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BYIIBEJIbHI KOHCTPYKIIII
YK 264.131.55 DOI: 10.31650-2415-377X-2019-75-44-52

JAKPIIVIEHHSA CTIHOK 3AXUCHUX CHHOPY/ 13 3BACTOCYBAHHSAM
TPYHTOLUEMEHTHUMX EJIEMEHTIB

Muxaiinoscbka O.B., x.T.H., C.H.C.,

Tonmascoxuti nayionanvHul mexuivnutl yrisepcumem imeni IOpis Konopamroka
emikhaylovskaya27@gmail.com, ORCID:0000-0001-7451-3210

Ouaekcienko O.b., K.T.H.

eporcasne nionpuemcmaso «Hayrkogo-oocnionuii incmumym 0y0ieeibHUX KOHCMPYKYI»
mb-elena@ukr.net, ORCID:0000-0002-5329-2217

AnoTtaunis. IlpoBeneHo aHami3 MeETOMIB 3aKpilJICHHS CTIHOK CHOpYJ Ui 3aXUCTy Bij
ypaxyrounx ¢akrtopiB. HaBemeHno kmacudikaiito METOMIB 3aXUCTy CTIHOK (opTHdIKaiiHuX
CTOpyA BiA oOBaliB Hpu i TMHAMIYHOTO HaBaHTa)keHHS. OOIpYyHTOBAHO IMEpeBaru Ta HEIOJIKU
BiJJOMUX CIOCOOIB 3aXHMCTy CTIHOK 3aXHMCHOI CIIOPYAH. 3 3alPONOHOBAHHUX PO3PaXyHKIB BUILIMBAE,
0 TpH 3aKpilJICHHI CTIHOK QopTU(diKamiiHUX CHOPYA IPYHTOIEMEHTHHMH €JIEMEHTaMHU
3MEHIIYEThCS TTMOMHA TIPOHUKHEHHS OO€NpPUIIACY B 3aXMCHY CHOPYAY. PO3paxyHKH MPOBEACHO 32
eMIpUIHUMHE  (popMynaMH 3 JOCTaTHIM CTYIEHEM TOYHOCTi.  3ampONOHOBAaHO 3aCTOCYBAaTH
IPYHTOLIEMEHTHI €JIEMEHTH B SIKOCT1 3aKpIIJIEHHS CTIHOK 3aXHUCHUX CHOPYJ 1 3 METOIO iX 130Jismii
BiJl IOTPAIUISIHHS IPYHTOBHX BOJI.

KarouoBi ciaoBa: 3axucHi QopTtudikamiiHi crnopyau, AUHAMIYHE HaBaHTAXKEHHS,
IPYHTOIIEMEHTHHH €JI€MEHT, IPYHTOI[EMEHT.

Beryn. Jlnst 3axucTy BIHCHKOBUX B EKCTpEMaJIbHHX yMOBaX Ta B YMOBax OOHOBHX iit
BUKOPUCTOBYIOTBCS Pi3HI criocoOu. Cepesl HUX YKPUTTS B 3aXMCHHUX cropyzaax. Kpim Toro, 3axucHi
CIIOPY/AX BUKOPUCTOBYBAJIMCS IS 3aXHCTY BIMICPKOBMX B 30HAX 30pOMHMX KOH(IIKTIB Ta «Tapsaux
TOYKax» JJIsI PO3rOpTaHHS IIyHKTIB JKUTTe3a0€3MEUeHHs aBapiiHO-pATYBaJbHUX (popMyBaHb:
Xap4yBaHH, 00IrpiBy, HaJaHH MEIMYHOI Ta 1HIIOT HEBIKIIAJHOI IOTIOMOTH, 300py TOTEPILINX TOIIIO.

AHaJi3 OCTaHHIX J0CHiKeHb Ta MyOsiKkanii. Y mupokux MaciTadax 3axucHI cnopyau Oymiu
BUKOpHUCTaHi i yac Bemukoi Bitunznsnoi BiitHu B 1941 — 1945 pokax. Bonu Bifirpaiu BaXKIMBY poJib
y HOpATYHKY moiell. [Ipo eeKTUBHICTh 3aCTOCYBaHHS 3aXMCHHX CIIOPY/ CBIYaTh Taki JaHi: BTPATH
cepell HaceJeHHs B nepuriid noioBuHi 1942 p. cxnamu 15% Big Brpat B 1941 p, a B Apyriil nosoBuHi
poKy — He Outblie HiK 6%. TakuM 4MHOM, 3 POCTOM 3a0€3NEUeHHs] HACEJIECHHS YKPUTTSMHU DPi3KO
3HM3UBCS BIJICOTOK Jojchkux — Brpar [1]. [lpu BiamTyBaHHI 3aXMCHHUX CIHOPYHI BaKIHUBUM €
3abe3neueHHss KpirwieHHA cTiHOK [1 — 3]. FO. BepemeeB HaBOAMTH OCHOBHI BHJIM 3aXHCTY BiJIKOCIB
3aXMCHUX CIOpy/ Bif oOcumanHsa. OnHak, Ha JaHUM 4Yac Take KPIIUICHHS Mae€ JIOCTATHIO KUIBbKICTh
HEJIONIKIB Ta epeBaKHO He 3a0e3reuye BOJOHEIPOHUKHICTb CTIHOK MPH MiJHATTI PIBHS IPYHTOBHUX BOJI.

