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NAS RK s pleased to announce that Bulletin of NAS RK scientific journal has been
accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of Science.
Content in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities Citation
Index. The quality and depth of content Web of Science offers to researchers, authors,
publishers, and institutions sets it apart from other research databases. The inclusion of Bulletin
of NAS RK in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential multidiscipline content to our community.

Kasakcman Pecnybniukacbkl ¥nmmbiK fbiibiM akademusicbl "KP YFA XabapwbiCbl” fblfibIMU XypHa-
nbiHeiH Web of Science-miH xaHanaHraH Hyckacbl Emerging Sources Citation Index-me uHOekcmeryee
KabbindaHraHbIH xabapnatidbl. byn uHdekcmeny 6apbicbiHOa Clarivate Analytics KoMraHusiCbl XypHarobl
o0aH opi the Science Citation Index Expanded, the Social Sciences Citation Index xoHe the Arts &
Humanities Citation Index-ke kabbinday mecerneciH Kapacmbipyda. Web of Science sepmmeyuwinep,
asmopnap, b6acnawbinap MeH Mekemesiepze KOHMeHm mepeHdiai MeH canacbiH ycbiHaobl. KP ¥FA
XabapwebicbiHbiH Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmbiK YWiH eH e3eKmi oHe
6edendi mynbmuducyunnuHapibl KOHMeHmke adasndbifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4Hbll xypHan «BecmHuk HAH PK» 6b1n1 npuHam 0nsi uH0ekcuposaHusi
e Emerging Sources Citationindex, obHosneHHoul sepcuu Web of Science. CodepxxaHue 8 3mom UHOEK-
cuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komnaHuel Clarivate Analytics 0ns danbHelwezo
npuHamus xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednacaem kauyecmeo u 2aiybuHy KOHmMeHma Orns
uccnedoeamenel, asmopos, usdamenel u y4dpexdeHul. BkmoueHue BecmHuka HAH PK e Emerging
Sources Citation Index demoHcmpupyem Hawy [pPUBEPXKEHHOCMb K Hauboree akmyarnbHOMY U
enusimesisHoMy MynbmuducyuniuHapHoOMy KOHmeHmy 05151 Hauea2o coobuwecmea.
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USE OF THREADS FROM ULTRA-HIGH-MOLECULAR WEIGHT
POLYETHYLENE FOR THE PRODUCTION OF REINFORCING
FRAMES FOR FIRE PRESSURE HOSES AS ONE OF THE DIRECTIONS
FOR IMPROVING THEIR OPERATING CHARACTERISTICS

Abstract. The problem of choosing the material of synthetic threads for the production of reinforcing cages of
fire pressure hoses with improved performance is considered. A promising direction for the production of new
durable and high-tech fire pressure hose is proposed. Using along with traditional polyester yarns based on
polyethylene terephthalate (PET), ultra-high molecular weight polyethylene (UHMWPE-threads) which, along with
carbon and aramid threads belong to the three “superthreads” and differ from traditional threads, it will increase the
strength and resistance to abrasion. Such a fire pressure hose will have significantly higher operational characteristics
compared to traditional sleeves based on only polyester threads. The resistance of fire pressure hose to abrasion wear
will increase several times (due to the use of UHMWPE threads) under the same operating conditions in intensity,
the reliability and durability of the fire pressure hose will increase several times, the strength of the fire pressure hose
will increase by at least two, and it will meet the requirements of GOST not only on working pressure 1.6 MPa but
also 3.0 MPa (at least for sleeves with a diameter of 38 mm, 51 mm, 66 mm, 79 mm) which makes it universal. The
use of a complex synthetic threads consisting of a polyester threads and an equally strong UHMWPE threads in the
fire pressure hose reinforcing cage will provide significantly higher performance characteristics of the fire pressure
hose compared to traditional sleeves based on polyester threads. Despite the rise in price of the fire pressure hose,
due to the use of UHMWPE threads, the strength, wear resistance, reliability and durability of the fire pressure hose
increase in several times. A patent has been obtained for use in fire pressure hose of weft complex synthetic threads
consisting of traditional polyester threads and UHMWPE threads.

Key words: a pressure fire hose, the woven reinforcing fire hose frame, breaking stress of weft threads.

