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Penakrop — 1-p Texu. Hayk npod. I'putmrun M. M.

Kuura Kparko 3HAKOMHT HIBKEHEPOB H HAY4HBIX
paCOTHHKOB ¢ HOBEHINUMH JIOCTHIKEHHSAMH HE TOJb-
KO repMaHckoil, H0O W BOOOIlle 3aI1a1HOesponeiHcKol
H aMepHKaHCKOIT TeXHUKH B 00JacTi Kpynnoro mJjio-
tunocrpoenus. Ocobenno NoApoOHO aBTOP OCTaHaB-
JHBaeTcs Ha GeTOHHBIX H Kene300eTOHHLIX TOTHHAX,
B HAaCTHOCTH OMVIeryeHHmX, HO €CTb PAll HHTEepeCHLIX
CBEACHHIT M 10 3eMJAHBIM M KaMemio-HaOpocHEIM
naornaaM. Hurepec npeiacrasasioT laHHeie O [10]1-
Gope cocrasa GeroHa Aas IJIOTHH, B HaCTHOCTH Oy-
toGerona, H 0 MeTojgax pabor.

Kuura paccuMTaHa Ha HIDKCHEDOB-CTpOMTEed,

MPOCKTHPOBIIHKOB M HayWHbIX PaGOTHHKOD,



rfiiABAa 1
OBUIHUE CBEJLEHUWS

Bopoxpanuianipas MJOTHHA SABJSETCS NOAMNOPHBIM COOPY-
MKEHHEeM, KOTOpoe Y/epkKHBAeT HA HeoOXOAHMOM VPOBHE BOAY
BOAOXPAHHJHILA M HMEEeT Takke NnasoAKOBbLIH BojgocOpoc, a0H-
HBIH BOJAOCIYCK H BOAOGOHHBIH KOJO/LEl.

B miotuHe yerpanBaior  Bojo3aGopbl H NOJABOASAILHE TpPV-
GonpoBoabl K TYVpPOHHAM THAPOJIEKTPOCTAHIHM, €CJAH OHA SIB-
JISeTCA COCTABHOH YacTbio MOAINOPHOIO COOPYMEHHHA, KakK, Ha-
npuMep, B cJayvyae ruapoanexkrpocranuun Kacreno mo DBoas
(Castelo do Bode) (puc. 1 u 2) [1]. ITaoTHHB A8 BOAOXpaHH-
JHIL MOryT ObiThb OeTonHbiMH (puc. 3) [2], Kese300eToHHbIMH
H 3eMJsiHbIMH (puC, 4).

[lpu HaMHuUM CKAJBHOTO OCHOBAHHS TPEANOYTCHHE OTLAceT-
csl GETOHHbIM M 7K€/1€300eTOHHBIM MJIOTHHAM, 4 B CJyyae Tepek-
PLITHA OOJABIIMX MOHM pPeK PEXKOMCHAYETCS YCTpauBaTh KaMEH-
HO-HAOPOCHBIE M 3eMJAHBIE IIOTHHDI.

YCTPOHCTBO NOANOPHBIX COOPYKEHHI BBI3BIBAET HEOOXOH-
MOCTH TNPOBEAEHHST KPYNHBIX MCPONPHATHH NO OTBOAY CTPOH-
Te/IbHLIX PACXOJIOB B 1EPHOA HX CTpoHTe nLcTBa. Mecto Bosie-
AEHHST COOPYIKEHHSI OTIOPAMKHBACTCH HH30BOH M BEPXOBOH Ile-
PeMBIYKaAMH, a4 peKa OTBOAMTCH 4epe3 OHH WIH ABa OTBOAHBIX
TOHHE/. DTH OTBOJIHbIE TOHHCJH YacTo HCHOJAbL3YIOTCS MO3Ke
AJs MOABOAA BOAbI K TypOHHEe HJIH KdK JOHHbIE BOJOCHYCKH,

[Ipu ycTpoiictBe BOZOXpAHMJAMIIHBIX  TVIOTHH B LIMPOKHX
PEUHBLIX JOJHHAX, KOrja OTBOAHLIC TOHHCJAH CJACAVET HCKJIO-
YHTb, HaMJayuiuum oOpasoMm onpasaajo cebs orpaxjieHue Kort-
JIOBAHOB B pyC/e SIYCHCTBIMH NepeMblukKaMH no vacram. Huor-
Jla He oCTaeTcsl APYroro BbIX0Ja, KaK OTBECTH BpeMeHHo, la
MEPHOJ CTPOMTEALCTBA, BCIO PEKY, KaK, HANPHMEp, NPH CTPOK-
Te/IbeTRe 3emasinoi totunbl lesue (Davis) na p. Konopajo
(puc. 5) [3].

Bojoxpanmauugisie mI0THHLE CAYVIKAT  BOJAOXO3AHCTBCHHBIM
H 3HepreTHYecKuM 1easim. Hacro obe 3anaun MOryr Obith 00b-
CAHHeHbl. MHOroync/ennslie BOAOXpaHHJIHILHbIE MJIOTHHBL B Gac-
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Puc. 5. Orsoy p. Koaopaio npu erponteascrse po-

JOXPaHHAMIHON J1OTHHLL JI3BHC (eMKOCTL BOLOXpa-

HHanma 2,2 mapi. s3) npu HoMOUH  3eMASHOi le-
pPeMbBiuKH




ceiie Pypa 1 Bynnepa moctpoensl sl PeryJiMpoOBaHusl pex M
ofecrieucHusT BOAON HacedeHHs. DBogoxpaHuixliiblie TJIOTHHbI
s sanajubix mrarax CIHIA caykar B 0CHOBHOM [J1s1 OPOLUCHHS
U CHAOMKEeHHs ITHTLeBOIl BOJOH, a Jpyrde IJIOTHHBI, TaKHe Kakx
B Gacceitde Tenneccu waum MuccHCHNH, IOCTPOEHBI B LEJSX Cy-
NOXOJACTBA ¥ 3ALIHTBI OT HABOJHEHIHI.

Ha p. KoaymOust 1 ee riapnoM nputroke CHIUK B HACTOA-
ee BpeMsl BO3ABMIAIOTCH  MHOTONHCJIEHHLIC — BOZOXPAHIIHIIL-
Hble ILJIOTHHBI, KOTOPBIE AOJMKHBLI c03/1aThb OOJLIIYIO CYLOXO-
HYIO MaricTpajb oT THXoro okeasa j10 BOAOXPAHHJIUILHON ILIO-
manbl Xeaac-Kauwon (Hells-Canyon). Ilpn MHOrHX nUloTHHax
MPEIYCMOTPEHO COOPYIKellHe DHJIPO3TEKTPOCTAHIHI, KOTOpbIe
GVAYT JaBaTh GOJDLIIOE KOJHUCCTBO IHEPTriy, Ge3 4ero He ObLIO
OBl BO3MOJKHBLIM (DHHAHCHPOBATL CTPOUTEJILCTBO UHCTO BOAOXO-
3ANCTBEHHBIX CoopyKeHuil. B TO e Bpems HeT HeJoCTaTKa B
ApHMepax HUCIOJbL30Balg BOAOXPAHHIHILIHLIX TVIOTHH TOJBKO
IS HEPreTHYECKHX IleJed, KaK 3T0 HMCET MEeCTO B 3HCPreTHke
[Iseunuu, Hopsernn, Uramun u [llseiiiapun, riae mpousBojCTBO
9JCKTPHYECKOH IHEPrHH NOYTH MCKIOUMTENBHO Oasupyercs Ha
HCMOJIBb30BaNMH 3Heprud pek. Ocofenno XapakTepHbiM IpHMe-
pOM IS CTPOHTEJLCTBA BOJOXPAHWIHIIHBIX  I[JIOTHH B YHCTO
SHEPreTHUYECKHX LEJSIX ABJIACTCSH THAPOIJEKTPOCTAHIHA HA 03C-
pe Illlmoxsee [3'], B8 xotopoe Bnajaior pexn roxHoro Ilsapi-
BaJbja. Haxkomimennyio Boay B O3epe UCMOJAL3YIOT IS Kackana
Tpex CTylleHeH TIHAPOIEKTPOCTAHIMN, PACIOJONKEHHBIX J10
BepxHero Peina.

Brauaie CcrpeMHJIHCh  Pa3PCUINTL  THAPOTEXHHUCCKHE H
SHEPreTHYECKHC 3ada4ul IOCPEACTBOM CTPOHTEILCTBA 00JBIIOTO
yUCJada HeBGONMBIINX BOJOXPAHHIHILHBIX TIIOTHH; B HACTOsAILEe
BpeMsi O0OIIENpPH3HAHA LeAecoo0pasnocTh CTPOHTEJIBCTBA KPYII-
HBIX BOJMOXPAHW/IMILHBIX TJTOTHH.

THnHYHBIM NPHMEPOM B 3TOM OTHOILIEHHH MOMKET CIAYHKHTH
Kamigpopuus [3], rae nacenenne ¢ 1940 r. mo 1947 r., cornacuo

nepenucu, Bos3pocso Oodee vem Ha 40% w gocturao 10 muH.
YeJIOBEeK.

B 10 Xe BpeMs ypoBenb pyHTOBHIX BOj B Oacceiine Cax-
pamenTo-Can-JI>KoaknM MOHH3UJICS MecTaMu g0 rayounst 80
H HHJKe; cosanjach yrposa 3acoJICHUst  TOMBLI OT NPOHHKAIO-
MEeH BOABI M3 MOpSi. DTy Yrpo3y Npejyipejmian  Oaarojaaps
ITHPOKUM M JIAaJbHOBHHBIM MEPONPHSATHSIM, TTOCTPOHB BOJLO-
Xpanmummibyto ruroruny llacra (Shasta), obpasyioumyio Bojo-
Xpandanne oonemoMm 5,5 mapju. M. Bwmecre ¢ 1ocTpoenHojl
Onnospemenno muoruHoi Jleitk-Munepron (Lake-Millerton)
C o0bemoM Bopoxpanuiuma 0,5 mapa. M 5TH aBa BOAOXpalH-
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JUILA UMCIOT eMKOCTBh B JiBa pasa OoJiblie, ueM BO Bcex 28 po-
poxpanuauiax Kamdopnui, MOCTPOCHHBIX paHbile, ¢ o0uWHM
obbemoMm 3 mapi. x#°. Tlocrpoiika Takoil OOMbUIOH IVIOTHHBI
MO3BOJTHIA OCYIIECTBHTL MHOT'OJICTHEE PeryJupoBaHHe CTOKa,
Osarogapsi uemMy ObLTH 3HAYHTEJALHO CMSPYEHBI 3aTPYIHEHHS
¢ Bojoit B Kaandopuuy B sacymwanssbiii 1948/49 r. Tak, B BOjIO-
XpaHHJIHLLAX HMeJHCEL 3allachl:

a) na 1 mast 1947 r.— maoruna lacra — 3,1 mupa. x3; 29
OCTaJbHBIX TWIOTHH—2,4 MJpj. Mm%

0) na 1 mas 1948 r. —mioruna Macra — 3,7 mapa. M3,
29 ocraabHbIX TIOTHH—2,1 MJIpm. 2.

Touno Tak ke u B I'epmannu npuHUMAaIOTCsT B PacuyeT 3TH
COOOpazKeHHs1 IPH NMPOCKTHPOBANHH BOJOXPANHJIHILHLIX [JI0-
THH, a TaKKe¢ YYHTBIBAIOTCSH HaXOAAILMECH YyXe B CTPOUTElb-
cree. Doabiioce Bopoxpanuiuime Pocexaynren (Rofhaupten)
Ha p. Jlex 6yger umernr emxocTh 170 mJan. M®> M BOAOXpaHH-
arwe CuabseninTeiin 8 6accefine p. M3apa no oKoHuaHuH CTPO-
HTEJBCTBA — Haxe 1 mMapm. e.

Cosznanue GOJIBIINX BOMOXPAHWIKIL, IPUBOAUT HEH30eXKHO K
CTPOHTEJILCTBY BBICOKMX MOJANOPHBIX coopyKeHuil. Tax, HalpH-
Mep, HAXOAsasacs B CTPOUTe/LCTBe OeroHHasa maotuua Bationr
(Vajont) (Mranusa) Bwicortoit 257 ¥ Oyaer caMoil BEICOKOI
apouHoOH MVIOTHHOH B MHpe. YnomsaHnyrtas Bbie mjiotiHa CHib-
peHmredn (Sylvenstein) OGyaer nmeTh OXKOHUATENBHYIO BLICOTY
194 x najx cxkajabHbiM ocHOBanueM, a jiauny — 90 m. B ocno-
BaAHUU 3TOH MJIOTHHBI HMEETCS MOUHEBIH TIOTOK TPYHTOBLIX BOJ,
a TIO3TOMY Hepeji HHXKeHepaMHM CTaBATCS COBEPIUIeHHO HOBLIE
3aJla4yH, KOTOpBIEe e/Ba JII MOryT OBITH paspelleHsl METOXAMH,
MPUMEHSIEMBIMH JIO CHX TOP NPH CTPOUTEJNLCTBE MJIOTHH.

Xapakrep OCHOBaHMSI MOMKET PellHTh BOINPOC, CJEJyeT JIH
CTPOHUTL 3ITY MONLHYIO IJIOTHHY apOYHOH UM KaMeHHO-HAaOpOC-
HOH.

F17ABA 2

[MIPEOBAPHUTEJBHBIE TEOJJOTHYECKHWE
U F’EOTEXHUYECKHE UCCJEOOBAHMUAA

UHeMm Bbile NOANOPHOC COOPY2XKeHHe, TeM OOJbIIEe BCTPEUAET-
CSl TPYHHOCTEH C (PYHJIHPOBAHHEM 3TOFO COOPVIKCHHSI, YeM
OoJIbllle JaBJICHHC BOJBI, TeM INIOTHee AOJKEeH OLITL TPYHT IOJ
COOpYIKeHHEeM M TeM OOJBIIYI0 HECYIIVIO CMOCOOHOCTh He0bXo-
AUMO TpedoBark oT rpynra. [Ipeasapure/bHble reoJorHyecKue
i IEOTeXHHYECKHE HCCJIeJIOBAHHS J0JIZ2KHBI B HacTOsiLulee Bpems
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MPOBOAMHTLCS 3HAUHTEJNBLHO jAeTajbHee, UeM 3TO Kas3ajaoch HeoO-
XOAHMBIM B Haua/l¢ Pa3BHTHS CTPOHTEJBCTBA BOJOXPAHHJIHILL-
HBIX TIJIOTHH.

Ecau MBI BCIOMHHM  CTPOHTEJLCTBO BOJLOXPAHHJIHIIHBIX
maoTHH B I'epmanuu 3a nocaejune 20 Jer, TO NPH CTPOHTEND-
CTBE MHOIMX KPYNHBIX INIOTHH OOHADVKHBAJINUCE HEOMH-
NaHHBle TPYAHOCTH., DTH TPYAHOCTH, K 1ECUACTLIO, BCKPHIBAIHCH
B GOJIBIIMHCTBE CJAYUYACB TOJNbLKO B TPOIECCE CTPOHTE/ILCTBA,
MPH BHIEMKE KOTJIOBANA IMOJ COOPYyIKeHHe M BBI3BIBAJIN H3-
JUITHHH Pacxod CpPeJACTs, JAOXOAAUHI Ao | Mau. Mapok H
GoJblie.

JLJisi 9KOHOMHYHOCTH COOPY2KEeHHSI BOJOXPaHUJIHIIHON TJ10-
THHBI BECbMA CYUIECCTBEHHOE 3HAYCHHE HMEeT TO, utobbl Hempo-
CTATKH OCHOBaHHS OYAYILIeH IVIOTHHLI PACIIO3HABAMICE CBOCBpe-
MEHHO, YTOObI MOXHO OBIJIO HJH HAHTH cBoenpemenno GoJiee
MOAXOASLIee MECTO JIIA BO3BEAGHHS INIOTHHBI, WM 3apa-
Hee YUeCTh 0KHJAAaeMble TPYAHOCTH CTPOHTEALCTBA. OgHaKo 3TO
Tpebyer Oosiee Ty0OKOro H3VUCHHSI PeOJIOTMUCCKHX M TeoTex-
HHYECKHX YCJICBHH OCHOBAHHSA COOPVIKEHHS, YeM 3T0 HMEJo
MECTO JI0 CHX Top. B cooTsBercTsHH ¢ ONBITOM KOpHyca HH¥Ke-
HepoB Boennoro penapramenra CIIA, reonorn koroporo usy-
uypaM 3a nocaeanue 15 ger espiue 1 000 npoexTos BojoXpaHu-
JUIIHBIX TWIOTHH [IPH CaMbIX PA3JHUHBIX Terporpadryeckux
VCJOBHSX, NpHUeM H3 3THX lpoektos OGoJjiee 100 yxke ocylecr-
BJAEHBI HWJIH OCYIIECTBJASIIOTCS, NpeasapHTe/bHble Te0JOrHYeCKHe
HCCJIEIOBAIHS OXBATBHIBAIOT CJEAYIOUIHE BOMPOCHI:

a) ycranon/sieHHe (usuko-reorpa(pHUecKo 1 reojJoruyecKoi
HCTOPHH BOjJOpasjeJia;

6) omnpejeseHne ob6ILEro XapakTepa 3ajeraHusi CKaJbHBIX
MJIaCTOB;

B) YCTAHOBJCHHE OOLICH KAPTHHBI IPYHTOBHIX BOJ C 0COGBIM
YUEeTOM BO3MOXKHOCTH YTeueK BOJbl H3 BOAOXPAaMHJIHILA;

r) obecrieueHue MOAXOJAIAMH CTPOHTEJBHLIMA Marepua-
JIAMH;

) HCCJE/IOBANHE BO3MOYKHOTO  OTPHIATC/ALHOTO BJMHSIHHS
MoAnopa Ha ycJoeust BepxHero Oveda;

€) ycraHOBJeHHe MOAXOASIEro MecTa CTBOPA ILIOTHHEL B

PailoHe, HAMEUEHHOM I10 AAHHBIM TPEJBAPHTEILHOTO HCCIEIO0-
BaAHHS;

XK) reo()H3MYECKOe HCCJIEJOBAHME 3aJjieTalisi CJI0eB B CTBO-
P€ IVIOTHHBI B CBSI3H C VCJIOBHSAMH MECTHOCTH;

3) COCTAaBJCHHE TIe0JIOTHUECKHX KapT W mpocuieil crsopa
MVIOTHHBI;
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H) JeTaJjbHOe reoTeXHHUeCKoe HCCeAoBanHe cTBopa MJIOTH-
Hbl B LEJAX HAXOXKIACHHSI HaWJyuliero,

K) yCTaHoBJeHNHe Xapakrtepa mopoj, 3aJeranust ¥ CTPYKTYpPbl
HX Ha BbIOPAHHOM MeCTe CTBOpA;

J) NpUOJHKEHHOC  YCTAHOBJEHHE TIVOHMHBL  3aJeraHis
CKa/bHO/l TIOPOJBI, HA KOTOPOH MOIKHO OCHOBaTh <COOPYIKe-
HHUS, HJH TOJOXKEeHHS BOAOHENPOHHIIAeMoro c¢Jjos (Bojoynopa);

M) HccJaegoBanne (PH3HUCCKHX CBOICTB TPYHTOB OCHOBAHHS;

H) YCTAHOBJICHHE KOJIMYECTBA H KaueCTBa CTPOHTEJIbHBIX
MAaTCPHAJIOB;

0) VCTAHOBJICHHE PEIKHMAa PPYHTOBBLIX BOJ,

['eosiormyeckoe uecseloBaHHe MOKeT ObBITh OrpaluycHo BO
MHOTHX CJy4asiX MOJAYYEHHEM KepHa ¢ MHHHMAaJBHBIM JiHAMET-
pom 75 mMm. B cayyae cJ0IKHOTO TeOJIOTHYECKOTO CTPOCHHS pe-
KoMmennyverca npumeHeHne Oypos Kaauke amamerpom 900 mm
Mo JAHY JAOJIHHBI H YCTPOMCTBO INTOJICH HA CKJAOHAX. OueHb Cy-
IIECTBEHHO, YTOOBI Keplbl HCCJEJ0BAJHCh ONbITHLIMH IeTpo-
rpagamin. 3ateM HEOOXOAMMO HCNOJB30BATL OVPOBLIC CKBa-
KHHBI, YTOOBl NPOBECTH OINbBITB Ha BOJOTpoHHIIaeMocTh., CKBa-
MHHBI JIOJIZKHBL OBITh THIATEJBHO HaHeCeHbl Ha Kapty., CKaJb-
HOe OCHOBaHKHE HO/KHO ObITh MPOBEPEHO HA BEPTHKAJILHOC /1aB-
JIeHHe CXKAaTHIo, Cpe3y, Ha NPOYHOCTL CUEIVIeHHST ¢ OeTOHOM, Ha
COMPOTHBJICHHE TIPH YEepeAYIOUIeMCH CMAYABAHHH H BBICHIXaHHH.
KpoMe Toro, BaxKHo olnpeaeuTb o0beMHbIH BeC H MOAY/b YIIPY-
rocti E, npuueM B 3TOM cJiyuae pedb HJAET B MEHbIIEH CTerneHH
0 MOjYVIE YINPYyroctTdH o0pasioB NOPOJBI, MEM O MOAVJe YIpy-
FOCTH MAacCHBA TPEUMHOBATOH IMOPOJbLI, KOTOPBIH 3HAYHTEJILHO
HHIKE,
~ Ovenp MOYYHTEJALHBI JUISI XapakTePUCTHKH J0OpOKauecTBeH-
HOCTH TOPHOH MOPOJBbI TAaKxKe HCCJIeOBAHMST HA  YIPYTHH
vViap, KOTOpble MNPOU3BOASIT nyTeM cOpachHiBaHHS MeTaJ/ljiHue-
CKOro 1IapHka € oNpese/1eHHOoi BHCOTH 1Ha oOpasell ropHoi no-
" poaul. BeicoTa nmpbikKa lapHka JaeTr NnpH 3TOM  HElNoCpeiacT-
BEHHBI KpHTepHil 100pOKAYeCTBEHHOCTH INOPOJIBL.

riABA 8
YCTPOUCTBO OCHOBAHUH

PabGorbl no CTPOHTENILCTBY  BOJAONOANOPHOTO  COOPVIKCHUS
HE CAejlyeT HaYyMHATL JIO TE€X Iop, NoKa He OVAeT yBepenHoCTH
B TOM, YTO B paJbHeifmiem He morpedviorca Oodee HIH MeHee
3HAYHTEJILHBIC H3MEHEHHS B lpoekre, CBfA3aHHble ¢ OOJbILHMH
3aTparami.

12



Moxno padorath SKOHOMHYHO H COOJMIONATH CPOKH CTPOM-
TeJILCTBA TOJILKO B TOM CJyyae, eCJiH  OCHOBAHHe NOANOPHOro
coopyiKeHHsl jetajbhno Hayueno. ITosromy mneaw3si yiaosiaerso-
pATHCH TPEABAPHUTENbHBIMH TCOJOTHUCCKHMH H TeOTeXHHUYECKH-
MH HCCJEJAOBAHHSIMH OCHOBAHHS COOpPYZKeHUsi Tam, rje MOryT
BCTPETHTLCS TPYAHOCTH (YHAHpOBaHHs, 1HeoOX0AUMO npHOe-
ratb B TAKHX CJydyasix K YCTPOHCTBY IHAXT M TOHHEJCH, Kak
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Puc. 6. [Taoruna JTymncn (Lumici). LlemenTamms

3TO nokazano na puc. 6. Llennyio nomMous Morvr okasaTe Tak-
Ke Oypnl Kaauxc, KOTOPBIMH MOMHO MpOOYPHTE CKBaXKHHBI
OOJILIIOrO AMaMeTpa, JIalolHe BO3MOKHOCTH OCMOTPETh CTEHKH
CKBaxKuubl. llpn ocMorpe CKBa)»KHHLI MOMKHO VCTAHOBHTL  Xa-
pakTep 3ajeraius H KauecTBO MOPOJibl, HAJHYHE TPEUHH H
CTeNeHb BOAONPOHHILAEMOCTH NOPOJALI, YTO JlaeT BO3MOXKHOCTh
CYAHTL O BEJHYMHE NMPOTHBOJAABACHHS BOJAB HA TIOJOLIBY COOPY-
KeHHA H O HeOOXOAHMBIX NMPOTHBOQHILTPALHOHHBIX MepONpHS-
THSIX.

Ocobas TiareabHoCTh HCCJICAOBANMSI TpebyeTcs B cJyuac
CRJIANUaThiX H TPOHH3AHHBIX cOpOCAMH CJIOEB MOPOJLI, a Tak-
K€ MpH HaJHYMH PAcCTBOPHMBIX B BoJie MOPOJA, TAKHX KaK H3-
BECTHSIK, JOJOMHT, Mpamop M rumnc. Taxkoro e THIATEJLHOTO
HCCenoBauusi TpeOYIOT ropHbie MOPOAbL, KOTOPble HMEKT
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CK/IOHHOCTB K ObiCTpOMY pachiafy Ha BO3fAyXe HJIH B BOJe, Ha-
PEMEP Mepredib WM cJlaHLeBble TJIMHBI.

Ilpn nuiotnnax Gosee uiam MeHee BBICOKOTO Harmopa BepxHHe
C/IOH TPYHTA MO BCeH INIOLIAAH OCHOBAHUST BBIHHMAIOTCS BIJIOThL
O CJI0 TIPOYHOI «3BOHKOH», CIOCOOHOI K GOJLIIOMY CONpO-
THBJCHHIO NMOPoAB. Ecau npu 310M HeBO3MOXKHO 0060iiTHCh Ges
B3DLIBHBIX padoT, TO HeOOXOAMMO BCe JKeé HMCTh B BHJY, UTO
HSJHIIHHC H HENpaBHUJIBLHO MPOBOAUMBIE B3DBIBHBIC  paBOThI
MOTYT IOBJIEYb 3a COOOHM 3HAUMTE/bHbIE DA3PLIXJEHHs TPYHTA.
YCTaHOBUJIOCH — XOpollee IPaBHJIO —TIPH BbLIEMKE TIpPyHTa H3
ROTJIOBaHa € IIOMOULBIO B3DEIBHBIX PabOT OrpaHHUMBATLCHA Via-
JACIHEM TOJIBKO BEPXHEro CJosi, JOCTUraioumero 2/; o6uieii ray-
OHHBI BHIEMKH, U IIPH 3TOM TIOCTOIEHHO YMEHbIIATL pasMep
3dpSII0B B3PLIBUATHIX BEIIECTB 110 Mepe NPOABHIKEHHS CBEpPXY
BHM3. Bo BecAKOM ciywae, mocsiefHne NOJMETPA AOJMKHBI GbiTh
BBIHYTEl Ge3 TOMOIUM K4aKHX Obl TO HH ObLIO B3PHIBUATHIX
BELIECTB; 3/1€Ch, CJENOBATEIBHO, HYXKIHO OPraHU4MMBATLCS KHP-
KaMH, K/IHIbSIMH H ITHEBMATHUCCKHMH MOJOTKAMH, a 3aUHCTKY
IIPOU3BOAUTL TOJLKO PYUYHBIM CITOCOOOM. '

Xopollee CHeNJIeHHe MexKay GeTOHOM H CKAaJoil MOKET ObiTh
AOCTHIHYTO TOJIBKO IIPH TOM YCJIOBHH, €CJAH HENOCPeACTBEeHHO
repeji OETOHHPOBAHHEM MOBEPXHOCTh CKAJbl OUHIAETCS CaMBIM
TiiaTe bHbIM oOpasom. HeobXxomumMo JoOHTbCA  HAACKHOTO
VCTPaHCHHA HE TOJMbKO IJIMIBL, HJa U IPS3H, HO AAXKe BO3MOK-
HOTO caena XKupop. B COOTBETCTBHH ¢ 9THM IOCAE NPOMDBIBKH
CKaJIbl CTPYEH BOALI JOJXKHA MMPOH3BOAUTLCH CIIe THIATEIbHAS
OMICTKA CKaJjbl BPYYHYIO TIPH IIOMOLLM I'YOKH JO TeX 1op, IOKa
BOJA, KOTOPOH TPOMLIBACTCS cKaJia, He GYAeT COBEPLICHHO MPO-
spaunoil. Ecin na takyio TiaTe bHO OUHIISHHYIO TTOBEPXHOCTD
BHAYale HAHCCTH CJOH pactsopa toulmuoil 8 5—10 cm, a 3a-
TEeM CIOH JKHPHOTO $eTOHA, TO, KAK I110KA3BIBAET OIbIT, B 3TOM
Clyude NpodHOCTL Ha PAaspblB MO IUBY OCHOBaHUsI I[OUTH He
OTJIHYAETCST OT NPOUYHOCTH OOBIMHONO GeroHa.

[lpn Hammumu ropueix mopoj, KOTOpbie Ha BO3AYXe HIM B
BOAE HMEIOT CKJOHHOCTB K ObICTpOMY paclagy, Caoi XKHPHOro
pacTsopa joiKeHn ObITh HAUeCel C¢pasy Ke Ioc/ie OUHCTKH
CKasbl. M3 31010 nojoxenns HeH3GeKHO BLITEKAET, YTO BHICM-
Ka JIOMZKHA TNPOHU3BOAMTBCH  TOJIBKO HEeOOJBUIMMA YUYaCTKAMH.
Kax TnokaspiBaer onsit, NpH TAKOM METOZHYECKOM MPOH3BOJ-
CTBe€ paboT MO OCHOBANHMIO JaXKe B OUCHb 3aTPyAHHUTEJbLHBIX
YOGIOBHAX — MOXKET  OBITh  JIOCTHUPHYTO  YAOBJETBOPHTEJIbLHOE
CLHCIVIEHHe MexKay (GeTOHOM, H, HAanpuMep, INIHHHCTBIM CJaHIeM.

[Tpn ycTpoiicTBe OoCHOBAHWHIT TIOTHH HeoOX0HMO ¢ 0co00M
TIWATCILHOCTBIO HCLICA0BATH, HE MOIYT JM Ha BoJjee WIH Me-
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Hee 3HAUYHTEJILHOH IMyOHHe N0 coopyzkenHeM o0pasoBaThes
[ICBEPXHOCTH CKOJIbXKeHHs. Takue NOBEPXHOCTH  CKOJILXKEHMS
MOTYT ObITH OOYCJOBJEHB! HE TOJALKO TEKTOHHKOH, HO TaKMKe i
XapaxkTepoM ropHoit nopoxaul. OHd HH B KoeM cJjyuae He orpa-
HHYHBAIOTCS CJOHCTBIMH TOPHBIMH TMOPOji@MH, KaK 3T0 MOKAa3bl-
BAlOT 30Hbl paspylleHHst B Ooviee JAPEBHHX TPAHHTHBLIX (Op-
MalHAX, B KOTOPHIX B JOHCTOPHYECKOe BpeMsi Macca, ObiBuiasi
AO TOrO MOHOJHTHOH, YTPaTHla 3TY MOHOJHTHOCTb B Pe3yJib-
TAaT€ BO3/IEHCTBHS TOPAYHX 1APOB MJIH 4Ype3BblyaiiHo BHICOKOTO
TOPHOrO JaBJicHHsl. B Takux ciyuasix camoe HajexHoe IIpH
BEIOOPE OCHOBAHHSI—/IOHTH JI0 TAKOil 1Opoasl, rjae odpa3oBaHue
MOBEPXHOCTH CKOJILAKEHHSI M ¢ABUra HekJoueHo. Kax rnokasbi-
BaeT TpHMep cTpoHTeabcTBa IJOTHHLL Illaioxsee, nHorza Obi-
BaeT BO3MOZKHBIM JAOCTHIHYTH NOCTABJCHHON LEAH MPH [OMOIILH
3y0a B CKaJbHOM OCHOBAHMH, YTO o0ecneynBaer nepeaayy cKade
CABHraiollei cuJbl. B cayuae 10JHH C 9DO3HOHHBIMH pycJiaMi,
YTO YaCTO BCTpevaercs, HeoOXOAHMO IPH BuleMKe OblTh 0e3-
YCJIOBHO YBEPEHHBLIM B TOM, 4TO PYCJIO HE pacliosiaraercs B Tpe-
IHHe, HAYLIEH Ha O0JIbLIYIO IVIYOHHY BAOJAL A0JHHBL. B atoMm
clyyae HeKOTOpble, OOBMHO BeCbMa IKOHOMHMHEIG, THIIBI ILIO-
THH, KaK, HalpuMep, apouHble IJIOTHHBI, AOJXKHBI ObLITh HCKJIO-
YeHbl BBHAY ONACHOCTH HCAOIYCTHMOPNO paciudpenysi JI0JHIHE]
1oJ, AeiicTBHEM BBICOKOTO Hamopa BOJBL.

Kak nokaswiBaior pasjiHuible TPHMEPHI BO3BEACHHSI BBICOKHX
BOAOMOANOPHBLIX  TWIOTHH, OOHApy»KeHHe IMPOAOJAbHBIX Tpe-
IHH B HNEPHOA CTPOMTEJNLCTBA BJeueT 3a co0oil upes3sbiMailHo
TSXKEJIble TIOCJIEACTBHS, TAK KaK 3TO Tpedyer COCTaB JCHHS CO-
BepPUIEHHO HOBOI'O HNpOEKTa TPH 3HAYHTeNBLHO OoJee nedgaaro-
MPHSATHBIX YCJIOBHSIX €r0 OCYIICCTRJIeHHS.

B mporusonosoxknocts GeTOHHLIM  INIOTHHAM  3¢MJISIHBIE
VIOTHHbI HJIH IVIOTHHbI H3 KaMeéHHOH HaOpoCKHM MOryT BO3/ABH-
raTbCst H Ha NMOAATAUBBIX, HECKAJLHLIX OCHOBAHHAX. Tak Kaxk B
GOJIBIIHHCTBE CcJydaeB He Tpelyercsi yaadasth Gojee HJIH Me-
He¢ MOLIHBIE COBPEMEHHDLIC OTJIOXKEHHMS HajJ CKaJol, TO O0CHO-
BaHHe 3eMJISIHOH IVIOTHHBI pacroJiaraeTcst mNouTH BCeriaa Ha 6o-
Jiee BBICOKOM YPOBHE, ueM OcCHoBaHHC OeTOHHOH nuotuan. [lo-
STOMy B3avacryio uesecoodpasHo CTPOHTL 3eMJASIHYIO MJIH Ha-
OpOCHYI0O MJIOTHHY TakykKe M TaM, e 110 YCJIOBHIM  TOPHOI]
MECTHOCTH MOXHO Obl10 OBl OT/jlaTh NOpeianoureHHe OeTOHHOH
IJIOTHHE.

Xorst Tpe6oBaHHs K OCHOBAHHKIO 3eMJISTHON MJIN HaOpoCHOM
IUIOTHHBI H MOTYT . ObITb MEHee BBICOKMMM, HO M IIPH 3THX
YCIOBHAX He CJIeAyeT NPOBOAHTL I'eOJOTHYeCKHe M reoTexHuye-
CKHe Hecuel0BaHHA MeHee ocHopaTeabHo. Heobxomumo 1o0uTh-
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csl MOJHOH ACHOCTH B BONpoOCce O HAJHUMM  BOAOIPOHUILAEMBIX,
HEeVCTOHUMBBIX H BOOOILEe HCHPHIOJHBIX CJOCB OCHOBAaHMS, YTO-
Gbl MMETh BO3MOXKIIOCTb BHUIOJHHTL TAKHE MEpPOIpPHATHS, Ka-
KHe HeoOXOMUMBl /s obecneueHds YCTOHYHBOCTH NJIOTHHBEL B
5TOM OTHOIIEHHH MeXalHka DPYHTOB  pacroJaraer B HAacTosi-
[ee BpeMsl yKe TaKoH COBepIIeHHOi anmapaTtypoll AJs Hecde-
AOBAHHS CBA3HBIX M HeCBSI3HBIX TPYHTOB, YTO (DAKTHUCCKH BO3-
MOXKHO HCUEPTIBIBAIOLLE BBIACHHTL BCE HHTEPCCYIOUIHC Hac BOTI-
pockl. B TO Bpemsi Kak COMHHTE/bHbLIE BepXHHe CJOH TpPyHTA,
pacrioJoKeliibie B HEIOCPeACTBeHHOH ONH30CTH K TIPOEKTHOH
OTMETKE OCHOBAHUSI COOPYMKEHHUS, VAAJFIOTCS, Ha OoJbliel
rJIyOHHE TTOPOALI MOTYT OBITh HCKYCCTBCHHO YKPETIIOHHDI.

JIast 3eMJSIHBIX IIOTHH OYeHb CYULECTBEeHHO, uToOhl CO CTO-
pOHBI HUZKHEro Obedra Oblila cae/laHa NPHIPY3Ka H3 KaMHS HJIH
JpeHax, KoTopbie J0JKIb ObITh IPOJOJIKEHB 0 HH30BOTO
OTKOCA IIOTHHBL, YTOOBl ObecrnevyuTb BbHIXOJ (PHIBTPYIOLLEHCH
BOJIBI B HHKHHH Obed.