IlocTanoBka mpoOiemMu y 3arajJlbHOMY BHMIVIAi. B cyuacHMX ymMOBax yKpUTTS JIIOJel B
3aXHUCHUX CIIOpYJaX, K CHOCIO 3aXMCTy Bl HeOe3NeK B MOE€THAHHI 3 €BaKyalli€lo 31 30H YpaKeHHS
(3a0py/HEHHS) Ta BUKOPUCTAHHSIM 3aC001B 1HAMBITYaIbHOIO 3aXUCTY, MIJABUILYE HAIIMHICTh 3aXUCTY
HaceleHHs. B yMoBax, KoM MOKyTh OyTH YCKJIQJIHEH1 €BaKyalliiiHi 3aX0/i1 3 BEJIMKHUX MICT B KOPOTKI
TEPMIHH, 1€l CTOCIO 3aXUCTy CTAE €UHO MOXKIIMBUM 1 €PEeKTUBHUM. TOMY BOXJIMBHUM 3aBIAHHIM €
3a0€3MeYnTH BOJOHETIPOHUKHICTD Ta CTIMKICTh TAKUX CHOPY/I.

MeTto10 cTaTTi € PO3MIISIHYTH 3aXKMCHI CIOPYAU JUIS 3aXUCTY BICHKOBUX Y 30H1 00MOBHX i Ta
BIMICBKOBHX OIlEpalliif, 3alpOIOHYBaTH 1HXEHEPHE PIIIeHHs 3aKPIIICHHS CTIHOK 3aXHUCHUX CIOPYJ 3a
JIOTIOMOT' 010 I'PYHTOIIEMEHTHHX €JIEMEHTIB Ta OOIPYHTYBATH HOTO €(PEKTUBHICTb.

Marepiaiu Ta MeTOIMKA JOCTIZKeHHsI. 3aXUCHI CIIOPYAX B 30HI OOMOBHX [l — 11e cropyu,
MIPU3HAYEH1 JUIs 3aXMCTY Bl Bpakatrounx (akTopiB CydacHUX 3aco0iB ypaxkeHHs (OoerpuraciB 30poi
MacoBOTO YpPaKEHHs), a TaKOX BiJl BTOPHMHHHUX (aKTOpiB, LI0 BHHUKAIOTH MpU pyHHYBaHHI
(TIOIIKO/KEHH1) MOTEHLINHO HeOe3neuHux o00'exTiB. Haimpoctimn yKpuTTs — Le CHOpPYIOH, SKi
3a0e3MeuyloTh YaCTKOBMM 3aXHUCT B MOBITPSIHOI yJapHOI XBHJI, CBITJIOBOIO BHIIPOMIHIOBAHHS

Bicauk Onecrkoi AepkaBHOI akaneMii OymiBHHUIITBA Ta apXiTekTypH, 2019. — Bum. Ne 75



BYIIBEJIbHI KOHCTPYKIIII

AepHOro BUOYXYy 1 yJaMKiB 3pyHHOBaHMX OyaiBenb, 3axXUINAIOTh BiJ HErogd Ta  IHIIKX
HECIIPUATIMBHUX YMOB. HalimpocTimm yKpuTTs 1ie MIInHu, 3eMistHKd [2]. Taki criopyad MOXyTh OyTH
30yJ10BaHi JOCUTH IIBUAKO 1 Ha KOPOTKI TepMiHu. OHAK, SKIIO HEOOXiHO mependadard 3axXUCT
BIMCHKOBHX Ta HACEJICHHS Ha JIOBI1 TEPMiHM, TO TIPH MPOCKTYBaHHI 1 OyIIBHUIITBI 3aXHCHHUX CIIOPY/I
HEeoOXi1HO mependadaT HaOLIBI €KOHOMIYHI 00'€MHO-TIIIaHYBANIbHI PIILICHHS 3 YpaXyBaHHSIM BUMOT
I0/10 iX €)EKTUBHOTO BUKOPUCTAHHSI.

Hanpuknan, cniopyam Ui CHOCTEPEXKEHHS BIAKPUTOTO THIY OyIYIOThCS Y BUIJIAAL IIUTMHH
IMOMHOIO 1,4 M 3 MPUMKHYTHUM XOO0M 1 OCEPEIKOM JUIsl CriocTepiraya.

