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NPEANCIOBHE

HaTeHcHBHOE CeNbCKOXO3SIHCTBEHHOE MPOU3BOACTBO Ha
3HAUHUTENbHOH YaCTH 3€MeJbHLIX YroAuii B T'YMUIHOH 30He
HEeBO3MOXHO G6e3 OCYILeCTBIEHHS MeJHOPAaTHBHBIX MeEpo-
NPHSTHH, IJ1aBHOE M3 KOTOPHIX — pery/jHpoBaHHEe BORHOIO
pexxuma. OcHoBHOl cnoco6 perynupoBaHHs BOJHOIO peXH-
Ma MOYB B F'YMHJIHOH 30HE B HaCTOslllee BpeMs — 3TO rOpH-
30HTaJbHBIH TPyGuaThiit npeHax. [IpaBuibHO 3aNMpOeKTHPO-
BaHHBI/ ¥ KayecTBEHHO NOCTPOEHHBbIH, OH HOPMaJabHO GYHK-
uuonupyer 30..50 Jjer u Gonee. OaHaKO MenHOpaTHBHAS
NpakTHKa 3HaeT MacCy cJayuaeB HeyAOBJeTBOPHUTENbLHOM pa-
GoThl apeHaxa W GbicTporo (3a 3..5 JeT) BLHIXOAA €ro M3
CTposl. 3aTpaThl Ha PEKOHCTPYKUHUIO U BOCCTAHOBJAEHHe Jpe-
naxa Hepeako gocruraior 50...809% nepsoHauasibHOH CTOH-
MOCTH ocyuieHus B cocraBasT 500...1000 p. Ha 1 ra.

IMpuuunb, obycaosnuBawiiie caabyio 3¢¢eKTUBHOCTh
ApeHaxa W fpexAeBpeMeHHbIHl BLIXOA €ro H3 crpos, cie-
AyIoli¥e: HeJOCTaTOYHasi H3YYEHHOCTh OOBEKTOB MeJHopa-
UMH NPH H3BICKAHHAX; OWMOKH, JONycKaeMbie NPH COCTaB-
JIeHHH MPOEKTOB; HEKaueCTBEHHOe, a HHOIAA W HeNpaBH/Ib-
Hoe crpouTenbcTso H Ap. Hepenko B mpoexTax owmn6oyHO
IPHHUMAIOT HelpHEMJEMbIl B ZaHHBIX YCJAOBHAX METOJ HJIH
cnoco6 MeqHOpaliMi, 3aBLIWIAIOT MeXJpeHHble pacCTOSHHS,
HEBEPHO YUYHTHIBalOT OCOOEHHOCTH MOYBEHHHIX H THJPOreo-
JOrH4ecKux ycaosul. IIpu cTponTenbcTBe JApeHaXa HHOTAa
MaJO BHHUMaHHS YAEJNSIIOT COXPaHEHHIO CTPYKTYpPH IIOUBHI,
KayecTBy paboT, yCTPOHCTBY 3aliUTHHX (HUJIBLTPOB, BCJEA-
cTBHe yero TpyOul OHICTPO 3aHAAIOTCH H He CNpaBJAIOTCSH
CO CBOeBPEMEHHBIM OTBOJOM H3OBITOYHBIX BOJ C MEJTHOPH-
POBAHHBIX Y4aCTKOB.

CymecTBeHHbIM TpoOrpeccoM B AeJie OCylIeHHs 3eMelib
B TYMHIHO/ 30He SIBUJOCH HpHMeHeHHe MOJHMEDHHIX H ApY-
FHX HOBBIX MaT€pHaJIOB, a TaK¥Xe BepPTHKAJbHOTO ApeHaxka.
BuenpeHne ropH3oHTaNbHOTO MJIACTMAacCOBOrO ApeHaxka, a
NpH HAaJIMYKH COOTBETCTBYIOUIHX TH/APOreoJIOTHYECKHX YCJO-
BHil — # BEepTHKAJbHOrO MO3BOJISIET 3HAYHTENLHO YBEJIHYHTH
MPOU3BOJMTEJNLHOCTD TPYAa H KAyeCTBO CTPOHTENLCTBA, CO-
KPaTHTb CTOMMOCTb MEJHOpaTHBHBIX paboT H co3AaTh Go-
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Jee CoBepllUeHHble (0 CPaBHEHHIO C KepaMHYECKHM Jpe-
HaXXeM) OCYWIHTeNbHO-YBJAaXKHHTEJAbHBE CHCTEMEL.

B KnHre ocHOBHOe BHHMaHHe yAeJ€HO HOBEHIUHM JOCTH-
}KEHHAM OTeyeCTBEeHHOH H 3apyOleXXHOH HAayKH H NPaKTHKU
B 00/1aCTH ceJbCKOXO03HCTBEHHOIO ApeHaxa. B Helt Ha oc-
HoBe GoJsiee yem 20-71eTHHX HATYpPHBIX HCCJEAOBAaHHiI aBTOpa
B ycaoBusax Besopyccun, a Takike TeopeTHuecKHX pelueHHi
¥ 06001leHHsT OTeYECTBEHHHX H 3apy6exXHbIX NyOJHKauHi
U3JIOXKEHBI TJlaBHble HaydyHble M NPaKTHYECKHE NOJOXKeHHUS
[0 MPOEKTHPOBAHMIO, pacyeTaM M CTPOHTENbCTBY 3aKpPHITO-
ro ropu3oHTajibHOTO ApeHaxka. [laHw coBpeMeHHblEe NpHH-
UHNB, METOAB M cnocofnl Meanopauuii, Teopusa (HABTpa-
HMH NOA3eMHBHIX BOA H PHABTPALHOHHON NPOYHOCTH PPYHTOB.
Bosbuioe BHHMaHHe YAENEHO NPHMEHEHHI0 B JPEHAXKHOM
CTPOUTENBbCTBE IOJHMEPHBIX W JAPYFHX HOBHIX MaTepHAaJOB,
BONPOCaM, CBA3aHHBIM C MPOEKTHPOBaHHEM H CTPOUTENLCT-
BOM MJIaCTMACCOBOrO JpeHaxa, pacueTaMy 4 noabopom ape-
HaXHBIX (UIBTPOB H3 HCKYCCTBCHHBIX MaTepPHAJOB H AP.

HetanbHO paccMOTpeHbI KOHCTPYKTHBHBIE CXEMBI, YCJO-
BHSi TIpHMEHEHHs, METOAbl ONpeneeHHs THAPOreoJoruye-
CKHUX MapaMeTpoB, (PuJbLTpPaUHOHHbIE PacueTsl ¥ JPyrHe BO-
Npochl, CBsiI3aHHble C NpPHMEHEHHEM HOBOTO B TYMHAHOM
30He cnocoba OCylueHHs — BepPTHKAJLHOrO ApeHaxa. BoJb-
UIHHCTBO COAEPXKAIHXCH B KHHUIe peilieHHH JOBELEHO 10 BH-
na, yno6Horo AJisi NpPaKTHYECKOro MNPHMEHEHHs, MPHBENEH
PAA KOHKPETHHX peKOMeHAaluH H NMPHMepOB PacyeTos.



F'TABA 1

OCOBEHHOCTH CEJIbCKOXO3ANCTBEHHbBIX
MEJ/IMOPAIIMIA B TYMHUJITHON 30HE

XapakrtepHasi 0COGEHHOCTb 3€MJICAENHs] B TyMHIHOI 30-
He cTpallbki COCTOHT B TOM, 4YTO OHO OCYIIECTBJSETCS B yC-
JIOBUSIX CYLLEeCTBEHHOH AaCHHXPOHHOCTH MEXAY MOCTYNJeHH-
€M BOAL B KOpPHeOOHTaeMHfi CJIOH MOYBH H pPacCXOAOBaHH-
eM ee Ha pa3BUTHe pacTeHHH, HCMapeHHe U CTOK, BCAEACTBUE
Uero BEeCHOH ¥ OCeHbIO NMOYTH €XerojHo BJarH B NOYBE B H3-
6biTKe, a JeToM ee yacTo He xBaraeT. [losToMy coBpemeH-
HOe BLICOKOMPOAYKTHBHOE 3eMmJie/le/lie Ha 3HauKTeJbHOH
YacTH CeJbCKOXO3AHCTBEHHMX YroAHH TyMHAHOH 30HHI He-
BO3MOXHO (€3 MeNTHOpPAaTHBHbBIX MEPONPHSITHH B HIMPOKHX
Macwitabax, KOTOpbie NpexJje BCero AOMXKHbB ObIThL Hanpas-
JIeHbI Ha CBOEBPEMEHHOe YJaJieHHE H3 TMOYBEHHOro CJ0s
H306BITOUHEIX BOA. BMmecTe ¢ Tem Aas nmoayueHus cTabHAbHO
BBICOKHX ypOXaeB HeOOXONHMMBI H YBJaXKHHWTEJNbHble Mepo-
NpUATHA B 3acCyillldBble NEepHOALI BereTaluu pacTeHHH.

FnaBHOe Ha3sHayeHHE MEJHOPATHBHBIX CHCTeM B TYMHA-
HOM 30He — peryJupoBaHHe BOLHOTO peXxHUMa KopHeobuTtae-
MOTO CJIOfl TI0YUB B MnpejAenax, obecneuuBalominX ONTHMAaJb-
Hble YCJOBHSL N/ Pa3BUTHA pacTeHHH M NpPOBEdCHHS Cedil-
CKOXO03sINCTBEeHHBIX pabot. [Ipx 3ToM HenmpemeHHOe yCJOBHE
3aKaoyaeTcss B KOHOMHOM pacXOAOBaHHH BOAHBIX pecyp-
COB, ONEpaTHBHOM YMNpaBJeHHH, MAKCHMaJbHO BO3MOXHOM
COXpaHeHUH H YJyYlIeHHH NPHPOAHO-XO3AHCTBEHHHIX KOMIN-
aekcos. Mcxoas U3 3TOro B nocjaefaHue rojbl CyUeCTBEHIIO
nepecMoOTpeHbl OCHOBHBie NMPHHIHNH MejHOpalMH, Mpejao-
XeHbl HOBble crnocoObl, UIHPOKOE Pa3BUTHE MOJIYYHIH Me-
JHOpATHBHbIE CHCTEMBI ABYXCTOPOHHEro AeHCTBHS.

OcHOBHOl perynupyouuii sJ1eMeHT Ha MeJHOpPaTHBHBIX
CHCTeMaxX — 3aKpHIThii ApeHaX. B rymuaHo#l 30He npume-
HAOTCA ABa BHAA 3aKPHLITOTO ApeHaXa — FOPpH30HTAaNbHLIN
H BepTHKaJbHbll. [lepBulit BKJOYaeT Tpy6GuaThii (msacrt-
MaccoBbi#i, kepaMmuueckuil, Tpy6opuabTpEl H Ap.), GecTpyb-
YaTbiii (KpOTOBHIH, Lle/eBO) H KOMOHHMPOBaHHHIN — coye-
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TaHHe FOPHU30HTAJILHOTO TPY6YaTOro ¢ KPOTOBBIM HJH FO-
PH30OHTaJNbLHOrO ¢ BepTHKaJbHBIM. CTpouTenncTso Tpy6uya-
TOro JipeHaXa OCYIIeCTBJAsETCs TpaHIUeHHHIM M 6ecTpaH-
IIEAHBIM CMOCOGaMH, BEPTHKAJIBHOIO — GypelHeM CKBa’KHH.
[opu3onTanbHbic JIpeHBl H CKBaXXHHBl — OCHOBHbIE 3/1€MEH-
Thi, C TOMOLLBIO KOTOPBIX PperyJHpPYeTcst BOJIHbI peXuM
noys. DPPHeKTHBHOCTL ApeHaxa 3aBUCHT OT KOMILIEKCa PaK-
TOPOB, OCHOBHblE H3 KOTODbIX CJEAYIOHIHe: KOHCTPYKIMH
Tpy6, cBoficTBa (HJILTPOB, MapaMeTpsl APEHAXKHOH CETH,
TeXHOJIOTHsI CTPOHTE/IbCTBA M peXHMbl 3Kcnayatauuu. Jlio-
(oW u3 BHAOB JpeHa)ka 3¢dexTuBeH TOJLKO B TOM CJjyuyae,
€C/IH OH COOTBETCTBYET NPHPOJHBIM YCJOBHSM, AOJITOBEYEH,
NPaBHIBLHO 3aNPOCKTHPOBAH, KaueCTBEHHO NMOCTPOEH H HOp-
MaJIbHO 3KCONAYaTHPYETCH.

i. Crpykrypa MeamopaTHBHBIX MepoONpHATHIL
B TyMH/HOH 30HE

I'naporexHuyeckne MepONPHATHS MO PeryJHpOBaHHIO
BOJHOrO peXXMMa MOYB B T'YMHIHOH 30He B ofuieM cJaydae
HampaBJleHbl Ha pelleHHe TpexX 3afay: OrpaiHuTb TEPpPHTO-
PHIO OT H30BLITOUHBIX (MOBEPXHOCTHBIX M TPYHTOBBIX) BOA,
IOCTYMAIOUWHX CO CTOPOHBI; CBOEBPEMEHHO YAAJHTb C yua-
CTKa H36HITOYHble BOJbI, MOCTYMaKliHe HenocpeACTBEHHO
Ha ero mjollaab; CBOEBPeMeHHO MoAaTh B KOpHeoGuTaeMblii
CJION HeJoCTalolilee KOJHYECTBO BOALI NPH o6pasoBaHHH je-
(GUUUTOB B 3acyuinBeie nepuonbl. [lepenle aBe — 3ajauu
OCYIUEHHsI, MOCAEHAS — YBJIaXKHEHHUS.

CnocoGbi MeHOpauuH, CTPYKTypa MCJIHOPATHBHBIX CH-
CTEM it arpOMEJHOPAaTHBHBIX MEPONMPHATHH, a TaKkXe la3Ha-
YCHHE OTAEJNbHBIX 3JIEMEHTOB ONpenensiorcs, ¢ OAHOH CTO-
POHBI, XapaKTepPOM CEJbCKOXO3SHCTBENHOTO HCMOJL30BaliHs
MEeJIHOPHPOBAHHHBIX 3€MeJib, a € JIPYroil — KAHMAaTHYECKHMH,
NOYBEHHO-MOP(ONOTHYECKHMH, FPHAPOJNOTHYECKHMH H THAPO-
reoIOTHYECKUMH yCJAOBHsIMH. Kak yka3biBasoch paiee, me-
JIMOPATHBHBIE MEPONPHUATHS JAOJXKHbB ObITb HanpaBJieHbl Ha
JIBYXCTOpOHHEE pEery/JHpoBaHHe BJAaXKHOCTH KOpHeoOHTae-
Moro cjosi nmouBbl. HauGosee coBeplieHIibl OPOCHTE/bHBIE
CHCTeMBI Ha aBTOMOP(QHBIX NOYBAX K OCYLIHTE/bHO-OPOCH-
TeJbHbIE CHCTEMBI C HCMOJIb3OBaHHEM JJisi OPOMIeHHS [O-
GePXHOCTHBIX H MoA3eMHbIX BoA. OAHAKO, yuHTbIBasi orpa-
HHYEHHOCTb BOJHBIX H MaTepHa/JbHBIX pecypcoB, 3TH CH-
cTeEMBbl B MEPBYIO OyYepelb CO3AAIOT Ha 3eMJIAX, HCHOJAb3ye-
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MbIX NOJ AOJITOJETHHE KYJbTypHble MacTOHILA ¥ OBOLUHBIC
KyJsTypel: Ha JyroBhix yrogbfix H mauise B yCJIOBHAX paB-
HMHHOTO HJH CJa0O0YKJOHHOTO pesbetda WHPOKO NpPHME-
HSIOT OCYLIHTEAbHO-YBJAaXKHHUTCALHbIE CHCTCMB, Ha ¢BsA3HbIX
MHHEPAJbHBIX 3eMJAX CpPeJHEero M TSXKeJOro MexaHuuye-
CKOTO COCTaBa OCYUIHTEJbHO-YBJIAKHHTEJNbHBIC Meponpus-
THs (NOJANOYBEHHOE YBJIaXKHEHHC) NPaKTHUECKH OCYLIeCT-
BHTb WJIH HEBO3MOXKHO, HJH YPE3BbIYAHHO AOPOro. dTO XKe
OTHOCHTCSI M K 3eMJISIM C XONMHCTHIM penbedom. B Takux
II0YBEHHO-MOPHOJOTHYECKHX YCJIOBUAX HeoGXO0AHMO CO3/1a-
BaTh OCYIIHTeJbHO-aKKYMYJHPYIOUIHE CHCTEMbl, KOTOPHIC
MaKCHMaJbHO AKKYMYJHpPOBaJH Obl Ta/able H JOX/IeBbie BO-
Ibl B TMIOYBEHHOM Npoduse, a TakXe B Npeneiax MejHopa-
THBHHX 00BeKTOB— B NpyAax # BojloeMax. Ha Goaorax
0OHJIBHOrO TPYHTOBO-HAMOPHOIQ IUTAHHSA BROJHE HPHEMJC-
Mbl OCYLIHTEJIbHO-YBJAXKHUTCJALIILIC clcTeMbl lia 6asze 3a-
KPBITOTO APEHaXKa H 1JII030BaHUs.

HaubGoJsee coseplueHHbl#l cnocol MeJjHOpaLuil — 3aKpLi-
THIl TOPH3OHTAJIbHBINA, a B 0JarONpPUATHBLIX THAPOreoaori-
YeCKHX YCJOBHAX — BepTHKAJLHbI jipenax. Bmecre ¢ Tem
Ha 6os0Tax c raybOuHo# Topda menee 1,5 M, NOACTHIIAEMBIX
MOILHBIM CJIOEM XOPOWIO (HJILTPYIOLIUX NecUaHbIX OTJOXKE-
HUH, Ha OCYIIHTE/bHO-YBJAXKHHTEABHLX (M OCOGEHHO Ha
OCYLIHTEJbHO-OPOCHTENbHBIX) cHCTEMAaX BIOJHE AOMNYCTHMO
pery/iupyioulyio ceTh ycTpauBaTh M3 peiakux (uepe3 400...
800 M) oTKpHITHIX KaHanoB. DBouiblIOIO BHHMAHHA 3acay-
JKHBaeT MpHMeHeHHe KPOTOBOTO JIpeHaxa Ha rayboKkux Top-
(bsAHHKaAX.

Takum o6pa3oM, OpH MejHOpalUUH 3eMe/lb B [YMHAHON
30He NMPHMEHSIOT YeThipe BW/Aa CHCTEM: OPOCHTEJIbHLIE, OCY-
IKTEJILIO-OPOCUTE/IbHbIE, OCYLIHTENbUO-YBJAXHUTEAbHbIE H
OCYULINTEILHO-aKKYMyaHpylowte (Ttaba. 1).

HaunGonee cosepuieHHHNi cnocol6 YBAaXKHEHHSs — 3TO
noxnepanue. OAHAKO OHO MAaTepHaJO- M KaNHTaJOeMKO H
TpebyeT AJs IKCIJIyaTalMH 3HAUHTEJNbHBIX TPYAOBHX pe-
cypcoB. [MoaToMy Ao0xAeBaHHe HCNOJAB3YIOT NOKa FJIABHHIM
ofpazoM AJS OpPOIUEHHS OBOIIHLIX CeBOOOOPOTOB H KYJb-
TYpPHBIX 0acTOHLL, a BO3JI€ KPYNHBIX XXHBOTHOBOJYECKHX
KOMINIEKCOB M IIPEANpPUSATHII N0 NPOH3BOACTBY 06e3BO-
JKEHHBIX KOPMOB — TaKXe JJIf OpPOILCHHs TOCEBOB JYTOBhIX
tTpaB. [lpu BbIpallMBaHHM OBOWIEH CO34al0T B OCHOBHOM
CTalliOHapHble CHCTEMbI, a AJAS KyJbTYPHbBIX MNacTOHL{—
IoJyCTallHOHAPHbIE C FPYNNOBLIM HCHOJbL30OBaHHEM WIHMPO-
K03aXBaTHBIX JI0XKAeBaJIbHbIX MaLUHH.



1. Knaccudurauus MeanopaTuBHHX MEPORPHATHI

MeanopatusHble
cHeTeMsl

n

TMoysenno-Mopdoaoruyeckne
FHAPOTEONOr HYEChHE YCAOBUS

HanpanBaesHocTs CeAbCKO-
XO3HCTBEHHOIO HCNOAL3O-
BaHHA 3eMenb

I Opocureasusie

11 Odyumurenso-
OpOCHTENbHDLIC

1. Ocywurednbno-
YBJaXKHHTCb-
Hule

1V. Ocywurensto-
aKKYMYJNHPYIO-
uye

PaBuuunbie aBtomopdubie

PaBuunnbie

. Bboaota ¢

. Boaora

(ne TpebGylomue ocy-
LieHusA) TouBH NI06OrO
MeXaHHYeCKOro CocTaBa
nepeyBsiax-
HEHHBIC 3eMJIH BCeX Ka-
Teropuit, Kpome 60J0T
OGMIBHOrO  HANMOPHOrO
AHTaHUSA

BoJsora, noactunaemnie
MOIIHBIME ~ TeCYAHBIMH
OTNOXEHHAMY
ray6uHoii
toppa>1! M, mNOACTH-
JlacMble CBSI3HBIMII FPYH-
TaMy

Jlerkne  MHHepaJbHble
HOYBbI € Me3openbe-
dom <+03 M Ha

MOMIHBIX NecYyaHbiXx OT-
JIOXKEHHAX

06HAbHOTO
rpylTOBO-HANOPHOTO MH-
TalHg H NOACTHJIAaeMbe
canponeasIMu

TTouBut cpeauero u Ta-
XKeJoro MexaHHYecKoro
COCTaBa C PABHHUHHBIM
It XOJAMMCTHIM  penbe-
dom

Cynect u  necuannle
NoYBbH ¢ MaKpopesibe-
dom <+0,6 M

JleccoBie mouBm €
MaKpOMOHUXKEHHAMH >
>05 M

Cynecuaupie noysbt ¢
XOAMHCTHIM peavedoM H
OTOpHOBAHHLIMH  JIOWIH-
HaMH

Mpudepmckue nacr-
Ouiia
OBolUIHBIC KYAbTYPH

JlyroBuie yroand Ans
Bblllaca CKoTa It
NpOU3BOACTBA Tpa-
BSHBLIX KOPMOB

2. OBoumHbic  KyabTy-

pul
KyasTypuuie  ceno-
Kochl

3epHo-TpaBsiHbie ce-
BOOGOPOThHE

1. Toaeswe cesooGo-

poTLi

Kyabtypusie
KOCBi

CE€HO-

MoneBnte ceBOOGOPOTHE




Cocras M@AHOPATHUBHLIX CHCTEM K arPOMEAUOPATUBHLIX Meponpum‘uﬁ

BO}lOHCTO‘lHHKH, B TOM HHQJIe H MOA3EMHLIE, HACOCHRIC CTAaHUMHH, prﬁo-
NpoOBOALI, AOXKAEBAJBbHBIE arperatbli; NAIHAPOBKA, BLIDABHHBaHHE Me-
JAHOPATHBHOTO o0bekTa no YPOBHIO NJIOAOPOAHSA

BoponpuemuukH, orpaxciaioiias ¥ NPOBOASILAN CE€Tb, FOPH3OHTAJbHBL
HJIA BEPTHKANbHBIA APEHAX, BOAOHCTOYHHKH, B TOM YHuc/ie H TOA-
3€MHBIe; OPOCHTeNbHas CeTb € 1ACOCHBIMH CTAHUHMSMH H JLOXAEBajb-
HHMH YCTaHOBKaMH; NJNaHHPOBKA, BLIPABHHBAHHC MENHOPATHBHOrO
0o0BbeKTa MO yposHio MJAOAOPOAUS

Bopoupuemunky, orpaxcaaioniast i NpOBOARWAA CCTb, CHCTEMATHYCCKHN
FOPH3OHTANbHLI APEllaXX M/l OTKPHTAas perynupyloilas ceTb AAst
60J10T, NOACTHAAEMBIX MOWHBIM CJAOEM XOpPOWO IMPOHHIAEMBIX Tnec-
KOB; rapaHTHPOBaHHhle BOZOUCTOUHIIKY, MOAMOPHEE COOPYIKEeHHS, Kpo-
TOBRii ApeHax mnpu ray6okom Topde, TwiaTenpHas MJIAaHHPOBKAa NO-
BEDXHOCTH, BhipAaBHHUBaHHE MeJHOPATHBHOrO 06GbEeKTa 10 YPOBHIO MJIO-
AOPOAUS

BogonpheMHuKH, orpaxaaiollas u RPOBOASAILASE CETb, FOPH3OHTAJbHBI
CHCTEMATHYECKHH HJIH BEPTHKA/AbHbIA TMJOWAZHON APEHAX, TOPH3OH-
TaAbHBI APEHAX C CAMOM3JAHBAIOUIMMHCA KOJOAUAMH, KPOTOBHIl Ape-
HaX B rayGokom Topde, NOANOPHBIC cOOpyXetHs 6e3 BOJOHCTOUYHHKA,
TJIaHHPOBKA NMOBEPXHOCTH

BoaonpuemunkH, RpoBoOAsiias CCTb, FOPH3OHTAMNbLHBIA CHCTEMATHYECKHI
Apenax; ray6oKoe pHIXJeHHE M PHLIXJIEHHe-KPOTOBAHHE C OAHOBpEMEH-
HHIM BHECeHHeM CTaOH/AH3HPYIOWHX MaTepHatoB; OeCCTOYHHIE Kpo-
TOBBI ApEHAX; aKKyMyJsiuus NOBEPXHOCTHOrO CTOKAa B MpyAax; mJja-
HHPOBKa M BbipAaBHHBaHHE NO YPOBHIO NJAOAOPOAZHS; YCTPORCTBO moO-
FIOWAIOWMX KOJIOANEB, JOXOHH U Ap.

Boaonpuemunku, nernyGokuil ApeHaX; NJaHHDOBKA TNOBEPXHOCTH, BHe-
cenne GoJbliiMX [03 opraHH4eckHx yAaoGpeHni, Top(oBanHe NaxoT-
HOTO ¢JIOf, H3BECTKOBAaHHWE, BLIPABHHBAlHe MEJAHOPATHBHOTO o6BeEKTa
Mo YPOBHIO MJIOXOPOAUS

Bomonpuemunks, HerMyGokuil ApeHaxk; NAaHHPOBKA TOBEPXHOCTH, Biie-
cetne Go/blIMX KO3 OpraHHYeCKHX yAoGpenu#, TopdoBanHe NMaxoTHO-
ro CJ0s, H3BECTKOBaHHe, BHIDABHHBAHHE MeAHOPATHBHOTO o6beKTa Nno
yPOBHIO AJOAOPOAHA

BoponphemHHKH, cHCTeMaTHYeCKMidl M BBIGODOUHLIE ApeHaX; BLIPaBliH-
BaHHe MOBEPXHOCTH; YCTPOHCTBO aKKYMYJIHPYIOUWHX TpPYAOB-KOMaHeil

Bononpuemnuky, sbGOPOYHHA FODH3OHTANbHBIA HIH BEPTHKAJIbHBI Ape-
HaX, KOMOHHMDOBAHHBIH JApeHaX, YCTPOHCTBO BOJOEMOB-KOMaHeHl B
BupaGOTaHHBIX JIOUWLHHAX, OTOpdOBAHME BEPIUHH H CKJOHOB XOAMOB,
NPOTHBO3PO3HOHHBIE MEPONpPHATHA; OKY/bTYpHBaHHE NOUBH MyTeM BHe-
CEHHs BRICOKHX B03 OpraHHYeCKHX H MHHepaJbHHIX yROOGpenuil, moce-
BEl CHAEPATHBIX KyJAbTyp
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HUccnenosanus u npakTHKA MNOKa3BIBAIOT, YTO B YCJO-
BHSIX TyOOKHX TOPPSHHKOB MOANOYBEHHOE YBAaXKHEHHE C
4acThiM KPOTOBbIM HJIH FOPH3OHTaJbHBIM TPyGuaTbiM Ape-
HaXeM No BO3JEHCTBHIO HA ypoxKal TpaB MaJjlo OTJMYAETCs
OT JI0X/eBaHUsi, 0COOEHHO 11a XOPOWIO BHIPOBHEHHHIX TLJIO-
uaaax. TloanouBeHHoe yBJaXKHelHe NPHMEHHUMO H Ha MeJ-
hO3aJleXXHblX TopdsiHuKax. 3pech BBUAY Pa3BUTOTO MHUK-
popenbeda KayecTBO YBJaXKHEHHS MOYBLI OGHIYHO HECKOJIb-
KO HHXKe, yeM Ha r1y6okux TophsHHKAX, OXHAKO NpH Ta-
TCJALHON MNJAaHUPOBKE MOBEPXHOCTH Ha mnpeobJaajalomei
4acTH NJowafeii AOCTHraercs Xopoiltuii adgekT.

2. CnocoGbi peryIupoBanfa BOJHOTO PeKIIMa MOYB
H KOHCTPYKI[MHN MENHOPATMBHBIX CHCTEM

B rymuaHoii 301€ peryaupoBaHiie BOJHOTO peXuMa I0YB
OCYLIEeCTBJIIIOT NyTEM OCYIUEHHS, YBJa)XHEeHHS H arpome-
JIHOPATHBHEIX MepPOTNpHATHI.

B 3asucumocTn oT mpuuHH 3a6ojauMBaHMs H HCTOYIIH-
KOB BO/NOTO NUTaHHS TePPHUTOPHH NMPHMEHSIOT Cjejyiouiie
METOJbl OCYLIEHHs: NOHHXeHHe YPOBHel TPYHTOBBIX H TPyH-
TOBO-HAMNOPHLIX BOJ, 3aLHUTY TEPPHUTOPHH OT MPHTOKA BOALI
CO CTOPOHBI, YCKOpPeHHE CTOKA MOBEPXHOCTHBIX BOJ H BEpPXO-
BOJAKH [0 NaxOTHOMY CJIOIO, peryJjHpoBaHHe CTOKa H [JiH-
TeNbHOCTH 3aTONJEHHS NOHM, YCKOpEeHHe MPOCayHBaHUA BO-
/bl B MOANAXOTHBIE CJIOH.

Iounxeune ypoBHeil rpynTOBBIX H TI'DYHTOBO-HAMOPHBIX
BOJ — OCHOBHOI MeTO/ MpH MeJjHopauuu 60JOT N NOYBJer-
KOro # CpPEeJHEro MeXaHWYeCcKOro cocTaBa. YCKOpeHHe cTo-
Ka MOBEPXHOCTHLIX BOJL M BEPXOBOAKH NG IaXOTHOMY CJOIO
NPHMEHAIOT NPEUMYLEeCTBeHHO MpH OCYIeHHH TVIHHHCTHIX
nous. OrpaxjieHHe TeppHTOPHH OT NPUTOKAa BOA €O CTO:
poHbl 00513aTeIbHO BO BCEX CJAYYAsiX,

B CcOOTBeTCTBHH C NHDPHHATHIM MeTOAOM IPHMEHAIOT TOT
WIH HHOIL cMOCO0 OCylIeHHs:, ONPeAC[IOIIHH TeXiHyeckue
cpeAcTBa (CHCTeMY COOpPYXeHHil), ¢ MOMOHIbIO KOTOPHIX pe-
uiaercs NOCTaBJeHHad 3afaya. Pa3inyaloT CJAeRYIOLULHE Co-
co6bl oCyllleHHsi: TOPH3OHTAJILHBI (OTKPHITHIH, 3aKPBITHI),
BepPTHKA/MbHBIA U KOMOMHHPOBaHHBI Apenax, o6BajoBaHue
¢ MeXaHHYEeCKHM BOJONOABEMOM, Orpax/jeHHe CHCTEMOM Ha-
[OPHBIX KaHAJIOB H JIOBYHX JAPEH H JAD.

YBnakHeHHE CeJbhCKOXO35HICTBEHHBIX YTMOJAHH B TYMHJ-
HOM 30HE OCYULEeCTBJISI€TCS B OCHOBHOM JBYMsi criocoGami:
ROXJeBaHHEM H LUI030BakHueM. PasnnualoT mnpeaynpeu-
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TeJbHOE H YBJaXHHTeabHOe uiino3osalue. [lepBoe 3akito-
yaeTcAd B 3aJepXHMBaHUH B KaHajaX C TOMOWILIO TOAMNOP-
HbIX COOpYxKeHHH (ILJIIO30B 1 JpP.) 4acTH BOJA BECEHHero
10JIOBOJbS M MOAJAepXKaHHe TakliM nyTeM TpebyeMmoro ypoB-
HSl TPYHTOBHIX BOJ B Hayaje BereralHoHHoro nepuopa. Ha
6os0Tax 0OHJILHOTO IPYHTOBO-HANMOPHOIO MHTAHHS OHO MO-
eT OhiTb 3¢ (¢eKTHBHO Bechb BereraiHOHHbIN NepuUoOA. VYB-
JlaXKHHTeJbHOE UIJII030BaliMe COCTOHT B Mojaye BOJAH Hi
BOJAOHUCTOUHMKA B OCYUIHTENbHYIO CeTh H MyTeM HHOUIbLT-
paluuu W3 Hee B 1OYBY, NOJAEpPXKaHHII YPOBHe{l I'PYHTOBHIX
BO/L Ha Heo0XxoauMoO# I1yOuHe.

ArpomesnopaTuBiible MEpPONpUsTHs, lIPHMEHsieMbie OObIU-
HO B JIONOJIHEHHE K 3aKPBITOMY JipeHa)Ky Ha TsXKeJ/blX Mou-
BaX, MpPeACTaBJAAT co0Oi cnenuanbHble npuemMs o6pabor-
KH, HafpaBJieHHble KaK Ha OTBOJI M3OLITOUHBIX BOJ M3 ma-
XOTHOro c¢aos (y3kosarolinas Bcnaluka, 6oposnosaiiiie, Kpo-
TOBaHHe, riy0oKoe phIXJieHHe W Ap.), Tak H Ha yJyullieHHe

Pic. 1. CxeMa ocyluMTesbHBIX CHCTEM:

a— ¢ MexaHHWYecKMM BOAONOABEMOM; 6 — caMOTeuHsuli; [/ — BOXONPHCMHUK, 2 —
MarucTpaabhbiil Kanan;, J— ocymluteab;, 4 — 3aKpbIThit KoOAJAeKTOp: & — Apena,
6 — HaropHO-JIOBYMII KauwaJ; 7 — orpaxAawouiue KaHaasl; 8 — gamMGbi 06BajoBa-
HUSA; 9 — macocHaa CTauuus; J0 — waos-peryastop; Il — ycrbe; /2 — cMOTPOBOIl
kosonell; 3 — TpyGa-peryastop; 14— mocr; 15— JIIIL. :
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Puc. 2. Cxema OTKpHITOIl OCYUIHTENLHO-YBIAMHHTENbHONH CHCTCMBL:

! — BOoANOXpaHUAKHLLE;

4 — pacnpege-

3 — Koanextop;

2 — MarucTpafbHuLli Kawan;
5 — WA3-PErynaTop;

JHTCAD;

6 — peryanpysowsit Kanan; 7 — KpovoBble ADEHLL

==
c--2 s

Puc. 3. CxeMma 3aKpbiTOif OCYUIHTENLHO-YBAAKHHTENbHOH CHCTEMHL:

! — BOAOHCTOYHHK;

. o4

¢ 3aRBHXKOIi;
6 — 33KpHITHIL  OpOCH-

3 — Koaonen
KaHaa,

CTAHUHA,
8§ — cOpocnoli  KoANEKTOP.

2 — HacocHas
5 — MarucTpanbinii

3aKPHITHIA  pacOpeAenuTeNb;
TCAb, 7 — BPeHbi-YBAAKINTCTIL;



a’palHH MW HaKOMJeHHE B MOAMOYBEHHBIX TOPU3OHTAX BJa-
rd, HeoOXoAMMOWH [Js pacTeHuii B 3acCYILHBHIA TNEPHOA
(kpoToBaHue, ray60Koe pHIXJEHHe H Ap.).

[ToanouseHHOE yBJaXXHEHHE NPHUMEHSIOT HA YYacTKax C
BHIDOBHEHHBIM peJbeoM HAa TOPPSIHHKAX H JIEFKHX MHHE-
pajibHBIX MOYBAX, MOACTHAAEMBIX AOCTATOYHO MOIIHBIM CJO-
€M necyaHblX oTJoxeHud. Ha ray6okux GeCnHHCTHX TOp-
danuxax s3pdeKkrTHBeH KPOTOBHI NpeHaxX.

CocTaB M KOHCTPYKTHBHBIE CXE€MBI MEJHOPATHBHBIX CH-
cTeM B TYMHJIHOH 30He 4pe3BblyailHO pasHooOpasHbl ¥ on-
penesioTCst KOMIVIEKCOM NPHPOAHBIX, HHXKEeHEepPHO-X03sfHCT-
BEHHBIX H arpOTeXHHYECKHX (DAKTOPOB, IJ1aBHHIE H3 KOTOPHIX
cieayionide: reomMop@oJsoruueckte, NOYBEHHBI® H THAPOTeo-
JIOFHUECKHE YCJOBHsl; HanpaBJieHHE CeJbCKOX035HCTBEHHO-
rO HCMOJb30BAaHUSA TEPPUTODHH; NPHHATHIH cnoco6 pery-
JHUPOBAHHA BOAHOTO PEXKHMA IOYB; CTOMMOCTHbie NOKa3a-
tenu. CyllecTBeHHOe 3HaueHHE HMEIOT TaKXKe NPHPOLOOX-
paHHble MEepOMPHATHS.

[TpumepHBIe CXEMBI OCYLIMTENBHBIX CHCTEM TNpeACTaBJe-
Hbl Ha pHCYHKe 1, OCYWIHTENbHO-YBJIAXKHHUTEAbHBIX — Ha PHU-
cyHkax 2 u 3. CienyeT OTMETHTb, YTO MepBble THNOBLIE CXe-
MBI OCYLIMTEJNBHO-YBJAAXKHUTENbHBIX CHCTeM OblIH pa3pabo-
TaHo B 40-X romax npu coOCTaBJEHHH CXE€Mbl PEKOHCTPYK-
LHH BOAHO-3eMesibHbIX pecypcoB Ilosiecckofi HM3MEHHOCTH.
HeranbHble XapaKTePHCTHKH THIOBBIX CXEM Pa3JiHYHBIX OCY-
LIMTEbHO-YBJAXKHHTEJbHBIX CHCTEM, a TaKXe CXeMBl psja
MOCTPOEHHBIX KPYNHLIX MEJHOPATHBHBIX CHCTEM MNPHBENEHB
B pabore B. C. Macaosa, B. C. Crauxesnua, B. §I. Uep-
HeHka (1981) u np.

OCHOBHBIM  pery/IUpYIOLIHM 3JEMEHTOM HpPaKTHYECKH
BCEX COBPEMEHHBIX MeJHOPATHBHBHIX CHCTEM B FYMHAHON 30-
He CTpPaHBl CJYXXHT TOPH30HTAJIbHLI ApeHaX, KOTOPHI C
no3uuuil reopuabTpanu AoJxeH OblTh, 32 pelKHM HCKJIO-
YeHHeM, OTHeCeH K HecOBepLIEHHOMY.

a y s :
Puc. 4. Cxema npen:
a — coBeplieHHOH; 6 — HecoBepileHHOfl RO CTemeHH BCKPLITHA NJjacra; 6 — Mo

XapakTepy BCKPLITHA DJaacta; 2-—— N0 CTENCHH H Xapakrepy BCKPBLITHA naacTta.
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ITox HecoBepuleHCTBOM JpeH TOHHUMAETCH CTeNeHb OT-
JHYHS MO KOHCTPYKUHH (nmapaMeTpaM) peasibHBIX APEH, Ka-
HaJIOB OT COBepLIeHHHX («HAeaJbHHX»), 32 KOTOpbiEe NpH-
HUMaeTCsi Kpyr/iasi NoJIoOCTb HJIM TpaHlles B TpPYHTe, Npo-
pesawoiliasi BeCb BOAOHOCHBIl m1acT (FOPH3OHT) M MOJIHO-
CTBIO NepexBaThiBalolllasi TPYHTOBbI NOTOK (puc. 4). Pas-
JUYAlOT HECOBEPUICHCTBO ApPEH MO CTENEeHH M XapakTepy
BCKPBHITHST MJacta. KaHajbl, TpaHUIeH, ApeHL C MOPUCTHIMH
CTeHKaMH, A1HO KOTOPBIX pacno/ioxeHO BhilIE BOAOYNOpa, Ha-
3BIBAIOTCSl HECOBEpUIEHHBLIMH N[O CTEMEeHW BCKPHTHUA Ilj1acra.
Ecan apeHaxuble TpyGbl BBINOJIHEHbI W3 BOAOHENPOHHLAE-
MOro MaTepHana H NMPHHHUMAIOT BOAY TOMLKO Yepe3 CThIKO-
Bble 3a30pHl MJH NepopanHoHHBIE OTBEPCTHSA, TO ApPEeHaX
Ha3bIBAETCA HECOBEPIUEHHBIM MO XapaKTepPy BCKPHITHA nJa-
cta. [Ipumensiemble Ha npakTuke ApeHbl B O6OJbIIMHCTBE
HECOBEPIIEHHBIE MO CTENEHHW M XapaKTepy BCKPHITHsA MmJac-
Ta. BOaH3K HECOBEPLUCHHLIX Jpell o6pa3yloTcsl 30HbI pe3-
Koit nedopmauuu notoka, 4ro o0yc/a0OBJMBaEeT BO3HHKHOBE-
HHE NOMOJHHTE/IbHBIX PHALTPALHOHHBIX CONPOTHBJICHHA MNO-
CTYIVICHHIO BOAH B TPYObl M yMeHbUIEHHE HX OCYHIHTEJbHO-
ro agpgexra.



Ir'1ABA 11

TOPU30HTAJLHBIN KEPAMHYECKHAN
IPEHAK

Kepamuueckuii (roHuapuuifi) ApeHaXX H3BeCTeH ¢ ApeB-
HeHliuX BpeMeH (3a 2 THIC. JIET A0 H. 3.), OJHaKO LIHPOKOE
pa3BuTHe OH MOJYyuJ co BTOpoit mososuuel XIX B. nmocne
u306peTeHHus npecca AJis H3TOTOBJIEHHS TOHYapHBLIX TPYOOK.
Temnbol u 06beMbl CTPOUTENBCTBA KEPAMHYECKOTO ApeHa)Ka
0cofGeHHO BO3POCJH MNocje BTOPOH MHPOBOH BOWHB, KOrAa
HayajCH BBIMYCK CMElHaJbHBIX APEHOYKJIAJOYHBIX MalIMH,
B sanangHoeBponeiickux crpanax H CILIA makcumajbHbie
06beMbl CTPOHTEJIBCTBA KEPAMHUECKOTO JipeHaxa NMPUXOANT-
csi Ha 60-e roAabi TeKyLiero CTOJICTHS, HauHHAs € KOTODHIX
OH MOCTENEeHHO BHITECHSIETCS MJIaCTMaccoBbIM. B psajle cTpaH
(Hunepaauno, ®PI') kepamuueckuii ApeHax ANs ocyuue-
HHsi CeJbCKOXO3AHCTBEHHbIX YrOAMH NpPaKTHYECKH YyXKe He
IIpUMEHSAETCS.

B Poccuu nepBble KepaMHyeCKHe ApeHaXKH MOCTPOEHHl B
cepellMHe NPOLIOro Beka, B TO Xe BpeMs npogeccopom Iler-
POBCKOH cesbCKOXo3siicTBeHHOM akaaemun H. H. )Kenesus-
KOBBIM BLINIOJIHEHBI HCCJIEOBaHHS €ro OCYIUHTENBHOro aeii-
creus. lllnpokoe passutne B CCCP kepamuueckud ApeHax
nosyuua ¢ koHua 50-x rogoB 6naroaaps OpraHu3allMH Bhi-
nycka Ha TalJHHCKOM 3KCKaBaTOPHOM 3aBOAE clleLHalb-
HbIX TpaHLIeHHBiX APeHOYKJaAuHKoB. O6DbEeMbl CTPOUTELCT-
Ba TOPU3OHTAJILHOIO KEPaMHYECKOro [peHaxa MOCTOSHHO
yBeJAHYUBAIOTCH, H OH, HECMOTpPSi Ha IOCTeleHHOe pacliH-
pelue NpHMEHEHHs] NJAacTMacCOBOro ApeHa)Ka, NoKa sBJd-
eTcsl OCHOBHBIM cNloco6oM ocyuieHust 3eMe/ib B TYMHAHOH 30-
HE CTpaHbI.

1. KomerpyxTuBaBE 0COGEHHOCTH KepaMmYecKOro ApeHasKa,

ero mpenMyInecTBa M HEAOCTATKH

TFopusoHTasbHbiii TPyGuaThiii ApeHaxk, B TOM UHCAE H
KepamMUYecKuil, npeAcTaBaser co6o#l OTAeNbHEIE 3aKpbiThie
CHCTEeMBI, COCTOSII{HE H3 KOJJICKTOPOB pPasJHYHBIX [OpPAA-
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KOB M NOJNCOENMHEHHBIX K HHM DerynupyoumHX ApeH (cM.
puc. 1..3). B peakux cayuasx peryJaupyouiye JpeHb Bna-
LAl0T B OTKPbIThle KaHanbl. KoJiekTopn ApeHaXHBIX cH-
CTEM YCTpauBalOT U3 TPY6 Gosbliux nuameTpoB (75...250 Mm
¥ Gosee), BHyTpPEeHHHE AHAMETPH PEryJHPYIOILHX APEH KO-
aebmotes B npefenax 40...75 mm.

Kepamuueckuil ApeHa) yCTpaHBalOT U3 TpyO, M3roTas-
JIHBaeMbIX M3 I'VIMHbI CO ClelHaJbHbIMH Ho6aBKamn uau 6e3
Hux no I'OCT 8411—74. Tpy6bl uUMEIOT HHJAHHAPHYECKYIO,
HIECTH- MJIH BOCbMUIPaHHYIO HAPYXKHYIO MOBEePXHOCTh. Jlau-
Ha UX cocTaBageT 333 MM € AONYCTHMBIMH OTKJIOHEHHSIMU
or *5 no 10 mm B 3aBHCHMOCTH OT nuamerpa. Topuo-
Bble MJIOCKOCTH HepHeHAHKYJSAPHbI NPOAOJALHOH ocH TpYyO,
JI0MyCKaloTCs OTK/AOHeHHs oT 3 MM (npu D=50 mm) g0
8 MM (mpu D=250 mm). MapkupoBka Tpy6 NpOH3BOAMUTCS
no BHYTpPEHHeMy JAHaMeTpy, NonepeyHrle pasmepbl W LOMY-
CTHMble OTKJIOHEHHs1 AaHbi B Tabauue 2.

2. Pasmepbl KepaMuueckux TpyG M uX npepesibhble OTKJAOHEHHS

BuyTpestui Auametp xepamuuecko: Tonumua crenxn Tpy6,
TPyOH, MM

HOMUBBAbHBA nol?rexie(;:ibel:’b:fﬂ HOMHWHAALHAA . 22;’},‘6:2:‘::

90 12 1 +2

75 £2 13 +2

100 +3 15 +3

125 +3 18 3

150 +3 20 +3

175 +9 22 +5

200 £5 24 i5

250 +5 95 +5

IpeHaxkHble JHHUHM TPEACTaBJSIOT COGOiHl YyJa0XKEHHEIE
BIPUTHIK OAHA K ApYroi kopoTkue TpyGku. CTEHKH HX Mpak-
THYECKH BOAOHENPOHHLAEMBI, MOTOMY BOJAA B APEHH NO-
CTynaeT TOJbKO Uepe3 CTHIKOBhE 3a30pe. Paszmepn 3a3so-
poB Kogebawotcs B Goabuiux npenenax (0..10 mm) u3-3a
HCKPHUBJIEHHS TPYyO, HenepneHANKYJISPHOCTH TOPDLOB H APY-
rux neekToB, a TaKXKe BCJEACTBHE HEKaueCTBEHHOTO CTPO-
urenbctBa. CpeaHsis LIHPHHA CTHIKOBBIX 3a30POB COCTaB-
aser 1..3 mm. INoakaloueHHe ApeH K KOJJEKTOpaM, CMEHY
1HaMeTPOB M JPYrHe COUJIeHEHHs OCYLIECTBJASIOT B 60Jb-
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WHHCTBE CJIYYaeB C NOMOMILIO CHElHaNbHBIX COEJHHHUTENb-
HLIX AeTajeH M3 fJacTmace, BhlmyckaeMeix no TY 6-19-154—
80. Crtpoute/bcTBO BelleTcsi APEHOYKJAAJO0YHBIMH MaliHHAa-
mH TpaHuieiinbM cnocobom. B CCCP npumeHsiioT HCKIOUH-
TeJNbHO 3KcKaBaTop-ApeHoykaanunku IDTLL-202A, orpoi-
Baiolue TpaHuen rayouHo a0 2,2 M u wupunoit B, =50 cMm.
3a pyGexoM B OCHOBHOM HCMOJb3YIOT Y3KOTpPaHIIEHHBIE
(B1=20...35 cM) ApEHOYK/IaAuKKH.

Has 3aumuTel KepaMHUYECKOrO JpeHa)ka OT 3aujieHUs
NPHMEHSIOT pa3/iHYHbie (UIbTPYIOLLIHE MaTepHaJsbl, KOTO-
pble YKJaAbiBalOT NMOJYMeXaHU3HPOBAHHBIM H PYYHBIM CIO-
co6oM.

OcHOBHOe NpPEeHMYILECTBO KEPaMHYECKOro JpeHaxa co-
CTOUT B ero JOJrOBEYHOCTH; NPaBUJILHO 3alPOEKTHPOBAH-
HbIfi M KaueCTBEHHO NMOCTPOEHHbI, OH HOPMaJbHO (PYHKLHO-
uupyer 100 netr u Gosee. Hsist ero H3rOTOBJEHHS HCHOJD-
3YIOT TJIHHBI, KOTOpble LUMPOKO pacCHpOCTPaHEHbl B TyMHi-
HOW 30He, yTo 06ycJOBJAHBAET HEGOJBLUIYIO CTOHUMOCTL TPYO.
Kepamuueckuil fpeHaXX MOXHO CTPOHTb JIETOM M 3HMOH H
npakTHyecku 6e3 orpaHHuYeHHs MO FeOXMMHYECKHM, MOUBEH-
HbiM, 6HOJIOrHYeCKUM K ApyruM ycjaosusiM. Hapsiay ¢ aThum
KepaMuuecKkuil japeHax o6aajfaeT W HEKOTOPBLIMH CYILECT-
BCHHbBIMH HeJOCTaTKaMH, IJIaBHble H3 KOTOPHIX C/elylouiHhe:
CJO0XHOCTh MEXaHHU3allMU CTPOHTeAbCTBA H 6oJbIUOH MpoO-
LEeHT PyuyHBIX paboT, YTO NPHBOLHT K BHICOKHM Y/A€JbHDLIM
Tpyno3aTpaTtaM; Goabuioii Bec (Ha | ra ocymaemoit nno-
iaau B cpeHeM pacxoAyeTcsi okoso 3 T TpyG) M BHICOKHE
TPaHCMOPTHhie pacxoAnl. K HeaocraTkam KepaMH4eCKOro
ApeHaxa CjelyeT TaKKe OTHECTH €ro HHU3KYIO BOLONpHEM-
HYIO CNIOCOGHOCTh, 06yCJIOBNIEHHYIO MaJIbIMi Pa3MEPaMH CThi-
KOBBIX 3a30pPOB MeXAy TpyGamH. u GOJbUIMMH HHTEpBaJaMH
mMexay HuUMH. KpoMe TOro, B MaJIONJNIOTHHIX TOPAHUKAX H
NJbIByHax KepaMuyeckue TPyGbl MOMKHO YKJAAAHIBATL TOJNb-
KO Ha JepeBsiHHLIE CTe/IaXH, 4TO CYLIEeCTBEHHO YBEJIHUH-
BaeT 3aTpaThl PYYHOrO TPYAa M CTOMMOCTb JpeHaxKa.

2. BononpneMHas ¢O0OCOGHOCTD KePaMHUECKOro JpeHaska

CoBepuieHHO («HA€aNbHOM») IpeHON MO XapakTepy
BCKPBITHSI TJlacTa sIBJAAETCS LMJIHHApPHYECKas MJOCKOCTb B
rpyHTe, TMpHHHMAWWlasi FPYHTOBbie BOAbI BCell cBoell mo-
PEPXHOCTbI0. K COBepuIeHHOMY MO XapaKTepy BCKpLITHS
n7acTa MOXHO TaKXe OTHEeCTH APeHaX, BBLINOJHEHHBIH M3
Tpy6oduabTpoB (Tpy6 € TMOPHCTBIMKH CTeHKaMH, BOAOMPO-
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HHLAEMOCTb KOTOPLIX Bhillle, YeM Yy OCYLIaeMoro rpyHra).
Bceneacreue Toro, uTo mpueM BOAbI KEpAMHYECKHM JpeHa-
KEM OCYHIECTBJASETCSA TONBKO HEGOJLUIKMH KOJbLUEBLIMH 3a-
30paMH, pacnoJioXKeHHbIMH 4epe3 33 cM, a BojonpuemHas
MJIoMWaAb APeH AHaMeTpoM 5 cM coctaBaseT Bcero 3.5 cm?
Ha 1 M, TPYHTOBHIH MOTOK NpH NOAXOAE K HUM NpeTephe-
BaeT CHJIbHOE NMPOCTPAHCTBEHHoe cxkaTue (puc. 5,a). Bos-
HHKAOT 3HauuTe/bHble (HABTPALHOHHBIE CONPOTHBJEHHUS,
00ycJ/IOBNIMBAIOILHE CTYICHHS JIHHHH TOKA Y CTHIKOBBIX 3a-
30poB. VimeloTcst skcnepuMeHTasibHbie JaHHbie, OKa3blBalo-
e, uto 10 50% nosesHoro Hamopa TepsieTCst B Hemocpen-
cTBeHHoi 6Guausoctd (2.3 cM) ot cTeikoB Tpy6. Bce ato
NPHBOAMT K TOMY, 4TO BOjJO3axBaTHas cnocobHocTh (OcCy-
WHATENbHBIH 3)$eKT) KkepaMHYeCKOH JPeHbl, YJIOXKEHHOH
6e3 ¢bunbTpa, HAMHOrO HMXKe, YeM COBepLICHHOH (MOJOCTH
B IPYHTe paBHOrO JHaMeTtpa).

YK/naAKa KepaMHYecKOro ApeHa’Ka € 3aliUTHBIMH OT 3a-
WJIeHUs (HABTPaMH, BOAONPOHHIAEMOCTb KOTOPBIX HAaMHO-
ro Bbillie, YyeM y OCYLIaeMOro IpPYHTa, CYLLeCTBEHHO H3Me-
HA€T CTPYKTYpy OHWIbTPAaHHOHHOTO NOTOKAa BOAM3H TPYO
(puc. 5,0). CxaTHe ero NMPOHCXOAMT MPEUMYLIECTBEHHO B
MJIOCKOCTH, NepneHAMKYAspHOH ocu apeHnl. B npenenax
¢dunbTpa u BOJM3M CTHIKOBLIX 3a30pOB MOTEpH Hamopa He-
3HAYUTEJbHBI, BOAONMPHEMHAass CHOCOGHOCTb CYLIECTBEHHO
po3pacraer. [lo paHHBIM J1a6OpaTOPHBIX M TMOJEBLIX OfBI-
toB (Mypaiuko, 1973), ApeHaKHBIi CTOK B 3aBHCHMOCTH OT
CBOHCTB H pa3MepoB QHABTPA MOXeT yBeJHUHBATLCS B 2.
3 pasa u 6oaee. EcrecTBenHo, YTO yKa3aHHbie 00CTOATE/b-
CTBa CJielyeT YYHTHIBaTb KaK MNPH NPOEKTHPOBAHHH, Tak
H TPU CTPOHTENLCTBE KEPaMHUECKOTr0 ApeHaKa.

sz |

a

Puc. 5. CxeMhl JABHXKeHHS BOAH K ApeHC M3 KepaMHUeCKHX TpyO:
a— Gea ¢uabrpa; 6 —c GuabtpoMm; J — TpyGa; 2 — duasTp; 3 — AUHMM
paBHbIX HapoOpOB; 4 = JIMHHH TOKAa; § — CTHLIKOBOM 3a30D MEXAY TpY-
Gamu.



[Iputok BOABI K HecoBep- g

IIEHHOH MO CTeneHH BCKPHI-
THA NJacTa TOPH3OHTaJNbHOMU
JApeHe OGBLIYHO OTOKAECTBJISA-
€TcA C NPHTOKOM K HECOBep-
HieHHOH (B TOM IKe CMBbiCje)
BepPTHKaJNbHOH CKBaXHHe.
O6wHocTy  3akJOUYaeTcss B
palHaNbHOCTH TeUeHHH, 4YTO
06YC/IOBNCHO JIMHEHHBIM Xa- pyc 6.  Pacuetnan obmacts
pPaKTepoOM CTOKOB l/{ 3aMeHoH duabTpauky aas TpyboduabTpa.
HX UMAHHIADHYECKOH moBepx-
HOCTBIO CKBaXXHHbl WJH ApeHbl. DTO 06CTOATENLCTBO JaeT
BO3MOXHOCTb NPHMEHHUTb K TFOPH3OHTAJIbHBIM [peHaM Ccno-
co6 yueTa AOMNOJHHTEIbHBIX (PHABTPALHOHHBIX CONMpPOTHBJIE-
WM, pa3paboTaHHbit Aas cKkBaxuH. Ilpuem auazoruit uc-
noabsoBajtcs A. H. Kocrakosem (1961), C. ®. Asepbs-
HoBuiM (1978), B. M. lllectrakosbiM (1965) u apyruMu as-
TOpaMH MpH pellieHHH ¢(HUIbTPALHOHHBIX 3a4ay TOPH30H-
TaJibHOro ApeHaxa. [IpUTOK K ONMHOYHOH <«HAeaJibHOH» ro-
PU30OHTANbHOM JipeHe NpH KPYroBOM KOHType NHTaHus Mo
aHAJIOTHH € TNPHTOKOM K CKBa)X{HHE OMpeAessieTcs 3aBHCH-
MOCTbIO

Q= 2k HL — 2nkpHL , (l)
R 2
In — In —
ro To

rae H —uanop; { —rayGuHa 3an0xenus APeHH; R — paguyc BIMSHHS,
ro— paauyc Apenb; L —ee Aauna; krp — KoadduumeHnr ouabrpamuu
TpyHTa.

IMpakTuyeckn Bce NpHMeHsieMble B HaCTosilllee BpeMs
ApeHaXKHble TPyObl HeCOBEpIUEHHH MO XapaKTepy BCKPHITHS
nJiacTa, 1 UX YKJAAbIBAIOT KakK ¢ 3aUIUTHHIMH (DHALTPaMH,
Tak H 6e3 HHX. PakTHYeCKHH NPUTOK K HECOBEpULIEHHOH MO
XapakTepy BCKpbITHfl IJ1acTa JApeHe MeHbllle onpenensieMo-
ro ypaBHenueMm (1) u B oblieM cjyuyae Ha €HHHLY JJHHH
BHIpa)xaercs 3aBHCHMOCTbLIO

_ 2nkrpH (2)
®o+Crp+o

rie g — GeapasmepHblc GHALTPALMOHHBIE COMPOTHBJEHUS HACAJIBHOH
ApeHsl (HOJIOCTH B TPYHTe), OOYCJOBJIEHHBE TPAHHUYHBIMH YCJIOBHAMH
duabTpaunn, ®o=In R/ry=In4¢/D; Cyp — GespazmepHble PHALTPAUHOH-
Hble COMpPOTHBJEHH#, OOYC/OBJEHHBIE HECOBEPILIEHCTBOM BOAONPHEMHOMH
NOBEPXHOCTH JAPEHaXHHX TPYyG; V¢ — NpHpallleHHe (HABTPAUHOHHBIX
CONPOTHBAEHHH, OOYCJOBJEHHOE HajH4YHeM OHAbTPA.
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Onpenennm BHayaJjie NPHTOK BOAB K APEHE, BHIMOJHEH-
HO# U3 Tpy6odHILTPOB (TPY6 C MOPUCTHIMM CTEHKAMH TOJ-
wuHO# §, puc. 6). Pacxoa, npoxoasuiuii yepes BHyTpeHHee
II0JIYKOJIbIO AJMMHON L, paBen

_ .TI/\’@H.-(,L 3
Ql ro+6 ! ( )

ro

In

yepe3 HapyxHoe
Q2= shep (H—Hg)L

(4)

In
ro+d
YyuTbIBast, 4TO uepe3 HapyXKHOE H BHYTPEHHEE MNOJY-
KOJIbUO MPOXOAHT OAMH U TOT XKe pacxo] Q,=Q;=Q/2, 06-
WH# MPHTOK K Tpy6oduabTPy U3 ypaBHeHuit (3) u (4) co-
CTaBHT

2aky HL
Q= %_ , (5)
in — y
n o +¢y
rae
ro kep re+96
o=l iy, X8 6
te nf0+5 + kg ! To ( )
HJH .
2nkipHL
Q= e , (7)
4t ( Rep ) D
[ T{— =1}l —
Do kdp DO

rac D, Dy — HapyXHul#t W BHyTpeHHHHl AuaMeTp TpyGoduabrpa;, kp —
KoypduuHeHT UABTPALHU CrO CTEHOK.

3anaua O MPHUTOKE BOAbI K TOPH3OHTAJLHOH JApeHe u3
KepaMHuuyeCKUX TPy HapyxHbiM AnaMerpoM D u gjaunoH Sy,
VJIOKEHHBIX CO CTLIKOBBIMH 3a30paMH LIMPHHOH T, U HMEIO-
UHX KpyroBoH ¢uabTp ToauHON § (puc. 7), npocTpaHCT-
BeHHass # ocecummetpuuHas. OO6uiee ypaBHeHHe @HJIbTpa-
UMM B LUJIMHAPUYECKHX KOOP/IMHATaX HMeeT BH[

i / 0
d r d(pl)+ ¢

r or\ or day?
e _0_(, _()ﬂ)ﬂ‘_%_;o, (8)
r dr ar dy?
rac @r=~Rkeph;  @:=kah — noteHuuan CKOPOCTH duabTpan;
r=V %24+2% kcp, kp — Ko3OHUMeHT (HIALTPAUHH TPYHTA H 3alHT-

HOTO OT 3aHjieHHs QHALTPA.
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Puc. 7. PacyetHas o6nacts ¢$uALTPaUMM AN KepaMH4ecKOTro ApeHaka,
YJIOKEHHOro € GHALTHOM,

Ypasueune (8) HyXHo pellaTe NpH C/eAYIOLUX Tpa-
HUUHBIX YCJAOBUAX:
1) r=R: h=H; 2) r=ry;, —112<y<71,/2: h=0;
3) r=ro; —(S1+1)2<y<<(S,+7)/2: Oh/dr=0; (9)
4) y==x(S1+711)/2: 0h/dy=0; 5) r=ro+6: hy=h,.
AHanutnueckoe peienue 3agaun  (8)...(9) upesBhiuaiino
CJI0XHO K TMOKa MPHEMJIEMOro AJsi NPaKTHKH HeET.

Hns kepamuueckoil JApeHBl, YAOXNceHHOU 6e3 ¢uaeTpa,
u3BecTHO peweHne Kupxrama [43], nosyueHHOoe Ha OCHOBe

npumeHeHuss Teopun panos Pypne. Koneunas dQopmyna
uMeeT BUJ

2k pHS
Q= ZbsllS (10)
In — +Cup
Ty
rae
PATE
Cup= —‘) +Sl+§2, (ll)
reTn?
nnrg \
o K
5=\ L o mM (12)

/

‘ n2 S, K nnro)
s A (Sl




nnre
S N i 2nnt °( S )
S2= L L T BN (13)
2n? S K (nnro)
! S,

the Ko(u) n Ky(u) — dynxkunn Beccas Tpetwero poaa cooTBETCTBEHHO
HYJIeBOrO M NepBOro MOPSiAKAa OT MHHMOrO apryMeHTa.

n=1

Psaaot (12) u (13) uMeloT nJ0Xyio CXOAMMOCTS, H Npak-
THYECKOE HCnoJb3oBaHue Qopmyan (10) 3aTpyanutensHo.
Ecnu xepamuuecknii ApeHax yJioxeH Ge3 (puabTpa, To
B ypaBHeHUM (8) MOXHO 3aMEHWTb llepeMeHHOE 7 HeKOTO-
pPBIM CPE€AHHM 3HayeHHeM F, BHIOpaHHBIM Hajjexamum o6-
pasom B mpedenax r<<7<CR, u OHO mepexoguT B ypaBHcHHE

32/0r2 +02¢/dy2 =0 (14)

¢ TpaHu4yHBIMH ycaoBHsaMH (9) Ges nyuxrta 5. Peutenue 3a-
naun (14)—(9) noayyeno H. T. DdeHaueBnim MeToaO0M
KOH(OPMHBIX OTOGpaKeHHH.

KoHeuHoe BbipaXkeHHe HMeET BHJA

Q= 2nk. HS,
In ;‘T" +- Cnp
rae
1 4S 1
C,up= — In - i — . (]5)
n D i ¢
st ———

YcrpoiicTBO QUABTPOB BOKPYI ApeHaxkubiX Tpy6 npecae-
JyeT ABe LieJiM: 3aliUTHUTh JIpeHaXX OT MeXaHHueCKOro 3aH-
JIEHHSI YaCTHLIAMH OCYLIaeMOro IpyHTa H YJYUYLIHTb YyCJO-
BUs NPUTOYHOCTH BOAHI K JApeHam. [lis AOCTHXKeHHsT BTOPOIi
nesH Heob6xoAHMO, 4TOOL! BOAONPOHHIaeMOCTh GUALTPA Obl-
Ja HaMmHoro OoJiblle, YeM OcyllaeMoro rpyHra. MHorouwc-
JEHHbIMH 3KCNIEPHMEHTAMH H pacyeTaMH YCTAHOBJIEHO, YTO
npu noabope ¢GUALTPOB ApeH HeOGXOAMMO BBHIIONHHTHL YC-
noBue: kgfkp>=10. [lpu sTOoM ucKpuBJIeHHe JNHHIl TOKa
MPOUCXONHUT NOYTH HMCKJIOYHTENbHO B npejenax ¢uibrpa
(cM. puc. 5), ¥ ¢ He3HAUHTEJNbHBIMH AONYILEHHSIMH €T0 NO-
BEPXHOCTb MOXHO NPHHATH 32 MOBEPXHOCTb PaBHLIX Hamo-
poB, a 06/1acTb GUABTPALMK B paJHajibHOM MOTOKE pasje-
JUTH Ha ABe (pHc. 8): HapyXHOe KOJbHUO TOJHHOH R—3§
H BHyTpeHHee TonmwuHo# §. Pacxon, NpoxoAsulkil yepes Ha-
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"Puc. 8. PacueTnHas cxema NPHTOKA BOAB K JApeHe H3 KepamMHYeCKHX
Tpy6, YJAOMCHUBIX ¢ QHALTPOM.

PyXHOe KOJIbLO, ONpe/leIfieTcs ypaBHEHHEM

2akep(H—Hg)S
le { )5 , (16)
In R
f0+6
a yepel3 BHYTpeHHee — ypaBHEHHEM
2akgyHypS )
Q,= ¢ eSS, (17)
ry+98 1 4Sl 1
In —+— In— In—
'y a D . Ty
Sin
28,

M3 ypaBrenudt (16) u (17) npuToK BOABI K KepaMmuye-
CKON JipeHe ¢ GHALTPOM

Q= 2nkepHS, ‘ (18)
| 2R +(krp l)ln D+26+krp 1 n 48, n 1
nw—+{— — — -

D kg D ky =m D . W
sin—=
28,

[lepBulii unen snamenatens ypassenus (18) npeacrasaser
co60li (HIAbTpPaLHOHIible CONPOTHUBJEHHS, ONpefesasieMple
rpaHUYHBLIMHK yCcAOBHAMH (HAbTpaiuu (@), BTOpPOil — BAMS-
HueM OHAbTPA (Ygy) H TPETHHA — HECOBCPIUEHCTBOM BOJO-
NpHeMHON MOBepXHOCTH Kepamuueckoil apeHu (Cpp). Cpas-
HuB ypaBhenus (14) u (18), moxrno ybeautbcs, 4To UABLTP
CYUIeCTBEHHO YBeJHUHBaeT BOAONDHEMIIYIO CAOCOGHOCTb Ke-
pamuyeckoro jgpeHaxa. IlosTomMy naxe B Tex caydasx, Kor-
a MO YCJOBMAM ONACHOCTH MEXAaHHYECKOTO 3anjeHus Tpyob
duLTp He TpebyeTcs, ero cjaenyeT NMPHMeHATb AJs YBeJH-
YeHHs! OCYILIHTEJbHOro AeHCTBUSA JApPEHaXa.
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3. Hexoropbie 0coGenHOCTH CTPOMTENHCTBA NPEHAKA

B meanopaTtusHOM (OHAE ryMHAHON 30HHI B OGWEM npe-
Ba/INPYIOT NepeyBaaXKHEHHblE MOYBbI CPEJHEr0 H THIKEJOro
MEXaHHYECKOro cocTaBa, rauHuctble. [loxaauBag BecHa H
oceHb 3/iech 00LIUHOE, UaCcTo MOBTOpsioWleecs sBaeHue. B me-
peyBJaXKHEHHOM COCTOSHHM CBsi3Hble NMOYBHL NMPU TNpOBejJE-
HHH JipeHaXXHBIX M APYrHX paboT ¢ HCMOJb30BAaHHEM Ts-
XKeJblX MalluH M MEeXaHH3MOB CHJILHO YIJIOTHAKTCS, CY-
IIECTBEHHO YMeHbllUaeTcsi HX BOJAONPOHHIAEMOCTb H BOJIO-
aKKyMYyJIHpYIOLiasi CNOCOOHOCTb, MOYBa TEpPHET CTPYKTYPY,
yMeHbllaeTcs ee naoAopojHe. KauecTBeHHOE CTPOUTE/BLCT-
BO peryJHpymomeil ApeHaXKHoil CeTH B MNepHOA NOXIAeH HU
U30bITKa BOALI Ha MEJHOPHPYEMbIX MOJSAX NPAKTHYECKH
OCYILECTBHTL HeBO3MoxHO. B cranaapre ®PI' DI/N 1185
YKa3blBaeTCs, 4TO Bce ApeHa)<Hble paboTbl HaAO BLIMOJIHATDH
TOJBKO B cyxoii mouse. CTPOMTE/NLCTBO CJelyeT TpepBaTh
WJIH OTJIOXHTD, €CJIH BCJAENCTBHE UYPE3MEPHOro yBJaXKHEHHS
NpH JBHXKEHHH TeXHHKH pa3pyliaercs CTPYKTypa NOYBH, a
npu paspaboTke Tpanulell 3aMa3biBalOTCsl HX CTEHKH.

HeBbinosiHeHue Ha mMpaKkTHKe 3THX, Ka3aJjoch Obi, TPH-
BHAJIbHLIX MOJIOXKEHHH# YacTO NPHBOAHT K TOMY, YTO Ape-
HaXKHble CHCTEMBbl MJOXO (YHKUHOHHPYIOT, HepeaKOo fepe-
CTPaHBalOTCA, XOTS OCHOBHAsi NMPHYHHA 3aKJIOYaeTcss He B
NJ0XOM KayecTBe CTPOUTEJNLCTBA ApeHaXka HJIH HeCOOTBeT-
CTBHM €r0 NPHPOJAHBIM YCJAOBHAM, a B NOTepe NOYBOH CTPYK-
TYpHl, KOJbMaTaxKe TpaHilefiHbIX 3achiloK H GHABTPOB.
HaBecTHbl 1aXKe cayyaH, KOrja nocjae NpoBefeHHs MeaHopa-
THBHBIX pab6oT (yknaAka ApeHaxa, MJaHHPOBKa, pbiXJe-
HHe) 1O MepeyBAaXXHEeHHOH NMOYBEe BOJAHBIA PEXHM €e yXxyl-
I1aJics MO CPaBHEHHIO ¢ HavyaJbHbBIM cocTosiHHeM. ITosTomy
HeoGXOAHMO NpeXae BCero H3MEHHTh CYILIeCTByolilee Mo-
JIOXeHHe, NMPH KOTOPOM MEJHOpaTHBHBIE OpPraHW3allMH H3-
2a 3aHATOCTH NOJIEH MOJ MOCeBaMH BbiHYXKAEHb NPOBOLHTH
paboTel paHHeH BeCHOMl M NO3JHEH OCEHbIO, TO €CTb B Ie-
puoa HauboJpliero yssaxkKHeHus nousel. Ha nmepuon ctpo-
HTEJBCTBA APEHaXka cJelnyeT M3biMaThb 3e€MJH H3 ceBoo0o-
poTa, UIMpe TMPHMEHSTh NPeABapHTE/IbHOE OCYUIEHHE TsXKe-
JILIX TIOYB OTKPHITOH BHIOOPOYHOH CEThIO KaHaJOB, TPaHlleH
C YJIOXKEHHBIMH TPpy6aMu 3achliaTh TOMBKO AOCTATOUHO CY-
XHUM TPYHTOM.

Hecymas cnoco6HocTh FMUHUCTO NOYBLI H BO3MOXKHOCTD
ee CeJbCKOXO035HUCTBeHHON 06pafoTKH HJH NpOBEAECHHST Me-
JUOPATHBHEX PpaboT ONpefedsiOTC BJAXKHOCThIO IMOYBEH-
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Horo cjos. JdrreabcManH (1978) co ccouikoit Ha I'. KyHT-
e B KaueCTBe OAHOrO H3 OOBEKTHBHBIX KDHUTEpPHEB, Xapak-
TePU3YIOLLHX COCTOSIHHE MOYBBHI H BO3MOKHOCTb NPOBEAEHHS
pPa3JjHYHBIX MEJAHOPATHBHHIX paboT, NpUBOAUT Ko3pdHHUH-
eHT ky,, OnpefensieMblit no dopmyse

b o— W@
w—
wr—wp

rae w — QaKTHYECKas BJAXHOCTb MOYBHI, Y MacCChl, Wr — BAAXKHOCTD
MOYBH Ha TpaHUile TeKy4YecTH (mpeaesi TeKy4eCTH); Wp — TO JKe, HA
rpanuie packaTbiBanus (npejes NAaCTHYHOCTH).

3Hauenns k, A1 pa3iuuHbIX BHAOB paboT NpHBEAEHEI
B Tabauue 3. Jlas ycTaHOBJEHHS COCTOSIHHSI MOUBBI HYXKHO
KaK MHHHMYM HMeTb J1afOpaTopHLIE JaHHbE O €e BJaX-
HocTH. KpoMme TOro, HyXKHO 3HaThb Npefesbl TEKYYeCTH H
NJAaCTHYHOCTH OCYUIAeMOro FpyHTa (HMeloTCs B MPOEKTE).

3. OntumanbHble (N0 BA2XKHOCTH) YCJAOBUS TIPOBeAeRUS
MEJHOPATHBHBIX pa60‘r Ha CBA3HbLIX NOYBAX

Tpenenvne 3naveinns
Buaw patot K09¢¢:;1:c:gqaaucocrou-
w

CTpouTensCcTBO TpaHUiefiHOro ApeHaxa 1,06+0,42
> GecTpanilieiioro » . 0,88+0,50
» KpPOTOBOTO » 1,18+0,35
I'ny6okoe puixnenne 1,38+40,37
Tny6okas Bcnaiuka 1,08+0,42

I'ny6okoe pbixneHHe IUHHCTHIX NMOYB H YCTPOHCTBO KpO-
TOBOTO JipeHaXa AOJKHBI OCYLIeCTBASAThCS NPH HaHbosee cy-
XOM MX COCTOSIHHHM, a OecTpaHLIEHHbLIH JpeHaX NONMYCTHMO
CTpOUTh IIpu 6oJsiee BlaXKHOH MouBe, YeM TpaHUIEHHDIH.

B npou3BOACTBEHHBIX YCJNOBHSX ONEPAaTHBHO MOJAYUHTDH
JaHHBIe MO BJIAXXHOCTH MOYB He Bceraa Bo3MoxHo. IloaTo-
MY B HEKOTOPLIX PEKOMeHJalMsX YKa3blBaeTcsd, UTO HHXKe-
Hepbl-NPaKTHKU JOJIKHH yMeTb BHIOMpaTb Bpemsi HauaJa
MeJIHOpaTHBHLIX PabOT BH3YaJbHO, MO PACKaTHiBAHHIO MOU-
BH B pyKe. DTUM NpHeMOM OOLIYHO NOJIb3YIOTCH arpOHOMBI
NpH ONpele]ieHHH BPEeMeHH MoceBHbIX palor.

B MenMOpaTHBHON NpaKTHKE HMeEETCss AOCTATOYHO CJy-
YyaeB, KOr4a MpPaBHJILHO 3aNpPOEKTHPOBAHHHIA M KayeCTBEH-
HO MOCTPOEHHBIH TOPU3OHTAJbHHIA TpyOuaTHiil ApeHaX He
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OKa3hlBaJl [OCTAaTOYHOrO OCYHIMTE/LHOrO AeHWCTBUS H3-3a
TeXHoJioruueckHX owubok npu ero ykznaake. O6biyHO 01-
HOBPEMEHHO C OTPBIBKOH TpaHileH YykJaJAbBalOT Tpy6bl H
3aLIUTHBIE OT 3aWJieHNsl (GUABLTPH M HEMEAJEHHO MpHCHIIA-
I0T HebGOJIbLIHM CJI0eM CYXOFO phixJoro rpyutra. OxoHua-
TeAbHYIO K€ 3aChiKy TpaHuleif, Kak NpaBuaO, MPOBOIAAT
CIIyCTSl HECKOJbKO AHeH, a HHOrAa H Helesb. Takas TexHo-
JIOTHSl HE BBI30BET OTpPHLATEJHHHIX MNOCAEIACTBUH, €CAH B
nepHoJ CTPOHTENbLCTBA YPOBHH FPYHTOBHIX BOJ Ha OcCyliac-
MOM Yy4YacTKe CTOAT rayb6oko W HeT aoxaeill. Ha npaktuke
4acto, 0CO6eHHO BECHOH M OCeliblo, APEHAX 3aKJAajbIBAIOT
npu J0BOJNBLHO BLICOKMX ¥YI'B, a 3a BpeMst oT ykJAaAKU TPYO
10 OKOHYATeNbHOW 3acHINKM TpaHilell BHINajfacT 3HAYHU-
TeJibHOE KOJIH4ECTBO OCAAKOB. BbIKNHHIBaHHE TPYHTOBBIX
BOJ uepe3 OTKOCHl He3acHINalHbIX TP4HIUEH U CTEKAaHHE MO
HHM aTMocepHLIX OCaAKOB MPHBOAHT K Pa3MBIBY TFpyHTa
CTEHOK, a TaKXe CKOMJEIIHIO CJIOsi BO/AB Haj JPEHaxKHOH
npucoinkoi. ITocKoibKy NOPBHI B PHIXJIONH NPHCHINKE HMEIOT
3HaUHTeJbHble pa3Mepbl, YaCTHUbLl Pa3MblBAEMOrO TrpyHTa
JIETKO MepeHoCATCs K (huabTpam M nepdopauusiMm U MOryT
X KOJbMaTHpoBaTh. B Xxopoillo pa3sioXuBWIUXCS TOpDsHHU-
Kax, cynecsix, MblieBaThiX CYIJIMHKaxX H APYIHX Jerko pas-
MblBaeMbIX TPYHTax HabJl0AaeTcst TaKxKe pa3XHKEeHHe CJod
NPUCHINKH ¢ o6pasoBaHHEeM OTHOCHTENbHO TYCTOH TpPYHTO-
BOH MacChl, KOTOpas, ABHTafcCh K JpeHaM, KOJbMaTHpyeT
GbUALTPH MM BOJOMNpHeMIIbiE OTBepCTHA B TPyGax NpH OT-
cyrcrBun duabTpoB. IIpakTHyecku Takue Xe siBJAeHHS BO3-
HHKAIOT B CJIyyae yKJaJaKh ApeHaxa B BoAy. B pesyabTare
YKa3aHHHIX NpOleccoB, 06Yca0BIEHHbIX HENpaBHJIbHOH Tex-
HOJIOTHEH CTPOHWTENbCTBA, APEHAaX MA0X0 (PYHKUHOHHPYET M
He ycneBaeT CBOEBPEMECHHO OTBOAMTH IPYHTOBbie BOJbLL ¥ po-
JKaH Ha TaKMX MeJIMOPHPOBAaHHBIX 3eMJAX HecTabHJbHBIC,
a yacTo H HH3KHe. _

Ons npenorBpalllenuss KoabMaTtaxa (MJIBTPOB H BOAO-
NpUEMHBIX OTBEPCTHH TpPY6 ApeHax cJjeayeT YKJaAbiBaTb
TOJLKO HACyX0 H MO BO3MOXKHOCTH ObicTpo (ayulie cpasy
JKe) 3acHnaTh TpPaHUIeH AO MOBePXHOCTH HouBb. B 3TOoMm
cayuyae 3achinka BOIH3H TPYO ObICTPO YMJIOTHsETCA, QHILT-
palUOHHLIE XOAbl CTAaHOBATCH ManbiMH H Ccyddos3noHHbie
NPOLECCH 3aTPYAHSIOTCA, HCKJAIOYAETCs TAKXKe BO3MOXHOCTD
Pa3KHKEHHS] TPYHTAa H OMACHOCTb KoJbMaTaxka Oyaer Mu-
HuMaJbHOH. KpoMe TOro, HenpepHBHOCTb TEXHOJOTHUECKOTO
npoluecca NPH ykaajke JpeHaxKa MOXeT NOJOKHTEIbHO OT-
Pa3uTbCs HAa MPOH3BOAHTENLHOCTH TPYyAa.
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ITpu yknanke japeHa)ka B MeKO3E€PHHCTHX M MbljieBa-
THIX FPYHTaxX, a TakKXe B CHJbHO Pa3JIOXKHUBUIHXCA TOPPsi-
HHKax o0si3aTeJbHa 3achiKa HHXKHeH YacTH TpaHuieill Xo-
pouio BHICYIIEHHBLIM TPYHTOM M3 MaxOTHOTO FOPH3OHTA.

Bo muorux cayyasx nns obecneueHus ycJoBHH, HeoG-
XOAHUMBIX JJIsi KayeCTBEHHOrO CTPOHTENLCTBA 3aKpPHITOTO
peHaXx<a H HCKJIOYeHHsi BO3MOXKHOCTH NPOLECCOB KOJbMa-
Taxa, ueaecoobpas3Ho NpeaBapuTe/ibHO NMOACYUWIHTh Y4acTOK
BbHIGOPOYHON CETbIO OTKPHITHIX HernyOokux kaHasos. Ilpu
5TOM [OMNOJHHTEJbHBIE pPacXoAbl OKYNATCH MNOBbLILICHHEM
IIDOU3BOAHTENbHOCTH TPyLa H HALEXHOCTbIO METHOPATHB-
HbIX CHCTeM. MOXHO BBINIOJHHTH OYeHb J€TaJibHble H3bICKa-
HHS, NMPaBHJIBHO pacCcYuTaTh H 3aNPOCKTHPOBATh JApEHAX,
KayecTBEHHO, HO He BOBpeMsl (Mo nepeysJaKHeHHOH MNOY-
Be) MOCTPOHTb — H TMOJOXUTENbHOro 3¢@deKTa He NOJYUHT-
ca. Crnenyer eilie pa3 NMOAYEPKHYTh, YTO HMCIOLIASCA TeH-
AeHuus pocTa 00beMOB JpeHaXKHbIX paloT, BHIIOJHAEMHIX
B He0arONpHATHHIX MOTOAHBIX H HeNpHeMJieMBIX N0 COCTOSA-
HHMIO BJIQXKHOCTH TOYBHl YCJOBHSX, HaHOCHT OOJbLION Bpen,
HapOAHOMY XO3SIHCTBY M NO9TOMY KpaiiHe HeoO6XOAHMO MNpH-
HATb JICACTBEHHBIE MepHl JUJIA 1OJHOIO HCKJAIOYEHHs YKa-
3aillibiX HeZOCTATKOB.



IFTTABA III

TOPH30HTAJBHBIA IIJIACTMACCOBbIN
TPEHAJK

CymecTBeHHBIM KaYeCTBEHHBIM CKa4KoM B 06J1aCTH Jpe-
HHDOBAHHUAl CEJbCKOXO3ANCTBEHHBIX YFOAMH fBUJAChb 3aMe-
Ha KepaMH4eCKHX TPy6 njacTmMaccoBoiMH. BrnepBhie naacTt-
MaccoBbIH ApeHax npuMeHeH B 1948 r. (CLIA, wrat AfioBa,
O. 1lIB36), n x konuy 70-x roaos 6aaronaps 6ypHomy pas-
BHUTHIO MPOMBILIJIEHHOCTH MO CHHTe3y U nepepaboTKe Mo-
JIUMEPHEIX MaTepHajoB OH cTa/jl OCHOBHHIM BHIOM ApeHa-
)Ka BO MHOTHX CTpaHax. 3aMeHna KepaMHuecKHX TpyO njacT-
MacCOBbIMH TMO3BO/IHJIA WIHPOKO BHEIPHTb Y3KOTpaHUIEHHBIH
it GecTpaHLieHHbIN CNOCO6 CTPOUTENLCTBA, CYILLECTBEHHO yBe-
JiIHYHTb TNPOU3BOAHTEJBHOCTb TPYyla, CBECTH A0 MHHHMYMa
TAXKEJNbId PYYHOH TpPYA, YMeHbIIHTb TOHHAX MEPEBO30OK H
TPaHCNOpTHHE pacxonsl. B mociesHHe roabl MPOMBIILJIEH-
HOCTbHIO OCBOCHO H3rOTOBJIEHHE JpeHaMKHBbIX MJacTMacCOBBIX
TPY6 ¢ 3alUUTHBIMM OT 3aWjIeHHS (QHUILTPaMH-060J0YKaAMH,
UYTO HapsAAy CO 3HAYUTENbHBIM YNPOLLEHHEM TEXHOJOMHH
CTPOHTENBCTBA APEHAXAa M YMEHbUIEHHEM YHCJIa 3aHAThIX
paboyux MO3BOMHJO CYLIECTBEHHO MOBBICHTH KayecTBO pa-
6ot. Kpome Ttoro, 6naronapsi 3HauurtejpHo 60jibuiell BOJO-
[pHeMHON MNJOWLaAH MJAaCTMAacCOBLIX APeH MO CPaBHEHHIO
C KepaMHUYECKHMH YyJY4liaeTcsi OCYWHTe bHbI addekT me-
JIMOPAaTHBHBEIX CHCTeM. B cBs3M ¢ yKa3aHHBIMHM NpeHMYlle-
CTBaMH MJacTMacCOBOro JApeHaxa B psajae crpaH (Huaep-
naHasl, O®PI') npekpaTHiun NpPOM3BOACTBO KepaMHYeCKHX
TpyO sl OCYHIEHHS] C€NbCKOXO35MCTBEHHBIX YTO/AMM,

B CCCP nepsbie m1acTMaccoBbie ApPEHaXH MOCTPOEHB
s 1959 r. (CesHHHNTI'uM, H. M. Kpusonocos, B. H. Eszo-
rkumoBa). TlpoMblulieHHOE NPOH3BOACTBO TOQPHPOBAHHBIX
Tpy6 U3 moJHsTHAeHa ocBoeno B 1968 r. na Bopucosckom
3aBose mnaactmaccosbix usneamii — B3IMU (I0. A. Becna-
aos, A. 1. Mypauiko). B obuiem obheMe ocyuieHHs maacT-
MacCOBBIil JApeHaX NOKa 3aHHMaeT MaJyilo A0JI0, OAHAKO
TEeMNbl ero BHEJPEHHS pPaclIMPAIOTCS H-B MEPCHEKTHBE OH
NOJIKEH MOJNYUHTh WIHPOKOe pacnpocTpaHeHHeE.
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1. Konerpyxunu apemakumx tpyo,
TEXHOJ0ruA nx H3roToBJACHNA

Has u3rotosneHnss NJacTMacCOBBIX APEHaXHHX TPy6 B
HacTosilulee BpeMsi HCHOJNB3YIOT B OCHOBHOM /Ba MaTepHa-
Jda: HenmjactupuuuposahHuiii noausuuuaxgopun (HIIBX)
H CBETO- H TenN0CTaGUIH3HPOBAHHBIA INOJHITHIEH BHICO-
koit niotHoctn (IIDBII). B pasubix cTpaHax mpennouteHue
OTAaI0T oAHOMYy u3 HUX. B 3anapgHoit EBpone apeHaxHbie
TpyObl H3roTaBAHBalOT npenMyitectBenno u3 HIIBX, B
CLJA u CCCP — u3 II3BII.

KOHCTpYKUHH NJIaCTMACCOBBHIX JPeHaXHBHIX TpPyO 3a OT-
HOCHTEJIbHO KOPOTKHH NEpPHOJA CBOETr0 pa3BHTHsA MNpeTepie-
J¥ 3HAYMTEJbHEIE U3MEHEHHs, YTO OGYCJIOBJEHO LUHPOKHMH
BO3MOXKHOCTSIMH CaMOro MaTepHaJjia H NOHCKaMH ONTHMaJib-
Hbix pewlenuil. Buayane npeo6maganu nuaeHouHble TPyGhI
3 HIIBX, uX cMeHHAH 3KCTPYAHPOBAHHBIE IMiaJlKOCTEHHbIE
Tpy6bl co uleneBol nepdopauueit, No3kKe MOSABHIHCH TPY-
66l ¢ rodpHpoBaHHLIMH CTEHKaMH H llleJyieBoil nepdopatnesi
Ha BBICTYNAx, a 3aTeM H BO BnaanHax rodppos H, HaKOHeU,—
cnupa/JibHOHaBHTHie TPYOH cJoxHoro mpoduas. o cepean-
ot 70-x ronoB Bce TpyOH Bbinyckanu 6e3 3alIHTHOrO OT
3aHJIeHHs NOKpBLITHSA, TeNnepb 3HAUUTENbHbIA NMPOUEHT MJacT-
MaccoBbIX ApeHaxHBX Tpy6 B 3anajiHoit Eppone Bhinycka-
eTcsd ¢ 3aBOJACKHMH (HJABTPaMH-0060/04KaMH H3 pa3JIHYHBbIX
€CTeCTBEHHbIX W HCKYCCTBEHHBIX MaTepHaJoB.

B Hacrosdlilee BpeMs 3a py6eoM INpHm CTPOHTENbCTBE
CCABbCKOXO35HCTBEHHOTO ApPEeHaXXa NpPUMEHSIOT B OCHOBHOM

Puc. 9. ITnacTmaccoBas ApeHaxknast Tpy6a ¢ o6beMHBIM (QHABTPOM-060-
JIOYKOH:

! — roppupoBaHuas Tpy6a; 2 — nepdopauns; 3 — 3aulMTHBIN OT 33uneHHus
QUALTD M3 CTPYKTYPHOrO MaTepHana; 4 — HUTH OMNJACTKH.
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Puc. 10. Cxema rodpuposantoii Apenaxuoii Tpy6u us I1IBII.

ro¢ppuposannbie Tpy6n u3 HIIBX u I13BII co wenesoit nep-
tdopaliHeii, pacnoJioXxeHHOH BO BNajHHax ro)poB, H COH-
paabHOHaBHTHEe TPpy6H u3 HIIBX (puc. 9).

B CCCP ans JpeHaXHOTO CTPOUTENLCTBA BBHIMYCKAIOTCH
Tpy6ui roppuposanubie no TY 6-05-1078—78 ¢ KpyrasimMu
nephopalMOHHEIME OTBEPCTHSIMU BO BNaJAWHAX, a TaKXe
OCBOEHO OnbiTHOE Npou3BoacTeo no TY 6-19-94—78 cnu-
panbHOHABHTHIX TPY6 KoHcTpykuun A. M. Mypawko (1972).
TF'oppupoBanubie TpyGnl uarotasnuBaioT u3 [I3BII, cnu-
panibHOHABHTBIE — H3 HemJacTHOHUILKPOBAHHOTO YAaponpoy-
HOTO MOJNIMBHHHJXJOpHAA THna YB-10. TexHuueckue xapak-
TePUCTHKH 3TUX TPyO npeiacTaBieHsl B Tabuuumax 4 u 5,
KOHCTPYKTHBHLIE cXeMbi — Ha pucyHkax 10 # 11.

Hapsiny ¢ atum, CKB MHcTuTyTa MeXaHHKH MeTaJjo-
nonumepupix cuctem AH BCCP coBmectHo ¢ bBea-
HUHMMuBX paspa6oTaHa TeXHOJOrHS M H3rOTOBJI€HA ONbIT-
Hasl YCTaHOBKA MO HaHECEHHI0 NHEBMOYKCTPY3HOHHBIM CIiO-
co60M Ha NJAaCTMacCOBble JpeHa)KHble TPYOH 3alUTHOFO
GunbTpa-060J0UKH K3 NONHITHIAEHXOJNCTa. DTa yCTaHOBKA
MOXKeT ObiTb BMOHTHDOBaHa B
TEXHOJIOTHUECKYI0 JHHHIO [0
H3roToBJjieHH0 TPy6, uTO MO-
3BOJIUT BLITYCKATh HX MOJIHO-
CTbIO FOTOBBIMHU /ISl YKJaJKH.

Brinyck Tpy6 npeHaXKHBIX
roppuposanneix (ATI) ocy-
ILeCTBJASICTCA HAa TEXHOJMOrHYe-
CKOH JIMHHH, cOCTOslUeld H3
IKCTpPyJepa, NOAAIOILEro He-
npepoiBHBIH pyKaB, rogparto-

: pa, oxJaxjaioled BaHHH,
Puc. 11. CxeMa CNHpaJbHOHABH-

2 i 6 u3 neppopaTopa ¥ HaMaThiBalO-
;?rﬂleupeHa)KHo" had mero Gapa6ana. TexHojoru-
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Puc. 12. CxeMa TexHosoru4eckoit JAHHHH AJst MPOH3BOACTBA CNHPAJb-
HOHABHTHIX JPEHAXHHX TPYO:

I — npueMHoe YCTPOHCTBO; 2 — CTAHOK HAA HAaBHBKH Tpyl6; 3 — nepdopatop;
4 — TAuywee YyCTpo#AcTBO; § — BaHHAa oOXaAaxAeHHs; 6 — npoduabHas TOAOBKA;
7 — IHEBMO3arpy3yk H ycTpoiicTBO AAS NOACYWKH H TNOAOTPEBa TPaRyJ CLIPbA;
8 — IKCTpyREp.

yecKast JHMHHS A/ NPOU3BOACTBA TPYG ApPEHAXKHBIX CIH-
panbHoHaBHTHX (THACB) coctour M3 3KCcTpydepa, Hopamo-
ILer0 HEeNpepbLIBHYIO JIEHTY CTPEeNOBHAHOrO Npoduas, BaH-
HBl OXJ1aXKAEHHs, TAHYULero ycTpoiicTsa, nepopartopa, cTaH-
Ka AJs HaBUBKHM TPy6 W mpHeMmHoro ycrpoficrBa (puc. 12).
Ecnn ana HM3rotoBJeHHsT KaXAOFO M3 IUECTH MPeayCMOT-
penubix auamerpos I TI TpebyeTcss oTnesbHasi TEXHOJIOTH-
yeckas JuHus, To Bce THCB anamerpom ot 50 o 125 mm
MOTYT H3TOTaBJIHBATbCS HA OJHOH TEXHOJOTHYECKOH NHHHH.
[Tpu nepexoje Ha BhINyCK TpyO ApPyroro nuamerpa MeHs-
€TCSl TOJIbKO CKOPOCTb BHITSXKKH CTpEJIOBHAHOTO Npoduas
H ONpaBKa, HAa KOTOPYiO HaBUBaercsi TpyGa.

2. TIpoyHOoCTh M [OArOBEYHOCTh MAACTMACCOBBIX
TPYOONpoOBOOB

Ycaosua paGothi. B MenHOpaTHBHOM CTpPOHTE/bCTBE
NJacTMAacCCOBble TPYOLl HCHOJBL3YIOT AJisl YCTPOHCTBA TIOpH-
30HTAJIbHOTO ApeHa)ka M B KayeCTBe HamopHeIX Tpybompo-
BO/I0B OPOCHTEJIbHBIX CHCTEM M CeJbCKOXO3SIHCTBEHHOrO BO-
AocHaOxeHus. [IpuMeHeHHe HX CBA3aHO ¢ HEOOXOAHMOCTDLIO
npoBefeHUST MPOYHOCTHHIX pacuetoB. [lpu 3TOoM caenyer
VYUTHIBATh KaK ITPOYHOCTHBIE XapaKTEePUCTHKH CaMOro Ma-
TepHaJia, #3 KOTOPOrO M3rOTOBJIeHH TPYObl, H H3MeHeHHe HX
BO BpeMeHH, TaK M KOHCTPYKTHBHEIE 0COOGeHHOCTH TpY6.
Kpome TOro, Ha NMpoYHOCTL U AePOpMAaTHBHOCTb MJacTMac-
coBbiX TPYG CylLIeCTBEHHO BJIHSIOT YCJAOBHA YKJAAAKH H 3a-
rpyXeHusi, onpelensieMbie (PU3HKO-MeXaHHYECKHMMH Xapak-
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TEePUCTHKAMH IPyHTA, F1yOHHON M WIMPHHON TpaHLIeH, TeM-
nepatypoi oKpyiaiouleii cpeinl U Ap. B 3aBHCHMOCTH OT
M3MEHEHHSI COOTHOLIEHHWS WIMPHHBI TPaHIUEH K JHAMeTpy
TpyObl, MEHSIIOTCSl BOCIPHHHMaeMble €0 Harpysku. Hanuuue
B ApeHaXHbIX Tpybax nepdopaiuun NMpuBOAUT K 06pas3oBa-
HUIO IIAPDHUPOB M JIOKAaJbHOH KOHLEHTPAlHH HaNpsSKEHHH,
YTO CYIIeCTBEHHO CKa3biBaeTCsi Ha NMPOYHOCTHHIX Xapakre-
PHCTHKaX KOHCTPYKHHH,

CTpoHTeNIbCTBO MJIACTMACCOBOTO /[peHaXKa OCYIIeCTBS-
€TCA B MHHepaJbHBIX W OPTaHHYECKHX FPYHTaX, PU3UKO-Me-
XaHUYeCKHe CBOHCTBA KOTOPBIX KOJNeOJIOTCA B IIHPOKHX Mpe-
aenax. TpyOol pa6oTaloT B YCJOBHSX NE€PEMEHHBIX YPOBHel
TPYHTOBLIX BOJ M BJaXXHOCTH TPYHTA, NPH 3HAYHTEJbHBIX
KoJie6aHUsIX TeMnepaTyp MOTYT NOABEPraTbCs MHOTOKpaT-
HOMY 3aMOpaXXHBaHHIO U oTrauBaHuiw. B ocywaemom rpyH-
Te BCerja COHepXKaTcs pasjivyHble KHCJAOTHl H ILEJOUH,
MHKPO(JI0pa, He UCKJIIOUEHO NPUCYTCTBHE MNpPOCTeHlnX opra-
- HU3MOB, rpeiayHoB. IIpu TpaHcHOpPTHPOBKe M yKJajke Tpy-
6bl MoABepraloTCst yAapHbIM, H3THOAOIUM H paCTATHBAlO-
LWIMM Harpy3kaM, a B NepHoj 3KCIJIyaTaliid, KpOMe aaBJe-
HHUSI TPYHTA U BOABI, OHH BOCMPHHHUMAIOT NOBTOPHLiE HArpy3-
KH OT NPOXOASIIAX NO MOBEPXHOCTH MAlUHH M MeXaHH3MOB.

Bo3geiicTBue yKa3aHHBIX (aKTOPOB MOXET BBHI3BIBATh:
cnaouuBande TPYG € yKOpauHBaHHMeM BEPTHKAJbHOTO M
yBeJHYeHHEM TOPHU3OHTAJNILHOTO JHaMeTpoB NpH ofllem
YMEHbIICHHH TJIOWAJM TOMNEPEYHOro ceyeHHs, CMATHE Ma-
TEepHaJia NpPH HENONYCTHMO BHICOKHX Harpyskax, MoTepio
ycroiiyuBocTd Kpyrosoit ¢opMbl, 06pasoBaHue H3JOMOB H
tpewud. CnjlolluBalHKe B 3HAUMTEJNbHOH CTENEHH 3aBHCHT
oT moayas Aedpopmauun Erp, CUENJEHHS ¢y H Yyrja BHYT-
PEHHErO TPEHHs I'DYHTa o, B KOTOPOM OHH yJoxeHbl. Uem
Bblllie 3TH XapaKTEPUCTHKH TPYHTa, TeM MeHblle Aedopma-
Huu Tpy6 NpH NpouMX paBHHIX ycaoBUsiX. M3 Bcex rpyHTOB
MHHEMaJbHBIMH MPOYHOCTHHIMH XapaKTepucTHKamu obsaja-
10T TOopdAHUKH, MO3TOMY 3aJOKEHHble B HHX MNJacTMacco-
Bbie TPYOH MpeTepneBalOT 3HaUHTENbHO GOMblINe, YEM B MH-
HepaJbHbIX TpPYHTaX, JedopMalHH CNJAOI{UBAHHA.

JdauTeabHbIMH HaTYpHBIMH W JlabopaTOPHBIMH ONbITAMHU
(Mypawko, 1969) ycraHoBJeHO, YTO OCHOBHHE aegpopma-
LHY CIJIIOIUBAHHUS 1PEeHaXHBIX Tpy6 NPOHUCXOAAT B MEepBbIE
4..5 mec. nocje yKJaAKH, TO €CTb B MepHOJ HHTEHCHBHOIO
yNJAOTHEHMs TpaHulefiHOH 3achinkH. B nocaeayioutem oHu
HapacTaloT OYeHb MEMJIEHHO H MO HCTeueHHH 3.4 JeT npak-
THUeCKM INpekpainaiorcs. [Ipu 3ToM nepdopalHOHHbIE OT-
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BEPCTHs B 3aBUCHMOCTH OT HMX (OpPMBI M Pa3MepoB Cylie-
CTBENHO BJIMAIOT Ha yBeauueHHe aedopmauuit Tpy6 (ua 30...
50% u Gonee). Ilpu paBHOI o6ued niomann nepgopaumii
TPYyGel C KPYrAbIMH OTBEPCTHAMH AeDOPMHPYIOTCS TNpUMEp-
HO B 2 pa3a MeHbllUe, 4eM C AJIHHHBIMH NPOJOJILHBIMH ILE-
JISIMH.

[TosTopHBIE Harpysku, co3jaBaeMbie NepeiBHralolLiHMH-
€A MO OcywiaeMOH TEeppPUTOPHH MaiIMHAMH H CeNbCKOXO35ii-
CTBEHHbBIMH OPYAHSIMH, CYMMHPYSiCb CO CTaTHYECKHMH, yBe-
JIMYUBAKOT ciioninBande Tpy6. OnHako npu raybuHe 3a-
KJAaJKH ApeHaxHblx Tpy6 OoJsee | M npHpauleHus npedop-
MalM# OT MNOBTOPHBIX HAarpy3oK He3HAUYHWTEJbHB H HMMH
0o0bI4HO npeHeGperator.

Hmeromuiica npaktTHueckHit ONbBIT W CleHMaJbHBIE HC-
CJE€JOBaHUA TNOKa3bBalOT, 4YTO JpeHaxcHbie TpyOni He Mo-
BPEXAlOTCA TPHI3yHAMH, XHMHYecKas H OHOJIOTHYECKAS
CTOHKOCTbh HX OYeHb BHICOKafi.

CsoiictBa martepnanoB. B Hacrosuiee Bpems AAsi H3ro-
TOBJICHHSl TJAaCTMAaCCOBBIX JPeHaXKHbIX M HamopHHIX TpyO B
CCCP npumeHsI0T B 0CHOBHOM mosustudeH (I13) BuIcOoKo
H HM3KO¥ TMJVIOTHOCTH H HemIacTHGHUUKRPOBAHHBIN (MK KeCT-
Kuit) nonuBuHUAXMOpHA. [IpH OGBIYHBIX TeMnepaTypax, npH
KOTOPHIX OCYIIECTBJASIETCS CTPOHTENLCTBO H 3KCIAYyaTallus
JpeHaxa M HamopHLIX TPYGOMPOBONOB OPOCHTENbHBIX CHC-
TeM, 112 coxpausieT CBOM MPOYHOCTHBHIE CBOHCTBA B Teue-
HHe IJAUTENbHOro nepuoja, YCTOHUMB K OOJBLUIMHCTBY MU-
HepaJbHBIX KHCJOT, OCHOBaHMH u pactBopos coJjeii. [Ipu
HOBBLIILIEHHBIX TEMIEPATYpax, NOJ BJAHAHHEM aTMOCHEPHBIX
YCJA0BHE H 0COGEHHO NPSIMOro COJNHeuHoro o6JayueHHsl CBOH-
crBa [1d yxyamaloTcss — NpOUCXOAUT CTapeHHe MaTepHaJa,
BbIpax<aiotileecsi B 3HAYMTENLHOM MOBbILIEHHH €ro KeCTKO-
CTH U XPYNKOCTH.

