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NPEAUCIIOBUE

3a nocaejanne roabl BoipaloTajgoch BHOJAHE ONPCIALTCHHOE NMIle-
HHEe O MCPBOCTENCHHON BAMHOCTH HATYPHBIX HCCJICIOBAHNIT TADO-
TEXHHYCCKHX COOPYZAKCHHI M, B MACTHOCTH, HATYPHBIX HCCACTOBA-
Huit ¢uaprpaunn. Ha pasauunbix kondepenuusax, a rakxe na
MEXKAYHAPOAHBIX KOHPPECCaX HEOIHOKPATHO BBICKA3HBAJIOCL MIle-
HHE O TOM, 4YTO, HECMOTPA Ha CYUICCTBCIUHLIC CABHIH B 3TOM BO-
npoce, OPraHH3auHa HATVPHBIX HCCJICIOBAHHI THAPOCOOPY A il
elle He JLOCTHIIAa TOro VPOBHA, KOTOPHI oTBevas Obl TpeGoBanism
KOHTPOJS COCTOSHHA COOPYZKCHHI 11 uX 0C30nacHoCTH,

[Tevaawuptit onbiT paspyuicuuit ruapocoopyxKenunin 8 XIX u na-
yade XX CTOJI€THA, NPHYHHHBLIMX rpoMajible YOBLITKH W COMpo-
BOKAABIIMXCA THOCABI0O MHOTHX J1071eil, MoKasaa HeoOX0IuMOCTh
OPraHH3auHN CHCTEMATHYCCKOr0 KOHTPO.SI COCTOSHUS THAPOCOOPY-
HKeHHH.

3amerum, uTo 0Co060e BHHMAHHC 3aCAVKHBAIOT HCC1C10BANHNS
(GuABTPAUHH B TIAPOCOOPYKCHHAX It NX ocHOoBauuax. HMayueine
paspylieHHit  rupoCoOPYMCHIIT NPHBOANT K  3aKJA0YCHHIO, UTO
0Kos10 50% paspywennit HPoUCXOANIO 34 CUET BPCAHOro ACHCTBRHS
Guabrpannn. Jlaxe narasiuibic NpHYHILE aBapuil 1 paspyureni,
Hanpumep. onoasuu 6eperos i OTKOCOB 3CMAAHBIX ILTOTHH, aBapHii-
Hble OCAIAKH COOPYVJKeHHIl W Ap., 3a4acTyi0 TeCHO CBA3aHbl ¢ (L
TPAUHOHHBIMH SIBJACHHS M.

OGuen3pectHa  HEOOXOAMMOCTL  BCCCTOPOHHMX  HCC€0BA NIl
GUALTPALHN B NMEPHOX NPOCKTHPOBAHHS COOPYIKEHH L,

3a nocaelHHe TOAbI BasIOC 3HAYCHHC APHIAETCH HCCICTOBA-
HUAM uabTpawine 8 nepuox NpoH3BOACTBA CTPOHTCILHLIX palor.
DTH HCCIeTOBANUS CAGLYCT CUNTATH HCOOXOAMMBIMH KAk A4S Bpe-
MEHHBIX COOpY/KEHHH B nmepHo;l npoussoicTtsa pabor (mepembivex,
KOTJIOBAHOB I T. 1.), TAK H 15 OCHOBILIX BO3BOAHMLIX COOPY 2Ke-
HHIl. B npouccce npondsoacrsa pabor yTOUHAIOTCS (DHALTPAIHON-
HBIC XapaKTePHCTHKH TPYHTA OCHOBAHHSA, NPOBOAATCH HATYPHBIC HC-
CaefoBanist HCKOTOPHIX JCMCHTOB COOPYIKCHHSI H HHOT/lAa H3Me-
HACTCSH KOHCTPYKUHSI 3THX 3.1€MCHTOB.

B cBi3m €O CKasanubiM yiKe ¢ KOHIA MPOULIOFO CTOJNCTHS Ha-
HaM NpoBOANTLCS CHCTEMATHUCCKHE HA0aI0ICHNA 3a (uabTpatLiic
B HEKOTOPLIX IHIApoTexnuyecknx coopymxcernsx. INocrenenno passu-
Bajach MeTOANKA (PHALTPANMONHBIX Hecaenosaumit. B wacrnoct,
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Obl1a CYLLECTBEHHO PAasBHTA METOAHKA M TeXHHKA HAaTypHbLIX onpe-
AeqeHHit  CKopocTelt M KO3(DGHUHeNTOB (HIbTPALHH, AaBJEHHI
M T. 4. Tem He MCHEC B NMOCJAEAHHE FOAbl BCE XKe CTaja OTYCTIHBO
ONLYIIATLCA HE0CTAaTOUHOCTh pa3pabOTAaHHOCTH METOAHKH HaTyp-
HBIX HCCacAoBaHBi PHABTPAUHH, OCOOCHHO 3aMeTHAS MO CPABHEHHIO
¢ ypoBHeM pa3paboTaHHOCTH MCTOMAHKH (PHALTPAUHOHHDLIX PACueTOB.
ITO O0BACHAETCA TPEKAe BCEro pPeskuM yBesamucHueMm macimtalon
FHAPOTEXHHYECKOTO CTPOHTEILCTBA H PasMepoB THAPOCOOPYKCHHI.
Kpoyme TOro, npakTHKyeTCsi BO3BEACHHE COOPYKCHHHA Ha OCHOBA-
HHAX, CJA0KEeHHBIX CY(P(PO3HOHHO-HEYCTOHYHBLIMH MOPOAAMH, OCHO-
BaHHAX ¢ HHTEHCHBHOH TPEIUHHOBATOCTLIO H T. .

Jlns 3auHThi TAKHX OCHOBAHMil MPEAYCMAaTPHBACTCA KOMILICKC
HHKEHEePHbIX MEePONpHATHIL, npeactaBasioumux coboit B paAge Cay-
uaeB NPHHUMIIHAALHO HOBble pewrenus. Orciofla BbiTeKaer Heo0Xo-
JHMOCTb, ¢ OJHOH CTOPOHBI, NPAKTHYECCKOR NMPOBEPKH NPaBHJIBHOCTH
MPHHATBIX PELIeHHil, a ¢ APYrof — ACHCTBEHHOr0 KOHTPOJst 33 (PHJb-
TpauHoHHBIM pexkumom. [lepea nccnegoBaTessiMH CTaBHTCSl BECbMA
OTBETCTBEHHAs! 3ajaya Mo OOLIYHO HE3HAUYHTE/bHBIM H, HA MepBbIil
B3raaa, OecrnopAaovyHO H3MCHAIOMMMCA 3HAYEHHAM H3MEpPACMbIX
napaMeTpoB YJIOBUTb HANpPaBJEHHOCTb H HHTEHCHBHOCTb 3aKOHO-
MEpHO pasBuBaolHXca npoueccos. [as pewedus 3ITHX 3alay
npuxoauTcs paspabaTeiBaTh OTAAbHbIE METOAHUYECKHE BONPOCHI
NPHMEHHTEIbHO K JJAHHBIM KOHKPETHBIM YCAOBHSAM.

Hakonaenublii onbiT Ha0AIOAEHH 32 KH3HBIO FTHAPOTEXHHUYECKHX
COOPYKEHHIT TO3BOJAAET KJAACCHPHUHPOBATLH OTKJIOHEHHA (HALTPA-
UHH OT HOPMAJIbHOI'O PAaCYETHOro PeKHUMa H OOBACHUTL 3TH OTKIO-
HeHHst GH3HYECKHMH TIPHYHHAMM.

HMMenHo 3TH 3a7a4H NOCTaBJAeHbl B 1aHHOH KHHTE.

Hcxoas M3 HpaKTHKM HATYpHBIX HecaeaoBaHuil (uabTpauum,
a TaKxKe U3 JIMYHOro onbita paboTbl B 3TOM HanpaBJCHHH BO
BHUMUI umenu B. E. Beneneera, aBTOpPbl CUHTAKOT EJAHHCTBEHHO
MPaBHJbHBIM COYCTAHHC HATYpHBIX Habalonenuil 3a (uabTpauneil
C IKCMEePHMEHTAJbHbIMH HCC/eA0BaHHAMH B 1ab0paTOpPHH H B HATYp-
HBIX yCJa0BHSIX. TOJIBKO MPH TAKOM KOMILIEKCE HCC/e10BaHHil BO3-
MOXKEeH MpaBHAbHBLI aHaJau3 pexuma (uabrtpaunu. IToax rTakum
VIJIOM 3PEeHHst HanuCcaHa JlaHHaf KHHra.

Becbma OGoabwoe pasHooOpasHe BHAOB THAPOTCXHHUYECKHX
COOPYKCHHH, a Takxe HX 0ObIYHO PEe3KO BbiparkenHasi HHIAHBHYAlb-
HOCTb Jaxe B npejaenax OJAHOrO M TOFO e THNa CHJIbHO 3aTpyil-
HAIOT H3JA0XKeHHe. [To3ToMy aBTOpbI NMPHBOAAT CNHCOK HCMOAbL3O-
BAHHBIX HMH JIMTEPATYPHLIX HCTOMHHKOB, B KOTOPLIX YHTATE1b HaM-
aer fodiee aeranbioe OCBEUleHHE OTACAbHBIX BONPOCOB.

KpuTHueckHe 3ameyanua no pabdore cieayeT Hanpapasnth s Jle-
HUHIPAZCKOE OTACJEeHHe H3aTebcTBa «JHeprusi» no axpecy: Jle-
nunrpan, /J-41, Mapcoso noae, a. 1.




rNABA NEPBARA

OBWME CBEAEHUSA O HATYPHbIX MCCNEQOBAHMAX
DOUNBbTPALNK

§ 1-1. OcHoBHbie 3afjayM HATYPHbLIX MCCNefOBaHMKH (PUNLTPALLMM

Hecaeaosanua GnabTpauni FPYHTOBLIX BOJL B HATVPHLIX VCI0-
BUAX BCCbMA Pas3HOOOpasnb N UMET pazanunbie nean. Ocuosnoil
3aj1aueil TaKHX HCCJAC/AOBAHHMIT ABAACTCSA H3VUCHHC peKHMaA 1O/
zeMupiX 8o, Clo1a OTHOCHTCS H3vuennce GopM noA3eMubiX MOTOKOB
I MX XApaKTCPHCTHK, T. €. CKOPOCTEH, Pacxoios, aBJeHHil B pa3s-
JIMUHBIX TOUKAX NPOHHILACMOIl Cpeanl W T. A, B [POUCCCe H3Me-
Hennst 3THX (PopM M NAPAKTEPHCTHK 10X BJAHAHHCM  Pa3 THUIbLIN
CCTCCTBCHHBIX M HCKYCCTBEHHBIX (PAKTOPOB.

Apyroft Baaneiiweit 3anaucit aBaseres onpeaeacnye GuanTpa-
IHONHBIX XapakrepueTnk puaptpylouteit cpeavt. Cioaa oTHoCHTCH
ONpeIC/ACHHE NPORHUAEMOCTH PLIXJBLIX HAM TPCUHHOBATHIX TOPHLIX
MOPOL M MCKYCCTBEHHLIX OHIALTPYIOUNX cped: OCTOHHLIX M 3CM.I-
HbIX COOPYKEeHHH, HCMCHTAUHOHHBIX 3apec o 1. 1. K nassaunnm
XapakTePHCTHKAaM OTHOCATCA TakKe Ko3appuHuuentsl BOAOOTIAAUN I
HEL0CTATKa HACLIULeHHsl, HIPAIOIHE CVIICCTBEHNYIO POJabL NpH pac-
YeTax HEYCTAHOBHBLICHCS (PHALTPAUHH IPYHTOBLIX BOI.

Heckoabko 0co60 ¢TOHT Baknas npolJacma H3yueHus B Hatvp-
HbBIX YCJIOBHAX MEXAHHUECKOro H XHMHUECKOTO BO3JACHCTBHN (DiaL-
TPAUHH TPYHTOBLIN BO/L 11a TOPHBIC TMOPOJAB H TEI10 COOPVIKCHHI.

Ecan nepsbie aBe u3 HasBauHbix 1POGJCM  H3Yyua HCh  ClLC
B MPOUIOM CTOJCTHH, TO NOCAEAHAS NpodJaemMa BO3HHKAA  JHIUL
B MOCJAEAHHE FObl B CBA3H C BO3BEICHHEM THAPOTCXHHUCCKHX CO-
OPYAKCHHA HA OCHOBAHHAX, MOABEPKCHHBLIX MCXAHHUCCKOMY  Bbi-
MBIBY HACTHIL TPYHTA 1101 BO3ACHCTBHCM (DHALTPALMHH (MeEXaHIuC-
CKOit cy(do3nn) iy ke pacTBOpeHnio it BbiHOCY B dopme pacr-
BOpa MOTOKOM FPYHTOBLIN B (NHMBUCCKOH cyhdhoznm).

Bonpocnt  watypubix  mecaciaoBannit  (PHABTPALIH, BXOASAULIC
B Cocrap nazsannuix npodaeam, B 3aBHCHMOCTH OT Ha3MaYCHHST (IC-

CACIOBAINT. & ‘o1 HPHPOINLIX .\'C.'TOBIII”I, pCiialoTes pasittiHbIMB
MeTo1amn,



Oco0eHno WHPOKHIT KPYr BONPOCOB HATYPHbIX HCCALOBaHHIT
(uabTpalHH BO3HHKAeT » CBA3H C [POEKTHPOBAHHCM, CTPOMTEb-
CTBOM H 3KCIVTYaTaUHCH MHAPOTEXHHYCCKHX y3J0B. [HApoy3/ibl BKIIO-
ualoT B cebs BeciMa pasHoobpasHbie IHAPOTEXHHYECKHE COoopyke-
HHSl, KaK-TO: 3eMJsiHble H OEeTOHHbIe MJIOTHHBLI, THAPOJICKTPOCTAH-
IHH, CYJOXOAHbBIC IWWIIO3bl, JACPHBAUHOHHBIE KaHa/bl, pas3JHuHbIC
THNBLI APEHAKHBIX COOPYKCHHI H T. A

Jdaa Koutpoas ycJioBHiT paloTbl 3THX COOPYZKCHHIl Opranusy-
I0TCS1 COOTBeTCTBYIOLHE HaATypHble HabGJIOACHHsA, KOTOpPble B 3aBH-
CHMOCTH OT HeJsel HCCAeJ0BAHHA OCYUIECTBAAIOTCS CHCTEMAaTHYeCKH
HJIH 3MH30HYECKH.

OCHOBHBIMH 3ajlayaMi HATYPHBIX HCCJAENOBAHHMI B CTaAHH NpO-
CKTHPOBAHHA THAPOTEXHHYECKHX COOPYXKeHHH SIBJASIIOTCS H3yueHHe
peKMMa TPYHTOBBIX BOJA B paHOHE CTPOHTENLCTBA, OMNMpeleJeHHe
KoapdHuHenToB (QUAbTPAUHH nOpoax H AeGHTOB HCTOYHHKOB.
HMuoraa rakxe onpeaesiorcs eile XHMHYECKHI COCTAB FPYHTOBLIX
BOJA, rasocofeprKaHHe, a Takxe CrnocoOHOCTb NOPOA K BOAOOTAAYE
H K BOAOHACHILLCHHIO.

B npomecce npouspoacTBa padoT K nepeyHCJeHHbIM 3aaayam
HATYPHBIX HCCsenoBaHH PHAbTPpauHH eute no6aBasercs HeoOX0AH-
MOCTb OmpeJesieHHsi KayecTBa CTPOMTEJAbHBIX pabor H 3QdexTHs-
HOCTH MPHHATHIX WHXKEHEPHBbIX MEPONPHATHI, KAK-TO: HCCJAELOBaHHI
(uabTpauuH B HaAMBIBHBIX MNJOTHHaxX H jAambax, BOJONPOHHIAE-
MOCTH NPOTHBOGDHIBTPAUHOHHBIX 3aBeC H 3((PEeKTHBHOCTH JApPeHax-
HbIX YCTPOHCTB.

B samaun HaTypHbIX HCCAEIOBaHHH NPH 3KCIVIyaTallHH COOpy-
MEHUI BXOAHT KOHTPOJIb COCTOSIHHS MOPOJ OCHOBAHHS, H3yueHHe
BAHSHHS TOCTPOEHHOIO COOPYKEHHS HA (PHABTPALHOHHBIH PeKHM
H onpeneneiHe HanboJsiee pauHOHAJbHOH 3KCMJyaTalHH JpeHax-
Huix yerpoiicrs. C 3710oit neanio onpenensior Gopmy cBoGoAHOM MoO-
BEPXHOCTH NOTOKa, NMoTepH Ha (pHAbTpauHio, 3PpPeKTHBHOCTh pa-
60oTbl NPOTHBOMHALTPAUHOHHLIX YCTPOHCTB, H3y4alOT MexaHuye-
CKVIO H xHMHYecKylo cyhpdosuu H 1. a. Pesyabratel HabaoaenHiH
CONMOCTABJAAIOTCH TaKKe € pe3y/bTaTaMH NPOEKTHLIX Npopalborok,
YTO MO3BOJSCT OUEHHTb TOYHOCTH PacyeToB H B Cayuyae neobGxoau-
MOCTH BHECTH B HHX COOTBETCTBYIOILIHE KOPPEKTHBBI.

Ha IlsitoM MeXAyHAapoAHOM KOHrpecce no GOAbMIHM MAOTHHAM
(1955 r.) B OAHOM M3 A0KJal0B Oblj1a BBICKa3aHa MbICIb O TOM,
YTO HENpPEpLIBHLIC AKTHBHbLIE MEPONPHATHSA, MPOBOJHMbBIE B Npouecce
IKCIVIyaTallHH COOPYXKeHHi, uacto apasiorca GoJsee BaXKHLIMH, YeM
flepBOHavabHble NpoeKkTHbie. TeM caMblM MOJAYEPKHBACTCA BaXHOe
3HAYEeHHE CHCTEeMAaTHUeCKHX HabJIONeHHH 3a COOPYKEHHSIMH, H3 KO-
TOPBIX KaX10€ HMeeT CBOH OCOOEHHOCTH, HaKAaAblBAlOLHE OTmeya-
TOK Ha XapakTep SKCMJyaTalHH.

Hekoropuifi 3actoit B 00,1aCTH CHCTEMAaTHUECKOTO PasBHTHS Teo-
PHH M METONOJIOTHH HATYPHBIX HCCJe10BaHHi (HABTPAUHH, OTMC-
YeHHBII Ha psijle MeX/JYHapOXHBIX KOHIPEeccoB, MOMHMO HeN0CTa-
TOMHOrO BHHMAHHS K 3TOMY BONPOCY, OOBSCHACTCA elle H TCM, YTO
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HATYPHBIMH HCCICIOBANHAMH 10 HACTOSILLEr0 BpPeMeHH 00bIUHO 3a-
HUMAANCh 3MH30IHYECKH, 0]l BJHAHHEM 00CTOATENLCTB.  Memuy
TeM, C TOUKH 3PCHHA Pa3BHTH HaAVKH H BO3MOMKHOCTH MpCIBHIC-
HUs,, HeOOXOAMMO, HAPA1Y € HCCACI0BAHHAMH, OCYIILECTBJISCMBIMII
NPUMCHHTEILIIO K OTACAbBHLIM 00DbEKTaM, NpoBOAHTh padory 1o 06-
o0LICHHIO NMaTepHaJda ¢ Heablo onpeiedennsa oOOGUHX 3aKoHOMCp-
HOCTEt A1 MpoueccoB (GUIbTPALNK, TNPOTEKAIOIHX OJIHHAKOBO
B PA3JHUIBIX COOPVIKCHHSIX.

Poab narypawx nabaozennit 3a (GpuabTpallici B OTHOWEHHIL
OUCHKH padoTul COOPYKEHHH M TNPETOTBPALLCHUH  UX  aBapHii
BecbMa cyuiecrsenna. OgHako ojHH (pakTHYECKHIt Marepual, na-
npHMep rpauki nokasanuil nbe3oMerpos 03 COOTBLTCTBYIOULE(T
o0paloTKH, €UIC HC XapaKTepH3yer YCJa0BHil paboThl COOPYKeHHS.
PaplibiM 00pasoM TakKoH MaTepHal He olpeledser nNpUUHHB [a-
pylWeHHss HOpMaJabHOH padorul coopysenus. daa pemenus ITHX
BONPOCOB HEOOXOAHUMO TPOBCCTH TCOPCTHUECKHIT aHAJIH3  Pe3V.Ib-
TaToB Hal.1101CHMI,

OueBHHO, uTO IS NPOBEIEHHs aHAJIN3a COCTOSTHHS COO0pYiKe-
HHA HeOOXOHMO HMETb SICHBIC TMPCIACTABACHHA O MeTogxax obpa-
GOTKH AaHubIX HaTypHLX Habmojaennit. Meroanka oGpaboTku aan-
HBIX HATYPHLIX HCCJIEIOBAHMA (DHABTPAlULMM TAK e, Kak H anajau3
COCTOAHHST COOPY/KEeHHi, OCHOBaHa ua TeopHH (uabtpauun. [lo-
3TOMY NpH MPOBEXCHHH HATYPHBLIX HCCAETOBAHHI (PHIbLTPAUMN He-
006XOAHMO HMETh TPEABAPHTEIbHbIE TEOPETHUECKHe C000pakenHs
O pexuMe rpyntoBblX BOA H3yuaemoro oObnexra. B cpoeit ochose
STH coolpaykKenus sBAAIOTCA Pe3yAbTaTOM NMPEABAPHTEIbHBIY, XOTH
Gbl OPHEHTHPOBOUHLIX PACYCTOB WIH e MpPeACTaBICHH, Moayyen-
HBIX M3 OMDITOB I COMOCTABJCHHI ¢ aHaqsoramMu. OTCIOAZ BHITCKACT
HEOOXONHMOCTh 3HANMS TCOPCTHYECKHX OCHOB HATYPHUX MCCICI0-
Bauuit puanTpaunn.

B macrosiee BpemMs BOMPOCHI HATYPHBIX HCCACAOBAHMI (HIAb-
Tpauuu npuHoOperaioT sBce Goabuee 3uauecime. B CCCP Ha scex
KPYNHBIX THIPOY3Iax NepCoHagOM THAPOUEXOB HPOMIBOASITCH CH-
CTeMaTHYeCKHe HaGII0ICHHA 3a PCKHMOM TPYHTOBLIX Bod. B psaie
C/y4aeB K HATYPHBIM HCCJAEI0BAHHAM HOBBIX KPYNHBIX THAPOY3I0B,
a TAKKC THIAPOY3JI0B, B KOTOPHIX 3aMEYalOTCA OTKIOHEHHST OT HOp-
MaJbHOrO pexumMa (pHabTPalUHH, NPHBIEKAIOTCS HAVYHO-HCC.Ie10Ba-
TeAbCKHEe opratusaimu. OHM NPHBJEKAIOTCHA TaKAe C UAJILI0 Mpo-
BEPKH pacHeTHbIX CnocofoB H NPEITOKENHHA NPH NOMOUH aHaIH3a
HaTypHBIX MaTepHaJoB, 4TO HUMeeT OoablIoe MeTOI0IOTHIECKoe
3HayeHune B 0014CTH FHAPOTEXHHYCCKOTO NPOCKTHpPOBANHA H CTPO-
HTEIbCTBA.

B antepatype MOKIO BCTPeTHTL pabOThi, COACPKAUME HEKOTO-
Pbie pe3y abTaThl HATYPHBLIX HCCTQOBAHI (PUALTPALMH PAjLa BCeCo-
IO3HLIX H pecnyOIHKANCKIX HHCTHTYTOB — riAPOTEXH HUYCCKHY, THl-
POreoIoruyecknx, MeJIHOpaTHBHBIX H T. 4. MveloTea HekoTopue 00-
liHe coobpaxkenng O COCTABC HATYPHBIX HCCIe1OBaHHIT (U BLTpai
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Ha pasublx oObekrax [43, 101, 171, 172], a Takke mouorpadum,

MOCBAUICHHBE HATYPHBIM HCCICAOBAHHAM pPeasibHbIX 00BEKTOB [52,
74, 82, 187].

§ 1-2. Ces3b HaTYpPHbLIX MCCNEAOBAHMH (PHMALTPALMM
C MCCNeOBaHMAMM TEOPEeTHUECKH-IKCNePHMEHTaNbHbIMK

Harypusie uccacroBanus (QuAbLTPAUHH  ABJSIOTCS OAHHM N3
3BEHLCB €€ H3YUCHHA B pPeatbHbiX YCAOBHAX. BYAy4H oCHOBaHHBIMI
Ha TEOPCTHUECKHX TNPEANnOChLIKAX, HATYPHBLIC HCCAE10BaAHHS siB-
JA0TCH BaKHCHIIHM KPHTEPHEM MPABHIBHOCTH TEOPETHUYECKHX NO-
JoxeHHin w peichuit. Tlpn 3TOM HEOOX0AHMO, KOHEYUHO, HMETh
B BHAY MHOrooOpasHe ONpeaesiiouinx pPexuM MOA3EMHbIX BOJ
npupoaHblX GaxkTopoB, KOTOpbIe HE MOryT ObThb MOJHOCTbIO YUTCHbI
MPH TECOPETHYCCKHX PElUEHHSX 3a4al PHABTPALHH.

Poab TeopeTnueckHx Npeanocbiiok Obljia ACHA B CAMOM Hauaje
MOCTAHOBOK HATYPHBLIX HccaenoBaunit duavrpaunn. Ho no mepe
TOro, KaK Pas3BHBAJHCh M YCJIOMKHNIHCh HATYPHBIE HCCJACA0BaNNA,
YBEJHUHBA/JNOCH 3HAUYEHHE 3IKCINCPHMEHTAJbHbIX JabopaTOPHLIX HC-
C.1e/10BaHMil, NPOH3BOAHMBIX B NMOMOULb HATYypHbIM. B Hacrosuiec
BpeMsi MHOMME BOMPOCH HATYPHBLIX HCCACAOBAHHI (PHALTPAUHH HC
MOryT ObITh YAOBJACTBOPHTEIbHO pewenb 6e3 nomown Jgabopatop-
HOFO 3KCNEPHMEHTa C COOTBETCTBYIOUHM TCOPETHYECKHM aHAJIH30M,
C 3Toil TOYKH 3PEHHS MOXKHO TOBOPHTb O KOMIVIEKCHOM MeTolxe
HATYPHBIX HCCJeM0BaHHIl (PHILTPAUHH, MOApa3yMmeBas TMOA  3THM
OpPraHHYyeckl CBA3aHHbIE €IHHLIM IIAHOM HCCJel0BaHus (pHabTpa-
UHH B HATYPE H Ha 1a6opaTopHbiX YCTaHOBKAX.

Ocranosumcs Ha HanbGogee pacnpocTpaHeHHbIX Cayvyasnx MpHMe-
HCHHSA KOMIIEKCHOro MeToja.

[Ipexae BCEro OTMETHM, YTO NPH NMPOCKTHPOBANHH [IbE3OMETPH-
UECKOH CeTH J0 BO3BEACHHS COOpYKeHHil Heo6XoauMO 3apaiice
HMETh KOJHYECTBEHHOC H KauecTBeHHOe npeacrasicHus o ¢opme
FPYHTOBOro NOTOKA, TAaK Kak HHAUC pacnpepesesue Ibe3oMeTpoB
B maaHe # HX 3aray6acHHe MOTYT OKa3aThbCsl HenpaBWIbHBIMH.
Has storo tpebyercs npeaBapuTe]bHOoe HCCaeAoBanHe (opMbl
FPYHTOBOro NMOTOKA, HANpHMep, MO METOAY 3.1CKTPOTHAPOIHHAMHYE-
ckoit anaqorun (IJIA). HMuoraa wmccaerosanus (HAbTPAUHH 1O
smeroay DIJIA win npu noMoutH HHTErpaTopoB YCMEUWHO A0NoJi-
HAIOT M JIeTAJIM3HPYIOT HaTypHbie Hccaerosanusa. Takue cuayuan
BCTPEUAIOTCA MPH MOCTPOCHHH MJAHA THAPOH3OTHNC TPYHTOBLIX MO-
FOKOB, KOI'la TOT 1J1aH He MOoxkeT OnTb JdeTajbHO MOCTPOEH Ha OC-
HIOBAHHH MoKa3auuit nbesomerpoB. Ecan na 6oablioil TEPPHTOPHH
HMeeTCsl JHIWb HeCKOIbKO HabAl0AaTeIbHbIX CKBAXKHH, TO 445 3a-
JTaHHBIX TPaHHYHBIX YCJAOBHH MOXKHO MOCTPOHTH KapThi THAPOH30-
PHIC HAM rHApouaonbed npu nomow merona DA uau unrerpa-
TOPOB.

Tak, Hanpumep, Ha CTPOHTEJILCTBE MJAOTHHLI Buu Dab-Yuian
B MapokkKo NpH co3/laHHH HEMEHTAUHOHHON 3aBechl B Geperosom
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APHMLIKAHHE TKIOTHHBI, HApsi1Yy ¢ 00padoTKoil noxkazaumit nbeio-
METPOB, XAPAKTEPHUIVIOILNX H3MCHCHHE VPOBHCIl TPYHTOBBIX  BO.L
B HAType, MPOBOIHIAMCH 3IKCHCPHMEHTAIBHBIC HCCICLOBaNHA  npi
nomoutn meroja A [134]. Dtu uecaeaosBanust no3BOJNIN yeTa-
HOBHTb MECTO M BJAMSIHHC Pa3pbiBa B 3aBCCC Hd  (PHABTPAHOHHBLI
pacxoi it (popMy TPYNTOBOrO NOTOKA B NPUMBIKAHIHN MJIOTHHDLI, 4TO
HMEI0 CVIHICCTBCHHOC 3HAYMCHHC MPH IONOJIHHTCILHUX  HCMCHTAN-
OHHBIX paboTax.

Jpyras 3alaua mce1el0Banach B CBA3H ¢ 1a0101a€MHM  TTOBbI-
IWEeHHCM KPHBOM J1eIpeccH Ha HEKOTOpPoM yuyacTke Kaxosekoil 3en-
aanoit naotunut. [pu nomomn metoaa I1/IA no 1anmwy maryp-
HbIX Ha0.1101CHHI ObLI0 YCTAHOBJICHO BANAHNC WINYHTOBOH nepe:
MbIYKH € OTCBLITKOI H3 ropnoil Maccol, 0CTaBJICHiON B TCJE MIAOTHE
npu npoussoactee pator [91]. [lo Bumoanenns Tux ncecaeroBauii
Npeanoaranoch, 4to MoBbiLeNHe KPHBOH JCHPeccHil B IJIOTHIE
obycaioBaeno 3aiieuuen obpartnoro puavtpa.

[Tpit HaTypHLIX HCCICAOBANNAX 3eMIHHBIX IL10THIL [TOpLROBCKOro
ruapoy3saa, nposoausmuix BIHHI, 1anuuie natvpuwx mabaogenni
nposepaanch Merolronm IIAA. npuuen Ouiaa pusisacna HekoTopas
HETOMHOCTL MOCTPOCHHUS KPHBOI ACOPECCHIl B OTCILHBIY CTBOpax
Mo NOKa3aHHAM Nbe30MeTPoOB. Tem K¢ MeTOI0M B CBSI3H C sIBIC-
HHAMH cy(pdo3nun Oblan onpeleaenn rpagncnti HANOpa B 30HaX
BBIXO/lA FPYHTOBbIX BOJ H3 TCJ1a MAOTHHDL.

Has onpeaeaenusi koappuunenta GUIbTpaunn MOAKHO HCMOIDL-
30BaTh 20O0VI0O CXEMY, OTBCHAKOMIVIO YCI0BHAM (GuIbTpaumm na
H3ydaemMoM oOObeKTe: Ipeny, KOJodel, FPYHTOBOE pye.ao i T. 1
Ecan takas cxema e MMCCT TEOPeTHUECKOro peueHus, TO  €ro
MOXKHO MOJVUHTL, Hanpumep. no meroay II1A, socnpounssenst ia
MOACAN HATYPHDLIC YCJI0BHS, CXCMATHIHPOBAHHLIC COOTBETCTBYOULINM
o6pasom. M3 onuitoB noayuaiorcst anavenusn Q/k, rie Q — dpuas-
TPpauHonuuiit pacxoi; R — xoapdpuunent puavrpawmn. Hues 3ane-
peHublit B HaType pacxol Q, onpeaeasiem  Kos(puitnent  (puan-
Tpaiuumu.

B npounecce wmaryvpumx unccaeaosaunii cvddosin B nocrpock-
HBIX 3eMASHBIX COOPYZAEHHAN H OCHOBAHHAX COOPVACHII Tpedyeres
HHOTa npoBeaenre Le10ro KoMnaekca 1abopatopHbX Heeaeosa-
HHIl TPYHTOB, B3ATBLIX 13 30H, HOABCPACHHBIX Ccvpdosm, n n3
o6patHbiX (uabtpos. Cioa OTHOCATCS NCCACAOBANHS FPAHY.I0-
METPHYCCKOro coctaBa rpyintos, HX polonponnnacMoct u cygddo-
SHOHHBIX CBOMCTE. AHAJOrHUIBLIC JADOPATOPHLIC HCCICTOBAHHS MO-
TYT CONYTCTBOBATHL HATYPHBIM  HCCICTIOBAHMANM  CCTCCTBCHHOI I
HCKYCCTBCHHOIT KOABMATAIHIt FPVHTOR FHAPOTEXHITCCKONO COOP VKL
HHH M MX ocHoBaIil.

Hatypusie na6aiotenis  3a GuasTpamncii GOALNICH HACTHIO
HMEIOT cTaumoHapublit xapaxktep. Onpeaeciinii 00beKT cTaBuTes
O CHCTeMAaTHUeCKHIT KONTPO.IL IPH NOMONUE HAGMI0ACIIHI 32 yPoD-
HAMH Mbe3oMeTpoB, pacxoaMil, NHMIUECKHM il Fa30BbLIM COCTaHON
BOALI H T. . Dtn HaGMOACHHA NPOUIBOAATCH 10 CHICIHATLHHIA
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uHeTpykuuam [147, 165] u ap. Onn He HCKIOUAKT HEOGXOAHMOCTH
HaTypubiX Haba0ieHnit 3IKCNepHMEeHTaJbHOro Xapakrepa, Ha-
npuMep, NpH HCCAELOBAHHH MPHYHH Pe3KOro HApPYWICHHS pexHMa
(huasrpaunn. B noxoGreiX cayuasx npH COCTABACHHH MporpaMm
HaOMI0JICHHI M HCCACLOBAHHI TAaKKe CaelyeT MNpoaHaJH3HPOBATh
TEOPETHUECKH YCJAOBHSI (HABLTPAUMH, a HHOrla npuejaedb H Jabo-
paTopublit skcnepuMent. Pe3yabTaTthl HATYPHBIX  HCCJeA0BaHHI
COBMECTHO C /LAHHBIMH 3KCIIEPHMEHTAa Mocae COOTBeTCTBYIONLeH obpa-
O0TKH, OCHOBAHHOIl HA TEOPETHYECKHX MOJOKEHHAX, Aal0T BO3IMOK-
HOCTb CAC1aTh KaueCTBEHHbLIC H KOJHYCCTBEHHbIE BbIBOAbBI H ofnpe-
ACIHTh 3aKOHOMEPHOCTH ABJIeHHIT (HABTPAUUH B 1aHHOM OObBEKTE.

Takum oOpasoMm, HaTypHbie Habmionenus 3a (uabTpauHen ss-
JAI0TCS BamHeNell 4acTbio HaTYPHBIX HCCAEAOBAHHI (DHIABTPAIHH,
BKJIIOYAIOUHX B ceOs TEOPETHUECKHIT aHaau3d W JabopaTopHbiil
SKCIIEPHMENT.




FNABA BTOPAS

OCHOBHbLIE CBEAEHMA M3 TEOPUHU DUIIbTPALMM,
UCNOJIb3YEMBIE NMPHU HATYPHLIX UCCNEAOBAHMSX

§ 2-1. OcHOBHbIE NONMOXKEHHA

[Mpu npomeieHun HATYPHBLIX HCCAeROBAHH (uiabTPauMit BECLMA CyumecTsei-
HYIO poab HrpaioT QuALTPAUHOHHLIE pacuertsl. HYacTo TOALKO € NOMONEO Pac-
YEeTa MOXHO MNPOH3BECTH aKaJIM3 JIaHHBLIX ONbITa, C1eJ1aTh COOTBETCIBYIONIHY
BbIBOJIbI O COCTOHHHN coopymeuuﬁ i HEOOXOAHMOCTH OCYUICCTBJICHHA  3dUHTHBIX
meponpuaruil. HMuorga pacyer noMoraer OUCHHTL TY HAH HHYIO THOOTE O CO-
CTOAHHH BOJONPONHILAEMON NMOPOAL H CAMOI0 COOPYZKCHHA, NOBep e HHOTO BO3-
aefictBiio  ¢duavTpaunn. Pazymeercs, (QuILTPauNOHHBME PACHETH HeolXOAHMM
npu onpejesennn KospduuneHTa (PHabTPauwHn rpyHTa, npu paipaboTKe nporio-
30B peXKHMAa TPYHTOBBIX BOA M BooOmWe npu aHaause i o0paloTse AAHAMX Ha-
TYPHBX HccaexoBanuit. Caeayer NOAYCPKHYTH, HTO i AMA COCTABICHHHA pauno-
HaJLHOM NporpaMMbl HATVPULIX HCCACACBAHMN NeOOXOANMO NMPOM3BECTH pai npei-
BapHTEJALHLIX  pacyeros  QuaLTPauMit NPUMEHHTEILHO K JaHHBEM  NPHPOANKIM
YCAOBHSAM,

3a ocHoBY Teopust (PUALTPAWIKE NPHHIMACTCH CYATHCTHUCCKUE MeTod, 10-
CKOALKY hopma 1 pasMepnl MACTHIL TPYHTA, a TAKXKC TPpeunt B CKAILHX [Opo-
Aax HacTOJLKO HE3aKOHOMEpPHBI, 4TO 0 (HIALTPAUNOHHBIX CBOACTBAX BOONPOHI-
UaeMbiX MOPO MOMHO CYAHTH JIMUIL N0 OCPCAHCHHLIM XapakTepucrukam. Pasnuy
o6pasoM NpH IKCHEPUMEHTAALHOM HIVUCHIN PHALTPAUMIL 3ATPYIHHTEHO Wil
HEBO3MOXKHO CYyAHTL 0 (opMe MABINKEHMsE BOAM B 1OPAX man TPeuHHax, a npu-
XOJHTCA ONPeaeIaTh OCPEAHEHHLIC XAPAKTCPHCTHRI MOTOKA, T. €. CRKOPOCTI, 1aB-
JEHMA, pacxoant H T. . IDTH XapaKkTepHCTHKI Mbi ONPE/ACTAEM, OTBJICKAACL OT
(OpM nOp HAM TPEUIHH, OTHOCH HX K MJIOWAAKAM, pasMepbl KOTOPBIX Maael Ho
CpaBHCHMIO ¢ OOIMMH pasMepami n3yyaeMoit oGjsacri (puanTpauuy, 1o A0CTa-
TOMHO BEJHKH N0 CPABHCHHI C pasMepaMi nop Ml TPeUIMH, MO KOTOPHM ABi-
AKerca Boaa. MMesa B BuAy Takue 3JIeMEHTH, MOMHO TOBOPHTL O HEKOTOPOR cpet-
Hell CKOpOCTH ABIAEHHS BOABL B NOPax WA TPEUIMHAX, NOCTOSHHON B npejenax
Nanyoit NJOWAaAKH. 3Ta CPeIHSA CKOPOCTh & paBHa AelCTBHTEBHOMY pacxoay
BOAb, NpoOTeKalowied yepes AaHHYI0 MICIMAAKY, MOACACHHOMY Ha NAOWaLL ce-
Yenus BCEX NOP HJAH TPEULNH Ha NJOlAIKC,

B npaktike HATYPHBIX HCCJICAOBANHIT MOTYT BCTPETHTLCA CAYYaN, KOIia jbit-
KEHHEe BOJIb! NPOMCXOAHT [0 OMCHL KPYIHBIM TPEUlBHAM HIH KAPCTaM, HOCSLLMM
HHAUBHAYaMpHBlT xapakrep. Toraa, KOHeyHo, ViKe HEAL3A NOJLIOBATHCA YKa-
3aHHOM BBIIC TCOPCTHYECKOR CXEMOI, M ICMCHTLI NMOTOKA B 3THX 00DAI0BAHNSEX
CIeayer onpeaeaath, NOALIVACH JIBECTHBIMH [HAPABAMUECKUME  CHOCOGAMY,

HeoGxoaumo noatepkuyts, 70 (GuabLTPAIHOHHBIE PACHCTH, 3AKIIOUADMIHECH
B onpesesieHiit XapakTepHCTHK ¥ (DOPM TPYHTOBBIX NOTOKOB, OCHOBBLIBAWTCH NC
TOILKO Ha 3aBHCHMOCTAX, BMBE/EHHBX 41CTO Teopetnueckum nyTeym. Fe rosopsa
YXKe 0 TOM, uto 3awactyio (GOPMYIL, HCNOALIYEMBIE NPH  PACUETAN, MOIVHCHbI



IRCACPUMENTAILHO, B PHAC CIyyacs npn pacvere (uasrpauwm ieaccoobpasio
HCNOALI0BATL IRCACPUMCHTAALHLIC MCTOAN I MO NpYIoutne verpoiterna, Tak,
npiMenente npi pacverax seroia LA aMoker seciMma 3HAUNTEILNO NOBLCHTI
ronnocTs peavanraros. [pi necaciosaminn Heyetanosusumieics GuALTPALIE, Kak
HOKA3BIBAET ONBIT, NOJCIHO NPHMEHATI, TAKIC MOACAUPYKIULLE YCTPONCTRA. hak
FUAPABANYECKIE MHTErpaTop it 3ICKTPOHNTErPATOPL, NOAVUHBUINEG B HACTORUICY
BPEMA 10CTaTOMHO 1nnpokoe pacnpoctpancuie 8 CCCP u 3a rpannucih. B noc
JCHME FoAL NPH NPOBCACHIE PHALTPAILIOHRBIX PACHETOR B CIOKNLIX CIVGARN
NPHMCHHAIOTCH IEKTPOHNO-BHMICAHTCALHLIC MAIIHHLL.

[pupoanMme B 10i FAABC JAaHILIC HOCHT HPEACILHO KPATRIIL, CnpaBouiinii
XApakTep M KACAOTCA TCX NONPOCON, KOTOPLIC, Kak (I0JATAIOT ABTOPHI, HMEIOT
HENOCPEACTRENIOE OTHOMICHNE K OGHYHO NPOBOINMBIM HATYPHBIM HCCICLOBAHINM
(PIIALTPALL.

Jureparypa no veopun uantpaiin 1 00 GUALTPAUNOHHLM PaCyCTaM 1o
CTATONHO nspecTHA n oOmupHa. Tak, MMCIOTCH TPV no Teopitit PuaLTpauim
akaa. H. H. Nasaosckoro [123], kanuraaunas momnorpagma akan Il §1. TMoay-
Gapunosoit- Kounnoit [129], I'. H. Kamencxoro {70], B. M. Apasuna n C. H. Hy
sveposa [11, 12). Himeercs paia MoHorpadmii ¢ VKJIOHOM 8 CTOPOHY rit1pOreo.io-
riecknx  pacueron: ®. M. Bouescpa. . B. Fapmonosa. A B. JleGetena.
B. M. Wecrarona [25], A 1. Cuanuna-Bewuypuna [157] » ap. Hassamiue sono-
rpadui COCTABICHBI NO J1OROJILHO IIHPOKKM NPOTPAMMAM, HO CCTh MOWOrpaduar,
HOCBAUICHIME OTASILHMM  pazieaam  Teopin  QUInTpalung HanpuMep MpirToky
FPYNTOBLIX BOA K KOJAOANAM, ApeHay, (uanTpaint 13 kanaton u 1. 4. Pax ra-
KX paGor, kak, wnanpumep, patorm C, ®. Asepnsvosa, H. H. Bepunruna,
H. K. Fupunckoro. A. A Memiuyea, B, H. [leakauena, H. A, Yapworo u apyrny
VHEHLIX, B TOR MM ot crenent Gu HCHOAL30BAN B COOTBETCTBYIOWMNN Hanha
rpadhax 1annoil KHirn,

§ 2-2. XapaKrepHcTHKa BOAONPOHMUAEMbIX FPYHTOB

Boaoupommiaemsie  rpyntel  (TOpHble  NOPObI)  GBIBAT  BeCLMA  Pastond-
pasibl, CVIICCTBYCT HCCKOILKO KIaaccipunaunit rpyuion. C TOUKH IPeHHR sy
deHns QIALTPAULNI TPYNTL MOKHO NOAPA3ACINTL HA3 ICPHUCTHIC H TPCILNIOBATLIC.
IKCHCPHMEHTAILHBIM  NYTCM  VCTAHODICHO, HTO HACTHILL  3CPHICTLIN  MCCHHLIN
FPVHTOR  ABARKKOTCA  OCTPOVFOABHBIMI, 60 Goaee WA MeHCe OKPYTICHHBIMIL
UacTuist FAMHUCTLIX TPYHTOR OOBLINHO NPEIACTARIMIOT COOOM BBITARYTHE Hemyiikil
WA NAACTHHKN € KPasiMi Henpasiaskoit popmul.

Mseeres pal kaaccuuraunii rpyHTos 1o kpynHocti uacti tacrnust kpyn-
noetuio Menice 0,005 sx 06LUNO OTHOCHT K tanuuctmy, or 0,005 a0 0.05 mw —
n neiaeBateM, ot 0,05 20 20 aaw — w necuanuy. Mo Mepe 2aasueitmiero so3apa
CTAHHA KPYNHOCTH HACTHIL PAXTHUAIT FPABI, rajvky. BAAYHEL

BoJunieil HACTLIO TPYHT COCTOHT N3 HACTHIL BEChMAa PasjiiHLIX Pa3Mepon.
COCTaB rpynTa Xapaktepuayercs KpuBoil rpanyJoMeTpHuecKoro anaania (pnc.
2-1). Ha sroit kpusoii no ocit abeiee OTKAaIbBaeTes OOLIMHO B Jdorapudsi-
HECKOM  Macuitae MaMeTp HacTHU FPYHTE, @ N0 OCH OPIHHAT — COOTBETCTBYIO-
HUIC  MPOUCHTHLIC OTHOUICHMA CYMMapHOTrO BECa HACTHIL  MCHBLINNX AaHioro
MaMeTpa, K BeCY BCEro Hecaciyemoro oGpavita rpynta. Ha kpusoii rpany.toverpi
MECKOTO anain3a HuMeetcs pal Touck, NPHGTIKCNNO NapakTepuiayounx huanipa
HHOHHBIE CBOHCTRA rpynTa. Oaua n3 Taknx TOueK Onpeleager auamerp dhpaxuun,
MCHBLIe KOTOpOit © rpynre conepantes 109 3epen no necy: 1ot anasmerp dy
HASBLIBACTCH ACTCTBYIOULIM i SOOCRTIBHBIM TnaMetpom (puc. 2-2). Konrpo-
JHPVIOWHM  ANAMETPOM gy HAZLIBACTCH naMeTp (pakuny,  Meniie KoTopoit
n rpyHTe cotepmunred 60% uacTimt Hmeiores it apyrie XapakTepHbie AHaMeTphl,
nanpuMep  dy;, nNpeiACTaBAsOUIMA  coloit  amerp Ppaxui, MEHLIE KOoTopoit
B rpYHTe coiepxuten 17% mactimt IToT anaMerp (QUIYPHPYET B HEKOTOPHIX
HOBRX POPMYIAX AR ONPEAEICHHA KO pPrienTa (puabTpauny.

Bee 9TH XaPAKTEPHCTHRN HMEIOT JUANCHHE BPH ONPCACICHIN (PIALTPALiton-

dso

X 1 cvphononnuy  CRONCTB TPYHTON. Oruowenne v = HATMBACTCA Ko

dyo
L, DPIICHTOM  PAINOICPHICTOCTH 1111 HeoaHopoaHoeT  rpyiTa. [lpn Baoane

[



OAHOPOAHOM TrpyvHETe 3TOT Kospduuwient papses eansnue. Mmeworcs pasznozepui-
CTHIC TPYHTLL, 134 KOTOPHX KOIDGMIUUCHT PA3HOICPHHCTOCTIE BHIPAMKACTCH AC-
CATKAMH, a4 B CJAVY4AAX NeCUaNO-TaldeuHbX TPYVHTOB MOXeT gocturate 100 i Gonee.
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Puc. 2-1. KpuBbie rpanyioMeTpHYeckoro aHaausa rpyuros,

! — kpynuuft necok: 2 - necox; & MeAKHA necox; f — necqaHnil CYFAHHOK: § - Cyrian-
HOK; 6 — ramsa.

Henaotho npuaerawwue Apyr K APYrY 4acTHUb rpynta o6pasyior csobotmoe
NPOCTPAHCTBO — MOPLI, KOTOPBC MOrYT ObiTe NOJHOCTLIO WAH HACTHYHO 3ano.-
Hennl Bojoit. [Toa aeitcTsieM pa3HOCTH HANMOPOR BOIA B NOPAX MOKeT HPHATH
8 ABHMKEHHMC, M TOTAa npoucxoauT ¢uastpauns. OrtHowerne o6bema nop V'
K ofweMy oO6nhemy o6Gpasua rpyuta V,
cocTosuleMy n3 o0BLEMOB NOp  YacTii, % no Becy

Ha3LIBAETCH NOpHCTOCTHIO rpyuta m: 100 =
% | |
m:: — . 2.1 s
T (2-1) @&
TopucTocTh wacTo Beipakaercs 8 npo- 0 / ! =
|
uentax. Owna onpexesnercs IKcnepi- / .
MEHTaNbLHBIM nyTeM [27). 4 7 | o
Ecau Obt rpynt cocrosa W3  ua- / o
c1mg wapooGpasuoit popMut, To, B 3a- 00— ' ;
RHCHMOCTH OT XapakTepa OTHOCHTEb- o d b l
HOIO  pacnonoKeHust Wapos, NOpH- 0 bt S | ¢
CTOCTL MOria O W3MEHATLCA B npe- y ,02 04 06 08 10 1.2 mm
aenax or m=0259 o0 m=0,476. ;..‘1’9_3 : !
B 1eficTBHTEALHOCTH TPYHT COCTOMT N3 : dg ! ;
YACTHIL HeNnpasuALHON QOpMBl W pa3- ey |
KOOGPA3HHIX Pa3MEPOR. ﬁoa'rouy no- — i

PICTOCTb  €CTECTBEHHBIX TPYHTOB M3- ;

Menserest B Godiee wHpokux npenesax  PNe 220 Xapaxtepune wamerpu
o6muno or 0,3 y rpasus a0 0,6—08 bpakuuit rpynra.

Y TOphsAHLIX TPYHTOB,

OPHCTOCTL FAMHMCTBIX FPYHTOB CHABHO 33aBHCHT OT MX ynaorsewts. [lp
SHAUHTCABHOM YMIOTHCHHH FIMHHCTHIX FPYIITOB 3HAYENHE HX NOPHCTOCTH CHABIO
YMEHLUIAETCS. 3aBHCHMOCTE MY MOPHCTOCTHIO M AABICHHEM AR FIHMHICTBX
TPYHTOB ONpeResACTCH NPH NOMOULH  FKCTEPHMENTAILHO NONYYCHHBIX KOMNPCC:
CHORHBIX KPHBBIX,

TPEWUHOBATLIX TOPHUX MOPOXAX MUALTPAUMA  MPONCXOAMT HO TPCULH-

H !
ML, HMeoWNM BechMa Pa3noobpasisie pasvepnl n dopmul. Ilpn pacevorpensi

l ;
" B Hexotopux noponax ¢mabtpaums NPOMCXONT KaK MO TpelnaM, Tak
M0 NOPaM, PACRONOIKENILIM MeAKAY TPRULHHAMI.
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GuabTpaunn B TPEUIHHOBATHX MOPOAEX BBOAMTCH MNOHATHE KOIPPHUMEHTA Tpeun-
nosatocty. Kosdpuiumuent TpeutHHoBaTOCTH ONPeaeIAeTcs Kak OTHOMMCHHE 06GheMa
TPEULHH NOPOAN KO BeeMy oObeMy oOpasua.

Hekotopbie aBTOpPbLI CYMTANT, YTO B OTANYKE OT MOPHCTOCTH, TPEUINHOBA-
TOCTh He MoXeT OLIThL OXapaxkTepuionana oauuM KodppuuueHToM i Aa8 ITOM
ean A04KHb ObITL YYTCHB TPH NapaMerpa, XapakTepH3YIOULHX pPackpbiTie Tpe-
LWHH, HX OPHEHTHPOBKY 1 OGLEMHYVIO NAOTHOCTL [145).

§ 2-3. XapaKTepHCTHKa BOJbl B rPpyHTe

Boaa B nopax rpyHtTa MOKET HAXOAMTLCH B Pa3AHUHLIX COCTOHHMAX: B BMae
napa, B Bule CRAIANHOM BOAB, OKpYMKaouwedl yacTHUW rpynta toruafimmM caoem,
VACPAHBACMEM NPUTAKEHHEM YACTHI, B BHAC KaNHJIAAPHONA BOAM, 3aN0JHAONLENH
MOPLE MAI MeJKHe TPeULHHb, HaXoAAWeAca B YyCJIOBHAX NpeobAaNaouero Aei-
CTBHA CHJ MOBEPXHOCTHOrO HATAKEHHA (KanuaJspHeIX CHI), B BHIE rpasuTa

UMOHHON HAM cBOGOAHOM BOAW, JABHXEHHE KOTOPOI

; NPOHCXOANT MOA BIHAHHEM CHA TsxecTH. B obuumnix

cayuanx NPaKTHKH  BeTpeyaeres  duasTpauus 8o
FPABUTAUHONHON 0 KaANHIASAPHOIM,

[Tpu ABHIKCUHH TPABHTAUHONHON BO/BI CEA3aAHNAA

BOA@ OCTACTCA B NOKOE, YMEHLUAA o6BeM nop, no Ko-

TOPHIM  NPOHCXOANT GuabTpauus. Orci0na  BOIUMKIO

nonsntie spPEKTHBHOA HAH AKTHBHON NMOPHCTOCTH, NOA

ROTOPOIl NOHHMAETCsi OTHOWEHHE NOPOBOro MnpocTpan-

CTBa, 3ANATOrC ABHAYIMEACH MKHAKOCTBIO, K MNOJAHOMY

o6beMy rpyHTa. ODPOPCKTHBHAR NOPHCTOCTL BCEraa

MeHbUIC NOPHCTOCTH M. JAf KpYNHO3CPHHUCTHIX IPYHTOB

>~ pasnnua MeXKAy nopucroctsio u spdextusroit nopucro-

w CTLIO HHMTOKHO Maja.

Kannaaspuas Boaa oGpasyer ual coGoinoit no-
BCPXHOCTLIO TPYHTOBLIX BOA KanwiJAspHYIO 30HY, HA3H-
fine  BAAFOCOACPAANA  gaemyio Kanuaaspuoit xaimof. lasaenne ua nosepx-

0 BHCOTE NJAACTA HOCTH PYHTOBOM BOAM paBHO atMocdepnomy p,. B ka-
; = 3ous Kar“p::-;:;;mn 8o; NUAASPHON e 30He NaBJeHHe MeHblle aTtMocdepHoro.
Wi- §— 3oHa Hawmenpwen B BCPXHHX TOUKAX Kanuaaspuoll xaimunt (nmoa Mewn-

BAATOEMKOCTH. cKaMil) namaenne

Pue. 2-3. Pacnpeneae-

P = pa— thx. (2-2)

rie h, — BHCOTA KANUAJAAPHOIO MOAHATHA: Yy — YACALHWA Bec Kuaxkoern. Bu-
COTA KanuiaspHOro NOAHATHA 3aBHCHT OT pa3Mepos H GopMH MOp rpyHTa, 2
TAK/Ke OT CBONCTB MMAKOCTH H MATepHala mnop H onpeaeasercs AadopaTopHbiMil
i noaessimp cnocoGamu. BaarocojepRanue KanuadspHoi KaiMbl HIMCHACTCH
1o ce npicote. B mukHeft wacti KaitMbl BO3AYX MOXKET NOAHOCTLIO OTCYTCTBOBATL.
Oanako B BepxHelt ee uwactd HMeloTes Bosayunnie nosocti. Pacnpegesenune
BAATOCONEPAAHNS FPYHTA HAZL MOBEPXHOCTLIO TPYHTOBON BOAW NPHUBCICHO Ha
puc. 2-3. B RKanuanaphoil 3oHe Baarocolepikanie @ HIMCHACTCH B npefesax orv
NOJHON BABrOEMKOCTH 40 HAUMCHBLINCH BAATOEMKOCTH HAM MAKCHMAJLHOM MOJe-
KYJAPHOR BAArOCMKOCTH W,.

pi HM3MEHEHHM YPOBHSI TPYHTOBHIX BOJ 8 npoitecce GUALTPAUNN Kanuiasp-
Han KaiimMa AepOpPMHPYCTCH M TakKe H3MCHAET cBOK (opMy KPHBAsi BAAroco-
aepxanna w=f(/1). B 30ne HauMenvwen BIArOEMKOCTH COACPHAAHHE BJArH onpe-
ACTACTCA KOJHMECTBOM CBA3aHHON BOAL, YAepKuBaeMOit COpOUIOHHBMH CHAaMH,
H HEKOTOPLIM KOJIHYCCTBOM KanuaaspHoit soas B yrosnkax nop. Taxum oGpasom,
(IPM NOHHMAKEHMH YPOBHSI TPYHTOBHMX BOA OCBOOOXKIAETCA YacTh NPOCTPAHCTBA,
sanumaemoro nopami. OrtHomenue obGveMa BuTeKuwied nox aeficToHeM cua T4-
weern roaw V7 k ofuwemy of6vemy rpynta V masmsaerca xosdduumenrom so-

A0OTAAUM TPYHTA o

m;, - 7 . (2-3;
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Kosdnimuent Bo100TAAUH ARIACTCA  (PUIHUCCKON  XAPAKTCPHCTHROH rpyHTa W
B HEHIMEHHBIN TCMTIEPATYPHAEIN VCIOBHAN OVT OCTOSHNOR BeINUMIOR 2aq j1an
poro rpynTa. B 3asucnMoctn or noCranicHHol 3aiaun xoadduitienT Bo1ooTiaun
MOJKeT HMeTh Pasnbic ToaKoBanus (cM. raasy 6).

[Ipu poaneMe YpouHsi FPVHTOBBIX BOZ BOZA 3di00ICT b 00LeM lo)
KOTOPbIH OCTaBAICH CROCOIHLM B MOMCHT HACKINCHNA Cro No/UNIMaoneles no-
aoit. Ornoweine coolouiore obveMa nop Kk ofulexy o6LeMy rpynTa HAILIBACTCH
Ko:tq)mmcuro.\t NEI0CTATRA NACKIeNES rPYHTA. 3T0T KOPPUIHERT auatoruuen
KOSBMIIUANTY HC (D0 Ak o (LW-HO NPHHIMACTCA UNCACHNO PABIWN €My,

33M1acK TPYHTOBOI BOAN B ILTACTC MOTYT MONOAHATLCA 34 CHeT NPOcayinsa
HHA BOAbl C nomepxHocTi 3eMan. Takol npouecc npocauunanng nasusaerci
naduavTpzirei. Madurerpanns  o0yCIOBAHBACTCH  KaK CCTCCTBCNHBIME  (PaKTO:
pa2t - CoeolME OCAIRAME, TER M HCKYCCTBCHHREIMIL — noannaMim u v, .
VIKTeHCHBHOCT L HMIIILTPAWHIE  XAPAKTOPIIVETCH  BEANYNHOI  pacNo1a  BOIM,
ﬂpOCB‘(HBalOlll(’i’lCﬂ ¢ OGN MTOMmAadn  [eSepPNHOCTIE  SCRLTEHL DTa  BCAHUNHA,
ofo3nauaemas £, HMCCT pasMepnoctn cxopocti. Hurvencusnocrs ucuapenus xa-
PAKTCPH3VETCSI BCIHUMHON PACXOAA BOIH, HCOAPSIOWCHCH € CANOMULL 1L10Waa
NOBEPXHOCTH 3eMAf, Ira nednuuna, 0fo3navaeMan TAKKC ¢, B ypasueunux i
TPAIGIN OTAMUACTCA OT ITHTeHCHBHOCTH MHOHARTPAUIIL TOILEO 3IIAROM.

§ 2-4. 3aKOHbI CONPOTHBIEHHMA NPH PUNLTRAUMM

Kak nokasmsalor TCOPCTHUCCKIC N FKCHCPHMCHTAILHKG NCCTC0RANNA, ANa-
JNTHYCCKOC DBLIPAZKENHe 3akoHa COnpoTisienns npi  duantpannn  sasucur  or
3HAuENHA CKOPOCTIE (PUALTPAIL, BAIKOCTIH ARIKGCTH i passepos nop. Hanboace
NPoCTOe BHPAKEHIHE HCKOMOH paCHeTHoll 3a-

BHCHMOCTH MOJYNAETCA 1IpI A0CTATOYHO Ma- R

AbIX  CKOpOCTAX Guavrpamn. B stux  cay- .f'hw
YaAaX HMECT MeCTO  JNHelHas  3aBHCHMOCThL 1
MEKAY CKOPOCTLIO YuibTpanny u rpaauei- Tt
TOM nanopa — .3axoir Japcn.

Coraacno aakowy [lapew, notepn wua-
nopa npy PUEALTPANRK JIHIEHIO JABHCAT OT
CKOpOCTI biviuTpawmi:

o—RI, (2-4)

rAC U — CKOPOCTh  (uabTpauun; & — Kovd-
huipenT  GUJALTPAINN,  HMEIOUIHIt  paiMep-
HOCTb CKOPOCTH; [ — NLE30METPHUECKNit VK-
aon (rpajienT ranopa):

Puc. 2.4, Cxema duasrpannn
(2-5) B ILTHHAPHMECKOH TpYOe.

p te
{

rac hi. ——norepn nanopa Ha vuactke aamo { {puc. 2.-4).
PuaeTpanONNLIT pacxol

Q — kel, (2-6)

rae o — Naouais ceueHust TpyenrT

Mpu w3vuemnt GUILTPALIN KWIKOCTCH, OTAMUNLIX OT BO/LIL Hanpuvep pac-
TBOPOM CoA€H, HTO MHOTA BCTPeNaeTcss B NPAKTHKE HATYPHBIX HCCAAORAHMNIT
PuabTpauny, Y000 XAPAKTEPHIOBATL  (IILTPAINOMNILIE CBONCTBA  HOPHCTON

CPpeln deszanycHmo oT poaa wuakocra. Las svoro zaspcumocts (2-4) npeicras-
JAACTCA B BH/IC:

0 -fi-'_, = Rk (2-7)

"('Re Y YACALNLIT BEC MKMAKOCTH; M — ROIPMIMUICHT BAZKOCTI JKHAKOCTIY, V—
HHCMATHYCCKHIT KOIDPHITHCHT BA3KOCTH: £ — VCKODPEHMC CHALL TSHKECTH; € —
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KO3 PHUNEHT NPOHHILAEMOCTH MOPHCTONR CPeaLl, HMCIOUWNA Pa3MEPHOCTL MIOILALN,
On onpeaeasercs Beanunnoil n GopMON YaCTHIL TPYHTA, a8 TAKKe HX BIAHMHKIM
PACNOAOKEHHEM, HHAYEe TrOBOPH, 3aBHCHT OT XapakTepa MOPOBON CTPYKTYPL
rpyuta. Mexay xospduunentamu GuALTPaUNH M NPOHNILACMOCTH, Kak 3TO Cac-
aver u3 gpopmya (2-4) u (2-7), uMeeTcs CACAYIOUIARA CRAL:

R BN (2-8)

i Y G

B rexmnueckoit cucreme eannmit Kos3GOHIHENT NPOHHLAEMOCTH HIMEHSeTCH
8 KBajapaTHuIX cautiumerpax. [lpakruuecku vawe Bcero, B 0COGEHHOCTH NPH N3Y-
ueHun QuabTpauun HedTH, OH BHIPAKACTCA B CHEUHANBHBIX eAMHHIAX, HalnBae-
MuIX aapcu, npuuem | ca?=098] - 10% dapcu.

Ecan ¢ Bwmpaweno s aapcen, a KuHeMmaTHueckufl KoshPHilMeHT BA3KOCTH V
B CTOKCax, TO

k- 10"% % [cs/cex). (2-9)

Ecan nssecren xosppuuueHr PuasTpaunn Ry NPHMEHNTEALHO K AHAKOCTH
C KHHEMATHYCCKHM KOFDOHUMEHTOM BA3ZKOCTH Vi, TO AIA TOrO Xe IPYHTa Koud-
(unnent GUALTPANUH Ry NPHMCHHTENLHO K KHAKOCTH ¢ KHHEMATHYeCKHM Kosbdu-
UHEHTOM BA3KOCTH Vv Gyier

kz—— —::—I—kl. (2'l0)
2

3akon JlapcH nHaxoaMT BNOJAHE YIOBACTBOPHTEAbHOE Teopernueckoe ofnsc-
HEHHE TNPH MaJblX CKOPOCTAX (HALTPAUMHK, T. €. NpH TeX YCAOBHAX OGTEKaHHA
YACTHIL TPYHTA, KOraa CHAAMH HHepPIHH MOKHO npeneGperarn. Kak nasecrno,
B Ha3BaHHBIX YCJIOBHAX TeHEHHA JKHAKOCTH OTHOWIEHHE CHABI HHEpUMH K CHaC
TPEHHs MaJj0, HHaye rosops, Maao uuciao Peftnoasaca. Auaaoruuno dopuyae
Crokca Aas CHAB CONPOTHBJICHHA [ABH/KEHHA 1Wapa B BA3KOH KHIAKOCTH 3aKOH
JlapcH HMeeT MeCTO TOJLKO NPH J0CTAaTOYHO MaamX uwucaax Pefnoavaca. Takum
o0pa3oM, MLl NPHXOAHM K MOHATHIO O npejeae npuMmenumoct 3axona [Mapeu.
Bnepswie kputepuit npumenumocts 3akona Jlapew, ocwosaunwuiit na uucae Peil-
noabica, npeasoxua B 1922 r. H. H. INasaosckuit [125).

[Mo3zanee 3THM BONPOCOM 3AHHMAJKCL MHOrHe necaeposarean. HaubGoaee
fﬁocuonauuoe BLIpAXKCHHE A5 JAHHOTO KPHTEpHS OLL10 NOJAYYCHO IJHreJyHI0M
208].

NBITHHIE AAHHBIE NMOKA3LIBAKOT, ¥TO OTKJIOHCHHMe OT 3akona lapcu npum ype-
anvenuyt uncaa PefiHoapaca Buillie HEKOTOPOro KPHTHHECKOro 3HAYEHHA NPONCXO-
AUT MeAIeHHO, HO BOMNPOC O BeanunHe ownbGKH, KOTopas Gyaer uMeTn MecTo npi
noan3opanun 3axkonoMm Jlapew B 31Ot OoGaacTH B HacTOsUlee BpeMa He Hocae-
A0BAH € JOCTaTOuHOM HaaexHocTulo. OTkIonenns or 3akona Jlapcu npu maimix
yucaax PeftHoabaca eule He CBHACTEABCTBYIOT O nepexoae K TypOyJeHTHOMY
pexumy. TypOyaenthutit pexuM GuisTpaunn BO3HMKaer npu uucaax Peiinoasica,
80 MHOro pas GOablHMX TCX «KPHTHMECKHX» aHaucnuii, npiu Koropux nabawoaa-
I0TCS OTKAOHEHNHs oT 3akoHa Jlapcn.

TeopeTnueckie pacyeTnl M NPAKTHKA HATYPHBIX MCCJAEA0BAHMI MOKA3bIBAIOT,
4yT0 B floaasasiomeM GOALIIKHHCTBE Ccayuaes (QUALTPAUHK B THAPOTEXHHUCCKHN
COOPYKEHMSIX, HX OCHOBAHMAX, @ TaKKe Ha OGWHPHBIX TCPPHTOPHAX, HAXOAA-
UHXCS B 30HAX MOANOPAa rFPYHTOBHIX BOA OT THAPOTEXHHYECKHX COOPYIKEHWIl,
sakon Jlapcu umeer Mecto. Bo MHOrHX cayuasX (HAbTPAUHS B TPCUMHOBATHIX
FOPHHIX MOPOAAX TaKKe MPOHCXOAUT MO JAHHEAHOMY 3aKOHY. ITO O6CTOATCAL-
CTBO HMEeT BechMa Ba/KHOC 3HAuCHHE, TaK Kak JAuHCAHBA 3aKoH QuanTpauun
no3BOJAACT NOAYUHTH AN(QepeHuHaIbibe YPABHEHHS, HHTCIPHPOBAHIE KOTOPHIN
BO3MOMXHO BO MHOPHX MPAKTHYCCKKH MHTEPECHHIX Cayyasx QuanTpauim. El.w
psifa 3ajay, He MOAAAIOMMXCH TOMHOMY peiueHmio, 3akon dapcu nossoaser no:
JAYYHTL IKCMEPHMEHTANbHBE PeIICHHA TPH MOMOUIH JI0CTATOMHO NPOCTHIX CROCO:
608 MOACAHPOBARNA PHALTPAIHM.
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OCTasoBHMCH Na BLIPAKCHUSN 3axona PILTPANHN 33 NPCACTaAMIE NIPUMCeHIL-
woctit s3akona lapci. Momuo orvetnti Asa nanfodee HIBECTHHIX BbIPameHst
groro 3akoHa. [leproc BHpzmKeHue, HOJVMRBUICE HCKOTOPOC PAacHpoOCTpatcHiC,
pMeeT MOKa3aTeILHYIo (popyy:

!
o=KI1"; (2-11)

rze K 12— duantpaoniue Napakrepuctisy, ipnves seatuitna K aHagornuna
ko3dppuuuenty puantpannn. lNowkaszarean n B 3aBHCHMOCTIL OT TI3AMEHEHMA MHCIA
PellHONLACA MEHSCTCH B npelesax or eanminl A0 AsyX. [lepsoe ero 3Haucie
COOTBETCTRYET MaagniM uncaaM Peiiwoapica u npespamaer smipameHuc (2-11)
g 3akoH Jlapcn. Ilpun #=2 apoucxour TypOvacHTHas QuieTpauia npH Keaipa-
THYHOM 3aKkoHC conpotimicnis. TypOyvacntnas duanipas HmeeT Mecio, Ha-
npuMep, b RaMOHIon IMGP()CI\’C.

a) 6)
b 54

=

=

Hi Ay
—— ——

0 0

Puc. 2-3. Tpaduxkn 80100p0BOLIMOCTH IL1ACTOB: a — P AIaR-

HOM 1t 6 — MpH APEPHBIHOM 3MeHeHHN KodinenTa
HHALTPAIL
3mrpuxogana antopa xosduuenta GUEALTPA LHH.

[Moxaszaresauibit 3aKon (UALTPawIE He MOKeT ORTL 00OCHOB2N  TCOPCTH -
YECKH, A MPAKTHUECKOE [0Jb30BANKC WM BO MHOIIX CAy4asx npeacTanifercs
HeyOGHEIM, Taxk Kak NpPH CYLLeCTBeHHLIX HIMCHCHHAX CKOPOCTI (PHALTPANMI
B OJAHOM Il TOM K€ TOTOKE Aay<C NPi ONOPOAHOM TPYITE NMOKA3dTedh 11 MOKeT
H3MCHATHLC! B 3HAYHTEALHLN npeiciax. HanGoaee onpaBianHOil TCOPETHHCCAL H
SKCTIEPHMCHTAILUO ABIACTCA ABYHICHHAS (opMa 3aKOoHa (PUALTpauiiL:

I= Av + B2, (2-12)

rae A 1t B — GuALTPAIHONKLIC XAPRKTCPUCTHRY, 3aBHCHUINE OT MOPMCTOCTH 1
hopMbI wacTHIL FPYNTA, a TaxiKe Or cBoiicTs AKuaxoctH. Teopernueckn qopmyaa
(2-12) O6maa noarnepxacna C. Hpesmcem [39]. Kaxk noxasmBator uccaenosanis,
3aBHCHMOCTE (2-12) xopomo oXBaTheaeT (QuUabTPAlHId B TPEULHHOBATLIN (OPO-
aax [89].

OcTaHoBHMCH TCNCPL Ha APYIHX (PHABTPALNOHHBIX Xapakrepuctukax. TIpu
HCCACAOBAHHM NAABHO MAMCHAIOLLKXCA (RILTPALMONILIX MOTUKOB HeaecoofpazHo
NOJAB30BATLCA XAPAKTCPHCTHKOI, HajuBaeMmoll BolonposoiuMocTnio. Bogonposo-
AHMOCTBIO 6C3HANOPIOrQ MJacta Ha AANNON BEPTHKAAM HAMBACTCA BEJTHYIHA

It
Hy= | kdz, (2-13)
h—H

';!110 £ — BePTHKaAbLHAA KOOPAMNATA; K — nepeventblil Kos(OUIHCHT QHIILTpalL;
Hanop Ha aauwoit repTHkanu; H — rayliuKa noToka.
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Ecan Boaonocusiit n3acr COCTONT M3 pAAa CAOCB C Pa3AUYHBIMH 3HAUCHNAMMN
KosthpuunenTa puabTpaunn, To

n
Hy— > kT, 2-14)
i1

rie 2 —uncao caoes; Ty u & — MOWHOCTE 1t KOIDPuUHCHT PuALTPALNi {-T0 C101.
Ha punc. 2-5 nokasan rpadguk BOAONPOBOJHMOCTH [J]aCTa B 3aBHCHMOCTH
or rav6ues H. On npeacrasieH B BHAC JOMAHON AMHHN, TOMKH MCPLAOME KO-
TOPOi COOTBETCTBYIOT KOHTAKTHBIM MOBEPXHOCTAM C.10€8.
[Mpx 0AHOPOAHOM 1O NPOHHIAECMOCTH NIACTC

Hy— kH. (2-15)

3aveTuMm, uTo OOBLIYHO BOJONPOBOAHMOCTL NJACTa NPH Nepexose OT OIHOI
BEPTHKAIH, NPOBEIEHHOR B NOTOKE, K APYrofi H3MEHACTCH AOBOJALHO MEJLIeHHO.
Peskoe usmenenwe H) no ropH3oHTA bHBIM KOOPAMHATAM [1OTOKA NPOMCXOANT
NpH Pe3KOM H3IMeHeHHH JHTOJOMHYECKOro COCTana BOAOHOCHON TOJLLH,

B HEKOTOpPLIX ypaBHeHHAX HeyCTanoBupulciAcs duasTpaunn Gurypupyor or-
Howenus Kosdpuurenta PuasTpatun K nosepxuocriomy Kosdduisenry poxoor-
Aaun kim’ wan Hx/m’, XapaktepHayomue cKOpOCTL PacipoCTPAHCHHS HAMEHCH I
Hanopa B8 BOAOHOCHOM [M1acTe. ITH  OTHOWEHHA HA3LIBAIOTCA COOTBETCTREHHO
Kos(ppuunenTom  ypopHenposoaAnocTH #  KOspGHUHENTOM  VPOBHENPOBOAHOCTL
naacra, B cayuae nanopssix moroxkos otnowmenne fHy/m’ naswisaercs Kosdou-
uientom neesonposoanocti naacra [120]. Boaee noapoGumie cveaenns o6 3THX
Kos(pduunentax npuseaenu s raase 6.

§ 2-5. O6wme ceepenns o6 onpepeneHum
(DUNBTPALMOHHBIX XAPAKTEPHCTHK FPYHTOB

OcuoBHOIl  QUALTPAUNORHOR XAPAKTEPUCTHKON TPYHTOR ABIACTCH  KOMppii-
wient Guastpaunn. Hanommuum, uro norpewmrnocts npu onpeaerenun ¢Gpuanipa-
IHMOHHOTO PACX0Aa B 3CMAAHBIX COOPYAKEHHWSX M OCHOBAHMAX IHAPOTEXHHNMCCKN X
COOPYKEHHIT NPAKTHYECKH PaBHA MOrPeutHoCTH Npu onpejaeicHun Koxdpduumenta
¢duavrpanun, llorpeuocts npu  poiuncaeHnn Kospduuuenrta duavTpanun or-
AeJALHBIX CJ0€B CIOHCTBIX NAAcTOB Bjaeyer 3a CoGOR NMOrpemHOCTH NpH onpele-
Jeunn GopM KpHBBIX CBOGOAHON MOBEPXHOCTH INIOP AABJCHHA, rpaiMenTos na-
nopa u T. A.

Kosppuunent Guabtpauun onpeaeasercss OAHHMM N3 CACAYOUHX Cnocodos:

1) no dopmyaam, B KoTOpbie BXOAAT AaHHbIE TPAHYJIOMETPHUCCKOrO aHaInsa
TPYHTa,

2) IKCNEPHMEHTAJALHO, NYTEeM HCCACA0oBaHHA 00PA3UOB FPYHTA HA PAIIHUNLIX
GuabTpauHoONHLX npubopax, B 7a6OPATOPHLIX YCIOBHAX;

3) nyTem HCCAeA0BaHHA GUABTPAUNH B HATYPHBLIX YCAOBHAX.

Onpeaeacnuio KospduuueHTa (GUALTPAUHN B HATYPHBX YCIOBHAX 10CBS -
wena raasa 5. 31CCh JKE OTMETHM, YTO HATypHble onpeiaciacHus Koshduuxenra
$uapTpaunn spasoTca HanGoaee pacnpocTpaHeHHniMH. Onu TPeGYIOT 3HAUKTEAL:
HBWX 3aTPaT, HO MOJAYUEHHBIC pe3y bTarhi OOBIYHO Goaee TOYHbI M HAACKHB, YeM
pesyapTaTel M3yuenus Kospduumenta QuasTpaunn aApyrumu cnocoGawu. Berea-
CTBHE 3TOro HaTypHbie onpejeienus xKoshdunuenrta GuabTpauuy IWHPOKO npi-
MEHAIOTCA B HACTOSLUECC BpPeMsi NPH NPOEKTHPOBAHMI THAPOTEXHHYECKHX COOpYy-
Mennit, a rakxe npu ux skenayaraund. OHu COCTABAAIOT HEOOXOAMMYIO YacTh
THAPOTEONOrHYECKHX HCCAeAOBaHuil pafioHa CTPOMTELCTBA.

Onpenenchna koapduunenta PuALTPAUHN NO AAHHLIM TPAHYIOMETPHYECKOIO
anaan3a M IKCNEepHMeHTaJbHBM cnocoGoM wa npuGopax 20T NpubGANIKCHHLIC
sHaveHna Kospduunenta PUALTPAILUH, NPHYEM OHH NPHMEHAIOTCH FAABHBIM 00-
Pa3oM Aas necuaHnix rpyntoB. J1aGopaTopHbiil Cnocod 4acTo HCNOALIVeTCs npit
onpefeacnnn Kospduunenta QUALTPAUKMK TPYHTA KaK CTPOHTEILHOrO MaTepnaJia
npu  COOPYIKEHMIt 3CMJAANBX MJIOTHH, fepeMbiuex, o0paTieiX ¢uasTpos M 1. A
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OcranosuMca Ha cnocolfe onpejserenna xkospdunmenTa GuasTpaunn no aaun-
HBIM [PaHYJOMETpHYECKOT0o aHainsa. B srux cayuasx oObuNO  HCMOABLIVETCR
popMy-1a, BBITCKAIOWLAR W3 (2-8) u n3 coobpamennil 0 pasMepHocTi Kozdpu-

HeHTa ¢:
k=S8 g2 — Age, (2-16)

rae d — pacueTiiiil HAMCTP uacTuil rpyira; o — Gespasmepnoiit  Kosddpintuent,
3aBHCALLHA OT NOPHCTOCTH 1t (POPMBL MACTIIL

Kosdumuent 4 8 dopuyvae (2-16) onpeieaseres no-pazuomy [88]. Boodue
roBOps. ON 3ABIUCHT OT MOPHCTOCTH, OT (POPMBE uwacTuy rpynTa, ot Kopuuenra
BAZKOCTH JKILIKOCTH, KBASIOWErocs QVHRILEH TeMmepaTyvpsl KIIKOCTH,

Tak xax B ACHCTBHTCIBHOCTIL IPYHTH H8ASOTCH PASHOIEPHUCTRIMH, TO 14
npusmeneist gopyyan (2-16) 1eoGXoAMMO XapakTepnioBaTy, FPYHTH HCKOTOPLM
neficryomuM i sdgdestTuBHbN aMerpor vactint. OueRnaino, sT0T Anaverp
KOPPEASUIOHHO CBA3aR €O CPCTHHM  DAIMCPOM 0P, MO KOTOPMM  JIBIKCTCR
HUAKOCT b,

Cnocobst  HAXOKACHHA SPPEKTHBHOrO AuaMeTpa pasiuuHel vV  Pajisix
agropos. [lo Xezeny — 3ro dio, no 3ayepbpew on pagcH dy, no cnocody Kpio-
repa—lIlyHKepa — anamerp uacTHuLl, MOBEPXHOCTH KOTOPO# paBHa cpeaneit uo-
BCPXHOCTH HaCTHU, 3aKA0YAOWIIXCH B JaHoM o0ueme rpynta n 1. 1. [88]

JaGoparopusie cnocobu onpeaeaenna kosdduivienta GUALTPAIN OCHOBANLI
Ha (UALTPANNN AIIKOCTH (HHOF1A BO3AYXA) wepe3 o0paseil rpyHTa, NOMenleH-
HbliT B creluaabHblit npuGop. OGuuHO palouas uwacte npubopa npeicTaniger
COGON WHANKAP, 11 B HEM HPONCXOAHT OAHOMepBan (uasTpauns, a xos(ppuuiesT
puasTpaitity ofpasna rpyura oupciCIACICH Ha OCHoBannn 3akona Lapcu npn
U3BECTHOM, 3aMepenHoM pacxoje [27]).

[pu aaGopatopuom onpeacacnny Koshduunenta GuaLTpatine B HIBCCTHIN
VCIAOBUAX MOMKHO HA0102aTh nepeMeutenite BIUYTPIL TPYHTA MeJKIX HaCTii Hoj
BANAHNEM THIPOUIHAMHYCCKUX Cil, BO3HuKawowux npn guabrpanni. Takoe nepe-
MEULeHIte ABJISCTCH UPHYINON BEHOCA HacTIL N3 TPYHTA JAr00 HAKONJEHNs Med-
KHX HACTHIL # NOPAX FPVITA B HCKOTOPUX 30MaX,

Slerenne nuHOCA MACTINL WA FPYNTA NAIWMDAIOT MCXaunuecKoi  cyvdrdosucii,
4 ABACHHE YILIOTHENNsS TPYHTA MCJAKMMI  MacTHIAME — Koasmatauuen. [Tpouece
NEPEMELLCIINS  YUCTIIL B [PYHTC HHOFIA CONPOBOKIASTCR  CVINCCTBCINBIAIL (IMe
HeHMAMM BO BPeMCRI KOIPPHUBCHTE GUABTPANMIL B CTOPOIYV  VREINICTIS (L1
yMEHbLeH.

[Ipi waanunr B rpyATe PACTBOPHMLIX BCWCCTS NMEIOT MecTo  anddvina
3THX BCUIECTE B (PILILTPVIONICH AHIKOCTH It Repenoc AMGDPYILIPVOWNX YacTiy
notorom  Ilponexoant Goaee wair Menee GBICTPBI 1POICCC HAMCHCILIR MO
TPYHTA AN TPEUHH nopoin, Giarojsapsa veMmy kosdpmuent guiaurpaunn vec-
JANUHBACTCH Bo BpeMenlt. Takoe ABJCHHC B THAPOTEXHHKE OOBIMHO 11A3BIBAETCA
XHMHYCCKON Cydiio3ueil.

Xuyimeckan cvddosus 1aGr0aaCTCH B OCHOBANMAX HCKOTOPLIX IMAPOTCXHN-
UECKHX COOPYAKCHHIL, 11 MCCICTOBANMEC ITOMO MPOIECCa TECHO CRA3AHO C HCCIe10-
Balpey  (PUALTPALMI  KAK  OCHOBHOrO (akropa HHTCHCHPUKAUNY  XHMHYCCKORN
cyddoann.

Onpesetenne neanyine KOIGMIUIEHTA BOAOOTIAMN L1 HEKOTOPLIX C1VyicR
NPOHIBOAUTCS COIVIACHO IMCIOUIMCS 1 JUTEPATYPE PCROMEHatlsiM, HO B CI0x-
HBIX Cayyanx 5T0T KOIPOHIEHT ONPeACTACTCs NYTeM .JadopaTopHMX 1111 Ha-
TYPHBIX HCCIASTOBAHHIN.

Tak kak B 2a60PaTOPHNX YCTOBHAX TPYANO OGCCHCUMTL HCOGXOIMMYIO Mgt
POTY HCCICAOBAHMA. TO B OTHETCTRENHLIX caymanx neobxoannmo npuberarn K na-
TYPHBIM gecaeaoBannay KOhGHUIEHTa ROIOOTRAYI,

AA00PATOPHBIX YGIOBHAX (PH ONPEEICHEN  BOI0OTLa0NeH cnocoGHOCTI
TPYHTa oO6uuHO uposoANTCA Apennposamic o6pa3ua rpyiTa, NOJHOCTLIO HaCchi-
WEHHOTO BOAOI M MOMCLENHOrO B BEPTHRAALULIT BuCOKHA (710 2,5 &) wuHAunIpi-
YeCkHil npuGop. Ipn 3TOM RO BPCMs ONKITA OUPEACAACTCH BCAMMHHA PACXO1D
H nonoxeie nOBEPXHOCTH FPYNTOBONH BoAM B nponecee Apenuponanna [111]

2" 19



§ 2-6. Knaccupmraums rpyHTOB
no Mx PHNLTPALMOHHBIM CBOHCTBAM

FpyHuTbl M TPEUWHHOBATHIC MNOPOAN YCAOBHO MOXKHO TOAPA3ACANTL HA BOAO-
NpOHMILaeMBble N Ha BOAOYNOpHLE, HAH Bogoynopu. Boaoynopamu nazwipawoTcs
TakHe TPYHTHI M NOPOAB, BOAONPOHHUAEMOCTh KOTOPHMX BECbHMa MaJja No cpas-
HEHHIO C BOJAONPOHHUAEMOCTBIO COCEAHMX miacToB. B 3asucumocri OT Xapaktepa
GuabTpauHOHHOR 3ajaaul, BOAOYNOP MOMKHO CHHTaTh BOAOHenpoHuuaemwmiM. Ta-
KuM oGpasom, BOJOHENPOHHUACMOCTh TPYHTA HMCCT OTHOCHTEJALHLI Xapakrep.
B oamoMm cayuae pacuera npu AaHHOM COOTHOWeHHNH Ko3(pduumnenrtos ¢uasrpa-
UHH NAACTOB MOXHO CHHTATL NAACT € MeHnlnM kKospduunertoM duanTpauuy
BojloHenpoHuuaembiM. B apyroMm cayyae Ttakoe AONyWeHHe NPHBOAKT K Cylue-
CTBEHHON MOrpemnocTH.

BojonponuuaeMbie rpyHTS H NOPOAL MOXKHO MOAPA3ACIHTH HA H3OTPONHBIC
i anusorponunie. B msorponueix cpepax xkosdpbuument duaptpaunu 8 awoboi
TOYKE He 3aBHCHT OT HanpapieHus ckopocti QurabTpaus, Haorponuue rpyHTsl,
B CBOIO OHepesb, NOAPAIALIAIOTCA HA OAHOPOANBE M HeoaHopoaunte. B oanopoa-
HEX TpyHTax Kospduument GUILTPAUHM He 3aBHCHT OT KOOpAMHAT obaacti
¢uabTpaunn. B HeoaHOPOAHBIX TPpyHTAX Ko3p@uuuent (GHALTPAUHH 3aBHCHT OT
Ha3BaHHKIX Koopaunar. B aunzotponumx cpeaax kosdpduument duapTpauin
B JMaHHOM TOUKe 3aBHCHT OT HANpaBACHHR CKopocri uALTPaun, HIMEHAACH
8 npeaeaax or Ruaxe A0 Ryxn. Te B3aWMHO nepencHAMKyASpHBE HanpabIeHus,
AT KOTOPLIX Koshduuuent PuALTPAUHH NOCTHrACT MaKCHMAJLHOIO M MMHM-
MANbHOrO 3HAYCHWA, a TAKXKe HANPaBACHHE, MEPNeHANKYIAPHOE HM, HA3LIBATCH
FAABHEMHE HANPasIeHHAMI AHH3OTPOIMH.

IMpuMepoM aHN3OTPONHBIX TPYHTOR ABAACTCH rPYHT, OGPAa30BAHHMLA M3 TOH-
KHX HepeAYIOUIHXCA H3OTPOMHLX CJA0eB C ABYMS PasIHYHBIMH 3HAYEHHAMM KO3(-
duunenta PHALTPAUMY, 3 TAKKe JECCOBHIl rPYHT, BOIONPOHHUAEMOCTL KOTOPOro
B BEPTHKAJBLHOM HANpaBJCHHH BO MHOro pai Goapliie BOAOINPOHHILAEMOCTH B Ha-
npasJeHui TFOPH3OHTAJALHOM. AHH30TPONHAA BOAONPOHHIAEMOCTL MOXKeT ObiTh
ofycaoBjieHa HaaHuHeM B MopoAe TPeUlHH, OPHEHTHPOBAHHLX B ONPele eHHOM
HanpaBJIeHHM.

IMps HanKuKK AHMIOTPONHOrO BOAOMPOHIUAeMOro rpynta 3axon Japcu bet-
paxaerca B Goaee oGueit opme, a HMEHHO BEKTOp CKOPOCTH (uIbLTpailuu

v =K grad h, (2-17)

npuueM xospdpuunent Puabrpawnn K ABAACTCA He CKAIAPOM, Kak B M30TPONHOM
rpyute, a Tensopom [7, 129, 145).

Ecan B anuszorponHoM rpynte 3uavenus xoypduunenra puasTpanuyu p pas-
JHYHBIX TOYKAX, HO JAAA OAHOIO M TOr0 K€ HAnpapieHHst ABJAAIOTCH NOCTOAH-
HHMH, TO FPYHT Ha3BIBACTC OAHOPOAHO-AHH3OTPOMHBIM,

B HeOAHOPOAHO-AHHIOTPONMHLIX TIPYHTAX 3HaueHns Ko3pduunenta GuasTpa-
Ui B PA3IHYHBIX TOWKAX, HO AJA OAHOrO M TOrO JKC HAMpPABJICHUS 3aBHCAT OT
KOOPAMHAT 9THX TOYEK.

B npupoae Hepeako BCTPEHAOTCA BOAOMPOHUUAEMBIC [JACTH, CIOKCHHBIC
13 OTAeTBHBIX CJ0CB ¢ Pa3JNMHLIMK 3HaueHuaAMu Kospduuuenta QuabTpaum.
Kaxawit caoit Moxer ObiTh O6pa3s’oBaH H3 HEOANOPOAHOrO HAKM H3OTPONHOTO
rpyuta. Takne naacTsl Ha3IWBAWTCA CIOHCTHIMIL

§ 2-7. OcHOBHblE ypaBHEeHWS (MNLTPALWM

B § 2-1 Guniao onpefeseHO CTaTHCTHHECKOE MOHATHE CKOPOCTH (uabTpauiti.
IpnseaeM ewe HECKOJALKO OnNpefeaennii, CBA3aHHBIX C STHM MOHATHEM ¥ HeoG-
XOANMHX AAf AajpHefwero H3zoxkenus. B wucae ux caeayer npexae scero yno-
MAHYTH MPEACTABACHHS O JHHMAX ToKa. JIHHMEN TOKAa HA3BIBACTCA TaKas JHHHS,
KACATCLHAS B KAX/AO0il TOUYKe KOTOpOit COBMajzaeT ¢ HaNpaBJCHHEM CKOPOCTH
¢duapTpaunn B sTolt Touke. IloBepxHOCTH, MPOBEACHHAS B (MALTPAUHOHHOM NO-
TOKe, ¢ KOTOPOM BCE JHHHH TOKA TNePeCeKalTCsi OPTOrOHAJLHO, HA3BLINAETCH MKH-
BuIM CceveHHeM (HILTPAUHOHHOTO MOTOKA.
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O0063aCTh  HPOCTPAHCTBA,  @annras  MILILTDANHONNIAM  HOTOKOM, NASWBACTCR
o6aactbi Quavipawing Ecan chopoetit GuasTpainm i nueioMeTpiIeckiie 1anie
HHA B TOMRAN 00.3aCTit QULInIpatim He H3IMCHAIICA KO BpeMents, GuanTpanns
HasppacTea Yeranomunnrencn. [Ipn MAMCHCHIT BO BPEMCHI VRA3AHHBIX  Xapak-
TEPHCTHR 1IMEeT MECTO HexcranoBusmascs guanrpanus. Cleaver oTMCTNTh, UTO
APAKTINICCKI SEACHIA HCNCTANORIRICHES  PILILTPAII 06y CAOBINBAIOT HE CHALI
HHEPIUNN, KOTOpBIE NPt PIILTPAIGNT OOKMIO BECHLMA MAILL, A HAMCHCHIA DopMit
en0GOANOI NOBCPXHOCTIE HOTORE 1L HPOSABICHUA VAPYIOCTH IPYHTA 1 KHAKOCTH
Ecant A TOKA #MCIOT OMCHL MAIVIO KPHBUSHY 11 ONCHE MATHE VEIB PACNORK
AeHHs, TO Takas dHInrpauis, OCHOBLIBRACL HA IIBCCTHON TILLPABINYCCKOI Top-
MUHOJIONIH, HA3LIBRETCA NIABNO aMeHsoweites. B cavuae napyuieHis Viasan-
HBIX VCIOBIIT COOTRCTCTRYOULINT (PUILTPAINOHIKI HOTOR MOKHO HA3BarL pesko
HAMEHHIOULIIMCH.

Vyacten rpanmy GUILTPAGIONIGIO NOTOKA, Ha ROTOPBIN  1aBJICHIC Pasio
aTMOCICPHOMY . HASWBAIOTCH  CBOOUVILIMIL HOBCPXHOCTHMIE LT NOBEPXHOCTANIL
acnpecci. Hpu Baamun v noroka cso0oAN0R DOBCPXHOCTI (PRALTPAINIA HA3LI-
BACTCH GCIANOPHON, NP OTCY rervi cuoBoAU0l NOBCPXHOCT It — Hanopuolt. Fein
B HANOPROM  [TOTOKE MeKAY KAKHMI-THOO0 ABYMH  2KHBBIMI CCMEINAMI  IMeCTe
VUACTOK, OFPAHIMCHHLIT  cpoBOAN0IN NORCPXHOCTLIO, TO TaKan (ULILTPAUNA 112 -
BACTCH HANOPHO-Ge3Hanopuoi,

Anaans QrALTPAMONHLIN HOTOKOB CVILECTBEHHO 3aBIHCHT OT ONWero Xapak-
Tepa MAMCHCHIUH NOTOKA B HPOCTPANCTBE 110 OTHOWECHIK K KOOPIMHATHLIM OCHM,
Mpui sroM PUAOLTPANEAS HAWABICTCA OVIOMCPHOR B CayHae, KOrla uce Xapanre
PHCTHRI NOTOKA (CKOPOCTI (MLILTPAILIN, HAnopul, ianaciiit) ABIKOTCA Dynk-
umeil ool koopanKarel, ECan Bee MACTHIN JKNIKOCTIE HepeMeliainTes napa.t-
AALNO  NICKOTOPOH  HEOHOABIAKNOIN  NIOCKOCTH, TO (uuinTpaisa Na3kRacTe] N0
ckoil. B cayuace naockoit (uastpaing Bee XapanTepHeTiRD HOTOKA 3aBHCHT O
AByYX Koopannatr. Doauumoil snTepee Aas HPAKTHRI HPCACTABINCT TAKKCe 1L1410
pan uasTpanns. [Tox stuM TepMusoM nonuMaerca QGurAanTpainGt B ropusonrai,
HBIX 1A ¢1a60 HAKTOHOBIN  NAACTAN, KOMIa RePTHRAALUBIC pPa3Mephl NoTok:
BECHMA M Ibl 110 CPABHCHINO ¢ €0 FOPH3OHTAILHBIMIL pasMepazsr. NpanueHuaM
MIANonoN GIUILTPAUEE MOKNO HOJALIOBATECA 0PN H3VHeHi PrasTpawit Ha 60.L-
WHX TCPPUTOPHAN, TIC TOPHIONTAILHLIC PAIMEPW HOTORA HCHICIRIOTCH 1CCHT
KaMmil 111 1aAe COTHAME KILTOMCOTPOR,

OCHOBHBIE PACHCTHBIC AABNCHMOCTI A8 NepedncIennLx  ¢avuacs guanipa
uni npuseienst 8 Tata. 2-1. Coeaver 3aMETHTH, UTo L1 GOALINER OOUHOC T
PACHCTHLIX JAANHLIX NP PACHCTAN HACTO HCHOJLIYCTCH HONATIE MPHBeICHHOr0
Hanopa. llpunelleHHBM HaMOpP 1HASKMNACTCH OPH VCAOBMIL, HTO HANOP BCEPXHCIO
Guepa =1, a wanop muknero Gueda fa=0. OhGosmanas NPUBCTICHNEI  Hanop

fir, HMeeM caeayiomce pHpaKCie JCHCTBUTCALNOIO Nanopa 8 Todoit ToUKe
oGaacri puanTpannt

k ”I‘ — hﬁ) hf h:_n ‘218'

JUHIE Ai=const nasminaoics JnNHaME paniuy wanopon, a A== const
JAHMNUAME PABHBIX npuseicHuniy nanopon. B caviac oanopoinoro 1 nzorponioro
FPYHTA 2K TOKA OPTOTONATLIN K ANHIISN PARHKIX HANOPOR,

M3 upuseacnusix B vaGa 2:1 (opmya 0coGoro BHNMAHNSA  3aCaVANBACT
YPasuenue (2-25), B KOTOPOM VHUTWBACTCA CRIMACMOCTL IL1ACTA 1 HOTOKAE, Tak
HasupaeMmmit ynpyruit pesis. B onacrosimee spems usmeeres  Godsiioe 4ieao
PaGoT, NOCRAMICHUBIX HCCICAOBAIIIG VIPYTOLO PrakiMa, HUCKOILEY DeSVILTaTH
pacueros ¢ YUHEeTOM CANMacMOUid lt'n.mrp;muomwro HOTORS NOIVHAIOT HOATBCPA -
AcHe na npaktike [107, 117, 158, 193. 194, 197). Beamita @ cyinectseitiio saig-
CHT OT CoaepwaHma raia n RO, TaK KaK HAIMMHe 1A HIMCHAET ©f CAl
MaeMocTh,

PH HHTerpupoBaMii Vpanienmit THOOB, VRazanumy u Ta0a. 2-1, neolyo-
AUMO  yCTaHOBNTL, TpaHnuhbie vedosus, LIpi pacicrax obmuno  pasamuaor 1
FPannuax oGaacrin puapTpaitin YHACTKI YCTWIPEX THIL0B, & HMCHIO:

b Bononponuniacmpie yuacrkit (Mo Gueda, satondennne OTKOCs o T. L),
A€ AABACHHE MIMEHACTCH 1O MLIPOCTATHHCCKOMY takony 1t rae fr=const:
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Ypasuenus OuALTPAUMM

1 abauya 2-1

Tun noroxa

YpasHeHus PuALTPALUN

lMaasso uamen oM iCa

OcecummeTpuyH LIl

Maasno usmenswowniics

[Maasno u3MeHsIOWHIICE € FOPHU3OH-

TaAdbHEM BOAOYNOpPOM

Hanopnuf

Hanopnui

Beananopuuit
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A. Opnomepnan QuabTpauus
Ycranosupuieecs ABHXeHHe

Q —bmd—h kol  (2-19)
ds
Q —ke ‘1@- (2-20)
d
Heycranosusueecsn Asuxenne
AL (H ﬂ) & _m OH
@h 22 2m" Ok 0 (2-22)
ox? k k t
B. Naockas dmuabrpaumus
Yeranopusueecs ABiKeHHe
dh oh
v —_—R— v —k— (223
X Y z » (2-23)
i’_”_ o*h =0 (2-24)
gx* 9z
Heycranosupuieecn AsmxKenne]
f?.’i'_ . _‘?'i ,l_ .?_h. (2.25)
dx? gz a ot
s =0) . o
3
1= %)
B. Naanosas PpuabTpauus
Ycranopusweecs ABHKenue
0 L O
2.27
x| o &0
T
¢ = {k(z — h) dz (2-28)
h
(2-29)

¢=|k(z—h)dz
0



ITpodoaxenue maba., 2 1

Tnn noToxa | Vpaunedns dnanTpannn

H CVCTAHOBHBLUCECH JBIZKEHHE

0 ah @ [, Oh\
8 Hy —|+— [Hg— |+ =
Beananopuubli 5 ( L 7% 3 (\ k dy}
:m'_‘?ﬂ (2-30)
at

Mpusmeyaune. B vpaswennsx (2-19) — (2-30) npunsatot caeayvio-
e 0603HANEHHA: X, ¥ — KOOPANNHATH FOPHIONTAAbHBIE, S — KOOPAHNaTi,
COBIANAWAN ¢ AUHMNEe TOKA; Q — PUaAbTPANMOHHBIL pacxon; « - nao-
WaAb XKIBOTO CeYeHHR; 7 — PAIMVC-BEKTOP MKHBOro (UMANNAPHYECKOro)
cevennsn noToka; m’ -~ nosepxuocTiwit Koapduunent solooraaun (cu. § 6-2);
H — rayvomua noroka ;. h L — Z —-panop; p— laBNenne; | — vec

)
AN UL O0BEMA AIIKOCTH, 2 — BEPTHKAALHAA KOOpAMHaTa; % — PyHK-
unst H. K. Tupunckoro; T — Mounocts HanopHoro noToKa; & — HHTeNCHn-
HOCTh MHPHIBTPAUNK: @ — KOSPOHUHEHT Nbe30NPOBOIHOCTH; 2, — KO-
OUIHENT CXUMaeMOCTH pyHTa; E — MoAy/Jb ynpyroctd Boaw; ¢f
m/(1 — m) — xosdpuusent unopucrocTH rpymra; Hjp — pogonposoan-
MOCTb njaacta; { — Bpemst.

2} BOAOHENPOHHILACMBIC YHACTKN (I'PAHMILL [NOA3EMHOTO KOHTYpa COOpYyXxKe-
HHA, NOBEPXHOCTH BOAOVOOPOS 1 T. /L), ABIAIOWIECH JHHHSAMH TORa, rac \i=
=const;

3) VHACTRI BLICAYNBAHNA BOAL, TAC HANOP N3MEHAECTCA MO JIHHENHOMY 3a-
KOHY M rae fi=-—z:

4) xkpupuic cBoGOIHOR NOBEPXHOCTI, LM KpHBbie Aenpecciuy, riace h= -2 u
npH  naanuun  nduastpawnn  §+ex=const (¢ — pyuxkuns Toka), npin e-0
3Havenue f = const.

