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AHHOTALUMUA

BBeneHue. [poekTMpoBaHne 1 CTPOUTENLCTBO BbICOKUX MAPOIHEPTreTUHECKUX COOPYXXEHUI TECHO CBA3AHO C HaTyPHbIMU
HabnoAeHVs MU 1 NCCNefoBaHNSIMU NX COCTOSIHUSA 1 paboTbl,, ABNSIOLLMMUCS Hanbonee HagexHbIM N 3 eKTUBHBIM cpea-
CTBOM MPOBEPKU JOCTOBEPHOCTU PACHETHBIX METOAOB U NMPUHATBIX MPOEKTHBIX peLleHnit. o pedynsratam NpoBeAeHHbIX Ha-
TYPHbIX HabnogeHnn 1 nccnefoBaHWn B epuoa CTPOUTENBCTBA M KCNyaTaummn Ha NoTUHAX, ANS KOHTPONS NX COCTOSHNSA
C nomoLLbio n3meputenbHbix cuctem (MC), nabopaTopHbIX UCNbITaHUIA U PacyeTHbIX METOAOB, MOTryT BbiTb pa3paboTaHbl
e1Hble METOAbl OCHALLLEHUSI COOPYXeHU Npubopamu No eAMHOMY NpuHUMNY. B HacTosiLLee BpeMst HakomnneH 4oCTaToqHO
0O0nbLLOW ONbIT pa3paboTkM U NPUMEHEHNSA METOAOB HaTypHbIX UccrneaoBaHuii. Co3aaHbl Npubopbl HOBOrO TNa Ans us-
MepEeHNS NepeMeLLEeHNI, HanpshKeHni B 6eToHe, (DUNbTPaLIMOHHBIX PacxoAoB, NbE30METPUYECKUX YPOBHEN. YCTaHOBMEHbI
aBTOMAaTU3MPOBaHHbIE CUCTEMbI KOHTPOSSA 3a MOBEeAEHNEM TMAPOTEXHUYECKVX COOPYXEHWI B NEpUO, CTPOUTENbCTBA, Ha-
MOMHEHNs BOAOXPaHMMLLA 1 aKcnyaTauumn. MprMeHsoTCA CoOBPeMeHHble CryTHVKOBbIE cucTeMbl «noHace» n GPS.
MaTepuansi 1 meToAbl. ViccnenoBaHus NpoBeAeHbl Ha apoyHo nnoTuHe MHrypekoin MN3C ¢ nomolubto 2177 UC, ns koTo-
pbix 46 — npsimble 1 06paTHbIe OTBECHI. Teno MNOTVHbI UMEET TP CTBOPA NPSIMbIX OTBECOB M MO OQHOMY — B CKaslbHbIX MpW-
MblkaHusix 6eperos. [NepemeLleHrs OTHOCUTENBHO OTBECOB U3MEPSINUCL ONTUYECKMM KOOPAUHATOMepOM. [Anst obpaboTku
AaHHbIX N3MEPEHN NPUMEHSINNCHL CTAaTUCTUYECKE METOAbI aHanu3a.

Pesynbratbl. OTpabotaHa MeToaMKa paunoHanbHOro pa3MeLLeHns NPsMbIX OTBECOB B GETOHHbIX NOTUHAX C MPUMEHEHVEM
CTaTUCTUYECKMX METOAOB aHanM3a u maremartudeckon mogenu bapnoy — Xantepa — lNpolwaHa, ucxoas u3 COBpEMEHHOro
onbITa NPoBeAEHNS HaTYPHbIX HabnaeHW 1 uccnenoBaHuin. Bua 3akoHa pacnpefeneHns ropu3oHTanbHbIX nepemette-
HWI NNOTWHBI YCTAHOBIIEH NyTEM aHanMaa rmcTorpaMm M3MepeHHbIX NokasaTenen CTaTUYeckoro COCTOSHUSA COOPYXEHUSI.
YTOUYHEHO HeobXoanMoe KONmMYeCcTBO OTBECOB Ars KIOYEeBOW KOHCONM VIHrypcKomn apovHon nnoTuHel. Ha npaktuke gaHHas
MeTOoAMKa UCMOoSb30Banack Npu NPOEKTUPOBaHMMN BbICOKUX OETOHHBIX NOTWH.