HIIBX cToek K AeHCTBHIO KHUCJOT, Hienodyeli H 6OJbIINHH-
CTBa OpraHHYECKHX pacTBOpHTesel, 06/1anacT BbICOKHMHU Me-
XaHMYeCKHMHU MOKa3aTeNsIMH, HO NPH HU3KUX TeMiepatypax
CTAHOBHTCA XPYNKHM, Y1apONpPOYHOCTb ero magaer. IIpoyno-
CTHbie XapakTepucTukd uzneanit w3 HIIBX 3nauurenbHo
Bolule, ueM u3 I13 (taba. 6).

[TnacTmaccel 061analoT BA3KO-YNpyrHMH CBOHCTBaMH, UM
MPUCYILH NMOA3YYeCTh W peJaKcaluus Hanpskenui. B mpoy-
HOCTHBIX pacyerax H3JAeJHH H3 TJIaCTMacC Ha AeHCTBHe
BHEUIHHX HArPY30K YUUTHIBAIOT MOJI3y4eCTb MaTepHasa (yse-
JMYeHHe €O BpeMeHeMm JeopMaluil KOHCTPYKUMH MIpH TO-
CTOAIHHOI Harpy3ke). B orauune oT MeTananoB, Y KOTOPBIX
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6. OcnoBubie du3nKo-Mexanuveckue coficTBa uapeauit w3 HMBX u N3

Moxasareas wonepenar | nnex nssn | naHn
IMaornocts krim3 | 1350...1430 |940...960 |920...930
Tpeaen npounocTd npu:

pacTsXKeHHH MIla 45..70 22..23 12..15
CXaTHH » 60...90 24 12,5
n3rube » 70...120 20...35 12
Ha cpes » — 20...36 14..17
Tlpeaen TekyuyecTd mpH
paCTAXKEHHH » 45...60 22..26 9..11
OTHOCHTEeIbHOE YAAUHEHHE
npu pasphise % 5...40 400...800 | 400...600
Temnepatypa xpynkocTH °C 0 —70 -70
Kospduunent I[lyaccouna — 0,24 0,32 0,32

NOJI3YYeCTh MOSIBASIETCS NMPHU OTHOCHTEALHO BLICOKHX TeMIle-
parypax, y nJjactMacc oHa HalJ0JaeTcs W NpPU HOpPMafb-
IBIX TeMIepaTrypax.

Jlo/iroBeyHoCTh M1aCTMACCOBBIX TPYO 3aBUCHT OT HCXOI-
HblX HanpsixkeHW# B uX cTeHkax. [Ipu Gosee BHICOKMX Ha-
IpSXKeHHAX AOJNTOBEYHOCTb NMOHHKAETCH, U NMPH HEKOTOPOM
HanpsokeHun Tpy6a MOXKET pa3pyUIHTbCS MPH HOPMAJbHOM
TeMIlepaType B peayJbTaTe craThueckod ycramnocTH. O6blu-
HO B pacyeTax NPOYHOCTHHIE XapaKTEPUCTHKH NJacTMacc
NPHHUMAKIOT H3MEHsIOUIUMHCS BO BpemeHH. Hanpumep, mo-
LyJb YIPYrOCTH MOJHU3THJIEHOBHIX TPYO AJsi BpEMEHH T NPHU-
HMMAaeTcsl paBHBIM

Ei=E,(b/t)m,

rae E, —nepemennnit Moayab HopManbHoii ynpyroctd, MIIA; Eo,—
Haya/lbHBli MOAYJb ympyroctH, pasubiii 500 aas II3BIT u 150 MIla
Ana TIDHIL, T — cpoK sKcnyaTauyHH MNJAacTMaccoBelx TpyS, 4; b=
=10-%, 4; m=0,04.

Pacuerubie conpoTuBieHuss R’y H MOAYJNH ynpyroctu E;
(MIla) nnsa raapkocTeHHbX Tpy6 npu Temnepatype Ao 30°C
NMPUHMMAIOT B 3aBUCHMOCTH OT CpPOKa KX cayx6nl (tabu. 7).
Jlas nnacTMacCOBHX APeHaXHbIX TPY6 ¢ rodpHpOBaHHBIMH
CTEHKaMM B KayeCTBE PaCYeTHOrO CONpPOTHBAEHHS R, mpH-
HUMAIOT Npefes TeKY4YecTH, NpH TNepexoje uyepe3 KOTOPbIi
NPOUCXOASAT HEAONYCTHMO GoJbline AedopMallHH, NPHBOAS-
mue K o6pa3oBaHHI0 NJIACTHUECKHX 1WapHHpOB. PacuerHoe
conpoTusienne R’p AN roppHpPOBaHHLIX APeHaXKHBIX TPYO
v3 II9BII npunumaior paBubiM 22, n3 HIIBX —45 MIla.
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7. Pacuetnbie comporusiennsa R'p, (MIIa) w momyanm ynpyroctu E:
(MIla) nas raapkoctenubix Tpy6

Ras cpoxa cayxbu, aer

Marepnax 0 5 15 25 50
TPY6 ’ ’ ’ ’ ’
R, Ee | R, | Bt | R, | Ee R, | Et R, Ey
HIIBX 17,711965( 11,8 (1280 9,8 [1210| 8,1 |1180| 5,6 | 1140
1381 6,4| 491 6,2| 202| 5,7 | 193] 4,9 | 187 49 182
[T3HI 34| 147 33| 60| 3,0 5728 56| 2,5 54

HanopHule naacTmaccoBnie TpyGONPOBOALI PaccUHTHBAIOT
Ha cpok 3kcnayatauuu 50, apeHaxunix —30...50 ner, Hcxo-
Lsi U3 KOTOPOro ¥ MPHHHMAIOT pacyeTHblE XapaKTepHCTHKH
maTepnana (R’p, E; u ap.).

Harpy3sxu Ha nopseMHble TpyGonposoani. Iloasemiubie
HanopHule Tpy6onpoBoAb B 06lieM ciaydae BOCIHPHHHMAIOT
BO3Je/ICTBHE NpPHBEACHHOH BHelIHeH TPYHTOBOH Harpy3KH
Pyp, BpeMeHHOl Harpy3kH, nepepaiolleics oT TpaHCNOPTa,
MawuH ¥ wrabeneit matepuanoB Pyp, aTMochepHoro nas-
JieHusi px o6pasoBaHUH B HUX BaKyyMa Ppax, BHYTpeHHeE-
ro Py, u BHewuHero P, ruapocraTuyeckoro AaBjenus. [pe-
HaXHble Tpy6Gbl Ha OCyUIaeMbiX CeJbCKOXO3AHCTBEHHBIX
YroZbsiX BOCIPHHHMAIOT B OCHOBHOM BO3JeHCTBHA Ppp U Prp.

IIpuBeaeHHas BHEUIHSASA HArpyska 3aBHCHT OT Pa3MepoB
¥ KeCTKOCTH TpyOl, yCJOBHM MX YKJaAKH, MayOuHB 3ajo-
JREeHHs, UWHPHHB TPaHLIeH, THNAa OCHOBaHWsA, BHAA IpyHTa
sachinkd. TpyGa cyuTaeTcsi XecTKOH, eciH nepopmupye-
MOCTb €€ MeHbiie AehOpMUPYEMOCTH PaBHOIO MO BeJHYHHE
LuaHHApa rpyHTa. [Ipu oGpaTHOM cOOTHOIeHHH TpyGa xa-
_ paktepusyercs Kak rubkas. Kputepuem (Kneitn, 1969) nas
TTaAKOCTEHHBIX TPYO CJAYKHT COOTHOULIECHHE

3
E (L) =1, (19)
Eep \ Tep
AAs ropHpPOBAHHBIX
12Elcopp =1, (20)
Eppfacps

rae E:— MoLyAb YNpyrocts wMaTepHana rtpyoOHl, MIMa; Erp— MoAyJb
pedopmauun rpynra, MIla; 8 — Toiuna CTeHKH Tpy6Hl, M; rep—
CpeRHuil pagHycC ee, M; Iropp=f(h, 8, S) — MOMeHT HHepUHH NPOAOIb-
HOTO cedenHs roppa, MY S H h—ero war H BbCOTa, M.
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Puc. 13. PacueTnHhie cxeMB Harpy3ok Ha TpyOmi:

a-—»B Ttpanuiee; 6 — xecTkas TpyGa B Hacuny; @ — ru6kas TpyGa
B HachiNH,

Tpy6a paGoTaeT kKak KecTkas, eciu HepaBeHcTBa (19)
unu (20) Goabwe 1. Ocaska ee WeNbIrH MeHbLIE OCANKH
cocefiHero rpyHTa, H HajJ Tpy6oi ¢ obenx CTOPOH BHELIHErO
JHaMeTpa BO3HHKAlOT BEpPTHKAJbHEIE MOBEPXHOCTH CKOJb-
JeHHs, a HanpaB/eHHble BHU3 CHJbl TpeHus (puc. 13) BH-
3LIBAIOT JAONOJIHUTE/NbHEE Harpysku. ¥ rubkux Tpyb ocaaka
nienbiry 6oJbllle oCaikH TPYHTA, U CHJIbI TPEHHA AeHCTBYIOT
pasrpyxaiouje.

CpoiicTBa rpyHTa, CJaramouiero CTeHKH TpaHUIEH H 3a-
CHIMIKH, pa3JH4YHbi, H BCAEJCTBHE YIJIOTHEHHS 3aChIIKH MeX-
Ay Hell M cTeHKaMM TPaHIUCH BO3HHKAIOT CHJB TPEHHs, KO-
TOpHE BOCHDHHHMAIOT 4YacTb Beca 3aChiKH # TeM CaMbIM
YMeHbIHaIOT Harpy3ky Ha Tpyo0y.

IlnacTmaccoBble apeHakHble TPpyOn HMmeloT HeboJabuive
AHaMeTphbl W YACTO 3aKJAABBAIOTCA B OTHOCHTEJbHO HIMPO-
KHe TpaHllen. Bcaeactsue aToro BO MHOPHX caydasix pas-
Tpy:Kaiollee JeHcTBHE TPEHHS O CTEHKH TpaHIUed He3Hauu-
TeJIbHO, H TPyObl pa6oTaloT B ycaoBusx Hachind. M3-3a pas-
HOHM CXKHUMaeMOCTH TPYGHl H JieXalueH psAOM 3achinkH Npo-
HCXOMUT HEpaBHOMEpPHOE ocCefaHHe BblhleseXkalliix Macc
rpyHTta (puc. 13). Ilpu 5TOM B COCTOSIHMH NpPEAEJbHOIO
paBHOBeCHs1 B 3achinke o6pa3yioTcs ABe BEPTHKaJbHbIE J10C-
KOCTH CKOJIbJKEHHUS, KacaTeJbHbHE K COOPYIKEHHIO, AOXOAsA-
Hie HE OO TOBEPXHOCTH 3eMJIH, a TOJbKO A0 HEKOTOPOH
NJI0CKOCTH, Ha3biBaeMOH YpOBHeM pDaBHOH OCaJKM H Haxo-
aaiueiics Ha Beicote Hp, oT Bepxa Tpy6el. Kpome Beca 3a-
CBHINKH, Ha TPYGONpPOBOJA MNepefaloTCs ellle AOMOJHHUTENbHBE
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Harpysku (B caydae XecTKoH TpyOH) OT CHJ TpeHHs IO
MJIOCKOCTSAM CKOJIbXXEHHS.

BricoTy paBHO# OCafik# ONpeaessioT C YYeTOM OTHOCH-
TeJIbHOM XKEeCTKOCTH Tpy6bl M ee OCHOBaHHS, a TaKXe
CBOMCTB 3aChifiKH.

Pacuetnyio npHBeJeHHYi0 Harpy3ky oT AaBJICHHS TDYH-
Ta Ha yJaoxeHHble Tpy6ul B TpaHilen (I[1a.-m) onpeaensior
ro dopmysne

PTp=4,lkaTpn(BTp/DH+I)DH) (21)

rae y — o6beMHast Macca IpyHTa 3acuiliki, Kr/m3;, H — BhicoTa cnos 3a-
CHIIKH HaA BepxoM TpyOb, M; D — HapyXHbiii auamerp TpyOH, M;
B.:p — wmpuna tpauiien, M; 1) — Ko3hQHUKEHT, YUHTHIBAIOWHA Goko-
BOe JNaBJ/ieHHe TPyHTa Ha TPyOompoBOX; Rrp — KO3pQuUUHEHT BepTHKAMb-
HOrO AABJIEHHA TPYHTa B TpaHilee (KO3(DOHUHEHT pasrpy3KH, 3aBHCHA-
U{HH OT CBOHCTB 3aCHINKH H NMapaMeTPOB TpaHLleH).

2 )
Bap= 3. vB=p _h 1—exp _2H(l—c)Eitg @o ‘

H
2(1—c1)Eitg o Brp (1— 2 ) I

» (22)

3

¢ — Ko3hduUHeNnT, onpeAenfseMblii H3 YCAOBHS, YTO MaTepHad 3acCHKH
He AeQOpMHPYETCH B TODH3OHTAAbHOM HamNpaBJeHHH, AAA NecHaHbX H
TAMHHCTBIX TpyHTOB ¢=0,2—0,3; ¢y — cuensieHHe rpyHTa y CTEHOK TpaH-
wen; §; — oTHOIIeHHe MeXAY FOPH3OHTANbUBIMH H BePTHKA/JbHBIMH Ha-
NPSKEHHAMH Y CTEHOK TpaHuled; tg ¢o — KOIPPHUHEHT TpeHusa 3achinl-
KH o CTeHKH TtpaHilen. KosQoHuuenT m npHHHMaeTcs RIS NecyaHbiX
rpyutoB paBunM 0,78—0,82; topda, cymecelt W CYrIHHKOB INJIaCTHUHO{
KoucucreHunu —0,9; cyneceit W CyrjMHKoB TBepAbIX —1.

Hnsi mubepanbHuix rpyHtos §) tg @4=0,132..0,165, ans
TopthsHHKOB cpeaHee 3HaueHHe &) tg @o=0,14. B npakrtuue-
CKHX pacueTax MpHHHUMAIOT c=cy=0 # 3HaueHuss xosddu-
LHEeHTa pasrpy3kH kpp onpejensior no rpadpukam (puc. 14)
npy BbHIOOpE KPHUBLIX Ha HEM C yyeTOM AaHHBIX Tabjuun 8.

I(m .

09
28N Puc. 14. 3asucumocts Kqp=
N =1{(H/Bsp):
06 | — neckH, CYIJIHROK  TBepAOit
4 2 1 KOHCHUCTEHIUH; 2 — CYI/IBHOK NJja-
o L4 CTHYNBIl # TJAMHBL TBEPAOfl KOH-
gs 1 cHcTeHuuy; J — Topd HHIHAHLIA;
a3 4 — cymech,  CYFJHHOK,  FAHHZ
Y01 23456789 /0”/879 nAacTHYHaA.
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8. K onpenesennio krp

Homep
KPUBOK TpyHT 3acHitiki E,tg%n
Ha puc. 14
1. [Tecku u pacTuTesbHBLI TPYHT, BAaX-
Hble ¥ HacblUieHHble BOJZOH, 3 Tak-
Xe TJHHHUCTBIE TPYHTHI TBepAbie 0,165
2. [nHHHCTBIE TPYHTBI NJACTHYHBIE 0,148
3. Topd HH3UHRLIA 0,140
4, JIHHHCTBIE TPYHTH TEKyuHe 0,132

PacyeTHy0 npuBeileHHYI0 BHELIHIOI0 HArPy3Ky Ha KecT-
Kyio Tpyby, yJaoxeHnHyio B Hacunu (Ila-m), onpeneasiior no

Gopmyne
p"=9,8lk1]YnHle (23)
rie ks — KOIQOUUHEHT KOHUCHTPALHY BEPTHKAJNLHOTO AABJEHHH I'DYH-
Ta Hacbinu.
kn=1—AEa tg @n; (24)
Sihs S1Dxhs )
- 2— , 25
e (25)

n — HOPMATHBHbIH Yroa BHYTPEHHErO TPCHHA IPyHTA; As — BEHICOTA Bbi-
CTynamouieii U3 OCHOBaHHA HacTH TpyGomposoaa (puc. 13); S; — xo3d-
$ULHeHT, TPUHUMAEMbIii B 3aBHCHMOCTH OT XECTKOCTH TPYHTOBOFO OC-

HOBaHHA no Tabanue 9; E.=tg? (45- %) — KOY)PHLHEHT aKTHBHOIO
AABJICHHS; (p — YroJi BHYTPEHHEro TpPEeHNs y FpyHTa.

9. 3navenns koadduunenta S,

Xapak TePNCTHKE OCHORAHUSR A

IMaotHoe (necku, KpoMe PBIXJABLIX, CYIJIHHKH H TJIMHLI TBEp-

Abie H TYromJiacTHYHbiE) 10
IMonatausoe (neckw puixjbie, CYTIHHKH H TAHHLE JerKomnaa-
CTHYHbIE) 5

Ons BcTpeyaloUXcsi B NPakTHKE 3HAUeHUM ¢y NPOHU3-
BefeHUe E,tg @y M3MCHAETCS HE3HAaYUTEJbHO H B pacyeTax
npuauMaercs pasBHbim 0,185.

[lpuBefieHHyl0 BHEWHIOIO HAarpysky Ha Tpy6GonpoBof,
yJaoxeHHblil B HaceinH ([Ta-m), MOXHO BBIYHCAUTL NO (op-

MyJe
pe’=9,81yn[H — Hy o (1—ky') ] Dy, (26)
rae
— 1 Dy 2Hp.0
b/ =F —— . - LILAE N = 27
¥ - 2Eatg(0n Hp,o[l exp(i Dy E tg(p )] ( )
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Hypo — TonuuHa clos paBHo#t ocaiku (puc. 13), npunu-
maemas (2,5...3,5) Dy nnu onpenensiemas no ¢dopmyae

Hp,0= 172250111/81_“,- %=hB/Du. (28)

B ypasHenun (27) BepxHuil 3HaK GepeTcsi AJsl KECTKHX
Tpy6, HHXKHHUH — AAs THOKHX.

Hpenaxuble u HanopHbie TPYGbl CEJAbCKOXO3HCTBEHHO-
ro BOJOCHaOXeHusl, KaKk NpPaBHI0, UMEWT HeboJblINe AHa-
METPbl M YKJAAbIBAlOTCS B OTHOCHUTEJLHO LIHPOKHE TpaH-
weu. Ecau npousseienne 0,42 kqp(Bip/Du+1) B dopmyne
(21) okaxercs Gosabwe a; (Taba. 10), To Harpyska Ha yno-
JKeHHbI B TpaHllee Tpy6ompoBoa OyaeT TakoH XKe, Kak H
Ha Tpy6onpoBOj B HaCHIH; pacuyeT B 3TOM CJyuae CJAeAyeT
NpoBOAHTE NO opmyne (23) uaw (26).

10. 3nauenusa xoapduuuenta a,

Ipyur ocHoBanus «,

TaHHa, cynecs, CYrIMHKH TBEPAOH KOHCHCTECHLHH 1,26
Tlecok cpemne- ¥ KpYMHO3EPHUCTHIM, CYFMHKH, [JIAHE, Cy-

nech TMJIACTHYHOM KOUCHCTEHUMH, TOp® HHSHHHHI 1,10

TMecox menxuit u nbiieBaTHil 1,00

PacuyetHyio npuBejeHHYIO BHEUIHIOI0 Harpy3ky Ha Tpy-
6onpoBos OT aBTOMOOHJABLHOrO HAH TYCEHHYHOTO TpaHCHOp-
ta (k[la-M) onpeneasior no opmyne

Pa=QDyoun, (29)

rae Q — AaBjieHHe OT aBTOTPAHCMOPTA, NMepelaBaeMoe Yepe3 TPYHT Ha
TpyGy, NpUHHMaeMOe O CJEAYIOIWHM RaHHBIM!

H .. 05 075 1,0 1,5 2,0 2,5 3,0 4,0 5,0
Q, klla . 111,8 53,1 402 345 286 235 195 129 9,5

PacueTHyio npHBeleHHYIO BHELIHIOI0 Harpysky, BOCHpH-
HMMaeMyio TpyGONpoBOAOM OT paBHOMEpHOH Harpyskd HH-
TeHcUBHOCTbIO ¢ (k[la), nelcTByloweH Ha OoJabliol nJoO-
wanu seman (wrabean Matepuana, 6ypThl CeIbCKOXO3H-
CTBEHHON MPOAYKUHH M T. N.), ONpPEAensioT no gopmyne

Pup=0,7¢Ds(Bzp/Dy) ko, (30)

Te § — BpeMeHHAas DaBHOMEpHO paclpelefieHHass Harpy3Ka, NpuHuMae-
masa pasHoit 1,5..5,0 klla; kp — koapduunent, 3aBUCAWMA OT pasme-
poB TpaHilled M BuAa rpyara (taba. 11).
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11. Kospduuneur %2, B 3aBHCHMOCTH OT pa3Mepos TpaHEW W Buaad

IPyHTA
Mecxn xpynHble, CyriNHOK B nAactTvy- Cynecn # cyrannox
cpeaHue u MeaKue, HOM COCTOAHuu, |B TeKY'UeM COCTOSHWH,
HiBp cynech H CYTAUHOK FAMHA B TBEPAOM rAMHA B NAACTHYHOM
8 TBEPAOM COCTOHHUM COCTOAHNH COCTORKHNY,
TOPD HU3NHHULIA
0 1,00 1,00 1,C0
1 0,75 0,77 0,79
2 0,52 0,58 0,62
3 0,37 0,42 0,47
4 0,28 0,32 0,36
5 0,20 0,28 0,27
6 0,14 0,18 021
7 0,10 0,13 0.16
8 0,07 0,09 0,13
9 0,05 0,07 0,09
10 0,03 0,05 0,07
15 0,00 0,00 0,01

CymMapHas npuBejeHHas BHewiHssi Harpyska (Ila-m).
p=PTp(HJ1H P") +Pa+P3p. (31)

Harpysky, Bocnpunumaemyio Tpy60onpoBoioM OT THAPO-
CTaTHuecKoro AaBjeHHs rpyHtosoit Boabl (kIla), onpene-
A510T 0o ¢dopmyae

Pp=9,8lHn, (32)

rae Hy — Buicora croaba Boasi HaA OChbio TPYOH, CM.

B HanopHoM Tpy6onpoBone MOXET BO3HHKaTb YCHJHE
ot 06pasyeMoro BakyyMa Pgax<<5 klla, Bennunny koTopo-
ro onpejeasior no dopmy.e

Paau=9,8”: A (33)

rae { — pa3HOCTb OTMETOK oceil TPpyGONmpoBOZa, M.

OcHoBHble NMOJIOXKEHHS NPOYHOCTHBIX PACYETOB NOA3EM-
HbIX TpyGonposomos. [Togsemuble Tpy6onpoBoAb PacCYHTHI-
BAalOT MO NpefeNbHbiM COCTOSHHAM, NMPH KOTOPHIX OHH Tle-
pecTaloT YAOBJAETBOPATb IKCNIYyaTalMOHHBIM TpeGoBaHHU-
sM. TIpenesnnHble COCTOSHHS XapaKTEPU3YIOTCA CeAYIOLIUMH
BO3MOXKHBIMU ¢OpMaMHy pa3pylueHus WiH nosiBaeHus nedop-
Mauui;

1) paspyuieHueMm no o6pasyiwouleif, TO eCTb N0 NMPOLOJb-
HOMY CeueHHI0O CTeHKH TpyOonpoBoja; paspyuleHuHeM o
NMpPOU3BOAsAIEH, TO €CThb MO MONEPEYHOMY CeUYeHHIO, NoTe-
pel YCTOHYHBOCTH CTEHOK,
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2) yKkopauMBaHHEM BePTHKaJbHOrO JAMaMeTPa, NpPHBO-
OAHIHM K HEJONYCTHMOMY CHHXKEHHIO MPOMYCKHO# cnocob-
HocTu TpyOonposona.

PacueTsl noaseMHBIX TPyGONpOBO/IOB MO MpeAebHBIM CO-
CTOSHHAM CBOAAITCA K YAOBJETBOPEHHIO HepPaBEHCTB, JeBas
YacTh KOTOPBIX COAEPKHT pacyeTHbIe BeJIMYHHBI BHYTPEHHHX
ycuJu#, HAarpy3ok uau aedopmauuii, a npaas — COOTBET-
cTByOlMe npefenbHo gonyctumbie. Ilpu pacyerax mo nep-
BOMY Mpe/ieIbHOMY COCTOSHHIO HOJIXKHO ObiTb BHINOJHEHO
HepaBeHCTRO
rae Py — pacueTHasi Harpy3ka Ha TpyGONMpOBOA HAH pacCyeTHOE YCHAHe

B onacHoM cedeHui; (@ — COOTBETCTBYIOLUlasl pacyeTHas Hecywias crio-
COOHOCTb, TO €CTb MPEeAeAbHO AONYCTHMAs Harpyska HWJH YCHAHe.

Pacuer no BTOpOMY NpPeAE/NbHOMY COCTOSIHHIO CBOJAHTCS
K YAOBJIETBOPEHHIO YCJOBHS

P<<[¥], (35)

rle Y — OTHOCHTeNbHOE YKOpauHBaHUEe OAHOTO H3 JAHaMeTpoB Tpy6o-
npoBoAa npu cnaowuBaHuu P=ADu/Dy; [$] — npenensuo aponycrumas
BeIHYHHA 3TOro ykopauusauus. [las HanopHbix TpyGONpOBOAOB H3 NO-
NnMepHbix MaTepHasioB [¢]=0,035...0,05; npu pacyete ApeHaXHHX TPpyS
npunuMaerca [P]=0,22,

ITpouHoCTHBIE pacyeTHl NMOA3eMHBIX MJAaCTMACCOBBIX TPY-
6onpoBOAOB CBOAATCH K ONpeleseHuld HeoGXoauMoOH Hecy-
e cnoco6HOCTH TPYO MpH BO3NEHCTBHH BHelliHel Harpya-
KM [0 TpeM YCJOBHSAM: NMPOYHOCTH, YCTOHYHMBOCTH Monepey-
HOro ceueHuss ¥ JedOpMATHBHOCTH, TO eCTb MO MpefesbHO
JONYCTUMO# BeJIHUMHE OTHOCHTENHLHOTO YKOpayHBaHUA Bep-
THKaJIbHOTO JHaMeTpa.

Hecymas cnoco6Hocth Tpy6onpoBoaa no ycJaoBHiO Npod-
HOCTH MaTepHajla MpH OTCYTCTBHH BHYTPEHHEro JaBJieHHs
J{OJIXKHA Y/JOBAETBOPATH HEPABEHCTBY

PLiLa<myRy’ %W, (36)

raec P — mpuBejeHHasi pacuetrHas Harpy3ka Ha OTpe3oK TpyOwl AJHHOIl
1 M; W — MOMEHT CONMPOTHBJEHHS MPOACJNLHOTO CedyeHHS OTpe3Ka Tpy-
6nl AauHoO#ft 1 M; Mg — Kosdduunent ycnoBuit paGoTel TpyGonpoBOAa,
AAsA MJIacTMACCOBHIX Tpy6 mo=1; r — cpeannii papuyc Tpy6sl, cm; {1 —
KO3QPHUHEHT CHHXKEHHsA H3rHGalWHX MOMEHTOB B TpyfonpoBoge noj
BRMSIHHEM OTIIOpa TPYHTA.

1
L= ————, (37)
1+ —o—
Pn+0,l43pr



3E.I

TR (38)

Eep
= . .~ TP 39
P oy 01 25En (39)

rde E,— nepemeHHbii MOAyNb HOPMAJbHOW YNPYFrOCTH MaTepHala
(ra6a. 7), MIa; pr —ko3dpuunent Ilyaccona matepuana Tpybu; J —
MOMEHT HHepUHH MPOXOJLHOro ceueHus TpyGu Asmunod 100 cm; Erp —
MOAYAb JedopMauun rpyHta; MIla; prp — xoapduunent Ilyaccona
rpyaTa (taba. 12); [, — koadduilvenT, yUNTHBaIOWHNA BIHsHAE BaKyy-
Ma ¥ THAPOCTATHYECKOro KaBJieHHs BOXb:

§2=l+ PnaK+Pr . 1 . (40)
Pa | Ppax+ P_r
Pa+tpe
12, Moayab aedopmausu n kKoadpdnuuent Myaccona rpynra
Tpyut Erp' MTMla Crp
Heckn: 15,7 0,30
KpyfHBE H CpeRHeH KPYNMHOCTH R §
MeJIKue 11,8 0,30
nLlJIeBaThle 4,9 0,30
Cynecu W CyraHHKH 49 0,35

[na TopdsaubIX rpyHTOB MOAYJAL AedopMmauuu He 6yaer
KOHCTAaHTOH, a 3aBUCHT OT BpeMeHH [IeHCTBUS HarpPy3KH H
onpefeasercs (kIla) no dopmysne

0,01yh
Erp= Yoo ’ (4 l)
A{l —exp[—h(c'+d1)]}
rae A; — Ko3ppHLUHEHT MJIOTHOCTH TOp(a, ONpelesAEMblii 10 SMIHPH-
yeckoit dopmyae JO. OcrpoMenckoro.
2(1600—=6,) , (42)
0,1807%

8§, — o6bemuasi macca TBepROro BeitecTBa Topda, Kr/m® y — obbeMHas
Macca rpyHTa, KM%, ¢’ — Kos(p@uUHeHT CKOPOCTH OCagKH Topda B
nepeuiil rofl ocylliewus, 1/M; d — To Xe B mocAeAyouiHe roAu, 1/M-rox;
T — IJIATENLHOCTb 3KCIyaTalnn TpyGonposoga (30..50 Jger); ho— ray-
6iHa 3aji0XeHHA TpyGompoBoAa, M.

A=

B npakruyecknx pacuerax Ko3(p@ULUHEHTHI CKOPOCTH
ocaikd Topdpa npunumatorcs  ¢’=0,021 1/m; d=
=0,005 1/m-ron. Koadduuuent ITyaccona aas topda purp=
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=0,35. Moayar nedopmaunn Toppa KoaeGiercs B mpese-
nax 50...800 xlla.

Honyctumoe BHyTpeHHee JaB/ieHHe B TPyGONpOBOAE NpH
OTCYTCTBHH BHELIHEH HarpyskH onpeiessiioT no gopmyae

Py=mgRy'8/ro, (43)

TAe 7o — BHYTPEHHH# paAHyC TPyObi.

Has obecneyeHnss yCTOHYMBOCTH KDPYroBoit ¢(opMbl I0-
NnepeyHoro cevyeHus: Tpyb6bl HeoGXOAHMO, YTOOH BBIMOJHS-
JIOCh Cclefyiolllee HepaBeHCTBO:

ﬁ/kyDngpxp, (44)

rie ky — KoshduunentT ycaosuil paGoTsl TpyS6 Ha YCTOHUHBOCTH, AAA
nracTMaccoBuX Tpy6 ky=0,6; Pxp — KpUTHUECKOE BHeIUHEE AaBACHHE,
KoTopoe crnoco6Ha BhiflepXaTh Tpy6a Ge3 noTepu YCTOHUHBOCTH Kpy-
rosoit opmbi.

B npaxTuyeckux pacyeTax Ha YCTOHYHBOCTb BOAOMNpO-
BOAHEIX TpyO, nonyctumas AedopMalusi KOTOPHIX HeE Mpe-
Boiaer 5%, B KauecTBE KPHUTHYECKOTO BHEWIHEro nasje-
HHUsI NIPUHWMAETCs MeHbllee H3 JIBYX, BbIUHC/EHHHX MO cJe-
Aywomum popmynam:

Pup,1=2Vpapr, (45)
P}(p,2=pn+ l,l43pr (46)

Onsa apenaxHuix Tpy6 Aedopmauus (yKopauuBaHHe Bep-
THKAJbHOFO JHaMeTpa) Aonyckaercs B npeaenax 12..409%
(B CCCP [¢]=0,22), ceuenne TpyObl NpHHHMAET NpPH 3TOM
3JJUNCOBHAHYI0 (opmy. [ToaToMy ycTOHYHBOCTL nonepeu-
HOTO CeyeHHs! JPeHaxHHX TPyO caenyer onpeaensTs 1o ¢op-
MyJe

PlkyDy< P, 47)

ri¢ Pr — npefeibHoe BHelliHee paBHOMEpHOE HOPMaJbHOE RaBJIeHHE,
KeTopoe cnocoGHa BhiJepxaTh TpyGa 6e3 noTepu YCTOHUMBOCTH 3AJHM-
CCBHAHOFO TMOMEPEYHOTO CEYeHHs H TNpH KOTOPOM HAUHHAETCH TeKy-
4ecTb MaTepHaJa.

Hecywas cnoco6HocTs Tpy6onposoja Mo yCJAOBHIO TNpe-
JeNbHO JONYCTHMOH BEJHYHHBl YKOpPauHBaHMS BepTHKaJb-
HOTO jJiMaMmeTpa onpelensieTcss H3 HEepaBeHCTBA

ADa/Der<[¥), (48)
rae
ADy= 1,25-10-'PE L3 , (49)
Ay
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E.J

Ao= m, (50)
Dc¢p=Dg—39, (51)
1
G= 1— Pgax+Pc (52)
34,

C TOYKH 3peHHs] NPOYHOCTH ONACHHIM MOXET GBiTh TOJIb-
KO OJHO M3 NepeyHcJeHHbIX Tpex ycaosui. OfHako B 6oJib-
UIMHCTBE CJyyaeB 3apaHee Hesab3si TOYHO MpeJCKa3aThb, Ka-
KOe M3 HHUX OyJeT KpPHTHUECKHM, W TNO3TOMY pacueTsl TpyO
NpUXOAUTCSA JAesaTh MO BCeM TpeM ycJaoBHaM. Pacuern
NJacTMacCoBbiX MOA3EMHBIX TPYGONPOBOAOB NPOBOAST B
CACAYIOLHX caydasx:

a) Korja npH 3afaHHbIX YCJIOBHfX YKJAAaAKH H NapaMer-
pax Tpy6 TpebyeTcsi MpoOBEpPHTHL BLINIOJHEHHE YCJIOBHI NPoY-
HOCTH;

6) xorja Ans 3aQaHHBIX YCJOBHH 3arpyxKeHus paccuH-
ThiBaeTcss HeoOxoaMMas TOJIHHA CTEHKHW WA pa3pabaThi-
BaeTCs KOHCTPYyKUHA caMo#i TpyObl (TOJiliHHA CTEHOK, pop-
Ma H pa3Mmepsl roppos H neppopalOHHLIX OTBEPCTHH).

MpouyHocTHbIe pacyeThl TOPHPOBAHHBIX TPYG M3 moau-
MepHbIX MaTepuanoB. OcHOBHAas BHEUIHSS Harpyska Ha ape-
HaxHble TpyObl — qaBjeHHe TpaHuleHHOH 3aceinké. Bpe-
MEHHBIMH Harpy3kamu (naBjieHHeM, fepejalomiuMmcs OT
CKJQAuPOBAaHHUS Ha MOJAX NPOAYKTOB pacTeHHeBOACTBA, ne-
pPHOAHYECKUM JAaBJeHHeM, NepelaloliUMCs OT MPOXOAALUUX
MO TIOBEPXHOCTH TMOYBH CEJbCKOXO3SHCTBEHHLIX MAallHH, H
FUJPOCTATHYECKUM) TNpPU pacyeTax ApeHaXKHBX TPy6 mpe-
He6peraior. B ppeHaxublx Tpy6onposoaax MaJjOBEPOSTHO
TaKxe o6pa3oBaHHe BaKyyMa U BHYTPEHHEro JAaBJIeHHS BO-
nbl. Jlas apeHaXkHbix Tpy6ONpOBOJOB OCHOBHBIMH pacyera-
MH CJAyXaT npoBepKu Ha aedopmatuBHocTh (48) u mpou-
HOCTh (36).

Brinyckaembie B Hactosililee BpeMsi B CCCP npeHakHbie
naacTMaccosbie TPYGH pacCUMTaHBI Ha YKNAAKY TayOHHOM
[0 2 M B caMbiXx He6JaronpusATHLIX MO 3arpyXeHHIO YcJo-
BHAX: WHPHHA TpaHiuel Bpp=0,5 M, Majlon/JoTHbIA TPyHT
(topd). TlosToMy npH NpPOEKTHPOBAHHH MNIACTMaCCOBOIO
JpeHaxa pacueTsl Tpy6 Ha npouHocTs He nposoaar. Ouna-
KO NPH YKJAaJKe ApEHaxka Ha Goabliyio rayOuHy, a TakkKe
NPOXOXKAEHUH TPY6 Noa aBTOMOGHABHBIMH AOPOTaMH H Ha-
CHINSIMH  HeoOXOAHMO JesaTh NPOBEPOUYHbIE NPOYHOCTHHIE
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pacuersl. MHoraa Bo3HHKaeT HEOGXOAMMOCTbL OMNpPEASNATDH
MaKCHMalbHO BO3MOXHYIO I'IyGHHY 3aKJaAKH APEH B KOHK-
PETHBIX, OTJHYHBIX OT PacCYeTHHIX YCJOBHSX.

Huxe wu3naraercs MeToJHKa MNPOYHOCTHBIX pacyeToB
ApeHaxHbIX TPpYO ¢ rodpHpOBaHHBIMH CTeHKaMH, pa3pabo-
taHHasi A. M. Mypauiko u B. K. XaceneBuuem.

Hns obecneuennss NPpoOYHOCTH APeHaXKHbIX TPY6 ¢ rod-
PHPOBAaHHBLIMH CTEHKaMH HeOOXOAHMO, 4TOGHl BBHINOJHSAJIOCH
Clefylollee YCJIOBHE:

pc< 2m,anIko,m R (53)
Sr(h+8)

= ' (54)

¢ 1+ Erprd(1—p?y)
24E.1+0,143E:pr3(1—p?)
rae h — Boicota rogpa, cM; Ro,u — KOIDOHUHEHT CHHMKEHHH NPOYHOCTH

[ojx BJAHsAHHeM mepdopauuil; AAA TPy6G C KPYMALIMH OTBEpPCTHAMH AHA-
MeTpoM do, PacHoOJOKEHHBIX ¢ iarom Sy,

ko=1=dy/S,, i (55)
Aas TpyG, UMEIOUHX HieaH AAHHOMH !,
Ru=1-1/S,, (56)

! — MoMeHT uHepuuM ceuyenus rodpa.

Ecnu 1py6ul umelot rodpsl, coctosuue u3 napabonnye-
CKHX AYT, OYePUYeHHBIX N0 YPaBHCHHUIO

y= ’—'[l—( - i‘)n]; neti- S <as 2,
2 S 4 4
TO
Tnap= 14—&‘ [S (3h2+6%) + 2,6k (h2+362)]. (57)

MoMeHT uHepuun ceueHus rodpa, COCTOALLEr0 H3 IBYX
MOJYOKPYXXHOCTEH ¢ BepTHKaJbHOM - BCTaBKOH BHICOTOH A,
(puc. 15,a);

Ioa= —-6—(“—83-!—32/114' ﬁ’12|-|- 2 hSl)- (58)
4\ 16 2 3

Hns roppa kopobuatoro npoduas (puc. 15,6)
Txop= %[% (3h2+62)+h3] (59)
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¥ TpaneueuaanbHOTO ceYeHHs
Lip= i[ B l_ (3h246) (S—2h tg a)], (60)

6 Lcosa

TAe @ — YroJ HakjaoHa pe6ep roppa K BepTHKAJM.

MoMeHT HHepUHUH cedeHHst rodpa, OUepueHHOTO MO CH-

Hycouae
) h . 2nx
y= —— sin ==,
2 S
MOXHO NPHUOJHIUTENbHO BBIYHCJAHTL NO ypasBHeuuw (57).
TlockonbKy Hecymasi cnocob6HocTs TpyO H3 IHJacTuye-

CKHX MaTepHaJJioB 3aME€THO MNOBLIWIAETCH 6J1ar011apﬂ nepe-

. i '
ey i1 [
3 . .
<& -1 3 —1
=i Qt(\-'
S 2
2 2
a /]
[~ 4 [ r
Sl 4 <oy
s K —7
h Q'N’ ®fey
£ | s s
(PPN B 2 y;
8 2
-
J Sl
. Y Puc. 15. Oueptands rodpos
e APEHaXHbIX MJIaCcTMaCCOBLIX
f Tpyo:

a — N0 NOJYOKPYXHOCTH C BepTH-
KAJALHOA BCTaBKOH hy, 6 — KopoGua-
Thie; & — TparemeuianbHble; & — na-
g pa6GoaugecKue; O — CHHYCOHAAABHMIC.

njer
MY
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pacnpeeseHuI0 YCHJAHH MeXAy OTAENbLHBIMH CeYeHHsIMH H3-
3a nuacTHYeckux Aedopmauuil, B NpaKTHYECKHX pacueTax
PEKOMEHAYeTCs NPHHHMAaTb Rp=0r, KO3(hQHUIHEHT YCa0BHMH
pabotei m;=0,5. Ona TIIDBI1 npegen Tekyuectn or=
=22 MIla, HIIBX — 6;=45 MI]a.

Has obGecrneueHuss ycaoBUs NeOPMATHBHOCTH MO mpe-
JIeJIbHO AOMYCTUMOH BeJHUHHE YKOpPaYHBaHUs BEPTHKaJbHO-
ro apaMeTpa HeoOXOAHMMO BHIMOJIHEHHE CJEAYIONIEro Hepa-
BEHCTBaA:

1,25-10-2PPS (1—p2) b 61
(Da—8) Etlko,m) <[¥]- (61)

YcTofunBOCTh NMONEPEUHOTO CeuyeHUs ApeHaxKHOH rogpu-
posanHol TpyOb ob6ecneuuBaeTCs TNpPH BHINOJNHEHHH YCJO-
BUi1

PlkyDy<< P. (62)
Besnuuna P, npH H3BeCTHOM KOHEYHOM YKOpauMBaHHH
BePTHKaJLHOrO AHaMeTpa TpyGh!
. —2D,3, —n2 ’
AD, = 125:1072PrS (1— )%
Etlkio,m

.(63)

onpeneNsaeTcs U3 ypaBHEHHUsA
S(h+8)F,ADsPy 0:F,Pyp
P2y~ Py [0F + Pyt [+ =0, (64
T 'r[ rTS‘ Kp 4001 | 'S ( )

TAe Or — Npelef TeKyueCcTH MaTtepHana tpy6ul, MIla; Pxp — BHeluHee
pABHOMEPHOE pajHa/IbHOE AaBjeHHE, NMPH KOTOPOM MoNepeyHoe cevyeHue
TpyObl TepseT YCTORYHBOCTb KpYroeoil ¢opmbl

_ 21/ _EEL 65
Pro= = l/su—u‘i‘)’ (65)

' — koa¢ppuunent otnopa rpyura, MIla/m.

E ¢ =0,75Ep/r. (66)
CJHu
n?
(< S0 (67)

To Pyp onpenensiercs no gopmye

Pyp=3F.1|r?S, (68)
rae F)— nnowlaas monepeyHoro ceuenust rodpa, cm?;
Fi=5C,, (69)

rae Co — AnuHa Ayru rodpa, cM.
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Ilas rodpos, coctosiuux n3 napaGoauueckux Ayr, ouep-
elbuiX no YPaBHEHHIO

o= -]
2 N
Cor= g [ViemesTy 2 SV (70)

Ans rodpos, COCTOSIUX M3 ABYX MNOJYOKPYKHOCTEH C
BEPTUKAJIbHOH BCTaBKOI BhicOTOM A,.

Comon =nh +2h,, (71)
Hns rodppos xopoGuatoro npoduis
Covor=2(S/2+h). (72)
HOns rodppoB TpaneuenaasbHoro npoduas
Co?=2(S/2+h/cos a—h sina). (73)

HnuHy nyru rogpa, ouepueHHO!M MO CHHYCOHM[e, BHIYHC-
AFI10T 00 popmyie

Cocwi=92E (k, /2)h/k, (74)

rae E(k, n/2)— monunlit 3anunNTHYeCKHit MHTerpasn BTOPOro poja mpH
MOAYyJE R, ofMpeAensieMOM MO 3aBHCHMOCTH

k= ——— (75)
¥S/h4a2

[TpounocTHEle XapaKTepUCTHKH Tro¢pHpOBaHHBLIX TPYO,
MUMCIOIHX OJMHAKOBbIE JHAaMETPhi M TOJILIHHH CTEHOK, 3a-
BHCAT B OCHOBHOM OT alCoJIOTHHIX pa3mepos roppos S u
h n dopmb KpHBOH, no KOTOpoil OoHM ouepueHbl. [lostomy
npyu pa3paboTke HOBHIX KOHCTPYKLHiIl rodpHpPOBaHHLIX TPYO
cjleayeT NPHHATL TakHe HX NapameTphi, 4ToOn obecneuu-
Bajlacb MaKCHMaJbHas MPOYHOCTH NpHU MHHHMAJBHO Heob-
XOJHUMOM pacxoje MaTepHasjia, TO €CTb HYXHO C03/aTb Of-
THMAJIbHYI0O KOHCTPYKLHI0O no npouyHoctd. Ilo nccaemosa-
nuam B. K. Xacenesuua HauGosee npHemJyeMbiM (ONTH-
MaJibHbIM) ouepTaHHeM AYrH roppos ApeHaXxHbIX TpyO mno
YCJIOBHIO MPOYHOCTH GyAeT 3JJHNTHYECKHH cuHYC SIkO6H

y=0,34S Sn (7,16x/S), (76)
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a pasMepbl roppoB DOMKHBI YNOBJETBOPSATL YCJAOBHSIM

S=1,125C, (77)
h=0,76C, (78)
rae C — AJHHA JyrH NOJAOBHHH roppa, onpexeaseMass mno ¢opmyie
PG (1—p2) :
fo SR 79
0,0752r l/ S nl) (79)

OnTumanbHble napaMeTpul ro)poOB pacCiUTHBAIOT METO-
oM rnocjaeaoBaTenbbix npubamxenuil. [Ipunse onpeneneH-
HYI0 TOJILUKHY CTeHKH TpyOn & (no mpejaBapHTesiLHBIM pac-
YeTaM HWJIH 10 aHaJOTHH C CYLIeCTBYIOUHMH Tpybamu), BH-
yucanior Beanyuny C no ¢opmyne (79) npu g =1. 3atem
HaXoAsiT MOMEHT HHEPUHUH NMPOJAOJLHOrO CeueHHs rodpa no

dopmysne
1=0,1237§C3 (80)

M BHIYHCJAIOT Mo ypaBHeHHio (54) koadouunent §. Ilo no-
JYYeHHOMY 3HAa4YeHHI0 CHOBa BHIYHC/NIOT BeuuuHe C u [
u T. 1. [is nosyueHuss npHeMJieMOro penleHHs AOCTaTOYHO
3...4 npubanxkennit. Onpeenus BeauuuHy C, BBIYHCISIOT
napaMerpsi rodpos S U h no ypaBHeHusam (77) n (78).
JJas BbIUKCAEHUA OpPAMHAT AYru rodpa (AJHOTHYECKOTO
cuHyca JkobH) MOXKHO HCMONKL30BATh CJAEAYIOLIHE JaHHbIE:
%/S 0 002 005 00625 01 0125 02 02
ylS 0 0,060 0,118 0,144 0,216 0,254 0,323 0,335

[MpounocThbie pacueTsl roppupoBanHbIX TPYO, HMEIOWHX
onTuMaJibHble (AJsi 3a]aHHbIX ycaoBuH ykaaaku P, H, Eyp)
rapametpsl, BeayT no dopmyaam (53), (61), (62). Tlpu
3TOM MJOUiajAb CeyeHHs roppa onpeaensior no opmyae

F,=25C. (81)

MpoyHoCTHLIE pacyeThl MOA3eMHBIX HanoOpHuix Tpy6o-
nposofoB u3 maacrmacc. [Ipn pacuerax HeoGxoaumo obec-
NeyuTh BBINOJHEHHE CJEAYIOLIHX HepaBeHCTB:

a) o YCJOBHIO MPOYHOCTH:

Ptty’ <<moRp'nd?/6r, (82)

rjpe
Pgax+ Pe (83)

PB&K_*_PI‘ ) ’
3A2+0,125Erp

Ll=14+
3/42(1

50



6= e (84)

1  e— -
+ 244,+0,143E,,

E, 6 \3
o L [ 8y 85
A l2(l—u2t)( r) ( )

Harpyska Pr u Ppax BHuHCAaOT no dopmyiam (32) u
(33), BHewlHAs npuBeleHHAs Harpy3ka P no BbIpaXeHHIO
(31) (Ia/m);

6) no ycaosuio AeOpMaTHBHOCTH:!

125-10-PLty _
LIS I0PLE py), (36)
rae
.o 1
ba - l PBaR+PI‘ ) (87)
t T,

s HanopHLIX NJacTMacCoBLIX TPY6 AONYCTHMOE YKO-
paunBaHHe BEPTUKAJBHOrO AHaMeTpa () NMPHHHUMAIOT paB-
ueiM 0,035...0,05;

B) MO YCTOWYHBOCTH KpyroBoi#i (pOpMbI NMONEpPEYHOro ce-
YeHHUd:

T' (P/Dy+ Paax+ Py) < Pup. (88)

¥y

ITpenenbrHoe BHewiHee paBHOMEPHOE pajHajibHOE AaBJe-
HHe BLIYHCJSAIOT Mo popMyaM

Ppa= l/ %AzErp, (89)

PKp,2=3A2+0,143Epp. (90)

B pacueT npHHMMAaIOT MeHbllee H3 HHX.

HonyctuMoe BHyTpeHHee AaBjieHHe B TPyOONpPOBOAE MpH
OTCYTCTBHH BHeWHEH Harpy3kH HaxoasaT mno dopmyne (42).
Buyrtpennuit paauyc Tpybb onpeaensiior no ¢opmyne

ro=D/2—3. (91)

B npakTHYecKUX pacueTax HamopHbIX Tpy6onpoBOAOB B
dopmyne (82) kospopuuuent mo=1, R’y u E; npuun-
MaloT no Ttabauue 7 B 3aBHCHMOCTH OT MpeAnoJiaraeMmoro
CpoKa cayXO0ni TpybonpoBoaa.

s ymeHblIeHHS HAarpy3ok M obecrneueHHs AJHTeJLHOH
MPOYHOCTH MJAaCTMACCOBHIX MOA3EeMHLIX TpybONMpoOBOAOB He-
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o06XoaMMo yk/aaAbiBaTb WX B Y3KHE TPaHLIEH, B XeN0BOK
Ha nHe ¢ yTpamOoBKofi masyx rpyHta. YKJaajka njacTmac-
COBHIX TPYOONpPOBOAOB MOA AOPOraMH ¢ UHTEHCUBHBLIM JBM-
JKEHHEM M MOJ COOPYKeHHSMH HexejaTesbHa, HO NMpH He-
136€XKHOCTH TaKOH YKJaJKH HeoOXOAMMO MpeAycMaTpHBaTh
cneluajbHbie 3aLlUTHEIE MeponpuaTHa (o6kaanka Tpy6 Kup-
nuuoM, GeTOHHbIE KOXKYXH H Ap.), TIPK 3aCHillKe YJIOMKEHHBIX
B TPAHLICI0 MJACTMaccoBLIX TpyO H3berath MOBpPEKIEHHSA
UX TSXKEJNBIMH FIIbIGaMH FPYHTA, KaMHSIMH.

IMpu nepeBo3ke TpyG NpHHEMAIOT Mepbi NMPeIOCTOPOXK-
HOCTH, 4TOOB! HCKAIOYHThL AeOpMALMI0 HX: CIVIIOLIHBaHHeE,
HCKpHBJeHHe, neperuOul, usaomet. [Ipu norpyske u pasrpys-
ke Tpy6bl He caeayer OpocaTh. XpaHHTb MJ1aCTMacCOBLIE
TPY6bl B CKJAACKHX MOMELIEHHsIX H Ha oObekTax GoJsee oA-
HOTO CTPOHMTENILHOTO ce30Ha He nonyckaercs. [Ipu atom Tpy-
61 00si3aTesbHO NPENOXpPaHSIIOT OT MNPSIMOTr0 COJNHEYHOTO
06JiyyeHHs, MeXaHHUECKHX NOBPEXJACHHH U NJaMeHH BBHICO-
Ko#i TemnepaTyphol. Jletom Ha ckaagax CMY t1py6ei xpa-
HATCSL B 3aKPBITHIX MOMELUEHHSAX HJIH NMOA HaBecoM. ByxTho
Tpy6 YKIaABIBAIOT Ha JAepeBsiHHBIE HACTHJBI WJIH TOJAKJAA-
KH TODH30HTAaJbHO, WITabeasiMH BHICOTOH He G6ojnee 2 M
VCTaHABJHMBAIOT BepPTHKaJbHO Ha pebpo. Ilpu cknaaupora-
HUM He Jonyckaercsi OecrnopsinouHas ykmaaaka OyxT. [lpu
OTCYTCTBHHM HaBeCOB Ha o6bekTax TPyObl HeOOXOIHMMO YK-
poiBaTh GpPEe3eHTOM, COJOMEHHBIMM MaTaMHM, BeTKaMH. 3H-
Mol TpyGbl XpaHAT Ha CKJAajax B 3aKPbITHIX NMOMEUIEHUSAX,
BAaau (Gosee 1,5 M) or HarpeBaTenbHbX npu6opos. He
JONyCKaeTCsi OCTaBAATh TPyGHl Ha 3MMY Ha NOAAX H MO.A
tasecoM. Ilpu npousBoacTBe paboT B 3HMHee BpeMmsl TPy-
66l Ha ob6BekTax xpaHaT He Gosnee 10 aueil, npuiem noa
Tpy6Hl MOJAKAAaABLIBAIOT JePeBAHHbIC ILWTH, COJIOMEHHbIE Ma-
TH, CBEPXY HX YKPHIBAlOT COJIOMEHHLIMH MaTaMH HJH Ope-
3€HTOM.

3. BogonpuemHas cnocoGHOCTH NMAACTMACCOBBIX
ApeHaKHHX TPYD

TpakTHyeckHn Bce MNpHMeHsieMbie B HacTosillee Bpemsi
ApeHaxHbie TPYOH H3 MOJHMEPHBIX MAaTE€PHAJOB B TOH HJH
11HO# CTeneHH HeCoBeplUIEHHH MO XapaKTepy BCKPHITHS MJa-
¢Ta, TaK KaK MMEIOT HedHAbTPYyloUlHe CTEHKH M MPHHHMA-
10T BOAY TOJNbKO nepdopauuoHHbIMu oTBepcTHaMH. Ha noa-
X0J€ K OTBEPCTHSIM TPYHTOBBIi IOTOK MpeTepneBaeT NPOCT-
PaHCTBEHHOE CXKaTHe; MO0 CPaBHEHHIO ¢ MAeaJbHOH JApEHOH
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Jaw n-n

6Puc. 16. Cxembi ABHXeHHS BOAB K APEHAXKHLIM MA3aCTMacCCOBHIM TpYy-
aMm:

a— Ges ¢unvtpa; 6 —c duavipom; [ — TpyGa: 2 — nepdopauusn; 3 — GpuALTP;
4 — JHHHY TOKA; 5 — JHHAM DaBHLIX HANOPOB; 6 — 3MI0pbl  FPaAHEHTOB.

BO3HUKAIOT JONOJIHUTEJbHbE (UABTPALHOHHLIE CONPOTHB-
JIeHHSs, Bbi3biBaeMble CrYyIIeHHeM JHHHA TOKa, MOBHIiIe-
HHEM cKopocTell (puabTpaluu U BO3pacTaHHEM FpaJHCHTOB
papaenuii (puc. 16).

Baxueiiiias o0co6eHHOCTh MJIaCTMACCOBLIX JpeHaXKHbIX
Tpy6 3akjioyaercs B TOM, 4TO nepdopaunHOHHLIE OTBEPCTHs
pacmnpeliejieHbl OTHOCHTENILHO PaBHOMEPHO MO HX TOBEPX-
HOCTH, o6l asi BOJAONpOHHLAeMasi MJouiaib AOCTHraeT 15...
50 cm? Ha | M TpyGHl, uTo B 3...10 pa3 Goabiue NJOLWAAH
CTBIKOBHIX 3330pOB MEXKAY KepaMuueckumu T1pybamu. Benen-
CTBHE 3TOTo NJAacTMaccoBbie APEHBHl N0 BOJAONPHEMHOH CHO-
COGHOCTH MaJIo OTJHYAKTCA OT HJeasbHOH ApPEHBH, B OCO-
GEeHHOCTH NpH NpaBuJbHO MoaoGpaHHOM (uibTpe, H 3HAYH-
TeJibHO PEBOCXOAAT KepaMHUeCKHH ApeHax.

3anaya o mpHTOKe BOAB K nepdopalHOHHBIM JpeHaX-
HelM Tpy6aM B oOiEeM caydae siB/AsSeTCs IPOCTPaHCTBEHHOH.
YpaBnenue ¢unbTpaluud B HUJIHHAPHYECKHX KOOpPAHMHATax
Gyner .

_L_a/r %) %91 _g

r 0!( or ay:
1o, zw_z)+ 1P Fe_g

2 98T | gy

(92)

’

r ar\ or

rae  @i=krph; @y=kph — moTenunan cxopocTH uabTpauuu; r=
=}Yx2+2%
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Hdns npenaxdoit TpyGul, neppopHpOBaHHOH NpePLIBH-
CTHIMH 1LEJIIMH, Pacho/ioXeHHBIMH N0 NPOAOJBHHM 006pa-
3yIOUHM B m PSANOB MO OKPYXKHOCTH TPYObi, IPH KPYroBom
3allUTHOM (HIbTPE TOJILIHMHON § ypaBHEHHe HYXKHO pellaTh
MPH CJEAYIOUHX TPAaHHUYHBIX YCAOBHSIX (B OGO3HAYEHUsX
puc. 17):

1) r=R:h=H;
2) r=ry, —Pp=<O<B, —I<y<<l:h=0
—a<O<o, —(S-)<y<<(S-1)| . an

3) r=r L
) e —(a—B)<B< (a—B), —I<y<!) @r (93)
) y== 2 ) B=%a 6

6) r=ro+9 :h|=h2,

rie 2a=2n/m; ro=paguyc Apenaxiofi TpyOel; 2/ — nauna wieneit; 2S5 —
war nepdopaliuii;

Pewenune 3anau (92) u (93) conpskeHo ¢ GoJblLIMMH Ma-
TEMATHYECKUMH TPYAHOCTAMH. TOUHBIX, NMpHEMJEMBIX /s
NPaKTHKH METOAOB MOKa HeT.

Coraacuo ¢opmyse (2), peiieHHe 3ajauH O NPHUTOKE BO-
bl K ApeHe B ofllieM ciyuae CBOAKTCS K HaXOXAEHHIO 3Ha-
YeHHA (UIBTPALHOHHBIX CONPOTHBJEHHH, 00YCJOBJIEHHBIX
IpaHUYHBIMH YCJIOBUSIMH puabTpaunu @), HecoBEpLHIEHCTBOM
BOJIONIPHEMHON MOBEPXHOCTH TpyObl Cyp M BAHSHHEM 3aLIHUT-
HbIX GHABTPOB YPg. OOLKX aHANUTHYECKHX PeUIeHHA Aus
RepdOpPallMOHHEIX APEHAXHBIX TPYO, yJOXKEHHHX C (GHILT-

2 pH
[+ 4 .
1
SR f:0
e A 7
o E \
A O 2
a
] s,

X

Puc. 17. Pacuersasa o6s1acTh QRALTpAUHH.
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poM, HeT. B cayuae yknanku apen Ge3s ¢uabtpos (¢o=0)
H3BECTEH pAJ peLleHnl, NPaKTHYECKoe NPHMeHeHHe KOTOPHIX
3aTpyAneHo. Tak, M. Macker (1943) ans Tpy6 ¢ nponoJs-
HO-flapaijiebHBMH 1eNsIMH LIHPHHON To=2{, (puc. 17)
H aauHOl [=2/,, pacnosioxXeHHbBIMHE MO O6pasyOLUM C ilia-
rom S=2S, B m; psA0OB NO OKPYKHOCTH TPYObi, NpeNJIONKHI
CAeAYIOWYI0 3aBHCHMOCTD:!

2nnh
Cu= —[2 E Ko(2nnpa) S'; -
= . 0; .sm2nnh
+2 i§l ";l Ko(4nnpc) sin 5 " omah
w ! 0,
+in L2 " gsin . (94)
n =1

Has Tpy6 ¢ kpyraoit nepdopauueit 1uamerpom do

COTB‘_— [2 Z K0(2J'[npn) +

my

+2 E E K| 4J'mpw) sin — -co szin_"_*_

i=1 n=1 2 mny
+1n L8 _ "5 noin @] (95)
On i=1 2
rae
pe b T b n R
25, "7 95, T oS, PeT s, 0T

Ko(2anpn) u K(4nnp)— dyukuuu Beccens TpeTbero poja HyJAeBOro
K MepBoro Nopsiika OT MHHMOrO aprymenta; ©; — yroa, obpasyiowniica
MeXAY OCblo Z H i-M psiioM fepdopauny.

Hansa Bbluncienus kosdduuuentoB C; no ycaosusm (94)
H (95) Heob6xoaumo GpaTh B HEKOTOPHX caydasnx Oosee
150 uneHOB psifia, YTO CONPSIKEHO C H3BECTHLIMH TPYAHO-
C1AMH Jaxe npu HcnosabzoBaHuun DBM. B. U, lllypos (1953)
Ha OCHOBe yNpoUleHHH H HHTepNoOJsuMH, NMO3BOJHBLIHX 10-
BOJILHO TOYHO MpPOCYMMHPOBaThb psiibl B BhipaxeHusx (94)
H (95), nNpeANiOXHA CAEAYIOLHE SMNHPHYECKHE 3aBHCH-
MOCTH:

_ (107,-0%8+80) (1/60) -2
Cm - N (1,086.40,004753) ’ (96)

49,4(1,012d,-1824-1)
Corn=
N (0.0066d,4,5+1,033)

, (97)
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rae | — pauHa utenu, MM; To — WIMpHHa weaH, MM; do — AuaMeTp mep-
¢popauuonnslx orsepcthit, ¢cM; N=100 m/S —yucno nepdopaunii Ha
1 M Tpy6ni; m — yucio psfoB nepdopauuil; S — war nepdopainu, cM.

®opmyna (96) ayuuime pesyanTaThl AaeT npu 50</<
<70 u 0,2<%<2 MM, a popmyna (97) —npu I<N<150.

B. T. Knumkos u A. M. Mypauko (1968) mMetomnoM KoH-
bopmHbIX OTOOpaxeHHA NONYyuHaH TNPHOJIMXKEHHOE peLie-
HUe JAJsi OnpefeeHHs (HAbTPALHOHHBIX CONPOTHBJEHHI,
06YyCJ/IOBJIEHHBIX HECOBEpPIIEHCTBOM BOJONPHEMHOH MOBEpX-
HOCTH Tpy6 c mpojosbHolleneBoii nepdopauued, yAoXKeH-
HelX 0e3 puabTpa, B CJeAyIOHIEM BHIE:

hl s
Coy= 2y —L— | (98)
mib
sin— o ¢
rae
O=arcsin 2. (99)
D

AHasnOrH4yHO pelleHHio, NPHBEAEHHOMY B NpeablAyluelt
rnaBe AJsi KepaMH4YEeCKOM JAPeHb!, NMPUTOK BOAB K MNepdo-
palHOHHOH MJIaCTMAacCOBOH ApeHe, YJOMXKEHHO# ¢ KPYTroBbIM
¢$HILTPOM, ONpenensieTcs ypaBHEHHEM

onkrpHL

Q=" ko . pD+25 k . (100)
2R (B ) 2B, e
"D +( kep ') D T €

rae Ci — GUAbTPAlLlHOHHbIE COMPOTHBJIEHHA, OOYC/OBJEHHBE HecoBep-
ILEHCTBOM BOJONPHEMHOH NOBEPXHOCTH APeHaXHo# TpyOW, ompexense-
Mble ypaBHeHusMH (94)...(98); 8 — Tomunua ¢unabtpa; D — HapyXuHiit
AnaMmeTp TpyGbl.

Takum o6pasoM, BojonpuemHasi CcnOCOGHOCTh MNJacT-
MAacCOBOTO ApeHa)a onpejensieTcsi, ¢ 0AHOH CTOPOHBI, KOH-
cTpykuueli Tpy6 (auamerp, popma, pa3Mepbi H KOJHUECTBO
nepdopauuit), ¢ Apyroit — napameTpamu 3alllHTHOTO QHUJIBLT-
pa. B ta6snuax 13 u 14 npeacraBneHsl pe3yJbTath Jabo-
pPaTOpHLIX ONLITOB B FPYHTOBOM JIOTKe pa3mepoMm 5,6 X1,0X
X0,5 M Mo H3yueHHI0 [peHaXKHOro cToka npu paborte no
cxeMe moapyc/oBoii npenn (Mypaiiiko, 1973). Dkcnepumen-
Thl CBH/IETEJBLCTBYIOT O TOM, yto opmyan (15), (97) nu
(98) naior pesynbTarThl, Giu3KHe K (PaKTHUECKHM, H HX
MOXHO PEKOMEHAOBAaTb AJS MPAaKTHYECKOrO HCMOJb30BAHHS.
C Apyroil CTOpPOHbI, BHAHO, YTO BJHAHHE 3aLIMTHHIX (QUIbT-
pOB Ha BeJMYMHY BOJO3aXBaTHOH CMOCOGHOCTH [peHaxa
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13. CpaBuenne (aKTHYECKOr0 ¥ PACYETHOro CTOKA M3 nAICTMACCOBLIX
IpeH, yaoXeHHbx 6e3 GuabTpos

a XapakTepucTuka nepdopaunu Tipenaxbii -

S cToK Q, cMm¥c 2
H ~ & 8 z
= . |z |8, . | = - 8
A IR AR R R
220 sl |E|5S| s |ZE| 2| § | 1|F| &
2% | Eg |E_| & 35| 5 [s3| 55| £ | o z
=& | c& |55 5 (&5 5 [s&| &%) & | °© &
75 6 2504 — 60 60 | 67,5 | 70.3 —7,01 (98)
40 6 25112 — 60 60 | 73,5 | 68,4 +7,2 >
50 3 130]|1,0] — 60 120 | 46,7 | 459 —-17 >
50 6 |30 10 — 45 60 | 73,1 | 75,7 +3.3 »
50 6 |30;10] — 60 60 | 68,7 | 67,8 —1,3 »
50 6 13010 — 90 60| 67,7 | 55,0 | —19,0 >
50 6 |30 1,0 — 75 60| 67,5 | 61,0 —-9,6 »
50 6 12010 — 60 60 | 68,7 | 97,5 | +42,0 | (96)
50 3 13|10 — 60 | 120 | 46,7 | 898 | +923 »
50 6 |25] 04| — 60 60 | 65,7 | 98,0 | +49,2 »
50 1 — | =115 10 23,5 | 21,8 72| 97
50 3 [—] —| 15 10 | 120 | 366 | 445 | +17,7 >
50 6 |[—|— |10 10,5 60 | 43,0 | 43,2 +0,5 >
70* |Ctbiku| — | 1,0 — 5000 — | 28,0 | 321 | 14,1 | (15)

* Kepamuueckse TpyOHi. ! '

14. CpaBHenne ApeHAXKHOrO CTOKa W3 NAACTMACCOBBIX TPYO,
yJAOXeHHbX ¢ duabTpoM K 6e3 nero
a PaxkTuueck i OTHoWeHHE
e Mepdopauus cToK fipu 18°, daxTuieckoro
3 cmfc CTOKA K CTOKY
s BOPHCTOR
= = o o ApeHs

= E = =] a =,
:zl z. § N S Y E §-85 o .
Q| X | . s £ | age el 2
22 | g . | § 22| 5. | 358 ¢ | .5 2z
=& | 3 8% | Fe | E3 | 39 | o28| O | &8 | o8
50 10 1,5 1 1,771 9,8 | 58,3 | 595 | 0,12210,730
50 10 1.5 1 1,771 235 | 65,0 | 2,76 | 0,263 0,729
50 10 15 2 3,54 23,5 | 81,5 | 347 | 0,263| 0,914
50 10 1,5 3 5,31 36,6 | 83,0 | 2,27 | 0,411]0,931
50 10 1,5 4 7,08( 36,2 | 86,0 | 2,38 | 0,408!9,965
50 105] 1,0 6 4,05( 43,0 | 81,0 | 1,88 | 0,48210,909
70 60 0,4%25 6 | 100 | 657 [ 948 [ 1,44 | 0,653]0,972
40 60 |1,2x25 6 |300 737|855 | 1,15 |0880(1.018
50 45 |[1,0x30 6 | 40,0 | 73,1 803 1,10 ! 0,821 0900
50 60 11,030 6 1300 687 | 82,7 | 1,20 | 0,771 (0,928
50 | 105 11,0x30 6 {171 1675|799 | 1,18 | 0,758 0,897
70* | 500 1,0 - 2.2 | 280 | 537 | 192 | 0,287 0,500

* Kepamuueckue TpyGsl.
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oyeHp cyulecTBeHHO. [lpu masolt crenenn nepdopuposauus
Tpy6 cTOK Bo3pacTaer B 3..5 pa3. Kpome Toro, Hanuuue
duabTpa BOKPYr nNepgOpalHOHHBIX Tpy6 npubIHKAET HX
no ocyintebHoMy 3¢ dexkTy K NOpHCTHM ApeHam. Bee atu
06cTosITeILCTBA CJAENYeT YYHTBIBATH NPH NPOEKTHPOBaHHU
NJacTMaccoBOrO ApeHaxa.

JKCnepuMeHThl B Ja6OpaTOPHLIX YCJNOBHAX H TEOPETH-
4eCKHe pellleHHs MokKasbiBaloT (t1aba. 13, 14), uto npu co-
XpaHeHHH OJMHAKOBLIMH BCeX ycJOBHIT paboTh MaacTMacco-
BHiil JApeHax o6aajaer Goabliieli BOAO3aXBaTHOH cnocob-
HOCTbIO, yeM KepaMmHuyecknit. OO6ycaoBAeHO 3TO Topasio
Gonblliedl Ha eMHHIY AJHHB NJOIaAbI0 BOAONPHEMHOI 1I0-
BEPXHOCTH H paBHOMEDHHIM pachnoJoXeHueMm mnepdopauui.

4. Ocymnreasnoe neficTBue NIACTMAcCCOBOTO JpeHaMKa

OcyuintesibHoe JeficTBHe TOPU30HTAJLHOTO NJaacTMac-
COBOrO JpeHa)ka H3yuyaaoch Ha NocTpoeHHolx B 1963...
1969 rr. cemu ONLITHO-NMPOM3BOJACTBEHHLIX yYacTKax oOuief
naollaasiy Gosee 1100 ra, Ha KOTOpHIX 3aJ0XeHO GoJee
170 BapuanTOB ONLITOB. XapaKTEPHUCTHKH OMBITHBIX CHCTEM
U YCJOBHH CTPOHTeJbCTBa JaHH B Tabauuax 15 u 16. Ilpu-
MeHeHB TpyOH IVIaAKOCTeHHble U ro¢pupoBanHble u3 [13BII
¢ pasiuyHOi mepdopallMedi, a TakXKe IMJeHOUHbie TPYOH H3
BHHHN/AcTOBOM sieHTHl. CTPOUTENbCTBO JpeHa)a BeJOCh
skckasatopamu DTL-202 u 3TH-171 (wxpuHa TpaHLlieH
B.p=50 cM), y3koTpaHUIE/iHbIM (HHCKHUM - APEHOYKJIAAUH-
Kom «Mapa-55» (B.p=17 cm) u OecTpaHIilefiHbIM ApEHO-
yknanuukom JAITBH-1,8. [MpuMenenne pasjdyHbIX MALUHH,
NOMHMO HM3yYeHHs] WX MPOH3BOAUTENLHOCTH, NPEC/ENOBAJNO
noJiyueHue AaHHLIX NO BJHSHHIO WIHPHHBL TPaHIIEH Ha OCy-
HiMTeAbHOE JIedcTBHE JpeHaxa. Ha Bcex yyacTkax B Kaue-
CTBE KOHTPOJILHOTO BapHaHTa YKJaJAbiBalH KepaMHUYEeCKHH
ApeHa), NMPHMEHS/NH TaKXKe pasJjuiyHble CNOCOOH 3aUIUTHI
ApeHa)ka OT 3aH/eHHsi W pasHbie QUAbTPYIOLIHE MaTepHua-
abl. Ha yuactkax B konxose um. Kanununa u «I'Bapaus»
B 4acTH BapHaHTOB ONHBITOB MaTepuHasbHbIH JApeHax Obla
aonojuen KporoBbiM. Ha Bcex yuacTkax NpoBeJeHLI KOMI-
JeKCcHble CHCTeEMaTHueCKHe HabMloeHnsl 32 ApeHaXKHbIM CTO-
KoM, anHamuko# YI'B, atmMochepHBIMH OCajKkaMH, BJAXKHO-
CTbIO MOYBbI, TPOMEP3aHHEM H OTTaHBAaHHEM, PEXKHMOM YK,
3ausenneM ApeH, Aedopmauuedi Tpy6, COCTOSIHHEM TMOCEBOB
n ap.
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TsKennie TAMHHCTHIE NOYBbL. Pery/jupoBaHue BOJHOTO
pexuMa NoYB THAXKENOro MeXaHHYeCKOrO COCTaBa CONpsiiKe-
HO C H3BECTHBHIMH TPYJAHOCTAAMH, TpeGyeT TUIATENLHOIO H
BCECTOPOHHErO aHaJn3a NPHPOAHHIX ycs0BHH, BHGOpa co-
OTBETCTBYIOLLErO criocoba OCYLIeHHWsi M TeXHOJIOTHH MpoBe-
AeHusi pa6ot. I1pu BEIGOpe croco6a OCylIeHHsT HEOGXOAUMO
Apexje BCEro YYUTHIBAaTh pedbed MECTHOCTH M CTeNeHb
OKYJbTYPEHHOCTH Mo4Bbl. Eciu nouBoo6pasywouluMH [OPO-
LaMH CJYXaT TAXejble JEHTOYHblE [VIMHBI C MJIOCKUM paB-
HUHHBIM- pevyibehoM, chopMHpOBaHHHE Ha MecTe OLIBIIHX
JIEAHUKOBHIX 03€p H HMELlHe MaJOMOWIHBIA NaXOTHBIH
CJI0A, TO AOCTAaTOYHOE OCYLIeHHe MOXeT ObiTb ROCTHTHYTO
TOJIbKO TpPHMEHEHHEM CHCTEeMaTHUeCKOro JpeHaxka (3aKphl-
THIX co6uparejieil) u Ha ero OCHOBe psiia JOHOJHHTENbHBIX
arpoMejIMOpaTHBHBIX Meponpusatuil. K mocieqHuM OTHOCAT-
cs1 r1y60Koe prIXJIeHHe, KPOTOBaHHeE, PO UIUPOBAHKE H AD.
Cnoco6 HCKycCTBEHHBIX JOXKOMH M arpoMesiHOpauu# Ha TH-
KeJbIX MOYBaX € MJOCKHM peJapedoM, KaK NpaBmao, He
naetr TpebyeMoro sdpdekra. Jasa npusanus 10:K61HAM YKJIO-
Ha YyCTbeBble YaCTH HX NPHUXOLUTCA 3HAYUTENBHO 3arayb-
Adtb. B mnepuops u36bITKa BJMAarH Takue JIOXGHHBI TPYIHO-
NPOXOAUMBI [JIsi MallWH, HepaBHOMEPHO MPOCHIXAIOT, MoCe-
Bbl CO3PeBaIOT HEOJHOBPEMEHHO.,

CrapomaxoTHHE 3eMJIH Ha NOYBAX TSAKEJIOrO MeXaHHYe-
CKOTO COCTaBa pacnojiOXKeHH!, KaK NpaBu/io, Ha ydyacTKax C
\OpOLIO BHIpa:KeHHbIM peabedom. Hepenako onH umeror Moin-
Heifl OKYJbTYypeHHH#l cao#, o6nanalomiuil 601b1IOH aKKyMY-
JUpYIOlled eMKOCTbio. JJocTaTOuHBIH YKJOH NOBEPXHOCTH H
6onee mAM MeHee pa3BUTasi CeTb €CTECTBEHHBIX TAJbBETOB
obecneynBaet 31eChb AOBOJbHO OLICTPHIA CTOK TaJbiX H A0XK-
JeBbix BoA. IlepeyBnaxcHeHHe M NO3JHee CO3peBaHHE STHX
MOYB NPOMCXOAMT He KaxAbii roa. IlpuunHoil nepeysnax-
HEHUsl CTapONaXOTHBIX 3eMeJ/lb THKEeJOro MeXaHHYeCKOro co-
craBa ObHIBaeT B OCHOBHOM YXyJAlleHHe BOJZONpPOHHIaeMOCTH
NaxXOTHOTO CJiOSl BCJEJACTBHE YNJIOTHEHHS €ro TsKeJbIMH
CEJbCKOX035HCTBEHHBIMH MallMHaMK M opyausmu. Takoe
yIJIOTHEHHe 0COOEHHO BEeNHKO, KOraa paGoTbl NPOBOASAT IIPU
HEAONYyCTUMO BHICOKOH BJIa>XKHOCTH nNOYBbl. TaKHe 3eMJH
MOXKHO YCIEUIHO OCyHIaThb pejJKOH CeTbi0 KaHajoB, a TakKXe
KOJIJIEKTOPHO-JI0XOUHHBIM cnoco6oM, NPH KOTOPOM BOJA H3
3aMKHYTHIX JIOXGHH MO 3aKpbITHIM KOMJEKTOpaM OTBOAMT-
Cs B MAaruCTpajbHBE KaHaJbl WJIH JApyruHe BOAOTOKH. [nsd
NpuaHus JoXG6HHAM HeoOXOQMMBIX YKJIOHOB He tpebyeTcs
3HayuTeNbHHIX 3arany6aeduil. Kak npaBuio, J0XGHHBI, YCT-
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panBaeMble IO €CTECTBEHHHM TaJjbBeraMm, JIErKOMpPOXOAHMBI
Anst Texuukd. Ilnannposka noBepXHOCTH, IY6OKOe phixJe-
HHe, KPOTOBaHHE K [pyrHe arpoMeJHOPATHBHbIE MepOMNpHS-
THA B JONOJHEHHE K KaHalaM H JOXOHHaM CO3JaloT Ha
YKa3aHHBIX 3eMJAX BnojHe O6JaronpusiTHble YCJAOBHA AJASA
NOJyueHHs1 BHICOKHX YpoOxKaeB. YCTPOHCTBO CHCTEMATHYECKO-
ro TpyGuaToro ApeHaka Ha XOPOILO OKYJbTYPEHHBIX 3eM-
JAX ¢ APKO BHIPaXXeHHBLIM peJibeOM M FYCTOH CeTbi0 ecTe-
CTBEHHBIX TaJIbBeroB He 06si3aTebHO. ToabKO Ha HeGOJb-
UIKX YYacTKax, rfe HeBO3MOXHO OPraHHW30BaThb MOBEPXHO-
CTHBIA CTOK, YCTPauBalOT BHIGOPOUHBIA ApEeHaX.

Ha poanBlil pexXuM TIMHHCTHIX NMOYB CYILECTBEHHO BJIHS-
10T MHUKDOMOHHKEHHS,, B KOTOPHIX BeCHOM H OCEHbIO JJIH-
TeJbHOE BpeMsl 3aCTauBalOTCH TaJible W JOXJEBHE BOJBIL.
TuiatenbHast MJIaHHPOBKA NMOBEPXHOCTH H YCTPOHCTBO B JO-
IOJIHeHHe K 3aKPHIThIM TpyOuaTbim coOHpaTesisiMm KPOTOBOIO
JApeHaxa 3HAYMTENbHO YJYYIIAlOT YCJIOBHSl OCYLIEHHS H CO-
3a0T GaaronpUATHbBIE YCJAOBHS AJA pocTa pacteHui. db-
(G exTHBHOCTL KPOTOBaHUs H3yyasach B Bejopyccuy Ha OnbIT-
HHIX YyyacTKax B Kosaxoze uM. KaauunHa u <«I'Bapaus».
3jech Ha 4acTH MJIOULaJH MaTepHaNbHLIA npeHax Obla1 J0-
nosHeH KporoBeim AJuHoi 40...100 M, ray6unoi 0,5..0,7 m,
C paccrosinueM 2,5 M. YCTPOHCTBO €ro OCYLIECTBJAAJIOCH
KpotoApeHaxHbiMH maiwuHamu KH-55 u [1-657 npu ama-
merpe apenepa 50..80 mm. Ho 1965 r. ato 6ulan GpocoBble
3eMJIH C MaJIOMOLHBLIM OKYyJbTypeHHBIM cloeM (5.8 cm).
[Moctpoennsle B 1965 r. nox6unbl yepes 50..80 M He obGec-
NevyuIu JOCTATOYHOTO OCYUIEHHS, W 3eMJiH NMPaKTHYECKH He
ucnoab3oBanuck. Ilocne 3aknagku cucreMaTHyeckoro jpe-
Haxa ¢ paccrosinieM 10 M u TulaTenbHOH NAAHHPOBKH (B
3 caepa) noBepxHOCTH GbIIM CO3[JaHBl HOpMaJbHBIE YCJO-
BUSi A/ pa3BUTUA PacTeHHH. YpoOXKaH MUEHHIBI, HAIpUMEp,
B 1969 r. cocraBua: 2,68 t/ra. Kak nsiactmaccoBhil, TaKk H
KepaMuyeckuil  ApeHax paboTaJl  yAOBJeTBOPHTENLHO
(taba. 17).

JlyuuiuM ocyluiuTeJbHBIM AelicTBHeM o6JajaeT ILiacT-
MacCOBbI#l JpeHax M3 rodpHpoBaHHbIX TPY6 (KoanexkTop 3),
YTO corgacyercss ¢ JabopaTOPHLIMH ONbLITAMHM H TeOpeTHYe-
CKUMH peleHHsAMH. [lomoJ/ieHHe NJacTMacCoOBOro JApeHaxa,
yaoXeHHoro 6e3 ¢uabTpa, KPOTOBHIM OOYCJOBHJIO 3HAYH-
teabHoe (B 1,46 pasa) noBbiilieHHe ero OCYIIHTEJbHOrO 3¢-
dekra (cM. ApeHaxHbii CTOK H3 KOJJeKTopoB 5 u 9,
tabn. 17). B koaxose «I'Bapansi» Ha KOMOHHHPOBaHHOM
ApeHaxe cToK Obla Ha 38..70% Bbille, yeM Ha OOLIYHOM.
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17, Pe3yibTaThl 3aMepoB APEHAXKHOro CTOKa HAa Y4YAaCTKe B KOJAX03€
#uM, Kaaunpna 3za 1967...1968 rr.

JlpeHaxHBA CTOK, MM 3
c
=
o - = = 4
2 = - = =
y S XapakTepucTHKa ApeHaxa - > > = o
o8 « =" a x
e - = o | 2!
¥ == o= b e z
@ X b¢ o= L P el
-3 Ele2 2T | =< 3= )

-

KomGuuuposanusit (xkepa-
MHYeCKHii ¢ GHABTPOM
H3 cTekJoxodcra, D=
=72 MM C KpOTOBbiM) 549 24,97 | 0,38 | 35,44 66,28

3 [MnacrTmaccoBmii: D=

=55 MM; To=1 mMmM;

=13 mM; S=5 wmm;

m=6; ¢uaLTp — CTek-

JOXO0NCT 10,78 2599 4,54 | 42,17 83,47

5 | Kom6uunposaHuuiit (maacr-

maccoBuili 6e3 Quabtpa

c KpOTOBHIM): D=

=42 mym; =1 mM; (=

=30 mMm; S=70 wmm;

m=6 5,85] 23,66 2,08 | 31,03 62,57
9 [Maacrmaccoswiit Ge3

buaptpa: D=42 wm;

To=1 Mm; [=30 wmM;

S=70 uM; m=¢ 1,291 26,39 0,35 | 14,95 42,98

HauGonee nuteHcuBHas paGora apenaxa Habuogaercs
BeCHOH: MaKCHMaJbHble MOAYJH CTOKa JAOCTHrajH B
1968 r.—1,4; B 1969 r.—2,7 u B 1970 r.—1,8 a/c-ra, oce-
Hbio oHu He mpeBblmaau 0,35..0,5 n/c-ra. B tenJoe Bpems
roga Ha TsKeJblX MOYBax MOYTH BCe OCAJlKH 3a HCKJIOue-
HHEM He3HaUHTe/NbHOIO MOBEPXHOCTHOFO CTOKA, 3aJepXKUBa-
IGTCSl B BePXHEM CJIO€ H PAcXOAYIOTCS Ha TPaHCMIHPALHIO U
ncnapenve. Tak, U3 BelnaBuinx 3a Maii — ceHtsa6pp 1968 r.
297 MM ocaJKOB B JpeHaXKHHIH CTOK MOCTYMHWJIO He GoJee
1C MM.

PuabTpLl H3 CTEKJIO0XOJCTa BOKPYr ApeHaXXHHX TPyO cy-
leCTBEHHO YBEJHYHBAIOT MOCTYMNJeHHe BOAB B ApeHH. Pac-
KOMKH, MpOBeJeHHbIe HAa OMbITHBIX y4acTKax, MOKa3aJjH, uTo
B TJAHHHUCTBIX TPYHTAX 3aMETHOTO KOJbMaTaxa CTEKJIOX0Ji-
CTa He MPOHUCXOAMT; APEeHBl, YJOXeHHble ¢ (QUILTPaMH H
6e3 nux, He 3auaswtcs. O6ycsaoBieHo 310 Hecypdo3uoH-
HOCTbIO TVIHHHCTBIX TPYHTOB H OUE€Hb BBICOKOH HX (HJBT-
paliioHHol npouHocThio. Ho, HecMOTpst Ha OTCYTCTBHe onac-
HOCTH MEXaHWYECKOro 3aW/ieHHsi JpeHaXa Ha THAHKeNbixX
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TIMHUCTHIX T10YBaX, YK/AaAblBaTh 3alIUTHBIE QUABTPH HEOO-
XOMMO AJ1s1 YyAY4lIeHHsi YCJIOBHH NMPUTOYHOCTH BOIBI K Ape-
HaM, NOBLILIEHHS WX OCYLIHTENbHOro 3pheKra.

PaGora nmactmaccoBoro apeHaxa Ha Topdsauukax. Jiu-
TesbHbie Hab/l0leHHs1 NOKa3aJH, 4TO NPH aTMocdepHOM MH-
TaHHH O60JIOT JApeHaXHble CHCTeMBl paGOTAlOT B OCHOBHOM
B MepPHOJ NaBOAKOB M OCEHbIO B TEPHOA 3aTSXKHBIX [JOXK-
Jel, KOrAa HHTeHCHBHBIA JPCHaXXHBI CTOK MpPOAOJIKAaeTcH
10...20 auefi. B ocranbHoe Bpems roja, Kak NpaBujo, Ape-
Hax He QYHKUHOHHpPYeT, 6O YPOBHH T'PYHTOBHIX BOA Omyc-
KaloTcl HHXKe ApeH, YyTo 00YyCJOBIMBAETCS WCHapeHHeM H
TpaHcnHpauuel, 60AbLIOH aKKYMYJAHPYIOLLeH COCOGHOCTHIO
topda ¥ OTYaCTH ACHCTBHeM Orpakiaolieil ¥ NpoBoAsiuei
cetH KaHanoB. CHcTeMaTHyeCKHe HaGJIONEHHS 32 CTOKOM
W JHHAMHKOH YpOBHeii 'PYHTOBHX BOJX Ha 06beKTax «3Iccay,
«PaccBer» nokasaJsiu, YTO NMPAaBHJILHO 3aNpOEKTHPOBAHHLIM
H KayeCTBEHHO MOCTPOEHHDLIk M1aCTMACCOBLIA ApeHaX QYHK-
LHOHHpPYET HeCKOJbKO Jyuylle KepaMH4ecKOro B BECEHHHi
NepHoA; NpPH MaJblX Hamopax pasHulb Noutd HeT. Kak u B
TJAHHHACTBIX TPYHTAaX, HA MHTEHCHBHOCTb PaboOTHl ApeHaxXa B
TOoppSIHHKAX CYHIECTBEHHO BJIHSIOT 3aliUTHHE (QHIBTPHI
(taba. 18). Pesyabrathl 3amepoB Ha o6beKre «Pacceer»
NOKa3ajH, 4T0 (HIBTPH U3 CTEKAOXOJCTA CIIOCOGCTBYIOT
yBeJHUeHHIO CKopocTu najgeHuss YI'B nocie npoxoxneHus
naeojika B 1,12...2,5 pasa.

18. Bananue 3amuTHHIX (QUALTPOB HA MHTEHCHBHOCTL paGoThl Apenaxa

Ckopocts naneuns YIB
Ha APeHaxe, B CM/CYT.

XapakTepucTHKA APEHAKHHX TPYO N
¢ HUALTPOM
u3 cvexno- | 6e3 ¢uanTpa

xoncra

Tnaakoctennsbie u3 [1IBII, D=42 wmwu;
1=30 Mm; Te=1 MM, m=6 12,50 5,0
Todpuposauusie u3s HIIBX (Bero),
D=45 wmm; 1=1 mM; (=13 wmwm;
S=5 mm; m=3 4,65 20
Kepamuueckue, D=72 mM; t=1..3 Mm 3,15 28

ChnenoBatesnbHO, H Ha TIYGOKHX TOpdsSHHKAX, I'le Mexa-
HHYECKOro 3aHMJieHHs JAPeH MOXHO He onacatbcsl, (GHABTPH
HeOOXOAHMBI [JIsi MHTEHCH(HKALNH HX OCYUIHTENBHOrO Aei-
CTBHSI.
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OcyuinTtenbHoe AefiCTBUe NJIaCTMacCOBOrO ApPeHaXa, yJjo-
XKeHHoro OecTpaHiUeHHBIM CMOCO6OM, NMOKa HM3Y4YCHO Helo-
cTaToyHo. B cmeuwnanpHOf JHTEpaType WMeEIOTCH pas3HOpe-
uyHBble AaHHblc. OQHH aBTOPBl YTBEPIKAAIOT, YTC OecTpaH-
ulefiHBIH [J1aCTMACCOBbI fpeHax olecneunBaer TpclOyemyio
HHTCHCHBHOCTL OCyuwieHnss M paboTaeT jgaxe Jyulue Kepa-
MHYECKOTO, YJNOXKEHHOr0 B LHPOKHE TpaHIUEH, JAPYrue npu-
BOJSIT MPOTHBOMOJOXKHbIE IKCNepPHMEHTaAbHbEIE AaHHBIE,

3HayeHHsT MaKCHMaJbHBIX MOAYJCH NPEHAXKHOro CTOKa
TpanueiiHoro u 6ecTpaHueiHOro Apenaxa na obbekte «Pac-
cset» 3a 1968 r., npuseneHbt B Tabanue 19, u3 KoTopoit
BHJIHO, YTO Ha OecTpaHILEWHOM ApcHaxc OoHH Obiau B 1,9..°
2,1 pasa MeHvle, yeM Ha TpauHuweilHom. O0ycsoBACHO 3TO
npexkae Bcero ymaoTHenueM Topda B 30HC NPOXOXKACHHSA
HOXa JApeHOYKJAaAunka. OJIHAKO HeAL3S YTBCPK/AATh, YITO
OccrpaHiueiiHbil ApeHaX MeHce 3P(peKTHBEH TPaHIIECHHOrO.
B HecBsI3HBIX MHHEPaJbHBIX TPYHTAX, a TakxXe MPH pPa3pbix-
JICHHH YNJOTHEHHON 30HLI T'PyHTa NOC/e NPOXOXKACIHSA HO-
JKa W TpH 3achilKe IWEAH PHIXJABIM TDYHTOM HJAH APYrHM
x0poio (HIBTPYIOIIHM MaTepHaoM OccTpaHiuedubil ape-
HaX MO OCYILIMTeJbHOMY J[eHCTBHIO He JAOJKEH YyCTynaTth
TpaHuieiHOMY.

19. CpaBHenne paGoThi TpaHweiiHOro M GecTpaHweilHOro aApeHaxa

MakcHMaabHBIit MOYAL APEHaxX-
HOTO CTOKA (A/¢c-ra) PN WHPUHe
TpaHuleHt B M

XapakTepHcTHKA APEHAKHHX TPY6

80 17 0
(3TH-171) | (Mapa-55) |(ABITH-1,8)

Kepamuueckue, D=72 mm 0,63 — —_

Inaakocrennsie u3 [IIBII, D=42 Mmwm; 0,63 0,94 0,34
To=1 mmM; =30 mMM; m =6

Todppuposanisie uz HIIBX, D=45 mm; 0,73 0,80 0,44
To=1 mm; =13 mMm; m=3

To xe, D=55 mm 0,94 0,94

[Tnenoynbic THMA <«MOJAHHA» — 0,34

MHTepecHo OTMeTHTB, 4TO Ha NJOTHBIX HHU3HHHBIX TOp-
(siHMKaX He YCTAHOBJ/ICHO BJIHSHHE LWUMPHHB TPaHiLieH Ha 3¢-
(GeKTHBHOCTb JApeHaxa. He3HauuTe/qbHOE YBENHUYEHHE Gmax
C yMeHblLIEHHEeM LINPHHBI TPaHUWEH MOXHO OGbACHHTb TOJb-
KO GoJiee pbiXJbIM (B MepBbie TOAbI) CJAOXeHHeM 3aCbINKU
B Y3KO#H TpaHiilee,

5 A. H. Mypauiko
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5. CTpoHTEeNbCTBO IAACTMACCOBOTO JpeHaka

[Tpu cTpouTe/bCTBE NMJIACTMACCOBOrO JApeHa)ka B HACTOS-
mee BpeMsi NMPHUMEHSIOT NOYTH HCKJIOYHTENBHO To(PHPO-
BaHHble H CNHpaabHO-HaBHTble TOKHe TpYyGHl, NOCTaBJsiE-
Mble CBEPHYTHIMH B OyxThl HeboJsbllux pasmepoB. B 3aBu-
CHMOCTH OT AHaMeTpoB Tpy0O AnHuHa ux B 6yxte KoJjebjercs
ot 50 no 300 m. Hpenax yk/aaAblBalOT TpaHUIeHHbIM K Gec-
TpaHwieilibiM cnoco6amu. [Ipu TpauiweliHOM CTpOUTENBCT-
BE€ HCHOJb3YIOT 3IKCKaBartop-ApeHoykaanuuk IDTLLI-202A
(puc. 18), umeromuit 6apabaH Ans HaBeckH GYXTbl TpY6 U
npucnocofsieHHe [JIsl 3aLIMTHl UX OT 3aWIEHHS PYJIOHHBIM
$uILTPYIOIMM MaTepHaJoM, lialpUMED CTEKJOXOJCTOM.
B nocnennee Bpemsi Gosbliasi uacThb MJAaCTMacCOBHIX TPYyO
nocrynaer Ha o6beKkThl ¢ PHAbTPaMH-060J0YKAMH, YCTpaH-
BaeMbiMH Ha 6Gasax [IMK, uto uck/aouaeT Heo6X0AHMOCTb B
NpoBe/leHHH 3AUHTHBIX MEpONpHSATHA B MEPHOL YKJIAaLKH
J\peHaKa, MoBBHILaeT KauyeCTBO paloT M NPOH3BOAHTENb-
HOCTb JipeHaXXHBIX Opurai. TexHosorus ykaaiku ApeH-ocy-
HIMTCNEeH M3 NJacTMaccoBHIX TPyO CYHICCTBEHHO He OTJHYa-
€TCH OT TeXHOJIOrMH, NPHMeHsieMOd NMPH CTPOHUTENLCTBE Ke-
pamuyeckoro apeHaxa. OJHAKO CKOPOCTH MPOKJaAKH ApeH
npu 3TOM 3HauuredbHo (Ha 15..409%) noBwbluraiorcd, a Tpy-
J03aTpaTel ymeHblwaiorcs B 1,5..2 pasa.

JpeHaxHbie KOJMJIEKTOPBl MOXHO YCTpaHBaTh H3 MJacT-
MaCCOBHIX HJIH KepaMuuecKux TpyO COOTBETCTBYIOIUMX JHa-
meTpoB. [To CTOHMOCTHHIM COOOpaXKEHHAM NPEANOUYTHTE N L-
Hee BTophie. B o6oux cJayyasix ApeHbH MNOAKIIOYAKT K
KOJIJIEKTOpaM C MOMOUIbIO CHEeLHaNbHHX COeIHHHTENbHBIX
JeTaJjeil U3 nJjacrmacc.

Puc. 18. Cxema yKnaakH
N/1aCTMACCOBOTO ApeHaxa
skckaBaTopom OTLI-202A:

1 — 6yxta TpYO; 2 — GOGHHLL
CTEKAOXOACTA.
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B 1968...1969 rr. TanqnHcKuil 3KCKaBaTOPHHIH 3aBOA Bbl-
UYyCTHA MapTHIO y3KOTpaHLIelHbiXx akckaBaTopoB IDTLI-163,
KOTOpbie MOKa3a/JH BIOJHE MpHEMJEMbIE 3KCHJyaTalHOH-
Hble XapaKTepHCTHKH INpH 3aKjajke MJ1acTMacCoBOTO Ape-
Haxa. Hpenoyknaauuk DTLL-163— skckaBaTop Ha ryceHuu-
HOM XOAy, ycTaHOBJeH Ha waccd DTLI-202, umeer onyckaio-
IHiACA KPOHIITeHH, Ha KOTOPOM YCTAHOBJIEH Ppa3ABHXHOH
Gapaban nJsi HaBeckH GYXT njaacTmaccoBnix Tpy6. Iay6u-
Ha KONaHMA TpaHlUle# coctaBasier 1,7, wwupuna —0,25 m.
Pa6ouue ckopocTu Ha nepsoMm auanasone 14...250, na BTO-
pom — 34..590 m/u. O6cnyxuBaiomass 6puraga COCTOHT H3
3..5 uesoBek. CpaBHHTe/JbHbHIE MCOBITAHHS MNOKa3aJH, 4TO
NPOU3BOAHTENLHOCTD Y3KOTpalillefHOFO  3KCKaBaTopa
OTL-163 B cpeaHem Ha 19°, Boime, yem IDTILI-202. IMpu
3TOM -B MeHblllefi CTeNneHHW NOBpPEXAAaeTcs MNaXxOTHbIA CJo#H
nousbl. B konue 70-x ronos BHHMHM3emmaui Beinyctua yco-
BepHICHCTBOBaHHbIE ONBITHble 06pa3ubl Y3KOTpaHueilHOro
Apenoyknapuuka DTLL-164. Dra maminHa HCOBITHIBANACh B
Jlennarpajackoit 06aacTH ¥ MOKaszasna JOCTATOYHO BLICOKHE
IKCMIYaTAllHOHHLIE XaPAKTEPHCTUHKH. .

B coBpemeHHbIX JpeHaXHBIX CHCTEMaX H3 KepPaMHYECKHX
A naacrmaccoBblx TpyS 80...90% no npoTsiKEeHHOCTH CO-
craBasioT TpyOn aunamerpom 40..75 mm. HauGonee paumo-
HaJbHO YKJaAblBaTh HX Y3KOTpaHLieHHbIM crnocobom (0co-
GeHHO MJIacTMacCOBHIX TPy6 ¢ 3aBOACKMMH (PHABTPaAMHU-000-
JIouKaMu).

B 1968 r. pnepBrie B muporoil npaktuke B BCCP noxn
PYKOBOACTBOM aBTOpa 6blJI0 OCYLLECTBJIEHO 3HMHEE CTPOH-
TeIbCTBO JpeHaXka C NpHMeHeHHeM TrodpHpPOBaHHBIX TPyO
#3 [I9BII. IMoaustuned MOpPO30YCTOHYMB BIJIOTH JAO MH-
Hyc 60°, a rodpupoBanHbie TpyObl H3 Hero 06/1afalT A0CTa-
TOYHO BBLICOKOH THOKOCTBbIO M MNpH OTpHLATE/NbHBIX TeMIle-
patypax Bosayxa. I[lo onmtam H. M. BapuaxoBa, ro@gpH-
poBaHHHe TpyOn u3z TI2BIT D=50 MM npu Temnepatypax
Bo3ayxa no MuHyc 30° Jierko pa3BopauyuBalOTCs U3 OYXT U
POBHO! JHHHeH YKJaAbiBalOTCs Ha AHO TpaHweH. [leperu-
6oB, nepesoMoOB H o0pa3oBaiius TPeLlUH KaK MpPH YKJAajKe
Tpy6, TaK H TNpH 3achilKe TpaHiied He Habmonanoch. Bouin
onpoGoBaHbl TpPH 3UMHEM CTPOMTE/bLCTBE CHHpPaJbHOHABH-
Tole TpyG6ut 3 HITBX. YcraHoB/ieHo, 4TO OHH MPHTOAHMB AJA
3UMHEr0 CTPOMTENLCTBA ApeHaxa HapaBHe ¢ TpybGamHu n3
[12BI1.

TexHosnorus yk/aaAKiH NJIacTMacCOBOTO JpeHaXa B 3HM-
HUX YCJOBHAX OTJHYaeTCsl OT JeTHed He06X0AMMOCTBIO

5% 67



npeaBapUTe/bHOH pa3paloTKu Mepanoro cjos rpyHra cle-
nuaapHeIMH - MamHdamu  (DTP-141, 23P-7A, ATII-3YM
u np.). MopaboTky Hesamepsiuero IFpyHTa 0 INPOEKTHbIX
OTMETOK M YKJaAKy Tpy6 Jyullle OCylLeCTBJATL Y3KOTpaH-
uieHHbBIMH MallHHAMH.

HecmoTps Ha To yto GecTpaHulefiHblii ciocob CTpOHTE/Ib-
CTBa JpeHaXka NOSIBHJCS OJHOBPEMEHHO C HayaJOM IIPOM3-
BOACTBAa TPY6 M3 MOJUMEpHHLIX MaTepHasioB U A0JXeH Obli,
N0 MHeHHI0 GOMbIIHHCTBA HCCae/I0BaTeNedl, CTaTb OCHOBHBIM,
TaK KaK MO3BOJAJ] MAKCHMaJbHO HCNOJb30BaTh NMpeHMYylle-
CTBa MJIaCTMACCOBLIX TPYO Nepei KepaMHYeCKHMH, /IO Cero
BpeMeHH OH He MOJYYHJ JOCTATOYHO IIHPOKOro pacnpocTpa-
HeHus.

Tlpu GecTpaHWeHHOM CTPOHTENBCTBE MJACTMacCOBOTO
JNpeHax<a B TyMHJHON 30He CTpaHb B HacTosllee Bpems
NPUMEHSIIOT ApeHOoykaAanouHbii komnieke MJ-4, M]I-5, co-
cToAnikil U3 coOcTBeHHO OecTpaHileiHoro ApEeHOYKJalyHKa
(puc. 19) u taraua (Tabs. 20). YKJIOH ApeHaXHbIX JHHHI
BbIIEPXKHBAETCA ¢ NIOMOLILI0 KOMHPHOTO TPOCa, KaK Ha 3KC-
kaBatope DTLI-202A. MoxHO HCNOAb30BaTh TaKXKe ynpas-
JIeHHe MO Jia3epHOMY Jyuy C TMOMOLULIO Jia3epHOTO YyKasa-
teass YKJI-1, cocTosimiero u3 Hajayuyartceiis W NpHeMIIHKa B
suae QorouyBcTBUTENbHOM rosoBkd (I'®PY) n 6a0ka Bbipa-
GOTKH KOMaHJ ynpaB/eHHsi Ha 3JMeKTPOTrHAPaBJAHYECKYIO CXe-
my ApeHoykaajpuuka (BBK).