Kpome toro, wa rpamite asyvx caoen (I u 2) ¢ xosdpdunmenrtamn guantpa-
WH Ry i Rz L8 Tt TOKA MMEET MeCTO YCI0BIC:

Ry o tg 2,

FAC «; i Ug-- VIAL, 06GPAa3VeMBe KACATCILHBIMIL K JHHUKH TOKAa € HOPMAsio
K naockocTnn kontakTta. L8 ANHEAR PaBHLIX 11anopoB COOTBRETCTBEHHO

& _gn (2-31)

kot (2-32)
kg g '

rae By u Pz— viaol, 00pazoBaAHHBIEe KACATEALHBIMII K AHHHAM DAaBHLIX HANOPOB
C HOPMAALIO K KONTAKTHOR MOBEPXHOCTIL

§ 2-8. Kpatkme cBepleHMs © TeOperHYecKMx merogax
pacuera PunsTpaL MM

Teopernucckue Metoaw pewcnna 3a1ad no GuALTPAUNH BecLMa palnood-
Pa3HBl, W npuMenenie HX SABMCHT OT KJacca pelnacMuix 3azad. B wacrosuee
BPeMA Teopist 1 MeTOAMKA (DHIALTPAIIONHKX PACUCTOB HOJAYUILAL ovels Gontioe
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paseutie. OG30ps paloT, NOCBAMEHHKX 3THM BONPOCaM, NPHBOIATCH BO MHOMMX
smonorpaduax [10, 11, 129, 180].

OO6BLIMHO METOAB, OCHOBAHHME HA HHTerpupoBaniy AudepeHunaIuibX ypan-
HCHMIT PHALTPAUMK NPH 331aHHLIX FPAHHYHBIX M HAYAJLHMX VCAOBHAX Ge3 BCAKHX
JAONOJHHTEALHBIX YCAOBHA 11K AONYUEHHA, HA3LIBAIOTCA FHAPOMCXAHHYCCKUMIL
«TOUHBIMM» MeroaaMu. K TakuM MeTojlaM OTHOCHTCH, HanpHMep, MeToa KoM-
hopMHBIX OTOOPaXKeHMIT, uMeoWwnit ueblit pAL MoAKDUKaLHH Fll].

Hapsay ¢ TouHBIMH MeTodaMi HMelOTCH «npuG/IIKCHHBE» TeopeTHyeckue
MEeTO/Ibi, OCHOBAHHBLIC HA HEKOTOPHIX JAONYUICHMAX, BHITEKAIOWMNX 13 onuita. ITH
METOAN MO3BOJAAIOT 3HAUHTEALHO VMPOCTHTL TCOPeTHYECKHe pelucnus ¢uasrpa-
UHOHHBIX 3a/1a4 H MOJYUHTH AOCTATOMIHO TOUNLIC 1Sl NHAKECHEPHOro pacuera 3a-
pucuMocT. K Takum Meroaam OTHOCATCA, Hanpumep, MeToj (parMenTos, npea-
Joxenunit H. H. [Masaosckum [I125], MeToa CyMMapHOro yuera MeCTHBIX MOTeps,
npegaoxennsiit C. H. Hymeposuin [12).

Teopernueckie MeTOAB, OCHOBAHHBIE HA JONYUICHHH O TOM, HTO MNOBEPXHO-
CTH PaBHLIX HANMOPOB ABIANTCA BEPTHKAJLHBIMK [JOCKOCTAMN WM IULIHHApPHYC-
CKHMH TOBCPXHOCTAMH € BEPTHKAJILHBIMH OGPA3yIOMKMH, HA3LIBAIOTCA 4acTo riua-
papauyeckumMu Meroaami. OHu oCHOBaHB OObIMHO Ha npumexenun opmya (2-19)
i (2-20). Hekoropble H3 ymOMAHYTHIX CnocoGoB pacuera, 4acro NPHMEHACMBWC
P HATYPHBIX HCCAEAOBAHKAX (QHABTPALKH, KPATKO H3JAAralTCA HilAKe.

Hakonen caeayer ynoManyte 00 HCHOAb3YEMOM HHOrAa rpaduyeckoM cno-
cofe NMOCTPOCHMHA CETOK IBHAKCHHA, OCHOBAHHOM HA H3BECTHLIX CBOMCTBAX JuHEN
paBHbIX Hanopos i Jumiit Toxka [11].

Meroa cdparmenrTos

B caomupiX o6aacTaX (GUALTPALHK HACTO MOKHO 3apaHee NPOBECTH JIHHHIL,
GAM3KHE K JNHMAM PaBHBIX HANOPOB WAH K JHHHAM TOKa. DTH JAMHUK paséusaior
ofaacTH (PUILTPAUMK Ha OTIeibHble 4acTH-(parMenTn, (GOpPMb KOTOPHIX 10CTa-
TOMHO NMPOCTH AIA MOJYYSHHS TOYHBIX WA NPHOMIKEHHNHX pemwennit. T peue-
HHS 3aTeM CBAIKBAIOTCA MexKAY coboil onpeiesieHHBIMI 3aBIHCHMOCTAMH, B pe-
3yabTaTe HEro NOAYYaeTCA pellexite 1A Beeilt 061acTH B IETOM.

Herpyano Biaerh, uTO ()parMeHTH, HMEIOUIHE B KayeCTBe rPaHHUBI JHHIO
(moBepXHOCTL) PaBHLIX HANOPOB, COCAHHCHL! NOCACAOBATCALHO; HEPE3 HHUX Mpo-
TeKaeT OAMH M TOT e pacxon Q. Hmes pemenus 3azau orie’phbix ¢par-

MCHTOB B BHJIC
Q "fl(Hl)t Q f%(H2)00-~:Q f'l(fln)'

rae H,, Ha, ... H, — notepn Hanopa B Ka10M #3 u (PpParMenTos, noayuaem
CHCTEMY YPaBHCHHIL:

SHi(Hy) =fa(Hy) — ... = fa(Hn). (2-33)
Kpose Toro, cyaMa notepn nanopa ff n3sectia no 3alaHio, CIe10Bateunlo,
H == H; 4 Hy= i Hy (2-34)

M3 ypasnenuit (2-33) u (2-34) onpeaeasiores norepu nanopa fiy, Hy, ... H,.
a caenosareabho, n Q.

Ecan rpammieit Mex1y (parMeHTaMit ABASCTCH JMHUA TOKA, TO (parMentu
HMEIOT MapajielsHOe COeTMHeHHe, Toraa 1as n (parMenton Oyiem HMeTs cie-
AYIOLLYI0 CHCTEMY VPaBHEHHIL:

Q: — f1(H), Q= fa(H),.... Qu=fu(H), (2-35)

npuuem H — noteps wHanopa, koropas GyaeT oAaHof H TOi Ke BO BCeX mnapaa-
ACALHO COCAMHCHNMIX ¢parMentaX; Q, Q2 ..., Qa — PHABTPAUNOHHHE pacxoabl
B KaxiaoM (parmente. O6unit pacxos

Q=Q+Q i ...+ Qn (2-36)
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MeTofl CNOMEHHR TeHeHHH

MeTo 3TOT OCHOBAN Ha TOM CBoOACTBe ypasuewns Jlansaca, no xoropomy
cymaa YACTHbLIX pcmcnuﬁ ATOTO VpapHenud, VMHOREHHan na HEKOTOPLIe HOCTOﬂH.'
Hbe, €CThL TaKMKe peurenus ypapHenus Janaaca. CreapoparenbHo, €CTH H3BECTHN
MOTEHUNAAL ABYX CHKOpoOCTell Teuenust (B (JaHe), HanpiUMep OT JABYX Crokon
(CKBaXIH), TO CYMMAa 3TUX MOTCHUNAJOR ONPEIeIReT MOTEHUNa) HOBOIO TCHCHIA,
06pAa3yIOIerocst npH OJAHOBPEMEHHOM JeACTBHH ABYX 3a1aHHBIX CTOKOB. dpyrum
NPHMEPOM MOJKET CJAVAKNTH Cayuail AeficIBui CTOKAa (CKBAXHHA) Ma eCTecTnen-
HbIl PABHOMEPHBI 1OTOK FPYHTOBLX BOA. TloTenunan »Toro CJAOMKHOrO TewCHis
Gyaet PaBeH CYMME TNOTCHIIAJOD pasnovepioro notoka i croka [129]. Ha npus-
wHie CIOMCHHA MOTENUILHLY TeYeHiit oCHonan pa/l cnocobon pacuera R3auM-
Horo Bausist (urephepeHtnt) cxsanmi, oGpasylouwnx rpynny rl 179).

MerTop KBMBANCHTHBIX (PHNLTPAUMOHHBIX CONPOTHENEHHN

0. TI. BopucoBbM AJA pacuera L3aNMOJACHCTBIA CRBann Obli npeiromen
MCTO;1, OCHOBAHHMBIIT HAa aHaaoruy pacyceron puapTpauuit ¢ pacueToM 3IJesTpute-
cknx cereit [23]. Kax ussecruo, 3akon [apcu amajormucn 3akony Owma, npuuem
(GUALTPAINMONNBI PacXo)d Q ABAAETCSI AHANOrOM CHAK TOK3, 4 MOTEpH Hauopa —
4HaJI0roM PasHocTi noTeHuiaaos. [Toao0Ho TOMY, Kak IEKTPHUECKOE CONPOTHE-
JeHie ONPEeAeIReT s OTHOUICHIEM PAa3HOCTH NOTEHIHAI0B K Cilie TOKA, TaK B Teo-
pun puasTpammn  GIALTPAUKHONHOE CONPOTHBACHHE PABHO OTHOILCHNIO NOTEPN
Hanopa (Pa3HOCTH NLEIOMETPUMCCKILX YPOBHCH) K (PHALTPAHOHHOMY pacxoay.

B npuMmeuenig K CHCTCMAM CKBAMIN METOL 5KBHBAACHTHHIX (PHALTPAUHON-
HBIX CONPOTHBCHHIT COCTOMT B 3AMCHE CHCTCM CKBAMKHH SKBHBAJEHTHOIN CHCTEMOI
COBEPUICHHMX Tpaiiuicii. DT NOCACTHIC CHCTEMB! PACHOIOMKCHLl B NJAAHOBOM OT-
HONIEHHI TAK JKC, KaK 1 CHCTeMBI 3AMEHACMBIX HMI CKBAXHH, MMCIOT TY e Be-
AUYNNY H pacupeacaeniic efura Mo Te Ke [OBEPXHOCTH JICNPeccHy Ha HeKOTO-
POM OTHOCHTEILHO MaZOM paccToamun or cucremul. OGuiee (PnabTpamHonHOE
CONPOTHBICHHE 0AHOM CKBaKIHBL onpeacanceTes dopyy.ioi:

B =y - My, (2-37)

riae By — sueiiee GUALTPANHOHHOE CONPOTHBIACHNE HPH (PUALTPAIII K OTPEIKY
COBepIIEHNOIl TPAHUICH, JUIMHA KOTOPOIl PaBHa liary CRBAKHH. 3TO COMpOTHB.AE-
Hife ONpeeascTes nAaHoBoil (opMoil BOIOHOCHOTO NIacTa I PACHoJOMenem
ckpamun; (D) — BHYTpenHee (QUALTPAIIOHHOE COMPOTHBIENHNE B 30HE MECTHO!N
peskoit gedopManiit noToka BOAN3N CRBAKHHEL

BHyTpeHHee CONpoTHRICHIC BHEPAKACTCH Tax:

B, =, = b, = AD,, (2-38)

rae (' — wact), CONPOTHBASHISH, OTBEUAIOMLAN COBCPUICHHON CKRBAZKIHE, D, —
4acThb COMPOTHBJACHHA, YUHTHBAIWLAR HECOBCPIIENCTRO OUHOMHON CKBAAMHDL
A, — 20M0AHUTEABHOC  conpoTHBacmie, OOYCTOBAEHHOC — HECOBEPUICHCTBOM
CKBAKHHB 11 CC B3AMMOACHCTBHCM ¢ APYriMH ckpamunamu [102].

B npuMeHCHMH K PacueTy CHCTEM CKBAaXKHH MeTO1 SKBHBAICHTHMX (uinTpa-
UHONHEIX CONPOTHBJCHHH COYETAETCsi C METOAOM CAXKeHUst Tewenwit. B autepa-
TYpuBX Herounukax [25, 102] npuBeienn 3aBHCHMOCTH A (PUALTPARMONHBIN
CONPOTHRJICHIIL.

Meto1 (ILTPAINMOHHLIX CONPOTHBICHUH HCOONL3YETCA NpH pacucrax aa-
HOROIl ¢uapTpann ¢ npumencinen Meroga AMIAA u saexTpouHTErpaTopos.

§ 2-9. Obwmne ceefeHMs O NPHIOKE FPYHTOBLIX BOA
K OAMHOUYHBIM CKBaXKHHAM

Mpeactasaenus O MPHTOKe FPYHTOBMX BOX K CKBAMNHAM IIMEIOT 0CO0O Bak-
HOC 3HAYEHIe MPH HATYPHBIX HCCACA0BAHMAX UILTPAIIN, TakK Kak Ha OCHORa-
My ypasuenuit  GpuALTPAUMM K CKBAXKHNAM  ONPCACANIOTCSt  pazantisie
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XapakrepHeTky nopoia. Cxemut NpHTOKA TPYHTOBBLIX BOA K CKBAMHHAM pa3nooG-
pa3nu (cM. raasy 5). O6bYHO PasanualoT HANopHbie n Ge3HANOPHHE CKBAXKHHBIL,
cosepuleHnbie i necosepuiernsle (puc. 2-6).

OUILTPAINA K CRBAXKIHAM OTHOCHTCH K CAYHAAM OCECHMMETPHUHON (uib-
Tpait. CoBeplIeHHbIMI HA3BBAIOTCA CKBAXKHHL, NPOXOAAUIHE uYepes BeCh BOIO-
HOCHBIIT NJACT 10 KpoBal nojacriaawouiero sojgovnophoro caos. [lpu duastpa-
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Puc. 2-6. CxeMbt QHIALTPAUNH NPH PA3AHYHBIX THIAX CKBaXuH: @ — 6e3
HANOPHAA COBEpIUEHNAs CKBaMHHa: 6 — Hanopias COBEDUICHHAA CKBa-
JKHHA, 6 — Hanophas HecoBepUICHHAA MO CTenendH BCKPHITHA NJacTa
CKBAXMHA; & — HaAnopHas HecoBepulennas MO XapaxkTepy BCKPHITHS
nAacTa  CKBaxuna; 0 — GeananopHasi HeCOBeplIEHHAR MO CTeneHy M
XAapakTepy BCKPHITHA NJIacTa CKBAXKHHA, € — Hanopno-GeananopHas co-
BEpIICHHAA CKBamHua; A — OGC3HanopHas COBEPUICHHAA NOrAOWAWARA
CKBAXKHHA.

] — AMHHY PABHKX HANOPOB, 2 — KPHDAR aenpeccHu: I — NbE30METPHYECKAN Kpu-
pag;: 4 — caaGonpounnaeMue MOpPoaAM,

Wit K Ge3snanopHoil COBEePUICHHOA CKBaXKHHE IPYHTOBLIE NOTOK HMeeT CBOGOAHYIO
NOBePXHOCTL BOpoHKOOOpasHoi (opmb. CBoGoAHan NOBEPXHOCTL I1I0TOKA nepe-
CEKACTCA €O CTEHKAMH CKBaXXMHB BHIIC YPOBHS BOAW B Heil, o6pa3ys nosepx-
HOCTh Bbicayusaupsa BuicoToit A, Kak nokasniBalOT TeopeTHyeckHe H 3KChepu-
MCHTAJILHBIE HCCAe10BanuA, BHCOTa A 3aBHCHT OT raAyGHHBI HeNOHHXXEHHOrO No-
ToKka H, rayOunet soam B CKBaXKHHe fip M pajsuyca CKBaxuHm ro [211], oanako
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APAKTHUECKI NPit GOIBIMX SHAYCHUNN H/lr, suicota \ 3aBucut 2L 01 0THO-
wenns fig/H [8) u npu Maamx Ay 10CTHTaeT BECHM2 3HAYHTEILHBIX BEIMUHH MO-
paaka (.8, Beaeacrsse 37010 Jumi paBHbx Hanopos noGaH30CTH OT CKBAKHHDI
Pe3K0 HCKPURIAAIOTCA, i JHUL HA PaccTOAHIN r—(15 +2)H or ocu cxsamnnul
OHM CTAHORATCA OGAM3KHMHE K BEPTHRAALHLIM npaMuM. Jaaee oceCHMMeTpHUHLI
NOTOK NPUOIMAKACTCA K IULINHAPHYCCKOMY, OphyeM BeanditHa wanopa h=f(r) u
pasia rayGuwe rpyHTosoro noroka. Bams cksammnm h=f(r. 2), rae z— mep-
THKAALHAR KOOPANHATA.

B oOutem Buie PpacueTHVIO 3ABHCHMOCTL 18 Aeduta 000 CKBAKHHL
MOKHO NpeaCTanitty B Biae

1=RT S

Q - (2':;9)
rae S=AH — nepenajt wanopa, obecneunsaomnit  guasTpaiuo ¢ pacxonom  Q
K CkBazKuue; (D — QUALTPAUNOHHOC CONPOTURICHIEC, BEIHYIHA KOTOpPOro onpe-
ACAAETCH THHOM CKBAKHHBL 1t YCAOBNAMIt NPHTOKA K CKBaMuue; T — MowNocTi,
BOJONOCHOrO NACTA; « — HeKOTOPLT Oeapaamepunii kosdduuuenT, sanicsuii
OT THia GpUALTPaUNOHHOrO NOTOKA.

OcTaHoBHMCA Ha NPHTOKe TPVHTORBIX BOA K HCCOBCPIUEHHLIM  CHBAKIHAM.
Parinyalor asa Bi1a HECOBEPUIGHHLIX CKBAKUH: MO CTENeHH RBCKPHTHR H No
XAPAKTEPY BCKPLITHA.

[pu nepsoM BiI1e HECOBEPLUCHCTBA CKBAXKWMHA BCKPHIBAET BOJOHOCHHI nJjact
HE HA BCK MOLWIHOCTL, @ JAMlL 4acTivHo. Takoi cayyalt HANOCTPHPYETCA PC.
2.6, 5. M2 KOTOPOM H3OOPAKCHE CXEMA H2NOPHON HEeCcoBEPINEHHOM CKBAKHHBL
OcecumMeTpisiutin  GHIBTPAUKOHNHA NOTOK  BOAMIN CKBAXRHHL PE3KO HIMEHH-
erca. Ho na 1exoTopoM paccTOsHHI OT CKBAXKHIL, paBioM NpHGININTEIBIO
(1,5 : 2)T, npakTHueCKn HMEET MeCTO wminnapuueckas GHALTPAIUSA U NOBCPN-
HOCTH PABHLIX HANOPOB GJANIKIL K IULTHHAPHUECKHM TOBEPXHOCTAM € BepTHKAJIL:
Hoit o0pasyiouLed.

HecouepuicnuniMit  CKBAKUHAMIN N0 XaPAKTePy BCKPHITHA NJACTa HAMLIBA-
OTCA CKBAKMILL, Y KOTOPBIX HE BCA NOBEPXHOCTHL 3abost ABasiercs (puanTpyloLe
MOBEPXHOCTLIO, T. €. NGO BOAOHPHCMHAA MACTL CKBAAKINNB He JIOXOJIMT 10 Bepx-
Hero nojoynopHoro ciaos (puc. 2-6,2), anbo KHAKOCTL NOCTVNAET B CHBAKIHHY
yepes OTBOPCTHS € PA3AHYHBM  pasMCIICHieM i paziiyHoit (opmoil.

Mpit HECOBEPIIEHCTBE MO XaPAKTEPY BCKPLITHA naacta QuabTpauus crano-
BHTCH  UMANHAPHYCCKON TOJILKO NA  HEKOTOPOM pACCTORHMI OT CKBaAihbl, a
OKOAO CKBAAKNNBI JIHHIH DABRKX HANOPOB PE3IKO MCKPHBIAIOTCH.

Boamokno wHecomepieHcrso ofoux spaos (puc. 2-6,4), roria OesHanopHas
CKBAXKNMA BCKPHLIBACT BOJAOHOCHBIE 1JACT Me HA RCIO MOWHOCTH, It B TO Ke
BpPEMA €€ BOONPICMHAA HACTh HC JAOXOANT 10 CECTECTBEHHOr0 YpPOBNR TPYHTO-
BhIX BO1.

[Ipi COOTBETCTBYIOWEM NOHUACHII YPOBHA BOAL B CKBAKHHC, 3310KEHHOM
B HANOPHOM NJacTe Ha HEKOTOPOM PACCTORHMM 7 OT OCH CKBAKHHEL NOTOK M3
Hanopioro, cramosurcs Oesnanopusis  (pue. 2-6,¢). [Mwe3omeTpiuecKas KpuBas
npu nanope n - T nepexoaur B kpusyio Aenpeccun. [py Haause BOAW B CKBa-
HKIHY 11060T0 THIA OHA CTAHOBITCR noraoutatomeit (puc. 2-6, ).

DopMmyant aas  onpegeseiita GUALTPAUHOHHOTO Pacxoiaa N3 [MONIOWAIOLIN
CKBAMHH MMCIOT TOT YK€ BHA, HTO W JASl CKBAXKHH BOJOCOOPHHX, MO 3HaKu Be-
anunn iy o h mensiores Ha obGpathbie. Meroauka pacuera OAnHOMNBLIX HecoBep-
WICHHLIX CKBAasKMH pa3pabateiBanach psiioM dBTOPOB ¥ HINOKEHA BO MHOPNN
crarbax i monorpaduax [1, 25, 44, 179, 219].

§ 2-10. OnpepeneHne XapaKTepPHCTHK FPYHTOBbIX NMOTOKOB
NO HaTYPHBIM A3aHHbIM

Ocranosnycs n1a BHYHCIEHHI HEKOTOPBIX XaPakTepHCTHR TPVHTOBMX (1O TO:
KOB: CKOpOCTCH, 1aBJACHHI, PAaCXOl0R NO J1aHHBIM HATVPHBIX nad o teHuin. Tlpe
3TOM GyieM WMeTe B BHIV JAHINL (HAPABAHYCCKYIO CTOPOHY BOHPOCOB, lic Ka
CanCh a3 HATVPHBIX HCCIETOBAHUIT PAXINMNIIX OOBLCKTOB.
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Mpu onpenesennn ckopocteit GUALTPAINN B AKUBLIX CEYCHHAX OGEIHANOPHBX
IPYHTOBLWX MOTOKOB HeOGXOANMO 3HATL rPAAMEHTH Hanopa u  Kospuumentid
ntnampauuu. Fpaanent Hanopa onpeaeasicTCs 1Js8 HEKOTOPOro Y4acrka noToKa.

CAM AAMHA yuacTKa AS, 8 pasHOCTh OTMETOK VpoBHell rpyHroBmx soa Ah, To
CpeAnnit rpaaHenT HaNopa Ha yyacrke

' S S— (2’40,
As

Caea08aTeanHo, CKOPOCTL UALTPAINK B LAHHOM JKHBOM CeHYeHUN npH Kosddu-
uHeHre gpuasTpaunn R pasHa

G R (2:41)
As

Ecan naacr o6Gpa3onad M3 HECKOABKHX CJ0€B C PasAHYHBIMH KO3(duLLHen-
Tamn puasTpaunn, TO nocaeanss GopMyaa NPHMCHACTCH K KaXKAOMY €010,

N\ he

Puc. 2-7. 3mopa ckopocreit ¢uavrpa- Puc. 2-8. Cxema naaunosoil
IHH B CJOHCTOM nJacre. puavTpanmm.

Inwopa cKkopoctei GHUALTPAUHK B AAHHOM CeveHun /—] npeacrasasercs B sue
CTYNCHYATON JHHHM, KaK NOKa3aHo Ha puc. 2-7, rae niacr COCTOMT M3 AByX
caoes ¢ Koypouumentamu GuasTpaunn ky u ka, npuvem A;>k: las naawosoft
GUALTPALKMK YCAOBHE NAABHON N3MCHACMOCTH, BooOWle roBoOps, BHACPKHBACTCH
TOJNLKO Ha BEPTHKAJAX, W MNOSTOMY CKOpOCTh (HALTPAUMM onpeeasiercs Ha
nannoit peprukaau. IToaoxum, wro tpebyerca onpeaeinTs CKOPOCTL Ha DBEPTH-
Kaan 8 Touke A naawa ruapoH3orunc, nokasanworo Ha puc. 2-8. [lpomenem
vepes Touky A aunmio toka. Cpeadee 3nauenite rpajMenTa Hanopa Ha orpeske
ab auunn Toka Gyaer

Ak _h—hy (2-42)
As As

rae hy—hs — pasHoCTs YPOBHell rpyHTOBOA BOAB Ha OTpe3ke ab JHHMH TOKa.
As — aauna orpeska. Ckopocts QuAbTpauMi Ha BepTukaan A ONPEACAHTCA no

dopuyae (2-41).
Mpyn maamumn 1aHHEX O CKOPOCTH (PHALTPAUHM B KHBOM CEYCHMH NOTOKA
GUALTPAUMOHHBIA PACXO1 B ITOM CEHCHNM
Q - wu. (2-43)
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Ecait o npeieiax 1aHHOrO Ceuchitst CROpocTL (GUALTPALI 1AMEHSAeTCH, TO,
paatuuast CeNeHIE HA # HACTCH I CHNTAR B GPeletaX KamIofl HacTi CKOPOCTh
GUALTPAILI NOCTONHHON, GVIEM HMCTH (BOPMYIY 117 onpeleacitns pacxola:

n
Q : 0»1:"". (2-"4)
' |

rae == iaouLain OTACALHENYX HACTell AIUBOTro CONCHIA, Ve COOTBCTICTHYIONINe
CKOPOCTI (hranTpan.

AUBLIC CCNCHIE B 128H0 WMCHRIONIEMCH  NOTOKES Ipit nianosoil duantpa-
WHI NPEACTARIS0T COGOM  UINHAPIMCCRIE [IOBCPXHOCTH C BEPTHKAILHBIMKE 00-
PasyOULIMIL I HANPABIAOULIMIL, KOTOPLIC ABAMIOTCA PIAPOHIOIHACAMM HAN Titl-
poiaonuesamn. Tak Kax B10IL HAUPABIHIOUX FPAAHCHTH HANOPA H3MENAIOTCH,
TO 0PI BBUMNCTEHI Q ANANE COMeus BEPTHRLILELMIE JIHHIAMIE Pa3GUBAOTCN
HA MACTI, B [Ipeaenax KOTOPLX
MOMKHO CUHTATH ¥ = const.

MNasaems  n Hanopet & TOU-
Kax obaactt  (QUALTPAUHH  H3Me-
PRIOTCGE ¢ NHOMOWBI  TOMCHHKX
neesonerpos. Ha pue. 2.9 noka-
3ana  CXCMAD  TaKoro  M3Mepeuns.
B nieioMeTpe, 3330meHHOM B TOU-
ke A, encoma A ypoBHA BOAW Han
TOPHAONTAABEOT  NIOCKOCTHIO Cpas-
et 7 0 ABARLICH NbLEIOMETPi- &
HOCKHM HANOPOM B 13HHOIN TOUKE, L £
danacune © 3TON TOYKE BUpama-
eTCH  NLUSONETPHYCCKON BLICOTON

p

P S

e 2 € E Ste
(2-45) Pue 2.9, Cxenma naasHo Hasmetsonieiics

h—y, huasTpann.

FAC Y — BePTIKaauiast KoOPUIHATA TOUKH, OTCUHTHBACMAN OT [LIOCKOCTIE Cpamie-
nus 0—0.

Ha ocmosanun nokasasinit nuetoMeTpos CTPORTes Ui PaBULIX  Hauopon
h==const, a Takze M0PBL HANOPOB It AABACHINIT HA JHHIAX NOAIEMHOrO KOHTYPA
FHAPOTEXHIYCCKIIX COOPYIKeNHil, 0 YeM roBopiTCs B caeayiomem naparpade.

B yeaomax n1asuo paMensiomeiics, NanpiuMep OAHOMEpPHON Han naanosoi,
duasTpattin vanop A GVAVT NOCTOANNLIMIE B NPEICTaX BCPTUKAALHLIX 1LIOCKIN
WM WLTHH AP CeCEEX  wuBuX cenennit, [luelomerpiueckoe aapeHiue M3MeHsercs
B NpeAcaax AUBHX CCYCHUA IO FHAPOCTATHMECKOMY 3aKOHY, Kaxk NOKa3ano na
puc. 2.9, riw nanop ft 8 CEUCHHH d—a OTCUHTHIRAETCA OT NMJIOCKOCTH CPARNENNHS.

§ 2-11. Sniopsl HANOPOB W AABNEHMH
Ha pnot6ersl rHAPOCOOPYKEHHH

DaoTGer FEAPOTEXHNYECKIN COOPYACHIT OOWYHO HMEIOT CI0KHYI0 QopMYy,
a ocHoBanug X ofpaszoBaHd 13 CI0EB NOPOA € PA3AHYHLIMK 3HAYeHHSAMI KO-
Gumenra pranTpaunn. B sTuX YCI0BHAX CVILECTBYIOUHE TCOPETIUCCKHE PacyeTid
AT Anun 1Py GO OPHEHTHPOBOUKBIC 3HAUCHNA Hanopon B oGaacrax (uanrTpamun
oA paorGeramin, it NOYTH BO BCCX CJAYHARX HPOSKTHPOBAHNA (AOTGETON NPHXO-
antes ofpamarues K meroay A,

B 3KCnavaTHpYeMBIX rHAPOCOOPVIKCHIBIX AABACHUA i HANOPLI, ONpeaeIgeMue
Ha OCHOBANWY MOKAZANMIT NLCIOMETPOB, HBAARIOTCH BAXKHERWHMH MaTepHanaMil
Aa8 anaania paGotal CoopyRenui,

B § 2-7 Gb1ait npusesesst OCHORHBE NOHATHA, CBA3AHHBE C HANOPHOR .-
Tpauuelt noi ruapocoopyiennsmit. Tenepn Mb OCTAHOBHMCA HA  NOCTPOCHIN
SNMOP HATOPOR B JaBJICHIE, X2PArTepIsay oy (GUALTPaun Ha BANHOTO #11a,
HMes 8 BILTY Januue, NOaVECInLe I3 HATVPILIX HAGIOICHN.
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OGRYHO YHCI0 NBE3OMETPOB NLE3OMETPHYCCKON CeTH TAKOBO, YTO MO HX MO~
Ka3auuaM HeAb3R NOCTPOHTH JHHHM PaBHLIX HAnopos Bo Beelt oGaacTH PrabTpa-
UMK, @ MOKHO JHIbL MOAYHHTL BEAHYNHHLI HATNOPOB HA MOA3CMHOM KOHTYpe C00-
PYAKCHHS B HEKOTOPLIX XAPaKTePHHWX TOYKAX, HAnmpHMep B 30He JICHCTBUR pas-
TPY30OYHBIX CKBAKUH, B HAMOPHEX MNJACTAX, 34J1€ralOUIHX B OCHOBAHIH COOPYAKEHIA,
T A

Jlas npoBCPKH CTATHYECKON YCTOHMHBOCTH NJOTHHE WAN JIPYrOro ruapoco-
opyiKenus (Cy0XOAHOrO w033, FHAPOCTAHUMK W T. A.) HEOOXOAHMO 3HATHL Aas-
Jenns, AeNCTBYIOUIHE N0 MOAZEMHOMY KOHTYPY coopyvkenus. C sToft weapio Ha
OCHOBAHMN MOKA3aHHA NLE3OMETPOB cTposTcs 3niopw Aas.iennit. Ha pue. 2-10
u3oOpaKen nonepeuHnit paspes GeTOHHOR BOIOCAHBHOM NJIOTHHL. Toykn nepe-
JAOMa@ MOA3CMHOro KOHTYpa oGolHauenw undppamu I, 2, ... 9. 1.1.131 NOCTPOCHNA
3MIOPL HANOPOB HeOGXOANMO BHOPATH NAOCKOCTHL cpapHenns. Takol MNJIOCKOCTHIO

Y

Puc. 2-10. Cxema nOA3eMHOrO KOHTYPa MAOTHHLL
A —3M0pa  BHXOAMMX CKOPOCTER QUABTPAUMY,

cpaBHenys wa puc. 2-10 aBASKCTCH TOPH3OHTANLHAA [JOCKOCTL, COBMNAAAIOLLASA
C NJAOCKOCTLIO /IHa HIKHero Gohedpa. Dmopa Hanopos nokazana ua puc. 2-11. Oua
NpeACTaBaser CoGOR KPHBYIO, MOCTPOGHHYIO HA JIHHHH Pa3BepHYTOrO KOMTYpa
¢aorGera, nsoGpaxennoro Ha puc. 2-10. Ot auHuu pasBepuyTOro XKoWTypa or-
JOJKEHB BEPTHKAILHO BBEPX OTMETKH [OKa3aHiil NbE3OMETPOB, YCTAHOBACHHMX
MO MOA3EMHOMY KOHTYPY COOPYXKEHMS, B Pe3yasTaTe 4ero noayuunaace kpusas AB.
Aazee, o1 ropHIONTaJLHON JANHHK PA3IBEPHYTOrO KOHTYPA OTKAAAWBAIOTCH Bep-
THKAJILHbIE KOOPAHHATH ¥ COOTBETCTBYIOWMX TONCK KOHTypa (aworGera (Humuan
JoMaHan awuus Ha puc. 2-11,6). B peayantate noaywaerca smiopa aanienuit,
BBIPAKCHHBIX BHICOTOI BOAAHOrO cT0aGa. PaccTosHus no BepTHKAJH, H3IMepPEHHbE
MeKAY Jaunuelt nanopos AB u asomawoit Juuueil 3arayvGacHuR, paBHbl Nhe3oMe-
TPHUYCCKHM BLICOTAM B COOTBETCTBYIOMNX ToukaX. Tak, Aas TOuKH m, Jexauleit
Ha aunun wnynta (puc. 2-10), nuesomerpuueckan sucora (puc. 2-11,6).

L e fp 4 y.

1

Ha ocHoBanny uMeOWedcs 9MIOPH  AaBACHHS MOKHO NOCTPOMTEH amopy
npHBeleHHLX nanopos, onpeaeass no gopmyse (2-18) aan pama Towex JawmmHui
Pa3BEPHYTOrO NOA3EMHOr0 KOHTYpa BEANUHHBI NPHBEIEHHKX HANOPOB:



Dopa PHBCACHINN HAAOPOB A% 1AHHOTO KONTYPA HHBAPHAHTHA NO O1-
HOMIEHNIO K H3IMCHEHNIO HAnopos BepXHEro M pKuero Obedos. 310 csoilctso
MOPB NPHICICHHLIX HATIOPOE MOAHO HCHOALIVBATEL Npit nccictosannn cydupo-
3HH 11 KOALMATAaIi TPYHTA OCHOBANMA, TAK KAk Jedopmanns 5Toft 3mopu BO3-
HUKACT Npit N3MEHEHEH 3aK0HOMepHOCTH pacnpeleteniua Beluuns koshduinenta
PpuaLTPAIN B 1aHHOI o6.aacTi.

ANopa NPUBEEHHBIX HANOPOR MOKET HIMEHMTHCA TAKKC 38 CHCT BIANSNNN

YAPATOCTH NAaacra, npu VIpYroMm pexume (puasrpauni, oIHako >TiL N3MEHCHIA
HMET BPCMCHHLIT XapakTep.

a)
4

Pue 2-11. 3mopw: @ — npuseiennunx nanopos fi.: 6 — rasaenndi

B =4y na pmorber.

i

[poriroaarientes Ha COOPYACHHC HAILIBACTCHA BEPTHRAILUAA COCTALARIO-
WAA CYMMAPHOIt Citibi 13BJACHIA Ha 33¢MCHTHL NMOA3EMHOIO KOHTYpa. miopa.
BHPAKAOWANR NIPOTEBOIABACHIE, NOAVHACTCA N3 INOPB AaBICHNUA, CCAH 11 hee
BUOPOCIHTE TC \NACTKM, HZ KOTOPHX 1aBicHile Hanpasieno no ropusonraan. Ha
puc. 2-11,4 s3amTpuXoBaHHble HACTH INOPW aBACHHA COCTABARKIOT 3MOpPY Npo-
THBOAaBeHNA, CUCAYET MMETH B BHAY, 4TO HA HAKJOHHBIX “acTAX KONTypa
(6—7 ma puc. 2-10) aeficTAyer NPOTHBOAABIEHMEC, PABHOE MWL BEPTHRAALHON
COCTARANIONIEI CHAW CYMMApPHOro 1aBJcHis, BBP2AMAEMO IOWAALIO INIOPHI
AarieHus. ITa COCTABIAIOUIAH DABHA CHAC AADJICHHA, YMHOKEHHON Ha KOCHHVE
YrJa HAKIONA K TOPH3OHTY COOTBETCTDYIOWICH wacTi mnoasemuoro Komrypa. Ila
puc. 2-11,6 wacrL IN0OPsL AABACHHA, NPHXOAAUIETOCH HA HAKJOHHYIO NAOUWAAKY,
BLLLCICHA PA3PCIKCHROIE HITPHXOBKOI,




FNABA TPETbAR
ONPEAENEHME ®OPM IPYHTOBLIX NMOTOKOB B HATYPE

§ 3-1. OcHoBHble uenu onpegeneHMs (POpM TPYHTOBBIX NOTOKOB

Onpejaenenne (GopM TrPpYHTOBLIX IOTOKOB SABJASICTCS BazkHeilneil
YACTBIO H3YUEHHSI PEXKHMa FPYHTOBLIX BOJA, NMOHHMAEMOro B LIHPO-
KOM CMBICAC 3TOIO TePMHHA.

Hmesi (hopmy rpyHTOBOro HOTOKA, ONMPEACIACMYIO CFO TpaHil-
UaMH, rPaHHYHBIMH YCJIOBHSIMH H MOBCPXHOCTSAAMH PaBHbLIX HANOPOB,
a TakxKe 3HaA KOIP(PHUHEHTH (PHAbTPAILHH, MOYKHO OIEHHTH BCE
ero ruApoJAHHAMHYECKHE XapPaKTePHCTHKH: CKOPOCTH (PUABLTpalini
B JiIlOOOH TOuKe, (PMABTPANHOHHLIE pacXoAbl B J0GOM CCUEHHH No-
TOKa, THAPOAHHAMHYECKHE /1aBJACHHS.

dopma rpyHTOBOro MnOTOKa OOYCJOB/AEHA LEJbLIM PSAOM ecre-
CTBEHHbIX H HCKYCCTBEHHBIX (PAKTOPOB: I'HAPOJOIHYCCKHX, T'eoJOrH-
UECKHX, BOJOXO3AHCTBEHHBIX H APYTHX, H3MEHSIOUIHXCS BO BPEMEHH.

IIpu npoexkTIpoBaHHH THAPOTEXHHUYECKHX COOPYKEeHHN 14s pa-
UHOHAJIBHOTO pa3MelleHHst H BbIOOpA KOHCTPYKUMH 3THX COOpYiKe-
HHIl HeOOXOAHMO HMEThb JOCTATOYHO $ICHOE NMpeacTasienue o Qopue
TPYHTOBOrO noTokKa B paione coopyxenuit. Ilpn 3tom caenyer
3HaTb YCJOBHA MHUTAHHSI FPYHTOBBIX BOJ, @ TaKzKe pacnojararth 1aH-
HbIMH O CE30HHBIX, FOJOBLIX H MHOTOJCTHHX HM3MEHEHHAX YPOBHEIl,
AeOHTOB, TEMNEPAaTyp M XHMHUYECKOTO COCTAaBa TPYHTOBBIX MMOTOKOB.

IMocse BO3BeeHHST THAPOTEXHHYECKHX COOPYKEHHIT PeXKHM
FPYHTOBBIX BOJ pe3sKo H3Mensercda. Tak, B paioHax BOJOXpaHHJIHUL
MOANOP TPYHTOBLIX BOJA PAacCHpPOCTPAHACTCH HA 3HAYHTEJBHYIO TLJIO-
ulaib, H3MEpPAEMYIO B COTHAX M jaze ThiCAYaxX KBaApPaTHbIX KHJO-
meTpoB. TIpoucuieamne H3MeHCHMS pPEKHMMa TPYHTOBLIX BOJ 0CO-
OeHHO CHJIBHO CKasbiBaloTcss Ha ¢opMe TpyHTOBOrO MOTOKA M
HanpasJdeHHH (QHALTPALUHH BOJHSH NOANMOPHLIX WM JAPEHANKHBIX CO-
opyzeHHii. TOUHO TAaK K¢ H3MEHSAETCS PEXHM TPYHTOBBIX BOX MpH
paboTe OpOCHTENbHLIX CHCTEM, FOPHBIX BbIPabOTOK M T. I.

HMMes noaHble JaHHbIE O €CTECTBEHHOM PEXHME IMPYHTOBBIX BOJ,
BO3MOJKHO JIaThb C H3BECTHOH CTEMNEHbI0 TOYHOCTH MPOrHO3 H3MeHe-
HHAl peXHMa TPYHTOBBIX BOA B CBfI3H C BO3BeIEHHEM THAPOCOOPY-
Kennil. DTOT NPOrHO3 OCHOBLIBAGTCS HA COOTBETCTBYIOUIHX (DH.Ib-
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TPAUHOHHBIX PAaCYETAX, BLITOJHAEMbIX TEOPEeTHUECKH, NPH NOMOILH
merona IJIA Ham Ke npH MOMOUIH aHAJOTOBLIX CUETHBIX MaluHy
(37€KTPO- H THAPOHHTErpaTopoB). 3a nocjaesnee BpeMs B CI0KIBIX
CAYUAAX pACYCTA MPHMEHAIOTCS 9JEKTPOHHLIe 1HppoBuie BLUHCAH-
TeJbHbI€ MAIUHHBI.

Onpegenente popm 1 HanpasjicHuil TPYHTOBBIX MOTOKOB B NpO-
Hecce IKCIMJAVATAIMH COOPYKCHHIT SIBIACTCSH TAKMXKe CYIIECTBEHHO
HEOOXOAHM BIN.

Onpeiesieine (GopMbl FPYHTOBOrO NOTOKA W JaBJACHHS B COOT-
BETCTBYIOILHX TOYKAX OOBIMHO NPOBOAMTCS MO pe3yabTaTan CHCTe-
MATHUECKHX HAOMIOICHHIT 32 YPOBHfIMH BOALI B nbedomertpax. lla
OCHOBANKH YKa3anNnpX JauiuiX PelialTes caMble pasHoolipasuvic
BONPOCH], CBA3aHHbIE C BO3ACHCTBHEM TIPYHTOBOTO MOTOKA Ha CO-
OpPVIKCHHA, TaKHe, HANPUMEP, KAK VCTOHYHBOCTL COOPYZKCHH, 00-
HAPYAHBAHHE CTPOHTEILHLIX AedekToB, onpeieacHue (puavTpaii-
OHHBIX PacXo0l10B, KO3 duunentos (GpHIAbTPAUMH FPYHTA M T. L.

Bo muornx cayvasax anaanad GopMbl TPYHTOBOTO MOTOKA NPHBO-
AHT TAKXKe K MCPONPHATHAM, NPEAOTBPAULAIONHM aBapHH COOPY-
AKeHni. B Hacrosuiee BpeMsi HeT MouTH HH OJHOrO rHApPOY3na, He
000PYAOBAHHOrO NbE3OMCTPHYECCKON CeTbIO, AAI0ULel BO3MOKIOCTD
Heeaea108aTh H3MeHenue GopM rpyHTOBLIX NMOTOKOB BO BPCMCHH KakK
B Npeletax CoOpyKEHN, TAK W HA OKPYKAKNHX HX TEPPUTOPHAX.

Msyuenue rpyHToOBBLIX ITOTOKOB HMCET CBOH CHCUH(pHYECKHE 0CO-
GeHioCTH B CBSI3H € THIIOM COOPY’KCHHH, HAPYILIAIOUIHX CCTCCTBON-
HBIH pEXHM TPYHTOBBIX BOA. Tak, MOKHO yKasaTh Ha H3yyeHue
(OpPM TPYHTOBLIX TMOTOKOB B CBSI3H € HCIOJb30BAHHEM ITOA3EMHLIX
BOA a5 BOI0CHAOKeHMsa, H3yuenue (POpM TPYHTOBBIX [MOTOKOB
B pallOHax OPOIUEHHS, TOPHBLIX paspadOTOK H THIAPOTECXHHYCCKHX
vaaos [101]. Bo Becex sTux cayuyasix M3yueHue pezKHMa IPYHTOBLIX
BOJA, a CJeJA0BATEIbHO, W H3yueHne (POPM TPYHTOBLIX NOTOKOB, I110-
CTPOEHHOE Ha C/IHHON TCOPETHUECKOH OCHOBE, HMEET PasJiHyYHOe Ha-
3HAUCHMEe B 3aBHCHMOCTH OT MOCTABJEHHBIX YaCTHBIX 3a1avu: 100bMa
BOJLI, 3auUlHTa OT noArtonienuda, Oopwba ¢ cvidosuein rpynroe
U T. 1. 3TO CAAVeT YUHTHIBATH NPH NPOCKTHPOBAHHI 11HE3OMCTPH-
YECKHX ceTeil M NpH onpejesnenuy ob6bema n vactoThl HaGaoLeHHIl
3a (PHIBLTPAUHOHILIMI MPOICCCaMH.

§ 3-2. OcHOBHbIE CBEEHHA O NMPOEKTHPOBAHMM
NMbe3OMETPHHECKHX CeTeH

Venemuocrbs 0CYULECTBACHHST HAOJIOTEHHIT 32 PEXHMOM T'PVH-
TOBBLIX BOJA B 3HAYHTEABLHON CTENCHM 3aBHCHT OT PaUHOHAILHOCTII
PasMelcHis MHLC3OMETPOB 110 KOHTPOAHPYeMoit TeppuTopHi. B Ha-
crosiuiee BpeMst HAKOIVIEH OO/IbLIONH ONBIT OPraHH3auuy M NpoBeLe-
HHSI NOA00HLIX HaOJIOACHHA H BLIpaGOTalbl OnpelesesHble npasuaa
MPOEKTHPOBAHHUsI NMbe30METPHUCCKOH ceTH. Takue mnpasuaa HMEOT
H3BecTHYI n(pdepeHunanio B 3aBHCHMOCTH oT oObekTa Hab.lo-
Aenuii. Tlpu sTOM npexac BCEro caeiver pasiHuaTh pasvelleHuc
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IbE€30METPHYECKH X CeTeil Ha GOAbLINX TEPPHTOPHAX /15 PerHoHalb-
HBIX HA0MI0/eHHTT W HA TEPPUHTOPHH CAMHX COOPYIKCHHIIL.

Cerp Haba101aTEIbHBIX TOUEK NMPH PErHOHAaJbHOM H3YUEHHH pe-
JKHMa TPYHTOBBLIX BOJ CO31aeTcsi /1A YCTAHOBJEHHS OOLIMX 3aKo-
HomepHocteil B Mmuorosiethem paspesc.  IlpoekrupoBanue Ttaxoi
cet Ha orpomuoil Teppuropun CCCP apasiercs cneuuasbHbiM BO-
NPOCOM, PElIAeMbIM Ha OCHOBAHWH THUIH3ALHH PEKHMOB NOA3eMHbIX
BOA, VCTAHOBJAEHHS PCrHONAJbHBIN 3aKOHOMCPHOCTCH peXHMa noi-
3eMHBIX BOA H pexumoolGpasyionux paxropos [80].

Jlas onpegesienus NbE30OMETPHYECKHX HANMOPOB B HATYpPHBIX VC-
JOBMSIX B palioHe THAPOTEXHHUYECCKHX COOPVIKEHHI H Ha npujeraio-
UIHX K HHM TEPPHTOPHAX MPHMEHSIOTCH [1b€30OMeTPbl PasaHYHOI
KOHCTPYKIHH. Crioco0bl yCTAHOBKH MbE30OMETPOB H HX KOHCTPYKILHA
onucansl B {42, 43, 147, 156, 198].

[Tbe3oMeTpbl a1 H3MEPCHHsSi HAMopoB NJAABHO H3MeHSTIOUIHXCH
FPYHTOBBIX MNOTOKOB, B KOTOPbIX MOBEPXHOCTH pPaBHBIX HaNopos
OJAM3KH K LHAMHIApPHUECKHM nopepxHoctam (§ 2-8), umeoT 1ocTa-
TOUHO AJHHHYIO Pabouylo 4acTb, OOLIMHO PABHYIO MOILHOCTH BOAO-
HOCHBIX CJOEB, B KOTOPbIX H3mepsiercsi Hanop. [Ipu usnmepeHuu Ha-
nopa B Pe3KO H3MEHAIOWHXCA TPYHTOBBIX MNOTOKAX, HaNpHMep
B OCHOBAHHAX THAPOTEXHHUECKHX COOPYIKEHHIl, yNoTpedasoTcsa 10-
yeunbie nbesoMeTpbl. OHH H3MEPSIOT HAMmop B OrPaHHUYCHHON 30HE,
H ux pabouasi wacth, HMeOULas OTBEPCTHS 1A NPONyCKa BOILbI,
nMeer HeGoabWYIO LTHHY (0K0A0 250 ).

IToHATHO, YTO NPH PE3KO H3MeHAIoUeHcs (puabTpalmu, mpH Ko-
TOPOH JHHHH PaBHBIX HANOPOB CHJIBHO HCKPHBJCHBI, TPHMEHEHHC
MbE30METPOB € JWIHHHON pabouel YacTblo [AaeT HEKOTOpble «Cpeli-
HHC» 3HAUCHHS HAaNopoOB, HCKarxaioline mnpeacrasiaciue o Qopme
noroka. Heyuer storo oOGCTOATENBCTBA HMECT MECTO Kak B HATyp-
HBIX, TaK H B 1aDOPATOPHBIX HCCJAEIOBAHHAX.

[Tbesomerpol, cay:Kaliine A5 OonpejesenHsi HANopoB B pas/Hy-
HbIX TOYKAX H CCYCHHAX TPYHTOBLIX MOTOKOB, B OCHOBHOM MNpeiHas-
HayeHn st TOTO, YyTOoOBl ONPEACJAHTL (OPMY TPYHTOBOrO MOTOKA.
OaHaKo Te Ke NMbe30OMETPbl HHOIA MOXKHO HCMOJAL30BATh C UE/bIO
onpenenenns Ko3pduuHenTos GHUALTPALUHH TMOPOJ NyTeM OTKauex
WM HATHETAHHA B HUX BO/Ab WJH OMPCACACHHS CKOPOCTeH B IOpax
FPYHTa MyTEM 3alycka HHAHKATOpPOB, 0 ueMm OyaeT CKasaHO B rva-
e 5. [Ibe3oMeTpb! HCMOL3YIOTCA TaKKe Jas H3MCPCHUH Temnepa-
Typbl TPYHTOBOH BOAbI, AS B3ATHS NpoO TPYNTOBOH BOAbI C le-
JbIO Onpejleiennst ee XHMHUeCKOro cocTaBa.

BecpMa BaxKHO HMETh B BHAY, YUTO J/ISi PAaUHOHAJIBLHOTO pasme-
ILeHHS Nbe30METPHYCCKHX ceTeil HeoOXOAMMO pacrnosarartb npeasa-
PHTCALHLIMH CBEeHHAMH 0 (opMe M peHMe HCCJAeLYeMOro rpys-
roporo noroka. CrauMoHapHasi CeThb NMbE30OMETPOB AJIsi HCCIaeAoBa-
HHSl €CTECTBCHHBLIX TPYHTOBBIX MMOTOKOB MPOEKTHPYETCA IVIABHLIM
06pa30M HAa OCHOBAHWMH AAHHLIX PA3BELOYHBIX HCC/ELOBAHHH TOMNO-
rpaHYECKHX, TeOJOrHUECKHX H FHIPOreoJOrH4YeCKHX YCI0BHI. [Tpn
NOCTPOIKE MHAPOCOOPY KCHHI NbE30OMETPHUECKAA CeTb, MOMHMO VKa-
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3aHHBIX JLAlDLIX, MPOCKTHPYETCs Ha OCHOBAHHI MPOTHO3a peKiMa
rPYHTOBLIX BOJL 1&aHHOTO Pafona, ONpeileasieMoro nyresm cnenmalib:
HBIX pacuetoB. Takue pacuernt 0oOLIYHO NPOBOAATCA C YYETOM 3Kc-
TPEMAIBLHBIN 3HAa4CHHIT YPOBHEN Bepxuero n HikHero O6uvedos. Co-
OTBETCTBVIONICE HCCICIOBAHNC PAUMOHAABHO MPOBECTH MO MCETOAY
ATAA. Onnit npoesTHpPOBAHUS MHC3OMCTPHUECKHX CEeTell, HMCIO-
uitess 8o BHHHMI, nokaswmisaer, uto meroa DA cyuiectsento
MOMOTACT 1PH NPOCKTHPOBAHNH TAKHX CeTeit B 3eMasaHbix M 6eton-
HBIX MOTHHANX, @ TAKAKE HA TEPPUTOPHAX, MOABCPKCHIBIX ALHCTBHIO
HOANOPA TPYHTOBLIX BOA OT PHAPOTCXHHUCCKHX COOPY A CHUIL
Paszyenienue nbesoMeTpiuucekiy CKBaAiuH 000CHOBBIBACTCH ICo-
JOTHUCCKHM  CTPOCHHEM H FHAPOFCOJOTHUCCKHMHI  VCJITOBHAMIL N3V~

Puc. 310 Ilaan ruaponsorsne 1 Puc. 3-2. Kapra ruapounsornne (cnaont
NMLe30METPHYCCKAR CeTh, B JTHHNI) B THAPOM3ONLES (NYVHKTHD-
0 MLeIOMOTPN. HbIe JHHUN),

qAeMOro pafona, ¢ YY4CTOM TaKxKe I HCKYCCTBEHMHBIX (haKkTopos,
KaK-TO: NOBBILIENHST VPOBHA TPYHTOBLIX BOJX BCJIGICTBHE NMONSTHS
FrOpH3OHTa BOAOXPAHIINILA, PAGOTH APCHAKHON CCTH, Opouenis
T, . Ecan ckBazkunnl pasMemaloTcs B HCKVCCTBEHHBIX COOpYKe-
HHAX, TO MX pa3MelleHHC ONPCACIACTCH KOHCTPYKIHCH COOPYAKC:
HHIT 1 NPOCKTHBIM BOAHLIM PEAKHMOM COOPYACHHN.

IMpu nceacioannu GopM €CTECTBCHHBLIX FPYHTOBLIX [MOTOKUE
pasmeuieHie be30MeTPHYCCKHX CKBAZKiMI OOBIYHO MPOH3BOJNTCS
NPNOAHBNTEALHO N0  HANPABJCHHIO  TCYCHHSA TPYHTOBBIX  BO.L
(puc. 3-1). D10 nanpasIcHHC NPH HAJHYHH PEKH ONpeaeIsiercs
IHHHAMH, HOPMaAbHBIMH K VPC3y BOAb B pexe. B npetesax 1au-
HOro NpohHIsi, ONpeAeaseMoro HanpasieHHeM TFPYHTOBOro MOTOKE,
CKBaHHL 0OBYHO pacnoaaraworTes na paccrosiiun 100200
ApPYr or Apyra, a npH HebOoJbLUINX MbE30METPHYECKHX YKIOHAX I
OOWHPHON TEPPHTOPHH ITO PACCTOsHHE MOKCET OLITL B3ATO 3Ha'l-
Teabho GogabiuuM, PaccToanue MeALY CKBAKHHAMH JIOJIZKHO YMeHb-
WATHCH NP VBCAHYEHHH MTLC3OMCTPHUECKOTO VKIOHA, 4TO HMeeT
MecTo BOaN3N Gepera pekd MANM KC B Toit 3oHe obaacTi (pHIbTpa-
uHu, rae koapdpuuuenT GHABTPAUNK VMeHbInaeTcH.

Paccrosinne MexkAV OTAEJABIHLIMH NPOPHISIMH YCTAHABINBACTCH
B 3aBHCHMOCTH OT peabeha mMecTHoCTH, GopMbl BOAOTOKOB M (opmid
MOBCPXHOCTI LM PECCHIL.
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Cerb aoaxna ObiTb Takoil, 4yToGbl 110 3aMEPEHHLIM YPOBHAM
BOJAbI B CKBaXHHAX MOYKHO OBLIO NMPOCTO H OJHO3HAYHO MOCTPOHTH
KapTobl FHAPOH3OrHNC, T. €. JHHHI fi=consl.

Kposme BepxHero BOJOHOCHOTO rOpPH30HTA, MPEACTABJASIOT HHTE-
pec HHKeIexallHe BOJNOHOCHBIE FOPH3OHTLI, HX CBA3bL C BEPXHHM
ropudontoM. Jast 37O HCAH NBE3OMETPHUECKHC CKBAYKHHBI yCTa-
HaBJIHBAIOTCA HE TOJLKO B BepXHeM, HO H B HHMKHHX, OObIMHO Ha-
MOPHLIX BOAOHOCHBIX ropusontax. [Ibesomerpuueckas cerb HHAKHHX
HAMOPHBIX TOPH3OHTOB JaCT BO3MOKHOCTb HA OCHOBAHHM MOKa3aHHMA
Nbe30MeTPOB MMOCTPOHTb KapTbl rHApOH3onbes (auuuit A =const)
aas 3Tux ropusontoB. IlocpeacrBom anaansa kKaprt rHApOH30MbE3
A8 HHKHEro M TrHAPOH3OrHIC 115 BEPXHEro ropH3oHTOB YCTaHaB-
JHBACTCA CBA3L MEKAY 3ITHMH FOPH3OHTAMH, a TaKke CBA3L C OT-
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Pue. 3-3. Cxema ¢uasrpauun 8 na- Puc. 3-4. Ilaan pasmemtennn

nopHoM H Ge3HanopHoOM naacrax. nuesomerpos B Geperosom

I - Kpemam aenpeccmu; 2 — nbesoMerp NPHMBIKAHHH  [HIPOCOOpYAe-
B MANOPHOM MIACTE, HE

I — yeroit; 2 — Geperosas wnopi.

KPBITLIMH BOAOTOKaMH. BeaeacrBHe pasaHyHbIX IPaHHUHBIX VCJ0-
BHIT 151 GE3HAMOPHOrO H HAMOPHBLIX BOJAOHOCHBIX TOPH3OHTOB MO-
JYYCHHBIE A5 HHEX KapThl FHAPOH3OTHNC H THAPOH3O0NbE3 MOryT
PE3KO OTJIHUYATLCS MO (PopMe H3OAHHHIT H Mo O0IHM HanpaBJaeHHsIM
buaprpaunn. [Tostomy ueaecoobpasHo 3aK/aAblBaTh CKBaMKHHDI
B HAINOPHOM TropH30HTE Ha HeGOJbLIOM PACCTOSIHHH OT CKBa/KHH
Geananopuoro ropusonta. Ha puc. 3-2 B Kayectse npumepa noka-
3aHbl Kaptel (njan) ruApoH3OTHNC H I'MPOH30NbE3 IJsl BepXHero
H HHIYKHEro ropH30HTOB H Ha puc. 3-3 npodHAL ITHX TOPH3OHTOB.

[Toanop rpyHTOBBIX BOA OT MJAOTHH PacnpocTpaHsiercss 4Hacro
Ha BecbMa oOwHpHYIO TepputopHio. IlosTomy paccrosuus Memay
Ibe30MeTPHUECKHMH CKBaxKWHaMu MoOryt ObiTh BechbMa 3HAYHTEJb-
HpiMH. Bsn3 GeperoBbiX NMPHMbIKAHHI PAaCCTOAHHA MEKAY CKBaXH-
HaMH yMeHblwaoTes. OCHOBHOH CTBOP NMPOXOAHT MO OCH INIOTHHDI,
a mapajnieapHo €My pacnosaraiorcs Apyrue crBopm  (puc. 3-4),
HasHaueHHeM KOTOpPLIX sBasercs HabmoaeHHe 3a (uabTpaumeil
8 Geperosom npumbikanun. [To obeum croponam Geperopoit WNMOPLI
NOCTaBJACHbl Nbe3oMeTpbl. Pasyyeercs, B 3aBHCHMOCTH OT KOHCT-
PVKILHH OeperoBoro ycros, HAJIHYHA NPOTHBODHILTPALHOHHBIX
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yCTPOICTB, @ TaKzAKe H3MeHenna Kosdduunenrta GuanrTpaunn no nio-
H1a/1H, CCThb CKBAZKIH MOKET HMeThb pasanunnice qopmbi. Ha pue. 3-5
H3obpaxeno npasodepeinoe npuMbIKanne 6eTonHol naotununt Hud
Hxozed B CIHIA Boicoroit 60,9 s u nokasanun CCTb MbE30OMETPOB
FHAPOUIOTHICH FPYHTOBOrO NOTOKA, XapakTepibiMH uepTamu jail-

2A\°
(o)
o) o
2 o
\ o o]
3 L 1
Puc. 3-5. Beperosoe npusbikanne naoriw Hwp Txoszed (CIHIA)
I — Geperonoft sxkpint; 2 Apemakinit TYHHREAL, S — naotsna; ) — NLe30MeTPH.

HOro OGeperoBoro MNpHMbIKAHHA ABJIACTCA laanyHe OeperoBoro
IKpana 1InHoit okoao 600 u B BepxHeM Obepe M ApeHAKIOrO TVH-
Heas. B cpeaHelt uacTH KapTbhl HMeEercsi CryicHue riipoHsoruic,
Oo0yCJ/IOBJICHHOE HAJHuHeM c¢aa-
GonponunuaemMoro rpyura, oobpa-
aywutero 6apvep. [losepxuocts
AENnpeccHy nepecexkaercs ¢ mno-
BCPXHOCTBLIO C.1a00IPOHNHLLAEMO
KopeHHoit nopoau. Takuy obpa-
30M, [OANOP TPVHTOBLIX BO1
pacnpocTpansieTcss Mk Ha
HHKHeR Geperosoil Teppace.

Yacto npeacraBasieTest uele-
cooGpasubimM pacnoaarath npe-  Puc. 3-6. Cxema .1yueBoro pacnoaome-
30MeTphl B 6CperOBbl.‘( ﬂp“Mbl' HHA lll:c.’iOMCTI)OI:(:’[:"’GI:BDCI‘OBO.\I npeMul-
KaHHAX Ha .-’l)"la.\', BLIXOASLLHX I — naotuua; 2—-.1:meéa: 3 — Geperono
H3 TOYKH nepeceyeHnst ocH I1L10- Kpan: ¥ — 1LEIOMETPM.
THHLI ¢ OGeperom  (pue,  3-6).
Takoe pacnoioxkenue NbE3OMETPOB NPHHATO, HANpuUMep, B Npaso-
OGepexkHom npuMbiKanun Kaxosckolt nJOTHIBL

[Mpu npockrupoBanii NLE3OMETPHYECKON CCTH CACAVEeT HMLeThL
B BH/Y, YTO MOANOP IPYHTOBLIX BOL OT IVIOTHHBLI PACIPOCTPAHACTCH
NpH HAAHYHH BOJONPOHHIACMBIX TPYITOB NPHOINZHTEABHO 10 TOIl
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THAPOH3OTHICH ECTECTBEHHOrO IPYHTOBOrO MOTOKA, OTMETKd KOTO-
poit paBHa oTmeTke noaneproro Obeda. Ecan GeperoBoe npumbika-
HHE OCYUIECTBJSIETCss B aJJIOBHAJbHON Teppace, NpHMbliKaloued
K caabonposHUaeMpM Mopoiam, TO MOJANOP pacnpocTpaHsiercs 1o
KOHLIA Teppachl, KaK 3TO NOKAa3aHo Ha pHc. 3-7.

Jas nabawaenus 3a GUIALTPAUMHCH B 3eMAAHBIX INIOTHHAX YyCTpa-
HBAKOTCA NbE30MCTPHYCCKHE CKBAXKHHBLI B CTBOPAX, NCPHEHJAHKYAAP-
HbIX OCH MJIOTHHBLI. 31eCh CJAEAYCT OTMETHTDL, YTO B HCKOTOPHIX Cay-
yasiX NbC3OMETPHUECKHE CTBOPLI CJAeayeT 3aKiaabsarth v Gepero-

Puc. 3-7. Pacnpocrpaxenne noanopa s aaaio-
BHaapHON Teppace.
! = rpeGens naoTHun, 2 — Kopeuuins nopoaa,

BLIX KOHIOB 3eMJISIHBIX MJOTHH, HMCIOUIHX IKPaHbl, TAK Kak BCJel-
crBHe GuabTpauuu B Geperax (uabTpauus B Teae NJIOTHHLI HMeeT
npocTpancTBenusbiit xapakrep (em. § 9-5).

S S
BN

N
o 2
k. S

&000000.000.0&00000.00.0
Puc. 3-8, Cerka ¢uastpauun B Teae 3eMASHOR NAOTHHBLL

JIMHHK PaBHLIX HAMOPOB B TEJAC 3EMJASHOH NJAOTHHBLI 6aH3 Bepxo-
BOTO M HH30BOrO OTKOCOB 3HAYHTEAbHO HCKpHBJeHbl (puc. 3-8).
Beaeacreue 31oro nbe3oMerpbl, MMelOUIHe HasHavenue (HKCHpo-
BATb TOUYKH KPHBOIl JenpeccHH, A0JKHbL He OYCHbL CHJbHO 3ar.ayd-
JSITHCSI B TEJ0 NMJIOTHHbI.

Jdas ycranopsaeHust rayOHHBI [1bE30OMETPHUECKHX CKBaKHH H
ONTHMAJBHOrO KOJIHYECTBA HX HCOOXOAMMO MNpeABapHTEAbHO 10-
CTPOHUTb TCM HJIH HHBLIM NYTEM KPHBbie HENPECCHH B INIOTHHE MpH
MaKCHMaJbHbIX H MHHHMAJIbHBIX OTMeTKax yposHen Obegos. B cpexn-
el MacTH KPHBAsi JACNPCCCHH B 3eMJIAHOI NJOTHHE fABJASCTCA 10CTa-
TOUHO NJAABHON M TOJOrof, npuuemM Aas [JIOTHH, OCHOBAHHBLIX Ha
pojaoynope, ona OJiH3ka K mapadoJe.

ITepsuiit nbezoMerp, HCX0Ast H3 (POPM KPHBBIX JeNpeccHH, caeayer
CTaBHTh HEXANECKO OT ypes3a BOAb B BepxHeMm Obede. B cpeieit
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YACTH MOKHO HOCTaBHTL 2—3 nbe3oMeTpa M OJANH MM IBa Mbe3o-
Merpa B HHKHell uactn kpusoit aenpeccuu. [locaeanuit nbesomerp
pesecoobpasno nocrasuth BOAH3KM oOparioro (puanTpa apenaxa.
[Mp# nomMoultM 3TOTO NbE3OMCTPA MOKHO KOHTpoauposath paboty
obpaTHoro (puabrpa.

KoanuecTBo NLC30METPHICCKHX CTBOPOB 3@BHCHT OT AJHHBL 1110-
THHB, @ TAKKC OT H3MEHeHHsi Mo JauHe npouacit U reosiornuc-
CKOro crpoenns ochoBauns. Ilpn ciaoHCTOM OCHOBAHHH TJIOTHHDI
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Puc 39 TluesoMerpHyeckuil CTBOp B 3eMAAHON N10THIKC
I <« nueaomerpu; 2 — Ganker

neaecoofpaszHo CTaBHTL NLC3OMETPHI ¢ PHILTPAMH KaK B BepXHeM,
TaK H B HHAKHHX CHJIbHO BOJONPOHHILACMDBIX 11J1aCTaX B OCHOBAHHN
naoTHuL (puc. 3-9). B 0COOCHHOCTH BaXKHO HMCTHL CBCICHHA O la-

Puc. 3-10. Ilbezomerpuuccknii cTBOp B 3eMAMNON IIOTHHE © IKpaHOM.

nopax 8 CHJILHO ROJONPOHHIACMBIX MJaacrax B Huxiucem 6nede, rie
BO3MOJKeH BbIMOP TPYHTA BepxHero caabonponHitaeMoro CJIos.

[Ipn naauuny y 3eMaaH0I NJAOTHHB 3KpaHa KpHBas J1ErpeccHi
3a 3KpaHoM pe3ko nouukaercsa. Pasznocts yposHeit i Boabl B BojO-
XpaiHjHule H B HavyaJbHOH YACTH KPHUBOW ACMPCCCHH 3a 3IKpanoM,
oTHeceHuass K odutemy nanopy H, nospoaser cyaurs 06 spdexrin-
HocTH 3Kpana (puc. 3-10).

B naorHnax, HMeEOUHX AP0, YaCThb NbE3OMCTPOB Pa3MCLLACTCH
B AAPC, a4 OJHH NMbe30oMeTp cTaBuTcsi Bhime aapa. Huxe sapa ue-
J1ecoo0pa3Ho MOCTaBHTL HC MeHee ABYX nbedoMmerpoB (puc. 3-11),
OIHH M3 KOTOPLIX MOMCHIACTCA Mepeal APEeHaKHLIM YCTPOIICTBOM.
B cayuae HaGpocHBIX MJAOTHH € SAPOM NbE3OMCTPLI B  HH30BOI
MpH3Me He CTaBATCA, TAK KaK KPHBAs JENPeccHH HMeeT BeChbMa Mo-
JIOroe oyepTaHHe, H ec Majaelue Mo AJTHHE MOTOKA HE3HAYHTELIO.

IIbesomerpHueckie CTBOPH B HAMOPHLIX THAPOCOOPYIKEHIAX,
4 HMEHHO B OGCTOHHBLIX NMJOTHHAX M THAPOCTAHIMAX, HAa3HAUAOTCA
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B MEPBYIO OYepedb HCXOAS H3 CoOOpaKeHHil MoJyuyeHHsi 3Mop Ha-
MOPOB Ha MOA3EMHLIC KOHTYPHI COOPYiKeHHHl BO BCEX XapaKTepHbIX
CCUEHHAX. DTH CeUeHHs] ONPeneIAlOTCs KaK reoJiorded OCHOBaHHSA
COOpPYHKEHHs, TAK H OCOOCHHOCTAMH €ro KOHCTpYKuuH. B orsercr-
BEHHBIX COOPYVAKCHHAX CTBOPHI pPAaclojaraioT B KaKA0M npoJjere.
Ha pue. 3-12 nokazaHa uyacTb CXCMATHYECKOro MJaHa THAPOY3aa
C VKa3aHHeM MeCTONOJIOMKEHHs Mbe30MEeTPOB (10 cTBOpaM GeTOHHOI
naoTHHL H 3xanus 'IC {74].

[To crBopy mbe3oMeTpbl CTABATCS B MECTax PE3KHX MepeaoMoB
MOA3CMHOrO KOHTYPA COOpYKeHHil: no o6eHM CTOPOHAM IUMYHTO-
BbIX CTEHOK, 3aBec, 3yOpeB. BecbMa BasKHO HMETb HATYpHBIE AaH-
Hble 0 pabore MPOTHBOMHIBTPAUHOHHBIX H JIPEHAKHBIX YCTPOMCTB:
MoHypos, 3yones, o6paTHeiX (uiIbTpoB ApeHaxeil. [Ibesomerpuue-

Puc. 3-11. TMuesonerpuyeckuit cTsop B 3emannoil niorune
C TAHHHCTHM RAPOM.

CKasl CCThb MPOEKTHPYETCA € Weablo OUEHKH 3(P(PEKTHBHOCTH TaKHX
YCTPONCTB BO BCEX CME@MHBIX FOPH3OHTAX.

B Mecrax conpsukeHHii HanmopHBIX COOpY)KeHHil ¢ GeperaMu M
C 3eMJSIHBIMH IVIOTHHAMH 3MIOPLI MbE30METPHUYECKHX HAMOpOB 3Ha-
YHTEJAbHO OTJIHYAIOTCH OT TeX JKe 3MIOpP B CPeAHHX CeYeHHSX COOpY-
menuin. Ha 3THX yvacTKax NpPOMCXOAHMT NpocTpaHcTBeHHas (GHAb-
TPAUKsl H CKaspiBACTCS1 BJIHAHHE PACKPBHITHS WBOB H 06pa3oBaHuA
tpewnn. [Tostomy B yKasauHbIX MecTax CONMpsKCEHHIl TaKKe Kesa-
TeJIbHO HMETh Nbe3oMeTpHueckHe cTBOpbl. IIpH HaAHUHH HECKOJIbKHX
BOJLOHOCHBLIX TOPH3OHTOB J0JXKHA ObiTh NPEAYCMOTPEHAa BO3MOK-
HOCTL KOHTPOJAs (PHALTPALMH B HHX € MOMOLWIBIO 3THX CTBOPOB.

OnbiT nokaswiBaer, 4TO NepeuHCJCHHbIC Bbllue TpeGoBaHUsI He
sceraa Boineansiorcea. Ilpn anaamse CymecTBYIOUHX Nbe3OMeTpH-
YECKHX CeTel MHOTrAa BBLISAIBJASCTCH PSi/l CYINIECTBEHHLIX HCAOCTATKOB
[95]. 3avacTyio B OCYILECTBJAECHHBIX MbEe30METPHYCCKHX CETAX OTCYT-
CTBYIOT Mbe30METpPbl Mepejil NMOHYPHLBIMH WIMYHTAMH HJIH B Havaje
noHypoB. MeKAy TeM 3TH NMbe3OMETPbI BaKHbl NPH HCCAEIOBAHHSAX
3aHJICHHS BOAOXPAaHHAHULA H 3(D(CKTHBHOCTH NOHYPOB.

[pn pacctaHOBKe NbE30OMETPOB CJeIAYeT YYHTBIBATh, YTO 3HAYH-
TeJbHAsl YacTh HX BLIXOAHT H3 CTPOSl YK€ B CTPOHTENbHBIN MepHO.
B Geronnwix coopyxenusax Llumasnckoit '9C nocae 3asepuenns
CTPOHTENLCTBA, Kak nokasanu uccaenosanns HUC Tuaponpoexra
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[43, 95], anwb oxkoao 50Y, OGe3HANOPHLIX NbLE3OMETPOB OKA3aJIHCh
AEHCTBYIOULHMH.

B nacrosiuiee BpeMs HMEIOTCA NMOMNBITKH 1aThb THNOBOE pasmellle-
HHE MbE30OMCTPOB B THAPOTEXHHUECKHX COOPYKEeHHAX (OeTOHHBbIX M
3eMJSIHBIX [IJIOTHHAX, CYJOX0ANbIX wio3ax) [95].

[Ipu HeKOTOpPLIX CNENHAJNbHLIX HCCAeI0BAHHAX, HanpHMmep npu
HCCHIC0BAHHN XHMHYeCKOH cydpdo3un B pacTBOPHMBIX MNOpPOAAX
OCHOBaHMil, rayOHHHLIC NbE3OMETPbl YCTAHAB/JIHBAKOTCA B COOTBET-
CTBYIOMHX 30HAX 00aacTH (PuAbLTPAUHH A4 B3ATHA npod BOJALI,
cojepiKauleil pacTBOPeHHble BellecTBa. IDTH HCCJIeIOBAHHA OCBe-
1alTCA B raase 7.

B rpaBHTaulHOHHBIX MJIOTHHAX HaA TPEUIHHOBATHIX CKajAbHBIX OC-
IHOBAHHUAX OCHOBHbI¢ TOUEYHbIe Mbe3OMeTPbl YCTAHABIHBAIOTCS BbIILC
H HHXKE JApeHazKei M ueMeHTauuonHoit 3asecnl. Ha puc. 3-13, a no-
Ka3al Mbe30METPHUCCKHI CTBOP OAHON H3 CYUIECTBYVIOIHX TMJIOTHH.
[Tpu OTCYTCTBHH JpeHar<a B OCHOBAHHH MJOTHHLI TOUEUHBIE MbE3O-
MeTPbl YCTAHaBJIHBAIOTCS B 30HE KOHTAKTa Te1a MJIOTHHBLI C OCHOBA-
HHEM, TAK KaK KOHTaKTHasl MOBEPXHOCTb NMPeACTaBaserT ocoOblil HiTe-
pec B oTHOWEeHHH PuabTpanun (puc. 3-13, 6).

Hapsaay ¢ nonepeyHbIMH Nbe30METPHUECKHMH CTBOPpaMH ycTpan-
BAKOTCS NPOAOJAbHBIE CTBOPL. OHH ZalOT BO3MOXHOCTH OLEHKH pa-
60TH NMPOTHBOPHABTPALIMOHHBIX YCTPONCTB: IUMYHTOBLIX CTEHOK, 3Y-
ObeB H T. Jl., @ TaKKe JIPCHAKEH Mo JIHHE THAPOTEXHHUYECKOro co-
opyxenus. OcobGeHno BaxHO HMeTb cBeaeHnst 06 3pdexkTHBHOCTH
LeMEeHTAUHOHHOM 3aBechbl Mo AJHHE NJOTHHBI.

Caeayer OTMEIHTb, YTO BBHAY HEONPEAGJICHHOCTH pasmepoB M
PacnosoKeHns TPeUHH B CKAaJAbHLIX OCHOBAHHAX SMIOPbI NPOTHBO-
JaBJeHHsl Ha MOJCIBLI MJAOTHH HMEIOT CJAOXKHbI Xapakrep. THmHu-
HBIM TPHMEPOM B 3TOM OTHOLWIEHHH ABJAAETC nNaoTHHa [ysepa
B CIIIA, B KoTOpoO#t 3MOpbl MPOTHBOAABJEHHS HMCIOT nHa0006pas-
ublit BUA. [TosToMy HaZo CYHTATL NPABHIBHBIM, YTO B NONEPEYHOM
CTBOpPC MNJOTHHBI, WHPHHA KOTOPOil MO OCHOBAHHIO COCTaBJAET
174 m, nocrasiacHo 7 nbe3omerpos [43].

HatypHbie uccaenoBanus (HABTPaUHMH B paioHax OpOUWIECHHS
NPecacaAYIOT Lejb ONnpeae/eHHs peKHMa TPYHTOBBIX BOA B Opollae-
MbIX MAaCCHBaX — MHOTOJICTHEro M Ce30HHOTO. 3Has THN pexHMa,
MOXHO OnpeiesuTh cnocobul pauHOHANBHOrO YNpaBJeHHs 3THM
PCHKHMOM. .

HabGawonatesabHble CKBaKMHbI 3aKJIaAbIBAIOTCS HE TOJNLKO Ha
OpoIIAeMOM YYacTKe, HO H no o6e cTopoHbl OT Hero. CTBOpPLI pacno-
aaralotcs oObYHO MO HANPaBJACHHIO TeYeHHs rpyHTOBbIX BOA. Onu
AOBOAATCA /10 PEKH WJIH JI0 TOrO MeCTa, rie OpouleHHe NPaKTHUYeCKH
He BJAHMSIET HA PEXKHM CCTECTBEHHbIX FPYHTOBBLIX BOA.

INpeacrasasier uuTepec HabGaoleHHe 3a (PHAbTPAUHEH TPYHTO-
BLIX BOJA M3 OJAMHOYHBIX KPYNHbIX KaHaaos. B sTom cayuae nbeso-
METPHUECKHE CTBOPHI 3aKJaJAbIBAOTCA C YYETOM HAa3BaHHLIX Bbllle
VCJIOBHIL NEpneHaHKyAspHO OCH KaHasa. BOAM3H Kamana umeloTcs
HeGoJbUIHe YKAOHL MOBEPXHOCTH AENPECCHH, MO3TOMY Nbe30MeTph
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3/1€Ch J0.1KHBI pacnoaararscsa vauie. Kaxk npusmep rakoro pacnoso-
AKEHHS NTbE3OMETPOB VKaXKCM Ha Nbe30MeTPHUECKHH CTBOpP, ocyule-
cTeaenubii eme B 20-¢ roapl B [ogoxuoit crenu [82], B koropom
npe3oMeTphl O0JMH3 KaHaaa pacnoJoxenn: Ha paccrosiung  200—
300 »# apyr or Apyra, a lajgee 3T0 pacCTOSHHC YBCAHYMBACTCH 1O
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Puc. 3-13. Cxemptl nuesomerpiue
CKHX CTBOpOB: @ — CTBOP BOAO-
CABBION  OA0THHW,  CORMCILCH
noit co tamiem I'HC (Kamckasn
I'2C); 6 —craop BoAOCAHBION
niotHiee  Yu-Kypranckoin I'9C:
! — HOMONTH Mo Saneca; 2 —
nepTHRAABUMA apenaw: 7 IrOpH Aot
raabuni  apenax: 4. 5, 46— sono-
HOLHWMEe rOpH3onTIE (TaTapernil, nepx

NO= o NHRNECOARKAMCKHNA); 7 — KOH-
[AKTHLE NBEIOMETPH, § —= (1I0TEDPHL,

500 u 1000 . M3BecTHble TCOPETHUECKHE PCIICHHA 3a1a4 O (HAb-
Tpauuyu H3 KalajJeB BMNOJHC NMOATBCPKAAIOT NOA00HOC pasMelleHune
nbesomerposn (11, 82].

[Ipu npoekTHpOBaNHH Nbe30METPHUECKOI CCTH B paitone opousc-
HH HEeOOXO/MMO HMEThb B BHAY 3a4auH H3YUCHHS XHMHYECKOTO
CoctaBa rpyHTOBBIX BOA. Kak M3BeCTHO, XMMHUYECKHil cocran

43



FPYHTOBLIX BOA MOXKET OOYC/AOBHTL 3acoseHue 3emenb. [Toatomy
B COCTaB Nbe3OMETPHYCCKOA CeTH BXOAAT CKBaxKHHB aas orbopa
npo6 BOALI C LEJbI0 XMMHYECKOr0 aHaaH3a (onuiTHble KycThl). Tax
KaK XHMHUYECKHiT COCTAB BOAbLI H3MeHsercs no ray0HHe MOTOKa, TO
Ha yuacTkax, rie npousBoauTcs ot6op npob, 3akaajabiBaercsi Ha
paccTosiiHH |—2 M Apyr OT JApyra HeCKOJIbKO CKBaX{HH, (DHABTPDI
KOTOPBIX PacnosaraioTcsi Ha pas3aHYHbIX FIyOHHAX.

§ 3-3. HabniogeHme 3a YPOBHSAMM BOAbLI B Nbe3OMeTpax
M KOHTPONb MX NMOKAa3aHMK

Yacrora HaOn0OACHHI 3a YPOBHAMH BOJbl B NbesoMerpax 3aBH-
CHT OT PeKHMa IPYHTOBBIX BOJ H 1leJH HCCJIEOBaAHHH.

B 3TOM OTHOWIEHHH peXHM TPYHTOBBIX BOJ XapaKTepH3yercs
AMIIJIMTYOH M NepHOfOM KojgebGanuH ypoBHeil rpyHTOBBIX BOA. Ya-
crota HabJsofeHuit Ao/KHa ObiTh TeMm Oogblie, YeM MEeHblue MepHoL
kKoseGannit u yem Oousblie aMmauTyia Koaebauuit. OObeaunas 3mH
ABa YCJOBHS, MOXKHO CKa3aTh npHOJIHXKEHHO, YTO yacToTa Habioxne-
HHH 3aBHCHT OT CKOPOCTH H3MeHeHHs YPOBHEH TIpPYHTOBLIX BOJL.
Ecan ckopocTh M3MEHEHHSl YpOBHell COCTaBASCT HECKOJbKO MHJIJIH-
METPOB B CYTKH, TO 3aMepbl YpOBHEH BOJbI B NMbe30OMETPAX MOXKHO
npousBoAuTh ¢ HHTepBajsom 3—I10 cyr. Tlpu Gonee BBLICOKHX CKO-
POCTSIX H3MEHEHHSI VPOBHEH, JOCTHI AIOUHX HECKOJAbKHX CAHTHMETPOB
B CYTKH, 3aMepbl npoussoasarcs | pas B CyTKH.

Caenyer OTMETHTb, UTO TOYHOCTb 3aMepOB YPOBHCH BOALI B MNbe-
30MeTpax CocTaBJjsieT B Jyuluem ciayuae 2—3 ca. B nepuoasi npo-
XOXK/CHHA NaBOJKOB, KOrja CKOpPOCTb H3MEHeHHSl YPOBHEH TpyH-
TOBBIX BOJ BeJHKa, 3aMepbl HHOrAa MPOH3BOAATCA HECKOJIBKO pas
B CYTKH.

Eciu HCTOUHHKOM KOJeGaHHs YPOBHEH TPYHTOBBLIX BOJ SABJISIETCSA
peka, TO caelyer HMeTb B BHAY, YTO KoJeOGaHHA YpPOBHeH rpyHTO-
BBIX BOJA 1O Mepe yJaJieHHsi OT peKH 3aTyxaloT. To e MOXHO CKa-
3aTh M B Cayyae, €C/1H HCTOUHHKOM KoJieGaHHi ypOBHEH sBJIAETCH
HCKYCCTBEHHDIt KaHajl HJAH BOZOXPaHHJHKULE. IDTO CJAEAYET YUHTbI-
BaTh NPH onpeieseHHH 4acToThl 3aMepoB.

[TyTeM OpPHEHTHPOBOYHOrO pacyera MOXKHO ONpelelHTb NMOPANOK
MOBBLILIEHNS YPOBHS TPYHTOBOH BOALI HA BEePTHKAJH, HaXOAsleHCs
HA HEKOTOPOM pacCTOAHMH OT ype3a BoAbl B peke. [Ipu 3ToM Aas
MPOCTOTH MOXKHO MOJIaraTh, YTO BOJAOYIOP ABJAETCA TNOPH30HTANb-
HBIM, a MOAHATHE YPOBHSI BOAB B peKe IPOHCXOAHT MTHOBEHHO '.
W3 coorercrByiouteii popmyabnl MOXKHO MOJYYHTb JUITHHY pacnpo-
CTPAHCHHST MOANMOPA 'PYHTOBBIX BOX B TEUEHHE BPEMEHH NMPOXOK/e-
HHA NaBoJKa.

[Ipu npoekTHpOBaHHH THAPOTEXHHYECKHX Y3JIOB lesnecoobpasio
HCCJIEOBATh M3MEHEHHE BO BPEMEHH VpPOBHeH TPYHTOBBIX BOJ Ha
TePPHTOPHSAX, MPHMBIKAIOWMKX K THAPOY3JIaM, MPH MOMOLLIH HHTE-

I Cw., nanpuwmep, [12, crp. 59]
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rpaTopoB, ¢ YUETOM IOCTENEHHOTO MOBLILICHHA YPOBHs BOALI B peKe,
u3menenns Kosppuunenra puavrpaunn n 1. 1. {9, 13].

B paiionax ruapoysioB A4 ONpeieIenHsa 4acToThl  3amepa
yPOBHCI BOALI B MbE3OMETPAX, OTBevalollell YCJAOBHIO 1PABHILHOI
OLLEHKH 3aKOHOMEPHOCTH H3MCHEHHS BO BPEMEHI VPOBHCH TPyHTO-
BbIX BO1, Hanboaec naziexen nosutusHblit Merox [101, 147]. Co-
rJ1acHO 3TOMY MeTO;Y B nepseie | —2 roja npou3BoAATCS exeanes-
HblC 3aMepLl B HEKOTOPLIX XapaKTCPHBLIX TOUKAX, HaXOASIHXCH
B chepe TeHCTBHSI NPEBaHPYIOUHX CCTCCTBCHHBIX H HCKYCCTBECH-
HBIX (PAKTOPOB, KAK-TO: XapakTepHoe CTPOCHHC N1aCTa, BJAHAHHC
CHAPOCOOPYKCHHIT W T. 1. 3aMephl YpOBHell B OCTaJbHLIX Hab.io-
AAaTeNbHBIX TOUKAX NPOH3BOAATCS OAHH pa3 B 3—5 cyr. B naan-
HelleM YCTaHABIHBACTCH PAlHOHAILHAN HacTOTa TAKHX 3aMepoB.

Ecan nepuon koaebGanwuit ypoBHeH TPYHTOBBIX BOA COCTABIACT
JHIIb HECKOJIbLKO YacoB, TO 3aMepbl YPOBHE B NbE3OMETpax Npous-
BOASTCA 3 pa3a B cyTKH. TIpH 3HAUHTEABHBIX CAKCAHEBHLIX Ko.1eba-
HHAX, JOCTHTAIOUIHX HECKOJIBKHX METPOB, BEIYTCA HeNpepbiBHLIC
HAO0MIOAEHNS TPH MOMOLH CaMONUUIYLINX NPHOOPOB.

FlameHenyue Hamopon B apTe3HAHCKHX MIacTax NMPOHCXOJHT Me-
Hee MHTEHCHBHO. ueM B Mnaacrax O0e3nanopHuiX, BCAIACTBHE YCTro
4acToTa 3aMepa yposHell B NbC30MOTPAX WAM JIaBJICHHI B Mano-
MeTpax Gyier MCHBIIE YaCTOThl 3aMepa ypPOBHell B Bepxiem Oe3na-
MOPHOM IJIACTE.

Kak nokasbisaer onwiT, 4acTh NMbC30OMETPOB BCJAEICTBHE 3aW.lc-
HHSI MX BOJIONPHCMHHKOB WM 3acopenusi  csepxy BuibuiBaer M3
crposi. M3 conocraBaecnus MocTpoeHHpiX rpapHkos H3IMCHEHHS Ha-
IOPOB B NbE3OMCTPAX BO BPEMEHH, a TAK/Ke M3 CONOCTABJAEHHS WX
C MOKA3aHUsIMH COCCAHHX MNbC3OMETPOB OOLIMHO MOMKHO Cle1aTh
3aKJAI0YEHHEe O HEeHCIPaBHOCTH TOrO HAN HHOTO Nbhe3oMeTpa.

B uHencnpasnom nnesoMerpe ypoBeHb He pearupyver Hau caabo
pearupyer Ha HM3MEHCHHE YPOBHSI B pCKe MM  BOLOXpaHHIMUILC.
Yacro nbe3oMeTpbl, YCTAHABINBACMBbIE NPH BO3BEIEHHI FHIPOTEN-
HHUCCKHX COOPYXKCHNI, 0KA3hBAKOTCH 3aILCMEHTHPOBAHHBIMH B 1PO-
uecce CTpPOHTCILCTBA. MOKHO NPOBepHTL HCHPABHOCTL Mbe30MeTpa,
Haansas B Hero Boay. [lpm 3T70M HeoGXOAMMO 3aMEPHTL OTMCTKN
VPOBHS BOAbLI B Nbe3oMerpe A0 M nocae Haausa. Ecau  yposeun
BOJALI B MbE3OMCTPE HC NOHHAKAETCA uepe3 MPOMCKYTOK BpeMeHH,
ONpeACTACMbI PACUYCTOM MO OPHEHTHPOBOYHO BLIGPAHHOMY 3HaYycC-
HHIO Ko3pdhuumerTa PHALTPAIUHH C MOMOLIBIO OIHOH N3 (opmy.l.
npusejieHHblXx B § 5-4, TO Nbe3oMeTp HEHUCMpaBen H ero cJjaeayer
npouncTHTh. Ecuan 3acopeHHe MPOH3OULIO B pe3v.ibTaTe IEMCHTA-
HHOHHBLIX paboT, TO BOCCTAHOBJICHHE MbE30OMETPa NPaKTHYECKH He-
BO3MOKHO.

IMpu ananuse kKo.aeGanuii NbC3OMETPHUYECKOrO YPOBHSI CJACAYCT
YUHTBIBATH BO3MOACHOCTL BJAHANHS H3MCHEHHA aTMochepuoro nas-
aenus. JI. Toaa [235] oObsichsier 3TO fIBJAEHHE YNPVIHMH  CBOIi-
CTBaMi BOAOHOCHBIX naacros. CyTb nabaojpaeMbix sIBJACHHA Co-
crout B caeaywmem. Ilyers armocdeprnoe nasaenne p, BO3pOCIO
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Ha Ap,. Toraa nbesoMeTpnyeckas BbiCOTa Ay YMEHbUINTCH 10 Mo
(puc. 3-14). Msmenenne ypoBHSI BOJAbLI B MbC30METPE ONpPEALIHTCH
3aBHCHMOCTBIO:

M = (hy—hy) B ’{:" : (3-1)

NPHYEM y — VIeJbHbIH BeC BO1bI;

B AN (3-2)

FAe m — nopucTocTs naacra; Ey — moayab ynpyrocti soawt; £y —
MO/yJ1b YIPYTOCTH CKeJeTa Iacra.

Be3dpasmepian seanunna B, KOTOpyilo MOXKHO Ha3sath KoypQu-
uHeHToM GapomerpHuecKoil 3PPEKTHBHOCTH, ONpeAISCTCA Ha OCHO-
BallHH ONBITHLIX AAHHBIX. DTOT KO3 (-
NSNS (bHUMEHT HMeeT OoJibliie 3Havelus B
BOAOHOCHBIX FOPH3OHTAX, H3OJHPOBAH-
HLIX CAa00BOAONPOHHIAEMBIMH  CJIOf -
mu. TT. A, Hlaukuu npUBOAHT JaHHbIE
O BJAHSHHM armocdepHoro Jgasiaenus
Ha NOKa3aHHA NbE3OMETPOB B 3eMJs-
Hoi nJaorune [187]. Mmerotcst nekoro-
puie cBefleHHs O BanAHHM aTMocdep-
IR PR HOrO JIaBJAEHHA W Y APYIHX aBTOpOB.

SR P, Oanako 3navenne Kosphuumen-
fayeyer Ta B BBHAY pPasHOPOAHOCTH MOPOI,
Puc. 3-14. Mawenenme ypopua C1ATAIOUIHX  BOJOHOCHDIE TNJACTLi, a
BOAK B Nbe3oMeTpe npu miMene-  TAKKC BBHAY BJAHSHHA HCKYCCTBCHHBIX
HIM aTMOCQEPHOro Aasienist.  COOPYZKEHHH, MPOpe3aloutux MJ1ACThl,
MOKeT ObiTh onpejaeaeno no gopmyvae
(3-2) auwb p peakux cayuasx. [Aas ero onpeaeaenus 1eobX0IHMLI
ONLITHBIC JaHNbI€, MOJYUECHHBIC B HATYPHLIX YCJIOBHAX.
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§ 3-4. NocrpoeHue KapT rHAPOM3OTHNC M FHAPOM3ONbLEs
NO NbE3OMETPHUYECKHM YPOBHAM

B pesyasrate HatypHbiX HaG.a0aeHHi CTPOATCA rpadHKH H3Me-
HEHHSI MbE30OMETPHUECKHX HAMNoOpPoOB /sl Pa3iHuHLIX NbE3OMETPoB
B Heeaeayemoit o6aactH puabtpauun. Beibupas u3 3tux rpadukos
MOKa3aHust Nbe3OMETPOB Aafl KakKoi-aHOO JaTbl, Mbl HMeEeM s
KaxkKaoi Habal04aTeIbHON TOUYKH 3HAYCHHE NbE30METPHYECKOro Ha-
nopa, OTCUHTLIBAEMOro OT HEKOTOPOH TOPH3OHTAJLHON MJIOCKOCTH
cpasuennsi. Ecan nokasauus pasinHuHbIX NbE30OMETPOB B3SATH He
O/IHOBPEMCHHO, TO HA OCHOBAHWH TIOCTPOEHHBIX rpaHKOB H3Me-
HEHHH YPOBHEH B Nbe30OMETPAaX BO BPEMEHH 3TH YPOBHH BO BCEX
nMbe3oMeTpax NPHROIATCA K OAHOIl jaaTe.
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[To onbITHLIM 3HAYEHUSAM NMbe3OMETPHYECKHX HAMOPOB BO3MOMKHO
¢ TOM HJIH HHOH CTCHCHBLIO TOMHOCTH MOCTPOHTL KPHBLIC pPaBH bIX
Hanopos JAast IlJlaHa [OTOKA, SABJASIOLHECH TFHAPOH3OTHOCAMH JLA9
0€3HaNOPHOTO H T'HAPOH30NbE3aMH 51 HANOPHOre MOTOKOB.

OcranoBuMCsi Ha cnocobax MOCTPOEHHs KapT Ha3BaHHBIX H30-
ausuit. TIpun nanccenun na naan Touek Hab.lOLeHHS CJelyeT Bbille-
JHUTb T€ TOYKH, B KOTOPLIX 33aMCPCHHLIC MLE3OMETPHUECKHE VPOBHII
He Bnoame aocroseplinbl. OGLIYHO NPH NMOCTPOCHHH KapT FHAPOH30-
THIC IH TFHAPOH3O0NbE: TOYKH Ha-
0110111 COAHHAITCS NPAMBIMH
JHHHAMH M KayKblH OTPE30K Jle-
JHTCA HA NPOMOPUHOHAIbHBIE Yva-
CTH B COOTBETCTBHH € OTMETKaMmy
ypomleii BOALI B COCAHHECHHDBIX TOY- 25,5
Kax. 3areMm uepes TOYKH € OAHHA-

26,5

24.5

KOBBIMH OTMETKAaMH NPOBOAAT KpH- 25.04 242

BLIC, KOTOpbIE SIBAAIOTCA THAPOH30- 2.9

THICAMH HJIH THAPOH3ONbE3aMH. Pic. 3-15. Onpeneienie Hanpamac:
B cBSi3H € 3THM CNOCOBOM MOMK- s uasTpauun N0 YPOBHAM Tpex

1O YKa3aTh lla HCNOJb3VeMbIH HHO- CKBAKHN.

raa cnocob OpHEeHTHPOBOYHOTO Ofi-

peieieHHsl nanpasieHus NJAasoBoi (PUALTPAUHN NO Tpem TOHKaM.
IMoaoxuM, uTo HMelOTCS TpH HabJjlofaTeabHbIC CKBAaXKHHLL, B KO-
TOPLIX OTMETKH ypoBleit Boabi napectunt (puc. 3-15). INpeanoaaras

Puc. 3-16. Kpupas aenpeccu B Nbe3OMETPHYECKOM CTBOpE.

JHHCHIOE NajcHHe 11anopa MexKay BepUWHHAMH TPeyro/bHHKa, pas-
OuBaeM Cro CTOPOHbI Ha MPONOPUHOHAJbLHLIC YACTH H COCHHHSEM
NPAMBIMH JHHHSMHE TOYKH C OJHHAKOBLIMH 3HAYEHHSIMH Hanopos
ITH npaAMbIC ABJSIOTCS NPUOAHIKEHNO IHAPOH3OTHICAMHE HJIN THAPO-
n3onbezami. Jlagaee, nposeas HOPMAJab K 3THM NPAMBIM, MOJviaen
HanpapJenHe CKOpPoOCTH (hHJAbTPAUMH B Jipejiesiax AaHHOTO TPeVrOJib:
HHKA.

B paze CA0KHBIX CAYUACB NPCACTABJAACTCH PALHOHAJBHLIM TIPH
MOCTPOEHHH HA3BAHHBIX M30JAMHHIL 1IPEBAPHTEIBHO MOCTPOHTH KPH-
BbIC HAMOPOB MO Nbe3oMeTpHycCKHM crBopam. Ha puc. 3-16 noka-
3aHa KpHMBas /eMpeccHd B NbC30OMCTPHYECKOM CTBOPC, NMOCTPOCHTI AN
Ha OCHOBaHuH moKasanuit neesomerpoB. [Iposoass Ha ueprerke

AT



FOPH3OHTAJIbHBIC JIHHHH HAa COOTBETCTBYIOLIHX OTMCTKax 10 nepece-
YCHHA C KPHBOI JerpeccHu, nojydaem TOUKH, KOTOPbIEC 3aTeM Hepe-
HOCATCA Ha naan. TakuMm nyTeM Mo HeCKOJbKHM CTBOpaM Ha naan
HAHOCHTCA PAA TOUCK, COOTBETCTBYIOUIHX 3a1aHHBLIM OTMCTKAM.
[TpoBeas auHHK Yepe3 TOUYKH C OHHAKOBbLIMH 3HAUCHHAMH OTMETOK,
MOJAYYHM THAPOH3OIHNCLI, HaNJAeHHble nyTeMm rpaduueckoil KpHeo-
JHHEHHOH HHTePnoJIsiHiM.

B HeKOTOpPLIX CJAyuasix NpH JOCTATOYHOM KOJAHYCCTBE MbE30OMCT-
POB MOCTPOCHHE KAPT FHAPOH3OTHIC HAH IHAPOH3ONbE3 MONKHO Npo-
H3BOJHTb MPH MOMOIIH 3SKCNCPHMEHTAJbHBIX METOA0B, Hanpumep
merogom DIJIA. TTosoxum, uT0 HA AaHHON TEPPHTOPHH HMCCTCH
e10CTaTOUHOE MHCAO 1efiCTBYIOUIHX MMbe3OMETPHYCCKUX CKBAMIIH,

Kak nokasamno na puc. 3-17. B stom
cayuae, noJab3yschb H3BECTHOH MCTO-
JHKOI IKCIEPHMEHTAJNbHOIO HCC/Ie-
J10BaHHs naauoBoil Gpuabtpaiiu (9],
a7 MOJKHO MNOCTPOHTDL TFHAPOH3OIMICHI
HJH THAPOH30NbE3bl I'PYHTOBOTO 10-
TOKa C yueToM BceX OOCTOATCIbCTE

§o -
o5 (rpaHHuHBIX ycJaoBH#, (opmbl BO-
aoynopa, H3MeHeHus Koapduien-
°f ta OQHALTPAUMH 7O IowWwas i

Puc. 3-17. Caysail neioctatounoro  T. JL). [Tpu sTOM NOTEHUHAABI, COOT-
KoauuyecTsa HaGAOAATEAbNLIX CKBA- BCTCTBVIOULIHE MOKA3AHHAM JIeHcT-

; - "';“"' , : BYIOUIHX MNbLE3OMETPOB, 3a1al0TCs
"“m']:.;?;“".ldbcd)gn; A‘.‘)_p.c‘;:ge.:’;:px.g.‘_(‘; .'_‘ Ha .\loﬂe;l“ B TCX 'rO"”\'ax. rﬂe paC'
CKBAKHNE-NLEIOMETPH. noaozxKensl nbezomerpbl. [Toayuen-

Hasi Kapra H30JHHHH, CTpOro ro-
BOPH, ABASETCA IKCnepumentaiabhoit. OAHAKO HAJHUYHE TOUEK C 3a-
MCDEHHBIMH B HATYype VPOBHAMH TFPVHTOBBLIX BO1 CYULECTBEHRO
MOBLILIAET TOYHOCTL PE3VALTATOB.

3aMeTHM, UTO OTKJIOMAH HA 3JCKTPHUECKON MOACIH 3JCKTPOIbl,
MOIEJHPYIONIHE NbE30METPHl, NPH VCIOBHH COOTBETCTBHA MOIe/n
HATYPE Mbl AOMKHLI NMOJAYYHTb TY 7Ke KapTy rHAPOH3OrHNC, 4To 1
B Cayuae NPHHYAHTEILHOrO 33/1aHis NOTEHILHAI0B B MCCTax pacno-
JoKeHHa nbezoMerpoB. OHAKO NPaKTHUECKH BCErjla HMMCKTCH pac-
XOKACHHA MEKAY KapTaMH N30JHHHI, NOCTPOCNHLIX HPH HAJHUHK
9J1CKTPO10B, MOAEJHPVIOUIHX NbE3OMETPbl € 3aiaHHLIMH TOTCHIH-
aJaMH, U NPH BBHIKAOUEHHH 3THX 3JaeKTpojos. YUem MeHbwe 3Ti
pacxoxjaeHusi, TeM OJHXKe MOJACabL OTBEYAeT peadvibHbIM YCJIOBHAM
huabTpanHH.

