H3BECTH Ha
ray6uny 0,6—0,9 m npH ray60KOM phIXJEHHH;

npeiBapHTe/bHOe OCYIIEHHE OTKPBITOH CeTbi0 KaHaJon
Ha CHJBHO OXEJIe3IeHHBIX YUACTKAaX;

yCTpPOHCTBO HAropHo-JOBYHX KauaJos Juid nepexnara no-
BEPXHOCTHLIX H TPYHTOBLIX BOA € BBICOKHM coOJepiKalineM
PACTBOPEHHHX COEAHNEeNnNil Kenesa, TOCTYNAoUIHX €O CMexK-
HBIX TEPPHTOPHH.

JKeneszobakTepnn — aspobul, KpoMe TOr0, OHH NJAOX0 pa3-
BHBAKOTCA NPH HaJHYHH B NOUBE HOHOB TSKEAbIX METannon
H HEKOTOPEIX apoMartnyecknx pewiecrs. [losromy yruerenne
npolecca KH3HeAesATeNLHOCTH Keae306akTepHii OCyLLecT-
BASIETCA CJAENYIOMWHMH cnocobamu:

MpeoTEpalleHHeM NOCTYNJIeHHs BO3yXa B TPyOsl nyTem
3aTONJEHHSA YCThEB KOJJCKTOPOB H JpPeH;

BHECEHHEM B JAPEHaXKHYI0 NMPHCHIKY COeAHHEHHH, cojep-
aLIHX Me/lb;

noGapJjenueM B cocTas (HALTPOB MaTEpPHANOB, COAEPHKA-
UIHX AYOHALHBIC WIH CMOJINCTHIC BENIECTBA (BETKH COCHLI H
eJH, oMK MuMo3nl [64], sepeck u ap.).

IIpn yerpoilcTse 3aTONAEHNBIX YCTHEB HEAbL3s JONYCKATh
MOANOpPA JIPEHAXKHLIX CHCTEM, HOO CKOPOCTH ABHIKEHHA BO/LI
B Tpybax pe3ko ynaayT, yMEHBILINTCH TaKyKe OCYUIHTEJIbHOE
neficTeHe Jpenaxa.

Verssl cle/lyerT pacnojaraTh Boiltieé GbITOBOrO ropH3oNTa
BOJILI B Kallajlax, a CJAHBHYIO 4acTh YCTPaHBaTh B BH/e KO-
JleHa, sanyckasa cBoOOJAHKI KoOlel ero noji ypes Boin B OT-
KPHITOM BOJAOTOKE.

[To uccaenopaunam I'. A. Haxcona, yrueraiomee aeficT-
BHE MeTa 0B Ha menezobakTepHu TEM ClJbHee, yeM BLILIE
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HX aToMHBbIH Bec. Halle Bcero na npakTHke HCNOJbLIYIOT NH-
DHTHDLLIL Orapok 0 MeAHYIO NPOROJIOKY.

K cnocofam Gophlbl ¢ OKHCJACHHEM 3aKHCHOIO XKeje3a B
ApeHaKHbIX Tpy6ax cAcAVer OTHeCTH 3aTonJeHHwe JpeHar-
HBIX YCTLEB H BHECCHHC B TPAlICHNYIO 3aChINKY XHMHYECKH
dKTHBHLIX BCLUECTEB —IIH]"Hﬁ'IITH[][]H. K HHM OTHOCHTCH:. H3-
BeCTh, (pocdopuriiags MYyKa, cMech H3BECTH € TFHICOM B
cootniowennn 2: 1 n ap. B cuasno kucawx toppax spdex-
THBRHE¢ CMeCh H3BeCTH C T'HINCOM, B MHHePaIbHIMX FI]}’EITE[I—
Higects [52]. MurubGuropw BiOcATCA B TpaHilen mnochie
NpeABAPHTENBLHON INPHCHINTKH APel TYMYCHBIM TPYHTOM H3
pacuera 1—2 Kr Ha nor. m.