YkpurTss s 0COOOBOrO  CKJIaay TPU3HAYAIOTBCS ISl 30epexeHHs O0€31aTHOCTI 1
3a0€31MeUYCHHS 3aXUCTY BIMCHK Bij] 3aC00IB Ypa)KEHHS HA TO3MIIISIX 1 B palloOHaX pO3TalllyBaHHS.

BaxnBoro 4acTWHOIO OyIiBHUIITBA € BIIAINTYBAHHS 3aXMCTY BiJl OOCHITaHHS CTIHOK CHOPY.
JInst BIAMITYBaHHS MTOKPHUTTS Ta «OSTY KPYTOCTi» IMUIMH MOXYTh 3aCTOCOBYBATHCS JIicOMaTepiaiu
(KoMoM, HAKAaTHUK, XEPIWHHU, IOIIKW), XMH3, (DalIMHU 3 OuepeTy, a TaKoX pi3HI 3a1i300eTOHHI
BUPOOH, METAIIONPOKAT Ta 1HII MiApy4dHi MaTepianu (puc. 1).

[linmHa 3 TEPEKPUTTSIM 3 XKEepAUH a0 KOJIOJT Ma€ MICIe B MIITHUX IPYHTaXx.

OpHak BIAIITYBaHHS 3aKPIIJICHHS BIJAKOCIB CIIOPYA 3 «IIAPYYHHX» MaTepialiB MalOTh HU3KY
HEJIOJIKIB, Cepe]l HUX BUCOKA BOAOMPOHUKHICT T 3MOYYBaHICTh B YMOBaxX pO3TalllyBaHHs IPYHTOBUX
BOJI BUIIIE JIiHI{ JHMIIA CIOpyau. B TakoMy BUMNaJKy BUHHKA€E HEOOX1HICTh CIIOPY/HKEHHS APEHAXKIB,
OYIIBHUIITBO SIKUX 30UIBIIYE TPYIOMICTKICTH poOiT. [Ipy HEHaIKHOMY 3aXHCTI BiJi OOCHTIAHHS
MOYKHA 3BECTH HaHIBEI[b 3yCUIUIS 3 OYIIBHHUIITBA 3aXUCHUX CIIOPY/I.

Ha nanmii wac Bimomi TexHONOTii €(EeKTHMBHOIO 3aXHCTy CTIHOK 3aXHCHUX CIIOPYA Bif
oOcunanHs. Hampuknaza, BimoMuil cmoci® 3akpiluieHHs CTIHOK JAEPHHUHOKO (POJIOYUM IPYHTOM,
MIPOHM3aHUM KOPEHEBOIO CHCTEMOIO TpPaBW), B Pe3y/bTaTi YOTO BUpI3aHi MIMAaTKH JEPHUHU MArOTh
JOCUTh 3HAYHY MIIHICTB (pHC. 2).

JlepHnHa HAMOUTBIN JOCTYIHHMA, JEIIEBHHA 1 JIETKO BHKOPUCTOBYBaHMH Matepian. B
MICIIEBOCTSIX, JI€ POCTE TpaBa, JACPHUHA MOXKE BUKOPUCTOBYBATHUCS 1 BIIITKY 1 B3UMKY. X0ua, B3UMKY
BHACJIJIOK TPOMEp3aHHsI IPYHTY il BHKOPHUCTATH 3 METOIO 3aKpiIUIEHHS CTIHOK (opTrudikarmiifHux
CIIOpY/I BKpaii Ba¥KKO.

Komruickrom BH)IH salcpin.nemm CTIHOK . K()l\.-‘lllJICl\"l‘Ul\-‘I
i3 CiTKHM 3 1poTy [ | 3aXHCHUX CHOPY | 13 «iapydHux
|| marepiarisy

— 7 [ T 1 [ ~—*
&= = = =) s .=
zasclell=z|IE|l&||E2||2e|lEdz2
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Puc. 1. Buau 3akpirieHHs CTIHOK 3aXHCHHUX CIIOPY/T

Henonikom BnamTyBaHHS «OASATYy KPYTOCTI» JEPHHUHOIO € 3HayHe 30UIbLIEHHS 00cAry
3eMasHUX poOiT. Kpim TOro, sk mpaBwiio, JEPHUHU 3HATOI MpPHU BHUKOIYBAaHHI CHOPYIOW MJIs
BJIAIUTYBaHHS «OJATY» HEJOCTaTHBO, 1 HOro JOBOAMTHCS HApi3aTH 1 MiJABO3UTH. TakoX CYTTEBUM
HEJIOJIKOM € Te, [0 HEOOXiTHO MEePiOUYHO 3BOJIOKYBATH JIEPHUHY (3aJI©KHO BiJl CyXOCTi IPYHTY i
norojiv). SIKIo BiIHOBUJIOCS 3pOCTaHHS TPABU B JIEPHUHY, TO Uepe3 HETPUBAINHN Yac oaar HaOyBae
MIIHICTB HUIBHOTO IPYHTY [3].