Introduction. During operation, fire pressure hoses (FPH) are exposed to internal hydraulic pressure,
mechanical wear, exposure to low and high temperatures, sunlight, the irreversible aging process of the
material, accidental contact with chemically active substances, etc. [1,2].In this regard, increased
demands are placed on the material of synthetic thread of the FPH which must have high strength,
resistance to abrasion, a relatively high melting point and resistance to chemically active substances. FPHs
produced in Russia and operated in the Republic of Kazakhstan are made of polyester threads based on
polyethylene terephthalate (PET) which have low creasing properties, excellent light and weather
resistance, relatively high strength and melting point and good resistance to organic solvents. However,
their abrasion resistance is not sufficient. The practice of using a FPH made of polyester threads shows
that the main cause of hose rupture during operation is the abrasive wear of their main bearing element - a
woven reinforcing frame that perceives fluid pressure inside the fire hose. In this regard, the urgent issue
is the choice of the synthetic threads material for the manufacture of new high-tech fire prevention and
testing equipment that surpasses fire hoses currently operating on the basis of polyester threads in strength,
abrasion resistance and satisfying other requirements of GOST R 51049-97 (Russia) [3] on the FPH.
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Research results and discussion. In our opinion, one of the promising directions for the production
of new durable and high-tech FPHs is to use along with traditional polyester threads based on
polyethylene terephthalate (PET), ultra-high molecular weight polyethylene (UHMWPE) threads which
along with carbon and aramid threads, belong to the three “superthreads” and differing from traditional
threads with exceptionally high strength and resistance to abrasion.

So, the specific breaking load of UHMWPE threads is 310-360 CN/Tex, while the same indicator for
technical polyester threads is in the range of 60-85 CN/Tex. The abrasion resistance of UHMWPE -
threads is more than four times higher than that for technical polyester threads. However, along with low
negative operating temperatures (—100°C and lower), UHMWPE is a thermoplastic substance with a
relatively low melting point (144-152°C) and thermal degradation (thermal destruction of the structure) at
112-115°C due to the molecular structure. Therefore, UHMWPE products are not recommended for
operation at temperatures exceeding 100°C. The latter circumstance creates two problems in the use of
UHMWPE - threads for the production of FPH.

The first problem is associated with the production technology of rubberized FPHs based on synthetic
threads which is as follows. One of the technological operations of the FPH production is that a rubber
shell with glue applied on its surface is introduced into the woven reinforcing carcass, and
5-6 atmospheres of steam with a temperature of about 150°C are applied under it to straighten the rubber
sheath and stick it to the frame. Under the influence of this temperature even though this effect is
transmitted not directly to UHMWPE threads but through a rubber sheath, the probability of thermal
destruction of UHMWPE threads is high. The solution to this problem can be achieved by reducing the
vapor pressure and, as a result, bringing its temperature to values close to 110°C, or by using instead of
steam compressed air under a pressure of 5-6 atmospheres with a heating temperature of 80-100°C.

The second problem is due to the fact that a FPH with a reinforcing cage made only of UHMWPE -
threads with a high probability will not pass the test on resistance to contact burning (regulated by GOST
R 51049-97 [3]) due to the relatively low temperature of thermal degradation. This problem, in our
opinion, can be solved by using an integrated synthetic thread in the reinforcing cage as a weft, consisting
of a relatively heat-resistant traditional polyester thread and an equally strong first thread, but having a
lower linear density of UHMWPE-thread. When designing the reinforcing framework of the FPH on the
basis of the calculation methodology and rational design which is based on formula (1) [5], we
conditionally assume that the breaking strength of a multifilament thread is equal to the breaking strength
of a polyester thread included in its composition, and the strength we do not take into account the breaking of
UHMWPE threads. The linear density of the polyester threads and the reinforcing cage parameters are
selected so that they fully satisfy the GOST R 51049-97 requirements including the burst pressure, resistance
to contact burning, etc. Thus, a FPH reinforcing frame with an actual double tensile strength of integrated
weft thread will be designed, which, in our opinion, will be justified due to the following considerations.

As noted above, the main reason of hose rupture during operation is the abrasive wear of their surface
due to polyester threads insufficient resistance to abrasion. But even the complete wear of the polyester
thread, in our opinion, will not lead to a rupture of the hose, since the action of the internal hydraulic
pressure will be perceived by the UHMWPE thread resistant to wear. At the same time, the presence of a
relatively heat-resistant traditional polyester thread is necessary since the latter will provide the required
resistance of the reinforcing cage to contact piercing.

It should be noted that such a solution of the problem will not lead to a significant overspending of the
material and, consequently, to a significant increase in the mass of the FPH and its cost, since the additional
consumption of UHMWPE threads will be only a few hundred grams for hoses of medium diameters.

