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B paGote nanbt peKoMCHARAUHI NO COCTAaBACHHIO NPOEKTOB 3a-
KNAAKH KOHTPONLHO-N3MEPHTENLHOM annapaTyphl Wi HaTypELiX
nafmonenuit 1 nccnefoBaHut GUALTpAlHI, B TOM YHCAE NCCARHO-
BaHWil 3(hGhEKTHBHOCTH TNPOTHBOPUILTPALHOHHON LIEMCHTALHN i
pa3rpysoynsix npenakelt o0nenok BoKpyr HOL3eMHBIX TIHAPOTCX-
HICCKHX coOpYyxenuii rayboKOorQ 3an0Mennst € yyeToM RHIKEHE)-
Ho-reogornyeckux  ycnoshni.  Onucanit  npwGops # coOcoBnl
has nabmoneHnit u uccaenosanuit za (guabTpanmeit B pepHoaw
H3LICKAHMT, CTPOHTCALCTBA N IKCHAYATAUHR Ha3BAHHLIX MOA3EN-
HbIX COOPYIKEHHI.

PekoMenzauyi npeiadassayeysl Aff AHKellepHO-TCXHHYCCKIIX
# Hayunblx paboTHuros, paboTalownx B 06JacTH KOHTPOJst H ka-
TYpHBIX HCCIENOBaHHA MNOA3EMHEBX THAPOCOOPYMeHH raybokoro
3aN02KeHHs, TOABCPKCHHHX S3HAYHTC/ABHLIM JABJCHHAM HOx3eM-
HbIX BOM.

© Bcecowsupilt  HAYYHO-HCCHRAOBATENBCKHN
HHCTHTYT rupaporexunxks umeuu B. E. BeneneeBa
(BHIHT), 1983.



BBEAEHHE

Macuira6pt CTPOHTENBCTBA TIO/I3EMIILIX FILAPOTEXIIHYECKHX COOPY-
aeunit B Coserckom Colo3e noCTosfiHHO BO3pacTtaioT. Kpome ruupo-
9/1eKTPOCTaHUKH B Gavrkaiiine rofbl HayHETCsl CTPOHTRALCTBO KPYII-
HLIX THAPOAKKYMYJNHUDPYIOUIMX 3JeKTPOCTAHUHH, B COCTAB KOTOPHIX
BOHAYT NMOJA3eMHBIe COOPYXKeHUs rayGoxoro sanoxenus. K Hacros-
ulemy BpemenH B CopeTckom Co0I03e 3KCOAYaTHPYETCSi HE MeHee
300 XM HanopHHX H Ge3nanopHLIX MMAPOTEXHWYECKHMX TyHHeqel 1 11
TO3eMHHIX H MoJynoa3emMubix 3xanui I'2C,

CornacHo OCHOBHBIM HanpaBJeHHSIM Pa3BHTHS THAPOSHEpPreTH-
ki B XI—XII natunerkax npefcTOUT 3aBEPLIHThL CTPOHTENLCTBO
N0A3EMHBIX KOMInekcop Porynckoi, Muatnauicko#t, 3eJeHuyKCKod,
Mprauaiicko#t, 3apamarckoii, Daiinasunckoii, Bepxne-TepuGepcko#,
Konwwmekodt, Cnanpapsinckoeit, Tawxymupekoit 1 apyrux I'9C ¢ 06-
e MPOTHKEHHOCTLIO BHPaboTok okono 190 kM.

[Ipn cTpoHTeNLCTBE M- IKCMJIYATAUWH MOA3EMILIX COOPYXKEHHIT,
KaK NPaBHJO, NMPHXOLHTCS 1IMETL N0 C MOA3GMHLIMII BOXaMH, siB-
JSUOLIHMHMCS -HHOTLA OCHOBHOM Harpy3ko#l Ha COOpYIKeHHe, NpHuUeM
IIPH CTPOHTENLCTBE MOA3EMHBIX FHAPOTEXITHICCKHX COOPYEHUN npH-
XOLNTCS! JNOTOJIHATENBHO YYHTHBATh BIHSHHE CO3[aBa€MHIX BOJO-
XpaHHJHIL H OEepHBALHOHHBIX TYHHeJell Ha H3MEeHEHHE eCTeCTBeH-
HOrO PeXHMa NoA3eMHBIX BOA. IT03TOMY HPH NPOCKTHPOBAHHH TOI-
3eMHBIX COOPYXEHHH OfHOM H3 OCHOBHHIX npoGireM fBJsiETCS Npa-
BHJILHBIH YYeT Bo3zneficTBHS NOA3EMHBIX Bojd H pa3paboTka- Mepo-
NPHSTHA MO CHHIKEHHIO 3TOro BO3AEHCTBHSI ¢ Hedablo obJerdeHis
KOHCTPYKUHE O0O6ReNOK, YCKOPEHHS CTPOMTeNbCTBA H HNOBHILUIEHHS
JIOJITOBEYHOCTH COOPYKeHHil. Pa3paboTKa TaKHX MEpPONpHSATHI mpH
NPaBHJILHOM MOIXOZE AOJIKHA HAayHHATBLCS YXKe Ha CTajHH H3bICKa-
unit. Hepoyuer aasnenus nojseMHBIX BOX MOMKET NMPHBECTH K HEXKe-
JlaTeIbHEIM NOCJERCTBHAM, 0cOOeHHO KOorila TYHHeNMb HJH 1IaxTa
[IMEIOT CTAJIbHYIO OOJIHIIOBKY.

Bonpocel TeopeTHUECKOH OUEHKH KOAMYECTBEHHBIX TOKazaTtenei
HaMeXKHOCTH MHAPOTEXHHUYECKHX COOPYXKCHHH M O0CcOGEHHO LOJIrOBeY-
HOCTH, KaK H3BECTHO, [I0Ka He HMEIOT YNOBJAETBOPHTENBHOrO peuie-
uus. [losToMy Hatypuble HaGNIOfNEHHMS PAacCMaTPHBAIOTCS B Ha-
CTOsILee BpeMsl KaK-OCHOBHOe cpeAcTBO ofecneyeHHs 6e30MacHOCTH
SKCINyaTauun coopyxeHui [1}, a HaTypuble HaGAIOOEHHS H HC-
cleloBanuA (PUALTPALMH OTHOCATCA K YHCHY BaXKHeHIIHX.



AkTyanpHocTs npobsemul naTypiwy taGmonennii B THAPOTEXHA-
YECKHX TYHHEJNRX BO3pOCia B CBSI3I ¢ TEM, YTO 3a locae/lHee Bpe-
M$ YYaCTHJIMCh CJYYaH M[OBPCKAEHHI 004eNOK, BHpa3HuBIIHECS B
HApYIIEHHH HX MOHOJNHMTHOCTH BCJEICTBIIE 06p430BanHs JIOBOJLHO
3HAYHTEJIBHHX TPEWHH 1 B OOJNbUIMX YT€YKax BOALI U3 TyHHeJNed,
BEAYUIHX K NPEKPAaLUeHHI0 sKkcnayaTauni I'DC, K NOABHKKAM CKJIO-
HOB 1 GOPTOB YUIeNHH, NOUHATHIO YPOBHA noazeMHuix son [2].

YHHKaALHOCTE NOA3EMHBIX coopy)keHril mownuix I'2C, sanera-
oWx Ha GoAbWHX MIYOHHAX NMOA YPOBHEM MOA3EMHLIX BOJ, CJIOXK-
HOCTb HHIKEHEPHO-TEOJIOPHYECKHX H TIJPOre0NOTHUECKHX YCAOBHE
TpebyeT NOCTaHOBKH H PEIIEHHS psja 32434, paHee Ille BO3HHKAB-
WHX npH MNPOEKTHPOBAHHI, CTPOHTENbLCTBE 1 SKCOAYyaTalHH oOTe-
vecTBenHbx I'DC, uTo, B CBOIO Ouepens, 3acTaBlisieT CO3AaBaTb H
pa3pa0aThiBaThL HOBHle METOAB H CpeAcTBa HaGJIOREHHH 3a coopy-
KEHIISTMH, B TOM YHC/Ee 32 (PHALTpauueH.

Hanpumep, nopmaTHBubIM noxyMentom [3] B manmopuuix Tynie-
JAAX paspeuleHO NPOEKTHPOBATL OGNENKH C JIMMHTHPOBAHHLIM pac-
xkpbituem TpeunH. ONaKko 3TO CMeNoe NPOTPeCcCcHBIioe pelleHie HOo-
Ka HEJOCTAaTOYHO MOLKPENJIEHO HATYpPHHIMH HCCAE€LOBaHHSMH; H3-
MepeHHs PacKpHITHS TPELIHH B HANOPHBIX TYHHeMASX TOX Harpyskofi
He npoBoAsTcsi BoobLe.

Paspatie HATYpHEIX QHJIbTPALIIOHHBIX HaGMIOACHHH H HCCeLO-
paHnii B TpeGyemMblx o0beMax H NOCTAHOBKA HX Ha Halflexallem
YPOBHE TOPMO3ATCA ryIaBHBIM 00pasom:

COKHOCTLIO (PIABTPALHOHHBIX MPOLECCOB, 0COOEHIIO B TPELLHHO-
BAThiX CKajbLHLIX MaCCHBaX, B KOTODHIX B OCHOBHOM CTPOSITCH MNMOJA-
3eMHBble (H OCOOEHHO, BLICOKOHAIIOPHBIE) THHPOTEXHHYECKHEe COOopY-
>KEeHHus!;

CNIOXHOCTBIO H TPYMOEMKOCTHIO HATYpHEIX HabsioneHH H Hcche-
JIOBaHHil 32 QHNbTPauned;

HEOCTATOYHOCTBIO BHHMaHHS K 3TOMY BaXXHefilieMy BONpOCY €O
CTOPOHBE OpraHH3aUHH, OCYDIECTBISIIOLIHX H3BICKAHHA, TPOEKTHPO-
BaHHe, CTPOHTEILCTBO H 3IKCINIYaTALHIO THAPOTEXHHYECKHX COOPY-
WEHHH;

OTCYTCTBHEM €JHHBIX HOPMaTHBOB, PYKOBOACTB H DPEKOMeHAauH
110 OpraHHa3auHy H NPOBEAEHHIO KOMILIEKCA KOHTPOJbHO-PEMHMHHX
HAGJIIOAEHH{I HA CTPOSILIMXCS H 3SKCIJIYaTHPYEMBIX COOPYIKEHHSIX U
OTCYTCTBHEM HJIH HENOCTATOYHOCTHIO CHEHAJhHOTO KOHTPOJBHO-
H3MepHTeNbHOro 06opyaoBaHMs.

HsBecTHO, yto HaTypHble HaGJIOAEHHA W HCCJIeJoBaHHs SBAA-
J0TCs Hayubosiee 0OBEKTHBHLIM KPHTEPHEM OLEHKH NMPOEKTHHIX peuie-
HHH, TEXHOAOrHH BO3BeN€HHSI M KayecTBa MOCTPOEHHS COOpYXKe-
HHM MJIH KX OTAENBHBIX 3JeMEHTOB. TakHe HalAIONeHHs M HCCaeNo-
B4HHA, B YaCTHOCTH, 32 (QuIbTpaluell B NMOA3EMHEIX COOPYXKEHHSX
N03BONAIOT TaKKe YTOUHHTH CYLIeCTBYIOIHE METOLbI pPacyeroB, Ha-
KONHTL HHbOPMAUMIO, KOTOPas B pPsine ClyyaeB He MOXeT OLITb Mo-
Jyyena B nabopaTOPHLIX YCJIOBHAX Ha MOLENAX.
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CucremaTiiieckne HaTypusie nabRIOfenHnda, KpoMme TOro, AaioT
BO3MOKHOCTb BECTH HEUPEPHBHLIH KOHTPOJb 338 HAaNEXHOCTHIO pa-
6OTbl APEHAMHBIX H NPOTHBOQHIALTPAUHOHHLIX YCTpOHCTB, ofecne-
YHBAKOUIHX GE€30MacHOCTL MOJ3EMHbLIX COODYKeHHH, MNPOH3BOLHTL
OLEHKY HX COCTOSIHHSI, CBOEBPEMEHHO Ha3HAYATH CPOKH TPOBEfEHHs
PEMOHTHO-BOCCTAHOBHTEJIbHLIX paloOT H NpoBepATh HX 3(QeKTHB-
HOCTb.

B nocnepgHee fecATHJETHe B Hallel CTPaHe CYLIECTBEHHO MOBHI-
1LCIO BHHMaHHe K 05ecrnedyesnio HaAeXXHOCTH MHAPOTEXHHUCCKHX CO-
opyXenuit, Baxryio posib NpH 3TOM HIpaeT NOCTENEHHOE BHeApeHile
B NPAaKTHKY SKCNJyaTaLHOHHOTO KOHTPOJSI MoKasaTesefi HajexIoro
COCTOAIHHS — KPHTePHEB 6€30MaCHOCTH, C KOTOPLIMH MOTYT CPaBHH-
BaThes (hakTHyeckHe nokasatenn KHA.

Hna obecneyennst HalEXHON IKCHJyaTalllll COOPYXKeHHH Heol-
XOMHMO CO3JaTh, B CBOIO OYepesb, HAJEXKHYI0O METOAHKY KOHTPOJS
3a punprpauuedt [4, 5].

Hacrosuune PekomMeHfaunH cocTaBsieHbl B pa3BHTHe HAeHCTBYIO-
uHIX HOPMaTHBHHIX JOKYMEHTOB, B HYAacCTHOCTH, 110 HaTYypHbIM HAa-
ONIOAEHHAM H KCCAEAOBAHHUAM, B COOTBETCTBIN C MJAAHOM BHIyCKa
HOPMaTHBHEIX HOKYMeHTOB JlaGopatopueil GpuiabTpauHoHHEIX licche-
nosanuft BHHUWIa um. B. E. Beneneesa.

B PexkoMmeHpauusix NpHBENEHbI OCHOBHBIE CBEJEHHS, KOTOpPHIMI
ciefyeT PYKOBOACTBOBATHCS NPH HAaTypHBIX HAOJIOKEHHAX H HCCJe-
NOBaHHAX (DUABTPALHH B NMOA3EMHHIX I'HAPOTEXHHYECKHX COOpYyXe-
HHISIX BO BPEMS H3BICKAHHH, CTPOHTENBCTBA M 3KCHNYATallBH 3THX
COOpYEHHH, NPHBEJEHH HOBHIe CNOCOOLI H yCTpoicTBa st HabJio-
LEHHH 32 (uabTpauueli; BCe 3TH CBeACHHS] AOJKHHI OOJEryHTh pa-
6OTY MO COCTABJNEHHIO H OCYILECTBJEHHUIO NPOeKTa Ha3BaHHBIX QHIb-
TPaLHOHHBIX HCCAENOBaHHH HAa COBPEMEHHOM YPOBHE.

Tlpu cocrarienun PekomeHpauufl HCTONLIOBAHEL HOPMATHBHO-
MeTOJHYECKUEe YKas3aHHsi, PYKOBOJACTBA, PEKOMEHIAHHH, Mocobusd,
MoHorpaghun, craThl ¥ HoBefiune paspabotkn HHMCa I'maponpoekra
no  GIILTPAUHOHHON  KOHTPOJLHO-H3MEPHTENBLHOH  anmapartype
(KHMA) ans momseMubix coopyskeunii Poryncxoi it Hypekckoit I'2C;
ncrnonb3osanst paspatotrky I pysHHUMII'Ca, Cpenasruaponpoekra,
a Tak)Ke NpEANOXKEeHHbHe aBTOpaMH HacToawMX PexomeHpauwil He-
KOTOpble Crocofel H yCTPOHCTBA jlasi HATYPHHX HaGJMIOLCHHH M wC-
cleRoBaHuii (PHALTPALHH B OMBITHHIX KaMepax B CKaJbHHIX MAacCH-
BaXx H /JEHCTBYIONHX MOJ3EMHBIX THAPOTEXHHUYECKHX COOPYKEHHSX.

YyHTHBasA, YTO TaKHe PeKkoMeHAanHu cocTaBjeHBl BREPBHIE, OHH
HEe MOTYT NPEeTeH[0BaTh HA NOJNIHOTY OCBEIleHHS MOCTaBJIEHHOH npob-
JieMbl. Pasnnunbie BONPOCH, pacCMaTpuBacMbie B PekoMeHIauMsx,
OCBeLLalOTCs He C OAHHAKOBOH feTasbHOCTbIO. [To Mepe HakonneHHs
COOTBETCTBYIOLINX Pa3palOTOK H IKCNEPHMEHTANBHBIX LAHHBIX 3TH
PeKOMEHAAUMH OYAyT NONOMHATECS H YTOUHSATHCS.

PexkoMeHfauun npefHa3HayeHbl IS CIEUHANWCTOB, paboTaw-
X B 06J1aCTH H3BICKAaHHI, HCCJIENOBAHHI, TPOEKTHPOBAHHS, CTPOH-
TENLCTBA H IKCINIYATALHH MOA3EMHBIX THAPOTEXHHYECKUX COOpPYIXKe-
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nuii # paspaboranw JlaGopatopueil (GHILTPALHOHHLIX liccjiefoBa-
ynit BHUWTa um. B. E. Beneneesa (pykosoauteanr nabopaTopHi
— kann. rexd. Hayk B. H. )Kuneuros), JlaGopatopue#i dpunpTpaunt-
onunlx uceneposannii IpysHUMAI'Ca (pyxosoanutens sabopaTophit
— kaHA. Texu. Hayk B. M. Hac6epr) u Cexropom Tymnenelt Cpenas-
reaponpoexkTa (HayajbHHK CEKTOPa ~— KaHA. TexH. Hayk B. @. Himo-
MHH).

[To npoexry Pexomenpaum# 6ein noayuens orawiesl BHHH
BOATEO. HHH ocHoBanH# H nNOA3eMHBIX COOPYXEHHW{i IM.
H. M. Tepcesanosa, Apmrujponpoekrta, Jleuruaponpoexra, Cpea-
asrupponpoexta, Tounrugponpoexra, HMCa Tanponpoexta, T'pys-
HHHITICa.

3ameuanus no PexoMeHnnalHaM cliefyeT HanpasiiTh N0 aipecy:
195220, Jlennnrpan. ixatcras ya., 21, BHUUI am. B. E. Beacue-
epa nn 380071, T6uancn, ya. Jlennna, 70, I'pysHHUHUITC.



PexoMenpaunn
Miusnerepereo paul

Mo HaTypHbIM HabatopeHHAM u 1 10—83
SHEPreTHKH 1 , HCCACAOBARNSM  (QUILTPALHIH “ERVIT
H Q"E“Té)égg“u"’ B TOA3EMHMX FHIPOTEXHHYECKHX
COOPYHEHHAX

1. OBIHE NOJOXEHHUA
OBJIACTb NPUMEHEHHS H OCHOBHBIE 3AJIAYH

1.1. Hacrosiune PexoMmeunanyn sBASIOTCS NPAKTHYECKHM TOCO-
6HeM o HaTYpHBIM HAGJIONEHHSM 1 HCCNeJOBAHHAM (HABTPALIN
0 ONIEMHBIX MMAPOTEXHHUYCCKHUX COOPYIKEHHNAX, NPOBOAHMBLIM B ITe-
PUOAB H3BICKaHHH, CTPOHTENLCTBA M SKCIJAyaTalHH, a TaKKe TpH
NPOEKTHPOBAHHH YIOMSHYTHX COOPYIKEHIIH.

PexoMmengauuH pacnpocTpaHsiioTes H 11a GesHanopHble e Tijipo-
TCXHHUECKHE TOA3EMHbIE COOPYIKEHHs, BXOASLUNE B COCTAB THAPOY3-
JIOB (TPaHCHOPTHHIE, I'PY30Bbie, BERTHJNUHOHHBIE TYHHEJI H HIAX-
TH H Ap.).

Npumeyaune. B neprop H3bicKanwil HecheAoBanns GHILTPAUHH B TION3EMHBIX
riAPOTEXHHUECKHX COOPYIKEHHAX NPOBOAATCH TaKke B COOTBETCTBHH c [6]

1.2. PekoMenaauuu coCTaBlieHbl C YUETOM TpeGoBaHI# HOpMaTHB-
HBLIX JIOKYMEHTOB, 11PeAbABNSIEMbIX K OCHALLEHHIO THOPOTEXHHUYECKHX
COOPYIKEHHH H HX OCHOBAHHH KOHTPOJILHO-H3MCPHTEJIBHOH annapa-
Typoit (KHA), n no HaTypHbiM HaGAIONEHNAM 1 HCCJIEAOBaHISAM
{7, 8, 3, 9].

1.3. B Pexomengaunsx npusenent obiuie nosoXeHHs Mo HaTyp-
HuM HAGNIOAGHHAM W HCcNeAoBaHUsSM (BHABTPALHH B TIOA3EMHEIX
FHAPOTEXNIYECKHX COOPYKEHHAX, AaHbt O6HEe TIOHATHA W HeoOXo-
JIMMble DEKOMEHZALHH 1o HaOJIAEHHIO M HCCJIE/I0BAHHIO CHJIOBOTO
BO3AEHCTBUA PHABTPALMOHHOTO MOTOKA HA COOPY/KEHHS H BMeliaio-
UMl MacCHB TOPHBIX MOPOA, NMPHTOKA NOJA3EMHBIX BOA B COOpyrKe-
HUA, TpellHHoOOpa3oBaHHS M YTeYeK BOIBI H3 COOPYIKeHHH; AaHbi
NpHMEPHl OCHALIEHHA MOA3EMHBIX -COOPY:KCHHI (HIBTPaLHOHHOM

Burecens Beecosoznum Yreepxxaenn BHHHIom
opaena nmenn B. E. Beneneena Cpox
Tpynoeoro Kpacuoro 3uamenu | Peureniem MNe 10 ot 7.02 1983 r BBEJIEHHA
Hayuro-HecaegoBaTeIbCKHM R COrNacoBaRHl 1V ksapran
HUCTHTYTOM THAPOTEXHHKH ¢ TnapruunpoekTom 1983 r.
nmenu B, E. Bepneneera Munsuepro CCCP




KHA; nprpesienint anpobupopaniisieé o MEPCAERTHBIBIE CUOCOGH H
cpeacTBa natypuelx naGaiofeunit 3a (prunpTpauHeii.

1.4. OcnopubiMH 3ajauaMi PexoMenialliil sBASIOTCS CHRKEHHC
CTONMOCTH CTPOHTEJIbCTBA II MOBLILIEHHE 3SKCIJyaTalUllOHHON Ha-
JIEXKHUOCTH TIO/I3EMHLIX COOPYIKEeHHUil 3a CYET NPaBHALHOrC ydera Bo3-
JIEACTBHST MO/3EMHBIX BQJL H TIpHMeHeHHsi nanbonee palHOHANbHBIX
peieHuii, HCNOMb3YeMbIX B MPOEKTaX, a TAKNKe yJydlleHHe ycaosiii
TPYAa CTPOHTENell It IKCINYATAUHOHHOrO Mepconadia NoA3EeMILIX CO-
opyxennii: 3paunii T9C u FADC, nomeutennin Tpanchopmatopos,
NOM3EMHBIX MEXaHH3MOB 3aTBOPOB H APYTHX «CYXHX» HOMeUleHIIH.

HEKOTOPBIE OCOBEHHOCTH HATYPHbIX HABJIOREHUH U
UCCIELOBAHUW ¢HIBTPAUHMU

1.5. B ocxoBy riipomMexaHHuecKoro pacuera GuAbTPaLill B NOA-
3EMHBIX COOPYIKEHHSIX TMOJOXKeH CTaTHCTHUECKHH MEeTOA, NOTOMY UTO
dopsa 11 pazMepbl YACTHIL TPYHMTa, a TaKXe TpPeWHH B CKaJbilbiX
MaccHBax, HaCTONbKO HE32KOHOMEpPHH, YTO O QHIBTPALHOHHLIX
CBO{ICTBaX BOAONPOHHIIAEMBIX MOPOA MOXKHO CYAHTD JIHIIb NIO OCPel-
HEHHbIM XapaKTepHcTHKaM. B To Ae BpeMs NpH 3KCMEPUMEHTaNbHOM
H3YUEHHH (UIBTPALMH 3ATPYLHHUTENLHO MM HEBO3MOXKHO CYRHTH
0 (Qopme ABHMEHHS BOAbl B MOpaX HAH TPeulMHaX, a NMPHUXOAHTCA
ONpejenfaTh OCPEAHEHHble XaPAKTEPHCTHKH MOTOKA, T. €. CKOPOCTH,
NaBJIEHNS, PACXOLB! ¥ T. 4. DTH XapaKTepHCTHKH OMNDENensiorT, OT-
BNEeKascb OT (DOpPM NOpP HJAHM TPellukH, OTHOCS HX K MJIOLLafKaMm,
pasMepsl KOTOPHX MaJibl 110 CpaBHEHHIO ¢ OOUIMMH pasMepaMH H3y-
yaeMoH obGnacTH (PUABTPaLHM, HO LOCTATOUHO BEJAMKH MO CpaBHe-
HHIO C pasMepaMH Mop HJH TpelllHH, 110 KOTOPBIM JIBHXKETCS BOAA.
MmMes B BULY Takue 3JeMeHTbl, MOXHO FOBODHTL O HEKOTOPOH cpefl-
Hefl CKOPOCTH ABMIKEHMS BOLB B NOPaxX HJIH TPEIMHAX, NOCTOSHHOM
B npelesiax AaHHOM nuOWaAKH. DTa CPeausis CKOPOCTb paBHa Aed-
CTBHTENIBHOMY Pacxojy BoIbl, NpOTeKalolllell uepes JaHHYIO MJouam-
Ky, NOJeNeHHOMY HA IIOUWAAb CeYEHHs] BCEX BOAONPOBOLSILHX TIOP
M TPELUHH Ha nAollanke.

B npakT#Kke HaTYpHLIX HCCIAELOBAHHI MOTYT BCTPETHTBCA CJaY-
yau, Korfla ABHIKEHHE BOAbl NPOHCXOAHT MO OYeHb KPYMHBIM Tpe-
WHHAM MM KapceTaM, HMEIOWHMM WHAMBHAYANBHBIE Xapakrep, H
3JIeMEHTHl MOTOKA B 3THX 00Pa3OBaHHAX cJeAyeT ONpelensiTb I'Mi-
PaBJIHYECKUMH Cnoco6amH.

B 37X yc/noBHSX HEOOXOAHMA NMOCTAHOBKA H NpPOBENEHHe HONoi-
HHTEMLHBIX CMEUHANbHBIX HCCNENOBAHHA € UEJAbI0 BLISIBJAGHHA B
(GHIBTPALHOHHOM TOTOKE HaJH4Husi YYaCTKOB COCPeLOTOYEHHOM
hHALTPaLKH.

Pasnnune B xapaxTepe ABHIKeHHS BOAH B (QHJILTPYIOLIEH cpene
NpH OTHOCHTENBHO pPAaBHOMEpHOH (HALTPAUMH H GHABTPALHH CO-
CPeNOTOYEHHOH, KaK RPaBHJO, IOJIKHO CKa3HIBATHCH Ha ee (H3H-
YEeCKHX H XHMMHUECKHX XapaKTepHCTHKaX. B cBs3u ¢ 3THM MOXKHO
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IICAONB30OBATL PAINHWILIC MCTOALI 1HaGMOACHIN, XNMUMECKINT ana-
JIH3 COCTaBa BOAM, FNAPOOHOJOTHYECKIH 11 GaKTepHOJOrHYecKii
aHaNH3bL, PassiNYHbBe (PH3NUECKHE AHAJIN3H, PAaAHALHONNBIN aHanns,
H3YYCHHE TeMNEPATYPHbIX H SJIeKTpHYeckix nosed n ap. [lpn ot-
CyTCTBIII JETEKTHPYEMBIX PasJjHuHil B cocTaBe BOAL! MOTOKA, Onpe-
IeNSIEMBIX YCNOBHSIMH C€ [ABHIKEHHS,, MOTYT ObLITh HCNOJL30BaHbBI
pasnnyibie cnocobbl HCKYCCTBEHHOH HHIOHKALHI,

1.6. K HaTypHLIM HaOMIONEeHHAM 3a ¢QHAbTPALHEN B THAPOTEXIHII-
YECKHX COOPYXKEHHAX CNeNyeT OTHOCHTLCS KAK K CAMO# BaxHOH 11
OTBETCTBEHHOH YaCTH KOHTPOAS 3a COCTOSIHHEM RAHHOTO COOpYHe-
HH#, NOTOMY 4TO BCJEACTBHE CKPHITOrO XxapakTepa GuAbTpaumim ee
OoTpHUATeNLHOE BO3AeHCTBHE yaaeTcss pacno3HaTb He cpasy. Bwme-
cTe ¢ TeM TpH paspaboTKe METOAHKH HaGJOKeRWH MPHUXOLMTCH TaK-
e YYHTHIBATb COBCPIIEHHO OcoObe H 3apaHee HEACHBIE B JAETaJIfX
obcToATeNnbCTB2 (QHABTPALHH, KOTOpble OOYCJOBJEHH HeH36exKHoil
H3MEHUHBOCTBI0 TEOJIOTHUECKOH CTPYKTYPH BMELUAIINEro MaccilBa
ropHHX nopox. B noasemHbIX coopykeHHsiX, KpoMe TOro, HeoGxou-
MO YUYHTHIBATH lI3MEHEHHE NPOHHUAEMOCTH TOHKOTPEIIHOBATHIX 10-
pOA MOL AeHCTBHEM TIOPOBOrO AaBJjeHHS Il II3MEHEHHA HANDAXKEHHOTO
COCTOSIHHA MAacCHBA, BHISBAHHOTO CTPOHTEJLHEIMII H 3KCNAYATAHHON-
HLIMH (PaKTOpaMH.

Tlpn opranmaauns HaTypHUX HaO/IOKEHH{I B COOpPYXKeHHSX, pac-
NnofoXKeHHblx BOMN3H OT NJAOTHHL, OOJbIIOE 3HAYEHHE NPHAACTCS
nabaofeHNAM B MepPHOA NEpBOTO  NaMOJIHEHHS BOLOXPaHMJIHMLIA,
NpHYeM crielivajiibHO® BHUMaHHMe JOJIKHO YAENASTbCA H3Y4YeHHI 06-
LUIHX 3aKOHOMEPHOCTeH H3MeHeHHsl HaOaloZaeMblX napaMmeTpos, It
IIPEKLE BCEro MNbe30MEeTPHYECKIX HamopoB H PacXOLOB.

TMoaToMy HEBO3MOXHO CO3LaTh €AMHBIC NMOJOKEHHS MO npoBeje-
HHIO HaTYDHbIX HabGJIONeHHil 3a (nabTpaulell B NOA3IEMHBIX COOPY-
HKEHHAX.

TTonxon K BHIGOPY METOJOB HATYpPHBIX Habiioneni 3a GHALTPa-
uiefl B 3aBUCHMOCTH OT KOHKPETHBIX THAPOTEONOTHYECKUX YCHOBHII
Il KOMIIOHOBOYHO-KOHCTPYKTHBHbLIX OCOOEHHOCTEH COOPYIKEHHS npel-
CTaBJIfET CJIOXKHYIO 3aAayy AJA CMEeLHaJHCTOB, 3aHHMAIOULHXCA [iC-
CNeOBAHHAMH H NPOEKTHPOBAHHEM MOA3EMHBIX COOPYIKEHHi.

1.7. Hacrynnenne aBapHAHOH CHTYauHH B NEepHOA AJNHTENbHOH
IKCOMyaTalHH COOPYKEHHS yallle Bcero GHIBAT CBSI3aHO C JIOKasb-
HBIM HapylUieHWeM (QHALTPALHOHHON TNPOYHOCTH M YCTOHYHBOCTH
¢uaprpyrowefi cpeabl. [IpH 3TOM B MepHON, NpPeALIeCTBYIOWIHI
apapHH (unM aBapuiiHOM CHTyaliHH), pa3BHTHE MECTHOro jaedexTa
CPaBHHUTEJNLHO C1af0 CKa3bIBAETCS HA KOHTPOJIHPYEMHBIX Napamerpax
(hHNBLTPALHOHHOTO PEXHMA.

TlostoMy He3aBHCHMO OT oOlueil TeHJEHLIIH K MOHHIKEHHIO Be-
POSITHOCTH aBapHi FHIAPOCOOPYXeHHH mocJie nepHofa HX HavaJbHOR

SKCMJIyaTallHH HET OCHOBAHHKH NNf cokpaluenns obbema QrabTpaun-
onHuix Habmiomenuit [10].



BO3NENGCTBHE @HJABTPAUHOHHDBIX BO
HA NON3EMHbBLIE COOPY)XEHHUSA W BMELIAIOHINI MACCHUB
TOPHBLIX NOPOJ,

1.8. BoszpeficTBre (hHALTPALHOHHBIX BOJ Ha TOJI3EMHBIC COOPY-
SKEHII 1 BMELLaloulil MacCHB MOXKET MPOSABJATLCS B BHAE CHMOBO-
ro (MexaHHYecKOro) BO3AeHCTBHS HA MACCHB TIOPOAB H OGLENKY
COOPYIKEHHS1 NPH YCTAHOBHBLUEMCSH 11 HEYCTAHOBHBIUEMCS] PeXiiMax
(ranTpaun, HN3HKO-XIMHYECKOro BO3ACHCTEHS Ha NOPOAY M MATE-
pHajs KOHCTPYKUHIl, OHOJOTHYECKOrO BO3NIEHCTBHSI HA HEKOTOpLIC
MaTepPHaJs bl KOHCTPYKUHH, TPHTOKA BOABI K COOPYIMKEHHSM, TpeLiHO-
06pa30BaHHA H YTEUKH BOABLI H3 COOPYIKEHHSN, H3MEHEHHsS! CBOHCTB
TOPHHIX NOPOA H MacCHBOB.

1.9. Cunosoe BoapeitcTeRe GHALTPAUMOHHOTO NOTOKA HA CKEJeT
rpyHTa (NOpoAy) NOPOXKAAETCst BO3HHKHOBEHHEM (PHALTPALHOHHEIX H
B3BELIIBAIOWLNX CHJ, MPHAOKEHHLIX CO CTOPOHB! TMOTOKA K CKEJACTY
TPYHTA. DTH CHABI ABNAIOTCA MaccoBuIMi (o6bemubimi). Oun mMoryt
06YyCJIOBHTb BOSHHKHOBEHHE CY(P(O3HH H KOJbMaTaXKa, MeCcTHOro
(HALTPALHOHHOrO BHINOPa, a HHOrAa Aaxe obpywenne GONLUITX
mace rnopoasl B3 cTeH W KpoBJin Beipabotku. Crenyer oTMeTHTh, UTO
13 BCEX HArPy30K, JeHCTBYIOUNX HA HANOpHbE N fe3HanopHuie Nnoj-
3EMHbBIE COOPYXKEHHA, HAWMEHee H3YYCHO AaBjeHHe (PHALTPAUHOHNBIX
BOJI, KOTOPOE B HEKOTOPHIX CAYuYanx OKa3bLIBAGTCS rjaBHelulel Ha-
rpyskoit. Hanpnmep, nekotopeie tyuHenn Hypexcko#r I'DC sarny6-
JieHbl NOA AENPECCHOHHYIO NMOBEPXHOCTL NoA3eMHLIX BOL Ao 200 m,
a PoryHckoit — g0 350 M. MexaHnueckoe JiefiCTBHE BOAbI SIBJSIETCS
MOWIHBIM, H B TO K€ BpeMs TPYAHO TMOALAIOUIAMCS TPOrHO3HPOBA-
uxlo. PunbTpalHOHHbIE (FMAPOAHHAMHYECKHE) CHMH, AeficTByIOUINE
B Tese 6eTOHHOR 06AeNKH COOPY2KEHHS B OOJBbUIHHCTBE CYYAEB YC-
JIOBHO TNPHHUMAIOTCH KaK CTaTHYECKHe, MPHJAOXKEHHHE HOPMAaJbHO
K MOBEPXHOCTH KOHTaKTa Nopoja — GETOH.

Ocob0 Ba)KHOe 3HAUEHHE CHALBOE JEICTBHE NOJA3EMHBIX BOJ
npuobperaer npu pajsuune B ofaenkax craduHbx obniinosok. He-
PeAKO CKallbHBI Maccli, OKPYXalOWHA HANOPHLIN TYHHENb CO
cTanbiol oOAHUOBKOMH, crnocoleH BOCHPHHIIMATEL OONblUIYIO YaCTb
HarpysKH OT BHYTPEHHCro AABJieHHS] BOJBI, UTO MO3BONSET BLITOJ-
HUTbL OOJHUOBKY AOCTATOYHO TOHKOM JaXe NpH 3HAYHTENLHBIX AHA-
MeTpax TyHHeJell W nanopax B HHX. B 3THX cnyuasx onpejenso-
LIMM CTaHOBHTCS pacyeT OOJHLOBKH Ha BHeLIHEe JaBNEHHE BOAHI,
NpH 3HAUHTENBHOM BeNHUHHE KOTOPOTO MOXKET NOABHTLCS Heo6xo-
JIUMOCTb B YBEJHYEHHH TOJIMHHBI METaJJIHYeCKOoH OOGOMOYKH HJH
YCTaHOBKe KOJiel, JXeCTKOCTH.

Henoyuer naBnenns noi3eMHLIX BOJ MOXKET NMPHBECTH K paspy-
WeHHI0 cTanbioii OGAALOBKH NPH ONOPOXHEHHH BOHOBOAa. Tak,
HanpHMep, B HakJonxoi HanopHo# waxrte XpamI'DC-2 pnamerpom
3,3 M, nmerowiel Ha ganuc 280 M ctaauHylo oO6JNHUOBKY, HPH ee ONo-
POXKHCIHIT TPOH3OWIO NOBPCKIALIHC OBJHLOBKH OT NaBNeHHsd NOJ-
3eMHBIX Bof. 3apybekHblil ONLIT 3RCLIyaTanlil 1iMeeT MHOro npH-
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MepOB aBapHil, NPONCHIEAIIHX H3-32 HEJOOINCHKI AaBieHns lIoi-
3eMITBIX BOJL

1.10. Ou3nKO-XHMHIUECKOE BO3ACHCTBHE TNOJA3EMHBIX BOjJ Ha Oe-
TON 1l MeTans O6NeA0K NPHBOAHT K HX PA3PYILEHHIO MOJ BeHCTBHEM
arpecCHBHbIX areHTOB IWIH K yMJOTHenmo 6eToHa, BhIZBANHOMY 3a-
NOAHUTENEM TIOP H TPeUlMH, OTIOXKEMHEM 4YacTHIL TPyHTa u Hepac-
TBOPHMBIX conefl, Habyxaunnem [11].

[Tpu aToM cnenyeT NOJYEPKHYTL, 4TO OCOOEHHO ONMAacHH MO CBoe-
My BO3AeHCTBHIO Ha BeToHIILe H JKesle306eToHNLIE 068K TyHHenell
cyAb(aTHHE NOA3EMHbIe BOALL. V3BeCTHEI ciyyaH, KOrjia rHapoTes-
JIMMECKHE TYHHEJIH, NOCTPOGHHLIE B NMOPOAAX, COAEPKALHX THOCH 1
AHTHAPHTH, H 3aKpemyieHHbie ofpeakamMH n3 6eTOHa Ha NOpTAani-
LleMEHTe, COBEPILIEHHO paspyluajiuch NOA3EMHBIMH BORAMH uepes
1,6—2 roga skcnayaTalHH.

1.11. Buonoruyeckoe BosaeficTene o0yc/OBJANBAGTCA MHKpPOOpra-
IIH3MaMII H NPDHBOAHT K THHEHHIO ACPEBSIHHLIX I\’OHCTPYKU,HFI, HCTa-
YHUBAHHMIO WX JKHBBLIMH OPraHii3aMami, o6PacTaHHI0 PACTEHHAMH MO-
BepxHoOCcTell cTanl u 6eTOHAa; HHOTAA MHKPOOPraHH3Mbl PaspyinaioT
CTadb 1 OeTOH.

1.12. BogoOnpuTOR K COOPYXeHHSM HeOOXOAIIMO OLEHNBaTb Kak
B TIEPUOJ, CTPOHTENLCTBA, TaK M SKCNJyaTaunH.

Hasectnwsl cayuan, Koria H3-3a 6oaLWOrO NPHTOKA BOLH B 3a-
6ol TPHXOMHJIOCH MEHATL Tpaccy Tynnenaa (Xpam['9C-2, Tynsens
Apna — CeBaH H Ap.) HJAH TIPUMEHATL CHEUHANbHBIE CMOCCOH NPo-
XOAKH C onepexalolled ueMeHtTaudeil Wi 3a2MOPa)KHBaHHEM No-
ponw.

B nepuonr skcnayaTauMH OGoNuluOM NPHTOK TOASEMHBIX BOA K
COOPYIKEHHsIM MOXeT NoTpefoBaTL YCTPOHCTBO CHEUHAJNBHBIX BOAO-
COPOCHBIX KOJIJIEKTOPOB (IUTOJMEH, LWAaXT), NPEHHPOBAHNS CTEH H MO-
TOJKOB TNOMEUIEHHH, YCTAaHOBKH HacocoB H T. A. Ilpm 3ToM HeoG-
XOAHMO HMETb B BHIY, YTO BOJOOTBOAHBIE TPyObl MaJjOro AHameTpa
MoryT OLICTPO 3apacTaTh CONAMH (MPOAYKTaMH BHIENAYHBAINSN H3
NOPOABL HIH LEeMEHTa H3 oOfeNKH).

B ropseMHBIX NOMEUlEHHSX € 3JIeKTPHYECKRM O6OPyAOBaHNEM
(GrAbTPAUHOHHAS BOAA CHIIBHO OCJIOXKHSICT YCAOBIIS 3KCIAyaTamni
oGopynoBaunst (Hanpumep, MNOMELHEHHEe TNOABEMHBIX MEXaHN3MOB
crponTtenshoro TyHnens 111 spyca Hypexckoit I'9C).

1.13. TpemnnooGpazoBanHe H yTeUKIl BOAB H3 COOPYXKEHHI
(TyHHenel, 1axT, pasBeTBJieHHH W ApP.) MOryT MPHBECTH K HERO-
BEIpab0TKe 3JIeKTPOHEPTHH, CHHIXEHHIO NOJIrOBeYHOCTH OBZesKIl cOo-
OPYKEHHSI I K pasBHTHIO HeXeJsaTelIbHEX NPOLUECCOB B MacCHBe
TOPHLIX TIOPOZX.

1.14. HMiamenenne CBOHCTB rOpNLIX IOPOJ H MAaCCHBOB. MPOHCXO-
IHT noa AeficTBHeM (II3HYECKOrO I XHMHYECKOTO H3MEHenus no-
poas Ha KOHTaKTe ¢ BOAOW.

[Noposast Bosa B TBePAOM BelECTBE CHHIKAET MPOYHOCTH MOPO-
Ibl B MOBHIUIAET B HECKOJBKO Pa3 ee MOJ3yuecTb, & CNELOBATENbHO,
H pedopmMaTHBHOCTb. CHAMEHHE NPOUHOCTH TOPOA, B CBOIO Ode-
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Peilb, YCHIHIBACT TPCHHMHNOE ACPOPMIPORANNC ITX, KOTOPOC YRCJHI-
ypRaeT GpHALTPALHIO.

INopoBas Boja B MaTepHaJC, 3ANOJHSIOWEM TPEULIHE, pasmar-
qaeT MOPOAY, MOBLIUAET €€ NJACTHYHOCTL H CNocoGeTRyer ee na-
Oyxadmo.

Co6cTBeHHO TPEUWHHHAA BOARA, COpepisaulasics B OTKPHLITOR fo-
AOCTH TPELIHHB, SIBASETCA CBOBOAION BOACH, KOTOPAst NMPH BO3HHK-
HOBEHHH PA3HOCTH HANOPOB LHPKYNHPYeT NO TPeuimuam. ITa BOAA
ciiKaeT CHJAY TPeHMsi B/IOJb CTEHOK TPEUIHH; KPOME TOro, 3Ta Cla
TPEHHSI CHIKACTCS 3a CYeT MPOTHBONABJEHHSA BOADL

BrIMbIBAS 0 BBIIENAYHBAR noposnl, NPONHTHIBAR 11X, NOA3EMHLIC
BOALI MOTYT cnocofcTBOBaTb BO3PACTAHHIO TOPHOTO AaBfieHus.
B TpeluHOBaTHIX TNOpoAax TMOA3EMHULIE BOAB MOTYT BLI3HIBATH
CKOJNbKCHHE OAHIIX MAacToB no ApyrHM, MpHUECM macwrabil no-
CNEACTBHE 3TOFO fABACHHA 2a8BUCAT OT HHTEHCHBIOCTH NPHTOKA BO-
/bl K BuipaboTke. B mpakTHke CTPOHTEALCTBA TIUPOTEXHHUYECKHX
COOpYXeHHH 3a py6eKOM M3BeCTHH HEOAHOKDATHLI@ cnyyad paspy-
IIEeH N Ty'HHEJleﬁ, COOpYXaembiX B CKJIOHAX TOpPIIBIX MacCiBOB. He-
PeAKO MPHYHHOH 3THX aBapuil CJYIKHJIO cMauHBaHHe BOLOH, Nmpoca-
YHBAIOLUEHCA B TOPHBIA MAaCCHB H3 TYHHEJS.

Tloa peiicTBHEM YBAAXKHEHHS CYXHX TIHHHCTBIX NOPOR MPOHCXO-
AuT X HaGyxamHe, NPHBOASILICE K YBEJHYSNHIO TOPHOIO AABJCHHSA.

COCTAB M CPEJACTBA HATYPHLIX HABJIOLEHUNW
3A dHJIbTPAUMEN

1.15. CornacHo HopmaTHBHBIM AOKyMeHTaM [3, 7, 8§, 9] B npoek-
TaX OCHOBHHIX rHapoTexHuueckKux Tyuuneneit I, IT u 111 knaccos nosx-
Ha npeaycMaTpuBathes ycraHoBka KHMA nns mpoBepenust HaTyp-
HuiX Habaonenuit 3a pabGoTOR COOPYMEHHA Kaxk B {polecce cTpoll-
TEAbCTBA, TAK H B NEPHOA €ro 3KCIJyaTalHH, AJ5 OUEHKH COCTOSf-
HHUA OOCJKH TYHHEJSI H OKpYXKalollieli MOpPOABl # (PHIBLTPALHOHHOrO
pPeXnMa B NOA3EMHOM COOPY’KEHHH H B MacCHBE TOpHBIX TMOPOZ Ha
yuacTKe pacroJioXeHHs coopyxenns. Habmogenna ponxuel GLITh
OpPraHH30BaHb TakK, 4TOOb H3MEPEHHS, BHIMOJHSEMBE ¢ MOMOLILIO
pazanynoit KMA, moran B3anmuo AONOAHATL APYr Ipyra.

OCHOBEBIMH  COBPEMEHHBIMH CPEACTBAMH HHCTPYMEHTaJILHOTO
KOHTPOJISI SABJISIOTCS H3MEPHTe/bHBlE npeobpasoBaTenin, ¢ NOMOILBIO
KOTOPBIX OCYLIECTBJISHOT INHCTAHUHOHHLIC H3MepeHHs (GH3HYECKHX
BEJIHYHH, XaPAKTEPHIYIOLLHX COCTOsHKE N paboTy coopyxenudt [12].

OCHOBHOM UeNbI0 HHCTPYMEHTAJNBLHOTO KOHTPOJS MOA3EMHBIX CO-
OpYXEHHH fBJsieTCs LHArHOCTHKAZ UX (PAKTHUECKOro COCTOSHHS, Ha
OCHOBE KOTOpOil BO3MOXHO NPOTHO3HPOBAaTbL BO3HHKHOBEHHE aBa-
PHIHLIX cHTyauuit. Haxonjenue u aHalH3 IaHHBIX HHCTPYMEHTAJb-
HOTO KOHTPOJISi TIO3BOJIIET COBEPLIEHCTBOBATL MPOEKTH HOBBIX 06Db-
€KTOB H HOPMaTHBHbIe NOKyMeHTH. Hapsiay ¢ 3THM B nocJeawee Bpe-
M$i BO3PACTAeT HEOGXOAMMOCTL MCTIONBL3OBAHMS ABHHBIX HHCTPYMEH-
TaNbHbIX HAGMIOACHHR /U5 OCYLIECTRBAECHHS KOHTPOJN 1 YNpaBJeHHs
KayecTBOM CTPOHTELHO-MOUTANKHLIX paloT.
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HaGmoncuns, npopofnmiic 3a (PuanpTpanncii 8 AOAICMIBIX CO-
OPYXEENNSIX, NOAPASACHSIOTCA NA KOUTPOALIILE naluioiemist 1 che-
UiianbHble 1cc/iesopantins.

1.16. Kontpoanhsie yabaiofAenns NpoBOAATCS ¢ HCABIO TEKYLICTO
CTPOUTENLHOTO HAH IKCANYATAWIOHHOrO KOUTPOR 3a GuanTpaituon-
NBIMII TPOHECCAMH H COCTOSHHEM COOPYIKEIisi, CBA3auNbLIMIL ¢ DlJIb-
Tpauuel nojsemubix Bofd. K HEM oTHOcATCs uabmioaeHus 3a cae-
AYIOUMME napamMeTpamu:

NOJIO¥EHHEM JIENPECCHOHHOM TOBEPXHOCTH GINILTPALIIOHHOrO 0-
TOKA, H3MEHEHHEeM THAPOJIOTHYECKOTO peXiiMa YyyacTKa;

Hanopamil NOA3EMHLIX BOA Ha KOHTaKTe O0JENOK MOA3EMHBLIX CO-
OPYKEHHA ¢ BMewalowed 1nopouoi, ebiau3il OT 3TOr0 KOHTAKTa B
npenenax 30Mb DPOTHBOMPIILTPAUHOHHON (YKPEIITeNLHOIT) UeMeH-
TaulH NOPOAK;

LaBACHHAMH NOAIEMHLIX BOA HA OONEAKRY ([J5 OUEHKH BEIHIUITIH
K09(PPHUMCHTA MIOWAAH Nepefaul AaBfciiis g);

pacKkpbiTHEM TPEWHH B HOPOAE 1 ofnesnxke I pPacxoioM BOAbI.
buabTpyiowelics H3 HUX I CKBO3b TeNo GeToHHOl OONEAKN B Me-
CTax ee YBJaXXHeHHS, Kanexa, CTPYAHKIX BHIXOAOB BOZBI

CyMMapHbIMH Q)H.f[prauHOHHbIMH pacxopamiu, ofipeacJ/sieMbimi
MEDHBIMH BOJOC/IMBaMH H APYTHMH crnocobamu;

3¢ PeKTHBHOCTEIO PafoThl MPOTHRODUILTPAUMOHHBIX H LPEeHaxK-
HBIX YCTPOHCTB, A€()OPMALHOHHLIX LIBOB, 3aJ€J0K TPELIIH;

NOSBJIEHHEM M MHTEHCHBHOCTLIO MEXaHHUecKoll M XHMHYeCKOW
cy(pdosin GeTona NOAEMHBIX COOPYIKEHNH H BMELAWUIHX HX 10-
poA (KONHYECTBOM II TPAHYJOMETPHUYECKIIM COCTABOM TBEpIbIX 4a-
CTHU, BHIHOCHMBIX (HJIBTPAUMOHHEIM NOTOKOM H3 NOPOAH, (HJbLT-
POB IJIH 30HH UEMEHTALHH; COCTOSHHEM HaTeKOB H3BECTH, BhllUE/a-
yugaeMol u3 GeTOHHOH 00pesiKi; cocTosHHeM OOHAKEeHHHX TOBepX-
HOCTEH MOPOJAB MJIH APEHAXHBIX NOJOCTel);

TeMIepaTypHHM H THADOXHMHYECKHM pPeXHMOM (QHIAbTPalHOH-
HOro NOTOKa.

HaunGonee npoctoft hOpMOIT KOHTPOJLHLIX HaONIONEHHT . ABIs-
I0TCS BH3YaJibHHIE OCMOTPRI COOPYXKeHHH;

TEKYIIHE OCMOTPHL CYXHX NON3EMUBIX COOPYKeHHH (MawnHubie
3asibl, Tnomewesus TpanchopMaTopos, BCHOMOraTeNbHLIE noMeule-
HHA, TPY30BHE H TPAHCHOPTHHIE TYHHENH H T. M.);

cnenyanbHble 06CNeAOBaHHS, NPOBOAHMEIE NDH PE3KOM H3Mele-
HHII Hanopa BOJL B HANOPHbIX COOPYXKEHHSX, NPH BOSHHKHOBEHRH
cepbe3HbX AedopMauuil 06AeNoK, Noche 3eMJeTpACeHH.

OCHOBHBIM BHJIOM KOHTPOJBLHBIX HAOJIONEHHH SIBASIROTCA CTa-
UHOHapHHe HaOJI0feHHs, OpragHayeMble A NONYYEHHA OaHHBIX O
NPOHCXOAAMX TpoUeccax B OKpyxawilefi coopyXeHHe nopope,
NoA3eMHOH BOJE, B KOHCTPYKUHSX H BHYTDH COOpYKeHHHA. DTH Ha-
6/I0NeHHs TPOBOASITCH KaK BM3YadbHO, TAK H € NOMOIUBLIO KOHTPOJL-
HO-U3MEPHTENbHON annapaTypsl.

O6beM KOHTPOJBHBIX GHIBTPAUMOHHBIX ITaBMIO/IeHHIT Onpenes-
eTCSl THIIOM COOPYXKCHMS, CTCMEHLIO €0 OTBETCTBEHHOCTH (XapakTe-
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PU3YCMOIT KAaCCOM COOPYIKCHI) 1l CAOKHOCTLIO HUAEHEPIO-Te010-
THYECKNX H IHAPOreoJOrHYECKHX YCJAOBHIT MacciiBa rOpHHX MOPOL.
BMCLLAIOIIETO COOPYHEeHHE.

1.17. CnewiajibHble HCCACNOBAIIHS TPOBOARTCA ¢ HeJbIo BHGOpA
OnTUEMAaJLHBIX nTapamMeTpon JIPEHaXHbIX H ﬂ[)OTHBO(l)llJIprﬂU.PIOHHle
yeTpoiicTs, @ TakXKe c¢nocobos # YCTPOHCTB A4S ONpEACNCHIs Tpe-
wiHoobpazosanus B obpesaKax, YyTeuUeK BOJAL U3 TyiHeneil.

K crnemnanuleiM HCCJIGAOBAHIAM OTHOCATCS M3ydeHHE (DIUIHKO-
XUMHYECKHX IpOUEeCcCOB B MACCHBE TOPHBIX NOPOa H B 0611(’..111(6
{cydpo3HOHHOM  YCTOHUNBOCTH  BaNMOJHHTENS TpeulllH, cAabuix
NPOCAOHKOB, 308 APOGJEHHS), YTOYHENe NapaMeTPOB BOJIONPOHH-
uaemocT (koadpduunentos GUALTPAUMH, KOI(PHHUHENTOB BOLOOT-
naul, HEOCTATKA HACLIWEHUs) MOPOAHOTO MacCHBA, MPOTHBOMHALT-
PALNOHHBX 3JieMenToB 11 O0OfeNOK CcOOpyeHuii, olUeHKa cTeneHH
$1LTPAUHOHHON H3OTPONIOCTH 1l ORNCPOAHOCTH NOPOAL, BMCLUAI0-
LLei COOPYIKEHUS.

Cneunaﬂhnble Heeseposatia, nanpiuMep, Moryrt BRJIOYaTh WIK-
Abl TeMNIEpaTypHbIX HaGJHOILQHIIl"I H ONBITLI IO ONUPEACJICHHIO CKO-
POCTHLIX XapakTepueTHK QHALTPALIOHHOrO NOTOKa € MOMOLULIO CO-
JEBLIX HHJAHKATOPOB. ,U.Jlﬂ YTOUHCHIST pPAacueTHLIX I1apaMeTpoB
(p1ALTPALHOHHOTO NMOTOKA PEKOMEHAYETCS MPOBOMHTL ONBLITH METO-
nom DTTIA.

npOBE.ELGHll(.’. cnepliadibHbiX I-ICC.:’IGIJ.OBaI-II'If:I NPaKTHKYIOT TAaKXKC
B Tex cayuasx, Koraa B 1polecce IKcnJsyartauli no KaxkyM-a16o
npuvnHaM BHSBIAETCsI HeJOCTAaTOVIIOCTh C)/LueCTBleUIEFI CHCTEM DI
perynspHuix HaGaiopennil AJisl pCUIEHHS BO3HHKAIOMHX HHXXeHep-
HbIX 3a/1a4. Bo Bpems cnenHanbiublX MCCJICAOBAHHA (HABTPALNH Ha-
6,110eHUA BHINOJHAIOT MO pacUIMpeHHoft nporpaMMe, mpenycMaTpH-
palowell BOIMOXHOCTbL NOJAYYEHHN AOMOJHHTENbHOM HHPOPMaLHH
00 HccnepyeMoM OObeKTe.

I1py BHINMONHEHHH TaKHX CHEUHAJALHBIX HCCNENOBAaHHK CJeLyeT
CTPEMHTBCA K TOMY, YTOOBI HanpaBJieHHe MOIENHpyeMoro (hHibTpa-
ILHOHHOTO MOTOKA COBMajanlo ¢ TeM, KoTopoe Oyaer HMeTb MecTo B
npouecce 3IKCNAyaTaluy NOCTPOEHHOIO COOPYKEHHS.

TlocTanoBka creuHaNbHEIX HATYPHBIX (HALTPAUNOHHBIX HCChe-
N0BaHHil B KaXXAOM OTjeJbHOM clyyae foJxKHa ObiTh 060CHOBaHA
ocoboit nporpaMmmoft. Ecnn Ins npoBefieHNsl CeUHaAbHEIX HCCJENO0-
Bauuil ycrawap/iHBawTcs npubopul W Apyrue ycrpoficTsa, HeoGXo-
IHMO paccMaTpHBaTh BO3MOXHOCTH HX HCHOJbL30BaHHS M IS Te-
KYLIEro CTPOWTEJBHOrO HJIH 3KCIIYaTallHOHHOIrO KOHTPOJS.

B HekoTopsix cnyuasix MeXLy HaTYpPHBIMH HaGMIOAEHHSIMH M HC-
C/ICAOBAHHAMH DPasiHyHe NPAKTHYECKH OTCYTCTBYET, H 3TH TEPMHHGLI
OTPaX<alT JHWb YCJIOBHOE pasrpaHHyeHHe.

O6beM creuManbHBIX HATYPHBIX HCCJEoBaHHil ONpenefsiercs
aKTyaJIbHOCTbIO TPpoOaeMbl H CJAOMXKHOCTBHIO paspeilieHHs] BOMPOCOB,
YKa3aHHHX B Nporpamme.

1.18. Hanst xauecTBEHHOrO H CBOEBPEMEHHOrO OCYLUECTBJIEHHS Ha-
TYPHHIX HabnopeHu#t H uccjaefoBaHHi, ANS NPaBHJIBHOrO MOHHMA-
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uust apaeHi 1 ux oOBEKTHBION OUCHKH 1T NPOrHO3a 11X H3MEHCHs
BO BPEMEHH, HaTyprble HAGHIOACHHS IOJDKHLI HPOBOUITLCH C YUC-
TOM pasHoOOPasHfl HMHKECHEPHO-TEONOTrHUECKNX M TIAPOreosorie-
CKHX YCJOBHH, 2 TaKXKe BHAOB NOM3EMHbLIX COOPYKEHNH H X PCXKII-
ma paboTH; 3a4ayH HATYPHBIX HCCACAOBAHIA B KaXKAOM OTACNLHOM
ciryyae JOJKHB HMETH CBOE HalpasJeHie, 3aBHCsiliee OT NOCTAaBACH-
HBIX Lefiell, MeCTILIX YCJOBIIH, THUA COOPYIXKEHNs, €r0 3HAuIMOCTH
II Jp.; COOTBETCTBEHHO B KaXAOM OTACJHLIOM Cayyae noaxiua na-
3HAYaThCA MPOrpaMMa HCCACAOBAHI, HAaMEYATLCH COCTaAB H MEeTH-
JKa HCCHIeI0BaHI.

L19. Ias obsaeryentsn nomimanis, pactullppoBKil, B3auMHO
YBSI3KH H CONOCTaBieHNst peayaLtatos nabuionennii 3a (uabtpa-
uneis, HabJoae s NOAXKHB ITPOBOXHTLCS © CASAYIONE HePHOAb:
0 NPOXOJAKH NOA3EMHOI0 COOPYNKeHnsi; B HepHo) NPOXCIKI Bhlpa-
60TKII 11 BO3BEACHHR OOGACNKN; B HECPHOJL ITYCKA I HOPMaRbiOil IKC-
nayatauuu 0C060}1H0 npHu nanonneniu n cpa60'rxc BOAOXPaHnAIG;
NOCHAC 3eMACTDACEHHS HPH AKTHBHHIX TeKTOHHUCCKUX HOABHMKKAX
BMELLAIOWEro MacciiBa HOPOoA 11 HOCHE APYFIX 4pe3BHiuaiinniy np-
JeHUA.

£.20. B pesyastate nposeienns natypunix unabmoicunii paercs
OUEHKa HALEMHOCTH H Oe3011aCHOCTI COOPYZCHIIST WIH OTALALIOI
€ro YacTH ha OCHOBAWIHM MECTHhIX uHetpyxkunii.

Tlo pesyawrataMm natypuslx nabmonennit za duanrpaiuieil nan-
JEXKUT BHOCHTL YTOUHCHIISI 1T H3MEHCHUSI B HHCTPYKIHID NO IKCnHAya-
TauHH 1t cnocoGam konTpoast paGoTw, peMonTa if BOCCTAIOBJEHIs
ApeHakei H 30HH NPOTHBOMUALTPAUHOHNON UEMEHTALNH, 2 TAKKE
BHOCHTL H3MEHEHHS B COOTBETCTBYIOHIME HOPMAaTHBHEIE NOKYMEHTH

1.21. C uenblo u3yuenus ycaosuii GuaALTpaLI Ha HABNOA2EMOM
06beKTe 1esecoo6pasHO CTPOHTh THAPOAHHAMIYECKIIE CETKH (HJLT-
pauui, uMelouHe B OOILEM Ciyyae NPOCTPAHCTBEHHBIA XapakTep.
[Tpr noCTPOeHMH TAKHX CETOK MOJIKHE YUHTHIBATLCH OCOOEHHOCTH
NPOHHLAEMOCTH HOPOM, cielHdHKa paboTH JIPEHAYKHBIX ¥ MPOTHEO-
GUABTPAUHOHHBIX YCTPOHCTB H T. 1.

NMPOTPAMMA HABJIIOLEHWUN

1.22. [lporpamma wuartypuuix HabGaofendit n  ucciaenonauni
QHALTPALNY B NMOA3EMHBLIX MMAPOTEXHUUECKHX COOPYAKEHHHAX LOJIK-
Ha 0TOOPAXKETh NPAKTHUECKYIO U TCOPETHUECKYIO HENecooBpasiocTy,
HaMEYaeMbIX HCCIIeOBAHHH M BO3MOKHOCTL HX TEXHHYECKOTO H
TPOH3BOACTBEHHOTO OCYLIECTBJEHHS.

Ona monkua obecneunts 3bGHEKTHBHOCTE BCErO KOMIUIEKCA pa-
60T N0 HATYPHBIM HCCJIENOBZHHAM (DHALTPALIIH, ONEPATHBHOCTL M
CBOEBpeMeHHOCTh 00paboTkn Bce HHPOPMauMH, NOJyYyaeMod OT
NaTYHKOB, M MPaBHJIBHOCTH HHTEPMPETAUHI De3yJabTaToB TaKO# 06-
pabdoTku.

[MporpamMma nonKHa OTNHHATLCS THOKOCTBIO, MO3BOJSITL BHO-
CHTL Heo6GXonHMEIE M3MEHeHHs] Ha pPas3fIuHBIX 3Tanax HecJaeloBa-
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uuii. Tlporpamma nccaesosaniii cocTapsieTest TPOCKTHON Hin na-
YUHO-HCCARNOBATE/NLCKON Opratisaliiefl na cTajiiid npoeKTa.

1.23. B nporpamme fOnMKHLI OLITH OTPaMEHL CJACAYIOLLC BO-
HpocH:

00GoCHOBaNIE MOCTAHOBKI HATYPHBIX HaONIONEeHHI,

uesH 1 3ajayi npeanojaraeMblx Habaionennii;

06beKTH HAOMIOAEHHS (MacCHB FOPHBIX NMOPOZE, COOPYXKEHIIe [l
€ro 3JeMCHTH ) ;

coctas HabmoaeHuil;

MeTOLHKa HabJOACHHH; B psiae CAydYaeB AJS peleHis KolKper-
HbIX BOTIPOCOB OHa MOXKET ObiTb pa3paboTana 32HOBO;

anmapaTtypa A/s TpOBeAeHHR naONIONEHNi;

npeienbHble 3HaYCHHS NOMJEKAIHX KOHTPOJIO [IapaMeTpoB, oOfl-
pelensIOWHKX AONYCTHMOE HJIH HEeJONYyCTHMOE COCTOSIHHE KOHTPOaN-
pyemoro o6beKTa;

COTOCTaBHTENbHEIC TEOPETHYECKHE PACUETHl H MOLEJbHBLIE IICCJe-
NOBaHHS; 3TH paBoThl CNeyeT BHINOJAHATL B OCHOBHOM 10 NpPOBEfe-
1151 HATYPHBIX HCC/eHOBaHMnil, uto6bl NOJHEC YUHTHBATL BCe AeH-
CTBHTENbHBbIE HH)KEHEePHO-TeOJOTHYECKHE H THAPOTEONOTHYECKHE YC-
JIOBHSA, a TaKXKe yCJIOBls BO3BedeHHsT H paboThl COOPYXKeHHs;

ODHEHTNIPOBOYHasI CTOHMOCTL NpeAnojaraemMbix Habatonenni;

CPOKH Hayasja M OKOHYaHIS paboT, NePHOAHUHOCTL HAONIOACHHIT,
OCHOBHDIE HCMOAHUTEAH H [OJA HX yuacTils, a TakXe OXHAaeMbe
Pe3yJIbTaTH.

1.24. Ha ocHOBaHHH yTBEDXIEHHOH NPOTpaMMbl HATYPHBEIX Ha-
GJ10neHHf COCTaBMSIOT NPOEKT pasmelueriist GpuabTpaunontol KMA
B MOL3E€MHOM COOPYKEHHM H BO BMCWAKOWEM €0 MacCHBE TOpibIX
1HOPOA.