Panukanbuwm cnocoboM O6opbObl ¢ OTJIOKEHHEM Heje-
3UCTLIX COeAHHEHHI B Tpyb6ax sApaseTca coslanne neobxo-
AHMBIX CKOpOCTel ABHMKelus B Hux Boau. Hecaenosanua no-
KaaslBatoT, uTo npu V=0,3—0,4 m/c npoOHCXOANT CaMOOUHCT-
Ka TpyG or Hauaka. Jlns obecneyenus TakHX CKopocTeil
VKJOHLI JIPEHAKHBIX JHHHI MOMKHB OuTL Gosee 0,004—
0,005. I'lpn 3TOM Ouenb BaxKHO He JonyckaTh oOpasopaiig
o6paTHLIX YKJOHOB JIPENamNpiX JHITHH 14 OT/Ae/bHKIX, NYCTh
Aaxe Koporkux vuactkax. Mceneposanuns nokaswinaior, MTO
JaKYNOPKA ﬂpEIIHH{IIhIK TP}-’ﬁ OTJOAKEHNHAMH JKCAC3a, Kak
Npasuao, npuypouena K MmectaMm nporuba ApeHaxKubix JHHHH
1 ocoGelHO YacTo BCTPEUAELTCH B Y3Jaax noacoeiunelis japei
K KoasektopaM., Bo MHOrHX cayuanx 3aWiCHHLIMI OKa3bipa-
I0TCA NepBele 0T Koauiektopa 1,5—2 M apens. OGycaosiaeno
3TO MOBLIUEHHOR aspauueil BOJABL B YCTLEBOH YacTi JipeH
# olpaTHBIM YKJOHOM nepBbx 1—2 Kepamuyeckux Tpyo
peJeACTBHE MPocajKH HACKITHOrO TPyHTa noj HuMmu, [Tosromy
FPVHT noa Tpy6aMH B MecTax nojcoelHleHns ILpeH K KoOJ-
JAcKTOopaM chaeiyer yrpamGosuipaTh. [loacoeannenne apen
K KOMIEKTOpPY JAyuuie NPon3BoAHTL BIPHTLIK, 4 He CBEPXY.
B rpynTax ¢ BLICOKHM COJACPMKAIIHEM Keae3a npenouTHTeb-
HO VeTpausaTh 060J¢e NPOCTLIE JIPCHAMHLE CHCTCML C KO-
JICKTOPAMH HE BbILUE EPROro-BTOPOro NopsKa.

K cnoco6am, cnocoGCTBYIOULHM TPCIOTBPAILIEHHI0 KOJb-
MaTallii BOJAONPHEMHLIX OTREPCTHH TPVD H 3aLLUTHLIX OT Me-
XallnyecKoro 3anyienusi hUALTPOB, OTHOCATCH:

yBEJIHYeHHe pasMepoB CTHIKOBBIX 3a30poB I nepopaiimit;

npHMeHenie oobeMibIX (PHILTPOB H3 HHEPTHLIX, XOPOWIO

GHALTPYIOIHX MaTepHaNOB (necyaHo-rpapHHHAf CMECD,

majiopasioxusiuiicss (ppesepustit Topd, TOpPoKpoIIKa,

NBHAHAS KOCTPa, COMOMA HT. TL.);

BlIIECCHHEe HHrHOUTOPOB B Tpauulciiiyio 3acbInky;
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NpHMeHeHHe NJaacTMaccoBux TpyO ¢ 3aBOACKHM oGbeM-

HBIM (DHABTPOM, YCTOHYHBHIM TIPOTHB 3a0XpHBAHHA.

HacTo pexoMeHAYeTCs A8 YMEHbUIEHHA BJAHAHHA 3a0XpH-
paHHA Ha paborocnocoOHOCTL ApeHa)Ka B CHABHO 3amenes-
HEHHBIX TPYHTAX YBEJHYMBATL AHAMETPL TPyG Ha OAMH noO-
PAAOK, YMEHbIIATL MeXKApeHHbie paccToaHua nHa 5—209%,
YCTPAaHBATh HAa KOJJEKTOPaX OTCTOHNBE KOJMOANB H 3aKOJb-
LOBaHIILIE CHCTEMbI, NO3BOJSIOUIHE OCYILECTBAATH NMEpHO/H-
HECKHE NPOMBIBKH APEH NYyTeM NYyCKa BOJL 4Y€pe3 HCTOKH
i ap. Oanako BCe 9TH MEPONPHATHA, €CIH He TMPHMEHATh
CNellHaJIbHBIX Mep 3allHTLl OT 3a0XPHBAlHA, MOTYT OKa3aThb-
cAd manospdekTuBabiMH. K npumepy, npH KoabMaTauHH
GHALTPOB H BOAONPHEMHBIX OTBepCTHH TPYO HH OJLHII H3 BbLI-
lleYKa3aHHbLIX MPHEMOB He faeT CYUECTBEHHON NOJAbL3H.