BbiBogbl. MHOroneTHUin onbIT MCCnegoBaHUin U AKCNyaTaumMm apodHon nnoTuHel MHrypckon M3C no3sonun oueHuTb co-
OTBETCTBUE yCTaHOBMeHHbIX MIC TpeboBaHMAM crneumanbHOro KOHTPONsa U BbIAENUTL HeobxoarMoe MX KoNn4ecTBo Ans
HabnoaeHWn 3a NPOYHOCTBIO N YCTOMYMBOCTBIO COOPYXeHWs. [TpeanoxeHHble MeToAbl aHanusa AaHHbIX HaTypHbIX uccne-
[OBaHN, OCHOBaHHbIE Ha TEOPUW BEPOSITHOCTEN, CTAaTUCTUKE U HAJEXHOCTU BbINN NCNOMb30BaHbI MPY MPOEKTMPOBaHNN
nNNoTUHbl XygoHu M3C.

KNOYEBbBIE CITOBA: naveputenbHble CUCTEMbI, MPSIMblE OTBEChI, KIMOYeBast KOHCOSb, MaTemaTuyeckas mogens bap-
noy — XaHTepa — NpolaHa, NnoTHOCTb BEPOSTHOCTW, HOpMaribHbIN 3aKOH pacnpeaenenns, dyHkuus Jlannaca

Ond UWTUPOBAHWA: LauHsH INA. PaunoHanbHoe pa3melleHne npsiMbiXx OTBECOB B 6ETOHHbIX NroTuHax // BecTHuk
MI'CY. 2019. T. 14. Bbin. 6. C. 713-721. DOI: 10.22227/1997-0935.2019.6.713-721

Rational arrangement of direct plummets in concrete dams

Georgy A. Shainyan
Moscow State University of Civil Engineering (National Research University) (MGSU),
26 Yaroslavskoe shosse, Moscow, 129337, Russian Federation

ABSTRACT

Introduction. The design and construction of high hydroelectric installations are closely related to in-situ observations
and studies over their condition and operation, which are the most reliable and effective means of verifying the reliability
of calculation methods and design solutions. According to the results of the in-situ observations and studies during the
construction and operation of dams, to monitor their condition by means of measurement systems, laboratory tests and
calculation methods, unified methods can be developed for equipping the installations with devices on a unified principle.
Currently, there is quite a lot of experience in the development and application of methods of in-situ research. New-type
devices for measuring displacements, stresses in concrete, filtration flows and piezometric levels are developed. Automated
systems for monitoring the behavior of hydraulic structures during the construction, filling of the reservoir and operation are
installed. Modern satellite systems GLONASS and GPS are used.
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Materials and methods. The research was carried out on the arch dam of Inguri HEPS by means of 2177 measuring
systems, 46 of which are direct and opposite plummets. The body of the dam has three direct plummets and one in each
of the rocky bank abutments. Displacements relative to the plummets were measured with an optical coordinate-measuring
apparatus. Statistical analysis methods were used to process the measurement data.

Results. A technique of rational direct plummet arrangement in concrete dams was fine-tuned using statistical analysis
methods and Barlow-Hunter-Proshan mathematical model based on the modern experience of in-situ observations and
research. The type of distribution law of dam horizontal displacements was determined by means of analyzing the histograms
of the measured indicators of the static state of the installation. The required number of plummets for the key console of the
Inguri arch dam was specified. This technique was used in practice for designing high concrete dams.

Conclusions. Munlti-year experience in the research and operation of the Inguri HEPS arch dam allowed assessing the
compliance of the mounted measuring systems with special control requirements and allocating the necessary amount of
them for monitoring the strength and stability of the installation. The proposed methods of in-situ research data analysis
based on the theory of probability, statistics and reliability were used in the design of the Hudoni HEPS dam.

