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Anomauia. Y cmammi posenanymi numants npo niosuwyeHHs Mopo30Cmitikocmi OemoHie 3a
PAXYHOK 686e€0eHHs 6 OemoHHy cyMiul No8impoemscyeanrvHux 006aeok. Posenanymi ecinomesu
PYUHY8aHHA YeMeHmobemonis 3a Oii 8i0 emHux memnepamyp. Ilokazano, wo noposuii npocmip y
bemoHi, siK i meepoa ghasza, Mae Kitbka napamempie — pomipu, oocsie i popma nop, po3nodin nop 3a
PO3MIpaAMU, WO 3HAYHO BANCIUBO 3A0NS 3A2ANbHO20 OYIHIOBAHHS NPOYECie CMPYKMYpoymeopeHHs
bemony i nausae Ha Qizuxko-mexaniyni xapaxmepucmuxu bemony. Haseoeno npuxnaou cyyinonocmi
00CNIOJCEHHA  MIKDOCMPYKMYPU  OOPOICHbO20 OEemoHy, OCKIIbKU came 3 Xapakmepom i
0COOIUBOCMAMU  MIKPOCMPYKMYPU NO8'SA3AHI OCHOBHI 81ACMUBOCMI YEMEHMHO20 KAMEHI0 Mmda
bemony. Iloxkazano, wo Hemae €OuHOi meopii «MOpO3HOI» OecmpyKyii yemenmHux OemoHis, a
PO3NAHYMI 8 CIMAammi 2inome3u HeCNPOMOICHI NOACHUMU 0esKI A8UWa, K cnocmepiearoms i3 0i€r0
HecamusHux memnepamyp Ha OemoH. Excnepumenmanvno 0o6edeHo, w0 3 B8eOEHHAM
noGIMpoBmMsa2Y8aNbHOI 000ABKU KOMCEH 000AmKOBUL Bi0COMOK NOGIMPs BUKIUKAE 3HUINCEHHS.
MiyHocmi OemoHy. Bcmanogneno icHy8amHs mpbox obaacmeti 3HUJCEHHS MIYHOCMI OemoHié Ha
KOJICEeH 8I0COMOK 3any4eH020 nogimps. Takooic 3i 30inbueHHAM 3anyueno2o nosimps Oinvuie 4 %
3pOCmae 8000N02NUHAHHA | 8000HACUYeHHA. JOCTIOMCenHs MOopo30cmitikocmi OemoHy 3a pi3HOi
KIIbKOCMI 3a71y4eH020 NOGImpsi NOKA3AU, Wo 6e3 Nnosimposmsa2ysaibHoi 000a6KU i HAOMIDHOMY
emicmi no8imps. MOpO30CMIlIKICMb Pi3Ko 3HudiCyemvcs. bemonu 3 nogimposmsaeuenuam y oianasomi
8i0 3,2 00 6 % maromsb makcumanvry mopozocmiikicme F400. Ilokazano, wo 3nudicenHs MiyHocmi
OemoHy npuzeo0umsv 00 3HUNCEHHs 1020 eKCNIYAMAayiuHUX NOKA3HUKI6 | 30ilbuleHHs 8apmocmi
20mMo8oi NpoOyKYii uepes HeoOXIOHICMb 30IIbUIEHHS BUMPAM YeMeHN) .

Knrouoei cnosa: yemenmobemon, nogsimposmseHents, nopucmicms, 6emouHa cymiui, nopu,
MiYyHiCMb, MOPO30CMIUKICMb, KoeiyieHm MOpO30CMIUKOCMI, 8000N02TIUHAHHS, 6000HACUYEHHSL.