Hasectun nybaukauun [62, 28], B KoTOpLIX NOAYEPKHBA-
etct 60AbWIAR cTENneHb ONMacHOCTH 3a0XPHBaHHA NJlacTMacco-
BOTO ApeHaxa no cpaBHeHHo ¢ ronyapiuM. Hawn uceaeno-
BaHHst B BesopyccuH, rae naacTMaccoBblit JpeHaMK YJOMKeH
Ha naomaad 6oaee 40 Teic. ra, B TOM YHCJe H Ha oOBLEKTaAX
C BEICOKHM COJIepXKAaHNeM 3aKHCHOTO XeJje3a, He NnoATRepXK aa-
0T 1AHHOTO NoJjloxKenus. XapakTep H CTENeHb 3aWJICHHS Ke-
JEIHCTLIMI COCAHHEHHAMH MJAACTMACCOBOTO H TOHYapHOro
JpeHaxa NPHMEPHO HAEHTHYHBI.

H B 3akai0ueHHe pacCMOTPHM OCHOBHBIE CNOCO0LI IKCIAY-
aTallHOHHBLIX MEPONPHATHI, HaIpaBAEHHbIC HA MPeAYTIPesK 1e-
HHE 3aHJEHHH H OUHCTKY (BoccTtanosnenne pabotocnocobHo-
CTH) 3aHJEHHOTO JKeJNe3HCTHMH COCAHHEHHAMH rOpH30HTaNb-
Horo TpybGuatoro apenama. HanbGoabwee pacnpocTpaneHHe
NOAYUHAH cnocolBl rHApaBAHYecKONl npomuiBKH. [Ias storo
HCMOJB3YIOTCH ClelHaJbHBle APEeHONPOMBIBOYHBLIE MalIHHE
(d-910) #am cospaloTcd NOBBIEHHBIE CKOPOCTH ABHXKe-
nus Boasl B Tpy6ax. X. A. fpsena [57] pekomernnyer, Hanpu-
Mep, NMepHOAHYECKH CO031aBaTh MOAMOP ApeHa’HblX CHCTEM
CO CTOPOHL OTKPBITHLIX KanaioB H pe3ko ero cOHpacuBarhb
(nMnyabcHas npoMmbiBka). B caywae 3axoabloBamibix jape-
HaXHBIX cicTem pexomenayercs [16] 1—2 pasa » roa nona-
BaTh BOAY NPH NOBHIIIEHHBEIX HAMOpPax €O CTOPOHbLI HCTOKOD
AApeH.

Mexannyeckasi OUMHCTKA APCH OT KEJEe3HCTOro Hamjika ¢
NOMOUILIO eplUei, IeTOK H T. . B HACTOAIEE BPEMS NPaKTH-
yeckH He npuMensiercd. He noayuuan nmoka passHTHA H CHO-
cOObl XHMHYECKON OUHCTKH NYyTEeM NPOMLIBKH KHCJIOTOH HJIH
NPoAYBKH apen rasoM. HVKHO nofuepkHyThb, YTO OUHCTKA
3aNAHBLIErocs /peHaka — MepPONpHATHE BEChMa TPYAoeMKoe
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i aoporocrosutee. Ilosromy ayuuie npeaycMaTpiBaTh B npo-
CKTax cneunaspluie Hajlerxibie Mepsl 3alluThl jipeHaxa ot
3aNCHHA KeNe3HeTHMH coeannennamu. Oanum H3 nenpe-
MEHHBIX YCJI0BHI 10JI2KHO OBIThH BLICOKOE KaYECTBO CTPOHTEb-
cTBa.

Beuay caaboil H3VUeHHOCTH CYULHOCTH TPOIECCOB XHMH-
HeCKOro H MUKpo6HoJorHueckoro 3anjieuus Tpybuaroro jpe-
HaMKa, HaJHuHa NPOTHBOPEUHBLIX MHEHHT H NPeAJoKeHHH H
HEA0CTATOUHOCTH NPAKTHYECKOrO ONbiTa, BepaboTaTh HA 1aH-
IIOM 3Tane KOHKPeTHHIC AeficTBCHUBLIE NpEAJOKEeHNd, rapan-
THpYIOULHE (OJBIIVIO HAACHKHOCTh 3aUIHTHBIX MEPONPHATHI
NpH NpHEMAeMOil CTOHMOCTH, He NPEeACTABAAeTCA BO3IMOXK-
HbiM. B npuaomenun 6 1ava opHCHTHPOBOMHARA CXEMa CTOCO-
Gop GopbObl ¢ 3a0XpHBAHHEM JpeHaKa, cocTaBliennas na
OCHOBE JINTepaTypHBIX MarepuaJios [15, 28, 48, 52, 54, 63]
i cobGCTBEHUBIX HCCAEA0BaHHA aBTOPOB,
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