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AnnoTtanus. KoHKYpeHTOCIOCOGHOCTh PE3MHOBBIX MEMOpaH OMpeneisieTcss Kak UX KadeCTBOM, HAICKHOCTBIO U JOJNTOBEYHOCTBIO, TaK U
BpeMeHeM, HeOOXOIMMBIM JIs CO3aHUsl HOBOTO m3zenus. [103ToMy HccIeaoBaTensiM HEOOXOAUMO UMETh YETKYIO KapTHHY aKTyaJbHBIX U
HEPCIEKTHUBHBIX HAIPaBJICHUI MPOBEICHHUS MOMCKOBBIX paboT B 00JIACTH CO3JaHMS M TPUMEHEHHs pPEe3HMHOBBIX MeMmOpaH. [IpoBenen
CHCTEeMHO-(YHKIHOHATIBHBIA aHAM3, KOTOPBIA BBLIBII (DYHKIMH PE3WHOBBIX MeMOpaH, KIaCCU(QUKALMIO M MX XapaKTEpHbIC HPHU3HAKH.
OCHOBHBIMU AaCIIEKTaMH KJIacCU(HKALMK PE3WHOBBIX MEMOpaH CTalli: NPUHLHUI ACHCTBUS (BBLACIAIOT MeMOpaHbI MPSMOro JCHCTBHS,
npenHa3HaYeHHbIC JJIs Peo0pa30BaHusl U3MEHEHHUS JaBJICHUS B NIEpEMELICHNe, 1 MeMOpaHbl 00paTHOro JeHCTBHS, IPEeAHA3HAYCHHBIC JUIs
npeoOpa3oBaHusl MEPEMEIICHUS] B HM3MCHCHHE JABJICHUs), HAa3HAYCHHE M YCIOBHS IMPUMEHEHUs (BBIACISAIOT MeMOpaHbl CHIIOBBIC,
KOMITCHCAIIMOHHbIE, HACOCHBIC H IeMII(epHBIC), a TaK)Ke KOHCTPYKTHBHBIC IPU3HAKH (BBIACIIOT IUIOCKHE, FOQPUPOBAHHBIC, TapeIbYaThIC,
KOHUYECKHe, 000J04KOBbIe, chepuyeckue). CocTaBieHa MaTpHlia, B3aUMOYBS3bIBAIONas KIacCH(DUKAIIMOHHBIC MPU3HAKH: Ha3HAYCHHE,
YCJIOBHSI NPUMEHEHHS U OCOOCHHOCTH KOHCTPYKIMH C TaKUMH IOKa3aTeIsIMH, KaK HPOYHOCTb, SJIACTHYHOCTH, OOJNBIIME OOpaTHMbIC
nebopManny, — CONPOTHBICHHE  pasgupy,  YCTAIOCTHAsS  BBIHOCIHMBOCTh,  XHMHYECKas  HMHEPTHOCTb,  MaciI00CH30CTOWKOCTb,
ra30HEIPOHULAEMOCTD, IOJITOBEYHOCTh, HU3Kas TOKCHYHOCTh W HHU3KAasi CTOMMOCTB. BBIMONHEH MOP(OIOTHIECKUI aHAIN3 BO3MOXKHBIX
TEXHUYECKUX PEIICHUI TpH TNPOSKTHPOBAHMHM W CO3JaHHH PE3UHOBBIX MEMOpaH 3a CUYeT HCIOJb30BAaHMS PA3IMYHBIX KaydyKOB.
Konkperusaiuss MOp(OJIOrHIECKOro aHajan3a BO3MOXKHBIX TEXHHYECKUX PEIICHUH MPUMEHUTENBHO K KIACCH(DUKAMOHHBIM MPH3HAKAM
MOKa3bIBACT HEOOXOAUMOCTH KOMOMHALMK KaydyKOB [UISI MOMYYCHHS PE3HH C 3aJaHHBIMH TCXHHYECKHMH CBOWCTBAMH M BO3MOXKHOCTBH
PAaCLIMPEHHs CIIEKTPA AHATM3HPYEMBIX Kay9IyKOB JULSI pPa3paOOTKH MEPCIEKTUBHBIX TEXHOIOTHICCKUX PEIICHHMIL.
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Systematization and morphological analysis of rubber membranes
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Abstract. Increasing of the competitiveness of rubber membranes is determined both by their quality, reliability and durability, and by the time
required to create a new product. Therefore, researchers need to have a clear picture of current and perspective areas of exploration, as well as
the creation and using of rubber membranes. In this work, a systemic-functional analysis was carried out that revealed the functions of rubber
membranes, the classification and their characteristic features. The main aspects of the rubber membranes classification are: the principle of
action (direct action membranes, designed to convert pressure changes into displacement, and inverse action membranes, designed to convert
movement into pressure changes are distinguished), the purpose and conditions of use (allocate power, compensation, pumping and damping
are distinguished), as well as design features (flat, convoluted, dished, conical, envelope-shaped, spherical are distinguished). A matrix of
interconnected classification features was compiled: purpose, application conditions, and design features with indicators such as strength,
elasticity, large reversible strains, tear resistance, fatigue endurance, chemical inertness, oil resistance, gas impermeability, durability, low
toxicity and low cost. A morphological analysis of possible technical solutions in the design and creation of rubber membranes through the use
of various rubbers has been performed. The concretization of the morphological analysis of possible technical solutions in relation to
classification criteria shows the necessity of a combination of rubbers to obtain rubbers with specified technical properties and the possibility
of expanding the range of analyzed rubbers for developing promising technological solutions.
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HO3BOJIIOIINX NTPeo0pa30BaTh U3MEHEHHE AaBICHUS
raza WIN )KUIKOCTH B COOTBETCTBYIOLIEE H3MEHEHUE
MEXaHIMYECKOr0 YCWINS (JaT4YUKH W HCHOIHUTENb-
HbIE MEXaHU3MBI PETYIISITOPOB U JIP.), PEXKe B Kaue-
CTBE YIUIOTHUTENBHBIX ycTpoilcTB. Ha mpaxrtuke
CYLIECTBYIOT TBHICSYM PELENTYpP PE3UHOBBIX MEM-
OpaH, 4TO CBSI3aHO C Pa3HOOOPA3HBIMHU YCIOBHU-
SAMH HX IKCIUTyaTallud U CIIEKTPOM TpeOOBaHHUIA,
MPEABABISIEMBIX K HUM.