[MTpoext pasmeuienns KHMA cocTaBnsloT ¢ y4yeTOM COOTBETCTBY-
I0LNX HOPMATHBHBEIX HOKYMEHTOB, PEKOMEHIAuuM, METOAHUECKHX
ykaszaumi, nocobuii, paspaboranneix BHHWIom nm. B. E. Bezene-
eBa.

Bei6op KoHCTpYKDMH H Ha3nayeHHe Kosuyectsa KHA, a Takxe
ee pasMellieHHe NOJKHK NPOM3BOAHTLCS B 32BHCHMOCTH OT KJjacca
TYHHEJISl, €ro KOHCTPYKUHH, TeOJIOFHYECKHX H THAPOJOTHYECKHX
yCAOBHH, a Tak¥Xe croco60B NMPOH3BOLCTBA paboT.

Cocras KA n ee paameluenne HOJIKHBI MO3BOJNATH YCTAHABJH-
BaThb XapaKTep NPOCTPAHCTBEHHON QHABTPalHH (C YueToM (pHIbTpa-
unonroit KMA no apyrum cocenHHM COOPYKEHHSIM, HanpHMEp, HJO-
THHBl M €e OCHOBaHHs), YTOOB MOXHO OBblIO HE TOJNBKO KOHTPOJIH-
posaTh paboTy TOA3EMHOTO COOPYXKEHHS, HO.H COMOCTABJATL pe-
3yAbTaTHl HaTYPHHIX Hab/lIOfeHu#i ¢ MOLENBHHMH HCHBITAHHAMH H
pacyeTaMH.

1.25. TTpumensiemans KHMA u meronws wabniogeHHit M HcclemoBa-
HiIlt IOJKHB 12BaTh BO3MOXHOCTH GBICTPO YCTaHaBJIHBaThL BO3JENi-
cTBHE TOro MJH HHOTO GaKTOpa Ha NOBENEHHE COOPYKEHHS HJIH ero
snementoB. C 3ToH LenbK LesecooOpa3Ho NpuMeHeHHE aBTOMAaTH-
yecKH NOKasHBalomed, a HHOTAa ¥ CHTHaJAusHpywoulefi (cBer, 3BYK)
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annapaTtyphl, Xabemn KOTopofl BeiBeAenbi fa nyabth. MenaTesibiin
roJlyueHue Taxo# HHMOpPMaUHH, KOTOpPas HAacT BO3MOXHOCTL Ipsi-
MO#l OLIEHKHM COCTOSIHHS KOHTPONHpyeMOro o0bexta IyTeM cpapHe-
nns #HabaonaeMeX 3HAYERHE KOHTPOJHPYEMbIX NapaMeTpoB C yCTa-
HOBJICEHHHIMH 3apanee HX NpeleLHHMH 3HAYCHHSAMH.

[Tpn GoJbLIOM KOJIHUECTBE NPHOOPOB C/CAYeT NpenycMaTpHBaTh
uenTpanusauuo u asromatuzaunmio KHA npm noMouin aproMaTu-
yeckolt usMmepurenpHoit cucremsr (AHC) ¢ Beixomom Ha 9BM, xo-
TOpYI0O HEOGXOLHMO BBECTH B 2KCHAYaTaUHIO ¢ MOMEHTA YCTaHOBKH
NepBLIX H3MEPHTEeNbHHX npHOopoB. DBM pmonxHa conocTasniaTh
JaHHble HATYPHHIX HaOJIOmEeHHH ¢ KPHTHUECKHMH NapaMeTrpamMH H
coobliaTh Ha UEHTPaJbHBIH NYJAbT O BO3MOXHBIX KPHTHUECKHX CO-
CTOSHHSIX COOPYXXeHHH HJIH HX 3JEMEHTOB.

ﬂpwmeuanue. B NPRACHEHIH ! pABEIEHL KPATKHE CBEHCHHSN O npuﬁopnx
s HaTypHeIX GHIbTpauuowHmx HecaepoBanui, npuMensiembtx HHCom Taapo-
npoeKTa, a B NpHAOKenusaXx 2, 3 ceepenus no dunvTpaunonnoit KMA ra ywactke

noaseMuoro 3zanua Poryuckoit T3C u B Karactpoduueckom Bosocbpoce Hypex-
exolt T2C

1.26. Ous obecneuenns najexuocTH H coxpaunoctn KHA, wan-
JIEXKHT ee pasMellaTh B NOTEepPHAX, rajepesx, WaxTax, HUIUAX, MOjl-
XOZIHBIX BRIpabOTKax H APYrHX MecTaX, HeHOCTYNHBIX AS M, Tc
nmeromnx X KA otHowenus:.

Heo6x0[HMO TaKXe YYHTHIBATL OTHOCHTENBHO HEGOABUIYIO Apo-
JOIKHTENBHOCTL PaboTOCNOCOBHOCTH 3aKNaAmBACMBIX NPHOOPOB 1
11X YYBCTBHTEJNBHOCTL K MEXAHIYECKNM BO3JIEHCTBHAM NpPH 1IX yCTa-
oske. B MpakTHKE H3BECTHO MHOrO Cilydaes napywesHs npréopos
B Npouecce CTPOHTENLHEIX H UeMeHTauHoHHBX paGot. [Tbesomerph,
KpOME TOro, NoJABEPXKEHb KOJbMaTalHIL

1.27. PeaynbraTh Habuonenuit 3a $uabTpaunel B nou3eMHbBIX
COOPY2KEHHAX Leaeco06Pa3HO OLEHHBATL COBMECTHO C PE3ysNbTaTaMi
nabmofeHnft 3a HanpsKeHHO-ePOPMHPOBAHHBIM COCTOSHHEM TO-
pPOAHOrO MacCHBa H 00jesikH, peXkumom obulefi (UIBTPaUHH HA
YYacTKe PacnOJIOKEHHs COOpPYIKeHHSl, TemnepaTtypofi buasTpyowei-
cst BOIH H T. I

Pe3y/ibTaThl KOHTPOJILHLIX HAOJIONICHHE H CreUHANbHBIX HCche-
JOBaHH}i fioce HX OCOOLBHHS JNONKHB GLThL 1ICHONL3OBAHB NDH
COCTaBJICHHH MPEUIOKEHHHA MO peMONTNHIM pafoTaM, a Takke npu
IPOEKTHPOBAHHH HOBBIX OGHLEKTOB.

Tpy wannynM KBaNHOHUMPOBAHHBIX IHXKEHEPHLIX KajApoB na
KPYNHBIX THOPOY3JaX CJIeNyeT CTPEeMHTHCS K BO3MOXHO GoJsee nodi-
HOMY ailaJIH3y pe3yabTaToOB HaOJIONCHH CHJIaMH CaMOro 3KCnJya-
TAUHOHHOFO MEPCOHAaNa, KOTOPHH JIOJKEH TakXKe NPHHHMAaTh He-
TOCpe/ICTBEHHOE YUacTHE B TAPHPOBKE I HaJajke BCeH anmapaTyphl.

B HeoOXOAHMBIX cayuasix MOryT OBITb [aHbl PeKOMEHZAUHH ©
NpHBJEYEHHH MPOEKTHLIX, HAYYHO-HCCIeNOBATENLCKHX H APYTHX Op-
ragH3auMil IJIA  KOHCYJbTAUMH IO CJOXKHBIM BONPOCAM OLEHKH
tunpTpanHOHHON 06CTaHOBKH HA Y4acTKe COOPYKEHHS H YyJacCTHS B
paspaboTKe MEpPONPHSITHH (0 CHHIKEGHHUIO BpPEANOro BO3AEHCTBHS
(HALTPALMH B COOPYXKEHHs! HJIH H3 NHX.
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1.28. Oprannsauus natypunix nabmosgenitt 3a QnavTpaunei
NONKAA ONPCACAATLCA «YKA3AHUSMH RO OPrauH3auHn If npopeme-
110 uaTypusix nabiofennii ia CTPOSILKHXCH THAPOTCXUNYECKHX
coopyxenusx» [13].

2. UCCNEAQOBAHUE ECTECTBEHHDIX MOA3EMHbIX BOJ
B NEPHUOJ N3bICKAHUMN U CTPOUTEJIbCTBA

2.1. I'unrporecnornyeckse yCAOBHSI YYacTka CTPOHTEINLCTBA 5IBAS-
I0TCSl -OJIHHM M3 OCHIOBHBIX NPHPOANLIX (aKTOPOB, ONPCALNSIOULINX
ITHXEHEPNO-TEONOTHUECKHE YCNOBHSA BO3BEGNHA 11 SKCIAYaTaunn
HONUBEMHLIX THAPOTEXHHUYECKIIX COOPYIKEHHTL.

B npouecce HIDKEHEPUO-rendoriiueckHX H3LICKanHi JIs noazem-
HBIX THAPOTEXIHYECKHX COOPYMCEHHR BHIACHSIOT HeOOXO/IMbe Xa-
PAKTePHCTHKH OBMIMX THAPOTeOJIOTHYECKHX YCJOBHA I napamerphl
OTAENBHBIX RuAOHOCHEIX TopnsonTos {6, 14].

2.2. OcHoBHEIME BONpOCaMIL, NOMJIEKALIHMI OCBELLEN 0 HpL Xa-
PAKTEPHCTIIKE PHAPOreOJOrHUECKHX YCIOBHHE, SIBISIOTCH:

CTPaTHIpadYECKOE TOMOKEHHE, JHTOJOrHYECKH COCTAB, YCHO-
BHA 3a/Merauds BOLOBMEULZIOUIX NOPOL 1i OCHOBHHIX BOJOYNHOPOB;

FUAPABAHUECKHE THIL OCHOBHBLIX BOJOHOCHIX TOPUSOHTOB, HX
PacnpocTpaneHie [ MOLIHOCTD;

YCJIOBIS BUTAHIIS, WHPKYASIIN 1 APEHHPOBAHMST BOJONOCHLIX 10~
PH3OHTOB, NONOXKEHle YPOBHEIT I PEXHM NOA3EMHBIX BOL;

BOAOMPOHHLACMOCTh I BOACOOHJLHOCTh TIOPOIL;

XHMH3M Il arpecCusHOCTL NOA3EMHBIX BOA MO OTHOWeHIO K Oe-
TOHY ¥ APYIHM CTPOHTENLHINM MaTeplanam.

Ecan noaszemHbie BOAL B pafioHe TIOA3EMHOID COOPYIKEHIIST MO-
I'YT NOAMUTHBATLCH aTMOCHEPHLIMH OCalKaMil HJH [10BEPXHOCTHHI-
MH BOZAMH, II CGCJAH INOANHTKA MOXET 3aMeTHO MNOJHATH YPOBECHD
NON3EMHEIX BOA, TO NPH H3bLICKaHMAX HEOGXOJIHMO RaBaTh KOJIHYE-
CTBEHHYIO OLEHKY TakOro MOAHSITHS.

2.3. Inst u3yueHHs! MHAPOreoJIOrHYCCKHX BONPOCOB MOTYT BLITOJ-
HATLCH?T l‘ﬂllpOl"EOJ’IOI‘HHECKaﬂ ChEMKA, 6YPEHIIE ]‘H]lpOI'EOJlO!‘}l‘lGCKHX
CKBaX<HU, ONHTHO-pHABbTpaIHOHNEE paGoTHl H HeKoTOpHE Cche-
IWHAJILHBEIC HCCAENOBAHIIN: NI3YUCHHE HAanNpaBiEHHn 1 ﬂef:‘lCTBH'l‘eJlb-
HBLIX CKODOCTefI JABHMKEeHHE NOIN3eMHOI'0 TOTOKE; BbLIABJeE[ine KapCTO~
BLiX noJsoctedl, nyrTell ABHXKEHHUA COCPefOTOYEHHBLIX MOA3EMHHX TO-
TOKOB; H3yYeHue (PHABTPALNOHHOK YCTOHUHBOCTH NMOPOJ, BOIMONKHO-
CTlIl PA3BHTHA XHMHUYECKON H Mexamuueckol cyd¢osHH; BO3MOMKHO-
CTH XHMHYECKOTO KOJbMaTaMa HpeHaXKHBIX YCTPOHCTE:

Kpome TOro, B npoliecce H3BICKaHHA CaenyeT NPOBOAHTL CrelH-
anbHble HCCJELOBAHHA MO HM3YYeHHIO QHJIBTPalHH B MacCHBE B €ro
€CTECTBEHHOM COCTOSIHHH H NOCJE [IDOBEJEHHS UEMEeHTaLHH MOPOJHL.
B pafione kapcra HeoOGXOZHMO H3YuaThb Cy(HO3HOHHYIO YCTOHYH-
BOCTL TNIOPOJ, Ha CHELMAJbLHO YCTPAMBaeMBiX ANSA 3THX uesell ombiT-
HHIX YHACTKax.
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ITo Tpaccam ray0oKO 3aj0MKCHHLIX TYNNCACH H JPYFHX NOA3EM-
151X COOPYXKEHHH ROJUKHBI OLITh ONPEeNelbl YPOBHH eCTeCTBENbIX
NOJSEMHBX BOL M OPFradH30BaHH THAPOrcoJoriyeckyie HabMOACHHsR
1’ CKBaXXHHAX, TOPHBIX BHPabOTKaX W Ha HCTOUINKAX, I 5TH HabJlo-
JIeHHs! BHOCJIGACTBHH JIONKHBE ObiTh NMPONOJIKEHW B NePHOL CTPOR-
TENLCTBA, 2 B Cyyae HEOOXOAHMOCTH H B NEpHOM 3KCINYaTallH Co-
ODYXKEHHH.

JlaHHbie O XHMH3ME NOA3EMHBIX BOL JOJKHH OTpaXkaTn BCe BO3-
MOWXKHBIC ero H3MEHEHIIsl 110 XapakTEePRLIM Ce30HaM roja.

2.4. V3syuyeHHe FruApOreo/IOTHYECKNX YCJOBIY AOJIKHO AaBarh
AOCTATOUHLI MaTepnas Ans TPOTHO32 BO3MOXKIIBIX TIPRTOKOB BOZAH
B NO/3eMHLIE BLIPAGOTKH, OMPENRCHHS HaNOPOB MONA3EMHHIX BOJ,
AeficTsylomnx 11a ofuesKI COOPYXKeHHH, H OUEHKH arpeccluBHOCTH
BOJL MO OTHOUIGHINO K BETOHY M APYrUM CTPOHTRJLHWIM MaTepHa-
nam.

2.5. [pornos mpuToKa BOAW U TON3CMUKE BHPabOTKH SIBASETCH
OUoH B3 CAOMXKHEHWHX 3aAav TIJIPOreOJOrNUCCKHX HecHeN0oBanTi.
HanGonbuylo TpyuiocTs NpefcTaBiisieT NPorio3 NpHTOKOB Tpenuin-
10-HATIOPHHIX BOA, NMPHYPOUEHHBIX K 30MaM TEKTOHHYECKNX lfapyise-
ni# 1 KapCTOBBIX BOJ, NMO3TOMY H3Y4YeHHE PazJioMOB H COMPOBOXK/A-
IORX HX 30H MHJIOHHTH3aUHH, APOGNCUHS II TPEUUIOBATOCTH CJie-
AyCT TIPOH3BOJIHTL ¢ 0COGOM TIHATENBHOCTHIO, TAK KaK NpH Tepece-
YeHII X TOX3eMHOfi BuIpaboTKoil OOHLUNO YEENHUHBACTCH NPHTOK
HOJI3€MHEIX BOJI.

C npyroft CTOpPOHBI, TEKTOUHYECKHE 30HLI MOTYT CIYAHTL €CTe-
CTBEHHBIMI TIPErpajamy IJsl NBHKENHs! HOJ3EMHLIX BOL B MacCHBE
11 mepeceyeHilie HX TYHHENEM MNpHBENeT K NpophBaM B MOCHeaHiii
311aMITENbHBIX KOJHYECTB BOAM.

nsa onpenenenns OXHAAEMOr0 NMPHTOKA NOA3EMHBIX BOJ B BHI-
paboTKH HCHOJNB3YIOT CJIeAYIOHe OCHOBHBHIE METOALBI: AHAJHTHYE-
CKHIi, THAPOTEOJIOTHYECKHX 2HAJOTHH, BOLHOro fasaHca W MOQenu-
POBaHHA.

2.6. IOnst n3y4eHHs BONOTPOHHLAEMOCTH H BOJOOGHIBLHOCTH TO-
POAHBIX MAaCCHBOB B COOTBETCTBYIOLINX PasBENOYHBIX BuIpaGoTKax
BHIIOJHAIOT ONLITHHE OTKAUKH, HAJHBLL 1 HarHeTawus Bogu [6], ko-
TOPHIE NMPOH3BOAAT € LENBIO NMPOTHO32 BOAOTPHTOKOB HITH BO3MOXK-
uoft GuALTpauMH BOAL H3 TYHHeneH M OLEHKH NOrJMOWIEHMS mare-
puanoB NMpH CO3AAHHH RPOTHBOMUNBTPALHOHHBIX 3aBec. [Ipn sToM
NpaKTHYeCKH BOJOYNOPHHIMH CYUHTAIOT MOPOMbI, XapaKTEPHIYIOIIHECS
ynenbHbiMI Bofonoriomenusivy menee 0,01 n/ (mun - m?).

2.7. Ins Ge3HaNOPHHX MNMOL3EMHBIX COOPYKEHHH YCTaHOBJeHHE
ypoBHeHl H HAnopoB NMOA3EMHHIX BOJ HeOOXOAHMO LJS ONpeneNneHHs
Harpy3oK Ha oGAeJIKH COOPYHEHHH, BONONPHTOKOB, MOLHOCTH BOMO-
OTAHBHBIX CPECTB H NMPONYCKHON CHOCOGHOCTH ApEeHakHBIX M BOLO-
OTBOJHBIX YCTPOMCTB. 3HAHHE 3THX NapaMerpoB QHALTPALHOHHOIO
noToka HeoOXOAMMO Tak¥kKe AJIs OUEHKH BO3MOMMOIO Da3BHTHS He-
KOTOPHIX HMHXXEHePHO-TeOJIOFHYECKHX MPOLICCCOB, CBSA3AHHLIX C pas-
rpy3Koii noazemubx BoA (cyth¢03HOHBOTO BHIHOCA YaCTHI, BHMHBA
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3anonHITeNsT TPEIMH, NPOPHBA NNA3EMHKX BOL B BHPaboTKy, Jie-
(popmaumii NOPOL NOA HAMOPOM BOAL, IPABHTALMOHHOTO YIUOTHE-
HIIS H OCalOK NOPOA B DPEAE/ax BOPOHKH AEMNPEeccHH I T. ).

ITpn onpejenesnd [aBJeHNls BOAB Ha OO/GAKY HeOGXOAHMO
YYHTHIBATL APEHUPYIOUICE 3HAUCHHE NOBEPXHOCTHOH 3PO3HOHNON Ce-
TH 11 CaMuX TIONI3eMHBIX BHpalOTOK, 2 B 30HE NOANOPA BOJAW B BO-
poxpauuguie N o6xoanoro (GUABTPALHOHHOrO MOTOKA — BO3MOXK-
HOE NOBBILIEHHE YPOBHSL.

2.8. Oueuxa arpecCHBHOCTH TNOA3EMHBIX BOJR IIPOH3BOAHTCST C
YYETOM H3MEHEHHS €€ M0 BPEeMEHAM roja, a Takre B pe3yJbTaTe
NQATOKA BOJ W3 PA3JHUYHBIX BOZOHOCHBIX MOPH3OHTOB, APEHHPYCMBIX
BLipaGoTKOH, H CMEIeHHS BOA pasfHUYHOrO XHWMHUECKOTo cocTaBa
[ 15].

2.9. Tlpu uaposepeunn na3picKauuil M3y1al0T TaKME NPOLECCH I
SIBJACHHS! B MAcCHBE FOPHEIX TOPOj H Ha HOBEPXHOCTH 3eMJill, CBSI-
3aHHbLIe C IOZ3EMHLIMH BOAAaMH:

kaper [16], cydoosus [17], nauiBynnsie asienus, uabyxaule
1opoJj;

npoueccH, oDyCAOBIEHHBIE BOJNOOTAHBOM H TNOHMKEHUeM YpPOB-
Hefl TOJA3EMHLIX BOJA: YNJNOTHEHHE Nopoj, oOpa3oBaHHEe Ha NIGBEPX-
HOCTH 3€M.I11I MYALA I TPEIHH OCenanis, H3MEeIICHHEe ruipocTaTinyde-
CKOTO i THAPOAHHAMHMECKOrO JIABJICHHS, HATPSHREHHOTO COCTONHHS
HOPOJL Il HX YCTOHUHBOCTH, HHTRHCH(PHKALIIO HAL yMenbiueyine cyp-
(hO3HIL, ABHKEHUC MILIBYHOL.

ITpouecchl, cBazalube ¢ ACICTBHCM NOASEMNHUIX BOJA, a Tagixe
C BOLOUTANBOM Il BOAONCHINKEHIIEM, 00LMIIC GHBAIOT NPUHYPOUEHH] K
onpeseSennLIM ANTON0orIYeCKHM KoMIyekeam nopojt. HeGaaronpusit-
HHMH C TOUKH 3PEHHS BO3MOMKHOTO NepeceyeHHs KPYNHHX KapCTo-
BbIX NOJIOCTEHl H CBA3AHHBIX C HHMH CKONJIEHHH TNMOJ3eMHBIX BOL CYH-
TAIOTCH H3BECTHAKH, 4 TaKXe KOMIUIEKCH FHIICOHOCHBIX H COJIEHOC-
Hoix nopol. Cyd¢hosHOHHEE H NJABBYHHEIE NPOLECCH, a HHOTHA
CABHKEHIe NOPOJl H OCEAAHHA KPOBJH CBSI3AHB C KOMILICKCOM PHIX-
JILIX BOLOHCCHBIX TIOPOA.

Heb6naronpusTHHIMI C TOUKH 3peiHs NPOPHIBOB HOA3EMULIX BOJ
SIBJASIIOTCA YYACTKH MEePEeCeueHHs TYHHeANMH 30U KPYNibIX Ppaspup-
HBIX TEKTOHHYECKUX HapYWEUH{l, pPHIXIALIX KPYRUOQGAOMOUHKX I
HeCYaHO-TVIHHHCTHIX NOPOJ, (OJYCKaJbHEX [OPOL, Y4acTKOB 1NOpPOL
C MeJKOH CKJIaA4aToCTbio H NEePEMATOCTHIO.

[IpopuiB noaseMHbIX BOJ CONPOBOXKJAAeTcst OOBLIYHO BHIHOCOM HO-
poabi. Takue NpopHBLI BOIMOXHEE N0 KAPCTOBHM MOJOCTSM, MO TPe-
ILHHAM B CHJbHO BONOMPOHHUAGMBIX NOPOLAX, NO KPYNHLIM TEKTO-
HHUYECKHM pasJjioMaM, NMpH nepeceveHHH BupabOTKON ApPeBHHX 3po-
3NOHHBIX NOHHXKEHHl, BHIIOJHEHHLIX BOLOHACHIUEHHGIMI TecYayo-
FTHHHCTEIMH [10pOAaMH THNA MJILIBYHOB.

MasecTHH NpUMepH, KOrfa YUacTKH ¢ TEKTOHIUECKIIMII 11apylie-
HHSIMH, TAe oXupaeTch GONbILOY NPHTOK NOJA3EMHBIX BOA, OGXONHIH
TYHIENSAIMH, YTO TIPHBOAWJIO K YBeJHUYEHHIO HX oGueit ayunu [18].
AunasiorHyHbie CJIyyan HMMeEJH MECTO B OTEUeCTBEHHOH NPaKTHKE MpH
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crponTenbcTRe TyHnene#, nanpumep, XpamI'dC-2, Apna-Cepau [19)
1 ap.

M3 xapctoBeix nosocTeil NOi3eMHbIE BOAL MOTYT NOCTyNaTh NOA
GONbIWHMH HanopaMH H ¢ GosbiuHM pacxofioM. B pajionax ¢ pesko
pacufieneditbim  penbegoM HROUALBTPALNA OCAAKOB INPOHCXOAWUT C
COMbWHMH TIAPABIHUECKHMH TPagHEHTaMH, UTO CrocoOCTBYeT pas-
BHTHIO NPEHMYLLECTBEHIIO BEPTHKAJIbHBIX KapPCTOBBIX GOpM.

Hayuenne atux spaeHiii HeoGXOAHMO TTPOH3BOAHTL B YBSI3KE C
OGILNMII TeONOTHYECKIIMH YCJIOBHSIMH pPaiOHa CTPOHTeNbLCTBA.

K naGyxannio npH yRIAXKHEHIT CKJOHHL TakHe MOPOMAM, Kak
FJFIHBL, PATEICTHIE CAQHIL, ANeBPONITH, apTHAINTH, crabkie Mep-
renit 1 Tyhdure.

2.10. ViccnenoBanie OTMEUEHHLIX SIBACHHEA TPH HersybokoMm 3a-
JIOKEHHII TIO/A3EMHBLIX COOPYKEHITH MNMPOH3BOASAT ¢ NOMOuLbio Oypo-
BLIX CKBaXXIH B MPOILECCE Pa3Belouiblx paboT 11 yTOUHAIOT B Npo-
necce NPOXOAKIL BEIpaboTkn ayTeM Oypeuns OT/eNLHBIX OnepeXkalo-
U CKBaXXHH H reogusnyeckumn metogamit. Ilpu ray6okom sano-
SKeHINT TIOA3EMHBIX COOPYIKEHIT TPOrHo3nposayHe Hebnaronpusat-
HHX $iBAEHUll, CBf3aHHBIX ¢ NPOPHIBOM B TOAIEMHYIO BHIPabOTKY
Gonpuink o6BEMOB BOJIB, OCYWECTBASIOT nyTem Oypennsi onepe-
JKAKILNX CKBAXKHH.

2.11. HaGmopenne 3a ykasauubiMi RuilIc HeGAaroRpUsITHLIMI
NpoiecCaMH H SIBJEHHSIMH Ha CTaANH# H3BICKAHHH 1 CTPONHTEJBCTBA
OCYULECTBSIET HHXXEHEpHO-TeoJiornyeckas caysk6a, Koropas faeT
Ka4YeCTBEHHYI0O H KOJHYECTBEHNYIO HX OnenKy, oGociioBaHlIe If peKo-
MeH/[aUHH 110 NMPeAyNnpeXkNelHIo ONAaCHLIX TPouUeccoB HJN Gopbbe ¢
MX BPEANEIM BIHSIHHEM.

[Moponpl, copepxalliie pacTBOPHMble CONH (THIC, AHTHJIPHT, Ka-
MEHNasl COJib), AOMAXKIlb TOABEPraThCs XMMHUYCCKOMY aHaJjM3Y.

2.12. Ha crapm#d CTPOHTENBCTBA BHIMOJIHAIOT HEOOXOAHMBIE JIO-
NOMHHTEJbIIBIE THAPOre0/OrHYeCKHe H3LICKalus, ONbITHHE paboTsl
(I CchewllanbHble HCCNELOBAHUS, ROKYMEUTHPYIOT BOJONPOSIBICHHA
(xycToBbie W ofunHounble otkauku [20], narueranus [21], nanups
H cTaunonapipie nabnoaenust 3a pexHMOM NOA3eMULIX BOA).

2.13. BojonponnuaeMocTs H BOAOHOCHOCTL YTOUHSIIOT C MOMO-
U0 paspefoyHslx paboT. C 3TOH uenplo No TpaccaM TyHHejeH 1
Ha y4aCTKax pacrnoflO’KeHHs1 NOA3EMHEIX KaMep mpoxojaT 6yposwie
CKBaXXHHBI, & Ha yyacTKax HenyOoKoro 3ajl0XeHHsl COOPYIKEHHH —
ropuble BhipaboTkn. Paszsenounsie BupaGOTKM 3aKJAaABHBAIOT Ha
HanboJiee BAXKHBIX H CJIOKHBIX B THAPOI€OJOrHYeCKOM OTHOULIEHHM
yyacTKax, K KOTOPbIM OTHOCSITCS KOHTAKTH H 30HH TeKTOHHYECKHX
HapyuleHuit, yYacTKH Da3BHTHSA ONOJI3HEH, KapcTa, MOPOX C MOBbI-
EeHHOH BOJIOHOCHOCTBIO, YYaCTKH [POXOXKAEHHA TYHHesJeH non
COBPEMEHHBLIMH M  NOTPe0eHHLIMH  3PO3HOHHBIMH  MOHHIKEIHAMH
penbeda.

B nokymeHTausH BORONpOSIBJIEHHH NOMIKHB OMTH OTPaXKeHb
MecTa BHIXO/IOB H Pacxojbl NpHTEKAloLlHX B BHPABOTKY MOA3EM-
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HHIX BOJ, HX XITMIYCCKHE CBOHCTBA H arPCCCHBHOCTL 1O OTHOHICHTHO
K OeTony.

Mo xapakTepy BOAONPHTOKA BLIACANIOT CACAYIOWHE YUACTRH
MaCCHBOB FODHBIX MOPOJI:

npaxkTHYeCKH 6e3ponnnle (Kanex OTCYTCTBYET):

cnabuit kanex — o 10 xamens B cexynay ¢ 1 M? nponera BH-
paboTKH;

cpefHni kanex — Gonee 10 xanenn B cekywzy ¢ 1 M2 nposera
BLIPABOTKH, OTAEJNBHHIC NPEPHIBHCTHE CTPYH;

CHIbHBLI Kanex, Mecramil CO CIAOUIHLIMHU CTPYSiMH;

COCPEAOTOYEHHLIC BLIXOAM MOA3EMHEBIX BOJA B BHIC POAHHKOR.

[Iputox nonsemublx BOA B BHPAaGOTKH Ha XapaKTEpHBIX yuacT-
Kax CHenyeT onpelesth no paboTe HACOCOB NMPH BOMOOTHIBE LN
¢ MOMOLLbIO BOZOCAHBOB, YCTAHABJMBAGMULIX B KaHaBax, KIOBCTax,
JOTKaX, 4 Takke o0beMHLIM cIIOCOOOM — N0 CKOPOCTH 3aNOJHCHHS
3ymndoB, BOAOCOOPHHKOB I IPYTHX eMKOCTel.

B cayuasix npHOGnnAKeHHS NpPH NPOXOAKE BLIPaBOTOK K yUacTKam
3aJICraHis NOPOA, HeGAaroNpPHATHLIX MO HAJHYHIO B HHX KPYAHBIX
KapCTOBLIX TIOHOCTeN, CKOTACKHIE BOAH, NALIBYHOB W T. T, B HX 32-
60fiX cylefyeT NPOBOAHTHL JONONHHTENbHbLIE HCCASAOBAHHS, COMpPO-
ROMKAAIOWHCCA NPOXOAKOH ONepexanomux OypoBbIX CKBAMHH HJI
wrronen. Jina 3ol uenn MOryT ObITh 1ICTIOAL3OBANB TAKIKE TeO(PH-
31IYCCKHE MeToAbl pasBeaklt (3/7eKTponpodHipoBailne, Ccrariue-
CKOE H PaAHOBOJIHOBOE NMPOCBEUMBaHHE H AP.).

3. HABJIIOJEHHS U HCCAEINOBAHHUSA
CUN0BOTO BO3OENCTBHS NOA3EMHDBIX BOJL
OBLUKHE CBEILEHHS

3.1. Bompoc crnoBoro BosaeficTBus NOR3EeMHBIX BOA Ha 06penxI
[TO/I3EMHBIX COOPYMeHHH elle He Haillel CBOEro OKOHYATeNbLIIoro
paspewenus. Ecnn gaBnenHe Ha MeTajHuecKHe OGNHUOBKH SIBAS-
€Tcsl 1a Cerofnst obLLeNpH3NaHHLIM (AKTOM, TO B BONpPOCE AaBie-
HHST NOA3EMITBIX BOJ Ha GeToHiible o6fenki 1 ocofellHo npH namn-
i NPOTHROGHALTPAIIOHHON UEMEHTAUHK Y CNEURAJICTOR ueT
€NHHOMo0 MHEHHSA.

Cunralor, yTo npH pacuere GeTOHHHIX HJIH ¥eJe300eTORNEIX 00-
JIeJIOK HaNOPHLIX TYHHENeji M 11aXT Ha BHyTpeHlee AaBJCHHe, €CAH
BOKpyr ob6nenxH umeloTcs cnaGoBoAoNpOHHLAaeMbie MOPOALI HIH
KOJbLIO 3aUEeMEeHTHPOBAHHHX TOPOX, CJeJVeT YYHTHLIBATb IPOTH-
BOZABJEHHE NPOGHABTPOBABWENCST H3 TYHHENS BOAB HA HapyXHYIO
nosepxHocth ofaenku [3].

3.2. BenwuyHy npPOTHBONABJECHHS MOXHO paccunTaTh mo [22,
23]. Ilpu nanuuMH ecTeCTBEHHLIX TIOA3EMHBIX BOJ 06jenxa paGora-
€T Ha Pa3HOCTb MEXAY AaBJAEHHEM BOALI BHYTPH BOJOBOJAA M JaBhae-
HHEM fON3EMHBIX BOX Ha OOMeNKY.

B cayuasix, xorja 3Ta pasHOCTh AaBJeHUil HanpaBieHa OT 00-
JIGIKH B CTOPOHY MOPOAH H ABNSIETCS Onpenensioniedf npH pacyere
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OOGNCIKH 112 TIPOUHOCTb, YUET JI@BJCHHS CCTeCTBEHHHIX TOR3EMHHIX
BOJL TIO3BOJISIET PA3TPY3HTD, a CAC/OBATENbIO, Y/IeeBHTh 0GAeNKy
NOJIYUHTh COOTBETCTBYIOLIME 3KOHOMHYeckuil sddexkt npH CTPOH-
renbcree. [Jo3TOMy BaKHO TpH HaTYpPHBIX HCCAENOBAHHSX H HabJio-
ACHIAX YCTAHOBHTL HaHMeHLIlee AaBjieHHe FOA3eMHBIX BOA Ha 006-
JleNKYy.

Ilpn pacucte o6ResIKM Ha NPOYHOCThL H YCTORYHBOCTE (HanpH-
Mep, TPH HAJHUHH CTaJbHOM OOMHIOBKN) onpeAeasiollell OCHOBLON
narpy3xoft sisasiercst Haubosibiee papJieline noA3eMHbIX BOML Ha 06«
JICAKY.

Harypuuie necaepopakng 11 HaGNIOACHUS MKeNaTENBHO NPOrpam-
mMipocath Tak, yToObl NOJNYYITL YNIOMSUIYTHE BbILIE 3KCTPeMalblble
3laUCHHs JABJCHHSI €CTECTBCHIILIX MOA3CMHLIX BGL Ha obOHesky.
st onpefeseHnss 3THX HAapjeuiil HabGJAtOpeHHs AOMKHBIL BBINOJ-
HATLCSl NEePHOJHYECKH 32 BpEMs He MeHee ofHoro ropa. [Ipun atom
weoGxommMo (PUKCHPOBATH OTMETKH MOBEPXHOCTH fIOA3EMIIBIX BOfA.

3.3. Tlo Bompocy KOMHYECTBEHHOH OUEIKH BeJHYHNB NPOTHBO-
AABACHHS HOL3EMHBIX BOJ NOKa elue [(eT cannoro MueHlus. Boaw-
HLIHCTBO CNEUHANHCTOB (B HX uilicde H aBTopbl) CUHTAIOT, UTO KO-
shGUIIEHT NAoWIaAN TIepeAayil RaBienils ap 12 NOBEePXHOCTI TMPH-
Miutkanns Oetonnoit olzenxH K nopome pasen epuunue [24]. Tlpn
TOM, XOTH MHOTHE CKaJBHEIC Maccisu 0f61ajaloT MaJofl Boaenpo-
1HUAEMOCTBIO, TIPH KOTOPOH pacxofl BoAbl B HHX OAH30K K HYJIO,
FHAPOCTATHUECKOE HABRJEHHE B HHX XOPOWO NepejaeTcs.

CornacHo Apyrofi KOHLUENUHN BCAEACTBHE HEBHCOKHMX 3HAuEHHI
KO3 PHUHEHTA TPELUHMHHOR NMYCTOTHOCTH CKAaJbLHBIX NMOpoA ¢uAbTpa-
LHOHHOE JaBJeHHE HA oOAeNKy B HaType NPHHHMAOT Neperanw-
IHHMCA He Ha BCIO MJOHIalb, 4 TOJABKO HAa YacTh ee, COOTBETCTBYIO-
Yy WIOWARN TPEIHH 1l HeNJOTHOCTeH HA KOHTaKTe cCKaJju ¢ Ge-
TOIIOM.

[Tprnunuamn Takoro pasailins B NOAXOJIE K PELIeHHI0 MPposaembl
JlaBJieHHs TIOA3EMHBIX BOJ sIBAsIOTCA: Goabioe pasHooOpasHe reo-
JAOTHYECKIIX, THAPOTEOAOrIIUCCKIX YCJIOBHi'I, KOMMOOHOBOYHBLIX H KOH-
CTPYKTHBUBIX peuleHH# Mo NOJ3eMNLIM COOPYXXCHHAM, CJIOXKHOCTh
BOCTIPOH3BEACHHST HATYPHBX HCXOAHBIX HAAHHBIX B YCJNOBHAX Jabo-
PaTopHOTO (PH3HYECKOTO HJll MATEMaTHYECKOro MOJEeNUPOBaHNS;
HEJIOCTATOYIBIE 0GBHEM 11ATYPHLIX JAlHBIX O JIABAEHHH 'TOJI3EMHBIX
BOA #a oOJlenkH coopyxeHHil; HeoOXOAHMOCTHL yueTa BO MHOTHX
chyyasx nporunaeMoctH GeToOHHBIX (xkese306eTOHHKEIX) OGAENoK co-
OpYEHHI; CNOXKHOCTb, AAUTENBHOCTH H 3HAUHTENBHAA CTOMMOCTD
NPOBEAEHNUs] ONBITHHIX JIOJEBHIX HCCAEAOBANNN Julsl NMOJYYEHHA HC-
XOJIHBLIX JIAHHBIX.

3.4. B npaktHKe H3BECTHI CHAYYaH, KOTAA BCJEACTBHE HEYYeTa
JIaBAEHIIA MOA3eMHBIX BOJL HMEJIH MECTO Caydal paspylleHHs cTadib-
HBIX 0GJAHUOBOK HAMOPHBIX TYHHENeH H 1IaXT MPH HX ONOPOXKHEHHH.
W wecMorps na 370, GBITyeT HeoBOCHOBAINIOE MHEHHE, NTO B peaJib-
IIBIX COOPYXEHHAX CO CTalbHOM OGTHUOBKOH NHMEeT MeCTO OTBOJA,
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(HIBLTPAUHORHOrO TOTOKA BAOJL N0 06eNKe B HHXHHE Onedy [ 25]
i NTO PAsMephl TAaKOW PA3rPy3KH CACAYET TIATCNBLHO OOCAEA0BATH
B HaTyPHBIX YCJIOBHAX.

OpHako, Kax TpaBHJ1o, NMPOCKTHPOBILHKH YUHTHIBAIOT LaBJEHHC
MOJ3EMHBIX BOA Ha OGAGJIKH INOA3EMHBIX COOPYXeHHi (0cofHeHNo
NPl HAJHYHY CTANbHBIX BOLOHENPOHANAEMBIX OONHIOBOK) I st HX
Pasrpy3Kit NPHMEHSIOT BCEBO3MOMNKHbIE HApeliaXKHunie YC’l‘p()FlCT‘lizl,
Hpora JIOBOJLHO CNOXKIbie. PaccMOTPHM jiBa npHMepa.

Hanopuwii Tynucab TepeGns-Puxexofi 'AC jauamerpom 25 wm n pannoil
3,7 kM npopezaer Ha rayGune 600 M Boaopasfe/bHuli XpeGeT MEXAY pexamu
TepeGan 1 Puxa, cnoeunwit TpeuywioBatoit nopopoii. B ycnosuax ofsouctuoro
TPCILHIHOBATOrO TOPHOTO MAacCHBA TYHHENh Oxasancs Gonbwoll HCKYCCTRCHHOI
ApcHoifi. Ana pasrpysxi O0AGNKN TYHHeAsL OT AARAEHNHS NOA3EMHLIX BOA (ulA
acymectonen  winyporoll  (ckoamkuunwit) Apena. 3ameps!, WPOBEACHIHIC NOCAC
GeronnpoBauns OGHEJKH, FIOKA3an, UTO AaBAElHE NOA3eMHBIX BOJ Ha O0fesaKy
neuTpaabHof YactH TysHens cuusdioct no 0,2 Mlla, rae uz 1700 wnypos B 06-
Jeaxe OCosee 600 ocrapachul orkpuithimi. Muorne n3 uux dourtanuporann ToA
JUAUNTCALHLIM faBJcuueM {26].

B uanopuoit waxre F'A3C Banepex-I11 pns pasrpyssu cransHoli oGRHIOBRR
OT RABACHIIN TOA3IEMHBLIX BOA NMPHMCHHIH CheMWbIC 3arJyilKit 32]!‘11)/[]1](!1 AINRMCT-
pom 30 MM yCTPOEHL! IO JIBC LUTYKH B CEUCHHAX, PACNOJOMCHNLIX HAa PACCTOIHN
9 u 18 v apyr ot ppyra. Korna 3araylky OTKPLITL, MAKCHMAaNGLHLI WAnop noj-
JCMULIX BOA 1A KOHTAKTE Memny o60aoukoeli BOAORON& 1 GeTOHOM COCTARANCT
55 M NpH paccTONHHH MeXAy ceuenmsimi ¢ aarnywxamu 9 m ou 11,0 m— npu
pacctosHnn {8 M. OTRpULITHE PA3rPY3OWILIX OTBCPCTHI OCYIMECTRIMOT NIPH MOA-
JICHHOM NOHHMCHHHA ypOBHEI"l BOALI B8 BOAODOLE REPCOHANOM, HAXOASIINHMCS B TC-
MCATKE, m'l}’C}\'Z'l(’MOﬁ B BOAOBOJ uepe3 JIIOK n3 nosMculleHua jast IIOA3CMHLIX MCXa-
1h3Mos. 11pn 32NOMHEHHA BONOTGOAA RPOW3BOANT BDOPAUHBARHE 3arAyHleK B OT-
seperus [27].

3.5. Ilpy nmpoexTHPOBaHHH MOA3EMHBIX COOPYMEHHH, HCIHHTEIBA-
OIHAX AaBJE€HHe NOASEMHBIX BOMN, COTCUET BEJIHYHHLI AaBJECHHA IpPO-
H3BOAAT:

NpH pacnoJoXKeHHH COOpy}KEHHﬁ o JIOAKEeM BOHOXpPaHKJINILE —
ot ormerkn HITY;

NpH PacnoJiOXKEeHHH MMOL 3€PKaJIOM JAENMPECCHOHHOR [OBEPXHOCTI
(umerowteit yrnon i) npu i << 0,1 — ot ypoBHs nocaeaned B CTBO-
pe coopyxenus, npu i > 0,1 —no cerxe GHALTPALMOHHOIO NOTOKA;

NMpH HaNHYKHH JpeHama — C Y4YeTOM €ro BJHAHHS, ONpeAe/eHHO-
rO pacyeToM HJIH Ha MOACNH.

3.6. Cornacro [3] maBiieHHe NOA3EMHBIX BOA OTHOCHTCA K Bpe-
MEHHOH MJINTeJIbHOM HArpyake, H HOpH pacueTe oOneNiOK TYHHeNed
Ha NPOYHOCTh H YCTOHYHBOCTL NPHHHMAETCS ¢ KO3 (HLUHEHTOM nepe-
rpy3ku 1,1 (0,9). Ilpn 3TOM KO3hdHUHEHT Neperpy3kH, yKasaHHHH
B CKOOKax, OTHOCHTCH K CNyyasM, KOra NMpHMeHeHHe MHHHMAaJbHO-
ro ero sHayeHHa APHBOAMT K HEBBINOZHOMY CJYyYalo 3arpykeHus o0-
neaxu. B cayuae onpejlenienus naBJjieHHS NOA3€MHBIX BOX B PE3YJb-
TaTe HaTypHBIX HabawaeHHH Ko3((QHUHEHT Neperpy3xkd NpHHUMAaIT
paBubiM 1.

3.7. B HeKOoTOpHIX CNyuasx YUHTHBAIOT ApeHHpylouud 3ddekt
camoft o6nenuy, wMeel Te unKr unbie AedexTH (TpeuiHHb, CKON-
JIeHHS KPYNHOro 3anojikurtensi OETOHa, HE OMOHOJHYEHHBIE LIBHI,
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oTRepCcTHS AJsi uemenrtauin), Tax, s [28] cxazauo, uto 8 ycaoBusx
HonGacca ruppocratiueckoe aashenve Ha o0AeAKN BuhipaGoTok B
psige cnyyaes gocturaer 6-—7 MIla (600 — 700 rc/m?), npu koto-
poM Tosmuna GeToHHOH OOACNKH GYAeT HCUNCATTHCT METPaMH.

Osnaxo, no muennio asTopos [28], npu nogave GeTOHHON CMeCH
3a onaJdy0Oky Bofa, NOCTYNAIOWAS U3 TPEIHH CKAaNbHOrO MaccHBa,
PasMbiBACT CBEXEYKNAALIBAEMYIO GCTOHHYIO CMech, (DOPMHPY# B
Hell 10 Hauasia CXBaThIBAHUS Kalansl, M0 KOTOPbIM OHA 3aTEM CBG-
GOARO N3NHBAETCS B CTBOJ, OCBOGOXKAAS OBJCNKY OT TFHAPOCTATH-
YCCKOTO /laBACHHSI.

3.8. Mauoentoe BbILIE TOKA3LIBAET, YTO (PaKTIHUCCKYIO BEJHUU-
11y AaBJIeHIS. NOA3EMHLIX BOJ HA O0JENKH NOA3EMILIX COOPYIKEHHH,
ocobeliio TeX, KOTOpbie PACMoJioKeHB B CKAABHHX NOPOAax, Heol-
XO/IMO ONpeAensiTh B Pe3ynbTaTe NPOBEAECHHSI HATYPHHX Halmone-
unit. Tax, nanpumep, NpH CTPOHTENLCTRE SINTHHCKOTO THAPOTEXHHU-
YECKOrO TYHHEJNS ObIO YCTAHOBJAEHO, YTO ONPE/eNIeHIle PacueTHOTO
RavfeHHs Ha OBJeNIKYy B NOPOAAX THIA apriJJuITOB H ajieBPOJNHTOR
NPH HANNYHE OJIBCMHBIX BOJL JIONZKIIO BhINOANATHCT TOALKO NMYTEM
samepa ero B Hatype [29].

3.9. Tlpn BHNoONHEeHHH HATYPHLIX HAOGMOZEHHH 33 JaBieHHeM
NOA3EMHLIX BOJ HEOOXOMHMO YUlTLIBATh BO3MOXKHOE INajuulne CBa-
3 MONY4YaeMoro QUABTPALIOHIIOND NOJMsT ¢ JPYrHMH HCTOUHUKAMM
NITaHHA, a TaKXKe ¢ KapcTOBLIMII HOJOCTAMII, B TOM HIC/E BHCH-
ynmi». ClenyeT TaxXe yBA3LBATL AABJENHe NOA3SEMHHIX BOA HA
00AeNIKH CO BPEMCHEM TroAa.

3.10. TIpu pacrono:KeHHH MOK3EMHLIX COOPYKeHHH B ceficMuue-
CKH aKTHBHEIX palfoHaxX »KeJaTeatHO TNpPeAyCMaTpHBaTh 3aKAaAKy
CeuHaNbHEIX MAJOUHEPUHOHHLIX TEepPBHYHHIX npeobpasoBaTteneii-
AATYUKOB FHADPOAMHAMHYECKOro NaBJIeHHST A8 ONpeneseHHss Hame-
HEHHA A2BACHHA NMOA3EMHDLIX BOL npll 3eMJETPSACEHHRX.

3.11. Inst monyuenns 6o0see HNOCTOBEPHHX NAHHHIX B CJOXKHBIX
THAPOTEOJIOTHYECKHX YCJOBHAX I AJs1 0c060 OTBETCTBEHHBIX COOpV-
JKeHHH caenyeT AyOJHpOBaTh N3MEpeHHs, 33KJAafLBas pAAOM MpH-
00pbl OHHAKOBHIX, & JYyllle pa3HbIX CHCTEM C TeM, uTOOBl nocae
0TKasza ONHOro M3 mnpHOOPOB H3MepHTEAbHAfn TOYKA IPOJIONIKANa
QYHKLHOHHPOBATD.

3.12. B mecrax nepeceyenus Tpaccoii BOAOBOAA 30H pa3pylleH-
HbIX CHJAbHONPOHHIAEMBIX HJAH ochabraenHblx NOPOA, caabonpowHn-
UaeMblX ANACTOB, HHOTLA CO3AAKUIHX 3HAYHTENbHHIA NOAMNOP NOA-
3EMHBIX BOJ, CJlefyeT yHalllaTh 3aKkNafaky npubopoB nmast HabJio-
JleHHA 33 CHJIOBHIM BO3LEHCTBHEM NMON3EMHBIX BOA M YAENSATb TAKHM
mMecTam GoJiblliiee BHAMAHHE, YMEHbLIAS NPOMEXYTKH BPeMEHH MexK-
Ny M3MepeHHAMH IO CPaBHEHHIO C TAKOBHIMI Ha YYacTKax Tpacchl
¢ Gosee npocTOi HHIKEHEPHO-TreoNornyecKoll 06CTaHOBKO.

3.13. B xomniekc HabMOnEeHHH, OTHOCAUIHXCS K CHJIOBOMY BO3-
IEHCTBHIO TOA3EMHBIX BOJ, BXOASNT HaOMRIONEHHS 32 CAEAYIOIIHMI
napameTrpamu:
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NOBEPXHOCTHIO TOAIEMHBIX BOJ;

JlaBleHHeM HX B MaccHpBe NMOPOJ;

JaBJIeHHEM HOM3CMHBLIX BOA B NPOTHBOMHALTPANHOHHBIX K-
panax;

NaBjieRveM NOA3EMHHX BoA Ha OeTounylo (wenesoGeTonnyio)
objlenky H B nopax H wWBax 6eTOHa;

LABJICHHCM NMOJA3eMHBIX BOJlL Ha CTaNbHYIO OOJIOBKY HJH FIAPO-
N30JA1HI0 H3 APYTOro MaTepHana.

3.14. B [30] oTmeueno, uro pnas GE30MACHOCTH COOPYIKEHIIs
F. [Mapxman (BennxoGpuTaing) cunTaeT HEOOXOAHMBIMH Perysisp-
HbIe M HeNpepbLiBHble H3MEPEHHS XapaKTEePHCTHK (HALTPAaUIIOHHOTO
10TOKa M HabAIOfEHNHs 32 HUM B TEHEHNE CPOKa CAyKOL COOpyKe-
unsi. Ha6alonenus 3a ¢puaprpauyeil peKOMeHAYeTcst MPOBOANTD BH-
3yanbHo | pas B Hemeslo, ¢ H3MepeHueM jaBienuili — | pas B me-
call, ¢ U3MEPEHHAMH JABJACHHI H PacXOAOB I OHCHKOI COCTOAHTIN
coopyxeuui — 1 pas B Tpu mecsua. Tam xe [30] rosopurcs, uto
no coefenusim T. Abraham n L. Lubdin (CILHA) waGnionenus 3a
GHALTPAUHOHHBIMII PACXOAAMIT 1T TPOTHBOAABACHHCM B NAOTHHAX
NPOBOASITC HE MEHEEe METLIPEX Pa3 B TOA: TP MAKCHMAALHLIX
YPORHAX BOAOXPAITANILG, HANOJNENNN €r0 1T OHOPOIRUEHT.

CIOCOBLI ¥ YCTPOVWCTBA IAJ1st UBMEPEHWS HABJNEHUS
fION3EMHDLIX BOJL

3.15. Tlo Tpacce HanMOPHLIX TYHHEJNeH CleflyeT 3aKNajbiBaTh Nee-
30METPHUECKHE CKBaXKHHbI AAs Habaiofenis 3a JenpeccHOHHOH mno-
BEPXHOCTLIO FPYHTOBHIX BOA I ee KoaeGannsimi Bo Bpemenn. Taxie
CKBaXXHHHB NONYTHO MOXHO HCRO/L30BaTh ANA repMeTH3IHPOBAHHOTO
BLIBOAA Yepe3 HHX TPYO, cayrkallux AJsi NepHOAHUEeCKHX H3MepeHHii
NbEe30METPHUECKOT0 Hamnopa BOALI B TYHHENC C LEbI0 OTnpejeneHns
TIAPABAHYECKHX DOTEph Ha yuactke Tynwens. [IpumepoMm tyHHens
C BHLICOKHM pacrofioleHyeM ROBepXHOCTH Aenpecclit NOAICMIILIX
noA] pHoabL ero Tpacewt siasercst [HamGexnii tynnens B Apmenim
f221.

B xaparTepHBLIX MONCPETHHKAX COOPYKEHHS (TYHHeN N, WaxTsl
I T. .) HEOGXOMHMO 3AKNAALIBATL NLEIOMCTDPH HAN JaTHHKN JJiA
onpejienexis MOPOBOTO AABJAEHHA BOALI B Tejie OOGAEnKH, Ha KOl-
TaKkTe ee ¢ NOPOJAOH H BHYTPH NOPOALI HA PasHbIX PACCTOSHINX OT
oGaenxH coopyxenua. [Tpr HaAnuynH NPOTHBOPHILTPALHOHHOH Le-
MeHTaunH npHOOpH YCTaHaBNHBAIOT TaKXKe BHYTPH 3aueMeHTHpPO-
BaHHOH nopomwl. Takas paccTaHOBKA AATYHKOB MMO3BOJIHT OLEHHThH
3 PeKTIBHOCTD NPOTHBOQNALTPALHONHOH UEMeHTALMH H MPOHIILae-
MOCTL O6MeNIKM, NO3BOJAHT OTONUPaThL NPOOL BOAL A5 OUEHKH ee
XIIMIIYECKOTO coCTaBa.

OGpaGoTRy H aHajiH3 pe3yJibTaTOB MEPEUHCICHIBIX HaGMOACHTTH
LesiecooGpasHo MPOH3BO/NTL aHAJOrHYHO, HATpiMep, PEKOMEHOo-
vaunbiM B [77].

3.16. Crnoco6nl H3MepeHHsi LARJEHHS DOA3EMHBIX BOA MOTYT
OBITL NpAMBIE H KOCBERHBIE,
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K npsMbiM OTHOCHTCS CrocoGb HENOCPEACTRENHOTO H3MepeHils
JABJENI NOA3eMHOH BOAB, K KOCBCHHBIM — CHOCOOLI OnpeneJieHns
JlaBJIEHNS NOL3EMHOM BOALI PaCyeTOM HCXOAsl H3 OINpPEJEJNICHHLIX B
HaType rnokasartejeil (pakTHYECKOTO HallPsieHHO-Ae)OPMHPOBAHHO-
TO COCTOSIHHSI OOMNEJKH, BLI3BaHIOIO BCEM KOMIUIEKCOM HAaTPy30K H
BO3NCHCTBHI Ha OOACNKY.

Has NpAMBbIX HSMCPGHIH:'I HaBaennsa 1t ypoBisa MOJI3CMHLIX BOR
UPUMeNsioT Nbe3OMeTphLI.

MbE3OMETPBI

3.17. HasnauenHe nbe30MeTpOB, YCTalaBBACMbIX B NOAZEMHLIX
COOPYIKEHIIAX, OKPYXKaIomeH CKaNbHOR NOPOAE, — H3MCPEHHC Mhe3o-
METPHYECKHX HANOPOB B OTAEJbHBIX TOYKax (HMHOTHA HA YywacTKax
JIHHHH HJIH TNOBEPXHOCTH) NOPOAbI B OGAENKI COOPYKEHHH.

OcHOBHBIE YACTH NbE3OMETPAE: BOLAONPHEMHHK ¢ OTCTOHHIIKOM,
Tpy6a nhe3oMeTpa M yCThe NLe30MeTpa.

Bodonpuesmrux BOCTPHHHMAET NHE3OMETPHUYECKUH HATOD B 3a-
painoit Touke. KOHCTPYKUMA BOAONPHEMHHKA MAOMKHA OHTL Ne-
3aHAeMON YacTHLAMII PPYHTA I CTOHKOH MPOTHB KOPPO3HH.

Tpyba neesomerpa OJIMHOYHAS HJII NapHasl COEAUHSIET BOAOMNPH-
C¢MHHK C YCTHEM MbE30MEeTpa — MECTOM H3MepeHHS] YPOBHSI HJIH Nas-
aenns. Tpy6a poskua GbITL BOMOHENPONNUaeMOil H CTOAKOM NPOTHR
KOPPO3HH.

Yerve nvesomerpa (oroJIOBOK) — BHIXOAHAR €ro YacTb, Npej-
nazHavennas Js pasMeLleHHst nprbopos LA npHCTiocobseH,
NO3BO/ISUOUIMX H3MeDPATh NbE3OMETPHUCCKHI ypOBeHbh B TOUKE pac-
NOJNOXENHsA BOJONPpHEMHHKA.

Kaacendmranns nnesomerpos {31]

(1o criocoBy ycranoBku:

3QKAQOHLIC — TTLE3OMETPH, YCTAHABMIBAEMBIC B COOPYXeEHNe B
npoiiecce €ro GETONHPOBAHMS

onycKHble — MbE30OMETPH, ONycKaeMmbie {BBOANMBIE) B coGpan-
HOM BHJE B CKBaXXHIly, MpoOYpennyio B CTPOSHIEMCH I TOTOROM
coopyskeun (puc. 6 1 8 npuaoxkenns 2).

Ilo MecTonoNOXKEeHHIO BOKOTIPHEMHITKA:

KOHTAKTHOIE — YCTAHABJIHBAIOT Ha Koutakte OeTonHoili obpenkn
¢ NOpPOAOH;

2Aybunrble — YCTAHABJHBAIOT B NOPOAE Ha Pa3JHYHOM DPACCTON-
HHH OT MOBEPXHOCTH GeToHHOM ob6aenku (puc. 4 — 6 npunoxenns 3).

[To MecTonosnoKenHI yCThs:

OTKpuITOlEe HIH 6E3HANOPHLIe — TILE30METPH, YCThE KOTOPHIX pac-
MONIOJKCHO BHIIIE YPOBHSI MHE30METPHUECKOW ROBEPXHOCTH (puec. 8
NPHIOXEHHA 2);

HONOPHbIE HIAW UBAUSQIOULUECA — TILE3OMETPH, YCThE KOTOPHIX
PAacToNIOKEHO HHJKe YPOBHsI Nbe3oMeTPHUYecKoil nopepxyHoctn (pnc. 6
H 7 nprIOXenHs 2).



3.18, InezoMeTpH ¢ BepTHKANLHON TPYGOH, ¥ KOTOPWX NbLEso-
METPHUECKHIl HAaNop H3MepsIeTCs 1ie B TOUKE, a BAOJAL AN, —
axTHbie NLE30OMETPhl. TlpaBnantee HX HA3bIBATh BEPTHRAJBIBIMI
ATHEefHLIMH [LC30MeTPaMIl.

Tagne npezoMeTpul OOLINHO TIPHMENSIOT AN HAGKIOAEHHs 38 TO-
MOKeUIEeM NOBEPXHOCTH HA Ce NOJOrNX yHdacTKax, a aas nadmone-
HIISI 332 NOMOXKEHHEM HOREPXHOCTII ACAPECCHH 1A €€ KPYTHX ydacT-
Kax, a Takke AAs 1aGAIOACHHS 32 HANOPaMit NOAIEMHBIX BOJL B 30-
HC 3HAYHTEABIOTO OTKJAOHEINTS OT BePTHKAJIl KIBLIX CCUeHI
GIAKTPAWIOHIIONO NOTOKA NPHMEHSIOT IPYNny TOYEUHBLIX Nhe3oMeT-
POB. PACNONOKEHHLIX BOJSN3N APYF OT apyra. C Lesblo VAEUeRe-
HHA H COKPAWEINA KOJHYECTRA CKBAXKHH, MOMKHO ROAOMPHEMHITKH
TPYHAGL TOYHIIBIX NLE3OMETPOB PACHOAOKNTL tia oOneH OcH exi-
NOf CKBAaXXHHB, THLATENBNO 3aTAMNONHPOBAB HPOMCKYTKI MEXAY
COCCUANHMHE BOJOMPUEMHIKAMI, & TPYOLl OT 3TN BOAONPHEMINIKOB
BHIBECTH YePe3 CJUIHYIO CKBAKIIY K €C YCTbIO.

3.19. Konerpyxinio ocHOBULIX actefli NLC3OMETPa H Cnocof oro
YCTPORCTBA NPEAYCMATPURAIOT NPOCKTOM B 33BHCHMOCTH OT Xapaw-
Tepa OPOM, BMELL2IoULIX COOPYIKENe, BILIA COOPYMRCHUS 51 yoho-
RHF TPON3BOACTBA paboT 110 ero BO3BEREHHIO.

Muoro nose3nbix CBEACHNI N0 KOHCTPYKUISIM [bE30METPOB, HX
BLIGOPY, PA3SMEULCHHIO, ITPOBEPKE KAYCCTBA MOITaXKa TPY6, akcnaya-
Taulll hE30METPOB, HX 3Iaullte OT nospexaentil, obpaboTke pe-
3YJALTATOB H3MEpPEeHHH HMEETCsi B NOPMaTHBHO-METONYECKOL AHTe-
patype [31 —34 u np.}; monorpaduax [35—37 n ap.}; 8 Tpynax
KOOPAITHAUHOHNBIX cOBewlaHuil no ruaporexunxe (soin. (9, 29, 48,
49, 63, 68), B HonosnuTesbHBIX MaTepHanax K Boil. 91, B Mare-
pranax koudeperiuMil H coBelanuit.mo ruaporexunke [38] n apy-
rux Buinyckax Mateprnanos MeXayHapoAHHX KOHIPeccoB no Gonb-
waum nnotuaam: VIII (Qauubypr, 1964 r.) no sompocy 29, IX
(Crambya, 1967r.) no sonpocy 34, X (Moupeany, 1970r1.) no so-
npocy 38, XI (Mappun, 1973 r.) no sompocy 42, XII (Mexixko,
1976 r.) no Bonpocy 45 [30].

3naunteabHbI HATEpeC npeActapaser sunonnendas BHMHT om
(1968 — 1969 rr.) paspaGotka xartahora no BHGOPY PayHOUANBHHX
KOHCTPYKuii NbEe30METPOB JUIsi TPEHIHHOBATHIX CKaJibHLIX OCHOBA-
nnit [39]. B paGore mawo onHcCaHHe OTHAENbLHBLIX THIOB NbE3OMET-
POB, YCTaHOBJEHHLIX Ha KPYMUCHWIX y3iax Halliefi cTpaHbl H XOpo-
1110 3apEKOMEHAOBaBUIHX ce6s B sKcnayarauun. [Ipusenensl ganHbie
CNpPaBOYHOLO XapakTepa 0 MaTepHanax ana Tpy6 1 GHILTPOB Ube-
30MeTpOB, 0 Npubopax LSS H3IMEPEHHS Nbhe30MeTPHYECKoro AamJie-
HHf, 8 Take KpaTKHe pe3ysbTaThl OApPOCA TPYNN HATYPHBIX Ha-
6aonennit KpynHefnx oreyectBeHHbXx ['DC.

Heckonbko nosxke (1971r.) HHC TI'maponpoekra usgan Kara-
JIOF KOHTPOJNbHO-H3MEPNTENbHLIX NPHOOPOB, BLIMYCKACMBIX CTpaHa-
MH — uienamu COB ana HaTYpHLIX HCCNenoBAUHE THAPOTEXHHYE-
ckux coopyxkenuit [40]. B Karanore npieeaeHbi cxembl YCTAaHOBOK
NLE3OMETPOB PasIYHLIX THNOB, 11X NapaAMETPHl; CBEAEHHS O BEHTep-

28



CKOM TPAHIUCTOPHOM LI3MEPHTENRE YPOBHS BOAL B Ge3Hanopuniy
ILe3OMETPAX; CXeMa H napamerpsl npubopa aas AUCTaHLUHOHIIONO
naMepenysi HeGoapuinX (PUNBTPAUNONHLIX PACXOUOB BOAM B JIOTKE.
Bosnburas yacth ceescHMil NO NLE30OMETPAM B3sITA H3 HOPMATIBIO-
MeToAMuecKoro neroyduka [31], ynomunasuerocss Boiule.

3.20. Nbe3omeTp Ge3HANOPHBIT C BepTHKaALKOI TPYGOH

Jast usmeperus ypoBiisi BOAH B GE3HAMOPHOM NLEIOMETPE ¢ BCp-
THKaNLHOM TPYOOIi MOXKHO NPHMEHHTH JIOT ¢ MEPHHIM TpocoM (A0T-
CBHCTOK, JIOT-XJONYIUKY, JIOT € 3AEKTPHUYCCKOHR CHIHAMbLHOR Namnioy-
KO#), KOTOPGLIM MOJIb3YIOTCH NPH THAPOrCOJOIHUYECKHX HCCJAeNO0Ba-
HHAX.

IIpn 1pyGe nbesomerpa nuamerpom une meaee 50 mm ynoben
usMeplitesin ropusonta poast wonerpyskuwnn HKHCa Tonponpoekrta
[33, c. 74].