4
71877

Puc. 19. Cxema GecTpanlieiinoro ApeHoykjianunka MJ1-4:

1 — 6a30BHll TpaxTop; 2 — GyXToAcpMKaTedb; 3 — puuar; 4, 5 — FHAPOLHIHHADPLL
6 — cucTeMa ynpabieHus; 7 — KOPOMLICHO; 8 — TpyGOyKAaAuHK, 9 — MPXKHMHOH
ponuk; 10— HOX; Il — ryceHH4Has TeJieXKa.
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20. OcuoBuble TexHuuecKHe Xapaktepuctukun MI-4 u MI-5

Mokazateau MAa-4 MA-5
Basopas MaliMHa Tpaxrop T-1301, I'-1
MouHocTs ABHraTensi, kBt 118 118
TaroBoe ycmaue, kH o 250 o 150
HapyXHuit auameTp YKJAaAHl-

BaeMbix Tpy6 no ¢uaptpy, mm|Jo 120 -
I'ny6una yKJAaAKH ApeH, M Ho 1,8 —
Ckopoctn nepeasuxenus, wm/u |840..2780 (8 cxopocreit)

Macca, xr 30900 22 100
CpepHee HaBienHe Ha TpYHT B

TPaHCIOPTHOM MO0 XKEHHH,

MIlla 0,039 0,027
Ilupuna ryceunu, mm 920 920

PykoBoACTBOM 10 cTpOHTENLCTBY GeCTpaHILEHHOro NIacT-
MaccoBOro JpeHaxa NpeAiyCcMaTPHBAIOTCs ABE TEXHOJOTHYe-
ckve cxembl (puc. 20): nmpu BmaJAeHUH ApPeH B 3aKPBITHI
KOJIEKTOp U B KaHaj. B cyxoe Bpems rona na o6bektax ¢

1 1 1 “ T
N L L IR '
VT \ |
\ N
SKIRIERR 2
KNEIRIERIR |
N BTN ERY I .
! Vo
— —rm—
7
a
1-4p3 1-dpt0
4 Ldp°
{
1-Ap! 1-4p2 J"

1-4pt
1-4p7!

e
4

Puc. 20. Texnosornueckue
cXeMbl YKNaAKH GecTpan-
wIefiHOrO  JApeHaxa MpH
NOAKNIOYeHHH:

4 — B OTKPbHITHIit KOJNJAEKTOD;
6 — B 3aKpLITHR KOJJAEKTOP;
8 — TO Ke, 4YeHOYHaRn cxeMma.
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nuskum YI'B nonyckaercs paGora 110 TpeTheH cxeMe INpH
sarnybaenun pabouyero oprana ApeHOYKJaA4yHKa OT HCTOKA
JAPEHBIL.

Cnenna/ibible  HCCHefiOBaHUs, BuinosHeHHbie  CeB-
HHUNUTMuM n BHHHsemmain, a Takxe jgaHHbie MIHPOKOI
NPOM3BOACTBEHHONH NMpoBepKH B JleHHHrpaxcKoH o6sacTH H
Apyrux pafonax HeuepHoszemuoit 3ouel PC®CP nokasanu
BNOJIHE NPHEMJIEMYIO MPOH3BOAUTEbHOCTL JPEHOYKJIan0U-
Horo xommjexkca MJ-4, MJI-5 u nepcneKTHBHOCTh LIHPOKO-
ro passuTHs OecTpaHllefiHoro crnocofa CTpouTeNbLCTBA
nJ1acTMaccoBOro ApeHaka. Bmecte ¢ Tem BHABAEHLI H He-
KOTOpble CYyLLeCTBelHbIC HeNOCTaTKH, OCHOBHOH M3 KOTO-
pbIX — HHU3KHI OCYLIHTe bHBIA 3 deKT Ha NouYBax TAXKeN0ro
MEXAaHHYECKOro cocTaBa. B ¢BfidaH ¢ 3TuM NpHULIOCH Aaxe
orpannyuTn obsacTL npumMeneHus GecTpaHilefiHOrO IpeHa-
Ka rpyHTami, kodddHuient GuUIbTPaUHH KOTOPHX He Me-
nee 0,3 m/cyr. O6Gycsi0oBieHO 3TO TeM, YTO BO BpeMs Mpo-
pesaHna wenan wupokum (200 mMM) HOMOM NPOHCXORHUT
CHJIBHOE YMJIOTHEHHe I'PyHTa ee CTeHOK H [Ha, B ocobeHHO-
¢ty npu Boicokux YI'B unu nepeyssiaxHeHHH BEpXHETO CJoOs
BepxoBoAKoi. Koadouinenr puabTpanun riuHHCTHIX TPyH-
TOB MOXeT yMeHbilaTbcsl Ha 1..2 mopsijika, cO3Lal0TCs Kak
Obl MPOTHBOQHILTPALMOHHBIE 3KPaHbLl, H NOCTYMJeHHe BO-
Abl B ApPeHbl CHJILHO 3aTPYAHEHO.

Bropas npuuuHa HepocTaTouHol 3¢d¢erTHBHOCTH Oec-
TpaHileHHOro JipeHa)ka H3 MOJHITHJIEHOBHIX rodpupoBaH-
HBIX TPY6 — CHJbHOE HCKa)eHHe TNpOoJoJbHbIX mnpoduaei
aApen. lesio B 7o0M, uto TpyOnl 11€00/bIIHX AHAMETPOB YKaa-
AKBAIOT B WINPOKYK 1ledb H NMPakTHUECKH He MPHCHINAIOT.
B oTaesbHbLIX MecTax MPOMCXOAHT CayyalHHas MpHChNKa 06-
pyLialouHMCst TPYHTOM (BO BJIaXKHOM TJIMHHCTOM NouYBe Ta-
KHe oOpyuienyst JOBOJbHO peAkH). IIJOTHOCTL moJsiM3aTHIIE-
a MeHblle njoTHocTH Boabl (0,93), m TpyOsi npu Hakon-
Jledu B JpeHaxHoil wenu Boabl BemibiBaloT. Cospaercs
BoJHoOOpa3Has JiMHHA ApeHbi, B BEPpXHHX Todukax obpasy-
I0TCSl BO3AYyIUHblE NPOOKH, 4TO NpPEnsATCTBYeT JBHKEHHI BO-
nbl 3a npepesibt ocyuraeMoro yuactka. (Tpy6m us HIIBX
B 3TOM cJjyuae 006Ja]ai0OT ONpeAe]eHHbBIM NPEHMYLIECTBOM,
TaK Kak He BCHJLIBAKT, NMOCKOJbKY MJOTHOCTH MaTepHaJa
pasHa 1,4.) KpoMe TOro, OTCyTCTBHE C/JOS1 MPHUCHINKH BOKPYT
ApeH Ccnocol6CTBYeT KoOJAbMaTallHH (HALTPOB, UYTO TaKKe
yXyllliaeT ocylureabHoe JeficTBHe OecTpaHuiedHOro Ape-
Haxa.

YceTpaHuTh WM CYLLECTBEHHO 0CJAa0buTh OoTpULaTe/bHbIE
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[OC/IeICTBHSl YKa3aHHbIX GaKTOpPOB MOXKHO C NMOMOLILBIO CJe-
LYIOLUX MEpONpHUATHH: .

CO3/1aHHA CrelHaNbHBIX MPUCNOCO0/eHHH, 1103BOMAIOHINX
pa3pbiXAsiTL YNJOTHEHHBIH TPYHT MOCJe NPOXOAKH HOXa
JIPEHOYKJIalUHKa, HJAH pabouux OpraHoB, He YIUIOTHSIO-
LiHX TPYHT BOKpPY[ JpeH;

yMeHbUIEHHS TOJUIMHBI HOXa JpeHOoyKsJaduHKa A0 pas-
MepOB, MO3BOJSIOILMX YKJa/blBaTh TPyObl HAPYXHOTO AHa-
MeTpa no ¢uabTpy, He 6osnee 90 MM (3TOrO BMOJNHE AOCTA-
TOYHO AJs1 NMPOKJaAKH ApeH-ocywutenedi, To ects 80..90%
Bcero o6bemMa JpeHaxa, a KOJIJIEKTODHI Jyuilleé yCTpaHBaTh
H3 KepaMHueCkHX TpPy6 ¢ nomoiubio TpanuleHHBX 3KCKa-
BaTopoOB);

obGecneyenns NPUHYAHTCALHON H HAAeXKHON INPHUCHINKH
YJOXEHHBIX B IlleIH ApeHaskHbX TPyO c/0eM rpynta BHICO-
To#i He meHee 20 cMm.

O6szatenbHoe MepolpusiTHE 1IPH CTPOHTeNbCTBe Gec-
TPaHILIEHHOTO ApeHaXa — Npoe3] ryceHulel ApeHOYKJ/a/un-
Ka MO NpOJIOXeHHON JipeHe BO BpeMsi XOJOCTOrO MeperoHa
na caejyioimnit 3a6oii. Ilpusesennnie va pucyuke 20 cxemul
nepee3noB c/eAyeT NPH3NATh HeNpaBHILHBIMHU.

OcHoBHBle npeumyliecTBa GecTpaHuiefiHoro cnocoba
CTPOUTENBLCTBA MJ1ACTMACCOBOrO JipeHaxa COCTOAT B OTCYT-
CTBHH Mpoliecca OTPHIBKH H 3achink¥ TpaHiueir. [lpn 3aTom
cnocobe npakTHYECKH He J0JIXKeH MOBPEKAATbCS NaxXOTHBII
cjoff MouBH, 4TO 0cObeHHO BaXKHO C TOUKH 3pelus coxpa-
HEeHHsi ero naogopoausa. B AeficTBUTEALHOCTH Xe MpHMeHe-
Hue kommnekca MJII-4, MII-5, ocobelrHo B nepuojl CHALHOTO
nepeyBlaXXHEHHU MOYBEHHOro MOKPOBa, He CHOco6CTByeT
COXpaHEHHIO CTPYKTYphi nouBsi. [1poxon nByx Taxenwix (31
H 22 T) MalIHH o/iHa 3a APYrofl MOMXET HacCTOJbKO YMJIOT-
HHMTL BJIAXKHBIH MOUBEHHbLIH [OKPOB, YTO KO3((HIHEHT
GuAbTPallMM €ro yMeHbIIHTCs Ha 1.2 nopsjka, a maxor-
HEIli CJIOH CTaHeT MpakTHYecKH BOAOHENpoHHLaeMmbiM. Bce
3TO He CnocoGCTBYeT yayulueinio MeJHopaTHBHON 06CTanoB-
KH Ha ocylraemom oObexTe.

YuuThiBas 3TO MOJIOXKEHHE, HeoOX0HMO, Bo-NepBhIX, 11PO-
BOJINTHL JpeHaxHble paboThl TOJAbKO NPH JOCTaTOYHO CYXOii
NOUBC H, BO-BTOPhIX, YMEHbLUMTb BCC MaliMH H BoOOIe
OTKa3aTbCsl OT NpHMEHeHHs TaHJeMa H3 ABYX TPaKTOPOB.
Fay6usa yxaaaku ApeH APEHOYKJAAOYHBIM KOMIIEKCOM
npeaycmorpena 1,8 M, u ans obecneyeHuss HeOOXOAHUMBIX
TAFOBHIX YCHJIH#I KOHCTPYKTODBl BBHIHYXKJA€Hbl OHIAH MOii-
TH Ha NpHMEHeHHe JBYX TpakTopoB. EcTb Jau JaeHcTBH-
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TeNbHass HeoOXOAHMOCTb B TaKOH ryOHHE YKJAAKH MJacT-
maccoBoro GectpanulefiHoro JpeHaxka? Buaumo, HeT u BOT
noueMmy. BecTpaHuefiHbBIM cnoco6oM, KaK yKe TFOBOPHJOCH,
1iesecoo6pasHo ycTpauBaTh TONBKO ApeHbi-ocyiiutenu. [ay-
6HHa KC 3aKJaAKH MX Ha MHHepaJbHbIX MOYBaxX OYEHb pel-
Ko npesbiliaer 1,4 m. Bo BcAikOM ciyyae HeT OGBHEKTHBHOM
Heo6X0AMMOCTH B 60JiblIOH ray6HHE JpeH M He COCTaBJseT
HMKAKO# CJOXHOCTH NPOEKTHPOBATL JApeHax raybuHo#l 1o
1,4 M. B kpaiiHe peiakunx cayuasax ueaecoobpasnee npen-
B3PHUTEJbHO 6YJAbJ03€POM YCTPOHTbL KOPHITO ray6unoil 0,2...
0,4 M, a noToM NpOJOXKHTL ApeHy OecTpaHile#HOi MaUIH-
HOH.
YKazaHnHble TNOJNOXKEHHS cjelyeT YuHThiBaTh npu Oec-
TpaHwedHOM cnocoGe CTPOHTeNbCTBA MJIACTMACCOBOTO Ape-
Ha)Xa, HX HYXHO NPHHATL B OCHOBY pa3paboTKH HOBHIX H
YCOBEpIICHCTBOBAHUS  CYILeCTBYIOUIMX APCHOYKJIAaNUHKOB.
[MepcnekTuBHoCTL GecTpaHILIGHONO NJAacTMacCoOBOro Ape-
Haxa GeccrnopHa, H OH AOJKeH MOJNYYHTb IIHPOKOE pacipo-
CTpaHeHHe.



I'TABA 1V

ONJIBTPAIITMOHHBIE PACYETHI
TFOPU3OHTAJIBHOT'O JPEHAKA

1. O6utne ypaBHeHun PHALTPAUMM NOR3EMHBIX BOJ,

®uabTpaLHOHHBIM IOTOKOM HAa3LIBA€TCA MOJEJb JiBHXKe-
HHS NOJ3€MHbIX BOJ], NMOCTPOEHHAs Ha MPHHLUIOAX MEXaHH-
KH XMUAKocTH. I'nnoTesa cnJomiHOCTH W Hepa3pLIBHOCTH MO-
TOKA SIBJISI€TCA OCHOBHOM B aKCHOMaXx (PUJIbTPallHOHHOH MO-
Aean. CocTosiHue (UIALTPAUHOHHOTO NOTOKA ONHCHIBAaeTCH
H3BECTHBIM 3aKOHOM I'HPOCTATHKH

9=p/y+z=h+2z=const, (101)

rae ¢ — Nbe3OMETPHUYECKHH Hanop; A — rHAPOCTATHYECKH# Hanop; y —
o0beMHan Macca XHAKOCTH; Z — BBHICOTA MOJIOXEHHS paccMaTpHBaeMoi
TOYKH HaR MJOCKOCTHIO CPaBHEHHS.

OCHOBHBIM 33aKOHOM JBHXKeHHS (UABTPAIlHOHHOrO MOTO-
Ka cayXHT 3akoH Hapcu

v=g/o=—kdo/dl= —kdh/dl, (102)

rA€ § — pacXol OUABTPAUHOHHOrO NOTOKa uepe3 WIOWAAKY ; ¥ —
cKopocTb  duabTpauny;  dofdl=dh/d] — ruapaBanYecKHit TrpajHeHT.

3Hak MHMHYC B TpaBoii uyacTH ypapueHus (102) otpa-
HaeT To MOJIOXKEeHHe, YTO HanpasJleHHst CKOpOCTeH U rpajiH-
€HTOB B NPHHATOH CHCTeME KOOPAMHAT MO 3HaKy NpPOTHBO-
MO0 HBI.

®uabTpanHOHHON cpeloll cayxHuT ofoblleHHas MO/e]b
CHCTEMBI KHAKOCTb — CKeJsieT, JlHHaMHuecKHe XapaKTepu-
CTHKH QUIbTPALlHOHHON CpeAbi — 3T0 KO3 (PHIHEHT DUABT-
pauun £ ¥ Ko3pPHUHEHT BOJOOTAAUK p. PHABTpaALHOHHASA
Cpefa CYMTAeTcsi ONHOPOAHOH, ecln k(X Y., z,) =k(x, Y,
z,=const. Eciiu k£ He 3aBHUCHT OT HampaBJeHHs (QHALTpa-
UMM, TO CpeAa Ha3blBaeTCsl H3OTPOMHOH, B NMPOTHBHOM CJY-
yae — aHH3OTPOMHOMH.

BoJOHOCHBIH MJAACT WK TOPH3OHT — 3TO (PHALTPALHOH-
Hasi cpeda C 3aJaHHbIMH rpaHHIaM¥ PHUIbTPAUHOHHOTO MO-
ToKa. JIMueifiHbIMH XapaKTepPHCTHKaMH BOAOHOCHOrO TIOpH-
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30HTa OyAyT MOLIHOCTb M H MPOTAXKEHHOCTb, WJIH 3aJaH-
Hag rpaHuila TOpH3oHTa. [N BOZOHOCHBIX TOPH3OHTOB
4aCTO HCHOJIb3yeTcs AHHAMHYeCKass XapakTepHCTHKa — BO-
jonposoaumocts 1 =km.

[To BbicoTe nbe3oMeTpHUECKHX HANOPOB pasjHualoT 6e3-
ilanopHble W HaNOpHbie BOJAOHOCHLIE TOPH3OHTH. B 6Gezna-
NOPHOM FOPH3OHTE BLICOTA Hanopa GHALTPALHOHHOTO MOTO-
Ka paBHa ero MolHOCTH. B nanopuom ropusoHte h>m.
[To xapakTepy H3MeHeHHs HanmopoB (GHILTPALHOHHOTO MO-
TOKAa BO BpeMeHHU pa3jiMyaloT ABa pexuMa (QuIbTpalHH:
YCTAHOBMBILUHHCSH, KOTAa BbICOTA MbE30OMETPHUECKHX YPOBHEH
NOCTOsSIHHA BO BpEeMeHH, H HCYCTaHOBHBLIMICSH, €CJAH BBICO-
Ta YPOBHEH H3MEHSIeTCs BO BPEMEHH.

HeycraHoBuBIeecss JiBHXKeHHE XXHAKOCTH B MNOPHCTOH
cpene uHcuepnbiBalomiuM oOpa3zom onucbiBaeTcess (Macker,
1949) cuctemoit ypasHenuii

@(p, v)=0;
v=Ve; (103)
d (yp)=-—V(yv),
5w (vo)
rae V — yuHeiinbiil onepatop;
J - J - J -
V- dx o dy I+ dz k.

B cucreme (103) nepBoe ypaBlienHe BhipaxaeT peoJo-
rMYECKHH 3aKOH COCTOSIHMSA XHIKOCTH, BTOpPO€ NpejacTaBJs-
€T THApPOAMHAMHYeCKyio ¢opmy BToporo 3akoHa Huiotona,
U3BeCTHOro Kak oGobuienusit 3anon Jlapeu. Tpetne ompe-
JleJisieT yCJIOBHE HePa3pbiBHOCTH NMOTOKA (3aKOH COXpailleHHs
Macchi).

[TocTraHoBka 3anauu B BHae cuctembl (103) sBasiercs
rHApPOAHHaMHUUeCKo#, Hanbosee MNOAHOH H, K COXaJeHHIO,
TPYAHODPEaNH3yeMOH MOJEJIbIO JIBUXKEHHA MNMOJA3EMHBIX BOJ.
TpyaHocTH yeyryGJasioTcst HelMHEHHOCTbIO MOJE/bHbIX Ipa-
HUYHBIX YCJOBHH K CHCTeMe, 4To jJeJaeT €€ MPaKTHUECKH
HepaspeiieHoil B BuAe QopmyJsibHOro anroputma. B Ha-
CTosillee BpeMs MOJYUYWJIH LUHPOKOE PacnpoCTpaHEHHE YHC-
JleHHbIe METOAB pelllelins AH((epeHHHaIbHEIX ypaBHEHHMH
¢ npuMmeHenueM IDBM. OaHako OHH MOKa HE MOTYT OXBa-
THTb BCero MHOrooGpasHsi THAPOAHHAMHYECKHX 3aAay H Aa-
ICT YaCTHble pelleHHs, N0 KOTOPHIM TPYAHO OCYIUECTBHTDb

74



o6uiui aHaJH3 B3auWMmocBsized (aKTOpOB, ONpeAC/AIOLLHX
"polecc GpUAbTPaUUH B TOH HJIH HHOH KpaeBO# 3anavye.

Onuu 13 nyTteli 06x0/a, BO3HUKAIOINX B Npouecce pea-
AM3AUMH THAPOAHHAMHYECKON 3alauyd TPYAHOCTEH,— ynpo-
lileHHOe npejcTaBiaeHie cHctembl (103), KoTopoe Naer rua-
paBauyeckass Teopus. OCHOBHbIe MOJIOKEHHS €€ MOXHO
chopmynupoBaTh CACAYIOIIHM 06pa3om:

TpexMephblii PUILTPALHOHHBIH MOTOK paccMaTpuBaeTcs
KaK JIMHEHHBIA C NpPOTAXKEHHOCTLIO, BO MHOTO pa3 mnpeBhl-
waoulefl ero MOHIHOCTb, H C MaJjiou3MeHsolleiicsl KpHBH3-
HOil cBO60OAHOIl WM Nbe30METpiyecKkoll NOBEPXHOCTH;

BEJIHYHHA HANOPOB B JiIIOOOM XXHMBOM CEUeHHH MOTOKA MNo-
CTOSIHHA W paBHa /eHCTBHTEJILHOH cpejiHell, H3 d4ero cie-
AYyeT, 4TO CKOPOCTb B KaXX/[OM CeyeHHH NMOTOKa POoNnopiLHo-
HajlbHa YKJOHY ¢BOOO/iHOH NOBEPXHOCTH.

B cooTBeTCcTBHH € 1IOJIOXKEHHSIMH THApPaBAUYECKOH Teo-
pueit cucrema ypaBuenunit (103) moxeT 6wiIThL NpeacTaseHa
caenyomnum ob6pa3om. OCHOBHOH 3aKOli COCTOSIHHSI JKHAKO-
cTH Bbipaxaerca ypasnenuem (101), zakon Hapcu zanu-
CbiBaeTcsi B BHAC

U= —ky Z‘p ,

a" (104)
Uyz—ky ._(p.

dy

3anas B paBeHctBe (101) nsockocTb cpaBHeHHST Ha
ypOBHe Boaoynopa, Ajasi 6e3nanopHOro (puabTpaLHOHHOrO
notoka H3 cucrembi (104) nmeem

- _pp 9
g. kil ox »
- (105)

YpaBHeHHC Hepa3pLIBHOCTH cjeayeT M3 GasiaHCOBOH MO-
Requ (puc. 21). [Ipupalienne KoJnHyecTBa XHAKOCTH, NpO-
TeKamlleH yepe3 dnemeHTapHbiil 06beM hdxdy 3a Bpemsa df,
paBHO

99 dydydt= — -L (kx/z —‘”L) dxdyd,
Jx 29 ox (l ()6)

99 dxdydt= — L(kyh o ) dxdydt.
ox oy dy
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Ono BbI30BeT mpHpalileHHe YPOBHS BO BpPeMEHH, OTHeE-
CeHHOe K 3/1eMeHTapHOl njowanke dx, dy:

— % (nh)dtdxdy. (107)

Mpupasuusas (106) u (107), noayuaem o6oGuienHoe
ypasheHue Byccuiecka

a dh a dh Jd

- (k\h ax)+ ay(kylz ay) o (k). (108)
Ouo sBJsieTcsl HeNMHeHHBIM OTHOCHTeabHO A, M 3TO 3a-

TPyAHsAeT NOHCK pelueHHsi. M3BecTHi 1Ba cnoco6a nnHeapH-

3auud ypaBHeHus (108). Ilepsniii cocTouT B TOM, 4TO TJay-

6uHY ¢HWILTPALHOHHOTO MNOTOKA A 3aMEHSIOT HEKOTOPHIM

CPeiHHM 3HaueHHeM h¢p, M Toraa ypasHenus (105) wnmeior

BHUA
d dh ad dh | d
2 e, 2L e, E)= —(uh). (109

Jdx (k" dx )+ dy ( y ay ) hey Ot (why. )

Bropoit cnoco6 suHeapu3auHUH TIOJYYaeTCs 3aMEHOM
ii=h? Toraa
7 i il h
Ih _gp O, b gy Oh Oh _gp Ok
ox ox ay dy ot ot
n ypaBHeHue (108) npunumaet BuA
a dh 7] ok 1 9 2/72
2 —) —-(k —)-—— 272).
dx( v ox + dy y dy E nho ot G )

[Npuunmas h=he, 1 i=h, cHOBa nojsyyaeMm JHHEAPH30-
BaHHOe ypaBHeHHe Dyccunecka

L( . 6_’12)+_0_(ky ﬁﬁ) = L2 (110)
Ox ox dy Jdy wicp ot
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Yacro npuHuMalor ky==~ky u p=const. Toraa npu Ha-
JHYUKH HHQHILTPALHOHHOTO NHTAaHMS W JiHHeapU3OBaHHOE
ypaBHeHHe ByccuHecka umeeT BHA

oh _ o Fh o O\, @
x —a( T+ 0y2)+ 2, (111)

rae a=khep/p — KO3DGULYEHT yPOBHENPOBOXHOCTH

YpaBueuus (109)...(110) siBASIOTCS HCXOAHBIMH AAS MMO-
CTPOEHHSI pacycTHbIX MojeJiell W peHIeHHsT MHOPHX YaCTHBIX
¢UAbTPAUHOHHLIX 3aJay FOPH3OHTAJBHOTO JPEHaXKa.

2. Merop ¢uasTpai{ioHHLIX CONPOTHBACHMAI

B ryMuaHo#i 30He NpH CTPOUTEJNbCTBE I'OPH3OHTAJbHOIO
JipeHaxa HWCMNOAb3YIOT pa3J/iHUHBIe MO MaTepHajaM M KOH-
CTPYKUHAM TPYObi: KepaMHueckHe ¢ He@HALTPYIOIHMH CTeH-
KaMH, NJaacTmaccoBble H acfecTOUEeMeHTHBIC ¢ MPOAOJbHOH
uteneBoii M Kpyrao# nepdopaunedt, TpyboduabTpel H Ap.
Bce, 3a uckalouenneM TpyGOdHABTPOB, YKJIaABBAIOT C 3a-
IWUTHBIMH OT 3aHJieHHs (HIBTPaMH, B KauyecTBe KOTOPbIX
NIPUMEHSIOT Pa3JjiMuHbie eCTeCTBeHHble H UCKYCCTBEHHbIE Ma-
TepHaasl (MecyaHo-rpaBHilHble CMeCH, CTEKJOXOJCThI, COJO-
Ma, MOX U Ap.), CYLLeCTBeHHO OT/HYalouiHecss 1o BOJLONPO-
HHLAaeMOCTH, TOJIUHHE M CTpYKType. Hanpumep, TOJIHHbDE
NpHUMEHSIEMBIX Ha NpaKTHKe (GHIbTPOB KoaebaioTes ot 1 10
200 MM u GoJsee. B HeKOTOpPHIX CaydYasx ApeHaxkHbie TPYObi
yKaaAblBaioT 0e3 3alIUTHBIX (PUABTPOB.

Kak yka3bpiBasnoch, GOAbILHHCTBO ipeHaXHbiX TPYO Heco-
BepUIEHHO MO XapakTepy BCKPBHITHA NMAaCTa H BOJAONpHEM-
Hasi cnocoGHOCT, MX HAMHOrO MeHblie HAeaNbHOH JpeHbl
(nosiocti B rpynTe). PUABTPHI, YKJIaJbiBaEMble BOKPYT Ape-
HaXHEX TpYy6, cyliecTBeHHO 0C/abJasIOT BJAHSIHHE HecoBep-
LIEHCTBA HX KOHCTPYKILHH Ha BOAONPHEMHYIO CHOCOOHOCTb.
OHu He TOJNBKO NpelOXpaHsIOT ApeHbl OT MeXaHHYecKoro
3aljleHus, HO M CHNOCOOCTBYIOT 3HAUHTENBLHOMY YBeJHue-
HHIO MPHTOKA BOJABI B JpeHBbl BCJAEICTBHE YAYULHEHHS YCJO-
BHH TIOAXO0J4a T'PYHTOBOTO MOTOKA K BOAONPHEMHHLIM OTBEp-
cruaM. OuAbTPHl CYLIECTBEHHO BJIHSIOT Ha OCYLIHTEJbHbIH
3¢ dekT ApeH u, cieloBaTeNbHO, Ha pacyeTHble PACCTOAHUS
MeX1y ApeHaX<HBIMH JHHHAMH.

Mexay Tem B NpHUMEHABLUHXCS N0 HeAaBHEIO0 BPEMEHH
MeTOlaxX pacyueTa MeXKJPEHHbIX PacCTOsIHHii BJNAHHE YKa-
3aHHBIX Bbllle (PakTOPOB B HX COBOKYNMHOCTH He YYHTHIBa-
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jgocb. HeobBocHOBaHHO AOMYCKaJIH, YTO ApPEeHaXHbie TPYGH
N0 KOHCTPYKUHH SABJATCA HACANbHbIMH, 2 HUABTPH HE OKa-
3HBAIT HHKAKHX (PHALTPALMOHHBIX CONPOTHBJEHHH NMOCTYN-
JIeHuo BOALL B ApeHbl. [IpuBenennsie B rmaBax 11 u 111 ma-
TepHaJbl NOKA3bIBAIOT, UTO HeyyeT KOHCTPYKTHBHEIX 0COGEH-
HocTelt ApeHaKHbIX TPY6 M XapaKTepHCTHK (DHJIbTPOB MOXKET
OpHBECTH K CyulecTBeHHbIM olunbkam. B 1O Xe Bpems
Hcnoap3oBative AuddeperunanbHHx  ypasHenuit  (103),
(109...110) ¢ cooTBeTCTBYIOIUMH KpaeBbIMH YCIOBHSIMHA 1J5
pelleHHsl NpakTHYECKHX 3ajay NpeACTaBisieT ype3Bbluai-
HYIO CJOXHOCTh.

llInpokoe pacnpocTpaHeHHe NPH PELIEHHH MHOFHX 4acCT-
HBIX 3a/lay reoPUIbTPALUH MONYYHS MeTOl (HILTPALHOH-
HBIX conpoTuBjeHudl, npeatoxenHunit 0. I1. Bopucosbim
(1951). On nosBoJ/isieT ¢ NOMOLIbLIO pa3ae’eHHsi MOTOKA Ha
OTA€/IbHBIE QparMedThl (Y4aCTKH) CBECTH CJAOXKHYIO (QHABLT-
pauHoHHYI0 3ajauy K Oonee npocTHiM. PHALTPaLMOHHBIE
CONpPOTHBJIEHHA YYaCTKa MOTOKAa — 5TO OTHOLIEHHS MNOTEPH
Hanopa Ha JaHHOM Y4acCTKe K MpOTeKaioleMy uepe3 Hero
pacxoay. Ofilee cONpOTHBJIEHHE NMOTOKA CKJA/JbIBAETCA M3
COMpPOTHBJIEHHI OT/JebHbIX ero yuacTkoB. OCHOBHOE moOJiO-
JKE€HHe 3TOro MeTOJa 3aKJIo4aeTcss B BHiJleJEHHH U H3Yyue-
HHH COMPOTHBJEHHH B 30HAX C pe3Ko AeOpMHPOBAaHHBIM
XxapakTepoM noToka. Ecau 30HB pe3koii gedopmauuu pac-
noJjaraloTcs Ha AOCTATOYHO OOJILLIOM pacCTOSIHUH OT 06-
Jacted MHTAHUA M APYr OT Apyra, To ¢HIbTPaLHOHHbIE CO-
NPOTHBNEHHR B 3THX 30HAX MOTYT OMNPENeNATHCA TOJBKO
JIOKaJIbHBIMH YCJIOBUSIMH (DOpMHPOBaHHsI MOTOKAa B HHX ca-
MHX He3aBHCHMO OT YcJO0BHsA (GOpPMHPOBaHUS Bcero GuibT-
paiHOHHOro notoka B Henom. CorsacHo oMM NpHHIKNAM
MeTo/la CONPOTUBJEHUH, (DUAbTPALHOHHHIH MOTOK HA HeKo-
TOPOM pAacCTOSIHHH OT APeHbl WJH CKBAaXKHHBI ONpejessercs
TOJIbKO PAacXolOM MNOTOKa, 3a0MpaeMoOro HMH HE3aBHCHMO
oT Toro, GYAYyT OHH COBEpLIEHHBIMH HJH HeCOBEpLUeHHBIMH.
Pasuuila B CTPYKType MOTOKOB HabJioaaeTcss TOJNbKO BOJIH-
3W JpeH WJH CKBaXXHH H oO6ycJOBJHBaeT OTEPH Hamopa,
HeoOXOHMbBIE Ha MOAXOA K ApPEeHaM HJH CKBaXKHHaM B HEMo-
cpencTBeHHON GJH30CTH OT HHX.

Meton ¢uAbLTPALHOHHLIX CONPOTHBJEHHH NPHMEHHTENb-
HO K TODH30HTAJbHOMY TpyOYaToMy JApeHaxy COCTOHT B
TOM, YTO HECOBEpLIEHHYIO MO CTENeHH H XaPakTepy BCKPbBI-
THA nJacTa ApeHy ¢ HanopoM Hy yCIOBHO 3aMEHSIOT OT-
KPHITHIM COBEpLIEHHBIM KaHaJoOM C TeM Xe pacXoioM H
uanopom H,. BHNOJHSIOT OTHOCHTENbHO HECHOXKHBIA pac-

78



/774

Puc. 22. Pacuetnas cxeMa JApeHn Ha BOAO-
ynope.

yeT KaHajla W BBOAAT B Hero conpoTuBjeHHA @yp, YUHTH-
BalollHe 0COGeHHOCTH (HIBTPALHOHHOM cXeMbl ApeHbl. B 06-
meM cayyae

(I)H)l=(po+®}h

rae @y — GHALTPALHOHHBIE COMPOTHUBJIEHHA JPEHH MO CTeNeHH BCKpbi-
tHa naacra; Ox=yPe+Cap — TO XKe NO XapaKTepy BCKPHITHA NAACTa;
Y¢ — GUALTPALUUOHHBE CONPOTHBAEHHA 3auutHoro ¢uapTpa; Cpp —
COnpoTHB/CHHA, 06YC/0BJICHHbBIE HECOBEPILEHCTBOM KOHCTDYKUHH TpyObL

Tlotepu Hanopa H;— H,, onpejensieMbie NpHUBEAEHHBIM
CONpPOTHBJIEHHEM HecoBepllueHHO#H ApeHbl Dy, BhIpaxaloTcs
obuiell 3aBHCHMOCTLIO

Hn—Hn‘—"I:@_ﬂn/km; (112)
(T)un=km®tm,

rAe gp — yAeabHBl#i NPHTOK K ApeHe; Mpx — GHABTPALHOHHBIE CONPO-
THBJIEHHS AJA YAEJIbHOrO MOTOKa IUHpHHOA 1 M.

B ycnosusx HeycCTaHoBHBLUEHCS (HUABTPALHH BeJHUHHDI
NpHBEeJEHHBIX CONMPOTHUBJACHUN M3MEHSIOTCS BO BpeMEHH, OJ-
HaKO OHHM JIOBOJIbHO OBICTPO CTPEMATCH K CBOEMY MNpefelb-
HOMY YCTAHOBHBULIEMYCSI 3HAYeHHIO, U NP pacyeTax JpeHa-
Ka MX NPaKTHUECKH MOXKHO CYHUTaTh NocTosHHbIMH (OJeidi-
HuK, 1978; Mypauiko u ap., 1980; Uecraxos, 1965).

PaccMoTpuM cuctemy mnapagnenbHbix Tpy6uaThX IpeH,
JIeXKalluX Ha BOJAOYNOpe ¢ paccTosiHHeM B ojHa OT ApYyroi
(puc. 22). dtH ApeHbl, COTJacHO OMpe/ie/IeHHIO, HecoBep-
LWIEeHHBI N0 XapakTepy BCKphITHs1 niacta. [lpu mocTosHHOM
NPOBOAMMOCTH NJacTa M HAJHYMH HHOHILTPALMH C MHTEH-
CHBHOCTBIO § Y/JeJIbHBI NPHTOK K ApeHe

ga=qB. (113)
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3amMeHuM JApeHbl Ha BOLOYNOpPE COBEPUICHHBIMH KaHaJia-
MM ¢ HanopoMm H — Hy. lnsi Hux cBs3b Mexay H u H; Bbl-
paxaeTcst H3BECTHBHIM ypaBHEHHEM

H=H.+ 98 (114)
8kmy

KoTopoe moayyaerca H3 dopmynnt Pote (npu mo=H/2).

C npyroit cropoHbl, noacraBus Boipaxenusi (113) B 3a-
BucuMoctb (112), Haxonum

Ha=H.+ 28 ®,,. (115)
kimg

[Ipunas uanop B aApeHe H;=0, o6GozHayuB kmy=T wu
nojictaBuB BbipaxeHue (115) B ypaBHenue (114), noay-
4aeM M3BECTHYIO dOpMYJy AJS pacyeTa pacCTOSHHH MexxAy
JpeHaMM NpH yCTaHOBHBLIEMCS ABHXKeIINH

B:4 (V(ﬁ?"ﬂ‘i‘ Z—; —Enu ) . (116)

OTMmeTumM, 4TO ANS KaHaJja Ha Bopoynope ®uz=0 u 3a-
BuciMocTb (116) nepexoaur B dopmyny Pote npu my=
=H/2.

Hns waxoxpaenuss ¢opmyapHoro anropurma (GHILTPaA-
UHOHHBIX CONPOTHBJIEHHI ApeHBl Ha BOAOYNOpe BOCAOJB3Y-
emcsi peuienuem B. B. Bepepuuxosa (1939), I1. 5. Iloay-
Gapusosoii-Kounnroit (1977), npeadoXeHHBLIM ANs cayyast
MAeaNbHOH ApeHbl (KPYIJOil NONOCTH B rpyuTe),

g TRUH—Hy) _kn(H—Hy) (117)
In th —— tn —To
2T nD

rae To— MOWHOCTD €/i0sl, KOTOPYH B cly4Yae HHOHABTPALHOHHOTO IH-
TaHUS MOXHO MpHGAHXKeHHO npuHATb To=my (pHc. 22).

Torp,a, YUYHATHIBasi HECOBEPIIEHCTBO JPEHBI MO XapakTe-
py BCKpbiTus niacta @, noayyum

sk (Ha—Hy)

4’ = (118)

4m0
In—+®
n nD+

[ToacraBue Boipaxenue (118) B 3aBucumocTts (112) m
npuHuMasi Bo BHHMaHHe, uTO ¢n=0,5 ¢’y nonyuum dopmy-
Jay (UILTPALMOHHBIX COMPOTHBJEHHH ApEHbl Ha BOJAOYyMNOpe

D= 23:" (m Ame 4 @ ) (119)

aD
80



3aBHUCHMOCTb AJISi pacyeTa PAacCTOAHHH MeXAy ApeHamH
Ha BOAOYNOpe MNOJYYHM, NOJCTaBHB BhipaxeHue (114) B
popmyay (116) u npunss Lonn=q)[m

B=4(l/ L+~ —L.m), (120)

rae
T=kepmy, (121)
Lomzﬁ(, Amo +q3) (122)
14 aD
o= (42 1) TR S (123)
ky

rac 8§ — Tomwmnua Quabtpa; C, — QUALTPALHOHHEIE  COMPOTHBJCHHSA
ApeH, o0yc/oBJleHHEE HECOBEepHIeHCTBOM KOHCTPYKuHi Tpy6 [(cm. dop-
myas (2), (6), (15), (100)].

fMipumep 1. Haiitn paccTosHHsT MeXAy cOBeplledHLIMH KaHalaMH
H KepaMHYCCKHMH ApeHaMH Ha Bodoynope ¢ (puabTpoM W Ge3 Hero npH
cliedyoWuXx AaHubX: Rep=1 wMfeyT, H=08 m; me=H[2=04 M, T=
=kepmo=0,4 mM¥/cyT; D=0,072 m; 1,=0,002 m; S.—033 M; g= 0003 M;
8§=0,001 m; k=5 m/cyr.

Hna coseputensoro KaHasa Lux=0 u no ypasuenunio (120)

HT 1/08 .0,4
B= =292 .
41/ 2.0,003 M

OnpepenuM paccTosiHue MeXAy KpyrabiMH mnojoctamu D=0,072 M
Ha BoJoylope (mmeasnsHuiMH Apenamu). Tak kak C,=0 u 8=0, To
®=0 u no ypaBuenusm (122) u (120)

204 4-04 )
Loy 2,31 —05 w.
"= 374 \“°'% 314.0,072 "

13—4(]/05‘%M 05)—273
- P T 90003 ) TN

Haxoaum paccrosnue MeXJAy KepaMHYeCKHMH JPeHaMH Ha BOAO-
ynope npH oTCyTcTBuu OuasTpa. CHauana no dopmyre (15) Bbunc-
nsieM

. 1
C.=Ci= ! In 4.033 in =4,31
3,14 6,072 an 3,14-0,002

2-0,33

IMockoneky 6=0, To mo 3aBucumoctu (123) ®=C,=4,31, a npu-
BeJeHlibie (HIbTPALMOHHBIE cOnMpoTHBAeHus no (122)

2.04 4.04
2:04 _ 404 u51) 16w
3.14 (2 €314.0072 ) "
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Paccrosiie MemAy ApeHamu, yJOXKeHHHMH 6es (HALTPOB,

0.8-0.4
B= 1/1,62 e ) =226 M.
4( *+ 5.0,003 "

ﬂﬂﬂ T€X e JpeH, HO0 YJAOXEeHHbHX C q)PU]prOM MO0 32aBHCHUMOCTAM
(123), (122) u (120)

1 0,072+2- 1
(__1)2’“ 07242-0,001

o= + —4,31=084;

0,072 5

9.0,4 4.0,4
Logn= 204 (53 —'+o,84)=o,71;
A 3,14( € 3140072

0,8-0,4
B= l/o,ﬂ? = =265 m.
4( + 20008 0,71) 6,5 M

Hrtak, B 3aflaHHbIX YCJOBHSIX PAacCTOAHHE MEXAY KaHadaMH DaBHO
29,2 M, uneanbHuMH ApeHamu — 27,3 M, rOHUapHEIMH ApPEHaMH C QUJIbT-
pom —26,5 M u Ges ¢uaptpa — 22,6 M. Kak BHAHM, pa3sHHLA AO-
BOJIbHO cyulecTBenHan (A0 22,6%). Ecam ke pacuersi MpoBOAHTb MO
dopmyne Pore HI¥ APYrHM 3aBHCHMOCTAM, TO Pa3HHUB OHTb HE ROJXK-
HO. DT0 OODBACHAETCH HEBEpHHIM AOMyIleHHeM, 4TO Kauan H Tpybuaras
ApeHa Ha BOAOYMOpe MO OCYiiHTEeAbHOMY 3(@deKkTy paBHo3Haunbi. B geii-
CTBHTEJbHOCTH 3TO AajeKo He TaK. JlpeHa H3-3a CHJIBHOrO NPOCTPAHCT-
BEHHOIO CXKAaTHSl TPYHTOBOrO MNOTOKA NpPH MORXOAE K BOLOMPHEMHBIM
OTBEPCTHAM TPYO ApPHHHMaeT ropasjfio MeHbllle BOJABI, YeM KaHak B OAH-
HAKOBBX ycsaoBHAX. IlocTynjienHe BOAB B KaiaJl NMPOHCXOAHT MO BCel
AAOWAAH CMOYEHHOTO MEpHMETpa M uepe3 30HY BHICAYHBAHHSA HA OTKO-
cax. B ppennl Xe ona NpPOHHKHET TOJBKO yepe3 nepdopalHOHHHE OT-
BEPCTHS MJH CTHIKOBbIE 3330pHl. Y/edbHas BOLONPHEMHAs NJIOWAAb Ka-
Hajia HamHoro Gosbiiie, yeM TpyGuaroit apennl, Hanpumep, npu rayGuune
BOAH B KaHane hy=0,3 M u snicoTe BhicauuBauus 0,1 M oHa cocTaB-
asieT Fo=8000 cm?/m. Ecau paxke AOMYCTHTb, YTO JpeHa AHAMETPOM
75 MM npHHHMaeT BOAY BceH cBOell MOBepXHOCTHIO, TO M TOrAa BOAO-
npueMuasi ee maowiaab coctaBut Fp=2370 cM?/M, uau B 3,4 pa3a MeHb-
Hle, YeM KaHaja (AJnA Kepamuyeckoil ApeHn 6Ges ¢uabtpa Fom
=20 cm?/M). XoTa M HeT NpAMOA APOMOPUUOHAJIBLHOCTH MEXAY OCYLLH-
TeJAbHBIM 3G QEKTOM IPEHaXKIOro COOPYXEHHA H ero BOAOMpPHEMHOf
MAOWAAbI0, BCe XKe 4eM oHa Gosbllle, TeM GoJjbille ApeHHPYeTCS BOAHL.
CnenoBatesbHO, NPH COXPAHEHHH PaBHBIX YCJHOBHH OCYyWIHTeNbHblEe 3¢-
deKTsl KaHala ¥ ApeHH He AOJKHBL GbiTb ORHHAKOBLIMH.

Hns yuera HecoBepuienctBa apen H. T. denaues npea-
aoxun B dpopmyne C. ®. ApepbsiHOBa KO3(pPHIHEHT «BH-
cAYEeCTH» JAOMOJNHUTL conporusieHuem ®. [JlononHeHHas
tdopmyna C. ©. ABepbsiHOBa AJisi pacyeTa PacCTOAHHA MeX-
1y ApeHaMH B OJHOPORHOM I'pYHTE NpH Herny6okoM 3aJjera-
HHH BOJIOYNOpa HMEET BHA

B=VBZ+ (I'B)?—T'b, (124)
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rae

k oT"
B=2Hl/— 1+ )
¢ q ( H

4 !
B= — [Ihn ——— +o0 \,
ns nD+
i D
" Tor

T’ — paccTosiHHE OT OCH JipeHy A0 BojoyHopa.
p p

Dopmyna (124) nact BnoaHe npHeMJeMble Pe3yAbTATHI.
Ho cymecTBeHHOe ee MpOTHBOpeYHe COCTOMT B TOM, 4TO
npu 7'=0 (To ecTb B ciyuae yKJaAKH ApeHaXa Ha BOJO-
ynop) nonydaem B=2HYRk/q — dopmyay Pote ans kana-
Jga Ha Boaoynope. IToNHOCTbIO HCUE3a€T BJIUSIHUE HECOBEP-
IleHCTBA JpeH MO XapaKTepy BCKPBHITHUSl IJjlacTa: paccTos-
HHS MeXAy HHMH He 3aBHCST OT Auamerpa TpybO u pac-
N0JIOJKEHHUS BOJONPHEMHBIX OTBEPCTHI.

Hns ycrpaHeHHsi yKazaHHBIX NPOTHBOpPEYnii HeoGXOAH-
MO TpH onpeaesneHHH (HIBTPALUOHHBIX CONPOTHBJIEHUH
TpyOuaThix APEH NOJAb30BATbCH JONOJHEHHOH (opMyoit
(112), To ecTh

Lug=fm Ha=Hs ¢ po (125)
dn

rae L% — duabTpauuoHnusie cOnpoTUBAEHHS IApeH Ha BOZOYMOpe, Of-
peaensieMbie no dopmyse (122).

PaccMoTpuM cayyall pacnoJioKeHus ApeH B OJHOPOILHOM
rpyHTe Bbille Bogoynopa (puc. 23). Bocnoab3oBasuinch pe-
wienueM C. ®. ABepbsinoBa ¥ JOMNOJHHUB €r0 CONPOTHBJIEHH-

O/ Y AN YD Sl TS

Puc. 23. Jipena B OXHOPOLHOM TIpYHTe.
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eM Ha HeCOBEepIUeHCTBO APEH MO XapaKTepy BCKPHITHA mjac-
Ta @, noayunum
th(Ha—
gy = 2k (Ha—Hs) (126)

2nmy
In D +®

Iloacrasus (126) B (125) u yyurwiBas, uto ¢;=0,5¢'7,
HaXO1HM

L= 2 (m?’"*‘ +(I)) + L, (127)
n nD
uau ¢ yyerom (122)
Lig= M n2Ms L po (128)
n nD
rae
o 2_[ 4mq (mn )
Lyy = T[ moln «D + 2 +my )@ |. (129)

C npyroii CTOPOHB, A5l ApeHH, pachoJoXKeHHOH B Oj-
HIOPO/IHOM TpyHTe BbllUe BoAoynopa (puc. 23), rpyHTOBBIl
NOTOK MOJKHO pa36GuTb Ha ABe 06GJaCTH: HHKHIOK — OT OCH
JApeHbl 10 BOJAOYNOPa MOLHHOCTBIO Mty W BEePXHIOI0 — OT OCH
apennt A0 YI'B mowHoctbio my. Torna obuine ¢uabTpauu-
OliHBIC CONPOTHBJEHHsT OYyAyT CJarathbCsi U3 COMPOTHBJEHHI
HIKHEH 30HBI, KOTOPYIO CJeAyeT pacCMaTpHUBaTh KaK mjaact
MOIIHOCTBIO My, ¥ COMPOTHUBJAEHHI BepXHeil 30HBI, MoJaras,
uTO JpeHa JeXHUT Ha Boaoymnope. IIpu sToM caeayeT yuyecTb
HeCcOoBepILEHCTBO JpeH MO XapaKTepy BCKPHITHS mJacTa.

[ns apeHbl, BCKpbiBalolie# OJHOPOAHLIA MJaacT, u3 pe-
wenuit C. ®. ApepbsinoBa (1966) u B. M. Ulecrakosa
(1965)

L= —min 2 (130)
b1 4 nD

a € yuyeTOM AOMNOJHHTEJIbHBIX COHpOTHBJIeHHﬁ Ha HecoBep-
IIEHCTBO 110 XapaKTepy BCKPbITHA nJjacTa

L= 12 (ln My g ) (131)
1 D

3

V3 npuBeneHHblXx Bl pelieHHH AAs ApEHbl HAa BOJAO-
ynope

L= L /no<ln . +cp). (132)

Cymmupysa (131) n (132), noayuum Te e paBEHCTBA
(128), (129). B cayuae pacueTa pacCTOSTHMH MEXAy Ka-
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HasamH cneayeT noaarath L%;=0 u npunste D=0,53(b+
+2hy), rae b — mupuHa KaHaaa no AHY; o — raybuHa BoAbl
B KanaJse. [lpu ykaaake uaeanbHuoix Tpy6 (8§=0, Cpp=0)

Lux=0,73m;1g 2"[‘; +1,47mq g 2 (132')
It

aD

Mpumep 2. Haiity paccrosiHus MexAy APeHaMH, Y/AOXKCHHLIMH B
OAHODOAHOM TDYHTE NpH HerayGOKOM 3aJjieraHH¥ BOAOYMOpA, NMpH cJie-
AYIOIINX MCXOAHBIX JaHHBIX: krp=1 MmfcyT; H=0,8 M; my=1 m; g=
=0,003 m/cyt; Ci=4,31; D=0,072 m; §,=033 M; 1,=0,002 m; H/2=
=04 m; T=1,4 m¥cyr.

Ecau Apenaxunie TpyGbi cuHTaTh HAeadbHbiMH, To ecTh Ci=0, TO
no Bulpaxennio (132)

2.1 4.-0,4

L'yy=073-1, ———— - 1,47-04-lg———— =1,2 M.

na=0.73-1.0lg 314.0072 7-04 lg3,14-0,072

Hcnoansys dopmyay (120), naxoanm

1,4.08
B=4 (1/1,22+ — —1,2) —50 .
2.0,003

B cayuyae, ecnn kepaMmuueckue ApeHbi yJjoxenb 0Oe3 ¢uabtpa, TO
®=431 u no ypasuenuio (129)
2 4-04 1 \ ]
D= ——|o04.231g ——24 (—+o,4 431 | =296 u.
A 3,14[ 3,14-0,072+ 2 )°

( O6wune ¢uabTpaluoHuble CONPOTHBAEHHS HaxoAum no Gopmyse
128)
23lg — 2 4996365 u

'€ 314.0072 B

Paccrosinne MeXAy aApeHamn
/- 1,4-0,8 )
B= 2y 22 =42 w.
4(1/ 365+ 7 o0g — 6 M

CaeaoBaTebHO, YKAAAKa KepaMHueckux Aped Ge3 GuaLIpOB B AaH-
HbIX YCAOBHSX MPHBOAHT K YMEHBILEHHIO PACCTORHUIT MO CPaBHEHHIO ¢
WAcaJbHBIMH ApeHamMy Ha 8 M, uau, 16%.

1
Lyn=
"7 314

ITpuBesneHHble pellieHHss MOXHO PaCHpOCTPaHUThL Ha Cay-
Yau YKJaJIKH JApeHaxa B MHOIOCJOHHBIX rpyHTax. Teope-
THUECKHE pDEelIeHHsi A/ (DUIABTPAUHOHHBIX PacyeToB ApeHa-
Xa B HEOJLHOPOJHO CJOHCTHIX 'PYHTaX cojepxKartcs B pabo-
tax B. M. Ulecrakosa (1965), A. fI. Oaeiiuuka u B. 1. Ho-
cukoBckoro (1970) u np. OaHako Bce OHM NPAKTHYECKH He
VYHTBIBAIOT HECOBEPIUEHCTBO APEH MO XapakTepy BCKPBITHS
naacra. HaMu caesnaHsl npHBOAMMbIE HHXKe NOMNOJHEHHSI
K Gdopmynam A. Sl OnefiHuka U Ap., NO3BOJSIOLIHE YYECTh
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HECOBEPUICHCTBO KOHCTPYKUHH ApeHaXKHbIX TPY6 U BjHAHHE
3allIUTHHIX QHABTPOB. ’

PaccrosiHuss mMexAy ApeHaXKHBIMH JIHHHAMH NpPH yCTa-
HOBHBILIeMCS pexHMe ¢uabTpauuu u HerayOoKoM 3aJjera-
HUH Bojoynopa (BZ=2my;) B onHOpPOAHBIX TPYHTaX M NpH
BZ=4m, B NBYXCJOHHBIX onpeiensiorcs (opmynol

B=4(l/L2m+ T L) (133)

rhe Lax — ofuiue ¢uabTpaluonHble CONPOTHB/CHUH, YUYHTHIBAIOWHE He-
COBEpIEHCTBO JAPEH MO CTENeHH H XapaKTepy BCKPLITHA MJIacTa, M;
T — npoBoAuMOCTb BOAOHOCHOI TOALLH, M2/CYT.

IOns aByxcaoiiHoro rpysra

T——‘kl("ll'*'"lo)'{'kzmz, (134)
Wu
T =Fks(nis+mg) + kymy, (135)
A1 TPeXCJA0HHOro
T=k| (”ll—*—fno) +k2nl2+k3m3; (136)
mo= Hp/2, (137)

cne Hy — pacuetHoe npesoillieHHe Hanopa Ha MeXApeHbe Hal Hano-
poM B ApeHe, M; My, Mgz, M3 — MOWHOCTH OTAGAbHBIX CJIOCB TPYHTA;
g — WHTEHCHBHOCTb (GHALTPALHOHHOTO MUTAHUA, M/CYT.

O6uine ¢uabTpalHOHHBIE CONPOTHBJIEHHS ONpefeNaloT-
CSl IO MPHUBOAMMBIM HHXKE 3aBHCHMOCTSM.

Has tpexchoiiHoro rpyHta (pHc. 24) npu ky=ky>=ks;
h<<hy<<ks n  ky, kig<ky 0o JAonojHeHHOH (opmyJse
A. §1. Onefinnka

Lug=p1B2m i ([ +To) + Barn. kz
2

ki

: 2 (jtfan) +

ki +k

+m, . (Fi+fio), (138)
1

rae fi=f, f., [ — GesapaamepHbie CORMPOTHBAEHHS Ha HECOBEpHIEHCTBO

ApeHbl MO CTENMEHH BCKPHITHA MJacTa B ORHOPOAHOM TPYHTE MOMIHOCTBIO

mi=m, M., m.

m =1+ ma+niz, (139)

My =ty + 1 (140)

ny=im,, (141)

fi=0731g 20, (142)
nD

&6



L

\

Puc. 24. Pacuernas GHALTPAUHOHHAA CXe-
Ma ApeHAaXa B TPEXCAOIHOM TpyHTe.

fio=Ffo; [e0; [i.0— 6eapasmepusie conpotunaenis ApeH No XapakTepy
BCKPBHITHA NJacTa,

10147 = Ig oy —2(L + ﬂ)ﬂn (143)

1; nD wt\2 mi;
ki D+28 k;
P LN —l) D+28 ki . 144
( fy n D + PR ( )

C; — Ge3pa3Mcphbie  CORPOTHBACHHSA, YUMTHIBAIOLIHE  NCCOBEPIWEHCTRO
KOUCTPYKIH APCHAXHBIX TPYO.

B cayuasx, koraa ks=k, (npumepHo ky/k;<<0,1) u
Ry/k1=0,01, obmue npuBenesHLie CONPOTHBJAEHHUS onpe-
JeNaTes GopMyJIon

Lux=nv ([i+fi0) + :—s[dl % (fetTeo)+

kg-kl i
+=—" i+l |, (145)
ky
rae J., f1 — Ge3pasmepHuie COMPOTHBACHHA AAR COOTBETCTBYIOIIHMX MOLI-
seeTelt m;=nm,, m,, onpefeisemsle no Gpopmyne
8m;

f.— —_. 46
1—0731g — (146)

Tlpu ks=ky u kofk;<<0,01 (cxema co cpexnum csabo-
I{POHHIIAEMBIM CJIOEM) CJelAyeT TNMOoJb30BaThCA JONOJHEHHOH
dopmynoit B. M. lllectakoBa

L= [— (h+ho) + =22 ], (147)
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kT
- )/ B (148)

Ty=ky (m;+mo), (149)
Ts=kyny, (150)
T=T\+T;. - (151)

Has onHOpoaHOro rpyHTa (UALTPALMOHHBIE CONPOTHB-
JIEHHUsT onpelessoT no dopmyJe

Lun=0,73m, 1g 2! 4 147m, 1g Mo 1 3(”—" + my )m, (152)
nD nD n\2
KoTtopasi nonyuaerca u3 (138)—(143) npu ky=k3=0 u
mi=m; uan u3 (130)—(132) npu my=m,.
B cayyae nByxcJofiHoro rpyHTa M pacmoJioxeHHs Apeil

B BepxHeMm cJoe (pHc. 25,a) ¢HAbTPALHOHHBIE CONPOTHUB-
JEHHUS onpeAensioT no ¢opmyJie

Lun=PBsm kn ([++fe0)+mp k“:k"

(Fs+fs0). (153)

ko '
IIpu pacnoJioxeHnn apeH H npakTHYECKH CBOBGOHOI no-
BEePXHOCTH B HMXHeM cJioe (puc. 25,6).

LH;:‘—_mu(fn‘*'fu.o), (153/)

r&e f., fo, fu — Gcapasmepunie comportusienus no Qopmyie (142) aas
MOILHOCTell, PaBHHIX COOTBETCTBEHHO M =mp+My, My U Ma, [a0; [o0;
fu.o — Ge3apaaMepHbie CONpPOTHBJEHHS, ONpefensieMble N0 3aBHCHMOCTH
(143) ans Tex Ke MouHocTeil,

2

7

7
S
. Ll
" -.
:

B/2
a ¢

Puc. 25. PacueTHas ¢uabTpalHOHHas cXeMa
ApeHaxa B ABYXC/IOHHOM TpyHTe:

a — npu xoneGanuu YTB B mepxsem chaoe; 6 — 10
:Ke, [IPEHMYWECTBEHHO B8 HHXXKHEM,
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U3 dopmyn (153) u

(154) MoxHO noayunts 8 70 )
dopmyabl aas  pacuera
ApeH Ha BojAoynope, mo- | 7 —
JOXHB B HHX k;=0; 10 ol 2
Ma=my WIK my="my,, a <SS 1.
conpoTuBiewus fs u [y g T~
NPHHATbL PaBHBIMH H Y L
yJaio. 24
IMonpasounbie K03¢- I
uunentnr Bi=f(r,m,r) @6
ONMpeAeNsoT no rpadu- el
kam (puc. 26), cocras- =1
JeHdHoiM A. 1. Oaefinn- ' A
KOM. Bravane wnaxopar -y 2 Z
r=rn/mj, rie ry; —Ha- 09 7005 ~J__
PYXKHBIH paamyc Ape- T g2 =
HaXHbIX Tpyo6. 07
[Ipu onpenenennn B,
NPHHHMAIOT m<ls
1
A= k:—kz' = ni ’ ! '-_l—_——
’(’3+k2 m* 1 ] 2 4
/)
m*=mg+m, (154) 4 Fe0007 | T~ g
[Tpu BhiuncaeHnu B, 07 l
9 02 04 05 08 A
_ kg—k| 7 ’ ’
kot R -
62+. ! Puc. 26. 3apucumocts B=f (A, 7, ).
m= " (155)
1y 41y
W 1IpY onpejiesieHUH .
el T L B (156)
kot iy ny+mg

TMonpaBounbifi KO3GPHUHEHT @, onpefeasieTcsi 1O Tpa-
buky o =f(F, m, A) (puc. 27). Tlpu 3Tom

=

T A= k|—k2’ = i, . (157)
nmy+myg kR4 ke ny+my,
Ecan A<<0, To B=1u o,=1.
Kosppuuunent g=f(cB) naxoaar mno rpaduxy (puc. 28)
upu
B=0,5¢B. (158)
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m=0
%[N 1 7o
_— oy 12
- » ‘5 e
99 . N [~
- N @‘:; -
N [l ’:
0,8 ~ “N (, S
I~
) N2 2N
- j* h
0,7 L . \‘
t o
|
06 ' -
10 v - “ 25
- N ;xL
Pl T - N 4” b~
99 - N R
N b - j\
F=00f Nk a1
08 a ot
1
- - 4,
. B=f
49 S = H
r$ 0,001 I aukl NN
i -
08 1 11
0 4z ¢4 06 G8a9 g% G9%A

Puc. 27. 3asucumocty a;=f (A, 7, m).

Pacyer BeayT noabopom, npunumas By=1. Mpuy B>3
ko3 duuuent =1. ’

Tlonpasounbie K03 duuHeHTb Ba U Pu HAXOUAT 1O rpa-
¢uky (puc. 26), Ha KOTOpOM IMpH oNpe/e/eHnH ps NpUHH-
MakoT

= PR p g, W= (me+ o) /My, (159)
kn+kn
H AaA Bu
o hemhe i = Myt iy (160)
kn+ka ma
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Ipu pacnoJioxenuu ApeH ¢

Ha TrpaHule pasgena c/l1oeB B T

dopmyne (142) npunumator & £

my=me, a Bpopmyae (143)— & yd

ﬂlo=0. o ,'
TlpuBeseHHble BblLIe 3aBH- 42

CHMOCTH NPHMEHHMB NpHU He-

rn1y60KOM pacrnoJIOKEeHHH BO- *
noynopa. Tlpn ray6okom Anz Puc. 28. 3asucumocts E=((B).
pacueToB JApeHaxka B OJHO-
POIHOM TPYHT€ MOXHO MOJb-
3oBaTbecsi AononHenHo#l dopmysoit A. H. Kocrakosa

B=' 231ka (161)

‘ 2B
In — 4+®
q\nnD+)

uan C. @. ApepbsiHOBa

B= nkHy (162)

28 ’
q In — +(D)
ny2DH)

B KoTophix (D Haxogutcs nmo gopmyae (123).
YpaBHenus (161) n (162) peuwiaior merogom noabopa.
Moayab peHaXKHOrO CTOKa 3aBHCHT KaK OT FPaHHYHbIX
VCJIOBHH GHAbTPalHA, TaK H OT KOHCTPYKuHii aped. Pacuer-
HOe 3HaueHue ero MOXHO NOJYunTb u3 popmynm (120)

19

o= ——2BHT (163)

B(B+8Lug)
W“’“‘"%il_ww Ans Hermy6okoro (B>
. s >2m) cHCTeMaTHYECKOro ro-
I - 3 PH3OHTaJIbHOTO AipeHaxa, yCT-
N =S pauBaeMoro Ha o0BekTax
? S A4 TPYHTOBO-HaNOPHOro MHTaHHA
g & X, (puc. 29), pacueTHbie 3aBHCH-
AR, /,5/;%';;'//2/; MOCTH, mpeanoxenHsie A. Sl
1750083772070 )% OJneilHuKkOM, € HalluMH JoO-
Lettrif b M lotd bpesles  NOJIHEHHSIMY, YUHTHIBAIOLUMH

HECOBCPUICHCTBO ApeH MO Xa-

Puc.29. Pacuetsas cxema ¢uap- PAKTEDY  BCKPBITHA 1nJjacTa,
Tpauuy NpH HaMopHOM nuTanuy, CJCAYIOUIHE!
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obwuii yleqbHbBIA NPUTOK K ApeHe

ky [AH+ A (my+rg) + ng-l
kl k?

Q= — o ; (164)
pacxoj HHHABTPAUHOHHOTO MHTAHHS
Qs=4B, (165)
pacxol, mocTynawouiuil M3 HanoOpHOro TOPH3OHTA,
Qu=0-Q,, (166)

fipeBblliCHHE ypoBHf Ha MeX]ApeHbe HaAZ YpOBHEM BOABLI B
apexe
H= -9 me+ L [@—Uy), (167)
3 ks
ks —
%2

B i) (168)

f u fi onpeaensiorcs no dopmyne (146), fi,o— no dopmyae (143).

—_— k| -
rae @g=o, - (F+fo) +
2

[Mapamerp Uy, onpeaensiercs Nno 3aBHCHMOCTH

Un=n—u+ =, (169)

2

FAE U, U, — napaMeTpH, KOTOpbie AJsi COOTBETCTBYIOIUHX MOLUHOCTEf
m=my+me+my b m;+m, Beiuucasior no opmyne C. d. Asepbaunosa

uA=l,27exp(— :f_z) cos 2, (170)

i ani

rae mi=m;+ny+mg U my+ny.

IMpu cooTHowenuu ky/k<<0,01 BMecTO 3aBHCHMOCTe
(169) u (170) canenyer mosab3oBaTbCs GopMyJiaMu

®n=F1+f1,0+0,5¢o cth Bo, (171)
= 25 172
A ShB, (172)
Bo=0,5¢,B, (173)
=) hme__ 174
€ l/kz(m|+mo) ’ ( )
o= ]/—’*2— (175)

ky (rmy+mg) 2

lpu Bo=2 B ¢opmyne (171) moxHo nmpuHaTb cth=1.
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B dopmyne (164) AH— 4

eCTb NpeBbILIEHHEe Hanopa B a1

BOJIOHOCHOM NJlacTe Haj YpOB- oy 20 Y

HeM BOAbI B jApeHe. Bespaz- 51— 91 / /

MEpHBbI€ CONpPOTHBJEHHS [, M J%/ /

f10 HaxomsT no copmynam’ L %;/ K

(142) u (143). IMonpasounsiii y, -

Kospduunent  n=f(B;m,+ ) EV4 d

+mo), Kk, B.) unaxopar mo J 74 -

rpaduxy (puc. 30). Ipu stom 7 /’

k=lghiky B.=B(m+m+  2|fA —

+m0). ,/,,/ = 24+
Ecan £<0, To n=1. Pac- qee

CTOSIHHA MeXAy ApeHamu B 7

onpeiessioT METOAOM MOJ- | [8] -Ilﬂ

6opa- m,rr‘na | //
QuabTpalHOHHbIE pacueTsi o Y d

JpeHaxa IpH HeyCTaHOBHUB- B4 <P

lemMcsl pexuMe ABHXKeHus 3a- 2 1

KJIIOYaKTCd B ONpeAe/]eHHH - o)

o A g

MeXAPEeHHBIX PAacCTOAHHH Mo ! s el

3aJlaHHOH BeJMUMHEe MOHHXKe- 7 ) .

Husa YI'B 3a pacueTHbiii nepu- _LQL:Q L] ,_J ’

OA HJH TO BE/NHYMHE NONYCTH-  , 71y +My Bx T

moro noxabema YIB. Ilo * ~ | 3 A

C. ®. ApeposaHoBy (1966), 10l L+

NpH HEYCTaHOBMBIIeMCS pe- "5 (o 75 15 7

JKume (DHABTpaLHU Hanopbl Ha '
MEX/JpeHbe M ApeHaXHBIH Puc. 30. 3asucumocts 1=
CTOK ofpeleNsioTcsi B BHAe ={(B/m., £, B.).
NpoH3BeJleHHsl COOTBETCTBYIO-

UIWX MapaMeTpoB JpeHaXKa, NOJAYUeHHbIX M3 YyCJOBHH yc-
TaHOBUBLIEHCS OUIBTpallMH, HAa HekoTopbie Oe3pa3zMep-
ible Ko3(h(pHLHEHTHI, 3aBUCSALIHE TOJBKO OT OTHOCHTEJbLHO-
rc Bpemenn. OcHOBHAsl paCueTHasi 3aBHCHMOCTb AJs ofipe-
JleIeHHsT PACCTOSIHUH MeX]y JApPeHaXXHbIMH JIHHHUAMH B yC-
JIOBUSIX HEYCTAaHOBHBIUEHCH (UAbTPALHUH HMeeT BHA

B=4 (‘l/l;%[n‘*" lz‘_ b LH}I ) y (176)
4p

rie p— Ko3((HUHEHT BOAOCOTAAYM HJIH HEAOCTAaTKa HaCHIIeHHS; T —
Bpems cTaGUIH3alL UK.
t=t/f; (177)
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|
4 ” 1
I n I A —t— £
NARD] X B
08 N iy, 254 LT
06 - ask
N4 - :
o T Y
001 03050709 17 15 15 17 19¢ T BT

Puc. 31. 3asucumocrs F=f(y): Pnc. 32. 3asucumocts I={(n, nm):

1 —npn n=1; 2—npu nz=5. I —npun 1,=05;, 2—r1pu n,=1;, 33—
npH Ny=2; 4—npn  n,=3 (no
C. &. ABepbsHOBY).

Lng — o6o0illennbie  (HABTPAUUOHHBIE CONPOTHBJACHHA, ONpeAeasieMble
N0 APHBEACHHHIM 3aBHCHMOCTAM [JIf OZHO-, ABYX- H TPEXCJIOAHOTO rpyH-
Ta; {— OTHOCHTeNbHOE BPeMsS CTaOH/HM3alHH, oNpeleseHHOe MO TpadH-
Ky i=f(y) (puc. 31) npu pacyerax mo AomycTHMomy moabeMy YI[B
H I=f(n)— npu pacuerax no 3ajanlioMy noHuxeHuio (puc. 32).

Koatdduuuent csoboaHoit emkoctu npu noaveme YI'B
onpeneasitoT no 3aBHCHMOCTH .
v=nhqt, (178)
rae h, — pacyetnas (gomyctumasi) BenuyMHa nogbeMa YI'B (puc. 33,4a);

¢ — HHTEHCHBHOCTb HHOHUAbTpaUHH; WK — Ko3(duINEHT HEAOCTaTKa Ha-
chlllleHust; f — pacueTHoe BpeMs moabema YI'B.

9

UON

AN
DN

L

e
g
2

v a

,‘*
]

Y nofen

Puc. 33. PacuerHas ¢duabTpauHousas cxema:
a— no AONYCTHMOMY noabeMy ¥YI'B; 6 — no sapau-
HOMY TMOHHXXEHHIO.
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Boiyucaus no sasucumoctu (178) kosdpduuuent y, no
rpaduxy (puc. 31) naxoast { u no dopmyae (177)— spe-
Ms CTaOHJIH3ALHH T, 2 MeXAPEHHBE PACCTOSAHHUS BHIYHCIAIOT
lio dpopmyae (176).

Ilpn pacueTax paccTosiHMii MeXAy ApPeHaMH MO 3ajaH-
Homy noHuxenuio YI'B (puc. 33,6) BHauase onpeaensior
napaMeTp m no ¢gopmyJe

n="m/H, (179)

rae h; — navanbuoe nosoxenve YIB na wmexapenve, f=0; H — ko-
HeYHOe K MOMeHTy ! nosoxenne YTB.

3atem no rpaduxy (puc. 32) HaxoAAT I W BpeMms CTa-
ounnsanun v no gopmyae (176). Iposoaumocts T B cay-
Hae mnoibeMa onpejensieTcss no HauaiabHoMy YI'B, B cay-
yae cMajga — mo KoHeyHoMmy (puc. 33).

B npuBedeHHbIX pacyeTHHIX 3aBHCHMOCTAX TOJILHHY
(unbTPa NPHHUMAIOT pPaBHOH TOJLIMHE MaTepHata, eC/H
¢&UABLTP BHINOJHEH K3 PYJOHHBIX MaTepHaJoB (CTEKJOXOJCT,
CcTeK/JoBaTa W Ap.), a €CJH U3 CHINYYHX, ONPelensioT Mo
dbopmyae

5= —"’53”2 — (180)

rke Pp — nonosHHa cmoueHHoro mepumerpa Ouabtpa; D — Hapyxubiii
jHaMeTp ApeHaXkuoii TpyObl.

ITpu yksmanke ApeHaka B TpaHUIeH C BepTHKaJbHbIMH
CTeHKaMH W NpHMeHeHMH B KauecTBe (PUJALTPOB INecuaHO-
rpaBHiiHON cMecH, TOpPOKPOLIKH, UiNaKa H APYTHX Cbily-
yux Marepuagos (puc. 33,6), ToauiHHy ¢HALTPa ofpele-
JISIOT MO0 3aBUCHMOCTH

5= 053(bi+h)—D
2
rae by —liupHHa Tpanilied; fi; — BLICOTA cLiNy4ero ¢uAbTpa.

(181)

’

Ecau apenax ycrpausaioT u3 tpyboduantpos, & upu-
HMMaOT PaBHOH TOJIMHE MX CTEHOK.

B tabnutie 21 npusBeieHbl pacueTHbie PAaCCTOAHMA MeX-
Ly JpeHaXXHbLIMH JIHHHSIMH B, BhlYHC/EeHHBie MO MpPHBEJEH-
HOMY Bbillle METOAY TpH CJAeAYIOIHX AaHHBIX: TPyOHl Kepa-
muyeckne; S,=0,33 m; 1,=0,002 m; D=0,072 m; Hpy=
=0,8 M; krp=1mM/cyt; ¢=0,005 m/cyT; m;=>5 m. [nag cpas-
HEeHHMs [aHbl 3HA4YeHHUs pacctosiHuéi By, BbIYUHC/EHHBE 6e3
yueTa HecoBepileHcTBa TPYO6 MO XapaKTepy BCKPLITHS
njacra.



2|. PacyeTHbie pPacCTOAHWA MEXILY APEHANHBIMH JTHHHAMH
APY Pa3fMYHLIX XapakTepHcTHKax Tpy6 u ¢uastpos

Nuametp Tpy6., MM 5 =
Xapaktepucrtixka = 3
Den D DuabTpa a Z = z o ‘?
2 S| Q] o Fi 9
50 72 Bes duavrpa — | — | 44| 69 |0,64]| 25
50 72 Crexnoxonct

BB-AM i5 1{60 691087 9

50 72 KpynHosephucToiit
necok, 50x30 cm | 15 |176| 65| 75 [ 087 10
50 72 I"'paBuii, 50%30 cm | 50 |176]| 66 | 75 [ 0,88] ¢
50 72 Topdokpotika 5| 50| 60| 711085( 11
100 200 Tpy6odpuastp 25| 50(63(72(087 9

Kanan: b=560c™m | hy-=25 cwm;

hy==140 cm — | —|76|76| 1,0 —

Heyuer B pacueTunix ¢opmysiax HecoBepLICHCTBA JpeH
[0 XapaKTepy BCKPLITHS MJaacTa MPHBOAMT K CYWECTBEHHO-
MY 3aBbILICHHIO MEXAPEHHBIX PacCTosAHHUIl, 0coOelHO B Cay-
yae ykJaalkn apeHaxa 6e3 ¢puabtpoB (36%). B 1O Xe Bpe-
M5 QUALTPH, B 3aBUCHMOCTH OT HX (PHIHKO-TEXHUYECKIX
XapaKkTepPHCTHK, CNOCOOCTBYIOT CYHIECTBCHHOMY YJYHILCHHIO
YC/OBHII NPHTOKA BOALI K JpeHaM U YBEJIHUCHHIO pacyer-
HBIX pacCTOAHHH.

CrielyeT OTMETHTb, UTO NMPU HAJHUIH 3AWHTHBIX QHILT-
pOB yBeJIHUCHHE HAPYXHbIX JHaMeTpOB TPy HecyLeCTBeH-
HO BJIUSIeT Ha PacCTOSHHA MexJay ApeHamu. Tak, npu H3-
meHeHuu D ot 72 a0 200 mM pacueTHbie pPacCTOSIHWA YBe-
JUYHANCh TOIbKO Ha 5%. Jlaxe 3amena KepaMHYECKOro
JApeHa)a OTKPBITBIM KaHaJlOM N[O3BOJSET YBEJHYHTb B Ha
15..27%. B cBsasu c arum yrepxkaeune LI. H. lllknukuca
(1981) o Tom, uto 3amena Tpy6 D=50 mm Tpybamn D=
=100 MM paBHOIleHHA YMCHbIUEHHIO PaACCTOAHUI MeXAY
npenamu na 20...30%, pbi3biBaeT comueHue. Bece H3BecTHHIE
TEOPeTHYECKUC PEllieHUs TIOKAa3blBaIOT, UTO BJAHAHNHE AHAMET-
pOB JpeHaXKHhiX TPy6 HesHauuTesbHO. ONBITH XK€ B TPyH-
TOBBIX J0TKax npH HeGosabwiom (0,5..1 M) pacctosiHHH TpyO
01 CTEHKM [AeHCTBHUTEJBHO NMOKa3bLIBAT 60JbILIOE BJAHSAHHE
AHaMeTpoB Ha CcTok. KcTaTH, U no TeopeTHUeCcKHM (HopMy-
JiaM NpH paccTOsiHHH Mexcay Apenamu 1..2 M BausAHHe AHa-
meTpa Tpy6 Beamnko. Ho Bce 3To Henb3si MepeHOCHTb Ha Ha-
TYpy, T'/ie pacCTOsiHHA Mexay Tpyb6amu NpaKTHYeCKH BCer-
na Goabtie 10 m. [TosaTomy yBesnueHHe AHaMeTpa, Kak 3To
pekomenayer LI. H. Ulkunkuc, HepauHoHadbHO.
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3. Merogura (uabTPaMORHBIX PacyeToB XpeHaka

IMpuroyHoCTh BOABI K ApEHaM, Onpejic/siollas pacuer-
Hble pacCTOAHHS MeXAy ApPEeHaXKHLIMH JHHUSIMH, 3aBUCHT
OT HayaJbHbIX W TPAHHUYHBLIX YCJAOBHH (PHJALTPALHH, JHTOJO-
HYECKOTO CTPOEHHA TIPYHTOB, HX BOJONPOHULAEMOCTH H
BOMIOOTAAYH, KIUMAaTHYECKUX YCJAOBHH, KOHCTPYKTHUBHBIX 0CO-
CeHHOCTel ApeHakKHBX TPyG (AuaMeTpsi, AJUHA, pa3sMepH,
¢opma M pacnmosioxeHHe BOJONPHEMHBIX OTBEPCTHit), CXeM
YyKJIaAKH H TmapaMeTpPoB 3allHTHHIX (uabTpoB. PacuerHbie
PACCTOSHHSA MEXJY /APEHAXKHbIMH JNHHHUSIMH ONPENEeNsIOTCH
TaKXe XapakTepoM CeJbCKOXO3AHCTBEHHOr0 HCMOJML30BA-
HHSl MeJHODHPOBAHHBIX 3€MEeJlb.

[Tpusenenunie HMXKe MeTO/Ibi (QUIBTPALUOHHBIX pacue-
TOB JipeHa)Ka YUHTbIBAlOT MPAKTHYECKH BCE MepeyHCNeHHbie
tbakTopbl. PazpaboTranbl OHM Ha ocHoBe OGOOLUEHHsT M aHa-
au3sa peuiennii C. O. ApepbsaHosa, I1. §. IToay6apuHoBoit —
Kounnoii, B. B. Benepuukona, A. {. Oneiinuka u B. I1. Ho-
cuxkosckoro, B. M. IllectakoBa, a Takxe noaeswix, Jabopa-
TOPHBIX H TEOPETHYECKHX HCCIENAOBAHHHA aBTOpa.

Hcxonnbie naHHBle AJs NpoBefieHHS (QHABTPALHOHHBIX
pacuyeToB TOPH30HTAJbHOro TPybuaToro ApeHaxka craelaylo-
mue:

reoJIoro-rujiporeosorHueckue CTpoeHusi of6bekTa: MOLL-
HOCTh BOJIOHOCHOH TOJH, ray6uiHa aKTHBHOH 30HBI, Xa-
pakTep BOAHOro MHTaHHS, HaAWude HANOPHOCTH, GOKOBBIX
NPHTOKOB, TJiy6GHHA TPYHTOBbIX BOJA M HX OaJjiaHc, HaJHUYHe
BOJOYHOPOB, NMPOCJIOEB, PA3rpy30uHbIX OKOH;

(UIbLTPALIMOHHBIE CBOHCTBa TPYHTOB: BOJONpOHHLae-
MOCTb, BOAOOTJAua, HEJOCTATOK HACHILIEHHs (B MpakTHye-
CKMX pacyeTax HeJOCTaTOK HaCbILIEHHS NPHHHMAETCS paB-
HBIM BOJOOTHAYE);

KJAHMaTHUYECKHe YCJOBHA: pachnpejejeHHe OCaAKOB, HcC-
flapeHue, 3anacel BOJbl B CHere K HauyaJly CHerorastHus, cJofi
3aTONJIEHUS U Ap.;

XapakTep MNJaHHPYEMOTrO CeJbCKOXO35HCTBEHHOrO HC-
noAb30BaHUS 3eMeNib: KYJbTYpPbl, pacYyeTHbie PeXHMbl IpYyH-
TOBHIX BOA (HOpMa OCYIIEHHS1) HJH BJaXKHOCTH KOPHeoGH-
TAEMOro CJIOsi TMOYBH, AJHTEJLHOCTb H CPOKH Hauaja pac-
YeTHBIX NEePHOMO0B;

XapaKTEPUCTHKA JApeHaxHbX TPyO: nuaMerpsl, AJNHHA,
pa3Mepbi CTHIKOBBIX 3a30poB, (opMa, pasmepsl H pacmoJo-
XeHHe nepdopailuy, BOAONPOHHIAEMOCTb CTEHOK (Ans TPY-
6odunbTpoB);
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X2apaKTEPHCTHKH APEeHaXkKHbIX (HUJLTPOB: NollepeyHbie H
NpoJo/bHble KO3(Q(UUHEHTE GHAbTPALKH, TOJUKHA, NOPH-
CTOCTb Y Ip.;

rayOuHa 3a/10XKEHHsi JApeH, cXema YKAaAKH (HILTPOB,
CXéMa pacnoJoXKeHHsi peryJjHpylouieil ApeHa>KHOH CeTH B
nJjaHe, cnoco6 o6paTHOro peryJupoBaHHs BOJ/IHOTO peXHMa
(noanouBeHHOE yBJaXKHEHHE, NOXK/eBaHHe).

@uibTpallMOHHBIE PacyeThl JPeHa)ka BBHIMOJHSIOT H3 yC-
JIoBHs obecneyeHuss TpeGyemMoi HHTEHCHBHOCTH cnaga YI'B,
MCMONb3Ysi METOAB yCTaHOBHBUIEHCST W HEYCTAHOBHBILEHCSH
¢uapTpaunu. [eficTBUTe/bHBIH XapakTep paGoThl ApeHa)ka
ONKCHIBACTCSA YCJIOBHSIMH HEYCTAaHOBHBLUETOCS PEXHMa FPYH-
TOBBIX BOJl, H MeX/[pEHHbBle paccTosiHus (oJiee MPaBHIbHO
pacCuuTEIBaTh No sToMmy Metoday. Omnako paspaborau oH
JHIHB T OTPaHHYEHHOTO Kpyra mNpoCThiX (HALTPALHOH-
nblx cxem. [loaTomy Bo MHOPMX c/yyasix HCHO/Ab3YIOT Me-
TOJ, YCTAHOBHBLIeHCSH (uAbTpalLu, KOTOPHIH JaeT HEeKOTO-
pblil 3anmac B pacuyerax.

PacuernbiMp nepuopamu sBASIOTCS BECEHHHH W JieTHe-
ocennuii. Ilepeoiiit Anurtenbuoctbio 10...15 cyT nocsne OKoH-
YaHHA CHEroTasiHHA CUMTAeTCs OCHOBHBIM, BTOpOH — Mpo-
BepoyHbIM. PUALTPALUOHHBIE pacyeThl Ha BeCeHHHI MepHOL
npeaycMmatpuBaloT obecneueHne HeoGXOAMMOH HOPMEBI OCY-
UIeHHs K Hauany mnoJeBbiX paboT M BereTaillid pPacTEHHH.
3Aech BO3MOXKHBI JBa BaphaHTa: a) OTCYTCTBHE 3aTomJe-
HHsi MOUBH NpH pacnosoxenuu YI'B K Hauany pacuerHoro
nepuoja Ha raiyOuHe a,; 6) NOJHOe HacblllleHHe MOUYBH BO-
NIOH M 3aTonJjleHHe MOBEPXHOCTH cjaoeM Ha.

ITposepouyHbie pacueThl Ha JieTHE-OCEHHHI NepHox MHpo-
BOJAAT M3 YCJOBHii: a) obecrneueHHss HYXKHOH HOPMBI ocyiue-
HHUSI B TOT MEpPHOJ] NpPH BHNAJCHHH MHTEHCHBHHIX A0XKAeH;
6) obecneuenus: HeOOXOAHMON CKOPOCTH OCBOGOXKAEHHA Ma-
XOTHOro CJIOs OT rpaBHTaLHOHHOH BoABl ({=1..3 cyT).

Ona TsixeNblX IMMHUCTHIX NMOYB BTOpPOE YCJOBHE CYHTa-
€TCsi OCHOBHHIM H JJis BeceHHero nepuoja, npu 3tom {=
=10...15 cyT, 20=90,2...0,3 M. [TpoBepouHbie pacyeTsl Ha HH-
TEHCHUBHbIE JOXAM B JETHUH NepHOA, Kak NpPaBHJIO, HE Bhl-
NOJNHSAIOT BBUAY TOro, 4T0 NOYBa B 3TO Bpems obJaxaer
6O/IbIIONH aKKYMYJHpYIOLlel eMKOCTbIO, BEJHKO HCNapeHHe,
noabveM YI'B uesnauurenbusiii. IIpu pacuetax Ha oceHHHH
nepuof YI'B kK Hauasy 3aTSXHBIX JOXKIeH NpPHHHMAaeTCs Ha
rayOuHe 3aJI0XKeHWsi ApPEH, mouBa He o6safaeT aKKyMYJH-
pyloleli eMKoCcTbio, Hopma ocyuieHus a4=0,6..0,8 m, wuc-
napenne e=0...0,5 m/cyr.
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[Ipy ucnosb3oBanuH MeTONa HEyCTaHOBHBILeHCH (HIBT-
pauuyH BO3MOXHBI pacCyeTbl APeHaxka M0 JONYCTHMOMY
noabvemy YI'B. Ecau k nauany cherorasuus YI'B pacno-
JIOXKeH lla 6oJbuIoH Triay6HHe, TO MeX/ApEHHble PaCCTOSHHS
MOXHO Ofpefe/HTb M3 AONYIIEHHS, YTO K Hayajny MOJEBbIX
paboT OH MOAHAJCS He Bbille HOPMBI OCYILEHHS B 3TOT Me-
puoa. B neTHe-ocenHu#t mepuol TakuMm AomnyiieHuem Oyaer
BO3MOXKHOCTb MoAbeMa YI'B OT UHTEHCHBHBIX OCaJKOB He
Bbillle HOPMBI MJIH OTCYTCTBHE 3aTOMNJEHUs KOopHeobutaemo-
ro cJiosi MOYBHI.

B o6o6uiennoit ¢popme pacyeTHble MEpPHOABLI C YKa3aHH-
€M 3aBHCHMOCTe#l 1Jisl oNpefejieHHsT HCXOAHBIX NMapaMeTpoB,
HeO6XOAMMBIX NpH (HUABTPALHOHHBEIX pacueTax ApeHaxa,
AaHbl B NpHJIOXKeHHWH (cxema 1).

®uabTpallioHHass 06CTaHOBKAa MeNHOPHpPYeMoOro o0bek-
Ta (MacchBa) JOJXKHa OBITh NpeACTaBle€Ha PpPacueTHOM
GOUAbTPALMOHHON CXeMOMH, KOTOpasi CJYXHUT OCHOBOM IJA
Bbifopa MeTona pacuyeTa ApeHaxa. Cxema MoXeT GbITh CO-
CTaBJieHa A/ BCEro MacCHBa HMJH 4aille AJis BblAENAEHHBIX
XapakTepHHX yuacTkoB. Ins nocrpoeHuss ¢uibTpauuoOHHOM
CXeMHbl HCNOJb3YIOT AaHHbIE MO PeKHMY, CTPOEHHIO H CTPYK-
Type NOTOKOB, YCJOBHAM NHTAaHHS, FHAPABAHYECKHAM Xapak-
TEPHCTUKAM BOJOHOCHBIX FOPH30HTOB, HX CBSI3H C aTMoche-
poHi, reomerpuyeckoMy ouepTaHuio obnacTefi UALTPaUHHK
H Ap.

MenuopaTuBHble MepONPHSITHS OCYIUECTBASIOT Ha MJIO-
waasx ¢ 6e3HanOpPHBIMH H HanmOpHBIMH TPYHTOBHIMH BOAA-
mu. OcHOBHbie BHIbl MHTAHHA FPYHTOBBIX BOI: HHPHABTpA-
UHOHHOE, BEJHYHHY KOTOPOTrO YCTaHaBJHBAlOT Ha OCHOBE
BoJA06aNaHCOBHIX pacyeToB, ry6HHHOE M3 HaMOPHBIX TOPH-
30HTOB M NPHUTOK cO cTOpoHbl. Ilpu 3HauuTeNbHBIX pasme-
pax menuopupyemoro ob6bekra HabalonaeTcss GesHanopHasi
¢uabTpanKs ¢ NMOBEPXHOCTHBIM HHOHUABTPALHOHHBIM MNHTa-
HHeM TpH OTCYTCTBHM (pedKo HaJduuuu) TrayOHHHOFO NpPH-
Toka. Jns1 yuacTKoB, NPHMBIKAIOIIMX K BOJOXpaHHJHILAM,
o3epaM, KPYMHBIM pekaM M KaHajJaM, CyUlecTBEHHYIO POJib
urpaer GokoBoii npuTok. B TanbBerax y3kux 3a00J104€HHBIX
nofiM, Kax IipaBujo, npeoGJjajaeT HaNopHoe MHTaHue ¢
HH2KHHX BOAOHOCHBIX FOPH3OHTOB.

BepxHeii rpaunuest puabTPaLHOHHOH CXeMBbI CAYXKHT Mo-
BEPXHOCTb MOYBHI, HHXKHEH — BOJAOYNOP HJH KPOBJAS OGHJIb-
HOTO0 HaMoOpHOro ropusoHTa. BoloHOCHas ToJllla, KakK mpa-
BHJIO, HEOAHOPOJHA H NPHBOAHTCH K ABYX- HJH TPeXcJoii-
Ho#. Haubosee pacnpocTpaHeHH AByXCaAOKHbBIE TOMMH. BuyT-
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peHHel Mx rpaHulledi 6yneT NMJIOCKOCTL Pa3jena JABYX CJO-
€B C CYlIeCTBEHHO pas3Hoii mpoHuLaeMOCThio. Ecnu kp/ky>
>300, TOo HMXHHMH CJ0fi MOXKHO TMpPHHATH 3a BOAOYMOP.
[TpuHuunel cXxemMaTu3alUHH NPUPOJHBIX YCJOBHA H MOCTpoOe-
HHSI PacyeTHBIX (PHAbTPAIIHOHHBIX CXeM AeTasbHO pa3pabo-
TaHbl MPHMEHHTEJbHO K THAPOTEOJIOTHYECKHM pacueTaM H
H3noxeHsl B pabore ®. M. BoueBepa (1969) u ap. Mmn xe
ClelyeT PYKOBOJACTBOBATLCS H NPH COCTaBJEHHH (uabTpa-
ILHOHHBIX CXeM MEJHOPaTHBHOTO JpeHaxKa,

B obuleM cayuae mpuTOK BOALI K ApPEHE NPH KPYroBOM
KOHTYpe NMHTaHUS HAa €JUHHLUY AJIHHBI

2nkH
= — = C'
Dot D \Pqﬁ‘ i

rae @, — Oe3pasmepnble (PUALTPALHOHHBIE CONPOTHBJEHHA HAEAJbHOH
ApeHs! (MOJOCTH B FpyHTE), ONpejessieMble TDAHHYHBIMH YCJOBHAMH
¢HuAbTpauuH (COMPOTHBJEHHAMH Ha HeCOBEepIIeHCTBO ApeiiaXa Mo cre-
fieHH BCKpBITHs Nsacta); P; — Be3pa3MepHble (UAbTPALHOHHbIE COMPO-
THBJIEHHA, OOYCJ/IOBJIeHHEIE HECOBEDIEHCTBOM JApeHaXa MO XapaKTepy
BCKpHITHA MNJ1acTa, KOTopbie B oflleM caydyae BbipaXKaloTCsi 3aBHCHMO-
CTBIO

L .
Oi=ape+Cif1—at 3%a),
ko
kep D+28
rae Po= -K —1 ) In ~p " Ppupallenre 6e3pa3MepHEX QMIBT-

pallMOHHBIX COTMPOTHBJEHHH, O6ycjaoBjeHHOe HaAHuMeM ¢HAbTpa; C; —
Gespa3MepHble (DHUAbTPAUHOHHbIE CONPOTHBJEHHA, OOGYyC/OB/eHHbIE HECO-
BepIIEHCTBOM KOHCTPYKUHHA ApeHaxXHbIX Tpy6; o — KoshduuHenT, yuu-
THIBalOUIM{ CMocob yKJAaAKH H pa3Meph (HJIBTpA.

Paccrosiine MexAy APeHaXKHBIMH JIMHHSAMH Onpeaess-
I0TCSl 10 W3BECTHBIM 3aBHCHMOCTSIM:
NpH yCTaHOBHUBLIEHCS (pmprauHu

B= 4(1/ L4 T y Lm)

npH HeyCcTaHOBHBLUeHCS cpunmpaunu

B———4(I/L “;(_*‘ -_ —Lnn)
4u

rae Lyug=L%x+®@;; L%z — npuseRenubie (GUAbTPalHOHHBIE COMPO-
THBJIEHHA HA HECOBEPIUCHCTBO ApeHAaxKa Mo CTeneHH BCKPLITHA NJaacTa;
@, — 710 XKe, MO XapakTepy BCKpHITHA MJacTa.

Bennunnsl L%; onpenensiorcss no NpHUBOAMMBIM B pabo-
tax C. ®@. AsepbsanoBa, A. §I. Ouneiinuka, B. M. llecraxo-
Ba 1 Ap. GopMysaM B 3aBHCHMOCTH OT cXeMmbl HHAbTpAIH-
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ONHOr0 NOTOKA, NavaJpHLIX H IpaHHUHbLIX YCJioBHH. Pop-
MYJBl NS BbIYMCJACHUS (DHABTPALHOHHEIX COMPOTHBJEHHH,
00yCJIOBJIEHHBIX HECOBEePLIEHCTBOM ApeHa)ka Mo XapakTepy
BCKDLITHSt macta M;, AAs pa3nHyHbLIX KONCTPYKLHH H CXeM
YKIaAKH QUALTPOB NPEACTaBAeHbl 1a cXxeMe 2 NPHJIOKEHHS,
a o0mux OHILTPALLHOHHBLIX CONPOTHBAEHHH L,; — Ha cxe-
mMax 3..6 nAna NPOBeAEHHS pacueToB B PeKHME OCYLIEHHS H
Ha cxemax 7..9 NPHJIOXeHHs — AJig pacucToB NpPH YyBAaX-
HEHUM WINI030BaHHEM.

®uabTpalLHOHHbIE pacyeTbl FOPH3OHTaJbHOro TpyOua-
TOrO JpeHa)Ka CBOAATCH K YCTAHOBJCHHIO MeXJPeHHbIX pac-
CTOSIHHI W MOAYJeHl CTOKa HPH H3BECTHOM TIe0JIOTHYECKOM
CTPOEHHH TOJILM, 3afaHHON AWHamuKe YI'B (HopMa ocyiue-
HHs1), HM3BECTHBIX KOHCTPYKLHAX Tpy0, cXxeMax YKJaAKH H
napamerpax QuJibTPOB W TNPUHATOH ray6uHe 3aJ0XKeHHs
ApeH. MeToluKa M NOCJAEAOBATENbHOCTb (DUABTPALHOHHLIX
pacueroB JpeHaxa COCTOAT B cjaeldylolieM:

1) cocraBasioT pacueTHyi0 (UJILTPALHOHHYIO CcXeMY;

2) npuHHMAlOT pacyeTHble NEPHOALI H CPOKH, BHIUHCJSA-
I0T pacyeTHble HafllOppl W BeJHYHHbB BOAHOIO NHTAHMA MO
(¢opmysaMm, npuBeJeHHbBIM Ha cxeMe | NpHJAOKeHHs;

3) HMCXOAsl M3 H3BECTHHIX MapamMeTpoB TPy6 M GHALTPOB
1 CXeM HX YKJaAKH, BLIYUCASIOT 6e3pasMepHbie QUILTPALIH-
OHHblEe CONMPOTHBJICHUS APeH No XapaKTepy BCKPHITHs IJ1acTa
no ¢opMmyaam cxemsl 2 NPHAOMXKEHHS;

4) paccTosHHS MeXAY ApeHa:KHbIMH JIKHHAMM TIpH pa-
6oTe ApeHaXka B peXHMe OCYLICHMs ONpeAensioT no ¢op-
MyJiaM, NpHBEJAeHHBIM Ha cxeMax 3 (AByXcjaoHHasi ToJuLia),
4 (opHOpOAHBIH TPYHT), D5 (Tpexcsoiinas tonuma) u 6 (Ha-
nopHoe nuraHue) npujoxeHusd. Ha cxeme 3 AaHH 3aBHCH-
MOCTH JJIl pacyeTOB MeTOAaMHM YCTaHOBHBIUefics (HIbTpa-
UM TO 3ajlaHHOMYy noHuxeHu0 YI'B u HeycraHoBuBilekcs
(UAbTPaLMK NO NOHMMKEHHIO H AONycTHMOMY noabemy YI'B.
Ha cxemax 4 u 5 He npuBeaeubl (opMyJbl AJis PacueTos
Ro AonycruMomy noabemMy YI'B. 31echr MOXKHO BOCHOJBL30-
BaThcsl popMyJsaMH cxeMbl 3, NMOACTaBJIAA B HUX COOTBET-
CTBYIOIlMe 3HAaUeHHS NpPHBEACHHbIX (HALTPAUMOHHBIX CO-
apoTusjeHu# Ly U3 cxem 4 H 5. -

Beilne paccMOTpeHbl MeTOAW (UALTPALHOHHBIX pacuye-
TOB TOPH30HTaJLHOrO TpyOuaToro ApeHaxXa, paborawoLiero
TOJBKO B peXHMe ocylleHusi. B ocymuTenbHO-yBAaXKHH-
TeJIbHBIX MEJHOPATHBHBIX cHCTeMaxX NPH OTCYTCTBHH J0XK-
NeBaHUS TOPH3OHTA/bHbIA ApPeHaXX NpeJjHasHadyeH He TOJb-
KO AJsi OCYWIeHHs, HO H MJsi NMOANOYBEHHOIO YBJIaXKHEHHS
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CeAbCKOX03AHCTBEHHBIX yroanil. B stom cayuyae duabTpanu-
OHHble pacyeThl JApeHaxa (Ha3HauyeHHe MeXAPEHHHIX pac-
CTOSIHMH) BHIMOJHAIOT AJsI ABYX BapHaHTOB palboThl: MpH
ocyuieHHH (MO 3aAaHHOH HHTEHCHBHOCTH noHuxeHus YI'B
H HOpMe OCYyllUeHHs!) W NPH NOANOYBEHHOM YBJaXKHEHWH, KO-
TOPOe MOXeT OCYIUeCTBJAATbCS ABYMs cnocoGamu. Ilep-
BHi# — ¢ noabemoM YI'B B Mexapenbe, Korja oH nepeBo-
AUTCS ¢ TIOHMXKEHHOTO FOPH30HTa h; o TpebyeMmoit B pac-
YeTHHIH MepHoA HOpMbl az. Btopolt — 6e3 nogvema YI'B B
cepeliiHe MeXApeHbs, Koraa Tpebyercsi yAepKaTb YyPOBEHb
BOAB B MOYBe Ha 3aJlaHHOM OTMETKE dajp.

PacyeTHbIM NepHOAOM CAYXKHT JIeTHHH 3aCyULIHBHIf,
JMJIMTEALHOCTE KOTOPOro NpH NepBoM cnocofe NOANOYBEH-
HOrO YBJIaXXHeHHs cocTapjseT 3.7 cyT, IpH BTOpOM — 3...
5 cyt. Pacuetnoe Hcnapenue e oObl4HO NPHHHMAIOT B Ipe-
aenax 2.6 mm/cyt, ocaaku p=0..2 mm/cyr. Koadpduunenr
HeAOCTaTKa HacbllleHHsi 6epyT paBHHIM K03 HUHEHTY BO-
AooTAaud p. [Tbe3oMeTpuueckuil Hanop B jApeHax NpH MOA-
nouBeHHOM YBjaxKHeHHu H, cocraBaser 0,6..0,9 M.

IMpu pacuerax ApeHaxa B pexyMe NOANOYBEHHOTO YB-
NaKHeHHsi (LIJIO30BAaHH5I) DPACCTOSIHHA MEXAY ApeHaXKHBI-
MH JIHHHSIMH DEKOMEHIYeTCsl BHIYHCJATL NO $opMyaaM, npu-
BeJeHHRIM Ha cxeMmax 7..9 npuaoxenusi. [Ipu cocrasiennu
pacyeTHHX CXeM NPHHATO, YTO GHILTPALHOHHBIE CONPOTHB-
JdeHHst Lgmz u @; B pexxumax ocylleHHs H TNOATIOYBEHHOTO
yBJiaXKHEHHS OAHHAKOBHI.

TlocnenoBaTenbHOCTL PUABTPALHOHHBIX pacyeToB Ape-
HaXa, paboTaiolllero B pexXnMme INOANOYBEHHOTO yBJaXHe-
HHA, CJeAylolLan:

COCTaBJSAIOT pacyeTHyK (HABTPALHOHHYIO CXEMY;

Ha3HAYalOT pacyeTHbie MepHOAbl H MPHHHMAIOT HCXOAHBIE
rnapametps (4, e, p, p ¥ Ap.);

BHYHC/AAIOT GUIbTpallHOHHBIE cONpOTHBAeHUs @; no cxe-
Me 2 NpHJIOXKEHHUS,;

Haxo AT Ko3ddunueHTsl PB; nMo pHCyHKY 26 H dopmy-
aam (159)...(160);

PACCTOSIHUSI MeXAY ApPEHa’KHBIMH JHHHAMH BBHIYHCISAIOT
no ¢dopMysaM Ha cxemax 7 M 8 npuioXeHHs (N0 MeToAy
ycraHoBuBLIelics duabTpauun) uau 9 npu pacyerax mo me-
TOAY HeyCTaHOBMBIIEHCH (UILTPALHH;

KOJIHYECTBO BOALI, NI0JaBa€MOe B CHCTEMY B NMEPHOA WIIIO-
30BanHs (KO3 (QHULHEHT eMKOCTH), BHYHCAAIOT N0 opmyne

Ao=§tB. (182)
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B 3aKpHITbIX CHCTEMaX ABYXCTOPOHHero AeHCTBUS C NOA-
IIOYBEHHBIM YBJIaXKHEHHEM B KayecTBe MPOEKTHLIX Paccrosi-
Hufi MeXAYy JpeHaXKHBIMHM JIMHHSIMH TNPHHHMAIOT MEeHbIUHe
¥3 3HaueHu#l B, BbluHcJeHHBIX NMpH paboTe B pexume ocy-
INeHHsT B YBJaXKHEHHS.

Cnenyer OTMeTHTb, YTO IIPHBEJEHHBIMH Bbillie ¢opmy-
JIAMH MOXKHO HOJIb30BAaTbCSl H NPH PHALTPAUMOHHBIX pac-
YyeTax OTKPHITOH ocymuresnsHoi ceTH. B aTom cayuae we-
o6xoauMo BO Bcex ¢opmynax noaoxuts ®,=0 u npunats

D=0,53(b,+2h), (183)

rae by — wupuna Kauajaos no AHy; Ay —iaybuHa BOAB B KaHaiax.



