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OLNEHKA HAJEKHOCTH U JOJII'OBEYHOCTH
IMPOTUBO®UJIbTPAIIMOHHBIX ITOKPBITUU KAHAJIOB

B cmamve paccmampueaemcs pacuemmuas oyenka odecneueHus HAOedCHocmu, Oes-
onacHocmu U 00J1208€4HOCMU NPOMUBODPUTLIMPAYUOHHBIX NOKPLIMUL KAHAN08 SUOPOMENUOPA-
musHblx cucmem. IIpugooumesa akmyanrbHOCMb UCCIE008ANHUSA, 3aKTIOUAIOWAACS 8 3HAYUMENb-
HbIX nomepsx 600bl HA PuiIbMpayuio Ha HeOOIUYOBAHHBIX KAHANAX U 0OPA308AHUU ABAPULIHBIX
CUmMyayuii Ha COOPYHCEHUSAX, BbINOTHEHHBIX 0e3 NPOMUBODUILMPAYUOHHBIX Ycmpoticms. Hc-
nOIb3Ysl meopemy, OCHOBAHHYIO Ha Memooe baiieca, gvinonnunu pacuemst 3KCHIYAMAYUOHHOU
HAOEIHCHOCMU  NPOMUBOPUTLMPAYUOHHBIX HOKPLIMULL U3 2€0CUHMEMUYECKUX MAamepuaos.
Ha ocnose meopuu Patica nposedenvl pacuemuvl u nocmpoeH 2pagux NpocHO3HO20 CPOKa
CYHCObL 2€0KOMNO3UMOB, UCNONb306AHUE KOMOPO2O NO360J5€m ONpeoeniams Uux 001208e4-
HOCMb U N00OUpams npuemiemsle XapaKkmepucmuxku nPpomueoPuiIbmpayUoOHHbIX YCMpPOLCmS.

Knrouesvie crosa: nadesxcnocmo, 6€30nacHoCcms, 001208€4HOCHb, NPOMUBODUTLMPAYU-
OHHOE NOKpblmue, KaHdal, 2eoMemopana, 2eokomnosum, memoo baetica, 6eposmnocms omxasa.
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RELIABILITY AND DURABILITY ASSESMENT
OF IMPERVIOUS CANAL LINING

The estimated assessment of ensuring reliability, safety and durability of irrigation
and drainage systems membranes is considered. The urgency of the research, that consists in
significant canal seepage losses in unlined canals and the formation of emergency situations
on structures made without seepage-control linings is given. Using the theorem based on the
Bayesian method the operational reliability of impervious coatings from geosynthetic materi-
als is calculated. The calculations were carried out on the basis of the Ryce theory and a
graph of the forecast service life of geocomposites the use of which allows determine their du-
rability and select acceptable characteristics of seepage-control devices was constructed.

Key words: reliability, safety, durability, impervious lining, canal, geomembrane, ge-
ocomposite, Bayesian method, failure probability.

Beenenne. IIpn sxcrmyatanuy rUIpOTEXHUYECKUX COOPYKEHHMH, B YaCTHOCTH KaHa-
JIOB TUAPOMENIMOPATUBHBIX CUCTEM U BOJI0EMOB (OCOOEHHO BBIIIOJHEHHBIX 0€3 IPOTUBO(HIIb-
TPALIMOHHBIX MOKPBITUI), OJHUM M3 OCHOBHBIX BOIIPOCOB CTAHOBMTCS IpobiiemMa obecreye-
HUSl UX HaJEKHOCTH U JOJroBeYHOCTH. OT HAAEKHOCTU PabOThI OTAEIbHBIX KOHCTPYKTHB-
HBIX 3JIEMEHTOB 3aBUCHT O€30IaCHOCTh BCEX COOPYKEHHH, MpUIIEraloluX TeppUTOpUil U
CTPOEHU.

ITon HamEeKHOCTHIO IOHUMAETCSI CBOMCTBO OOBEKTA BBINOIHATH 3a/laHHbIE (DYHKIINH,
COXpaHsisl BO BpEMEHH 3HAU€HUSl YCTAHOBJIEHHBIX AKCIUTyaTallMOHHBIX MOKa3aTeseil B 3a/1aH-
HBIX IIpe/eax, COOTBETCTBYIOIIMX 3a/JaHHBIM PEKUMaM U YCIIOBUSIM HCIIOJIb30BaHMs, TEXHU-
YECKOro 00CIyKUBaHUsI, PEMOHTOB, XpaHEHHUs, TpaHCOpTUpOBaHus [1].

