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1. BBEJIEHHE

BBesieHHE OBBIIIIEHHBIX TpeOOBaHHUI K TEILIO3AIINTE OTpakJarolUX KOHCTPYKLUH
[1] mpuBeno k pasBHTMIO KOHCTPYKTHBHEIX pEIIeHMH ¢ IPAMEHEHHEM 3¢ deKkTUBHBIX
TCIUIOU3O0JIAMOHHEIX MaTepraioB. K HOBBIM OTpa)kHAIOIAM KOHCTPYKIHAM OTHOCSTCS
TEIUIOM3OJIMONHEIE  HaBecHble ¢acanubie cucteMsl (H®C) ¢  BeHTHIMpyeMoii
BO3YLIHOHN IIPOCTIOHKOIA.

Orpaxaromme KOHCIPYKIMH ¢ BEHTHIMPYEMBIMH BO3YLIHEIME ITPOCTIONKaMH
AaBHO HCIIONBb30BATMCh NpPH CTPOMTENBCTBE 3AaHMi. IIpuMmeHeHHe BEHTHIMpPYeMBIX
BO3/IyIIHBIX MPOCIOEK HMENO ONHY U3 CHeIYIOMNX Leeit:

- HOpManusauus BJIaXXHOCTHOTO PeXMMa OTPaXJalOIUX KOHCTPYKIUIA, KOTOpHIE B
CHTy OCOGEHHOCTEH MX 9KCIUIyaTalMM XapaKTepPU30BAIMCH MOBBIIICHHBIM
BJIArOHAKOTUICHHEM (HallpuMep, CTeHBI IPOM3BOACTBEHHBIX 3JaHHI C MOKPBIM
PEXUMOM);

— TPCAOTBPAIICHHE IIE€pErpeBa KOHCTPYKUMA CONHEYHOH paguandeil (Hampumep,
COBMEIEHHBIE ITOKPBITHS );

~ 3alHTa KOHCTPYKIMH OT YBIAXKHEHHs aTMOCHEPHOU BIIaroi (KOCEIMY TOXKIIMHU).

OcHoBHast wemb, C KOTOPOH B HAacToslIee BpPeMS IPUMEHSIOTCS (H®C) ¢
BEHTUIMPYEMOH BO3MYIIHOW IPOCITOHKOH — INOBBIIEHHE O YPOBHS HOPMATUBHBIX
TpeGOBaHUH TEIUIO3AIMTE OrPaXAAIONIMX KOHCTPYKIMM 3MaHMM C HOpMaJIbHBIM
TEMIICPATYPHO-BIKHOCTHBIM ~ PeXXUMOM. OCHOBHEIMH ~ OTJIMYMSAME — KOHCTPYKIMiA
coppeMeHHbIX H®PC or fgaBHO H3BECTHBIX CTEH C BEHTHIHMPYEMOH BO3ZYLIHON
IPOCJIOHKOM ABASETCA HANMYMEe MOLIHOTO TEIUIOM3OSIHOHHOIO CIIOS, METALIHYEcKOM
TOAKOHCTPYKIME H OOJHLOBOYHOTO CIIOS, OMpPENENSIOWEro apXMTEKTYPHEI OOIHK
3manKs. Ecnu CTeHbl ¢ BeHTHIHpYeMOHl BO3LYHIHON MPOCIOHKOM IIPUMEHSIUCE B
Majlo3TaXHBIX 3AaHuAX, HOC npuMeHSIOTCS M B MHOTO3TaXKHBIX 37@HUAX BHICOTOH B
ACCATKA METPOB, YTO TAKXe ONpPeNeNIeT ClIeIUPUKY UX IKCILTYaTal[MOHHBIX CBOICTB.

HaxomeHHBI# ONBIT POEKTHPOBAHKS, CTPOMTENBCTBA H SKCIUTyaTawur HOC s

MHOTOST&XHBIX 3JaHMH NPUBEN K pa3paboTKe METOOB OLEHKM WX TEeIIOMH3MUECKUX



CBOHCTB C JaCTHYHBIM Y4ETOM a3pOJMHAMHYECKUX 3DEKTOB B BO3AYIIHOMN MPOCIOiiKe
Ha CTaJuu OIpoeKTHpoBanus [2-11].

B cBsisu ¢ 06cyxeHreM BOmpoca 0 HEOGXOAMMOCTH YCTAHOBKH BETPO3AIIHTHOMN
nneskd B KOHCTpykuuu H®C BosHuKIa He0GXOAMMOCTh 6ojiee BHHMATEIHLHOIO
PacCMOTPEHHMs NPOLIECCOB, IPOUCXOLIUX B BO3MYIIHOH MPOCIONKe KOHCTPYKIHH [12,
13]. OmHuM W3 apryMeHTOB B IOJIb3y YCTAHOBKHM BETPO3AIIUTHBIX IUIEHOK SBIAETCS
BO3MOXXHAS SMUCCHS BOJIOKHA, KOTOpas OOBACHAETCS CIENYIOIINMH COOOPaKCHUSIMH.
Ilpy JBWKEHHH BO3yXa BIONB IIOBEPXHOCTH MHHEPAIBHOM BATH, HE 3alUIICHHON
BETPO3AIMTHOH  IUICHKOH, HA  IIPHIIOBEPXHOCTHBIE  BOJIOKHA  JeHCTByeT
a’poMHaMHU4eCKas CIJIA, BBI3BIBAKOIIAA HAPSKCHUA PACTSHKEHHs] B CEUEHUH BOJIOKHA H
KacaTeNbHbIE HANPSKCHUS B KalelbKax CBA3YIOLIETO, KOTOPOE 3aKpeIUIAeT BOJIOKHO B
Marepuane. BeiencTBie HapacTaHus yCTAOCTHBIX SBIEHHH BOJOKHA MOTYT OTPBIBATHCS
Y BBUIETAaTh U3 BO3AYIIHOH MPOCIOWKH. DTO SBIE€HHE M HONYYHIO Ha3BaHUE «IMUCCHS
BOJIOKHAY [14, 15]. Teoperudeckuii u skcnepuMeHTanbHE onbrr HUM mexanuxu MI'Y
MCCIENIOBAHUH NPOOIEMBI SMHUCCHH BOJOKOH M3 MHHEDaIBHON BaThl Jler B OCHOBY
HallHOHATIBHOTO CTaHJapTa «Martepuanbl W W3JeMs TEIUION30/IAIMOHHbE. MeTomsl
ONPEJIEIICHAS XapaKTEPUCTHK SMUCCHH BOJIOKOH IPH 001yBaHHUHU BO3ayxXoM» [16].