Bigomuii crnoci®6 BramTyBaHHS «OAATY KpYTOCTi» xmu3oM. Lleil BuI omary KpyrTocTi
JOLIJIBHO 3aCTOCOBYBAaTH B HACHIIaX, OCKUIBKU MOPSAJOK poOIT BUMarae, mjo0 mo3aay CTIHKH, IO
CTBOPIOIOTH OyB BUIbHHH mpoctip. I[Ipu CcTBOpeHHI OJsIry KpyTOCTI 13 XMH3Yy CIIOYaTKy
BCTaHOBIIIOETHCS KapKacHa pama 3 JKepJIuH, IMiCIIs OTO BIPUTYII 10 KapKacy YKJIAIArOThCs MyIKH
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xMu3y. [licist 1bOro MoYnHaeTHCs BiICUMAHHS IPYHTY Ul YTBOPEHHS HAcUMy. Y Mipy BiJICHITaHHS
IPYHTY IOJAIOThCS Mydkd Xmu3y. Llel cmoci® 3akpimieHHs CTIHOK CHOPYIU € TPYIOMICTKHM,
OJTHAK HE 3aBXJH €()EeKTHBHUM.

Puc. 3. BrnamryBaHHs «0IATy KPYTOCTi»
nepauHo [3] HamiBTypamu [3]

Yacrime 3a Bce 3aKpilJIeHHs! CTIHOK (QOpPTH(IKALINHUX CHOPYJ BHKOHYIOTH 13 MICIIEBHX Ta
nepeHocHuX MartepianiB. Lleid BuA «omsary KpyTOCTi» s HACUMIIB 1 BHIMOK CTBOPIOETHCS
aHAJIOT1YHO 3aKPIIJICHHS CTIHOK CHOPYJ XMHU30M. JlJisi BUIMOK Pi3HUISA B TOMY, 1110 O BIATSATHEHHI
KPINUTHCS TUIBKHM BEPXHiH KiHEUb KepAuH THHY (BIATSATHEHHS U1 HU)KHBOI YaCTUHU TUHY B BUIMII
3pOOUTH MPOCTO HEMOMKIMBO). SIKIIO TUH MEPEHOCHUH, TO HOro HHU3 MPHUB'SI3YETHCS 10 BOUTUX B
IPYHT KOPOTKHUX KUIKiB [3].

BrnamryBaHHSl 3aXUCTY CTIHOK CIIOPYAM BiJl OOCHUIIAHHA TypamH BBa)KA€THCS HAUMIIHIIINM.
Moe BUKOPHCTOBYBATHCS K Y BUIMKaX, TaK 1 B HACHIaX. SIKIIO TypH CTaBIATHCS B OJHH SIPYC, TO,
K TpaBuUio, aHKepHi mami He noTpiOHi. Ilicns ycraHoBIeHHS TypiB B HHX  3aCHUIAETHCS 1
yTpaMOOBYEThCS TPYHT.

Takox MUPOKO 3aCTOCOBYBANIOCS 3aKPIIJICHHs CTIHOK CHOPYJ HaMiBTypaMmH mija yac Benukoi
Bitumsnsnoi BiitHu. BmamroByeThcst meil BHI 3aKpilUICHHS AHAJIOTIYHO 3aKpIMJICHHIO CTIHOK
BIJIKpUTHUX CIIOPYZl TypamH B OJUH sIpycC, OHAK Liel croci0 3abe3nedyye eKOHOMII0 MaTepialiB.

VY nonvoBuit poprudikanii XIX CTOMTTS TypH 1 HAIBTYpU 3aCTOCOBYBAJIMCS MPHU 3BEIEHHI
MOJIbOBUX YKpIIJIeHb (OaTapei, JJIOHETH, peIyTH) OCKUIBKU 3a0e3MeuyBail MaKCUMaJIbHY MIIHICTh
CTIHOK HACHIIB TOro 4yacy. BoHu Oynu 4u HE €IUHUM CIIOCOOOM YKPIIUIEHb CTIHOK. Tomy, 110 aJis
BiICBKOBHX TOTO Yacy THH OyB 3BUYHUM B CENSTHCHKOMY MOOYTI BUPOOOM.

BramryBanHst «omary KpyTocTi» (almHaMH € MIBUAKHUM CIIOCOOOM OCOOJIMBO, SIKIIO (hallliHA
3aroToBJIEH] 3a3aaneriap (puc. 4). 3a MIIHICTIO, TaKe 3aKPIIJICHHS Maike He BiZPI3HAETHCS BiJl OAATY
Typamu. HuxHIl psn 3akomyeTbcss Ha MIMOMHY B MOJOBHHY CBOTO JlaMeTpa 1 MPHUOMBAETHCS 10
OCHOBH 4epe3 KOXKH1 J]Bl epeB'sa3KH AePEB'THUMH KiJIKaMu JIOBXHHO0 60 — 70 cM.