Abstract. The article examines the benefits of increasing the frost resistance of concrete due to
the introduction of water-strengthening additives into the concrete mix. Hypotheses for the
degradation of cement concrete under varying temperatures are considered. It has been shown that
the pore space in concrete as well as the solid phase is characterized by a number of parameters -
size, size and shape of pores, distribution of pores by size, which is important for the overall
assessment of the processes of structure formation of concrete and pouring on the physical and
mechanical characteristics of concrete. An application has been made to investigate the
microstructure of road concrete, since the very nature and characteristics of the microstructure are
related to the main properties of cement stone and concrete - ductility, gas impermeability, chemical
properties durability, frost resistance, resistance to aggressive media. It is shown that there is no
single theory of «frosty» destruction of cement concrete, and the hypotheses considered in the
statistics are impossible to explain a number of phenomena that can be avoided when negative
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temperatures affect concrete (with increased fluidity The frozen ruin will speed up, because the
pressure on the ice will not grow, and the frost will ruin the concrete, which is sometimes less than
90 % filled with water. It has been experimentally proven that when a water-strengthening additive
is introduced, the leather additive again causes a decrease in the value of concrete. It has been
established that there are three areas of decreased value of concretes on the skin of the resulting
surface: in the first — the value decreases by 8...10%, in the other — by 7...8 %, in the third — by 5 %.
Also, with an increase in the received air of more than 4 %, the water content increases by 19 %,
which also characterizes the open porosity, and the water saturation increases by 24 %, which also
characterizes the openness and, in part, intellectual property. closed porosity. Studies of the frost
resistance of concrete with varying amounts of wind received have shown that without a water-
tempering additive and above-ground air, the frost resistance sharply decreases. Cured concrete in
the range of 3.2 to 6 % has a maximum frost resistance of F400. It has been shown that the value of
concrete is reduced, leading to a decrease in its performance indicators and to an increase in the
quality of the finished product through the need for increased waste of cement. Therefore, the most
important point in the technology of road concrete is the correct selection and optimization of the
number of additives that can be cured, primarily the water-strengthening ones.

Keywords: cement concrete, hardening, porosity, concrete mix, pores, softness, frost resistance,
frost resistance coefficient, water-claying, water saturation.

Beryn. OCHOBHUM MIOKa3HUKOM
JIOBTOBIYHOCTI TOPOKHIX IIEMEHTHUX OCTOHIB €

SBUIIl 3 ypaxyBaHHSM creuudiku B3aeMOIii
TBepAoi Ta  pimkoi (a3, 1O, 3a

iXHS 3aTHICTh YUHUTH OIIp BIUIUBY 3MIHHOTO
3aMOpO’KYyBAaHHS-BiATaBaHHS B HACHUYCHOMY
BOJOI0  (PO3YMHOM  COJi) CTaHi, TOOTO
MOpPO30CTiHiKicTb. [3  wacom 3a  Takoro
LIUKIIYHOTO BIUIMBY MOXIIMBE pPYHHYBaHHS
OCTOHy, CTYMiHb Ta IHTEHCHUBHICTh SIKOTO
BH3HAYae BIaCHE HOTO MOPO30CTIHKICTb.

Ha croromni BiZoMO, IO HiABUIIUTH
MOpPO3OCTIHKICTh OETOHIB MOXHA 332 PaxyHOK
BUKOPHUCTAHHSI IOBITPOBTATYBaIbHUX JI00aBOK.
I3 nepemimyBaHHsM y O€TOHHY cCyMill
MOTpaIuisie TMOBITPS, $KE PO3MOJALIEHO Yy
BUTJIAAL MOpP Pi3HOTO JiamMeTpa y BCIX THUHax
CTPYKTYPH JIOPOXKHIX IIEMEHTHHX OETOHIB
(Mikpo-  (LEeMEHTHHH  KaMmiHb),  Me30-
(IeMEeHTHUH PO3YMH) 1 MaKpPOCTPYKTYpH
(6e3mocepeHBO OETOH)).

[Toposuit mpocTip y OeToHi, gk 1 TBepaa
¢a3za, Mae KiJIbKa mapamMeTpiB — po3MipHu, 0ocsr
1 ¢popMma mop, po3MoALT TOp 3a PO3MipaMH, IO
3HaYHO BOXIUBO 34Ul 3arajibHOro
OLIIHIOBAHHSI MPOLECIB CTPYKTYPOYTBOPEHHS
OeroHy 1 BIUIMBae Ha (i3MKO-MEXaHIuHI
XapaKTePUCTHKU OETOHY.

AHaJi3 ocraHHiIX gocaimKeHL i
nyOJikanii. SKimo po3riasHyTH IEMEHTHUH
KaMiHb, 1[0 TBEPJI€, 13 TO3UIIII MOBEPXHEBHUX

I1. A. PeGinngepom, y LIEMEHTHOMY KaMeHl €
KUTbKa BHJIIB BOJHU, SKi OOYMOBJICHI Pi3HUM
CTYIEHEM B3a€MOJIIi 3 MOBEPXHEK TBEPAOro
Tia. BianoBiHO, PO3PI3HSIOTH XIMIYHO Ta
¢i3uyHO TOB'sA3aHy, MOPOBY Ta 00'€MHY
BOJIOTY.