OcHOBHBIE BOMPOCHI HAJEKHOCTH KPYIMHBIX KaHAJIOB OCBALIEHBI B pabore
L. E. Mupuxynassl [1]. JlanpHeiee pa3BUTHE METOJIOB OLEHKH HAJIEKHOCTH COOPYKECHHMA
MENMOPATUBHBIX CHCTEM JETANbHO MNpuBeaeHO B HuccaenoBaHusax 0. M. Kocuuenko,
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B. H. lllenpuna, A. B. Konranosa [2], A. W. Tumenko [3, 4] u B psae Apyrux padoT pa3nnd-
HBIX aBTOpoB. Oco00e BHUMaHKE BEPOSITHOCTHON OIIEHKE Ha/IeKHOCTU U OE30MMaCHOCTH IPYyH-
TOBBIX TUJPOTEXHUYECKUX COOPYKEHUH B paMKaxX CHCTEMHOIO MOJAXOJa YICICHO B padoTax
BHUUI um. b. E. Beneneepa (E. H. bennenaupa, JI. A. Bamunnosa, /. B. Credanummuna,
A. b. Bekcnepa [5, 6]).

K kanamam rugpomMenuopaTHBHBIX CHUCTEM JOJDKHBI MPEABSBIATHCS CIEIYIOIIUE OC-
HOBHBIC TPEOOBAHHUS: JOCTATOYHAS MIPOITYCKHAsA CIIOCOOHOCTh, OecrepeOoiiHOe MUTAHUE BOIOM
BOJIONIOTPEOUTENS, MUHUMAJbHbIE (MUIBTPALIMOHHBIE W TEXHUYECKHE MOTEpH, 0€30MacHOCTh
paboThl, BOBMOKHOCTh aBAPUITHOIO OMOPOKHEHUSI KaHajla, MUHUMAJIbHBIC 3aTpaThl HA CTPOU-
TEJBCTBO U HeKoTophle apyrue [7]. Ilpu skcrutyaranyy KaHaiuoB Takke He JO0JDKHBI BOZHUKATh
pycioBsie Aedopmaiiuu, cnocoOHbIe U3MEHHUTH TIEPBOHAYAILHBIC UX (DOPMBI U TapameTpsl [ 1].

Crnenyer otMeTuTh, 4To B Poccuiickoit Denepanuu o0mas mpoTsKEHHOCTh BCEX Ka-
HAJIOB THJIPOMEIMOPATHBHBIX CHUCTEM, HaXOISAIMXCA B (eAepaibHOH COOCTBEHHOCTH, CO-
ctasisietr 6osee 42700 kM, 80—85 % U3 KOTOPHIX BHIIOJHEHBI B 3eMIITHOM pycie 0e3 Tuapo-
W30JSIIAA. DTO MPHUBOJUT HE TOJNBKO K 3HAYUTEIBHBIM IMOTEPSIM BOJBI HAa (DHIBTPALHIO, CO-
craastomum 10 3040 % ot Bogo3zabopa (a 310 nopsaka 4,8 KM>/Toj), HO M K Py APYrux
HETaTUBHBIX SIBIICHUM — CO3/IAal0TCSI aBapUUHbBIE CUTYallUH, CBA3aHHBIE C BO3MOKHBIM Pa3Mbl-
BOM OTKOCOB U J1aM0, 0Opa3oBaHHEM MPOPAHOB, MOJATOIIIEHUEM U 3a00JlayMBaHUEM ITpHIie-
TaloLIUX TEPPUTOPHU.

HeoOxomuMo oTMeTUTh M TOT (DakT, YTO B MOCIETHUE 5—7 JIET U MO CErOHSIIHUN
JICHb BEJIETCS 3HAYMTENIbHAS PaboTa MO PEKOHCTPYKIMH KPYIHBIX KaHAJIOB THAPOMEINOpA-
TUBHBIX CHUCTEM (Hampumep, Hambosee OMmacHbIX y4acTKOB J[OHCKOTO MarucTpalbHOTO U
[Tponerapckoro kananoB), a coriaacao @I [8] Tonpko B FOxkHOM (henepanbHOM OKpyre pe-
KOHCTPYKIIUSI OJIKHA OBbITh BBIMONHEHA Oonee yem Ha 10 xanamax, uro, mo nanHeiM DIIII,
MO3BOJIUT MPEAOTBPATUTE BBIXO U3 cTpost 0k0Jio 200170 ra cenbCKOX035UCTBEHHBIX YTOIUM.
Hecmotps Ha ps NpUHATHIX Mep (B T. 4. IO CTPOUTEIBCTBY U PEKOHCTPYKIIUU TTPOTHUBO(HIIb-
TPAIMOHHBIX SKPAHOB), HAOJIIOAAIOTCS CIyYau 3HAYUTEIbHON (GUIBTpAIIMN Yepe3 THO U OTKO-
Chl COOPYXEHHI, MOATOIUICHUsI MPUKaHAIBHBIX Tepputopuii, a cornacuo L. E. Mupixyna-
Be [1] apdexTuBHAS IKCIUTYaTalHs JTFOOOT0 KPYITHOTO KaHaia BO3MOXKHA JIMIIL TIpU o0ecrie-
YEHHUH JJOCTATOUHOU HAaJEKHOCTH €T0 PaboThlI.