Bigomuii MeTos 3aXHCTy CTIHOK 3€MJISTHUX CIIOPYJ st
3aXUCTy BIMCHKOBMX B 30HI OOWOBUX [ili CTaHAAPTHUMHU
3eMJISTHUMU MIITKaMH.

ToOro MIIIKaMK, BHUIOTOBJIEHHMH 3  IIIIKJIAIKOBOIO
MOJIOTHA, IO  MAarOTh JOBXKUHY 46 cM Ta miamerp 23 cM.
3anoBHEHUH MIIIOK BaXUTh Onu3bko 16 kr. Ilpu oMy IpyHT
3acHuraeTbesl npuOmM3Ho Ha 3/4 Woro Bucotu. Tomy, npu
YKJIaJaHHI 3EeMJITHOTO Milllka BiH HaOyBa€ IUIOCKO-OBAIBHOT
bopmu.

«Opar KpyTocTi» 3  MINIKIB 13 3€MJICI0  CTBOPIOETHCS
AQHAJIOTIYHO OJATY 13 JEPHUHHU, OJHAK, MIIIKA KUIKAMH HE
npuOUBaIOTECA 10 3emii. Hemomikom € Te, mo  3a3BUYail
BIMCHKOBI POTH HE MalOTh 3amacy MilikiB abo mosotHa. Kpim
TOT0, TIOJIOTHO € JJOCTAaTHBO JJOPOTUM Ta IIBUIKO MOYMHAE THUTH

Puc. 4. BnamryBanHs «omsry
KpyTocTi» (ammHamu [3]
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i1 BIULTMBOM IPYHTOBOI Ta aTMoc(epHOi Bostoru [3].

[Ipu cTBOpeHHI BHINE 3a3HAYCHUX «OMAATIB KPYTOCTEH» B TIEpPIIy Yepry CIif
BUKOPHUCTOBYBaTH HasiBHI B JIOCTaTHIM KUIBKOCTI MicueBi Marepiand. Tak XMH3 3aMiHIOIOTh
COJIOMOIO, OYEPETOM CIUICTEHUMH B JOKI'YTH. JlepHUHY, Tam, JIe¢ JOCUTh TJIMHHM 1 Majuo TpaBH,
3aMiHIOIOTH cupiieM. OHaK, MUIOMaTepiady He PO3TIISAAI0THCS IK PEKOMEHI0BaHUIN MaTepial s
CHIOPY/IKCHHSI 3aXHUCTY CTIHOK CIIOPY/I BiJl OOCHITaHHS.

B apwmii CIIA ans BramTyBaHHS «OAATY KPYTOCTI» 3aCTOCOBYIOTh KOMIUIEKT 3 MIIIKOBHHU 1
METaJICBOI CITKH (CiTKa «pabMIisg») 4uM 3a0e3Meuy€eThCs HalOUIBII IIBHIKE OOIAIITYBAHHS CTIHOK
00ii0BUX TpaHIIEH. Y KOMIUIEKT BXOAATH PYJIOHH MIIIKOBUHH, PYJIOHH METAIEBOI CITKH, aHKEpHi
METaJeBi KIJIKU 1 TPOCOBI BiATATHEHHs. Ha MicIii 3aroTOBIIOIOTECS TUTBKH JIepeB'sHI cTifku. Takuii
CrHoci0 BIAIITYBaHHS «OASTY KPYTOCTI» € JOCUTh IIBHJKHM, OJHAK BiH JJOCUTh HE HaJIiHUI mpu
BJIAIITYBaHHS 3aXMCHHUX CIIOPYJ HWIKYE PiBHA IpyHTOBHX BOJ. B nepkaBax HATO na nanuii yac
CTIHKM TpaHIIEH BIAIITOBYIOTh BEPTUKAJIBHUMH, HPU I[OMY IIHPOKO 3aCTOCOBYIOTH B SIKOCTI
«OASTy KPYTOCTEW» 3 JKEepPAHUH, XMH3Y, (paliuH, CITKH 3 JAPOTY, €IEeMEHTIB XBWJISICTOI CTaili 3
PO3MIPHUMH paMaMH.

Pe3ysabTaTn Ja0CailiKeHb. ABTOpaMH TPOIOHYETHCS MU 3aKPIIUIGHHS CTIHOK UIUIHH,
TpaHIIeil 3aCTOCYBATH ST IPYHTOIEMEHTHHX Tallb, 32 BiJIOMOIO TEXHOIOTIEH0. Il cyTHiCTh TonsATae
B TOMY, IO MiAg yac OypiHHSA CBEPAJIOBHH OJHOYACHO MOJAETHCS MiA THUCKOM PIIKUNA PO3UMH
[IEMEHTY, BHACIIJOK YOro IPYHT MEPEeMIIIYETbCS 3 IIEMEHTOM 1 TICIsl HOro 3aTBEepAiHHS
YTBOPIOETHCS TaJIsl, OCHOBOIO SIKO1 € TpyHTOOETOH (puc. 5) [4].