BBenenune

Baxueiieil 3anayeil pe3MHOBON MPOMBIIII-
JIEHHOCTH SIBJISIETCA HEMPEPBIBHOE TOBBIIIEHUE
KauecTBa, HaJIEKHOCTH U JIOJTOBEYHOCTH H3Je-
JIWiA, B TOM YKCJIE€ PE3MHOBBIX MeMOpaH, KOTOphIE
HAIUTM OIMPOKOE NMPHMEHEHHE B aBTOMOOMJIBHOM,
aBUAIMOHHOM, CTAHKOCTPOUTEIIbHOM, XUMUYECKOU
U ApYTUX OTpacisiX MPOMBIIUIEHHOCTH, a TaKXke
B MallIMHOCTPOeHNH. B OOJBIIMHCTBE CTy4aeB pe3u-
HOBBIE MEMOpaHbl NPUMEHSIOTCS B KOHCTPYKLHSIX,
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B coBpeMEHHBIX YCIOBUSX YyBEIHUCHHE
KOHKYPEHTOCIIOCOOHOCTH pa3pabOTOK BO MHOTOM
omnpenensiercs GpaktopoM BpeMeru. [ToaTomy uccre-
JIOBaTeIsIM HEOOXOJMMO HMETh YETKYIO KapTHHY
aKTYaJIbHBIX U MIEPCIIEKTUBHBIX HANIPABJICHUH TPO-
BEJCHUS MOMCKOBBIX PadoT, a TaKkkKe CO3IaHusl U
TIPUMEHEHUST PE3UHOBBIX MeMOpaH. Llems paboTer —
cUCTeMaTH3anusi W MOPQOJIOTHUCCKUN aHAIH3
PE3UHOBBIX MEMOpaH.