3.21. YposHemMep NHERMaTHUYECHHA

[Last 3TOf Ke UENH MONWHO HCTOABIOBATL TUCBMATIMECKUR ypos-
nemep [21], npununn paGoTsl KOTOPOro noxasam na puc. 1. ¥Yposue-
MCp COCTOHT I3 TOHKO! TPyOxH (u3 meranna

5
I IJlacTMacchl) HJIH TOHKOTO PE3HHOBOIO %
waanra I ¢ pasMeTKo# JJIIHG, ONYCKaeMHX B 4
ML,e30METPHYECKYI0 TPYOY HECKOABKO HHXKE 3\

YPOBHS! BOJIBI, PTYTHOrO HJAN BOASTHOTO MaHO- 7
MeTpa 2, BO3JYIIHOro (nanpumep, BEJIOCHNEL- "
1oro) nacoca 5, pesmucoBol TpyOxu 4. "

Ilnsi samepa ypoBHSI ONYCKaloOT B BOAY KO- Crbantuna
Hey wJaaura (Tpy6kmH), 3akpeBaOT Kpau J,
oTnensiompil wyanr I or maHomerpa. Haka-
yHBas HACOCOM BO3LYX, BHITECHSIOT H3 IUAAH-
Ta BOAY H OTKPHBAIOT XpaH. MaHoMeTp moxa-
JKeT JaBJIeHHe BO3AyXa B IJIAHTE, CO3JaBae-
Moe cTon6oM BOAW Hal KOHHOM uuianra. Ec-
JH MAaHOMETP PTYTHHIH, TO HAJZO YUYHTLIBATL,  Puc, |. Cxema nies-
yto 1 MM pryTHOrO cronfa COOTBETCTBYET  MATHUCCKOTO  YPOU-

13,6 mm Bonsroro cronfa. Bosayx nano mnoa- , :eMEPH i
KayuBaTh NPI KaXIOM 3amepe ypoBisl. Mano- [ 7Py €, bnis
> (ol HAN BOLRNOI Ma-
METp HOJKEH OBITh 3alfuuienn oT AeHCTBHS  wul waw wonguol W
COMHEYHBIX JIYYEH. 4 — Tpy6ka PEINBO-

MoXHO 3aKpenHTH UCNOABHKHO TPYOKy [  #a% & jacocoontyui-

(puc. 1), 3auKCHPOBATL BBICOTHYIO OTMETKY

npkHero koxua Tpy6kn. Ilpu sToM miykuuii xomeuw TpyOxn I poa-
JKeH OblTb PACHOJIONEH HHXKE HallHH3llerc ypoBHs BOAB B Jibe30-
MeTpe, KOTOpblfi GyaeT B TEUCHHE BCEro BPeMeHH ero 2KCIyaTauil.
Torfia HO NOKa3aHHIO MaHOMETpa 2 BO BpeMs TNPOKAYKH BO3AyXa
yepes TPYOKy I, snasi OTMETKY BepxHero xpas TpyOsl nbesomerpa y
€r0 yCTbsl, HETPYHHO NOACHITATHL BLICOTHYIO OTMETKY YDPOBHH BOALI
B Nbe30MeTpe.

20



TaknmM cnoco6om, 3aJ0XKNHB II 3akpenup 3apainee (no ppeMmst YK-
JafikH TPy6s Mbe30MeTpa B COOpPYXNEeHHe) BO3AyUnylo Tpyly, Mox-
110 1U3MEPSITH YPOBEHL ROJIbI B OCIHANOPHOM MbLE30MeTPE ¢ MOAOro-
HaKJOHHOM €ro TpyOO# HIH [aXce TIPH HAJIYHH NOBOPOTOB (KoJsen)
B Tpy6e nbe3oMeTpa, B KOTOPYIO HeJib3s BBECTH OOLIUHLIT H3IMEPH-
TEALHHIH JOT.

3.22. Yposuemep akycTHueCKIit

YposueMep AJist H3MEPEHNS TOJOXKEeHIs YPOBHSI BOALI B NThe30-
merpax coctoHT [41] 13 norpy»aemo#i B npesomerp ru6xoil nAacTH-
KoBOH TPYOKH 1l TIPICOCIIHEHIIONO K BEPXHEMY €€ KOHUY nayinuxa
¢ otpepctHeM. Ha orojioBke nbpesomeTpa yCTauapjHBaercs nmaTpy-
OOK-TPOHIIIK C OTKPLITHIM OOKOBBIM OTBEPCTHEM, OKOJIO KOTOPOro
B0y Aa0Tes Kakne-mifo 3BYKN (roa0COM, CBICTKOM, KapManibiM
TPAHIHCTOPHLIM pagHoNplieMHHKkoM 11 T. n.). IIpu oTkpHITOM HIXE-
lieM Kolpe TPYOKH 3BYK XOPOWIO CAubiuiel B HAYHIHHKE; B MOMEHT
CONPIKOCHOBEHIISL NIDKHET0 KOHUA TPYOKH ¢ YPOBHEM BOJLL 3BYK MC-
uesaer. Tpybka nmeer pasmeTky uepes 10 cm, a na pepxnem narpy6-
Ke Tbe30MeTPa YCTAaHOBJEHa JHMHEHKA ¢ MHJIJHMETPOBOH MIKanoH.
HNuametp TPpyOxH nonxex GHITL TPHMEPHO BABOE MENLIUE AHAMETpa
Tpy6h IbezomeTpa. ABTOpLI ypoBHEMepa MPHMEHSH IIaCTHKOBYIO
TpyOKky Anamerpom 6,2 MM paJs usMmepenudt B nLE30MCTPax LaMeET-
pom 12,5 wmwm. Tounocth usmepenuit cocrapisier 1 mM, ownGra e
npesuitaer 0,05 mm/m.

3.23. MbezonHAMOMET} CTPYHRBUF

O6uiunuim (6es nucranunoinoll nepenanl noxasaugit) oessanop-
HbIM NHhE3OMETPOM, @ TAKXKe HaNnopHbiM MLe30METPOM, CHaOXKCHIIBIM
1la OTOJOBKE €ro ycTbsi NpyXHHHbBIM ManoMmeTpom (Tuna Bypnowa,
CBENEHHSI O TAKHX MaHOMETpaX WMeloTcs, Hampumep, B [35, 42] n
TOCTax), uenecoo6pa3ko TMOJB3OBATHCH NPH HEGONBLIOM YHCIE
neezoMerpon. [IpH GonbuIOM YHCAEe UX H 3HAYHTCJBHEIX PACCTOSHH-
SIX MEXAY HHMH OBHICTpee H ONepaTHBHEE NPHMEHATL AHCTaHUHOH-
HYIO mepefauy NMOKa3aHHH be30METPOB Ha UEHTPaJbHBIH IUHT, Kak
UPHHATO MOCTYNATh Ha KPYNHHIX COODPYIKEHHSIX.

C aroft nensio 06LIYHO MONL3YIOTCS CTPYHHBIM ThE30JHHAMOMET-
pom. ITpH Ge3HamOpHOM TLE3OMETpe €ro NojABelIMBaloT B TPyGe nke-
30METpPa HIMKE YPOBHSI BOAH B HEM, a NPH HaNOPHOM MNLE3OMETpe
3aKPEnsIOT HAfA ero ycrhbeM TaKuM 06pa3oMm, UTO AaBNEHHE BOJHI
nepenaeTcs Ha meMmOpaHy nnesofuHamoMerpa. Ilas atoro ymobuo
NpHMEHATh CTPYHHHIH Nbesonunamomerp xoHerpykuun HHMCa Tun-
ponpoerta [33}], umeowmuit yanunennyio dopmy u HebGoasulol AHa-
MeTp, NO3BOJIAIONHE YCTAaHOBHTL €ro B TPyOe ¢ BHYTPEHHHM JHa-
metrpom 60 MM H GoJiee.

Inn wuaMepenusi naBieHMs BOAM B Nopax M 1wBax GeTona
a KoHTakTe OeToHa ¢ nopojoit yxobree NPHMEHSTL TbE30IHHAMO-
metp koHcTpykunn BHHWTa [33], umelomuit Gopmy uHAHHApHYE-
CKOfi KOpPOGKH ¢ pHameTpom 126 MM u BhicoToii 40 MM.
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O6a naspanHuX THNA NMHE3OAINIAMOMETPOB cnocobHb paborarTi,
B cpefax ¢ HH3KHM Ko3hPuienTom GuaLTpamnl, uTo 06ycaonacin
sechma Manofi o6wemuoil nedopmauynci ynpyroro saementa npiuGo-
pa. Aas uamepenu#t nanopa mMoryT GuTh HCTIONL3OBANL TaRAeE Ape-
naxnuie ckpaxuuul [43]; nas 3Toro onu 060pyAyIOTCS KpLIMIKAMI,
HO3BOMASNIOWHME 3a0UPATHL CKBAKANY 11 HOAKIIOUATH MAHOMETD AJi5
1I3MEPeHHs PacXo/a.

3.24. Cuctema cpejicTB uzMepenufl, pazpaboranbux na 6ase eju-
UOTO0 YHHOHUAPOBAHHOTO CTPYHHOrO npeofpaz0BaTeNLHOrO MOAYJIS,
NO3BOJIAET NPOH3BOMNTL KOITPOJH> COCTORNHS TIIPOTCXHHUYECKHX CO-
opyxcunfi 1o THAPOCTATHYECKOMY, FHPOANNAMINECKOMY, DIALTPE-
UIOHHOMY 1 nopopomy aapseunio 8 npexesax ot 0,02 ao 10 MTla,
TeMnepaTypy coopyenii 1 ocoBannii B npeaenax or munyc 30 no
+60°C, ypoBUIl BOML 1A MEPHBX BONOCJANBAX APEHAKHLIX KONICK-
TopoB B npeaenax of 0.2 o 400 mwm.

Crpynnmie npeofpasoparents Bcex THHOB OGCHYKHBAIOTCH ei-
M sropauneiM nprdopom TILIT (nepnosomerp iidposoi nopra-
THBHbLIA), paBoTAOWHK B CTANHOHAPHLIX I NOREBHX yononax. [1pu-
Gop OCymIecTBNACT BO3GYMKJICHHE CTPYHUOre npeofpasnBaTennuoro
Mouyn[ﬂ n] uugposoe namepenie MiGoPMaNORHOro napamerpa clir-
nana [12].

3.25. BakyyM-nue3oMerp aAn H3MEpCHHs [OPOLUTO NABACHHS B rPYHTC

B HHI ocnoanuii it nosgemunx coopys:gemis umenn H. M. Tep
CEBANOBA CKOICTPYIPOBAH H UCHULITAN B PONIBOJACTBEHNLIX YCan-
BHSIX CNEUHASLHBIH BaKYYM-NILe30METP /sl II3MCPEHTIST MOJOMIITEN b-
HOrO 1l OTPHUATENLHOTO MOPOBOTO AaBielinss B rpynte [44].

Bakyym-nbesomerp (puc. 2) npencrasaser co0ofi repmetiunbiii
Gayox, obpasyemulit nBymsi TpyBamu-— napyxuoit I {d = 2,57),
paytpendeit 2 (d = 3/4") w nByMs KOJbUEOBPAZHHIMI KPHLILIKAMY,
NPUBAPEHHBIME K TPyGKaM cpepXy W cHusy. Huxuas kpoiwka 3
cnaownas, a B BepxHed 4 NPOCBEpACHH IBA OTBEPCTHS: OAHO JJs
wryuepa 5 (d = 5~6 Mm), BTOpOE MM INEKTPHIECKOrO KOHTAKT2
6 (d=8-+10 mm).

Pabouas wamepa 7 nvesomerpa coobuaetess ¢ rPyHTOBON BONOi
uepes nepdopHPOBANHYIO uacTL napyxnofi TpyOH, TOKPHTOR Co
CTOpOHLI, 06palleHHO# K I'PYHTY, JaTYHHO! CeTkoi 8.

Ha napyxrofi Tpy6e BBepXy H BHH3Y CjieslaHa ¢ BHCLIHET CTOpo-
nel peanba (d = 2,6”), uto no3sonser cofpatbh KoJOHHY TpyO C He-
CKOJIbKHMH TLE30MeTpaMu.

Ot raxzoro npH6opa Ha OHEBHYIO NOBEPXHOCTb BHBOLHTCS pe-
sunoBast Tpybka d =67 MM H OJHOXHILHLI SJEKTPHYECKHIT
NPOBOL C HapyKHOfi H3oJAuHed:.

PesunoBan Tpyfka 9 OMHHM KOHLOM IWJIOTHO COEAMHSIETCS CO
HITYLEepoM 5, a BTOPHIM KOWIIOM 112 MOBEPXHMOCTH 3CMJIH € MaHOBa-
kymMerpom [/ (npu TOUHBIX H3MEpPEHHSX — PTYTHBIM). DJeKTpHYe-
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cexiit npopon 10 3aKanuHBaETCs KOUTAKTOM 6, HAXOASMHMCH 110
BepxHeil KpHIUKofi KaMepbl. BTopoil koneu npoeoaa BLIBORHTCH Ha-
BCPX 1 CORAMHHACTCA C TECTEPOM 12.

Mpu mouTaxe B8 OAHOH KONONHE {3 HECKONLKIX NbeaoMerpor /4
NPOBOAZ 1t pe3HHOBHCE TPYOKH, HAYIHE H3 HHKHMX NPHGOPOB, Ipo-
nyckawTcs uepesz TpyGy 2
BepxHero Gauyka, KoTopas
npefHasHaueHa TakXe JJisl
APOXOAA BOAK NPH THIPABJIH-
YECKOM MOrPYKEHHH KOJIORHEL

Tlpu stoM Ha HHMHHE KO-
HEell KOJIOHHH  HaleBaeTcs

2 OOBLIYHLI HaKOHEYHHK INrJIo-
¢puabLTPa ¢ WAapOBLIM Kaana-
HOM.

[Tocne norpyxenis 3asop
MEXAY KOJIOHHOH H CTeHKaMH
s CKBaXWHB 3aCHNAeTCH TI'PYH-

TOM H YIJIOTHSETCS.

IIprauun paboTH BaKyyM-
nbE30METPa COCTOHT B TOM,
4YTO [aBJeHHe NOpOBOi BOJM

yepes nepdhOpUHPOBANNYIO

yacth 0auyxka TmepepaeTcsl BO

s BHYTPEHHIOIO TOAOCTh, & OTTY-

T ST na uepe3 cTonb BO3jyXa, na-
Xopsumiics B pesvHOBOH TpyO-

Puc. 2, Cxema Bakyym-nbe3oMerpa Ke, — Ha MaHOBaKYyMMeTp.

1 — Tpy6a napyxnuasn; 2 — tpyla nuyrpeunssy; 3 - ) -
hpbrux?a nmxm':jn' 4—-Kp1\|m|:<}; nepx)::sm & ~ wmry- yPOBeHb BOAH HO}IHED}KIIBa

uep; 6 — KOHTAKT snempmemnn 7 — kamepa pa- eTcsi B npenenax fauka. HJIH
T ok Smcrayoan, 9 TOYOKs DESHIOSIN:  rrycia HEOGXOMHMO 3aMKHYTH
poi; 12 — tecrep; I3 — gonouna; 14 — mbesoMerput. 3JeKTPHYECKYIO Henb ¢ Kop-

nycoM koJoHHH. Ecam npu
9TOM TeCTep MOKA3LIBACT HAAMUIE TOKA, TO 3TO O3HAYART, YTO
Kamepa 3aTomfeHa, 1l YPOBEelbL BOAb HAXOLITCH BHIUE 3JEKTPO-
ROITAKTa. 3aTeM OOLIMHbLIM PYYHBHIM HACOCOM B PE3HHOBYIO TPYOKY
Har{eTaeTcs BO3AYX It BOJA OT/KHMACTCHA NO VPOBHS HIXKE KOHTaK-
ra. Torna uene pa3peiBaercs, 0 TECTEp NMOKa3biBaeT OTCYTCTBHE TO-
ka. [locie 3toro nomaua sosnyxa npexkpawiaercss H Tpy6xa COCAH-
HAGTCA ¢ ManoBakyymmerpom. B 1ipoilecce paGoThl NLE3OMETPOB pe-
I'YJISIPHO NPOBEPAETCH 3JEKTPOLENb, H B Cjlyyae HAJAHYHA TOKa OCy-
LECTBNASeTCH NMOBTOPHUIEH NYCK.

Ilonepoe wHcnHTaHHE BaKyyMNbE3OMETPOR IPOBOAKAOCH HA
cTpolTensHoll niomanxke y Meeposckoro npoesna B Mockse, rie B
MEJIKO3EpHHCTHIX fleckax ¢ R = 0,51 m/cyTkn Benace MAETORAS
NpOXoLKa TOJL 3aMHTON BAKYYMHBIX CKBAXHH.

CTBop TBHE3OMETPOB pAacnosaraercst NepueHfAHKYJIsSpPHO K pPSIAY
paboratomux BaxyyMHuix cksakuu. Ilepsasi xosionna npe3omeTpos
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6ua ycranoBseHa Ha pacctosnnu 0.5 M OT APNCTBYIOUIECH CKBaKH-
Hbl, BTOpast — 1,5 M, TpeThst — 4 M. Haubonswas raybura sanoxe-
nns neesomerpos coctapnia & M. IIpubopur noxasand, 4To MakxcH-
MaJibHas BeJHYMHA Bakyyma B rpyHTte {wa paccrosuun 0,5 M or
CKBaXfHHWM) AocTHrana 280 MM prT. CT.

Ha onmiTHOM yvacTKe TAYOGHHHOrC BaKVyMIpOBaHHMs B paiioHe
JIeHUHCKHMX rop BOLOHOCHBI cooff cOCTOAM N3 MEJNKO3CPHHMCTHX
waneTHIX neckos (& = 0,2-+0,8 M/cyTKN), pPacnosoMEeHHBIX OT AHEB-
HOfi MOBEPXHOCTH 10 Thybuun 8 — 8,5 M. Hmxe stoft ormeTkn 3a-
Jeraiy MAoTHHE CYrnHHKH. [Ibezometprl Sput onyileHn Ha rayGu-
1y 8 — 8,6 m.

HenocpencrseHHO B 06CHINKE CKBaX(HHLI OHN [0OKAa3alH BaKyyM
B 200 MM pT. cT. B ocTasbuBIX nLe30OMETpax, YCTAHOBJNEHHHX Ha
paccrosiuuax 1, 2 n1 4 M OT BAKYYM-CKBaXXiHH, Habaoaanich
NONOXHTENbHbIC AABJICHHA, N0 KOTOPHM CTPOHJACH HCNPECCHOHHAR
KpHBAas.

B tex cnyuasix, Korja [pHEeMHbLIE OTBEDCTHS DHe30METPOB TIONa-
7210T B HeGiaronupHaTHHIE VCJIOBHS (B IIHHHCTYIO cpeny), nabiio-
NaeTcsi 3aMe/UIeHHOe lI3MeHEeHHe TMOKalaHMii Ha MaHOBaKyyMMETpe,
yTo OObACHACTCS MeAJIeHHOH (uabTpavdeli Bo/b B 6avoK HIAH H3
6auka B IPYHT. YCKOPEHHS MOXKHO JOCTHIHYTbL NYTE€M HCKYCCTBEH-
HOro <«MpHOJHMKEHHA» TIOKA3aHHS MAHOBAaKyyMMeTpPa K BeJHYHHE,
COOTBETCTBYIOLLEH NOPOBOMY KABJICHHIO B TPYHTEe Ha OTMETKE TIPHEM-
HBIX OTBEPCTHH Nbe3aoMmeTpoB. oA sToii nenn neobxoanmo Hakayu-
BaTh MM OTKAYHBATbL BO3AYX H3 pe3HHOBOil TPy6KN A0 Tex mop, no-
Ka NOKa3aHHe MAHOBaKyyMMeTpa He ycraHosutcs. [Tosyuennas se-
auynHa OYIIeT COOTBETCTBOBATL [MOPOBOMY NABJIEHHIO B TPYHTE.
S5TuM ke crnocofoM MOMKHO MONL30BATLCS TPH ONPEHNENeHHH MOpo-
BHIX AaBJeHHl B cnaGonpOHHUAeMbX TPYHTAX.

3.26, finesomMeTp HanOPHLII C HECKONLKMMM BOAONPHEMHMKAMHA B ONHOH CKBaXKHHE

[MuesoMeTp ¢ HECKOJLKHMH BoxonpHeMHHKamu (dbuapTpami)
B ONHOH CKBajNHE HEeHafleXew AJA CKaNbHHX NOPOA H3-32 TPYA-
HOCTH ofecneueHHs TUAPOM3OJSIIHH YIAaCTKOB MEXAY COCEIHUMH BO-
nonpuemuukamu. Ot 3TOr0 HefoOCTATKA CBOOCONEH NbLE3OMETp, MOKa-
3aHHBI Ha pHC. 3, B KOTOPOM THAPOH3ONSLHIO YIOMSHYTHIX BHIIIE
YY4acTKOB OCYLUECTBJIAIOT NyTeM HATHCTaHAS TBEPJEIONEro Tammo-
HaXHOTO pacTBopa (HampHMep, MecyaHo-LUEeMEeHTHOre) B HHTEPBAJb!
CKBAaXKHHH MEXAY CTEHKAMH CKBAXXHHH W TpyOo#H, Haxopsiuuecs
MEXAY COCEHHMH BOIONPHEMHHKAMH W MEXAY BEPXHHM -BOJONDH-
EMHHKOM H YCTheM CKBa’XHHHL. [IpHMEeHeHHe Takoro mLezoMeTpa Le-
JiecooBpa3Ho B MeCTaX 3HAUHTEJNHLHOrO HCKPHBJEHHMS NOTOKA, Kak
NOKAa33HO Ha PHUCYHKE, B MECTaX CryLIeHHs IKBHIOTEHHHANEH QPHABLT-
palMOHHOrO MOTOKA, HanpHMep, OKOJIO BHXOAA €ro B APeHHl, B Mpo-
HUL2eMble OOHeNKH TyHHeJse#l, 0CO6eHHO NPH HaJHYHH HPOTHBO-
¢uabTpanyoHHoll UeMEHTaUHM BOKpyr o6menkyu. B s3THX caydasix
NPHXOANTCH OOLIYHO YCTAHABNHBATHL HECKOJbKO «TOYEYHHIX» TIHE30-
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meTpos. TlpumeHenne e nbe3soMeTpa, TOKA3aHHOTO Ha PHC. 3, NO3-
BOJIAET CBECTH K MUHAMYMY AJNHHY OCypeHHS NLE3OMETPHUECKUX
CKBaJKHH, COKPaTHTL Pacxoi TpyO AJs HHX H JUJIHHY TaMIOHHpYye-
MBIX YYaCTKOB.
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Puc. 3. CxeMa nbesoMerpa HANOPHONO C HECKOJBKHME BO-
DONpHEMHHKAMH B OLHOH CKBaXiHe

a~— o6unit BHR nbe3oMeTps; O — y3en; 6 — JIeTafb LHAHHApPHYE-
cKoro noRonpreMunka B cyddo3voHRO-HeyCcTORUMBLIX rpynTax; [ —
CKBajYKuKHa, 2 — BOAONPHEMHRKH; 3 — TaMuoMsl; 4 — TpyGa ueHT-
panbHas; 5 — TPYOKH [LE3OMETPDHMECKRE: § — peafitiosnie ofosow
KH; 7~ $natup; 8 — TaMioHAMHLE  pactBop; 9 — dHarTp (Ha-
npuMep, Xpynemf necox, rpasufi); 10 — xapxac xoastiesoll; {f —
AeNPECCHOHHAR NOBEPXHOCTE (QHABLTPANKONHOIG NOTOKA; [2 — IPYNT
{OCROBaHUE FRAPOTEXHUUECKOrC COOPYHICHURA).

[Tbe3oMeTp COCTOMT H3 PaCNOJOXKEHHBIX Ha PasaHYHOH TNy6HHE
B €IHHOB CKBa)KHHE | HECKOJBbKHX UHJIHHAPHUYECKHX BOLONDHEMHH-
KOB 2, 06pa30BaHHLIX CTEHKaMM CKBaXWH / W TaMIOHaMH 3, H CO-
€INHEHHBIX C MbE3OMETPHUECKHMH TpyOGxamu 5, BHBeZEHHHIMH K
ycTbio ckBaxKuHb [. llununppuyeckue BonompreMHHKH 2 pacnoJio-
JKeHHl Hd pa3nHyHol rayGHHe B ONHOH CKBaXHHe I, npHyeM Tammo-
HH 3, pasbefHHAINHE BOLONPHEMHHKH 2, 3aKpenjieHH Ha leHT-
panbHol TpyGe 4, pacnonokennoll B CKBawuhe I, a npesoMeTpHue-
ckHe TPYOKH § pasMelleHsl B MOJOCTH LenTpanbuofl TpyGu 4 K BH-
BeIeHBl K YCTbIo CKBaXXHHH [. TamMnons 3 Moryt ObiTb BbUIOJHEHB
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B BHAE KOJbIEBHX 3JJACTHYHLIX Kamep, nanpumep, pPe3HHOBHX 06o-
Jiouek 6, 3aNoNHeHHH X TBEP/ICIOIHM pacTBopoM 8.

B cnywae pacrnonoxenus nwesomerpa B cyddosHOHHO-HEYCTOR-
YUBHIX FPYHTAX, LHJIHHAPHUECKHE BOJONPHEMHHKH 2 NOMXKHH GHTb
3anonHeHs GHILTPOM §, BHINOJHEHHEIM B BANE KOJLUEBOTO KapKaca

10, nanpumep, KanpoHOBOro, 3aNOJHEHHOIO rpaBHeM M HafeToro Ha
UeHTpansryo Tpyoy 4.

BuinomaoT yeTpoficTso caenyomwnm obpasoM. B sone dpuanrpa-
UHOHHOTO 1I0TOKa I/ B ocHoBaHuM [2 rHAPOTEXHHUECKOTO COOPYHKe-
HHs (Ha 4epTeXe He NoxasaHo) GYpsiT CKBaXKMHY [ M ONMycKawT B
Hee Mbe3OMEeTPHYECKYIO KOJIOHHY, COCTOSMIYIO H3 TpyOul 4, Ha KOTO-
poil MPUKPEINEHB Nhe3oMeTpHyeckue TpyOkH 5, dnanusl 7 H pesn-
noswie ofonouxky 6 TamnoHoB 3. B xaxuyio nonocts, o6pasyemyio
napoit cMexuux daanues 7, o6onouko#t 6 u TpyGoit 4, BBeHCHH aBe
TpyGKkH (Ha pHCYIKe He NOKA3aHbl): 0fHa — B HHXKHeA 4acTH — AJis
nojawl TBEPACKOWIEro pacTBOpa, LPYras-— B BEpXHell yacTH — HJas
BbIMyCKa BO3AyXxa. KoHusl TpyOOK BHIBEAGHH K YCTbIO CKBAXKKHH
yepe3 noJocTs TPyOs 4 H 3aMapKHPOBAHHL.

Ecnn uaMepeHus npoBOLAT B OCHOBAHMUI, CROXEHHBIM cydhdo3u-
OHHO HEYCTOHYHBLIMH NOPORaMIl, TO HA Y4aCTKaX BONONPHEMHHKOB
a KOTOHHE pasMelanT QHALTPL 9.

IMocne onycKaHHS KOJNOHHBI B CKB@XHHY [ HArHeTamT PacTBOP
8 B monoctu, o6pazopBaHHHe pesuHoBHMH ofonoykamr 6. [Tocse
TBEPEHUs PAcTBOpa OOPaAs3yIOTCsl TaMIOHH 3, KOTOPHE HAJEKHO
H3OJUPYIOT [PYr OT APYTa MhEe30METPHUECKIE BOAONPHEMHHKH 2.

PunsTpalHOHHb OTOK [/ B ocHOBaHHH [2 3amOJIHSET WHJIHHL-
pHUECKHEe BOJONPHEMHHKH 2 M mnbe3oMmeTph 5. Tlpu 3toM ypoBeHsb
BOLb B TMbE30METPaX YCTAHABJHBAETCS COOTBETCTBEHHO TOMY Halo-
py $unbTpylollefics noi3eMHOR BOAH, KOTOPHI HMeeT B HeficTBH-

TEJILHOCTII MECTO Ha YPOBHE COOTBETCTBYIOMIMX LMJIHHAPHYECKHX BO-
IOTIPHEMHIKOB.

Wamepenne ypoBHell BOAH B Nbe3oMeTpax MPOH3BOAST, HaIlpH-
Mep, XJONYyLIKaMH, SJEKTPOKOHTAKTHEIM JIOTOM HJH APYTHM CRo-
cobom.

Ecnn B OCHOBaHMH COOPYEHHST HMEET MECTO HaIlOpHOE HBHKe-
HHe TION3EMHBIX BOJ, TO KOHHM Nbe30MeTpiueckHx TpyGox 5 oGopy-
LYIOT OFOJIOBKAMH C MaHOMEeTpaMmil HJH Tbhe30fHHAMOMETPaMH H
CHBHBIMH KPaHHKaMU.

3.27. AnextponnesmaTHueckuit NpuGOp Ans HIMEPEHHS HOPOBOFO NABJEHHS
B rpyHTe

Cxema nueBMaTHuecKOro npu6opa mJjs U3MEpeHHs NABJEHHH B
nopax rpyura nana ua puc. 4 [45]. Ou coctont us xopobku I,
aofiMoBoit TpyObl 2, NpHCOGIHHEHHOH K KOpoOKe Ha peswle, u Oro-
noBKa J, pacnoJjarampllerocss Haja ToBepxHocThio 3eman. Kopobka
norpyxkaercst Ha 3aGolt ckBamunu, 3alypusaeMoft A/isl YCTaHOBKH
npn6opa, ¥ 06CHNAGTCS YHCTBIM TIECKOM.
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IOna obcnymusanua npubopa neobxomnmul nacoc KOMOBCKOro
[4] v peryanpyrowmas emkocts (pecusep) [5], KoTopas moax/a0Ya-
€TCH H K HacoCy, H K OTOJIOBKY.

Hasnenne rpysToBO#l BOAW BoCHpuHHMaerT mMemOpaua 6, NAOTHO
3axkatas MeXAy CTakanoM kopoOkm M ee kpuinko#. Hanx memGpa-

HOBl pasMellleH crepxkenb 7. Crep-
3 ﬁ%f{g z 1 XeHb H  MeMmMOpana  SBASIOTCS
3BEHLAMH CTNOcOGHO! 3aMBIKATBCH
¥ PaA3MBIKATLCH INCKTPHUCCKOH 18-
N1 nH.
o s T [Mpu nonbzopaHun HpHOOPOM
5 N BCSl €r0 BHYTPERHSS MONOCTb (HacTh
‘\g N KODPOGKH, _bacniosiaraiomascs  Hal
_’é‘\J’ f meMmGpanofi, Tpy6a H OrQJIOBOK)
b JONKHH GBITH 3aMOJNHEHH BO3JY-
%1% xoM. Ilpn paBencTBe paBaeHHM Mo
1% ofe CcTOpoHB MeMOpaHBl 3NEKTPH-
Al 2 yeckas Henb OKa3blBaeTCs 3aMKHY-
e TOM, H OMMeTP 8 NOKa3HBaeT BeCkb-
Bl ,  ma manoe conporuenenne. Ilpa
Al BO3HHKHOBEHHH  OTPHLATeJILHOTO
5 X .  H36BITOYHOrO HaBJeHHs (Bakyyma)

Q) B I'pYHTOBO# Boje MemOpana mupo-

Puc. 4. Cxema asnexrpopmesmative- TrHOaeTCA BHH3, KOHTAKT MEXAY
cxoro npHbopa

1 — xopobka; 2-— tpyba mwitmonasn; 3 —
oroJiosoK; 4 — racoc KomoBckoro; 5 - pe-
cuBep; 6 — meMGpana; 7 — cTepiKeHb:
8 — oMMeTp; 9 -— BEHTHAL HroasdaTsill;
10 — TIpDOBOR SNEKTPHYECKH{ ABYXXKHJAb-

HEIO H CTEPXKHEM HapyliaeTcs, H OM

METp HauHHaeT NOKa3HBaTh 6ecko-

HeuHo GoJplloe COMPOTHBACHHE.
3amep o06pa3oBaBlIErOCH TNOL

Hufl, J{ ~ manoBakyymmMeTp; J2 — TPyORH;

T8 11 e atre rpynTa. memb6paHOii BaKyyMa OCYLIECTBJIS

eTCs NyTeM CHHKEHHS JaBJIEHHS BO
BHyTpeHHel nosocTd npubopa. [lna 3Toro peryaupymwllas eMKOCTb,
B KOTOPOH NpeIBapHTENBHO HACOCOM CO3[AeTCsl paspexeHue, cood-
LIaeTcs C OrOJIOBKOM NYTeM OTKPHITHS HroibyaToro BeHTHAs 9.
MomeHT BOCCTAHOBNEHHS KOHTakTa (QHKCHPYETCst OMMETPOM, a Be-
JIMYMHA BaKkyyma Haj mMemOpaHo¥ {a OAHOBPEMEHHO W NOjA Hel) —
MaHOBaKyyMMeTpoM [/, MpHCOENHHEHHBIM K OrONIOBKY npnbopa. Be-
JIMYHHA MOJNOXKHUTEJNLHOTO [ABNEHHS BOAM, 3aKMIOUEHHOR B 1iO-
pax rpysHTa, MOXeT OHTb K3MEpeHa aHaNOTrHYHHM 00pas3oM, HO
nocne NOBHINEHHs JaBJeHHs BO BHYyTpeHReH nojoctd npubopa
nyTeM COOCILIGHHR OroJNOBKAa C PpEryanpymoumeii eMKocTbio, Ha-
Xo#suefics mox paBneHueM. Ilepen norpyxeHHeM B IPYHT
CTepXKeHb KaxXpnoro npubopa pojukeH OBITE ycTaHOBieH (B Ja-
60paTOpPHHIX YCJIOBHSIX) B HYJIEBOE NOJIOXKEHHE. DTO AOCTHTAeTCs
OCTOPOXKHLIM ONYCKaHHEM CTeP XXHsi RO COTNPHKOCHOBEHHs ¢ MeMOpa-
HOH, NpH KOTOPOM NPOHCXCAHT 3aMBIKaHHE 3JIEKTPHUECKOH UenH,
yTO OTMeyaeTcs oMmeTpoM. Hynepoe (mnm 6aHM3KOE K HEMY) TM0JO-
JKeHHe cTepxHst pukcHpyercs Kowtprafikofl. O6 ownbke B ycTaHos-
Ke CTepiKHS MOXKHO CYAMTb CO3JaHHeM Hal MeMOpaHOH HaBJieHHs,
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PA3PHIBAIOLIErO SJIEKTPHUECKYIO Lenb. BesHuMHa Takoro HaBieHHS
He NoJXHa npeBHIATh b-— 10 ¢cM BopsHoro cronba.

Tpu rakux npubopa 6bin onpoGOBaHB MPH HCNBITAHHSX OMBIT-
HOI YCTaHOBKM BAKYYMHOTO BOJIONOHHKeHHs Ha Mauoit TpyGeuxrod
yauue 8 Mockse.

3.28. INbe3oaunamMomMerp ABYXTPYOHBIT NMHEBMAaTHYECKHN

[Ipubop npHMeAsieTcst B 3apy0e:KHOM WpaKTHKe, B YaCTHOCTH,
DJIS H3MEPEeHHs NOPOBOTO NABJEHHS B OCHOBAHHH apOYHOH MJIOTHHB
Llepepeitna (Llsefinapust) [46]. IlpuGop paGoTaeT Mo NpPHHUHIY
BEHTHJISI, B KOTOPOM pOJib BEHTHJISI BHIIOJHSET MeMOpaHa, 3aJ0MkKeH-
Hasl B Kamepy AaBieHus npubopa. Kamepa naBneHHs ¢ OKpyxKaio-
ulefi cpefof coobliaercs TNPH NOMOLIM NOPHCTOM KCPaMHYECKOf
MNACTHHKH; C THUIBHOA CTOPOHH K Kamepe XaBJIEHHS MOABORMTCS
cxKathil Bo3Ryx. Ecnu jpaBnenne Bogbl Ha meMGpany Gosibiue paB-
JeHHs BO3JyXa, TO MeMOpaHa HpHXKATa K CTEHKe KaMephl AaBJeHHS:,
NpH HEKOTOPOM NPEBHIUCHHH NaBJCHHS BO3AyXa Haj NMOPOBHIM [aB-
JNerHeM BOZHI MeMOpaHa OTXKHMaeTcsi, U HayHHAeTCs MABHIKEeHIe
Bo3ayxa Hs nopmamouel JuHAH (TpyGHl) uepes Kamepy JaBlCHHS B
o6patrylo auEHO (TpyOy); H3MepsieMOe JIOPOBOE IaBAeHHE NPHHH-
MalT PaBHLIM AABJEHHIO BO3LYXad, IPH KOTOPOM HayasoCh ero ABH-
JKEHHE yepe3 KaMepy AaBJIeHHS.

Bnaropaps majomy o6beMy KaMepbl HHepilIOHHOCTb. npubopa
OYeHb Masia H H3MEeHeHHS NOpPOBOrO NAaBJAEHHS! MOTYT H3MepAThCs
cpasy e noclie HX HACTYIJIeHHS.

JnHa BO3AYIUHBIX JHHHEHE nprOOPOB HA NJIOTHHE, HA3BAHHOW
poile, cocraBnaser A0 250 M; or Bcex 16 npuOOpOB JIMHHH BHIBEZE-
Hbl B O[IHY H3 Kamep 3aTBOPa IVIOTHHLI.

Ins npoussonctsa Hamepennit no scem 16 npubGopam Tpebyercs
15 — 20 mun.

CyunTaeTcsi BO3MOXHHEM HCIONB30BaHNe 3Toro nprudopa npu IUIH-
He BO3AYLHBIX JuaKH 10 500 M.

Ha nnorune Llepepefina npnbopul 3ai0xeHH Ha TPeX YPOBHSX
B CKkBaxXnHax puamerpom 76 mm. IIpnGopsl pasmemennt HA GHIBT-
POBBIX YyYacTKaxX AJIMHOH MO 5 M, 3aMOJIHEHHHX KBapUEBHIM NECKOM
KpynHocTeio 1,56 — 1,2 MM, mepexpHTHX raHHAHBIMA npobGkamu. Ha
[IJIHHE MEKAY MepHBIMH YYacTKaMH CKBaXKHHBI 3aleMEHTHPOBAHHL.
OTMmeyeHo, YTO NPH NPOXOAKE CKBAXKHH HEOOXOAMMO NPOBOAMTHL
OnuTHHE paboTHl AJsl YTOYHEHHS NPOHHLAEMOCTH NMOPOXL B 30HE 3a-
KJaKH KajKaoro u3 npHéopos.

[To-BupuMomMy, 3TH npHOOPH HajeXHee H JOJATOBEYHEE CTPYH-
HBIX MbE30JMHAMOMETPOB, B KOTOPHIX CTPYHA MHOTJA <MOJ3ET»;
memOpana e NMHeBMaTHUECKOro Mpubopa cBoGOAHA OT 3TOrO HENO-
cTaTKa.

B [30] ckasano, uto [/is H3MepeHHMs naBieHHR GUALTPAIHOH-
HOrO NOTOK& B TeJe W OCHOBAHHMHM TPYHTOBOH TJIOTHHBL (BHCOTOH
183 M) TloptumK-MaynTun, coopyxennoi s 1967 r. 8 Kanage, npu-
MEHEHH NIHEBMATHYECKHE MbEe30METPHI.
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Pue. 5. IpyxTpy6uuifi neesoMerp cHcCTemul Bropo
meauopatiie CLHA. Tun ans ocroBamus. Paame-
pBl, MM

4~ BORONPHeMHHK, 6 — YCTARHOBKA ROAONDHEMHNHKA TNOA
noaowBofl COOPYIKEHMA; & — YCTEHOBKA BOAONPHEMHHKA
B CKBawHHe; J— TPYOKH M3 NiacrMacchl € BRCIHIM
AHaMeTpoM 8 MM H TONIMHOR CTeHxu 1,6 MM; 2-—
NRacTHHKa HS nJacTMaccH ¢ pasmepaMH 25X19X6 mu,
nnm  cKpenneRns TpyOGoK Mexay cofoff; 3§ - xamepa
BOLONDHEMHHK2 A3 ANACTMacell; 4 — NOPHCTBHIfY  OHCK,:
5 — pe6po KaMephl oTrafaercss B HarpeToM COCTOAHMMH
AJIA  SaKPenaeH#s AHCKE; 6 — ceTka Opousosan; 7 —
cOBsi3ka IMHYpoM; B -—mecor aHCThfl  {MPoMEITLI),
YBnamuHeHHbIR; 92 ~ BepxHAs rpaBHiia 3achIKH NECKOM;
10 — 3gnonverne raunoll; {f — ckmamuwa; 12 - rnap-
HAf TpaHuex, SanoAHseMasn neCKOM.

NpuMesaune., [lepen 3axnafkoll popOIpHeMHHKA H
aacHnKof TPyGOK INIpOBEPHTH BCe CTHIKM Ha TePMETHI-
HOCTh NPH ZanneBux moas 0,356 MIla.



3.29. NMseaopunaMomerp pBYXTpyOHBIf rHAPABAHYECKUA

[Tpr Hu3KOM koapPuumHente (uAbTpanu# cperbl (nOpoxH, Ge-
TOHA), BMellawiie#l BOLONPHEMHHKH HAMOPHONO Nbhe3oMeTpa, o6bIy-
HHE€ HANOpHHE MLEe3OMETPHl ¢ OAHOH TPyOoH OKasbLBalOTCH HenpH-
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Puc. 6. JIpyxTpyOrnfi nbeaomerp cucTreMH Bropo
menuopaunn CIIA ¢ yaaHHEHHHM BOJONPHEMHUKOM.
Tun ans ocHoBauuli, Pasmepm, MM

{ — TpyGKa M3 TAECTMACCH € PHEMIHHM OHaMeTpoOM 8 MM H
TOMUMEOH CTenky 1.0 MM; 2 -~ HAKOHEYHHK M3 HNJIACTMAaCCLi,
3 — nopuetnill Amek; 4 — auHEua obpesa TPYOKH, COOTBETCT-
SYWOHIAR TMOBEPXHOCTH KOHHYECKOR MOAROCTH; &5 -— 3aKNeer-
Bbf cTHK (InOB); 6 — BTYJKA JsatTyHHas RIAHHON 120 MM,
¢ pHEHIMHM IhaMeTpoM 6 MM R TOMIUMHOA cTeRKky 0,8 MMm;
7 — mydTa natyHHas; §— npaxanifl, YMCTH necox, aamon-
Hsomul TpySy; 9 — XoHTYp BRieMKH; 0 — Tpy6a M3 naact-
Macchl ¢ BHENIHEM JHAMETPOM 22 MM H TOMNUHHOR CTen-
KH 3 MM; [l —mydra COSHHHHTENbBHAR H3 [DhacTMacch
I2 ~ 3anofHeHHe TAWHOR; 13— 38NOJHEHHE YHCTHIM IECKOM;
14 — pecars npopeseft wu'fgmoﬁ no 1,5 MM W nnuuoll no
MM,
TMpumenakne, Tlepea 3aceinkoft TpawweR ¢ Tpybxamu

NDOBEDHTHL B8CE CTHIKK Ha FEPMETHUHOCTL MPH  AABAEHHH
0,35 Mlla,
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FOAHBIME (K3-32 MaJIOH YYBCTBHTGILHOCTH H GOALILON HHEPUHOHHO.
CTH) TO NpPHYHHAM, NPOAHANHHPOBAHHLIM B paboTax [47, 48 u ap.].
Kpome Toro, oAHOTPYyOHLIE NBEE3OMETPHI, HMEKNLIE B KauecTBE BOAO-
NpHEMHNKA 3aKJAaAHOH CTPYHHBI NLE3OJHHAMOMETP (HE NOAALAI0-
WHHCsA 3aMEHE YIOTOMY, YTO €FO HeNb3f H3BAEYL [l 3aMENHThL MPH
Tpybe JIOMaHOro OuEpTaHHs), HCACCTATOYHO yoJroBeyHnl. Kak Ha-
BECTHO, CPOK CayXO6bi CTpYHHBIX npeoGpasoBaTtedieH, B YaCTHOCTH, X
nbe30AHHAMOMETPOB CTPYHHOro THna cocramaser 10 ger, pexe no
15 nert, YyTo 3HAYMTEALHO MEHbIUe CPOKa CNYKOL MHAPOTEXHHYECKHX
coopyxkeunii, [IpuHEHT mefcTBHA CTPYHHEIX npeoGpaszoBartesieii oc-
peuien B monorpaduu [35] u ppyrnx paGorax.
OT HEeROCTAaTKOB, OTMEUCHHHIX BHIE, CBOGOACH ABYXTPYOHHIA To-
yeyunlfl (3akpeiTnil) neesomerp. Ero npHHuun aeHcTBHA caeayio-
wui. B tonumy rpyHra nam Ge-
é 4 5 7 TOHZ C LEJbI0 H3MEpeHHs JaB-
5 JICHUA BOABI B NOpPAX ITHX Cpel
(IOpoOBOTO  paBNEHHSN)  3aKaa-
ABBAOT BOJONPHEMHMK, TpPes:
2 CTaBJIsioOlikH coboi0 nosbij 3Je
MEHT ¢ HPOHHLAEMBIMH CTeHKa-
MH, B NOJIOCTh KOTOPOTO BBEXE-
Hbl 1Be rubxue TPyOKH, MOKa-

fen

e oo 4 e
e

AN 3aHHHe Ha puc 5, 6 {puc. 9 mpu-

PN JNIoXenns 2); stu rubxue TpyOKu
Nl cly>KaT, ¢ OJHOR CTOPOHH, s

Pitc. 7. TlpununnyaibHas cxeMa JUBYX- cosnianus lmplfyﬂﬂlmﬂ BOZHI,
Tpy6HOrO Nbe30METpa oGecrneyuBaloulell yaaneHue Bos-

] — pojonpreMiNg; 2 — TpyGkn  nmamerpom LYXa H3 UIMEPHTERbHOKH CHCTE-

L’én“?@?&éﬁfﬁ"&' é%_a'ff:::f;z?m“p}fm;“—' MBI, 2 C ApPYrok — AAd NOAKJIIO-
TpyOKH. YCHHSI BOAONPHEMHHKa K MaHo-
merpy (pue. 7). Uuprynsuns
CO3Raerci HACOCOM, INPOKAYHBAIONIHM BOAYy N0 Tpybkam B BO-
JONPHEMHHK H OTBOASIIMM €e M3 BOAONPHEMHHKA B COOpHHI
6ax y mnacoca (puc. 8). IlpoxkaumBaemass BOja YBJIEKaeT 32 CO-
Goii BO3LYX M BBHIBOJHT ero n3 cuctesmul. [lepexsouerne TPpyGOK ¢
JHHHH Hacoca Ha JHHHIO MAaHOMeTpOB MNPOH3BOAAT CHCTCMO#H Kpa-
HOB (BeHTHJIEl), CMOHTHPORAHHEIX BMECTE C NPYKHHHBIMH ManoMeT-
pamu Ha obuwiem wHrte. Mo6aBouHele BeHTHJH, MNOKa3aHHHE Ha
puc. 9, caykaT Ads KOHTPONS FepPMETHHHOCTH H MOBLIIEHHA HaAeXK-
HOCTH WM3Mepenuil manopos. [loppoCHee cBefienust O ABYXTPYOHHIX
npesoMerpax conepxarcs B [32], ocobenno B [48].

[Npenens! MpHMEHHMOCTH OBYXTPYOHLIX Nbe30METPOB: LIMT ¢ Ma-
HOMETPAMH OOJIXKEH, KaK TNPaBHJIO, pacnosaraTbCs He BLILIE TOYEK-
B KOTOPHIX 3aj0XKEeHH BOJONPHEMHHKH Nhe3oMeTpoB. B KpaiineM
cjlyuae, XOTH M HeKesaTesIbHO, I{UT MOXKHO YCTAHOBHTb C NpeBhIlue-
HueM Re Gosblie weM Ha 5—0 M Haj TOUKaMu 3aNOKEHHS BOJO-
TNIPHEMHHKOB ITb€3OMETPOB. B sr1om cayyae BMeCTO MaHOMETPOB CTa-
BATCA MaHOBaKyyMMeTpEL
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Puc. 8. CxemMa H3MEPHTENbLHLIX I BCTIOMOraTCALHBIX
YCTPOIHCTBE K ABYXTPYOHLIM Nbe3oMerpam

[ — pyunofi pakyyMuufl kacoe; 2-—- Gak Ana Bo3BpaTHOR
DOALI; 3~ BOPOHRA AR HANAHPAHNA HOAM B BANOPHKIA Gak:
4 — pryrauilt  manometTp; S5 — wanopunfi Gax; £ — peznuo-
sl Ganpon; 7 — sauoMerp; 8 — NoiKkuoit BoRLYumMEit na-
coc; 9 — HIMEPHTENnbLItLie manoMeTprt Bypaoua;, fU— noan-
JTnAeHoBLE TPYOKN, AnaMeTpom 5 mMm: [l — BONONPHCHRUKY
neesoMeTpos; A, B. C, DL E. F, G, I I K. 1. M—
BCHTHAN.

2
-

X x/ Ay Arx ){Bf 8, é/
s 2% K€ 79% ¢
X X Cx XD

k—-{&——J
Puc. 9. Cxema npyxTpyOHBIX nbe3omeTpos ¢ poba-
BOUHHIMH BeHTHJAMH A, By, A, B,

{ — BogonpueMHHKH; 2 — maHoMmeTpet Bypnrowa: 3 - rmpyoa.

noaBonRWLAan 8BOAY MAOR Hanopom: 4 — Tpyba, oTsoafuan
BOAY; 5 — NAaTPYGOK BuBycKHOit,
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Pne. 10. Cxema ycrpolictsa repmerHyeckoil KDXO
HieM B Hefl annaparypu (KHA)

o — npogmoseHmfl paspes ycrpoficta; 66— paapes no AB; f — auxepHmifl
GonT; 2 — PHA¥KATOP; 3— MANOMETD; 4 — WMTy¥uep; §- npubka; 6 — wpuuu-
Ka; 7 — oreepcTie RAA KAaioya; & — nporianka; 9 -— xopnye; [0 ~— Geron

ofgenxn; {I — csapuoil wiop; [2 — uneaomerpuueckas 1pyla: 13 — tamno-
namnnil pacteop (Geaycanouwnnifl); 7§ — MHBexnuHonHan TPyGra; 15-~3a-
wuTHas PPy6ra; [6 — wrynep Meccypu,



Ecnu HyXHO nokasantis JBYXTPYOHBIX Mbe30OMETPOB nepeAats
OT IUMTA Ha LEHTPAJILHHIN MYJbT, MOXHO HCNOAL30BATH B KAyecTse
CTPYHHBIX TpeofpasoBaTesell AaBjeHHs BOAH MbE30NHHAMOMETDEI,
NOABENSI K HAM BOAY OT TPOWHHKA, YCTaNOBJACHAOIO y noaxona Tpyos-
KM, K MAHOMETPY, aHJOTHUHO TOMY, KaK 3TO A&JaeTCsl npu YCTAHOR-
K€ Nbe30NHAMOMETPA 11a OroJioBKe o0BYIIOTo OAHOTPYOHOro Hanop-
HOTO NLE30OMETpa.

3a pyGexom ABYSTPYGHHIE Mbe3oMeTPHl ONNCAHHOrO THNa HMe-
JOT IIHPOKOE PacnpoCTpaneHHe BO MHOPHX cTpalax Ha CoNbluux MJo-
tunax, ocobeino B CLHA. B Hawefi cTpaHe OHH TOJbKO HaYHHAIOT
puenpatbes HMCom luaponpoexTa B npoesTH KOHTPONBLHO-A3MEDH-
TeNibHOH annapaTtypst s Coabmnx nuotun (Hapeaxckofi, Hypex-

cKoit 1 Ap.).
3.20. MaxcumaasHufi nLe3omMeTp

MoiI0 NPHMEHHTL MAHOMETPIYECKHE NLE3OMETPH ¢ pRKcaunen
Ha 1KaJie NPYKHHHOIO ManoMeTpa MaxkcHMalibHBIX NokasaHui (BTO-
pas crpenxa 6e3 o6paTHoro Xoza) Ges nepefaun foxaszanwil na
paccrosnie no tpybam muan xabeaam. Ilsis 3T0To BO BpeMs nJaaHo-
ROTC ONOPOXKHEHHE TYHUENS VYCTPAURAIOT B ero offenke Kamepw|,
B KOTOPHE 3aKNajbIBAIOT MeTanyiHyeckie KOPOOKH CO CheMHLIMH

e 05 tu

Puc. 11. CxeMa OCHAILEHHSI H3MEPUTENBHOTO CEUEHHS TYHHENR

a = ceuenye TYHHCNS; 6 - pA3pes NAMEPUTENnHOrO0 yCTpoilcTea; [ — mnbeso-

MeTP: 2 — TamnonaXubifi pacteop. 3 -~ MauoMeTp: 4 — PE3UHOBAF nNPORAAN-

K8: & — KpbllKA; 6~ BHA HA KPLIWKY cHN3y: 7 — Gontel; & — repMeTHYECKAs

kopoOka; 9 — Huauratop; [0 — nubexknnonnasn TpyOka; 1! — OeTon obpenwn;
12 —cRana: J3— yrnyGnenns  nas  kalova:  [9 — MapKm.

KPHIUKAMH, YCTaHOBJEHHBIME FePMETHUHO 3aTOAMNNUO ¢ ofTexaeMoil
BOOA noBepxHocTbio obmenxu (pirc. 10). Buytpu xamep ycranas-
auBaioT mpubopul (ManOMeTPH M Ap.), CHADXEHHHE BTOPHIMH
CTpesKaMH, (PHKCHPYIOIHMH MakKCHMaaslLie 33 nepHoj Habaoge-
HHSI 3HAYCHUA H3MEPACMBIX napamMerpon (KPOMQ Hanopos BOAH B
TOUK2X Ha KOHTaKTe O00AAKH ¢ nopoloil H Ha Pa3HHEX PACCTOSHHUAX
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OT O6ReJKH BHYTPHM NOPORH, Hanpumep, HanpsikeHHe B NOpoAe
B 5THX TOYKAX, AaBJCHHE H TEeMNepaTypy BOAH B TYHHENE H T. I.).
O6uini BuA rpynnel npHOOPOB, BHBEAGHHLIX B TaKy0 ICPMETHYBYIO
Kamepy, noxasa Ha puc. 11,

Bo mpems nocsenylouiux ONOPOXHEHHH TYyHHENS KPHIWKH CHH:
maloT, QHUKCHPYIOT Nokasauis npubopoB, X MakCHMaJibHLIE yKasa-
TeNmH APHBOAAT K HYJIO I KPBILIKN BHOBb 3aKPbIBAIOT.

3.31. MaHoMeTpH ¢ BeHTHJIAIMH, YCTAHOBJIEHHEE HA TPyGax nbe-
30METPOB, PACNOJNONKEHHEBIX BHYTPH NOAIEMHBIX COOPYKeHH! (B TYH-
Hendx, UeMeHTAalHONHBIX rajlepesiX M T. M1.), YacTo OKa3hBAIOTCA MO-
BPEXIEHHBIMH B Mpouecce crpourenscetsa. [losroMy ciienyer cpasy
JKe yCTpauBaTh COOTBETCTBYIOLHE OrpafuTeNbHBE YCTPOMCTBA —
HHUIH ¢ MeTaJ/uINyecKHMHM kadaMmH, 3akpuiBaeMuMH 3amkaMi. [lo
OCYIIECTBJIEHHS! OTPaXkKACHHI MOXHO MOJIb30BAaThCS NEPEHOCHOH KO-
JIOHKO#H, cocTosuiell H3 TPyOKH ¢ MaHOMETPOM H BEHTHJISIMH, € TO-
MOULI0 HAKHIHOH raiik# TpyOKa 3TOH KOJOHKH HOACOELMHSETCS K
Tpybe (cnabxxennoil pe3bboi) neesoMeTpa, BHIBeAeHHOH 32 06ACNKY.
KOoHCTPYRIHS TAKON KONOWKY JJis ranepeit B Tene Murypekoit apou-
HOl nnotrubl paspaborana B [pysHHHST Ce.

3.32. HMHorna npHMeHS|IOT OAHH MaHOMeTp ]S HeCKOJNBLKHX Tbe-
30MeTPOB, NPOH3BOAS NPH HIMEPEHHAX COOTBETCTBYIOLLNE TNEepPEeKIo-
YeHHA C NOMOLLLIO BENTHJIEH.

KOCBEHHOE ONPEAENEHUE RABJEHUSA U
YPOBHSI NON3EMHbLIX BOJA

3.33. Ecan ans pasrpy3ks o0HeNOK HANOPHLIX TYHHEJeH M MIaxT
TIpPHMEHeH peryJupyemsli ApeHax, cHaGxeHHbH Ha BHXOJE MaHO-
MeTpaMH, TO MOCHERHHH MOXHO HCTMO/NbIOBATL AAN H3MEPEHHR NaB-
JieHHsT noA3eMHON BOAB Ha o6uenky. Kpome toro, mo mokasanusm
3THX M@HOMETPOB MOXXHO CYAHTH O COCTOSHHH cTaabHOIl 06JIHL{OBKK{
BOJOBOAA. Pesxkoe BO3pacCTaHHE JaBJEHHA B CHCTEMEC 6YJJ,ET CBH e~
TeJIbCTBOBATh O HAJHYHH YTeYeK H3 BOROBOJA BCJEACTBHE Hapylue-
HHY LEJOCTHOCTH OOJHIOBKH.

Harnenne NOA3eMHBIX BOA Ha CTalbHYI0 OOMHUOBKY NOLIEMHOIQ
BOAOBOAZ MOXHO ONPELENIHTL MyTe€M AHCTAHUHOHHOIO ONpENENIEHHs
3a30pa MeXAy crajabHolt obmuuoBkoi M GetoHoM. Flpn sToM Heol-
XOAHMMO YYHTHIBATH KOHKPETHHIE PA3MEPH H KOHCTPYKUHIO OOGNHLOB-
KkH (ee TOJIIHHY, HalHyHe pefep KEeCTKOCTH H T. IL).

Jns sToit LENH MOMKHO HCIONB30BaTh, HaNPHMEp, YCTPOICTBO
nokasanHoe Ha puc. 12. VerpoficTso cHaGXeHo RATUHKOM HKaBieHUS
K OXBaTHIBAIOIHM KOPOOKY KOXYXOM C OTBEPCTHSIMH JUIsS cooGle-
Hus 00pa30BaHHOH MEXAY HHMH NIOJOCTH C IOJIOCTHIO H3MEPSEMOro
3230pa, H3IMEPHTENBHHH HAaKOHEYHHK YCTAHOBNEH ¢ BO3MOXHOCTBI
ero nepeMelleHHsl B OJHOM H3 OTBEPCTHH KOXYXa, a HaTUHK faBJje-
HHA COOOLIEH C MOJOCTHI0 MEXAY KOPOGKOHK M KOXKYXOM H CBSI3aH €
PErHcTPaTopOM,.
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Ha puc. 12, @ noxkasama cxema YCTA4HOBKH YCTPOHCTBA, a Ha
puc. 12, 6 — ero KOHCTPYKLUHS.

YCTPOHCTBO COCTOHT H3 KOMXKYXa, OXBaTHBAIOWETO PACnpyH-
HeHHYI0O MeMOpaHHYI0 KOPOOKY, 3anOJIHeHHYI0 JerkomOABIIKHOH

a) § 7 8 {7

Puc. 12. YcrpolicTso pasi usMepetist 3asopos

o — (parMent oGgensn Tyndensn; 6 — npubop; [ — repmerny-

®ap Ropofxa; 2 -— TONYyoR; 3 — OpyAuHa; 4 — WIMCPHTEALHE

HEKOHEYHHK: 5 — wTylep; 6 -— kannansap; 7 — yka3aTens 3a-

30pa; & — HAMEPHTEABLHLI] [yaLT: 9 -~ KOXYX; 10— nonoctv

ROMyXxa: [f— ovsepctus; 12— 3a30p; 13 — GeTonHOE KOABLO:

14— ¢cranenas o6ontoura; 15 — nbelofthHaMomerp; /6 — npo-
BOMHUK. [7 — ynrazaTent [aRferus.

JKHIKOCTbIO, COENHHEHHOrO C KOpoOKOil H3MepPHTeALHOTO HAKOHEeY-
HHKa JaTydka JlaBAeHHA H PerucTpatopa, COCIMHEHHOrO JIHHHAMH
CBSA3H, COOTBETCTBEHHO, C KOPOOKOH H ZaTuHKOM paBjaeHusl. Koxyx
OTBEPCTHSMH cOO6lIEH ¢ MOJOCTHIO KOHTpOAHpyeMOro sazopa. Hart-
YUK KaBJenus CooblieH ¢ BHYTpPeHHEH N0JoCThIO, 06pa3oBaHHON KO-
po6KOH H KOXKYXOM.
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TIpit Bo3BEREHIH MOAICMHOTO FIAPOCOOPYIKCHIIS, 11anpiiMep, Bo-
noBoNa, COCTOsUEero H3 OETOIIOro KONbia H CTadbHol 060JIOUKH,
nocsie MeHTa)ka CTanbioil OBOMOYKA zakpenasiioT Ha nel ycr-
POMCTBO AN H3MEPEHIIs 3a30POB N COSAUIAIOT KOPOOKY M JAaTullK
C perncTpaTopoM JiHHsMH CBsI3H. [Ipit 3T0M HaMepHTeJbHRE HAKO-
HeYHHK KacaeTcs cTasbuoll obosouku. Tlocse yeTanoBky ycrpoficTsa
0BoN0uUKy OeTOHHDPYIOT BMECTE C HUM.

Tlepen ycranosroft ycTpOHCTBA B BOJOBOAE NPOU3BOJIST €ro Ta-
PIpOBKY B nabopaTopuwiX yeaosusx. B nponecce sKenayaTaluH go-
N0BONA 3a CUeT €CTeCTBCHHOrO MNPOHHKIIOBEHNS AOA3eMMBIX BOJ
BHYTPb KOMXKYyXa TIPOHCXOANT OOXHM KopoOKli, a BeJHuliHa AasJje-
1iHs] 3THX BOJ onpenensierca € HOMOWAIO A3TYHKA JanRJeHHA Ha
peructpatope. Boamoxvuiii  ccrecTsenunft  ofkum  kopobkH  oT
NON3EMHKX BO/L 1F JIABACHNHS BOJb BHYTDH CTadhHol 060A0UKIT YYH-
THIBACTCH Npu Tapliposke yerpofictea. I'lpn onopoxnennn RoAOBONA
11 Pa3rpy3kH Cro OT BHYTPEHHErO JlapaeHns BoAnl cTanhnas 060‘11011-
Ka BOAOBOAa HauynuaerT AehOpMIPOBATLCH BHYTPL TMOJ AeicTeBHENM
NMOL3EMHBIX BOJ, H MEXNY CTanbHON 0B0NMOuKoil U GCTONHBIM KOJb-
oM obpasyercs 3azop. B 3TOT 3a30p nOA AeficTRIEM pacnpyXKHHeH-
HOl XOpoOKHM nepeMeniaeTci HAKOHCUHHK, KOHTaKTHPYIOWHH ¢
obonouko#t Bonosona. o nedhopmauuu KopoOKH 3a CUeT YBeaHue-
HiIs ee ofbeMa ONPEAEASiCTCS BENHYITHA 3a30pa HA pPergcTparope

Hpyroft BapHAHT JIHCTAHIHOHHOTO [3MEPEHNST 3a30pa MEXIy
6eToHOM oOpenkd 1 CTafbilol OONHUOBKON BO3MOMEN C NOMOHIBLI
CTPYHHHIX JIATYMKOB — [UesemMepa 1 nbedgannamometpa. Ilpn ston
CTPYHHBI WeneMep (TEH30METpP) ONHHM KOHUOM AOJIKEH OUITH TNpH-
KpeflIeH K CTadbHOH OG/HIOBKE BOJIOBO/A, 4 APYTHM — K CTEPIKHE
BOMY 4HKepY, 33aAeJNaHHOMY B TIOPOLY B TOUKE, rie AedOpMalHH 1o-
POABI, BHI3BAHHbIE BOJOBOLOM, AOCTATOUHO MaJjb. CTpyHHBI Mbeso-
IHHamomerp (THna, cayXawero AN M3MEpeHHs MOPOBOTO AaBJe
HHA) cJeflyeT YCTaHOBMTh B GeTOHHON offenke BOJOBOAZ TaK, YTO-
0ol ero BojonpueMHAas uacth Oblna pacrofoyeHa Ha KOHTaKTe
cTanbHOM OOMHIOBKE ¢ GetoHoM. TOrna CTPYHHLIA LiesieMep Noaso
JIMT HEMOCPEACTBEHHO OMPeflesHTh HCKOMYIO BENHUHHY, a Nbe30dk
HaMoOMeTp, NOKa3LIBAIOIHH AABJICHHE BOAL B LIEJH, NO3BOJHT yCTa:
HOBHTbH 3aBHCHMOCTh MEXXAY BEJHUHHON 3a30pa H LaBneHHEM BOJH
B HEM. 3JTa 3aBHCHMOCTb NMPH CPABHEHMH €€ ¢ COOTBETCTBYIOLIEH
33BHCHMOCTBIO, NMONYYeHHOH ¢ NMOMOIUBIO YCTPOHCTBA, MOKA3AHHON
Ha pHC. 12, 3a/0XXEHHOr0 MO COCENCTBY, NO3BOJAHT OLEHHTL CTENeH:
TOYHOCTH paboThl Gosiee NPOCTOro YCTPOHCTBA H HOCAYKHT LIS 0G
BHIUEHHST HAAEXKHOCTH H3MepeHHuii: B cayyae, ecan BHLET H3 CTpO-
onud npubop, 6yner npoacskare pabotats nprGOp, OCHOBAHHKI Hi
IpYTOM NpHHLHINE.

3.34. [ononuutenbible PeKOMEHAZLHH N0 3akfAafxe npHOoOpo
H NOBBILIEHHMIO HALEKHOCTH H3MEepeHHMH.

Ina KOHTpONs MCLITAHHE W HCCAEROBAINF, BHMNOJIHAEMLIX 3
BOAOBOJIaX M ONBITHBIX KaMEpax ¢ ONPCCCOBKON BOAOIO, 3aKJiafbk
BAOT B pAAE NONCPCUHHKOB HPHOOPLI PA3JHUHOIO Ha3HayeHHE
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(rpyHTOBHIe H apMaTypHble JIIHAMOMETPH, TEH3OMETPH I Ip.), a
TLE30METPHl (NbE30AHHAMOMETPH ) OGBIMHO 1IE JAKJAAAKBAIOT. B 5THx
cryyanX HafJIeXKHT TakKe NpefyCMaTpHBATL YCTAHOBKY (QHAbTpa-
nnorrofi KHA,

3.35. HarypHbie HCcAefOBamHs! HABJCHHA NOL3EMHBIX BOA B ONBLITHLIX KaMepax

YuureBasi 6oJiblioe TEOPETHYECKOE H NPAKTHYECKOE 3Hauye-
HHe OUEHKH AABJEHHA TNON3CMHLIX BOJA Ha OOJCJIKH NOA3EMHBIX CO-
OPYXeHHil, B npouecce H3LICKaHHI H CTPOUTENBLCTBA CJAELYET NPOBO-
OUTE COOTBETCTBYIOIIHE HATYpPHbLIE HCCJeNOBaHIIA B ONBITHLIX Kame-
pax. DTH HCCENOBaHHs HENecO06pPa3HO BHIMOMHATL NapaslJIENbHO C
ONbITaMK, NPOBOAMMbLIMH B KaMepax THAPaBAHYECKOrO 3arpyXKeHNs
NpH OfpeneeHnH AepopMaTHBHLIX XapaKkTCPICTIK NOPOAHOTO Mac-
CHBA.