Hacrosimee  3akiodeHHe  NOCBAIICHO  ONHCAHMIO  3KCIEPHMEHTATBHBIX
uccnegoBanuit mo wmeroguke I'OCT P 56732-2015 [16] sMHcCHH BOJNOKHA W3
MHHEPATIOBATHBIX TETUIOM3OJISIIIMOHHEIX u3aenuil npousBoactea AO «M30POK» mocie

HCKYCCTBCHHOTO COCTapHBaHMSI.



2. MATEMATHYECKASI MOJEJh 5SMHCCHH BOJOKOH W3
MUHEPAJIOBATHBIX TEIION3OJISIIIAOHHBIX MATEPHAJIOB

2.1 Hcxonnoe ypaBHeHHe MATEMaTHUYECKOH MONEJH 3MHCCHH BOJOKOH M3
MHHEPATOBATHLIX TEILUIOH3OISIMHOHHBLIX MATEPHAIOB NpPH HX 00IyBe cCTpyeii
BO31yXa

IIpy IBMXKEHHH BO3JyXa BIOJb MOBEPXHOCTH BOIOKHHUCTBIX TEILTOM30MAIMOHHBIX
MaTepHanoB (MHHEPAaNbHOM BAThl) Ha IPHIOBEPXHOCTHEIE BOJIOKHA NEeHCTByeT
a3pOTMHAMHYECKasl CHUJIa, BEI3BIBAIONIAs HANIPSXKEHUS PACTSKEHUS B CEYEHUH BOJIOKHA H
KacaTeJIbHBIE HaNpsDKEHHS B KalelbKax CBA3YIOIIEro, KOTOPOE 3aKpeIUIseT BOJIOKHO B
MaTepuane. JTH HaNpsDKEHHS IPOTIOPLUOHATBHEI CpellHell CHle a3pOXHHAMHYECKOrO
BO3IGHCTBHA. B ciydae, KoT/la II€JIOCTHOCTH CBS3YIOMIEro HApPYIIEHa, OCTAETCS CHIA
CUCIUICHHS: BOJIOKOH B Marepuane. Cuia CLEIUVIGHHS BOJOKOH B MaTepuane
NPONIOPLAOHANBHA YIIPYTOH CHJIe KOHTaKTa NepeIlIeTeHHBIX BOJIOKOH B CIIO€ MaTepHana
1 K03 duIHEeHTaM TPEHHS (CyXOTO U BI3KOTO).

AdponMHAMHMYECKas CHJIA  COAEPIKHT KBa3sUCTAllMOHAPHYIO (CPEIHIOI) M
IyIbCAllHOHHYIO cocTaBiistonIue. CpefHsas COCTaBISIONIAS a3pOAMHAMUYECKON CHIIBI
IPONIOPLHOHANIEHA HEKOTOPOH CTENeHH CcpefHeil ckopoctr moToka u. IlynscanuoHHAs
COCTaBILIOMmAs — CBA3aHA C XAOTHYECKUMH TYpOYJICHTHBIMH IIyJIbCALUSIMH, KOTOPHIE
BCEITia NPUCYTCTBYIOT B IIOTOKE BO3/yXa OKOJIO HIEpOX0BaToii moBepxHocTH [17, 18].
OCHOBHO# XapaKTepUCTHKOM TypOyIeHTHBIX IMyJIbCAllMi CKOPOCTU MOTOKA SBIIAETCS UX

HUHTEHCHBHOCTb, /, M/C, KOTOpasi OLIpe/IeNAeTCs BEIPaKEHAEM [19, 20]:

2k
I=_|——, (2.1)
3p
TAe k — 9Heprus TypOyTeHTHBIX MyJbcaluil B eunmIe o0beMa, Jhx/M>,;
p — IIIOTHOCTH BO3AyXa, KI/M°.
HacroTa TypGyNIeHTHBIX MyJTbCalkii H3MEHAETCS B IIMPOKOM JINANa30He CIIEKTPa.
ITO MOXKET BHISEIBATE PE30HAHCHBIE ABJICHHS B YIIPYTO CLEILIEHHBIXK BOJIOKHAX, 3aCTABIIAA
MX BHOPHPOBATH, 4TO NOIKHO CHIDKATH CpeHHi Ko3QMHIHUEHT CyXoro TpeHus. B menom,

CHNa CUETUICHMs (CHABArOBas NPOYHOCTH) B IPHIIOBEPXHOCTHOM CJIO€ MAaTepHaNa B

YCIIOBUAX JHHAMHYECKOTO BO3MCHCTBHMs TYpOYJNEHTHBIX MyJIbCAllMi [OIKHA OBITh

7



SHATMTEIPHO HIKS, 4€M IPH CTaTHYEeCKOM HarpyxeHuM [21]. B To xe BpeMs, ueMm
MEHBINE CUIIBI CLCIIICHAS BOJIOKOH B MaTepuaie, TeM Gomblle ux smuccus. Kpome Toro,
o7 IeHCTBHEM BUOpaluii B BOIOKHAX MAaTEPHANa U B CBA3YIOLIEM MOT'YT HaKaIlIMBaThCH
YCTAJIOCTHBIC TOBPEKICHUA, CHIKAIOINE CHIIy CLEIUIEHHd BOJOKOH. IIpuGImKeHHO,
CYMMapHBIH BKIIa[ IEPEYUCICHHBIX 3(Q()EKTOB NPOIOPLUOHATEH HHTEHCHBHOCTH
NyJbCAIMA a3pOAUHAMHYECKOM CHIIBL.

Ha ocHoBanuu 3THX HONOXeHMH MaTeMaTHuYecKas MoJelb IpoLecca 3MUCCHH
BOJIOKOH MOXKET OBITh ChopMymHpoBaHa CileayromuM oGpazoM. [LIOTHOCTH MOTOKA

OMHCCUH BOJIOKOH MaTepHaia j , KI/(M? ¢), ONMChIBAETCS ypaBHEHHEM:

1 dm
F_ 2.2
J Adz’ ( )
) 1 dm Py I F
=T _ KM ° “a 2.3
I F. (2.3)

s
TIe m — Macca MccleyeMoro obpasia, Kr;
Z — BpewMs, C;
A — nnowans obpasia, 06/1yBaeMas IOTOKOM BO3AyXa, M2;
Puy— INIOTHOCTH UCCIIEAYEMOTO MaTepuana, Kr/m>;
F,— cpenHsis cuia adpoMHAMHUYECKOTO BO3/ISHCTBHS BO3/lyXa HA IPUIOBEPXHOCTHEIE
BOJIOKHa, H;
I — MHTEHCHBHOCTE TypOYIEHTHBIX MTyJIbCALIH, M/C;
Fy — cpepusisa cuna clerieHns BoNOKOH B MaTepuaie, H;
K — OespasmepHsrii mnapameTp mnoAo6Hs, OmpeneNseMbIi reOMETPUIECKHMH,
MEXaHUIECKUMH M QU3MIECKUMHU CBOHCTBAMY CTPYKTYpHlI MaTepHala U IIapaMeTpoB

OKpPY2Karouie cpebl.