FTABA V

TUJPABJIMKA APEHAMKHLIX
" HATIOPHBIX TPYBOIMPOBO/I0OB

1. O6mue monoKenus

CosnaHve MeNHOPATHUBHBIX CHCTEM B TYMHAHOH 30He He-
Pa3pBIBHO CBA3aHO C HEOOXOAHMOCTbLIO FHAPABAHYECKHX pac-
4€TOB Pas/iMyHBEIX TpyOonpoBoAoB. I'maakocTeHHBiE CTalib-
Hble, YyTryHHble, ajloMuHHeBble, ac6ecToueMeHTHbIE, M/aCT-
MacCoBble HAMOPHLIC TPYObl NPHUMEHSIOT B BEPTHKAaABLHOM
ApeHaxe, MNoA3eMHLIX TpyOONMpoBOAax OPOCHTENBHBIX CH-
CTeM, AnA BOJlOCHaOxeHns nacTéul, depm, npu ycrpolicTse
KOJJIeKTOpoB M Ap. IluactmaccoBbie Tpy6nl ¢ rodpHpoBaH-
HBIMH CTEHKAMH M KepaMHYeCKHe HCHONBL3YIOT TOJBKO J%
CTPOHTE/bCTBA CHCTEM TOpPH3OHTaJbLHOro JpeHaxka. Ilaact-
pMaccoBbie JpeHa)KHbic TPyObl M3 MOJIM3ITHJAEHA HAK NOJHU-
BHHUJXJIOPHAA B KOHCTPYKTHBHOM OTHOLIEHHH Pa3AensiloTcs
Ha IJaJKOCTeHHble W rodpHpoBaHHbie ¢ GOJLUIHMH pPa3JjH-
4YnAMH B crocobe ycTpoiicTBa i ¢opme nepdopauloHHBIX
OTBEpPCTHI, KOTOPLIC BLI3LIBAIOT CYLIECTBEHHOE H3IMEHEHHEe
[HAPABAHYECKHX CONPOTHBJAEHHI ABHXCHHIO BOJML.

IlIpu npoekTupoBaHHH MEJHOPATHBHBLIX CHCTEM THApPAaB-
JAuyecKkHe pacuetrsl TpyGONpoOBOAOB NPOBOAAT A1 HasHaue-
HUsi [uamMeTpoB TpyO, obecneunBaiolIUX MpoNyck 3axaHHO-
ro pacxoja TNpH M3BECTHLIX Hanopax, yKJOHaX, NJOWanH
Bopocbopa ¥ MOAYJIsi APEHAXHOTO CTOKA; ONpeeseHHs CKO-
pocteil ABHXCHHA BOAbI B TpyOax NMpH 3ajlaHHbIX pacxodax
W Hanopax; yCTaHOBJIEHHSI PACXO/0B, NPOXOAALHX NO TPY-
6am 3aaHHOrO JMamMeTpa NpH H3BeCTHLIX Hamopax HaH yK-
JIOHAX; Ha3HAYeHHsl YKJOHOB JpeHa>XHbIX JHHHH, €C/H pac-
XOAB H AHaMeTpbl TpyO 3ajatibl, U AP.

Bce yxkasaHHbic BeJHYMHBI HaXOAAT M3 pacueTHHIX ¢op-
MYJ, YYMTBIBAIOLIMX TOTEPH HANopa Ha TpeHHe MO AJiMHe,
KOTopHe Aas TPY6 Kpyrioro ceyenus ompeneasiorcs ¢op-
my.aoi [lapcu — Beiic6axa

hy=Mlv?/2Dg, (184)
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rae | — nauna yuactka Tpy6u; D — BHyTpennmit ee amamerp; g=
=9,8 M/c? — yckopenne cBofoasoro najenus; v=Q/w — cKopocTh Te-
ueHHs XKHAKocTH; Q — pacxol; w=nD/4 — niomaip HONEPEYHOro Ce-
YcHus TpYObl; A — KO3DQHUUUEHT CONPOTHBJCHHA TpeHHsi, COGCTBEHHO
ONPEACHSIOIWHA THAPABIHYECKYIO XaPAKTEPHCTHKY TPYOH M SIBASHIOULHII-
ot Qyukuueii uucna Peiinoasica Re=vDJv; v — KunemaTHueckuii Ko-
POUUHENT BI3IKOCTH KUAKOCTH.

B ruapasiuke Tpy6onmpoBOAOB BLIJAENAIOT TPH pexuMa
ABHXKEHMA: JlaMHHapHbIH, korga Re<<2320 u norepu yaenn-
HOH 3Heprun (Hamopa) He 3aBHCAT OT LIEPOXOBATOCTH H
NPONOPUHOHAMNLHLI NEepBOH CTeNeHH CKOPOCTH; NepeXOoAHbIH,
korga 2320<<Re <4000, u TypO6yaeHTHbIH, NPH KOTOPOM f10-
TepH YIeJbHOH 3HEPrHHu 1o JIJIHHE T[POMNOPUHOHAJBHBEI CKO-
poctu B ctenend 1,75<m<2. 3ony TypOyJaeHTHOTO peXHMA
pasfendloT Ha TpH obJjacty;

1) raaaxoro conpoTUBAEHHS, B KOTOPO#H fy U A SIBJSIIOT-
¢ QyHKuUHsAMH dHcaa PefiHoabica ¥ He 3aBHCAT OT IIEPO-
XOBaTOCTH, a MOTePH Hanopa NponopuHoHaabHb V75,

2) noxBaJpaTHYHOrO COINPOTHBJIEHUs: 3AeCh /; N A sB-
JAI0TCA pyHKUHeH uHcaa PeiiHonbAca B OTHOCHTEALHOH MHe-

poxoBatocti A=A/D, rpe A — BbiCOTa BLICTYNOB ILEPOXO-
BaTOCTH; MOTepH Hamopa Mo JIJIHHE NPOMNOPLHOHAJNBHB CKO-
poctd v B creneHu 1,75=Cm<2;

3) KBaJpaTHYHOro CONPOTHBJEHHS, /e NOTepH Hanopa
1IPONOPILHOHAADbIbI KBaApPaTy CKOPOCTH H He 3aBHCAT OT Re,
a KoapduuueHT A aBaseTcd GyHKUHEH TOJbKO OTHOCHTE/L-
HOH LIePOXOBATOCTH.

M3yueHnio 3aKOHOMEPHOCTH JBIXKEHHS XUJKOCTH B TPY-
Oax nocssieno 6oJblioe koaudectBo pabor. HecmoTps Ha
9TO, BONPOCH O COMPOTHBJEHHH JBWXKEHHIO KHIKOCTH B
TypOyJeHTHBIX MOTOKaX He MOJYYHJH MOKa /0CTaTOYHOro
TEOPeTHYECKOTO OGOCHOBAHHSI H NPOJOJKAIOT OCTaBaThC
aktyanbpHbiMHu. Ecnu aas Tpy6 u3 TpaauUMOHHBIX MaTepHa-
JoB (Merassi, KepaMHKa, 6eTon M Ap.) HMeeTcd MHOIO 3K-
CNepHUMEHTANbHLIX pelleHHl, TO H3yueHHe T'HAPaBAHYECKHX
CONPOTHBJIEHNH B MJacTMaccoBbIX Tpy6ax HauaTO HeJaBHO,
a pe3yJbTaTsl HEPEAKO PA3HOPEUHMBBI. DTO OTHOCHTCA NpPEX-
e Bcero K jpetaxnbiM nepdopupoBaHHbIM Tpybam H OCG-
6enHo rodpupoBanisiM. TpyAHOCTH, CBsi3aHHbIE C YCTAHOB-
JeHHeM THAPaBJHYCCKHX COMPOTHBJAEHHH IJIACTMACCOBLIX
ApeHaxHbiXx TpyO, o6ycnosaensl, ¢ 0JAHOH CTOPOHBI, pasJH-
yHeM npuMeHsiemblx Martepuagos (IIDBII, TIDHII, HIIBX
U Ap.), € Apyro#l — nanpuveM OGOJBbLIOTO KOJHYECTBA HX
KOHCTPYKIHHA.
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2. MopMyasl rAApaBANKM KepaMUYECKUX APEHAKHBIX TPYO

C 1775 r. pnia rMApaBAHYECKUX PAaCUETOB HAMOPHHIX TPY-
60npOBOAOB M OTKPBHITHIX PYCJOBBIX NOTOKOB HIMPOKO TNpH-
MeHsloT popmyany llesu

v=CYR;, (185)

rae C — koypduuuenT, 3aBHCAIMH OT COCTOAHHA BHYTpeHHeil iuepo-
XOBaTOCTH W AHaMerpa TpyG; R — rHApaB/HYECKH# paAHyC, AJS Kpyr-
avix Tpy6 R=D/[4; { — ruppaBaudeckuii ykJoH (MoTepu Hanmopa Ha €RM-
HHLY MJIMHH).

B meanoparusHoit npakthke koadp¢uuuent Llesum BbI-
ucasior no ¢opmynam H. H. IlaBnosckoro, ManHuura,
Kyrrepa u ap. daa xepamuueckux Tpy6 anametrpom GoJiee
10 cM H xopouwero xayectBa Tpy6 D<<10 cm npH TilaTeNb-
HOM yKJaJKe 4acCTo HCHOMB3YIOT GOpMYJibl:

Maununra
C=R'/n=(D/4) */n, (186)

rie n — Ko3QPHUHEHT ILEPOXOBATOCTH, ONpelesieMbifi Mo CHelHasIbHON
uKaJe;

H. H. INMasaosckoro

C=R'sinp; (187)

B. A. BaxmerveBa — H. B. ®esoposa — M. H. Arpoc-
KHHa

C=1/n4+17,721gR. (188)

O6blyHO B THApPAB/IHYECKHX pacyeTax KepaMHYyecKoro
nApenaxa B ¢opmynaax (186), (187) u (188) npunumaior
n=0,012.

Ecnu kavectBo kepamuueckux Tpy6 D <10 cM Hesrico-
KOe M yKJaJKa MX HeTlllaTe/bHasi, TO MOJb3ylOTCA Gopmy-
joil Basena (HoBOI)

Cc 87 87

IR 1+2yyD (189)

rae y — Ko3pdHUHEHT IIEpPOXOBAaTOCTH, OOLIYHO NPHHHMAEMHA DPaBHHM

’

B MeauopaTuBHOH MpaKTHKe 3aMaZHOEBPONENHCKHX CTpaH
H Ha aMepHKaHCKOM KOHTHHEHTe pacnpocTpaHeHa ¢opmyJia
. J1. Slpuenna u C. M. Byasopaa

v=KR i (190)
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3HaveHue Koapopuuuenta K=92,87, noayyeHHoe ans
Tpy6 D>10 cM, A MEHBWIHX AHAMETPOB JaeT 3aBbllleH-
noe 3Hauenue v. [losromy uacto npuHumalor K=65 unu
K=175.

@®opmyast (185)...(190) copaBesauset ans obaacTu
KBaApaTHYHOTO CONMPOTHBJIEHHs M AOJTOe BpeMmsi OblIu OC-
HOBHHIMH. OJlHaKO, KaK MOKa3a/H NPaKTHKAa H IKCNEePHMEH-
Thl, BO MHOTHX CJydYasiX OHM Aal0T 3HAUHTeJbHBIE NOrpeLl-
HOCTH. Psaa uccnenoBarteneil yka3blBaloT, YTO B KepamHuue-
ckHX Tpy6ax He cobsofaeTcs 3aKOH KBaApaTHYHOro COMpo-
tHBJeHHusl. Boobute B Tpy6uyaThix cHcTeMax TOPH3OHTaJb-
HOro JpeHaxa 3aKOH KBaJAPaTHYHOTO CONPOTHBJEHHSA SIBJS-
eTcsi CKOopee HCKJloueHHeM, yeM mnpaBujom. [lo Muenwuio
H. H. IlasaoBckoro, Gojee npHemjeMmbt PopMyab NoAyIM-
MHPHYECKOro THNa, Aawouine koadduunent llesn B 3aBHcH-
MocTH oT uucaa Pefinonvica. TlepBbiMH Takyio Gopmyay
sl KepaMHueckux Tpy6 D=>55 mum npeanoxuau M. @. Hua-
kosckuil u K. K. MMoaskos

A= Re%*§/7250.

B 3anaaHoesponmefickux cTpaHax celyac IHPOKO pac-
npoctpaHeHa ¢dopmyna Kénnebpyka — Yaiita

1 A 2,51
— =2Ig—— + =], 191
Vi g(3,7D Reﬁ) (191)

KOTOpasi TNoJiyyeHa NyTeM MeXaHH4YeCKoro oO6beauHeHHs
¢opmyan [Mpauntas — Hukypaase ans mepoxoBaTHX Tpy6
¢ ¢opmyJioit Aasi raaKHX Tpy6 ¥ mpuMeHMMa KakK B KBal-
paTHuHOMH, TaK U B NepexofHOH 006nacTH COMPOTHBJIEHHS.
B. K. Baaxuc (1969) no pesyabraTaM JsabopaTOPHBIX
HCCAEN0BAHMI TLIATEJNbHO YJNOXKEHHBIX KepaMHYeCKHX Tpy6
auamerpoM 50...200 MM NOAYYHJ DacCyeTHYIO 3aBHCHMOCTb

0= —3.631g (M1 +(9—**”j;°'°)"8] VDI, (192)

cnpaBelJIUBYi0O B NepexoAHOodl W KBaApaTHuHOH o0O6/acTAX.
dta ¢opmysa npoBepeHa PsSAOM MNOJEBLIX IKCHEPHUMEHTOB,
aeT XOpOWYK CXOAHMOCTb, M €0 CjelyeT MOJb30BaThCsi B
NpaKTHYECKHX pacyeTax.

B nocaeanee BpeMs NOSIBHJIUCH HEKOTOPbi€ YTOUHEHMUS
dopmyanl (192) B cBsi3M € yyeToM BO3AYIIHBIX NpoGOK, co-
3[al0UIMXCA B MeCTax HM3JI0OMa YK/IOHOB APEHaXXHHIX JHHHIAL
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3. TuapaBanuecKkHe 3aKOHOMEPHOCTH TYPOYJAEHTHOro
ABMKEHHA B MJACTMACCOBHIX TPybax

HccnenoBanns 3aKOHOMEPHOCTCH THAPABJNYECKHX CO-
NPOTHBJICHMA B INJacTMaccoBbiX Tpyb6aXx HayaTel OTHOCH-
TeJIbHO HEJaBHO, [10CJAe OCBOEHHS MPOMBILUIIEHHOCTHIO Mac-
COBOro Mx npomussoicrsa. IlepBrle ruipaBanyecKHe HCMbITA-
Hus Oblin nposeieHnl B Hunepnanpax u ®PI B 1959—
1961 rr. M. Beccesunr u @®. Tomma (1967) nposenn mc-
IBITAHUA APEHAXHBIX TJalKOCTeHHHX Tpy6 D=40 MM u3
[1BX c npoaoavHo-1eneBoll nepdopaiuest xopoulero 4 njio-
XOro KauecTBa, a Takxe rodpupoBaHubix Tpy6 D=40 »u
50 MM co cnupaJabHBIMH (BHHTOBBHIMH) rodpaMH BbICOTOH
h=3 MM u warom S=6 MM. YcTaHOBJEHO, 4TO Henepgo-
pHpOBaHHble IJ1aJKOCTEHHBIE TPYObl — FMAPABIHYECKH FIaA-
KHe, a rodpHpoBaHHble — wWepoxopaThie. Has riaalkocTel-
HbiX TpY6 D=40 mm

A=a Re-025

rac kKosbOHUHEHT @ HMeeT ciedylolye 3HAuCHUs: ienepdopHpoBatHble
Tpy6er a=0,3164 (10 ccTb noaTBepxAactcst dopMyna Baasuyca); npu
nepdopauuu nioxoro kauectsa a=0,41, xopoiero —a=0,35.

CkopocTs BoAbl B TJiaakocTeHHHX Tpy6ax D=40 mm
onpefeasietcs GopmyJoil

v= CRO714{0,572, (193)

rie C — ckopocTHOit KO3(dHUHEHT, paBHblli cooTBeTcTBeHHO 148,2;
168,6 u 186,7 ana nepeuncjeHHblX Bbillle BAPUAHTOB.

CaefoBaTesLHO, NPOAOJIBHOLLEAEBAs lepdopallks B raal-
KOCTEHHBIX TPy6ax yMeHblIaeT HX NPONYCKHYIO CIOCOGHOCTD
na 5,8...15%. Ilo nannsim A. Bekena u I'. Xeiinipukca, nep-
dopauusa oyeHb NAOXOTO KayeCTBA MOXET YMeHpMlaTb NPo-
nyckuyio crnoco6uocts Tpy6 no 30%.

H. Bpunkom u C. HuibccoHOM n3y4denbl rHapaBiniecKne
conpoTtusieHusi raaaxocreHunlx u3 HIIBX Ttpy6 nnamer-
pom 38; 48; 72 u 86,6 MM H rodpuUPOBAHHLIX AHAMETPOM
28; 45; 58,9; 72,8 u 91,8 MM u npensoxeHb chaeAyloUiHe
saBucumMoctu (npu {=20°C):

AJISl TJafKOCTeHHbIX HenepopUpOBaHHBIX TPyO

v =205,7R0718{0.57, (194)

AJS TafKOCTEeHHBIX mnepdopupoBaHHbX (wenn 0,5X
X 25 MM)
v==200,2R0718%.57, (195)
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A1 ToQppHpOBaHHBIX
v = T77R0685{0,433 (196)

Heo6xoaumo oTMerutb, 4To B ¢opmysne (196) nokasa-
Teab cTenexu npu i Menbuic 0,5. 3To He cooTBeTCTBYET 06-
IIENPH3HAHHBIM TONIOXKEHHSIM H, BHAHNMO, OOYCJIOBJIEHO HC-
TOYHOCTBIO SKCNEPHMEHTOB.

N3 3asucumocteit (194)...(196) caeayer, yto nepdopa-
IMs B rJaJIKOCTEHHBIX Tpy6Gax yMenblliaeT HX MPOIYCKHYIO
cnoco6nocts Ha 2,7%, a NpoM3BOAHUTENbHOCTb TO)pHpOBaAH-
HBIX Ha 22...269% MeHblue, ueM rJaAKOCTEHHBIX.

H. Dpukccon 11a ocHOBe aHasiu3a ONBITHBIX JAaHHBIX
H. Bpuuka u C. Husabccona, a Takxe peKkomenjauui
Apnonbptcona u A. BperTuHra ycTaHOBHJ, YTO 3KBHBAJIEHT-
Has ulepoxoBatocts A B ¢opmyae (19) cocraBaser Ans
rnagkocteHnslx Tpy6 0,005...0,01 MM, rodppHpPOBaHHBIX —
1,1 mM; faid nocieHHX UM peKoMeHAoBaHa ¢opMyaa Man-
HuHra — lrpukaepa — Bperrunra

v=KmR2/3ilI’, (197)
rae Km=89 — cxopoctHoil koddduiHenT.

[To uccaenoBanusaM A. Bekena u I'. Xedujapukca, pe-
UM NOTOKa B rodppuposaunsix Tpy6ax ¢upmst CBB (®PT)
COOTBETCTBYET 3aKOHY KBaAPaTHYHOTO COMPOTHBJICHUSA H Ajd
pacuetoB pekoMeHayercsi ¢popmyaa (197), B kotopoit Km=
=60...64. Kak BuauM, pas3juuds B YHCJCHHBIX 3HaYEHHAX
cKopocTHOro koad¢uuuenta K, AOBONBHO CYIIECTBEHHBIC.
OtkaoHeHust no cpaBHeHHMIo ¢ ¢opmynoii (196) cocrasas-
o1 —22, +15Y%. HekoTopsie aBTOpbl OOBACHSAIOT 3TO Iie-
COBEpPILIEHCTBOM METOJUKH 3KCNEpHMEHTOB ¢ TrodpHpoBaH-
HeIMH Tpy6amu. 1o HailieMy MHEHHIO, OCHOBHBIC PaCXOXAe-
HUSL OGYCJIOBJIEHBl T€M, YTO H3yyaJiichb pa3Hble N0 pa3MepaM
H KOHQHrypauuun rodpoB KOHCTPYKUUH. 3HayHTesbHBIE
oTiMyus B ¢opMc, BhICOTe H Wiare rodpoB oO6ycJIOBHIH
Goslbluve pacXoXAeHHs B YHCJAOBHIX 3HAaYeHHSIX CKOpPOCT-
Horo ko3dpouuuenta K.

CiienyeT OTMETHTDb, YTO W [Jisl IVIaJKOCTEHHLIX TPyO lie-
KOTOpble aBTOPbl PEKOMCHAYIOT MOJIb30BaTbcsi (OpMyJsamH,
OTBEYAIOWMMH 3aKOHY KBaApaTHYHOro conpoTusieHud. Tak,
O. Ueabaam u K. Pemike (1961) npeasnaraior raaakocreli-
Hele TPyOnl paccuuteiBatb no Qopmyne (197) c xoaddu-
unentoM K, =100..120. P. Ka6uua u B. Tnanek pasraaa-
kocteHunlx HIIBX T1py6, BbinyckaeMmeix B YexocsoBakuw,
pekomenayior K,=112,62 n npeanaraioT BBOAWTH [IOMNOJ-
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HHTeJAbHYl0 TNONpaBky, paBHylo 0,7, Ha 3anleHHe ApeH.

Hrtak, npakTuyeckn Ajns BCeX MiacTMacCOBLIX TpyG npel-
JIOXEHBl TuApaBAHYecKHe (OPMYasl, OTBeYaloOUiHe pa3JiHu-
HbIM 3aKOHaMm conpoTtusjeHHs. TakHe 3HauuTesbHHE pac-
XOXeHHs1 00YCIOBJIEHBl Pa3/JHYUsIMH B CTeneHH 06paGoTKU
BHYTPEHHEH MNOBEPXHOCTH BbillycKaeMblXx TpyO, HecoBep-
IIeHHOH MeTOAWKO# SKCHEepHMEHTOB, OTCYTCTBHEM aHaJH3a
peXuMoB paboTH H YCTaHOBJEHHUSI 00J1aCTH CONPOTHUBJIEHHS.

XapakTepHasi 0CO6€HHOCTDL FHPABJIHKH APEHAXKHBIX TPY-
60onpoBOAOB 3aKJAI0YaeTcsi B TOM, YTO MO HX AJIHHE NpOMC-
XOAHUT MPHCOeAHHEHHEe MXHMAKOCTH ¢ H3MEHEHHeM pacxoja
BJI0Jib MYTH M JABHXKEHHe HOCHT HEYCTAHOBMBLIHIiCA Xapak-
Tep. Bce xe npuBeleHHble Buille QOpPMYJibl MOJYYEHbI NPH
paBHOMEpPHOM [ABHXKEHHH M OTCYTCTBHH OGOKOBOrO MNPHUTOKA
BJOJb MYTH, TO €CTb He YUUTHLIBAIOT NOTEPH Ha BHXpeEBHie
CONMpPOTHBJIEHNS, Bbl3biBaeMble NOCTYNJeHHEM BOAL B TpY-
6bl yepes nepdopanHio.

Fuapasinueckass TeopHA [BHXEHHS J>XHIAKOCTH C nepe-
MeHHBIM BJOJIb NYTH pacxol0M paccMoTpeHa B paboTax
U. M. KonosanoBa, A. H. Ilarpamena, B. M. Makkageena
U Ap. ‘

B ofmeM BuAe ABHMEHHE XHAKOCTH C MNepPeMEeHHbIM
BJOJb NMYyTH PacxOLOM OmHcuiBaercsi ypaBHenuem M. M. Ko-
HOBaJoOBa

—'U"—"(zSJFS“”‘ 29 g5+ y-'—‘—’"de]+
g at ot [0)

o
+v%2g+ply+y+h,=C, (198)

rae Q — pacxop, npucoeauHsiiouluiica B uHTepsase or 0 Ao {; v — cpea-
HSil CKOpPOCTb TOTOKA; /M — OTHOILLEHHE NPOEKUHH CKOPOCTH NPHCOCAM-
HSAEMOTO pacxofia Ha HalpaBJcHHE ABHXKEHHMS K CpCAHEH CKOpPOCTH OC-
HOBHOrO TMOTOKA, @ — MJIOLLaJdb MKHBOIG CCYCHUA MNOTOKa; S — AJdHHA
noToKa; ply — Nbe3oMeTpuyeckast BBHICOTA; v%/2g — CKOPOCTHO# Halmop;
h. —noTepu Ha TpeHHE; g — YyCcKopeHHe cBobopnoro najesus, C —
TIOCTOSIHHAS HHTErPHPOBaHHA,

Ins ycTaHOBHBILErocs peXKHMa ABHUXKEHHs NPH OTCYTCT-
BHH TPaH3MTHOrO MU HAYaJIbHOTO Pacxoia H PaBHOMEPHOM
npucoenuHenun ero Bioabp nytu M. M. KouoBa/ioBbiM Ha
ocHoBe peuuenusi ypaBHenuss (198) noayuena dopmyaa mno-
Tepb Hanopa B Tpy6onposoje

sk 3qer
riue g — yaesbHuili upuTOK (OTTOK); S — AJMHa TpybonpoBoaa; K=
=wC}R — Moxynb pacxona.

pe TS 4 ST (199)
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M. I'. Xy6aapsH HeycTaHOBHBIIeecsl ABHXKEHHE XKHAKO-
cti B Tpyb6ax npu paBHOMepHOM NPHCOeJHHEHHH pacxola
BAOJb NYTH onucasa CAeAylouied CHCTeMOH ypaBHEHHH:

dv oy 1 dp Ao,
Y ———m——— —— — — U (U — U
at tu 0x p Ox 8R ( )4,
L op do g (200)

pC?, ot x

rie v, p U p — OCpelHEHHHE N0 CEYEHHIO CKOPOCThb, AaBJEHHe H MJOT-
HoCcTh; C;— CKOPOCTb DacnpocTpaHeHHs 3BYKA B XKHIKOCTH; 4 — Npo-
eKLUHA CKOPOCTH NpHCOelHHsieMOro (OTAEJNbHOTO) pacxofa Ha Hanpas-
JieHue ABHXKEHHS OCHOBHOTrO MOTOKa.

IMpu ycranoBuBiieMcs peXkHMe ABHXKEeHMs pellleHHe CH-
cremnl (200) nocne psAa AonylleHH#A W ynpouleHuil uMeer
BHJL

v?
ho— = ?i 0

2¢D 3

rae Ro, Uo— HamMOp H CKOPOCTb B Hauaje pPacCUeTHOTO ydacTka TpyGo-
nposoaa; h, U vy — TO XKe B KOHUe.

(1+ g Z—L)+ '_;_ (vit—vg?), (201)

Yo

IKcnepuMeHTa/IbHble HUCC/IeJ0BAaHHs CONPOTHBJEHHH, BO3-
HHKAWKX B TPyOuaTHiXx cHCTeMax MPH pachpefeseHHH H
c6ope Boaul, BHnoJsiHenu A, U, Eropoeeim (1961). Ha ocho-
BE MHOTOYHCJIEHHBIX ONMLITOB H TEOPETHYeCKUX pellieHHH HM
npeanoxeHo KO3¢(HIIHEHT BHXpPEBbIX CONPOTHBJEHHH, Xa-
pakTepu3yiolinii OTHOIIEHHE CYMMapHbBIX NMOTepb Ha TPeHHe
M BHXPEBHIX CONPOTHUBJEHHH K NOTepsAM Hanopa TOJbKO Ha
TpeHHe h,; Ha OJHOM M TOM XK€ yyacTKe JABMIKeHHs TypOy-
JIEHTHOTO T0TOKa, ONpeleaaTh O 3aBHCHMOCTH

Co=helhgn=aE,"+1, (202)

rae E, — Geapa3amepHHlii mapaMeTp, XapaKTepH3YIOUK#A OTHolleHHEe XH-
BRX CHJI CTpY#l M NOTOKAa Ha 3JEMCHTapHOM yuacTke nepdopHpoBaHHOR
TpyOH;
Et=II'/02~; (].=qu; UQ=Un/Uc,

g — pacXoll, MOCTYNAIOMIUA Yepe3a KpyrJible OTBEPCTHS B CTeHKe TpyOu
Ha yyactke AS; Q — pacxop BoIbl, MpoXxoAsiluit no Tpybe Ha ToM Xe
yyacTKe; Un — CKOPOCTb HOTOKAa B Tpybe; V¢ — CKOpOCTb cTpyil; @ u
1 — ko3¢duurenT NPONOPUHOHANBHOCTH H NOKa3aTelb CTeNeHH, 3aBH-
csllHe OT yrsa BXOAa CTPyR W NapameTpa

(203)

P=cos ondo ’

8 — Tonmuna crenku TpyObl BOJAM3M KPOMKH OTBepcTHs; do — AHaMerp
otBepcrusi; 1 =0«p/do — KO3 PHUMENT, XapaKTepH3YIOUHIl NpeaesHOe
yc/oBHe HCTeUeHUst CTPYiH H3 oTBepcTHA; Oxp — KPHTHUECKAst TOJ/ULHHA
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CTEHKH, NMPH KOTOPO# CTPYH BHITEKAaCT M3 OTBEPCTHA HOPMa/bLO K ocH

TPyGbl HE3aBHCHMO OT CKOPOCTH JABHXKEHHst TPAH3HTHOIO MOTOKA; MO
Aaunbiv A. H. Eroposa, =1,36.

a=15(+1); (204)
n=037exp [2,1(B+1)—1,45(B+1)2]. (205)

Ilo popmynam (202)...(205) namu pana oueHKa BJHA-
HHSI BUXPEBBIX COMPOTHBJEHHIH Ha NMOTEPH Hanopa B NJAacT-
MaccoBHIX ApeHaXHblX Tpy6Gax. [1pu 3TomM pacxoasl u cko-
pocTH BOAbl B TPpyOax BHIYHCASAAHCHL MO dopmynaam (213) u
(214), a cxopocTh cTpyit no dopmyae

ve=103/FL, (206)

FAC g — MOAy/ib JAPEHaXKHOro ctoka, Jafc-ra; F—naomaas nepdo-
pallHOHHLIX OTBepCTHIl 11a eJHHHUIlY AJMHBL ApeHbl, cM%, L — anuna ape-
HaXKHBIX JuHuil Ha | ra ocywiaemofi NJOWAZH, M.

Pacyernl nokasanu (Mypauwiko, 1969), uTo B OGBIYHBIX
ycaoBHAX paboTsl JpeHaka B I'yMHAHOH 30He NMOTepH Hamno-
pa Ha BHXpeBble CONPOTHB/EHHS He npeBblalT 2% o6mux
noteps no anune. HccaepoBanus, BuinosHennsie M. Becce-
Jgudarom U @. 'omma (1967) B 6.1M3KHX K HATYPHBIM YCJO-
BHSIM, NOKa3aJH, YTO NMPHTOK BOAB K ApPEHaM NpakKTHYECKH
He BJIMSIET Ha THAPAaBJHuUECKue conpoTusjeHusi Tpy6. Bcee
9TO JdaeT OCHOBaHHE He YUWTHIBaTb BUXPEBLle CONPOTHBJIE-
HUMS U MPOBOJAHTHL THAPABAHYECKHE WCCA€AOBAHHA [peHax-
HbIX TPYO 6e3 BHelllero fpHTOKa.

FuppaBauveckue CONPOTHBJAEHHSI B  TAaAKOCTEHHBLIX
naacTMaccoBbix TpyGonposoaax.

Hanopneie tpybet us noausrusena. HcciaepoBannl THA-
paBaHuYECKHe CONPOTHBJIEHHs B TpyOax BHYTPEHHHUM AHaMeT-
pom 37,4; 45; 72,4 u 97 mM, BuinyckaeMbix BopHcosckuM,
BusnbHiocckuM B PHXCKHM 3aBOJlaMH NJacTMacCOBbLIX H3Je-
anit. Tpaduueckue aunamopdossr Ig(100A)=f(lgRe) B
HCCIEJOBAHHLIX TNIpefiesiaX CKOpocTel ABHXKEHHS XKHAKOCTH
v u uymcea Peiinonbaca Re npeacraBasiior co6oif npaMble
napajJjesabHsie JUIHY (pHc. 34), KOTOpblie B OflIeM BHAe
AUNPOKCUMHPYIOTCS YpaBHEHHEM

1g (100A) =1g a+a lg Re.

Hs rpadukoB BHAHO, YTO KOI(®(PUIHEHT CONMPOTHBJIEHHSA
TPEHMs1 MPH OJAHHX H TeX XKe 3HAYeHHAX KPUTEepHA ABHXKeE-
HUS JKHAKOCTH TeM MeHbiue, yem GoJblie auHamerp TpyoO.
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Puc. 34. 3asucumoctb lg 100A=1{(lg Re) ans rnaaxocte-
unx Tpy6 u3 HIIBX:

! — auuua  raaaxux  Tpy6;, O =D=38 mMm; A —D=48 wMmm;
@ —D=72 um; x— D=86,6 mm.

C yseauyenneM D 3Hauenus A npHOANXKAIOTCS K JIHHHH
A5 TyaAKuX TpyO, nocrpoenHod no cdopmysae

P — (207)
(1,81g Re—1,52)2
OGiee ypaBHeHHe AN KO3(@PHIHEHTa CONPOTHBICHHS
A, NOJYYEHHOE Ha OCHOBAHHH Pe3yJabTAaTOB HAUIUX OMNbITOB
u matepuatos M. M. Canoxuuxosa (1964), umeer BHA

- D___O%_?'S _ (208)
s Re0,2a

a MOoTepH Hanopa Ha HpﬂMOJIHHeﬁHbIX yyacTKax HamnopHbIX
MOJIU3THJIEHOBBIX Tp}’6 BbIpaXaloTCA 3aBHCHMOCTLIO

100i = 0,0269Q"75/D*84, (209)
rae Q — pacxoA BoAH, JA/c; D — BHyTpenmuit nuamerp Tpy6, AM.
dopmy.oit (209) MOXKHO HalleXkKHO TNOJIB30BATHCA B Npe-
npeaax 20<<D<C150 mm u 5000<Re< 250 000.
Hanopuoete tpybor u3 noausunuaxsopuda. Ilepseie B
CCCP wuccnenoBaHus 3aKOHOMEPHOCTeH THApaBJIHYECKHX
CONpOTHBJIEHHH B FiafKocTeHHbIXx Tpy6ax uz HIIBX Boi-

nosHedsl M. M. CanoxHukoBoiM. [To3xke Gonee AeranbHbie
onbiTel nposeiensl 0. C. Oddenrensenom, KOTOPHIH ycra-
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HOBHJI, YTO KO3()(UUHEHT CONPOTUBJEHHS TPeHHs TPyl u3
HQBX u [19 umeer Giu3KkUe 3HaueHHA ¥ BbipaXkaercs 06-
el 3aBHCHMOCTHIO

A= (0,0386—0,0028/) (D/Q)%2, (210)
a notepu Hanopa npu {=10°C
100i = (0,32—0,0230) Q'-"8/D*78, (211)

®opmynoit (220) MOXKHO HalekHO NMOJB3OBATLCS B Mpe-
aAenax 40<<D<C300 MM u 8000<<Re<<750 000.

Ha ocnoBe aHa/iH3a cOGCTBEHHBIX HMCCJAENOBaHHi U pe-
3yabratoB pabor M. M. Canoxuukosa, 0. C. Oddenren-
Aena, H. bpunka n C. HunbcoHa Hamu ycTaHOBJIEHO, Y4TO
nponyckHas crnoco6HocTb niaactmaccoBeix Tpy6 u3 HIIBX
u I19 npu paBHBIX yci0BUAX paGoTH NPaKTHYECKH cOBMa-
naeT ¥ MOXeT ObiTb onpejieseHa U3 obuUiell 3aBHCHMOCTH.

100i = 0,027Q".745/D419. (212)

Hpenaxnoie Tpybot (nepgopuposannsie). YcTpoiicTso B
Tpy6ax BOJONpPHEMHBIX KPYIVIBIX OTBEPCTHH HJH 1iesielt Bbi-
3biBaeT NMOBHIILEHHE BHYTPEeHHeH HX IIePOXOBATOCTH, BCJE-
CTBHE YEro YyBeJHYHBAIOTCA NOTePH Hamopa Ha TpPeHHe.
CpaBHuTe/bHble HCNBITAHHS MOKa3aJjiH, YTO Kpyrjaas u Npo-
JlonbHoOllesieBas nNepdopalivis XOpollero KayecTBa YMeHb-
uraeT MPONYCKHYI0O CNOCOGHOCTH MNJAcTMacCOBHIX ApeHaX-
HBIX Tpy6 no cpaBHeHHIO ¢ HenmepdopHpoBaHHBIMM Ha 2,7..
6,5%. Bennuuna aonoJHuTenbHBIX NOTEph Hamopa onpeje-
Jserca ¢opmoil nepdopauuu U KauecTBOM ee H3roToBJe-
nua (pasmepaMM BHYTPeHHuX 3aycenui). Bojee npuemane-
MBl KpPYTJibie OTBepCTHS HeGOJbLIHX AHAMETPOB H KOPOTKHE
IIPOLOJIbHBIE Li{eJIH.

Tlpu ruapaBiMyecKUX pacyeTax TIJAaJKOCTeHHHX MJacT-
MaccoBbIX JAPEHaXKHHX TPYO peKOMEHAYeTcs HOJb30BaTbCs
dopMysnami, noJYYeHHBIMH H3 3aBucuMoctH (212),

g= 61 ,6%1D2'745i0'573» (2 1 3)

v =220,5%,RO745[0573, (214)
rae g — pacXof, M%/c; U — CpPeAHAs CKOPOCTb ABHMKEHHS MKHAKOCTH,
m/c; %#1=0,93..0,98 — KoapdulUHEeHT, YUHTHBAIOMWKI BAHsHUe nepdopa-
uuu; D — BHyTpeHnHii fuametp TpPYyOH, M; R — FHADaBJHYECKHH pa-
AHYC, M.

®opmyant (207)...(214) He yuuTbiBalOT NOTepH Hamopa
B CTHKOBBIX COeAHHEHHsX TpyO, KOTopble Aocturaior 5.
209% conpoTtuBieHH#i no AJHHE H ONPEACNAOTCA 3aBHCH-
MOCTbBIO
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hc'r=§c'rmv2/2g, (215)

rae m — KOJHUYECTBO CTHLIKOB HA PAaCYETHOM YyHacCTKe.

Has onpeaenenns kosddpuiuenta Ecp NIaCTMaCCOBBIX
Tpy6 auamerpom 50...300 mm u3 13 u HIIBX moxHo nosns-
3oBatbes ¢opmynamu 0. C. Oddenrennena (raba. 22).

22. Koaddmuuuenr Ecr naactMaccoBuix Tpy6

coczmug::n 1py6 PacueTtHas gopmysa O6aacTe npuMeHeHus

®naHuesHi Ecr=0,148—0,344 D 2,8-10°<<Re<<bh- 108
0,0046

Csapuoit Ecr= D 1,8-10°<<Re<C5-108

PactpyGunii Ecr=0,113-0,2256 D 2,4-105<LRe<<5,6- 108

Mydrosnii Ecr=0,045—0,156 D 1,8-105<CRe<<6-108

Npumevwanue D — puyrpenuuil AuaMeTp CTLIKYeMbX TPYG.

I'napasanueckne conpoTusieHus B rodpupoBaHHLIX Ape-
HaxHBIX TPyOax. B MupoBOH MeJHOPaTHBHON NMpaKTHKe MpH-
MEHSIIOT OKOJO ABYX JAeCATKOB KOHCTPYKUHH rodpHpoBaH-
HBIX JipeHaXHbiX TPYO, OTAUYAOILHUXCS N0 OYEPTAHHIO MPO-
¢nana rodpa, ero Boicote H mary. Ouepradus roPpoB HMeOT
EHJl NOJYOKPYXXHOCTH, CHHYCOHMAbI, NPSAMOYTOJbHHKA, Tpa-
veupn M Ap. (pHc. 15) ¢ OTHoLIeHHeM Wiara K BHICOTE
S/h=1,3...6 u Gonee. [Tonykpyrasie roppbl HepeaKO HMEIOT
BePTUKAJbHYIO BCTAaBKY AJf yBeJHUeHHs MOMeHTa HHepLHH
ceyenus, a S/h<C2. B TpaneuendanbHbix roppax yrosa Ha-
K/NOHa OOKOBBIX pebep HeGOAbLIONH, paauyCc 3aKpyrjeHHs B
yriaax MaJaniii, Baoap Tpy6el rogpet MOryT pacnojarartbesi
110 OJHO- HJIM [BYX3aXOJHON BHHTOBOH JNHHHU; [IPHMEHAIOT
H KOJIblIeBHE (3aMKHYTHE) rodphl.

I'napaBauyeckie CONPOTHBJEHHs B roQ pHPOBAHHEIX TPY-
6ax mpu paBHHIX BHYTPeHHHX AHaMeTpax ONpeleAloTCA B
OCHOBHOM KOHGUrypauuei u pa3mepamu rodppos u He 3a-
BHCAT OT MaTepHasna, M3 KOTOPOrO H3rOTOBJEHH TPYOHL.
CyuiecTBeHHOEe 3HaYeHHe HMeEIOT He TOJbKO abco/oTHHIE
3HayeHdsi napaMeTpoB S ¥ h, HO H HX COOTHOWIEHHE.

Hdasa Kaxaoro jHamerpa TPYOH € TOYKH 3PEHHS rujpas-
JUKH, BHAMMO, CYILECTBYIOT ONTHUMaJbHbie 3HaueHus S, h
u S/h. Ato o6bsCHAETCS YCIOBHAMHU OOTEKaHHs W CTeNeHbIo
TypOYJIEeHTHOCTH NOTOKA.
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B HccieaoBaHUsAX 3aKOHOMEPHOCTeN TMApaBIHUECKHX CO-
NPOTHBJEHHH B ropHpPoBaHHLBIX Tpybax CyWEeCTBYIOT /Ba
noaxofa. OfHH aBTOPbHl OLEHHBAIOT THAPABJHKY 3ITHX TPYO
TOJNBKO MO Be/IMYNHE BHYTPEeHHEro A¥aMeTpa H mpeaJaraior
nonb3oBatbes popmysamu thna Manuubra — Ltpuknepa,
He oroBapHBasi napamerpsl S u fi, Ipyrie peKOMeHAYIOT
topmyay Ilpannrns — Kenne6pyka, oToxKAaecTBssisi BHI-
cOTy ro¢poB ¢ BbICOTOH BHCTYNOB lepoxosatoctH A. Ilep-
BBl MeTOJ, JlaeT BHoJIHE NMpHEMJIEMYIO CXOAHMOCTh C OMNBIT-
HHIMH AaHHBIMH TOJMbKO A/ TeX KOHCTPYKLHH TpyG, ¢ KO-
TOPHIMH TNPOBOAMJIHCE 3KCIIEPUMEHTH, M pPAacHpOCTPAHATH
€ro Ha ApYrHe THNLi HeJb3s. BTopoél MMeeT 3HauwTeJbHBIE
NOrpellHOCTH, TaK KaK COMPOTHBJEHHA B rodpHpoBaHHbLIX
Tpy6ax onpeesisiloTcsi HE TOJILKO BLICOTOH rodpoB, HO H
pAaoOM ApYyrux (HakTopos.

B CCCP BnepBnle NpoH3BOACTBO rodpHpOBaHHBIX Ape-
Haxublx Tpy6 u3 [IDBII opraduzoBano Ha JBYyX 3aBoAax
NJ1aCTMAaCCOBBIX H3/Je/uii: DOpHCOBCKOM — N0 TeXHHUECKHM
ycJI0BHsiM, pa3paboTaHHEIM aBTOpoM, H BuiabHIOCCKOM — NO
TY HUHUIIM. B koHCTPYKTHBHOM OTHOLUIEHHH TPYObI cylie-
CTBEHHO OTJHYyaloTcA. | HjapaBjaHYecKHe HccaAeNOBaHUSl HX
npoeesedsl A. M. Mutpaxosuyem. ITapamerpn Tpy6, ana-
HA30HH CKOPOCTeH M 3HAYEHHH KPHTEpHs JIBHXKEHMS XHA-
KOCTH R npusefenn B Tabaule 23, a rpaduyeckue aHOMOD-
o3l 1g(100A) =f(lg Re) — na pucynke 35.

23. PesyabTaThi MCCACAOBAHWH ro)pUPOBAHHLIX APEHANKHBIX TPYO

Pasmep .
Jogwere | ropon, | *Csopocrs Re
Q
~3au0,‘1- =
UIrGTOBUTC A ’5 ;-’C: ~§.
Ry a 3 2 B E E g
Bopucosckuit 3a-| 48,6 446 50| 1,5]004 [ 1,21 |1512] 53000
Bo4 mnaactmac-| 51,0 454| 6,0 1,5 0,07 | 1,16 |2310] 40350
coBuix wu3xc-| 80,0 73,9 12,0] 2,0 0,04 | 1,50 |2220(107 000
JIHH
To xe 100,0] 91,0| 82| 40| 0,16 | 1,67 19520 (147 310
To xe 125,01 119,0( 85| 40| 0,12 | 2,06 |9362 (232 000
Buasutocekuii 50,01 42,2| 59| 250,08 | 1,11 [3030]| 41234
3aBox maacr- | 54.0| 46,7 82| 3,1 (004 | 1,36 |1518]| 52946
maccoBblx ns-| 63,0 54,4| 85| 35| 0,04 | 1,21 [2198]| 58 487
nesnit 750| 650 9,0 3,7 ]006 | 1,58 [3519]105 549
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Puc. 35. 3aBucumocts lg 100A=1[(lg Re) aas rodpupo-
Bauubix Tpy6 u3 TIIBIT xoncrpykuun BerHUHMuBX
(no A. U. Murpaxosuuy):

[ —D=446 m; 2—D=454 mm; 3—D=739 MM, 4 —D=119 mm;
5 — auHKa  raaakux  Tpye.

Hs3 rpadukoB BHAHO, u4TO c yBeqnueHneM Re koad¢u-
ILMeHT A MOHOTOHHO YObiBaeT M MPH CPaBHHUTEJLHO HEGOJIb-
wnx 3Havyenuax Re=30000..100000 roppuposannsie Tpy-
61 pabotaior B o6sacTH KBaJApPaTHYHOTO COMPOTHBJICHHS.
B oTnnune OT raajikocTeHHBIX TPYG B HHX OTCYTCTBYeT 3a-
KOHOMEPHOCTb YMeHbileHust A ¢ yBeauuenunem D. Kpome to-
ro, snayenun A y Tpy6 B3I neckonbko HHXe, ueM y TpyO
B3IMH, uto 06yc/oBjeHO MEHLIUMMH BeJUyHHaMu S n A.

I'papuxkn Q=f(i{) B norapudpMuyecKkux KOOpAMHATaX
(puc. 36) annpOKCHMHUPYIOTCS MPSIMbIMH BO BCEM JHanaso-
He H3MEepEeHHbIX CKOpOCTeil, To ecTb B NEPEXOAHOH M KBaj-
paTuyHoOH obnactsix conpoTuBaeHuil. OTUETNHBO NPOCIEKH-
BaeTCsi 3aKOHOMEDHOCTh yMEHbLIEHHsi pacxoja ¢ yMeHblie-
HYEM AHaMeTpa, a TaKXKe CYLISCTBeHHBIE Pa3/HYHA MEeXIy
Tpy6amu KoHcTpykunun BeaHUHMMuBX w HUHUIIM.

A. WM. MutpaxoBuueM npeJloXKeHBl ClefylolllHe pacyer-
Hble HOpMYJIbL:

nas 1py6 B3IH

q = 22,791,D?645{0,503 (216)

v ="70,921,R0645{0.508, (217)
aas Tpy6 B3I1H

g =24,541,D2557(0.52, (218)

v ="78,961,R567(0.52, (219)

rae Mo=0,95...0,98— ko3dduLuent, yUATHIBAOWHA BausHie nNepdopauny
Il CTLIKOBHIX COCANNCIH,
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Puc. 36. 3asucumocTs Q=F(100{) rodpupoBauus tpy6 us [13BIl kon-
crpykuun BenHHUHUMuBX (©) HHUMIIM(x) (mo A. M. Murpaxosnuy):

1 —D=422 mM; 2—D=454 un 46,7 mm; 3—D=446 mm; 4—D= 54 mm;
5—~D=65 MM; 6 —D=739 mm; 7— D=91 mmM; §—D=119 wmm.

PacueTbi I1OKa3bIBalOT, 4YTO MPONyCKHasd CHOCOGHOCTh
1py6 xoncTpykuun BeaHHUHMMBuX B cpeanem na 10%
Bhinle, yem Tpy6 HUHUIIM, uto obycnossneno Gosee Giaro-
LpHATHBIM cOOTHouleHHeM S # h. TIpn OTHOCHTENLHO 6oJb-
wux S ¥ kA BO BnajuHax roppos NMPOHCXOAUT CYLIECTBEH-
Hoe BHXpeoGpasoBaHue, a NpPH MaJbiX ~— 3aCTOHHbIE 30HHI
C MeHbIIHM BO3MYIEHHEM MOTOKa.

Gopmyasi (216) —(219) npumeHuMBl TOJNBKO AJS HC-
CJIelOBaHHBIX KOHCTPYKUHA TPYO.

1IIMuTL Ha OCHOBE OTOXKAECTBJIEHHS FeOMETPHUYECKHX Na-
paMeTpoB roppoB C 3KBHBAJEHTHOH WIEPOXOBATOCTbIO MO
Hukypanse npeaoxun ansi pacueTa roppupoBaHHbX TPY6
nipumensits popmyay Ipanaras — KéanebGpyxa

o A 2,51 N
- A 281 \ypy, 220
v=—Y8lg (3 +Dv2gm)v i (220)

U OMNpeAeJsiiTb BbHICOTY LHIepOXOBATOCTH IO SMHHpHHCCKOﬁ
3aBHCHMOCTH

A=3,16—0,31+0,1642—0,5S +0,0252. (221)

dopmyna (221) nosyyeHa Ha OCHOBE MaTeMaTHUYeCKOH
06pa6OTKH pe3yJbTaToB TMAPABIMYECKHX HCC/IeNOBaHHI
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MHorux aBTopoB. OHaKO OHa AaeT 3HauYHTeJAbHbIE Morpeu-
HOCTH, 4TO BHAHO M3 Tabauubl 24, COCTaBJAEHHOH Ha OCHO-
Be 00paGOTKH pe3y/ibTaTOB ONYyOJMKOBAHHBIX MaTepHAJIOB
rujpaBinyeckux ucnuitanuit B CCCP u 3a py6exom. Cpen-
Hee KBaApaTHYeCKoe OTKJOHeHHe PAaCCYHTaHHBIX MO dopMmyJe
(221) n daxTuyeckux BeauuuH A cocrasasier +34%. Hus
roppupoBanHbix Tpy6, Beinyckaembix B CCCP, oTkaoneHus
(baKTHUECKHX CKOPOCTeH BOABI OT BBIYHUCJEHHBIX MO (POpMY-
gdam (220) u (221) mocrturaior 229, a B cpeaHeM COCTaB-
asoT +£9,29%.

PaspaGaTniBass copraMeHTnl rodpupoBaHHHIX TPy6 W
HasHayas napamerpul S, A u D, pyKoBOJACTBOBa/NHCH B OCHOB-
JioM 6oJibille HHTYHTHBHBIMH cOoGpaXKeHusiMH, ueM OBOCHO-
BaHHBIMH pacuetamu. [loaTomy uwacTo mnpeAsarajguch He-
YAauHble pellienHs, TpyOul o6/sajany NOBbILIEHHOH iepOXo-
BaTocThlo. C ruZpaB/AHYeCKOH TOYKH 3peltsi BecbMa BaXKHO
YCTaHOBHTbL ONTHMAaJbHHE COOTHOIIEHHSI NapaMeTpoB rod-
poOB AJs KaXJoro AHamerpa TpyOH. ITO AacT BO3MOX-
HOCTb KOHCTPYHPOBATb 3KOHOMHUHBIE COpPTaMeHThl TpyO.

IllepoxoBaTocTh A B H3BECTHOIH CTeNeHH CJAYKHT OObek-
THBHbLIM NOKa3aTeseM, XapaKTepHU3YIOLIHM THApaBJHYECKHE
conpoTuBjeHus: B Tpybax. Kak caenyer u3 Tabauie 24, aas
ONUWHAaKOBHIX AMaMeTpoB TPy6 oHa KojebieTcs B 6O/AbUIMX
npefesax ¥ 3aBHCHT B OCHOBHOM OT aGCOJIIOTHBIX 3HAYEHHH
S, h u S/h. Oaa kaxaoro auamerpa Tpy6 CyiiecTBYIOT
BNOJIHE ONpejieJieHHble 3HaueHusr napameTpoB S, 4 u S/h,
IPH KOTOPHIX A UMeeT MHHMMaJ/bHble 3HAaYEeHHsl. :

M3 Teopuu npouyHocTH rodpHUpoBaHHBIX TPYO H3BECTHO
(cm. ra. 1I1), yro MaxcuManbHasi XKeCTKOCTb NPH 3aJaHHOM
matepuasie pocruraercs npu S/h<<1,5. Hcxoas us artoro
13 Tabauub 26 BoiGpaHbl AaHHblE, OTMEUEHHHE 3Be3A0YKOM,
y kKotopeix 1,5<<S/h<C2,45 u 0,8<<A<T1,4, TO ecTb ayu-
IiHe TNPOYHOCTHHIE M THApPaBJAHYECKHE XapaKTePHCTHKHM, H
no Hum nocTpoeHs rpaduku h=f(D) wu S/h=¢(D)
(puc. 37). Us rpadukoB BuAHO, yTO 3aBHCHMOCTH h=[(D)
u S/h=¢(D) c pocTaTo4yHOH CTefleHbId TOUHOCTH aNMNpOK-
CHMHUDYIOTCS NPSIMbIMH JIHHHAMH, TO €CTh CYIIeCTBYeT PyHK-
UHOHa/lbHAsi CBA3b MexXAy h u D u Sfh u D. B pesyabrare
MateMaTHUeCKOH O6GpabOTKH IKCHEPHMEHTAJbHLIX AaHHBIX
LOJIY4eHO!

h=0,7+0,322D; (222)
S/h=2,45—0,00875D; (223)
S=1,715+0,0728D —0,000282D2; (224)

35 MM<D<125 mmMm.
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b S ITo 3aBHCHMOCTAM
b (222)...(224) MOXHO BHI-
YHCJIWTL ONTHMAaJibHHE 13-
4 pd paMeTpbl TOGPHPOBAHHBIX
L~ 4 JpeHaXHblX Tpy6 1no ruj-
1 /o paBJIMYECKHM  YCJOBHSAM.
3 \ 13 Hmu pekomeHnpyeTcsi nmoJib-
o o 30BaTbCs NpH paspaboTke
3" Z copTaMenToB. [odpbl 10K-
e X
s B s =y 2 upi GbiTb OYepyeHbl MO CH-
1 '\ - w

' — HycOHACe HJH O6au3Kol K

Hell KpHBOH.
0 90 1 Do PacueT onTHuManbHbIX Be-

Puc. 37. 3asucumocts h=f(D) (/) AHYMH S W /i 110 3TUM 32BH-
H S/h=@(D){2) anrs rodpuposan- CHMOCTAM [Jsl pa3HbIX AHua-
HBIX APEHaXHbIX TpyO. MeTpOB ropHpOBaHHBIX
Tpy6 ndan ciepyiouine pe-
3YJ/IbTaTHI.
Ilpu rumpaeauueckux pacuerax rodpuUpOBaHHBIX TPYO
3HaYeHHs 3KBHBAJEHTHOH LUEPOXOBATOCTH B YHHBepCasbHOH
dopmyne

aD? _.o—F. Anyy-10-3 2,51v

g= 2gDil ( + 2 ) 995
2 v g 3,71D Dy2gDi ( )

pekoMmenayeTcs onpelenfiTh MO 3aBUCHMOCTH (B MM)

KOTOpas Aaer ayuvilyio, yem (221), cXOAMMOCTbL pacyeTHHIX
W (axTHueckHx BennyuH (raba. 24). dopmynaamu (225)
H (226) pekoMeHAyeTCs MOJIL30BATLCSI B MPAKTHYECKHX pac-

BryTpennuit anamctp Tpy6 4 50 50 70
Buicota rodpa h, MM 1,99 2,31 2,63 2,95
llar roppa S, mm 4,18 4,64 5,06 5,42

S/h 2,10 2,01 1,92 1,84
ITpodoamenue
B f 6
HyrpeHHnu'n;lcmeTp ™y 80 %0 100 110 120
Bricota rodpa h, mm 323 | 360 3,92 4,24 4,55
lUlar rodpa S, mm 5,74 5,98 6,17 6,31 6,58
S/h 1,75 1,66 1,57 1,49 1,45
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yerax npu Bbifope ONTHMajbHbIX NapaMeTpoB rodpoB B
HOBBIX KOHCTPYKUHsIX TPYG.

Fuapasanyeckue XapakTepHCTHKH TPYG ApPeHaKHbIX CNH-
panbHoHaButhix (TACB). [TpensoxeHnnbie HaMu (aBT. CBHA.
Ne 335328, 1972) TICB us Hennacmqmuupoeaﬂﬂoro I1BX
BHINYHIeHH He6GOJbWIOH 3KCIepHMeHTaNLHOM cepueill Ha
B3IIM. 3akoHoMepHOCTH FHAPaBIHYECKHX CONPOTHBJICHHI
B 9THX Tpybax u3yuensi H. M. Bopuakoswim, B. T. Kaum-
koBbiM ¥ H. 3. Kocaxkom. YcraHoBieHo, 4TO ¢ yBe/iHYeHHEM
yucaa PeiiHosbaca KodpHLIHEHT A MOHOTOHHO YOBIBAeT H
npu 3Havenusax Re=70000 TOCB paGoraor B obnactu
KBaJpaTHYHOro conporuBieHus. Ha ocHose martemaTuue-
CKOH 06pabOTKH KCMEepHMEHTAaNbHBIX AaHHbIX (pHc. 38) mo-
JdyyeHa pacueTHast ¢opmyna pacxoja xuakoct (m3/c).

g =44,375D277j052, (227)

Beuay toro yro TACB uMelor 3HauyuTebHO MeHblliHe,
YeM Y ro®pHpPOBaHHbBIX, BEICTYNbl LIEPOXOBATOCTH, MPONYCK-
Has cAOCOGHOCTb UX NPH PaBHBEIX MPOYHX ycaoBUAX Ha 11...
209% sHiue,

lgg, enife
44 - t;‘* Y [
40 A L3 yi,"
' }/ Pre o
L5, arzid
36 T2 </ L1
) // 4 ( o
” L~ L7 1J, -t d
”/ e 1 L~ ,9:(#
A /7 h O/ 2\ '// “/P
7 Yot
?8/ 1/;1 /‘7/
] ou/ '/
- 1 >
o L7 o
2 4
A
20 i
35 30 20 10 a6

(G /)

Puc. 38. 3apucumocts Igi={(lgg) ana cnupanbHoHABHTHIX
ApenaxxuHux Tpy6 us IIBX:

{~D=50 mM; 2—D=63 mMmM; 3—D=75 mM; 4—D=90 MmM; 5—
D=110 mm; 6 — D=125 mm.
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4. CpaBHeHne mponyckHoH CHOCOGHOCTH MIACTMACCOBRIX
¥ KepaMMYeCKHX JPeHaKHBIX TPYyo

IFnagkocTeHHble TPyGbl H3 TOJHMEPHBIX MaTepHaJioB
HMelT 6oJiee POBHYIO, YeM KepaMHuecKHe, BHYTPEHHIOIO NO-
BEDXHOCTb, MaTepHasJ He cMayuBaercs: BOAOH, YHCJAO CThHI-
KOBBIX COeAMHEHHH MHHHMAJbHO, a HepelKO OHHM BooOLLe
OTCYTCTBYIOT. Bce 3TO NMpHBOANT K TOMY, YT0 NPORYCKHAs
¢MOCOOGHOCTL HX 3HAUYMTEJbHO BHILE KepaMHyecKHX. HTo Ka-
caercs CpaBHEHHS THApaBJHYeCKHX CBOHCTB TrodpHpOBaH-
HBIX M KepaMHueckux Tpyb, TO MHEHHS HccJlefoBaTeNei pas-
nopeunesl. Ilo cooGuieHuo KyHTue, mepoxoBaTocTh rod-
pPHPOBaHHBIX M rQHYapHHIX TpPy6 paBHO3HauyHa. DpHHK H
Hunbcon, cpaBHUBas NosiyyeHHbie HMM Pe3yJbTaThbl ONbITOB
¢ BblYHCJIeHHBIMH N0 ¢opmye (190) npu K=93 3anayeHusimu
v 4] KepaMuyeckKHMX TpyOl, YTBepXKAalOT, 4TO NPOMYCK-
Has cnocoGHOCTh ToPpPHPOBAHHLIX TPYO HHXKe, yeM Kepa-
MHYeCKHX M GeToHHBIX. PasHuua npHu BceX YK/IOHaX COCTaB-
asier okosio 109%. ITo Hopmam DIN 1185, yncaosoit koapdu-
uuelr B dopmyae Hpuenna — Byapopaa (190) nmpeaycmor-

100¢

K
<

10

08 08 0 gk

Puc. 39. 3asucumocts g=[(100i) aas pasanuHnix TpyG:

1, 2, 4 —rouuapHbix no dopmyaam (185), (190), (192); 3 —
rodpupoBaHubx no dopmyne (216); 5 — cnHPaJbHOHABHUTHIX
no ¢opmyae (227); 6 — rraakocTeHHmX Mo dopmyie (213).
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pen paBubiM 75 u 65. ®. KaMuucKkuii peKOMEHAYeT MpPHHH-
MaTe K=065. B sToM cayyae rodpupoBaHHbie Tpy6Gu Gosee
NPOM3BOJAHUTE/bHB (N0 pacXoldy BOJbI), YeM KCpaMHYECKHE.

Ha pucynke 39 npeacraBiieHbl (yHKUMOHAJbHBIE 3aBH-
cuMocTH q=f({) Ansi Tpy6 pasauuHBIX MaTepHa/iOB M KOH-
cTpyKuui. Pacyersl BeinosHenbl no dopmyaam Llesu, Sp-
neana — Byasopaa (npu K=75) u Baaxuca — aas kepamu-
ueckix Tpy6 u mo dopmynam (213), (225) u (227)— pas
njaactmaccoBbiX. M3 rpadukoB caenyer, YTO MaKCHMasabHOH
NPONYCKHOH CHOCOOHOCTBIO MPHM NMPOYHUX PaBHBIX YCHOBHSX
o6nanaioT TpyObl rJajKOCTeHHbie NMJIACTMACCOBHE, 32 HHMH
creayior TILCB, panee rodpupoBaHHBie H, HaKOHel, Kepa-
mHuyeckHe. Tak, nponyckHasi cnocoGHOCTh To)pHPOBaHHBLIX
Tpy6 Bhlllle, 4eM KepaMHu4eckux, Ha 7..509% npu moxcyerax
no ¢opmyaam fApuenna — Byasopaa u llesu. Ecau cpaBuu-
baTh ¢ pacyeramu no ¢opmyie Baaxuca, To npu i<<0,005
(nauGonee pacnpocTpaHeHHbie YKJOHB B T'YMHJIHOH 30HE)
OHH TpaKTuyeckH paBHoueHHw. [lpu i>0,005 mponyckHuas
CIocoGHOCTb rOo() pUPOBAHHBLIX TPYO HECKOJbKO HHXKe Kepa-
MHYeCcKHX, 4To obycJjomjeHo 6ojee BoapacTaiouiell TypG6y-
JU3alUHeH NOTOKa B roppHpoBaHHHX TPybax ¢ yBe/HYeHH-
€M CKODOCTH ABHIKEHHS MHAKOCTH.

5. lomycraMbie CKOpPOCTE BOXbI B JpPeHAX
H YKJIOHBI APeHaKHbIX JuAnii

Hasnauas reoMeTpHueckHe YKJOHB KOJJEKTOPHHIX H
JPEHAXKHBIX JIMHHA, HCXOJAAT M3 YCJOBHA CO3JaHHS He3aH-
SSAIOLIMX CKOpPOCTeil BOJABl C LEAbI) CAMOOYHCTKH TPyb OT
nonajalUHX B HUX HAHOCOB. Jlsig BbIHOCA NeCYaHBIX ¥ Mbl-
JieBaTbIX YacTHI H3 TPY6 HeoOGXOAHMMBI CKOPOCTH MNOpPSAKa
0,25...0,3 M/c. Ilpu npomycke MaKCHMaJbHBIX PacCYETHHIX
pPacxol0B CKOPOCTH BOJB B KepaMHYeckHX Tpybax He J0JK-
HH npeBoiiaTh 1,2 M/c, B MjiacTMaccoBbIX AOMYCKAOTCS
ckopoctH 1,5..2 M/c. MuHHUMAaJbHbIE CKOPOCTH ApH OTCYT-
CTBHH OINACHOCTH 3auJjieHHsl Tpy0 YacTHLAMH IpYHTa He
HoxkHbl Gbith MeHee 0,2 Mm/c. Ecanm B rpyHTOBHIX BOAaXx
coaepkutca GOJbIIoe KOJMHYECTBO 3aKUCHOro xejesa (6o-
Jdee 5 mr/a Fet), To ckopocTHM ABHKeHHsi BOAH B TpybGax
ZonxHbl ObiTh Gosee 0,35 m/c. PekoMeHnayembie ocpeliHeH-
Hble 3HAYEHHsI BeJMYHH YKJIOHOB KOJJIEKTOPHBIX M JpeHax-
HBIX JIUHHI JJIsi PA3/IMYHBIX KaTeropHil ocylllaeMblX I'PYHTOB
Aalul B Tabauue 25.
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25, Yxaoun gpeHaXubiXx annni

Rag KOAAEKTOPOB

Bas apeH

Tpyntn

MUHUMANL -
Hble

onTUMalJb-
Hbie

MaKcCH-
MajabHble

MuHH-
Majab-
HHe

ONTH-
Madb-
Hble

MaKCH-
Majb-
Hhle

Menkne nbiieBaToie
H TJILIBYHb

Conepxaiitne 60Jb-
oe KOJAHYeCTBO
3aKHCHOro XeJe-
3a

CauuucTHE cpeaHe-
ro W THXeAOro
MEXaHHYECKOTO
cocTapa
MeakosepuucTHe
fecKH, cynecsy,
JIETKHe  CYTJIHHKH
Toppsiunie ¢ uus-
KHM COZEpXKaHH-
€M 3aKHCHOro XXe-
Je3a

0,0040

0,0030

0,0015

0,0020

0,0015

0,030

0,030

0,003

0,05

0,03

0,07

0,05

0,03

0,0030

0,0035

0,0020

0,0020

0,0015

0,020

0,005

0,020

0,020

0,004

0,05

0,01

0,07

0,05

0,01

Ha Ge3ykJoHHBIX ydacTKax NpH He3HAYUTEJbHOM CO-
AepXKaHHH 3aKHCHOTO JKeJjie3a B IPYHTOBHIX BOAAX H KayecT-
BeHHOH 3amure TPYO OT MEXAaHHYECKOrO 3auJeHHWS MMHH-
MaJibHble YKJOHH ApeH-ocyuinTenelt gomyckaiorcs 0,001.



ITITABA VI

SAIIUTA TOPH3OHTAJILHOTO
TPYBYATOI'O JAPEHAKA OT 3ANJIEHUA

3ausenue JpeHa)a — Ype3BBIYAHHO CJOXKHBIA MHOro-
thakTopHbI npollecc, B oflleM caydae BKJAIOYAWWHH Npo-
HHKHOBeHHe BMecTe C BOAOH B TPyObl M OTJIOXKEHHe TaM 3e-
peH rpyHTa, coJieli XHMHUYECKHX COeAHHEHHH M MPOAYKTOB
XKHU3HeAeATebHOCTH Kesne300aKTepui; KoJibMaTaX 3aliuT-
HHX OHALTPOB H BOAONPHEMHBIX OTBepCTHH B ApPCHaMKHBIX
Tpybax TeMH 2Ke BelllecTBaMH, 3apacTaHHe MnoJjocTelt TPyO
KOPHSIMH pacTedHii ¥ Ap. PasnnyaioT cjeAyiolide BHAH
34aUNeHHUA JpeHaXka: MeXaHHueckoe, XHMHYyeckoe H GHOJO-
THYeCKoe.

Hpenupyembie TFpPYHTH €CTeCTBeHHOH M HapyuleHHOH
CTPYKTYpPBL NPH JAOCTHXKEHHH KPHUTHYECKHUX 3HaueHHH THAPO-
JMHAMHYECKHUX CHJ TOABEPKEHH CJAelYIOUUM (GUAbTpalH-
OHHBIM JedopMauusM: pas3inyHbEIM BHAAM cybdo3uH, ucte-
YEHHIO TPYHTOBOH Macchl, KOHTaKTHOMY BHIIIOPY M KOHTaKT-
HOMY pa3MbLiBY.

Mexanuueckan cygpgosus npeicrasiser coboil mporecc
yBJeYeHHss M BbHIHOCA (UJIBTPALMOHHHIM TNOTOKOM H3 TOJ-
I TpyHTa Menkux (cyddosvonunix) uactuu. CpoilcTBeHHa
OHAa TOMBKO ONpele/ieHHOH KaTeropHH HEeCBSI3HBIX TPYHTOB,
HasbiBaeMblXx cyddo3vonHbiMH. BriBaeT BHYTPEHHSA U BHELI-
Hasi cydpdosus. Ilepsas xapakrepuayercs nepemeilleHHeM
(OHALTPAUNOHHBIM TNOTOKOM CY(d(PO3HOHHBIX YAaCTHIl H OT-
JOXKeHUeM HX B NPUAPEHHOH 30He WJH B (HUAbTpE, BHI3bi-
Basi X KOJbMAaTa)X ¥ yXYAUEHHEe OCYUIUTENbHOrO JAEHCTBHSA
Apenaxa. Kosbmatax nop ¢unasTpa mMoxer ObITb MOBEpX-
HOCTHBIM — 3aKYNOPKa NMOp Ha KOHTaKTe TPYHTa M (QHJALTpa
¥ BHYTPEHHHMM -—— 3aKylOpKa NMOp B TOJIle 3alllHTHOTO Ma-
TepHana.

[lpu BHemHe#i MexaHHueckol cyddosuu cyddoznoHHbIE
YaCTHULI BHIHOCATCSI BOJAOH B JpeHaXHble TPYObl H YaCTHYHO
OTK/IaABIBAIOTCS TaM.
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Hcredenue epyntosoll maccel mpeacTasiser coboii Ta-
KO BYMA QHUILTPAUHOHHOTO Pa3pylleHHUsi TPYHTa, Korga npo-
HCXOANT noTepsi o6ulefl ero ycTOHYHBOCTH H BhITEKaHHE
BHYTPb APeHaXHHIX TPYO B BHJe BA3KOH XuAKoCTH. Mcre-
YeHHe MPOHCXOAHT TOJbKO B HECBSI3HBIX TpyHTax MNpH oOn-
pelieIeHHBIX COOTHOLIEHHSAX MeXAy TIpaHyJOMeTpHYeCKHM
KX COCTABOM M pa3MepaMM OTBepPCTHH B JpeHaXKHbIX TpPYy-
6ax npH OTCYTCTBHH 3aliuTHHIX ¢uastpoB. [lpoumecc s7or
MOXeT MpPOAOJKATbCA A0 MOJNHON 3aKyNopku Tpyl, a npH
6/iaronpHATHEIX YCJOBHAX Npexpallathcsi BeaeACTBHe CBO-
noobpa3oBanus. [Ton 3THM TepMHHOM NMOHHMAaeTcs npolece
HAaKONJIEHHsT HAaJ CTHIKAMH HJH OTBEpCTHsIMH B TpybGax Go-
Jiee KPYMHBIX YacTHL, COAEpIKalLIHXCS B TPyHTe, H CO3AaHHe
YCTOHYHBBLIX CBOJAMKOB, NMPENATCTBYIOLUX NajdbHCHLIEMY HC-
TeYeHHIO IPYHTOBON Macchl B NOAOCTh TPYO.

KonrarkTroul s8etnop — paspylieHue rpyHTa Ha KOHTakTe
C BOJONpHEMHBIMH OTBepPCTHSIMH TpyO6 NpPH OTCYTCTBHH
$UABTPOB MJH Ha KOHTAKTE ¢ HHUMH, XapakTepHaylolleecs
Bbl/laBJMBaHHEM HEKOTOpPOro ob6beMa rpyHTa BUHYTPb Tpy6
HJU NopH puJIbTpA. .

Hedopmalinu Bbimopa NPUCYIUH CBA3HBIM H HECBA3HBLIM
rpyHTaM.

Konraxrnoui pasmels — paspyllleHue TpyHTa NpPOAOIbL-
HbIM (HIBTPALlHOHHLIM TOTOKOM Ha KOHTaKTe C KPYMHOMNO-
PHCTHIM (QHUILTPOM.

B rJMHHCTBIX IpyHTax NpH rpajHeHTax Hanopa MeHblle
TpaZiMeHTOB KOHTAKTHOIO BbHIfIOpa BCJEACTBHE PaCKJIHHHBAIO-
LIero ZEHCTBHsI TOHKHX NMPOCAOEK BOABI NPOHCXOAHUT OTCJaH-
BaHHE M BbiNajelide B MOpHl (GUABTPAa WJIH B TPyObl Heko-
Toporo o0bema rpyHra.

B TpelunHax TJHHHCTOTO TPYHTa Npu GONBUIMX CKOPO-
cTX (PUALTPALMH BOJbI MOXKET HNPOHCXOAHTHL pasMmbiB. Ilpu
310M CONPOTHBJAAEMOCTL IPYHTa pasMbiByY B COCTOSIHHM,
GMM3KOM K BO3AYLUIHOCYXOMY, HHYTOXHO MaJa.

[MepeuncaeHiibie npouecchl NPHUBOAAT K MEXaHHYECKOMY
3aW/IeHHI0 JgpeHa)a. Hapsaay C 3TUM 4acTo BCTpPeYaeTcs
XHMHYECKOe 3aujieHue JpeHa)ka -— BbiHOC GH/IbTPallHOHHbIM
NOTOKOM M3 MaccHBa FpyHTa W OTJioXKenMe B TpyOax, nep-
¢bopaunsix u GUALTPaX Da3IHYHBIX cojie, yeMy cnocolCeT-
BYIOT TaKXe aacopluus, oxHCIeHHe M JpYrHe (HU3UKO-XH-
MHYecKHe Mpouecchl. B uyacTHOcTH, B ApeHHpYyeMOH BOAe
NOYTH BCeraa NPUCYTCTBYET TO WM HHOE KOJHYeCTBO OKHC-
HOTO JKeJie3a, KOTOpOE BCJEICTBHE adpailii H OKHCJIUTE/b-
HBIX MPOLECCOB MOXeT BhNajaTh B OCafOK M 3afuBaTb MO-
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JI0CTH TPYO WJH KOJbMAaTHPOBATh (PUABLTDHL U NPHAPEHHYIO
30HY rpyHTa.

XHMHKO-OHONOTHYeCKoe 3a/IeHHe APeHaXa — YacTHYHAs
M TOJiHAast 3aKyNopKa nojocteil Tpy6, KosbMaTaX (QHABT-
pPOB M MpPUAPEHHON 30HBI TPYHTA pPa3MYHBIMH COJAMH H
IIPOLYKTaMH XH3HeAeATeJbHOCTH xene3obakTepull. K uuc-
TO GHOJIOTHYECKOMY 3aHJEHHIO JPeHaa OTHOCHTCA 3apa-
CraHue MOJIOCTH ApPEHaXKHHX TPyO KOpPHSAMH pacTeHHMi.

BosnukHoBenHe M pa3BHTHE NPOLECCOB 3aWJIEHHs Ape-
11a)Ka, WHTEHCHBHOCTb H MPOAOJKHTENbHOCTb OTAEJbHBIX
(a3 3aBHCAT OT CJeAYyIOWHX (aKTOPOB: I'paHyJOMeTpHue-
CKOro cocTaBa I'PDYHTa, ero (H3NKO-XHMHYECKHX H (uAbTpa-
LIHOHHBIX XapaKTepUCTHK, GOPMbl ¥ pa3MepOB BOAONPHEM-
HBIX OTBepCTUil B APeHaXHBIX TPy6aX, rHAPOreOJOTrHYECKHX
H KJAHMaTHYeCKHX YCJOBHil, cOCTaBa TPYHTOBHIX BOJl, MaTe-
puana TpyO, CBOHCTB 3aliUTHHIX (PUJALTPOB, TEXHOJIOTHH
CTPOHTENLCTBA JIPEHaXa W Ap. B 3auseHuu npeHaxa Mo-
ryT NMpeBaJiuPOBaTh OAHMH-ABa H3 NEpPeuUCTeHHHX BHIOB, HO
BeCbMa 4acTO OHH BLICTYNAIOT B TaKOH COBOKYMHOCTH, olle-
HHTb KOTOPYIO H pa3paboTaTh HafieXXHHbie cnoco6bl 3al[UTHl
OYeHb CJIOXKHO.

3aunenue npeHaxka o6yc/OBAHBAIOT caeayiouine pakTo-
pH: MaJjiasg (puAbTpalHOHHAs NPOYHOCTb TPYHTOB H HX cy(-
tbosnonuble cBoiicTBa, GOJbHIMe rpagHeHThl (GHILTPaLHOH-
HOTOo noToka BO6/HM3H BOAONMPHEMHLIX OTBepcTHil B Tpybax,
OTCYTCTBHE HJ/IH HeNpaBWIbLHBIH MOAGOP 3aWUTHBEIX (DUIBT-
POB, OKHCJNTENbHO-BOCCTaHOBHTEALHBIC NPOUECCH NpH a3-
pauMu ApCHHPOBAHHON B TPyObLl BOJBI, AeATEJbHOCTbL XKeJe-
306axTepuil; olIMOKH TPH M3BICKAHHUSIX M NPOEKTHPOBaHHH,
HapylieHHe TEeXHOJIOTHYeCKHX NPOLLeccOB H HekayecTBEHHoe
CTPOMTEJILCTBO, HeNpaBWJIbHas 3Kcnjyatauus H Ap. IMosto-
My 3aliuTa TOPH30HTaJbLHOrO TpyfyaToro ApeHa)a OT 3au-
JeHHS BKJIOYaeT MeJbii KOMIIEKC H3bICKaTeJbCKHX, TPO-
eKTHBIX, CTPOHTENbHBIX W 3KCIJyaTal{HOHHBIX MepOMNpHs-
TH#, HaNpaBJIEeHHBIX Ha MNPeAOTBpalleHHe WJAM CyLleCTBeH-
Hoe yMeHbllleHHe 3TOro KpaiiHe HexkenaTesibHOro npolecca.
B oZHUX nNpHPOAHBIX YCJOBHSAX HaJeXHas 3allura oT
3aWJIeHHS] JOCTHraeTCsi OTHOCHTENbHO NMPOCTHIMH H HeJopo-
rOCTOSIUIUMHM MEpPONPHATHAMH, B JPYTrHX 3TO CONDPAXKEHO C
Ype3BLIYARHON CNO0KHOCTHIO H OO/MbUIMMH KaNHTaJoBJIOXKC-
HHAMH, 4 MHOTAA MO TEXHHUYECKHM HJIH 3KOHOMHUYECKHM CO-
ofpaxeHHsIM NPHUXOAHUTCA BoOOLIEe OTKAa3bIBaThbCs OT MpPH-
MeHeHHusl Tpy6uaToro ApcHaxa.

9 A. K. Mypauwko 129



1. XapaxrepucTukn rpyHTOB B yciaoBmii paGoTn
CeIbCKOXO3ANCTBEHHOr0 ApPeHasKa

Ipynts ocymiaeMblXx OOBEKTOB MOAPa3ACAAIOTCS Ha MH-
HepaJsibHble W oOpraHuyeckHe. K MHuHepa/ibHHIM HECBA3HBIM
TPYHTaM OTHOCATCA Pa3HO3ePHUCTbIE MECKH H MJBIBYHBI, K
CBA3HBIM — CYMeCH, CYTJIMHKY H ryivHa. OpraHoreHHBIMH TO-
poAamu sBJAOTCS TOpD ¥ canponend. OU3UKO-TEXHHUYECKHE
XapakTepUCTHKH TPYHTOB (rpaHyJioMeTpHYecKH#l COCTaB,
IJIOTHOCTh, MOPHCTOCTD, NJAACTHYHOCTb, BOAONPOHHIAEMOCTD,
GUNbTpallMOHHAS MPOYHOCTb H JAP.) CYLIECTBEHHO pa3JH-
yal0TCA, 4TO 0oOYyCJOB/JHBaeT NpHMEHEHHE pa3HHIX MeTo-
AOB U cnoco6oB 3alluTH JpeHa)ka OT 3aujeHusd. C Apyroii
C10POHH], NOKPOBHHIE YeTBEPTUYHLBIE OTJIOXKEHHSI H COBpe-
MeHHBle 00pa3oBaHusi MeJTHOPHPYEMHEIX OGBEKTOB XapakTe-
pu3yiotcs 60/biI0# NPOCTPaHCTBEHHOH H3MEHYHBOCTHIO. He-
peAKO Ha MPOTSIXKEHHH KOoJJeKTopa (ApeHbl) BCTpeyaioTcs
2...3 pa3HOBHAHOCTH TPYHTa (MeNKO3epHHUCTHI NMecoK, Topd,
cynecb H Ap.), YTO, CTPOro roBops, TpeGyeT pasHbX CIOCO-
60B 3awutel TpyO OT 3auJeHHs. .

®uanko-TEXHHYECKHE  XapaKTePUCTHKH MHHEpaJbHbIX
IPYHTOB ONpEAENSIIOTCS B OCHOBHOM COOTHOIIEHHEM pa3/iud-
HBIX ¢pakuuii. B 3aBUCHMOCTH OT THIla PyHTa, €ro FpaHy-
JOMETPHYECKOT0 COCTaBa CYHIeCTBEHHO H3MCGHSIOTCA TakHe
BaXKHBle JJIs1 pellieHHsi BONPOCOB 3aIUTH ApeHaXka OT 3aH-
JIEHHSI TOKa3aTeny, KaKk ¢uAbTpalMOHHasi NPOYHOCTb, INO-
pucrocth, cydPo3HOHHOCTb, BOAOCHPOHHLAEMOCTb H AD.
HnxeHepHele cBoiicTBA TOPGAHBIX TPYHTOB 3aBHCAT OT 6oTa-
HUYECKOro COCTaBa, CTPYKTYPHI, CTENEeHH pa3oXKeHus opra-
HHYECKOr'o BellleCcTBa, KOTOphIE, B CBOIO OuYepeib, onpejeisa-
I0TCS FeHEe3HCOM, BO3pPAacTOM H COBPEMEHHBIMH YCJOBHAMH
3ajeraHua 6on0T. BecoMa BaXKHble NOKasaTesd MPH pelle-
HHH BONPOCOB 3aIIMTHL APEHaXa OT XHMHKO-6HOJOrHYeCKo-
ro 3aujieHHsi — COAepKaHHe 3aKHCHOTO XeJieda B TPYHTO-
BBIX BO/JaX, KHCJOTHOCTb CpeAbl H psA APYTHX NOKa3aTeJsel.

IMpoekTHpOBaHHe 3alIUTHHX MEPONPHATHH LOJXKHO OC-
HOBHIBATBCs MpeXJe BCero Ha yueTe (H3HKO-TEXHHYECKHX
XapaKTEPHCTHK IPYHTOB H 0XKeNE€3HEHHOCTH NOA3EMHEX BOA.
I'pyHTOBBlE M THApOreoJornyeckue ycnosus OyAyT onpefe-
ASOLMMH NpH BblGOpe TeXHOJOTHH CTPOMTENbCTBA ApEHa-
Ka ¥ YKJAaJKU 3aLHTHBIX QUJILTPOB.

Hecpsznble rpyntbl. OCHOBHBEIE XapaKTePHCTHKH HX — 3TO
rpaHyJIOMeTpUUECKHi cocTaB, BOJAONPOHHILAEMOCTb, MOPHC-
TOCTb, cy¢do3uoHHocTb. [10 rpaHyJIoMeTpHUECKOMY COCTa-
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BY OHH pa3flessiioTcss Ha psajg rpynn (ta6a. 26). Oanopoa-
HOCTb HECBSI3HBIX TPYHTOB, ONpeAefsiolllas WX MOPHCTOCTD,
BOMIONIPOHULIAEMOCTb, CNOCOOHOCTL K AepopmauusM u Ap.,
olcHuBaeTcss KO3 (HIHEHTOM Pa3HO3ePHHCTOCTH

n= dGO/dIO' (228)

rhe dgo, dig— AMaMeTp UacTHI, MeHblle KOTOPHX B TPYHTE COAEPKHTCH
60 u 10% mno secy (puc. 40).

26. Kaaccuduxanus HecBA3HbIX FPYHTOB

PacnpeneseHne dacTuil O KPYDNHOCTH

IpyHTH B NPONEHTAaX OT Beca BO3AYIMHOCYXOro
rpyHTa
TpaBuiinnift Bec uacTuu xpynuee 2 MM — Gonee 50
Mecok rpaBeancTHit » » » 2 MMm— » 25

»  KpYnHHii

»  CpeAHed KPYNHOCTH
»  MeJKHH

» MhijieBaTHil

05 MM—~— » 50
0,25 MM — » 50
0] MmM— » 75
0,1 MM — MeHee 75

VY ¥Y
¥ ¥ YY
L2 2R 2 4

Cunraercs, uTo NpH N<<S CTPYKTypa Necka paBHOMeEp-
HO 3epHHCTasi, NMPH M>>5— HepaBHOMEPHO 3epHHCTas.
O6beMHasi MOPHCTOCTh TI'PYHTa BBIYMCAseTcs Mo Gop-

myne
ny=1—yos/ [vy(1—w)] (229)
n1==8/(1-F8), (230)

rle Yos — oObeMHas Macca IpyHTa; Yy — €ro MIOTHOCTb; W — BecoBas
BJIAJKHOCTb B OTHOCHTEAbHHX eJHHHLAX; & — K03b(HLUHEHT MOPHCTOCTH;
npy NOJIHOM 3aNoJHEeHHH NOP BOAOM

& =wyy/vs, (231)

HWIH

rae ys — IVIOTHOCTh BOAH.

YacTo NOpHCTOCTh AecYaHBIX FPYHTOB BBHIYUCJAIOT 110 M-
nupuyeckoit popmyJe

n=0,4—0,11gn. (232)

Pasmeprl oTaenbHHIX NOp B NMeCYaHOM TPYHTe B 3aBH-
CHMOCTH OT CTefleHH OJHOPOJHOCTH ero rpaHyJoMeTpHue-
CKOTO COCTaBa H3MEHSIOTCA OT AECATHIX A0 THICAYHHX JO0-
Jiell MH/IJMMeTpa, XOTSi MOTYT BCTPeYaTbCsi H MaKpOMOpHI
pa3mepom 1..3 mm. O6umas nopucrocts KoJebaercs ot 0,2
no 0,55, nau6oJsiee 4acTo OHa Haxoautcs B mpegenax 0,33...
0,45. Cpeauuit auaMerp QUAbTPALHOHHBIX XOJOB B HECBS3-

g* 131



100
g0 f

80
N

n 4
gﬁo >— e - 4+ +H o - - 43 Y

Q
§50
$w /
R0
S
§20 —1 B — 1
T

g o
g0/ 4005 00/ d, 4,70,05 G agh 65 1 23 5 0
Auamemp vacmuy,, mm

WD

Puc. 40. T'padux rpanysomMeTpHUECKOro cocTaBa TpyHTa.

HBIX TpyHTax onpepeasercsi popmyno# A. H. Marpawesa

(1957)
d0=7,12]/ Vérp_ (233)
&m

unu M. I1. Masunua (1961)

do=0,455 - V' nd,7, (234)

l—nl

rae krp — Ko3pPuiMeHT GuAbTpaAlU FPyHTa; v — KHHEMATHYeCKHH KO-
3D PHUUKRCHT BRBKOCTH BOAH;, g — ycKopeHue cBobojHoro najexus; diz —
AHAMETpP HACTHL, MeHbilleé KOTOPHX B rpyute coaepxutcs 17% mo Becy
(puc. 40).

JBuxynlasica B mopax IpyHTa BOJa PacTBOpsieT H Me-
PEHOCHT COJIH, OKa3biBaeT FHJAPOAHHAMHYECKOe W B3BELIH-
Balolllee JaBJieHHe Ha YacTHLbI, BHI3HIBACT sIBJIeHHs Cydpdo-
3MM, KOJIbMaTallul, pa3MbiBa u Benopa. B meckax npeoGaa-
AaeT JaMHHapHOe MapaJ/iie/bHO-CTPYHHOE ABHIKEHHE BOABI,
roauuHsomweecss 3akony Mapcu v=kypl. Bomonmponnuae-
MOCTb MeCUYaHbIX OTJIOXXEHHH 3aBHCHT He CTOJbKO OT
o611l TOPHCTOCTH, CKOJBKO OT pa3MepoB MNop, Onpejelse-
MbIX TJiaBHBIM 06pa3oM rpaHyJIOMeTPHYECKHM COCTaBOM nec-
KOB, MX NJOTHOCTbiO H (popmoii 3epen. Uem OoJiblie 3Haye-
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RHSI KO3(PHLHEHTa Pa3HO3EPHHCTOCTH MecKa 1), TeM OH Me-
Hee BoaomnpoHuluaeM. OpHEHTHPOBROUHbIE 3HaueHHUs Kpp NpH-
BeAeHb B Ttabauue 27.

27. 3uauenns kqp

Cpynt l(osd)d)uuu;}/icry?unmpaunu,
TMecox kKpynHuifi rpaBenuCTHil 50...100
»  KDYNHO3EDHHCTBI 20...75
»  CpeAHe3epHHUCTHI 5..25
»  MEJKO3epHUCTHIH 1.5
» » TJIHHHCTHIH 1.2
»  NhlJAeBaTHi 05...1

Hapsaay ¢ u3BeCTHbIMH NOJEBLIMH H J1a6OPaTOPHBIMH Me-
TOAaMH onpeneeHHss Ko3((UUHEHTOB (PUALTPALUH TECKOB
YACTO HCNO/b3YIOT Pa3jHyHble IMIUpPHUECKHE POPMYJb, OJ-
HOIt H3 KOTOpPHIX siBjsercs ¢popmyna M. I1. [1aBunua

3 —_—
hep=—2 . M 3/0dyr (d, cm; ke, cM/c), (235)
v (1—ny)?
KoTopas cnpaseAauBa Aas Ji06bix 1 ¥ dy7.

[Ipu rpaaventax GuIBTpaLLHOHHOrO MOTOKA BHIILE KPH-
THYECKHX 3HAYEHHUl B MecYaHHX FPyHTaX MOTYT BO3HHKaTb
caelyollive BHAL Aedopmansid: cyPpdo3ns, KOHTAKTHBIE BHI-
nop ¥ pa3mbiB. Beimop HecBA3HOrO TpyHTa M Mepexoi ero
B pa3XKHXKeHHOe COCTOsIHHE BO3MOKEH TOJbKO NpPH onpene-
JICHHOM THApaBJIMYECKOM Hamnope. B kauecTBe KpHTepHs HC-
IOJIb3YeTCsl BeJMYHHA KPHTHYECKOro rpajueHTa Jyp, KOTO-
pHlil AJIsi MeckoB U cymneceii kojebaercs B npegenax 0,8...1,3.

XapakTepHasi 0ocOGEHHOCTL NecyaHblX FPYHTOB COCTOHMT B
BEO3MOXKHOCTH BO3HHKHOBEHHMS BHelUHeHd H BHYTpeHHeH cyd-
$o3uy npu puALTPaAUHH BOAH C rpaueHTamu 60Jblle KpH-
THYECKHX. YCJOBHO MeCuaHblii TPYHT MOXHO NPeACTaBHTb
KaK COBOKYNHOCTb ABYX ()pakuHil: CKeJeTa, COCTOSLIero H3
YacTHI[ pa3JIM4HOH KPYMHOCTH, He NepeMeliaioilluXcss BHYT-
py Hero mpu soObBIX rpagHeHTax ¢UJABTPAIlMOHHOTO Harlo-
pa, H HaNOJHHUTEJsl, COCTOSIIEro M3 MEJKHX YacTHL, KOTO-
pble mpu rpajHeHTax Oonbllie KPHTHUECKHX MOTYT Iiepe-
MeIaTbCsl BHYTPH TPYHTa M BbIHOCHTbCA H3 €ro TOJIIH.
SIBnenue cyddozun u 3akaovyaeTcs B nepeHoce BOJOH 4Yac-
THI, HanoJIHUTENsi (MX NMPHHATO Ha3bBaTh Cy(HPO3HOHHBIMHU
qyactuuamu). [as Bo3HHKHOBeHHS cyddo3uH Heo6X0AHMO
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OJHOBpPEMEHHOE BHINOJIHEHHE ABYX ycaoBHii: 1) anHaMerphl
buALTPAUHOHHLIX XOAOB B IMecKe MAOJXHB OHTh G6OJbllie
AHaMeTPOB Cy((HO3MOHHBIX YacTHI{ (reoMeTpHUecKOoe YCJo-
BHE) M 2) TpajueHTH (DHIbTPALHOHHOrO MOTOKA AOJIMKHbI
NpesHLIAThL KPUTHYECKHE AR 3TUX Ke uyactul. [To reomer-
pPHYECKOMY YCJOBMIO [€CYaHBIC TPYHTH NOAPa3AeNAlTCA
na cybdosuonnsie v Hecypdosnonnsie. Cydpdposus BOIMOK-
Ha, ecy

des <dg™ax, (236)

rae dei — Anamerp cyddo3HOHHHX YacTHI B IpyHTe.

MakcuManbHast KPYNHOCTb 4acTl de;M2%, nepeMelleHHe
KOTOPbIX BHYTDH TPYHTa H BHIHOC H3 Hero BO3MOXHHI, IO
uccaenosanuaM A. H. Ilatpawesa, M. Tl. TleBunua u ap.
onpeaensiercss 3aBHCHMOCTBIO

¢i08% = dgmax[] 3 (237)
uiu ¢ yuetom dopmya (233) u (234)
d.max =548 ‘/ Sk (238)
gm )
deimax=0,35 M (140,05m) Y ndyr. (239)

l—ny)

Ecnu dymax>1,3dwy, rie dmm — MUHUMAJBHBIR JHaMETP
YacTHL, B [PyHTE, TO OH HasbiBaeTcsd cy(d(dO3HOHHBIM, TakK
KaK H3 ero TOJILH NPH ONnpefejeHHBIX THAPOAHHAMHYECKHX
YCJOBHSAX MOTYT BBHIHOCHTLCSI BCE YaCTHilbl pasMmepoM dgi<<
<0,77dymax, Tlpu o6patHom HepasencTBe (0,77dymax<<
<dmm) TPYHT HecydPO3HOHEH, NOTOMY YTO NpPH JIOGHX Ipa-
AMeHTaX GUIbTPALHOHHOrO MOTOKAa BBIHOC CaMBIX MCJKHX
HaCTHI, HEBO3MOXEH.

Cyddosus B rpyHrte npu HaJAHUYHU T€OMETPUYECKOTO yC-
JIOBHSI MOXET pa3BHBATLCH TOJNbKO NPH ONpelesieHHBIX CKO-
pOCTAX MM TrpajHeHTax ¢HAbTPauuoHHOro moroka. CKo-
pocTh GHABTpalMH, NPH KOTOPOH HapylliaeTcsi NpejefbHoe
paBHOBecHe Cy(h@PO3HOHHBIX HACTHI, Ha3biBaeTCss KPUTHHe-
ckoit ckopocteio cydpdosun. Mo manneiM C. K. A6pamo-
Ba, OHa paBHa

3 ,—
v="60Y kpp, (240)
rae krp — KO3QQHUHEHT GUABTPALHH TPYHTA, M/CYT.

KoHTakTHbIfi BBIMOP MeCYaHHIX TPYHTOB NPOHCXOAHT B
TOM cJly4yae, KOrfa BeJIHUMHB THAPaBJNYEeCKHX FpafHeHTOB
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NPeBHILAIOT KPHTHYECKHE, KOTOpHIe NIPH BOCXOAsLiel HuabT-
pauuu cocraBasior 1,5..2, npu uucxoasue#t 1...1,5.

ITnbiByHBl — HECBSI3HBIE TPYHTHI, KOTOPHIE NPH BCKPHITHH
NPUXOAST B ABHXKEHHE H NPHOODPETAlOT XapakTep TEKydyero
Tesia. JloOBOIbHO YacTO OHHW BCTPEYaIOTCA OTAEJAbHBIMH JIHH-
3aMH CpelH MeJKO3epHHCTHIX NbIJIeBAaThIX MECKOB M 3HauM-
TEJbHO YCJOXHAIOT KakK NpPOLECC CTPOUTEbCTBA APEHAXKa,
TaK M 3alUUTY ero oT 3aujenus. A. ®. JleGeses mnpeana-
raeT pa3/inyaTh HCTHHHblE MNJBIBYHbI M ICEBAOMJIBLIBYHbI.
[lepBbie xapaKTepH3YIOTCSi Ha/JHYHEM NbJIEBATHIX M [JIHHH-
CTO-KOJIJIOHAHBIX YACTHIL; MO HOBEHIIUM NpPeACTaBJIEHUAM, B
HX TeHe3HCe CYLIeCTBEHHYI0 POJib HIPAlOT NPOLYKTHI KH3-
HeAesATebHOCTH GaKTepHil.

PhixJible BoJoHACHILEHHBIE IECKH HE3aBUCHMO OT HX Tpa-
YyJIOMETPHUYECKOT'0 COCTaBa MNpPH 3HAYUTENbHBIX THApPaBJH-
UeCKHX TPafMeHTaX CMNOCOOHBI Pa3XKHKATLCSA M NpeBpaliaTh-
CA B TYCTYI0 BSI3KYI0 KMAKOCTb — FPYHTOBYIO Maccy.

Cesasuble rpyntel, K HUM OTHOCATCH TJIHHDLE, CYFJIHHKY
i CYNECH pa3/HYHOro reHe3Hca ¥ BO3pAacTa, B COCTaBe KO-
TOPHIX HapAAY C NMecuaHo-NHJeBaTHMH QpaKUHAMH HMeeTCs
3HAYHTENbHOE KOJUYECTBO TOHKOAHCIEPCHBIX 0CaJO4YHBIX HO-
B0O6pa30BaHHil (MMHHUCTHIX MHUHepaon). OTauuHTe bHAs
0cOGEHHOCTh CBSI3HHIX TPYHTOB — MJIACTHYHOCTB, CNOCOG-
HOCTh K HaOyXaHHIO M ycajKe, Junkoctb. OHH 06/ajaior
3HAaYUTeJbHBIM BHYTPEHHHM ClelieHueM U QUJIbTPALHOHHOI
NPOYHOCTBIO H OTHOCATCA K HecyddosanoHHbm. Kiaaccudu-
Kauusl TJIHHHCTBIX TDYHTOB OCYHIECTBJSIETCA N0 YHCAY MJja-
CTHYHOCTH _

Tp=Wr—wy, (241)

rlie @r — BAAXHOCTb Ha TPaHUlle TEKyYecTH, Wp — TO 2Ke, Ha rpaHHlC
packaTeiBanHs (IJaCTHYHOCTH).

IMpu 0,01<<7p<C0,07 rpyHT OTHOCHTCS K CYMecH, NpH
0,07<Ip<<0,17 — x cyrausaky u npu Ip>0,17 — k raude.

®uabTpaUHOHHAA CHOCOGHOCTb CBSI3HBIX TPYHTOB J0-
BOJIbHO HHM3Kasl ¥ onpelessercs ONbITHEIM nyTeM. s naoT-
HHIX FJIHH OpHEHTHPOBOYHO krp<<0,01, nnda cyrausxoB —
0,01...0,1 u ana cyneceit —0,1...1 m/cyT. T/IHHHCTBIE TPYHTHI
o6nanaloT GOJBIUMM COMPOTHBJIEHWEM C/BHIY, XapaKTepH-
3VeMbiM BEJHYHHOH CUEIJIeHHS, H MaJjbiM YIJOM BHYTpPEH-
Hero TpeHus, GUIBTpalHOHHbIE pa3pyuUIEHHSI MX MPOUCXO-
ZAT MPH 3HauHTedbHo OOJbLIMX, YeM B HECBASHHIX TPYH-
TaX, rpajieHTax Hanopa. [103TOMy Tr/JMHHCTBIE TPYHTH C
TOYKH 3DEHHsI 3aH/IeHHs1 ipeHaXa MeHee ONacHHI.
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Topdsanuku. K HUM OTHOCATCA IPYHTHI, cofepxKaliue 60-
2ee 60% pacTuTeNbHBIX OCTaTKOB. Pasnuyaior TpH THNa TOp-
(ba: HU3UHHEBIA, NEPexXoJHOl H BepXoBoil. PUAbLTPALHOHHBIE
CBOHCTBA XOPOWIO- M CpelHepasoxKHuBILerocs topdpa mHo-
BOJIbHO HU3KHe, KO3 HIMEeHTH GUAbTPaUHU KOaebJ10TCs B
upeaenax 0,4..1,2 m/cyr. Baarogaps CTpyKTypHOMY clien-
JICHHIO M MaJHM pasMepaM nop Topdsl 061analoT AOBOJb-
HO BBLICOKOH (DH/IBTPALHOHHON NMPOYHOCTHIO M OTHOCATCS K
rpyHTaM Hecydp¢ho3uOHHEIM. MexaHudyeckoe 3auseHue Jpe-
Haxa B Topde BCTpeyaeTcsl PeAKO, OJHAKO OTJIOMCHHUS XKe-
JIe3HCTHIX COCAHHEHWH NPCACTaBAAIOT CYLIECTBEHHYIO ofac-
HOCTb.

YcnoBust paGoThi rOPU3GHTANBLHOTO ApeHaxa. Onu onpe-
JleJIAIOTCA KJAMMaTHY4eCcKHMMH (aKropaMu ¥ Tu/pPOreoJioru-
yeckofi 06CTaHOBKOH M CHMJBHO BapbHPYIOT B TOAHYHOM
UHKJe ¥ MHorosieTul. [Ipu atMocdepHOM ¥ 6e3HaNOpHOM rpy-
HTOBOM TNMTAHHMH ApeHa) B 6ONbIINHCTBE cayuaeB GpYHKIHO-
HHpYeT OTHOCHTEJbIIO HeNPOJOJIKHTENbHBIH MNepHoj mnocie
CHEroTasHus, MaBO/JAKOB H OOWJAbHLIX AoxJell. B 3Tn nepuo-
Abl BOJAHBIE Harpy3ku Ha APCHbI MaKCHMaJbHbl, FpajiHeHTHl
(OHUIbTPALUOHHOFO MNMOTOKAa BOJIM3U JpPEH MOTYT JOCTHraTb
5HaYuTeJbHBIX Beauuyun (5..20), a CKOPOCTH ABHXKEHHS BO-
Ibl B TpyGax cocrasasath 1...1,5 m/c. Ilpu Hanuyun noanopa
yCTbeB CKOPOCTH B APEHAXE MOTYT pe3KO NajAarh.

JleToM ¥ 3uMOii IPYHTOBBIE BOABI OMyCKAlOTCS TayO0OKO,
uHOrAa Aaxe Huxe TpyO, ApeHa)k paboraeT ¢ MaabiMH Ha-
rPY3KaMH, CKOPOCTH [BHXKECHHS BOJAbl He3HAUUTEJAbHH, 4acTO
JpeHaXKHbil CTOK OTCYTCTBYET /UIHTENbHBINA NepHOA.

IIpu 06MABHOM T'PYHTOBOM U 0COOGEHHO I'PYHTOBO-HAMOP-
HOM MHUTaHHMH JApeHax AeiicTByeT Gojiee paBHOMEPHO H AJiH-
1eJbHbIH Repuoj B roay. OaHako BoAHAA Harpy3ka H CKOpO-
CTH ABHXKEHHS B TPy6aX MOryT MU3MCHATLCS B LIKPOKHX Npe-
Nenax.