[Ipu usyuenun (HopMbl NOTOKA HA OCHOBAHHH TMOCTPOCHHDIX
PHAPOM3OHIC WIH THIAPOH30Nbe3 HeoOXOAHMO HMETh B BHAY, 4TO
JHHHH TOKa 00pa3yior OPTOrOHAJALHYIO CETKY € Ha3BaHHLIMM H30-
JAHHHAMHE JHIIb B CJyYae NMOCTOAHHOrO Mo nJjomanan Kospduuuenta
¢uastpaunn. Ecam xosdpduuuent OGHABTPAUHH H3MEHSIETCA MO
FOPH3OHTAJbHBLIM HaNpaBICHHAM HENPCPLIBHO, TO ceTka, 00paso-
BaHHAs JHHHAMHI PAaBHBIX HANoOpPOB H JIHHHAMH ToKa, He Oyier

48



opToroHanbHoil. Ecan ke kosgduiupmest (uabTpauMn u3MeH serca
B NJIaHe NpepbLiBHCTO, TO HAa rpaHHLaX 30H C PasHUHBIMH 3Haye-
HHAMH KO3(PHItHCHTAa (HILTPAIMH JHHHH PaBHBIX HATOPOB MCHbI-
THIBAIOT MNpeJoMzIeHle, onpejpeasemoe dopmyaoit (2-32). Taxum
o6pasoM, B CJIy4Yae HEOIHOPOAHBIX TPYHTOB KapThl THAPOH3OrHIC
H THAPOH30MbE3 HE JAI0T MOJAHOTO NMPEACTABJICHHA O FPYHTOBBIX M0~
TOKax.

Ias noaHofi XapakTepHCTHKH TaKHX [MOTOKOB HEo0XO.1HMO
3HaTL M3MCHCHMe Beanunnn Ko3p@puuuenta (QHABTPALIHH TP YyHTA.
Koneuno, npu Takux yCioBHSX 3ajauya MOCTPOGHHA JIHHHIL Toka
3HAYHTEIBHO VCII0AHAeTCS.

[Tpaxktueckn 06aacTh GOHIBTPAIUHH MOXKHO OOHUYHO pas/LeIiThb
Ha 30HLI C NOCTOAHHLIMI CPCIHHMH 3HAMEHHAMH Ko3(h{dHIIHenTa
(uabTpalN, KAk 3TO, HanpuMmep,
nokasano Ha puc. 3-18. B xaxaoi
30He, rae R=consi, JHHHH TOKa
CTPOSAT, HCXOAS H3 NOJOKEHHS Op-
TOTOHAJBHOCTH HX JIHHHAM paBHBIX
Hanopos. Ha rpaunuax nassansbix
30H JIHHHII TOKA CJICIVIOT VCJIOBHIO
(2-31). Tlpn HeoOXOAUMOCTH MO.Y-
YEHHST BMOJHE JT0CTOBEPHBIX JIHHHI
TOKa MpHXOAHTCH npnderarb K on-
pejlesicHHI0 HX NpPH MOMOULY Hilin-
KaTopoB, KaKk CKa3aHo B raaee 4.

3naune BeaHynH Kosp(pHUHEHTAa  Puc. 3-18. Cxema maauoBoit  ¢nan-
GuabTpant HEOOXOMMO NpH HC-  TPalHi B HEONHOPOJHOM m.racTe.
caefoBanis  GopM  dHabTpaunon- I hemwka: 2--reapowsomncns: 4 9.
HBIX NMOTOKOB B BOJOHOCHBIX II1a-  cru: A5 -~ nepxunit Obed; HE — munc=
cTax, pasieaseMux c1abonponnia- s &
€MbIMH CJIOAMH.

Cuapasanyeckas; CBA3b MeK1Y MJAacTaMH OCYUIECTBJACTCSI NO-
cpeacTBoM GUILTPAUNH CKBO3b C1a00NMpoOHHIIACMBT C101, a TaKkKe
yepes «0KHa» — OTBEPCTHHA B 3TOM CJ0e.

OxkHa MOTYT ObiThb OOHapysKeHbl Ha OCHOBAHMH aHaJamsa dopwm
FHAPOH30NLE3 ABYX COCCAHHX BOJIOHOCHBIX TOPH3OHTOB, pasjLease-
MBIX CJ1a00TIPpOHNIAEMBIM CI0eM, TaK Kak B 30HaX, TJAC HMECHTCHT
OKHa, HAMOPLI B COCCAHHX BOJOHOCHBIX FOPH30HTAX HMEKT TEHICH -
UHIO K BbIpAaBHHBAHHUIO.

[Toxo6Hoe mnocTenennoe BbLIpAaBHHBaHHE HAMOpos HabM0 Laercst
B cayvae GUIBTpPAlUHHT 113 OJIHONO TOPH30HTA B APYTroii CKBO3b pasie-
JAIOUIHX HX C1a00onponHIaeMbli ¢JI0i.

OaHako foAHOE OCBCUIeHHE BOMPOCAa O THAPABAHYECKOH CBA3H
MEJKy BOJOHOCHBIMH TOPH30HTAMH TpebyeT AONOIHHTEJbHBIX HC -
cjleioBaHuil, HanpuMep npi nomouty Huaukatopos. K aomoann-
TeJIbHBIM HCCIEJ0BAHNANM OTHOCHTCA ONpEAeJeHHe XHMHUYECKOTO CO-
CTaBa TPYHTOBBIX BOJI B Pa3HbIX FOPH3OHTAX, & TAKKe HMX TeMIepa -
TYPbl M rasoHacbILEeHHOCTH.
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§ 3-5. Hekoropbie BONPOCH aHanWsa Kapr rmapoM3onbes
M rMAPOM3OrMnc

KapTsl rHAPOH30rHNC H THAPOH30MbE3 MOTYT OCBCTHTb HEKOTO-
pbie BONPOCH (PHALTPAIHH HA H3y4YaeMOH TeppHTOpHH. IDTH KapThi
JlaloT HarasaHoe mnpeacTtasicHHe O (opme TpPYHTOBOro MNOTOKa,
B HaCTHOCTH O MPOCTPAHCTBEHHOM Xapakrepe ¢puabTpaunu. B 3onax
COMHKEeHH H30JIHHHIA, Tjle HaOJ0laeTcsi nJaaBHO H3MEHSKULasncsH
dunavrpauns, Ko3pPuuHEHT GUABTPALHH HMEeT OTHOCHTEJIBHO Ma-
Jble 3HAYCHHA; B 30HAX pa3pexeHHsi I3THX JHHHI KO3pPHIUHEeHT
duabTpanuu uMeer vBeaHYeHHbIC 3HAYEHHS.

[IpocTpaHcTBeHHbIT XapaKTep IPYHTOBOTO MOTOKA CYLIECTBEHHO
BJIHAET Ha pacnpejeeHHe Hanopa B OCHOBAHHH MACCHBHBLIX IIO-

- 19512
spednebnge 19632,
19652

Puc. 3-19. lNlaan ruaponsonves pepXHe-coankamckoro ropusonta Kamckoit I'3C.

THH. 'HAPOH30NbE3bl AAIOT BO3MOXKHOCTL OUEHHTBL PaGoOTy NPOTHBO-
(PHUABTPAUHOHHBIX H JAPEHAXKHBIX 3JEMEHTOB IIOTHHbB W MOMOraioT
BLIABHTH CJabble MeCTa B OCHOBaHHMAX MIOTHH. ¢p¢eKTHBHOCTL
KOHCTPYKUHH GeperoBbiX YCTOEB M 3aBeC BBLISICHAETCSI H3 paccMmo-
TPEHUA KapThl THAPOH3OrHNC B GeperoBoM MpHMBIKAHHH.

Kaprel ruaponsonbe3 AJas pasiHUYHLIX TOPH3OHTOB MO3BOJAIOT
BLISICHHTD THAPABJIHYECKYIO CBfA3b Mexay HuMH. Ha puc. 3-19 u
3-20 npeacraBieHbl KapThl THAPOU3ONMbE3 A5 JABYX TOPH3OHTOB
B OCHOBaHHAX coopyxkenuit Kamckoro ruapoyana. IlpuBeneHHbie
KapThl I'HAPOH30MNbE3 MOCTPOEHbI MO JaHHBIM CpeaHeMeCAYHBIX no-
Ka3anuil Nbe30METPOB B NepHOA CTaGHABLHOFO MOJIOKEHHA YPOBHel
BoAbI B oGoux Obedax. M3 conocraBieHHs KapT BHAHO, YTO 3TH
FTOPH3OHTH B 3HAYHTEAbHON cTeneHn o6ocobaeHbl. PHAbTpanHOH-
HbIL TOTOK B HHXHe-COJHKAMCKOM TODH30HTe HalpasjeH Mnoj
VIJIOM K OCH IJIOTHHBI, TOrla Kak MOTOK B BepPXHe-COJHKAMCKOM
FOPH30OHTE HMCCT Hanpas/jeHHe, NeprneHAHKYJIAPHOe K 3TOH OCH.
JuaroHanbHoe wHanpasjende (GHIbTPAUHH B HHXKHE-COJTHKAMCKOM
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ropH3oHTe OOBACHACTCA NOBLIWEHHON TPEUHHOBATOCTBIO HIKH e
aepobGepexknoit yactu octosaunst OGetoHHON maothHbl. Kak summHo
H3 PHCYHKOB, FHIPOH30Mbe3bl B TEYEHHE 4eTbipex JeT H3MCHATHCD,

- 0512
B L X
\ e {9552

Puc. 3-20. lMaan ruapousonves uuxne-coankamckoro ropusonra Kamckol 'DSC.
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B 0COGEHHOCTH THAPOH30MbE3bl HHKHE-COJHKAMCKOro rOpPHIOHTA.
D10 OOGDBACHACTCH NPOBEICHHEM HEKOTOPLIX MEPONMPHATHII M0 3a-
IWHTe OT (PHABLTPAUMH, A OTYACTH TaKKe H3MEHEHHEM BO BPEMCHII
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Puc. 3-21. Tlaan w3oauuuft pasnoctu nanopos (B %) mexay mwaxue-
COAMKAMCKHM 1 BEpPXHe-COMMKaMcKuM ropusontamu Kamckoit I'3C.

Kos(ppuuuenTos GHALTPAUHH NOPOA JAAHHOTO TFOPH3OHTA BCACACT-
BHE XHMHYeCKOI cy(dosnu.

Hasi BbiiBAeHHS THAPABJHYECKOH CBSI3H MEXILY ABYMS ropH-
S3OHTaMH NMOCTpoeHa no AaHHbIM 1965 r. Kapra u30aHHHIE pasmocTy
Hamnopos (puc. 3-21). M3 310it KapThl CJe1yeT, yTo B BepxHeM npa-
BOGEpeXKHOM YIy THIPOV3Ia HANOPbl B BePXHE-COIHKACKON
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TOPH3OHTC Bbllle, YeM B HHKHE-COJHKAMCKOM, a B HHAKHEM JeBO-
OepexHoM yray HabGaonaerca obpatuas kaptuua. Takum oGpason,
HMEETCSl MOTeHIHAAbHAS BO3IMOKHOCTh NOIMHTKI HHKHE-COTHKAM-
CKOTO TOpPIH30HTa B BepXHEM NpaBoOeperHOM VIV I ero pasrpyskn
B HHZKHCM J1eBOOEPCAHOM.

[Ipt HasMuMM ABYX CMEKHBIX TOPH3OHTOB, OAHH H3 KOTOPBLIX
Oe3ananopHplil, TEOPETHYECKH TOIbKO M0 (GopMe KapThl THIAPOH30-
THIIC MOXKHO CYHTb O CBA3M BEpXHEro ropH3oHTa ¢ HHKHHMM Ha-
nopuuiM. B cayuae BbINYKJIOH Nbe30METPHYECKONl [MOBEPXHOCTH
AanHas 006JacTh sBAsSeTCss 006J1aCTbIO NNTAHNA, @ €CIH NOBePXHOCTh
BOTHYTas!, TO HMeeTcs 06acTh pasrpyskil.

KapTpi ruipoH3ornnc u ruaponsonbes, MoJvieHHble Aas OXHOro
H TOro e o0beKkTa, He ObIBAIOT HACHTHUHBIMH, TAK KaK, CTPOro ro-
Bops, JgiobGas pasa pekuma rpyHTOBBIX BOA NMPAKTHYECKH HHKOrla
He nosropsiercsi. JIeHCTBHTENbHO, PCKHM TPYHTOBLIN BOJ 3aBHCHT
OT COYeTaHM{l BJHMAHHH MHOTOYHCIEHHLIX (PAKTOPOB — KJIAMMATHYC-
CKHX, TCOJOTHYECKHX H HCKYCCTBECHHBIX. DTH TPVIINb pexumMoodpa-
3yIOUHX (PakTOpoB NposiBASIOTCH B pa3znoodpasnbix popmax. B ua-
CTHOCTH, (pOpMa PHAPOH3OINLE3 MOKET 3aBHCETh OT CTCHCHH Bbille-
JayHBaHHs MOPOJA, CAAralmoulHX OCHOBAHHE, OT XO1a TeMmMneparypbl,
KOTOpas, Kak MOKaspBaloT Hccaclosatua [74], Biauser Ha packphi-
THE WIBOB H TPELIHH B OETOHHBIX COOPYIKEHHAX, OT arMochepHOro
Aapaenus (§ 3-3) n apyrux ¢akropos. IMosromy He caeayer oxu-
2aTh MOJHOro COBNAJICHHA KapT FHAPOH3OrHAC i THIPON30NbE3, Nno-
JIVUEHHBIX LIl pasubiX Jer, Xors o0uasa kKaprtuua (uiabTpauuu
B OCHOBHOM J0/IXKHA COXPAHATLCA. TeHI1eHW!sN K CHCTeMAaTHYCCKOMY
H3MCHCHHIO HA3BAHHBIX KapT A1 OIHOI M TOH AKC TCPPHTOPHH
1PH HEH3MEHHBIX YCJIOBHAX 3IKCHAVATAUHH COOPYAKCHHSA OOBIYHO
CBHETEJIbCTBYET O NMPOMCXOAAMMNX (PHIHKO-NHMHYECKHX npoueccax
8 o6JacTH (UAbTpauUHH, HANPHMEP, O pasMbiBe MNOPO BCJAEACTBHEC
MeXaHHYECKOl HAH XHMHuecKoll cyddosui, o KoabMaTauuu aHa
sepxHero Obeda, 0 BbICAAYHBAHHH NPOTHBOPIILTPALLHOHHON 3a-
Bech! H T. 1. Bee 3T sBACHHA HAKI1aABLIBAOT OTHEYATOK Ha Gopmy
THIAPOH3OIHIC, KOTOpPbie B COOTBETCTBVIOUUIX 30HAX C TeuyeHHeM
BpPeMeHH pa3perkaloTcst (npu pasmsise) Hay Cryitaorces (nmpH Kojb-
MATalHH).

§ 3-6. Wopmbl (PHNLTPALMOHHBIX NOTOKOB
B 3EeMNAHBIX NNOTHHAX

H3yuenune Gpopm QHABTPAUHOHHLIX MOTOKOB B 3eMASIHBIX NJOTH-
HaxX —O0J1Ha W3 Haubo.jee YacTO BO3HHKAIOULMX 3a1a4 HATYPHBIX
HeeaeloBaHuit GuabTpaunu. i GopMbl ONPEAeIfoTCA KAK KOH-
CTPYKIHEN NAOTHH, TAK H TeoJOrHYeCKHM CTPOEHHEM HX OCHOBAHHIL.

[lpH uaTypHbIX HccaAeAOBAHHAX (HABTPAUHH B 3EMASHBIX NJAO-
THHAX HEOOX0AMMO HMEThL KauyecTBeHHoe I[IpeaBapHTeIbHOE npet-
craBieHHe o Gpopmax GuabTpaUHOHHBIX NOTOKOB B 3THX IVIOTHHAX.
Teoperuueckuit pacuer (uabTpauni B 3€MIAHLIX NJOTHHAX MOMY-
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yua passutie B Tpyaax H. H. TMasaosckoro [125], C. H. Hymeposa
(11, 12}, A. A. ¥runuyca (170] u apyrux asropos. PaspaGoranmusie
pasHLIMH d@BTOpPaMH cnocobul pacyera A1al0T BO3MOXKHOCTH TeOpe-
THYECKOr0 NMOCTPOEHHs1 KPHBBIX JENpeccHun riasubiM o6pa3oM B 01
HOPOAHBIX 3CMISIHBLIX MIOTHHAX PA3.THUHBIX THIOB.

a) d)

Pue, 3-22. CxeMpl pHALTPANHIE B 3eMAANBX NJAOTHHAX: @ — HA HEMPONHILAENOM
OcHOBAHNN; 0 —C HACAOHHHIM JIpEHAKEM, 8 — ¢ TIOPAIBM JApenameM; 2—
B 3eMASHOH NAOTHHE C HAPOM; 0 — C IKPAHOM. € — ¢ IKPAHOM H NOHYPOM; X —
C 3IKPAHOM M 3Y60M; 3 — CMEIAHHOro THNa,
I — 2HNRK paBumX HANOPOD;, 2 — RPCHINK: J — sKpan; 4 — J0HA NPOCOANHBINNA.

Ha puc. 3-22, a wnsobGpaxena cxema (QUILTPALHKH B 3eMJISIHOM
NJIOTHHE, CTOSIILEH HAa BOAOHENPOHHIAEMOM OCHOBAHHH H HMCIOLLCH
ApeHaxuylo npusmy. QOUABTPAIHONHLI NMOTOK B MNJAOTHHE M MeeT
TPH XapaKTepHbie 30HbI,
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3ona [/ — BepxoBas nNpH3Ma IJOTHHBL. 31eCh JHHHH PaBHLIX Ha-
NOPOB Pe3KO HMCKPHBJeHbl. ['PaHHYHBIMH JIMHHAMH PaBHLIX HANoOpOB
STOH 30HBI ABJAIOTCS JIHHMH BEPXOBOrO OTKOCA NJIOTHHBI H CHH3Y
M0 TEeYeHHI0 — JAHHHsA, OJH3Kaa K BEPTHKAJH H OTCTOsILlAs Ha He-
00JblIOE PACCTOSTHHE OT TOYKH MEPECCYCHHS] JMHHH YPOBHA BObI
C BEPXOBbIM OTKOCOM.

Cpeanas 3ona [/ XapakKTepH3yeTcsi NJIaBHO H3MeHsOWeHcs
tduaprpauueit. [lo cnocobam, nPeTOKEHHLIM Pa3IHYHBIMH aBTO-
paMH 1asi pacuera (GHALTPALUHH B 3eMJISHBIX OAHOPOAHBIX IJIOTH-
HaXxX, B 3TOH 30He MOXKHO MPHMEHHTh ypaBHenne lonion.

Haxkoneu, sona //I pacnonaraercsi B HH30BOM KJAHHE MJOTHHLI
nepea BXOAOM B APEHAKHYIO NMPH3MY. 31eCh JHHHH PaBHLIX Haro-
POB HCKPHBJSIOTCA H HAKJOHAKTCA 1Mo Mepe NpUOIHKEHHA K Bep-
XOBOMY OTKOCY JApeHa)kHo# npusmbl. Kpusas aenpeccHH mnepece-
Kaercsi C JHHHEeH BEPXOBOI'0 OTKOCA MPH3Mbl BbilI€ YPOBHS HHIK-
Hero Obea, npuyeMm obpasyercs MNOBEPXHOCTb BLICAYHBAHHA Bbl-
COTOH Ay,

OpHEHTHPOBOYHO BBICOTY I[MOBEPXHOCTH BbICAYUBAHHA MOXKHO
onpeAeauTh Mo TeoperHueckum dopmynam [12, 170]. Owuesuano,
B JIPEHAXKHOM NPH3ME OTMETKAa TOPH3OHTA BOJALI paBHA OTMETKE
rOpH30HTa BOJALI B HHXKHeM Obede.

[Tonobuasi ¢popMa noroka Oyaer B NJIOTHHE C HACJHOHHBIM JApe-
naxkem (puc. 3-22, 6). BBuay orcyTcTBHA BOAbI B HHXXHeM Obede
HAa HH30BOM OTKOCE €ro MOKpas vactb OyJAerT NOBEepXHOCTbIO BbiCa-
YyHBaHHA, onpeaeaseMoil Teoperuyeckn (cm. § 9-5).

[lpy HaAHYHH Yy 3EeMJIAHOH NJOTHHBLI TIOPAYHOro jApeHaxka CKa-
3aHHOe Bbille O NMEepBBIX JABYX 30HAX ocraercsi B cuiae. B HH30BOI
30He (PUIABTPALHOHHOIO MOTOKA CHJIABHO HCKPHBJIEHbI JHHHH PaBHLIX
Hanopos (puc. 3-22,8). Ho ¢opma KpHBOH HenpeccHH BO BTOPOIl
U TpeTbel 30Hax OJH3Ka K mapaGoje BTopoit crenenu [125].

Ha puc. 3-22,2 npeacraBjeHa cxeMa QHAbTPAaUHH B 3eMJAHOI
MJIOTHHE C LLeHTPAJbHLIM AJAPOM H3 CJ1a0OBOAONPOHHIIAEMOrO FPYHTA.
B BepxoBoii npH3Me IJIOTHHbI KpPHBas AenpeccHH OGJH3Ka B ropi-
30HTaJIbHOM mpaMoN. B sape KpuBas JAenpeccHH HMeeT naieHue
AH, KoTopoe OpHEHTHPOBOYHO MOMKHO OUEHHTb Mo (opmyJe:

AH = (0,6 —0,8) L, (3-3)

rae lep— cpeanas wHpHHA saapa. Ha HH30BO#H rpaHu ajpa Hmeercs
MIOBEpPXHOCTb BhICAUHBaHHS OGOJbLIOH BbiCOTH. [pyHTOBas BOJAA CTe-
Kaer (0ObIYHO NO caoaAM o6paTHOro (GpuabTpa) BHH3, H B HH30BO/
npu3Me NMJIOTHHbB 00pasyeTcsi rPYHTOBOH MOTOK C MaJOH TayOHHOM.
3aech K GUABTPALHH NPHMEHHMO ypaBHenue Jlomion.

B naotHHe ¢ 3KpanoM H3 CJa00BOAONPOHHIIAEMOTO TPYHTA Ha
BepxoBoM oTKoce (puc. 3-22,d) Bojaa, puabTpyioulas uepes 3Kpan,
najgaeTr B BHAE «10XK/JAA» (30Ha HEMOJHOrO HACHILEHHA) BHHU3 H 006-
pa3veT TPYHTOBOH MOTOK ¢ MajbiMH FyOHHAMH, CAeAYIOIHA ypas-
nennio Jlionion.
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Ha puc. 3-22,e usobpaxenHa cxema QHIALTPAUHH B 3eMIsTHON
MJAOTHHE C BOJOHENPOHHUAEMbIM 3KPAHOM H NOHYPOM, CTOSIUCH Ha
BOAONPOHHLACMOM OCHOBAHHH KOHeYHOM rayOuus. 31ech XapakTep-
HOH BeaMunHoi sBasiercss nepenaix AH  mexay yposHeM BOAw
B BepxHeM Obede M HauBLICWIEH TOYKON KPHBOR AenpecCHu. DTor
nepenaj, XapakTCpPH3YIOUIHH NOTepH HaAnopa BCJICACTBHE BJIHS HHA
3Kpana M TMOHYpPa, HA3bBAETCHA HHOTAA «3Kpanupywuum spdex-
ToM». HM3o0paxeHHble nHa pHCYHKE JIHHHH pPaBHbIX Hanopos aaiot
npeacrasiacHue o popme GHILTPAUHOHHOrO IMOTOKA.

Anasornunpiii 3GGeKT B OTHOWEHHH CHHIKEHHs KPHBOM jenpec
CHH jlaeT coyeranue skpana c¢ 3y6om (puc. 3-22.2¢). 3aech BXOJ-
Hasl Il BLIXOAHAA 30HbI (HABTPAIHOHHOIO MOTOKA XapaKkTePHIYIOTCS
PE3KO HCKPHBJICHHBIMH JHHHSAMH PaBHLIX HAMOPOB.

Ha cxeme ¢uabTpauHOHHOrO NOTOKAa B MJIOTHHE CMELAHHOrC
Tna (puc. 3-22,3) BHAHO, YTO MONEpeYHbIH NpodHIbL MIOTHILI CO-
CTONT M3 JIByX YacTeil: BEpXOBOH I HH30BOH, npuueM Ko3(ouuuent
(uabTpauUHy BEepXOBOM YAaCTH 3HAYHTEJbHO MeHbwe Ko3pguuxenta
¢GuabTpauun nu3osoii. KpuBas aenpeccuu BCAeACTBHE 3TOTO0 Gyaer
HMETb YCTYN, noAoOHbLI TOMY, KOTOpbIH oOpa3syercsi B NJIOTHHE (0
c1a60BOIONPOHHIIaeMbIM 3KpaHoM (puc. 3-22,0). Ilpu n3secTHOM
COOTHOWEHHH KO3DGHUHEHTOB QHALTPALMH Pa3peiB KPHBOHM Jenpec-
CHI NPH NEPEeXoAe H3 BCPXHCH HaCTH B HHXKHIOW 3aMeHACTCA MJ1aB-
HbIM COCJHHECHHEM YacTel KPHBOH JlenpecciH.

OcHOBaHHBIC HA HMEIOWMXCS TEOPEeTHYECKHX H HATYPHBIX HCCJe-
JOBAHNSIX Ka4yeCTBeHHbLIC ONHCAaHHA GOPM KPHBBIX ACMPECCHH B 3€M-
JAAHBIX MJOTHHAX OTHOCHTCH K MJIOTHHAM OOBIYHBIX THMOB H NPHTOM
NJoTHHAM, He HMelowHM jaedexkToB. OQHAKO B npakTHKe HaTypHbBIX
HCCAJIOBAHMH HEPCAKO BCTPEYAIOTCSl OTKJIOHEHHA OT HOP MaldbHbIX
(hopM KpHBHIX JenpeccHH, 0OGYCAOBJICHHbIC PA3THYHLIMK NP HYHHA MK,
B YAaCTHOCTH HEOAHOPOAHOCTbIO TeJsa nuaoTHHbL. Hac oco6eHHO MOTYT
HHTepeCcoBaTh CJydYaH noaAbeMa KPHBBIX JeNpecCHH B 3CMASTHBIX
NJAOTHHAX, NMOCKOJABKY TaKOi MOJAbeM BJeveT 3a coGoi onaceHHs 3a
YCTOMYHBOCTH NAOTHH. Cayyan noabeMa KpHBHX JAenpecCHH 4acro
CrenHaabiHo HCCACAVIOTCS, W BLISICHEHHEC NMPHYHH NMOABEMA KPHBHX
AenpeccHy HHOTAa NpeacTaBsieT 3aTpVaHeHHA. JTH BONPOCH OCBe-
malorcs B raase 9.




FNABA YETBEPTASA

ONPEAENEHUE CKOPOCTEHA ®UNBTPALMMU
B HATYPHbLIX YCNOBMSAX

§ 4-1. OBwme cBefleHHsl O MNOCTAHOBKE MCCNEfOBAHMM
NC M3y4YeHHIO CKOPOCTEH (PMNbTPAaLMH

Kak M3BeCTHO, CKOPOCTb (HALTPAIAH ONPCACHETCs] 3aBHCIMO-

CTAMH!
v=hl =2 = mu (1)

OTciofla BLITEKAIOT TPH NMPHHLHNHAABHO Pa3JHYHbIX criocoba ol
peieqeHHs CKOPOCTH (HALTPAINH, a HMEHHO: 10 3HAYCHHAM KO3(-
dbuunenta QuAbLTPAUHMH ¥ TpajHeHTa Hanopa, no pacxoay H €oor-
BETCTBYIOLIEH 3TOMY PacXoAy IJIOLIAAH KHBOTO CeyeHilst MOTOKa H,
HAKOHell, 10 laHbiM O CKOPOCTH B nopax H MOPHCTOCTH.

Pacuer BeJHUHHB CKOPOCTH (PHJAbTPAIHH M0 3aJaHHOMY 3Haue-
HUIO TpajaneHTa Hamopa TpeGyeT onpeje’eHus BeAHUHHB KO3DPH-
uHenta puasrpanuu. Onpenenennio 5toro Ko3ppHuKeHTa NOCBAIICHA
rJaBa 5, MOTOMY Ha HEM Mbi 3/leCb OCTaHaBAHBATBHCS He OyaeMm.
3aMETHM TOJABKO, YTO HA MPAaKTHKE NPH HCNOJAb30OBaHHK YKa3auuoil
3aBUCHMOCTH /11l OLEHKH OTHOCHTE/bHBIX H3MEHCHHH BeJHYHHbI
CKOPOCTH (MABTPALMH HHOTAA JIOBOJBCTBYIOTCS AAHHBIMH O pac-
MpeaCJCHHH TpajHeHTa Hanopa, NoJy4YeHHLIMH C TOMOLUBLIO KapT
FHAPON30NbE3 U ruapousorunc (cm. riasy 3). Bmecre ¢ Tem us Bbl-
paxenusi (4-1) BuiTeKaer, YTo TaKas OUCHKA BEJHYHHBI CKOPOCTH
(UABLTPAUHH MPABOMEPHA TOJABKO MPH YCJIOBHH MOCTOAHCTBA KO3(-
(dhHuHenTa QUABTPALMH R H HenpuemaeMa B cayuae (GuAbTPaUHOH-
HOH HEOAHOPOJHOCTH M3y4YaeMBIX N7acTOB, KOrjla AaHHble O pacnpe-
ACJCHHH HAMOPOB HE MOTYT OAHO3HAYHO XapaKTepH3oBaTb (PHbT-
paltMoHHbLIC CBOHCTBA TPYHTOB.

[MTosroMy npu Hecae0BaHHAX QUIBTPAUHOHHOIO PEKHMa HEb3s
OTpaHHYHBATLCS CBEIEHUSAIMM JHIID O PACTpe/Ie/IeHHH Hanopa, a He-
06XO/MMO ellle HMeTh Aanible 06 u3MeHeHHaxX Beanunn 2 u T,

OnpeseneHue CKOPOCTH (PuALTPAUHH MO AAHHLIM O pacxoje H
NJAOWAAH KHBOrO CEUYeHHs! KOHTPOJIHPYEMOH YacTH mnJaacra MoxKer
NPOBOMNTLCS KaK MO pesy.bratam HaGJIOJeHHIT HEMmocpeicTBeHHO
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B NOTOKE, TaK N no pesyabrataMm Hab.w0leHiH B MeCTax Cocpeaoro-
YEHHOTO BLIXOAA (HABTPAUHOHHOrO MNOTOKA HA AHEBHYI NMOBEpX-
HocTb. [Ipi 3TOM MOryr ObiTh HCIOAL3OBAHLI NPAMbIE M KOCBEHHbIE
cnocobul Hamepenust pacxoaa. K noayvuusiium npaktHueckoe mpi-
MCHCHHE NPAMbIM cnocob6aM HIMEpPeHHs MOKHO OTHECTH H3IMEpeHH:
pacxoia ¢ nomMoumbio npubopos THNA MEXAHHYCCKHX BEPTYWICK HAN
NpHCNocodaeHIIT — BOJOCIHBOB, MCPHBLIX eMKocTel I T. jl,d K KOC-
BCHHBIM — MeTOA HuaHKaropon. HabawaeHus no onpeaesennio pac-
X0/la HenocCpejACTBCHHO B MOTOKE NPOBOAATCH C HOMOLILBIO Mbe30-
METPOB HIH Kakux-Jaub0 cneuHaabHbiX ropHbix BoipaboTox. Te xe
NbE30OMETPLI 1t TOPHbIe BLIPAabOTKH MOryT ObiTh HCMNOAL3OBANLI M A
onpeaeTens CKOpocTel (puabTpalun 1o J1aHHbM O CKOPOCTH B 110-
pax it MOPHCTOCTH MOPOb, NPHYEM HHOrjia NpoBecTH CTPOro rpa-
HHILY MCRKAY ABVMSI 3THMH cnocobamu GoiBaer Tpyano. B paae cay-
YaCB 1151 VCTAHOBJACHHS COOTBETCTBHSI MCZKAY BEJHYHHOM H3MEPeH-
HOro TeM HJH HHBIM MNyTeM pacxolda H IVIOULa/AblIo CeYeHHH MOTOKa
NPHXOIHTCH NPOBOAHTL CMEUHAJIbHBIe PACYETHI.

§ 4-2. OnpepenexHne CKOPOCTEH (PUNbTPALMM
NO AaHHBIM NPAMBIX M3IMEPEHHMH Pacxofos
M CKOpPOCTeH (PMALTPALMOHHbIX NOTOKOB

[Tpsamoc u3amepenne GuUABTPANHOHNKOTO pacxona HeENoCpeicT-
BCHHO B MOTOKE ¢ MOMOLLBIO Nbe30MeTpoB, wyphos u T. A npume-
HACTCS cpaBHUTEIbHO peako. OaHaKo H3 JAHTEpPATYpbl H3BECTHH OT-
JAeJbHbie CJAVHaH H3MCPeHHH CKOPOCTH (GUALTPAILMHOHHOTO TOTOKA
C MOMOLLBIO BEPTYIICK, VETAHABIBACMLIX HENOCPCACTBEHHO B BOJO-
npueMHHKax ckBamui. Tak, nanpumep, BepTylWikE OLIIN mpHMe-
Hellbl 171 H3MEpeHust CKOpocTell NMoA3CMHOr0 NOTOKa IpH OTKauyKe
B uccaeropanusx, nposoanswnxes Y. Mancypom [222]. O ray6un-
HLIX pacxojoMepax ynomuunaercs B padorax B. A. Cymmanna [162]
n M. ®. Bypaas [26]. 3amernnm, uTO BO BCex yKasanubix paGorax
peub 11aetT 00 H3MCPEHHAX CKOPOCTCH B NEPHOL HCKYCCTBEHHOTO
BO3MVIUIEHUsI NMOTOKA, KOT/a HMEIOT MeCTO OTHOCHTeIbHO BBLICOKHE
3HaueHnst ckopocteit ¢uabrpaunn. Ilostomy MoKHO cuntath, 4TO
NpHBEACHIbLIC NPHMECPHl HE THIHYHLI H, KAK H3BCCTHO U3 NPAKTHKH,
NpsaMoe H3MCpeHHe CKopocteit (uabTpalun B CKBaxHuax nonob6-
HBIMIL npubopaMi MOKa He NOJYYHJIO PACNpOCTPAHEHHST B MOA3EM-
HON ruapaBianke. 310 o6bscHAETCSE GOJILUINMI TCXHHYECKHMH TPV I-
HOCTAMH, BOIHHKAIOUHMH NPH MONBLITKAX H3MEPEHHA TAKHX Majblx
CKopocTeil, KakuMu 00biuHO ObIBAIOT CKOPOCTH (HILTPAUHOHHOTO
notoka. K tomy ie ycraHoBKa npudopa HenocpeacTseHHo B CKBa-
AKHHE BO3MOKHA TOJLKO NpH JO0BOJILHO MadbiX pasmepax Hamepi-
TeabHoro npudopa. Becbma BEposTHO, MTO B JAAJbHEAIIEM C TOBBI-
IWEHHEM YPOBHA TCXHHKH H3MEpeHHit yi1acTes Co3larth J0CTaTOMHO
viobubic 11 Hajexiubpie npubopbl, HO NOKa a8 Onpeaeenus
CKopocTeit (uabTpaunn n pacxoios noroka 0oJabliell YacTbio MC-
NOJIb3YETCs HILTHKATOPHBIH METOL.



[Tpu onpeaeaennn ckopoctn GuIbTPAUMK MO AAHHBIM O pPacxo-
daX Ha rpaHHuax MNHTaHHA MHJIH Pasrpy3kH MoTtoka HeolOXoauMo
HMETh HEKOTOpbIE CBeICHHS TaKXKe H O ToJlle (HIABTPAUHOHHOTO
MOTOKAa, KOTOpBIe OOLIYHO NOJAYYAIOT 110 pesyabraraM HabaoAeHHI
3a nbe3zoMerpamMu. OAHAKO I8 KOHTPOJIS TOJAbKO OTHOCHTEJAbHBIX H3-
MEHEHHH CKOpOCTEeH (HJIbTPAUHH MOXKHO OrpaHHYNTBLCH CBEJEHHSIMH
0 pacxojax. Pacxoab (uILTPANHOHHOIO NOTOKA HA €ro rpaHHIlax

A 4 PErHCTPHPVIOTCST B TeX TOuKax, Triae
= /\i BBIXOA MOTOKA OCYIUECTBJSCTCH uepes
CleuHaJbHble  JIpeHaKHble  YCTPOli-

CTBa, a NMPH A0CTAaTOYHO OJaronpusT-
HBIX YCJOBHAX HHOrJa B MecTax ec-
” TCCTBEHHOH pasrpysku [MOTOKa, Ha-

NpHMep MpPH HAJHYHH COCPEIOTOUEH-

—
o~

oy

. —. . { HBIX BBHIXOJA0B MNOTOKA HA HH3OBHIX

I ' ' l ' I ' ] CKJaoHax BOAONOANOPHBIX COOpYIHKe-
I ll “ .

Huii u 1. A Ilpu onpeaesaeHuun nao-

Waan KHBOTO CEYEeHHS H3Yy4aemoro
! [ notoka O6oJbwIYIO TMOMOILL OO0LIYNO
| OKa3blBalOT TJIAHBI THIPOH3OMbLE3 U
I[1] ruapousorunc, o mocrpoenun Koto-
PBIX CKasaHo B MpeablAyled riaase.
Ha ocHoBaHHH 3THX NJIAHOB, MpexKic
BCEro, CJEAYeT OIEHHTH WIHPHHY I10-
JOChl T[OTOKa, ONpeaeaseMyio [oJo-
JKCHHCM rpaHHYHBIX JHHHH TOKaA, pac-
X0/ KoTopo#t puxcHpyercsi B npouec-
ce nabmoaexsuii. B cBOIO ouepeilb
MJAaHbl H3CMJeT, COCTABJEHHble s
Pl i e R enpinaRsan KOHTPOJbHBIX  CEeYeHHi, MO3BOJAIOT
cKopocTel (uabTpausi no pac- OUEHHTH MOUIHOCTL H3yd4aemoro fo-
x01aM M3 ropusonrajsbHoro ape-  TOKa. B psaae cayuyaes s onpeacac-
1aKa HH30BOI TpaHm 3eMASHOW  HMSA pasMepoB NJOWAAH XKHBOro ce-
REOTHRE. YCHHUS MOTOKA TMOJE3HO HCMONb30BaTh
I = JUHNKH  TOKA, 2—BOIOBNHYCKH. METOJ 31“ﬂA
M3mepenne (PpHABTPAUHOHHBIX pac-
XOJ0B B MeCTax COCPEJOTOMCHHOrO BLIXOAA MMPOBOJAHTCS C MOMOULBIO
MEpPHBIX BOIOCJHBOB, MOIJIABKOB, a B OTAGJIDBHBIX CJyyasx # 06b-
eMHBIM TIyTeM. MeToAHMKa TakuX HM3MepeHHit onucana B paborax,
NOCBAIICHHLIX BOTIPOCAM THAPABJIHKH OTKPHITHIX moTokos [43, 231}
Jlas m3MepeHHsi pacxojia B Mecrax BXojAa (QHALTPALHOHHOrO Mo-
TOKAa B NJAaCT HCMOAB3YIOTCH Crelnnajabibie npubopsi — PUABTPO-
Meper. Onucanne KOHCTPYKLHH H NPHHIKNA JEHCTBHSI TAKHX MpHGO-
POB TIPHBOANTCA B paBoTaX HEKOTOPHIX OTEUECTBEHHLIX H 3apyGex-
Hpix asropos [105, 203].
[TpuBeaem xapaxkTepHble MPHMEPbI BO3MOMHBIX CJIy4Yaes onpe-
JeJCHHSA CKopocted (HAbTpallHK MO AAHHBIM 0 pPacXojax p mecTax
pPa3rpyv3KH NOTOKA.

—-
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Ha puc. 4-1 npeiacrasiaed miaaH H OLHO U3 [ONEPEYHBIX CeveHiil
3eMIAHON NAOTHHDBI, HA HH30BOM OTKOCE KOTOPOH HMeeTCA rOpH3oli-
TaabHblil TPYOUaTLIH ApCHAXK. DTOT APEHAK MEpexBaTbLiBACT MpaK-
THYCCKH BeCh (PMABTPAIHOHHBI PacXojl Yepes TeJO MJAOTHHBI, pac-
MOJOKEHHON HAa MaJIONPOHHIAeMbIX KOPEHHbIX Nopoiaax, NpHHHMAE-
eMblX 32 BOJ0YNOP.

[13mepenne GHALTPAUMOHHOrO Pacxoja B JIpEHAKHOH KaHaBse,
B KOTOpylo cOpackiBaercs pacxoil H3 Tpyb6yatoro apeHaa ua yda-
CTKe NOTOKA, OFPAHHYEHHOM BBIICJICHHBIMH HA PHCYHKe 4-1 JHHHAMH
TOoKa /, MO3BOJISET OUCHHTDL CKOPOCTH (PHALTPAILNE HA HCCAEYyeMOoM
VYACTKE.

Bropoii cayuail, npeacTaBacHHbT Ha pHC. 4-2, OTHOCHTCH K
onpeae enio CKOPOCTeil (PHABTPAUHH B OCHOBAHHH GETOHHON NI0-
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Puc. 4-2. CxemMa K onpeiesieHHIO CKOpocTell (QHALTpaMit MO pacxoay
BEepPTHKAAbHOro /JApeHa)a B OCHOBaHHH GeTOHHOR NMJOTHHBL
[ — ueMeHTaUROHNAN 3aBeca; 2 — ApCHAX.

THHbI, 1PEHHPYEMOft CHCTeMON MyOHHHOTO BePTHKAJIBHOIO JpeHaza.
Conocrasaenne pe3yabTaToB HabIOACHHH € MaTepHalaMH HCCIE0-
panuit no Meroay IIJIA nossoaser BLIMHCAHTD BeAHYHHY COCTaB/jf-
ollell MOTOKA, nepexBaThiBaeMoil JApPeHaKeM, H OnpelefHTb CKOpo-
CTH (pUIABTPAUHH.

K oco6oit rpynie pacyeToB MOXHO OTHECTH OnpejesieHHe CKopo-
cteit (PUABTPAIHM B YCJAOBHAX, VISl KOTOPbIX NPHMEHHMbl H3BeCT-
Hble aHaJaHTHYeCKHe pelenHs (Hanpumep, QuabTpauus ycpes oi-
HOPOAHYIO MPSIMOYTOJbHYIO nepembiyky). Hamo ckasatb, 410 Ha
MpakTHKe H3-3a NPHPOJHOM HEOJHOPOJHOCTH IPYHTA TakHe caydan
BCTPEYAIOTCsi CPaBHHTCAbHO peako. M moTomy 3aechb Mbl HX pac-
cmaTpuBath He 6yjaeMm, a OFpaHHYMMCH CCHIIKOH Ha COOTBETCTBYIO-
uyio antepatypy {12, 129, 159 u ap). Hekotopbie cBeaeHus o Takux
pacuerax NpHBOAATCA B raase d.
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§ 4-3. O6wme NPMHUMNBLI MCNONb3OBaHMA METoga MHAMKATopos
ANna onpefeneHWs CKOpocTer (PMnbTpaL MM

MeTojl HHANKATOPOB, OCHOBAHHLI HA HAOJIOAEHHsX 3a NOBee-
HHEeM BELIEeCTB, BBCACHHBLIX B H3y4YaeMblil MOTOK H 0OGHAPYKHBACMDLIX
C NOMOULBI COOTBETCTBYIOUIHX H3MEPHTEIbHLIX NPHOGOPOB, MOJYHH.I
IUHPOKOE pacCnpoCTpaHeHHe NnpH onpefeeHnt cKopocrel ¢uabTpa-
UHH. YCnewHOCTh HCNOAb30BaKHsA 3TOr0 MCTOAA 3aBHCHT OT CTEHeHH
COOTBETCTBHA MCXKAY NOBCICHHEM YaCTHIL MHAMKATOpPA H H3yvae-
MOTO NOTOKa, a TakxkKe OT YCI0BHIt BBOAA M OOHAPY/KHBAHHA NpH-
CYTCTBHS YaCTHIl HHAHKATOpA B NMOTOKE.!

M eanbubiMi HHANKATOPaMH Ha3biBAIOTCH BeUlecTsa, NoBejeHHe
KOTOPLIX COBEpPIIEHHO He OTJHYAeTCsl OT MOBCACHHS YaCTHIL HCC/ae-
AYEMOH JKHAKOCTH H KOTOpbie He COpOHPYIOTCS MOPHCTON CpeLoH.
Mnadye roBopsi, Haeablbie HHAHKATOPHI 110 CBOMM (PH3MUECKHM Xa-
PAKTePHCTHKAM He JO0KHbI OTJIHYATBCS OT JKHAKOCTH H3yHaemoro
MOTOKAa M He JOJIKHBI BCTYNATh B Kakue-aHO0 peakiiu ¢ nopucToi
cpenon. Mcenoabsdyemuie Ha npakTHKEe HMHAHKATOPH OTBEYAIOT MOHMA-
THIO H/€AJIbHBIX HHAHKATOPOB TO.JILKO B TOH MJIHM HHOH CTeNeHH.

Halawoaenus 3a noBeaeHieM HHAHKATOPOB MPH (HALTPALIOH-
HBIX HCCJICIOBAHHAX MOTYT OCYUICCTBJAATCA KaK MO AaHHLIM O ABH-
KEHHH HHAUKATOPOB, PErHCTPHPYEMOM HA BHEUIHHX IPaHHIlAX
MOTOKA, TAaK H N0 JAaHHBIM HaOIIOEHHH ¢ MOMOUILIO Mbe30MeTPOB.
[TockoabKy mnepBbiit cayuail MOXKHO paccCMaTpPHBaTh KakK 4YaCTHDII
clyyait HCC/Ie/I0BaHKiT € MOMOILBIO NThe30MEeTPOB, OH He Tpebyer oco-
6oro paccMOTpeHus.

DuabTPAUHOHHEBIC HCCIEIOBAHHS HHAHKATOPHBIM METOZ0M O6LIHO
NPOBOAATCA CNOCOOOM MNMYCKOBBIX HJIH HaOJMI0aTe bHbIX CKBAXMH,
a4 MHOT/la TeMH H JIPYTHMH OJHOBPEMEHHO.

Onpenenense CKOpocTH (PHIABTPALHH MO CNOCOOY NMYCKOBLIX CKBA-
KHH NMPHHUHIHAIBHO COOTBCTCTBYET H3BECTHOMY METOAY ONHCAHHSA
ABHXKCHHSA no Jijaepy. IToT cnocod OCHOBAH HAa HCMOJb30BAHHH
HEKOTOPOH PAaCYeTHOH 3aBHCHMOCTH MeXK1y HCKOMON CKOPOCTLIO i
HHTCHCHBHOCTBIO BOJOOOMCHa B BOAONMPHEMHHKE H3VHAaeMOW CKBa-
AHHBL. MHTEHCHBHOCTD BOJOOOMEHA YCTAHABJHBACTCH 10 JAAHHBIM

' B n3BecTHON CTeNeH! Kak Pa3HOBHIHOCTb 3TOrO METOAZ MOMKHO paccMat-
pHBaTL CnOCOOLl, OCHOBAHHBIE HA HCNOAL3OBAHWH NPHUPOAHBIX OCOGEHHOCTEH BHJIL-
Tpaumonnoro nortoka, HamGoaee obwuM cnocofoM onpejesenns HanpasIeHus
MOTOKA, MO-BHAHMOMY, MOXKHO CYHTATh H3BECTHBIH reodusMuecKnii meroa omnpe-
Aenennn GHABTPAUMOHHKIX NOTOKOB MO AaunuiM 00 3SJAEKTPHUECKHX MOSX, CO3-
AaBaemblx (GUILTPAUHOHHBIM MOTOKOM (MeTOA cnoHTaunoii noaspusauun). IToa-
POGHOCTH METOAHK TAKHX HCCAEHMOBAHHIl TMPHBOAATCS B CHENHAJILHBIX PYKOBOACT-
Bax. BO3MOKHOCTE HCMOAL3OBAHMA 3ITOrO0 METOAA Ha TMPAaKTHKE orpaHHyupacres
CAYHASIMH TOTOKOB MAJ0H MOUHOCTH,

Kpome nassamnoro Merona B ouent CHeHHHYCCKHX YCAOBHAX MOYT OHTH
TAKAKEe HCMOJAL3OBAHLI CBEACHHA O TEMOEpaTtype H XHMHUECKOM COCTase BOAM.
JT0 GHBaeT BO3MOKHLIM, KOrAd B BOJAOHOCHOM TOPH3ONTE CAMBAIOTCA OTAE]b-
ithie [IOTOKH, HEOAHOPOANLie NO cocraBy. B Takux cayyasX nossienue Ha rpauu-
Uax naacta BOJ, NMEIOWMX ONpeaeJeniivio cnendHuky, MOXKHO paccMaTpHBaTh
Kaxk 10Ka3aTeabCTBO HAJIMYHA onpeietenioil HanpaBAGHHOCTH notoka [226).
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006 H3MEHEeHI C TeyeHHeM BpeMeHH KOHUEeHTPalUHH HHAHKATOPHOTO
pacTBopa, BBEICHHOTO B NYCKOBYIO CKBaKHHY.

Cnoce6 naGaioaarte/IbHbiX CKBaKHUH OTBEYAeT NPHHUHOY OnHca-
HUA JABHXKCHUS 1O MeToAy JlarpaHxka ¥ 1o3BOJISACT ONpPeAecaHTH
CKOPOCTb ABHIKeHHS JKIIKOCTH B MNOPHCTOH cpejie (B nopax HJu
TpeuHnax rpynra). Jror ¢nocob oCHOBAH HA HCNOAb30BAHHH 3aBi-
CHMOCTH MeKJY CKOPOCTBIO MOTOKA W MOMEHTOM NOSBJICHHA HHIH-
Katopa B Ha0a101aTe IbHON CKBaKHHE.

B nacrosiuee Bpemsi H3BeCTeH PAA Pa3ANYHBIX MOAHPHKAUMR
THX JIBYX OCHOBHEIX cnocoGos. Pasanume MexAy OTAEJABHHIMH MO-
anuKaunamMn cnocodboB NyCKOBLIX H HAa0MIOAATEAbHBIX CKBAXKHH
onpeaeasieTca YCJIOBHAMI BBOJa MHAHKATOpPA B H3yvaeMblil noToK
H YCJOBHAMI HA0TI0CHHA 3a 10Be1eHHeM 3TOro HHAHKATOpa B KOM-
TPOJbHBIX Toukax. Bce ocobennocti 3amycka v HaOMIOJCHHA HHIH-
KaTopoB TeCHO CB#3aHbl CO CBOMCTBAMH BELLECTB, MCHOJIb3yeMbiX
B KauecrBe HHAHKartopos. [To 1anubiM, NPHBOAHMBLIM B COBpeMeH-
HOWM JINTEpaType, B KavecTBe HHAHKATOPOB npH (PUIAbTPAUHOHHBIX
HCCAeA0BAHNAX HCMOIb30BAJNCH MHOTHE BelllecTBa, HayHHas OT ca-
Xapa H MYKIl If KOHYasi pajiHoakTHBHBIMH H3oTtonamu [70, 218, 236].

[pynnupys 3TH BellecTBa B 3aBHCHMOCTH oT cnocoba ux obGHa-
PYAHBAHUSA, MOXKHO KJaccHuUHpPOBATb HHAHKATOPHLIE METO/bI.
Tak, pasanyaior MeTojbl: JeKTPOJHTHYECKHe, OCHOBAHHbIE HA OIn-
peaesieHHH KOHUEHTpPAUHHl BelwecTsa HHAHKATOpPa MO0 H3MEpPeHHIO
3JICKTPONPOBOANOCTII PACTBOPOB 3IJACKTPOJIHTOB; XHMHUECKHe, Korjaa
IPHCYTCTBIE HHAHKATOpPAa YCTAHABJHBAeTCH MNYTEeM XHMHYECKOro
aHajn3a; KoJOpHMETpHYeCKHe, CBA3AHHBIE C HCMOJAb30BAHHEM Kpa-
CHTenel H T. 1.

B nocaeasice Bpemsi see 60ablyI0 NONYAsSpHOCTL npHobperact
METOji PAAHOAKTHBHBLIX HHAMKATOPOB, OCHOBAHHBIA Ha BBECACHUN
B H3yuaeMblil NMOTOK pasjuyHbLIX paanoakTHBHHLIX BeuiectB. Baaro-
Aapa GOALWOMY KOJHYCCTBY PajHOAKTHBHBIX H30TONOB, pasHoolbpa-
3HI0 HX CBOHCTB, CPaBHUTEJIbHON JerkKoctH HX oOHapVKHBAHU
pPaaHOAKTHBHBIE HHARKATOPL OJiiKe BCero CTrofiT K HACAIbHLIM
HHAHKATOpaM, I LIHDPOKOC BHEAPeHHe HX B NPAKTHKY HCCIe10BaHN
3aAePIKUBACTCH TOIbKO cnenngikoi padoTsl ¢ paiHOAKTHBHBIMH Be-
HIECTBAMI, BCJIEACTBHE YEro He BO BCEX CJAy4adaxX 3TH HHAHKATOPLI
ABJAAIOTCH NPHEM.IEMBIMIL.

Cpapuutesiblipic  XapakTepHCTHKH  JIOCTOMHCTB  HHAHKATOPHbIX
METO/I0B TIPHBOASATCA BO MHOrMX pabortax (cMm., nanpumep, [70,
218]). BuiGop muaHMkaTopa NMpPOBOAMTCA C YYCTOM 3THX Xapakrepu-
CTHK, @ TaKe¢ KOHKDETHbIX VCJOBHH H 3ajauy HCCJIeJ0BaHus.
Takomy BuGopy OOHUYHO NPEAWECTBVIOT CleuHaJbHbie ONLTL No
onpeieieHHio COpOUNOHNLIX CBOMCTB HCC/AeYyeMbIX TPYHTOB H XHMH-
YEeCKOro cocraBa BOJbl H3y4yaemoro notoka. B uucsio npeasapure.in-
HBLIX IKCIHEPHMCHTOB HHOTA BXOAHT TakyKe M npoBeaeHHe npobuuix
3anyckos unaukartopa. Ilocaeanee raaBHbiM 06pa3soM OTHOCHTCH
K CAY4Ydlo HCIMOIb30BAHHA HHANKATOPOB PaJHOAKTHUBHBLIX, TIPH MpH-
MEHeHHH KOTOPHIX, BBHY 0COGCHHOCTEl BO3ACHCTBHS PAHOAKTHBHBIX
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BELLECTB Ha JKHBble OpraHu3Mbi, Tpebyercs colbJr0AeHHe CrelHallb-
HbIX NpaBHa 110 TexHuke Ge3onacHoctu [149]. [TosTomy paanoakTe-
HbIE€ HHIHKATOPHI CJAEAYET NPHMCHATH TOJABKO B TeX cayyasax, Koraa
ONbITH C JAPYFHMH HHAHKATOpaMi OKasbiBaloTcs Oe3yCnemHbMi.
[Togpo6HOCTH OpraHH3auUMy H MPOBEJCHHA HCCacA0oBaHui GHAbTPaA-
IUHH C MOMOLUBI0O HHAHKATOPOB H3JaralOTCsi B CTaTbhsIX H HHCTPYK-
unsx [64, 86, 113, 173, 210].

Huxxe paceMoTpeHbl TOJIbKO BONpPOCHl Teopun o6paboTKH pe3yib-
TATOB HATYPHbLIX HAGJIIOJEHHH A8 ONpefesCHisi CKOPOCTHBIX Xapak-
TEPHCTHK NMOTOKA. DTH BONPOCH HMEIOT 6OJblIOE NPAKTHYECKOe 3Ha-
YeHHe, TaK Kak IMpH peleHHH 3ajaay, CBSSAHHLIX C ONpeaeseHHeM
QHIAbTPALIHOHHBIX MyTell, HCKOMbie (akTOpbl Onpeae’dloTCs Herno-
CpeAICTBEHHO pe3yabTaTaMu onwbita. Bo Bcex apyrux caydasx, T. e.
ANl onpejiesIeHHss CKopocTeit uabTpallHH M CKOPOCTEH JABHIKCHHSH
BOALI B mopax, TpeOYIOTCA COOTBETCTBYIOUIHE pacyeTHbie 3aBHCH-
MOCTH, AJIsl MOJYYEHHS KOTOPbIX HeoOXOAHMO HMeThb XOTsi Gbl camoe
obuiee npeACTaBjeHHe O 3aKOHOMEPHOCTAX JBHKEHHS HHAWKATOpPOB
B (hHAbTPaUHOHHOM NOTOKe. B Hacrosuee BpeMsa 5TH 3aKOHOMEPHO-
CTH TMOJHOCTBIO elle He H3YYeHbl M HMEIOTCA pelleHHsl TOJbKO MIJ5
OTACJBHBIX YACTHLIX CAy4YaeB ABHKeHHSs HHANKaTtopos. Hekoropuie
CBeJIeHHs1 O Ha3BaHHLIX pelleHHAX npusBoasTca B § 4-4.

§ 4-4. OcHoBbl pacyera npouecca nNepemelieHHs HWHAWKAToOpoB
B NOPMCTON cpepe

Kaxk ormeqanoch, riaBHoOfl 3ajayeil HCCJACJOBAHHR ¢ HHAHKATO-
paMy SIBJfIETCH OllpejejieHHe OCHOBHBIX KHHeMAaTHYeCKHX Xapakre-
PHCTHK (DHABTPAUHOHHBIX TMNOTOKOB — CKOpPOCTEH QHJIbTPAUHH M
CKOpOCTeil B Iropax.3ajaua onpejaeeHus Ha3BaHHbIX CKOPOCTHBIX Xa-
PaKTEPHCTHK Nno AaHHBIM 00 HCTHHHOM JIBHKEHHH YaCTHL XKHJKO-
CTH H3y4YaeMoro NnoToka y»e cama no cebe npeacrasjsieT CYULeCT-
BEHHYI0 TpyAHoCTb aAaa pewenud. [Toaoxkenune eute Goaee oc/10xk-
HAIETCS, KOrjla BO BHHMaHHE MPHXOAHTCH NpPHHMMATh cobGCcTBeHHOE
nepeMelleHHe YacTHIL HHAHKATOpPa, Bbi3BAHHOE BO3JCHCTBHEM CaAMBIX
pasanuHblX (akTopoB, TaKHX, Kak copOuus, pasanuus B (H3HYe-
CKHX CBOHCTBax pacTBopa HHAHKATOpa H KHJIKOCTH H3ydyaemoro
notoka u 1. A. OTCI0a MOXHO CjeaaTh BHIBOM, YTO B CTPOroi 1o-
CTAHOBKE HCMOJb30BAHHE AHAJHTHYECKHX METOJA0B A pelieHus
paccMaTpHBaeMoro Bonpoca B obuwem cayyae HeoaMmoxHo. Jlas
noJyyeHuss HEOOXOAMMBIX pacyeTHLIX 3aBHCHMOCTeH TpebyloTes
yinpoutenusi, [IpHHUHNHAIBHO OHM MOTYT HATH MO TPEM HamnpasJje-
HuaM. Bo-nepBbix, no nytH HAeaAH3aUHH CTPYKTYPbl NOPHCTOW
cpeibl, BO-BTOPHIX, N0 IYTH YNPOLIEHHs KHHEMATHYECKOro pacuera
MOTOKA, T. €. CXeMaTH3alHH ABHXXEHHA YaCTHIL HCCAeAYeMOi »KHl-
KOCTH M YaCTHIL HHAHKATOpPa, M, B-TPETbHX, MO MNVYTH YIPOLICHHS
pacyeTa CHJOBOrO BO3eHCTBHA Ha YaCTHUB HHIHKaTOpa.

He npuBoas onucanusi BCEX 3ITHX YHPOUIEHHH, OrpaHHUMMCH
paccMOTpeHHeM ToJbKo Haubogaee pacnpocTpaHeHHoro cnocoba ana-
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JH3a OOLIHMX 3aKOHOMEPHOCTEH ABHZKEHHS HHAHKATOpa, OCHOBalle
HOTO Ha MpPeJICTABJCHHAX O PHABTPALHOHHOM NOTOKE.

[MpeacraBum ceGe HEKOTOPLIT 3JEMEHTAPHBLIA napaJenentnen
¢ aaMHamu pebep dx, dy u dz, npuyem OyaeMm cuutaTh ocb X Ha-
npaBJCcHHO BIoJb mnotoka. [lycTh HHAMKATOp KOHUEHTpaUHH C,
copOHpyeMblil NOPHCTOI Cpejlol, nepemeltaeTcs BMecTe ¢ puabTpa-
LHOHHBIM MOTOKOM, HMEIIHM CKOPOCTh (HILTpaNuH v, KoTopas
B o0lIeM cJyyae 3aBHCHT OT KOOPAMHAT, OAHOBPEMEHHO Ha nepe-
MellleHHe HHANKaTopa BJHAIOT MOJIeKyJasipHast H KOHBEKTHBHaA
(puavrpaunonnasiy aupdysun [Kospduuuentsr anddysun Dy u

Dy(v)). Torna ypasuenue Gananca ¢ yyetroM sBJiennit copbuuu Oy-
JeT HMeThb BHA:

de . aF

— = D,v% -+ Dy (v) y*c — div (cv) — —, 4-2
- wV MOy ) —5 (4-2)
rae v?—aanaacuan; F — QyHkuus, Xxapakrepusywouiasa copOuuio
HHAHKaTopa TBepaoit (a3ol B eAMHHYHOM 0ObeMe TrpyHTa; [ —
BpeMs.

Peuwenye 3T0ro ypaBHeHHA npejacrapisier 6OJblIHe MaTeMaTH-
YeCKHe TPYAHOCTH, NMOSTOMY OOLIYHO NMPHHHUMAIT PAA YNPOULAKUIHX
aonywenuit. TToaaraor dive=0, 3amenaiorT Ko3(POHIIHEHT MOJEKY-
AapHOit u uabTpanHonHoit An(GQY3HH HEKOTOPbIM EAHHBIM KO3(-
dunuentom D. Toraa (4-2) ynpoiaercst H nepexonT B

00 s Dyl . :
o Dy?* —uvgrade = (4-3)
daF
HnpH —- = 0 npunnmaer Bua
i;:— = Dy*c —uvgradc. (4-4)

3To ypaBHeHHEe TaKiKe ABIACTCH JOCTATONHO CJAOXKHBIM, €CIH
v4yecTb, 4To B obuiem caydae kKosdguuueHt D MoxeT OBITh Be-
YHHOW TMEpPeMEeHHOl, a TIpaHHYHble YCJOBHA H3-3a NMPOCTPAHCTBEH-
HOrO JABHAKEHHA MOPUHH HIAHKaTOpa (MHAHKATOPHOro nakera),
BBEJICHHOTO B NMOTOK, J0CTATOYHO Heomnpe/e 1eHHbl.

He MeHnee c/1oXKeH aHaau3 JBHXKEHHA HHAHKaTOpa ¢ MOMOULLIO
pacyeTHOH CXeMbl, B KOTOPOii MOPHCTAs Cpejla COCTOHT H3 CHCTEMbI
napasijiesibHblX Kanuwiiapos. 3jech pelieHne B aHaJHTHYECKOM BHIC
MOKHO MOJAYVYHTL TOJbKO ISl CAVYaeB YHCTO JAMHHADHOTO HJH YH-
CT0 TYpOYIEHTHOTO JABHKEHHH HHAHKATOpA, NMPHYEM Aaxe NpH ITHX
YCJAOBHAX PacyeThl ¢ MOMOUIbIO YKa3aHHLIX pelleHHuil NpeacTasiasior
H3BCCTHBIE TPYAHOCTH. B JuTeparype NpHBOAATCS CBEJIEHHSA O NO-
MbITKAX NPHMEHEeHHs CUETHBLIX MAWHH U pacyeTa mpoluecca ABH-
Weuus unaaHkaropos [216), Ho pewenni, YA0OHBIX AJAf WHPOKOTO
HCIOJIL30BaHHS, TIOKA ellle He NoJy4YeHO.

M3 cKasaHHOro BHAHO, YTO NMOJAYYHTb YHHBEpPCalbHOE pelenie
YpaBHeHHH ABIXKEHHA HHAMKATOpPA HeJb3sl, & pelIenns, nojJyyeHHbie
IJIA PA3IHYHBIX OTPYOJIeHHbIX H NPHOJHKEHHBX CXeM, MOI'YT BeCbMa
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CYILeCTBCHHO OTAHYAThCst Apyr or Apyra. [Tockoabky B HaType yc-
JOBHSA JIBHXKEHHSI PeajbHbIX HHIHKATOPOD MOryT npHOIHKaThCA
K pasjHUYHBIM PacYCTHbIM CXeMaM, TO MpH aHAJH3e HMeeT CMbIC
Bui/IeIHTh HauboJiee XapaKTepHbie M3 CXeM | OUeHHTb Mpejebl
ux npumenumoctH. Hexotopble coobGpakenns no 3TOMY MOBOAY
npHBeleHbl HHXKE.

§ 4-5. OnpepgeneHne CKOPOCTEH (PHNbLTPALHM
cnocoBGoM MNYCKOBBIX CKBAXKMH

Crnocof nycKOBbIX CKBa)KHH TpH (PHABTPALHONHBLIX HCCJAE10Ba-
HISIX TpejHazHayeH AJs ONpejie’eHusa JOKaAbHbIX 3HAYeHHH CKOpo-
creit QUAbTPaAlHK B OTAGJBHBIX TOYKAX H3YYaeMOro BOJOHOCHOrO
naacta. B nocaeaune roael ae- oy T T
JaloTCA  MONBITKH  HMCNOJb30BATH B B '
HasBaHHBI cmocob u Aas onpeje-
JeHHs HanpasjieHus mnortoka [41,
97, 150], Ho nmoka B 3Tofl obaacty
€lle He YJaJ0Ch BLIHTH H3 CTaJHH
aabopatopubix npopaborok. C mno-
MOWbI0 cnocofa nNyCKOBbIX CKBa-
JKHH  YCTAaHaBJAHBaeTCsi BeJIHUHHA
cKopoctH  (HAbTpPauUMH HeEnocpel-
CTBEHHO B MECTe 3aJ0KeHHs BO0-
NPHEMHHKA MNYCKOBOM CKBaXHIbI.

| 80

N

l % b, ARy 90.7 o

—— = 100 200 300 400 500 600 “Mfmun
Puc. 4-3. Kpusas pasGaBicHus. Puc. 4-4. Pacnperencuue paaHoOaKkTHn-

€y — HAYA6HAR  KONUCHTDAUMA MHAWK:- HOrO MHAUIKATOpPa NO BHCOTE NYCKOBO#H

JOPHG: 7> SURIERIPNITEN SETMreI Ve e CKBAKHIIL B PA3.liM4HLe MOMEHTH Bpe-

AMKATOPA B YCNOBHAX ecTecTmennoro no- Melis.

roxa (dow).
[ — upy 3anycke MHAMKaTopa: 2 - qepead %
nocae sanycka: 4 — wepea 24 % nocae 3a-
fnycka, 4 — wepes 96 « nocae samycka: N —
KOAHYECTNO HMNOVALCOB B MHHYTY,

BO3MOKHOCTD ONMPEACJACHHA CKOPOCTH (PHABTPALHH MO BLICOTE NJa-
cTa 3aBHCHT OT ocobennocTell 06opyaoBaHHA H AJHHBI BOJOIPHEM-
{Ka nyckoBoil ckBauubl. [Ipn Madoft 1amHe BOJAONPHEMHHKA on-
PeACANIOTC TOALKO 3HAYEHHUs CKOPOCTH (PHABTPALHH, OCPEAHEHHbIE
Mo BbICOTE BOJoNpHeMHHKa, Ecau Ke AAHHA BOMONPHEMHHKA 3HA-
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YHTCIbHA, TO € JIOCTATOMHOH 8 NPAKTHYECKHX HEIeit TOMHOCTLIO
MOKHO HaHTH CILE W 3aKOHOMEPHOCTH PacnpelesicHis CKOpocTeit
GuabTpaunit 110 BLICOTC TOH YacTu n.Jacra, KOTopas KOHTPO.il-
pyercsi stoii ckBaxnnoi. Ilocaeannit cnocod onpeaeaenns CKopo-
cTeit PUABTPAUIH, HCNOAbL3YSH reoMHIHYCCKVIO TEPMHHOJOIIIO, Ha30-
BeM (PHABTPAINOHHBIM KAPOTaKCM.

Aas onpeaeaeHus nCKOMON CKOPOCTH GUALTPALUN 110 pacemar-
pUBACMOMY CHIOCODY 1epejl HAYAJA0M ONbITA 13 NYCKOBYK) CKBAKHIIY
BBOAMTCH PacTBOpP HHAMKATOPA, KOTOPLIIH 3aT€M pas3MCUINBAETCA 1O
BBLICOTE HCCICAYEMON YaCTH 1J1acTa Ml BO BCCM 00beMe CKBAKHHbL.
Bo Bpemst onbiTa pasvciuMBaHie NOBTOPSICTCs (HCKJUCHIE COCTaB-
JASI0T TOJALKO ONLITH 1O (GHAbTPALHOHHOMY KapoTaky). B Teuenne
BCETrO ONLITA HEPEpPLIBHO HJIH NCPHONUYECKH H3MEPACTCH KOHIUCHT-
pains HHaukaropa. Jlas 31oro B 3aBHCHMOCTH OT BHJa HCNOIb3Y-
eMoro HHankatopa orOupalorcs npolnl, 60 KOHIEHTpauus Hial-
Katopa Oonpeieasercs HenoCpeACTBEHHO B CKBaKHHE C NOMOULLIO
CHeNNAAbHBIX H3MEpHTCAbHLX npudopos. [lo 3tHM aanHmM MOKHO
MOCTPOHTL TaK HA3LBAEMYI0 KPHBYIO pa3basieHus HHAHKaTOpa
(puc. 4-3) nan B cayuae GHIBTPAUHOHHOTO KapoTama — KpPHBLIC
pacnpeeeHits HHANKaTopa no rayouie ckpazkiunot (puc. 4-4). [pu
pazipoce 3KCMEePHMEHTAIbHLIX TOUCK KPHBYIO paidasienns caeiaver
NPOBOAHTL MJIABHO H TaK, YTOOL KCHCPHMCHTAABHbBIC TOUKH pacno-
Jarajuch no o6e croponbl ot 3Toi Kpupoi. [lepexoxr or aaHHbIX,
NOJAYUYEHHBIX BO BpeMsi OnbiTa, K CKopocTaMm (uabrtpamnn tpebver
00pabOTKH, 3aBHCALLENl OT KOHEYHON IeH NMPOBOJAHMBIX BbIYHC.IC-
HHI, @ HMEHHO OT TOr0, KaKHe 3HAYCHUST CKOPOCTH ONPELeasiioTC,
ocpeiHeHHble WM Auddepentiiposanible 1Mo BbICOTe. NunThLIBaAN
3TV CneuHuKY. HHKe paccMOTpHM 00¢ 3a./1a411 OTCIbHO.

A. Onpepenesue CKOPOCTH (PHALTPAUKM, OCPEAHEHHON no BbLICOTE
BOAONPHEMHHKA

Oo0a3areIblibiM vairopHeM YCHCIHOCTE onpejieaciist CKopocri
GUALTPAIKN B JaHHOM CJAyYae ABASETCS Pery.JaapHOe NepeMeliBa-
liHe WHAMKATOPHOrO pacTBOpa ¢ TeM, uToOb B M0GOH MOMEHT Bpe-
Metii [ MHAMKATOp Obl1 PaBHOMCPHO pachpejeleH no BCEMY pac-
cMaTpuBacyMoMy 06nemy. B 3ToM npeianosoikenun GbLIO NOJYHEHO
yPaBHeHHE
=d Co—Cn

L) e a—
41 C—Cn

’ (4-5)
rae d — auamMerp BOAONPHCMHHKA CKBAZKHMUBL Co € HC, — KOHUEHT-
panni HHARKATOPA B HAYAJAbHMI MOMCHT, B MOMEHT [ Il B KOlle
ONbITA.

IJTO YPaBHCHHE CHPABEINBO a5 JI00LIX HHAHKATOPOB nNpl
YCJAOBUH, YTO HET COpPOILMH MHAMKATOpPA CTEHKAMII CKBAMKHHLL If Bbi-
naicund HuaKatopa p ocaxok.! B 1aunom npiusmepe paccmarpit-

"B cayuae ncoGXOMMMOCTH AAA NPOBepKIt COGMIOACHNA VKAZAHHKIX Y¢I0
BHA CAEAYeT NPOROAUTSL KOHTPOJALHLIC IAMYCKH PAIBIUHLX IILINKATOPOSB.



BaeM o0beM BOAbI B NMYCKOBOH CKBaxKHHE, B KOTOPOM IPOBOAMTCS
pazmewnBanne nuankaTopa. CKopoctb notoka v B ypaBHeHHH (4-5)
B obumeMm cJayyae He paBHAa CKOPOCTH (HILTpPAUHH, KOTOpas fB-
Jasercs GUKTHBHONH CKOPOCTBIO, a CKOPOCTh NOTOKA B CKBaXKHHe (rae
HET TMOPHCTOH Cpejibl H BCE NPOCTPAHCTBO JICHCTBHTEJbHO 3aHATO
NoTokoM) Oyjer peadbHON CKOPOCTBIO OJHOCBSIZHOTO CIWIOUIHOTO
notoka. Kpome TOro, cama CKBa)KHHA OKa3blBaer JpPeHHPYIO-
wee aeicTBHe Ha (PHALTPAUHOHHLIA NOTOK, BCJEJACTBHE YEro CKo-
pOCTb NMOTOKA B MeCTe 3aJ0XKEeHHS CKBAXKHHbI MOMKET OTJHYATHCH
OT CKOPOCTH ecTtecTBeHHOro mnoroka (78]. [leiicTBHe CKBa)XKHHbI Ha
MNOTOK B 3HAYHTEJbHON CTeNneHH 3aBHCHT OT COCTOAHHA (QHALTpA
CKBAXXHHbI, KOTOPHIl B OMpeleJIeHHbIX YCJOBHAX MOXKET He TOJIbKO
cnoco6eTBOBaTh HHTEHCH(HKALHH MOTOKA B MeCTe 3a/I0XKeHHS CKBa-
KHHBI, HO H TIOHH3HTb BOJONPONYCKHYIO CNOCOGHOCTb MJjacTa. Yuu-
ThiBAasi 3TH OOGCTOATEJbCTBA, pacueTHoe ypaBHeHue (4-5) wmuorue
HCCJIe0BATE M He pa3 moasepraan peBusuu. B pesyawbrare oGute-
NPpHHATO ypasheune (4-5) B hopwme

A U e W (4-6)
ift €—Cp

rie f— Kos(pPHUHEHT, YYHTHIBAIOUIHI APEHHPYIOLLYI0 CNOCOGHOCTD
NYCKOBOM CKBaXHHbI M HMewouHii 3Havenne or 0,5 10 4 B 3aBucu-
MOCTH OT cOCTOsiHHA (puabTpa. OaHako cocrosiiHe QHIABTPOB CKBa-
AKHH NPaKTHYECKH OLEHHTbL BecbMa Tpyano. [lostomy, yunrbiBas
BO3MOKHOCTb OWIHOKH NpH aHajaH3e HapyXHbIX JAHHBIX, a TaKxe
npuOAHKeHHDBI XapaKTep ypaBHenns (4-5), npeacrasiasiercs onpas-
J1aHHBIM MPHHHMATL 3Ha4yenne KodpdHUHEHTA [ pPaBHBLIM eHHHIC.

b. MuNLTPAUMOHHBIN KAPOTAN MNYCKOBBIX CKBAWMH

Ha npakTHke HepeaKH CJy4YaH, KOraa BOIONpHeMHasl YacTh CKBa-
KHH (HJIH NMBE30OMETPOB) HMEET 3HAYHTEJBHYIO NMPOTAKEHHOCTH, J0-
cruras uuoraa 10 m u Gosee. B Takux yCJOBHAX MOKeT OCYULECTB-
JATHCH MOCTOHHOE ONpejleseHHe CKopocTed PHAbTpaUHH HIH, HHAYe,
(GUABTpALHOHHBI KapoTaXX CKBaxKHH. Meroauka sToro Kaporaxa
NPHMEHHTEABHO K YCJOBHAM FHAPOCOOPYKEHHH B TeYeHHE HECKO/b-
kKux Jer paspaGatwiBanace Bo BHUHI umenn B. E. Beneuneesa
[112].

PHALTPALHOHHBI KapOTaXK MOMKeT MPOBOAHTHLCH KaK B yCJo-
BHSIX PABHOMEDPHOrO HavYan1bHOro pacnpejeneHdss HHAHKATOpa IO
BCEH BBICOTE HCCJAEAYEeMOro MHTEpBaja CKBAKHHBI, TaK H B YCAOBHAX
TOMEUHOTO 3anycka HHAHKATopa B OT/AEJAbHBIX TOYKAaX MO BHICOTE.
[MpH HCNOAb30BAHHH /A ONLITOB Nbe30METPOB, BBHAY GOJbIIKX TeX-
HHYECKHX TpYyAHOCTelH, 06YCIOBJIEHHBIX MaJOCTLIO AHAMETpa Nbeso-
verpuyeckix Tpy6 (o6biuno 2—3 mi0iMa), BBOJL HHIHKATOpA B Mbe-
30MeTp He BCerjaa yAaercsi BHIMOJAHHTH B COOTBETCTBHH C 3ajfayaMmiu
nceaeaopanuit. [Ipekae Bcero 3arpyaHeHHsi BO3HHKAIOT NpH onpeje-
JeHNH  HM3MEeHeHH#l KOHUEeHTpaluHH HWHAHKATOpa B OrpaHHYeHHOM
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o6beMe BOJIbl B IbE3OMETpPE, TaK KakK OOJBbUIMHCTBO H3BCCTHLIX Ha
npakTHKe npucnocobaennit 1as o6JeryeHis Takoro 3anycka camu-
koM rpomo3aku (Hanpumep, taxumerp C. A. Koan [78] u ap.).
B cuay 3THX NIPHYHH NPAKTHYECKOE MPHMEHEHHE B HACTOsIIee BpeMs
MOJVYHI IJ1aBHBIM o6pa3om pacnpejie/eHHbH 3alycK HHAHKATOpa.
B ycaoBusx pacnpejaesieHHOro BBoOjJa HHAHKATOpa omnpeieseHue no-
CJOINBIX 3HAYCHHIT CKOpocTelt (PHABTPAUHY
¢ NMOMOLLBIO pacucTHoll 3aBhucumoctu (4-5)  oxft
MOKHO NPOBOJANTL TOJLKO B CJAyuasx oT-
CYVTCTBHSI MEPCHOCA" BEIECTBA HHAMKATOPA
B/10.1b OCH CKBa)KHHbl. BMecTe ¢ TéM ONnbiTHI
OKa3biBaloT, 4To OoJbluell yacTeio H3be-
AKaTh TAKoro nepenoca nweabss. boaee Toro,
NpH HCCAEAOBAHHAX € MOMOUBI Mbe30-
METPOB MaJoro auHaMmerpa paBHOMEPHOIoO
HaYaJAbHOTO pacnpeie/IeHuss HHAHKATOpa no
BLICOTE MYCKOBOrO Nbe30MeTpa HHorjaa BO-
obute He yraetes noayuuts. das onpeneae- 100
HHSI BO3MOJKHOCTH MCMOJbL30OBAHHA B pacye-
Tax MaTtepHa.nos Takux onsitoB Bo BHUUT
MPOBOAMANCE CNEUHAIbHBIC HCCICL0BAHHA.
PeayabTarel 5THX HCCJACIOBaHHH TMOKA3bl-
BAIOT, YTO BBHAY BJAMSIHHA Das3jHUHBIX NO- g,
6oulbiXx (GakTOpoB, HEeH3OEXKHBIX B HATYP-
HBIX VCJIOBHAX (TEMNepaTypHbe IrpajaHenThl,
JEKTPOXHMHUECKHe 3(pdekTsl U T. A.), B
CKBayXMNHax J0CTaTOYHO HHTEHCHBHO TPOKHC-
XOJIHT caMoriepeMeuInBanie, KoTopoe B Ka- N
KOWH-TO CTeNEeHH MOJMKET 3aMeHHThL NMPHHY/IH- 0 250 500 " Vhn
TCJbHOE MEXAHHUEeCKOe pa3MellHBaHHe.

Jlns maalocTpauuu 3Toro nojaoxkenus Ha Puc 4-5 Peayasratw aa-
puc. 4-5 1 4-6 npUBeseHB! pesyaAbTaTH onpl-  OPPATOPHOrO omuTa no

: HCCICA0BANKIO  YCAORHI
TOB ¢ PA/IHOAKTHBHBIMH HHIHKATOPAMH, NPO-  yurpamms  mnankatopa o
penennnix BHUHWUTD B naGopatopubix u Ha- rayvxoit TpyGe
TYPHBIX VCAOBHAX. B KauyecTse HHIAHKATOPA ! —upu sanycke umamsatopa.
6bl1 BbIGpan J-131. DKCIEPHMEHTAJIBHAS  nyexs: 5 —uepes G o mocae
ycTaHoBka B O00OMX cjyvasix npejacrasisaia opiad bl
coboit rayxyio Tpyoy. INpu mnccaenosannsx
B naboparopuu Tpyba Oblna BHINOJHEHA H3 OPreTeKJia M MMeda Bbi-
coty 2,5 a. B HaTypHBIX YCJIOBHAX /I8 HCCJCA0BaHHI Obl1a HCNOD-
30BaHa BojonposoaHasi Tpyba anuunoit 20 . Bo spemsi onbita ocy-
IMECTBJASIJICH TOMeUHBbIH 3anyCcK HHAHKaTopa, a HabJojeHue 3a ero
MOBEJCHHEM MPOBOAHIOCH NYTEM [epeMellenist KoAANIMHPOBaHHOTO
CueTUMKa no BHelwHeit uactd Tpy6ul. Kpusbie pacnpeieseHus akTHB-
HOCTH HHAHKATOPAa B 3KCMNEPHMEHTAJbHBLIX Tpy6ax, MojavyeHHble
B pa3Hble MOMECHTH BpPEMEHH nocje 3anycka HHAHKartopa (puc. 4-5
H 4-6), CBHOETENLCTBYIOT O TOM, YTO MPAKTHUCCKH pPaBHOMEpHOE
pacnpeiesieHHe pacTBOpa HHAHKATOpPa BAOJL TPYOLI HMEeT MecTo
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yepe3d 4—=8 4. Takum 06pasoM, CYLICCTBEHHOE BIHAHHE NPOUCCCOB
CaMONPOH2BOJBLHOrO NEpepacnpe/lesieHs BenecTsa BAOJAb OCH CKBa-
AHHBL MOMKHO CYMTATh JIOKa3aHHBLIM. IDTO CJAEAVET VUHTHIBATL [PH
00paboTKe IKCNECPHMEHTAJLHBIX AaHHBIX.
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Puc. 4-6. Pesyastatel onuita B HaTyp-
HEIX VCIOBHAX 10 HCCJCIOBAHMID MMI-
paisi HHANKaTopa B rayxoil TpyGe.
I —npi 3anyCKe MHAHKATOpa: 2 — yepes
1,5 % nocae sanycka; 3 —vqepes 6 ¢ nocae
zanycka; 4 —ucpes I3 « rnocae 3anycka:
5= yepes 24 « mocae 3anycka.

48 ¢ notaeé 3anycka.

6 — uepes

Jast onpenenenusi CKOpocTei
(pUALTPAaUNH MO KPHBLIM pacnpe-
JeJeHHST HHIAMKaTtopa npH Ha-
yaJbHOM, Heaocrarouno apdex-
THBHOM pas3MeIlHBaHHH, KaK 3TO
[l0KazaHo Ha puc. 4-4, caeayer
NPOBECTH aHAJH3 H HCKJIIOYHTH
oGsaacTH, rje yObiib HJAH POCT
KOHUEHTPaUHH MoXKeT ObiTh nps-
MBIM CJEICTBHCM npouecca M-
rpaudy MHaHKatopa B NyckKosoit
ckpaxuue. [Tocrpoenie KpHBOI
pa30aBJeHHA JKEIAaTeNbHO HauH-
HATL C TOro MOMEHTa, KOrjia
pacnpejiejieHHe HHAMKaTtopa 1o
BbLICOTE HECKOJILKO VPaBHAJI0CH
(puc. 4-4, kpuBas 2). OueBHno,
YTO TAKas Mepa npelocTOPONHO-
CTH ellle He NHCKJI0YaeT BO3MOXK-
HOCTH TepeHoca BeUlecTBa HHIH-
KaTtopa, uto XOTs ViKe He H3MC-
HHT OTHOCHTEJIBLHOIO PacnoJoie-
HHST VYacTKOB MeHee H Oogee
HHTEHCHBHOK (HUALTPAUHH, HO
MOZKET CVIIECTBCHHO CKa3aThes
Ha abCogIOTHON BEJIHUHIE CKOPO-
cti puabTpaunn. Hepeakn civ-
yaH, KOria kpHBas pasdaBicHus
10BOJILHO  3aMETHO OTJIMYAETCSH
OT JorapH(pMHUeCKON KPHBOIL.

Torna BoO3HHKAeT BOMPOC, no
KaKOIl 4acTH KPHBOH CJejlyeT orn-
pPeeIsiTh CKOPOCTh PHABTpAINN,
CrneuHaasiibie HccleI10BaNnsa 3a-
KOHOMEPHOCTH fepeMeLeHns
HACANBHBIX MHAHKATOPOB B VCJ0-
BUSIX JIAMHHAPHOTO MOTOKA MpH
OTCYTCTBHH NPHHYIHTEABLHOTO Te-
peMenIHBaHus MOKa3biBalOT, “TO

npH pacuere no ypasHeHHio (4-3) B cayuyae, KOrjia nepeMeuinsaiie
HENOCTATOYHO IPPCKTHBHO, paCYeTHOC 3HAUCHHE CKOPOCTH (pHaLTpa-
iy Oyser Huke (PaKTHUECKOro 3HAUCHHS. DTO Pa3IHYyHe VBeauun-
BAETCA C YBEJHYEHHEM /THTeJIbHOCTH 11a6TI01€HHIT 33 NIPOILECCOM Bbl-
TeCHCHHS HHAWKATOPA M3 NYCKOBOI CKBa)KHHb. ONTHMA LHBIC VCA0-
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BHA VISl PACHETa CKOPOCTH (PHALTPAUHH MOZKNO HANTI ¢ MOMOIILLIO
BhIpaXKCuits:
a_. %

) = ————
Go—¢ ot'

(4-7)
noayqcuioro O. H. Hocosoi.

Aan npakTHYCCKHX uesed ncnoab3osamnne sasucumocti (4-7)
HENOCPCACTBENIIC 110 PE3VJbTATAM MIHOBEHHHIX 3aMepoB Ipit pac-
qeTax MOKET HPHBECTH K cepbeslibiM omwnbKaM n3-3a HendbeAiHoro
NpH 3KcnepuMeHTax pasbpoca onuitibix touck. [ostomy onpejene-
HHe CKOPOCTI QHIbTpauuit CICAYeT NPOBOAHTH M0 3aBHCHMOCTI
(4-5) 229 NPOMEKYTKOB BPEMCHH, KOTOPbI€ KeJaTeqabHo BubHpars
BO3MOKHO OJHZKC K MOMCHTY HACTVIVICHHIS OTHOCHTEIBIOrO paniio-
MCPHOTO pacnpeieeHus HHANKATOPa 1O BHCOTE NVCKOBOR CKBd-
ACHHDL.

[Mpasuia onpezeaeniss CKOPOCTH  (GHUABTPAUMN B YCIOBIHN
GIIBTPAUHONNOrO KapoTarka MOMKHO 0 H3BECTHON CTEeleHn pac-
NPOCTPAHUTL M Ha CJayyaill onpejeleHus OCPeaHEHHbIX 3HauCHi
ckopocrtelt (puavrpaunn. [Ipi 3ToM HeoOXOMNMMO NpH Kaka0M 3a-
Mepe KOHTPOJHPOBATH PABHOMEPHOCTL PAaCIIpeleseHis HiAnKaTopa
MO BLICOTC CKBAaXKHIbl, Aaxe YOCAMBUNCH B PABHOMEPHOCTH la-
YaJbHOTrO pacnpeieienns nnakaropa. Pacuers ckopoctit Guiabrpa-
IUHH B TAKHX CIYYafAX TAKzKC CJACAYCT NPOBOAHTL MO HAYAIbLIILM
vyacTKazM KpHBoii pasbapiacHus.

B sawaiouenune 3aMeTuM, UTO 1pil NPoBEeHHH ONBITOB cnocoGoM
MYCKOBLIX CKBAZKNI KOJHUECTBO HUAMKaTOpa cacayer Gparth M-
MaJablbIM, HCXOAS H3 YCAOBHS OGCCICHCHHSI JOCTATOYHO OTHET. -
BbIX Pe3YJAbTATOB H3MEpeHHil KOoHucHTpaumii nunankaropa. Keaa-
TeAbHO, 4TOOK HauaabHas Kouneurpauns Owvia B 7--8 pas poiue
KOHIEHTPAILHH KOHeYHOH, MpH KOTOPOit onbiT npekpamaercs. B o1-
JACABHBIN CJAY4AiX MOXKHO JOBOJILCTBOBATBCA COOTHOUIEHHEM (o=
= (3 4) c¢,. Jdas J-13] ontuma.ibias KOIUCHTPALA COCTABJISACT
npusepuo 0,2 uksropu/a.

§ 4-6. OnpepeneHre CKOPOCTHLIX XAPAKTEPMCTHK NOTOKA
cnocobom HabniogarensHbix CKBOKMH

[Tpu nceaenosanun guAbTpauny no cnocody nab.110/1aTeabHbIX
CKBAXXHMH MOMXKHO ONpefleHTh HanpaBJciHe MOTOKa #  Beanunny
CKOPOCTH B 10pax, CPeIHIon M0 JUIHHE ydacTka Mex1y NyCcKoBoil
" HaGMI0AaTCILHBIMH CKBaXKHHAMH. KpOMe TOro, ¢ noMoulbi Takix
ONBITOB HpH Najiexaiem o6opy/loBaAHIN BOAONPHEMHIHKOB HCILI-
TYEMbIX CKBAKHH HHOTAa NPOBOAHNTCH HCCJICIOBaHHE MPOHHILACMO-
CTH HEOANOPOJAHON MO BLICOTE KOUTPOJAHPYEMOH YacTH naacra,
a npH COBMECTHOM HCMOJAB3OBAHHH PEe3yasTATOR IICCIe10Banli Cro-
cobaMi NYCKOBHX H HAGJI01aTCILNILIX CKBaXKHH ONPEIeancTen
TaKXe MNOPHCTOCTL M CKOpocTh GuAabTpaltin Ha obcaeiveMou
yuacTtke.
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Jast  onpegeseHusi HCKOMBIX XAPAKTEPHCTHK  NEPel Haua oM
ONbBITA 110 paccMaTpuBaeMoMy ciloco0y B OANY H3 CKBAKHH, NMPHHS-
TYIO 34 TNYCKOBYIO, BBOAHTCS HHAHKATOP, NOSIBJAEHHE KOTOPOro OKH-
naercs B HAOMIOAATEAbHLIX CKBa)XHHaX, PacrnoJOKeHHbIX HHKEe [0
TeUeHIO.

[Tpuyencune cnoco6a Had1101aTCIbHBIX CKBAXKIH I HCCICA0-
paititit aBasgercs 00Je¢ CJA0KHLIM, YeM NPHMEHeHHe pacCMOTPEHHOro
p npeablayuiem naparpadge cnocoba nyckosbix ckpakui. K neno-
craTkam cnocoba HabII0AaTCALHLIX CKBaXHH OTHOCHTCSl, ¢ OJHOH
CTOPOILI, CPABHHTECIbHO BLICOKAs CTOHMOCTb pabor no obopyaoBa-
HHIO ONBITHOrO y4acTkKa, a C ApPYroii — OTCYTCTBHE MOJIHOH YyBepeH-
HOCTI! B YCMEWHOCTH NMpeanpuHuMaecMuix nceaegoBanuit. [Tocrennee
00BACHACTCSH HECOOTBETCTBHEM MeXy pasmepamH oObeMa, 3aHATOro
HHUIKATOPOM, M MI0IMAAbI0, KOHTPOJHPYEMOH ¢ nomouisbio Habaio-
AATCILHBIX CKBAXKHI. DTO nmocTpupyercs puc. 4-7, rae nsobpaxen

s B NJaHe H3MepHTEeJbHBI CTBOD,
CIIPOCKTHPOBAHHBIT B COOTBETCT-
BHH ¢ PCKOMCHIAUMAMM, NPHHSA-

a=30" 3 Y  teiMu B nacrosmee spems [66,

! ' 70]. HabGawaarteapHble CKBaXKM-
ibl, PACMOJIOMKEHHbIE BEepOM HH-

P K€ NYCKOBOH, OTCTOAT OT Hee Ha

5w | paccTosiHuH 3—D5 M, BCJEACTBHE

. 4ero MHHHMAaJbHOE pPacCTOAHHE
:;?:;i i','l lul-j:?:' OIMTHOTO KYCTA CKBA MEHKAY HAGI01ATEILHBIMH CKBA-
‘(])."II()JL;';':."IIIJIH;.\' CK:II)KCHH).- 2 XKHHAMH 6yneT HE MeHee l M.

i HVURONGN  CRBARHNN: 2 — 4 nabaoni- BM?CTP C TEM ONBIT NOKAILIBACT,

TETLHBE CKBAMMND. YTO pa3Mepbl 3aHATOrO HHAHKA-

TopoM oObeMa B naHe, B Cay-
Yae BBOJA MHAMKATOpPa B NOTOK 6e3 marHetauus B npouecce Quib-
Tpawiil Ha nytH 2—5 M COCTaBsAT JABa-TPH JAHaMeTpa NyCKOBOW
CKBAZ D], CJe/10BaTe/IbHO, HHAHKATOD MOJXKeT Jerko npodTH He3a-
vMedenHbiM. Jlas noBbllIeHNsT BepOATHOCTH MOMajdaHus HHAHKATOPA
B Ha01101aTeAbHYIO CKBAXKHHY MPOBOJAAT CIEIHAJbHBIC PACYeThl 10
ONPCACICHIIO HeoOXOAHMOro KoJnuecTBa HHAHMKaTtopa. B stux
pacueTax HaJ0 YYHTBHIBATL MNOHMXKEHHE YACJbHOH KOHUEHTPalHH
HHAIIKATOpa B NMOTOKe NyTeM pa3MellnBanHs 3a cuer anddysuu,
HCOAHOPOAHOCTH MNOJs CKOpOCTEeH M T. A, a TakKe BO3MOK-
HOCTb MOTEPb BeUleCTBA HMHAHKaTOpa 3a cuer copbuun. as He-
KOTOPbIX HHAHKATOPOB (Kpacka, cO/ib) B JIHTEPATYpe HMEIOTCS PeKO-
MEHAAIHK IS ONpe/leJIeHHsT OPHENTHPOBOUHOro o0beMa IYCKOBOI
nopiti B THNOBBIX cayuasx {70]. B 6osee caoxkubIX yCa0BHAX, KOr1a
IPHXOAHTCS MPOBOJHTL pacyeT HCXOAHOH NMOPUHH HHIAHKATOpa, cae-
AVET NPeABAPHTENbHO SKCNEPHMEHTAIbHLIM NyTeM onpeeasnth cop6-
IHOHHYIO CMOCOOHOCTL TPYHTA HCCICAYEMOro V4acTKa Mo OTHOIECHHIO
K BbIOpaHHOMY HHAHKATOPY. 3Has No JAaHHBIM 3KCNEepPHMEeHTa norao-
THTCABHYIO CNocOGHOCTh €/IHHHIL oObeMa HenbiTyeMoro rpyvita N,
opuentinposoyso onpeaeaus o6vem W, orsevaiommii nyTth, npoiiien-

70



HOMY HHAHKATOPHLIM NAaKeTOM, MOMHO OLCHHTbL obuiHe notepi Be-
ecTBa HHUIKaTopa Ha copbunio, Kak g.=~NW.

HOas yuera pasmMemnBaroumero AeiCTBHA MOPHCTOH CPCbl i BAHS-
HHA KHHEMATHYCCKHX OCOOeHHOCTel (HABTPAUHOHHOIO NOTOKA HA
KOHUIEHTPAIHIO HHANKATOPA MOXHO HCNOJb30BATh VpPaBHEHHe:

e\ 9

do= Goc (2 )/ =mDt), (4-8)

rae Goc — MHHHMAaJ/IbHOE KOJHYECTBO HHAHKATOPA, KOTOPOE MOKET

ObiTe oOHapyxeno npubopom B eaunnnie obbema noroxka; D — Kosd-

(puunent duabTpaunoHHon aHPPy3HH, KOTOPLIE OPHEHTHPOBOUHO

MOXKHO NpHHATbL paBHbiM 1102 cu?/cex. OOGlulee KOJAHYECTBO HH-
JMKaTopa B NYCKOBOH nopiinu 6yaer

Q s (40 5 ‘7c) Vr “’9)

rae V —o61beM nyCKoBO#H MOPUHH.

YyuThiBas OPHEHTHPOBOYHOCTL yKas3aHHBIX pacyeros, B Hanbo-
Jiee OTBeTCTBEHHBIX CJyYasX BeJHYHHY NMYCKOBOH MOPUHM HHJIHKA-
TOpa MPHHHMAIOT 3aBejIOMO 3aBblIlIEHHOM.

[Ipn nposeieHHH ONLITOB C BEULECTBAMH, MOABJICHHE KOTOPLIX
HHXXE CTBOpa HaO0JIOJICHHA HEXeNaTeJbHO, N0 3aJaHHOH NYCKOBOI
MOPUHH PACYCTOM ONPEACTAECTCH KOHUENTPAllHs BCLUIECTBA B 3anper-
Ho# 3omne, Pacuer npu 3ToM cJaeayer npoBOAHTHL 110 popmyae goe =
= §o/2V =mD  x , rae Dy=D/v, npuueym, eciu X BbipakeHo B cam-
THMeTpax, MoxKHO npuHaTh D=0,1 cu.

3Has HCXOMHOC KOJAMYCCTBO BeUeCTBa HHAMKATOPA, MOKHO MpH-
CTYNHTH K MPOBCJACHHIO ONLITOB, a 3aTeM H K oOpaboTKe sKcnepu-
MEHTaabHLIX JanHbiX. OOpaGoTKa MaTepHaJoB HCCJACAOBAHII NO
cnocoby HaO0.1101aTeALHLIX CKBAXKHI 3aBHCHT OT KOHKPETHBIX 1CICH
3THX HCCICA0BAHMIN.

Has onpeneienus HanpasieHHs MOTOKAa JAOCTATOMHO (HKCIHPO-
BaTh MOABJCHHE HHAHKATOpa p HaOJMI0JaTe bHON CKBaKuie, 4TO,
€CTCCTBEHHO, ONpeAeJIACT s  HENOCPCACTBEHHBIMI  pe3yabTataMi
oneita. MeKMoucHHe npeacTanasier Juib caydaid 0JHOBPEeMCHHOTO
MOABJEHHST HHJIHKaTOpa B ABYVX Wi Ooiee HabaoaaTeNbHbLIX CKBa-
AKHHAX, HAXOIAWMNXCA HA OIHHAKOBOM PpACCTOAHHH OT NYCKOBOI
ckBaxunu., CrocoG pacuera HCTHHHOTO HaNpaBJeHHs MMOTOKa 117
TAKUX YCJIOBHH NPH ONpPeAeJaeHHBIX NMPeanoJoKeHHaX OTHOCHTCILHO
3aKOHOMEpPHOCTEeH MepeMeIleHnsi WHAHKATOpPA B MOPHCTOH cpeile
npupoautcst B padote [106]. Bripouesm, yynThiBas ynoMmsiHyToe Buiuie
HECoOTBeTCTBHE pa3MepoB O0beMa, 3aHATOrO MHIAMKATOPOM, M pac-
CTOANHH MEXAY HA0MI0/1aTCIbHbIMI CKBAXKHIIAMH, NOJ00HLIN Cayvail
pacuera BpsiA JH MOXKET NPeICTaBIATL NMPaKTHUCCKHH HHTEpec,
MOTOMY Mbl PACCMATPHBATL €ro 3j1ech He OyjeM.

Cosepuienno nHaue 06GCTONT /€10 NPH HCCACAOBAHHAX C 1CIbIO
onpefeseHHs BCAHYHHB CKOPOCTH ABHIKEHHA BOAL B nopax. B stux
YCJAOBHSAX HEAb3sl ONpeleJHTh HCKOMYIO BEJTHYHHY HerocpeacTsenio
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M0 pe3yjbTaTaMm OnbiTa, KOTopble OOLIYHO NpeACTaBlAOT B BHAC
TaK Ha3biBaeMON XpHBONH XoJa HHAHKaTOpa, H300payKeHHOH Ha
puc. 4-8.

Jlas onpejedenusi HMCKOMOW CKOPOCTH cJeayeT AJMHHY nyTH [,
MPOMACHHYIO HHAHKATOPOM, Pa3jejJHTh HA pacyeTHOe BpeMs [, Xa-
PAKTEPH3YIOULeC CPeAHIO CKOpPocTh B nopax u=I[/t;. MoxHo no-
Ka3aTb, YTO NMPH OUCHKC 3HAYCHHI BeJHYMH [ M [ BO3HHKAIOT H3-
BECTHDLIC TPYAHOCTH.

[Tpu onpeaenenun Aauubl [ 0OBIMHO NPHXOIUTCA OPHEHTHPO-
BaTbCAl HA PACCTOAHHE MEXKAY TOUKAMH HaOJI01CHHA, XOTS B JeH-
CTBHTE/AbHOCTII YACTHLA NPOXOAHT B MOPax 3HAYMTEJIbHO GOJbLUHI

nytb L, KOTOpbIii HEKOTOpHIC aBTO-
pbl  MpeAsaraloT VYHTHIBATL Tak
HasbiBaeMbiM Ko duuuentom Hs-
Buancroctn [202].
B oTHOwEHHH peKoMenlauHH
i Mo onpejeseHHio pacueTHoro Bpe-
g | MeHH fp MO KPHBON Xoaa HHJAHKa-
|
|

©

TOpa B HACTOAULCE BpeMs B JHTe-
parype Her eaHHOro muenus. Tak,
OJIHH aBTOPLI MPEAIAralT HCMOAb-
30BaTb B pacyerax Bpems, OT-
Beyaouee Touke nepernba KpHBOI
(Touka a Ha puc. 4-8) [20, 70, 86],
a JIpyrue CYHTAIOT, 4TO f}, ONpeAeasicTCss MOJAOKEHHEM TOYKH MakK-
cuvyma (Touka 6 ua puc. 4-8) [17, 154). Ha seanunny ! moryt
OKa3biBaTh BJAHAHHE YCJIOBHA JABHKEHHS! HA paccMaTpuBaeMoOM yua-
CTKE H JAPeHHpPYIOUIee BJAHSHHE CKBaXKHH.

Vyer apeHupyiouero BAMsSIHHA cKkBax<un, no aamusim H. H. Be-
puritia [32], umeeT MPaKTHYECKHIt CMBICA TOABKO ISl OTHOWICHMIL:
T <100 npu [ >0,01,

To

Puc. 4-8. Kpusas xo1a unamkaropa

_.r’.l- < 1000 npu 7 = 0,0001,

L

rie ry— paccrosiine Ha0GaI04aTeAbHOM CKBaXXHHbI OT NYCKOBOII,
fo— PAZHYC NYCKOBOH CKBAXKHHDBI, /— ecTecTBeHHBI rpajiHeHT (yK-
J0H) notoka. B stux cayuvasx ownbka pacuera u3-3a npeneGpeske-
HHSA  JApEHHpYOWHM 3 dekToMm Moxer OGuith nopsaaka 15—20%.

OCTAJIbHBIX CAYHAAX BJAHAHHC CKBAZAHH HA 111ACT MOXKHO HC MpH-
HHMATb BO BHHMaHHe, KaK 3TO OOBIYHO M J€JaI0T Ha NPaKTHKe.