On the other hand, such a FPH will have, as we expect, significantly higher performance compared to
traditional hoses based on only polyester threads, namely:

1) the resistance of the FPH to abrasive wear will increase several times (due to the use of UHMWPE
threads) under identical operating conditions in intensity;

2) the reliability and durability of the FPH will increase several times;

3) at least two times the strength of the FPH will increase, and it will meet the requirements of GOST
not only for a working pressure of 1.6 MPa but also for 3.0 MPa (at least for hoses with a diameter of
38 mm, 51 mm, 66 mm, 79 mm), which makes it universal.

Conclusion. In our opinion, the use in the FPH reinforcing framework of complex synthetic thread
consisting of a polyester thread and UHMWPE thread of equal strength, which will provide significantly
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higher performance characteristics of the FPH compared to traditional hoses based on polyester threads,
will justify itself, even despite the rise in FPH price due to the use of UHMWPE threads, since the
strength, wear resistance, reliability and durability of the FPH are several times increased.

We have obtained a patent for the use weft complex synthetic threads consisting of traditional
polyester threads and UHMWPE threads in FPH [6]. We consider this direction as one of the promising
directions for the production of new, durable and high-tech FPH.

Current study was carried out in the framework of the project AP05133582 “Development of
methods for calculating and designing woven reinforcing frames for fire hoses with the aim of creating
new high-tech samples of these technical products,” funded by the Science Committee of the Ministry of
Education and Science of the Republic of Kazakhstan.

XK.Y. Mblpxa.nbmonl, C.T. CTeHaHOBZ, P.T. Kannuﬁaen"‘, A.E. Apnnﬁaemf‘, M. H. Caraes'

ISILKWAY XanbikapanelK yHuBepeuteri, [lIsimkent, Kazakcran;
2BAHOBO MEMIIEKETTIK MOJIUTEXHUKAJIBIK YHUBEpcHuTeTi, MiBaHOBO, Pecei;
*M. OyesoB aremaarsl OHTycTik Kasakcran memiekeTTik yuusepeureri, Illsivkent, Kasakcran

ACA KOFAPBI MOJIEKYJIAJIBIK ITAITAJIEH/I OPTKE CY CEBETIH TYTIK
KYBBIPIBIH APMUPJIEHTEH KAHKACBIH OHIPYIETT KIIT KOJITAHBICHIH
OJIAPJBI )KETLIIPYITH, BIP BAFBITHI PETIHJE KAPACTBIPY