Ocobenno agrexTupia nadpocka v IOAOWBLI HH30BOrO OT-
KOCa H3 KaMH$I KPVIHOCTH, COOTBeTCTBYIOLEH BHICOTE COOpPY-
weuusi (puc. 7) [7]

FrJTABA 4

BOPbBA C ®UJIbTPAILUEU B OCHOBAHHUHU
| NJAOTHUH

Ecau BepxHHH CJAOH OCHOBaAHMUS TIIOTEH H ¢BOOOJAEH OT Tpe-
LIHH, TO MOXHO VIOBJCTBOPATLS MEPONPHATHAMH, ONHCAHHBI-
MH B npeabiayuieit rjase. Opuako B OOJLIIHHCTBE CJAyYaeB yc-
JIOBHST SIBJISIIOTCS MeHee OJarolpusTHBIMH, Tak 4To TpedyloTcs
ocoOble MeponpuATHSA JAJs OopbOR ¢ (QuabTpanueil B OCHO-
BaHHH.

Ecau npu yerpoicrse  3emJasHOIl WM HaOPOCHOH NJIOTHHbI
OCHOBAHMUCM €€ SIBJSIeTCH BOJNONPOHHILACMBIA TPYHT, JeKaLlHH
HAa INIOTHOH cKaJe, TO CaMblil HAXCKHBIH NyThL B JaHHOM CJy-
yae—aoBejieHie  BOMOHENPOHUIAEMBIX  YadlrTed IVIOTHHBLL 0
cKaJibl. Ilpn Bo3sejeHuyu ynoMmMsuyToil Bbllle IIOTHHBL AHjep-
COH-P3Hy, KoTOopas daBJseTcd B HACTOsSILICe BpeMs OMHOH H3
CaAMBIX BBICOKHX 3eMJMHBIX MJOTHH, OLWIO YCTPOEHO SAPO M3
FJIMHBI, CONpsArawLieecs B OCHOBAHHM co ckadaol. llpu yerpoii-
CTBE f/ipa B OCHOBAHHH INIOTHHbBI ObLla ¢jAejana IHpoKas
TpaHuiesi, BAOJNL KOTOPOH pacnojarajiuch 2 OETOHHLIE CTeHKH
TOMWHHOM 1 # U BoicoTOl 3 M (puc. 7 u 8) [7]. D  crenkn
AOJLKHBL TPENATCTBORATL (PUIBTPALHH BOJIbL 110 "KOHTAKTY € OC-
adiaa! T
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HOBAIIHEM W HCMOIbL30BAJUCh AJst NMPOH3BOJICTBA 1LEMCHTAIIN
OCHOBAUHUST Ha riayousy jo 45 .

Ecan B 3eMIANLIX INIOTHHAX yeTpauBacTed OetoHuass auad-
parMa HJH 1pu OeToOHNBIX MJOTHHAX HEOOXOAMMDI  [POTHBO-
(PUIALTPALHOHHBIC MEPOTIPUATHI, TO B ITOM </ydae Haubogee
HajaexHuiM Oyaer verpoiictBo rayboxoro 3yba, Kak 3To 10-
Kasano Ha puc. 9 [8]. Dror 3yd ycrpausaercs B Qpopme OCTOH-
HOH CTEHKH, PacnoJoxKel-
HOH €O CTOPONLI BCpPXHEro
Obeha H HMEIOILEH TOJLILH-
ny Mmunumym 1,5 a. 3v0 3a-
rayvoiasieTest 70 Bojoynopa
WJH J0 cjaoes, Korjia (puib-
T} auMs BOJABI He Oviaer
OfTacHa B CMBLICJIC BO3MOXK-
HOCTH paspyiluenus ocioBa-
HUSI, W TOTEPH BOAbl Ha
(pHABTPALHIO HECYIeCTBeH-
HBI.

YerpoiictBo Takoro 3yba
Mpecaeyer 1edh co3palus
HEenpoHHIl@aeMoOn nperpajbl
s (PHILTPALMOHIBIX T10-
TOKOB CO CTOPOHLI BepxHe-
ro obeda. I[losromy 3tor
3y0, TaMm riae 3TO BO3MOK-
HO, NOBOANTCS, KaK YyiKe
Puc. 8. INaothna Anaepcon-Pann. llox- OLL10 cKazalo, 10 BOjOHe-

FOTOBKA OCHOBanMs H 3Y0A 1AOTHH L [PORHILACMOI 301bI OCHOBA-

) Hust.  Kpome Ttoro, 3y6 no
CBOEH JITHHE JOMAKEH BBHIXOJANTL 34 HPESabl IIVIOTHHBI, YTOObI
H30exaTtb paspyuienisi rpyira n OGeperax  (uabTpyionmMes
MOTOKOM B 00XO0j MAOTHHLL. YacTo nponnilaembie ¢JI0M yXOAST
Hajexo B riydb Oeperos, B arom cayuae wacth 3y06d, BbIXO/1-
ugast 3a mpejeabl IOTHHBLIL, HMeeT CBOUM Ha3HaueHHeM ocJa0-
JIeHHe JAEHCTBHS (PHIBTPYIOLICHCS BOABI, UTO JIOCTHTAETCA YAJIH-
HeHHeM NIYTH (QHIALTPAILUH Bjlodb 3v0a.

Kak pajcko MoxerT yxoautb 3y0 3a NMpeaesanl IIIOTHHBI,
MOXKHO BHJACTb Ha NpuMepe mioTHubl Jdepsenr, vy kKoropoil o
C OJIHOIl CTOPOHDLI BHXOMHT 3a Npees ol MJIOTHHB Ha 250 4 u ¢
apyroi—na 1380 .

SHAYHTCJILHBIX PA3MEPOB JOCTHraloT 3yObst IIOTHH U B TJIY-
Guny. Tax, 3y6 Bogoxpannuuioii naorhunl Jlegudavep umeer
CPeAHIO IMIYOHHY 55 M, a MaKCHMAaJbHYIO — 85 a [5].
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HaMHan raaepes; J0—apenymkume nonepeanme (OTBoafune)
Faacpe; Jl—cnanno TpenionaTHil H3BCCTHAK
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B peunbix poaunax, rae pacxombl BOJAbI HC3HAYHTE/bHbBI HJH
JAYKe CTOK TpephiBaeTess Ha HECKOJAbKO MecsIeB, VCTPOHCTBO
riyookoro Oeronnoro 3yba B OOJBIIHHCTBE CJyyaeB He Hpei-
CTABJSICT HHKAKHX 3aTPYAHEHHH NPH COBPCMEHHLIX BOJOOTJHB-
HBIX CpPEACTBAX, 4 €CJH HYXKHO, TO NOCTaBJCHIAs Helb JOCTH-
raeTcst nyTeM MOHIXKEHHs YPOBHA TPYHTOBHIX BOJL.

HMuaue oGcront geno, ecsi peub waer o Oojiee 3HAUHTE/b-
HbIX peKax M K TOMy JKe B 30HaX, I'/le B JI0o0Oe BpeMsi MOHHO
ornacarbCcsi NasoAkoB. B 3THX YCJ0BHSIX MOXKHO JAOCTHYbL T0-
CTABJEHHOH 1EJH NyTeM ONyCKaHusi KECCOHOB, & B TPYAHBIX
YCJIOBHAX TNPHMEHSETCS ONyCKaHHe KeCCOHOB ¢ OJHOBPEMEH-
HbIM TOHHMKE€HHEM YPOBHSI TPYHTOBHX BOA. J3aMeuaresiblbiM
NPHMEPOM MOXKET CJYXKHTL COOpYMeHHe IJoTHibl Cailiient-
Beaan (Silent-Valley), y xoropoit 6eronnbiii 3y0 Oblil onylleH
Ha rayObuny 65 s B TpyHTe ¢ OGOJIBIIMM NPHTOKOM IPYHTOBOH
BOABL. DTy 3ajauy yAaJoch Pas3pelliTb B pe3yJibTaTe COOpYyrKe-
HHs psiZa IyOoKHX IaxT 8 paioHe 3yba, KOTOpbie HCNOJb30-
BAJIHChL B IPOLECSE CTPOHTENLCTBA KaK KOJIOAUbBI A TTOHHZKE-
HUS TPYHTOBBHIX BOA [5]. :

Korma miaxtel gocTurin Tpebyemoil rayOHHBI, OHH ObljIH
COeMHEHB Mexly co00i NMOCPEACTBOM TPaHUIeH IIHPHHOM B
1,5 M, xortopas Oblia mocTpoeHa 0e3 IPHMEHEHHUs] CXKaToro
BO3AYXa M oWTykatypeHa kupHeiM OeroHom. llpoxojka
waxt Oblla BunoJiHeHa aByMa crynensmy. Korga ojHa
IHaxra fAomnia A0 TakoH T ayOMubl, MTO CXKaThil BO3AYX
JIOCTUI MAKCHMAIBHO JIONMYCTHMOrO 3Haueiust B 2,5 ar, Torjaa
HA HHIXKHEM KOHIe InaXThl ObL1 o6Gpasosan OOPATHBIH (PHIBTD,
YCTAHOBJIEH HACOC, CHATO AaBjeHHe BO3JlyXa, H YPOBEHb I'PyH-
TOBOH BOAbLI OLT NNOHMXKEH B TAKOH CTCHEHH, YTO COCe/HHe
H1AXTBl  CMOIVIH OBLITH  ONVIIEHB! 104 CXKarhiM  BO3JyXOM Ha
Goabliyio rayouny. [Toka sTo npoucxojn/io, Ha axrax, IoHH-
JKaBIIUX VPOBeHb I'PYHTOBOH BOJbI, OBbIIO HAYATO CTPOHTEL-
CTBO HOBBIX KECCOHOB, KOTOpbie 3aTeM ObUIH NOrpysKeHbl AaJlb-
e TMOcJe HOBOTO BKJAKYCHHSI CKATOTO BO3JyXa H NpH OANO-
BpPEeMeHHOH OTKauke BOJbl.

Korjga TIpH CTPOHTEALCTBE MOANOPHOro coopyrKenus Cuito-
BOHIUTEHH HYKHO ObIO OMYCTHTh OCTOHMBIH 3y0 Ha INIyOH-
gy 90 M uepes BecbMa BOAOHOCHbBI TPYHT, TO nepej TeXHHKOH
CTPOMTEJLCTBA OCHOBANMUS IWIOTHIIL Obla MOCTaBJIcHa B CBA3M
C STHM upesBmuaiiHo Tpyanas 3ajaua. CymiecTsyer B3N,
UYTO TAKOr0 pPoja 3ajauyy ¢ YBCPEHHOCTDIO H 3KOHOMHYHO MO-
PYT  pelaThes 06e3 OTKPHITOro  BOAOOTINBA, Oe3 TOHHKeHNS
YyPOBHSI TPYHTOBOl BO/IbI M 0e3 HCNOJIL30BAHHA CXKATOrO BO3-
JyXa, TyTeMm JpHMeHeHHs# KPYNHbIX ONYCKIBIX KOJAOALED
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ApH PAasBHTHH  COOTBETCTBYIOLUIHX  CIEIMAJIBHEIX — METOJO0B
pabor.

[Ipu BOAONPOHHLE@ECMBIX CKaJbHBIX [10OPOAAX B HACTOSIICE
ppeMsi Bce GoJiblie ¥ 60JbUIe OT1aeTCsl NMPeANouTeHHe LeMeH-
TaAlMK, ecJu 3TO I03BOJseT Xapakrtep nopoanl. Jlast 3Toit mean
B OKaJe MNpoOM3BoauTcsl Oypenue ckpaykuH auamerpom ot 60
po 120 mm wa paccrosmuu ot 1,5 10 6 # B 3aBHCHMOCTH OT
Xapakrepa CcKaJbl Ha TayOuHy, obecrneuyBalollylo HajeKHbIH
KOHTAKT C HENpoOHHIlaeMbiM <¢JoeMmM TopHOH nopojasl, B 3tH
CKBAXKHHBI HArHeTaercss UEeMeHTHOoe Moa0KO. CyliecTBes o
BAXKHO, YTOOBLI B MOMEHT HAriHeTaHuss Ha NOBEPXHOCTH CXaJbl
yxe Gbl1 HAJHIO CJI0fi Getosa Taxkoil BHICOTHI, YTOOBI OH ObL
B COCTOSSHHH JIPOTHBOCTOSITH NPOTHBO1ABACHHIO, OO0YCJIOBJECH-
HOMYy HarHetanueM. DBuaronapst sTomy npeaynperxiaaercs Nnp-
MOJHMMANHe H pa3PEINJCHHE <¢JI0eB ropHOH MOpo/Abl NPH Ha-
PHeTAHHHM NMpH Oojee BLICOKNX MABTEHMSIX W JAOCTHraetcst 3Ha-
guTeabLHas sKonomus B uemente. [loproproro OGvpenuss Gerox-
HOTO <CJOf MOJKHO H30exKarb IyTem BBeICHHHA B HEro cOoOT-
BETCTBYIOUIHX Tpy6. B cayuae NJIOTHH 3eMJSIHBIX WJIH KaMEH-
Hﬂ-HﬂﬁpﬂCﬂihﬂi VI NMMOATOTOBKH TaKoro DeTOHHOTO CJ0% edid-
IOTCSl crenmasbhbie yerpoiictsa tuna gauadgparm (puc. 8) [7].

B cayuae BepTHKaJbHHX HAY KPYTO HAaKJIOHHBIX CJI0eB
MOPOABI M  TPEUIHH MOXKHO NPHMEHAThL HaKJOHHOe Oypenue
HJIH, elle Jydllue, TOPH3OHTAJIBHbLIE OYPOBLIE CKBaMHHBI, KOTO-
pble MPOXOJIAT H3 COOTBETCTBVIOUIMX INAXT,

Y apouno#r mmorunst Canra JDxkunyeruna (S. Giustina) [4],
Jocturawiieit 153 s BeICOTH B ABJIAIOUIEIICS B HACTOsIIee Bpe-
Ms1 OJtHOI W3 caMBLIX BhICOKHX maotTHH B Erpone, noxHagodbuack
MPOTHBOMUIBTPAIMOHHASA 3aBeca upe3sbiuaino 0oMblINX pasMe-
poB (puc. 10) B CHABHO HAPYIIEHHBIX JOJOMHTOBBIX (hOPMAIHAX
nonuusl Houe, yuutuipass jasjenune Boast B 15 ar. Llemenr-
HBl€ CKBa)XMHBI jocturalor obdmeit jaunel 8 30 ka 1 obuian
norpeGHocTh B UeMeHTe Bhipasuaace 8 3000 7. Hapsay ¢
STUMH paGoramMi OBLTH TPOBEICHBI €lIC W APYTHE MHOTOUHC-
JeHHble paGoThl, uToObLI 3a7eaaTh OOJALIIOE UHCJO TPEULHH H
HEKOTOphIe cOpochl, M3 KOTOPHIX OAMH OCOOEHHO MOIIHBIH
cOpoc mepecekan PYCa0  AOJNMHBI HEMHOTO HHXKE TJOTHHEL

PaGotsi 1o memenrtamust JMOMKHB BCEra HAUMHATBCA C
HarHeTanust BOJALL, UTOOBLI NPOMBITH W OCBOGOAHTH TPEIIHHbI
OT TVIHHBI W #Ja, KOoTopble HeGJarONPHATHO BO3JACHCTBOBANH
ObI Ha clen/enHe Me1y CKaJoH W neMentoM. Bejeg 3a 3TaM
llE_JIer:nnﬁpa:yH-:} MPOBOJAUTL HCIBITAHHE CKBAXKHH BOJOI N0
AaBJieHHeM, uTOOLl MOJYYHTH TIpeACTaBJACHHe 06 HMelouledics
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HAJHI0 HPOHHLAEMOCTH M BHIOpaTh HeOOXOIAMMYIO JAO3HPOBKY
nemenTta. Harneranue meMenTta NpPOH3BOAUTCH BlaYaJe TOULHM
pPacTBOPOM, HO IIOCTENIEHHO /l03a [EMEHTa MOBhIIIAeTCS.
Uem MebUC TPEIMHBIL, TeM Oojee TOUWMM a0JKen ObiTh pac-
tBOp. Ilpn MadeHpKHX Tpemunax M y3KMX pacileJHHax Hau-
OoJice UEIECOOOPAINBIMH OKAZAJHCH CMCCH ¢ BOAOILCMEHTHBIM
oTHomieHueM ot 8 jo 25. Kax T0/bKO CKBamuua He BOCNPH-
HHMaeT OoJipllie LUEMEeHTHOro MOJ0Ka, oHa OuHllaeTcs, [0Ka
IeMEHTHOE MOJOKO CHIE He CXBATHI0CHL. 34TEeM CKBAXKHHA TIPOBe-
psieTcd elle pa3 MOCPe/ICTBOM HarHeTa#us BOALI MO JaBJe-
Huem. Ecan ona npoio/ikacr npHHHMAaTth BOAY, TO ONepalud
HarHeTaHusl 1eMCeHTa NPOBOAHTICH elle pas M B ciavuae HeoOXxo-
AHMOCTH jlazKe TpeTHit pa3. BMecto MHOMOKpaTHOrO HarHeTaHMA
MOXKHO TPOOYPUTE TIPOMEKYTOUHLIC CKBAMKHHBI M TIPOH3IBECTH
HarHeranre B HuX. [locseanemy wmeroay ornaercs npeanoure-
nue, B ocodennocty B CIIA, rae npuMeHsiior paccrosiiine MexK-
Ay OypoBBIMH CKBazKHHaMH B 6 & u 110 Mepe HeoOXOIHMOCTH
3aKJ1aJIbIBAIOT IIPOMEIKYTOUHBIC CKBAYKHHBL,

B ynomsinyroil seime muaotune Amaepcon-Panu nox obeu-
MH GETOHHBIMH CTCHKAMMH B OCHOBAHMH TIOTHHLI GBIJIH, HaNpH-
Mep, YCTpPOeHbLl UEeMCHTAIHOHNbIC CKBAa)XMHBI HA PacCTOSHHH
JAPYT OT JApyra B 3 M, B TO BPeMsl Kax TJVOHHB 9THX CKBANKHH
BBIPAXKAJIHCh MOCJCA0BATETRHO 8 chaeaviolux undpax: 15, 30,
15, 45, 15; 30, 45, 30... m#. [lpn HeyaoBACTBOPUTENLHOM Ka-
YECTBEe CKAJLI YHCJO CKBAKHH COOTBETCTBEHIIO VBEJIHUYHBAJOCH.
Huamerp cxsamuu cocrasasia B cpeaneMm 60 smu. CKBaKHHDI
rayouson B 15 a Oypuancn METOMOM Yiaphoro OypeHus, a
OCTAJIbHBIC CKBAXXUHBl — METOJIOM BpalfaTeJLHoro OypeHus.
Harnetanue npouszsomamsocs 1no cryneusmM or 6 gm0 9 u. Jlas-
JICHHE HaTHeTAHHSl COCTABJSANO B BEPXHHX CTVHOHAX oT 2 10
4 ar (M36BLITOUHOrO AaBJeNUs) M AOXOAWIO B HHIKHHX
erymenax /o 16 ar. B pepxuweit wactm ocuosanust pabBora
NPOH3BOIH.I4CH €  OTHOCHTENLHO TYCTBIM pPacTBOpoM (BOO-
HeEMeHTHOE OTHOoUen#e 1o odbeMmy 2), B TO BpeMa Kak B
OCTAJIBHBLIX  CAVHASX — C  BOJOLUEMEHTHLIM  OTHOIICHHeM 5.
B cpemtem mna Kamablii MeTp CKBaXHHBI DPacX0/0BaJOCh
150 2 newenta.

Kak noxazwipaior nementaunonusie paGorsl Ha VIOMAHYTOI
Bhlllle TroTHie AnxepcoH-P3nu MeToa narmuerawus 1o cryie-
HAM  DOyyns1i B HacTOflllee Bpems Bceolliee npH3HaAHMe.
PaGory naumsnasor nox caoem Getoua, NpoOYPHBAIOT CKBAKHHY
AO ONpEefeeHHON ryOHHLl (MAKCHMAabH0 OKOd0 6 M), npons-
BOIAT OUHCTKY, NPOBEPSIIOT ¢ TOMOLULLIO TAarHCTAHHSI BOABLI U
TPOH3BOASIT HArHeTaHHe NPH OTHOCHTENLHO MAJAOM JLABJICHHH.
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3arem OypeHiie npogozKaercs Ha 604by1o rayouny u Bes npo-
leaypa ToBToOpsSeTcs, HO YKe npu 6ojec BBICOKOM JasTeHi,
JlanvpHefimass pabGora T1POBOJAMTCH NPH TNOCTOSTHHOM YBeJIHYe-
HAH Jas/ieHnst ¢ I©JIyOHHOH A0 TeX Mop, NoKa yMeHbIUeHde
KOJIHUECTBA TIONVIONIAEMOIO I1IeMEeHTa He MO3BOJHT YCTAHOBHTD,
yro pabory MOXKHO npekpartutbh. IIpu 3tom merone, ¢ 0OjHO0
CTOPOHBI, B pe3yJbTare ITOCTEeNEeIHOro IOBLIIIEeHHST AaBJienus
He IOBpeKIAercs ckaga H, ¢ JAPYroH cropolbl, obecneuupaer-
csl  SKOHOMMSl B lleMeHTe, TaK KaK B IPOTHBHOM cJayuae B
BepXHeHl YacTH LEeMEeHTHOE MOJIOKO BBIXOAWIO Obl HapyXKy H
6ecrnosie3Ho PasJHBaJIOCh Obl MO NOBEPXHOCTH,

[lpy CHJABHO TPEUIHHOBATBLIX TOPHLIX TOPOJAAX CO31aHHIO
IeMeHTAlHOHHOI 3aBechl JOJIJKHA TNPEIeCTROBATh IeMeHTa-
IIH BCEH CKaJbl TIPH MaJjoM JaB/JACHHM, B pesyibrate uero
3aKPbLIBAIOTCSI  BCe BHAMMLIC € MOBEPXHOCTH pPaCILeIHIB |
TPeIlWHLl M  YCTPaHAETCs  He3HauuTesIEHOe  paspbiXJenHe,
KOTOpOe sBJISIeTCH HeH30eKHbIM JaKe NPH CaMoil OCTOPOAHOMN
BhleMKe NOopoabl. B OTHOINEHHH UIeMeHTAlIlHOHHBIX CKBajKHH,
pa3ObpocCaHHBbIX BJOAL W TONEpeK B CCOTBETCTBHH C PacnoJo-
AKeHHeM TpPelH, KOTopble JOJKHBI OBITL 00paboTaHbl, MOKHO
VIOBJIETBOPSITLCS TAYOMHON CKBaXWH or 2 no 8 M. Tak xax
Ges OGeTOHHOI TIPHTPY3KHM CKaJibl, COOTBeTCTBVIONIell jpaBJe-
HHIO HarHeTaHWs, HEBO3MOXKHO JOCTHTHYTH VCMCIIHOrO IpoBe-
NeHHsT 1eMEeHTallMd B IIHPHHY 6e3 3HAUUTEJNbLHBIX TOTeDb
IeMEHTa, TO UCMEHTaMOHHbIe PaboThl NPH HH3KOM NaBJICHHH
B TMOBEPXHOCTHBIX CJAOSIX CKaJbl BO3MOMKHBLI TOJILKO TIPH OETOM-
HbIX TWIOTHHAX.

Hu B KoeMm cJiydyae He PEKOMEHAYEeTCsI ¢ HH30BOH CTOPOHLI
3aBeChl BECTH I@MEeHTAIHIO [0 BBLICOKHM J1aBJEHHCM, TaK Kak
B Pe3yJbTaTe 3TOr0 HAPVIIAETCH eCTEeCTBEHHBIH JApeHax OCHO-
BaHHSA. ¥ HEXOTOPhIX BHAOB IJIOTHH, HATIPHMEP V TpasBHTalll-
OHHBIX MAaCCHBHBLIX TJIOTHH, GCTCCTBCHHBIH JIPEHAXK OCHOBAHHSA
Mo3ajd HEMEHTAIMOHHOH 34BeChl HMeeT HCKJIIOUNTEe/IEHOe 3Ha-
yeHHe, Tak Kak OGjarogapsi eMy B 3HAUNTEJILHOH Mepe CHHIKAeT-
¢ Bpeanoe (PWILTPAMOHNOE NPOTHBOAABIEHHE BOJBI Ha TO-
JOMIBY coopyKerusa. M npu 3eMJsHBIX TIJIOTHHAX HapyIIeHue
€CTEeCTBEHHOIr0 JAPEHAKA OCHOBAIIHA  O4YeHb BPEAHO, TaK Kak
3TO MOXKeT Bbi3BATh BO3HHKHOBEHHE «apPTE3HAHCKOTO JanJe-
HASI» B HIXKHEeM Obede M BMeCTe ¢ 9THM HeXKeJlaTelbHbl BLICO-
KHe CKOPOCTH (hMIBLTPALHK MO TOA0IIBE ITOTHHEL.

B coyuae rpaBHTAILHOHHBIX MAaCCHBHBLIX [WIOTHH OYeHb Bbl-
FOMHO MO3ajM IEeMEHTAILHONHOH 3aBechl pPAacloJIOXKHTH Ha He-
KOTOPOM pAaCCTOSTHHH PS JAPEHAXKHBIX CKBaXKWH, OJarojaps
yeMy BpEIHOe TNPOTHBOJAaBJeHHe Ha MO/J10WBY COOPYHKeHHs
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cHpKaeTcss elile B Oospuieil crenend, OgHoBDeMeHHO Oaaro-
japs 9TOMYy CO3JlaeTcs BecbMa JKenaTeJbHbIT  KOHTpPOJIb 34
KAUeCTBOM LEMEHTAIHOHHON 3aBeCHl, KOTOpas MOKET ObiTh HC-
[pITaHA, pasyMeercsl, TOJbKO NpPH IepBOM HaNOJHEHHH BOJO-
XpaHHJIHLLA. o o

Hepeako B HMKHeM Obede 3a IECMEHTAIHOHHOH 3aBCCOM
0GHAPYKHBAIOTCS UCTOUHHKH (kmoun). B 3ToM cJoyyae He pexo-
MEHAYeTCs TaMMIONHPOBATL YHOMAHYTHIE HCTOUHHKH — 3aChil-
KOl MX TPYHTOM, a CJEAYET BhIBeCTH HX TO0 TpybaM aHamer-
poM IO MeHbIUEeH Mepe S0 MM, NOAKJIOYMB MX K IIaxram
WiIH TOHHEJAM, W OTCIO/la OTBeCTH (UILTPYIOULYIOCS BOAY XK
aymndy macocos. Taxum e oOpasom INpeaoTBpamiaercs 00-
pasoBaHHe HEMeJaTeJbHOTO  «daPTe3HAHCKOro JIaBJEeHAS» B
ocHoBaHuH. McTounuKy, KoTophie 06HAPYKUBAIOTCA ¢ BEPXOBOH
CTOPOHbBI LEMEHTAIMOHHON 3aBechl, 00padaTLIBaIOTCsl TOUHO TaK
e, TOJABKO C TOH pasHHIEH, uTO NMO33Ke OHH  JIMKBHJHPYIOTCH
C MOMOILBIO II€MEHTALHM.

UToOb UMETh BO3MOXKHOCTE B OyaAylIeM BO30OHOBUTH
LEeMEHTAIHIO, BCE NEeMeHTHPyeMble CKBamKHHbI LedecoobpasHo
BBOJHUTE B IPOAOJBLHVIO HITOJBHIO WX raJepero, Koropaspo-
XOJMT TapajiielsHO NOBEPXHOCTH OCHOBaHHS. Takue IITOJBHH
(rasepeH) Bce Yallle YCTpaupaloTcsi B HaCcTOsSIIee BpeMs He
TOJMBKO Y OETOHHBIX, HO TaKKe W Y 3eMJSIHBIX TIJIOTHH.

UrobOsl cMecHTeJbHAS W HacOoCHAd VCTANOBKH IS TeMeH-
Tanuu paboTanau 1e/1ecoobpasHo H IKOHOMHUHO, OHM JOMMKHBI
OBITE  OCHAIEHbl MHOPOUHCJJEHHLIM JOIOJHHTEIbHBIM 060DV-
nosanueM. Oprauunsauusi pador Kopnyca mmkenepos CIIIA [51,
onpasgaegmas cebGsd TIpH  CTpOHTENLCTBe  Oovsiee uyem 100
BOMOXPAHUMAUIIHLIX [JOTHH, H3 KOTOPbIX HEKOTOPhIC ouelb
KPYIHBle  XapaKTepU3yIOTCsT  CAeAVIOIUMH  [oKa3aTeasMu:
a) HajgWuyue pACTBOPOMEIIAJKH € MOpHCNocobjeHHeM A4
oOecreyeHust TNOCTOSIHHON KOHCHCTEHIMH pacTBopa; ©0) ycra-
HOBJIEHWE CBSI3M MEXKIY LeMeHNTHPVeMOH CKBaXKUIoil ¥ pac-
TBOPOMEIIAJIKOH ¢ HeJbIo MoJJIepRaius Ha MOCTOSHHOM VPOBHE
yHClIa Oo0OpOTOB HACOCOB, JIABJEHHS W NIPEJOTBPAlCHUS
H3JHIIHEro pacxola IeMeHTHOrO MOJOKA; B) BOJOMED H TPY-
661 1151 ToaBOA BOJIbI K PacTBROpOMEIIAJIKe, a TAKMKe /I OUH-
CTKH CKBAXXHHBI; I') TJOTHO NPHUIHAHHBIE BEHTHJH (K/anamb)
H H3MepHuTeJbHBIe MPUOOPLI I/ KOHTPOJS JaBJCHUS.

B caywae Goabmmmx nycTOT UeMEeHTHOE MOJOKO JIOMKHO
CIryIIaTeess podaBiAeHHeM H3BECTKOBOH MYKH HJIH MEJIKOro Iec-
Ka. B ouenn TpyaHBIX coyyasix K 1eJH TPHBOMHJIO H0GaBIenne
CHHJIOK MM XJOMYATOOYMaXKHOTO TPSMbS. B CKadbHLIX MOPO-
fax € SpKO BbIpaKEHHBIMH nycroTaMu (KaBepHaMmu) HAOCTYI
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K HHM obecrneunBaercsi ¢ IOMOILbLIO OypeHusi 6ypom Kaauxe,
3aTCM 9TH IIYVCTOTHI OUMMIAIOTCS M OCTOHUPYIOTCS, IMOCJEC YEro
MOYKHO IIPOBOJMTH HOPMAJBHYIO TE@MeHTalHl TaKHX I10poiL.
B ciyuae paBHOMEPHO IOPHUCTBIX NMOPOA LeMeHTaluA B 60Jb-
HIHHCTBE CJydacB He onpapjada ceds: UEeMEHTHOE MOJO0KO
He nporekaer B nopel. Muorga Takue nopucThie nOpoabl yia-
BAJOCH VINIOTHSATL IYTEM HaTHEeTaHHsT XUMWKAJMH,

OueHb CHOPHBIM BONPOCOM B UEMCHTAUHK  SIBJSCTCS BO-
npoc © AaBJeHUH TPH HarHetanud uemeHra. DB nexkoropsix
CTPAHAX TIPHMEHSIOT OYCHDL BBICOKHE JaB/Jenusd, AOXOAsSLie
no 50 ar, B ApYyrHX Ke CTpaHax PeKoOMeHAYIoT O00bINYIO
ocropoxHnocTs. B Tepmanuu B mnocsennee spems  00JbIIOE
3HaueHue IPHAAETCS TOMY, UTOOBI HCIOJIL30BATL YPE3BHIMAHHO
MEJKO TIEPEMOJIOTHIH IIeMCHT, OOeCHeuHBAIOUIHH BO3MOMKHOCTD
pacTBOpy Tronacth 0e3 caunrkom OOJLIIOrO JaBJAeHHSs Jdme
B CaMble MeJIKHe TpelllHHbl, Tak Kak o4eHb MEJKO TepeMoJo-
TBIH IEMEHT upe3BbuaiHo OBICTPO CXBATLIBACTCH, TO OJUHO-
BPEMEHHO  JOJZKHB  BBOAUTBLCS 3aMEJIHTENH CXBaTHIBANHS,
Hanpumep ¢dochopHas KHACJIOTA.

HUnbekiusi 1emeHTa a8 VIJIOTHeHMsT OCHOBAHHS IIpHMe-
HseTCST TOJBKO Kak oOmee mpasuio, Ilpn Oomee Tpyansix
VCJAOBHSIX M B OCOOEHHOCTH TNPH VIVIOTHEHHH OCHOBaHHSI 3eM-
JIIHBIX TUIOTHH XOPOILIO OTpaBaafga ceGst HHBEKUUsT OeTOHH-
TOBOIO pacTBopa (rIMHM3aUMsA), CHJIUKATHpPOBamHe M OHTYMHU-
3alUs OTACJBHO HJIH B COCJMHEHHH € NEMEHTHBIM PacTBOPOM.

rTABA &
BbIGOP LLEMEHTA

[Tpu BBIOOpe HemMenTa LIS CTPOUTCILCTBA BOTOXPATHIHIL-
HBIX IJIOTHH PEIIAIIHMH SIBJASIOTCH CJASYIONHE ero CBOUCTRA:
TermJoBbIeIeHne (3K30TePMEA), TPOUHOCTL, HEOOIBIIOE COjep-
KAaHHe MH3BeCTH M CTOMKOCTH TNPOTHB  JeHcTBHA  C/1a0dBIX
KHCJIOT.

Kaxapiilt 1eMentT BBLIAIsIeT MPH CXBATBIBAHMM HEKOTOpOe
KOJHUUECTBO TEIIOTEI, 3ITO SBJENHE Ha3LIBACTCH IKIOTCPMHCH.
BeaencTBHe Uero 3atBepaeBilnil B onadaydke ODetoH umeer Ho.ee
BBLICOKYIO TeMmIleparypy, uem Ta, KOTOpasi COOTBETCTBYET Cpeil-
HEerojloBoil Temneparype Bosayxa, Tak Kak B KPYMHBLIX MaccH-
Bax OETOHHBLIX COOPYKCHHUI OoTAauAa TEIWIOTH CXBATLIBAHUA OKPY-
KAIONEMY BO3JLyXYy TpebyeT HeckKOJALKHX JeT, To B OeTOHHOH
JIOTHHE, HampuMep, TIOCJAC YPABHHBAHUS ee TeMmreparypsl co
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cpeateil ro0BOIH TeMNepaTypoil He XBaTacT TAKOro KOJHUCCT-
pa OeToHa, Kakoe COOTBCTCTBYET YMCHBIICHHIO 00BLeMa B pe-
gyJabrarte oraaud renaa. Hanpumep, ecan aas 1 min. s* Ge-
TOHA TIOBBIIEHHE  TEeMIEpPaTypbl, BBI3BAIHOC 3K30TePMICH,
cocranager 20° U ecan KOIQPHUMCHT TEITOBOrO paciypeHus
cocTaBasieT 'fioo 000, TO TMOCAE BBIPABHHBANHS TeMTIEpaTypbl
MJIOTHHBL CO cpealteil rOA0Boi TeMnepaTypoit OyaeT He XBaraTb
200 w3 Gertona.

CaeacrBuem 3t10ro JgedHIHTA ABJAAIOTCA 3HAUHTEIbHbLIE
TeMIepaTtypHbie HanpsKeHusd, KOTopble NpuBead Obl K o6pa-
30BAHHIO MHOIOUHCJICHHBIX TPeULlHH, eCad OBl B Pe3VILTATe
ycTpolictsa wsoB B Oetomiol Kiaajxe He Oblia Obl obecneuela
BO3MOIKHOCTL OCBOOOJUTBLCH OT THX HanpsixkeHuit. B nekoro-
PBIX CJVHasiX, HaANpHMep B aPOUYHBIX IJIOTHHAX HJIH B KOHTP-
dopcax KouTpdOpCHBIX  TLIOTHH, BBIHYJKIeHB JI00aBJIsATD
HejoCTaloUHl Marepuas B dopme 3anomsionlero pacrsopa,
KOTOPBIH HATHETAETCS B IUBBI, OTKPLIBIIHECH B pe3vibrarte
cxkatua Ocerona. Tak Xax 3Toro mpoiecca Heab3s K1aTh TO-
JlaMH BBHY HeOOXOJHMOCTH MPHHATHS B 9KCIIVATAINIO 11J0-
THHBI, TO BLIPABUHBAHHE CO CPEJAHCH TOJIOBOH TeMmIlepaTypoi
MPOBOAMUTCH  NYTEM  HCKYCCTBCHHOIO  OXJIAMKICHUS, HUTO TIPII
OOJIBIIMX TJIOTHHAX CBSI3aHO CO 3HAUHTEJILHBIMH PAacxolamHu.
[TosroMy npH CTPOHTELCTBE OETOHHBIX [VIOTHH NpejnouTenie
OT/IaeTCsl TakKHM BHJAM IHeMeHTa, KOTOpPLle NPH O THHAKOBBLIX
CBOHCTBAX TPOUHOCTH 0O0Ja1al0T HauMenbllleil oTiauell Ten.a.

Ha puc. 11 noxazaHnsl TNOBBLIUCHHST TeMmepaTypnl JId e-
KOTOPBIX BHAOB leMmenta, ycranopaenibvie Myernvrom [9] npn
cXBaTeiBaHWu | K uemMeHTta B H30JMpoOBanHOM #Aumnxe. M3 rpa-
(buKa BWIHO, UTO UIIAKOBLIH HEMEHT HMEeT 3JHAUNTEILHO
MEHBIIVIO 3K30TCPMHIO, ueM TopT.IaHackuii uement. [losrowmy
OBIJTO HCKJIIOUHTEILHO  TPaBHIbHO, KOIJla, HanpuMep, npH
CTPOHTEABLCTBE MHOMOUHCTEHHBIX BOJAOXPAHHWIHIIHBIX TAOTHH B
6acceiine o3zepa [llmoxace, 6611 HCNOIL30BAH TaBiHbiM 00PA3OM
HEMCHT H3 JOMEHHKIX lLI1aKOB.