BapeupoBaHue ycoBuii paGoThl FOPH3OHTAJBHOTO TpPYO-
YyaToro JApeHaxa mNpefonpefc/sicT H H3MCHYHBOCTb MNpOTeE-
KaHusi TPOLECCOB €r0 3aMjeHHs (B OCOOCHHOCTH XKeJje3H-
CTBIMH coeanHenusmu). [1pn MakcuMalbHBIX Harpyskax Ha
ApeHaXX BO3PacCTaeT MOCTYI/CHHE HAHOCOB H PACTBOPEHHO-
ro xenesa. B To e BpeMsl Npu JOCTaTOYHBIX YKJOHaX Ape-
HaXHBIX JIMHHH H OTCYTCTBUH TNOANOPOB CKOPOCTH ABHXKC-
HHUs BOABl B Tpy6aX ACCTHraioT BeJHYHH, OGecledHBaIOUIUX
BLIHOC HaWJKa H camooyuctky Tpy6. Ilpm majonHTeHCHB-
Hoil paboTe ApeHaXa NMPOHUKINME B TPYOHl YaCTHLBI IPYHTa
1 oxpucThie o6pa3zoBaHusi He BolHocsaTcA. [locTenensno Ha-
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Kall/InBasACh, YIJIOTHAACL # NpUAHNAs K creHkam TPyl B
6eccToyHblf MEPHOA, OHH CTAaHOBATCA TPYAHOPA3MblBAEMbI-
MH, B naJsbueluieM, HecMOTPSL HA yBeJHYeHHe CKOpOCTed
ABHXKEeHUs] BOJABI B NCPHOJA NaBOAKOB, CaMOOYHUCTKA JpeHa-
’Ka MaJloBeposATHA.

2. Ilpuanan 1 Xapakrep MeXaHAYeCKOro
3aleHHs ApPeHa’Ka

T'naBHble NPHYHHB MEXaHHYECKOrO 3auneHUs TpybuaToro
rOpH3OHTAJNbHOTO ApeHaxa — 6oJibLiHe TpajHeHTHl (UJIbT-
PaALMOHHOTO MNOTOKa B NpPHAPEHHOH 30He, cjaabas QUALT-
palHOHHAasl MPOYHOCTb HECBSI3HBIX PBLIXJBIX TPYHTOB H He-
BHINOJHEHHE YCJOBHHA CBONOOOPa30BaHHA Haj BOAONPHEM-
HBIMH OTBepcTHAMH TpyO, yJoxeHHBIX 6e3 3alHTHBIX
({UIBLTPOB.

CTpyxTypa ABYKEHHsi TPYHTOBOrO NMOTOKA NpPH APEHHPO-
BaHHH oONpejAessieTcss KOHCTPYKTHBHBIMH OCOGEHHOCTSIMH
Tpy6, XapaKTepUCTHKaMH 3alATHOro GpuabTpa (NpH ero Ha-
JHYUH) W TPAHHYHBIMH ycJoBusIMH ¢uabTpauHu. Henocpea-
CTBEHHO B ApeHa)XHble TpyOsl BOAA NMPOHHKAET TOJIbKO 4Ye-
pes nepdopallHOHHblE OTBEPCTHS HJH CTHIKOBble 3a30pH,
TaK KaK CTEHKH TPy6 He GHUALTPYIOT (3a HCKJIOUEHHEM TPY-
6onpoBooB). BeaeacTsie 3TOoro Ha NOAXOAE K OTBEPCTHSM
Tpy6 NMPOMCXOAMT cyuiecTBeliHoe NMPOCTPAaHCTBEHHOE CXKaTHe
FPYHTOBOrO flOTOKA H B
NpHApEeHHO! -30He BO3HHKAa-

10T GoJblive THApaBJHie- §J

ckWe rpaauentst [. 0 |
Ha pucynke 41 npej- §,5 4

CTaB/JEHO H3MEHeHHe rpa- §

JMEHTOB Hanopa Ha pas- 37

MHYHBIX  PACCTOAHMAX OT €,

meau [ BAOJAL Kepamuye-  §

CKOli JpeHbl, YJOXEHHOMH 2*

6es ¢uasTpa. HUs rpadu- §,

Ka BUAHO, YTO TpajiMeHThl §p 50 45 6 75090 05 a'?W.M

y HIeJHW JOCTHraloT 20 H 5. accmusmnue 0M CMbikodo2e 3a30pa

pe3Ko 3aTyXxaloT NpH yjaa-

Jeiuun ot Hee. O6aacTs Puc. 41. WsmeHeune rpanuenton
KPHTHYECKHX TPaj/IMeHTOB,  (HIBTPAUMOHHOrO Hanopa BRO.TH
TaK Ha3biBaeMasl akTHBHas gsg’gg‘:“e;‘g‘nymis‘;’éKa(:d“:Pfg
30Ha BbiNopa H cyd¢osuy, —1,1 MM, namop pHau ApeHoit
pacnpocTpaHseTcs Ha Je- H=37 cum).
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CATKH canTuMeTpoB. U3 pewenus B. B. BexepHukoBa cije-
AyeT, YyTO rpafiHeHTH (GHIBTPALHOHHOIO Hanopa MO BepTH-
KaJIbHOM IJIOCKOCTH, NMPOXoAsiledl yepe3 ocb NOAPYCJIOBOI
ADEHH C NMOPHCTHIMM CTEHKaMH (TOuHee MOJOCTH B T'PyHTE
dnameTpoM d), UMEIOT 3HAYeHHs.

(h+ha) VE(T )

I=
¢
Arth ‘/_H-d [({4+d)—y9

rie h-ho— Hamop Hax Apenoil (Ag — BbiCOTAa cJI10Si BOAM Haj [MoW-
Boii); ¢ — paccTosiHHe OT MOBEPXHOCTH 3eMJIH A0 APEHH.

' (242)

Pacyetnl mo ¢opmynae (242) nokassiBaloT (Mypauiko,
Canoxuukos, 1978), yTo 30Ha OnacHbIX FpajgWeHTOB (akK-
1HBHas 30Ha) pacnpocrpaHsiercs Ha 10—20 cM ot moBepx-
noctu Apensi. Teopuss U naGopaTopHbie OMBITH CBHAETENb-
C1BYIOT, YTO MAaKCHMaJbHBEIE pa3Mepbl MPUJAPEHHOH 30HHI, B
KOTOPOH rpaJZHeHTHl Hanopa MpeBBINAaOT KPHTHYECKHE IO
$GuabTPAaLlHOHHON TPOYHOCTH TFpyHTa, GbIBAIOT TOrAa, KOria
TPYHTOBHIE BOJBI BHIXOASAT Ha MOBEPXHOCTh MOYBH, a TPY-
Obl ynoxeHn ¢ GHILTPOM HJIM nopucThie. Koraa apeHs
HeCOBepIlUeHHB HO XapaKTepy BCKPBITHS NJacTa (Tpy6Hl yJo-
*eHbl 6e3 (QUALTPOB — mpocTpaHCTBeHHAsi (HJbTpalus),
1eMIOCPEACTBEHHO Y BOJONPHEMHBIX OTBEPCTHH rpaAHeHTHl
Hanopa JNOCTHraloT oveHp GosbliMx 3Hayenuii (/=20...30),
HO OHM pe3KO 3aTyXaloT ¢ yjaanenueM ot wWeseil. Ecan ape-
HaXHbie TpyOH NMOpHUCTHie (MJockast QuabTpauus), To rpa-
AHEHTH Hamopa OKOJIO ApeH MMEeIT HaMHOro MeHblIMEe 3Ha-
uyeHusi (/=3...5), oAHaKO OHH ropaszio MeaJjellHee 3aTyxaioT
¢ ynanenuem or Tpy6. OOsacTb, rAe rpajHeHTsl Hanopa
NPEBLIIAIOT JONMYCTHMble MO BBHIHOCY CYd@PO3HOHHBIX yac-
THL, BO BTOPOM CJy4Yae paclpoCTpaHfAeTcsi 3HAYHUTEIbHO
Aanpiite, CrefoBaTeNbHO, ONACHOCTh KOJbMaTaxa IOpH-
cTElX TPYO B cyddO3HOHHBIX TPYHTax ropasjo 6odblle.

EcnyM B THADOTEXHHYECKHX COOPYXEHHAX NyTeM H3Me-
HeHHs KOHTYpa H/AbTPaLuM ¥ APYTHMH KOHCTPYKTHBHBLIMH
npHeMaMH MOXHO YMEHBUIMTb TpaiHeHTbl QUILTPalHOHHO-
r0 Hanopa /A0 AONYCTHMBIX, TO B 06J1aCTH TOPH3OHTAJILHOIO
ApeHa)ka 3TH BO3MOXHOCTH KpaliHe OrpaHHYeHHbl. YMeHb-
IUWTHL TpPaJMeHTHl MOXHO TOJIbKO NMyTeM YBEJUYEHHs JHa-
meTpoB Tpy6 WM ToamumiuHbl ¢uAbTPOB. OAHAKO, KaK NoKa-
3blBAIOT pacyeThl, yBeauyenHe AHameTpoB Apen ¢ 50 1o
150 MM ymeHbluaeT pajHyc omacHoil 30Hb ¢ 26 mo 21 cm
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H Jaxe npu AHameTpax Tpyo6
300 MM rpaaueHTHl BOJH3H HX
MOBEPXHOCTH mpeBbiwaloT 1,5,
yTo GoJibliiHe RONYCTHMBIX IO
OUILTpaltMOHHOH  NPOYHOCTH "
AJIsi MEJIKO3epPHHUCTHIX MECKOB. \ 20 e o

DKCnepUMeHTHl H TeopeTH- ¢ Iy S
YecKHe pacueTH NOKA3bIBAIOT,  WupuHa 30300 MEMGY MEykomy
yTo AJs ofecneyeHus YCJo- T,

BHH cBOJOOOpa3oBaHHA B He-

CBAI3HBIX FPYHTax nonepeyHnie Puc. 42. Pacnpeaenenne Bemi-
pasMepbl BOJONPHEMHLIX OT- qm{ﬁcruxoaux 3330poB  MEeXAY
BepPCTHA B JADEHaXHBIX TpYy- ':gz: aMH KepaMHuecKoro Aapena-
.6ax Ges q’”-“bTPa AOJ12KHbI 1 —Dyp=50 MM, 2—D,, =125 mm.
6uiTb B mpexenax 0,5..2 MM.

HopmatnBamu npeaycmar-

puBaetcs, 4ToObl 3a30pbl MeXAY CTHIKYIOIHMH KepaMHuye-
‘CKHMH TpyOKaMH He mpeBBlIasH 2 MM. B aellcTBUTe/IbHO-
CTH BCJIC[ACTBHE HU3KOro KayecTBa TPY6 (HCKpHBJEHHE NPO-
JOJIbHOH OCH, HeNepneHAMKYJISAPHOCTb TOPLOB) H CJAOXKHBIX
yC/OBHiHl NMPOU3BOACTBa paboT (aKTHyecKas INHPHHA CTHI-
KOBBIX 3230pPOB KoJNe6JIETCSA B OYeHb OOJIBLIINX Npejenax.

Ha pucynxe 42 npuBenen rpaduk pacrnpepeieHHss Mak-
CUMaJIbHBHIX (MO NMepHMeTPY) BeJHYHH 3a30pPOB MeXAY Ke-
paMMuecKHMHM TpyOKaMM, NMOCTPOEHHHIH MO AaHHBIM 3aMe-
poB Ha psaae o6bekroB B BCCP. Kpusmie pacnpesesnenus
HE MPOTHBOpeHAT JIOTHOpMaJbHOMY 3akoHy. Haubosee yac-
TO BCTpEYAIOWIHECs BeJHYHHb 3a30pOB B OCYLINTENSX —
1...1,5 MM B KoasekTopax — 2,5...3,5 MM. 3a30psi WHPUHOH
11 >3 MM cocrasasiior 16% npu d=50 MM u 42% npu
d=125 mm. BecbMa yacTo Be/HUYHMHBI 3a30pPOB NpPEBHIIAIOT
6..9 Mm. TlpakTHueckn u36GeXaThb 3a30pOB B OTAENbHHX
CTbIKaX MeHee 4..5 MM HEBO3MOXHO Ja’Ke NPH OYEHb TIa-
Te/IbHON ykJaAke ApeHaxa. ObcaelloBaHNe KePaMHYECKOTo
LpeHaxa, MOCTPOEHHOro B DCTOHHH, CBUACTENBCTBYET O TOM,
4TO TOJBKO B 49...699% cJayuaeB WINpHHA 3a30pOB B CTHIKaX
Tpy6 MeHblue 4 MM (Anekana u Ap., 1981). Crnenosatenn-
HO, ycJoBMS CBOJ0OOpa30BaHUA NpH YKJalKe KepaMiuuye-
CKOTrO JApeHa)ka 0e3 GuJIbTpPOB He ofecneuHBalOTCsA Jaxe B
KPYMHO3EPHUCTBIX MECKaX.

BomonpueMHBIEe OTBEPCTHSI B NJaCTMacCOBbIX JPeHaX-
Hblx Tpy6ax HMeIOT CTPOro 3alaHHbie pa3Mepbl H KoJel-
aiotcs B npepenax 0,6...3 mm. Ycaosus cBofooGpazoBauus
Gonee GJarONpHATHbL, HO B MEJNKO3EDHHCTHIX IeCYaHBIX

D
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3
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IPYHTax BO3MOXKHOCTb MEXaHHMYECKOTO 3aHJieHHsA MJjacTMmac-
COBOTO JipeHaXKa BeCbMa BBICOKA.

Tpy6odunbTpel (KOPOTKHE TpyObl U3 CLEMEHTHPOBAHHOM
necyaHo-rpaBUAHON CMeCH M [ApPYrHX MaTepHAaJjOB) HMeoT
(HILTPYIOIINE CTEHKH OTHOCHTeNbHO GO0JibUION TOJILMHB,
ko3 duLHeHT GUABTPALUN KOTOPHIX KosebJeTcsa B Apejenax
100...300 m/cyT. ITopel cTeHOK TPyGOdDHUILTPOB HMEIOT BHJ
YeyeTOUHHIX KaNHUAASIpOB, 4YTO CNOCOOCTBYEeT 3HAYHTEJbHOH
KoJbMaTallMu HX cyddosnonnniMu uactuuamu. [lpu yerpoii-
CTBe JApeHa)ka H3 TPyOOoPHUIbTPOB CTHLIKOBHIE 3a30pbl MEXAY
Tpy6aMH TaKike MOryT JAOCTHraThb pPa3MepoB, TNpeBHILIAIO-
IHX AONYCTHMEBEI® NO YCJAOBHAM CBOJ00Opa3oBaHHs.

3ausieHHe JpeHa)xa B HECBf3HHIX TPYHTax MO YKa3aH-
HbIM Bbllle NPHYHHAM (Ype3MepHO GoJibllHe rpagHeHTH Ha-
nopa H pasMepbi BOJONPHEMHBLIX OTBEPCTHH) BHIpaxaercs
B BUAe HCTeyeHUs FPYHTOBOH Macchl, NPHUBOASALIEro K yac-
THYHO!H HJIM NOJHOH 3aKynopke TpyO, a TakXKe KoJbMaTaxa
nop Tpy6o¢HIbTPOB.

3. HomycrumocTs yKaagku gpenama Ge3 PuanTpon

Topdanbte rpyntel. OHY OTHOCATCS K KaTeropHu Hecyg-
¢ro3uonHbiX. DunbTpauonHble AedopMalMU HX NPOSBJS-
I0TCS1 B BHJe BHIIOpPa ¥ 3aBHCAT OT TPaA¥eHTOB Hamopa,
CTPYKTYpH TOpda, ero MJAOTHOCTH M CTENEeHH DPa3/OXKeHH:.
dunbTpauuoHHas NPOYHOCTb HENPHUTPYKeHHOTo Topda Jo-
BOJILHO HM3Kas. KpHTHuUecKMe rpajneHTH BLINOpa onpeje-
JIFIOTCS 3aBUCHMOCTBIO

Lip=(1—m) (yy—0.9). (243)

[Ipn naotHocTH TOpda yy=1,56...1,65 r/cm® u nopucro-
ctn 11=0,8...0,9 rpaguent lxp=0,06...0,15. B npuapennoit
30HE JelcTBUTENbHble TpajHeHTH Hanopa BO MHOIO pa3
6onpuie. Topdbl B ecTeCTBEHHOM COCTOSIHHH H HapyLieHHOH
CTPYKTYpPbl NOCJAe YNJAOTHeHHs Hecyddo3HOHHBI MpH Beex
LpaKTHYECKH BCTPeYalOLUIUXCSl NMPH HX APEHUPOBAHHH Be-
JMYNHAX THAPABJHYECKHUX TpajHeHTOB. EAHHCTBeHHO BO3-
MOXHBIN BHJ WX GHILTPALMOHHBIX AedopMauunil Ha TpaHH-
ue ¢ BOAONPHEMHBIMH OTBEpCTHSIMH TPYyO — 3TO KOHTAKT-
Hbil Boinop. Paspyuiaioliue rujipaBjiHuecKHe TpajHeHTH
OYeHb BEJHMKH M 3aBHCAT OT Pa3MepPoB BOAOHPHEMHLIX OT-
reperuit B Tpy6ax. Tak, mo onwitam 0. ®. BypTteica, npu
auamerpe oTBepctuit D=10 Mm paspyiualoiiie rpafiveHThl
B Topde HeHapyLUeHHOH CTPYKTYphi AocTHraior Iyp=>50, uto
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HaMHOro GoJaplile (aKTHYECKHX NPH CeNbCKOX03AHCTBEHHOM
ApeHaxe.

HonycTuMeie pasmepbl BOAONPHEMHBIX OTBEPCTHH (MM)
B ApeHaXHBbIX Tpybax, y/noXeHHBIX Ge3 (HILTPOB B HeHa-
pylleHHOM YNJOTHEHHOM Topde cpeiHell cTeneHU pasJo-
JKEHHs, MOXHO OfpejlesuTL No Gopmyne

3
b= %_ (1 501 p) ’ (244)
3 p—ik

rae /p — pacyerusiii rpaguedt B NpuapeHHoll 3ome, paBubii 2.5, ki —
K03 HUHCHT 3anaca, NMPHHUMaeMbll paBHBIM 4..5.

CorsnacHo 370#1 dopmyJie, AONYCTHMBIE AHAMETPHLl BOAO-
NPHEMHBIX OTBEPCTHH MoryT aoctdrath 13..15 mm. Pak-
THYEeCKHe — 3HauuTebHO MeHplle. Kasajioch 6w, B MJOT-
HOM TOop(de ApCHAaXK MOXHO yKAa/blBaTb Ge3 3alIUTHHIX OT
3augenns guabTpoB. OAHAKO Ha NpaKTHKe NMPHCHIKA JpeH
OCYHIECTBJISIETCS] PBIXJAbIM TOpdOM, HMEIOUIHM MHOXEeCTBO
KPYNHBIX (DHILTPALHOHHBIX XO40B. MeskHe YacTHUH MOTYT
NepeHOCHTbCsT MOTOKOM BOAB M AonajaTtb B TPYOH WIH
KOJIbMATHPOBaTL BOJNONPHEMHEIE OTBEPCTHS, Pe3KO YMEHb-
imasi oCyWiHTe/NbpHOe AelicTBHe jApeHaxa. CJaepoBaTenbHo,
BePXHIOW YacTh TPYG (He MeHee %/, mepumeTpa) HeOGXOAM-
MO 3amuulath GpuapTpom. CHH3Y 3alIUTHBIN QHALTP MOXHO
He yKJaApBaTb, TaK KaK 3Jech Topd HAXOAHTCA B HeHa-
PYUIEHHOM COCTOSIHHM H (HJbTPaLHOHHAsT NPOYHOCTL €ro
oueHb BBIcOKad. Ecau ke ocyuiaeMblil TOPHSHHK HMeeT
MOIIHOCT MeHee TJyOHHBl 3aKJadKH ApeH, TO NpPOLeCcChl
MX 3awJeHHs1 ONpefendlOTcss CBOHCTBAMH MNOACTHJAKOLIErO
rpyHTa.

Casizubie TpyHThl. K HUM OTHOCATCS Npexjie BCero IJd-
1ibl, TSXKENble H cpeaHue CyrJIMHKH, JLOBOJIbHO NpOYHbie CBf-
a¥ MEXAY OT[eJbHBIMH YacTHLAMH M MHKpOarperarami 3a-
TPYAHSIOT BO3HUKHOBeHHe (UILTPAUHOHHHIX AedopMaluit
TJIMHHUCTBLIX TPYHTOB Ha KOHTAaKTe C BOAONPHEMHBIMM OTBCP-
crusiMmu Tpyo.

JonycTyMble nonepeunbie pasMepsl nephopauHOHHbIX OT-
BEPCTHH H CTHIKOBBIX 3a30POB MO YCJOBHIO OTPbIBA H OT-
ClauBaHUs arperatoB TJHHHCTHIX TPYHTOB ONPEAeNAIOTCS
dopmyaoii B. C. Ucromunoii (1957)

5 l/ 0214 (245)
I+1
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nan I'. K. ITpaBegnoro

ry 0,34
&= l/— 246
@l +4cos @ ( )

©=0,17Ylp—1, (247)

rae § —IMpHHa Imeseli B ApeHaXHbiX Tpy6ax MAH AHAaMeTP KPYyrJbiX
orBepcTHii, cM; [ —rpagnent Hanopa y orBepctHsi; [p — pacyetHbiif
rpajlHEHT Hanopa B TNPHAPEHHOH 30He, MPHHHMaeMHHh 2.5, ¢ — yroa
MEXAY HanpasJieHHeM CKOPOCTH OMJIbTPAUKH W rPaBHTALMOHHONH CHJOIL

ITockonbKy B MenHopaTHBHOM npeHaxe [p,=2..3, To J0-
nycruMble pasMmephl 8, corsacHo dopmysam (245)...(247),
KcaebuioTess B nmpeaenax 3,5...5,6 mM. CiefjoBaTesibHO, Ke-
paMHu4ecKHH M NMJacTMacCOBBIH JpeHaX MO YCJAOBHSIM Helo-
NyIEeHHsT MeXaHHYeCKOro 3aHjieHHsi TPY6 MOXKHO YKJaAbl-
BaTb 6e3 ¢uabTpoB. OAHaKO, KaK yKa3blBaJoCb Bbille, B
CBSI3H C TE€M YTO TPYOHl NPHCHINAIOT PHIXJBIM [PYHTOM, HMEIO-
L{HM KDYyNHHE MaKpONOpH, BO3HHKaeT OMAacHOCTb Pa3MbIBa
ero QuIbTpallMOHHBIM NMOTOKOM H BbIHOca B TpyOH. IloaTo-
My BepxHHe 2/; mepuMerpa TpyO HeoOXOAMMO 3aKpblBaThb
$OHABTPOM. :

Cynecn ¥ nbuIeBaThle CYIVIHHKH OTHOCHATCS K TI'PYHTaM,
cojepxaimuM GoJiblIoe KOJHYECTBO MLIIEBATHIX HaCTHI,
cuenjieHHe MeXIy KOTOPbHIMH HeBelHKo. PuabTpaunoHHad
NPOYHOCTH 3THX FPYHTOB 3HAYHTEJbHO MEHbIUE, YeM [JIHH,
a MexaHuueckand cyd¢o3ns NpakKTHYECKH HEBO3MOXHA MO
reoMeTpHYECKHM YCJOBHSM.

Eciu apeHa)x 3ak/laAblBalOT B CyNecsX, Y KOTOPHIX YHC-
Ao naacruynocetn 0,07<<I7<C0,17, 10 npenenpHO AONYCTH-
MBle pa3MepHl OTBepCTHil B TpyGax MJH CTHIKOBHIX 3a30pOB
mexay HuMH (cM) onpeseasitoT mo ¢opmyne C. U. Cra-
POXKYK

3=‘/ _ 017 (248)
Iy +cos @

Iasi nbljeBaTHX NMeCKOB ¢ coAepxkaHueMm dpaxuui d<g
=<0,05 MM G6oabiue 209%

5=‘/—°'—°25— . (249)
Iy+cos B

U3 ¢opmyan (247)...(249) caeayer, uTO MaKCHMaJjbHbie
pasmephl § mpH ykJajKe ApeHa)ka B Cylnecsix H NbleBaThiX
neckax He AoJXKHb npessiaTs 0,5..1,5 mM. Takux Boao-
NpPHEMHBIX OTBEPCTHH TPYAHO AOCTHYb AaXe B MJ1acTMacco-
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BoIX Tpy6ax, He roBops O Ke-
pamuyeckux. Ilostomy ykna-
ABIBaTb JPeHa)< B 3THX I'PYH-
Tax 0e3 GuIALTPOB Hejomy-
CTHMO.

Iecuanbie HecBsI3HbIE TPYH~
Tol. CreneHb MeXaHHYECKOro
3auJieHHsl JpeHa)ka B INlecuya- A
HBIX TPYHTax BO MHOroM ofl-
peaessieTcss npoueccamu CBo- Puc. 43. Cxema xonTakTHo#t 06-
R006pa30BaHHs1. HacTvubl  jactn necuanoro TpyHTa H Ape-
CKeJieTa TPYHTa He NPOCHINA-  HaxHOH TpyGH:
10oTc1 (He BHITEKAIOT) B M0- A —umpuia mean B Tpyle; dog—
JIOCTb pré’ ecJiu Ha}l HX BO- AHameTp CBOAOOGPGS)’!OHLHX qacTun.
AOTIpHEMHBIMH  OTBEPCTHSMH
06pa3yloTcsi yCTOHUHBBIE CBOAHKH M3 60Jiee KPYNHBIX 3epeH
(puc. 43). Ilo uccaeposanusam A. H. INatpawmeBa (1957)
M Ap., HaHboJee YCTOHUMBBHI W MNPOYHBI CBOAMKH, COCTOSI-
ly¥e H3 ABYX OJHHAKOBOro AuaMerpa dc¢s YacCTHll, Ha3klBae-
MbIX cBOAooOpasyiomumMi. BepostHocTe HX 06pa3oBaHus
ropasfio Beille, YeM CBOAMKOB H3 TpeXx uU O6oJjiee 4aCTHI, U
co3paloTcs oHH GbicTpee. YCTOHYHBOE CBOAOOOpa3oBaHHe HA
KOHTaKTe O Liejeobpa3HBIMH OTBEPCTHSIMH B CTeHKaX Tpy0
M CTHIKOBBLIMH 3a30paMH MeXAy HHMH NPOHCXOAMT, eCJIH Bhl-
IIOJIHSIETCS YCJOBHE

Ald s <1,8 unu des =0,6A, (250)

rae A — minpuna mean (CTHKOBOFO 3230pa).

B cayyae Kpyriablx BOAONpPHEMHHIX OTBEPCTHH AAs CBO-
1o06pa3oBaHusl HEOGXOAUMO, YTOGH

Dog/d% <2,7 win d5 =0,36Do (251)

rie Do,x — nuameTp oTBepcTHit B TpyGax.

Cpasunenne ycjoeuii (250) n (251) mnokasmiBaer, 4TO
KPYyrJ/ible OTBEpCTHA B JAPEHaXHBIX TPy6ax NpeAnoyTHTE/b-
Hee.

OnacHoro MexaHHYeckoro 3aHMjieHHs JpeHaxa He OyJaeT
TOJbKO B TOM CJjyuae, ecjlH B TPYHTe COJAEPIKHTCA AOCTa-
TOYHO GO/BUION MPOUEHT CBOAOOGpa3ylmiMX yacTHU. MHo-
FOYHCJIEHHBIMH 3KCNEPHMEHTAMH YCTAHOBJIGHO, YTO 3auJe-
uue IpeHa)ka NPaKTHYECKH He TPOHCXOAHMT, KOTAa B COCTa-
Be rpyHra umeercs He menee 40% cBopooGpasyiolyx yac-
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THU, TO ecTb dcp=dg. Toraa anst Tpy6 co wensmMH Heob-
XOJHMO, YTOOHI

d60>0r6A1 (252)

a ana Tpy6 ¢ xpyraoil nepdopaumnei
de0=0,36D 5. (253)

CrenoBatennHo, ecau 60% -Heiii mo KpHBOH rpaHysOMeT-
puueckoro coctaBa (pHc. 40) nuaMerp yacTHI[ OCYLIaeMOro
necyaHoro rpyHta GoJspile Hau paBeH 0,6 wHpHHBL 1iesei
B Tpy6ax (CTHIKOBBIX 3a30poB Mexay Humu) uau 0,36 aua-
MeTpa OTBEpPCTHH, TO [APeHaX MOXKHO B HEM MO YCJOBHIO
cBof006pa3oBaHHA M MCTedYeHHs TPYHTOBOH Macchl B TO-
JOCTb TpYO yxJaabiBaTh 6€3 (GUABLTPOB.

Ilpu peuwtennu obpaTHOl 3ajaud, TO €CTh Ha3HAYEHUH
pa3mepoB BOACMNPHEMHbLIX OTBepPCTHH B Tpybax, npejHasHa-
UCHHBIX AJA YKJIaAkH Ge3 GHUALTPOB B I'pPYHTE H3BECTHOrO
I'PaHyJIOMETPHUECKOTO COCTaBa, HeOOXOAHMO, uToOBl A=
<l,8d50 HITH Do,n<2,7d60-

IMo nannsiM A. E. Jly6oukoBa, KoiabMaTax cBOAooGpa-
sylomedi obnacti cyp(O3HOHHBIMH YacTHIAMH, BJAEKOMBIMH
(pUAETPALHOHHBIM MOTOKOM, (U3HYECKH HEBO3MOMEH, Tak
KaK CKOPOCTH ABHIKEHHsI BOJAbI B npejenax ¢Boj0B GOJb-
uie, ueM B MAaCCHBE OCYLIaeMOro rpyHTa, a KO3(pdHIHeHT
CONPOTHBJEHHsT BBIHOCY MEJKHX 4YacTHL B CBOA0OOpasyio-
el obnacTH MeHblle, UCM B rpyHTe.

Mrtak, ans ykJaaku APeH B HeCBA3HBIX rpyHTax 6e3
uILTPOB HEOOXOAMMO M AOCTATOYHO BBHIMOJHEHUS YCJIOBHH
(252) u (253). Bosuukaer BONPOC, HACKOJbKO LIHPOKO
KMEIOTCS TakHe BO3MOXKHOCTH Ha npakruke. las sToro Obl-
JIH U3yueHbl pe3yabTaThl MaccoBhlX aHaJu3oB (Gosee 600)
I'PaHyJIOMETPHYECKOrO COCTaBa MecYaHbIX TPYHTOB MeEJHO-
patuBHbix o6bekToB B BCCP. Ilo npuseaeHuniM ¢opmy-
JaM BbluHCTeHbl KO3 (HUHEHTH HEOAHOPOAHOCTH TPYHTOB
1, AuameTpol cy®(PO3HOHHBIX d¢; H CBOAOOGPA3YIOLMIUX Yac-
THU d¢p (Taba. 28 u 29).

YcTaHoBaeHO, YyTO B OOJbLIMHCTBE FEeHETHYECKHX Tpynn
leCBA3HBLIX TPYHTOBR Desopyccuy npeBaqupyloT MeaKosep-
HHCTBle H pa3HO3epHHCTbie NecKH ¢ NpeobajaHHeM MeJKHX
¢paxuui. Hauboabuni npouUEeHT MeKO3EPHHCTHIX MNECKOB
satukcuposan B Benopycckom Ilosechbe.

Conepxanue ¢paxkunii d<<0,4 MM 3aecb cocTasJser 60-
see 40..60%. Bce reHernueckue THMbI NecuaHbiX TPYHTOB
BOOCOOPOB OCHOBHHIX NOJECCKHX PEK HepeAKO CoAepiKar

144



wy NP =N
< 8 l\c")u‘ag.—--—mg
w <+ ™

FOFFIHIFTNM FROM D O NN

810

10
61°0
0r'o
020
20°0
90°0
050
0zl

0110 {0800 {0500
0010 | G90°0 | 0200
S11'0 | 6600 |€S0°0
0800 | 090°0 | S10°0
120°0 | 090°0 [ 1€0°0
8€0'0 |910°0 | 900°0
G40°0 | 0900 0S0°0
1900 [ 2S00 | 600°0

0200 | 3200 | 100
110°0 | 800°0 | S00°0

€10°0 | 3100 {600°0
Gc0'0 [0€0°0 |600°0
810°0 | £10°0 {9000

£90°0 [9S0°0 | G£0°0
G200 | G900 | €500
050'0 | €£10°0 | ¥00'0
GS0'0 | 0%0'0 (0100
€g0'0 | ¥10°0 | £00°0
9100 | 609°0 | 9000
00Z'0 |001°0 | 3200
0920 [0S1°0 |0L0°0

‘yHmedd xHArowm wmomHewergoddu O

KH10HHddEOHER ]

«
HI9LOHHAIEIHTIA D
JHMLoHHddEOHER

<

PACARIE GET O ITC Y
H191oMAdIEONHO |
<«

naLouHdacoNIray
«

HIALREar[] |
<«
«

<
HIGLOUHAIEONIIW
HE1IHHAIE0NHO |
HELOHHAIEONLIW
KHIALOHHAOEONHO ]
ME1duHd3e0oHE R
KiaLoHHdagaHTad )
UMLOHHAIEOHIADY]

—

NN IO DHD

N

I

S1/v1
60/71
81/81

o1
L

14

02
61
]
(44

«
<«

«
ddAm ‘usimgodoq
«

«
«
GdAm ‘g
-1o1rogeg-ogomdog
dhdAm
‘reHEY UHNIEIAEdQ
pd&m
‘CBRHEY  HHNDE3A€3Q
<
«
ddAm ‘osox
-9d0j ‘WH €OXIO0)]

it ddhm .:omogd dogq

! p(i

12
nHLdeh XWH

inanod]
wi p
THLOBH XIH
dioneny

b nidouvod
-nuHpdeo)]
ard0101doj]

“p

-Houeopp Lo
-Houeod Ao

-OHFOJH LHJ

KK ‘nuideh Kdianen)s

BNl
9lJ0HTHEOHER]

goncedgo vdogio OLIBW

(‘190 BENIILINO ]

H Bexo1dadq)

goluAdl xmuesgdoH Winidoudainedey ‘gg

145

10 A, W. Mypawko



29. Pacnpenenenie Cydpdo3HOHHBIX 4ACTHY B HECBASHBIX IPYHTAX
meanopatusHbix o6vekrop BCCP

° B tom uncae copepmamux cyd o3noHHBIE YaCTURD
En dcl, %
O6aacts Eg - = < - <
i lelml=]® el 8|2
x'g V]is|B|s]| 8] 8 \ o =
Bpecrckas 69 |23123) 9| 4] 3| 449113 ( 7
100 |37,7/33.4/ 13 | 58( 43| 58| 71,1| 178 10,1
ButeGckas 20 | 3| 5| 9 1 1] 1| 8| 10| 2
100 [15|25|45| 5| 5| 5|40 | 50 | 10
Tomennckas 2 |16 5| 7| 1| —|—|21|_ 8| —
100 | 55 17,3] 24,2 35 723 |27.7
T'poanetckas 16 | 6] 2 4| 3 —| 1| 8| _7]1_
100 |37,512,5] 25 | 19 6|50 | 43| 6
Munckan _2§ _6_ 11 3| 2| 3 1] 17 _6 4
100 | 23 [42,5 11,5 7,7[ 11,5 38| 65,5| 19.2] 153
MoruaeBckast 23 | 4| 4| 4| 9] 2|~ | 8|13 2
100 |17,4[17,4]17,4/ 30,2 86 342|566 86
Bcero 183 _Gl_i 36 \ﬂ 91| 7 ﬂ__S_G_ _l7_
100 |33.3 27,3|19,8 109] 4,9| 3,8 60,7| 30,6 87

MMpumeuanue B unucHTese — 4HCNO CAydaeB, B 3HAMEHaTe/le — UX PO~
LeHT,

3HauuTe/bHble KoJHuecTBa nbineBarbix (d=0,05...0,01 Mm)
u rauaucteix (d=<0,005 mm) uactuu. B ceBepo-zananHoit
30He pecnyliuKM Hapsily ¢ npeoliajaHHeM MeJKO3epHH-
CTHIX BCTPE4aloTCst CPpefiHe- M KPYNHO3ePHUCTHE NeckH. I'pa-
BEJIUCTO-TaIeYHHKOBBIX OTJIOXCHHH B BepxHell NOKPOBHOMH
30He (ray6uHoit 10 2,5..3 M) Ha MeJHOPaTHBHBIX 00beKTax
NPaKTHYECKH HeT.

Bce renernueckue rpynnsl necyaHHX TPYHTOB OTJHya-
I0TCSi 3HAYHTEJILHOM ONHOPOAHOCTbIO (pHc. 44): 55,2% ume-
16T Ko3duuueHT HeopHopoaHOocTH N<<5; y 11,6% on ko-
nebaerca B auanasoHe n=10...20, u Toabko 4,3% u3 Bcex
HCC/IeJOBAHHBIX [PYHTOB XapaKTepH3yIOTCH BHICOKHM KO3(-
buuneHTOM HeoaHOpoaHocTH (n>20). I'pyHThl ¢ KO3 PHu-
LLHEHTOM HeoAHOpoAHOoCcTH N << 10 cocrasasior 84,2%. Hau-
6onee oQHOPOAHbIE TPYHTHl NpHypoueHbl K 3oHe [lonecobs,
MeHee COPTHPOBAHHbBIE — B CEBEPHOM YaCTH peciyOJIHKH.
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IToutH Bce HecBsi3HbIe TPYHTHl MENHOPATHBHBIX OGbEK-
TOB DesopyccHu B ToH H/IH HHOW cTeneHH cy(pPO3HOHHBI
(Tabn. 28 u 29). OnHako KOJHYECTBEHHOE COAepxKaHue cyd-
(GO3HOHHBIX YacTHI[ B TPYHTaX, UX MaKCHMaJbHbE JHaMeT-
psl  KoJMeGnIoTCs B JOBOJABHO 3HAUUTEJBHBIX Mpejenax.
Tlpakrnueckn Hecy¢(O3HOHHBIX NMeCYaHHX TPYHTOB (Pdei<g
<3%) umeercs okoso 30%. K kaTeropuu mnpakTHuecKH
Hecyddo3voHHBIX M Majocyddosuonubix (Pa;<<5%) ot-
nocurcst 6onee 609% Bcex HccaeNOBaHHEIX TIPYHTOB, a CO-
aepxamux 5...10% cyddosnonnsix yactuyg —30%. Maxcu-
MaJjbHOe cojepaxaHue cyddO3HOHHBIX YacTHI[ B I'pyHTe, CO-
rJIacHO MpPHBeJAeHHBIM pacueTaM, He mnpeswbiwiaer 13Y%, a
YHCJO TaKHX cayuyaeB — MeHee 2.

[MpeoGnananue Ha MeHOPAaTHBHBIX OOBEKTaX XOPOLIO
COPTHPOBAHHBIX MEJKO3E€PHUCTHIX MeCHYaHBIX OTJOXKeHHH
oGycaoB/siMBaeT To OGCTOATENBLCTBO, UTO AHaMeTphl cyddo-
3HOHHBIX YacTHI Oo4YeHb Majbl. Kak BHAHO u3 Tabjuubl 28
U pucyHKa 45, naubosee pacnpocTpaHeHHBIM MAaKCHMaJb-
HBIM AHaMeTpoM CyddO3HOHHEIX YACTHI SBJASTCH dMAX¥=
=0,03 MM.

IlpencrassieHHoe Ha pHCYHKe pacnpejejeHne CBOR0OG-
pasylowHx yactull (dg) MNOKa3biBaeT, YTO NPEBaNHPYIOT
croa006pasyouide YacTHUB Maaoro puaMerpa: dgp<
<0,35 MM —76,5%, u Tobko y 8,2% H3 Bcex TPyHTOB
dgo>0,75 mm.

L4

\ 100
\¢? s
°\° 60 \ —— § \(
s |77\ 60 S
[ AN
7 ST 40 -
S \ . g Tt
S \° v . g4 'll;i(\ ™ <3< e
E ! N\ \x < /] L 9\& L s -
Su A AN 001003 4U5 007 809 071 015 dpyvm
TN IS D7 ¢« 6 & 10 12 dgmm
7 2sp -8

02 0% 06 08 dgy
55 17 75 7

Puc. 44. Pacnpepenense cBojo-
ofpasywoinx  (dcs) vacTHil H
KOIpPHIHEHTOB HEOAHOPOAHOCTH
(n) ocyliaembiX HCCBSI3HBIX TPyil-
To8 B BCCP:

1, 2 — kpuBble 06eCNEYeHHOCTH COOT-
BCTCTBEHHO  CBOXOOGDA3YIOUWIHX 4ac-
THY, ¥ KO3QPHUHCHTOB HEORHOPOAHO-
CTH TPYHTOB.

10*

Puc. 45. Pacnpeneneune cypdo-
3HOHHBIX YaCTHU, B HECBH3HHX
ocymaemstx rpyutax B BCCP:

I, 2 — KpuBble 06eCcnevcHHOCTH COOT-
BETCTBEHHO MAaKCHMAaJbHbiX JAuaMer-
PoB CyddO3HOHHBIX HACTHI W Mipo-
LCHTHOTO HX COJdepXaHus.



Ilepdopalua B NIaCTMACCOBHIX ApeHaXXHBIX TPyGax Ko-
nebaetcst B npepenax do=1...1,5; 1,=0,8...1,1 mm. Ucxonsn
H3 3TOr0 /JMAaMETPbl CBOAOOGPA3YIOMIMX YaCTHL JAOJIKHBI
6bith He MmeHee 0,6 Mm. B ofmem oGbeMe TakHX FPYHTOB
nMeeress He Gosee 10% (puc. 45). Bolie noxkasano (cwm.
puc. 42), 4To LIMPHHA CTHIKOBBIX 3a30POB MEXJY KepaMH-
YeCKHMMH TpyO6kaMH KoJebaeTcss B OueHb GOJBUIMX THpe-
Jleflax ¥ ABJseTcs BeJAHYHHON cayuafinofi. Eciu aaxe npen-
[IONIOXKHTb, YTO OHa He TpeBHIIAeT 2 MM, TO CBOAoOGpa-
3VIOiiiHe 4acTHIBl AOJXKHB HMeTb pa3mep dez=1,2 mMM. Ta-
KHMX HeCBA3HBIX TPYHTOB B oOuieM o6beMe MeJHOPHPYEMBIX
umeercst He Gosee 5%. Takum o6Gpa3oM, TOAbkO Ha He-
3HayutesnbHOll yacTH (5..10%) HecBA3HBIX FPYHTOB Jpe-
HaX JOMYyCTHMO 3aKJalbiBaTh 0e3 3alHTHHIX OT 3aHJEHHUs
GuAbTPOB. YUHTHIBasA 4acTyl0 CMEHSIEMOCTb BHAOB TpPYHTa
Ha ocyllaeMofl MJOWaA¥ H HeLOCTATOUHOE KOJIHYECTBO Mpo-
BOJHMbBIX M3BICKAHHH, NPaKTHYECKH TOHYADHBIH JpeHaX B
HECBA3HBIX TPYHTaX 3aK/AaAblBaTb 6e3 (UILTPOB HeNb3Ad.
Yro xacaercs ApeHaxa M3 MJacTMaccoBuXx Tpy6, TO AJs
YK/IaJAKH HX Ge3 QHILTPOB MaKCHMalbHble pasmepbi nepgo-
pauMH He AOJIXKHBI nNpeBbiaTh 0,4 mMM.

4. Bo3MO:XHOCTh CAaMOOYHCTKH JpPeHasKa
OT MeXaHWdecKnX HAHOCOB

Ilponukinne B noJjOCTb ApeHaXHBIX TPYO UaCTHIbI TPYH-
Ta MOABEpIKEeHbl BO3AEHCTBHIO TOKA BOABL MO Tpy6Gam, H NMpH
BO3HUKHOBEHHHM JIOCTATOYHBIX CKOPOCTEH MOXeT INPOHCXO-
AWTb caMooukcTKka JApeH. Haunbosec BeposiTHa caMOOYHCTKA
B NEPHOJ, MaBOAKOB, KOT/a MOTYT NMOSABUTHLCS CKOPOCTH ABH-
deHust BOAn B Tpybax Oosblle KPUTHYECKHX Ha pPa3MBIB.
[Tpu mocTaToyHo 6OJbLIIHX MOAYJAX APEHAMXHOro CTOKa, KO-
raa TpyGul paGoTaiOT MOJIHBIM HJH NMOYTH MOJHBIM CEYCHH-
€M, H COOTBETCTBYIOLUIHX YK/IOHAX APeHaXKHHIX JUHHHA MOTyT
BO3HHKAaTb CKOPOCTH BOAbI, NMPU KOTOPHIX NPOHCXOAAT Ie-
peMellleHHe W BBIHOC HAaHOCOB 3a TMpelendl JApeH.

HureHcHBHOCTL pa3mbiBa H NepeMelieHHs HAaHOCOB B
ApeHaxHHX Tpybax onpejessieTcsi, ¢ ORHOH CTOPOHBI, Be-
JIHYHUHOH JIOHHO# CKOPOCTH MOTOKa, KOTOpasi 3aBHCHT OT YK-
J/IOHOB JIPE€HaXKHbiX JHHHH, BHyTPeHHEe#H MIEPOXOBATOCTH TPyG
W CTeNeHW HMX HaNoJHeHHS, C APYrod — KpPYMHOCTbIO 4Yac-
THI, nonaaawowux B Tpy6ul. Mccaenosauuil no pasmeiBalo-
IHM CKOPOCTAM M TPAaHCMOPTHPYIOIWEH CMNOCOGHOCTH MOTO-
Ka BOAB B JpeHaxHbIx Tpybax noka HeLOCTaTOYHO.
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K. ®. Anexkanj Ha OCHOBe HM3yueHHs pacrnpejeseHHust CKO-
pocTeli B KepaMuieckKHX Tpyb6ax AHAMETPOM 75 MM mpenJio-
XKW 3MINHUPHYECKYKO 3aBHCHMOCTb /i71f OIMpeAeJiCHHst pas-
MblBaolllel cpefHeli CKOPOCTH MOTOKa:

vep=ad®/c, (254)

rac d — AuaMeTp 3epeH MecKa; @, b U ¢ — IKCMEPHMEHTANbHLIC KO3(-
PUUHENTH,

Ilpn kpynHoctH HaHOocOB d<<0,25 MM KO3 HIMEHTH
¢=0,208; 6=0,05; ecnn 0,25<<d<1,5, T0 a=1,6; 6=0,296;

¢=0,68(h/D)2—h/D+1, (255)
rac D — BuyTpennnit ruamerp Tpy6, M; i — BHICOTA HMX HANOJNHCHHS, M.

TpaHcnopTupyolyo cnocoGHOCTb NMOTOKA B JipeHaXHbBIX
Tpy6ax K. ®. Anekani pekoMeHAyeT onpejesiaTh MO 3aBH-
CHMOCTH

lgm=a\/(v—vip)®,

TAE M — PacXoX HAHOCOB, CM3/cM; U — cpeinsis CKOpOCTb BOAHI B Ape-
Hax, cM/c.

ITapamerpul a; M b; 3aBHCAT OT TOJLIMHBI CJIOSI OTJO-
XeHuil B Tpy6ax # xapakTepa nepemeiileHus HaHocoB. s
He3auJeHHBIX TPYO a,= —5,84; b;=0,123, ans yacTHYHO 3a-
wieHHslX (hg=10 u d>0,5 MM) a;=—4,88, ;=0,141. Ecan
cnofl OT/IOXKEeHUH COCTOHT M3 MeJKO3ePHHUCTHIX HaHOCOB
(d<0,5 mMM), TO TpaHCMOPTHpYyIOILasi CMOCOGHOCTh MOTOKA
IpH JOHHO-TPSAJOBOM IlepeMelleHHH HaHOCOB CPaBHUTENLHO
nocroauna m=10"7 m3/c. IMoAcueTH mNOKa3bIBAlOT, YTO B
ciyyae AOHHO-TPSIAOBOro NMepeMeinieHHsi HAaHOCOB TpH Npak-
THYECKH BCTpPeHalOmUXCA YKJAOHAX JAPeHaXHbIX JHHUH H
(GaxTHYECKHX MOAYJAX CTOKa [JJs CaMOOYHCTKH JpeH oOT
HaHOcOB TpebyeTcsi HeCKOJbKO JeT. [Ipu nepexose HaHOCOB
BO B3BellleHHOe COCTOSIHHE TPaHCMOPTHPYIOWLAsi CMOCOOHOCTD
TIOTOKa yBEJNHUHMBAETCS B AECATKH pas.

[1. B. )Xarapuc nokasan, 4To NpHU HaJUYUH HAHOCOB B
KepaMHuecKHX Tpybax M HX ABHIXKEHHH B BHJe AOHHBIX MPAX
pe3Ko CHHXKaeTcsl HPONYcKHasi cnocoGHOCTh JPeH Mo cpaBHe-
HHIO ¢ He3aWJeHHbIMH. Pa3MbiB HaHOCOB BO3MOXKEH NPH CKO-
pocTsiX BOAB B ApPEHaXKHbIX TpyGax Gojee 0,25..0,35 m/c.

Or/ioXeHHe HAHOCOB B /pEeHaXHbiX TpyGax BO3MOXHO
TOILKO B TOM CJyuae, €c/laH 4YacTHUH TpPyHTa, NPOHHKUIHE
C BOJOH uepe3 BoJoONpHeMHBle OTBepCTHSsi, OyAyT ocelaTth,
TO €CTb CKOPOCTH BOAH B ApeHax He o(ecneyHBaiOT B3Be-
IMBaHHe U nepeMelleHHe HaHocoB. HccaenoBauusmu B OT-
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KPBITHIX MOTOKaX H TPYGONpoBOoAax yCTAaHOBAEHO, UTO IBH-
JXeHHe HaHOCOB 3aBHCHT OT TpeX OCHOBHBIX (PAKTOPOB: KpPyH-
HOCTH YacTHI, Bblpa)KaeMOHl uepe3 UX cpefHUH AUaMeETp;
CKOPOCTH JABHXKE€HHsl BOAH M MOJOXKEHHs YacTULH B MOTOKE
(naxonuTcst oHa BO B3BELIGHHOM COCTOSIHMM Hau Het). Ha-
HOCH MONajaloT B JApeHbl Bo B3BeLIeHHOM cOCTOsSTHHH. [aJb-
Heiilllee MOJIOXKEHHe YaCTHLbl B NMOTOKE ONpeAesieTcss COOT-
HOUIeHHeM MeXAY THApPaBJHYECKO#l ee KPYNHOCTbIO U, MOA
KOTOPOH MOHHMaeTCsi CKOPOCTb PaBHOMEPHOTrO OCaXKAEHHs
YaCTHIL B HEMOJABHIKHOH BOJe, W BeJTHUNHOH BepTHKaJbHOI
COCTaBJIAIOWEH NYAbCALHOHHBIX CKOPOCTEN W H Wmax-

Mo cooTHowieHHIO £ M @ Bce UaCTHLUB MOXHO pa3AeHThb
ta Tpu KaTeropud. Ecsau ruapasiuyeckass KPymHOCTb Yac-
THI 4 MeHblile cpefAHero 3HayeHHsi aGCOJIOTHOH BeJHUHHBI
COCTaB/AOWEH NyJdbCAalHOHHOA CKOPOCTH W, TO OHH YCTOi-
YMBO HAXOMATCA BO B3BEIIEHHOM COCTOSHHH M JI€TKO Bbl-
HocsiTesl H3 ApeH. Takue uacTHUB OTHOCATCS K NMepBOH rpyi-
ne. Ecan Xe rujpapiuyecKkass KPYMHOCTb HAHOCOB # GOJb-
Iie W, HO MEHbille Wmax, TO MX B3BElIMBaHHE OKa3biBaeTcs
OTHOCHTEJIbHO HeyCTOHYHBBIM H OOYCJOB/ENO BPEMEHHBIM
YCH/IEHHEM BEPTHKAJbHBIX MYJbCAalUHOHHBIX TOKOB. YacTHUb
MOTYT ocejaTh Ha JHO Apel, H AJfl HX BblHOCA HeoGXoAH-
MBI CKODOCTH BOAbI HamHOro Oésbluue, ueM A YacTHIL
nepBoil rpynnel, HakoHel, K TpeTbeil rpynne oTHOCATCA Yac-
THIbl, THApABAHYECKas KPYNHOCTb KOTOPHIX 4 BHillle MaK-
CHMaJIbHOH BeJIHYMHBl BEPTHKAJbHOH COCTaBJSAIOUIEH NyJb-
CallUOHHOH CKOPOCTH Wmax. TaKue uacTHLB He B3BellUHBa-
10TCd, OAHAKO NOJ BJAHSIHHEM NPOAONLHOH cocTaBJasOLLei
BEE€KTOpa CKOpPOCTH OHM MOryT Nepemeniatbesi. EcTecTBenHo,
4To AAsi 3Toro TpebyloTcs ropasfo 6oOgbline CKOPOCTH MO-
ToKa. CKOpOCTb NepeMemleHus YacTHIl 110 JHY B JAecATKH pa3
MeHbllle, yeM B3BelleHHbIX. JlJsl OYHCTKM MeJHOPATHBHOIO
LpeHaXa NMpakTHuYecKoe 3HayeHHe HMeeT BbLIHOC YacTHIL BO
B3BELLUEHHOM COCTOSTHHH.

Iis1 TpaHCNOPTHPOBAHHS YaCTHU BO B3BEILEHHOM CO-
CTOSIHHH CPEeJlHHEe CKOPOCTH MOTOKAa AOJIXKHBI YAOBAETBOPATH
COOTHOLLIEHHIO

vep=uyN, (256)

rae o — rejpasanucckasi KPynHocCTb 4vaCTHLU; N—xapaKTepucmquKoc
YHCAO, BHIpaxKaioliee AHHAMHYECKOE nopo6iie Typ6leeHTHle NOTOKOB

N=MC/g, (257)

rae C — xosdppuuuent Illesu; g — yckopenne cBoboaxHOro najgeHus;
M — kospdunuent, pasunit 2m, usMensiiowmniics or 22,3 (no Byccunec-
Ky) Ao 24 (no Baseny).
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Has 10<<C<<60 3aBucumocts Mexkay M u C nuneiinas

M=0,7C+6. (258)
Kospduuuenr C MoxHO onpepenuts no ¢opmyJae Basena
C=87/<l + —V_) (259)

¥R

rAe Yy — KO3(p@HUUHEHT LIePOXOBATOCTH; AJS KepaMHyecKuX Tpyboxk y=
=0,27; R — rulapaBauycckuit paauyc, paBHuit Df4 npu noanom 3amon-
HeHuu TpY6, nmpu BLICOTE HanojHewust Tpy6, pasHOIl g

R B 180 (260)

/ 2hy )
arccos 1 —
\ D

30. KpuTuyeckue cKOPOCTH BOAB H HeOGXORWMble YKAOHLI ApeH
AN BBIHOCA 4acTHll rPYHTa u3 Tpyo

Kpututeckas cpenuss P
CKOPOCTL BuMOCE uacTuy | HEOOXOAMMLIE MHUHUMANLHbIE
P pp » CHfC ywaouw apen 100 i
Nnavetpn -1e;c,|<au
uam;r‘:x 4. | xpynnocts _ o - - -
M) u, cMmjc f 7, —“ —ﬁ- _“ ,_“
Q S Q 9 9 S
= = - - = =
Huamerp Tpy6 Dpu=100 MM
0,10 0,50 4,84 4,18 342] 0005] 0016} 0,031
0,15 0,82 7,95 6,87 | 562 | 0012| 0,042 | 0,085
0,20 1,50 14,53 | 12,55 | 10,26 | 0,04 0,14 | 0,174
0,30 2,77 26,80 | 23,90 1893 | 028 0,48 0,590
Hdunamerp rpy6 Dsa=50 mm
0,10 0,50 3,92 3,57 2,68 | 0,02 0,03 0,07
0,15 0,82 6,43 5,53 440 | 0,05 0,09 0,18
0,20 1,50 11,78 | 10,10 | 8,04 | 0,17 0,30 0,59
0,30 2,77 21,73 | 18,68 | 1485 0,60 1,00 2,00

MMpumeuanne TCuapaBauyeckas KPyNHOCTL UacTHL B3fnTa NpH Temilepa-
Type Boab 9...12°C, h/D — ctenenn HanodHeHus TpyG BOmoOIl.

B Tta6auue 30 rnpeAcTaBicHB 3HauyeHHsI KPHUTHYECKHX
CpelHHX CKOpOCTeil NMOTOKAa M MHHHMMaJjibHble YKJOHBI Jpe-
HaXHBIX JUHHH Aas Tpy6 Auamerpom 50 u 100 MM, BbI-
yucieHHele mo dopmyaaM (256)...(260). M3 Hee BUAHO, UTO
Aaxke NMpHU CaMBIX MHHHMAaJbHBIX YKJIOHaX /APeHaXHbIX JIH-
HUII, TPUMEHsiIeMBIX B MeJHOPATHBHOH NpPaKTHKe, M 3anoJ-
neHun Tpy6, paBHoM Df4, yacruunl auamerpom d<<0,1 mm
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JIONMXKHBl BHIHOCUTbCA M3 JPEH BO B3BELIEHIIOM COCTOSIHHH,
4TO 3aUKCHPOBAHO TaKXe Ppe3yJbTaTaMH MEXaHHYeCKOro
aHaJsM3a Hawika, nosydyeHHoro E. M. JlaypceHoM mpH pac-
KonKax ApeHaxa. [las BelHOca 4YacTuy AvaMeTpoM d=
=0,3 MM Heo6xoaumbl ykjaoHb (=0,005..0,01 npu mnoso-
BHHHOM HanoJsHeHud tpy6 u {=0,003...0,006 — npu mosnuoMm.
Hna BeiHOca wYacTuu, uMewowHx d>0,4 MM, HYXHH (>
=0,01...0,03.

Hpenaxx B ryMuiHoi 30He uMeeT YkJoHb (=0,002...
0,005 u B pearux cayuasix {=0,008...0,01. Moayau apenax-
HOTO cToKa He npesbiwator 1..1,5 a/c-ra, a CKOPOCTH BOIBI
B JIp€HaXKe HeJOCTAaTOYHbI JJis1 BBIHOCa yactui d>=0,3 mMMm.
Bce ato ofycioBayBaeT HeH3GeKHOCTh OCaXKJAEHHs] HaHWJIKa
B Tpybax NpH yxJalke JpeHaxa Ge3 QHIBTPOB B I'PyHTaX,
B KOTOpHIX He ofecrneunBaercsi GhicTpoe cBOAOOOpa3oBaHHUE
Haj4 BOAONPHEMHBIMH OTBepcTHAMH Tpy6, O uYeM CBHAe-
TEJbCTBYIOT MHOTOYHCJIEHHBIE PaCKONKH ¥ 00C/ieJOBaHHs
JpeHaXa B pa3JHYHLIX 30HaX CTPaHHL

TakuM o06pa3oMm, BepOATHOCTD CaMOOYHCTKH ApeHaX-
HbIX TPy6 OT mnecyaHbIX HaHOCOB npu (=<0,005 noBoJBHO
Hu3kaa. TapantHpoBaH TobKO BbiHOC yacTHl d<<0,1 mMm:
TlosToMy 3atura ApeHa)Xa OT MeXaHHYECKOTO 3aHJeHHs
B HecBA3HbIX TpyHTax o6s3arejbHa, QUABTP AOMKEH ObIThb
yJA0XKeH No BceMy nmepuMerpy. B To xe BpeMms cyddo3HOH-
HBI€ YacTHLBl, KOTOPbi€ JIOJI2KHbl NMPOHHKATL B TPyOHl, HHa-
ye oHM OyAyT KOJbMaTHPOBaTb (UALTPLI, BCcerAa BbIHO-
csiTcst M3 ApeH. O6YC/IOBNEHO 3TO TeM, UTO AHaMeTpsl cyd-
(O3MOHHBIX yacTuly KoJebJworcs B npeaenax 0,03...0,05 mm,
peaxo npeeniilas 0,09 MM, a TpaHCNOPTHpYIOLIHE CKOPOCTH
JUIST TAaKHMX yYacTHL cocTasjsaiorT 3.5 c¢M/c, 4To HaMHOTO
MeHblue JeHCTBHTeNbHBIX.

5. Bauanue cpoiicrs samnTHBIX GRABTPOB
HA MPATOYHOCTH BOXBI K ApPeHaAM

3awurHele (QHJILTPH, NOMHMO CBOEro MNpsAiMOro HasHa-
YeHHsl, CYIeCTBEHHO BJUSIIOT Ha BeJHYHHY MPUTOKA BOAH K
ApeHaXKHbIM Tpy6aM H HX OCYWIMTeJbHbIH 3(dekT.

®usuyeckast CYLIHOCTb 3TOr0 BJHSHHS COCTOHUT B cJe-
aytoweM. Eciy, K npumepy, ApeHax H3 KepaMHYyecKHX TPyO
yJaoxeH 0e3 3aliHTHOrO (HJALTPA, TO QUIALTPALHOHHHI MO-
TOK NpPH MOAXOJEe K CTHIKOBBIM 3a30paM MnpeTepresaer cy-
IIeCTBEHHOE CXaTHe B MJIOCKOCTH, TepneHAHKyAsSPHO OocH
ApeHbl, ¥ BAOJbL Hee (pHc. 46), Tak Kak HieJH pacnojoxe-
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Puc. 46. TuapoauHamuyeckasi CeTKa KepaMHYECKOH ApeHd NpH
60KOBOM TNHTaHHUH:

a—c duabtpom; 6 — Gea duavipa; ! — Kepamuueckas Tpybka; 2 — an-
NuM TokKa; J — JAMHMM PaBHLIX HAIIOPOB.

Hbi yepe3 33 cM, a cTelkd He QHALTPYIOT. BeneacTBue sTo-
ro B NpHAPEHHON 30He obpasyeTcsi MOTEHUHAJbHOE TeueHHe
¢ oyeHb OGOJBILUMH rpajHeHTaMM M OCHOBHasi yacTb (A0
50% u Bpiule) MOJIE3HOTO Hanopa TepsieTcs B Henocpej-
cTBeHHOH 6ausocTd (B paauyce 2..3 cM) OT CcThiKOB. Bce
3T0 NMPHUBOAHT K TOMY, YTO 1O CPaBHEHHIO C MOJOCTHIO B
rpyHTe (MjeanpHas ApeHa) NPUTOK BOABI HAMHOTO MEHbLUE.

Koraa BOKpYr KepaMH4ecKOH ApDeHbl YJOXeH NPaBH/IbHO
nono6patubil GuaALTP (ky>>krp), CTPYKTYPaA PUIALTPALHOH-
KOTO MOTOKa CYWECTBEHHO oTJHuaeTcst. CKaTHe ero npomc-
XOAHT NPEHMYLIECTBEHHO B NepNeHAHKYJSIPHOA OCH ApPEeHbI
IJIOCKOCTH, a BAOJb Hee U B nmpelenax ¢uiapTpa notepu la-
nopa He3HauHTeJbHBl M BOJO3aXBaTHas CMOCOGHOCTH /IPCHLI
HaMHOTO yBeJuuyHBaeTcs. AHaJjoruyHoe siBfienMe HabJo-
AaeTcsl M NPH JpeHaxe H3 NJ1acTMaccoBHIX mepdopupoBat-
neix Tpy6. CaeayeT TakxKe YUHTHIBATh, YTO (PUILTP yBeEH-
yuBaeT AefCTBYIOUIHI AMaMeTp APEeHaXHbX TPY6 ¥ HECKOJb-
KC yMeHbllaeT CONMPOTHBJEHHA Ha BxoA. OAHaKO BJIHsiHHE
nHameTpa HecyluectBenHo. Tak, mo naHubiM P. Jrreibc-
manna (1978), yBenuyeHne AMaMeTpa BABOE JHMIUbL Ha. 5..
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15% yMeHbllaeT CONPOTHBJIEHHsS Ha BXOA, UTO AJS Npak-
THKH N0 9KOHOMHUECKHM cOoOOGpajKeHHsIM He uMeeT 3Haye-
rus. CkazaHHOe Bbillle NOATBEPKAEHO MHOTOYHCJEHHBIMH
Na60paTOPHHIMH M MOJEBLIMH 3JKCINEPHMEHTaMHU.

Bansinue 3aliHTHBIX (UABTPOB Ha BOJO3aXBaTHYIO CIO-
COOHOCTH JpeHaxa, o6yc/naBAHBalOT CJeAyIOllHe OCHOBHbLIC
tdbakTopHI:

1. KoHcTpykTHBHBIE mapaMeTpbl ApeHaxHbIX Tpy6 (cre-
1eHp uX BCKpHITHA). K HHUM OTHOCsTCS pasMephl, pacnoJio-
JKeHHe W KOJIMYeCTBO BOJONMPHEMHBIX OTBEPCTHH Ha enu-
HALY AnuHbl. [Ipy NpouHMxX paBHBIX yCJAOBHAX 4YeM GoJblue
pasMepbl BOAONPHEMHBIX OTBEPCTHH H uyallle PacHoJIOXKEeHbl
OHH BROJbL oOpasyioliefi ¥ MO nepumeTpy, TeM GoJiblile NPH-
TOK BOABI K ApeHe NpH OTCYTCTBHH (pUAbTPa MW MEHble OT-
HOCHTE/IbHOE YBeJHYeHHe MPUTOKA IOJ, BAHUSHHEM (QHABTpaA.

CamMmbie HecoBeplieHHBIE MO CTeNelH BCKPBITHSI NOBepX-
HOCTH — KepaMmHuyeckue Tpy6ol. BogosaxBaTHas cnoco6HOCTb
KepaMHYecKoro JpeHaxa, yJjoxeHHoro 6e3 ¢uisbTpa, OTHO-
CUTeNbHO HeboJsblliasi, ¢ yBeJHYeHHEM WIMPHHBI CTHIKOBBIX
3a30pOB OHa Bo3pacTaeT HeHaMHoro. OOBITaMH ycCTaHOBJe-
HO, YTO C yBeJIHYeHHeM 3a30poB MexXAy Tpyb6amu Dgy=
=50 MM ¢ 0,25 go 3 MM npu OTCYTCTBHH (HUAbTpPa Ape-
HaXHBIA CTOK yBesauyuscs Ha 909%. [lpu Hanwunn dHIBTDPA
CTOK Bo3pacTaJi B 2..3 pa3a H 6oJiee.

Bsuay Toro uro B nJacTMaccoBHIX APeHaX BOAONpPHEM-
Hasi naomaAp B 2...10 pa3 GoJbile, 4eM B KepaMHUYECKHX,
a OTBepCTHSI PacCHOJIOXKeHbl OTHOCHTEILHO paBHOMEpPHO Mo
IIOBEPXHOCTH, OCYIUHTeNAbHLIH 3((eKT HX BHILE, a BAHSAHHE
KayecTBeHHOro (ujbTpa Menbile. Tax, NpH nJoMwlagd nep-
¢opaunun F=4 cm?/M yBeauueHHe NPUTOKA BOAH K JApeHe
noj BausinueM ¢HuabTpa cocTaBuio 90%, npu F=12 cm?/M—
36% u npu F=28 cm%/Mm —rtoabko 129% (puc. 47). 3to
00yca0BAEHO TeM, YTO yeM GoJbiie MJoWaAb nepdopauHu
Ha elMHHULY IJHHB TpyObl, TeM MeEHblle BXOAHBIE COMpoO-
THBJIGHUS TIPH OTCYTCTBHH (GHJILTPA H OH YXXe He MOXeT HX
CYIleCTBEHHO YMEHbLINTh W CHJILHO MOBJMATbL Ha MpHpauie-
HHe CTOKa.

2. CooTHOIlIeHHe BOAONPOHHLIAEMOCTH ¢(MABTPAa M Jpe-
Hupyemoro rpyHra. Yem Gosblie pa3Hulla MEXAY BOAOMNPO-
HHLaeMOCTbI0 (UJIbTPa ¥ JPEHHPYEMOrO FpyHTa, TeM 00Jib-
lie BJMsAHHE €ro Ha H3MeHeHHe OCYLIHTEJIbHOrO AeHCTBHS
ApeHaxa. [Ipy 3TOM HYXHO MMeTb B BHAY, UTO M3MEHEHHS:
MOryT ObiTh KaK MOJOXHTENbHbIMH, TaK H OTpHULLATeIbHBIMH.
Ecan kgy<krp, TO JPEHaXKHHIH CTOK yMeHbLIaeTCA MO CpaBHe-
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Puc. 47. 3aBucuMocTh Apenax- Puc. 48. 3asucumocts Q=f(H)
HOTO CTOKa oT njomaau mepdo- Aast  KepaMHuecKoit ApeHH (oAuH
paUHH TOJHITHJEHOBOH JApeHbl  CTHIKOBOH 3a30p T, =2 MM):

D=40 mm (mo E. I'. CanmoxXuu- /—c ¢uabtpoM u3 CTekaoXOAcCTa TOM-

KOBY): muHO#t 1 MM; 2— ¢ (HABTPOM M3 nec-
. 4aHo-TpaBuitHoft  cMecH Tomuunoll 25
a —C¢ GHIBTPOM H3 CTEKJOXO0JCTa; MM; 3 — Ge3 ¢uabTpa,

6 — 6e3 duabTpa.

HHIO C TeM, KOTOPBbiii Obls Gbl B cJyyae yKJAaAKH ApeHaxka
6e3 ¢uapTpa. HaoGopor, yem Gosblie B M3BECTHBIX Npejle-
Nax oTHolleHHe kg/krp, TeM 3HayHTeJbHee yBeJHYHBaETCA
ctok. IlpuBeseHnsie B Tabauue 31 u Ha pucyske 48 pesy.ib-
TaTbl ONBITOB B TPYHTOBBIX JMOTKaX C NJacTMacCOBHIMH H
FOHYapHBIMH Tpy6aMH NOKa3blBalOT, HACKOJLKO CYyLIeCTBEH-
HO MOXeT yBEJHUMTbCS H YMEHbUIHTLCA JPEeHaXKHBIH CTOK
B 3aBHCHMOCTH OT COOTHOWeHHs1 Rp/krp. Ilpn ky>> kryp cTOK
Bospacraa B 1,3..2 pasa, a npH kp< krp yMeHbIIaACs NOY-
1M B 3 pa3a. Orciona npu noabope GpHABTPOB BecbMa BaX-
KO, uTOoGBl ero BOAONMpPOHHILaeMOCTb Oblla HamHoro (B 5.
10 pa3) Goablie BOAONPOHHLAEMOCTH OCYIIa€MOro rpyHTa,
ecan GUIbLTP B mpollecce paboThl He KoJbMaTHpyeTcs. B npo-
THBHOM CJlyyae HyXeH 3anac Ha YyMeHblIeHHe BOAOMNPOHH-
LnaeMocTH duabTpa.

31. Bausuue $HuABTPOB HA ApPenHaKHbIl CTOK

Toamuna | Jpenaxuui

Marepnas ¢uabtpa Ko/ Krp puabrpa C€TOK Q,/Q0

8, MM cme Q,
Bes duavrpa (Qo) — — 48,0 1,00
Crexknoxoactr BB—T 53 1,0 65,0 1,35
CreknoBata 5,2 12,0 65,1 1,35
Creknotkann C3/CCT 1,3 038 49,5 1,03
Crexnotkans 2-0,08 0,32 0,5 17,8 0,37

155



3. Tomuuua ¢uabrpa. Kak nokasbiBaloT MHOTOYHCJ/EH-
Hble 9KCMepPHMEHTHl B TPYHTOBBIX JIOTKAaX H MoJieBble HalJllo-
JAeHHus,, TOJIKHA (QUJILTPA, €caH ero BOAONPOHHIAeMOCThb
HaMHOro TipeBbLIllaeT BOAONPOHHIAEMOCTh JPEHUPYEMOro
TpyHTa, HE3HAYMTENbHO BJHAET HAa U3MEHEHHe BOJA03aXBarT-
1i0M cnocoGHOCTH Apena)ka. OObscHseTca 3TO TeM, YTO TO
KOJIMYECTBO BOJH, KOTOpOEe NOCTynaeT K (UIBTPY, OH CNO-
cobeH NponycTHTh Aax<e MpH OYEHbL MaJsoH TOJILHHe, MO-
CKOJIbKY CKOPOCTH (HMJbTPallMH B HeM NpPH OJMHAKOBHX €
TPYHTOM rpajHeHTax HaMHOrO Bbillle:

Tak, CTeKJIOXOJICT H CTEKJOBATa HMEIOT NMPUMEPHO OAH-
H2KOBYIO BOJONpPOHHLaeMoCTb. ToalllHHA cTeKJoXoJcTa | MM,
CTeKJIOBaTH B YNJOTHEHHOM cocTtosunu — 12 Mm. Ho, kak
BUAHO M3 Tabnauiubl 31, 06a ¢uabTpa OKazaJH OAHMH H TOT
Ke 3((deKT Ha yBejuUeHHe NMPHTOKA BOABI K JpeHe. JKcne-
PHMEHTHI, NpUBEJeHHble Ha pHCyHKe 48, CBHAETeNbCTBYIOT
0 TOM, 4TO cTekjJoxosicT (§=1 mMMm) okasaa Aaxe Gosabuiui
sddexT, ueM necuaHo-rpaBuiiHas cmech (§=25 mm).Ilpas-
la, BOAOMPOHHIIAEMOCTh CTEKJIOXOJicTa Oblla HaMHOTO Bhi-
e, yeM cMecH. B nocjseaHee Bpems HaMeTHJacb TeHAEH-
Uusi nepexofia Ha o6beMHble (UALTPHL OOALUIOH TOJNLIHHHL
3KcnepyMeHTH M TeopeTHyeckue pacuetsl (cM. ria. IV) e
MOATBEPXKJAAIOT 1eecoo6pa3HOCTh 3TOF0 MEPONPHSATHS.

4. CxeMBl yKAaAkH ¢$uabTpa. Bhllle paccMOTPEHB Cay-
uau, KoTAa GHUABTP YKJaJAblBaJH BOKPYI TPy CNJIOWIHBIM
CJI0EM, HO Ha TNpaKTHKe MNPHMEHSAIOT Das3/HYHBIE CXEMBL.
ToHuapHbie TPYObl 4acTO YKJIaAbBAlOT ¢ QHALTPOM TOABKO
Ha CTHIKaX B BHJe [10J0C CTPYKTypHOro MaTepHasia (CTeK-

JOXOJCT M Jip.) HWJIH COEAHHH-

2 TeJibHbIX BOAONPOHHILaEMbIX
S MydT He6o/bLIOH LIMPHHBI, HHOT-
X na GUALTP YK/JaABBAIOT TOJBKO
Se P CBEepXy H Ap.

§ J A crem oneimg EcTecTBeHHO, 4TO Ha YBeJH-
xV 3 yeHue BOJNO3axBaTHOH cnocob-
§2 HOCTH JAp€Ha)a BAHWsHHE QHILT-
S0 ———7% % 777 POB: Y/IOMEHHbIX MO yKa3aHHHIM
Wupura nonocer odbepmay cxemaM, OyAeT MEHbIIHM, ueM
nonepesnod wenu L.cn NpH CIJIOUIHOM KPYFOBOM CJIO€.

Ha pucynke 49 npuseieHs De-
Puc. 49. Biusuue Ha CTOK  3yjbTaThl ONBITOB B TPYHTOBOM

UIMDHHb  3AWMTHOH MOJMOCHI  jorre [0 H3YYEHHIO BJMAHHSA
CTEKJO0XO0JICTA, YJO2KEHHOTO

wan nomepeurodl wensio B WMPHHBL T0JOCHI ¢uabTpa, YyK-
LpeHe. JlablBA€MOT0 BOKpYr monepeu-
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HOM 1lle/1H, Ha H3MEHEHHEe CTOKA H3 ApeHH. YCTaHOBJIEHO,
UTO C yBeJIMYeHHEeM WIHPHHBI NoAOCH (PHABTPA NPUTOYHOCTH
BOJIbl 3aKOHOMEPHO BospacTaeT. HanboJiee HHTeHCHBHee Ha-
pacraiiie APOHCXOAHT NPH YBeJHUEHHH IIMPHHBI TOJOCH
/IO pa3MepoB MeHee MOJIOBHHBl PaccTOSIHHA MCEXKAY Mome-
PCYUHBIMH HIeJAMH (CTHIKAMH).

Hraxk, sauutHbie (GHILTPHI He TOJNBKO NPEAOXPAHSAIOT
JpeHaxK OT MEXaHMUeCKOTO 3aM/eHHs, HO M CYILeCTBEHHO
(B 2..3 pasa u GoJiee) yBeJHUYHBAIOT €ro BOJO3aXBaTHYIO
CI0COOHOCTb, 4TO MO3BOJsIeT HAMHOFO YJYYLIHTH OCYLIH-
TEJLHOE MAEHCTBHE MEJTHOPATHBHLIX CHCTEM HJIH YBEJHYHTb
paccrosnust MexXAy ApeHaxKHHIMH JauHusiMu. Ilostomy BoO
Becex 6e3 HCKJIOYEHHUs cayyasx GpuapTpbl Heobxoaumel. Han-
Gosiee npHeMJieMa CIJOWIIAs CXeMa YKJAaAKH (QUIBTPOB.
Bausnne ¢ouabTpa na CTOK 3aBUCHT OT KOHCTPYKTHBHBIX Ma-
paMeTpOB caMHX ApeHaXXHBIX TPYyO, CxeMbl yKAaAkH HJIbT-
pa, ero ToJIMHB H BOJONPOHHUAEMOCTH. IKCHNEPHMEHTH
NOKa3kiBaloT, YTo HaHOoONee cyulecTBeHHBIM (haKTOPOM BJIHA-
HHSl HA NMPHUTOYHOCTb BOABL K ApeHaM ABJAETCS COOTHOLle-
HHe BOJAONPOHHLIAeMOCTH GHJbLTpPa H OCyllaeMoro rpyHTa, a
TONUHHA PHUAbTPaA HrpaeT HecyUeCTBEHHYIO posb. 3To 06-
CTOATENLCTBO NOATBEPIKAALT TaKXKe TeOpeTHUECKHEe peileHHs.

B ofmeMm cayyae NMPHTOK K HecOBepIlEHHOH MO Xapak-
Tepy BCKPBITHA nJjacTa JpeHe AJHHOH L ¢ KPyroBbiM QHJBT-
poM ToJIUHON § omnpejessieTc ypaBHEHHEM

1 5—+(1—ﬂ) n oy Ko
" ke ro+d | ke U

®unnTpaluuoOHHbBie CONPOTHBJIEHHST APEH, OGYC/IOB/eHHbIE
HECOBEpILEHCTBOM KOHCTPYKUMI pasjuunbix Tpy6 C;, npu-
BelleHnl B npHaoxenun. [lo pewenunio H. T. Ddennuena,
AN IpE€H M3 KepaMHYeCcKHX CTHIKylomuxcsa Tpy6 aaunoit Sy,
NpH LIHPHHE CTHIKOBEIX 3a30pPOB Ty

i=—L 2y — (262)
n D . n T
sin —— ——
2 S

Ha pucysxe 50 npeacraBienst rpaduku Q=f(k¢/krp) H
Q=f(6), nocTpoennbie mo ypaBHenusim (261) u (262). U3
aHaJu3a 3THX ypaBHeHHH M IPaduKOB MOXKHO cAesarThb cJe-
AyioliHe BBHIBOABIL.
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Puc. 50. 3aBucumoctd Q=f(kp/krp, 8—=const) wu
Q= (8, ko/krp=const) ans KepaMuyeckoii ApeHH:

5$=0,33 M; T=0,002 M; ro=0,036 m; Kk,=1 wm/eyT;
H=0,5 M; R=05 m; L=1 ™.

1. 3amuTHblit GHALTP CIOCOGCTBYET yBENHYEHHIO BOJO-
3aXBaTHOH CNOCOOHOCTH KepaMH4YecKOro JApeHaxa B 2,5..
4,7 pasa,

2. Ha yBennuenne NpHTOKA BOABI K ApeHaM HauGoJset
CYUIeCTBEHHO BJIHSIET COOTHOILLEHHe MeXJYy BOAOMpPOHHIae-
MOCTbIO FpyHTa U PuabTpa A=~Eke/krp. Heobxoaumo, utobni
AZ=5 B cayyae NpHMeHeHHS TOHKOCJOHHBIX W AZ==15 mpu
MOUIHBIX 00beMHBIX GHJAbTpax. ONTHMaJjbHbIE 3HAUeHHs A
KoneGuloTesi B npefenax 10..20, tak kak npu 6oJbLINX
kg[kep OTHOCHTENIBHOE yBe/lHYeHHe NMPHTOKA K ApeHaM Hecy-
LEeCTBEHHO.

3. MNpu onTHMaJBHBIX A BJMSIHHE TOMIHHB ¢HJABLTPA Ha
yBeJH4eHHe NPUTOKA BOAB K JPeHaM HrpaeT BTOPOCTENEH-
Hyio poab. Tak, npu A=15 npupocT NpuUTOKa BOAL K ApeHe
3a cueT yBeJiM4YeHHsl TOJIMHB duavTpa B 10 pas (ot 1 no
10 mm) cocraBua 11,5%, a B 50 pa3 (ot 1 po 50 mMm)—
38% (puc. 50). Croumoctb ke ¢GHALTPa NPH 3TOM BO3pac-
TaeT BO MHOTO pas,
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4. Buibop napametrpoB ¢uabTpoB (8, ko) — ONTHMH3A-
UHOHHASA TEXHHKO-IKOHOMHUYECKasl 3ajiava, TO €CTh, KpoMme
ofecrneyeHHnsi 3alUTH JpPeHaxKa OT 3aWJICHHs1 U TpebyeMoro
OCYLIHTeNbHOTO 3¢dekTa, A0JKEH YAOBJIETBOPATLCA MHH-
MyM JeHeXHBIX ¥ MaTepHaJIbHHIX 3aTpar.

6. BriGop MaTepuanoB M pacuyeT NmapaMerpoB
3aIATHHIX (PUILTPOB

[opusoHTaAbHBIA TPYGUaTHl ApeHax He OyAeT 3alsiTh-
€l ¥ MOXeT AJINTENbHBIH NepHos HOpMaabHO PYHKLHOHHPO-
BaTp TOJBKO B TOM CJydae, eclH MaTepHaJs (HJIbTpa J0J-
roBeyYeH, a ero napaMeTpbi COOTBETCTBYIOT MeXaHHYECKOMY
COCTaBy OCylLIaeMOro TrpyHTa M ycjaoBHaM ¢uaptpamuu. Hc-
X0[s H3 3TOro, K GHAbTPAM APEH MPeAbABJASIOT BNOJHE Of-
pefesncHHble TpeGOBaHMS, a TaKXKe BHINOJHSAIOT COOTBETCT-
ByrOLi¥Yie pacyeTel W MCMBITAHHSA.

Ha npakThHke B KauyecTBe (GUABTPOB NPHMEHSIOTCS ABE
Tpynnul MaTEpHAJIOB: ChIyYHe, K KOTOPHIM OTHOCATCS Iec-
KH, NecuaHo-rpaBuiHbIE cMecH, webeHb, IWJakK | Ap., H CTPYK-
TypHble — C0JIOMa, CTEKJOXOJCTH, MOX, odec H Ap. TpeGo-
BaHHsl, NpeAbaABJseMbie K CHIYYHM U CTPYKTYPHBIM HIBT-
paM, pasJIHyYHHI.

B ofieM cayuyae GpUAbLTP caM iie JOJNXKeH MPOHHUKATL Ye-
pe3 oTBepcTHs B TpPyOax, He MPONycKaTb YacTHUBL CKeJeTa
OCYLlaeMOro TPYHTa H He KoJbMaTHpOBaThcs. OCHOBHOE Tpe-
GoBanue, nmpelbsiBAsieMoe K (QUABTPaM M3 CHLINYYHX MaTe-
puanos,— oGecneyeHHe ycaoBUil cBog006pa3oBatiug Hal BO-
IOUPHEMHbIMH OTBEPCTHSIMH B JpEHAXHbIX TpyOax W HA KOH-
TaKTe GHUJIBTPA C OCYLIAEMBIM IPYHTOM, TO €CTb OH JOJIXKEH
UMeTb AOCTATOYHOE KOJMYECTBO CBOAOOOPA3YIOMIMX HacTHIL
H BNOJIHE ONpefesieHHBle pa3Mephl NMop. PUAbTPH U3 CTPYK-
TYPHBHIX MaTepHaJioB MpPH YKJaJke B cy®DGO3HOHHBIX TPYH-
Tax He [AOJ/IKHBI MPOMYCKATh YACTHIIBI CKesjeTa OCylliaeMoro
TPYHTa U He KoJabMaTHpoBathes. s atoro nopul HUIBTPA, C
OJLHO1 CTOPOHBI, IONXKHBI CBOGOJHO MponyckaTb cyd¢ho3Hou-
Hble YaCTHILEL, BJEKOMbie (UILTPaLHOHHBIM NOTOKOM, C ApY-
rofl —HaJl HHMH [JO0JXHO obecneuuBaThcsi CBOJ00Gpa3oBa-
HHe W3 yaCTHIl CKeJieTa TPYHTA, TO €CTb pa3Mephbl Mop CTPYK-
TypHOro GUILTPA AOJKHB MMETb BIOJIHE ONpefie/ieHHbie rpa-
HHIIBI, COOTBETCTBYIOUiNE 3aJaHHBIM TPYHTOBbIM YCJAOBHSIM.

O6uiee BaxHoe TpeGoBaHHe K (PHIBTPAM M3 CHIMYYHX H
CTPYKTYPHBIX MaTepHaJOB — X BHICOKAf BOJONpPOHHUIlAe-
moctb. [locsie 3aBepuiensi AedOpMaLUOHHBIX NPOLECCOB B
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(GHUABLTPAX M YAaCTHYHON KOJbMAaTauHH UX AOJKHO obecney-
BaThCS YCJAOBHE

ky/kp =1, (263)

rae A=5 B cayyae 3aKJaAKH JApeHaka B HECBA3HbIX rpyHTax, A=10
B TopdpsaHukax H A=20 B rMHHAX H CYrJAHHKaX.

Hpenaxusle QuALTPH AOJKHB o6MajfaTh AOCTaTOUHOH
NPOYHOCTBIO U JOJTOBEYHOCTHIO, BEICOKOH XHMHYCCKOM U 6Ho-
JIOTHYECKOH CTOHKOCTbIO, ObiTh TpaHcnopTabenbHBIMHU, TeX-
HOJIOTHYHBIMH NPH YKJaJKe H 3KOHOMHYHBIMU.

B kauectBe 3auITHHIX (HABTPOB ApEHa)ka NPUMEHSIOT-
¢l caMble pa3JiHyHbie MaTepHaJbl OPraHHYECKOro W lieopra-
HHYecKOro npoucxoxaenna. K opranuyeckuMm ¢uabTpam OT-
HOCATCA: MOX, MOXOBoi#t ouec, Top(doKpolliKa, cosaOMa,
BEpecK M Np.; K HeOpraHWyeCKHM — eCTecTBeHHble (mecuyaHo-
rpaBuiiHble cMecH, KPYMHO3CPHHCTHIE MeCKH) H HCKYCCTBEeH-
Hble (CTEK/JIOXOJICTH, MUHepaabHasi H CTeKJdHHasl Barta,
u3leads U3 6a3aJbTOBOTO BOJOKHA H p.) MaTepHaabl. Beck-
Ma yacTo (0coGeHHO B IIMHHCTHIX 'PYHTaxX) B KayecTBe NpH-
CHIMKH APEH NPHMEHSIOT MaXOTHLIH cJoil NOYBBI, KOTOPHIil
OTHOCAT K ecTeCTBEHIbIM CHIMyYyuM ¢uabTpaM. OaHakKo o
E€ sBJAsETCs COOCTBEHHO (HJIBTPOM, HO B COUETAHHMHU C APY-
UMY CHHXKaeT ONacHOCTh 3aWJeHHS H yJydliaeT OCYyuiH-
TeJibHOe JAeficTBHE JpeHaxa.

B Hactosimec BpeMs B MeJHOPAaTHBHOM JPEHAXKHOM
CTPOUTE/IbCTBE B KauyecTBe 3alHTHLIX (PUALTPOB HaHboJee
pacnpocTpatieiisl CTEKJOXOACTh, DTH MaTepranabl HaHbogee
10110 OTBeyaloT TPcOOBaHUAM, NMpenbABAAEMbIM K ApeHaX-
nuis ¢duasTpam, U B 6oaniioM ofbeMe BHIMYyCKAKTCs HPO-
MbllIeHHOCTbIo (Taba. 32).

32. XapakTepuHCTHKA CTEKJIOBOMOKHHUCTHIX XOJCTOB

Pasmepst
Mapka crexaoxoacta, FOCT Toawmua, | nauna, | wupwua, Cl?z'f"?,c“
MM M M
BB-AM, TY 21-23-131-80 07..1,0 | 150 (),lg; (]),(2)5; 0,22
0.3; 1,
BB-T', CTY 77-10-218-65 0,5..0,7 | 100 1,0 0,15...0,21
BB-T, MPTY-11-13-64 0,5..0,8 | 100 1,0 0,12

Crek/oXoJCcTl  (HETKaHble MaTepHaJibl) NPEACTaBJSIOT
co6Goit KJieeHble, PeXe Bs3aJbHO-NPOLIMBHLIE H3/eNHs, NO-

160



JiyyeHHble H3 3JIeMEHTapHBIX WITanefbHbIX HJH HenpephiB-
HBIX CTEKJ/ISIHHBIX BOJIOKOH, XaOTHYeCKH DPacCHOJIONKEHHBIX H
CKJEeHHBIX Mexay co0ol cBsasyiomuMHu. B kayecTBe CBsi3yio-
HIMX NpHMeHSIOT mosuBHHHJAaueraTHyio ([TBA) uau moue-
BHHOGOPMAJBACTHHYIO IMYJbCHIO, TaTCKCH HJH HX KOMIO-
3uuu¥. IDToT MaTepHasa o6jdafaeT GoOJbLIOH NOPHCTOCTHIO
(n,=0,90...0,95) u manoit o6pemuoi Maccolt — 1o 130 kr/m3.
CreknoxoJcTH YCTOHUHMBH B TPYHTOBHIX Bojax ¢ pH or 4
oo 9, a no HeKOTOpPHIM AaHHBIM, U npun pH=2..16 (IluBo-
Bap u Ap., 1980). TIpouHOCTE CTeKJSIHHBIX BOJIOKOH Ha Pas-
JIOM B pPa3pbelB AOCTaTOYHA NpH Harpyskax Ao 0,1 MIla.
B ycioBusX MHOTOKPAaTHOTO 3aMOpaX{MBaHHUA H OTTaHBaHHUf
MPOYHOCTL CTEKJIOBOJIOKHHCTHX MaTepHaJIOB He yMeHbllaeT-
ca. Kosdbouument OHABTPAUUH CTEKJOXOJACTOB INOA BJIHS-
HUEM HeHn36exxHOl YaCTHYHOM KOJIbMaTalWH yMCHbLIAeTCH ¢
300...400 1o 15...60 M/cyT, HO OCTaeTcsi HaMHOTO BHIILiE, YeM
y ocyllaeMBlX TPYHTOB, MO3TOMY HX NpHMeHeHHe uale Bce-
ro orpaHuyuBaercsl He GHABTPALHOHHON CHOCOGHOCTLIO, ¢
ONacHOCTbI0 Pa3pHIBOB,

Cpeanuilt paaMep OTBEpPCTHH B CTEKJIOXOJCTaX KoJjiebJerT-
ca B npefenax 0,15..0,2 MM, H, NOCKOJBLKY AHaMeTpol CYyd-
(O3HOHHBEIX YacTHL B OCYWIaeMBIX TPYHTax OYEHb MaJwl,
ONMAaCHOCTh CYLIECTBEHHOr0 KOJbMaTaXa HX HE3HaYHTe/bHA.
Kak NMOKa3biBaiOT pacyeTbl, CTEKJOXOJCTH MOXHO TNpHMe-
HATb B GOJIbIIMHCTBE HECBSI3HBIX U CBS3HLIX TPYHTOB (3a HC-
KJIOYEHHEM KPYMHO3EPHUCTHX cy(P(hO3HOHHbIX NMECKOB, Y KO-
Topbix d¢;>==0,05 MM). OcHOBHBIe HEJOCTATKH CTEKJIOXOJ-
croB BB-T u BB-T' —manas aas MexanM3supoBaHHOH YK-
JajikKh APOYHOCTb H OMAaCHOCTbL B ofpauieHul. ApMHpOBaH-
Hbiit cTeksoxosict BB-AM o6nagaer NOBbIIEHHO#N NPOYHO-
CThIO,

TToAN3TUAEHXOACT — HeTKaHBIH pYJOHHBIH GHABTPYIOLIHIT
MaTepHaJ, H3rOTOBJICHHBIH NHEBMOIKCTPY3HOHHBIM cNoOco60M
U3 TIOJIHATHJIEHA HU3KOH MNJVIOTHOCTH. TEXHOJIOTHSI ero M3ro-
TOBJIEHUs1 pa3pabGoTrana VMHCTUTYTOM MeXaHWKH METaJJioONo-
mimepabix cucteM AH BCCP (ast. cBua. Ne 278478 u
Ne 388218). B oTsinyHe OT CTEKJIOXOJICTOB OH (e30MaceH B
o6pauienuu u B 5...7 pa3 NpeBOCXOAHT UX MO NPOYHOCTH, YTO
NO3BOJISET NMOJHOCTbI0 MEXaHH3HPOBATb YKJAIKY.

OcHoBHBIe (PU3HKO-TEXHHUECKHEe XapakrepHcTHKH [13-
xoJcta: o6beMHas Macca — 220...240 kr/m3, Toamuna —I1...
1,2 mm, nopuctocts 61...70%, nnaMeTps 37€MeHTapHBEIX BO-
nokon —40...100 mx, amamerpsr nmop —0,15...0,2 MM, KO3(-
¢uuMeHt ¢uabTpaunu npu Aasienun 2 kIla —350 m/cyT.

i1 A. H. Mypauko 161



[To TexHONOrHYHOCTH MPHMEHEHHS M KCMAYyaTalHOHHBIM Ka-
yectBaM I1D-xonct nHanGosiee npHeMJeMblit MaTepHasa B Ka-
yecTBe GHABTPOB MEJHOPATHBHOTO ApeHaxa.

Yacto npu 3amiuTe JpeHaxa OT 3aWJEHHS] UCNOJbL3YIOT
TOpGhAHYI0 KPOUIKY — M3MeJbYeHHBIH MaJiopa3joXKHBLUHACS
charnophiit Topd, OTAEJEHHBIH OT MeJKHX NblJIeBAaTHX uac-
THll. [IpoHHuaeMOCTh ee JOBOJIBHO BHICOKasi, OJHAKO TPYA-
HO rapaHTHPOBaTh HENPOCHINaeMOCTb CKeJeTa MeJKO3epHH-
CTHIX TpyHTOB. [1loaTOMY TOp(siHYIO KPOILIKY, KaK H ¢pe3ep-
Hbli c1abopa3noKuBIUKHCS TOPG, B KauecTBe caMOCTOsITe/Ib-
HOro QUIbTpa OGHIYHO He NMPHUMEHAIOT. 3TH MaTepHaabi UC-
HOJIb3YIOT NPH KOMOMHHPOBAHHBIX BH/JAaX 3aILMTHl ApeHaxa
BMeECTe CO CTEKJOXOJICTOM, KOTOPHIH CAYKHT cOGCTBEHHO 3a-
IHTHBIM QHABTPOM, a TOp(POKpOLIKa — PUALTPYIOLLE# NpH-
CeiNKON. MeponpusiTue 3TO NOJIE3HOE, TaK KaK CYILECTBEIHO
yayyliaer OCyLIMTe/NbHOe AeHcTBHE ApeHaxka.

JAsi npoekTHpPOBaHHsA 3alIMTH APeHa)ka OT 3alJeHHs ¢
NpHMEHEHHEM CTPYKTYPHBIX (UJIBTPOB B HECBA3HBIX TpyH-
Tax npexjie Bcero He0OXOAMMO HMeTh JaHHble O IpaHyJso-
METPHYECKOM COCTaBe T'PYHTOB ocywaemoro o6bekta. Ha
NpakTHKe COCTaB FPYHTOB Ha OJHOM H TOM e OOBbeKTe Ko-
JebJyeTcs B GONbIINX Npejesnax, a GUIBTP XKejaTesJbHO MO-
no6GpaTh OAMH JJis BceX, NO3TOMY HeoO0xOAuMoO BHIOpaTh H3
HMeloIKXCcA HauboJiee ONacHble B CMbIc/e 3aHJIeHHS ApeHa-
’Ka. OGHYHO AAST pacyeToB BHIGHUpAIOT ABa TpyHTa: Haubo-
Jiee MeJKO3EPHUCTH H caMblit KpynHbili. 3To 06yc/OBJeHO
TEeM, UYTO MEJKO3epPHHCThiE TPDYHTHl ONacHH [0 Mpochinae-
MOCTH 4epe3 OHIBTP, 2 KPYNHO3EPHUCTHIE — N0 KOJbMAaTH-
pyemocTH puabTpa cydpdo3nonHbIMH YacTHUAMH. UeM kpyn-
Hee cocraB cyd@o3uOoHHOro TpyHTa, TeM Gojblie pasmeph
cydHO3HOHHEIX UYaCTHI[ M ONACHOCTb KOJbMaTaXa CTPYK-
TYpHOrO (pH/IBTPA BO3pacTaerT.

KpoMe MexaHHYeCKHX COCTaBOB TIpPYHTOB, HEO6XOAHMO
HMeTb JaHHbe 00 HX NOPHCTOCTH, 06beMHOH Macce M KO-
sppuunentax ¢unprpauny. [IpubaHKEHHO BeJHUMHBL N) H
krp MOXHO BHIUHCAHTBL No ¢opmynam (231) u (235).

Pacuers nmo noa6opy CTPYKTYpHBEIX (HILTPOB CBOAATCSA
K YCTaHOBJIEHHIO TpaHul pa3MepoB ero nop. [lpex:ae Bcero
onpeesaioT cyddHo3nOHHOCTL BHIGPAHHBIX PaCUETHBIX T'PYyH-
TOB. Ins 3TOro mO ¥X FpaHy/JOMETPHYECKOMY COCTaBy, HC-
nonsdys ¢opmysay (238), BHIUHCAAIOT MaKcHMasbibie AHa-
MeTphi_CyddoaHoHHBIX yacTHl dc;™2*. [To ganunim A. H. Ilar-
pawesa, GUJIbTP He KOJbMaTHPYeTCs, €cJM BHIMOJHAETCA
caeayioliiee ycjaoBHe:
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Do =1,1a.des, (264)

rae Doy — makcumanbHblil agHameTp nop OHABTPa; @. — KodddHIlnenT,
3aBHCALLIHA OT CBOHCTB KOJbMATHPYIOIKX YacTHIL H uRcia Peitnoabaca
(1aba. 33).

33. Koadduunent a. pasinuHbLIX rpyHTOB

KoabmaTtnpyiomue YacTuuss, MM a, Re
Muinesarne, ot 0,01 no 0,056 4,0 1,0
Menkuii necok, or 0,05 no 0,25 3,0 0,5
Cpeanmit necok, or 0,25 ao 0,5 2,5 01

C apyroit CTOPOHEI, YacCTHLH CKeJeTa He GYAYT MPOCH-
naTthCs, €CAH AHaMeTpsl NMOp (UALTPAa YAOBJETBOPSIOT yC-
JIOBHIO

Dy << 1,8de0, (265)

rae deo — 60% -Hbili AuaMerp YacTHI HauGoslee MeJKOro TPYHTA.

®uUNbTP COOTBETCTBYET 32JaHHBIM I'DYHTOBLIM YCJOBHSAM,
€C/H CpellHMe AHaMeTpPhl €ro Nop yJOBJETBOPSIOT HepaBeH-

CTBY
Do, <Do<Ds,y. (266)

ITo HUM ¥ MOAGHPAIOT M3 CTPYKTYPHBIX (GHALTPOB HaH-
6onee nopxoaauuii. Kpome Toro, no ¢puAbTpauHOHHO! ClIO-
COGHOCTH OH JOJIXKEeH YHOBJIETBODHTb ycJoBHIO (263).

Pacyersl mo noaGopy chi-
nyyux QHIBTPOB B HECBA3HBIX
TPYHTaX 3aKJI0yaiTcs B Ha-
3Ha4YeHUH  rpaHyJoMeTpuue-
CKOr0 HX cocTaBa, YyAOBJeT-
BOPSIIOLIETO CJCAYIOUIMM YyC-
JIOBHAIM:  HeNpOCLIIaeMOCTH
¢uabTpa uyepes BOAONPHEM-
HBle OTBEpCTHA JpeHaXXHHX
Tpy6; HeMmpOCHINAEMOCTH 3a-
LIMIlaeMOro FPyHTa yepes caM
GHABTP (MpOBepoYyHOE YCIO-
BHe); [AOCTaTOYHOH BOAONPO-
HHLaeMocTH—dopMyaa (263).

Pacuernag cxeMa mpel- p.. 5|  pacuernas cxema
craBiena Ha pucyske 51. Mlc-  rpvir — puantp — apena.
XOAHBIMH JaHHBIMH AJISI PAC-  Yenosun: 1) Dy 20,604; dgq 320,60
YeTa fBASIOTCS: TPAHYNOMET- 2) DeyDe; dgpdu.
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pHYeCKHIl COCTaB OCYLIaeMOTo 'PYHTa, €ro MIOTHOCTb H 06b-
eMHasl Macca, BOJONPOHHLUAEMOCTb, NpejanoJsiaraeMas nJaoT-
HOCTh M oObeMHasl Macca NecyaHo-TpaBMiiHON cMmecH (3TH
AaHHbie MOXKHO B3(1Tb MO NpeAnoJiaraeMbiM KapbepaM), a
TaKXe pasMepbl BOAONPHEMHLIX OTBEPCTHI B ApPEHa’KHBIX
Tpybax.

Merox pacuera cocTaBa ChiNyyuX (HABTPOB AJs CeJlb-
CKOXO3SIACTBENIHOrO  ApeHa)Xa  JeTalbHO  paspaboTaH
A. H. IMarpawessiM, H. M. XpHCcaHOBBIM H Ap. ¥ COCTOHT B
caeaywoueM. ITo paamMepaM BOAONPHEMHBIX OTBEPCTHIl B Ape-
HaXHBX Tpy6ax (A uan Do) Boiuncasercs 60%-Heit aua-
MeTp yacTHl| 3alHTHOrO MaTepHaja

" Dey=0,6A unu Dgy=0,36Do . (267)

KoadduuneHT pasno3epHUCTOCTH 1)¢ PEKOMEHAYeTCsl IpH-
HuMaTp He Gosee 10. Torma 109%-wbiii AnMaMeTp YacTHLL
duapTpa onpepensiercs no gopmyJe

Dno=D60/ﬂ¢=Deo/10- (268)

JuaMeTpsl 4acTHL, ONpeAecJsiouie pa3Mepnl QHJIbTPa-
HHOHHBIX XOAOB, ACJXHH OwiTh B 1,5 pa3a Goasute Dy, TO
ecTh

D]7= l,50|0= I,SDGO/T](D. (269)

M3 ¢uabTpa He AOJKHO BBIHOCHTbCA Oonee 5% uac-
THI, NO3TOMY

Ds=D* =Dg™ Dy, (270)
rae Dy™aX — puameTp MaKCHMaJbHOTO XOAa B (QuiLTpe.
6 F—
Dymax=0455(1+005ms) 1o "Dy, (271)
—ny
ne=0,4—0,1 lgng. (272)

MaxcuManbHbiil AHaMeTp YacTHL (GWIbTPa HaXOAAT HO
3aBHCHMOCTH

Drax= (3..5)A mm} ©73)

Dmax= (3.5) DO,IP

Bolynciiennble no 3asucumoctaM (267)...(273) anamer-
pbl (PUIBLTPA MO3BOJAIOT NOCTPOHTL PACUETHYIO KPHBYIO €ro
rpaHyJOMETPUYECKOro COCTaBa M Mo He# noxo6parb IPyHT
n3 GJM3KO pacrloJioXeHHbIX OT ocyllaeMoro o0beKTa Kapbe-
poB. Ilpu 3TOM [JONYCKAalOTCS OTKJOHEHHsS OT PacCyeTHOro
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nnamerpa Dgy (M COOTBETCTBEHHO BCEX JIPYTHX JAHAMETPOB)
Ha +209%.

Ecin B BLIOpaHHOM KapbepHOM FpPYyHTEe COmepKHTCa Go-
aee 7% cyddo3noHHBIX YacTHU, TO ecThb D, M**>=D; To
vmesakHe ppakiuuH HeoOGXOAHMO OTCeSNTh.

IMopo6Gpanubiii TakuM crmocofoM mecuaHo-rpaBHillibil
¢uaLTp OyneT YAOBJAETBOPATL TOJNLKO YCJIOBHSIM HENpPOCHI-
naemoctu ero B Tpy6nl. Ho 310 B O6uleM cayuae enle He
3HAYUT, 4TO OH YJOBJIETBOPSIET YCJOBHIO HENpPOCHLIIaeMOCTH
ApenupoBannoro rpyHta. [lostoMy nojo6paHHmlit cocTaB
He06X0AMMO MPOBEPHTL Ha BHIMOJIHEHHE YCJOBHS

dcr>0,6D0 HJIH Do"lax<1,8d60, (274)

rae de — 60%-Hp1ii AnaMeTp YacTHIL OCYWIACMOTO TPYHTA.

