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PDu3uKo-MexaHUYeCKHe UCCae0BaHUA NpeuMyliecTn 0eJIMTOBOIr0 nopTaaHAueMeHTa 1JId 66TOHa, HeOﬁXO[[I/[MOI‘O
AJI COBPEMEHHBIX Ha3€MHBIX U MOA3€MHbIX BOCHHBIX c00py>1ceﬂui/i

W.N. Huxoneu, M. A. UBactok, I.H. MapTterarok, E.H. Cragauayk

Hccnedosanvl pusuxo-mexarnuueckue ceoucmead wemvipex U008 YEMEHMa U OCHOBHbIX KiuHKepHblx Munepanos CsS u C,S:
anumosozo Ne 1 (CsS — 60,82%, C,S — 14,73%); nopmansrozo Ne 2 (CsS — 40,06%, C,S — 32,58%); berumosozo Ne 3 (C3S —
24,59%, C,S — 48,25%) u 6enumosozo Ne 4 (CsS — 9,2%, C,S — 63,18%). Vemanosneno, umo npounocms yemenma 6 nepgvie
cpoxu meepoenust onpeodensemcst cooepcanuem C3S, KOmopwill 6/51emcst ObiCMPOmeepOCiowuM KIUHKEPHbIM MUHEPATIOM.
Buvisigneno, umo enusHue MuHepanocuyecko2o cocmaga NOPMIAHOYEMEHMA HA €20 NPOUHOCHIb ABNACMCA ONPeOeNaiouuM 00
wecmumeciuHo2o cpoka meepoenus. Ilocne wecmu mecsayes 00 200a npeden NPOYHOCHY NoYmu He MeHaemcs, a 8 meverue 10
Jem yemenmyl, umeroujue evicokoe cooepacanue CyS,, npodoaxcarom Habupams npoyHOCMb, MO20a KAK YeMeHmbl ¢ 00IbuuUM
cooepacanuem C3S ee mepsitom.

Knrwuesvie cnoea: KIUHKEepHble MUHepallbl, Oenumosblil yemenm, (pLBMKO-Me)CCZHM'-lC‘CKue LlCCfle()OBaHuﬂ, NPOYHOCMb
yemenma.

Physico-mechanical studies of the advantages belite of portland cement for concrete, necessary for modern surface
and underground military installations

I. Nikonets, M. Ivasjuk, I. Martyniuk, O. Stadnichuk

In connection with the development of powerful weapons, especially those that are developed on new physical principles,
the acute problem of reliable protection and ensure the survivability of personnel. The development of the new fortifications that
can provide protection from various weapons, identify new methods for their construction on a tight time budget are the main
objectives of the fortification at the present stage. Concrete structure building can be a long time to maintain its performance,
however, under the influence of aggressive environmental factors, they gradually change their physico-chemical and structural-
phase properties. Military facilities, including aboveground and underground structures, require not only durability and
reliability but also the preservation of these properties with time.

For the production of mortars and concretes that can be used for the construction of military fortifications, we propose
belite Portland cement, which according to preliminary data has significant water resistance and frost resistance, low
exothermy, high corrosion resistance, increasing with age of strength.

The purpose of this article is to compare physical and mechanical properties alite and belite of Portland cement,
determining the influence of the content of clinker minerals on tensile strength at different stages of hardening. The role of the
early stages of hardening of cement the properties of concrete for various purposes is large, because with the greatest speed and
intensity are the main hydration reactions of clinker minerals, the structure of cement stone.

Studied the physico-mechanical properties of four types of cement and major clinker minerals CsS and C,S: alite Mo 1 (C3S—
60.82% C,S — 14.73%); normal N 2 (C5S — 40.06%, C,S — 32.58%); belite Ne3 (C3S — 24.59%, C,S — 48.25%) and belite Mo 4
(C3S — 9.2%, C,S — 63.18%). It is established that the strength of cement in the first period of hardening is determined by the
content C3S, which is the clinker mineral that quickly hardens. It is revealed that the influence of the mineralogical composition
of Portland cement on strength is decisive to a six-month period of hardening. After six months to a year and tensile strength is
does not change, and within 10 years, the cements having a high content C,S continue to gain strength, whereas for cements with
a high content of C5S — losing her.