Tpu nposenenint onbITOR B Kamepax, jJaBlieHle NMOA3EMNLIX BOJ
na oBAeNKY MOXIO ORNpellefsiTh C NOMOIUBIO TOYEUHBIX NHLE30OMETPOn
HJH TbE30AHHAMOMETPOB, BOJLONPHEMHHKH KOTODHIX PacnoJiOXKEHH
Ha KoHTakTe obaenxH c¢ noposof. ITpu 3tom BOJONpHEMHHK NbE30-
JHHAMOMETPa HMECT KOHCTPYKUHIO, He pearHpylollylo Ha daBieHHe
npuMbIKaomero rpyuta |{33].

C uesplo KOMIJIEKCHONO 1I3YHEHHS! B ONBITILIX KaMepax BeJIHYHH
[aBAEHHS] TOA3EMHLIX BOJ, TPoHHMaemocTn OeToHHON ofaesKH,
MPOYHOCTH NOPOAHOrO MaCCHBa H 3(PEKTIBNOCTH NPOTAROPHNBTPA-
LHOHHOH lEeMEHTAaUHH DEKOMEHAYeTCsl cieiayilollas METONHKa opra-
HH3aUHH H TPOBEAEHHsI MCCJEAOBaHNA B ONBITHLIX Kamepax ¢ npn-
MEHEHHEM CHCTEMBbl DAacHOJIONKElHs 110 paAHaibHbIM JiyyaM B noflle-
PEYHBIX CEYEHHSX TOYEYHHBIX NbE30METPOB.

3.36. OGopynosanue onbITHON Kamepsi

[ox TOUEUHHIMHM TIOZPA3yMeBAalOT TAKHE MBE3QMETPH, VY KO-
TOPHX BOLONPHEMHAs! yacTh ((HAbTP) uMeeT AauHy I, HeGoabuiyio
Mo CPaBHEHHIO C TOJIHHON OGAENKH, TOJIIHHOA 30HH! LEMeHTalHH
U paiHaJbHBIM PACCTOSHHEM MEXAY COCeAHHMH Nbe30MeTpaMH, pac-
NOJOXEHHHIMH Ha JIyde.

ITpu MenkoGaoyHO CTPYKTYPE UOPOAH CleAyeT RPpHHHMATL [ =
= 0,4+0,6 m; npH KpynHOGJOUHON CTPYKTYpPE NOPOABL H 3HAUNTEIb-
HOH TonLHHe 30HH uemeHtauuH [ = 0,8=1,2 M.

p [Ibe30MeTpH CiefyeT pacrosiaraTh BAOAb KaMHOrO Jyya Mo ye-
T;}pe wrykk (pHc. 13) rak, uto6Hl cepesnHa ero ¢uabTpa (T. e. ce-
penHHa BOJOMPHEMHOH 4YacTH — y4acTKa JJUHOH [ CKBAXHHBL C
auamerpoM d = 2r) pacnosiarajiach y MepBOro npe3oMerpa Ha pac-
crosuun 0,5/ OT XKOHTaKTa NopolH ¢ 06AeNKOl, Y BTOPOro — 10 ce-
penyHe NPOEKTHOH TOJIIMHEL (€) 30HB LEMEHTALHH, Y TPETbero —
Ha BHeIHej; rPaHHLE NPOEKTHOH 30HBI LIEMEHTaLHH, Y YeTBEPTOro —
BHE 30HEI UEMEHTaUHH HA paccTosiiiK 0,5¢ oT ee BHEUIHEH rpaHHIbL

Ins cospauust GUALTPOB npoCypHBAIOT H3 TYHHEST COOTBETCTBY-
OUlHe CKBaXHHH ¢ d 22 50 MM, KOTOpHE 3a NPefeNaMH KOHUEBHX
Y4acTKOB AJHHOM | TAMONOHHPYIOT, a BOAy U3 (GIILTPOB BHIBOJAT O
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Tpy6am Ha H3MEPHTENLHBIH LLHT, YCTAHOBACHHLII B NOAXOMNON BHI-
pabGoTke. BpiBopsiliie CTafbLHbIE OLHHKOBaHHEE TPYOH /I1AMETPOM
25 MM NpONyLeHH I'ePMEeTHYHO Yepe3 TeNo Hpobxil.

Pnc. 13. Cxema paciostomenna NbC3OMETpOB BAOJbL
nyua
1 — Getonstan 00ATARA Tynueas; 2 — UporHBOGNALTPAWION-
tan  uemeutauns; I — Guaptp (BoRonpHCMIILIDI  yYACTOR)
NLe3pMeTpa.

BoaonpneMHyio 4acTh Ibe30MeTpoB — MILILTP YCTPaHBAIOT TakK,
yToGBl MpPeAYNpPeAHTh BO3MOMKHOCTL BBIHOCAZ YaCTHLL MOPORB! I 3a-
NONHHTENS TPEWIMH B MOPOJE B CAyyae HeZOCTaTouHol cyddosiion-
Ho#l npousocTH 3anojHnTens. [1oJ0CTh MeXKAY CTEHKaMH CKBaXXHHH
1 BHBOAsLuell TpyOol neesomerpa, HAaXOASILYIOCSl 33 TNpenenami
duAbTpa MeXAY CTEHKAMH CKBaXXHHBI H BHIBOAKOH TpyOo#, repme-
THYHO TAMIIOHHPYIOT, HHAYe mbe3oMeTp He OyJeT TOYeYHHIM H [OKa
KET OCPEAHEHHH!I Hanop Ha YyyacTKe CKBaXKHHH HEONpe/eseHHol
JUIHHBL,

C uenblo yHeLIeBJIEHHS MOMKHO B3aMeH OT/@JILHBIX NMbe30Mer
pOB, YCTAHABJIHBAEMBIX BOJIH3H OAHOrO Jiy4ya IPHMEHHTh Nbe30MET)
(puc.13) ¢ HeCKOJNLKHMH BOZOTpHeMHHKaMHu (GHAbLTpPaMIl), HaxoAs
IIMHCH B eIHHOH CKBaXXHHe, NpoGypeHHOll BJOJNL AAHHOrO Jyua

UsmepurensHbifl IMHT, YNOMSIHYTHIE B NpelBIAYILEM [YHKTe
npejcTaBaed Ha puc. 14, rie ¢ uenwslo YnpolleHHs PHCYHKa H306pa
JKEHO TOAKJIOYEHI€ TOJMbKO JABYX Nbe3oMerpoB [. AHaJOrHuH
LOJIXHEL GBITh MOJAKAIOUEHH K BaKyyMHOMY 6 H Hanopuomy 7 0aw
KaM BCE OCTAJIbHbIE Tbe30MeTPH! (He MOKa3aHHbie Ha 3TOM PHCYHKE)

LlenecooBpasno rpynny nbe3oMeTpPHYECKHX ONHHOUHBIX CKBAXKHH
NpHHALMEXKAILHX OLHOMY Jyyy, pacmofiaraTe pPaBHOMEpPHO MO Ha
NpaBisiiOMM  UHJIHHAPHYCCKOH TNOBEPXHOCTH C pajguycoM R
2= 0,5+1 M, Hmetowel ocelo atoT ayy (puc. 15).

TIpu nopoze, H30TPONHOJ O BOJAONPOHHLAEMOCTI!, @ TaKIKe CJ¢
HCTOH, KOTrZa CJIOH PpachoJjioXKeHbl HNPHOJIH3HTENBHO HOPMaJibHl
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Mo OTHOWEIHNO K OCH ONBLITHON KaMepsl, CHAGLYET, KaK MHHIIMYM,
NPHMEHHTL ABYXJYUYEBYIO CXCMY DACNOMONENS 1be30METPOR (pHC
16,a), a Bonee xenatenbHo — Tpexayuenyio (puc. 16, 6).
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Puc. 14. INpunuunnansuas cxema ycTpPONCTB H3MEPHTENb-
1OFO UI¥Ta NLE30METPOB, YCTAHOBJeHHEX B pafoueMm oTceke

{ — soponpuemaan vacts (huasTp) nvezomMerps: 2 — BEHTHAH;
J — ManoMmerp npYKUUHLI; 4 - BAKYYMMETD OpyRHHHBI 5 — co-
CYA AN¥  M3MEPEHDA  pPAcXoMa BOAL; 6 — 08K [epMeTHYecKHR
¢ BAKYYMOM; 7 — Gak wanoplintit; 8 — BaKyyMsacOC C >N€KTPOLBH-
rateneM; $9-—- KOMODECCOP ¢ INeKTPORBHratTeaem. 10 — natpyGox
AAR BHAYCKa BO3AyXa; [f — aatpyGok nas causa soln; [2 — na-
IpYOOK s BNYCKa Boznyxa: 3 —— TpyORa €O wKanofi onpegenc-
unn ofbeMa ponnkt B Gakc; 4 — naTtpyOoOK IO TOAAYH BOALY 0T
BOAOAPOBOANONl CETH NAH BOASNONO HaCOCA.

ITpu npoussoasioM HanpassacHHN {He NO HOPMadH) OCH OMBIT-
uofi Kamephbl NO OTHOLIEHNIO K HANJaCTOBAHUIO NOPOAbI, aHH3OTPON-
1Ol MO APOHHILAEMOCTH, CEYeT JYYHd ¢ NLE3OMETPaMH pacuodiarats
¢ Y4eTOM HalnpaBJIeHHS TaBHBIX Ocefl aHH30TpO-
nuu. IMeHHO, NpH ABYyXJAy4eBofi CXeMe HampaB-
JISITh JIYYH BBepX mof yriom 45° K HampaBJIeHHIO
TOH H3 TJIaBHEIX oOCefi AHH3OTPONHH, KOTOpasi
pacnojioxxena OJiHXKe K BepTHKRaJH; Oosee xe-
JaTefibHO NPIMEHHTL YETHIPEXJIYYEBYIO CXeMy,
fo6aBHB K YHNOMSIHYTHIM JABYM JiyuaM ellle ABa

Puc. 15. Ceuenne

Jy4a ¢ IPSIMO TIPOTHBONOJIOMHEIM HaNPaBJICHHEM, no J—1 (pHe. 13)

IIpu pacnoyioXKeHUH OCH ORHBITHOM KaMephl 1 — nonepeunoe ce-

YeHHe JILE3OMETPH-

oM yrJioM K HaMJACTOBaHHI TNOPOOH HeEJeco- Bt
06pasno OypHTL CKBAYKHHEI IS QUIBTPOB HE MOX 2—~cnex syua.

NPSIMBIM YIJIOM K OCH KaMephl, a BHOHpaTh yroa
Tak, yroOul PHALTP Nbe3oMeTpa nepecek HauGONbLIee YHCIO TPelHH
HamlacToBaHHA. B nocnenHeM chayvae AAHHY PUHIBTPa CAGAYET yBe-
JIHYHTb HACTOJBKO, 4TOObI MPOEKUHs 5TOH JNJIHHH HA IJIOCKOCTH MO-
IEPEYHOrO CeyeHHsl Kamephl paBHAJach GHl 3a4aHHON BenwuuHe [,
B cTBope ToueuHbiX nnre3omerpos K BOGJH3M OT Hero (Ha pac-
CTOSIHHH HECKOABLKHX MeTPOB) CJEyeT YCTPOHTb BEPTHKAJILHYIO Ibe-
30METPHYECKYIO CKBAXHHY C AJHHOA QuibTpa 3/ ¥ C pacnoJOXKeHH-
eM QHJILTPA Hal CBOAOM KaMepHl Ha BLICOTE, NPHMEPHO, He MeHb-
wei (7-+10}/, Ho He mpeBocXoAAWEH OTMETKY YPOBHS NOA3EMHBIX

4 49



poA. Tpy6a OT 3TOro NLE3OMETPa TaKkKe ACAKIY OLITL BUBCACHA Ye
pes npobKy xamepnl lta WHT H cHabxena mauomeTpom. Hasnauenn
3TCTO NLE3OMETPA — ONPEAEANTL HATIOP NOAIEMIEKX DOJ B 30HE, M3
AOBO3MYLICHHOH BO3ACHCTRHEM TYHIQ/IA.

@

EY !

Puc. 16. Cxema pacrionozmenns nNLCAOMETROR B CIywac
HOPOLE, HIOTPORUOH RO BOLONPOILILGCMOCTH, WAl 1PN pac-
TIONOIKENIN CJI0EB NOPOJibl HOPMATLHO K OCHl TYHHEH

o — Apyxayuenas caema; O — TpexayueBan  cxema: [ — [¢147, (L IR
Tyunens: 2 -— sona uementaniu: & — GRABTPL  NheIOMCTPOR,

[Ipn uynecsie CTBOPOB € TOYEUHBIMH MHZ30AETPIHCCKIMI CKBAXH
HaMH, D4BHOM eJMHHLEe, CTBOD CAENVET PACIONOAIThL B CCPEAHH
DAYMHE ONBITHOf KaMepPH!, a NPH ulCAe CTBOPOB, parHOM ABYM (YT
foJiee HeaaTeNnbHO), CTBOPLI CAEAYET PACHONOKITL 11a PACCTOAHHA
1o 1/3 pnuHB KaMephsl OT ée KOMIIOB.

TIpu [ABYX NBE3OMETPHYECKHX CTBOPAX € PACHONOXKCHHEM
Ka)@IoM Tpex Jyyell 1o ueTsipe nnesomerpa ua Jayue (puc. 16,6
palboTaioT 24 TOUCUHBIX THE3OMETPA.

Paborh no 6ypeHuI0 CKBaXKHH AR NLE3OMETPOB ¥ YCTAHOBKY
B CKBaXHHH (HIBTPOB BHINIOJHAIOT NOCAC OKOHYaHHA paboT Mo ue
MEHTAUHH (3aNOJHUTENEBHOHM, YKDPenHTeNbHON — NpOTHBOQIILTPA
LHOHHOH), BO H3bexxaHHe noBpexnenus QuALTPOB (PaspeiBa CETKI
¢unbTpa, 3abHBKM €ro 3aTEKAIOHINM LEMEHTHHM PacTBoOpoOM).

Eciu onuiTHas kamepa [OMKHA HCCAEOBATLCH B /JBE OUEpe
IH —— 0 HIOCJEe HeMEHTAUHH IOPOMUbl, — TO NOCAE BHINOJHEHHS HC
C/ieJloBaHiH NepBoil cuepent (HUALTPH BCEX MLE3OMETPOB 3arnylua
totest {TaMnounpyiorcsi). [locsie OKOHYaNIR eMENTALHOHBEX pabol
70 COCEACTBY ¢ 3arayuienHuimu duabTpami {B paccrosuuy 1 —
2 M) pa3bypHBaIOT HOBHE CKBaXKHHEL, YCTAHABANHBAIOT B HHX HOBLK
DHALTPE 1 NOACOEAHHSIOT HX K NbC3OMETPHYECKNM TpYGam HaMepH
TEJILHOrO 1IHTA, HCHOJAB30OBAHHBIM B HCCNEAOBAKHAX NEPBOH oyepelH

3.37. Meronmka M TEXHHKA NPOBEASHHA HCCACROBAHHHK

[lepen onpeccoBkoil ONHITHON KaMephi MOJOCTH BCEX «TONEYHHIXY
NbE3OMETPOB CrepBa OCBOOOKNAIT OT BO3AYX2 NyTEM BaKYYMHPO-
BAHHS C MOMOIIBIO YCTPOHCTB, HAXOASLIUXCA Ha H3MEPUTEJbHOM
wuTte (pHc. 14), a 2aTeM 3anoNHAIOT BOJOH TMOA COOTBETCTBYIOLIMM
Aapnennem u3 Gaka 7.
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Ecsii BOXpYr Kamepsl HMEIOTCS HANODHHIC MOA3EMHBLIE BOAH, TO
MaHHIYJHPYS BEHTHJAAMH, ONPEACASIOT {10 MaHOMETPAM Hanops B
ToueyHLX nbesomerpax (fa) B wmetpax Bopsioro cronba, ¢nen-
PYS NpH 3TOM RPOJOJKHTENLHOCTL BPEeMeHH cTabuiuzaunn noka-
saunit neesomerpos. JHns oTcuera Bcex HANOpoB B KayecTse
HyJIeBo# NAOCKOCTH YAOOHO NPHHATL TOPHIOHTAALHYIO M/IOCKOCTb,
NPOXOARILYIO Yepe3 UEHTP CPeAuero CeYCHUS ONHTHOH KaMephl.
Torna nbe3oMeTpuUueCKHe YPOBHH, DaCNOJNOKEHHbIE BLILIE HYNEBoH
MOCKOCTH, OYAYT XapaKTePH30BATHCS MOJOXHTENbHBIMH HANOPaMH,
a pacrnonoMeHHble HMXKe HYJEeBOH N/JOCKOCTH — OTPHUATENbHEIMIL.

C Lesbio NpOBEPKH YYBCTBHTCHABLIIOCTH II HHEPUHOHHOCTH (Bpe-
MeHH CcTaOHJIH3aUHN TIOKA3aHHH) KaKIOTO TLE3OMETPA BHITYCKAIOT
H3 HEro BOAY AO Hayana ONLITOB C ONPECCOBRKOH xaMen:i, H3MepSIOT
ofbeMHBIM cIocofoM (C NOMOUIBIO MEPHOFO COCYAa 5 H XPOHOMET-
pa— pric. 14) pacxon BOALI H3 TLE3OMETPA U (PIUKCHPYIOT BEJHYIIHY
3TOTC PacxXojia Ko BPEMEHII ero npakTIYCCKof cTabuinaaund.

3uan BenHUHHB fig, Qn, MOKIIO OTIPENLANTE BEAHYHHY k& — KO3~
¢puunenta duaprpalng nopoasl, BMemalomei GIILTD MHe30MeTpa.

AunanoruyHoe onpeneseHHe BeAHUUNH E nenecoobpasHe NOBTO-
PHTb TIOCJIE OKOHYAHHA OTHLITOE C ONPECCOBKOH NPH ONOPOMHEHHOM
Kamepe, uTo0bl ONPEAE/HTh, HACKOJbKO YBEJHUHNach BEeiHYHHa R
13-338 OCTATOYHHIX AehOpMaulil NOPOAH, BH3IBAIHEIX €€ ONPeccos-
Ko#H.

Ecnv BOKpYr KaMephl OTCYTCTBYIOT HaNOPHEIR MOJ3EMHBIE RO,
TO B3aMEH PaCCMOTDEIHOTO BHIUE BLINYCKA BOAKM H3 NHE30METPOB
HATHETAXOT B HHX BOAY NMOA HANOPOM My, QUKCHPYS HarHeTaeMulil
pacxof Qn K MOMEHTY NpakTHUECKOH CTaGHAH3AUMH €ro BeJIHYNHBIL.

[lo namepennuiM Besnyusam fig 1 Qg onpenensitor xkoabbumueHT
¢uneTpauu k noponw.

B npouecce ucnuitaHHA ONLITHOH KaMepH NPH KaXIOH CTYNEHH
nasienns (p) OHKCHPYIOT BeJMuUHHBI pacxopa Qax HarTHeTaeMOH
B Hee BOJbl M HamnopoB BCex nbesometpos (M, fz, As, ) K mMomen-
TY npakTHYecKofl cTaGHAM3auNN 3HAYEHHWH YNOMSHYTHX TNiapaMeT-
pos. Ux duxcauuio npoH3BOAAT Kak NPH YBEJHYEHHN p, Tak W 0PI
YMeHbUICHHIL.

3.38. Metonuka 06paGoOTEM ONBLITHBLIX XAHHLIX

Ins npensaputensHofl ouenxu xosdduiinenta dunsTpaunn k
NOpPOAH MM 3aUEMEHTHPOBAHMON 30HLI €r0 BeJIHYHMHY ONpefensioT
no ChefyiownM npubnrxernisim Gopmysiam.

IMpu naanyum wHanopnuix nonsemusix eox [49]:

On al
% -—-—mln - (N

3reck fin — hg — pa3HOCTL MEKAY HanoOpoM B 3aKPHITOM MNne3oMeTpe (mepes Ha-
YaJIOM BHLINYCKa N3 HETO BOAM, T. €. np# Qn = 0) ¥ HanopnoM B KOHlE ero TpySul,
H3 KoTopoil Buinyexator pacxol, Qn; ¢ — Gespaamepuntit xoatdhuuuent; ¢=1,32 npu
tdunerpe, npumnikaomem K obpenke [49, 50); a = 0,66 npu duaLTpe, He NPHMH-
KawoiteM K obpenke [50; 51, ¢. 31).
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TIpu ofcyTcTBHH HANOPUBIX NOA3EMHHIX BOL, NpPH 110JCBOM onpe.
J€JICHHH BOAONPOHHIACMOCTH NIATHETAHHEM BOAB B CKBAMCHUY MOX-
HO NPHHATD:

=g, (2)
ecJsii Beipaxath k B M/CYT, @ yAeNbHOE BOAONOrNOIEHRe B JI/MuH - M%

Qn
9= T~ Y @

B nocnepnelt bopmyse narseraeMuit B GuaLTp pacxon Qn Bbr
paxeH B J/MHH;.

! — pnuHa GuALTPA (BOAORDHEMINIKA) NHLE3OMETPa, M; My -—— /i — npeBpIUCHIIC 1A
NOpa K& NOBepPXHOCTH GHALTPA Mag ero nuamedl Toukoil, M.

Takum oOpa3oM, NbE3OMETPH MOMHO HCIONLIOBATL HE TOJMLKC
1O HX NPAMOMY HA3HAYCHHIO, HO €lle B AAN onpeaeacHlst xo3dha-
HMeHTOB QUALTPALHY NOPOJL B GJHU3KOH OKPECTHOCTH (QIALTPa —
TIPUMEPHO B 30HE, 33KNICUEHHOH BHYTPH NOBEPXHOCTH, TOYKH KOTO-
poii yraneHst Ha paccrosiuue [ ot nosepxuoctH Quawntpa [53].

IMpuBenenusiME B 9TOM NYHKTE (GOPMYJaMU MOKHO MONL3OBATH-
Cfl U LJISL KOHTPOJISL KAuecTBa H pa3MepoB 30HLI LEMEHTAUMH NYTEM
HarHeTaHHs BOABl B CKBaXXHHB BO BPCMSl YCTPORCTBA ONGITHOH Ka-
MepHI.

Bosiee TOYRYIO OLIEHKY OocpenueHHoll BeMmylKL £ B 10pOAe 11 30-
He LEeMEHTalLHH, 2 TakXe B caMmoii 6eToHHOH ofiaenke ONLITHOH Ka-
MepHl, MOXHO ClejlaTh IO HMKecneaywwdM ¢GopMynam.

OnpepeJHB Mo NOKa3aHHSM MaHOMETPOB Hamopul (M BOL. CT.
B TOYEYHHIX Nbe3oMeTpax Ny, fia, hs, By), cTPOST BAOABL KaXAOrO Jy-
ya 3MIOpy HamopoB B pajHalbHOM Hanpasgewun (puc. 17).

3a OKOHYaTeJNpHYI0 IJIfl NAHHOTO NONEPEYHHKA NPHHHMAIOT OC-
PEIHEHHYIO 3MOPY, NOJYYEHHYI0 Kak cpelueapHdMeTHyeckoe i3
SMIOp BROJH JIYYeH, JieXXalluX B 3TOM NONEPEeYHHKe.

bByneM nosb30oBaThCs BeJNMUHHON (), BhIpaamuell OTHOUIEHHE
(pHIBLTPAHHOHHOrO pacxojla H3 KaMmepH B nopony (NpH YCTaHOBHB-
weficst GuabTpannk) Qqu K €RHHHIE AJHHE L Kamephi:

Qt= ——. )

Pacxon qu H3MEPHAIOT NPH Hanope BOAbl BUYTPH OMNBITHOH Ka-
MEpHI:
14
h0= ’.;" (5)
rge p— LaBfieRUEe BOALI B Kamepe; y-—— BeC €NUHKUL o6beMa BORHL.

TpnMeM npubsnmxenno, uro QHIALTPAUHOHHHH NOTOK NJIOCKHI,
panvanbHbil; MO2KHO CYHTAThb NPHJIOKHMONR JJIsl TAKOTO TIOTOKA H3-
BeCTHYI0 (OPMYJYy OCECHMMETDHUYHOIC ABHMXKEHHs. IlpuMmennM ee
NOC/EJOBATENLHO K KPYTJIOIHJIHHIPHYECKHM COOCHEIM C1osiM (pHC.
17): x GeToHnol ofnenke ¢ pajHycoOM BHYTPEHHHM ¥ BHELUHMM CO-
oTBeTCTBeHHO Ro ¥ R; x 3aleMeHTHpOBaHHOl NOpPONE B npepesax
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ot R no R40,5¢; or R+0,5¢c no R+¢; K HesaueMeHTHPOBaHHOM
(Tounee roBopsi, cnabee 3aneMEHTHPOBAHHON) TWOpOAE B Mpeenax
ot R+¢ no R+1,5¢; k octanbuoit 30HE MOPOAL B NPefesax OT KOH-
Typa OKDYXHOCTH ¢ papguy- e
coM R+15¢ po Buemwmero

KOHTYpa ofQulacTH ¢uapTpa-

wWHH, KOTOPGH NPHHKUMAIOT B

BHJIE UHJAHHADHYECKOM Ino-
BEPXHOCTH C PACUeTHLIM pa-

LHYCOM:

[

R = pt (6)

i HanopoM h, Ha TNOBEpPXRO- e '
CTH, 7 7
rie { — rayGHRa 3aN0KeHHsl OCH Ka- ] /?z 71z /'7/
MepHl NOA YPOBeHb NOA3EMHEIX BOL l ’
npn OTCyTCTBHH CBEpXY BOAOCMA,
npu atoM 3 =05; a npn Hammuun
popoeMa ¢ -—TayGHiIa 3a70)KEHHS
OCH KaMepk! Moji AHO BOJIOEMaE, NpPH
atoM § = 22.

Torna 6yneM mMeTb COOT-
BETCTBEHHO CJAeYIOILLHe BbIpa-
JKeHusi I Ko3(pdHUREHTOB

GunLTPauHH:
B 6eTONHOH ob6aefxe
& R
ko =5 th, —Fy " Ry D
B Tiopojie
P 0.5¢ Puc. 17. 3miopa HallopoOB B pamuaibHOR
- Qs n R+, NNIOCKOCTH TPH (QUILTPALUHK BOAL H3
BT 2n (hy — hy) R " ® TYHHE.
Qs R+e¢
kog = Or iy a) In "1 03¢ (9]
& R+ 1,5¢
o = Txth—ty " RFe (0
Q Re
ke = o —Fy " RT 15" an

HNocnennsis bopmyna npEMeHNMa NPH YCJIOBHH:
t> R+1,5¢,

npryeM ToutocTe dopmynsl Tem Gonbiie, yeM Ganxe GuaLTPALHOH-
HBI# IOTOK K MJIOCKOMY (IBYXMepHOMY), T. €. ueM GoJiblie OTHOLIE-
HHE [LTAHBEI ONPeccoBbiBaeMOl ONLITHOA KaMepH K ee JHaMETpy.
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[Ipu oTCYTCTBAH HanopHLIX NOA3EMALIX BOZ BMecTo (11) umeey
ypaBHenHe [23, c. 34; 54, c. 44]:
2 03404
hy = 6770k, In Fn (R 4 1.50) (12

1€ s ~— Hanop Ha NMAHHAPHUCCKON NOBEPXNOCTH ¢ paanycoMm R+ 1.5¢; kn — ko
shhuusent PUALTPAEYE NOPOABI B NpUleAaX MERLY T0il HODCPXHOCTLIO B O
UEPXHOCTLIO Oyrpa, OOPAasOBANHOIG (PUALTPAHHUOIHLIM NOTOKOM H3 OULTHON Ka
MCPBl B OKPYXKAIOLLYIO CpPeay.

Mz ypasneuns (12) seauuuny k. onpeinensior nopdopom, 104
CTaRJisifi B NPaBYIO YacCTh PA3AHYHBIC HPOH3BOJBLHO NPHUATHIE HHC
JoBbie 3upavennsa k 40 Tex nop, noKa npapasn 4acTtot NIC CcoBnajgerT ¢
BennuHnoi h,, B3ATON 1o smope Hanopos (puc. 17}).

Bucoty a Bepxuefi Touxil Oyrpa (MuipTPALBOINOL HOTOKA Haj
OCBIO KaMepbl ONpeaensior 1o ¢opmyne [23]:

a = 0,216Q1/kq. (13)

Onpepenns ¢ NOMOLLLIO HarHeTaHHs BOAB B ONBITHYIO KaMmepy
KO3 puLKenTsl QuibTpanHu O6eToNHOR o6helikn R, 3aBEMEHTHpO-
BAHHOH NOPOLH Ayem 1 HE3AUEMEHTHPOBAHHOR NMOPOAB £, NOACYMTH-
BalOT IO M3BECTHBIM dopMysam [22, 52, 54] duabTpaumoHHLI pac-
XOJ, HATYPHOTO (NPOEKTHPYEMOrO) HAMOPHOIO COOPYXEeHns (TyHHe-
A, WaxTL) 1 HAanopsl Ha NOBEPXHOCTH KOHTakTa O00JeNKH ¢ 3aue-
MGHTHPOBAHHOI Nopono#t {npH HaJH4uM TAyOOKOH uemeHTallH) H
Ha BHEUWHEH DacUYeTHO# NOBEPXHOCTH 30HbI LEMeHTaLliil.

Ecan pe3ysbTaTel HCNBLITAHHS ONBITHOH KaMephbi BHABAT OLLYTH-
MO€ HEeNOCTOSHCTBO BeJHYHH KO3QEIuUHeHTOoB OHALTPAUUH B pa-
IHaJLHOM HANpaBJIeHHH, TO 5TO CIEAYeT yuecTb NpH pacuerax. Hus
3TOT0 MOXKHO BOCHOJB30BaThCH Chepyioulefl dopMysiol, n03BOAAIO-
el B npejesax KaxXJoro HHIHHAPHYECKOTO CJ0fl YUeCTh H3IMEHEHHE
KO3 (pHUHEHTOB (PHNBTPALHH B paiHalbHOM HanpasieHuu (mns yu-
POLLEHHA pacueTa TpH BeBoAe (opMmyant (14) 3TO n3MeHeHne npu-
HHMAeTCH OT By Jio ke Mo nuHeflHOMY 3aKOHY):

hy — by . Ri— Ry Rgk, 1

Q. T (BRi—kR) "Ry (19
3pecs k) H ky — KoapobHUHEHTH QHIBTPALKH COOTBETCTBEHHO HA COOCHBIX Uk
JIHRAPHYECKHX NOBEDXHOCTAX C DasuycoM Ry H Rp (npu 3TOM npHHHMaeTcs, Y10
BHYTPH LWJIBHADHYECKOIrc chios kKo3(pduunent QUALTPALNW £ ¢ yBeanueHueMm pa
IHyca oT Ry 10 R; H3MEHAGTCA 1O JIHHeHHOMY 30KORY OT Ry JO R); fy u fig—~
HanopH Ha UKHAHEAPHYECKHX TNOBEPXHOCTAX € pagnycamu Ry w Ry, Q) — duastpe-
UHOHHBA pacxol uepes CAHHHLY JAJHHL LHANHADPHYECKOrO (KOJBIEBOro) /0%
npHueM JABIDKEHHE BOAE Yepe3s 3TOT caof npeanosiaraeTcd HanopHLIM 11 OCEeCHM-
METDHUHBIM.

[Ipapas uacTb 3aBHcHMOCTH (l4) BupaxkaeT QUALTPALUOHHOS
COTIPOTHBJIEHHE €NHHHLLI IJHHE YNOMSHYTOrO Bhilte cjosi. Ecnn
NPpOCYMMHPOBATL 3TO CONPOTHBJIEHHE CO BCEMH OCTaJIbHBIMKH COMNpO-
THBJIEHHSAMH, Ye€pe3 KOTOphle MOCJeIOBaTeJbHO MPOXOAHT HHIbLTPA-
UHOHHHIH TNOTOK, MOJYYHM YypaBHeHHEe, B KOTOPOM IpaBast 4acTh
BHIpakaeT NOJHOE CONPOTHBJEHHE, a JI€BAfl YacTh — NOJIHHIT Ie-
penaj Hanopa, RejleHHHH Ha pacxof Q.
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M3 3TOr0 ypaBHEHIS, 3Has MOJAHLIH TMepenaj Hanopa # non-
HOe COMpOTHBJICHHe, Onpenensior (. 3areM, NOACTaBafAs HafLen-
nyio Beanunity Q; B HCXOZHbIE YDBBHEHHA NJIA OTIENBHBIX CJOEB,
Onpeﬂ\e.ﬂﬂlOT HOTEPH nanopa B 3TIIX CJOSX, a ¢jaeloBateNLHO, H HH-
TEpecyloillle HAC HAaNopH Ha XapakTePHLIX UHMJIHHAPHYECKHX To-
pepxHocTsx (oblcnxa — nopolia, BHEUIHAR NOBEPXHOCTh PaCcYeTHOR
30HL UEMEHTANHN B T. J.).

Bce npuBelleHHBIC Bbitue (OPMYJiBl COCTABAEHH HJA (DHABLTPA-
LHCHHOIO TIOTOKA, MOAUYIHSIOUIErOCs JHHEHHOMY 3aKOHY COTMpPOTHB-
nenust (sakony Hapcu).

3.39. JononuurensHuie peKGMElJLalHy 10 050DYI0BARHIO ONKTHON KaMeph
U HCCNEeSOPAHNEM B Helt

Peromenjauny, NpeisiOKEHHBIE BHlLE B OTHOLIEHHH (HALTPA-
LHOHHEBIX HCCJTG}I\OBHHPH':! B ONBLITHLIX KaMepax, ABJAIOTCS MHHHMAJIb-
HBIMH.

LleHHOCTE PE3yJILTATOB HCHOBITAHHS ONPECCOBKON OMBLITHBIX Ka-
Mep, OUEBHAHO, 3HATHTENLHO BO3pacTeT (NMPH OTHOCHTENLHO He3Ha-
YATEJILHOM YBEJHUEHHH 3aTpaT TPYyAa, MaTepHaaoB H 0GOpynoBa-
HH?I), €C/IA paCIuUApHTDL 3a4a4M HCOICAOBAHHSA, BKMAWYHE B HX YHCJO
OnpejesieHHe KOJHYECTEA H Pa3MepPOB TPEIUHH B o6neNKe TpH pas-
HbIX CTYREHAX JABJEHHA BO BPEMSsi ONMPECCOBKH C WIKJAaMI yBeaHye-
NHS W YMEHBLIEHHS LaBJeHHs BOAH H AD.

Jast paciuvpeHHs guanasoHa
JlapieHHs MNOMA3EMHHIX BOA BO
BpeMs! NPOBEHEHHS OTBTOB MpPH
CHHKEHMH 3aTpPAT Ha MX BLINOJ-
HEHHE WMOXKEO NPHMEHHTL CIO-
co6 CO3/aHHS DEryJnpyeMmoro
DaBjeHHs Ha 00MeNKy OnBLITHOH
KaMmepbl HCKYCCTBEHHBIX MOA3EM-
HLIX BOZ.

B sToM cnyyae onbiTHYIO Ka-
MCpy YCTPaHBAKT € HPOTHBO-
(PHALTPAUMOHHON LeMeHTallHell
nopoast (3KpaHOM), pacnoJo-
KEHHOH BOKPYT BHPabOTKH, ¢  Puc. 18. CxeMma ycrpoficTea Ans cospa-
OCT2BJIEHHEM MEXIY obaenkoi H"iﬂg&;ﬂ:ﬁgg&"ﬂ% Jgﬂﬂe}\:':ﬂog;gj[&]’(ﬁ'
H HeMeHTauHeH HesauemenTupo- ™° OnrTHOR Ko ;;H Y
BaHHOTO (MeHee 33UEMEHTHDO-

! — 30Ha npoTHBOQHALTPaUUOHACR Lementa-
BaHHOI‘O) LPEHHPYIOILEro LesiH- M 2-—cygsa)xnum RJI% HATHET2HHS BOALI
R B UeANK; & - HeAMK He3aleMeHTHpOBAHHOI
Ka noponnt (pHC- 18) B uenuk (Menee zaueMeHTHponaMHoi? nopopl.pu: 4‘2—
. aTumKil nasnenHs BoOjiL (MOPOROrO Aaane-
NOpOAH HATHETAIT uEepe3 CH n Hulg);n;—oﬁnenxa onm’-mol;t Kamepel. ¢
CTeMy CKBaXKMH (pagHajibHBIX
HJIH NapanaleJIbHBIX OCH KaMepr) BOLY 00N 3aJaHHBIM HAaIOPOM,
HMHTHDYIOLLYIO TIOA3eMHEE BOAL. B 3T0i#i e kaMepe MOXHO HCIBI-
THIRATH OOACAKH Ha BOIOTIPOHHIIAECMOCTE H HA NPOYHOCTD H YCTOﬁ'

YHBOCTL NMOL [efICTBHEM jpaBJIeHHf HCKYCCTBEHHLIX NOA3EMHBIX BOJ
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npH nopoxkHel Kamepe. YcyoBHA paboTH O6AesKH 1T PEKHM TNOj-
3eMHEIX BOL B 3TOM Cllyyae MakcClIMafnbHO NPuOAHMIKAEeTCH K peals
HBIM 3SKCINyaTaLMOHHBIM YycjosHaM. IIpw OTCYTCTBHH HPOTHBG-
GUIBTPALHOHHOTO 3KPaHa BOKPYI ONGLITHOH Kamepbl 3arpysnTb Of-
AeNKY PAcueTHBIM NABJEHHEM HCKYCCTBEHILIX NOA3EMIBX BOA Npak-
THYECKH HEeJIB3Sl.

Bo3smoxHoCTh HCNBITAHIST B TaKO# KaMepe pasanwiniX HOBBIX
THNOB O6/e/I0K HA G0JIblUHE Harpy3KH OT JaBJECHHS LIOA3EMHBIX BOR
nprHo6peraer ocob0 BaXiHOe 3HAYCHHE B CBSI3H C HHTCHCHBHLIM pas
BHTHEM CTPOHTENbCTBA BLICOKOHAMOPHBIX MOA3EMHBIX COOPYIKeHRH
FaC n TA2C.

3.40. Napnenne noaseMHbX BOA Ha OeTOHHYI0 OOACAKY 3aBHCHT
OT €e BORONpOHHIacmocTH. FI3BeCTHO, 4TO YUET BOAONPOHIILAEMOCTH
6eTOHHO} OOGHEeNKH MOXET NlaTb NMPAKTHUECKH OWYTHIMOE YMEeHDIE-
HHE JaBJeHHs NOA3EMHBLIX BOL Ha OOMEAKY, eCiil COOTHOILEHHE KO-
3¢ dHUHEHTOB (HAbBTPaUHI O0ZeNKH It macciia nopes O6yacT nph-
6nusutensHo pasrHo nau Gonbuie 0,003 [52, 55]. [loatomy uedme-
c0o00pa3no NpH Npose/ieHln NnccJeNOBauNil B ONHITIION Kamepe on-
penensTh OG0 BOLONPOHHILAEMOCTh OETOHHOH OOgenkn ¢ me-
Mollplo dhopmyssl (7) no nsMepeHnnM BeamnuHam fiy, @), a Taxkxe
ONpeNeNATh MECTHYIO BOAONPOHNLAeMOCTb GeTonHON ofaejkit my-
TEM 3aKJalKu B Hee punwbTpoB (pHc. | mpuaoxenns 5).

Harypuiie naGaonenns 3a NaBACHHEM MOA3EMHBIX BORX
NepHOS OKCIIAYATALMH

3.41. B neproa sxkcniyatauns HaOJiofeHlle 32 AABJEHHEM MO
3EMHBIX BOA Ha 3JE€MEHTH 06Ae/IOK W Ha NPOTHBOQHIBLTPALHOHHYE
LEeMEHTALHIO OCYLUECTBJISIIOT B OCHOBHOM C [IOMOIMIBI) bE30METPO}
06HuHbX (0fHOTPYOHBIX) HJIM HNBYXTPYOHHIX (NpH HH3KOH BOXONPO-
HHILaeMOCTH BMeUlaloilleH cpenrl), CHAGXKeHHBIX MPYXKHHHLIMH Ma-
HOMETpAaMH, & NpH 3HAYHUTENbHLIX PacCTOAHHAX Mex Ay rnbesgoMmerpa-
MH — C NOMOIBIO 32KJAaAHHX CTPYHHBIX Nbe30AHHAMOMETPOB.

3.42. Ilpk HanHUMK B TYHHEJISIX HJTH IIaXTaxX WNYPOBOro npeHarKa
s¢pperTHBHOCT PabOThl NOCNEIHEFO MO CHHKENNIO AABJCHHS [10]-
3eMHBIX BOA Ha OGJLENKY MOXHO ONpeennTs O METQAHKE, TpHMe-
HeyHo#t B orBonsimem tynuese Cesanckoit ['DC [65]. OnbiTHHS
yuyacToR Anunoi 16 M TyHuens Ruamerpom © M Ouln ApeHHpOBaH
IINypaMH, PACNOJNOMKEHHEIMH B 4eTHpeX NonepeyHHKax. B xaxiod
nornepeusyrKe GBUJIO 3aJOXKEHO N0 YeThipe lunypa AHaMeTpom 40 MM
u gnunolt mo 4 M. Jasnenue nocepepmuue MeXAy wnypamu BOJIH3N
06Oe/KH TYHHeNs 3aMEpsJIH ¢ MOMOLIBLI0O MaHOMETPOB, YCTaHOBJIEH-
HHX Ha KOPOTKHX TPYyOKax ¢ TOPLOBLIM OTBEPCTHEM, 3aJI0OXKEHHHX
nopony uyepes ofaenky. Pacxon BOAH, MoCTynaBuIeR yepes LIMypH
onpenensan 06beMHBM crocoboM.

IlpoBejeHHble HCCNCAOBAHHUS [MOKA3AJIH ClenyiolLee:

CHHXKEHHble HANODH JIOCEepeHHEC MEXKAY OCSMH COcefHHX palo-
TapWUX wnypos cocraenastor 15— 20% pefictBylomiero Ha TyH-
HeJlb FHAPOCTATHUECKOTO Hamnopa;
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OCHOBHON OHJIBTPALHOHHBIE MOTOK K TYHHEJO MepexBaThiBAeTCs
BEPXHHMH H GOKOBHIMH IUNypaMmHu;

BpeMs craCunH3auuu peXkuma NPHTOKa (PHALTPALHOHHON BOALI
K TyHHEAJ0 (pacxo/loB M HANopoB BOJAH) COCTaBAsCT 7 — 8 u.

Ecnit B HAMOPHBIX TYHUENSX 11 [AXTAX NPIMEIeH pPeryJHpyeMbti
APEHENK, TO MPH MOMOLUH BEHTHACH H MAaHOMET]POB, YCTaUOBICHHLIX
Ha BHIXOMe H3 ApeHa)ka, MOXHO NPOBOAITHL II3MCPEHHE HanopoB H
pacxonos (GUALTPAUHONHLIX BOS.

3.43. TIpn 6LICTPOM OTIOPOXKHEHHH BLICOKOHATNOPHHIX TyHHEeNefi N
I2XT BO3MOMHO HOBPEHJIEHHE 11X GCTOBHLIX 06AEAOK OT 3HAUHTENb-
HBX THAPOAMHAMHUYCCKHX CHJ, BHI3SBAHHLIX HEYPABHOBEIIEHHBIM AaB-
JieHieM NopoBoit BoAn B Gerone obpenxn [52]. B ceaAsn ¢ stum
nocsie  ONOPOAKHEHNS BHICOKOHATOPHLIX TOA3EMIILIX BOLOBOJOB C
GerouHolt (2xesie306eTONHON) o6menkod HEOGXOZHMG TIULATEJLHO
OCMaTpIIBATL NIX TMOBCPXHOCTL I B Cjyvae OGHApYXKEHHs lienyle-
uus GeTona BEIICHHTL APUMIHHY €ro BOIMHKUOBEHHA H AaTb UPe/no-
FENNS N0 OTPAMHUCHNIO CKOPOCTI OUOPOKIEHHA BOAOBOJA.

3.44. Tlpu ray6OKOM 3aJ0MKEeNHH MOA3EMHOr0 COOPYsKenis Mo
ypoBenb MOA3EMHEIX BOJA Harpyska OT HX BO3ACHCTBHS AOCTHraeT
2UaUNTEBHEX PAa3aMepoB, NMOITOMY OUEHb HCHHO HaKONAeHHE QakTh-
YECKOTO MaTepHasna JJis nocaeayoigero oGocnopaulis BO3MOXKHIOCTH
# CTeMeHH CHIKENI PacyeTHoro 3uauenia KodPp@PHUHEHTA oz

CylwecTsyiowiHe MeTOLb ONPEACTeHls JIaBACHHS NOA3EMIIbIA
BOA C TMOMOWDIO MbE3CAIIHAMOMETPOB 1 NMLEIOMETPOB, PACCTaBJIEH-
npix 63 yueta JIOKaJdbHOI TPELMHOBATOCTH NOPOALI, HE NO3BOASIOT
NIPOCJAENNTL 38 H3MEHEHHSIMH AaBJIEHHA NOA3IEMHBIX BOJ Ha HeboaL-
woft nioulafKe KOHTAaKkTa OCTOH — JIOpOAa.

Jlns nomyueHHs TaKHX CBeAEHHH PacCTaHOBKY JaTYHKOB H3Mepil-
TENbHLIX NMpPHOGOPOB PEKOMEHAYETCS BHIMONHATL CACAYIOWMUM o6pa-
3om [55]. Ilocne mpoxofkn BHLIPaGOTKH MOA3EMHOrO COOPYXEHI,
COBMECTHO ¢ reojioraMH BHIOHPAIOT XapaKTepHule B (HALTPALHOH-
HOM OTHOLUENHH YYACTKH, HA3HAYAIOT HA HUX ONLITHRE TNJOMAAKIL
TwarenanHo KOKYMEHTHPYIOT TPEUWHHOBATOCTh HA ONBITHBIX NJoWan-
KaX I COCTABJSIOT CXEMY Da3MelieHHS Ha HHX JaTYMKOB KOHTPOJSH-
HO-i3MeplTebHON annapaTtypel. TIpH 3TOM RaTYMKH pacnoiaralot
Ha) TPEIUHHAMH, HAA MOHOJHTHBIMH (CHVIOUIHBIMH) Y4acTKaMH H B
npomexyTikax mexay Humn (puc. 19). Kamxauii patuuk Hymepyior
H COEIHHSIOT ¢ nyAbTOM. HacToTa pacnodoXxeHHa AaTYHKOB 3aBICHT
OT TPEIMHOBATOCTH H HPOHHLAEMOCTH HOPOAH.

HaMepeune AaBjeHHS NMOA3€MHBIX BOJ, NPOH3BOAAT KaK B NEPHOA
HEYCTAHOBHBIIErOCs, TaK I YCTAHOBHBLIETOCS PeXHMa (QHILTPAUHH.

Meponpumuﬂ N0 CHHXXEHUIO AABACHMS NOA3EMHLIX BOL

3.45. B GonpliMHCTBE CJyYaeB IKENATCALHO, UTOOH Aasienue
NOA3eMHBIX BOX Ha O6AeNKH OBLIO KaKk MOMXHO MeHbire. ITO yBeJH-
YHBaeT HOJIrOBEYHOCTh OGAENIKH, YJIYYINAeT YCJODHA IKCHJIyaTalHil
(ecau nomelnexne cyxoe, HaMpHMEp, MOA3CMHLIN Malus3aj), NOBH-
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waer 3afac MPOYHOCTH H YCTOUUHBOCTH OGHENKH, ECJH HaArpy3kow,
onpeflesIHBINEH e Pa3Mephl U KOHCTPYKLHIO, AIBMIOCH AaBJelIe NMome
3E€MHBIX BOA.

Prc. 19. Cxema pacnofoiKenHs AATWIKOB AaBAicHHs] NMOA3EGMHBIX BOJ

w—nnaw no {—1I; 6 —paipes no cTBopy A—A: |/ — Tpemmues w» nopoae: 2 — obnen-
Ka. 4 — AQTYUKN AabACNNR; 4 — BLBOAN OT HATHHKOB K OYALTY.

Onnako OBIBAWOT cayyaH, KOTHA 3HAUHTESLHOE HaBNeHHE MOX—
3eMHBIX BOJL BHITOAHO 451 paGoTol OOMENKH COOpYIKEHHS, ITanpuMep
JlJ1 HarnopHOro MoA3€MHOI0 BOAOBOAA ¢ OeTOHHON 06LENKONH KPYyro
poro oueptaHnsa. TOraa, ecny HaHMeHbilee (B TeYeHHE BpEMEHH
SKCNJyaTalliy BOAOBOAA) HaBJeHHE TMOA3CMHBLIX BON Ha OGAeNKy
Prmun OYHET MaJio OTJHYATHCA OT PACYETHOre AapJieHllss BOIHI
BHYTPH BozoBoja (mau OyneT NpeBOCXOJAHTL BeJIHYNHY p JAaxe
3HAUHTENLHO), TO AABJEHHS Pwwn H P KaK NeHiCTBYIOUWIHEe Ha 06AeN-
Ky B NPAMO NPOTHBONONOXKHBIX HanmpasJieHHAX OyAyT B TOH HaH
HHOH Mepe B3aHMHO KOMNEHCHpoBaTbesi. Baaronaps atomy pacra-
FHBAOLIHE HaNpAXKEHNA B o6/lesiIKe CHHM3ATCH, YTO No3soauT obJer-
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YHTH KOHCTPYKLHMIO 0OfE/KH, MCKJIOYHTL oOpasoBaHie B Hefl Tpe-
LIHH HJIH YMEHbIUHTH HX TOMIIHHY.

3.46. Eciu B mpouecce skcnsyarauun 6yAeT yCTaHOBJIEHO HaJjlM-
YHE AABJEHHA TOA3EMHBIX BOJA BHILE NPOEKTHOTO HX 3HAYEHHS HAN
BBISIBJIEHA HEOBGXONHMMOCTb CHHIKENHS AaBJEHHS NOA3EMHLIX BOJI BO-
061e, TO AAS 3THX Liened MOXHO HCNOJbL30BaTh CJAEAYIOULHE CIOCO-
6bl 1 YCTPOKCTBA, MPHMEHAEMbBIE C YUeTOM KOHKPETHBIX HH’KEHEDHO-
TeQJIOFHYECKHX H TH/POTEOJIOTHYECKHX YCJOBHIT, KOMIOHOBKH H KOH-
CTPYKIHMH COOPYXKEHHS, €ero Ha3HaueHHus, peXxuma paboTel H psiia
Apyrux $akTopos.

1. ¥YcrpohicTBO JipeHa’a, ecsiH NocJe[HHA He ObUT NpenycMOTpeH
npoektoMm. [IpH npoeKTHpOBaHII ApPEHAaXa CJACAYeT PYKOBOACTBO-
BaThCs «YKazaHusmuy» [52].

2. BoccTanopneniie peHaa, ecjin oH Obii 3acopeH B mnpouecce
CTPOHTENLCTBA.

3. Ouncrra ApeHaxka B cAaydae ero sapacTrainlis B pe3ynabraTte
MexaHHYecKol H xuMiueckoit cyhdoslun B nopoae 1 Getoxe.

4. JlonoaunuTeNbHOE YCTPOHCTRO ApeHarKei.

5. Vurencuuxauns paboTel 3akpHITOro peryJjupyeMoro ApeHa-
a 0yTeM OTKPBITHS BbIIYCKAEMBIX 3aJ(BHIKEK.

6. Ycrpo#icTBO npOTHBOGHALTPALUHOHHLIX 3aBec, Hanpimep, le-
MeHTauuoHubX. I1pnr 3TOM, yTOOW He CHN3NTL Pa3Tpy30ydylo 3¢-
(dexTIBHOCTL NPHOGAENOYROrO ApeHa)a (IInypoBoro, JEHTOYHOrO H
T. I.), UenecooOpasHo 30HY UCMEHTALHUH pacnojiaraTh Ha paccTosi-
HHH OT 0GAENKH TakK, uToO6l MeXkay obaenxoili H 30HOH HeMeHTallH
ocTaBajics CACH He3aLEeMeHTHpoBanHOH (Han caabozaLeMeHTHPO-
BaHHO#) NOPOAH TOJIIKHHOA HECKOJBKO METPOB.

7. Ycunenne oGAenKH B Cjydae HEBO3MOXHOCTII yCTpoiicTBa
TIPOTHBOUNBTPALLHOHHOH 3aBECHL.

8. CpaboTKa BOAOXpaHHIKNLa.

9. PeMoHT 06xesKH BOLONPOBOASILHX COOPYXKEHHI, €C/H OHH
ABJIAIOTCS HCTOYHHKAMH MOANHTKH IOA3EMHBIX BOZ.

10. OTBOA, NOBEPXHOCTHLIX BOMOTOKOB MHJIH THAPOH3OJSIIMA 11X
pycna.

3.47. Yuer nanuuusi B 06feJKe CKBO3HLIX TPELIMH JaeT BO3MOXK-
HOCTb OLLYTHMO CHM3UThL PaCyeTHOe 3HAUEHME JABJIEHHS TOA3EMHBIX
Bon. [Ipu atoM chenyer HMeTb B BHAY, YTO NIPH OJIHHX H TeX e
3HAYEHHAX PacCKPLITHA TPEIMHH HX pasrpyxaomui apdekt 3aBHCHT
oT koapdunuenTa GHALTPAUNH TOPOAHI.

4. HABJIIOLEHUSA 3A MPUTOKOM BOJIHI
B MOA3EMHDBIE COOPY)XEHHUSA
OBULHE CBEAEHHS
4.1. TTpuTok NOA3EMHBIX BOA B MOA3EMHbIE COOPYXKEHHS MOoxeT
ObITH MPEAYCMOTPEHHEIM M HENpeNBHACHHDBIM.

Hcrounnkom nmpeaycMOTPEHHOro MPHTOKA BOAbI SIBJASIIOTCH MBI
B GETOHHBIX H KeJe306eTOHHBIX ofpeiKkax, ApenaxHue ycTpolicTpa
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¢ BLINYCKOM BOAbl BHYTPb COODYMREHHS 1l HEOOJNUOBalNbIEe NOBEPX-
HOCTH BbipabOTOK, MPOHAEHHLX B NPOUHHX BOAOYCTOHYHBLIX HEBbI-
BETPHBAOWHNCH CKaNblILiX NOPOAAX.

Henpepgusenunii npuToK B 110A3eMHLIE COOPYZKEHHA HMEET MeC-
TO, KOTA4a MON3EMHbLle BOABI [IOCTYNaI0T Hepe3 HENnpeAyCMOTPCHHBIR
B TNPOGKTe TPeluHb B o0jeidkax, yepe3d Aedextsl OETOHIPOBAHHS
06AeNnoK, CTPONTeNbHbIC HIBL, He3ajefaliibie LEMeHTAUHOHHDIE OT-
BEpPCTHS B GETOHHAEIX 00AeNKaX H CTaJbHbIX 0OAHIOBKAaX BO/JOBO/IOB
yepe3 paspylueHHbIE y4acTKH OOGAeNoK, HezaleToHHWPOBaHHbLIE MOI-
XOAHbie BHIPaGOTKH K T. I

HenpeasuaeHHbIl TPHTOK B TIOA3EMHBIE COOPY/KEHHS] MOXKET [0-
CTUrATH CYLUECTBEHHLIX 3HAyeHufi U NPHBOAMTL K 1OTEPsM BOLBI M8
BOMOXPaHHIHULA, XHMHUECKOR ¥ MeXanhuyeckoii cy(ddosun B GeToHe
o6aesioK II B TOPHOM MaccHBe, OCJOKHATL 3KCILIyaTauio o6opyno-
BaHHA W T. . (npunoxenue 4).

4.2. TlocTynupulie B NOA3EMHBIE COOPYHKEHUs NOLSEMIILIE BOMY
HeoOX0AHMO C HalUMEHbIUMMH 3aTPpaTaMH BBHIBECTH 32 Npefensl co-
OpyKenns.

B obuiem cnyyae npo(HAbTPOBABLIYIOCS] B APEHAKH BOAY MOXK-
HO OTBOAWTL BHYTPDL BOAONPOBOJSILErO COOPYIKEHHSI HIH B HIDKe-
pacnonomeunmﬁ TYHH&JIb, CAMOTEKOM Ha JlHEBHytO IIOBep.\'HOCTb,B
HHACEPACTIONOYEHIINE BO/ONPOHHIIAEMblEe BOJIOHOCHBIE NJECTH, OT-
KauKoll 11acocamHu.

O6umn TpefoBanHaMi K BOAOOTBOASILLIM CHCTEMAM HpeHa)a
SIBNAIOTCSH BO3MOXCHOCTH MX OCMOTPA H OYHCTKH M NEeXONYCTHMOCTh
BLINAAAHIS B HHX YACTHL, BLIMBIBAEMBIX H3 OKPYXKalouledl TY(HEmb
NOPOAL, a TaK)Ke 3apacTaHHs BPOAYKTaMH BhllLeNayHBaHIA LUeMeH-
Ta 06HeNO0K.

4.3. Openakilylo BOXY BHYTPb THAPOTEXIHYECKHX TyHHeNeH HB
1UAXT MOXHO BBHINYCKaTh NPH CAEAYIOUIHX YCJIOBHAX:

BIYTPeHHHH Hanop BOJAB B TYHHeJie He NPCBHIUACT MHHUMAaJb-
HOTO 11aMopa NOA3EMHBIX BOA, B NPOTHBHOM Cjlyyae BHIIYCKH 0B0Opy-
AyIOT OOpaTHBIMH KianamaMH, [PEenATCTBYIOUHMH NPOCAYHBAHHE
BOJUL H3 BOJIOBOJIA B NOPONY;

OTCYTCTBYeT ONACHOCTb 3arpsiSHEHHS TPaHCIOPTHPYEMOH 1o TyH
HeJI0 BOAB BPELHbIMH NMPONYKTAMH BLILLENAYHBAHUSI TOPHBIX MOPOA

HE OflacHa mepefiaua B AAPEeHaK NYJbCALHOHHOrO SaBAGHHS TIOTO-
Ka BOLb B TYHHEJE;

HE OMAaCHO 3aMep3aHHe APeHAKHOH BOJAK B TYHHeJeE,

OTBoji ApeHaHO! BOAB BHYTPb HANOPHBIX TyHHenedl M Iuaxl
ocyullecTBasieTcss no OeckyanaHHON H KAANMaHHO! cxeme.

TlepByio cxemy NpHHHMAIOT B TeX CAyuasx, KOrfia Hanop noj-
3eMHBIX BOJ NpeBbllIAET BHYTPEeHHHl HANOD BOAbLI B BOAOBOAE, KaK
3710 6bi10, Hanpumep, na Tepebas-Prkckoit I'DC (npunoxkensne 4)
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BTOple cxeMmy nNpHMEHAIOT, Kaxk 1@Opasuao, B BOAOBOA3X CO
CTaNbHEIMH OOJHUOBKaMII, Bny'rpeluml"d Hanop B KOTCPpbIX B NMepHon
HOpMa.ﬂbHOﬁ SKCTIYaTaUl NpeBhilaeT nHanop nofA3eMHbIX BO.

Cucrema OTBOJA JpelarmHLIX BOA MoXeT OLiTh HeperyaHpyemoil
It perynupyemott.

OBFBEKTbHl HABJIMOAEHHA

4.4. B xoMnNieKC UHATYPHLIX NalJMiofeHHii, CBARANHLIN C NPITO-
KOM BOAB B MOA3EMHBIC COOPYXEHHSI, BXOMST:

HabMIO/IeHHE 38 BOLONPOSIBACHHSIMIT,

H3MepeHHe BeNMHUHHLL QUILTPALUHOHIOTO Pacxolia B OTBENbULIX
MCTOYHHKAX, TPYNNBI MCTOYNIKOB M HO COOPYXKENHo B uedom (B
yBs3Ke ¢ paboTofl BONOXPAHHIHLLA, COCE/IX BHIPaBOTOK, BpeMeHeM
rofa, a TaKkxe ¢ yBaskoff padoT mo co3nanyio npoTHBOOUABTPALIH-
OHHBIX 3JieMEHTOB 11 TaklX Mel)OI'lpHﬂTl!l"f, KaK BKJAWUeEIie 1an Bbi-
KJioueHue ApeHaskeis);

HabmogenHa 3a paboTol gpenaeil;

HaGMONEHYST 38 COCTOSIHHEM APEHAXILIX BHINYCKOB H CHCTEMbI
BOJLOOTBOJI2;

NpOBesleHHe CHRIHAABHLIX HCCACAOBAHNT 1O VTOYHEHHIO BOMO-
MPOHHLAeMOCTH TIOPOJUIOTO MACCHBA, BMeLlaloulero CoopyskeHne,
no onpefeseHtiin BOJMOIPOHHILAEMNOCTH BeTOHITHIX ()611(’,«'101{ it 3011 2a-
LUeMeHTHPOBAHHOI NTOPOJILT;

wabJiofiennist 38 TPOICCCAMIT MeXallueckoll 1 XIMHyeckoi cyd-
(o3un M xoNBMATANKA.

Crnioco6ut u yetpoiicTsa i naGrogeHus 3a NPHTOKOM MOA3EMHLIX BOR

4.5. Viamepenne NPHTOKA MOA3EMHLIX BOM MOMHO NPOM3BOAHTH
clieVIoWMM cnocoboM:

BH3yaJ bHBIM;

npu MOMOUH pacxosoMepos (pHC. 5 EpHAOKEHHA 2), BOLOCHH-
BOB, JIOTKOB, MEpPHLIX 0aKOB, INAPOMETDPHUECKHX BEPTYWeK H T. M.
[43, 56, 57 u znp.];

¢ noMolbI0 WHAHKaTopos [4, 5, 58];

AHAJIUTHYECKH, 3HAST PA3NOCTh HANOPOB H KOMMPQPIUHEHT npouu-
naemoctu obaenxu |54, 59].

B 3aBHCHMOCTH OT KOHKPETHHIX YCJAOBHI BEJHYHHY TPUTOKA
TION3EMHEIX BOX Lielecoo0pasHo ONPEeRenATb NMPUXOASUIEHCH Ha BCe
COOpYXeHMe, Ha OTHEAbHLIH ero yyacToK HAHM Ha OTHeJNbHH 3Je-
MeHT (HanpuMep, Ha BHXONe M3 APeHaX(HHX BLITYCKOB).

Tlpn uamepennu GHALTPAULHOHHLIX DPACXOAOB HEOGXOOMMO 13-
MepsTH Temneparypy (uabTpyoliefics BoAb, HMes: B BHAY, YTO M3-
MeHeHYe TemIepaTypbl BoAb 1a 1°C u3MmeusieT ee pacxoj npumep-
wo Ha 3%.

Conocrasienue TemnepaTyphl BOJIbI B MeCTAX €€ BHIAOJOB B CO-
OpYXKeHHe C TeMnepatypoit BoAbl BepxHero Greda 1MO3BONSET CYAHTE
0 CKopocT# QUABTPAlMH N0 TPellWiiaM B Maccuse.
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4.6. Iinnuxatopbi MOryT ObiTh HCKYCCTBEHIILIE H CCTECTBEHIBIE
(nanpumep, TDHTHI, AeliTepuil).

Hecnonbays pasiHuiible NpUeMBl UHIHKALN HCCARLYEMBIX NOTO-
KOB, MOYKHO YTOUHHTh MECTa BBHIXQAA NOTOKA, JNOKAIH30BaThL 30HY
NUTAHHA, TPOCACHAHTL TPAGKTOPHIO.

HDH TaKHX HCCARAOBANUNAN HEpPeNMKO HMEeTCH BOIMOIKHOCTE KO~
JHUECTBRHHBIN OUEHOK TAKHX NapaMeTponB, Kax ¢KOpPoCTh noToKa K
AebuT.

Ins ncciiefoBauns 11anpasaexitst it CKOPOCTI (PHALTPRLIOHHOTO
NOTOKA K NOMA3EMUBLIM COOPYXKEIHIM MOMeT OLITL HCII0NL30BaH Co-
niemep.

Onpenenenne crxopocreil MIILTPAIINE © HOMOILLIO coaemepa 11a
UapBaKCKOM THAPOYaNE UpoBo)iAKR cnocoGoM AYCKOBLIX 1 11abJio-
NaTeNbHbLIX CKBaMIiL BaﬂyCK canil OCYyULeCTBaAnll B NMbEe3OMETPHI,
KOHTPOJNIUPYIOILHE BEPXOBYI0 YacTh (QuanTpaiuornoro noroxa. Ha-
OAl04elHA 32 NoABAeIEeM HUAHKATOPE BeNH HEeNPePLIBHO B TeyeHue
LJIHTEBHOTO BPEMCHHM B MECTAX PA3FPY3KIl MOTOKAa — HCTOUHHKAX,
OpeHax M Npe3oMeTpax HII30BON 4yacTH 1otoka [58].

Tlyta QuapTpauwi B MacCuBe TODO/ MOKHIO ONPELENNTL TAKKE
reOIEKTPHYECKHM H ceficMHYECKHM criocoGamH, pPajHoaKTHBHBIMH
HHAMKATOPaMH.

4.7. Tlpu H3MeHeHuH pacxofa neoOXOANMO Takxe BecTn nadnio-
OCHHUA 34 IBETOM BOJbl, KOJHYECTBOM, KAUECTBOM H l‘PaHyJIOMGTpH-
YeCKHM COCTABOM TBEPABIX YACTHUI, BEIHOCUMBIX (HILTDALHOHIIBIM
MIOTOKOM M3 MaccHBa HNH 3aLeMEHTHPOBaHHON NOPOALL

4.8. B cnyuae uenecoo0pasnoCTH, MOXKHO npeaycMmaTpuBath QHC-
TaHLMOHHOE H3MepeHue (PHIBTPALMOHHOTO PAcXofa C BHIBOJOM YKa-
3atefiell Ha LeuTpanblbiét nywkr. [Ipw npeBblwenny QuabTpaun
OHHEIM PacXOAoM OnpelReneHHON BeNHYHHDI, 3BYKOBO{l CHrHAJ aBTO-
MaTHYECKH Nepejaercsl Ha NYIKT.