2.2 BulBOoJ YpaBHEHHS 3MHCCHH BOJIOKOH M3 MHMHEPaAJIbHOH BAThI
AsponuHamuyeckas cuia F, CKIaabiBaeTcs U3 NOMIEPEYHON CHUIIBI CONTPOTHBIICHHUS
F, v mpononsHO cHitsl TpeHus F;
F,=05 p.uj-cos’0-6-1-C, ,
F,=05-p-uj-sin*0.-z-86-1-C_, (2.4)
8



rje O — INIOTHOCTH BO3AYyXa, KI/M-;
19 = u(hg), u — CKOPOCTB NIOTOKA BO3AyXa B IIOTPAaHHIHOM CJIOE, M/C;
ho — TONIIMHA aKTUBHOTO CJIOS, B KOTOPOM IIPOHCXOINT B3aANMOJIEHCTBHE BOJIOKOH C
BO3YIIIHBIM TIOTOKOM, M;
0 — yron MexIy BOIOKHOM HAlIPaBIEHHEM CKOPOCTH IIOTOKA, Pa.;
O — CpeIHAA TONILMHA, M;
[ — cpeanss nMHA BOIOKOH B MaTepHale, M;
C: C; — GespasmepHBIe KO3Q(HUIMEHTH a3POLHHAMIYIECKOTO CONpPOTHUBJIEHHS H
TPEHHUs, 3aBUCAIIME OT Yucen Pelinonbaca Res 1 Re; COOTBETCTBEHHO:
Re;=p-u-8/p, Re =p-u-l/p=Resl/s, (2.5)
A€ 1 — IMHAMMYECKUA KO3 (UIMEHT BI3KOCTH BO3MyXa, KI/(M c).
IIpu pacrionoxenuu BOJIOKHa NOTIEPEK MOTOKA (6 = 71/2) TOMUHHPYIOLIEH ABIseTCS
CHJa CONpPOTHBIEHHUS F), DM OTKIOHEHHWH BOJOKHA BJONb MOTOKA, IIPEBANMPYET CHIA
TpeHus Fr. B obmieM ciyuae BOJOKHO COBEpINAeT YITIOBbIE KOJNEGAHHS H CpeiHee
3HAYCHUE a3POAUHAMUYECKON CHIIBI C YY€TOM BhIpaXKeHHH (2.4) MOKHO OLICHHTD KaK

2 /2

F, = J-(FP+FT)d0=O,25-p-u§-5-L-(Cx+7r-Cf). (2.6)
1]

x
Ilpu xapaxtepHod Tommumee BomokoH 0,005+0,01 MM H CKOpPOCTH mOTOKA
0,3+30 M/c ¥ HOpPMaNBHBIX aTMOC(EPHBIX YCIOBHIT paGoYMM IMANa3oHOM H3MEHCHHS
uucna Peitnonbaca seusiercss waTepBan 0,1 <Re <20. CorsacHo 9KCIEPUMEHTATBHEIM
AQHHBIM JUIs COIIPOTUBIICHHMA LUIHHAPOB [36], xoaddurmment comporusnenus C, B
BRIpaXKeHHH (2.2.4) usmensercs npu 0,/ <Re; < 2() 6onee geM B 10 pa3s U ero MOXHO
alIPOKCHMHUPOBATE SMITUPHICCKON CTENEHHOM 3aBHCHMOCTEIO (pHC. 2.1):
C,=12,8-Re;*®. 2.7
KosddurmenT Tperus MoxxHO OLEeHUTS 1o Gopmyite [22]:

C, =0,074-Re;** =0,074-(5/ L)** -Re;>?. (2.8)



30 C,{=12,8-Re'0’65

20 -

10

0 : @

0 5 10 15 20 Re

Prc. 2.1 3aBrucumMocTs K03¢ GHIEEHTa CONPOTABICHAS IHIMHAPHIECKOTO BOJIOKHA OT YHCIA

Peiinonbzca [20] (Touku — sKCIIepUMEHTANBHBIC NAHHKIE, KPHBAS — CTENICHHAS aTIpOKCAMAITHS )

B pesynstare (2.5)-(2.8) monyuaem:
F,=0,25-p-u;-5-L-(12,8-Re;**+0,23-(5/ L)** -Re;>?). (2.9)
st paccMaTpuBaeMoro auanasona umcen Peiinombica 0,/ <Res < 20 BTOpOE
CllaraeMoe B CKOOKax IpeHeOpe)uMO Malo 10 CPaBHEHHIO C TEpPBEIM, MO3TOMY
OKOHYATeJIbHOS BBIPAXKEHHE JUIs a9POAUHAMHYECKOH CHITbI F, IPUHUMAET BHJ;:
F,=32.-p-ul-5-L-Re;>®. (2.10)
WHTeHCHBHOCTE TypOYJNEHTHBIX ITyJIbCAalMii B MOrPAHMYHOM CIO€ BBIPAXKAETCS

dopmynoii [Tpanaris [23]:

[=1-1% L =x-y, 2.11)

IJie y — KOOpAMHATA [10 HOPMaJIK K HOBEPXHOCTH MATEPHAIa, M;
[; — mnvHa My TH TIepeMeNMBanus TypOyIeHTHOTO TIOTOKA, M.
YuuthiBas CTENCHHOH XapakTep paclpelesieHHs CKOPOCTH B TypOYJIEHTHOM
ITOTPaHUYHOM CJI0€, MOXKHO 3aIIUCaTh:
1
LA (Z) : (2.12)
U \h

MHTeHCHBHOCTD TypOyNeHTHBIX IIyJIECALIAH MOXKHO BHIPA3HTh (hOPMYIIONL:

10



=%, (2.13)

n
rae n =3 +7 — XapakTepHCTHKA HAIOIHEHHOCTH PO(UIII TypOyIEHTHOTO IIOT'PaHUYHOTO
crost; K =0,4 — nocrosuHas Kapmana (6e3pazmepras);
h — XapaKTepHasl TOMIMHA MOTPAHKIHOTO CIIOS, M;
U — cKopocTh IOTOKA BO3/yXa BHE HOMPaHHIHOTO CIIO, M/C.
Honcranoeka B (2.3) Beipaxenuit (2.4), (2.5), (2.10) u (2.13), a 3arem (2. 10) u
(2.12) mpuBOIMT K CHEAYIOIIEMY BEIPAXEHHIO IS IUIOTHOCTH IIOTOKA SMUCCHIL:

1 dm _ g Pu IF, _ g Pu w-u(hy)-3,2- pru(hy)’-8-1-Re™®®

A dz Ff Ff'n

2 2,35
K.UI.M.(#J ‘(Rel)z’”-(%) " .,,M.(E]

Fi-n E

(2.14)

3pecs yureHo, 9To cornacHo (2.5), (2.12):

u=u(hy)=U(h,/h)"'",

1n\-0:65 -0.65 0,65
e (228 (008 (1) (0T 1)
U r U\ h U h

Re; — HoMuHanBHOE ynCIO PeiiHonbaca, BEraucnenHoe o ckopoct U;=1 m/c:

Re=p-U,-8/u. (2.15)
CrnenoBatensHo, ypaBHenue (2.3) ansd INIOTHOCTH MOTOKA SMHCCHH BOJOKOH
[IPUHUAMAET BUL;

2,35
1 dm U
=———=y-p, | = , 2.16
JET sz(U]J (2.16)

T1e % - KOOQOUIUEHT SMUCCHH BONOKOH, M /¢ , OTIPEEIIAEMBIil BEIPaXKEHUEM:

2,35

2 et
32.x-p6-L [ pu 2,35 hoj "
“K.U. . . . J 2o . 2.17
¥ U, Fon (p-&) (Re,) (k ( )

VYpaBHenue (2.16) sABaseTcs ypaBHEHHEM SMHCCHH BOJNOKOH. OHO HMeeT SICHBIH,
(usnyecKn OOBICHUMBIN BHI, HEMOCPEICTBEHHO TOKA3BLIBAIOIIHI IIPONOPLMOHAIEHOCTD
IIOTOKa SMUCCHH BOJIOKOH CKOPOCTH IMOTOK2 Bo3myxa B crenendu 2,35. Koshdwuument

SMHCCHH BOJIOKOH, ) 3aBHCHUT OT psana (baKTOPOB, Cpe€aH KOTOPBIX MOXXHO BBIACIIUTE:
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— (u3MKO-MEXaHHYECKHE XapaKTEPHCTHKM BEIEeCTBa, M3 KOTOpPOTO  CHEJIaHbI
BOJIOKHA;

— OTHOCHTEJIbHEIE T€OMETPUYECKUE PAa3sMEPHI BOIOKOH;

— K03(QHIUEHT U3rHOHON YIPYrocTH BOJIOKOH,

— KO3 (OULHKEHT TPEHHA BOJIOKOH APYT O JPyTa;

— XapaKTEepHUCTHUKH CBA3YIOIIETO;

— OTHOCHUTENBHYIO TONIIKHY HNPUIIOBEPXHOCTHOTO CJIOSI BOJIOKOH, YYacTBYIOIIHX B

OMHCCHH.

2.3 Ouemca IMHUCCHH BOJIOKOH M3 BOJIOKHHCTBIX TENJION30/IAIHOHHBIX MATEPHAJIOB
HA MX TEeIJI0O3alllHTHLIE CBOHCTBA

BivisHre 3MHCCHE BOJIOKOH M3 BOJNOKHHCTHIX TEIUIOM3OJSLHMOHHBIX MaTepHualioB
OyIeT CyIEecTBEHHO TOJILKO B TEX OTPaXKHAOIIAX KOHCTPYKIMSAX, TA€ IOBEPXHOCTH CIIOS
yTenurens (MHHepalbHOM BaThI) oGxyBaeTcsi cTpyell Bosmyxa. OCHOBHON THN TaKuX
OTpaXX[aroLUX KOHCTPYKIMH, ITMPOKO HCTIONE3YEMBIif B COBPEMEHHOM CTPOHTENIHCTBE —
370 HaBecHbIe pacanusie cucremsl (HPC). [TosToMy OLEHKY H3MEHEH S TEMIO3AITUTHEIX
CBOHCTB BOJIOKHHCTBIX TETLIOU3ONAIMOHHEIX MATEPUATIOB 11eeco06pasHo IIPOBOJIUTH Ha
HPUMEPE UCTIOIBb30BaHM MUHEPaNIOBTHOTO yretuuTens B HOC. ITpu sxcrunyaTtamyun HOC
B TCUCHUEC MHOI'MX JIET, IPOUCXOAUT 3MHUCCHS BOJIOKOH M3 TEIIOU30ISIIHOHHOIO CJIOM.

YpasHeHHe (2.16) 1103BONsET BHIONIHATE PACYET CYMMAPHON SMHUCCHH BOJOKOH C
TIOBEPXHOCTH YTEIUIMTENA 3a M0G0, Harlepen 3amanHblif cpok, 4T, B TOM 9uCIE 3a CpOK
cityx661 HOC. Cpok ciyx651 HOC 0661980 npuauMarot A7 = 50 et [14, 15].

Brayase IpoBoMTCs pacyueT 3MHUCCHH BOJOKOH 34 OJMH roj. Takoit pacdeT MOXeT
IIPOBOIUTECS ABYMS CIIOCOOAMMU:

— OLCHKOH MaKCHMAaIIbHOH 3MHICCHH 3a IOJ IPH MaKCHMANbHO JOCTHKHUMOMN 33 rop

CKOPOCTH JIBIDKEHHMS BO3JyXa B IIPOCIIOKe;

— CYMMHpPOBAHHEM SMHCCHH BOJOKOH IPH CPEAHEMECAYHBIX 3HAYEHHAX CKOPOCTH

JBHXXCHHS BO3[lyXa B IIPOCIIOHKE.

B 1epBoM ciryuae oLeHKa CyMMapHOH 3MHCCHH BOJOKOH C OIHOTO KBaJpaTHOTO

METpa yTEIUIUTENs 3a r0J| BRINONHAETCS 110 hopMye:
12



2,35
(AM) _ =(365-24-3600)- 1 - p,, ("(H}—“J . (2.18)

1

Bo BTOpOM citygae cymMmapHas SMMCCHS BOJIOKOH C OJHOTO KBaJpaTHOIO METpa
yrennureinss AM L: Ay 3@ TOJl PACCUHTEIBAETCA 10 hopMyIe:

12 2,35
(AM)_, =(24-3600)- 7 py, - > [%] .z, |, (2.19)
i=1 1

rae AM| _ — cyMMapHas SMHCCHS BOJOKOH C OJHOTO KBJPATHOTO MeTpa yTeITUTeNIS 3a

roJ skciuryatamuu HOC, kr/m’rox;
Z; — MPOJIOIDKMTENBHOCTE MecAIla B CyTKax.
Pacyer mo popmyie (2.19) aBisercs Gonee TOYHBIM, OJHAKO ONEHKA CYMMApHOH
3SMHCCHH BOJIOKOH 110 (2.18) o6magaer 6oibInell HaqeKHOCTBIO.
CymMmapHast SMACCHsi BOJIOKOH C OJHOTO KBaIPaTHOTO METpa YTEIIUTENS 33 CPOK
dKCIUTyaTalllK (acaga MOKHO PacCUUTaTh 0 GopMyIie:
(AM)_,, =AT-(AM) . (2.20)
HomydenHoe 3Ha49eHMe CyMMAapHOH 5MUCCHM BOJOKOH 3a CPOK SKCIUTYaTalldH

(haca/ia [I03BONIAET PACCUUTATh H3MEHEHHe CONPOTHBIEHHUS TeIIoNepeNade OrpaxIeHus,
AR, , M*°C/BT, K KOHIy CpOKa SKCTLIyaTal[HH (acaja BCIeACTBHE H3MEHEHH S TOJIIIIHb

CJIOS MHHEPAIIbHOM BaTh 10 Gopmyite:

g Ao (M), 2.21)

TZie A — pacueTHas TeIUIONPOBOJHOCTH MUHEPAILHOH BaTkl, BT/(M-°C).

B ¢opmyne (2.21) He yuTeHa TeIOTEXHMYECKas OTHOPOTHOCTh KOHCTPYKIUH.
DaKTAYECKH DPACCUMTHIBACTCA H3MEHCHHE CONPOTHMBIEHHS TerUonepenade IO IVaau
KOHCTpYKIHMHU. [lisi pacyeTa usMeHeHHs Kod(ULKeHTa Teruionepeaayl KOHCTPYKIUH
MCIIONB3YeTcs pOopMyJia Il pacyeTa NPHBEASHHOTO CONPOTHBIEHHS TEILIoNepe[ade 3
[1], Ha ocHOBaHMH KOTOpOH WoONyYaeTcs (OpMyTa Ui pacdera W3MEHEHHs

K03hOHLHEeHTa TeIUIonepeaayH:
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1 1 1 1 AR AR
AK = ———— |~ e N (2.22)
Ro,l Ra,2 Ro,l - AR ‘Ro,l (Ro,l - AR) : Ro,] (Ro,l)

JOImyCTUMOCTS HPOTHO3UPYEMOI SMHCCHH BOJIOKOH 34 cpok ciyx6s1 HOC, moxer
ObITh  oOmlpeleleHa HAa OCHOBAHHHU JAOMyCTAMOTO  CHHDKEHHS  CONpPOTHBIEHHS
TeIUIOIEpeNiade KOHCTPYKIMH 32 CPoK sKcrutyatanun HOC. B kagectBe Takoro kputepus
NPEIUIOKEHO NPHHAMATE JOIYCTUMOE IOBBIIEHHE KOdGbOuIMeHTa TewIonepeadn
creHsl ¢ HOC Ha 5%. Takoe nossiuenue ko3¢ guipenTa TeIuIonepeaady Ha 5% BEIOpaHo
H3 IIPUHUMAeMOro IpyA IIPOEKTHPOBAaHHHM CHCTEMBl OTOILUIEHMS 3alaca Ha
aBToperyiiposanue. Torza xpuTepuil NOmyCTHMOro NOBHIMEHHS Ko3(hdHUIMEHTA
Temiornepenadn creHsl ¢ HOC 3anmuceIBaeTcs B BUE:

AK
—<0,05. .
= <0 (2.23)

TTockomsKy 3Hauenue K s paccMaTpHBaeMBbIX KOHCTPYKIHii coctasiser 0,5 — 0,3
Bt1/M%°C, TO U3 (2.23) cnenyer, uro AK <0,025-+0,015, B cpenHeM AK <0,020 Bt/(m%°C).
Orcroma u U3 (2.22) criexmyer, YTo NPHHATHIN KPUTEPHil JOMYCTHMOTO CHHXEHUS AR,
WMeEeT BHL:

AR} <0,02-(R,,)* ~0,2 (M>°C)/Br. (2.24)

T.e. npu 3HaYeHMH NMPUBEIEHHOIO CONPOTHBIICHUS TEILIONepeiaye KOHCTPYKLHAK
paBiom mpumepHo 2 — 3 M*°C/BT, OOMycTHMOE CHIDKEHHME 3HAYEHHS 10 TIWIalH
KOHCTPYKIIHH cocTaBlseT AR =0,2 M*°C/Br.

Takum o6pazoM, mpoBepka TNPHUrOJHOCTM IO SMHCCHM BOJOKOH I3
MuHepanoBaTHOH MwinuTel B HOC cBoputcs k pacuery 3madenms AR, m2-°C/Br, no

dopmyne (2.21) ¢ mocnemyromel IPOBEPKOH, ITO OHO MEHBIIE HITH PaBHO 3HAYEHHIO

AR”" = 0,2 M*°C/BT.

3 IKCIIEPUMEHTAJIBHASI YCTAHOBKA TIIO ONIPEJAEJEHUIO
IMHUCCHAN BOJIOKOH n3 MHUHEPAJIOBATHBIX
TEIUVION30JISIIMOHHBIX MATEPHAJIOB
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i1 3KCHEPUMEHTATbHOTO HCCIENOBAHMS OMHCCHH BOJNOKHA W3 IUIAT U3
MHHEPAJIOBATHBIX TEIUIOM30JALIMOHHBIX MaTepHaloB, npuMeHstommxcs B HPC, mo
Meroguke I'OCT P 56732-2015 [16] OblTa pa3paboTaHa M H3rOTOBICHA
SKCIEpUMEHTaNbHas ~ yCTAaHOBKA, MpeJCTaBIMOmas coboii  kopo6 B  dopme

IIPSMOYTOJILHOTO Napajuienenunena (puc. 3.1).