Ilockoabky necuano-rpaBuiiible (GuJbTpbHl B NpPUHIHUNE
Ha3HayalT TOJbKO TOTAa, Korja oTBepctHs B Tpybax He
ofecnevyuBalOT YCJOBHE HENpPOCHINAEeMOCTH JIPeHHPYeMOro
TPYHTa, OHH MO COCTaBy 3aBeAOMO KpyNHee M HX BOAONPO-
HHL{aeMOCTb HaMHOro Bbiite. OnNacHOCTH KOJbMaTaillvu
¢uabTpa cyQPO3HOHHBIMY YACTHLAMM TPYHTA NPaKTHYECKH
HeT. YcJoBHSI BOAONPOHHIAEMOCTH GHJIbLTPA NMOYTH Bceria
BhinoJHsioTcA. CaeayeT HMeTh TakKXKe B BHAY, UTO NPH Mpo-
eKTUPOBaHUH (HUJBTPOB AJs TOHYApPHOro ApeHaxa pasme-
pbl CTHIKOBBIX 3a30POB JOJIKHBI ObITh APHHSITHI NO MaKCH-
MaJpHOMY (aKTHYeCKOMY HX 3HayenHlio. Bo Bcsikom cay-
‘1ae Hesib3s npuHUMath A<4..5 MM.

[Toa6op u pacyer 3alIUTHBIX OUIALTPOB H3 CHIMYYHX Ma-
TepHajos (NnecuaHo-rpaBUAHBIX cMeceil H Ap.) NpH yKaaj-
Ke JApenaxa B TOpPPAHHKAX M CBA3HBIX IPyHTaX 3aKJloya-
eTca B ofecrneuyeHHH CJAelYIOWHX YCJAOBHH: HenpochinaeMmo-
CTH yYacTHl, (QUAbTPa yepe3 BOACNPHEMHbIE OTBEPCTHS B
Tpy6ax; GuALTPALHOHHOH MNPOYHOCTH TPyHTa Ha KOHTaKTe
¢ (GUALTPOM; AOCTAaTOYHOH BOAONPOHHUAEMOCTH.

Pacuyer cocraBa ¢uabTpa NMo NepBOMYy YCJOBHIO (HMH
IIPOBEpKY MNpPHIOJHOCTH HMEIONIErocsi MaTepuaJja) BbIIOJ-
HAIOT No GopMmynam (267)..(274). Ons BHINOJHEHHH BTO-
poro ycJjoBHsi He0o6XOAHMMO, YTOObl MaKCHMaJbHBIE AMaMeT-
pul nop B cbinyueMm ¢puabTpe D¢™MaX 6blid MeHbile JONYCTH-
MbIX MO KPHTEPHIO OTPHIBA M OTCJaHBaHHMA arperaTtoB B
FAMHUCTBIX TPYHTaX HJM KOHTAKTHOro Bhiopa B Topde, TO
ecTb

Dymex <. (275)
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3nauenuss Dy¢M3X naxopat no dopmyae (271), a § —
no (245)...(249) B 3aBMCHMOCTH OT KaTeropH# OCylliaeéMOro
rpysra. Ecan ceinyuu#t ¢uabTp, B CBA3HBIX MPYHTax H MJOT-
HbIX TOP(AHHKAX YCTPauBAIOT TOJbKO CBepxy (Ha 2/; mepu-
MeTpa), YTO BMOJHE AONYCTHMO, TO NJsl BHINMOJHEHHA BTO-
pPOro YCJOBUSL JIONONHUTENbHO Heob6X0/AHMO, 4TO6HI

A(uan D, z) <86. (276)

Beinonxenne Tperbero ycsaoBHS NPOBEPAIOT MO COOTHO-
wenuio (263), npu 3TOM kp MOXKHO MPHONHKEHHO OUEHHUTDb
no ¢opmyae (235). Hacro ucnoas3yloT tabauue ¥ $Hopmy-
JIH, coAepXKauiHecsi B Pas/iMYHBIX HOPMaTHBHBIX AOKyMeH-
Tax. IlpuBeseHHEle B HHX JaHHbBIe COOTBETCTBYIOT ToONepeu-
HOH ¢uJbTpauuH B YHCTOH BoOJe, onpejessieMble B NpH-
6opax tuna [lapcu, Kamenckoro u ap. OaHako He0GXOAHMO
HMeTb B BHAY TO OOCTOATENLCTBO, YTO IpH FOHYapHOM Ape-
Haxe BO BceX (PHJAbTPax, B OCOOEHHOCTH B OYEHb TOHKHX,
TaKHX KaK CTEK/JOXOJCT, MMeeT MeCTo He NoNepeyHas, a
npoaoasHas ¢unsrtpanus. Kpome toro, Bce 6e3 HcKaHe-
tind QUILTPH B TOH HMJAH HHOH CTeNeHH KOJbMaTUPYIOTCH
B npouecce paboThl ApeHaxka. CreneHb KoJbMaTallHH 3aBH-
CHT OT (M3HKO-TEeXHHUYECKUX CBOHCTB ¢uabTpa M IrpaHyJo-
METPHYECKOro cocTaBa TpYHTa, B KOTOPOM OH YJIOXKeH, a
TakXe OT KOHCTPYKTHBHBIX OCOGEHHOCTeH caMHX [peHaXx-
HbIX TPYG, ompene/slolHX HanpasJeHHe (GHILTPALHOHHOTO
IIOTOKa M pacnpejeneHde ero rpaauentoB. Cka3aHHoe B
NOJMHOH Mepe OTHOCHTCi K IJIaCTMACCOBBIM JPEHAXHHIM
Tpybam # TpyboduabTpaM. Iloatomy Ans onpenesneHus Ko-
a¢punHeHTOB GUJIBTPALKHH MaTepHaJoB, NpefHa3HaYeHHDbIX
JJIS 3alHTHl jipeHa)a OT 3au/eHHs, NMPOBEPKH COOTBETCT-
BIS HX 3aj/aHHBIM FPYHTOBHIM YCJIOBHSIM, a TakXKe NpH HC-
LEbLITaHHSAX M OnpejeseHHH kg Tpy6oduILTPOB Jyyule
1101b30BaThCS 1aGOPaTOPHBIM METOAOM C [IPOBEACHHEM SKCNe-
PHMEHTOB B I'PYHTOBHIX JIOTKaxX MO cXeMe NOAPYCHOBOi Ape-
uot (puc. 52). INputox Boanl K MOAPYCJIOBOH ApeHe NJNUHOM

Puc. 52. Cxema noApycioBoit
ApeHsl  (JOTOK):

1 — ppena; 2 — NOBePXHOCTb FPyH-
Ta, S—l'lOBep.\HOCTb BOAGLI.
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L, HecoBepiueHHOH IO XapaKTepy BCKPHITHSA nJaacTa H
YAOXKEHHOH ¢ (UALTPOM, ONpeledsiioT NO 3aBHCHMOCTH

sikepH .
Do+,

rie ®9— GUALTPAUHOHILIC CONPOTHBJ/IEHHA HAeadbioii ApeHb  (HoA0-
CTH B TrpyHTe), OOYCJOBNEGHHLIC FPaHHYHBLIMH YyCIOBHAME (UIbTpAN,
no B. B. Beapepuukony (1939);

(4 — nD
C[h;ln[tg% clg —;T], (278)
' 1

rae Ty — MOULHOCTL BOAOHOCHOTO ¢J0s; ! — rayGusa Apenst; D — na-
PYXHbift AHamcTp 1pyObl; @ — GHALTPAUHOHHBIC CONPOTHBJEHHSA, 06-
YCIOBACHHBIC HECOBEPIEHCTBOM TPYOH 10 KOHCTPYKUMH H BJHSHUCM
3aLIHTHOTO QHALTDA;

. _Iil_p. D+26 kpp ) 279
(D'_(kq, —|)In D + *o Ci, ( )

rac Ci — QUALTPALHONIKBIC CONPOTUBACHHSA, OGYCAOBJACHHBIC HCCOBCP-
IEHCTBOM BOAONpPHEMHOH NOBCPXHOCTH TPYO, onpelensiembie RO Qop-
MyJIaM CXeMB 2 NPHJIOXKCHHS,

[Moacrasnsa (278) u (279) B ypasueune (277) u pas-
PelLNB ero OTHOCHTEJbHO k¢, HONYUHM

D128
kep (lu T +C: )

okpHL [l n(4=D) D ] D425
—_— c —In
Q & 8T, g 8T, . D

Bce Bxoasuiue B 3Ty dopMyay napameTpsi H3BECTHHI 3a-
pasee. BeanunHy npenaxHoro cToka Q 3amepsiloT BO Bpe-
Msl 3KcnepuMmeHnrta. [sis mosyueHMsi AOCTOBEPHBIX JaHHBIX
TPYHTOBBIH JIOTOK M CXeMa OnbiTa AOJIXKHB YAOBJAETBOPHTL
CAEAYIOLHM YCJIOBHAM:

D|T,<0,15; D/{<0,5; D/B<C0,03; L=0,66 m, (281)

rae B — nonepeunniit pasmep Jotka; L — nmposoauuuiii (no ocu gpe-
Hbl) pa3mep JOTKa. :

(280)

ky=

OnuiTH APOAOANKAIOT A0 cTabHAM3aLWKH PACX0/0B, HO HC
MeHee 2 cyT. BoponpoHuiaeMocTh rpyHTa Onpefessiior H3-
BeCTHBIMH MeTtoaaMu (npuGop IapcH, no rHApOAHHaMHUC-
ckofi cetke u Ap.). [Ipn usydennu ky Tpy6oduasTpoB B 3a-
BUcHMOcTAX (278)...(280) D — BHyTpeHHmnil auamerp, § —
TOJIIMHA CTEHKH.

ITonyyeunbie Mo AaHHOMY MeTOAYy 3HaueHHs Ry OyAyT
COOTBETCTBOBATL TOJLKO JaHHOMY FPYHTY W AaHHOH KOHCT-
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pykuud Tpy6ul. OmpenenuB kp B 4yHCTOH BOAe M CpaBHUB
€0 ¢ MNOJYYEHHHIMH B TPYHTOBOM JIOTKE, MOXKHO OLEHHTDb
npo/10JibHbIH KO3 duunenT GuabTPALUHH H CTENEHb KOJbMa-
Tauny ouabTpa. EcTecTBeHHO, YTO NMPOBOAHTHL IKCNEPHMEHTbI
110 onpefesieHHI0 kg CO BCCMH BCTpedalOUHNMHUCH TFpPYH-
1aMH Y KOHCTPYKLHMAMH APCHAXKHBIX TPYO mMpakTHYECKH He-
e03MOXHO. [To3TOMY HYXXHO BHOGpaTh KpaiiHHe MO OnacHo-
CTH KOoJbMaTallHH (u/ibTPpa Pa3sHOBHUAHOCTYU FpYHTA H Kpal-
HHe MO BCKPLITHIO TMOBEPXHOCTH TPyOHl (Hanpumep, Kepa-
MHYECKHE H MOPHUCTHIE).

Mpumep. B rpyutoBoMm JioTKe rouuapnas apenwa (D=0,1 m; L=
=1 M; 8,=0,33 M; 7,=0,003 M) yaoxena co cowIHHM PHILTPOM U3
crekaoxoicta (6=0,001 M; k%, =300 wm/cyt). JloTok 3arpyXeH Men-
KosepHueToIM Neckom  (kep=1,2 m/cyt). Ilpu ycnosusx ombita (T,=
=1 M; 1=0,7 u H=0,8 M) apenaxuniii ctoK cocraBui 46,3 cM¥/c (Q=
=46,3: 11,57=4 m%cyTt). Onpenemurb pacuerubiit kKodpduunent Guiabt-
PALLUH CTEKJIOXONCTa.

Mo supaxenuio (15)

Ci:"l_ n 1033 In L — =375
3,14 0,1 sin 3,14 0,003
) 2 033
H no 3aBucuMocti (280) suiuncasem
0,1+2-0,001
|,2(2,3lg —l +3,75)
kd’=23|408| 4(4-07 01) = 314-0, A
-3,14-08- —-2,3Ig[lg 3,14(4-0.7-0, ctg 20 ]__ M/cyT.
I 8-1 8-1
0.1-2-0,00
—2,3 1 21— 20,001

0,1

Cpasnusas kg ¢ A%, nHonyyensblM B YHMCTOH BOAC NpH NonepeyHoit
(GHALTPALUH, BHAHM, YTO BCJIEACTBHE KOJAbMATallH M NPOAONLHON PHIALT~
pauuy, pacueTHnil kg B 19 pa3 Mennmre,

Ecan Ha cBA3HBLIX MOYBaxX B KauecTse (PiIbTPOB NpHME-
HSAIOT CTPYKTYpHBIE MaTepHaJabl (CTEKJOXOJCT, COMOMa, oyec
BepxoBoro topda ¥ Ap.), TO eAHHCTBEHHOH ONAaCHOCTLIO C
TOYKH 3peHUs ApeHaxa 6yaeT HX KoJpMaTauusi. XOTs CBA3-
Hble TPYHTHI He OTHoCATCA K cy(ddo3UOHHBIM H KOJAbMaTa-
¥a CTPYKTYPHbIX (QUJIBTPOB HE AOJMXKHO OblTh, Ha NMpPaKTH-
Ke, MOCKOJIbKY B HadaJbHbiil MepHOA TpaHLUIeliHas 3achilka
LACBOJIbHO pbIXJiasi, HabslogaeTcsi HEKOTOpasl 3aKynopka nop.

MeTo0B pacyeTa KosabMaTalHH CTPYKTYDHHIX HILTPOB
B CBfA3NBLIX FPYHTaX B HacTosiuiee BpeMs HeT. EauHcTBeH-
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HYI0 BO3MOXHOCTb OLEHKH 3TOrO $BJEHHS TNPEJACTaBASIOT
crnelHaJ/bHbie JabopaToOpHble OMBITHI.

Haun6oJsiee 3KkOHOMHUHbIE CTPYKTYpHble MaTepHaJbl B Ka-
yecTBe (PUJIBTPOB JPCH B CBSI3HLBIX T'PYHTAX — 3TO CTEKJO-
xoscTel. OHM HafleXXKHO NpPEJOXPaHfIOT APeHaX OT 3auJe-
HHSI, XOTA MPH 3TOM MOTYT CYIIECTBEHHO KOJbMAaTHPOBaTh-
ca. Oanaxko KO3(pPHUMCHTHI (PUALTPALHH AaKC CHJABHO
3aKO/IbMaTHPOBAHHLIX CTEKJIOXO0JICTOB COCTABJAIOT HC MeHee
2 M/cyT, 4TO BO MHOrO pas NpesbilIdeT BOAOHPOHHILAEMOCTD
cyneceli u CyrJIMHKOB. [dns yMeHblUleHHsi cTelleHH KOJbMa-
_TAllHH CTeKJOXOJICTOB B 2THX TIpyHTAax 4YcOOXOAHMO MNpH-
coinate ux cjaoem 15..20 cm ryMmycosoro rpyura. Jlyuuinii
3¢ ekt noayyaerca, eCAH CBEPXy CTEKJOXOJCTa NpeABapH-
TCJABLHO YJAOXKHUTb caol 3..4 cM caabopasnoxuBLICTOCs Ppo-
sepHoro topda (TopdoKpoOLIKY).

B nacTosimiee Bpemsi roHYapHbIH JpeHaXX YKJAalAbBalOT
IPEUMYILECTBEIIHO ¢ (QHIALTPAaMH M3 CTEKJOXOJCTa Mo Inpe-
pHIBUCTOH (MOJIOCKH Ha CcTbIKax), KOMOMHHPOBAHHOH 1
crnJouiHo# cxemam (puc. 53,a, 6, 8) ¢ YaCTHYHBIM NpHMe-
nenueM pyyHoro rtpyaa. CrpemsieHHe YJAYYIUHTL YCJIOBIis
nNpou3BoACcTBa PaboT, MOBLICHTL 1IPOM3BOAHTENILHOCTL TPY-
la, obecneyuTb HaJeXKHOCTb COueHelnus TPYOOK NPH OAHO-
BpeMelHOH 3aluTe X OT 3aWIeHHs NPHBENO B MOCAEAHHC
rojBl K IIHPOKOMY 3KCHCPHMEHTHPOBAHHIO H HYaCTHUHOMY
BHEIPEHHI0  BCEBO3MOXHBLIX  COCAHHHTENIbHLIX JleTajlen-

o 48
S S b S
b a T, 2
I". h‘—-—-_s ——————
: I
=)
5

-
<y, e a
______ g\‘__.._._.._
..... ]
/] e

Prc. 53. Cxembl YKJAaAKH KepaMHUECKOro ApeHAXa:

a— ¢ NpepuiBUCTHIM  GHALTPOM MAH  HapyXHbMH  GHALTPYIOIMMH MydTaMy;
0 — ¢ KOMGHHHPOBAHHBIM (HUALTPOM; 6 — CO CNJAOWHBIM GHuALTPOM; 2 — Ge3
duabTpa; @ — ¢ MOPHCTHIMH WaNGaMH B CTHIKAX; € — C BHYTPEHHHMH BTYJAKaMH.

169



Puc. 54. Cxembi COCAHHHTEJBHBIX ACTaJCii (PHABTPOB ANS KEPAMHYECKO-
ro ApeHaxa:

a —pTynka JlpBosrunposoaxosa; 6 — wait6a-duabtp LHHHUMICX; 8 — mydra
u3 II9-xoacra BeaHUUMuBX; 2 — Bryaku CeslHHMHTuM.

¢uabTpoB (MyodT, BTYJIOK, Wwiall6 u Ap.) U3 OUABTPYIOUIUX
H BOACHENPOHHUaeMblX MaTepHanoB. HMasecTHot paspabo-
TaHHble JIbBOBTHNPOBOAXO30M COEJHHHUTE/IbHbIE BTYJKH U3
NOJIU3THJEeHa, HMelolllHe NPOAOJbHOLEAeBY0 NepdopauHio
B cpellHel YacTH C HaKJeeHHOH CBepPXy MOJOCOH CTeKJo-
xoncra wupuuo#i 15..19 mM (puc. 54, a). Brynaxku Bcras-
10T BHYTpb TpyboK (puc. 53,€) O0AHOBpEMEHHO € HX
YEJMaLKOM Ha CKJIH3 9KcKaBaTopa. HeckoJbKo OTJIHYHYIO KOH-
CTPYKUMIO BTYJOK npeyoxun CesHUNTuM. Bryaku us no-
JIU3THJICIIA UMEIOT B CpefiHell YacCTH MeJsIKHe KPYFJ/ble OTBep-
CTH H GUILTPOM He NepexphiBawTcs (pHc. 54,2). Beras-
JSIIOT UX TakXe BHYTPb TpyGok. [lo MHeHMIO aBTOpOB, Ape-
HaX 3aWJIATHCA He JOJiXKeH BBHAY TOTO, YTO HaJ MEJKHMH
oTBepcTHAMHU Bceria OyaeT obecnedHBaThesi yCTOHUHBOE CBO-
Joobpa3zoBaHue H3 YacCTHL CKejeTa FPyHTa.

N3 apyrux npeasoxenuit ormerum waii6ot HHUMMICX
H3 CTEKJOBaTbLl WM CTeKAoxojcTa (puc. 54,6), Bcrasase-
Mble BCTHIK MeXAy TpyGkamu (puc. 53,0), n mydrul Bea-
HUKWMMuBX us [13-xoncra, HajeBaemMble Ha TpPYyOKH CHa-
pyxu (puc. 54,8 u 53,4a).

[Ipu cosnanum (npUMeHeHHH) NpHEMJEMHX AJas Npak-
THKH COEJHHHTEJNbHBIX JAeTajielt ciaejyeT Hapsaay ¢ obec-
neyeHHeMm HaAeXHOCTH cOouJeHeHHs] TPYOOK, 3alHTH HX OT
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2auJeHHs U yA06CTB MeXaHH3HPOBAHHOH YKJAAKM He ymyc-
KaTb M3 BHAY IJ1aBHEI BONPOC — OCYWIHTeNbHB 3(dekT
ApeHaza.

[IpumMeHsis pasiuuHble MY(Tbl, BTYJKH H Ap., MOXHO
OCYUIECTBHTb HaleXHoe coujeHeHHe Tpybok, yOpaTh pabo-
Yero M3 TPaHLIEH, NOBHICHTb NPOHU3BOJAHUTEJIBHOCTb TPYAA, HO
NpH 3TOM OCYLIHTeJbHbIH 3(PeKT ApeHaxa NO CPaBHEHHIO
C KpPyroBbiM (CMJOLIHBIM) OHALTPOM OYAET 3aBEOMO HH-
xKe (taba. 34).

34. CToK n3 ppeH, YAOKEHHbIX B FPYHTOBOM JIOTKE C Pa3JHUHLIMH
COCAMHUTEALHBIMU AeTANAMU-DUABTPAMH

CxeMa YKA31KH FOHYAPHLIX APCH CZ(:;R/CQ' QQn
Be3z ¢uaptpa, 1,=2 MM 0,33 0,38
C maitéamy LHHUMMICX, 7,=10 MM 0.35 0,40
C Bryakamu JIbBOBrHIPOBOAXO3a, T4=
=15 MM 0,36 0,42
C mydramu BenHUHMMuBX, [, =90 mm;
©w=2 MM; 6=2 MM 0,58 0,67
C mOJNOCKaMH CTEKJIOXOJCTAa Ha CThi-
kKax, 8=1 wMm; =200 MM, ©1=
=2 Mm 0,80 0,92
C xpyrosptM (HILTPOM H3 CTEKJIOXOJH-
cra (Qo), 6=1 mMm; 1,=2 MM 0,87 i,0

INpumenenne mMydT, BTy/q0K H wWwail6 B3amMeH CIJIOIHOIO
GHIbTPa M3 CTEKJIOXOJCTAa HaMHOrO yMeHbllaeT NpHTOU-
HOCTb BOAH K ApeHaM, HX ocyuHTenbHbill 3pdekT. OTciona
HEeH30€XHO BO3HHKAaeT HEeOOXOAMWMOCTb YMEHBIUEHHR MeX-
LpeHHbIX paccrosiHuii. Kpome Ttoro, onbitei H. M. Bapuako-
Ba 10Ka3aJjH, YTO BCTaBKa BHYTPb FOHUYapHBIX TPYyGOK co-
€JlMHATENbHBIX BTYJIOK, BCJAEINCTBHE yMeHbUIEHHs IIOLlalH
HX CeueHHWsi M CO3JaHUs] AOMNOJHUTEJbLHOH BHYTpeHHeH ille-
pOXOBaTOCTH, CYLIECTBEHHO YXyAUlaeT THUApPAaBJAHYECKHE Xa-
pakTepHcTHKH ApeHaxka. Ilponyckuas cnoco6HocTb yMmeHb-
waercst B 1,8...2 pasa, yto Baeyer 3a co6oil HEOOXOAUMOCTh
yMeHbIUaTh NpejebHble JJHHb APeHaXHBIX JMHUH U nepe-
XOAUTb Ha 6OJblIHE AHAMETPHI.

[TpuMeHeHnue Tex HJH HHBIX COEAMHHTENbLHBIX AcTaJei-
¢(HALTPOB JOJKHO CONPOBOXKAATHCS TEXHHKO-IKOHOMHYe-
CKHM aHaJ/IM30M C YY€TOM ocyilHTeabHoro ag¢exra, 3aTpat
Ha MarepuaJjbi, pabouyio cuay M TexHuky. Haubosee npu-
€MJeMbIM BapHaHTOM CJelyeT CYHTaThb HapyXKHble CAJIOLL-
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Hble (UALTPHI W3 MaTepHasna, COOTBETCTBYIOLLEro 3ajaH-
HBIM FpYHTOBbiM YcioBusiM. lllupokue (/,=100 mm) na-
pPyXHbie MydTHl M3 XOPOIIO (HIBTPYIOMIEr0 MaTepHaJa B

HEKOTOPHIX CJAYyHasX TakXKe MOTYT oKa3aTbes 3ddekTHs-
HBIMH.

7. TenaeHIMH I MPAKTHKA 3aMUTH APeHaska
OT MEXaHHYECKOro 3auieHUsA

B peleHHH BONPOCOB 3aliMTH JpeHa)ka B MEJIHOPATHB-
HOH MPaKTHKE HAMETHJOCh HECKOJIbKO Pa3ju4libiX HANpaBs-
aenuit. JanteapHoc BpeMs cTpemsites nofo6paTh (co3aath)
Takoi martepHaJ/, KOTOpPbl Obll Obl MPHrOAEH B KauecTBC
GbUABTPOB ApeH BO BCeX KaTErOpHAX I'PYHTA U APH 3TOM Obis
TEXHOJOTHYHBIM H 3KOHOMHuHbIM. [lpeanpunumaioTcs Tak-
JKe MHOTOYHCJIEHHbie TOMNBITKM CO34aTh MJ1aCTMaccoBbIe
TPpYyObl C TOHKOCJIOHHBIMH H 06beMHBIMH QUABTPAMH, yCTPaK-
BaeMbiMH B 3aBOJCKHX YCJIOBHSIX, KOTOpbie MOXHO OblLJIO
Obl yK/JaJAbiBaTb BO BCEX cayuasix JApeHnpoBahus. M, Ha-
KOHeli, HaMeTHJach TeHAeHUHS U3roToBJAeHUsA TPYD ¢ GHIbT-
pYIOIIUMH cTeHKaMH (mnopHcThie, TPYGOGHALTPE), a TaK¥XKe
ycrpoiicTBa nepgopauuy B Tpybax, KoTopas No3pojuia Gul
VKJaJAbiBaTh APEeHaX B JMOOGLIX rpyHtax 6e3 GuabTpoB.

C npou3sBOACTBEHHOH H 3KOHOMHYECKOH TOUKH 3peHHs
NPeANOYTHTENLHO MNOCJAE/Hee HanpasJjeHHe, TaK KakK peila-
I0TCSl BOMPOCHI TE€XHOJOrHH W MEeXaHM3alUHH CTPOHTEJBLCTBA,
cHabXXeHUs1 MaTeplianaMH H Ap.

Opanaxko 3Tu 3ajaun B obuieM cayuae, Y4YuTbiBasi BCe
MHOrooOpasue TPYHTOBBIX YCJAOBHH, B YKa3aHHbIX 10CTAlOB-
Kax MOJIHOCTbIO PellHTh HeBO3MOXHO. Bo3nMeM maTepHaanl
nna ¢uastpoB. Hanbonee noaxoAsuide — 3To necdyaHo-rpa-
BHiiHbIe cMecH. B npuuuune Bo Bcex 6e3 MCKAIOYEHHS TPYH-
TaX H NPaKTHYECKH [Js1 JI0OBIX TpYy6 (MO KOHCTPYKLHH)
MOXHO Noaof6paTh cocTaB ¢HUILTPA M3 NecyaHO-FPaBHHHOI
CMecH, NyCTh Jlaxe JBYX- HAH TpexcJoHHBIA. OAHAKO B KaX-
JiOM KOHKPETHOM cJjyyae HeOo6XOAHMbl COOTBETCTBYIOUIHE
pacuyeTbl, Noa6Op KapbepoB, oTceB (pakuuii, AaJeKO HE Ha
Bcex 00BEeKTax UMerTcsi 61H3KO PacHO/OKEHHBE Kapbepbl
TPYHTOE [OJAXOASALIEro COCTaBa, BO3HHKAIOT 3HauHTe/lbHbIE
TPAHCIOPTHHIE PACXOABI; HE pelleHbl BOMPOCH MeXaHH3allkuu
YKAaAKH GOUILTPOB, BEJUKM TpyAo3atpathl. Bce 3To mpu-
BOJUT K TOMY, UTO H3 NPHMEHSICMHIX B HacTofliee BpeMs
HUILTPOB NecyaHo-rpaBHiHBIE CMECH camble 10porHe #H B
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JNeCATKH pa3 MOTYT INpeBbaTh CTOHMOCTh CaMHX ApPEHaX-
Heix Tpy6. B rymunnoit szone CCCP necyano-rpaBHiiHbie
cMecH B KauecTBe (HJIbTPOB MENHOPATHBHOFO JpeHaXa NpH-
MeHsAIOT KpaiHe peako. HauGosbliee pacnpocTpaHeHue Mo-
JYYHJIH CTPYKTYpHble (UJIbTPH M3 BCEBO3MONKHBIX €CTecT-
BEeHHBIX W HCKYCCTBEHHBIX MaTepHaJOB.

PaccMoTpuM, HackoJbKO 3Ke peasbHO €034aTb (NOxo-
6pathb) CTPYKTYpHHIH (DHALTP, MPHUTOAHBIA BO Beex 6e3 wc-
KJIOYeHHs TPYHTOBBIX YycJaOBHSIX. Bo3bMem cBsasHble TpyH-
Thl. Kak NokasniBalOT pacueTsl MO NPHBEJEHHHIM BHIle (op-
MYJiaM, NpakTHYECKH JJIST BCEX CBSI3HLIX T'PYHTOB, BKJIOUas
N nbUleBaThie NMECKH C cojep:kaHueMm yactull d<<0,05 mm
6ogee 20%, M3 ycnaoBus HeAONYUIEHUS OTpPbiBa U OTCJAaH-
BaHWs arperaToB pa3Mmep nop B (puibTpe Ao/KeH OblThb He
6osee 0,6 mMm. PuAbLTPH ¢ TaKWMH pa3MepaMH [op co-
s3AaTb HecjoxHO. Tenepb paccMOTPpHM HeCBsi3Hble TPYHTHI
C oaHO# CTOpOHH, MBI HME€EM MacCy OUYeHb MeJKO3epHH-
CTHIX MECKOB, BKJIOYas H IJBIBYHH, C APYro#, X0Ts H pelkKo,
HO Ha ray6HHe 3aKJaAKH JPCH, BCTpevaloTCs CpejHe-
H KpynHosepHHcThie necku. s toro uro6el puaptp obec-
LEeYUBaJ HeNpoCHNaeMOoCTh YacTHI CKeJeTa CaMoro Med-
KO3epHHCTOI'0 HeCBS3HOTO TPyHTa, pa3Mep ero fop, Kak
NIOKa3blBAlOT pacyeThl M aHaAu3bl (CcM. puc. 44), A0JXKeH
6oiTh He Gosee 0,15 mM. B TO xe Bpems, utoObl QHALTP
He KOJbMaTHpPOBaJiCsi B HauOoJiee KpynmHOM mecke (cm.
puc. 45 u Taba. 29), MHHHMaJbBHBEI pasMmep ero mnop AoJ-
KeH Gwith Gospuie 0,3 mm  (1,1-3-0,10=0,33). Cozaats
¢uNbTp, y KOoTOporo nopsl Obiin 6b1 oaHoBpeMmenHo <0,15
u >0,3 MM HEBO3MOXHO. 3HAUMUT, TEOPETHYECKH MOXKHO CO-
3nath (nopobpath) pHALTP, YAOBJETBOPSAIOWHA TONBKO Ka-
KOil-TO Ompe/ieIeHHOH YaCTH M3 BceH raMMbl BCTpeYalOwMX-
cst rpyHToB. Haubosiee npuemsieMbl H3 CYUIECTBYIOIUHX H
NpUMeHsIeMbIX B MeJHOPAaTHBHOH NMpaKTHKE CTEKJOBOJOKHH-
CTble XOJICTBI M MOJHITHJIEHXOJMCT. .

[epsrie HWcciefoBaHuA B Halledl CTpaHe 1I0 NPHMEHe-
HHo crekoxoscroB Thna BB-T' u BB-T B kauectBe QHABT-
pPOB MeJHOPaTHBHOrO ApeHaXka BeinojHeHs B 1961 r. Ha-
yvHasag ¢ 1964 r. B8 BCCP cTek/10X0JCT fBJAsE€TCS NPaKTH-
YecKH eJMHCTBEHHBIM MAaTepHajJoOM, TMNpHMEHsSeMbM AJf
3alluTHl ApeHaXa oT MexaHuueckoro 3auneHus. ITosxke oH
cTajJ OCHOBHBIM (uiabTpoM apen B Ilpubantniickux pec-
ny6avkax, Ha Ykpaune, B HeuepHo3embe M Apyrux paio-
Hax TyMHAHOH 30HH crpahbl. JlaGopaTopHble M NOJIEBbIE
IKCMEPHMEHTH W NPaKTHKA MOKa3biBalOT, UTO CTEKJIOXOJCThI
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B a06CO/MIOTHOM GOJIbIIHHCTBE CJy4YaeB SIBJASIOTCS BIOJHE
HaJleXKHEIMH M JIONITOBEYHBIMH (HABTPaMH.

Pasmepn! Nop B CTEKJIOBOJIOKHUCTHIX XOJICTaX KoJa€6.110T-
ca B npeaenax 0,12..0,2 MM, H no ycioBHaM cBOL00Gpa3o-
BaHHS HX MOXHO MPHUMEHATh B IpyHTax, 60% -ubiii auamerp
YyacTHl, KOTopbix He MeHee 0,066 MM, a Mo YCJOBHIO HEKOJIb-
MaTHPYeMOCTH — B TPyHTaX, MakCHMaJibHbIH AHaMeTp Ccyd-
($O3HOHHBIX YacTHL B KOTOpPbIX He mnpeshiiaer 0,06 mm.
K nepseiM OTHOCATCS MejiKHe NbljieBaTble, KO BTOPbIM —
KpynHO3epHHCTHE NeckH. [lJs HecBA3HBIX TPYHTOB, MO Me-
XaHHYECKOMY COCTaBY Jexallnx B IPOMEXYTKe MeXJy yKa-
3aHHBIMH HApeleJaMH, YCJAOBHS CBOA0OOOpPa30BaHMUS H HEKOJIb-
MaTHPYEMOCTH BbINOJHSIOTCS aBTOMaTHYECKH.

AHanus YacTOTHl MOBTOPHOCTH TaKHX TPYHTOB (CM.
Taba. 28, 29 u puc. 44, 45) cBHAETENLCTBYET O TOM, YTO
H3 BCell TaMMbl HECBA3HBIX FPYHTOB MeJKO3€pPHHUCTHX, UMEIO-
mux dep<0,066 MM, MeHee 6%, a KPYNHO3EPHHCTHIX, ¥ KO-
TOpLIX dc™2*>0,06 MM,— He GoJsee 5,5%. Takum obpasom,
CTEKJIOBOJIOKHHCTBI® XOJCTH ¢ AHaMerpamu mop 0,12...0,2 MM
NpHFOAHBl B KayecTBe ¢HILTPOB MEJHOPATHBHOIO JApeHa-
)a B 88..89% HecBsI3HBIX 'PYHTOB. YKa3aHHble THNB CTEK-
JIOXOJICTOB NPHTORHHE B KayecTBe (HILTPOB TaKMe BO BCeX
6e3 HCK/IIOUEHHs] CBSI3HBIX FPYHTaX.

Kak GbiTe ¢ 3aliuTON B OCTaBIUMXCsi cayuyasx? B oueHp
MENKO3ePHHCTHIX MecKax M MJIBIBYHaX JOMycKaeTcs YkJa-
ABIBATh CIVIOWHOH (GUALTD H3 CTeKJoxoJcTa B 2.3 cuos,
a CcBepxXy, KaK YKa3biBaJioCh Bhillle, MPHCHNATL e€ro CJoeM
4..5 cm Topdokpowky. [Ipuchinky TpaHuieil npu 3ToMm cJe-
AyeT JejaTb FPYHTOM M3 naxotHoro cjaos (20..25 cM). Urto
KacaeTcsi KPYRHO3e€DHUCTBIX NECKOB, BCTPEYAIOUIUXCS HMHOT-
Aa Ha rayOuHe 3aKJaAKH ApeH, TO MJacTMaccoBble H FOH-
yapHble TpyOHl, ecau paamepbl neppopauMu H CTHIKOBBHIX
3a30p0oB He npeswwaioT 1,5...2 M, MOXHO YKJaAbBaThb (€3
¢uabTpor, a npucuHnky ux (20..30 cM) ocyllecTBasiTb Ty-
MYCHHLIM TpyHTOM. Jlydille B KauyecTBE MNpPHCHINKH HCMOJb-
30BaTh TOPQOKPOIUKY, a NPH €€ OTCYTCTBHH — COJIOMY, OYeC
BepxoBoro Topda u Ap.

Hnorna BHICKa3bIBAIOTCH COMHEHMsI O L1ejeco06pa3HOCTH
HCMOJAb30BAHUST CTEKJOXOJCTOB B KauecTBe (PHILTPOB Me-
JIMOPATHBHOTO ApEHaXa CO CCHIIKOH Ha 3amajlHOeBpONeH-
ckuit onelT. Ham HenssecTHbl paGoThi, Iie NMPHBOAHJIHCDL Obl
(bakTHuecKHe AaHHble, MOATBEPXKAalolllHe HENpHeM/IeMOCTb
CTEKJOXOJCTOB B KauecTse (puabTPOB ApeH. 3anaaHoeBpo-
nefickuil e OMNBIT CO CTEKJOXOJCTAMH H APYTHMH aHalo-
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THYHBLIMH MaTepPHaJlaMH, N0 HalleMy MHEHHIO (XOTa Mbl H
He 3HaeM Hay4HbIX pabOT MO 3TOMY NOBOAY), MOI OKa3aTh-
¢ HeylayHbIM To cJeAylouiuM npuyuHam. HassaHue «cTek-
JIOXOJICT» TOBOPHT TOJIBKO O TOM, H3 KaKOoro MartepHaja cie-
JiaH QUJILTP M OYEeHb MaJjo O ero CTPyKType u (pH3HKO-Tex-
HHYECKHX XapaKTepHcTHKaX. VI3 CTeK/SHHBIX 3/eMeHTapHRIX
BOJIOKOH B 3aBHCHMOCTH OT HX JHaMeTpOB, IJOTHOCTH yna-
KOBKH H NpPUMEHAeMOro cpssymoiero (uau 6e3 Hero) Mox-
HO CO3J4aTb (QHUJABTD ¢ 6OJBLUIUM KOJHYECTBOM OYeHb MeJ-
KHMX nop. Boaonponuunaemocts ero GyfeT BHICOKOM, 3alIHT-
nbie (OT MPoOCHINaeMOCTH FPYHTa) CBOHCTBa BeJIHKOJENHLIE,
HO OH ByzaeT oyeHb OBICTPO KOILMATHPOBAThCS B GOJbUIHH-
CTBE HeCBSI3HbIX FPyHTOB. Bo3abMeM Takoii npumep. IlycTb
AuameTpbl GpUALTPALMOHHBIX X0A0B Dy B CTeKJOXOJCTe KO-
qgebaoress B npefesax 0,08..0,12 mm. HenpocblinaemocTs
YacTHI, CKejeTa TFpyHTa uyepe3 TaKoH cTeKJ0xoJact obeciie-
YeHa MNpaKTHUECKH BO BceX TIpyHTax. Briuncaum Teneps
pasmepnl cy¢Gp(O3HOHHBIX YacCTHL, KOTOpHE 6YAYT CBOGOAHO
ApOXOAUTH uepe3 Takoil duastp. Ilo dopmyne (264) H Tab-
auue 33 uMeeM

Deiy=Do/1,1a,= 10_10% —0,0182 MM,

Deig= 1—"]‘—2 =0,0273 MM,

TO ecTh cyddo3uoHHBle yacTHUBE pasMepoM d;>0,03 MM
He OyAYT NPOXOAWTL uepe3 (HALTP M HeH3OEXKHO ero 3a-
KOJIbMaTHPYIOT.

Tenepb NOCMOTPHM: 2 KaKO# NMPOLLEHT BEPOATHOCTH KOJb-
mataxa? [lo xpaiiHe#i mepe AJusa ycaoBuit Bejopyccun Ta-
KHX HeCBA3HBIX I'PDYHTOB, KaK 3TO BMJHO M3 pHCYHKa 45,
nMeercs noytH 40%. 3HauuT, ecaAHM CTEKJOXOJCT HMeeT
0,08<CDy=<0,12, T0 o He GymeT COOTBEeTCTBOBaTb OoJiee
yem !/; HecBsisaHbIX TpyHTOB. M3BecTHhle Ham o6pasub 3a-
NajiHOeBPONEHCKUX GUIBTPOB H3 CTEKJIOXOJCTa HaMHOIO
TJIoTHee (MeHee NMPOHHUAeMbl AJist cy$H(HO3HOHHBIX YacTHL),
yeM oTeyecTBeHHble. B 3TOM co6CTBeHHO M 3akJioHaercd
NPUYMHA HeyJauHoro (ecjH OH AeHCTBHTE/ILHO €CThb) ONbITa
NpUMEHEeHHs] O4YeHh MJIOTHBIX (HUJILTPOB H3 CTEKJOBOJOKHH-
CTHIX MaTepHaJsioB B 3anaanod Espone.

N3 soinyckaembix B CCCP nan6onee npHemjeMbM B Ka-
yecTBe APEHaXKHBHIX (PHUALTPOB ABJAETCH CTEKJOXOJCT Map-
ku BB-AM. TlpeumyuiecTea ero cOCTOAT B XOPOIUUX 3aLUT-
HBIX (OT 3au/ieHMsi) CBOHCTSaX, NOCTaTOYHO BLICOKOH MpPOY-
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35, OnTumaabhbie cnoco6o! 3aUHTHI FOPUIOHTAALHOIO
prﬁqaroro APEHAXA OT MEXAHHYECKOro 3aujeHud

XapakTepucTHKAE rpyuTta

PeromeHIyeMbi¢ MaTePRAAb ¥ BAPUAHTH
yEAaZKH PuALTPOB

I‘mmu, TSXKeJbIC CYrJHH-
KH H THAXEJable CcYynecH

Cynecu u nbijieBaThic Cy-
PJMHKH

MeJH(OSCPHHCTble U neae-
BaThie neCKH

[MabByHbI

Cpeane- u Kpynuo3epHH-
CThie NMeCcKH

. Crekao-

. Crekaio-

. CrekJo-

HJH [OJHITHAEHXOJCT CHJOM-
HBIM CJ0eM BOKPYr Tpy6

. To xe, cnJowHo# JeHToil cBepxy Tpy6

(1a 2/; mepuMmerpa) NpH pasmepax BO-
AONpHEMHBIX OTSepcTHil B Hux He 60-
nee 3 MM

. MMecyano-rpasuiivasd cMecpr cjaoem >

> 10 cm, nopobpaHHasi U3 YCAOBHA He-
npocsnaeMoctTd QuabTpa uepes BOAO-
HpueMHeie OTBepcTHsi B Tpybax

Bo Bcex BapHaHTax HpHCHIKa GHJABT-
pa rPyHTOM K3 MaXOTHOrO CJOsi lla Bbl-
cory He meHee 20..30 cm

UM TIOJMITHJAEHXOACT CRJIOLI-
HBIM CJ1I0eM BOKPYr Tpyl

. To xe, u Topdokpoiika croem 4..5cM

cBEpXy .
TlecuaHo-rpaBuiinsie cmecH caoeMm >
> 10 cm, nopobpanHbie H3 YCJIOBHS He-
npockinaeMoctTh Quabtpa B TpPYOH

HJIH TIOJIMITHICHXOJCT CJOoLI-
HBIM CJioeM BOKpYr Tpyd

To xe, U Topokpomwika cioeM 4..5cm
cBepXy

B o6Goux cayyasix ApPUCBLINKA TPYHTOM
H3 MaxoTHOro cJost ia BbicoTy 15...
25 cM u HeMmeAJieHHAas 3acbiiKa TPaH-
gieit Ha Bcio raybuHy

CrekaoxoacT B 2..3 ca0s HJIH TIOJH-
STHJIEHXOJICT B OAHH CJofi BOKpYr Tpys,
npuchinka caoem 4..5 cm Topdokpoul-
KH M TYMYCHBIM TPYHTOM H3 MaxOTHOro
caosi Ha Boicoty 20..30 cM B HeMeA-
JCHHAA 3achllka TpawWilefi Ha BCIO Tay-
Guny

Creksio- MM HOAHSTHJIEHXOJCT CIIOLI-
HBM cjoeM (C mpoBepKoil YCNOBHi He-
KOJIbMaTHPYEMOCTH cypPosnonHbIMH
YacTHUAMHU)

. Bes ¢uabTpoB npu pasMepax BOJONpH-

eMiblX OTBepCTHi <C1.0 MM H HanH4du
B rpyHTe dYacTHu >>1 MM He MeHee
409%. Tlpuceiika rpyHTOM H3 HaXOTHOTO
caos



lTpoBoaxcenue

Pcl((})l(.‘}!,’ly(\\lhle MATePHAJdbt U BAPUHANTLI

XapakTepucTiKa rpyHra YKA2AKH GRABTPOB

Topdp Husuuusiii naothbii | 1. CTekao- MM NOJMITHACHXOJNCT CHJIOI-
(yex>90 «kr/mM3, R= HbIM CJOCM HJAHM TOJMBKO cBepxy (Ha
=35%) 2/; nepumetpa) TpyO6, NPHCHINKA CYXHM

TOp(OM H3 BCPXHErO CJ0Si MOYBH, He-
MejJieliHas 3acbllKa TpaHileil Ha BCIO
y6uny

2. CosioMa cBepxy CIVIOHWIHBIM clloeM ToJ-
uiHHOH OoJlee & ¢M B YRJIOTHEHHOM CO-
CTOSAINI, ApHCHINKA cyxuM Topdom u3
BEPXHEro CJ0s MOYBH, HeMeAJ/IeHHas 3a-
colika Tpaniiei

Topp uH3MuHW MaJoil CTeksio- uaM TOMUSTHAEHXOACT CIJOLI-
MAOTHOCTH  (Yer<< HbIM ¢JIoeM, MPHCHNKA cjabopa3ioXus-
<80 kr/M% R<<35%) winMca cyxum topdpom (R<<15%) cao-

em 10..15 cM, HemeAsieHHas 3aChiNKa
TpaHuleil 11a BClO rayOHHY

HOCTH, TpaHcnopTabenbHocTH ¥ AeweBusHe. Ho oGpaiuenne
CO CTEKJOXOJCTOM TpebyeT olipelleJleHHbIX Mep NpesocTo-
poxHocTH. Heob6xoanuMo pabounx oGecnedyuTnr oYkaMH, nep-
YaTKaMH, MapJieBbiMH NoBsidkaMmu. [IpH XpaHeHHH XOJCTHI
cjedyeT 3alUIaTb OT HAMOKAaHHUs, TaK KaK OHH TepsIoT NpH
3TOM NPOYHOCTb.

Pa3pa6oTanuble HelaBHO HOJH3THJIEHXOACTH HUMEIOT
NPaKTHYECKH OJHHAKOBYIO CO CTCKNOXOJCTaMHM (HIbTPaLH-
OHHYIO CMOCOGHOCTb, pa3Mmepbl NOp KOJAeOJI0TCH B TAaKHX XKe
npefienax. OnviTamu B. A. BopoHuoBa ycTaHoB/AeHa HX Bbi-
cokasi 3alluTHas crnocobHocTh. Hapsany ¢ atum noaustuien-
XOJICTBl NMPaKTHUYECKH JIMIIEHH BCeX MNEPeyHCJEeHHHIX Bbille
HEJOCTaTKOB CTeKJ0XOJACTOB. [IpOYHOCTL NOMHITHIEHXOJ-
CTOB Ha Pa3puiB B 5..7 pa3 Bblllie, YeM CTEKJOXOJCTOB, OHH
abcooTHO Oe3onacHbl B oOpalleHUH, He Pa3MOKAIOT, MO-
PO30CTONKH, 3MaCTHYHBI, OJHOPOJAHB Mo cocTtaBy. Co Bpe-
MeHeM OHHM JOJIXKHBEI CTaTh OCHOBHbIM MarepHalioM s
$uILTPOB MeJHOPaTHBHOrO ApeHaxa, Tem Oosee AJs mjacrt-
MaccoBbix TPy6. ¥YxKe pa3paboTaHa TeXHOJIOrMs HaHECEeHHs
[13-xoacTOR Ha TpyObl B 3aBOACKHX YCJOBHSAX OAHOBpEMEH-
Ho ¢ ux 3kcrpysueil. [Ipumenenne Tpy6 ¢ PuabTPo-06070Y-
KOH H3 MOJH3THJACHXOJICTA NO3BOJUT MOJHOCTbIO MEXaHH3H-
pOBaTh MPOLECCHI CTPOHTEJNLCTBA ApeHaXka, MPHMEHUTD HaH-
Gosiee mporpeccHBHble GecTpaHLUefiHblA M y3KOTpaHuleHHbIH
€nocoGHL.

12 A. U. Mypauxko 177
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B TabGauue 35 npuBeneHbl pekOMeHAyeMbie MaTepHAJbl
B KayecTBe (HUIBLTPOB ApEeH Y HauGosee NMpHeMJeMble CIO-
co0Obl MX YKJAAaIKH.

Ha npakTuke 3aUiHTy rOpH30HTaJbHOrO TPyGYaToro Ape-
HaXa OT MEXaHMYECKOTOo 3aHJIeHHs OCYILecTBJAIOT MO-pas-
HOMY B 3aBHCHMOCTH OT HMEIOIIHXCSl MaTepHaJOB U HX [e-
(HIMTHOCTH, NpHMeHseMbIX KOHCTpYKUMHA Tpy6, THna [Ape-
HOYKJAAOYHbIX MAIUHH, FPYHTOBBIX H T'HIPOreoIOrHYeCKHX
ycjoBHid. HacTo 3aluuTy KepaMHYecKOro ApeHa)a H3-3a
HeJlocTaTKa MaTEepHaJIOB BHINOJHSIOT MO cjeaylouledl cxe-
Me: Ha JHe TPaHIUeH PaccTHUIAOT CMJOLHYI) NOJOCY CTeK-
JIOXOJICTa WIHPHUHOH He MeHee 15 cM, Ha Hee YKJaAbiBalOT
TPyOH M 3aTe€M KaXX[bili CTHIK NMEPEeKPHiBAIOT NOJOCOH CTeK-
JgoxoJjcta wupunoi 10...15 cM U anuHo#, pasuoit 3D. Cnsomw-
Has 1oJoca yKAaAbiBaeTCsl aBTOMAaTHYeCKH, AJs 4ero Haj
CKJAH30M Kejo6a TPyOOyKJaAuuKa YCTaHaBJAHBAKOT 606u-
Hy MaTepHaJjia, a y3KHe MOJIOCH Ha CTHIKaX — BPYYHYIO.

HauGoJsee npuemaeMbl ¢ TOUKH 3PeHHs TEXHOJIOTHH, TPY-
fio3aTpaT, 3KOHOMHYHOCTH RBJacTMaccoBble [peHaKHbie TPY-
6 ¢ 06beMHBIMH HJIH TOHKOCJAOHHBIMH, OMIBTPaMH-060704-
KaMy 3aBOACKOrO H3roToBJeHHdA. B nepcmexkrtuBe oHu A0JIXK-
HBl TIOJIYYHTb MaKCHMaJbHOE pacnpocTpaHeHHe B TyMHIHON
3oHe. Heobxoaumo, ofHaKO, OTMeTHTb, YTO B peLIEHHH BO-
NpPOCOB 3aLUTH JpeHa)<a OT 3auJieHHs H ofecneyeHus Tpe-
6yeMoro ocywntTeabHOro sgdexra BecbMa BaXKHYI poab
HrpaeT TexHoOJOrHsi npoBeleHus pabor. Uacro cayuaercs,
YTO NpPaBHJLHO 3aNpOeKTHPOBAHHBII H KayecTBEHHO MNOCT-
pOEHHbLIi ApeHaXK He OKa3biBaeT AOCTATOYHOFO OCYLUHTE/b-
HOro JeHCTBYsI H B TO Xe BpeMsi TpPYGbl He 3aHseHbl BHYT-
pH; NpHYMHOH MoOXKeT ObITb HeNpaBHJbHAsi TEXHOJOTHS YK-
JajKH ApeHa}a, 0 ueM yKasblBajoch B riase Il

[Tonubii UM YacTHUHBIA BHIXOJ M3 CTPOSl TOPH3OHTAJMb-
HOro TpybuaToro JpeHa)ka HepeAKO NPOHUCXOAMT BCJEACT-
BHE 3aHJIEHHS €ro OTJIOXKEeHHSAMH XeJe3UCTbiX COeJHHEeHUH,
YacTO Ha3blBa€MOTO 3a0XPHBaHHEM, NOJA KOTODBHIM, KaK H
NpPH MeXaHHYECKOM 3aWJIeHHH, MOHMMaeTCs 3aKyNopKa Mo-
jocteil Tpy6, BOAONpHEMHbIX OTBepPCTHiHi H KOJbMaTax
GUIALTPOB NPOAYKTAMH JKH3HENEATEeJbHOCTH Xene3obakre-
puii M OKHCJIHTENbHBIX peaxkuuil. PexomeHayembie cnocoGul
3aluThl NpHBeAcHb B Tabauue 36.
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IF'TABA VII

YINIOTHEHHE N1 MUHEPAJIU3AIUA

OCYHUIAEMBIX TOP®AHUKOB,

JOJITOBEYHOCTH UX

1P CEJIbCKOXO3AANCTBEHHOM HCIOJIb3OBAHUU

1. ®akropsi, onpefenAwie HHTEHCHBHOCTh YIIOTHEHIA
n pasnokeHusn ropda

Ha HeocywenHom 6os0Te ypoBeHb FPYHTOBBIX BOA 66/b-
LIYI0 uacTL rofla pacrnoioxeH y NMOBEepXHOCTH, TBeplbie yac-
THIBI HAXOASTCS BO B3BEIIEHHOM COCTOSIHMH, AaBJEHUE MEXK-
Ay HuMH Hebosbuioe W Ha rayGuHe [ oT nOBerHOCTH BhIpa-
Maercs 3aBHCHMOCTBLIO

Pg= (A—Ao)l/(l _30)» (282)

rac A —naoTHocTs Topda; Ay — NJIOTHOCTH BOABY; €y — KOIPPHIHEHT
NOPHCTOCTH rpyHTa. Ilnsi HeocylieHHBIX HHU3MHHBIX TopdsanukoB A=
=1500...1650 xr/m3, g;=10...15.

Hasjenue Mexjay yacTuilamu Ha raybuse [=1 M co-
crasasier B cpegHem 400...600 ITa.

B ecrecTtBeHHOM (00 oOcyiileHHs]) COCTOSIHHH B Topdsa-
HHke npeofyajfaloT aHa3poOHbIe MHUKPOGHOJOrHYECKHE Npo-
LieCCHl, Pas/ioXKeHHe OCTAaTKOB PaCTHTENbHOCTH (MHHepaJu-
3alMsi) WAeT KpaliHe MeJJICHHO, NPeBaJUPYIOT NPOLECCH Ha-
KOTIJIEHUs] U KOHCepBAalLlM¥ OPraHOTeHHOH MOPOAbI.

OcylleHue u CeJbCKOXO35HCTBEHHO® OCBOEHHC §0JI0T
NPHBOJAT K 3HAYHTENIbHOMY OTHOCHTEJIBHO CTaOMJIbHOMY Mo-
HiKeHuio YIB ¥ pe3koMy H3MEHEHHIO CTaTHYECKOro Co-
CTOSIHUSE M HANpaB/JeHHOCTH MNOYBEHHBIX NPOLECCOB B TOP-
¢sanuke. Teeparbie yacTHLLl BepXHero, OCYLIEHHOro CJ0s
BC/EACTBHEC YCTpaHEHHs B3BELIHBAIOWEro YCHJNS BOAbI Bceil
cBoed Maccoii W Maccoil yaepXHBaeMOH MMM BOAbl AaBAT
na sixHuue. Tenmepb AaBjeHue MexAy TBEPAHIMH yacTHHA-
MH, pacnojoxeHHbIMH HHXe YI'B, P=vyh, rae y — obbem-
Has Macca rpyHra, h—ray6una YI'B. Ilpu noHuxeHuu
YPOBHS BOAbl Ha | M JAaBiieHHe MEXJY TBEPIbIMHM HacTHIa-
MH Ha 3Toll ray6uHe npu cpefihell o6beMHOM Macce Topda
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800...900 xr/m? cocraBasiet 8..9 kIla. 310 Ke AaBjeHHe Me-
penaeTcs Ha BCIO HHXKesexalyio tosiy Topda. Creaosa-
TeJILHO, AaBiacHHe yBeauuusaercs B 15..20 pa3 u o6yc/os-
JHBaeT ymioTHeHHe (ocafky) Bcefi ToJUIM TOpdsaHOH 3a-
JeXKH.

Bepxuue, ocyweninue ciaon topda npeicrapasior coboit
Tpexda3Hyio JHCNEPCHYIO CHCTEMY, COCTOSILYIO M3 TBEPABIX
YaCTHL, pa3JWyHOi GOpMbl I pa3MepoOB, NPOCTPAHCTBO MEXK-
Ay KOTOPbIMH 3aMOJIHEHO BOAO# H BO3AYXOM, 4TO 00YCJOB-
JIMBAET BO3HHKHOBEHHE KaNMJASAPHBIX chHa. Kanuaasphoe
Aapjenne Tem Ooablie, ueM O6o0Jbllle YJAajJSeTCss BOAB U
MeHplle pasmepnl 1op. B ocyirenHom Topde oHo aoctHra-
€T 3HAaYHUTeJNbHLIX BeJHYHII W CIOCOBCTBYET CONMMKEHHUIO uac-
THI, ynJoTHenHio 3aaexu. C JApyrofi CTOPOHHI, aspauusa
BEPXHHUX, OCYIUCHHbIX C/IOCB 3a/1€KH TIPHBOLHT K PE3KOM HH-
TeHCHPHKAUHH MHKPOOHOMOTHUCCKONR JIeATENIbHOCTH, 3aMe-
He aHaspoOHbIX NpoueccoB a3pobHbIMH, UTO BJEYET 3a CO-
0oit yCHJICHHIO® pa3jioXeHHe OPraHHYecKOro BellecTBa, Cro
MHHepaJii3auuio. Bmecto npouecca KOHCepBaLlHH OCTATKOB
pacTeHH HaYMHACTCS HHTEHCHBHOE paspyuieHHe OpraHuye-
ckoro BeuiectBa. CyulecTBeHHOe BJiHsAHHE Ha obOuiHe moTe-
PH OpraHHKH OKa3biBalOT BeTPOBas M BOMHAA 3PO3HA, Bbi-
HOC I[IHTATE/IbHbIX BCLIECTB PAaCTEHHSIMH, paspyilleHHe BOJO-
Kon npy, 06paboTke NOUBH H Ap.

CoBMecTHOC AEHCTBHE YKa3aHHbIX HPOIECCOB NPHBOLHT
K 3HAYHTeJILHOMY, 3aTyXalolileMy BO BPeMeHH YIJIOTHEHHIO
Bceil Toquiu TopdsiHOi 3anexu 1 6oablinM 6e3BO3BPATHLIM
noTepAM OPraHHYeCKOro BellecTBa. B xoHeuHoM uTtore TOpd
KaK BeElleCTBO HCUE3acT, XKH3Hb TOP(PAHON MOUBBI MpeKpa-
1aeTcs.

O ToM, uTO TOpQAHUK BC/EACTBHE OCYLICHHS H Ce/lbCKO-
XO034ICTBEHHOTO HCMOJb30BaHHS YMJIOTHSETCH, MHHEPaJsH3y-
€Tcsl ¥ B KOHEUHOM HTOre HcuesaeT KaK MOuBa, H3BECTHO
6bi0 ewe B npouiiom Beke. OJHAKO HUTEHCHBHOCTH IIPO-
LeCCOB YMJIOTHEHHS M Pa3/ioXKEeHHsl OPTaHOTEeHHOH MOpOiH,
GakTophl, OnNpeAeasioline HX, MoKa HU3yyeHbl HELOCTAaTOYHO
MOJIHO, a MHEHHS OT/EeNLHbLIX aBTOPOB BeCbMa Pa3HOPEUHBHL.
C. I'. CKOponaHoB OLEHHBACT A0JrOBEYHOCTb TOPPsiHO-6o-
soTibix nous B 400..450 ner, B. Credanc, B. Baiip,
A. B. CMHPHOB CYHTAIOT, YTO pa3pyllieHHe H HCUE3HOBEHHC
topda Mozxer npousoiitn 3a 40..50 Jget.

B cucuunanbHO JiMTepaType AaBHO YTBEPAHJCA TEpMHH
«cpaGotka» Topa, NMOApa3yMeBalOUlHA CpEefHee eXeroj-
HOE YMEHblUEeHHEe MOILHOCTH TOP(AHOro €J0si NOA BIHSHH-
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€M OCYILEHHs M CeJbCKOXO3AHCTBEHHOrO HCMOAb30OBaHHS 6O-
JoT. MMess nanHble 0 BenMuHHe CPaGOTKH, MOXKHO NPUEJIH-
KEHHO OUCHHWTb MOWIHOCTbL 3aJeXH Ha JA06oH NepHOX ee
IKCMJYyaTalUH U JOJITOBEYHOCTb TOPGAHO-GOJOTHOH NOYBHI.
OnHako M B 3TOM C/yuae MMEIOTCs CYyLleCTBEHHBIE PaCXOXK-
Ienusi. Ilo aannsim B. H. I'pammaruHa, cpabotka Topda
Ha Hosropoackom mnyHKkre cocraBasna 2.4 cMm/rog,
Y. X. Tombepr (1958) ouenusaer eeBl..2cM/roa. o He-
caeposanusam C. . CkoponaHoBa, cpafGoTka Topda Ha
MuHnckoii onbiTHONH GOJOTHOH CTaHUME B cpelHeM 3a 46 net
cocraBuna 0,5..2,04 cm/ron. CredaHc cBa3biBaeT cpaGOTKy
¢ ray6unoit ocymenusi. Ilpu stom ¥I'B B 0,3; 0,6 u 0,9 M
coorsercTByer cpabortke 1,5; 3,5 u 5,8 cM/roa. Mo coo6-
wenuio P. B. Danncona, cpaborka Topda B mrate ®jopu-
aa pocrurana 6,3 cm/rox. Tlpu 3Tom BeawuumHa cpaGoTKH
Topda He cBA3bIBAETCA € ero HaiajbHOH MOLIHOCTBIO M CTe-
[eHbI0 pa3sioXKeHHs, HHTEHCHBHOCTBIO OCYlleHHs, XapaKTe-
pPOM HCMOJAb30BaHMA NouBHl. [locKOJABKY yNJOTHEHHE U MHU-
Hepa/ausaius Topda — npouece, 3aTyXawlldid BO BpeMeHH
(puc. 55, 56) W HMKaK He paBHOMEpHBIH, OLEHKA CTeNeHU
ynioTHeHusi Topda (0caakH) W JOJTOBEYHOCTH ero no Be-
JuunHHe cpaboTKH BecbMa HEKOppekTHa. B 3Toil ¢BA3H MOXK-
HO cocsaTbesi Takxe Ha AaHuble M. H. OkyHeBoii, kotopast
yCTaHOBHJIA, UTO CpaloTka B MEePBbIE TOAbI OCYLIEHHR CO-
crapaser 2..4 cm/roa, yepes 10 ger —1,5...2 n cnycra 50...
60 sner —1...1,5 cm/roa.

PaccMoTpuM ocHOBHbIE ()aKTOpHI, ONpejesiollie BeJH-
HMHY M HHTEHCHBHOCTb YMJIOTHEHHS H MHHEDaJH3alHH TOp-
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Puc. 55. 3aBHCHMOCTb OCaaxu Topda OT BpemeHH (Mo
P. danaucony).
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¢a B mnpomecce ero ocyiue- 1-& otywseme ¢ ocyustrmue

HHSA. Hepaonputmﬂoﬁ 6y1leT ‘Aﬂummamtmam‘ywenuﬁll, nem
cTabuiapHOEe MoHHXeHHe YI'B 01w J0 4 0
nocje TNPOBEAEHHA OCYILUH- .l _J
TeJbHBIX MeaHopauuit. Mmo- . NPT
FOYMCJIEHHBIMH  HccaegoBa- 2 7z

HHSIMH YCTAHOBJIEHO, YTO MH- § SN
TEHCHBHOCTb YNJOTHEHHs W S48 - Tt P
pasjioxeHHs Topda Mponop- >
IIHOHA/JbHA BeEJHYHHEe MOHH- 12 3

XKenuit YI'B. Uem rayGxe on
OmyCKaeTcs, TeM GOJIbILe MaB-  pyc 56, 3aBHCHMOCTL OCAAKH
JE€HHe MexXAy 4YacTHUuaMH H ropda OT AJHTEALHOCTH OCYylle-
66nbinasi  ToOJINA OpraHuMKu wua (o P. drreascManny). I
NOABEpraeTcs HHTeHCHBHOMY — iyOuua ropda:

= H=172007 W  2—H=224%
MUKPOOHONOTHYECKOMY DPa3- 2008 m: 3 /I=3074001 n: §—
JIOKEHHIO H OKHcJeHuio. Be- #-3.62:015 m.
auynHa noHuXenus YI'B B
H3BECTHOH CTEeNeHH oNpejessieTcss HOPMOIl OCYILeHHs, KOTO-
pas, B CBOIO OYepeAb, 3aBHCHT OT HANpaBJeHUs CeJbCKO-
X039/HCTBEHHOTO MCNOJb30BaHUs Gosor. s Tpas, HampH-
Mep, HyXKHa MeHbllasg HOpDMa OCYILEHHS, YeM AJIS 3epHO-
BbIX M NpPONAaLIHbIX.

[Mox cenbckoxossiicTBEHHBIE YroAbsi OCYLIAIOT TOPQSIHH-
KH pas3jIMYHOH HayaJbHOH NJAOTHOCTH M CTENeHH Ppasjoxe-
HHS OpraHHueckoro BenlecTBa. QO6beMHasl Macca TBepAOToO
BeulecTBa § koJsebaercsa B npenenax 70...140 kr/m3, creness
pasmoxenuss R —15..40%. HHTeHcuBHOCTD pas3JyioKeHHA H
yNJIOTHeHHs1 Topda NpH NPOYHX PaBHBIX YCJIOBHAX B OCHOB-
HOM 3aBHCHT OT MCXOAHONl (O OCyllieHHs) CTeleHH €ero
rymudukauuu. Ycaosus 60J0To06pa3oBaHUs H BOAHOTO pe-
XuMa onpefensioT He TOJMbKO CTelNCHb DPa3joXKeHUST TOp-
¢a, HO U cTeneHb ero KoHcepBauuu. Ecan 60n010 6b1710 N0-
CTOSIHHO TepeyBJaXKHeHO H OTHOCHTENbHO MOJIO/0€e, TO CTe-
lieHb pa3JioXKeHWsi OpraHHyeckoro BellecTBa manas (10—
15%), uHeBennka u creneHs ero Koscepsauuu. Ecau B npo-
Lecce NJHMTENbHOrO pa3BUTHs 60J0Ta NPOHCXOAHJA MNEpHO-
Audeckasi NPOJOJIKHTeNbLHAs ero ocyiika (rayb6okoe onyc-
Kauue YI'B BcieacTBHEe H3MeHeHMs KJAMMAaTHYeCKHX YCJO-
BHfl), TO CTeneHp pasJjoxeHHs Toptha Buicokas (R —35..
45%) u BeJauKa cTenmeHL ero KoHceppauuu. B nepsom ciy-
yae ocBoeHHe 60J0Ta BjeyeT 3a co0o0il GLICTPYIO ryMUbHKa-
uuio ¥ GoJablioe YNJIOTHeHHWe Topda, BO BTOPOM — 3aMeh-
JICHRYIO. :
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B aroM achnekTe 3HAaUHTCALHBLIN HHTEpeC MpeACTaBASIOT
uccaenosanua M. H. Hukonosa 1 B. M. Muukunoit (1961)
(tra6a. 37).

37. Crenenb pasioxeHHa pasanusbix BUAOB Topda

Creitenn 3oanHocTh TToreps
pasaoxenns R, % z, % oprasuHte-
CKOTO
BeulecTrRa
Tun u sux vopda B % OT
XOA- epea xo1- depe3 | nepsona-
“c,,\;),';l 13...15 "c"‘:); 13...16 | waamitoro
aet aer cojepxa-
HHH
Bepxosoii, cdariosntii 3 21 3,17 6,56 50
> MCAHYM 15 27 2,60 3,13 40
» AYLIHHEBbIH 45 55 2,10 2,38 20
Husnuuelit, ocokoBblil 15 28 6,01 8,83 30

IIpouecc MuHepa/n3auuH HHTEHCHBHee HAET B Topde ¢
HI3KOIl CTeleHbI0 pa3JiOXKeHHs U 3aMejJieH B XOpOWo pas-
sgoxubulemcs. [lotepun opranuueckoro BellecTBa 3a 13..
15 netr gocturan 50% npu HauasbHOH MaJioil CTENEHH pas-
JIOXKEHHA OCTAaTKOB pacTCHHii W HAMHOTO MeHbUIe NPH Bhi-
COKOH.

HuTeHcHBHOCTD MHHEpaH3aLHH OPraHHYeCKOTo BellecT-
Ba Topda 3aBHCHT TaK¥Xe OT NMPHPOAHO-KIHMAaTHYECKHX yc-
JN0BHHA MecTHOCcTH. JKapkui ¥ Biaaxubiii kAHMAT cnocoberT-
ByeT Gojice GLICTPOMY PasJjoOXKCHHIO Topda, ueM XOJOAHLIH
1t cyxoil.

2, Pacuerst ocafxn Topdha mpH NPOEKTHPOBAHHI ApeHAKa

[TpoekTHpoBaHne ropH3oHTaJbHOTO TpPyOYyaTOro JpeHa-
)Ka Ha ocylwlaeMbix 60JI0Tax CBAI3aHO C pacueTaMH OCaAKH
Toptha. YNJoTHeHHe H MuHepaaH3auus Topda B mnpouec-
ce OCylleHHsi yMeHbliaeT rAyOHHBI KaHaJOB H [PeH, H3Me-
HAET YKJOHH APEHaXXHBbIX AUHHH. PacueTsl ocaiku Topda
HeOGXOAUMBL 1J1s YCTAHOBJIEHHSI NPOEKTHLIX TJyOHH 3aJn0-
KEHHA JIpeH M KaHaJoB, Ha3HaYeHHs1 MX NPOAOCJLHEIX NPO-
duneit, onpenenenns Gyaylero pesabeda NOBEPXHOCTH TOP-
¢auuka. OT NpaBUIbHOCTH pacyeTOB BO MHOIOM 3aBHCHT
HopMaJibHoe YHKLHOHHPOBAHHE CHCTEM.

Ynnoruenne (ocajska) Topda noj, BJAMAHHEM OCYLUEHHS
pacnpocTpaHsieTcsi Ha BCIO €ro rayOuHY — OT NOBEPXHOCTH
10 MuHepaabHoro aHa. IlpoucxoAnT Kak MOHHXeHHe Mo-
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BEPXHOCTH, TaK H ocajka JAHa Deadra om
aped. [lo rayOuHe ocanaka o5 2y , 4 8 121

pacnpoctpausiercs mepasho-  fz | W | FAFE 7
mepHo. Cnon Topda, pacno- 7T 1% J A/
NOXEHHble BbiIe ObiTOBOro f'ﬁ,-g T
YI'B, yuIoTHAIOTCA 3HauH- ‘?\:,’,5-7' — 15
TeJbHO GoJblie HHXHHX, OT- 20 Elrra i
HOCHTE/IbHOE YIUIOTHEHHE HX 2 iR A s

B 2..4 pa3za Buiie (puc. 57).
BenenctBre co3faBaeMOH  pyc 57, 3asucumocts ocaaki
ocyuHressimu genpeccHd YI'B  ropga or ero ray6uint u Guito-
MaKCHMaJbLHO nounnxaercs Bbix YI'B (smopui ocaakn):
. @ — o6bekT «TIoHs»; 6 — MOHOAHTIH
BOU3H ApeH, KaHajios, NO NelNe 2..4;  (t — ANHTEABHOCTL OCY-
3TOMY Ocajika Mo CTBOPY, NCP-  weunsi;  BI'B — GuroBoit  ropusont
Boant B TOpde).
NeHAUKYJAPHOMY K OCYILHTe-
.JIIM, paclpocTpaHsaeTcss He-
paBHOMEpHO. MaxcHMaJIbHBIX BEJHYHUH OHA JOCTHraeT B
npuKaHaapHOi 30oHe wHpHHOH 10..15 M, MHHHMAaJbHBIX —
nocpeAnHe Mexnay ocywurtensimu. Ilpu 3Tom ocaika Hapa-
cTaeT HepaBHOMepHO BO BpeMmeHH. BoJbuie Bcero Topd yn-
JOTHSIETCSI B MEPHOA NMPOU3BOACTBA CTPOUTEJbHBIX PaboT H
B MCPBHI roj nocje ocyueHus (taba, 38).

38. Ocapka Topda no ropam

CymMapiian OCaaka B CM 32

Onnithl

Tayduna topda,
BHICOTA MOHOAM
T4, M

YIB, M

1-it Mecsu

1 rox

2 roaa

3 roaa

4 roaa

Toneswie («ITousi») | 1,85 10,9..1,3| 134 [ 248 27,0 | 27,8 | 29,
JlaGopaTtophble 1,00 | 098 (10,1 [ 138 | 149 | 157 | 162

B 370 BpeMss NPOHCXOAHT IIOYTH HCKJIOYMTEJABHO Mexa-
nuueckoe ynjaorHenue (Aedopmauun cxenera topda) noa
AeHCTBHeM rpaBHTauMOHHBIX cua. Cnycra 1..2 roja napac-
TaHHe OCaJKH HAeT OTHOCHTEeJIbHO PAaBHOMEPHO C MeJJICH-
HbIM 3aTyXaHHeM H OuYeHL AJHTeNbHLIA MepHoA. 31ech yxe
NPeBaNHPYIOT TNpolecch MHHepaJu3allud OpPraHHYecKoro
BEINECTBA. YMeHblileHHe IMyGHHB OCYUIHTEeABHON CeTH HAeT
HenpephiBHO.
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OcuoBuble (aKTOpPH OCaAKH ~— MOLIHOCTL TOPPAHOIO
€101 ¥ MJAOTHOCTb, IVIyOHHA OCYIIMTENBHOW CEeTH, JJHTE/b-
HOCTb ocyuleHnsi. Jlas pacyetoB ocaaku Topda B pasHoe
BpeMs Obljl TMPEAJIOXKeH PsiJ NPeHMYHeCTBEHHO 3MIUpHYC-
CKHX (OpMYJ, OCHOBAHHHIX Ha (aKTHUecKHX AaHHbIX, Oc-
HOBHOH HENOCTAaTOK HX — HFHOPHPOBaHHe (aKTopa AJHTENb-
HOCTH OCYUIEHHS] W NMPOCTPAHCTBEHHOH M3MEHYWBOCTH BEJH-
YHH OCaJKH.

Ocanka noBepxHocTH GoaoT. Beaeactsue TOro 4ro Ha-
pALY ¢ yMJOTHeHHeM HPOHCXONHT M MHHepaJH3aluus opra-
HHYEeCKOTr0 BelLecTBa, pacyeT OCaAKH TOPDAHON 3a/iexn Ha
NNHTEAbHBIH NepHOA OCyIIeHHsi HesJb3s paccMaTpHUBaTh Kak
YHCTYIO 3aAa4y MeXaHHKH rpyHToB. [losieBHe u salopatop-
uble uceaeaoBanus (Mypawko, 1960) nokaszanu, 410 Npo-
lecC OCajKH MOBEPXHOCTH TOPPAHHKA NPH CrO OCYIIEHHH
MoxeT ObiTh OMHcaH AHQdepeHUla bHBIM YpaBHEeHHEM

— 9 _yhH, (283)
dt
dH
rae — 7— cKopocTb ocaixH; Il —ray6uua Topda; h —raybuna ocy-

wutenei; ! — Bpemsi; A — «NOCTOAHHAA OCaZKH»— K03(hHIHEHT, 3aBH-
csuiuil oT ¢u3ndeckux cBoiicTB Topda.

I'. Bepru (1959) onyOnukoBas aHaJOrMYyHOE YpaBHe-
HHe, HO Ge3 yueTa h.

B pesyabTate HHTErpHpoBaHus ypaBHeHus (283) u wuc-
nosib30BaHus (akTHYeCKHX AaHHHX NO ocajke Ha GosoT-
HbIX MaccuBax DBesopyccunm u DCTOHHHU MOAyyeHO

Su=AHo{l—exp[—N(a+bl)]}, (284)

rae S; —ocaaxa NoBepXHocTH GosoTa y OpoBOK KaHanaoB u BOAH3
ApeH, M; h— rny6Guna KaHasa, ApeHb, M; ! — ANHTeNbHOCTb OCYIUEHHH,
ser; Ho— HavyansHas ray6una Topda, M; A — KoadHIHEHNT NIOTHOCTH
Topda, 3aBHCSWHA OT o6beMHoll MaccH TBEpAOro BeilleCTBa; & — KO3¢-
GHIIHEHT CKOpOCTH OCafKH B MepBoM roAy ocyilienus, 1/m; b — 10 XKe,
B Nocaeayloiiye oAb, 1/mM-roa. .

KoadbduuneHtsl a u b npeactaBasiorT cofoil 30HaJbHLIE
NpHPOAHO-KJIHMAaTHYeCKHE XapakTepucTHkH. s ycuosuil
Benopyccuu, Tpubantuxku v Heueprosemuoii 3onet PCOCP
a=0,07 1/m; b=0,006 1/m-roa.

Koadduuuent niotHocTH Topda A onpenensioT 0 Cpe-
HeB3BellieHHOH BeNHuHHe OOBEeMHOH Macch TBepJOro Bellle-
cTBa Topha MM €ro ecTecTBeHHOH BaaxHocTH W u crene-
HH pasJjioKeHus R (puc. 58).
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Ias npakTHyeckux pacye- s -
TOB Mo ypaBHeHHI0 (284) ne- § 62
06X0ANMO HMETb JaHHBIE IO i” i} Hemencns ;,
ray6uHe Topda, OO6BEMHOH S NNEHpne B HeS
Macce TBepAOro BelllecTBa H & Aore b H, <
3ajaTbes MIyGuHOM npeH, Ka- & [ 52 *” HH §
HaJIoB, ofecneynBaiolleil Tpe- 5} K;;i en nasts ]
OyeMyi0 HOPMY  OCYILEHHs. t"j SRS St
IMapamerp ¢ BHIGHpaloT, HC- & r%---j;F-—{ri«ﬁ#%‘ RN
XOAR W3 YCIOBMH OCYWeHMs, & yps g57 gga qn 45 25 47 %
CPOKOB PEMOHTa HJH MNepe- § Ubsennan muccn mbepiozo

ycrpoiictBa cetH. J[aa 3a- pewecmba mupps 8 ien’
KPBITOTO JlpeHa)a peKOMeH-
Lyercsi { NMPUHHMATb PaBHLIM PHC‘ATg& fj&ggrg?;ma “de;@;!(;
NOJIOBHHE CpOKa MO KaMu- ‘T*(‘)‘;qm A=f(5, HW, P}Q)H SHHHO
taasHocTH (20...25 ner), nas
KanauaoB {=5...10 aer (o Ka-
[IHTANBHOTO PEMOHTA HJH NepeycTPOHCTBA Ha JpeHaX).
YpaBuenue (284) cnpaBefsiMBO AJisI HH3HHHBIX GOJIOT
npu (=1 npH OCyLIEHHH HX TOPH3OHTaJbHBIM TPybuaTHM
APeHaXKeM MJIH KaHalaMH ¢ ObLITOBHIM TFOPH30HTOM BOJBL B
HUX ho<<40 cM. Ecau ho>40 cM, To B HeM cielyeT yMeHb-
UIHTh TAyOHHY KaHaja h Ha BeJHYHHY 3TOTO NpeBbIILEHHS.
Hanpumep, npu h;=2,5 M u hy=1 M B ypaBHeHue (284)
caelyet noAcraButs h=25— (1—-0,4)=1,9 m.
3T0 ypaBHeHHE MOXHO HCNO/b30BaTb H AJSI PacyeToB
OCaAKH TMOBEPXHOCTH TepexoAHbix Gosor, npuuss a=0,065
u b=0,009. Onnako pesysbTaThl cjAelyeT CYHTATh NMpHOAH-
MEeHHBIMH BBHAY TOrO, 4YTO 3TH KO3(pGHUHEHTH MOJYYCHB
na OcHOBe HeOOJIbILIOTO 3KCNEPUMEHTAJbHOTO MarepHaja.
[as pacueToB ocalKH NOBEPXHOCTH BepXOBHIX GOJOT

BOAM3M KaHas0oB M ApeH npumeHuma (opmyna I'. Beptua
{1959)

Ss=Ho[l—exp(—a\t +b,12)], (285)
rie @y H by — KoabPuUNEHTH, ofipeaeaseMbic MO 3IMIOUPHYECKHM 3a-

BHCHMOCTSHM
a,=0,1486/0%92%; b, =0,00492/50.00926,

YpaBuenne (285) cnpameanuBo npu (< 15 zer u ray-
6une ocywenusi 1,1 M, yTO NpPHUMEPHO COOTBETCTBYeT IJYy-
6une xauasoB 1,4..1,7 M u 3axkpeiToix aped — 1,2...1,4 M.

Ocaska aHa ApeH M KaHAJOB, MPOEKTHAA IIyOMHA HX.
B npouecce ocyurenusi 60707 YIJIOTHsSIeTcst BCS TOJLla TOP-
¢sHoro MaccuBa. Bmecte ¢ TeM BepXHHe, OCyIUEHHbIE CJIOH
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YIJIOTHAIOTCA ropa3fo Goabiie HuxHuux. [lostomy nocrte-
NeHHO YyMeHblllaeTcsl TaAyOHHAa 3ajl0XKeHUs1 JpeH (KaHa-
JIOB), TOPH3OHT BOAB NpHOJHXKaAeTc K MOBEPXHOCTH 60J0-
Ta ¥ MOXeT HACTyNUTb MOMEHT, Korja He Oyler ofecneyw-
catbcsi Tpebyemas HopMma ocyiueHHs. [Ipu peakom Hame-
HCHAM TAYOHHBL M NJOTHOCTH Topda NO TpaccaM ApeH U
KaHaJioB BCJEACTBHe HepaBHOMEPHOCTH OCafikH Topda 3Ha-
YHTEJABHO HCKaXKaloTcs UX npojoJsibHbie npodusan. JlHo ApeH
CTAHOBHTCS BOJIHHCTHIM € OOpaTHBIMH YKJIOHaMH; 006pa3sy-
I0TCSl 3aCTOM BOJH, CNOCOGCTBYIOLIHE 3aH/IEHHIO [PeH H 3a-
pacTaHuio KaHaJoB. [lis mpefoTBpalleHHsl YKa3saHHBIX IO-
C/JAeACTBUH HeOOXOAMMO BHOOD Tpacc OCYIIMTE/DLHbIX ApPEH
H KaHaJJOB M HasHayeHHe MX NPOAOJbHLIX Mpoduieil Ipo-
II3BOAHUTL ¢ yuyeToM Oyayuiedl ocaaxku Topda HHXe HX JHA.

Bennuuna ocallku AHa ApeH H KaHaJOB 3aBHCHT OT MOLI-
HOCTH HMXKeJsexkaulero cjosi Topda, rayOulibl 3aj0XKeHHs
ocyuiHuTesedl, NJOTHOCTH Topda H BpeMeHH. B3ammocsaAsb
MEXAY CKOPOCTbIO OCAaJKH M YKa3aHHbIMH NapameTpaMM Bbl-
paxaercsi ypaBHeHueM (Mypauiko, 1961).

—dHyJdt=\hHy,, (286)
rae Hy=H,—h —ray6una Topda HuXe AHa ApeH.

B pesyabratre MHTerpupoBaHHs 3TOrO ypaBHElMA H HC-
noJib30BaHuA (PaKTHYECKHX LAHHBIX 1O OCajKe APEH Ha HH-
3uHHbIX 6os0Tax Besopyccun v dcronnu nojayyeHa caeyio-
utasi 3aBHCHMOCTbD:

Su=A(Ho—h) {1 —exp[—h(c+dt)]}, (287)

rie Sy — ocaaka AHa Apen (kananaos), wm; ¢ i d— Ko3bpHIHEHTH
csopoctu ocaaku (¢=0,021 n~'; d=0,005 m~'-ron~').

Pacuernbie 3Hauenusi napamerpos A u { BubHUpalOT Ta-
KHM Ke o0pa3oM, KaK U NpH BbIYHCJIEHHH OCalKH NOBEpPX-
HocTH 6oJioT. YpasHeHue (287) cnpaBemnuBo npH (Ho—
>0ut=1

Ocanka Ana Apen Bo3pacTaeT ¢ yBeNHYEHHEM HX Fay-
GMHB M MOINHOCTH HHXKejexaiero cjios Topda. Ecan yk-
JI0H JipeH Ha3HayUTb OOpaTHBIM YKJAOHY MHHEPaJbHOro AHa
6osota, To raybuHa topda B ycThe OyleT MmeHbule, YeM B
HCTOKE, M BCJEJCTBHE Pa3sHOH OCajKH YKJIOH JAPEHbl MOXeT
cTaTh OTPHLaTeNbHBLIM Ha BceM NpoTsixkeHuu. Beuay storo
¢lelyeT MpOeKTHPOBaTb YKJIOH APeH MO YKJIOHY MHHepaJb-
Horo AHa Gojorta. Ecau Xe yxaaaka JpeHaxa ¢ YKJIOHOM,
o6paTHBIM YKJOHY MHHepajabHOro ana 6GoJsiorta, HeusbexHa,
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TO CICAYET yBEJUUUTL €ro Ha OXKUAAEMYIO Pa3HOCTb OCaAKU
HCTOKa M ycTbsi ApeHbl. [lnsi pacueToB HCMosib3ylOT ypas-
nenue (287).

Llenecoo6pasHo apenakuble aunum B miate pacnoJia-
faTb MOA OCTPHIM YIVIOM K H30JIMHHSIM MHHEPaJNbLHOTO JlHa
Gonora. B atom cayuae ray6una TOpda B ycThe JPeHbl OKa-
Xercsi 6oJble, YyeM OCTaJibHOM 4yacTH, H ocajaka 6yjer cno-
COGCTBOBATL YBeJHUEHHIO YKJIOHA.

_TlpoekTnas ray6uHa Apen W KaHaJOB AOJKHA GBITH Ta-
KOH, 4TOGHI Moc/ie ocafKu Topa obecrneunsanach Tpebye-
Masi Hopma ocymieHusi. ITockosbky B npouecce ocyuiennus
TIPOMCXOAHT OcajKa KaK NMOBEPXHOCTH 60JI0Ta, TaK H Ana
APEH, 3TH BEeJIHYHMHBI CJACAYeT YYWTHIBaTb OTAenbHO. Ocanka
MOBEPXHOCTH 60JIOTa yMeHbIiaeT TIMy6HHY OCYLIHTeJbHON
CETH, ocajka HX AHa — ysesnuuBaeT. [103ToMy npoekTHYyIO
TIyGHHY oCyIIHTenel ONpenesiOT N0 3aBUCHMOCTH

hnp=hrp+8n—sl{, (288)

rae Rqp — TpebyeMasi TeXHHYECKMMH YCIOBHSIMH TJyOHHA oOcCylluTeseil
nocae oCaaK#H Topda.

PacueTsl BHIIOJIHAIOT METOAOM MNOCJe0BaTebHBIX INIPH-
6nnxennit. [IpoexkTHylo ray6uHy [peH W KaHasioB BhiGHpa-
I0T B COOTBETCTBHH CO CPOKaMH KaNHTaJbLbHOCTH COOpYykKe-
uuii. K pacueTHoMy nepHoay ray6HHa OCYIIHTEJBHON CETH
Jo/mxna obecneyuBaTh HeOOXOAMMOE NOHUXKEHHE I'PYHTOBOHU
BoAbl. ['opusoHTanbHbIA TpybuaThifi JpeHaxk cjaeayeT 3a-
KJAaAblBaTb ¢ TAaKMM pacyeToM, YToOBl K KOHLY CpOKa Ka-
NUTaJbHOCTH Ty6HHA ero OT NOBEPXHOCTH Oblja He MeHee
0,5..0,7 M, uto o6ycJoBJieHO, ¢ OAHOH CTOPOHBI, TpeGoBa-
HHSIMH MeXaHH3HPOBaHHOH 06paboTKH MOUBLI, a ¢ ApPYrod —
riayOMHOH Npomep3anus Topda.

Pacuernl ocafku NpM PEKOHCTPYKLUUH OTKPLITOH CETH Ha
3aKpbITbii TOpM3OHTAJBHBIH ApeHax., Ha mnepeyBJsaxHeH-
HBIX, HMEIOUINX MaJylo IJ0THOCTh Topda H paHee He oOCy-
waBmuxcsl 60JI0TaX CTPOHTEJbCTBO TOPH3OHTAJbHOIO TPYO-
4aToro JpeHaxa 06e3 NnpeJBapHTENbHOTO OCYLIEHHS BO MHO-
FHX CJyyasix MpakKTHYeCKH HeBO3MOXHO. I'myGokue (Gogee
2 M) 3ajexu, AalOLHe Mocae ocylieHHsi GOJBIIYIO OCaAKY,
HCOOGXOAMMO NpeABapHTE/]bHO OCYWIMTb OTKDHITOH CETblo, a
CIYCTSA HEKOTOpOe BpeMs PCKOHCTPYHpPOBaTh €e Ha ApeHaX.

ITpuBeneHHBle METOJABl pacueTa OCaJKH CNpaBeiJNBHI
IJia BrepBble ocylmlaeMBIX 6OJOT, W NpsAMOli NepeHoC HX Ha
PCKOHCTpYHpYyeMble OOBeKThH MOXeT NpPHBECTH K 3aBbliie-
HHIO pacyeTHbIX FAYOMH MEJHOPAaTHBHOW ceTH.
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Lnumensnocms ocywenus MakcuManibHas MHTEHCHB-

toym HOCTb OCaikH Topda Habiro-

tp fxan AaeTcs B MepBbil roa mnocae
IPOBEJIeHHsT  OCYIIHUTe/NbHBIX

§§ g pa6oT. JlJHTeNbHOCTH Tpel-

S i <) BapHTENLHOrO OCYILUeHHs TOp-
(ACBEDAHOEMG ] GaHMKOB AN nocaeAyolled
g‘;{ Joromz | of V¢ 3aKnadk¥ JApeHaxa OGBYHO
5 T = NPpHHUMAIOT He MeHee 3 JieT.

\ cadra_dua dpews: JpeHaX, nNpoJIOXKeHHBI Ha

NpeABapHTENbHO OCYLIEHHOM
OTKpHITO# ceThi0 TOPPAHHUKE,
Puc. 59. Pacuernas cxema MeHee noJBepxeH Jedopma-
S=f(t). UMM, MeJJieHHee yMeHblla-
erca ero raybuHa B nocJje-
AywouieM. KpoMe TOro, yayyiialoTcsi YC/IOBHSI CTPOHTEJb-
CYBa, YTO crnocobcTByeT Gosiee BHICOKOMY KauecTBY paGorT.
Ha pucyHke 59 cxemaTHYecKH NpeiACTaBJeH XOJ OCafikH
foBepxHOCcTH 60J0Ta W AHa ApeH Bo Bpemenu. [Ipeanoso-
XHM, YTO JApeHaX TJyOHHOH Ayp 3aKJaAbIBAIOT CNYCTH lnp
nocje ocyllieHHs KaHaJjJaMmH. 3a nepHoj ero palboTH, Ha-
npuMep fxan, OH GyJdeT MMeTb rayGuHY hrp. Ho, oueBunHo,
3Ty Xe riay6HHy OyleT uMeTb H ApeHaX C HayajbHbIM 3a-
ray6aenueM h, 3al0XeHHBIH Ha HeocylleHHOM G6oJioTe, HO
32 Nepuol tmp+fkan. CilefloBaTeNIbHO, 3aK/MaJKa ApeHaxa
ryOHHOH hpp cNyCTA fgp JIET MOC/E NEPBUYHOTO OCYylEHHS
paBHOCHJIBHA 3akJjajKe JpeHaxka FJIyOGHHOH A Ha ygacTke
6e3 nmpeABapHTENBHOFO OCYUIEHHS HJAH OCYIIEHHOM OTKpHI-
TOH ceTpio ray6uHoit hy=h+hy+0,3 (0,3 M — npeBniile-
HHe YCTbfl JPEeHBl WM KOJJEKTOpa Haj OHLITOBHIM TOPH30H-
TOM BOABLI B KaHaje hg). M3 pucynka 59 MoxHO 3anucaTb
hop="Hhrp+ Snxan— Snxan HIH

hop=hap+ (Sncym—Snmp) — (Sgeym—Snup),  (289)

rae hgp — ApoeKTHast rayGuHa RpeH, 3aKJajsiBaeMHX Nocje NpeABapH-
TEJbHOTO OcCylleHusi TOphAHHKA OTKPHTOH ceTblo; hrp — TpebycMas mo
YC/AOBHAM CEAbCKOXO3SIICTBEHHOTO HCNOJb30BAHHA TEPPHTOpHH TayGH-
HA ApPeH K KOHIY CpoKa HX KanHTaAbHOCTH fxan; Sm,np — OCafKa Io-
BepxHOCTH GoJI0OTa 3a NEepHOA MNpEABADHTENLHOTO OCYHIEHHs fgp TpH
riybune Kaunala hx=h+ho+0,3; Sppp—TO Xe, ANA JAHA APEHH;
Sa,cyn — CyMMapHaa ocajKa NoBepxHocTdH OGosota  3a NepHOA feym=
=tpp+lxan; Sgecym — TO XKe, AN AHa APEHH.

S nan

2

Pacuer BHIMOJHAIOT B TaKoil nocienoBaTenbHocTH. CHa-
yaja no ¢popmyaam (284) u (287) maxoAar ocaKy moBepx-
HOCTH Topba M /AHa KaHajla 3a NEPHOJ NpPeJBapHTENbHOTO

190



ocylleHHsl, IPHUHHMAs 3a HCXOAHble napametpoi: A, Hy, h=
=hx—hy—0,3; typ. 3aTeM mo TeM ke PopMysiaM HaXOAAT
0CaJKy NMOBEPXHOCTH TOpda H AHA ApPEHbl 3a MepPHOA fxan M
tup, CUMTasi, 4TO JAPeHaXX YCTPaHBaeTCss Ha HeOCYUIEHHOM
6onote (A, Hy, ftcym, hup). PacueTnas ocajka moayuaercs
KaK pPa3HOCTb 3THX BeJHYMH.

Usnoxennuili meTon pacyera mnossonasier Ha 10..159%
COKpaTUTb 00beMbl 3eMJisiHBIX paboT MO 3akjaajke ApeHa-
Xa 10 CpaBHeHHIO ¢ pacuyetamMu Ge3 yyera AeHCTBHA npel-
BapHTENLHOTO OCYLIEHHUS.

3. JToaroseanocts TOPPAHO-GOTOTHHIX HOYB

Kak ykaaelBa/ioch Bbillle, BCJIEICTBHE YNJIOTHEHHS H MH-
Hepaau3auuH TOpda NpH OCYLIEHHH U AJIUTENbHOM CeJb-
CKOXO3SIHCTBEHHOM HCM0Jb30BaHHH MOLLHOCTL 3ajieXH Mo-
CTOSSHHO ¢ 3aMe[JIeHHEM YMeHbllaeTcs, MOBEPXHOCTb MOU-
BHl NPHONHXKAaeTC K MHHepa/JbHOMY AHY 60J0Ta M Hacty-
1aeT MOMEHT, KOrAa XH3Hb TOP(PHO-60JOTHON MOYBH, KAk
cnenrdHuyeckoro THna npexpaiyaetrcd. Cuutaercs, 4To NpH
MOUIHOCTH Topda B OCyUIeHHOM cOCTOsiHUM Menee 0,2 M
noyBa MoXeT ObITb OTHECEHa K KaTeropHH MHHepaJbHLIX. Be-
Gep mucaJs, 4uro 60JOTO — 3TO MECTHOCTb, Ha KOTOPOii 3a-
JEeraloT TNOBEPXHOCTHO HAa 3HAYHTEJNLHOM INPOTSXKEHMH Fy-
MycoBHie NOpOAb, OefHble MHHEpPaJbHEIMH BelleCTBAMH,
HMeiolllHe B OCYLIEHHOM COCTOSIHHH MOILUHOCTb He MeHee
20 cM. Ity BeanynHy (Hmm=0,2 M) MOXHO NpHHATL 32
npeae, HUXe KOToporo TopdaHO-60J0THas floyBa BCJE-
CTBHE YNJOTHEHMs H pPas3JioXeHHsi OPraHUYeCKoro BelecT-
Ba B TMpolecce OCYIIeHHUS H CeJbCKOXO3SHCTBEHHOTO HC-
noJib30BaHHUs npexpaimiaeT cBoe cyuiecTBoBanue. Ilpasia,
noyYBa, KakK OGBEKT CeNbCKOXO35HCTBEHHOrO HCNOJIb30BaHHUS
tie McyesaeT, HO OHa OVJeT, yKe KayecTBeHHO Apyroit (1acto
MeHee MJIOAOPOAHOH), Tpebyouielh UHbBIX NPHEMOB 3eMmJele-
JIHsl.

Ons onpenejenus (NpOrHO3MPOBaHHS) [AONTOBEYHOCTH
10pdsiHO-60JOTHEIX ROYB McHoJb30BaHu (Mypamko, Byt-
I'yvcanmM, 1976) npuBefeHHble Bhillle 3aKOHOMEPHOCTH OCaj-
ki Topda. Ocanky noBepXHOCTH 00JI0Ta MOXHO MpejcTa-
BUTb KaK Pa3HOCTb HauaJsibHOM M Tekyuie# rayGuHbl topda
Su=Ho—H,. Torma pas pacuera AOJIrOBEYHOCTH

Ht=Hmin H Sn=Ho—Hmlny (290)

rae Huwin — MHHUMaNbHAA MOWIHOCTE TOpda, HHXKe KOTOpOi TopdsiHo-
6o/10THAA MOYBa IPEKPAlaeT CYUleCTBOBAaTb KaK PA3HOBHAHOCTL MOYBDLL

191



C npyro#t cTOpoHH, CBA3b MeXAy IIyOHHOH Apen (ka-
HaloB) M CpejlHeH 3a BereTauHOHHBIH MEPHO] HOPMOH ocCy-
mweHHuss 6010Ta MOXHO BBIPa3HTL 3aBHCHMOCTBHIO

2=h—4¢, (291)

rge 2 —HopMa ocylieHHs (IpH HCNOJb30OBaHWM TOpdsinMKa NOA Jyro-
Bole KyabTypst 2=0,7..0,8 M, noa 3epuo-nponamiubie —2=0.9..1,1 Mm);
¢ — cpeaHee mpeBbllleHHe KPHBOH AeNPeccHH Haj AHOM KaHana (ApeHbi),
pasHoe 0,2..0,4 M.

[oncrasue suauenus (290) u (291) B dopmyay (284)
H pa3pelliiB €€ OTHOCHTEJNbHO f, MOJYYHM 3aBHCHMOCTD,
ONpEeeNsIoILYI0 JOATOBeYHOCTE TOP(AHO-60M0THO! NOUBH

ln(l— Hu—Hmin
AH,
b(z+¢)

B Tabauue 39 npuBeneHbi BbluKc/JeHHbie Mo dopmyJe
(292) 3naueHuss AONTOBEYHOCTH TOP(DSAHO-GOMOTHOH MNOYBHI
NpH pas3nMYHBIX HCXOAHOH MOULHOCTH, MJIOTHOCTH Topda H
HAaNpaBJEHHH  CEJIbCKOXO3AMCTBEHHOTO  HCNOJIb30BaHHSA.
B pacuerax npusarto: z=0,75 M NpH HCNOJL30OBAHHH OCY-
lieHHOro Top(sfiHMKA NOJ JIyroBble KYJbTYphl H 2=1M —
oA 3¢pHOBHE M nponauHbe; Hnin=0,2, ¢=0,3 M; ko3 dn-
LLHEeHT NJOTHOCTH A onpefesieH No pUCYHKY 58 Kak PyHK-
uusi 06beMHON Macchi TBEpAOro BeulecTBa §.

)+a(z+é)

(292)

39. Noaroseunocts TOpHhAHO-60AOTHON NOYBDE

CpeiHece exeroauoe
LoaroseunocTn yMeHbleH e 0%
. o TOph s110-60A0THOH topda (cpabotka),
g ) nousst (£, ACT) Npu CM/rod, MPu UCTOAL-
o= g 53 £ MCOAB30UBAHHY NOA 30BaHUK ROR
ez w0 s
~ 3 ® o e
g E. £5.c 5’22 Tpanul :cls)::r?:'u?— 3epHIBLIE
g o €es | (2=0,75m) nbie Tpask | M mponaiu-
e | 82E | & =i
0,5 80 2,6 30 22 1,7 2,3
0,5 100 1,6 63 43 08 1,0
0,5 120 1,1 112 83 0,4 0,6
1,0 80 2,6 45 36 2,2 2,8
1,0 100 1,6 a8 77 1,0 1,3
1,0 120 1,1 206 155 0,5 0,6
2,0 100 1.6 120 95 1,7 2,1
2,0 120 1,1 258 207 08 1,0
3,0 120 1,1 288 231 1,0 1,3
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PacuyeTsl NOKasbiBalOT, YTO AOJTOBEYHOCTb TOP(PAHO-60-
JOTHBHIX TIOYB MOXeT Ko/ie6GaTbCsl B OYEeHb MIHPOKHX Ipeje-
aax (ot 20 no 300 ner u Gosee). HicnoaszoBanue topds-
HHKOB M0 JYrOBhle KYJbTypbl NO CPaBHEHHIO C NpOMNail-
HBIMH CNIOCOGCTBYET YBEJIHYEHHIO HX JOJIFOBEYHOCTH B Cpef-
HeM Ha 309%. doaroBeyHoCTb MENKO3aJEXHbBIX MaJollJoT-
HbHIX TOD(AHHMKOB NpPH BHIPAIIHWBAHHH 3€PHOBLIX H Mponall-
KHX KYJbTyp He npebbiiaer 25..40 ner, no3Tomy npeano-
UTHTEJIbHO HCNOJb30BaTh HX NOA TpaBbl. OQHAKO NepBOHa-
yaJbHOe NNOAOPOAHE TAaKHX TOPHAHUKOB HOBOJLHO HH3KOE.
Ilng nosbllleHus ero caeayeT B mepBole 2...3 roja co3aaThb
YCJAOBUA AJIf YCKOPCHHOHN ryMu(uKauuy u ynjoTHEHUS TOp-
$a, a 3aTem Kak MoXHo Gojblle 3aMefJHTb 3TH Npoiiec-
Cbl, TO €CTb PEeryJHpoBaTb CKOPOCTb pa3jioXKeHH# oprauu-
YECKOro BelliecTBa. DTo MOXHO cAeJlaTh yacTodl u ray6okoi
BcrallkoH B mepBble 2..3 roja, NoceBOM OBca M BHKO-OB-
CSIHOM cMecH, BHeceHHeM OGOJIbLIMX 03 MHHEpaJbHBIX yA0O-
peHuit U HU3BECTH.

ITo ucTeyeHuy ykasaHHOTro cpoka TOp(DSIHUK ciaelyeT Hc-
MOJb30BaTh MOA JYTOBBIE KYJbTYPHI.

Bhifop HampaB/ieHHsT CeJIbCKOXO3AfCTBEHHOrO HCMOJb-
30BaHHS OCYLIEHHOTO TOPQSHHKA TOJNBKO IO OJHOH HCXOA-
HO#l ero mMoumHocT (npu Hy<{1 M — mOA CEHOKOCH U nacr-
6uia, npu Hy>1 M — noj 3epHoBble ¥ NponauiHbie) HeMb3si
CYHTATh AOCTaTOYHO oOfGocHOBaHHBEIM. Topd Majsoil Moil-
HOCTH, HO NJIOTHBII MOXeT oKa3aTbcsi 60Jiee AOJIOBEYHBIM
NPH HCNOAbL30BAHHH NMOJ 3€pHOBBLIE M NpOoMNalliHbie, YeM IJy-
6OKHil, HO MaJOMJIOTHBI NPH HCNONb30BAHUM MOA TPaBHL.
Hanpumep, npu Hy=0,5 M u §=120 kr/M® npu Bbpaliu-
BaHHM nponauiubix {=88 ser, a npu Hy=1 m u §=80 kr/m®
IipH BbIpalliiBaHHu TpaB {=45 jeT.