[epexpuTTs i3 JKEPAMH ) He Menie 50 cm
niaMeTpoMm 5 - 7 cm - L
100 - 13 _ r._:_”__.:___,_‘:: '|Ill:!| ."Hﬂ- |!_-"=.“F__ff
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Puc. 5. Ciopyzaa BiIKpUTOr0 TUITY — IIUIMHA 13 BIAIITYBAaHHAM 3aKPIIJIEHHS CTIHOK
3a IOTIOMOT' 010 IPYHTOLIEMEHTHHUX €JI€MEHTIB

BonoHenpoHUKHICTh IPYHTOIIEMEHTHY JIOBEICHO pe3yJibTaTaMH HaYKOBHX Ta JJAOOpPaTOpHUX
nocmipkeHb. Hampukman, s 3pa3kiB IPYHTOLIEMEHTHY, BHUIOTOBJIEHOIO B JIa0OpaTOpHUX Ta
MOJIbOBUX YMOBAaxX 3 JIECOBOTO JIETKOI'O CYTJIMHKY 3 nojaBaHHsIM 20% noptinanauementy M400 Bix
Baru cyxoro rpyury, B/Ll = 1, 6e3 nonaTkoBOro ymijbHEHHS 1 T1Ipo@oOHUX 100aBOK, METOJIOM
«MOKpOi TMIsIMHU» N EKCIIPec-MeTO/OM, SKUN TOJsArae y BHU3HAUEHHI MOBITPONMPOHUKHOCTI,
BU3HAYEHO MAapKy IPYyHTOLEMeHTy, o BianoBimae W12 — W16 kmacudikamii OeToHiB 3a
BOJIOHENPOHUKHICTIO [4 — 7]. Illo crocyeThcs mpoliecy Ty)KaBiHHS IPYHTOLIEMEHTY Y 4aci, TO BiH
MPOXOJMB Y BOJHOMY CEpEIOBUINY 1 IPOCTEKEHHH TPOTIroM JBOX pOKiB. Komwm mopiBHSATH
napaMeTpu MIIHOCTI OoTpuMaHi y Bimi 28 mi0 3 TUMH, 110 OTpUMaHi yepe3 JBa POKH, MAEMO
301BLIeHHS MilTHOCTI R y Tpu pasu, a moxynst nedopmarii E — 6mm3bko aBox pasis [8].

VY pe3ynbraTi eKCIepUMEHTAIBHUX JOCTIKEHb IPOHUKHOCTI IpyHTOLEMeHTy Ha npuiaal I'K-5
32 METOJMKOIO CTAaHJIapTy BH3HAYEHO, L0 TA30MPOHUKHICTh IpyHTOIeMeHTy cTaHoBUTh 0,13 m/],
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TOOTO I'PYHTOLIEMEHT HAJISKUTh /10 MPAKTUYHO HEMPOHUKHUX MaTepialiB.

OnHi€ero 3 0cOOIMBOCTEN TPYHTOIIEMEHTY € T€, IO BIH HE PO3MOKAE Y BOAHOMY CEPEIOBHIII
[11 — 15], ToOTO TaKi eeMEHTH MOKIIMBO YTBOPIOBATH Y BOJIOHACHUYEHOMY IPYHTI (HIDKYE BiJ| PIBHS
IPYHTOBHX BOJ). HaniliHICTh, TEXHOJIOTIYHICTh, CEKOHOMIYHICTbh, HEBEJIHKI CHEPrOEMHICTH 1
MaTepiaJlOMICTKICTh — 1€ OCHOBHI MOKa3HHKH, sIKi OOIPYHTOBYIOTh AaKTYaJIbHICTh JIOCHIIPKEHb
BUKOPHCTAHHS IPYHTOIIEMEHTY IS 3aKPIIUICHHS IPYHTIB [5].

BaxnuBuM acrekToM € CTiHKICTh 3aXHMCHOI cropyau. B crarTi mocmipkyBaiu CTiMKIiCTb
OOKOBHUX CTIHOK CIIOPYJ OOCHIaHUX IPYHTOM Ha Jito ¢pyracHux cHapsniB MT-12 «Pamipa» (puc. 6)
3 OJIM3BKHX BiACTaHEH Ha yaap.