Onpeaencune GUABTPAUHOHHBLIX XaPAKTEPHCTHK FPYHTa C VYeTOM
HEPABHOMCPHOCTH NOTOKA NPOBOANTCA B OOMICM CJay4ae JA0CTATOYHO
crokuo [32]. He npuBoas 3aech pacuernuix 3aBHCHMOCTEH, CO-
WACMCS TOIBKO Ha Cayvai (pHILTPAUHN B VCIOBHAX NPHTOKA K CO-

- dr
BEPINEHHOH CKBaXHHE, rjae CKOpPOCTEL B nopax 4= -— = -Q —
dt 2=Tmr’
PP S In X ¥
= 28: | 1" glmin e r paccTosinne orT paccMaTpHBaeMoH



CKBAYKHHbLI 10 TOUKH OnpejeleHHs CKOPOCTH; T — MOUHOCTbL naacra;
R — paanyc Kpyroporo KOHTYpa nuTanus.

B cBeTe CACJTAHHLIX BBIMIC 3aMCUAHMWIl NpeACTaBIAeTCH, Y4TO 00-
[IHC PEKOMEHIAIMH B TAKHX VCJIOBHAX HenpHemiexs. Onpejenenue
pacyeTHOro BPEMCHH f; cJelyeT MPOBOAHTL HA OCHOBAaHHH amHa-
JH3a BHja noaydeHHoil kpusoit. Ecau sta kpuBas umeer dopmy,
OJN3KYI0 K KpHBOH ["aycca, 10 CpeAHION CKOPOCTH ABHKEHHA BO/bl
B MOpax MOJKHO ONPeIeJHThb M0 AaHHLIM O NMEPEMELICHHH MOLLL
CHabHO AChOPMHPOBAHHASL K PACTAHYTASE KPHBAA X0/1a HHAHKATOPA
MOMKET ObITb CACACTBHEM SIBICHMIT COpOUHM HAM YKa3aTeaeM OTCyT-
CTBHS NCPCMCIUHBAHHA HHANKAaTOpa. B 9THX VCJIOBHAX, OYEBHIHO,
BO3MOXKHO ONPEACIHTL TONBLKO 3HaYenHe HaudoIbLIIECH CKOPOCTH JABH-
JKEHHSI HHAKKATOPHBLIX HACTHI, KOTOPVIO YCJOBHO MOMXHO CUMTATH
OJAH3KOIl K MAKCHMAJbHOH CKOPOCTH ABHKEHHSl BOJbl B Nopax.

[ToaviTOMHBaAs BCE CKa3aHHOE 0 cnocobe HalTI01aTebHBIX CKBa-
JKHH, CJAEAYCT OTMETHTb, UTO, YUHTLIBAA H3BECTHYIO YCJOBHOCTL MO-
JYUYCHHLIX PC3VJALTATOB, OMNPEAEJEHHE CKOPOCTHbLIX XApPaKTepHCTHK
NOTOKA CJeAyer NMPOBOAHTL C OKPYrJeHHeM B CTOPOHY YBeJIHUEHHN
Koa(puuHenTa 3anaca 1451 pacyera.

§ 4-7. OBwme 3amevaHus o6 HMCNONbL30BaAHMM
HHOMKATOPHBIX METOMOB MNPM HATYPHLIX MCCNEAOBaHMAX

punsTpaumm

HuaukaTtopubie METOALI HCCJICIOBAHHS CKOPOCTCH (PHABLTPA LHY
MNOAYYHAH IHHPOKOE NMPHIHAHHC B MPAKTHKC HATY PHBIX (QHALTPA M-
OHHBIX HCcaenoBaiinil. M3 anteparypnl 13BECTHO MHOTO NpHMEPOB
yCHeuiHoro npumenetus npankaropos. Tak, nanpuyep, Kony ¢ no-
MOILbIO (PJIOPECICHHA YAA0Ch VCTAHOBHTL HAJTHUYNC B3AHMOCBA3IIN
mexay Oacceitnamn JdyHas u Peitna [70], Ouenb MHTEpeCHbBI@ HCCIC-
JOBAHHSA 1O ONPEACJCHHIO CKOPOCTH MOAZCMHOrO ITOTOKA ¢ MOMOLLBIO
pPacTBOPCHHOrO B BOJC ra3a (aproHa u asora) OGHJIH [POBCIACHLI
B SInoHuu. Psij yiauHbIX ONBITOB OblJ1 OCYUICCTBACH € COJCBLME HH-
ankatopamu [46] K ¢ kpacuTeasamu [60] Ha rHAPOTE XHHUYCCKHX COOPY-
KeHusX. Boablyio H3BECTHOCTL NOJIYYHIH ONBITLI ¢ PAaSHOAKTHB-
HbiMi HHAMKaTepaMH [227]. Cpesut HHX MOXKHO OTMETHTH YCHellHoe
Hceaeaosanne nputokos Huga ¢ noMoumbio paanoakTHBHOro pyou-
JHs, ONMPEACACHHC MYTCH COCPEAOTOUECHHON (PUAbTPaUUH HaA CTpON-
teancrne maothun B Cepp-IToncon so ®panuuu [215], neeaeaosaHne
B I'/JIP xauecTBa 3KpaHa 3¢MJIAHOIN MMJIOTHHLI, NPeLHA3ZHAYEHHOIT 114
yAep:KaHHs MaBOAKOBBLIX BOXA [228], onbiTH MO HCITOALZOBAHHIO TpIi-
THA JL1%  H3YYEHH VCIOBHH  (QUILTPAIMM, HCIIOAL30OBAHHE pa-
AHOAKTHBHOIO {1018 B MEJIHOPATHRHBIX Hecaeosaruax [14, 45]u 1. 1

B ruaporexunueckonm crponteabctse 8 CCCP paanoakTHBHEIC
HHAHKATOPHL! ObiJIN HCIOAL3OBAHb! 1A% HCC/Te10BaHHI QHIbTPALLHN
B OTKOCAX NEPEMBIUKH OTpaAIeHNd KOTJIOBAH4 Ha CTPOHTENbCTBE
Bosmxkcekoit I'9C umenn XXII cweszza KIICC [72], na xanaae umernt
Mocksui [140], na Fopbkockoit 1 Kamexoit 'C [173] u 1. a1
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Takum oGpa3oM, NPaKTHYECKOC 3Ha4YeHHe NPHMEHEHHS MeToja
HHAMKATOPOB JUIs  OMpefeJIeHHs CKOpPOCTeH  (uJAbTpPalHH  He
Bbi3biBAET COMHCHHII. BMecTe ¢ TéM Ha NpakTHKe HEPCIKH CJy4aH,
KOTjla ¢ MOMOIUbIO HHAHKATOPOB He YAAaeTCs MOJYYHTh KeJaeMbulX pe-
3yabTaToB. [1o-BHANMOMY, TaKHX CJay4yaeB HecpaBHeHHO 0OJblue, YeM
YCMEWHO NPOBeAeHHBIX HCC/AeAOBAHHH, W YNOMHHaHHs O Heyaayax
HHOTAA BCTPeYaloTCsi B AHTepatype, Hanpumep B [215]. [TpuunHbl Ta-
KHX Heyaau MOryTt OblTb camble pasauuHble. Tak, Hanpumep, ycneu-
HOCTb HCCaeA0BaHHl cnocoboM Hab/M0AaTe/bHbIX CKBAaXKHH BO MHO-
roM MpejonpeaensieTcss pamHOHaJbHLIM PAcClNOJOXKEHHeM CKBaXKHH
nHabGaogaresabHoro cropa. HabaoaartenbHbie CKBaXKHHBI HE TOJBKO
JOJIKHBI OBITH PACMOJOXEHB! HHJKE IO TEeYEHHIO, HO JKeJaaTelbHO,
4TOObI BOJONPHEMHHKH HA0GJI01aTeIbHBLIX CKBAaXKHH KOHTPOJHPOBAJH
BCIO TOJILLY MCCAEAYEeMOro IJiacta, a PacCTOSIHHS MeXAy HHMH ObliH
MEHbIIe pa3MepoB HHAHKATOPHOrO Makera B IMJaHE.

ITo TeXHHYECKHM NpHUHMHAM 3THM TpeOOBaHHAM He Bcerja yja-
eTCSl Y0BJETBOPHTb, TOITOMY 15l YBEJHUeHHS pa3MepoB obObema,
3aHATOrO0 HHAMKATOPOM, lesiecoobpasHo BO BpEMsl 3amycKa TPOH3-
BOJAHTbL HarHeTanHe HHAHKATOpa. B HEKOTOpBIX cayuasix HMeer
CMBIC MPOBOAMTL HCCJEJOBAHHS B JABa 3Tala, a HMEHHO: crnepsa
NPOH3BECTH ONLIT NPH OTKAuYKax H3 HaOJIOAATEeJbHBEIX CKBaXKHH
¢ TeM, YTOOB! NMOBLICHTH BEPOSITHOCTh OOHAPYKHBaHHSI HHAHKATOPA,
3aTeM, €CJH ONBbIT yjAaJcs, MOBTOPHTL 3aNyCK HHAHKATOpa H NpoBe-
cTH HaOJI0/leHHsi 3a TOBEJCHHeM HHIHKATOpa B €CTECTBEHHOM IO-
Toke. Takoii nOps/l0K NpoBeleH st HCC/IEJIOBAHHI YMEHbLIACT TPYAO-
eMKOCTb ONbITd, MOCKOJBKY OpraHusauusa HaGmaiojeHuit 3a nossie-
HHEM HHAMKATOPa B YCJOBHSIX HEBO3MYUIEHHOrO MNOTOKa OOLIYHO
TpebyeT KPpyrJoCyTOUHBIX AEXYpPCTB.

[Ipu npoBefeHnH HCCACAOBAHMA Ha paHee yXKe SKCIJIYyaTHPOBaB-
WeMcsi CTBOpE CKBaXKHH Mepej HauyajJoM OMNbITOB CJAeAYeT NMPOBECTH
OUHCTKY CKBaXXHH. DTO OCOGEHHO BAayKHO NMPH HCMNOJL30BAHHH Me-
TOJIA NYCKOBHIX CKBaxKHH. [las 3TOro MeTojsa MOXKHO PCKOMCHIOBATDL
B KauyeCcTBC KOHTPOJs NMPOOHBIN 3amMyCK HHAHKATOpAa JIO OYHCTKH
CKBaXXHHbl. YBeJHYEeHHC WHTCHCHBHOCTH BbIMbIBA HHIHKATOpa nocJje
YHCTKH BOJONPHEMHHKA CBHJCTENbCTBYET O HAJHYHH 3aHJICHHS.
BrnipoueM, Takyio nNpoBepKy 1Leaecoo6pasHo NPOBOAHTD TOALKO B CJy-
Yae caMopacnaaaiolnXcs HHIAHKaTOPOB, TAKHX, KAK PaAHOAKTHBHbIE
H30TOMBbI C MaJbIM MEPHOAOM mojypacnajga, H60 B NPOTHBHOM CJV-
yae CKBaxiHa MOXKET OKa3aTbCHA HEeNMpHrojJHON Jas MOBTOPHOTO 3a-
nycka.

Bosbuioe 3HaueHHe ST HCCJACAOBAHHA HMCIOT TakKyKe BEJHYHHA
HAYaJAbHOIT NMOPUHH HHAMKATOpa H cnocoG BBeACHHA HHAHKATOpA
B motokK. Ecan ofllee KOJAHYeCTBO HHAHKATOpPA ONpejessiercst M3
YCJIOBHI BO3MOXKHOCTH JE€TEKTHPOBAHHSA ero B HabJ101aTebHON CKBa-
AKHHE, TO KOHIEHTPAlUHH NPH 3anyCKe YCTaAHABJHBAIOTCS H3 YCJOBHSA
HanGoJBLUIEr0 COOTBETCTBHS (DH3HUCCKHX CBOWCTB pacTBOpPa HHJH-
kaTopa M uiakocth. [Ipu HapymeHun 310ro TpeGOBaHHS BO3MOKHO
ChiNa/IeHHe HHAHKATOpa B OCaJ0K B MYCKOBOH CKBaXKHHEe, Ocaxjie-
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HHE MHIAMKATOPA HA JHO CKBAXXHHbLI Il KOJbMaTauus (uabTpa CKBa-
JKHHBI.

OaHOI U3 NPHYNH HEYAauH ONBITOB ¢ HHAHKATOPAMH MOKeT ObiTh
cop6ums unaukatopa rpynramu. B § 4-6 ormeuanace neoGxoan-
MOCTb NPCABAPHTEAbLHLIX HCCJACIOBAHUA 138 OnpejicacHus copOun-
OHHBIX CBOMCTB TpyHTOB. PeayabTaTsi TAKHX HMCCAELOBAHMIT B OT-
AGABHBIX CAYHYAsiX MOTYT OKa3aTbCsl HEAOCTATOYHO HAMACHHBLIMH H3-34
HEeBO3MOXHOCTH yyeta B JaGopaTopuH BCEro MHorooGpasusi npu-
poaubix ¢akrtopos. [losTomy onbiTel Mo MeToly Ha0A0AATEILHLIX
CKBAXKHH NPH Heyjlaye ¢ KaKMM-THO0 HHIAHKATOPOM CJCAYeT npose-
CTH MOBTOPHO ¢ APYIrHM HHAHKATOPOM.

[Mpu pacuerax CKOpocTH (PHILTPa-

unH no crnocobam nNyckosbix W HabJo- ¢
AAaTEAbHBIX CKBa)KHH Ha [PakTHKe
HHOT/lAa He yaaercsi A100MTbCS 10CTa-
TOYHO TOUYHBIX pe3yabraToB. Kpowme
HeyJOBJETBOPHTEILHOTO  COCTOSTHHS
buabLTpa, OTPHUATEILHYIO POJb M-
paer MHrpauusi pacTsopa HHAHKaTOpa
H3 CKBAXXHHBI BCJACACTBHE MOJIECKYJIsP-
noit auddysun, copbuun HHIAHKATOPA Pc. 49, Konsas Xoxa st
B CKBaXXHHe  jpyrue saenus. Copo- KaTopa npH HCCJIELOBAHMAX
LHIO HHAHKATOpa B CKBAXKHHC MOXKHO B MHOTOCJIOMHOM IAaCTe
OLICHHTb SKCIEePHMEHTAJAbHO, BOCIIPO-
M3BOAS B JabopaTopHH YCJAOBHA BOA0OOMECHA B BOLONPHEMHHKE,
a TakxkKe OTKOPPEeKTHPOBAB pe3yJsibTaTbi ONBITOB MNyTeM 3anycka
pasHbiX HHaukatopos. Hekoropsie pannbie O BAHAHHK AndQysn
HHAHKATOpa B NOTOKe npusojarcs B [286], rae nokasaHo, 4To Takoe
BAMSIHHE OyaeT OmYTHMO JHIUL NPH 3HAYEHHAX CKOPOCTH (PuiabTpa-
un nopsiaka 0,1 cm/cyr, T. e. B nojasasouwem GOJbIIHHCTBE CaY-
yaeB A dy3Hei npakTHUECKH MOXKHO npeHebpeub.

Has 6oaee NOAHON XapPaKTEePHCTHKH HCCAEAYEMOro mjaacra ie-
1ecoo6pa3Ho NPOBOAHTL OMBITHLI CIIOCOGAMH MYCKOBBIX M Hab.ai01a-
TeJAbHBIX CKBAXXHH COBMCCTHO. DT0 JlaeT BO3MOMKHOCTb OLEHHTDL CTC-
NeHb OJHOPOAHOCTH ML1acTa H Beanuuny nopucroctu. Ilpu puasvrpa-
IIHOHHOM KapOTa)Ke MOXKHO KOHTPOJIHPOBATbH €Le H repMeTHYHOCTH
CTEHOK Nbe30MeTPHYECKOoil TpyOhi.

B 3ak/Ji0ueHHe OTMETHM HeKoTopble OCOOEHHOCTH Ompeie ieHus
cKopocTeit (HabTpauuu B caoMcTeIX rpyHTax. [Ipn menoavsoBanuu
mMetofa HaOMI01aTeJIbHLIX CKBAKHH CAOHCTOCTb MAACTa MOMKET CKa-
3aThbCA B NMOSIBJCHHH Ha KPHBOI X043 WHAHKATOpPA BTOPHYHLIX Mak-
cumymoB (puc. 4-9). Tlo THM MaKCHMyMaMm cCJeayeT oOnpeaeantsb
YaCTHBLIC 3HAYEHHS CKOPOCTH TEYECHHS B 110pax, KOTOPHIC XapaKkTepH-
sylor naact. OnpejgeaeHHe e CKOPOCTH MOTOKA Kak CpejfHed u3
3THX YacTHLIX ckopocreit [70] npeacTaBaseTcss HEONPaBAAHHDLIM.
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FMABA NATARA

ONPEAENEHME KOIMMULMEHTA DUNBTPALMM
B HATYPHbIX YCJIOBMUSX

§ 5-1. 3apaum MccnepoOBaHWM M NYTH MX PelIeHMS

Onpenenennio Koapduuuenta GuabTpauuy BCerja yAaeasaoch
ouyeHb 60.blloe BHHMaHHE, H OCBETHTH NOAPOOHO BCe dCNEeKThl 3TOrO
BOMPOCA B paMKax JAAaHHON TAaBbl HC NPEACTaBJAACTCH BO3MOKHbBIM.
[TosToMy MONbITAEMCH H3JA0KHTL B caMblX OOIHX uepTax TOJbLKO
OCHOBHBIC CcrnocoObl onpejenaeHust HCKoMoro Kosgduuuenra, nanbo-
Jee HHTEPEeCHbIe /s HATYPHBIX HCCAe10BAHHH (PHILTPALHH.

M3BecTHbie B npakTHKE (PUIALTPAUHOHHBIX HCCACAOBAHHH Cno-
coObl onpeencHust KO3QQUUHEHTOB QHALTPALUHH MOMKHO KaacCHpH-
UHpOBATh MO Psiy NPH3HAKOB, 4 HMEHHO: N0 YCJOBHAM MPOBEJIEHHA
HCcaeoBaHHit (n1abopaTOpPHLIX M HATYPHLIX), MO CTENCHH NpPeACcTa-
BUTEJLHOCTH MOJYYCHHON XapakKTCPHCTHKH A miacra (J0KaJbHOI
H HHTErpaJibHOI), MO XapakTepy H3y4aeMoro njacrta H no yCJoBHAM
BO3MYLLIEHHS MOTOKaA.

IMocaeannasn  kaaccudurkauus — cavas  CJI0XKHaf, MNOCKOJbKY
B HeH YYHTBHIBAIOTCA YCJOBHSA MNepeiayd BO3MYUeHHiT (BHJ rop-
HbIX BbIPAabOTOK, YHCAO HX H T. [A.), PEKHM pacnpocTpaHeHu
BO3MYUICHHH (YCTAHOBMBIIMICA H HEYCTAHOBHMBLIHICSH), YCJIOBHSA
3aJerannsa njacra H MHOrHe jpyrue (paktopol.

Kposme ykazannblX KiaaccHPHKaUHA, NPHHUHNHAJILHO MOYKHO pas-
JHYATL Takmke cnocobui onpejacacHus kKodphuuuenta PuabTpauun
MO MAHHLIM O CKOPOCTH (PHJABLTPAUMH H M0 AAaHHLIM O CKOPOCTH
B nopax. B nocaeanesm cayyae cnocoOul onpejesenns Kospduuuenra
(DUABTPALMK UMEIOT HEKOTOPYIO cneun(puky, OGyAyIH TCCHO CBSI3aNbl
C onpejeaenHeM MOPHCTOCTH MOPOALL.

K Ttakum cnocofam MOMKHO OTHeCTH onpejpeiedHe Kospduuu-
eHTa (PUALTPALHH MO JAHHBIM O HAJHBAX H HAarHETaHHsX B HEBOJO-
HACBILEHHLI TPYHT W OnNpeaeseHHe CKOPOCTel B nmopax ¢ NoMOULbo
HHAHKATOPOB.

M3 npakTHKH H3BCCTHO, YTO HENOCPEACTBEHHOE ONpejlejeHHe KO-
spduunenTa GuabTpauHn NO pe3yabTaTaM ONbITa BO3MOXKHO JIHIIL
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B HCKJIIOYHTCALHLIX cayyasix, 4 BOOOUIC AN ONpeaeseHHst HCKOMOro
ko3 pruHenTa NPHXOJNTCS MPOBOANTL CHEUHAAbLHBLIC Pacyerhl.

OObIYKHO BO BpeMsl ONLITA M0 onpeaeteHuio GUIbLTPaIlHOHHBIX Xa-
PAaKTePHCTHK IPYHTA HEMOCPECTBEHHO H3MEPACMbIMH napasMeTpamy
ABJAAIOTCA pacxod M Hanop. Yrto ke kacaercss JApyrux (axtopos,
BJAMSAIOUIHX HA pacueT BeIHYHHL Koshduunenta GuabTpanun, Kak-1o:
pasmepos paboucii HacTH ropHoit BuipabOTKH, Yepe3 KOTOPYIO OCy-
UICCTBJISICTCSl BO3/IEHCTBHE HA NOTOK, VCJIOBHIT 3aJI0KCHMA [MJacTa,
CTENCHH €ro OJHOPOAHOCTH, YCJAOBHI HA TpaHHIlaX HCHNLTYeMOro
nJaactTa U T. 1.. TO 3CC 3TH CBEAEHHA 4acTO OLIBAIOT HE OMEHb HAJCK-
HBIMH, @ HHOI1a H BOBce OTCYTCTBYIOT. Takum o0pasom, uccaeno-
BATC/b, Pacnogaras BCCLMAa CKYAHBLIMH AAHHBIMH, HEPCAKO OnlBaer
NOCTaBJdeH Mepe1l HeoOXOAHMOCTBIO MOUTH MPOH3BOJILHOTO BHIOOPA
pPacueTHON CXCeMbi M coOoTBeTcTBYIouteil cit 3apucumocti. Hazxo cka-
3aThb, YTO TAKHX 3aBHCHMOCTCH B HACTOALLEC BpeMs HaKOMHIOCH
MHOrO, Tak 4To BbIGOp Hauayuweil 3aBHCHMOCTH ISl JAHHBIX KOH-
KPETHLIX VCJIOBHH NPEACTaBJAAET HHOrAA CYULeCTBEHHbLIE TPyIl-
HOCTI.

[Tpu pazpaboTke pacyeTHOM CXeMbl, HCMOJb3YS HMCIOLLHECsT CBe-
JeHHSI 0 Te0JI0rHH, HCOOXOAHMO ONMPeICAHTb, ABASETCA Ji HCeje-
AYeMbI N1ACT OrPAHHYCHHLIM 1O BLICOTE HJIH B MIaHE, OLCHHTL
BO3MOKHOCTH B3aHMOCBSI3H MJACTA ¢ KAKHM-JHGO APYrUM BOJOHOC-
HbIM FOPH30HTOM, YCTAHOBHTH YCJOBHS Ha rpaHuuax njiacra Honpe-
A€IUTb BO3MOKHOCTH BJAHAHHA HHOHIALTPAUHH HAH HCMAPEHHS HA
H3MEpsCeMbl BO BpeMsl onbita pacxoa. Craeayer Takike oXxapakrtepH-
30BaTh pabouyio vacTL rOPHON BbipaGOTKH, OLCHHTL CTENEHb HECOo-
BEpIICHCTBA c¢, a B cayuac paboThl CHCTCMBI OJIMHOUHLIX BhIpaboTOK
ONpee/INTL VCIOBHA HX B3aUMOICITICTBHSA.

Ocobyio cneun@uky HMCIOT pacuetsl Mo AaHHLIM Ha6a10aeHnil
32 NbC30OMETPAMH; NbLE3OMETPHUECKHE CKBAXKHHBLI OTJAHYAIOTCS Ma-
JAbIMH TTONEPCYHLIMK pasMepaMH, 4TO, C OJHOIN CTOPOHbLI, HAKJa1bi-
BACT ONpeie/ICHHLIE OTPAHHYCHHS HA BO3MOMKHOCTL NMPUMEHEHHS H3-
BECTHLIX M@TOJ0B HCCJICJOBAHHH, & ¢ JAPVYroil CTOPOHLI, NMO3BOJAAET
HCNOJbL30BATL HCKOTOPLIE JOMYUICHHSA, HENPHCMJIEMBIE B JAPYrHX
VCIOBHAX.

OGuune csetenns o nanbosice pacnpocTpaHCHHLIX cnocofax pac-
Yeta Koaduuuenra (puabTparMn IpH PasIHYHBIX YCIOBHAX ONPO-
OoBauus nmaacra npuBoastTces B gaunuoit raase. [Ipn 3Tom B coorsert-
CTBUH C MNPHHATHIM NJAHOM H3JI0/KEHHS K THMOBBIM CAYHAAM
onpejeaenus KoypduunentTa GUIbTPAUHH MO JAHHBIM O CKOPOCTAX
OTHECCHD! TaKile HCCJAEJA0BAHHS, MPH KOTOPBLIX BO3MYUICHHE NMOTOKA
OCYUIECTBIAACTCH TOJIBKO C HEAbI OUEHKH BeauunHn Ko duumenta
PuavTpaumn.

OueBuano, uTo paccMaTpuBaeMas METOJAHKA  ONPCACTICHHA
HCKOMOro Ko3(ppuuuenra pacnpocrpannerca H Ha cayvai pac-
yera kKoshduumenta QuabTpauHH N0 CKOPOCTAM (HJIALTPALH,
NOJYUCHHBIM B Pe3yabTaTe PeKHMHLIX HaGai0eHuil, ecan npu 31oM
HMEIOTCH BCe HEOOXOAMMBIC /151 pacyeTa HCXOAHLIC JaHHbIE,
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§ 5-2. Onpepenenne KodPPHUMEHTa DHALTPALMKM NO OTKAYKAM
M HarHevTaHMsaIM

IHa ncnoab3oBaHuu pesyabTatoB HAOMIOACHHI 3a (HABTPaUHEN
K CKBAKHHAM OCHOBAHB! BECbMa PACHPOCTPAHCHHLIC CTOCOOLl onpe-
aeaeHun Kospuunenta puabTpaund. DBaaropapsi 3HauHTEALHOMY
CIVIMEHHIO JIMHHIT TOKa YV JICHCTBYIOUICHT CKBAXKHHD! NOJYUYEHHOE 3HA-
yeHHe Ko3pduuneHta (PHILTPAUMH XaPAKTCPHIYCT riaBHbIM 0o0pa-
30M  (uabTpauHoHHble CBOHCTBA TIpyHTaZ BOJH3H  HCNBITYCMOI
CKBAKHHBI. DTO CJAeAYET YUHTBHIBATL NPH aHAJAH3C pe3y/bTaToB HCC1e-
A0BaHHi nJactos ¢ O6ecnopsijpouHoi HeOAHOPOAHOCTbIO. OCHOBHLIM
HEAOCTATKOM ONBLITOB CO CKBA/KHHAMH SIBJAACTCS 3aBHCHMOCTb ONbIT-
HBIX JIAHHBLIX OT COCTOSAHHA (HUAbTPA ACHCTBYIOUIHX CKBAXKHH
FPYHTa B NpH3al0oiHON 30HE, 4acTO HapyleHHOro npu OypeHuy N
npoMbiBKe (Han npoayske). [lostomy pexkomMeHAyercs HMeTb Hi-
0.1101aTebHbIC CKBa*KHHDL!I (TaK HA3bIBAEMBIC KYCTOBbIE OTKauKi N
HarHeTaHus).

Pacuyernbie 3aBHCHMOCTH 114 onpejeseHust Kospduunenta puan-
TPAUHH NO PE3V.IbTATAM OTKAYEK H HAarHeTaHHil B YCJOBHAX YCTAHO-
BHBLUErOCSl H HEYCTAHOBHMBILErOCH pPEeXHMOB /sl NJAACTOB OrPaHM-
YEHHOIN H HEOrpaHH4YeHHON MOUIHOCTH B paspese H 1A MOTOKOB Ha-
nopHoro u GesnanopHoro npusejaensl B Taba. 5-1 u 5-2. Ykaszanuuie
B HHX (opmyabl MOryT ObiThb HCMOJAL30BAaHbLl KAK MPH OTKAYKAX M3
CKBAXKHH, TAK H NPH HATHETAHHAX B MJAacCT.

HanoMuuM, 4TO pacuer HeyCTAHOBHBLIErOCH (PHIALTPALHOHHOIO
NOTOKA HMEeT H3BECTHYIO cneunduky, oO0yCa0BJACHHYIO OCOOEHHO-
CTAMHM JABHKEHHS XHAKOCTH B nopucrtoit cpepe (raasa 2). [Ipu stom
BBHAY NMPHHATOrO B TEOPHH (PHABTPAUHH NPCHEOPEKEHHs CHaaMmy
HHEPUHH HEOOXOIHMOCTb B YPaBHEHHAX HEYCTAHOBHBLIErOCH ABHIKE-
HHST NOSIBAACTCA TOJbLKO NPH Hadu4yuu jgepopMmalHit noToka, Mopu-
CTOI Cpeibl M JKHMAKOCTH C TeuenueMm BpeMeHH. Bo Bcex ocTajbHbiX
Cayqasix pacyeT HEYCTaAHOBHBIICrOCH (PHALTPAUHOHHOIO NOTOKA,T. €.
MOTOKA, B KAXK/IOH TOYKE KOTOPOro ¢ TeYeHHeM BPEMEHH Hamop H3-
MEHSCTCSH, NPOBCANHTCS MO VPABHEHHAM VCTAHOBHBLUEIOCS ABHMKCHHSI.
Huaue roeops, HEYCTAHOBHBIUMIICS NOTOK PacCMATPHBACTCA Kak
C1€CTBHE MTHOBEHHOH CMEHbl CTAalHOHAPHLIX MOTOKOB (MeTo]
CMeHbl cTaunoHapuuix coctosHuit [I1]). ITpsamoe HenpepbiBHOE H3-
MEPEHHe MEeHSIOUIHXCA pacXoJ0B M HAMoOpoOB, KakK M OnNpeaeseHHe
(HABTPAUHOHHOrO pPacxoaa B JdHHLIH MOMEHT BPEMEHH, HE BCeErja
BO3MOXKHO, MO3TOMY BO3HHKAaeT 3ajaya ONPeAe/]eHHsT HCKOMBLIX Xd-
PAKTEPHCTHK MNJacta B TeX CJayyasxX, KOrja 3ajaHbl TOJbKO ofuiue
3AKOHOMEPHOCTH M3MEHEHHs rpaHnynbiX yeaosuit. Tlpocreituwuym npu-
MCPOM  pacHeTHbIX 3aBHCHMOCTEH MOJAOGHOrO THNA, TNMOJAYYEHHBIX
¢ VHETOM AKKYMYJHPYIOIIEH CNOCOOGHOCTH CKBAXKHHLI B NPeANnoaokKe-
HHH HeaeOpPMHPYEMOCTH NOPHCTONH cpeibl H (PHABLTPAIHOHHOTO 110-
ToKa, asagerca popmyaa (5-23). Boaee caoxuble 3aBHCHMOCTH NPH-
BOASITCS B cooTBeTcTBYIOULelt AnuTepartype (25, 32]. Bo Bcex atux 3a-
BHCHMOCTAX TPH H3BECTHON (opme 3ajJeraHus naacra, 3aiaHHbIX
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‘ Tabruya 5-2
Popmyarl aas onpeaenerus Kosdpduuuenta duasTpaunn
Heycranopnsuiniics pexnm

THI NOTOKa

Harnopuuiit orpannuen-
1Ol MOUIHOCTH

Besnanopubtit

Hanopuniit neorpaun-
YeHHOH MOUIHOCTH

Besnanopnutit

Hanopuwii 2

1 3nech r — paccroanpe

Dopmyan’
LR o.sq»o) In-So.
1 . S
Ri=— i
2 Tt
rg (ln L 0.5%) “in S (7 — 085,
k ’ _l_ A ra / S(”— 0-53)
2 Ht
0. 1,471
I ry In > s
[ S | S Y
2 1ot S
21 1,471, — 0,5 (S, — S)
0
. tro
2 [lo—0,5(Se + S)] ¢
k 1 In S
2 t S
HabAoAATeNbHbIX  CKBAXHH

(5-19)

(5-20)

(5-21)

(5-22)

(5-23)

OT HEeHTPAAbLHOIL;

So B S — nonuKenne B UEHTPAABHON CKBaXkHHe nepead wauasom onwita (£ — 0)
H B MOoMeHT £; [y — noanas aauHa puasTpa.
? Bojaa noctynaer wepe3 IHO CKBaKHWHbL

Tabauya 5-3

3uavuenne Pyukunii ®, (©,, ;)

r | | - @
; | l |
! < > B 10 a3 | 100 | 200 | 500 | 1000 | 2000
—_— | |
i N | |
0,05 0,13 | 2,30 | 12,6 | 35,5 | 71,9 | 94,0 | 126,0|149,0| 169,0
0,10 0,12 | 2,00 | 10,4 | 24,3 | 42,8 | 53,8 | 68,5 79,6/ 91,0
0,30 0,09 (1,30 4,8| 9,2 | 14,5 17,7 | 21,8/ 24 28,2
0,50 0,05 |0,70 | 2,3| 4,2| 6,5| 7,9 | 9,6/ 11 12,4
0,70 0,017(0,24| 09| 1,7| 2,7| 3,2 | 4,0 4 5,2
0,90 |0,002(0,03| 0,1 0,3| 05| 0,7| 0,8f 1 1,1
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pasmepax paloueil 4aCTH CKBaXKHHBI M NPH HAJIHYHH CBeJeHHil
O pacxosax M NMOHHKCHHAX YPOBHSI BOJAbLI B CKBa)KHHE HCKOMOM Be-
JHUHHOM siBasiercst KOs Ppuuuent duabTpauun (HAH BOAONPOBOIH-
MOCTb NJaacTa).

CaoxHee OOCTOHMT 1€70, KOraa aeopMHpyeMoCThbio mjaacta H
notoxka npenebpeub Heab3s. Torja npu Tex e yCI0BHAX NpoBeje-
HHSl OMBLITA, YTO H B VKAa3aHHOM BbIlE cay4yae, kKpome Kospduum-
eHTa (uabTpauuyH (BOAONPOBOAHMOCTH), HeOOXOAHWMO 3HATh eLle
m’ nan a— KO3pPHUHCHTD, Onpefesioune BOJA0EMKOCTL I'PYHTA
HJAH VIIpYrude CBONCTBA IOPHOI MOPOALI H (PHALTPVIOMIENCA KHIAKO-
CTH, KOoTOpble noapoGHO paccMmaTtpHusaioTces B raase 6. 3j1ech 3ame-
THM TOJILKO, YTO H3MCHCHHS AKKYMYJHpYIOWEH CrocOGHOCTH njacTa
CKa3blBAalOTCA Ha BeaHuYHHe (QHIALTPAUHOHHOrO CONPOTHBJICHHA TPH
(puabTpaAUHH K CKBaKHHE, KOTOpOe B 00IleM cjayvae 3aBHCHT OT He-
KoToporo mnapamerpa u=r*/4at, rae a=~kh/m’, 1. e. ®(u). Ilo-
ckoabKy @ (u) aBasercst BeIHUHHOI, 3aBHCHMOIl OT HCKOMOro KO3(-
¢guunenta R, To aaa pacyera mo zasucumoctd (2-39) npuxoauTcs
HCNOJAB30BATL METO/ NMOCJAESA0BATEIbHLIX npubanxcennit. OnuiT noka-
3bIBAET, YTO MPH MaJblX 3HAUYCHHSIX MapamMeTpa 4 aHaJUTHYEeCKOe
Bbhipakenue A1 (PHALTPAUHOHHOrO COMPOTHBJCHHS H CONPOTHBJe-
HHUsi. OOVCJOBJCHHOrO HECOBEPIUICHCTBOM CKBAXKHHBL, YNpOLaeTcs.
(M (u4) CTAaHOBHTCA MPAKTHUECKH MOCTOSHHON M MOXKeT ObiTh onpeje-
JIeHA TaK JKe, KaK M B cayuae ycTaHoBupuierocs pexuma (ra6a. 5-3).

§ 5-3. BnusaHKe rpaHMyYHbIX YCNOBMW Ha pacuer
(PHNLTPAUMOHHBIX XaPaKTEPHCTHK nnacra

Buime npu onpeaeseHun xkosppuuuenta puAbTpALUHH NPHHHMA-
JHCh JIHIIL CAMBIC TPOCTLIC TPAHHUHBIE YCJIOBHS, 4 MMCHHO: CKBa-
KHHBI C KPYTOBBIM KOHTYPOM MHTAHHA HJAH C JIHHCAHON rpanuuei
C TNOCTOSIHHBIM HamnmopoM, Hampumep CKBaxHHAa Vv pekd. B Takoi
yIPOIUIEHHOM MOCTAHOBKE MOMKHO PACCMATPHBATH TO.JIbKO ONpejeseH-
Hble 3agaun. Hapsiay ¢ Humu vacro ObiBaeT HeoOXOAMMO peluatb
3ajaun ¢ ropasjio 6ogee CJAO0AKHLIMH FPAHHYHLIMKE YeaoBHAMH. B Ta-
KHX cJayvasix nepea pacuHeToM MPOM3BOAAT CXEMATH3AUHIO C LEJbLIO
ynpouieHusi reomerpuyeckux ¢opm rpanun obaacreii. Ilpu srom mn3-
BHJAHCTBIE OuepTaHus OGeperoB pek, 6OPTOB MaJ0O NMPOHHIIA@MBIX T0-
pPOA, NPHHHMAEMbIX 3a HCNMPOHHUACMBIE FPAHUUDL], H T. 1., 3aMEHSIOT
npaMbIMH AHHHAMH. Kaacenpuuupys rpanuus obiaactu ¢uabTpa-
LUHH 10 TCOMETPHYECKOMY MPH3HAKY, NPHHATO NPEACTABJAATL 3TY 06-
JACTh B BHJE INVIOCKOCTH, MOJVIIIOCKOCTH, NOJOCHI, MHOTOYrOJAbHHKA
HJAH Kpyra. 3aMKHYTHi€ KOHTYpPbl BHEIIHUX I'paHHil OOLIYHO NPHBO-
JAT K KPYroBOMY KOHTYPY, MOTOMY 4TO, KaK IMOKa3biBalOT HcCJe-
AOBaHHMs, NMPH JOCTATOYHOM Y/aJeHHH TAKOro KOHTYypa OT LEHTpa
CKBa)XXHHbI BO3MOXKHBIC OTKJIOHECHHSI €ro OT Kpyra Ha pe3yJabraTtax
pacuetoB ckaseiBatotcss madto [32]. Tlpumepnl pasanuHbix cayuaes
CXeMaTH3allHH TPAHHYHBLIX YCJ0BHA npuBoasATcs B [25]. Kpome reo-
METPHYECKHX OCOOCHHOCTEH, cJaelyeT YCTaHOBHThL VCJIOBHSI MHTaHHSA
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naacra Ha rpanuuax. [Ipu stom no [25] moryT ObiTh BbljeneHsl rpa-
HHYHbIE YCJOBISI 4YeThipeX BH/JAOB, H3 KOTOPbIX HaHMOOJBLIHI npax-
THYECKHH HHTEpeC MNMpeACTaBJsIOT Cavyai 3aj/lands Hanopa H pac-
X0jla Ha rpaHuuc [ B Buile

H,= f(f) wan H,=const
Q,=7() wam Q, = const.

Boablioe 3naycHue st pacieToB HMeEeT He TOJIbKO (popma rpa-
HHIL PAacCMAaTpiBAaeMOro IJaacrta, Onpeaedslolux ero npocTHpaHue
B TJIaHC, HO H XapaKTep 3aaeranusi naacta B paspese. O6LIYHO pa3-
JHYAIOT INVIACTL NOCTOAHHON M NEPEeMCHHOIL MouHocTH. B nmepuoi
HEYCTAHOBHMBLUErOCH JIBHKCHHS BJHMAHHE TpaHMIl CKa3blBaercss no
Mepe pacrnpocTpasCHHUs BO3MYILCHHS NOTOKA OT o4ara BO3MYLIEHHS.

[Tpu puavTpaunn 8 GE3rpanHHyHOM MJ1aCTC YCTAHOBHBIUHIICH pe-
JKHM TEOPeTHYECKH MOMEeT HACTYIHTh TOJbKO 1pH [=co. To obcros-
TEJAbCTBO, UTO HA NpaKTHKe 0Opa3zoBaHHe YCTAHOBHBIIEIOCS PCKHMA
MPOHCXOAHT B KOHEUHBbIE NMPOMEKYTKH BpeMeHH, 0ObACHACTCA OT.IH-
UHeM peasIbHBIX YCJIOBHIT OT ujeas bHoit cxeMbl. HHave obGcroar gena
npH GHUILTPALNH B OrpaHHYeHHOll 061acTH. DTO JerkKo WIIOCTPHPO-
BaTh Ha npumepe. ITyers Bo3Myuienue rnoroka OCyUIECTBJEHO € NO-
MOIIBIO OJMHOYHOI COBEPLUCHHON CKBAZKHHBI, H BPeMs, NpoTexuee
C Havyaja BO3MVIICHHA MOTOKA, ABJACTCS JIOCTATOUHBIM s TOro,
4yToOLI HCMOIbL30BAaTh NMPH pacyeTax VIPOIUUCHHDBIC YPAaBHCHHA HEyCTa-
HOBHBILErocsl pexkima GuibTpauuu (Tak HasbIBaeMblili KBA3HYCTAHO-
BUBIIKIicA pexkuMm). B sTom cayyae cnpaseliMBa 3aBUCHMOCTb (CM.
raasy 6).

H

paic . RE (5-24)
2=8T 4

rae R, = 1,5 ) af — BeauunHa, 3aBHCALLAsA OT BPEMEHH.
CaenoBatenbHo, moka R; octaercs MeHbllI€ PacCTOSHHA 10 rpa-
HHI[ TIJ1ACTa, BIMSAHMEM 3THX TpaHHL MOXHO npeHebpeub. [Ipu na-
PYWEHHH TOr0 HEpPaBEHCTBA VCJOBHA pacuera uamensiores. Hau-
6ojiee NpOCTOE peLICHHEe [MOAYYaeTcs B CJyiae pacroloKeHHs CKBa-
KHHBI B MOJYOrPpaHHYCHHOM MaacTe npH yoaosuax Hy=const uan
Q:=0. Torja c nmoMoOLBLI METOAd 3€pKaJIbHBIX 0TOOpa)KeHHi B nep-
BOM CJiviae HMeeM yxke npusojnBluykocs B § 5-3 saBucumoctb (5-1):

Q ln—2—b—,

R=
2:807‘- To

4 BO BTOPOM cCavuace

2 2l (5-25)
2=8,T 2br,

OTtcioaa caeayer, 4T0 NpH HAJHYHH MCTOYHHKA MHTAHHA C MOCTO-
SIHHBIM HamopoM npH R;=b (uAbLTpauUHA NP aKTHYECKH YCTaHOBH-
Jach. B cayyae HempoOHHILAeMOro KOHTYPE, KAK H B Ge3rpaHHyHoM
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naacTe, TCOPETHYECKH YCTAHOBHBLIMICS pexnym (puaAbTpauun Bo-
obnie He MOXKeT OBbITb JLOCTHIHYT.

IMpn ¢uabTpauru K OAHHOYHON CKBAXKHHE B N0J10C000pasioM
niaacre OOWHIT BHI pacyeTHON 3aBHCHMOCTH Onpejaeasiercs ycio-
BusiMH Ha Koutype. [lpeacrasus 3Hauenne Hekomoro xKosdpduuuenta
B BIjl@ 0

R= Tor b, , (5-26)
MOJKHO ONpPEeAe/ANTh COOTBETCTBYIOLHE 3HAUCHHA (PHALTPAUHOHHOrO
conpotuBienns @, caeayouum obpasom. [Toaaras, uro Ha 06OHX
KOHTypax nojockl H;=const, npu onpeaeaesnit NOHHAKEHHA S B LLEH-
TPaJbHOH CKBAXHHE HMEEeM

0,64L sin %’
Q, =2In ———, (5-27)

0
rjie L — muupHHa noaocel; [ — paccTosiHHe CKBAXHHBI OT OamxKai-
weit ctoporbl. Ecan onun koutyp Henpounuaem (Q=0), a va apy-
rom H;=const, to

1,27 ctg—'-l':l—
Oy = 21n —T— . (5'28)
M, HakoHeu, npn oGOMX HeNpoHHUaeMbX Koutvpax (Q;=0)
0, o DAVEE o QIOL (5-29)
L rosin —
L

OnpejeanTb rpaHHiHbIe YCJAOBHS MJacTa B BePTHKAIbHOM pas-
pese TpyaHee, ueM B NJaHe.

Pa3pa6oTKe METOAMKH y4yera HH)HILTPAUHK W HCIapeHus: ¢ no-
BEPXHOCTH JIeNPECCHH MOCBsillleHbl MHorHe padortwm [75, 93, 103].

Pacuer (uapTpauuy B miactax NepeMeHHONl MOMHOCTH AJs O/l
HOTO YaCTHOTO cay4as nposoauics Xautywesm [213, 34]. Muorne uc-
C/IeI0BATE/IH M3VYAJH BJAHAHHE Ha pexuM GUALTPAUHH Pa3IHYHBIX
VCJIOBHI NMHTAHHA MJaacTa Mo NJAOUIAAH KOHTAKTA C JAPYTHMH CJA0AMH
[212]. O pesyabTaTax 3THX HCCJAEA0BAHHH HCCKOJABKO 1oapoGHee Oy-
JeT CKa3aHo B caeayiouleM naparpade. 31ech e MOKHO OTMETHTD,
YTO BCE MOAYYCHHBIC 3aBHCHMOCTI, NPEACTaBAAN TCOPETHYCCKHI HH-
Tepec, AOCTATOYHO CJAOXKHBI M MAJONPHEMJEMBbl VISl MMPAKTHYECKHX
pacuyeTos.

§ 5-4. Onpepenenne KOIPDHUMEHTA PHNBLTPALUMM
B Cny4Yae HEOAHOPOAHOW FPYHTOBOW TOMNMUWM

[TpuBescHHLIC BLilie 3aBHCHMOCTH 1151 Onpeaesienuss Kosdpgu-
WHeHTa (HALTPRIMH TOJAYUCHB IS TJ1aCTOB, CJAOXKEHHBIX OJHOPO1-
HLIMH M30TPONHBLIMK rpyHTaMu. IIpn pacnpocTpaHenHH Takux 3asi-
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CHMOCTEHl Ha FPyHTH C OeCnopsaA0YHOH HEOJAHOPOJAHOCTbIO HaliieH-
Hbic 3HaueHHus KosppuiuHenTa GUALTPAUMH ABJAAIOTCA MO CYLECTBY
3HAYCHHAMH, OCPCAHCHHBIMH 1O paccMaTpuBaeMomy obbeMy, HTO j0-
MyCTHMO TOJIBKO IMPH OTHOCHTEIbHO HEBLICOKOH HEOAHOPOAHOCTH
ropabiX nopon [188]. Bmecre ¢ TeM B HATYPHBIX YCJOBHSX HEpeaKH
cJayqaM, Koraa Aas pacyera (PpHAbTPAUHOHHBIX XapaKTCPHCTHK I11a-
CTOB HCIOAb30BAHHE 3ABHCHMOCTEl, MOJVYCHHLIX B NPEANOJOKEHnH
OZIHOPOJIHOIO CTPOCHHSI FPYHTA, ABJAACTCS HEAONYCTHMON HAcaaH3a-
uneit. Toraa nepexoasiT K NPEACTABJICHHSIM O TPYHTaxX C YIOpsijo-
4EeHHOI1 HeOAHOPOAHOCTLIO H O IPyHTax aHusorTponHblx. ITpumepamu
FPYHTOB C YMOPANOYCHHON HEOAHOPOAHOCTHIO MOTYT CJAYKHTH CJ0-
HCTBIE MAACTH ¢ KVCOUHOI HEOJAHOPOJAHOCTLIO B INIaAHE.

MeToanka pacucra aHH3OTPONHBLIX MJ1aCTOB B YCJIOBHAX YCTaHO-
BHBLIErOCA PEeXKHMA paccMaTpHBajiach B paborax MHOMHX aBTOPOB
[6, 119, 200 u ap.]. [Tpu sTom aas caydast OAHOPOAHO-AHHIOTPONHLIX
MOpPoA MCCACAOBAINHCH BOMPOCH! MJIOCKOH (HAbTPALMH H (DHIbLTPA-
UMy ocecHMMeTpuuHOM. Paspaboranbl aHaJHTHYECKHE H rpadu-
yeckite cnocobbl onpenetennss Ko3QGHUHEHTOB PHJALTPAUHH H [10-
JIOXKeHHS TIJIaBHBIX OCeil NMPOHHUAEMOCTH NPH KVCTOBBIX OTKauykKax
(HarHeTaHWsnX) A 3aJaHHLIX TPAHHYHBLIX VCI0BHI. BO3MOKHOCTL
NpoBeACHNs TakHX HaOJIeHHH onpeaeasercs HaIHYHEM A0JIK-
HOTO KOJHYCCTBA HA0MI0AaTe/IbHbIX CKBAXKHH.

B nocaeanue roaul CTajsH NOABAATHCA TakKke palboTbl MO MeETO-
JHKEe HCNOJAb30BAHHA JIaHHBIX O HCYCTAHOBHBIUEMCS peHMe (H/b-
TPauwnH 18 OUCHKH aHH30Tpornuu naacra [168].

B ocHOBe BCEX aHaJHTHYECKHX 3aBHCHMOCTEN I8 OnpejejeHHs
HCKOMBIX XAPaKTePHCTHK AHH30TPOMHOrO MJacta JexHT npeobpa-
30BAHNE KOOPAHHAT ¢ MOMOILBLIO KO3QPHIUHEHTAa aHH3OTPONHH

) ky
kg

rac ke u ky-— 3HaveHHs Kos(ppuuuenta (HUALTPaLNH BAOJIbL KOOp-
JUHATHBIX OCeil X H y.

B aedopmupoBanHon obaactd, rie naact npeoGpasyercst B OA-
HOPOAHBIN, KOODAHHATL! ONPENeIsIOTCsl KaK X =AXy, J=UY1.

H3yyenHe aHH30TPOMHLIX CBOHCTB N.1aCTd B HATYPHBIX YCJAOBHSX
NpejlcTaBiasgeT CYyLIeCTBCHHLIE TPYAHOCTH, HO B  0JaronpHATHLIX
VCIAOBHAX MOMXKeET ObiThb OCYUECTBJeHO N0 AaHHBIM O PasJIHYHLIX CNO-
cobax onpoGOBaHHSA MJ1ACTa NMPH MOMOILH ONBITOB C HHAHKATOpaMmu
Hau nytem orbopa KepHoB. MOKHO, HaANpHMep, OLEHHTL aHH30TPO-
MHIO IJIacrTa NyTeM COMOCTABJICHHSI Pe3yJbTATOB HCNLITAHHSA HECo-
BCPUIEHHBIX CKBaxXKHH, paboTalomux AHOM, ¢ pe3yviabraTaMH HCIbiTa-
Hilsl COBCPLUICHHBIX CKBAXKHH M T. A

Cnocobul Hecae10BaHnsi AHH3OTPONHLIX CBONCTB TPYHTOB MOUYT
ObITh pacnpoOCTPaHenbl H Ha CJIOHCTHIC FPYHTBHI MPH YCIOBHH MEJIKOM
caoucTocTH. [IpH HaAHUHK C1OCB 3HAUNTENLHON MOLLHOCTH METOJHKA
pacueTa H3MCHSCTCS.

’ (5'30)
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Pacuer (puABLTPAUHOHHLIX MOTOKOB MPH HAPABAHYECKH CBf3aH-
HLIX TOPH3OHTAX He pPa3 MPHBJACKAJ BHHMAaHHE HCCJACAOBATEACH, NO-
CKOJIBKY NMOCTaHOBKA H PCLUCHHE TaKuX 3ajay umeer 00ablioe npak-
THYeCKOe 3Havenne. BBuay ciaoxHoctH Bonpoca obuiee pewenue
NOJAYYHTHL MOKa He yjaaercs. M3aydyennio ObIIH MOABEPrHYTHI TOJLKO
ABa MNpeaeJbHbLIX CJyyasi CXeMaTH3alMH COBMECTHOil paboTnl BOO-
HOCHBIX TOPH3OHTOB B CJAOHCTBLIX IpyHTaxX. OJHH H3 HUX HMeEeT Me-
CTO, KOrjla B npejaesax Kaj;jaoro ¢/j10si ropH3oHTaJbHble COCTaBJsI0-
wHe no Buicote He HameHstores. Bropoit cayuait npeanosaraer Bos-
MOZKHOCTb TNpeACTaBjgeHHst PHALTPAUHOHHONO NOTOKA B OQHOM CJloe
KaK rOpH30HTAJbHO HANPaBJIEHHOro, a B APYyromM — caabdonpounuuac-
MOM — KaK BE€PTHKaJbHO HaNpapBJICHHOrO.

" 2 [TepBobiit cayyait paccmartpi-

7 r//////////////, Baica B paborax K. H. JloGpo-
7%

V////////%Irz. Boabckoro ([54], I1. §I. Tloay-

/////)%{ _ ry/ GapuHoBoit-Kounnoit [129).

. ®. Bypaasa [26] n ap. Ha
H 3TOM Ke npHUHUHME OCHOBaH M
criocob  onpejledeHnss Hanopos
NbE30METPOB, KOHTPOJIHPYVIOULIX
THAPABJIHYECKH CBA3aHHbIE MJ1a-
CThl, paccMoOTpeHHblit B padote

Puc. 5-1. Onmmamit creop npu onpe- A4 Cokoaa [230].
AejdeHH  KoshdunmenTon quanrTpaunn B unacrosimee Bpemsi s
ABYXCAOHHOrO mJjacra. onpejejeHHss 3HAYEHHH KO3(-

(puunenta puaAbBTPALUHH OTIE]DL-
HbIX CJOCB MHOrOCJOWHOIO IJacTa H3BECTHO HECKOJILKO ¢nocoGos.
HaunGonee npocroe u rpy6oe peieHue jaer Tak HasblBaeMmblil crno-
co6 nocaoHHBIX onpeneaenuit kosdpduunenta Gpuasrpauwnn. [Ipu stom
cnoco6e B mnpejenax Kaxaoro Hay4aeMmoro ciaosi oGopyayercs
GuabTp ckBaxHHb. CKBa)KHHY JKEJATEJAbHO JeJaTh HECOBeplen-
HOM, MpHYEM NMPHEMHHK e¢ JloJ1KeH OblTh PaBHO yaaJeH OT NOJIOWBLI
H KpoBaH n3yyaemoro nuaacra. Onpeneienne xoapduumenra duap-
TPalUHH MO PacXoay TAKOH CKBAXKHHBLI NMPOBOJAMTCH B MpPeANno.IoxKe-
HHH, YTO HCMBITYEMbIl NJAAaCT H30aHPOBaH. Pa3zHoBHAHOCTLIO cniocoba
nocaoiHBIX onpeaeaenuiit Kosdpduunenta GUALTPALHIT MOKHO CHH-
rath cnocobui K. WM. JloGposoanckoro [54]. Oaun u3 HuX npume-
HACTCA V1A JIBYXCJIOMHOrO nJaacra co CJI0sIMH 60JIbLION MOUIHOCTH
NPH YCJOBHH, 4TO JeOHT CKBAa’KHHBI, COBEPLICHHOH B rpejaeaax oj-
HOro CJOsl, B OCHOBHOM onpejaeasiercss (UALTPAIHOHHBLIMH Xapak-
TepHCTHKAMK 3Toro c¢aod. Toraa no jganueiM o nebure coBepuieH-
HOH CKBa)XHHBI B BEePXHEil YacTH NJAacTa MOXKHO OMPEACTHTbH KO3(-
buuuent GuasTpauun nepporo ¢10s. COOTBETCTBEHHO COBEPUIEHHAN
CKBaXkKHHa, 000py/lloBaHHAA B HHXKHEH YAaCTH NJacTta, MOXeT ObiTh
HCMOAIL30BaHa JJasi  onpejeaenns Kospouuuenta duapTpaunn

BTOPOTO CJ05.
OyeBHAHO, YTO PAcCMOTPEHHLI CMnoco0 MOXKHO HCMOAbL30BATL

TOABLKO 451 OnpejeaeHusi peKOrnoCUHPOBOUYHBIX 3HAYEHHIT KO3Pdu-
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uuentoB ¢uasTpauunn. Heckonpko Tounee apyroi cnocod K. H. do-
OGpOBOIBLCKOro. ATOT cnocob NPHMEHHM VISl ABYXCJIOHHON Cpeibl He-
00/bIOH MOUHOCTH ¢ PE3KO OTVIHYHBIMH 3HAYCHHAMH KO3((HUHCH-
toB QuaAbTpaunu. Ilpn HaIHUHH BHICOKOIT NMPOHHILAEMOCTH BepXHEN
yacTi maacta / cooTrBeTcTBYIOWHIT KOIDPHUHEHT (uUAbTpauuHu R,
OnpejesIieTcs NyTeM OTKaykKH H3 CKBasKHHBI [/, pacrnojoxeHHOH
B BepxHeM cioe (puc. 5-1). 3areMm npoBoAAT OTKAYKy H3 COBEpILEH-
HOH CKBAXKHHLI B HHKHeM cloe ¥ onpeaenasior Kospduunent Guib-
Tpaunu caos I1 no dopmy.e:

lni

! \
by ) —— «—kl(u—l), (5-31)
2 (H —hy) T \ 27

rae T — mowmuocrs I/ cnos; H — namop na paccrosuumn R; hy — Ha-
Mop B CKBAXKHHE PAIHYCOM 7.

B cayuae, Korga BepxHHil cJ0it moacTuaaercs Gojee npoHHLae-
MBIM, PCKOMCHAYETCS NPOBOAHTL OTKAUKY TakK, 4ToObLl YAOBJACTBOPS-
JIOCh VCJIOBHE:

Hih 4
S
Toraa
an—lj-
=~ ; 5-32
ky %z (H —ho) T (5-32)

[Tocaenunit cayuait BO3MOMKEH TOJLKO NPH ONPeaeSeHHOM COOTHO-
wenun 7 w H, umenno npu T = 0,75 H.

H. ®. Bypaait [26] paspaboran ueayw cepuio crnocoboB 1o
ONpEAE/IeHHI0 3HAYeHHIT KOID(PHIHEHTOB (DUABLTPAUHH PA3IHUYHBIX
C10CB («uacTHAs BOAOMPOHHUAEMOCTb» IIO TEPMHHOJIOTHH aBTOpa).
Bce 3TH cnocoObl OCHOBaHBI Ha HHTCPNPETALMH PE3YJbTaTOB MHO-
FOKpPAaTHBIX OTKAaYeK HJM Ha pesyabTatax onpejpeneHns ae6HMTOB
UeHTpaJabHOIt paboTawouleil CKBaXKHHbl, A depeHuHpoBantLIX Mo ee
BBICOTE ¥ MO IMEPHMETPY, a TaKXKe Ha COBMCCTHOM HCMOJAbL30BaHHH
BcexX 3THX cnocoboB. Takum oGpas3oM, HCCAELOBATE b MOMKET Hero-
CPCACTBEHHO OnpeAeuTsh Kos3hhHuHeHT GHAbTPALHH TPYHTA HCCTe-
AYeMOro yuyacTKa Mo AaHHBLIM O JeOHTe H MaJeHHH Hanopa. DTH Ke
KO3 DHIHCHTE! GHIABTPAUHH MOTYT OBLITh NMOJYYEHbl KOCBEHHBIM My-
TEM NO JIAHHBIM O PACX0JaxX NMpH PasJHYHBIX pazMepax 06JacTH H3Y-
yaeMmoro rnoToka.

B neaom psajge cayyaeB npeACTaBASIIOT HHTEPEC OCpPeAHeHHbIe
GuabTpauUHOHHBIE XapaKTepHCTHKH rpyHToB. Toraa npu ompeaese-
HHH KO3 pHIMenTa GHABTPAUMH TPYHTA MO HANPaBJACHHIO BIOJb
CJI0EB MOXKHO NMPHMEHHTH BBIPAXKEHHE:

n
2 Ty

k — ] t—‘——— 5'33
e (5-33)
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H aas koypduunenta GpuabTpalHH Nonepex HanaacToBaHHsA

Tos .
k= ——n—“‘— ) (5-34)
QRIS
s
[ |
rjae’ n — 4YHCJa0 MapadiesbHbIX CJIoeB ToamuHoi 7 ¢ Koadduunen-

toM puabtpaunn Ry Topu — CyMMapHas ToMIMHA BeeX cjioes. Bo-
Jee TOYHDLI VYT CJOHCTOro CTPOCHHA nJiacra jaaer noreHuuaa Iu-
punckoro [11]

k(z) (h—2)dz, (5-35)

rjle¢ 2 — BBICOTHAsl KOOpJAHHATA.

Onpeneaennio KospduuHenta (HAbTPALUHH ABYXCJOHHBIX MJa-
CTOB Pa3HOIl NPOHHUACMOCTH NPH VCJOBHH, YTO BEPXHHIT A0l nMmeer
6onee HHU3KHIT KOID(PHUHEHT (PUALTPAUHH, TNOCBALLEHH PpadoTh
H. K. I'mpunckoro [25] 1 B. M. I'puropresa [48]. O6Ga astopa npu-
HHMAIOT, YTO B BEPXHEM IjacTe JBH)KeHHe MPOHCXOAHT TOJIbKO Mo
BepTHKaAH. OTAHYHE YKAa3aHHBIX CMoco0OB COCTOHT B TOM, 4TO
B. M. I'puropneB paccmaTpuBaer Oe3HAmoOpHbI MOTOK B BepXHEM
naacTe ¢ Y4Y4eTOM KanuaJAspHOH KaHMbl HAa €ro IOBEPXHOCTH,
a H. K. I'upuHCKH# orpaHuyuBaeTcs cjayvyaeMm 3aTOMNJIEHHOro IacTa.
Cayyan (puabTpauuu B NPEANOJOKCHHH TOJbKO BEPTHKAJAbHOrO 1BH-
XKEHHA B BepxHeM mnjacte OuJH pacCMOTPEeHb! TaKXKe H JAPVLHMil HC-

caeposareaamu [25].

§ 5-5. Onpepenenne kod(ppHUMeHTa DPHNBTPALMM
No AAaHHbLIM FPYNMOBBLIX OTKAYeK

[Tpn n3yyeHHH (QHALTPAIMHOHHLIX CBONACTB FPYHTOBBLIX MacCHBOB
60JIbLIOI NPOTAXKEHHOCTbIO MPAKTHYECKHIT HHTEpEC NpeacTaBIfioT
He TOJBLKO MEeCTHble 3HayeHHsi KO3(pHUHCHTa DHIALTPALHH, HO I OC-
PeJAHEeHHbIC MOKa3aTe/H, XapaKTepuayiouue maccup B ueaom. [loay-
YeHHe COOTBETCTBYIOULCH HHGOPMAIHH HENOCPeACTBEHHO H3 OnbiTa
BO3MOXHO JHIIL NPH HAJHYHH JOCTATOYHO WIHPOKOro (ppoHTa BO3-
MYIUIEHHS NOTOKa.!

[TonoGuble ycn0BHA MOryT ObiTb CO3JaHBI NMPH NPOBEJIEHHH pa-
GOT MO BOAOMOHHIKEHHIO HJAH BOJOHACHILEHHIO HCCJAEAYEeMOro yu4a-
CTKa, a npu 6JaronpHATHHIX OOCTOATENLCTBAX TaKMKe H B YCJI0OBHAX
ecrecTBenHOro noroka [94].

Pacyer ¢puIbTpauHu B TaKHX cJayyasX OOLIYHO MPOBOIHTCH 3KC-
MePHMEHTAAbHLIM NyTeM, OO0JbIIeR YacTblo C MOMOUMILIO MEeToj]a

! 3ametum, uTO 3€Ch HACT peub 06 ONPeleNeHHH OCPEAHEHHHLIX XapakTepH-
CTHK HENOCPEACTBEHHO H3 ONLITA, a HEe NYyTeM pacyera M0 AaHHLIM TOYCHILIX
samepos (nanpumep, pacuet no cnocoGy Croamana u ap.).
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AAA (§ 5-6). Uto e Kacaercs aHAJHTHYECKHX METOA0B pacueTd,
TO BOZMOKHOCTH onpeicicnns koapduwienta GUILTPalHE ¢ NOMO-
WBIO PACUCTHLIX 3ABHCHMOCTCH, MOAVUEHHLIX L5l OTACIbHBIX 4acT-
HBIX CJ1Y4AeB YCTAHOBHBIUCHCA QUILTPAUNH, NPEACTABIAIOTCH CpaB-
HHTEIbHO PEIKO H HEe SBASIOTCH THIHYHHIMH I QUILTPALHOHHBIX
HCCIC0BAHMI THAPOTEXHHIECKHX coopyKeHHil. ITogoOnbic Bonpock
MOCTATOMHO MNOJHO PacCMaTpPHBAIOTCS B MOHOrpadusx, MOCBSAULCH-
HBIX MEeTO/IHKEe (PHALTPAUMOHHOrQ pacuera B CTaAHH MPOCKTHPOBaA-
uua [12, 30, 57, 102, 121, 144].

Iast weqielt Hawero uechej0Banns HauOOoIbUIHI HHTEpec npei-
CTABISIIOT CJay4Yan BOJOMNOHHMKCHMSI C TNOMOIUBLIO CHCTEM CKBayKHH,
HCMOAb30BAHHC KOTOPBIX B A4HHBIX YCJO0BHAX npejctaniser coboil
AOCTVIIHYIO (Gopmy onpoGOBaHHs 1.1acTOB JIsi ONpeaeseHus HX
GuALTPaUHOHHLIX XapakTepuetuk. Ilpu pacuere cuerem GAH3KO pac-
MOJOKEHHBIX CKBAX@KHH TNPHXOAMTCH paccMaTtpuBaTh YCIOBHS HX
B3AUMOIEHCTBHA.

[Tpit pacuere B3aMMOACHCTBYIOUIMX CKBaXuH OOBIYHO HCHOb-
avercs npuHuun ciaoxenus reyenuii {11, 30] (em. § 2-8). Tlpu sTom
(MOHH/KCHHE Hamopa B JI000i 3aJaHHON TOUKC NAZCTa MOXKeT ObiTh
ONpeIeICHO KdaK PesyabTat ACHCTBHA BCEX PaccMaTpHBaeMBIX CKBa-
KEH B BHI1C

S.u - ESi.\l = Z 43:7. b, (5-36)
el ‘

rae S; —nonmxenue B Jaw0boit Touke M or aeficTBHA (-l CKBa-
KHHbL Qi — pacxoj -l ckBauHb, M;-—e¢ GUILTPAUHOHHOC CO-
MPOTHBJICHHC.

C nmoMOIBIO TAKOH 3aBHCHMMOCTH NpPH pasanunblXx 3HaueHusx @;,
ONpeALAACMBIX M0 COOTBETCTBYIOIUHM (opMyaaM Aasg OJAHHOUHBIX
CKBazKHH NPH 3a1anubIX Q4 MOXKHO HaliTH HCKOMOE 3Hauenne Koy(-
¢duuncHTa GuabTpalHH.

Taxkon 1nmoaxox K pacuery k. ¢Tporo ropops, CnpaBeiiHB TOJbLKO
B Cavuae oaHopojHoro rpyura. Kpome Ttoro, B cayvae naacra, orpa-
HHYCHHOTO B fJaHe, I8 y4eTa OCOGEHHOCTE! TPAaHHUHBIX YCJA0BHII
HCOOXOAHMO Clile NMPOU3BOJHTL 3€pKaJIbHbIC OTOOpaeHust Hccse-
AVEMBIX CKBA#KIH.

Bo.1ee yao0en st npakTHYECKHX Ledel ¢nocol pacuera B3auMo-
JACHCTBYIONHY CKBAKHH, OCHOBAHHLIH Ha MCMOJbL30BAHHH, KPOMC
MPHHILHNA CJACIKEHHS TCUCHHI, elte # merona dgparventos. ITpustom
CHCTCMBI CKBAYKHH NPUBOASAT K TaK HasbBaMbiM OGOGIIEHHBIM CH-
CTEeMaM, T. €. K KPYNHBIM BbIpabOTKAM 10CTATOYHO MPOCTO (HopMbi,
Hanpumep K 3aMeHe OTAeJbHBIX IPYNN CKBaXHH KBHBAJICHTHLIMH
TPaHIICAMH ¢ PABHOMEPHBLIM MPHUTOKOM 10 JJIHHE.

JaMeHa CHCTCM CKBAXHI OOOOGLCHHON CHCTEMOH NPOM3BOAHTCH
H3 TOro YCJOBHS, 4TO pacxol o000meHnoil CHCTeMbl W nojae QHib-
TPAUHOHHOTO NMOTOKA Ha HEKOTOPOM PACCTOSIHMM OT Hee 3a npeje-
JaMi 300bl pe3koil AedopMaunHH NOTOK3, TOYHO Takue Ke. Kak
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pacxol H noJje noTokKa COOTB(?TCTB)'I‘OLU.C]’( CHCTEMbI 3aMeHH#eMbIX
CKBaxHH, T. €.

Q=314Q, (5-37)
i1

rae Qi — pacxoja OTAeJAbHbIX CKBAXKHH.
[Tepexoa oT noHMKeHHs Hamopa B OGOOLICHHON CHCTeME K Ha-
MOpy B OTAEJLHBLIX CKBAa*KHHAX OCYMIECTBJASCTCH M0 BbIPaXKEHUIO

Scxn = Soc e '\Scxa: (5'38)
a COOTBETCTBYIOIEE (PHJbTPALMOHHOE COMPOTHBJCHHE OViET
d)cxa _— (Doo + -\(Dcxa' (5'39)

rae Mo — GuabTpalHOHHOE CONMPOTHBIECHHE O000GIUEHHOH CHCTeMBI,
TaK Ha3blBaeMOe BHElWHee CONpPOTHBJEHHEe, ONpejaeaseMoe pasnme-

i paMH 3TOH CHCTEMbl, TPAHHYHBIMH YCJIOBHAMN
H (HABTPALHOHHBIMH cBOHcTBaMH mnaacra. Co-
OTBETCTBEHHO BHYTPEHHee CONMPOTHBJICHHE CHCTe-
Mbl A@cyp ONpenessiercs BHAOM H VCJIOBHSAMH
pasMelleHHs CKBAXXHH TPYNbI.

Conporusienne A®Dcxy MOKHO ONpeACaAHTH
no (23] B Buae

Puc. 3-2. CxeMma K P

pacuery no cnocoby AG,, . =In-2 4 O, (5-40)
60JLUIOT0 KO.10414. To

rae rp — NPHBEACHHLIl pajHyC YCJAOBHOM 00J1aCTH BJHSIHHA CKBa-
KHHbl BHYTPH CHCTEMBI:

£ :«,% (5-41)

0 H O— CPE€IHHE PACCTOSHHA MEXKAY COCCAHHMH CKBAMKHHAMI;
O — puALTPAUHOHHOE COMPOTHBJEHHE HECOBEPIIEHHON CKBAaXKHIbI,
onpejneaseMoe B COOTBETCTBHH ¢ § 5-3.

[Tpn opuentHpoBOuHOM onpeneseHHH KodhdHUHEHTA (HIbTPa-
LUHH MOXHO HCMOJABb30BATH (OPMYJY TNPHTOKA K OJAHHOYHOMY KO-
aoauy (merox Goabworo koaoaua). Ilpu stom Bce meiicTBylomine
CKBAZKHHBI NPHBOASITCS K HEKOTOPOMY (DUKTHBHOMY OJMHOYHOMY KO-
J0JILY, pacueT KOTOPOro TMPOH3BOAHTCH M0 3aBHCHMOCTH

_ 2 R
Sy = S In = (5-42)
rie Sy — pacyeTHoe MOHHIMKEHHe Ha KOHType (DHKTHBHOrO KOJONA,
onpeaensemMoe no (5-36); ry— paccrosHMe OT UEHTpa rpymmbl /0
roukd M Ha KOHType (QMKTHBHOrO KoJoaua (puc. 5-2), npuuem ry
He JIO/IZKHO OLITb MEHble MAKCHMaJbHOrO PACCTOSIHHA MEXAY Kpaii-
HHMH CKBa)KHHaMH; XQ; — CYMMapHBIl pPacXox ckBa)kuu; R — pa-
AMYC KOHTYpa NMHTaHHS.

90



KpoMme paccMOTpeHHOro cayyasi 60JibuIoro Koaoaua, u3 aurepa-
Typil {25, 102] H3BeCTHO ele HEeCKOIbKO YACTHLIX pEUIeHMi, moay-
HEHHBIX U5l NPOCTEHIIHX PACYCTHBIX CJYYaesB ¢ MOMOLLbIO YKa3aH-
HbIX cnocofoB 1 cnocoba 3epKaJjbHbIX OTOOPaMKeHHil.

[Tpu 6oice CA0KHBIX YCJAOBHAX 3aflayi, KOrAa KOHTYP 0000uLCH-
HOI CHCTeMBl npeacTapiacH Gurypoit nponssoabHoit Gopmbl (Hanpu-
Mep, MOJHIOHABHBI KOHTYP) H HMEKTCS 10CTAaTOYHO CJOKHbLIE rpa-
HHUHBIE YCJOBHA, s pacueTa (PHILTPAIHOHHBIX XapaKTCPHCTHK
FPYHTa MOryT ObiTb HCMOJL3OBAHLI CCTKH (PHALTPAUHM H Pe3Vilb-
TaThi ONLITOB No metoay SIJLA.

C 370t 1CabIO TAOHIAAL M3yuaeMoro maccuBa pasGuBaercs CH-
CTEMOI B3aHMHO NnepecekalouiHxcst JHHUTT TOKa W JHHHIT paBHOro 1o-
TeHuuaaa M Ha OTACABHLIC AYEHKM, NPHUEM, KaK M3BECTHO, 3TH JH-
HHH J0/KHBLI GuiTh opToroHaasusl. [locTpoeHHe Takoit ceTtku Be-
JETCH NyTeM MOCJAeA0BaTeAbHbIX MPHOAHIKeHHIT. 3aTeM onpeaeeHne
KOI(PMHUHEHTA (PHABTPAUHH MOXET NPOH3BOAKTHCS JH(P(epeHLHpo-
BaHO 10 OTACJALHBLIM JEHTAM TOKa ¢ nomoiubio ypashenus lonwon:

q — kT ig As, (5-43)

rae AH — norepst Hanopa B Aycitke; Al — IHHA siYeitkn; AS — Wi-
pHHA STUCHKH.

§ 5-6. MNpumenenne meroga QA ana onpepeneHns
(PUNLTPALMOHHBIX XAPAKTEPMCTHK NNacTos

[Tpu onpeaenednn kospduunentTa GpuabTpaunn niacra, Hanpu-

Mep NpH MOMONIH OTKAauYeK M3 OJHHOYHON CKBAKHHbLI, MMOJAb3VEMCH
cvieayioeit obuteit Gopmyaoit:
S =
2 _=2 (5-44)
k »

rae S —peanunsa noumzkenuss # M — (puabTPaUHOHHOE CONPOTHB-
JeHHe, 3aBucaulee oT GopMbl FPYHTOBOro notoka u o0paTHO Mpo-
MOpUHOHAIbHOE JVIHHEe BoAonpHeMHHKa., BB paje npocTeiflunx cayvyaes
(pyuxuus @ OyaeT H3BECTHON H3 TeopeTHYCCKHX pewenuit. Ho ecau
nymeercs: 06aacTh PUALTPAUHM CAOKHOM (POPMBI H NMPH 3TOM CKBa-
KHuHa OyAeT HECOBEPUICHHOH, TO TeopeTHYecKoe onpeaeaeiue @
anbo BecbMa C10#HO, JHGO BoOOmIC HE MOXKeT OblThb MNOJVYEHO.
B Takux cayvyasax Ha MOMOIULL NPHXOAAT IKCNEPHMEHTAJbHbIC Me-
TOAB! H B NepByo ouepens meton DTIA.

[TosoxKHM, 4TO HMeeTCs HeKoTOpas 06aacTh HANMOPHOI (PHABTPA-
WHH B mJacTe caoxHoit Gpopmbl B naaHe M pa3spese. B naacre 3ano-
ACHA CKBaXKHHA, H3 KOTOPOI NMPOH3BOAHTCA OTKAYKa BOADI.

[Tonoxum panee, 4TO H3 3JEKTPONPOBOAHOrO MaTepHaa H3ro-
TOBJ€HA MPOCTPAHCTBCHHAA MOJEJb Niacta B JHHelHOM macuurabe
a;, reomerpuyecku nogobuas gopme naacra.
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H3 u3pecrhpix GopMys BbITeKaeT, 4T0 (huJAbTPaUHOHHOE COMpO-
THBJIEHHE TIIACTA BLIPAXKAETCS Yepe3 3/IeKTPHYECKOE COMPOTHBICHHE
MozenH Ry caeavioutim obpasom:

= Ru (5-45)

pay

rie p-— yieabHoe 3JIeKTPHYECKOe COINPOTHBJACHHE MOIEIH; o —
JAUHeRHbI MacwTab Moxean. CaenoBareanHo, Ko3pduitnentT Gpub-
TPALHH HCCJIEIVEMOro OTHOPOJAHOrO NJacra

h=L o Wu (5-46)
H llpH

rae H —pasHocTs HAaNoOpoOB Ha NUTAIOLIEM CKBAXKHHY KOHTYpe W
B caMoil cxkBazkuHe. Beanununl Q u A W3BeCTHBI M3 HATYPHbLIX Ha-
010 AeHHI, OCTAAbHLIC BEJIHYHHBI B (5-46) nmoayualoTcs U3 onbita Ha
MOJICJTH.

[ToHsITHO, 4TO ONMHMCAHHEIT METOX MOKHO MPHMEHHTH NHpI OT-
KauKe M3 CHCTEMDI CKBaKHH, ranepeit u T. 1. TOT e METOA MOMKHO
MPHMCHATL 11 NPH QHAbTPALHY B GE3HANMOPHOM MJACTE, HA 4YeM Mbl
3nech He OyaeM OCTaAHABJIHBATLCS.

Tenepb paccMOTPHM elte OJHY NMPAKTHYECKH HHTEPECHYIO 3a1a4y
HATYPHBIX HCCJE/OBAHHIT BOJONPOBOAMMOCTH MJAACTa, pelwaeMyio
¢ npumeHennem meroaa DIIA.

[Taanosas ycTaHOBHBIIASCA (GHJALTPAUHS B YCJIOBHAX CAOHCTHIX
NJ1aCTOB, NPH KPHBOJHHEHHOM BOAOYIOPEe W NPH OTCYTCTBHII HH-
puabTpaunn yiosaersopsier ypasHenuio (2-30), ecam nosomuTh

oH
BHeM — =0, T. e.
at

9 (yg OhY , @ [y O\ _ .
ax '_Hk _5;) W dy (H"' ay) 0 )

r;‘;c I} — BOONPOBOAMMOCTL Muaacra, onpejeasieMass no GhopyJie
(2-14).

[To cnocoGy B. H. Apasuna [9] Takaa puabTpauns moxer ObiTh
HeeaeaoBaHa npu noMowH meroaa AIIA wan Ha 3JeKTPOMHTErpa-
TOpE MyTeM 3aMeHbl Ge3HaNOPHOro rPYHTOBOTO MOTOKA HAMOPHLIM H
MPHBCACHHA MN7aCTa ¢ TEpeMeHHbIM KO3QPHUHCHTOM (HALTPALHN
K OJIHOPOJAHOMY MNJ4CTY, MOUIHOCTH KOTOPOI'O0 H3MEHSIeTCs Nponop-
UHOHATPHO BOIONPOBOANMOCTH BOJOHOCHOIO NIACTAa HA KaxIO0il Bep-
THKAJH.

Ofpiuno 3a2a4a uccael0Banusa GUAbTPALMH MO YKA3aHHOMY CITO-
coby 3akaiouaercss B ONpPee]eHHH CBOOOIHON MOBEPXHOCTH MIaHO-
BOTO MOTOKA M (PHILTPALHOHHOTO PACXOJa MO 3aJ{aAHHBIM FPaHHYHBIM
VCJIOBHSM H MPH H3BECTHBLIX BEJTHUHHAX BOIOMPOBOJAHMOCTH BO BCEll
o6aactH puabTpaunn. OIHAKO NMPH HATYPHBIX HCCAELOBAHHAX (DHIb-
TpalUHH BO3HHKaeT u obpartHas 3ajava: no JaHHOH ¢BOOOAHOI rM0-
BEPXHOCTH IMOTOKA H MPH 3a1aHHBIX FPAHHYHBIX YCIOBHAX Tpebyercs
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ONnpeie HTL BOAOMPOBOIMOCTL OC3HANOPHOrO NJacTa B JaHHOi 00-
Jactd guaprpauun. B pesyabrare pemeHHs Takoil 3a1a4H JOMAHDI
ObITh NOCTPOeHbl H3oamunn Hy=const Ha yepTexe naana obaacty
(bHIAbTPALHN.

DKCNepHMEHTAIBHOE pelieHHe 3ajayu onpegenenus Hy, Takum
00pa3oM, OCHOBBIBACTCA HA J1aHHLIX HATYPHLIX HAOAACHHIT 3a CBO-
00AHOIT MOBEPXHOCTLIO IPYHTOBOrO NOTOKA. IIpakTHUeCKH 3ajaua
CBOJHTCS K 3KCHEPHMEHTAJbHOMY MoAGOPY riyOHH 3JCKTPOJHTHYe-
CKOH MOJE/H TaKHM 06pa3oM, 4ToObl B K& KAOH TO4Ke Ha cBOGOAHOIM
MTOBEPXHOCTH V10B1eTBOPSI0CH a)

VCAOBHC:

h=2z1+H, (5-48)

riie /i — u3sectTiplii Ha OCHOBAHHH
KapTbhl THAPOH3OTHNC HANop; z—
KOOPAHHATH TOYEK MOBEPXHOCTH
Bojloynopa u H — rayOuHBl TpyH-
TOBOro motoka (puc. 5-3, a).

DTa 3alaua TEXHHYECKH CJ0K-
Hee, ueM 3anava o6 onpepeaeHHH
CcBOOOAHOH MOBEPXHOCTH, TaK Kak
O0LIYHO MPH ee peleHHH HeH3Be-
CTHBI KO3(h(DHUHEHTH (HALTPaLH
C.10€B, CJaaralouiHux M1acTbi, H KOH-
(urypaunsa IHa MoJAeaH onpeje-
JSCTCSI HAa  OCHOBAHHH  CBCJICHHH Y
O COOTHOLUEHHAX PacxoloB B Me-

CTax BbIXOAa TrPYHTOBOrO NOTOKA.

Jlas obaeryenns 3ajzaum npei- Puc. 5-3. Cxema naauosoit $uant-
BapHTEABLHOrO 3alaHH  NOBEpX- R e
HOCTH JHa MOJeJH TMOJMe3HO IIpo-

BECTH ONbIThl HA NMJIOCKHX MOZEJsX BePTHKa/JbHBIX pPaspesos njacra
110 JIHHHSIM TOKA.

3ajaHue MOBEPXHOCTH AHA MOZEJH NPEACTaBJAAET HEKOTOPYIO
HCONMPEACMEHHOCTD, TAK KaK MOXHO MOAYYHTb MHOMKECTBO DELICHHI,
3a]1aBasiChb NOBEPXHOCTBLIO JHa Ha pasHelX orMeTkaX. [1og0KuM, YT
Mbl 331a1HCH (HOPMON NOBEPXHOCTH [HA M MyTeM IOCTENEHHbIX NpH-
OaMMEHHN, H3MeHAs 3Ty (OPMYy B NpPOINECCE ONbITA, MOJAYYHJIH
OBEPXHOCTL [HA, NPH KOTOPOH B KaXJAOH TOYKe cBOGOAHON NO-
BEPXHOCTH C JOCTAaTOYHOIT TOYHOCTLIO YJOBJIETBOPAETCA VCJIOBHE
(5-48). [das onpene’enns Macmtaba MOMKHO HCIOIb30BATH /iBa CIIO-
coba.

[lepsoiit cnocol saxiiouaeTcs B TOM, 4TO B HEKOTOPOi Touke
M1ana obaacTd (GHALTPAUMH NPOHIBOANTCS onpeaeneHne Hy no us-
BECTHBIM 3HA4YeHHAM KO3(D(PHIHCHTOB PHJBTPALMH CJOEB H MO HX

MOUHOCTAM H3 (popmynt (2-14) wau ApyruMu cnocoGamu, Hanpu-
Mep no cnocody, uaioxeHHomy B § 6-7.
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Iimesi BOZONPOBOAUMOCTb Naacta Hy B JaHHOI TOuKe W TayOHHY
szaexTpoauta Hpr B COOTBETCTBYIOUICH TOUKe MoicaH (puc. 5-3, 6),
onpeneasieM macwtad Hy:

b (5-49)

Takum oGpasom, aas onpeacacuus [, B modoit Touke obaacTu
GUIbTPAUHH CJACAYET YMHOMXKHTb [VIYOHHY MOJC]IH B 3TOH TOUKe
Ha R

Bropoit cnocod onpejaeaenus macmitaba My 3akawouaercs B ce-
aviowem. OnpexeaseM TeM WAH HHBIM C€MOCo0OM (PHABTPALHOHHbII
pacxoa Q B HaType, a M3 ONLITOB HAXOAHM 3JCKTPHUECKOE COMpo-
THBJEHHE MOJAeJH Ry. Toraa Ha ocHoBaHMH H3BecTHOIT opmyan [11]
onpeaeNnsercsa Ro:

- (5-50)
1[_')”
rjie o — JHHeHHbIA MacmTad MOoAeTH; P — Y/eTbHOe COMpPOTHBJEH e
MaTepHasa MojenH; H — aeficTBYIOIHIT HATIOP.

Onpeneaenne Ay Ha 3JEKTPHUCCKONH MOAEAH OCIOXKHSACTCA HAJH-
YHeM JIpeHa’KHbIX YCTpoiicTB. B Takux cayyasx mnoJesHo pas3buTh
HeeaegoBanue no meroay DIIA Ha sTanbi.

B nepBoM 3Tane npoH3BOAATCA ONBITH MO ONpeaenacHHio GopMmbl
AHa MozesH ! mpH OTCYTCTBHH jpeHaxHblX ycrpoiicts. [Ipn stom Ha
TeX y4acTKaxX MOJENH, rfie A0J1KHbl ObITb PACNON0KCHDLI APEHAKHBIC
VCTPOMCTBA, HANMOPBLI HA MOJACAH (SMCKTPHYECKHE NOTEHLHAAbI) A0JI-
’KHbI GbITb BbIllE TeX, KOTOpblie HMEITCH B HaTVpe, 4T0 VIOOHO mpH
NPOBEICHHH JaJbHeMIINX OMbITOB.

Bo BTOpOM 3Tane npoBOAATCH TAKHC e ONbITE, HO C MPHCOEAH-
HCHHEM YacTH JIPEH Ha yyYyacTKe, re rayOHHbl MOoaean noabupanrcs
y’Ke C BO3MOXKHOH TOUYHOCTBIO.

B TperbeM sTame MpPOBOAATCA TE K€ OMBITHI, HO C TMPHCOEIHHE-
HHEM elle YaCTH APEeH H T. .

ITogoGHbIM nyTeM NMOCTENeHHO noaydaercss GopMa AHA MOMCJH.
O6 onpeapenenun macmraba Hy Obi10 ckaszano Bouime. Takoe Hccae-
nosanue 6ui10 nposeaero O. H. Hocosoit aas neeoro Gepera Bpart-
CKOro THAPOY3Ja CO CTOPOHB HHiKHero Oneda, rme rpebGosanock
naTh NporHo3 noxromieHHsa nmaomanku OPY npu paabHellnem Ha-
MONHEHHH BOAOXPAHHIHINA H OUEHKY paGoThl ApeHaXKHBIX VCTPONCTB.

§ 5-7. Onpepgenenne koathpHuMeHTa (PHNLTPALUMKM nnacra
no peburam nbesomerpos

[Ip npoBejeHHH HCCae10BaHuil (QUABTPAUHOHHOTO pEKHMA
B IHAPOTEXHHYECKHX COOPYKEHHAIX NMPAKTHYCCKH HauboJee MpocThiM
H JOCTYMHBIM Ccnoco6oM onpele’teHHs (GHAbTPAUHOHHBIX Xapakre-

! lno mozenn ycrpausaercst w3 nmapaduna ¥ B npouecce onkiToB 06paGaTH-
BAETCA A0 HYXHOM rAyOHHK,
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PHCTHK MJ1acTa ABJAAETCA HCNOJb3OBaHHC Pe3yabTaToB HaG/IOACHHI
3a AeOHTaMH Mbe3OMETPOB B IMpOLECcCe HX OTKAYeK HJH HarHeTaHHi.
[To cBesenuamM 00 3THX AeOGHTAX MOKHO NMOJYYHTb CAMYIO LUIHPOKYIO
HHPOPMALHIO O BOAONPOHHILA@MOCTH BOJAOHOCHOTO MJacra, H NOToMy
NPaBHABHOE PEIICHHE BOMPOCOB pallHOHAAbHOH 00paGoTKH pe3y.ib-
TATOB 3THX HCCJACOBaHHI HMeeT 60JblIOe NPaKTHYECKOe 3HaYeHHe.

[Toe3omeTphl MO CBOEMY NMPAMOMY HA3HAYCHHIO AOJKHBI CAYIKHTH
ANsi OnpejieaeHHs NMb30OMETPHYECKOro Hanopa (HAbTPAUHOHHOrO Mo-
Toka. Tem He MeHee, B mpakTHKe (PHAbTPALHOHHBIX HCCAEAOBAHHI
NbE3OMETPbl HacTO HCMOJb3YIOTCA H AJs OnpejeleHHs (PHIAbTpPalH-
OHHbIX XaPaKTePHCTHK FPYHTa B MECTe 3aJIOXKEHH Mbe3oMerpa my-
TeM OTKauyek MM HarHeranuil. Taxoil cnoco6 u3yyeHHs mjacTa, 3a

akex|Q
Q008 |11 ' \=lg==ﬂ.=ﬂ=+->
0,002
0,001 [>C=p=o- o all - - Oty
I

0 1 2 3 4 5 6 7 9

Puc. 5-4 VYcrauosiende (PHALTPAUHOHHOrO pacxoaa nNbe3o-
Metpos / 1 2 npu 3aJaHHON BeJHUYMHE MOHHAKEHNA,

HCKJAUEeHHeM oco00 HeOJaronpHATHBIX VCJIOBHI, BINOJAHE pauHoHa-
Aen. B Hacrosiulee BpeMsi onpejesieHHa AeOHTOB NMbe3OMETPOB Mnpe-
AYCMATPHBAIOTCA B KayecTBe 06A3aTebHbIX B HHCTPYKIHAX N0 KOHT-
PoJIIO 3a pexXHMOM paboThl COOPYIKEHHT Ha MHOTHX KPYIHBIX THIpO-
yaJjax.

OnpeaeacHust 1e6HTOB HANMOPHBIX NbE3OMETPOB NMPH HX OTKayKe
OObIYHO TPOBOAATCA OAWH WJAM ABa pasa B roi. Ilo TexHuyeckum
npuYHHAM onpejejenue ae0HTa OObMHO OGbIBaeT HEMPOAOMKHTENb-
HEIM, H TIOTOMY YacTO OTKayKa Nbe30MEeTPOB MPOHCXOAHT B pPeXKHMe
HeYCTaHOBHBIIErocs JABHXKeHHs. BrpoueMm, onbiT MOKasbiBaer, 4TO
HepelKH CcJyuaH, KOrja jaKe 3a TaKOH KOPOTKHH CpPOK peXxuM
¢uabTpauHH npuoGperaer YCTAHOBHBIUHMACA Xapakrep. JTO OTHO-
CHTCA K CJIy4asM pacnofOXeHHS Mbe30MeTpPOB B HANMOPHLIX TOPH-
30HTaX, 00J1afalolHX AOCTATOYHO BLICOKON BOAONPOHHUAEMOCTbIO.
B kauectse npumepa Ha puc. 5-4 npuBeAeHbl pe3yabTaThl onpo6o-
BAHHSI MNbE30MCTPOB BepPXHE-COJHKAMCKOrO FOPH30HTd OCHOBAHHSA
BoaocaHBHON naotHHbl Kamckoilt FDC. OnbiTel N0 onpeaeseHHio ae-
OHTa NpH NOCTOSAHHOM MOHHMKEHHH Hanopa npoBoauauch 8—9 «. 3a
9T0 BpeMsi obuiee W3MeHeHHe Ae6HTa MO CPABHEHHIO ¢ H3MEPEeHHbLIM
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Cpa3y 1ocJjie OTKPBITHA BEHTHJS COCTaBuao 10abKo 10—15%. 3ame-
THM, 4TO NOAOOHbBIe NpHMephl He eJAHHHYHBI *.

K BboiGOpy METOAHKH onpejesieHHa Ko3ppHuHeHTa (QHALTPAUHH
Nno JAaHHBIM O Ae6HTaX Nbe3OMeTPOB HAA0 NOAXOAHTHL AH(PepeHLH-
poBanHo. B Tex cayuasx, koraa crabuiHsauma 3HaueHdit aeOHMTa
NPOHCXOAHT OLICTPO, MOXKHO NPHMEHATb 1A pacueToB ypaBHEHMHs
VCTAHOBHBLIEHCH QHJbTPALHH.

Teopernueckn pacuer KO3(Q@MHIHEHTOB (HALTPALHH IO AAHHLIM
0 aeGHTaX NbE3GMETPOB HHUYEM HE J0JI2KeH OTVIHYATHhCA OT NOAOGHBIX
pacyeToB MO Pe3y’abTaTaM HCNBITAHHI OAHHOUHBIX CKBaxKHuH. Tem e
MeHee BCJIEJACTBHE HEKOTOPLIX OCOOeHHOCTell OCHOBHOIO HAa3HAYeHHs
NbE30METPOB H HX KOHCTPYKUHH pacuerbl GuAbTPAUHOHHLIX Xapak-
TEPHCTHK M'PYHTA MO AAHHBLIM 00 HCMBLITAHHH NbE30METPOB HMEIOT H3-
BecTHYW0 cneunpuky. K Takum oco6eHHOCTAM OTHOCHTCS HEOOXOAH-
MOCTb COOJIOACHHST Mep MPeAOCTOPOKHOCTH ANl YMEHbIUeHHs HCKa-
KEHHSI (PHJAbTPAUHOHHOrO MOTOKA BO BpeMsi onpejaeneHns aeGura.
B pesyabrate 3TOro, a Takxke H3-3a MajblX pPasMepoB BOAONpPHEM-
HHKA Nbe30MeTpoB 06J4aCTb BO3MYIILEHHII MOTOKA, BLI3BaHHEIX 0T6O-
pPOM BOAbLI BO BpeMs OTKAuYKH NMbe30METpa WIH HarHeTaHHs, OKa3bi-
BACTCA MaJoi MO CpaBHEHHIO ¢ OOWIMMH pasMepaMH H3yuaemoro
MaCCHBA, H COOTBETCTBEHHO pe3y.abTaThl HaOA0AeHHH, NPOBOAHMBIX
BO BpPeMsi TAKOro ONbiTa, NMO3BOJAIOT OLUEHHTbL TOJbLKO JOKajbHbe
3HaueHHst Koapoduunenra puabrpaunn. B To ke BpeMa no TexHuue-
CKHM NMpHYHHAM Ha NMPAKTHKE 4acTO OTCYTCTBYIOT TOYHbIE CBEACHHS
06 ycTpoHcTBEe M COCTOSIHHH (HJAbTpaA nbe3oMmeTpa, a 1aHHble 00
YCJAOBHSIX 3aJieraHHst MJacTa HMEIOT CTOJb YKPYNHEHHbill XapakTtep,
4TO WHOrjla ObIBAIOT HE MPHMEHHMBIMH JII51 ONpe/ieseHHON KOHKpeT-
Hof o6aacTi. K Tomy e OTCYTCTBHE JAOKHOrO KoJHuecTBa Hab.aio-
[aTeJbHbIX TOYEK, AOCTATOYHO OJH3KO pPacnoJOXNKEeHHbIX Apyr o1
apyra, 3acTap/ifieT HCMOJb30BAaThb pacyeTHbie 3aBHCHMOCTH, OCHO-
BaHHbIe Ha MOKa3aHHAX TOJbKO OAHOM UEHTPAJbHON CKBaXKHHBI, H
He JlaeT BO3MOXKHOCTH OLEHHTHL MOTEpPH Hanopa Ha (PHAbLTPE Nbe3o-
MeTpa, XOTSl 3TH NOTEepPH MOryT ObiTh BeCbMa CylleCTBeHHbL.?

M3 cka3aHHOro BbLITEKAeT, 4YTO HAJEKHOCTb ONpejeseHHH Ko3(-
(uuKeHToB (DHIBTPALMH MO pe3yjbTaTaM HCIBITAHHA NbE30METPOB
He OYeHb BEJHKA, a eCJiH NMPHHATb BO BHHMaHHE W JIOKAJbHBI Xa-
paKTep ONbITHHX JAAHHLIX, TO MOXHO NMPH3HATb, UYTO B TAKHX YCJIO-
BHAX JONYCTHMO HCIOAb3OBATL NMPHOIHMKCHHBIE pacyeTHble 3aBHCH-
moctH. [To pesysabraTam Takux onbiTOB 00bIYHO ObIBAeT 0CTATOUHO
ONpeAeqHTb TOJAbKO MOPAMAOK BeJdHYHHBI HCKOMOro kKosd@HuHeHTa.

3aMeTHM, YTO TOYHOCTb onpejeseHHil (UILTPAUHOHHBIX Xapak-
TEPHCTHK MJACTa MO AAHHBIM Ja)ke KPYNMHHX OTKa4YeK TOoXKe siB-

! Tak, nanpumep, Mancyp [222] naGaw01an OTHOCHTEALHYIO CTAGHAMIANNIO
JABHKEHHSA B ONBITAX CO CKBaXXHHAMH B HATYPHBIX YCAOBHAX — uepe3s 15—30 mun
U NOJHYI CTaOHIH3AUMIO — Yepe3 2 « Nocae Havana OTKauKH,

? 3ameTHM, UTO BO BCEX CAyHasX, rjie NMMelTCH AOMKHBIM oGpasom obopy-
JIOBAHHBIE KYCTHl CKBaXKuH, pacuer koshpuumenta ouabTpaumn ciaeiyer npo-
BOANTS MO NOKA3aNHAM HAGMOIATEALHBX CKBAKHN.
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JASETCS HEBLICOKOM, TaK Kak IpH 3TOM ONPEledsiloTCsl HEKOTOpbie
CpeAnHe 3HAYCHHST HCKOMBIX XapaKTepHCTHK. B CBsA3H € 3TUM BbLI3bI-
BAIOT HCAOYMCHHC pPacCyYeTHble 3aBHCHMOCTH HCKOTODPBIX dBTOPOB,
B KOTOPBIC BBOAATCA YHCAOBbIE KOS(POHIUHEHTh, BLIYHCICHHbIE C TOY-
HOCTbIO 10 TPeTbero, & MHorga " Ao uerBeproro 3Haka. IlopoOubie
BBLIPAKEHHS 1451 3THX KOI(POHUHEHTOB CO31al0T JIOXKHOC BlevyaTJe-
HHE O TOUHOCTH TPOBOAMMBIX pacueroB. QueBHAHO, a5 onpenede-
HHS  (DHIABTPAIHOHHBIX XAPAKTEPHCTHK TIPYHTa JOCTATOYHO MMEThb
3HAUYEHHS UYHCAOBBIX KO3(Q(MHUHEHTOB C ABYMS 3HAKaMH.
Boaspamasce K pacyetry KospGHUHEHTOB (GHJIBTPALMH B CBETe
C/le1aHHLIX Bblle 3aMEYaHHH, MOXHO OTMETHTDL, YTO H3 00JbLIOroO
KOJHYeCTBa PaCYeTHbIX 3aBHCI-
MOcTell, HCMO/Ib3YeMBIX B pacyer-
HOIl MNpakTHKe, MuenecoobpazHo
BHI€IHTh HaunGosee yao0HbIe.
B 3THX 3aBHCHMOCTAX A0CTATOM-

YaCTil NpHEeMHHKa Nbe3oMeTpa.
Jdasi BoiGopa  onTHMAJAbHBLIX
pacueTHBIX 3aBHCHMOCTeN, YUH-  puc 5.5 3asuwcimocts (GUALTPAUNON-
THIBAIOIIHX cncumbuxy OTIBITOB  HOro COMPOTHBIEHHN HECOBEPUIEHHMIX
C TNbE30METPAMH, "eo6x0num() CKBaXNH o7 oTHOowennn cfl.
POBECTH CpPaBHHTE/NbHbIE pac-
YeTH! 11 ONPEee/IHTh 3HAYeHHS MOrpellHOCTell, BHOCHMBIX B pacueThbl.
3naunrensnas pabora B sToM Hanpasaenun npojenana C. K. AGpa-
moBbiM M B. J1. BaGywkuusim [1]. MMu nposepennt it BeisiB1eHbl [Ipe-
Aeabl MPHMCHHMOCTH MHOTHX H3BECTHBIX PacCUYETHLIX 3aBHCHMOCTEH,
4TO JdaeT BO3MOXKHOCTL GoJee 0G0CHOBAHHO MPOHM3BOJAHTL HEOOXO-
auMble pacuyerbl. TeM He MeHee, AJAsl PacUeTOB MO JAHHBLIM HCIIbI-
Tauuil Nbe3OMETPOB MOrYT OBITb CledaHbl  J1OMOJHHTEILHbIE
VIPOULEHHS.

Hexotopbie npeiBapuTe/ibHble HCCAA0BAHHA B 5TOM OTHOWECHHI
Opin Buimoanenst O. H. HocoBoit. Tak., nanpumep, 6u110 ycraHos-
JEHO, 4TO BO BCEX CJAyuyafX pacyera 1o cXeMe HCCOBCPUICHHOH CKBa-
AKHHBl BJAHSHHEM paccTofHHsl (HIbTPA OT KPOBJIH BOAOYNOpa ¢
(puc. 5-5) MoxHO npenedpceub M CYHTATL (HALTP MPHMBIKAIOMIHM
HenocpeacTBeHHo K Kposae. Jlas MIMIOCTpPAlMH 3TOrO MOJOMKCHHS
Ha pHe. 5-3 # 5-6 npHBeeHb! Fpa@HKH 3aBHCHMOCTH BeJTHYHHBI (D HIIb-
Tpauwionuoro conporusaenns @ or ornowenus ¢/l u ¢/T npu pasupix
3HAUeHHAX [/ro, pacCuUHTAHHBIC MO 3aBHCHMOCTH, npuseaennoi s [105].