XiMIYHO 3B'A3aHa BOJIa € YaCTHUHOIO
ripaTHUX HOBOYTBOpPEHb [IEMEHTHOTO
kameHo.  @i3uyHO  3B'sI3aHa  BojA  —
ajicopbOBaHa TOBEPXHEI0 TBEPJOrO  Tina
pinuHa, He Oepe ydyacTi B XIMIYHMX PEaKIisix
nemMeHnty 3 Bojot. CTpykTypHa BOja
BIIPI3HSAETHCS  BiA  BUIBHOI  BHACIHIJOK
CIIOTBOPEHHsI 1 CTPYKTYypU 31 B3a€EMOJIEI0 3
MOBEPXHEIO CTIHOK MOp. SIK pe3ynbTar, 3MiHa
TYCTUHH, B'A3KOCTi, TEeMIIepaTypu KpHUCTali-
3anii. UMM MeHIIMH po3mip 1op, TUM CHIIBHIIIIE
3MIHIOIOTHCS BIACTUBOCTI OPOBOI PIAMHH.

OTxe, MDK po3MmipaMu  mop 1
TEMIEPaTypol0 KpHUcTami3alii MopoBoi BOIU
LIEMEHTHOT'O0 KaMEHIO MO)ke OyTH BCTaHOBJIEHA
XapaKTepHa 3aJeKHICTb.

H. Crokxay3eH npoBiB BIAMOBIIHICTh
MIX pO3MIPOM TOP 1 BOAOIO, 1110 3HAXOAUTHCS B
HUX:

- y Kanuispax pazaiycom mnonaa 100 Hm
CIIOCTEpPITraloTh BUIbHY BOIY;
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- BOJa, KOHJICHCOBaHAa B Kamispax i3
HM,
XIMIYHUH TTOTEHITia, YHACIIIIOK YOT0 3HMKEHA
il Touka KpucTamizamii, a TOpPH 3alOBHEHI
BOJOI0 3a BigHocHOI BojorocTi 90...100 %;

- y mopax, pamiycom 2...10 HM Bopaa
CHWJIBHO CTPYKTYpOBaHa 1 NMPHUCYTHSA B HUX 3a

pamiycom  10...100

BoJsiorocti 60 %.

UYerepra Mmoaudikariis € arcopO0BaHOIO

Ma€ 3HHXEHUH

JocaimxeHHsT MIKPOCTPYKTYPH CYTT€EBO

MIIHICTb,
XiMIYHA

BJIMBE, OCKUIBKM CaMe 3 XapakTepoM Ta
OCOOJIMBOCTSIMU ~ MIKPOCTPYKTYpPH TIOB'sI3aHi1
OCHOBHI BJIACTUBOCTI IIEMEHTHOTO KaMEHIO Ta
OeToHy —
BOJIOHETIPOHUKHICTD,
MOPO30CTIHKICTh, CTIUKICTh JI0 il arpeCUBHUX
cepenoBHII (TaOIHIIs).

raso- Ta
CTIMKICTb,

BOJIOIO.
Tabmums
Knacudikarist mop 3a IXHiM BILTHBOM Ha BJIACTUBOCTI IEMEHTOOETOHY
Po3mip Tun BrnacTtuBicts 6eTOHY ABTOp
10...15000 am Benuki chepudHi NOPOKHUHH MitHiCTb,
15000...50 am Benuki xaminsapu MIPOHUKHICTD
Kaminsipu cepetHbOTrO .
‘p pei ) MIIHICTB,
50...10 am po3Mipy. [lopu mix .
MIPOHUKHICTh
JaCTUHKAMHU L Apovemit
10...2,5 HM Maui (renenoiOHi) Kamiisgpu Ycanka F POy
MikponopH, IOopu I'eilio, ITOPH
2,5...0,5 um poriop P p
MIDXK KpUCTaJlaMU .
- —— VYcanka, MoB3yYicTh
0.5 Mixmaposi mikponopu. ITopu
’ B KpUCTAJTITax
>2000 uM 1 <100 HM Benuki xaninspu Mopo3ocTiiKicTb
Kaninsipu cepenaboro
10...100 HM 03Mip Hg fIMi)K T'aso-Ta XV
P py. 110D BOJIOHEIIPOHUKHICTh - v HIKasa
YaCTUHKAMHU
. . . Kopo3is (mudys3is ta
<10 ™M Mauni (renenoniOH1) Kanuisipu p % (l)y .
NIEpPEHECEHHSs 10HIB)
lam <d<5HM ['eneBi mopu -
. . I'a30- Ta BOKO-
5umM <d <100 H™M Kamsipai nopu A
HETIPOHUKHICTh I'. Jo6ponro6oB,
. Koposis 6etony B. b. Parinos,
< < 5 b
100 M < d < 10° Hm Makpoxkaniispu yeaxa T. I PosenGepr
Benuki chepruuHi MOPOKHUHH, .
d> 10° um (b P P . MIinHICTE
KaBEpHU 1 paKOBHUHU B OETOHI1