OCHOBHBIMU PUYMHAMH HEHAJEKHOM pabOoThl KaHAJIOB SIBIISIFOTCS cineayromue [1, 2]:

- OTKa3bl, 00YCIIOBJICHHBIE OMIMOKAMHU TIPU MPOEKTUPOBAHUU (HETIPABUIIBHBINA BBHIOOD
KOHCTPYKIIUH, TEXHUUECKUX, PACUETHBIX TAPAMETPOB, ONTUMAIHLHOTO BapHaHTa);

- OTKa3bl, BbI3BAaHHbIE TEXHUYECKUMHU HEJIOCTATKaMHU B MEPUOJ CTPOUTEIHCTBA KaHa-
JIOB (HapyII€HUE TEXHOJOTHUU CTPOUTEIHCTBA, MOBPEKIACHHUS SJIEMEHTOB BO BpPEMS CTPOH-
TENbCTBA);

- OTKa3bl, MOSBIAIONINECS MPU HAPYIIEHUU TPeOyeMBIX PEKUMOB IKCILTyaTalluu Ka-
HaJIOB T'UJIPOMEIMOPATUBHBIX CUCTEM U TEXHOJIOTUH YXOJa 32 HUMH.

[Tockonpky B mocieAHUE TOABI MPU CTPOUTEITHCTBE MPOTUBOPMIBTPAMOHHBIX TIO-
KPBITUH Ha KaHajaX TUIPOMENIHOPATUBHBIX CHCTEM IO PAa3IUYHBIM OOCTOATEIHCTBAM
HE IPUMEHSIOTCS TUICHOYHBIE, ac()albTOOCTOHHBIE W TJIIMHHUCTBIE DKPaHbI, a BCE OOJbIIee
MIPUMEHEHNE HAaXOMST COBPEMEHHBIE CTPOUTEIbHBIE MaTEPHAIIBI — T€OCUHTETUUECKHE U Te0-
KOMIIO3UTHBIE, TPOBE/IEM OLIEHKY MX HAJEXKHOCTH U JOJITOBEYHOCTU MPUMEHUTEIBHO K KOH-
CTPYKIUSM TPOTUBODUIBTPAIIMOHHBIX YCTPOWCTB KaHAJIOB. Takue Marepuaibl Moapa3eis-
I0TCS Ha BOJIOHETIPOHHIIaeMbIe (TIOTMMepHBbIe reoMeMOpaHbl, 0EHTOHUTOBBIC U OETOHHBIE Ma-
ThI), BOJOTIPOHUIIAEMBIE (T€OTEKCTUIIN, TEOPEIICTKH M T€OCETKH, APCHAKHBIE MaThl) U HEKO-
topble npyrue matepuansl [9, 10]. Ilpu »3ToM coueraHne HECKOJIbKMX TaKHWX MAaTepUajoB
B €IMHOE 11es10e (KOMITO3MT) TO3BOJISIET CO3/1aBaTh BHICOKOI(P(PEKTHBHBIE KOHCTPYKIIMH TIPO-
TUBO(UIIBTPAIIMOHHBIX U JPEHAXHBIX YCTPONCTB, 00ECIIEUMBAIONINE TOBBIIICHHYIO HAIEK-
HOCTh U JIOJITOBEYHOCTh, a TAKXK€ CHI)KEHUE MX MoBpexaaeMoctd B 5—10 pa3 u, COOTBET-
CTBEHHO, BOAOINpPOHUIIaeMoCcTH Ha 1-2 mopsiaka [10].
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Marepuaibl 1 MeToAbl. OCHOBBIBasICh Ha PaHEE U3BECTHBIX METO/AX OLICHKH HaJIexk-
HOCTH, U3J0KeHHBIX B paborax U. A. buprepa, 0. M. Kocuuenko u np. [11, 12], uconszyem
OJIHY U3 OCHOBHBIX T€OPEM JIEMEHTAPHON TEOPUU BEPOATHOCTH, OCHOBaHHYIO Ha Metone baii-
eca, KOTOpasi IIO3BOJISIET OIPEIEIUTH BEPOSATHOCTh KAaKOTO-IM00 COOBITHS (IMarHosa).