Ha# NpocToTa JOJXKHa coue- 7 L .
TaThesl ¢ HEOOXOAHMON TOYHO- 6 T 1000 — 4
cruto.  Ilpu  npounx paBHbIX 5 i
yCAOBHAX MPCANOYTEHHE TOKHO R
ObiTh OTAaHO (opmyaam, cojep- | 7, =100
KalulM MeHbluee uucjao napa- 9 1 {
MCTPOB, AJd51 ONpeAeJeHHsl KOTO- 2 P ‘
phix TpebyercA 3HaWHe TeoloTHH fb"”l ‘
miacta W ycrpoiictBa paboueit | el
1 > }
O~ 7235 % 556 7 8 9 10
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M3 3tux rpadHkoB BHAHO, 4TO BAMsHHe oTHoweHuit ¢/l u ¢/T ua
Pe3yAbTaThl BLIMHCJICHHIT NPAKTHYECKH HeBenKo. Takue e BbHIBOALI
MOXKHO cjle/iaTh H Ha OCHOBAaHHH JaHHbIX, NMPHBCACHHLIX B [25], rae
pacuerbl NpOBOAHJANCE MO Gosee TOYHBIM 3aBHCHMOCTAM. Bo Besikom
cayyae, npu Hanbo/iee HEBLITOAHBIX 06CTOSITEILCTBAX, B Caydae nJa-
cTa OrpaHHYEHHON MOLUIHOCTH, omHOKa pacueta, oOVCIOBACHHAN Or-
pybaeHneM pacyeTHOH cxemebl, He npesbiraer 50%, yro npu onwiTax
C NMbe30MeTPaMH BMOJHE AONYCTHMO, MPHYEM YKa3aHHas mnorpei-
HOCTb YMEHbUIACTCA MPH YBEJIHYEHHH OTHOWEHHA [/ro. DTO ycaosHe
BHIICPAKHBAETCA MPH 3HAUEHHAX OTHOWeHHs [/ro=> 10, uto 06bIYHO

l

6
5
75
4 g
J L
2 -,—.5-10
!
T 10

Puc. 5-6. 3aBucHMOCTL (PHALTPAUHOHHOrO CONPOTHRICHHA
HecoBepiiennux ckBaxun or ¢/T.

BBLIMOJHACTCA I Nbe3oMeTpoB. B ycaoBHAX naacra HeorpaHuyel-
HOH MOLHOCTH NpH HanboJiee HEBHLIFOJAHOM cCJydyae, KOrja pacuern
NPOBOAATCHA MO AaHHBIM HaGJA0AaTeNbHBX CKBaxXKMH npu [fro< 10,
OWHOHTHCA B ONpEJeNEeHHH BCJAHYHHBLI KO3(p(dHUHeHTa (PHALTPALMH
B pe3yabTaTe npeHeOpeKeHHs BEJHYHHOH ¢ MOMKHO TOJbLKO B 2 pa3sa.

§ 5-8. Onpepgenenne kodppuuMeHTa DUNLTPALMM
NO HarHeTaHWsM B HEBOAOHACBIWEHHbIH FPYHT

Onpenenenne kKosppuuneHta GUAbTPAUMH HEBOJIOHACHILEHHLIX
MOpoA 4acTo mnpexacrasiasier OOALILON NPAKTHYECKHIT HHTEpeC, Tak
KaK TOJAbKO MPH HAAHYHH MPABHJIbHON KOJHYECTBCHHON OLEHKH BO-
AOMPOHHILAEMOCTH TNJAacTa IMPeACTaBJasAeTCs BO3MOKHOCTb 0GOCHO-
BAHHOrO MPOrHO3a MOANOpa rPYHTOBBIX BOJA NpH noaronaenuu. [las
onpeaenenna kKospPuuHeHTa (HABTPALUHH B VKA3AHHBIX YCJAOBHAX
NOJIYYHJIH pacnpocTpaHeHHe pasnooOpasHble crnocolbl, OCHOBAHHLIE
Ha HaOJI0€HHAX 3a pe3yJbTaTaMH OIMLITHLIX HACHETAHHH W HAJH-
BOB B OJIMHOUHBIC rOpHBbIE BhIpaGOTKH (CKBaXKHHLI, mypdbi).
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Pasauune MCKAY HACHCTAHHCM M HaJHBOM JI0BOJILHO YCJOBHO.
Hexkoropsie astoput [32] npeanarailor OTHOCHTh K HarHCTaHHAM Cay-
yal BBOAA BOAbI B ILIACT [0 HANOPOM, MPEeBLINAKUIHM OTMETKY
VCTbSl CKBAYKHHDI.

COOTBETCTBCHHO HAJHBOM HA3LIBAKOTCA CJVYAH BOJOHACHILLEHHS
FOPHBIX MOPOA IPH YPOBHE BOAbI B CKBAKHHE HHIKC CC YCThA.

MeToaHMKa pacieTa HCKOMBIX XapaKTepHCTHK IL1acTa, onpejensc-
MbIX 10 pesyiabrataMm HaOawAeHuil 33 HATHETAHHAMH H HAaJHBAMH,
3aBHCHT OT BHjAa BuIpabOTKH, uepes KOTOPYIO OCYIecTBAdeTcss M0-
Jla4a BOABI B NJIACT,'H OT peKHMa TOH mOAauH.

Ca0KHOCTb pacuera (PHIALTPAUHOHHLIX XAPAKTEPHCTHK HEBOIO-
HOCHBIX MOPOJ COCTOHUT B TOM, YTO TaKOl pacuer Tpedyer yycra lc-
J0ro psja TPYAHOONPEALTHMBIX (PAKTOPOB: pasMepoB 30HLI pacre-
KaHusi 1OTOKa, MOPHCTOCTH, BIAHSHHA CHJ YIPYFOCTH, TSI2KECTH,
BJAHSIHIA AHH3OTPOIHH rpyHTa M Ap. B pesyabrate aas pacuicra
NPHXOAUTCS 1104b30BATLCA VIPOLLEHHOH CXeMOH.

Cyutectsyer 60ablI0e KOJHUECTBO PasJHYHLIX CMOCOO0B pacyera,
MOJVUMBIUMX V7K€ TO WJIH HHOE NPUMEHEHHE B NMPAaKTHKE HATYPHDLIX
Heeaeaosanuit dunbTpauun. M3 psga cywecrsyiomux cnoco6os pac-
qyeTa (PUALTPALHOHHDIX XAPAKTCPHCTHK TPYHTa MO JAaHHBIM O BOJO-
HACBIUIEHHH, MOAPOOHO H3jaraeMbiX B HEKOTOPLIX MOHOrpagdHsX.
cTatesix ¥ cnpasouHukax [25, 32, 161 u ap.], oTMeTHM TOALKO HaM-
00.ce THNHYHLIC.

Cpeay nmpuMCHSIEMBIX B HACTOSILCC BpeMsi cnoco0OB ONBITHOrO
BOAOHACHILLEHHST MOPOJA MOKHO BbUIEAHTH CNOCOOLI, NpeaHasHa4YCH-
Hble a9 onpeacsaeHun xos3dhuunenta (puabTpauHH NOpoIL B ropH-
30HTA/IbHOM H BCPTHKAJIbHOM HampasJeHUAX.

[Tpusepom onpejesieHHs BOAONPOHHIAEMOCTH TPYHTA NpH GHAL-
TPpauui B rOpH30HTAJLHOM HaNpaBJeHHH MOXeT CJIYXKHTbh HarHera-
HHC BOJILI C NMOCTOAHHLIM J1eOHTOM B OJAMHOYHYIO COBCPILUICHHYIO CKBA-
AKuny. IlpeneOperass cuaamMu TAKECTH, KalWIJIAPHOrO JIaBJICHHA,
VIIPYTOCTH BOJBI H MOPHCTOM Cpeibl H COMPOTHUBJIACHHA BO3AVXa, MNMO-
Jyuaem 3aBHcHMocTb [32]:

Qg

(ss—s) !’

mi0,)88 (5-51)

TAE Sy H Sy — HANOPL! BOAbI HaJ BEPXHEN rpaHHuell ONbLITHOrO HH-
TepBaJa HCILITYeMOH CKBAXXHHbl B MOMCHTbI BpeMeHH [, u fz; [ —
JauHa uenpiTyeMoro natepsada. [Ipu stom mopucrocTs (TOUHEE ro-
BOps, KO3 HUHCHT BOAOMNONNIONIEHHS) TPYHTA MOXKHO OLEHHTbH MO
3aBHCHMOCTH:

= 32 (3 (5-52)

s, 0,51
S§—8

rjpe
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Heckoabko €oaee C0XKHBIC 3ABHCHMOCTH NOAYUYAIOTCH NPH onpe-
JCJIEHHH TEX K€ NapaMeTpoB B €J1y4ae HArHETaHHA € MOCTOAHHLIM
HamopoM, MpUYEM pacueT XapakTepHCTHK MJ1acTd no JaHHbLIM HarHe-
TaHuit sABasiercss Tpyaoemkuy. Onpeaenenne GHabTPAUHOHHBIX Xa-
PAKTEPHCTHK TPYVHTA NO JAHHBLIM HATHCTAHWIl B NJAacThl HEOrpaHu-
YEHHOH MOINHOCTH npejacTapiser cile OGOIblIHe TPYAHOCTH, YeM
B cayyae HarHetTanns B COBEPIICHHLIC CKBAKIHDL.

C pacuerom xoapduumentos PpuavTpaunn B nogoOHBIX yC10-
BHAX MOXKHO MO3HAKOMHTLCS B CMNCUHAJAbHBIX Mouorpadpusx, wna-
npumep B [32].

Pacuer 3nauennii Ko3pGHUHEHTOB PUALTPAIMH 10 pe3y. abTaTaM
HAJIMBOB B CKBAXKHHbI HC HMECT NMPHHIHIHAJABHBIX OTJAHYHIT OT CO-
OTBETCTBYIOULHX PAcCYeTOB MO JIAHHbIM 0 HarHetanusix. Mekiouenne
NPEACTABIAIOT TOALKO Te CJAy4al HaJAHBa, KOrja YpPOBeHb BOIbl
B HCNBLITVEMOH CKBAKHWHE OKas3biBaeTcss ®B npejenax OMbTHOrO
HiTepsaaa. B Takux yeaoBuax B 3aBHCHMOCTH OT CTEMCHH H30TPON-
HOCTH TpyHTa OOLIYHO HCNOJB3YIOTCH JBa BapHaHTa pPacyeTos
B ynpouennoi nocranoske. O1nn u3 HHX, OCHOBAHHBII HA PHIOTE3C
Honion — ByccHecka, NpHMEHSeTCH NPH HAJIUBAX ¢ MOCTOAHHBIM
pacxooM B H30TpomHbie nopoibl. Bropoit mcnoaniyercs npit ne-
NBITAHHAX AHH3OTPONHBLIX NMOPOA, MAJONMPOHHIACMBIX B BEePTHKAL-
HOM HanpasjIeHHH, NPHYCM HAJNB NPOBOAHTCA NPH MNOCTORHHOM
nanope.

O6a BapHaHTa HA3BAHHLIX PACYCTOB MPHMEHHMBI TOJIBLKO B OfbLi-
Tax ¢ COBEPUIEHHBIMH CKBa)XHHAMH NPH VCJAOBHH, HTO BJAHSHHEM
KanuIIsipHOCTH MOXKHO npeHeOpeun. Has obaeryenus pacuera no
3@BHCHMOCTAM, MOJVYEHHBIM CO BCEMH OTMEMCHHBIMH BbillIe VIIPO-
ILEHHSAMH, B COOTBECTCTBYIOIIHX paGoTax NPHBOIATCS PACYCTHBLIC
rpadukn [25, 32].

[Tpunepom onperesenns GUILTPAUHOHHLIX XAPAKTCPHCTHE [aa-
CTa B BCPTHKAJNBHOM HAMPaBACHHH MOIVT CAYKHTL HCCJACTOBAHMNS,
OCYINCCTBAACMBIE MO AaHHLIM HAJAHBOB B wypbhu. B ocHoBe 3Tux
cnocoboB gaexnt merojn Boaaspesa — Heerepoa [25, 161). Co-
FMIACHO 3TOMY METOAY, HA BBIACJIACMOM VHACTKC CMAUHBACMOIl 30HbLI
FPYHTA CO3NACTCA BEPTHKAJLHLIA OJHOMepHbit notok. [Turanne ra-
KOro nOTOKA OCVIIECTBJACTCSH M0 3aJaHHOMY PEKHMY: ¢ NMOCTORH-
HLIM PACXOJOM WJIH € NMOCTOSIHHBLIM HanopoM. TexXHHUecK! BEIJACICHIe
KOHTPOJTHPYEMOINl COCTaBASIONIeN NMOTOKA Yalle BCCrO MPOBOLHUTCS
¢ MOMOULBIO COOCHBIX IHJIHHAPHYECKHX KOJCL, YCTAHABJANBAGMbIX HA
AHe onbiTHOro wypda. lNpu stom npeanmoaaraercs, uTo Bojaa, mno-
CTYMAOIIAN B 3430D MEXKAY HAPYKHBIM W BHYTPEHHHM KOJbILOM,
obecneuHBaeT NMUTAHHE BCEH 30HBI NPOCTPAHCTBEHHON (HALTPaLHN
(30HH pacTekannsg), a BOAA, NOCTYNAONAA BO BHYTPEHHE® KO.1bIO,
HACT TOABLKO Ha CO31aHHE OJHOMEpHOro moroka. Bo Bpemsi onuvira
B (PHKCHPOBAHHLIC MOMEHTLI BPCMEHH PEryJspHO H3MEPAITCH Vpo-
BCHL BOJAM B wypde u oObeM BNHTaBINEHCS BOALI, a Mocjae onuiTa
onpeaeasiercst rayGuna npomauusanua. Ilpu nocrosmnom pacxone
I NpH VCIOBHH, UTO BpeMs onuita fxo>20 hy/q. rae h,— Bhicota
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KaMHAJAPHOTO NMOJHATHA B IPYHTE, a ¢ — PACXO[ Ha CAHHHIY NJO-
waamn, umeem [32]:

k= g =—up m= 9t —hx (5-53)
(1—m)(qg—u) - gm ’ ! ’

rae Ngo—rayOuHa Boabl B wypde B KoOHuEe onbiTa; [ — rayGuna
MPOMAUHBAHHS, U — CKOPOCTh NOJbEMA YPOBHS BOALI B Wvpde B MO-
MEHT fi. [Ipn =0 noayuaem dopmyay Boaasipesa.

PaccemoTpennblit_cnoco6 onpenedenns koahduuuenta Gpuaprpa-
UHH PEKOMCHAYCTCA A5l TPVHTOB C MaJblM 3HaueHHeM /.

Texunka pacyera HCKOMBIX XapakTepPHCTHK TPYHTa NPH ONBITAX
C MOCTOSIHHBIM HAMOPOM HCCKOJLKO CJ0zKHee H TpedveT Henoab30Ba-
HHST MCTO/Ia MNOCTe/0BaTeAbHBIX TPH-

Oanxenuit. [ToapoGuocTn stoit Meto- g9 [

AHKH NpHBeIeHb B [32]. !?; -
Onanoit u3 moamduxkaunit meroaa gg \

BoansipeBa — HectepoBa apasercs \

cnoco6, npennoxennwii H. H. Bunge- ,4 =

ManoM [25]. B ocnose storo cnocoba N

AEHHT HCMOAb30BAHHE YDABHEHHA He- o, N

veranosusuieiics  ¢uasTpanuu. Bo ' ’

BpeM# ONbITa NPOBOAATCA HAOTI0ACHNA \ '

33 TOHIKEHHEM YPOBHA BOABI, Hamu- 2 N &

TOif B wypd nepea nauagoMm omeita. L

[To oxkonyaHum onpiTa onpeireasercs 20 24 28 32 36 40
Besiunna npomauusanus. Ilpu stom

pacuer  Beauuuubl  Kosppuumenta o - Kpiisas k pacuery Ko-

(buabTPaunME NPOBOANTCH NO 3aBHCH- spdpunsenta  puasTpanun  no
MOCTH cnoco6y H. H. Buiaevana.
3V
k=1 30 (5-54)
w

rae V —obumit o6beM BNHTABLWIEHCA BOAb;  — IVIOUAAL UCHT-
PaJbHOrO KOJblia; { — NpOA0JIKHTebHOCTD ONBITA.

Beanunna xosdppuuHenTa f onpeaeasercs B 3aBHCHMOCTH OT OT-
HOWICHHS f/fy MO KPHBOI Ha pHC. 5-7, npHYeM [y — BpeMs, B TeYCHHE
KOTOPOrO BIHTBLIBAETCS MOJOBHHA oObeMa BOALI, MpejiHa3HaYeHHOro
15 NPOBEJIEHHS BCETrO OnbITa.

B 3axkaoucHHe OTMCTHM clie cnoco® onpeaeneHus (GuabTpauu-
OHHBLIX XdPAKTEPHCTHK PPYHTA MO AaHHBIM HaOJMI0feHHI 32 BOJOHA-
chitenueM, npeatoxenunit H. K. Tupunckum [25]). Mm 6uiito noay-
UEHO TOYHOE THApPOMEeXaHHyecKoe pelleHHe MJOCKOH 3ajauM pacre-
KaHHsl BOJb!I M3 KAaHAJld, OrpaKJAeHHOrO BEPTHKAJbHBIMH CTEHKAMM.
[Tyrem conmocrtapiaenus CETOK ABHIKCHHUS, NOCTPOCHHBIX ISt 3TOrO
caydas M Aas cayuas (puabTpauMH u3 wypda Kpyraoro nonepeu-
HOrO CeHEeHMS, MNOJYHEeHBbI COOTBETCTBYIOUIHE PaCUETHbIE 3aBHCH-
MOCTH:

k= "Qz [micym), (5-55)
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rae Q — yCTanoBMBIIMIACH PAaCXOX, A/Mur; {— pa3MepHblit Ko3(u-
UHEeHT, 3aBHCAIMI OT ryyOuHBl BOAB! B mypde fip u ot Ay ¥ OoT d —
AMaMeTpa HanpasJsIOWETO UHAHHAPA; «— NONpaBouHblit Kos(dhu-
LUHEHT.

OnvlT NPoBOAMTCA NyTeM HAJIHBA BOAbLI B METaJAJAHYECKHH K-
JUHAP AHaAMETPOM d, BAABJCHHBIN B AHO wypha Ha HECKOAbKO CaH-
THMeTpoB. Bo Bpems onbita JOJKEH OBITL CO31aH PCHKHM YCTAHO-
BuBlICiica pHabTpauuy U3 wypda.

3uauenHe Koapduunenta L n3mensiercss or 0.6 a0 7,0 u npw
h(l'*'hu:l M, d=230 CM, ;——-I.O

3Hauenne ko3(ppHUHEHTa « ONMpelessiercs B 3aBHCHMOCTH OT
AHAMETPAa WHJAHHApPA M TAYyOHHBI BAABJAHBAHHA UHJIHHJApPA B TPYHT S
no gopmyae:

a=1-1-2 . (5'56)

2=
d

§ 5-9. CpaBHMTEenbHas OL@HKA NMPAKTHYECKOM NMPHMMEHHMOCTH
paznuuyHbix cnocoboe onpepeneHus KopPuuMeHTa
PHUNLTPAUMK NO ONBITAM CO CKBAXKMHAMM

MuorooGpasue cnocoGoB HATYPHOrO onpejecHHs Koapduumen-
TOB (PHJIALTPAUMHH TPYHTA H PACYETHBIX CXCM, € MOMOLUILK KOTOPBIX
NPOBOAMTCA pacyer, 3a4aCTyI0 CO3A4eT 3aTPY/AHCHHMS npH Buibope
cnocoba HeCCJIel0BaHHA H MeTOAHMKH pacuera. Kpome Toro, npu oa-
HOM LHKJe OnpoOOoBaHHA NJAacCTa B NpouUecce ONbITHO-QHALTPAIHOH-
HbIX paboT MOMKHO HAMCTHTh OT/ICJbHBIC MEPHOALI, KOrja npHMe-
HHMBbl COBEPIICHHO pasjiHuYHbie MeToAbl pacyera. PacueTHble 3naue-
HHA Ko3(pHuuHeHTa GHIALTPALHH MOI'YT OKAa3aTbCsl 3aBHCHMBIMH OT
HCMOJIb3YeMOro npH atoMm crnocoba onpejpetenus. B kauecrBe mpu-
Mepa MOXKHO nmpHBecTH pesyabTathi oneitoB BHHHI no onpeaesne-
HHIO KO3(p@PHUHEHTA (HIBTPALHKH B OAHOM M3 CTBOPOB 3CMISIHON
pycaosoit naotuubl Kaxosckoit I'AC.

B nuka HcenenoBannii, npoBeJCHHLIX Ha 3TOM COODYIKEHHH, BXO-
AWTN NPOOHBIE OTKAYKH, HAJAHBLI H OMBITHI C COJMEBBIMH H PafgHOAaK-
THBHBIMH HHJAHKaTOpaMH. lleanio HcceaenoBanuit O6bl10 onpeaeneHue
MPHYIH aHOMAaJbHOTO MNOBLILIEHHS KpHBOIl aenpeccun'. B ocnosa-
HHH TCTOTHHBI 3aJ1eraloT MeJIKO3CPHHCTHIE NeCKH ¢ KO3 pHuuHeHTOM
Guavtpanuun k=70 sfcyr. Huxe neckoB HAYT JIHMAHHO-MOPCKHE
navt ¢ £=0,001-:0,0001 s/cyr. Tonumuna cnoa uaa or 1,0 no 4,5 .
Eue HHXKe — KBapuesble MeTKO- M CPEIHe3epHHCTble MeCKH ¢ R=
=15 afeyr. Teno NJAOTHHLI HAMBITO H3 PYCJOBBLIX NMECKOB ¢ k=5-
7 mfcyr. Pasymeercs, npusejgeHHble 3HauYCHHS  Ko3(dHUHEHTOB
GUALTPALKMH ONPEACASIOT TOJNBKO HEKOTOpLbie CPEAHEB3BelICHHBIe Mo
BCEMY COOPYKEHHIO 3HAUCHHA HCKOMBIX KOs(dpHuunenton. [Myrem He-
NoCpeaCcTBEHHOro onpo0OBAHHA C/I€I0BAJIO BLISIBHTD JOKA/bHBIC 3HAa-
qeHna Kospguuuentop GpuILTPAUHH TPYHTA, ¢ TeM, 4yToOLl B Aa.ib-

' Hekotopuie csenenns o6 stom oGLEKTe NpHBelens B raase 9.
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HefileM C NOMOUIBI CNEeNHaJbHOrO aHaAH3a M0 3THM JaHHBIM MOXK-
HO Obl10 Obl CYAHTL O NPHYHHAX, BHI3BABIUHX VKa3aHHbIA NoubLeM
KPHUBOK JENpPeCCHH.

ITepex onbitamu Gbisia NpoBeJeHa oOuHCTKa nbezomerpos. [pu
3TOM OBIIO VCTAHOBJAEHO, YTO NbE30MEeTPhl CHJALHO 3au/cHbl, a pado-
4yHe YacTH (PHALTPOB NLE3OMETPOB 3aNOJIHEHbl FPABHHHON 3aCHINKOIL.
OnpiTol MPOBOJNMJIHCL CMNEpBa NyTeM OTKAa4YeK H HaJHBOB, 3aTeM
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Puc. 5-8. Pesyabtathl 3KCNEPHMEHTAALHOrO OGCACAOBAHHS THNO-
BOro Nbe3oOMeTpa.

] — rpapnK HIMCHCHHST YPOBHR BOAI B nNbeloMerTpe, M, 2 — rpaduk H3-
MEHEeHHS KOHUEHTPAUHH PARHOZKTHBHOrO HMAMKATODPA, WM [MuM; 3 -—rpa-
PHK HIMEHEHHS KONUEHTPAUMH COJIEBOTO HHAMKATODaA, M2/[a,

OblIH mylleHb! COJieBble HHIHKATOPbl (MOBapeHHas COJb) H He-
CKOJIBKO TMO3iKe — pajHoakTHBHble (HoaucThif xaawit c J-131).
PesyabTaTbl ONbBITOB AJsi OJIHOIO H3 NbE3OMETPOB MPHBEACHbI Ha
puc. 5-8. Ilo naHHBIM OTKauexk W HAaJAHBOB OBUIM BHLICUHTAHB! COOT-
BETCTBYIOLIHE 3HAYeHHA KO3(DOHUHEHTOB QHALTPALHH MO 3aBHCHMO-
ctu (5-23), npuBeaennbie B Taba. 5-4.

ITo naHHBIM ONBITOB C COJEBHIMH HHAMKATOPAMH 3HAYCHHS CKO-
POCTH (HABLTPAUUH OKa3aauChb OJMH3KHMH K HYJIO, a MO pe3yibTa-
TaM ONBITOB C PajJHOAKTHBHLIMH MHHAHKATOPAMH 3HA4YeHHSi CKOpO-
CTH QHaAbTpaUUK 1A nbe3oMerpa 4 cocraBHian npumepHo 0,3 a'cyr,
UTO NpH rpaauente Hanopa /=0,02 naer 3naveHua Kospduunenra
GuabTpanuu oKoao 15 m/cyr, npuMepHO COBNAajaloulHe ¢ pesy.bra-
TaMH ONBITOB MO OTKayKe.

103



[Ipumep taxoro pasbpoca AaHHbIX He eanHnyeH. OctaHoBHMCA
Ha MPHYHHAX 3THX fABJEHHI, ¢ TeMm 4ToOb C/leaaThb HeKOTOphie pe-
KOMEHaUHH OTHOCHTEJbHO YCJOBHIl PalHOHAJLHON OpPraHH3auHH
ONbITHO-(PHIABTPALHOHHBIX HCCACAOBAHHIT € MOMOWILIO OJHHOUHBIX
CKBaZKHH.

B paccmortpeHHoMm caydae onpegedaenuss kKospduuuenta Qb
rpauii Habaionamoweecs HECOOTBCTCTBHE PE3Y/AbTATOB, HECOMHEHHO,
OODBACHACTCH SBJCHHAMH KOJAbMATAUHH H OCOOCHHOCTAMH YCTPOIl-
crBa paboueil yacTH ¢puabtpa. B camom aene, coaepxkanue HANCTLIN
qacTiil B (PUALTPAUHOHHOM MOTOKE, HE pa3 OoTMeyaBlieecs NMpH B3f-
THH NPO0 BOJALI M3 3THX NbE3OMETPOB, PE3KO YBEJAHYHBAJOCL NOCIC

" B3MYYHBAHHsA oOcajika npH
Tabauya 54 oyycrke. TMostomy npu Ha-

Peayabrarnl pacueros Kosphuumenra rHeTaHiy BO/JALl B IMOTOK BO
PHALTPAUMH NO JAHHBIM HAAHBOB BpeMs  HAJIHBA 3TH B3Be-
H OTKauek

= : Se——— welibie YactHupn odpaso-
Kosbhpuuuest puabTpanuu, u cym BbiBa. I ¢.aabo NnpoHHLac-

Honep Buz onpoSosanus MbIH 3KpaH Ha QHABTPOBOM
fnLesoMeTPA c¢aoe. COOTBETCTBEHHO Ha-
Haans OvicisiG JHYHe rpaBHitHON 3aCLINKH

— s B (OuabTpe 3arpyansio
| BBCACHHC HHAMKATOpa B

2, 3'888,855 ;g (GHABTPOBYIO 4ACTb nNbes3o-

1 0062 I 15.0 MeTpa, a COMeBOH pacTBop

3 0,0069 2.7 B 3aCTOMHOH 4acCTH MNbe30-

6 0,0036 5.3 MeTpa Bbiie (pHAbTPA, BH-

anmo, manao anpdyuaupo-
BaJ B 30HY HHTeHCHBHOrO Bojopa3sOasaenusi. [lpu 3anycke pajano-
AKTHBHOTO HHAHKATOpPa 3TOT HEIO0CTATOK CKa3a/cs 3HAYHTEILHO
MEHDIIE MO TOH NMPHUHHE, YTO ONpeacIeHHe aKTHBHOCTH TaKoro Wii-
jnKatopa, Kak J-131 ¢ CHALHO NPOHMKAOWHM raMMa-H3ayyeHHew
MPOBOAHTCSI NPAaKTHYECKH NO BCeMy o0beMy, 3anoJHEHHOMY HHJLI-
KatopoMm (B ycaoBHax nbezoMmerpoB Kaxosckoit '3C Ttakoit o6nem
Hvea Boicoty Beero 0510 ). IMostomy naMmeHeHHe KOHUEHTpPa-
LI WHHKATOpPa B 30HE HHTEHCHBHOro BOA000OMEHA, MO-BHAMMOMY,
OLIYIIAT0Ch JIOCTATOYHO OTYETIHBO, XOTH B 3acTONHOI 06aacTh Co-
JeprKaHie HHAHKaTopa MCHAJI0CH Ma.10.

113 CKa3aHHOro MOXKHO CJeaTh BBIBOX, UTO BCIOAY, e 3TO BO3-
MOZKHO, onpejejicHHe Ko3ppHUHCHTa QUABTPALLHE NJIACTOB C/leAyeT
MPOBOJHTL OJHOBP@MEHHO HCCKOJbKHMH Ccnoco0aMH, MOCKOJBKY CO-
MOCTABJIEHHE PEe3YJbTATOB HCCJEJ0BAHMIL, BBIMOJHEHHLIX B PasJiny-
HBIX YCJOBHAX, MO3BOJIACT He TOJAbKO OTKOPPCKTHPOBATL H NPOBE
PHTL MOJAVYEHHbIE JaHHble, HO TaKKe H NpPaBHJbHCE OUEHHTbL OCO-
GeHHOCTH CTPOCHHS NJacTa H ero (PHIbTPaUHOHHbIE CBOWCTBA.

Caeayer pasBuBath METOAHKY KOMILJIEKCHBIX HCC/ACAOBAHMIT BO-
AOHOCHBLIX nJacToB. [IpH 3TOM MOMKET WIHPOKO HCMOAbL30BATLCA CO-
GCTAHHE METOAA OTKAaYeK ¢ METO/0M HHAMKATOPOB, HAJHBOB H OT-
Ka“ek, JabopaTopHbIX H NOJEBbIX METOJ0B H T. 1.
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OnuiT NOKA3bIBAET, YTO TAKHC KOMMIEKCHbIE HCCAEJI0BAHHA 1a10T
xopowHe pesyabrartol. Hanpumep, ycnewixHoe HCCACAOBaHHE Qib-
TPALHMOHHBEIX XAPAKTCPHCTHK CJIOHCTOrO njacta ObLIO MPOBEICHO
Mancypowm [222] Ilpu stom 3HaueHHs KoOspdHUHeHTa (pUIAbTpaLHN
rPyHTa B FOPH3OHTAJbHOM HAMPABJCHHH ONPEHCTANHCH MO pPe3Vib-
TaTaM OTKAa4yeK, 4 B BePTHKAJbHOM HaNpaBICHHH — MO JaHHLIM Ja-
GOpPATOPHBLIX HCCACAOBAHHIT KCPHOB IPYHTA.

CpasuuBas Mexay coboii pasTHuHbIC CocoOLI ONPOOOBaHs 1114~
CTOB, CJEAYeT OTMEeTHTb, YTO NPH OOUWMX PABHBIX YCJOBHAX MNpe-
MOYTHTEALHEE MeTOdbl ONpOOOBAHHA ViK€ HACHIIIEHHbIX BOJXOHOCHBIX
naactos. [1pu onpoGoBanun QHILTPAUHOHHLIX XaPaKTePHCTHK HEBO-
JOHOCHBIX MJ4aCTOB NYTeM HX HACBLIMEHHS KaK PACYCTHOLIC 3aBHCH-
MOCTH, TAK H YCJOBHSl TOCTAHOBKH ONbITA B OOLIEM SBJSAIOTCA Me-
Hee TOUHLIMH, YCM aHAJIOTHYHBIE HCCIeA0BAHHSI BOJLOHACHIUIEHHBIX
IPYHTOB.

Ilpu onpenenennu 3HaueHuit KoshpduuuentTa (uabTpauun no
J4HHBIM O HACLIICHHH CYXOro TpyHTa BeJdHYHHA Koy(DduuueHra
puabTpaunn MoxKeT ObiTb CHJbHO 3aHHZKEHAa 3a CHeT 3alCMJIeHHA
BO3AyXa NMpH 3aMauHBaHUH.

B uenom MeHee TOUHBIM METOILOM OmnpeieseHHs (PHIAbTPauHOH-
HbIX XApPaKTePHCTHK FPYHTa SIBAACTCSH H METOA HHAHKATOPOB, XOTHA
A5 U3VYEHHA Ka4yCCTBEHHOIT CTOPOHB (PHILTPAUHOHHLIX MPOIECCOB
3TOT MCTOJ He3aMeHHM.

Haxkoneln, KOCHeMCH BONPOCa CPaBHHTEJAbHON UCHHOCTH MCTOAOB
onpo0GOBaHHA MJACTOB MyTeM OTKayek W HarHeranuit. Ilockoabky
BO3MOXKHOCTb KOJIbMATHPOBAHHS CTEHOK CKBAXKHH, IPHMEP KOTOPOro
yXKe NPHBOJAMJCA BbIle, He HCKAIOYACTCsl Aaxe B Hecy(p(HO3HOHHBIX
FPYHTAX, TO OTKAUKH ISl HCCJe0BaHHA (PHILTPALHOHHLIX CBOICTB
naacrta OoJiee ueaecoodpa3sHbl, yeM HarHeTaHus. B stom csere npu-
BOAMMBIC B JHTEpaType PEKOMEHZAUHH O KeaaTelbHOCTH I1posejie-
HHA HAJAHMBOB H HATHETAHHI IPH BBLICOKOH NMPOHHUACMOCTH TPYHTA
npejacrasasiorcs MaaoobocHoBanubiMi [219]. K stomy MoKHO j100a-
BHTb, YTO, MO MHEHHIO HEKOTOPbLIX aBTOPOB, TECOPHA PAaCYETOB HarHe-
TaHUsi B KOJOJUBI paspaGortana eue Hemocraroyno [201] u, caeno-
BaTeJbHO, TEOPETHUECKH 3TOT cnocob ompoGoBanus Iaacra MeHeo
06OCHOBAH, YeM Crnocod OTKaueK.

M3 ckazaHHOro BHILE CJAEAYeT, YTO METOAHKAa PacueToB Ko3d-
(¢uuHeHTa (PHABTPAIHH CYIECTBCHHO 3aBHCHT OT pexuMa (puabrpa-
uun. ConocrasjeHHe pacyeTa yCTAHOBHBLUEHCS H HeYCTAHOBHBILEIICH
GHAbLTPAUHH TMOKA3LIBAET, YTO pacyer, OCHOBAHHLII Ha 3aBHCHMO-
CTAX HeyCTaHOBHBLIEHCA (DHIABTPalHH, ABJASETCA BO MHOMHX Cay4asix
ropasno Ooqaee onpapiaHupiM. Kpowme Toro, npopejieHHne OnbiToB NpH
HEYCTAHOBHBUICHCA (PHABTPAUMH 3HAYHTEJILHO TMpouie B TEXHHYEC-
CKOM OTHOowIeHHH. B STOM CBeTe CJeyeT PeKOMCHA0BATL BHEAPCHHC
pacyeToB MO YpPaBHEHHAM HEYCTaHOBHBLIEHCA (HUALTPALHH B Mpak-
THKY (DHALTPAUHOHHBIX HCCJe10BAHHH.




FTMABA LLUECTAS

ONPEAENEHUE KO2MDMULMEHTOB YPOBHEMPOBOAHOCTH
M NbE3ONPOBOAHOCTMH

§ 6-1. Obwme ceegenns o KOI(PPHUHEHTaX YPOBHENPOBOAHOCTH
W Nbe3ONPOBOAHOCTH

KoshpuumenTsl ypOBHENPOBOAHOCTH H NbE30NPOBOAHOCTH, Oy-
AYUH Pa3/HYHBIMH 110 CBOEl NMpHpOAe, HMEIOT HEKOTOPYIO OGLIHOCTD,
TaK Kak o6a 3TH KO3(pPHIUHEHTA ABJASIOTCA XapaAKTEPHCTHKAMH CKO-
pocTH pacnpocrtpaHenus aedopManun 1 jaBjaeHHt B QHILTPAIHOH-
HOM NOTOKE.

Kosdpduunenr  yposuenpoBoanocTH, Kak Obl10  CKa3aHo
B § 2-4, npeacrasaser co0oil OTHOWEHHE BOJONPOBOJAHMOCTH MJa-
CTa K NOBEPXHOCTHOMY KO3} (DHUHEHTY BOJOOTAAYH HIH HEJLOCTaTKa
HaCbhILLeHHSI.

Kosduunenr nbe3onpoBOAHOCTH  ONpEACTACTCS  YIPYTHMIi
CBOMCTBAMH KHIKOCTH M BojonpoHuunaemoi cpejbl. Popmanbho
00a Ha3BaHHBIX KO3IDOHUHEHTA HIrPAIOT CXOAHYIO POJdbL B pasaunu-
IIBIX YPABHCHHAX HEYCTAHOBHBLICHCA (PHABTPAIHH.

Onpenenenre HasBaHHbLIX Ko3(uuHeHTOB nmeer Gojblioe 3Ha-
YeHHME ISl aHAJH3a pPe3yJbTaTOB HATYPHHIX HaObJI0JeHHi, TaK Kak
¢ MOMOLBI0 3THX KO3(DGDUIHECHTOB MOXKHO NPOrHO3HPOBAThL (PHIALTPE-
UMOHHBIA PEXHM NpH KoJeOaHHAX HAnopa Ha TrpaHHIlax NMHTaHHSA
nJjacra, onpeienaTb pe:KHM BOJONOHHKEHHS H pellaTh Apyrue npax-
THYECKHE BOMPOCHI.

M3 onpepeneHHs paccMaTpHBaeMblX KOI(P(HIHEHTOB cJaeayer,
UTO NPHHUHIHAJIBHO HANTH MX BEJHUYHHY MOXKHO TpeMmsi MyTAMH, BO-
MepBLIX, HEMOCPEACTBEHHO H3 YPaBHEHHH HEYCTAHOBHBILEHCS QUIbT-
paluKH, BO-BTOPBIX, MO AaHHBIM O BOJAONPOBOAHMOCTH NJACTa H KO3(-
(punHenTe m’, B-TPeTbHX, MO AAaHHLIM O KO3(pHIHeHTe PHABTPALHH,
MOLIHOCTH nJaacta H Kod(duuueHte m’, BHIUHCICHHBIX MO OTAEb-
HOCTH.

B GoablunHCTBE cayyaeB mepBbIi MyTbh YCTAHOBJEHHS BeJHYHH
KO3()HUHEHTOB YPOBHENPOBOAHOCTH H NbE30NPOBOAHOCTH Hanbosee
NpeAnOYTHTENCH, MOCKOJALKY MPH TaKOM OIpEAeJeHHH, OCYIecT-
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BJASICMOM B HATYPHBIX YCJOBHAX, YYHTBIBAIOTCH OCOOCHHOCTH 3aje-
raHusi H3y4aemMoro Ijacra # (usaHyeckue CBOHCTBA NMPHPOAHLIX BOI.
CoOTBETCTBYIOLIHE HCCIACAOBAHNS A OLEHKH BEJHYHHbl YKa3aHHBIX
KO3 (PHUHCHTOB NPOBOAATCA NO HaGJIOJCHHAM 3a [POLECCOM He-
YCTAHOBHMBIICHCS (DHABTPALMH NPH ECTECTBEHHOM PEXHME H MpH
BO3MYILEHHOM noTtoke. OAHako mnpH MOA0OGHOM ONpEAE/EHHH BeJH-
YHHBl KO3(Q(PHUKCHTA NMbC30- WIH YPOBHENPOBOAHOCTH MOTYT BO3HH-
KaTh CYIWECTBCHHBIE 3aTpyiAHeHHs. OHHM CBsi3aHbl Npexiae Bcero
C HeOOXOAMMOCTBIO HCMNOAB30BAHHSI COOTBETCTBYIOLUIMX pPACHUETHBIX
3aBHCHMOCTEH, 4TO,«B CBOIO OuYepejlb, CONPSXEHO C 3aMEHOl pealb-
HOrO MNOTOKA HEKOTOPOH pacyeTHoll CXeMOil, a CcJaeloBaTejabHo, W
C BHECEHHEM B pacueT H3BeCTHBIX VCJoBHocTei. KpoMe Toro, npi co-
CTaBJEHHUH HCXOJHOrO YPABHCHHMS HeYCTaHOBHBLUElCs (PHAbTPAUHH
HHOrZla MPUXOJAHTCA YYHTHIBATH TaKHe YCJIOBHS Ha IpaHHUax pac-
cMaTpuBaeMoit 06aacTH GUALTPALUHH, KOTOPLIC MOIYT ObITh OLEHEH b
TOABKO MOCJ/Ie CHEUHAJbHLIX HecsenoBaHuil. K nogoGubiM cayuasim
MOXKHO, HallpHMEp, OTHECTH H3YUYeHHC (HJILTPAUHOHHOIO pPeKHMA
B IMAPaBJAHYECKH CBS3aHHBIX MJIACTaX, YYET MHCMApPEHHsT WIH HH-
(pHALTPAUNK HA MOBEPXHOCTH jAenpeccHd u T. A Ha npakruke crpe-
MATCS BBLIOMPATL A8 ONpeae/eHHsi HCKOMOro Koagduuuenta Ta-
KHE NepHOAbl HeYCTAHOBHBILErocst ABHIKEHHsI, B KOTOPBIX KO./HYe-
CTBO ACHCTBYIOIIHX (DAKTOPOB CBCACHO K MHHHMYMY. DTO He BCerja
ObIBAeT BO3MOZKHBIM H B pe3yabTaTe NPHXOAHTCA npuberarts K Apy-
FHM Crnocobas onpejenenus Koshp@uuHenToB nbeso- H ypOBHENpo-
BOJIHOCTH, OCHOBAHHBIM Ha AH(PDEPEHUUPOBAHHOM MOAXOAE K H3V-
UEHHIO MapaMeTpoB, BXOAAIHX B 3TH KOY()(PHIHEHTDL.

Hsyuennio pojonposoaumoctn maacta H, u xosdduumenra
Guabtpauun k£ nocssiuena raasa 5. Yto ke kacaercs Kosdduim-
€HTa BOJI0OTAauH Mm’, TO OH, HCCOMHEHHO, 3aCAyXKHBaeT 0coboro
BHHMaHHUA.

[Tpupona sToro KosppuUHEHTa MOKET OLITH Pa3JHYHOIN'B 3aBH-
CHMOCTH OT XabakTtepa HeycraHoBuBuueics ¢uabtpamuu. B m’ no
(pr3HUCCKON CYLIHOCTH OOBbeJAHHEeHb TPH pA3HLIX KO (HIMeHTa,
XapakTepH3ylmx 1e@opMHPYEeMOCTh NOPHCTOI Cpeabl H (PHALTPYIO-
eics B Hell BOABI, BOJOOTAAIOULIYIO COCOOHOCTL TPYHTA H COCOG-
HOCTDL €r0 K BOJAOHACHIICHHIO.

Meroanka onpenenennsi Takux Ko3(QGHUMEHTOB M 4HC/JAOBbie
3HAUEHHS HX CYILeCTBEHHO OTIHYAIOTCA JAPYr OT ApYyra, npHueM
3Ta pasHHla OCOOCHHO BeJHKa MEXKAy Koa((HUHEeHTaMKu BOIO-
OTAA4H M HE/IOCTATKA HACBIUIEHNS, C OAHON CTOPOHBI, H KO3(dHuUit-
€HTOM YNPYrooTaayH, ¢ APYroi.

Onpeaesenne Ha3sBAHHLIX KO3(DPHUHEHTOB MOMKET NPOBOAHTLCS
B HaTYpHBIX H B 1a00paTOPHLIX YCJA0BHAX. B Tex cayuasx, koraa ua
HATYPHOrO OMBITa HEJAL3sl MOJYUYHTL OJHOBPEMEHHO 3ZHAUCHHSA A W
wan [y mm’ M OJMH M3 3THX NapaMeTpoB MPHXOAUTCH ONPEACAATH
8 nabopaTtopHH, TO NpeaMeToM JalopaTOPHLIX HCCHAEJOBaHHII Cie-
ayet H30HpaTh /M, NOCKOJBLKY BEJHYHHA €TO H3MEHACTCH B MCHBLILCM
JHanasone, uem k u Hy.
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§ 6-2. CywHOCTE NOHATHH KOI(PPMHUMEHTOB BOAOOTAAYM
M HefoCTarKa HacbilyeHMs

B coBpeMeHHO# TeXHHYECKOH JIUTepaType TepMHH «KOI(p(HUHEHT
BOJIOOTA34YH» HABJSACTCH BeCbMa pAacnpoCTPaHEHHbIM, W INpPHHATOE
onpenetenne sToro Kosduumuenra, Ha nepsblii B3rVfAA, NpeacTas-
JAsieTCH BNOJHE HcuepnbiBalowuMm. Bmecre ¢ teMm, Kak 310 6b10 no-
kazano B paGore O. H. Hocosoii [111], packpbiTHe nogauHHO# Cym-
a) HOCTH Ko3(pduuHeHTa BOAOOT-

An AauH, GHrypHPYIOLIEro B TeX HiH

/ HHBIX pacuerax, BbI3blBaeT H3-
BECTHbie TPYAHOCTH.

B camom nene, oOGbiuHO noi
Ko3(ppHuHeHTOM BOAOOTAAYH MO-
HHMAIOT OTHOWIeHHe o0nema BO-

" | Abl, BbITEKalLell Nnoj AeficTBHeM
L CHNBl TAXKECTH H3 MNOJHOCTBIO
HACbIILEHHOrO TPYHTA, K 00beMy

APEHHPYeMOro rpyHTa.
i w Kpome Toro, aas ob6pasua

FPYHTa, MNOJHOCTbIO BOAOHACHI-
6) | ' UIEHHOTO Mepel HayaJoM OnbiTa,
- TOT Ke KO3ID@PHUHEHT MOXKHO
ONpefeJiiTb H MO OCTaTOYHOM
BJ1a KHOCTH APEHHPOBAHHOTO
rpyHTa:

’ d
m =m-—uw,,
Ll rae  m—nopHCTOCTb; Woe —

(6-1)

Puc. 6-1. Pacuernas cxema aas onpe-
AeJEHHA KOJHYECTBEHHBIX XapaKkTepH-
CTHK BOJOOTAAYH TpPYHTa: a - 3NiOpa
pacnpejle/ieHHsi OCTaTOYHOro BJAroco-
AepAKanHA NO BHCOTE OCYWEHHOro 06-
pazua TrpysTa; 3aWTPHXOBAHHAR NJO-
IIlalb COOTBETCTBYET KOJMHYECTBY BOIbI,
soiTexuwied w3 ofpasua x MOMEHTY Bpe-
menn f; 6 — 3aBucuMocTb of6beMa ape-

OCTATOYHOE  BJarocofepxanue
B 06BbeMHOM OTHOCHTE/JBHOM Bbi-
pa’<KeHHH.

Jlerko mnokasaTb.
o6beM JApEHHPOBAHHOH BOJMI,
TaKk W ob6beM ApPEeHHpYeMoro
FPYHTa MOXKHO TpPAaKTOBaTb MO-
paszdomy. HanoMuuM, uTO BOJO-

YTO Kak

HHPOBAHHON BOAB OT BpeMeHH.

! — oGpasecy rpyura (xoaouxa); 2 — onop-
Hag pewerxa; 3 -- xpau,

oTaaya TPyHTa, T. €. COOCOO-
HOCTb 'PYHTA OTAaBaTh Hachilla-
IOLLYI0O €ro BJary, nposBAseTcs
NpH HAPYWEHHH YCJAOBHA DaBHOBECHSA, KOrjla HAUYHHAeTCs TpoLece
aApenupoBanua. CTekanHe BOJbI H3 TPYHTA MOJ ACHCTBHEM CHJLI TH-
KEeCTH NMPOMCXOAHT ITOCTEMEHHO, NMPHYEM CO BpeMeHeM HHTEHCHBHOCTL
JApEeHHPOBaHHA HenpephiBHO yMeHbluaercs. B mpouecce apeHnposa-
HHSI H3 FPYHTA CTeKaeT He BcA Biaara. HacTb ee yaep)KHBaercs B no-
pax cOpOUHOHHBIMH H KanHJAJAPHLIMH cHAaMH. B pesyabrare cos-
Jaercsl KanuaJspHas Kafima.

Ha puc. 6-1 manocTpupoBaHbl pasaHynHble cnocolul onpeaeaeHns
XapaKTepUCTHK BOAOOTAAIOWEH CNOCOGHOCTH OXHOrO H TOro Xxe
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FPYHTA, KOTOpbIe KOAHUCCTBEHHO MOIYT Pas3/jH4aTtnCA BecbMa cylie-
creento. OUeBnaHo, 4TO BO H30eKaHHe HeJopa3yMeHHil HeoGX0AHMO
NONb30BATLCH CIEUHAAbHON TePMHHOMOIHEl, oTpaKatoulei NpHHLH-
NHAAbHOE pa3iHuHe OTACAbHBLIX CMOCOGOB XapaKTepPHCTHKH BOA0OT-
Aalouel cnocoGHOCTH FPYHTA.

[Ipoekr Takoit TepmuHosorun npeanoxen 8 paGore [111]. [Toab-
3yACh MOJOZKEHHSIMH 3TON paboTnl, AajaHM onpejaeieHHe Haunbouaee
BaXKHbIX XaPaKTEPHCTHK BOJ0OOTAAIOUIEH COCOGHOCTH FPYHTA.

1. Koadpuumnenr poaooraaun rpynra my’ xapakrepHayeT MaKcH-
MaJbHYIO CIIOCOOHOCTb FPYHTA K OCYLIEHHIO NMOA ACHCTBHEM CHAbLI TH-
HKECTH H ONPeIeafercs BhiparKeHHeM:

My = m— w, (6-2)

rA¢ Wy — COJIEPIKAHHE HENOABHXKHON BAArH B NOPax, YHCJICHHO pas-
HOE MAKCHMAJbLHOH MOJICKYJSIPHOIN BJAroeMKOCTH NMPH ONpEIeaCHHH
ee no cnocoOy BLICOKHX KOJOHH H NMPEACTaBJCHHON B OOBEMHOM OT-
HOCHTEJIHOM BbipakeHHH !, DT1oT KOs uuHeHT aBaseTcs (usnye-
CKOIl XapakTePHCTHKON TrpyHTa W npH pacyerax OOGLIYHO HCMOJb-
ayeTca Aas onpeaeseHus o0ulero KoauuecTsa BOJALI, NOjIealiei
JAPEHHPOBAHHIO MO AeHCTBHEM CHJIbI TAMXECTH.

2. KoshguunenT BOAOOTAAYH KaNHIASPHOIN KaiimMbl m,’ Xapak-
Tepusyer oOuyIO CnocoGHOCT K BOAOOTIAa4Ye FPYHTA B 30HC Kanui-
JAPHOIT KalMbl H ONpeeIsiCTC BhIpaKeHHeM

h
mh— \ wydh "
' 0 B
m, = v (6-3)
rAe Wy — BJAroco/iepKanue B 30HC KanWIspHON KaiiMbl BBICOTDI /1,
TAK HasbpiBaeMasl KanwiaspHasi BJaroeMKocTb, BeJAHYHHA, H3MCHSAIO-
WaAsICs 110 BbICOTE APEHHPOBAHHOrO rpynta. B pacuerax m, ucnods-

ayetes a8 OueHKH obmero o0wema Boabi Vi, ApeHnpyemoit npu yc-
JOBHH, UTO B ocymaeMom ob6beme rpyHra Vi obpasyercsi Kanuaasap-
Has KailMa, KoTopas OTCYTCTBOBAaJa B HCXOAHOM TIIOJOKEHHH,
Hanpumep, APeHHPOBAHHC MJACTA H3 COCTOSIHHA C 3aTOMJCHHON MO-
BCPXHOCTLIO.

3. ITosepxunocTHblii KoaphuunenT BogoOTAaYM (HAH NPOCTO KO-
3 puuHenT BoAOCOTAAUKH) M’ XapaKTepH3yeT BOZOOTAAIOLIYIO CHO-
COOGHOCTDL NJ1ACTa MPH pacyeTax Nnpouecca BOAOOTAAYH C MOMOLIBIO
YPABHCHHH HeyCTAHOBHUBILUEHCS (HALTPAUKHH M ONpeLesieTCsl OTHO-
LWEHHEM BePTHKANbHOH COCTABJSIOLLICH CKOPOCTH GHJILTPAlMK Ha
CcBOOOAHOH MOBEPXHOCTH PACUETHOrO MOTOKA K CKOPOCTH ONYCKaHHs
3TOI NOBEPXHOCTH:

v
m =2 (6-4)
Uy
! TlosickeHue MOHATHA MAKCHMAALNON MOJCKVAAPHON BJArOEMKOCTH M Cho-

co6oB ee onpeaesenns npusoautcs 8 [5, 141] n B apyrux paGorax.

109



[TepeueHb pasaHYHLIX MOAHDHKAUHE KOJHUECTBEHHBIX XapakTe-
PHCTHK BOA0OTAAOWCEH CNOCOOHOCTH MIacTa MOXKHO MPOJAOTIKHTD,
HO M YJKC MpHBeIeHHbIE CBeJEeHHS AAIOT TPeACTaBJeHHE O MHOr000-
pasuu cnocofoB KOJMHYCCTBEHHOW OLEHKH BOAOOTHA4H.

M3 yKa3aHHBIX BBHILIC XapaKTePHCTHK Hanbogee CAOKHLIM MOH:A-
THEM SABJIACTCA IMOBEPXHOCTHBI KO3(QHIKEHT BofoOTAaYH. ITOT
KO3(DhHUHCHT 3aHHMaeT 0c000C MCCTO CpeaH JAPYrHX KOJHYeCTBeH-
HBIX X4PAKTEePHCTHK BOAOOTAAOWECH CMOCOOHOCTH TPYHTA, TAK Kak
umeer GUKTHBHEI XapakTtep. B camom aede, B [111] moxasauno, uto
KO3 (PHUHCHT BOJOOTIAYH B YPAaBHCHHAX HCYCTAHOBHBLUErOCH BH-
AKEHHSI, TECHO CBA3aHHBI ¢ MpejcTaBJeHHCM O CBOOOJHON MOBCPX-
HOCTH PacYCTHOrO MOTOKA, MOKHO ONMPENeJHTb KAK OTHOWEHHe 00b-
eMa BOJbl, CTEKAIOWEeH H3 OCywaeMoro rpyHTa, K o0bemy, OCBO-
00X AOLEeMYCS NPH ONYCKaHHH CBOGOAHOJN MMOBEPXHOCTH MOTOKA H
VCJIOBHO CYHTAEMOMY OCYIUEHHBIM.

TeopeTnueckoc H IKCMEPHMEHTANBHOC H3YUEHHE NOBEPXHOCTHOrO
KO3 (pHUHEHTA BOJMOOTAAYH IMOKA3LIBACT, YTO sl AAHHOrO TPYyHTA
3TOT KO3(PHUHCHT 3aBHCHT OT YCJOBHH JPEHHPOBAHHS H, B 3aBH-
CHMOCTH OT PCKHMa OnycKaHus cBOOOJAHONH NMOBEPXHOCTH NOTOKA, MO-
AKET M3MEHATBLCS OT HYJSA 0 BCJAHYMHLL, CYIIECTBEHHO MPEeBLILLAN)-
uieli He TOAbKO KO3(p@HUHEHT BOL0OTAAUYH FPYHTa, HO Ja)<e H [0-
pPHCTOCTD.

Pexkomespaunu no onpeaeaeHuio m’ B 3aBHCHMOCTH OT YCJAOBHSA
aApeHupoBaHus npusoisites 8 [111].

OnuiTLl MOKA3LIBAIOT, UTO B YCJAOBHAX NPHMEHHMOCTH YPABHCHHS
Byccunecka 3tor KoaduiunenT npaktuiccki pasen my’. [To nosoay
KOJIHUECTBEHHLIX XapPaKTEePHCTHK MpOoIecca BOACOTAAUH MOXKHO ClC-
JaTh caeayiowne oduine 3amMeuaHun. Kak ABCTBYET H3 NPHBCIEHHDLIX
Bbillle OMpeJcACHUIl, npeacTaBicHKe O Ko3(guiuente BOAOOTAAYH
Hepa3pLIBHO CBA3aHO C mpoileccom ApeHnpopania rpynta. [lostomy
B 110001 XapaKTePHCTHKE NMpouecca BOJAOOTAAUH HenpeMeHHO (ury-
pupyer o6beMm BOjIb, BLITCKAIOWEH HJAH BBITEKUIEN H3 TPYHTA M0jl
aeifictBueM chHabl TaxKecTH. OTcloaa caeaver, UTO KO3(AHUUHEHT BO-
JOOTAAYH FPYHTA NPHHUMUNHAJBHO OTJAHYAETCSH OT TaK Ha3bIBACMOM
AKTHBHOW MOPHCTOCTH, KOTOpas Xapakrepuayer o0beM BOALI, ABH-
Kyleiica B8 nopax B npouecce duaptpaunn. Ilprpoaa cua, viaep-
AKHUBAIOUIHX OT CTEKAHMSI BJAary B ofpasuax ApennpoBaHHoro rpyxTa,
HHasl, 4eM CHJA. NPCNATCTBYIOWMX IABHKEHHIO BJIardi B NOJHOCTHK)
HACHILLIEHHOM BO/0H NOPOBOM MPOCTPAHCTBC.

H310KeHHYI0  KIacCHOHKAUMIO  XapaKTEePHCTHK BOA0OTAAMH
MOKHO PacmpoCTPaHHTb H Ha NPOLECC BOJOHACHILLEHHS TpyHTa. Tak,
KOS(Q(HUHCHT HE0CTATKA HACBLILIEHHSs, WHCNOJAb3YeMblit B ypaphe-
HUSIX HEYCTAHOBHBINCHCS (HIALTPAUNH, TAKKE MOXKHO paccMaTpH-
BATL KAaK [IOBEPXHOCTHBIA KOIPMHUHCHT HEAOCTATKA HACBILIEHHS,
onpejenennslii Bupaxeuucm (6-4). Tlpn 3tom neobGxomumo no-
MHHTb, YTO MPOLECC BOJAOHACHILICHHS B oOLIeM ciayyae Oyaer HMeTh
XapaKTEePHCTHKH, HE COBMAJAIOUIHE TIO BEJTHYHHE CO CBOHMH aHAN0-
raMH NpH npoiecce BO10OTIAUN.
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OcoGeHHOCTH 3THX KO3((HIUHEHTOB elle OYeHb MaJjo M3YHCHbI,
H €C/AH HE CYHTaTh OTACAbHBIX HEOOJIbUWIHX HECHCTeMAaTH3HPOBAH-
npix 3amerok [111, 237], cBeaennit 0 HUX B JAHTEpAaType MOYTH He
BcTpeuaercs. Ha ocHoBanum HMEIONIErocsi ONbITa MOMXKHO VTBEpK-
JaTh, YTO KOJHYCCTBEHHAf OUEHKA BCJIHYHHLI Ko3ddHuucHTa Heo-
CTATKa HacbluleHHsi 0oJee CaA0KHA, 4eM Ko3(pdHIHEHTOB BOO-
otaaun. IAT0 OOBACHACTCA TE€M, YTO NOJHOTA HACHLILUEHHs TPYHTa,
NO-BHAHMOMY, 34BHCHT He TOJBKO OT HA4a/JbHOH BJaXHOCTH, pe-
AKHMA NepeMelleHHa MOBEPXHOCTH M0TOKAa, HO M OT Hanpas/jeHHs
aApukenus. B xkauectse npuOGAHIKEHHON OUEHKH BEIHUMHBI KO3(dH-
IHEHTA HEJOCTATKA HACHIUEHHSI PEKOMEHAVETCS BbipaKeHHe:

m’ = m—uw,, (6-5)

rie Wo— Haya.1bHas BJAAXKHOCTb.
B Tex cayuasx, Korjia npeyBeqHUCHHC BEJAHYHHBI m’ He HAeT
B 3anac pacyera, BulpaxcenHe (6-5) MOKHO 3aMEHATH CJIEAVIOULHM:

m’ = m—wo_wgy (6-6)

rae Wy — 44CTb [OPOBOr0 MPOCTPAHCTBA, 3aHATAN 3alEM.JICHHLIM
BO3/lyXOM, OTHECEHHAA K 061eMy 00beMy IpVHTA.

§ 6-3. Onpepenenne KOIPPHUMEHTOB BOJOOTAAYM
M HEfOCTaTKa HacCbIWEHHA MO HATYPHbIM [aHHBIM

B nacrosiuiece Bpemsi aas onpenedaenuss Kosdpduuuenta BoI0OT-
Jlauu HernocpPejACTBEHHO B HATYPHBIX YCJAOBHAX DPEKOMEHIYETCsl He-
CKOJIbKO CnocofoB, KOTOpLIe, C TOUKH 3peHHsi KJaaccHgpuKaii
HanbGosee HHTEPCCHBIX 1 MPAKTHKH BHAOB BOJAOOTAAYH, MOKHO
pasaeantb Ha ase rpynnbl. K oanoit 3 HUX oTHOCATCA cnocoObl no
ONPEAECHHIO TIOBEPXHOCTHOrO Kos(hpuuuenta Bogooraauu, a K apy-
roi — KO3 @HUHCHTOB BOAOOTAAUH TPYHTA H KaNWAJISIPHON KaiiMbl,
Cnoco0ul, npeasassayeHHble A4 OMPEACTCHHS NOBEPXHOCTHOrO KO-
spduunHeHTa BOA0OTAAYH, HANPHMED CNOCOD KOHEYHBIX Pa3HOCTEll
I'. H. Kamenckoro, H. K. F'uputckoro [111]. ocnoBakbl Ha HCNoan3o-
BaHHH ypaBHEHHH HeYCTaHOBHBUIEroca ABixeHusi. OHH MOTYT MpH-
MEHATLCS TakKkKe I OnpeAesCHHS JAPYrHX THAPOreodorHyecKux
NapaMeTpoB H [MO3TOMY pacCMaTpHBAIOTCA HHXKE COBMCCTHO €O
cnocoGami  onpeaedeHHs KOI(D(OHIHEHTOB YPOBHE- M MbLE3ONPO-
BOAHOCTH.

OcranoBuMcsa Ha cnocob6ax, KOTOPbE MOTYT GbITh HCMOAb30BAHbI
Aas onpejeacHus KoaphHUHEHTOB BOAOOTAAUH IPYHTA H KANHAJIAP-
HOIT Kaitmbl. B KayecTBe TakHX cnocoGoB MOKHO Ha3BaTh onpejaede-
HHE 3THX KO3(Q(HUHEHTOB nyTeM NpoOGHOro APEHHPOBAHHS 1O pe-
3yJAbTaTaM H3MCPCHHA BJAaXKHOCTH B OCYIIaeMOH 30HE 10 Havajaa
H MoCjie OKOHYAHHS ONbiTa HJH 1O AaHHLIM 00 OOIMX pasmepax
ocymaemMoil 30Hb ¥ oOGbeme jApeHHpoBaHHON BoAbl. [lepswlit cnoco6
ROBO/MILHO MOApPoOHO H3aaraercsn B paGorax O. Mennuepa [99).
HIan onpenenenus BIaXKHOCTH TPYHTa NPOBOAMTCS OTGOp Mnpob



B HECKOABKHX TOYKax MO BLICOTe Hccaeayemoit 30Hbl. OuesiHo,
4TO A48 3TOi Ke ueaH MOryr ObiTh HCIOJb30BAaHbl H JApyrue Me-
TOJABl ONpeje]eHHsi BJas»KHOCTH TPYHTOB, MOJY4YHBIIHE Pa3BHTIE 3a
nocaeHHe ToAbl Kak 3jaekTpoMerpuueckuit meron [183], onwitel
C MOMOILLIO HefITPOHHBIX H3ayuaTterei [169] n 1. a.

3nauenne Ko3pPuuHeHTa BOI0OOTAAYH B MECTC H3IMEPCHHSA BIax-
HOCTH OTMpeAeasieTcs Mo BhipayKeHHio:

m = w, — Wy, (6-7)

rjie w; — BJarocojepKaHne rpyHTa Ha BHICOTHOH OTMETKe 2 nepein
HA4YaJoOM ONbITa; W; — BJAArocojep:KaHHe TPyHTa Ha TOil Xe OT-
METKE MnocJie OKOHYaHHSA ONbITA.

Jlas oOuieit XapakTepHCTHKH H3yyaeMmoro [Jacta 3HaueHine Hc-
KOMOro Ko3(p@HUHEHTa MOKHO ONpeleIuTb KakK CpeaHeB3BeueHHoe
H3 Pe3yJbTaToB OTACIbHBIX H3MEPEHHH.

K nenocrarkam cnocoba onpeaenenus KoIQQPHIHEHTOB BO/100T-
JAauH NO BJAAXKHOCTHBIM XADAKTEPHCTHKAM IPVHTA CJAEAVET OTHECTH
TPVAHOCTH OPraHH3alMH M3MCPEHHI BJAXKHOCTH B HATVPHLIX VC10-
BHAX H OTHOCHTE.IbHO HEBBLICOKYIO TOYHOCTH Pe3yJabTATOB H3MEPEeHMHH,
a TaKke CJOXKHOCTb Nnepexoila OT 3aMepoB JOKAaJAbHOro Xapaktepa
K OCpPeJHEeHHBLIM napaMeTpam.

CB0GO/IHBI OT HEOOXOAHMOCTH OCPEeAHEHHs PEe3V/ALTATOB I3Me-
peHuit cnocolbl, OCHOBAHHbLIE HA H3MepeHHH 00BLEeMOB JPEHHPOBAH-
Hoit Boabl. Takue cnocoGul NpeinoKeHbl HEeKOTOPbIMH HCC/€10Ba-
reasamu, B vactHoetn H. &, ®exunpiv [176] n H. 5. Spuesnin [199].
[TepBblit H3 Ha3BaHHLIX ABTOPOB MpPeEIAraeT NPOBOJAUTH Olpeee-
HHe HCKOMOro Kosdg@puuHeHtTa BOJOOTAAYH MO AaHHbIM 00 OTKauke,
CONMpPOBOX1aeMoil 06pa3oBanHeM JACNPecCHOHHOH BOPOHKH.

YuuteiBas, uto OOHIHIA JeOHT CKBAXKHHBI CKJAAaJbIBACTCS M3
ofbeMa BOIAbI H3 OCYIIAEMON 30HBI FPYHTAa W H3 o6bema BOAbI, 10-
CTynamouei co CTOPOHBI TPAHMIL THTAHHA H3YUaeMmMoro y4acTtka,
rHaAporpad ONLITHON OTKAYKH MOKHO Pa3/le/IHTh COOTBCTCTBEHHO Ha
ase cocrapasomne Q, u Q.. las onpexeaenus cocrasBasioulen
pacxoia, oOyCJIOBJACHHON NOCTYNJIGHHEM OT rpaHHll MHTAaHHA, Heob-
XOAMMO ClepBa VCTAHOBHTb COOTBETCTBYIOULYI0 3aBHCHMOCTH OT
MOHHXKEHHA S. DTa 3aBHCHMOCTH ONPENEaAeTCH 3KCNEPHMEHTA1bHO
Mo AAHHBIM OTKaueK MpH 3ajl1aHHOM S B YCJOBHAX YCTaHOBHBLIE-
rocsl pexxuMa HJH NYTEM pacuera MPH H3BECTHOM 3HAUCHHH KO3(-
¢uuuenta puabTpamnn no ypasuenuio Tiomou (puc. 6-2,a). IToap-
3ysich MOJYYEHHOH KpuBoit S=f(f), NOCTPOEHHON MO JAHHbIM ONbITA
(puc. 6-2,6), Moxkuo Haiitn uckomyio dynkunio Q=f(S). Toraa
ocraercsi Toabko [(S)=F,(f) HanectH Ha rpapHk, Kak 3T0 cie-
naHo Ha puc. 6-2,6, n no paznocTH Q — Q, onpenesuTh Q,. Oxon-
YaTeabHO JI51 OLEHKH BeJHUHHB m’ clAeayer YCTaHOBHTh 0ObheM
BOPOHKH JenpeccHH W oOumit o6bemM BOJB, BBIKAYAHHOWN W3 3TOM
poponkH. O6bem BhikauanHoit Boan Vg onpexensiercss no 3awtpu-
XOBaHHON nJjomain Ha puc. 6-2,8, a 06BEM BOPOHKH 1enpeccuy
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Viz—no ypasHenuio Jlionion HJAM N0 NOKAa3aHHAM TNbe30METpPOB.
Orcioaa

m =Y (6-8)

Jlast npoBepKH MOJYYEHHBLIX AAHHLIX MOTYT ObiThb HCNOJAb30BAHbLI
pesy.bTathl HaOJI0eHHit 3a BoccTaHosjeHneM yposHs. [lpu 3tom
CTPOHTCA THAPOrpad BOCCTAHOBJCHHA H BBIUHTACTCA M3 OpAMHar
KPHBOI QQ—F;_)(t) J(S). Jdas noayuenuss HOAJHHHBIX 3HAYCHHI
kosppuuenta m’ AINTEABHOCTL ONBLITOB A0JKHA ObITh HE MeHec

)4 0@
a)
4 Se ¢
¢
2 ¢
6) Puc. 6-2. Tunosne rpaduxy iaas onpeneie-
$ AMA KoM E@PNIenTa BOAOOTAAYM MO CHO-
§ on coby H. &, deauna: a - 3aBHCHMOCTH

MEXAY MOHIXKeHHeM YpoBHS S¢ M CTalHo-
HapHOIl cocTasasiioluen pacxona Qi noay-
qelItHaf no pesyabtartam HalGaoaenudt B ne-
pHOA  ycTtanosusineiics $uanrpaunu; 6 —
3ABMCHMOCTHL  MOMHXKenus yposusa S, or
BPEMCHH B VCIOBHAX HeveTanoBusmencs
;‘_ buasTpanuu; 6 —-cxema K pacuery Q.

HECKOJABKHX CYTOK, TaK KakK B IMPOTHBHOM CJvya¢ BCIHYHHA m’

MOXKeT ObITh CHJAbHO 3aHUXKCHA.

Cnocod pacuera H. A. flpuesa, onpoGopauublii UM 1Jasi onpe-
AeqeHns Ko(Q@uuHeHTa BOAOOTAAYH KPHBOPOIKCKHX AOJOMHTOB,
NPUMEHHM B TEX CAy4asX, KOrjla HCHBITYCMbIH YYacTOK ABJAAETCSH
HECK0/bKO O00COOGJEHHLIM OT MOTOKa B OCTAJbLHON 4acTH MJjacTa.
Jdas onpenenedus kospdhHUHEHTA BOLOOTLAYH BO BpeMs ONbiTa
NPOBOAMTCSI TPYMNOBasg OTKAuKa Ha HCILITYeMOM Y4YacTKe Tak,
4TOOB! MMOHHIKEHHE 3epKaJjia rPYHTOBbLIX BOJ MO BCEeMY VUACTKY MpPO-
Hexoanao Obl oaHoBpemenHo. CocraBasiercss ypaBHeHue GaJjanca:

Q=0Q:+ Q,, (6-9)
rae Q) — cocTaBasiomas pacxoaa 3a CYET OCYWICHHs ydyacTKa He-
caesoBanns; Qp — COCTaBARMIOLLAs PAcXOfa 3a CUCT NHTAHHS H3BHE
Y4aCTKa HCCJIC10BAHHS.

ﬂpu H3BCCTHOM XapakTepe H3MCHEHHST IJIOWAaJH TFOPH30HTA/b-
HOr'o CeyeHHs y4yacTKa HCCAeA0BAHHA 10 BBLICOTE IJacTa o (Z) JLns
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3a/1aHHOTO 3aKOHA M3MEHEHHs YPOBHA BO/Ibl B Npeaenax 3Toro yua-
ctka H=[(f) MOXHO HafiTH 3aKOH H3MEHEeHHs Beanuunul Q.
B npocreiiiem cayuae, npu (z) =const aas H=f({) — auncinoi
dyHKunn Bpemenu, Q; OyaeT NOCTOANHO # MOXKET 6biTh npeacran-
JICHO 3aBUCHMOCTBIO:

Q; =y 2=y (6-10)

rane H, u Hy— OoTMeTKH YPOBHSI BOALI HA YYacTKe HCCAE10BaHHsA
B MOMCHTHI BpemeHH {; u [,

Bropasi cocramasiiomas pacxojla ONpeacaserca 1o J1aHHbIM
O BOCCTAHOBJICHHH YPOBHSl Ha Y4YacTKE HCCJACAOBAHHA B MNPELNOJo-
KEHHH, 4TO KO>DPHUHEHT HEZO0CTATKA HACHILeHHs YHCJICHHO paBeH
KOSpOHUHEHTY BOAOOTAAYH H HYTO Pacxol B MEPHON 3ANOJHEHHA
OCYLIEHHOTO Y4acTKa MPAKTHYECKH HE OTJIHYACTCH OT COCTaBAfAl-
wein Q; B nmepuon oTkauku. Torpa, npH Tex Xe ycaoBHAX B OTHO-
WeHWH 3aBHCHMocTell w=[(2) u H=[({), nckomasa cocrasasiomas
pacxoaa Oyaer

Qg;" ’n'o)(H.—H!’ ’ (6-11)

I

r#e Hy w H4H— ypOBHH B MOMEHTHl Bpemenu f3 u fy. Ilpeacrasus

—H —H

l—‘—l—’ H —;i—l—’- KaK CKOPOCTH MOABEMa W ONyCKaHHs YPOBHS
 Commgl s | e 3

Uy M Vg, NOJYYHM AR KO3PPHIHEHTA BOAOOTAAUH BbiparkKeHHe:

m = — L (- (6-12)

@ (U | Uy)

[TocKOABKY AOMYyCTHMOCTb MPEANONOKEHHH, CAeJaHHbLIX npH
BbiBofe ypaBHenus (6-12), sBasieTcss CNOPHOH, TO OUEBHIHO, HTO
H3JIOKEHHBIH cmoco6 MOMHO PEKOMEH10BaTb TOJAbKO 8 PEKOrHoc-
UHPOBOYHON OUEHKH BECJAHYHHB KO3(DpHUHEHTA BOAOOTAAYH.

He ocranasausasice Gojee Ha 3TOM BONPOCE, OTMETHM TOJILKO,
YTO YACTHLIM CJy4YaeMm pPaCcCMOTPEHHBLIX CnocoboB onpeaeieHus
OPHMEHTHPOBOYHOrO 3HaueHHs Kod(@uiHeHTa BOLOOTAAUH HA OCHO-
Be ypaBHCHMs OajaHca SBJAAETCA TaKxke Cnocod, pa3paboraHubi
O. b. Ckupreao [160].

Jasi  onpenmeaenns Ko3(ppHuHEHTa HEJOCTATKA HACHIUIEHHS
B HATYPHBIX YCJOBHSX MOTYT HCNOJAb30BAaTHCs NPHBEACHHbIC BLILIC
cnocobbl pacyera ¢ MOMOILUBIO ypaBHeHHil HEYCTAHOBHBLICTOCHA JBK-
JKEeHHA, a TAKXKe crnocoObl, npeHasHayeHnbie 1/ onpeieaeins Kosp-
¢dHUHenTa BOJOOTIAUH MPH YCJAOBHH, YTO BO BpeMs ONLITA MPOHC-
XOAHT He JPEHHpOBaHHE, a HachllleHHWe TPyHTa. UTO XKe Kacaercs
ONBITOB 10 BOJOHACHIEHHIO, OCHOBAHHBIX HAa HAJHBAX M HarHera-
HHAX BOJABLI B CYXOH TPVYHT, KOTOpble 4AcCTO TPAKTYIOTCH Kak cno-
cobbl onpefeaeHuss Ko3ppHUHEHTa HEAOCTATKA HACHIUIeHHA, TO
APOTHB NPHMEHEHHA WX AN OLUEHKH BEAHUHHLI m’ HMEIOTCHA HeKo-
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TOpLIC Bo3pazkenus, B camom aeae, Kak nokasniBaloT 1adopaTopHble
HCCJE0BAHHS, MOJNOTA HACLILICHNA TPYVHTA, a CJACI0BATEIBHO, H Be-
JHUHHA KO3(PHIHENTA HCA0CTATKA HACHIIEHHS 3aBHCHT OT Hanpas-
JEeHHSI IOTOKA NpH 3aMaunsanuy. 3navenus m’ npu HHPHALTPAIUY
OKa3biBAIOTCS TOPA3A0 HHKE, uUeM NP noxbeMe yposhs. MoxHo
NPCANOJOMKHTD, UTO B HATYPHBLIX YCJAOBHSIX 3Ta pasHuina Oyaer me-
gee 3aMcTHOH, OHAaKO BO3MOXHOCTL PACNPOCTPAHCHHS 3HAUCHHIT
ko3 puunenta m’, noayuenHuix npu HHGHALTPALNMHK, HA cayuail
NO/IBEMA NOBEPXHOCTH NOTOKA TPeOyeT cneuuaabiibiX HCCIe10BaHHA.

§ 6-4. Obwmre npuHUMNBLI BbLIGOPA 3HAYEHWH KOIPPHLHEHTOB
BOAOOTAAYK B pacyerax

3navuennss Ko3QPHUHEHTOB BOJAOOTAAUH, MOJAYUCHHLIC IKCNCPH-
MCHTAJbHLIM IYTEM B Ja0OPATOPHH HJIH B HATYPE HA OTACIbHLIX
YUACTKAX H3y4d€MOro nJaacra, CTporo roBopsi, ClpaBeAaHBLI TOIbKO
aas o06LeMOB rpyHra, Mc-
CJC/IOBAHHBIX B  ONBITC.
Jisi MCIIOJIb30BaHHA TAKHX
3HavelHit TpH  pacuerax
NPUXOJAUTCH  SKCTPANoJu-
poBath HX Ha BeCb H3y-
yaembiit Macchun. [Tockodab-
Ky paccMOTpeHHble B ONbl-
TC VCIA0BHA  MOIYT OKa-
3aThCsl He THNMHUMHBIMH A5
3TOr0 MaccHBa, TO BO3-
MOMKHOCTh 3IKCTPANOJAIHH  Puc. 6-3. Cxemaruyeckoe naoGpamenne saus-

"aﬁneu"blx FHAYMCHHH KO- Hig peaveda MECTHGCTH HA BEAHMHHY HOETHE

A ¢unmenta soaovotaaun  (KosQpuuuenr Boao-
SQQHIUHENTOR BOLOOTIAUH OT/a4H KanmWIAAPHON KaiiMbl my’).

AOJMKHA TPOBCPATLCA My~ kk - qoRepxXHOCTh  KANHAAAPHOA Kafswm; M8
TeM ClciUHa/IbHOI'O ala- VPOBeHL FPYHTOBLIX BOJ.

JH3a.

[MponaaiocTpupyeM 3TO Ha KOHKpeTHbX npumepax. [lpexie
BCErO PAacCMOTPHM 3aBHCHMOCTDL PACUCTHBIX 3HAUEHH KO3(@uuuen-
TOB BOJIOOTAAYH OT M3MEHCHHH peabeda NOBCPXHOCTH OCYLIAeMOTo
naacra, Korja 1eofX0aHMO YUHTHIBATh YC/a0BHA OOPa3OBaHHA Ka-
MUAAPHOI KafiMbl no naowaan maccusa. Ecan HauaabHb ypoBelb
FPYHTOBBLIX BO/L HA ONLITHOM YYAaCTKC 10 OTHOIICHHIO K AHEBHOIl NO-
BEPXHOCTH CTOHT HHXKE, YeM Ha JPYrux yuacTKax, Kak, Hanpuvep,
Ha yuactke / pue. 6-3, To npH o0LIEH XapaKTePHCTHKE IIACTA Cae-
AYeT YUMTLIBATb, YTO MOJYUCHHOC 3naveHHe Kos(pdHuHCHTAa Kanua-
JAAPHON KaifiMbl B ONLITE MPEBLILACT OCPEJHCHHOE 3HAUEHWE 3TOro
Koapuimenta aas maccnBa B ucaom. M, maoGopot, npi Buibope
B KauecTne onuiTHOro yuactka // 3nauenne KodpduuUHEHTA Kanui-
JAsipHoi KaiMbl OyACT MCHBIUE CPEJIHEro 3Ha4YCHHI.

B rex cayuasx, KOrja OnNbiTbl MO ONPCACACHHIO KO3I(DPHUHEHTA
BOJ0OTAA4H MPOBOJATCH MO BCEH MJOWAAH HCMBITYEMOro Maccusa,
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TO NPH MCINOAb30BAHHH NOJYYEHHBIX 3HAUEHHIT HCKOMBIX KO3(du-
UHEHTOB NPHMEHHTCJAbHO K ONICHKE YCJAOBHIl JIPEHHPOBAHHSI TOro
AKC MACCHBA CJAEAYeT YYHTHIBATH BO3MOXKHOCTb H3MEHEHHH BO Bpe-
MEHH 3HAuYCHHil Ko3pPHUHEHTa BOAOOTAAUH (HAN HEAOCTATKA HAChI-
UIEHHA) 3a CUCT YNJIOTHEHHS HJH PA3PBLIXJCHHA IPYHTA, H3MEHEHHA
KOJHUYCCTBA 3alleMJeHHoro Bosayxa [217] ' u 1. A

[Ipu onpejpeneHnn BeJIHYHHBI NOBCPXHOCTHOTO KO3 dHIHEHTA
BOAOOTAAYH HEOOXO0AMMO TaKKe [PHHHMaTb BO BHHMAHHE 3aBHCH-
MOCTb 3TOI'o Kosapduuuenta or pexuma apenuposanus. Caosom,
Aaxe B Takom Hauboaee 0JaronpHATHOM Cayuae, Koria onpejene-

a) i 6) | 6)

T

w & e

m m

Pite. 6-4. Cxema &k pacyery kospduuuenta BOA0OTAAUN CIOUCTHN FPYHTOB:

@ — NOBEPXHOCTL AENPeccHn B pepxHeMm caabonpoxnuaemom caoe; 6 — nopepx-

HOCTH JENPeccHH B8 CHABHO NPOHHIAEMOM CJA0C; 6 — MOBEPXHOCTL ACNPeccHit
B HHXKHEM cJoe,

/ WOPK OCTATOYHOIO BAATOCOACPKANNS,

HHe Ko3ppHuUHEHTa BOAOOTIAUH MNPOBOAMTCH MO AaHHBIM HabaIO-
ACHHIT HA BCeH H3yuaeMmMoil NJoUaaH, NoJyuyeHHble 3HaAYEHHsT HCKO-
MBIX KOI(D(PHUHEHTOB CJACAYET CHCTEMATHYECKH NMPOBEPATL, HOO OHH,
Kak H Japyrue (GuiabTpauHOHHBIE XaPAaKTCPHCTHKH TPYVHTA, HMEIOT
TCHACHUHIO H3MEHSIThCA C TEUCHHEM BPEMEHH.

PacemoTpuyM  Teneph BJAHAHHE Ha BeAHUHHY KO3 hHUHEHTOB
BOJAOOTAAUH HECOAHOPOAHOCTH CTPOCHHSA MJAACTa NO BEPTHKAAH. Yuer
oco0eHHOCTEH CTPOEHHA MJacTa N0 BEPTHKAJH OCOOEHHO BaXeH
B TeX caydasiX, KOrla oueHka BEeJHUHHBI HCKOMbBIX KO3(P(DHUHEHTOB
A1 BCeit TOJIIH MaccuBa MPOH3BOAHTCA M0 pe3yabraTtaM HCNbITa-
HUI TIPH OTHOCHTEJbHO HEDOAbIIHX KOJeOaHHAX YPOBHSI TPYHTOBBIX
Boa. Jlas npumepa o6paTHMCA K CAy4alo CAOHCTOro nJjacra, uiobpa-
AKEHHOTO CXCMATHUYECKH Ha puc. 6-4,

! B paGore [217] 8 aaGopatopHH NpoBeps.Iach 3aBHCHMOCThL m’ OT ycaosuil
NOArOTOBKH TpyHTa K onwty. B pe3yabrarte 3nauenust m’ oranyasuce na no-
PAAOK.
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[TycTs nepea Hava oM onbiTa HCCAEAVEMbIH IJ1ACT MOJHOCTHIO
gatonsied. Toraa no Mepe onyckKaHusi NOBEPXHOCTH TPVHTOBOro no-
TOKa MNPOHCXOAHT 00pa3oBaHHe KanwiaspHoi kafmbl. Jlonyctuwm,
4TO BO BPEMS ONbLITA NPOUECC APEHHPOBAHHA CYHTACTCS 3aKOHYECH-
HbIM, KOIrjla NOBEPXHOCTL [MOTOKA 3aHUMaeTr nofaoxeuue J[—/
(puc. 6-4,a). OYeBHAHO, HTO MOJYVUEHHBIE 110 JAHHBLIM ONBITA 3HauC-
HHS NIOBEPXHOCTHOrO Ko3(pdgiunenra sogooraaun H Kodadduiuuenra
KanW1AsipHOR KanMbl CYLIECTBEHHO 3aBHCAT OT IJIYOHHBI NOHHKE-
HHA NOBEPXHOCTH MOTOKA M HE MOrYT XapaKTepH30BaTh pacno.no-
KEHHVIO HHXKe Toawy rpynta. [lyeth Tenepe BO Bpems onbita Oyaer
JAOCTHIHYTO GoJsee ray0okoe nonuxenue nosepxuoctu //—II noro-
Ka, Tak 4ToObl 00J4CTL JAPEHHPOBAHHA 3aXBaTHJA BTOPOHt CA0I
naacra (puc. 6-4,6). Ecan npu 3TOM BOAONPOHHLAEMOCTH BEPXHEro
CJ1051 OKa3blBAeTCsA MCHbLIIE BOJAONPOHHUACMOCTH HHXKHEro ¢Jof, Kak
3TO NOKa3aHO YCJOBHO HA puc. 6-4, TO B BepXHeM cjaoe obpasyercs
TaK Ha3biBaemasi MojBelleHHas Kanuaaspuas Kaiima [111], seicora
KOTOpOit B oflIeM Cayuae 3aBHCHT OT COOTHOMEHHA MEeX1y Koad-
buunentany  puabTpaunn KoHTakTHpviownx caoes. [lo sniope
OCTATOMHOTO BJAroCoAeprKaHHfA, npHBeleHHON na puc. 6-4, suano,
KaK CHJBHO 3TO OOCTOSITEILCTBO MOMKET CKa3aTbCA Ha BEJAHUHHC
Kosppuunenta sojpooraaun. JLas HCKAOUEHHST BAHAHHS abCcoaIOT-
HOH BCJHMHHBI NOPHCTOCTH, ¢ UEAbI0 S0abluel HarIsIAHOCTH, Ha
MIOPE MNPEACTAB/ACHM 3HAYCHHA BJAroCoACPKaHHA, OTHCCCHHDLIC
K nopucrocti. Hakoneu, n3 puc. 6-4,8 siCHO, 4TO NPH TOHHKEHHN
MOBEPXHOCTH NOTOKa A0 noaoxeuusi [//—II] MOKHO NOAVYHTL HO-
Bo€ 3Hauenue kKo3pPpuuHEeHTa BOIOOTIAYH, OTJIHUYHOC OT Onpeie-
JEHHbIX B ABYX NPEAbIAVIUHX ONbITaX.

M3 paccMoTpeHHOro cavuas BHAHO, UTO HaAJHYHE B TPYHTE IO-
PH3OHTAJbHBIX NPOCJAOEB daKe HeDO/IblIOoi MOUHOCTH, TMPHCYTCTBHC
KOTOPBIX MAJ0 CKasbBaeTcs Ha seanunHe kospduumnenra dpuavrpa-
UHH, MOKET KOPEHHLIM O00paszoM H3MEHHTLb pPaCUeTHLIE 3HAUeHHSs
Ko3pduumnenTa BoA00TAAUH.

B cayuasix BOJONOHHKEHHSI B CJOHCTHLIX TJIacTax, CTpoenHe
KOTOPLIX B OOLIMX 4epTax 3apanee H3BECTHO, B MOPAJAKE PEeKOrHoc-
UHPOBOYHOH OIEHKH HCKOMBIX 3HaueHuit Ko3p@pHUNEHTa BOAOOTIAYUH
MOKHO PEKOMEH10BaTh caeavioulee. 3HAYCHHE TOBEPXHOCTHOrO
KO3 dHiHeHTa BOAOOTAAYN NPH TOHHAKCHHH CBOOOJAHON nOBEpX-
HOCTH TOTOKa B MNpeaeJax BbICOTHI KanW/IAPHOrO NOAHATHA AAA
Jaunoro rpymura hy, caeayer npuHumarts pasubiM nyaw. [lpu aaan-
HeHleM ONnyCKaHHH NOBEPXHOCTH MOTOKA B VCJAOBHAX [JaBHO H3aMe-
HSIIOWCTrOCS JABHKCHHS MOKHO CuHTaTh M’ paBHbIM KOIQDHUHEHTY
BojooTaauu rpyvuTta (§ 6-3).

B cayuae apeuupoBaHusi CAOHCTOr0 HECKAJAbHOIO NJ1acra BAHA-
HHE HHJKHCTO CJOS Ha BEJIHUHHY NOBCPXHOCTHOrO Ko3gouuuenta
BOMOOT1a4H MOMKCT OUIYHIATHLCSA TOJbKO MMPH ONYCKAHHH 30HLI 110.1-
HOrO HAaCHLILLCHHS KanuAJAPHON KaiimMpi B NepBOM (BepxHem) cJoc
(npu6ausnTeabHO BhicoTa 3T0i 30ubl 0,203 BLICOTHI MaKCHMa/b-
HOrO KanwiAsipHOro NOAHATHH Ay) HIDKE JHHHH pasjiena CJoCB.
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Jaaee pacuer BeJAHYHHBL m’ NMPOBOAHTCA B 3aBHCHMOCTH OT COOT-
HOWEHHA KO3(PPHUHEHTOB (DHABTPAUHH APEHUPYEMBIX Ca0eB (uMe-
I0TCAA B BHAY KO3(DPHUHEHTLI DHALTPALHH B BEPTHKAJAbHOM Hanpas-
Jaenun) . Hdas cayuas 2, >k, NpH ONyCKaHWH MOBEPXHOCTH jenpec-
CHH OT JIHHHK pasjena Ha raybuny or (0,2—0,3) Ay 10 Ay (BBiCOTA
KanHJJISIPHOrO MNOAHSITHA BO BTOPOM cCJ0€) npHHHMmaercs m'=(),
a 3ateMm m’ onpejensieTcst M3 YCJIOBHI JAPCHHPOBAHHS BTOPOro CJOS.
Hdas cayuyast Ry<k, npu onpeaeneHuH m’ caeayer NMPHHHUMATb BO
BHHMaHHC BO3MOXHOCTb CO3/1aHHSA TMOJBEIIEHHON KanWajaspHOit
Kaimbpl, [lostomy pacuer BeJMHUHMHBI HCKOMOro Kospduiunenra,
MCX0As H3 OCODEHHOCTEH BOAOOTAAIOWIEH CMOCOOHOCTH HHIKHEro
njacra, cJeAyeT NPOBOAHTH TOJBKO NMOCJAC ONYCKAaHHS NMOBEPXHOCTH
PACYETHOrO NOTOKA HA BEJAHYHHY My HHXKE JHHHH pa3sjieja CJ0eB.

HeckonbKo HHaye 0GCTOMT A€J0 C OnpeaeaeHHeM Ko3(pgHIHeHTa
BOAOOTAAYH KanuAJsApHOH Kaiimbt my’. B Tex cayyasx, Korga pac-
NpeiesieHHe BJAAroCOAEpPHKAHHA B NPEAeNax KaNHJAJASIPHON KaiMbF
MPOUCXOAUT no napaboJie, NOJb3YACh 3aBHCHMOCTbIO, NPEAJIONKEH-
noit C. ®. ApepbsiHOBEIM (2], MOXKHO TEOPETHYCCKH MOJYUHTH

m, = w, {1 - l/l———ﬂ-y—:[l— (-‘53)’]} : (6-13)

rie y — OpAHHATA CJ0S1 € BJAAMHOCTBIO w,. [IpH HEH3BECTHOM 3aKOHE
M3MEHEHHS] BJAXKHOCTH H MPH APCHHPOBAHWM TJacTa B Npeaenax
BEPXHEro CJ0Sl BEJHUHHY M, MOXHO OPHEHTHPOBOYHO OLIEHHTb Bbi-
paKeHHeM

h (h.; fixe) (6-14)
rae A — Ka)Xylasacs MOIUHOCTb APEeHHPOBAHHOrO CJIOS, paBHas pas-
HOCTH OTMETOK HaYajJbHOro H KOHEYHOTO MOJOMEHHH MOBEPXHOCTH
NOTOKA; Myo— BHICOTA KANHAJAAPHON KaiMbl NMepea HauaJoM OnbiTa,
B 3aTOnneHHOM COCTOAHMH figo=0, a B HCXOLHOM NOJOKEHHH C NOJ-
HOCTBIO PA3BHTOH KanUAJSIPHON KalMOil fiye=Ay.

[Ipn ApeHHPOBAHHWH MHOTOCJOHHOrO NJacTa pesydbTHpPyOLIee
3HauyenHe Ko3pGHuUHEHTA BONOOTAAaYH KANMHIJIAPHOH KaliMbl ompeje-
asercs no ¢opmyJae:

mx=m0

. _ Moy (01— Ry, my) + Mogay (Bg— Py pg) + - + Moy (0n— Py ) . (6-15)

K n

m

rac HHAEKCH 1, 2,..., n onpeaensior HOMep paccCMaTpPHBAEMOTo
CJ105 CBEPXY BHH3; b — MOLIHOCTb CJIOSI; My y — BHICOTH MOABCHICH-
HOH Kanu/JsipHOH Ka#MBbl, KOTOPBIE MOXHO ONpenesHts H3 ¢op-
MyJbl:!

h .=h, —h

K.né Ki Kitl®

(6-16)

! TIpunuMaeTcst BO BHHMAHHME TOJALKO MOJOMKHTCALHOE 3HAYEHHC Ayny.
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AHaNOrHYHLIC PaCcCyKACHHA MOAKHO MNPOBECTH H MPH OUCHKC
BEJAHUHHBI KO3(DPHUHECHTA HEOCTATKA HACLIWEHHS ¢ TOH pasHHUeH,
yTo BBHAY fiBJeHHs ructepesuca [111] cooTeercTByIOUIHE 3HAYCHHUSA
KanUAJASAPHOrO NOAHATHS NPH NOABLEME NOBEPXHOCTH MNOTOKA 10.-
AHbI ObITb MEHbILE, HYCM B YCJIOBHAX ApeHupoBanns. Kpome toro,
npH pacuere OPHEHTHPOBOUHLIX 3HAYEHHA HCKOMBIX KO3(duumen-
TOB HEAOCTATKA HACLIULEHHA B CJAOHCTHIX PPYHTAX BJHSIHHE Bbille-
JEXKAUIEro CJa0st CACAYeT YYUTHIBATH TOJABKO B TEX cayuasx, Korjaa
ceo0oAHasA IOBEPXHOCTL MOTOKA HAXOAMTCHA HIKE JHHHH pasiena
CJI0€B HA BEJAHYHHY A, MEHBWYIO BEJAHYHHL KaNWAAAPHOro Noi-

HATHA jAaHHoro cJog. [lpu aHaanse I1aHHBIX ONBLITA MO HACHLIUCHHIO
a0COMIOTHO CVXOro rpYHTa BJHAHHE CJAOMCTOCTH HA BeJHUHHE KO3(-
$HIUHEHTAa HEAOCTATKA HACHULeHHA BOOOUIE He OY1eT CKa3biBaThCA,
XOTSl HHTEHCHBHOCTb PA3BHTHS MPOLECCA MOMKET CHJIbHO MCHATBLCS
B 3aBHCHMOCTH OT COOTHOIICHHA MEKAY KanwiisipHbIMH MOTCHUHA-
Jamu ! HacbhiLlaeMblX CJIOCH.

§ 6-5. Onpepenenne (PHUNLTPAUMOHHLIX Napamerpos nnacros
No PeXMMHbIM HabnoaeHnam

Ecan no 1aHHBIM HATYPHBLIX HAO.1I01€HHA 32 YPOBHAMH IPYHTO-
BbIX BOJ TpedVvercs OonpeleauTb HEKoropbie obuine GpUALTPAUHOH-
HbI¢ XaPAKTEPHCTHKH BOJOHOCHOrO N:1aCTa, a HMEHHO: KO3 huunenT
buabTpauK, BOLOOTAAMH HIH HEJOCTATKA HACLILLCHHS H HHTEHCHB-
HOCTb HH(pHALTPALHH, TO MOAHO BOCNONb30BATLCA AHPepeHUHaNb-
HbiM ypasuennem ¢uabrpaunn (2-30). [locaeanee npeacrasiasiercs
B KOHEYHBIX Pa3HOCTAX MNPHMEHHTEJIbHO K CETKe, BblUEPUYCHHON
Ha naaxe Tepputopud. Takoit crnocod paspabaThiBajcs W TpH-
menstacs MHorumu uccaelosateasimp B CCCP n 3a rpanuuei
[34, 71, 182, 232 1 ap.].

CyulecTByeT 3HAYHTEIbHOE KOJAHYECTBO PACYCTHBIX YpPaBHeHHH
B pasanuHoi MOAH(HKAUHM AaA pasHbIX CaV4YaeB ABHKEHHA rpyiH-
TOBbIX BOJL.

Paccmorpun HauGosce oOwuit  cay4wal  BOJAOHOCHOrO mnJaacra,
NOJACTHIAEMOr0 KPHBOJHHENHLIM BOAOYNOPOM, [IPHYEM NOJAOKHM,
MTO M12CT MMEET CJOHCTOe CJOXKEHHE M UTO B 3TOM MJACTe Npo-
MCXOANT  HeycTaHosuswasics  Guabtpauus. [Ipuaumas  ycaosue
Jionon, GyaeMm cuHTaTh, YTO MNOBEPXHOCTH pPABHBLIX H2IMOPOB B IO-
TOKE NpeiacTaBaAfior OO0 UHMAHHIAPHYECKHC NMOBEPXHOCTH C BEPTH-
KaJbHbiMH 00Pa3y oMK,

Kak 6m10 ykazauwo B § 2-7, anddepenunaibHoe ypaBHeHue He-
ycTaHOBHBIIEHCA (DUILTPAUMM B TakoMm caydae OylerT HMeTb BHI:

d oh 9 | oh - , OH 3
E(Hk:);)+6_y(ﬂk35;)+'-—," T (6-17)

P Kanmuaaspusid HOTCHILHAAOM NPHHATO NA3LIBATL Py/y, FAe Py — Kanuaanp-
Hoe aasaenwue [111].
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[lpn cocraBaenun KapT nporHosa pacnpocTpaHeHHs noanopa
IPYHTOBLIX BOJ BO BPeMfA HANOJHCHHS BOJOXPaHWJIHILA, a TaKxKe
NPpH NPOXOKAEHHH NAaBOJAKOB HEOOXOAMMO 3HATb H3MCHCHHE MO
IVIOLAAH BCAHYHIDI BOAONPOBOAHMOCTH M. D1a Beanunna B obuiem
cayyae moxketr ObiTh onpejeaeHa no Gopmyaam (2-13) u (2-14).
Onnako aas 3TOH weaAH HEOOGXOAHMO 3HATh KOIPDHUHCHTHI PHALT-
PauUMH M MOLIHOCTH IIACTOB HJAM Ke B CJAyHac HenpepbLBHOrO H3Me-
HeHust Ko3(ppuuuentTa QUABTPALMH NO BEPTHKAJIH €ro 3Ha4YeHHs Ha
pPa3HbIX OTMEeTKaX.

Mexay TeM npu cocTaBIeHHH KapT FHAPOH3OTHNC BOBCE HE 06f-
3aTCJILHO pacnoJarath 3HAYCHHAMM Kodpduuuenta QrabTpauiu
B Ka’KJ10M CJ10€ H MOAHO 10BO/b-
CTBOBATLCA CBCJACHHAMH TOJOBKO
O  BOAONPOBOAMMOCTH MJacTa
[9], He 3aTparuBas ero CTpyK-
TYpHbI.

Han onpepencuus Koaphu-
UHCHTA BOJONPOBOAUMOCTH Oe3-
HANOPHOrO MJAacTa MO AAHHLIM
HaTYpHEIX HaGawacHuit HeobXo-
AHMO HMeTb Ha HCCJAeayeMoi
TeppuTOpHK paa HabaojaaTeNb-
HLIX TOUCK, B KOTOPLIX CHCTEMa-
THUYCCKH TMPOH3IBOJSTCH 3aMephl
ypoBHeil rpyHTOBLIX BOA. Pacno-
JIOJKEHHe 3ITHX TOUCK B MaaHe
AONKHO ObITH TakuM, 4ToObI MO
MOKA3aHHAM Nbe30MeTpoB ObLlO
Puc. 6-5. Cxema kycta nnesoMmerpuue- BO3MOXXHO  NOCTPOHUTL  KapTty
s c“::{:“‘é:ogﬁ'\"ggf;"z’}“;‘g:”"" BO*  ruapoM3OrHne sl pasiHuHbIN
g ,‘;__mn;ommnw: o — meso. MOMeHTOB Bpemedu. Mlas onpe-

METPHYECKHE CXBANKMNLL. ACJEeHHSA BOIAONPOBOIAHMOCTH B
OKPECTHOCTH OJHON TOYKH HeoO-
XOJAHMO HMETh NATh HAGJIOAATCAbLHBLIX CKBaXKHH (puc. 6-5).

[TpeacraBum ypashenue (6-17) B KOHEUHBIX Pa3sHoOCTAX, MPHYCM,
HMes B BHAY cnalboe uamenenne M, B npexesax njaoutajan, orpanu-
YeHHOH CTOPOHAMH KBajapaTa, Ha KOTOPBHIX pacnofoxensl Hab.ai0-
nareqbHble CKBaXKMHb, npumem H, noctosuuwim. Toraa smecto
(6-17) Gyner:

’:_: (hs + by + hy + by — 4hy) = m’ %’:" —e,  (6-18)

rae a —cropoua ksaapata; AH, — u3McHeHHe rayOuubl B TOuKe /
33 NpOMexXyToK Bpemenn Al; hy, ha, ..., hs — Hanopwl B cooTser-
CTBYIOLIHX HHACKCAM HAa0AI01aTeAbHBIX TOUKAX, CPCAHUC 32 NpoMe-
KYTOK Bpemenu Al
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Huorza npn HepaBHOMCPHOM H3MEHEHHH YDOBHeHl BOAbLI B Ha-
6aonaTeabHLIX CKBaKuHax AH /Al B (6-18) MOMKHO BBIUHCAATL HE
N0 H3MEHEHHIO riayOHHbl B LEHTPaANbHOH CKBaxuHe /. a no cpei-
HEeMY H3MEHEeHHIO ray6GHHLI MO MAOULa/H, 3 HMEHHO:

( A",‘) — é{”: i Alﬂs T- A[H‘ - A,H' "4A(Hl
At )y 8At

: (6-19)

Tak wan unaye, soluncass A H /AL, MoXxeM OnpeseanTb BOAONPO-
BOAHMOCTb niiacta B Touxke / u3 (6-18):
Hk ooy a’(m'&,”l—t.\f)

T (g <+ kg4 hy -+ hy— Ahy) AL (630

Haanune mHOHAbTPAIMH, BeJHYHHY KOTOPOH TPYAHO Y4eCTb
¢ HaaJexalleii TOYHOCTbIO, MOXET 3HAYHTECJAbHO CHH3HTb TOYHOCTb
onpeneaenun fy, a noromy 3TO onpeeseHHe XKeaaTeabHO NPOH3BO-
JUTh JJA TAKHX MMEepHOJIOB BpeMeHH, Koraa e=const uau xe e=0.

Pacuerbl, npoBeleHHbIE HAMH A KOHKPETHOro H JIOCTATOUHO
CJIOKHOTO B OTHOLUCHHH TeoJIOrHH npumepa npasoro 6epera Kaxos-
CKOro ruapoysja, nokasaiu, 4TO B psile TOYEK YHCJICHHBbIC 3Haue-
Hua H), BHoJHe TOYHO COBMAAAIOT CO 3HAYCHHAMH, BHIYHCJCHHBIMH
no ¢opmyae (6-18) ans K03PPHUHCHTOB (PHABTPAUHH OTAEJABHBIX
naactoB, JIHWIbL B HEKOTOPHIX TOUYKAX MOJVYHJIHCH 3HAYHTEJIbHBIC
pacxoxjenns, Creayer oTMeTHTb, 4TO HHOraa He6GoJabluas norpei-
HOCTb MpH OMNpejeJeHHH HanopoB R; MOXET 1aTh 3HAUHTEbHYIO
norpeiHocTh npu onpeaeaenun M, Tak Kak B 3Hamenareae ¢op-
mMyan (6-20) wumeercss cymma uerbipex pasmocteir h;—h,, rae
i=2, 3, 4, 5, npuuem Beanuunsl h; U hy npu HeGOABUIOM VKIOHE
NOBEPXHOCTH Aenpeccuu GyayT OJH3KHMH.