Annorauus. Konmany cumarramachl KakCapThUIFaH OPTKE Cy CeOETiH TYTIK KYOBIpIbIH apMHpPJICHIeH KaHKAChIH
OHJIIpY YILIiH CHUHTETHKAJbIK XINTEpAl TaHJaNl aly Maceleci KapacTblpbulrad. JocTypiii momusGupiii KiNTeH >kacalfaH
epTKe cy ceOeTiH TYTiK KyObIp/bl naiganany TaxipuOeci kepceTKkeHIeH, onappl KOJIaHy Ke3iHAeri aXbIpay/IblH HEerisri
ce0e0i — CYHBIKTBIK KBICBIMJIBI Cy CEOETiH TYTIK iIliHAe KaObULNANTBIH HEri3ri 3JIEMEHT — TOKbIMAajbl apMUPIIEHIEH
KaHKaHbIH TYPHUTiK TO3y karmaiibl. OcbklFaH OaiyIaHBICTBI ©pPTKe Ccy ceOeTiH TYTIK KYObIp jkacayaa MaTepual TaHIay
Moceseci MaHbI3/Ibl CaHalaibl. OPTKE Cy CeOeTiH TYTIK KyOBbIPJbIH TO3IMJI JKOHE XOFapbl TEXHOJOTUIBIK JKaHA TYPIH
OHJIIPII MIBIFAPYAbIH 0ackiM OarbIThl YChIHBLLABL [Tonmatunenrepedranar (II9TD) Herizinaeri gocTypiti moaudGupi xKim
opl KeMIpTeKTi XkKoHE apaMuUJTi XKilmeH Oipre «y3aik XiNTep» YIUTIriHe KipeTiH »OHEe AJCTYPII JKINTeH e3remie OOJbII
KeJIeTIH aca JKOFapbl MOJICKYJANbIK MIHATHIACH I *kintepai (AXXKMIID-xkinrepi) KoinaHy OEpIKTITiH JKoHE TYHIpIIIKTIH
Ka)kajlyFa TO3IMALIITIH apTThIpyFa MyMKiHAik Oepeni. MyHnail epTke cy ceOeTiH TYTiK KyObIp, Tek Oip monuddupii xim
HETI31HJeT ASCTYPII TYTIKIIE KYOBIPIapMEH CallbICThIPFaH/Ia KOJJAAHBIC CUITATTAMACHI XKOFaphl Ooubin keneni. [laiinanany
KapKbIHABLIbIFBI OipAel sxaFaaiifa epTke cy ceOeTiH TYTiK KyObIpAbIH Te3imainiri (AJKMIID-xinrepai Konjgany ecebiHeH)
OipHelie ece apTajbl, OpTKE Cy ceOeTiH TYTIiK KYOBIPJABIH CEHIMILIITI oHE Te3IMAiiiri OipHele ece apTalbl )KOHE OJ1
JKYMBIC KbICBIMBIHBIH 1,6 Mma, conbimen xatap 3,0 Mlla (kem nerenne muamerpi 38 MM, 51 mm, 66 MM, 79 MM TyTiKIIE
kyObipiiap) MEMCT TtananrapbiHa coiikec KeJeli opi TYTiKie KyObIpabl omOeOanka aiHanasIpaasl. OpTke cy ceOeriH
TYTiK KYOBIPABIH apMUpPJICHIeH KAaHKACchlHA MOIMIGUPI JKINTEH KypalFaH KEIIeHJi CHHTETHUKAJIBIK XKill JKOHE COFaH
te3imainiri TeH keneriH AXKMIID-xinrepai KojimaHy JASCTYpiai NOAMA(UPIL KM HETi3iHIE KacalfaH TYTIKIIe
KYOBIpJIapMeH CalbICTBIpFaHfa Cy ceOy TYTiKIIe KYOBIPBIHBIH >KOFapbl KOJIAAHBIC CUNATTAMAChIH KaMTaMachl3 eTei.
AXMIID-xi6iH KongaHy ceGeOiHeH epTKe cy ceOeTiH TyTiKIie KyOblp OarachIHBIH KbIMOATTayblHA KapaMacTaH, TO3YFa
TO3IMILNIIri, TYPAKTBUIBIFBI KOHE Y3aKMEp3iM/i KOJIIAaHBIC asichl apTajbl. OpTKe cy ceOeTiH TyTikule KyObIpaa apKay Kil
petinae mactypii monuddupii kinteH skoHe AYXKMIID-kinTepaeH KypanfaH KEHICHI CHHTETHKAJBIK JKIill KOJJaHyFa
nmaTeHT anplHFaH. Tek monmdQupii kil HerisiHAe »acalFaH ASCTYPJIi TYTIKIIENEpMEH calbICThIpraHia, MyHpaaii FPH
JKOFaphl KOJIIAHBICTHI CUIIATTaMara ue OOJIBIN KeJei.

Tyiiin ce3aep: epTke cy ceOeTiH TYTIKTi KyObIp, ©pTKe Cy ceOeTiH TYTIKTi KYOBIpABIH TOKbIMAJbl apMUPJIECHTEH
KaHKACBI, apKay JKiOiHiH Y311y KyIii.

XK.Y. Mblpxa.nbmonl, C.T. CTeHaHOBZ, P.T. Kannuﬁaen"‘, A.E. Apnnﬁaemf‘, M. H. Caraes'

'Mesxnynaponnsiii yansepeuter SILKWAY, Ilsivkent, Kazaxcran;
*MBaHOBCKHMI TOCY1apCTBEHHBIH MOTHTEXHUYECKHH yHUBEpCcHTeT, MiBaHOBO, Poccus;
FOxHO-KasaxcTaHCKHil rocy1apcBeHHBIH YHUBEpCHTET HM. M. Ayas3osa, IllsivkenT, Kazaxcran

UCIOJIb3OBAHUE HUTEM U3 CBEPXBbICOKOMOJIEKYJISIPHOI'O TOJUITUJIIEHA
JJIA ITPOU3BOACTBA APMUPYIOIINX KAPKACOB HAITIOPHBIX ITOKAPHBIX PYKABOB
KAK OJIHO U3 HATIPABJIEHUI YJIYUYIIEHUS UX SKCILTYATAIIMOHHBIX XAPAKTEPUCTHUK