4.9. IMpu HenpenBUAEHHOM YBeJHYENHH PacXoAa BOAL H3YYalor
BCE MUMEIOULHECS] MaTepHansl HAaOMIOAeHHA 1 MPOBOASIT CHEUHANbHEIE
HCC/IEJOBAHHNA, BKJIOUAIOIIHE YYalleHHBe H3IMePEeHHS TeMMIepaTypH
BOAB B JIpEHAX M JIDEH2XKHBIX YCTPOHCTBAX, OTKAYKH BOLL M3 JipeH
¢ OurcanHel cKOpoCTH NOCTEAYIOWEro BOCCTAHOBJENUHS YDPOBHS,
ONHITH [10 OTNpeeNeHHIo BAMSHUA BOJOBOMAOB Ha (PHABTPAUHOHHYI
06CTAHOBKY Ha YUacTKe PACTONOMKEIHsT COOPYIKElHs.

4.10. B npouecce naGaogesuil cieaycT ciae/liTh 33 H3MEHEHHeM
pebuTa ApeHakelt u YCTAaHABAWBATL MPHYHHY 3TOTO H3MEHEHHA.
B ciayyae 3apactania CHCTEMBl JPEHaXKa COJSIMH ONPeJenasioT Hi
XHMHYECKHMA COCTAaB M [AKT PEKOMEHAALHMH No OUHCTKe [HpeHaKa
I PEXKUMY ero paGotsl (B cAyyae peryJjHpyeMoro Apeiara).

Jlpena)Xyu noMHMO CBOEro OCHOBHOTO 11A3HAUEHUst MOTYT HCIMOJb
30BaTbCH TAKXKE KakK CPEeAcTBO BecbMa 3(PeKTHBHOrO KOUTposis 3d
COCTOSIHHEM COOPYIXKeWHs] M BMeUlAKILero ero MaccHsa TOPHBIX TO-
poL. OHH MO3BOASIOT BHIIOJHATE HAGIIONEHHsT 32 QHNBTPALHONHbBIM
PacXoloM KaK M0 OTAEABbULIM CHABHO (QHABTPYIOWMM CKBaXKHHAM
TEK H [10 LUeABM YuacTKaM JpeHaxeil.
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Hua nposenenns AndepeniiposBantioro KontTpoas 3a pabortoit
JIpEHax<a ero BHITTOJNHSIOT CCKUHOHHBIM.

ITpu naGmofennn 3a paboroil WNypoBHWX Apenakeil caeayeT
nMeTh B BHAY, YTO H3-32 HepaBHOMEDHOH TPEelHHOBATOCTH MaCCHBA
NOpoiA, BMEWLAIOLIErO COOPYKEHHE, HEKOTOpbie WNypbl MOTYT OKa-
aatecsi Ge3fieficTBYOWMMH, 6ynyun ApoGYpPEHHBIMIT B MOHOJANTHBIN
6nokax nopoan Wl B 610KaxX C 3aKPLITLIMH TpeuiHHaM.

Ecnu nopzeMunie BORW, KanTupyemble ApenakubiMu ycrpoiict-
BaMH, OTBOAATCS B TYHIIENH, OAAIOUHE BOLY JIISi THTHEBOTO M NpO-
MBILIJIEHHOrO BoAOCHaGKeHst, HeoBXoIMO BecTl cHCTeMaTHYeCK e
Hﬂﬁ.ﬂmﬂ@!—“}lﬂ 34 XHMHUYeCKHM COCTanoOM npeuamnoﬁ BOLI.

TIpu HaNHYWKU B NANOPNHBIX TYILHENSIX KNANZMNLIX BHIIYCKOB Ape-
HAawHBIX BOJL NpH ocMorpe Ty!lll(’:ﬂ(?ﬁ H(-:O()XO]U!M() nposepﬂrh repme-
THNIQCTh H UHCTOTY KJAAaMAHOB.

Ocofoe Buumaiiie npi HATYPHLIX HadMOAenusX chenyeT yie-
JATL COCTOSIHMIO APCHA’KEN H BOJAOOTBOAHBIX YCTpoiicTB (ocobeuun ¢
OPUMEHEHHEM 3aKPLITHIX TPYD) B COOPYNKEHINAX, IHAUHTENBHO 3a-
rayGMeHHbIX TO/L YyPOBElNh NoA3eMHBLIX BoA, obaajmaiouiux arpec-
cHefl X UeMeHTy, 11e0AATONPHATHON JKECTKOCTbIO, HAJHUHEeM aKTHB-
HOH YINIEeKHC/OTH, CPraiiyeckHx KHCAOT, cynbdaToB H cyapdHI0B,
CEPOBOIOPOLA H HEKOTOPLIX XJODIIOR.

Ha6aopenus 3a xumuneckor cyddosnedl ¥ konbMaTamem

4.11. Ton xumuueckoii cyddoaneit nounMaloT npouecc pacrsope-
IMST W BBIULeJAYHBAHIS 113 MAcCHBa NMOPoA H 6eToHa pPacTBOPHMbIX
BKJHIOUEHHH.

3akonomepHOCTH DasBuTHA npouecca cyddosun 3aBHCIT OT
MIIOrHX QAKTOPOB, H3 KOTOPBLIX HaH6oMee BaXKHBIMH SIBJIAIOTCA: BUL,
KoauvecTBO u (hopMa 2aneraidsi pacTBOPHMBIX COCTABJSIONIHX, CO-
ctas uabTpVIOLleiicsl BOAL, Temfepatypa H HAabjenne (QHAbTpa-
UHOMHOEe M T'e0CTATHHECKOE), YCAOBHS JBHZKEHHS BOZH K pacTBoOpse-
MOMY BEUeCTBY M YCJIOBUsI YAaNEeHHs1 MPOJAYKTOB PacCTBOPEHHS OT
TPaHHULLI PAacTBOPHMOE BEILECTBO — BONA.

B 3aBHCHMOCTH OT BHAA PaCTBOPSEMBIX COCTaBAAIOUWIMX PasJH-
uaI0T TPYIHO-, CPENIie- H JierkopacTnopuMuie rpyntu.. Kourtpoas 32
cypdosueil 0OLIYRO NPOBOAST TOMBKO NPH HAAHYMH CpefiHe- H Jer-
KOpPacTBOPUMEIX TPYHTOB (THNC, KaMenHas cods) [60].

K cneacrsusm cydhosuit OTHOCATCA: HEAONYCTHMOE YBeJHYEHHE
bunbTpanHoOHHOTO pacxona, o6pasoBaHHe COCPENOTOYCHHBLIX TNyTef
GunbTpauMH, BHYTPEHHH#l Pa3MLIB IPYHTa H T. IL

B crydae HepaBHOMEpPHOro pacnpefesieHHs PpacTBOPHMBIX Co-
CTaBASIIOLUMX, A TAKKE B CJydae QHUILTPALUOHHBIX TIOTOKOB, HEOMHO-
PORHBIX NO XNMHYECKOMY COCTaBY, NPH PE3KHX HM3MEHEHHSX TeMIe-
paTyphl M N@BJI€HHS NOTOKA NpoLecch XMMUYecKol cyddo3un HHor-
Jla COMPOBOMKNAIOTCA HNpPOIeCcCaMi XMMHYECKOTO KOJbMAaTama, T. €.
BHNafeHHeM cojiel H OCafiKOB H OTJOMNenleM iX B nopopax (o6bi3-
BECTBJIeHUE H OKPEeMHeHHe Nopon).
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Pa3BuTHE XHMIYECKOr0 KONLMATAMNKA NPHBOAUT K YMCHBLIUEHIIO
COJIONPONIILAEMOCTH NICPUA 11 3ACOPEHHIO APEHAKILIX YCTPOIICTB.

Ins cBOGBPEMEHUOTO MPUHSITHS MED B HOANX Npefynpemaenis
Hapyweinit nopManbHoil 3RCHAyaTauwll AOAZEMIIOI0 COOPYIKElns
MpoHeccht XHMHYecKoil cy(ddozity BO BMEWAIOMCM MAacCliBe NOPOX
JOJKILL HeNPepLIBIO KONTPOJHPOBATECSL.

4.12. B 3apaun natypubix Habaogenuilt 3a cyhGoauciiuiMi f1po-
Heccamil H KoibMaTayKeM BXOLIT!

ycTailossienile Haauuust npouecca cydosui B suscueine cyte-
CTBA OPONCKOMANLIEX XHMIUMECKIIN peakiiuii;

onpeaesienne obnactTi nnacra, 3aTpoHyToR uponeccoMm cyddo-
SIH H KauecTBeHllas ounetxa obIHX 3akonomMepiiocteil pasBHTHSA
H3YUaeMoro npoiecca;

onpejleieHie KOAHYECTBEHILIN oKkazaTeneil, XaparkTCpH3YIOULX
npouecc cyPdoand 1 HHTCHUCHBIIOCTL €ro Pa3IBHT!IS;

onpelesiedlic TNoKazaTedefl, XapakTepH3YIOULX MpPOHece KOMb-
MaTaxa nyrteit QuabTpaLNKN W ApEnaNa;

nabniojiene 3a COCTOSINNEM HATEKOB U3BECTH, BLUMEAAUHBACMOR
113 6eTOHHBIX 06JeNoK.

Hatypunie nabaionenus xnumuteckoil cydostiy 1poBoIsT B co-
orserctBun ¢ [G0].

B nmoasemuLIx coopyikentax, HMEIOUUIX B CBOEM CNCTARE CKBA-
Aunnsie (WnyposLie) ApeHaKH, NHeoOXOANMO 3arJalLIBATL CUle ¥
coorBerereyouyo KHMA ang waGnioneunss 3a padoreil ApeHaxed,

Puc. 20. Cxema, nosicHsomwan RO& mpo-
jlecca Pa3BHTHH XHMHYECKON KoJbMata-
uny nop B OeToHe H CKaNbHOH TOpPOR
BOJIH3N THJIbL3B. UPENAWHOT CKBAMHHE

a— B nepBHil nepHoA BpeMeRH; 6 — g8 no-
cneaywuiee Bpems; [ — 6Gerox ofaenky; 2-
CKanbHan ROpoRa; 3 — Tpyba; 4 — 30Ha no-
poawt 1 GeTona, B KOTOPOR NpPOHZOWMIO YA~
JoTHEHHE nonN, OTHCKHBWHEMIICE B IIHX vac-
THUAMIT EPACTBOPUMLIX coaeil (XuMHYeCKay
nonbMaTauNn); 5§ — runb3a; 6 — Manxer; 7-
LpeMaiKGas  CRBAXHUA; 8-~ RUNHKR  TOKI
BAOJL  KOTOPHLIX  NPONCXOAHT  anddysns
Ca(Oll); 13 Gerona uepes nopoay B Ape-
HAXCHYIO CKBAXHKY C nopaaemiofl BOROil npu
oauoBpementol anddysun CO; us sonw
yaxoanellcs B cxBaXuHe, Yepe3 nOPQR
p 6eton; Taxkas ncTpevnar Audpdysna ycke-
paeT NPOUECT CaMOYNAOTHeNHA WeNnH MekM
ruap3oil 11 nopoaoit, a Takke DOPOALI

GeTona BOSu3N Apeud  wa €6 YYacThe

C THAL3OM,

B YACTHOCTH, [OJA BLIACHENIIS BO3MOYKHOCTH KOJALMaTarka Apenan-
HbIX CKBa>KHMH MeXaluueckoro W ocobelsto Xumuyeckoro. Ilpu me
Gn1aronpHsiTHOM COCTaB€ TNOA3EMHbLIX BOA BO3MOXEll XHMHYECKH?
KOJILMAaTax, B YaCTHOCTH, NPH B3auMOZENCTBHII BOABI C H3BECTbI
puilenaynpaemoit 13 Getona obienxi, B pesydbraTte uyero ofpasy
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€TCA HepacTBOPHMMBIN Yriekichwifi Kanbuuil. 1l3pecTs, BHIMeNauH-
BaeMasn QGHABTPAUNOHHEIM NOTOKOM H3 OeToluHOH o0aenkH, 0pH
B3aUMO/ICHCTBHY C YUJIEKHCAOTOH BO3/yXa MOXKET BLINAJaTL B BHIe
1a3BaHKOH lepacTBOPIMOIl CONM TaKXKe BHYTPH /pelaxkioil CKBaXH-
IBE ¥ CO BpeMelleM 3acopsith ee. [loatomy eine B fIepHOA HHIXKElep-
HO-TeONOTHYECKHX M THIAPOreoJOrHNecKNX HCeieflOBaHH Ccaedyer
3aKknaabBath B NOA3EMHbLIE BHIPAOOTKH ONbiTIbLIe CKBayKHHBI CO Clle-
UMaNbHBLIMIL ycTpolicTBaMn AAs HaGMIOACHIS 338 HITEHCHBHOCTBIO
MEXaHHYECKOTO 1T XHMIIYeCKOTO KOJibMaTa)ka. ¥ CThfl TAKHX CKBAXKHH
AOJDKHB OBITH cHabXKeHbl BEHTHIASAMI C MAaHOMETpaMH 4Jif AepHoAH-
YECKOro H3Mepellst faBJeilMsa NoA3eMHLIX BOJL NP 3aKPHITO#l CKBa-
Xulie v VIS PeryJidpoBanus pacxofa BOAL, BLITeKawlleHl H3 CKBa-
KHHBL DOJMHB 1IMeThea Oauku AJdisi cbopa 3Toil BOAB ¢ UENBIO On-
pejiesienHs ee pacxoja M COIepXauHst HePaCTBOPHMBIX YACTHL, €CNH

&)

L9082

a0

Puc. 21. CxeMa wnypoBOro jpeHaXka HalOPHOTO BOAOBOAA

a — nonepeunnidi paspes: [ - crasseas oOnHUOBK2; 2 - Gerton; 3 — TpyGa xonbuesan; 4 —
Tpy6a: 5 — BOPOTHUK; B — CrOH; 7 — npoOKe; & — TpyOni npomonbHHE; 9 — CKBaXKHHA; [0 —
Tpy6a; I/ — nOPOACH (MAN CTEKAOTKaHb): /2 — mpobka.
fi—y3en: |—Tpy6a; 2 — cron; 83— GerToH; 4 — cBapka; 5—rre3go (Ans imHna TpyGHOTO
Knwouza); 6 — pryaxa; 7 — mydTa: 8 — dnarew; 9 — fnpoxnanxa; 10 — ¢xBaxuHa; [1— obBaA3-
Ka; /2 — noponod (BAK CTeKNOTKaHb); /3 — ckana.

OHH BBIHOCSTCS M3 TPELUIHH, 3ano/HeHHuX cyPQo3HOHHO HeycTofyu-
BHIM TPYHTOM.

[Tpn paspaloTke METONMKH TaKMA NCCAENOBaHHA LenecoobpasHo
nons3oBathen pexomenpaunsamu B, B. Kanayesa, B. 3. Heyora [61].
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4.13. Ecan nonzeMHoe COOPYZRelite PACRONOKCNO B HOPojax, Co-
/iepKaluX npecHble THAPOKapGOHATHLIE BOJL, TO NPH HATYPHBIX
HAGMIOAEANAX HeOGXOAHMO LIMETh B BHAY BO3MOXKHOCTH XHMHUYECKO
ro KONbMAaTa)Ka ApeHarkKibiX CKBaXHH.

1o BHIZBANO CNOCOGHOCTBIO THAPOKAPGOHATHLIX BOA H3MEHSITh
CTeneHb MHHEpasH3aully B 3aBUCIIMOCTY OT AABJERHS Ta30s, COjep-
auluxcs B BOJE.

B npeHakubix cKBa:i<HHAX H Ha BOAXOME K NIM ZABJIEHHE PE3KO
nanaeT, TEMNEPATypa B COOPYMEHHAX NOBBILLACTCS, W3 BOAB BLIZE
ASETCS TA30BAS COCTABASAIOULASt M NPOUCKONT HiMeHelne Qu3uKo.
XKHMHYECKHX YCIIOBHI, TPH KOTOPBIX LPEHHPYEMDLIE CKBAXKHHAMH BO-
bl OKa3bBAIOTCH TMepeHaCHILUeHHBIMH KapOonaTaMi, CnocoGHbIME
BHINALATL B 0canck. B peaynbrate HA CTGHKAX CKBAXKUH OTKAAAH-
BAeTCS BEUIECTBO B BHAe 0€40r0 MOPICTOrO HAJNCTa, B OCHOBHON
kapbonaTt Kanpuus.

HaunGonee OGnaronpusirubie yoiopus 1as Bunajaenns coneit n
KOJIbMaTalull BOAONPOBOJSILIMX JyTeli cosfaioteg B pafione gefict-
BHSI HH3KOAEOHTHLIX ckBawun [61].

Tlpu HanWYKH PEryJHPYEMOTO IpeHaXka Ha ocClioBe AAHUBX Ha-
TYPHHX HabGaiofeHHil 3a cypdosnell v KoanmaTaKeM ONPEREJsIOT
nanbosiee pauHOHANbHbIE PeKHM pabeTh Npenazkiey yCTPORCTB.

Ha puc. 20 nokazana cxema, NOSICHSIOWAst XOI TTpouecca KoJib-
MaTal¥H Top B 6eToHe H CKanbHo#l nopode BOAI3H ADEHAXHOH
CKBaXKHHLL, 2 Ha puC. 2] cxeMa KOHCTPYKUMH UEKONLMAaTHDPYEMOTO
LINYPOBOrO JIpeHaa cO IUNYPOBBIMH APeHAMH, NPHFOAHOTO U X
Getonuoil o6nenky 6e3 crajbHoH OGJAHUOBKIL

MEPONPHATHUA MO PErYJIMPOBAHHIO NMPUTOKA NMOIA3EMHDLIX BOJ
B COOPY)XEHMUA

4.14. B 3aBHCHMOCTH OT THAPOTEONOTHYECKHX H TI'HAPOXHMHYeE-
CKMX MapaMeTpoOB ¥ peXXHMa (QUABTpauHn B pafioHe NOA3EMHOr0 CO-
ODYXEHHSl, & TakKXe IKCIIYaTaUHOHHOTO COCTOSIHUSI MOCJeAHero
cnenyeT OCYWECTBAATL PEryJlIpOBaHHE NPHTOKZ NOA3EMHBIX BOA B
COOpYKeHne.

Tlpu oTCyTCTBHUH NOCTYNJIEHHsI BOALL H3 [PENAXKHOI CKBaXKMHBL
nOCJie YCTAHOBJNEHHS APOCKTHOTO IOJOXKEHNUA KPHBOH AenpeccHi
CKBAXHHY cJejyeT 3aTaMIOHHPOBATH H B chiyuae HeoGXOLHMOCTH
npo6ypHTb HOBYIO.

Ilpn nosBNeHHK BO BpeMsA IKCNJIYaTAUUW ONACHOrQ BHHOCA Ya-
CTHIl TPYHTa HEOGXOIHMO YMEHbIUHTh pPacxof ApPENHpyeMol BoLb
ILH ycTaHOBHTH o6paTtHbifl ¢uabTp. Ecliv ykazaHHble MepOnpHSTHS
He YNaeTCsl OCYUeCTBHTb WM eCM OHH He AaayT A0CTaToyHOro 3¢-
(exTa, CJIENyeT DPAacCMOTPETb BO3MOXHOCTL YCTPOHCTBZ TNPOTHBO-
(GUNLTPAaUHOHIION LleMEeHTALHH.

B cayuae, xorna xpusasi penpeccH (HJAH AaBAeHHE MO3EMHBIX
BOL Ha O6IeJKY NPH MECTHOM APEHAKE) OKaXKETCs 3HAYHTENBHO HH-
e NPeAYCMOTPEHHONR NPOeKTOM, Lenecoo0pasHO COOTBETCTBEHHQ
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VMEHBIHTL PacXoj, APEHaXka, H eCH 3TOT PACXOA CHHMKAETCA MPH
OAHOBPEMEHHOM MOALEME KPHBOW Jlenpecclil WiH YBeJIIYeHHH AaB-
JIEHHA [OA3eMIEX BOA Ha o61edKy, TO HeoOX0AHMO NpOH3BECTH
YHCTKY APEHaXKHLIX YCTPOMCTB HAH NO BO3MMKHOCTH OypeHne go-
TIOJIHHTENbHBIX CKBAXKHH.

Cnioco6 OUHCTKH JIPeHaKHbIX YCTPONCTB 3aBHCHT OT HX KOHCT-
pyKTHBHBEIX ocobernncTefl. BoceraHoBneille paborocnocobitocTH, Ha-
npHMep, CKRaXKHMHHOTO [PEHaXKa NpON3BOANTCH CAAYIOLHMH CHo-
cobamu:

OYHCTKAa OT OCafika npH nomowH 3paudTa c BOLONOALEMHBLIMH
TpyGamit, ONMYWEHHLIMH B HINKHIOI YaCTh OTCTOMINKA;

OUMCTKA CKBa{HHHl OYPOBLIM HAKOHeUHUKOM (HJIM B KOMOHHa-
I C epIIOM-ILeTKOR) ¢ OZIOBpeMeHIIoil NMPOMBLIBKOR BOAOA M NO-
cefylonleit npoxauxolt apaHTOM;

obpaboTka cosnsinofl KHCJAOTON AJIA PACTBOpenus ocajka W yja-
JIEHHST IPOMBIBKO NPOLYKTOB peakuli;

pHIXJIEHHEe moponb B npr3aboilHofl o6aacTil B3pbIBAMHM MajHX
3apaloB;

csabuporaie (nopliHeBaHue);

cMeHa (pHALTPOB.

B cnygae npuMenenns peryJiHpyembix [peHar<eil HX onoporHe-
e HeoOXOLMMO TIPOM3BOAHMTL MeAJIeHHO BO uaGemanne obpasoBa-
Hus GONbUIHX FPpaiHeHTOB RANOpa Ha BXOLE B JPEHbL.

4.15. TIpn uabmofeHusax 3a NPHTOKOM TON3EMHBIX BOA W pery-
JUPOBAHHH UX TNPUTOKA HEOGXOMHMO YUNTHBATL CJe/lylOllHe yKa3a-
nusn CHulla [8].

PacueTHble 3HayeHHs OCPEAHENHOTO KDHTHYECKOro TPafHeHTa
nanopa JP; A HECKAJBLHBIX TPYHTOB OCHOBAHHA CJENYET NpPHHU-
mats no [8].

PacueTHble 3HaueHHs] MECTHOTO KPHTHUECKOTro IrpajHelTa Hanopa
Jx (B 30He BHIXOA2 (QHILTPALHOHHOTO MOTOKA B HHUXKHHE Gred) ans
cy(G(PO3HOHHBIX TPYHTOB HAAJEKHT ONpeaennTb Ha (PU3HYECKHX MO-
LeNaX MM UCCHeNOBAHHSAMH B NOJEBHIX YCJIOBHSX.

KpHTHyecKie CKOPOCTH (PHABTPAUMH Ux B TPELUHHAX CKaJbHBIX
OCHOBaHU# MPH WIMDHHE HX pPacKpLiTHs Oosee | MM CiefyeT NPHHY-

Tabruya 1
CpynTsl, 3anoassiomxne KpuTHYeCcKas cxopocTs
TPEUMHB CKANLHOTO hHaALTPALHY T, CMfC
OCHOBaHuR
anust 50
Cyraunku 30
Cynecu ¢ J > 0,03 15

MaTh no Taba. |, a ApH UIMPHHe pacKpHITHR Tpewnu MeHee 1 MM
BEJIHYHHB KPHTHYECKHX ckopocrefl He Hopmupylotcs [8].

Pacuer mecTHOH QuIbLTPAUHOHUON MPOYHOCTH HECKAJNBHBIX OCHO-
BaHu#l cllelyeT NPOH3BOAHTL B 30HAX BHIXOAZ (PHALTPALMOHHOTO NO-

o* 67



Toka B Apenaxiivte yerpolictsa no dgopmyne [8] I << Jy, roe 4 ~
MECTIBII IPAfIIeNT HaNopd B 30HAX BhIXola (HALTPAUHMOHHOTO TO-
TOKa, onpeaenfeMuil pacueramu.

PacyeT MecTHOM q)ﬂﬂpraLlHDHUOﬁ LGPOYHOCTH CRaJIbHbBIX OCHOBa-
HUit cnepyet npouasofnts no Gopmyne [8]: v << vy, rpe v — cko-
POCTb PHALTPALKHE B TPEIHHAX CKANBHOTO OCHOBAHUS Uy — KPHTH-
YecKan CKOpoOCTb q)l'lllb'l‘pauﬂﬂ B TPpeUiHiiax CKaAALIIOTO OCUOBAHHA
npHHEMaeMasn no tabn. 1.

Benuuuny v cnenyer OnNpenessitb KaK HacTOE OT JAeNeniis (Puib-
TPAUHOHHOTO PACXONla BOAB B JIAHHOM NanpaBiCHHI 13 CYyMMapHOe
MHBOE CEYeHHE TPELHI B IMIOCKOCTH, NeprenanKyanpuoil aTomy na-
NpaBAEHHIO.

5. HABJIIOQAEH RS 3A TPEILUHOOBPA3OBAHUEM K
YTEYKAMH BOLB! B TYHHEJNSX U HIAXTAX
OBUWIHE CBEOEHHWSR

5.1. OCHOBHBIM MaTePHAJNOM IS OOAGNOK HAUUPLUbIX [HAPOTEX~
HHYECKHX TYHHeJlefl 11 maxT B llacTosiulee BpeMs sBjsfercA GeToH u
€ro pasuoBUAHOCTH (¥KenaezoleToH, HAOpPLI3T-GeTol, TOpKpeT, e
Ne30TOPKpeT).

B cBsi3M ¢ TEM, YTO pacCueTHOE CONPOTHBAEIHE PACTIMHEHHIO
NpIMEHsieMBIX Ha NpaKkTHKe Mapoxk ©erona HeseJllko (nepBble LBe.
eanunust MIla), npu 3anosHeHHn BOMOH rayGoKnx TynHeMel it waxrt
B HX 00JeNKax, Kak npaBhio, 00pasyioTcsl TPEU{HbL, Hanpanier-
Hble NMPEHMYILIECTBEHHO BAOJbL COODYXKENHS.

KonnyecTBo ¥ HanpabJleHHe TPELlHH, a TAaK)Ke Beandsia ux pac-
KPEITHA 3aBHCAT OT psAna QAaKTOPOB: CTPYKTYPH CHaraloliixX ropHbIi
MAacCHB NOpPOJi, Xapaxrepa HanjacTOBaHus, hasmepop OJA0KOB, ne-
¢opMaTHBHOCTH TOPHOrO Maccusa, (popmul BLIpaboTKH, cnocoba npo-
XOAKY BHIPaBOTKI, MaTepHasNa M TOJULIILL 06TeNKY, HAZRYIS apMa-
TYPBl, BEJIHYUIILL HATIOP& BOALI B Tvillleae H Ap.

[MpuuuHamit TPeWHHOOGPA30OBANUS 1T COOTBETCTRCHIIQ YTEHCK BO-
Jibl 13 TyHHenell ¥ IWAXT (pH 3KCIUyaTaupH sBASIOTCS! HeBepHas
oueHka AeopMaTHBHLIX H (QUABTPAUHOHHLIX CBOfICTB rOpHOro Mac-
CHBZ NPH H3BICKAHHAX OTCTYNJICHHS OT MPOEKTA H TEeXHHYECKHX yC-
NnoBHA NpOH3BOACTBA paboT NpH CTPOHTENLCTBE, KOppo3Hs Oetona H
ApMaTyphL

BmecTe ¢ TemM JHMHTUPOBaHHOE PAacKpPHITHE TPELHH Pa3pelleHo
HOPMAaTHBHBLIMH JOKYMEHTAMH.

5.2. Kpome Tpewtnn B o6zenKe OAHHM 13 OCIOBHBIX (DAKTOPOB,
BNHAIOWMX Ha OUABTPAUKIO BOAH H3 HANOPHOTO TYHHENS, ABIAETCA
BOJONPOHHLAEMOCTb TOPHBIX nopoA. Ilpu atoMm neo6xoaumo orMe-
THTH, UTO HaJHyHe TpeliHH B O6hesnke He Bcerjda oO6yc/IOBJIHBaeT
dbuaptpanko u3 TyHueas. Ha Bennunny yTeuek BoAbl H3 TYHHeNS
uepes HeTPELWHHOCTOHKHE OGAENKH B OCHOBHOM BJLISET CTENEHb BO-
nfonponuuaemocty nopof. Ecanl nopofia npaxTiueckH BOLOHETPOHH-
yaeMa, TO He3aBUCHMO OT TOrO, MMelOTCsl TpellHisl B offenke uiH
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HET, TYHHENb GyJeT NPpaKTHUeCKH BoloitelpounuaembiM. Ecn nopo-
1a BOAONPOHHLAEMA, TO NPH HaNHYHK Tpeluun b obaenxe QunbTpa-
UHOHHBIE OTEPH BO/Ibl M3 TYIUHENST Pe3KO BO3PaCTAaloT NpH OTCYTCT-
BHM €CTECTBEHHBIX Wil (PUALTPAUMOHHLIX MOA3EMHBIX BOJA C HANo-
poM, MeHbWHM Hanopa BoAu BHYTPH BOJ0OBOAA.

Tpeiwuusl B offesike, Kak Npasnio, OLIBAIOT NPHYPOUYEHH K
KPYNHLIM TPELIHHAM B CKaJbHOM MacCHBE, KOTOpPHE TaK)Ke HauyHHa-
10T pacLUMPSITECS NMPH Nepenaye YCHIH Ha MACCHB.

5.3. KonuyecTBOM 11 BEAHUNION PACKPHITHA TPELiHH B O0enKax
MOMKHO B 3HAYHTENbHON CTENEeHH YupaodsTb CleAYLHMH crnocoba-
mu: auddepenurpopanoil ueMenTaunell MOPOALl, KOJHYECTBOM H
CTeNeHBIO AHCIIEPCHOCTH apMaTypsbl, YCTPOIICTBOM JaCTHYHHIX NPO-
KNafOK HAa BHELIHEH NOBEePXHOCTH OBHeNKH Ml MEX/Ly ABYMS CJOs-
MH OOOeNKH, H3OMHPOBAHHEM apMaTyphbl Ha Y4acTKaX OXKHIaeMOro
06pa3oBaHHs TpeLiHH, YCTPONCTBOM KOHLEHTPATOPOB HAMNpsKeHH
Ha BHYTpeHHell noBepXilocTH oO0nenKi, YCTAHOBKOH NPEpPHIBHCTOH B
NOMEPEYHBIX CEYEHHAX apMaTyphi, COOTBETCTBYKOULefl aHKepOBKOIl
nOpoAbl BOKPYT BHIDABOTKH U Ip.

B03MOIKHOCTD HHIKEHEPHOTO BO3LEHCTBHS HA MPOLECCHl TPEUHHO-
ob6pazoBanus B 00esKaxX TO3BOJSIET KOHCTPYHPOBATH HX C pacyer-
HBIM packpLiTHeM Tpeuuin, He NpeRLaloulM JOTNYCTHMYIO BeH-
Wiy, KOTopas yCTalaBAHBAETCS KaK HaiuMeHbllias# H3 Tpex 3Haue-
nuil, onpenene’HHbLIX H3 yCnoBHI: a) ofecneueHHs JIONFOBEYHOCTH
o6aeiki; §) coxpaHelnHs ycToiluiBOCTH TOPHLIX TIOPO, B KOTOPBIX
3aneraeT TYHHeJb; B) OrpaHHueHHs (QUALTPALUOHHLIX NOTEPb BOJbI
IKOHOMHUECKH 0BOCIHOBaHHON BeNHYHHOII.

HonycriMbie BeHUHHLI PacKpLITHSI TpelHH B O0JlefIKax peria-
merTHpoBanbl (Tabn. 2), [3].

Tabruna 2
noﬂycxne”b‘e BEAHYNHLI DACKPLITHS TPCUIHH, MM, H3 ycrogis
Tpaanent LOATOBEYHOCTH GeTona MpH

s, XPAUHROC apmMma bl NIpH CYMMa it
PGPS 85, | cuoraRGaVeTION SRR soss, | SPUNOCTL SpueTYr 101 Cyapton
025 | 1 | 2 |25uGoree] mof0 | 100 | 200 | 4001000

o 5 0,1 0,18 | 0,35 0,5 0,5 04 | 0,35 0,3

50 0,07 | 0,15 | 0,32 0,45 0,5 04 | 035 0,3

300 0,05 { 0,12 | 0,28 0,4 04 03 | 025 0,2

flpumeyanve. I'pannent Hanopa B o0fedKax NpHHHMaeTCs npH Koaddnuneu-
TaX (PHALTPALMH NOPOAHI:

a) kp < 10~ % emfe, Ju=1;
100p — Hy

hoﬁ
nassienne BoAu, MIla, H —uanop nop3emubix BOA, CM; fiyg — TOJMIEHA o6Gnen-
KH, CM;

8) B putepsane 10—* < by < 10-2 cm/c Besnmunna Ja OMpERENSETCR NO HH-
TepPNONALHMH.

6) kg = 10-2 cmfc —rno dopmyne Ju= , TOe p— BHyTpenuee
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Anst tynweseit 11, 111 u IV xnaccos nonyckaemute eanunsbi packpHTAA Tpe-
LIHH MpPHBHHMaIOTCs COOTBeTcTBeHHO B 1.3; 1,6 n 2 paza Coasiue, yeM 3HAYEHHR
npuBeAeHHLe B Tabnnue, HO He Gogee 0.5 MM,

HouycTumas Bennuvua yTEYKH BOALE 13 Tyunenefi onpejensercs
no [3].

5.4. TTomumo oTpunatrensioro 3Q(pekTa, B Onpeaeneniux ycio-
BHAX QUABTPALKSA BOALI 13 HANOPHEX TYHHENE b wWaXTt oKasuiBaer
NOJIOKHTENBHYIO POJib, BHIPArKAIOINYIOCA B BHAe NPOTHBOLABJIEHHS
€ HapymHO#l cTopoHn. KonuyecTBewxo TNpPOTHBOJIaBieHle LOAH
hunpTpylouleiics vepes TpelluHL B 00/ieNKe, Onpejensior cleiylo-
M obpa3oM (NpH 5TOM NOAPA3YMEBAETCH, UTO QUALTPALHS BOAH
yepes NJOTHBHIN HeTpeulHnuosaThliii GeToH 0O0/leNIKi UPAKTHUECKODg
3HAYeHHsA He HMeeT).

1. B cnyuasix cyxuX H BOALOHACHIUCHHLIX NPaKTHYECKH BOAOHE-
npoHNIEeMBIX NOpon ¢ kg <t 10~ cM/Cc M Hanopa MOA3EMHEIX BOJ
Hyu, He npeBblluaIleM BHYTPEHHEG AaBAeHHE )) BOAL B TYHHERE
(Hn =~ 10%p, cM), BesinulIHa TIPOTHBORABACHHA, CM:

P ~ ( loép i Jﬁhnﬁ)’l,

rie Ju — rpapdent nHanopa B o0fenwax, onpcacasemuit 1o ¢opmyaam. npuse.
LEHHbIM B npHMeyaHudaX ¢t Tabanue n 32rucAWMit oT koadiduunedta QrRALTPAIHY
nopoast; fi — KOSMMMIMEHT NeperpysKil OT RABAGHHS UOLAICMHHIX BOA, NPHHHMAae-
Mt pasunm 0,9 3],

pn Hy == 1040 npoTHBOAABIEHHE HOAZEMHBIX BOJL
P~ Hy,-10%n.

[lpn 3TOM BeiHuUHHY Hanopa MOL3EMHBIX BOA NPHHHMEIOT OT
YPOBHS BOAW B BOAOXPAHHJMILE (BOZOTOKA) HJAH MCXOHAs H3 MO-
JIOXKEHHH MOBEPXHOCTH JENPEeCcCHH.

2. Ilpn 3aneranuu TyHHenedl B CHJIBHO H OUEHb CHIILHONPOHHLAE-

MBIX NOpoAax c kg = 1078 cM/c BejliyMda NpPOTHBOAEBIAGHUS MPH-
HHMAaeTcs paBHOR:

B BOAOHACBLIIIEHHEBIX HOPOEHX
P o Hy- 1040 (n = 0,9);
B CYX¥X noposax
P=0.

TIpu pacuere TpeIHHOCTOMKHX GETOHHHIX H ¥ey1€300€TOHHBIX 06-
BEJI0K, KOria HCKAKYaeTCs BO3MOXXHOCThR NOATHNTKH NOA3CMHBIX BOJX
113 COOpYXKeHHS, NPOTHBOAABJEHHE HOA3eMHHIX BOJA Npegnaraercs
YYHTHBATEL TOJBKO Ha YYAaCTKaX NPOXOMKAEHHS BOAOBOAA NOA ypOB-
HEM BOAH B BOJOXpaHHJHUle (BOAOTOKE) HJIH NOJ 3€PKajoM MOI-
semMAHIX BOA. IlpH NpoxoxienHd BOLOBOA2 HA YYACTKe NOA Aenpec-
CHOHHOH NOBEPXHACTBIO NMOJ3EMHDLIX BOA B HHxHeM Obee MIIOTHHE
HJN TaM, TAe NONOXKeHHe LENPEeCcCHOHHOH NOBEepXHOCTH ONpefeseHo
HELOCTATOYHO LOCTOBEPHO, KO3QQHIUCHT NeperpyskH oT AaBJeHUA
NOA3eMHBIX BOJ Lenecoobpasuo (o nonyuenus 6onee TOYUHLIX Ha-
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TYPHLIX AAHILIX) TPHHEMATH paBHbiM 0,5, M TOAbLKO MPH HaleKHOM
OBOCHOBZHHA TIOJIOXKEHHS JAENPECCHOHHON MOBEPXHOCTH KOI(PDHUH-
€HT NeperpyskH MOXXHO npuHuMaTh pasubiM 0,9.

5.5. CornacHo Hopmam [3] BenuumHa OOTMYCTHMOrO (QHIbTpaiy-
ouHoro pacxofia Ha 1000 m? BHyTpeHHell NOBEPXHOCTH TyHHeJjeil
¢ GeToHHOH (Kene300eToHHON) 0OReNKoil AonxHa OHTh He GoJee
0,1—0,5 a#/c npn p>1MIlla u 0,56—1,0 n/c npu p << 1 MIla.

CNMOCOGbI HCCNEJLOBAHHS TPEWUHHOOBPA30BAHUA H
YTEYEK BOAbI

5.6. OUAbTPALKOHHBI pacXol (yTeykH) BOLLI M3 HANOPHBIX TYH-
1eJ1efl MOXKHO onpe}lenmb KakK pacyeTiio-TeOPEeTHUECKHuM, TaK ¥ 3KC-
NepHMEHTaNbHbIM MTyTeM B NOJNYNPOU3BOACTBEHHHIX (B ONBITHLIX Ka-
Mepax ¥ wypdax) H HaTYPHEIX (B TYHHENSX) YCJIOBHSX.

Hcnonp3oBanne TeopeTHyeCKHX GopMmyal LA OlPefeNeHHs
(HUABTPANHOKHLIX NOTEPh BOLLI H3 HANMOPHHIX TyHHeseli He Bceraa
MOMET HaTb [OCTOBEPHBiE Pe3yAbTaThl 1O PSABY fPIUNH, OCHOBHOM
H3 KOTOPHIX SIBJISIETCS HECOOTBETCTBHE pPacueTHOrO H AeiCTBHTE]b-
HOrO KO3(gHUHEHTOB PHALTPAUHH GeToHa oO4eJKH KaK maTepiana
i KaK KOHCTPYKUWH. OOYyCNOBAHBALTCS 3TO TeM, YTO B peadbHoli Ge-
TOHHOH O0ZeNKe TYHHeNs MPaKTHYECKH He YAAeTCs MOJYUYHTh HHACR-
THYIYIO ¢ aBopaTOpPHLIM O06pasuoM CTPYKTYDPY, BJAaxHOCTDb, 1anps-
JKenlo-1eOPMHPOBAHHOE COCTOSITHE H MONOAHMTHOCTb, KOTOpasl B
YCJIOBHSIX TyHHeJIeFl HapymaeTCﬂ BCJIeACTBHE HAJHYHSA UIBOB H Je-
(exToB GeTOHHpPOBAHHS, TPEliHH, 3aKJaAHHX IeTajed, apMarTyphl,
LeMEHTAUMOHHBIX CKBaXXHH H Ap. 3HayHTeslbHO GosbLiasi YacTh 1po-
¢dunsTpOBaBLIEiicd BOAW NOCTyNaeT He yepe3 cobcTBeHHO GeTOH, a
MO COCPENOTOUEHHBIM NYTAM QUALTPALMH.

Haryprbie HaOnioleHHst 3a OTKPHITHIMH OETOHHEIMH COOpYHKe-
HHSIMH [IOKA3BIBAIOT, YTO PHABTPAlHs BoAbl B GETOHHBIX THAPOTEX-
HHYECKHX COOPYKEHMAX IPOMCXOAUT B OCHOBHOM 1O TpELIHHAaM,
IUBAM H Pa3iHUHBIM AedeKTaM GeTOHHPOBAHHSI.

5.7. Hau6onee noctoBepHble Pe3ysnbTaTH IO TpelixHooOpasoBa-
HHIO H (PHABTPALHOHHBIM YyTeUYKaM BOALI H3 TYHHeNell M LIaXT MOX-
O MOAYYHTH IKCIEPHMEHTAJBHLIM NYTeM B HAaTYPHBIX YCJOBHSAX (B
ONBITHBIX KaMepax) B Mpouecce MPeANyCKOBbIX HCALITAHNI HAH B Tie-
PHO/ SKCTJIyaTalHH COOPYIKEHHS.

OnbTel Ha (QUABTPALKIO B ONLITHHIX KaMepax B Haulefl cTpane
Obljii NpoBeAeHbl Ha cTpouTenbcrBax Xpamckux I'9C-1 u FIC-2,
HMurypckoit 1 Hypekckoit I'9C [62, 63].

5.8. Cornacio CHull [64] npuemky HanopHHIX TI'MApOTEXHH-
YEeCKHX TYHHeNeil THAPOAJIEKTPOCTAHIHI HAl0 NPOWSBOAUTH C MCIHI-
TaHHeM o6Jle/IKH Ha BHYTpeHHee AaBJjexne BOAbL. IIpu 3TOM BesuyH-
Ha [aBJeHHs [V HCOBLITAHMA M [OMycKaemMas yTeuka BOIH yepes
o61enKy ycTaHaBnHBaeTCA B JIPOEKTe Ha OCHOBE TEXHHKO-3KOHOMH-
UECKMX PacueToB C YYETOM CTOHMOCTH NPOTHBOQHJIBTPALHOHHBIX
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MEPOTPHUATHH C OAHOM CTOPOHLI, W TepsieMO# BHPaBOTKH 3/MEKTPe
SHEPrHH BCAEACTBHE yTeuexK — C APYron.

[NpennyckoBele HCNLITAHHS HA (QHABTPALHIO B HATYPHLIX COOPY
XKeHUsX B Halue# crpaiic Oblan ocyulecTsaeun (naunnas ¢ 1930r.
B LepuBauuoHHbX TyHuensx J[aoparerckoil, I'wsensponckoir, Cy
xymckofi, Xpamexoit I'DC-1, Trubynscrkoit 1 Epesanckoit '2C.

5.9. McnbiraHue HanopubiX TyHHeN el Ha QHAbTPALHIO B NEpHOp
SKCIIYaTALHH BIEpBbe ObIJIO OCYLIECTBJEHO B KEPHBAUHOHHOM TYR-
Hente JlouepH-Duronsbept ([seftnapus) 8 1905 r. n ¢ Tex nop Ta-
KHE HCMHTAHHS CTajil NPOBCIAHTE BO MHOCHX CTpaHax.

B [65] npumenmena Tabamua BenHuHH (QHALTPAUHOHHBIX MOTEp
BOZIbI M3 HaNOpHHIX TYHHeJell M LAaXT, COCTaBjeHHAad Ha OCHOBAHHI
U3yuyeHUs U OOOOU(EHHS MATEpPHAJOB HCHBLITAHUA OKOMO ABYXCO
ONMBLITHHIX Kamep n TyHHesell. B 3ato# TaGauue nawoTtcs ABe Benuuy
Hbl (PUALTPAIHOHHBIX MOTEPb BOALI H3 HAMOPHLIX TYHHeACH: YHes-
Has ¢uabTpauns Qp B pacuere na 1000 M2 BHyTpeHHell NOBEpPXHC
CTH HCOBITHBaeMOll offeni it yaeabuas duasrpauus (o B pacuern
Ha 1000 m? nosepxuocTn obaenxn, oTiecentan Kk 0,1 MIla suytpesn
Hero faBJeHHs p BOAB B TyHHene. Ha HexoTopbix obbexTax Besldn
Hbl QUIBTPAUHOHHOIO PACXOAa H3 TyHHeell CYLIECTBEHHO NPEBOCXE
JAT JONYCTHMbIE IO HAWIM HOpMaM.

5.10. [Ipn GuUNBETPAUHOHHBIX pacyeTax TONZEMHLIX COOPYKEHHN
YacTO YCJOBHO NMPHHHUMAIOT, 4TO GETOHHbIE 00AENKH HEeMPOHHLAEMS,
XOTSl H3BECTHO, 4yTo AaKTHUECKHE KOd(pdHuuenTh (punbrpaunny Oe
TOHA B THAPOTEXHHYECKHX COOPYMKEHHKX, B TOM uHcae u 06jenoy,
UMET AOCTATOMHO BHICOKHE 3HAYenus, MOCTHras B psfie ciydaes
10-3—10-% ecm/c (1 —0,01 m/cyt). HMcknouenne cocrarnsior ob
HLEJKH, HMelollHe CNelHallbHYIO -THAPOH30MASIIHIO, HanpHuMep, CTalkb
HYI0 OOJIMLOBKY, KOTAA PacueTHBINl KOI((HIHEHT QHABTPALMIL MO
HO MPHHATbL PaBHLIM HYJIO.

B Hacroduiee Bpems, cornacHo [3], yTeUKH BOAb M3 HATIOPHEIY
TYHHeJIell OnpenensiioT caefyloluum obpasoM. OnpeaensorT BesTHYH-
HY PACKPHITHS H I'MAPAaBJAKYECKOro COMPOTUBAENUA Tpeulnt B GeToH
HOM 1 »Kesie300eTOHHOH OOMeNiKe M 3aTeM pPacCyHTHIBAOT BENNUHHY
QuABTPaLlHOHHOTO pacxona BOALI H3 TYHHes.

5.11. ¥TeukH BOABI H3 KPYTIOUHIHHADPHYECKHX HATOPHBIX Kamep
ONpefenqioT NPH CO3LaHHH B HHX BHYTPEHHEIO THAPOCTATHUECKOT?
JlaBJeHHs; MOLeNHpYs TakuM o6pasoM B onpefeneHHoM MaclTabe
HCC/IelyeMoe coopyxeHHe. B xamepy, orpaxieHnyio 6eTOHHON npob-
Kolt C JIIOKOM, NMOABOAAT TPyOwl [Js1 HarHeTaHHs DBOZLbI, BHIMYCKa
BO3LYyXa, MAHOMETPHUECKHX H3MepeHuH U BbIBOLA Kabenell OT KOHT-
pOJIbHO-K3MEPHTENbHOR annapaTyphl AHCTAHIHOHHOTO AeACTBHSA.

[MpenmyinecTBoM cnocoba HamopHHIX KaMmep SIBJSIETCS BO3MOX-
HOCTb MOJIYYeHHA B YCAOBHSIX, OPHGIHIKEHIBIX K IKCHJIYaTaUHOH-
HBIM, NaHHBIX NO (PHALTPAHHOHHEIM CBOFICTBAM OORENOK M MACCHBA

nopof, & TAaKXKe M0 HaNpAMeHHOMY COCTOHHHIO obfe/Ka — MaccHs
nopoxel [62, 63, 66 —71].
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5.12. Yteuku BoAb depe3d 00AC/IKY Tak/me ONPELeNSIOT, 33aKNanm-
pas B Hee npH GETOUMPOBaHHH YCTPOHCTBO, o6pasyioliee NoloCThb
uieieBofi HAK MHON QOpMBL, BHYTPb KOTOPOH TIPH MCTILITAHKH HarHe-
taior BoAy. [lo Benuuvie €e pacxona W Hamopa, NOJNb3YsCh YHCNO-
BLIM 3HA4EHHEeM TepeXoAHoro Kos(opuuuenta (noayyeinioro, nanpu-
mep, meronoM ST LA), onpenensior pesmudHy Ro3(phuunesta GHb-
Tpaunn GeToHHof obaenkH (puc. 1 npunoxenus 5).

5.13. HccnemoBauune yTedeKk BOABI C IOMOLUBIO LUEJIEBBIX Kamep
3aKJIOYaeTCs B TOM, YTO B OMBITHYIO Kamepy Npil ee CTPOHTENbCTBe
BCTPAKBAIOT 3aMOANHLO € 0OMG/NKOR (PparMeHTHl APYrHX, noanexa-
ULHX HCNBITAHHIO OGAENOK, NMepeKPLIBaeMLIX HellpOHHIAeMbiM 3Kpa-
HOM, ©O6pasyIOUIUM ILUENeBYI0 KaMepy, COCAHHEHHYIO C MOAOCTHIO
OMBITHOM KaMepbl MOCPeACTBOM TpyObl, cHaGskenuo#él BoAOMEpOM H
MasoMeTpom (pHC. 2 npuioxKenus 5).

5.14. JlocToBepHhie CBEAEHHS N0 YHCAY Il BENHYHHE PACKpBITHA
TPEUIHH B 0OJeAKaX MOJMKHO MONYYHTH BO BpPeMs WX HCOLIT2HOS B
OMLITHEIX KaMepax ¢ NoMoulblo iH(depeHHasbHOTO H3MepHTeNs,
collep¥Kaulero ABe WITalri, 3ajeabizaeMbie B GONENKY, O4HA H3 KO-
TOPBIX HMeeT WIKaJy; NPH ITOM WTAHTH PacNoNoKeHbl NapaienbHo.
[lepsas wtanra co wWKanoi cHabrkeHa ABHIKKAMH ¢ HOHHYCaMH, a
BTOPasl — CTEPIKHAMU C CHNBLPOHAMH Pasiofl IKCCTKOCTH, KOTOpHie
NO3BONSIIOT H3MEpPATh BENHUHHBI DACKPLITHS TPEILHH NPH pasind-
IBIX YPOBHSIX AapBieHHsl B ONBITROH Kamepe {pnc. 4 npuaoxenns 5).

5.15. MccnepoBanue TpetunHooGpasoBaniisi MoXeT OhITb mpose-
JIeHO C MOMOWBID MAaKCIIMaJIbHOr0 TpewrHovepa, npeactaBiaioliero
co60oil mWTaHTY, HMEIWYIO HA OJTHOM KOHUEe ynop, a Ha Apyrom npo-
pesb, oGpasywolyio ynpyropaborawiuuir xBoctoBrK, Illtanra B3awu-
MOJeHcTBYeT C OflopaMH, 3aneJaHHbLIMH B NOMEPEYHLIX CeueHMaX 006-
nenxu (pHc. 5 u 6 npunoMeHus 5).

5.16. Ha6niofenre 3a TpewlMHOOGpa30BaAHNUEM MOJKHO OCYLIecTB-
JNATh M € TOMOLUBIO Tlepuckomna. Brposw ocu npobku, oTcekarollei
ONHITHYIO KaMmepy, NpONYyCKaloT Noasopryio Tpyly, o6opynoBaHHyo
noA, mepucKon (puc. 7 NpHNoXeHHs 5).

NPEANYCKOBBIE UCNBITAHUSA B HATYPHBIX YCJIOBHSAX

5.17. UccaenoBaHue GuabTpanuy BOAH H3 TYHHEJs B NPERNYCKO-
BOH MepHOA Ha MPOOHLIX YYacTKax cliefyeT NPOBOAMTHL B COCTaBe
KOMIJIEKCHO# MPOrpaMMbl HCCIE[OBaHHSA HAMOPHOTO TYHHENS, KOr-
La napajJielibHO CO CTAaTH4YeCKHMH BeAYT MCCJAEZOBaHHs $HAbTpa-
UHOHHEIX CBOWCTB OGIENKH TYHHENS M MACCHBA TOPHBIX NMOPOA NpH
JAeNCTBHH Ha HHX Hanopa Bojbl U3HYTPH. Ilasa 3Toro HeoGXOAHMO
oo6opynoBaHHe ONBITHOrO y4acTKa PacXOAOMEpaMH.

5.18. [lnsa onpefenenys yreuek BOAH H3 HAJNHHHBIX OTCEKOB BOJO-
BOJIOB Ha rpaHHiiax McC/edyeMOoro HHTepBajia jiMHol L Bofoeona /
COOpYyKaloT ABe nepeMuykH 2 (puc. 22), n B oTcek 3, 3aKJIIOYEHHEI
MeXIy HHUMH, 3aKayuBalOT MOA 3aJaHHLIM JlaBAEHHEM BOJY, HaMe-
pas ¢ TOMOLUBID PpacxofOoMepoB HJH 00beMHLIM crnocobom ee
pacxop.

73



5.19. Hns onpenesieHHs yTeUEK BOABI 13 KOPOTKHX OTCEKOB B BO-
nosofe (TyHueNE) YCTAHAB/IHBAWT B CBA3AHHKE MeXLy cobol 3a-
TIYHIKH, OiHa #3 KOTOPHX cHaliena fazom. 3arfyluky KMeT 00

/ 2 3

o

XXX AR AAXXAXA XXX AKX XX
l L

Puc. 22, Cxema K H3MEepeHHIO yTeweK BOAH W3 OTCEKA BOAOBOAR,
BLIACNIEHHOTO nepeMbl'-u(amn, HCNBITHBAICWHMI{ ONHOCTOPORKee [aB-
JiedHe BORHW
! — RONOROA; 2 — fepeMniiki;, J— ofcek
REepHMETPY YIJIOTHEHHE LIS FepMeTH3aluu OTCexa. drHM CrnocoGoM
MOMCHO OTNPEENsiTE KAUSCTBO CTPOMTENbHHIX 1 jedopMaunontsix

NIBOB.

5.20. YTeukH BOAb MOXCHO TaKsKe ONPeAenuTs ¢ NOMOUbIO pH-
CTEHHOH KaMephl, LJif HEro Ha HCCJASAYEMOM yyacTke O6penKku na-
pansensHO eff YCTParnBalOT NPOMLOJAbHYIO CTEHKY, CKPEMJIeHRYIO CBO-
HMH KOPOTKHMH TOPLOBBIMHM CTeHKaMH ¢ obzeikoil. B oOpasoBah-
HYI0 MeXAY 06enKoi H CTEHKO#l KaMepy NOJaIoT BOAY H 32MepPAI0T
(unbTpaunionHbifi pacXon (puc. 9 npriokenusa 5).

5.21. Tlpu onpenenenny MNpoHHLaeMOCTH 0G;EJIKH CTEH C To-
MOLLbIO IAKAASAHOrO WHTA 11 AedeKTHoM yuacTke OOAENKR K Hel
TUPUKPENASIOT CHAGKeHHLIl [epRMeTPANbUbIM YIUIOTHEHHEM CTadlb-
1O JIUCT, NOJ KOTOpPHIM o6pasyercs lieseBas nojocts. Yepes wry-
Lep B JIHCTE B LUeNb HAaTHETAIOT BOJy C H3MEpeHHeM ee pacxojia
(prc. 10 npunoxkenus 5).

5.22. B cnocoGe onpegeseHusi NpoHHllaeMocTH OGETOHHHIX ofxe-
JIOK Mo BONONOIJIOWIEHHIO CKBAXKHH B o6zenke npoOypuBalOT CKBa-
JKHHY, B KOTOPYIO HarHeTaioT BOAY C M3MepeHHeM ee pacxona (pmuc.
11 npunoxeuns 5),

5.28. Tlpu onpeaeneHuyu nporuuaeMoctH OeTomiibix oGLeNOK my-
TEM 0OTCOCA BO3/lyXa H3 OeTOHA Ha HCCAeAyeMOoM YUacTKe 00HenkH
HaknagbiBaloT Konnak npubopa [72] 1 cozpaloT B Hem Bakyym. 3a-
TeM N0 BpeMedH BOCCTAHORJIEHHSA JaBleHHs BO3AYXa, OTCacHBaeMo-
ro u3 OeToHa, ¢ NOMOWMBI0 TAPHPOBOUHOTO rpadHKa ONpenensiiorT
BenuuuHy MpoHHuaemoctTh (puc. 12 npunoskenns 5).

5.24. BoponpornnaeMocte OGRENKH TaKKe MOMIO OUEHUTH M
peaysnbTaTaM HCNHTaHHA BoiGYpeHHEIX KepHOB. C 270l Hesblo U3 Ge-
TOH& B XapaKTepHBIX MecTax OOHeJkH (CBOA, CTEHH, JIOTOK) BHIGY-
puBaOT KepHe AuameTpom 100 — 150 MM, H3 KOTOPHIX H3TOTABIH-
BaOT UMAHHApL AnuHOM 150 MM [73]. Llnanugpe B gaGopatopus
ACHLITHIBAIOT HA BOLONMPOHHILAEMOCTH C onpeneneHHeM KodGoumy-
enrta uabTpanmn [74].

5.25. Ins onpenenenus PAacKpLITHY H OPOHHUAEMOCTH OTRENB-
HEIX TPELIHH MOXHO NPHMEHHTD YCTPORCTBO, NosicisieMoe Ha puc. 13
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upnnoxenns 5. [py Tpelnnax, BHXOAAILHK HA MOBEPXHOCTD CKAJb-
HOFO MaccHBa HJin OCTOHHOH OGHE/KH, MOXKIIO NPHMEHHTH YCTPOW-
CTBO, C MOMOIBLIO KOTOPOIO HajA TPeulnHoil o0pasyloT HANOPRYIO Ka-
Mepy. B xamepy npu noctosiinom H3GLITOUHOM AaBJIeHMH HArHeTa-
10T BO3/1yX, H3Mepsia NPH 3TOM ero Pacxofl, H onpenedsioT Koadou-
wenT nponnuaemoctT Tpenwnb (puc. 14 npunoxewns 5).

HATYPHOLIE HABJIIOAEHHS B NMEPUON SKCNJIYATALUU

5.26. B nepuoa nposeneHns HaTyplubix Habmofeund 3a dunpTpa-
udeit MOKHO NPHMEHATb NPHBOAHMBIE HH)KE CNOCOGHI H YCTPOHCTRA.

Kpowme Toro, nHeobxofumo BecTH HAONIOACHUS 32 NOSABIEHHEM H
HCYE3HOBEHHEM POJLIIMKOB NO TPacce TYHHENs, 3a BLICAYHBAHHEM
QUALTPAUHOHHOPO NOTOKA Ma OTKOcax BOMH3M TPACCH HAMOPHBIX
TYHUEReil, 332 H3MeileHHeM TPOUHOCTH TOPOA NPK HX Pa3MOKaHWH,
BHILLEIAYHBAHHEM H COCTOSIHHEM OIMNOJ3HEBLIX CKJIOHOB B CBfi3H C
(unLTpauKel BOAL H3 TylHeNeH.

5.27. YTeuku BOALI, MPHXOARILHMECS HA BCIO JIHHY BOAOBOAR, ON-
peaedsioT, MepeKkpLIBasi HH3OBOH H BepXoBoil 3aTBOPH B BOAOBOAE H
u3Mepsas pacxo/ BOAbI, NOCTYTIAIONIEH B BOJIOBO/L “epe3 nepenyckuoe
YCTPOHCTBO € pacXo/loMepom ita uXofie B BoAOBOA {puc. 15 mpuno-
KeHus 5).

5.28. ¥Teuku BOAL U3 AMHHILIX YYACTKOB BOOBO/OB, OTpaHHyes-
npix AnadparmManmi, oNpeesifIoT yeTanapmisas B TylHese 1epeBsii-
nyo auadparmy (neperopojlky) ¢ OTBepCTiieM, B KOTOPOE BMOHTH-
posana riiipoMerpuueckas septywwa [75]. [To ee noxkazawuswm on-
PELeNSIOT PACXOA BOAH fj Ha YTeyKy yepe3 OOAeNIKY BOAOBOAA HA
yyacTke oT AMadparMbl O 3aKPLITOI'O HH30BOTO 3aTBOpa. B TyHHen b
BOLa MocTynaer M3 BOAOXPaHH/IMUIA Yepe3 OTKPLITHII BEPXOBOH 3a-
TEOP.

5.29. Onpepienenue yTreyek BOJb H3 3aNOJIHEHHHIX BOJOBOJAOB
TaKkKe MPOM3BOJUTCH C MOMOULLIO NEPERBHIKHBIX YCTPONCTB.

Ator cnocob 3aKNKOYaeTCs B TOM, YTO B BOJOBOAE B 3ajaHHOM
MeCTe YCTaHaBJAHBAIOT MEPeIBHIKIYIO flepeMbluKy-OTceKaTelb CHab-
KEHHYIO BOAOMepOM, (DHKCHPYIOT MecTONoNOoXKEHHe TNepeMBIYKH
H CHHMAIOT NMOKasaHNs pacxolioMepa. 3aTeM TepPeMelLAOT OTCeKa-
Teib HAa HOBOE MECTO H (MKCHPYIOT QuAbTPauHORHLIA pacxox [76]
(puc. 16 u 17 npunoxenus 5).

5.30. K cnenuanpHBM METOJaM BhisIBJENHS] MECT COCPEAOTOYEH-
HBIX yT€YEK H3 BOXOBOJOB OTHOCSITCH METOALI: MeueHoro obnaka, me-
YEHOH 3MYABLCHE ORTYM3; BOJOCHLIX HIANKATOPOB; OKPAILEHHEIX JIU-
HHHl TOKAa; eCTeCTBEHHBIX HHIHKATOPOB (pPaoHOAaKTHRHEIX H30TONOB,
NPHCYTCTBYIOLUHX B NPHPOAMBIX BOAAX); & TaKXe reopH3HYECKHe,
6uoduanueckue, reoaneKTpuueckue, ceficMopaseenku [30].

5.31. HMccnenoBanue TpeliHl MOXHO NPOH3BOAHTH C TOMOILBIO
nojioctelt, o6pasyeMbix B BHJE TOMNEPEYHBIX KanasJoe BHYTPH obue-
NoK npu ux Oetouuposanun (puc. 19 npanoxenus S).
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5.32. [Jns uCrbiTaHiis BOAONPOHWUACMOCTH 1UBOB OOALIKY MOXK-
1O NpHMEHHTL YCTPOHCTBO, coCTosillee H3 (PHALTPOB, 3aKJajibiBae-
MbIX B lWBe OeTOHHPOBAHMA, H BHIBEJEHULIX K HAGMOAATEIbHOMY
nyHKTY TpyG, 06OpYAOBAHKLIX MaHoMeTpamH H Beutuasimi (pue. 20
upunoxkenus 5).

5.33. Jas ucciiegosanusa KoabMaTa)a Tpewind B nponecce QHib-
TPAaLHK BOABI H3 HANOPHOTO TYHUENS MOACHO NPHMEHUTD YCTPOHCTBO,
TOKa3aHHoe Ha puc. 21 npuaoxenus 5.

ONPEAEJEHHE YTEYEK BOAb!
APH HANHYUHN BOKPYT BOAOBOUCEB
3ALEMEHTHPOBAHHON NOPOADI

5.34. OnHnM H3 palHOHANbHBLIX THNOB OGAENOK HaNOPHLIX TYHHe-
Jeit ABnsercs BHpaBHHBalowas GeToHnas ofAenKa c 3aUeMEeHTHPO-
BaHHBIM KOJIbLOM NOPOAbI, npepHa3nayvyeHibiM 8 OCHOBHOM JNiA NIpe-
OTBpauieHiisi yTeUeK BOAH M3 TyHHeNs.

B neproa u3bicKanuft 3QQPeKTHBHOCTL UEMERTAUHN MOpOAbl Ile-
71eco06pa3no HCCAEAOBATh B OMbITHLIX HANOPHBLIX FHAPEBANYECKHX
Kamepax.

Ins KONTPOJs KauecTBa LEMEHTAUNH B NEPHOL CTPOTENLCTBA
TYHHENs! CJACAVET NPHMEHSTh COCOObL HATHETAHHS BOALI B CKBaXii-
Hbl (HpHAOHCANE 5) W YNbTPasBYKOBOTD TIPOCBEYHBAHUSI.

IOns npennyCcroBHIX H 3KCTAYATAaLHOHHLIX HCNLITalBH 3aueMes-
THPOBAHIIOTO KOJbLa NOPOAB PeKoMenjyercs: aaknanusats KHA
Ha y4YacTKaX Bpe3kH NOAXOAHLIX BLIPaOOTOK K TYHHeNIO, OKOJO To-
MelleHHll NOMbEMHEBIX MEXaHU3MOB U T. M.

5.35. ns onpenenenvss (pakTHUECKHX Pa3MepoB 3aLlEMEHTHPO-
BAHHOTO KOJbLA PEKOMEHAYETCA 3akNaibiBaTh TOueyHble [1be30MeT-
pol, pacnonaras ux B o0Aeske, B 3alleMeHTHPOBAWHOM KOJblE NOpo-
Abl H 3a ero npejeiamMn (npunoxenue 6).

5.36. I1pu onopoXkneHu” (NA3BHOM HAK aBapHiHOM) BOAOBOACB
cheilyeT HEME/UJIEHHO MPHCTYNaTh K BU3YANBHBIM OCMOTPAM COCTOA-
HHA OONesIKH, TOTOMY YTO BEIXOAM BOAM, QUALTPyIOUleHcst yepea
064eNKy BHYTPb COOPYIKEHHS, MO3BONAIOT YETKO BHISIBHTH H 3aduK-
cHpoBaTh gedexTHble MecTa ofienkd. [1pu 3TOM KenaTenbHO H3Me-
PsTL pacxofsl BOABL, BbICAYHBAIOUIEiCS W3 OOHApYIKEHHBIX 0Yaros,
H CKOPOCTbL CHHJKEHHSl 3THX Pacxo[oB Bo Bpemend. Kpome Toro, ec-
JIH NIPH OCMOTpE BLISIBATCA (PHALTPYIOLLHE IUBE B TPEeLUHHbI, CIeRYeT
3a(HKCHPOBAaTE HX MECTOTOJNOXKERNE, NPOTSXKEHHOCTb, BEJIHURHY
pacKpbiTHsi WBOB H TpPELIMH, BHICHHTb, COAEPIKHT JH (HABLTPYIO-
U(asiCsl BOAA B3BELIEHHBIE YaACTHIIH.