Therefore, the use of belite cement for their construction is promising, however, requires detailed studies on the frost
resistance, sulfate resistance and water resistance.

Keywords: clinker minerals, belite cement, physical-mechanical study, the strength of cement.
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BOT'HECTIMKICTH CHEIIAJI3OBAHOI TAPH JIJIsSI 3BEPITAHHS
BOEITPUITIACIB

Ilposedeno Odocniddicennsi Oepes’sanoi mapu 015 30epicanis OOENPUNACIE 3 PISHUMU CMYNEHIMU YOPHOMU
cminox awuxa. Hasedeno pesynomamu 3MiHU yCMuMU MeNa08020 NOMOKY, AKUL NOTUHAEMbCA CHIHKOIO 8
3anexHcHocmi 60 GIOCMAHI POZMAULYBAHHS (DaKeNa NOAYM sl NONCENHCI, A MAKOAC 6I0 CHYNEHsI YOPHOMU CMIHOK
mapu. 3anpononosana MemoouKa SU3HAYeHHs Ma OOCHIOHNCEHHA BENUYUHI MENTI08020 NOMOKY NOTYM'S NOHCEMXHC],
AKULL NOTUHAEMBCA  mapolo. Bcmanoseneno 63aemo38 130Kk iHMEHCUBHOCT  MeNI08020 NOMOKY 6i0 pisnuyi
memMnepamyp NOAYM s RONCENHCI MA CMIHKAMU MAapu 8 3ALeNCHOCMI 6I0 CIMYNeHi8 YOPHOMU HOKPUMMSL CMIHOK
depes sHoi mapu.

Kniwouosi cnosa: mennoguii nomik, cmynins 4opHomu, memnepamypa, boenpunacu, oepes'sHa mapa.
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ITocTanoBka npodaemu

JlepeBrHa Ta BUpOOM 3 HEI 3HAXOIATH MIMPOKE
3aCTOCYBaHHS y OyAIBHHITBI, MalIMHOOYAyBaHHI Ta
nmoOyTi 1 CKJIAaloTh 3HAYHMI BIJICOTOK ITOXKEKHOTO
HaBaHTaXeHHA. OCKUIBKM OIHAM i3 OCHOBHHX Marte-
piamiB s 30epiraHHs OO€MpHIIAcCiB € MEpEeBHHA, TO €
aKTyaJbHUM JOCIiPKEHHS BOTHECTIMKOCTI JepeB’sHOI
Tapu 1 30epiranas OO€MpPUIaciB B YMOBaxX MOXKEKHOL
HeOesmekn. BenruesHi HakommdeHHs OO€IpHUIIacis, fAKi
CIOCTEPIraloThCsl 32 OCTAHHI POKH, SIBJISIOTH MOCTIHHY
3arpo3y Uil BIMCHKOBHX 1 IMBUIBHOTO HACEIEHHS.
OpHuM 13 HaiOULIbII BIUIMBOBUX (DaKTOPIB PU3UKY €
BHOYXOIOXKEKOHeOe3meKa, sika MPU3BOAMUTH 0 3arudeni
JIOJIeH, Crpu4rHsE 30MTKA HACEJICHHIO Ta HaBKOJIMII-
HbOMY cepenoBuily. [Ipukiiagom nonioHoi kaTactpodu
€ 6a3za mig HoBoOornaHiBkoto. ToMy BHHUKHEHHS I10-
KeX1, 0COOJIMBO y BEIMKOMY CKYITYEHHI OO€NpHIIAciB, €
JIOCUTH HeOe3MeuHNM 1 ToTpeOye NeTaabHOrO BUBYCHHS.