= = -
— = [ —_
- = H

Puc. 3.1 Cxema kopo6a i 9KCIIepEMEHTAILHOR YCTAHOBKH JUTS HCCIEA0BAHMS SMACCHH
BOJIOKOH M3 MHHEPAIOBAaTHBIX IUIHT

Kopo6 BrinonHeH u3 BiarocToikoit dbaneps! TommmHON 21 MM M MMeeT pasMepsl
1,80 x 0,70 x 0,2 m. IIpu npoBefeHNN 3KCIEPUMEHTA SIMAK HAXOAUTCS B MOJOXKEHHH,
xorza ero rpanu 1,80 x 0,70 M pacmosoxeHs! rOpU30HTaNBHO. B TopueBoit rpanu 0,70 X
0,2 M BbmonHeHa menb A 3abopa Bo3jyxa. B NpPOTMBOIONOXKHYIO IpaHb SIIMKA
BMOHTHPOBaH BeHTWIATOP BP 300-45 Ne2,5, xoTopslii npu nmpoBeieHAN SKCIEPUMEHTA

obecreunBaeT BEITAKKY BO3/yXa U3 IPOCTPAHCTBA AMMKa (puc. 3.2).
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Puc. 3.2 BeHTHIATOP, BMOHTHPOBAHHEIA B 9KCIIEPHMEHTAIBHYIO YCTaHOBKY

CkopocTh BO31yXa, OMBIBAIOLIIETO TIOBEPXHOCTH 0GPA3LoB PETHCTPHPOBAJIACH IIPH
IOMOIIA TEPMOaHEMOMETPOB Testo 425 MTaHTrOBBIE 30HBI KOTOPEIX BBICTABJISLINCE HAJI
HOBEPXHOCTEIO 0OPA3LOB C IIOMOIIBIO COOTBETCTBYIOINMX TEXHONOTHUECKHX OTBEPCTUH B
OOKOBEIX CTEHKaX YCTaHOBKH.

KoHcTpyKums ycTaHOBKH IIO3BOISIET PEryTMpPOBATh CKOPOCT 00yBa MOBEPXHOCTH
00pa3LoB, B mpelenax a0 25 M/c B CedeHHH, OIIyCKaHMeM BepxHed Kpoimiku. s
obecnieyeHnss pPaBHOMEPHOCTH MOTOKA BO3JyXa Hal NOBEPXHOCTBIO HUCCIIEAYEMEIX
00pa3LI0B KOHCTPYKIIHA BO3/yX03a60PHOM IIENTH BBIIOIHEHA B BU/IE ILIABHOTO IIEIEBOTO

xoH(y3opa (puc. 3.3).

Puc. 3.3 Bosnyxo3abopHas mens s5KkCHepHMERTAIBHOM YCTaHOBKH
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4. IKCIHEPUMEHTAJLHOE ONPEAEJEHUE YMUCCHU BOJOKOH
4.1 Iloaroroska k HcnbiTaHnsiM. MlcKyccTBeHHOE COCTApHBAHHE o0OpasnoB

Ha wcoerranus  Oeuto  mpemocTaBneHo 6 MapoK  MHHEPAIOBATHEIX
TETIOU30JIIMOHHBIX H3/ieui npoussoicTsa AO « M30POKy: U3omnaiit, M3omnaiiT JToke,
Mzosent CJI, M3oBent-JI, M3oBent, I111-80. Bbliy HCIBITaHE IO 184 obpazua Kax;1oii u3
IuT. Pasmepsl Bcex o0pasuoB cocraBisuin 250x250x50 mm. CpenHue ITOTHOCTH

00pasloB, H3MEPEHHBIE Nepe]] TIPOBEeHHEM MCCIIe0BAHMI, IIPENCTABIECHE! B TabuIe

4.1.

Taba. 4.1 IlnotHocTr 06pa3ioB UCTIBITAHHBIX MAPOK MHHEPANOBATHBIX H3IEIHI

Mapxka u3nemis IL1oTHOCTB, CpEeAHSA IO IBYM 06pasLaM, py, KI/M-
Wzonaiit 50
N3onaiit JIroxc 60 |
Wzosent CJI 75
H3oBent-J1 80
H3oBeHT 90
I1I1-80 86 |

Ha mepBoM 3Tame mNpoBOAMIOCE HCKYCCTBEHHOE COCTApPHBAHHE OOPA3NOB
HCCIIEeyEeMbIX MAaTEPHAJIOB.

OO6pas1b! yBIaXHAIH 10 3HAYEHUH BIaXXHOCTH oT 10 % 1o 20 % no macce, 4To B
HECKOJIbKO pa3 MPEBBIIIAT0 MaKCHMAJbHYH COpPOIHOHHYIO BIa)XHOCTh MAaTEPHAJIOB.
3aTemM 06pa3Lis! IIOTHO 3aBOPAYHBAIH B [IOJUITHIEHOBYIO IUICHKY.

B Ttakom cocrosHuM o6pasusl moxgBepramuck 100 HEKIaM 3aMOpaKHBAaHUA —
OTTaMBaHMUs B KIMMAaTHYECKOW KaMepe. 3aMOpaKUBaHHE IPOMCXOJUIIO B T€UeHHE He
MeHee 6 4 npu temneparype (-20 £ 2) °C. OTTauBaHue — B TeueHHe He MeHee 6 4 IIpH
Temiepatype (20 £ 2) °C.

Iloce NpoBeNeHHUs IMKIOB HCKYyCCTBEHHOTO COCTAPHBAHMS ¢ 0OpasnoB Gbiia

yAaji€eHa INICHKAa, ¥ OHH HaXOAWJIMCh B KOMHATHBIX YCIIOBHAX B TCHCHHUE HELCIIH. 3a 310
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BpeMA OHH NPUHMMAIM BIIAXKHOCTB, COOTBETCTBYIONIYIO COPOLIMOHHON BIAXHOCTH (HE
npessiaromyo 1 % mo macce).
Taxum oOpasom, o6pasnbl GBUIE MCKYCCTBEHHO COCTAPEHHB! M IOATOTOBIEHBI K

IIPOBEACHUIO IKCIEPUMEHTA I OIIpCOCIICHHA YMUCCHHA BOJIOKOH.

4.2 Omnpepesenne SMHCCHH BOJIOKOH B IKCIEPHMEHTAILHOI YCTaHOBKe

OKCIIEPHMEHT MO ONpEEeHHIO YMACCHH BOJOKOH M3 MHHEPAIOBATHBIX M3/IEHil
Mzonaiit, Wzonaiir Jlioke, M3osent CJI, Usosent-JI, M3osenr, I111-80 6501 Hauar 7
despans 2019 roga u nmpogoimkancs 1o 20 Mas 2019 roga.

HcnbiTsiBeMble  06pasupl  GBLTH IOMEIIEHBI B KOpo® 3KCIEPHMEHTAIBHOM
YCTaHOBKM M 3aKpBITEHI CBEPXY KpbimlKod (puc. 4.1), mocime 4ero ycraHoBKa G6biia
BKmo4YeHa. Ilocne 24 4 paGoTel yCTaHOBKH Bee UCCIEMyeMble 06pa3bl GhUM B3BEIIEHb
1O HeThIpe pasa (Bropoe B3BemmBaHue). CpeflHee 3HAYEHHE MAcChl KaXIOro 06pasia 1o

YETHIPEM B3BEIIMBAHIAM OBLIO NPUHATO 3a HA4aJbHYHO Maccy obpasiia.