[Mockonbky npH jgioGom HanpaBJeHHH CeJbCKOXO3sHCT-
BEHHOrO HCMONbL30BaHHs TOPPAHHK paHblUe HAH [03Xe
HCYE3HeT, eCTeCTBEHHO MOCTABUTh LeJb — 3a NMepHOJ ero 10J1-
TOBEYHOCTH NOJYYHTb MAKCHMAaJbHBII 3KOHOMMYeCKHH 3¢-
tdekr. Ucxona us atoro ycaoeua A. C. Byr-T'ycanmom pas-
paGotraHa MeTolHKa BbGOpa HanpaBJeHHs HCNOJbL30BAHHS
TopdAHHUKOB Ha OCHOBE CPaBHEHHS TpeX CeBOOOOpOTOB: X —
NOJA MOJIEBbIM M-NOJBHBIM ¢ HaJHuHeM INPONAaLIHLIX KYJb-
TYp, Y — TOJA MOJIeBLIM N-MOJBHBIM € NpeobiagaHHeM 3ep-
HOBBIX 6e3 Mponaliibix; 2 — NMOA 3€PHO-TPABAHLIM P-NOJb-
HEIM ¢ npeo6sajaHueM Tpas.

Lenab 3apauyu — NOJY4YHThb MaKCHManabHYyl0 NpHOLIIbL 32
CPOK [AOJITOBEYHOCTH, TO €CTh
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1 q
L= Ecixmjxx ”i + 2 ijmjyy% +
i=1

j=l+1 ’

§
1,
+ z Cjmjz — —>max, (293)
p
i=q+1
rae L — maxcumanbnas npuGuinb ¢ | ra, p.; j-— HHAeKC BMAOB MpO-
AyKuud B ceBoobopoTax; [ — KONHuecTBO BHAOB NPOAYKUHH B CeB00GO-

pote x; 4 —To Xe, B (X¥+y)-ceBoobopoTax; s— 10 Xe, B (x+y+2)-
cesoobopoTax;

5

1 q
Q| t 21 t 21 t
chanjxx — ; Cj,m,-yy - ; . Cj;mjzz L -—
e m n p
i=

i=1+1 i=g+1

1HpubbliH  OT  CEIbCKOXO3ANCTBEHHOTO HCRONB3OBAHHA YAEILHBIX TLIO-
waged X, Y, 2 TOA NOJEBBIMH H 3€PHO-TPaBSIHBIMH ceBooGOpOTaMH 3a
CpOK AOAroBeuHOoCTH f;+{; NpH COOTBETCTBYIOWIHX YHCTHX AOXOAAX
Cix, Cjy, Cj; oT peanusalluu e[MHHUL Beca NPOAYKUHM NPH YpOXKanx
Mjx, Mjy, M;jz COOTBETCTBEHNO.

3anaua ontHMusauun [ypasxenne (293)] B obmem cay-
Yyae OTHOCHTCS K KJaccy 3afay HeJHHEAHOro BHNYKAOro

PpOrpaMMHpPOBAaHHSI M JOJKHA pelaTbCs NPH CJAEAYIOUHX
YCJIOBHAX:

1) x+y+2<1—orpaHuueHne Ha HCHOJb3IOBaHHE M.10-
iajiu;

2) x=0; y=0; 20— noas Kaxnaoro ceBoob6opora He
AGJXKHa ObiTb BeJIMYHHOH OTPHIATeNbHOMH;

3) Qjx min == MNjx» = Tjx max; Ajy min<<Mjy<<qjy max;, djzmin<<
< hj;<@j;max — OTPAHHYEHHE Ha BEPXHMA W HUXKHUA mpe-
AeJ oObema "pOH3BO}1CTBa NpPpOAYKIiNH;

4) aijMic+aijymiy+a;;m;;<<A; — orpaHHueHus no 3a-
TpaTaM  TPYAa, pacxony YAOOpEHuil, JeHEeXHbIX CpPEelCTB
a ap.

BBuay TOro yto NMpOrHO3HUpPOBaTh NEpPEYHCJEHHLIE BeJH-
YHHB Ha CPOK AOJrOBEYHOCTH TOPp(SIHHKA HEBO3MOXHO,
€CTECTBEHHO C/le/laTh TaKHe JONYIIeHUs: YPOXaHHOCTb, HOp-
MBl 3aTpaT TPY[a, UeHb peasjH3allHH He MEHSIOTCs, TPYJo-
Bble, J€HEXKHble pecypchl W yA0OpeHHsl HMelOTcs B JocTaT-
ke. Toraa ypaBHenue (203) cBoAMTCH K 3ajaue JIHHEHHOro
CpPOrpaMMHPOBaHHsi H MOXeET ObiTh pelleHO C MOMOUIBIO
CHMILJIEKC-MEeTOAa.
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BuinmosnnenHole A. C. Byr-T'ycaumMoM pacueThl ¢ HUCNOJb-
30BaHHeM HMEIOIIHXCS AAaHHBIX TO CTPYKType CeBoOGOpO-
TOB, YPOXaHHOCTH, HOpMaM 3aTpat TpPyJa U lleHam pea-
3alMyl MPOAYKUHH MOKa3aJik, YTO NPH HH3KOM YPOBHE arpo-
TCXHUKH (ypoxKaiiHOCTb 3epHOBBHIX A0 2,9 T/ra, TpaB Ha ce-
Hax no 8,5 T/ra u kaprodpens no 20 t/ra) Heo6XoAHMO
TOpGSAHHKHE HCHOJbL30BaTh B N0JEBOM CeBOOOOPOTE C BKIIOYE-
HHEM NpPONAlIHBIX KYJbTYD HJIH B 3€PHO-TPaBSAHOM C Mpe-
ofJlajaHHeM TpaB, a NPH BHICOKOM YPOBHE arpOTeXHHKH —
R 3epHO-TpPaBsiHOM ceBooGopoTe ¢ mpeob/ajaHHeM Tpas.
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'TABA VIII

BEPTHURAJIBHbIN JPEHAK

1. CTpyxTypa B Ha3HAYEHHE CHCTEM BEPTHKAJIBHOIO ApeHaska

KinMaTtHyeckue H MOYBEHHBIE YCJAOBHS GOJBLIMHCTBA 06-
IMPHBIX PErHOHOB FYMM/IHOH 30HEI CTPaHBI TpeGylOT HpPH-
MEHEeHHMS] MeJHOPAaTHBHbLIX CHCTeM [BYCTOPOHHEro AeHCTBHS,
TO €CTb OCYWIHTeNbHO-YBJAAaXHUTeAbHEIX. Takue cHCTeMbl
Co3Aal0T Ha 6a3e rOpH3OHTAJBHOTO (3aKPLITOTO, OTKPBLITO-
ro) ApeHaxa, KOTOpEi, HecMoTpsi Ha GoJiee yem 150-seT-
HIOI0O HCTOPHIO, MMeeT pfj CylLiecTBEeHHbIX HEJOCTaTKOB.
K HuM oTHocsaTcsl GoJbilasi TPYAOEMKOCTb NMPH CTPOHTEJb-
CTBE€, OTHOCHTEJIbHAsI HHEPIHOHHOCTh peryaupoBaHus YI'B,
CyilleCTBEHHOE HapylleHHe MOYBeHHoro noxkposa W np. Ilpu
rOPH30HTAJIbHOM JpeHa’ke Ha OCYLIHTeJbHO-YBJaXXHHTe/Ib-
HOH CcHCTeMe ¢ HCMNOJb30BaHHeM JAOXKAeBaHHs TpebyeTcs
Cc(:3JaBaTh NPAaKTHYECKH [Be CAMOCTOSTEJNbHble CHCTEMBbl:
OCYLIHTENMbHYIO (cOGCTBEHHO TOPH3OHTAJBHBLIH JpeHax) H
YEJaXHUTEJbHYI0O C HOXAEBaJbHBIMH arperaTaMH, BOAO-
NOJAOIMMH TPaKTaMH, BOJAOXPaHHIHLULIAMH, COOPYXKEHHIMHU
u ap. INoanouBenHoe yBnaxcHeHue TpelyeT rapaHTHPOBAH-
HBIX HMCTOYHHKOB BOAbl H TPaKTOB BOJONOAAYH C COOTBETCT-
BYIOIIUMHU coopyxeHHsiMH. OHO nNpHMEHHMO Ha XOPOLIO
(OUABTPYIOINHX T'PYHTaX, HHEPLHOHHO, CONMpPSDKEHO ¢ 6OJib-
IUMMH HeNpOH3BOAHTENbHBIMH NOTepPAMU BOABL Ha (HIABT-
paLMio H HcNapeHHe U3 MHTAIOUIMX TPAKTOB H BOJOXpaHH-
aut. Jlns poxjaeBanuss W NOJANOYBEHHOrO yBJaXXHEHHS WC-
NOJIb3YIOT MPEUMYLIeCTBEHHO BO/Jbl NOBEPXHOCTHOrO CTOKa.
Bo MHOrux 30Hax 3xchyaTallHOHHble 3anachi IOBepPXHO-
CTHBIX BOJ OTpaHHYEHHbl H JaJleKO He MOJHOCTbIO MOKpbI-
BalOT NoTpeGHOCTH yBJaXKHeHus. BmecTe ¢ TeM uMeioiuecs
B OTAE/NbHHIX 30HaX OrPOMHBble 3afiachl MpecHHX M cJjabo-
MHHEpa/JM30BaHHbIX MOA3EMHBLIX BOJ MaJo HCHOJAb3YIOTCS
AJa yBJaXKHEHHsi CeAbCKOXO3SAHCTBEHHBIX yroiuil. Bept-
KaJbHbIA ApeHaX — OJHH H3 HOBBIX cnocob6OB MejHOpauHi
B TYMHAHOH 30He, TO3BOJISIIOIIHH " onlepaTHBHO YNPAaBJAsTL
BOAHBIM PEXHMOM NOYB, 3KOHOMHO PacXxoJ0BaTb BOJHbLIE
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pecypchl, aBTOMaTH3MPOBAaTh NPOLECCH peryJupoBaHHs, Ha-
MHOr0 YMEHbLIHTb HapylleHWe NOYBEHHOr0 NMOKPOBA.

[MepBas nonbiTka NpHMeHeHHS BEPTHKAJbHOIO ApeHaXa
C HeJblo OcylleHHs: HebGoJbMIOro yyacTka MNoj Topdopas-
pa6orky npeanpuuata JI. C. EscradberniM (1956). Onuithi
OKa3aJliCb Hey/JauHbIMH B OCHOBHOM H3-32 HeNpHeMJeMBbIX
THAPOTeoJOTHYECKUX ycaoBHH. OlHaKo HAes OCyIUeHHs 3e-
MeJb C MOMOUIbIO CKBAaXKHH COXpaHWJach M Mno3xe B palo-
tax I'. B. Boromonosa, M. @. Kossosa, B. C. Yceuko 1 ap.
6bind oO6CyXJeHb B OCHOBHOM THJPOreoJioruieckHe BO3-
MOXHOCTH CO3JlaHHs OCYWIHTEJNbHbIX CHCTEM C BepTHKaJb-
HHM JApeHaxKeM npeumyllecTseHHo B Ilpunsitckom Iloseceke.
Bmecte ¢ Tem Ao 1970 r. npaktuueckHe paGoThi He INpO-
BoauaHch. CaefyeT OTMeTHTH, YTo A0 1972 r. Bompochl BO3-
MOXHOIO pery/iHpoBaHHsi BOJIHOrO peXKHMa MeJHOPHPOBAaH-
HBIX CeJIbCKOXO3SHCTBEHHBIX YFOAMI NyTeM CO3AaHHsA OCYLIH-
TE/IbHO-YBJa’KHHTEJbHHX CHCTEM BepTHKAaJAbHOrO JpeHaxa
¢ HCMOJb30BaHMEM NOA3eMHBIX BOJL Ha OpolileHWe He 06-
cyxpaanuce. B 1971...1973 rr. na semasx ITonecckoit onuiTHO-
MeJMOPaTHBHOH CTaHIMM NOJA PYKOBOJCTBOM aBTOpa MOCT-
poeHa nepBasi Takasi CHCTeMa.

Hasnayenne Me/JHODATHBHHIX CHCTeM C BepPTHKAaJbHHM
IdpeHaXKeM — peryJiipoBaHHe BOAHOrQ0 pexHMmMa KopHeoOu-
TaeMOro ¢JOsi MOYBH B ONTHMAaJbHBIX AJis Pa3BMTHS pac-
TeHUH npelenax. B 61aronpusiTHbBIX THAPOFeOJIOTHYECKHX YC-
JoBHAX HaHboJiee ULesecoo6pa3HO coyeTaHHe OCYIIEHHs
CKBaXHHaMH C OpOUICHHEM MNOA3eMHLIMHM BOJaMH, KanTH-
PyeMBIMH TeMH e CKBaXXMHAMH B 3aCYLLJIHBBIA NepHOA U3
HHXKeJieXallHX BOAOHOCHBIX FOPH3OHTOB.

B 3aBHCHMOCTH OT KOHKDETHBIX T'HApPOreoJOrHYecKHX yc-
JIOBHH ¥ XapakTepa HCNONb30BaHHUSI 3eMeflb CHCTEMbI BePTH-
KaJbHOTO JpeHa)ka ycTpaHBalOT OCYIUHTEJNLHRIMH HJH OCY-
HiHTebHO-yBAaXKHHTeAbHEIMU. [lepBbie co3faloT npenmyiue-
CTBEHHO NPH JOCTaTOYHOM NPHUTOKE BOA C HNpHJEraiollux
TeppUTOPHIH WM NEpPeTOKe ¢ HHXKHHX HaNOPHBIX TOPH30H-
TOB, TO €CTb Ha 3eMJIIX OOHJBLHOrO IPYHTOBOTO HJIH TpYH-
TOBO-HANOpHOTO mnHTaHHA. OCYWHTEJIbHO-YBJIaXKHHTEIbHbBIE
CHCTEMHB! CO3/1al0T Ha MeJHODHpPYEMHIX 3eMJsaX aTMmocdep-
HOTO NHTaHH#, HUCNONB3YyeMBIX MNOJ KYJbTYpPHHE CEHOKOCHI,
nacrbviia WIH OBOILHbIE KYJbTYpbl, IPH CylLleCTBEHHOM Ag-
¢duliMTe BJaru B BereTallHOHHBIH NepHOA M HEBO3MOXHOCTH
OblcTporo mogbeMa TPYHTOBHIX BOA A0 YypOBHs, obecneyu-
Baiollero Heo6XOAHMOe NOANHTHIBAHHE KOPHEOOHTaeMOoro
cJ1os.
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OcywnTeIbHO-yBNaXKHUTE/IbHBIE CHCTEMBl BEPTHKAJbLHO-
ro ApeHaxa NpPeACTaBJSIOT CO60H COBOKYMHOCTb THAPOTEX-
HHYECKHX COOPYXKEHHH (CKBaXXMHBI, KaHaJ/bl, ULIIO3b, TPY-
Oul-nepee3fibl, GacCeHHBI-HAKONHUTENH W ApP.), AOKAEBaJb-
HBIX arperatos, NOJA3eMHEIX TPYGONPOBOAOB, HACOCHBIX CTAH-
uunit, JISII, nyHKTOB ynpaBjeHHS H CPeACTB aBTOMaTHKH.
B ocywnTenbHBIX CHCTEMax OTCYTCTBYIOT 3JieMeHTH, ofec-
NeyYHBaloUiHe opollieHne 3emenNb. CKBaXXHHB ¢ HAaCOCHBIMH
YCTaHOBKaMH, orpaKjaloiiHe H BOJOOTBOASIIHE KaHaJbl —
3TO MepBHYHbiE 3BeHbsi APEHAaXKHOH CHCTEMBI, HEMOCpejaCT-
BeHHO peryaupymwoimine pexum YI'B. HoxpepanbHule arpe-
ratbl, TpyOGONpoBOAL], HACOCHbIE CTaHIHH 06ecneyHBaioT Opo-
Li{eHHe noJiell npH AedHUHTe BAar¥ B KOPHEOGHTaeMOM CJIOe.

B 3aBHCHMOCTH OT KOHKPETHBIX XO3SIiCTBEHHbIX, 'HApO-
r€0JIOTMYECKHX M NMOYBEHHO-KJHMAaTHYECKHX YCJIOBHH BepTH-
KaJbHBA JpeHaX ycTpauBalOT AJs CAeAYIOIMX uenei:

1) perynnpoBaHMs BOAHOrO pexuMa KOpHeOGHTaeMoro
CJios1 MOYBEl MyTeM YCTPOHCTBA OCYLIMTeJbHBIX HJIHM OCYIHH-
TeJbHO-YBJAXKHUTEJbHBIX CHCTEM € KanTaj)KeM NOA3eMHBIX
BOJI Ha AOXK/eBaHHE;

2) cHHXeHHs HamOpHOCTH MOJA3EMHBLIX BOA HJH peryJsH-
poBaHMs NMPHTOKAa MX B OCYHIaeMBIHi NJjact H3 NJyOGHHHBIX
HaNOPHHX TOPH3OHTOB;

3) orpaxkpaeHuss MeJHOpPHpyeMHIX IJIOIiafeHd OT NPHTO-
Ka TPYHTOBHIX BOJ C MpHJEraloliuXx TeppHUTOPHH, a TakxKe
OT MOATONJEHHsI H3 PeK, 03ep, BOAOXPaHUIHIL,

4) Hucno/qb30BaHHS NOJA3EMHBIX BOJ, YAaJAeMHX C OCy-
IAaeMOro MaccHBa, A/ OpOlleHHs TNpHJEralolluX 3eMelib,
BOJOCHAOXKeHNsT hepM H Ap.

[To pacnonoxeHHio CKBaXXHH IO OTHOIUEHHIO K Ape-
HHPYeMO# TepPHTOPHH H HCTOYHHKAM BOAHOIO MUTaHMS BeEp-
THKaJbHHR JApeHaX IMOApa3fe/sercs Ha CHCTeMaTHYeCKHH
(paBHOMepHOE pacnosioXKeHHe CKBaXMH Ha MJIOWIaAH), BHI-
6OpOuHBIl (CKBaXXHHBI PacNoOXeHbl Ha OTAe/bHBIX H36bI-
TOYHO yBJAXKHSEMBIX y4YacTKax), TIOJIOBHOH H/IH JIOBYHH
(1...2 psija CKBAaXHUH, OrpaXKAaloUIMX TEPPHTOPHIO OT BHEIL-
HEro MpPHTOKa TPYHTOBHX BOA), Geperosoit (jHHedHas CH-
cTeMa CKBaXXHH AJIsl OFpaXKAeHHS OT NOATOMJIEHHS 3eMesb
CO CTOPOHBI peK, BOAOXPaHHIMIL) ¥ KOMOGHHHPOBaRHHI (co-
YeTaHHe CKBAaXHH C FOPH3OHTAJbHBIM JAPEHaXeM).

Ha ocymaemeix 3emasx YI'B pacrnonoxennl 61H3KO K
NOBEPXHOCTH, MOSTOMY BEpPTHKAJbHHIH JpeHaX Lesecoos-
pasHO coyeTaTh C BaKYYMHBIMM CHCT€MaMH, HauGoJsiee npH-
eMJeMbl M3 KOTOpHIX CHGOHHbIE BOAOCGOPHI — CaMOTEUHEIE
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noa3eMubie Tpy6onpoBOAbl, PACNO/NOKEHHbIE Bhillle AHHAMH-
4eCKOTO YPOBHA BOJALI B CKBaXXMHAX H COeAHHSIOILHE Ape-
HaJKHble (MpHeMHble) CKBaXXKHHB ¢ cudoHHBIMH (Ge3 Haco-
COB).

BepTukasnbHbIfl ApeHaX B COUETAHHH C HCNOJNb30BAHHEM
IO/3eMHBIX BOJ Ha AOX/]eBaHHe JIHIIeH HeJOCTATKOB Tpa-
IMIHOHHOTO TOPH3OHTAAbLHOrO ApeHaxa. Ou oGecneuyuBaeT
ONTHMAJbLHYIO AJ51 BHpAllHBAHUSA KYJbTYP BJAXKHOCTb MOU-
Bbl B KOpDHeOOHTaeMOM cJoe NpaxTHUeCKH B JIOOBIX MOron-
HbIX yC/MIOBHMSIX, TaK KaK MHTEHCHBHOCTh OTBOAA WJHM MOAAYH
BOJBI MOXKHO JIeTKO HW3MEHATb B IIMPOKoOM Auamna3sone. Ilpu-
MeHeHHe 3Toro crnocoba Mo3BoJIsIeT 3KOHOMHO PacXOfOBaTh
BOJHbIE pecypchl, TAK KaK HCKJIOYAlOTCH HelNpOH3BOJHTE/b-
Hbie cOpochl, a Ha OpolieHHe HCNOJAb3YIOTCA HMeloIuecs
Ha AaHHOH e NJollajH BOCHOJHAeMble 3aNnachl NOA3EMHBIX
Bold. He Tpebyercs HakanauBaTb BOAy B OTKPHITBIX BOJoO€-
Max ¥ TPAHCNOPTHPOBATb €e 4acTo Ha GOoJbliMe PacCTOsHUSA
C HeH30eXHLIMH MOTePSAMH Ha (HIAbTPALUHIO H HCNapeHHe.
Otnagaer HEO6XOAMMOCTb B CO3LAHHH CaMHX HCTOYHHKOB
BOJOCHaOXeHus: (BOAOXPaHH/HIL, NPYAOB, KaHAJOB C COO-
pyXeHHsIMH, TpyOONpPOBOAOB, HACOCHBIX CTaHUHHA H Ap.).
CTpOHTeNbCTBO CHCTEM BEPTHKAJILHOrO ApeHa)Ka MOoYTH MoJ-
HOCTBI0O MEXaHH3UPOBAHO H MOXET OCYLIeCTBJAATbCA KpYr-
aoroauuHo. TpebyeTcss meHblle, ueM NpH CO3NAHHH TOpH-
3CHTaJIbHOTO JpeHa’ka, KaNWTaJOBJOXKEHHHT H TPYIOBLIX
3arpart.

Opnako ycTpanBaTb MeJHOpaTHBHbBIE CHCTeMBl BepTH-
KaJBHOrO ApeHa)ka ¢ HCNOJb30BaHHEM TNOA3EMHLIX BOA Ha
OpolIeHHe MOXHO [a/leKO He Ha BCEeX OCYLIaeMHX 3eMJsX.
s npumeneHust aroro cnocoba Tpe6YIOTCs BIOJIHE Ompe-
JeJeHHble THAPOreoJIOrHYecKHe M TNoYBeHHO-Mopdosoruye-
ckue ycnoBusi. Ilpexae Bcero Heo6x0AuMo, 4TOOLl NMOKPOB-
Hble OTJIOXKeHHsi ObIH ApeACTaBjJeHB HOCTaTOYHO BOJO-
NpOHHLAEMBIMH TPYHTaMH, a HHXKe 3ajlera/ii MOWHbBE CJIOH
BOJOHACHIIIEHHbIX NMeCYaHblX OTOXKEHHH.

2. Kuaccudurauus ycxoBEif upuMeHeHns
BEPTAKANLHOrO ApPeHaska

Harypuble uccnesoBanus ¥ TeopeTHyeckue pacyersl (My-
pawko u Ap., 1980) nokasniBaioT, yTOo BepTHKaJbHBEIH Ape-
HaX KaK OCYLUHTe/JbHO-YBJaXHMTe/bHas CHCTEMAa TeXHH-
YeCKH ¥ IKOHOMHYeCKH 3((eKTHBEH TOJbLKO B TOM clyHae,
€CJM OZIHA CKBaXXHHA MOXeT obecneynTb TpebyemoOe MOHH-
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Kenne YI'B na niaowanun Gonee 20 ra 3a OTHOCHTENBHO
KopoTkuii nepuol orxkauku (10..15 cyt). B To xe Bpems
npH MNOHHXKEHHSX YDOBHSI B CKBaXXHHE MeHee MOJIOBHHH
MOIIHOCTH BOAOHOCHOTO MNjacTa je6HTa €e JNOJIKHO 6bITb
AOCTAaTOYHO AJISl OpolIeHHsl TaKOoH Xe mjowanu. dto ob-
CTOATENIbCTBO HaKJ/JaAbiBaeT AOBOJLHO CYyIleCTBEHHbIE Oorpa-
HUYenHsi Ha obnacTb (YyC/lOBHA) TNpPHMEHEHHWsS BEPTHKaJb-
HOro JApeHaXXa B KayecTBe crnocofa [JBYCTODOHHEro pery-
JIHPOBaHHSI BOJHOrO peXXHMa MOYB.

ITpu o6ocHoBaluK BepPTHKAJbLHOrO ApEHaXKa Ha TOM HJH
HHOM oObexTe HeOOXOAHMO YUHTHIBATHL CJAEAYIOLIHE OCHOB-
Hble paKTophLi:

reoMopdosioruyeckoe TNOJNOXKEHHe U pesbed [10Bepx-
HOCTH;

reojioruyeckuii paspe3 H OAHOPOAHOCTb €ro CTPOEHHA
(nuronoruueckuit cocras);

¢$uAbTpaliuOHHbIE CBOWCTBA BOAOBMELIAWOLHX OTJOXKe-
HHHl O PEerHoHaJbHOTO BOAOYMOPaA;

rHAPaBAHYECKYIO -CBSiI3b TPYHTOBBIX BOJ| C HIUXKejeXalin-
MH BOAOHOCHBIMH FOPH30HTAMH aHTPOMOrCHOBHIX U MOAHT-
PONOreHOBBIX OTJOXKEHHH;

THI BOAHOTO NHTaHUSl OGBEKTA;

XHMMHYeCKHH cocTaB M oOuYI0 MHHEDaNH3alHio NoA3eM-
HBIX BOZ.

Ilo ycnoBusiM reoMopdoOJOrHYECKOrO MOJNOXEHHST H
peabeda KpynHBiE CHCTEMbI BEPTHKAJLHOrO JpeHaxa mnpel-
MOYTHTE/NbHO NMPOEKTHPOBAaTb B LIMPOKHMX MOHMAax peK, Ha
MJIOCKUX HU3MEHHOCTSIX Ha/NoHMEHHBIX Teppac, Ha MOpeH-
HO-3aHAPOBBLIX W 3aHAPOBLIX pPaBHHHAX ¢ MHKPONMOHMXKe-
Huamu meHee 2 M. [lo autonornyeckomy cocTaBy noj Bep-
THKaJbHbIA JApeHa)X NOAXOAAT OOBbeKTbl, Ha KOTOPHX TOp-
¢siuukn, satTopdoBaHHBE TeECKH W JeTKHE MHHepaJibHbie
NoYBbl MOJACTHJIAIOTCA MOLIHOH TOJIlUell NecyaHbiXx OTJAOXKe-
HUi (ile mMeHee 15 M), a B reoJIOTHYECKOM pa3pese OTCYT-
CTBYIOT [VIHHHCTBIE NPOCJOH (JIHH3bI) HJAH MOUIHOCTb MX 3a-
HHMaeT He GoJsee 10% naowann paspesa. PuabTPaUHOH-
Hble CBOMCTBA MECYAHOHl TOJNIIH AOJJXKHB OblTb BLICOKHMH,
a BOJONPOBOJHMOCTL BOJOHOCHOrO TOPHU3OHTA COCTaBJAATH
e menee 100 m%/cyr. Ha o6bektax BepTHKa/bHOrO JApeHa-
JKa ¢ HCMOb30BaHHEM MOA3EMHBIX BOJA Ha JOX/eBaHHe He-
0o6XofMMa rujpaBjKyecKas CBs3b FPYHTOBHIX H HaMOPHBIX
BOJ, 2 HCTOYHHKAMHM NMUTAHUs AOCJKHLI ObITL OCAJAKH H NOA-
3cMuble (FPYHTOBble M HallOpHbLi€) BOJABI, A0/l Y4acTHH KO-
TOpbiX cocTasisieT He MeHee 10% npuxomHOH yacTH BOA-
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Horo 6ananca. Ilo xuMHYeckomMy cOCTaBy AONYCTUMBI BO-
Abl THAPOKapOoHaTHEIE H KaJblieBble ¢ MHHepa/aHu3auuei 10
1 r/n u xJopuaHBle HaTpHeBHE C MHHepaJu3anuei no 3..
5 r/a.

Kaaccnpnkauus ycnoBuil NPUMEHHMOCTH OCYLIMTENbIO-
YBJIaXKHHTENbHBIX CHCTEM BEPTHKAJbHOTO JipeHa)a B €Bpo-
NeACKOH YyacTH TyMHJAHON 30HBl CTpaHbl MpPEACTaBjeHa B
tabauue 40. K nan6onee KPynHBIM pervoHaM, Ha KOTOPHIX
1es1ecoo6pa3io Co3naBaTh MeENHOPATHBHLIE CHCTEMBI JBY-
CTOPOHHEro NeHCTBHs Ha G6ase BepTHKAJIbLHOrO APeHaxa,
OTHOCATCH moJiechss Pycckoii paBHHHbI, TAHYLWIHECS WHPO-
KOM MOJIOCOW OT 3anajHblX TPaHHL, CTPaHbl A0 MPEAropHii
¥Ypana: Ilpunsrckoe, Jecunnckoe, Okcko-Mewepckoe, Bat-
cko-Kamckoe, Moxkuanckoe, Berayxckoe, Bepxue-Bosx-
ckoe H aAp. Ha TeppuTOopHM yKa3aHHBIX NOJECHH MJOWAAH,
Ha KOTOPbIX BO3MOXKHO YCTPAHBaTbh CHCTEMbl BEPTHKAJbHO-
ro ApeHaxa, ouenupalorca B 6...8 MaH. ra.

KnaccuuyeckHmM NpHMEPOM perHoHa, Ha KOTOPOM BEPTH-
Ka/JbHBI JApeHaXX MO THAPOreoJiOrHYeCKHM, MNOYBEHHBIM H
JAPYTHM YCJOBHAM MOXeET ObiTh NpuMeHeH Ha mjoiagu 6o-
Jgee | muH. ra, cayxut [lpunsarckoe [Toaecne.

Ha ocHoBe knaccudukanuu, npuBegenoi s tabaunue 40,
KapTel NpPOBOJAHMOCTEH NEPBOro OT MHOBEPXHOCTH BOJOHOC-
HOTO TOpHM30HTa, cocTasaeHHoit M. &. Kossoseim (1976),
M KapTel MeJHOpaTHBHOro ¢onga Hesopycckofi yact [lpu-
narckoro [lonecbst, cocraBaennoit  Bearunposoaxosom
(1980), Hamu BBINOJIHEHO pailOHHPOBaHHE 3TOH TeppUTO-
pHH TI0 YCJAOBHAM IpHMEHEHHs BEpPTHKAJLHOIMO ApeHaxa
(puc. 60).

3eMJH, NPUTrOAHbBIE NOJ CTPOHTEJLCTBO MCEJHOPATHBHBIX
CHCTEM C BEPTHKA/IbHBIM JApEHaxKeM, pa36HTLI Ha TPH KaTe-
ropun. K 1 kareropuu oTHeceHbl 0OOBEKTH, NPOBOAHMOCTL
NEPBOr0 BOAOHOCHOTO TOPH30HTA KOTOPbIX MpeBHIIAeT
500 m%/cyr. Opna ckBaxuna nauamerpom 300 MM Moxer
obecrneuydTh OCylleHHe (M OpolieHHe) Ha NJOUIaJH CBHILE
80 ra. 1o o6beKTH ¢ HaHbosee 6,1arONPUATHLIMH YCAOBHUS -
MM, U Ha HHX CJIe]yeT B MNepBYyl0 oyepeib CO3faBaTh OCy-
IUHTEILHO-OPOCKHTENbHBIE CHCTEMDl M0l AOATOJIETHHE KYJb-
TYpHBIE nacT6Hlla.

Ko Il karteropuu (xopoiuie yC/JA0BHS /51 NPHMEHeHUs
BEPTHKAJLHOTO JApPEHa)ka) OTHeCeHbl MeJHOpaTHBHHE 00H-
€KTHl ¢ MPOBOAMMOCTLIO NMEPBOro OT NOBEPXHOCTH BOJAOHOC-
HOrO ropusoHTa B npegenax 250..500 m%/cyr. Ha rakux
00beKTax OJHa CKBaXKHHA MOXeET o0cjyXHBaTh INJOWIA/Lb
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40. Knacchdukanusa ycAoBHH NPHMEHEHHA BEPTHKAJBHOTO ApeHaxa

Feomopdonoruueckoe e
11010KeHHE 06 DBLKTOB Teonornueckuit paspes

Cpexnwit K, MjcyT
Mposoaumocts 7T,
FayGuna peruoHannb-
HOTO BOLOYNOP3, M

ME/cyT

Hauboaee 6aaezonpusatnvie ycaosusa.

—

MoiMp pex, naockue uus-| 1. Topd, 3artopdoBanHbie >8
MEHHOCTH B mnpejeJax AeCKH H CynecH, Jer- 500
nepBof  HaAMOHMEHHOMH KHe MHHEpaJibHble TpYH- >

>30

TeppacH, NJOCKHe XpeB- THl

He-a/moBHaJbHbe paB- | 2. Tleckn cpeane- u pas-
HHHH B Hpejefax BTO- HO3CDHHCTHIE  MOMUIHO-
poit u Tpetbell HaAnoii- cetbio >30 M ¢ HesHa-
MEHHHX Teppac C MHK- YHTENbHBIMH HPOCJHOAMH

PONOHHXeHHAMH A0 1,5 M CYFJIHHKOB H TJIMH

Xopowue ycaosus, Tun apeHaxa

MopenHno-3anapoBuie u|l. Topd u nerxue Mune- >8 >25
3aHAPOBLIE DAaBHHHH ¢ panbHbic TPYHTH MoWw-| ogq
MHKDOMOHHKEHHAMH 10 HOCTBIO B0 2 M
2™ 2. Tleckn pa3sHO3CPHUCTHIC

MOUIHOCTBIO =>25 M

Honycrumote ycaosun. Tun  ApeHaxka BbiGOPOYHDIT

Kpaepue ob6pasoBanus | 1. IToiieBaThie cymecu H >5 >15
MOCKOBCKOT'0, JHENpoB- Jerkue CYMHHKM MOWl-{ ~_7 oy
CKOTO M  BaJZaiicKoro HOCTBIO 20 1,5 M
oJsie feHEHHU i 2. Tlecku pasHO3epHHCTLHIE

MOLIHOCTBIO > 15 M,
yepepyolligecss ¢ Mpo-
CROAMH  CYIJIHHKOB H

TJIHH
Henpuzodnsie
Bopopasgenu, pasuunn # | Topd, neckd, CyrauHKH <5 <10
ROJUHH peK Ha MOpeHaX maM MOW-| ~_jag
HBIX FecYyaHbX OTJAOXe-
HUAX
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§ 3; HcTounnku Baaumocsase XuMuueckut cocras
e Cao nuTaHus 06 beKToB TPYHTOBBIX 4 NOA3EMHBIX BOX M HX
o g S HanopHbIX BOA MuHepaaulauusn
¢ | 5=
o, | 3%
Yoo | =2
% | 2 =
Tun ApeHaxa — MJAOWAZHOMH
>150 | 1. AtmMocdepHuie Tecnasi ruapasiu-| Fuapokap6ouaTurie,
';‘50 OCafKH 4YecKasi CBfi3b Ka/ibiiHeBble € MH-

MJIOIIAAHON; HECCHCTEMATHUYECKE

>70
>30

2. Tox3emubie BO-
au  {(Gosiee 50%
NpHXOAHONH 4YacTH
GaJiaHca)

1. Armocdepusnie
OCaAkH

2. Tloasemubie BOAK
(zo 25% nmpu-
XORHOI 4acTH
BOAHOro GaJjan-
ca)

10

CnapaBanyeckas
CBSI3b CYLIECTBY-
eT B MeCcTax pas-
MbIBA  MOPEHHbIX
CYIJIHHKOB

BePTHKA/bHLIH, KOMOHHHPOBaHHbIN

>50
>20

ycaosus

1. Artmochepusie
ocalKy

2. [Tonzemnsie  Bo-
an (Menee 109%
NpUXOAHOH HacTH
6ananca)

T'uapasnudeckasn
CBSI3b BO3MOXHa
JHWib B BuAe OT-
JebHHX KOKOH®

HepaJau3auHe# Ao
1 r/a, xJaopuaHsic
HaTpueBble C MH-
HepaJsu3auunei

zo 3.5 r/a

TuapokapGonathsie,
KanbliHeBHEe ¢ MH-
HepasnH3aluedi Ro
1 r/n

To xe
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40...80 ra. K III kaTeropuu oTHeceHbl OOBEKTHl C NPOBOAM-
mocteio OoT 100 mo 250 m?/cyT. 3dech OAHOH CKBaXKHHOI
BO3MOXHO OCywHTb 25..40 ra W BepTHKAJAbHHIA ApeHaX
MOXKET 10 KallUTaJO0BJOXEHHSIM KOHKYpPHPOBaTh C TOPH3OH-
TanpHBIMU. [IpenmylniecTBo KapThl paioOHUPOBAHHS TEppH-
tTopuu Gesopycckoit uactu Ilpunsarckoro [Moaecns (puc. 60)
0 CPaBHEHHIO C H3BecTHbIMM KapTamu M. &. Kosznosa co-
CTOHT B TOM, YTO OHa NPHBA3aHA K MEJIHOPATHBHHIM O0B-
€KTaM, JlaHa AeTajH3all¥s O KaTeropHsM o6beKTOB H, KPO-
Me TOro, NMOSIBUach BO3MOXHOCTb OUEHHTHL NpHMeEpHBIe 06b-
eMbl paboT C y4eTOM COBDEMEHHOI0 COCTOSTHHsl, MeJHOpa-
LHHA B 3TOM perxoHe.

Kak BuaHo u3 cxembl (puc. 60), Ha uwacTd 3emenn, npu-
rOAHBIX AJS CO3AaHHUS MEJHOPATHBHLIX CHUCTEM C BepPTH-
KaJbHBIM [peHaXeM, K HacTOsleMy BpPeMEeHH yiKe CyllecT-
ByeT OTKpBITas CeThb HJIH FOPHU3OHTAJNbHBIA ApeHax. Pesyab-
TaTel NOAcyeTa 06bEMOB MeJHOPAaTHBHOrO ()OHAA NOKa3aJy,
UYTO HEOCYLIEHHBIX CEJIbCKOXO3SACTBEHHBIX YrOAHMH, Ha KO-
TOPbIX MOXKeT OBITb CO3ZaH BEPTHKAJIbHBIA JpeHaX, HMe-
ercs noutH 427 Teic. ra (tab6ma. 41), uz uux 121,7 Thc. ra
HMeloT HauGosee GaaronpUATHBiE W XOpOLiHe ycaoBHS. DTO
nepBooyepeaHble 0ObEeKTH NOA BEePTHKAJbHHH [peHaX.

41, NaouaagK, NPHrogHble MO BEPTHKAALHLIN Apenax
g Mpunarckom Moaecbe BCCP, 1hic. Fa

Kareropua
MeanopaTtushplii oni : I I it Beero
T>500 T=259...500] 7=100...250
M/CYyT MEiCYT MEcyT
HeocBoeuHniit 20,5 101,2 305,2 426,9
OcyllleH0 KaHanaMH 9,8 46,8 114,0 170,6
Ocywmeno apeHaxem 9,5 27,6 37,8 74,8
Bcero 39,8 85,5 457,0 672,0

HsBecTHO, 4TO NJOLIaZK, OCYyllaeMbleé OTKPbITOH CeTbio
KaHaJioB, NMOCTENeHHO NepeycTpauBalOT Ha 3aKpbITHIL Ape-
HaX. M3 tabauun 41 BUAHO, YTO BePTHKA/bHLIA ApeHaxX
MOXeT OLITb MOCTpPOeH Ha mjowanu Gogaee 170 Teic. ra, us
HUX Haubosiec GaaronpuaTHbie U XOPOLIHE YCJIOBUS HUMEIOT-
ca Ha naowaiu 56,6 Teic. ra. Becero B Benopycckom [lo-
Jieche MNJ0MIaaH, Ha KOTOPhIX MOXeT ObiThb NpHMEHEeH Bep-
THKaJbHbIA ApeHax, cOCTaBAAIT npuMepHo 600 Thic. ra.
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3. Koncrpykijun B mpaHIRMOBI PaGoTHI
MeINOPATHBHBIX CHCTEM BEPTHKAJIBHOrO ApPEHa’)Ka

Ocywutenbnole cucTemol BEPTHKAJbHOTO [peHaXa NpH-
MEHSIIOT B TexX CJyyadX, KOTHAa HMeeTcs BO3MOXHOCTbL Iy-
TeM H3MEHEeHHsi PeXKMMOB OTKayeK H3 CKBaXKHH YNpaBJsiTb
BJIAXKHOCTBIO TIOUB B TpebyeMbix mnpefesax. 3TH CHCTEMBH
NpeANOYTHTENbHEl NpeXAe Bcero Ha OGLeKTax T'PYHTOBOTO
¥ TPYHTOBO-HAaMOPHOTO BOAHOrO MHUTAaHHSA, a TaKXE IOCTO-
SHHO MOATAN/MBAEMbIX CO CTOPOHBI OTKDBITHIX BONOEMOB.
ITo pacrmonoXeHHI0 CKBaXXHH Ha MeEJUOPUPYEMOH TeppH-
TOPHMM BePTHKAa/IbHLIH ApeHa)k MNMOApa3dessieTcsi Ha CHUCTe-
MaTHYeCKHUH, WJIH MNJOWajHOH, BHIGOPOYHBIH U KOMOHHUpO-
BaHHBI M yCTpauBaeTCs NPH CaMOTEYHOM H NOJbAEPHOM
cnoco6e ocyuienus. COPOCHYIO ceTb OT CKBaMHUH yCTpauBa-
IOT B BHJAe NMOA3€MHBIX TPyOONpPOBOLOB HIH HerJyObOKHX Ka-
HajoB. [Togauy 3/eKTPOIHEPrHH OCYILECTBJSAIOT NO NOA3EeM-
HBIM KabensiM WM BO3AYIIHEIM JIHHHSIM 3JieKTponepenau
HanpsixenneM 0,4 KB or noHuKalouiefi nojacTaHuMH, KOTO-
pyIO CTPOST Ha Becb MacCHB WM Ha rpyniy ckBaxuH. Bo-
Jlee 3KOHOMUUHBI CHCTEMBI C OTBOJOM BOABI N0 KaHajgaMm H
nogaueil 3JeKTPOSHEPTrud mo OTKpHThHIM JISII.

Ecnu nebutel ckBaxkuH He mpeBbimaior 100 M3/4, ToO
HeBBII'OZIHO B KaX</I0H U3 HUX yCTaHaBJaHBaTb Hacoc. Paino-
HaJibHee YCTpauBaTh CHPOHHBIe BOAOCOOPH, TO €CTh COeldH-
HUTb OJHY-IBe BAKyyMHble CKBaXXHHbl CNaPeHHbHIM CH(OH-
HHIM Tpy6GONpOBOAOM C OCHOBHO#H (BO3Myiiaiollei), cay-
Jaugeii B KayectBe BojonpueMHuKa. [IpuMeHeHHe CHPOHHBIX
BONOCGOpOB TNO3BOMSIET COKPATHTL pPacxold 3JMeKTPO3IHep-
rud U npotsxkeHHocts JISII, yayuwnts pexum paboThi
CKBaXXWH H B 2 pa3a u 6osiee yMeHbLINTb KOJMHYECTBO Ha-
COCOB.

CucTeMaTHuUeCKHH BEePTHKaAJBHBIH ApEHAX NpeAcTaBaseT
c06oii ceTb TNPHMEPHO PaBHONEeOHWTHBIX CKBaXXHH, paBHO-
MEpHO PachoJIOXKEeHHBIX Ha OCyllaeMOH TepPHTOPHH MO Yr-
JlaM KBaJApaTHOH HJH PaBHOCTOPOHHEH TPeyroNbHOH CETKH
(puc. 61). Kaxnas u3 npuBeieHHbIX Ha PHCYHKE CXeM HMe-
€T CBOM mpeHnMyllecTBa M HefpocraTtkd. Hanpumep, mpu uc-
0Jb30BaHHU CXeMbl @ He TpebyloTcsi Hamophbie Tpy6ompo-
BOJLI, HO OTHOCHTEJbHO 6OJsblioe KO/UuUeCTBO COPOCHBIX Ka-
HAJIOB MOXeT CTeCHATb MeXaHH3aluio noJeBsix pabor. Kpo-
Me TOro, Ha y4aCTKaX KaHaJOB, HenoCPeACTBEHHO NPHMBI-
KaloHIUX K CKBaXXKMHaM, HeoOXONHMO yCTpPaHBaThb Ha JHJHHE
50..100 M npoTHBOUALTPALHOHHBIE 3KpaHH. Ha cxeme 6
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OTCYTCTBYIOT MeJKHe c6poc- z 4
Hbie KaHaJjAbl, HO MHOIo 3a- L ol oj._‘d
KPLITHIX HaNopHHIX Tpy6onpo- |7 F% | ST/ ,
BoaoB. [lpeumymtectso cxe- ([ 0 N o o0

MBl 8 COCTOHT B 60abIIOM 1PO- |y odle o=l o oo
LeHTe CH(pOHHBIX BOAOCOOPOB, " f, o 9o

YTO COKpAlllaeT KOJH4YeCTBO

HAacoCOB, NPOTsKeHHOCTs JIDT] qaaqa

M HamlopHHIX TPy6ONPOBOMLOB. m-

YuurbiBas TPyAHOCTH CHab- 7° %

XeHHsT CTPOeK HamopHBIMH Yooahn

Tpy6amu 60JbUIOrO AHAMET-

pa u uacTeie cjgyya¥ Bbl- ! 1

X0la HX M3 CTpof, cjaelyer

Boi6MpaTs TakHe cXeMbl pac- Puc. 61. Cxemm cucTemaTH4ec-

NOJIOXKEHHUS CKBAXHH H OT-
KPHITOH ceTH, 4TOGHI 3THX
Tpy6onpoBojaoB ObljI0 1O BO3-
MOXHOCTH MeHbllle. [Ipeano-
YTHTEJbHEe CU(MOHHBIE BOJO-
c6ophl, MUl KOTOPBIX NMPHTOA-

KOro BepTHKaAJbHOTO JpeHaxa:

1 — xanaab; 2 — ApeHaxHble CK3a-
KHHM; 3 — cudoHHBIe BOAOCGOPLL;
4 — masofeluTHbIE CKBAXHHBI  HAH
KOMOmUbl, 5 — MeJKHe cOpocHble Ka-
HaAbl ¢ NPOTHBOGHILTPALHOHHBIMH
sKpaHaMH B OTOJOBKaX; 6 — Hanop-
Hule 3aKpBIThie TPYGONPOBOAH); 7 ==
cHpoHHMe TPYGONPOBOAHI.

Hel Ge3HaNmOpHHIE CTaJgbHbIE,
NOJIH3THJIEHOBLIE JIETKOH CepuH B acbecToleMeHTHbe TPYGHL.
OtcyTcTBHe HanopoB B CHQOHHEIX TPyOGONpoBOjax B H3Be-
CTHOl cTemeHM rapaHTupyeT 6e3aBapuiiHyi0 Mx paboTy.
Kombunuposannsie cucremol, B KOTOPHIX COYETAETCs CO-
BMecTHag paboTa rOpH3OHTAJALHOIO H BEPTHKAJALHOrO jpe-
HaXa, yCTPAaHBaIOT Ha 00beKTaX, UMEIOIHX CJOXKHbLIe THA-
poreosiornueckve yc/oBHs. BepTukanbHBl fgpeHa)k 3jechb
BLINOJIHAET B OCHOBHOM BcmoMorartesbHyio poJs. Ha maccu-
Bax co c1abo(uILTPYIOIHMH BepXHUMH CJOSIMH H Ha TOp-
(dsHNKAaX, NOACTUIAeMbIX CYTJIMHKaMH U CanponessiMu, ycT-
pPauBalOT TOPHU3OHTAJBHBIA JpeHaX, a OTHAeJbHble JOKalb-
Hble YYacTKH C JIOCTaTOYHO NPOHHLAeMbIMH TPYHTAaMH, HH-
e KOTOpPBIX 3aJsieraeT BOJOHOCHBIH TFOpH3OHT 60Jbl10# NpoO-
BOAMMOCTH, OCYyIIaiOT cKBaxHHaMu. OTAesbHBHIE KPyINHbie
CHCTeMBbI TODH3OHTANLHOrO JpeHaxa (KOJJIEKTOpbl) MOX-
HO BHIBOAHTb B APEHAXKHble CKBaXXHHLI Yepe3 clerHaJbHHe
dunbTpel — OTCTONHUKH. TIpn KOMOGHMHHMPOBAHHOM HpeHaXxe
CKBaX<MHBl PacnoJaraioT B NepByl0 odyepelb B MecTax pas-
I'Py3KH HalOPHBIX TPYHTOBLIX BOJ M BBHIKJIHHHBaHHS OOH/b-
#Horo 6OKOBOro NpuTOKa. PacrnosoxeHue HX M KOJHYECTBO
ONpeAessiOTCA NOYBEHHLIMH, JIUTOJOTHYECKHMH H THAPOreo-
JIOTHYECKHMH ycJoBHSIMH, B KOMOMHHPOBaHHBIX CHCTeMax
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CKBa)XUHBI MOXKHO HCNOJIL30BaTh B KayeCTBe HCTOUHHKOB BO-
Abl AJs OPOLUEHHS, a TaKXe AJs 3allHThl OT MOATONJIEHHS
CO CTOPOHBI OTKPHITHIX BOJOEMOB 3€MeJb, OCYLIEHHBIX FOpH-
30HTaNbHHM ApeHaxKeM.

Boibopounblii seprukanehoil Openan — cuctema Heymno-
PALOYEHHBIX CKBaXHH, NMPOU3BOAMTENLHOCTh, KOJHYECTBO H
pacnosioKeHnHe KOTODHIX ONpeAensioTcs KOoHpurypauueil u
CTeneHbi0 GOBOJHEHHOCTH MeJHOPHUPYEMOH TeppUTOPHU
(puc. 62).

OcyuwnureroHO-Y8AANCHUTEAbHBIE CUCTEMbI BEPTUKANbHO-
ro ApeHaxa 1o KOHCTPYKUHSIM OTJIHYAIOTCH OT OCYLIUTENb-
HBIX HaJlu4yHeM [AO0XKAeBaJIbHBIX arperaToB, HANOpPHHIX TPYy-
6onpoBOAOB AJS NOZaud K HUM BOAB, BOJONOABO/ALIHX
TPaKTOB, Peryaupyouinx GaccefiHOB M HACOCHBIX CTaHLUH.
Hanopusie Tpy6onpoBoabl MOTYT 6bITh NOA3EMHBLIMH HJH
NOBepXHOCTHBIMU cGopHO-pa3GopubiMu. HacocHsie cTanuxu
ycTpausaioT npu 3abope BOJbl Ha OpOlleHHe H3 KaHAa/JlOB
H BOJOEMOB, HaNOJIHeMbIX OT CKBaXXHH HJU H3 BOAOXPaHH-
qauti, [as c6poca BOALI OT CKBaXKHH B OTBOASILYIO CETb,
a TakXe MOJAAayM ee K JOXK/[eBaJbHbIM arperatam 4acro HUc-
NOJbL3YIOT OAMH M TOT xe Tpybonposoi. B stom cayuae ayy-
i'e NPUMEHATh NOXKAEBajpHbIE arperaTel QpPOHTANLHOrO Aeil-
crBus Tuna «Bonxkanka», «Jduenp» u Ap. DKOHOMHUHBL CH-
CTeMbl, B KOTOPHIX MNpHHATA cXeMa cKBaxuHa — «Pperat»
K OTCYTCTBYIOT OT[eJibHble HamopHbie TpyGonposoanl. Ecan
Jle6uTa OAHOH CKBAaXKHHLI HEAOCTATOYHO AJs oObecleyeHHst
BONOH JOXKIeBaNbHOTO arperara, TO K HeHl MOXKHO MNOACO-
eAHHUTb CHPOHHBIH BOJOCGOP M3 1..2 CKBaXHH.

TloaBoa 37eKTpO3HeprHH K CKBAaXXMHaM Ha MOJsAX, OpoO-
1aeMbiX JAOXJAeBaJAbHBIMH MaliuHaMu «Pperat», OCyilecTB-
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Puc. 62. Cxembn KoMGuHHpoBaHHOro (a) H BhiGopouHoro (6)
BepTHKAJIBHOTO JApeHaxa.
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jdsietcsl MOoAseMHbIMH Kabeasimu. [Ipu ucnmosb3oBaHHU A0XK-
JleBaJIbHBIX arperaToB (PPOHTANbLHOFO AeHCTBUS NPHMEHSIOT
otkphiTeie JIDII, npoxoxsiuue no rpaHHuaM OpPOUIaEMbIX
Yy4acTKOB, BOJAb JOPOT H T. 0.

Hnsi opocHTebHEIX MePONpPUATHH HCNOJB3YIOT BOABI €C-
TEeCTBEHHBIX M HCKYCCTBEHHBIX BOJOMCTOYHHMKOB, a TaKxe
KanTupyeMmble CKBaXXHHAaMH Il0A3eMHbie Boabl. Bo BTOpoM
ciyuyae OpOlleHHe MOXeT OCYILeCTBAATHCA TpeMs CIOCO-
6amu:

¢ 3a60poM BOABI H3 OTPa’KAaIOLIMX KaHAJOB, HaNMOJHseE-
MbIX OT CKBaXXHH, H mOJaycii ee K NOXAeBajbHBIM arpe-
rataMm MHO MNOA3EMHBIM HJAH COGOPHO-pa3GOPHEIM NOBEPXHO-
CTHEIM TPYGONpPOBOAAM C MOMOULbIO CTAUHOHADHBIX HJH Ie-
PEeABHKHBIX HACOCHBIX CTaHUUH;

¢ 3a6opom BOABl H3 OaccefiHOB CYTOUHOrO peryJHpoBa-
HHA M MOLOTPeBa, HamOJHAEMBIX OT CKBaXHH, H NMOAayel K
ROXIeBaJbHEIM arperaTaM 1o nepBoMy: cnocoby;

¢ nonaye#l BOAH K JOXAeBaJbHHIM arperataM Hemnocpef-
CTBEHHO M3 CKBaXKHH MO MOJA3eMHLIM HJ/H NOBEePXHOCTHHIM
TpySonpoBoaam.

KOHCTpYKUMH CHCTEM BEePTHKAJLHOTrO ApeHaxa 3aBHCAT
OT NPHUHATOro crnoco6a BOAOMOAAYH H OT THMA TNpHMeHsie-
MbIX 0X/AeBajbHEIX arperatoB. CXxeMa pacnosioxeHHsi CKBa-
XHH npu nepsom cnocobe sodonodawu Ha OpoOllUeHHe Cy-
IleCTBEHHO He OTJ/IMYAaeTCs OT CXeM BEePTHKAJbHOTO JpeHa-
JKa Ha ocyuutesabHbix cHctemax (puc. 60). Heobxoaumo
TOJILKO Pa3MeCTHTh CeThb KaHaJOB B COOTBETCTBHH C MNpH-
HATBIM THIOM [OXAeBaJbHBIX arperaToB H YCJOBHSIMH BO-
J103a60pa, OCHACTHTb HX HYXHBIM KOJIHYECTBOM MNOAMNOPHBIX
coopyxeHuit (puc. 63,a). [TapaMeTpsl CKBaXXHH H X pac-
HOJNOXKEeHHe Ha3HayaloT H3 YCJOBHA JOCTAaTOYHOrO M pas-
HOMEpPHOrO OCYLIeHHS MNOJeH, a TakXe MNoJjyuyeHus Tpebye-
MOrO KOJIH4eCTBA BOABI Ha OpollieHHe, A5 YEero APeHaXHbie
CKBAXKHHBI MOXHO AOMNOJHATb CHOHHBIMH BOAOCOOpAMH.

Pacnosnioxenue OTKPBITOH ceTH onpejessieTcsi THIOBH-
MH CXeMaMH HCNOJb30BAaHHA HOKAEBaJbHBIX KOMIIJIEKTOB H
ycTaHOBOK. Paccrosnue MeXJay KaHanaMu JIOJKHO OHTb
pPaBHO HMJIH KPaTHO pasMepaM THIOBHIX YCTAHOBOK opoiile-
HHA C yYeTOM LUMPHHBI CKOTOMPOrOHOB, AOPOT, 3alHTHBIX
308 U ap. Hanpumep, npu Hcnosib3oBaHUM [IBYX arperaTtos
«®perar» pasMepbl THHOBoro yuactka —900Xx 1800 M, a ¢
yuetTom ckoTonporooB —950X 1800 M; aas «Boaxanku»—
8001088 m u 8501088 m; ana KHM-50 — 584X 876 M u
650X 876 wm.
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Puc. 63. Cxembl OCYLUIMTENbHO-OPOCHTENILHEIX CHCTEM BEPTHKAJL-
HOTO JApeHaxa:

a — nepsbiit cnoco6 Boaonopaun; 6, & — BTopoH cHocol; 2, & — TpeTuit
CROCOG; [ — orpaxjanouiie KOMMEKTOPH:; 2 — c6pociibte KaHaabi: 3 — ne-
HOYHbIe 3KpaHbl, ¢ — ApCHaXKHbIe CKBaXHHbI; 5 — TPYOGONPOBOALI;, 6 —
AOXAEBaNbHbIE arperaThi; 7 — HACOCHbie CTAHIMH; 8 — WJIO3bI-PEryASTO-
Pbl; 9 — BaKyyMHble CKBaXuHbl; /0 — cudounbie tpy6onposoasl (9—I10 —
cudounsie BOAOCGOPLE); If — GacceilH CYTOUHOTO PperyAMPOBAaHHMS H TNOMO-
rpeBa BOAbI; /2 — OPOCHTeAbHbIA TPyGONpoOBOA C ruapantamu; 13 — c6poc-
HOfi M opocuTedAbHbIA TPYGONMpPOBOA ¢ TIHAPAHTAMH; 14 — 33JBHIKKH;
15 — poxpeBanvubift  arperat «®perat»; /6 — c6pocHol u cudosubif
TpybonpoBoa; I7 — c6pocioe xoaeno cudoHa:; 18 — BOAOMOABEMHAN KO-
AoHHa; 19 — duiabTpoOBasg KOAOHHA.



Ilpu sTopom cnocobe sodonodauu Heobxomaumul Gacceii-
HBl CYTOYHOTO pPeryiHpoBaHMsI M mojorpeBa BoAaH. Pacno-
JIOXKeHHe CKBaXHH U CH(POHHBIX BOAOCOOPOB M HX NapaMeT-
pbl AOJIXKHBI 06ecrneynBaTh JOCTaTOYHOE U PABHOMEPHOE OCY-
lIeHHE TOJiell B pacyeTHbie CPOKH, OLITb YBA3aHH C pa3Me-
HieHHEM H THMaMHM [OXIEeBaJbHLIX arperaTos, oyepeaHo-
CTbi0 HX paboThl, o6ecneynBaTh nojsyueHue Tpebyemoro ajs
OpOLIEHHs KOJIMYeCTBa BOABL (pHc. 63,6 u 8).

Tperuii cnocob 6o0onoda4u MPUMEHUM TOJBLKO NPH OpO-
IieHHH KYJbTYDHBIX CEHOKOCOB M MacTOGHI XOJIOAHOH BOAOMH
(puc. 63,2 n 0). YernipexnerHumu onsitamu Ha IMonecckoi
onuiTHO-MenuopaTuBHo#i cranuun  (H. M. Aspamenko,
A. M. MuxanbpueBuu) cCylecTBeHHOH pasHHubl B ypoxKasx
CesiHbIX TPaB NMPH OPOLIEHUH HENOCPEeACTBEHHO H3 CKBaXKHH
H yepe3 OaccefiHEl CYTOYHOIO peryJHpPOBaHHs W NMOAOrpeBa
BOALI He ycTaHOBJeHO. Boaa K AOX/JeBajsbHbLIM arperatam
nocTynaeT HeNOCPEACTBEHHO M3 CKBAXHH HJIH MO INOA3EM-
HbiM TpyGonposoaam. Ilpu 3ToM Henecoo6pa3Ho cOBMEIATh
c6pocHO#l U opocHTesbHBEIH Tpy6onmpoBoasl B oauH. Tpe6o-
BaHMsI K pa3MelleHHI0O CKBaXKHH H pPACMNOJIOXKEHHI0 KaHa-
JIOB' Te Ke, YTO U B NpeJBAYIHX CHocobax.

OcyLiuTeIbHO-OPOCHTEIbHEIE CHCTEMBl  BEPTHKAJLHOTO
npeHaxka Haubosiee 3h¢exTUBHBI Ha 3eMJAX, HCIOJB3ye-
MBIX KaK [MOJroJIeTHUE KYJAbTyPHbie MAacTOHILA W CEHOKOCHL.
Hix MOXHO ¢ yCnexoM NpPHUMEHATb Ha MEeIHOPUPYEMBIX 3eM-
JAX, HCHOJb3yeMBbIX B OBOWHHIX H 3epPHO-TPABSIHBIX CEBO-
oboporax.

TexHosOrHS perysupoBaHMsi BOLHOIO peXHMa [OYB Ha
OCYIIHTENbHO-YBJAXKHUTENbHLIX CHCTEMAX BePTHKAJIbHOTO
ApeHaxa INPH HCHOJb30BaHHH MOJA3EMHBIX BOJA Ha AOXK[e-
BaHHE COCTOHT B CJIEAYIOLLEM.

BecHo#l mocsie nNpoxoxaeHHs NaBOJIKOB, Nepef Haua-
JIOM ToJIeBHIX paboT (Hauyaso BereTaiMM pacTeHHi#), BO Bpe-
Ms OOHJBHBIX JIETHHX OCaJKOB, a TaK¥Xe 3aTAXHBIX OCEH-
HHMX AoXKIell B mepuoi yOGopkH ypaxkasi cHcTeMbl pafoTaioT
B peXume ocyiueHus. ns 3Toro B 3aBHCHMOCTH OT BOJO-
O06UNBHOCTH BKJIOYAIOT B paboTy BCC CKBaXKHHBI HJIM YacTb
KX, YTO MPUBOAHMT K cHuXeHuo Y[ B uau HemnonmyuleHHio
ypesMepHoro ero noabeMa. OTKauuBaeMmble BOAB NOAAIOT
B HaJUBHBIC BOJAOEMbI HJHU COpPachLIBaiOT B OTBOASIIYIO CeTb.
TpeGyembiii BOAHLIN peXHM NOYB NMOAAEPKHBACTCA HHTEH-
CHBHOCTBIO H IIPONOJIKHTENbHOCTbIO OTKayek. [locae mouu-
XeHust YI'B 10 Hy>XHOH B AaHHbI NMEePHOA HOPMBI CKBaXH-
Hbl OTKJioYaioT. [locseayiollee BKJAIOYeHHE OCYILECTBJHIOT
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no mepe Haao6HOCTH. B nepuox oTkayek B paauyce 10 50 M
BOKPYT CKBaXHH 06pa3yioTcst NOBOJILHO ray6OKHE BOPOHKH
LenpeccuH, OAHAKO yepe3 KOPOTKHIH INPOMEXYTOK BPEMEHH
1noc/sie OCTAaHOBKH HAcocoB (MeHee 12 y) BOPOHKM HCUE3alOT
(sanoausoTC BOAOH € MPHJEKAWUX YYAaCTKOB) H Ha TO-
JIX yCTaHABJHBaeTCs NPHMEPHO paBHOMepHas MO MJOlia-
AH Tay6HHA OCYUIeHHs.

B sacyuinBeie nepuosbl, nocsae Toro kak ¥YI'B noj Baus-
HHEM MChDapeHHsT M TpaHcnHpauuu (npH HepaGOTAMOUIHX
CKBa)XXHHAax) OMYCTHTCS HuKe TpeOyemoil B HaHHbIH NepHoOn
HOPMBI H DacTeHHs HAYHHAIOT HCMLITHIBATH AePHUUT Bjaru
B NIOYBe, CHCTeMa HaynHaeT paboTaTh B pexXHUME OPOLIEHHUS.
BkaouaioT Hacochl CKBaXXUMH (npd HeoOXOOHMOCTH MOJ-
KJA0YaloT U cHudoHHBie BOAOCOOpHI), W KanTHpyeMble TMOJA-
3eMHbLie BOJABl 4Yepe3 cHCTeMy TpyOonpoOBOAOB, peryJu-
pyiomiux OaccefiHOB MM HanpsiMyilo (B 3aBHCHMOCTH OT
npunHaToro cnocoba BoORoOGecieueHHs) MNOAAIOTCS K ROXK-
neBasbHbiM arperataM. [lpu atom YI'B Ha moasx momos-
HHTENbHO TOHH3UTCA, HO YBJaX{HeHHe BepxHero KopHeo6u-
TAeMOro cJ0s MOYBbI NyTeM [OXKJAeBaHHsi ofecmeuuT HOp-
MaJibHble YC/AOBHA AJii pa3BHTHS pacTeHHH.

Mpumep 1. Ilepsoui cnoco6 sodonodauu (puc. 63,a). Pexum ocy-
UieHHA: BKJAIOYAIOT HACOCHI HA CKBaXKHHaX 4, OTKPHIBAIOT LLIIO3HLL &,
LPEHNPOBAaHHbI® BOALI Mo KaHalaM [/ # 2 OTBOAATCA 3a MNpefesul Ocy-
1aeMOro y4yactka. PexXum opolieHHs: 3aKPHIBAIOT IIO3BL &, BKJIOHYA-
I0T Hacochl Ha CKBaXuHax 4 (npu HeoOXOAHMMOCTH NOAKJAIOYAKT CH-
¢oHHbie BogocGopbl 9—I0), HaNOAHAWOTCA KaHaasel [, H3 HHMX BOJAA Ha-
CCCHBLIMH CTAHUMSIMH 7 0O 3aKpbiTBIM HJAH COOpHO-Pa3GOPHBIM OTKphI-
THIM TPYGONPOBOAAM NOAAETCs K AOXHAEBaJbHBIM arperatam 6.

fMipumep 2. Bropoii cnoco6 sodonoda4wuw (puc. 63, 8). Pexum ocy-
IMeHHA: OTKPHIBAIOT ULIIO3BI 8, BKJIOYAIOT HAcOCHI Ha CKBaXHHaxX 4,
Boga no TpybonposoadM 5 nopaeTcs B OGaccefin // H H3 Hero camo-
TEKOM MO KaHanaM 2 u | OTBOAMTCA 3a npeleast ydactka. Pexum opo-
wennst (puc. 63, 8, nosie @3): BKAIOHAIOT HAcOCHY Ha cKBax<Hue 4/, Boza
no Tpy6onposoay 5 mopaetcs B Gacceitd I1 ¥ M3 Hero HaCoCHO# cTau-
une#t 7 no Tpy6OmpoBOAY § — K AOXKAEBaJbHOMY arperary.

NMpumep 3. Tperui cnoco6 sodonodauu (puc. 63,2, noje 84). Pe-
WHM OCyLIeHHS: OTKpHBAlOT ULTIO3H 8’ M 8 M 3aABHXKH n H r, BCe
OCTasibHble 3a[BHMKH 3aKpPBITH, BKJO4alOT HAacoCH Ha CKBaxHHe 4/, o
Boga no tpyGompoBoay /8 —f{—b—c—r cOpacniBaercd B KaHana [
H pajee 3a mMpeAean yyacTKa. Pexxum opoleHus: waio3 8 H 3aABHX-
ki m, I, s, r 3aKpbiThl, 3aJABHKKH D, & U n OTKPHITH, BKJIOYAIOT HacoC
Ha cKBaxHHE 4’ 1l MOAK/MOYAIOT cHOOHHHE BopocGop 97 —f—e—d —
17, Boga no BerBu /8 —t— b —c —r nomaerca Ha opolleHue K arpe-
raty 6’ —6”.

Oco6eHHocTh paboOTHL CHCTEM BePTHKAJbHOrO ApeHaxa

B FYMHIHON 30He COCTOMT B JAHCKPAaTHOCTH M KpaTKOBpe-
MeHHOCTH (GYHKUHOHHDOBAHHS B PeXXHME OCylIeHHs H Opo-
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WweHHud, npu oblleii NMPOAONKHTEJIbHOCTH OTKayek B ToAy
B npeneaax 15..60 cyr. Haxke Ha o0bektax OGHILHOrO
TPYHTOBOTO ¥ T'PYHTOBO-HAallOPHOrO BOXHOI'O NMUTaHHS CKBa-
XHHBEl paboTalOT B peXHMe OCYLUCHHs NePHOAHYECKH, OTHO-
CUTe/ibHO HEeNpOAOJXKHTENLHBIMH UHTEpBajlaMH BpeMeHH,
noajgepxuBasi YI'B B rpannunax, obecneunBaomwux Tpebye-
MYIO BJIaXHOCTb KOpHEOOHTaeMOro cJosi TNOYBHL.

[IpoexTHpysi MeAMOpaTHBHbIE CHCTEMBI C BEPTHKAbHBIM
ApeHaxeM, OCHOBHOe BHHMaHHe CJeAyeT yAelsiTb obecne-
YEHHI0 HANeXHOCTH M INPOCTOTH PEryJHPOBaHHS BOLHOrO
peXHMa nouB, 5KOHOMHOMY PacCXONOBaHHIO BOAHEIX pecyp-
COB, YMeHbIIEHHIO MEePBUYHBIX KAaMHTAJOBJONKEHHH H 3KC-
MJyaTalHOHHBIX 3aTpaT. BepTukanbHbll ApeHax Tpebyert
NPUMEHEeHHs] OTHOCHTEJBHO AOPOTHX H Ae@HUUHUTHBIX MaTe-
pHasioB: HamopHbix Tpy6 6OJBIINX AHAMETPOB, MOA3EMHLIX
3NEKTPHYECKUX Kabesieit, HacOCOB, CPEACTB aBTOMATHKH H JP.
[Tostomy npu BbiGope cnocoba OcCyilleHHss M BOAONOAAuH,
CXeM DacrnojioXeHHst CKBaXKHMH, HX KOHCTPYKUHE H Pa3MepoB
HEOOXOAHUMO:

YMeHbUIaThb MPOTSKEHHOCTb 3aKPBITHIX HAMOPHHIX TPY-
GonpoBogoB, noxzemMublx kKabejeir u JIDII, uTo pocruraer-
Csi pa3MellieHHeM CKBaXXHH BO/IM3H KaHaJOB, WIMPOKHM NpH-
MeHeHHeM CH(OHHBIX BOAOC6OpOB, COBMelleHHeM COPOCHBIX
H OpOCHTeJbHBIX TPy6OnpoBOAOB, BHIGOPOM IIPHEMJIEMOroO
THNa AOXKIeBaJbHOH TEeXHUKH M crnocoba BOAONOAAYH;

yMeHbIllaTe B JOMYCTHMBIX Npefesnax riyOuHy CKBaxKHH
nyTeM yBe/MYeHHS] UX AHaMeTpa M TOJILHHB QUALTPOBOI
OOCHINKH, YTO MNO3BOJISIET NOBBICHTH BOAO32XBAaTHYIO Cio-
CcOOHOCTb ApeHaxa, COKPATHTb KOJHYECTBO CKBaXHH, NPO-
TAXKEHHOCTh TPYOOMpPOBOAOB M 3KCHJyaTallHOHHHIE Pacxo-
Ae. B 3Toli CBSI3M NpefNOYTHTENHHO CTPOUTENBLCTBO BLICO-
KOACOUTHBIX CKBaXXHUH METOAOM POTOPHOIo GypeHHusi ¢ 06-
paTHOH NMPOMBIBKOH YHCTOH BOROH;

pa3pabaTeiBaTb ONTHMaJbHbie CXEMBl [JIOMIAZHOrO H
KOMGHHHPOBAHHOTO JpeHa’Ka H METOJbl €ro IKCHJyaTalliH,
ofecneynuBaolliiie OTBOL TOJAbKO H3GHTOUYHBIX BOJ, 1O BO3-
MOXXHOCTH HCKJIIOuas JOMOJHUTENbHOE YBJaXKHEHHUE;

aKKYMYJIHDOBATb H KOMILJIEKCHO HCIIOJb30BATh ApeHaX-
HBIf CTOK NyTeM CO3MaHHf HaJUBHBIX (BOAOOOGOPOTHHIX)
NPYAOB M BOJAOXpAHHWIHLI, NMOJAAaYH BOABI Ha OpOilleHUHE Cy-
XON0JIOB, LiHpe MNPHUMEHSTh NJacTMaccoBbie TPyOH BMeECTO
CTaJIbHBIX U YYTYHHBIX.

Oco6oe BHHMaHHEe cJeAyeT YNe/siTb CO3JaHHIO CHGOH-
HLIX BOAOCOOPOB, NMpHMEeHeHHe KOTOpHIX mo3poJseT Ha 20...

213



40% yMeHbLINTb KOJIHYECTBO APEHaXKHBIX CKBaXXHH, 06Opy-
IyeMBIX apTe3HaHCKMMH HacocaMH; SHA4YMTEJbLHO COKPaTHTh
noTpe6HOCTL B MeTaJljinueckux Tpybax, 3aMeHUB ux aclec-
TOUEMEHTHBIMH HJM NJIaCTMACCOBBIMH JIETKOH CEpHH; Cy-
LIeCTBEHHO YBEJNHUYHTh HAaNeXHOCTb paboTei TpybonpoBo-
IOB; COKpPaTHTb MJIH [axe HCKJIIOYUTh NMOTPeOHOCTb B NOA-
3eMHHIX KabeJax; yJAy4YLiuThL THAPOJHHAMHUECKHE YCJIOBHSA
pa6orol Npu3aGoilHEIX CKBaXXMH M YBEJUYHTh AOJIOBeY-
HOCTb ApeHaxka; Ha 15..30% yMeHbIIMTHL CTOUMOCTH CTpO-
MTeJbCTBA CHUCTEM H 3KCHJIYyaTaUHOHHBIE PACXOAHL.

Ecau xaHajbl nposioXKeHbBl B TPyHTax, BOAONpPOHHILAE-
MOCTL KOTOPHIX MeHblle | M/cyT, TO ApeHaXKHble CKBaXH-
HbH MOXHO pacmoJsarath Ha paccrosiHuu 40..60 M OT HHX
u c6poc ocywiecTBAATb NO KOPOTKHM Tpy6GonposonaM. Ko-
JOMUBI, K KOTOPHM MoAKIouaTcs cHoHHbIe TPpyGonpoBo-
Jlbl, MOXKHO pacroJiaratb B HENOCPEACTBEHHOH O/IM30CTH OT
KaHaJIoB.

4. ®unpTpannoHHBIii pacyer BEPTHKAIBLHOTO ApeHaXKa

DunbTpaUMOHHBIA pacyeT CKBaXKHUHB (Npamasi 3afda-
4a)— OAMH H3 OCHOBHBIX Pa3le/iOB THAPOAMHAMHKH, KOTO-
pOMY C CepeaHHbE NPOLLIOro BeKa NOCBslleHO 60Jblioe KO-
audecTBo pabor, Hayunaa ¢ [ionion, Popreiimepa, Byccu-
HecKa u 1p.

o HenaBHero BpeMeHH NMPaKTHYCCKUMH 06J1aCTAMHU MNpH-
MeHeHHs1 CKBaXXMH ObliM HedTenobmua, NPOMLILLIEHHOE H
KOMMyHa/IbHOe BOJOCHAaOXeHHEe C HCNO/b30BaHHEM pecyp-
COB MNOA3EMHbIX BOJ, 3aliliTa TEPPUTOPHI OT MOATOIIEHHS,
BEPTHKAJbHHIA ApeHaX B apuiHOifl 30He. XapaKTepHas 0cCO-
GeHHOCTb, mpHCyUlasi BceM 3THM 06,1aCTAM, COCTOHUT B TOM,
YTO CKBAXXHHBI 34eChb pabOTalOT NpaKTHUECKH B YCTAaHOBUB-
lieMCsl pexKuMme, a NPOAOJKHTEILHOCTh HX HENPepLIBHOM
pa6oThl H3MepsieTca rogamu. ITH OGCTOATENLCTBA HAULIU
CBOE OTpaxKeHHe B MOCTAHOBKE M MeTOAAX pelleHHS (QHUILT-
pPalHOHHBIX 3afau CkBaxXHWH. [lonyyeHHbie pellleHHs, K CO-
JKaJIeHHIO, Hesib3sl MPUMEHHUTb AJI1 PAcYeTOB BEPTHKAJbHOrO
JpeHaxa Ha OCYLIeHHBIX 3eMJSX CeJbCKOX035iCTBEHHOrO
MOJIb30BaHHUSI.

BepTukanbubiii ApeHaXxX B TYMHAHOH 30HE HMeeT cje-
ayioimue oco6eHHOCTH.

1. CkBaxuHbl paboTalOT B AHCKPEeTHOM pexume IMpH
NPOAOJKUTENLHOCTH OAHOTO BHINMYCKAa — HeNmpephIBHOH pa-
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60Tl — B cpeiHem 3..15 cyt. 3a 3to Bpems Heo6XOAHUMO
cuusuth YI'B 1o TpeGyemoit HopMbl ocyiienus. Ha cedb-
CKOXO35HCTBEHHBIX MOJSX TYMHIHOH 30HBI HET NOCTOSAHHOIO
u3beiTka BJark B noyse. Hanmpumep, aas [punsarckoro Io-
jechsl, no pavHeim M. ®. Koznosa (1977), xapakrepeH
c6asaHCHPOBAHHBIH CPEeHEroloBoi peXXHM OCANAKOB M HC-
NapeHHsi, ¢ HE3HAYHTENbHBIM NEPEBECOM B CTOPOHY OCaAKOB
B OTHeJbHBIX palioHax. 3a60J0YEHHOCTb MOYB B NeEPBYIO
oyepesp OGBSACHACTCS OPOrpadUUeCKHMH 0COGEHHOCTAMH 30-
Hbl, FEOJIOTHYECKHM CTPOEHHEM H THAPOTEOJIOTHUECKHMH YyC-
JOBHSIMH H JIMILb 3aTeM KJHMaTHuecKHMH ¢akropamu. [Luc-
IPONOPLUHUS paclpefiesleHHs BJIaXKHOCTH B [IOYBE OTMEYALTCs
BO BHYTPUrOAOBOM pa3pese: U3GHITOYHOE YBJaXKHEeHHE BeC-
HOH W OCEHbI0 NMPH HOPMaJbHOM HJH HEJ0CTaTOYHOM Jie-
ToM. 3ajaua BepTHKAJbHOIO ApeHaXka 3aKjloyaeTcs B ome-
paTHBHOM, HO KpaTkoBpemenHoM mnoumxennn YI'B. Vka-
3aHHbLIH KOPOTKHi1 IePHOJ OTKaueK He BCerja yKJaiblBaercs
B PAMKH H3BECTHBIX MOJeJieH, H HX NpHMeHeHHe MOXET IIpH-
BECTH K OYEHb 6OJIbLINM NOTPELIHOCTAM.

2. Bricokass AMHAMHYHOCTb DPa3BHTHS (PUALTPALHUOHHO-
ro mpouecca NpH KPaTKOBPeMEHHOH OTKauke ¢ GOJbLINM Je-
6utoM. IIpu GOsbIIMX CKOPOCTAX CHHXKEHUS| YPOBHeH I'DYH-
TOBbIX BOA 6oJsiee sIPKO MPOSABJAIOTCS TakHe 3QdeKTH, Kak
peakuys BOJOHOCHOTO NJAacTa Ha BO3MYILiEHUE, BJHSHHE JH-
TOJIOTHYECKOH MHKPOHEO/IHOPOLHOCTH MJjiacTa M BepPTHKaJib-
HEIX COCTaB/ASAOMIUX CKOPOCTEH (PUABTPALNH, YTO H3BECTHHI-
MH PelIeHHsIMH 4aCTO He YYUTHIBaeTcs.

3. Tpebyercs obecneunTh BHICOKYIO TOUHOCTb PEryJaHpO-
BaHHsl YPOBHe# TpyHTOBHIX BOA. Eciin nmpu pelileHnn 3anau
paccosieHHs NOYB HJIM 3allMTHl HX OT MOATOMJIEHHsi pacue-
Tl JONYCTHMO BeCTH C 3aMacoM [Jsi TapaHTHH, TO NpPH pac-
yeTe€ MeJIHOPATHBHOIH CETH CKBaXKHH NepeocyilleHHe TaK Xe
HeJIOMyCTUMO, KaK H mepeyBaaxKHeHue. TpeGyeMbie HOpPMEL
OCyllIeHHsl, KOTOpble M3MEHAIOTCS B pa3Hble (a3bl Berera-
HHH A/ pasHbIX KyasTyp B npefenax 0,6..1,2 M, jpomyc-
KaloT OTKJAOHeHHs1 He Oojee 0,1 m.

Hcxoas w3 knaccuduKaunu yCa0BHA NpPUMEHEHHs Bep-
THKaJbHOTO JipeHaXka W crneundukun ero paboTh KaK OCy-
IUUTeNLHONH CHCTEMBl, PacUeTHYIO THAPOTEOJIOTHYECKYIO CXe-
My B nepBOM NpHOIMMKENHH MOMHO NPEeACTaBHTb CJAEAYIO-
wHM 06pa3oM:

1. O6bekToM BO3MYLIEHHS CJAYXKUT Ge3HANOPHBLIH BOAO-
HOCHHIi TOPH30HT, CKBaXHHBI paboTalOT B YCJOBHAX Heyc-
TaHOBUBLIEroCs pexuma, QuAbTpalHOHHASA CPefa OAHOPOA-
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Ha WAH MOXKeT OblThb NMpuBejeHa K OLHOPOJAHOH M H30TpoOI-
HOH 1O MPOHULLAEMOCTH.

2. Mo xapakTepy nuTaHus BOAOHOCHBIH TOPU3OHT CHH-
TaeTcsi GECKOHeulibiM MO MNPOTSXKEHHOCTH, TO €CTb Heorpa-
HHUEHHBIM B NJ1aHe, eCJIM BLINOJIHAETCS YCJIOBHe

L>15]/ L
u
rape Ln—paccromme OT CKBAXXHHB AO o6aacTi NOCTOSAHHOTO Hanopa,
T=Fkm — npoBOAYMOCTb AJACTA, M — €r0 MOILHOCTh, M — KO3HiHeHT
BOLOOTH a4H.

3. Cnoco6 BO3MYlIeHHSl MJacTa — OTKauyka C MOCTOsIH-
HbiM 1eOHTOM H3 COBEpIUEHHOH CKBaXXHHbI NPH OTCYTCTBHH
HHOUIBTPALHOHHOrO MHTAHUS.

Y. Teilcom (1935) pemena 3ajaya HeyCTaHOBHBLIETOCS
NPHTOKa BOAbI K COBEpIUEHHOH CKBaXKHHe MpH AONyIlleHHH,
uto (QuabTpallioHHas cpeAa OAHOPOJHA, H3OTPOMNHa, C
MIHOBEHHOHM NMOCTOSTHHOH BOAOOTAAaueH, TO €CThb

ky=k,=const; }
p=const.

1

(294)

[Ipu 3TOM B peaysbTate pelieHHsi ypaBHeHus Byccunec-
Ka B UWJIMHIAPHYECKHX KOOpAHHATAX
3% I 0h _ n  Oh 995
or? + r or T ot ( )
C TPAHHYHBIMHU YCJOBHAMH
hr, 1) =he (1<0);

koo, tYy=ho (1=0);

i 9nr T dh (296)
Yim 2nrT _dh _
I — Q (>0).
NOJIy4eHO
S=hy—h=W (u)Q/4nT, (297)
rape

oo
T=khep; u=ur?/4Tt, Wu)= f xVexp (—x)dx=0,5772—Inu+
0
©
n
+ (—l)"+lﬁ_ — (QyHKLHA CKBaXHHBI, H3BECTHasd KaK HHTErpanb-
nn!
n=1
Has 3KCHOHEHUMaNbHas QyHKuuA; Q — pacxoj cKBaxHHb;, T — BOJO-
NPOBOAHMOCTb MacTa; S — MOHHXKeHHWe YPOBHS (Hanopa); Acp — cpel-

HAA rAy6MHA MOTOKa; fp — Haya/lbHOE 3HayeHWe A; r — pajHanbHOe pac-
CTOsIHHE OT CKBaKHMHBI, ! — BpeMs.
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an MaJblX 3HayeHUAX apryMeHTa u BJIHAHHE pAdd
=)

(-)mx £ 5 popmysae (297) He3HauHTENbLHO, H C
nn!
a=1

AOCTATOYHOM ISl IPAKTHKH TOUHOCTBIO NPH
u<0,1 (298)

pewrenne (297) moxeT GHTbL aNNPOKCHMHDPOBAHO BHIpaXe-
HHEM

9
S— Q In 2,25Tt _ 0.183Q‘ 2,25T¢
4nT pr? T nr2

. (299)

Pexum ¢uabprpauuu, onucsiBaeMblil ypaBHenuem (299),
Ha3blBaeTCsi KBasUCTAaUMOHApHBIM, a ycsjoBue (298) onpe-
peqasier BpeMsi ero Hactynsenus. ClielyeT, 0/HaKO, MOA-
YepKHYTb, YTO peillenne Tefica CNpaBefJiHBO TOJNLKO NpH
BhinosiHeHuu ycaosBusi (294). TlloBenenue peiuenus Teiica
XOpoLiO NpocaexHBaeTcss Ha rpaduke B KoopauHaTax lgi,
S (puc. 68). Ha Hem KBasuCTAauHOHAPHLIA peXuM (QHABT-
paunuy npencTaBJeH NpaMoil JIMHHEH, ONMUCHIBaeMO# ypas-
HeHueMm (299).

IlpakTuka mnokasajsa, 4yTo jpomnylitedue (294) B OCHOB-
HOM BBINIOJIHATCSL [/ CKBaXHH, paboTaioliuX B YCJIOBHAX
NPOAOJIKHUTENbHO! HENpepHIBHOH IKCIJyaTalluH, a pelleHHe
Tefica BecbMa yno6Ho Ans pacueroB. OJHAKO B HayajbHbIf
nepuoj paboTH CKBaXUH YCa0BHs1 (294) He BBIMOJHSIOTCSA
W npuMmeHenne ¢opmyn (297) u (299) HeoGOCHOBaHHO.

Hasi onHcaHusi HauaJbHOTO MepHOAa OTKAukH B OesHa-
nopHoM BojAoHOCHOM ropusoHte H. Boatosom (1963) npexn-
JioXeHa THIOTe3a NepeMeHHOH BO BpeMeHH BOJOOTAAuH.
PacyerHas BOAOOTAaua Wt NpeAcTaBjeHa HM B BHAE CyM-
MBI HEKOTOPO# HauanabHOH uy (y BosaToHa ympyrofi) u rpa-
BHTALHOHHOM, H3MeHsIolelicA BO BPEMEHH MO 3aKOHY

we=pn+ou [ exp [—a(l—T)]dL, (300)

rae p — KoadduuueHT TPaBHTALHOHHOH BOROOTAAYH; T — NPOROIIKH-
TeAbHOCTD HAYaAJLHOIFO TMepHOoAa l‘paBHTauHOHHOﬁ BoAoOTAAYH, A —
HHAEKC 3ana3ibiBaHHs BOAOOTHZAYH, NOCTONHHAA 3IMIHPHUECKAs BeJHYH-
Ha AAf faHHOro o6bekra, pasmeprocts [T-').
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Ypasuenne ByccuHecka mpu ky=ky=const u S=hy—Hh
¢ yuetom ypaBHeHus (300). umeer Bun

s 1 aS\_ a5
T(or + o) mms +
t
+oty YZTS exp [—a(l—1)]dw. (301)

0

Peuwlenne ypasnenus (301) ¢ HayaJabHBIMH M FPaHHYHBI-
MH ycaoBusamH (296) B aHANHTHYECKOM BHJE MOJYYEHO
BoaTOHOM ANA ABYX YAaCTHBIX CJAyuYaeB:

1) xorna koaddHUHEHT HauaJbLHOH BOAOOTAAYH GECKO-
HEYHO MaJl N0 CPABHEeHHIO ¢ K03 (HIHEHTOM TPaBHTAIHOH-
HOH BOLOOTAAYH, TO €CTh

(MH—M_)/MH=7]—*°° (302)
Iast atoro ciyuas peweHde ypaBHeHusi (301) umeer Bug
Q r 1 aix? dx.
= 2o — — - — -
S 4nT J 0( B * )[l x241 exP( x2+l)§] ¥ /(303)
rae -
T x2
B= ; B= o, expl—ont(x*+1)];

ap.— x2+1

Jo — dyuruus Deccens (uunuHApHYECKas) NepBOro poja, HYJAEBOro mo-
psilka OT apryMeHTa X.

Qynxuus & npa noJgOXKHTEJLHOM ! cTaHoOBUTCS Oec-
KOHEYHO MaJjo#, Ho npu (=0 u ycaosun (302), koraa nf
UMeeT KOHEUYHBIH Npejes,— KOHeyHa.

Peuienue (303) onuchiBaeT pexuM ¢uabTpauuu, mepe-
XOJAHBIH K KBa3ucTauuoHapHomy pexumy Teiica, u cosna-
naer c pewieHdeM Tefica npH {—oco (BOLOHOCHBIH I'OPH3OHT
XapaKTepusyeTcss NOCTOSIHHOH TrpaBHTalOHHOH BOJOOTAA-
Heit u);

2) nJjis HayaJbHBIX, AOCTATOYHO MaJIbIX 3HAYEHHH Bpe-
MeHd { peileHue ypaBHenus (301) umeeT BHA

o0

S= Q_§210(—’ x) 2 (] k
4nT p B x3+1

“

—exp [—anf (22+1)]} —dx"—. (304)
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YpaBuenne (304) onucmBacT HayajbHbI NEpHOA NpH-
TOKa BOAB K CKBaXXMHe, KOrjla BOAOHOCHBI TOPDHM3OHT Xa-
paKTepH3yeTcsi NOCTOSHHBIM KO3Gh(HIHEeHTOM HavajbHOH
BOAOOTAAUN My [IpOROINKHTENBHOCTL 3TOTO MEpHOAA H3Me-
HAETCH OT HECKOJNbKHX MHHYT A0 1.5 u M 3aBHCHT OT Be-
JIMYMHBI Je6HuTa CKBaXKHHbI. BOITOH MOKasaJj, uTo pellieHHe
ypaBHenus (304) aHanorHuHo M MOXeT ObITb NPHBEJEHO B
SIBHOM BHJe K pelieHHi0 XaHTylia A/s HamopHHIX IJIacTOB
¢ nepeTeKaHHEM.

B pa6ore H. Boatona (1963) Ttakxe npuBoaurcs 00-
utee pewenne ypasHenusi (301) co ccwuikoitna P. H. Blun-
dell, korna BeauuuHa 1 KOHeuHa

oo
Q r )
=2 (o5 (L x){l—exp(—u) X
S ““Ti (,(Bv x){ exp(—u)

X [ch uy+ ‘""2“—""’) ch ]} dx (305)
U X
rae ?

2u=ant (1+x2); 2= atyn2(1+52)2—dnrZ v= (n—1) '/n=pnf (Ra-+R).

Pewrenne (304) onuceiBaer JuilbL HayajibHbl NEpHOR
GuAbTPAllH MPH HHYTOXKHO MaJsbiX 3HAUYEHUSAX BPEMEHH {,
He NpPeACTaBAAOIHX HHTepeca C NPakTHYECKOH TOUKH 3pe-
nusi. Pewenne (303) onucwiBaetr nepuon ¢GbuabTpauuu, npu-
OsuKaloluicA K KBa3HCTaUHONAPHOMY, KOrAa yXKe MpHMe-
Humo peitenne Tefica, MHHYsi caMblil CJOXKHBIA — JI0XKHO-
cTauvoHapublii nepHoa. Pewenue (305) dopmanbno nuuie-
HO 3THX HEJOCTaTKOB, OJHAaKO HeT AOCTAaTOYHO HaJexmHbIX
MeTOJ0B oNpefiesieHHs] BXOIASILMX B Hero mapamerpos. Kax-
Joe u3 peittennit (303)...(305) comepxuT HecoGCTBEHHBIE
HHTErpaJibl ¢ OueHb ¢1a60# CXOAMMOCTbIO K mpejenaM HH-
TerpupOBaHHs.

C. B. Josuapom (1978) nokasaHo, uTO eciH CyuiecT-
ByeT olluee peliiende AuddepeHHaNibHOTO ypaBHeHus Boa-
tona (301) c ycaoBusimu (296) npu mo6om 3HauUeHHH =
={;, TO JJIg KaXXJAOro [; 3TO pellleHde cOBMajaeT C pelle-
HHeM ypaBHEHHs

@S | 1 9S\_, oS
T(z?r2 F r ()r) Hei ot (306)

¢ ycaosusimu (306), B koTOpOM
pei=pa+p[1—exp(—at;)] =const
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Ans Kaxjoro {=1{;. YpaBuenue (306) ananoruudo Audde-
peHuHanbHOMY ypaBHenuio Moaenu Tefica (295) u nonycka-
eT peilleHUe
2
~—W(u Lhe
T (“), 4Tt

S= , (307)
4n
B KOTOpOM KO3 dHuuueHT 3ddexTHBHONR BOAOOTAAUH BHIUHC-
JISIETCA MO 3aKOHY
pr=pa+p[1—exp(—at)]. (308)
Mojens, onucniBaeMasi ypaBHenusMmu (307)...(308), co-
BMelllaeT MCXOAHLIe MpeAnochiakd BosTona ¢ mpocToTo# pe-
wienns Te#ica. B ornuune or mojzenu Boatona, B KOTOpYyIO
BXOAST MpefiesibHble 3HaYeHUs BOAOOTAAYH uy U pm, OHa 6o-
Jlee HaArAsifiHO OTpaXaeT AMHAMHKY Pa3BHTHs [AeNpeccHOH-
HOU BOPOHKH Ha J11060/i MOMEHT BpPEMeHH U BecbMa yAOOHa
AJia pelueHusi o6paTHO# 3axayH.

®opmyna (307) nomyckaer npeobpa3oBanus, aHaJOTHY-
Hbole (299)

S=O,183Q / 2,95T¢ =o,|83Q{lg
T wer? T

2.25Tt
per?

—lg[ 1— —% exp (—at)]},
ne

rae 'ﬁ, =u,.+|-;— KodpduiineHT 3dPeKTHBHOH BOROOTAAUH,

(309)

Ha Boipaxenus (309) Buano (puc. 64), uro Ha noay-
jgorapupmuueckom rpaduke S=f({) ana Kaxporo [={;
cooTBercTBYiollee pelleHue Tefica ¢ MOCTOSIHHOA BOAOOTAA-

yed pu; CABHUrAETCA HA BeNUUYHHY —lg[l-—% exp (—at)]

(1Y)

s BJIEBO.
8501834 /1 QuabTpallHOHHBIE pacue-
2‘ (4527(?’56,” /,)np/uh)’ ?:o BepTHKaJBHOTO 11peHa>Ka_
: 5 50,73 ASITCA K 3ajayaM Mnpoek
S THDOBAHUA M 23KCIIyaTalu-
T T e ounniM. [Ilpu npoekTuposa-

i
™) gt

&t

Puc. 64. TpagHk cBA3H peliiec-
uusi mogeau [HosHapa (M) c¢
pewienrieM modenn Teiica (MT).

220

HHH TpebGyeTcsl MO H3BECTHOM
cxeMe pasMelleHus H Ae6u-
TaM OMNpPeAeNUTb PaCCTOAHHUSA
MeXAY CKBaXXHHaMH, obec-
neuuBaioHe cHuxenue YI'B



Ao Tpe6yeMOH HOPMBI OCYILEHHs] 32 BpeMs fcy, HJIH HAHTH
KOIHYeCTBO CKBaXuH, Heo6xoAuMoe A1 PeryJjupoBaHHs
YI'B B 3ajaHHBIX npefienax. DKcnjayaTallMOHHBE 3ajayH
BKJIOYAIOT onpejeseHHe BpeMeHH paboTel HMeolleHcs ce-
TH CKBaXHH, Heob6xoaumoro Aas NoHuxewus YI'B Ha Ttpe-
6yeMyi0 BeJHYHHY TpH H3BeCTHHIX MAaKCHMaJbHHIX Aebu-
Tax, WIH olpejaeneHue Aebuta, obecneyuBarollero B Teye-
HHE 3aaHHOro nepuosa paboTel nojmepxanue Tpebyemoit
HOPMBI OCYLIEHHS.

Opunounas ckBaxuna. OCHOBHOH pacueTHOH ¢opmy-
goft cayxur (307) u BO3MOXKHblE ee fpeofpasoBaHHs OT-
HocuTenibHO Q u r. BpeMms { MOXHO NOJYYHTh H3 Caelyio-
I{ero UTEPalHOHHOIO YpaBHeHUS MyTeM HOCJEAO0BATENbHBIX
NpHOANKeHHH:

t=i[ 1— - exp (—at) ] (310)
123
rae _
. riug 4nTS
= — ; 311
= 9251 P TQ (311)
Pe=patp. (312)

Mpumep 4. Hanwo T=325 m%cyr; mua=0,006; pn.=007; a=0,06;
Q=200 m34. Onpegennts BpeMsi pabOTH CKBaXKMHbI, HEOOXOAUMOE FAN
nonumxenus YI'B wa $=0,4 m na paccroauuu r=150 m.

Pacuer Buinonusiem no ¢opmyne (310), onpeaenus cHauana No BH-
paxenuam (312) u (311)

B pu—ps _ 0.07—0006
- = 0.07 =0,914;
ne Wi ’
. 1502-0,07 4-3,14-32,5-0,4
= - - — =48,8 u.
295-325 7 200
Boluncasiem 3snauenus ¢ nmo dopmyae (310) ans pasubix 7.
o —
tr —af exp(—a f) e X @) 1-(4 t = 1X(5)
1 2 3 4 5 6
30 -18 0,165 0,151 0,849 41,4
40 —2,4 0,090 0,083 0,917 44,7
50 —27 0,067 0,061 0,939 45,8

Ha pucynke 65 mokasaHa HHTepaUHOHHasi cXeMa pacyera, M3 KO-
TOpOfi BHAHO, 4YTO HCKOMOe 3Hadehue [=46 u, uau npuMmepso 2 cyT.
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Puc. 65. TeomerpHuueckas H-

TepnpeTalus pelleHus

Hrte-

PalHOHHOTO YpaBHeHHs.

Cucrematnaeckud  (mao-
utaaHoi) ppenax. Ero ycr-
pauBalOT MO KBajApaTHON HIH
HpaBUJIbHOM TPEyroJbHOM
ceTke (puc. 66). OGaactbio
BO3MYILEHUS sBJsAETCS KBaj-
paT uJAH ILECTUTPAHHHK, KO-
TOpHIE B pacyeTax NpHHHMa-
I0OT B BHAE 3KBHBaJIEHTHOMH
Kpyropoit o6sacTu NOHTaHHSI.
HAnas kBagpatHoil ceTKH

U3 coornomennii (313) u (314) umeem

ll = 0,9312,

R=0,565{,, (313)

AJA TPEYroasHOM
R=0,526l,. (314)
(315)

TO €CTb TpeEeyroJbHasi CceTb CKBaXHH NpeaANnoYTHTENbHES

KBaApaTHOM.

anBe}IeHHble HHXK€ 3aBHCHUMOCTH A pacyeToB CHCTE-

MAaTHYECKOro BEPTHKAJNBHOTO JpeHaXa

OCHOBaHbI Ha

¢dopmyne Mackera- (1943), nonyueHHo# nns 3aMKHyTOM
Kpyropoii ob6jactu nutaHus (cxema «Gouka», puc. 67)
s—_Q [ 2Tt
Rzuc

2nT

+ 5

3

L)’Hg—f —T]' (316)

R

Puc. 66. CxeMu pacmonioXeHHS CKBaXKMH TNPH CHCTEMATH-
yeckoM (MJIOLIaZHOM) BepTHKAJbHOM ApeHaXKe.
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Ha rpanuue obnacté nn-
TaHuAa r=R u TOTrAa

_ Q 2Tt __l 317
S —ZTT(ulRﬁ 4)'( )

Paauyc o6aacTH nHUTaHHUs

ke ‘/_2@_ _
e (Q+8nTS)

Tt Puc. 67. Cxema HZeiicTBHA CKBa-
= - . 318) KHUHBI B CHCTeMe MJOILAZHOro
(nTSp/Q) + /8 ApeHaxa.

[Tocsne npekpalileHusi OTKaueK BCJEACTBHe Nepepacnpe-
JleJieHHsT HanopoB AeNpecCHOHHbie BOPOHKH OHICTPO 3amoJ-
usifotest, cBofOAHAA NOBEPXHOCTb BHINOJAXHBAeTCsi H yc-
TaHaBJHBaercsi Ha raybune S, (puc. 67), KOoTOpyio HHTe-
rpupoBaHueM ¢Qopmyqansl (316) W npupaBHHBaHHEM 3aTeM
riowaziel MOyuHTh Henb3sl. OZHAKO ee MOMHO MOMYUHThH
u3 ypaBHenusi (317)

— et Q , wan S+ 9 & |
2T R, 8nT 8nT R,

B nocnennem BapHanTe npaBasi yacCTb €CTb HE YTO HHOE,
kak Sp. [eficTBuTenbHO, 06beM OTKauaHHON BOAH Qf on-
HO# CKBaXXHHOH 3a BpeMs [ MOXKHO NpeAcTaBHTb KaK 06beM
uuanHapa nRSp/ue ¢ BbICOTOH Sput, TO €CTh

Sp=S+-8 . L s+ O (319)
We 8nT 8nT
rae S — nounkeune YIB 3a pacueruniit mepuod { Ha cTenke «Gouxu»
(r=R), onpenensiemoe Qopmynoir (317); B — xoadduuuent HeAocTaTKa
HACHILEHHUs, YCJI0BHO paBHbiil {;. PopMasbuas noacraHoska f 8 (319)
yYHTHIBaeT NpoLecC AepepachpefieseHHss ypoBHell ZO YCTAHOBJACHHS Tay-
Gunb Sp.

Beauunua S, nossoasier ot ¢opmya (316)...(318) me-

pefiTy kK BOoAHOGA/NaHCOBOMY YpaBHEHHIO A/ KaXno# OT-
JeJIbHOM CKBaXKHUHbI

tcH=MtT£stp/‘Q; (320)
R= I/thn : (321)
penSp
QtCH
Sp= s (322)
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rhe fcs — Bpems, HeoOxoaumoe aas noumxenus YI'B npo 3anannoil
HOPMBI (AJIHTEJABHOCTb OTKAYKH).

Yucsio CKBaXKHH, HeOOXOAHMMOe MJisi OCYIUeHHs NJoL1a-
am F

n=[uz FS, +1}. (323)

Qlon

3aech KBaipaTHHEe CKOOKH 03HayalOT UeAYo (GYHKUHIO.

[MocaenoBatensHocTs pacueta caeayioitas. [lo wu3Bect-
HbIM F, Sp, fcu, Q H pe no ¢popmysam (323) u (321) Haxo-
IAT HeoOXOAHMMOe YMCJO CKBaXKMH M PaAMyC HX BJHSHHS.
[TpunsAB kBanpaTHYIO HJAH TPEYIOJBHYIO CETKY pa3MelleHHs
CKBaXXHH, N0 cooTHoileHHsaM (313) uau (314) BHIUHCAAIOT
paccTtosiiusi MeXxAy HUMH, a no dopmyne (317)— tpebye-
Moe NoHMXKeHHe S Ha KOHType nuTaHus. Ecau pasmeiienue
CKBaXKMHEL R u3BecTHO, To mo (323) MOXKHO ONpeneauTsb
BeJIMYHHY CHHXKeHHs Sy Ha OCYUIEHHOM y4YyacTKe 3a pacuer-
HBll nepuoj f¢y W, HaoGopoT, no (320)— Bpemss paboThl
CKBaXXMH AJs noumxkenuss YI'B Ha Beaunuuny Sp.

Mpumep 5. IMaowans ocymwenns F=700 ra=7 000000 M2 Pacuer-
HBlit fe6ut ckBaxun Q=23000 M%/cyT. 3a mepHOA OTKauKH fen=10 cyT
Tpebyercs noHusuts YI'B na Sp=0,6 M. TlpoBoaumocts BoROHOCHOTO
naacra =800 m?/cyr, pacuernas Bogootaada p;=0,08.

Hafitu Tpe6GyeMoe 4MCAO CKBaXKHH, DACCTORHHS MEXIY HHMH H
KOHTPO/IbHYIO BEJAHYHHY CHMXKeHHMS S K KOHLY DacyeTHOro nepHoAa Ha
KOHTYpPEe NUTaHUfl CKBaXKHH NpPH TPEYFO/NbHOH CeTKe HX Ppa3MelieHHs.

o ypanneHuo (323) HaxOAHM YHCJIO CKBAXKHH:

7 000 000.0,8
n=1008 —|/——

=12
3000-10 + ]

Pagvyc o6aactd OuTaHHs Bhluucasiem no dopmyne (321)

R= l/—3°°°"° —455 u.
0,08-3,14-06

PaccTosiHHe MeXAY CKBaXHHaM{ MO cooTHolleHuto (314)
455

I,=
™~ 052

=865 m.