C nenplo uccae0BaHus pabOTOCIIOCOOHOCTH MPOTUBOPHIBTPAIMOHHBIX MaTEPHAIOB
B KOHCTPYKIMSIX MOKPBITUNA KaHAJIOB THAPOMETMOPATUBHBIX CUCTEM PACCMOTPUM KPHUTEPUU
WX HAJIGKHOCTH HA OCHOBE METOJI0B TEOPUH HAACKHOCTU U Teopun puubtparuu [13, 14].

Pe3yabTaTsl H 00cy:kIeHHe. B xauecTBe KpuTepreB TeXHUUECKOM 3 (HeKTUBHOCTH U
9KCILTyaTallMOHHON HAJIeKHOCTU MPOTHUBO(MIBTPALIMOHHBIX MOKPBITHHA M3 reOMEeMOpPaHHBIX
KOMITO3UIIMI aBTOPOM IPEIararoTcs CleAyomue:

- 110 BOJIOHETIPOHUIIAEMOCTH T€OMEMOPAaHHBIX KOMITO3UIIHUHA:

kr’M < k;M.non ; (1)
- 10 IPOYHOCTH T€OMEMOPAHHBIX KOMITO3HUIIHMA:
GI‘M 2 GI‘M.L[OH; (2)
- 10 JOJITOBEYHOCTH (CPOKY CIykObl) HOKPBHITUI U3 reOMEMOPAHHBIX KOMITO3UIIHI:
TFM 2 TFM.HOp ; (3)
- II0 BEPOSATHOCTH 0€30TKa3HON pabOTHI MOKPBITHIA U3 TEOMEMOPAaHHBIX KOMITO3HUIIHNA:
PFM 2 TM.JOII * (4)
rae kl, m kj\ on — COOTBETCTBEHHO OCPEIHEHHBIH O JIAHHBIM HCCIIEIOBAHHUI M PAcueToB U
JIOITyCKaeMblii KO3QQUIUEHT GUabTpaluy NOKPHITUS U3 T€OMEeMOPaHHbBIX KOMITO3UIIHIA;
Gy M Opyjon — COOTBETCTBEHHO NPOYHOCTH F€OMEMOPAHHBIX KOMIIO3MLMI IIPH PACTS-
YKEHUH 110 JAaHHBIM MCIIBITAHUM U HOpMaM;
Trm B Trypop — COOTBETCTBEHHO CPOK CITY’KOBI IIOKPBITHSI U3 FEOMEMOPAHHBIX KOMITO3H-

WU 110 TaHHBIM HAOIIOJICHUH U TI0O HOpMaM;

P, v B, ., — COOTBETCTBEHHO pacyeTHas M HOPMATHBHAs BEPOATHOCTH OE€30TKA3HOM

paboThI MOKPHITHUS U3 TEOMEMOPAHHBIX KOMIIO3ULIUH.
st onieHkH 3(pPEKTUBHOCTH U HAJIGKHOCTH MOKPBITUS U3 TEOMEMOpPaHHON KOMIIO3H-
uu 110 Kpureputo (1) HeoGXOMMMO OIPEIENUTh MOKa3aTelb BOJOHENPOHUIIaeMoCTH (k. ).
[lokazarenb BOJOHENPOHULIAEMOCTH MOKPHITUM W3 TeOMeMOpaHHBIX KOMIIO3UIIUN
(k.,,) MOXET ObITh Hal{JIeH 10 JJAHHBIM HCIBITAHUI B HATYPHBIX YCIOBHSIX HIIH IO PACYETHBIM

3aBUCUMOCTAM, MMOJYUCHHBIM B PE3YJIbTATC MATCMATUUCCKOI'O pCHICHUA 3aJa4 METOAaMU TCO-
puM puUIbTpaMM C HUCHOJIB30BAHUEM TEOPUHU (PYHKUIMH KOMIUIEKCHOTO MEPEMEHHOI0 M KOH-
dbopmHBIX 0TOOpaxkeHnit. Ha ocHOBaHWU mpoBeIeHHBIX TeopeTrnueckux BriBo10B FO. M. Kocu-
yeHko U O. A. baeBbIM MOJTy4eHbl pacUeTHBIE 3aBUCUMOCTH, MIPEICTABICHHBIE B MTPEIBIIYIINX
paborax [10, 12].