Puc. 6. MT-12 «Pamipay (3araJibHUil BUTJIST)

MT-12 «Pamipa» nepeOyBae Ha 030poeHHI MiHicTrepcTBa 000poHH YKpainu. KOHCTpYKTHBHO
3HApAAJS € IJIaJKOCTBOJIBHOIO MPOTUTAHKOBOIO rapMaror0. boeKOMIUIEKT 3Haps i BKIIOYa€e B cede
KUTbKa THITIB TiIKaTIOEpHUX, KYMYJISTUBHUX 1 OCKOJKOBO-(YracCHUX CHapS/IiB, a TaKOX KEpOBaHi
npotutankoBi paketu «Kacrter». 3Hapsans MT-12 MoxHa BUKOPHCTOBYBAaTH SIK AJISl YPa)K€HHS
TaHKIB, OPOHETPAHCIIOPTEPIB Ta IHIIMX 3ac00iB OPOHETEXHIKH, TaK 1 YIS CTPUILOHM 1O aMOpaszypam
JOBrOTPUBAIMX 1 JIepeBO-3eMJISIHUX BOTHEBMX Toukax. Baromoro mnepeBaroro MT-12 €
MIBUIKOCTPUTBHICTD. CepenHiil TeMi npuiiibHo1 cTpitbou 3 100-mM MT-12 craHOBUTH MTPUOIH3HO 6
noctpinis B xpunuay [9-10].

Po3paxyHku npoBeny 3a BIIOMUMH eMITipudHUMHU Gopmynami (1 — 3).

I'mubuna BOpoHKH BUOYXY:

Hy=H,+Ryps— I, M (1)

ne: H,, — rmibrHa NpOHUKHEHHS OOENPUIIACy y 3aXUCHY CIIOPYAY, M;

Rpos — pagilyc po3pHBy OoO€Ipuracy, M;

L] — BincTaHb BiJ LIGHTPY BUOYXY 110 oBepxHi, M. [Ipuiimaemo 0,05 m.

Paniyc po3puBy Goenpumnacy:

Rpo3 :KposKsaﬁ C1/31M (2)
ne: Ky, — KoedimieHT miggatnmBocTi BUOyXy; mnpuiiHAnM 0,5 a14 CYIIMHKY, Ui
rpyHTouemMenty npuitnsim 0,3 (0,18 — nuis 6eTony);

Kis. — KoedilieHT 3a0MBaHHSA, YMM Kpaile 3a0MBaHHs, TUM CWIbHIIIE BIUIMB BHOYyXY Ha
MIePEIKO/TY:

1 — BuOyx Ha MoBepXxHi copyau adbo 3emili, IoraHe 3a0MBaHHS;

C — maca BuOyX0BOi peUOBUHH B 3apsijii, 4 Kr.

I'miOuHa TPOHMKHEHHsS OO€NpUIIacy y 3aXUCHY CIHOPYIY PO3PAaXOBYETHCS 3a YTOUHEHOIO
hopmyIoro:

K, K,KMV cos((fn+ p)-0,5)
np D2

oe K, — KoeQilleHT MOJATIMBOCTI NPOHUKHEHHIO Marepiany. i CyriMHKY HpHHMaeMo
0,000006. KoedimieHT BH3HAYEHMH eMIIIpUUHUM HUIIXOM. IIpomoHyeThcss uid moOmNEpenHix

M ©)
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po3paxyHkiB npuitHaTu Ky, ams rpyaTonementy Ha piBHi 0,0000020.
K4 — koedinieHT (popMH FOJIOBHOI YACTUHU CHapA/a,
1,3 — s 6eTOHOOIMHOTO Yy BUINIAAKY IPOHUKHEHHS B O€TOH, 3a11300€TOH, CKEIIO;
1,0 — nyst yeix inmux Bunazakie. [Ipuiimaemo B po3paxyHnkax 1,0;
K. — koedinienT xanibpy (miamerpy) cHapsiia;
M — maca cHapsny, Kr; maca cHapsiny MT-12 21 kr;
V — mBUAKICTh CHapsaa, M/c (BUAKICTH cHapsaa npuitmaemo 300 M/c);
N — Koe(IIIEHT MOXJIMBOCTI 3MIHM TPAEKTOPIi CHApsIa B MPOIIECi MPOHUKHEHHS;
1,5 — 6eroHOOiiiHUI cHapsi B OETOH;
1 — B inmmx Bunaakax. [IpuiiMaeMo He 3MiIHHY TPAEKTOPIIO PyXy CHapsay, TooTo n=1;
B — KyT MK TpaeKTOpi€rO MagiHHS Ta MEPICHIUKYIIAPOM 0 MEPENOHHU;
Hiamerp cHapsima npuiimaemo 0,1 M.
PesynbTatu po3paxyHKy 3BeACHO 0 TaOmmIl 1.