[TynuoaanoBelil  nopriaaniueMenT, HJIH TPaccoOBHIH NMOPT-
JIAHALEMENUT, KOTOPBIfT M3rOTORJIACTCH IIPH COBMECTHOM Iepe-
Maawpauun 70% xanukepa nopraanackoro uementa no 30%
Tpacca (NMyHiloJgansl), MMeeT TakHe ke OJaronpusTHLIE Kaue-
CTBA B OTHONIEHHH 3K30TEPMHH M NMOUTH pPaBHOIEHeH nopTiall-
CKOMY 1IeMeHTY B OTHOUICHHH NPOYHOCTH.

Bropoe cpoiicTso, nMmelolee pelalolice 3xaueHHe NPH BbI-
Gope memenTa, — 370 €ro NpouHocTh. ITPOUHOCTE onpeneIseTes
Mo 3akory Bojouementioro (axropa AbGpawmca, no xKoropomy
IPOYHOCTL  UEMENTd  3aBHCHT  OT  BCECOBOTO  COOTHOLICHHS
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MeX1y BOjOI # 1ementoM. M3 auarpaMsel puc. 12 spana npu-
OJAH3HTCALHASI KAPTHHA H3MEHEHHsT NPOUYHOCTH OeToHa HA CiXKa-
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Bpemn nocae yxnadru

Puc. 11. 'paduk noppinienna TemMnepaTypbl IpPH CXBaThiBaHHH
M TBEPJEHHH pasHbIX LeMeHnToB (no Mycrayry)
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Puc. 12, I'paduxk’ npounocrn 1LIaKOBOro

NVHUOAAHOBOIO TIOPTAAIeMEenTa Ha Cka-

THE B 3aBHCHMOCTH OT BOJOLEMEHTHOTO OTHO-
menus (1o 'ymMenio)

THe B Bospacte 28 AHCH B 3aBHCHMOCTH OT BOA0IEMENTHOTO
OTHOUISHHS JUI ULIAKOBOI'O HeMelnTa H o JAJasi TYIUOJdHOBOTO
nopniangneMenta. Kax Oyjer nokazano HHXKe, ¢ [OMOLILBI)
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HOBONO MOLLHOrO BHOparopa Mammyr MoXHO 6e3 ocoboro Tpy-
A4 JOCTHTHYTbL BCJAHUMH BOJAOLEMEHTHOTO (pakropa OT 0,45 no
0,40, uto coorpercTBOBajNO Obl 28-AHeBHOI TpouliocTd OeToHA
ya cxatue npumeprno 400 xe/cm? M roaoBOH IPOUHOCTH TIPH-
mepno 500 xefem?. TIpunumas MATHKPATHBIM 3aliac, MOXKHO CUH-
TaTh, UTO Taxkoi OeToH Mor Obl, HECOMHEIHO, BbIAePKIBATb Ha -
npsikeie B8 100 ke/em?. Ho 310 HanpszKeHue Tnpesbiiaer Te
MaKCHMa/JIbHbIC, KOTOPLIC 10 CHX TOP JONYCKaJHCh Ald apod-
HBIX OCTOHHBIX IVIOTHH M cocranisan 80 Ke/cam=,

Tperbe W uerBepToC TpPeOOBaHMS, KOTOPHIM JIOMIKEH OThe-
YyaTh ILEMEHT—3TO HH3KOE COMEprKanie H3BECTH H YCTOHUMBOCTD
B OTHOIIeNHU cjabbix KuciaoT. PekH, IHTalolie BOAOXPaHHAN-
a, MMeIoT B 00IIeM MSTKYIO BOAY €O ciaalbbiM COjepKaHueM
YLOJAbHOH KHCJI0TH, KPOME TOTO, YaCTO BOJLA COAEPHKUT elie cJa-
6blil PacTBOP TYMycoBoil KHCJaOThl. C APYroi CTOPONLI, UeMeHT-
HOe TeCTo, paccMarpuBacMoe IoJ MHKPOCKONOM, HpeicTaB/sfeT
coGoii mopucryio ryOxky, Kotopas HpoIycKaer GecnpepblBHbIH
TOK BOjbI M3 BOJOXPaHHJAMINA uepe3 OeToHHYIO TLtoThHy. Ilpas-
Jla, NPOXOAAT Ieable TOAbl, MpeXkae UeM BOJd, NPOHUKINAA MOL
JAEHCTBHEM TI'HAPOCTATHUYECKOTO JaBieHMsi B OCTOHHYIO IJOTHHY
CO CTOPOHBI BOAOXPAHMWJIMILAG, BBIIJIET CHOBA HAPYXKY CO CTOPO-
HEl HHxkHCEro Oveda miotunni. Ciabbie pacTBOpbl KHCJAOT, CO-
JepiKaluyecs B Bojle BOLOXPaHM/INIIA, TAKKEe HMEIOT BO3MOZK-
HOCTbL B TeMeHHe MHOTHX JeT Bo3jeficTBoBaTh Ha OeTOoH M pas-
jgarath ero. Kpome roro, mMsirkas Boja pacTBOpPsSieT THAPAT OKH-
CH KaJblMs, BOSHMKIIME NMpu oOpasoBanud LEeMEHTHOTO KaMHA,
u cosgaer sipdenne spumenaunsanus. B Hopeernu wuepes 30
JIeT TPHILIOCh TOAHOCTBIO ClieCTH OCTOHHYIO IWIOTHHY, NOTOMY
YTO PA3NOIKUICH TIPAKTHUCCKH BeChb LeMeHTHbIN KaMeHp. Kako-
Ba e Gvier cyabba Hainx GeTonubx miotuh yepes 100 Jjer?
DT0 — CepLe3lble BOTMPOCH, KOTOpble OJM3KO Kacalores CTpo-
HTeJbcTBA OTOHHBLIX TIIOTHH B Hallle BpeMSsi.

OneIT NOKasaJ, uTo B 06ILCM MOPTJIAIICKHH ILEMEHT $B-
JsieTcsl Hau6oJee BOCHPHUMUMBBIM K MATKOM #  CJIafoKuCJIOH
BOJIe BOAOXDAHHM/AMING. 3aTeM <Jeldyer MYHLOJaHOBBIH TOPT-
JIAHUICMEHT, B TO BpeMst KaK IIJaKOBBIH IEMCHT fIBJseTcs, I10-
BUJIMMOMY, HAHUMCHCC BOCIPHHUMUYHBBIM.

[Toxsoas MTOrM, MOXHO, TakuM o00pa3oM, CKaszath, UTO H3
BHIOB IeMelTa, HMEIUIMXCH B HaACTodllee BpPeMsl Ha pPHIHKE,
NYINOJAHOBLIT TOPTAaHANSMeHT H IJAKOBBIH 1IEMEHT ABJSAIOT-
CSl caMbIMU TIOAXOASUIMMHE TIPH CTPOHUTEALCTBE OETOHHBIX TIIO-
THH. Tawm, T/e CaaboKUCABIH Xapaxktep BOJB BOJAOXPaHHJHMIIA
Tpebyer OCTOPOKHOCTH, MNPEAIIoUTeHHe JO/MKHO OTI1aBaThCH
LLTaKOBOMY I1IEMEHTY.
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FJABA 6
CVJIb®ATHBLIM LHWEMEHT

Fute 8 1909 r. Kioas yeraHoBui, YTO HAPSLY CO ILEJIOUHBIM
BO3Oy/AUTRAEM 1I1aKa JOMCHHOH ITeud BO3MOMKEH elle cyJbgar-
HBIH BO3OYAHTE/IL, HANPHMEP NPH NepeMaJblBaHHH lLIaka Io-
MEHHOH neuM ¢ jo6aBkoii THnca. D10 dBJAgeTcs H300peTeHHeM,
KOTOpoe B ¢cBOe Bpemst 3amateHtoBano nog Ne JAPII 237777.

B nagabheitmem, B ocodbendoctn B Beanrnun 1 @panuun, na-
YaJu U3I0TOBJSITH TAKONO POAA NMPOAYKT, KOTODbIH OblJI Ha3BaH
CYJL(ATHLIM IleMEeHTOM. DTOT IIEMeHT HalleJ CBOe OCHOBHOE
MPHMEHCHHE TIPH CTPOHTEJIbHBIX padoTax Ha MOPCKOM TpaHc-
nopre. Menbitaiust 6bH BecbMa VAOBJIETBOPHUTEBHBIMH B OCO-
OEHHOCTM B OTHOIICHHM CTOHKOCTH OeToHa, H3rOTOBJISICMOTO C
TAKHM 1IEMEHTOM, II0 OTHOLIEHHIO K MOPCKo# Bope. Takxke M B
[epMaHuM B pasiHuHbX OPraHH3alMsIX HCIBITHIBAJHCH KauyecT-
pa Oertona ¢ CyIb(paTtHbiM LEMEHTOM, IIPHYEM 0Kasajoch, 4YTO
HOBBIH 1(CMEHT, TIO-BHANMOMY, OKaXKeT pelldmowee BJAHAHIC
Ha Oyjyiiee pasBHTHE [TPOM3BOLACTBA MaccoBoro OeroHa A
CTPOUTEIBHBIX pabor, B WacTHOCTH AJIsi CTPOHTEJBCTBA BOLO-
XPaHWIHINLIX TWIOTHH. [lpu coopykeHun TIotTHH B GacceiHe
[HLmox3see, rae yike AaBHO VAeJAsM0Ch O0JbIIOC BHUMAHHE BO-
npocy o doJee VCTOWYHBOM [eMEeHTe BCJeACTBHE HAJIHYHS TaM
MATKOH, coAepKallel ciadbiil pacTBop YroJdbHOH KHCIOTH BOAR,
nocrynamoueit 3 ropuslx norokor lllpapusansia, v jaBHo 3a-
HUMAIOTCS 3KCHCPUMEHTAJBHLIM HM3VICHHEM BO3MOMKHOCTEH, KO-
TOPBIC MOXKET JaTh CYVJiabPaTHBIH UCMEHT TIPH CTPOHTEILCTRE
maotii.  [lo  umemwMest  gaHHbM,  ACCTHIHYTHIE  pe3y.Jib-
TAThl  SIBJSIFOTCH, T0-BHAHMOMY, BECbMd  VAOBJIETBOPHTEJIb-
HDLIMH.

Jlast BRICOKOKAayecTseHHoro OeroHa BecbMa  CYIICCTBEHHO,
YTOOB CYJILMATHLIH HEMCHT HMQJ OnpeaeeHHble KadecTsa, ra-
PAHTHPOBAHHDBIE TIOCTARILMKOM H [pOILIeAllide NpoBepKY Ha
npakTuke, B pesviibtate YHOPHOH MHOIOJeTHEH pabdoThl HeKo-
TOPBIX HEMEIIKHX [eMeHTHDLIX 3aBOJ0B 9TOT BONPOC B HaCTOf-
llee BpeMs, MO-BHAMMOMY, pelleH. Ycrexa yiajoch JOCTHIHYTH
B PE3VJILTATC ACTAJLHOTO H3VUCHHS COCTABOB IIJIAKOB H Tipa-
BWILHOIO JIO3UpOBAHNA josedl runca W auruapura. Ilioaxu
JNOJIKHBL ObITE OCOOEHHO BBICOKOOCHOBHBIMHM (¢ OOJBIIHM MO-
AYJCM OCHOBHOCTH) M CofepXaTh MHOIo IHHOo3ema. IHekoro-
poe BpeMsi  yiKe OQUIMAJIbHO JONYCKAJOCh HCIOAL30BAHKUC
cyJbhaTHoro neMeHTa IS MOJA3eMHBIX M HaJA3eMHBIX COOpYiKe-
HUE. DTUM caMbiM Obll OTKPBLIT NyTh JIJS HCNOJL30BAHHS €ro
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mpH CTpoMTEALCTBE NOTHH.  ToprosaBoicKHe npeanpHATHS
Q6epray3eH yiKe MNOCTABJAIOT Cyab(paTHbI LEMeHT noj Map-
kot SHZ 225 u SHZ 325.

B uewm Ke COCTOAT NpedMyliecTsa cyanartioro muemMeira s
MPOM3BO/ICTBE MaccoBoro derouna? Ilepsoe mecro suech, Gesyc-
JOBHO, 3aHHMAaeT He3HAUHTEbHAsE IK30TEPMHST 3TOTO IEMEHTA.
B cooTBeTCTBHH ¢ pHC. |l Tenmjgosbijge icHue COCTABISET B Jlal-
HOM CJIyuae TOJBKO HEe3IauYHTeJbHYI0 A0J10 OT TelLloBHjee-
HHSL TIOPTJAAH/AICMeHTA, TaK YTO NPU NPHMEHCHHH CVJb(PaTHOTO
HEMEHTa JUIs CTPOUTEALCTBA MJIOTHH MOMHO ObLIO Obl MOJHO-
CTBIO OTKA3aThCSl OT MEPONPHATHH MO UCKYCCTBEHHOMY OXJ1arK-
penuio Gerona. Kpome TOro, paccrofiuue Mexjy 1WBAMH MOZK-
HO OblJ10 Obl BHIOHPATL 3HAYHTEILHO DOJBIINMH, YeM 3TO HMEJ0
MeCTO 10 cHX mop. K romy XKe onaciocrb 00pa3oBanus TpeliHi
BCAGJACTBHE OOBEMHBIX H3MEHEeHMIl 3HAUYHTEILHO YMEHbIIAJACh
Obl, uTO HMeeT 0coOeHNHO OGO blIoe 3HauelHe LIS BbICOKHX Oc-
TOHHBIX TJIOTHH,

[Tocsie MHOroOMMCJAEHHBIX ONLITOB MPH pPACXOjde LEeMeHTa B
200 Kke/m® Obl1a JOCTUTHYTA ONTHMAJIBLHAS MPOUHOCTDL TPH BO-
JOUEMEHTHOM oTHOowexnn npumepno 0,65. ITosromy npu cpap-
HUTEJIBHO MaJbIX PacXojlaX UeMeHTa, KOTOphle B HACTOSIILEC
BPeMsT SIBJSIOTCA OOBIYHBIMH B CTPOMTEJILCTBC MJIOTHH, NPOY-
HOCTb MOMKHO CHJABHO TOBBICHTL B pPe3yvibTarTe HCNOJL30BAHHS
CyJIb(paTHOrO uHeMenTa, He KepTBYS NPH 3TOM IIaCTHYHOCTLIO
cmec. He cammxom TpyaubiM, BepoaTHO, OVJICT JOCTHIHYTH B
AaJIbHEHIIeM TOJMYHOI  NpoyHOCTH OeroHa Ha CcKatue B
500 xe/em? u 6oee.

Daarogaps cyibarHomMy ueMeHTy BrepBbie B PasBUTHU
CPPOHTEJBLCTBA IVIOTHIT OTKPBIBACTCST IEPCHeKTHBA caelars Oce-
TOH COBEPHIEHHO HCBOCHPHHUMYHBBIM K XHMHYCCKOIl arpeccui
MATKOH BOABI WJIH caabbix XucaoT. CydabpparHbiil LueMeHT B Ta-
KOH CTerneHH YCTOHYHB B OTHOIIEHHH YKA3aHHLIX BBIlIC arpec-
CHH, 4TO HeAaBHO C €ro NOMOILBIO V1aJ0Ch H30.JMpOBATh 3a-
TOIVICHHBIE 1IAXTHI KAJIMSA C BBICOKHM JIPOUEHTOM ILUEJOUH W
CHOBA TIYVCTHTH WAXThl B 3KCIMIVATAIHK. |

Kak ussectno, ycrofiuuBocTs LeMeHTa B OTHOLIGHHH arpec-
CHBHBIX BOJX 34BUCHT B OCHOBHOM OT COJMEDKAHHA B HCM
3 (Ca0)-2Si0; u 3 (Ca0)-Al;0s. B To Bpemsi Kak 3t He
OHEHb YyCTOHYNBBIE COCAHHEHHsT B OCTOHE, H3TOTORJICHHOM HA
MOPTJIAHACKOM LEeMeHTe, COCTaBISIOT OCHOBHYIO Maccy leMenT-
HOTO Kawmusi, B GeToHe, H3rOTOBJEHHOM Ha CYJL(PaTHOM 1eMeH-
T€, OHH BooOOGILe 1e BCTpeualTes. B cooTBeTCTBHU ¢ COCTABOM
Cylbharnoro 1emMeHra, Kyja BXOAAT npubananteasio 85 %
ITaka momMeHHOIl MeYHM ¢ BBICOKMM MOJLVJIEM OCHOBHOCTH, OO0-
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TATOr0 IMMHHHCTHIMH BelllecTBaMM, W 15% runca um awrmapura,
TBEepJeHHe ero cosepuIaeTcss Ha MHCTO KPHCTANJIMYECKOI OCHO-
BG, a MMEHHO Ha obOpa3oBamuH THAPOCY/bhoasioMHHaTa KaJlb-
s 3 (Ca0)-Al05:3 (CaSOy)-3 (HO), T. e. Takoro coepmne-
HHSA, KOTOpoe B GeToHe, H3TrOTOBJEHHOM Ha HOPTIaM/IeMenTe,
NMPHBOJAHT K CHJIBLHEAIIMM pas3pylUeHHSM, eCJH 3TO COejlHHeHHe
oOpasyercsi B yxe saTpepjieBiiemM Oertone.

riiIABA 7
MNOJIHOE VYINIOTHEHMWE CBE)XEIO BETOHA

Hecxoabxo Jsier tomy Haszaa Jlenrapa Gaarogapsi oTKPBITHIO
HM COBepPUIICHHOIO YIWIOTHeHHST CBeXKero 0OeToHa MOCTaBHJ TeX-
HHKY YKJIaJIKH MOHOJIMTHOrO G€TOHA Ha COBEPIUEHHO HOBYIO OC-
HOBY. DTa OCHOBa ellle pas npeTepreaa H3MeHEHHE, NOcJe To-
ro Kax I0siBHJIHCh TsIzKeJble KpynHble BHOpaTopel Keasepa.

Tlpuunun notHore ymioTHeHHs CBexXero OGeTOHA COCTOHT B
- TOM, UTO CMECH COBEPILICHHO PAa3JMYHOH KDYMHOCTH U COBE)-
HEHHO Pa3JIMUHON IWACTHUYHOCTH (OT KECTKHX J0 XKHJIKMX) MO-
'YT JaTh NPH OJAHHAKOBOM BOJAOUEMEHTHOM OTHOLUICHMM OJHHA-
KOBYIO TNPOYHOCTb H OJIMHAKOBBLIH OOBEMHBIH Bec, eCAH B pe-
3VIbTaTe COOTBETCTBVIOLICIO VILIOTHCHHS COCTABHbLIE YaCTHILbLI
pacrionaraiotcsi B OTHOIIGHWH APYr Jpyra takum o6Gpasom, uTto
00beM 1eJHKOM, T. e. 6e3 1op, s3ano/iHeH CBeXHM GeToHOM. IT0,
KOHEUHO, He 3HAYHT, YTO OETOH IocJ/ie 3aTBepjlenust 6yaeT CBO-
OojleH OT NOop, TAK KAK LEMEHTHbLIlI KaMCHB JOJAKEH COAePHKATD
HEKOTOPOE KOJHYECTBO NOP, COOTBETCTBYIOWIEE H3OBITKY BOAMI,
B3ATON /ISl 34TBOPCHMS 11eMEIITHOTO pacTBopa, Hajg THApaTa-
IIHOHHOI BOJOI.

Ecin Z oGosnauaer p03HpoBKY uementa, W — KOJIHUYECTBO
BOABI JIJISl 3aTBOPEHHST I€MEHTHOro pacTsopa, S — KOJHUEeCT-
Bo mecka, K — koauuectBo rpasusi # G — KOJAHUCCTBO Kpyll-
HOro sanojHuTe]st Ha 1 u® GetoHa B K2 u econ S,; S5 S
St u S, 0003HAYAIOT COOTBETCTBYIONHE YjeJbHbie Beca, To
MOJTHOE yn.nurﬂemie CBEXKCero ﬁeml-ia ﬁy;m’r JOCTHUIHYTO, €CJIH

= 1 000.

w E

ITO SBJSACTCS CAMICTBEHHBIM PCIIAIOLIMM KPHTEPHEM JUIsi COC-
TaBa OetoHa ILIOTHH. Bece penentbl, Kacawouiecs HACaabHOM
KPHBOH IpanyvioMeTPHYECKOro <ocTasa 3arfojHHTes:,  MHHH-
MaJIbHOTO COAEPHKANHUS NecKa, MHHHUMAJAbHOIO KOJHYeCTBa Me.l-
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KUX HacTCH, YTPATHJIH B COBPEMEHHOM CTPOMUTEJBLCTBE TMJOTHH
CBO€ 3HAYCHIIC, TAK Kak IIPH YKasanluoMm IOJHOM YIWVIOTHEHHH
cBezKero 0etona MOXKeT OBITh AOCTHIHYTO TO XKe Camoe, eciu He
Jydliee. IDTH HOBLIC JlaHHBIE HALLIM CBOE MOATBEPNKACHHE B
oUeHb HIHPOKOM Macuitade NpH CTPOHTE/ILCTBE BOAOXPAHMJIMLL-
Hoit muaoTHibl JKep (Ecker) m B npoBejleHHBIX B CBA3H € 3THM
IIHPOKHX OfbITaX.

I'TABA 8
BUBPOBETOH C KPYIMHbBIM 3ANMNOJIHUTEJEM

JABHYIO ONACHOCTh AJSI MPOYHOCTH OETOHHOH TJIOTHHBHI
Hapsigy < MNOsABJCHHEM  YCaA0UHO-TEMIIePATYPHBIX  TPEIHH
NPEJCTABJAIOT TAK/KEe BOJONPOHHIAEMOCTh H  o0ycCJIoBJeHHad
el0 BOQNPUHUMUHBOCTL OCTOHA K MOPO3Y, KaK 3TO NOKa3bisalor
MHOTOYHCACHIEIC 1WIOTHMBL C TPEULHHAMH H TIOBPEHKACHMSMHU
OT MOPO3d 11a UX HapyzHbIX nopepxuoctsx. Hapaay ¢ o6eyx-
AeHHBIM ViKe LejdecoobpasubiM BbIOOPOM lleMeHTa H HajulerKa-
IHMH  KOHCTPYKTHBHBIMH  MEDONPHATHSIMH, 0 KOTOPBLIX peub
Oyner WATH HHKe, elle OJHUM CPeJACTBOM ISl COXPAHHOCTH
O6eToHHOIl TIIOTHILL #B/JsieTcs H30exalne CTPYKTYPHBIX MOP
H MAaxkcHMaJbHOE yMeHbuUleHHe KANWIJASPHBIX IOP.

CTpyKTYDPHBIX OP B COOPYZKEHHH MOXHO n3bexarb, ecJi
cocTa OCTOHA NMOCTOSHHO  KOHTPOJUPYETCSs W JIOCTHraeTcs
MOJIHOE YINIOTHeHHe cBexero Geroua.

Kanuiuasiprsie nopbl BO3HHKAIOT Ojarogapst H30bITKY BOJBL,
B3SITOH JII51 3aTBOPEHHS IEMEHTHOrO pacrnopa, Io cpapieliyio
C XHUMHUECKH CBA3aHILIM KOJIHUYCCTBOM IHIApPaTaiHOHHOI BOJbI.
Kak MOXHO BHACTL TOJ MHKPOCKONOM, KANWIISPHBIE TOPLI
NPHJIAI0T IEMEHTHOMY KaMHIO TyOuartylo CTPYKTYpPY, KoTtopas
TeM nopucree, yem OoJblIe BOALI B3ATO A NPHTOTOBJIEGHHSA
OGerouna, B atom orHoOuwicHuH JuTOH OeTOH, KOTOPHIT BHelIHe
KaXercst TakHM  IYCThiM, (QAaKTHUECKH OKasblBaeTcsi CaMblM
IOXHM OeTOHOM, MTO JOKd3ano Ha MHOTOYHCJICHHBIX TpPH-
Mepax nocaeanux 30 ser. Hu omann cosHaloummii BCO OT-
BETCTBEHHOCTL CTPOHTE L B HACTOsIEee BpeMsi He Oy/eT CTPOUTD
INIOTHHY H3 JIHTOrO Oetola.

Oanako M naacTHuHblil GeTol, KOTopblili cam mo cebe He
3aTloJiHAeT BCeX MHMYCTOT, HO KOTOPBIH TakMXKe MPHXOAHTCS
YIWIOTHSITL, He ONpap/la/ Bo3jJaraeMbplX Ha Hero OxHaaHnuH, Tax
KaK Bojouementibie otnomenus nopsaka or 0,65 no 0,80 Gbi-
JIH BCE ellle CJAHIIKOM BCJIHKH.
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TakuMm o6pa3oM, CTPOUTEJILCTBO MJIOTHN MEPEHIIO HA OUCHb
HeyMOOHBIH, c1aGonJacTHUHBI H JKeCTKHH OeToH C BOJloile-
MeHTHBIM oTtroutennem mexay 0,55 u 0,65. dror OGeron cpas-
HUTEJIBHO  YA0OHO Tnojlaercs Ha MeCTO YKJIAJKH C NMOMONIbIO
obmenpuHATHX Oajell, OAHAKO B 3TOM CJyuae HMEIOTCS TOXe
GoJbInne TPYAHOCTH, TAK KaK HYKHO NPH ONOPOXKHCHHH OaabH
Haberarh pacnaja 6eTOHHOH CMECH Ha (ppakiuy, a, Kpome TOro,
DYUHBIM cnocohoM — pa3paBHuMBarb W Tpambosath  GETOH.
C uzobperenuem BHOpaTOpa BBICOKOH YACTOTHOCTH 3TH TPYHL-
HocTH ObLLIH JHKBHIHPOBA-
HE.

BuGpatop,  HMelOIHi
(phopMy  TpVIUH  Ha KOHIE
kaGeas (puc. 13), nmpuxia-
JABLIBAETCS K BbIBaJeHIIOMY
H3 Gaapu  OeToHy, HMes
CpexHion uacrory KoJeba-
Huit 9000 B 1 muu. B npo-
tecce padGotel  BHOpaTOp
apToMarHyecKn yrayovsier-
csl B 6eToH ¢ OOJIBLUION CKO-
poctbio. Baaroaaps sgdex-
Ty BHOpauun GeTon B olpe-
JIeJIEHHOM pajiiyce BOKpYr
BHOpPHPYIOIIEH IpYIIH CTa-
HOBUTCH COBeplIeHHO 'J14-
Puc. 13. BuGpupoBanne Getona suico-  ©1HiHbIM, BCE TIYCTOTHI HC-

KOYACTOTHBIM BHOPATOPOM yesalor, H IOJHOEe YIJIoTHe-

HHC cBeero 6eToHa MoKer

ObITh JErKO AOCTHTHYTO TIPH

nogxoasuweMm cocrase Oerona. OaHOBPEMEHHO JOCTHraeTcs

B OyKBaJIBHOM  CMbiCie  Hjcadbllas  CBsI3b  OTAEJILHBIX

CJIOeB JPYr € JIPYroM, Tak Kaxk pBubparop aBTOMaTHUECKH

BXOAHT HAa HEKOTOpVIO IVIYyOHHY H B BHOpUpOBalllbll mepej

TeM cJioit Gerona. KakuMm mioTHbM MOXKeT ObiTh YILIOTHEHHBIH

TaKUM criocoboM OeroH, BHJAHO U3 pHC. 13, HA KOTOPOM UETKO

BHAHBI OcCTaBluuecs OF rpymid puOparopa orsepcTusi. ITH

OTBEPCTHS HECOMHEHHO HCYE3HYT C YKJIAJAKOH CJefyloulero
crost  Gerona.

3aponamu Bakepa Oblin paspabGoransl BHGpaToOphl, HMEH-
mue Qopmy OyTbuaH, npHuyeM 8 OSyTblin OblJl MOMEIIEH MOTOP
BecoM TOJIEKO B 20 xKe. Kopnyc aroro sBubparopa HMeeT Jiu-
amerp 105 mm u pmny 550 mm. Ha wmselinapckoit mioruue
Perepuxrcoonen (Ratherichtsboden) wucnoabsoBaancs amepu-
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KAHCKHE BHOPATOPBI, 00CJAYVIKHBACMBIC ABYMST palounMH, ¢ MO-
TOPOM, PACIOJMKEHHBIM HEIOCPEJACTBEHHO Bhille OyTbUIH 110 ee
ocH. Memjty MOTOPOM H OYTBIILK COOKY HMEIOTCH JiBe PYUKH.
Bec atux subparopon cocrasiser or 50 go 05 ke.

Bubpatopsl BBICOKOH YaCTOTHOCTH He TOJBKO OTKPLIIH BO3-
MOXKHOCTL NPHMEHSITL GeTOHB CO ¢/1ad0 NMAACTHUHOH H KecT-
KOW KOHCHCTCHLUMER ¢ BOJICIeMeHTHBIM oTHoulenuem 0,55, HO
OHHY JAI0T BO3MOXKHOCTE MpuMenenusi 6eroHa ¢ fojiee KPYNHbIM
3ATOJNIUTEIEM, UTO BRJeT K 3HAUUTEJBHOH 3KOHOMHH IleMeHTA.
[Tpu yngorHennu 6GeToHa BHICOKOYACTOTHBIMHM  BHOpPaTOpaMu
yMeHblIaioTest o0beMHBIE H3MeHeHHs1 Oerona, oOpasoBaHne
KAMWLISAPHLIX TOPp M Tpeuwi, 6eTon cranoBurcs OoJee Mpo-
UHBIM, BOJOHENPOHHILAEMBIM H MOPO30YCTOHUHBBIM,

Boaplne npedmyiiecrea 0eTOHA ¢ KPYNHBIM 3allO/HTeNeM
ObLJIM VCTAHOBJEHBl YIKe JaBHO M UIHPOKO OCBEIIeHBl HCCJe0-
panusimu [Tpaeruanrepa [13] u Keccesbraitma [13]. Oanako ue-
NBITAHHS Ha caMoM OObeKTe OBbLIM TPOoBefeHBl INaBHbBIM 00pa-
soMm B CIHA u na nmaorune Merop (Metur) B HMugnuu, roe 6nli
npuMelteir 0TOH ¢ KPyIHbIM 3anosaauresaem go 300 mau. B pano-
HelIeM CHOBA BEPHYAUCL K KpynHoctd sanoauureas or 100
no 120 mM, Tax Kax ONLIT IoKasaj, YTo Y CHJALHO IMJIACTHYHBIX
(mo JuThIX) cMmeceit OeroHa 1Mo OGOJNBLITAMH KaMmiuaMmu oOpaso-
BBIBAJUCH PA3MKUMKEHHbIE MEUIKH, KOTOPHE He0JarolpHsITHbLIM
oGpa3oM BJAHSIHM Ha MpounocTh. Biaaromaps padoram, KoTopbie
OblIM npoBegeHsl Buavanom [14] pH cTpOHTEJBCTBE OETOHHON
IoTHHLL DKep u KoitHoM [15] npu CTPOUTE/ILCTBE HEKOTOPLIX
dbpanuyackux OeTOHHLIX INIOTHH H, B 0COOeHHOCTH, apOuYHOH
niaotune e (L'Aigle), choBa BepHYJIHCL K TTpobdaeMe HCIob-
30BaHUsI OeTOHA ¢ KPYIIHBLIM 3allOJHHTENEM H YCTAHOBW/IH, UTO
MPH caadonaacTHIION U 2KECTKOH KOHCHCTCHIIUH «MEIIKOB» ViKe
OOJbIE HE TIOSIBASETCS.

B To xKe BpeMsi Texuwka caejana elle 1iar BliepeJ, Mo-
SIBUJICS THXKeABlE BuOpaTop «MamMMyT», Bec KOTOPOro JOXOJHT
Jno 8 7, a naowan, BuOpamuu g0 4 m2 (ma puc. 14 nokasan
TaKoi BUOPATOpP BOCOM B 3 7 M ¢ MJIOILAALIO BHOpaunn 2 m?).
dti eubGparops paGoraitr ¢ uactoroil 3000 xoneGannit B
1 mun. mpu mouwocru jgo 40 xer; subGpupylomasi KopoOka
MPOH3BOAUT POPU3OHTAJLHLIE KPYTrosble KodeOGaHHus M Iepepaer
HX HermocpeACTBeHHO KaMHSM, KOTOpPble B pesyJbTare 3TOro
B3aWMHO IIPUBOASIT APYT ApPyra B ABM2KEHHeE.

Muorounciensbie OTACHBLHLIE OHNBLITH, d TaKXe KPYIHBIC
HOIIbITAaHHA OOeCHeulJId LIHPOKOe pellueHHe BOIIPOCOB, CBA3AH-
HBIX ¢ 1es1eco0dpasnoCcThio TPHMEHeHHsT TAKUX 00JbLIHX BUOpa-
TOpoB.
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Puc. 14. Buépatop .Mammyr*
BecoM 3 m ¢ BHOPHPYIOLLEH 110-
BEpPXHOCTLIO 2 M®

Puc. 15. CrpykTypa GeTona, YJIOQKEIHOro npi
nosouin BrOparopa ,Mamuyr*
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Bubpatopsl «MavMyT» (daxTHuecKd BHITOANSIOT He Ge-
TOHHYIO KJaiKy, a ¢csoero poga oyrosylo. [Ipouece xiagku npo-
MCXOJIUT MPH 3TOM TNPUMEDPHO CJeJAVIOUIHM o0pa3zoM: BHauaJe
[IOMELLAIOT CJI0i pactBopa npumepHo 50 c¢a BriCoTOll, a Ha
HEero KJajayT <J0H KaMmued mpuMepHo 70 ¢M BBICOTOH, KOTOpPHIE
gaTeM C TIOMOILI0 Bubparopa Bjasaupaioorcs B pacrsop. s
5TOr0 TpedyeTcsd B 3aBUHCHMOCTH OT INIOTHOCTH pacTBOpa oT
5 0 8 muu. B To BpeMsi XaK KaMHU TIepeMeNIAloTest CBEPXY
BHH3, PACTBOD ABUraeTCsl CHM3Y BBepX. DB KOHEUHOM pe3viib-
TaTe TnoJgyvaercs cJjoil Gerona npumepno 85 ca  TOJMIUHEL
CTPYKTYpPaA KOTOPOro BHjaHa u3 puc. 15, 3artem 1o Takomy e
METOJIY VKJanbiBaercst BTOpol ¢JoH OeToHa M, HAKONell, ellle
TpeTHil CJ0H, Tak YTo BHICOTEI pabouydx OJ0KoB OeTOHHPOBA-
HHSL JIOCTHTAIOT NMpHMepro 2,5 A,

Muorouucaensble ONbLITHL  TI0KA3aJM, YTO Jaxe CcaMbii
&CYXOI» ILEMCHTHBIH PacTBOP ¢ BOJOUEMCHTHBIM OTHOIISHHEM
or 0,45 no 0,40 craqHoBYTCA COBEPHIEHHO TWIACTHYHLIM B pe-
syabTate Bubpauuu, subparopom «Mammyt» M uTO B TaKoil
IIeMEeHTHBIII pacTBOp nyteM BHOpAlUd MOryr OBITh BBeJeHBI
KaMHu auaverpom jao 60 ca, npuuem 3To He HAPYLIACT NOJI-
HOTO VIAOTHENHST cBexero oOctona. Hrax, Texiuxka MoHO-
JuTHOro GeToHa Nocje pa3nHTHs, MPoLoKaBIIerocsS B TeUeHne
MOCJAEHEro JMEeCcTHTHJCTHS, TO-BHANMOMY, NPHIILIA, HaKOHel, K
neqd. Mbl MOZKEM H3TOTOBJSTL BHODHPOBAHHLIM 0eTOH C KPYII-
HBIM sanoJauuTteneM, pedyiommit va 1 4% roabko 150 K2 nyu-
HOJAHOBOIO MNOPTAAHIINCMCHTA W NDH 9TOM  TO3BOJACT TIOJY-
yaTh rojauunyio npounocth or 400 mo 500 x2lem®. Taxoi
OeTOH Oyjer BOJOHEIPOHHIIAEMBIM, MOPO30YCTOHUHBLIM H HE
AACT TPelIHH; XPOMC TOro, Kak yKe VIOMHHANOCH BHINIE, B
pesysbTaTe AadbHenero nepexona K CyJabpaTHOMy LHeMeHTY
OH MOXKeT ObITh CIeJaH TaxyKe HeBOCMPHHMYHMBBIM K XHMH-
YeCKHM BO3JACHCTRHAM arpecCHBHOH BOJIBL.