[Ipu omieHKe HAAEKHOCTU TeOMEMOPaHHBIX KOMIO3UIUH MO0 KPUTEpHIo (2) HEOOX0H-
MO HAWTH MPOYHOCTH (HAmpsDKEHHE) B reoMeMOpaHe MpH €€ pacTsiKeHUU. B cooTBETCTBUM
C PEKOMEHANMSIMY TI0 OIPEICTCHUIO TPeOyeMOl TONIIHUHBI TOJTUMEPHOTO MTPOTUBOMUIBTPA-
OUOHHOI'O 3JICMCHTA B 3aBUCUMOCTH OT T'MAPOCTATHUYCCKOTO AABJICHUSA MOXKXHO HauTH Harps-
JKEHHE TP PACTSHKEHUH MOJIMMEPHON reoMeMOpaHsI 1o 3aBucumoctu, Mlla:

_ 01350, g, -d, PE
e o

rae o, —kodpduueHt 3pPeKTUBHOCTH;
q, —ruapoctarudeckoe nasienue, Mlla;
dy, — MUHUMAJIBHBIA pa3Mep MaKCUMaJIbHON (pakuuu rpyHTa, MM;

E — monyns ynpyroctu nonuMepHoi reomemopansi, MI1a;
J,,, — TOJIIMHA IOJMMEPHONU reoMeMOpPaHBbl, MM.
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Jlnist pacyeTHOM OLIEHKM CPOKa CIIy>KObl reOMEeMOpaHHON KOMITO3ULIUHU IO KPUTEPHUIO
JOJTOBEYHOCTH (3) mpezuiaraercsi 3aBUCUMOCTh, YUUTHIBAIOIIAs (PaKTOP CTapEHUs MOJIMMeEpa:

_Gnp) ) M= (1K, )P

™
. ZmH%

rae P — BepoATHOCTh 0€30TKa3HOM pabOThI MOJTMMEPHON TeOMEMOpaHBI;
V,, — CpelHss yacToTa BEIOPOCOB 3a CPEIHUI YPOBEHB J0ITYCKaeMOH IOBPEXIECHHOCTH;

B

IT,,, u I, — COOTBETCTBEHHO MOBPEkKIAEMOCTh T€OMEMOPaHBI JOIMYCTUMAS U 110 JaH-

HBIM HaOJIFOJICHUH 3a BpeMsl dKCILTyaTanuu ( T );
K. =¢./e, —KOdI)OUUNEHT CTAPEHUS OIHMEPA;

€, U €, — OTHOCHTEJIBHOE YIJIMHEHHE reOMEMOpaHbl IPU CPOKE IKCILTyaTanuu (T) U

IEPBOHAYATIBHOC,
mH — CPCAHCKBAAPATHUYCCKOC OTKJIOHCHHUEC MMOBPCIKIAACMOCTH FCOM€M6paHbI.

T

JIy1s1 OTIeHKH HAJCKHOCTH 10 KPUTEPHIO (4) HEOOXOAMMO OMpeIeICHUE OJHOTO U3 OC-
HOBHBIX [I0Ka3aTellel HaJIe)KHOCTH — BEPOSITHOCTH 0€30TKa3HOM paboTsl ( P, ).

PaCCMOTpI/IM OIIPCACIICHUC I1OKA3aTCJIA PrM IIpu yCJIOBUH ITOCJICAOBATCIIBHOI'O COCAN-

HCHHUS OCHOBHBIX 3JICMCHTOB HpOTI/IBO(l)I/IJII)TpaIII/IOHHOFO IMOKPBLITHA — HpOTI/IBO(i)I/IJII)TpaIII/IOH-
HOro 3JI€MCHTa U3 FCOMCM6paHBI, 3allIUTHOI'O0 TIOKPBITUA HU3 I'PYHTA HIIN 66TOHa, 3allIUTHOTI'O
CJIOA U3 TKAHOT'O MJIM HETKAHOI'O I'COTCKCTUIIA U TPYHTOBOI'O OCHOBAHUS. TOFI[a 061112191 3aBUCH-
MOCTb BCPOATHOCTH 0e30TKa3HOoMI pa6OTBI HpOTI/IBO(bI/IJ'IBTpaI_[I/IOHHOFO TIOKPBITHA C YYETOM CTa-
TUCTUYECKOM CBSI3H MCKAY 3JICMCHTaAMU (KOFIIa IIpU OTKA3€C 3allIUTHOr'0 CJI0A BO3MOKCH OTKAa3

HpOTI/IBO(i)I/IJ'IBTpaHI/IOHHOl"O BHGMGHTa) MOJKET OBIThH npeacTaBJICHa B CIICAYIOLIEM BUJC!