KEYWORDS: measuring systems, direct plummets, key console, Barlow-Hunter-Proshan mathematical model, probability
density, normal distribution law, Laplace function
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BBEJAEHUE

[Tpu pa3paboTKe MpOEKTa CTPOUTENHCTBA THIPO-
TEXHUUYECKUX COOPYXKEHHMH MpeaycMaTpUBAIOTCS Ha-
TypHble HaOmoneHus [ 1-3]. Bnepsble B Mupe HaTypHbIE
HaOJoeHust ObIIN MOCTABJICHBI HAa HAYYHYIO OCHOBY Ha
ctpourensctBe Hwxne-Cupckoit ['DC. B pesynbrare
PETYISpHBIX HAOIIOACHNI T€01e3NIECKUMHI METOIAMH
3a COOpyXeHHEM Oblila JOKa3aHa BO3MOXKHOCTH BO3-
BEICHUS MOJOOHBIX IUIOTHH HA CKHUMAEMbBIX TPYHTAX,
o0ecrieyeHo X 0e3ymnpeuyHOe CTPOUTEILCTBO U (HYHK-
IIUOHUPOBAHUE.

[lepBBIii ONBIT HATYpPHBIX HAONIONEHUIl TOKa-
3aJ1 HEOOXOJUMOCTh BBICOKOKBAJIU(DHUIIMPOBAHHOTO
WX TPOBEJCHUSI Ha CTPOSIINXCS 00BEKTAaX M OCHaIle-
HUS MOCHeIHUX u3MepureabHbiMu cuctemMamu (MC).
Ha npuHnunuanbHO HOBYIO OCHOBY MOCTAaBHJIA OTe-
YEeCTBEHHYIO HayKy B 0OJAaCTH HaTypHBIX HCCIIEI0Ba-
Huii yuensle AO «Muctutyt I'maponpoexr», BHUUT,
I'pysHUUDSI'C [4-6].

B MupoBoil mpakTuke Ha TUAPOTEXHUUYECKUX CO-
OPY’KEHHSIX 3TU WHKCHEPHbIE CUCTEMBI O€30MIaCHOCTH
Ha4dajdu BHEAPATHCS ¢ KoHIa 80-X rooB MPOIIIOTO
cronetusi. Bo MHOrOM 3T0 OBLIO CBSI3aHO C aKTyaJu3a-
Iuel Borpoca 0e30MacHOCTH IJIOTHH B JESATEIBHOCTH
MEX/YHapOJHOM KOMHUCCHU 110 OOJIBIINM IIJIOTHHAM
ICOLD (International Commision on Large Dams).
YckopeHueM pa3BUTHUSL CTall COCTOSBIIUICSA B HIONE
1998 . B bapcenone MexayHapoAaHbIi CUMIO3HYM 1O
HOBBIM TPEHJaM M METOINYECKUM PEKOMEHIAIMSAM 10
6e3omacHocTH [7]. B moxmanax VI MexayHapogHO#
Hay4YHOH KOH(epeHInH, npomeniiei B Hosope 2018 .
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B Mockse B MUCH-MI'CY, 65110 yueneHo 0oJbInoe
BHUMaHHE HEOOXOJMMOCTH OCHAIIICHHSI COBPEMEHHBIMU
WC xoHTpOs 32 MOBEACHUEM THAPOTEXHUUECKUX CO-
OpY>KE€HUI OT Harpy30K M BHEIIHUX Bo3aeHUCTBUHN. JlJis
9TOro paspaboTaHa cucreMa MOHUTOpHHTra Monitoring
System (MS-). Oto rpynma ¢pu3n4ecknx HHCTPyMEH-
TOB, OObEAMHEHHAS B CHCTEMY JUISI OTIPEICJICHUS OC-
HOBHBIX KOHTPOJIMPYEMBIX MapaMeTPOB TEXHUYIECKOTO
COCTOSIHUSI COOPYKEHUSI TAKUX KaK: OCaJIKH, IUIAHOBBIC
MIEPEeMEIICHNS U HAKIIOHBI, (PMIIBTPAIIMOHHBIC TTOKa3a-
Tenu, aedopmanuy, HapsHKSHUS U Temieparypa [4].