Kax npaxrtuueckn npopoturtest paGora ¢ HOBLIME BHOpPATO-
paMM, OMHCBIBAETCSI HA TMPHMEpe COPOCKTHPOBAHHON aBTOPOM
nopTyraanckoil apounoil maotunel Moudopre (N. S. de Mon-
forte) swicoroit 110 x w maunoit 550 x. B mannom ciayuae
(pue. 16) peup mper o KPYRIOH IHAWHAPHYCCKOH apOUHOI TLIO-
THHe, uMmcioneii paanve 230 # u toauuHy rpedus 6 m. Ira
IVIOTHHA HMEeT B CBOCH BepXHeH uacTu BHA KVIIOJa, 4TO CHH-
KaeT HeHabexHble JUIsi BBICOKAX apOuHBLIX INIOTHH PacTAarHBalo-
Ine Hanpsxenud,. Cama apxka, UMeloll[ass MAKCHMaJbHVIO TOJ-
IHHY 8 M M TOJIUNY Y Juila JOJHHBL O M, NMPHJIEraeT BepTH-
KaJbHBIM CKBO3HBIM TPOJOJABHBIM IIBOM K KOHTPQOPCHBIM OI10-
PaM, samknyThIM B hopme siueek. B TO Bpemsi Kak IIBbl CaMOH
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apKH{ YILIOTHSIIOTCS, IUBLI, BbI3pailible sueiikaMM Koutpdopca,
OCTAIOTCH OTKPBITHIMH, B peawibtarte uyero o6beMHble H3MeHe-
s 6eTOHAa HE MOTYT Bhi3hiBATH 3/76Ch JIOTIOJHHUTE/bHBIX Ha-
ppsizKeHHH. Ecan BojoXpanuHile nycToe i apka Ha nporsixe-
HHH 1eJBIX HEeJeJb NOABEPraercs BO3J[CHCTBHIO CpejfHell TeM-
pepatypbt Bosjayxa 40° To B 9TOM C/ayuae NpH  HaJdHUHHU
MPOMOJBHOrO 11Ba OTPHUATEIbHBIH NPOrHO TMPOMCXOAMT Oec-
NPensATCTBeHHO, TAX UTO, HECMOTPS Ha MNOBHILIEHHE TeMIepa-
Typhl Oetona jio 30°, Temiepatypusle HalpPsiKeHHS TPOA0IRAIOT
octaBatbcs HHKe =10 xe/em®. MakcuMmaJibHBIE HaNpsiKeHHs
Ha H3rH0 NpH HaANOJHEHHOM BOJOXPAHHJHIIE JOCTHTAIOT C
YHETOM TEMIICPATYPHBIX Hallpsikenuit 63 ke/cu?.

CTPOHTeJBCTRO BOJONOANOPHON IJIOTHHEL JOJKHO NPOH3BO-
JIATHCST B TEJSIX Jy4lIero HCMNoJb30BAHHA MEXaHH3MOB JBYMH
CTA/IHSIMH: TIDH TepBOH cTajiiiH — B npejgesax ormerok ot 420
g0 489 amoxer OBITh HCNMOAB30BAaH 00BeM BOLOXPAHMJHILA B
60 000 000 m® u mpu BTOPOIT cTajguu — B MpejeSax OTMETOK
or 489 no 530 emMKOCTL BOJOXPAHWJIMILA JIOBOJIMTCH JIO
350 000 000 x*. B neproil cTragnn CTPOHTENLCTBO JAOMNKHO NPO-
BOJIHTBCS € TNOMOIIBIO JABYVX HETOJABHMKHBIX  BPaIAIOLIHXCH
GameHHbIX Kpaunos BbicoTOl 46 u, paauycom aeiicTsus crpe-
apl B 45 m. Hecyuias cnoco6GHocTs 3THX KpaHoB 8 T paccuu-
TaHa Ha nojanem Gaapu B 2 4% (puc. 17). PaGora kpanos co-
CTOHT B [Mojaye IHeMeHTHOTO pacTtsopa (BOJIOIEMEHTHOE
otHowenne 04) M KamHel (MakcumaidbHas BeJHYHHA B I10-
nepeunuke 0600 uxm), B ycTanoske onajgyOKH H B TPAHCIOPTH-
poBke 10 noBOpOTHBIX TOABHKHLIX KpaHOB Becom 8 T, C
MOMOLILIO KOTOPHIX nepemelnatoress BuGpartopel. OGa kpaua
MOTYT BBIOJIHSATL KJIaaky copmectio ¢ 10 Bubparopamu 00Jb-
IIHX pasmepos upumepuo or 1000 no 1500 u* Geroua B
Aenb. Puc. 17 waiiocTpupyer oanH M3 JABYX OalleHHBIX KPaHOB
C 5 TepeABHKHLIMH TIOBOPOTHEIMH KpaHaMW B Tnpoillecce pa-
6OTH. |

Hast venemoii paborsl BecbMa CYIIECTBEHHO, YyToOL BHO-
panusi MPOUIBOAHJIACE B TOUYHOH VBSI3KE C VKJIAAKOM KaMH4.
C 310if meapio co3masa cHcTeMa BePTHKAJBLHBIX HWJIH KPYTO
HaKVIOHHBIX  1aXT ¢ BHYTPEHHHM JjauamerpoM 15 # H3
KeNe300eTOHHBIX TIPEABAPHUTEILHO HANpsKeHHbIX TPyD, H3ro-
TOBJIEHHBIX 3apailce, JAIHHA KOTOPhIX 2,0 M mpHonocobjena X
BBICOTE pabounx cqoeB. Kaavili 6J0OK apkH JUIMHONW MEKAY
mwBaMH 15 x umeer B cepejipHe 2 WAXTH, TOJHHMAIOINIHECS
CHH3Y BEepX. IDTH HIAXThl HCNOJL3YIOTCS BHauaJle JUIA OXJa%kK-
ACHUsA OeTOHA, a NO3Ke CIYKAT Kak pabouHe I1IaxThl I8t
nemenTamun weos. B jganbHeiueM 9TH IIaXThl 0CTAIOTCS OT-
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KPEITBIMH, uTOOBl of0ecneuydTsb BO3MOMXKHOCTHL ocMorpa. Ho
tepes cilaued MJOTHHBI B IKCMJyaTtauuw sepxuue 20 m 1axT
33/[eJIBIBAIOTCA OeTOHOM H3 CTaTHUeCKHX coofpaskeHu#, a Tax-
Ke C YUeTOM TOro, uUTo <¢Bepxy OVACT NPOXOAHThL Npoesxas
jpopora. llaxter B xourpdopeax (puc. 17) BmioTh A0 cpeauen
IIaXThl, KOTOPASA MCNOJL3YeTCs JJIS 3aKPLITHS IIBOB, SIBAAIOTCSH
YHCTO MOHTAXKHBIMM M II0CJIe BBIIOJIHEHHUST TOCTABJEHHOH Tie-
pel HEMH BTOPOIl 3agauum (oxJaxjacHue ©Oerona) OHH 3anod-
HAIOTCSH OeToHOM.

Banarogaps maxram Oeronnasi BuOpHpoOBaHHAas Kiajxa cC
KPYITHEIM  KaMeHHBIM  3aNMoJnuTeseM MOKeT [IPOH3BOAHTLCS
TakUM obpaszoM, UTo 3TO He Oy/leT MelaTh OCTadbHOMY IpO-
feccy crpouresbersa. JIsg 3TOro HMCMOJL3YIOTCS HedoJbllIHe
BHIIBHKHBIC BpalalOUIHecsT KpaHbl € MAaKCHMaJbHBIM BECOM
8 ¢ (puc. 17), xoropele nepeasuralorcsi GameHHBLIMH KPaUaMH
OT oJHoro paboucro OJioKa K JAPYromy, HMesi Pajavycbl JeH-
CTBHSI, COOTBCTCTBYIOILHE VyalTKaM PadoThl, PacHoJIOKCHHBIM
B maxmatHoM nopsiaxe. Kax swano u3 puc. 18, Bpantaorngecs
KpPaHbl YCTAHABJIMBAIOTCH C TOMOULLIO Handg Ha oropax, pac-
TIOMOFKEHHBLIX HEMOCPSACTBEHIO Ha 3BEeHBAX TPYO M HNPHKDETI-
JEHHBIX KPYIIBIMU CTAJBHBIMH  CTEPIKHSIMH € BHHTOBOHM Ha-
Pe3KOW. DTH CTaJbHBIE CTEPKHH PACNOJOKeHbl BHE 3BEHLEB
TpyvO M 3amesuiBaloTcsi B 6eroi.  baaromapst Takomy  3axpen-
JICHHIO MOMEHTBI KpPVUEeHHs, BO3HWKAIOUIHC TIPU MepeMellcHHH
TSKEJIBIX BUOpaTODOB, TEePeaaloTcsl Ha yiKe sarnep/lesuninf 6e-
T&H TIPCABLIJIVIICTIO CJI0sT OeTOHHPOBAHHS, MPHYEM 3TO JAeJIaeTcs
C HauMeHBbllell 3aTparoit MaTepuaJsa, Tak Kak cTajJbHbIe CTePXK-
HH # MYDTBI MOT'YT BBIJIEPIKHBATH OUCHD BBHICOKHE HaNPAAKEHNsI.

Urobsl IepeIBHKHBIE BPAIIAIONHECS KPAHBL MOTJH pabo-
TaTh OJIMHAKOBO YeTKO NMPH BePTHKAJABHOM H HAKJIOHHOM M0JO-
JKeHHUH IAaXThl, OHH YCTAHABJIUBAIOTCS HA ONOPE B HAKIOHHOM
nonoxxennn. Hapanmpanue sseHbLER TPYO NMPOHCXOIAHT OT CJI0s
K CJI0I0 2 BPALLAIWMHCS OalICHHRIMHE KPAHAMU NOCPEACTBOM
CeIHATLHBIX KJellcli (puc. 19), voupaooumuxca B TJaJIKyIO
BHYTPEHHIOK CTCHKV TPVOLI, YTO MO3BOJSCT IKOHOMHYHO H3ro-
TOBJISAITL 3BEHbsT TPYO.

CrpontenseTBo BepXHell, COBCTBOHIIO apOYHOH wacTH TLIO-
THHBI, TIPOMSBOIUTCS HOBBIM METOJIOM, TloKazawHbM Ha pHc. 20.
[Tpn stoM cnocoGe ppamamompecs uwactH obHoux OHalleHnHbIX
KPAHOB YCTAHABMAUBAIOTCS Ha TMOJIBHKHBIX MOpTanTax U MOHTH-
pyiorcst na rpedue niaotunsl. [Ipoussons patory no GeToHHPO-
BAHMIO, MEPBHIT KpaH JOBOAHT COKUHONNBIE OJOKH OT OTMETKH
489 mo rpeGHS TLIOTHNBI, Aenas 3To uepes O6a0K. JlaHHA cTpe-
JIBI octiraet 45 M, MOATOMY KpaH MOKeT OJHOBPCMCHHO OeTro-
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Puc. 19, Kaeum gast rogaun tpyvo

Puc. 20, Apounasnaoruna Mondopre (ITopryraans). CTpouTenscTBo
BepXHEH vacTH ITJOTHHEL




gupoBath 2 Oiaoxa. ITocne okonuaHiss GETOHHPOBAHHS IEPBBIX
;{B}’K OJIOKOB OH [IepEKpPbIBAET IIPOJIET MUETIFK[]M H HCIIOML-
gyercs JIIsT TepeHoca CBOMX COOCTBEHHBIX TPaHCHOPTHBIX Ily-
peil. DTOT Mpolece MOBTOPSIETCS] CHOBA M CHOBA, TOKA He OYAYT
CMOHTHPOBAHLI 4 COCHUHHUTEABHBIX MOCTHKA (4TO SIBJsCTCS
MaKCHMAJBHLIM uucioM). OJHOBPEMEHHO MOHTUPYETCS H BTO-
POl KpaH, KOTOPEUI NPOH3BOAUT OeTOHHBIE PAalbOThI MO JIBYMS
mepBBIMM MOCTHKaMH 0T oTMerkH 489 xo orMerku 515. 3areM
OH BPEMEHHO OTCTyNaer, YToOLl AaTh TePBOMY KpaHy BO3MOMK-
HOCTh TIDOH3BECTH paboTy 1o GeTOHHPOBAHUIO 3THX NPOJIETOB
or ormetkH 515 o ormerku 530. s 970l ean oH, NPOABH-
rasich BO BpeMsi pa0OThl 3aJHMM XOAOM, AEMOHTHDPYET BHaqaJe
MepBLIH, a 3aTeM BTOPOH COeJHHHTeIbHbIE MOCTHKH M NepeKphi-
paer ¢ TOMOIILI0 MOCTHKA HOBble MPOJeTbl BIepeid ceOsl.
3ateM CHOBA HauWHaer JeilCTBOBATbE BTOPOH XpaH BHayaJe
KakK MOHTAXHBI XpaH AJs mnepeMelilleHuss myTeid no 3adero-
HUPOBAHHBIM TIEPBLIM ABYM INpoJjeTaM, a 3arteM aJjs GeTOHHDO-
BaHHA 10 oTMeTKH 515 mByx caeayoomux nposeros. Korja sce
4 MoCTHKA CHOBA BBeJCHBI B ACHCTBHE, a MEPBBIH KpaH IPOU3-
ges1 pabothl no OETOHHPOBAHUIO HA caMoM mnepeiHeM OJoKe
BIJIOTH JO IPebHsi, TO Npollecc CMEHH MOCTOB HAYHHAETCsl 3a-
HOBO M T. L.

[Ipu srom crocobe mepBblii Kpan Henoabsyercst na 100%,
a sropoil — na 50%. Kpome Toro, januniii metojl paGotsl oOec-
IEUUBACT BO3MOXKHOCTL VAajenus w3 OJOKOB Temia, BhLILe-
Asolerocst B npoiecce cxsarteiBanusi Gerona. Ilo cpasHenyio
CO CTOMMOCTBIO GETOHHPOBAHHS C MOMOIUILIO 3CTaKaj MW Ka-
OSJILHLIX KPaHOB 3/ICCh JOCTHraeTrcs 3HauHTe/IbHad IKOHOMHUSI.

ryTABA 9
BETOHHBLIE INJIOTHHDbI

Berounple IJIOTHHEL TIO CBOEH KOHCTPVKIMM JIISTCS Ha
rpaBuralmotiible (MacCURHbIE) MIOTHHBL, apOouHO-IpaBHTAIIHON-
Hble (MacCHBHBIE) ILJIOTHHBI, apouHble TJOTHHBI; apoyHble C
KOHTP(hOPCHON HHKHEl 4acTBI0 H KOHTP(MOPCHLIE TIOTHHEL

YeToiiyuBoCTh TPABHTAUMOHHBIX H APOYHO-IPABHTANMNONHBIX
(Maccusubx) OeTOHHBIX IWIOTHH OCHOBaHa Ha JeHCTBHH . CHJI
TAXKECTH; YCTOHUHBOCTD APOUHBIX INIOTHH H apOuHbIX € KOHTP-
dopcHoit yacTpi0 ©OcHOBaHA Ha paGoTe apkH M HNOANOPHOH
CTeHKH, a yCTOHUMUBOCTHD KOHTP(POPCHLIX OCHOBANA HA NPHHIH-
TIe MOANOPHOH CTEHKH.
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1. Fpasuranuonnple (MaccuBHble) GETOHHLIC JIOTHHDI

Tax Kak yCcTOHuUHBOCTH TPABHTAIIMOHHOH MAaCCHBHOH IL10-
THHBI 0a3HUPYETCsl HCKJIIOYMTEILHO HA €e Bece, TO TPacCHpPOBKa
¢e HeCBA3aHA HU ¢ KAKMMH CTATHYECKHMH yoaopusiMmu, B coor-
BETCTBHH C 3THM COBPCMCHHBIC TPABHTALMOHHBLIE TWIOTHHBI B
GOJILIIRHCTBE CJYyYaeB B IVIaHE [NPAMOJUNCHHL], TTOCKOJAbKY

Puc. 21. CrponTeascTBo naotnnn JKep

910 JlaeT Kpatyailylo JUIHHV MeXay Touyxkamu. B kauecrtBe
HanOoaee BHroAHOH (OPMBI TIONICPEUIOro CeMeHHsT B HaCToOfA-
Hiee ppeMs pceoOlee INPH3HAHHE HAIIGT NOPOPHAL TPEYrodb-
nuka (puc. 9) |[8], xoropniit B coucTanuy ¢ NPSIMOJHHEHHOI
TPACCHPOBKOH HNPHBOJHUT K IUIOCKHM HapYKHbIM INOBEPXHOCTSIM
(puc. 21). Urobn ob6ecneddTh BO3MOKHOCTL  H3IMEHCHHSA
ofbeMa B pé3yJbTare IK30TEPMHH H TeMIepaTypHbIX KoJela-
HHil, OGetomnas mnJornHa pasfusBaeTcss MBaMH NEPHEHIHKYJISP-
HO K OCH ee na psij npuamatmmueckux 6aoxon (pue. 21), nanna
KOTOPHX B COOTBETCTBHH C HMEIOUIHMCs ONbITOM, He J0JXK1ia
O6biTh Govice 1D A mpH BOJAOUEMEHTHOM OTHOIIEHHH TIOpSIAKA
0,60. B oyayumem B mIoTHHAX, MOCTPOCHHBIX C TTOMOLILIO MOLLL-
HbIX BHOPATOPOB, PAcCTOANHE MEIKAY IIBAMH MOXeT ObITb
yBeJIMucHO 10 20 M, ecau BOIOLEMEHTHOe OTHOIIEHHE He Bbl-
xoauT 3a npeaennst 0,45, Tlpu  ucnosssopaiuu  cydabdartioro
IleME@HTa B XauecTse BSIKYIIero MOXHO TPH OJHHAKOBBIX NPO-
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guX YCJAOBMAX YBEJIHUHTL PacCTOgHHe MEXAY lmBaMu o 25 .
1lIBbl HeJMCCOO0pPasHo ycrpausarth B (OpMe IJOCKHX TMOBEpX-
gocTel, T. €. 0e3 3y0uaroro CcuenJieHusl, Tak Kak nocJeipiee
MOXKET llepejlaBaTh IHAPOCTATHYECKOE JaBJIeHHE OT CCPCAHHBI B
CTOPOHY CKJIONOB, B Pe3yJabLTaTe Yero CHHMAaercs YCTOHUH-
BOCTb.

YerpolerBo JpeHaxa B TIOTHHAX O6GAM3KO K HATIOPHOM
rpaHH 0KasaJoCh H3JHIIHUM, €CJH He BPeJAHBIM, TaK Kax 370
3aTPyAHsET NPOH3BOACTEO padorT H BMECTe C TEM OKasbIBAaer
OTpHLIATEJILIOE fqﬂﬁcmue Ha Kayeerno o Gerona. Hamporun
TOI0, YPE3BLIUAHHO TOJE3HBIMH CJeIVeT CUHTATh YCTPOHCTBO
CMOTPOBBIX Tajiepel, TaK KakK OHM TIPH HenpeABHACHHBIX ©0-
CTOATEIBLCTBAX, HaANpHUMeD TpPH 3eMJeTpPsICelHH, JeJaloT BO3-
MOXKHBIM THIATENLHOE o0c/eloBaHue IJA0THHBL. B coorBetcT-
BHH C 3THM B COBPEMelllbIX IpaBHTAIMOHHBIX TLJIOTHHAX YHCJIO
CMOTPOBRIX TaJdepeH 3aYUTeNLI0 YReJTHYello.

Baarojapsa TiHATeJALHBEIM  HAOJIOJIEHHAM M H3MepeHHAM,
KOTOPble BO MHOIHX MecTax ObWIM NPOBCIEHLI HA I'PaBHTALMOH-
HBIX TLIOTHHAX, B IacTosIee BpeMs y Hac aMmeercs Oodee acuoe
npejicTapjJeHne 0 cOOCTBEHHBIX H JOOABOUHBLIX HaMPSMKEHUAX
B DpPAaBUTALMOHHBIX IJIOTHHAX M 00 oDpasoBaHUH B pesy/ibrare
TOrO TPellHH. 3HAYHTEALHBIH BKJIAJ B TH HCCAEHOBANHS Cjle-
aana lllpeiinapckag KoMuccas BOAOXPAHWIMLIHBIX MIOTHH [2],
onyOauKkosas coOpauxble 3a 206 Jjer jgannsle HaOAOJeHMIT H
H3Mepelri, NPoH3BeJenlblx Ha IIBeHIlapckux miaotHHax. Taxk,
HanmpuMep, TwareJablibie Had ioaeHus Haji 6eTOoHHOH TJIOTHHOI
«Un nen lllnarens (In den Schlagen) rommunof 24 a BhI-
SBUJIA SCHO BBIPAXKEHHAYIO NPAMVIO TPEUHY B 23 MM UIHPH-
HOH (puc. 22). HaGmoaaresan mpeanoaaraior, 4To npoaoanbHasd
TPeIlMHa paciipocTpaHuJgach J0 CKajbl OCHOBAHWS B HanpasJe-
HUH, yKazaHuoM NYHKTHPOM. Ellle oaHa BO3MOXKHOCTL YAJHHE-
HHSI TPEIIHHBI CVILECTBYET B HaNPapJeHHH BBCPX A0 CMOTPO-
BOH raJjieped. Kak BHIHO M3 pacnojoKexust 6J0Ka OeTOHHPO-
BaHust (puc. 22), Tpeuwuna TNOSIBHJIACH He B pesyJbrarte
gybuaTtoro coejgHHenMs OJIOKOB, 4 1O NPHYHHE TPHMCHEHHS
IJIacTuunHoro OeroHa. YJIOMeHHBIH NJacTHUYHbIH OeToH HA
MOPTIAHANCMEHTE pas3pbLiBacTcs B MACCHBHBIX  TPABHTALIHOH-
HBIX MJIOTHHAX TAK)Ke H B [IONEPEYHOM HampaBlIeHHH, e
TOJMmuHA TioTHHBL npesbiiraer 20 s Taxoe T0J10KeHHE MOTJIO
OBl BHAUHTEILHO YJVUILHTLCS TIPH  YKTafKe ¢ MOMOILBIO
BHOpatopa «MavmyT» OeTOHa € BOJOLEMCHTHBIM OTHOIIEHMEeM
0,45 u npy HCMOTBL30BAHHH B KAUeCTBE BSIKYIIETO BelllecTBa
Cyabharioro mnemenra.

HEMoCpeACTBeHHOI OJIH30CTH K OCHOBANHIO COCTOSIHHE Ha-

45



28 m

e
'_PT_E‘_J..

P
P

Puc, 22, I'pasurauponnan nnoruHa Mo xen Ulaaren* (Llpeii-
napun), Habaogaemas npojoabHan TpeliHHa

1—Mepredb; 2--necHannk

.

Prc. 23. HMceaenosanne sHaups-  Puc. 24, Tpaektopui riaBHLIX HOPMadihb-
wenna mrornunl ,Mn gen llana- netx Hanpsikenuit (Mo M3oKaMHAaM, Hai- |
ren® ONnTHYECKHM MeTOI0M JEHUBLIM OTITHUECKHM MEeTO/I0M)
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[pSKEHHST B MACCHBHOI rPABHTAIHONHON MJOTHHE 3HAUHTENBHO
OTJIHYACTCSI OT TNPSIMOJMHEHHOrO paclpeiesieHdust HalpsiKeHHd,
KaK 3TO TEOpPeTHUeCKH I0KasaJ aBTop eUle MHOTO JIeT TOMY
paszajg [8]. dto noaoxkenue HaULIO YOEAHTEJSbHOE NOATBEPNKILE-
HHE TPH ONTHUECKOM HCCJACHOBANHHN HAIPSKEHHs, KoTopoe ObLIO
fPOBEACHO Ha yIomsiHyTo# Bbillle miaotune «Mu men Lllaaren»
(puc. 23 u 24) [2], Ha KoTOpoit MOAYJIb YIPYrocTH 6eroHa B 2,2
pa3a 6oJiblie, ueM MOAYJb YIPYIOCTH CKaJibl, UTO ObLIO yuTe-
HO B Mojedu. [logcuersl mo n3oxpoMaM M U30KJMHAM NTOKasa-
JH, UTO Ha HAJIOPHOH TPaHM pacTAruBalolllye HATPSXKEHHST OT
THAPOCTATHUECKOTO JaBjenusa Oojee uem B 3 pas3a NPEBHIUAIOT
HANPSAKEHHS, BBICUMTAHHBIE MO NPABUIY TpaNelHu.

B coorBeTcTBUH C TIpuMelsieMbiM B ['epmMaHuu MeToj0M pac-
yeTa OTHOIIEeNHe IIHPHHBI OCHOBAHHSI K BBICOTE INIOTHHEI
TPEYroJLHOTO NPogHIs HJIH TAHTEHC OCTPOro yrJia IpH BEpPTH-

J

KaJbHOH HamopHoil rpanu ¥ onpexpensercs no gopmy.ie

b e 1
fi‘. g : ‘;

(1)

_h'—"lf!
1
roe - oObeMHBIH Bec BOBI;

Tp— O0beMublil Bec Gerona;

a— Koa(duupent mexay 0 n 1, yuuTbiBawuuil gasde.
HHE BOIbLI HA IOJOLIBY MJIOTHHBI, KOTOPHIH TPUHHUMAETCS OOBIU-
HO paBHbIM 0,5. '

[Tpu pacuere no dopmyde (1), ucxoass w3 JiuHEiHOro pac-
MpenesyeHust HanpsKenuil, B MACCUBHOH rPaBUTALHOHHON ILJIOTH-
He HHTIe He NOABIAIOTCA pacTATHBaloliHe Hanpsxenus. I'yas-
Hble HOPMaJbHble HaNpsKeHHsl, TPACKTOPDHH KOTODPLIX MOKa3a-
HBl Ha pHC. 24, TaKkKe fABJIAIOTCS BCIOAY CKUMAIOUMMHU HaNps-
KCHUSIMH BIMIOTH /IO HAIOPHOH TpaHu TJOTHHBI, IJAE OHH IpH
JAONYLleHHBIX 3HAUeHHSX IPOTHBOLABJAEHHST Ha MOAOUIBY CTa-
HOBATCH papHLIMH HyJ0. IUlaBHoe cxuMaloilee HanpsKeHne
Yy IDOOIIBLI IIOTHHLI €O CTOPOHBI HHXKHero Obeda OVaer:

Tmax =Tbh

B npuMenenns k MacCHBHOH rpaBHTAIMOHHON MJIOTHHE Bhi-
CoTOH h = 200 M, ¢ OOBeMHBIM BecoM T, = 2,5 7/M3 nosyuaer-
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et mpu 7 =1,0 7/m® n xoa(puimelite NPOTHBO/IABIEHHUST BOAbI
Ha nomomBy o =0,5

= T50.m/#2= 75 wzfci.

B cooTBeTCTBHH C 3THM B OU€Hb BBICOKHX IPaBHTallHMOHHBIX
NJAOTHHAX, KOTOpble, HATpUMep, ObLIIM MOCTPOCHBI B 3anajHbIX
iratax CLIA, MosABJASIIOTCSI 110 pacueTy sHauMTe bHble Hanps-
euus. Ecaim ele yuecTh BJHSIHHE OCHOBAHHSI, TO HANpPSIXKEHHs,
nojdydeHHble pacuetoM, yBejauuartcst emle B cpeanem Ha 30%, B
pesyabTaTe uero B BEIOpAHHOM HaMi IIpuMepe Mbl HPHXOJUM K
MAKCHMAaJBHOMY CKuMaloleMy panpsizkenuio 8 100 Kefem?, Ko-

TOpO€ IPEAbABJSAET SHAUNTC/AbHDBIC T.[)EE'SDBHHHH K KayeCTBY He-
TOHAa.

2. ApoyHO-rpaBHTAIIHOHHbIE OETOHHbIE NJIOTHHDI

['paBHTalioHHble MacCHBHBIE IIJIOTHHBI ¢ TOJIUMHOH CTEH
nopsgaxa ot 140 go 200 u, Kak aMepHKaHCKHe TIOTHHBL ['pau-
Kvau (Grand Coulee), Ila-
cra (Shasta) wu Iysep
(Hoover) (puc. 25), nmelor
TAK MHOILO HEONPeAe/CH-
HOCTCH B OTHOLICHHH OXKH-
JAACMBIX, HO YCOKOJbL3AIOHHX
OT  HAOMIOACHHSA IIPOAOJDb-
HBIX TPEUIMH, YTO CTaHo-
BUTCS COBCPIICHHO TIOHAT-
HbIM, TIoueMy B AMepuke
CHOBA HAUHHAIOT VAEJSATh
pce 00JLIIC B OOJILILIC BHH-
MALUS  U3YUSHHIO HajJlexX-
IHOCTH  apPOYHO-TPaBHTAILU-
OHIBIX MJI0THH [3].

[lmornna Xaurpu Xopc

0 100 20044 (Hungry Horse), nocrpo-
Puc. 25. AMEPHKAHCKHE I'PABHTAUHOH- m”?H COBCEM {IE,II;ELIHIID "
HBIE TLIOTHHL HMmeloldst BOJAOXPaAHHIHILILE

eMKOCTbIO 4,8 Mapa. m*, si-
JIsIeTCs apouloO-rpaBuTa-
[HOHHOH noTHHOH (puc. 20). Ecam O6bl GetonHas 1JoTHHA
Xaurpu Xopce (Hungry IHorse) 0Obuia cKoHeTpyHpoBaHa, Kak
IPaBUTAIHOHHAS INIOTHHA 110 PUC. 2D, TO ona Obli1a Obl TpeTbeil
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10 BeJHUHHE MIOTHHOM B MHpe ¢ o6bemom Gerona 3,5 maH. M3,
TOrjla Kak, coryiacio NpOeKkTy, OHa jgaer KoHOMHIO OeToHa B
pasmepe I man. »* u, Kpome TOro, 3HAUHTEJLHO TTOBLIIAETCS
YCTOHYHBOCTL TIIOTHHBI.

[lepekpuiTie moaunsl, umelouieil mupnny 520 A, ¢ nomo-
HIbI0 2POYHO-IPABHTAIHOHHOH TVIOTHHBL pajuycom 370 M B BHI-
cotoil 150 M ABJSeTCS] HECOMHEHHO CMEJBIM MEPONPHSITHEM, KO-
TOpO€ OblIO OBl 0e3YCJOBHO HEMBICJAUMBIM, €CJIH ObLI 1e GOoJb-

| WSS © SN, ST | SN N J
] MWI&EE&EF&.{?JMH\

Ve

*1079

— %

Puc, 26. Apouno-rpasutaumonnasn nioruua Naurpu Xope

I—unammapnueckni 2aTBOp anamerpom 20 a; 2 -urtoasua aag cbpoca napoaka; 3—no-
MOAHKHTEABHLIA BOAOCOPOC cayHae KATACTPOOHUCCKOrD nanoika, 4 —BOTONPHEMHHK a4
I'3C; 5—crpoureabnnit Tonneas; 6—waxruni porochpoc na 1530 m¥cex; 7—axanme 3C

He ycrnexu, AOCTHIHYTHIe 3a nociaeaude 10 Jger B 00J1aCTH TEX-
HHKH IIPpHIOTOBJIEHHS]T H VKJaJdKH OeToHa. KEH{ Yae ObLIO pac-
CMOTPEHO BbIllIe, TeMepb H JJii OUeHb OOJBIUIHX COOPYXKEHHH
HayuUHJIHCh MOJyuaTh BBICOKYIO NpPOuHOCTH GeTOHa C MEHBIIMM
pacxonom nemeHTa. DTOro JAOCTHINVIN Oaaroaapsa ycrnexam B Tex-
HHKe BHODHpOBAHHS, KOIJla CTAl0 BOBMOXHBIM YKJI4JIbIBaTh
0ETOH sHauuTenbHO Goslee JKECTKHM, MeM 5T0 HMEJO MECTo
Palblie. Kpome Ttoro, npHMeHenHe BaKyyMHOH onagyOKH No3-
BOJMIHJIO yKJaabiBaTh Ha BHEUIHHX MOBEPXHOCTAX TaKOH IMJODHLIM
GETOH, yro Ha ero cTONKOCTD He MOTYT OKAa34aTh BJAMSITHHC KJIH-
MaTH4yecxue ycJIOBHUA.
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ApouHo-rpaBHTAHOHHAA MVIOTHHA OTJIHYAeTCA OT OOLIMHOIL
rpaBUTALHOHHON NJIOTHHBI, ¢ OJIHOH CTOPOHBI, H3OTHYTOH OCHIO
B MJ1aHe H, ¢ JAPYTOH CTOPOIIbl, TCM, YTO WBLI MexAy OJ0KaMu
YIVIOTHAIOTCS HarHeTaHHeM [eMEeHTHOro pacrpopa moc/e moJ-
HOTO paccesidsl TemJIOTHI CXBaTbiBaHHs OeToHa (uTo 4ACTO
ObIBa€T BO3MOXKHO TOJILKO OJarojaps HCKyCCTBEHHOMY OXJIaXK-
JICHHIO) H NpPH BO3MOXKHO OoJjlee HH3KOH TeMmIiepaType BO3-
Ayxa. B pesyabrate 9TOro yCTOHYHBOCTL I[IOTHHBI OCHOBHI-
BaeTcsl HE TOJbLKO HAa JEHCTBMH €ec Becd, HO B JOIIOJIHEHHE K
3TOMY U Ha padoTe apxu, Xotopas, eCTeCTBEeHHO, IJaBlbIM 00-
pasom Oyjaer cKasmBarbCss B Oojdee TOHKHX, BepPXHHX YAaCTHX
IJIOTHHBI.

[Ipu onpeneseHnd pasMepoB CEUeHHS TMIOTHHBI MOMHO HC-
XOJAHTb U3 TIPEAIIONOXKEHHS, YTO JieiiCTBHe NPOTHBOAABJIECHHS BO-
Jbl Ha NOAQIUBY, VMEHbllalolliee yCTOHUMBOCTL MJOTHHEL, MO-
KeT OBlTh M0 KpaifHeH Mepe YPABHOBEIIECHO AEHCTBUEM AapKH,
MOBLILAIOUHM YCTOHUMBOCTbL. B COOTBEeTCTBHH € 3THM COOT-
HOILLIeHHE MEeXJ1y IIHPOTOH OCHOBAHHA H BBICOTOH IMJIOTHHBI
TPEYroJabHOro npoduist, HJaH TalreHe OCTPOro yija IpH BepPTH-
KaJbHOH HaAMoOpHOH TrpaHd, MoyKerT ObITh MOJYYEHO, €CAH B
ypasHenHe (1) nocraButb @ = 0, T. e.

b 1
— —1 ’?. — .
PR I/Ta )

raie y — o0beMHBIH BeCc BOABI;
7. — Oo0bemublit Bec OGerona.

Jnsi MaxcHMaJbHBIX TJaBHBIX HanpskeHWil B TNOAOILBE
MJOTHHLL CO CTOPOHLI HMKHero Obea npu o =0 uz Gopmy-

Jbl (2) BBITEKaeT, UTO

b
14—
1

e -

{2

-

1

B npumepe apouno-rpasutanmontofi miornust Xanrpu Xope,
rae A= 150 M, 1, = 2,5 /43, n 1 = 1,0 7/, nonyuaem

Tmax = Tb h

oy = 2,5-150 . F2: — 595 m/u? = 52,5 xz/cu?.

Eciin yuects Bausinue ocHosBanusi mno-npexuemy B 30%, To B
mioruHe Xaurpd Xope Mbl  TPHXOAHM K MaKCHMaJIbHOMY
CHKHMAWIIEMY HANpAXKEHHIO, OKpyrJcHuo pasuomy 70 xefem®.
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3. ApouHbie NIOTHHDI

C Tex mop Kax OrpoMHOe 3HAUCHHE TIWIOTHH C GOJbLIHMI
BOMOXPaHHINIIAMHI CTaJO OOLIENPH3HAHHBIM JLJIST THIPO3liep-
FeTHUECKOTO CTPOHTENIbCTBA, 0ObeM paboT Ha INIOTHHE H CPOKH
CTPOUTEJILCTBA CTAJH pellalolUMH  (QakTopaMu st 3KOHO-
MHUHOCTH KDVIIHBIX THApo3aJgeKkTpocTadliuid. Iloag mapiaenuem
THX OOCTOSITENBCTE COBEpPLIMJIAChL BHAualJde MaJjo 3aMerHas,
a B HACTOslllee BpeMs YIKE JOBOJBLHO UETKAasd MOJHAS Iepeme-
fa YCTAHOBKH B CTPOHTEJBLCTBE BOJOXPAHHJAHIIHBIX IJIOTHH, &
HMEHHO: llepeXxoji OT HU3/I00JeHHBIX B CBOE BpPEMsT DpaBHTali-
OHHBIX HJIH apOUHO-TPABHTAMMOHNBIX TLIOTHH K SHAYHTENbLHO
posiee 3KOHOMHUHBIM ¥ BoOOlle 6oJsiee YCTOHUHBBIM apOUYHBIM
MIOTHHAM; 10 KpaHHeil Mepe, 3TO OTHOCHUTCSI K CTPOHTEIBLCTBY
mrotHH B Eppome. Kax HenpepbIBHO MPOrpeccHpyer pasBUTHe
B JAHHOM HanpapJeHHH, B OCODEHHOCTH, KaK pacTeT WIMPHHA
JIOJMHHBL (HAa ypoBHe rpelHsi), HepexpbiBaAeMoil apoynoil I1J10-
THHOH, TOKasbiBaer cjeayloliee CONOCTABJICHHE, TIPUBEICHHOE
NMOCJIEIOBATENBLHO 10 BPEMEHH.

npuna Brmcora
A0JAHHIA PTAN 0T RN L
B M B M
[Tnotnna Poce (CHIA)
(COOPYHEHA) . o o o = 20 0 276 164
[lnotuna Poccan (Llsefinapusn)
(COODPYMERA) & - c-v » % o o 285 81
[Inotuna JlumGepr (Ascrpus)
(coopvicena) 302 120

[Inotuna Cuabsenmreitn (Cepymanns)

(CTIpOEKTHPOBAHA) . + + . . . 370 187
[Tnotuna Mondopre (Mopryranus)
(noxroToBafeTCd K CTPOHTENh-

CERYY. & & 3 v o E W L 450 110

Her nukakoro comuenust B toMm, uto eme 20 Jer Haszal
WHpHHA noaunet 450 A (cunTast no orMerke rpelusi) cyuTa-
JaCh COBepIIeHNO HenpuemJ/JeMoid. B Hacrosiee Bpemst HIMPH-
Ha NOJIHHBI mpeacTap/sier co6oit JAHIIbL QYHKIHMIO AONYCTHMOTO
HallpsKeHHs1 OeTona. Ecan aas1 mocaejHero AOMyCKaloTcst Ha-
NpsizxeHust no 80 Ke/cm®, KAK 3TO UMEJO MECTO B OCTOHHON TLIO-
THHE Pocc, To ponnna wupunoi 450 (y rpedbusi) MoMXKeT OBITh
YCIEMHO nepekpbiTa apouiof MJIOTHHOH, ecJH COemHNeHHe C
OCHOBaHHMeM OCYLIeCTBJASETCS Ha/UIeXkKalldM o6pasoM u ec/u
Hpoglmm CTEHBl MPHIAETCSI COOTBETCTBYIONIAA (hopMa CBojA.