IcHye Kimbka OCHOBHUX TiMOTE3, SIKI
MOSICHIOIOTh MEXaH13M MOPO3HOTO pyHHYBaHHS
6erony. 3a rinore3oro P. Komninza, pyitHaiis
BiIOYBa€eTbCs B pe3yjbTaTi 0e3rmocepeIHbOro
TUCKY JIbOAY, IO KpUCTaNI3yeThes (00csT
gKoro Oinbine Biag oOcsary Boau Ha 9 %) Ha
cTinku mop. Kputukyrodm 110 rimoresy,

I'. I. Topuakos i B. M. MockBuH nokasaiu, 1o
KpUCTAJi3allifHU THCK HE € OCHOBHOIO
MIPUYMHOI0 pYHHYBaHHS OETOHY, a MOKJIMBUI
SIK OKPEMHUH BUIAJOK.

l'imore3a riapocTaTHYHOrO TUCKY BOJH,
3aIpOINIOHOBAHA H. A. KutkeBuuewm,
nepeadayae, 110 MOpO3Ha  pyHHaIis
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BiIOyBa€eThCsA dYepe3 Te, 10 Ha CTIHKH TOp
THCHE HE CaM JIiJl, a BOJa, Ha SIKYy IepPelaeTbCs
THUCK JIbOAY, 1O YTBOPHOEThCs. Ha kopucthb
OUTBIIOT KOPEKTHOCTI APYyroi rimoTe3n MOKHA
BiJIHECTH TOHM (hakT, 110 BOJA, SIKA 3alOBHIOE
KaIIsIpHi OpU, HE MOXKE 3a3BUYail TOBHICTIO
MIEPETBOPUTHUCS HA KPUTY Yepe3 BiACYTHICTh
HEOOXiHOTO  Miclsg, a TakoX  uepe3
HEMOXJIMBICTh 11 TIEPETBOPEHHS Ha KPUTY B
Kamingpax i3 pamiycom Menme 10%M 3a
3BHYAHHUX TEMIIepaTyp BUIPOOyBaHHS
[ikaBoto € rimoTe3a pyiiHyBaHHs OCTOHIB
yepe3 pi3HUI0 B KoedimieHTax JiHIAHOTO
TEPMIYHOTO PO3IIUPEHHS HOr0 KOMIIOHEHTIB.

3a  BiI’eMHHX  TemmepaTyp  TepMidHa
HECYMICHICTb KOMITOHEHTIB pi3ko
MMOCHITIOETRCS, OCKIJIBKH KoedirieHT

TEPMIYHOTO PO3MIMPEHHS JBOAY B TPHU-CIM
pasiB Oinblie, Hix OeTony. L{g rimore3a HaOyia
po3BUTKY B  pobortax  B. M. MocksiHa,
M. M. Kankunna, b. M. Mas3ypa,
A. M. IliganpHOTO Ta iHMMX y4eHux. [Ipore
TEMIIEpaTypHI HAMpyrd BiJlIFPalOTh 3HAYHY
poJib y pyHHYBaHHI O€TOHY, HE HAaCHYEHOTO
BOJIOTOI0, 10 HEXAPAKTEPHO VI JOPOKHBOIO
0eToHy, 0COOIUBO B 3MMOBUH 1epiol. Y 1bOMY
BUMAQJAKy MOXe HTHCA  IIBHUAIIE  TPO
TEPMOCTIHKICTh, @ HE MOPO30CTIHKICTh OETOHY.