4 4
P =II-P+| P, —_H]-P. Ky,

™ ~ ° i mi i
i=1

rac Pz — BCPOATHOCTDL 0e30TKa3HOM pa6OTBI IOKPBITHUA, BKIIIOYAOMICTO YCTBIPC JJICMCHTA

(3aIIUTHOE MMOKPBITHE, TEOMEMOPaHY, TEOTEKCTHIIb U TPYHTOBOE OCHOBAHHE);

P.;, — MUHMMAaJIbHOE 3HaYE€HHE U3 BEPOATHOCTH O€30TKa3HOM paboThl ( P, );

Ky — xo3ddunreHT, yduTHIBAIOIUN CTAaTUCTUYECKYIO B3aUMOCBS3b MEX]Y OTKa3aMu

OCHOBHBIX JIEMEHTOB MPOTUBOPMIBTPALUOHHOTO OKPBITHUSI.

JIig mosy4yeHusl pacueTHOM OLIEHKH SKCIUTyaTallMOHHOM HAaJEeKHOCTH IPOTHUBO(PHUIIb-
TPALIMOHHOTO MOKPBITUS U3 FeOMEMOPAHHOM KOMITO3UIIUHN HUCIOIb3yeM U3BECTHYIO B TEOPHH
HanexHoctu [11] dopmyny Baiieca B pazBepHyTOM BUJE:

P(D;/K, K> )=[P(K,/ D, )P(K, | D, )/ LP(D)P(K, / Dy)- P(K> /Dy )+ P(D, )P(K, /Dy )
x P(K,/D, + P(D;))- P(K,/Ds)- P(K,/ D;) +-P(D,)- P(K,/D,)- P(K, /D, )],
DI P(Dl-) — anpuOpHas BEPOATHOCTb 1uartosa D ;

P(Kl. / Di) — YCIIOBHasl BEpOSATHOCTh Npu3Haka K; y 00beKTOB ¢ cocTosiHueM D .

Hcnonp3ys MOMydyeHHYIO pacueTHYIO 3aBUCUMOCTb, IIOCTPOUM TpauK IMPOrHO3HOTO
CpOKa ClIy>kObl TEOKOMIIO3UTHBIX MaTEpUaoB (PUCYHOK 1), KOTOPBII MTO3BOJISIET ONPEAETUTH
UX JIOJIFCOBEYHOCTDH U BBIJIEJIUTD IPUEMIIEMBIE XapaKTEPUCTUKU MOKPBITHI, COOTBETCTBYIOIIHE
TpeOOBaHUAM K TMJIPOTEXHUUYECKUM COOPYKEHHSIM (3alITpUXOBaHHAas 00J1acTh Ha rpaduke).
B Tabmune 1 paccMOTpeHBI CleqyIoIre AUarHosbl (COCTOSIHUS) UISi T€OKOMITO3UTHBIX
MatepuaioB [15]: D1 — oOpa3oBaHue B MPOTHBOPUIBTPAITMIOHHOM DJIEMEHTE CKBO3HBIX MeEXa-
HUUYECKUX MOBpEXIeHUHN; D2 — negopMauu ocHOBaHUs;, D3 — U3MEHEHHE MTPOYHOCTH BCIE-
CTBHUE CTapeHus: MaTepuana; Ds — HopManbHOe (0€30TKa3zHOoe) cocTosiHue MaTepuana. [Ipu stom
B IIpoliecce HAOIIOACHUIN ONpPeAeNsIoTCs CIIEAYIOIIUE TMarHOCTHYECKHe MpU3HaKu: K| — Mmoka-
3aTellb BOJOHEIPOHUIIAEMOCTH T'€OKOMITO3UTa; K> — MOKa3aTeslb IPOYHOCTH T€OKOMITO3UTA.
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Pucynok 1 — I'paduk cpoka ciry:K0bl Fe0OKOMIIO3UTHBIX MATEPHAIOB B KOHCTPYKIUSAX
NMOKPBITHI KAHAJIOB B 3aBHCHMOCTH OT IMOBPEXKI2eMOCTH U K0d(pPuIMeHTa cTapeHust

Tabauua 1 — Pe3yabTaThl OlleHKH HAEKHOCTH PA3JIMYHBIX THIIOB r€0KOMIIO3UTHBIX
MATEepPHAIOB B KOHCTPYKIHAX NPOTHBOQUILTPALMOHHBIX YCTPOIiCTB