HaxoruieHHBIH ONBIT HAOMIONEHHH 32 00IIUMU Jie-
(dopmarusiMu BeIcOKuX mioTHH: MHrypckas (I'pysus),
Baiiont (Mranus), Mosyasen (I1Iselinapus), Kypooe 4
(Snonwus), Yupkeiickas (Poccus), Casno-1llymenckas
(Poccwust), I'ysepa (CLLA), y#i0yit (Kurait) mozsomsier
JIOCTAaTOYHO TOYHO M HAJIEKHO OLIEHUTH CTaTHYECKYIO
paboTy coopyKeHHUs KaK B IIEPHO]] HAITOTHEHUS BOJIO-
XPaHWJIMILA, TaK U BO BpeMs dKkcmuryarauuu [8—11].

Pasmemenne VIC B OETOHHBIX TUIOTHHAX OTIpele-
JISIETCSL UX TUIIOM, pa3MepaMy M TororpadudecKumu
ToKasarensiMu cTeopa [12].

T'opu3oHTaIBHBIE IEPEMEILCHNS APOUHBIX TNIOTHH
MO3BOJIAIOT M3Yy4aTh MOBEICHUE COOPYKEHHS 10 BCEH
ero BelcoTe. HabmofneHus 3a HUIMM BEIyTCS C TIOMO-
LIbI0 OTBECOB, KOTOPHIE YCTAHABINBAIOTCS B KIIFOYEBOM
CCUCHHMH U B CEUEHMSIX C MaKCHMaJbHBIMU MpPOTnoOa-
M [13]. M3-3a KOHCTPYKTUBHBIX 0COOCHHOCTEH BBICO-
KHX IUIOTHH HE BCET/a MPeJICTaBIseTCs BOZMOXKHOCTh
yCTaHaBIMBAaTh OTBECHl Ha OXHOW JMHMHU. IlosTOMy
UX pacliojararoT rpyIrnaMy B BEPTHKAJIBHBIX CTBOPAX,
MIPOXOASIINX Yepe3 CMOTPOBBIE Tajepe M IUTOIBHU
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¢ maroM 30-50 m. Ilo naHHBIM 3THX IPYyMI OTBECOB
(UKCHPYIOTCS TOPU3OHTAIBHBIC TIEPEMEIICHHS KOHCO-
JIeW M CTPOSTCS COOTBETCTBYIOIIHE AITIOPHI. Br1O0op yKa-
3aHHOTO II1ara OIPeAEIeTCs OIBITOM IPOEKTHPOBIIHKA
1 B 3HAUUTEIBHON CTETIEHH HOCHUT BOJIEBOW XapakTep.

MATEPHAJIBI 1 METObI

Hatyprbie HabmIOneHUS W UCCIIEAOBAHUS TTPOBO-
JIITACH Ha apouHo# TuiotuHe MHTYypcekoit ['DC, BbIcO-
Ta Kotopoi 271,5 M, nnmuHa 1o rpedHI0 758 M, B TOM
yucie ycroeB 118 M, ToNIMHA B KIIOUEBOM CEUCHHUH
Ha rpedHe 10 M, Ha KOHTaKTe IIOTHHBI C OCHOBAaHHEM
90 M. Tenmo MIOTHUHBI pa3pe3aHo Ha 39 ceKlMii reauKo-
HIATBHBIMU MEKCEKITMOHHBIMHE IIBAMHU, HOPMaIbHBIMH
B JIFOOOM TOPU30HTAIBHOM CEYCHHH K OCH COOTBET-
CTBYIOIIEH apKH M OCHAIIEHO 46 MPSIMBIMU U 00OpaTHbI-
MM OTBE€CaMH. JTO LIEHTPAJIbHAsI KOHCOJIb CEKUUU 18
¥ KOHCOJIM C MaKCUMAaJIbHBIMA TIPOTHOAMH: CEKITUH 7,
12, 26, 32 (puc. 1).

[IpuMEeHSITHCh CTaTUCTHYECKUE METO/bI aHaTH3a
PE3yIbTaTOB HATYPHBIX HCCIEAOBAHUM, THAarHOCTUKH
W HagexHocTH [ 14-17].