Puc. 4.1 YcTanOBKA ¢ 3aKPBITOM KPHIIKO# BO BPEMs HCIILITAHHE

Cpennsist CkOpoCTB 06/1yBa IIOBEPXHOCTH 0GPA3IIOB B TEUEHHE IKCIIEPUMEHTA Gbina
paBHOK 21 m/c. TemmepaTypa Bo3Iyxa B IOMEIIEHUH, TIe IPOBOIUICS 3KCIIEpUMEHT,
cocraBisina (22 + 2) °C. OTHOCHTeNbHAs BI&XHOCTE Bo3ayXa — 50 + 65%.

B npomecce mpoBeneHHs SKCIEPHMEHTa C MHTEPBANIOM B ONHY HEIENHO
IPOBOJIMJIUCH B3BELINBAHHS OOPA3IIOB, a TAKXKe U3MEPEHHE TEMIIEPATYPHl U BIAKHOCTH
BO3/lyXa B TOMEIICHHH.

XapakrepHblii BUJ 00pa3noB nocie 100 CyTOK MCIIBITAHMS HA SMHCCHIO BOJIOKOH

npencrasieH Ha Goto (4.2 —4.4).
18
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Puc. 4.2 Bun obpasnos H3omnaiit Jlroke mocie 100 cyToK HCIBITAHmMIA B YCTaHOBKE

Puc. 4.3 Bux o6pasuos Mzoeent nocne 100 cyTok MCIEITaHMIA B yCTAHOBKE

Puc. 4.4 Bun o6pasmos ITI1-80 mocne 100 cyTOK HCHBITAHUS HA SMHACCHIO BOJIOKOH
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ITo nomy4eHHBIM 3KCIIEPUMEHTANBHBIM JAHHBIM H3MEHEHHS MacChl o0pasmos
BEIYHCTIEHEI 3HA4YCHHS a0COMIOTHOTrO H3MEHEHH Macchl 06pasnos o hopMye:
Adm=m-my, 4.1)
IJie m — TeKyllee 3HaYeHHe Macchl 00pasna, T;
mo — HadalbHas Macca o0pasla, IIpMHHMaeMas [0 pe3yJbTaTaM BTOPOTO
B3BCIINBaHHUS, T.

Jlanee OBUIM paccYMTaHBl CKOPOCTH 3MHCCHH BOJIOKOH M3 06pasioB. Jis 3TOro
3HaYeHHus abCONIOTHOrO M3MEHEHHs Macc O6pasoB Am HAHOCWIACH Ha ILTOCKOCTB
KOOpAVHAT B 3aBUCHMOCTH OT BpeMeHH z. IIpumMeps! nocTpoenus ypaBHeHui THHEHHO
perpeccu 1 Kaxaoro 06pasia npuBeaeHs! Ha puc. 4.5-4.7. Ko HIuenTs! ypaBHeHUil
JTHHEHHO! PErpecCHy MPe/ICTABIAIOT COO0M CKOPOCTH SMUCCHH BOJIOKOH MCCIIEJOBAHHBIX

00pasIoB. 3HaUEHHU CKOPOCTEH SMUCCHH BOJIOKOH npeacTaBieHsl B Tadiuie 4.2.

UsonanT Jliokc

3
8
1]
2
@ ¢ Obpaseu 1
z
% W O6pasel, 2
=
(]
=

y1=-0,018x

-2

Bpems, cyr

Puc. 4.5 AGCOMOTHOE U3MEHEHHE MACCHI obpasnoB M3onaiit JIokc B mporecce UCIIBITAHUER
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U30oBeHT

3
]
1]
e
. ¢ Obpaszey 1
X
% m O6pasel, 2
2 @
= y1=-0,011x
: m
[
y2=-0,013x
qa L ! .

Bpems, cyt

Puc. 4.6 A6comoTHoe u3Menerne Maccsl 06pasiios M30BeHT B mponecce HCIBITaHMil

100

o |
2 |
4]
[
b3
¢ # Obpasev, 1
X
% m Obpasey, 2
2
(/]
= y2=-0,012x

16 Lo — __J . ! | y1=-0,015x

Bpemn, cyt

Puc. 4.7 AGcomoTHoe n3MerneHue Maccsl 06pasuos I1T1-80 B mponecce HCIbITAHMIR
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Tab.. 4.2 OnpenenieHEbIC 3HA9EHUS CPEIHUX CKOPOCTE SMHCCHE BOJIOKOH U3 o6pasnos

CxopocTh SMHCCHH Cpennsas ckopocTts
IInotHOCTS, Ne BOJIOKOH, i IMHUCCHH
Mapka u3nenus 3 .
cpennss, Kr/M° | obpasna 10 BOJIOKOH JJIsl MapKH, i,
107" xr/c r/cyt ‘10
10~ kr/c

1 1,97 0,017

W3zonaiit 50 2,31
2 2,31 0,02
1 2,08 0,018

W3zomnaiit Jroke 60 1,85
2 1,62 0,014
1 1,74 0,015

H3osent CJI 75 1,62
2 1,5 0,013
1 1,39 0,012

H3oBent-JI 80 1,5
2 1,62 0,014
1 1,27 0,011

H3zoBent 90 1,39
2 1,5 0,013
1 1,74 0,015

TTI1-80 86 1,56
2 1,39 0,012
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S. PACYET IMUCCHH BOJIOKOH IIPHA BO3MOXHOM
HCIOJb30BAHMM B HABECHOH ®ACAJHOW CHCTEME C
BEHTUJINPYEMOM ITPOCJIOMKOM

ITo nannevM Tabau1Er 4.2 GBUTH BEIYUCTIEHB! KOS()OUITHEHTH SMUCCHH BOJIOKOH JIJIsl

HCCIeyeMbIX Mapok. Pacyer mpowssonmics mo ¢opmyie, BEIBENEHHOH U3 (HOPMYIBI
(2.16):

A A-p,
U (5.1)
T
rae  y — KooQGHUIMEHT SMACCHH BOJIOKOH, M/C;
[ — CKOPOCTb 3MHUCCHH BOJIOKOH, KI/C;
A — nomanas obpasna MUHEPATOBATHOM ITHTHI, M2
Pm — IUIOTHOCTB 00pasiia MUHEPAIOBATHOM IIUTEI, KI/M>;
U - ckopocTs NoTOKa BO3AyXa, 06ayBaromiero obpase, M/c;
U) — HoMuHaNTBHAs CKOPOCTh IIOTOKA BO3/yXa, paBHas 1 M/c,
IpH crefyromux napamerpax: A = 0,0625 Mm% U= 21 m/c; py — COTIacHO 2-My CTONGLY

TabnuLE! 4.4; { — COMIACHO TOCIeHEMY CTONIOIY Tabnuus! 4.4.