3aMeTHM, UTO Ha OCHOBAHHH H3JIOXKCHHOrO cnocoba onpeacaeHns
BOJONPOBOAUMOCTH H3 ypaBHeHus (6-20) moXkKHO, BBIYHCAHB lIpea-
BapuTeabno [y, HANTH WHTEHCHBHOCTL HHOHALTPAUMH & 3a onpele-
JCHHBIH NPOMEAKYTOK BpeMEeHH Al

H3 ypasuenus (6-20)

; .\;1:. — By s ny o+ g+ hy—dhy). (6-21)
p

s=m

B nocaeanue roasl npeinpuHHMAaeTcsi NONBITKA JaJbHeiuero
Pa3BUTHSI METOAMKH YHMCJIEHHOrO aHajJH3a pesyabTatos Hal.ojae-
HUit 32 pexuMOM (HALTPAUHOHHOIO NOTOKA, Tak, nanpumep, B [168]
npeaaaraercs HHTerpaJibHoe npeobpa3oBaHHe VpaBHEHHH HeycTa-
HOBHBUICHCA (DHABTPAUMH C MOMOIIBIO HEKOTOPHIX MOAYVJIHPYIOUIHX
¢ynkumit. B pesyabrate 3TH YpaBHeHHs MOryT OblTh pellieHbl OTHO-
CHTEJbHO HMCKOMbBIX napamMerpor (HUIbLTPAUHOHHOTO MOTOKA ¢ No-
MOILBIO YHHPHUHPOBAHHBIX AJTOPHTMOB, YTO MO3BOJACT ONPEALAATH
HCKOMBIE N1aPaMeTphl 10 1aHHBIM 00 H3MEHEHHH YPOBHSI IPYHTOBBIX
BoA. Pa3pa0doTKa Takoil METOAMKH B J1a.bHefllleM MO3BOJAHT LIH-
POKO NPHMEHATH B (GHIALTPAUHOHHLIX PACUETAX CHCTHBIC MaAUIHHBIL.
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[ToaoOHas 3amaua AA8 4YaCTHOTO CJayvas OAHOMEPHOro MOTOKa
C rOpH30HTaJAbHBIM BogoynopoMm yixke peweda H. A. Oruabsu [120],
MPHYEM NPH PCIUCHHH HCNOAb30BaH rpadUuecKHit MerTon.

§ 6-6. Ouenka BenuuMHbl KOI(PPHUHEHTOB
Nbe30- M YPOBHENPOBOJHOCTH MO MOKA3aHMAM OJWHOUHBIX

nee3omMerpos

B psane cayuaeB HabMIOACHHA 3a MOBEJEHHEM MOA3EMHBIX BOJ
NPOBOJAATCS C NMOMOULbIO HEGOJBIIOro KOJHYECTBA NbE30OMETpOB,
pacnpeaeyeHHbIX MPOH3BOJILHO MO MJOLLALH H3YYaeMOro MaccHsa.
B pesyabrate, BCACACTBHE CYLUECTBEHHONH HEOAHOPOAHOCTH HCC/e-
JYeMBIX TPYHTOB H HEJOCTaTOYHOCTH WHCJAAa HaOJI0AaTe/NbHBIX TO-
UeK, CO31al0TCH YCJOBHS, KOrjaa INPOBCACHHE BLIYHCJCHHI METOAOM
KOHEUHBIX PAa3HOCTEH IPAKTHYECKH OKAa3blBAGTCS HEBO3MOMHbIM,
[Ipu sTom 3auactyio 06/acTh, OXBAYEHHAasI Nbe30METPHUECKOH CEThIO,
MO CBOEH MPOTSIKEHHOCTH OblBAeT HEJNOCTAaTOYHA IJA TOro, 4ToObl
MPOCAEAHTb 3a pacnpoCTPaHeHHeM BOJHBI BO3MYLUIEHHsI, BbI3BANION
H3MEHEHHAMH TpaHUUHBIX ycaoBui. Toraa Aas XapakTepHCTHKH
GUABTPAUHOHHBIX CBOHCTB HCCJEAYEeMbIX MJIACTOB NPHXOAMTCS HC-
MOJAb30BaTh NNOKAa3aHHA OJHHOYHLIX NbE3OMETPOB B MEPHOJ Heycra-
HoBHuBuIeHCs (uabTpaund. MeToauKa TaKHX HCCIeN0BaHHil paspa-
darpiBasach B paboTax OTEYECTBEHHBIX H HMHOCTPAHHLIX aBTOPOB
[18, 114, 168 u 34].

Hdas onpeneaenns kKoappuuuenta yposrenposoanocta a 1. T.
®eppucom [34] Mcnosb30oBaHAa 3aBHCHMOCTb MEXKIY BpemMeHeMm 3a-
NasjablBaHUST H JUIHHON BOJHBLI CHHYCOHJIAJbHBIX KoJeOaHHil ypOB-
Hel BOJbl B Nbe3oMeTpax, ¢ OAHOH CTOPOHBI, W rpadukoM KoJseba-
HHUSI YPOBHeH BOABI B peKke, ¢ apyroi (meroa amnaurya). Bos-
MOXHOCTb HCMOJIB30BaHHSl moJayueHHon @eppHcoM pacueTHoM
3aBHCHMOCTH IPOBEPEHa Ha pe3y/abTaTax ONbITHbIX OTKAaYeK H Ja-
OOpaTOPHBIX HCCAENOBaHHI, IDTa 3aBHCHMOCTH MNPH pPa3MepHOCTH
BXOASILIHX B HEe BEJHUHH B MCTPAX H CYTKaX HMCCT BHI:

S, 12
- g
0.59( m )= St 6-22
\Hk‘o / * - ( )
X 1
rae —"Hi = .=+ lo~— MPOIOMKHTEIBHOCTD NOABEMA YPOBHS; X —
k

pacCcTOsIHHE MeXKAY PeKOH H Nbe30MeTpPOM;
S, — NPOAOMKHTENBHOCTh KOJCOAHHA YPOBHS MOM-
3eMHBIX BOJ;
So— amnanTyna KoneGaHHS YPOBHS BOJABI B peKe.
Onpenenene HCKOMOIl XapaKTePHUCTHKH IJIACTa MOXKET ObTh
NPOBEACHO TAKXKE M MO JAHHLIM O 3aNa3AbLIBAHHH MaKCHMyMa IO1b-

eMa YpPOBHSI noj3eMHbiX BOA. Pacuernas dopmysa wmeer BuA

H 0,08x2¢

@il D00 (6-23)
m 13
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rae fy— CpejHsas BeJHYHHA BPEMCHH 3a11a3/IbIBAHHA, T. €. PA3HOCTb
ODTCUETOB BpPEMEHH, COOTBETCTBYIOLUMX MAaKCHMaJbHbIM MNOJAbeMaM
YPOBHCH BOJAbLI B PCKC H CKBaJKHHE.

K HegocTraTkaM yKa3aHHOTO MCTOAA MOKHO OTHECTH HEKOTOPYIO
HEONPEACJEHHOCTh 3HAYCHHA BeIHUHH, BXOAAUIHX B PAcCueTHYIO 3a-
BucHMOcCTb. [lp pacucte He yuMTHIBacTCsi TaKkKe BJAHAHHE COOCT-
BEHHOH CMKOCTH [bC30METPA, MTO NPH HH3KHX 3HAYCHHAX KO3pdH-
UHenTa (QUIAbTPAUHN MOKET HMEThb CYL(ECTBEHHOE 3HAYEHHE.

Bonpocw anaausza wmarepuanos HaOJMIOJE€HHIE 3a OJHHOYHDBIMH
Ibe30MCTpaMH B YUJAOBHSAX THIAPOTEXHHUYECKHX COOPY KEHHI Hccie-
aosaancs Bo BHHHI. Cnenudpuka paboTsl TAaKHX Nbe30METPOB
00yC/JIOBACHA CAYYAHHLIME KoJcOaHHAMH Hanopa H3-3a Henpeny-
CMOTPEHHBIX 1oMeX (pPeMOHT
be30MEeTpPOB, Te4H, onpele- Hx
JieHHe JeOHTOB COCCAHMX lbe- == I
30MeTPOB, CYTOuYHble Kojeba-
HHA ypoBHeill ObedoB M T. A.). £
KpoMe Toro, mnpaktuxkyemas 7/
Ha COOPYMKEHHAX MNEePHOAHY- e TN
HOCTb H3MepeHHH  Hanopa
(oguH pa3s B jAekajly HIH I el B
OJIMH pa3 B Mmecsil)! 3aTpyi- — 4/
HAET OomnpefesieHHe aMIVIHTYX '
koneGanuss nanopa. Bee sto WL AW VIV VI VIVIKX|X |3 XK
HCKJI0UAeT BO3MOMKHOCTb HC-

MOJb30BANHA  3aBHCHMOCTCH, Puc. 6-6. Tunosste rpadpukn npuseaeHnoro
npHbecunux puiie, Tow N TEOWDISO0 M
MEHee JIerko noKasaTb, “4TO cpenl:m:aﬂ;ogﬁnnguobm: F— 1B CHABLNO MPOWH-
MOXKHO TIPOBECTH TIPHO/INNEl- A e P Bt Sreda:
HbIIl alanu3 pe3yabTaTOB Ha-

OaI0JIeHHIT, HAaKaIIHBAIOWHX-

Csl B INpPOIECCe CTPOHTEILCTBA M IKCNAYATAlUHH COOPYIKEHHH H
NpejCTaBiasIomuX GoablIoil npakTHUecKHit uurepec, I'lpu stom He-
TOYHHKOM HHudopMauun MOryT fABAATLCA MOKa3aHHS NbLEe30OMeTpoB
B MEepHOJ NaBOAKA, KOrjla H3MEpPeHHsA HAnopos OOBIYHO NMPOBOAATCA
yame (5—6 pas B mecsin).

[Tosicuum ckazanHoe Ha npuMmepe, PaccMOTpHM noKaszaHHsi Tpex
HANOPHBIX TMbE30METPOB % KOHTPOJIMPYIOUMX OCHOBaHHE OETOHHOH
maotunnl Kamckoit '9C (pue. 6-6). laa Goaburell HarAsaHoCTH Ha
TOM € PHCYHKC npeacTaslieHul rpapuku KojebGanus ypoBHSI BOIbI
B BepXHeM H HHxHem Obejax.

[1pr HeuaMcHHoOM (hopme rpyHTOBOro notoka B HeaehopmHpye-
MOJt MOPHCTON Ccpejle NMPHBEJAEHHLIN NbE30MCTPHUECKHA HANOp A0J-
JKeH ObITh BeJHUMHON nocrosiHHoi. Bmecre ¢ tem u3 puc. 6-6 suano.

! Caeayer OTMETHTb, HTO TCOPETHUCCKH NOAOGHAS NMEPHOAMYHOCTE JONYCTHMA
TOAbKO B YCAOBHSX NOJNOCTHLIO CTAGHAH3HPOBANNOTO peKUMa.
2 TlbezoMeTp HAMOPUBII, MOITOMY COGCTBEHHON EMKOCTbIO ero MOMXNo npe-

HeGpenn.
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4YTO € TEYeHHEM BPEMEHH NPHBEICHHLIH NbE30METPHYECKHH Hanop
MeHsieTCsi, OCOOEHHO B MepHOA MaBOI1Ka, KOrla OH Pe3Ko najaer,
H NajeHHe 3TO CTOJb CVILECTBEHHO, YTO €ro Hejab3fi OOBACHHUTD CAY-
YaWHbIMH NPHYHHAMM.

CBs3b Ha3BaHHbBIX KoOJeOaHHil Hanopa ¢ NaBOAKOM OYeBHANA
eule H NOTOMYy, YTO MOABEM MPHBEJEHHOrO Hanopa nbe3oMerpa oT-
HOCHTCH K TNMEPHOAY YMEHbIICHHS HHTEHCHBHOCTH nOAbeMa YpOBHSA
BepxHero Obeda.

HM3meHeHHe npHBEICHHOrO HaNnopa 1npH OTCYTCTBHH Pe3KHX H3Mme-
HEHHA BOJONPOHHUAEMOCTH TPVHTA XapaKTepH3yeT Yynpyrue CBo#i-
CTBa nJaacra.

O. H. HocoBoit 6bi;10 BBEACHO NMOHSITHE HHEPUHOHHOCTH Mbe30-
Merpa. MHepUHOHHOCTb Mbe3OMeTPOB ONpejienseTcs no OTHOWIEHHIO
PAa3HOCTH HAnopos: cTaOHIbHOrO Hamopa B 1aHHON TOYKe, T. €. Xa-
PAKTCPHOro A5 YCJIOBHH YCTaHOBHBIIEHCS (DHALTPAILHH, H BPEMCH-
HOro, T. €. 3aHKCHPOBAHHOrO B paccMaTPHBAEMblif MOMEHT Bpe-
MEHH, K Pa3HOCTH HAMOpOB nepeil NaBOAKOM H B KOHLE MNaBoj-
ka [168].

PacuerHas 3aBHCHMOCTb /8 ONPEIEJeHHS HCKOMBbIX Xapakre-
PHCTHK €lle He NoJyuuja MoJHoi anpoGauuH, MOITOMY NPHBOAHTH
ee 31eCh NpexJAeBpeMeHHO, TéeM He MeHee HMelolHecs Mnpejacrab’ie-
HHSI 00 MHEpUHH yxKe MOryrT OblTb HCHOJb30BAHbI JUISI KauyeCTBEH-
HOI'O aHaJH3a, IOCKOJIbKY YaCTO HMEET 3HauYeHHe He CTOJbKO KOJH-
4YeCTBEHHAsl OLEHKa, CKOJIbKO KayeCTBEeHHas, HanpasJjCHHas K onpe-
AeNeHHI0 oOwWHX 3aKOHOMepHOCTeH pasBuTHS. MOXHO cpaBHHBATh
AMIVTHTY/IBI OJIHOTO H TOTO € Nbe30MeTPa B pa3Hble rojibl KH3IHH
coopyxeHusi. Takxe MOryr ObiTb NMOABEPruyThl CPaBHEHHIO TOKa-
3aHHS1 NbBE3OMETPOB, YCTAHOBJIEHHBIX B PAa3HbLIX YacTAX COOpYyKe-
HudA. [lokasaHusi THNOBBIX NbE3OMETPOB HA Y4acCTKaxX OCHOBAHHA
¢ pasJiHYHON BOJONMPOHHIAEMOCTBIO NpHBeIeHbl Ha puc. 6-6.

§ 6-7. Onpepenenne KOdPPHUHEHTOB
Nbe30- ¥ YPOBHENPOBOAJHOCTH MO Pe3ynbrartam OTKAYEK

Kak orMmeuasnoch, ONBITHbIE OTKAuKH (HArHETaHHsA) OTHOCATCA
K BecbMa 3 peKTHBHBIM crnocobam onpeaeseHns QUAbTPAUHOHHBIX
CBOHCTB H3yuaeMblX myactoB. PeayabraThl HaOa101eHHH 33 PEXKHMOM
FPYHTOBOTO MOTOKA B NEPHOL HEYCTAHOBMBUICHCS (HABTPALHH NPH
OTKauKe ABJAIOTCA OJHHM H3 OCHOBHbIX HCTOYHHKOB HH(pOpPMaUHH
a5 onpenesenns Ko3pPHUHEHTOB Nbe30- HJIH YPOBHENPOBOAHOCTH.
[IperMyuiecTBa ONLITHBIX OTKa4eK nepeja pPeKHMHbIMH Habuwje-
HHAMM COCTOAT B BO3MOKHOCTH HEKOTOPOro PErv/iHpOBaHHS pexxuMa
OHALTPAUHH NYTEM CO31aHHS ONPeaeJeHHOr0 PeKHMa OTKaukKH.

[IpHHUKNHAABHO OTKAYKH, a TaKxe HarHeTaHHs MOryT ocyuie-
CTBJAATBLCS MPH JOOBIX MOPHBIX BbipabOTKAX, HanmpHMep TpaHLuesx,
OJMHOUHBIX CKBa)XHHAX, TOHHeasX, wypdax, Garapesax CKBaXKHH
u 1. A. Ho aas onpenenennss QHABTPAUHOHHBIX XapakTePHCTHK
NJacTa NpaKTHUECKoe NMPHMEeHeHHe HMeloT rIaBHbiM obpasom OT-
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KauyKH M3 OAMHOYHBIX CKBaXKMH H Oartapeit CKBaX{HH, H NOTOMY
HHXKE Mbl PACCMOTPHM MMEHHO 3TH cayyad. CBeaCHHSI O METOJAMKe
pacyeToB Mo JaHHLIM HalJ0ACHHI 3a pabOTON Pa3AHYHBIX TOPHLIX
BLIPAGOTOK MOXKHO HaliTH B cOOTBeTCTBYIOULEH anuTepatype (121, 167).

Hcnoabayemble Ha npakTHKe pacyeTHbie 3aBUCHMOCTH IMOJIYUEHBI
METOJOM CJAOKCHHA TeyeHHit. B cavuae 0AMHOUHON CKBAXKHHbLI IDH
HeycTaHOBHBUICHCS (PuabTpauun ypasHeHHe (2-39) MOXKHO 3anucaTth
B BHIE

__ D
S=——0 ), (6-24)

rae 7 — MOUHOCTD fnJaacra, eciad naacr OFpaHH'«ICHHOﬁ MOILHOCTH,
WM JJHHA 3aTONJICHHON 4acTH (bu.'lepa B CJdyuae naacra Heorpa-

- S
HHYeHHON MowHocTH (T=I[); B GesnanopHom notoke T=H,— =3

rae /o — ecrecrBenHas moutHocts notoka, a [=[—0,25(S,+3S;),
rae lo— AJHHA 3aTonjeHHoii vacTH ¢uabTpa npu Q=0; S, u S;—
MOHHKEHHE B MOMEHTH ) H f2; D (¢) — PuAbTPALHOHHOE CONPOTHB-
JEHHE CKBaXXMHbI NpPH HEYCTAHOBHBIIEMCSI pexume: u=r?/4at —
pacueTHbit napameTp, rae r-— pacCTOfHHE OT OCH HCHBITYeMO#
CKBAJKHHBI 10 TOYKH, B KOTODOIl Onpele’sietcess napaMerp 4.

Ypasuenne (6-24) orxocurenvho M (1) HeAb3s peINTh, TAK Kak
oObluHO Ko3ppuunent R weussecten. JIasi NOJAYYCHHA HEAOCTAIO-
WEro yCJAOBHA HCNOJB3VIOTCH Pe3VabTaThl HAOMIOJEHHI 34 CKBAXH-
HOM A4 JABYX Pas3jHuHBIX MOMeHTOB BpeMenH. Tak, npu Q=const
HMeeM JI1 HAMOPHOro NOTOKa

Sy Blu) (6-25)
Sg ‘b(“g)
H 145 6e3HanopHoro
S (Hy—0,58) _ ®(uy) (6-26)
Sp (Hy—058)  ®(up)
CootsercTBenno npu S=const nmeem
Q. e D (uy) (6-27)

Q; )’

3navenne M (u) Aad naacra OrpaHHYEHHON MOLLHOCTH onpeje-
asiercst Boipaxkenuem [32, 34]:

; l /i
®(u) = —Ei(—u)+ D, (u, = -;) ; (6-28)
raze @, (u, —T'—, —'I;— —qJ-yHKuu.n ciaoxuoro sHuaa. [lepswiit uien

B MpaBoi 4acTH BoipaxeHua (6-28) onpeaeaser ¢HaAbTpaUHOHHOE
COMPOTHBACHHC COBEPINCHHOH CKBaXXHHBI, a D, — COOTBETCTBEHHO
conpoTHBJeHne, o0YyCJOBAEHHOE  HECOBEPIUEHCTBOM  CKBA KHHBI
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(B cayyae COBEPIIEHHON CKBAaXKHHbI WJIH CKBAKHHbI B 1J1acre Heorpa-
HuueHHoHn mownoctH M, =0). [das onpeaejseHHs napamerpa u pas-
pa6GoTannl crnenHaJdbHble cnocobul, B OCHOBE KOTOPbLIX B OOwIEM cay-
yae JEXHT METOA nocjaefoBaTesabHbiXx npHOaHxeHui (cM. § 6-8).
[TpHu H3BECTHOM 3HAYEHHH U

1"
4 u,l,

rae u, — napamerp, HanaeHuwit u3 (6-25) wan (6-26) aas 3anas-
HbIX 3HAYeHHit ry U 1.

ITpu Maawix 3HaveHuax u Gyukuus @, BHIPOKAAETCHA B MMOCTOAH-
Hyio @p H MOXeT ObiTh OnpejesieHa Tak e, Kak (QUIbTpalHOHHOE
COMPOTHBJIEHHE HECOBEPLICHHON CKBa)KHHbLI B YCJAOBHAX YCTaHOBHB-
weics duabtpauun  (cm. Taba. 5-3). CoOTBETCTBEHHO (YHKIHS
Ei(—u), Ha3biBaeMas HHTErpaJibHLIM KCNOHEHUHAJIOM ( HHTErpajb-
Has nokasarteabHasi QyHKUHA) M onpeaesseMas 1Mo CNEUHAIbHBIM
TabanuaM, NpH MaJAbiX # MOXET OuiTh annpoKCHMHPOBAHA Bbipa-
HKEHHeM:

a:==- ; (6-29)

r2 re 2,25al
Ei (— _407)~_(m4—“ +o.577) =ln 22 (630)
Torpa (6-28) 6yaer MeTb BHA
_ y. 2.95at T |
®* () = In == 4 (.7, 7) . (6-31)

B stom caywae aas @ (u) B3amen (6-25) u (6-26) moxkHO Ha-
nMHCaTh

S t
q OO, o S o8 -
' (4y) S._5, In ‘ (6-32)
NPH HANMOPHOM NMOTOKE H
Sy (Ho — 0,5S,) {
@ = 119 — n % 6-33
() (S — S;) [Ho— 0.5(S, + Sy)] ty ( )
npu Ge3HanoOpHOM NOTOKE, a TaKxke
Q. ts
D(u) =—=—1n-—>, 6-34
( l) Ql S Qz tl ( )

Ilepros HeycTanOBHBIUEHCH (HAbTPALUMHK, LA KOTOPOro crpa-
BeAsiHBa 3aBHCHMOCTh (6-31), OOLIYHO HA3LIBAIOT HEYCTAHOBHBIIEHCA
duabTpauHel B YMOPSIIOYCHHOM PEXHME HJAH KBA3HCTAUHOHAPHBIM
peXHMOM (PHALTPALHH.

Jasi npakTHKH OoJibllloe 3HAYEHHe HMEeT Onpeje]enHe npeje-
JOB MNPHMCHHMOCTH pacyeTHnix 3aBHcHMmocTelt (6-32), (6-33) u
(6-34). Kak nokasniBaer aHajaH3, 3TH 33aBHCHMOCTH TNPHMEHHMBI
NpH YCJIOBHH

°

_4; urt (6'35)
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rae u, — HeKOTOpPoe MNpPeAeabHOe 3HaueHHe wu,, sasucsaulee or T/r
u {/T. Ilo nauspiM, npuBeaeHHbIM B paGore [25], «,=0,05 -+ 0,1.

H. H. Bepuruu [32], kpome TOro, mnpeajaract onpeaeastb U,
B 3asucumoctu ot T'/r u I/T Gonee anddepeHUHpPOBAHHO H OPHEHTH-
poOBATLCA HA KPHTHUECKOEC 3HauYeHHe (PHAbTPALHOHHOrO COnpoTHnJe-
uua @,.

CooTrsercTByionee npejpenbHoe ycaosue aas napamerpa @, npu
KOTOPOM BO3MOMXEH pacuer no 3asucumoctam (6-32) — (6-34),
HMEET BH

> @, 4 b, (6-36)

" L (6-37)

u,

rae

[Ipeaeabnnie 3navenus ©, B 3aBucumoctu ot T/r u I/T 3axaiorcs
COOTBCTCTBYIOIHMHU rpadukaMu M ¢ Bo3dpactanueM T'/r H3MCHAIOTCA
npumepro or | a0 12. B cayyae coBepuicHHBIX CKBaKHH HJAH NPH
Tlr <1 moxn0 cuntath @, =132, 1. €. yc10BHE NPHUMEHHMOCTH 3a-
BHCHMOCTCH KBa3HCTAUlHOHAPHOH GUAbTPAUHN NPUMET BHI

® > 1,32. (6-38)

[Ipy naamumn AByX HAOMIOAATE/IbHLIX CKBAXKHH JTOCTATOMHO
HMETb H3MEDPEHHSI Ha OJHH OnpeleaeHHbH MOMCHT BPEMEHH.

3asucumoctu (6-25), (6-26), (6-29) n (6-32) — (6-34) wmoryr
ObITH HCNOAbL30BAHBI A5l PACHECTa OTKAUEK B J1aCTaX HEOrpaHHueH-
HOM MOUIHOCTH C TO Janiub pasuuuei, uro @ («) B popmyaax (6-25),
(6-26) npunumaercst papubim — Ei(—u), a ®y B popmyae (6-31)
PaBHBIM HY.TIO.

YUEeT rpaHHYHLIX YCAOBHI NPOBOAMTCSH B COOTBETCTBHH C JlaH-
HbiMH § 5-3.

Hekotopyio cneunduky HMEOT pacuetbl (QUIAbTPALHOHHLIX Xa-
PAaKTePHCTHK NJ1acTa B YCJAOBHSAX 3aTyXalOUlero BO3MVLLCHHS 10-
TOKAa, T. €., HanpuMmep, B YCJOBHAX BOCCTAHOBJCHHS YPOBHS noc.ae
OTKaukH. TouHoe peWCHHE AJA 3TOrO CJAyYasi MOXKHO TNOJYYHTD,
HCXOASl 13 YCJIOBHS, UTO IIOTOK K CKBa’KHHE BO BPeMsi BOCCTaHOBJe-
HHA YPOBHA SIBJISIETCH CYMMOIl ABYX NOTOKOB, OAHH H3 KOTOPbIX
BbI3BAH JIeHCTBHEM MOCTOAHHOrO CTOKa ¢ aebHTOM Q, cymiecrsyio-
wero ¢ MOMEHTa Havaja OTKAuKH, a JIPYyrow — JeHCTBHEM HCKOTO-
pOro HMCTOYHMKA C TCM JKe Ae6HTOM, HO CYWIECTBVIOLUIHM TOJbKO
C MOMEHTA npexpauenust oTKauki. Toraa ¢ HeCKOAbKHME JonyLue-
HHAMI, @ MMCHHO: CYHTasA BPeMS BOCCTAHOBJACHHS YPOBHS MajbiM
N0 CPABHEHHIO CO BPEMEHEM [PeAleCcTBYIOUCH OTKaukH u npexedpe-
rast akKyMYJHPVIOULICH CMKOCTBbIO CKBAKHHLI, NPUOJIHAKEHHBI pac-
YET HCKOMBIX XapaKTePHUCTHK MPOBOAHTCH 110 TeM K€ PacCUCTHLIM
sapucumoctam (6-25), (6-32), uTo H B PACCMOTPEHHLIX paHee Cay-
yasix. CAMHCTBeHHON OTAMYMTEABHONH OCOOGEHHOCTBIO pacyeTon no
AQHHBIM O BOCCTAHOBJACHHH YPOBHH ABJACTCH CMOCOO onpejeaenus
PacucTHOro MOHHMKeHust B CKBaxuHe. B 3tom cayyae uckomoe
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3HauYeHHe S YCTAHABJHBACTCSH HE MO OTHOWEHHIO K CTATHYECKOMY
ropH3oHTy BOJAbl NpH Q=0, a N0 OTHOWIEHHIO K NMOJIOKEHHIO YPOB-
HS B CKBa’)KMHE IMoOcC/Je OTKAaYkH mnepea HayaJoM mnporuecca BOC-
CTaHOBJCHHS (HHaue roBopa, S onpeneasier NOBLILIEHHA YPOBHS)
[25, 234

Onpeznenenne GUIABTPALHOHHBIX MAPaMETPOB C YyYCTOM YINPYroro
peXHMa mJacta H aKKyMYJAHpYIOUeH cnocoOHOCTH CKBaXKHH Npo-
H3BOAMTCH MO CJAOXKHOH METOAMKE, KOTOpas elle HeZOoCTaTOYHO pas-
paGoraHa. C 3THM BONPOCOM MOXKHO O3HAKOMHTLCA B CrelHaJbHOH
autepartype [32].

HUcnoab3oBanne pacCMOTPEHHBIX B JlAaHHOM naparpade pelueHHi
PEACTAB/SIET HEKOTOPbIe TPYAHOCTH, MO3TOMY Ha BOMPOCAX NMPaKTH-
YECKOro NMPUMEHEHHS 3THX PeIIeHHA OCTAHOBMMCS B CaeAylouleMm
naparpade.

§ 6-8. O6paborka pe3ynbTaroB ONLITOB MO MCMBITAHMIO CKBAXKWH
npx HeycraHoOBMBLUIEHCH (DMALTPALMM

Opranu3auus ¥ NpoBejeHHe ONbITOB MO OnpeaeaeHHio GpuabTpa-
IIMOHHBIX XAPAaKTEePHUCTHK IJacTa OCYUIeCTBJAACTCA B COOTBCTCTBHH
CO CMeuUMaJbHbIMH NPaBHJAAMH, KOTOPbie MPHBOAATCA BO MHOIHX
pYKOBOACTBAX H HHCTPYKuuax {32, 206 u ap.]. Otyer o TaKux Hcnbl-
TAHHAX COCTABJSIETCST MO onpejaejaeHHoH (opme, OH A0JKEH coaep-
XKaTh CBeJeHHA 00 yCTPONCTBE ONBITHON CKBAXHHBI (HMJAH CKBaXKHH),
O KOJHYECTBE H PacCNoOJOXEeHHH HabJIofaTe/IbHbIX CKBaX<HH, O reo-
JAOTHH, 006 YCJAOBHAX NPOBEAEHHS ONbITA H O 3aMEPEHHLIX BO BpeMs
OnbiTA BEJHYHHAX.

PeaysabTaThi ONBITOB 10 HCNBITAHHIO CKBAXKHHbI OOBIYHO ObIBAIOT
NpejACTaB/leHbl CBEJCHHSIMH O 3HAUEHHSIX pacxoia onpodyeMoii CKsa-
XKHHBl H HaOJ0DaeMbIX NMPH 3TOM MOHHXKEHHSAX.

[pu pacyerax (HABTPAUHOHHBIX XapPaKTEPHCTHK IJjacra no pe-
3yJabTaTaM HaOJIONEHHH B NEPHOA HEYCTAHOBHBLUETOCS IBHKEHHA
aas o6JerueHnsl aHaJin3a SKCNepHMEHTAAbHbIX JaHHBIX XKeJaTeJbHO
OTKauKy (HarHeraH#e) MPOBOAHTL B ONPEACJECHHOM pexume ¢ no-
CTOSIHHBIM J1€OHTOM HJIH NPH NMOCTOSAHHOM NMOHHKECHHH.

[lpH HeOAHOKpPAaTHBIX 3aMepax neGuUTa H NMOHHIKEHHS CcJaeayer
mpexae BCero MOCTpoHTh rpaduku 3aBucumoctH Q=f (f) wau
S=f(f), a B cayuasix NMpOBEJEHHSI ONBITOB NPH OAHOBPEMEHHOM H3-
MeHeHHH Q u S — o6a HaspauuelXx rpaduxa, mnpuueM rpadgHku
S=f(f) crpoaTcsa aasi Bcex HaGAIOAATEIbHBIX TOYEK.

[IpH HANHYHH HEKOTOPOro pasbpoca TOYEK, XapaKTEPHOro As
HATYPHBIX YCJOBHIl, pe3yJabTaThl NPHXOAHTCA OCPEAHATH TaK, 4TOOH!
HcKoMas KpuBas Oblia goctaTouno nuasHoit. [Ipumep Takoro ocpea-
HeHHs npuBeaeH Ha pHC. 6-7, IKCNEPHMEHTANbHBIE TOYKH JOIXKHbI
pacrnoaaraTbCsi Mo o6e CTOPOHbl OT HAEaJH3HDOBAHHOH KpPHBOM, No
KOTOPO# B JaJbHeHmIeM ONpeAejsioOTCsi pacyeTHble napameTpbl.
Jlaaee BbiGHpaeTcss pacueTHas 3aBHCHMOCTb, Hanboqee oTBevaloLlas
YCJIOBHAM TNPOBEIEHUST ONbITA,
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BoiOop 3TOH 3aBHCHMOCTH npexjae BCero Onpeleasercs pacuer-
HOM CXeMOM, NMPHHATON AJ18 ONUCaHHA npouecca ucnvitanus, Heko-
TOpLIC coOOpaXeHHs [0 NoBOAY MNPHHUHNOB BHIOOPa pacueTHOH
CXeMbl NPHBOAATCA B CaeayiouieM naparpade.

[Tpn of6HX paBHBIX YCJIOBHAX OUEHKY (PHAbTPAUHOHHBLIX napa-
METPOB NJacTa MpeNoYTHTE/IBHO MPOBOANTL MO MOKa3aHHAM Ha-
OmonaTteqbHblX CKBAa)KHH, HCIIONb3ysA AdHHbLIE O MOBEACHHH LEHT-
paJibHON (HCNBITYEMO#H) CKBaXXHHbl TOJBKO C UEJAbIO KOPPEKTHPOBKH
noayyeHHblx pemenuit. [Ipn 3TOM no pesyabrataMm OnbITOB MOXKHO
OLEHHTb (PHIBTPAIHOHHOE COMPOTHBJCHHEC ONLITHON CKBaXuHbI[25].

W3 npupenesnuix B § 6-7 aaHHbIX caeayer, UTo NpH 3aJ1aHHOM
pacueTHON cxeme cnocod pacyera onpeaensieTcss XapakTepom pe-

0 - Ts Q=const
(/] -~
» 0= const
’.0 A\"“‘"’f‘
1.5 N\
|
20 5o
¢
2 4 & & 8 « ‘ ln;t
Puc. 6-7. Tlpumep nocrpoenus Puc. 6-8. 3asHCHMOCTL NMOHHXKe-
pacuerHoit kpusoit S=[(f) no HHA YPOBHS BOAB B CKBaXHHEe
AaHHBLIM HATYPHLIX HaGaoaennil OT BpeMeHH OTKauku (Haruera-
MPH OTKAYKE C MOCTOANHBIM Je- HuA).
GHTOM.

AKHMa HEYCTAHOBHMBUICHCA (HABTPAUHH, KOTOPbIH, B 3aBHCHMOCTH
OT CNeNHAJbHbIX KPHTECPHAJIbHBIX BEJAHUYHH, MOKeET ObiTh KaacCH(H-
LHPOBAH KAaK HEYIIOPSAOYeHHbIH H KBa3HCTaLHOHAPHDIH.

3apanee TOYHO YCTAHOBUTH Xapaktep (HALTPAUHH HEAb3H,
NOSTOMY /ISl €ro BbIICHEHHs! 11eecoo0pa3Ho NPOBECTH pacuer
crnepsa 1o ypaBHEHHAM KBa3HCTaLHOHAapHOH (HAbLTPAuUHH, a 3aTeM
Mo BeJHuUHHE MapaMeTpa « WIH PHILTPAUHOHHOTO CONPOTHBACHHA
@ (¢) OUCHHTL MPHEMJAEMOCTb NPHHATOH METOJAHKH pacuera.

Jpyrofi mpHeM aHa/jn3a pexkuma QUAbTPAUHH CBSi3aH C rpadwu-
YecKoil MHTephnpeTauHeit pe3yabraTos 3kcnepumentos. IIpu nenoas-
30BaHHH 3TOro cnocofa Haao MOCTPOHTb rpaduK 3aBHCHMOCTH
S=f(Inf) npu oTKaukax ¢ nocTosHHBIM jaeduToM (pHC. 6-8) M
Q=f(Inf) npu orkaukax c nocrosinubim nonwxennem. [lpu srtom,
KaK ABCTBYCT M3 OCHOBHBIX YPABHEHMil KBA3HCTAUHOHAPHOH (PHALT-
paimH:

S In f2 6-39
k 4TT (S,——Sl) " ll ( )
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H k= Q, In =2, (6-40)
4=T 8, (Qy — Qa) t

npuBeAeHHblX B raase 5, mexay S u Inf wan mexay 1/Q wu Int
CYLLECTBYET JIHHefiHas 3aBHCoMMocTh. Haauuue Takol 3aBHCHMOCTH
CBHAETENbCTBYCT OO0 YCTAHOB/JGHHH peXHMa KBa3HCTallHOHApPHOM
duabrpaunn. [1pogoaxas npaMOJAHHEHHYIO 4acTb rpaduka puc. 6-8
710 nepeceyeHHsi ¢ OCbI0 OPJAHHAT, MOXHO HANTH HAYaJbHYIO OPAH-
naty So u yraoBoit Kospduunent y. Kak caeayer u3 ypasHenui
KBa3HyCcTaHOBHBIIEHCS (HAbTpauuu, npu Q=const

ci NSy i@
tgy = . e (6-41)
In —
fy
So=1g~In ———23’5" : (6-42)

Hauano xoopausat otBeyaer 3HayeHuio [=1. CoorsercrBesHo
npu S =const

= QeemQ & A4
Y- & 4=kTS, ()
QiQ, |"T

1

M3 npuBeacHnbiX GOPMYJ MOXKHO HAHTH @ H R.

Cnoco6 rpaoaHaJHTHUECKOro pelieHHsi 0co0eHHO yA00eH npH
00paboTKe GOJBIIOrO KOJHYECTBA IKCIEPHMEHTAAbHBIX JAaHHbIX.

[TocTpoenue coorsercTByioWHX rpapukos S=f(¢) npu Q=const
Aas1 HaOM0AaTeIbHbIX CKBaXKHH aHAJOTHUHO NOJ0GHOMY mocTpoe-
HHIO /Il UCHTPAJIbHOM CKBaXKHHbI. TeM He MeHee BHI 3THX KPHBBLIX
HMeeT OTAHYHTeAbHbIe 0COoOeHHOCTH. [loCKOALKY BO3MYIUICHHST [MO-
TOKd, BbLI3BAHHBIC OTKA4YKON WJIM HarHeTaHHeM, pacnpoCcTpaHAIOTCs
OT HCTOYHHKA BO3MYLIEHHSI TNOCTENEeHHO, TO H3MEHeHHe YpPOBHS
B Ha0J101aTe/IbHBIX CKBAXKHHAX 3anas/IblBaeT No CPABHEHHIO ¢ H3Me-
HEHHEeM YPOBHfi B UECHTPaJbHO#. 3anasibiBaHHe 3TO Bbpa)Kaercs
TeM CHJbHEe, YeM jJaJblie OTCTOHT Hab.ji0]are/bHas CKBaXKHHA OT
UeHTPAaJbHOM.

B Tex cayvasix, Koraa B pesyiabTaTe NMPOBEJEHHOr0 aHa.1M3a Bbi-
SICHICTCH, UTO BO BPEMS HCMbITAHHS HME/ MECTO HeynopsioueHHbl#
peXHM, MeTOHKA pacueTa H3MeHseTcd.

Kax yxe ormeuanoch B mpeawsiayuiem naparpade, onpeaesnenue
HCKOMOTI'O nmapameTpa u u3 ypaBHeHus (6-24) ocyluecTBiasieTcss me-
TOAOM nocaeaoBaTeabHbX npubanxenuit. I1pu srom H. H. Bepurun
npeajaraer CAeAYIOULYIO MOCJaeaoBaTenbHOCTL onepaunit [32]. [las
sazaunbix 3naveHuit [/T u T/r no MPOH3BOJBHO HA3HAYEHHBIM TPEM
3HAYCHHAM «; C MOMOILbIO rpadHKoB, OOLHA BHA KOTOPHIX NMPHBO-
AuTC Ha puc. 6-9, onpeaeasiorcs COOTBETCTBYIOUHE 3HAYCHHS

t

@ (uy). 3aTem BLIUHCAAIOTCH TPH 3HAYCHHST Ug = u,—“—. COOTBET-
2

CTBYIOLIHE paHee BHIGPAHHBLIM ), H MO TOMY XXe rpapHky ycraHas-
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ausalores 3naucHus M(wp). das kaxaoit nainacnnon napm @(u,)
H (11(1:2)| onpeaeasiercs orHowenne M () /M (uz) 1 crponres rpa-
o

PuK '.;.::,": = f(4;), npumep Koroporo npusoaurtcsi na puc. 6-10.
[lo 3axannomy n3 onbita oTHOWCHHIO S1/S; wan Q2/Q, MoKHO vera-
HOBHTb 3HAUEHHE HCKOMOrO napaMerpa u;, a ¢ 11OMOULbIO ) HANTH a.
Mckonmoe 3naucine R MoxHO naiTh, onpeaeans M () no rpaduxy
®(u)=[(u). Tlpn onperescHnn GUILTPAUHOHHLIX XAPAKTEPHCTHK
NO MOKA3AHHAM HAGII0aTCALHBIX CKBAXKHH B CJIVHac OTKauyeK npu
NOCTOSINHOM TOHMAKEeHHN BMecTO Q) n Q2 paccMaTpHBAIOTCS yaedb-
Hble Ae0HTL.

3 [1/1000
— Q{B’{
80 20
[t | 100}
50 o
= I R 2 W,
w 1 —"‘Pﬂ—"ﬁ ;
= /=l .
// e 1
20 = AF_ Az ] ' - —
0 L | lal ol 4 1 u)
. i A ialE S 10°° B 0F 107"

Puc. 6-9. 'paduxk 1aa onpererenus ¢puan-  Puc. 6-10. Fpaduxk 1as  pacuera
TpauuonHoro conporusaenus @ no znave:  GUALTPAUMONNIOrO  CONPOTHBIENNA
HHIO & npu HeycraHoBuswelics d¢uasTpa- no AamiuiM  OnbiTa,

1M,

B cavuae coBepumieHubX CKBAXKHH M CKBaKHI B [L1aCTax neorpa-
HHYCHHOH MOLIHOCTH BCC pacueThl NpoBOAATCH No TtadanuaM QpyHK-
uuu Ei smecto M (u).

J10BOIbHO WIHPOKOE NPHMCHCHUC 1451 PUALTPAMOHHOrO pacuera
B 1EPHOA HCVIOPSIIOUEHHOI0 PEXUMA HAlue] TaKAKe Tak HasbiBae-
Mblit MeToa 3tadonnoi kpusoit [206]. Coraacno 3tomy MeToay, Ha
npospaunoit OyvMare CTPOMTCS 3ITAJIOHHAA KPHBasi 3aBHCHMOCTH

: 1
In(—Ei(—ug)]—In-~, n OTACALHO Ha JPYrom nJaHuIeTe KpH-
0

pag InS — Inf, nojayycHnasi no KCNEPHUMCHTAIBHLIM JanuuiM, 3a-
Tem obe KpuBbie copMmematorcsi, Mckomble XapaKTepHCTHKH nyTem
COOTBETCTBYIOUHX BLIMHCICHHI ONPEACAAIOTCA N0 1aHHBIM 00 OTHO-
CHTEIBHOM CMCUICHHH KOOPAHHATHHX ocelt Kak In(Q/4xkT) n
In(r?/4a) (puc. 6-11). dtoT MeToA Obi1 pa3paboTan aMEPHKAHCKHMH
yuensimu [206]. TcopeTHuCCKON OCHOBOH ero fBJIACTCS Conocras.ie-
HHC YPaBHCHHI
S= ———Q——-ll) () n u= s :

i=kT dat
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KOTOpbie noc.ae JorapudmupoBanna H npu ycaosuu, uro @ (u) =
=—Ei(—u), MOXHO NPHBECTH K BHJY:

T = Bt ;
InS =1In T + In[— Ei(—u)] (6-44)
H
lnt=ln% +ln%. (6-45)

H3aoxennnie cnocoGbl 06paboOTKH pe3yabTaTOB HATYPHBIX Ha-
6a101€HHil B NPHHUNNE NPHMEHHMbI H B cJy4yae OTKauyeK ¢ H3Me-
/ HAOWHMCA Ae6HTOM M NOo-

—ln 7, nwxkennem Hanopa. Coor-

BeTCTBYIOLIlHE  pacueTHbie
dopMmyabl AJ51 OTKa4eKk ¢
Pa3HYHBLIMH 3aKOHAMH H3-
MeHeHHsl 1e6HTa NpHBOAAT-
ca B [25]. TIlpakrtnueckuit
HHTepec npeACcTaBasior

inf-ti(-ug)] —=
ny—=

{ H Puc. 6.11. 3raasonwas xkpupan

4 L AN pacueta  (HUALTPANHOHHBIX

S it xa .

2 PAKTEPHCTHK MAACTa MO ONMT

Y HBIM 1aHHBIM B MEPHOA HeycTa-
} =n nosusefics GuaALTpaum.

TaKXKe HEKOTOpbie OCOOEHHOCTH METOAHKH Onpee/eHHA THAporeo-
JIOTHUECKHX MapaMeTpoOB MO AaHHLIM ONBITOB C CHCTEMaMH B3aHMO-
AefCTBYIOIMX CKBAaXXHH, DTH BONPOCH MOApOoGHO H3jaraioTes B pa-
Gorax (24, 196).

§ 6-9. ObuwimMe 2ameyaHMs NO NPAKTHYECKOMY HCMNONb3OBAHMIO
YPaBHEHMH YNPYroro pexmmma

O6 oraeabHBIX 3aTPyAHEHHSIX, BO3HHKAIOUIHX Ha TMPAKTHKE,
B CBA3H CO CXEMaTH3allHeH H3y4yaeMmoro npouecca MnpH onpeaeaeHHH
(HUALTPAUHOHHBIX XaPaKTEPHCTHK IVIACTOB  YXKe  YIIOMHHAJI0Ch
B raase 5. HanoMHHM, 4TO TaM 3TOT BONPOC paccMaTpHBa.iCH
TOJBKO C TOUKH 3PeHHs onpejaeieHHs KodpdHuueHta ¢QHALTPALMH.
HekoTtopbie A0NOJHEHHS K H3JOXKEHHOMY MOXHO CjeJaaTtbh, HCXOAd
H3 onbiTa onpeneaeHuss Ko3(hGHUEHTOB nbe30- H YPOBHENPOBOA-
HOCTH, T. €. C MO3HLHKHH ONBITOB CO CKBA)XXHHAMHK B YCJAOBHSIX NpHMe-
HEHHUS JIHIb YPaBHEHHH yNpyroro pexuma.

CxemaTH3alHsl yCJAOBHIA 3ajieraHusi nJjacra W OnpejeneHue rpa-
HHYHLIX YCJOBMi1, T. €. MPHHATHE CXeM NJIAaCTOB OrpaHHYeHHOH H.IH
HEOrpaHHYCHHOH MOUIHOCTH, O6ulasi OUEHKa B3aHMOJEACTBHS H3Y-
HaeMOoro nJjacra ¢ MJacraMd CMEXHbLIMH MPOBOASATCH B OCHOBHOM
TaK JKe, KaK H B cayyasx, paccmMorpedHbix B § 5-3. Mnaue rosops,
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K CXeMaMm MIacTa HCOrPAHMYCHHON MOULHOCTH MOZKHO OTHECTH BCe
cayuaw, koraa [/T<0,1 - 03.

I'pannunbie YCJAOBHA OUCHHBAIOTCS MO AaHHBIM IFCOJOMHH H3yae-
MOro n1acta, HO OHH TaKxe MOryT ObiTh B H3BECTHOH CTCHeEHH
oTKoppekTHpoBsalst H no rpaguxkam S=f(Inf), noayucuusin B pe-
3y/IbTATE HCNBITAHHIT CKBAXKHHL., Bausnue rpannuubix  yeaoBHil
MOJKET CKa3biBaTbest Ha (popMe KpaeBbiX YUACTKOB 3THX rpadukos.
Anaana B3anMocBazn mexkay aepopyauusmu rpadukos S=J(Inf)
H YCJOBHSMH HA TPaHMUAX [JacTa NpPoBOAHTCH B psajie padot
[15, 179, 181]. Jas uanioctpamnn BANSAHWS TPAHHUNLIX YCJAOBHH Ha
puc. 6-12 upuseacn tunonoi rpapuk S=j(Inf) npu orkaukax u3
CKBAa/KHH B PasJHUHbBIX BOAOHOCHMLIX ropusontax. Hanosmuuwm, uro
MpH OKOHTYPHBAHHH BOJLOHOCHOTO ropu-
30HTAa  HENPOHHIAEMbBIMH  TpaHHIlAMH
HeNbsst A00HTLCA CTAGMAM3AIHH YPOBHSI
S npu orkauke ¢ Q=const.

[Mpn  Haauwuun  HAOJIOAATEALHBIX
CKBAaKMH B NJacTe, OAHOPOALOM B I.1a-
He, AJSl OUCHKH (HIALTPAUHOHHOIO C€O-
NPOTHBJACHHA,  OOYCJOBJIEHHOIO  Heco-
BEpPLIEHCTBOM ONBITHON CKBaXKHHbI, MpPH-
MeHnma Qopwmyaa:

(ht

———

g 9

S L2 ) ey

Q 2 . dat Puc. 6-12. I'papuueckoe u3o-
OpameHHe BAHAHMS rpavuy-

rae So— NMOHMAKEHHE B ONBITHON CKBa-  '"BX 5"‘-“’“"';'“;’,'E't-;"“’“"“-““"'

XKHHE B MOMCHT Bpemenn £; a —kosppu- 0 o ponnuae-

IHEHT NbC30NPOBOAHOCTH, MOJAYHYEHHbBIH MEMH FPANMUAME; 2 — QAR ILTe

B Pe3YJbTaTe PacCyeTos MO MOKa3aHHAM e i

Ha0101aTeIbHbIX CKBaXHH.

[IpuBeaem HeKoTOpbC COOOpaXKeHHsi 110 NMOBOAY BbiOOpa pacuer-
HOH 3aBHCHMOCTH s onpegeienus (QHALTPALHOHHLIX XapaKTepH-
CTHK [1JacTa MO J1aHubiM 00 H3MCHEHHH YPOBHA B CKBAKHHE.
B § 6-7 ormeuasoch, 4TO B JIaHHOM cJaydae 3aBHCHMOCTH HMeIOT
NpHOINAKCHHBIH XapaKTep, NOCKOAbKY B HHX le VUHTLIBACTCH aKKY-
MYJHPYIOULAs CIOCOGHOCTH OMBITHOH CKBaXXHHLI M npeHebperacrcs
H3MCHCHHEM YDPOBHS, BLI3BaHHLIM (PHKTHBHOH OTKAUKOH IOC/Ae Ha-
yaaa poobOpaxacyoro HarhetaHus. [ToCKoabKY pacyer ¢ vHCTOM
aKKyMyJHpyIoueit  cnocoOHOCTH CKBaXKHHbl TEXHHYCCKH BecbMa
CAO0KEH, HCCAEA0BATCAN TPEANOUHTAIOT HCNOAb30BATL NMPHOJIHKEH-
HelC OpMYJIBI pacuerta ¢ COOTBETCTBVIONLCH NONPAaBKOI HA €MKOCTD
ckBakuubl. . B. Yekanok [25] aas ouenkH norpeilHOCTH pacuera
3a cuer npeneGpeKeHHA aKKyMyJAslneii BOAbl B ONLITHON CKBAaXHHE
npeaaaraeT CACAYIOULHI NonpasBoynblit KOIPHHIUHEHT:

(bo —

oy HAREY: :
$ =i (6-47)
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rae V(f) — o6bem BOAbI B CKBaXKHHE B MOMeEHT {; Q — ne6ut ckpa-
#AuHpl, C nomMoubio 3Toro Kodp@HuHeHTa MOXKHO ONpPCACJHTH Ine-
pHOJA pabOTbl CKBAJKHHBI, B TeYeHHE KOTOPOro mnpeHebpexeHne
eMKOCTbIO CKBaXXHHbI BHOCHT CYLIeCTBEHHYIO OMHOKY B pacuerhl.

Kpome Toro, B [25] npuBoautcs cnocod yyera HapyWEeHHH Hie-
aJbHOM 3aBHCHMOCTH KpHBOH S — Inf no meroanke ®. A. TpebGuna
u I'. B. lllep6akosa. [lonpaBounbiii KO3(QPHUHEHT MO NPENTOKEHHIO
9THX aBTOPOB HMEET BHI:

Q
— 6-48
T a—q(0 (6-48)

rie Q — pe6ur cKBa)KuHbl; ¢(f) — cocrapasiomas obuero pac-
xoaa Q, obycJoB/aeHHAasE eMKOCTbIO CKBa)XKHHBI H omnpejaensgemasi no
dopmye:

g(t) =2 23 (6-49)
At

rae AS/Af — ckopocTb H3MeHEHHs ypoBHS B ckBaxkuHe. Koadppu-

UHEHT ¢ HCMOJb3YeTcsl A5 KOPPEKTHPOBAaHHA 3HaueHui S, HabJio-

J1aeMbIX B CKBa)XHHE, T. €. BMeCTO S B pacyerax NPHHHMAETCs BeH-

yyHa §’=aS.




FTNABA CEAbMASA

HATYPHbLIE MCCNEAOBAHMSA
®UNBTPALKMOHHBIX AEMOPMALIMA IFPYHTA

§ 7-1. Obuwme ceefieHns © PHALTPAUMOHHBIX AedOopMauMsX
rpyHra

Boaa, ¢puabtpyomasncs B nopax MJIH TPEUIHHAX FOPHLIX MOPOA,
BO3JICACTBYET HAa HHX, H3AMCHAA CTPYKTYPY NOPHCTON HAH TPCUIHHO-
patoft cpeasl. Bausmue GpUALTPAUHOHHOrO NOTOKA Ha rpyHT obyc-
JIOBJICHO ABYMSA OCHOBHBIMH NPHUHHAMM.

Bo-nepsbix, 1eficTBHEM rHAPOMEXaHHYECKOro [aBJEeHHs1 Ha va-
CTHIDI FPYHTA, B PE3VJABTATE HEro MeJAKHC HaCTHIBI OOBLIMHO HC3ABM-
CHMO ApYyr OT /Jpyra nepeMeulaloTcsi B nopax HJIH TPEUHHAX HJH
AKC NPOHCXOAHT COBMECTHOE ABHKEHHE MHOXKECTBA HacTHU, ¢J1aralo-
WHX 6oJee KPYNHLIC MO CPABHCHHIO € HX pa3MepoM o0beMbl FPyHTA.

Bo-BTOpHIX, XHMHYECKHM BO3JeHCTBHEM, KOTOpPOC (PuabTpallnoOH-
HLIl MOTOK MOXKET OKa3mBaTh Ha FPYHT, NPOABAAIOIIMMCH B BbIHOCE
M3 FPYHTA DACTBOPHMbLIX BKJIIOYCHHIT MJAH B BbINAjJEHHH B nopax
B BH/IE OCA/IKa PACTBOPCHHBLIX B BOJE BeleCTB.

HM3vencHne noposoro npocTpaHcTBa, NPOHCXOAslEC B pe3yib-
Tate MCXaHHYECKOro BO3JAEACTBHA NOTOKA HA TPYHT, BO3MOXKHO
B ABYX HanpaBacHHAX. Tak, BCJAEACTBHE BHIHOCA MEJAKHX YacTHIL
MOPOBOC NMPOCTPAZHCTBO MOXKET yBeHuHBaThes. Takoe aeiicrsue no-
TOKA Ha rPYHT Ha3biBaeTcs Mexannueckoit cyddgosneit 1.

Ecan npuHecenHbie NOTOKOM H3BHE MEJKHe HacTHILI 'PYHTa OT-
KNaALIBaloTCS B JaHHOM OOGbeMe TpPyHTA, TO YKa3aHHBIN Mnpouecce
HasbipacTest KoJabmarauneit. Mbl OTHECAH npouecc KoJabMaTauHH
K KaTeropun MexaHHYeCKHX MpOueCCoB, COBePINAIOUHXCA MOA ACH-
CTBHCM THAPOAMHAMHYECKOro aasienusi u tpenus. Oanaxko B paje
cayuaes STOT mpouecc ocaoxnsaerca. Tak, nanpuvep, npu QHAbT-
pauMi TrAMHHCTHIX CYCHCH3MI NPOHCXOAHT aACOPOUHA TIHHHCTHIX
YAaCTHU HA MOBEPXHOCTH MECJKHX MECYaHhX 3epeH rpyHTa, H TakHe
HYacTHIILI NPOYMHO VIEPXKHBAIOTCS B nNopax.

! Tepmun  «cyddosnns, XoTopuit GYKBAILHO 03NaYaeT MNOAKON, PAIMMB,
snesen B aurepatypy A. 1. INasaoswwm [124].
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Caeayer oTMETHTb TaKXe, YTO NPH YBEJIHYCHHH TPAaJHEHTOB Ha-
nopa B o6aactH (GHALTPAUHH CHJAbI THAPOAHHAMHYECKOro jaasJje-
HHSL MOTYT NpeBaJupoBaTh Hajx ajcopbunonuubiMu cuaamu. Toraa
ancopOHpoBaHHbIE YACTHILI CPLIBAIOTCA C TOBEPXHOCTEH MeCYaHbiX
3CPEH H NPOHCXOAHT BLIHOC YACTHIl I'PYHTa M3 Nop, T. €. MeXaHHye-
ckas cypdosns.

[TouaTHo, uTO B pe3syjabTate MexaHnyeckoin cyddosun kKo3phu-
UHEeHT (HAbTPAUMH YBCJHYHBACTCH, NPH KOJIbMATAUHH — YMEHb-
maercs.

Taxum oGpazoM, oba HasBaHHBIX BHAa AedoOpMallHii TpyHTa
H3MEHAIOT ero rpaHyJJOMCTPHYECKHH CcOCTaB H (HIbTPALHOHHbIe
csoficTBa. [Ipoueccnl mexaunueckoi cypdos3un H KOJbMaTalHH 00b-
CAHHAIOTCA OOWHMH (PH3HYECKHMH 3aKOHOMEDHOCTAMH, H OOBLIMHO
B IIHPOKOM CMBICJAE 3TH MNPOUECCH MPOHCXOAAT COBMeCTHO. Tak,
B HEKOTOPbLIX 30HAaX 06JaCTH PHALTPALIHH NPOHCXOJAHT MeXaHHyecKas
cypdo3nsa, npHYEM MEJKHE YaCTHI(bI FPYHTA BLIMbIBAIOTCA (PHALT-
PAllHOHHBLIM MOTOKOM. B Apyrux 3oHax Te e YacTHULI OCTaHaBJ/IH-
BAIOTCS M NPOHCXOAHT KOJbMAaTalHs.

CoBMeCTHOE ABHAKCHHE MHOXECTBA HACTHI MOXKET NMPOHCXOAMTH
noj ACHCTBHEM THAPOMEXAaHHYECKOro AaBJeHHS NMOTOKa Ha HEKOTO-
puiit oObem rpynta. Takas aedopMaumusi rPyHTa Ha3biBAaeTcsl BbINO-
poM. Bbinmop MOMKET BOZHHKHYTL B MECTE BhIXOAA I'PYHTOBOrO NOTOKA
H3-MOA MJOTHHbI B HHXXHHA Obed, 0COGEHHO NMpPH HAJHYHH BEpXHEro
crabosoaonpounuaemoro naacra. [Ipu sToM B 30He BbIOpa Bo3pa-
CTAlOT IpajiHeHTbl Hanopa, uTo OOYCJOBJAHBAaeT HajHuHe 50abLIOH
yaeabHo# (npuxoasiuleiicss Ha elHHHULY oObeMa rpyHTa) CHJB T'HA-
POIHHAMHYECKOrO AaBJeHHA. I'PYHT pa3pbiXJasieTcs, T. €. YBeJHUH-
BAIOTCA pa3Mepbl €ro nop, H, CJACAOBATEIbHO, YBEJIHUHBACTCS MOPH-
ctoctb. HMmeloTcs HeKoTOpbie PAa3HOBHAHOCTH (PHIAbTPALHOHHBIX
nepopmaunit, onpeaensemble rpaHHYHBIMH YCJOBHAMH HJIH COBMeECT-
HbIM CYLLECTBOBAaHHEM Bbinopa u cydpposuu.

PacTBopeHne M BHIHOC M3 FPYHTa COACP/KAUIHXCSI B HEM pacTBo-
PHMBIX B BOjJe COEJIHHEHHH HA3bIBAETCA XuMHuCCKON cyddosuei.
B pesyabrate xumHueckoii cypdo3uM NPOMCXOAHT YBEJHUEHHE NO-
POBOro NpOCTPAaHCTBA M COOTBETCTBEHHOE YyBeanuenue Kosphu-
unenta ¢uabtpauun. Ecau cogepaliuecss B rpyHTOBOH Boje pac-
TBOPHMbIC COEIHHEHHSI BLIMAJAlOT B IPyHTe B BHAE Ocajka, 3aky-
NOPHBAs MOPHl HJH TPCUIHHBI, TO TAKOH NpouUecce MOKHO Ha3BaThb
XHMHYECKOH KoabMaTaume.

B ruaporexsHueckoit npaktHke Ha0JI0AACTCH TAaKKe TaK Ha3bl-
paemas OHOJIOTHUECKAsi KOJbMaTalHsi, DTO — MPoLece OTJIOKeHHS
B TPYHTEC OCAJAKOB, BbI3BaHHBIX AEATCJbHOCTHIO XHBbIX OPraHH3MOB.

duabTpauHoHHbie Aedopmaudy rpyHTal HrpaloT HCKJIOYHTE/b-
HYIO POJib B THAPOTEXHHYECKOi npakTHKe. DBoabuinHCTBO aBapwi
H Pa3pywIeHHA THAPOTEXHHYECKHX COOPYKCHHIA B TOH H.IH HHON
CTEMCHH CBA3aHO ¢ pa3BuTHeMm (uabTpaiMoHHbIX aedopmaunin. Ho

- E———

b 3rvor tepmun npeaaoxen C. B. HaGawewm [65].
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9TH JedOopMaLLHH MPOHCXOAAT OOBIYHO B HEAOCTYNHLIX AAS NPAMOro
Ha0J101CHHA 001aCTAX OCHOBAHHS HJH COOPYXKEHHA H, OYAYy4H YacTo
CBSAI3AHHBIMH C HCBBISBJEHHBIMH MECTHBIMH HCOIHOPOIHOCTAMM
FPYHTa, HOCAT HHOrAaa cayvanueliii xapaktep. [lostomy HaTypHbie
HceaeoBalua (PHALTPALUMOHHBIX JedopMalHit B MEePHOALI CTPOH-
TENALCTBA M IKCIIyATallHH THAPOCOOPYKEHHI HMECIOT MepBOCTeNneH-
HOE 3HaYeHHe.

Pasanvaiorcsa GezonacHsie W onacHble (QH/IbTPAUHOHHbIE Aedop-
mauun [184]. Tlepsbie 0ObMHO Bceraa Ha0a101aI0TCA B TPYHTOBBIX
MAacCHBax, B KOTOPLIX MPOHCXOAHT (HAbTPAUUA, H OCOOEHHO 4acTo
BCTPEUAIOTCA B HAYaJbHLIH MEPHOJ IKCNAVATAUHH COOPYXKEHHI.
BTopeic BO3HHKAIOT TOJbKO NPH ONPeIeJCHHbIX HebJaronpHUATHBIX
YCJIOBHSIX M MOTYT NpHBecTH K paspyuennio. CnocoGHOCTh IPyHTA
COMPOTHBAATHCSA ONACHLIM (PHABTPAUHOHHBIM JAedopMaUHAM HA3bI-
Baerca (PHALTPALHOHHOH NMPOUHOCTHIO IPYHTA.

B HekoTOpbIX cayuasx (QHUAbBTPAUHOHHBIE aedOopMaUHH rpyHTa
ABJSIOTCA MNOJE3HLIMH, HanpHMep, BbHIMbIB HEKOTOPOro KOJIMYECTBa
MEJKHX YaCTHIL H3 NMOP rPYHTA BOKPYr CKBaKHHBI HJH NPH OYHCTKE
obpatHbix ¢uabTpoB. YTo Kacaercs KoJbMaTallWH, TO OHa 3auya-
CTYI0 TMNPOH3BOAHTCA JAaKe MCKYCCTBEHHO € IeAbl0 YMEHbUIeHHs
GHABTPALMH H3 BOAOXPAHHJIHIIL H KaHAJIOB, 4 TAKXE C UeJNbIo co3/1a-
HHA KOJbMATallHOHHBIX NOHYpoB mJuotHH. [losroMy 3anaueit natyp-
HbIX HecaeaoBaHHH QHALTPAUHOHHBIX AedopMalHi ABJAAETCH yCTa-
HOBJIEHHE CTeneHH OMAacCHOCTH MX M  YNpasBJjeHHe npoueccaMH
cypPo3HH H KOALMATAUHH, T. €. B KOHEYHOM CYETe OnpejiejieHHe Me-
PONPHATHH, BAHAIOWHX HA HHTEHCHBHOCTb Pa3BHTHA Jaedopmauui.

§ 7-2. OcHoBHble cnocobbl MccnegoBaHWM
PHuneTpauHOHHbIX AedopMaumi rpyHra

M3 npuseseHHOro Buiie onpeaeneHust QuUAbTpauHOHHBIX aedop-
MallMi rpyHTa CJeayer, UTo npeacrapjeHHe o6 3THX Aedopmaumusax
HEPA3pbIBHO CBfA3aHO ¢ (HUABTPAUHOHHBIM NOTOKOM, TIpHYEM BCe
H3MEeHEeHHS] CTPYKTYPbl TPYHTA HEeMENJeHHO OTPAaKalTCAd Ha Xapak-
Tepe (uabTpauHoOHHOro notoka. B camom jene, ecau nmom AeHcT-
BHEM (HALTPALIHOHHOrO NMOTOKAa NPOHMCXOAAT H3IMEHEeHHd ob6bema
rpyHTa, a cJaeaoBaTejbHO, H NMOPHCTOrO NMPOCTPAHCTBA, TO 3TH H3Me-
HEHHSl HEMCJICHHO NMPHBOASIT K H3MEHEHHIO NJOLLAaJH XKHBBLIX ceve-
HHH MOPOBBIX KAaHAJOB, K H3MEHEHHIO (DHJbTPAUHOHHOrO CONPOTHB-
JeHHS, a CJ1e0BATEeIbHO, H K H3MEHEHHIO CKOpocTH notoka. Orciola
BbITEKaeT, 4yTo HaOGJA0ACHHS 32 QHIBTPAUHOHHBIME AedopMauHaMH
FPYHTA NPHHUHNHAJBHO MOrYT OCYUIECTBJATLCSH NO JABYM Hanpas-
JEHHAM: MyTeM KOHTPOJIsl IJIOTHOCTH TMOPHCTOH Cpeabl H nyTeMm
ONpeleJCHHS OCHOBHLIX XapakKTepHCTHK (PHABTPAUHOHHOrO MOTOKA.

HaGawonenust 3a COCTOsIHMEM rpyHTa OCYULECTBJASIIOTCA MO AaH-
HBIM O NOPHCTOCTH (MJAH TPELUIHHOBATOCTH) H O TPaHYJOMETpHUE-
CKOM COCTaBE TPYHTA. DTH METOJAbI KOHTPOS YaCTO OKa3biBalOTCH
HEOCTATOYHO YYBCTBHTEJbHBIMH H IO TOYHOCTH OOBIYHO YCTYnaior
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YHCTO (PHJABTPAUHOHHBIM METOAuM HecaezoBaHun. Takoe nosoxenne
HETPYAHO OOBACHHTDb, €CJIH BCMOMHHTB, 4TO B noaasisioulem 60Jb-
UWHHCTBE CJIYUACB MOPHCTOCTb FPYHTA, a TeM 60.1€e aKTHBHAsH MOpPH-
crocTh OwmBalor cywecrseHso Mmenbwe 0,5. [Tostomy oano u 10 XKe
H3MeHeHHe o0beMa MOPHCTOH CPCAbl CKa3niBaeTcs N0-pa3HoMy Ha
H3MEHeHHsIX o0beMa TBEpPAOH Cpeibl M NOPOBOrO MNPOCTPAHCTBA.
Oco6GeHHo HArIAAHO YKa3anHoe 00CTOSITEIbCTBO MOKHO MOSICHHTD
Ha npUMepe TPEWHHOBATON MOPOAbI, KOIla TPEUIHHOBATOCTbH CO-
crasasier 1 —29% ot obutero odbema. OTciona cJejyer, 4TO N3MCHe-
HHE JOJIH TPYHTOBOTO CKejera # 3anojHuteass rpynra na 2—3%
BbI3LIBACT H3MeHeHHe o00bema MOpPoBOro mnpocTpaHcersa B 15—
2 pasa.

Ecan k ckaszawHoMmy eute 1o06aBHTh, u4TO opranusaius HabJioae-
HHIl HENoCpPeACTBEHHO 3a COCTOSIHHEM TIpyHTa B 1LCJAOM HECKOJIbKO
CJ0XKHee, uYeM OpraHu3auns HaOGJI0ACHHA 332 (PHABTPAUHOHHBIM
MOTOKOM, TO CTAHOBHTCH MOHATHHIM, nHoYeMy (PHIBTPAUHOHHBIC HC-
clAeNoBaHusA s Leaefl KOHTPoasi (PHALTPAUHOHHBIX JAedopMalni
HMeloT Takoe GoJablioe pacnpocrpanennce. [lpu rom nabuoaenus
OXBAaTbIBAIOT ONPEACJACHHE NbE3OMETPUUECKHX HANOPOB H CKOPOCTEH
OHUABTpaUKK, onpeje’eHne coaepanusa B3Beceli B QUAbTPAUMHOH-
HOM NOTOKe M ONpeaeJeHHe XHMHUeCKoro coctasa Bojin. Ecrecr-
BEHHO, YTO METOJHKa ONpelejeHHS Nbe30MEeTPHUECKHX Hanopos
H CKOpocTeH (HAbTPAUMH NPAKTHUECKH HHYEM HE OTJIHYACTCH OT
NOAOGHBIX ONPEACTEHHI ¢ LEABI0 H3YUEHHS TOAbKO (QHILTPALHOH-
HOro pexnma. B 3TOM OTHOWEHHH MOMKHO JHUbL 100aBHTb, YTO NIPH
onpeae/eHHH CKOPOCTH JIBHAKEHHS BOJbLI B NOpax CKOPOCTb, onpeje-
AseMasi MCTOA0M HaO0JAI01aTeIbHBIX CKBAKHH HJIH N0 1aHHLIM O CKO-
pocTH GHABTPAUHH M NOPHCTOCTH, OKAa3bIBACTCHA HHKE CPEIHEeR
CKOPOCTH B NMOpax H3-3a M3BHJIHCTOCTH NOpoBbiX Kanaaos. Hassan-
HOE OOCTOATEAbCTBO CJACAYET YUHTHIBATHL MPH aHajm3e Mpoueccos
cyddo3nun B HATYPHBIX YCJIOBHSX.

Yto Kacaercsi ONnpeaeaeHHsl COACP/KAaHHA B3Becel B BOAC H ee
XHUMHUYECKOTO COCTaBa, TO 3TH BONPOCHl yKe UEIHKOM COCTABJAIOT
cendHKY HCCae10BaHHiH npolueccoB cy@dodnn u  KoJbMaTaumi
M 3aCJAVXKHBAOT 0cOG0Oro BHHMaHWs. B 1aHHOM OTHOWIEHHH HA Ha-
TypHble Habal01enns nagaer ocofcHHO 00JblIAasi OTBETCTBEHHOCTD,
TaK Kak METOAHKA [POrHO3HPOBAHHA NpoueccosB cyPpo3nn U Koab-
MaTauMH 10 CHX nop passuta Maao. OracabHbie padoTnl 10 ITHM
Bonpocam (31, 122, 138 u ap.] cute He Aaan 10CTATOUHOrO MaTtepHa/a
)15l TEOPETHUECKOH OUEeHKH HHTCHCHBHOCTH PAa3BHTHS MPOLECCOB
cypdosun. Pesyabrartsl OnuiToB, NPOBOAMMbLIX B JabopaTopHH, He
MOryT ObiThb PAacnpoCTpPaHeHnl Ha HaTYpHble YCJAOBHA, [OCKOJbKY
fIpH COMOCTABJACHHH HMMEIOUHXCA 1ab0opaTOPHbIX JAaHHBIX ¢ HATyp-
HbIMH OOHapykuBaercs GOJbIIOE HECOOTBETCTBHE.

Mexannueckas cypdoaus Hayuaercss oObIYHO NMO HabJIOAEHHAM
3a y4yacTKaMH BbIXOJa FPYHTOBBIX BOA B HHXHHH Obed Ha OTKOCHI
H B ApeHaxkuwie yctpoiictsa. [lpn 3TOM N0 BO3MOXKHOCTH H3Me-
pAeTcss (QHAbTPAUHOHHBIA Pacxol — OOUHH H NO OTACJAbHLIM Vua-
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CTKaM HMJH NO OTAEAbHBIM COCPEAOTOYCHHBIM HCTOYHHKaM., B psage
CAyyaeB BO3MOMKHO HCCIACAOBATb KOJHUECTBEHHO BBIHOC TPyHTa M3
semantoro coopyxenns. Ha puc. 7-1 nokasanoi rpaHKH HHTEH-
CHBHOCTH BbIHOCA MEJAKHX (pakuMit Ha pPa3JIHUHBIX YyYyacTKax 3em-
asunoi naotHHel F'opbkosckoit 'IC. Kak BHAHO H3 rpaduKoB, 3aKOR
U3MEHEeHHS MHTEHCHBHOCTH BbIHOCA HaA pa3jHYHBIX ydacTKax pasaM-
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yen. Tax, na yvyacrkax / u 2 MakcuMaJbHasi HHTEHCHBHOCTb BBIHOCA
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Puc. 7-2. I'padmk HNTCHCHBHOCTH BHIHOCA NECKa W M3 APEHAXKHHIX TPYO
no aaune L nAOTHHLL

Ha puc. 7-2 nan rpaduk CpeaHHX 3HAaUCHHH HHTEHCHBHOCTH Bbl-
HOCA YAaCTHIL TPYHTa B JpeHaxe Toro e oO0bekra. 'papuk naer
HarJasi1HOe MPeJICTaB/]eHHe O PAa3BHTHH CY(D(PO3IHOHHBIX SBJCHHH NO
AJIHHE NJAOTHHBL.

[Mpu uccaenosanusax cydpdosznu Gepyres npobul a5 aHadH3a
BBIHOCHMOro Bojol rpyHta. Ilas uccaeaosanusi coctosinusi obpart-
HbIX GUALTPOB (B cayuyae AX A0CTYNHOCTH) GepyTtcs npoObl rpyHTa
nepea GUALTPOM H H3 Cj0eB GUAbTPA NPH NOMOUH GYpOBBIX CKBa-
XKHH HAH M3 WYpGOB.

[Tpn uccaeoBaHHH XHMHUECKOH CY(P(DO3HH NMPOH3BOASATCS Te XKe
Habaio1eHHd, Ho GepyTcs npoOb BOALI HA XHMHUYECKHH anaaus. Tak
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Kak xumuyeckasi cypdosuss oObIYHO HE HMeeT JOKaJAbHOro Xxapak-
Tepa, Kak mexaHuueckasi cypdosns, a 3axpatbiBaer GOJbUIHE 30HDI
B OCHOBaHHSIX FMAPOCOOPYKeHHH, TO HabJIOeHHA 3a HeH pacnpo-
CTPAHAIOTCA MO BO3MOXHOCTH Ha BCE OCHOBAHHE COOPYXKEHHH.
[TosToMy npobbi BOABI HA XHMHYECKHA aHaaH3 OepyTcs H3 MNbe3o-
METPOB, MOCTABJIEHHbIX B Pa3AHUHBIX TOYKAaX OcHoBaHHi. Becbma
CVLLECTBEHHYI0 POJb HrpaioT Hab. I01€HHA 32 W3IMEHEHHSIMH Nbe3o-
METPHYECKHX HAnopos.

KoabmaTauuss rpyHTa oOObLIYHO HOCHT 30HAJbHLIA Xapakrep.
B OCHOBHOM KOJIbMATallHi MPOHCXOJAHT HA NOBEPXHOCTAX BXOAa
BOABLI B FPYHTOBbLIH MAaCCHB, T. €. Ha MOBEPXHOCTAX JHA H OTKOCOB
BO/LOXPAHH/IHIL, KAHAJIOB W HAa BEPXOBLIX OTKOCAX 3eMJAHbIX NJO-
THH. [lpu HeylauHoMm pacuere HAH NpH HeOPEKHOM MNPOH3BOACTBEC
paGoT KOJAbMAaTallHH MOrYT nojasepratbhcs obpaTHbie QHALTPLI Ape-
Haxen. Otclola BbITEKaeT, 4To #H HAaGJI0JCHHSL 332 NPOUECCOM KOJb-
MaTauHH J0JKHB ObiTb COCPEAOTOUCHBI B YKa3aHHbIX Mectax. B co-
CTaB 3THX HabJ101eHHit BXOAAT HaOA0AeHHSI 3a MNbe30MEeTpamH,
NMOCTABJEHHLIMH TIO TEUEeHHIO Bblllle H HHXXE 30HbI KOJbMaTauuM,
a Takxe HernocpeAcTBeHHO 6,H3 MepBoro ¢jos o6paTHoro ¢GpuabTpa.
Xopouwyo HHpoOpMalHIO O npouecce KoabMaTauHH 1aioT Habaoae-
HHA 3a (QHALTPAUHOHHBIM pacxoaoMm. B § 8-4 onucan cayuai na-
OJI0eHHsA 3a PacXoj0M KOJIbMAaTHPOBABLIEHCS TMEpPEMbIUKH, KOTO-
pulfi aaJ HcyeprneiBaloulee mnpejacrasiaeHde o6 spdexTe Koab-
MaTauHH.

Buinop rpyHta XxapakTtepHuayercsi HaiauyueM OO0JbLIMX rpajiHeH-
TOB Hanopa B 30He, NOJABEPraeMon BbINOPY.

Jas onpeaesieHHss rpajHeHTOB Hamopa HeOOXOAHMO HMETh
HaOGJIOEHHS 32 TOKA3aHHAMH MbE3OMETPOB B 30Hax Bwinopa. He-
PEeAKO B 30HAX BbINOpa MpH BOCXOJAALLEM MOTOKE, HanpHMep B CTPOH-
TeJbHLIX KOTJOBaHaX, Habawaaercs obpa3oBanue Kaoued. Beuay
B3BELWIHBAHHA (DHIBTPALHOHHBIM TMOTOKOM TPYHT pa3spbixasercs
H 0o0pa3vioTcs TPACHHLI B KOTOPHIX, Kak Ha6.Ji01a]10Ch B NpaKTHKe
CTPOHTENLCTBA, TOHYT TAXKE/bIE NMPEAMEThI.

Kawoun, sBasiowuecss mnpusnakom soinopa [69], oGpasyiorea
TaKKe B HHXHHUX Obedax TrHIAPOTEXHHUECKHX COOPYKEeHHH,

HUHTEpeCHO OTMETHTh, UTO, KaK MOKa3biBalOT HCCJIE10BAHHA aMe-
pHKAaHCKHX yueHbIX [229], u3 204 cayvaeB pa3pywieHHsi 3eMJISHBIX
NJAOTHH HET HH OJHOrO CJyuyas paspylueHHs BCJAeACTBHE Bbiopa.

§ 7-3. HabniogeHnsa 3a COCTOSHMEM rpyHTa

HenocpeacTennble HalJI0EHHA 32 COCTOAHHEM TPYHTa BKJI0O-
yaloT HaOAJEHHA 338 NJOTHOCTBIO M TPaHYJOMETPHYECKHM COCTa-
BOM IPYHTE, 3a MOPHCTOCTHIO H 32 OCAAKaMH.

Onpeje/iedusi TpaHyNOMETPHUECKOrO COCTaBa FPYyHTa NPOBOASATCS
no pesyabratam JaaGopaTopHOro aHajgH3a npob, oToGpaHHBIX H3
uccaeayemoro naacra. OnpeneneHHss NJOTHOCTH H  MOPHCTOCTH
TPYHTa MOTYT NMPOBOAHTBCA KaK MO Pe3yabTaTaM H3Y4YCHHS OTIeb-
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HbIX NPod B Aa0OPaTOPHBLIX YCJOBHAX, TaK M NYTEM OUPEIEICHHSA
HCKOMBIX XaPaKTCPHCTHK B HaTYpHBIX yeaosuax [155].

Mertoaka orbopa npod Ja H3VUEHHs T[PaHYJOMETPHUECKOTo
COCTaBa, CTPYKTYPLI TPYHTA H APYrHX PH3IHKO-MEXAHHUECKHX Xapak-
TEPHCTHK, TaK KC Kak B cayuac orbopa npol aas onpeieneHns
BOA0OT.1a4H naacra (raasa 6), npoHCXOAHT MO ONPCAEJIEHHbIM NIpa-
BHJAM, UEIb KOTOPBLIX —— obecneyuTb MAaKCHMa1bHOE COOTBETCTBHE
BbiGpaHHoro obpasua uayuaemomy naacty. Cnocobul otGopa 1poo,
METOAHKa MNpoBeleHHs Ja00paTOPHBIX HCCJACI0BAHHH W METOIbl
pacyera XapakTepH3YIOUHMX NAacT noxasartedefl, N0 AaHHLIM O pe-
3yJbTaTaX M3YYEHHA OT1€AbHbBIX NpolG, NPHBOAATCA BO MHOIHX
pykosoacteax (27, 76, 133, 142, 153]. Onpeaeaenne xapakTepHCTHK
njaacra no pesyabraram JabopaTopHoro onpoGoBaHHS OTAEALHBIX
0o0pa3lUoB IPYHTA HMeeT OrPAHHUEHHYIO NPHMEHHMOCTD, MOCKOIbKY
NOJOOHDLIN MCTO1 HCCTE10BAaHMA CBA3AH ¢ HEH30CKHLIM Hapyiue-
HHEM 1eJ0CTHOCTH nJaacta. BBuay 3Toro Ha npaktike metol orbopa
npo6 4acTo CTPEeMATCHA 3aMEHHTh HEpaspylalWHMiI MeTOo1aMH
KOHTPOJIsi, TAKHMH, KaK YJAbTPa3ByK, METOJ HefiTPOHHOro H ramma-
Kapotarka M Apyrue. DTH MeTOJAbl HCCJCA0BaHHA, B LEJI0M BecbMa
MepCneKTHBHBIE, 10 CHX NOpP ellle He HaluIH WHPOKOro NpHMEeHeHHA
BBHAY MX OTHOCHTEJAbHON CJOXKHOCTH W HOBH3HbI HCNOJIb3YCMOH
annapaTypbl. CBeleHHA O METOIMKE HCC1E10BaHHA H NMPHMEPHI NPH-
MEHEeHHSI 3TON METOAMKH B KOHKPETHbIX YCIOBHAX NPHBOAATCA BO
MHorux pabotax [138, 207].

B npotHBONOJAOKHOCTE PACCMOTPEHHbIM HCCIEJ10BAHHAM CTPYK-
TYpPH FPYHTA BONPOCH! KOHTPOJSI OCAA0K X0poiuo paspaboranb [175].
Ocaaki rpyHTa, a TakKe BCNYYHBAHHE BO MHOIHX CJAYYasX MOTYT
ObITh O1HHM U3 Haiboaee OOWIX H O4YeBHHbIX MoKa3aTedeH PUIbT-
paunoHHuix aedopmaunii. I'lpaBuabHoit opranu3auun HaO.IW0IeHHI
3a ocajKaMH Ha NpakTHKe Npuaaercs oueHb 00.bllIoe 3HaAYCHMNC.
Caeaenns 06 ocajiKax NO3BOJAIOT TAKKE OUEHHBATH H NMPOUYHOCTHLIE
xapakrepucTuku rpyurta. HabGaogenuns 3a aegopMauusiMi n4acra,
OTKOCOB, OCHOBAHHH COOPYKEHHH M T. 1. MOTYT NPOBOAUTLCA BH3Y-
4JbHO HJIH € MOMOLIbIO YKa3aTeael — MapoK, JKeCTKO CBSA3aHHLIX
CO CNEIMATBHLIMH MJIHTAMH. DTH NJHTH YCTAHABAMBAIOTCS B TOJLUC
rpynTa Goiee nam Menec 6JIH3KO K PPYHTOBON noBepxHocTH. BuicoT-
HOC NOJIOKEHHE MaPOK HHBEJIHPYETCH, a 3areM CHCTeMaTHYeCKH
nposepsieTcsi nyreMm Hupeauposanus. Kaacce TOYHOCTH HHBCJIHPOBOK
onpeieasiercsi BaxHocTbio oObekta. [lpaBnia HHBEJHPOBaHHS,
a TakKe (BEACHHSl O METOJ1ax nepexola OT NOKa3aHHH OTAEIbHLIX
TOYEK K OCPCIHEHHLIM BEIHUMHAM HMMEIOTCA B HEKOTOpLIX paboTax
(175, 225].

Ha ruipoTexHHYecKHX COOPVKEHHAX HaOJI0IeHHA Be1yTcs 3a
0CaAKaMH OCHOBAHHI COOpYXKenHit (rayOuHHbIC MAapKH) H 3a ocaj-
KaMH CaMHX 3eMASHBIX COOPY’KEeHHil, HalnpHumep, Teaa MJIOTHH (no-
BEPXHOCTHbIE MapKi). Paswmemaiorcs MapkH Tak, 4TOObl MOMKHO
6blJI0 CYINTHL O pacnpejefeHnd ocaloK no GPoHTY CoOpyHKeHus.
lIlpu 3ToM TpyaHo OuiBacT PpasaHuHTh OCAAKH, SABJIAIOUIHECH
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caAeACTBHEM (QHIbTPAUHOHHBIX AcpopMaIHii, H OCAJKH B pe3yabTare
Harpy3kd OT Beca COOpyKeHHa. Martepuanbl HaOJMIOAEHHH 3a OCaj-
KaMH OOBbIYHO MPEACTABJAIOT B BHAE IpaHKOB H3MEHEHHA 0Cal0K
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Puc. 7-3. Tunossle rpaduki 0Caj0K COOPYKEHHA: @ — CTaOHAH3HPOBaH-
nble Ocajiku; 6 — NporpeccHpyioulHe ocajlk.

¢ TeueHuem spemend. [IpuMepHblit BHA rpaduka ocaaoK npHBeileH
Ha puc. 7-3. AHaAH3HPYS MaTepHa/bl HAOMIONeHHH, BaXKHO yCTaHO-
BHTb OOLLYIO HAMPaBJCHHOCTb 0CaJ0K. B cayuae, Korja ¢ TedeHHeM
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Puc, 7-4. Tunosoft rpadmuk pacnpeieseHHs 0CaZ0K BAOAL (PpoHTa
COOPYIKCHHA.

BpeMeHH OCaiKH MEHSIOTCS Ma/jo H KPHBas 3aBHCHMOCTH AS=f({)
CTPEMHTCH K aCHMMMNTOTE, Mapaye]bHOR ocH abcuuce, Takue aedop-
MAlHH CYMTAITCH YCTAHOBHBIWHMHCA (pHC. 7-3,a). OueBHaHO, uTO
NPOrpecCHPYOWKX (GHABTPAUHOHKBIX AedOpMalHi HET, M OcajaKa
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onpeaeaneTcs BHewHeR narpyskoi. MHOR BbIBOX MOMKHO ciaeaartb
B Cayuasix, Koraa Ha rpaduke AS=[({) oTMEYAIOTCA NPOrpeccupyio-
wue ocaaku (puc. 7-3, 6). D10 06CTOATEABCTBO 3aCTaBJAACT NPEANo-
Jaratbh HaaHYHe PHALTPALHOHHBIX Aedopmalnil.

CpaBHHTEABHYIO XAPAKTEPHUCTHKY NPOUYHOCTHLIX CBOHCTB IpyHTa
MOKHO NMOJYYHTb NPH aHaAu3e rpadHKa pacnpcacieHHs ocajloK no
dbponty coopykenus, Kak 310 npejacrasiaeso Ha puc. 7-4. Takoe
NpeaCcTaB/eHHe OCaJ0K TMO3BOJASET ONpeaejanTh MECTONOMOKEHHE
HaHMeHee 0.aronojyuyHbiX Y4acTKOB, ¢ TeM 4ToObl B jaJjbHeflleM
OCYWECTBISATb HAa 3THX YyyacTKkax OoJee THaTeAbHbii KOHTPOIb,

a B cayuyae HeoOXOAHMOCTH 3aJ0KHTb TAKKe M AONOJHHTEJbHBIE
MapKH.

§ 7-4. MccnepoBanne MexaHM4YECKOM Cy(PPo3uu

Kak yxe oTmeuasoch Bbile, Mexanuyeckas cypdosuns npeacras-
aser coboft npouecc nepeMemleHHss H BBHIHOCA (HABTPALHOHHBLIM
notokom vacTHLl rpyHra. OOblYHO fIBJIEHHA MexaHH4yecKoH cyddo-
3HH BO3HHKAIOT M PA3BHBAIOTCA B HECBA3HLIX TFPYHTaAX, MPHMEHH-
TEJbHO K KOTOpHIM H pa3pabateiBaloTcs
BCE MeToJbl aHaau3a. Bmecre ¢ Tem Ha
NPaKTHKe HEPEeAKH TaKKe CcJayuan pas3Bu-
THSL MexaHuueckoit cyddo3nn B Tpeuu-
HOBAaTHLIX TPYHTax, KOrja B TPeLIHHAaX
HMEIOTCS  MEIKO3CPHHUCTbIe  3aMOJIHH-
Teau. [lockoabky meToabl aHanusa Mme-
XaHuueckoit cypdo3uH B HECBA3HBIX
FPYHTAX B 3HAUHTENBLHON CTECNEHH MNpH-
MEHHMbl M K JlaHHOMY CJy4ai, TO, HC
orosapHpasi 3Toro oco6o, 6yjieM CUHTaTb, p & X

e, 7-5. Cxema CTpYKTYpM
YTO M3Jaraemble HHKe crnocodwi Hccae- —
AOBAHHS MeXaHHYECKON CYPDO3IHH MOI'YT | _ yacruum, oGpasymoume cxe-
ObiTb B OCHOBHOM PacnpoCTpaHeHbl H Ha CT (PYNTA; 2 —3IAHOANNTEAL,
TPeIHHOBATHIE NOPOJbI.

B coorsercTBHH ¢ npHHATHIM onpegenenuem [68] rpynt, B Koro-
POM B cJayuyae NPEeBLILECHHS CKOPOCTbIO (HJIALTPAUHH HEKOTOPOro
KPHTHYECKOrO 3HAYEHHS MOJXKET BO3HHKHYTbH MexaHnHueckas cyddo-
3usA, Ha3wBaloT cypdosnonuuim. CooTBeTCTBEHHO HeCyPHO3HOHHBIM
Ha3bIBaeTCsl FPYNHT, B KOTOPOM MEPCMEUIeHHSI M BBIHOC 4HacTHIL MO
JedcTsHeM (PHABTPAUHOHHOTO 110TOKA BOOOLIE HEBO3MOXKHbI.

Hcnoab3ys HECKOObKO HACaAH3HPOBAHHBIE NPEACTaBJACHHA 00
YKJa1Ke 4acTHIL HECBSI3HOrO IPYHTA, B TPYHTOBOM TeJie MOXKHO Bbl-
AeJHTH CKeaer, 0Opa30BaHHbI YaCTHULAMH, MepPeAalolHMH YCHIIHS,
NPHIOAKECHHBIE K FPYNTY, H 3aN0AHHTENb — MEJIKHE YACTHILbI, 3a110J1-
HAIOLWHE MOPbl MAH TPCLIHHLI M HE YUAcTBYKOUIHE B nepejpaye Ha-
rpy3kn. CxemarHucckoe un3oOpaxenue TPyHTa, COOTBETCTBYIOULEE
NPHBEICHHOMY ONHCAHHIO, MPEACTaBJACHO Ha pHC. 7-5. B 3aBucuMmo-
CTH OT NO.J0KEHHsT 30Hbl, MOJABEpPriefics BBIHOCY YACTHIL, pa3JjHyaioT
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BHYTPCHHIOIO H BHewHIo cyddosuu (184]. B nepsom cayuae
HMeeTcsl B BHAY MPoOUece NMepeHoca YacTUIl MOTOKOM BHYTPH IPVHTA,
a BO BTOPOM — BBIHOC HYacTHLL M3 rpyHTa. Kpome Toro, MOXHO Bbije-
JUTb cy(Po3HIo, BOZHHKAIOUYIO HA FPAHHIE CJI0EB, PA3JHUHBIX NC
CBOEMY TPAaHY.IOMETPHYECKOMY cocTaBy (KontaxktHasi cyddosms)
OaHOiT M3 Pa3HOBHIAHOCTCHT TAaKHX SBJACHHA MOMHO CUMTATh TIpO-
CbilTaHHE TPYHTA B (PHILTP H PA3MBLIB MCJAKO3CPHHCTOrO IPyHTa Ha
FpaHulle ¢ KPYNMHO3EPHHCTHIM MOX JCHCTBHEM COCTABJAIOLIECH CKO-
pocri (uJAbTPaUHH, HANPaABJACHHON BAOJAL 3TOH TpaHuubl, Bo3Huk-
HOBEIIHE M PA3BHUTHC HABJACHUA MexaHuueckoi cyd(osun B rpysre
MOJKHO npeilcTaButh cebe cjaeayiouiym odpazom. Ilpu onpeaeaen-
HOM 3HAUYCHHH CKOPOCTH (HJAbTpalHH YACTHILI 3aNOJHHTEJAS TOJ
ACHCTBHCM (HJIbTPAUHOHHOrO NMOTOKA MOPYT NPHHTH B JIBHXCHHE.
Ecau no3poasior pasMepsl NOPOBbIX KAaHAJOB, TAKHE YACTHLULI MOLYT
TPaHCNOPTHPOBATBLCS MOTOKOM H3 OfHOro mecra B apyroe. ITo mepe
0cBOGOMKACHHA NMOPOBOrO MPOCTPAHCTBA BOAOIPOHHILAEMOCTL FPYHTA
yBeanuusaerca. IIpu onpeseseHsbX yCAOBHAX BBIHOC YACTHIL MOXKET
pacnpocTpaHUTbC HA YacTHUbLL CKeJeTa rpyHTa, UTO TPHBCICT
K nedopmauusamM.

YKazauunit MexaHuaMm mexauuueckoit cyd@osuu nospogaser uc-
MOJMb30BaTh 151 OUeHKH CYy(p@O3HOHHBIX CBOHCTB H3yuaeMmblX TPYH-
TOB HEKOTOpbIE KOJHUYECTBEeHHbIe KpHUTepHH. M3 H3MoXKeHHoro Bbille
¢JeayeT, YTO BO3HHKHOBCHHE MeXaHHuecKoH cypdoznu BO3IMOKHO
TOJbKO NPH YCJAOBHH, YTO PAasMEp HAaCTHI 3aNOJHHTEIS MeHble
pasmepa nopoBoro KaHaaa. B cayuae 1apoBbiX HacTHIL M KaHaaa
KPYIJ0ro Ce4eHusi 3TO YCJAOBHE MOXKHO XapaKTepH30BaTh HEPABeH-
CTBOM:

d.um "{; dn » (7'1 )

rae dyy — AHAMETP HACTHUBI 3anoJHHTENA; dy— AHAMETP MNOpo-
BOro KaHaJja.

Mexay pasmepaMu mop H pa3MepaMH MNOPOBLIX YacTHU, cJja-
raloUlHX MOPHCTYIO Cpefay, CyllecTBYeT onpejedacHHas cBa3db. Que-
BHAHO, MO AaHHLIM O I'PAHYJOMETPHYECKOM COCTABE MOXKHO B Ka-
KOM-TO CTENCHM CYAHTb O BeJHuHHe nopoBbix KaHaiaos, [lonwiTky
AaTh aHAJHTHYCCKOE BLIPDAXKCHHE 3TOH 3aBHCHMOCTH Ha OCHOBAHHH
CTPOTHX TCOPETHYECKHX BBHIBOJOB HE pas MNpeIpHHHMAJHCh MHO-
rHMH HeenejgoBateasimu [205], HO A0 CHX HOP VIOBJIETBOPHTEIbHO
PEIIHTh 3TOT BOMPOC ell¢e He yiaaaoch. IlosTomy KpHTCpHaAJAbLHBIC
pacyeTHbIC 3aBHCHMOCTH, PEKOMEH]YeMble PA3HBIMH ABTOPAMH JLI15
onpejesneHns creneHn CyOdO3HOHHOCTH TpPyHTA, ABIASIOTCH UYHCTO
IMITHPHUCCKHMH.

B nacTosuiee BpeMs HMEETCA HECKOAbKO 3aBHCHMOCTEI A48 pac-
yeta coctaBa THNosoro Hecyddoauonnoro rpyura [68, 92]. Paspa-
foTtaHbl cnocodbl rpaHuUeckoro H TEOPETHYECKOro aHa/H3a CTeneHH
cyddO3HOHHOCTH FPYHTOB.

B natypHuix ycaoBusix Aas onpenenenust cydpdo3HOHHON Xapak-
TEPHCTHKH HCCJAEAYEMOro TPYHTA MOXKHO MPOBOAHTH CNEUHAJbHbIH
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or6op npob. 3arem, HCNOAb3YA TOT HAH HHOA KpHTEpHi cyddon-
OHHOCTH, 1O J1aHHBIM Pe3Yy.JbTATOB MeXaHHYecKoro adaausa npoobd
FPYHTA H3YYaeMOro CJ05l MOKHO onpeleanTb CypdosHoHnble Xapak-
repucTHKH rpynTa. Takas metoanka onpejaeasict KOMOHHHPOBaHHbINA
n1a60paToOpHO-NOAEBOH C110co6 HCCIe10BaHHsA MexaHnueckon cyddo-
sy, Caejnyer, OXHAKO, NMOAMEPKHYTb, YTO €Cc/MH B HeCcyddosnoHHOM
rpyHTe Mexanuueckas cyp¢po3us He NPOHCXOAHT Aaxe npu 60.b-
WHX 3HAYEHHSAX TPajHCHTA Hanopa, To B rpyHtrax cyp@osHOHHBIX
OHA MPOMCXOJAHT NPH TOM YCJIOBHH, YTO rpajHeHTs Hanopa / Gyayr
Bpille KPHTHUECKHX Jyp. [101 KpHTHYUECKHM rpajiHEHTOM MOHHMACTCA
TaKOM rPAAHCHT, NPH KOTOPOM BO3HHKAET ABHKCHHE MEJKHX YacTHL.

Takum oGpasom, B npHMeHEHHH K cYPDO3HOHHLIM IPYHTaM BO3-
HHK Mexanuueckuit Kputepuit cydpdosuu: / > [y [Ipubanxennbie
snavelns /yp BrepBbie Berpeuaiotess B paGorax A. H. Ilatpawesa.
OnHako ec/AH NpHHATbL BO BHHMAaHHE, YTO HapAdy C reoMerphtue-
CKHMH H MEXaHHYECKHMMH napaMerpaMH, BXOASAIIHMH B 3TOT KpHTe-
puit npu cy$pdo3Hn H KOAbMATAUHH, HTPAIOT POAb H (PH3HKO-XHMH-
yeckue dakropu [99, 190), T0 nNOHATHO, YTO AOCTATOYHO HAMEKHbIE
3HaYeHuss 179 [y MOKHO NOAYUHTH TOJABKO NMOCPEACTBOM IKCHEpH-
MEHTANAbHLIX HCCACAOBAaHMA B J1a6OpPaTOPHBIX H B HATYPHBIX YCJIO-
BHAX.

JIpyruM MeTOZOM H3y4eHHsI MexaHHuecKoi cyddosuu B Hatyp-
HbIX YCJAOBHAX FABJSICTCSH KOHTPOJAb Pa3BHTHS Npouecca MO AaHHBIM
0 cojepAKaHuu B3Beceit B npobax BOAbI, OTOGPAHHOR H3 MbE3OMeETpa.
Takoft or6op 10JKEH NPOH3BOAHTHCA CHCTEMATHYECKH IO 3apaHee
cocTaBaeHHoii nporpamme. B Hacrosuiee Bpemsa MeroaMka orhopa
npo6 A4 KOHTPOJs npouecca MexaHHuecKoi Cy(p¢PosHH mnpakTH-
yecKH He pa3paborana. O6bLIYHO NpH HCCAEJOBAHHAX J0BOJBCTBY-
IoTcsi obGHapyKHBaHHeM TOJAbKO camoro (akra BbIHOCA YacTHLU,
a KOJIMYECTBEHHbINI aHajJH3 NpeiacTaBiseT CKopee aKaJeMHYeCKHH
HHTEpec, 4eM JaeT HCXOAHLIl MaTepHaa AJsi HaJeXKHOro KPHUTEpHA
pa3mepoB BbIHOCA.

Huoraa nonbiTKY KOJAHYECTBEHHON OLEGHKH Pa3MepoB BLIHOCA
A€Aa10T ¢ NOMOLLbIO CNelHa bHBIX NEeCKOJOBOK B BH/le CKBaKHH W.IN
KOJIOALEB, YCTPOCHHLIX Ha NYTH NoToKa. VIHTEHCHBHOCTb BHIHOCA
4aCTHIl ONpele’sieTcst Mo HHTeHCHBHOCTH HaHOCOOOpa3oBaHHA Ha
aHe. B 3ajaum muccaeaoBaHuit BXOAHT OmnpeaeseHHe 3aBHCHMOCTH
HHTEeHCHBHOCTH BbiHOCa OT BpemeHH. Moryr GbiTh NOCTPOEHBI KpH-
Bbic BLIHOCA. [TpuMepHbIt BH/L TAKHX KPHBBIX NMPHBOJAHTCA Ha pHC. 7-]
H 7-2. Unoraa aas Goabluefi HANSIAHOCTH 30HbI BHIHOCA HAHOCAT Ha
njaan coopyxeHnsi. K TakuMm HCCA@I0BAHHAM TECHO NPHMBIKAIOT
HabGA0CHHA 33 COCTOSHHEM JPeHA’KHBIX CHCTEM, KOTopble noipob-
Hee 6y1yT pacCMOTPeHb B caeaylomewm naparpade.

B nocaeanee Bpemsi NpeAnpHHHMAIOTCS NONBLITKH H3YYEHHs Npo-
LeCCOB BHIHOCA YACTHIL METOAOM HHIHKATOPOB. DTH HCCIEIOBAHHA
OCHOBAHB! HA BBEIEHHH B I'PYHT MCUEHBIX wacTHU rpyHTta [220]. Tak,
HanpuMep, HHTEPECHBIC ONbITH ¢ AKTHBH3HPOBAHHLIM Necxom Oblin
nposeiensl B. M. 3anopoxiem [62]. TTepemeuienne MeyeHBIX HacTHIL
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B onbiTax (QHKCHpyeTcs € MOMOLLbIO CNEUHAIbHBIX H3MEepPHTEAbHbIX
npubopos. Takoit MeTOx HCCJAE10BAHHS, MO-BHAHMOMY, A0BOJIBHO
NepCneKTHBHbIM, HO IO CHX MOP OH elle HeXOoCTaToyHo paspalboTaH.