POYHBIE ITOTHHBI CTAHOBATCS TeM OoJiee IKOHOMHUHBIMH,
18M TOHbIe MOryT GbIThb MOJyUeHbl HX CTeHKH. IIpakTuka Ha-
CTOSIIEro BpemeHH KJACTb B OCHOBY pacuera JAONYCTHMBIE
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Hanpsokenus B Oerone Ha cxkarie ot 40 mo 50 xe/ewm? ue
YYHTBIBACT KPYIHBIX JOCTYMKCHHUIT B TCXHUKE NPUIOTOBJCHHS H
yvKaaakn OeroHa. Eosi B ocHOBY Dacyera TOJOXKHTL AONYCTH-
mble Hanpsikenuss or 80 mo 100 x2/cm®, To B pesysbTate MOXK-
HO MNOJYUHTL TakHe TOHKHE Tonepeunsle ceueHusi apoyHoM
MJIOTHHBI, UTO MOXeT ObIThb 6e3 Tpy/la pemieHa d  npodJema
TeMIepaTypHbIX nanpsxKenuii. Baarogapsa stomy yaaercsa H3-
OeXKaTh TAKXKE H eCTCCTBEHHONO CHHIKCHHS NPOYHOCTH COOPY-
XKeHHs B peayabrate o0pasopaHusi TPELUMH M OTPBIBA OT CKa-
Jbl OCHOBAHHUS, UYTO BCeIr/la #ABJSETCS CAeJCTBHEeM  CJAHIUKOM
TOJACTBIX TOMEpPEeyHBIX CeYEeHHH CTeH H  4uTO0  OO0yCJOBJHBAeT
NOHMKEeHHEe JIoTyCKaeMbIX HanpszkeHdui. Kaxas nogpsa ot
MakcumaapHoro nanpsikennss B 40 kelem®, mosyvyaeMoro B
pesyJbTaTe CTATHUECKOro pacuera, eCadH MNO03Ke BCJeACTBHE
obpasoBanus TpemuH nosisasiotes He 40, a 80 xe/cm®? Passe
He OyaeT paunuoHaabiee 3apaHee NPHHHMATh B pacyer TakHe
(hakTHl ¥ KJacTh B ocHOBY 0OoJiee BbICOKOE JIONYCTHMOe Hanps-
Kenne? Duaarojaapsa 3ToMy He TOJMBKO JOCTHraercst 3KOHOMHSA
B KyOatype OGeroHa M B CPOKaX CTPOHTEJLCTBA, HO B TO XKe
BpeMs TIPEANIOCHJIKM TEOPHI YNPYrocTH MPHBOASTCA B TaKoe
COOTBETCTBHE C AefCTBHTEILHOCTBIO, UTO BLICHHTAHHBIE Hanps-
JKeHHs (DAKTHUECKH COOTBeTCTBYIOT HaNpsixKeHHsaM, mnosnJis-
IOIIUMCST B COOPYXEHHH.

bpaunusa, KoTopasi CBOMMH yenexaMu B 006J1aCTH CTPOM-
TeJILCTBA MOCTOB H3 IKesesoberoHa obszana B O0OJbIIOH CTe-
NCHH VCTAHOBJEHHIO OOJILIIHX JONYCTHMBIX  HanpsiKeHHi,
Hauana ToN pykosojicrBoM HuHK. KofiHe mupokHe padoThl
TaKkie B O0JACTH CTPOHTEJNLCTBA BOJAOXPAHHJIHIIHBIX TLTOTHH.
Toasko ¢ 1945 r. B 370ii cTpane ObliH BO3ABHIHYTHI HJIH TPH-
CTYIJIEHO K CTPOHTEeJbLCTBY 15 KPYNHBIX apoynbiX IUIOTHH,
TOIKHE TIONepeyHble CeUEHHS KOTOPLIX (PACITONOMKEeHHBIE [0
BHICOTE IJIOTHH) HATocTpupyiores Ha puc. 27 [17]. Ocobhiit uH-
Tepec B 3TOM COTOCTABJIEHHH 3aCAVKHBAeT MI0THHA THHL BBICO-
Toif 180 m w Tonmunoit 45 x. Ecau Obl 3Ta MJoTHHa OblIa
BO3BEJeHAa TPARHTAIMONHON MAacCHBHOH,TO OHAa HMeJa Obl  TOJI-
HIHHY no Kpaitnein mepe 145 a. Takum obpa3oMm, B pe3yJibTare
yMeHbleHus Ky6atypel OGetona ¢ 2,0 man. »* po 0,7 man. s
B CTPOHTEJLCTRE Oblja JIOCTHTHYTA SKOHOMHS B CpeJlHEM B
100 mun. nemeuxkux Mmapox. Ilnortuna Tune (Tignes), npeacras-
Jaiomas coboil KPYIVIOMHJARHAPHYECKYIO apouHyl0 TUIOTHHY C
paguycom B 150 M, Morima Obl BbAEpPXKAaTb MaKCHMaJIbHOE Ha-
npsiKense npusMepuo B 70 xefem?,

[ToyauTenbublit npuMep 3KOHOMMUYHOCTH TOHKHX apOUHBIX
OeTOHHBIX MJOTHH Jaer cpaBHeHHe oObeMa TMJIOTHH C TOJie3-
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HBIM 00beMOM RojloxpaHuanuia. Tax, y OETOHHHIX IJIOTHH
Hycrp (Doustre) u Kacruavon (Castillon) na kaxapiii k2 Ge-
toHa npuxoasatcs 1000 ke mosesHoit BOABI B BOJOXPAHWIHIIE.
i HHDPHL ABAAIOTCS YOeMUTEbHBIM JOKA3aTEJbCTBOM KOHO-
MHUUHOCTH apPOYHBIX INIOTHH, TeM ©OoJee IMoToMy, uTO B 0OOHX
cjaydasiX peub HAET O KPYIVIOUMJIMHJPHUCCKHX apPOuHBIX TIOTH-
HAaX ¢ BEPTHKAJLHOH HAaNOPHOI IpaHbio, MOCTPOIHKA KOTOPHIX 13-

Hacmyunpor

Uacman

Kyecw

— —+ Cenbbe

r~— U5

Puc. 27. Ilonepeunnie paspeswt apodHuiX MJAOTHH, NOCTPOCHHBIX
B HOCACIHNEC TOAB HJIAH CTPOMUIHXCA BO PpaHuuu

Jgercst He Oosee TPYAHOM, YeM [OCTPOIKA TIpaBHTALMOHHBIX
MAaCCHUBHBLIX TIJIOTHH.

EnuucTBenubiM B cBOCM DONE COOPYIKEHHEM ¢ TOUKH 3pe-
HHSL SKOHOMHUHOCTH siBasiercs apounas nioriia Poce (Ross) y
aMepuKanckoro ropojga Cuera (puc. 28) [16]. Ha stoit notuie
Ha 0,5 man. #® Gerona mpuxomures 1,72 mapa. #® ofbema
BOAOXpaHusuuia, T. e. Ha 1 ke OeroHa mpuxomurcs 3400 xe
HIOVIE3HOY BOABI BOJOXPAHHIHILA. DTA IMOTHHA «¢ TIOCTOSHHBIM
HCHTDAJIBHBIM YIJOM apoK», CTPOHTENBCTBO KOTOPOH Hayajoch
ClEe B 1919 r., Gbi1a mos:ke HAjACTPOEHA ABA Pasa, NpPHUEM ee
BRICOTA OblLIa JlOBejleHAa B KOHGUHOM uTore g0 164 s B 6ap-
XKalilllee BpeMst oHa GyaeT HAJCTPOCHA elle TPETHH pa3 u ee
BhiCOTa Gyper momeftena o 205 . Baaromaps stomy ee 3Ko-
HOMHYHOCTL yBesuyuTCsl elle Godbine. Ha Kybartypy Oetona
1,0 Man. M3 Gyser npuxoauThesi B 5TOM Ciydae 0OBEM BOJIO-
XPanujanma 4,2 mapa. a3, uam na 1 k2 Geroma GynyT npH-
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xonuTeest 4 200 K2 moJesHoit BOABI BOJOXPAHMJIHINA. TakuM
o6pasoM, apounble TJIOTHHBl OTKPBIBAIOT Ype3BLIYAiHO IIHPO-
KHe BO3MOXHOCTH JUISI PAIlHOHAJLHOTO HCNOJBLI0BAHHS BOIHOMH
SUEePrHH.

[lpn Tperneil HajcTpoiike creHa IWIOTHHBI Pocc mOJKHA
ObITH OJHOBPEMEHHO YTOJIIEHA [0 THMY apoulio-rpaBUTALMON-

205m

S8m

Puc., 28. IMaomnua Poce

[~ PasMenenie oXAamAA0WHEE TpyH; 2 — 0TnOTHON CTPOHTEABNBLIA TON-

Heab; J—norochpoc; 4 3yiNaToe CHCNASHHE INBOB, J—NMPOL0ABHKHA

Wos; 6—prihacnda MOBCPXHOCTL CO CTOPOHK HHAHErD Gbeda; 7—uetr-
BEPTAA DAACTPOHEKD

Hou nJoTHHBL Celldac npuILIN K VOEKJACHUIO, UTO YBeJHUCHHE
TOJILIHHBI, 0D03HAUCHHOE HA pHC. 28 TIYHKTHpOM, Ovier mo-
CTATOUHBIM. B0O3MOKIIO, B AAALHCIHIIIEM OK4MKeTCH, 4TO BOOOILe
MOZKHO O0OHTHCHL 03 YTOJHILEHNS.

Ilocse yroduiendsi ¥ HaACTPOiKKH H0 BHICOTH 205 M mio-
TiHa Poce motepser cpoil neppoHauadbHbll Xapaxtep ILIO-
THHBl «C IDOCTOSIHHBIM LEHTpPaJibHBIM  yryioM» H OyaeT npef-
CTaB/siTb  CODOH  KDPVIVIOUWJIHHIPHYCCKYI0O HJIH  KPYIVIYIO
KOHYCOOOPasHYI0 INIOTHHY ¢ TPACUOHAAJLHBIM  TIONEPEHHbBIM
ceyenneM, Takas hopMa NIoTHHE OTIHuaeTcss GOJBIIOH NMPOC-

o4



TOTOH COOPYKEHHSt M pacueTOB H NMO3TOMY B Hacrosillee Bpe-
M5t ell oriaacres mpeanoutredue. OJHAKO OTHOUIGHHE MEMKLY
JJIHHON TpeOHSt W BBICOTON TJIOTHH He JOJXKHO ObITh CJAHIIKOM
GONMBIINM, TAK KaK B 3POM cJyuae BJAHSHHE apOYHOCTH CHIALHO
YMEHBIIHTCS B Hanpas/JdeHud XK JAHY JoJuHbl. B cooTBercTBHH
C 3THM OTKPHIBAETCH BO3MOMKHOCTB TIPHMCHEHHSI BBICOKHX IJIO-
THH Takoro tHna. JlanbieidlIuMH NMPUMEpPaMd MOTYT CJAYXHTD
yHOMAHYTas ViKe njaorhHa THHbL BBHICOTOI

579
180 4 (pumc. 27) M TOJABLKO YTO MOCTPOEH- e
Hasi MOpTyrajbckas apousasi IJ0THHA
Kacteno ano DBoa3, uMewoniass BbICOTY
110 m npu pamuyce 150 u (puc. 1 n 2).

[Tpu yBeaHYelHH OTHOIICHHS IHHPHHDI
JIOJTHHBI K BBICOTE TJIOTHHBI 4aCTO OKa3sbl-
BAGTCH BBINOJAHBIM VBEJHUHTH KPHUBH3HY
apoKk B HanpasJeHHu cBepxy Buus. Ilpn-
MEpOM dpPOYHOH NJIOTHHBI ¢ HE3ITAYHTE b-
HOM TNepeMeHHOoit KPHBH3HOH MOXKeT Cay-
JKHTh OueHb yaauHasds OCTOHHAsl MJOTHIHA
Poccan (Rossens) # Illseitiapun [18]
(puc. 29)*. Eme 60ablIyio TIePEeMEHHYIO
KPHBH3HY }IMeeT Takxke ymnomsiHyras Oe-
rounas niaoruna JlumGepr B Ancrpuu [19],
KoTOpasi pacnonoxena B Boicoxux Adb-  puc. 29, Mioruuna Poc-
nax W npejcrasaser coboit Bo MHOrHX  can (8 Llsefiuapnu)
OTHOWICHHAX 3aMeuaTeJibHVIO OeTOHHYIO
mirotHiy (puc. 30). UroOul mpeaynpeauTsh
oKHaacvMoe obpasopanie MPoAOJAbHbIX TPCIHH B MJIOTHIE, HMe-
jomieil TomMHEY A0 35 M 1 Bbicoty 120 M nMpH  OTHOCHTEbLIIA
GOJBLIOIT AaHIe, B HAXKHIEH 1acTi IIoTHHBI JIumbGepr Obl1 Inpe-
JyeMoTpen cnaouinoi mpogossuslii wos, [Ipy pacnojoxeHnH
TaKAX [POAO.ILHBIX HIBOB OHYCHB CYLUIECTBCIHO H30ErHyTb BCS-
koro 1rpadaenns, Kax, mnanpumep, pacriojoykern TakoH LIOB
B [ONepednoyM ceuednu OGerounoi joaunsl Poccad, BHAHO M3
puc. 29.

DPopMoil IIOTHHE ¢ MakCUMaJdbHOH nepeMeHHOofl KPHBHIHOT]
SIBJSICTCS THIT TJOTHHBI «C TOCTOSIHHBIM ILEHTPAJBHBIM YIJAOM>»
(prc. 31). Dror TuUn apouHod IUIOTHHB, pas3palboTanHbIH
JixepreHcoHoM HECKONbLKO JlecATHIeTHH Hasaj, Obll OUeHb
GaaronpusitTHo BeTpedeH B 3anagublx mrarax CIIA u nawen
ram OJiectauiee mpuMenesie, [laoTHuel Tam pacCUHTHIBAJINCH

83 m

p—— M

* Ilokasanuuft Ha DonepeyHoM cedyeHHH TNPOAILHBIE OB CO WTOMb-
HEil He¢ HABAACTCH YACTLIO COOPVIKCHHSI.
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MPOCTCHIIHM crnocofoM IyTeM Je/eHHsa HX Ha pPsSj TOPH3OMH-
TaJbHBIX aPOK, KOTOPLIE CUHTAJHChL KaK 3aMKHYTBIe KOJbIA,
Co BpemeneM 0oJiee TOYHBIIT METOJ NPOOGHLIX HArPY30K CMEHHI
3TOT TIPUMHTHBHBIK crocod pacuera. Haxoxsmasica B cTpou-
TeJbCTBE apouHas mioruHa Mosyasen (Mauvoisin) BBHCOTOI

Puc. 31. Apounana naoruua Mopyaszen (LLIpehuapus)

207 m (puc. 31) mpeacras.isier coloil camMoe 3HAUYHTEJNbHOE
COOpPYXKeHHe 3ITOro THMa B Hactosililee Bpems. boJsee 50 apou-
HBIX IIJIOTHH CKOHCTPYHPOBAHLI 110 MNPHHUMIY IOCTOSHHONO
lleHTpasabHoro yraa, Oun npekpacno onpasaanau ceGa 3a 25 Jser
cBoero cyuecrsosanus [21].

B nocaenmee Bpemsi TeoperHueckHe OCHOBHI pacueTa apou-
HEIX TmjIoTHH Oblin  ewe  OGodblle  ycoBeplleHCTBOBAHHI.
B uactiocTu, Hayawimch HenoJb30BaTh NPH pacueTe JAOCTHIKe-
HHS B oOaacTy Teopun obosouex. OjHAaKo pasMepbl ITOH KHH-
I'H He NMO3BOJSIOT 3aHATLCA 3THM Bonpocom Omxe [8].

Camo coGoit pasymeercs, HCCJIEJ0OBAHHS TeopuH cdepHue-
CKHX obojiouek JIoyixkHbl OblJIH OKasaTth BJMHSIHHE W HaA Xapax-
TEP KOHCTPYKLHH, Y90 MPHBEJIO K paspaboTke HOBOH KOHCTPYK-
IHH — KYMOJALHOI apOYHOil MJIOTHHDBL, 3aMeuaTe/IbHbIMH KYil0J1b-
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HBIMH apOuHBIMH TUIOTHHAMH ABJASIIOTCA  TIoTHHL: Kyeck
(Couesque) snicoroit 60 m (puc. 27) [17], Osuaso (Oviglic)
BbICOTOH 75 M (puc. 32) [4], Mappon ¢ cHabiO HIMEHSIONUICICS
. kpususnoit (puc. 33) [22], Jliomucu
peicoTolt 136 M (puc. 6) [4] u noxa-
roToBJIAEMAast K CTPOUTE/ILCTBY INJIOTHHA
Baiiour BoicoToii 257 m (puc. 34).
[louTH Bce 9TH MJIOTHHEI PACNONONKEHB
B JIOJTHHAX TPeYTrodbHOro npopuis HJIH
C KPYTBIMH cKJIoHamu (puc. 6).
PaspaboTka KynoJbHLIX MUIOTHH B
Puc. 32. Maornna Opuiso  KATAJMUN, cBsizanHas ¢ uMenamu OGep-
(MTaams) Ta [23] u Cemenna [4], sasasercs oa-
HUM H3 HauboJice BbIJAIOUHXCST A0-
CTHKEHHH B 006JaCTH COBPEMEHHBIX
MJIOTHH. 3aveuare/IbHbIM B 3THX KOHCTPVKIUMAX  SBJSIETCS,
BO-IIepBLIX, HeOGoJblIaA TOJIHHA CTeH — YV IJoTHHB Baiionr,
HarpuMep, MaxkcuMaJibHasi ToJMHa 23,3 M NPH BHICOTE NJIO-

Puc. 33. Apounasn naoruna Mapoun

THHB 257 M — H, BO-BTOPLIX, CILIOIIHOW, TajkHi, nepHpe-
pPHIIBIA 1WoB BOAH3H ocHoBaHHs. DJaaroaapsi nocjeaneMy CBOX
noJiyyaeT BO3MOMKHOCTb OCBOOOAUTLCH OT PacTATHBAIOLIMX Ha-
NpsKkelnil B Mecte 3aaeaxn. Coxpauenus cBojia B pesyibrare
IKIOTCPMHH, YCAAKU U MOJdyuecTd OeroHa MOryT ObITh YypPaBiio-
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BellIelbl ONMPOKHALIBAOIINM  MOMCHTOM cBoja. B npoiecce
IOCTENEHHOr0 HATIOMHEHHST BOAOXPAHMJINIIA CHIA, VPABHOBCIIH-
paiouasi uamelenns B oObneme OGetona DJIOTHHLI, JAeiicTBVeT
COOTEETCTBEHHO, BbIDaBHHBAS BCe CcokpalleHHsa oObeMma Oerona.
(daxr, uro 8 GeronHoit maortune 'yBepa, necMOTps Ha HEMEHTA-
M0 BCEX LUBOE, OLLIM YCTAHOBJIGHbl 3HAYHTE/blible Aedopma-
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Puc. 34. Apounaa naoruna Baitout (Mraaun)

IMH 6.0K0B, VOEAHTENLHO MOBOPHT 3a TO, UTO 3ajaaua, nocran-
JieHHast nepuQepuiiHbIM 1IBaM, OVACT pPeajH30BaATLCA B BEPXIHX
H CPeAHHX YacTaX IVIOTHHBI MOJHOCTBIO, @ B HHIKHHX — 1O
KpaiHeil Mepe YacTHYHO.

Haubueiiumit yenex B 06J1aCTH CTPOHUTEILCTBA KYIHOJbHbIX
INIOTHH  NpejcTaBaseT coboit cnpoextuposannas Komiom
nopryrajinckasi asyxapounast miaoruna Caunra Jlyuns (Sania
Luzia), ameomas Beicoty 70 & u paauyc 60 » npu ToaummIe
cBoaa Ha rpeGHe 2,5 4, B OCHOBaHHH 12 M; cMeJIOCTh H KpacoTa
ee BCTPETHJH Bceobliee Bocxumierue (puc. 35) [24].

JIJast apouHbIX MJIOTHH O4YeHb CYHMECTBCHHO, 4TOOB K MO-
MEHTY VIVIOTHEHHSI IIBOB TelJooTiAaua 0eTtoHa 3aKOHUHJACD
H 4ToOBl OCTOH NJIOTHHEl YK€ TNPHHSJ CBOIO MHHHMAJBHYIO
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temnepatypy. B Amepuke OTBOA TemJOTH CXBATLIBAHHS MNpo-
H3BOJAUTCH B OCHOBHOM TIPH  [OMOLIM  OXjazjparomux 1pyd
(puc. 28), Koropule pasMelIaloTcs Ha paccTositHuu 1,5 a0 aApyr
or apyra. B Espone Oouiblueit 4acTblo OTJAAIOT TPEANOUTCHIEC
NPUMEHEHHIO IUHPOKHX IUBOB VI OXJaXAcHHsA Oerona, Kak,
HanpuMep, Ha HTaJbLANCKOI naoruie Canra /IKuycTuHa, HMel0-
meit seicoty 153 M (pue. 36) [25].

Ha niorune Poccan mupoxkue msbl /8 oxJaxaenns 6ero-
Ha AepKajHch OTKpuITeIMH TtouTH 1'/; roja [18]. ITocae okonua-
HHAL  CTPOHTEIbLCTBA IJIOTHHBL HHMKHSSE TpeTh 1IBOB Oblia
yIJioTHelna He3ajo/ro Jo HauaJjaa 3uMbl, B TO BpeMs Kak JBc
BepXHHe TperH ObWIH 3aKPBLITBI MOJTOJA CHYCTS B IEpPHOj| ca-
MOH HH3KOH TeMmIepaTtypbl MiaoTHHb. Kpome 1HIBOB, B cepeiHHe
Kaxkaoro 0Ji0Ka BBIBOJAHJIACH BBepPX elle waxTa mJsi OXJax-
JAelHA, B KOTOPOH HMeJHCh HPUMCPHO TakHe Ke YCJIOBHA,
KaKk B abiMOBOH TpyOe. CreHbl 3THX AXT TNOAIEPKHBA-
JIUCh BJaxHbIMH. DB 10 BpeMsi Kak GL‘TUIIH}JDBHHHE LHHBOB
IS OXJaXKACHHS NPOUCXOJNIO0 HOPMAJBIIO, 3alloJHCHEe OXJ1a-
KAAIOUHX LIAXT BBIIOJMISIOCL METOAOM Pas/iesbHOT0 GeToNH-
poBaHHSL.

Mero1 paszjenbHoro GEeTOHHPOBAHHSI COCTOHT B TOM, YTO
UHCTO BbIMBITBIH IpaBHH uJH 1ebenb, BeJIHUHHA 3epeH KOTo-
poro orpaHuyHBaercs HHUXKHHM npeaeoMm or 6 g0 9 mm, BBO-
AWTCSL Npu BHOpawuu B onajayOJeHHbI GJOK HJAM 1WaxTy, H
3aTeM CHH3Y N0Jaercst MHUJAKHH IEMEeHTHBIl pacTBOp, KOTOpLI,
pPaBHOMEPHO TMTOJHHMAACh, 3amOJHACT BCe NyCcToThl. B 1easx
NPEABAPHTEJIbHONO OXJAMKACHHS] I'DABUS WIH 1eGis  1axry
MOXKHO 3anoJiHdTh 80101, Hakaunsaemblil eMeHTHBIT pacTeop
MOCTENEHHO BBHITECHACT BOAY, H Mex/JAY UEMCHTHBIM pacTpo-
POM H BOAOH BCerjla MMeeTCs HaJ/MUO OTUCTIHBAS MOBEPXHOCTD
pasjiesa, DTOT LEMCHTHbIH pPacTBOp CHOIHAJBHOTO COCTaBa
JOJKEH COAepMarh NMPH HCNOJb30BAHMM €r0 B apouNbLX IJ0-
THHax npumepuo 40% wuementa, 13% anvdesnna, 0,5% neno-
MoratesibHoro Beuvlectsa u 46% necka, KOTOpBIt B 0CHOBHOM
JOJIKeH OblTe MeJbye, yeM 1,5 MM, U HH B KoeMm cayyae HE
ROJ2KeH ObIThb Kpyudee, ueMm 3 mm. Anb(e3wsr npescrasisier
COOOH MeJKHil MOPOLIOK, COACPKAILHIT KPCMHHIE, HMeIOULHI
YAEJNbHYIO TOBEPXHOCTh, B 2—3 pasa GoJIblllyIo, YeM ILeMEeHT,
Gnarofiapsi uemy OH npeaynpeskjaer oOpasoBaHHe KOMbeB M3
YaCTHUEK IeMEeHTa H YCTpalsieT CKJIOHHOCTh K OT/AeJIeHHIO BO-
JLBI. Tak HasblBaeMog¢ DBCITOMOTAaTe JbHOE BeUEeCTBO TIPOH3BOJHT
pas;kuxkalplilee jeicraue, MOJAepKHBAA TBEPAbIC YaCTHILI B
COCTOAHHUH CYCHEH3HH H TMPENATCTBYS NPCKACBPEeMEeHHOMY CIy-
HEeHHIO CMECH.
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Meron pasjenbuoro  GeTOHHPOBAHMA, HPUMeHEHHEe KOTO-
poro mpH OCTOHHPOBAHHH OXJIAJUTEJNbHBIX IIaXT OETOHHOH
maoTHHbl Poccann MOXKHO Ha3BaThb OYCHbL LEHHBIM H yAadibIM
ONbITOM, OTKPBIJI CaMble IUHMPOKHE BO3MOMKHOCTH [Js OXJaXK-
AeHHs apoutblX INIOTHH ¥ B OCOORHHOCTH BBICOKUX APOYHBIX
riaorul. Koadduimuenr Tem1onpoBOAHOCTH HACHIIIEHHOTO BO-
JIOI 6eToHa, COCTaBJAIIIHN, KAK U3BeCTHOo, 3 Kkaa/m wac °C na
100% Oospuie, yeM koo puuenT cyxoro 0ercHa, OTKyjaa cJie-
JIYCT, UTO BOJHOE OXJaX<jcHHe SIBJSeTCS Bo MHOro pas Qodce
3 PeKTHBHBIM, UeM BO3JyIUHOe cxJaxaenne. HMmeromnecs
3J16Ch BO3MOIKHOCTH MOTIYT OLITb OCOOEHHO BBIMOANO peaJuso-
BAHBl B COUETAHMM C METOAOM pasje/jJbHOro OeTOHHPOBaHHUS.
HIBEl Ajs OXJaXKIEeHHS CO CTOPOHBI HANOPHOH M HHU3OBOH rpa-
HU OTrOpPaKHUBaloOTCs ¢ MOMOILILIO OCTOHHBIX INIHT, KOTOpbIC
c obeHx CTOPOH HMEIT VYIJIOTHEeHHs B BHIC MEIUBIX JHCTOB
It obecneyellHsl BOAOHENPOHHLUAEMOCTH, 3aTeM OHH 3amnodl-
HSIIOTCST POMBITHIM TPaBHEM HIHM IeOHeM, NoABepralTcs BHO-
pauuu H saTondasiiores. IIpM TPYAHBIX YCJAOBHSAX OXJAKAEHHS
MOKHO AONMOJHHUTE/bLHO BCe BpeMd BBOAHTH B BOJY KYCKH JbAa,
B pesydbTare 4Yero oxJaxkaaemMoe IpPOCTPaHCTBO CTaHOBHTCA
ONPOMHBIM JIEASHBIM TePMOMETPOM, TeMieparypa KOTOPOTo
werja mke 4° H XOTOpBIH OpejacraBiasier coGoil Haubosee
S(PPEKTHRBHYIO YCTAHOBKY AJS  OXJamAeHHs, Kakyl TOJbKO
MOXKHO cebe TPeJCTaBUTh.

[Tocne OeToHMPOBAHHSI BBl HOJZKHBI ObITH elle YIJIOTHEe-
Hpt HeMmenranmeii. [as naotuisl Poccan ¢ 3Toj 1eJdblo paspa-
6oTaH OCTPOYMHBIH W Tipoctoii Merox (puc. 37). 3xech Ha
Kaxaoil noBepxHocTH 3y0a COOTBETCTBeHHO 3y0Oyarod QopMme
IIBOB B TFOPHM30OHTAJLHOM M BEPTHKAJbHOM HaNpasJJeHUsIX npe-
NYCMOTPeH T'OPH3OHTAILHBI Na3, HMeouHil GopMy TpancuMH,
[IPHUYEM BCE ITH I1a3bl 3AUUUIEHBI OT NPOHHKHOBEHHSI B HHX
OeToHa KaamasoM M3 JIHCTOBOrO JKejesa, TVIOTHO 3aKpereH-
HOTO CREPXY H VIUpaoULerocs cHusy. PacnolioKeHHBI¢ BOpPTH-
KaJdbHO JPYr Haja JADYLOM [OBEPXHOCTH 3YOL0B YILTOTHSIOTCS
3a oAuH pabounil WHKJ MPH NOMOIIH  BEepPTHKAJLHBIX HHDBEK-
IIHOHHBIX TPYO C TOPH3OHTAJBLHLIMH IITYIlIEDaMH.

B onucanmnoil yike xparxko raase 8 apounofi nioruhne Mou-
dopre 0T OXI4XKAADIHX HIBOB OTKasaJich coBceM. BMecro
3TOr0 B KaxjoM OJ0Ke NMOMECTHJIM 110 JBe LIaxXThl JUISA OXJ1aX-
nenus 1,6 4 AuaMerpoM HA pacCTOSHMM 7,5 M JPYr OT Apyra,
KOTOpBIe NMOJIHOCTLIO OTBeqaloT  TPEOOBAHHAM  OXJaXKIeHnusi,
Llemenraius msos OyJIET NPOUSBOJUTLCS MO CKBAXKHHAM, NMPO-
OvpuBacMbIM H3 HIAXT. DTOT MeTOH NPeKpacHO omnpasiad
ceOsi ipn BoccTaHoBAeHuu Geronnoil nuornubnl Méne (Mohne).
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4, ApouHbie NAOTHHLI ¢ KOHTPhopcaMu

O6aacTh NpUMeHeNMsT apouHblX TJIOTHH, XoTopas B HOp-
MAJIBHBIX YCJIOBHSX WMEET eCTeCTBeHHBle Npeaetbl B onpeje-
JIEHHBIX COOTHOLUEHHAX JAJHHLI K BBICOTE ILNTOTHHBI, MOMXKeT
ObITH 3HAUMTEJLHO pacCillHpeHa, ecad apouHas MJoTHHA KOH-
CTPYHPYETCSl ¢ MOUIHBLIM YNOPOM B OCHOBAHHH. DTOT YHNOpP MO-
JKeT GbITb MACCHBHBIM, K4K 3TO NOKa3aHo Ha pHC. 29, HJH KOHTP-
(opCHBIM, KaK 3TO HMEET MeCTO B CJyuae ViKe HeOAHOKPAaTHO
ynoMuHaBuehcss GeronHoil miaoTuiel Mondopre (puc. 38). Llens
3TOro yerpoiicTsa B 060HX Cayuasx 3akJouaercs B TOM, 4To0bl
OrpaHUYATL pabGoTy apKu BepxHell yacTblo IVIOTHHBI, KOTOpas
ABJISIETCS JIOCTATOUHO 3JACTHUHON s 3TOoro, H urolObl obecre-
YHTh TNIOCTEIEHNBIH Nepexoa or padoTsl apkH K padore TOA-
IIOPHOI CTEHKM, uTo M BuoaHsier ynop (xoutpdope). HeM
6oJIpIe OTHOlIeHHe MEXKAY AJHHON M BLICOTOH INIOTHHBI, TeM
GoJsiee MOIIHBLIM CTAHOBHTCHA COOTBETCTBEHHO M KoHTpdope; rie-
TO H JJIs TaAKOro MeToja CTPOMTEJbCTBA M0JiKeH OBbITb mpenen
AJINHBL MJOTHHBL. ECJAM yYHTHLIBATD HEMEIKHE TeKTOHHYEeCKHe
YCJOBHS, TO He OyAeT NpeyBelHueHHeM YTBEPKAaTh, UTO 0CO-
60e 3HayeHHe 37ech NPHOOpeETAOT KaK pa3 apouHble INIOTHHBI C
KOHTPOHOPCHON HHKHEH YacThio,

Uto6bl AaTh KapTHHY jeficTBHS CuJ, Ha puc. 38 usoobpa-
JKEeHO TNoJloXKeHHe JUHHH JaBjenus Ha naoruie Mondopre
IpH TYCTOM M HANOJIEeHHOM BOJOXPAaHWJIHILE, pacnpefescHue
PHPOCTATHUECKOTO JaBJIGHHS MEMJLy apKoil M NOANOpHOH
CTEHKOI, XOJI HanpsxKeud€il OT apoyHoro ACHCTBHSA H XOJ Bep-
THKAJIbHBIX HanpsiKeHuil or #3ruba npH NycroM H HaIOJIHEH-
HOM BOJOXpaHH/IHIIE,

BeptiKajbHble DACTATHBAIONIHE HANPSKeHHs OT H3ruba
1la HH30BOH rPaHH NPH HAINOJHEHHOM BOAOXPAHHUIHIIE ABJISAIOT-
CHl XapakTepHbIMH He TOJBKO IJIg 5TOH OCOO0H KOHCTPYKIUHH,
HO BOOOLIE JJA BCeX BLICOKHX apoOuHbIX OCTOHILIX TWIOTHH.
DTUX HaNPSKEHHH MOMHO H30eMyTh, ec/IM NpHAABATL apou-
HBIM IUIOTHHAM Kynoablylo ¢opmy. Daaropapsa stoMy B AdH-
HOM TIPHMEpPE CTAJ0 BO3MOKHLIM YMEHBIUINTL MaKCHMaJbHble
HAMPsXKeHHs Ha M3THO CO CTOPOHLI HU30BOM rpann 10 10 ke/ca?,
XOTSl MOXKHO IpeanoiaraTb, 4To XOpPOIUHH OeToH TWIOTHH MO-
JKeT HaAeKHO IPOTHBOCTOATD TAKHM pAaCTArHBAIOUIMM Hanps-
KeHuaM Ha uarud. Hanpsikemust Ha pacTaKeHHe TOJHOCThIO
pocnpuurMalorest apmatypoit. Kak suano u3 puc. 38, apwma-
Typa pasMelleHa B BCPTHKaJdbHBIX pebpax mHpHHOH 70 ca,
KOTOpBHIE pasMenianrcsi Ha pacCTosHHH 7,0 M JIPYT OT Apyra.
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Ot pefpa CAYKAT B BEPXHHX HACTAX IOTHIBLL OAHOBpPEMEHHO
Kax paspaensiouine creHku cuoHusx Tpyo.,

JIunun AasieHus NPH TIYCTOM M HANOJHEHHOM BOJAOXPaHH-
JIMILE ITO3BOJIAIOT OUeHb HATVIAHO BHAETh JieHCTBHE KOHTP(Op-
coB. B mepBom ciyyae JaBicHHEe [POH3BOJUTCS TIABHBIM 0O0-
pa3oMm Ha apky (cBsoi), BO BTOPOM cjaydae—Ha KoHTp@opc.

CylecTBeHHON KOHCTPYKTHBHON — OCOOEHHOCTBIO  MJIOTHHDI
Moudopre SIBASCTCS CIIJIONTHON TPOJOJIbHBL 1I0B MEXAY CBO-
noM H koHtpdopcamum (puc. 17). Tak Kaxk cBoj BO3JABHTAETCS
HE3aBHCHMO OT KOHTPOPCOB, OH COXPAHACT BbICOKHE ynpyrue
CBOMCTBA, XapakTepH3yeMblé OTHOLISHHECM  MaKCHMaJbHOH
TOMMHE 8 M K cpeaHemy paauycy cpojaa 230 a. Cyumectsyer
TOJABKO HEMHOIO apPOYHBIX IIOTHH, KOTOPLIC HMCIOT TAKYIO Bbl-
COKYIO CTemeHb YAPYrocTH. D10 oKasbiBaer 0cobo OJaaronpHaT-
HOe JelCTBHE HA TeMIepaTyplible HATPsKeHnus, KOTophle B ILI0-
tHe Moundopte fABJINIOTCS HeOOBMAHHO  HH3KHMH. Jlomnoaiu-
TeJbHble MOMEHTHI, COo3JaBaeMble lepH(epHHILIMA HaMpsxKe-
HUSIMH V KPAaceB, Takke y/epausaiorcst Gjarogaps aToMy B 10~
MyCTHMBIX TIpejeiax.