Pe3ynpTaThl pacueToB mpeacTasieHsl B Tabm. 5.1
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Ta6a. 5.1 Kosppunuent smuccuu BOIOKOH

Mapka u3nenms Koaddumuent 3iv11‘1tzlccnn BOJIOKOH,
v 107 m/c
H3omaiit 5,78
Wzonaiit Jroke 3,85
Hzosenr CJI 2,7
WN3oBent-JI ’ 2,34
H3oBeHT 1,93
HH‘SO 2,27
|

OueHka cymMmapHOM 3MHCCHE BONOKOH ¢ OIHOTO KBajpaTHOrO MeTpa
MHHEPAJIOBAaTHOIO U3JeNus (IPY MAKCHMAIBHO JOCTHXHUMOM 3a FOfl CKOPOCTH JIBIKESHHS
BO3/(yXa B IIPOCIIOIKe) 3a roJi BRINONHsIAck o dhopmye (2.18).

CymmapHas SMHCCHS BOIIOKOH C OXHOTO KBaJpaTHOTO MeTpa MHHEpaJOBATHOI
IUIATEL 32 CPOK O3KCIUTyaTallid HaBeCHOM QacagHOil CHCTEMBI PacCUMTHIBANACH IO
dopmyne (2.20) ¢ yueToM TOTo, 9TO CPOK IKCILTyaTalldy HaBeCHO (acaiHol CHCTEMEI
NpAHUMAJICS paBHBIM: AT = 50 neT.

Paccuntannsie mo dopmynam (2.18) u (2.20) cymmapHas SMHCCHS BOJOKOH C
OZIHOTO KBaJpaTHOTO MeTpa MUHEPAIOBATHOM IMTH 3a | rof u 3a 50 jieT SKCILTyaTaluu

B HaBECHOH (acajHON crcTeMe MpeacTaBieHkl B Taou. 5.2.
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Ta6a. 5.2 CymMapHas SMHCCHSI BOJOKOH

Mapcasms | CSSTI e sotokn | Cnnipu s oo
Wzonaiit 9,11*10° (0,091) 4,56*107 (4,6)
Wsonaitr Jhoke 7,28%10°5 (0,073) 3,64*107 (3,6)
Uzosent CJI 6,39*%107° (0,064) 3,19%103(3,2)
UzoBenT-JI 5,9*10°° (0,059) 2,95%102(2,9)
H3oBeHT 5,48%107(0,055) 2,74*¥107 (2,7)
ITI1-80 6,16*107(0,062) 3,08%10(3,1)

V3meHeHNe CONPOTHBIICHHS TeILIONepeiade orpaxaeHis, AR,, (M%°C)/BT, k KOHITY
CpOKa SKCILTyaTallu¥ HaBEeCHOM (pacalHOM CHCTEMEBI BCIEACTBHE M3MEHEHHS TOMIIHHBI
MHHEPaJIOBaTHON [LTMTHI PACCIUTHIBATIOCH IO hopmyre (2.21), u 3a 50 et SKCIUTyaTaliu
HaBECHOH  (acagHOH CHCTEMBI INpPH  HCIONB30BAHHH  HCCIELyeMbIX Mapok
MUHEPATIOBATHBIX ILUIMT COCTABUIO MeHee 1% oT TpeGyeMbIx 3HaYeHMI CONPOTHBICHA

TeHnonepenaye.
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6. 3AKIIOYEHUE

B pesynsTare BBIONHEHHS HAYYHO-TEXHHYECKOH pabOTHI  IPOBEJEHEI
OKCICPUMEHTAIbHBIE  HCCNEIOBAHUA OMHMCCHM BOJIOKOH W3  MHMHEPAIOBATHBIX
TETIOM30JLILMOHHBIX H3ieinuii mpoussoactsa AO « U3OPOK» mapok: Uzonaiit, M3omnaiit
JIroxc, U3zoBent CJI, UzosenTt-JI, M3oBent, III1-80 mocie HCKYCCTBEHHOTO COCTapHBaHHSA
obpasuoB mo merommke I'OCT P 56732-2015 «Marepuansl ©u  W3fenns
TEIION30/LIHOHHbBIE. MeTo/bl OmpeneneHus XapaKTEPUCTHK 3MHCCHH BOJOKOH HpH
00oyBaHHH BO3IYXOMY.

B pesynbrate MpoBeIEHHBIX HCCIIEI0BAHMMA yCTAHOBIEHO, YTO CyMMapHas SMHUCCHS
BOJIOKOH C OJ{HOT'0 KBaJPaTHOTO METPa MCCIIENYEMBIX MapOK MHUHEPAIOBATHEIX IUIHT IIPH
BO3MOXHOM HCIIONB30BAaHMM B HaBECHOM ¢acagHoil cHCTeMe ¢ BEHTHIMPYEMOM
MPOCIONKOH MPH IKCILTyaTallMu B Teuenue 50 et cocrasiia Vzomaiir — 4,6 r, Mzonaiit
JIroke — 3,6 r, Mzosent CJI - 3,2 r, Uzosenr-JI ~ 2,9 r, Usosenr — 2,7, II1-80 — 3,1 r.
Ilpy 5TOM H3MEHEHHE CONPOTHMBIEHHUS TEIUIONEpeadye OrpaxKaeHds 3a 50 JeT
SKCILTyaTaluy HaBECHON (aca/iHOM CHCTEMBI NIPH HCIIONb30BAHUM UCCIELYEMBIX MapOK
MHHEPATOBATHBIX IUTUT COCTaBIsAET MeHee 1% 0T TpeOyeMBIX 3HA4YEHHI COPOTHBICHHA
Terionepenaye.

IIpoBefieHHBIE  pacueThl ~ SMHCCHHM  BOJIOKOH  IUIMT  MHHEPANOBATHBIX
TCIIOM30JIAMOHHBIX MUHEPANOBATHEIX TEIUIOW3OIAIHOHHBIX WM3EIHH IPOU3BOACTBA
AO «I30POK» mapok: M3onaiit, Uzonaiit Jlioke, M3osent CJI, M3osent-JI, UzoBeHT,
III-80 MOATBEpPX MAIOT BOSMOXKHOCTh HCIONB30OBAaHMS  MCCIETOBAHHBIX — MapoK
MHHEpPAJIOBATHBIX IUIUT B HABECHOM (hacaJHON CHCTeMe C BEHTHIMPYEMOM MpOCIOiKoit
IpyA €€ OJKCHIyaTauud B TedeHne S50-Tu jieT 6e3 ycTpoMCTBa BETPO3ALIMTHI IO

ITOBCPXHOCTH HCCIIENOBAHHBIX MHHEPAJIOBATHBIX W3ICIIUM.
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