Tpusoncenue 1

KPATKHE CBEJEHUS O NMPUBOPAX,
NPHMEHAEMBIX HHCom 'HIOPONPOEKTA AJSl HATYPHBIX
PRABTPAUUORHBIX UCCINENOBAHKUY

Tlo nponO/IKHTENLHOCTH BPEMCHH BO3MOMKHOTO HCNOJb30BAHNS
npubopr H YCTPOHCTBA ANS HATYPULIX HAGAIOHEHHR AeJATCs Ha
nonroBpemelnble H KpaTKkoBpeMeHHble. JloaroBpemMeHHble npHGops: —
Te, KOTOPHIe MOTYT CYLIeCTBOBAThL B pafoyeM COCTOSIHHH HJH BO306-
HOBJIATHCA HA NPOTSMKEHNN DCErd BPeMEHH paboThl COOPYeHHit
rinapoyasia. K HEM OTHOCSTCS yCTPOHCTB2, BBIIOJHSEMUE 113 JOAT0-
BEYHRIX MaTeplaloB H YCTAHABAHBACMBIC B MECTAX, AOCTYNHHIX AJS
X pemMonTa I 3ameHbl. K KpaTKOBpeMeHHLIM OTHOCSTCS NPHOOPH,
3aknaibiBaeMble B MECTaX, HeAOCTYMHHIX [JsT PeMOHTa M 3aMeHbl
(B cxkpaxuuax, maceinn, Gerone). BoawtunucrTso Taxix npuGopos,
wipoko npumersieMux B Cosetckom Cotoze u 3a pyGexsom, HMEIOT
CTPyHHBIH npeofpasoBaTesib. ¢ YaCTOTHBIM BLIXOAHBIM CHLHAJIOM.
TapanTaiigbit cpok paborsl TakHx nprbopoe cocrasrisier 10 Jet.
OzHaKe H3BECTHO MHOTO ciyyaesB paGoThH NPHOGOPOB CO CTPYHHBIMU
npeobpasosarensivu B Teyesue 15— 20 u Cosee Jer.

[Ipu cocraBnenuu npoexra saknankn KHUA past Porynckoit TOC
NPEANOYTEHNE OTAABAJOCh AOJArOBPEMEHHHM npubopaM M yCTpoil-
CTBaM.

B rabanne npuBesenn NepeyeHb B KpaTKan XapaKkTePHCTHKA NPH-
60poB, Haubonee YacTo NPHMEHSEMBIX B COOPYXKEHHSX AJs HabJo-
nexus 3a Quabrpavueir. Bee npusenenntie B tabGauue Tl npubo-
pOB, 32 UCKJIOYEHHEM ABYXTPYOHBIX NBE3OMETPOB, SKCIAYATHPYIOTCS
Ha TMOCTPOEHHBIX H CTPOSLIUXCS MMAPOY3Nax Hawed cTpaHbl.

[Mo paspeny pasnuysbix reopHsHyeckHx nabmonenuii na Poryu-
ckoii ['IC npenycMOTpeHs M 3J€KTPHUECKHE HCCJICAOBAHMS, B YHCIe
KOTOPHIX HAMEYEHO H3Y4YCHHE nOoJs (UALTPAUMH MNOJ3EMHBIX BOX
BOMH3IH IUTOJIEH ¥ CKBAXKUH A0 H MOCKE 3aNONHEHH BOAOXPaAHHJH-
ma. 710 uzyuenue GyAeT BHINOJHEHO CHEMKOH 3JIEKTPHYECKOro NoAs
METONOM €CTECTBEHHOro NOTeHUHana. [IpH CO3ZaHHH CTANHOHaPHOM
ceTH HabnloNeHHEl NPeANOJaraeTcsi 3al0XHTbh B CTEHKH IUTOJIEH OKO-
5o 500 — 600 naTyHRBIX 3NEKTPOAOB AN 3a3EMJIEHHS NMHTAMHX H
NPHEMHLIX JIHHHH 3JeKTPOPasBeJOYHHX yCTan0BoK H 200 — 300 ne-
NOJSPH3YIOLIKXCS SJEKTPOLOB CHelHanbHOi KOHCTPYKUHH AJs HPO-
senenns usmepenuit metogom [1C.
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Haumenosauue npudopa
(8 ckobkax ctapoe Haasauue)

Tun (8 ckobkax crapoe
Ha3BaHHE)

Hasnavenwe npnbopa

Harotosireas

BHIDAGOTKH:  IAXTHI,

[Tonsemusie
HWTOJNIBHH

CMoTpoBHle LIAXTH K TajepeH

TTnesoMerp onyckuolt HanopHetit

[Tse3omeTphi:
ONMYyCKHOI Ge3Hanopusilt
3akiaafHoR
IBYXTPYOHbI

Bonocaus sosoMepymii

[TpeoGpasoraTeste NaB/EHHA CTPYH-
HBIH

TIpeoGpasoBateft AaBJACHHR CTPYH-
Hblt ¢ nopueToRt Hacaakok (mbesopu-
HaMOMeTp)

JonrospeMents

JloaroBpemMeHHbie 34

[OH

[10Bb
3
et

BB

¢ yCTPo#ACTBA

VeranoBka  pasaHyHuIX  npuBOpPOB.

Bu3ayaJibHpie H HHCTPYMEHTAJbHbhle

HAGMIO AL HUS

Kaagusie npubopu

H3MepeHue 1be3oMeTpHIECKRX YpoB-
HeH

HsMepeHse MLE3OMETPHUUECKHX YPOB*
Hel

Namepenne pacxonos BOAbI

Kpatkospemeunbie 3aknaaHbie npuboput

11aC (AAC)

AC-31T (O AC-3IT)
[1AC-10IT (AOC-1011
MAC-30I1 (I C-30)
MAC-100T  (AIC-1001T)

YamepeHne aaBieHHSA  OKHMAKOCTHU.
Moxer npumensiThes cosmectdo ¢ 12T
IS [epexoia Ha YacTOTHHIE CHUHAI.
[Mpn TtaxoM npumexeHHd npubop OTHO-
CHTCA K ZOArOBPEMEHHBLIM

[13meperne moe30MeTPUYECKHX YpPOB-
Helt ¥ rnoposoro nasienus Ao O,
10 MIlla

CTpOHTEIBCTBO

CrpourelbeTso

Ctpouteascrso

CTpoutenscrao

Colo33ueproasroma-
THKA

Co32Keproasronma-
THKA



{1podoascenue mabaruys

Haumenosarue npubopa

Tua (8 ckobrax crapoe

(B cKo6Kax CTapoe Ha3pauue) Ha3sawHe) Hasunagenue npibopa HarotosHTE AL
Tipeo6pa3onartens TeMIepaTypsl NTC (ATC) H3mepeHue TeMnepaTypht Coto3ateproaBToMa-
CTpYHHH  (TepMOoMeTp  JHCTaHIHOH- THKA
HBIH)
Perncrpupywiaa annaparypa
(cranuoHapHas w nepeHocHas)
[Tepuosomep unposoft noprarus- jgintet PerucTpatius noxa3aHufl CTPYHHBIX Com3sHeproasTomMa-
HbITE npeo6pasoBateneil THKZ
lur ManoMeTpHUeCKHI ¢ HacocHOi Perucrpauust noxasawuit ABYXTPYG- Pa3patGorau B Tra-
yCTaHOBKO#R HBIX CTbE30METPOs pompoexTe
DNeXTPOKOHTAKTHHIH ypoBHEMED ¥3-75 Hawepense yposssa soas B 1106 PaspaGorad B Jleu-
THAPONpOEKTE
LUnui-macwirat Hameperne pacxoaa soxu B BOAO- TO ke

Pacxozomep-103aTop
TepMoMeTp MeTEOpPOJIOrHUeCKHIt

CAHBE

VasMepenne TeMmnepatyps! BOAN 8
BB, ucTounHHKax




fTpusoxncentte 2

MPOEKT PABMEMIEHUA oUALTPALHOHHOH KUA
HA YYACTKE NOO3EMHOYO 3JAHUA POrYHCKOH 13C

Yuactok ctBopa Poryucroii 'DC pacnosaraercs B yakom V-06-
pasHoMm yulense pekH; GopTa NOJHHBL KPYThi€, MECTaMi OTBECHLIE:
npaBblii noAHHMaercs Hal pexoh na 700, nesuwii na 400 m.

B reonoriueckoM OTHOUIEHIH YYacTOK CTBODA NPEACTaBAAET
eAMHBIT TCKTOHHYECKIH OJIOK, BHITAHYTHIA napaJsienbHo JONHHE pe-
KH H OIpPaHHYEHHbLI# JBYMS pasfioMaMH BTOPOTO B OAHHM Pa3joOMOM
nepeoro nopaaka [78].

CKanbHble TOPOAbI — NECYAHHKH, aJeBPOJHTL [THIKHEMEJ0BOTO
BO3PACTa — BHE 30HHI BHBETPUBAHHS OTAHUAIOTCS BLICOKHMH NPOY-
HOCTHBLIMH CBOMCTBAMM HE3aBHCHMO OT MPHHALAEMBOCTH UX K TOH
UM WHOIT Dayke.

KoMmnJexe oCHOBHBIX COODYXKEeHH THAPOY3Aa COCTOHT H3 KaMCH-
HO-3eMAAHON NNOTHHH, HAMNOPHO-CTAHUHCHHOTO Y3aNa, CTPOHTENb-
HBIX TYHHENEH, KCIAyaTauHOHHOro BOJocOpoca, WTOAbHH 110 3alH-
T€ OT pasMblBa nJacrta COoJi B OCHOBaHHU TIOTEHDLI H COOPY)KQHI/H‘-'!
ceJe3allUuTHOTO KoMIexca Ha cae (pyuse) O6u-llyp.

B cocras cOOpy:KeHHHl HanopHO-CTAHUHMORHOTO KOMILIexkca
(HCY) BXOART BONONMPHEMHHK, NOABOAALINE TYHHENH H TYPOHHHLIE
BOJIOBO/Ib], NOL3EMHOE 3/laHKHe CTAHUHH H OTBOJASILKE TYHHETH.

[Tocne coznaHn® BOAOXPaHHJHILA NMOMELIGHHS 3RaHHA CTAaHUUH
OKaxyTca 3arsybJieHHBIME NOJL YPOBEHL BOAH B BOLOXPaHHJHILE [0
300 m. Hdns npenoTspallieHHsl BOMONPHTOKOB B BHIPAOOTKH H CHIXKE-
HMS NaBJIeHUsl TIOA3EeMHBIX BOZA Ha OGJEeNKH NPOEKTOM TpPepyCcMOT-
PEH KOMIJEKC APEHAXHBIX meponpuaThil (pHc. 1).

YYHTHIBAasl HH3KYIO BOLOTIPOHHIIAEMOCTh H TPEIUHHOBATOCTL TOp-
HHX MOPOA H COOTBETCTBEHHO MaJyl0 BEPOSATHOCTL BLIMBIBA 32M0J-
HHTENel M3 TPEUlWH, B OCHOBY 3aLIHTHOIO KOMILIEKca B TIPOEKTe 1o-
noXen OOGLLHE CKBaXHUHHLI ApeHa)d BoXpyr snauus I'DC, cumxka-
OWHE AaBieHHe TIOA3EMHBLIX BOA Ha oGoenKdu NoMeUleHHi O Jlecs-
Thix noneit Mlla.

Kpome Toro, HemocpeacrseHHo 3a o6Aenkodt NPOEKTOM Hpen-
yCMOTpeHO yCTpoiCTBO HIMYPOBOre LpPeHaXa, KOoTopu# pabortaer B
fioJle AABJIEHHH, CO3JaHHBIX OCHOBHHIM [PEHaXeM H, Kak OH 1oj
ero 3alUHTOH, NONONHHTENLHO CHIDKaeT nabienue o 0,1 MIla.

st THKBHOAUMEK TPeLlHH B MacCHBe, He MepeXBayeHHHX CKBa-
XHHHEIM [Ip€HaeM, BOKPYT TNOMELIEHH} NPefyCcMOTpEHa ileMeHTa-
LK TOPOAH HA ray6uny 15 w.

UccnenoBanns no BHGOPY KOHCTPYKUHH 3aUIMTHOrO APeHaXHO-
ro KoMmmyekca nposonssuce B natGopatopun ITIA HHUO Cpenas-
ruaponpoekta. HMecnenosanus nposoamsuck metonoM IFJIA Ha
MJIOCKHX H OGBEMHHIX MOAENAX — OLHOPORHHX IACKTPOIHTHYECKHX
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Puc. 1, JlpeHaxcuele W npoTHBOMHABTPALKOHHBIE MEPONPUSITHR B paltone 3aanud cTaunk Poryuckoit TAC

HA
S5 N\p

a — nonepeuHbll paspes mo spakwo I'DC: 6 — aaaH-pa3ped MO0 BEPXUHM [PEHAMHO-USHTPARLHLIM LITONLHAM, 8 — NPOAOALHLIN
paspes MO MAaWHHHOMY 3any; 2 — NAaH-pa3pes, no HIKHHM ADEHAXHBIM TyaHensim: ¢ ~— fnonepeyusiil paspes N0 ApPEHaMHOMY TYH-
HEA0; €==TO M€ NO APeHaXKHO-UCMEHTALHOHHOMY TYRHEJIO; ¥ — TO e [0 BoAOCGPOCHON WITOALHE, 3~ TO e NO IBAKYAUIOHHOI
U—TO e 0O BOAOCGPOCHOR H BEHTHARUMOHHON WaXTaM: X —TO e no DBOAOCOPOCHON WTOALHE;, [ — APeHAMHO-
UEeMeHTAUUORKbE WToAnnH Ne | 1 N 25 2 — apenauo-eMeHTalHOHKbIE WTOAbRE Ne 3 u No 4, 3 —apenabpilt tyduenn Ne |, 4—
sopoc6pocHas WTONBHR Ne2: 5 — posocSpocHan mrToabHa Ne 13 6 — 9pakyauuoHuas wTonbiA Ne |; 7 — 3apaxkyauuouHas wroavun Ne 3:
8 — 3RaKyalHOHHas WWTONLRA Ne 20 9~ popocGpocuan wroabRs Nv 3; /0 — nacocvas oTxkaunll ¢UALTPARHOWHOW doAM W3 JT-1: ([ —
ApeHaXHbIE CKBAMKHLL, /2 —wnyponefte Apeubl; /3 — crpouTefbuble TyuHean i 9 II sipycos; 14 — mawtnkuell 3aa; 15 — noasoasuiie
TyHuenw [BC; /6 — aBTOTPAHCNODTHLIE TYHHeAH; [7 — KONNEKTOPE K OTBOAAwie tytwean I[BC: /8 -—wpusar sgenpeccwn Gel npo-
THBODUABTPALUNOHHBIX MeponpuATRI, [9 — KPHBAN Jenpeccuil NPl HANNYHH APEHaKa,

LUTONBHE,



Il PasHONPOHHUACMBIX, HITOTOBJASEMBIX H3 CleUHANbHBHX 3JEKTPO-
nposoAnbix macc. Ha puc. 2 nokasawa kaptuna (GuALTPauMH Ha
yvactke noaseMuoro 3aanus ['3C.

] 330 = T e /
/Y7 300 / [2 ,f: ‘l

= e Y——— 1 1
/ o e o\egs :
270 L-l

160
) 20 210 180
_H1Yv390

244

21

Puc. 2. KaptuHa (HAbTpalHHM na yYyacTKe TOAIEMHOro 3faHuf

I'SC Poryuckoro ruapoysna no pesyJjpTaTtaM HCCJAeACBaHHA MeTo-

aoM IFJIA nHa npocrpaHcTBeHHONl ORHOPOIHOH 3SJIEKTPOJHTHYe-

ckoft mozesH B Macwrate 1:2000 (naboparopus ITJA HHO

Cpenazrnaoponpoexta, 1979 r. P. X, DByxanpos, B. Jlonyuan-
ckuit)

@ — npoponsuntilt paspes. & — nonepeywuft paspes J—J; J — NOBEPXHOCTH
AcnpeccHd Ge3 ppeHa)da 3auurh usanopuo-chaosoro yazna (HCY); 2-— 1o
e npH #HaNMuRH Idpewaxka sawuth HCY; IT-3 — gpena’kHo-TpancropTHLI
TYHHens Ne 3; YHCMA NPH JKBHNOTEHUHAABHMX KPHEHX BLIPAKa0T HANOPH
B M npy AaedcrpyioweM GHALTPALHOHHOM Hanope, pakHom H==390-34=—
=355 w: 390 u 34 M — YyCAOBHHE OTMETKM YPOBHY BOAW COOTBETCTREHHO
B BepXHeM B HINKHNeM Obedax; S — war ApPeHaMULX CKBaXHH, OHALTPa-
UHOHHBEIY pacxoa B ApeWaRk 3awuTsl HCY pases 230 afc npy H=3% M
H KosGgduuuente (punbTpallin OCHoBHOro maccysa 0,05 m/cyr.

Tlo sapanuio Cpepasrunponpoekta B HHCe Tupponpoexrta B
1978 r. O6un paszpaboTaH TEeXHHUECKHH NPOEKT pa3MmeuieHns (QUALT-
paunonHo#t KHMA na yvactke noasemuoro ananus Porynckoft I'9C
(puc. 3 1 4),
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CxeMa npenycmarpusaeT KOHTPOJh 3a 3(PQeKTHBHOCTLIY ape-
HEXHBIX COOPY/KelHit, 338 roJo)KeHlieM 1} AHHaMHKOR [efnpeccHOH-
1o#t nosepxuoctn nan zaandem ['DC, 3a BeAHUNHAMH OCTATOUHBIX
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} BB-6 == o~ A\
! ey T
Des 171 ]_/l"/l:ﬁtb/ rf,.—
88-% Y o s
2 4 \
=it
472 A
3
”TV 4:‘1‘
o
AT
I
H ﬁ
e
el 4 -~
7
= 80.0
'8

Pie. 3. Paamewenpe KYIA nan naGmonenns 3a QuasTpauned na yyacTRe Noa-
semHoro apauns Poryuckon T3C

a. 6, 86— nnaubl-pa3pessl Ha OTMeTKAX (YCAOBKEIX) cooTBeTcrpeHko: 251118 M (AT-6):

W7 103w (OT-3; DT-4; DTI-5); 8633 m (OT-1; OT-2). OT — apenaxuntis vysueny; TT —

TpaucnoptHbifi Tynuens, BII — somoclpochas wronbus; JI[T — gecrunussifl npoex; BB —

BOAOCANB Mepunii; YHCAO cnpapa OT ITHN NApHHXx OYKE BeAes 3a 3HAKOM THDPE HAH BoTea

33 ofo3navennem KJI-24 (xoMmyTaunoumbifl UiHT) Baipadkaer nopsaxossiit Homep: J —

IANTa Mexny 238 n 140 M 2 — npasobepeuufl Tpavcnoprautl i wabenbHHR TynHeNs, 3 —
MalHuHLIf 3a0; 4 — noMeulenue TpaichopMaTopos.

U2NOPOB BHYTPH KOHTYPA APEHAKHON CHCTEMB, 32 TeMNepaTypHbiM
U TUAPOXMMHUUECKHM pexHMaMu QUIbTPaUHOHHOIO NOTOKA.

VYyacrok ananusi ['DC npenycMoTpeHo OCHACTHTL 76 ONYCKHBIMH
nbe3oMeTpaMu, 76 CTPYNHBIMI AaTYHKaMy TeMnepaTyphl, pasMe-
uiaeMbIMH B CEMH BEPTHKaJbHBIX H3MePHTeILHBIX cTBOpax. Pac-
CTOsIHHME MeZKAY HHMH cocTapaseT oT 25 no 95 wm.

B npeHamHbIX, BOLOOTBO/HBIX ¥ NOAXOAHBIX HITOMLHAX YCTAHAB-
anpaloT 12 MepHbIX BOJOCHHBOB, CHaOMXEHHHIX pacxogoMepaMH-I0-
3aTOpaMH Kayalouierocf THNA C 3JeKTponepejaveir nNokasasHi
(puc. 5).
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Puc. 4. Pasmemiensie KWMA pas waGmopesun 3a ¢$uapTpauyeil Ha yuyacTke
noasemuoro ananua Poryuckoi I'3C

BHC — pepTHKaZbRLIE H3MEDMTERLHEIE CEMEHHRA, B KOTOpPUWX 3anoxena IKHA; awmian
pespesor BIIC noxasawsl puMckAME undpamu wa pue. 3 AT ~ pperamuanil tyu-
HesMb, YHCAO COpaBa OT 3HaKa THPe BLIpaMaeT NOPHAKOBbIft Homep; [, 2— obo3na-
yeuus CM. Ha pHC. 3; 3 — mawnHsmi 3an; 4 — noMenicHre TpaucdopMaTopos; 5 —
NOMEIERAE [IOBEMHEIX MEX2HH3MOB 3aTBODPOB CTpPOHTEABHOrO TywHeas [II spyca;
6 — TpaucnoptHuilt Tyunens: 7 — KaGenpHnift TYHHenb: & — rPY30BOR TyHHENB: § —~—
crponTenchutl Tysnuens J spyca; 10 — crpourenpumft TyHuens 1!l apyca; 1 — rouryp
30HbI NPOTHROGHALTPALUOHHOR uemeuwTauuu: /2 — waxta.



Has u3MepeHnst NoC30METPHUECKHX HANOPOB MpPelyCMOTPeH
Nbe30MeTPsi, PACNOJOKECHHLIE B CTBOPAX NI3MEDHTENbHBIX CedMeHMl.
B cksaxuum npezometpos (puc. G) TOrpy:emw CTpPYHHHE
navynxn (ATC) temneparypu. Yerbs o6cannux TpyS, BHBELEHHBIX

VP '7///f//7/v T

Puc. 5. Cxema pacxofoMepa-R0o3aTopa

¢ =~ rny0ura BOAOOTBOARINETO AOTKA (B wogsowee BuLpabOTKH, TywHe-

AR RPeHAKROro. Hemextauwonicto 1 1. n.): [/ — 0Cb pomoeanpa; 2 —

OTROASAG JTOTOK; 3 ~— MEpHBbIe cocyabl: 4 — cTastma: 5 — OCp Kaua-

1R MEepHBIX CcOCYROB; 6 - SAEKTPOKOHTAKTHLIL 3aMLIKaTeNML ToKa: 7 —

kalens KPIIL X 1.5 MM? ¥ Gnroky NITauH| u camonucny: §-— &ua-
ROCTHLI! fipoTHEOBeC; 9 — yapyras RORYIUKA.

H3 3THX CKBaXXHH, OCHAIIEHBl OTOJIOBKaMH (pHC. 7) €O CTPYHHHIMH
natynkamu nabnenus (JJIC). Kommyrauns B mpejeniax CKBaXKHH
ocyuectBasercs kKabGenem KPIU — 2X 1,5, B TyHHEAAX H LITOJB-
nsax — kabenem KHPITO —4Xx1 n KHPIT2 —24X1 mm2 3amwm-
T4 KOMMYTaLKHOHHOH KabeqbHON CeTH B Npeaesax TYHHeseH W 1ITO-
jged — weeanepom Ne 20, KOMMYT2UHOHHBIX IHMTOB — METaJUIHYe-
ckuMu WwKadaMu (M3 cTanbHBiX yronkor 50X 50 1 JHCTOBOH cTanu
TOSIHHOK [ MM).

Kommyrauust or wutos KJ-24 po uneHTpasbHOrO TydibTa ocy-
wecreasercs xabenem KHPITI — 24X 1 mm2

B GesnanopHuix nveaomerpax (puc. 8) cTpyHHHIN A2TYHK JaBle-
uust ¢ nopucroft Hacapkoi (JULCII) noxsewen na snextpokabeune
BHYTPH BOJONpPHEMHHKA Mbe30MeTpa.

Ha puc. 9 nokasanbl BOLONPHeMHHKH ABYXTPYGHOro mnbeso-
merpa.
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Puc. 7. OrosoBOK HanoprOTO
nbe3oMmerTpa

} ~ TpyHa neeaoMerpa; 2 — wphill-
na CBEeMHAs TepMeTuuHaq; J—
kaGenr, KPrpg —2xXis wmm? ot
AaTUHK:a TeMnNepaTyphl CTyuinoro
(ATC). onyuiednoro Ha sSTOM wa-
Gele B BOMONPUCMHYKD  Yacrh
fiLe3oMeTa; 4 — canbLiRKoBLI
BLIBOA Kabessi: 5 — paTuik [at-
nenus crpynswil (BHACY 6 — na-
TpyGOK AAA cAWBa BoAwl; 7 — 3a-
NOPHEIC BERTUJN,

Puc. 6. BoponpueMHHK nhe3aoMerpa
onycknoro nanopsora ([1OH)

¢ — B necdanHkax; 6-— B [AHHHCTO-a2NeBPo-
JAHTOBHIX TOPORAN; [ — CTEHKa CKBANKHHDI,
2 — neMcurunifi  pacreop; 3 — ToMno  FAH-
UfttLtit, 74 — TpyGa puamMerpoM 503 Mm  CTanb-
1asi OIHHKOBaHHZA HAH BHRMUARACTOBaA, 5 —
neptopalis  OTBEPCTHAMH, KpyraniMil Wi
LieseBbIMY, €O CKBaXHOCTBIO He Menec 20%:
6 — rpasuitHuilt  dunpTp; 7 — oTcrofluHk; 8§~
ckobb! nanpasnsiowne; 9 — Mmydra coennHH-
TenLnan puaMerpom 50 MM  JO — PHALTPO-
8asd OOMOTKa—TOPpPHPOBAHHAR CETKA H CTEK-
NOTKalL;, ! — necyaubit duaptp; 2 — o8-
MOTKa M3onsnHOHHOR MedATOl #HAH monhtam-
voff npoBoJAOKOR.

IIpumeuanne, B BosonpHCeMuy 4acth
KaX¥(Qorc nbe3oMerpa onyckacrca Ra xaGe-
sne KPP —2 X 1.5 MM? paTyiK TEMMepaTypst
CTpyHubIft (ATC). Kawawll nsesomerp obo-
PYRLYeTCs oOfroJioBKOM, HMEmaM peab(opoe
rieano ans  ycrHOBKH AaTHHKA JaBAeHEA
crpyrboro (JAOC). canpuHKOBBIM BLIBOAOM
paa waBens or JATC, cbemuol repmeruuRod
KPHWKoH B BO3MOMHOCTH OCYLIECTBJIGHHS
CHEUHANbHEIX CKBAMUHHLIX HCeChiefopardft W
nNaTpyGroM pAs CAHBa BOAB, Paamepbl, cM.
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S
N Puc. 9. BononpHeMHHKHM ABYXTPYS-
Y HOO fibe3oMeTpa
L’{ a— xoucrpykuig HHCa Tnaponpoexta:
kS 1 — TpyGka TIHI 12X2 MM; 2 — 6erod-
Aetll  Kopnye; 3 — ueMEHTHbII pacTBOp;
/ 4 — nopHCTHl GuAbTP; 6 — KOUCTPYXUHSA
T HHHW cauTexhiuxn; J — OONAB3THICHOBHI
l KODMYC; 2 — OpHXHMHan RpBWIKa; 3 —
B LR faTysHasa cerxa; 4 — duALTp H3 MenKo-
5 ™ N 3epHHCTOFO Tecka. Pasmepr, MM.
X
~7Y . ..
I . .
Wl "t
% .-' .: \<
| s S O Puc. 8. IlpHHUHMHAJNBHAS CXeMa YCTAHOBKH OMYCKHHIX
ATA DaTYHKOB LasjieHns
@O158 ! — necuaro-ueMeHTHEE! pacTROp: 2 — rANNSHBA TammoH; 3 —
z MEJIKOSEPRUCTHI TeCOK; 4 ~— KPYNHO3EpHHCTHI! Necok; 5 — maT-

Wik pashedns oAbl JACIT; 6 -~ parunk temneparypwm HTC.

ITpunosxcenue 3

2UJTBTPALROHHAA KHA
B IKCNAYATALHOHHOM (KATACTPOPHYECKOM) BOJOOCBPOCE
C ITYBHHHBIM BOJO3ABOPOM HYPEKCKO¥ I'3C

Hypexckas I'2C pacnonoxkena B cpegHeM TeuenuM p. Baxiua,
rne ee xaHnboH HMeeT rayOuny Gonee 300 M ¢ GopraMH, MORHUMAI0-

LHMHCA TIoA YryioM okono 45°. Ha ame xanbona B yskom {(iuupu-
Ho#t 50 — 60 M) yiuenpe NPOXOAHT PYCJO PeKH, pacLUIHPSIOLleecs A0
70 — 120 M mocsie BuIXoza M3 yllesass [80].

Bopra H OCHOBaHHe KaHbOHZ CJIOXKEHBI MayKaMi nepecinausai-
IHUXCA MECYAHHKOB H aJ€BPOJIHTOB, HMEIIHX PaBHOMEPHOE MOHO-
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KJIHHANbHOe najienne nof yraoM 30 -—40° B cTopoHy BepxHero 6ne-
¢a u npaporo Gepera. TpewiHHOBATOCTL TNMECYAHHUKOB M aJIEBPOJH-
TOB cnafag W pasBHTA NPERMYLIECTBEHHO NO HAMJacToBanuio. bonb-
HWIMHCTBO TPELIHH HAMNJAaCTOBAHHSA NPHYDPOHENO K KOHTAKTaM Mayex.
TpewHAs TeKTOHHYECKOTO NTPOHCXOKACHHS PACTPOCTPAHSIIOTCS HOP-
MaJibHO K TPEILHHAM HAMJIACTOBaHHA. Bce TPEUMHLI YACTHUHO HJH
NOJIHOCTHIO 3aMONHEHB CYNECYaHHM H TJIIHHCTHIM MarepuajoM.

B cocran coopyxenn#t HypexcKkoro rumpoysia BXOASAT KaMEHHO-
3eMAsHas TI0THHA BHICOTOH 290 M, HaNOPHO-CTAHUMOHHBIE Y3ea 1t
9KCIIyaTalHOHubIe (KaTacTpodrueckHe) BOJOCGPOCH.

Toene Bo3BeLCHHS MAOTHHLI Ha NOJHYIO BLICOTY YPOBEHb BOAL B
BOJOXpaHH/AHILEe TIofHANCA Ha 260 M, uTO Pe3KO I3MEHHIIO PeXHM
NOA3EMHHIX BOL B OCHOBaHMYU ¥ GOPTaX TUIOTHHLI, 2 ClEAOBATENLHO,
H BOKPYT TNOA3EMHBIX COOPYXKEHHI.

Ha puc. 1 ra nnane coopyxenuss Hypekexoit I'9C noxasaun
rHAPOH30THNCH (HALTPAUMOHHOrO NOTOKa NPH OTHOLIEHHH KO3 OH-
HHeHTOB (HJABTPALHH OCHOBAHHS H LEMEHTAIHOHHOH 3aBECH B OC-
HOBaHHM NJAOTHHE, pasHoM 10. Tnapounsoruncy nocrpoeust 8 Jla6o-
paTopHH (HAbTpauHOHHBIX HcchenoBanuii BHHHMIa no pesyabra-
TaM uccnenoBanuit McrogoM DT A Ha nmpocTpancTBCHHOH MOIENH.

Tpacca TYHHENBHOTG 3IKCAIYATAUHOHHOrO Bojoc6poca NMHHOMN
1490 M npoxonuT B Nopopax ¢ Kod(duuuentom xpenoctd no Ilpo-
TOALSIKOHOBY 2--8.

B xauectBe MecT HabniofeHHit 32 paboToff KOHCTPYKUHH BOAO-
c6poca Cpenpasrunponpoextom coBmectho ¢ HHMCom I'mpponpoekra
BHGpaHel (pHc. 2 m 3): crBOp 1 — B npedesax HAMOPHOR YacTH BO-
nocopoca; crBop [I— 3a xamepoit paboyux 3aTBOPOB, rje BO3MOX-
HO nposiBleHHe HauboJspulero B 6e3HANOPHOH YacTH AaBJeHHA NOI-
3eMHbIX BOA; ¢TBOp 111 — B oTBOAALLEH YaCTH COOPYXKEHHA, rla AaB-
JieHHe MOA3EMHBIX BOZ, 7O MPOTHO3Y yMeHbuaetcs [81].

Jisi H3MepeHHs1 [RBJIEHHS! TOA3eMHBIX BOL HCIIOJb3OBANH IHC-
TaHUMOHHBIE CTPYHHBIE MPHGOPLI — NpeobpasoBateni NOPOBOTO JaB-
aenns TII16, ycraHoBheHHBle 3a 0OIENKOH COOpYXXKeHHsi, TeMie-
parypsl— gatyrku JTC, xommyTapHs ocyluecteiieHa KabesasiMu
mapke KPIIT 2X 1 Mm% osis CHATHS OTCYETOB NMpPHMEHE!Ibl perHeTpH-
pytomne cranuun UC-5 v 4CI.

IMpn HavanbHEX HabaoAeHHsX OblJla YCTaHOBJIEHZ B3aHMOCBSI3b
MeXzy KosieGaBMAMH YPOBHS BOJAH B BOAOXPAaHHJHILE W NpOsBiE-
HHeM QHIBTPAUMOHHOrO NaBieHus Ha ob6menky. B crsopax IT u III
6Ly BHISABJIGHBI HH3KMe TNOKAa3aHHs npeobpasoBaTesieil MOPOBOTO
LaBJIeHHs] H HanpsokeHHs B apMaTtype Jotka (ctrop II) m cren
(cTBop 11I).

IOas nabmogenns 3a paGotodi NpoTHBOGUNLETPALNOHHON U Lpe-
HaXHOM 3aBeC, BHIMOJHEHHBIX BOKDPYr MOMEIUEHMH NOJBEMHBIX Me-
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Pne. 1. Cxema Hypekckoro riapoysna

{ ~- noppoaswhe tyHHean I'AC; 2 — ppomexytounblfl nmoppofnwuit Tynireas OC; 3 — TypBitHHbE 80
JOBOAL;, ¢ — CTPOMTENBNDLIE TYHHeaN, § — skeaayataupodume pojsoclpocst; § — oThoasillil  TyuHeas
can «JlarepHoros; 7 -—— COEAHHHTENBIbIE TYHHEAN, 3 — TPAHCINOPTHhIE TYHHENH K LeMeHTALHOHHLIM RO-
TepHaM MIOTHHLY, 9~ TPAHCAODPTHLIE TYHHEAH WA aBTORODPOrax; [0 — I'py30aspaunoxsas waxra; 7J —
43pauyoMNds twaxrta;, /2--rpebedb naoTiuby, /3 -~ 3naude ['DC; J4 — ype3 BORR B BOAOXpaHUAMLLE;
15 — ruppoH3oriuncsl QHALTPAUNOHHOTC noroxa napw HIMY uwa otmerse 2656 M (RO ycchaepoBanuaMm
BHUHICa uM, Beaeneensa MeroaoM IT A wua apocTpadcrseusoll Mopean); 76— ApERAXULIT TyHH@Mb.



Prc. 2. MsmeputenbHbie cTBOpsl (uavTpaumnontoli KHMA s katacrpodmueckom sopocbpoce ¢ TIyGHHHEM B0A03260poM
Hypexckoit T2C

u — NPOAOALHLIT pa3pe3s; 6 — pa3pes no C¢TBOPY; [ ~-- MaxTa DPEMOHTHOFG 3aThOpa; 2, 3 — NOMEULEHHE NOABEMHBIX  MeXaHHIMOB COOT-
BETCTHEHHO PEMOHTHLIX, 3BaPHAHO-DEMOHTHBIX H QCHOBHLIX 3aTBOPOB; 4 — H3MEPHTeNbHbIE CTBOPH.



l- |

ey |

)

12,0

=~

e o
12,0 - —— 20 -4
Puc. 3. KaractpoduueckHii BoaocGpoc
¢ rny6usaHbiM Bonolabopom Hypekckoi
[9C. Pa3amentenne uabTpaunoHuOii
KVA B namepuTesbHBIX CTBOpAax

g — pa3pe3 N0 TMOMERIEHITI0 NOXBEMILX Me-
XAU3MOB aBapIHiHLIX 33TROPOB. O — PAIpeEn
no ctRopy {—I;, 8 — paspea no creopy /I,
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Pnrc. 4. PasMeiwienHe nNbe30METPOB HA YYACTKE NOMEULeHHH
NOALEMHBIX MeXaHH3MOB 3aTBOPOB BoAoc6poca ¢ riyOHH-
uuim Bono3zaGopom Hypexckoli TIC (cxenma)

[ — ApeHarkHo-UEMCHTALHOHING TyuHenb; 2 — cTeOop [; 3 — cTBOp

11; 4—cvBop !11; 5§ —cTteop IV, 6 —cvBop V; 7 —cTeOop VI; 8 —

JIeBOCTOPOHMSIA NeM3aBeca; 9 — napasocTopottian uemzaseca: JO —

wkad KHA; 7/ — sepxoBag uemanseca; 2 — ApepaKuuie CKBAXKII-

Hei; /3 -~ OCb COECAHHHTEALHOTO TYHHERA; /4 — o¢h BopOTOpPOCE;
I5 — ocb rpy30BOrC TyHHenRs; J6 — ppenaxHan 3aBecA.



X4HH3MOB 3aTBOPOB BosocOpoca, I'MapocnennpoekToM COBMECTHO ¢O
Cpena3srugponpoexToM 3anpoOCKTHPOBAHA [bLE3OMETPIUECKAS CeTb
(pHc. 4 u 5).

Puc. 5. Pasmewenne mhe30METPOB Ha yuyacTKe NOMEUIEHHR NOABEM-
libIX MEXaHN3MOB 3aTBOpPOB BOAOCOpoca ¢ rayGunnbiM pogocsaGopos Hy-
pekckoii I3C (paspesn)
a—craop [{I"): 6-~-creop II: e —creop III; 2—cteOop /V; @ —crBOp V3
¢ —creop VI, s — creop VII, I — BepxoBas uem3aBeca: 2 — Apenaxksas 3a-
BECA: 3 — KPOBENLHAS UEeM3aBeca; 4 — NPasoCTOPOHIRAR HEM3aBecd.

B ka)kpom CTBOpe Nbe30METPH pacrosorKetbl Hepel LeM3aBecot,
MeXAy LeM3aBecoit U ApeHa)eM H 32 ApeHax{HOH 3aBecofl.

Ibe3omerpryeckue CKBaXXHHB B GoJblueft yacTu SBJASIIOTCH Ha-
KJIOHHO-BOCCTAIOLUIMMH, TIO3TOMY HX KOHCTPYKLHS NpHHATa YIpO-
LUEHHOH — XOJIOCTAsl YacTb CKBAXKHHBI LEMEHTHDYETCS, BOLONDHEM-
HHK BHnoJjinsercs 6e3 GHILTPOB:

Ilbe3oMeTpHYCCKHE CKBaXKHHB BBHIIOJHSAHR MOCJE 3aBeplieHHS
LHeMEHTaLHOHHbIX pafoT TOo ueM3aBece H A0 YCTPOiCTBA APEHaXHOH
3aBeCH!.

Tomunra GeToHHOH OOHENKH JAPEHAXKHOTO TyHHeNsl I(pHHATA
0,5 m.

Pabotbl no ycrpo#icTBy nbe3oMerpHueCKHX CkBaxHH (puc. 6, a)
BHIMOJHA/K B C/eayloLeM NOpPAIKe.

Pa3z6ypuBanu ckpaxudy anamerpom 105 mm, ray6unoét 1,6 M.
YcTaHaBIuBaNH B CKBaXXHHY Tpy6y nuamerpom 80 MM, ANHHOM
1,55 m. Packpenssini ee B CKBaxKHHE, YCTAHaBJIHBaNH TaMNOH H
HH'BEKTHPOBAJNH 3aTpyOHOE NPOCTPAHCTBO IeMPAaCTBOPOM KOHCHC-
renuun 0,5. [Tocne HHBEKUHAH CKBAaXKHHA BLIIEPXKHBAJIaCh B TEYEHHE
Tpex CyTOK. XOJOCTYI0 YacTb Nbe30MEeTpHuecKOH CKBaxHHB OypuIH
nunamerpoM 48 MM H LEMEHTHPOBANH MATHMETPOBLIMH 30HAMH MO
oOLIENPHHATOR TeXHoJorud npH aaBjeHHH 1,5Mlla; nocaenHon
30HYy AJIHHOI 3 M UemenTHpoBasu npu aapjenuu 0,5 MITa. 3a6ypu-
BaJIH BOJOTPHEMHHK CKBaXXHHBI AHAMETpOM 48 MM H MPOH3BOAMJIH

92



rujpasnnyeckoe onpobosanne npu nasaexnu 0,6 MITa. 3akpbiBany
Mbe30METP KPHIUUKOA M MOHTUPOBaAH OTBOASLLYIO MarucTpalb,
wkad, KHA.

Zanp

=t 16

Gn-T-17%

Puc. 6. PasmerieHie nNbe3oMeTPOB Ha yvacTke NOMeMleHNsi NOABEM-
HBIX MeXaBH3MOB 3aTBOPOB Bofoc6poca ¢ rayGuEHbM BoKo3abopom
Hypexckoit TIC (neranu). Pasmepn, mm

@ — pa3pe3 1o Npe3OMETPHUECKOl cxpeXKHNe; 6 — pasMeulenve KHA B TyH-

uHene; 6 — yaen A; 2— uwkKadp KHA; [ — cxkBaiuna; 2 — ueMxamesp; 3— Tpy-

Ga; 4 — xpoiwka; 5 — daaren; 6§ — natpyGox; 7 — MydTa; 8 — yroasHuk; 9—

nNLe3oMeTpiIvecKas CKBaXKHHa; 10 — oTpoasiilas Maricrpanb;, 71— mobens;

12 — xomyT; 13— wkad; 14— Manoue?; 15 — xpan; 16 — pentHAb; 17—
y3sen

Npunoscenue 4
NPUMEPBI HABJIIOOEHHHA 3A ¢WIbLTPALHEN BOJbl B TYHHEJAX

Crpoutenchbit TyHHENn | Apyca Yapsakckoit I'2C Guar oTkio-
yey 22 pexabpsa 1973 r., a ero obciiefioBanie Havajsoch chycTs 15
Jueii. Boixoawl Boxbl HabaloganuCh B OCHOBHOM B CBOIOBOH YacTH
TYHHEJISt ¥ Ha cTeHax (IJ1aBHBIM OGpa3oM B MEeXKCEKLUHOHHBIX LIBax
o6peNlKH H OTIeNbHHIX HesafeJlaHHBIX CKBAaXKHHAX YKPENHTeNbHOH
ueMeHTauuu). Pacxoan BOAB NO OTAENbHBIM TOYKaM, KaK NMPaBHJIO,
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HC MIDEBOCXOAHJN A0AN NHTPA B CCKYHAY I TOJALKO AeGHT 37X cKBa-
XIH JIOCTHTAN HECKOJNbKHX JUTPOB B CEKYHAY, 2 B CAHHIUNHIX CHY-
yasx — 10— 15 a/c. Beero zaduxcnposaito 6Q Touyek RHXO0B BO-
Abl. OSHH 113 HCTOYHNIKOB OKOJO 33aTBOpa B FOJOBC TynHenas — B fe-
TOHHOH OO/JeNKe OroJIoOBKa TYHHCHAA — uMmen pacxon 20 —30 a/c.
Hanop y icrounnxor Buicokufi (CTpys BoAul, BbIXoasiLast yepes 06-
JRNKY € ONHON CTOPOHB, YAApsjach B NPOTHBOMNJOKHYIO CTEHKY),
11 YMEHLIIAETCs1 B nanpaBieHny Hipknero 6oedra. Cymmapnulit npn-
TOK B TYHHeNb pocturads 320 n/c. Tlocne Bossenenus B tynuese 6e-
TOHHOM NpPo6KN (B cTBOpE NPHMBIKAHNS WAXTHOFO Bojoc6poca) o6-
wHi HABTPAUHOUHEIH NPHTOK B TYHHeAb cocTaBHn oxonso [100a/c.

Ha Hypexcxoit I'3C crpoutenvuwiit Tynuens Il spyca ¢ nonzem-
HBIMH TOMELCHMSIMII NOABEMHLIX MEXaHH3MOB I IPY30BLIM TYHIIe-
JeM K HeMy pacnonomKelnbl HeCKOJbKO B CTOPOIC W Bhillle CTPOH-
teabhoro TynHens 11 sipyca B 30He Bansinis notoxa, (PpUALTPYIOLIE-
rocs B 00X0J RACTHIE B JeBoM BOPTY yLICABS.

B aerycte 1977 r. B rpy30BOM TYHNEJE CTPOUTEJLAOrO TYIHE s
I11 sipyca na [IK 5460 npousouicn npopuiB NOA3EMHBIX BOA Yepes
aotok (ycnosiias otMmerka 119,0), B pesysabraTte yero Guina Bano-
mana OerouHas obpenka Jsotkha. Pacxoa Boaw aocrhran ot 0,3 no
1,0 m3/c. Bona crekana B waxTy nomenieHHs pabounx 3aTBOPOB.
Tlepen stuM BOjOXpaHuaHuUle Obiio 3anonuneHo Ao ormerkn 203,0
(npu ormetke HITY 265,0 M) 1 nepekpuiTa npo6Ka B CTPOHTEJBIOM
TyuHene II sipyca ¢ nomoileio saneHxer B TpyGax, 3ajOKEHHBIX
B npobKe.

B cBs3n ¢ co3naBwyMcs nosoxenneMm TpybH B npobke CTpoH-
TenbHOTO TyHHens 1l sipyca OTKpHiN, ¥ NPHTOK BOAL B CPY30BOil
TYHHEJIb PE3KO COKPaTHiCsH., DTO YKa3hiBaeT HA CYLLIeCTBOBaHIle THA-
paB/HYecKol CBS3H MeXAY CTPOUTENbHBIM TyHHenem II sipyca u rpy-
30BBIM TYHHEJIeM, OCYLIeCTBJISeMOll MO CNOXKHOH MeXMJIacToBo#H 30-
e apobyenug.

Ilns nsyueHns BO3MOXKHBIX IPHTOKOB MO YNOMSHYTOH 30He 1pob-
JIGHHSl B TPY30BO#l TyHnep npolypuin 14 ckBaXuH Tak, yToObl OHH
nepecekann BoAOOOHMIbHYIO 30HY Apobsaenns. I1poGypeHHBIMH CKBa-
XHUHAMH OBIIH YCTAHOBJIEHB! KOHTYPBl NMOBHIUEHHON BOAOMPOHIIAE-
mMocTH. Tlo 3TUM HaHHBIM DEKOMEHHOBaJH MECTO AJSI WaXTH, OTBO-
asuiefl BOAY M3 rpy3oBoro TyHHens B 6esHaNoOpHBIH Y4YacTOK TYH-
Hens 11 spyca u apenupyrouieil NOTOK NOA3EMIIBIX BOJL.

OaHakKo CJ0KHOCTb CTPOCHUS MEKNAACTOBON 30HHI ApobJienHs,
HaJIM4YHE€ HA YYaCTKE€ MHOTOUYIICAEHHBLIX NOA3EMHBLIX BblpﬁﬁO’l‘OK, oT-
CYTCTBHME IIHCTPYMEHTaJbHBIX HalJiiofieHHi 3a pacxojllaMH 1 Hamno-
paMu H3JAMBaolle#ics H3 CKBamcHIl BOJIH CO3LANM 3HAYUHTENbHblE
TPYAHOCTH B MPOTHO3HPOBAHHH pPa3BuTHA (PHABTPALIIOHHOTO NPO-
ecca.

Tlocne 6ypenHsi ckBaXHHH B TpeAesax AXTH BoAa H3JMBa-
J1ach TONMBKO H3 TPEX CKBAXKHH; NPHTOK BOALI B JIOTOK MPEKPaTHICH.
[IpuToK BOAK B TyHHesb cocTaBui He Gonee 20 — 30 n/c.
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Onunako npun nepexputiu TpyGwt B 1ipoGke tywnens 11 spyca
NPUTOK BOALI BHOBL HocTur 700 — 800 n/c.

Uepes npoineHHylo Waxty Moxer cOpacmBarties 40 1 mM3/c Boust.

[Ipu HamosHeHHnT BoAoXpaHmImma R0 oTMeTKH 238,0 wawanauch
BOJONPOABJIEHHS B NpPOXoAHMOH ¢ypHenu B HAKJIOHHOM Y4acTKe
SKCIJIyaTaUHOHHOFG BOZOcOpoOCca C NMOBEPXHOCTHHIM BOAO3a0OpOM B
NIPHKOHTAKTHOH 30He 8 M 9 reonoruueckux navex. [lpu cpaborke
BoZIoXpanHaHwa no ormerkn 215,0 M BoponposiBseHHss B ypHenn
NPeKPaTHIHC.

MiHTencuBHOCT, NPUTOKZ NOA3EMHBIX BOX B TYHHeAL Tepebas-
Puxckoit T'9C nocac ero otwimouennst GHia NPOBEPeHa ONBITOM:
TYHHeNb OblJ1 3aMOJIHGH BOAOH, APOCCeJblibie 3aTBOPH B Hayaje 1
KOHUE TYHHEAs 3aKPHITLI; Yepe3 HECKO.IbKO YaCOB YPOBEHb BOAH B
YPaBHNTEJLHOH LIaXTe NMOLHAACA Ha 7 M Bbille YPOBHA BOJL B BO-
noxpaHuqHwe. B nepeeie roAn sxcnayaTtaulin Npu ONOPOXHEHHR
TYHHENA NPUTOK MOA3EMHBIX BOA B TYHHCAhL N0 3aMepaM COCTaBJs
1,5 m3/c [26].

Auganus ruporeosiornueckix ycJaoBiil 11 pacyerh nokasaldid, yTo
Ha UEHTPAJbHOM YuYacTKe TYHHEAR, vTiie IpeHupymoilee peficTsne
CKJIOHOB M OBParoB (BBIAY HX 0TAAJEINIOCTH) HE MOXKeT 0Ka3aTh cy-
IIECTBEHIIOFQ BANAIIISA 1A HANOPHbIE NOA3EMHbLIE BOLH, 32 0GNEJNKOA
6yner N30LITOYHBIH HANOP MOA3EMIBIX BOA, YTO cO3AaeT OaaronpHaT-
nvie yenosust aas paboTe oCACAKM HAanOPHOrO TYHHENS.

Ha xoHuesBoM yyacTke 9TOr0 TYHHENS B NEPHOA IKCNAyaTallHH
npoHsolo o6sonHenHe ¥ NedOpMaLHIl CKIOHA BAOJL TPacch TyH-
Hens no npuyuHe ofpaszoBanust TpewHn B GeToHRO obaenke. ¥ co-
NpsiKeHHUsl CO CTaJbHBIM TPYOGONpoBOLOM 06pa3oBaiach CKBO3HAS
KoJibLieBas TpeLIHHa.

B nanopuuix tyusensx I3soparerckoit I'DC, XpamI'DC-2, Tknby-
aul'3AC o6pasoBanuch NONEPEYHBIE HIH NTPOLOJBHBIE TPEIHHE! LIHPH-
Hofi OT HeCKOJNILKMX MHJAJIHMETpoB fo 1 cantumerpa [82]). Ma-3a ot-
CYTCTBHA 33N0JHHTENbHOH UeMeHTAUMH B TyHHensx Kanakepcko#
Epesanckoit I'9C npousounio o6pa3oBanne TPeUlHH, YTO NOCTYXKH-
JI0 NPHYHHOH (PUALTPAUHOHHBIX yTEUeK.

Hpunoxcenne 5

YCTPOUCTBA U CITQCOBbLI OJ1 HABJIIOOEHNUA
3A TPEIUMHOOBPA3OBAHHEM H YTEYKAMH BOABI B TYHHEJAX

3axkaanHoi GUALTP ANs onpeneneHns
BOAONPOHHIaEeMOCTH oGeakHn (puc. 1) [55]

YcrpoiicTBo, 3akaansiBaeMoe B obaenky ! npu ee GeTOHHpOBa-
HHH BKJIOYaeT MOABOASULYIO TPYOy 2, npoxnapnky 3, ceTky 4 H pam-
Ky 5. IlonBonsimas Tpy6a HMEET C OMHOTO KOHHUA HAapes3Ky H/H
MYHAWTYK 6, Ha KOTOPDOM B ITPOLECCE HCUBITAHHS 3aKPENJIAOT
WJIaHT 7, cayXalluit IJist MOLauH BOJAB; Ha JPYIoM KOHue TpyGa 2
OTKPHITA ¥ TOABELEHa K H3oTHyTolf npoknazaxe 3. [Ipoknanka Bui-
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T0JHEHA H3 JIMCTOBOrO KOPPO3HOHHO-CTOHKOrO ro(pHpOBaHHOrO Ma-
TepHana c oTeepcTusimu. IIpoknanxa ckpensiena ¢ AByMS ceTKamu 4,
BHIIOJIHEHHBIMH H3 TKaHHM (CTEKJOBOJIOKHA), IN1aCTMACChl, KOPPO3H-

D

A ANLA L ')\J_.)\_‘»‘

Puc. 1. YcrpoiicTBo AAS HCABITAHNA HA NPOHHILACMOCTL GETOHHKOI
(xene306eToHHOI) OGLENKE TYHHENR KPYrOro Ceyerus

! — ofnenka; 2— nomBoAswas TpyGa; 3 — NpoOKnapKa; 4 — ceTka; 55—
pama; 6 — MYNAWTYK: 7 — WAaHr; 8§ — oTsepcrua.

OHHO-CTOfiKOro MeTaJsvia, Meraqanomnyacra. Cerka 4 ¢ mpoknagkoH
CKpENJIeHH MeXAy cobofi u Mo NepHMeTpy KeCTKOo# H3OrHyToH pa-
Mofi 5, cayxawell 15 3aKpenjieHHus YCTPOHCTBA B NPOCTPAHCTBE,
3anosusieMoM OeronoM. Pasmep oTBepCTHit CeTKH Ha3Hayaercs C
TaKHM pacyeToM, YTOGH NpPensiTCTBOBATbH IPOXOMKIEHHIO CKBO3bL HEe
3epeH ueMeHTa NpPH yKJaanke GETOHHOH CMeCH.

[Ipu ucnbitanuu B YCTPOHCTBO HATHETAOT BOAY H MO BEJHYHHE
ee pacxojia W Hanopa, NMoJib3ysiCh YHCJIOBHIM 3HAYEHHEM IIEPEXOLHO-
ro xosdohuuenta (noayvensoro, Hanpumep, meronom DI IA), on-
penensiioT BeJHYuHY KO3$dHIHEHTa (GHILTPAIMH.

Tlpu ucnbiTansin 06jleNIoK Ha BOAOMPOHHLAEMOCTh MOXKET OKa-
3aTecs Lesecoo6pasHbiM nplMeHeHHe QHJIbTPOB APYrHX ¢GopwM, Ha-
npHMep, B Buie WHJIHHAPA, MHOTOYTOJbHHKA, MHOTOJIYUEBOl 3Be3JH,
IHCKa, 1apa.

IIpennoxennan KOHCTPYKUHSI YCTpOHicTBa ofecneuHBaeT noJy-
YeHHe HanpaBJeHHOro (QUJILTPALHOHHOTO NMOTOKa B obpenke (B oc-
HOBHOM TEPNEHAHKYJIAPHO €ee IOBEPXHOCTH), UTO TMOBHILIAGT TOY-
HOCTb 3kcnepuMenTa. [1o oxkoOHYaHHMM HMCNBITAHHS YCTPORCTBO oCTa-
eTcs B GeToHe, a TpyGa 2 3akpHBacTcs chbeMHOH npoOKo#.

HocrouucTBa ycTpoficTea: Manas ero CTOHMOCTb, HE3HAUHTEJb-
HOCTb 3aTpaT TpyfLa HA onpepesieHle KO3DDHUHEHTOB (HILTPALHH,
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BO3MOKIIOCTL MHOTOKPAaTHLIX HM3Mepenufi mo mepe crapenns Geto-
1a, yTo ABJfETCsT 0COOEHHO LEHHBIM ¢ TOUKH 3pPEHHS YCTAHOBJEHHA
3aKOHOMEPHOCTH H3MEHEHHS! BOAOIPOHHIIaeMOCTH 6eToHa; GuILTpa-
LUMOHHBIH TIOTOK M3 WIeJeBOH INOJOCTH N0 HampaBlenum® OJH30K K
painanbHOMy (HMEIOLeMY MECTO TIPH SKCIVIyaTaLyuu TyHHeJs ).
Henocrarkin ycrpoficTBa: MasiocTh HCOBHTYeMORl naowajgi, He
BO3MOKHOCTE 3aKJaAKH NOJOCTeo0pa30BaTelis B FOTOBYIO OOACJKY.

Ilenesas kamepa (puc. 2) [83]
B onwrtHoR nonsemuol Buipabotke I npH ee CTpOUTENsCTBE 3a-

nojiLo ¢ 06aenkoil 2 BeTpauBalT ¢parmedTt 3 Apyrux obaenox,
NOAJIeIKALIUX HCHBLITAHHIO.

qg I

Puc. 2. llenesas xamepa 8 onbltHoii nopsemitofi BupaboTke rigpapdaiyc-
CKOTO  3arpyIKeHHs

o, 0 — coOTBETCTECHNO noucpeunsil n nponoseubil pazpes no supaboTee; [ — bit-

paGoTka; 2 — ofpeaka BuPaGOTKI; 3 — dparment ncnuryemoil obacaxm; <4 — meupo-

wigaeMslit  UCT; 5§ ~ HenpoHnUaeMBfl uwoB; 6 — urenesasy KaMmepa; 7 — BOAONPOBO-

nsman TpyGa; 8~ nmepeMbiuka; ¢ — neraf; J0— BewTHAb; 1/ — Bosomep; [2— Ma-
HOMEeTpPHYecKas TpyOka: 13 — ManOMerp.

®parmMeHT MOXeT OHITH BHINOJHEH B BHAE KOJbLA HJH e YACTH
110NepeyHOro ceyeHHsl BHPaboTKH.

OparMenT nepekpHBAOT HENPOHHLAGMEBIM JIHCTOM 4, HanpuMep,
H3 CTal¥ WIH pe3nHbl, FepMETHYHO NpHKpenneHiuM 6osTamu K 06-
lenxe weoM § wupHuo# @ (NpH NPHMEHEHHH CTaJBHOrO JIHCTA rep-
METHYHOCTh IBa 0GecneunBaloT PE3HHOBOH MAMKOH NMPOKJanKOH HJN
JPYrHM 3J1aCTHYHBIM MaTepHanom). TIpu aToM Mex Ay JIHCTOM H Wo-
BEpPXHOCTBIO (hparmenTa obnesnkn obpasyercs liejeBas kKamepa 6.
K xamepe 6 mpHcoenuneHa BoponposoAsnnias Tpy6a 7, BHBeleHHas
yepe3 OTCEYEHHYIO nepeMHBluKy 8 X Mecty Habmionenus. Ha nerne 9
Tpy6nl BMOHTHpOBaHb BenTHnn 10 m somomep 1. Jlpyro#t komen
Tpy6nt 7 (nocse n3rnba Ha neTJie) BLIBEOEH TaKKe yepe3 mepeMbiy-
Ky X Mecty HabnogeHHs. [ u3MepenusT nasjieHlsi B IIEJEBOH
Kamepe X focsielHel NOAKAIOUeHa Bropas TpyGa /2, na csoGomHoM
KoHUe 3Tofi Tpy6GH ycTaHoBJeH Manomerp I3.

Tpy6ur 7, Bopomep 11 u Bentrsn 10 umer0T Tagie pasmepsl, UTO-
Gul cymmapHas norepsi nanopa (Ak) npu ApHXKenun BoAs M3 3aHa-
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TOPEHNOTO yyacTKa COOPYXKeNisi 8 LIeJeBylo kamepy Obna xocra-
TOYHO MajlOfi N0 CPaBHEHHIO ¢ HanopoM A = p/y, rie p— makci-
MaaLioe NaBJicHHe BOAH B KaMepe B Ipouecce MPOoBeeis onuTa,
vy — 00beMHBIl BeC BOJLL.

Urobpl BenHuKHa NPOTEYeK BOLL H3 BLIPaGOTKIl B LIENCBYIO Ka-
Mepy uepes OB a 6ulyia HE3HAYHTCJILIOKH N0 CPABHENHIO ¢ (PHILTPA-
nnei uepes of6MeAKY H3 IeNeBoll KamepLl B MOPOJY, WIHpHHA UIBA
noxua coctasasth a < 0,5b, rje b — tomumuna HemmTyeMol 06-
JLEJIKH.

Hamepenre GHALTPAUHOHHOTO pPACXOAa H3 1UEJEeBOil KaMephl
HPOHIBOASAT CAEAYIOWHM 00pa3oM. 3aKauHBaOT BOAY NOJ 3ajaH-
LM JlaBJIeHHEM B ONBITHYIO Buipabotky /. Ilpu stoM Boja uepe3
TpyGy 7 1 sosomep /[ noctynaer B menesyo kamepy 6 u ¢puabtpy-
ercsl yepes ¢parmMenT 3 ucnuiryemoil oGaenku. Utobu BLINYCTHTH
BO3AYX N3 LENEBOH KaMephl,BO BPeMs 3aTIONHEHHA e¢ BOJOH OTKPH-
BalOT BEHTHIbL Ha TpyGe 712; nocsie NosSBIeHHS BOAL BEHTHJIL 3aKpPHI-
paoT. HamepsioT no manometpy /3 nasieHue B weeBoli Kamepe H
no Bojiomepy 11 — pacxon dunbrpylomefics BOXH.

3nas mepenaj RaBieHHs!, BENMUYMHY DUALTPALMOHHOTO PacXoAa
I nAovlanL GparmMenta HCnbTyeMol oGACHKH, ONPeesIoT ee BORO-
uponHuaemoct, (Benuunny xoadguuuenta GuabTpausn).

C uenvlo 3KOHOMIIT BPEMEHH I CPCACTB N YJAYUIUEUHS YCHOBHA
CPABIIMOCTH XapakTeplucTHK 06/LeJ0K, B OAHON BHPabOTKe MOXKHO
QJIHOBPEMEHHO [ICCHENOBATL 11ECKOJNLKO (GParMenToB NHOBHX THIOB
06/eNOK, IPHMEHNS IECKOJLKO LUSJEBLIX KAMeP H COOTBETCTBY ILHX
(M KOMAJEKTOB annapatyphl.

C 11edbl0 9KOHOMHI CPEACTB, TPeGyIoUIHXCst Ha CTPONTENbCTBO
ONLITHBIX KaMmep (YYHTHIBES, YTO CTOMMOCTb OAHOH Kamepb AOCTH-
raet HeCKOJbKHX COTeH THiCsu pyOJiell), 11eseByio KaMepy, NOKa3aH-
HYIO Ha PHC. 2, MOXXHO NPHMEHHTL B HATYPHHX TYHHEJNAX H lIaXTax,
BCTPOHB (DparMeHT MCCJEAYEMON KOHCTDYKUHH B OGHENKY TYHHEnAs.

OnpTHHB GparMenT W lIEJNeBy0 KaMmepy uenecoobpasto Haro-
TaB/MBATL B BH/E KOJbIA LIAMETPOM, PaBILIM AHAMETDY TYHHeJs.
IJTO HNO3BOMIMT HCKAIOUHTL MPOLOALHBIC WBH, DapajJjenbible ocH
TyHHENs # ofecueuuT nyuilee ocpefiHeNle Pe3ynbTaTon OnWTa 0sa-
ronapst TOMy, 4TO B IICHbITHIBAEMEIH (pparMeHT BOHALYT BCC yYacTKH
KOHTYpa 06J1e.nKu: CBOJM, CTEHL! 11 JIOTOK.

B neficTByIOLHX TYHHENSX BOAOHPOHHLAEMbI JHCT (MAACTHPE)
cheyeT NPHMEHNATh JOCTATOYHO YKECTKHM, BO H30eXaHne NoBpexae-
HHMS €rc INOTOKOM BOAB M IaBJIEHHEM TOA3EMHBIX BOL BO BpeMs
ONOPO>KHEHHST TYHHENS.