§ 7-5. HarypHblie MccnepoBaHMs KONbMAaTauMK rpPyHTOB
rMAPOCOOPYKEHHH M MX OCHOBaHMM

[Toa kKoabMaTauuei B NpakTHKe THIPOTEXHHYECKOro CTPOHTEIb-
CTBA NOHHMAIOT PA3/IHUHbIE SIBJACHHS, NpPexjJe BCEro OTJI0KEHHe Ha
AHe W OopTax BOAOXPAHHJHIL, OTKOCAX KaHa/0B, Ha BEPXOBLIX OT-
Kocax 3eMJIAHBIX NMJIOTHH H T. A. CJOS, COCTOALLEro H3 MEJKHX nec-
YaHbIX HAH MHHHCTHIX wacTuy. Kosdouuuenr ¢puabTpauuu taxoro
CJI0A JI0CTAaTOYHO MaJl Mo CpaBHEHHIO ¢ Ko3dppuuHeHTOM (HALTPA-
LUHH NOPOA, MOACTHJAAIOMIMX KoJbMaTauHoHHubill caoit. [Ipu obpaso-
BaHHH KOJbMATALHOHHOIO /1051 KO3(pPHUHEHT PHABTPAUHH NMOACTH-
JAIOLHX NOpPOJ HE H3MEHSeTCs, TAK KaK MEJKHe 4YacTHUL TPOHH-
KalOT B MOpPbl HJAH TPeUHHb OOBIYHO HA OYeHb Maaylo riayGuny.
Takas KoabMaTauHus HMeEeT, CJeJ0BaTe1bHO, NOBEPXHOCTHBIH Xapak-
Tep. Hapsiay ¢ 3THM NpH H3BECTHLIX YCJAOBHAX aJJIOBHAJbHBIE OTJIO-
JKEHHS TOA BJHMSHHEM (QHIBTPAUHOHHLIX CHJ MOryT NPOHHKAThH
B ri1y6b mMaccuBa rpynta. [Ipu stoM xosdpHuHenT GHABTpauUHH 3a-
KOJIbMATHPOBAHHON 30HBI 3HAYHTE/AbHO YMEHbIIaeTCs.

KoabMatauusi HEKOTOPLIX 30H IPYHTOBOrO MacCHBa MOZKET BO3-
HHKATbhb HEe TOJbKO 3a CYeT YacTHIl IPYHTA, NPHBHOCHMbIX H3BHE, HO
H 3a CYeT NnepeMelleHHs] MeJKHX YacTHIl FPYHTA JAaHHOrO MacCHBa
npH Haauyuun GOJBLIKX TPAJHEHTOB Harnopa M, KOHEYHO, ONpeaeseH-
HOrO rpaHy/IOMETPHYECKOro cocTaBa rpyHTa.

IIpn KoabMaTauHH KapCTOBLIX NMYCTOT H TPeUlHH B CKaJbHbIX NO-
poaax, Hapaay C MeXaHHYEeCKHMH TMpoLeccaMH KO/bMaTaliH,
MHOTZla MMEIOT MECTO XHMHYecKHe npouecchl, PacrBopuMmbie coau
npH JABHXXEHHH MO0 KapcTaM H TpelUlHHaM MpH COOTBETCTBYIOLIHX
yCJOBHSIX BbHNAAAIOT M3 pacTBopa B TpelHHAX M Kapcrax, HHOraa
uesnkoMm sanosHsAa nycrotel [209]. BooGuie B ecTecTBeHHbIX I'pyH-
Tax noja BAHAHHEM (PHIABTPAUHH NPOHCXOAHT B TOH HAH HHOH CTe-
fICHH HenpepeiBHLIA MPOUECC NEpPeMeLIeHHs MEJKHX YacCTHL, NpHYeM
B OJAHHX 30Hax Bo3HHKaer cydpdo3us, a B APYrHX KoJbMaTalHs.
OHAKO 3TH SIBJICHHS, €CJAH OHH MPOHCXOAAT B TOJLIE OCHOBAHHA
H He J1eJ1a10TCA HHTEHCHBHBIMH, HC HMEIOT NPaKTHYECKOro 3Ha4yeHHs
JUISE COOPY2KEHHSA.

Takum obpasom, npouecchl KoJbMaTalUHH B LIHPOKOM CMbICJae
CJIOBA 0CTAaTOuHO pa3Hoobpasubl. KoabMmartauus nopoa NpOHCXOAHT
‘€CTEeCTBEHHBIM M HCKYCCTBEHHbIM nyTsiMd. EcrecTBenHas Koabmara-
UHsi NPOSBJAAETCS 4aCTO B JOJHHAX PeK B pesyJibTaTe OTJIOXKEeHH:A
B pycJax peK HAaHOCOB H MPOHHKAHHA MEJKHX YacCTHI B TOJLLY
rpyHTa BeJaeacTBHe (HAbTpaunH. B TakuX cayqasx ecTeCTBeHHbIH
(IOTOK I'PYHTOBbIX BOJ B Oeperax pek He CMbIKaeTcsi C ypOBHAMH BOAbi
B peKax H CBA3b MEXAY YPOBHAMH BOAbI B peKax H MOKasaHHAMH
MbE30METPOB, YCTAHOBJEHHLIX B Oeperax, npossasecrca caabo.
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Yacto Halai0aa€eTCs CCTCCTBEHHAs! KOJAbMaTauHsl rPYHTOB BOJ0O-
XPaHWINIL H BEPXOBbIX OTKOCOB 3eMJAHBIX NJIOTHH. B o3epax Koab-
MaTAUMOHHBIH CJOH ObiBaeT MHOrja HacTOJbKO BOAOYNOPHBIM, UTO
GUABTPAUHA H3 HHX [OJHOCTHIO OTCYTCTBYET.

B paae cayyaes ecTecTBeHHas KoabMaTalksa gaer GOJAbUIOH NO-
ae3nbiit 3ppexkr B oTHouwennu 60pbOLI ¢ (PHAbTPALHEH H3 BOAOXpa-
HHJHIL, KaHaaos, puabTpauMeii uyepe3 3eMJasHble MJIOTHHLI, CTPOH-
TeJabHbIe NepeMbiuk H T, 4. Ona ymenbuiaer norepu Ha QuabTpa-
IHIO, CHHXKAET KPHBBHIC JCNPECCHH H NPOTHBOJABJ/EHHE B IVIOTHHAX.

B apyrux cayuyasx KoJbMaTauusi — OTPHUATEJbHOE sIBJIEHHE: OHA
YMEHbLAET BOAONPOHHLLAEMOCTb OOpaTHLIX QHABTPOB JApeHaxei,
NbE30METPOB, YMEHBUIACT TNPOH3BOAHTEJbHOCTL GeperoBblX BO10-
3a60pOB BCJACACTBHE KOAbMATallAM pycen pek H T. A. Jlas 00pbObt
C HexeJaTelbHbIMH MPOABJACHHAMH KoJAbMaTauuu paspabatbiBa-
joTcsl cootBercTByiomue Meroast [169). Csoitctso KoabMmaTauuu
CHJBHO YMEHbIIATh BOJIONPOHHIIAEMOCTL MOPOA CTAJO HCMNOAbL30-
BAThCA B NPAKTHKE CTPOHTEILCTBA THAPOTEXHHUCCKHX COOPYIKEHHH
nyTeM AakKTHBHOrO YNpaBJCHHs TPOLECCAMH ECTECTBEHHOW HIIH HC-
KyccTBeHHOH KoabmaTtauuu, [Npumepnl 3¢p@PEeKTHBHOrO yYMEHbLUCHHS
duabTpaunn B naothHax u nepemmbiukax, crpousmuxcs s CCCP,
HayuHas ¢ 1932 r., npusenennt 8 [28]. Pe3koe ymenbuienue puabrpa-
UHH BCJCJACTBHE KoJabMaTauuu Obl10 B nepembiuke Kamraccrpos
(M. puc. 8-3), 0 uem nojapobGHee Oyaer ckasano B § 8-3. Puaprpaun-
OHHBIH Pacxoj uepe3 Ha3BaHHYIO MEPEeMbIYKY Mocjae KOoJAbMaTauHuu
yMeHbWHICA B O pa3. KoabMmatauus Tesa M OCHOBAHHS IJIOTHHBI
[Masaosckoit ['AC Ha p. Yde nasa BO3MOKHOCTb, OTKA3aBWHCH OT
verpoiicTBa 3y6a, COKPaTHTh CPOK CTPOHTECALCTBA MIOTHHLI Ha |l roj
H C3KOHOMHTbL 3HAuMTEJbHbiC cpeicTBa. CylecTBeHHOe CHHXKeHHe
KPHBOIl AenpeccHH Gblj10 JIOCTHIHYTO NYTCM KOJbMaTalUHH JHA BO-
JOXPaHHJHILA Yy BepXoBoro otkoca [yauTHHCKOH TAOTHHB Ha
p. IOuaunxe (KHP) [152].

C ¢u3nuecKol CTOPOHLI Npouecc KOoJAbMATAUHH 1OBOJBHO CJ0-
KeH. Ecau noBepxHOCTHAs KO.bMaTalUus MECYaHoro CJ0sl Bhi3BaHa
foee MCIKHMH MECYAHLIMH HaCTHILAMH, TO €e MOKHO OODBACHHTbL
YHCTO MEXAHHUECKHM IIPOHECCOM M FeOMETPHEH MopoBOro npocrpas-
CTBa, NPOSIBASIOIWMMHCS B 3ajepKaHHH MEJKHX HacCTHU B nopax.
Ho npu Haauuup MEIKHX MaCTHIL FPYHTa H KOJAbMATHPYIOWHX ero
YACTHIL MCJKAY HHMH BO3HHKAIOT (H3HKO-XHMHYECKHE cBA3H. Bokpyr
YACTHIL NECKA BCJAEACTBHE 3JCKTPOCTATHUECKOro MPHTSIAKEHHSA o ai-
copbuni (KOAJOMIOB M CVCNeH3Hit) obpasyiorcs Takue 0060.10UKH,
KOTOpPBIC B3aHMOJEHCTBYIOT C YaCTHUAMH, COACPKAUMMHCA B (Hib-
TPyIOLLEHl BOe.

OcofeHHO CJ0XKHO MPOTCKAeT Mnpouecc KoJabMaTalUHH TpyHTa
FJIHHHCTBIMH HaCTHILAMH, KOTOpPbIC aACOpOHPYIOTCH HA NMOBEPXHOCTAX
MeCYaHblX HACTHIL, TMPHYEM STOT MNPOLECC ONpeaeasieTcss XHMHKO-
MHHEPAJIOrHYCCKHM COCTABOM FIMHHCTHIX yacthu (123, 190].

KOHTPOIb pa3sBuTHsA KOJbMAaTalli B HATYPHBIX YCJOBHSIX [1pO-
BOAMTCH [YTEM HEMOCPEACTBEHHOro BasTHA npob (§ 7-3) wau no
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JAaHHLIM O MNbE30METPHUECKHX Hamopax M (PHAbTPAUHOHHLIX pac-
Xo0/1ax.

Ocoboe 3HaYeHHE HMEIOT NOKaszaHHs NbEe3OMETPOB, pa3MelleHHe
KOTOPLIX oGecrnevHBaeT BO3MOXKHOCTb ONpejAejqeHHsi rPaIHCHTOB Ha-
nopa Ha yyacTKax HauGoJsiee BEPOATHON KOJbMaTalUHH, HaNpHMmep,
B TIOHYPHOH YacCTH COOPYXKEHHS, nepea oO6paTHhIM (QUABTPOM H T. J.
OueHKH XapakTepa NPOHCLICAWHX H3MEHCHHH BOAONMPOHHLAEMOCTH
MOFYT NPOBOAHTBCA MyTeM ONpoOOBaHHs MJacTa ¢ MOMOLIbIO cre-
IMAJbHBIX ONBITOB CO CKBAa)KMHAMH (OTKayeK, HarHeraHHu), mo aam-
HbIM O Hanopax B NEPHO/ YCTAHOBHBILIETOCH ABHMKEHHS H MO pesyJib-
raTaM HaOJIOJEHHH B NEPHOL HEYCTAHOBHBIUEHCH (HAbTPALHH.
B 3TOM cayyae MOXKHO NPHMEHATb METOJAHKY aHajlM3a NMOKa3aHHi
Nbe30OMETPOB, H3JOXKEHHYIO B riase 6, HAH HCMONb30BATH AHAJHTH-
yeckHe peleHHsi, MPHBOAHMbIe B HekoTopuix padorax (168]. Koab-
MaTauus QHALTPOB CKBAXKHH MOXKET KOHTPOJHPOBATHCA MO MOKa-
3aHHAM HaOGMI0JAaTeNbHBIX CKBa)KHH BO BpeMs NPOOGHbIX OTKaueK
(HarHeTanHit).

Cymmapubiit 3Qpdext KoabMaTalHH JIOXKa BOJAOXPAHHAMILA HA
NPOTHBOJAAB/ACHHE B THAPOCOOPYIKEHHSX Onpejie’sieTcss Ha OCHoBa-
HHH MOKasaHHM NbEe30OMETPOB, YCTAHOBJEHHBIX B BEPXHEM KOHLe
nonypa. McuepnbiBaiouiUMi XapaKkTePHCTHKaAMH NPOTHBOQHABTPA-
ILHOHHOM CMOCOGHOCTH KOJAbMATALHOHHOrO CJ0si fAABJAAIOTCA €ro To.a-
wuHa ¥ Kospdpuuuent GuabTpauud. OXHAKO 3TH XapaKTepHUCTHKH
NPEeACTABAAIOTCS HeompeaeseHHbIMH, TaK KakK H3 J1a6opaTopHbiX
HCCJIeIOBaHHI BBITEKAeT, YTO KOJbMATaIMOHHBIH CJ0# HEOAHOPOAECH
B OTHOIIEHHH BOJAONpOHHUAaeMocTH. BosonponuiaeMocTb KoJbMara-
IHOHHOrO CJ105, OUYEBHAHO, ONpeieaseTcs BeAHUYHHON Rc/d, rae ke —
cpeanui kosppuuHenT PUABTPAUHH CJA0s H O — ero CpeaHss ToJ-
LIHHA.

Ecau umeloTcsi aHHble O HAnopax B HEKOTOPLIX TOYKaxX 06JaacTH
buabTpaUnH, BEJHYHHY Ro/0 MOXKHO ONMpEIEIHTb NyTeM pacyera
uan no meroay IIJIA. B nocaeanem cayyae ob6JjacTb KoJabMaTa-
LUHH MOJEJIHPYETCH B BHJAE MOJOCH C MOBbIWEHHLIM YAEJbHBIM CO-
nporueaenneM. B onbiTax 3TO CONPOTHBJCHHE H3MEHAETCA N0 TeEX
nop, MNOKa 3KCNepHMEeHTa/JbHble 3HAYEHHH HANoOpPOB B 3aJlaHHBIX
TOYKax He GyAyT PaBHBI Hanopam, MOJYYEHHBIM H3 HATYPHbIX Ha-
6 1I0ICHHH.

§ 7-6. HarypHbie MccnepoBaHMs o6partHbiX (PMNLTPOB ApeHaXKen

JlpeHakaMH Ha3bLIBAIOTCS YCTPONMCTBA JAAs 3aXBaTa TPYHTOBbBIX
BOJL C LEJbI0 MOHHKEHHSI YPOBHEIH FPYHTOBOrO MOTOKA HJIK MOHHXKe-
HHUSI JaBJeHHs Ha rHApoTexXHHuecKHe coopy:xenua. Ha puc. 7-6 no-
Ka3zanbl HEKOTOpbIE THMbI JApeHaxked GeTOHHLIX (a M 6) M 3eMJASHbIX
(8, 2, J, ) NAOTHH.

JlpennpoBaHnas BojAa OTBOAHTCHA 4epe3 JPeHa)KHble KIOBEThl HJH
no Tpy6Gam. Tak Kak japeHa)iHble YCTPOHCTBA BbINOJHAIOTCA H3
CHJIbHO BOAONMPOHHILAEMOro TpyHTa (KamMeHHas nabpocka) wan M3
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TpyO, CHAGMKEHHBIX OTBCPCTHAMM, TO s NpelOoXpaHeHHA TpyHTa
OCHOBAHHSI MJIH Tela 3eMJSHOrO COOPYKEHHs B MECTAaX BbIXOAA
FPYHTOBBIX BOJA YycTpauBaloTcs ob6paTtheie (uastpel. OGpaTHbIH
GuabTp npeacraBaser coGOH NepexojAHbIi CJ0H Mex1y ABYMs CO-
NpAAKEHHBIMH TPYHTAMH, BbINOJAHAEMbIl M3 CNEUHAIbHO N0106paH-
HbIX TPYHTOB, OOBIYHO NeCKa, HJAH H3 MNPOHHUACMBIX MAaTEpHA/I0B,
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Puc. 7-6. Cxempl THNOB ApeHakefl NAOTHH: @ — FOPH3ONTAJLHLIA NAOCKWH Jpe-
Hax; 6 — ropH3ONTaAbLHLA ApeHa)X ¢ ApeHa)Kuoft rajepeed; 8 — HAKAOHHLA Ape-
HAX; &-— FOPH3ONTAAbHLA BHYTPEHHHIT Apena); O — ApeHaxHuas NpHaMa; e—

rOPHIONTAALHMIH NAOCKHIt ApeHax (ApeHaXKHbR TIOPAK) ¢ JApenaxkKuoit npHaMoil,
I — ob6patTunte dHALTPH,

Hanpumep H3 nopucroro Gerona. O6Gpathbie GHALTPBHI 3alHINAIOT
FPYHT OCHOBAHHSI MJIM 3eMJSHOTO COOPYXKEHHA OT BHELIHeH MexXa-
HHYecKol cy(pdo3uu, T. €. BHIHOCA YACTHLL H3 TPYHTOBOro MacCHBaA.

B npaktuke nHauGosice ynorpeGuTeAbLHb ofpaThbie (HALTPHI H3
HECBA3HBLIX PYHTOB; I1€CUaHbIX, rPaBHiiHbIX H ue6eHOUYHbIX. B 3a-
BHCHMOCTH OT MEXaHHYCCKOI0 COCTaBa CoONnpsAraeMbiX rpyHTos 00-
patubie GHALTPH  OGLIBAIOT  OAHOCJAOHHBIMH M MHOTPOCJAOHHBIMH
(OGBIYHO ABYX-HJIM TPEXCJIOHHBIMH).

PaunonaibHOMY NPOEKTHPOBAHHIO COCTaBa 00paTHBIX (PHABLTPOB
MOCBAILEHO MHOrO paboT COBETCKHX H WHOCTpPaHHBLIX ‘yueHbix. He
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HMesl BO3MOXKHOCTH OCTAHaB/AHBATLCHA HA CYUECTBYIOUIHX MeTOAax
NPOEKTHPOBAHHA COCTaBa OOpPaTHLIX (PHJABTPOB, YKaXKeM TOJbLKO 0OC-
HOBHbIE KPHTEDHH 3THX METO/0B:

1) xospduuHEHT HEOAHOPOAHOCTH, T. €. =deg/dy, (HaH pasHo-
3CPHHCTOCTH) CJ0eB 06paTHOro QHUALTPA, He A0JXKEeH NPeBslaTh 10-
(IYCTHMOrO: 1 < Ngon;

2) Mexavceaonnbli Koshpduuuent, 1. ¢. nu=D;j/d;, He no0.axKeH
npesbillaTh AONYCTHMOTO: Ny < (MNu)nor. 3Aech di — XapaKTepHblil
pacueTHulit pasMep 3epeH BepxHero (mo TeyeHHi0) caos 06paTHOro
(buabTpa HaH 3amuIaeMoro rpyura; D;— xapakTepHblit pacyeTHblil
pasMep 3epeH HHXKHero (Mo TeyeHHIO) cios obpaTHoro (puaAbTpa.
Yrto Kacaercs pasMepoB XapaKTepPHBIX 3€peH, TO OHH TaK Xe, Kak
H JONYCTHMblE 3HAYEHHS 1y, B PA3JHUYHBIX METOAMKAX Onpeaes-
oTcst pasauuno. Hanmomuuas, uto uuAexkcs! [ # j 0603HaYaloT npo-
UEHT 3epeH IPyHTa MO BeCy HAa KPHBOMH rpaHyJOMETPHYECKOro aHa-
au3a (cm. § 2-2), orMeTHM, YTO MO pa3aHyHbIM Metoaukam [69],
OCHOBAHHLIM Ha 3KCINEPHMEHTAJBHBIX HCCJAEJOBAHHAX, [ TPHHH-
maercs, Hanpumep, paBHbiM 60, 40, 50 WA XKe COOTBETCTBYIOULHM
AHAMETPY CBOA00OPA3YIOUHX YaCTHI, T. €. YacTHI, o6pasyioumnx
VCTOMYHBBIE CBOABI Hal NMOpaMH vacTHU HHXKHero cjos [68]. HMame-
loTca Gojee CI0KHbIC Crnocolbl onpeneneHds { B 3aBHCHMOCTH OT
Kospduumenta pasnozepuuctoctH [67). AHaJOTHUHOE TNMOJOKEHHC
CYLIeCTBYET W B OTHoweHuu D

Bo MHOTHX CayuasiX NMPOEKTHPOBAHHSI FHAPOCOOPYKEHHHA OKa3bl-
BaeTcs, UTO CTOMMOCTh 06paTHLIX (uabTpoB BhicoKa. IToatomy paa
paboT MOCBALLEH HCC/Ae0BAHHIO BO3MOKHOCTH paclikpenus ob.aa-
CTH HMCIOJb30BaHHsl 06GpaTHLIX (PHJIBTPOB rPYHTOB ¢ GOABIWIHMH 3HA-
yeHHAMH Ko3pduuHeHTa pa3HO3EPHHCTOCTH, YeM 3To OLIO yCTa-
HOBJIEHO B MHCTPYKIHAX 30-X rojoB, a TakKe YTOYHCHHIO M pac-
WHPEHHIO IHANa30Ha 3HAYCHHI MeXAYyCAOHHbIX KOIPPHIUHEHTOB.

OcHOBLIBasICb HAa COBPEMEHHBIX METOJax MeXaHH3HPOBAHHOro
cTpouTeabcTBa, Oblan pa3paGoTanbl BOMPOCH MPHMCHCHHSI OHO-
CAONHBIX (PHIBTPOB H3 €CTECTBEHHbIX I'PYHTOB.

Teopuss npoekTHpoBaHua 0OpaTHBIX (PHILTPOB OUEHL CJIOXKHA,
TAK KaK OHA J10.17KHA VUHTHIBATh ABHAKEHHE TBEPABIX YaCTHIL PPYHTa
noa JeficTBHeM THAPOAHHAMHUYECKHX CHJ B NOpax CAOKHOH (opmbi.
Kpome Toro, B psiic CJayuaeB 3HAUHTEAbHYIO POJb 31€Chb MOCYT
urga;b pusnko-xumMHueckue ¢GaxkTopnl, 0 Hem OGbJIO YTOMAHYTO
B -1.

[TosToMy TeEOpHsi NMPOEKTHPOBaHHA 0OpaTHBIX (PHABTPOB OCHO-
BAHA Ha SMNHPHYECCKHX J1aHHLIX, H pacyeTHble 3aBHCHMOCTH HMeEIOT
KOppeasiuHoHHbIf XapakTep. EcTecTBenHo, 4TO HATypHble HCCACNO-
BaHust paboTel OOpPaTHBIX (DHABTPOB HMEIOT BeCbMa BAaXKHOE 3Haue-
HHE HC TOABLKO LI HCCJACAVEMBIX COOPYKEeHHH, HO H 415 AaJibHel-
Iero YCOBEPUICHCTBOBAHHSA MCTOMKH TNPOCKTHPOBaHHA OOPaTHLIX
pHABTPOB.

IMepBbiM JuTEpaTYPHLIM HCTOYHHKOM, COMEpPXKaLIHM MaTepua.d
[0 HATYPHBIM HCCAE10BAHHAM OOpaTHLIX QHABLTPOB, ABAACTCH KHHIA
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1. A. lllankuna {187], B KOTOPO# KPaTKO AAETCH KAYECTBEHHOE OfNH-
canne paboThl OOpaTHBIX (HABLTPOB THAPOCOOPYKEeHHH, B Kuure
NPHBOASITCA CJy4YaH Hey/OoBJETBOPHTENbHOH paboThl 0GpaTHBLIX
(¢uavTpoB. B oanux cayyasax nabmoaanach cy(pdosus B 30He pac-
nonoxennss o6paTHBIX QUABLTPOB, a B APYrHX CAy4aaAX — HX 3auJe-
Hue. OAHAKO 3TH HEJOCTAaTKH B 3HAYHTEJLHON YAaCTH MPOHCXOAHIH
OoT HeGpeKHOro npou3poacTsa palor.

B 1956—1957 rr. E. A. Jly6oukoBsim B0 BHUUI 6bia0 npose-
JIeHO NeTajIbHOe HeChaenoBaHHe oOpaTHBIX (PHALTPOB IHAPOTEXHHUE-
CckuX coopyxenuii- lllep6akoBckoro u LIHMJASHCKOro THAPOY3JOB.
OTH HCCACAOBaHHA KauyeCTBEHHOrO H KOJIHUECTBCHHOrO XapakKrepa
MO3BOJIMJIM C/leJlaTh NpakTHYeCKHe BbiBOAbI 0 paGore oOpaTHLIX
(UIALTPOB.

[naBHbIMH HejocTaTKaMyu paboThi OGPAaTHLIX (PHALTPOB ABASETCS
passutHe cypGo3uu 3aluHiaemMoro rpyHta H oco06eHHO KO.JabMaTa-
uusi  (3amaenne) uAbT-
pos. Lleawit psaa obOpaTHbIX
(HABTPOB pPa3aHUHbIX
rHAPOCOOPYIKEHH I Obia
o0cae10BaH M HM3Y4YeH Mo
COCTOAHHIO B HAType H Nno
PA3aHUYHBIM  MaTepHaJjam
nepHoaa  CTPOHTENbCTBA.
HMmeeTcsi  HECKONIBKO MpH- Puc. 7-7. Tlsezomerp B 30He 06paTHOTO
MEpOB KOJbMaTauHH 006- duabrpa.
patibix ¢uabTpos. [Toutn
BCE CJYYaH KOJAbMATAUHH OOBACHAIOTCH YCJAOBHAMH TNPOH3BOJCTBA
paGor. B stom ornowenun, coraacio martepuairam E. A. Jlybou-
KOBa, MOMHO OTMETHTb CJy4uail HeyAOBJETBOPHTEJILHOH YKJIaAKH
¢uabvTpa nyrem cOpachiBaHHsA FPYHTa M3 MallHH, B pe3y.bTaTe Ko-
TOPOIt NPOH30LI0 paccaoenne obpartHoro ¢uabTpa. B apyrux cay-
yasix BO BpeMsi NPOH3BOJACTBa paboOT MO HAMBIBY 3eMJAHBIX NJOTHH
#a6a10aHCh TIPOPBLIBB! BOABI H3 HAMBIBHOIO Npyaka B TpyGuatbifi
apenax. [Ipy 3TOM NbIIEBATO-IVIHHHCTBIE YACTHULI 00pasoBajii He-
GONBIIYIO NPOCJAOHKY HAa OTKOCE ¢/1051 QHIALTPA.

OcTtanoBHMca Ha crnoco6ax HccaegoBaHHA paboTbl o6paTHBIX
duabTpos. OCHOBHBIM TNOKa3aTejeM 3anjJeHHs (QuabTpa sABJseTCA
N10BBILICHHE AaBjaeHHs nepen GpuasTpoMm. B 3eMAAHLIX NJOTHHAX NPH
3auaenuu GuabTpa Habmoaaercs NOBbILUIEHHE KPHBOH JeNpeccHH ne-
pea caMbiM (PHIBTPOM, O YeM MOXKHO CYAHTbL N0 NOKa3aHHAM Mbe3o-
METPOB, VCTAHOBJEHHbIX nepel o6paThbiM ¢uabTpom (puc. 7-7).

B raase 9 nNpHBOAATCS pAa3JHYHbIE CAYYaH HENpCABHACHHOrO
NOAbEMA KPHBLIX JENPeccHH B 3eMJsHbIX naoTuHax. MHoraa onpeje-
NeHHe NPHYHH TAKOro NOBBILIEHHS MPEACTaBAseT 3aTpyAHeHHs. TH-
AIMYHBLIM NIPHMEPOM SIBJSICTCS MOBLIIEHHC KPHBOH JCMpPeCcCHH B 3eM-
asHon naotuHe KaxoBckoro ruapoysJa [91{

Mexanunueckas cyddosus o6HapyKHBAETCA M0 COAEPKAHHIO Ua-
CTHI TPYHTa B Bojie, npouwealed cCKBO3b OOpaTHbI# (QHABTP, H MO
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3aMEpPy BBIHECEHHbIX YAaCTHIU, OTJOXHBIUHXCA B JAPEHAXKHOM KO.I-
aexrope. Ha puc. 7-1 u 7-2 nokasanbl rpaukd Takux 3amepoBn
8 3eMasHoi nJotHHe [opbKoBcKoro ruapoysna. I'papuku pawor Ha-
FJIAJHOE KOJIHYECTBEHHOE MpeacTas/ieHHe O Xapakrepe cypposuu.
B psaae cayuaeB BO3MOMKHO MOAY4YHTb o6pasust rpynra 6an3 obGpar-
Horo ¢uaAbTPa M caMOro GUJIbTPa 3EMJAHBIX MVIOTHH H FOPH30HTAA L
HOrO JApeHa)<a TepPPHTOPHIl NpH NOMOLK OYPEHHS HJIH 3aJ0MKeHH$
wypdos. O6pasusl rpyHTOB MOABEPralTCA rpaHyJOMEeTpHYECKOMY
aHaJMH3y H NMyTeM CPABHCHHA C COCTABOM HEHApPYLIEHHOro rpyHTa
MOXHO cle1aTh 3aK/JIYEHHE O COCTaBe BLIHECEHHBIX YacTHu It 00
HHTEHCHBHOCTH BbiHOCA. XapaxkTep KoabMaTauuu oOpaTHbIX (PH.IbLT-
POB TakKke MOKeT ObITb YCTAHOBJEH B pe3yJbTaTe rpaHyJoMeTpHyC-
CKOro aHaausa rpyura ¢uabtpa. O KoabMaTauuu o6paTHLIX PHUALT-
POB BEPTHKAJBHOrO ApeHarka MOXHO CYAHTb 1Mo AeOHTY CKBaXKHH,
TaK KakK NpH HaJAHYHH 3aKOJbMaTHPOBAHHOIO €J0si QHIBTPALHOH-
HOE COMPOTHBJICHHE CKBAaKMHbl BO3pacTaeT H ACOHT yMeHbIAeTcs.
OGbIYHO NpH OYHMCTKE 3aKOJbMATHPOBAHHLIX (PHALTPOB, HanpHMep,
MOCPEACTBOM AOMOJIHHTEALHOM OTKAYKH H3 CKBAXKHH Je0HT 3HauH-
TEJbHO BO3pacTaer.

HMHoraa, ecau rpyHToBasi Bola COACPNKHT PacTBOPHMbLIC Bellle-
CTBA, MPOHCXOIAMT XHMHHeCKas KoJabmatauus ¢uastpos. Takasn
KOJIbMAaTalHs pPeiKo BO3HHKaeT B (pMAbTpaAx ApeHaxKeil HamopHbIX
FHAPOCOOPVAEHHH, HO HHOrjaa nabJi0jaercss B JpPEHaXKHbIX CcHCTe-
Max, OCYWAUWHX TePPHTOPHH. s CyXKAeHHa 006 3TOM BHAE KOJb-
MaTalUHH, CBA3aHHOM C (PH3HKO-XHMHYECKHMH MpoueccaMHu Bhinaje-
HHA B (HIbTpax pasJaHYHBLIX COJeH H KOaryJaslHH TIJHHHCTBIX ya-
CTHI, HeoOXOAUMO HMEThb JaHHbIE O XHMHYECKOM COCTaBe IPYHTOBOM
BOALI H XHMHKO-MHHEPAaJIOrHYecKOM cocTaBe rpyHToB. Toraa sompoc
0 XHMHYECKOM KOJbMAaTalHH MOXKeT ObiTh OCBelleH NpH MOMOLLH
CMeUHaNbHbIX HCC/Ie10BaHuiM.

Jas uccaenopanust o6paTHBIX QHABTPOB HEMaJIOBaXKHOe 3Haue-
HHE HMMeeT 03HAKOMJIEHHE C JOKYMEeHTaMH CTPOHTEJbHOro nepuoaa.
M3 HHX MOXKHO BBIICHHTH OTCTYIJIGHHSI OT NMPOEKTa, HaJHYHE NpH
BO3BEJIeHHH COOPY/KCHHS aBapuif, BJHSIOUNMX Ha KayecTso obpar-
HBIX (PHABTPOB, H T. A.

Caeayer uMeThb B BHAY, 4To obpaTHble QUILTPHl ABJAIOTCHA OT-
BETCTBCHHBIM 3JEMCHTOM COOPYXKEHHH M HapylleHHe HX HOpMalb-
HOM paboThl 3auacTyi0 BbI3bIBAeT HeXKeJaTeNlbHOe H3MEeHeHHe Hop-
MaJbHOro pexumMa (QHAbLTPALHHA.

§ 7-7. MccnepoBanmne XxuMMuyeckon cyPPoaum

SIBncHHs XuMHuecKoH cyddosuu, T. €. npouecchl pacTBOPEHHs
M BblUleJauUBaHHsl PACTBOPHMBIX COCTABJAIOWHX rOPHBIX NOPOI BO3-
HUKAIOT KaK B VCJIOBHAX (PHIBTPALUHOHHOrO MOTOKA, TaK H B YCJO-
pusix GacceiiHa TPpYHTOBBIX BOA. B mepBoM ciyyae BhlulesayuBaHue
NMPOUCXOJHT BCJEACTBHE HENOCPEACTBEHHOrO B3aHMOACHCTBHA (PHb-
Tpywouleics BOALI ¢ MOBCPXHOCTHIO MHHepaaa. Bo Bropom cayuae
nponcxoaut AuddysHoHHoe BhillleayHBaHHe, Bhi3BaHHOEe 1HDPDY3HU-
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OHHBLIM MNepeMelleHHeM Ccojleil B HEeNnOABHKHOM MOPOBOM pacTBOpe
npy HaJIHYHH PA3HOCTH KOHUEHTpaUuii. DTOT MPOLECC OCIOKHACTCSA
pouCCCaMM MepeMellnBaiug B pe3yabTarte ACHCTBHA KaKHX-1u60
noGouHbIX (HAKTOPOB: TeMIepaTypPHBIX IPAaAHEHTOB, OCMOTHYECKON
¢uaprpauun (139], ectecTBeHHON KOHBEKUHH BCJICJACTBHE PAa3HOCTH
MJOTHOCTCH PAacTBOPOB H T. 1.

IIpupoaa pacTBOPUMOCTH FOPHBIX NOPOJA paccMaTpHBaeTCs B cre-
uHaabHblx paborax [4, 132, 138 u ap.]. 31ech OTMETHM TOJBKO He-
KOTOpbIe caMbie O0LuHe NOHATUS, CBA3AHHbBIe C 3THM MPOLECCOM.

[1o HHTEHCHBHOCTH PAacTBOPEHHs IOPHbIe MOPOAbl MOXKHO pas-
AeJAHTh Ha JIerko-, CpejaHe- M TpyaHopacTBopumbie. Ilpumepom
JEerKkopacTBOPHMBIX NMOPOL MOXKeT CJAYKHTb KaMeHHasi COJib, CpejHe-
PACTBOPHMbIX — FHNC H aHTHAPHT M TPYAHOPACTBOPHUMBIX — Kap6o-
HaTHbIC MOPOALI (M3BECTHAKH, AONOMHTBI W Ap.). Pasutne cyddo-
3HM B NPHPOJHBIX YCJAOBHAX IJIOXO MOAAAeTCs MPOrHO3Y, MOTOMY
4TO 3apanee TPYAHO yuecTb BeCh KOMILIEKC (PAKTOPOB, onpexeasio-
IHX Npouecc PacTBOPEHHS rOpHbIX nopoi. OnbiT moxasbiBaer, uTo
KOJIMYECTBEHHbIE 3aBHCHMOCTH, XapPaKTEpPH3YWUHEe 3TH NPOUECChH
B HATYpE, OTVIMYAIOTCS OT 3aBHCHMOCTeH, NMOJAYUeHHBIX B JabopaTop-
HbIX veaosuax. Tak, Hanpumep, u3 yyeOHON H CNpaBoOvHON JHTe-
paTYpbl H3BECTHO, YTO Mpeies pacTBOpHMOCTH runca 2,65 2/2. Bue-
cTe ¢ Tem no aanubiM onbiToB A. M. Kysneuosa B J1a60paTopHbIX
yCJAOBHSIX Ha o6pasunax nopoj COJHKAMCKOro KOMIVIEKCAa MNpPH BO3-
AelCTBUM HAa HHX NPHPOAHOH BOAbLI ObIJIO YCTAHOBJCHO, HTO CHO-
COBGHOCTH pacTBOpeHHs ruica coxpausercs o 10 2/2. He moayunau
elile NMPaKTHYECKOro NPHMeHEeHHs BBUAY HX CJIOXKHOCTH W TEOPeTH-
yeCKHe MOTOABl pacueTa, pekoMeHayemble pasHbiMu aBTopamu (31,
87, 138 u np.).

IMpouecchl XHMHYECKOH Cy(ppo3nu 4acTo HrpaiT BaXKHYIO pPOib
B JKH3HH COOpYXKeHui. DT0 OOBACHACTCH MpeXile BCEro YCHJHB-
meica 3a NOCJAEJHHE TOAb! TeHACHUMEH CTPOMTeNbCTBA rHAPOTEX-
HHUECKMX COOpYXKeHHiI Ha cy(ppO3HOHHO-HEYCTOHUUBBLIX TIpYHTaX.
Boubiuroe 3navenue npouecchl cyGdo3nd UMeEIOT TakKe AJ1 pellenHs
3a/1ay4, CBA3aHHBIX C MEJUHOpaLHed 3eMelib, C HCNOJb30BaHHEM 3aco-
JEHHbHIX I'PYHTOB A/ CTPOMTENbHBIX Heteill ¥ T. 1. BecnpenstcTBen-
HOC pa3BHTHE mpouecca XHMHuecKoi cy@dosin MOKET NPHBECTH,
2 MHOT/IAa W NPHBOAHT K PE3KOMY MOBBLILIEHHIO BOJONPOHHIIAEMOCTH
rpyHTa, K 06pa3oBaHHI0 COCPEIOTOYCHHBIX NyTell GuabTpauuy, Kap-
CTa, a TaKxKe K MOoTepsAM YCTOAYMBOCTH TPYHTa H OCajKaM,

Kak y»e oTMeyaJoch Bbillle, KOHTPOJIb 3a PAa3BHTHEM MpPOLECCOB
xuMmnyeckon cydpdosun Beaerca no AaHHBIM YHCTO (PHALTPAUHOHHBIX
Hab I0enuil M MO pe3yabTaTaM XHMHUECKOro aHajausa npod BOABL,
oTOOpaHKBIX M3 H3yuaemoro noroxa. Jlyis 3TOro nbesoMerpHuecKasn
CeTh 10KHA KOHTPOJHPOBATH BCE WHTEPeCHbIe ¢ TOUKH 3PeHHs Mpo-
eccoB XHMHYeCKOH cyddo3un yYacTKH MOTOKA.

Metoauka orGopa npo6 BOABI HCCAEAYEMOro MOTOKa MO Cylie-
CTBY MNnpeiacTaBisier co0of caMOCTOATEJNbHbII BOMPOC, MO3TOMY Ha
H3JI0KEeHHH e¢ Mbl OCTAHOBHMCS B cJeaylouleM naparpade. 31ech Ke
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PaccCMOTPHM TOJAbKO C€MOCOOLI 00palOTKH J1aHHLIX HATVPHLIN Ha-
Oaoaennit 3a npoueccom cyddosnu.

[To coBpeMEHHLIM TPEACTABJICHHAM MPOLUECC XHMHUECKOI Cy-
ho3nn B cyPPo3nOHHO-HEYCTONUHBLIX I'PYHTAX Pa3BHBAETCH MOCTe-
neHHo. B rpyHT, coaepaKauiuit pacTBOPHMbIC BKJKUYEHHS, MOCTYNnaeT
Boaa, obaaaaoias cnocobHocTbio pacTsopenus. [lo mepe puasrpa-
UHH B TPYHTE NMPOHCXOAHT PAacTBOPeHHE M BHIIIEJAYHBAHHE PACTBO-
PHMBIX BKJIIOYEHHA, MPHYEM BO/a B NOpax TrPYHTA HacChilllaercs
MOHEMHOrY, NOKa KOHUEHTPAauUHA COJCH B HeH JOCTHIHCT YCAOBHI
AHHAMHYECKOTO PAaBHOBECHA, NPH KOTOPOM BOAA CTAHOBHTCA HEe-
arpeccHBHOl NO OTHOLICHHIO K pacTBopsieMoMmy rpyuty. Taxiuwm o0-
pa3om, B rpyHTe C031aeTcsl 30Ha BbiuleaaynBanus. B npenesnax stoi
30HBl BOJA M3 HEHACLILIEHHON AOXOJMHT 10 COCTOSIHHS NOJHOIO Ha-
cpiuteHns. PasMepbl 30HBI BblULeJAYHBAHHSA AJs JaHHBIX PVHTA
H BOJbl 3aBHCAT OT 3HAYEeHHHA CKOPOCTH (PHALTPALHH.

B Hacrosiuiee BpeMsi MMEETCs p#i PacyeTHbIX 3aBHCHMOCTei,
MOJYYEHHLIX V1A CBA3HLIX H H HECBSI3HLIX I'PYHTOB, ONPEACAAONINX
HHTCHCHBHOCTL BBIULCJIAYHBAHHSI TPYHTA Kak (PYHKUHIO TpOHHILAe-
MocTH H cKopocTH (puabTpaunn [138]. K coxkanennio, 3TH 3anucu-
MOCTH TI10X0 COTJIacyIOTCSl C HATYPHBIMH JanHbIMH. Tak, 30Ha BLIuLC-
JAYHBAHUA, OUEHHBacMasi Mo AaHHLIM JabopaTOPHLIX NpopadoToOK
BEJTHYHHON B HCCKOJIBKO JeCATKOB CAHTHMETPOB B HaType, B 1eii-
CTBHTEJIbHOCTH HMCCT 3HAYEHHA, HCUHCASeMble [JeCATKaMH It COT-
HSIMH METPOB. JTO HECOOTBETCTBHE, BCPOATHO, OOBSACHACTCH Heo-
HOPOMHOCTBIO CTPYKTYPbl TPVHTa H VCJOBHAMH 3aJjeraHdsi pacTso-
pHMBIX MOpoil (AHCNEpcHOE, NJIaCTOBOE), B pe3yJibTaTe vero B HaType
MPOHCXOAAT Pas3inuibie XHMHYECKHE NPOLECCh. YCAOBHS AHHaMive-
cKoro pasHoBecHsi Mensilorcsi. [lpouecc HacbiUleHHSI CMeHAETCA
npoueccoM ofe/lHeHHs] PaCTBOpPA 3a CYET BbINAACHHSI PACTBOPHMBIX
BELIECTB B OCAMOK WJIH 3a CueT pPa3BUTHS OOMEHHbIX peaxumii,

Jlas kontpoas npouecca cyhdo3un no AaHHBIM XHMHHYECKOro
aHaau3a npob Boibl, OTOOPaHHBIX H3 NbE30OMETPOB, CJACJYeT npexie
BCEro TMNONBITATHCS BBIACHHTH OOLIHE 3aKOHOMEPHOCTH H3MCHCHHA
XHMHueckoro coctapa nortoka [174]. [Tpu sTom nHeoGxoaumo: 1) onpe-
A€JHTh XHMHYECKHH COCTaB BOAbI MOTOKA: 2) OUEHHTb CTeleHb
arpecCHBHOCTH BOJKLI MO OTHOIIEHHIO K QHJAbTpyIONLel cpele 1 i3ve-
HCHHS XHMHYECKOr0 COCTABA BIOJL MOTOKA; 3) BLIABUTL Ha.lyHe
KaKHX-JIHO0 CHCTeMaTHYECKHX H3MEHeHHit CocTaBa MOTOKa ¢ Teye-
HHEM BpeMmeHH; 4) ONEHHTL 3aBHCHMOCTbL COCTaBa NMOTOKAa OT pac-
X0/1a; D) OnNpeaeHTh KOJHYECTBEHHLIC COOTHOLUEHHS, Xapakreph-
3VIOIWHE 3TOT MpOoIecc, H MpeXKae BCero CKOPOCTb PacTBOpeHus
nopo.

Jas pewieHHst TAKHX BOMPOCOB CJEAYET H3YuaTh pe3y.1bTaThbl
aHaau3a npo6 BOjAbl, OTOOPAHHBIX C NMOMOWIBIO Mbe30MeTpoB. AHa-
73 nMpo6 NMPOBOAMTCS B COOTBETCTBHH CO CMEIHAJNbHBIMH PEKOMEH-
nauusiMu [4]. Tlpu Hanuuuu 3HAYHTENBHOro pasbpoca MOKa3aHHil
nenecoo6pa3no onpeaessiTb OCpelHeHHble XapakTepucThku. /las
BBLISIBJICHHS OGIIMX 3aKOHOMEPHOCTeH B H3MEHEHHH COCTaBa NOTOKA
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HEOOXOAHUMO CTPOHTDL rpadHKH H3MEHEHHS COJeprKaHus coaei H oT-
JAeJbHBIX HOHOB B pacCMaTpHBaeMbIX TOYKAX MOTOKA ¢ TEYCHHCM
BPEMCHH, a TAKXe CTPOHTL KapThl H3OJHHUH MHHEpPAJH3aUWH HJH
KapThi, XapaxkTepusylolulse pacrnpejiesesse KakHX-JIHO0 APYrHX MO-
KaszaTeJeH, oCOOCHHO BaXXHbIX B JAAHHbIX YCJIOBHAX, Hanpumep co-
JAepKAHUC HOHA KaJblus, pacnpefefieHHe IWEeTOUYHBIX H KHCJBIX
BOJ1 M T. A

OO6mu# NPHHUKMN NOCTPOGHHS TAKHX KAaPT NPAKTHYECKH HE OTJH-
yaercda OT MPHHUHMNOB NOCTPOEHHS KapT IHAPOH3OTHIC W THAPO-
u3onbes (raasa 3). Ilpu nocrpoenuu Kapr H30JHHHH MHHEpaJH3a-
LHH M JPYTHX YIOMSIHYTBIX BbIIIC KapT HCMOJAb3YeTCS JIHHEeHHas HH-
TEpPnoIALUA, AJdd 4ero Bce HabJ101aTeNbHbIe TOYKH COCAHHSIOTCS
OPSMBIMH JHHHAMH W H3MEHEeHHe MHHepaJH3auMH B npejenax 1aH-
HOTO OTpe3Ka NpaAMoli NpuHHMaeTcs auHelHbIM, [Tepea nocTpoenHuem
HAa3BaHHBIX KapT BCe [JaHHbIC HATYPHBIX HaGMIOACHHH JOMKHBI ObITh
IOABEPTHYTHl A€TaJbHOMY paccMOTpeHHio (raasa 9) M COMHHTENDb-
HbIC NOKAa3aHua AONKHBI ObITb OTOPOLIEHBl MJAH 0COGO BbIACJCHBI.
B nocaeaseM cayyae MOCTPOEHHE HMCKOMBIX KapT LeaecoofpasHo
(IPOBOAMTL JABAaX/bl, a HMEHHO: 110 BCEM JAaHHBIM H MO JAHHLIM
TOJILKO BIOJIHE A0CTATOYHBIX Habmonenui. JlaabHelHil aHaau3 no-
Ka’KeT, HACKOJbKO TaKoe BbiaedeHHe Obl10 ueaecoobpasHbiM.

IMpuvep KapThl H30JMHHH MHMHEPAJHM3aUHH MpPHBEAEH Ha
puc. 8-17.

ns 6oablueit MOJHOTH aHaAH3a Pe3y/bTaTOB HATYpPHbIX HAGI0-
JI€HWIT NJAaHbl M30JHHHH MHUHEpaAJH3aUHH H ApYrHe YKa3aHHble Bblle
KapThi CJelyeT COBMelUlaTh ¢ INJIaHaMHM THAPOH30MbE3 H HAPOH30-
runc. Ilpn 3ToM B cayyae BOJ BHICOKOH NMPHPOAHOH MHHEpaJH3aUHH
cleflyeT YUHThIBaATh H3MCHEHHC yjaeabHoro peca. OCHOBHbIE TNpPHH-
uunbl 06paboTKU pe3yabTaToB HAGMIOACHHH B TaKHX YCJIOBHAX
MO HO Haitth B pabore H. Jlymunckoro [34], koTopbiii paccMaTpH-
BaeT pasnHuHble crnocobbl onpeaegeHHs rpajHeHTa Hamnopa B 3aBH-
CHMOCTH OT YCJOBHH TNOArOTOBKH TNbe3oMerpa K onbity. Tak,
€CJIM Mbe30METPhl 3all0JIHeHbl NPecHOH BOJOH, TO MOKA3aHHA TAKHX
be30MeTPOB MOTYT OBbITh HCMOJb30BaHBl [/ OMNpeie/eHHsa rpa-
AMEHTOB HAaNopa B FOPH3OHTaJAbHON maockocTH. Haa onpenesienus
rpajgMeHTa Hanopa B BEPTHKAJbHOM MJAOCKOCTH 3HAYEHHE HCKOMOro
PPafiHEHTa MOXKHO HafTH, eCJH Mbe30MeTpbl 3aM0JHEHbl BOJAOH, OT-
Beyaloued TeM H3MCHEHHAM MHHEpPaJH3auuH MO BbLICOTE M.JacTa,
KOTOpbIE HMEIOT MECTO B peajibHOM MOTOKE.

Jlas onpeaenenua Kodpoduuuenta AHPPY3HH HENOCPEACTBEHHO
B MATYPHBIX YCJOBHSX HCIOJb3yercsi MeTOAHKa, paspaloTaHHas
Hwoxkao [56, 77].

IMpu csoGojAHOM OTTOKE BOALI H3 BbilleJayHBaeMOro TrpyHTa
OCHOBANMII PA3BHBACTCS MPOIECC MeXxaHnuecKol cyddosun, uTo yse-
JIMYMBACT OMACHOCTH MOTEPH YCTOMYHBOCTH coopyiKenui [164]. dtor
(haxT CBHACTEIBCTBYCT O BO3MOXKHOCTH OJHOBPEMEHHOrO CYIIECTBO-
BAHHA HECKOJbKHX BHA0B (PHABTPAUHOHHBIX JdepopMauUHit B OCHO-
BaHUAX THAPOCOOPYIKEHHH.
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§ 7-8. Meroguka ot6opa nNpob BOALI Ha XMMMYECKWH aHanwW3
M3 Nbe3OMeTpoR

OtGop npo® BOABI HA XHMHYECKHH aHa/IH3 H3 NbE3OMETPOB MNpo-
H3BOAHTCA B (PHKCHPOBAHHBIX TOYKaX (B MecTax 3ajOXeHHs BO1O-
MPHEMHUKOB NbE30METPOB) B HEKOTOPLIH 3aJlaHHbIi MOMEHT Bpe-
meHH. Ouenka mo0ofi cyulectsyoumefl MeToiHkn orbopa npod Ha
XHMHYECKHH aHaJIH3 JaeTcsi B 3aBHCHMOCTH OT TOro, HacKO/JIbKO
TOYHO cOCTaB Npolbl COOTBETCTBYET COCTABY BOABI NOTOKAa B MECTC
3aJI0XKeHHs Tbe3oMeTpa B Mo-
MeHT orGopa npoolHl.

BaKnocTh noJayyeHHs HaaeX-
HbIX CBEJ1eHHi O cOCTaBe MoTOKa
B Kaxaoi nabawoaaTeabHOl TOU-
K€ TNepeoleHHTbh HEBO3MOXKHO.
JlocTaTOYHO  BCNOMHHTB, UTO
npejacTaBjJeHHe 0 XHMHYECKOM
COCTaBe NOTOKA H 06 H3IMEHEeHHAX
3TOr0 COCTaBa €O BpeMeHeMm
CKM1a/1biBaeTCs Ha OCHOBAHHI NO-
Ka3aHHil OJIMHOYHBIX THE30MeT-
pOB, pPelKO PAaCMoOJOXEHHLIX Ha
TepPHTOPHH THApoy3aa. OTHOCH-
TeqbHO HeboJabluHe OWHOKI B
onpejesieHHH cOCTaBa NnoToka no
1aHHBIM Ja’Ke OAHOro H3 Nbe3o-
METPOB MNPHBOAAT K CYIIECTBCH-
HbIM HCKaXXeHHsIM BCero nmn.jaHa
H30/THHHII MHHEpaNH3allHH I MO-
IVT OBITH NPHUYHHON OWHOGOYHBIX

Puc. 7-8. Cxema BoaoszaGopa npH oT-

Gope npo6 BOMB Ha XHWMHYECKHH awa-
JAM3: @ — HCMpaeublii  nbezoMmerp; 6 —
HEUCTIPaBHU nbe3oMeTp.

! — npesomerputeckan Tpyba; 2 — moaonpm-
eMHHK, § = OTCTOMNNK.

CVIK/IEHH Il O CYILeCTBE NPOTeKaln-
ULHX MPOLECCOB.

B HHCTpYKUHSIX 1O nposeie-
HHi0 or6opa npo6 BOABI Ha XH-
MHUUYECKHH aHAaJH3, HCNOJIb3YeMbIX

Ha THAPOTEXHHYECKHX COOpYyXKe-
HUAX, 0T60p NpoGb H3 NMbe3oMerpa oOBIYHO PEKOMEHAYeTCs NpoBo-
AHTh MOCJe MpeaBapHTeIbHOH OTKauykH BOJAb B 00BbEeMe, PaBHOM
OAHOMY HAH ABYM o0bemam BOAbl B nbesoMerpe. [as BbisiCHEHHA
cyliecTBa coobparkenuil, MoJoXKeHHbIX B OCHOBY 3TOro TpeGOBaHHA,
paccMoTpHM oT6Op NpoGbl ¢ MOMOLIBIO CXeMbl HEKOTOPOTO THIOBOrO
nbe3oMeTpa, npejacrasieHHoi ' Ha puc. 7-8.

OueBHIHO, YTO YV HCMPABHOro nbe3oMeTpa, T. €. y Mbe3oMerpa,

! Jlas npocTOThI M306payKeHHblit Ha puc. 7-8 nNbesoMeTp HMeeT NpAMOJMHer-
nylo ocs. Herpyamo mnokaszath, 4TO jJajbHeiilie PacCyXaeHHs He HIMEHATCH,
ecAH OCh NbesoMerpa Gyler NPeACTaBJIeHa JOMaHOM JAHHHEH, XaK 3T0 OOLUNHO
HMEeT MeCTO ¥ 3aKJaAHbX Nbe30MeTPOB.
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CTeHKH TPYOBI KOTOPOro HenpoHHUACMBl, a BOAONPHUEMHAsS YacTh MO
BCel BBHICOTE BOJAOMpPHEMHHKA NMPOHHUAEMA, BOXOOOMEH NMPOUCXOAHT
TONbKO B Boaonpuemiuke. Boaa B BepxHeil yactu TpyOu!, He yyacT-
BylOLlas HEMOCPCACTBEHHO B 3TOM BOoAooOMeHe, Oyaer 3aCTOHHOI.

OT06op npobbl BOABLI HA XMMHYECKHH aHAJH3 B CJyyae HamopHOra
MbE30MeTpPa OCVILECTBJAACTCA NYTEM CJAHBA BOJALI H3 KpaHa, VCTaHOB-
NIEHHOTO B OTOJOBKE MbE30METPa, a B CJIyyae OTKPLITOrO HaH Oe3Ha-
MOPHOTrO Nbe30MEeTPa — ¢ MOMOIIBIO ClelHaJbHOro npo6ooT6opHKKa,
ONnyCKaeMoro B NMbe30MeTpHUYecKyio Tpyoy.

Orciofia caeayer, uTO cocTaB BOAbLI NMpoObl, oTOHpaeMoil H3 Ha-
MOPHOro Nee3oMerpa, OyleT OTBeUaTh COCTABY BOABI IIOTOKA TOJbKO
B TOM CAyyae, KOraa 3 nbesoMerpa Oyler cjuTa BCs BOJA, 3anod-
HAIOLAA Nbe30oMeTpHYecKyio TpyOy. Pacyersl MoxaspiBaloT, UTO 3TO
TpeGoBaHKe YyJAoBJeTBOpsAeTcs npH oT6ope H3 Nbe30MeTpa BOAbI
B o6beme, paBHOM 1,5—2,0 oGbeMaM Nbe30MeTPHYECKOH TPYOHI.

Yro kacaercs orbopa BOAb H3 GESHANOPHOrO Nbe3oMeTrpa, TO
ocie NpOBEAeHHsl NPEABAPHTEJbHOH OTKAuKH, BhI3biBawoulel 00-
HOBJICHHE BOJIbI B NbEe30METpe, TeOPpeTHUEeCKH 3a00op BOJAL B Mbe30-
MeTpe MOXKHO MPOH3BOJAHTL C JIOOOH OTMETKH, IOCKOJIbKY npei-
MoJiaraercsi, YT0 BeCh NMbE30OMETP YKe 3aMOJIHeH BOAOH MOTOKaA.

Onuako H3J0XKeHHas Merojuka orbopa npob, Ha nepBbli B3TAL
N0BOJILHO 06OCHOBAHHAs, ABJAETCS HecoBeplleHHOH. B camom nee,
MpH 3HAYHUTENbHON AJNHHE Nbe3oMeTpa TpeGoBaHHe OTKAUKH B 00b-
eme 1,5—2,0 ofbemMa nbe3oMerpa NpH MajblX 3HAYCHHAX KOIDH-
uHenta (pUABTPALHH BechbMa 3aTpPyAHUTeNbHO. Bo-nepsbiX, mpouecc
TAKOH OTKAYKH JOJIKEH 3aHHMaTh MHOTO BPEMEHH, MOCKOJbKY MNpH
3TOM CJeJyeT CTapaTbCd KaK MOMXKHO MCHbIIe BO31eHCTBOBATHL Ha
(PUABTPALMOHHLIH PEXKUM, H MOTOMY MbE3OMETP JO/DKEH CPaBHH-
TeJbHC A0Jr0 HAXOAHTBCA B HepaboueM COCTOSHHH. Bo-BTOpBIX,
nponyck GoabLIHX 06HeMOB BOJLI Y€pe3 BOAONPHEMHHK Nbe3oMeTpa
MOJKeT OTPHIATEJNbHO CKa3aTbCs HA COXpaHHOCTH (GHAbTPa. B mpak-
THKE HATYPHBIX MCCJAELOBaHMH HEPeAKH CJIyuau, KOrja HCnojib3osa-
HHe NMbEe30MeTPOB /s leneil oréopa BOAbl BbI3IBAJO BO3paeHue
cneuuanuctos (Hanpumep, Ha Bomxkckoit [DC umenn B. U. Jlenuna).

[Ipu npoBefeHHH TNpPeABAPHTEJbHOH OTKAYKH BOJ(bl H3 TMbe30-
MeTpoB TpeGoBanHe 06 YMEHbIICHHH 10 MHHHMYMa BJAHsHHsA 0TGOpa
BOALI Ha (PUABTPALHOHHBIE pPEXKUM MO TEXHHYECKHM IMPHUYHHAM HE
Bcerja yaaerca BunoaHuTb. 11pn or6ope BOAB H3 IMyOGHHHBIX Mbe30-
METpOB, NepeceKaiouluX HeCKOAbKO GoJjiee WM MeHee CaMOCTOATe b-
HEIX BOAOHOCHBIX TOPH30HTOB (pHC. 7-8,6), nmpn o6pa3oBanHu Teuei
B 3aTpYyOHOM TPOCTpAaHCTBE BO BpeMs OTKaukH B BOJAONMPHEMHHK
MOXKeT MPOHHKHYTbL BOJa H3 TOPH3OHTOB, HC KOHTPOJIHPYEMBbIX JaH-
HBIM TBE30METPOM.

K HemocTaTkaM OTKayKH cJelyeT OTHECTH TaKXe H BO3MOX-
HOCTb HApVIUEHHS CeCTECTBEHHOIO PAacC/JIO€HHA MOTOKA 3a CUET BO-
BJICUEHHSI B BOJONPHEMHHK BOJA M3 PA3HBIX CJOEB, PACIOJOXKEHHbIX
BHIIE H HHXKC BOJONPHEMHHKA. Takoe BoBJedeHHe Oyxer cylie-
CTBEHHO 3aBHCETH OT PEXUMAa OTKAUKH, HEH3MEHHOCTb KOTOPOro MpH
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MHOTOJIETHHX HaOMiofleHHsX He Bcerjga coxpansiercsi. Takum oGpa-
30M, PErHcTpHpyeMmble NpH aHAJAH3aX H3IMEHEHHsT XHMHYECKOro co-
CTaBa MOryT ObIThb Pe3yJbTaTOM HM3MEHeHHMH yCJaoBHIt oT6opa npob.
Bananue npupoasoro paccsioeHusi MOTOKa Ha COCTaB BOAbLI NPOOHI
MOZKeT OlYUaTbCsi elle CHJIbHEE B CJayuae NbE3OMETPOB ¢ BOJO-
NPHEMHHKAMH 3HAYHTEJbHOH JauHbl (7—10 m u Oosee). Taxue
BOJIONPHEMHHKH OOLIYHO YCTpPauBaloT npu o6G0pPYIOBAHHH NMbE3OMET-
POB B CKaJbHBIX H MOJYCKaJbHBIX TpeulHHOBATHLIX mopopax. [Ipu
NoA06GHBIX BOAONMPHEMHHKAX pesy/ bTaThl aHalH3a Takxke OyaAyT 3a-
BHCHMBI OT crnocofa MOArOTOBKH MbE30OMETPa, TaK Kak Npu nepe-
CeYEHHH BOJOMPHEMHHKOM CJIOeB C Pa3jIHYHON BOAONPOHHILAEMOCTbIO
H NPpH QHALTPALUHH B HUX BOJ C Pa3HOil CTCNCHBIO MHHEpPaJH3alHK
COCTaB BOAbI B BOJIONPHEMHHKE MOCJC OTKaykH OyleT 3aBHCETb He
TOJIbKO OT 06b€Ma OTKAYaHHOM BOAbLI, HO H OT HHTEHCHBHOCTH OT-
KayKkH.

YcaoBHA  OTKaykH, B CBOIO OYepedb, ONPEAeIsioTCs Kak
BHCIIHHMH NPHYHHAMH, HANpHMEP MOUIHOCTbIO HAcoca, TaK H CO-
CTOsIHHEM BojfonpHeMHHKa. Ecanm ¢ TeueHHeM BpeMeHH KauecTBa
GuabTPa NPHEMHHKA WJH €ro JVIHHA CYHIECTBCHHO H3MEHSIIOTCH, TO
B YCJIOBHAX HEOJHOPOJHOrO MO COCTABY NMOTOKA 3TH H3MCHCHHSI MO-
T'YT CKa3piBaThCsi Ha COCTaBC BOAbLI MOCJ]E MOAIOTOBKH MNbe3oMeTpa
K otbopy.

B xauecTBe OJHOrO M3 CYLUECTBEHHBIX HeAOCTATKOB crnocoba oT-
Gopa npo6 ¢ npeaBapHTeNbHOIH OTKAYKOil MOXKHO VKa3aTh Ha upes-
BbIYAiHYI0 TPYMOEMKOCTb NOATOTOBKH 0Ge3HAMOPHBIX NbE30METPOB
K ot6opy. B camom jene, o6beM BOALI B IVyOGHHHBIX NMbe30MeETpax
obbluno cocrasasier 100—200 4, a BBHAY MaJOCTH AHAMETpPa Nbe30-
meTpa (2—3 awiiMa) OoTKayKa Be/eTCsl BPVYHYIO C NMOMOUIBIO JKe-
JOHKH.

Boabuine TpyaHocTH npeiacrapasier u otéop npob M3 Nbe3oMer-
POB C KaneJbHbIM PacXoJOM MNPH BbICOKOH CTeNeHH MHHepaJH3alHH
rPYHTOBBIX BOJ, 4TO HepeaKo BcTpeuyaercs B npaktuke. COpoc Boabl
8 COOTBETCTBYOILEM O0beMe H3 TaKHX Mbe30MeTPOB HHOrjia ObiBaer
NpaKkTHUECKH HeBO3MOKeH. He yaHBHTeJbHO, YTO Ha NpaKTHKe
B CHJY Ha3BaHHLIX OOGCTOATEJNBLCTB OT NPOBEACHHS MPeABapPHTEb-
HbIX OTKayek OTKa3biBAIOTCSl 1aKe B HapyLIeHHe CYLIeCTBYIONIHX
HUCTPVKIULHIL,

C uenpio NOBBIWEHHST HAJEKHOCTH HCCJACAOBAHHII XHMHYECKOro
cocTaBa (HALTPAUHOHHOTO MNOTOKa M A OOJeryeHus ycJao-
BHi1 oTOopa npo6 u3 Gesnanopueix nveszomerpos so BHHUHMI Guina
paspaboraHa meTofHKa or6opa npo6 Ge3 npeaBapHTEJIbHbIX OTKa-
yeK. JTa MEeTOJHKAa OCHOBAaHA Ha COBMECTHOM HCIMOJb30BAaHHH JAaH-
HBIX TCKTPpOMETpHH H (HIAbTPpanHOHHOTrO Kaporaxa. [loa ¢puavrpa-
NHOHHBIM KapOTaXKCM NMOHHMACTCA OnpeiesenHe 3niopbl ropu3oi-
TaJbHBIX CKOpPOCTel (PpHAbTpaUMH [0 BBICOTe nJjacra. das Takoro
KapoTaxKa B KauecTBe HHAMKATOPOB Y/JA00HO MPHUMEHATHL pajlHOaK-
THBHBIE H30TONBI, NPHYEM BBHJY BO3MOXKHOCTH HCMOJL30BaHHS MPH
YKa3aHHOM KapoTa){e HH3KHX TMYCKOBBIX akTusHocTeil (10—
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20 mKKi0Opu) ycaoBus padoThl ¢ PajAHOAKTHBHLIMH BELLCCTBAMU
CHABLHO ynpowatoTest. Texinuka 31eKTPOMETPHUECKHX H3MepeHHil,
OCHOBAHHBLIX Ha HM3MCHCHHAX ICKTPHYECKOrO CONPOTHBJIEHHUS TPH-
POAHBIX PAacCTBOPOB, MOAPOGHO paccMaTPHBACTCA B CNCUHAIBHOI
aureparype {49, 98]. HmeloTca Takxe CBCIACHHA O 3aBHCHMOCTH
3JIeKTPONPOBOAHOCTH OT jaasiaenus [214].

Jlnsi npoBeneHHs ONbITOB CKOHCTPYHPOBAHBI H H3rOTOBJEHbI Clie-
UHAJbHBIC NPHCTOCOOAeH s, ONMHCaHHE KOTOPBIX nmpuBoanTcs B [109,
173]. TTpoBenexe KOMNJIEKCHOrO "
KapoTaxka CKBaikuH, T. €. OCy- ;f
IWIECTBJEHHe  SJEKTPOMEeTpHue- SYSYST[T=
CKHX HM3MepeHHit u (uAbTpauH- 54
OHHOTO KapoTaxa, Mno3BoJsAer
OUEHHTh pacnpejesieHHe CKOopo-
cTeit GHALTPAUKH MO BLICOTE BO-
JONPHEMHHKA H COOTBETCTBYIO-
uiHe H3IMEeHEeHHs1 MHHEepPaJIH3alUHH,
Tunoso#t mnpumep pe3yabLTaTOB
TAaKOro Kaportaka TNpHBeJIeH Ha
puc. 7-9.

CoueraHHe ABYX PasHbIX Me-

TONOB ONPOBGOBAHHS CKBAMHH Na-
€T BO3MOXXHOCTH HaMeTHTbL Me-
CTOMOJOXKeHHe Haubosee HHTe-
PecHBIX ANIs1 anasu3a Touek or6o-
pa.- [lpn 3toM ¢HKCHpOBaHHaA
TOYKa oTbopa 10.KHA pacnoJsa- ;
ratbcsi B Haubosee ycTOHYHBOH ,
YaCcTH KPHBOH pacnpene’acHHA
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MHHEpaaH3aUKH, ¢ TeMm utobml M 853 : L
HMeThb YBCPCHHOCTB, YTO HeboaAb- 7420 10 0 0,05 01 "eym
e CMELEHHT ypOBHA 0TGOpa Puc. 7-9. Pesyasratel  ¢$uABTpaumon-

He BJHMSIOT HAa pe3yabTaThl no- HOTO KapoTaka NbeoMerpa.
KasaHuit. B naapueiiiieM B CIY-  3awrpuxosanman HACTH — BOZONPHCMNNX
uae HEOOXOAMMOCTH MOJOGHMI  [HeaoNEIPa, Lo BheRs, e epaman:
KapoTaX MOKHO BO30GHOB/IATD. UMW BOA MO BNCOTE NbE3OMETPA.
Bce M3/n0KeHHOe 31€Ch B OT-

HOUICHHH KOMIJIEKCHOTO KapoTa)Ka OTHOCHJAOCH K cJaydaio OesHa-
MOPHLIX NbE30METPOB. B HANOPHBIX NMbEe30METpPax HenocpencTBeHHOe
BBeeHHe npo6ooTOOPHHKA B (PHJABTP NMbE3OMETPa HEBO3MOXKHO. Tem
HE MeHeC HEKOTOpbie M3MeHEeHHS TeXHOJOrHH ot6opa npo6 MOXKHO
npoussecTH M B 3ToM cayvae. Tak, na Kamckoit I'9C B nacrosuwee
BpPEMsl MPOBOASATCH PEKOTHOCIHPOBOYHBIC ONBITHI NO OTOOPY mpob
¢ nomoubio Tpyook magoro anamerpa (0,5—1,0 cu). Takue TpyGKu
YCTAaHaBJIMBAIOTCA B HAMOPHBLIX NMbe30MeTpPax TakK, YTOOBI HHIXKHHA
Koneu TpyOKH pacrnosarajncss Ha OTMeTKe, C KOTOpOH mnpeamnoJa-
raercsi npoBoanTh otfop npobul. Bepxuuit Komeu TpyOGku mpony-
CKACTCH uepe3 KPBILIKY MNLe3oMeTpa H cHabXaercs 3axkumowm. Bo
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BpeMs or6opa npobbl caenyer cOpOCHTb BOAY B oObeMe TPYOKH, 4To
3HAYHTEJbHO ynpouiaer oT0Op H 1aeT BO3MOMKHOCTb MPOBECTH TO-
YeuHble 3aMepbl Ha 3aJlaHHBIX OTMETKaX.

§ 7-9. OcobeHHoCTH MccnefoBaHMK (DHALTPALMOHHOrO PEXHMa
npu PHALTPAUMOHHBIX AedhopMaumax rpyHra

Kax yxe ykasbiBajaoch, (PHABTPALHOHHbIC AehOpMalUHH FOPHLIX
MOpPOA BO3HHKAKOT MPH ONPEAeICHHbIX 3HAYCHHAX CKOPOCTH QHJIb-
TPAUHH H BbI3bIBAIOT H3MEHEHHE BOJONPOHHIIAEMOCTH IPYHTA, a cJe-
J0BaTeJIbHO, H3MEHEHHEe (HIAbLTPALHOHHBIX PACXOAOB M Nbe30MeT-
PHYECKHX HaNopos. T jAedopMauud OOBIYHO HOCAT JOKAJbHLIA Xa-
pPaKTep M BO3HHMKAKOT Ha Y4acTKax OCOOeHHO HeGJaronpusTHOro
COYETAHHA OTHOCHTEJbHO HEYCTOHYHMBOW CTPYKTYPHI IPYHTA H BBICO-
KHX TpPajiHeHTOB Hanopa.

B mnpouecce Hccaen0BaHHsS TPYHTOB, NOABEPHEHHBIX (PHALTpA-
UHOHHBIM JedOopMalHAM, MOXHO YCJAOBHO BBIAEIHTH /BE 3a/auH.
[leppan 3ajgaya 3ak/1i04aercst B NpeAyNnpeXXKacHHH DHALTPAUHOHHBIX
nedopmauuit nytem onpeaeneHHs Hanbosaee oMacHbIX MeCT W nocJe-
ayouei pa3paboTKH peKoMeHAauHii 1Mo NPHHATHIO NpoPHIAaKTHYE-
CKHX Mep NnpelocTOpoxKHOCTH. Bropas 3agaua umeer uelbio cBoe-
BPEMEHHOE BbisiBJIeHHE QHABTPAUHOHHBIX aedopmaluil H HX Xapak-
TCPHCTHK, AOCTATOYHBIX AJAf Pa3paboTKH Mep MO JOKaJAH3alHH H
JHKBHAAUHH 3THX jedopmauui.

s npoBeneHHs HaOJIIOAGHHI C LEJBIO KOHTPOSA QHALTPALHOH-
HbIX JeopMalUHH rpyHTa npeaycMaTpuBaercsi AO/KHBIM 0o6pasom
pasBuTas mnbe3oMerpHuyeckas cerb. [lbesoMeTpuueckHe CTBOpLI
JNOJIKHBI OXBaThbIBaTh BCE YYACTKH NOA3eMHOro npoduias uaum teaa
COOpPYXKeHHH, rle BO3MOXKHO MNPeANOJOXKHTb MOSABJCHHC BBICOKHX
rpaaHeHToB Hamopa ¥ pasBHTHe (QHAbTPAUHOHHBIX jaedopmauuii.
O pauuoHafbHOM pa3MelleHHH TNbe30METPOB VIKE TOBOPHJAOCH
B § 3-3. [TopuepkueM, 4TO NpH HCCAGAOBAHHH YCJAOBHI (PUABLTPAUHH
B OCHOBAHHH COOPYKEHHH Ba)KHO OXBATHTH NMbE30OMETPHYCCKHMH Ha-
6/1101CHHAMH Y4acTKH BBIXOJlAa MOTOKA HA JHEBHYIO MOBEPXHOCT.
Ha rakux yuwacTkax HMeercsi MOTeHUHAJbHAs OMACHOCTL PA3BUTHA
AaBJeHHH cypdosuu. Habmogaempie Ha yKa3aHHBIX VYaCTKax 3Haue-
HHA TPAJIHCHTA Hanopa JOJXKHbI ObITb COMOCTABJEHb ¢ HEKOTOPbIMH
PacueTHHIMH 3HAYCHHAMH. 3HAYCHHS TAKHX NpPeAesabHO JONYCTHMBbIX
pacyeTHbIX 3HaYEeHHHA rpaaueHTOB Hanopa /,ox 3aBHCAT OT (PH3HKO-
MEXaHHYECKHX XapakTepHCTHK H CTPYKTYpPBH TpYHTa, OT o0OUIHX
veaoBnit paboThl COOPYKEHHs M T. A., a HasHauyeHHe [jon JOMKHO
NMpon3BoaAHTLCA AHpPepeHunpoBanHo. Beuay 6Goablioro npakruye-
CKOTO 3HAaYeHHs NPaBHJILHOTO BhHIGOpPAa HMCKOMBIX [ron OMpeaeaeHuIo
3THX MapaMeTpoB VAEJASJI0Ch MHOrO BHHMaHHA. Tak, HCCIeTOBaHHA
B 00J1aCTH OnpefeNeHHs TPEACIbHO IONMYCTHMBIX 3HAYCHHA rpaa-
eHTOB Hanopa Owbiau nposeaens P. P. Yyraesnin {184]. Um npo-
aHa/IH3HPOBAHO GOJbIIOE KOJHUECTBO H3BECTHbIX M3 JIMTEpaTypbl
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CAYYAEB Pa3pyLlIEHHs HANOPHBIX IHAPOTEXHHYECKHX COOPYKCHHUNE H
ONpeNeNICHBl CPC/IHHE 3HAYCHHMS IpajIleHTa Hanopa, HMeslUHe MnpH
3ToM Mecto. Cleflyer 3aMeTHTh, YTO TaKHe laHHble NPeacTaBafioT
HECOMHCHHBIIT NPAaKTHYECKHT HHTEpeC, OJHAKO 000o0uICHHE Ccylie-
CTBYIOUIHX MaTepHaJOB 3aTPYAHEHO HEeCONOCTaBHMOCTBIO YCJIOBHH
npoTexkanusa nabJo1aeMblX NMPOUCCCOB (PAa3HbIC IPYHTLI, HAUrPY3KH,
VCJIOBHA 3IKCIVIVATAUHH, TeMmepaTypHble pexuMbl u T. A.). B Ha-
crosiulee BpemMs AJs  onpeiaedaeHusi [yon NOJAB3VIOTCA PEKOMCHAZ-
UHSIMIL,  TIPHBOAMMBIMH B CMCUHMAJLHBIX VKa3aHHAX, HanpHmep
[63. 68].

ITpi HecaenoBanusax ¢ UEAbIO BLIABACHHS MPOHCHICAWHX Aedop-
Maliil rPYHTa OCHOBHOC BHUMAHHC JOJKHO VICIATHCHA AHAJH3Y H3-
MCHEHHI JTaHHBIX HaTYpHBIX HaOMolenuit Bo Bpemenu. Ocobenuo
MOKA3aTCABHLIMH a5 (HABTPAUHOHHBIX dedopmauuit rpyHra as-
JAMOTCA cBeeHHsi 06 ocaflKaX, PHALTPALHOHHBIX PACX0/1ax H Nbe3o-
mMeTpiiueckuXx Hanopax. [lepex anaausom martepnanos HaGaK0ACHMIT
¢ UCIbIO BbIABACHHA (PHABTPAUHOHHBIX dedopmauuii caeayer no
BO3MOXHOCTH OWUEHHTH BJHSAHHE CE30HHBIX M CayyalHblX (PAKTOPOB,
HanmpuMep TCMMepaTypbl BO3AyXa M BOAbI, yposrell Obedos, paboThl
JApeHazKHbX VCTPOHCTB M T. . € TeM, YTOOL! BbISIBHTL HM3MCHCHHR
nokasarteacit (PHALTPALHOHHOrO pPeEKHMA, KOTOpble ONpelesioTcs
H3MeHeHHeM (PHALTPAUMOHHBIX XapakTtepucTuk rpyura. Conocras-
JeHue JaHHbiX 00 ocaakax u (uiabTPalUMOHHBIX pacxojax He npea-
CTaBIACT Kakux-auGo ocobbiXx Merojuueckux tpyanocreii. Ilpu co-
MoCTaBjACHHH (PHALTPALHOHHBIX pacxo10B cJelyer obpawaTte BHH-
MaHHC¢ HA BeJHYMHY rPajNCHTa HANoOpa, TAK Kak HENocpeacTBeHHoe
COMOCTABJACHHC PACXOA0B BO3ZMOKHO JHIIbL B CIVYae paBCHCTBA rpa-
JHEHTOB Halopa.

Urto kacaercsi aHaau3a JaHHLIX HAO0JI0/(CHHI 32 NbeloMeTpHuc-
CKHMIl HAnopamu, To AJsi 00JerycHHsl 3TOro aHajdAH3a pe3yabTarhbl
HabJI0ACHHIA CaelyeT NpeiacTaBasiTh HE TOJALKO B BHAe rpadukos
Koa1eGaHust VpoBHEeN BOAbI B nbe3omerpax hi=[(f), HO TakKe B BHIC
rpaiKoB NPHBCACHHOTO Nbe3oMeTpuyeckoro namopa h.=f({).

Ha npaxkrtuke Ooablioe 3HaYeHHe HMeEIOT CBCICHHA O (puabTpa-
HHOHHOM 1aBJACHHH, OKA3biBACMOM NMOTOKOM Ha IMOJI0WIBY COOpYxe-
HHSl, NnpeiacTapascMble B Buae 3n10p (QHABTPAUHOHHOrO 1aBJCHHA.
C nOMOILBLIO TaKHX 3MIOP MOMKHO CYAHTL H 00 H3MCHEHHAX (PH.Ib-
TPaLNOHHBLIX CBOHCTB rpyHTOB. C 3TOil 1e/bI0 XKe1aTeAbHO paccMar-
PHBATh OTACJBLHLIC YACTH 3MIOP KakK MOXKHO Oojtee auddepenuunpo-
sanno. Ilocneanee TpeGoBaHHe OOGBACHACTCA TEM, HTO MOCKOJIbKY
B Tpejaesax H3yqaeMmoro njaacta O HOBPEMEHHO MOryT NPOHCXO/HTb
H3MeHeHus: (PUALTPAUHOHHBIX CBOHCTE pa3HOil HANPaBJICHHOCTH,
T. €. Ha OJHOM YUaCTKe M1acTa MOXKCT HMCTh MecTo cyddosus, a Ha
APYroM KOJAbMAaTAUHA W T. A., TO JOKAJIbHbIC H3MEHEHHH CTPYKTYPbi
FPYHTA Ha OJHOM YYACTKC MOIYT TakikKe OTParkaThCsi Ha pacmpefce-
JEHIH J1aBJCHHUA 10 JJaHHe Beero nJjacra. B Takux VCaA0BHAX, 4TOOL!
CVaAHTH 00 H3MeHEHHaX MAOTHOCTH 3aBechl, ciaelyer obuiyio 3mopy
NpHBEI1CHHBIX HANMOPOB 3aMCHHTL 3MIOPOI NPHBETEHHBIX Hanopos
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Ha OT/CJbHOM YuacTKe, npuJeramouiem K 3apece. [lpu srom npuse-
JeHHBIH HAMNop onpejaeasercs no oTHomenuo (puc. 7-10):

AN oo . 8
hy — hy

rae Ry, ha, h; — Hamopel B TOYKAX KOHTYpa C COOTBETCTBYIOLLHMH
HHl1eKcamu. Kak BuaHo Ha puc. 7-10, B JaHHOM CJayuac H3MEHEHHE

nepenana Hanopa Ha 3aBece ObJIO KaXKYWHMCA H O0BACHAIOCH
TOJIbKO BJHSHHEM NMOANOPa HH30BOIl UACTH NOTOKA.
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Puc. 7-10. 3nopot NPHBEJCHHBLIX HANOPOB NPH KOABMATALMKH HH3OBOI 4acTh
OCHOBaHHA.

| — neMentausonnan aaneca; [ — nonyp; [/l — pyunamentaan naura. [V — nbesomerps;
My 1 hpy ONPEACARIOT MHILTPAUHONNOC JABACHHE B MOMCHTM fi W L, npuyes fa>f.

’ ’
Kpuasie @ o 0 ABAAKICA IMIOPAMH NPHBEACHMBIX HANOPOB hr " h’ Ha vyaacTke 0—3
| 3
I MOMEHTOR BpeMeHy f; U f.

B 3akjaioueHue HECKOJbKO CJOB CKaXeM B OTHOIIEHHH METOAHKH
Ha0II0IeHHH HEKOTOPBIX MPOLECCOB, CBA3AHHBIX ¢ B3aUMOAECHCTBHEM
(HALTPALHOHHOTO MOTOKA M MOPHCTOH CPEAbl H 4aCTO COMYTCTBYIO-
IIHX ABJCHHAM XHMHueckoll cydpdosuu. K TakuMm npoueccam MOKHO
OTHECTH BHIeJaYHBaHHE OCTOHA COOPYMEHHH N0 JAelCTBHEM
arpecCHBHBIX BOA H rasoo0pasoBanue.

Hab6aoaenua 3a KopposueHd OeToHa MNPOBOAATCH [0 AaHHBIM
o GuabTpaunun uepes Geron u nyrem orfopa KepHos. HabGawmgenus
3a guabTpauxei uepesd GETOH, B YACTHOCTH, MOIYT OCYLULECTBAATHLCA
Ha OTAeJbHBIX TPeulnHax, a BooOlle TaKoe ONpelc/aeHHe MpPeacTaB-
JSieT U3BECTHble TPYAHOCTH, TaK KakK MpPH aHaju3e QUIbTPAUHOHHBIX
PAcXO[0B Yepe3 COOPYXKeHHe HAajo B STOM CJyuae BhIAGIHTbL YacTb
pacxoja, o0ycaoBaeHHyi0 GuabTpauueii yepes Geron. OGbiuko yKa-
3aTeJieM HaJMYMA TAKOH COCTaBJsIONleH (BBIBBAHHOH TpCUHHAMA
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B OGCTOHE) #ABAAETCHA 3aBUCHMMOCTb (HABTPAUHOHHOrO pacxoma OT
temnepartypsl 6erona. Jas 3Toro HeoOXOAHMO CHCTEMATHYECKH 3a-
MepATbL TeMnepaTypy OeToHa, a 3aTeM COMOCTaBJAATL rpaUK H3Me-
HeHHs pacxoia ¢ rpadukom uaMeHenus Temmepartypwl (59, 74]. Me-
TOJAKWKA TaKHX HaOM0feHHiT MOAPOOGHO H3/1araercs B ClNelHalbHBIX
paborax [74].

M3yuernne rasoBblieeHHs Ha TIHAPOTEXHHYECKHX COOpYXKEeHHAX
20 CHX NMOpP NMOCTABJEHO elle OueHb MJI0X0. Bmecre ¢ TeM 3TOT BO-
npoc, HECOMHEHHO, YPE3BbIYafiHO BaXKeH IJIS OUEHKH YCJOBHH pa-
Gotel coopyxeuusi. Mccaenosanns nocaeannx Jjer {84] nokasaiu,
YTO Ta30NpPOABJICHHE HMeeT MeCTO Ha MHOrHX TrHApoysJax Ha
p. Kame u Boare. C TeuenHeMm BpeMeHH rasonposiBjieHHe pacTer.
ST0 naer OCHOBAaHHE MpejanojaraTh, 4TO, MOXeT ObiTb, rasonposs-
JIGHHE MOXKHO paccMaTpHBaTb B KayecTBe OJIHONO0 H3 BaXKHbIX
HHTerpaJbHbIX TMOKa3aTesell yCJAOBHH paboTel coopykenui. Paspa-
GOTKY METOAHKH HaOJIIONeHHH 3a rasonposiBJICHHEM HA THAPOTEXHH-
4ECKHX COOPYIKEHHSX CJENYeT CYHTATh OJHMM H3 HaunbGojee aKTy-
aJbHbIX BOTPOCOB.




FNABA BOCbMAA

HATYPHBIE MCCNEQOBAHMA DUIBTPALLMM
HA TMOAPOTEXHHMYECKMX COOPYXEHMAX

§ 8-1. ObwuHe 3ameyaHHS ©O METOAMKE HATYPHBIX MCCNefOBaAHMH
PUNbTPAUMM HA THAPOTEXHHYECKHX COOPYIKEHMAX

[TIpu cocraBiaeHHH nporpaMMbl HaTypHBIX HCCAEA0OBAHHH (Pu.ib-
Tpamuu BbIOHPAIOT PaUHOHAAbHLIH CMOCOO M HAMEualT NnociAeaoBa-
TEJAbHOCTh ONepauuii Mo H3y4yeHHI0 (QHIbTPALMOHHBIX XapakTepH-
CTHK BOJIOHOCHOrO MJacTa M rPyHTOBOro NMOTOKA.

ITpu 3TOM MOXKHO pasjH4yaTh MCCJAEIOBAHHSA, OCHOBAHHble Ha
HaGMIOZIeHHAX 34 CCTECTBEHHBIM COCTOSIHHEM IOTOKa (peXHMHbIe
Habal0acHNA) W HA HAOJIOJEHHAX 32 HCKYCCTBEHHO BO3MYUICHHbLIM
notokoMm. M3BecTHbie METOAMYECKHE OCOOEHHOCTH HMeEIOT TaKMkKe HC-
CJAEA0BAHHA NO IaHHBIM HaOJIOEHHH, OCYIIECTB/SEMbIX CHCTEMATH-
yeckH (peryasipusie HaOJ01eHHA (QUABTPAUKH), H MO pe3yabTaTaMm
Ha6M101eH I, TIPOBOANMBIX 3MH30AHYECKH NO CMelHaabHo paspado-
TAHHOH nporpaMme (Hanpumep, HaOMOJEHHS NNPU PA3OBbLIX ONBITHO-
(HABTPAaLHOHHBIX paboTax).

O Buaax HaGawAEHHN NPH HATYPHBIX HCCAEAOBAHHAX (PHAbLTpa-
UHH TOBOPHJIOCH paHee. M3 HHX B KayecTBe BaKHEHLIHX MOXKHO,
HEe OCTAHABJAHBAACh Ha JeTajsiX, Ha3paTh HAOMIOJEHHS 3a Mbe3o-
METPHUECKHMH HanopamH, (PHIAbTPAUHOHHBIMH pPAacXOlAaMH H CKO-
POCTAMH, 38 XHMHYECKHM COCTaBOM H TEMMEPaTypoH IPYHTOBOH
BoAb. UTO Ke KacaeTcss MeTO0B BO3JEHCTBHS Ha (PHALTPAUHOHHDIN
MOTOK NMPH HATYPHBIX HCCJAEAOBAHHAX (QHABTPALMKH, TO 31€Ch HMEeT A
BecbMa GoJblioe pazHoobpasue. MOXKHO OTMETHTh THAPABJIHUECKHE
MeToAbl onpo6oBanust MaAacToB (OTKAYKH, HAPHETAHHA H T. A.). reo-
(pM3HYECKHE METOAbl HCC/eJL0BaHHA (3JEKTPHUECKHe, V/IbTPasByK
H T. N.), HHAHKATOPHbIE H AP.

Hatypupie HccaefoBaHHsi (HAbTPAUHH JOJKHB TPOBOAHTHCHA
B MEpHOAbl NPOEKTHPOBAHHs, CTPOHTENBCTBA H IKCIIyaTallHK cCoO-
opyKeHuil. 3amayd TaKHX HCCJEJOBaHWH MepevyncaeHsl B raase l.
I Kaxaoro M3 Ha3BaHHBLIX MEPHOIOB HMEETCsl CBOS CreuHduka
B METOAMKE HATYPHBIX HCCJELOBAHHH, OnpejaeasieMasi Kak Kpyrom
3a/lay MCCJeAOBaHHM, TaK H YCJAOBHSIMH HX MpPOBEICHHS.
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B nepuoa npoexkTHpoBaHus rHAPOCOOPYIKEHHA OCHOBHOH 3aja-
yel (PUAbTPALMOHHLIX HCCJAEL0BaHHIT ABJAAETCH OMPEACAECHHE I'HAPO-
reoJIOrHYECKHX MmapaMeTpoB, (PUIrypHpYIOIIHX B pacyerax, a Takke
VTOUHEHHE CTPOEHHS BOJOHOCHOrO NJacra ¢ IEeJbi0 MPaBHJIbLHOTO
BbiOOpa pacueTHoit cxembi. IIpH 3TOM HCNOAB3YIOTCH riaBHbIM 06-
pa3oM jJaHHble ONbITHO-PuaAbTpauuoHHslx pabor [165], T. e. cne-
[IHAJbHbLIX BOJAONOHHKEHHH H HArHETAHHH, ONMBITOB ¢ HHHKATOpaMH,
0TOOpPBI KE€PHOB H T. I.

B nepuoa ctpouTenbCcTBa K Ha3BaHHBIM 3ajlauaM 1006aBJsieTcs
KOHTPOJIb H aHa/JH3 pe3yJbTaTOB BO3JAEHCTBHS CTPOHTEIbLHBIX pabor
Ha (DHABTPAUHOHHBIA PEXHM Ha CTPOHMTEJBLHON MNJOWIAJAKEe H NpH-
Jeraiouiedi K Heit Ttepputopun. Habaoaenusa B nepuoa npousBoi-
crBa paboT 103BOJSIOT CBOEBPCMEHHO BBHIABHTL MecTa, HebJarorno-
JYYHble B (PHABTPALMOHHOM OTHOWIEHHH, OUEHHTL 3(PPEKTHBHOCTDL
OT/EJIbHBIX MEPONMPHATHH MO 3allHTe OCHOBaHHS, a TakXe Mnpose-
PHTb KauecTBO NPOBOAHMBIX paboT. B 3TOT nepuo/l OCHOBHBIM HCTOY-
HHKOM HHOpMauHH ABJAAIOTCH pexuMHble Habalo1enusa. Crneunain-
Hble HCCJENOBaHHA MJacTa: OTKAYKH, ONBITHI C HHAMKATOpamu —
NMPOBOJAATCS TOJBKO B ciydae HeOOGXOAHMOCTH.

Hccaenosanua GuabTpalHi B NEPHO SKCIIYATALUNH COOPY K CHHIH,
B JOMOJHCHHC K CKa3aHHOMY, MPECJACAYIOT elie¢ UEeJH BbiABJICHHSA
3QHEKTHBHOCTH PAa3AHYHBIX KOHCTPYKTHBHBIX 3JCMEHTOB COOpY-
XKEeHHs1 H OUEHKY (PHALTPAUHOHHOrO pPekKHMAa ¢ TOYKM 3PEHHs Npo-
BEPKH NPOCKTHBIX npeanonoxenuit. Tak ke, Kak M B MEPHOJ CTPOH-
TEeAbCTBA COOPYXKEeHHH, OCHOBHBIM HCTOYHHKOM HHpOpMauuu sB-
JSIOTCS peXHMHbBIe HaOJI0ACHHS, KOTOPble Mo Mepe HeoOXOAHMOCTH
MOMOJIHAIOTCA Pe3VJbTATAMH OTIEIbHBIX ONBTHO-QHILTPAUHOHIBIX
paGor.

Bauauue (pH3HKO-MEXAHHYECKUX XAPAKTCPHCTHK IJIACTOB CKa3bl-
Baercsi raaBHblM o6pazoM Ha o6beMe HATYPHBIX HCCIe10BaHnK
¢uabrpaunu. Tak, npu uccaenoBanusax B cyGHo3HOHHO-YCTORUHBBIX
FPYHTAxX MHOTZLa MOXKHO OrPAHHYHBATLCA HAOMOEHHSIMH NbE30MeT-
PHYECKHX HAMoOpoB M (HJALTPAUHOHHBIX pacxoloB. B cayuae rpys-
TOB, MOJABEPKEHHBIX AeNCTBHIO XHMHYecKo# cydhdosuu, 006a3aTCabLHD]
HabaI0eHHA H 32 XHMHUCCKHM cocTaBoMm mnotoka. Ha oGbem Ha-
TYPHBIX HCCHeNOBaHHA (PHAbTPALHH BJHSAIOT TaKXKe THN H Kjaacc
COOPYHKEHHH.

MeToMKa HaTYPHBIX HCCAeAOBaHHIl QHALTPALK 3a NOCAEAHHE
rofbl MOJyuHJaa 3HaAYHTEeabHOe pa3BuTHe. Tak, Hanpumep, ONbITHLIM
nytem OblJI0 MOKa3aHO, YTO JUISA YCMEIHOro pelieHHsl NoCTaBACHHBIX
3anay HeoOXO0AMMO, KaK MNpaBuA0, OCHOBBIBATBCSI HA pPeE3yJbTaTax
KOMIIJICKCHBIX HCCJeAOBaHHH (HIBTPAUHOHHLIX MOTOKOB, KOria
OJHOBPEMCHHO NPHMEHSIOTCS NPHHUHIHAJILHO pPa3iHyible CHOCO0H!
onpenenenua (UABTPAIUHOHHBIX XapaKTCPHCTHK MJIacTOB, a HaTyp-
Hble METOAbl MCCJIEeJ0BAHHA COYETAKTCH C TEOPETHYECKHMH H Jabo-
PaTOPHBIMH.

Ias onpeneneHus (UALTPAUHOHHBIX XaPAKTEPHCTHK MNJ1acTOB
XOpomO 3apeKoMeH10Baan cebs H TakHe HOBEAIIHE MCTOABI
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HCCO€1OBAHKH, KAK HCHTPOHHBIR H raMMa-KapoTax, paiHOaKkTHBHbIEC
HHANKaTope M Apyrue. Boabmoe pacnpocTpaHeHHe MOJAYYaeT MeTo-
MKa onpeaencHust QUIALTPAUHOHHBIX XaPAKTEPHCTHK 11aCTa B yCJ10-
BHAX HeycTaHoBuBIIeHCH puabTpanuu. Takum o6pasom, B HacTOALLEE
BpeMst B 06.1aCTH METOAHMKH MPOBCJACHHS HATYPHBIX HCCJIEI0BaHH
GOUALTPAIMH HMEIOTCA H3BECTHBbIC CABHIH. B cBsI3H ¢ 3THM caeayer
HANOMHHTB, YTO YCNEWHOCTb NMPOBE/ACHHA HATYPHLIX HCCJIeA0BaHHMA
GOUIALTPAUMH 3ABHCHT HC TOJLKO OT MCTOAMKH HalJI0AEHHH, HO H
B GOALIION CTEeNeHH OT MeTOAHKH 00paboTKH pe3yabTaToB 3THX
nabmonenni. O6lMe peKoMeH1allny No MeTonHke o6paboTKH AaH-
HBIX HATYpHBIX HabGmoaenuin npusoastces B pabore O. H. Hoco-
soit [114].

IHApOTeXHHYECKHE COOpYXKeHHsi oueHb pasHooGpasubl. Hacum-
thiBaercst Gosee 100 Buaos ruapocoopyxenui [195]. Tlo nenesomy
HA3HAUCHHIO OHH MNOJAPa3AeAATCH Ha 6 THNOB: BOAOMOANOPHbIE,
BOJONPOBOJALILHE, PEryJsillHOHEbE, BOJ03abopHbIe, BOAOCOPOCHDBIE
M crneunagpHbie. Bce HasBaHHbIE KaTeropHH THIPOCOOPYKEHHIH
B 60IblICH HJIH MCHbIUICH CTENCHH NMOABEPXKEHb BAHAHHIO QHALTPA-
LMK, KOTOPAs MHOIJla HMeeT pelualollee sHayenne npu sbiGope THna
COOPVIKCHHA H €ro KOHCTPYKIHH.

Oanako HaTypHbie (PHILTPAUHOHHbIE HCCJACAOBAHHA Pa3THUYHBLIX
THNOB THAPOCOOPYIKEHHH HMEIOT psAjf OOIMX YepT H NpHMeHsieMble
pH TAKHX HCC/ACLOBAHHAX METOABI OJAHHAKOBbI /151 PAa3sHBIX THMNOB
COOPVIKCHHIT.

B n1aHHOW riaase OCTAHOBHMCH HA XapPAaKTePHbLIX HCCACA0BAHHAN
(UILTPALMHE, NPOBOAHMBIX HA MHOTHX THMAX FHAPOCOOPYKEHHH M
rAaBHbBIM 00pa3oM Ha THNAX COOPVKEHHH, BXOAAUIHX B COCTaB
rHAPOY3JNOB.

§ 8-2. HarypHbie MccnepoBaHWa (PHNbTPALMM
NPM NPOEKTHPOBAHMM COOPYIKEeHMH

ITp# npoeKTHPOBAHHH THAPOTEXHHYECKHX COOPYXKCHHH (rHApO-
Y3J0B, OPOCHTEJAbHBIX U OCYIIHTE/IbHbIX CHCTEM) HeOOXOLHMO HMETb
onucanue (uU3MKo-reorpadHuUecKHX YCJAOBHIl: KJAHMaTa, pedabeda
MECTHOCTH, BOAOCMOB H BOJOTOKOB H JaHHBIC O TICOJOrHY€CKOM
CTPOEHHH M O THAPOre0JOrHYeCKHX YCJOBHAX paHOHAa CTPOHTENb-
crBa. JlaHHble 10 reoJlOruy paiioHa COCTONAT B OMHCAHHH CTpAaTHrpa-
(¢un, autonoruu u reomopdoaoruu nopoa. Ilo pasaeay ruaporeono-
rup HeoOXOAHMO pacnoJiaraTh AaHHLIMH O peXHMe MOA3EMHbIX BOA,
uMes B BHAY (POPMY H KHHEMATHKY NOJA3EMHBIX MOTOKOB B BOJOHOC-
HbIX FOPH3OHTAX, FHAPABJIHUECKYIO B3aHMOCBA3b 3THX FOPH30HTOB M
CBA3b MX C HCTOMHMKAMH MHTAaHHA B Npejeaax paioxa, ¢uabrtpa-
UHOHHBbIE XapaKTepPHCTHKH MOPOA H THAPOXHMHYECKHE XapaKTepH-
CTHKH BOAOHOCHBIX TOPH3OHTOB. ['MAPOreoJIOrHUeCKHe MaTepHaibl
MOJVHAIOTCA B pe3y/bTaTe COOTBETCTBYIOMMX HATYPHBIX M jabopa-
TOPHBIX HCCACL0BAHMIA.
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Cocras # o0beM HCCIEIOBAHHI 3aBHCHT OT XapakTepa M K.acca
COOPYKEHHIT, OT reoJJOrHYECKON M IHAPOredOrHiecKon 0OCTaHOBKI
Aannoro paiosa. Coctas u o6beM HCCAGLOBAHHIT, HCOOXOLMMBLIX
1739 NPOCKTHPOBAHHA, ONPELeJIAIOTCH IHAPOreoIoraMu COBMCCTHO
¢ NPOCKTHPOBIIHKAMHK, KOTOPBIE MOJIKHbBI YYHTBIBATL BCC HEOOXO-
AMMBIC (115 IPOEKTHPOBAHUA AaHHble 0 (PHALTPAUMH B paioHe Mo-
CTPONKH W HAa TEPPHTOPHM MOANOPA TPYHTOBLIX BO/A. DTH AaHHBIC
A0/KHB OBITH JIOCTATOYHBIMH S COCTABJEHHA PaCUYCTHBIX CXeM,
oGecneynBaloUUX BO3MOKHOCTh NPHMEHEHHA WMCIOULHXCS METO10B
(PHABTPAUHOHHOTO pPacyeTa — TEOPETHUCCKHX M IKCIePHMCHTAJbHBIX
[29]. HekoTopbie npHHUMNKHAALHBIC VKa3aHus 110 NOBOAY CXeMaTH3a-
IIHH MPHPOAHBIX YCIOBHI NpH PHUIALTPAIHOHNBIX pacucTax MMEWTCs
B aureparype {12, 25].

[Tp# NPOCKTHPOBAHHH THAPOTCXHHYCCKHUX COOPYZKEHHIT 1100010
Ha3HA4YeHUs HEOOXOAMMO pacnojararth CBeIeHHAMH 0 Gopyme noi-
3eMHOr0 MOTOKA B MMEIOMIHXCA BOJIOHOCHBIX ropusontax. B stom
OTHOWECHHH CVILECTBEHHYIO POJdb HIPAIOT CTamnoHapHeie nad.miolc-
HHA, [POBOAMMBIC THAPOreoJornyeckuMu cranunsmu. Tlpu oreyr-
CTBHH JI@HHBIX O PeKHME FPVHTOBHIX BOA B paWOHE MPOCKTHPY CMBIX
COOPYEHHIl 3TH /aHHble HEOOXOAMMO MOJYUMTL MOCPEACTBOM lHa-
6.110CHHIH 38 VPOBEHHBIM PEOXHMOM I'PYHTOBBIX BOX Ha CNCUHA.ILHO
VCTPOEHHOI ceTH HabaoaaTebhbix ckBakuu (rnasa 3). Csejcuus
00 YPOBEHHOM PEKHUME MOA3CMHLIX BOI B BOTOHOCHBIX MOPH3OHTAX,
3aJeralouuX noj OCHOBAHHAMH COOPVIKCHUH, 10JKHBI OXBaTHTb
XapakTepHble MepHOAbI MAKCHMAJAbHBIX M MHHHMAJIBHLIX Hamopos.
Ocobenno, KOHeuHO, 3TO OTHOCHTCSl K BePXHEMY BOLOHOCHOMY T'OpH-
30HTY. Cse/tenusi 006 YPOBEHHOM peXHME TPYHTOBbIX BOA 3aKII0-
yaloTCcs B rpapuKax H3MCHCHHA BO BPCMEHH YPOBHCH BOALI B 1TLC30-
verpax. Ha ocHoBauun 3THUX rpaHKOB CTPOUTCHA KapTul CHIPO-
H30rHMC H THAPOH30MNbe3 eCTeCTBeHHbIX FPYHTOBbLIX IOTOKOB B pa3.aut-
HBLIX TOPH3OHTAX 08 XapaKTCPHBIX MOMeHToB Bpemenu (§ 3-4).