AnHoTanus. PaccmarpuBaercss npodiema BbIOOpa MaTepuana CUHTETHYECKHX HHUTEH IJIsI M3TOTOBJICHMS TKAaHBIX
apMHPYIOMIX KapKacoB HAMOPHBIX IIOKAPHBIX PYKABOB C YIyYIIEHHBIMH SKCIUTyaTAl[HOHHBIMH XapaKTePUCTHKAMH.
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IIpakTyKa HCIOIL30BAHMS HAINOPHBIX MOXKAPHBIX PYKABOB U3 TPAAULMOHHBIX MOIM3GUPHBIX HUTEH IOKa3bIBAET, YTO
OCHOBHOH NPHYMHOW pa3pblBa PYKaBOB IPH OKCIUIyaTalldd SIBISETCS aOpa3MBHBI HM3HOC HMX OCHOBHOTO HECYIIErO
3JIEMEHTa — TKAHOT'O apMUPYIOLIEro KapKaca, BOCIPUHHUMAIOUIETO JABICHUE XHUIKOCTU BHYTPH HOXKAapHOTO pykasa. B
CBSI3M C OTHM CTAHOBHTCS aKTyaJIbHOH mpoOiieMa BEIOOpa Marepuaia IUuisl H3TOTOBJICHNS! HAIIOPHBIX TOXKapHBIX PYKaBOB.
IMpennosxeHo NepCHeKTUBHOE HAPABICHUE Ul IPOU3BOJCTBA HOBBIX JIOJITOBEYHBIX M BHICOKOTEXHOJOTMYHBIX HAIIOPHBIX
MOYKapHBIX PYKAaBOB, B OCHOBY KOTOPOTO IOJIO)KEHO HCIIOJIb30BaHUE HAPSAY C TPaJUUUOHHBIMHU MOJIHI(PUPHBIME HUTIMH
Ha ocHoBe nomdTHieHTepedranata (II3TD), Hureit u3 cBepxBbICOKOMOJNIEKYIsipHOrO monudTwieHa (CBMIID - nureit),
OTHOCALIMXCSL HapsAAy C YIIEPOAHBIMH M apaMUJHBIMH HHUTAMH K TpPOMKE «CYNEpHHUTEH» M OTIMYAIOIUXCH OT
TPaAUIMOHHBIX HHUTEH HCKIIOUUTENBHO BBICOKOH IMPOYHOCTBIO U CONPOTUBIISEMOCTHIO a0pa3sMBHOMY HCTHUPAHUIO.
Hcnonb3oBaHne B apMHUPYIOIIEM KapKace KOMIUIEKCHOW CHHTETHYECKOH HHUTH, COCTOSAIIEH W3 MOIMI(PHPHOW HUTH H
paBHompouHoil e CBMIID-HuTH, o0ecneuuT CyIecTBEHHO Oojee BBICOKHE HSKCIUTyaTal[MOHHBIE XapaKTEePUCTUKH
HAITOPHBIX MOYKAPHBIX PYKAaBOB IO CPABHEHHMIO C TPAJUIIMOHHBIMI PyKaBaMH Ha OCHOBE MOJMMA(MHUPHBIX HUTEH H OIpaB/IaeT
cels1, 1ake HECMOTPS Ha yJIOpOXKaHHWE PyKaBOB W3-3a ucroib3oBaHusi CBMIID-HuTel, T.K. B HECKOJIIBKO pa3 BO3pacTaeT
MIPOYHOCTh, M3HOCOCTOWKOCTb, HAJIEKHOCTh M JIOJTOBEYHOCTh HANOPHBIX IIOKapHBIX pyKaBoB. Takoil pykaB Oyzer
orBeuars TpeboBanusM I'OCTa He Tonbko o pabouemy nasienuto 1,6 MIla, vo u 3,0 MIla (mo xpaiineii mepe, Juis
pykxaBoB aumamerpoM 38 MM, 51 MM, 66 MM, 79 MM), 9TO JemaeT ero yHuBepcaltbHBIM. [loydeH maTeHT Ha NCIOb30BaHNE
B TKaHbIX apMUPYIOIMX KapKacaX HalOpPHBIX MOXApPHBIX PYKAaBOB B KAa4EeCTBE YTOYHBIX KOMIUIEKCHBIX CHHTETHYECKHUX
HUTEH, cocToAmuX U3 TPaAULUUOHHBIX HonuddupHbX HuTeld 1 CBMIID-Huteil. Takoii FPH OyzneT uMeTh 3HAUUTENbHO
GoJiee BHICOKHE JKCIUTyaTAlMOHHBIE XapaKTEPUCTHKU II0 CPABHEHUIO C TPAJUIMOHHBIMU PyKaBaMH Ha OCHOBE TOJBKO
nonu3(GUPHBIX HUTEH.

KumioueBble cj10Ba: MOXKapHBIM HAaNOPHBIA PyKaB, TKAHBIM apMUPYIOUINM KapKac MOXKapHOTO pyKaBa, pa3pbIBHOE
YCUIIME YTOUHBIX HUTEH.
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