IToxxexl, sIKi BUHUKAIOTH HAa CKIa[aX, 3aJIEKaTh BiJl
IHTEHCHBHOCTI TIOTPAIUISHHS Ha CTIHKH TapH TEILIOBOTO
noToKy. TemnmoBuil TMOTIK, SIKMH BHIIPOMIHIOE (haken
TOJYM’sI TIOXKEXKI, HE MOBHICTIO IOTJIMHAETHCS TOBEPX-
HEIO JIepeB’SHOI Tapw, TOMY IO BiH 3aJICKUTh BiJ
KyTOBOrO Koeimienta BumpominroBanus [1], sxwii y
CBOIO Uepry 3alie)KUTh BiJ BIICTaHI Taph IO TOIYM S
MOXKEXKi, a TAaKOXK Bil PO3MIPIB Tapu Ta IapaMeTpiB
BOTHIO. BaxkimmBuM (hakTopoM € Te, 10 TEITOBHA MOTIK,
SAKUH TaZa€ Ha CTIHKM TapH, YaCTKOBO IOTJIMHAETHCS B
3aJIeKHOCTI BiJ| CTYIEHS YOPHOTH TOBEPXHI JiepeB’ THOT
tapu. OIHUM 13 HAWKpalyX [UIXIB MMiJBUIICHHS PiBHS
eKcIuTyaraii Tapu Juisi 30epiraHHs OoerpunaciB Ta
30poi € BorHecriiika 00poOka. Tomy OHUM i3 YHHHUKIB
IIBUJIKOTO TIepeOdiry moxexi € HU3bKUI piBEHb 00pOOKH
neper’stHoi Tapu. 1106 3amo0irte 1bOMy, MOTPIOHO
JIOCIIZIMTH IHTEHCHBHICTD TEIJIOBOTO IMOTOKY MOXEXI,
IO TIOIJIMHAETHCS CTIHKAMM TapH, SIKi MalOTh Pi3HUH
CTYNiHb YOPHOTH TIOBEPXHI Ta 3HAXOAATHCSA Ha Pi3HIN
BiJICTaHi 70 (paKesa mojryM’ sl TIOKEXi.

AHaJI3 0OCTaHHIX JOCTiIKeHb i myOJikanii

OmHUM 13 HAWOLTBII MTONMMPEHUX MaTepialiB Ui
BHTOTOBJICHHS TapH € JepeBHHA Ta 11 mommdikarii, sKi
3a TpPYINOK TOPIOYOCTI BITHOCATHCA JIO TPYIH
MaTepialiB cepeqHbOol 3aiMucTOoCTi. OCKUTBKN BITBHUMA
JOCTYNl KHCHIO CIIpHS€ JOECTPYKII [epeBUHH i
MPUCKOPEHHIO TPOIECY TOPiHHS, TO AJS 3amo0iraHHs
BOTO Tpolecy OOpOOISAIOTh Tapy BOTHE3aXHUCHUM
MOKPUTTAM. BorHe3axucHa o00poOKa TapH TO3BOJSIE
HallaTH JIEPEBHHI 3JaTHICTh MPOTHCTOSATU Jii MOIXYyM’si
Ta TOLIMPEHHs oro moBepxHero. [1i mi€r0 TerioBoro
MOTOKY BHPOOHM 3 MEPEBHHH MOXYTh 3aiiMatucs (mpu
temneparypi 6mmu3pko 230 °C BimOyBaeThcs 3aiiMaHHS
nepeBuHu cocuu, a mpu 420 °C — camo3aiiMaHH).
VY poborax [2, 3, 4] mocmimKyeThCsl MOKIIUBICTD BOTHE-
3aXUCTY JICPEB’sTHOI Tapu Juisi 30epiraHHs OOENPHIIACIB

© T.4. I'nmoBa

3axuct OBT Bij| 3ac00iB BUSBIICHHS Ta YPAXKEHHSI 51

3a JormoMorow mpocodyBanbHOi cymimi JICA-2 Ta
BOTHE3aXHCHUX TMOKPUTTIB ,,Denikc-AI1” i ,,Denike-/IB”.
Ane y 3a3HaueHHX poOOTaxX HE JOCHIHKEHO IHTCH-
CHBHICTB TEIUIOBOTI'O OTOKY (hakena mosym’st HOKEexXi B
3aJIe)KHOCTI BiJ BiZICTaHI IO JepeB’stHOI Taph. A TaKOX
HE BKa3aHO, SIK BIUIMBAE CTYMiHb YOPHOTH MOKPHUTTS
CTIHOK Tapyd Ha TEIUIOBHHA IOTIK B 3aJEKHOCTI BiJ
BIJICTaHI JO MOXKEXI.