[Tocae BO3BEACHHA COOPYIKCHHIT H HAMOIHEHHs BepxHero Obeda
VKa3zaHHble KapThl THAPOH3OTHIIC M THAPOH3ONbE3 OOBIYHO paii-
KaJabHO uaMensiores. Ho npu npoekTHpoBanud npoussoictsa pador
10 BO3BEACHHIO COOPYXKCHHIH B CTPOHTE/ABHBIX KOTJOBAHAX BANHO
HMETh CBCACHHA O €CTECTBEHHOM pexkHMe rpyHToBbX BoJA. CooTBer-
CTBYIOIMMH PacyeTaMu BOJOMOHHXKEHHS, B OCHOBY KOTOpPBIX KIa-
1eTCs, B YAaCTHOCTH, PEZKHM IPYHTOBBIX BOJ, oGecneyHBaeTes yCroii-
YHBOCTH OTKOCOB M JlHA KOTJIOBAHA, a TaKXKe HajjacxKatuee coCTos-
HHe rPYHTa OCHOBAHHH COOPYACHHIL

UccaeroBanusi QUABTPALME mepel MPOeKTHPOBAHHEM 0OLIUIO
3aKAI0YAI0TCS B KYCTOBBIX OTKAuKax C IeJbio ONPe/C/ACHHA o6 utei
M 4aCTHOM BOJAOMPOHHIIAEMOCTH Topol. B cayuae CKaIbHBIX OCHO-
BAHMIT BOJOMOANOPHBIX IHAPOCOOPYKEHHH NMPH OTCYTCTBHH TPYHTO-
BBIX BOJL NPOBOASITCS C TOM K€ LETLIO ONBITHHC HArHETAHHA. B Gop-
Tax 10JHHLI 1a8 onpeaedenus Kospduuuenra puabTpanun pepx-
Hero mJaacta ynortpeGasiorcs cnocobbl MEbHAbTPauun. Bee 5TH
crnocoOnl OMMCaHbl B raase 5.
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B paiione pacnosioxKeHns NJOTHH H FHAPO3/IEKTPOCTAHUHE BAXKHO
HMETb AaHHbe O THAPABJHYECKOH CBA3H MEXAYV BOJOHOCHBIMH rO-
pu3onTaMHu. /s ycTaHOBIEHHA Takoi CBA3H MOXKHO, HanpHMep,
MPOH3BECTH OTKAYyKY IPYHTOBOH BOJIbl H3 BbllIeJeXKalLlero ropH3oHTa
¥ HabJnaTh 32 ypoBHeM BOAbI B Ha0A101aTeNbHON CKBaXKHHe, Npo-
OypeHHOH A0 HHXKeJexaulero ropusonra. [Ipu Haauuuy ruapasiIH-
YeCKOH CBSI3H OTKaYKa M3 BepXHero ropu3oHTa BHI30BET H3MEHEeHHe
Hafnopa B YKa3aHHOH Habui0aaTe/IbHOH CKBaXKHHe.

[Ipu npoexkTHpoBaHuK NJIOTHHB B Oeperax pPeKH 110 OCH NPOEKTH-
PYEMOro COOPYXKeHHS 3aKJaAblBalOTCH KYCTbl GypPOBBIX CKBaXKHH IO
cxeme, u3obpakenHoit Ha puc. 8-1, pexomenayemoit A. WM. Cuau-

HoiM-Bexuypuupim  [156). Kyer

(| ( HaOMIOAATENBHBIX CKBAXHH HMe-

' eT YeThipe Jyua, H3 KOTOPbIX ABa

43 PacnoJoXeHbl MO HanpasBJeHHIO

| BOAHOrO NOTOKAa, a Jpyrue

62 ABa — MO OCH coopyxeuus. [lo-

3 2 i a0bnas cxema SBJAACTCA BNOJHE

-o--"o-?@--c»---o -#H4 -~ oBocHOBaHHOWM € THIPOreoJorH-
7 ?2

pexa

yecKOH ctoponel. HabsmonaTtens-
Hbl¢ CKBa)KHHBI NpaBoOro Jyua,
! pacnoNoKeHHoro mnomnepek OCH
43 BOJIOTOKA, HAXONATCSI B 30HE
, BBIBETPEJIBIX NOPOJI, YTO OCOGEH-
| HO BaXHO JJIsi HCCJIEIOBaHUS
4 (GuabTpAUMH NOJ COOPYIKEHHS-
MH. Hwxuuit ayy, napannenn-
Puc. 8-1. CxeMa pacnosoxenus cKsa- HHE OCH BOROTOKA, pacnonoKen
XKiUH B CTBOpe MpoekTHpyeMoit maotunsr o SOHC BbIXOJA TPYHTOBbIX BOJ,
{ — uentpaavnas cxBaxuma; 2, 3, 4— ma- (bHJlep)'IOlLlHXCﬂ B 006X01 6epe'
GAIORATEILHIE CKBAKHNM, rOBOr0 NMPHMBIKAHHA B HHXKHHA
6bed. Paccrosinus Mexiy CkBa-
AHHAMH, HCXO0As H3 coobpaxkenuit 0 GopMe NOTOKA, NPHTEKAIOLLEro
K LEHTPAJIbHOH CKBaXKMHE, PEKOMEHIYyeTcs OpaTh Pas3AHYHBIMH AIS
PasiHYHBIX TPYHTOB. MMeHHO, paccTosime MEXKI1Yy UeHTPabHOIl
CKBaXKHHOWM [ M ckBa)kWHamu 2 Gepercsi B mpemenax 2—10 a,
MEKAY CKBaXKHHAMH 2 W 3 —oT 3 10 20 m, MeXIY CKBAXKH-
HamH 3 H 4—or 5 mo 30 m. Huxkue npegenvl OTHOCATCS
K NMECYaHO-TIHHHUCTHIM, BEPXHHE — K TPABEJHCTBIM H TPEUIHHOBATHIM
nopojiam.

B npakTHKe rHAPOTeoJorHYecKHX HCCASAOBAHHI HMEITCS 06-
OCHOBAaHHbIC METO/HYECKHE YKa3aHHS NO NOBOAY COCTaBa H 0ObeMa
paboT IO THAPOTEONIOrHYECKHM H3BICKAHHAM IS THAPOCTPOHTE/ b-
ctea [151]. Meroauka reaAporecJOrHYecKUX HCCJACAOBAHHI B 3HAYH-
TeJIbHOH CTENEeHH 3aBHCHT OT TeOJOrHYECKOTO CTPOEHHS NOJHHBL,
THIIA H KJAcca COOPYMKEHHS.

Heo6xonMuM0 HMeTb CBefleHHi O XHMMHYECKOM COCTABE BOBI.
I'pyHTOBafA BOMA MOXKET 0Ka3aThCsl arpecCHBHON MO OTHOWIEHHIO
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K 7KeJe3y W GeTOHY, YTO OKasbiBaeT BJAHAHHC Ha KOHCTPYKLHIO MMOJ-
36MHOH YacTH COOPYIKEHHIL.

Kpome TOro, BO3MOXKHO HajiHyde B IPYHTE OCHOBAHHI THIPO-
coOpyKeHHi pacTBOpHMbIX BewlecTB. I[Ipu OGoabwiux cKopocTsix
(GUJbTPaUHH TOCJE HANoJHEeHHs BepXHero Obeda npouece Xumuye-
cKO¥ cy(do3HH cTaHOBUTCSI OoJiee HMHTEHCHBHBIM. B CBA3H ¢ mpo-
eKTHPOBaHHEM MVIOTHH HEOOXOAHMO, MOMHMO paHOHA CaMOro riapo-
yana, HccaeloBaTh paHoH Oyayulero BOAOXPAHHJIHILA H TEpPHTO-
PHIO, HA KOTOPOH MOC/e HaNOJHeHHS BOAOXPaHHJHILA OyAeT HMEeTb
MeCTO MOAMOp rPyHTOBHIX BoA. B paiioHe BOZOXpaHH/MINA Ba)KHOE
3HAYeHHe HMCIOT MCCJEOBAaHHS BOJIONPOHHILAEMOCTH MOPOJA, CJa-
raloux ero jAHo u Oopra. 3jech, B 3aBHCHMOCTH OT Xapakrepa
Mopoj, NMPHMEHAITCA OTKA4YKH, HArHEeTAHHA W HHQHJIbTPAIHOHHbLIE
cnocoObl. B MecTax, rje mo npeiBapHTEJNbHBIM JdaHHbIM NpeAnoJa-
ratoTest 6oablIHe PHABTPALHOHHBIE PACXO/bl, 3aKJAABIBAIOTCA CKBa-
KHUHB U WYpdbI 415 NPOBeJACHHA YTOUYHAIOUKMX HCCASAOBAHHU I BOAO-
npoHHuaeMOCTH. IIpu HaJIMYHH TPELIHHOBATBLIX CKaJbHHIX NOPO
HeOOXOJIHMO H3YYHTH XapaKTep TPeLIHHOBATOCTH H Ko3dduuueHr
buaAbTPAUUK B HaANpaBAeHHAX TpeluH (raasa 5).

B paiioHe noanopa rpyHTOBBIX BOA 3aKJaajibiBalOTCH OypoBbie
CKBaXHHBI 110 MOMepeyHHKaM, pa3buThiM, KaK yKassiBaaoch B § 3-2.
Caenyer uMeThb B BHAY, UTO NPH NPOEKTHPOBAHHH THAPOY3Ia NPOMS3-
BOASATCA pacueThl MOANOPA IPYHTOBBIX BOJ HYaCTHYHO HA OCHOBaHHH
JaHHBIX O MOJOMEHHH HX €CTeCTBEeHHHIX ypoBHeH. Takum o6Gpasom,
VI MPOrHo3a MOANOpa FPYHTOBBIX BOA HeOOXOAHMO HMeThb KapThi
FHIAPOH30THIIC €CTeCTBEHHOrOo TpyYHTOBOro noroka. [loanop rpys-
TOBBIX BOJ JOCTHraer NpHOAM3HTEIbHO TOH TIHIAPOH3OrHICH, OT-
METKa KOTOpO#i paBHa OTMETKE HOPMAaJbHOrO MOAMNEpPTOro ro-
PH3OHTA.

Jlast npor{osa nojanopa rpyHTOBbIX BOJA, BoOOLe roBops, He Tpe-
b6yercs 3HaHuil KO3(PPHUHEHTOB (DHABTPALMH OTAIBHBIX I1JaCTOB
Ha OGUIHPHON TEPPHTOPHH MOANOPa, a AOCTATOYHO HMETb UHCJIEH-
Hbl€ 3HAa4YeHHs1 BOAOMPOBOMAHMOCTH I1J1aCTa B PAa3JIHUHBIX TOYKAX H
rayOuHBI 3aJeranus Bojoynopa (9].

Ilpu npoexkTupoBaHHH CHCTEM OpOUICHHs (UJIbLTPALHOHHBIE HC-
CJAENOBaHHA npecieaywT pasauunbie uena. [Ipu wucrnoab3osaHuM
IPYHTOBBIX BOJ /51 OPOLUIEHHS HeOoOXOAHMO YCTAHOBHTb HX BO3-
MOZKHBIH AeOHT H XHMHUYeCKHI cocTas. aa 3TOro HccaeayioT HMelo-
IHecs BOAOHOCHBIE TOPH3OHTHI, T. €. HX MOIHOCTb, HAMOP, KO3 Hu-
UHeHTHl QHALTPALUHH W HX TJaHOBBIe pa3mepnl. [as onpenereHun
NPOU3BOAHTEAbHOCTH W KO3(QHUHEeHTOB GHIALTpauuH 3akiaibl-
BalOTCS KYCThl OYPOBBIX CKBaXKHH, COCTOSILIHE H3 OJHOM LEHTPaJb-
HO# ¥ HabuioAaTeAbHbIX, H NMPOH3BOAATCA OTKAa4KH. [To maHHbIM OT-
Kayex onpexpeasercd Kospduuuent ¢puasTpaunn (raasa 5) u AeGUT
MpH pasJHUHLIX BEJIHUYHHAX MOHWXKeHus Hanopa S. Jlanee onpese-
AseTcs HeoOXOAMMOe KOMHYECTBO CKBAXKHH JJIA MOJYYEHHS COOTBET-
CTBYIOILLLEr0 pacxojia Ha opomenue. Koneuno, nmpu 3ToM HeoOXonuMoO
HMeTb B BHAY HHTep(depeHUHI0 CKBAXHH.
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Ha naomaau opouleHHs NPOM3BOAATCH HCCJACAOBAHHS BOJOHOC-
HOCTH TOPO], HX BOAONPOHHLAEMOCTH H XHMHYeckoro coctasa. [lo
JAaHHbIM HaOM0JeHHH CTPOATCA KapThl rHAPOH3OrHNC, HAa OCHOBA-
HHH KOTOPBIX COCTABJSIOTCA NPOrHO3bi (PHALTPALMOHHOIO PEXHMAI
npu pabore opocuTeqbHOM cHcTeMst [82].

XHMHYECKHH COCTAB TI'PYHTOBOH BOAbI HMECT NepBOCTeNneHHOe
3HAYEeHHe TNPH MNPOCKTHPOBAHHH OPOCHTEJbHBIX CHCTEM BBH1Yy BO3-
MOJKHOTO 3aCOJIEHHS MOYB.

B pailonax noanopa rpyHTOBBIX BOJA BCJCACTBHE HAJHYHA BOAO-
XPAHWJIHLL HAH OPOCHTCJbHBIX KaHAJOB NPOCKTHPOBAHHE [APEHAaXK-
HbBIX CHCTEM OCHOBBIBAETCH HA pacyerax no onpeaeneHHio Gpopmbl
rPYHTOBOrO NOTOKA B YCJOBHAX PeryJHPOBaHHA YPOBHCH BOALI B BO-
JOXPaHHJIULILE, H HCKYCCTBEHHbIe (aKTOpbl 3/1eCh HMEIT NpeBajaupy-
oulee 3HavenHe. To e MOXHO CKasaTb H O NPOEKTHPOBAHHH Ape-
HaXka B paifionax opowenusi. OHAKO NpH NPOCKTHPOBAaHHH OCYylIe-
HHs1 3a00/104CHHBIX TEPPHTOPHII ecTeCTBeHHble pexKHMoobpasyiouine
(axkTophl ABAAOTCH OOBLIYHO ONPENEIAIOUHMH NIapaMeTpaMH OCYLIH-
TeAbHBIX CHeTeM. Jlasi NPOeKTHPOBAHKA OCYLIHTEAbHBIX CHCTEM B 3a-
00.104eHHbIX pafioHax MOCPeACTBOM IHAPOreOJOrHUECKOH CBhEeMKH
H3YUAIOTCH TCOJIOTHUYCCKOE CTPOCHHE pailoHa OCYLUeHHs, 3ajeraHue
BOJOHOCHBIX TOPH30HTOB H XHMHYECKHH COCTaB TpPYHTOBBIX BOX,
B3aHMOCBSI3b T'PYHTOBBIX BOJ H BOAOTOKOB. Ha ocHOBaHHH 3THX
JAaHHBIX CTPOSATCS KapThl THAPOH3OrHNC H MMAPOH30NbE3 I8 XapaK-
TEPHBIX MOMEHTOB BpeMeHH.

IMpousBoauTcs onpeaeneHne Kospduuuenta GHAbTPaUHH NyTEM
OnbITHBIX OTKauck. B Topdsaubix Gosorax BBMAY caaboit npoHuHuae-
mocTu Topha onpenenerne ero Kospdpuuuenta GuUAbTpAUHH 3aTPYA-
HHTEJIbHO, H AJA 3TOH I&IH HCINOJB3YIOTCs AaHHble JabopaTOpHbIX
HCCJ€10BaHHA Ha MOHOJHTAX Topda.

Hartypuble uccaenopanus ¢uabrpaunu B OONOTHCTHIX paioOHAX
MMCIOT HEKOTOpbie OCOGEHHOCTH B CBSI3H C Pas3JIMYHBIMH THHamu 6o-
J0T, XapaKTepH3YIOIMHMHCA PAa3JHYHBIMH YCJOBHAMH BOJHOrO M-
tanuus ux [101].

Ecau pexuM rpyHTOBbIX BOA B 3a00J04€HHOM MECTHOCTH NO-
BEPraeTcs BAHSAHHIO HAMOPHBIX BOJA HHMKCJCKAUWHX rOPH3OHTOB, TO
(HIABTPALHOHHBIE HCCJAENAOBAHHA 3THX TOPH30HTOB HMEIOT BeCbMa
6o0aboe 3Hayenne. HeoGX0aAHMO BBIICHHTb XapaKTep ruAapap/Hye-
CKO# CBfI3H BEPXHEro M HAMOPHOrO TOPH3OHTOB, UTO MO3BOJHT 3a-
IPOEKTHPOBATb PALMOHAJNBHYIO KOHCTPYKIHIO JPEHAXKHOH CETH.

H3yueHne AHHAMHKH XHMH3Ma TPYHTOBBIX BOJ NPH NPOEKTHPO-
BaHHH JPCHAXKHBIX ceTefi, a Takke onpefeseHHe KOIPPHUHEHTOB
BOJOOTAA4YH CYUIECTBEHHO BaXKHbI.

B pafioHax NpPOeKTHpyeMblX B0A03aGOPOB AJsi BOAOCHAOXKEHH
HACCJICHHBIX MECT, MOMHMO THAPOreoJOrH4eCKOH CbhEeMKH, NpOH3BO-
ST MCCJAENOBAHHA PEXHMa TPYHTOBBIX BOA, HCMOJAbL3Ys ClelHalb-
Hble CTBOPBI, NPOXOAsilHEe B MecTe MNPOEKTHpyemoro Bojao3abopa.
OaMH H3 CTBOPOB pacnoJaraioT M0 HanpaBJeHHIO TCYCHHS FPYHTO-
BbIX BOJA, a JAPYroft — NepneHaHKY/JApHO HaNpaBJCHHIO TeYeHHs.
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Koneunble HabGmojaTte/bHble TOYKH Ha CTBOpax 3ak/JAaabiBalOT 3a
npefesaMu NOBCPXHOCTH JenpeccHd npH oTéope IPpyHTOBHIX BOA.
[Tpou3BoAAT ONbITHBIE OTKAYKH A OMNPEACJCHHS NMPOH3BOAHTEIb-
HOCTH IPYHTOBOrO MOTOKAa H onpeaensior KosQpuuueHt Guabtpauuu
naacra {131].

EcrecTBeHHble pecypchl NOA3CMHBIX BOA (MO0 TEPMHHOJOTHH
®. I1. Casapenckoro) B ob6uiem 6anance gaHHoro 6accernHa onpeje-
JAIOTCA PAacxojaoM, MNOCTYNAKOWHKM HA NHTAHHE MOA3EMHBIX BOL.
AKcnayaTauuonusie pecypenl, mo tepmuuosorun Bb. M. Kyneauna,
T. €. PACXOJ MOA3EMHBIX BO/, H3BJCKaeMbIX /A 1lejefl BOJOCHalKe-
HHSA, COCTABJSAIOT YaCTh €CTECTBEeHHBIX pecypcos. [Tostomy npu npo-
eKTHPOBAaHHH MOLUHBIX B0A03a60poB HEOOXOAHMO OnpeaejuTb pas-
MEp eCTEeCTBEHHLIX PpecypcoB MOA3eMHBIX BOA. Takoe omnpeaesesne
IPOM3BOJAHTCS pasjHuHbIMH crnocobamu [25]. Hekotopble H3 HHX
pacyeTHbie, OCHOBAHHbIC Ha CBf3H €CTECTBEHHbIX PECYPCOB C HHTEH-
CHBHOCTBIO aTMoc(epHbIX OCaAKOB, C ruaporpapamu pex M T. 1.
Hmelotca cnocobbl, OCHOBaHHbIE HAa HAOJIOJIEHHAX 34 TOHHXKEHHeM
VPOBHEH I'PVHTOBBIX BOJ.

Cuaporeosornueckuit cnoco6 Tpedyer MOCTAHOBKH (HABTPauUH-
OHHBIX HCCJIEIOBaHMil, B pe3yabTaTe KOTOPLIX eCTeCTBeHHble pe-
cypebl (DHABTPAUMOHHBIA Pacxoi) BBIYHCASIOTCH Mo (opmyJe:

Qmﬁi;‘,—"’“l L (8-1)

rie @) H W2— XKHBbIC CCYEHHS MOTOKA; Ry H Rz — COOTBETCTBYIOUIHE
ITHM CeueHHsiM cpeanue Ko3pduuuentn puavTpauuu; / — cpeauni
FPajHeHT Hanopa Mexay AaHHBIMH CEUCHHFAMH.

U3 ¢opmyawn (8-1) BuaHO, uTO Aauublit cnocob® Tpebyer npo-
BEJEHHS 3HAYHUTENbHOI'O KOJHYECTBa HATYPHbIX HccaenoBanuit. [lo-
MHMO KapT THAPOH3OTHIIC H IHApPOH3oNbe3, Tpebyercs OnpeaeanTs
KO3(ppHuuHeHTH PUABTPALMH B PA3JHUYHBIX CEYCHHAX NMoToka. B Ha-
cTosinlee BpeMsi HMeercs noapobuas tabanua KaaccupuKauuu pe-
CYPCOB MOA3eMHLIX BOA AJAs ueaei BojocHaOxenus [128].

IMpu HaAHYHH HECKOJBKHX BOJLOHOCHBIX FOPH3OHTOB ONBITHBIC OT-
KAYKH NMPOH3BOMAATCS B KaXKJAOM M3 HHMX, a 3aTeM CPaBHHBAKOTCH HX
BOJOHOCHOCTH, Ka4eCcTBO BOALI H T. A. OnbiTHbie paGoThl, B 3aBH-
CHMOCTH OT re0JIOrHYeCKOro CTPOeHHS FPYHTOB (JIeIHHKOBBIE, aJ110-
BHaA/JbHble M T. A.) H HX BOJOHOCHOCTH, MOTYT HMCTh HEKOTOpLIE
ocoGennoctH [156].

Cneayer OTMETHTb BaKHOe OGCTOSATEAbLCTBO, BHISIBJASIEMOE MY TEM
HCCJAeA0BaHKA (DHILTPALUMH, @ HMEHHO: MPH OTKayKe H3 OAHOro ro-
PH30HTa MOACOC TOA3EMHOM BOALI M3 COCEJHEro ropH3oHTa. IJT0
BO3MOXKHO MIPH HAJHYHH THAPAB/IHYECKOH CBA3H MEXKY COCeIAHHMH
ropusontamu. MHoraa Takoff moAcoc 3HAYHTENbHO yXyiallaer Kaye-
CTBO. 3aGupaemoit BoAbl. B CBA3H ¢ 3THM NPH HAJHYHH BOABI pa3-
HOr0 KauecTBa B COCEJHHX TOPH3OHTAX CJelyeT BBISICHHTL ny-
TeM npoGHBIX OTKAuYeK C COOTBETCTBYOUWHMH HabJa0JeHHsAMH 3a
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NbEIOMETPHYCCKHMH YPOBHAMH Ha/IHYHE THAPABJHYECKOH CBSI3H Me-
71y TOPH3OHTaMH.

OcTaHoBHMCA Ha HAaTYPHBIX MCCJIeN0BaHHAX (GHALTPaUMH NpH
NPOEKTHPOBAHHHK rOpPHBLIX BbIpaboToK. Kak u3BEeCTHO, OTKauKa 1WaxT-
HbIX BOJL HMeeT 60Jbllioe 3HAaYeHHEe NpH A006blYe MOJE3HbIX HCKOMae-
MbIX. Jla151 XapakTepHCTHKH NPHTOKA BOAbLI K FOPHBIM BhIpabOTKaM
BBE/JCHO MOHATHE KO3D(HUHEHTA BOAOOOMIBHOCTH, KOTOPBI omnpe-
neasiercst GopMyJI0it:

O :
oy (8-2)

riae Q — BOJONPHTOK, M¥/eyT; P — Bec AOGBITOrO 3a CyTKH Moaes-
HOro Hckonaemoro, 7. O6biuHo K=25-:3, a HHOrza OH JOCTH-
raer 15—30.

B 3aBHCHMOCTH OT KaTeropHu 3anacoB MOJAE3HBIX HUCKOMAaeMbiX
[156] mccaenoBanusi (GHUABTPAUHH HMEIOT pPa3JHuHbC MacLITaObi.
Boo6we uccaenosanus (GHILTPAUHH CBOAATCA K ONpelesenHio
KOS(PHUHCHTOB (PHALTPAUHH OTAeAbHBIX TOPH3OHTOB, HanopoB
B 9THX TOPH30HTAX H TH/JPABAHYECKON CBSI3H MEXKIAY HHMH.
Jletasbuble HCCAELOBAHHA NMPOBOAATCH MPH MOMOUIM CeTH GYpOBBIX
CKBaXXHH, NpHYEM MPOH3BOJAHTCH OTKAYKA HA KYCTaX CKBAXKHH, H3-
MepsieTcsi TeMmmepaTtypa MOA3eMHbIX BOJ H H3Vuaercs HX XHMHue-
CKHMH cocTaB. PHALTPAUHOHHBIC HCCCLOBAHHSA JOJKHB YCTAHOBHTD
CTAaTHYECKHE 3anachl MOA3EMHBLIX BOJA, TaK KaK 3TH 3anacbl NpH
BCKPBLITHH M NEPBOHAYAJBHOM 3KCIJyaTauHH cpabGaTbiBalOTCs MyTeMm
OTKAaYKH M Aal0T MakcuMmanbHbii pacxoi. Ilpu nanbHeiiuelr paspa-
OOTKEe MeCTOPOXKAEHHIT, eC/IH TOJAbKO He BCTPEYAIOTCH HOBbIE MOILL-
Hble BOJAOHOCHBIE TOPH3OHTHI, MPHUTOK MMOA3EMHON BOAbl B MIAXTHI
yMeHblIaeTcs, H BOPOHKA jenpeccHH, o6pasyioulascs BOKpYr pakosa
rOpHbIX pa3paboToK, yBeJHYHBaeTcs. 3aMeTHM, UTO H3MEHeHHe pe-
AKHMa MNOJI3eMHBbIX BOA B padoOHaxX ropHbiX pa3paboToK ne HMeer
MEPHOAHYECKOrO XapakTepa B CBA3H C HENPEPLIBHLIM PacUiHpeHHeM
(ponra pabor. [Mosromy M HccaerOBaHHS (HALTPALHM B NeEpHOA
IKCIVIyaTalHH TOPHbLIX BHIPAOGOTOK HeNpepbiBHO pPa3BHBAIOTCH, N0-
MOJIHSASICh CBEACHHAMH, NMONYYEHHBIMH HENOCPeACTBEeHHO H3 Hab.110-
JIeHHA B ropubix BeipaGorkax (101, 136, 156, 166].

§ 8-3. Harypusie uccnepoBaHmus DMAbTPaLMM
B nepxop npowzeopcrea pabor

B § 1-2 6b10 yKa3ano Ha pasBuTHe 3a NOCJAEAHHE TOAB (PHb-
TPAUHOHHLIX HCCJACNOBaHHA B Mmpouecce CTPOHTENLCTBA COOpPYHKe-
Huit. Poab npoussoicTBa paboT no BO3BEIEHHIO THAPOCOOPYIKEHH Il
Besauka. HepobpokayecTBeHHOe NMPOH3BOACTBO PaGOT MOXKET NpH-
BECTH K aBapuaAM JAaxke NPH XOPOUIO BLIMOJHEHHOM IpOEKTe, YTO
MOATBEPKAACTCA NPH H3VYEHHH aBapHNl U PA3PYLICHHH COOPYIKEHHH.
[Tostomy HatypHbie uccaeoBanus GHALTPAUHH B npolecce CTPOH-
TeJbCTBA MNPHOGPETAlOT OTBETCTBEHHOE 3HauUeHHE, OCOGEHHO ecJH
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NPHHATL BO BHHMAHHE, YTO B YCJAOUBHAX [POCKINPOBAHHSA HEBO3-
MOKHO MNpPEAYCMOTpPETh BCe OOCTOATEALCTBA MMPOM3BOACTBA paldor,
CBSI3aHHbIC CO MHOIHMH [PHPOAHBIMH (PAKTOPaMH: reoJIOrHYeCKHMH,
METEOpOoJIOrHYeCKHMH ¥ np. Kpome TOro, HeKoTopuie GHALTPALIHOH-
Hbl€ NpPOUECCHl, MPOHCXOAALLHe, HANPHMEp, NPH HaMbiBe IVIOTHH H
Aamo0, TpebyoT NOCTOAHHOro Haba0/AeHns 3a PUIbTpalHed.

Ilpn oCyMICHHH CTPOMTEIbHBIX KOTJIOBAHOB TIHIAPOCOOPYIKEHHI,
OCylleCTBAAEMOM OOBIYHO MPH MOMOLIH CHCTEM CKBAaXKHH M HIJIO-
(GHIbTPOB, OCHOBHBle HaOaOAeHHA 3a (uabTpauHeil OTHOCHATCH
K onpejeneHuio GHIAbTPAUHOHHOIO pacxoia H MOBCPXHOCTH Aenpec-
CHH BHYTPH KOTJIOBAHA M Ha HEKOTOPOM pACCTOSHHM BHC Hero.
B cayuae BOJONOHMMKEHHS B HANOPHBIX TOPH3OHTAX NPOH3BOASTCS
Habaonenna 3a HamopaMu. CxeMbl CTPOHTEJNbLHBIX KOTJOBAHOB M
(hopMBl TPYHTOBBIX TMOTOKOB 10BOJLHO pasuoobpaskn (102]. Ha
puc. 8-2 npuBeaena cxema ;

(pparmenta  CTPOHTEJIBLHOrO !

KOT.I0BaHa, OCYWIAeMoro ¢ no- . igfips
MOUIBI0 CKBaXXHH H  HIJIO-
(DHABLTPOB B  COOTBETCTBHH
C HaJHuyHeM JABYX BOJIOHOC-
HBIX TOPH3OHTOB, pasiaease-

MbIX c.1a6ono;10nponnuae-

MM caoeMm. Jaa uaGaone-

IHS 34 MNOBEPXHOCTbIO Je- Puc. 8-2. ®parmesr CcrponTeILnoro
fpecCHH BepxXHEro BOAOHOC- KOT.10BaH3.

HOTO TOPU3OHTA M HAMODHOR | Sxeamma: S urioduiipus, | L apiey:
MOBCPXHOCTBIO HHXXHEro ropH- PHIONTA; § — KPHBAR ACNPCCCHH BCPXHEro FOpH-
30HTA HEOOGXOAHMO HMETh J1Be TR

CHCTeMbl Haba101aTe/IbHbIX

ckBaxHuH. OcoOblii HHTEpeC NpeacTaBjseT MNOBEPXHOCTL JACNPECCHH
BHYTPH KOTJOBaHa, KOTOpas ONPCACAACTCHA MOCPEACTBOM 3amepa
VPOBHEN BOAbL B HA0JIOAATEJbHBIX CKBAXHHAX HWAH wypdax.

CpeacHusi 0 pacxojie BOAONOHH3HTEIbHOH YCTAHOBKH cJeayer
HMETb 1O TIpynnaM CKBaKHH BBHAY HEPaBHOMEPHOCTH [PHTOKA
K HMM IPYHTOBBIX BOA. MaKCHMaJbHbIC pacxo/ibl NPHTEKAOT, pasy-
MeeTcs, CO CTOpPOoHbl pekH. BecbMa HarasaAHOe npeiacTaBJenHe O pa-
60T¢ BOJAONOHH3HTEJbHON YCTAHOBKH JaeT rpauxk yieJjbHOro pac-
X0o/a, T. €. pacxoja, NPHXOASAUIErocs Ha MNOTOHHBLIA MeTp JIHHHH
BOJONMOHH3HTEIbHBIX CKBaXXHH.

OnpeneseHue pacxonos H (Gops MOBEPXHOCTH AEMPECcCHH NPOons-
BOAMTCS B TEYEHHE BCEro BPEMEHH CTPOMTEALCTBA, HO B 3TOM IIpO-
MEXKVTKC BPCMEHH CJe/lyeT BbiAeJHTb TPH XapakTepHBIX H HepaBHO-
UEHHBIX N0 MNPOAOMKHTEABHOCTH MNCPHOAA: MCPHOA HOPMaJbHOH
paGoThl BOJONOHH3HTCJALHLIX YCTAHOBOK B MexKeHlb, nepuox (opceu-
poBanHO#l pabGoThl B MaBOAOK, XapaKTepH3YIOLUHIACS HEYCTaHOBHB-
WHMCH PEXKHMOM (DUAbTPAUHH, H NMEPHOL NMEPBOHAYAIbHON OTKAYKH
H3 koTaoBaHa. Oco0o xapaKTepHbiM B OTHOMWEHNI (PHALTPAUHH 5B-
JRETCS NePHOL NePBONAYAIBLHON OTKAUKH, KOT/a BOJLONOHH3HTC IbHASA
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vcTaHOBKa paboraeT ¢ 1eIbI0 TMOHHMKEHHS  eCTeCTBeHHOro
VPOBHSI TPYHTOBBIX BOJL 10 MPOEKTHBIX OTMETOK. Ec/ii CTpoHTeAbHbLIT
KOTJIOBAH HamoJHEeH BOJAOH, TO JUIA ero OCYLIEHHS HCIIONb3YeTcH OT-
KPBITHIIT BOACOTIHB. MIHTGHCHBHOCTL BOAOOT/IMBA ONpeELe/IseTca H3
VCJIOBHS YCTOHYHBOCTH OTKOCOB KOTJIOBaHA, KOTOpLie MPH GbICTPOM
IIOHM2KEHHH YPOBHf BO/Bl B KOTVIOBAHE MOTYT ONJbiBaTh. B HekoTo-
pBIX cayuasX HabGJai0aaJoch BO3HHKHOBEHHE KJ/IOUEH H pPa3pbixJje-
HHE /Ha KOTJIOBaHOB. Tak, H3-3a HEYJAOBJETBOPHTEJbHOH PadOTbi
VCTAHOBKH MNYOHHHOI'O BOLOMOHHMKEHHSI B KOTJIOBaHe GeTOHHOH M0~
tuubl Boarorpajckoir 'DC npu ocymenun XoraosaHa 6e3 riyOun-
HOrO BOJONOHH)XEHHSI BO3HHUKJIO 060JbLIOE KOJHYECTBO HCTOYHHKOB,
H TPYHT OCHOBaHHS MJIOTHHBEI OB paspbixieH [96]. Ecaun nox axowm
KOTJIOBAHA HMEeTCs HaMOpHbIH TOPH3OHT, TO BO H3bGexaHHe H30bI-
TOYHOI0 HAaNopa, B3BEIIMBAIOUIEro JHO KOTJIOBAaHA, ONpEAeafeTcs
BpeMsl pa3rpysKn HAMOPHOIO TFOPH3OHTAa, MCXOAA M3 YPaBHEHWIT
ynpyroro pexuma naacra [102].

Taxkum ofpaszoM, B NepuHoj] MepBOHAYAJbHOH OTKAUYKH BaXKHO
BECTH NadJioaeHHs 3a MOBEPXHOCTLIO ACMPECCHH V JHa M OTKOCOB
KOTJOBaHa, a TakXxe 3a J1aBJCHHEM B HAMOPHOM MJjacTe, pacroo-
KEHHOM M0 JHOM KOT/JOBaHA.

[ToBepXHOCTH BHICAYMBAHHA BOJbl Ha OTKOCHI OOBIYHO MpUrpy-
AaTca QUILTPYIOUIHM MaTEpPHAJOM, H 3a HHMH BeIyTCsl cHCTeMa-
THUYeCKHe HalJIoAeHHs.

B npouecce paGoThl B KOTJIOBAHE 3a4YacTyi0O MEHAETCH PEKHM
BOAOMOHH3HTEJIbHLIX YCTAHOBOK, CTaBSATCSl AOMOJIHHTEIbHbIe CKBa-
AHHBL HWIH HIJIOQHABLTPBI, YKPEIJIAIOTCA OTKOCHI KOTJIOBaHAa ¥ T. /.
HabGmoaenna 3a puabTpauveit 3jech TECHO CBA3aHBI C MOBCEIHCB-
HBIMH MEPONPHATHAMH, OHH JOJKHBI OBITh MO BO3MOMKHOCTH MHOIO-
CTOPOHHHMH, TaK KakK (puabTpamus npH 3KCMAYaTalUUH KOTIOBAHOB
C BOJOMOHH3HTEIbHbIMH YCTAHOBKAMH MrpaeT peuaillyio poib.
Boabuoe 3nauenne uMeeT QHALTPAIMA B MepeMblyKax, Orpar<iaio-
HIMX KOTJaoBaHbl. [lepemMblukn MO KOHCTPYKIHH MpEIACTaBAAT CO-
00t HH3KOHANOPHble NMJOTHHBI, BBHIITOJHEHHBIE Yallle BCEro M3 MeCT-
HBIX MaTepHanon. [lepeMbiuky COOPYKAIOTCA W3 MECYAHBIX H [VIHHN-
CTBIX TI'PYHTOB, W3 KaMeHHO#H HaOpOCKH ¢ 3KpaHOM, OHH ObIBAIOT
psizKeBble, LUMYHTOBBIE W T. . Ecan nepembiuka He ABAAETCH 371CMEH-
TOM THAPOCOOPYKCHHUSA, HANpHMep, 3eMJAAHOH IVIOTHHBI, TO ee Cylle-
cTBOBaHHe Oy/leT KPaTKOBPEMEHHBIM W TIJIaBHAs UEJIL MepeMbluKH
3aKIOYaeTCss B OrpazKJaeHHH OT BO/JAb! CTPOHTEJIBLHOIO KOTJ0BaHa,
pacnoJoxeHHoro B pycie pexku. OTciojla cJjaeiyer, uTo nepembluka
10.7KkHA OBITH 110 BO3MOXKHOCTH ciaabonponnuaemMon. C 3ToH 1e/1bi0
IepeMblYKH C HANoOpPHOM CTOPOHBI MOKPBLIBAIOTCA 3IKPaHAMH H.IH
HMEIOT IWITIYHTOBbIE CTEHKH, MHOrAa TPOHU3BOASTCS IEMEHTAlHA
OCHOBAHHS, HCKYCCTBEHHAA KOJbMATAUMA H T. A. ¥ NOJOLIBB HU30-
BOr0 OTKOCA 3eMJISIHOW MepeMblYKH OOBbIYHO CoOpyiKaercsl ApeHaX-
Haf npusMa, cHabKeHHas o6paTHHIM (HIALTPOM.

Habaonenuss 3a ¢uapTpauueii B CTPOHTEJbLHBIX MepeMblYKax
3AKTIOYAIOTCH B OCHOBHOM B 3amepax (HJALTPALlMHOHHOrO pacxoia
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BOAbl. moctynaiouel B Komaosad. Onpepeasercs ¢opma KpuBOil
JenpecCHH B PasiHUHbIX CTBOPAX MepeMbluKH.

Ha ocnoBanun HabMoxeHn# CTPOUTCS Tpaduk QHALTPALHOHHOIO
pacxona Q=J(f). O1or rpaduk B OCOGEHHOCTH Ba)KeH MHpu TNpo-
XOKe naBoAkoB. COBMECTHO C HHUM CTPOMTCH rpadHK OTMETKH
YpoBHs BOALI B peke. I'paHk pacXoa0B — OCHOBHON [0Ka3aTelb
pabotbi nmepembiykd. ITo Mepe pocta napojka (HALTPAUHOHHbII
Pacxon VBeAHYHBACTCA, NPHYEM 3TO YBEJIHYCHHE OPHEHTHPOBOYHO
caenyer saBHcnMocTH Q=AH", rae H — Hanop Haj NJI0CKOCTbIO JHA
KOTNI0BaHA, A — NOCTOAHHAN; N — NOKa3aTelb, W3MCHAUIKIICA
B npeaeaax or 1 ao 2.

Oanako npn BO3HHKHOBEHHH MCXanHueckoin cyddosuu 3aBucn-
MOCTh MeXAy (PHIABTPAUHOHHBIM pacxoioM @ u Hamopom H mapy-
waercs. Pacxoa pesko ysenu-

ynBaetcs, U Toraa Tpebyerca #[# [ 7 Al

NPHHHMATL Meph K ymaor- 5 2

HEHHIO MEepeMBIUKH. 4 , 2
Mexannueckas cydpgosns . H=r(t) 20

OGHApPYKUBACTCH TNPH [OMO- 21

WM BH3VAJbHBIX Habaoge- 72 7T 7 No-ry 1%

HHH 34 OTKOCAMH MepeMbiuKH, g Ve ,/ 1

¢GHABTPAMH H HOM KOTJIOBA- - \ P

Ha, B KOTOPOM NPH HAJHYHH ©

cydosny rpynta ocHosBaHus 9

MOSBASIOTCH  COCPEAOTOUEH- 6 ¢

Hble BBIXOJM TPYHTOBHIX Box 0 2 ¢ Gnng":o,gsﬁ Wg Bom
B BHJe KJIOYeHl.

Ipapuk Q=f(H) narasg- Puc. 83. paduxn pacxola Q u nanupa

HO CBHJIETEJIbCTBYET O HaJH- H nepexpiay.

YHH KOJbMATAUHH BEPXOBOro

OTKOCa MNEPeMBbIYKH H ee MOHYPHOH vacTH. BausiHHe KoJabmaTauuu
wanocTpupyercst rpaukKoM (HILTPAUHOHHOTO pacxoia MepeMbiuki
npu crpouteancrtse Kamckoit '9C (puc. 8-3). Ha KoTOpoM BHIIHO.
4TO NIpH MNOYTH NOCTOSIHHOM Hanope (HAbTPALHOHHBIH pacxol
BCJEACTBHE KOJAbMATAUHH B TCYEHUE HUCTBIPCX CYTOK VMCHBUIHJCA
8 5 pas [28].

IIpu BCKPBITHH KOTJOBaHOB HepeAKOo OOHAPYIKHBAIOTCA CYLIECT-
BCHHBIC NPOGE/bl B IHAPOreoJOrHueckKoi XapaKTepHCTHKe OCHOBa-
Hui OyAYIUHX rHApocoopyKeHuil. B Tomume ocHoBauus moryT 3ade-
ratb ¢1a00BOIONPOHHLAEMbIE HAH Ke, HAa00O0pPOT, CHALHONPOHHIAE-
MBI€ TPOCJOH M JIHH3bI, KOTOpPbl€, HECMOTPA Ha OrpaHuyeHHbe
PasMepel, MOIYT OKa3aThb 3HAYHTEJBHOC BJAHAHME HA (DHILTPALHIO
B OCHOBaHHH, nepepacnpeiessis gaBjeHHs Ha (PuioTder, BbIXOHbie
CKOpocTH GuabTpauuu u 1. 2. HeoGxoanMo, noMHMO ompeieieHus
topmbl Takux o6pa3oBaHuii, XapaKTepH30BaTh HX BOAONPOHHILAe-
MOCTb OAHHM M3 H3BECTHBIX CIOCOGOB, B 3aBHCHMOCTH OT VCJAOBHIL.
TIpn sekpuiTHH KOTJI0BaHA BOOGIIE MOMKHO MOJAYYHTH AOMOJHHTEDL-
Uble cBefleHHs! 0 (HALTPAUHOHHBIX CBOHCTBAX TNOPOI OCHOBAHHSA.
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OGpasupl mopoa B cayyac HafOGHOCTH MOABEPralTCs HCCAe10Ba-
HHAM Ha XHMHYECKYIO H MeXaHHyecKyl cypdosuio. Oauum u3 Hu3-
BECTHBIX M0JeBbIX cnocoboB (raasa 5) ompeacasiorcs Kospdu-
UHEeHTH (PHIBLTPAUHH NMOPOA OCHOBAHHSA.

Ecau vactb coopyKeHuit rujpoysaa yke BO3BejeHa, TO HMeEO-
asca B HHX NMbe30MeTPHYeCKas CeTh HCMOJAbL3yeTCst s Habuoiae-
HUfT B nepHoa npoH3BoAcTBa paboT. Jlo KOHUA CTPOHTEJILHOrO
MepHoja NnoKa3aTeJbHLIMH SABJAAIOTCH Nbe3OMeTpHYecKHe HalJiwile-
HHA BO BpeMs MaBOJAKOB, KOTOpbHE YyXKe MOryT XapakTepH3oBaTb
PeXHuM (PHUALTPALHH MOA BO3BCACHHBIMH COOpPYXKeHHAMH. B cayuasx
KaKHX-JTHOO HeXeaaTe/bHbIX OTKJIOHEHHH CYLIeCTBYIOIEro pexuma
OT NMPOEKTHBIX NPEeANOJIOKEHHA 3TH HaOJI0JeHHS NMOMOralT HaMme-
THTb JIONMOJIHHTE/bHbIE MeponpHs-
THi no Oopbbe ¢ (HABTpaUUE
NPpH OTHOCHTEJAbLHO HH3KOM Hanope.

B Tex ke YCJIOBHAX CTPOHTCIb-
CTBA Ha YK€ BO3BEJIEHHBX COOpY-
KeHHAX MNpoBOAATCA HalMI0AeHHS
3a  (QHALTPAUHEH B  OCaJlOYHBIX
Bax.

[Ipn BO3BeACHHH  3eMJIAHBIX
MJIOTHH B pe3yJbTaTe PacC/oeHHA
IpH  OTCBHINKE MOryr o0pa3osbi-
BATbCA TFOPH3OHTaJbHbIE (HABLTPA-
Puc. 84 Hccaetopanne Guastpa-  uonppie XOMbl, KOTOPHlE MOMHO
HHOHHBIX XOJ0B B TeJe coopyxKae-

MOIT 3eMIAHON NAOTHHBI. 0GHAPYMKHTb MOCPEACTBOM HECTOXK-

! — mypd; 2 — kawox. HbIX HccaenoBaHuit. [na KOHKpeT-

HOCTH NpHBEAEeM MpHMEpP NMOCTPOi-

ki OproTokoiickoit miaoTHubl Ha p. Uy [51]. [Ipu oTcwinke naoTHHbI

H3 KpPYNHOOO.10MOYHOrO MaTepHaJia BCJAEACTBHE PACCJO0CHHA B 30HAX

CPeNOTOYHS KPYNHBIX YacTHL o6pa3oBajHch QHABTPAUHOHHBIE XOAbI.

[Ipn nanope 32 x nHa HH30BOM OTKOCe Ha 6—7 M HHXKe NOANEpPTOro

ypoBHA o6pas3oBaiuch KJAOuH ¢ aebutom Q=17 a/cex, npnuem Boaa

cojepikasia Menkue yactHubl. Onbithbift wypd (puc. 8-4) noatsep-

AWJ CyUIeCcTBOBaHHE pacchaoenuit rpyHTta. Kaou obpa3sosbiBajics Ha
VPOBHE BOJbI, HAJAHTOM B wypd.

[Ipn HaMbiBe IVIOTHH C SAPOM H3 TOHKO3E€DHHCTOro Marepuana

npouecc KOHCOJMMAAUMH MPOTEKaeT HHOrAa JAOBOJBHO MEIJICHHO.

Ol NeHCTBHEM HAarpy3kKH B IPDYHTe BO3HHKaeT MOpPOBOE JaBJIeHHeE,
3HAYHTEJNbHO MpeBocXoasauee ruapocraruueckoe. Msbuitounoe (Han
FHAPOCTATHYECKHM) TMOPOBOE JIaBJCHHE H3MepsieTcsi NPH MOMOLLH
3aJI0)KEHHBIX B I'PYHT NMbe30METPOB CMelHaJbHOro THMA HIH Nbe3o-
aunamometpos [43]. C TeuenHeM BpeMeHH H3OLITOYHAS BOJAA OTKH-
Maercsi H3 MOp rPYHTA, IPYHT NOCTENEHHO YIVIOTHSETCS H MPOUHOCTh
ero ypeauuuBaercs. Ecau n30bLITOYHOE MOPOBOE AaBjeHHE COCTaB-
aser cebimie 25% OT rHApPOCTAaTHYECKOro, TO 3ajaya O AOMNYCTH-
MOW HMHTEHCHBHOCTH HaMblBa OTHOCHTCA K 006JacTH MeXaHHKH

FPYHTOB.
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[Ipn nambiBe Ge3bsiiepHbIX MJIOTHH H3 KPYNHO3CPHHCTHIX necya-
HBIX M CYMECYAHBIX TFPYHTOB KOHCOJAHAAUHA MPOHCXOAHT JOBOJBHO
6uicTpo. Ho npu 60.ab10ii HHTEHCHBHOCTH HaMbiBa KpHBasi genpec-
CHH B T€JC MJOTHHBI MOBBILIAETCH, H YCTORYHBOCTL NJOTHHBI MOJKET
3HAYNTEIbHO NMOHH3NTLCA. TakuMm 0Opa3oM, HHTEHCHBHOCTL HAMBbIBA
OrpaHHYHBACTCS YCTOHYHBOCTLIO OTKOCA MVIOTHHLI Ha OGpyuICHHC.
3aMeTHM, uYTO B TNPaKTHKE TFHAPOTEXHHYECKOr0 CTPOHTEILCTBA
3HAYHTEIbHAS YacTb aBapHit THIAPOCOOPYKEHHH MNPHXOAHTCH Ha
JLOJTIO HAMBIBHBIX ITOTHH.

Hmeotes paGoTsl, B KOTOPBIX YCTAHABAMBACTCH 3aBHCHMOCTD Me-
Ay HHT@HCHBHOCTBIO HAMbIBA 1 BOJ100TAayel HaMbiTOro rpynta [38].

C. M. Topionos npeatoxua cJeayIOUHil KPHTEPHIT MaKCHMAJb-
HOH /IONYCTHMON HHTEHCHBHOCTH HaMmbiBa O0e3BbSJACPHBIX MIOTHH
[47]. UuTtencusHocTs Gecnpyako-
BOro HamblBa, Bblpa)kaemas B
BbICOTE HAMBITOIO CJIOSl B CVTKH,
paBHa

mmm = e

A ....-:----- '
\H = =k g s 1
m 3

rie gu-— pacxoa HHGHAbTPAUMH
C MNOBEPXHOCTH HaMbiBA (PHC.  pye 85 Cxema Gecnpyixosoro a-
8-5), k— kospdpuunent buab- MBIBA MAOTHHL.

TPaUHH HAMBITOrO rpyHTa, M/cyr;

m’ — Ko3puuHenT BOA0OTAAUH FPYHTA; T — KO3IPPHLUHEHT, paBHbIil

%3, (8-4)

riae v — KospPpuuueHT HCnoab3oBaHus 3eMcHapaia, T. €. YHCJI0

yacos paboTLl cHapfiaa B CYTKH, noje/ecHHoe na 24; 1, — Kos(ppu-

IIHCHT OJHOBPEMCHHOCTH HAMbIBA, PaBHbIf OTHOUIEHHK) CMOYEHHOI

MJ0UWaAH KapThl NPH HaMbiBe K MOJHOH NJIOMAAH KapTbl.
MakcumaabHoe 3Hauenne AH:

(AH)uauc =

-
-

R(l —x)
@ -

CaenoBaTeabHO, JONYCTHMAA MHTEHCHBHOCTL HaMblBa JAO0JXKHA
VAOBJCTBOPATL KPHTEPHIO

(8-5)

AH L ("\H)uaxc' (8-6)
Pacxon mnpHABTpaUHH
=" (8-7)

rae L — wMpHHa NMOBEPXHOCTH HAMbIBA: ¢ — yAeabHblit (PHABTPALM-
OHHBIH pacxoa Ha | M AaaMHBl naoTuebl. Pacxoia ¢, coraacHo pe-
Komenaauuu B. M. IllectakoBa, BHIUHCAACTCH NO CACAYIOUIHM TIPH-
GanxKeHnbiM hopmysam !

' C. K. l'opionor B paGore [47] pexonmenayer menee Tounyio dopmyay.
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27151 BOAOHCNPOHHUAEMOro OCHOBaHHA

- . 8-8
m + 0,5 4 ( )
JU1S1 BOAONPOHHILAEMOro OCHOBAHHS GO/bLWON MOULHOCTH
- 8.9
9= Temn+05 "’ (8-9)

npuyem Ay — BHICOTA MOBEPXHOCTH BBICAYKBAHHS Ha OTKOCe, m —
Ko3(pHUHEHT OTKOCa.

B paGote [47] paccmaTtpHBaloTcsi Apyrue cayyaum namwia. M3
MPHBEACHHON K€ YaCTHOM CXeMbl BBITEKAeT, YTO B NepPHOL NPOH3-
BoJIcTBa paboT MO HaMbIBY IJIOTHHBl XKeJaaTeJbHO BecTH HabJioje-
HHA 32 KPHBOH /leNpecCHH H HAa KaXKJAOM 3TaNe BO3BEIACHHSA IJO-
THHB! ONPeAeasiTh BLICOTY MOBEPXHOCTH BbiCAauyMBaHHf hy, KoTOpas
NpeABapHTEABHO ONPEACAHETCH PACUETOM NMPH NPOCKTHPOBAHKHH NPO-
H3poacTBa pabor.

Onpenenenne (GHALTPALHOHHOrO pacxoia y NOAOWBH OTKOCA
JaeT BO3MOKHOCTb YTOUHHTH 3aBHCHMOCTL (8-3), BBeasi B Hee IMNHU-
PHYECKHH KOPPEKTHB AJS JAAHHLIX MPOHU3BO/CTBEHHBIX YCJOBHH.

Jlisi OlUEeHKH BOAONMPOHMUAEMOCTH TeJa MNJOTHHBI BaXKHO MOJy-
YHTh KO3 PHuHenTol PHABTPAUHH HAMBITOrO MacCHBA B BEPTHKAb-
HOM M TOPH30HTAJAbHOM HAaMpPaBJCHHAX, TAK KaK HaMBITBHIl TPYHT
ob6JasaeT aHH3OTPOMHON BOAOMPOHHILAEMOCTbIO, H BEAHYKHHA KO3(-
duunenta GuabTpauMH B rOPH30HTAABHOM HanpasjenuH OGoablie
TOH JKe BEJHYHHLI B HaANpPaBJEeHHH BEPTHKAJbHOM.

[Tpu ycrpoiictee mementauHonubix 3asec [3] Gypsitcs u onpoObi-
BalOTCsi Ha BOJOMNOIJIOLICHHE, a 3aTeM UEeMEHTHPYIOTCA CKBAXXHHbI
epBoii ouyepeaH HJIM JKe CKBa)KHHBI, pacnoJarapouuecss na 10—
15 m apyr ot apyra. IMoayuennbie npu 3TOM JaHHBLIC O BOAONOrO-
1LEHHH OT/IHYAIOTCA ropasio 6oablueil TOYHOCTLIO, YeM JaHHbie H3bi-
CKaHHi npu o6ocHoBaHHH npoekta. [Iposoaumbie BO Bpems npous-
BOACTBa paboT HCCAEA0BAHHA MO3BOJAIOT YTOYHHTL MapaMeTpbl 3a-
BCCHI, T. €. ee ray0uHy, war cKkBaXXHH H T. 4. OnNuITHbIE CKBAKHHBI
HCNBITHIBAIOTCA Ha y/elbHble BOAOMOIJIOUIEHHS 10 30HaM NMPH Tpex
CTynensax /laBJeHHA A0 MOJYYeHHS YCTAHOBHBIIErocs (PHIALTPaUHOH-
HOro pacxoaa.

Hmeerca psaja cnocoGOB ONMBITHBIX HATHETAHHI 30H ¢ MOCJEAYIO-
wei uementauueit [3). Itu cnocobbl oTAHYAIOTCS APYr OT Apyra
NMOPAJAKOM BHINOJHEHHs paboT u HX ouepeaHOCTbIO. Takum obGpasom,
onpo6oBaHHE EMEHTAHOHHBIX CKBAXKHH Ha BOONOIJIOILIEHHE TeCHO
CBSI3aHO C COBPCMEHHOH TEXHOJOrHeHl LeMeHTaUHOHHbIX pabor.

[To okoRyauuu paGoOT NO BHINOJHEHHIO NPOTHBOPHALTPAUHOHHBIX
3aBec NPOH3BOAATCA HCMBITAHHA 30H PacNoOJOXKEeHHs 3aBec Ha BOJAO-
NOINVIOLWEHHE KM HAa OTKAuKy H3 CKBAXKHH JVIl onpeaencHus Kosd-
¢dpuumenrta puabrTpauuu ykpenaeHnont nopoasl. IIpu sToM Kak Beau-
YHHBI BOJIOMOIIOUIEHH S, TaK H KO3(DDHIHEeHTOB HABLTPAUHH AOKHBI
COOTBETCTBOBATL HAMEYEHHBIM B NMPOCKTE JAaHHBIM,
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[Toao6uble HecneL0BaAHHA MPOBOAHJHKCH, HalnpHMep, B OCHOBA-
Hun naotunel Cap-Iloncon Bo PpaHuUHH, rie TJIOTHOCTL 3aBechbl
B MIeCYAHBIX TPYHTAX 1O NPOEKTY 10/kHa Oblaa o0ecneyHBaTh BeJIH-
yuHy Kostpdpuuuenra puasrpaunn 10-% cu/cex. Tlo aanHBIM ONBIT-
HBIX OTKa4eK M3 KOHTPOJIbHBLIX CKBaXHH KO3GHIUHERT PHAbTPAUHH
oKasaJjcs paBubiM B cpeasem 1,9 10°% cm/cex. Konrponbible cKkBa-
AKHHB ObIIH pacnofiodKeHbl B LeHTpe |2-psiiHON 3aBeChl, a TakXKe
MEKAY pAlaMH H Ha ocH 2-ro psaa.

Hepenko B mepuoja 3SKCNAyaTalliH COOPYXKEHHH TNPOH3BOAATCS
AONOJHHTENbHBIC paboTh B CBA3H ¢ HX nepeobopyloBaHHEM, YKpen-
JeHHeM H peMoHTOoM. He ocranasiaupasice Ha nojoOHBIX caydasax,
OTMETHM JIHIIb, YTO HCCACAOBAHHA (PHJALTPALKHN B OCHOBAHHAX Mac-
CHBHBIX THAPOCOOPYXKEHHH HHOrAa MNPHBOAAT K pELIeHHI0 MPOoH3-
BECTH JAONOJHHTENbHYIO lUleMeHTauulo. THMHYHBIM C/lyuyaem B npak-
THKe noAo0HBIX pabor Oblla UEeMEHTalus MNPH BOCCTAHOBJCHHH
MoBpeXAeHHON BO BpeMs BoOiHbl JlHenposcko# naortuubl. [Toapo6-
Hble HCCaeaoBaHusl QHALTPAUUH BbIABHJIH caabble MeCTa CYULECTBY-
jougei 3asecul. JlonogHuTesbHAas LeMEeHTaUusd, Npox3BeleHHas NpH
Hanope a0 37,5 M, CHH3HJA NPOTHBOJAABJIEHHE, KAK 3TO CJ€A0BAIO
H3 HaOJ0ACHHH 3a YPOBHAMHM BOABI B NMbE30METPHYECKHX CKBAXKH-
HaX, NPoOYPeHHbIX NOC/e AOMOJHHTEALHON UEMEeHTalnH. DTOT HH-
TEepPecHbll CJay4yall BOCCTAHOBJIEHWA 3aBeChl MNOJ HEMOPOM ONHCAH
B psie paGor [42, 43].

BaxHo B nmoj0OHBIX c/ay4yasaX BeCTH HempepbiBHbie HAGJIOACHHA
3a nporuBojasiaeHneM. IIpu HeGaaronpHATHBIX YCJAOBHAX MO BAHS-
HHeM (DHABTPALIHH BO3MOXKHO MPOJABHXKEHHE IeMEeHTAUHOHHOH 3a-
BECbl B CTOPOHY HWXHero Obeda, 4TO HArVIALHO CKa3blBaeTCs Ha
3MOpax NPOTHBOAABIEHHA.

[Tpy HaJMYKKH B MOpoie OCHOBAHHS KPYNHBIX TpeulHH Habawaa-
JIHCh CJIyYyaH, KOrja LeMeHTalHOHHble paboThl B OAHOM mnpoJere
NJIOTHHBl 1aBaJH OCHOBHON 3(P(exT B APYrHX npoJierax.

Kaxk u3BeCTHO, eMEHTALHA NecyaHo-rpaBHiHBIX TPYHTOB HE AaeT
RBICOKOH MJIOTHOCTH BBHAY TPYAHOCTH 3aNOJHEHHS NMOP HHBLEKUHOH-
HbiM MaTtepuasom. [lostomy B page caydyaes HeoOXOAHMO HMETb
HaTypHble JaHHbIe O JONYCTHMBIX IpajiHeHTax cy(@do3un 3aueMeH-
THPOBaHHbIX TPyHTOB. O61Ias METOAKHKA HCCIENOBaHHH 3aUEMEHTH-
POBAaHHOro rpyHTa Ha cyddosnio B noJeBblX YCJAOBHAX HeELOCTa-
TOuHO paspabGorana. MmeioTcss NOMBITKH HMCCAeAOBaHHS cy(dozum
IpH MOMOLH HaauBa BoiAbl B wypd. B cocennem nabaioaaTelsHOM
wypde, OTAETEHHOM OT NEepBOro NeperopojiKod U3 3aUeMeHTHPOBaH-
HOrO TrpYHTa, NPOH3BOAATCA HAOMONEHHS 3a BLIHOCOM YacTHLL
FPYHTA MPH PasJHuHbIX rpaaneHTax Hanopa. KoneyHo, Takoe Hccne-
J0BaHHE JaeT BO3MOXKHOCTb CYAHTh O cy(hdo3noHHOH YCTOHYHBOCTH
HerayOOKHX 30H.

[Tpn nartypHOM HCcAeAOBaHMH (HIBTPAUHH 3aUeMEHTHPOBAH-
HOTO MeCYaHO-rPaBHIlHOrO TPYHTAa B OCHOBaHHH MJOTHHE B KuTae
Obi1a npuMeHeHa cxema, u3obpaxenHas na puc. 8-6 [3]. Hacmnan-
HAf Hal HCCJedyeMblM IPYHTOM KoJblieBasi 1aM0a ¥3 TIHHHCTOrO
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rpyHTa obpasoBaia pesepByap, OKpyxeHnbiit Boaoii. [Ipu sanonne-
HHH BOJOH pe3epByapa IMpPOHCXOAHJIA (PHALTPALUHA B OCHOBAHHH
AamObl noa Hanopom M. Cpeanuit rpaiMeHT Hanopa noj NoAOWBOMH
Aamb6bl -wHpuHolt L 6wl /= H/L. Okasaaoch, yTOo rpajaHeHT Hanopa,
NpH KOTOPOM HayHHAETCS ONacHbiil BHIHOC FPYHTA, Je€XKaJj B mnpeje-
Jgax =46 = 7,1.

[TopoGuble HcCaeLOBaHHS B HATYPHBIX YCJOBHUAX HMEIT B H3-
BECTHOH mepe s1a00paTOpPHBIA XapakTep, HO, OYAYYH CBA3aHblI C pe-
AJIbHBIMH T'€OJIOMHYECKHMH H NMPOH3BOACTBEHHBIMH YCJAOBHAMH, AAIOT
NOCTATOYHO HaJeXHble KPHTepHH 6€30NacHOCTH B OTHOWEHHH (PHIb-
TPaUHH.

B kauecTBe npuMepa MOXHO NMPHBECTH ONbIT COOPYKEHHS BOIO-
Xpanuanma Makuepu Ha p. Koaym6uu B CILUA, rae aas orpaxie-
HHSI HAaceJIeHHbIX MeCT BO3BOJHMJHCH AaMObl ¢ 3yOOM H3 IVIHHHCTOrO

Puc. 8-6. Cxema nosesniX ONbLITOB MO HccaenoBanuio cyddoanu
ILeMEHTHPOBAHHOIO TPYHTA.
I — Koasuenag aambGa; 2 — necyauntft Caofl; I — UEMEHTHPOBAHHMA FPYHT.

maTepuasa B ocHoBaHuH. [Las uccaenosanus spdexkTuBHoCTH 3y6a
Ha MeCTe CTPOMTeIbCTBA OB COOPYXKEH OMbITHBIH KOT/JOBaH, orpa-
JXKJICHHBIH TpaHLleeH, 3aNOJHeHHbIH MaTepHas oM, H3 KOTOPOro A0J-
#KeH Obi ObiTh yeTpoeH 3y6. BHyTpu KotsnoBaHa Obial KoJoAell, H3
KOTOpPOro OTKauyHBasach MPYHTOBAs BOAA. DTH MCCJAEAOBAHHA MO3BO-
.[mgn]i NOJIY4YHTb HaJeXXHbie XapaKTepHCTHKH 3P dexTuBHocTH 3y0Oa
134].

Hceaenoanus puAbTpauun B NEPHOA NPOM3BOACTBAa paboT sB-
JAIOTCA KPATKOBPEMEHHBIMH H 3aBHCAT He TOJBKO OT TeX (hakTopos,
KOTOpbie ONpelelsioT COCTaB HATYPHBIX HCCJICJAOBAHHI B MEpPHOIL
SKCIJIyaTallud COOPYXKeHHH, HO M OT MeTojla MPOM3BOACTBA CTPOH-
TeJbHBIX palbor.

B psne cayuyaes HaTypHble HCCJCLOBAHUS B MEPHOL CTPOMTE/]b-
ctBa npuobperaior cneundpuueckuin xapakrep. Jlas npumepa yka-
JKEeM Ha CTPOHMTEJLCTBO B paioHe BeyHoil Mep3JoTel. [Ipu cTpouTens-
crBe ruapoyaaa Ha p. HMpeasx (npurtok p. Buuawoit) [19] semanuan
(VIOTHHA OTCLIMAJACh M3 EeCTECTBEHHOro IPYHTa, HO C MOCAeAyio-
HM T§pPOMOpa’kHBaHMEM. 3HAUHTeAbHble CJOXKHOCTH TMIpH BO3-
BEJeHHH MJOTHHB BbICOTOH 20 M BBI3BIBAA MOAPYCJOBOH TaaMK,
B KOTOpOM coxpandercsi (pUABTPAIUsT MEXKMEpP3JOTHbIX TPYHTOBBIX
801. Orenasioulee AeiiCTBHE NOTOKA FPYHTOBBIX BO;1 MOJKET Bbi3BaTh
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HEJONYCTHMOE OTTauBaHHe ocHoBaHus naotuHbl. [lostomy, Hapsay
C MCCJeNOBAHHAMH TEMMEpPaTypHOro pexkuma OCHOBaHHsA, 60JblIOE
3HauYcHHe HMMeaH HabaoaeHHs 3a (PHAbTpPauUHel IPYHTOBBIX MeX-
MEP3J0THBIX HanopHeix BoA. [ToapycaoBoi rpyHTOBOI NMOTOK co3na-
BaJ 3aTPYAHEHHA MNMPH OCYUIECTBJCHHH MEP3JIOTHOH 3aBechbl B Ie-
PHOA 10 CMBIKAHHSA JbJAOTPYHTOBBIX UHJAHHAPOB, OMbIBAA HX BOJOH.
[Ipn cosnanun ykasaHHON 3aBechl BeJIHCh CHCTeMaTHUYECKHe Habai0-
AeHHA 3a HanopamH no oGeuM cTopoHaM 3aBechbl. Takue Hab.uoae-
HHS! NMO3BOJASAJIH ONpEIeJHTh MO Pa3sHOCTH HANOPOB CMbIKAHHE JbAO-
FPYHTOBBIX LHJIHHAPOB H HAaAHYHE B 3aBECe «OKOH».

Kaxk Obl10 cKasaHo Bblllle, MHPOBOM ONLIT THAPOTEXHHYECKOro
CTPOMTE/BCTBA JIOKa3biBaeT HeoOXOAMMOCTL nposeieHHs (uabTpa-
UHOHHBIX HCCJACAOBAHHHA B NEPHOL NPOU3BOJACTBA paboT C TOYKH 3pe-
HHA HA1EXKHOCTH H 3KOHOMHYHOCTH BO3BOAHMBIX CoOpyxeHHiH. Ume-
IOTCS MPHMEPbl CYUIeCTBEHHBIX KOPPEKTHBOB NMPOEKTOB I'HAPOCOOPY-
AKEeHMH, BHOCHMBIX Ha OCHOBAHHH HATYPHBLIX MCCJAEIOBAHHH M
JlaloMNX 3HAYHTEIbHYIO 3KOHOMHIO CPE/ICTB.

§ 8-4. MccnepoBanne PMNLTPAUMM M3 BOJOXPAHMNMLY

IIpn cosnanuu Bopoxpanuauuy OasaHc TPYHTOBLIX BOA PE3KO
uaMcHsiercs. Pexka, ObiBIIas 10 COOPYXKEeHHS NMJOTHHBI CTOKOM T'PYH-
TOBBIX BOj, NMOCJAE BO3BEJCHHA MJOTHHbBI CTAHOBHTCA YAaCTHYHO HC-
TOYHHKOM MHTAHHA HX.

[MToTepu BoAbl Ha (PUALTPAUHIO H3 BOLOXPAHHIHLL MOI'YT ABHTHCSA
MPHUHHONA 3a00/IaYHBAHHS OKPYXKAIOUIUX BOJOXPAHH/IHILE MTOHHKEH-
HbIX yyacTkoB. Ho B psje cayuaes, HMEHHO KOrja BOAOXpaHHJAHILA
CO3]1a10TCA 11 HAKOMJEHUS BOABI H MOCJACAYIOUEro ee HCMoJb30-
BAHHSA C LEJbI OPOIIEHHS WJAH YTHAH3aUHH BOJAHOH 3HEpTHH, NO-
TePH BOABI H3 BOJAOXPAHHJHIL MOrYT NPHBECTH K 3HAYHTEJbHOMY
IKOHOMHYECKOMY Yiuepoy.

HMHorna Boapa, coOpaHHasi B BOAOXPAHHJHLLE, SABASCTCH Ha-
CTOJLKO LEeHHOM, YTO NPEACTABAACTCH BbIFOAHBIM KanTHPOBATL (PHIb-
TPYIOIYIOCA H3 BOAOXPaHHMJHILA B FPYHT BOAY M NEpeKauupaTth ee
B BepxHuit Obed. Taxoi cayuait umenca na Yepenersckoit 'PIC.
HMcceanenosanust B. M. HacGepra nokaseiBatoT, 4To nyTem rayOHHHON
OTKA4YKH H BO3BpaTa IPYHTOBBIX BOJA B BOAOXpaHHaHlle Xpamrac-l
MOKHO YBEJIHYHTb BIpaOOTKY 3Heprun ruapocranuuu va 179% [105].

[Torepn Ha PUABTPALMIO H3 BOAOXPAHHJHILA NPOHCXOAAT uepes
AHO H 6opTa BOAOXPAHHJMINA M Yepe3 3eMJsIHble MAOTHHLI. PHIb-
Tpauusa yepes JIHO BOAOXPAHHIHILA MOMKET MPOHCXOAMTb B HHIKE-
JesKalllie BOJAOHOCHBIE TOPH3OHTBI H MO NMOAOWBAMH TIHIAPOTEXHH-
YECKHX coopyKeHuit. B mocaeanem cayuae rpyHTOBasi Boja B 3Ha-
YHTCAbLHOH CTENeHH MPOCAYHBACTCS uepe3 AHO HHXKHero Obeda
(pnc. 8-7).

Bona, ¢puabTpylomasicsi uepes 6opra BOJAOXPaHHAHILA, pacTe-
KaeTcs B cTopoHbl ot Goptoe (puc. 8-8), uactb noroka, oOTekasn
Geperopbl¢ NPHUMbIKAHHA T'HAPOCOOPYIKEHHIH, BBLIXOAHT B HHIKHHA

181



O6bed uepes Geperosbie CKJAOHbl (puc. 8-9). EctecTBennuviit rpyuro-
BOH MOTOK NPH 3TOM OTTECHAETCS H, B 3aBHCHMOCTH OT PasHOCTH
OTMETOK CBOOOAHON NOBEPXHOCTH CCTECTBEHHBIX TPYHTOBBIX BOA H
YPOBHSI BOJbl B BOJOXPAaHHJHILE, NOTOK FPYHTOBBLIX BOA, o0TeKalo-
wuit 6eperoBoi ycroi, 3anumaer 6ogee HJIH MeHee 3HAYHTEIbHYIO
NJA0ILE 1b, H3MEPSAEMYIO HHOTa AeCATKAMH KBAJPATHBIX KHJIOMETPOB.

Puc. 8-7. Cxema o¢uhptpaunu u3  Puc. 8-8. CxemMa ¢uabTpaiuu wepes aHO
BOJIOXPAaHH/HINA Yepe3s TeNO H OC- ¥ GopTa BOAOXPAHH/IWILA.
HOBaHHE NJIOTHHBI.

OcraHoBHMCA Ha BOMPOCE O PasBHTHH TNOANOPA TPYHTOBBIX
BOA BIaa/jiM OT GeperoBbiX NMPHMBIKaHHiIt MAOTHHBL. Ecau 10 nanoa-
HEHHS BOJOXPAHHIHLLA HMEJCS TIPHTOK IPYHTOBBIX BOJ K peKke, TO

NPH NOBBLILLIEHHH YPOBHA BOAL B

/ i o BOJIOXpaHHANILEe yepe3 OGoaee

HAH  MeHee MPOLOJKHTEIbHOE

/ / \ BpeMA ecTeCTBeHHAst Kpupas ae-
— \ npeccuu aeOpMHPYETCH, Kak

\ nokaszawo Ha puc. 8-10,a. Ha

/ / f \ \ PHCYHKE MNOKa3aubl MnocjIeaosa-
\ TeAbHbIE 0JIOXKEeHHsI KPHBOMH 1e-

npeccuu. B Konue npouecca pas-

_/__/_I_éf E \ \ \ \ BHTHsI noJanopa yCTaHas/1HBa-
% t

eTcA KpHBasi jaenpeccHH, popma

KOTOPOH CBHAETEeNbCTBYET O BO3-

OGHOBJEHHH NHTAHHA BOAOXpa-

Hs HHJIHLLA eCTeCTBEHHbIMH TPYHTO-

Puc. 8-9. Cxema duasTpauun s Gepe- BbIMH BoaaMH. B stoMm cayuae

FOBOM TIPHMBLIKAHHH 3eMAAHOH NJIOTHHLIL. ypoguu eCTeCTBCHHBIX l‘p)’HTO-
BbIX BOJ NOBHILIAIOTCA.

B apyrux cayuasx BoAOXpaHHJHLIC, ObiBlICE paHee CTOKOM ecTe-
CTBEHHBIX TPYHTOBBIX BOJ, CTAHOBHTCH HCTOYHHMKOM MHTAHHA. ITO
MPOHCXOAHT MPH YCJAOBHH, YTO YPOBEHb BOALI B COCE/HeH A0MMHE
HHXKe NoANnepToro ypoBHsi BOAbI B Bojoxpanuauue. Ha puc. 8-10,6
NOKasaH CJay4aH, KOrjla peka /10 COOPYKEHHs BOAOXPAaHHIHULA MH-
Tanacb TPYHTOBbIMH BOJIAMH 3a CYeT HHOUALTPAUHH C NMOBEPXHO-
cTH 3emau. Ilocsie nHanoJHeHHsi BOAOXPAHHJHILA OHA CTala HCTOY-
HHKOM TMHTaHHA cocelHen ¢ Helt pekH. [locaenoBaTeabusie noaoxxe-
HHA KPHBOW JICNPEeCcCHH NMOKa3aHbl HA PHCYHKe.

CkasanHoe Bbille O Xapaktepe (DHAbTPALUHH H3 BOAOXPAHHIHUL
MO3BOJSIET HAMETHTb Cnocobbl 3aMepa OQHALTPAUHOHHLIX MNOTEPb.
Onpenenenue noreph Ha QHALTPAUMIO H3 BOJOXPAHWIHUL Npen-
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CTaBJIfIeT 3a4acTyio TPyAHVYIO 3ajfauy. B ocoGeHHOCTH TpyaHo onpe-
ACANTH TV H4CTh NOTEPb HA (UIALTPALMIO, KOTOPAs HACT Ha NHTa-
HHE HUKEIeKAUMX ropu3onToB. O6GpaTHMCA CHayajda K onpeje-
JCHHIO QHILTPAIHOHHLIX PACXOAOB OT/AE/AbHBLIX 30H IPYHTOBOTO NO-
TOKA, Ha3BAHHLIX BbILUE,

TavaToTeTataTeTatleTe el at e el e TaTeTeToTe Te

Puc. 8-10. Cxempl pa3BHTHSI NMOANOPA TPYHTOBHIX BOA OT BOAOXPAHMINILA

I — KpHBAA JCNPEeCCHN CCTCCTHCHNLIX MPYHTOBMX BOA no noanopa; 2, 3, 4 — KPpHBMe nenpec-
CHIl NPH Pa3BUTHIE NOANOPA; § - KPUDAA JACHPECCHN N KOHUE MPOUecca PAIBHTHA NOANOpa.

Yactp norepp Ha ¢uaptpanHio U3 OGOPTOB BOAOXPAHH/IHIILA
MO/KHO OMPCARIHTL 110 KapTe I'MAPOH30rHIC, MOCTPOCHHON HAa OCHO-
BaHHH 3aMepoB YpPOBHEil BOAbl B MbE30METPaX, Pacrnoa0XKeHHbIX
na Oeperax sojoxpanuaunwa. [as
OnpejleJeHHs (PHILTPALHOHHOTO ¢

pacxojla HeoOXO0AHMO HMeTb YHC- \ \
JeHHbIC 3HaucHHA KO (PHUHCHTOB /—
punabTpauun nopoa H Gopmul cJlo- ; \

eB, caaraiouux obaactn QuabTpa- /u./—"-"/'__
uui. Ecam na noaywennonn kapre A
CHAPOH3OTHIC  MOMKHO  MPOBCCTH A
JAHHUN TOKAa TaK, 4To6bl (PHALTpa- /‘—E’W
HIO MCHK MOJKHO C

UHIO MCKAY HHMH MOKHO CUHTATL b g1 puooioe garvenra

IAOCKOH, ~ KaK,  HanpuMmep, Ha  a.9 onpeneaenns noteph Ha Quab-
puc. 8-11, To K TakuM <«JIcHTaM TpauHIo.

TOKa» MOZKHO NPHMCHHTHL COOTBET-
CTBVIOUIYIO TCOPETHUECKYIO (OPMYJY, H3 KOTOPOI
2,2
k (B} — h3)

e o ) (8'10)

rie hy w hy—raybunpl notoka B ceueHHsx ab u cd (puc. 8-11);
[ —— AJIHHA Yy4acTKa MeX/ly PacYeTHBIMH CCUEHHAMH.
B cay4ae ciioucTbiX rpyHTOB

g=S%, (8-11)
FAC @ H @2 — 3HaueHua Gyukuun 'npuHckoro B cevenusnx ab u cd

P = l>':i kT, (h—2z), (8-12)
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ki n T;— kospduunent (PuAbTPauUMH H MOWHOCTHL i-r0 MNJacTa;
h —ray6HHa B COOTBETCTBYIOLLEM CEUeHHH TOTOKA; Zi— pPaccTos-
HHS OT UEHTPOB CJ0€B 10 MJIOCKOCTH BOAOYNOPA.

KoneuHo, onpenenenne GQHALTPAUHOHHOrO pacxojia NMpH NOMOLL
TCOPETHYECKHX (opmMyJ MOXKET AaTh JHIIL TPyOo NpuHOAHIKCHHOE
3HAYeHHE PAacX0/id, TaK KaK 4acTo JHHHH TOKa OYAYT HCKPHBJACHBI
B nuaane. Toraa GHILTPAUHOHHLI PacXOf MOXKHO ONPEACIHTL N0
merony IDI'JIA na moaean naaxoBoit ¢uastpaunn [9). Keraru,
nposeaenne onbiToB no meroay IIJIA naer BO3MOKHOCTb MOJY-
YHTb HENOCTAlILHe THIAPOH3OrHNCH Ha MJaHe NMOTOKa H CPABHUTL
IKCNEPHMEHTANbHbIC JITAHHbIE C HATYPHbIMH,

PuabTpauusa yepes JHO BOAOXPAHHIKLIA MOKeT ObITb HCC€10-
BaHA 1IPH TMOMOIMH  CNeuHadbHBIX NpubopoB — PHIALTPOMEPOB
[45, 105), KoTopbie 7al0OT BO3MOKHOCTH KOJAHYECTBEHHO ONpPELeaHTh
CKOPOCTh (DHJALTPAUMH B PA3JHUYHBIX TOYKAX JAHA BOJOXPaHUJIHILA,
a 3ateM MNOACUHTATL OOWIHIT (DHALTPAUHOHHBIN PacXoa uepe3 alo.

JlokanbHbie yTeykH BOABI Yepe3 AHO BOAOXPAHMAMILA B MeCTax
pacnoyioXeHus TPeulHH, KapCTOB H CHABHO (HABTPYIOLIMX n.aa-
CTOB MOTYT ObITb OOHApY KeHbl MpH NOMOLWH reoPH3HYecKoro me-
TOA@ €CTeCTBEHHBIX 3IJEKTPHYECKHX MNOMeH, BO3ZHHKAIOUWIHX BCJaEd-
CTBHE PasHLIX MNPHYHH M, B YACTHOCTH, BCJEJACTBHE (HIbTpAUNY
rpyHToBeiXx BoA. Hazx 30HOH HHTeHCHBHON (uAbTpauuH BO3HHUKaeT
OTPHUATE/NbHAA AHOMAJdHA MOJS 3JEKTPHYECKHX MOTCHUHAJOB, T. C.
pe3Koe yMeHbleHHe TMOTeHlHana, onpeaeasieMoe ClelHadbHbiMIl
npuGopamu [118].

Onpenenenne uactH (UALTPAUHOHHOTO pacxofia B 30He 0GTe-
KaHHsi TPYHTOBLIMH BOJAaMH OeperoBbIX NPHMBIKAHHH TeopeTuye-
CKHM nyTem, Hanpumep no ¢opmyae Jlomon, ABASETCS HETOYHBIM,
TaK KaK B 3THX 30HaX JIHHHH TOKa CHJbHO HCKpHBaIeHb. Hano
nojiaraTh, 4TO 3KCHEPHMEHTAJbHOE HCCJAeNOBaHHe, HalpuMep Mo
metony DI JIA, nacr Gosee Tounble 3HaueHHst pacxona. IIpu sTom
B TOYKAX 3JEKTPONPOBOJAHOH MOJENH, KOTOPbIE COOTBETCTBYIOT
HabM10aTe N bHbIM CKBAYKHHAM, MOJKHO 3a1aTh MOTEHIHAJBI, MOJAY-
YEHHBIC M3 HATYPHLIX HaOJOAeHHI.

Ecin B 30He BbIXOJa FPYHTOBBLIX BOJ B HHXKHHII Obed HMeeTcs
GeperoBoil JipeHax, TO MOXKHO H3MepPHTbL (HILTPAUHOHHBLIH Pacxol
B ApeHaxHbIX Koaaektropax., ITpu neboabumiom pacxoje ero MOMKHO
3aMepHTb OOBEMHBIM CrOco0OM, HANpaeRaAs BOJAY B MepHBIH COCY.
[Ipu 3HauMTeNBLHOM pacxolae NPHMEHSIOTCS MEepPHBIC BOMOCAHBLL.
Ilpy HaJHYHK THAPABJAHYECKOW CBA3SH MEXJIY BEPXHHM H HHMKHHMH
BOJIOHOCHBIMH TOPH30HTAMH HEKOTOPAsA YaCTb FPYHTOBBIX BOJA (PHb-
TPyeTca uepes JHO BOJOXPAHWHMILA B HHMXKHHE HAnopHble ropu-
3ouThl. las onpencaenusa 3TOH 4acTH NoTepb HEOOXOAHMO HMETh
KapTy CHAPOH30rHNC BEPXHEro TOPH3OHTA M THAPOHM30MbLE3 HHIKHHX
ropusonToB. [lo 3TuM Kapram onpejeasierca (GHALTPAUHOHHBIN pac-
X0/l B MJAaCTax, cJaramoliux OCHOBaHHs coopyxenuit. [as onpene-
JeHHS pacxoaa HeoOXOJAHMO 3HATb KOIPPHIHEHTH (uauTpatuii
NJAacTOB H HX MOLIHOCTH.
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Has onpenenenusi (PUABTPAUHOHHOTO PacXoiaa, MOCTYNAKUIEro
i13 JIHA BOJIOXPAHUJIHILA B HH)KHHE TFOPH3OHTHI, HEOOXOAHMO 3HAThb
pacxoa Q eCTCCTBCHHOrO FPYHTOBOTO NMOTOKA A0 COOPYKEHHs M0-

Thibl [ToTepu Ha PHABTPAUHIO Yepes AHO BOAOXPAHHIHILA:

Q=QU—Q: (8-13)
rae Qr— pacxol €eCTeCTBEHHOrO TPYHTOBOrO [OTOKA, MNpOTeKalo-
UIHI B HHXKHHX rOPH3OHTaX.

[lotepn Ha ¢uabTpauuio uepes Tel0 3eMIAAHON [IJIOTHHbI
OObIYHO ONMpeNesToTCsl MyTeM H3MEepeHHs pacxofia B BOAOCOOPHBIX
KOJJeKTOpax HAH KioBerax. [lJas 3TOH uesu NPHMEHSIIOTCH MepHbIe
BOAOCJHBBI — TPEYTOJbHbIC HJH TPpaneueHaatbHblie.

Ecan HH30BOH OTKOC NJOTHHBI 3aTONAEH, TO (PHALTPAUHOHHBIN
Pacxol TPYIHO OnpefeauTh NyTeM HeNnoCpeACTBEeHHOr0 H3MepeHHSs.
Ho ecan raybuna Boanl B HHXKHeM Obede HeBeqmka, TO B cayuac
HEOOXOJAHMOCTH HAa HEKOTOPOM YYacTKe MJAOTHHbI BO3BOAHTCA Nepe-
MbIYKa, Orpakiamouas 4acTb HH30BOro OTKOca OT HHXKHero Obeda
11 obpasyioman yedboapuoi npyi. B nepembiuke ycTpaupaercs BOAO-
CAHB MAH TpyDa NAs NMPoOnycka B HHXKHHH OGbed) (PUIABTPALMOHHOTO
pacxona u3 npyaa. Mamepsas Tem WJAH HHBIM NYTEM pacxoa uepes
BOJLONPONYCKHOe YCTPOHCTBO, onpeéneasieM (QUIbTpauHOHHBIH pac-
X0/l Ha OTPa’KIACHHOM y4yacTKe (PPOHTA NMJAOTHHBI.

B HeKOTOpBIX cAyuasix yCTAHOBHTb pasMepb! noTepb Ha PpuabTpa-
UHIO 13 BOJIOXPAHHMJHUL NYTeM H3MepeHHH pacxoa0B 3aTpyaHH-
TeNbHO, TOrjla 3TH NOTepH MOryT ObITb OmMpejae/ieHbl MyTeM COCTaB-
JIeHNS ypaBHeHuit BoaHoro Gaaanca. Takum oGpaszom Oblain onpe-
Aeaensl NMOTepH Ha (PHALTPAUHIO M3 XPaMCKOro BOAOXPAHWJIHLULA,
pPacnoaoAKEHHOro B roOpHOH MECTHOCTH, rae ofuie moTepH Ha Puab-
TPalUMIo H3 PEKH H BOAOXPaHHJIHULA COBMECTHO C PAacXOAOM ecCTe-
CTBEHMBIX TPVHTOBBIX BOJ MHUTAKT POJAHHKH Ha CKJOHE YUIEAbS
{177].

OniabTpauHOHHLI pacxoa Q M3 BoAOXpaHHAMUA cesidzaH Oogce
HIH MeHEe TeCHOH KOPPeasllHOHHOH 3aBHCHMOCTBIO C OTMETKAMM
VPOBHA BOAbl B Boaoxpauuauue . B cBoio oyepenb, OT BeaHUHHbI
(¢uabTpauHONHOro pacxosa 3aBHCHT paboTa THAPOTEXHHYECKHX
COOPVACHHI M, B YaCTHOCTH, UX HaaexnocTs. Hanpumep, yBeanye-
Hue Q npu H=consl cBuACTEALCTBYET O Pa3BHTHH CY(DPO3HOHHBLIX
ABACHHA. OT BeJHYHHB! pacxofla 3aBHCHT pabora ApeHakiHbIX
YCTPOHCTB, MOATOMJIEHHC TEPPHTOPHH FPYHTOBLIMH BOJAAMH M T. .
[TosTomy, Hapaay ¢ HaGMIOIGHHAMH 34 YPOBCHHBLIM PEKHMOM B paii-
OHE BONOXPAHHIHLL H3MEPSIOTCA H aHAJIM3HPYIOTCH BCAHYHHBI DHIb-
TPALNOHHLIX PAcXO10B B Pa3JHUHLIX CEYEHHAX TPYHTOBOrO MOTOKA
H CTOKaxX B BHAE JPEeH H COCPeAOTOYEHHLIX BLIXOJOB NOTOKA Ha
MOBEPXHOCTH 3€M./1H,

FIsceres psil METOAOB HCCaeA0BaHHA (HALTPAUHH H3 BOAOXpa-
uuanin. HauGosiee pacnpocrpanen Meroa cornoctasienusi rpadu-
KOB H3MEHeHHs1 BO BpeMeHH (DHJbTPAIHOHHOTO pacxoia Q=f(f) n
ypoBust Boabl B Bomoxpauuanwe H=[(f). IlozoGubie rpaduku
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nokasakbl Ha puc. 8-12. 10T MeToA OObIYHO MOATBEPKAAET B3AUMO-
CBA3b YPOBHeH BOAbl B BojOXpaHHanule ¢ (uabTpaunei. Oteyr-
CTBHE TaKO# CBfI3H OOBIYHO OODBSCHSETCH HAaJHYHEM HeoOHapyKel-
HbIX HCTOYHHKOB (uabTpaunn. I'papuk namcHeHHs (PHALTPAUNHOH-
Horo pacxoia Q=[(f) uacTto OblBaeT CABHHYT BO BpPCMEHH MO
OTHOWIEHHIO K TpauKy H3MeHeHHs YpPOBHSI BOJAbl B BOAOXPaHH-
aume H=[({). Yem Mmeublue Takoi casur, Tem OaHKe HaAXOAHTCH
KOHTPO/IbHbI HCTOYHHK JJ1Si H3MepelHsi pacXxola K MeCcTy BXoAa
IPYHTOBBIX BOJ.

[Tpu 3anoiHeHHH BOJAOXPAHWIHILA NPoUecC PHILTPALHH B 3eM-
ASIHBIX COOPYKEHHsX, @ B 0COOEHHOCTH B OCHOBAHHAX THAPOCOOPY-

ar 0 KEHHH, MOXeT ObiTb CHABHO OCJOXHEH AB-
ﬂ Yeex  JICHHAMM KOJbMAaTalUHH TpellnH, obpa3ona-

80 §00  HHMS TOHKOro MOKpPOBA HAHOCOB B BEpPXHECM
L Obede, ABACHHAMH BbIHOCA TPYHTa M T. 1

7 | 500 [TocrosinHoe yBeJlHYeHHE pacxoaa B
, ,f‘: ‘,‘ KOHTPOJIbHBIX HCTOYHHKAX TIPH HEH3MCHHOM

d i tntly  YPOBHE BOAB B BOJOXpAHWJHINE, a TaKKe

: o HENMpPeKPaulaloUWHACA BbIXOA 3arpA3HeHHON

0| |29 |50 0 BOAbI CBHIETEALCTBYIOT O Pa3pyUIHTENLHOM
Ak \ NeHCcTBHH (UABTPALHH, a CJe10BaTeNbHo,
AN \ 0 HEOOXOJAMMOCTH CpOYHOiH pa3palboTKu 3a-
ST T 200 UIHTHLIX MeponpHATHA. B 4acTHOCTH, MOX-
VN HO PEKOMEHA0BaTh NOJHSATHE YPOBHS BOb
S5 100 B BOJAOXPaHWHILE MPOH3BOAUTHL 3aMeA/eH-
/; ik tlo Ho. [Tpx HaAHYHH pa3MbiBaeMbiX MOPOAL MO-

)KeT BO3HHKHYTH HeoOGXOAHMOCTb 3a1epKKH

NoAbEMa YPOBHS HJAH JaXKe ero CHHXXEeHHS.

Ee",f;lﬂs'rzziegf’a"";“"(b"mf_: YKa3zaHHble MEpPONpHATHS, COCTaBAAA CO-

paumio H ypoBns sepxnero  ACPIKaHHE CMEUHANLHOrO pasjena ruiapo-

Obeda. TEXHHKH, YNOMHHAIOTCA 37eCh, KOHEUHO,

TOABLKO KaK TeCcHO CBAI3aHHble ¢ JajbHell-

WHMH HaTYPHBIMH MCCJEI0BAHHAMH (QHAbTPAUMH. 3aMeTHM, uTO

B MOJAOOHBIX OTBETCTBEHHbIX CAY4YasiX K HATYPHbBIM HCCIEN0BAHUAM
HEOOX0AHMO NPHBJIEKATh CMNCUHAIbHLIE HHCTHTYTDI.

B caaGonponyuaeMbix nopojaax crabuansauus npouecca (puin-
TPauHH NPOUCXOJHT BeCbMa MeVIEHHO, HHOr/la HeCKOJILKO Mecsiles.
B 3THX cayuyasx NPOBEAEHHC HATYPHbIX HCCJCIOBaHHA 3aHHMaeT
AJTHTEIbHOE BpeMms.

[papuk 3aBHCHMOCTH (PHALTPAUHOHHOrO PAacXoia OT OTMETKH
rOPH3OHTA BOABI B BOAOXpaHuAHule Q=[(f) MOMKET HMETb CJIOXK-
Hylo (opMy, @ Takke H3MeHATbes BO BpeMeHH. Ca0KHOCTD (popmbl
rpapuka oOYCJOBANBACTCS HAAHYHEM B OCHOBAHHH COOPYXKeHHs
H B Oeperax NJaacToB C pas3/HuHON BOAONPOHHUAaeMOCTbio. H3me-
HeHHe JKe 3Toro rpaduka BO BpeMeHH 3aBHCHT B OCHOBHOM OT JBYX
(GakToOpoB: OT YKa3aHHOH Bbille MELJIEHHOH CTaGHAH3ALMKH TPO-
necca (puabTpauuH B c1a00NPOHHUACMBIX TPYHTAX W OT H3MCHCHWHA
BO/IOTIPOHHIIAEMOCTH BOAONPOBOAAILHX M1ACTOB BCACACTBHE KOJIbMa-
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Tauin u cyphosnun. Mesaennocts crabuanzaunn GuabTpauul o6b-
SICHSIETCA B psijle CJy4YyaeB HaJHYHEM YMPYroro pexuma ¢uabtpa-
IWHH B HAMOPHLIX MJIACTAX, MTPH KOTOPOM BCJACACTBHE 3HAYHTEIBHOTO
AABJICHHA NPOHCXOAAT CKaTHe TPYHTOBOW MACChl M VMEHbIIEHHE
ob6nema nop.

3asucumocTh Q=f(f) B yca0BHAX BJAHAHHS YKa3aHublX (pakro-
poB He saBasercs oaxosHayuoit. Ha puc. 8-13 noxasan rpaduk
nmoao6GHoH  3asucumoctH. CrTpeskaMu 0003HAYCHO HampaBJeHHe
i3MeHeHHa YpoBHsi B Bojoxpanuaume. Kak BuiHO u3 rpaduka,
NpH ORHOM H TOM >ke 3HaueHHn H pacxon Q 3aBHCHT OT Hanpas-
JCHMA H3MEHeHHsi ypoBHell (moamb-

eM W cnaju). v [
IMeeres: euge psia akTopos, " 1 |

Moao0HLIX yka3auubiM. K Hum oT- ; l/ i

HOCATCA, HanpHMep, BAHAHHE HC- . / y, i

lapesNs, CKa3blBaloweecs npH yia- / V ]

JCHUH HCTOYHHKA OT COOPYXKEHHS, / ,’

BJANSHHE KOHcoaupamuu  (ynaor- &7 P 1

HEeHHs!) TPYHTA B HaMbITBIX 3CM-

JASIHBIX  COODPYXKCHHAX, KoTOopoe 991~ %

HHOT1a MPOJOTKALTCS A0CTATOYHO 5 \ __/ ‘)

aoaro. Caoenyer ewe ywectb, 4TO 0 T0 200 300500 0 eex

Kos(ppuunenT GUALTpAUHH 3aBi-
CHT OT TeMnepaTtypnl BOIAbl, 4YTO Puc. 8-13. Tlpaduxu 3aBHCHMOCTI
MPHBOAHT K HEOOXOJAMMOCTH H3Me-  NOTeps Ha (PHALTPAUNIO OT ypoBuS
PEHHSt TeMNepaTypel NpH HATyp- Bepxnero Owveda B TeweHwe roaa.
HBIX HCC/EAOBaHHAX, a TaKxe NnpH-

BE1eHHA K NOCTOAHHOH Temmeparype rpapuka Q=[(H). Kak cae-
ayer u3 dopmyas (2-8), koapduHuHenT DUALTPAUHH HIMEHACTCH
OOpaTHO MPONOPUHOHANBLHO KHHEMATHYECKOMY KO3(D(DHUHEHTY BA3-
KOCTH XMHAKOCTH. TakuMm oOpasom, eciH KOI(POHUKHEHT GHALTPALHM
H KHHeMATHYeCKHH KO3((HUHEHT BA3KOCTH NpH Temneparype {
OyayT Ry W vy, a npu {; COOTBETCTBEHHO Ko H vo, TO, COTI1acHO hOp-
vvae (2-8),

L TP
ky 4
51
by = %::—k,. (8-14)

CooTBeTcTBYIOUIHE YKA3AHHBIM TeMITepaTypaM pacxoabl GyayT
HAXOJUTLCA B TOM K€ OTHOUICHHH, Y4TO H KO3 QHUHEHTb (PHILTPa-
M, T. C.

Q= :': Q.. (8-15)

[loab3ysack 3Tol (POPMY0#, MOKHO NPHBECTH (GHILTPANHOHHbBIC
PACXOAbl, 3aMePCHHbIE B PA3JIHYHOE BPeMs, K OAHOH TemmepaType.
HacTo QHABTPALUMOHKHBI PACXOJ B 3HAUHTEALHON CTENeHH 3aBHCHT
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OT CTENeHH PACKPLITHS BOB N TPCUIHH B COOpPYKenHunN, Tak Kak
CTOMCHL PACKPLITHS IBOB, B CBOK 04CPelb, CHIABHO 3ABHCHT OT
TEMIICPATYPBLL, TO TCMOEPATYPHBLIC KOTe0aHHsT B TCJIC MaCCHBHLIN
COOPVAEHNIT MOTYT CIVILHO BAHATL HA (DHALTPAIMHONIBIIT PACNOL
[MTostoMy npu octusanmn GCTONHLIX COOPYKEHHIT MOKET Ha0.10-
aathes veeanuenpe (puasrTpannonnoro pacxoaa. I'lo opuentuposoy-
v pacueram B. 1. Kupakocosa [74], Makcumaamioe packpuitie
TPCILHH MOXKeT ObITh CHJILHO CABHHYTO BO BPeMEHIl 110 OTHOUICHIK)
K NCPHOAY MHHIMAILHBIX TCMOEpaTyp.

§ 8-5. Harypublie MccnepoBaHMsa (PMNbTPAUMM
nos 6eTOHHbIMM BOAONOAMNOPHBIMKH COOPYIHEHHAMM

[Tp npoekTHpOBAHII MACCHBHBLIX OETOHHBIX IIOTHH, PYC.I0BLIX
FIJIPO3TEKTPOCTAHUMH 1 CVIOXOAHBIX ULTIO30B Ha 1010 (puiaurpa-
UHOHHOTO pacyeTa NPHXOAHTCH B OCHOBHOM ONPEACJICHHE NPOTHBO-
JABICHHA HA NOJOMBY COOPYAKEHHS,, a4 TaKKe 14BJICHHS B pas-
JAMUHBIX TeYKax obaactu (puabTpauun, GuILTPAUHOHNOIO pacxola
101 CoOpyzkenHeM it B 00X01 ¢ro, CKopocTell puabTpannm i rpai-
CHTOB HAMOPa B Paz’1nNuHLIX TOMKAX 00JacTH (PUALTPAUMM, B HaCT-
HOCTH FIPI BBIXOAC TPYHTOBLIX BOA B ApeHAKH 1IN B NN
Obedr. TakoBel OCHOBHLIC BONPOCH (PHIBLTPAUHOHHOIO PACYCTa.

Te ke Bonpoch OCBCIAIOTCH NMYTEM HATYPHBIX HCCACIOBAHILI
B NOCTPOEHHBIX TIApPOCOOpVeHHax. B paae cayyaes, nomMumo
HATYPHBIX HCCTCIOBAHMIT ITHX BOMPOCOB, BO3HHKACT HCOOXOAUMOCTD
H3YUCHIA B HATYPHBLIN VCJIOBHSIX PasBHTHS XHMHUECKOH cyddosnn
B OCHOBAHIISIX COOPYAMCHHI, paboTbl o0patHbiX (puabTpos u 1. 1.

Caecayer noAyepkHYThL, 4TO KH3HL FHAPOTCXHHUYCCKHX COOpPV-
/KCHHI 3aBHCHT OT HX KOHCTPYKIHH, THIPOreoJOrHYCCKHX VC10BHI,
a4 TaKKe OT Kauectsa nponssoicrsa pabor. [losrowy Kak npo-
FPAMMa HATVPHBIN HCCIC/AOBAHINH, TaK H MPOCKT [MLC30OMCTPHYC-
CKOIl CeTH B TIIAPOCOOPVKCHHAX HC HMEKT CTAHAAPTHOIO Napak-
TCPa W OTBENAIOT Jiih OOHIIM NPHHIMIANM K PAKTHYCCKHM 1ah-
HLIM, OCHOBAHHLIM 1A AHAJOMHH NPHPOIHBIX VCTOBII.

B coctas cucremaTnueckux  nabdoacHHiR  3a  puanTpanmeii
B OETOMHBIX COOPYAKCHHAX BXOJAAT HAOJOACHNS 34  VPOBHAMIN
BOALI B BepPXHEM It HHAKHCM Opedpax, 3a ypOBHSMII BOALI B MLC30-
METpax, ONMpPeIACJCHHC TCMICPaTYpul BOALE B Ovedax n ckBamnuax,
onpeacaeHie (GHALTPAINONNOrO pacxoila B 00OPVAOBAHHMX 115
3TOI nean nvhkrax. Kpome Toro, A00KHb CHCTEMATHYCCKH 11PO-
BOAMTLCS  BH3VaJblibie 1Ha0JI0eHHs1 3a ouaramil  (QuaLTpaunm.
Ecan B oCHOBaHIN COOPYAKCHIS HMEIOTCS PACTBOPHMBIC BCULCCTBA,
TO K HA3BAHHBIM HA0MI0leHinaM 100aBAAOTCA elle Hal o leHs 34
NHMHYCCKHM COCTaBOM I'PpYHTOBLIX BOL.

K 4HCay 30H30AHUCCKHX HCCTCTOBAHHA OTHOCHTCH  ONpPC/Leac-
e KOsMMHUHEHTOB (PUABLTPAILHN TOPOL OCHOBAHHIL Il ONpele/ivHile
ckopocteit GuanTpawiin. TN BONPOCaM NOCBAMICHB FIapol 4 11 