PE3YJIBTATBI HCCJIEJOBAHUA

HaOnroneHust mokas3aiu, 4TO TOPU30HTAJIbHBIC
MIepPEMEIICHUS HOCST 3aKOHOMEPHBIN XapaKTep, YBS3bI-
BAIOIIUIICS C POCTOM HAIlopa U U3MCHCHHUEM TeMIIepa-
Typbl. MaKkcHMaNbHEIC paTUalbHBIC TICpEMEIICHUS Ha
rpebHe KITF0UEBOTO CEUSHHS TOCTUTIIN 54—56 MM, B 4eT-
BepTax apku — 41-48 mm. Ce30HHBIN pa3Max MPOrH-
00B TpeOHI — 26 MM.

OCHOBHBIM (HaKTOPOM, OTPENEISIONUM U3MEHE-
HUSA TOPU30HTAJIBHBIX nepeMemeHHﬁ, SIBJIISICTCS U3ME-
HEHHME TUAPOCTaTUYECKON Harpy3ku. TemmnepaTypHas
COCTaBJISIONIAsl HAaHOOJIee OLlyTUMA Y TPEOHS IUIOTHHBI,
rJe pa3max ee kojaeOaHui OOJIbIIe, YeM Y COCTABIISIIO-
e OT M3MCHEHUS HATopa.

Jnst pemenus 3aaa4y paliMoOHANIBHOTO pa3Mellie-
HUSl OTBECOB OBII NMPUMEHEH OIBIT HAOIIONCHHUN 3a
nepemMenieHusiMu MIHTypcKoii apodHOH IUIOTHHEI U CTa-
THUCTUYECKUI METOJ| aHaJIN3a C IPUMEHEHHEM MaTeMa-
Tryeckoi mogenu bapnoy — Xanrepa — IIpomana. ITo
TTOKA3aHUsIM OTBECOB (puC. 2) (pUKCHPOBAIN YacTOTHI
HM3MEHEHHUS TOPU30HTAIbHBIX IEPEMEILIEHUIN KIHOUEBOM
KOHCOITM HE MEHEE, YeM Ha 2 MM 32 TPEXJIETHHH ePHOJ
1 CBOJAWJIM B Ta0i. | MO MpHU3HAKY ylaleHHs OT ypOBHS
240 M K OCHOBaHHIO IIOTHHBI.

[Tocne 3TOro CTPOMIIM COOTBETCTBYIOIINE YaCTOT-
HbIC KPHUBBIC paclpefeneHus (dKCHepUMEHTaIbHas
U TeopeTHYecKas) pe3yJabTaToB U3MEPEHHH, 1 4ero
OMpPEJENsIM 4aCTOThl MU3MEHEHUs TOPU30HTaIbHBIX
TepeMeNIeHHH Ha y4acTKax JeCITUMETPOBOH JTHHEI

Un

=——— (k=L N;N=6
Vi O’I-Lk ( s B )’

(1)
i€ n, — abCOJIOTHAs YaCTOTa U3MEPEHNS TIEpEMeTIle-
HUH; Lk — TeKyIllas KoOOpJuHaTa KOHCOJIN, OTCUUThIBAE-
Mast oT ypoBHs 240 M.

3areM ycTaHaBIMBAIN KCTIEPUMEHTAIBHBIE OTHO-
CUTCJIBHBIC YAaCTOTHI HA TEX XKEC y‘IaCTKaX

\%
h=—v— 2

Zizlvi

Jucniepcuro Haxoawiu mo hopmyiie

)

r/ie P, — OTHOCHTENbHBIC YaCTOTHI H3MEPEHHS Mepe-
MEIIeHHIT; L, — KOOPIMHATA CePEIMHbI j-T0 Y4acTKa,

.1
L= E(L./ +L,,).

[To naHHBIM BBIYKCIICHHUH ObLIA TOCTPOCHA YACTOT-
Hasl KpUBasi SKCIIEPUMEHTAIILHOTO pacIpe/ieIeH s CKad-
KOB TIEPEMEIICHHUI U COMOCTaBlIeHa C KPUBOW OTHOCTO-
POHHET0 HOPMAJIBHOTO 3aKOHa pachpeaenenus [3—5].