TnacTHpb, Y/IOBJACTBOPSIOWNE 3THM TpeGOBaHHAM, MOXHO BH-
MOJIHUTL M3 TOHKOM CTalpHOM OOGJHLOBKH TOnumHOA 4—6MM C
npoponibHEMH rogpamr (pHc. 3), 3aKpenyIeHHOR NpH OMOLUH CBAP-
KH K paspesHuIM KOJIbLEBHM peGpaM TaBpOBOTO CEYEHHSI, BHIMOJHEH-
HBIM ¢ npopessaMH nHanporHs rodp. [llenesyo kamepy B 3TOM Cay-
yae BHMNOJHRIOT CjeAyrmuM o6pasoM. IIpu GeTonupobauhn oGmen-

98



KII TYHHEJsI B Ice 3aAC/LIBAIOT TaBpoBbie peGpa. 3ateM K noBepxio-
cTit 6etoHa NPHKJAGHMBAIOT IDKHPOKHE NPOPIJIHPOBAHIILIE TOPLOBLIC
HPOKAAAKI H3 MAFKOH Pe3HHH ILIH 13 MOPOJIOHA C 3aMKHYTHMH 1O-
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Puc. 3. Cxema ycrpoiicTBa IJI8 H3MCPENHA YTCUKH DOXM uepes
BLJICACHHYIO NOBCPXHOCTL abnerku HaNopHoro TyuHens o ppemst

ero uopMansiofi paortu

I ~— anct cranubnoil; 2 — rodput; 3 — ROAKNALKH N3 NOAOCOBOH cTaMf, ApIH-
papeluble K JHCTY J; 4 — Konbuesnie peGpa 7T-o6pasnore ceyenus; 5 —
npopcan B nNx; 6 — Gerountas, obaenxa: 7 — cKannias nopofa; §— nosan
uieAb MCHKAY JIHCTOM 1t Gertomnuoil obacikol: 9 — tpyGa, nopaouast soay

B weab; f0 — coapka; 17 — nOAKRapKa, TEPMETHIHPYICIGOn weas; f2—
pazsanpnopka; /3 — o6TEKATEAIl TONYKOHYCHTAC,

pamu. B aucre I nanporus pebep paccBepsinBaioT OTBEPCTHS TOA
Toueunyio ceapry I0. Jiner / nioTHo npuxumMaloT Kk GETOHHOH 06-
neJKe H npokaazkam /I, KOTOphie B MecTax Hanpotue rodp Jucra [
IIMEIOT COOTBETCTBYIOUIHE yTONIleHHs. Uepes oTBepcTHs B JjwcTe [
ero npHBapuBaloT B Toukax 10 k peGpam 4. Ilnst ayquiero oGTeka-
iHs1 MOTOKOM Jucra ! nocneisn#i no topuam /2 paspajblOBHBAOT
H K ro¢ppaM NpHBapHBAWT CTajlbHHE NOJYKOHYCHbe OOTeKaTesH
13, y KOTOpHIX OOHH TOpEl, KONHpyeT oyepTaHHe rodpsl, a APYro#
CXOANT Ha HeT. B noTkoBoit wacTH obpesnkn nomewaercs Tpyba 9,
no KOTOPO# B IeNb 8 NOCTYNaeT pacxol BOMH, QHALTPYIOLIEHCS ye-
pe3 BHIeJeHHHR yuyacrox obaenku. TpyGa 9 coenuHeHa ¢ KOHLOM
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TpyOul, sabupaiouieli BOAY W3 TYHICAS It BLIBEAEHHOI K MECTY Ha-
6monenns, rae (aHAJNOTHYHO PHC. 2 NPHJIOZKEHHA D) ola UMEeCT net-
neBo#t u3rnb, cHaGXeHHuIf BOJOMEPOM H MaHOMETPOM.

Hnddepenusansumic HamepuTean tpewun (puc, 4) [83]

HamepurenbHoe ycTpoficTBO BEJIouaeT pedky / co wxadnoii (Ha-
NpHMEp, MILIMMETPOBONM), HA KOTOPOH HAafeTht MOANDPYXKHHEHHHIE
JWBIDKKH 2 ¢ HOHHMYCaMH, Pefiky 3 ¢ NPHKPEeNnJIeHHbIMH K Hel CHIAb(DO-
Hami 4 pasuoit »xecrkoctH. Ha
cBOGOLHHKX TOpPLUAX CHAb(OHOB
3aKpemJieHdl Majblb-3auens 5.
Kpa#iguit naneu-zamen 6 npH-
KpeIVIeH  HeroCPE/ICTBEHHO K
pefike 3. KoJsuyecTBo nasbues-
3aLENOB COOTBETCTBYET YHCIY
IBHXKOB Ha peiike /. CoocHocTh
nanpleB-32LENOR C CHJb(OHA-
MH  durcHpyercs ckobamu 7,
TIDHKPEIJIEHHHIMHE K pefike 3.
Peiikn 1 v 8 xpenaTcs K KoJaKam
8, zanenanuuiM B o6menky 9 co-
ODYXEHHS Ha pACCTOSHHHA [
JIPYr OT Apyra, Ha KOTOpOM TIpo-
H3BOJIUTCH H3MEpEeHHE BeJHTHHBI
packpHTHs Tpewun 10

Tlpu ycranosxke H3MepuTensn
Ha Mecto pefike I u 3 Kkpenst K
KonkaM 8 Tax, uToGH OHH ObLIH

Puc. 4. [Aduddepenunansruiit uamepu-
TeNlb TPELIHH
a — BHflL H2 I1I3MEPHTEND, yCTEIHOB)'IeHHHﬁ Ba

napanJesibHBl MeXAy cobofl, a
IBHXKH 2 KacaJiAChb TaJiblieB-
sauenoB 5. ITocne cHsTHs nokKa-

cTeHKe onbiTHoll Kameph; 6 — nonepeunhiit
paspe3 no Kamepe, [ — peiika co wWRanoii;
2 — nBHXKN; 3 — pefika © cnabdponamu; 4 —
cnabdonbl;  § — nanpun-3auenut; 6 — Kpait-
anft nancu: 7 — ckoba; §-— xoanu.

3aHHI MECTONOJNONKEHHS ABHK-
KOB OTHOCHTENLHO IDKade Ha
pefike NpPOW3BOAAT 3aHaNOpHBa-
une kamepsl (tynuens). Hasne-
HHE B KaMmepe (TyHHeJie) MONHIMAIOT CTYNEHSIMH; KOJHYECTBO CTY-
neHell JlaBJieHHUs! ‘COOTBETCTBYET KOJIHYECTBY HBHIKKOB Ha pelike [,
a BeJIMYHHA JIABJIEHHSI Ha Ka*KAOH CTYNEHH COOTBETCTBYET XeCcTKO-
CTH OJHOTO M3 CHJAb(GOHOB. B CBA3H ¢ 3THM CHIBLGORE NOLOHPAIOT
TAaKHM 00pa3oM, 4yToObl HAaNpPSMKEHHs B HHX HE MPEBOCXOOHJH Npe-
nena ynpyroctd. Huasi nosyuenuss TpeGyeMoit 0OCeBO#i »KeCTKOCTH
CHIB(OHOB BHYTPb HX MOXHO BCTaBJISITb CHHPANBLHYIO NPYXKHAY.
[Ipu nocTH2KeHMH B IUTOJIbHE JABJIEHHS [ ONMH M3 cHNb(OHOB
yKOpaynBaeTcst N0 OCH Ha BEJIHYHHY, NPH KOTOPO#H naJjeln-3auen Bhi-
XOAHT H3 CONMPHKOCHOBEHHS C IBHXXKOM, CIBHHYTHIM Ha BeJIHUHHY Ay,

COOTBETCTBYIOLLYIO BEJNHYHHE PAaCKPHITHS TPEIlHH NpH KaHHOM AaB-
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et TIpr noAnaTHH paBieHHS O BeJIIUHHBI flz TMPOHCXOANT OT-
KJIOTIEHHE BTOPOTO JIBHXKKA, 3a(PHKCHPOBABUICrO BEJHYHHY PaCKpHI-
THst TpewuH Az u T. 4. IIpu aToMm Gsaropapst HaJHYHIO HOHHYCOB Iie-
pemelliennst GUKCHpYIOTCst ¢ ToyHoeToto o 0,1 mm. Tlocsie okonua-
NS HCALITAHNS BH3yasibHO ONpefelisiioT KOJHYecTBo 0Opas3oBas-
uixcs TpewytH n B upepenax Gasu k. Torpa, NOAGHHB BEJNHUHHY
PACKPLITAS TPEUUYIH A Ha YHCAO f1, MOJYYAIOT CPEHIOI0 BEJSTHUHHY
PACKpPHITIIS TPELIHH.

Maxkcimanruuifi Tpempsomep (prc. 5)
Tpemunomep BrJIOuaer wranry I, gerasieHHylo B OTBepCTHs 2

s onopax 3. Wraunra / na ojnom Kolue nmeet ynop 4, a Ha Apyrom
KOHIC — NPOJIOJLHYIO fipopesh 5. Onopnt 3 3aienans B o6aenky 6,

..ra)

7 3 8§ 1
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8
4 A; /
L

Puc. 5. YerpoiicTBo njsi H3MepeHHs TPeUlHH B o6AeNke MOA-
3€MHOTO COOpY2KeHHS

I — wrranra; 2 — orBepcTHe; 3 — onopa; 4 — ynop: 5 — npopeas; 6 —

obpenka; 7 - HeMeHTHBII pacTBOp; 8 — HWUAMHADNYECKOe OTBEpCTHE.

nlo

HanprMep, LUeMeHTHHIM PacTBOPOM 7, 3aNOJHSIOMHNM LHJIHHApHUE-
cxue orsepetHs 8. Onopwm 3 3afenawsl Ha pacCTOSHHK ! ApYr oT
ApYra, Ha KOTOPOM NMPOH3BOAHTCA H3MepeHHe BeJIHYHHBI TPEUlHHb 9.
[NoBepxnocty wrauru I ¢ ynopom 4 u onop 3 ¢ OTBepCTHSAMH 2 NpH
H3rOTOBJIEHHH HX H3 CTajH JOJKHH OBITh 3ai[HUIEHI OT KOPPO3HH,
HanpHMep, OUNHKOBAHH HJIH 3anyXeHsl. KoHUEBOH yyacTOK WITaHrH
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I, moka oua He BCTaBpJielia B ONOPY J, HMeeT Ha JIJIHHe Tipopesw §
JHaMeTp, HECKOJILKO GONbILNIT, TeM AHaMeTp oTBepcThs 2 B onope 3,
YTO OCYLIECTBJISIOT DPa3fABHKEHHEM IONYLHAHHAPHYCCKHX 3JEMEl-
tos wranrn /. Korpa wraura / scTasiena B onopsl 3, BO3HHKAET
nonepeyHas cula P pacnopa MexAy KOHUEBOH wacTbio inTaur# [ n
cooTBeTCTBRYIOWEft onopo# J.

TMepen namepennem wmTanra ! BCTaBJASETCH B OTBEPCTHSR 2 B ONO-
pax 8 Tax, ytob6H ynop 4 BIWIOTHYIO OB IMPHABHHYT K ornope 3.
[TocpencTBOM MHKPOMETPA HIM MECCYpbl H3MEPSIOT paccToslie ay
mexmny Toukamu B u C.

3atem NOMHUMAIOT LaBJieHHe B TYHHCNE [0 3afaHHON BeJIITHIIL
p u, ecin B mponere [ mexnay onopamu 3 obpasyercs B obnenke 7
TPCLIHH C CYMMapHbIM pacKpuiTHEM Ap, TO paccTosiHHe MEXAY Omo-
pamu yBenawuliBaeTcs Ha BenuuHHy Ap. OaunospemenHo wTanra I
Gnarosaps Hanuuio ynopa 4, BIJAOTHYIO MPHABHHYTOTO K omope 3,
NepeMecTIITC Ha Ty e BeJHUYHHY TONBLKO OTHOCHTENLHO ONopH 3,
HaxoAsecs co CTOPOHH TOFO KOHLA IUTAHMH [/, B KOTOPOM HMeeT-
csl Npope3s .

[Tocane onopoxuenHs TyHHeJsst Gaaropapsi TOMy, 4TO Chia Tpe-
I MCXKILY KOHUEBLIM yYacTKOM (co cTopoiik fipope3n 5) mranrn [
1 onopoit 3, Bu3panuas HaaHuieM ciuikl P, 3nauntednno Gonawie
CILILL TPCUHSI MEXKAY yyacTkoMm wrtanril / co cropoun ynopa 4 1
onopoit 3, ynop 4 nepenBHHETCS OTHOCHTENLHO ONOPH 3 TaK, 4TO
pacctosinie Mexay Toukamu B n C yBesHuMTCS Ha BesHyudy Ap —
— Ag 11 cTaneT paBHbIM G2 = G+ Ap+Ag, rAe Ao — cymmapuoe (oc-
TATOUHOE) PAaCKPLITHE TPEIIHH TIoC/e OTOPOXKHEHHs TyRHeasd. OTcio-
na umeeM Ap = az— ay+Ae.

Benuunny Ay OnpepensiioT ¢ INOMOUIBIO NEPEHOCHOro NOPTaTHB-
HOTO MHMKDOCKOMA HJH JYNH, CHAa6XEHHbIX WKaJOH C IeNeHHSMH.

Himes TpH M3MepeHHBIe BEJMYHHEL @i, G2, Ao, NOACYHTHBAIOT NO
npeAuvinymeii dopmyse BesuuuHy Ap. [TOACYMTLIBAIOT UHCIO TPELUII
B 3TOM MPOJIETE M CPejiHHe BeJHYHHH PACKPBITHS TPEmHHDLI: MaKCil-
ManbHoOTO 8p = Ap/n H ocTtaTouHOTO & = Ag/N.

3HaHne 06enx BeJHYHH Op H Op ABNAETCA BaXKHLIM NS CYXie-
Hia o paktHueckod pabore OOACTKH TYHHEJS! B OTHOUIEHMN YTEuex,
JIONTOBEYHOCTH II CTATHYECKOfi YCTORYHBOCTH.

Ecnu npunate seawuuny ! neGosbuiofi, Hanpumep, pasuoit 1/20
IJIHHBI OKPYKHOCTH nonepeyHoro ceuenus obpenxu sl roe Do —
JHaMeTp TYHHeNs B CBETY, TO, KaK IPaBHJIO, BeNHYHHA n b6yner pas-
Ha eAHHHIE M 3TQ NO3BOAHT 60Jiee JOCTOBEDHO ONpefefiuTh MakCH-
MaJjbHOe H OCTATOYHOE pPaCKpBITHE KaXKAOH TPeWHHBH B HCCHexye-
MOM NnONepeyHHKe TYHHEeMs.

Ecnn uceenyercs axCHAyaTHpyeMblfi HANOPHHA TYHHENb, TO BO-
H30exxaHve NOBPEXJEHHS TOTOKOM BOAB JaHHBLIX YCTPOHCTB, HX
cieAyerT 3alluTHTb KOXKYXOM, a YTOOH OH He CO3AdBall JOMOJHH-
TeNbHHX FHAPABJHYECKHX CONPOTHBJAEHHH (moTeph Hanopa), Lene-
coo6pasHo yCTpOHTh B O0jieike KOJbLeBOe yriyOJenue, YCTaHOBHB
B HEM I'ycbKOM (Lenowko#) Bce YyCTPOHCTBa, a yriyGJeHHe 3aKpHThb
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CheMHOR KPLIKOH, PacToOKeHHON 3aTOJUIHI0 € TOBEPXHOCTHIO 00-
Aengu. TIpr pacnonoskeHHH ycTpoficTBa HemovKol ciefyeT npume-
HHTh CABOGHHBIC ONOpH {pHC. 6).

I-I
L=300mm

LIRS 70 l‘j A
7 SEE R 3 e
%E-Z._._&__.,_ . 7/4/\?; ,/

Puc. 6. llenoyka ycTpoilcTB CO CABOEHHLIMH ONOPAMII ANISi H3-
MepeHHsl PACKPHITHS TPEIHH B OGAeNKe COOPYHKeHHst

! — wranra; 2 — oTpepcrie; 3 — cupBoenuas onopa; 4 — ynop. 5 -— Npope3ss;
6 — ofpenka; 7 — wOMCUTIHGII  PACTROP: 8 — UWANMADIUECKOE OTBEPCTHC.

Mepuckon (puc. 7) [83]

C noMombio NMepucKona B KaMepe TIAPABJINUECKOro onpobora-
1143 MOXXHO OCMOTPETDL JTIOﬁ)’lO TOUKY oﬁnem(u Il ONTHUCCKHM ITYTCM
OTIPEACAHTL YHCJIO N1 11 IINPHHY ] PacCKpbiTHR TPCLIHH.

Tarxoit nepuckon npH JuiMHe syua 20 — 40 m nosBonut onpese-

JIHTh BEJIHUHHY pacKpbiTHA TpettHH O B Oeronuoifi obgenke ¢ ownbd-
Ko#, ne npesocxonsiwie#t npumepuo 0,2 mMm. [Ins storo Ha BHYTpeH-
Hell TOBEPXHOCTH NJIOCKOTO CcTeKja OOBbeKTHBAa HAHOCHT LIKanay
AHaJIOTHYHO TEONE3HYECKOMY JAajbHOMepy c pesieHueM gepe3 0,1
w1 0,2 MM (B 3aBHCHMOCTH OT CBETOCHJIB IOJ30PHO TPYOHL H ANH-
1Ll ONbITHON Kamepwt). nist ocBelnenus TpeliuHub npefycMaTpHBAIOT
I/IEKTPHUYECKHE JIAMIDI, PACNOJOXKEHHEIE BHYTPH HAH CHAPYXKH TPY-
Oul nepHcKona.

B kawectTBe nOA30pHON TPyOH MOXHO NCNOJH30BaTh ONTHUECKYIO
TpyOy OT reofie3HYecKOro HHCTPYMeHTa, HanpluMep, HIIBeNHpa.
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Bo spema naGaionenunit pacctostiiie o OGBEKTHRA 10 NOBEPXNO-
cTH O0MeNKI AOMKHO GbiTh He Gosee 0,2 — 0,3 M.

7
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Pnc. 7. Yerpoiicreo ans nabniofenns 3a TpewmHamp B olneike B Tpoiecce
THAPABJHUECKOTC HCNLITAHHS ONLITHHX Kamep/

| -~ 0OBeKTHE C MPO3PAYHKIM  TEPMOTIUECKIEN  CTOKAOM; 2 — NaMROUMKa SACKTPUYCCKAaN
HUIKOBOALTIRR:, & — peduexTop; 4 — TPYOGa (a==50—80 MM} MeTaimuEcKss:; 5§ — IEPKaio
(noa yraom 15° x ook TPYOu): 6 - TpyGa (d==50—80 MM} MeTanAHueCKasl; 7~ NPOKAAL-
Ka DC3WHOBAs KoAbUeBas; 8§ — QuaaHen cTashiol; 9 — onTudeckan TpyGa (nanpiMep, or
nuBeaupa npewusucrnoro tana HA-1); [0 — ugGniopatenn: {7 — ppaGoTka NORXORHAN:
12 ~ noja Nof papsenuem p; J3— matpybok ¢ YRNOTHAIOLIMI PEIMMOBHIMI  KOABHAMHU
AN © caNsiHXonol nabuskoli, /4 — KpPLIIKa cTansuan; 5 — HenTLBAEMan OGHeARa;
6 — upofikg Jkenezolevrounan; 7 — anz {npoXop pan nepcowanal): (8 — crofika ¢ cer-
MeHTHON Toncrankofl,

Npumevanue, He naoGpaxicumr TpyDpl LNn TNORSYN DBOAL! B KaMEPY N BMAYCKA oc
nocac HCRRMTANA, a TakdKe yCTpoficTBa AnA npoROJBHOrO nepensmxenust TpyOGm 6 ¢
e nOROPOTa BOKPYE GCH.

Onpene.nelme ¥YTeyeK BOGALI M3 JNAMHMBIX OTCEKOB BOROCBONOB

IOns wenbitaunfi wa yreuky Cupuefickuit Hanopibiil TYHHENH
(ABcrpanusn) Obli paspened Ha 6 cekuuil pas/ienHTEABLHLIMH Tepe-
MBIYKAMH, COCTOSIMIHMH H3 CTaJIbHBIX JHTHIX JIBEPOK, BCTPOEHHBIX B
xKenesoberornble konbua. Huuna xaxkpaoll ceKunH AOCTHTana 4 KM.

B tynnene Il3zoparerckoft I'2C ans HCNBITAHHS Ha YTEUKY TOXA
Hanopom 6b1 BeIAENeH yyacToxk aauHoB 350 M; K CTEHKAM TYHHeN S
Ouislo TpHKpenaeHo no OGeTOHHOMY KOJAbLY, OTBEPCTHE KaXKAoro
KOJIbIA 3aKPbIBAJOCh KOJbUEBOI KpLIIKOH, 4 3aTeM CIUIOLIHOMH
KPBILLKOH.

B rynnene T'uzeabnonckoit I'2C aHasorHulible HCMBITAHHS! GBUTH
puinosiHeHbt A. A. HuuunopoBrueMm Ha ABYX yuacTKax: OHHI MEX-
Ay ABYMS KeJe300eTOHHLIMI NepeMblYKaMM, Apyroil Mexay mnepe-
MBIMKOH H SETBOPOM.

Jansbifi cnoco6 NpuUMEHSANCA M Ha APYTHX TYHHENRX, B YHCAE
KOTOPHIX MHOTO 3apyGexusiX. O npuMeluasncs NpH HCOBITAHHAX BO-
NOBOIOB H CO CTa/lbHOA 0OAHLOBKOH, 3a6eTOHHPOBaHHON B NOPOLY.
B Takux BOJOBOAAX BpeMEHKYK NMepeMbiYKy yCTPaHBAIOT B BHAE Me-
TagnsnYeckol npobxu ¢ PopMOH yCeyeHHOro KOoHyCa, IPHBapeHHOH K
ob6nuuoske [84].

HenocraTtkr cnocoba: a) 3HaYyHTeNbHAS TPYAOEMKOCTb H NPOJOJ-
JKHTEJBHOCTb N0 BPEMEHH, TaK Kak AJs peaju3auuH cnocoba Heob-
XOAHMO MOCTPOUTHL [ABE TrepMeTHUECKHE MEepeMBIuKH M TNocje Npose-
LEeHHUSt ONbITa MX YAaJHTb, 6) B cBA3H C GOALIUMMH TPYAHOCTAMH,
CBA3ANIBIMH C NPHMEHEHHEM JAailHoTo crnocoba, GJIHHY HCMBHITyeMbIX
VUACTKOB NPHHHMAKT GOABUION, YTO HCKIIOYAaeT BO3IMOXKHOCTD ONpe-
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JleNIelinsl MecT COCPGILOTO‘-IGIIHOFI (])nm.'rpaux-m BQALL 13 Tyuucas;
B) 32HANOPHBAHHE HCOHITYEMOTO OTCEKa OCYUICCTBJAAIOT Npil Ono-
POXHEHHBIX CMEXHBIX yuacTKax BOJOBOJA, PACNOJOKEHHLIX BhILle
I HHXe no teueHnio. BeseacTsiie sToro MckKaxaercs (bPXJ]prEUHOlI~
110e noJie BOKPYr HCOLITYEMOTO Y'UacTKa BOAOBOAA NO CpaBHerlio ¢
nonem Q)HJlepallHH, YCTaHaBANBAOUWIHMCH B NEPHOA HODMa.ﬂbIlOﬁ
IRCnAyaTauHi BOAOBOAA.

Onpepenenue yTeyex BOAK H3 KOPOTKUX OTCEKOB BOROBOAA

Jinsi cOXpalienHs 3aTpaT ¥ YCKOPEHHS MOATOTOBHTEABHLIX paboT
o6bluio npunumMalor Gonpliyio AAUHY L, PABHYIO HECKOJIbKHM COT-
ItSIM METPOB, a NPpH NJMHHHLIX TYHHENSX H HECKOJbKHM KINIOMETDaM.

Lans sBHsiBAenns JoKaablLIX HedekToB B obfeNike MOryT OWTh
npHMeHeHB! YCTPOHCTBA, BHINOJMHEHHLIE B BHAE ABYX, CBSI3AHHBIX
Mexpy coOoil Ha paccTosiHHH 7 — 8 My 3ariyliek, OJIHa U3 KOTOPHIX
ciiabcena saszoM. OcobeHHO TILATENBHO CHefYeT YAAOTHATH LIOB
MEe:KAY 3arayliKamMi ¥ oGAHHOBKOM.

Jnst 37010 HCMOJNB3YeTCs] MAaCTHUHbI GUTYMHBI WHYP AHAMET-
pom 30-— 35 mMMm. Ilocne 3auekauky UIOB NMPOMA3LIBAETCSI TOpsyed
onTyMHOIN MacTHKoR. DTH onepanui NPOM3BOASTCS HU3HYTPH OTCEKA,
aatem palouue NMOKHAAOT OTCEK K Na3 IWIOTHO 3asapusaercs. [Ipen-
yCMaTpHBAIOT YNOP, NPEensITCTBYIOWMI BBKUMAauHio Outyma Hapy-
’KY. B orcex no tTpy6e nogaercs BOAA NOA NABJACHHEM, PaBUBLIM pPa-
GoueMy /AaBJeHHIO B TyHHesne. ONBIT peKOMenayloT BecTH a0 crabn-
JIH3aUHH BEJIHYHHL yTeukn (24 — 48 u).

BunonsmeHenneM 3toro criocoba siBasercs cnoco6 KoJbueBoi
HleNeBOil KaMmephl, NpefJoXeH bl H peanu3doBauneiit I'. I1. 3aspue-
BEIM TMPH CTPOHTENLCTBE Hanophoro TynHenss Epesanckoit I'SC
(puc. 8). Hnsi npoBeleHns onwTa OwblJ BuLAeNneH oTcek obpesxn [
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Puc. 8. CxeMa K H3MepeHHIO yTeyek BORHW H3 KOMBLUEBOTO OTceKa
BOAOBORA

! — 0GpeSka BOROBOMA; 2 — METANJMYECKOE KONbLO; 3~ nonepeunsifi wor
GeTomnpoRaunst: 4 — KOAKUELDAN U(GACRAN KAMEpa.

neGonwwofi Anunel [, BRAOYalOWeEs nMonepeunsifi wWor 3 GeToHIpo-
BaHHA.
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Onpejiesenne yTedex BOALI C NOMODILI0 MPHCTENHOA Kamepwn (prc. Y)

Ator cnocob npeanoken W npumenen . Il. 3aspuenuim mas
OUEHKH BeJHYHH YTeuer BOAL yepez o6HenKy TYHHEens H IVIAaBHbLIM
06pasoM yepes NPoLOALHBlE WBH OGpaTHOro cBoAa. B 3aTom crioco-
Ge Ha yuacTke MnHHOH 13 M B HanpasjieHliH oCcH Tyunens Gelja co-
OpyIKeHa BepPTHKaJjbHas Kene3obeTonnas (NPOAOTLHAS) CTeNKa, OT-
cTOAILAn OT TMOBEPXHOCTU o0aeaxH ua 1,6M; BMecTe ¢ TOPUOBLIMII
NoTepeybIMH BEPTIKAALHLIME CTEHKAMH, NPHMLIKAOWHAMH K 3TOH
npofoubhoft cTeHre 1k Geronnoll oGaenke tynuens, o6pasosana
[T-o6pasuas B nuane neperopoaka. [leperopojika nMesna Takyio Bbi-
coty (4,2 M), uroOul ee RePXHHI Kpall HAXOAHACS HEMIIOTO BHILE pa-
Gouero ypoBHA Bolbl B TyliHene. C noMoLlbio Hacoca WIH OT BOMO-
IPOBOANORA CETH 3aANOJIISETCst BOJIOH A0 3TOrO YPOBHSI EMKOCThL, 00-
pasosauian neperopoakoil; yposelh BOAL ANOMAEPKIIBACTCH TIOCTO-
SUTHBLIM, a NoJlaBaeMblil 49 3TOTO Pacxojl BOAM, (UIKCHpYeMbIR pac-
XOIOMEPOM, XaPAKTEPUIYeT HCKoMYIo ealanny yreukn. Cama nepe-
TOPORKA W WIOR NO MECTY ee nPUMLIKaNHa K ofheske nMes Bojo-
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Pruc. 9. CxeMa K H3MEPEHNIO yTC- ric. 10. Cxema K A3MepeHItio ROAONPO-
ucK  BOALI H3 OTceKa Tyuuens, unwacMocTi obAenKs TYHUCAR HAHETa-
swinenennoro [1-oGpasvoit n naa- HHCM BOAL B WeJb, YETPOCHHYIO HAa NO-
He neperopoAxoi BEPXHOCTIL O0eNKH
1 — nepcropogka; 2 -~ Geronnaa o0- { — naacTima  cTansuas; 2 —'NROKAMKa pe-
JRAKA; 3 — PACOPRN H3 pCAnCOn; 4— AUNORaN; 3 — NONOCTL wesAcBan; 4 — WTynep
GeTomnme paciopkn; 5 — wnm  fipo- A uarneTanus Ropm; 5 — Getonuasn ofpen-
NONLNREC. wa: 6 — Gontel ¢ rafikamu.

NPOHHUAEMOCTD, NPEHEGPERHMO MaJNYI0 MO CPABHEHHIO C BOAOMPO-
HHUAEMOCTBIO HCHBLITYEMON UacTH OONENKH, 3aKJIOuUEHHOH BHYTPH
I1-06pasuoii neperopoak.

Onpepenerue NPOHUUAEMOCTH OGAEHKH CTEH C MOMOUILI0 HAKNAZHOIG UINTA
(puc. 10)

B GesnanopuoM TyHHese, ¢ TMOMOWIBIO CTANLHON mVacTRuLr [
pasmepom 0,5X 1,5 M H repmeTnsupyiesi NpokAaakll 2 H3 PEIUHH
ycTpauBaeTcs 1esiesas HOJ0CTb 3, B KOTOPYIO uepes wTyuep 4 Ha-
rueraetcs Bosa. Ilo senuumBe HANOpa H pacXoga HarHeTaemol Bojbl,
MONb3YSACL YHCAOBHIM 3HAUEHeM HepexofHoro ko3¢ pHIHeHTa, fo-
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anyucuusiv metopom IATILA, onpenensior HekoMmuid xosddumuent
(GhraAbTpaunn £ Getonnoi o6ge KN 5 Tynuens.

HocTounctsa cnocoba: Maniag CTOHRMOCTL YCTPOHCTBa H He3HAUT-
TeNLHOCTL 3aTPaTHl TPYAA Ha onpenenexue k.

HepnoctaTtku crnocoba: ManoCTh NAOINAJH, OTOPOXKEHHON AMs HC-
MeITaKIs,, NO3TOMY CNocod He ofecneunBaeT BLISIBJEHHS BCeX Cla-
Oux Mect 8 O0feNKe;, HENOJHOe COOTBETCTBHUE HAMPABAEHIN JINHH
TOKa B ONBLITC H B HATYpe (N0 HOpManll K MOBepXHOCTH 0GAenKH):
1eoOXOMIMOCTL 3afie/iKiH B GETOH GONLUIOTO KOJMHYECTBA KPCREKHBIX
Gonton 6, KOTOpHe AOKHBH ObTh YZAaJieHH nepef BBEAEHHeM TYIl-
nenn B paboty; HEBO3MOMKHOCTb NOBTOPHLIX HCMBLITANNR NPH 3afa-
NOpennoM TyHHEJe, Korfia 6YAeT HMETbes elle H NPOTHBOAABACHIC
(GINLTPAUNOHHOTO MOTOKA HA MOBEPXNOCTh OGJIENKH, MPNMbIKAID-
LLYI0 B HOPOZAE.

Crnoco6 onpeaesenust pOLONPOHNILAEMOCTH feTounx obpuenox
no BOAOHOTAGUIEHMIO npOGypenunX » Hux cKkBaxnn (puc. 11)

B ofnenke npofypmsaioT ckeaxkiiy riybuno#t 10 cm 1 Gosee B
JABHCHMOCTH OT TOJUHHE GeTona, B ¢xpakiy BBOANTCS HHBEKTOP
2 ¢ npICOCHHITEHHBM HINANTOM 3 OT BOAOHArHETATENLHOTO pYUHOTO
Hacoca 4. Hacocom KayaloT BOAY H3 cocyAa 0, ycTalnoBJeNHOTo 11a
pecax. C momenta crabu-
NH3ABKN 330aNHOTC AaBJie-
[Hsl, ONpenessieMoro 10
MaHoMerpy 5, (UKCHPYIOT
BpeMsi, B TeyeHHe KOTOPOro
OeTOH TmMoOMIoMian BOAKY ¢

2,
PACXONOM, ONpeae/eHHbIM N

¢ NoMollbIo Becos. 1o 3THM

4.1
r /2 /3

BagHblM BLIYHCISIOT BEJIH-  pPye. 11, Cxema yCTaHODKH AAs ONpeReseHHs

yiny k. Crioco6 6wyt mpH- BOAONpOHNIacMOCT  GeToRHolt  ofemn

MEHEH TMPH HCObITaHHH 06- ! — Geronuast oOACAKA; 2 — HMVBEKTOP; 3 — waaur;
4~ pacne; 5 — Manomerp; § — cocy) ¢ noAOR,

JEJIKH HanopHOro TyIiens
Epesanckoft TIC.

HoctonncTBa cnocofa: Majast CTOHMOCTL YCTPORCTBA, HE3HAMI-
TENMbHOCTh 3aTpaTt TPYAa Ha ONpefencHHe BEJHUHHB K.

Hepocratkn cnoco6a: manoctn, HenbiTyeMmoro obbema OertoHa,
OCHOBHOE HanpaBieHHe (QHIBTPALHOHHOTO TNOTOKA H3 CKBaXXHHH
(nepneHnHKyNsipHOE ee ocH) oOTKJIoHAercHd Ha 90° oT manpasieHHs
¢unbTpaurH B 0OAeNKE NMPH 32HANOPEHHOM TYHHENe, CNeOBATeNb-
HO, BeJIHYHHA 2 MOMXKET OTJIHUATLCSI H3-32 AHH3OTpONHH GeTona 06-
AedIKil O BOAOTIPOHHLAEMOCTH.

Croco6 oueHKH BOpONMPOHHUAEMOCTH GeTonunx ofpenox
no orcocy so3nyxa M3 Getoma (puc. 12) [72]

Ha nosepxsocTh O06MENAKH HAKJNAABBAECTCH KOJNAK; BHYTPH KO-
raka ¢ MOMOLIBIO PYYHOrO BaKyyMHACOCA CO3/aCTCA BaKyyM, Ona-
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roflaps KOTOpoMy (hJlanei KoNnaKa yepes MArKylo pesiioByio mnpo-
KNanKy npucacuipactes k nosepxnoctn ofaeaxn. Cosnas 3apannyio
BGJIHYHHY pas3pexkeHiid, BakyyM-
HAcOC OTKJAIOYAKT H MO BPEMEHI
BOCCTAHOBJICHHS [JaBJIeHHSI BO3LYy-
Xxa, oTcacHsaeMoro us 06eToHa, ¢
MOMOHILIO TapHPOBOYHOrO rpaduka
OTIPeNENsIIOT BEJHUHHY k.

HocTonHeTBa cnocoba: Manas
CTOMMOCTb YCTpPOHCTBa, HE3HauH-
TEeNLHOCTh 3aTpaThi TPYAa HA Onpe-
[leJieHHe BEeJIMYHHBI £, BOAA He Tpe-
Oyercs.

HepoctaTtku cnocoba: ManocTh
Puc. 12. Cxema yctpoiictsa ans NCNLTyeMoro obbema Gerona ("C-
ONpCAGNEHHS  BORONPOHMILAEMO-  TTBITHIBAGTCS] TOJNLKO ONH3KIA K 110-

cTH GeToHHOI oGACHKIl BepXHOCTH TOHKHE cnoil Geroma),
! Ooronnan oonenka; 20Sme. Manias TOYHOCTH HCIBLITAHHS H3-32
WO KOAMAKa C MAMKGH peanwonoii  TOrQ, YTO BMECTO BOAK HCHOJK3Y-
npoknankoli; 4 — TPYOKa pCIHOBAN
RAKYYMI1a5l, TOUKAIOUENNAN K  Dna- eTcsd BO3AYX, MOCKOJLKY Ha HCKO-
KITMHECOSY S pnvnyaeny TV MyJO BENTMHHY K CHARHO naHSET

BRaXHOCTL OeTona.

Onpepenesne PackpbiTHA M NPOHHLAEMOCTH OTAGNBHBIX TPEUHH

Hns storo Moxkuo npumennuTs crioco6 H ycrpofictBo (pic. 13),
npeanoxenusle B. H. JKienkoseim [17]. Oxnako 3THM cnoco6om
HeJb3s ONpefeJHTh NPOHHLAEMOCTb TPellHH, BLIXOAAUIHMX HA [MO-
BEPXHOCTh CKaJLHOIO MacCHBa.

Jlns 3TOH LieJH MOXHO NPHMEHHTL YCTPOHCTBO, NMOKa3aHHOE Ha
puc. 14, ¢ NOMOIEBID KOTOPOro Haj TPEUIHHOA CKaJlbHOTO MACCHBA
i GETOHHOrO COOpY:KeHHS 06pa3yioT HANOPHYIO KaMepy LIHpHHOMH
ly = d; nepexpriBasi mo 06e CTOPOHH OT KaMepH TPELHHY Ha JJIHHY
Iy = 2d, narHeTawT B KaMepy BO3JyX NPH NOCTOSIHHOM H3GHITOYHOM
[aBJeHHH, CO3AAIOlEM JAMHHAPHBIH DPEXHM IBHXXEHHA BO3AyXa B
TPELLHHe, H3MEepPAIOT PACXOd BO3AYXa H ONpeAenaT Kodbduuient
MPOHHILAEMOCTH TPEIIHHB Crp, ¢M3, N0 (dopmyde

Crp = a7 % ApH p < 10’)%';- =~ 0,1 at (0,01 MIta).

rne a— GespasMmepnuiil koadopuument 1,37 npr L = 2d; 1 — nuHamuyeckas BA3-

KOCTb BO3AYXa, myas {1 myas = 1 r (macca)fem-c); Q — pacxon BO3pyxa, emifc;
r{macca)-cM

p — H30HITOYHOR AaBJCHHE BO3AYXa B Kamepe, AmufeM?(laun =1 ——5—|.

£

c2

OnpepeseHue B NepuOn SKCMAYATAWHH YTeyeK BOJILI,
APUXOAAUHXCH HA BCI0 ARHHY BOAOBOAA

Ipr ocywectnenny storo cnocoba (puc. 15) nepexpuiBaoT 3a-
TBOpLI HH30BOH 6 (HanpHMmep, nepej arperaToM THAPO3JEKTPOCTaH-
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unn) 1 pepxosoit 2 (11a BOAOUPHCMITIKE) I I3MEPSIIOT Pacxoi ROAM,
noctynalowell B nOABO/SIUHIT TynHenn 4 uepe3s nepenyckinoe (Gai-
nacHoe) ycTpoiicTBO 3 € PacXOZoMepoM 13 BXORA B TYHNCIL.
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Puc. 13. Cxema SKCNEpHMEHTa TIO ONPERESEHINO PacKPHMTHIl
TPEeWHH B CKaJIbLHOM MACCHBE

! — ckvaycpnta; 2 — snactnuunii 6annon: 3 — Tpewkba; 4 — nonsoas-

wasy Tpybra ¢ 3arsywkoit a xonyg; 5~ pacxomomep; 6 -— Hacoc; 7 —

MAnoMETP; 8 — OTBEPCTHN AR BLIXOR® BOAK BuYTPL Cansowa; 9 —

BTYAKH, NPUBAPEHHLIE K NORBOASH\ER TPYOGKe: [ — KOALUCBONl AHCK;
{{ — rafikn, MaBNUTABAIOUKHECA Na BTYARIM.

[pn wannyon ypasuurteanHoll waxru 8 (puc. 15, 6) cymmapuan
yTeuka BOAbI H3 NMPHMHKAMILEro K Hell 3aHanopeHHOro TyHRens 4,
NPH 3aKpBITHX 3aTBOpax 2, 6 no ero KoHnam, MoxeT OHTL H3MepeHa
110 I3MEHEHHIO YPOBHA BOJH B YPaBHHTEJI6HOM waxte 8.

Beanuuny cymmapHo#t yTeukil, KOrna oHa BeJlHKa, MOXHO H3Me-
PHTh NPH HaJHYHH azpalHoHHoi Tpybw 9 (puc. 15, 8) ¢ nomoiupio
rHApOMeTpHYecKoli BepTywkH [0, nponymenHo#i Ha wranre [/
BHYTPb TyHHens 4; npH 3TOM BXOJHON 3aTBOP OTKPHT, a8 HH30OBOIi
6 — 3axpoiT. Hanpumep, npH onpegeseHHH YTEYKH ®3 HaNOPHO#H
neprsaupn Tkubyancroft I'DC B aspannouuyio Tpy6y BOAONPHEMHH-
Ka onycKanack CTPOrO OPHEHTHPOBAHHAS B NJ1alle JKeCTKas LITaHro-
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pas crcTeMa € BepTyuikamu Ha wipkned cexunn wranri. THocaepusns
onycKaJsace A0 ynopa B OHO, I H3MEpEeHHs BeJHCh B (])HKCHDOBaH-
IMLIX NOJOKEHHAX WTAHIH TOCNEA0BATEJNLIILIME e MOAHATHIMMH.

y/
I,=2d l=d i,=2d

o 7 L,

I IRIIIS g 4
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Pue. 14. Cnoco6 H yCTPOHCTBO AAST ONpERENEHHA KO3(PHUHENT
DPOHHULAEMOCTH THCWHN

f — Trpeplna; 2 — cxasptiasi NOPORR BaAN  GeTon; 3 — OTKPLITasi NOBCPX-
nocTy; 4~ naacnima; 5 — knefi; 6 — 3jqacTHYNAs HPOKAAAKaE; 7 — Kamcpa;
8 — narpyGoK;: 9 — cxcMaTHICCKNii BUA ANNNA TOKZ NArHCTAEMOrD BOIAYXA.

[Ipn crpoutenncree n sxkcmyyatauuu 'DC Kayneprans (AscT-
plisi) NPOBOLHJHCH HCCAEAOBAaHNSI NOTEPh Ha (HALTPaUHIO B3 13-Ki-
AOMETPOBOrO TyHHenst ua pepusanuonsofi UDC, npofinennoro B
CKaJbHLIX MOPOAAX PA3JHYHOrO JIHTOJIOTHYECKOTO COCTaBa — ciall-
uax, rpamMuTo-rueficax, pua6asax, aM(puOOJHTaX M KBapLHTaX.

PacueTHOoe BHYTpeHHEe jlapjienue BOAH B Hayase TYHHeN s npej-
ycmaTpuBajiocs pasunim 1,02 MIla, B xonue — 1,58 MIla, a ¢ yue-
TOM AMHAMHYECKOro BosaeiicTsua nocturanso 1,76 Mlla.

Crenelb TPEIHHOBATOCTH ¥ BO3MOXKHOCTH (PHABLTPANMOHHBIX TO-
Tepb OLUCHHMBAJACb HA OCHOBAaHHH aHaJiH3a BOIONMPHTOKA B TYHHENb.

[IpousBeieHO ONpeccoBaHHe TYHHENS NpPH PACYETHHIX JaBJie-
HIISIX, KOTAA HE TPOH3BOAKJOCHL paboT 1o ero ofjenKe, # ycranopie-
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1a 1HeobXOoAHMOCTL PpOBCACHUA HOHOANMTCALHDIX MepOIIDHﬂTHﬁ, CC-
KpaliaioHx norepl BOAHKL.

v

Puc. 15. CxeMB & H3Mepenmo cyMMapllbix yTcYeKk ULOAR N3
HanopHoro BOAOBO/LA

@ — C NCROALIOBAHHCM Nepeltycsioro ycorpoilcria; & — ¢ ACHCALIOB3-
nHEM  YPABNRTCALHOR WaXTei 6 -~ npit NOMOUW  THAPOMCTDIHYMECKNX
BEPTYLUICK; [ — BOSOHDPHEMRUK, 2 -~ BEPXOBOI 2ATBOP;, I — NCPLAYCKIOL
(Gafinacnoe)  yerpoiictso: 4 — nopgoRswmli  TYHHeAL, 5 — TypOmrnLii
vonoron; 6 — nuaopofl aareop; 7 — 3panne I'3AC; § — ypaBuxrCAsHan
waxra; ¢ — apaunonnan rpyda: [0-— seprymxa; I{ — wraura.

OuniTHOE OnpofGopanHe TyHIens ¢ o6pelkof, a Takxe rHAPOreo-
Jornueckne nabaopenust B Teuenue 5 yer sxcryataudn I'2C, ceu-
NETENLCTBYIOT O HAAEXKHOH PaboTe NOABOASILErO TYHHEJIS.

OcHOBHEIM HCROCTATKOM 3TOTO Cnocofa fBJAETCS HeBO3MOXK-
HOCTL ONPEACNEHHsT MeCT YTEUKH BONH N3 BOLOBOAA MO €ro AJHMIC.
Crocof 1o3Boaser ONPeNesHTh JHUWL CYMMapHYO BRJIHUHHY (HIIL-
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1DAUHONIOre pacxofia BMeCTe € 1CM MONKET ORA3ATHCH, Y10 Buja
1I0CTYNaeT COCPELOTOYEHHO B OJUIOM ITH HECKOALKIX YYactkaXx Bo-
W0BO/E, 1l HIOTJa 3TO MOKET Bhi3BaTh CEPLE3IIbie TOCHE/ICTRISI.
YKazanuHslii NefoCcTaTOK MOXKHOQ YaCTHUYHO YCTPaHUTh, NPUMENTIB
cnocob onpeiesienyst yTeucK 113 JJIIIHHHX OTCCKOB BO/IOBOOB

Onpepenenne yreuek BORB H3 AAHRUBIX Y4ACTKOR BOROBOZOD,
ofpasyembix pnathparmamu

Ecan pnagparmel yCTaHOBUTL B MeCTaX, TAe NMCIOTCA CYLICCT-
BCIHBLIE H3MCHEHIISl TeoJIOTHUECKOl CTPYKTYPH TNOPOAB 1l TPCHiH-
110BaTOCTHI, TO MOXHO ONpEAEJHTh NOTEPH f1a KAXKIOM YYacTKe MeX-
1y ABYMs anaparmami, KOTOPHE DaBHBI PA3HOCTH MEXAY BesHyll-
namn ToTepb, M3MEPEIHHX N0 BEPXOBOH H HI30BOH AHadparmMam.

[TonoGiule nepessinnbie Auadparmsl ¢ OTBEPCTHAME IS H3MEpe-
15 pacxolla M MpPOIyCKA 4epes HIX BOAH, duALTpyoilefics uepes
0GHeNKy no3and HaxXOAsLerocsi yYacTka BOJOBOAA H yepe3 HemJIoT-
110CTI HII3OBOTO 3aTBOpPA, B EBpone nMenyoTcs uiitamin MonTaHbe.
3azop Mexay mnToM H GeToHHONl OGAENKOH TYHHenst ycrpalsieTcs
3a61BKOH NEPEBSHHHIX KJIHBEB H 3aYeKaHKOH IXYTOBHIM LIHYPOM,
nponuTanHbiM OuTyMoM, C moMoinplo 1UTOB MOHTaHbe OBUIH HC-
ULITaHb Ha (HABTpaWI yeped obnefiki MHOrie 3apybeXHble Ha-
nopusie TyHHenH. Oco6oro BHHMAaHNs 3acJyKHBalOT pesynuTaTh Iic-
NbITAHUST 3TUMI UIWTaMll Hamopuoro tyuHensi Pozenan-Bati Bo
Qpanunu (nna tyunenas 13 kM, anamerp 4,8 M, saraybnenne
400 — 600 ™, nanop B nauane Tymuens coctasiser 116, a B xomw-
ue — 163 m, pacxon 50 m3/c). Ilpu ncnuTauun HanojaueHIe TyHEs
6L10 OCYUICCTBJIEHO U3 Bojgoxpantnuuia Pozenanw npu pacxone
0,5 M3/c, npiyeM KoHeL TYHHENs! GhiJ 3ardylled MEeTajlIyecKol me-
peroponkoll, BEYTPH TyHHeJas Obl0 ycTaxoBJAeHO 4 gpuadparmsl
(mutet MoHTaHBE C BEepPTYWIKAaMI B HX OTBepCcTHAX) H 9 3nekTpo-
MarHUTHHX pacxofoMepoB [67].

TTonoxuTenLHHM KayecTBOM 3TOr0 cnocoba sBaseTcs ero 60Jb-
wasi TOYHOCTh, TaK KAK YTEUKH H3MEepHIOT IO Bcelt AJHe BONOBOJA,
Korfa npH paGouem Hanope HMEET MECTO YCTAaHOBHBLIAsCH (PIIIBLT-
paius H3 BOEOBOAA.

HepocraTkom onmucanlibix fHapparm ABASETCH NX TPOMO3AKOCTh
11 HECOBEPUIEHCTBO KOHCTPYKUHH, OCOOGHHO B OTHOWEHHN KYCTaplo-
CTIl H HEHAJIEXXHOCTH YIJIOTHEINSI IO KOHTYPY NpUMBIKAlS WNTa K
obienKe BOLOBOAA. IDTO 3aTPYAHSIET MOHTAXK 1l AEMOHTaX Jma-
tparm, Tpebyer GoablNX 3aTpaT TPylNa W BPEMEHH, a4 rjaBsHoe He-
yBoBcTBO — HEOOXOANMOCTL OMOPOXKHEHHst BOZOBOJA INPH HCIHITa-
HII KaXXAOro nocjieAYIUIEero yyacTka BOAOBOLA, NOTOMY 4YTO nepe-
BSHHYIO Auagparmy THnNa wnra MonTanbe Heslb3d NEpenBHTaTh B
3auanopeyiioM BOJOBOAC B HOBYIO nosnumio. H3-3a atix Hepmocrat-
KOB € TIOMOUWIBIO TaKHX AuadparM 1PakTHUECKH HEBO3MOXXHO BHIsi-
BIITh O4YarH COCPENOTOYEHHON (PHIBTPALHH (LM 3Ke yOeIuThCST B HX
OTCYTCTBII Npi GOABLWOM YHCAE KOPOTKHX YYacTKOB TPacChi BOAO-
Boza.
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Onpepeiierue YTeueK BOALI H3 3aHANOPEUNLIX BOAOBOAOR
€ NOMOLIBI0 MEPEABHIKHBIX YCTPONCTE

MMpumencure NepefBHIKHbIX YCTPOHCTB (TAMNOHOB) iAJs onpejic-
MCIIS MECT YTEUEK H3 BOZOBOJIOB 113BCCTIIO B BOAOCHAGKeHiH, rae
JUTSt 3TOH LI NOJb3YIOTCSl PE3NHOBBIM WIapoM.

Tacmanckas Tiapo3sieKTpiYECKas KOMOanus B ABCTPAH CKOM-
CTPYNpOBasia MaUHY <«TPYOONPOBOAHBLIH AMKOOpPa3» INAA OYHCTKH
rpy6onpoBofoB AHaMeTpoM A0 2,2 M. DTa MallllHa COCTONT H3 JABYX
WIINHAPIYECKHX KOPNYCOB C MPIUKPEMJEHHBIMII K HIM HEH/JOHOBHI-
MH weTkamMd. MauunHa npHBOANTCS B AeficTBlie TOKOM BOAH. OnwuT
SKCNAYyaTauHH 3TOR MAalIHHE NOATBEPK/IAET BO3MOMKHOCTb HCIOJb-
30BAHHS TOKa BOAH /1S TMEepPeABIDKEHISs Neperopa<HBaloIero ycrT-
poficTBa, CNYXKallero AJsi H3MEPEHIs yTeueK BOAHW 113 HANMOPHEIX
FUAPOTEXINIYECKHX TYHHEJNEHR 11 IaxT.

Ha puc. 16 nokazana NPpHHUHOHAJbHAS CXeMa HCCJACLOBaHIis
NOJA3EMHOrO BOLOBOLA Ha NPOHHLUAEMOCTH C TIpIIMEHEHHEM mfepe-
ABIDKHOro ycrpodcrea. lnis peasmsaum# 3Toro cnocoba nepexph-
BAlOT 3aTBOPH / B KOHuE TYPOGUHHOTO BOAOBOMA Z I OCBOGOXRAIOT
BOAONpIEMHAK d B rOJIOBE NOABOAALEro TyHHeas 4 OoT copoyznep-
KIBAOLIEH PELeTKY 5.

HocrasasitoT K BORAONPHEMHUKY € NOMOWDLIO KaTepa OTcCKaTeNb
6 1 norpyxatoT ero Ha nopor Boaonpuemnika. [Ipouecc norpyxc-
HNs MOXXIIO KOHTPOAIpOBaThL € NOMOILIO BOAOJIA30B, TCACBH3IOH-
rrofl YCTaHOBKI AN cnennansioll Manorabaputioli nonBoaHo{ N0k~
kit {(nma ray6unax HegOCTYNIBIX AN Boxoaaszon) [Ipumernente nou-
BOAHOM JOAKH B 06NaCTH FHAPOTEXUIKY ONucaio, nanpimep, s [85],
rjie npHUBefeln HPHMep HCNOJb3OBANHS NOAKN ANs nabGmofeHus 3a
COCTOSIHHEM IJIOTHHH. B paccMaTpHBaeMoM cayyae JOLKY MOXKHO
IIPUMENHTh ¢ MaHumyasTopoMm (Mmexawumyveckoi pyxkoit). Ilocne no-
I'PYKEHHS OTCeKaTeJlh 3aBOAAT B TYHHENb H NPHCOENHHSIIOT €ro K
TpocofyiouHol cHCTeMe 7, Ha TpPocaxX KOTOpoil MMEIoTCA ykasartean
aamnel. TlepemMemalroT otcekartesh B 3a/aHHOE MECTO I TepMeTH3H-
PYIOT ero ¢ oOAesKOo% TYHHENS ¢ NOMOULLIO RMCTAHILIONHO YNpas-
JISCMbLIX YIJAQTHAICULIIX 3ACMENnTOs. ﬂepcmemenue gTCCKarTens ocy-
WEeCTBASIIOT NPH TOMOLUIl TOKA BOJb B TYIIENC, PErYSHPYEMOro KOH-
ueBHIM 3aTBOPOM, ANl NPl NOMOLIH TPOCA, MPONYWEHHOTrO yepes
ypaBunTesLUYI0 HIaXTy npH ee najnung. 3aMCpsiioT PAcXOM BOMHI,
MOCTYHAIOmeEl Yepes BOAOMED B OTHAJICHHBIH OTCEK 6 TYHHENs AJi-
ok L. Bulysran H3 NOJYUCHIIOrO pacXofa BeJIYIIHY POTEYeK BOAH
yepes KOHUEeBOH s3aTBop I, MOJNYYaloT 3HAYENHE PacXofa BOAHI,
buapTpylomtefica yepes obpenky B nopony.

C nomouipio TPOCOGNOYHOM CHCTEMB MEpeMelaioT OTceKaTesb
B 110BO€ IHOJIOXKEHHE I NMOBTOPSIIOT BHLICUMICAHNBE Onepauun. Axa-
JIOTHYHO MOXHO NPOBOLHTh H3MEpEHHE YTeUeK B YPaBHHTEJBLHOH
waxte 8§ (puc. 16).

Ilo OKOHYaHHK 3Mepelld yCTpolicTBO NOIWIMAIOT HaBepx I
H3BJIEKAIOT HA CyHIy.
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Tlo noaydyennolM 3maueHIsTM pacXojida BOUL uepe3 BOAOMEp
CTPOAT IMIOPY (PIABTPALHOINLIX YTEUEeK BOUBI,

a)
FET7 4 5 ‘
1)

Puc. 16, Hamepentie yTeyex oAb 13 HOASCMUBLIX HAOPHLIX BOLU-
BosOB

a. O, ¢— uaMepeHne yrewex COOTPCTCTBEHHO H3 NOABONSLAETO Tyuiens,

ypasuyTeabuolt waxru 1t TypSuniuoro soxosonma; J— 3arsop; 2 — TypGui-

npifi BOROBOA: 3 ~ BOAODPHCMUNK, 4 — TIDABOANUIMI TYRHCAL, § — COpo-

YHCIKHBAIOWAN pewmerka; 6 — QTCeKATeNbL; 7 —~ TPocoGnoMHan cucrema;
8 — ypasnuTCibRan waxra.

B pesysasTate npoBeElHBIX HUIMEPEHIH UONYYAIT pEeabHYIO
KapTiiHy yTeUeK BOAM W3 TYHHEJS N0 BCeH ero AJHHE NMpH aKcmaya-
TAUHOHHOM HANOPe B HEM H SKCIVIyaTauHOHHOM PEXHME NOA3EMHHX

BOJ.
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,H,.ﬂ?l peasn3anni OnHCanHoro enocoba MOFYT OLITH HCNONL3O-

palbl NepeaBHMHBIE YCTpoWcTBa, CXeMaTHYECK| N0KaszaHube Ha
puc. 17.

Puc. 17. Cxembl NepemBHKHEIX YCTPOHCTB AN BHisiBAelUs
MCCT YyTeuek H° HX BeNHUHU B 3aHANOPEHUOM TYiHeJE [pI
FKCIUTY ATABKOUULIX YCROBHAX

a— puoiikan  uuadiparma; 6 — onndapuas avadparda: g — snAacTAN-
nag adadiparda (C SNACTHUHLIMH o€pyuaMn) ABYXKOUYCHasi, ¢ — gna-
cTHYMas amMaparma wapopasn; [ — obpenka Tymiuens; 2 — Anadparma
JMeeTRas;, 8 — Ruadparma snacTHuran; 4 — TpyGa C BOROMECPOM; 5 —
naTpySor ¢ BOAOMEPOM, 6 — INACTHUMAR YNAOTHUTEABHAR KE2MERA:
7 —~ 37aCTHYHOE YAAOTHATENARHOE KOJALIO; Q@ — PAcXOf BOAW Ha yTeu-
Ky uepe3 O6AEAKY BOAOROLA 1l HEMJOTHOCTH HN30BOTO 3atpopa: AQ —
PacxNon BOALI HA YTEUKY uHepes yuacrok ofaenxky, snipeneunisil asoit-
nolt nnadparmofi: pepTHKanbHEIE CTPENKN NOKa3LBAKT HANDPABIAERNT
DBHXEHIIA BOAL M3 3aHANOPEHHOrC BOAOBON yepes oOGACAKY e fAOPORY.

Yerpoitctno nas auddepeHunanbHOro K3MepPeHHs yTelueK H3 HANOPHOr0 BOAOBOAA

I7o yerpoticteo (puc. 17, a) [76] BkaioyaeT aBa aucka-dhaanua,
COeIHHEHHBIX Mexny cofofl ueHTpalibHON npsMOTOUHOH TpyGoH u
BEepIMeTPaNbHBIME TPySaMi-onJaBkaMi. B ueHTpaibHoil uacti
(haHUeB WMeITCA OTBEPCTHHA, NHaMETp KOTOPHX PaBEH BHEIUHEMY
IHAMETDY NpSIMOTOYHOH TPYOHL.

O6onbl (y1aHUeB B NOMEPEYHOM CEUCHHH BBHINOJHEHB [0 Ayre
okpyxHocTH, Ha oGoar HafeTs YIJIOTHHTENBHBIE SJeMeHTH — pe3H-
HOBHIE KaMepwl. B BepxHelt yacTH Kamep HMEIOTCH BO3LYXOBHINYCK-
Hble ITYHUepH, cHalOXeHHble PenYKIMOHHHIMM KJanaHamMH. B HX-
HeH YacTH KaMeps! COENHHEHB! APYT ¢ APYrOM IRJIAaHrOM HIH TPyDOFi.

[To BHewiHe# rpaHy ONHOTC H3 AHCKOB NPHKPENJIeH BOASHONR Ha-
COC C PEBEPCHBHHIM 3INEKTPOABHTATENIEM, YCTAHOBJIEHHHBIM B repme-
Tiuom kopnyce. Hacoc npr nomomu Tpy6xu coeaunen ¢ xamepodn.
Ha rpybre ycraHoBjen peaykuuoHHnl kaanau. K anexktpoasnrate-
JUO 1acoca NOAKJAIOYEH KaleJb, BHIBELEHHLIT HA NYAbLT YOPaBIEHIis.

B BepxoBoMm (uanue Bpesan BomoMepHBIH NaTpybok, Ha BXole B
KOTOpHA 3aKpensiena noaycohepryeckas peuleTka. Buyrpw narpyb-
Ka BMOHTHPOBaHa BEPTYLIKA B BHIE JIBYXJONACTHOIO MJIAaCTMAcCo-
BOrC npoNessepa, Bpailllalollierocs Ha OCH, 3aACHaHHONH B KPECTOBH-
He, KOTOpas NPHKpenyieHa ¥ narTpyoky.

Ha xonuax sonacreit BepTYIWIKH HMEIOTCS KOHTZKTH H3 3JIEeKTPO-
NPOBOJHOTO MaTepHasia, COejHHEHHHE MeXAy coboit H30JHpOBal-
UBIM JIEKTPHUYECKHM TPOBOJHHKOM.

BHyTpeHH#AS MOBEpXHOCTh HA YYACTKC PACHONOMEHHS BEPTYLIKH
HOKPBITA IEKTPOHIOJNALHOHHBIM CJIOEM, Ha KOTOPOM B CTBOpE Bep-
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TYIUKH 3aKPerienbl ABa AHaMeTPAJNbHO NMPOTHBONOMOKHEX KOHTAK-
Ta; KOHTAKTH COCAHHEHM Kafenem C nyasLTOM ynpaunemm, pacno-
JIOXKEHHBIM Ha TIOBEDXHOCTH 3eMJTH.

K nepumerpajbHpiM Tpy6aM npHKpeIeNn HaupasisionlHe KPOH-
wTefins ¢ pe3AHOBLIMH POMTHKAMHA.

K suicTynaomHuM KOHEAM NPAMOTOUHO{ TPYOGH NpuKpernJiens Ts-
ll, K KOTOPBIM TIPHCOGAHHSIIOT TPOCH Jisl YNPABJIEHHS YCTPOHCTBOM.
Tpocsl HMEIT pa3MeTKy AJA OnpefesleHHs paccTOSTHHE BO BpeMA
npoBesiennst Hamepennii yrevek. K 0JfHOMy H3 TPOCOB fpHKpENJeHb!
sieKTporabe.

Brarogapss HanHYHIO IHAPABJIHYECKON CBAI3H (Yepe3 npsMoTou-
nyw TpyOy) Bepxuero Opbeda c NHKHEM, BOZA C MHHIIMAJBHEIMH 110~
TepaM# Hanopa cgo6ofHO TIPOTEKAET yepes YCTPORCTRO 1 KOMIIEHCH-
PYeT YTEUKI Ha YuacTKe MKy YCTPOHCTBOM Ii KOHLEBLIM 3aTBOPOM
BOZOBOAA. BBHAYy MasnocTH BenuxHa Tepenaja AaBjieHHs BOAH B
BonOBOAE (mepexn ycTpoHcTBOM M 3a HUM) (QHABLTpaUHOHHOE TOJe B
rOPHOM MACCHBE HA YYacTKe MECTONONOMKEHHsi YCTPOHCTBa ocTaetcs
TaKHM >Ke, KaK H BO BpPeMS HOPMAaJbHOfi IKCINIyaTauHH COOpYyXKe-
HiA, YTo obecrneunBaeT BEHICOKYIO TOYHOCTb H3MEPEHHs! yTeuek BOMHL.

TMocne narneranus BOAW B YNJNOTHHTENbHBE KaMepbl M IIX NNOT-
HOTO NMPHIKATHE K OOJIeNIKe BONOBOMA HA YIACTKE MEXIY JIHCKaMHA-
Guanuamu ofpasyercsi 3aMKHYTOe NPOCTPAHCTBO {OrpaHHueHIOe
BHYTpeHileli MOBepXHOCTHIO 00AesnKil, BHEHIHeH MoBepxHOCTbIO Nps-
MOTOMHOW TPyOuwl 1 BHYTPEHUHMH TJIOCKOCTsiMH (haaniiep), coemn-
HEHHOE C [10JIOCTLIO BOLOBO/LA uepes BOAOMEpHLT maTpyGox.

B caywae naanuns B ofnenke BOMOBOJAA KakuXx-anbo Hedekros
A noBpexaenuil (HasHuyne TpPEUINH, HENJIOTHBIX CTPOHTENbHBIX
WBOB, YYacTKOB HenpopaboTaniioro GeToHa) BOAA H3 YKa3aHHOrO
3aMKHYTOTO NPOCTpPaHcTBa (nepelBHIKHOM ONLITHOH KaMepul THI-
PaBJMYECKOTO 3arpyxeHus) GyAeT GHIbTPOBATHCS B NMOPORY, PHIB-
TPaLHOHHKEA pacxo/, H3 KaMepo Oyner KOMMEHCHPOBATHCS BOAOH,
nocrynamiedl B Hee g3 BOLXOBOLA uepes BOLOMEpHHIH naTpyGoK.

TIpoTtexas uepe3 pomomep, Boxa BpaliaeT BePTYUIKY, MCIlsis npH
3TOM CONPOTHBJEHHE UENH 3JIeKTPOMEXaHHYeCcKoro cuetTunka o6opo-
TOB BEPTYWIKN, PaCHONOMXEHROro na nynpte ynpasnaenns. Io noka-
3aHHAM cHUeTYHKa 06opoToB 33 (HHKCHPOBAHHGIT NMPOMENKYTOK Bpe-
MeHH ero paboThl ONpeRenAloT CKOPOCTbL BPAIUEHITT BEPTYWKH, a 10
ueit (Mo TapHPOBOYHON KPHBOH)-— pacxoll BOAB, (GHALTPYIOMHHCS
I3 BUAOBOLA Ha yuacTke nanuoli L, pasuoi Ajlite YCTPOMCTBA MeX-
oy danuaMm.

Ilepen nepecraHoBkoR YCTPOHCTBA B HOBOE TOJIOXEHHE TPOH3BO-
LST pasyIJIOTHEHHE repMeTH3HDYIOIINX KaMeP HYTeM BKJIOUCHHS
MOTOP-HACOCA Ha OTKaYKy BOAH U3 KaMep.

B onpeneneHHbIX YCJAOBHAX YCTPOHCTBO MOXHO BHIIOJHHTH C H3-
MeHsoWelcs NJIHHOM, AJA YEro UEeHTPanbHYI0 M NepuMeTpasbHble
TpyOpl HeOOXOAHMO H3FOTOBHTDH TeJIECKOTHUECKHMH.

Hamepurens onucavBoH KOHCTPYKUHH MOXHO MPHMEHATL B TYH-
HeJIsiX, He HMEIONIHX NO JJHHEe MECTHBIX CONPOTHBREHHH (HampHMep,
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wanopuwifi nonoc6pocHof TyHeens 11 spyca Yapsaxckoit I'DC, co-
eAHHHTEABIILIE TYHHEJH, TYHHENH Ha Kanajax it T. A.). 1o ycTpoii-
CTBO TaKXKe MOXHO NPHMEHATL B NEPHOA CTPOHTENLCTBA HAM NPH
ONOPOXKHEHHH TYHHEJEH.

Haa nonyuenus: 6ojlee TOUHBIX Pe3ysbTATOB OMBITA MOMKHO NpH-
MEHHTbL YCTPOHCTBO, NMOKa3aHHoe Ha pHc. 18.

)
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J :"L < T = l'ﬁ .
S . H ] z'

Puec. 18, YerpoficTBo BRI H3MEPEHHS YTEUCK BOAM H3 NOA-
3CMHOTO BOAOBOAA
a— npoponbilkiit  pa3pes; 6 — nonepeunwifl paspes; [/ -— KOpnyc;
2-—- KpaeBLIC YNJOTHEWNsi, 3 — CpPCAHME YRAOTHCUHA; 4 — CTeHKa
xopnyca: 5, 6 — narnerarensnnie TPYGH; 7 ~— nepenyckuas TpyGas
8— noftomep; 9 — Tyniens; [0 — nopopa; /4, 12, 13 — nonoetH Mem-
Ay YCTPOSICTBOM W noponofi.