5. KourpdopcHble njaoTHHBI

U3 urcia BOJOXPAHMAMILIBLIX KOHTPHOPCHLIX MJIOTHH TOJb-
KO JBe CHCTEMBI TOJAYUHJIH Oosniuioe  paspuTHe, a HMCOHHO—
MHOTOapOYHblE H MaCCHBHO-KOHTp(OpCiLIe maotunsl!  (syenc-
Thie).

Muoroapousbie TWIOTHHBl  BO3/IBUTAKOICS YXKe PelKo, Tak
KaK KOHOMHS B Kybarype 3THX MJIOTHH CBA3aHA CO 3HAMHTELHO
GOJBIICH CTOHMMOCTBLIO CTPOHTEJILCTBA MO CpaBHEHHIO ¢ MacCHB-
HO-KOUTP(OPCHBIMH TWIOTHHAMH. TeM He MeHec HMeEIOTCs CJy-
yaH, Koraa SKOHOMHSI B KyGartype uMeeT ropas3go OoJbliee
agayenue, ueM 0OoJee BLICOKAs CTOMMOCTL padoT, Kak, HamnpH-
Mep, MPH CTPOMTEJIBCTBE B BeCbMa OTAAJICHHBLIX HJAH TPYAHO
JIOCTYIHBIX MECTHOCTSIX, TAC I[MOJRO3 TCMEUTa HIM A0CT4BKa
necka Moryt oOXoAuTbLCsl oueHb joporo. baaroaapa 3THM Cay-
YyafgM MHOroapouHbie TMJOTHIL COXPANiiH, XOTs H OorpazHHuen-
HyI0, o0Jacth NpuMeHends. B xauccrTse npumepa IpHBEICM
sfech GeTOHHVIO MaoTHHy JKHPOTT, PaciloJoXKCHHYIO HAa BLICO-
te 1700 # Bo ®panuysckux AJbnax, s KoTopoi Bech OeTon
MOHAA00HA0OCh OCTABUTL M3 JAOJIHILL TI0 KAHATHOH Hopore, NpH-
yeM B obuleil cyioxkuocTH noxazoouioce 120 000 a° Gerona. Ilo
CPABHEHHMIO ¢ MACCHBHO-KOHUTP(OPCHOH IVIOTHHOH 3JIeCh TNpej-

1 ABTOp HA3HIBACT MACCHBHO-KOHTPPOPCHBE NAOTHHLL SIMEHCTBIMH, ¥
wac STOT TepMHH o003Hawaer <«IJIOTHHLI ¢ sAveilikamu, s3aceMaemeiMn OaJ-
aacrom». (Pea.)
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CTABHJIOCH BO3MOXHBLIM cakonomuts 40000 m* Gerona, uto
BIIOJIHE ONpPaB/bLIBAJIO BBIOOP HAHHOH KOHCTPYKUHH TIJIOTHHDL.
dopMa Nonepeyroro cevenusi TMUIOTHHBL HJJIIOCTPHPYETCSl HA
puc. 39 [20].

Maccusro-KouTpdopcHast TIOTHHA, KoTopasi BCe B 60ab-
greil ¥ GOAbINCH CTeleHu MpeBpalldeTcs B SKOHOMHYIBIH Ba-
PHAHT TPaBUTALMOHHON MaCCHBHOH IUIOTHHBI, KOTOpas BllepBbie
Geia npemtoxkena Heriynt B BHe IUIOTHHBI C KOHTPOpCaMy,
nmeronmMu Kpyribie oroqaosku [8]. TTocaennne oOpa3oBbiBall

v 17650 :
S T T

17535 | 11754

760

11 3
=M 4

4

S ol e
.

Puc. 39. Muoroapounas miotnna Kuporr (La Girolte) (Ppauunn)

] — WAaxXTH 438 AMKCPOD 0P NOBLIICHHE NAOTHENW B Ovaymlesm; 2 - NpocKTipy-
enoe GYAVINEe NOBBINZHHE NAGTHIL § — 00JHIOBOMHME TLIHT L

HAMOPIYIO IPalb [NIOTHHbBI, BBl MEXIY HHMH YIVIOTHAIHCH
anctaMu 3 Mead. B cpoe ppems B AMCpPHKe OBIJI BO3JIBHIHYT
nedsblil psig Takux mioruH, Camas H3BeCTHAasd M3 HHX — 3T0
cnipoektHposannasn JhioguHom GerouHas miaorsa Puo-Herpo
(Rio-Negro) B ¥pyraae.

CTYKKH BHEC CYUIeCTBEHHOC YJydiueHHe B KOHTP(OpC-
Hyio naotuny Hernuu, BHZOM3MEHHB e€ B IVIOTHHY C MOJIBIMH
koutppopcamy. B IllBefinapun BO3ABMPHYT — LeJBll  psi
Takux siueHcThiX maothH. Camast M3BecTHast M3 HHX—3TO IIO-
tuna JInKcame, umewoulast Boicoty Goabme 86 a (puc. ),
COOpYIKEHHEe KOTOPOH OBLIO CMEJIBLIM  NPCANpPHATHEM,  eC/H
YUecTh COCTOSIHHe TIOTHHOCTpOeHHst B To Bpemsi. Ilpekpac-
Hoe coctosiitne miaotnHel Juxkcaue [2], no-sujauMomy, B CBOE Bpe-
Msi nodyamio Ipenra n Jlaydepa crnpoektHpoBaTb GeTOHHYIO
maotHny  JlumOepr  neppBoHavasibiio  Kak  MACCHBHO-KOHTP-
dbopenyio ¢ moawimu  kourpdopcavn  (ona Obtia  na 50%
Bhillle, ueMm MJotHHAa Jluxkcanc), HO, Kak yxKe YNOMHHAJOCh,
OHa Oblja BCe XKe IOCTPOCHA MOTOM KakK apouHasi IJIOTHHA.

o* 67



[Tpuxoantcss ropuko cozkaJjerb, 4To YCJAOBHSI TOr0  BpeMeHH,
a He KOHCTPYKTHBHDBIC cOOOpaKeHHs [OMeIlaJH CTPOHTENbLCTBY
TAKOH THraHTCKO MACcCHBHO-KOHTP)OPCHON IJIOTHHB BBICOTOH
120 M. :

Prc. 40 noxasmisaer mocrpoeHnyio Mapuesio OGETOHHYIO
niaorwHy Tpona (Trona) [25], [27] swicotoit 60 # m anHHOH

50
808,00
80500
g, st
e
i
7/
A
N e oy o 2 22 75861
; > :
\ / ] :
7/ A
' QQHU . -
Puc. 40, Tlaornna Tpona riiposiaekrpocTanignm

burto. Ionepeunsit paspes

182 &, B nee yaoxeno 87 500 u3 Gerona. IdxoHomus B Kybary-
pe GeroHa Mo CPaBHEHHMIO C MaCCHBHON TPAaBHTALHOHHOH INIO-
THHOM cocTasJsier 27,56%, a skomnomusi B satparax 24%. Yaenn-
Hble CTOMMOCTH pabor Obliu TIpeBLIIEHBl IIPH CTPOHTEILCTBE
9TOH IJIOTHHBI TIPOTHB TPABHTAUMOHHOH TOJMbKO Ha 2—5%.
Eciii yyecTh OAHOBPEMEHHOE BLICOTHOE M0JI0XKEHHEe CTBOpa INIO-
THHBI (Ha Boicote 1800 x B Aubnax), To HeoOXoauMO Oyaer
IPHHATL B pacueT 3KOHOMHIO He TOJbKO B CTOHMOCTH, HO H

BO BPEMEHH.
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Puc. 41, OO6mmid BHA naoTunbl (no
rpebuio) u  sojoxpannanuma Mudepuo

Puc. 42. IMaotnHa HMudepno no COCTOAHHKIO
crpouTeabcTea Ha OKtabpy 1942 r.

S B
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Ouenp Kpacupoil TJIOTHHON siBjasieTrcs M GeToHHast JIO-
tunna Undepno (Inferno), mocrpoennas rakxke Mapuenao (puc.
41 u 42), xotopas npu Beicote B 41 » u aaune 150 m uMeeT Ky-
batypy yaoxkenHoro Gerona 36 400 2.

CtpoutennetBom Getounoit naorunbt Myjukepue (Muggeris)
B Capaunnn Mapueano po6wnacs HOBOroO 00OJBIIOrO nporpecca B
KOHCTPYKIUHH  MACCHBHO-KOHTP(OPCHBIX ITUIOTHH ¢ OOJBIMI

7,60
1" 802,00

749050

e |

24,75 3000

Puc. 43. TTonepeunsiit paspes KontpQopcHOd NAOTHHLI
Mvakepuc

kourppopcamu.  dra niaornua (puc. 43 u 44) nocrpoena co-
pepLIeHio CHMMETPHUNBIM TpoduJeM ¢ yrjoMm HakioHa obe-
ux rpaneit 0,45 :1. [lanornsa nMeer Boicoty 62 M M JTHHY
240 m; mmpHHa cekuuit cocrasiasier 22 x. Kydatype mJIOTH-
Hel 135000 M* cooTBeTCTBYET NOJIeaHblil 00bLeM BOAOXPAHH/IH-
ma 60 man. M3, Oxonomusi B oGbeme OeToHA 110 CPABHEHHIO
¢ TPABUTALHOHHON MAaCCHBHOH TIIOTHHOIL COCTaBJsIET 3J1eCh
40%, sKOHOMHST B CTOMMOCTH — 35%.

B Cunuany B HacTOsiliee BpeMsl CTPOMTCS TuIoTHHa  Aw-

uuna Beicotoit 105 M, Kotopas Oblia TOXKe CnpOeKTHpOBana
Mapued.io.
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FJABA 10

HCCAENOBAHHUA HA MOIAEJAX U U3MEPEHMUSI
B HATYPE

[Tpu npoexTHpoBanui OGETOHHBIX IIJIOTHH OYeHb 4YacTo Npi-
XOAUTCS BBINOJHATH OOLIMPHBIC H OUCHDL CJOXKHBIE pacyeThl
HA OCHOBE€ TEOPHH YNpyTo-
ctH. OjHaxo pacuersbl 10
TCOPHH  YIIPYLOCTH, MO3BO-
JsiIOllHe Jarth TIPaBHJIbLHYIO
HIPY CHJ B MPOCTPAHCTBEH-
HOH  CHCTeMe, BCTpeyalor
OOJIBIIHE TPYJIHOCTH.

B 3tux ueasx oxasa-
Jock Dojsee nemecoobpas-
HbIM H HaJCKHBIM ONpere-
JSITh B3aHMO/IEHCTBHSA CHJT B
COOPYKEHHN TIYTEM HCIbl-
TalMii Ha MOJIeNH.

B coorpercrsuy ¢ 3THM
OblJIM cozlansl  JabopaTo-
PHH ISt HCC/Iel0OBaHHS
JIOTHH, Kax, Hanpumep,
npu Bropo meanopauuu B
CIHHA wuan aaboparopus
Obeptu B Depramo, uau
Jaboparopius INpH BblCLLEH
Puc. 45. Moxeab apounoii maotnnsl 3  TEXHHUECKOH MHIKoJe B Jluc-

runca-Ku3eabnrypa CHG{IHE, B KOTODBIX OeToH-
Hbl€ IVIOTHHLI  HCIIBIThIBA-
JUCh HA MOJC/SIX.

Bceobutee pacnpocTpaHenHe TMOJAYYHAH MOJAEJIH H3 THIO-
Ca-KH3eJibrypa, B KOTOPBIX TpeOyeMble yIpyrie CBOHCTBA —
COOTHOLUEHHE MOAYJH E A0fl IJIOTHHLI U OCHOBAHHSA €€ HJu
KO2(p(HIHEeHT TNONepeuHoro  CxKartid — MoJyvaloTess nytem
JNOGABIEHHST Pa3aHYHLIX KOJiMuecTB BoAbl. CXBaThiBanHe runca
pacrarusaerca g0 15 wMun. nyrem aoGasaenus 0,65%
Hatpust (ocpara (POHNa, - 12H30). YerpouierBo Kax ocHo-
BAHHA, TaK M CcaMOH  MOJIECJH, BEITTOJIHAGTCA  MyTeM
MnocTernexHoro  HacJjaupaunsa  (puc. 45)%, npuueM i

* Puc. 45, 46 n 47 Gon s1ioGe3no npenocTaBleHsl B HAlle pacnopske-
aHe nabGoparopuelt BOIOXpaHMAMILUNLX IJoTHH npH Beictueli  TeXmu4yeckoi
mKoae B JluccaGowe,
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HOIepKanust NOCTOSAHIIONO THIICO-BOAHOIO OTHOHICHHS KaK-
OBIH  CJIOH  JOJUKeH OblTb ‘BOJOHCNPOHHIIAEMO 3aMKHVT,
YTOOBI CJICAYIOULHE CJIOH He MOINHM abcopOupoBaTh BOJY M3
TOJBKO UTO YJIOKEHHOro Mpeabiayliero caos. /JLis smoll neau
PCKOMEHAYCTCST ABYKPATHOE CMasblBaHMe lUeJIAKOM C Noce-
Ayooumm noxkpoithem odaudoit. Cuenyenne MCmKAY 3Tol BOIO-
HEMPOHUILAEMOH NPOCJAOHKON M MaTEePHAJIOM MOJEIH HABJIACTCH
AOCTATOMHO DOJILUIHM, UTCOBI HaBepHAKA He JAONYCTUTH 0dpaszo-
BaHus TpewrH. Moaens HO/MXKHA BEICEIXATh TPH HEAEH, YTOOBI

Puc. 46. Pryvruas narpviska mojedn

00BbeMHBIH BeC H MoayJab £ TNPHHAJM NOCTOSHHOE 3HAUYCHHE.
OnpaBaanmue  ceGs  3maveHus  Mojayias E  COCTABJASIOT
10000 xe/es® pas momzenn ocuosanus u 20 000 wxefem®  pas
Mojae s TJOTHHBEL. KoapuiueHrT rmonepeyHoro C:KaTus Iogay-
yaercst npumepHo pasubim 0,22,

Harpyska ocymecTtsiasiercss B OOJBIIHHCTBE CJy4YaeB C
MOMOILLIO MEILIKOB, KOTOpLIC HAMOJHEHbl PTYTBIO W NOJLe)-
KHBAIOTCS  YCTAHOBJICHHOH /IS 3TOH  memM  omnmafayOKoii
(puc. 46). OGepTH NPOM3BOAUT HATPY3KY € MOMOLILIO M-
pasauyeckux mpeccoB. OTHOCHTE/ILBHO HPOCTO H3MEPSIOTCS
IIPOrHOB ¢ MOMOLILIO MecCyp, KOTOPble MOHTHPYIOTCS HAa MOI-
MOCTSIX HODMAJIbHO HH30BOH rpauu mopesu (puc. 46). JLis
H3MepeHHusT aedopMalHi pacTsKeHHS = NpeKpacHO onpapra u
Ce0sl, To JAaHHbIM JHCCAOOHCKON JadopatopHy IJIOTHH, 5JeKT-
poakycrtuuyeckue HaMepurtean Maiixaka. [lias usmepednit co
CTOPOHBI HAMOPHOH rPaHi MOIVT NPHUMEHSITBCS TOJABKO 3JeKTPO-
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AKYCTHUECKHE H3MEPHTE/H, TAK KaK MEUOK ¢ PTYThIO MeILIaer
HEITOCPEACTBeHHOMY OTCUeTY noKasauui. Puc. 47 wanocrpupyer
npoilece H3MepeHnus HX Jehopmaiuil Ha MOJeJIH VIIOMSHYTOH
yKe Bbine apounoil naothun Kacreno go Bogs.

Fuc. 47. Moneaw r.otuan Kacteao no bojas

DJIeKTPoaKyCcTHIeCKAn H3MepHTeJIbhias ycTaHoBka Maiixa-
Ka COCTOMT M3 Jartuyuka H npHeMm:iuka. JlaTuumku ycraHaBJiMBa-
IOTCSI Ha MOJeJIb H HATOTOR-

EEscscTsaEas s eeemmnenn. JUIOTC. IS M3MEDeHHH
dostaaseaes w el el B 20, D0 B 100 mam
(puc. 48). DBee natuuku

TMOAKJII0YAI0TCS K TTPHeMHOI
ycranopke (puc. 49), mpu-
yeM  JIHIICHHBIH  HCKaTeIb

:”:;ﬁ'" Srbipo e S R L GGE?{:HDIIH BaACT pUI‘}'JIH’]]DEH}"
pa . mMaTuHKa, ¢ KOTOPOTO MOXK-
HO OTCUHTLIBATE [IOKA3aHWA

Puc. 48. Jarumkn Maixaxa aaa 20, 50 ;
. H 100 umu g ’ et HEHDQDEHETEE‘H]'[‘G. E{:,.'IH

HYXKHO TTPHCOCAHHHTL 60-
Jee 10 maTUUKOB, TO COEJH-
HEHHE NMPOHCXOHT ¢ MOMOILLLIO BCIOMOraTeabHbIX JHHEHHBIX He-
KaTeJei.

[lpunnun usmepenusi Kpatide npocT. Kaxabeiit jgaTynk
CO/LEPKHT B cefe HATSIHYTYIO CTaJBHYIO - CTPYHY, B KOTOpPO#H
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NMpY HAXKATHH Ha KJIOU NPUEMHHKA MOXKHO BBI3BATb 3aTyXalo-
mue KojebaredbHble ApuKeHus. KoseOaHHe CTPYHBI BLI3HI-
BAETCSI NPH IIOMOIIM MarnuTa, PacIloONOMEHHOrO Tepe CTPy-
goii, Ksaapar uacrornl XoJeOaHuM CTPYHBL IPOTOPLIHOH AL
PACTSZKEHHNIO HJH, COOTBETCTBEHHO, HanpsKenuio crpyusl. Ha
IPUEMHUKE HaAXOJHUTCH CTPVHA LI CPABHCHHS, 4YacTOTHOCTH
KOTOPOH MOKeT OblTh HACTPOEHa € INOMOIIBLIO KJAIoMa Ha 4yac-
TOTHOCTh  H3MEpHTEeJIbHOH

CTPYHBI, CBS3AHHOH C JHU-  EEEmseses e e L
HeflHBIM HcKkaTeqeM. MaMe- - omgmesp—ooogmmon 00 o
HEHHEe YACTOTHOCTH OTCUH-
TBIBAETCS MO [IKaJae, H ¢ 110-
MOILLIO TAPHPOBKH M VueTa
macirradba MOAeIH  TIPOH3-
BOJHTCS HEMOCPEACTBEHHbI I
iepecuer 1a HalpsiKeHHs.
Tak xaxk CpaBHMBAIOTCA
YaCTOTHOCTH, TO OUIUOKH B
pesyJibTaTe OTCUETOB K-
TPHUECKHX KoJeOanul He-
BO3MOIKHBL,

He Bcerpa muorme mme- =

0T MpaBUJILHOe MpeacTan-
JeHue o6 obbeme paboThl,
CBS3AHHON ¢ HCCAeTOBAlIHSI- |
MH Ha monaiasx. Ha mojne-
JH YHNOMSTIYTOH BB TIOP- Puc. 49. Ipuemnnk Maiixaka
TYraJbCKOl  ABYXapOuHOH
miotunsr Canra JIlowns 6bl-
JIM OTNpPEACJCHBI, Hanpumep, Achopmannu B 15 Toukax HH30BOM
rpaHg K B 23 Touxax HanopHol rpaHy, npHuyeM KaxKIbli pas B
4 HanpaBaenHax (B BepTHKAILIIOM, TOPH3ONTAJLIOM, 2 pa-
3a B HampasJsenuu nojg yraom B 60°) ® jas tpex passIHuHbBIX
YPOBHEH BOJAB B BOJOXpaHHJAHILE. Bcero nojayyuiaoch B peayib-
TaTe «TOJABKO» 456 orcueToB. DTH OTCUETEl AOMKHBI NOBTOPSITh-
CSl /I KOHTPOJIS HECKOJMLKO Pa3, uTo NIPHBOAUT OUeHb OBICTPO K
Thicsiuam orcuetos. Ha monedau maorussl Cairra Jliouuss g sto-
ro norpebdosauck npuMepno 300 HarpyRenuit MOJIJIH, TaK KaK
H3-3a4 HCIJCTATKA MECTa H3MepeHHsi He MOIVINA ObITh IIPOH3Be-
AEHBI OAHOBPEMEHHO BO BCEX TOUKAX M BO BCeX HanpaBJeHHsX
Monesu [29).

B Hekotopmix cayuasx uaMepeHue MOKeT OBITH OUeHb
ynpoiuero ©6garojapd NPUMEHCHHIO Ha MOJCAH OITHYECKOro
MEeTO/la U3YUCHHA HalpsKeHuil, Hanpumep A4 OJOKOB Mac-
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CHBHBIX TPapHTAMOHHBIX NJaoTHH (pue, 23) HIN I8 KOHTD-
dopcos  KOHTPGOPCHBIX  NJI0THH. TaxuM CrmocoboM MOIKHO
HCCJIe/I0BATh TAKKC HANPSIKEHHOe COCTOSIHMEe <«YHCTBIX» apox.

He MeHee BaKHLIMM SIBJSIOTCS M3MepPEHHs Ha CaMoH ILIO-
THHE, B HATYPC, TPHUEM peub WIeT He CTOJAbKO 00 H3Mepe-
HHAX  TporHdOB, KOTOpPLIE
JUIL  PEAKo  TIO3BOJISIOT
analH3upoBaTh  3aMepen-
HEIC BeJHYHHLI B 3aBHCHMO-
CTH OT NPHYUH, HX BLI3BADB-
mux  (Harpysxa, temiepa-
TVpa, vcajaka, pasbyxa-
HHE), CKOJIBKO O TeMilepa-
TYPHBIX H3MEPEHHUAX U u3-
MepeHHAX aedopmalui
pHYTpH Oetona. Ouenp ya-
CTO  Taxoro  pojaa  H3-
MEDPCHHS HE TNPHUBOJAHJIAH K
JKelATCJIbHBIM pe3yjibTaTtaM
BCJIE/ICTBHE HE VLA YHOTO
MPUMEHEHHS  H3MEPHTEIb-
Huix npubopos. [lostomy
CJeYeT yKa3aTh, YTO anna-
patel Maixaxa aIst u3Me-
peuuit aedopmauuit BHYT-
pu OGcrona (B nacrosuec
BpeMsi  MOCTaABJSIOTCS  OT-

Puc. 50, INaoruna Ulacra. Monrax
TeH30MeTPa AEIBHO iy 2 H3MCpeHus

TeMrepaTypel H jgedopma-

IHiH) B [OCJeaHHe Tojbl
OblJ1Y BecbMa VCOBEPIUCHCTBOBAHLI M BMOJHE TapaHTHPYIOT
venex. Puc, 50 waliocTpupyer aMepHKaHCKHIT H3MePHTe/1b BHYT-
pernux medopMauiii B npolecce MOHTAXKA.

riABA I
KAMEHHO-HABPOCHBIE IMJIOTHHDBI

biaarojapa OodablixM ycnexaMm B obJacTH VILTOTHeHHA Ka-
MEHHOH HabPOCKH  XaMeuHo-HaOpocHble IJIOTHHBL, KOTOPLIC
PaHBIlle HMCJAH OrpaHH4yelloe IpPHMeEHEHHE, B HacTofilllee Bpe-
MSI CTAHOBATCS BCe B OoJibieil H OOJblIeH CTeleHH JJOCTOHHBIM
KOHMKYPEHTOM OeToHHBIX I[LIOTHH. 3TO BIOJHE TOHATHO, Tax
KakK ecad Obl y1a10Ch VIWIOTHHTL HAOpPOCHYIO ILIOTHHY B Takol
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creflend, 4yrolbi JA0OHUTLCS OGPA3OBAHUA KAK OBl MOHOJMUTHON
CBSI3H ME,ly KaMHSIMH, TO TOJ| JACHCTBHEM JaBJIeHHA BOJAbI
BepxHero Obedha nHaOGpocHast MiOTHHA BOCOpPHHHMAJda Obl 3TY
Harpy3ky Kak ynpyroe teJo, H npo0bJema IpeaorBpalleHHs
MOSIBJICHUST pacTArHBAIOIIUX YCHJAHH B IVIOTHHe CBejack OBl K
paspenieHHio Bolipoca o pasmepax ntoruusl. Ilpaspa, mul eule
He paspeliH IIOTHOCThIO AaHHOH NPod eMbl, HO pasBHTHe HAeT
MMEHHO B 3TOM HallpaBJIeHHMH,

B nporusonoiioXHOCTb 3eMJISIHBIM IVIOTHHAM Y HAOPOCHBIX
IVIOTHH YCTOHYMBOCTBL HHKOrjAa He Oblla npobjeMol, Tak Kak
mpocaynBalomlasics Boja Gaaropapsa OONMLIIMM OYCTOTAM MeXK-
Ay KaMHAMH Bcenja morjga (puabTposath Oc3omacHo, T. e. 0e3
obpasoBaHus Jasjeruss Bojabl B nopax. Eciau mrortHna memgoc-
' TATOUHO BOJIOHENPOHHIlAEMA BWIEJACTBHC 3HAUMTEJNBHBIX Jedop-
Mauui, YIVIOTHSIIOUIMX YCTPOICTB, KOTOpble MeCTaMH Tpecka-
IOTCSl M JIOMAIOTCs, TO 3TO MOMKeT, NpasjAa, CTaTh CEPLE3HON
9KOHOMHUYECKOH npobJieMoil, HO TEeM He MeHee YCTOHYNBOCTDL
HaOPOCHOH INIOTHHBI OT 3TOr0 HE CTpajaer.

I. HaGpocusbie naoTtHHel ¢ OETOHHBIMH 3IKpaHAMH

CaMbIMi  jlelIeBBIMH  KaMEHHO-HAODOCHBIMH  TWIOTHHAMH
ABJAIOTCA [JIOTHHBI C 3KPaHoM Ha HANOPHOM OTKoce, JKpad
MOXeT ObiThb BBITOJHEH WJaH M3 OeToHa, HaM U3 acdadibra.
C ToukH 3peHHs clocoGa MPOM3BOACTBA PAabOT pasinuaiorT
IJIOTHHBI: H3 CyXOil KaMeHHOH Kaaaxu, H3 HaOpPOCKH ¢ BHO-
pupoBanneM u u3 naOpockn BooOute. [liornHa H3 KaMeHHON
cyxoit xjaaxu (puc. 51), npeacrasasiomass co0OH THNHUHBIH
HTQJIBSIHCKHIT MCTOA CTPOHTENLCTEA, [PEeBOCXOAHO Onpapiada
ceOs nipu suicotre a0 40 a [30]. I[TroTans U3 cyXol KaajkH cTpo-
ATCA ¢ oTtkocaMH B o0e CTOPOHBI, HMEIOUIHMH 3aJ0XKeHHe
orl : 0,7 1o 1 : 0,9. K coxaacunio, cronmocts 1 #* cyxoit xa-
MEHHOH KJaaxu O4YeHb BBLICOKA.

K&MEI-I'HG-J-[EﬁpDCHHC MJIOTHHBI ¢ BHOpHpoBaHuem Habpoc-
KH HEONHOKpaTHO CTPOMJKCH B AJDKHpPe U IIPH 3TOM HMeJH
3HAYHTEJNbHYIO BhicoTy; KaMenHas miotuna IpuG (Ghrib), na-
npuMep, HMeer BricoTy 72 M (puc. H2) [8]. DT MIOTHHE HMEIOT
3aJioKeHHe Hanoproro orkoca or 1:0,9 g0 1:1, a nusosoro
1:1,25. Boaee kpyroit Hanopubtil 0TKOC ONPaBALIBAETCS TEM, UTO
31eCh MPEAYCMOTpena KaMmenHas cyxas Kjaajaxka 6 M TOJMILHHLL.

HaGpocuble miaotunbl Ges suGpHposanusi kamius [8], npei-
CTaBJISIIOLIHE COOOH THIHUHLLIT aMepHKaHCKHIl MeTO/l CTPOHTE! b
cTBa, AOCTHraiorT Beicotnl 100 m (puc. 53); oHH HMeWT 3aM70-
KeHHe HamopHoro orkoca 1:1,3, uusosoro 1:1,4. ¥ Bcex
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Puc. 52. TMonepenunustit paspes naoruust Fpud (Aamnp)

! — weaeanberomnui akpan; 2 — NOArOTOBKA NOA SKPAN M3 KPYNUWMX KAMUeH, BTOMICH-

X B oeron; 3 — Geronan CTeHKA-nepeMpUka A8 OCYVUISHHE CTPOMTEABHON KOTAOB-

Ha; 4 — CMOTPOBAA M ApPCHAMKNIR Fajeped, KOTOpas MoxeT GuTh HCNO0AL3OBaNA B Gvay-

HLEM M RJIR UeMENTAUNH, § — BCMCHTRUMONNAN 2a0eCh, 6 — cviad KAaakd M3 orolpaMmix

H TIMATEARHO YI0MEHHNWX Kamiieh; 7 — nonepeunue cOOPHHE raaepen AAf APeHAXKD OC-

HOoBannsA; § — Kamenuas nadpocka, yoaorHenuan snbpaivienh no caoaM; 9 — apenaxnme
TPYOW Aag ocymenus ocHOBANKHR; JY — HKeaea00eTonHoe NOKPHITHE
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Pue. 3. Kavenno-naGpocnans naoitmua Coart-Jleiik (Salt-Lake)
(CLUA) ¢ skpasom m3 wencsobeTonupx IantT

] — uemenraunonnag saveca ua ravouny 15 m, cxBaxuum wepes 1,5 M

APYr o7 Apyra; 2 — ABORHAS APMATYPHAS CeTKA C paccrosuusmm 2238 cm,

J — HpOCTag ApMATYpHAR CceTtka ¢ paccrostumamun 20x33 em, 4 — cyxas

KAMEHHAE KaaaKa; o — KaMennas nabpocka cpeaHds oObeMHRM BecoM
23 mia®, 6 — ynopuas npuama ni Ooaswux 630K0N
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Puc. 54, Tlaornna Coar-Jleiik u3 kamenuoit nabpocku ¢ ruGxum

Heae300C TOHHM IKPAHOM

[ — wos pacmmpenna; 2 — Kpyraoe Reaeio auametrpom 25 ssm; J — MEAHHE aners
2 Ma; 4 — Dderounan NoOAroTOBKA; O — CBAPUKIC WBK. 6 — COLAHNHTEABHBLIR M *AHMA
ancr; 7 — achrapToRAA 3AAMBNA; § — KPOseALNWA KAPTOH; 9 — BOAMBCTHMA  Kapron
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STHX IUIOTHH [POTHBO(HABTPALHOHHOE YCTPOHCTBO COCTOHT
#3 GeTOHHOrO 3KpPaHa B BHIE XKeAe300eTOHHBIX IJHT, KOTOPHIE
repMeTHueCKy COCJHHEHBI MeXAy co0O0i MeAHBIMH HHCTaMH
(puc. 54). B TO BpeMs KaK IWIOTHHBI M3 CyXOil KJaJRKH H C
BUOpHpOBaHHEM oONpaBAajn ce0si HAUJAYUUIHM OOpa3oMm, OIBIT
OObIUHbIX' HAOPOCHBIX TWIOTHH ABJSETCA MEHee yTellHTeJbHbIM.
Tax, nanpumep, xejae306eToHHbIe TVIHTHI 3KpaKa MmIoTHHN Covt-
Jleiik nmoHaaotHI0ch HECKOJbKO pas pPeMONTHPOBATh, TaK Kak
BCJICACTBHE 3HAYHTEJbHOMH OCAAKH IJIOTHHBI NMOJ AEHCTBHEeM Ha-
mopa BOJALI 3KPaHbl JOMAJHCh H JIET1a/JHCh BOAXONPOHHILaE MBIMH.

[IpoGiieMa BO3BejleHUST KAMEHHO-HAODOCHBIX MJAOTHH c Oe-
TOHHBIMH ZKPAlaMH 34KJTI0YAeTCs B YINIOTHEHHH HaGpPOCKH A0
TAKOH cTeneHH, 4tobdbl yxke B TIepHOJ CTPOUTEAbCTBA IIOJY-
UHTHL HAHMEHbIIHe BO3MOXKHBIE pasMepbl MyCcTOT, B COOTBETCT-
BHH ¢ peanpunioil kamueil. Ecau 310 Oyjer AOCTHIHYTO, TO NOX
BJAMSHHEM  JlaBJCHHS mogneproro Obe)a MOUYT BOZHHKHYThb
TOJIBXO HEe3HAUYHTENbHBIE CABHIH, KOTOPLIe, KAK BHAHO H3 OIbI-
Ta WHTAJBSANCKHX M  AMKHPCKHX INJOTHH, HE MOTYT BbLI3BaTh
MOBPEXK/OHHSA HJe300eTOHHOre 3KpaHa.

HUmeercst mMHenue, uto paspaboranusie Keddepom TaxKejble
NJOCKHE BHOPATOPBEl JIAAYT HOBBLIH TOMUOKR pPasBUTHiO CTPOH-
TeJbLCTBA HAOPOCHBIX IUIOTHH C JKee300eTOHHBIMH 3SKpaHaMHA,
Puc. 55 nmnoka3spiBaer <CcaMblii TSDKeJbiH B HacTosfllce BpeMN
suGpatop «MammyTr» BecoM B 20 7. Jlas npoBepKH JOCTHrHY-
TOTO B pesyJprare BUOpAIHU CONMPOTHBJICHHA HA CABHI CJYXKHT
nepenBHyKHOIl annapar 3ToH Ke (QUPMbLI, TPHMEHACMBIN Ha
CTPOHTENLHBIX TIIONLA/KAX H H306paxenHblil Ha pHe. H6.

2. KameHHo-HAOpPOCHbIE MJIOTHHBI C IKPAHAMH OHTYMHBLIMH
HJIM M3 HCKYCCTBEHHOTO Marepuasia

HenoctaTkn  JKeCTKHX »Ke/1e300€TOHHBIX MPOTHBO(UILTpA-
IIMOHHBIX 9KPAHOB HECOMHEHHO YCTPaHSIIOTCS, ©CJAH BMECTO
LleMeHTHOrNO pacTBOpa MPUMEHHTHL OHTYMHLIH pacteop. Beino-
HeHHble TakuM ob6pasom acqaa.nb'mnh:e 9KPaHBl COAEPXKAT
npumepuo 10% OHTYMa, a B OCT3"bHOI HaCTH H3BECTKOBYIO MYKY
W mecox. Y HeOONbIIOA HaOpPOCHOH IVIOTHHBI [eseauur
(Schéweling) B Gacceitne Bynnep Ttakoit acanbTOBBIH 3KpaH |
onpasjbiBaer cefs yiKe Ha NPOTSKEHHH MHOTHX JieT. B Kamen-
io-naGpocuoit niorine edkeab (Genkel) (6Gaccelin Arrepa)
[dl] NpeAyCMOTPEH JIBOHHOM at'.‘.(lJEl.']anBhIH IKpai: BEPXHHI *
'ﬂ{pa}{ TOMHHOA 5 ca ¥ HMKHHA TOMMHOK 7 cM. Mexny
000HMH 9KpaHaMH HaXOAHTCH QUABTPYIOULHIl CJIOH H3 OTCOPTH-
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POBAHHOr0 KaMEHHOro MarepHaJ/ia, HMeIOIHA TONLIHHY NpHMep-
HO 12 cM, HeoOXONMMBIH B MepByIo ouepenb Juist Koutpoas. [1no-
THHa ['eHKeJb HMeer BBICOTY 45 M M 3acAyXHBaeT OYeHb
Ooabworo BHUMaHHsA, Mmelotcss cayuan npuMeHenusi acdasb-
TOBBIX NPOTHBO(PHJILTPAUHOHHBIX 3KPAHOB Ha Oojiee KPYTHIX
OTKOCAaX IVIOTHH, Kak, HanpuMmep, Ha nJorHHe Dy-Xanudua
(Bou Hanifia), nmeiomeit 54 # BHICOTHI, rjie TAKOW aKpaH Tipe-
Kpacuo ceGs onpasnaJ.