BopHouac po3risHyTi BUILE TiNOTE3H
HECIIPOMO>KHI ~ TOSICHUTH DS SBUI, SKI
CIOCTEpIratoTh 3a il Bi’€MHHUX TeMIIEpaTyp
Ha OetoH. Hampuknan, 31 30UIBIICHHSIM
IIBHJIKOCTI 3aMOPO’KYBaHHS pyiiHalis
MPUCKOPIOETBCS, TOMI SIK THCK JBOLY NpHU
LIOMY He 3pocTae. binbin Toro, Mopo3 pyiHye
OCTOHMU, TTOPU AKUX 3aTIOBHEH] BOJOI0 MEHIII SIK
Ha 90 % [1-4].

BusnaueHHssi MeTH Ta 3aBJaHHA
AOCJTiTKeHHsl. AHali3 IOKa3zye, IO HEMae
€IMHOI  Teopii  «MOpPO3HOI»  ACCTPYKIIii
LEMEHTHUX O€TOHIB. SIKII0 BUXOIUTH 3 TOTO,
0 TOJIOBHUM (PakTOpoM, SIKUH BH3HAYAE
MOPO3OCTIHKICTh OETOHY, € Oyq0Ba MOPOBOTO
IpOCTOpY, TO METOI0 JOCHIDKEHb OyJio
BCTAHOBJIEHHSI B3a€MO3B'A3KYy MIIIHOCTI Ta
MOPO30CTIMKOCTI OETOHIB B  XapakTepy
MTOPUCTOCTI.

OcHOBHA YacTHHA  JOCJiIKEHHS.
Bimomo, mio 3amydeHHS MOBITpsI OCTOHY €
BOXUIUBUM  (akTOpoM, IO  BHU3HAYAE
MOpO30CTiiiKicTh OeroHy. Slka wmae OyTu
KUIBKICTh 3JTy4eHOTO MOBITPS JUTS
3abe3neueHHs] HeoOXiTHOI MOPO30CTIHKOCTI 32
MIHIMQJIBHOTO BIUIMBY Ha MILHICTH? Y Pi3HUX
KpaiHax TPHUUHATO, IO MOPO3OCTIHKICTh
3abe3rnedyeHa 3 TMOBITPOBTATHEHHsIM 4 ... 7 %.
JlogaTtkoBe 3ajydeHHs MOBITpSA B OETOHHY
CYMIIII TPU3BOIUTH JI0 3HMKEHHS MIIHOCTI (32
pizaumu ganumu) Ha 1 % mositps — 3... 5%
minHocTi. CynepewiuBi JaHi Mpo  BIUIMB
MOBITPOBTATHCHHS Ha MILHICTE 1
MOPO30CTIHKICTh OCTOHIB noTpedyIOTh
YTOYHEHHS.

Hami mocnimkenns nokazanu (puc. 1),
0 3 BBEIEHHSAM MOBITPOBTATYBAIBHOI
100aBKH KOKEH JIOJATKOBUH BiJICOTOK MOBITPS
BUKIIMKA€ 3HIDKEHHS MinHOCTI Oerony. Ha
rpadiky MOXKHA BUIUIUTU TPH 00JaCTi, Y IKHX
3HIKEHHS MIITHOCTI O€TOHY BiOYBa€ThCS IO-
pi3HOMY.

B o6nacti 1 (i3 mMOBITPOBTATHEHHIM
6eronHoi cymimi 1,6 — 6,0 %) crnoctepiraroth
HaWOlIpIe  3HWKEHHS  MirHOoCTl.  Koxen
JOJATKOBUM BIZICOTOK MOBITPS B OETOHHIN
CYMIIII MPU3BOJIUTH J0 3HWKEHHS MIITHOCTI BiJ
8 1o 10 %.

B ob6macti Il  (mOBITPOBTATHEHHS
o6eronHoi cywmimi 6,0 —9,5%) 3HWKEHHS
MILHOCT1 OETOHY B1A0OYBA€THCS OUIBLI MIABHO.
Ha miii ginsHIi 3011b1IeHHS BMICTY MOBITPS Ha
OJIMH BIJICOTOK TPHU3BOIUTH [0 3HUKECHHS
MmirHocTi OeTony Bifg 7 110 8 %.

B oGnmacti III  (moBITPOBTATHEHHS
o6eronnoi cymimi 9,5 —12,0 %) Ha KOXHUI
JOMAaTKOBUW  BIJICOTOK  TOBITPOBTATHEHHS
OETOHHOT cyMillli  MIIHICTh  3HUXKYETHCS
Ha 5 %.