[lepBbIM 5Tanmom paboThl OBLIO MPOBENEHHE
CHCTEMHO-(DYHKIIMOHATILHOTO aHAJIN3a PE3HMHOBBIX
MeMOpaH, TPEATIONArafoIero BhIsSBICHHE (DyHKIWH,
Paau KOTOPBIX OHH co3fatoTcs. M3yueHne OCHOBHBIX
OMyOJMKOBaHHBIX HCTOYHUKOB [1-3] mo3BOMIMIO

post@uestnik-vsuet.ru

MPE/TIOKUTh O00OOIEHHYI0 CUCTEMATU3AINI0 PE3H-
HOBBIX MeMOpaH (prucyHok 1).

Ilo mpuHUMNY AEUCTBUS PE3HHOBBIE MEM-
OpaHbl TTOApA3NEIAIOTCS HAa MeMOpaHBI MPSMOTO
JICUCTBUS, TpeHA3HAYCHHBIC JUTS PEOOpa3OBaHUS
WU3MEHCHHUS JIaBIICHUS B NIEpeMENICHUE, W MEM-
OpaHbl OOpaTHOTO MEWCTBHS, IpeIHA3HAUCHHBIC
JUTS IPeoOpa3oBaHus MEepeMEIeHNs B M3MECHEHHE
nmasienus (Kox A).

ITo Ha3HAYEHWIO W YCIOBUSAM MPHUMEHCHHS
MEMOpaHBI Pa3/ICaIOT Ha CUIOBBIC, KOMIICHCAIU-
OHHBIE, HACOCHBIE U AeMiipepHbie (kox b).

ITo KOHCTPYKTUBHBIM TPH3HAKAM MEMOPaHBI
MOT'YT OBITh IJIOCKUE, TOQPUPOBAHHBIE, TAPEIIHYATHIC,
KOHHUECKHUE, 000JIOUKOBEIC, chepuieckue (kon B).
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Pucynox 1. OCHOBHbIE IPUHIIUITBI CUCTEMATH3aLMH PE3NHOBBIX MEMOpaH
Figure 1. Basic principles of rubber membranes systematization

Ha ocHOBaHMM IpOBEIEHHOI cHCTeMaTH3a-
MM ¥ METOJIOB, IPUMEHSIEMBIX NIPH aKTHBU3AIINU
WHXKeHepHOro TBopuecTBa [4-9], cocTaBieHa mMat-
puIia IoKasaTesiel, KOTOpbIE XapaKTepH3YIOT
CBOICTBA PE3MHOBBIX MEMOpaH, OMPEICIISIONINX
OCHOBHbIC ()YHKIIMH, JUIS BBITIOJIHEHUS KOTOPBIX
OHM TIpeJHA3HAYEeHBI M KOTOPbIE OO0YCIOBIMBAIOT
obnact ux npuMeHenus (tadiuna 1).

B03MOXHBIC TEXHHYECKHE PEIICHUS HpU
MPOSKTHPOBAHUH M CO3AHHU PE3UHOBBIX MeMOpaH
MOTYT OBITh OOECTIEYEHBI PA3TUYHBIMI TTOTMMEPHBIMU
MaTepuaiaMH, MpeICTaBICHHBIMU B Ta0me 2 [9-13].
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OTHIICH-TIPOTTIIICH-TUEHOBBIH-KayIyK
(CKDOIIT). [danHblif MaTepuan BbLIEPKUBACT TEMIIES-
parypy ot -50 1o 200 °C, MOXET IPUMEHSTHCS JUIS
CaHWTApHBIX HYX. | TaBHOE €ro MmpeuMyIiecTBO —
JTIONTOBEYHOCTh. MeMOpaHbI 3 HETO BBIACPIKUBAIOT
110 100 ThIC. ITMKIIOB TUHAMUYECKOTO HArpy>KCHHUS.