JHarso3 | Tym sare. | MHTeRCHB- BepostHOCTh IpU3HaKa 1 BepositHOCTB MO-
(COCTOH— prana HOCTE Kj ’ AIIPUOPHOr0 COCTOAHUSA ﬂBJI(iI({)I;I;IOI;I/IfIZE;I:)OI%a
HHE) D; | HOKpHITHSA 1/rox P(K,/D;) |P(K,/D;)| P(D)) P(D, 1 K,K)
'™M 1,0-107 0,30 0,20 0,38-107° 0,0125
D, I'M+TIT | 053-10° 0,25 0,20 0,11-107 0,0026
I'KM 0,27-107° 0,20 0,15 0,03-107 0,00033
'™M 1,07-107 0,70 0,60 |0,375-107 0,380
D, IM+TIT | 10-107 0,30 0,25 0,2-107 0,0097
'KM 0,5-10° 0,20 0,15 0,025-107 0,00037
'™M 0,5-107 0,35 0,25 0,05-107° 0,0028
D, IM+TIT | 0,25-107 0,30 0,15 |0,012-107 0,00028
'KM 0,12-107° 0,05 0,00 |0,007-107 0
'™M - 0,05 0,05 0,9994 0,600
D, IM+TIT - 0,04 0,04 0,9998 0,800
'KM - 0,05 0,05 0,9999 0,9999

[IpunsTeie 0603HaueHus nokpeituii: I'M — monumepHas reomem6pana; I'T — reo-
TeKcTUIb; I'KM — reokoMno3uTHbIi Matepuail.

CoryacHO CyIIECTBYIOUIMM TPeOOBAHUSAM K TUAPOTEXHUUECKHM COOPYKEHUSIM, H3JI0-
skeHHBIM B CIT 58.13330.2012 [16], cpok ux ciry>k0bI (1 OCHOBHBIX 35ieMeHTOB) aiist -1 kmac-
coB ycraHasnuBaercst He MeHee 100 net, a ans [II-IV kiaccos — He menee 50 ser.
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Pe?)y.]'II:TaTBI OLCHKHU HAJICKHOCTU Pa3JIMYHBIX THIIOB HOKpBITI/Iﬁ C HCIOJb30BaAHUEM
OJIHO-, IBYX-, TPEX- U MHOTOCJIOMHBIX T€OKOMIIO3UTOB MPE/ICTaBICHbI B Ta0MIIE 1.

AHanu3 pe3yabTaToB pacuera HaJeKHOCTU Pa3IMYHBIX TUIIOB T'€OKOMIIO3UTOB, MpE-
CTaBJICHHbIX B Tabmiuie 1, mokaszan, 4To JUisl OJHOCIONHOW reoMeMOpaHbl MO AHAarHo3am
D, — D, pacueTHas OLEHKA MojydeHa 0ojiee BBICOKOW Kak OT 00pa30oBaHus CKBO3HBIX I1O-

BpEeXKIEHUH, Aeopmanii OCHOBaHUS, TaK M BCJICACTBUE CHIXKCHUS €€ MPOYHOCTH IO MPH-
YMHE CTApPEHUs Marepuana. B To jxe Bpems 10 aumarHosy D, Juisl reoMeMOpaHbl MOydYeHa
HAaUMEHbIIIasE OI[EHKA C BEPOATHOCTHIO MosiBiieHUs quarno3a P = 0,600, uTo cBUIETENBCTBYET

0 0oJIee BBICOKOI CTETIEHU CHUKECHHUS BEPOSITHOCTH HOPMAJILHOTO (0€30TKa3HOT0) COCTOSIHHMSL.
I'eokoMI03UTHI, BKITIOUaroITHe reoMeMOpany u reotekctwib (I'M + I'T) unm 6eHToHu-
ToBble MaThl (KM), nmetor (o guaruozam Dy — D;) Majlyt0 BEPOSITHOCTb NPOSIBICHUS OTKA-

30B, a 110 IMarHo3y [, — BBICOKYIO OLIEHKY MOSBJIEHHS HOPMATLHOIO (0€30TKa3HOr0) COCTOS-
Hus. [Ipu sToM Hanboee BrICOKAs OlEHKa MOosiBIIeHUsT Oe30Tka3Horo cocrostaus (P =0,9999)

XapaKkTepHa Uil T€OKOMIIO3UTHOTO OEHTOHMTOBOTO Mara, YTO OOBSACHSETCS €ro BBICOKOM
HaJIS)KHOCTBIO BCIIEICTBUE PETEHEPALIMM BO3MOKHBIX (J1ake HEOOJBIINX ) TTOBPEXKICHUH.