Taou. 1. YacToThl H3MEHEHUs TOPU30HTAIBHBIX IepeMEIICHUH KIF0YeBOH KOHCOIN

Table 1. Variation frequencies of key console horizontal displacements

[IpoexTHBIIf HOMEp OTBeca / YpoBenb, M / AOCOIIOTHAS 9acTOTa Texymas KoopAUHATa KOHCOIH
Design plummet number Level, m U3MEPEHNs NIEpEMENERul 7, / L,m/
Absolute displacement measur- | Current console coordinate L,
ing frequency, n, m
18 IIOT-5/ 18 POT-5 240 157 0
18 TIOT-4/ 18 POT-4 210 159 30
18 IIOT-3 / 18 POT-3 162 138 48
18 IIOT-2 / 18 POT-2 120 96 42
18 ITIOT-1/ 18 POT-1 75 49 45
Crc-2/SGS-2 25 10 50
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VYenoHbie 0603HaveHus: / Legend:
v
m [IpsimMbie otBechl / Direct plummets

°
i Oo6parnslie otBeckl / Opposite plummets

Cexnust 18 (kiroueBasi KOHCOIb) /
Section 18 (key console)
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Puc. 2. Cxema pa3MelieHnst OTBECOB B CEUEHHMH KITFOYE€BOM KOHCOIM apouHoi mioTuHsl MHrypcekoit 'DC

Fig. 2. Diagram of arrangement of plummets in key console section of Inguri HEPS arch dam

KpuBasi 0ZHOCTOPOHHETO HOPMAJBHOIO 3aKOHa
pacmpeneneHus MOKeT ObITh IpeCcTaBIeHa (HOPMYIIOH
IUIOTHOCTH PACIIPECIICHUSL:

P

f<[:j): 2ze_ﬁ‘

o

“)

3Ha§l BCIIMYUHBI L/. U O, BBIYUCIISIN ITJIOTHOCTH
pacnpeneneHus f (L j) a 3aTeM U3 COOTHOIICHUSI

5. JL)

' Z?}:lf(zf)

— TCOPCTUUCCKUC OTHOCUTCIIBHBIC YaCTOTHBIC CKAYKN

)

nepeMelleHui Pj

[Tomy4yeHHbIe TAKMM 00pa30M HKCIIEPHUMEHTANb-
HBIC P, ¥ TeOpeTHICCKHe 13] OTHOCHTEIIHHBIC YaCTOTHI
JUI CKauKOB TOPU30HTAJIBHBIX MEPEMENICHUH, BbIpa-
JKEHHBIC B IIPOLIEHTAX, IPUBEACHBI B Ta0II. 2.

ITo ocu opawHAT OTKJIAABIBATM OTHOCHTEIIBHbIC
YaCTOTHl CKAauKOB NEPEMEIIeHUH B MPOIECHTAX, a MO
0CH abCIHCC — PACCTOSIHMS L, B METPax M, MOJIb3YsICh
JIAaHHBIMH TIPUBE/ICHHBIMH BBIIIE, HAHOCHIIM Ha Tpaduk
TOYKH 3KCHEPUMEHTAIBHOH (---) U TEOPETHUYECKOH (—)
4acTOTHOW KpuBOH (puc. 2). IlocTpoeHHbIE KpUBBIE Ha-
IJISIIHO TTOKAa3bIBAIOT OJIM30CTh HKCIEPUMEHTAIBLHON
1 TEOPETUYECKOM YaCTOTHON XapaKTEPUCTHK IS CKad-
KOB IIEPEMELIECHH.
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Taou1. 2. HacTOTbI CKaUKOB TOPU30HTAIBHBIX IIEpEeMELeHUI

Table 2. Horizontal displacement jump frequencies

P, % 8,6 5.4

53

3,5 1,6 0,6

P, % 74 6,6

Takum 00pa3om, 4aCTOTHI CKAYKOB TOPU30HTAIb-
HBIX MEPEMENICHUN MO BBICOTE TIOTHHBI MOXHO arl-
MIPOKCUMHUPOBATH OAHOCTOPOHHUM 33aKOHOM pacIipe-
JIeTICHUSI.