®opmyIIOBAHHS METH CTATTI

boenpunacy, sk npaBmio, 30epiralOThCs B
JIepeB’ AHUX SIUKAX. SIKIIO AIMMKN 3HAXOAATHCA OIU3bKO
JO BOTHIO, TO BOHHM IIBHIKO HAarpiBalOTbCs TEIUIOBUM
MOTOKOM TONyM’si Tiokexi. Ilpu HarpiBaHHI JiepeB’sTHOT
TapH HarpiBaroThesl OOempunacy, 30post, XiMidHi cymini i
T.JI., SKI TIpU JOCATHEHHI KPHUTHYHOI TeMIepaTypH
MOXyTh BHOyxaTn abo Buxomutd 3 Jsaay. IIpore
JIEpeBUHA MA€ MOJJIMBICTh TIPOTHCTOSTH Al TTOIyM sl Ta
MOIIMPEHHIO HOr0 IIOBEPXHEI0 MpH BOTHE3aXHCHIH
00po0I1i  mepeB’ssHOi Tapu. Meroro 1aHOi poOoTH €
JIOCIII/DKEHHS] BOTHECTIHKOCTI JIepeB’sIHOI Tapy 3 pi3HUMH
CTYNMEHSMH YOPHOTH IIOBEPXHI, a TAKOXX BH3HAYCHHS
IHTCHCHBHOCTI TEIUIOBOIO TIOTOKY B 3aJIOKHOCTI BiJ
BiZICTaHi JAepeB’sTHOI TapH A0 (paKena MoyM st TIOXKEXi.

BuxJjax ocHOBHOro Mmarepiasry

st [OCTiKSHHS TEIUIOBOTO IMOTOKY (pakera
MOXKEXKi, TapH,
BuKopHucTaemo 3akoH Crepana—bompimana [1]
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3a ¢opmyioro (2) npoBeeHi PO3PaxXyHKHA KYyTO-
BOro KoedinieHTa BunpominioBanHs. [Ipu po3paxyH-
Kax MpuiHATO C=2 M, b=1 m.

Pesynbratn nociigkeHs 300paxeHi rpadiuHo Ha

puc. 1.
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Puc. 1. 3mina BeJIMUMHU KYTOBOI0 KoedilieHTa

BUIIPOMiHIOBaHHS Bifg BiggaJi mixk ¢akesiom i Taporo

Awnainiz rpadigroi 3amexHocti (puc. 1) mokasye,
1o mpu 36iapnrenHi Biacrani h Bix 1 o 8 M Benmmunna
KyTOBOro Koe(illieHTa BHIIPOMIHIOBAHHSI PI3KO 3MEH-
UIyeThes, a Npu Bifcrani Outeime 8M  KyTOBHIA
KOe(II[iEHT BUIPOMIHIOBAHHS 3MEHIIYEThCSI HE3HAYHO.

BukopucrtoBytoun  ¢opmyny (1), mocmimkeHo
3MiHY IHTEHCHBHOCTI TEIUIOBOTO TIOTOKY B 3aJIeKHOCTI
BiJI BiZICTaHI MK (DaKeIoM MONYM’s Ta CTIHKAMH SIIHKA
3 pI3HAMH CTYNCHAMH 4YOPHOTH. I[IpH pO3paxyHKY
NpUMaNnch Taki BUXIMHI AaHi: TeMIrieparypa Qakxeia

noxkexi To, =1300 K, Temneparypa moBepxHi sIuka B
gacy T, =300 K,
€ = 0.9.

IMOYATKOBHA MOMEHT CTyHiHL

qopHOTH (pakema TOIYM s Pesympratn

JIOCITI/PKeHb 300paskeHi rpadiuyHo Ha puc. 2.

Amnani3 puc. 2 mokasye, M0 IpH 3MEHIICHHI CTy-
TMIeHs] YOPHOTHU CTIHKH SIIMKA BiJIOBITHO 3MEHIIYETHCS
TEIJIOBUI TIOTIK, KM MOTJIMHAETHCS TTOBEPXHEIO TapH.
binbme Toro, sk MOKa3ywTh TpadidHi JOCIIIKEHHS,
TpH 3MiHi BificTaHi MiXk Taporo Ta (akenoM monym’ss h
Bim 1 1m0 8 M TemoBHi MOTIK Pi3KO 3MEHIIYEThCS. A
MpHU BiJCTaHI Oinblle 8 M IHTEHCHUBHICTH TEILIOBOTO
MOTOKY 3MECHIIYETHCS