VerpolicTBO BRIIOYAET KOpTyc I, mepHMeTpasbHBie YISIOTHHTENN

2n :f? HarderateJnuHble 5 u 6 nepenyckHyw Tpy6y 7 ¢ somoMme-
om 8.

P Kopniyc I BHINONHEH TMYCTOTENLIM, HaNpHMep, H3 CTaJBHON TPY-
66l nKHOW, paBrOfi TpeM AuameTpaM ymjorsutenefi. Ha xkopnyce
3aKpemJieHsl YeThipe NepHMETPaAbHbIX PETYJIUPYEMBIX YIIOTHHTENR
2 n 3, nanpuMep, H3 PE3HHOBBIX KaMep, Ba H3 KOTOPHX YAJNOTHHTE-
Jif 2 pacnonoXeHs NO kpasM TpyOH, a YNJNOTHRTENN 8 — B cpeaHei
ee vacTH. PaccTosinHe MeXay CpefHHMH YNNOTHHTENSIMH DaBHO
0,5 — 1,0 ux mmamerpa.

C BHyTpeHHeil CTOPOHB! KOPNyca B ero CTeHKY 4 Bpe3aHLl HarHe-
TatenbHaf TPyGa 5, MO KOTOPOH NMOKAETCs BOAA NPH NPOBEAEHHH HC-
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nuranyii; Tpyba 6, coeAnHsIoOmMAan yuacTkit opnyca I, orpammuen-
HLe BHCIHAMN 2 11 BHYTPCHIHMI 3 ynnoTuliTeasmi; Tpyba 7, co-
CAHNSIONIast YYAaCTKH KOpnyca, OrpaHHYeHHbIC KpafiHIM I CPeJUINM
Il ABYMSl CPERHHMH YIIOTHITESAMIL

Paboraer yctpolicTso caeayoupM obpasom. B noarotosaennbiii
ANA WCnuTanui Tynnenn 9 HOCTABISIOT yCTPOHCTRO, nanpumep, yna
paMe 1a nuesMoxoiy (Ha uepTexe He NoKasailo) Il YCTaHaBIAnBaIoT
3 paGouee MONOMKEHIle B HayaJe ICOHITHIBAEMOro ywacria. [Ipmxn-
maior yraotentean 2 i 3 x o6acake rynncas 10. [oanmouaor tpy-
Oy § K nacocy Il 3anOAHSAIOT BOAOH KoAbleBHE gonocth [71, 12 u 13
MeIkLy KoprycoM ycrpofictea [ 4 ob6gengoit /0, nopsepxurasi npu
3TOM 3alaNHoe fasJieniie. B nonocts /3 Boza nmocTynaer uepes Tpy-
Gy 6, a B nosocts 12 yepes TpyOy 7. Ilos neficTBueM Hanopa BOZa
naviHaer QPUILTPOBATLCA yepe3 obgpenxy /0 TyHHeNS B NOPOAY H B
00xof KpakhHux ynaotHuTenen 2 B tyuueas 9. B cBssy ¢ Tem, yTo 113
Kpafinux nonoctedi /I u I3 wactb Bogn Oyner yrekath o0partHo B
TYHHEJb, 4CIO HE MOXKET OnThb NPH paGoTe HamOPHOro COOPYMENIIs
B HaType, npu ob6pabOTKe pPe3yJbLTATOB OMBITA YYHTHIBAIOT TOJBKO
TY uacThb o6ILero pacxoaa BOAH, KOoTopasi (PHILTPYETCH B NOPOAY 3
ucntpanpHoit nojsoctu f2. [lpi sTom o6ecreynBaoTesl YCAOBIS ONEL-
ra, couTsercTBylomne paboTe peanpHOro COOPYXKENHd, Tak Kak ne-
perora BOALI 113 LeHTpafsHON nosoctd I2 B Kpaitnue vonoctd 11 u
13 1 o6paTio ne GyAeT N3-32 NPAKTHYECKH PAaBHOFO 11anlopa BOAH BO
BCEX OJIOCTHX.

YeTpolcTBO aAf MHTErPARBHOO M3MCPEHHN yTeueK BOJHI M3 HATIOPHOTO BOAOBOAA

Konerpyxuusa storo ycrpoiicrsa {puc. 17, 6) [76] Bruiouaer ne-
PeMHBIYKY, BBLINOJHEHHYK) B BHAE AMCKA, NOIJIABOK, HaNpaBisioliue
KPOHWTEHHL H BogoMmep. IIHcK-NepeMbluka HMeeT pafgHalibHble pe6-
pa eCTKOCTH H NepUMeTPasbHOE KOJbLeBOe YIJIOTHEHHE B BHIE NO-
JIOTO 3aMKHYTOrO PE3HHOBOTO LJiaHra. B AUCK-TIEpeMBIYKY Bpe3ansi
narpy6xH, B KOTOPHIX PA3MEIUEHB! PAaCXOAOMEDHL.

C nomowsio 310r0 YCTpo#CcTBa ONPEAEASIOT BeNHYuHy QHALTPA-
LIIOKHOTO pacxofa H3 BOJOBOLA HA yyacTKe MEXAY YCTPOACTBOM H
KOHUEBHIM 3aTBOpPOM (NpPH HAJHYHH (HJALTPALHH 4YepC3 3aTBOP BBO-
JASIT COOTBETCTBYIOLLYK HONpapKy). Taxue onepauuy NOBTOPSIOT Ha
KaMJoH CTOSIHKE yCTpONCTBA.

Korma pacxoz uepes BOZOMep HOCTHraeT NPEASNBHO LOMYCTH-
MOE JJis1 Hero BeJIHUHHB (IO YCJIOBHSM TOYHOCTH H3MEpEHHS pac-
X0Za), BKJIOYAKT BTOPOiL, 4 3aTeM nocjaeAyloliue pacxoioMepH.

YerpoficTBO MOXKET HMETh HECKOJNLKO YIJIOTHHTEJABHHIX Kamep.

OnucanHoe yCTPOHCTBO MOMCHO NPHMEHATh: a) B TYHHENfX, He
HMEIIHX CY)KEeHHsl Ha BXOJE H Ha yuacTKax 3aTBOPHHIX Kamep, Ha-
HpHMep, AJst YCJIOBHI HANOPHOTO y4acTKa BOXOCOPOCHOTO TYHHEJ S
IT spyca Yapsakckoit ['3C; 6) na yyacTkax TyHHeselt Mexnay 3a-
TBOPHLIM Y3JIOM W YpPaBHHTENBHOH 1axTOH; B) B YPABHHTENBHEIX
WaxTax U BEPTHKANbHLIX H HAKJIOHHBX TYpOHHHBEIX BOLOBOAAX, NpH-
MBIKAKUIHX K WaXxTam.
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Yerpoiictro ¢ aaacruanoit 06070MK0i

Jnsi onpegedenia BEAHYHHBI H MCCT YTeUCK B MOA3EMHHIX BOXO-
BOJAX, MMEIOHX N0 [JIMHE MECTIBC CONPOTHRJICHHS (pas3fcibHBE
OBlUKI, NMEPEXOJHBIE YHACTKH, NMOBOPOTH), MONHO MPHMEHATh YCT-
poitcTBo, MoKazanHoe Ha puc. 17,8 [76].

YeTpoiicTBO BKAIOUACT LENTPAJBIYIO COCTABHYIO (M3 ABYX CeK-
ity och-TpyBy, anactnuuyio 0GONOUKY ¢ YIAOTHHTCALHBIM SneMeH-
10M, pepepcuBRuIfi 3nexTpounacoe U pacrofomep. K BryTpenHum
TOpUaM COKUHHA TPYOLI NpUKpenscH repMmeriilinbit KOXyX, B KOTO-
pOM pacnosioxell aserTponacoc. Beacwsalouit natpy6ok nacoca
Dpec3all B BEPXOBYIO cekuwino TpyOwnl, a naruerarteibHbii naTpyGok
COCMUMHEN € OTBEpPCTHEM B ofoJiouke KOXKYyXxa. Bepxosas 1 Hi3OBas
cexuns Tpy6rl coeflHNEN Mexny coGor TpyGkamu. B wusosofi cex-
wirn TpyOs BMOHTHPOBaH pacxoioMep BepTyiuewnoro Tnna. K pac-
XOJIOMCpY TIOABELEH SJAEKTpuuecKni kabenb, COGAMHEHHBIH C MYJb-
Tom yupasienus. [lepememenne ycipoficta no TYHHENO MPOH3BO-
NAT aHaJiOTHYHO BHILIEYKa3aHHHIM npumepam. Bnaropaps mannin
pazMepaMm yCTPOMCTBA B MONMEPEUIIOM CEMENIUT 0o CBOBGOAND TTPOXO-
JIT MECTHBIE CYXKEHHS1 B COOPYIKEHHII,

[Tocnie yCTaHOBKH YCTPOHCTBA B MecCTe N3MEPEHHRA BRJIQYAOT
ANCKTPOHACOC U 3aANONHSMIOT 000AOYKY BOAOH, NPIDKHMAS HPH 3TOM
YIVIOTHIITEABHYIO TIOJIOCY K obAesiKe BOOBOJA. BKyioyaloT pacxono-
MCp I OnpefensioT GuUABTPALHOHHBLIA pacxoi. 3aTeM MepecTaBisioT
YyCTPOWCTRBO B HOBOE NOMNOMEHHE H NOBTOPFIOT ONCPAUHH MO €ro yn-
JIOTHEHHIO H H3MEPEHHIO Pacxo/OB.

[TomuMo cuHrapoo6GpasHoit (POpMBI, YCTPOHCTBO MONKHO H3roTO-
BUTL B BHAe wapa (B paGoueM nonoxenun) (puc. 17,2).

Uccheposanne TpeuwiuH ¢ NOMOIIbI0 noaocTeli B obpenxe

[pn ¢unpTpalMH BOAB uepe3 TPELIHHB H CTPOHTEJIbHBIE LIBbI
GeTOHHBIX COOpYXKEHHH (HIBLTPAUHOHHEBI pacXxoj, CO BPeMeHeM rnpe-
TeprepaeT HameHeHHs. TIpHUHHAMH yMeHbILeHHS Pacxofa siBAsieTCs
MEXBHIUECKIIH 1T XAMHUYECKHH KONbMaTaX Tpeutux, wadyxauune Ge-
TOlla, H3MEHEHHE TeMIepaTyphl. YBeJIvyeHiie pacxofia MOXKeT GHTh
BLI3BAHO YCANOYHHIM IT TEMIIEPATYPHHIM pacKpHITHEM TPELIMH ITH
BhilleaunBanveM uemenTa. [Tostomy mpescrasnsier GoJiblliof nmpaxk-
THYECKHH HHTEPeC HCCIENOBAHHE H3MEHEHHS BCJIYHHBL PACKPHTHS
TPCILHH BO BPEMEHH B HATYPHBIX NOA3EMHBIX COOPYMEHHAX.

Jna npaBHALHON OLEHKHM NPOEKTHHX pPELIEHHH M0 HA3HAUYEHHIO
KOHCTPYKIHH O6GREJKII GOblIoe 3HAYEHHe HMEeT YCTaHOBJEHHe MO-
MeHTa o6pas0oBanHs B NEH TPeulHH, a 3aTeM OUeHKd NMOBEAEHHS TO-
CNEeIHHX BO BPEMEHH.

Jnsi o6Hapy:KeHHS TPeWMH B MaccHBe GETOHHBIX COODYXKeHHH
Hanbosiee 4acTo HCHOJb3YIOTCA COCOOL GYPOBBIX CKBaXHH, YJbTpa-
3BYROBO# fedeKTOCKOMHN 11 3aknafgHoil annaparypsl. OxHako nep-
BHE ABa He MOryT OHThL MPHMEHeH:! B HATOPHLIX BOJOBORAX C YKa-
3anno# uespto. OTBET HA NOCTABJEHHBIE BONMPOCH MOMKHO MOJYHHTH
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JAIL NYTeM 3aKAajku B GETOH ChenHaJbHBIX NMpHOOPOB, MO KOTO-
phIM B flanbheiiieM GepyTcs peryispHbie oTeueTh. DTOT cnocob Mo-
XKeT JiaTh Hanboiee NOCTOBEPHLIE CBEJEHHS 0 BO3MOXXHOM BHYTpER-
HEM TpewlnHoo6pasosannn. OAHARO B HACTOsILIEE BPEMS HE HMEeTCs
npibopoB, CNCUHANLHO NPeAHA3HAYCHHHIX AJA OOHapyXeuns n u3-
MEPEHNSt PACKPHLITHS TPEIUHH BHYTPH GETOHHOTO MacCHBa.

[Tpununnuansuo AAs OGHADYIKEHHS TPewHH B GETOHE MOTYT
6UITL ICTIOMB30BAHK OOLIYHbBIE TENeTEeH3OMETPH, YCTaHOBJCHHLbIE B
BHAe HenouKkH (C HEKOTOPBLIM nepekpHTHEM IPYr Apyra) b nanpan-
JEHI, TIEPNEHKYJASPHOM [WIOCKOCTSIM HaH0oJiee BeposTHOrO Tpe-
uwnoo6pasosanns. TpeliuHa, BO3HNIKWAA B npegenax 6asbl TeH30-
merpa HaH BOJH3N ee, BLHI3ORET pe3koe H3MeHeHhe pnedopmaiii,
thukcupyembix TenzomerpoM. Ho npn GodwiiHx pasamepax (XecaTki
ME@TpPOB) IliCCJeAyeMOro KOHTypa (nepiimerpa ceuedHsi) OeTomroi
obnenky noHanoOuTCs OOJBIIOC KOJNUUYECTBO CPABHHTCILHO JIOPOTO-
CTOAILITX TCJACTEH30METPOB, 6232 ROTOPHIX HE MpEeBHINaeT, Kak npa-
nio, 20 — 30 cm, n coepnunTeanHoro kabeast. Mostomy npumenn-
MOCTb TAROH METOANKI OTPAHHUINBAETCS SKOHOMIYECKAMI cooGpa-
KEeHgm.

Kpome Toro, ofbiuHbie TEH30METPhl HMEOT CPaBHNTENbHO fie-
BOMLILON NHanazoH namepeuns — nopaaxa 0,3 — 0,4 MM, yTo MOKeT
OKa3aThbC HEAOCTATOUHBIM NS H3MEPEeR!st BOIMOKHOIO PACKPHITIIN
Tpemwue. [lo aTOf Ke NpHUHHE Mano TNMPHMEHHMO 3MaUHTENLHOC
yBenuyeute 6a3bl TEH3OMETpPa 3a CUET NPHCOEAMHEHHS K HEMY
JKECTKOIO CTEPXKHS, TaK KaKk TemnepaTypHeie xedbopmalHH nocjen-
1Iero MOTYT HCUeprnaTh H3MEpHTEJIbHEIE BO3MOMKHOCTI TEH30MeTpa
NpH TEMIepaTypHuIX Mepemnafax. [, HaxkoHen, TeseTEH3OMETPH He
JIOJITOBEYHEL.

Ha puc. 19,2 nokaszano ycTpo#icTBO, BKJIOYAWLIee NPHEMHYIO
NOJIOCTh KPYTOBOFO ceyeHHs! I, BHINOJHEHHYIO B o0JenKe TyHHens 2,

Puc. 19. Yerpoiterso nas HaGMOAEHHS 32 TPeulHHOOGPA30BAHNEM
B GETOHHHIX COOPYXERHSX H CNOcOG ero BHITIOJHeHHS

0 — Kpyroeofl KaKan;, 6 — KAHAR U3 UECKOALKKHX AYs OKpymuoctT®; [ —
nofocTs; 2— GeTow; 8 — Tpyfa ANS DLIBORA DOAL M3 NOROCTIH.

OTBOLHBIE TPYObl 3, COelHHEHHbIE C MOJOCTBIO W H3MEPHTENhHBIM
NyJLTOM.
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Ipuemuyio nonocts 1 BHNOAHRAIOT NpH GeTOHHpOBaHINT o6aenkn
nyTeM 3akja/ikH 31acTHYHOTO monocTeobpasosaTtes, HanpHMep, pe-
3UHOBOro anra puamerpom 30 — 50 MM, 3anoJIHEHHOTO LOJ Aa3B-
fieHveM BOOH HAHM Bo3pyxoM. Ilocie GeTonspoBanusi oBAenkH
cxpathiBanna OetoHno#i cMecH nosocTeo0pasoBaTeNb OCBOGOXKAA-
10T OT BOABL HAM CKATOTG BO3pyXa. Jns ofserdeHus uaBJeweHns
nojiocteofpasoBaTelin €ro MOXKHO YCTPOHTb H3 UETHPEX KYCKOB
(puc. 19,6) xaxAWil ANHHOW B YETBEPTL OKPYIKHOCTH, COCRNNEN-
b X KOPOTKHMH natpybxamu. [ocse uapneuenns: nosocreoGpazosa-
TC/AEH B KaHaJ BCTaBJSIOT OTBOAHYIO TpyOy, APYroil KOHel, KOTopoii
BLIBOAST Ha Ha6MIOAATENBHDIH NYHKT.

IIpn BO3HHKHOBEHHH B OGAEJKe TPEI{HNL BOAA H3 TYHHEAS MO-
najaeT B NPHEMHYIO NOJOCTh H H3 Hee 1o TPyOKe K H3IMEepHTenhlo-
My nyabTy. Ha nynste npr nmomolut nprGOpOB ONpeesifioT MOMEHT
00pa3oBanHsa TPEUHH MO pPacXOjy BOAL, (HILTPYIOLUEHCS depes
nee, H Hanopy. Kpome Toro. oTGHpaloT npobbl s N3YYeuHst XiMil-
YCCKOTO COCTaBa BOAbl H MeXaHHUeCKHX IpHMeceil,

Ha pnrc. 20 nokasaHa Apyrasi KOHCTPYKUNIA H3MEPHTENLIOTD
npHenocoGienH s, BKJHOYAOMas Tpewuny /, BHNoJAHeHHyio B GeToH-
1toh obnenxe 2, BoponpHeMuylo Tpy6xy 3 (puc. 20, a), BOLOOTBOA-
#y10 TPYORy 4 ¢ BeHTHJEeM 5§, MaHOMETPOM 6 ¥ BONOMEpOM 7 {pHC.
20, 6). BoponpueMHyIo TPYOKY 3aKNa/ibiBalOT B NMPOEKTHOE MOJoXe-
nne B oGaeaxe npH ee GeTOHHPOBAaHHH. BOMOOTBOAHYIO TPYOKY npo-
KJaAbIBAIOT B OOEJIKE I BLHIBOAST uepe3 GeToHHY0 npoOKy § B noa-
xouHo# BeipaboTke 9.

Jns o6pasoBanya TpeLIHHBI-IHENH B IIYXKHOM MecTe H Tpebyemo-
ro pasmepa nepes 6eTOHHPOBaHHEM OOZCAKH HanpOTHB ILEJH B BO-
jonpueMioli TpyGKe NPHKPENssOT NIaCTHHKY TOJILKHOHN, paBHOf
TOJIIHHE TPELUHHB], H3 MaTepHaJsa, pacTBOPHMOIo B UEMEHTHOM MO-
JIOKeE.

ens MOXKHO BBHITONHHTH TaKXKe € TMOMONIBIO 3JACTHYHOE Npo-
KNafKH, H3BJekaeMoll n3 oOZeNKH rocjie CXBaTbIBaHHA GETOHHOM
CMECH.

B HeKOTOpHIX Cyuasix MOMXET OKasaThcs GoJiee Lenecoofpasnbim
narorosaekne cboproro GeTonHoro 60Ka ¢ BOAONPHEMHON TpyOKo#
W 2apaHee UKCHPOBAHHON TPeWMHOM 3a42aHHOrC PACKPHITHA H 3a-
Kknagxa sToro GJIOKa HA MECTO NpH CeToHupoBanum ob/enku {puc.
20, 2).

Tpemuny B 06AeNiIKe MOXHO YCTPaHBaTh Kak C BHYTpPeHHeH cTo-
pous (pHe. 20, @), tak H ¢ Buemmedt (puc. 20,8) AnA H3MepeHHs
OHIABTPALHH NMOA3EMHOH BOJHL.

Ecnn BoponpneMHyio TPYOKY pachoJIOKHTb B CTPOHTENBHOM
IIBe, TO CHNELHAJBHYIO IIEeJb MOXHO He YCTPaHBaTh.

Ilpn 3aHamoOpHBaHMH TYHHENS BOJAa MO TpPelIHHe INOCTYNaeT B
BOLONPHEMHYIO TPYGKy, a 3aTeM uepez BOAOOTBOLHYIO TPYOKy H
BEHTHJb — B MEpHBIH 6ayok (Ha PHCYHKe YCJOBHO He NMOKa3aHo).
C nmoMOIubI0 BEHTHNIST H MaHOMETPa YCTAHABJIBAIOT HEOOXOAHMBIN
Wanop B CHCTEMe H NMEePHOAHYECKR HabsmonaloT 22 GHABTPALHOHHBIM
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pacxopoM. Oxnospemenno GURCHPYIOT nanop poAm B Tynunege. Bo

BpeMA RabAwoLertii orGupatoT npoinl BOJL NS XITMIIICCKOTO aHa-
JH34.
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Puc. 20. yC’I‘pOﬁCTBO AAS uabmoaeHHA 3a NPpONHUAacMOCTBIO TPCIHE
8 ofpenkax MOA3EMHLIX COOPYKEHHIT It Cocob ero BLINOJAHEHHS
« — nonepeunstli pEPTHKAALNHI pa3pe3, WCAH BHIXOAUT #A BHYTPCHNHIOW NORCPX-
HOCTL oOAeaxy TyHllens; & — ropHaouTafbHLil paspes; @ -— ropulonranLibii paze
pe3 [o NACCKOCTH, MPOXOARUHI uepex OCL TYHHCAS, et BUXOAHT 1a NOBEPN-
HOCTL KONWTaKTa OGACAKH € nopopoil; 2 — TO JKe, YTO H © cny<ae & HO utis
ycTpoena B aaknaiHOM Gnoke GeTona W BLIXOANT Ha BUYTPEHHIOKN MOBEPXHOCTH
ofpenki Tywuens; [ -— wiesnb, CO3MAHHAA NCKYCCTBEHHO, 2 — ofnenxa OGetoumas:
3 — oTpe3ox TPYOW* ¢ nNpomRosbHOil Npopedbic NpoTHR wean; 4 — TPyGa, BHLIROAA-
was pofy: §— BeHTIAL, 6 — MawoMeTp: 7 — pacxonomep; 8 — npobka Oerounas:
9 — noaxoauaa BuipabotTRa (nanprMep, CTPOHTENbHBI 1TpeK); P — paB/eHne BO-
I B TYHHene.

[To nasmenenno pacxoga soabl CYHAT O SBJAGHHAX, NPOHCXOAS-
HIHX B TpeniHHe (KOJbLMAaTaX, spo3ust H T. n.). Kpome atoro, MoxHo

YYHTHIBATL Tarkde (PpakTopul, Kax H3MeHeHNe NaBJenHs, TemMneparty-
PHLH T, 7.

HenuTanne BORONPOHKMIAEMOCTH MEXOGAOUHLIX MIBOR 00AENOK

[Tpu BozBenmenun oGaenoK TyHHEH H WAXT YCTPAaHBAIOT TEXHOJO-
THYeCKHe ILUBHI, pa3pe3aloliie MACCHB Ha OTAeNbHble OGAOKH. DTH
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BB HBANIOTCH cnabpmn MecTamn coopyKenuii. OnHaro nocsc Bos-
BEICHHS COOPYIKEHUE AOJKNHO ObITh MOHOMHTIIM H MEHHMaJIbHO BO-
ponpoxuuaeMbiM. [103TOMY JIf YMEHLIICHHA BOJOIPONINLACMOCTI
IBOB TPOM3BOAAT 06PaGOTKY NHX TOBCPXNOCTH, wrpaaenne uai
yCeTpauBaioT wnoHkH. Ho ue-

CMOTPSl H& 3TH MEPOUPHATHS &)

a=/n
B MOCTPOEHHLIX BOJOMORMOP-
BIX COOPYKEHHAX HMeEeT me- AN "~
cto GuABTPAUMA BOAB Uepes \A -

.0

(NP DN 4

CTPOHTENLHLIE INBbL

s npakTAueckHx wesaed
BaXKHO 3HATH BOLOMNPORHUAe- x
MOCTh IIB0B HATYPHHX OCTOH-
HBIX COOpYIKEHHH.

Hnst 3TOro MOXIO IpH-
MEHHTbL YCTPOHCTBO, MNOKa-
3aHHoe Ha pHC. 21, a. Koner-
PYKLUHSI COCTOMT H3 (PUNBLTPOB
I anuHo# 5 M, cTanbHLIX OLHH-
KOBaHHBIX TPYO 2 ARaMETPOM
1 —2 piofiMa, Ha KOTOPHIX ycC-
TAHOBJCHBE MAaHOMETpH 3 H
sentusin 4. TpyGu pacnodio-
MEHL ¢ YKJOHOM B CTODOHY
GrIbTPOB. MaHOMETPHI H BEH-
THAH PACTOJIONEeRH B wKady
5, npefoxpaHsjioUieM HX OT
nospexxpenuii. OpHa uz Tpyd
NOAKJIIOYEHA K MEPHOMY COCy-
oy 6, a gpyras 7 — K Hanop-

1),

5
=

1
>

-
i

Olw
Sehyr

a,a

Puc. 2). YcrpofictBo Ans HCOHTaHHS
1A DOAOHPOHHBACMOCTD  MEKGAOUHBIX
1o GeTOHHLIX COOpYIKenwi

a—¢ peyms  unstpaMu; 6 -—~c  Tpema
GyaerpaMn; | — $ravTp; 2 — TPYOH; 3 —
MAROMETPH; 4 — BeHTHMI, § — WKad MmeTasn-
NHYEGCKHA; 6 — cocyn MepHwili; 7 — nonava
sopLt (3 Gaka IAH OT BORONPOBOAHON <e-
TH): & — DnOBEpPXHOCTL GETOHHOro CoopYyHKe-
HHA: 9 —cetka ¢mabTpa (cteKAOTKZHD),
10 — xapkac OuabTpa (YrofKoBa® CTann):
1f — panee ynoxenusfi GOk -GéroHa; f2—
No3Ke  yackenubil 60k Getoua.

XX RR LI R AR

ROMY pesepByapy HAau Hacocy (Ha puc. 21 ne nokasano) Tpybu 2
BLIBE/IeHH 33 npeaeab Gnoka 8.

B nonepeynoM paspese PHALTPH COCTOAT H3 YFOAKOBOID KapKa-
ca 10, BLINOAHEHHOTO H3 KOPPO3HAHO-CTOHKOro matepHana 1 obep-
HYTOTO ABYMSA CJOAMH CTEKAOTKAHH 9. DunsTphl MOIYT HMeTh
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tawke n apyrne dopmu. Bnyrps Qpuanrtpos na panny 10— 15 cm
RReJleHbl TPYOL 2. OHALTPH PacnoNaraiorT 8 HIBC MEXY HIXKIITM
17 v sepxuum 12 Gnoxamu.

BmecTo QHABTPOB MOMHO YCTPOHTH NMOJOCTH ¢ MOMOULLIO W3BJe-
KaeMoro Pe3uHOBOro LLAanra.

Topust GuabsTpor I repMeTHINPOBaRH BO H30eAKaHHE TPOHIKHO-
BGHIIN LEMEHTHOrO pactTsopa BUYTPL siementoB. Hcnwitanne wna
Ha BOMONPOHHIAEMOCThL C TMOMOWNILID NAHHOTD YCTPOKCTBA NPON3RBO-
pat caeayiomnM oGpasoM: 3anoaHsIoT Boaoil TpyOGu 2 11 pHALTPH /.
Boay nonaior ¢ HeGoMbIBKMH pacxofiami, nTo0n He NPCMsSITCTBORATH
BLITECHEHINO BO3AYXa H3 QUALTPOB.

[Tocne 3anoaHennst CHCTEMb! BOAOH 3aKPLIBAIOT NIKANA BeNTHAL
4 W npun OTKPHITOM BEPXHEM BEHTHAE HarHeTaloT BOAY B Npasuiii
duabTp I, noaepKUBAaK NOCTOSIHOE AaBJeHHe (HAanplmep, pas-
ueim 1000 em sox. ct.). TTocsie Toro, Kaxk NoKasaHHe HIIZKHErO MaHO-
MEeTpa COBMaAeT ¢ NOKA3aHHMEM BEpPXiiero, {YTo MPON3OHAET K MO-
MEeHTY, KOTHa BOAA 13 upaBoro (PUALTPA NPOCOUHTCS MO MexOnoy-
HoMy wBy RO JeBorc GHALTPA), OTKPHIBAIOT HIUKHHHA BEHTIAL T C
NOMOUILIO XPONOMETPA K MepHOTrO cocyna (6 onpefensioT Pacxon Bo-
an Q (cm?/c), npocounsiueiicst npu moctogmHom nanope H o (cm
BOA. CT.) 4depe3z MexkKOAounmi won wmpuuoio a (em} 1w jmnHow [
(cm).

3ateM  BHIYNCAAIOT KO(PODIUIENT BOIONPOHHLAEMOCTII wIRA
(em?/c) no hopmyne:

Q
k= 77
rge rpaanent ganopa
st
=

B sTHX BHpaeHHAX HE Mpi-
HHMaerca BO BHHMaHHe FHApaB-
JIMYecKas CBsI3b MEXAY TOTOKOM
B mBe H (HUIBTPAUHOHHBIM TIO-
TOKOM B Tejie 0eToHa; HEyqeT
3TOH CBFISH TPAKTHUECKH JOMNY-
CTHM B CJyyae THJIPOTEXHHYe-
cxux OeToHOB, XapaKrepusye-
MBIX MapKaMH 0O BOLOMPOHI-
uaemoctn B2 — B12.

Puc. 22, Cxema npubopa nss Hccaeno- 3amepnl TPOM3BOAAT Yepes
BaHHA KOJbMaTaXka TPEMMH B o6gen-  OlNpejfeseHHbIE MPOMEXYTKH Bpe-
Kax paboraloutx TyHHesell MEHH, HMesl B BHAY, 4YTO BOAO-

1~ ofpgenka TyHHens; 2— uens nnockas
¢ packpuiTHeM §; 8§ — MeTannnueckan Ko- TPOHUIIAEMOCTL WIBA CO BpEME-

00Ka; 4 - obpaTiuifl asTp (N 1 55— -

DT G_Tgyﬁka' nﬂ’; anm;co;gn o n HEM YMEHBLIZAETCA 3a CHET Haby

MecTy naMeperult pacxona. XaHHa 6eTOHa M APYTHX (PHIHKO-
XHMBUECKHX MPOUECCOB.

MosxHO NPHMEHHTL TaKXe cXxeMy ¢ TpeMst uabTpami (puc. 21, 6)

Ans caydaeB, Korpa MnpH nmpounx OAWHAKOBHIX YCJOBHAX CpaBHHBA-
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eTcsl NPOHIILAEMOCTh IBa, NHaxoMsIILErocss Mexay huabTpamu Je-
BbIM H CpelllHM, C HPOHHUIACMOCTLIO UIBd, HAXOASULEroCs MEXNy
¢duabTpamn cpenH¥M o npaBbiM. OueBHAHO, UTO OTHOWEHHE KO-
(bHHHEHTOB BOAONPOHHUACMOCTH O9THX UIBOB PaBHCO OTHOLUIEHHIO
pacxoioB, NOCTYNAIONMX B JIEBUH H NpaBuil coCylbl. 3TO NO3BONHT
CYAHTDb, BO CKOMBKO Pa3 OTJIHYAECTCH NPOHHUACMOCTh LUIBOB, 06[38.60'
TaHHHIX PA3HBIMH crocofami, i cnoco6CTByeT BLI6ODY ONTHIMANbLHO-
0o H3 HHX,

,HJIH HCCAENOBaHNSA KOJAbMaTa)a TpPCLHH B obpenkax paﬁo‘ra~
IOUIX TYHHEJeH MOXHO TNPIMEHHThL YCTPONCTBO, nokaszaHHoe Ha
puc. 22.

Hpunroocenue 6
ONPEAESEHNE YTEYEK BOADLI NPY HAJIMYNY BOKPYF TYHHEJEN
SAUEMEHTUPOBAHHOHA TNTOPOI LI

B Hacrosillee Bpemsi OJHHM H3 PallHOHAJLHLIX THIOB 00HENOK,
paboTaolHX ¢ HCHOJNB30BaHHEM HeCYIIX CBOHCTB FOPHOro Maccil-
Ba, cuMTaeTcs oOpenKa ¢ ueMmenTaunei oxpyatonie#i Tymnean no-
popsl. Takolt THnm o6ResSKH NPHMEHSIOT B [AOCTATOYHO MPOYHBLIX 1
YCTORUHBHIX NOPOAAX, CNOCODHBIX BOCUPHHUIMATEL TIOJMHLIR HANoOp BO-
Jbl B TyHHeJe. B THX yC/OBUSX TVIaBHLIM HasHayeHHEM TAYGOKOf
UeMEHTALHH SIBJSICTCS YMEHLUIGHHE YTEYCK BOALI H3 TYHHEJS.

[MpoTnsoduabTpaioHHas LEeMeHTaLlls ABASIETCS] BaXIILIM KOH-
CTPYKTHBHBIM 3J1€MEHTOM OGAeNKH, H MO3TOMY Ba)XXHO 3HaTb H tpa-
BIIJIBHO HCIIOJIL30BATL CHOCOGLI KOUTPOJSt €€ KAuecTBa Kak B M1po-
tecce NPou3BoACTsa pafoT, Tak H B NEPUHOR IKCNAYATAHHN.

KOI]T‘)Oﬂb KayecTnd UEMEHTaUHW B npoilecce ee siLinoJfHeHns

OCHOBHLIM METONOM KOHTPOAS KauecTpa NPOTHBOMIILTDALIIOH-
HO/l UeMEHTaUHH SBJAETCS! HardeTaHHe BOAB B CKBaXiHHH, npoby-

pennble B 30He ueMentauun. [Ipu stom N
KOJIHYecTBO (/1) KOHTDPOJBHEIX CKBa<Hi r.t_"___,
B TONepeyHNKe npejsiaraercs oOnpeje- K
; . 1 <
asth no popmyae [62]: 1 &
n = 0,5nD/b, (1) o | y HC
rae B — nnamerp  BupaGortky, M; b — paanyc . -
aKTHBHON 30HLI CKBAXKHHBLL, M (pnc. ). - | \2 \
Beauuiny O onpepensiior nonbopom \
i ¢ nomowsio IBM npu ee Hannunn) - a
13 ypapnenusi [59]: SR S—
(Lo Y ETT) =onig pasnyca amanofl - son
lg{— —41}=021 ot a HBHOIt 30HLI
etV m £ CKBAYKHHE
{ f— o0aenKa Tvynuens; 2 -
npH > 20. (2) CKBaw(IHa.
<

3aech [ — rnybGHEA UEMEHTHPYEMOTN CKBAaMHMH, rc — €& DALHYC.

Mpumep. 3anano [ =5 m; re = 0,025 m. Tpebyerca onpenennts b, Haxoulim
0.21g {1,32frc) = 0,21g (1,32X5,0/0,025) = 0,484. " W3 (2) umeem Ig (I/b+
4V Bb2+1) = 0,484, otkyna I/b = 1,36 u & = {f1,36 = 5[1,36 = 3,7 M.
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HaTtypHbie HccaepoBanns QHALTPAUUH

Jlnsn onpereneHHst (pakTHYECKHX PasMepOB 30HLI HPOTHROQHIDL-
TPAMNOHIOf WeMEeHTAUHH, BHLINOJHAEMON BOKDYT BHICOKOHANOPHOIO
TYHHEINs, uMelollero o6jesKy ¢ ZONYCTHMbIM PacCKPLITHEM TpPEllHH,
B XapaKTEpHHX CTBOPAX TYHHeNs uejecoobpasHo 3axjafbiBaTh TO-
yeyHsle NMhe3OMETPH, KOTOPhIe NO3BOJSIOT ONPENeNATh NpoHHuae-
MOCTb H JIOJITOBEYHOCTL 30HH LEMEeHTauHHd. IlnesoMerpu caenyer
pacrnonaraTh N[O YETHIpe IUTYKH BAOJB Ka’XJOro BhIOpaHHOro jyua
(cm. puc. 13) Tax, uroOn cepegwHa (HIBTPA KaxAOTO NMbe3OMeTpa
pacnojarajiach: Ha KOHTaKTe nopofH ¢ obnesKoH, mocpeiHHe npo-
©KTHON TOMHHB (€) 30HL LleMEHTaluMH, §a BHemmel rpauule 1po-
CKTHON 30HLl LEMEHTAllHH H 3a NnpejesaMH 3aleMEeHTHPOBAHHON No-
poaw ma paccrosuun 0,5¢ [59].

s BHIMOJNHEHUs NLe30MeTPoB NpoOypHBAIOT H3 TYHHENS CKpBa-
AiHbl auamerpoM d=50 MM, KOTOPHIE HA Y4acTKaX BHE (DIUILTPOB
TaMIOHUPYIOT; U3 GHABLTPOB BOLY BHIBOAAT HA H3MEDHTEABHHH LIHT
MO CTaJIbHLIM OLMHKOBAHHEIM TpyGaM LHamerpoM okoJso 25 mMMm. Ha

wHTe TpyOB OCHAUIAIOT BEHTHJISIMH H NPYXKHHHHMH MaHOMETpamH
(puc. 14).

[Tpu nopozge, H3OTPONHOK 110 BOAONPOHHIIAEMOCTH, 8 TAKKE CJIOH-
CTOH, KOraa CJIOH PACTONOXKeHbl HOPMAJBbHO K OCH TYHHEJNd, IeNeco-
o6pa3no NpHMEHATb, KaK MHHHMYM, ABYXJYYEBYIO CXEMy DacnoJo-
weHHst noesomerpoB (prc. 16, a); OMHAKO NPeiNOUTHTENAbHEE TPeX-
syuesan cxema (puc. 16, 6). Tlpn anusorponuoil no npoHuiaeMocTn
nopoge 1enecoobpasuo OCH NLE3OMETPOB HAMPABASATH MOA YIVIOM
45° K ocsIM BHH3OTPONHH M KCJATEALHO NPHHHMATL YETHIpexJyue-
BYIO CXEMY.

OuALTPL TOYEUHHIX NHE30METPOB MOXHO pacnojaraTe He Ha
ORHOM mpsiMOM, a HA PACCTOSIHUH (MO OKPYIKHOCTH) Ao 1 — 2 m apyr
oT Apyra, yroOul Obly10 YAOOHEH pa3MmeliaTh BHIBOAHEIC TPyOu. Ilpo-
CTPaHCTBO MeXAy TPyGaMM ¥ CTEHKAMM CKBAXXHH JOMXKHO OHIThL
TIHATENLHO 3aTAMIIOHHPOBAHO, YTOOB NM30JHPOBATL IbE3OMETP H
obecneunTh €My BO3MOKHOCTh H3MepeHHS NaBJieHHs BOJH B KaHHOM
touke. dauny Guabrpa caenyer npinamats ot 0,4—0,6 m (npu men-
KOGJIOUHOf TPelMHOBaTOCTH Tiopoaki) ko 0,8 — 1,2 M (npn kpynuo-
GJOUHOH TPEUIHHOBATOCTH H 3HAUMTENLHON TOMLIHHE C 30HH LEMeH-
TauuH). B cTBope ToueuHbIX NMbE3OMETPOB HAH BOJH3I OT HEro cie-
LYeT npefyCMOTPETh BEPTHKAJILHYIO NhE30METPHUYECKYIO CKBAXKHHY C
(HIBTPOM JNHOR 3/, PacnoJIOXEHHYIO HaJl CBOAOM TYHHEJS Ha Bbl-
cote He MeHee (7-— 10)c, HO o6si3aTeNbHO MOJ 3€PKAJNOM MOA3EM-

unix BoA. Tpy6a oT 2TOro Nbe3oMeTPa BHIBOAHTCS] TAKIKE HA M3MEpH-
TENbHKIH (KT,

Kpome Toro, mis usMepenusl AABJEHWsi BOAbI BHYTPH TYHHEJS
B M3MEPHTEJIbHOM CTBOpE SakjajmBaercs TpyOKa ¢ BOZONDPHEMHEIM
OTBEPCTHEM, PACMONOXEHHHIM 3anoMJHLUO C BHYTpeHHefi NOBepXHO-

cTbio obnenkH B BepxHeli wacTH TYHHeNs Bo H3berKaline 3aCOPEHHs
TPYOKH.
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HaGnioneuns, BLiiofusieMble ¢ MOMOULBI0 BHIUEONUCAHUBIX YCT-
POHCTB, NO3BOAAT CYAUTHL O NOJNTOBEUHOCTH NPOTHBOPHALTPAUHOH-
no#t UeMEHTalHH, BEeJTHYHHE [I0TEePL BOALI Ha (bl-lﬂpraﬂHK), a TaxiKe
1103BOJIAT NPHUHEMATL B Ladbuefiulem elie Godee 3KOHOMHYHBIE Npo-
eKTHLIE DeleHHsl N0 BbLIPABHHBAIOWHM 0G/eAKaM € TNPOTHBOQIIL-
TPAUMONHOR UeMeHTauHedl Noponsl. T103TOMY TOUGUHHIMII Nbe30OMeT-
pamMH pexoMeHAyeTcst 06OPYAOBATH H ONLITIINE KaMepH THAPABJAHYE-
ckoro ornpoGoBaHHs, YCTPaHBaeMbie C UENBIO onpefenenus fedop-
MATHBHBIX H (GHIABTPALHOHHBIX XaPAKTEPHCTHK OOLENKH H TOPOAL.
HiamepHTenbHbie NbE30OMETPHUYECKHE CTBOPH B KaMepax KesaTeb-
HoO pacoosiaraTh Ha pacCTosHHH OIlHOﬁ TpeTH MJIHHBl KaMepul OT ee
TOPLIOB.

C nomMoupbio TOUEUHBIX Mbe3OMEeTPOB MOXKHO Onpeneanth: a) ua-
NOpLl NOA3EMHOH BOJBI B 30HE HEeMeHTaUlln 1 nopoge (puc. 17);
6) napjeuxe IPYHTOBON BOJH Ha OGAGNKY Il HA2 KOJBLO 3aueMenTii-
poBanHOK noponel; B) (aKTHUECKYIO FpaHillly 30HbI LeMEeHTaULHI:
F) COOTHOILEHHE BOAONPOHHLAEMOCTel 30HLI HeMenTauuH H GeTou-
HOH o6neNKH.

[Tbe30MeTpH MO3BOJSIIOT ONPENENHTh €LIE H BENHYHHY KO3drpii-
unenta (uaprTpauun k nopoan B GIH3KOH OKPECTHOCTH BOKDYT
¢uavTpoB. Qas atoro: a) 3amepsior o MmaHomeTpy Hanop £ B nbe-
someTpe; 6) OTKpPLIBAIOT BepxHHe BentHan (puc. 14) H BHNyckaioT
BOLY H3 NMb30METPOB; B) 3aMEpPSIOT YCTaHOBHBIIHACS Pacxox BOUH
Qn, BuITEKalomell M3 nbe3omeTpa B MepHBH Gawok no Tpybe ¢ Ha-
1HOPOM fiyyx HA €€ BHIXOLHOM Koliue., Besnunny %k foACUnTHBAIOT 0o
hopmyJe:

Qu al

k= T — T T ©

rie «— xoa(ibunuenT, pasumii 1,32 ppu puabTpe, npuMuikaioweM K obaenxe, u
0.66 — npn GOHALTPE, HE MPHMBIKAIOWEM K oGRenKe.

Lns mepsoro cayuas (nOAYnMpoCTpaucTBo, puc. 2, a) dopmysa,
unanpumep no [49], uMeer sun:

1,321
Qu = 2nkl (h— hy) / In —1—. (€))
[ re
a s - —
) n“ \3
P nd I 11 i
7 Thee
-~ 3 . 3
Zre |z

Pre, 2. CxeMa CxBaXKHHBI

@« — B nOAYNpocTpaHcTBe; 6 —p HCOTPANNYCHNOM
npocTpancree,

Urobul nonyunth Gopmyny Ans HeOrpawHUelHOrO NPOCTPAHCTBA
(puc. 2, 6), cieayer B NpaBylo uacTb paBeHcTsa (4) NOACTABHTL
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smecto | pennunny 0,5/ n yasonts npapylo yacts, HCXOUS 13 TOTO,
UTO NEPEXO] OT CXEMBI NOJYHNPOCTPAHCTBA K HEOrPaHHUeHIOMY Tpo-
CTPAlCTBY PABHOCHJEH 3epKaNLbHOMY OTPaXKEHHIO CKBAXHHM, a che-
JOBATCALIO, !l YABOGHHIO pacxona. Torja mojyuHm:

2rkl (A — houx)

—osel )
I

MOX110 BMECTO BLIfIycKa BOABI H3 Nbe30METpa MPOH3BOLNTE Ha-
rieranne noa Hanopom H; torga B Gopmyny (3) Bmecto f— hpux
cnegyer noncrasuts A —h. Tlo nonyuenubim 3nauenusm xo3ddu-
UHEHTOB (PIIBTPAUHH MOXKHO HOCTPOHTH HX 3IMOPH BAOJbL H3MEPH-
TENBUBX JAYUell H OUeHHTh (PAKTHUECKYIO I'PAHMIly 30HLI LEMEHTa-
unn, Hcnonssys 2niopsl Hanopos # ko3¢ (HHUHEHTOB dHALTPaLUY, ¢
NOMOIIbIO H3BecTHOH Gopmynb [lomon AJs panuadbliof OCeCHM-
METPHYHOH (HALTPALIH MOMHO TOACYHTATH YAGNLHYIO BeJHUHIY
yTeYKH BOAB H3 TYHHess (Ha OAWH MeTp ero AJuHH) Q.

[TpensapuTeibHO, NOJABL3YACL pHE. {7, ompenennM KOIPOHUHEHT
duapTpauii Getounoli O0RENKN TyHHEN:

Q R
ko6 = T E T e 7y 10 2 (6)

NO3BOISHOULHE  OLLEHIIT), OTHOCHTCABLHYIO POJIbL obnenkil B KauccTse
(I)HJIb’!‘[)allllOHllOFO conpoTusyens.

VaenpHYIO BEANYHHY yTeUeK BOJAW H3 TYHIENs NP najanvi ue-
MenTalln nopoAs It 1pn npeneGpexentt conporusaeniem 6etou-
HOY OGAEAKH TPH HadHynn B Hell TPEWMH MOXKHO ONPEASdiTh 1o
dopmyae [597:

2n (k(Ry — kaRy) (y — hy)
Q= BRL N
(Ra— R) In 75
2 1 k2Rl

rae fy it kg — goapiunenTe (MIALTPAIUIN B 30HC ICMCHTAIIY, NOJACUNIAHAKE MO
2TOM NPHHUMAETCS, YTO BHYTPH uliunapiueckoil obaactn koadduunent dbuautpa-
3FOM-APHHIMARTCS:: UTO BHYTPIL UNTHOAPHYEcKOi obnact Koaddment huabtpa-—
usa ¢ yseanvenwem pajuyca X oT Ry 10 Ry uamensercsa no JmnefinoMy 3akouy
ot ki 10 ko) y u fip— panoput na WIUIMIAPHUECKHX TOBEPXHOCTAX C PAAHYCAMM

Ry n Re

Pacuer npousBozaT AAs  TpPex KoMOHHAIMH NbE30METPOB,
PACIIONIOKEHHHX OT OCH TyiHesist Ha pacctosiunsx: 1) x =R u x =
=R+05¢; 2) x=R+05cu x=R+cu3) x=R+cn x=R+
+1,5¢. M3 ycioBHSI Hepa3phlBHOCTH (HABLTPALHOHHOIO TMOTOKA, BCe
Tpi BeJNYHHH Qi NOJXKHBl COBNaZaTh MEXAy co0O#l HJIHM OTNHYATH-
csi B Mpefenax, NOMYCTHMBIX JJsi KaXAOr0 KOHKPETHOTO chyyasi.

[Tpn caabonponunaemerx cpenax (6eToH, 3alleMeHTHPOBAHHas!
110pofla) BMECTO NpocTefluuX OAHOTPYGHLIX NMbLE30MeTpoB, Tpelyio-
ULHX 3HAUHTEJLHOTO BpPEMEHH IJISl [JOCTHXKEHHS YCTaHOBHBILErOCS
NOKAa3aHHA, UENeCOO6PA3HO TONL3OBATHLCS €TPYHHBIMH NLE3OAHHA-
mometpamu. OfNaKo OHH HMEIOT 3HAYNTENLHYIO CTOHMOCTL ¥ Tpely-
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10T KBaNnQHIHPOBaHHBX Habmomaresael. DoJiee AeICBHIMH SIBJIS-
10TCSt MaJIOHHePUHOHHBE NBYXTPYOHBIE MbE3OMETPH CHCTeMB Biopo
menuopaunu CIHA [48].

Ecan BOKpYyr onbiTHOM Kkamepsl (lITpexa) OTCYTCTBYIOT €CTeCT-
BEHHHE NOA3EMHLIC BOAH C AOCTATOYHO GOJBLIUHM Hanopom, CJeny-
eT BOCIOJbL30BATHCS TpelsoxeHHeM, Hmewomnmcs B [86], B coot-
BETCTBHH C KOTOPHIM BOKPYT ONBITHOH KaMephl, BKJKUYAs H ee Top-
Ibl, CO34AI0T Ha YIAaJIeHHH HeCKOJIbKHX MeTPOB OT NMOBEPXHOCTH KOH-
TaKTa 00JeNKH KaMephl C MOPOHOM YIUIOTHEHHYIO LeMEeHTauue# 3o-
Hy. 3aTeM NOI 3a/aHHBIM HaNOPOM BOLY HATHETAlOT B He3aleMeH-
THPOBAHHYIO NOPOAY (HeNHK), HAXOARILYIOCH MeXLy o6NeNKol | 3a-
LUEMEHTHPOBaHHON noponofi. Boay HarHeTawT vuepe3 CKBAXHHBI
(wnyps), npobypenHnie yepes o6penry uelnKa.

ITpunoxcenne 7

MPUMEPbHI 3NMIOP OCTATOYHBIX HAMNOPOB MOAIEMHBIX BOJ
HA OBJEJIKM TYHHEJIEM H PACYETHLIE ®OPMYJIbl

DMopL OCTATOUHLIX HANOPOB

Ha puc. 1 — 6 nokasanbl 3MIOpE OCTaTOYHKIX HANIOPOB, NMOJYYEH-
ubie MerofoMm DT A ua obbemubix monensx s I'pysHUHII Ce pns
orogsimiero TyHHesasi Osepuo#t (CeBanckoit) I'2C (puc. 1—3),
nonponsiiuero TyHHedass lambexolt I'DC (puc. 4) M CTPOHTENBHBIX
tynneneln Hypexkckoit TDC (puc. 5 u 6). Ha stux pucynkax o6o03-
naueno: ! — jaMHa WOoyposwIX LpeH, 2rc —ux Auxamerp, L — pac-
cTosHue (uIar) MeXXIy MNONepeYHHKaMM CO IUNypaMH BAOJL TYHHe-
nf, {— paccTosivie OT OCH TYHHEJS! IO FOPH3OHT2JIbHOM NOBEPXHO-
CTH NOJA3€MHBIX BORA (WM [0 AHA BOLOXPAaHHAWINA, €CH TYHHENb
HaXOLHTCH TMOA HHM); @ — OCTATOUHHI HAaNOp TOA3EMHHX BOM Ha
HapY>XHON NOBEPXHOCTH OGHEJKH TyHHeNs (npHHHMaeMoft BOAOHe-
npouHuaeMol), B npouentax ot H, rne H — Hanop noA3eMHHX BOJ
Hall OCbIO TYHHeJNs B CJIyyae OTCYTCTBHS IpeHarka, PaBHBIH BeJHYH-
He { TMpH pacnOJIOXKEHHH TYHHeJNs] TOL rOpPH3OHTAJILHOH HOBEPXHO-
CTBIO MON3EMHHIX BOL, HAW Besinunue Hy NMpH pacnofioXeHHH. TYHHe-
Jisi ION AHOM BOMOXpPaHHAKua, rae Hy— paccrosiHue OT YPOBHS BO-
AH B BOAOXPAHHJHINE JO OCH TYHHEJSL.

Pacyernnie Gopmyant

B tabnuue npuBesens! 05 Hau6ojee pacnpoCTPAHEHHBIX Cayya-
e pacyeTHbie cxeMbl W dopmyas, B3aTte u3 [55]. Ecam gmempec-
CHOHHAS MOBEPXHOCTh NOA3EMHHIX BOX He SIBASETCS TOPU3OHTAJbL-
HOH TJIOCKOCTBIO, @ HMeeT NPOrH6 ¢ HH3lueld TOYKOM, PacroJOKeH-
HOM Ha BepTHKAaJH, NMpoxoisllel Yepe3 OCb TYHHENs, TO 33 BEJIMYH-
Hy { cnepyer NpHHSATL PacCTOsSHHE OT YNOMSAHYTOH HH3MWEHR TOUKH HO
OCH TYHHEJIS, H BeJHYHHY Re OnpenensiTh M0 BHIPAKEHHIO:

Re = 0,5[,
IIPH YCJOBHH, YTO
E> R, =R+,
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CBopxa pacyeTHbX cXeM H (opMyn
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Pacuertian cxema Pacueinan qopmyna npiﬁg:eiﬁm
{Tpomuaacenuole caopyycenust
l.IOpenuv OTCYTCTOYWOT LlemenTaLus
2nkH n obnenxa
9="R ()joTcyTcTBYI0T
—£
in Ry
2=t
g =7 i R, (2)) LieMeHTan B
4 =L OTCYTCTBYET
klnRquinR Yy Y
He — H, 1
6 = 6[./ L = 3
n &
P R
1425
+X %
n Rﬂ
nH
=71 R Fl Ruew . 1. R, | Hementauus
;Z-Eln-R—o + % - in R -{—*E nRueM HMeeTCq
(4)
He — H,
Y5 = H =
1, R
_ ks Ro
TR Roew , 1~ Re
kﬁm Ry + Ruem tn R + ® fn Ruen
&)
Hyew — Hy
Puen = H =
1 1
—1In 5 + In Ruew
— ks Ro Ruem R
l R 1 RHQM 1 Re
kg In R0+ Ryem In R + k o Ruen
©)




ITpodorxncerue maba

Pacuernas cxema

o*

A = Arsh (0.250[r¢) + Arsh (1,75(]r¢) —
— 2Arsh (IJb) (10)
Ay = Arsh (0,254]r) 4+ Arsh (1,75!/r¢) —

— 2Arsh (I x) (11)

a=y P+ 2 (12)

Ipn pacrionoxeHny wnypos Ha pas-
BEPTKe BHeitlHell NOBEPXHOCTH OOAEAKH
TYHHEAR (WaxTh) No cetke, 06pazoBanHoil:
NPAMOYTOAbHHKAMR ¢ COGMIONeHHEM

Pacueruast hopmyns ﬂs:f:g:t;’:lm
2. lnypoBHe gapeun
OnkH Uewmentanna
_—— 7)} oTCyTCTBYET
! ‘-‘E-f_ 1,1__5’_0_ ( )n> 3, m>5,
2nl R+ a lre>4,
lIRb< ;e' x (f
_ Hy— H, 1 <h fe=
-+ AL in R +'a
H,—F, A
="~ =g O

yCnoBHA

R % 0,5L\
0,25 < -:i <l; b= Rsln[O,S(n— +T)J
(13)
KBajpaTamu
2nR n
=—7" b=Rsin—~ (19

P3BHOCTOPOHHMMY TDEYrOnbHHKAMH

V3=R

n

L= . b=Rsln— (I5)
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T1podoancenue matna.

Pacuerras cxema

PacuetHas popMyns

Yenosus
npUMeHenHn

Beanuunsl ¢, A, Ay a, b, L onpeneasior
no dopmynam (9) — (15)

2mkyent!
q:_,A_L_ i Ruem -f-kueM‘ﬂ Re
gni 1" R + aV Buenl® £ Ruyem
(16)] Liemenratus
HMEeTed, ue-
_ Hy—Ho AMK OTCYTCT-
= = ByeT
n> 3, m>5,
1 ifre = 4,
= 2nl Ryen kuen, Re 4R < 1.
1+AL(1“ R+0Vkueulk+ k “R“CM) —-—ll(? '2" ,8,
anEs< b, ks=0
Hyew — Hy
Puem = H =
kueM i" Rﬂ
-1 k Ryem
AL Riyen kuew, Re
5= —— 1
T S Y etk & " Ruen
(18)
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. 2nkyonfl
o4 p———len
it e eV EagE
T Fuen, Ruem | Fuea, Re (19)
+ kuEM ln RuEI! + k ln RueM
Hb — Ho ALq
=" H = GmnlhgaH 20
Hyeq — H,
fua= — gy (21)
Hyew— Ho ~ q Ruyew
Pucn = H =t Drikuen In Ruen
(22)

Beauuuuet ¢, A, Ay, @, b, L onpezeasior
no ¢opmyanam (9) — (15)

LlemenTausnsn
HMEETCH NPH
HaNnopHOH
duabTpanuu

B Leanxe
n>3, m>5,

lre>4,
u%gl'

( uen
"‘R)<0,85:
x<b 0«
Ckpenlk<

<], 0«
<kpewlk <1,
k6=0
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Puc. 1. Bapuaut apenaxa oteoasiero TyHrens Osepuoit I'SC., Pasue-
PH, M

a— B AOTKEe JIEHTOUHLIL, B CTEHAX W CBOAE IDOYPOBOR npenax l=3 m; 6 — mny-

posofl npenak =3 M B CcTeHaX W JNOTKE; & — Pa3BEPTKa no HapyXHOf momepx-

4OCTH OGREAKH M0 CXeMe &; 2~ 3NIOPH OCTATOYHBIX HANOPOB; f =~ ACHTORLIR
RpeHaw; 2 — mnypoeble ADPEHBL.

rite R — pacyeTHHI!l panHyc oGfe/IKH TO KOHTBKTY € NOPOLofi; NPH HAJHUME 30HBL
LEMEHTALHR ¢ PACYETHHIM PAfHYCOM Rpewm LOMKHO coGMOLATHCR YCIIOBHE:
t > R, = Ruem;
NpH OTCYTCTBHH IINYPOBOro jpeHaa H 30HH IEMEHTaLUH
t>R, =R,
fipn oTCYTCTRHH obzenk
> R, = Ry,
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rie Ko — pamuyc tynsens Ges obmesiku; §— pacxol BOAH, ¢uawrpyowefica ¥
TYHHEsb, OTHECEHHBIHI K CNHHHMLE ero AMIHBI; & — Ro3ddninuenT (UIbTpaunH He-
3aueMeHTHpOBANKON Nopond: ke — KO3(duudert Gravrpaunu ofineasn (wanpu-

a) A=A 8
—— % Sp
0

8-8

4@

X 20
51 t—f

L
v 2%
% ¢

GOL____E;é T
40

20

!

PP
6 8

nwen

m o Y -

LIV

4 22 20 B HH
Hemeper mguex

o

Vi

e-o-g]bonombl:‘zo I 610 Eﬂ’%’l o1t
J-Q.AQAMA.?AE——_ —

18,45

Puc. 2. Bapnant aperama orsossnniero Tyunens Oseprofi I'9C, Pasz-
MepE], M

@ —- CXeMa ApPEeHHPOBaHHR (B JIOTKE AHCKpeTHuill newTommmfl, B cTewaX w CBO-

Ae wmypoBolt npenaik); 6 -— pa3pepTka nNo napy}uoff noeepxHocTy oGpenxu;

8 — SMIOPHl  OCTATOMTHBIX HaANOCpoB; [ — ANCKPETHME NCHTOMHLIE JIPEHB: 2 —
WINYPOBBIE ADEHHI,

Mep, #3 GeTOHA WM Xene306eToHa); Kuew — KOIDPHUHENT DHIBTPAUNRA aueMen-
THPOBAHHOK MOPORE; H ¢ HHAEKCAMH — HANODPH HAa COOTBETCTBYIOUHX WHIHHApI-
YeCKHX NOBepXHOCTNX; fe — Hanmop Ha pacueTHoll MOBEPXHOCTH, CKBO3bL KOTOPYIO
(GUALTPALHOHHEIR NMOTOK BXOAHT B mopony; Hg-—-Hanop Ha NOBEPXHOCTH, CKBO3b
KOTOpy1o (QuNLTPAUHOKKENTA HOTOK BLIXOLHT H3 NMOPOAB! B COOpYIKeHAe, 3Tof no-
BEDXHOCTHIO ABJIAETCH TIOBEPXHOCTH BHIPAGOTKM NIPH OTCYTCTBHH OGZENKH M ApeH,
HRH BHYTPEHHSI NOBEPXHOCTh OOLCNKH NPH OTCYTCTBHH APEH HJAH COBOKYNROCTH
noBepXHOCTe! KOHTaKTa apeH c noponofl. Hanop e na noeepxHoceTH Bcex apen
(npH X OTCYTCTBHH ~— BO BCEX TOUKaX BHYTPeHHEH HOBEPXHOCTH OB/enKH, a mpH
OTCYTCTBHH OGENKH — BO BCEX TOUKEX NOBEPXHOCTH BHIPAlOTKH B nopoge) npu-
HAT OAHHAKOBBIM; TpH OTCYTCTBHH BOAH B TYRHENE 32 pacueTHYIO OCPCIHEHHYH
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Puc. 3. BapHanr apenaxa orsogmwero Tymmens Oaepuofi I'SC. Pas-
Mepbi, M
a— cxeMa ppeHHpofanus; & ——pasBepsz; 10 Hapy#Holl noeepxstocts ofpeaxu;

g — 3MIOPE OCTATONHEIX Hanopos; [ -— AHCKpETHbie JCHTOMHLIE APEHH; 2~ Iumy-
PORLIE ADEALY; 3 — NPOTHROGHUALTPANNOHHAN NEMEHTANRA.

Puc. 4. Omiopn ocraTournx Hanopos (o,
%) Ha o6peaKy NORBOASIUEro TYRHENA
[ambekoit TOC npu yerbipex WNypoBHIX

E=o40M
ApeHax Macwmob @, %
a—B CEYEHHIX C ApeHamW; 6 — B cedeHAsX 0 5 10
MEXAY fApeHami; l! —_ l';pll l=2 wm;, 2—npn
=4mM, bt
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Puc. 5. llinypoBRil ApeHax cTpouTenbHOro TyHrens 1 spyeca Hypexckoft

I'3C, uccnenosanuniit metopom ATJA npu napamerpax: = 44w, L =
= 6mM, yHCA0 WNYPOB B KaXOOM rnonepeupnke n =10, I=6m u { =
=3m, 2r = 50 MM

a ~ NONEepeYHsfl pasped mO TYRHeAD; 6 — BHA CBEpXY; 6 — pa3RepTKa N0 HAa-
pyxRnroil nosepxnocTh.

peananHy Ho caepyer 6parh pacctosHue OT OCH TYHHENS A0 TJIOCKOCTH OTCHeTa
nanopos; ff = H,— Ho— nomuuifi nepenap nanopa (AeilcTeymomidii nanop), ras
camerocst BO Beel o6nacty ¢uapTpanun; f{¢ — Hanop Ha NOBEPXHOCTH KOHTAKTA
nporunaeMoft o6aesKN ¢ Noponolt MK 3aleMeHRTEpoBakRok noponoft; Hs — nanop
B TOUKE & BHEUIMEH NOBEPXHOCTH HempoHuuaemoft ofaesaky NpH Aperax B BHIC
IIMYpOB; TOUKa b HAXOAKTCHA Ha PABHHIX PACCTOAHUAX OT ocelt Ganmaliuinx Kk Hefl
yeThpex npeH; Hx — Hanop B Toyke ¥, PaCNONOKEHHOH HA BHEIUHEH NOBePXHOCTH
o6nesKH H OTCTOosMiel Ha PACCTORHEH OT ocu GawxafiweR Apennl; Hyewm — Rauop
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Hy— H,
Hd BICIIHEM KOHTYpe pPacueTHOH 3OHE HEMeHTauu#; ¢f = 7 — OTHOCH-

resbHbl (ocTatounsift) Hanop (B LONISX NMOJHOrG nepenana Hanopa H), HHEEKC ¢
NIPH ¢ YKa3LBAeT, B Kaxoll Touxe HAM Ha Kakolt nosepxmoctH (¢ uanopom H;)
pPAcCCMATPHBACTCS AJHHBIT OTHOCHTEALHBIT HANOp; Qe — OTHOCHTENBHHH Banop Ha
siewiiefl NOBEPXHOCTH O0ALNKN; Qb — OTHOCHTEABLILI Hanop B Touxke b (o nono-
JKCHHN KOTOpOIl OLLC cKkasano Bbilwe B CBA3N ¢ Hp); Re — PEAHYC pacueTHoOl
UHJIHBAPHYECKOH NOBEPXHOCTH, CKBO3b KOTOPYIO (HABTPAUHOHHBII NOTOK BXOAHT
B NOpOAy: Npil ReficTBHTeNbHON MJIOCKOIT TOBEPXHOCTH BXOAA NOTOKa B MOpOALY,
OT KOTOPOll COOPYIKeHHE OTCTOMT Ha PAcCTOAHME £, Re = 2f npu ycnosun £ 3> K, ;
Ruew — pansyc pacueTHON BHeluHeli UHAHHAPHYECKON NOBEPXHOCTH 30HE LieMeH-
Tauun; R — pagnyc BoewHeil paceetHolt nosepxuoctH o6aenkH; Ry~ paauyc
BHYTpeHReit pacuetHoit noBepxXHOCTH OCAeNKH; f¢ — PAAUYC LUNYPOBOH LpeHHT;
{— pnyna wmnypoeo#t ppewdl; L — paccTosine (wWwar) MeXay OCAMH COCEAHHX
ADCH B HanpaBlieHHH OCH TYHHEJf; A -— HHCJAO KpeH B NONEpPeyHOM CEUeHHH TYH-
IeN1s; APEHL! DACNONOJKEHB PaBHOMEPHO; MM — YHCJIC NONEPEYHUKOB ¢ LPEHaMH
B TYHHene,

B cxemax co winyposuMn apenamu GeTOHHAs o6AeNKa MPHHATE HenpOHNILAE-
moit (k5 = 0).
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