Pesunb Ha ocHOBe OyTtmikaydyka (BK)
00naaloT Maoi ra30- U MaponpoOHUIIAEMOCTBIO.
[Ipumenumsr 1t pabotel ot -45 mo 190 °C. BrI-
nepxuBatoT 10 60 THIC. MHUKJIOB TUHAMHUYECKOTO
HarpyKeHusl.
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Pesunb1 Ha ocHOBe HaTypabHOTrO Kay4ayka (HK)
MPUMEHSIFOTCS Il U3TOTOBJICHUSI MEeMOpaH Jyis
CaHUTAapHO-TUTHEHWYEeCKNX weseil. Juamazon
pabouux temmeparyp — ot -60 o 60 °C. SIpnstoTcs
HamOoJIee AIMACTUIHBIMI PE3WHAMU, HO 00JIaaroT
HAaUMEHBIIIEH CTOMKOCTRIO K AuGdy3und BOIBI H

post@vestnik-vsuet.ru

cnaboii TMHAMUYECKON CTOMKOCThIO. BhimepxkuBaeT
IO 5 TBIC. IIUKJIOB PEATHHOTO Pab0vero Harpy>KeHISL.
JI71s TpOMBIIUIEHHBIX 1IENeld HUCTONB3YIOTCS MEM-
OpaHbl Ha OCHOBE €T0 CHHTCTHYCCKOTO aHAJIora —
m3omnpeHoBoro kayayka (CKU-3), T. k. mpu Tex xe
XapaKTEPUCTUKAX OHU UMEIOT MEHBIITYI0 CTOUMOCTb.

Ta6bnuma 1.
Martpuua nokasaresneii, onpeaensomux 001acTi MpUMEHEeHUsT MeMOpaH
Table 1.
The matrix of indicators defining membrane applications
Knaccudukanuonnsiii npusHak | Kox memOpaHbl Iokazatenn
Classification sign Membrane Code Indicators
HpO'-IHOCTI:, 3JIaCTUYHOCTbD, 0oJIBIIIHE 06paTI/IMI>Ie Z[e(bopMaIlI/II/I
b-1B-1 L . .
Strength, elasticity, large reversible strain
HpOIIHOCTI), 3JIAaCTHYHOCTD, OOJIBIIIHE O6paTI/IMI>Ie Z[e(bOpMaHI/II/I,
H b-2 B-2 COIIPOTHUBIICHUE PA3TUPY, XUMHUYECKAsI UHEPTHOCTD
A3HA4YCHUEC U YCJIOBUA .. . . . . .
Strength, elasticity, large reversible strain, tear resistance, chemical inertness
TIpUMCHCHUA
An appointment and conditions TIpOYHOCTH, YCTAIOCTHAS BEIHOCIMBOCTD, XHMHUYECKAS HHEPTHOCTD,
of use B-3B-3 CONPOTHUBIICHUE PA3THPY
Strength, fatigue endurance, chemical inertness, tear resistance
HpO‘IHOCTL, YCTaJIOCTHAsA BLIHOCIIMBOCTh, XUMHUYCCKass MHEPTHOCTh
B-4 B-4 : ol
Strength, fatigue endurance, chemical inertness
B-1V-1
B2 V2 ITpoYHOCTH, AIACTHYHOCTH, OOJIBIIIHE 0OpaTUMBIC AehopMaIu
rength, elasticity, large reversible strain
B3 V3 Strength, elasticity, large reversible stra
OCOGEHHOCTS KOHCTDYKIIHH TIpo4HOCTB, AIaCTHYHOCTH, OoJIbIINE OOpaTuMbIe AehopMalivy,
Design feature B-4, V-4 CONPOTHBIICHHE Pa3/UPY, XHMHUYCCKAs HHEPTHOCTh
Strength, elasticity, large reversible strain, tear resistance, chemical inertness
B-5, V-5 ITpoYHOCTH, AIACTHYHOCTh, CONPOTUBIICHUE PA3UPY, HU3KAS
B-6. V-6 ra3orpoHUIacMOCTh
’ Strength, elasticity, tear resistance, low gas permeability
Tabnuma 2.
Mopdoorndeckuii aHaiuu3 peieHui Mpu MPOSKTUPOBAHNN PE3MHOBBIX MEMOpPaH
Table 2.
Morphological analysis of solutions in the design of rubber membranes
Tun xaydyka | Type of rubber
Tpebyembie cBoiicTa | Required properties CKOIIT | BK CKC/ BHKC | XBK