IMo dopmysne (317) BHUHCASieM KOHTPOAbHOE MOHKKEHHE K KOHLY

JEeCATHIX CyTOK
g_ 3000 [2:10000-10 1
T 2.3,14.800] 4552 4

] = 0;43 M.

NMpumep 6. [To nanueiM npumepa 2 HafiTH CPeAHIO BEAHUMHY CHU-
Kenka Sp 3a 10 cyT OTKAYKH NMpH PaclONOXKEHHH CKBaXHH MO KBaApaTt-
Hoi cetke 900900 m.
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Mo cootnouwenuto (313) R=0,565-900=506 M, a no popumyae (322)
__3000-10
~0,06-3,14-5062
TOYHO Ha KOHTYpe NHTaHM#A, coriacio ypasuenuio (319), moayyuts mo-
nuXKelne

I =0,47 M. Qs gocTuXKenus 3TOro CHHXEHUA AOCTa-

3000
S=047— —22 _ _ 0435 w.
8-3.14-800 oM

Ilpumep 7. Tlpu Tex Ke yCAOBHAX ONpedesiiTh BpeMs fcu, Heol-
XxoAumoe anas cuuxenust YI'B wa Sp=0,6 m.
lo dopmyne (320) naxomum

_0,08-3,14-5062-0,6 199413
cu= 3000 =l CyT.

[Mouuxwenne S na xourype R=>506 M paBHo 0,48 M.

CuctemaTHuecku#l nJ0ma/AHOA ApPeHaX NPHMEHHIOT HPH
OCYLIEHHH JOCTaTOYHO O6oJbliux yyacTkoB. He6oabiuue
(<300 ra) yuacTkH, KaK NpaBHJIO, XapaKTEPU3YIOTCS CJI0XK-

UBIM KOHTYPOM H peibedOoM H oCyllaloTcs BHIGOPOYHBIM Ape-
Laxkeu.

5. Meroas! enpeaeneHna TrAAPOre0JOrdIecKHX IAPAMETPOR
BOOHOCHOH TOXUIH

duibTPallMOHHBIM  pacueTaM CKBaXXHH NpeAulecTByeT
OlLLeHKA THW/POreosIOTHYeCKUX MapaMETPOB BOAOHOCHLIX IO-
pusontoB. B MmequopaTHBHONH mNpakTHKe TUAPOreoaOrHue-
CKHMH TnapaMerpaMu Oe3HANOPHLIX BOJOHOCHBLIX TOPH3OH-
TOB CJAy¥KaT Ko3pduuuedt cduavTpauun k, KospdHUHEHT
BO/IOOT/AAuYH pn, BOAONPOBOAMUMOCTL T =Rhcp, omnpenensiio-
uiasi BOJOOOMJILHOCTL M KO3(@HUIHEHT yPOBHENPOBOAHOCTH
a=T/u, XapakTepH3YIOLIHil peaKTHBHble CBOMCTBA NJacTa.

Kosgpoduunenr ouabTpauuu onpejgensieT ruipaBauue-
CKYI0 NPOHHIAEMOCTb (PUABTPAUHOHHON Cpelbl H fABJASETCA
eec MOAeNbHOH XxapakTepHcTHkoH. BoaonpoBoaumocTs Xa-
pakTepu3yer cBoicTBa pa3pesa B uesaom. KosdguuneHnr so-
JIOOTA24¥ paBeH KOJHYECTBY CTEKilleli BOAR H3 € HHHLbI
o6beMa rpyHTa B ero joasx. [Ipouecc BesiocTaaull ouenn
CTOXeH, 3aBHCUT OT NPOHULAEMOCTH ['pPyHTA, PIyOHHbH Ha-
YaJbHOrO YpOBHSI BOJbl, CKOPOCTH €ro CHIDKeHHs, Temie-
patypsl M OGapomeTpHueckoro AasJgenus. CyllecTByiouine
3aBHCHMOCTH YYHTBHIBAIOT BJIMSHHUE JHWbL OTAEJbHBIX (ak-
TOPOB, B OCHOBHOM mpeflebHble eMKOCTHbIE CBOHCTBA IPyH-
ToB. Mexay TeM B Hauaje npouecca GHALTPALHH BOAOOT-
naya BLICTYMaeT HOCHTEJEeM PeaKTHBHbIX CBOHCTB I'PYHTOB,
XapaKTepH3yeT peakUMIO MJacTa Ha BO3MYylieHHe,
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PacyeTHHIMH THApPOre0JIOTHYECKHMH NapaMeTpaMH CUH-
TAlOTCS Takue MOJe/abHble XapakTepPHCTHKH (PHILTPALHOH-
HOH cpelbl, KOTOPLIe ONMUCHIBAIOT €€ KaK €AHHbI OAHOPOA-
Hbi BOJOHOCHBIH rOpu3oHT. OHH AOJIXKHBI 06saaTh YCTOM-
YHUBOCTbIO MO OTHOIUEHHIO K XapaKTepy H CTeleHH BO3MY-
LUIEHHS TJAAcTa, He NMPOTHBOPEYUTHL 3aKOHAM (HUALTPALUH U
JeXaTb B JONYyCTHMBIX ApefesiaX H3MeHeHHS CBOHUX J1eHCT-
BHUTE/bLHBIX aHasaoros. HeBhuimosHeHue xoTs Obl OQHOrO H3
3THX Tpe6OBaHUN CBHAETENLCTBYET O TOM, UTO HEBEPHO BHI-
Opana HCXOAHasi MOAe]b HJIM pacyeTHass PuiabTpauHOHHAsI
cxeMma.

B manbHefweM OyjeM pa3nnyaTh CleAyloliHe XapakTe-
PHCTHKH BOAOOTAAYHU.

Hauanonoti koappuyuent 600oordautt pm, KOTOPbIA Xa-
pakTepusyeT peakLHI0 BOAOHOCHOrO TOPH30HTA HAa MrHO-
BeHHbH cOGpoc (nmoHuKenue) ypoBHsi. Bpems nmnposs-
JeHHs 3¢ @eKkTa HayaabHOH BOAOOTAAUM T 3ABHCHT OT CKO-
POCTIl CHHXKEHHA YpOBHS (M COOTBETCTBEHHO OT CTeNeHH BO3-
MYLleHHUs TJ1acTa) M JIEXKHT B Mpejesax OT HECKOJbKHX ce-
KYHA A0 OAHOro 4aca; NpH MelJeHHOM CHUXXEHHH YpOBHel
Mg uacTo He obuapyxuBaetcd. O6biuHo 104y, <<10-2

Pacuernvui kosgpuyuent sodoordauu pe— 3T0 KO-
dbHIHeHT BOAOOTAAUH (UABTPAUMOHHON Cpelbl Ha MOMEHT
BpeMeHH ! OT Hauasa (uiabTpauHoHHOro mnpouecca (t+17).
Hna py xapakTepHa spKO BbipaXKeHHasi 3aBHCHMOCTb ;=
=u(f) ¢ BoO3pacTaHMeM 3HAuUeHHH BO BpPEMEHH OT py A0
CBOEro npefesbHOro 3HaYeHHs.

Ipdextusrolii Koappuyuent sodoordadu u; — npeiedb-
HOe 3HaueHue pacyeTHoro kosgduunenra. [1o cBoemy cmeic-
Jy OH oOnpejensieT eMKOCTHbie CBOMCTBA (PUABLTPALMOHHON
cpeibi U MoxeT ObiTh HalieH No H3BeCTHLIM (dopmyaam.
MOXKHO NPHHATBL, YTO Wt<<71—Co, 'l€ 7 — NOPUCTOCTb TPYH-
Ta, Co — NOJIHASl BJIaTOEMKOCTh.

PacuerHele mapaMeTpnl BOXOHOCHBIX TOPH3OHTOB MO.Y-
YaloT NyTeM HENOCPeJICTBEHHOrO BO3JEHCTBHA Ha I1acT Me-
TOAOM ONBITHBIX OTKauyeK. Pe3y/bTaThl ONBITHBIX OTKAyeK
aHaNH3UPYIOT OOLIYHO Npu nomouyu OHAOrapH@MHUYEecKHX
HAM moayaorapugmuueckux rpadukoB npoc/eKHuBaHHA.

HeycranosuBuiniicss @uIbTpaLMOHHBIA NPOLIECC CHHXKe-
HHSl YPOBHel NMOA BJAMsIHHEM OTKAuYKH B Ge3HaNOPHBIX IJlac-
Tax neautcs Ha Tpu nepuopa (Lllecrakos, 1965).

Ilepsoiii nepuod xapakTepuayeTcss OYeHb OBICTPHIM TNO-
HUXKEHHEM YPOBHsA B CKBaXKMHe NpH ee BkJloyeHuu. OOpa-
30BaBILAsICS Pa3HOCTh HANOPOB BhI3biBaeT BO3HUKHOBEHHE
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6OJIbIINX BepPTHKANbHEIX COCTABJAIOUIHX CKOpocTell (H.IbT-
palliu B 30He BO3MYyIUeHHsi muacra. B stor nepuox B Bepx-
1eM, OCyllaeMOM CJI0€ NPOHCXOANT Pa3pbiB CIJIOLIHOCTH, B
pesyabTaTe KOTOporo 60Jbllloe KOJHYECTBO BO;bl 3aBHCaeT
B CKejleTe MOPOJbl, He ycleBas AOTeYb 10 ONyckamuieics
cBoboaHoN nosepxHocTH. IIpogoMKHTENLHOCTL T 3TOrO fie-
prosa OnpeAessieTCs CKOPOCTbIO CHHXKEHHSi YDOBHS, KOTO-
pasi, B CBOIO OuYepelb, 3aBHCHT OT BeauuuHbl Aebuta. -
dekT 3aBucaHusi HauboJiee sIpKO NposB/seTcs BOAU3U BO3-
Myllaiolieil CKBaXKMHbI W 10 Mepe yAaJieHUsi OT Hee MOXKeT
Hcue3nyTsr coBceM. [Ipu penkoit cern HabalOAaTEABHBIX
CKBaXXHH M HeyacThIX 3aMepax OH MOXKeT ObITh MPOCTO HE
o6HapyxeH. Ha noaysaorapudmudeckoM rpacguke npoc.ie-
MBaHHS COOTBETCTBYIOWIMHA YyYyacTOK MOXeT OHITh Npen-
CTaBjieH NpsAMOH, NMPHUEM YIrAbl HaKJIOHA AJ8 PasAHYHBLIX
HabJI0/laTeIbHBIX CKBaXXHH passnunudbl. JlaHublll nepHos
dbunpbTpalUy xapaxkTepu3yeTcss MNOCTOSHHOH BOAOOTAAYeH,
BbipaXXeHHON Ko3(p¢UUHEeHTOM HayaJbHOH BOJAOOTAAYH.
H. Boarton (1963) ormeuaer dopmasibiyld aHajJoruio Ha-
1aJIbHOFO yuacTKa rpa@uxoB NpPOCAeXKHBAHUST NOHMXKEHUA
ypoBHeHi B Ge3HaNOpPHOM BOJAOHOCHOM TFOpPH30HTE C HAYalb-
HbIM YYAaCTKOM COOTBETCTBYIOUINX rpaduKOB AJasl HAMOPHBIX
N.1aCTOB ¢ neperekaHueM (cxema XaHtyua). Onpejesenne
kKo3(pdULMeHTa HayaJsbHOH BO/00TAAYH MO3BOJAET HPOCIC-
JHTb A2HHYIO aHaJ OrHi0 ¥ B JAHHAMHKe 0DOHX TNPOLECCOB.

Bropoii, aoxcnocrayuonapreii nepuod (nepuona 3anas-
ABIBAlIKHA) XapaKkTepu3yeTcsi Pe3KHM yMeHblleHHeM CKOpo-
CTH cHHXeHus ypoBHst. OOYCNOBJIEHO 3TO TEM, UYTO C YMEHD-
lIeHUeM THApaBJHYECKOro rpanueHta dh/dr un yBeanuenuuem
C TeyeHHEM BpEeMEHH BEJHUHHBI (r CKOPOCTb GUALTPALHH
crabuau3upyeTcsi U O HOBpPEMEHHO B pe3yJbTaTe Hapacra-
HHSI Macchl «3aBHCUiefi» rpaBUTALMOHHOH BOJB BO3pacTa-
€T CKOpoCTb ee noTekaHus. [Ipu onpenesieHHOM COOTHOLUE-
HHUH 3THX CKOPOCTEH HA HEKOTOPOE BpPeMs MOKET CJAOKHTHCS
Takasi CHTyauusi, KOTAa H3MeHeHHe ypoBHA B Hab1oaa-
Te1bHONW CKBaX<HHe CTaHeT GJH3KHMM K HYJaI0, YTO Ha rpadu-
KaX NPOC/eKHBAHHSA Bhi3blBaeT WAMI03UI0 cTabunyusaumu pe-
xkuma. JlanbHeilliee BO3pacTaHue POJH TPABATAUMOHHOM
BOJOOTAAYH TPHBOAUT K GOPMHPOBAHUIO JOXKHOCTALHOHAD-
HOoro pexuma. BausiHue rpaBUTalHOHHOH BOAOOTAAYH YHHTHI-
Baercss KosdduuneHToM pacueTHoli Bopooraauu. IIpomoa-
KHTEJIbHOCTb JIOXKHOCTAHOHADHOrO IMepHOoAa 3aBHCHUT OT
NPOBOIUMOCTH MJACTa, a TakKXe OT CTeleHH ero BO3MYyLic-
HHs M cocTaBasier 5..15 cytr. OnacHOCTb HHTepnperauil
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rpaUKOB NpOC/CXKHBAHUS JOMHOCTALUHOHAPHOrO YydYacTKa
3axJI04aeTcsi B TOM, YTO npu o6paboTKe KPaTKOBpeMEHHbIX
OTKA4eK 110 H3BECTHLIM METOAUKAM MOXKHO NOJYUYHTb HCKa-
XEeHHoe Tpe/iCcTaBjJeHHe O fapameTpax IWiacTa: KO3 dH-
LICHT BOAOOTAAYY H3MepsieTCsi BeJHUHHaMHU nopsiaka 10— —
— 103, a BO1ONPOBOAUMOCTH, HaoGOpPOT, 3aBhiIaeTCsT BO
MilOro pas, u ofa 3aBHCSAT OT PACCTOSIHUA [0 BO3MYIHAIO-
mwell ckBaxini. Ha onacHocTb Takoro pojAa ykasniBaJu
T. . Crpeasuona n B. M. Ulecrakos (1967). ITpumepom
Takoro pojia ouinbox agasetcsi pabora I1. H. KocTioxoBu-
uya (1980).

[Ipy 10cTaTOYHO!H NMPOAONAKHTEIBHOCTH OTKadeK MposB-
SSIeTCH TPeTuti, K8as3ucTayUOHapHoLl nepuod, KOrjia npouece
IIOHMKEHUST YpoBHefl NPHHUMAeT KJacCHYeCKHe HYepThl MO-
nean Telica ¢ MOCTOAHHBIMH KO3((dHUHEHTaMH BOAOCOTAAYH
1 BoAoNpoBoaAuMOCTH (pHc. 68).

Oas pacucta rujiporeosOrH4eCKHX nNapaMeTpon BOAO-
HOCHBIX TOPH30HTOB NPEAJOXEeH psil METOAOB, OCHOBaHHBIX
Ha oGpaTHoM peurehun mojdenedi Teiica, Bosntoua, Hefima-
Ha H Ap. 4

HawubGonbuiee pacnpocTpaHelne H3-3a CBOeH NPOCTOTH H
HarJsAAHOCTH Ha NMpakTHke moayuusa Meron Ixkeikoba, oc-
HOBaHHBIl 1la Hiee KBa3WIMHeapH3auuH Qopmyan (297).
Jxeiiko6 nokasan, uto Aas 3uaueHuét u<0,1 gonycTuma
3aMeHa ypaBHeHus (297) ypasuenuem (299), xotopoe Jiu-
HellHO OoTHOcHTeNbHO Ig{/r? u MOXeT ObiThb CBEAEHO K H3-
BecTHO# ¢opmyae [Mioniou. Ycaosue u<0,1, no [Ixkeixoby,
€yaeT ycioBueM KBa3uiiHHeHHOCTH (B paMKax moaenu Tei-
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Puc. 68.  Iloayaorapugmudeckuil tietre e t
rpaduK  NPOCACKHBAHHA  yPOBHEH
npH OTKauykax ¢ 0e3nanopHbiX ropH-
30HTOB:
! —onmtuast kpuBasi; 2 u 3 — Kpusas Puc. 69. l‘pa(pm( BpeMCHHOTO
Tefica npu navanuholi w 3ddexTusHol  mpoC/IeKHBAHHUA NMOHHXKEHHS
BoaooTAAYEe, 4— Fpanngi 11343JIbHOTO, —_
JIOKHOCTARHOITAPHOIO H KBa3ucTapgHo- yPOBHH S_f(t)'

HapHOro yuacCTKOB.
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Puc. 70. Tpaduk naomaasio Puc. 71. Tpadux KOMGHHHPOBAIIIO-
NPOC/eXKHBAHHS AOHHKEHHA  TO NPOCNEKHUBAHHA  MOHIDKCHHS
ypoBua S=f(r). ypoBua S=f(¢/r?).

ca), HJIM, KaK NPHHATO Ha3bIBaThb, YCJIOBHEM HAaCTYMJIEHHS
KBa3HCTALlMOHAPHOr'O peXuMa (QUJILTPALHHU.

Tlo cnocoGam rpaduyeckoil HHTEpNpeTaLHH YypaBlIeHHS
(299) BoimensioTcs cienyouine MOAHGHKALHH.

Cnoco6 BpemeHHOro npociaexusaHusi. PaccmarpiiBas
ypaBHeHHe (299) otHocHTesbHO KoopAuHat lgf, S, noay-
yaeM rpaduk NpsAMOJHHEHHOH 3aBHCHMOCTH, Ha3biBacMbli
rpauKOM BpeMEHHOro mnpocie)ubaHus (puc. 69)

S— 0.1783Q lg 2;?rszr n 0,1T83Q Igt. (324)

W3 rpaduka caeayer
7=0,183Q/AS, (325)
n=2,25¢.T/r?, (326)

rac AS — u3meHenHe TOHUIKEHHS YPOBHSI 33 JaorapHMHUYECKYO cAuili-
Hy BpEeMEHH; t. — BeauuuHa t, noayuyaemas nNo TOYKC nepeccUeHuss npsa-
molt rpaduka ¢ ocbio lg { uau npH nmoayaorapu@MuuecKo#d ceTKe — 3sia-
yenne ¢ npu S=0.

Cnoco6 naowaaHoro npociexusanus. Paccmatpusas
ypaBHenuc (299) oTHocHTebHO KOOpAMHAT Ilgr, S, moay-
yaeM NpaMOJIHHENHbI rpad K NJoLaxHOTO NMpocaeKUBaHHs

(puc. 70)

: T n T
U3 Hero caepyer
T=0,366Q/AS; (328)
n=2,25¢tT/r.2, (329)

rAc AS Hu r, onpeesOTC aHaNOTHYHO CHoco6Y BPEMEHHOro Mpoc.ac-
XKHBAHHA H3 IJIOMaJHOM rpaduke.
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Cnoco6 KOMOHWHHMPOBAHHOrO NPOCHEKHBAHUS. YpaBHe-
Hue (299) paccmaTpuBaeTcss OTHOCHTEJBHO KOOPAMHAT
lgt/r?, S, uto nosBosasier OGBeAMHUTL AOCTOMHCTBA ABYX
IpeAbIAYIIHX coco6oB. 3ech nMeeM

S= 0,183Q Ig 2,25T +0,183Q Ig _l_; (330)
T Tl T r2

T=0,183Q/AS; (331)

n=225T (/). (332)

rae AS u (f/r?). onmpeaeasiorea Ha rpadiikax KomMGHHHPOBAaHHOrO NPO-
ciexuBanus (puc. 71).

IMpumensia merox [kefiko6a Ha TpaKTHKe, CJelyeT
HUMeTb B BHAY, YTO OH NPU KPATKOBPEMEHHHIX OTKauKax He
BCErla MO3BOJIAET MOJYYHTb HaAeXHBIe peayabraThl, Kpo-
ME TOro, MPAMOJIMHCHHOCTb rpadUKOB NpOCaexKUBAHUA AB-
JisieTcsl HeoOXOAHUMBIM, HO HeJOCTATOYHLIM YCJOBHEM NPH-
MeHeHuss mctofa Jlxkeitko6a. Komniekc HeoGXOAMMBIX H
JIOCTATOYHBIX YCJOBHH MPHMEHCHHSI 3TOrQ METOAa MOXKeT
OuiTh copmyaupoBan ([loBuap, 1978) craenytomum obpa-
30M.
A. Cnoco6 spemennozo npocaexcusanus. Heobxoaumoe
VCI0BHE — NPSAMOJIHHERHbI BHI TpadHKOB; ROCTaTOYHOE —
napa/ielbHOCTL TpadUuKOB NpPOCACKHBaHHA [Js PpasnHu-
HbIX HA0JIONATENbHBIX CKBAXKHH, OTpaxaowas ycioBue 7=
=const, To ecThb

tl,*/tz,*= (r‘/r2)2, u=const. (333) )

B. Cnoco6 naowadunozo npocaexcusanusn. Heobxopumoe
yC10BHE — NPSiMOHHEHHBIH BHA TrpadHKOB . POCAEXKHBA-
HHSI; AOCTATOYHOE — MapaJijielbHOCTh TPadHKOB Ha pasHbie
MOMEHTBl BpeMeHH M BLINO/JHEHHE paBeHCTBa

bita= (r1,x/ra,)>. (334)

B. Cnoco6 xombunuposaunnoeo npocaexusarus. Heob-
X01MMO€e U A0CTAaTOYHOE YCJOBHE — BbIXOJ BCEX KPHBBIX rpa-
duka npocaexuBaHds Ha OOILYIO NMPAMYIO.

Meton onpeneseHusi BOJONPOBOAMMOCTH BOJAOHOCHOTO
I1acTa NO AaHHBIM KPaTKOBPEMEHHBIX OTKauek, paspabo-
tannuit C. B. JloBnapom, sak.loyaercs B caenyiouem. [lo
JaHHbIM NOHMXKEHHUH HayaJbHOTO NepHOLa OTKAYKH CTPOAT
rpapux  KOMGHHHPOBAHHOTO  MPOCAEXKUBAHHS  YpOBHe#H
{puc. 72). Ha nocTpOeHHbIX KPUBLIX HAXOAAT TOYKH nepe-
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Puc. 72. Tpaduk nocTpoeHHs pacueTHOR NpsaMmoil Ans of-

pedeneHust T MO AaHHBIM HauyaJbHOTO MEPHOAA OTKAYKH.

ruba H yepe3 HHX NpPOBOAAT NpsiMyio. BoaonpoBOAUMOCTL
onpee1soT o gopmyJe

T=0,183Q/AS, (335)

rae AS — noHHXeHHC YPOBHS BOAHM B HaGAlOAaTenbHbHIX CKBaXKHHAX 3a
ROrapHPMUUCCKYI0 eRHHHIY ocH 4/r? Ha rpadHke NpocJeXuBaHis,

Joasi HaxoxjeHis Touek mepern6a MOXKHO BOCHOJ1b30-
BaThCA YTBepXAeHueM XaATyuUia, YTO B HHUX MOHHXKeHHe
Su,; na noaysorapudmMHyeckoM rpacdHKke NpOCaeXHBAHNA
paBHO MOJIOBHHE NOHHXXEHHS HA YUACTKe JI0XKHOCTaLHOHAaPHO-
ro pexuMa — Kaxyulefica cTrabuiH3au¥u YypOBHA, TO eCTb
Sn.i=0,584; (puc. 72). das onpelieseHus pacueTHOro yya-
cTka nepern6a Ha rpaduxe AOCTATOUYHO [BYX-TPeX4yacoBOM
KYyCTOBO# OTKauKH C 4aCTOTOH 3amMepOB B Hab.losaTesbHbIX
CKBaXHHax uyepe3 1.2 mMHH B Teuenue nepsuix 15..30 muH.
Onunako He Bcerfa yaaetrcs 3aUKCUPOBATh 3IKCNOHEHLH-
asnbHBIM y4acTOK BXOAa MpAMOi#l Ha ydyacTok neperuba Hiau
AOBECTH ONBIT JJis JIOXKHOCTalHoHapHoro pexuma. Iosto-
My TOUKO#H cTabHiH3al{u JIOXKHOCTALHOHAPHOrO yuacTKa
MOXKHO NDHHSITL TY, B KOTOPO# yrioBO# KO3 dHUHEHT Ka-
caTeJbHOl M KpHBOH mpocnexuBanus pased 0,3 yriaoBoro
k03¢ dHunenTa yuactka neperu6a. Torna Sy :=0,5S4,:. Ilo
rpaduky (puc. 72) MOXHO HaWTH W BeJHUHHY HAYaJibHOIO
Ko3¢pduiinenta Bo100TAaud. [asi 3TOr0 NpoBOAAT NPAMYIO,
NPOXOAILYI0 Yepe3 TOYKM mnepernba, [0 nepeceyeHus ¢
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ocblo abcuucce [Touka (£/r?).] n BBIUHCASIOT py MO GHOPMY-
Jae (332).

Merod onpedenenusn pacuerHod s8odoorda4uu 3akaioya-
etcs B caeayiouwieM. Ha mio6oit MOMeHT BpeMenu f=1; N0X-
HOCTALMOHAPHOTO YyYacTKa KOMOHHHDOBAHHOIO TpPOCIEXKH-
BAHHS BeJMUYHHA p; ONpejeJseTcs KaK TOYKa IepeceyeHHst
npaMo#, mpoxoasuieil ¢ yraoBeiM Kosdduuuentom AS=
=0,183Q/T uepes Touxky Ilg/ti/ri®, S; ¢ ocbo abcuuce
(puc. 73). Briuucnennsi BLINOJHSIOT B Takol NocJel0Ba-
TEJbHOCTH.

1. Tlo nauasnbHOMy yyacTKy rpaduka NpoCaexHBaHHS
no npsMoi, NpoxoAsiuiel yepes TOYKH nepernba, onpenes-
10T 3HaueHus Beauuud T u py no dopmynam (332) u (335).

2. Ha noxHocTauHOHapHOM ydyacTke rpaduka sbibupa-
10T He MeHee 5..7 pacueTHHIX TOYeK, [Js KOTOPHIX HaxoAsaT
Bpemsi {;. Touku MOryT npuHafieXaTh ocpeHsiouleil (0606-
LU1eHHON) KpHBOH.

3. Uepe3 BuibpaHHbBIe TOYKH MPOBOAAT MNpsiMbie f;, na-
paJJieibHble NpsiMOil, npoxoasiuled uepes Touku neperuba
HayaapHOro yudactka. 1o Toykam nepecedyeHHs TNPSAMbIX C
ocoio 1g t/r? no ¢opmyne (335) HaxomAT pi,:.

4. Ecnnt Ha rpaduke npocieXHBaHUs HMEETCS KBa3HCTa-
L{MOHAPHHIH y4acTOK (TO ecThb CNPSIMJIEHHBIH YYacTOK J0XK-
HOCTAUHOHADHOTO pexuMma, MNapa/eltbHblil HAyalbHOMY

yuactky), 70 Ko3¢p¢duuneHT 3¢heKTHBHOH BOLOOTAAUH P =

Sw

b T T - N

vt ws w? oW 7 Wy
Puc, 73. Cnocof onpefcacius Ko3h¢HUHEHTa pacdeTHON
BOLOOTAAYH MO rpad)HKy KOMOGHHHPOBAHHOrO MpPOCAEKHBa-
HHSl TIOHH)XEHHS YPOBHS.
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Puc. 74. Tpadux pacyeTHOH BOAOOTAAYH N0  AAHHHM
KYCTOBOI OTKadkKH.

=un+ Y ONpefensioT HeNoCpPeACTBEHHO, aHANOrM4HO I I
(puc. 73).

5. [lo 3HaYeHHIO pi, ¢, T H py CTPOAT (puC. 74) coBMe-
WeHHbIA rpaduk u=f(f) u p=f(¢{—7), N0 KOTOPOMY Haxo-
IaT ap=1tg ¢.

B o6mem cayuyae koadpHUMEHTH y ¥ a MOTYT OBITH Hail-
JleHbl MO 3HayeHUAM p;, !; METOAOM HauMeHbUIHX KBajApa-
toB. OpuentupoBouyno 0,01<Ca<<0,07. [Ipumep pacuera fau
r pabore «OcyuieHue 3eMesb BEPTHKAJILHBIM JADEHaXKeM»
(Muuck, 1980). TMoayueHnas ¢oOpMysna pacyeTHOH BOJAOOT-
nauu

pe=pu+p[l—ext-7]

no3BoJisier pacnpocrpanurs popmyay (307) nasa onpesese-
nusi nouuwxkenuit YI'B Ha 7a1060# mepHoJ OTKaykH, YTO OCO-
OcHHO BaXKHO NpPH pacyeTax BepTHKaJbHOrO JpeHaXa Ha
OCylIeHHBIX 3eMJsax. [IpuMeHsis NaHHYIO METOJHKY, MOXHO
TaK¥e COKPaTHTb BpeMsi ONBbITHBIX OTKayek J0 3..5 CyT BMe-
CTO pekoMmeHAyembix 15...30.

6. Cadosusie BogocGOpsl B cucTeMax
BEPTHKAJLHOro JpeHasKa

[MpumeHenue cuOHHBIX BOAOCOOPOB B CHCTeMAax BepTH-
KaJbHOTO ApeHaxa pacliupsieT ero TeXHHYeCKHe BO3MOXK-
HOCTH, YMEHbIIaeT CTPOHTEeJbHble H JKCIIyaTallHOHHbIE 3a-
TpaThl. [Ipu 3TOM uHenecoo6pa3Ho NMPOeKTHPOBaThb MpoCTeii-
Y0 KOHCTPYKUHIO cudonnoro sopocbopa (puc. 75). B co-
craB cudoHHOro BoAoc6Opa BXOAAT: BcachiBawoilas TpyoOa,
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3abupaioiiasi BOLY H3 CKBaXKHHbI; CHPOHHBIH TPyGONpPOBOA,
COeIMHAIOUINH BE CKBaXHHbI (CpeAHSS BETBb); HHCXOAM-
1ias BETBb W 3apsiilHOe YCTPOHCTBO (BaKyyM-HacoC, 3XeK-
Top M Ap.). B mnpuemnoil ckpaxuHe yCTaHaBAHBAOT TIO-
rpyxHo#i Hacoc. Pa6ora cudonHoro Bonocbopa 3akjaiouaeT-
cs1 B oT6Ope /MONOJHATENBHOrO KOJMYECTBa BOAB H3 TPYH-
Ta NyTeM CO3[aHHsi H MOAAepXaHHs ONpeaeseHHOH pasHo-
CTH NMHAMHYECKHX YPOBHeHl BOAH B CKBaXKMHaX. luamerpni
NpHeMHBbIX CKBAaXHUH JOJXKHB MO3BOJIATL pasMellleHHe B HHX
BOAONOABLEMHOH TPYOLI MOTPYXKHOro Hacoca M HHUCXOAsLLeH
BeTBU cudona. [as npusenenus cuoHa B AefiCTBHE U NOA-
JlepKaHHA yCTOHYMBOH ero paboThl HeOOXOAHMO 3aps/UThb
CH(OH, TO ecTb NPEeABAPHTEJNLHO YAAJHTL M3 Hero BO3AYX
M CO33aTb B HEM NepPBOHAayasLHOE Pa3pexxkeHue, CO3NAaTh H
HOJAEepKUBATb ONpefeseHHYI0O PasHUKy Hamopos, NepHOAH-
YeCKH yaaJsaTh M3 cH¢poHa cKamauBaloWuiics Bo3ayx. 3a-
PAXKAIOT CHPOH BaKYyM-HAcOCOM, 3XKEKTHPYIOLWHM YCTpOii-

|z
[r i ¥4

]
Al
h

&)

Sexd
S"ent
Hs
|_Ngax

i

F/dkE:{ g U

|
|

i

/
R
1

Z

22

i

7
0 ) g
\z

Puc. 75. Cxema cundounoro ycrpoiictsa:

I — porpy)Hofi Hacoc¢; 2 — 3afBHXKa; 3 — sapsanoe ycrpoiictso, 4 —
cHdOH.
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CTBOM .1M60 3aJUBKOH CHCTe-
Mbl BOAOH iIpH HaJsuyuH 06-
paTHOTro KjaanaHa Ha BCacChl-
Batouweil Tpy6Ge. Ksnanansl, 0/i-
Hako, OOyCJIOBJHBAIOT 3HaUH-
Teaehble (a0 0,5..1,5 M) mno-
Tepi Hanopa. Haubosee npo-
CTO 3apsiKaTb CHGOH 3XKek-
THPYIOIWHUM YCTPOHCTBOM KOH-
CTPYKLHHU besHUHWMuBX

(B. A. HeMidpo, A. T. lllna- Puc 76 CxeMa 3apsifHOro ycrT-
poiictBa  cH(OHA KOHCTPYKIHH

KOB, puc. 76). Jlas 3TOro Ha  ge HUWUMuBX:
BOAONOABEMHOM TPYGOHPOBO' 1 — 5KCAAyaTauHOHHAS KONOHHA, 2 —
A€ MOTPYKHOTO HACOCA MepeN  Borctomewii mhyGonposoni, 5o
3aABHUXKOH 3 yCTaHaBJHBAOT HUTCALHAS Tpy6a (winaHr); 6 — cu-
nany60K 4 JAHAMETPOM 1’5 dominit Tpy6onposoR.
2” ¢ BentuseM. Bropo#l Ta-
KOl e naTpy6ok pacmosaraloT B camMOM KoJeHe CH(OHHO-
ro TpyGoOnpoBOfa C HAKJOHOM B CTOPOHY CpejHell BeTBH.
IMTatpy6xu coeaHHAIOT LIJAHTOM HJAH TPYOKOIl.

3anyck cH¢pOHA OCYL{ECTBAAIOT B TaKOil Nocjael0BaTe/b-
HOCTH: Ha cOpPOCHOM TpyGONpOBOJe MPHOTKPLIBAIOT 3aABHXK-
Ky 3, OTKPBIBAlOT BEHTHJIb 4 U 3aMyCKAIOT MOTPyKHOH Ha-
coc. Hacts BOALl yepe3 naTpybok 5 nomajaetr B HUCXOAA-
Lyi0 BCTBb cHdoHa M, ABUrasick ¢ OGOJBIIOH CKOPOCTHIO,
3axBaThiBaeT BO3AYX, MOCTENCHHO YBeJHYHBAsi BAaKyyM B CHU-
¢onHom TpybGonposone. Bsaronaps 3TOMy BoAa M3 CKBa-
JMUHBI NIOJIHMUMAaeTCsi Mo BcacbiBaioulel TpybGe B cHdoH, cMe-
LiMBaeTCA C HamOpHOH BOLOIH M yBJAeKkaeTCcs €0 JaJjblie.
Ilpn Bakyyme okono 40 kIla cudor Bkaiouaercsi B paGo-
ty. Ha npakrtuke BpeMs 3apsiaku ero cocrtabaser 10..
13 mun. [Mocne Bkaouenus cudotia, €Cau CKOPOCTH ABHXKe-
Hitq BOAL B HeMm mpeBbiliaet 0,50 M/c, BeHTH b Ha naTpyol-
Ke 3aKkpbiBaioT. Korga 1eo6X0/1MMO NMOCTOSIHHO OTCAChIBATL
BO31yX, BEHTU/Ab HE 3aKPLIBAIOT, M 3apsiHoe YCTPOHCTBO
paboTaeT mapaJsenasHO co cOpocHeIM TpyGompoBoaom. Yc-
TOHYHBOCTH paboTel cHdoHHOro BogocOOpa U €ro NpoH3BO-
JUUTEIBHOCTh CYLLECTBEHHO 3aBHCHT OT KOJUYECTBA NOCTY-
napollero uyepes HEMJOTHOCTH coeiuHeHusi Bosayxa. Ilo-
3TOMY CJeAyeT THIATENLHO 3aAe/bIBaTh CThIKH W BCAChIBAIO-
1{He y3abl U 005i3aTe/bHO NPOBEPATL HX HA FePMETHYHOCTD.

[uapaBavuecKue COMPOTUBJEHHS B CHGOOHHBIX TpyGo-
NPOBOAAX HECKOJBKO Bhilile, 4€M B HAMOPHLIX, MpPH Tpornyc-
K€ 01HHAKOBOro pacxo/a, YTo OOYCJOB/AECHO BJHSIHHEM BO3-
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AyXa, BHIAEJIAIOUErocs: U3 XKHAKOCTH NpH Bakyyme. OxHako
AJISl HU3KOBaKyyMHbIX cudonoB (Hz<60 klla) pasuuua B
NoTepsix Hamopa HECYUIeCTBeHHA M pacyeT HX MOXKHO NPOBO-
AUTb MO OOBIYHBEIM HOPMYNaM HAPABJHKH.

Hns wopmanbHOil pa6oThl cHOHHOTO TPy6ONpoOBOAa He-
06XOAMMO, YTOOBI MHUHHMYM jlaBJjieHHs1 B HeM Py, COOTBeT-
CTBYWOLLHH HauboJblieMy pa3pexeHHIO, He CHUXKaJCH A0
BEJIHYUHEI BhifeJieHHsl NapoB XHUAKOCTH Pn. Ecau Py <Py,
TO B TpyGONpoBOAe BO3HHKAeT KaBHUTallsi, YTO BJ€YET 3a
co6o# pa3puiB cTo16a XHAKOCTH U CPHB paboThi cHdOHa.
C HEKOTOpLIM 3aMacoM Mpe/e/bHYK BEJMYMHY HONYCTHMO-
ro sakyyma B cudone moxno npuusate 90 kIla. Torpa npe-
JefbHOe npeBbilieHHe cHdonHOro TpyGonpoBona Hajg AUHA-
MHYECKHM YPOBHEM BOABI B CKBaMHHAX (BHICOTa BCacChiBa-
HHA) ONpeJe/seTcss 3aBUCHMOCTBIO

Hs=9Pa/\’_P'n—thucx‘=8,8—2hcucm (336)

ric Sheucr —cyMmMa TOTepb B CHQOHE OT TOYKM BXOAa AO TOUKH Bhi-
xofa; P, — atMocdeproe AaBiennc; Pnp=0,2 M — napuuaibhoe AaBJie-
IIi¢ BOASHOTO Napa; Yy — MJOTHOCTbL BOAbL

Ormerka Bepxa cudoHa (KoasekTopa)y
Hl(=H,’.UHl+ (8,8_thlicT),

rac Hn-u—OTMCTKa AHHAMHYECKOTO YpPOBHA BOAbLI B npenaxmoﬁ CKBa-~
xKune.

OTMeTKka ypoOBHSI BOAbl B NPHUEMHOH CKBaXuHe
szHmm—thuc'r-

[Ipu pabote cuboHHBIX BOAOCOOPOB BO3MOXHEI CAyuaH
ONyCKaHHUs AMHAMHUYECKOro YPOBHSI B NPHEMHON CKBaxKUHe
nuxe 10 M. B cBA3M ¢ 3TUM AJMHa HUcXoasiuledl BeTBH CH-
tdona moxer jocturaTe 13..15 M ¥ HenpeMeHHBIM YCJIOBH-
eM sIBJIS€TCSl 3aTolJieHHe KOHUa Tpy6ul. CpbiB BakyyMma
pazpaaka cudoHa NPOHCXOAAT B MOMEHT BBLIXOAA HUCXOAs-
liefi BeTBM H3-MOJA BOABI JlaXKe MPH CKOPOCTAX ee GoJb-
e 1 Mm/c.

OaHO u3 OCHOBHBHIX YCJOBHIT HOpMaJbHOH pa6oThl cHpO-
HOB — cO3/aHUe H NOAAepPXKaHHE B HUX MHHHMAJbHO JOMY-
CTHUMBIX CKOpOCTell aABHxkKeHHs BOJAH. OnbITHL NOKa3bIBAIOT,
YTO yCTOHYMBOCTH paboThl cCHGOHa OmpejensieTCsd I'1aBHBIM
06pa3oM CKOPOCTbIO ABHXKEHUA B HHCXOsLEM KoJeHe (BeT-
BH) cuboHa. [{ns HopMasabHOi paboThl CHPOHHOrO BOAO-
c6opa NpH OTCYTCTBMM OTCAChIBAHMsI BO3JyXa 3Ta CKOPOCTb
NO/IKHa ObiTh Bbille 0,7 M/c npu 0653aTeibHOM HAJHYHHK
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BOASIHOrO 3aTBopa. [ais cHCTeM BepPTUKAJbHOIO JApPEHaXa
naubosee npHeMmaeMa cJaefyiolias KOHCTPYKUHsS cudoHa:
BcacChlBalolliee KOJIEHO B BHAE TyCbKOBOrO, HHCXOAsllee —
OGBIYHON NpAMOYrosibHOH (OpPMBI; cpelllisii BeTBb YKJajbl-
BaeTcsi ¢ oOpaTHLIM YK.JOHOM B CTOPOHYy NpHeMHO#l cKBa-
dHHBL. OTMETKH Bepxa HHUCXOASLIETO H BCACLIBAMOLIEro KO-
JIeH OJHHAKOBHI.

Tunpasauyeckuit pacuer cH$OHOB CBOAHTCA K ONpeje-
JCHHI0 AMaMeTpoB TPyO, MoTeph Halopa B HHX, PacxoloB,
re0e3UUeCKoi BBLICOTH BCACHIBAHUA H TPOU3BO/IHTE/]HHOCTH
BakyyM-HacocoB. [IpuHUMONANbLHEO OH HUYEM lie OTJIMYaeTCs
0T pacueTOoB OGHIYHBLIX TpyGonpoBoaoB. PaccmoTpum pac-
UYeTHYI0 CXeMy cudona, PEeKOMEHAYeMYyI0 Ha cucTeMax Bep-
THKaJbHOTO JApeHaxa (puc. 75). CocTtaBHB ypaBHeHHe bep-
uyanu pas ceyenuit I—I w [[—II, coBmanaiouiux co cBO-
6O/ HBIMH TIOBEPXHOCTSIMH XHJAKOCTH, U TNpeHebGperast CKo-
POCTHLIMU HanopaMu, noayuum Az=FH.=3h, To ecTb BCCb
HAnop TPATHTCA Ha NpeoJosieHe CONPOTHBJAEHUH MO A/HIeE
H MeCTHBIX

He=Ecucrv?/2g, (337)
tae Ecmer=A/d+ZEw — KOIDPULUHCHT CONPOTHBACHHS CHCTeMBl, [=

=[0+ll+12—1111HHa cmbona; ZEM=§nx+§nmx+§xon+gaﬂnn; B pacuc-
Tax npuHEMaercH: Eox=Enux=1; Exon=0,3..1,1; Esazs=0,12..03.

Tlo naiinennomy H¢ BBIUHCASIIOT CKOPOCTb H Pacxoi

! _ yegH..

}/gcnu"

JonycTnmMyio reojie3HYecKyl0 BbICOTY BcachiBauusi H,
JICTKO ONpefe/HTL, COCTAaBHB ypaBHeHHe Bephynanu anas ce-
yenuit [—I w IH1—III:

Hs=hga](_v32/2g—zha_c, (338)

rae vz — ckopocts B cudoie B cewenun I1—III; fi,_. — cymma motepn
Hanopa Ha NpeOJOJIeHHE CONPOTHBJICHHI OT TOUKH @ A0 TOUKH C.

Q=va; v=

Pacuernl cupoHHBIX BOAOCGOPOB CBOAATCA K Ofnpejee-
HUIO THpaBAHYECKHX MOTeph, B TPyOONpoBOAax, a Takxke
onpelesneHUI0 cyMMapHOro aebuta Boxoc6opa. Mexoanwsmu
JaHHbIMH CJAYXKaT AeOuUTH, AHIIAMHYeCKHe YPOBHH H HHAH-
KaTopHble KpHBbie CKBaXKHH, paccTosiHe MeX/1y HHMH, cXe-
Ma u npodHnu Tpy6GOnpoBOAOB, HOPMbI OCYLIEHHsS] TEPPUTO-
pHH HJIM OPOCHTEJbHBIE HOPMEL.

Mpumep 8. lano: oTmeTka Buicweir Touku cuoHa VHi=2 M; oT-
MCTKA CTATHYECKOrO TOPH30HTA BOAH [Hcr=1 M; paccTOsiHHE MeXAy
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. Punc. 77. Unaukatopusie kpiiBbie
/‘ ckBaxuH S=f(Q).

- A7

. / A

]
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2fy

g 80 120 180 Q.

ckBaxuHamMn [y=500 ™, agauna Bocxoasiueir BeTBH [, =10 M, HucXo-
asweit ;=14 M, hga =70 kITa. HMuankaTopubie KpHBblE APEHAKHBIX
CKBaXXHH NpHBeAeHH Ha pucyHKe 77 (KpuBas b — gAst CKBaXKHHbI 2,
¢ — nas ckBaxunu 1). Tlono6pate mnamerp cudonnoro Tpy6onposonra,
HalTH NOHMXKeHHst B ckBaxuHax 1 u 2 (S), S,), ux mebut H pacxol
Bcelt cucreMmbl, Tpy6Gol cTasibHble He HOBblE, KO3(QOHLUHEHTH MeCTHBIX
conpotusiaeHufi  Epx =Epux=1; Ex0a=0,8; Esan0=02; ZE=1+1+4
+2-0,84+0,2=38.

Jauna cudona l=l+1+1,=500+10+14=>524 M. IMpuuumaen v=
=0,8 m/c, d=0,2 m.

Boiuncnsiem Ko3pGUUMEHT CONPOTHBJEHHST TPeHus MO AJAHIC Ky
tdopuyae @. A, lllcseaesa

| 03 0017 867 \03
0,0179( + 0,867 03 _ 0.0 9( "867) —0,0358,
A= do.3 v 0,20'3 0,8

CymmapHuie noteph B chdone

Zh=(Mld+ZE)v?/2g= (o 0358 524+38 ) 08 =3,18 m
= g=10,030 0,2 R 2'9,81 =9, M.

IlpeBblliense cTaTHYECKOrO0 ypOBHA HajA Weaniroil (Beiculeil TOY-
Ko#i cudona) _
h=VHc—VHc1'=2—|=l M.

Tlo pucyHky 75 moHMIKeHHS YPOBHSI B CKBaxiue |
Scap=Hhpax—2Zh+72=T7—3,18+1=4,82 m,
B ADEHAXHO! CKBa)duHe 2
S’ ekp=hpax+h =7T+1=8 wm.
[Mo uHAuKaTOpHBIM KpuBHM b H ¢ (pHC. 77) HaxOAUM
Qexe=150 M3/u4; Qcug =123 M¥/u.

Cymmapnntii Ae6HT cHcTeMsl Qeucr=1504123=273 wmi/fu.
ITpoBepsiem ZAeiiCTBHTENLHYIO CKOPOCTh BOALI B cHonioM TpyGo-
nposojae
4Q 4-123

v= =
3600nd?  3600-3,14-0,22

=1,087 wjc.
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Mockonbky ona oxasanack Goapwe jpomyctuMofl, npuxmmacy d=
=0,25 M, Toraa

0,0179 0,867 03
A= — . = :
0,250 08 ) 0,0335;
524 0,82
21 ={0,0335 —— +3,8 ) —— =242 u;
( 0,25 2.9.81 M
S'eup=7—2,42+1=558 M; Qecup=139 m¥/u;
139
=0,785 Mm/c.

= 3600-3,14-0,252

Oxonuatensno npunumaem: d=0,25 M; Scka=8 M; Scup=>5,88 u;
Qexs=150 M3/4; Qeup=139 M3/u; Qcuer=289 m3/u.

[Ipu 3nauuTenbHoit aJnMHe cHpOHHOrO Boaoc6opa H
GOJNIbILOM YHC/le APeHAXHBIX CKBaXXHH pacyeT CylleCTBEHHO
OC/IOXKHsieTCs TeéM, 4TO JAaxe B OAHHAKOBHIX I'H/POre0siorH-
YECKHX YCJOBHAX [AeGHTHl CKBa*KUH Ha NPOTSXKEHHH BOJO-
c6opa pas/uyHble B CBS3H C PA3/IUYHBLIMH AHHAMHYECKUMH
YPOBHSIMH B CKBaXXHHaX, W TNO3TOMY TOYHOE pelleHHe 3a-
Aaun npencrasaseT Goabluve TPyAHOCTH. CyLiecTBYIOT ApH-
C\meq)eHbee rpajuyeckre metoan pacuera (AGpamos, 1973,
" ap.).

7. OcHoBHbBIe pe3yabTaThl NPAKTAKH OCYLICHHA 3eMelb
BEPTHKAJGHBIM ApeHa’KeM

IlepBasi me.lMOpaTHBHasi cHCTeMa Ha Gase BepPTUKAJbLHO-
FO JpeHaxa C HCNOJb30BaHHEM MOJA3eMHBIX BOJi Ha AOXIe-
BaHHe noctpoeHa B 1972..1973 rr. na semaax [lonecckoit
onblTHO-MeanopatTuBHoH cranunn BenHUHMuBX. Ilao-
wajb ONBITHO-NPOU3BOACTBeHHOro yuactka 400 ra, B Tom
uHC/Je ¢ OpolleHHeM NoA3eMHbiMH Boaamu —304 ra. Ilosa-
ilee ObIIM NOCTPOEHbI JiBe OMNBLITHO-NPOU3BOACTBEHHbiE CH-
CTeMbl BepTHKAJbHOrQ JApeHaXXa Ha YKpaHHe (OOGBEKTH
«[Jdomua» u «Jlio6epeuxuii»), no oaHoit B Jlareun u BCCP.
O6mas nJjowanb ONBLITHBIX CHCTEM BepTHKaJALHOIO Jpelia-
)ka npeBbilaer 1,6 Toic. ra, cpok 3kcnayarauuu ot 4 1o
10 ner.

HauGosiee neranbHbie W AJUTENbHBIE HCCAEM0BAHUA 3d-
(eKTHBHOCTH BepTHKAJAbHOTO [peHaxa B HaTypPHBHIX yCao-
Busix BoimosHedsl Ha [IOMC. YyacTtok O6bli 3alPOEKTHPO-
BaH M MOCTPOEH KaK TEXHHYECKH COBEPLICHHAS OCYLIHUTENb-
HO-OPOCHTEJIbHASI CHCTeMa INepPHOAHYEeCKOro AeHCTBUA, MO-
sBoasiioulas ynpaeasts YI'B ¥ BiaxKHOCTbIO MOYBHI He3a-
BUCHMO OT MOroaHbiXx yc/a0BHH. OCHOBHOH NpHHLMN Ae#CT-
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BHA CHCTeMbl — pery.JupoBanue Y['B nyTem M3MeHeHHUs1 pe-
JKUMa OTKAuKM M3 APEHaXHLIX CKBaxKHUH. BTopol BapuaHTt
ynpaB/ieHAs] BOAHGLIM PCXHMOM TOYB — OPOLIEHHC TeppH-
TOPHH TPYHTOBBIMH BOJAaMH, KANTHPYeMBIMH APEHAXKHBIMH
CKBaXXHHAMH.

YuyacTok pacnosioxeH Ha BepxHeil rpaHulie NepBod Hau-
nofimentoi Teppacnt p. bo6puk — nesoro npuroka Tlpunstu
¥ npeAcTaBAscT coGoi MesKo3aJexHoe HU3HHHOE 60J10TO.
[TouBeHublil MOKPOB NpeACTaB/IeH TOPPSAHO-GONOTHBIMH HH-
31HHOrO THNA, JCPHOBO-G0JOTHHIMY U A€PHOBO-T/IEeBLIMH 3a-
60/1auMBaeMblMY MOUYBAMH, HMEOIUMH KHUCJAYIO PeakKlHIo
(pH=4,1...5,7). Ho ocyiieHus rpyHTOBbIe BOAHl Ha y4acTke
cTosANH 6OJIBIIYIO 4acThb FOAa y NOBEPXHOCTH MOYBHI H BhHI-
ute. [TutaHne HUX NMPOMCXOAMT 3a cueT aTMocepHHIX ocal-
KOB, TaJbiX M NaBoAKOBbIX BoA. Hopma ocankos 585 mwm, no
THNY MHHEPANH3alUHUH IPYHTOBbLIC BOAB OTHOCATCA K IHJPO-
KapOoHaTHOHATPHEBBIM C cOoAepxaHueM coneil meHee 0,5...
1 r/n.

B reonoruueckoM CTpPOEHHMM MacCHBa YUYacTBYIOT YeT-
BCPTHYHBIE U KOPEeHHLie OT/IOXeHUs, NMpeACcTaB/leHHble pas-
HO3EPHHCTBIMU NMECKaMH C NPOCIOHKaMH H JUH3aMH TJIHH.
[ToBepxHOCTHBE OT/JIOXKEHHS TNPeACTaBJeHn OOJOTHBIMH H
03€pHO-aJJIIOBHATBLHBIMH 00pa30BaHUAMH B BHAe TOpGSAHH-
Ka, MeJKO- M CpeAHe3epHHCThIX MeckOoB. MoiHocTh Topda
0.2..0,8 M, neckos 0,5..2 M. CoBpemeHHble O3€pPHO-aJJIO-
BHAJIbHLIE OTJIOKEHHS! B CEBepHOH H CeBEePHO-BOCTOYHOM yac-
TH yyacTKa BLIXOJAST Ha noBepxuocTb. [loxcTuaaiorcs oHH
JIPEBHUMH O3epHO-J1e/HUKOBLIMH Pa3HOBHAHOCTSIMH MblleBa-
THIX, MEJKHX H CPeIHEe3CPHHUCTHIX MeckoB OOLIell MOILHO-
c1i0 15..20 M.

YeTtBepTuunble OTI0XKEHHS 3aJeraloT Ha KOPeHHHIX, Tpe-
THYHBIX MEJOBBIX M IOPCKHX OTJOXeHHsX. TpeTHuHbie HeO-
reH-Naje0reHOBLIE OTJIOXeHHs HMelT MOoIHOocTh 25..30 M
H NpejiCTaBJIeHbH CPEAHE3CPHUCTHIMA NMeCKaMH C KPynHO3ep-
IHUWCTBIMH M TpaBeaucThiMu npociosMu. Ha ray6use 51..
53 M 3ajerai0T MaJONpoHHIlaeMble MeJO-Mepresplisie 07-
JIOXKEHUS, OT[Ae/JeHHbie OT HecyaHox l..2-MeTpOBHIM cJjioeM
TEMHO-3€JIEHOr0 T[JHHUCTOFO aJjieBpHTa. MenoBnie oTJ0XKe-
Husa ¢ ray6unst 63..64 M noxcrunaioTes caabocueMeHTHPO-
BAHHBIMH TNeCUAaHUKAMH, MOLIHOCTb KOTOPHIX BCKpbiTa Ha
ray6use 70 M (puc. 78).

XapaktepHass OCOGEHHOCTh KaK YEeTBEPTHYHBIX, TaK H
KOPEHHBIX OTJIOXKEHUH COCTOMT B OTCYTCTBHH BhijlepXKaH-
IbIX 1O MOUIHOCTH W NPOCTHPAHUIO BOAOYMOPOB, 4TO OGyC-
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JIOBJIMBAET TECHYIO THApPaBJH-
YeCKYi0 CBfI3b BCeX BOJOHOC-
HBIX TOPH3OHTOB H CJAHsiHHC
HX B eJHHbI BOJOHOCHBIH
komnaekc. O6uias Tosmia BO-
NOHACBHILIEHHBIX  TMeCKOB €
NMPOCJAOSAMH TJIHH COCTaBAfACT
B cpeadem 50 M. B Hexoto-
PBIX MeCTaX OHa CONEPIKHT .
ot 1 10 3 J0KaJabHO pacmpo- Puc. 78. Teonoruueckuit paspes
no craopy B—B 1TOMC.

CTPaHEHHBIX TPOCJOCK H JHH3

IVIHH MOLHOCTLIO 2...8 M. 3¢-

({eKTHUBHAsi MOIIHOCTb BOXOHOCHOTO CJ10s1 KoJiebseTcs BIpe-
nenax 40..50 m.

Cpennsis BOXONPOHHLAEMOCTD €€, OfipefiesieHHas no jAaH-
HBIM TPaHYJOMETPHUECKOTO cOCTaBa NecKOB, paBHa 15..17,
a N0 JAaHHBIM ONBITHBIX OTKauek —17,5 m/cyr. Bomomnposo-
AMMOCTb (Rm)  TonM  meckoB  cocraBaser  570..
800 m?%/cyrT. ‘

Cxema MeMOpaTHBHOM CeTH Ha OMNbITHO-NPOH3BOACTBEH-
1IOM yuacTKe ApeJCTaB.eHa Ha pucyHke 79. UeThipe ocHOB-
Hbole ckBaxuHb (Ne 4, 7, 10 u 11) pacmosoxeHubt NO yr-
JlaM KBajpaTta co cropoHoit 1 kM. B ueHTpe ycTaHOBIeHa
pesepBHas ckBaxXMHa Ne | (B mpoiiecce 3kcnayaTaluu yua-
CTKa OHa OKasaJjach OcHOBHOH). B uccienaoBaTeabckux ue-
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8 t4 ¢ Ia i T
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Puc. 79. CxeMa ONbITHO-HPOH3BOACTBEHHON OCYLIHTC/IbHO-OPOCHTE/IBHOM
CHCTEMBI BepTHKaAbHOro ApeHaxa Ha INTOMC:

« —cXeMa OCYWMTeNbHON CeTH; 6 — CXeMa OPOCHTeNdbNoll ceTi; [—I/2 — ApeHax-
Hble CKBaXXHHMW; [3 — HacocHas cravuusi; [4 — Gaccefin; A—A..M—M — cTBOpHI
HabnwaaTeNbLHLIX CKBaXHH, 8/, 95.— HOMepa HaGMIOZATENLHLIX CKBAXHH,
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JISIX 3aJI0XeHbl 4 CKBaXHHBl N0 yIryiaM MaJjloro KBajpaTa
co cropoHoit 500 M (Ne 2, 8, 9, 12). CkBaxuua Ne 5, Bhi-
HeCeHHasi 3a Mpejesbl y4yacTKa, BMecTe CO CKBaXXHHaAMH
Ne 6, 8, 1, 2 u 3 obpasyer aunefinsiit paa. Kpome Toro, Ha
yyacTke CO31aHO ABa CHGOHHBIX BOAOc6Opa: mepBbIH AJH-
Ho#t 105 M coennHsier ckBaxuHbl Ne 6 u 8, BTOpOH AJMHOM
470 M coenunsieT ckBaxuuHol Ne 1, 2 u 3.

[lepBuiit cudOH BLIMOJHEH M3 CTajbHBIX TPY6 AHaMerT-
pom 146 MM, AnuHa BcachiBaiomieli Tpy6bi (Bocxomsilleit
BeTBH) paBHa 8 M, Hucxoaswmeit —9,5 M. Cpeansia BeTBb
TpybonpoBoaa y/oxeHa c ykiaoHom 0,0043 B cTOpoHY CKBa-
x)uHH Ne 6. CoeaunHenue TpyO BLINOJHEHO HA CBapKe, HHC-
XOHslllasi M BOCXOAsllas BeTBH NPHCOENMHEHBbI K CpelHeil
Ha ¢aanuax. Pabora cudona ocyulectBasnace npu mps-
MOM M OOpaTHOM YKJOHAX, B MEepBOM CJyyae NpUEeMHOil
6bina ckBaxuHa Ne 6 ¢ macocom 3LIB 10-120-60, Bo BTO-
pom — Ne 8 ¢ nacocom DB 12-255-30.

Btopo#i cudonHbit Bogoc60op coeanHseT cKBaxuHy Ne 1
co ckBaxuHamu Ne 2 u 3, paccrosiHue MeEXAY KOTOPbIMU
‘10 m. CxBaxkuda Ne 3 (ray6una 36 M, D=300 mm) ay6-
aupyet ckBaxuHy Ne 2 (ray6usa 30 m, D=350 mm). Ilo
KOHCTPYKLUMH cHOH npeicTaBasieT coboit Tpybonposoa
nepeMeHHOro ceyenusi. CpefHssi BeTBb ero ANHHON 425 M BHI-
nojiHeHa M3 uyyryHHeix Tpy6 D=300 MM u ynoxeHna c¢ ne-
PEMEHHBbIM TIO JJIMHe YKJIOHOM. Tpy6Bl coelMHEHBI C NOMO-
b0 PEe3HHOBBLIX CAMOYIWIOTHSIOLIUXCA cajbHuKoB. [opu-
3GHTa/bHbie Y4YacTKH, COefHHAIOIIHe CKBaXXHHB € YYTyH-
HbIM TPyOONpOBOAOM, BBLINOJHEHH M3 CTaJdbHbiX TpyO D=
=150 mm. CkBaxuna Ne 1 (ray6una 47 m, D=300 M),
obopynoBaHHas norpyxHeiM Hacocom LB 12-255-30, cny-
*ur npueMHoii. Hucxonsmas BeTBb cudOHa BHINOJHEHa H3
cranbHbiX TpYy6 D=250 mMm. BryTtpu 3toit TpyOsl npoxoaur
BOJONOABEMHLIN TPyOOnpoBOA Hacoca € HapyXHbIM AHA-
merpoM D=155 mMM. Takas KOHCTpPyKiHs OGYCNOBJEHA Ma-
JbIM JHaMeTPpOM NPHEMHOH CKBaXKHHHIL.

Hans 3amepo auHamuke YI'B Ha yuacrtke 3aqoxeno 12
ctBopoB co 130 HabaonaTeNlbHBIMH CKBaXHHaMH. B kax-
JIOM CTBOpE OHH NpHBsI3aHbl K OAHOH M3 APEHAXHHIX CKBa-
HH U pacnoJioeHbl OT Hee no oblemy npasuay: 2, 8, 20,
40...60, 80...100, 140, 200, 360, 500, 860 u 1000 M. I'ny-
6uHa NepBO# OT ApeHaXKHOH HabGJI0AaTeIbHOH CKBAXKHHB —
30, Tpex caenyiouux —15, ocTanbHbBIX —5 M.

OnuITHO-NPOU3BOACTBEHHBINH yyacTok Ha [IOMC B nua-
He mpeacraBiasier coGoi KBaapaT 2X2 KM, OTpaXKAeHHBIN
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OTKPBITBIMM KaHajaMH ray6unoft 1,8..2,2 M. Kanan B-1-6
uMeeT ray6uny 1,2..1,4 M. OTKpbITHE KaHaJbl SBJASIOTCH
COCTaBHOI yacThlo MejHopaTHBHO# cucTeMsl [IOMC o6uieit
naowazasio 3200 ra.

OcHOBHBIE XapaKTePHCTHKH APEHaXKHBIX CKBAaXHH NpH-
BeneHsl B Talauue 42. Bce oHM npo6ypeHbl CTaHKamH
YKC-22M u umetor auamerp 300 u 350 MM H ray6uny 25...
47 M. OuabTpbl CKBaXXHH TPeX TUNOB: lieJeBble, NPOBONOY-
Hble H NPOBOJIOYHO-LIE/NeBble ¢ I'paBHAHOH OOCHIIKOH TOJI-
muHot 7,5...12,6 cM. B CKBaXHHAaX yCTaHOBJEHHI NOTPYXK-
neie nacocel LIB 10-120-60, LB 12-255-30 u DL1B 12-210-85
(ckBaxuna Ne 7, oT KoTopo#l KOX/JeBafbHbIH arperat «Ppe-
raT» paGoraer Hanpsmyo). Ilutanne snektpojBuraresnen
OCYLeCTBJ/ISIETC MO NOA3EMHBIM 3JeKTPHYECKHM KabessiM
0,4 xB or ueHTpasbHOi TpancopMaTOpHOH NOACTAHIUH
MoutHocToio 400 kBT.

42, XapakTepHCTHKH ApeHaXHHX ckBaXud na NOMC

Yieabnnit
Homep Fay6una Hanna lnameTtp aebut
CKBamHHb CKBaXXKHHBI, M bnavrpa, M duabTpa, MM cxa}::;&:uu.
1 47 31,7 300 18,3
2 30 21,2 350 14,3
3 36 27,5 300 9,5
4 32 21,8 350 15,0
5 30 21,8 300 13,8
6 25 15,7 350 24,5
7 30 244 350 20,6
8 30 20,8 350 8,0
9 27 15,5 350 5,4
10 44 24,5 300 78
11 37 24,8 300 19,1
12 30 18,0 350 11,8

Boaa ot ckBaxkus c6pachiBaeTcsl B KaHajiw B-3 u B-5
no NOA3EMHBIM UYTYHHRIM TpybonpoBogam D =200 mm. [Ipu
He0GX0AMMOCTH BOJa OT J0GO#H CKBaXXHHHI MOXeT GbiTh NO-
laHa no tpy6onpoBoaaM B 6acceilH CyTOYHOIO peryJsupo-
BaHHA U nojorpeBa o6bvemMoM 6 Thic. M3, pacHnoOJOKeHHbIH
B LEHTpe YyyacTKa H COCTOAIMH H3 [ABYX CeKUHH 1o
3 toic. M5,

B ueHTpe yuacTKa NOCTpOEHA HAaCOCHas CTaHUHUS C JHC-
lleT4ePCKUM NMYHKTOM YNpaBJieHHs] NOIPYXKHHIX HACOCOB Ape-
HaXKHBHIX CKBaXuH. B 3naHuu ycrtaHOBJeHH JBa Hacoca
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6HAC c¢ saexkrponBurarenem A-2-91-4 mo 75 kBT u oaun
tHacoc 3B-200X2 c¢ aaektpoaBurateneM A-101-4 MomniHo-
cteio 125 kBT, KoTOpBHIe 3abupaloT Boay U3 OacceitHa H 1o-
AA10T ee K AOKAeBaJibHbIM arperartam.

Iasi opolueHHs yuacTKa Ha HeM yCTaHOBJeHBI (puc.79)
noxAeBasbHbie arperatl «®perat» JM-424-90 (2 wr.),
«Bonxkanka» JKII-64 (2 wr.) u «Panyra» KHU-50. Boaa
K HHM MOXET MoJAaBaTbCs HACOCHOU cTaHuuelh u3 GacceliHa
Mo noj3eMHbIM TPYOONpPOBOAAM, a TAaKXKe HEmOCpelCTBeH-
HO OT CKBAXHH.

KoHcTpyKTHBHAST OCOGEHHOCTL MEJMOpPaTHBHOH CHCTe-
MBI COCTOMT B TOM, 4TO OHa MOXeT ObITH B Ji060€e BpeMsa
BKJIIOYeHa B paloTy KaK B pexuMe OCYylIeHHs, Tak H B pe-
XKuMe opouleHHs M nossoasieT: 3a 10..15 cyT NOHH3HTHL
YTB B nepuojp BeceHHHX NAaBOJAKOB [0 HOPMHI, TpeGyeMoil
B NPEANOCEBHON MepHOA, H NpU HeoOXOAHMOCTH MOALEPXKHU-
BaTb NyTeM U3MEHEHHs peXHMa OTKauyeKk HOpPMY OCylleHHs
B OCTaJbHOl MepHOJ BereTaluH; NpH peakoMm noabeme YI'B
BCJIE/ICTBHE JIeTHHX H OCEHHUX NaBOAKOB MOHU3HTL UX /IO
Tpebyemoit HOpMHI 32 8...12 cyT, opoliaTh y4YaCTOK IOA3€eM-
HEIMH BOAAaMH B mio00# mnepuos obpaszoBaHus AeduHuUTa
BJlaTH B KOPHeOOMTaeMOM CJji0e MOYBHI.

Hns usyuenus 5PQPeKTHBHOCTH BEPTHKAJLHOrO ApeHa-
XKa no peryanpoBanuio YI'B u BAaXHOCTH NOYBH, a TakXkKe
LUt onpefesieHUss THAPOTEOJIONHYECKHX [apaMeTpoOB BepX-
HHX BOJOHOCHBIX ropH3oHTOB B 1972..1981 rr. Ha onbiTHOM
yuacTke BbinoJiHeHO Gosnee 200 KYCTOBHIX U TPYMIOBLIX OMBIT-
HHIX K 3KCIJIyaTaUHOHHBIX OTKAuYeK C Pa3HbIMH Jle6HTaMu
ApH Pa3JNYHLIX cOYeTaHUsAX PaboThl APEHAXKHHIX CKBAXHH
1 cudoHHbix Boroc6opoB. Ha obbexTe mpPoOBOAMJAHCL Tak-
e cHCcTeMaTHueckhe HaOaiofeHus 3a Y[ B, BiaxHOCTbIO,
ocafikaMH, Temnepatypoil, 6anancom BJaru B 1OuBe, H3Me-
HeHHeM XHMHUYECKOro cOCTaBa BOALI, ONlpefensaach Ypo-
JKaHHOCTb NMpPH pPa3HbIX HOPMax NoOJiMBa H jA03ax ynobpe-
Huil, Cjhenyer OTMETHTb, 4TO 3a HcTekuine 9 jer OGbuiu
rOAbl KaK BJaXXHble, TAK U OCTPO3aCYLIJIHBBLIC MO OCAAKaM.

Pexxum ocymenusi, oguHouyHas ckBaxuHa. [Ipu orkau-
Kax U3 OAHHOYHBIX CKBAaXXHH BOJIM3H HHMX CO3LAKOTCA TJIY-
Gokue BOpoHKH jenpeccud. Ilepenan ypoBHe#i MeXAay 30-
HO#, HeNOCpPeJACTBEHHO NpPHUMBIKalOUlel K CKBaXXMHe, M OC-
TaJbHOH NJowWaabio Aocruraer 3..5 M. B mepuox ortkauex
CO3/laeTCsl HePaBHOMEPHOCTb OCYLIeHHsi MO MJIOWajH, HO 30-
Ha ¢ ray6okuM noHuxeHHem YI'B nesesuka u cocrasiaser
1..2% Bce#t ocymaeMoil ckBaxuHoil muomanau. [locseoc-
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TQHOBKH HacocOB BO/MN3H APeHaXKHOH CKBaXKHHBI MPOHCXO-
AT HHTCHCHBHOE BOCCTAHOBJIEHHE YPOBHS, U BOPOHKH Aell-
peccun ucuesanT 3a 2.6 u, 3atem YI'B snipaBHHBaeTcs
B Ipefeaax Bceft ocyuiaemoil njomiaau. CKopocTH cHHXe-
HHSI M BOCCTAHOBJCHHSI YPOBHeli 3aKOHOMEDHO 3aTyXaioT
NMpU yJajeHuM OT CKBaXUH (taba. 43). B 3aBucumocty or
ne6nTa W LJUTENbHOCTH OTKAUKH BJIHsIHHE OJHHOYHOH CKBa-
JXHHB pacnpoctpaHsaaoch B paauyce 500...1000 M (Taba. 44).
Ilygouwaap ocyimeHusi OJHHOYHOH CKBaXXHHOH C NMOHHXKEHHS-
mu YI'B Gosee 30 cM mpu orTkaukax B TeyeHHe 5..10 cyr
moxer aocturath 40..60 ra, YyTo rOBOPHUT O BHICOKOM OCY-
IHTeIbHOM 3(deKTe BepTHKAJIBLHOTO JpeHaxa.

43. Auvamuka YI'B npu orkaukax w3 oAMHOYHBIX CKBAIKHH

H Cpeande cKOPOCTH CHUXKEHMS (MHCANTENb) ¥ BOCCTAHOB-
OMEP | Ne6uT,|Bpems, Aenus (3namenateas) YI'B (cm/u), Ha paccToaHuu, M
CKBA- | g3y M
KUAB
20 40 w | s | a0
1 | 130/108 4528 9/6 7|5 2/2
1 102 5 28,24 1147 4/2,4 3/1,2 | 1,6/08
24 6/6 22 1/1 08/0,7 | 0,6/0,3
1 | 116/92 75/60 | 25/5 10/4 4/2
7 | 151 5| 27/21 18/15 | 82 3/2 3/1,5
24 | 85/6 6/4 2/1 1/0.8 | 0,6/0.5

44. Bansinne paGoTH OAKHO4HOH cKBaXHHK nHa YTB B 3asHcuMocTH
oT Ae6uTa M AAUTENABHOCTH OTKAUKH

H Aautens- Mounxeune YI'B or cratuuecxoro (em)
omep Nebnr, HOCTb HA PACCTORHUM OT CKBANUHB, M
cksa- M3 OTKa4KH,
HUHH q
20 | 0 |0 |30 | 0 | 100
1 164 24 142 73 36 15 8 —
4 100 22 114 95 32 14 6 —
7 110 24 126 | 102 20 13 8 5
7 195 168 241 190 82 39 22 12
10 1565 24 156 | 114 42 26 12 5
11 140 24 180 | 135 48 12 7 4

Cudonnnii BopocGop. B tabiunax 45 u 46 npuseneHs!
AaHubie no auHamuke YI'B u peburam npu pabore ABYX
cHpoHHBIX Bojoc6opos. Ilpu Bakyyme 60..70 klla me6utni
CH(POHHBIX CKBaXXMH coctaBaaiu 66..97 m3/u, a cucremsl
cudonnoro Bogocbopa u3 ABYX ckBaxuuH — 180..210, us
Tpex — 270 m3/y. O6pabGoTka HaGJIOJeHUH 3a CHUIKEHHEM

245



YI'B nokasana, 4To MAOIaAb OCYLIEHHSI CHPOHHOTO BOAO-
cGopa (/MHeHHOro psila CKBaXKHH) B pacueTe Ha OAHY CKBa-
JKHHY MOXeT B 6JaronpHATHBIX THAPOTEOJOTrHYECKHX YCJIO-
BusAX Aocrurats 40..45 ra. KoanyecrBa 3abupaemoii cudon-
HBIM BOAOCOOpPOM MOA3eMHON BOABI BMOJIHE JOCTATOYHO MJifl
ofecneyeHHs HOPMasbHOH paGOTH [0XKAEBAJbLHOIO arpera-
Ta Tuna «®perat» unu «Bomxaunka»,

45. Nunamuka paGotur cudpoHHoro BomocGopa (ckBaxuusl Ne 1, 2, 3,
=24 u)

P?’fxo:l MonneHns ypoBHY B CKBANKNHAX, M
" . . cupona n
Bpems Baxyym, «lla an¢~ ey ) | 2 3
12.00 — —_ — — —
12.30 68,6 96,7 8,56 2,58 2,59
13.00 74,0 97,1 8,41 2,88 2,89
15.00 754 97.3 871 4,06 4,07
18.00 76.4 97,3 8,77 4,08 4,08
20.00 77,0 97,4 8,80 4,19 4,19
6.00 775 97,3 8,98 4,28 4,28
12.00 78,6 97,4 9,01 4,46 4,46

46. Jlunamuxa cuuxenus YIB npu pabote cudonnoro BopocGopa '
(ckBaxuHH Ne 2(3)—1—8, Qcucr=270 m3/u)

Chuxedne YTB na paccroamun OT ucHTpa
Rantenabnocts yuacTia, M
OCYIeHusi, CyT

140 ‘ 30 | 500
1 0,37 0,13 0,07
2 0,47 0,17 0,10
3 0,54 0,20 0,12

Cuctemarnueckuit apenax. OcywutebHbli 3Q¢eKT Bep-
THKAaJbLHOTrO JPeHa)Xa HA ONBITHOM Yy4acTKe MpH MJOLafHOH
cxeMe pasMellleHHS CKBaXXHH M3yuaJcs, HayuHasi ¢ 1972 r.
®dakTHYeCKHE AAHHBIE CBHAETEJNLCTBYIOT O BHICOKOM OCYILH-
TeJAbHOM AeHCTBHH cHcTeMaTHuecKoro apernaxa. Hanpuwmep,
BecHOM 1973 r. Gbina mposefieHa NMATHCYTOYHAs OTKAYKa H3
yeThHIpeX CKBaXuH Goabwioro kBaapara (Ne 4, 7, 10, 11)
¢ paccrosinnem Mexay Humi | km, [lepen HavyasoMm oTkad-
KH mpousowen pe3kuid noavem YI'B (mo 30 ¢m or mosepx-
HOCTH), BbI3BaHHBII HHTEHCHBHBIMH JoxzAsimu. [lpu cym-
mapHoM fAeGute 560 Mm3/u 3a 5 cyT 6bII0 COpOLIEHO OKOJIO
65 Tteic. M® BOABI, YPOBHH TIPYHTOBBLIX BOJA MOHH3UJHCL Ha
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53 cM. Heobxonumas ans ua- w2109 600 990 1200 (57 167 &2
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KDHUBBIX B I'MApOH3Orumc, mno- e’ S 1 g
C'{‘)poeHHle no BceM Habao- SO E===ct
JaTeJbHbIM CTBOpaM, MNOKa- 7 ]
3aJ, 4TO OcyliiaeMasi Orpax-

Aaolllel CeTbio KAaHANOB MJO-  pyc 80. Monoxenne YIB 10
wanp He npesbicuna 80 ra. crsopam B—B (a) u A—A (6)
Ocraabubie 320 ra 6niau ocy- Ao otkauku (¢=0), B Kolilte ";"
weiss BepruxanHbM Apewa- TITROUOE 0TI 10 IOTCS
xeM. OnHa JpeHaXHAs CKBA- (yrox mocnc mpeKpauiewus —of-
XKuHa npH nebute 140 M3/ B xauku (1=7).

TPYHIOBOM pexume obecneun-

Ja ocyiledde Ha naomanu 70..90 ra. MIHTeHCHUBHOCTh CHH-
xeHnusi YI'B npu rpynnosoii orkauke coctaBasanaa 10..15¢m
B NepBble CYTKU H MO HCTeYeHHH 3 CYT CHH3HJAach A0 7.
10 cM/cyT, 4yTO CBMAETENLCTBYET O BHICOKOH addeKTHBHOCTH
BEPTUKAJBHOI'O APeHa)Ka B [ aHHBbIX THAPOre0JIOTHUECKHX yC-
Jiopusix. [Ipu 3TOM HEpaBHOMEPHOCTH OCYyLICHHS MO MNJOUiA-
AW MPaKTHYECKH HET.

TTocne npekpaiueHusi oTkayek B TeueHue 2...6 4 mpouso-
110 BhipaBHHBaHue YI'B Ha BceMm yuacTKe, a B nociaeiyto-
mue 2 cyt Haba0Aa/aCcs paBlUOMEPHBLI ero noabeM (puc. 80)
po 10 cM. D10 6BLIO BHI3BAHO AOTEKaHHEM BOJBl C BepXHero
ocyizaemoro cqaosi. B panbHeiiiem moa BAusiHMEM TpaHCOH-
pauuu ¥ uUCHapeHHs Hayajochb MelJeHHOoe onmyckaHue YI'B.
Ha6aoaenusa 3a ypoOBHSIMH M BAAXKHOCTHIO MOYBHI NOKA3aJH,
YTO BTOPHYHO BKJIOYATh CHCTEMY B PEeXHM OCYLIEHUS He
6Ll10 HeOOGXONHMOCTH B TeuyCHHE BCErO BEreTallHOHHOTO Ie-
puoaa 1973 r.

3a 9 sner s3KcnAyaTauuH ONBLITHO-NPOH3BOACTBEHHOrO
y4aCTKa BEPTHKAJbHOrO JpeHa)a OCYILIUTeNbHbIe OTKAUKH
OPOU3BOAUN HENPONOJXKHTENbHBIH NepHOJ BECHOH NOYTU
exceronHo (ot 3 Ao 9 cyT), AnurenbHbie BeCeHHHE OTKAYKH
(ot 12 no 20 cyr) 6niiu Heo6GxoamMmMbl JaHime B 1976 n
1980 rr., oceHHHe KpaTKOBpeMeHHbie OTKaUKH BbINOJIHEHH B
1977 u 1980 rr. B 1974 r. noroaHbie YCJIOBHS CJOXKHIHCH

&Sz
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TaK, YTO He OblO0 HEOGXOLMMOCTH BKJIOYATh CKBAXKHHH B
pexuMe ocylieHus (IOCTaTOYHOE OCYlleHHe o6ecrneyusa Or-
Paxaaiomas ceTb KaHa/ioB). XapakTepHcTHKa paGoThl Bep-
THKaJbHOrO APEeHaXa B peXXuMe OCYLIEHHSA 3a HCTeKILHE ro-
Abl M CHHXCHHE YPOBHEH TPYHTOBHIX BOJ B LEHTPe yyacT-
Ka (Habuaomatenbhas ckBaxuHa Ne 72) u mocpeiuHe MeX-
AY IHpeHaxueiMu cKBaxkuHamu (Ne 81, 95, 118 u 110,
puc. 79) npusegens; B tabauie 47.

47. XapaxTepucTHKa paGoTel BEPTHKAALHOIO JpeHaxa

S % Mounnkenne ypusua no Habawaatcas-
g 3 NbIM CKBaKHHAM, CM
gat | 3x | o G&
=0 e = L
S5 | 8% | ¢ g E 2
é E§§ g‘% E‘g \5%2 N 72| N 81| N 95| N 118 | N 110
= =63 O =5 | 289
1973 50 560 4 30 53 43 38 50 52
972 o0 | — | = | = | = | 2| = | =] =
1975 9/0 860 4 40 60 53 50 73 69
1976 12/0 | 1050 | 5..6 50 90 56 76 112 44
1977 03 650 4 40 26 14 12 35 40

Pexxum opoinennsi. B rymuatoii 3one eBponeiickoit yactu
CTpPaHHl cO31aTh HeOOXOAHMBIH BOAHBIA PEXHM Ha MeEJHO-
PHPOBAHHBIX 3eMJIAX MyTeM NPOBCAEHHS TOJbKO OCYLIHTENb-
HBIX MepPONpHSITHH yaaeTcs AaJjieKo He Bcerja. B sacyuunu-
Bble M CpeJHHe N0 BOAHOCTH: rojbl CyMMapHoe BOAOMOTpel-
JIeHHe KyJbTyp NpeBHILlacT KOJAHYECTBO aTMOC(epHBIX OCaf-
KOB M TNPOAYKTHBHBIE 3anachl B [eSIT€JbHOM CJOC TOYBSHL.
Hasi ayronacTGHILHBIX KyJbTYp AedUUHUTH BAaru B IOYBe
Ha MeJNKHX TOPMSHUKAX H HeCBA3HBIX FPYHTaX BO3HHUKAIOT
yepe3 1.2 roja, a B I0XKHBIX pailoHaX 30HH NMPaKTHYECKH
€2KerojHo.

YuurteiBasi 3TH 06CTOATENLCTBA, HAa ONBITHO-NPOH3BOACT-
BEHHOM YYaCTKE BEPTHKAJbHOrO /peHaXa, HCHOAb3yeMOM
noj AOJNroJieTHee KYJAbTypHOe mnactOulle, NPEAYCMOTPEHO
OpollleHHe MOA3eMHbBIMU BoJaMu Ha maomazau 304 ra. Ilpu
3TOM CO3/laHa BO3MOXHOCTb OpOUIaTh NOJs Kak MNOJAOrpe-
TOH BOAOH M3 GacceiiHa, TaK H XOJOAHON, HENOCPeACTBEHHO
H3 cKBaxXuH. ONbITH MO OpOLIEHHIO mpoBoAuauch B 1976...
1981 rr.

OcHOBHLIE pe3yJbTaThl UX MOIYT GHITh cOopMynHpoBa-
HBl cjelywoliuM o6pa3oM.
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l. C nomowpio CKBaXIH BEePTHKAJAbHOTO ApeHaXa MpH
YCTaHOBKEe B HHX COOTBETCTBYIOUIHX HACOCOB MOXKHO obec-
MEeYHTb ONepaTHBHOE M HaJeXKHOe OpolleHHe NoJied noia3eM-
HBIMH Bosamu. Ilpu Hegoctatke Ae6uUTa OLHOM CKBAXKUHBI
ANt paGoThl A0XKAEBAJIBHOTO arperata OHa JONOJHAETCS CH-
(OHHBIM BOJOCGOPOM.

2. Opouenne AyronacTGUIHLEIX KYJbTYpP AONYCTHMO BO-
JOH HeNnocpenCTBeHHO H3 CKBaXHH. PasHuubl B ypoxasx
TpaB OPH MOJHBAaxX XOJOAHOH BOAOH M3 CKBaXXUH M U3 Ha-
JIUBHBIX BOJOCMOB NOJOrpeTOH BOAOH NMpPaKTUYECKH HeT.

3. OcyuiuTte/bHO-OpOCUTeIbHASL CHCTEMA, Y KOTOPOI#t oc-
HOBHBIM DPeryaHpYIOIHM KOMIJIEKCOM CJYXKHT CKBaXKMHA —-
JoxJeBaJbHbIl arperat, OpPOCTa MO KOHCTPYKUMH, TeXHH-
4eCKH COBepHicHHA H HauboJiec 3KOHOMHYHA KakK IO Kafh-
TaJIOBJIOJKEHHSAM, TaK H 1O 3KCMJIYaTAaUHOHHBIM 3aTpaTaM.

4. Tlpu opolueHud noJiefi NOA3E€MHBIMH BOJAMH Haub6o-
Jlee 3KOHOMHYHO U palMOHAJbHO HCMNOJAL3YIOTCA BOAHBIC
pecypchl. Ecau koanyecTBO 3abupaemMblX Ha opolleHHe MOJL-
3eMHBIX BOJA He MpeBblllaeT AMHAMHYECKHX 3aMacos, TO BOC-
NMOJHEHHEC HX BCerja rapaHTHPOBAHO 3a OCEeHHe-3UMHHH H
BeCeHHUH nepuod. McrolleHust 3anacoB NOA3eMHLIX BOA He
Oyner.

B 3akaoueHMe cieAyeT OTMETHTb, UTO BepPTUKAJbHBII
[peHax B cOYeTaHWH C HCHAOJbL30BaHHeM NOJ3eMHBIX BOA
Ha OpOlleHHe — HOBBIA, HauGoaee MNPOrpecCUBHHIN CHOCOD
MeJHOpauuil B TYMHAHOH 30He M HOJIXKEH NOJYYHTb LIHPO-
Koe pacnpocTpaHeHMe B paiioHax, rje AJs 3TOTO HMeEIOTCs
61aronpHUsiTHBlE THAPOTEOJIOTHYECKHe, ITIOYBEHHBIE W ADY-
rue ycaoBusi. Takux 3emesnb TOJbKO B nojecbsix Pycckoit
paBHHHH HMeeTcsi 6osee 6 MJH. ra.



INPUIJIOMEHUNE

CXEMBI i1 OUJBTPAIIMOHHBIX PACYETOB
TOPU3OHTAJIBHOTO TPYBYATOI'O JAPEHAJKA

B pacuernnix dopmynax cxem 1.9 npuuaATH caepyowde o6o3Ha-
YeHHA:

B — paccrosine MeXAy OCAMH JDEHAXKHBIX JHHHI, M;
krp  — K03 dOHUMEHT DHABTPAUUMYA TPYHTA, M/CYT,

ky — TO XKe, 3aLIHTHOrO QHALTPA, M/CYT;

M — MOLIHOCTb PACYETHOTO CJIOSI FPYHTa, M;

T=kepm — nposoauMocTs mAacta, McyT;
{ — K03 HUHEHT BOAOOTAAYH (HEAOCTATKH HAChillieHHH);
Hyp — pacyetunifi nanop (npesuiwsenne YI'B B mexapeHoe Hag
0OCbIO ApeH), M;
{ — RNMTeABHOCTL PACHETHOTO MepHOLA, CYT; '
T — BpeMs CTaGUJAN3aLUH, CYT;
q§ — HHTEHCHBHOCTb HHQHALTPALNOHHOrO NHTAHHA (CPeAHHH 3a
pacueTHHINi NEPHOA NPHTOK K APeHaM), M/cyT;
¢y — pacHeTHBI{I MOAYJb APEHAXKHOro cTOKa, a/c-ra=1/116 m/cyT;
Luz — obiue GuabTpanuoHHbBle CONPOTHUBAEHUSE (MO CTENIEHH U Xa-
pakTepy BCKPHITHS NJacTa), M;

C; — ¢uabTpauHOHHBE CONPOTUBJEHHS APEHAaXKHBIX TPY6 npu OT-
CYTCTBHH 3alUTHBIX OT 3anjeHHs ¢GHALTPOB;

@i — QUALTPAUNOHHLIC CONPOTHBJEHHA MO XapaKTepy BCKPLITHS
njaacra;

Yo —npupatiesus (+, —) GUALTPAUHOHHBIX CONPOTHBJIEHHH,

o6ycnoBaennble BAMsIHHEM PUALTPA;
— HapyXHbifll AHaMeTp ApeHaKHOH TPYOoI, M;
Dy — puyrtpennnii ee auaverp, M;
— roauMua GuabTpa (uaM cTeHKH TpyGobuabtpa), M;
Ti — UIMpHHA CTHIKOBOTO 3a330pa MeXAY ADPEHAXHBIMH TPYyOamy,
M;
Ty — WIHPHHA NPOAOAbLHO-lleeBol NMepdopauuu, M;
S) — pauna kepamudeckux Tpy6, m;
— wiar nepopaunH, M;
n —uyycao psaos nepdopaunu;
N=n/S —xonusecrBo oteepcTHil Ha | M TPYOL;
dy — puaMeTp NepdOPaUHOHHBIX OTBEPCTHIt, CM;
— AAHHA lUeJel, M;
Iy — mupuna nonocku GQHABTPA, YKAAALIBAEMOrO BOKPYT CTHI-
KOBOTO 3a30pa, HAH IIMPHHA HAapYKHOW (UaLTPYOmeid Myd-
TH, M;
Q@ — HOpMA OCYWEHHA K KOHIY PacuyeTHOro IepHoaa, M;
a, — ray6uHa 3aneranus YI'B k Hauaay pacueTHoro HepHoga, M;



b — paccTosmHue OT TOBEPXHOCTH 3eMJAH J0 OCH ApeHaXHOR Tpy-
6b1 (raybuna apes), M;
Hcw — 3amac soam B cHere 10%-Hoit obecneyeHHOCTH K Hayaay
TafiHHA, M;
Hs —raybuxa ca0osl 3aTOIVIEHHS NOBEDXHOCTH MOUBH, M;
6 — KO3b}UIUHEHT CTOKA TaJlX BOA;
e — WHTEHCHBHOCTb MCIapeHHs, M/CyT;
p — HHTEHCHBHOCTb aTMOCQEPHBIX OCaAKo0B, M/CYT;
Zh —cyMMa ocagKoB 3a paCueTHil mepHOl, M;
i — YKJOH MOBEPXHOCTH 3eMJIH;
@ — KOJMIMYECTBO BOJABI, NoJJeXalllee OTBEACHHIO JApeHaMeM, M;
a — KoadpduuHeHT, YUMTHBAOUIHHA BAUsHME cXeMbl YKJAaZKH 3a-
niTHOrO uabTpa.

B cxemax ¢GopMyJLl MMeIOT CaMOCTOATENbHYI0 HyMepauHio: nepsas
* uuppa B CKOOKax 03HaYaeT HOMEP CXEMbI, Bropasi — HoMmep dopMy.as! B
cxeme,
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Cxema 1.

PacyeTHbie nepHOAbE

Pacyemnas cxema

Pacyemuoie

fecennuu

0e3 zamonnenus

Yemanobubuaaca munsmpayus
a-0e3 3amonnexus; 6-npu 3amon -
neHUU g

S,
3 <

Cxema a
Ha=b-a;-06(a-a,) (11);
my=0,5Hp (1.2); g =-2-(1.3);
w=Hy,(1-6)+(a-a, ) p +

+(p-e)t (1.4);
JAs MUHEDANbROZD EpYHMA
(no .?pm;/y):
K=0056 Vkep V/b-Hp (1.5);
ons moppa (no Huunomy):
L=0116K2(6-Hp)% (1.6);
6=0,8(i<0,01);
6=0,6-0.9(0,01<i<0,05) (1.7}
6=09-095(;>0,05);
t=10~-15¢cym.

Heyemanobubuwancs punsmpayus
§-npu cnade Y78; z-npu nodveme
P 9re

Mpu pacvemax no
Hp=b-a,(£15); hy=b-a (1.16);
A=a-a,(1.17); //10'=17,a.5ht (1.16);

[=0,056 Vizp VB +
+H£ﬂ{/‘6)*/ﬂ'€)t (/,19),'

fe=0,116 k3L 0% +
. Hewl1-6 1+ (p-elt (1.20);

6 no(1.7)t=10-15cym.

flpu pacvemax no
/7',=b”-a, (1.31); hp=a,~a (132);
my =0,5Hg (1.33); g=
- Henl1-6) +(p-elt (134);,

T
L= 0,056 Vi Pz (1.35);
L=0116 KR (136);
Gnoll7 -




H HCXOAHbIC MNMapameTpbi

Jafucumocmu
nepuod JAemue-ocensud neguod
npu samonaeRul no nopme ocywenus |39,EN0B0CTY 0CB000K
Hp= “/%a d (1.8) bxema a 0 6 5// 13);
p a (1.8/,; = -a) ag
=0,5Hp ”’”’3 zf:):ﬁ;vﬁ-((b[r%)) (,_N} w= //5 *aﬂ '
q/w//[)'); _et(//z. _Et/’flllj
Yol g 70 (1.3); q(’/ms)” s (1,65
p-€ y - rm unu
Fnalls unu (1. 6), fno(1.5) unu (1.6); # 1-dcym.
t=0- /aLym ~HOPMA oCYywenus

6 nemue-ocennud
nepuod

//an’/(m?uﬂaﬂy NoHURCENU Y78 (cxema 8)

/7//27/, ap=4a.
"(I (, 22}, /lt/70(/ 'ﬁ)}
0/70(, 75}7

= 0,056 Yl /T +

/-/5*(/7 elt (1.23);

fe=0116kafa% ¢
+ /{JHﬂa-Eft (1. 24);

T=10-15¢cym.

Hy=b-a, (1.25);
A=a-a, (1.26);
hy =b-a (1.27);
Iﬂ{,ﬂa (1. /8/,
H=0,056) 1/— +
r2hoet (o)
p=0,116k58 4%+
M (1.29);

a,-enyouna Yre x
wayany foxcoed

a,=0; Hono (1.21);
by b ag (1.30)
s=ag (1. 31
my no (1.18)
Ko (1.23)unu (1.24)
npu a = ag;
t=71-dcym.

dJonycmumory nodsem

y Y78 (cxema z)
=b6- a‘, (1.37);

}It ﬂ., lZ (7:75)7

g=212CL (159,

penal // 35), (1.36);
my no (1.33)
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Cxema 2,

PuNbTpauKoOHHbIE CONPOTHBACHUSA

fapuanmer cxem yxnadxu mpyl
u punrempol

Pacyemnsie 3alucumocma

1. Keparuvecnue mpybor

P =a¥prlrl1-x+
+£;£ a) (2.1)

a- fes punempa u ¢ BHympennumu
coedurumensneimu Bmynnaru

(mypmamu) 7

L))

1
7

]
=0, s 7
g =Ly T
¢ ”ln b sinZ T
7’3
h2.2)

flpu Ty £ 0,01, 0,5&£ 55 1,2M
;= 1,6009 251 13 51 (2.3);
4

Ty - wupuna 3a30pa Mexiy
MpyoRAMUY UAU WUPUHE JUROM-
pyrwwed vacmu GHympennux
OMYynon (ryorr)

- maﬂ%mp cnnownol
/,
e

Sy 0

=1 '

&, =(_/f;£ - /)ln
o s

¢ R, 2,
ke &

Mpu T, 0,01 6,3< S

P = 2.3(—%’1

b, 451
7

7 (2.5)

8- @uasmp npepoibucmori unu
WAYHCHEIC @UNGMPYIOULUE My DTSl

+l,5ﬁzéy
¢L =X Ww'ﬂr /7‘“ +

+ -:—ng) (2.6);
7 1
ingtin —z, @)
. —._L
s
1 14 .
= 219221 (2.8);
unu G 1,6609 ;g%, (2.8)
+
%,=2,3(L24—/)lg—— (2.9);
ke 2

a= f—(—s’-l')" (2.10)
5y
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ApeH RO XapakTepy BCKDHITHA mJjacra

Bapuanmer cxem ynnainu mpyl
4 purempol Pacvemnsie salucumocmu

2- punsmp xombunupobaunsii | ¥; no (2.6); Cr 70 (2.7)uru (2.5)%
¥p o (2.9); a=0,95- 0,98
npu b, 30,35,

. Tpybopunsmper K Dn’Zb‘
K % gz" lrzp 7)
6 i (z 1)
5 {|D

M. Nnacmmaccoboie, acboyement-(@, = 2,3 ( Koo _ )@D_Q +
woie u Bpyzue mpylsr 2 -

ke
*he Ci (2.92)

a-c npodonswo- wenebod nep- $; = 25 in 1 2.13);

@opayuei bez punsmpa
] nl sip 21t [/}

. N 25
s 5 B=arcs£n—f- (2.14)
7

/4 y Mpu Ty < 55 5‘750,1450,
Ds< 00

b =462 19 0 251’ (2.15)

6-mo xe, cpunsmpom #, ZJ(M ’)‘9 D+Zb'

+ZiZA 5&/1
kp ni 5,,,;2_,9

&; _Z,J(LZE 7)ly ”+25+
ko /)

(2.16);

ﬂlm /2 10)
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IIpodoascenue

Bapuanme: crem yxnadwu mpyb
u unsmpal Pacvemuvie 3abucumocniv

8¢ npyenod neppopauued bes , 48,401,002 do-/.ﬂz ‘1)

punempa #= ( ' n_\(6,0066d}%+ 1,053)
b)
(2.16);
dypBcm; SEm

¢,»=z,5(13£-1)zg—”’2§+
feo D
+%‘-’ @ (2.99);

0 ['4
¢L /70{2.78/’;
d!;b’Cﬁ;,S&’n

b; no(2.4),(2.5)(2.16)(2.77),
(2.19)

SRS S SR, - {2270
;;/'4//4}//3/‘/"//‘///“/// Y, 2 u§=053/b’ *hl} D (220
A A 2 A X A 7
o N
oy
74 v
A A
%5/; AL A
z 2 727
Z;f’ //////,
Sons N
X 2K
//// éf// ’////////////f
I, 27222227

V. Puremp dByxcroinori 7
a-mpybol nwbsic ; P ,=2J [‘9 77206,76,)
4

*&&9 D+ 21(8 *8,5) +
. P°¥; + 25,

+ Hep tyML + hep £; (2.21),
Ao, b/ Aot
Ci=P;n0(2.2),(2.3),(2.15),

(2.15),(2.18),
ans mpybopursmpa: D= Dp
0y=F(cxemal); G =0; hypg=
=/’70
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IIpoedoascenue

Bapuanmer cxem ysaadru mpyb
u @urerpol Pacvemnere 3a8ucumocmu
b6~ mpybsi € PUALTPOM u nec- P2 n0(2.21) npu 8, =
- v - »Z p Z
yawo-zpabuinod oceInkod _ 0,53(8s*hy)~(D+ 28, )/Z 22)
R RSTESBEES Z o
% 22 /’///,//; L=, n0(2.2),(2.3),(2.13),
225 ,/jng; (2.75), (2.18),
éé / ;/; 2 | Gna mpybopunempa ¢ obcemnod:
27 7255 | D=Dpidy=05lcxemall);L; =
2 5700 =0, kpy= K
WL %) X A4 /4//, gt mg
777 S 10 Q0777
5 A 707
52700% ! %
AR/ LY Tas 277,
AN TR e,
//////////// zrf—.’z—,iiik//f///;//l;,

17 A. U. Mypawxko
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Cxema 3. PaccTosAnns MEXKAY ADEHAMHBIMH JHHMAMH B ABYX

CI08; M 6 M 2 — MpeHMy

mg I |
- \

Pacyemnsie
Punsmpayuonnag cxema YemanoBubuwascs pursmpauus
flo sadawnomy
a -/Ilgl/l!;lzellllt’ - nodvem 416 Cxema a
g HoT
o : 8=4 ( Ly * 5 -1,,,3)
! S o] 7 200
~ - ] ) ! (ly' ’) H
o] (‘ DL/ 7'=k[,(m, *1770)"'17”/”// (JZ))
DL T ———=| |Hp no cxemed; my=0,5Hp(3.5);

A 2m
L= [a7omeg <5 +
4
+1,46mp 19 ot +0,318(m+

Ke- K,
T < l?,?.?m, Iyx

Smy,

+ng)¢‘-] +

m
x”—;+f,gimazy 0018
(my+ 2my) #;) (3.4);

fBpropuc.26;r, A, m no (159);
¢5 no cxeme 2;
g no cxeme !

B-nonumcenue | 2-nodvem Y18

W E ARV LR
= )
o s Va < Py
SEEE ST s
IS SS
X X
g g 4,
12 52|

Cxema §
B no (3.1), mynol3.3);
T=hkylmytmy) (3.20);
Lug =0,73m, &gft—’;”i-

#1,46mplg 8+ 0,316 (m, +

+2/770)¢[ (JZ/);
& no cxeme Z;

g no cxemet;

Hp nocxere !




CHORbLIX FPYHTaX (Aas cxeM a H 6 koaeGanHe YI'B B BepxueM

WECTBEHHO B HHXKHEM)

sabucumocmu

Heycmanobubwasnca punsmpauus

noHuceHury Yre

0 Gonycmumomy nodvemy Y8

Cxema a

B=4 ( Y5+ % leg) (3.5);

7'=lf,(ml+m0’)+k,tm,, (3.6);
he=b-a (3.7); Hp=b-a, (3.6);
hy=Hp=4(3.9); A;a—a, {3.10);

:ﬁt M = — A M
Z p (J.ﬂ),'t’ = (3.12);
t=F(9,9m), puc.3z

T
=—— (3.13);
Im he kg

Cxema 6
8 no (3.5);

my=0,5Ky (3.16); Hp= b{-aa ’

h’g =ﬂ,v‘a (3-{5);

7= Ltz(a 19);£=F(y), puc.31
' T no (3.12);

Lyg 1o (3.4) npu my =my’;

ne {1.34), (1.39);
o (1.35), (1.36);

7);

T=kg(mg +my)+hymy, (3.15);

.

?

Lyg na (3.4) npu ”’0=,”7’0/‘ P no cxermel
B, no cxeme 2, m) = 7‘ (3.14);
.m0 (1,19), (1.20),(1.23), (1.24)
Cxema § Cxema 2
Bno (3.5); Bno(3.5); .

T=ky(my+m;)  (3.22);
my no (3.14);

Lug no (3.21) npu my=mj;
heno (3.7); y no (3.11);

Hp 10 (3.8); T no (3. 12);

t 1o puc.52; Yy, no (3.13);
A no (3.10); €; no cxeme 2;

Jno(1.19-1.24)

T=hkylmy+mj)) (3.23);
my 0 (3.16); y n0 (3.19);
£ no puc.31; T no (3.12);
Hp no(3.17); hg no (3. 18);'
Lyg 1o (3.21) npu my=my;
P; no cxeme Z;
g na (1.34); pno (1.35)

17+
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Cxema 6. PaccToAHns MeXay APEHaMH NPH HHOUILTPAUHOHHOM
H HanopHOM TNUTAHHH

-- 25001, Bnaxo-

iumcs nodbopom
no 3adanwormy H
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(IS 1.1}
’7 /;,7!

Tors
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Ay
-km

Punsmpauuonnasn p 8
cxema acyemupvie 3abBucumocmu
He - mp+ i - (% = Ug) (6.1);
a, 7

m= m, +mz +my /6‘12),
o= [a % fmy =030 e

L —(6.3);

klﬁ;—m,+m,;(5‘/)
¢5=ac, iz 07319 9% + 1,45 22 x

X&g +05.76(0,5+—)¢,]
k2 = /fl 4me

+k— [073&_[]—1-106— X

xig 222 + g,635(g 5+ 2 = )4%] (6.5);
ke . Kpky "
Ug = 7k ut "'k Ly, /55),

78
u= 727exp(—§)ca
- .4 ﬁma .
Y, /,Z7:xp( v, )cos Zn (6.6);

o, =F(rmA) nopuc.27; r/-f(ﬁ;

A, % )rmpuc.Jﬂ,‘
g no cxemel; P nocxeme 2; a=b-H(6.9)

A
& - mo e npu =<

&
<001

Hrno (6.1); @ e /5 3); m o (6.2); 7y 0 (64);
P; = 177349 SR L9 "’”” *

.2
= (0,5+—r )¢+055,,ctn 8 (5 10);

055

=]/_4_ 6.135¢ =]/M 5.14
! /r,ﬁ,mz( JiCy k,rﬁ,,(’)

g nocxeme!;¥; nocxeme2;ano (6.9)
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