Tabmurs 1 — @oprudikartiitHi po3paxyHKd CIOPYI

['mubuna Koediuient
) . ['mubuna
No HPOHUKHEHHSI nojatinuBocti |Paniyc po3puBy BODOHKI
A\ Ormmc Ooenpuriacy y | MpOHMKHEHHIO | Ooempwuacy, BHp6
3aXHCHY CHIOPYAY, MmaTtepiany Rpos M XY,
Hg m
H,,, Mm Ky, M
Criopynia 3 He3aKpiIICHUMHU
] |CTIHKAMH y CYTIMHKAX, 300 3,78 0,000006 0,79 4,52
3aKpirieHa mipyaHIMA
MarepiaamMH.
Cnopyza 3 3aKpirieHUMH
CTIHKaMH y CYIJIMHKAX 3 196
2 |ynamTyBaHHSM 3aKpiIUICHHS ’ 0,000002 0,48 1,68
IPYHTOLIEMEHTHUMHI
eJIEMEHTaMH.

BucHoBku. BukoHaHo orisj BiIOMHX CIOCOOIB 3aKpIIJIEHHS CTIHOK CHOpY[, OLIHEHO iX
riepeBaru Ta HeJONIKU. 3HaUHUM HEJOJIIKOM HaBEIEHHX «OJIATIB KPYTOCTEN» € BOJONPOHUKHICTD Ta
HEMOJKITUBICTh CIIOPY/XKEHHS B CKJIQJHUX 1H)KEHEPHO-TEOJIOTIYHMX yMoBaxX. Lli HEmOJIKM MOXKIHMBO
YCYHYTH 3aCTOCYBAHHSIM 3aKpIIUIEHHSI CTIHOK CIIOPYZ, IPYHTOLIEMEHTHUMH €l1eMeHTaMU. 3 PUBEIEHUX
PO3paxyHKIB BUIUIMBAE, 110 MPU 3aKpIIUIEHHI CTIHOK (opTU(IKAIMHUX CHOpPY] IPYHTOLIEMEHTHUMHU
eJIeMEHTaMH 3MEHILIYEThCSl TIMOMHA TPOHMKHEHHs OOe€npumacy y 3aXHMCHY CHopydy Ha 2,52 M.
Po3paxyHku npoBezieH1 3a eMIIpUYHUMU GOPMYJIaMH 3 IOCTaTHIM CTYIIEHEM TOYHOCTI.

KoedinienT nogatinmBocti Matepiany i IPyHTOLIEMEHTa IPUMHATO SIK JJIsl ITICKOBUKOBOI CKel
6e3 TpimuH 0,000002, BiH TakoX NOTpeOye YTOUHEHHS.
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AHHOTaI[I/Iﬂ. HpOBC,[[eH AHAJIN3 METOHOB 3aKPCIVICHHUA CTCHOK COOp}I)KeHI/II‘/’I JJI 3alllUThI OT
Iopaxxaromux Q)aKTOpOB. HpI/IBe)IeHa KJIaCCI/I(I)I/IKaI_II/ISI MCTOJ0B 3alllMThI CTCHOK (1)0pTI/I(1)I/IKaL[I/IOHHBIX
COOp}I)KeHI/Iﬁ OT OCBINAHUM npu JEUCTBUH JIUHAMHYECKOM Harpys3kKHu. B COBPCMCHHLIX YCIIOBUSAX
YKPBITHA JIIOJIe B 3aIUTHBIX COOPYKCHHAX, KaK croco0 3aIIUTBI OT OIIACHOCTEM B COYETAaHUHU C
3Ba1<yaunel71 N3 30H MOPAKCHUSA (38.1"p$I3HCHI/I${) " UCIIOJIb30BAHUEM CPCACTB HHHHBHHY&HBHOﬁ 3alInThI,
MOBBIIIACT HAACKHOCTh 3alllUThl HaceleHus. B YCJIOBUAX, KOIrAa MOI'yT OBITH OCIIO’KHEHBI
9BAKYAIMUOHHBIC MCPONPUATUSA N3 KPYIIHBIX T'OPOAOB B KOPOTKHEC CPOKHU, ITOT Crocoo 3allIUThI
CTaHOBUTCA CIUHCTBCHHO BO3MOXXHBIM H B(I)(I)CKTI/IBHBIM. HOBTOMy BaXKHOM 3aJadeil sBISETCS
o0ecIIeunTh BOJOHCIIPOHUIIACMOCTE U YCTOﬁqHBOCTB TaKHuX COOPY)KCHHf/'I. Baxnoii 4acTerO
CTPOUTCIILCTBA SABJISCTCA YCTpOﬁCTBO 3allIUThl OT OCBIIIAHHA CTCHOK COOp}OKCHHfI. I[J'I}I yCTpOﬁCTBa
MOKPBITUA U «OHCKIbL KpﬂOCTCﬁ» 1Iesei MOT'YT HPUMCHATBHCA JICCOMATCPUAJIbI (6pCBHa, HaKaTHHK,
Kepau, ,[[OCKI/I), XBOPOCT, (I)aI_HI/IHaMI/I N3 TPOCTHHUKA, a TAKIKC PA3JINYHBIC JKeJe300€TOHHbBIE U3ACIINA,
MCTAJUIOIPOKAT U APYIrUue MOAPYYHBIC MATCPpUATIBI.
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