HE3HA4YHO, MOIO0 BKa3y€ Ha

6e3neqHy }_'[I/ICTaH]_[iIO JUI1 YHUKHCHHS 3aropsiHHs Tapu.
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Puc. 2. 3ae:xHicTh iIHTEHCHBHOCTI TENJI0BOr0 MOTOKY Bij
Biggaai Mizk akenom mosrym’s Ta CTiHKaMH Tapu

3a dopmynoro (1) Ha puc. 3 BU3HAUEHO 3aAJIEK-
HICTh TEIUIOBOIO IIOTOKY BiJ PpI3HHUII TeMmepaTyp
(hakena MOXexXi 1 CTIHOK TapH.
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Puc. 3. 3anexHicTs iHTEHCHBHOCTI TENMJI0BOI0 MOTOKY Bif
pizHuui Temneparyp npu h=5m

Amnani3 rpadiunux 3anexHocreit (puc. 3) mokasye,
IO MPH PO3MIISAYBAaHUX TEMIEpaTypax y MOYATKOBUH
T,-T;=1000 K i pmnsa

€1 =0.7 TemnoBnii motik mopisHoe 10,2 kB1/M?, a npu

MOMEHT TIOXKEXi Pi3HUI

MOJANBIIOMY HATpiBaHHI JEepeB’SHOI Taph TEIUTOBUN
MOTiK 3MEHIIYETHCS, 10 HEOOXiTHO BPaxOBYBATH IPH
BU3HAYCHHI TEMIIEPATYPHOTI'O OIS B Tapi.

BucunoBxu

3anpornoHoBaHa METOAWKA BH3HAYEHHS Ta JOC-
J/DKEHHS BEJIMYMHM TEIUIOBOIO IOTOKY TOJIyM's
MOXKEXKI, IKHIA MMOTIIMHAETHCS Taporo. HaBeneHo pe3yiib-
TaTH 3MiHU
[IOMIMHAIOTh CTIHKH SAINKAKA B 3aJIEKHOCTI Bl BiJCTaHl
po3TantyBaHHs (hakena MONXyM sl TTOXKEXKi, a TAKOXK BiJ

IHTEHCHBHOCTI TEIUIOBOI'O IOTOKY, SKi
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CTYIICHSI YOPHOTH TOKPUTTS CTIHOK Tapu. 1li gocmipken- — 036poenns ma 6oenpunacie | FO.B. Ljanko, B.M. JKapmoecuviuil,

HS JAIOTh MOXJIMBICTH BHM3HAuMTH Gesneuny Bincramp —M.€. Kapmawos Il Iloxcedcna Gesnexa: 36. nayk. npays. —
JiepeB’siHOT Tapu 10 (akena moiym’st st 3armo0iraHHst Jvsie: JUTVBIK]L, 2009. - Bun. 14. - C. 97-104.
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Oepes’siHOi mapu 01 30epieanHs elemMeHmie 030POEHHA ma

Cnucok jgiTeparypu siticbkosoi  mexuiku | FO.B. Llanko,  €.B. Hikimin,

0.11. Moceituyx Il Hayxosuit sicnux YxpHJIIIB. — 2010. —
1. Buceny P. Tennoobmen wusnyuenuem | P.3ucens, Mo 1 (21). - C. 103-107.

L. Xoyenn. — M.: Mup, 1975. — 936 c.

2. L{anxo FO.B. Jlocnioscenns ymog 3aiimanist 0epesuhu Penensent: nT.H, mpod. M.M. Cemepak, 3aBimyBau
6 3anexcnocmi 610 napamempis Hazpisanns | FO.B. [lanxo,

. Kadenpu TepMoarHAMIKH 1 (pi3uku, maypeart Jep:kaBHOI

C.B. JXKapmoscoxuii Il [osicexcna besnexa: 36. nayk. npayp. — (b I[py p . (b o yp Jlep .