Tenepp, Korna yCTaHOBIIEH 3aKOH pacIpeieeHHs,
MOYKHO PEIIUTh 33734y O paliiOHAJIEHOM pa3MeleHUH
OTBECOB B COOpYKeHUH. MaTemaruyeckas MOAEIb
Bapnoy — Xanrtepa — [Ipomana no3BoisieT UCHOIb30-
BaTh PKOHOMHYECKHH KpHUTepui Ha 0a3ze 4acTOTHBIX
XapaKTepUCTHK Oe3aBapuiHOI paboThl coOpyKeHUs
1 TIOJYYNTh PEKypPPEHTHBIE COOTHOILICHHUS ISl TTOCTIe-
JIOBAaTEJIILHOCTH BEPTHKAJIBHBIX KOOPAWHAT OTBECOB,
(PUKCHPYIOLINX UX Pa3MEIICHNUE:

F(xk)—F(xk_l) ¢

o ©

Xep1 =X +

e C, — croumocTh ycranosku onnoit UC (oTseca);
C, CTOMMOCTh HEOOHapy»XeHHUs OTKa3a padoThI
TUIOTHHBI, TPUXOSIIAsACS HAa | M MOTOHHOW JUIMHBI;
F(x) — ¢dynkuuns pacripenenenust OezaBapuiiHON pa-
OOTBI MIOTHHBI; f(X) — BEPOSATHOCTh Oe3aBapuitHON
paboTHI TNIOTHHBI, IOJTy4aeMasi IyTeM HHTEPIIOJSIIUH
YaCTOTHOM TUCTOrPaMMBbI U3MEPEHHUSI TOPH30HTAIBHBIX
nepeMeeHnH; X, — TeKyllas KOOpJMHATa pazMelle-
HUS OTBECOB.

- " £

5,1

£

3.5 1,6 0,75

[IpakTudeckoe wucmoxb3oBaHue ¢Gopmynsl (6)
Hpe/osaraeT peBapUTENbHbIH 0100p KOOPMHAT X,
M X, Ha OCHOBE COOOPAKEHNH (PH3MIECKOTO XapaKkTepa.
ITocneoBaTeIbHOCTE K€ X, ONPEJIENAETCS PEKYPPEHT-

C
HO —-~ 0, TaKk Kak C, << C,.
2
TTOCKOJIBLKY TIOTHOCTH BEPOSATHOCTH f{x) J0CTa-

TOYHO XOPOHIO HHTEPIOIUPYETCS OXHOCTOPOHHHUM
HOPMAJIbHBIM 3aKOHOM pacrpeieacHus, PyHKIH0 F(x)
MOYKHO BBIpa3uTh uepe3 (pynknuto Jlammaca O(x). [Tpu-

Cl
HIB — ~ 0, (opmyiy (6) mociie MaTeMaTHUECKHX Mpe-

2
06paSOBaHHI>'I 3alriIcM B BUJIC

(7

X
rae y, =—
c

Kak yxe ObLIO OTMEYEHO, ISl TIOJIb30BaHMS pe-
KyppeHTHOH (opmyroii (6) HeOOXOAMMEI 1Ba HAYATh-
HBIX YCJIOBUS. B KauecTBe 3THX YCIOBHUI 3a1aauMcst
KOOPJIMHATaMH X, U X . X, = 0, a x, BEIOMpaeM moHadary
MIPOU3BOJIBHO; B KOHEYHOM CYETE OCTAHOBUMCS Ha Ta-
KOM 3HAYEHHH X,, TP KOTOpoM «pynKumms» Ax(k) mo-
CTaTOYHO OBICTPO MPHOOPETAET CTAIIMOHAPHBIIN Xapak-
Tep (T.e. IepecTaeT 3aBUCETH OT k).