Hasmru, Bfederroie 8 2nuny
c nomotioro Bubpayuu

Puc. 57. TlaotHna ¢ 3KpPaHOM H3 NAACTMACCH

Ias  ycTpoHCTBA 9KPaHOB KAMECHHO-HADPOCHBIX [IOTHH
HPEACTABJAIOT HHTEPeC HCKYCCTBEHHbIC BelecTBa —— acTMac-
Cbl, B 0COOCHHOCTH CO3/1aHHBIe HA MOJIH3THJIEHOBOH OCHOBE, KO-
TOPbIE MOKHO TMOJYYHTH Ha PBIHKE MMOJI Ha3zBaHHeM (OJBLrH
Onnanon b—A wian ¢oaern dunared (Dynagen-Folie) n 3asn-
CHMOCTH OT TMOCTABJSIOUHX NPelIpUATHH. B COOTBETCTBHH C
XAPAKTEPOM NPHMEHSIEMBIX 3/eCh OCHOBHBIX COCTABHBIX YacTeH
ITH T1acTMacceH ObiBaloT Ge3rpaHHYHO CTOHKHMH, B OCOOGeHHO-
CTH ©CJIH OHH — KakK 3T0 HMeeT MeCTo B MNPOeKTe IJIOTHHHI,
noKasalHol Ha puC. 57,— ¢ 00eHX CTOPOH IJIOTHO OO0JIOXKEHBI
lnecyanbIMH caosimMu  ToquipHol 10 em. das aydiel 3alHThl
ItacTMacesl ¢ 00CMX CTOPOH pacoJIOXKeHb! elle CJAOH TIVIH-
HoOeroma, MMCIOIIHe ToMuHay 1 M, B KOTOPOM KaMHH BjaB-
JeHbl B IMIHHY TipH nomoriu subpatopos. baaronapsi BUGDH-
POBAHHIO KaMeHHOH HaOpOcKi ee MOHOJHTHOCTb O0ecredH-
Baercs. Pa3phBy MJacTMacCHl TIPeNsITCTBVET €€ CNoCOOHOCTD K
YANHHeHHID B 3 paza. ' '
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3. KamenHo-HaOpocHbie NAOTHHL ¢ anadparmamu

HaGpocHble TWIOTHHBI ¢ aHadparMamu, Oyas TO loJas
wejesoberoinas apHadparma (puc. H8) [8] uwam wmaccuBranA

2 0 2046
R _Z | :
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i":,;!:i
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FE' 0
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NN

: ‘ : it
Cxana 3 S -

Puc. 58, Kamennan naoruna Yenp-Keoup (l.. Qued-Kebir),
Tynne (Cesepnas Adpuka) .
| — AONOAMMTCALHAL NPUrpy3ka (snocacacraumu), 2 — naan seaesobeTounui
Avaparmm, 3 — TpamboBannui 6eTOH, F—XeaAe3006eTOINMNWC APKH C TOPKPET-
HOR WTYKATYPKOH; 5 — noaas xeaeaobevonnan awvagparsa; 6 — meaesohe-

ronuaa  creHka  anadiparsmi; /= CLAZKEHHAR UOBEPXHOCTL OTKOCA,
& — GeTonnag Onopuag cTCUA; 9 — AONOAHHTEALNAN NPHrPYIXA (ANOCACACTBHI)

(puc. 59) [8] He onpaspain Bo3aaraeMbix Ha HAX  HAACKN.
Juapparma caumkoMm xecTka, yToObl cJenosath 3a jedop-
MaHHFAMH  VIIOPDHOH TMPH3Mbl HH30BOIO OTKOCA, H CJIHIIKOM

60,00 —=
-
!
q.l.
=
¥
o,
l".if?l?@

;! g L 2

_____ ) LA § .

. = o e e — I HHFH L '-j'
L/ el [l K- o+ i L —

%
[
I
1
I
I
i
|
r
o

=
A\
L
=
S
Fa
- Vo
=
x
Y
k)
Lo
L
T T ey

/] Fnurg  § Cepar daxrg EumEnmuu -
g i
Puc. 59. Ilonepeunoe cevenne maoruusr 3opne (Sorpe) ¢ auadparmoi

i — moctopag wa wmebne; 2 — Gepwa 2 u wHpuuo#: 3 — walpocka M3 Kpynuoro

KaMif;, 4 — NAOTHHMA YEaTAaHHWA CYTAHMHOK W raMHa; § — CYrAHHOK C rpasHes (yka-

TannufA); 6 — OeTonHan anadparma; 7 — KaMeHHERA AperasunA caoR; & — nabpocka

CO SHAUHTEABHLM COAEPHANHCM FPABHSA, I'AAbKH H KAPhepHHMX OTXORO0B (YEaTaunasn);
9 — 3 pana cKBAXKHH AAA LEMCHTAUHMK; JO — nepu

cnaba, 4ToObl NPOTHBOCTOATL JAABJIGHHIO NMOAIOPa €O CTOPOHLI
BEPXOBOIO OTKOCA,

Hast yayumienus paGorn puadparmbel, KakK ITOKasaHo Ha
prc. 59, CO CTOPOHH HAIIOPHONO OTKOCA YKJIaAWBAeTCH TIPYHT
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no tuny <¢HJALTPA, a CO CTOPOHBI HH30BONO oTKoca obecrneu-
paeTcsl CBOOOJIHBI OTBOA (puABLTPYIOLLEHCA BOABI.

HexxenatesbHuble JgedopManni, KOTOPble MPOUCXOAMIH B
9TOH NJIOTHHE, He MMeaH CVIIecTBeHHOro 3HadeHusi. ['opasno
OoJAbIIeT0 BHHMAHHA 3aciyXKHBAET TO, YTO CTPOHTEJILCTBO
ILIOTHHBL €  SIAPOM ABJSAETCA HEIKOHOMHYHBIM, H OT CTpPOH-
TEJLCTBA TAKOMO THMA MMJOTHH B HAacToslee BpeMsl OTKa3bl-
BAIOTCAL.

Ilpu OGoablmioM nporpecce, KOTOPbIH Obljl JIOCTHPHYT B
nocJe/Hee ppeMsa B o6JacTH OCTOHHBIX MJOTHH, MJIOTHHBI C
anadparMamMy vike nukorma 6oJibille HE CMOTYT KOHKYPHPOBAaTh
¢ HUMH,

4. HaOGpocHble naA0OTHHB ¢ BHOPHPOBAHHBIM SAPOM
H3 KAMHS W TJIHHBI

Ouene nonyJaspHbIM BHAOM HAaOGPOCHON TJIOTHHBI SIBJISIETCS
TAKXKe TIOTHHA C TVIHHSHBIM SIIPOM.

Ha puc. 60 nokaszana naorhsa Barayra (Watauga) ¢ rau-
HaHBIM siapom. Omna nocrpoena B josauune Tenneccu (CIIIA)
u umeer Hanop 90 . Takxoro THna NJIOTHHB AOCTHUrAIOT 3HAYH-
TEJbHON BBICOTHL.

B coomsercrBuu ¢ mpemnoxennem I'. B. Kenura, xoropoe
OCHOBBIBAeTCH Ha ONbITAX, MNPOBE/JEHHbLIX HA CTPOHTEJLCTBE
iotnH B Pypckoit o6sacTH, NpH YCTPOHCTBe TIHHAHON AHad-
parMbl IJIOTHHBI B IVIMHY BBOJMJM M3IOM H3 KaMHf NOpPH [O-
MouiH BuGpaTopoB. B 3ToM cayuyae noJy4aioT MOHOJHTHOE
A1pO, B KOTOPOM IVIHHA HAJAEXKHO 3aroJHfAeT BCE TYCTOTHI
MELY  KaMHAMH. B NpOTHBOMOMOXKHOCTE OGTOHHOMY SIpY,
AP0 H3 KaMHA H TJIHHBL [TOJAYHACTCH TJIaCTHYHBIM. KPGME TOTO,
OHO OyaeT HaMHOTO JielleBJe.

Canny  waM  CVIVIMHOK  4acTo TPYJIHO J0CTATh B NOPHBEIX
paitonax. Ilpy ycTpoiicTBe sjpa M3 KaMHsi H TMHHBL nOTpeb-
HOCTb B IVIHHE yMeHbluaerTcs OGoJbllieé YeM HaMoJOBHHY H 3TO
/lelaeT BOSMOKHBIM NPHMEHeHHe TaKOTO THNA MJIOTHHB B Op-
HBIX paHoHaXx.

5. MMepcnekTHBB Pa3sBUTHA KaMEHHO-HAGPOCHBIX MJIOTHH

C cosmanueM MOUIHBIX BBICOKONPOH3BOJAUTEJBHBIX BHOpa-
TOPOB JUIST YIUTOTHEHHS] KaMeHHOH HAOpOCKH Mepej KOHCTPYyK-
TOPAMH KaMeHHO-HAaOpOCHBLIX TWIOTHH BCTAIOT COBEPIUEHHO
HOBBIE 3agaul, B pe3YJbTaTe pellleHus KOTOPHX BO3HHKHYT
HOBble (QOPMBI TJIOTHH, KOTOpBIE, BO3MOXKHO, TOBEIYT KaMeH-
Hble MJOTHHBI MO UYTH HEMPeABHACHHOTO Pa3BHUTHA.

7 3ak. 110! ’ " 85



BONGOTHEQO 3 ¢'C wod
-LAWEHT 9LU2HHOL —§ ‘HNEOTIHLQO €20 T'9
WOdLAWEBHT 9raHHOL — / {18'y KodLaweny
EWaLYON BrT BQAdl — ¢ !op'e wodiawenr
moAdeL g — ¢ pyMuamad —F  0'eXzI'l
gpdOaLEE XHMEEIr0Hd § — ¢ ‘vdOd1EE X9H
quacodr g —z ‘digend ymuredgo — J

eifeleg MHHLOLT HLBLIY M
9HHARAY 2doHhAdAUOI] ‘09 ‘*dud

g

-

W,

00719+

aumpg noHavawnHgndh

n JEJ @NHDEE OU £308Dd

fisafiuacpoq AWORHOP OU 3NHaK3J woHad[y TR
e v o VTR e e T i
+ a e T v o o = ek .._l. uhLEt.h.ﬁ hwﬁh |ﬂ. 3,4
. 1 - W, g oo, T i, Mg e - T .ﬁ._ﬂ__hl
e M AT S, e e aar ey = i i Diesedy st w7 A el o
R N NG sl P v A 7% 00615
2l e N S e TR e
PR XN 2 olp ¥
=0 o _.._m_...@dm-..“m.,t LN, 7 Ao a DNNHOGUSYH
P PE, A B 4 ) R - o T L AL
hu_.ﬁm mm.__m_ar ii-ilh.lal._-nm..mﬁ 1....|.“l._.1.._..__.._|.1........_.__...._.|....._... .___.N..... e =
. ¥ -nnhhﬂ..ﬁ. W, “_..___...b..h.l.._ﬁ.__..m.hn = o =
..-.-_____..ur ..\_. -.-H.-...ﬂ-”. :.ﬂ_...."r ........ ot = 1 _.1||_..._._"“_....__.”__._..
! . o o e
5% _.uﬂﬂ.ﬂ.ﬁ.ﬂﬁ‘ﬂwﬁﬁx ._
= — = TR\
[ — hwh_ m..mm. - ._._.um..._...w__ n._.MA_w..,.f.....l.H...__.w__.hi N :
0 L] 00509+

00609 +

P o] —— %
i AT () 716
g N
GE 0/ Y€
~.;__. - &
PR 77 =L 3
4 ‘ f] L

faodgoogog ou £30ED4 ,

1Gunuovy €3dend miaHnhadauol

86



riABA 12
SEMJSHBIE MJOTHHDI

[Tox 3CMJISHBIMH JO/KHBI NOHHMATLCA TakHe [WIOTHHHI,
KOTOPBLIC COCTOAAT B OCHOBHOM M3 CBA3HbIX HWJIH CBHIITYYHX I'PYyH-
TOB W B KOTOPBIX KaMeHb HAXOAHT INPHMEHEHHe TOJbKO s
3aIHTL HAITOPHOrO OTKOCA M VKPenJeHHs NOJHOXHA HH30BOro
orkoca. M3 Oovsiee uem 300 asapuil KpynHelx IWIOTHH, 3ape-
PHCTPHPOBANNBIX B HCTOPUH TWIOTHH MHPa, TIOYTH BCe IJIPOMC-
XOJHJIH C 3eMJSHBIMH IIOTHHAMH M CpPeJIn NocjeJHHX 3HaYH-
TesbHAA 4acThb IaJlaeT Ha HaMbiBHble M NOJYHAMLIBHBIE MJIO-
THHBEI,

CTPOHTEILCTBO HAMBIBHLIX H TTOJYHAMBIBHBIX IWIOTHH B Te-
yeHHe JecsiTHJICTHH TpPHUHAJIO WHPOKHI pasMax B AmepHke.

B Egppone, a takxke B I'epmannu jgejo He nouuwio jpaJbiie
HAYAJBHBIX  MOMBITOK — HaMblBA  4acTH IJIOTHHBL  3oprie
(em. puc. 59) [8], omnako 310 6BLIO BCKOpe <HOBA 3a0BITO.
A nocne karactpodnr na mwioruine Popr-llex (Fort-Peck) s
1939 r. OT HAMBIBHBIX M TIOAYHAMBIBHBIX IVIOTHH, TO-BHJMMO-
MV, OTKasbiBaloTcsi Takxke n B Amepuke.!

[Taoruna Popr-Tlex obpasyer BogoXpaHuaHlle € 00BHEMOM
BoAbl 24 wmapx. 3. Dra 1wiornHa nmeeT 0OBIYHYIO KOHCTPYK-
IIHIO NMOJIVHAMBIBHOH MJIOTHHBLI: HACBHITTHBIE HapyXKHBIE NPH3MBI
M MEXJ1Y HHMH HaMBLIBHOE BOJIOHCIIPOHHIlAEMOE f/IPO, KOTOpoe
VIIOTHSIETCH TOJBLKO Yepe3 HEeCKOJLKO JIeT W JlaBJleHHe BOJbI
B MOpPax KOTOPOMO MACTO BO MHOTO pa3 MNpeBblllIaeT JAaBlieHHe
BOjALI, oOOpasvioueecs BrocieacTsHd. [lpn BbICOTE MIOTHHDI
76 m n npu gaaune rpedus 6,1 Ku naoruna Popr-Ilex umeer
obbem 100 mam. M3, OHa SIBASIETCS! PHIAHTOM CPEJAH 3eMJISTHbIX
niaotTuH  Mupa. Tlaorubie xopennble TOpPOALI B OCHOBAHHH B
BHIC TJIHHHCTOrO CJaHma Haxo/WIHuCch V JeBoro Oepepra Ha
rayouHe 46 s My TpaBoro Ha TayGHHe 38 M, M CTPOHTEIH
ObJIM HACTOMIBLKO CMeJIbl, YTO pPelinJiy oDecneynuTh COnpsi?KeHHe
C KOPGHHBIMH  TIOPOJIAMH € TTOMONLBIO CTAALHOIl IIMTYHTOBOM
creHKH rayounoit B 47 M. CoopyKeHHMe IINYHTOBOH CTEHKH
ObLTO TIpOBEJ/IEHO TaKHM oOpasom: creppa 3adHBaNH C TIOAMBI-
BOM JIETKYIO TINVHTOBYIO CTeHKY na riayouny 22—25 m u
K 310l TocJeHell anBapuBanH OoJiee THXKENBI IUINYHT TIPH
MOMOIIH MJIACTHH AJMHOH 3 M, NOCJEe ITOro IIMYHTOBas CTeH-
Ka saluBajiach KOTPOM.

' B CCCP, naoGopor, HaMbliHbie NMAOTHHBI, TAaBHBIM o6pa3oM mnecua-

HBlE H cynecuanble, noayuyuan GoJblloe passHTHe 3a nociaeaune 20 Jer.
(Ped.)

i 87



Karactpoa npousolwia HeSafoJr0 A0 OKOHYAHMS CTPOH-
TeJbCTBA MJIOTHHBL. Ilo onucanuio Jlesuna, ona Oblvia BhI3BAHA
TE€M, YTO YXK€ TNOANepThIH BepXHHA Obed OB OUeHb OBICTPO
OMOPOKHeH, Npexae ueM Obljia 3aKOHUYeHA 3allUTHAS OTCHIb
rpynta. B pesyiprare 31oro B IIOTHHE, B 30HE HANOPHOTO
oTKoca, ©00pasoBasoch HeypaBHOBELICHHOE MNaBJeNHe BOAbl B
nopax, H macca rpyura B 10 mun. 3 casunynach B cropony
BOJIbI, TOCTABHB MOJ YIrpo3y BCIO ILVIOTHHY. [IBHKenme rpyurta
YAAJI0Ch OCTAHOBUTb TOJIBKO B pe3yJbTaTe HCKYCCTBEHHOrO
3aMOpPaKHBAHHAA., MHDTD JIET TDM}’ Hdsad]l dHaJOriyHoe sipJciHe
Op10 OPHYHION KaTacTpogel nutotudel Kanasepac (Calaveras)
B Kanudopuuu.

YKaTanHas seMiasHas MJoTHHa (CM. puc. 7) ¢ MOmepeyHbiM
ceyeHHeM, HanoMuHHaoIIHM (opmy = (GHAbTPA,— Henponuilae-
Mble  MacChl TpyHTa @ B CpeAHEH TPETH  CeueHus,
NPUMbiKAIOIIHe K HUM NOJYNPOHHIaeMble b u BoXOMpOHHLAC-
Mbl€ MACCBl TpyHTa ¢, 3areM KaMeHHast Habpocka'juisi Kperl-
JIEHHS HaTlOPHOTO OTKOCA U KaMeHHAas OTCHINIb Ha JJIHHHOM
rpaBHAHOM TIOQIKE CO CTOPOHBI HH30BOTO OTKOCA. 2ITO
eIMHCTBEHHBIH THM MJOTHHH (C LEeHTpaJbHOl BOJXOHENPOHU-
aeMOH WacThl0), KOTOPHIH onpasjnajs cebs BO BCEX OTHOLIe-
HAAX M B HACTOfIEE BPEMs, IIPH3HAETCS BO BCEM. MHPE Kak
IPABUJILHBIA THU 3eMJSIHOH nJIoTHHB [71.

Y caMoro mocJefHero 1o BPeMeHH H OJLHOBPEMEHHO CaMo-
'O 3HAUKTENbHONO IPEACTABHTEJS] ITOrO THIIA CTPOHTEJBLCTRA,
y MIoTHHbl Apnepcod-Psnu, mwmeomell sbicory 138 u (ewm.
puc. 7 u 8), BOJOHENPOHHIAEMOE AP0 COCTOSJIO H3 NecyaHoH
MIHHBL ¢ _HauOOoJblleli KPVYNHOCThIO uactun, 6 mam u u3 16%

o

NIHHBL (KPYNMHOCTB yacTHil Menbine, yem 0,005 4ii). OHO 6blI0

T S S A e - m—

VKaTaHo IIHMOBHIM KATKOM npu  BJjaxHocTH 12,5%; mocae

=} e ——— S

YKaTKH _00beMHbIH Bec coctapasa 2,18 7/x3. Kospdurmeut
(pnabTpanun yKaTansoro marepuana cocrasmsn 0,015 a B rox.
B noaynponnnaemoft orceinn 44% rpynra HMeNH KpymHOCTDH
sepen Goublue, yeM 6 ma; ona Oblla yKataHa UPH BJAAKHOCTH
B _106% u wmena mocae ykaTkH yHedbHbIH Bec 2,3 7/M3.
Kosddummenr ¢unsrpauuy poxommna no 6 m B rox. ITpomuu-
naeMasd yactb NpPoQuJsa TNJIOTHHB COCTOsSJIa IMIABHBIM oOfpa-
30M U3 mecka u rpaeust; 64% mnocaeigHero HMEJH KPYIHOCTE
sepen OoJiniie, yeM 6 mm, oObLeMubIll Bec coctaBasa 1.8 7/ud
Hu koa(pduiment uavrpanus — 240 # B rom.
Henponunaembli W  [OOJYNPOHHIACMBIH TPYHTH ToOcJe
COOTBETCTBYIOLLENO  YBJAMHEHHS  YKJaAbIBAJHCh  CJJOSIMH
20 cu w yxarteisaauch. Kartkn Becom 20 7 (puc. 61) npoxo-
aan 12 pas no xaxzaomy ciaowo., Xopoluee CHelJIeHHe CJ10eB
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Puc. 62. Crneumanbubie mmunosple Karku B pabote npu
YCTPOUCTBE AAPa MAOTHHDI
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JOCTHIaMOCh TIYTEM DBIXJIGHHST TOBEPXHOCTH M CMaYHUBaHUS
HHXHEro cyost M 3areM ykatku rpyHra. Ilpu yerpoiictse 3y6a
MPUMEHSATHCh ClIeUHaJbHBIE TUHHIIOBBIC KaTkH (puc. 62), KoTo-
pble Jelaji BO3MOMXKHOH YKATKy HENocpeACTBeHHO V OeToj-
HBLIX CTeHOK. B Mecre CcONpSKCHHS TJIOTHHB €O CKAJOM,
MOCJIeIHsAsl TILATEeJIbHO OYHILAJIACh PYYHBIM CIOCOBOM, OOMBI-
Bajachb CTPyeit BOAbI M NPOAYBASACh CKATHIM BOZLYXOM,
MpexJie YeM TPOHU3BOJIMJIACE OTCHLIIKA TPYHTA.
BononponniaeMelii TpyHT W3 Tpasus M 1ecKa yKJAadbl-
BaJIcs CJOAMH 30 cM M VIIOTHSJCH TOCPECTBOM VBIayKHCHHS
n ykatky, Habpocky Kamusi Ha HH3OBOM OTKOCE NDOHIBOH/M
CHNOSAMH TOJNIIMHOH 1 M, a BepxHMiI ¢/10i  TogamHol 60 cat
BBIIOJIHSAJICT H3 THAXKEJABIX pBaublX Kamueifl, OcHoBaHue no
KaMEeHHOH HaOPOCKOH TINATEJIBbHO BHIPABHHBAJIOCH H YKATHI-
BaJIOCh, 3aTeM VKIAABIBAMCA (PUILTP M3 IPABEJHCTONO Tecka
TOJMUHHON B 1'2 M, KOTOpPLII HACHITIAJCS TOYHO TaK Ke, Kax
W BOAONponHilaemas Habpocka. Kamennas naGpocka nHa na-

MOPHOM OTKOCE TOJNIIMHON 1 M COCTOSIA M3 TSMKCILIX KaMHOI]

il

pecoM ot 100 mo 1000 xe. i

~ Bech_sogonenponnnaeMbil rpynt mIoTHHbI 00LEMOM TPH-
MEPHO B 3 MJH. M° AOCTABJAJICS KOHBEHCPOM JUIMHON 3 AM
1 90 exm wmpHHOil. B Kapbepe rpyuT U5 HACLINK 3aXBATHIBAICS
JBYMSl KOBIIOBBIMHM 3IKCKasaropamMu ¢ oOobeMoMm xoema 6
H JIOCTABJSJCA K OYHKEpPY JI€HTOYHOro TpaHcrnopTepa; OTcioja
Ol TepegaBajiC Ha JeHTY Kouseiepa. JIiMHa  JIeHTOYHOTO
TpaHcnoprepa cocrasasia npumepuo 60 a. [MpoussoaurenniocTs
Konpeifepa poxommaa no 1100 a* rpynra B 1 wac npu ckopo-
CTH IBHXKEHHUA Jentbl 19 m B 1 Mumu.

Hapsiny ¢ pacnonokennem QuibTpyiolux MaTepHaIon B
GOJBIIMHCTBE CAYYAaeB CHMMETPHUHO BOKPYL SIAPA IWIOTHHB!
HHOPJIa BCTPEYAETCS B IJIOTHHAX TaKMKe OAHOCTOPOHHee Daco-
JOMEHHE tb-H.ﬂprDB ¢ HauboJee HETIPDOHHILaeMbIM MaTepHajJoM
Ha HaloOpHOM OTKOCE M BOJONPOHHILAEMBIM Ha HU30BOM OTKOCC.
CaMBIM H3BECTHBIM NMPHMEPOM STOrO THNA MJIOTHHDBI SIBASETCH He
OYeHb BBICOKAsl, HO HMewomas aiauny 6> ka, 3emasnas I.10-
tuia Orrmaxay (Ottmachau) (puc. 63) [8], v koTopoil mAOTHLI]
FTPYHT YKJaJAbIBAJICA €O CTOPOHBI HAMOPHOTO OTKOCA H JOTOMJ-
HAJICH eIle HAKJIOHHBIM TIHHSHBIM aapoM, OfHAKO TaKkyio KoH-
CTPYKIHIO He caeayer pekoMengoBath. Haxmonnoe siapo w3
TJIHHBI YACTHYHO OIIOJIZJIO y2KEe BO BpeMs CTPOUTEIBHBIX palor,
XOTH VKJaaxKa IVIMIBI B HEro NnpoH3BojMidach ¢ 4pesBbluajiiHolf
TIATEIBHOCTHIO.

Eciin B pacnopskennn uMeercst ZOCTATOYHO BONOHENPOHH-

[laeMbIH TPYHT, TO YCTPOMCTBO IUIOTHHBI C SIJPOM H (DHJIBT-
90
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paMH CTAHOBUTCS HEHYXKHBIM. B 9TOM coryyae MOMKHO MOCTPOHTD
ONHOPONHYIO IWIOTHHY, HAalmoOpHBIH OTKOC KOTOPOH YKperll-
Jsercs  KaMeHHOH  HAOpockoH, a  HHBOBOW — KaMeHHOH
OTCBINIKOH M  KaMeHHBIM YIMOpoM. ¥ TakHX IWIOTHH OTKOCHI
nejalorcs B oOuleM OoJiee NOJOTHMH; CpeJlHHe 3HAUeHHS OTKO-
COB BEIPAXKAIOTCA B CJAEAYIOUIHX CPeJHUX uudpax: HanOpPHOTO
1 ¢ 3%, u nusosoi 1 : 4%, Jlonosauuiciabibie 3aTpaThl B CBA3H -
¢ yBeJHueHHeM oObeMa TJIOTHHB B OOJNBUIMHCTBE CJIydyades
VPABHOBEIIHBAIOTCA B pe3yabTaTe YNPOLEHHS METOI0B TNpo-
H3BOJCTBA PaboOT. ¥ caMbIX MOCJAERHHX lIpejicTaBuTelIeil 3TOro
Tuna — miaoTuH Meppuman (Merriman), Hesepceunk (Never-
sink) u Jlayucennp (Downsville), nmeiomux npumepno 61 m Bbl-
COTBI n G Lpennem 800 m JWIHHBL 1 t}GerneqHBdmmnx BOJIOCHA -

B

Cil B ClELHMAIbIbIE BATOHETKH (EE'.I{.:]H;I) {}ﬁ’bEMDM 18 x3, ocBoO-
boxaaJicss B COPTHPOBKe OT xaMmued auamerpom OGodablue 10 ca,
BbichbinaJjica B OYHKepHl, 3abupaJics cHoBa B BaroHeTku EBKauga
H co ckopocThio 40 Ku/wac Hanpasisijics K MECTY CTPOHTEIbCTBA
MJOTHHBL. Pasrpyska BaroueTtox NpoHCXoausa Ha XOAY IPH CKO-
poctH oT 15 o 25 km/uac B Teyenue | MMH. NyTeM OIOPOIKHE-
HHSl BArOHeTKH 4Yepe3 JHO, NpHYeM MaTepuas 3achbiliKKi Bblna-
a7 CJ10eM, HMEIOUIHM KeJNaTe/bHylo TOMIHHY 15 em. IDpynr
pa3paBHHBAJICS GYJbIO3EPAMH H YKATHIBAJCH RHMOBLIMH KaTKa-
MH, KOTOpble 4 pa3a NpOXOJAN/IH 110 HACBKIIAHHOMY CJOI0 I'PYHTA,
cosjaBast TOBePXHOCTHOe nasJieHHe B 68 xe/cm®. Takum cro-
coboM  JOCTHraercss cpeiHuii O0BLEMHBIH Bec YNJIOTHEHHOTO
rpyira 2,5 7/m2.

Ouenxa ¥ TNpHMeHEHHE CBA3HBIX TPYHTOB B CTPOHTENLCTBE .
JIOTHH B HACTOSllee BpeMs IIPOU3BOAUTCA HE TOJLKO HA OCHO-
Be HH?KEHEPHOH HMHTYHLMH, I0 H Ha ocHOBe (DH3UKO-MexaHuye-
CKHX HccseioBaHuH TpyHTOB. [las cTpouTenbeTBa TJIOTHHBL BaXK-
HeHIIHMH CBOHCTBAMHM [pyHTa SIBJISIIOTCS: BOAOHENpPOHHIIAE-
MOCTb, CTOHKOCTb TPYHTa B OTHOWIEHHH cy(d(ho3nn (BbIMBIBA
MCJIKHX YacTHI[ BOMOH, NMpOTeKalolled uyepes IpyHT), THApoOCTa-
THYECKOe JaBJIeHHe B MOopax WM MOpPOBOe JaBJjeHHe, BJaXKHOCTh
H BJIATOEMKOCTb, BOJIHYHHA pa3OyxaHus H ycajKkH, H3MEeHeHHe
JIACTHYHOCTH NPH U3MEHEHHH BJAXKHOCTH, TTPOYHOCTb HA CABHT,
PasMephl OCaNOK M CKOPOCTb OCEMlaHHs Npy Harpyske. Cawmo

‘000l pasyMeeTcs, YTO 3JeCh MLl HE HMeeM BO3MOMKHOCTH Je-
TAJbHO KOCHYTLCSH METO/0B TeOTEeXHHUEeCKOTO HCCJeN0BaHUS H
KOHTPOJIAL.

* B Hawed npakTthike oGmuno 1:3—I1:35 (Ped.)
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rmMABA 13
HAPAUIUBAHUE W YCWIEHHUE NMJOTUH

C pocroM BOAOXO3M/CTBEHHBIX H SHEpPreTHYecKHX sajad
Mbl BCe uYallle CTaJKHBACMCH CO CJyuasiMH, Koraa obbeMm
IKCIVIYaTHPYEMOINO BOAOXpAHHJIHIILA CTAHOBHTCS YyiKe HejocTa-
TOYHBLIM, YTOObl YJAOBJETBOPHTH BO3POCIUHE TpPeOOBaHHA X He-
My. B stom ciyuae peraer BONpPOC, CTPOUTL JIH HOBYIO IWIOTH-
HY M MOXKHO oObecrmeynTs HeoOXoaumblii 06beM BoOgOXpa-
HWJHILA nyTeM TOBBINCHHS H YCHJeHHS CTapoH IJIOTHHBI?
[Ipyn Haauwuum GOJbLIHIMX TEXHHUECKHX BO3MOXKHOCTeH, KOTO-
PbIMH MBI paclnojgaraeM B HacTOslllee BpeMs, 3TOT BOIPOC
pelaeTcs BCe valle M Yallle B NMOJb3Y HapauluBaHMsl BOJIO-
XPaHHJIHLHOH IVIOTHHBI.

Ilpoie Bcero OCYIIECTBJSIOTCSI TIOBHILICHHE KaMeHHO-Ha-
OPOCHOH TWIOTHHBI ¢ OeTOHHBIM HJIH  acPajJbTOBLIM 3KPAHOM.
37ech HapallMBaHHe MOXKeT OblTh npoBeaeHo Oe3 yuep6a ais
IKCIVIyaTallin BOZOXPAHMJIMILHON T[JIOTHHBI, TpelbyeTcs TOJb-
KO MOAHSITL IIPOTHBOMGUILTPAUHOHNUBIH 3KpaH 0 HOBOH OT-
METKH rpebHst M JIONOJAHHTL HAaOpPOCKY KamHsi J0 o0pa3oBaHHs
HOBOT'O TMONEPEYHOTO NPOdhuIs,

Y niaotud ¢ auadparmoil U3 GETOHHON KJIadKH, C SAPOM H3
TJIWHUCTOINO MaTepHada, y 3eMIfHbIX IJIOTHH ¢ CHMMETPHYHBIM
pacrnoyioxKennem martepuanos (B (opme ¢uibTpa) mapaliHBa-
HHE W YOMJEHHE NpaxTHUeCKH HcKaoueno. Hanporus Toro,
OueHb OJaronpuaTHLIE YCAOBHSA JJIA HaPalUlUBaHus HMEIOTCH Y
3eMJISIHBIX TIOTHH H3 OfHOPOJHOrO Martepuatsa. Ouu moryr Ge3s
yilepba g IKCMayatalid TOBLIIATHLCA W YCHIMBATBCH Kak
YI'OJIHO YacTo.

YuuThiBasi yCJIOBHS (pHHAHCHPOBAHMSI, OIJATy TMPOIEHTOB H
aMOPTH3d1HIO, B HACTOALLEE BPEMS HEPEAKO CTAaBMTCH BOIPOC O
CTPOHTRILCTBE [IOANOPHOTO COoOpy:KeHHs no sranaMm. s Ta-
KOTO pojla CTPOHTRJILCTBA KaMelito-HaOpocHble NJIOTHHBI C 3K-
panomM H 3eMJsiible INIOTHHBI ¥3 OZHOPOIHOIO YIIOTHEHHOTO
HACBIITHONO MaTepuala mNpejIcTaB/IsioTes Hanbogee TMOHXXOAs-
IILHMH.

HapaumBanue rpasurtainonliblx O0eTOHHBIX IJIOTHH MOMKET
IIPOH3BOAUTHCS ABYMSA NMYTAMH, & HMEHHO: HJIH CTPOHTEJILCTBOM
HOBOH TIpaBUTallHOHHOII MacCHBHON IUIOTHHBIL, B KOTOPOH crTa-
pasi MVIOTHHA TIPEACTABHT COOOH HH30BYIO UacThb HOBOH ILIOTH-
Hbl, HJIH Hapalll¥BaHue CTapoil TWIOTHHB! ¢ YCTPOHCTBOM KOHTP-
(hopcoB ¢o cTopoub HH30BOH rpaud. Ilepsbiil cnocod aBJser-
cs1 Gosee JIClICBLIM; OJHAKO OH TpeGyeT NMPHOCTAHOBKH KCILTY-
aTalEy COOPYKEHHS HA 3HAYHTEJILHYIO YacTh BPEMEHH.

8 3ak. I101 93



B cayuae mapamusanus NJAOTHHBI €O CTOPOHBI Bepxlief
rpaHHd, KaK 370 NMOKazaHo Ha puc. 64, HamopHass rpaHb cTapoil
MIOTHHE! OOpabaTbiBaeTcss B BUJE CTyNeHel ¢ TIATEILHO TIPO-
MBIBAETCS BOJOH JJIsl ITOJYUeHHS] XOPOIUECTO CHEIJICHHA CTaporo
H HOBOro OeroHa.

Crpourenn naotunel Mapmana-®opx (Marshal-Ford), nosbi-

wenHoi po 105 m (puc. 64), moporo monmJaTHIKCL 3a TO, UTO
npenedbperyii - 3THM ~ Mepo-
npusitieM. Hepes  ruaaxuii
KOHTAKTHBIH LIOB JOXK/IEBHIE
BOjIbl M BOjibl TABOJKOBOI'O BO-
JOCJIHBA  TIPOHHKAH B TaKOM
KOJHYCCTBE,  4YTO  YCTAHO-
JEeHIoe B rajepesix 00opy-
NOBAHHE HE MOIVIO 3KCILIYaTH-
poBaTbCsl M NOJHOCTBK) 3a-
p:kaseso. Urolbl npexpaTuthb
JAOCTYN BOABI, MPHILLIOCH, KaK
BUAHO M3 pHC. 64, npojoJe-
HbI{ 110B 3alleMeHTHPOBATb H3
TPpeX IITOJEH H HAa HHU30BOU
rpand B MecTe BBIX0Oja IiBa
VCTPOHTh ClIellHajibHoe YIIOT-
HeHHe,

Bropoit cnocod  yeudaenus
CTapoil MJIOTHHEL ¢ ITOMOLUBLIO KOHTP(OPCOB G/lecTsile OmpaBnjadl
ceGs1 Ha 3naMeHuTolt Gerounoit Accyanckoit miotune (Assuan)
B Erunre B npouecce 20-/1eTHeil ee sKcmiyaTaiuii.

He MeHee BBIpA3HTE/LHBIM TIPHMEPOM SIBJSIOTCS GETOHHAS
nnotuHa Jlaxec (Lages) B Bpasuaun [32], kotopas B yeaosusax
SKCIIJIyaTauuu ee 3a 8-jgerdguil nepuox ¢ 1940 mo 1948 rr.
Obuia nopeimena na 28 m. Ilpu stom oGbeM BoaOXpaHH/HILA
Obl1 aoBejer ¢ 182 man. #% no 1052 muu. M3 u B pesyibrare
YCTaHOBKH HOBBIX arperatos Boipaborka I'DC nosbliieHa ¢ 113
Jno 738 muH. ker-4. Ha puc. 606 nokasawa crapas MaccuBHas
rpaBHTallHONHAs MJIOTHHA, HADOIULIEHHAST M YCHJIeHIIasi, KOTopas
MOJHOCTBIO IOTEPSAJSa CBOH ICPBOHAUAJBHBIH Xapaxrep H
COHAEpPKUT B cebe CYLIECTBCHHbLIE YepThl KOHTP(OPCHOH MJI0-
THHBL

Caenyer 0coOeHHO OTMETHTH OOJIBIIYIO TIATCIBHOCTD, C KO-
TOPOH TIPOH3BOAHJIOCH 3yOuaToe (wTpabuoe) coenuHeHHe HO-
BONO 0OeToHa €O CTapbiM. Dodbloro BHUMAaHHS 3acayXuBaer
TaKKe AONOMHHTENbLHas CBf3b O0EMX yacTed INIOTHHBL C TTOMO-
b0 MHOPOYMCJIEHHBIX AHKEPOB.

Puc, 64. Ilopuimenne naotTHibl
Mapman-®op;

I = cyXo#l pacTBOp; 2—NAACTHUNMA MATEPHAN
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B neasx cumkenusi o6bemubix gedopmaunii Gerona Oblia
yCTaHosjena Jo3Hposka nopraasanementa 150 ke na 1 %, Baa-
rogapsi sTomy Oblla JAOCTHPHYTA NPH a0 NJACTHYHOH KOH-
CHCTEeHIHH IpPOYHOCTL Oerona B podpacre 28 mnei 150 xe/em®.
Josupopka nementa s HanopHoit rpaum Oblia NPUHATA
183 ke Ha 1 M% Yunrsias HesHaUHTEJLHYIO J03HPOBKY IICMEH-
Ta M PACWIEHCHHYIO CTPYKTYPY ILIOTHHE (Koutpdopesl), OT
HCKYCCTBCHHBIX MEPONPHATHI [10 OXJazK/JCHHI0O OeTOHAa MOXKHO
Obwio OoTKasatbed. dxoHomus B 42000 s Gerona, JNOCTHTHY-
Tasi B pe3yabTare NPUMCHEHHA KOHTPGhOPCHOR KOUCTPYKIUH, CO-
crasasier 35% KyGaTypbl COOTBETCTBYIOULCH MacCHBHOH TpaBH-
TAUHOHHOH TJIOTHHBI,

CyliecTsyer el Pl KPHBOJMHEHHLIX B IJaHe rpaBHTa-
HHOHHBIX IIOTHH € HE3alleMEHTHPOBAHHLIMH IUBAMH, KOTOpbiE
MOZKHO TIOBBICHTH JIO OIPENeJeHHOH OTMETKH U 6e3 yCHJeHus.
B 3stoM cayuae 1eo6XoANMO JMIUL 3aUEMEHTHPOBATL IIBLI: Ta-
Kue MJIoTHHBEL OyayT padotath KakK apouyHO-TPaBHTallHOHHBIE
OeTOHHBIC TIOTHHBI.