Tvsie: JUTVBIKIT, 2007. — Bun. 10. - C. 144-149. HPCMII Kpé}lHH B.FaJIy31 H?.yKI/I 1 TC‘XHIKI/I,V3aCJIy)KeHI/II:I

3. Lanxo [0.B. Jlocrioncenns npoyecic menionposio- AT HAYKH 1 TEXHIKH Vkpainy, JIpBIBCbKUI Aep:KaBHUI
nocmi oenesaxuwenoi depes’snoi mapu Ons 36epicanns — YHIBEPCHTCT O€3LEKH KHUTTEAIsUIbHOCTI, JIbBIB.

OrHecToiKoCTb CrIeNMATU3MPOBAHHON TaPhI LISl XpaHeHNsl 00eNpPUIacoB
T.4. I'moBa

IIposedeno uccnedosanue depessHHOU mapbvl 0ist XpaneHus 60enpunacos ¢ pasiudHbIMu CMeneHamu YepHOmbl NOKPLIMUs
cmenox swyuxa. Ilpusedenvi pesyrbmamvl usMeHeHUs NIOMHOCMU MENI08020 NOMOKA, NO2Iowaiowue CMeHKU AuWuKa 6
3A8UCUMOCTU OM PACCTNOAHUS PACNON0JICEHUs (aKena NAaMeHU nodxicapa, a makice om cmenenu YepHombl NOKPLIMUSL CIMEHOK
mapul. IIpeonooicena memoouxa onpeoeneHusi U UCCIe008aHUs GeNUYUHBI THENI08020 NOMOKA NAAMEHU Nocapd, KOmopulil
noanowaemcs, mapou. Ycmanosnena 3a6UcuMocns UHMEHCUBHOCHU MEeNnI068020 NOMOKA OM PAZHOCMU MeMNepamyp niaMeHu
noJicapa u CMenKamu mapsl 8 3a6UCUMOCHIU O CIENeHU YePHONbL NOKPLIMUSL CIMEHOK 0epegsiHHOU mapbl.

Knroueewie cnosa: mennosoii NOMOK, Cmenenb YepHoniol, memnepamypa, 6oenpuna0b1, 0epeeﬂHHa}z mapa.

Fire protection of specialized containers for ammunition storage
T. Hlova

In this paper investigated the fire resistant of wooden containers to store ammunition in terms of fire danger. Fires that
occur on military bases depend on the intensity contact of heat flux with container wall. The heat flux which falls on the wall of
the container partially absorbed depending on the emissivity of the surface of wooden containers. One of the best ways to
increase of exploitation of containers for storage of ammunition and arms are fireproof treatment. We investigated of fire
protection of wooden containers to storage ammunition with different degrees of blackness covering the walls of the box. To
research the intensity of the heat flux used Stefan-Boltzmann law. The results of changing the density of heat flow, absorbing wall
box depending on the distance of the location of the flame of fire, and the degree of blackness covering the walls of the container.
Proposed the method for determining and investigating the magnitude of the heat flux of a fire flame, which is absorbed by a
container. Investigated the dependence of the intensity of the heat flux on the temperature difference between the fire flame and
the container walls depending on the degree of blackness of the coating walls of the wooden containers.

Keywords: heat flow, degree of blackness, temperature, ammunition, packaging timber.
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OPI'AHIBAIISA BUKOHAHHA POBIT 3 POSMIHYBAHHSA MICIHEBOCTI BIJI
BUBYXOHEBE3IIEYHUX ITPEJIMETIB

Ilposedeno ananiz ¢paxmopie, siki 6niu6arOMv HA GUKOHAHHS 3A60AHb I3 POMIHYBAHHS Micye6ocmi nio yac
sedennsi bouosux Oitl ha Cxo0i Ykpainu, a came. cnocobié 3acmocy8anHs O0ENPUNAcie, GIOCYMHICMb 36IMHUX
OOKYMEHMI6 HA BCMAHOGIEH] MIHHO-8UOYX08I 3a20P00NCEHHSL, 3MIHU MIKPOPeNbepy MiCYesoCcmi, mpusaiull 4ac 6io
3acmocysants 60ENpPUnacie 00 ix po3Miny8anHsl, PYUHYSAHH KOPNYCI6 MiH Ni0 8NIUGOM OMOUYIOH020 Cepedosuuld
ma be3nepepene 3acmocy8ants 30poi y patlonax GUKOHAHHS pooim.
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