X, M/ m

" £ £
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Puc. 3. Teopernueckast (1) n skcriepuMeHTaIbHAS (2) KPUBBIE paclpeneIeHus pe3yIbTaTOB N3MEPEHHBIX TOPU30HTAIBHBIX

repeMelIeHUH KIII0ueBOH KOHCOIN

Fig. 3. Theoretical (1) and experimental (2) curves of result distribution for measured horizontal displacements of key console
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Ax, M/ m

30
20
10

-10

Puc. 4. I'paduku 3aBUCUMOCTH PALIMOHATBLHOTO PA3MENIEHUS OTBECOB JUISl PA3IMYHbIX 3HaYeHUH X, [ —x, =65 M; 2 — X, =

=60M;3—x,=55m;4—x,=50M; 5 —x,=45 ™

Fig. 4. Plummet rational arrangement curves for various X2l —x=65m;2—x,=60m; 3 —x,=55m;4—x,=50m;

S5—x,=45m

Taou. 3. IIpsimble 0TBECH! B KJIOUCBOM KOHCOJIM IIPU PALlHOHAIBHOM pa3MELCHUN

Table 3. Direct plummets in key console under conditions of rational arrangement

VYuacTtok koHcomu / | x,, M/ X, m Y zZ, f) D(z,) L=x_—x,
Console segment
1 50,0 0,46 0,33 0,38 0,37 51,8
2 101,8 0,95 0,67 0,29 0,67 56,0
3 157,8 1,42 1,01 0,15 0,84 60,8
4 218,6

Ha puc. 3 nzo0paxeno cemelicTBo KpuBbIXx Ax(k),
OTIPENIENSEMBIX TTAPAMETPOM X, .

Hannyumum o0pa3oM yka3aHHOMY YCIIOBHIO
YIOBIIETBOPSET 3HaueHHne X, = 50 M. IMEHHO 3T0 3Have-
HHUE 1 OBUTO NCTIONTB30BaHO B popmyie (7), ¢ TOMOIIBIO
KOTOpOit cocTaiena Tabi. 3. B aTy Tabiuily cBeaeHb!
PE3YIbTAThI BBIYMCIICHUM palfuOHAJIBHOT'O pasMCIICHUA
OTBECOB B KJIIOUEBOU KOHCOJIM aPOYHOH IIOTHHBI.

Ecnu nepelitu oT KoOpAMHAT X, K yPOBHSAM, MO-
JIyYHMM, YTO TIPSIMBIE OTBECHI B TEJI€ IJIOTHHBI CICIYeT
pacnonarath Ha ypoBHsaX: 24, 190, 138,2 u 11,4 m. Bce-
ro rnorpedyeTcs 4eThIpe 0TBeCa, T.€. Ha eUHHUIY MEHb-
11e, 4eM B KIIFoueBoil KoHcou. ClietyeT MosiCHUTb, 4TO
00paTHBI 0TBEC, OTHOCUTEIBHO KOTOPOTO BEIYTCS Ha-
OJroZIcHNs!, yCTAaHABIMBACTCS B CKBAXKMHE Ha TIIyOMHE
10 50 M.

3JAKJIIOYEHUE U OBCYXJIEHHUE

B pesynbrare BBINONIHEHUS IPOEKTHBIX PELICHUM
Mo ocHarmieHuto MHrypcekoit apounoii mrotuas! MIC, Ha-
TypHBIX HAOMIOMCHUN U TEOPETUIECKAX MCCICIOBAHINA
CTaTUCTHYECKMMU METOAAMH aHaJIM3a U MaTeMaTH-
yeckoi monenu bapnoy — Xanrepa — [Ipomana, ycra-
HOBJICH BUJ 3aKOHA paclpeAesCHHUs] TOPH30HTATIbHBIX
NepEeMELICHU, MTO3BOJISIONIMN ONpeaessiTh He00X01H1-
MO€ KOJINYECTBO OTBECOB B Telie OETOHHBIX IUIOTHH.
Pa3paboTaHHBIIl METOZ MOXKET OBITH MCIIOIB30BAH IS
palMOHAIBHOTO pa3Merienus u apyrux sunos UC, npu-
MEHSIEMBIX JUTSl KOHTPOJISI TEXHHUECKOTO COCTOSIHUSI COO-
pyxenuii [19-21], a Takke TEH30METPUUECKUX PO3ETOK,
MIpeAHA3HAYCHHBIX Ul HAOMIONCHNH 3a HaNpPsHKEHHO-
ne(OPMUPOBAHHBIM COCTOSTHHEM OCTOHHBIX TUIOTHH.
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