Ipounocts | Strength

Onacruynocts | Elasticity

Bonprme obpatumele gedopmaruu | Large reversible strain

Conporusiienne pasaupy | Tear resistance

NR | CKMC SBR

VYcranocTHas BEIHOCTHBOCTS | Fatigue endurance

Xumuaeckast uaeptHOCcTh | Chemical inertness

Macnobensocroiikocts | Oil resistance

T"azonenponuiiaemoctsb | Low gas permeability

Jonroseunocts | Durability

Huskas TokcnaHOCTh | LOw toxicity

Hwuzkas croumocts | Low cost

I \arepuan obecrieunBaeT TpeGyeMoe CBOKCTBO

Pe3uHbl Ha OCHOBE OyTaJMEH-CTUPOIBHOIO
(CKC)/ oyraguen-merunctupoabaoro (CKMC)
Kay4yKka TpPHUMEHSIOTCS JJISl CHCTEM OTOILICHHUS.
OmyH U3 CaMBIX JICHIEBBIX MaTepHAIIOB. J{OmyCTHMBIIA
nuara3oH 3kcruryaranuu ot -50 mo 50 °C. Menee
3JIACTUYCH, YeM TIEPEUHUCIICHHBIC BBIIIIC MATEPHAIIBL.
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Pe3unnr Ha ocHOBE OyTanueH-HUTPHUILHOTO
kayayka (BHKC) ucrons3yroTcest st H3rOTOBICHUS
MeMOpaH, paboTarNIUX B XUMHUUYECKH arpeCCHUBHBIX
cpenax (Macio, TOMJIMBO), TEMIEpaTypa dKCIuTya-
Taumu — ot -40 no +140 °C.
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Pesunbl Ha ocHOBe xJ10pOyTHI Kayuyka (XBK)
00JaaroT TOCTOMHCTBAMH pe3nH Ha ocHOoBe BK.
OTiMyaroTcsi BBICOKOH IOJTOBEYHOCTBIO, 00J1a1at0T
CPaBHUTEIBHO HHU3KOI TOKCHYHOCTBIO (HO M OJHU
W3 CaMbIX JOporux). MeMOpaHbI HCIONTB3YIOTCS YaIlle
BCEro B MUINEBON MOPOMBINUIEHHOCTH. [Ipume-
HUMBI U1 paboTs! oT -45 1o 190 °C.

Konkperuzamust MOpGOIOrHiecKkoro aHaimnsa
BO3MOXKHBIX TEXHHYECKHX pEIICHHH IPUMEHH-
TENFHO K KITacCH()UKAIMOHHBIM PHU3HAKaM MTOKa3bI-
BacT HEOOXOOUMOCTh KOMOHMHALIMM KaydyKOB IS
MOJTyYeHUs] PE3WH C 33JJaHHBIMH TEXHUYECKUMHU

post@uestnik-vsuet.ru

AHATM3UPYEMBIX KaydyKOB IUis pa3pabOTKU Tep-
CIEKTUBHBIX TEXHOJIOTMYECKUX PEIICHUN.
3akuouenne

Mopdomnorrdeckuii aHanu3 COBMECTHO C JpY-
TMMH METOJIaMH PEAT3aLN TEXHUIECKNX PELICHUN,
WCTONB3YEMBIX TIPH CO3AAHWH PE3UHOBBIX MEMOpaH,
MO3BOJISIET PEIIATh CIAEAYIOLINE IPOOIIEMBIL:

e pa3pabarbiBaTh MEPCIEKTUBHBIE TEXHOJIO-
TMYECKUE PELICHUS ISl YITyUIIeHNS XapaKTePUCTHK
W3JIENHNS;

® [IPOBOJANTH IKCHEPTU3Y HOBU3HBI pa3pa-
0aTBIBAEMOI0 M3EIu;

CBOICTBaMH U CTOUMOCTHBIMH napamMeTpamu,
a TaKXK€ BO3MOXHOCTb paClIMpCHUA  CIICKTpa

® [IPOBOJUTH TCXHHUKO-OKOHOMUYCCKYIO
SKCIICPTU3Y IMOJIC3HOCTHU pa3pa60TOK.
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