3HIDKEHHST MIITHOCTI OEeTOHy Bene 10
3HIKEHHS HOoro eKcIuTyaTalifHuX MOKa3HUKIB
1 30UIbLIEHHS BapTOCTI TOTOBOI MPOIYKIT
yepe3 HEOOXIJHICTh 30UIbIIEHHS  BHUTpAT
neMeHty. ToMy HalBaXJIUBIIIUM MOMEHTOM
TEXHOJIOT11 JOPOXKHIX OETOHIB € MpPaBUIbHUN
BUOIp 1 ONTUMI3aLisl KUTBKOCTI 3aCTOCOBYBaHHUX
N00aBOK, HacaMIIepe/] MOBITPOBTATYBaTbHUX.
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Puc. 1. 3anexHicTh MIIHOCTI OETOHIB 31 CTUCKOM
BiJl KIJTbKOCTI1 3JIy4€HOT'0 TIOBITPSl B OETOHHY CyMIiIll
Kpurepiem MOPO30CTIMKOCTI1 € 24 %, 10 OMOCEPEeIKOBAHO XapaKTEPU3YE
koedirieHT Mopo3ocTiiikocti (Kmp3), skuii € BIIKPUTY 1 YAacTKOBO YMOBHO 3aMKHEHY
BIIHOIIEHHSIM MIITHOCTI O€TOHY TICTsl TIEBHOI MOPHUCTICTb.
KUTBKOCTI IMKIIIB BUMPOOYBAHHS A0 MIIIHOCTI BucnoBku. 3a MPOBEACHUMU
OCTOHY Tepes] TOYaTKOM  BHUIPOOYBaHb. JOCIIDKEHHSAMH  MOXXHA  3pOoOMTH  Taki
JloCIiDKeHHST MOPO30CTIMKOCTI  OeToHy 3a BHUCHOBKU:
PI3HOT KUIBKOCTI 3aJTy4€HOT0 MTOBITPSI OKa3aIH 1. BcraHoBneHO, L0 HHHI BIACYTHS
(puc. 2), 1o 0e3 NOBITPOBTATYBaJIbHOI T00AaBKU €/IMHA TEOPisi MOPO3HOT'O 1 MOPO3HO-COJILOBOTO
(ckmag 1) 1 HaAMIPHOTO BMICTY TOBITPS pyliHyBaHHs  OeToHiB, 1mo ©Oyma O
(ckyaz 7) MOPO3OCTIMKICTD PI3KO 3HUKYETHCH. niaTBepkeHa mnpakTuyHo. CydacHi Teopii
betoHu 3 MOBITPOBTATHEHHSIM Yy Jliama3oHi Bij 0a3oBaHI Ha OCHOBOIIOJIO)KHOMY  BILUIMBI
3,2 1o 6% MaTh MaKkCHUMajJbHy MOpPO30- MOPO30CTIMKOCTI Ta XapakTepy MOPUCTOCTI.
crifikicte  F400. Opnak y cxmami 2 (i3 2. BcranoBrmeHO iCHYBaHHS  TpPbOX

MOBITPOBTATHEHHAM 3,2 %) MIIHICTh BHIIE,
HDK y ckianiB 3 14 Ha 14 1 34 % BiAmoBiaHO.
Ile, 3a iHIKX pIBHUX YMOB, Ja€ 3MOTY
exkoHomuTH 10 10 — 12 % nemenry.

Takoxx 31 30iIBIICHHAM 3aTy4eHOTO
noBITpst OLbIe 4 % 3pocTae BOJOMOITIMHAHHS
Ha 19 %, 1m0 OomocepeKoBaHO XapaKTepU3ye
BIJIKpUTY TOPHUCTICTb, 1 BOJOHACHYEHHS Ha

obnacTeil 3HMXKEHHS MIIHOCTI OETOHIB Ha
KOXEH BIJACOTOK 3aly4eHOro TMOBITPS: Yy
nepuriii MinHICTh 3HMKYeThesa Ha 8...10 %, y
npyriii —Ha 7...8 % , y Tpetiit —Ha 5 %.

3. OO0csr 3a11y4eHoro MoBiTps B OETOHHIH
CcyMim Moxe OyTw 3MeHmenuit 10 3,2 — 3,5 %
0€e3 3HIKEHHSI MOPO30CTIHKOCTI.
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KiapkicTh HUKIIB

Puc. 2. Mopo3ocTiiikicTh O€TOHIB 13 pi3HUM MOBITPOBTATHECHHSIM:
1-16%; 2-32%; 3-4,1%; 4-6,0%;
5-80%; 6-95%, 7-120%
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