IloBpliticHHe YUHCTO APOYHBIX IWVIOTHH OUEHb YaCTO MOKeT ObITh
ocyniecTsiaeHo 0€3 BCAKOIo JONOMHHTENbHOIO YCHJACHHS, €CJIH ero
COoUeTaTb ¢ JONOJHMTeNbLION 1emeHTanMel mpos. Kak uasect-
HO, TPOYHOCTE OETOHA 3HAUHTENLHO YBCJIHUHBAETCS C TCUEHHEM
BPEMeHH.

Kak yxe ynomunanocn, apounast motnsa Poce B CLIA na-
paiiHBa/ach yme japa pasa 6es ee yrodinenus. as rperbei
HAJCTPOHKH 39TOI apouHoil MIoTHHBI 10 Bblicothl 205 M, KOTO-
past ceiac mnojrorosjsercss (cM. puc. 28), npeaycMoTpeHo
YTOMUIEHHe NJOTHHBI CO CTOPOILI HanmopHO rpanyu, B pesyb-
TaTe KOTOPOTO HBLIHEIIHee TofepevHoe CeUYeHHe CTCHBL NpUuMep-
HO yasouTtcs. Tlamo orMeTHTs, UTO0 BO3ZMOKHOCTL TAKOTO YTOJI-
HICHHA YUHTBIBAJIACH YiKe B NMPOeKTe NaoTiuHbl. Bo-nepsbiX, HH-
30Bas TpaHb, KAK 3TO BHJHO W3 pHCylIKa, cAaenaHa pHdiienon
(«BadebHOAY ), H, BO-BTOPHIX, IVIOTHHA MMeCT 3y0uaToe CONps-
Aenue ¢ ocHosBanMem. bBiaarogaps stomy nazeloTesi o6eCleuHTh
Oeaynpeynyio MPOYHOCTL Ha CPe3 Mexay OOeHMH OyAyIIHMH
YACTSIMH IIIOTHHBI,

CorJiacHo OIbITY, TOJYIEHHOMY TIPH GCTOHHDOBAHHH Bpe-
MEHHBIX BOIOCTIYCKHBIX OTBEPCTHIl, He JIerko obecnevHTh 10.1-
Y10 CBfI3b cTaporo M Hooro GeroHa. IlpwumHa 3toro sakiio-
UACTCSI B COBEPUIGHHO PA3JIHYHON ycaaKe H MOJA3YYECTH uvacrteil
IVIOTHHBI, BBIMOJHSEMBIX € JAIHTeJLHBIMH TepepbisaMi. [losTo-
TOMY TIPH YTOJIEHHH pellaloilee 3GHaUeHHe UMeeT TO, uUTO HO-
BLIH GETOH YKJIaAbIBACTCH TAKMM JKECTKMM, KaK 3T0 TOJBLKO BO3-
MOXKHO, UTOOBI COKPATHTL €TI0 00beMHBIe AeDOPMAUMH H HMEThb
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BO3MOXHOCTb COKOHOMHUTBH IIPH 3TOM Ha lemeHTe. Mcnosabnsona-
HHE HOBLIX MOIIHBIX BHOpPATOPOB MOIVIO Obl OK4a3aThb B 3TOM OT-
HOLIEHHH CVIIECTBEHHYIO NMOMOIULE H NO3B0JAHI0 Obl HaJesiTheA
Ha 3HAYUTEJNBLHOE TOBbIIEHHE MOHOJHTHOCTH paGoOTHl CTapbiX H
HOBbIX yacted OeToHa.

raqABA 14
BOLAOCBPOCHI BOJAOXPAHWI/IIUIHIHBIX [MTJIOTHH

Y Tpex cambix OOJBIIHX OETOHHBIX IVIOTHH B Mupe: [p3ua-
Kyan (Hanopom 155 M c oobemom OGerona 7,7 mun. m3), Illa-
cra (HanopoMm 183 m c oG6bemoM Gerona 4,1 mum. m3) u I'ysep
(narmopom 221 m ¢ o6bemom OetoHa 3,4 MaH. M%), KoTopble Ha-
xomsarca B 3anaaubix wrarax CIIA (oM. puc. 25), coopyxe-
Hue BOJOCOPOCOB CTOMJAO CTOJILKO JKe HJH faxe OoJblie, uyeMm
caMa IIOTHHA.

Yxe u3 aToro axra MOXKHO C037aTh cebe lpecTaBIeHHe
00 OrpoOMHOM 3HAUEHHH BOJOCOPOCOB B CHCTEME COBDeMEeHHbIX
BOOXpaHHJIHIHBIX MiaoTHH. Bogoc6poc naoruhsl pana-Kyan
paccyWTaH, HanpuMep, AJ8 IJIpONYCKa pacxojfia BoAbl B
37 000 m*/cex, uro B 7 pas npespnuaer nasogox Peiina y Ba-
seqisi. Eute 6ogiee momwibtit Bojoc6poc mitothiel Popt Panpans
(Fort Randall), on ocnamen 29 cerMenTHBIMH 3aTBOpaMH
(12,2 » wmpuunl 1 8,8 M BBHICOTHI) M MOXKeT NPONYCTHTH NaBo-
a0k 60 000 sm3lcex [34].

Camo coboil pasymeercsi, uTo Mbl JaJ0eK0 BbIJIH Obl 32
npeaesipl 3TOM KHHUTH, €M Obl CTajJH PacCMATPHBATH BCe BHI
BOAOCOPOCOB. 3/1eCh MBI BBIHVIKEHB OTPAHMUMTBLCS TEM, HTO
TOJBKO INepeuncJuM (paxkTopsl, abCOTIOTHO HeOOXO/UMBIE NPH
TIPOEKTHPOBAHHH TNMOANIOPHLIX COOPYXKEHHH.

BojocGpockl BOAOXPpaHMAHILHON MIOTHHE OBLIBAIOT ABYX pO-
JIOB: BPeMeEHHBIE, KOTOPbIe CJVKAaT JJIS OTBOAA BOABI OT CTPO-
WIOIIAAKH B IEePHOA CTPOHTEJLCTBA, M INOCTOSIHHBIE, 3KCIJIya-
TauHoHHbe. HacTo OMeJbHble YaCTH BPEMEHHOro BojocOpoca
TIPEACTABJSIETCS BO3MOMHBIM HCHOJAL30BATH 3aTeM IIPH  YCT-
POHCTBE SKCIVTyaTalMOHHOTO BOA0COpPOCA IJIOTHHBI, KaK 37O Oy-
JeT jJeTa/ibHee pacCMOTPEHO HHXKe.

1. OTBOA BOJBLI B NEPHOJ CTPOHTEJLCTBA

OTBOX Boabl B NEepHOJ CTPOHTEJNLCTBA TPeOYyeT BO3Be/eHHS
BEPXOBOH M HH3OBOI TEPeMBIMKH M OTBOASILEro TPyOONnpoBoja
WJIH WTOABHA (ToHHeas). B cryuae KaMeHHO-HAaOPOCHBIX H 3eM-
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JISTHLIX TLTOTHH TepeMbluKa MOMKeT OBLITh BHINOJHO BRJIIOUEHA B
MoIepeyHOe CeucHHe TIOTHHBI (cM. puc. 7), B TO BpeMs Kak
v OeToHHBIX TWIOTHH HH30Basg OeronHas J[ecpeMbluXa MOKET
OLITL HCIOAL30BAHA KAK BOJOCIHB HWJIH  BoaoOoinas CreH-
Ka xomomua (puc. 66). Ilpu OeToHHBIX . TIOTHHAX Tlepe-
MBIYKH MODPYT HMHOTAd HMEeThb KOHCTPYKLHIO THIIA apO4HOi IIO-
THIIEL

OtBoa BOABI MPOH3BOANTCH B OGOJILIIMHCTEE CJIYUaeB uepes
OTBOJIHBIC IUTOJBHH HJH TOHHe M. IHa puc. 26 moxazamna Taxas

Puc., 66. BoroGoHHBIH KoI01e1]

! — naotThua; 2 — DoKoRwe ctedkn: 3 — pon0fofinan cTeHka

WTo bHS Y IioTHHBL Xaurpu Xope [35], HH30Bast yacTh KOTOPOIi
HCIOJIL30Bana U151 MOCTOANHOTO OTBOJZA BOALL. ¥ OTBOJAHBIX ILUTO-
Jden mroruusl Mudepno Bepxonasi 4acTh CJAYKHT B HacToslice
BpeMsl B KaueCTBe NOABOISIIErO BOLOBOAA IHIPOCHIOBON Y-
TaHOBKH. ¥ maotHuel MoH(poOpTe 1aBOAKH B MEPHOJL CTPOUTE b-
CTBa OTBOJIATCS He uepe3 OTBOJAHbIe WITOJBHHM, a yepe3 TPyOLl
OYAVILUX JOHHBIX BojocnyckoB. Ilpu atoM BepxoBas nepembiy-
Ka CKOHCTPYHPOBAHA 3JeCh KaK apouHas TLIOTHHA H SBJSLTCS
OJAHOBPEMEHHO BOJCIHPHEMHBIM COOpYIKEHHeM /s JOHHbLIX
BOJAOCHYCKOB H MJsI OTBOLA CTPOHTEJNLHONO napoaxka. YUrobwl
HMEeTh BO3MOKHOCTh HCNOJL30OBATL TPYOLl Jisi ofGeux 3ajan,
B MEpPHOJT CTPOUTENBCTBA OBLIO HEOOXOAUMO NPOJONKHTE TPYObI
JOMIOTO BOJIOCITYCKA AAJBIUC Yepe3 BOJOOOHHLIH KOJOJACH H BO-
JOOOHHYIO CTEHKY, KOTOpasi TAKKe CJAVIKHT B KAUeCTBE NepeMbly-
Ku. TpyOnl B 1pejeiax BogoOoioro Kooaua BHoC/JAeACTBHH pas-
Gupatorcsi. Bo Bcaxom ciayyae H3 ITOro NpHMepa BHIANO, YTO
0OBOJIHBIE WITOJBHH HH B KOEM CJayvude He SABJISIOTCH VHUBep-
CaJIbHbIM CPeACTBOM IS IIPOMYCKa CTPOUTENBIIBIX PacXoaon
BOABLI, H MOIUUIBLIM JIOHHBIM BOAOCINYCKAM B HACTOSIIEe Bpems
npuaaercs GoJplilee BHUMAaHHe, ueM panblie, Kax yxe ynomu-
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HAJOChL, TPH OUeHb GOJALIIHX NMABOJAKAX MOXKET ObITh YA0OHBIM
OTBECTH BeCh NOTOK (CM. pPHC. D) B CTOPOHY OT CTPOHIIOULAAKH
H NMpOBOAHTL padoThl 101 3aLUNTOH IITVIATOBLIX HJH SIYEHCTBIX
IepeMbIuexK.

2. Tlponyck nasoaka uepes rpedeHb MJIOTHHDI

Jlasi nponycka napojikoB B IePHOJL SKCIJIyaTalud Ccoopy-
KEHHST HMEIOTCS JBe BO3MOMKHOCTH: IPONYCKaTh TMaBoOJOK HJIH
yepes caMmoe ITOJUNOpPHOe COOPYKCHHe, HJH yepe3 BojocOHPOt BHe
naoTHHbl, [Iponyck BoABLI uyepes TOANOPHOE COOpPYyXKeHHe BO3-
MOJKCH TOABLKO TpH OGeTOHHBIX IToTHHAX. B rpasurtaliMOHHBIX,
apouHO-rPaBUTAILHONIBIX H KOHTP(OPCHLIX MJIOTHHAX TrpebeHb
HX JJ8 3TOiH HeJH Ha BOJOCJANBHOH YacCTH JEJaeTCs COOTBETCT-
BCHHO HIXKE M TnoJyyaer odreKkaeMyio (opmy,

DBaaropapst He ouelb KPYTOMY HaAKJIOHY HH30BOH IpaHurpa-
BHTANHOHHBIE MJIOTHHBLI T1aBOJIOK TpONycKaercsi Ge3onacHo de-
pe3 OTBEPCTHSA BOJOCIHBA, OFPAHHUCGHHONO HalpPaBJisiiONHMH
CTCHKAMMH.

Y apounplX MJIOTHH HAKIOH HH30BOH TPaHH CJHIIKOM KpYy-
TOH, J1s1 TOro 4rtoObl NepeJuBallasicCsi BoJla MorJja ABHraThest
Mo HU30B0# rpann. UroObl NOTOK MPHMBIKAJ 3/ech K OeTOHHOM
MOBEPXHOCTH, TPEOYIOTCS JOMOJHHTEIbHbIC KOHCTPYKTHBHBIE Me-
ponpuaTHsa. Tak, B npeaeJsax BOJAOCAHBHOH YaCTH NJIOTHHbBI MOXK-
HO TNPHCTPOHTH TEJO BOJOCAMBA C MeHee KPYThIM HaKJIOHOW.
[Tpumepom TOMY CayKHT apounas niaotuna Kacreno go boas,
umeioutasi seicory 110 m  (cm. puc. 1). ¥V apounoit njaoTHHbI
Mondgopre (cM. puc. 38) aas NMPHMBIKAHHA NepesHBalOLIErocs
MOTOKA CKOHCTPYHPOBAH CH(MOHHBLI BOAOCIHB C BLIITYCKHOH TPY-
00t BAOAL HH30BOH IDaHH MJIOTHIILL

[TpumepaMu BOTOCHMBOB cO <BOOOJHO TNajaoulefl CTpyeH
uepes apouHylo NMJOTHHY MOTYT CJAVEKHTL Bomocaus [yp-Hyap
¢ pacxojom 1000 x®/cek u Bogocoun maotunsl Kyeck ¢ pac-
xonom 2 700 m¥cex (cm. puc. 27). Jlas1 Takux BOAOCTHBOB He-
06X0AHMO, YTOOBI HOCOK BOJOCJAHBA HMeT THAPaBJHYECKH
npasmibHyio (opMy #H  4ToOBI TOTOK BOJAbBI PaspbiBaJICs
aocTatounio  GOJALIIMM  HHCJIOM  TPOMEZKYTOUHBIX OBMMKOB A4
BOSMOKHOCTH TIPOHHKHOBEHHSI D [MOTOK JAOCTATOYHOTO KOJIHYEe-
CTBa BO3AYXa M NpeaoTBpalienus odpa3oBaHHss BaKyyMma IO
crpyeit, Kpome Toro, rayfuna Bojasl B BOAOOOHHOM KOJIOALE
noJKHA ObITh jlocTaTtouio 6odblioil, urolsl ciaenatsh Gesonac-
HBIM ylap BOALI Ha JHO BOAoGoiHOro Kogoaua. Hackoabko
VIKacHBIMH MOTYT OBITh JCICTBHS Najawoileil CTPyH, NOKasbl-
paer pogocsus Kasjaepsya, rjie Bojga najana ¢ sboicothl 60 M
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H oOpasoBana B OCHOBAHHH BbLIMOHHY riyOuHoi 10 50 M. O He-
KOTOPBIX (PPaHIY3CKHX BOJOCAMBAX €O CBOOOJHOI CTpyel
COO0IIAIOT, YTO B Pe3yJ/ibTaTe UCKVCCTBOHHLIX MePONpHATHI TaM
yAaJoch CO31aTh NOJHYIO JHCIEPCHIO CTPYH BOAOCINHBA H j0OBE-
CTH €€ JIO pacnbliendst B BOjAsiHoe 00Jako, npexie ueMm oHa
JOCTHIHET BOAOOOHHOIrO KOJOMIILA.

Puc. 67. O6nuwit BHA BOXOXpPaHH- Pue. 68. Boaoxpansamuuan niao-
anuod naotuaw Illacra THHA M THAPOIJNCKTPOCTAHINA
Jran, Bonocbpoc paccumTan Ha

nponyck 4 000 x3/cex

Y apouHoii nAOTHHLL Drab, npejacrasasolnieii coboii Kpyrio-
IHAHHAPHYECKYIO cTeny ¢ paauycom 105 u, munpuHoOi 110 'OCHO-
BaHHIO 47 M W BbicoTOH 95 M, Yy KOTOpOil, KaK M B Ciyuae
Kacresio 1o boas (em. puc. 1, 2), ruaposineKTpocTaHuMs NpH-
cTpoeHa K IUIOTHHe, Hallla npumenenie Hosast gopma BOJAO-
CJAHBA TO THIY JBRKHOIO TpaMmiaHHa. Kax suaHo uH3 puc. 68,
371eCb B apouHoi MJIOTHHE YCTPOEHO jBa BOAOCJHBHBIX JIOTKA,
pacCuHTaNHBIX HAa pacxoj 2000 u%/cex Kamabli, KOTOpbLIE Ipo-
XOAAT TOPH3OHTAJBHO HaJ JCKTPOCTAlHECH; B KOHIE IJHHHOTO
TPaMIlJIHHA CTPYH pasjendiorcd W TOTOK BOJB pacrhblisgeTrcs.
Kak Buano u3a puc. 69, ma xOTopoM noxkasan BOJOCJHB B JeHCT-
BHH, OoXkuipaeMbiii 3ddekT daxriueckn Obl1 JOCTHIHYT.
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B 10 Bpemsi Kak emte 10 Jer ToMy Hasaa BHICOTA NMJOTHHEH
or 100 a0 120 m paccmarpuBasack Kak BHICIUMA IIpefenT AJs
nporycxa NMaBoAKa uepe3d rpefeHb IVIOTHHB, B HACTOsIlee Bpe-
MSl yaKe He OOATCS M caMbiX OOJBIIMX BBICOT IJIOTHHBI, KAK 3TO
oKaspiBaeT IIpHMep Bojocansa mnJaortuusl Illacra, xortopas
HMmeeT BbICOTY 183.a (puc. 67). Jlnsi TaKHX BBICOKHX BOAOCJIH-
BOB, B KOTOpPBIX 00pasyiorcsa ckopoctd 10 60 m/cex, nopmadib-

S L & -
T
-

Puc. 69. ['naposaextpocranuust W naotnna rap.
Borochpoc B aekctanm

HLIE METOABI 3aTHPKH OeTOHNBLIX NOBEPXHOCTCH e SABJSIOTCS
Goabiie nocratounbiMu. Kax 110Kasasi onbiT 8040CHHBA I'pann-
Kyan, nmeronero Boicoty 167 m, HepoBHOCTH GeToHHOIT no-
BEPXHOCTH JIDH OU€Hb BLICOKHX CKOPOCTAX NPHUBOAAT K SABJe-
HHAIM  KaBHTAUHH, KOTOpble TPeOYIOT TNPOAOTIIKHTENBHEIX
PEMOHTHBIX PabOT y TOAOUWIBLI IVIOTHHLI, & TAKXKE B BOJA0O0HHOM
KOJIOANE. DTH TPYAHOCTH Obl/IM YCTPAHEHBI TOJBKO C MOMOLLBIO
BakyyMmuposanus, OJarojapsi KOTOPOMY  JOCTHIraeTcss Takas
TJagkas BHEWIHSIT  TOBEPXHOCTH OeToHa, YTO OHA BHINVIS/MT,
KAK sMaJIMpoBanHasl, M SBJASETCSI TIPAKTHUECKH VCTOHUHBOH B
OTHOUIEHHH KaBHTAILHH.

Bakyymuas onajgyb6xa npeiacras/sier coboit onaayOKy c
asymsi crenkamu, Co croponsl 6eToHa OHa COCTOHT H3 BOJIOMNPO-
HHIIAEMOH TWIEHKM, KOoTopas HATIHYTa Ha NPOBOJOUHYIO CETKY
M Ha TePQOPHPOBANHYIO MIACTUHKY. 3a Heil pacnomoxen
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PEPMETHUECKH 3akyrmopeHubli siuk. Ilocse ykiaaxku Oerona
NPHCOCAHHENHBIM K SIIHKY BAaKYYMHBIM HAacOCOM CO3/aI0T {10-
CTEMEHHO YBEJIHYHBAIOLLHHCA BakyyMm. Dioarogapsi stoMy H30bl-
TOUHAS BOAA M3 OeTOHA BLITECHSIETCA YCPe3 IJIeHKY B siIHK Oe3
BbIMBIBA HAaCTHI| IICMEHTA; BCJAeACTBHE aTtMocdepHoro Aaselins
Ha BHEUIHIOW OnNaJyOKy, OnHpaloNlyiocs Ha BHYTPEHHIOIO ona-
JyOKyY, HOCJICIHSST KPEHKO TPHMKUMAaercs K OeToHy, B pesyJib-
TaTe Wero BbIKHMaHHe H30LITOYHOH BOJIBI MPOHCXOJAT elIIe B
Oosblneil crenedd M OeToH ynaotHsercs. B pesyabrare Mbl
HMeeM TIOXOXKYI0 Ha SMavb MIAAKYI0 M TJIOTHYIO BHEIIHIONIO
nopepxuoctb Getona. Korga 6eToH AocTartouHo 3aTsepiaeBact,
BAKYYM CHHMAeTCs IIVTEM BBeeHHst HapyKnoro BO3jlyXa,
H onajayoka ocpoboxaaerca or OeToHa,

3. BonocOpocnl BHE Tesa MJIOTHHDI

Ecim BOJOCJAUB CTPOUTCS OTACJIBHO OT MJIOTHHBL, 4TO ObIBAET
HEOOXOANMO NPH HAJHUHM 3eMJSAHOH HIH HaOpPOCHOH TJOTHHBI,
a pHoraa u npu OGeTOHHBHIX IVIOTHHAX, TO B 3TOM CJydae CTpPosT

Puc. 70. Boxocbpocw naoruns I'yeepa

COOTBETCTBYIOIHE BOJOCAHBHBIC TOPOTH C OTBOAAIMMH KaHa-
JaMH HIH ranepesMu. CaMbIM SIDKHM  IIPHMEPOM  SIBJASIOTCS
COOpYKeHHs JUIsi NPONYyCKa NaBojKa Yy  BOJAOXPAHHIHIIHON
nmaorunsl I'yep souicotoit 221 u (puc. 70) [36), rae na kax-
Aom  Gepery pacnodozKeHnhl 2 BOAOC/AHBA MPONYCKHOH cric-
codnocteio 6000 #%cex. OTBoA BOABI H3 BOAOCJAMBHOIO KaHaga
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MPOH3BOJUTCH Uepe3 TOHHeCJH jauamerpom 15 m u jnwnoi
2000 a. Orjte/pHble YaCTH ITHX TOMHIECH CAVKWIH AJAS OTBO-
Jdd BOJLI B IT€PHOX CTPOHTEILLTEA.

Hapsiy ¢ npaModuiieinsMy  BOAOCAHBAMH, ITOXKa3aHHLIMH
Ha puc. 70, MOTYT OBITH elle KOJbIEBBIE BOIOCOPOCH, KaK 3TO
HMeeT MECTO Ha BOMOXPAaHWIMIIHON IJ1oTHHe Xaurpu Xopc (cu.
puc. 26), a TakKe Ha BOJOXPAHWJMIINOH TJoTHHe BaTayra
(em. puc. 60) [37].

4, Bono0oiHble KOJOILb!

Jlig  rauieHust 3SHePrHH BOABL, TICPEJIHBAIOUICICH  uepes
MJIOTHHY M BOJOCOPOC, CAVIKHT TaK Ha3biBaeMbIH BOLOOOHHBIH
KoJgomer, xortopbiit (cM. puc, 66) orpanmyusaercst crenoi: Oe-
TOHHON TWIOTHHBI, BOAOOOHHON CTEHKOH W ABYMA OOKOBLIMH Be-
AVOIMMH cTeitamMu. Ecan Tonmuny CTpYH 3 CKOPOCTh B MOMECHT
MOCTYILIEHHST ee¢ B BOA0OOHHBIT KoJsogen 0003HAUHTL COOTBOT-
CTBEHNHO Yepe3 & ¥ Uy, TO MBI NIOJYUHM i MayOuHsl £, (co-
NPSZKENHOH IVIVOUIBL), TIO TY CTOPOHY TIPBUKKA BOJIH

l I 2 2 I
fL’ 9 fl'l' l/-z'f‘{ T *E flﬂi.

Bopobonas cTeHka JoaxHa ObiTh NOCTPOeHA TaKOil Bbl-
COTHI, UTOOLI B BOAOOOHIOM KOJOALE MOTIAa YCTAHOBUTBCS IUIY-
OHHa BOJAB He MeHBlle 7s.

Hus aauusl BogodoitHoro KoJdoAnAa ciaeayeT BBIOHPATH 1O
Kpanied Mépe 4-KpaTHoe 3HAYCHHE IVIVOMHBL BOJAB 3. DTH Jali-
Hbleé MOTYT pacCMaTpPHBaTBCS KAk IepBhlil OTINPABRHON TYHKT.
Oxonuarenpuble pasavepbl H (opma BogobOIIIOr0 KOJ0A1E
A0/12Kibl OBITH YCTAHOBJCHBLI HA OCHOBAHHH ONBITOB 11a MOAEJSIX.

ol A B ﬁl 15

AOHHDBIE BOOOCIYCKHU U BOOJO3ABOPHDIE
TPYbbI

JLomele BOJOCITYCKH H BO03ab0opHBIC TPYObl YCTPAHBAIOTCA
NPH 3eMJISIHBIX TLTOTHHAX O0BIMHO pPasiesbio OT MJIOTHHbL, & NpH
OETOHHbBIX IVIOTHIIAX— B TeJe IToTHHEL. OO0CayKuBanue 3atsopon
POM3BOIUTCSH HENOCPEACTBCHHO € TWIOTHMHB WJIH uepe3 Oalimii
VIPABJICHHS WJIM COOTBETCTBEHHO BOJONpHeMHBbie Gaurnn., Ecau
HMCIOTCH O0BOJ/iHbIe TOHHEMH, KOTOPBIC CJYKAT JIISI OTBOJAA BO-
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Abl B TEpPHOJ CTPOHTENLCTBA, TO 9TH INOCAEJHHE TIOUTH BCerja
MOTYT OBITb HCIIOABL30OBAHBLI KaK JOHHBIE BOJOCIYCKH WJIH BOLO-
3abopHble BOJIOBObL.

[lo cpasHeHHIO ¢ NIPOUIJILIM, TIPONYCKHAS CIOCOOHOCTBH €O-
BPEOMEHHBIX JOHHBIX BOJOCHYCKOB 3HAYHTENLHO BB, TAK 4TO
Tereph He MeHblle YeTBepTH ¢aMorno GOJbIIOro NaBojiKka MOMKeT
ObITh cOpOIIEHA uYepe3 JIOHHbIe BOJIOCNYCKH. EcrecrBenHo, uTo
B pe3vJLTaTe 9TOro 3HAUYHTEJbHO MOBLUIIEHLI TpeboBaHHA H K
CHCTEME 3aTBOPOB BOJOCHYCKOB,




gl o, —

e B —— —————— —
——l E e

CNUCOK JIMTEPATYPHI

l. Hidroelectrica do Zézere: Escalao do Castelo do Bode. Lisboa
1951. E. Schnitter: Staumauer und Kraftwerk Castelo do Bode. ~Schwei-
zerische Bauzeitung* 1951, S. 127 bis 132 und 137—142,

2. Schweizerische Talsperrenkommission: Messungen, Beobachtun-
gen und Versuche an schweizerischen Talsperren. Bern 1946,

3. F. Tolke. Der wasserwirtschaftliche und energiewirschaftliche
Planausbau in den Weststaaten der USA. ,Bauingenicur 1950, S.
375—378.

3.0.Henningerund J. Dorer. DasSchluchseewerk. ,Die
Wasserwirtschafl* 1951, S. 231—239, 259—268.

4. C. Semenza. Die Staumauer der Societa Adriatica di Elettricita
in Venetien. ,Schweizerische Bauzeitung* 1951, S, 16—22 und 29 36,

Reg.— Bmstr. H. Link. Neuere Talsperrenbauten in Italien. .Bau-
technik® 1951, S, 216—221 und S. 274—279,

5. Edward B, Burwell. Foundation Engineering for Large
Concrete Dams. Troisiéme Congrés des Grands Barrages. Stockholm 1948,
Vol. I. Bericht C6.

6. Calyx Core Drills. Druckschrift 4047 Ingersoll Rand. Zu

beziehen uber Ingersoll Rand Company New York oder Vertretung
Deutschland, Wiesbaden, Kaiserstr. 7.

7. F. Tolke. Der Anderson Range Dam, der derzeitig hochste
Erddamm der Welt., ,Bauingenieur* 1950, S. 60 dis 62.

8. F. Tolke. Talsperren, Zweite Halfte, Teil 1 der Wasserkrafl-
anlagen von A, Ludin, Berlin 1938. -
o2 9. G. Mussgnug in ,Wasserwirtschaft* 42. Jahrgang 1951/52,
cit 4,
10. A, Hum mel. Das Beton ABC. 1. Aufl. Berlin 1950,
1. C. Rappert in ,Wasserwirtschaft* 42. Jahrg. 1951/52, Heft 4.
12. H. W. Koenig in ,Wasserwirtschaft* 42. Jahrg. 1951/52, Heft 4.
13. Karlsruher Dissertationen,

14. B. Widmann. Der Riltle]gmbhutﬂn, ein Weg zum optimal
dichten Beton geringen Zementgehalts. Berlin 1944. Charlottenburger
Dissertation, 1950. -

15. A. Coyne. Le barrage de L' Aigle. ,Traveaux*. Marz.

16. M. R. Ros. ,Schweizerische Technische Rundschau® 1947.

17. Zusammengestellt nach zahlreichen Aufsatzen in der Zeit-
schrift ,Traveaux* 1949 und 1950,

105



18. G. Schnitter. Der Bau der Staumauer Rossens, ,Schweizeri-
sche Bauzeilung® 1948, S. 641—644, S. 657 bis 661 und S. 687—691.

I F. Bruttin. 'Aménagement hydroeléctrique de Rossens-Hauteri-
ve apres deux ans d'expérience, ,Bulletin Technique de la Suisse Romande*
1951, S. 69 -85,

fl. Link Neuere Talsperrenbauten in der Schweiz. ,Bautechnik®
1950 und 1951.

19. Taucrnkraftwerk Glockner—Kaprun, 3. Aufl. Zell am See, 1950,

20. Forces motrices de Mauvoisin. ,Bulletin technique de la Suisse
Romande® 1951, S. 332—334.

21. J, J. Polivka. Large savings estimated from constant angle
arch dam design. ,Civil Engincering* 19560, S. 727.

22. M, Mary und L. Ivanoff. Aménagement de la chute
d’Enchanet sur la Maronne, ,Traveaux* 1951, S. 97—99.

23. G. Oberti. Diga del Lumici. Criteri di progetto e studi speri-
mentali .L Energia Eletirica® 1948, Helfl 9.

24. Indusiria Portuguesa. Lisboa 1949,

25. The Edison Group. Mailand 195].

26. F. T olk e. Die Girotte—Staumaur, , Bauingenicur* 1949, 5.316 - 317.

F. Tolke. Die Herstellung der La Girotte—Gewolbereihenstauma-
uer. .Bauingenicur=s 1951, S. 30.

27. Cl. Marcello. Moderner Talsperrenbau in_ lalien. Schwei-
zerische Bauzeitung® 1930, S, 446—451, 5. 455 bis 457 und S. 476480

28. Cl. Marcello. La diga di Bau Muggeris  sull’Alto Corso  del
Flumendoso. ,L’Energia Elettrica* 1951, S, 301 bis 327,

29. Ministerio das Obras Publicas, Laboratorio de Engenharia Civil.
Manuel Rocha and J. Laghina Serafim: Model tests of Santa Luzia Dam.
Lisboa 1948.

J. F, Contessini. La diga di Gela in muratura di pictrame a
sceco. LL'Energia Elettrica* 1951, S. 61—-86.

3l, R. Schuster. Asphali—Wasserbau, Ausfuhrungen des In—und
Auslandes. Teil II (Schluss). ,Bitumen* 1951, S. 7 106.

32. Hcightening the Lages Dam, Rio de Janeiro. ,Engincering®, L.
und 8. Juli 1919,

33. F. Tolke. Dic Entwicklung der Bogenmauer zur beherrschen-

den Bauform fur den Ausbau der mitteleuropaischen Wasserkrafie.
.Bauvingenicur* 1950, §. 33—439, S. 116—120, S. 170—174.

3t J. D, Lewin. Zehn Jahre Talsperrenbau in den Vereinigten
Staaten. ,Die Wasserwirtschaft*. Wasscrkrafttagung Munchen 1919, Son-
derheftund erweiterter Sonderdruck,

35. L. G.Puls and C. F. Palmeticr. Hungry—Horse—Dam,
Largest single Contract of USBR now in force. ,Civil Engineering*
1950, S. 764—-T770.

36. US Department of the Interior, Boulder Canyon Project, final
reports. Part VI, hydraulic investigations. Bulletin 1 und 2.

$7. F. Orth. Der Bau der Watauga—Talsperre. ,Bautechnik* 1950,
S. 197 und 198. .

38. H.Dehn ert. Verkehrswasserbau, 3 Bande. (Sammlung Coschen
Nr. 585, 597, 1152), L. Entwurisgrundlagen, Flussregelungen, II. Fluss-
kanalisierungen und Schiffahriskanale. 111, Schleusen und Hebewerke.
Berlin 1450,

39. H. Dehnert. Wehr—und Stauanlagen. (Sammlung Coschen Nr.
10441). Berlin 1952.




OTrTABJEHMHME

Taasa 1. O6uyie CHEIEIBE o oo o = ) w @ m wm w oW s % D

Taasa 2. TlpegBapHTedbhble FeOJOTHUECKHE H  IeOTeXHIYecKHe  C-
CAIIOBARRT. .« . 5 oo ot oo B R T B S A T !
lTaasa 3. YerpoHerso  ocuoBamnuit . . . . . el © e ey 18
Faaea 4. bopuba ¢ QHIALTpALHCH B OCHOBAHHH moteH . . . . . 17
Faasa 5, Bubop uemenra . . . . . . « . . . . . . 26
I'rasa 6. Cyabdariniit neMent g 9% © @ & R . 30
Faasa 7. Tloanoe viIOTHEHHE CREXKEro Getoma . . . . . 5 O
I'raca 8. Bubpoberon ¢ KpynubiM 3anoduureseM . . . . . . . 33
F:mm 9. BerouHEe TWIOTHHEL . . So’ i 6w g 43
[‘paBuTannoHHbBIE {maccumxmn} GeToinbie MOTHHEB . 44
? Apouno-rpasnrTauHolHEIe OCTOHHBLIC WIOTHHE . . . . . . 48
3. ApouHnle IVIOTHHE | . : L R B o= e o e o= Sl
4, Apounse NJOTHHBI C r-:uwrp@;npr:emu G B B AE S v o
5. KﬂHTprﬂpr::'iHe [JAOTHHBL : G6
Taasa 10, Mccnenosammsi Ha MOLensix M H:amcpt-:lmﬁ B mnamy pe ¢ TR
Taaaa 11. Kamenno-naGpocusie  IJIODHHE] i = 76
1. HaGpocusle maoTHHH ¢ GeTOHHBIMH En-:paﬁauﬂ yif

2, Kamenno-uHa6pocusie NJIOTHHE C 3KpanaMit GUTYMHBIMH i

H3 HCKYCCTREHHOTO Martepmana . . . . G e 82
3. KameHHO-HaGpOCHHIe IWIOTHHEL C mlila(}}parmamai o cq cw xS

4, HabOpocunle maoTuHnl ¢ BUHOPHPOBAHHBIM H,‘Lpﬂ‘ﬂ H3 xaMmus
CIIHHEL |, . 5w & 3 : & o
5, Ilepcnexrusn .pasmmum KaMEeHHO- Hﬂﬁpﬂtﬂhﬂ IWIOTHH . . -
Taasa 12, 3emistuble WHOTHHBL . . . s & @ o 5 87
lTaasa 13, Hapaupsanie u youiesmne mmmu s B owmow Ok @ 93
rﬂﬂﬂﬂ 14. BopocGpochl BOAOXPAHWIMIUHBIX [WIOTHH . . . . . 97
Otsop BOJABI B MEPHON CTPOHTEIBCTBA . . . . . + . . » =
2. [Ipomyck maBoaxa uepea rpeGenh TJIOTHHBI . . . . . . 99
3. BojocGpocs BHE Téda MIAOTHHBL . . . . « .« . . 102
4. BEoppOORBEE KOMOBLAL . o » « « & » o & & o % . 103
Iaaca 15. Honnule Bojocnycku H BojposaGopusie Tpy6el . . . . =—
CnHCOK JMETePaTYPBl . . .« o o« o« e e e e e . 105

!I | 3330?1 i
|

”I'"-.uri-:z-HTJ {l eLaRBHCHEN .ﬂ.
e S