BriBOaBI

1 Ha ocHoBaHuU 00OOLIEHHUS OIbITA IPUMEHEHUSI T€OCUHTETHUECKHX U T'€OKOMIIO3UT-
HBIX MaTEPHAIOB JJIsI MPOTHBOQMIBTPAIIMOHHBIX TOKPBITHH KaHAJIOB THIPOMEINOPATUBHBIX
CHCTEM pa3paboTaHbl KPUTEPHUM MX TEXHUYECKOM 3(P(PEKTUBHOCTH M 3SKCIUTyaTallMOHHOU
HaJISKHOCTH IO BOJJOHETIPOHUIIAEMOCTH, JIOJTOBEYHOCTH M BEPOSITHOCTH OE30TKa3HOM padOTHI.

2 Pe3ynbpTaThl OLIEHKH HAJEKHOCTU NMPOTUBO(PUILTPALIMOHHBIX MOKPBITUI U3 IeOKOM-
MO3UTHBIX MaTepUAIIOB (B CPABHEHUH C MOJUMEPHON reoMeMOpaHOii) TIOKa3au, 4To JJIS OJ1-
HOCJIOWHOH TeoMeMOpaHbl BEpPOATHOCTh MOsIBIEHHUS auarno3a coctasisier P =0,600,

B TO BpPEMsI KakK /I TEOKOMITO3UTHBIX (TPEX- U MHOTOCJIOMHBIX) MaT€pUaIOB MO Pe3yJbTaTam
pacyeTa moJiyueHa BbICOKAasl OlIEHKa MosiBIeHUs 6e30TKa3Horo coctosiuus ( P =0,9999).

3 BolnosiHEHHBIE HATypHBIE, Ja0OPATOPHbIE U TEOPETUUECKHE MCCIIEI0BaHNUs, MTOCBS-
IICHHBIC U3YUCHHIO MPOIIecca BOJOIMPOHUIIAEMOCTH, PEreHEPAllUU TTOBPSIKIACHUN T€OKOMITO-
3UTHBIX MaTepI/IaJIOB, IIO3BOJIAKOT C yBCpeHHOCTI)IO caciaTth BbIBOJbI O TOM, YTO MHOFOCHOﬁ-
HbI€ TEOKOMITO3UTHI Ha OCHOBE OGHTOHMTA C 3apaHee 3aJaHHBIMU CBOMCTBAMH B HACTOSIIIEe
BpeMSI ABJIAKOTCA CaMbIMH HAJACKHBIMHA 3JICMCHTaAMU FI/I)lpOTeXHI/I‘-IeCKI/IX n npnponooxpaHme
COOPYKEHHH, 00EeCIeunBalOIMMU TOJHYI0 BOJOHETPOHUIIAEMOCTbh, TMOBBIIMICHHYIO JOJTO-
BEYHOCTH U 0€30MMaCHOCTb.
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PACYET INOTEPH HA ®NJIBTPALIUIO U3 MATNCTPAJIBHOI'O KAHAJIA

Lenvto uccredosanuil s8semcs pazpabomka Memoouky pacuiema nomepsb npu Quib-
mpayuu u3 KaHauios, GbINOJIHEHHLIX 6 3eMISAHOM pycie, Ha npumepe bBypaunckozo macu-
cmpanvroeo kanwana (MK) e Anmaiickom kpae. B kauecmee ucxoOHbIX OAGHHLIX UCHONb308A-
JIUCH NPOOOIbHBIE NPOPDUIU HA NEPBOM — YemeepmoM Obeghax u guzuko-mexaHuieckue ceoli-
cmea epynmos no mpacce bypaunckoeo MK. Pacuemuvr nomepv npogoounuce no gopmynam
€80000HOU U noonepmoii gurvbmpayuu. Pe3yrbmamsl pacyema noKa3vl8aom, umo cymmap-
Hble nomepu Ha QUILMPayuIo npu NPoeKmHoM pacxooe 6 kanare Q = 36,5 m’/c cocmaensiom

0,474 M’/c, unu 1,3 %, u npu pacxooe Q = 10 ym’/c — 0,228 m’/c, unu 2,3 %. Ionyuennvie pe-
3YIbmMamyvl C8UOEMeNbCMBYION O HE3HAYUMENbHbIX DUIbMPAYUOHHBIX NOMEPAX U3 KAHAA,
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